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Teopust bpemepmana 418

— [éoena 261

— MOJIOBasi pPaclpoCTPaHEeHHs] BOJIH
123, 128
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235, 243,279, 280, 282, 284
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[upuHa TUHUY U3TYYECHUS
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— BHemHUH 415, 444
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401, 404—407, 425, 433, 450,
459
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— ¢oToHOB 92

DHTpoNus UeaqbHOro raza 77

— uHpopMaImoHHas 62

— Koamozcoposa — Cunas 388

— MeTrpuueckas 384, 387

— TepMoArHaMHUuYecKas 62

— ¢usndeckas 62

— ¢otoHHoro raza 78, 89

— DJIEKTPOMArHUTHOTO M3nydeHus 139

DddekTsl MpuIMBHEIE Ha 3eMie 26



[TpeaucnoBue Kk pyccKkoMy H3maHHIO

[IpocmaTpuBast oriaBinenue, OYAYIHE uYHTATeJdb 3TOH KHHIH
Cpasy YBHAHT MHOIO 3HAaKOMBbIX TEPMHHOB M TMOHSTHH: 3J€MEHTHI
TEODHH HH(PODMAIHH, 3/J€MEHTBl TEODHH HIp, Xaoc H CTPaHHble
aTTPaKTOpPhl M JAa)Ke CHepHYECKHe 3JeKTPOMAarHUTHBE BOJHBIL.
HeckonbKOo HEOOGBIUHO, YTO BCe OHH TNOMELIAIOTCS MOA 06JI0KKOH
OAHOH H TOH KXe KHMrH. Ho 3TO TOJILKO IlepBOe BlieuaT/eHHE: NPO-
YHTaB BBeJcHHe, YHTATE/]b HAYHET NMOHHMATh, YTO BCE 3TH PAa3HO-
POAHBIE 3JEMEHTH PAa3JHYHBIX TEOPHH E€CTECTBEHHO BXOAAT B CO-
IIPHKOCHOBEHHE, KOrAa peyb HAET O CJO0KHOOPTaHH30BAHHBIX CH-
cTeMax, K TOMY ke 00JaJalollHX HEePapXHUECKOH CTPYKTYpOH.
A MMeHHO TakHMe CHCTEMBI, fa €LIe paccMaTpUBaeMble C TOUKH
3PEHHS HX 3BOJIIOIMH, T. €. PA3BUTHS, H SBJASIOTCH TJABHHIM O0bEK-
TOM H3y4YeHHUS B LAHHOH KHHIE.

Bospiias yacTh (U3HKOB DABHO y:Ke NPHUBHIKJAA K KOJJIEKTHB-
HBIM CTENeHsM CBOOOABI M K KOJJIEKTHBHBIM SIBJEHHSAM B MHOIOYa-
CTHYHBIX cHCTeMaX. Heckonbko MeHbIIas 4YacTb (HI3HKOB HMEET
He10 ¢ CHCTEMAaMH, B KOTOPBIX MPOHCXOAAT NPOIECCH CaMOOPraHH-
3allHH, T. €. NIPOLECCH CaMONPOH3BOJBLHOIO BO3HHKHOBEHHS H AHHA-
MHYECKOTO IIOBEJEHHS KOJJIEKTHBHBIX IIPOIIECCOB HJIH CTPYKTYD
H3-38 HEYCTOHYHBOCTH OJHOPOJAHOI'O0 COCTOSIHHS B HCXOAHOH AKTHB-
HOW, HeycroHuuBofi cpexe. MMeeTcst Macca NPHMEPOB TAKOTO pOja
SIBJIEHHH, KOTOphle MOABOASATCS MOA OOLIYI0 «IIANKY» CHHEPrEeTHKH.
KcrartH, gaHHas xuHra cama dBJSeTCH OLHOH M3 KHHUT OOJbIIOH
cepun «CHHepretHka», BHIXOAsiieHl B usmartednctBe «[Impuureps.

B kunure k. Huxosmnca craBuTcs mnpofJemMa TeOPETHUECKOTO
ONHCAHHs CJAEAYIOUIero I1ara B Pa3BHTHH CJ0XKHOOPraHH30BAHHBIX
CHCTEM — BO3HHKHOBCHHS HePaPXHYECKOI'O pPAacC/JIOeHHsT H IHHAMHKH
HepapXHUYeCKH OPraHH30BaHHBIX cHcTeM. B Takux cHcTemax Hapsiny
C YHCTO AHHAMHYECKHMH IpoueccaMu OOJbIUYI0 pPOJbL UrPaloT Npo-
LeCcCh yIpaBJ/eHHs, CBA3aHHblE € NOJYyYCHHeM HHQOpMAalUH, ee
«00paboTKOfi» H «BBHPAaGOTKON CHIHAJOB YIPaBJEHHSI», —H BCE
3TO He B HCKYCCTBEHHO CO3JaHHOH 4eJOBEUECKHM PasyMOM CHCTEME,
a B CaMOOPraHH30BAHHOH, HO CJOXKHOH GH3UUECKOH (MM XHMH-
yeckofi, Hau OHOJIOTHUECKOH) cpeje.

Bor mnoueMy Hapsiny ¢ NOHATHSAMH, XapaKTEPHHIMH A/ OGBIY-
HbIX AHHAMHYCCKHX CHCTEM, NPHXOAUTCS IOJb30BATHCA NOHATHSIMH



6 Ilpeanciosie K pyccKOMy H3IaHHIO

TEOpPUH MHObOpMaLMH U TEOPHH Hrp. [ pyrHMH CJIOBAMH, B CJOXKHLIX
HEPapXHYECKH OPraHU30BAHHBIX CHCTEMaxX [POHCXOJHT CJAOKHASR
Hrpa MeXJy CHJOBHIM, T. €. JAHHaMHYeCKHM, B3aHMOJAeHcTBHEM WU
HepeHocoM HHpopMauuu, T. €. 06MEHOM CHMBOJAMH.

ABTop B3siIcs 3a CJI0KHYIO HpoGJeMy, H TepBBIi IIAT B 3TOM
HanpasjeHHH Oe3yCJAOBHO CJeJyeT NDHBETCTBOBaTh. BmecTe ¢ TeM
XOTeJsioch OB NOAYEDKHYTb, 4TO 3TO MMEHHO mepBuit war. He sce
pasaenbl MOryT IOKasaThCs BIIOJHE YAAYHBIMH, IOCJE TPOYTEHHS
MOTyT ocTaTbcsi Bonpoch 6e3 orBera. Ho 3to n xopomwo. B gaunoit
NpPaKTHYECKH He BO3JeJaHHOH 00J1aCTH OCTaeTcs o4YeHb IIHPOKHH
npocTop AJs ResTedbHOCTH. M mycTh 3TH Aekuuum npodeccopa Hu-
KOJIHCA AJS MOJIOAEXH NMOOYAAT HAlHX MOJOABIX YYEHBIX K JKH-
BOMY TBODYECTBY B HOBOH HayKe O CJOXHBIX AMHaMHKO-HHdopMa-
LLHOHHBIX CHCTEMaX.

23 smeapa 1989 r. Axad. 5. b. Kadomyes



Hucyc oTBewas: TH TOBOpHINb, YTO
$I Ilapp; $I Ha TOo W poausaca M Ha TO
npuuiea] B MHpP, YTOOGH CBHAETEJIbCTBOBATD
06 HCTHHE; BCHKHH, KTO OT HCTHHH, CJy-
maetT rjaca Moero.

IIunar ckasan EMy: u4té ecTh He-
THHa?

Esaneeaue or Hoanna, rnaba 18,
cruxu 37—38.

ITaMTH MOHX pOJHTENCH

[TpeaucaoBue

OcHOBHast 1eAb 3THX JIEKUHH COCTOMT B TOM, YTOOBl CTHMYJH-
poBaThb HHTepec 0603HATEAbHO20 CTYJEHTa (DH3HUECKOro, Mare-
MAaTHUYECKOrO, HHKEHEPHOTO HJH OHOJOrHUECKOro ¢akxyabreta K
HOBOH YyBJIEKATeJbHOH MEXIHCUMIJIHHADHON 00JacTH 3BOJIOLHH
«KPYIMHOMACIITAOHBIX» AMHAMHUECKHX CHCTEM. IJTOT TEKCT BBIPOC
B pe3y/bTaTe CHHTE3a BeCbMa pPa3HOPOJHOIO MaTepHaJta, KOTODLIH
MHE HEOJHOKPAaTHO JAOBOJAHJIOCH H3JaraTh IO DasHOMY IOBOAY H
B Da3/IHYHBIX KOHTEKCTAax, HAampUMep H3 JEKIHH, KOTOpble f UHTAJ
¢ 1972 r. nepBOKypCHHKaM, BBIIYCKHHKAM H aclHpaHTaM IEepBOTO
roga o6yuenuss Muxkenepuo#i wkosabl npu llaTpacckom yHHBepCH-
TeTe, H H3 HedOpPMaJbHBIX CEMHHAPOB, KOTOPHIE 51 Bes AJS MEXKIY-
HAPOJHOH TPYNNBl ACHHPAHTOB, CTAXKEPOB H COTPYJAHHKOB (DaKy.ib-
tera npu HItyrraprckom ynHBepcuTere B 1982/83 yueb6HOM rony.

Tex, KTO cTaHET HCKATh B 3TOH KHHIe CTPOroe MJH Aaxe ¢op-
MaJpHOe H3J0XKEeHHE, OXHAAeT CHJIbHOe pa3oyapoBaHHe. §I yMblmn-
JEHHO Hada/J C «CaMOro HayaJja» H CTPEMUJICA H B JaJbHefieM
0CTaBaThCsl HAa 3BPUCTHUECKOM YDPOBHeE, NMPHAEPKHUBASCL, HACKOJIbKO
3TO BO3MOXKHO, (PU3HUECKOH HHTYHIHH; OT NpeANoJaraeMoro yuTa-
Tesisi Tpefyercsl JHIIb 3HAHHE OCHOB (K/JAcCCHYeCKOH) (H3HKH (Ha
ypoBHEe GepKJIHEBCKOTO HJIH (efiHMaHOBCKOIO KypCOB), MaTeMaTH-
YECKOro aHaJH3a H HEKOTOPHIX HauaJ TEOPHH BepOsITHOCTEH. IJTO
OTHIOAb He O3HayaeT, OyATO 51 BO3HAMEpHWJ/ICSI HANHCATh JIEKYIO
KHUTY. $1 XoTesa JHlIb BCAYeCKH oOJIerduTh paboTy AJsT NpPHJIeXK-
HOTO YHTATeNsi, KOTOPBIH, HECMOTPsSI Ha HENOJHOTY (POpPMaJjibHOTO
o6pa3oBaHus, XOTeJ Obl MO3HAKOMHTLCA C (DH3MYECKHMH HAEAMH
H NOHATHAMH, JEXKAUIHMH B OCHOBE 3BOJIIOIHH H AMHAMHKH CJIOXK-
HBIX cHcTeM. [Toese Toro Kak 3TH JeKIHH OyAyT npopaGoTaHbl, s
HACTOATEJILHO DPEKOMEHAYI0 YHTATENI0 COCPeJOTOuHThes Ha Gosee
Y3KOM CIIEKTP€ HHTEPECOB W NMOMBITATLCS BBLINOJHHTL KaKyl-HHOY b
CaMOCTOATEJNbHYI0 paboTy, YTOOBI I'Ty6Ke NPOHHKHYThL B CIEH(PHKY
npeaMeTa 00ciae 03HAKOMJIEHHSI ¢ HHM B 6oJiee IIHPOKOM KOHTEKCTE.



8 ITpenucnosue

3JtH JEKUHH MOTyT OblTh HCIOJb30BAHLl KAK OCHOBA AJas AByXce-
MECTPOBOro Kypca, paCcCYHTAaHHOrO Ha BBINYCKHHKOB HJIH acnupah-
TOB, CHECUHAJH3UDYIOIIHXCHA B 00/12aCTH CHCTEMHOr0 aHaJju3a HJIK

KHOEpPHETHKH.
TMarpac, siuBaps 1986 Hoc. C. Hurxoauc

baaronpapHoctu

Boipaxalo cBOIO NpPH3HATeNbHOCTb Npodeccopy XakeHy, NMOOYAHBLIEMY MeHs
NOATOTOBHTb TEKCT 3THX JIEKUHMH JJ8 H3JaHHS B KaueCTBe OTAEJBLHOrO TOMa
WIIPHHIEPOBCKOR cepuu 10 cHHepreTHke. CYHTAK TaKXe CBOHM JOJATOM noGaa-
FOAapUTh €ro 3a OKAa3aHHYI0 MHe 4ecTb IposBectTH 1982/83 yueGHHI roa B Kaue-
CTBe NPHIJallenHoro npogeccopa B HHCTHTYTe TeopetHueckol ¢uszuku LltyTraprt-
CKoro ynuBepcuteta (llaTpacckull yHHBEpCHTET IPeJOCTaBHA MHe HA 3TO BpPeMst
otnyek). IIpodeccop XakeH okaszan MHe LIEAPOE H CepAEYHOE TOCTENPHHMCTBO.
Bo Bpemss Moero npeGblBaHHSi B HHCTHTYTE 5 HMEJ MHOMKECTBO OKHBJIEHHBIX
H NJOAOTBOPHEIX 0ecell ¢ acMHPAaHTAMH H COTPYJAHHKAMH (aky/JbTeTa, [JIaBHHEM
obpaszoM ¢ npod. I'. Manepom, g-pom Ilerpom Ilensoscku, npod. T. Haracumod,
Jx. Xay63om u ocobenno ¢ a-pom I'. Maiiep-Kpeccom.

51 npuamaTesen Takxke MoeMy Gpaty I'peryapy Huxoaucy us CBoGoaHOrO
yHHBepcHTeTa B DBploccese 3a MHOTOJIETHHE «HECKOHYaeMble» 0O0CYKAeHHS.

Ho Gosee, uem xTo-mH60 HHOH, ABHXKywWEHR CHJAOH B Moed paGore Ha mpo-
TAMEHHH IOcjeIHHX 27 JeT Oblia Most xkeHa Jlsoa. Jmenno ona B nepsyiwo
ouepeAb MOOyAHJMA MeHsT H30paTb HAyYHO-HCEJIeA0BATENbCKYIO JesITeJbHOCTh KakK
06pa3 KH3HH H TepIeJHBO IEPEHOCHJA BCe TPEBOJHEHHs, C KOTOPHIMH COIpSA-
JK€HO HEeYKOCHHTEJbHOe CNeJOBAHHE TAaKOMY BHIOOpY.

g 6narosapen Takxe r-xke . Bépuep, nepenevarasluedl IepBBIi BapHAHT
OCHOBHOH 4YacTH pYKONiCH, MucC . Ddbcundepr, HanevaTaBlued NPHIOKEHHS, K
r-xe Y. @ynre 3a o0yl aAMHHHCTPATHBHYI0 nomoib. $I xoTenm Obl BHIPasHTb
cBoto ocobyio OmarogapHocth r-:Ke Hukn Capautorsy ua llatpacckoro yuusep-
cuTeta, 0Ge3yNpeunHo HaneyaTaBliedl OKOHYATEJbHBIH BapHAHT BCEH PYKOIMCH.

Haxkoneu, s npusHaTeseH 3a okasdamHyw MHe nomomb A-py I'. Jlotwmy
muce JI. Xomauce u3 usparteanctBa «llnpuureps.



Beenenue

O yem 3Ta KHHra?

TepMun «Hepapxus» pOXKJaeT MHOXKECTBO acCOUHAUHH; OH
MMeeT U CTpYKTypHBIe, H (yHKIHMOHaJbHBle OTTeHKH. [lox uepapxu-
4ecKOH CHCTeMOH MH, BooOIle roBops, MOHHMaeM aHCamO6Jp B3au-
MOJIEefCTBYIONUIHX 4YacTeH, KOTOPBIH COCTOMT W3 IOC/AEJ0BATENbHOCTH
BJIOKEHHBIX OJHA B APYIYIO B3aHMOJEHCTBYIOIHX CyObeAHHHL (HJIH
MoKeT OLITb pAa3/I0XKeH HJIH pasje]eH Ha TakHe CyObeJIHHHIBI).

Kaxj0e MHOMXKeCTBO B3aHMOJEHCTBYIOIIMX KOMIOHeHT (o6pa-
3YIOLUIHX OTJAeJbHBIH HepapXHuecKHH ypOBeHb) JONYCKAeT CBOe
XapaKTepHOe OMHCAHWE Ha si3blKe MPOCTPAHCTBA COCTOSIHHA ¢ mepe-
MEeHHLIMH H [apaMeTpaMH, MPHHAAJNEKAIHMH JaHHOMY KOHKpeET-
HOMY ypoOBHI0. B3aumojeficTByOlHe TNepeMenHble (M/HJAM Mapamer-
pbl) Ha §ojiee BBICOKOM HEPAPXHUYECKOM YDOBHE SBJSAIOTCH «KOJJIEK-
THBHBLIMH  CBOHCTBaMH»  (CTATHCTHYECKHMH  MOMEHTAMH  WJH
CBEPTKaMH) JHHAMHKH, NPOMCXOAsilledl Ha HH:KHeM ypoBHe. Cueno-
BATEJbHO, Tepexo] Ha (oJee BBICOKHH YpOBeHb OOBIUHO COMPOBOXK-
JaeTcs 3HAUMTEJbLHBIM YMEHbIIECHHEM YHCJIa cTeneHed CcBOGOMABL.
Bo.lee BBICOKHH YpOBeHb MOJYYaeT «CHH3Y» CEJIEKTHBHYIO HiopMa-
LU0 M B CBOIO odepe]b YNpaBJsieT AUHAMHKOH na 6ojiee HH3KOM
YpOBHE C TMOMOIIBIO YIpeXIalolied CBA3M.

CiaoxHoCTh JA1060H cHCTeMBl 00yCJ0BJEeHa YHCJIOM €€ KOMIIO-
HEHT M cloco6oM HX B3aHMOCBSI3H. Takad CJOKHOCTL OTHOCHTCS
K annaparyphoi peasusayuy cucrembl. C xpyro#l CTOpOHBI, 6orar-
cTBO (YHKLHOHAJBHOrO pernepryapa CHCTEMbl ONpelesseT CaA0X-
HOCTh €e MPOTPaMMHOro ofecrnedyeHHs.

CTpyxTypHaa uepapxudeckas TeopHs (M3BeCTHasd TaK Xe, Kak
pasiesn «TeOPHH CJOMNKHOCTH») H3YuaeT CMOCOOBI COYETAHHsT KOMIIO-
HEeHT cucTeMbl (a) AJIs LOCTHXKEHHS KOMIIDOMHCCA B KOHQJIHKTE
MEXJy CJIOMHOCTBIO H YCTORUHBOCTBIO H (06) AJd NMPOEKTHPOBAHUSA
JeficTBYIOIIeH CHCTEMBl C 3apaHee 3aJaHHBIM (YHKUHOHAJIBHBIM
pernepTyapoM M3 BO3MOXKHO MEHBIIEro YHC/Ia KOMIOHEHT. B wact-
HOCTH, 3Ta TeOpUs CTPEMHTCA CHH3UTb A0 TEOPETHYECKOr0 MHHI-
myma (~Nlog(N)) kBaapaTuyno Bospactawuee (~ N?) unucio
TIepeKJIoUATENbHBIX 3J€MEHTOB KaK (GyHKUHIO yHcaa N BXOJ0B-BbHI-
X0I0B, HeoO6XONHMMOro JJs BBINOJHEHHs TOCTABJAEHHOH 3aayH.
fIpuBenennas oueHKa CAeLyeT POCTO H3 TOro, uTo N!— MHHHMAJb-
HOe UHCJIO COCTOSTHHH, KOTOPHIM A0JIKHAa 06JIaI[aTb CETb COeHHEHHUH
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npu N Bxoaax-suixopax. Ecin 3TH coefuHeHHS OCYLNECTBJISIOTCS
C NOMOLIBI0 S MepeK/I0YaTeNbHHX 3/JEMEHTOB, TO MAaKCHMaJbHOE
uncao cocrostHufi paBno 25, CiegoBartesibHo, 25 =N! un S >
= Nlog(N).

C Apyro# CcTOpOHbI, pYHKYUOHAALHAS, HAH AHHAMHYECKAs, Teo-
pHsA 3aHHMaercs H3yvyeHHeM 3BOJIOLUMH KpynHoMacliTabHOR CH-
CTeMbl H3 CTaOHJIbHBIX cyGancaM6/eli U Croco6oB, KAKHMH TakHe
CHCTEMbI MOIYT U3BMEHAT6CA NpPH OOMeHe 3Hepruefi H HHbOpManHei
¢ okpyxXarouel cpegoi. (CuCTeMbl 3BOJIOUHOHHPYIOT BAOJL HHTE-
rpafbHBIX KPHBBIX B MPOCTPAHCTBe COCTOSHHH, HO U3MEHAIOTCA,
TOIbKO KOrja TepsiloT YCTOHYHBOCTb, TNpeTEepreBas AUCKPETHYIO
cepHio OGHdypKanHil HJIH lepexolds CKAYKOM H3 OJHOH 0CO6O TOUKH
B Jpyryt0.) XoTsl [ABe CHCTEMbl OTHIOAL He O0S3aTeJbHO LOJMKHbI
HAXOAHTLCA MeXKAY co00i B OTHOLIEHHH HEPapXHUECKOH yMNOps0-
YEHHOCTH, A1A TOro UTo0bl OOMEHHBATbCs SHepruef, aJas xommy-
HUKATUBKOU 643U TaKOe ynopsiiouyenue neo6xoaumo. (OMHH Hepap-
XHUeCKHII YpOBeHb TpeGyeTcsi /s YCTAHOBJIEHHS KPOCC-KOPpeJsi-
UuH, a Apyro#, Gojee BLICOKHH, AN «oco3Haimsi» ee.) Ilpu Takoi
KOMMYHUKATHBHOW CBSI3H <«HepapXHUeCcKoe» KoOuposanue H 0eko-
Ouposanue CHOBA OKa3biBAIOTCH S(MMEKTHBHLIME AJS MOHHKEHHS
9KCIIOHEHUHANBHO (~2Y) BO3pacTalollero 4ucja WIaroB /[eKOLHpO-
BaHUS (KaK QyHKUHH OT AJHHB N rnepeiaBaeMoOro BPeMeHHOro
psiza) po anre6pauyecKoli CKOpOCTH pocta ~ N.

B 310ft knure Mbl Auib Gera0 KOCHEMCS CTPYKTYpHOH Hepap-
XHH; B JAEHCTBHTEJBHOCTH HAC IIpeXjae Bcero Gy/eT HHTEpPEecoBaTh
OQunamuxa 00pA308AHUA U PACNOSHABANUAL KOAAEKTUBHBLX CBOLCTS
H B TOpas/l0 MeHblUe# CTeNeHH aJropHTMbl KOJAHPOBAHHS — JEKO-
AUpOBakug (KOTOpDHE MOryT OBITH pa3paboTaHbl BHOCJEACTBHH
nyTeMm peaju3alHH JHHAMHKH). Mbl 6y/IeM 3aHHMaThCAd B OCHOBHOM
npo6/1IeMOH B3aHMHOTO MOO€AUPOBAHUS ABYX AHHAMHYECKHX Hepap-
XHYECKHX CHCTEM H B OCOOEHHOCTH MNpPOGJEMOH CHKHUMAEMOCTH HH-
popmaunH, nosyuaemoil JaHHON CHCTEMOH OT CHCTeMbl-apTHepa.
Oanako MmBl OyfneM NPOABHIaTbCs MOCTENEHHO, IIAr 3a LIATOM.

Cravasna Mbl 1aAHM BecbMa NPOCTPaHHBIN (XOTS, 60I0Ch, BCe Ke
HECKOJIbKO OTPBIBOYHBIH) HCTOPHUECKHH M KOHLENTYyaJbHHEH 0630p
TeX YCJOBHMH sine qua non Y, npu KOTOPHIX BOOGIHE MOTYT BO3HHK-
HYTb CHCTEMBl, HajleJeHHble ClIOCOBHOCTLIO N03HaBaTh. B uacTHOCTH,
MBI NONBITACMCS YCTAHOBHTL COBMECTHOCTD HPOH3BO/JCTBA 3HTPOIHH,
NpOTpecCHBHOR AuddhepeHUHalHH, BO3PACTAIOIEH CJOXRHOCTH H
3hdexTHBHOA camoopranuszauuu. ITox caMmoopraHusauueii Mbl MO-
HHMaeM CIOCOGHOCTb OTKPLITOH CHCTEMBl MOOLAUPOBATH OKPYHKalo-
LIyI0 CpEAYy HJIH Jaxe 4acTuW (HH3WMe uepapxuvyeckue ypPOBHH)
camoit ce6s. OcHOBHAs LeJ/b, KOTOPYIO MBI CTABUM Mepea coBOH, —
JAOCTHYb IIOHHMAaHHS <«HEpapXWH» (€CcJH TaKOBaf CYLIECTBYET)

1 CoBeplueHHO HeOOXOJMMEE, HempeMenunie (Aat.).— [Ipum. nepes.
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«CTpes BpeMeHH»: KOCMOJIOTHUECKOH, TepMOIHHAMHYECKOH, 3JIEKTPO-
MATHHTHOH M cBfi3aHHOH ¢ 006paGoTKOH HH(OPMAIIMH. 3ajmava 3Ta,
HECOMHEHHO, BeCbMa TPYAHO JOCTHXHMAasd, H HaM MNOYTH Ha KaxIOM
HIary HalllUX PacCyKJeHHH MPHIETCS MPOCHTH YHTATE O CHHCXOXK-
NeHUH. DBOJIOUMIO, HJH, TOYHee, H3MeHeHHe MBI paccMaTpHBAEM
KaK KacKaj AHCKPETHBIX 3MH3010B — «GHPypKauuil», kaxiabli H3
KOTOPHIX TNPHUBOAHT K HOSBJIEHHIO Gosee CJIOKHOTO HJIH 6osee
a6CTPaKTHOTO HePapXHYECKOro YPOBHA B JaHHOH JHHAMHYECKOH
cHCcTeMe.

Tak Kak NPEeANOCHIIKOA MOJEJTHDOBAHUS SIBJAACTCA «CKATHE>
uagopMalny, [oIydyaeMol OT CHCTeMBI-apTHepa, Mbl 1oApo6HO
H3YYHM HadexHoCTs WHDOPMAIUM, NepelaBaeMOH MOCPEACTBOM
37eKTPOMArHUTHBIX BOJIH, DPAacNpOCTPAHAIIIUXCA [0 <«KaHajlaM
CBSI3M» pa3JHuHOr0 THOa ¢ Imymom. Mojgenuposanne naprHepa
OGBIYHO CCYILIECTBJSIETCS C INOMOIIBIO «PHUTYaJOB», KOTOPBIC MBI
HasblBaeM uepamu. Mpl omulleM H NPOCJIEANM IHHAMHKY HECKOJb-
KHX TaKHX MIp Ha DAa3jHYHBIX HMePAPXMYECKHX YDOBHAX OT TeHETH-
YeCKOTo N0 INCHXOJOTHYECKOTO M OLUEHHM HX «IPOKHTOYHBIH MHHH-
MyM>», HJH NPOCTO 3a4TPATHl Ha HHX.

Hakorel, Mb n03BosHM cefe 3aTPOHYTH HOBYIO AHHAMHUYECKYIO
«mapaiurMy», a HMeHHO OUCCUNATUBHbLL Xaoc, KOTOpBIA Mocpel-
CTBOM 0cO60ro ycTpoificTBa — «CTPAHHOTO aTTPaKTOpa» -— CyJIHT BhI-
TOJHHTD CAEAYIOLIee: HCIOJHUTD OYeHDb CIOXKHBIA (YHKIHOHAIbHBIH
pemepryap ¢ IOMOIIbIO BechbMa IPOCTOH «anmapaTypHOH peaJn3a-
LHI» W BecTH ce6si Kak THOKHH (XOTs M HECKOJDBKO HEynmpaBJ/se-
Mblil) HHGOPMAUHOHHBIA NPOIECCOP, o6pa6arbeBatouinii HHGOpMa-
uuo. HoBasi mapaaurMa BO3HHKAeT, €CJH TOHATh, YTO HHPOpMAUHS
MOpoXKaaeTcss HE TOJbKO KaCKaioM 6udypkauuf, NDPHBOASAIIHUX K
HapyLIeHHI0 CHMMETPHH, HO H [OCJIeJ0BaTeNbHBIMH HTEPALHAMH,
NPUBOASIIMME K Bce GoJee TOHKOMY pa3pellenHio. 3a mpenenamu
HEKOTOPOTO HHTepBaja paspellieHHss MHKPOCKONHYECKHE tbaykTya-
MM TepecTaloT pacIIbIBATbCA; OHHM YCHIHBAIOTCA H NEPEXONAT
¢ GoJlee HH3KHMX Ha 6oJiee BHICOKHE HepapxHuecKHe ypoBHH. MIMeHHO
Takue (JYKTYalHH IO CYUIECTBY H OTBETCTBEHHDBI 3a HO8Y0 HHDOD-
MAIHIO, NOPOKIAEMYIO SBOJMIOLHOHHDYIOIEH HepapPXHUeCKOH CH-
CTeMOofl.

Kopoue roBops, Leab 3TOH KHHIH COCTOHUT B TOM, yTOGBl pa3BHTh
3BOJIIOLMOHHBI NOAXOA K OCHOBHOH npobJeMe MOJy4YeHHs, XpaHe-
HUST M quccHmaunn HHGopMauumH B (H3HYECKHX H OHOJOTHYECKHX
CHCTEMAaX C [OMOLIBI0 AMNHAMHYECKHX [pOIeccoB. ITH NpOLECCH
CBSI3aHbl C BETBJEHUSMH, WIH Kackaiom Oudypkauuif, nopoxiatwo-
IWHMH HapylleHHe CHMMETDHH, a TaKXKe C XaoTHYeCKOH IHCCHma-
THBHOH AMHAMHKOH, NPHBOASILCH K YMEHBIIEHHIO H YBEJHYEHHIO
paspewtenusi. K aTTpakTopy, MOAEIHPYIOLIEMY HEKOTOPBIC aCHMEKTH
CHCTeMBI, HaJeJeHHOH CIOCOGHOCTBIO K NO3HAHHIO (HJH «NPOLECCO-
pa»), IpeAbABISIOTCS ABa OCHOBHBIX TPeGOBaHHUS: GoJpliasi eMKOCTh
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aMsATH M XOpowasi CKHMAaeMOCTb. YCTOHUHBEHIE CTalHOHAPHHIE CO-
CTOSIHUS W yCTOHUMBbBIE IpedeNbHble LHHKJIbl Pa3MEPHOCTH, COOTBET-
CTBEHHO HyJb H €[MHHIA, SIBJISIOTCS OYEeHb IUIOXHMH MOAY/ISIMH
XPaHCHHA MHQOPMALMH, HO HIeadbHbl Kax YCTPOHCTBA, CHKUMAIO-
wHe uudopmauno. C APYroii CTOPOHH, CTpaHHbIE aTTPaKTOpPH
C IDHCYIINM HM rapMOHHYECKHM COYeTaHHeM pACXOAALIUXCH H CXO-
ASUINXCS TPACKTOPHH (C <IIOJIOKHTENTBHEIMH» Ay M <OTPHLATENb-
HBIMH» A_ NOKasaTeJsiMH JIAllyHOBa) MOTYT B NpHHLUIE yaAoBJe-
TBOPHTb OGOHM TPeGOBAHHSAM: OHHM O6JAfAlOT 3HAYMTEJBHOH HH-
pOopMauMOHHO# pasMepHOCTBIO, uTO Jejaer HX VAOOHBIMH  Ias
XpaHeHHs LMHAMHUECKOH MH(OPMAUMH, U B TO XKe BpeMs, Gyayun
«arTpaxkTopamu» (|A-|> Ay), oHm MOTYT CJIYXKHTb <«KOMIIPECCO-
paMu» HHQOpPMaAIHH.

Kak wbl yBuguM n3 pmanbhefimero, (AMccunaTHBHAS) XaoTH-
HecKkas QMHAMHKAa NpejJaraer ajJbTePHATHBHBIH H, BeposTHO, GoJiee
UBALIHBIA NYTh K (OPMHPOBAHHIO HEPADXHH: B TO BPeMs KaK Kjac-
CHYECKHC METOABI CTATHCTHYECKOH MEXaHHKH NDHBOAAT K Hepap-
XHYCCKHM CTDYKTYpaM 4Yepe3 KOJJEKTHBHBIE CBOACTBA YpPaBHeHMS
AT MHOTOYacTHYHON (DYHKUHH pachpefenenust (T. e. yepes Mo-
MEHTBl M CMEIAHHBIE MOMEHTBI IVIOTHOCTH BEPOSTHOCTH, ONHCHIBAIO-
WeH AMHAMHKY Ha «MHKPOCKONHYECKOM» YPOBHE), AMCCHIATHBHLIE
Xa0THYECKHE CHCTEMBI BBIIOJHSIOT Ty e 3ajgady HHaye: OHH pe-
lnalT €¢, yMeHbllag 4YHCJO CcTeneHeli cBOGOAB B IPOCTPAHCTBE
COCTOSIHHH, TAe AMHAMMUYECKAs CHCTeMa, BbIiAs H3 MHOXKeCTBa
HauaJbHBIX yC/JIOBHH pasMepnocTH N, paublie HJIH N03XKe Nolagaer
B HEKOTOPOE KOMNIAKTHOE NOAMHOXKECTBO IPOCTPAHCTBA COCTOSIHHI
(«atTpakTop»), HMeoliee 20pa3do MEHbILYIO PASMEPHOCTS.

1.2. IMoctanoBka 3apauyu

O6wylo sajgauy, KOTOpYI0 MBI HaMepeBaemcs paccMoTpeTh B
3TOH KHHTE, MOXHO COPMYJHPOBATL CJAEAYIOLHM O6pasoM. [lpen-
HOJIOKAM, 4TO HaM [aHbl 1B CHCTEMbl, HaXoAsiguecs B (DAYKTYH-
pylomed cpene, xkak na puc. 1.1. Kaxpnas cucrema onpelesnena
KaK aHcaM6Jb B3aHMOACHCTBYIONIHX EIHHHL, YHCJIO KOTOPHX He
0053aTe/IbHO BEJIHKO (TpeXx B3aHMOIEHCTBYIOLIMX KOMIIOHEHT MO-
JKET OKaszaThCs AOCTATOYHO, €CJM MBI XOTHM CO34aTh OYeHbL CJOXK-
HO€ NoBeleHHe Hccledyemoit cucreMbl). Cpeaa QayKTYHpyerT B cie-
AYIOIleM CMBbICJI€! OJHH H3 €e NapaMeTpoB, NMO3BOJSIONHH BO3Aeli-
CTBOBAThL HA 3HEpPreTHueckoe B3aumogeficTBHe cucrem 1 n 11,
GecrnopsaouHO H3MenseTcs co BpemereM. (Hanpumep, eciin kampas
u3 cucreM I u Il ucnyckaer 2JeKTPOMArHHTHbIE BOJIHEL, MPHHUMAae-
Mble APYTOH CHCTEMOi, TO COOTBETCTBYIOIIHM NapaMeTPOM CJYKHT
nokKasarejb MNPEJTOMJEHHS OKDYXKAloIER cpeawt.)

Kakum 00pa3soM MBI MOXeM Ha OCHOBE H3BECTHBIX IHHAMH-
YECKHX B3aKOHOB OOBACHUTL KOMMYHUKATUBHYK CBA3b, POHUCXOM -
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Y10 MeXAy 3THMH ABYMSI CHCTeMaMH, T. €. He TOJBLKO IHEepreTH-
YeCKHH, HO W HHMOPMAaUHOHHBIH 0O6MeH MexAy uHHMH? HMuaue ro-
BOpsl, KakoBa ¢(u3HuyecKas (AMHaMHYecKasi) OCHOBA CHMBOJbLHBIX
B3aHMOACHCTBHA?

[Ipexkie Bcero HaM Heo6XOAHMO NOSICHATL, UTO MBI HMEEM B BHAY,
KOrJa TOBOPDHM 06 YCTaHOBJEHHH KOMMYHUKATUBHOL (873U MEXKRY
IByMst cucteMaMu. a5 ¢HU3MKa urpOpmayus — CJOBO NMOUTH «Me-
TapH3Nueckoe». B caMoM nese, Ha f3blKe, NPHHATOM B MaTeMa-
THYeCKOH Teopuu cBsisH (co3gannoli Kaogom llennonom 37 ser
Hasajl H He NpeTepleBlIeHd C Tex

NOp CKOJNbKO-HHBYAbL 3Hauuteav- |, /o */ 7/ 7/ / / //
HBIX yCOBEpUIEHCTBOBaHHu#), pe- |, e Cresa // /
LieHHe TpobJeMbl Nepefaud HH- Y / // YV // s
¢opmanuu U3 TOYKH A B TOUKY 5 /A
B unM H3 MOMeHTa BpeMeHH T B / S

MOMEHT BpeMeHHu 1+ At (Kopo- / /// v
uye roBops, U3 I B I uau naobo- //
pOT) CBOAMTCS K BapHallHOHHO-

My [pPHHIHIY, npencpTaBJImome- //////// ///

My co60H He uTO WHOe, KakK IIO-

NLITKY YCTaHOBHTb KoMIpoMHcc Pue. L1, Cucremnl co cassbio B duyx-
MeXAy J[ABYMsi IIPOTHBODPEUHMBHI- Tyupymoueit cpese.

MH TpeOOBAHHAMH: CKOPOCTLIO

nepefayu ¥ HAJEXKHOCTBIO, HJH CTENEHbIo 6e30MGOYHOTO BOCNIPO-
H3BeleHHsi afCTPAKTHOM MOCJAeA0BATeJbHOCTH CHTHAJOB, NepefaBae-
Mbix U3 | B npuHumaembix B II. B Takoil dopmyauposke Bcs -
3MKa (AMHaMMKa) ocTaercs 3a 6OpPTOM.

Ho ecau 6bl 3TMM Bce MCUEPNBLIBAJOCH, T. €. €CIH GBI TOUHOE
BOCNIpOU3BefeHne CoobuUleHHH OBblIO €JIMHCTBEHHON LEJBIO TEOPHH
CBSI3H, TO MamHHa Kcepokc 6blja 6B HOeaJbHBIM BOIJIOLIEHHEM
Takoro npoluecca: Kcepoke He TOJBKO BOCIDOH3BOAHT, HO H YyJyu-
IIaeT OPHTHHAJ, YCHJIHBAasi KOHTPACTHOCTb HJAM Aesas OoJiee dYer-
KHMH KOHTYpBI, 4TO YyIpouiaeT pacrnosHaBaHHe o6pasa. (O6bsc-
HSIeTCHA ATO TeM, 4TO B MamuHe KcepoKe Henoabsyercsi cOGCTBEHHBIH
HeJWHeWHbIH QUABTPYIOUIMA MOpollecc 3JEKTPHUYECKOTO XapakTepa,
HCKJIIOYAIOMUH paclJbiBaHie U306paKeHHs.)

Ho naunb6oJsee BaxXHOe NmpeiHa3zHaueHHe NpOIECCa CBA3H COCTOHT
He B KONHPOBAHHH, a B MOOJ€AUPOBAHUU: TO CYIWECTBY Dedb HIAET
O MOJEJHPOBAHHW OJHON (H3NYECKOH CHCTEMBI ADYTOH C OUEBH]-
HOM eJblo TpeAcKa3aHus H YIpaBJeHHs IepBOH cHcTeMOH. MuI ro-
BODHM, 4TO (H3HUecKas cHCTeMa | MogeaupyeT (H3MYCCKYIO CH-
cremy II, ecan cucrema I cnoco6Ha NOCTPOMTbL H3 NPHHSTOTO eH
BPeMeHHOTr'0 psia KOHEUHOH NJHHEI aJrOPUTM MHHHMAaJbHOH AJHHDE
cocarox onucaHuil cucreMbl Il 3TH aaTOPHTMEI, ecJH BBECTH HX
B KauecTBe BXOJAHBIX JAaHHBIX (IPOTpaMM) B HEKOTOPYIO MallHHY
¢ KOHEYHBIM YHCJOM COCTOSIHH#, JOJXKHBEl TO3BOJIMTE €f BLIAAThb Ha
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BBHIXOJe NoBeJeHHe cucTeMbl 11 BO BpeMeHH — Kak B MPOLLIOM, TaK
d B GyayueM. Kopoue roBopst, noi MOJAeJTHPOBAHHEM MBI IIOHHMaeM
NOCTPOEHHE CIEHAPHEB <«eCJH TaK, TO TakK», KOTOPble KAaKHM-TO
06pa3oM BOCIMOJHSIOT POJib, OTBOAHBIUYIOCS B APEBHOCTH OpaKyJaMm.
s toro urobun cucrema I Morja BOCHPOH3BOAHTb, HJIH MOJEJH-
poBaTh, cuctemy Il (mam HaobGopor), TpebyeTcsi psAM CYIUECTBEHHLIX
YCJIOBHH.

[Tpexae Bcero cucrema AOMKHA ObITh HEPAPXHUYECKOH, T. €. 06-
JajaThb 10 Kpaineid Mepe ypoBHeM (/) anmapaTypHo# peaJid3alHH
(HepreTHUYECKH CTPYKTYPHBIM) H ypoBHeM (S) nporpammuoro obec-
[eueHusl — CHMBOJbHBIM ~ (Hale-
JIEHHBIM CIIOCOGHOCTbLI0O K MO3Ha-
S, } onmcarme HHIO, T. €. KOTHHTHBHBIM), (QYHK-

, nHoHadbHEIM. HHbopmauus B
' opMe AHCKPETHOI'O BPEMEHHOro
T l >< psaa nocrynaer ¢ S-ypOBHS CH-
crembl II(Sy) wa H-ypoBeun cu-
HaA

o fHéanen f " {HeanewHaﬂf cremel 1 (H,), rae mexnay npH-
1) anramu b HAITHIM BPEMEHHBIM pHAOM H
' S =H® S BHYTpeHHeH JAHMHaMHKOH cHCTe-

17 ™ 2
s ues Mbt | Ha ypoBHe H NpOHCXOAHT
2o psaa  Kpocc-Koppeasiuuii. B pe-
Puc. 1.2. Cxema apyx mepapxuveckux 3yJbTaTe TaKHX CBEPTOK BO3HH-
CHCTEM €O CBA3AMH. KaeT HEKOTOpPOe KOANEKTUBHOE
cgoticrgo, obmagamwpllee ropasno
MEHBIIHM YHCIOM cTeneHed cBobonbl, 4eM S, wian H;. DTo KOJJIEK-
THBHOE CBOHCTBO NepelaeTcsi Ha ypoBeHb S; M o6pasyeT TaM OAHO
(ciioxknoe) cocrosHue. Puc. 1.1 mnpu sToM nepexoaut B puc. 1.2,
FAe YCJIOBHO H300paeHbl BCe YMOMHHAaBIUHeCs Bhile IIpo-

LeCCHI.

Takum o6pasoM, cBsi3b Mexkay AByms cucremamu I u II ocy-
LIECTBJIAETCA KaK 3BOJIOUHSA BO BPEMEHH CHCTeMbI ABYX CBS3aHHBIX
HEJIMHEHHBIX HHTETPaJIbHBIX YpaBHEHHH

S;=H,®S,,

82:H2®Sly
Ile KaxJas nmapa COOTBETCTBYET OJAHOMY CTATHCTHUYECKOMY MOMEH-
Ty. Ilpounecc ana xaxaoi maper ypasnenuit (1.2.1) coaHTtcs K He-
IpephIBHOH HTepalHu S| H S,.

Kakum o6pasom cronp aberpakTHyio npobuaeMy MOXKHO pac-
CMaTpPHBAThL HA KOJIHYECTBEHHOM ypoBHe? [Ipexie YeMm HaM yaacrcs
MOJOHTH K ee pelleHHIO Ha OCHOBe CYIIECTBYMOIIHX 3aKOHOB (H-
3UKH, NPUAETCS NpOoAesaTh OOJBUIYIO «AOMallHIOK» pafoTy.

Mpl yBUANM, HalPUMep, YTO «CKHMAEMOCTb» BPEMEHHLIX DS0B,
obHapyxuBaeMasi ¢ NMOMOILBI0O HO3HAIOLUIErO YCTPOMCTBA B NOBETe-
HHHM HEKOTODhIX CHCTEeM, IpeANoJiaraeT CYyLleCTBOBAHHE <«aTTPaKTO-

AuckpeTrioe
CUMBOTIbROE
onucaxune

DuckpeTroe
CUMBONLHOE

(1.2.1)
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pPOB» KakK y HabJojaeMOd JHHAMHYECKOH CHCTEMH, TaK H y CaMOro
Habmonatens. Takue aTTpakTOpH BO3HHKAKOT B pe3yJbTare Kac-
Kaja HeycToHuuBOCTeH, npuBojsuiero kK Gudyprauuun. Mp yBHAUM
TakKXe, 4TC CTeNeHb CXHMaeMOCTH aTTPakTOpa paBHA pasHOCTH
MeXJy pPa3MEePHOCTBIO IPOCTPAHCTBA COCTOSIHMHA aTTpakTOpa U €ro
«bpakTaJbHO#», WIH HHPOpPMaUHOHHOH, pa3MepHocTbio. OTcrona
BBIBOJ: HaM HeOOXOJHMO KOe-UTO 3HATb O HEJHHEHHOH IHHaMHKe.
Kpowme Ttoro, He caenyer 3abbiBaTb O TOM, YTO HH(pOpMAUHsA Tepe-
JaeTcsi 3JIeKTPOMATHUTHBIMH BoJHaMu. CleoBaTe/bHO, HAM HeoO-
XOJHMO 3HaTb, Kak CHrHaJl, mepelaBaeMblii HabJi0JaeMOH CHCTe-
MOH, KOJHpYeTCs B CTeneHAX cBOOOAbBl TAaKOTO JHHAMHUYECKOTO
o6bekTa, kKak céepuueckas BOJHA, KaK 3Ta BOJHa pacnpoctpa-
HseTcA B (GUIYKTYHPYIOUIHX (CTOXaCTHYECKHX) Cpelax H KaKOe KO-
JINUecTBO HHGOpMallHK HeceT BOJHA, KOrja OHa, HAaKOHEl, TOCTH-
raeT BXOJIHOTO OTBEPCTHS KOHEUHBIX pa3MepoB. Mbl oOHapyXum,
4TO BOCHpPHSITHE TNPHHIHMIHAJILHO HEOJHO3HAYHO (MHOTHE Ppasjany-
Hble 06bEKThI HJAH CHTHAJbl TIOPOKAAIOT OJHO H TO K€ BOCIPHATHE);
c/e[I0BATEJNbHO, HaM TOHAAOGHTCS OLEHHBATh SHTPOIHIO CchepH-
YeCKOH BOJIHBI, cayxaiueft HocHTeneM nHQopmauuu. OTcroga — He-
06XOJHMOCTL 3HAHHS OCHOB CTATHCTHUYECKOH (QH3HKH, TEODHH HH-
(dhopMalMH U TEOPHH KOJAHPOBAHHS.

Hakouel, HaM HeoGXOLHMO OCO3HATb, 4To ABe cuctembl, | u II,
Kax/jas U3 KOTOPHIX MOJENIHPYeT APYTYI0, B AeHCTBHTENbHOCTH Be-
NyT uepy WJIH BCTYNAKOT MeX1y coboil B KOH(QJIHMKT, H Kaxjias CH-
cTeMa CTpeMHUTCs pasrafaTh «KOA» NpoTHBHHKa. Ha camom pene
«KOH(DJIMKT» BO3HMKAaeT B KaxXAOH peasbHOH CHTyaluu, Tak Kak
KaXblii MapTHep NHITaeTcs pasrafaTh KOJ NPOTHBHHKA H B TO XKe
BpeMsi u36exkaTbh CKaTHA (MAH MOJENHPOBAHHs) NPOTHBHUKOM h
JJIS 3TOTO JAEMOHCTPUPYET Ha cBoeM cOOCTBEHHOM (QYHKIHOHAJIBHOM
YpOBHE IOBeleHHe, KOTOpPOE KaKeTcsl XaOTHYECKHM, T. e. Helpel-
ckasyembiM. Cre0BaTeNbHO, HaM HEOOXOAMMO KO€-4TO 3HaTh M H3
TEOPHH Hrp!

Yro6bl pasyMHBIM 006pasoM pa3[elHTb MOAXOA K Hamed mpoG-
JeMe Ha 3Tanbl, HAM TOHaA00HTCS [AOCTATOYHO GOJbLIOH 06beM
npeasapuTebHoii HHGopManuu. C y4eToM 3TOro Mbl IPH IJIaHH-
pPOBAHMH HAIUHX JEKILHH COYJHM YMECTHBHIM Da3leqHTb HX Ha cle-
AYIOLHEe NAThb rJaB (yKas3blBaeTcsl HOMep IJaBhi).

2) IlpeaBapuTtenbuble CBefeHHs 1O (ABYMEpHOH) HeJHHEHHOH
JHHAMHKE W CTATHCTHYECKOH (HU3HKE,

) Poab chepruuecknx BOJH KakK HOcHTejieH HHQOpMalHH.

) DJeMeHTbl TeOpHH HH(OPMalUHM H KOJHPOBAHHA C INPHJO-
JKEHHSMH.

5) DJieMeHTH TEOpHH HIp € NPHJOKEHHSAMH.

6) CroxaCTHYHOCTb, OOYCJIOBJIEHHAS NET€PMHHHCTHUECKOH AHMHA-

MHKOi B NPOCTPAHCTBE TPeX H GOJIbLIEro YucJla M3MepeHHi:

XaoC U CTpaHHHE aTTPAKTOPHI.

3
4
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BHHMaTe/bHbIA YHTaTeNb, BO3MOXKHO, 3aMeTHJ, 4To (ByHIAMEH-
TaJbHOE MOHATHE HEPAPXHH BO BBEACHMH OBLIO A0 CHX MOP He-
CKOJIBKO OTTeCHeHO Ha BTOPOH mnad. O6BAcHSETCT 3TO TeM, 4TO
CaMOOpraHH3alHs HePapXHYeCKOro Tuna (MJaH CIOCOGHOCTDL CHCTEME
CXKHMaTbh BpeMeHHBIe DsAAbl OKPYMAIOWIEH Cpelbl H CTPOHTbL aJro-
PUTMBI MHHHUMAJIBHOH IUIHHBI AJIs €€ MOAENHPOBAHHSA) — CHOHTAHHO
803HUKQOU{ee CBOHCTBO HeJNUHEAHBIX JHHAMHUYECKHX CHUCTEM, 3BO-
JIIOLHOHHPYIOWHX Ha (OHe HeNPePBLIBHOTO B3aHMOILEHCTBHS YeThIpeX
bynnaMenTaabubix (Gu3HueckHX BaauModenctsui. HccienoBaHue
TAKOTO B3daUMOJEHCTBHA IMO3BOJISIET IIOHSTH B HCTOPHYECKOH Mep-
CHNEKTHBE CNOCOOHOCTL K YCTAHOBJCHHIO KOMMYHHKATHBHBIX CBsizefl
KaK 3BOJIIOLHOHHOE, CIIOHTAHHO BO3HHKAIONIEe CBOHCTBO CJOKHBIX
KpynHoMacwTabHEX cHcTeM (T. e. IpHHATH K BHIBOAY, HECKOJbKO
pacxopsiuieMycsi ¢ TpaAHIHOHHBIM B3TVISIOM Ha MHP KaK Ha CTATH-
YECKYI0 CHCTEMY, HEYMOJIMMO JBHXKYIIYIOCS HABCTPEUY <«TEMNJOBOM
cMepTthH»). HMuaue rosops, B pacuwupsiouieiics BcesenHolt Bzaumo-
AeHcTBHe (yHIaMEeHTAJbHBIX B3aHMOAEHCTBHI NPHBOAHT K BO3HHK-
HOBEHHIO CONYTCTBYIOUIHX €My I[POH3BOACTBY 3IHTPOIHH, MpOrpec-
CUBHON JAH(pdepeHNHaluy, BO3pacCTAOILEl CJIOMKHOCTH H BO3pa-
CTalolled opraHuzanui. Bce «cTpennl BpeMenH» (KOCMOJOTHYecKasi,
TEePMOJHHAMHYECKAs, JEKTPOMACHHTHAN U CBsi3anHast ¢ o6pabot-
KOM CHIJaJIOB) YKa3HBAIOT B OAHOM H TOM :Ke HANpPAaBJEHHH — Ha-
npaBJeHHH BO3pacTawlledl co BpeMeHeM IH(pdepeHUHAUHH H BO3-
HYKHOBEHHSl TMO3HAIOUINX CHCTEM, CHOCOOHBIX MOJAEJHPOBATH He
TOJIbKO BHEIIHIOK OKpYXKAaWIY cpely, HO U BOCIPOU3BOAUTL (XOTs
H He MOJHOCTbIO) 4acTH caMux cebs!

1.3. Hekortopble npexpapuTesibHbie oNpeRegeHHs
CJOXKHOCTH H OPTAHHU3ALUH

1.3.1. CroxHocTs

CucTeMa MoxeT OBITh CJAOXKHOK KOO Ha CTPYKTypHOM, Ju6O Ha
¢yHKUHOHAIbHOM ypoBHe. CTPYKTYpHas CAOMHOCT6 BO3pacraer C
yBeJHYeHHEeM uYHCJa B3aHMOJeH#CTBYIOIUHX CYyObeJUHHI{, NpPOLEHTA
B3aHMOCBsA3eH MEXAY HHMH, MONAPHBIX HJIH §OJee CI0XKHBIX, H C H3-
MEHEHHEM IIJIOTHOCTH BEPOSITHOCTH HHTEHCHBHOCTH B3aUMOACHCTBHS
MEXKAY OTACJBHBIMH CyGheIHHHIIAMHU.

Ha ¢ynryuonassrnom yposwe CI0MKHOCTH BO3PACTAET C YBEJH-
YCHHEM MHHHMAJbHOH AJHHBL (CaMOrO CXATOr0) aJrOpHTMA, HOJb-
3ysicb KOTOPBIM MBI MOXXeM [IOJHOCTbIO BOCCTAHOBUThb I1OBEJEHHE
cucteMbl. B 3TOM cMBICTe, KaK MW yOefuMCsl B JaJjbHellleM, HYHK-
LHOHAJbBHAS CJIOXKHOCTb CHCTEMBl YBeJIHYHBAETCS ¢ AJHHOH ee «bdu-
JIOTeHEeTHYECKOTO XBOCTAa», a4 HMEHHO €e 3BOJIIOLHOHHOH MCTOpHH,
OTMEUYEHHOH JHCKPETHOH MOC/JeA0BaTEJNbHOCTBIO 3NMH3040B GHPYpKa-
uHu. Takum 00pa3oM, B yKa3aHHOM CMbIcje BHPYC HJH aneJbCHH
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0peACTaBasA0T ¢ (GYHKIHOHAJIBHOH TOUKH 3peHHst Gosiee CJAOKHYIO
cucTeMy, yeM OoOJjbinas 3Be3Ja, TaK KakK s TOHUMAaHHA, Kak
GYHKIHOHHPYET KaMABIA M3 HHX, BAM B KavyecTBe HEOOXOJIHMOTO
ycaoBusi TpefyeTcsl CyLIeCTBOBaHHe CBEPXHOBOI.

1.3.2. Opranusauus

[TosHarwutiee ycTpoHCTBO, cnOcO6HOE CXKHMAaTh M MOJEIHUPOBATH
HEKOTOpOoe thHsnuecKoe sBJeHHe, 00/ajaer OoJiee HJIH MeHee BLICO-
KOH CTeneHblo CaMOOPTaHH3aLHH.

B o6umem cayuae caMOOpraHu3allvio MPHHATO CBSI3BIBAThL C CIIOH-
TAHHbIM BO3HUKHOBEeHHeM /[aJbHeHl NpOCTPAHCTBEHHOH H/HIH Bpe-
MEHHOH KOTepeHTHOCTH CpelH IepeMeHHbIX (OpraHH30BaHHOM)
cucTeMbl. OJlHAKO caMa CHCTeMa MOXeT OBbIThb COBEpIIeHHO «HelpH-
yacTHa» K TAako# CaMOOpraHH3aluH, T. e, MOKeT JHOO He HCIOJb-
30BaTb ee B JajbHeHmeM, JHO0 He 3HaTb, KAaK ee HCIOJAb30BATh,
aub0 He 3HATDB, UTO OHA 3HAeT, KAK ee HCIOJb30BaThb... leso B ToMm,
4TO CcaMOOpTaHHU3YoLlasics cHCTeMa ofpeTaer Cnoco6HOCTL K I0-
3HAHHIO, WJIH CTAHOBHTCH KOTHHTHBHOH, TOJIBKO IpH AOCTHXKEHHH
HEKOTOPOrO MHHHMAJLHOTO UHCJAa (a8 UMEHHO JBYX) HepapXHUeCKHX
YpPOBHeH (3TO 03HAaYaer, YTO B3aHMHO OJHO3HA4YHble OTOOpaKeHHs
He NMOPOXKIAIT KOTHHTHBHOH cOCOGHOCTH). HenpeMeHHHM yca0BHEM
BO3HHKHOBEHHUSI CaMOOpPraHHU3YWOUleHCs KO2HUTUBHOL CHCTEMBI SIB-
JsieTcss CIOCOGHOCTb 3TOH CaMOOPTraHH3yMOUleHCsHs CHCTeMbl PerviH-
LUPOBaTh APYTyio cHcTemy (B TOM uHcae!) ceGs HJIM CBOM 4aCTH).
B cBow ouepeinb Takas CIOCOGHOCTb K CAMOPEINJIHKALHH CJYXKHT
BepHBIM INPH3HAKOM TOTO, YTO CHCTEMa 3HaeT, KaK CHUMATb HH-
¢opmanuw u modeauposars. IllpHBeldeM HECKOJbKO NPHMEPOB.
Hekotopble xHMHUYeCKHe peaKLHH IIPEACTaBJSIOT cob0i camoopra-
HHU3YIOLIUECSs, HO HEe KOTHUTHBHBIE JHHAMHYeCKHe cHcTeMbl. C Apy-
rofl CTOpOHEBI, TeHOM J1060ro GHOJOTHYECKOro OPraHH3Ma 3aBeJOMO
siBJIsieTcss (mpocTelllell) KOTHHUTHBHOH CHCTEMOH, TaK Kak uepes
TPAHCKPHUILHIO M TPaHCJAALHMIO (Mpolecc, 3aTparusarollui ABa
UepapXHUeCKHX YPOBHSI — YPOBEHb HYKJEHHOBBIX KHCJIOT H YPOBEHb
NOJUINENTHAOB) OH MOJEJHpPYyeT U B KOHIe KOHIOB penpoayluupyeT
ce6s. TakuM 06pasoM, siCHO, YTO KOTHHTHBHAS aKTHBHOCTL 3¢ dex-
THBHA [IPH CXKATHM CJOXKHOCTH JPYrofi CHCTeMBl (B TOM 4YHCJe

Y Muorga yTBepXKAAIOT, YTO CAMOODPraHH3YIOINAfCS CHCTEMa He MOXET IoJ-
HOCTBIO MOJENHpOBaTH cebsl, TAaK KAK 3TO MOLJIO Obl NMPHBECTH K HECKOHYaeMOH
HEeKOHBEPTHPYIOIled TaBTosMOruu, Jlisi BBICHIHX KOTHHTHBHBIX (QYHKUHE 3TO YT-
BEPKJEHHE OCTAETCH HepaspellUMbIM. [I/1s reHeTHYeCKoH CaMOpPENJIMKALHH BbIXOA
K3 TABTOJIOTHH OCYUIECTBJISIETCH NyTeM CHOHTAHHOIO Pa3BepPThiBAHHS MOJHIENTH-
HBIX Lemefl H BO3HHKAIOUIEro B pe3yjbTaTe 3TOro o6pasoBaHHs cTepeocneuHdu-
YeCKHX OeJIKOB.

Takoil npolecc HapylleHHs CHMMETPHH MOPOXAaeT HOBYIO HH(OOPMALHIO B CH-
CTeMe H JIHKBHAHPYET TaBTOJIOTHIO.
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1 COGCTBEHHBIX TOACUCTEM) TIOCPEACTBOM O6pa3oBaHUA KOJJIEKTHB-
HBIX CBOMCTB (KPOCC-KOPPEISIHHA HJIH CTATHCTHYECKHX KpPOCC-MO-
MEHTOB), B pe3yJbTaTe KOTOPOrO NPOHCXOAHT PE€3KOe YMEeHbLIeHHe
IIepPBOHAYAAbHOTO UHCIa cTeneHell cBOOOAb HabMIOxaeMOH CHCTEMEL.
Kak MB yBHAHM B faJjbHelillleM, CYHMECTBYeT H Apyras ajbTepHa-
THBa: aTTPAKTOp, AEHCTBYIOUM#A Ha Ni06y0 TOUKY 00J1acTH CBOEro
NPUTSIKEHHS] (MHOXKECTBA HAyaJbHBIX YCJIOBHA), dakTHuecKH Je-
JIaeT TO XKe caMoe.

Fe3lOMHpYS, Mbl MOXeM YTBEpXKAaTb, UTO (8436 HIPAET CYILe-
CTBEHHYIO pPOJib TIpPH 3alyCcKe NpOIECcCa BO3IHHKHOBEHHA HOBBIX IpPO-
CTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp Hepes MOC/Hel0BATeNbHOCTL He-
yCTOAUMBOCTEH, TOpPOXKAAWHX OHpypKalKlH, KOTOpble NPHBOASAT
K HapylleHHOH CHMMeTPHH H B JAaJibHeHIleM — K CO3LaHHI0 H TOA-
JlepKaHUIO B JHHAMHUECKHAX CHCTEeMaX CJIOXKHBIX aTTPAKTOPOB, KOTO-
pble CXKUMAIOT 3TH CTPyKTyphl. Ho HauneMm ¢ caMoro nHasana.
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[TpenBapuTesbHblE CBEAEHHUS
M3 HEJUHEHHON AUHAMHUKH
M CTAaTHCTHUECKOH (PHU3HMKH

2.1. CuMMeTpHH U 32KOHbI COXPAHEHHUSA

YUTo uMeHHo MBI HMeeM B BHAY, KOTJZa FOBOPHM 0 «3aKOHAX
¢usuku»? Pusvka —Hayka sMOHpHYecKas. JIIOAH OPOH3BOAAT
60Jb110f 00BeM HAOGMIOJeHHA HEKOTODOrO SBJIEHHS M 3aTeM Mbl-
TAKTCsl «TEOPETH3HPOBATb» IO IIOBOAY €ro, a HUMEHHO CHMUMAOTD
GTPOKH HAOJIIOJEHHS B MPOCTYIO IO CYUIECTBY U KPaTKYyl aHaJu-
THYeCKYIO (opmyay («aaroputm»). Takoe rteopeTH3upoBaHHE oOCY-
LIeCTBJASCTCH B KOHEUHOM cueTe NyTEeM CBepTKH MeXjay Habuawopae-
MBIM YHCJIOBBIM PSIAOM H HEGJHHEHHOH AMHAMHKOH TOJIOBHOTO MO3Ta.

Jono/Hsast 5TOT aJrOpHTM HEKOTOPBIM HAGOPOM BHEIIHHX Orpa-
HHUEHUH (HAuYaJbHBIX H TPAHHUYHBIX YCJAOBHH) H BBOAS €ro B Ka-
YeCTBE BXOAHBIX JAHHBIX B MALIHHY ¢ KOHEUHBIM YHCJIOM COCTOSIHHH
(Hampumep, B UHUGDPOBYI BBLIYHCJAHTEJBHYIO MAallWHY), MBl [OJY-
YyaeM pasJHuHble CIEHADHH OJHOCO U TOrO XKe ABJEHHS —B 3a-
BHCHMOCTH OT KOHKDETHOro BbIOOpa HaYaJbHBIX U IPDAHHUYHBIX YCJIO-
Buff. Takum 06pasoM, «pu3HUYCCKHE 3AaKOHBI» IO CYLIECTBY O3Ha4ad-
I0T aJTOPUTMEl, NpPHBOAALIHE K MOJEJHPOBAHHI HCXOAOB, HJH
«MOJeJIH» HIHPOKHX KJI4CCOB JHHaMHYECKHX SIBJICHHH.

Ho kouab ckopo Bce 0OGCTOHT HMEHHO TaK, TO CBeJeHHE KOMMY-
HHKAOHOHHOTO Tpouecca K 3aKOHaM (PU3HKM HEMCAJIeHHO NPHBOJHT
K TapajgoKkcy, a HMEHHO K NONbITKe OODBACHUTb MOAEJHPOBAHHE
¢ nomoulpio MozenupoBanus! OAHAKO B JaHHBIH MOMeHT OyJAeT pa-
3yMHO CIpPSITAaTh [AapajoKC «IMOJA KOBEpP» U IONBITAThCA IIPOJABH-
HyThcsl fanblie. Mbl BepHeMcsi K HeMy B TJI. 4—6, rie MOHATHA
i TpHMephl Hepapxuyeckod o6pabOTKH HHPOpPMALHH INOMOTYT IO-
SICHHTb CYTh NapajoKca CCBUIKH Ha cels.

Jwbomy usnyeckomy 3aKoHy 8ce20a CORYTCTBYET HEKOTopoe
qucao cummerputi. Tlox cTeneHbld CHMMETPHH MBI IIOHHMaeM YHCJO
9KBHBAJEHTHBIX aJibTepHATHBHBIX onHcauui. Hanpumep, xkoudwury-
pauns CHMMETpPUUYHA, €CJH TocJe IPHMEHEHHA K Hef HeKOTOpOro
npeoGpas3oBaHHs OHA BHIMMIAXHT Tak e, Kak [0 Npeobpa3oBaHHA.
Waun, ecnn chopMysupOBaTh Ty 2Ke MBICAb HHAde, 4eM OoJiblie
CTeNMeHb CHMMETPHH CHCTeMbl (a6CTPAaKTHOH HJIH KOHKPeTHOH), TeM
TOYHee TO NpeAcKa3anue, KOTOPOe Mbl MOXKEM CAeJaTh OTHOCHTE/Ib-
HO 3BOJIOIHHM TAKOH cHCTeMBl. Hampumep, Kak Mbl BCKOPe YBHIHUM,
IJsl 3aMKHYTOH AMHAMHWYECKOH cHCTeMbl HaHnbosee BepOATHOE CO-
CTOSIHHE €CTb COCTOsSHHE TePMOJAHHAMHYECKOrO PaBHOBECHS, KOTOpOe
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OKa3BIBAETCH COCTOsIHHEM HanboJiee IOJMHON H3 BO3MOXKHEIX MaKpO-
CKONHYeCKOH cHMMeTpHH. He3aBHCHMO OT TOro, H3 KaKOTO HAYANL-
HOTO YCJOBHS Mbl CTAPTyeM, HE3aBHCHMO OT TOrO, KaKOTO pojta
nepTypGaTHBHYIO ONEPALUI0 NPHMEHSIEM, 3aMKHYTasi 1HHAMUUECKAS
CHCTEMA € BEPOATHOCTBIO, PABHOI eNHHHIE, PAHO HJH NO3XHO TPH-
XOAHT B COCTOAHHE MOJHOH OXHOPOAHOCTH. OJHAKO HAII MepBOHA-
YaJbHLIH BONPOC OTHOCHTCSL K CHMMETPHHM AHHAMHUECKHX 3dKOHOB,
a He CTPYKTYp (KOTOpHie BO3HHKAIOT I0CAE TOTO, KaK 3aKOHbI
MOy49aloT BOSMOXHOCTb A€HCTBOBATb HA INPOTSIXMEHHH 3aXaHHbIX
HHTepBAJOB Bpemenn). Ho 3To eme He Bce. 3akoH npHupoasl obaa-
AaeT CHMMETpHEH OTHOCHTEJBHO HEKOTOPOro Hafopa oOlepaTopos
HIM npeo6pa3oBanuil, eciu Nocie HX AEHCTBHS OH OCTACTCS TAKHM
K€, KakHM Obl1 nepBonayasbno. Hanpumep, 3akoust SLepHOro
B3aHMONCHCTBHS, CBASBIBAIOILETO YaCTHIB B aTOMHOM Sipe, OCTa-
I0TCSA HCHSMEHHBIMH, €CJTH MBI 3aMEHHM IPOTOHBl HEHTPOHAMH, H
HaoGopoT. Mbl 3Haem 06 3TOM 1OTOMY, uTO CBOHCTBA sgaep
OCTAlOTCsT HEH3MEHHBIMH, €C/IH NpojesaTh Haj siAPAMH TaKylo oOlle-
pamuio (mampuMep, CBOHCTBA siipa JHTH5-7, COCTOSILErO H3 Tpex
IpOTOHOB ¥ YEThipeX HEHTPOHOB, MOUTH — ¢ TOYHOCTBIO N0 PA3JH-
UYHST B 3JEKTPOMArHHTHHX CBOHCTBAX — He OTJHYAIOTCH OT CBOHCTB
Anpa GepuILIHs-7, COCTOSINEr0 U3 YeTHPEX NPOTOHOB H TPeX HeiiT-
POHOB).

JIpyrasi cUMMeTpHsl, KOTODPO#l 06,1afaloT NOYTH Bce AHHAMH-
YeCKHe 3aKOHBI (CM. HHXKe),— 5TO HHBADHAHTHOCTb OTHOCHTEJLHO
caBura no Bpemedd. O CUMMETPHSIX (DH3HUECKHX 3aKOHOB OGBIYHO
FOBOPAT KAaK O 3AKOHAX COXPAMEHUS: OHW BCEria HeAB8HO COlep-
HaTcqd B AHHAMUYECKHX 33aKOHAX U 0OHAPYXKHBAIOTCSl SABHO (HHOTAA
HEOXHAAHHO) KaK CJeACTBHsI AeHCTBHS STHX 3aKOHOB. B HesBHOM
BHA€ OHH HCIIONb3YIOTCSl TIPH DEIeHHH OCOGEHHO TPYAHBIX 3amay
BMECTO CaMOro JAHHAMHYECKOTO 3aKOHa, H36aB/sAS yYeHOro OT
HeOGXOAMMOCTH BHITIOJIHATh MHOXECTBO HEHYXKHBIX H JIMIIHHX <HH-
TerpHpoBanuit». UeM KoHcepBaTHBHEe cHCTeMa, TeM 6ojee OHa
npenckasyema. Hanpumep, raMHAbTOHOBBL cuCTeMbl Gosiee TpescKa-
3YEMBl, ueM JHCCHNATHBHblE CHCTEMBl BJA/JIH OT TEPMOIHHAMMU-
4eCKOro paBHOBecHs. HanGosee u3BecTHble CHMMETPHH B IHHAMHUKE
CBA3AHBI C CHMMETPHSAMH B TPOCTPAaHCTBe H BpeMend. M3 wuusa-
PHAHTHOCTH OTHOCHTEIBHO CABHIOB 110 BPEMEHH CJAEAYeT COXpaHeHHe
9Kepruu u HaoGopor. U3 TpancasumonHol HHBaDHAHTHOCTH clenyeT
COXpaHeHHe JHUHEHHOTO HUMIYJbca H HA0G0OPOT (eCiH COXpaHSeTCs
HMIYJbC, TO COOTBETCTBYIOUIHH 3aKOH JOJKeH OHTh TPaHCAALHOH-
HO-HHBApUAHTHBIM),

AHaJIOTHYHO, H3 MHBADHAHTHOCTH OTHOCHTEJBHO BpaileHHH (. e.
H3 HE3aBHCHMOCTH pe3yJIbTATOB HaOJIIOAEeHHH OT ODHEHTAUHH) cJe-
AYeT COXpaHeHHe YIVIOBOrO MOMeHTa u Haobopor. (Hanpuwmep, Bro-
podl saxkon Kemnepa, cornacho KOTOPOMY paiHyC-BeKTOP TJIAHETH,
IBHXKyHie#icd no opbure mojx AeRCTBHEM UEHTPaJbHOHN CHJBI, 3a



Hennpefizas AWHAMHKa H CTaTHCTHYeCKast (H3HKa 2k

OJIHHAKOBbIE NIPOMEXKYTKH BPEMEHH 3aMeTaeT PaBHOBEJIHKHE MO IIJIO-
IajJH CEKTOPbl, SKBHBAJEHTEH COXDAHEHHIO YIJIOBO'O MOMEHTA.)
Tenepp MB NMOAXOAMM K CJAGAYIOILEMY pelIaloNEeMy BONPOCY:
KaKOBad B34UMOCBSI3b MeXKIY CHMMETPHSIMH (U3HUUECKOrO 3aKOHa
H CHMMETDHAIMH CTPYKTYD, BO3HHKAIOWIHX T[OCJAe TOro, Kak 3TOT
¢Gusvyecknii 3aKoH o6peTaeT BO3MOXKHOCThL AeHCTBOBATL B TEUCHHE
HEKOTOpPOro HHTepBaJa BpeMeHH? Jinig OOJBLUIHHCTBA CTPYKTYP,
BCTPEUAIOUIHXCSl B IPHPOJE, XaDAKTePHA CHJIbHAs aCHMMETDHS, TeM
He MeHee 3aKOHHl NPHPOABI BLIBOASATCSI HA OCHOBE TIUATEJIbHOTQ
aHa/i3a OOLUIHPHBIX KJIAaCCOB €CTeCTBEHHBIX CTPYKTYp. OxoHYaTesb-
HBI{ OTBET HA HHTEPECYIOLIHH Hac BoNpoc Noka HeH3BecTeH. O1HaKO:
13 00WHX cooOpaxeHHH MBI MOXEM BBICKA3aTh [PEAIONOKEHHE
O TOM, 4TO IpH 06pasoBaHHM cTeneHeil CHMMETPHH MAaKpOCKOIIH-
9eCKOH CTPYKTYpBl HJIH 06beKTa CYUeCTBEHHYIO POJib, I0-BUAHMOMY,.
HIPAKOT KaKHe-TO BHELIHHe (DAKTOPHl, HAlpHMep ACHMMETPHA Ha-
YaJbHBIX M TPAaHHUYHBIX YycaoBHH (BBoAMMBIX ad hoc B peluenHe
HallHX AHQGEpEeHIHAIbHBIX YPABHEHHHA H ONpeJessIIOIIHX YHCJAEH-
Hble 3HAQYEHHsl IIOCTOSIHHBIX HHTEIPUPOBAHHS), a4 TAKNMEe HEYCTOH-
YHBOCTH, KOTOpble NPHBOAAT K OHYpKAUHAM, T. e. BETBJEHHAM
peureHH#, H TE€M CaMbIM K HAPYULEHUIO CUMMETPUL HAYAJIbLHOIO:
o6pa3oBaHHs WJIH CTPYKTYpH. K 3THM BHelwlHuM ¢aktropam Heco-
MHEHHO cJeAyeT A0GABHTb BHYTPeHHHe (akKTopbl, 00yCJOBJEHHbIE
TEM, UTO OJHO H3 YeThipeX (yHIaMeHTAJbHBbIX (PU3HUECKHX B3aUMO-
JeHCTBHHA, a HMeHHO cJjaboe saepHoe B3aHMoAeilicTBHe, o6aajnaer
NOAJMHHHO MUKPOCKONU4ecKol acHMMeTpHeH, T. e. 3epkaJbHOH
acHMMeTpHeH (oOHapyxeHHOH INpPH pacnajle sgep Kobaabra).
Kpome TOrO, B HEKOTOPHIX pelIKHX pacnagax K-MesoHa Hapyliaercs
CP-uHBapHAHTHOCTb (3apsil — YETHOCTb), TE€M CaMbiM HapylIlaeT-
csl CHMMeTpDHsSI MexXJy MaTepHell M aHTHMaTepHefi. Tak kak cy-
IIeCTBYIOIAsl HblHE TeOopHs1 IpeickKasbiBaeT CPT-HHBADHAHTHOCTD-
(3apsil — yeTHOCTb — BpeMs) (M He CYLIECTBYeT 3SKCIEPHMEeHTaJb-
HBIX JAHHbIX, KOTOpLIE CBHJETeJbCTBOBaJMH Obl 00 0OpaTHOM), MBI
NPHXOJHM K BBIBOAY O TOM, UTO cJaaboe B3aHMOAeHCTBHe He 00.1a-
JlaeT HHBAPHAHTHOCTbIO OTHOCHTEJbLHO CABHIOB 110 BPEMEHH.
Haxonen, cymiecTByer TpeTbsi pPAa3HOBHJAHOCTL HAEAJNbHO CHM-
METDHYHBIX 3aKOHOB, NMOPOXKAAIOIHX AacCHMMeTPHYHbIE SBJCHHA He
H3-32 HApYIIeHHS CHMMETPHH 3a CYeT BMeLIaTeJbCTBA KAaKHX-TO
BHEILIHMX (PAaKTOPOB, 4 NPOCTO H3-3a TOrO, 4TO CHMMETpDHYHOE pe-
LUIeHHe HeyCcTou4uso. IJTO TAK Ha3bIBaeMble CKPbLTole CHMMETDHH,,
KOTOPBle MOMHUMO [IpPOYero HrpalT LEHTPaJbHYIO DOJIb B COBPEMEH-
HBIX TUIIOTe3aX O NpoHcXoxaeHHH BcesenHoii. CorjacHo NPHHATOR
HHHe BepCHH, B «HauaJjle» BO3HUKJIU JBe COBEPILICHHO CHMMETDHUY-
HBEle NONyJsUHU «runepuactHu» X u X. 3arem X HauajaH pacna-
AaTbcst Ha OGapHoubl, a X —Ha antub6apuonb. Ilpoumecc pacnaza
Mo2 OBITb CHMMETpPHYHBIM. B 3ToM ciyuae Bcesennas m B MOMeHT
pOXIeHUs, U TNO3xKe Oblia Ob aHcamOb/eM (OTOHOB B COCTOSHHH
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"TepMOJHHAMHUECKOro paBHoBecHs. OAHAKO COBpeMEHHOEe COCTOSIHHe
BceseHHO# CBUAETEALCTBYET B MOJb3y THIIOTE3bI, COTJACHO KOTOPOH
3TO OJHOPOAHOe COCTOSIHHE OBII0 HEeYCTOHYHBO, H TO3TOMY HEH3-
‘6exkHo Oblia BblOpaHa Apyrasi BO3MOXHOCTb, 4 HMEHHO aCHMMeET-
puuHbl# pacnald: Ha ~ 10° antuGapuoHoB ofpasoBaaoch ~ 10° 4+ 1
6apHOHOB. DTO corsgacyeTcsi ¢ AByMs HalJiolaTeIbHBIMH (pakTaMH:
BO-NepBLIX, HabuMI0gaeMas peanbHas BceneHdasi COAEPIKUT TOJABKO
GapHOHBI H, BO-BTOPBIX, OTHOLIeHHe YHC/Ia (OTOHOB K dHcay 6apHo-
HOB HBIHE COCTaBJ/isieT BeauuHHy ~ 103, [Tozanee B 3TOMH riaBe MBI
npocjaejuM B OOLIHX YepTax CLEHAPHH TOro, KaK 3BOJTIOUHOHHPOBAJ
aHcam6iabp OapuoHOB 4 (OTOHOB ¢ MOMEHTa OOABLUIOTO B3pLIBA.
Jpyroi NpH3HAHHBIH NpPHMEP CKPBITOI CHMMETPHH, 3aCJyXKH-
‘BAIOLIHH TOTO, YTOOBl YNOMSIHYTb O HeM, — 3TO CHMMeTpPHSI MEXIY
3JIeKTPOMarHUTHBIM H cJalblM B3aHMOAeHCTBHEM. YueHble, pabo-
TawllHe Haja <TEOPHSIMH BEJHKOrOo OObeJHHEHHS», CUHTAKT, YTO
BCKOpPe Y HaC MOXKeT OCTaTbCs OJHH THII 4acTHU U OJUH KJacc
B3aUMOAEHCTBHE (BMECTO ueThIpex); KaxXyllleecs pasHooOpasue
YACTHII H B3aHMOAeHCTBHH, HabJjwojJaeMoe HaMu B TIpHpoae, 00-
VCJIOBJEHO CKPbiThiMy PYHAAMEHTAJbHBIMH CHMMETPHSIMH.

2.2, HeycrofiuMBoCcTH KaK MEPBONPHUYMHA HAPYWIEHHBIX CUMMETPH,
JMCCHNAUHA U HeoOpAaTHMOCTh B OAMHAMMYECKMX CHCTEMAX
Masoi pa3MepHOCTH (He CTATHCTUYECKHX)

2.2.1. Poab rpaBHTanuH

Ec/iu 3aK0HH NPHPOJAbI B NPHHIHIE CHMMETPHUHBI OTHOCHTEJb-
HO CJABHIOB IO BPEMEHH, TO Kak BooOlLIe BO3MOXHA 3BOJIOLHA?
B ueM oHa 3ak/OUaeTcs IOMHMO XOJa MaKpOCKOIHYECKOTO Bpeme-
HU? Ecau oTGpOCUTh MAKPOCKOMUUECKHEe CHCTEMbI ¢ OOJbUIMM UHC-
JOoM cTeneHefi CBOGOABI, AJS KOTOPBIX OTBET HAa MOCTaBJEHHBIH
BOTIPOC AAKOT BTOPOE HAuajo TepMOJAHHaMHkH H H-teopema BoJabu-
MaHa (OTBeT, KaK MBI YBHAMM, OOYCJIOBJEHHBII BHeLIHeH acHMMeT-
pueli HauaJbHBIX YCJAOBHH), TO KaK MBl MOXeM MPOCJIEAHTb 3a Iep-
BONPHUUYHHONA HM3MEHEHHH, NPOHCXOASAUIHX B MPOCTBIX CHUCTEMax, MOJ-
HOCTBIO HMTHOPHDPYS BJHSTHHe HauaJbHBIX YcaoBuii? [Ipexie Bcero
HeO6XOAUMO BBISICHUTb, He 3aJI0XKEHBl JH HEYCTOHUHBOCTH H3HYTDH
B HEKOTOpBHe (U3NuecKHe 3aKOHbl U He TNPHUBOAAT JH 3TH 3aKOHBI
caMu 1o cefe, ecad He HAKJaAbIBATh HHKAKUX OrpaHuU4eHuH, K 3P-
(bexTy Hapacranuss HeoOpATUMBIX SIBJEHHH THIA «CHEAKHOTO KOMa».
Ha 3Tor BOmpOoC MBI AOMXKHB JaTb yTBepAMTEIbHBIA oTBeT. Cpenu
yeThlpex (YHIAaMEHTATbHBIX B3aHMOAEHCTBHH HMeeTcs OAHO (rpa-
BHTalUsl), KOTOpOe BeleT ce6si UMEHHO TaK.

[ToTeHuuaabHAs 3HEpPTHs, 3allaceHHasl B TpaBHTALHOHHON CHCTeMe,
Bcerja OTpHIATeIbHAa H TpH COJHMKEHHH [ABYX TNpPHTATHBAIOUIHXCS
macc M; u M, ToJabKO BO3pacTaer mo alCOJIOTHOH BeJHYHHE, OCTa-
‘Basich OTpULATeNbHOH. B OT/AHuHe OT Bcex OCTaNbHEIX CHCTEM, ¥ KO-
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TOpLIX MOTEeHIHaJbHasi 3HEeprHsi BCerja MNOJIOXKHTeJbHA H HMeeTcs
TOYKa YCTOMYHBOTO pABHOBECHS ¢ MHHHMYMOM HNOTEHIHAJbHOM
3HepTHH, Jaxe Yy mnpocTefillled TpaBUTALHOHHOH CHCTEMBbI M3 ABYX
NPUTATHBAIOLMIMXCS MAcC PAaBHOBeCHsl He CYIECTBYeT, TaK Kak, ec/u
TAKYH CHCTEMY NPEJOCTaBHThL caMoi cefe, ee NMOTeHIHAJbHASA 3HeEp-
THs 6yJeT MOHOTOHHO CTpeMHUTbCsi K —oo (pHc. 2.1).

He cyuiectByer npejesa KHHETHUECKOH 3HEpPIHH, KOTOPYK MO-
TYT NOrJOTUTb Macchl M; u My: npu cbmmkennn M, u M, onu no-
rJoWanT BCe 00Jbllle KHHETHYECKOH 3HEPTHH, HX TPaBHTALHOHHLIA
3HepreTHYecKHH pesepByap Bce Oouibllle HCUEpPNBIBAETCS W CTAHO-
BHTCA Bce O6oJiee OTpHLATE/bHBIM.

Takum o6pasoM, ecau OBl rpaBH- V{R) | . Dpyrie
Tauusl Oblla eIHHCTBEHHBIM B3aH- naTeHUans
MoAeHcTBUEM B (PU3UYECKOM MHpE, +

To Bcenennas Heo6paTHMO KOJI- Yeroituisoe
JancupoBana 6w (HO 6e3 TemJo- PasHoBecke

-—’-R

BBIX IIOTE€Pb, TAK KaK B OTCYTCTBHE
3JeKTPOMAarHHTHOTO B3aHMOJEHCT-
BHSl BSI3KOCTb paBHa HY.JI0) B Ma-
TEMATHUYECKYI0 CHHIYJSPHOCTb, H3 -
KOTOpPOH OHa, COrJIACHO THIOTe3e,
BO3HHK/A B pe3yjbTate 60JbIIOTO

Puc. 2.1. B otanyne oT Bcex oCTagb-
BSprBa. CKOJ]bKO BpeMeHH [oHan0- HBIX IIOTEHIHAJOB I‘paBHTaU,HOHHbl}‘:l
6ujgoch O6bl OJHOPOAHOH cdepe C  noTennmal He HMeeT TOueK paBHO-
obmelt Maccol M u paanycoM R, BECHSA.
uTo6bl KOJJMancupoBaTk? Jasa mpo-
CTOTHI TNPENNOJOXUM, YTO cepa COAEpKHUT BellecTBO 6e3 BHYTpeH-
HEero JaBJeHHsI.

Bce uactunm npuTtaruBatoress APyr kK ApPyry, H cdepa CxKH-
Maerca. Ecjau BpeMs U3MepsATb ¢ TOTO MOMEHTa, KOTZa BellecTBO
«IIpeJOCTaBJeHO caMoMy cefe» M HadaJo CXKHMaTbCs, TO yepe3
BpeMs { paauyc chepnl paBeH r < R. BBIICHHM, KakK r U3MeHsleTCsl
B 3aBHCHUMOCTH OT f. [las 3TOrO 3aMeTHM, UTO HAa YAaCTHUY €AHHHY-
HOIl Macchl Ha TOBEPXHOCTH cepbl HeHCTBYeT cuJja, paBHass GM/r?
[I03TOMY ypaBHEHHe ABHXKEHHs HMeeT BHA d?r/di* = —GM/r?. Ue-
Terpupys, noaydaem (dr/dt)?=2GM(1/r—1/R); npur=R H
t = 0 BunoJsisiercs ycJosue dr/dt = 0.

PemeHue ypaBHEHUS, YAOBJETBOPSIONLEe MNPHUBEACHHLIM BBIlIE
HayaJbHBIM YCJAOBHSIM, 1aeT 3aBUCHMOCTb

R 1/2R 1/2
r
= (k)" () "
20M R—r
r
Bpemsa T, 3a KoTOpoe c(epa MOJHOCTbIO KOJJANCHPYeET, MOJY-
uyaercss H3 3TOH (QOpPMYyJH IpH MOACTAaHOBKe r =0; MBl NOJyYaeM:

T = (n/2) (R®/2GM): ccepa paszmepoM c Hamle CoJHLE KoJJalCH-

I"paBuTaUMOHHEIA
ToTeHIHaN

Ll
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pyer npumepHo 3a 30 munyr! TakuM oGpasoM, ecau Gbl BHyTpeH-
Hee passenwe B COJIHHE BHE3anHo Npekparuiaoch, To COJHHE KOJ-
JlancupoBaJo OBl 3a KakHe-HHOyIb noguaca. Joaroseudocts CodH-
na (~10 MuaIHapnoB JeT) OOGBACHAETCS COBMECTHBIM JeHCTBHEM
BCEeX uUeThipex (YHAaMEeHTaJbHBIX (USHUECKHX B3aHMOJEHCTBHE.
B pesyjbrate Takoro CoBMECTHOro HeHCTBHs GOJBIIHHCTBO 00BEK-
TOB B NpHpoJe o0Jafaer [JOCTATOYHBIM BHYTPEHHHM JAaBJIEHHEM,
4TOOBl HPOTHBOCTOSITH HJIM IO KpaliHeH Mepe OTCPOUHTB KaTACTPO-
(¢uuecKHe MOCTEACTBHA TPAaBHTANHOHHOH HEyCTOHUHBOCTH.

To, uto rpaBHTalMOHHBIE CHCTEMBl He 06/1aJalOT BHYTPEHHHMH
COCTOSHHAMH PaBHOBECHs!, JeaeT HX K TOMY e «HeTepMOJHHAMH-
YeCKUMH» cHcTeMaMH. I]osicHUM, UTG 3TO O3HAUaeT, Ha «MBICAEeHHOM
IKCHEPHMEHTE», MPEIJIOKEHHOM acTpou3nKoM Hapaukapom [2.1].
W3 noscesHeBHOrO OMbITa MBI 3HAEM, UTO €CJAH TOPSUYIO CHCTEMY
OPUBECTH B CONPHKOCHOBEHHE C XOJOAHOH, TO BO3HHKHET I[OTOK
TelJa OT IepBOH CHCTeMBl KO BTOpoH. lopsiuee TeJgo OCTHIBAET, a
XOJIOJIHOE HarpeBaeTcss JO TeXx NOpP, MOKa TeMIlepaTyphbl 06OUX TeJa
He BBIDABHHBAIOTCS, UTO CBHIETENbCTBYET 06 YCTAHOBJEHHH TEPMO-
JHHAMHYECKOr0 paBHOBECHS — HaHbGoJee CHMMETPHUHOLO COCTOSI-
HHs, TaK Kak QJYKTyaluH Kak B OAHY, TAK ¥ B JAPYIYIO CTOPOHY
OT OKOHYATEJbHOH OOIIeH TeMmIepaTypel ANpHOPH PaBHOBEDPOSITHHL

ITpeacraBum cebe Temepb, 4TO NPOU3OULIO OB, €caH Gbl MBI IO-
MECTHJIH TOpsiuylo 3Be3ny | B oOkpecTHOCTH x0J0JHOH 3Besanl II.
TensoBo#i noTox ycrpemwurcst B nanpasdennd | — II. Ho waxnpas
3Be3jla HaXOJUTCA B PABHOBECHH NOJ AEHCTBHEM [BYX CHJ: Camo-
rpaBHTAlLMH U BHYTpeHHero HaBJieHHs, 00YCJOBJEHHOrO HalpaBJeH-
HBIMH H3HYTPH HapyXy y-H3JyueHHEM H NOTOKAMH HEHTPHHO, KO-
TODBi€ BO3HMKAIOT B KACKaAax TepPMOSLACPHBIX PeakKIHl, MPOUCXOIsI-
WYX B HelApax KaXAOH 3Be3lpl. [paBHTauHs CTPEMMTCH CXKaTh
3Be3lly, a BHYTpeHHee JaBJeHHe KOMIIGHCHpPYeT 3TO cxKaTue. Ho,
[0 Mepe TOIrC KaK 3Heprusl YXOAHT U3 3Be3[Hl I, BHYTpeHHee JaBJe-
HHe najaer M 3Be3fa | HauHHaer cKHMaTbhCcs. 3TO B CBOIO Ouepelb
OPHBOJAHT K CXKATHIO rasa BHYTPH 3BE3ABl H, CIeJOBaTeNbHO, K INO-
BHIICHHIO TeMnepaTyphl. B 3Besme Il mpoucxoaut o6paTtHbif mpo-
I[eCC: OHAa IoJydaeT TelmJO OT 3Be3Abl | M NO3TOMY ee BHYTpEHHee
JaBJleHHe BO3pacraer. 310 HapylIaeT paBHOBeCHe BHYTpH 3Be3nnl 1,
H oHa pacumuupsieTcss. Ho paciipenne BhI3BIBAeT OXJaXKAeHHE ra-
30B. B pesyabrare 3Besga I craHoBHTCS ropsiuee, a 3Besfa II ox-
Jaxjaercs — BCJACACTBHe OTPHIATE/]bHOH 3HEPrHH TPaBHTAHHH U B
SIBHOM IIPOTHBODEYHH CO BTODBIM HauaJoM TEepMOJHHAMHKH. $ICHO,
4YTO Takoe HeyCTOHUMBOe IIOBeleHHe cnocOOGCTBYET Pa3BHUTHIO H YCH-
JICHUIO HauaJbHOH aCHMMETPHH, CKOJb 6B MaJOR OHa HH 6bl1a, IO
COCTOSTHHSA I1JJACTHUECKOH JedopMaluH HJIM HapyLIeHMs] CHMMETPHH.

IlpunuBHOe HelcTBHe TI'PABHTANHH CJYXKHT ellle OJHHM HpHMe-
pOM HeoOpaTHMOIO SBJEHHS (a2 HMEHHO 2pasuTAyUOHHO20 3a4X8a-
7a), 00yCJOBACHHOIO BO3HHKAIOMIEH H3-32 HapyUICHHOH CHMMETPHHM
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Anccunauued. [lpuaupHble 3ddeKTH N0 CYLIECTBY CBA3aHBI C MIHO-
BEeHHBIM (Ja/]bHOAeHCTBHe!) NMepeHOCOM 3HEpPrHH IO HHAYKIIMH MeX-
Ny IBYMS NpPOTAMCEHHOIMU BFSKHNHM MaccaMH, HalpuUMep MeXIy
3emaefi u Jlyno#i. [lycth ABa rpaBUTHPYIOLIHX Teld HMEIOT HAeaJb-
Hy1o chepHueckyio GOpMy H HACTOJBKO BA3KH, UTO MEKAYy HHMH He
BO3HHKaeT AHddepeHnHalbHAsT CHJIa T'PaBUTALMOHHOTO INIPHUTAXKe-
HUA; TOrJa TpPAaBHTALMOHHHIH 3aXBaT HEBO3MOXeH, H JABa TaKHX
TeJa MpeTeprneBalOT NPOCTO YIPYroe CTOJKHOBEHHE B MOJHOM COOT-
BeTCTBHH C 3aKOHOM COXpaHEHHS HUMIYJbCa, T. €. B3aHMOJAEHCTBYIOT
obpatuMo. Hukakoll cBA3H MeX1y MX CIHHAMH He BO3HHKaeT. [lefi-
CTBHTEJNDbHO, CIIMH He yYacTBYeT BO B3aHMOAeHCTBHM H3-3a HIeallb-
HOH cdepHueckol GOpMBI Tes, Tak Kak cdepHueckas ¢opma MPHBO-
AHT K TOMY, YTO B3aHMOJeHCTBHe He BJHseT Ha chnuH. M3 3akoHa
COXpaHeHHsl YIJOBOrO MOMeHTa CJeAyeT, UTO PacCTOsiHHe MeXAy
TPAEKTOPHAMH TeJ B KOHLE AOJJXKHO OBHITb DAaBHO DACCTOAHHIO MeX-
Ay HHMH B HauaJe; 3TO CBHAETeJbCTBYeT 06 06paTHMOM XapakTepe
B3aHMoOJeHlcTBHA. Ho B meficTBUTENBHOCTH H3-3a CYLIECTBOBAHHA He-
HyJIeBOH BSI3KOCTH TPaBHTAllHOHHOE NMPHTsKEHHe BLI3BIBAET MJIACTH-
yeckylo degopmayuro IByx Tes. B pesyabrare 3TOH HelHHEHHOH
JedbopMauun (HapylleHHOH CHMMETPHH) MPOUCXOAHT AHCCHIALHMA
(MexaHHuecKasl 3Heprus mpeBpallaeTcd B TeNJO H3-3a HeHjeaJsJbHO-
CTH ynpyrofl gedopMalniu BelllecTBa): AedopMalHd TeJs, HMEBIUHX
nepBOHayvaJabHO cepuueckyo dopmy, Oyayun Heynpyro#, Heobpa-
tuma. Kpome TOro, orkjoHeHue ¢GOpMBI Tea OT cdepHuecKOH NpH-
BOAHT K BO3HHKHOBEHHIO CBSI3H MeXKAY HX OpPOHTaJbHBIM H CIIHHO-
BLIM YIJIOBBIMH MOMEHTAaMH. JTO 03HAuadeT, YTO MeXJy BpallleHHeM
OJHOTO TeJa W OpGUTOM APYroro teJa MOXKeT MPOHUCXOAHUTb OOMeH
U sHepeuell, N yena08blM MOMeHTOM. XOpOILIO H3BEeCTHLIH TOMY IpH-
Mep — cucrema JlyHa — 3eMJs, B KOTODOH MpHJAHBHBIE CHJBl A€H-
CTBYIOT B OKeaHe, atMocepe M B «3eMHOH TBepAM». Ecau mpeacra-
8UTh ceGe 3eMHYIO NOBEPXHOCTb, NOKPBITYIO OKEaHaMH CO CTOPOHBI
A u co cropoust A’ (puc. 2.2), T0o co cTOpPOHB A MpUTAXKEHHE €O
croponbl JIyHwl cHabHee, ueM co cropoHbl A’. OcHOBHyIO Maccy
3eMan, Jexamyio mexay A u A’, JlyHa nputAruBaeTr ¢ CuaoH, npo-
MEXYTOUHOH MeXAy TOH, ¢ KOTOpDOH OHa NPHUTATHBAET OKEaHCKHE
Boanl B A’ u A. O6e uactu MupoBoro okeana —B A” u A — obpa-
3yioT ropOBl BBIIYKJOCTBIO OT LeHTpa 3eMau (puc. 2.2). B6ausu
CYIIH 3TO NPHUBOAHUT COOTBETCTBEHHO K 0o0Jiee CHJIbHBIM IPHJIHBAM
H OoTJuBaM. JIBHrasicb 110 HOBEPXHOCTH OHA MJH 3aJUBaeMoro Oe-
pera, BOJa HCIEITHIBAET TpeHHe M TepsAeT 3Hepruio. 3Ta 3IHeprus
yeprnaercs W3 3SHEPTHH BpalleHHs 3eMJH, W HO03TOMY BpalleHHe
3eMau BOKpYr ocu 3aMmemisiercsd (Ha OAHY TBICAYHYIO CEKYHAB 3a
CTOJIeTHE — BEeJHYHHA 3Ta CTOJb - MaJa, TaK Kak JHHHH 3eMJs —
JlyHa tpebGyeTcs mouTuH Mecsill, YTOOB COBEPIIHTbL 0GOPOT BOKPYT
3eMaH, Toraa Kaxk cama 3emJs coBepiiaer 0GOpOT BOKPYT CBOeH
OCH 3a CYTKH, T. e. ropasfo Oblcrpee). [IpnauBb, NoAHMMaeMbie
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3emJaell Ha JlyHe, ropasgo Gosbilie, W OPUIHBHOE TPEHHE HACTOJBKO
3aMelua0 BpanieHue JIyHBbl, uTO Temepb OHAa BcerAa ofpalleHa K
3eMJ/e OLHOH H TOH XKe CTOPOHOH.

TIpHMeHeHHEe 3aKOHa COXpaHEHHH YTJOBOrO MOMEHTa K (3aMKHYy-
ToH) cucreMe 3emasa — JlyHa NokasbiBaeT, YTO YIVIOBOH MOMEHT
BpamieHud JIyHB BO3pacTaeT B TOM JKE€ HANPABJECHHH, B KaKOM
Bpamaercss 3eMysi: opbuta JIyHbl, cyas no HaOJMIOACHUAM, YBEJHUH-
Baercd. [uccumanus, nopoxjaeMmasi NPHJIHBHEIM TpeHHEM, IDHBO-
AHT K BO3HHKHOBEHHIO CIIHH-OpGHTAJbLHOH CBSI3H M yBJeKaeT JIyHY
Opoyb OT JeMJH (sIBleHHe HeoOpaTUMoe).

IlpeactaBum cebe Tenepb TeJo, JeTsUIEE HABCTpeuy 3eMJe Tak,
49TO B MOMEHT HauGoJblllero cOJHIKEHHS OHO JABHIKETCS B CTOPOHY,

Puc. 2.2. [Ipuausubie 3¢dekTHl Ha 3eMJe, Bbi3piBaeMmble JIYHOM.

NPOTHBONOJ/JOXHYIO CYTOYHOMY BpamleHHIo 3JeMuaHd. B orTcyTcTBHe
JHCCHIIATHBHABIX CHJ TakKoe TeJo JA0JXHO Oblio OBl yaaduThcs B Oec-
KOHEUHOCTb, HO NPHJKBHOE TPEHHE YMEHBIIHT €ro yrJOBOH MOMEHT.
Ecau y6blIb YIVIOBOrO MOMEHTa M CBsi3aHHAfl C HeH NMOTepsi 3HepTHH
JOCTATOYHO BEJIHKH, TO OHH MOTJIH OBl 33AepXKaTb TeJO, He AaB €My
yATH Ha GeCKOHEUHOCTb. TaK, IPH/IHBHBIE SIBJIEHHS MOTYT, IO Kpaii-
Hell Mepe B DpHHUHIE, NMPUBOAMTb K IPABHTAIHOHHOMY 3axBaTy —
HEOGPATHMOMY 3BOJIIOIIHOHHOMY SIBJEHHIO, HCBO3MOXKHOMY 6e€3 Iuc-
CHIauHdH, T. e. 6e3 CHJB TPAaBHTAILMOHHOTO NPHTAXKCHHUA, ACHCTBYIO-
11ell Ha TIPOTSI)KEHHBIH BSI3KHH OOBEKT.

Jo cux nop MH 3aHHMaJ/JHCh (fpHYeM BECbMa HMHTEHCHBHO)
paccMOTpeHHEM IPaBHUTANHOHHOTO B3aMMOAEHCTBHSI caMoro mo cebe
¥ B3aHMOJEHCTBHS TpaBUTAUUH Y BA3KOCTH. JLOCTHIHYTOrO Hamy
[IOHHMAHHS 3TOrO Kpyra npo6JieM IIOKa BIOJHE AOCTATOYHO, ¥ Mbl
ofpaTuMcsl Telepb K HEyCTOHUMBOCTH JADYTHX THIOB, 0OYCJOBJEH-
HBIX CBSI3fIMH MeXJy YeTRIpbMs pAa3JHYHBIMH THIAMH (QyHIaMeH-
TaJbHHX B3aHMOAEHCTBHH, 4TOOH OIIEHHThH B O0Jiee IIHPOKOM TJIaHe
poJib TPABHTALHM KaK KJAYeBOro ¢akTopa, YNpaBJ/sOLIero BO
Bcenennof.

2.2.2, KoMMeHTapHH 0 POJH CBSI3HM MeXJy 4eThIPbMs (DyHJaMeHTAJbLHbLIMH
B3aHMOJAEHCTBHSIMH B Npollecce IBOJIOIHH

B npeanayumeMm pasjene ObLIO NOKA3aHO, YTO €CJIH rPABUTALMOH-
HYI0O CHCTEMY MpeJOCTABUTb caMOH cefe, TO OHa O4YeHb OLICTPO KOJI-
gancupyer. dasi CosaHia BpeMs Takoro «CBOGOAHOTO NafleHHsi» Co-
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CTaBJ/sieT NPHUMEPHO moadaca, AAs Halled ['anakTHku — ~ 100 MuiH..
JIeT.

Bospacr nawmei Bceenennoin B ueaom (~ 15—20 mapa. ger),
Kak ¥ Bo3pact Hameid 'anaktuky u CoOJHEYHOH CHCTEMB B 4acT-
HOCTH (~5—15 MJap.. JeT), HABOAHT Ha MBICJIb O HECKOJbKHX «3a-
IepxKax» (kak HaswiBaer ux [aficon [2.2]), T. e. BHewHe cayyafi-
HbIX NPENATCTBHSX Ha NYTH 3BOJIONHMH, KOTODBlE BO3HHKAlOT NpH
ONpefleJeHHBIX COUETAHHSIX ueTbipex (PyHAaMeHTa bHBIX B3aHMOJeH-
CTBHA W psina (HEH3BECTHBIX) HaYaJsbHBIX YCJOBHH, CBSI3aHHHIX (C
BCe ellle HeH3BeCTHOH) AMHAMHMKOH GOJbIIOTO B3pbiBa. DTH 3alepXK-
KM TMPHBOAST K BPEMEHHOMY INPEKDAIleHHIO Npouecca Aerpajalliu
5HEPTHH, MPOUCXOASIIIeMY N0 AefcTBHEM OJHOH rpaBHTallMH, a 3Ha-
YUT, <HECYT OTBETCTBEHHOCTb» 3a A0JroBeuHOCTb BcesenHoit. MMen-
HO JOJIFOBEUHOCTb siBJsieTCSl HEOGXOAMMOH IPEANOCHIIKOH BO3HHKHO-
BeHUst Bce Gosiee W 6oJiee CJAOXKHBIX CTPYKTYD H B KOHEUHOM CueTe
(opM KH3HH ¢ BCE BO3PACTAIOLIHM UHCIOM HepapXHYeCKHX yPOBHEH,
KaK CTPYKTYPHBIX, TaK H KOTHHTHBHBIX. OODbsICHAETCS 3TO TeM, 4TO
3BOJIIOLHS — [IPOIleCC OUeHb MeJJIEHHBIH.

O6 OTHOCHTEJNbHON HHTEHCHBHOCTH 4YeThipex (yHAaMeHTaJbHBIX
B3aUMOJEHCTBHH MOXKHO CYAHTb 11O CJAEAYIOUIMM JaHHBIM:

B3aHMOAEHCTBHA:
rpaBHTALMOHHOE 1039
3JIEKTPOMAarHUTHOR 1
CHJIBHOE SiIepHOE 103
cnaboe fxepHOE 10-¢

[TepBrIX ABa B3aHMOIEHCTBHSI NaJbHOJAEHCTBYIOLIHE, HX HHTEH-
CHBHOCTb y6bniBaeT B BaKyyMe Kak ~ 1/R? JBa MOC/JEAHHX B3aHMO-
JdefictBua 6aH3KOAeHCTByIOUMe (MO CYILIeCTBY OHM cClajanT Jo
HyJsi Ha pAacCTOSIHHM TNOpsiAika JAMaMeTpa A4aTOMHOro sijapa, T. €.
10~ cM) u y6mBaloT 3kcnoHeHuuadpHo. Caenys Hadicomy [2.2],
PacCMOTPHM KpPATKO NPHPOAY cJydallHBIX NpENsiTCTBHA Ha NyTH
3BOJIIOIMH, BO3HHKAIOIIHX, TaK CKaszaTb, Kak deux ex machina n,
yTO6H YBENHUHTb NPOJOJIKHTENLHOCTh AHHAMUUECKON aKTHBHOCTH B
tusuueckoil Bcesennoi.

[TepBoit 3aJepiKKOH CJYXKHT CHUM, KOTODBIM 00JafalT MHOTHE
MPOTSAMKEHHble 06beKThl. [IPOHCXOXKIeHHe CNTHHA HEH3BECTHO (cylle-
CTBOBAaHHE €ro 3aBeJOMO He 3aJI0KEHO sIBHO B 3aKOHH IHHAMHKH),
M ero MOXHO pacCMaTpUBaThb KakK HapylIeHHe CHMMETDHH, BbI3BaH-
HOe HEKOTOPBHIMH CIelHaJbHBIMH HauaJbHHIMH ycioBHsiMH. [IpoTs-
KeHHHe O6BbEKTH He MOrYT KOJJAaNCHpOBaTh TPAaBHUTALHOHHO, €CJIH
OHH GHICTPO BpallalOTCs BOKPYr CcOOGCTBeHHOH OcCH. Bmecro Toro
yT06Bl KOJJANCHPOBATh, BHEUIHHE YacTH OOBEKTa BBIXOAAT Ha CTa-
LHOHApHKEIE OPGHTH BOKPYT BHYTPEHHHX (KaK 3TO MOXKHO Haliio-

1 HeoxHjango, BHesanHo. — I[Ipum. nepes.
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Aath Ha npuMmepe HalueH CoOJIHEUHOH CHCTEMH C ee NJaHETaMH,
COYTHHKAMH H aCTepOUIaMH).

BTopasi sajgepXka cBsizaHa ¢ repmofadepusim curresom. Peub
HAeT O CrOpaHHH BOAOPOJAA MPH BLICOKHX TeMIepaTypax H AaBje-
HHH ¢ ofpasoBanueM resusi. TepMosiiepHoe ropenne (CHHTE3 sifep
re/ius U3 sllep BOAOPOJa) CONPOBOXKAAETCS BhlIeNeHHEeM SHeprHH B
BHJE y-H3JyueHHd W HeHTDUHO, IPOTHBOAEHCTBYIOIIUX CXaTHIO. []o-
3TOMY 3Be3[d ¢ BBICOKAM COJepiKaHHeM BOJOpOJa He MOXKeT Ipe-
TepneBaTbh 'PABUTALMOHHBIN KOJJAIC BhIlIe HEKOTOPOH KPHTHUECKOH
TOUKH, NOKa He OyJeT U3pacxOJ0BaH BeCh BOJOPOL.

Baxnyio posb 3iech HrpaeT TO CUaCTIHBOE OGCTOSATENbCTBO, UTO
U30TOI refidsi C MAaCCOBBIM UHCJAOM 2 (A4pO, KOTOpOe COCTOSIO Obl
U3 JIByX NPOTOHOB M He coJepiKaJo Obl HA OAHOrO HeWTpOHA) He
cywecrByer. Ecim 6n renuii-2 cymecrsoBasd, To B pesyJbTare pe-
AKIHHM NPOTOHA ¢ MPOTOHOM MoJydaJjcs Obl Tejuii-2 mawoc ¢GOTOH.
B cBowo ouepeab sAApO resuda-2 COOHTAHHO pachaiajoch O6bl Ha Jleil-
TPOH, MO3UTPOH H HeHTpuHO. [lepBasi peakuus NPOTEKAaeT ‘ipe3Bhi-
YaHHO UHTEHCHBHO, H NOSTOMY BeCb BOJOPOJ OUeHb GBLICTPO BHITOpEJ
O6bl ¢ obOpasoBaHueM rejusi-2. CHJa SIIEPHOTO NPHTSANKEHHS IBYX
NPOTOHOB COCTABJsIeT 0KO0J0 20 MJH. BOJbT, HO W 3TOI0 HeAOCTa-
TOYUHO A/ O0pa3OBaHWS CBA3aHHOIO COCTOSIHUSI sijpa TeJausi-2: He
XBaTaeT KakKHUX-HUOyAb MOJMHJAJHOHA BOJbLT. Eciu 6B CHJAbHOE
B3aumojercreue Guyio Ha 2,5 % cuabHee, To CoJHUe 34 CUHTAHHBIE
MHHYTBl H3pacxoloBaJo Ob CBOH 3anac BoJopoia. B meHcrBuTeb-
HOCTH NPOHCXOAHT HEUTO Apyroe: OOGLIYHHH BOAOPOL MOXKET BCTY-
NaTek B PeakUHIO C caMUM coBOH, NOBHHYSACH TOJNBKO cJaGOMY B3au-
MoJeHcTBHIO. B Tako# peakuuu ABa IPOTOHA, CJAUBAsiCh, 06pa3yioT
JeATPOH ILIIOC IO3HTPOH H HeHTpHHO. (3aTeM NO3UTPOH B3aHUMO-
JeHCTBYeT C 3JeKTPOHAMH OKpyXKamwlleH IJIa3MH U NOpoxkAaeT (ho-
TOHBHl B y-AHana3oHe. M3-3a TOMIICOHOBCKOTO pacCesiHust y 3Tux ¢o-
TOHOB YXOJMT IIDHMEPHO MHUJIJIMOHEI JeT HAa TO, 4T06bl AOCTHYL IHO-
BepxHocTH COJIHIA H OTTyJAa PaClpOCTPaHATHCS YKE B ONTHUECKOM
Ananagone.) Tak kak BpeMmeHa pacnala WJau pelakcauuH ob6paTHO
NpPONOPUKOHAJNbHEL UHTEHCUBHOCTAM B3aWMOJEHCTBHH, TPOTOH-TIPO-
TOHHas peakuHs InpoTekaer npuMepHo B (103/10-%)% ~ [0!% pas
MelJIeHHee, ueM peakuus, oOycJoBJAeHHasi CHJIbHBIM B3aHMOJEHCT-
BueM. Ortciofa — A0JTrOBEYHOCTL 3Be3] H, B YaCTHOCTH, Hallero
Connna.

Tperbst 3asepxkKa, BecbMa CylIleCTBEHHAas Jsi 3IBOJIOLHH Ha
3eMJe, cBI3aHa € TeM, UTO HeJpa 3eMJIH COAepKaT BeCbMa yMepeH-
Hble KOJIHUeCTBa paduOGKTUBHbLY IAEMEHTO8 — ypaHa H TOpHs, 3Je-
MEHTOB, KOTOpbiE «IPUrOTOBJIEHBI» He B HeApax 3Be3] (mpouecc
CHHTE€3a He HJAeT JaJblile CaMOro TAXKEJNOro CTaGU/JLHOTO 3JeMeH-
Ta — XeJje3a), a pOXKAATCcs INIpH B3pbBax cBepxHOBBIX. (Takas
TepMosiiepHas JeToHanus oOycJ/oBJjeHa, NO-BHIHMOMY, TE€M, 4TO B
cayyae GOJbBIIAX 3B€3], HAXOLSIIHXCST B MHocjelHell (hase cBoero
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PasBHTHS, C MaccaMH, MNpeBHIUAWMMH «npelen YaHapacekapa»,
SIAPO, COCTOsillee B OCHOBHOM H3 YIVIEDOAA H KHCJIOPOAa, MIHOBEHHO
BHIropaeT, NpeBpallasicb B ¥ej1e30. BHyTpeHHOCTb 3Be3nsl GBICTPO
B3pbIBaeTcs, W BHIAESIOWANCS 3HEPTHsl NPHBOJIHT K B3PHIBY Macc,
06pasyolnX HapyXHyio o60/M0UKYy 3Be3jb.) Slapa ypaHa H TOpHs
BCJACACTBHE KOHKYDEHIHHM MEXKJAY [OBEPXHOCTHBIM HATSKEHHEM H
5JCKTPOCTATHYECKOA »Hepruefl MeAJeHHO pacnalaloTcs, MpeTeplie-
Bast fi-pacmaj, Ha NPOTOHBI, 3JEKTPOHH (KOTOpBlE HCIYCKAIOTCS) H
aHTHHeATpHHO. TpeHHe HCNMycKaeMbIX 3JEKTPOHOB 00 OKPYKaKOUIYIO
CpeAy UODUBOAHT K HarpeBaHHIO HelAp 3eMJsH, 06yCJOBJHBAst TeM
CaAMBIM BYJKaHHYECKYIO JesATeJbHOCTh H 06pa3oBaHHe H OGHOBJGHHE
armocdepsl, a TakXe MNONOJHEHHe NOBEPXHOCTH 3eMJH 3amacaMu
MHHEp aJIbHOTO CHIPbSI.

Temepe Hacra/no BpeMsi 06pPaTHTHCS K HEYCTOHUMBOCTSM M, CJe-
JIOBATEJIbHO, K 3BOJIONHOHHHIM SIBJCHHSM, OGYCAOBJIEHHEIM He H-
3UYECKHM 3aKOHOM caMuM 1o cefe, a koMOUHanHeHd GH3HUECKOro
3aKOHA H cheyuguueckux HavyaJbHBIX M FPaHHYHBIX yCTIOBHH. Huke
MBI NPHBOJAHM DSl MOACABHBEIX H NPEACTABHTCJAbHBIX [IPHMEPOB, OT-
HOCSAIIHMXCSl KaK K CKDBITOH CHMMETPHH, TaK M K HapyUIEHHI) CHM-
METpHH. ;

2.2.3. HeannefHbii 0CUHMIATOP C CHIBHBIM 3ATYXAHHEM: NPHMED
CMIOHTAHHOTO HAPYUIEHHS CHMMETPHH

FaccMorpuM -MaccHBHYIO YacTHLY #1, ABHKYILYIOCA B BSI3KOH
cpefle (HampHMep, HCIBITBLIBAIOIULYIO v TOJIYKOB B €AHHHIY BpeMEHH)
noj  JeHCTBHeM TNPYXHHH ¢ Ko3pduuneHTomM yropyrocta K
(puc. 2.3).

ITo Bropomy 3akoHy HbiTOHA NpH HOCTOSIHHOH Macce m cHJA,
JeHCTBYIOIlas Ha TeJslo, paBHA CKOPOCTH M3MEHEHHs HMIy.Jbca, T. €.

F=dP/dt, wm F=md?x/dt?, F =

= (—vdx{dt)— Kx; noatoMy ypasHe- Brzkan cpeaa -
HHE JBMKEHHS HMeeT BHJ Mi-vi+| . WY e
+Kx=0 unu £ & (vi/m)y+{(Kx/m)=190, ~ —x(t)— —= X

oTkyaa £+ &x 4 e x = 0, rae wo — co6-

CTBEHHAsl YacCTOTa (3aTyXaloOUIUX) KOJIE- pue 93 Maccupuas YacTHua
Gauuit. Ilpu |E[> 1 B OTCYyTCTBHE CIle- nox jaeficTBHEM NPYXHHE B
HHQHUUECKHX HAYaJbHBIX WM TpaHWU4- Bi3Kok cpepe.

HBIX YCJOBHH, AenaloliX HeOOXOMHMBIM '

BKJ/KYEHNE HHEPUUAJBHOTO uJeHa, MbBlL MOMKeM ONYCTHUTL €ro, H
TOTJa ypaBHEHHE [BHXeHHsl NepeHjer NPOCTO B yDaBHeHHe X =
= —ax = F, r1e a=0}/E. MoxHO npeicTaBuTh cefe NBHKEHHE

YacTHUB! B NOTeHuMaJbHOH siMe V(x), rae nmoreHumas V(x) cssizan
¢ cunolt F cootHomenuem F = —3V /dx, unu

V =-ax? (2.2.1)
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Slcno, uTO B 3TOM Cayuae CYLIECTBYeT OJHO CTallHOHapHOe COCTOf-
Hue dx/dt =0, x =0 ¥ 0HO yCTOHYHMBO, KaK MOKA3aHO Ha puc. 2.4.

[Ipeanonioxxum Temepb, 4TO BOCCTAHABAMBAIOIIAS CHJAa CTAHO-
BHTCA CJC€rKa HeJUHeHHOH JIN60 BCJAeACTBHEe KOHEUHOTO pacTsAXeHHA
3a npelesybl BHINOJHHMOCTH 3akKoHa ['yka, JH60 BcJelCTBHE He-
HIeaJIbHOH YNPYroCTH IPYXKHHK. YpaBHEHHe ABMIKEHHS H B 3TOM
¢cjyyae MOXKHO 3alHcaTh B BHIE

%= —ax — pxd, (2.2.2)
rae B > 0. IloTeHunasbHas siMa IPUHUMAET BHJ
V (1) = ax? 4 - Bxt. (2.2.3)

Heob6xoaumo pasinyaTh ABa cayudasi.
a) o >0, § > 0. B stoMm cayyae ¢opma HOBOro HoTeHUHAJa
OCTaeTcsl NpeXHe#d, ¥ eAHHCTBECHHOE CTAlHOHADHOE COCTOSIHHE, KO-

vio Vix)
!
a>0 \\ a>0 / a<0
\ /
\ /
\ /
\\ /
N | \ /
? \\O,,// \10// X
Puc. 2.4. Tlotennuan V(x)= ax?/2 Puc. 2.5. Ilorenuuan V(x)= ax?/2 4+
npy o > 0. -+ 3x%4 npn o >0 (cnjouwHas JH-
HHSI) H NpH o« << 0 (wTpuxoBas JH-
HHA).

TOpOe MO-NpekHeMy YCTOHYMBO, eCTb TOoukKa x =0 (3T0 Takxke
MOXKHO BBIBECTH H3 TOTO, 4YTO ypaBHeHHe ax | Pfx3 =0 npu a >0,
B > 0 uMeer TONBKO OAHH NeHCTBHTENbHHIH KOpeHb x = ().

6) a <0, p > 0. [Ipu mepexole uepe3 KPHTHUECKOE 3HAUCHHE
ac =0 ¢opMa noreHuHasa H3MEHSAETCSH, XOTS OCTAETCS CHMMETpHY-
HOH (pHc. 2.5).

Tenepb uHCIO CTalMOHApHBIX COCTOSIHUE DAaBHO TpeM, HJIH,
HHaye rOBOPs, BCe TPH KODHSA ypaBHeHHs ax + fx°® =0 npu o << 0,
B > 0 neiticrButennHel. Ho mnpexHee cuMMeTpuuHOe ycTOHYHMBOE
CTAllHOHAPHOe COCTOSHHE X = ( CTAHOBHUTCH HEYCTOHYHBBLIM, H Ya-
CTHIla NepeMellaeTcss B OJHO M3 DaBHOBEPOSITHHIX COCTOSHHHA X ==
= A/[a|/p uan x=—4/[al/f . DT0T NpHMEp NMOKa3bIBAET, YTO AJSA
BO3HHKHOBEHHS] HEONpPEJEeNeHHOCTH OTHOCHTEIbHO CJEAYIOLIEro co-
CTOSIHHSI CUCTEMEl OTHIOAb He 0653aTeJbHO 60JblIOE YHCAO CTelneHeH
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CBOOGOJH: OLHOH JIMIIb HEYCTOHUMBOCTH BIIOJHE KOCTATOYHO, YTOGHI
MOPOXKAaTh — Yepe3 GHODYpKaLHIO — HeNMpeacKasyeMoe I[OBeJeHHe,
KOTOpO€ NPUHSTO CBASBIBATH CO CTOXACTHYHOCTBIO.

2.2.4. Jlasep: npuMep HAPYLIEHHS CHMMETpPHH

PaccMoTpuM mpospauHoe Teso, 3amnoJHsOLIee LHIHHAPHIECKYIO
I0JIOCTb, KOTOpasi OrpaHHiyeHa JABYMsl MOJYNPO3pauHBIMH MapaJ-
JeJbHBIMH 3€pKaJiaMH, Kak Ha puc. 2.6, a.

AKTUBHAR [ _ o [SJp222222 277727204
cpeaa 2 T l

MNonynpospayHble
sepKana

a 6

Puc. 2.6. MamocTpauust NMOHATHS <«IPOCTOR Jaseps.

IIpenanosioXuM, 4TO aTOMbl AKTHBHOH Cpeibl MOTYT HaXOAUThCS
B IBYX pasJH4YHbIX cocTosiHMAX E; u Ey ¢ HaceJeHHOCTSIMH, YIA0B-
JIETBOPSIOILHMH B PaBHOBECHOM COCTOSIHHH paclpefeteHnio BoJbl-

MaHa:
—E; + E
N, ~ N, exp (+)

ATOMBI aKTHBHOH cpelbl MBI BO3GyXJaeM ¢ IOMOLIbIO BHELIHEH
HaKkauku Ha uacrore v = (E;—E)/h (puc. 2.6,6). ArtoMmmn H3
HHXXHEro 5HepreTHYeCKOro COCTOSHHS NMepeXOAsiT B BEepXHee 3Hepre-
THYECKOe COCTOsIHHE, a OTTyAA CIIOHTAHHO MePeXONsT B HUXKHee CO-
CTOsIHHe, HCOycKasi ofauH (oToH (c gacrorodi v). Hac unTepecyer
AMHAMHYeCKas 3BOJIOUHs 4ucja x(f) (OTOHOB, pOKAAaeMHEX B MO-
JIOCTH.

SIcHO, uTO CKOpOCTb U3MeHeHHus1 dx/dt unc/ia BpOTOHOB B KaMKAHIH
MOMEHT BpEeMEHH MOXHO paccMaTpPHBATb KAaK pAa3HOCTb MEXKAY
npupocrom (ysesuueHHeM uxcaa (GOTOHOB B MOJOCTH, HCNYUIEHHBIX
B pesyJbTaTe NmepexofioB BO3OYXKJEHHBIX aTOMOB B HHXKHee 3Hepre-
THYECKOE€ COCTOsIHHE) H yObiabr0 (yMeHbLIEHHEM YHC/Ia (DOTOHOB B
MOJIOCTH 3a CYeT YTEUKH uepe3 MOJyNpO3pauHble CTEHKH MOJOCTH).

IIpupoct A mponopuuoHaseH YHC1y QOTOHOB B MOJOCTH H UHCIY
aToMOB N, B030yXaaeMbX B e[HHHIY BPEMEHH, H, CJIeL0BaTeJbHO,
NPONMOPIUHOHAICH IPOU3BEAEHHIO 3THX BeJHuHH. TakuMm o6pasom,
A= GNx, rie G — K03()QHIHEHT NPONOPUHOHANBHOCTH, XapaKTe-
PH3YIOIIHHA BOCIPDHHMYHBOCTD AKTHBHOH cCpellsl H HHTEHCHBHOCTD
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HCTOYHHKA HaKauku. YO6BUIb B npocTo NpOHOPUMOHAJNbHA YHCIY
doroHOB B mojocTH: B =X, rie v— xo3hdUNYEHT, XapaKTepH-
3YIOIUMi CTeNEeHb NPO3PAYHOCTH OTPaXKaloWHUX 3epkKaa. Takum
obpasom,

dx/dt =GNx — =x. (2.2.4)

Ho ¢ ncnyckanneM ¢oToHOB uHC/I0 BO36YXKIEHHHIX aTOMOB YGbi-
BaeT, MO3TOMY MBI MOXeM 3anucatbh N = Ny — ax, rae No — 4ucgo
BO30yK1aeMblX HaKaukoH (B CAHHHIYy BPEMEHH) aTOMOB, o — KO-
3¢ PUIHENT, KaK H NpexJe CBsI3aHHBI C BOCIPHHMUHBOCTBIO aKTHB-
HO#H cpennl. Torna u3 (2.2.4) nosyuaeM ypaBHeHUe

i=0(Ny—ax)x — 1x,

A
1= —Kx — Kyx?, (2.2.5)

rae Ky =1— GNo u K = Goa. Kospduuvent K, Bcerna MOJOKH-
TejieH. Mbl pasjiMyaeM ABa cayuas:

1) Ki >0, unu GNy << 1, c1abasi HaKauka;

2) Ky << 0, unmun GNy = 1, CHJIbHAst HAKAUKA,

3aMeruM, uTO Hallle AHHaMHuecKOe YypaBHeHne (2.2.5) ouenb
NoX0oxkKe Ha ypaBHeHue (2.2.2) W3 mpeiblAyLIEro NMpuUMepa: pasjuune
COCTOMT B TOM, YTO Ha HaIly CHCTeMY AeHCTBYeT BOCCTAHABJHUBAIO-
lasi cwia C KBaJApPaTHYHOH HeJHHEHHOCTbIO BMECTO KyGuuecKofi.
CaenoBaTenbHO, MBI MOXKeM 3a6biTb Ha BpeMsi o Jasepe (cJaens,
OJIHAKO, 32 TeM, YTOOH X ObLI MOJNOXKHTEJAbHBIM HEJBIM UUCIOM) H
OPEeANONOXKHTb, 4TO MBI HMeeM YaCTHUIly, MTHOBeHHOe OTKJOHeHHe
KOTOPOH OT COCTOSIHMSI paBHOBecHs x(f) onpelensieTcsl NOTEHIHAMb-
HOH sIMOH

V (6) =5 Kux? + o Ko, (2.2.6)

[Ipu K; > 0 norenuuanpHas siMa uMeeT (GopMy, HNOKA3aHHYI0 Ha
puc. 2.7, W eNMHCTBEHHOE YCTOHYMBOE CTalMOHAPHOE COCTOSIHHAE
x = 0. B naureM npuMepe 3T0 03HayaerT, YTO MOCJe 3aTyXaHUs Ie-
PEXOAHEIX  IPOLECCOB  CTQyuUOHapuHoe 4ucao  ¢OTOHOB  (T. e.
UMCJI0 KOTeDEHTHBIX (OTOHOB, CM. HHXeE) B IOJOCTH pPAaBHO
Hymio. (Takoe ycTporicTBo Befer cefsi Kak OBbluHasi OCBETHTejbHAs
Jamna.) Ho korla MOIHOCTb HAKauKH MPEBOCXOAUT HEKOTODHilf
nopor G ==1/N,, BO3HHKaeT HepaBeHCTBO K; < 0 ¥ NOTeHUHAJb-
Hasi siMa TNpHHEMAeT TakKoH BHJI, Kak 1MoKa3ano Ha puc. 2.8, moarto-
MYy CYIIeCTBYeT YCTOHYHBOE CTallHOHapHOe COCTOsiHHe ¢ X 7= 0:
x* = | K| /K., roe ycTpoHCTBO BeieT cebsi Kak KO2epeHTHbLl Wc-
TOYHHK H3JydeHHs. s NMOJHOTH Mbl NpHBEAEM HHXKe ONMepamHoH-
HOe Ompeje/eHHe KOTepPeHTHOCTH, KOTOpoe TMOHAAO6GUTCS HaM
BT 344
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IlepBoHaua/qbHO MOJ «KOT€PEHTHOH BOJHOH» MHE NOHHMaeM BOJI-
HY BHZAa exp[j(wf— @)], rie ¢asa ¢ MOCTOSHHA HJIH OCTaeTcs Or-
paHHYEHHOH OTHOCHTEIbHO HEKOTOPOM JaHHOA CHCTEMHl OTCUeTra
(HanmpuMep, OTHOCHTEJNbHO (ha3hl J0KaJbHOTO OCUHJANSATOPA npHueM-
HHMKa). B HekorepeHTHOH BoJHe (aza @ (QJAYKTYHpPYeT CJAydyalHHM
obpasom.

CymiecTBeHHOe pasuuHe MeXJy 3THMH JBYMs THIAMH BOJH
ompelensieTcss TeM, KakKHM 06pa3oM 5HepPrHs CYMMBl HECKOJBbKHX

vix) 4 Vix)

Ky>0

Pre. 2.7. Tlotenunan (Kx2/2)+ (Kox3/3) mpu K; > 0.
Puc. 2.8. ITorenunan (K;x%/2) 4 (Kyx3/3) mpn K, << 0.

OCLHJ/JIATOPOB  3aBHCHT OT 3HEPTHH OTHeJbHBIX OCUHJJISATOPOB —
cnaraeMbx. Hanpumep, ecan unrTepdepupyioT mse (cosaaHHBe ue-
JIOBEKOM) DaJHOBOJIHB C DaBHBHIMH aMILIATYLaMH, TO CyMMapHas
IJIOTHOCTb 3HEPIHH MOKeT OHITh J1I06G0H OT HYJAs (eCJaH BOJHBI Ha-
XOAATCA B NPOTHBOdA3e) A0 YETHIPeXKPATHOH IIOTHOCTH 3HEpTrHH
KaXJIOH BOJIHH (ecau 06e BOJIHBI HaxolsTcsi B dase). JIBa Hekore-
PEHTHBIX HCTOYHMKA DABHOH MOILHOCTH BCerja CO3LalT yO08OeHHYH
UHTEHCUBHOCT6 (KBaApaT aMIIHTYAH) IO CPABHEHHMIO C KaXIbIM
HCTOYHHKOM; €CJIH N HEe3aBHCHMBIX OCUHJLISTOPOB C eAHHHYHOH aM-
NUTY0H HHTEP(EPHPYIOT B HEKOTOPOH TOUKe NMPOCTPAHCTBA, TO
CyMMapHast IJIOTHOCTb 3HEePTHH NPONOPLHOHAJbHA

n 2 n 2
W~ Z E;| = Z e’
=1 i=1
HJ/H
n 2 n 2 n(n—1)/2
W ~ ( i; coscpi) -+ (l; sin‘cpi) =n-42 i;j cos (@; — @;).

[lycrs @; — @; =¢,, Torna
n(n—=1)/2

W~n+ D, COos &, (2.2.7)

g==1
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PaccMOTpuM JABa NpeAeNbHHX CJy4dasi — IOJHOH KOrepeHTHOCTH
H IIOJTHOH HEKOrepeHTHOCTH.

1) Ecnu Bce ¢; paBHH, T. €. €CJH BCe OCUHJIATOPBI HAXOLATCA
B ¢dase, T0 gg=0npH Bcex 6 # W=n +(n —1)n=n%

2) Tlycte rtemepb orzenbHbie Gasbl CAyUalHbl, HE3aBHCHMBL U
pasHomepHo pacnupejeeHsl Ha uHTepBaJje oT —x A0 +m. Kak pac-
npejeseHa BEJHUYHHA gg == @; — ;7 B Teopuu BeposTHOCTH AOKa-
3bIBAETCS, YTO eCJH MB MMeeM IepeMeHHble Xy X;, PABHOMEPHO pac-
npejeneHHBle Ha HHTeppaJge oT a Ao b (puc. 2.9), TO NJIOTHOCTD

212X X%
1 _2z-2a
plx;)= e plz,) = o
afx;<b 2a<z<a+b
pix;) p(IZ‘,) plz,) = ?T’Q:;_ij
' a+b<z<2b
|
I o,
a b 2a 2b
- —Xi — X
a 6

Puc. 2.9. ®yuruuM NAOTHOCTH BepositHOCTH (@) p(x) u (6) p(x:i— x;).

BEPOATHOCTH HX pa3HOCTH Ha HHTepmajde (2a,2h) uMeeT TakK Ha-
spiBaemMoe pacnapegesneHue CumncoHa. Takum obpasoM, ecan ¢
pacnpele/ieHE PABHOMEDPHO Ha HHTepBaJe OT —g A0 -+, TO MOMKHO
OXHJaThb, 49TO BEJAHYMHA g, MMeeT pacnpelesnenne CHMICOHA Ha
HHTepBaJe OoT —2r A0 +2m. Ho B cHJy NepUOIHYHOCTH COS E; 3TO
NOJIHOCTbIO 3KBHBAJIEHTHO PaBHOMEpPHOMY paclpeleseHHI0 Ha HH-
TepBaJe 0T —jy J0 -, TaK KaK IJOTHOCTH BEPOSITHOCTH Ha JIO-
ObIX ADYTMX HHTepBaJax OT msm A0 (m -+ 2)m;, rie m— moboe ue-
Joe 4HCJ0, BOOAaRISIOTCH K NJOTHOCTSIM BEPOATHOCTH HA GA3HCHOM
unTepsagne (—m, +x) WIM Ha J060M Apyrom BbIGpaHHOM Gaswuc-
HOM HHTepBaJe AJanHOH 2;. Takum obpasoM, ycpenusas W s (2.2.7),
nojayuaem

nn-1) 2n
(W)~<n+ Z cosea>=n+f—(%f-l—)gcoseds=n. (2.2.8)

o=1 0

Hrak, ME MOXEM YTBEDKAATh, 4TO ecjH (P ashl BCeX A OCIUJIA-
TOPOB PaBHBI, TO CYMMapHas MJOTHOCTb 3HEPTHH [IPONOPIHOHAIbHA
KBaJparTy uicja ocUMAASATOPOB n? (KorepeHTHOCThb). Ecnu xe dasw
OCHHJIJIATOPOB cly4afiHH ¥ paBHOMEPHO pacipe/e/eHbl Ha HEKOTO-
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poM HMHTepBaJge JJIHHON 2;, TO cyMMapHas MJIOTHOCTh 3HEPTHH MpO-
NOpLHOHAJbHA YHCJY OCHH/IATOPOB n (HeKOrepeHTHOCTb). Takum
o6pasoM, ecad H3 100 B3aEMOAEHCTBYIOIIHX OCHRAJSATOPOB TOJBKO
10 xorepentHe!, T0 3TH 10 OCHHJIAATOPOB «BeAyT» cebs IPUMepHO
kak 100 n Moryt «3abHTb» OCTaJbHble OCUHJJIATOPHI, KOTOpbIE Be-
OyT cebs Bcero Julp Kak 90 ocumansitopos. PasyMeercs, B Hau-
6oJiee pacupOCTpaHEHHOM cCJydyae MB HMeeM JAed0 ¢ 4ACTUHHOU
KO2epenTHOCTbI0, KOTAa J160 (as3sl OTAebHBIX OCHHJJIATOPOB Orpa-
HUYEHBHl PEKYDPPEHTHBIM COOTHOLIeHHeM |@; — ;| << ¢y, rHe mpe-
JdeJbl ¢;; He Bce paBHB HYJIO, 1160 (Pasel OTAEJbHBIX OCHHIJSATO-

Al —

\\
%,
e -, i . L
¥ e 2 Y S R A Q2L sint

mgsin %

mQ2LsEnl?cosl?'
/

Puc. 2.10. AMnnutyansie B3auMogeii- Puc. 2.11. Ilpocroit maataux (RQ=0)

CTBHS MeXKAy CBA3AHHEIMHM HEJMHEHHB- H BPallaoWKHCA HeNHHEHHBH MasTHA-

MH OCUM/JSITOPAMH TEPEeHOCATCH Ha KOBHH OCHMJJATOP.
cBs3blBaHue as.

pOB cJyuYafiHEl, HO He paBHOMEDHO paclpejeleHbl Ha 6a3HCHOM
(ha30BOM LHKJe AJHHOH 2.

ECTeCTBeHHO BO3HHMKaeT BOMPOC: Kak AOMKHBI 83QUMO0ENCT80-
6ary (Pass OTAEJNBHBIX OCHMJAJATOPOB, UTOOBI MBI MOIJIH YHDPAB-
JSITh CTeleHbly KorepeHTHOCTH? (OOGLIYHO B Cilyuyae CBS3aHHBIX JH-
HeHHBIX OCHHIIATOPOB B3aHMOJAEHCTBHE NPHUBOAMUT K OOMeHY 3Hep-
ruedl MeXAy WX aMIUIMTydaMd M He 3aTparusaer ¢ash HJH ua-
CTOTH. B cJyuae CBsSI3aHHHX HEIHHEHHHIX OCHHJJIATODOB KapTHHA
HHaf: Yy TaKHX OCHHJJATOPOB (CM. HHKE) CYIIECTBYET BHYTPEHHAS
CBA3L MEXKAY aMIJIMTYAOH W $asoil uaM MeXAy aMIUIMTYAOH H
yactorofi. CJriefoBaTeNbHO, €ca¥ JABa HEJHHEHHBHX OCUMJAJATOpA
OKA3HIBAIOTCH CBSI3aHHBIMHM, TO OHH HAUMHAOT B3aHMOAEHCTBOBATH
(kOTHa aMmJIMTYAa MX KoJNeOaHHH elle MaJja), OOMEHHBAACH Hep-
rueidl Mexay cBouMu aMmiutypamu A, As (puc. 2.10). Ho Bckope
W3-3a BHYTpeHHel cBsA3H A == @i, Az == @, 3HepreTHYeckoe B3aH-
MOJAEHCTBHE MeXAy aMIIUTyAaMH TPHBOJHT K BO3HHKHOBEHHIO
CBSA3M MeXay hasaMu @), ¢z OCOHIAATOPOB; CJAE€JOBATENbHO, B CJIY-
yae JIHHeHHBIX  OCIHJJSITOPOB  BO3HHKHOBEHHE KOTEPEHTHOCTH
(4, 3HauUT, OPraHU3auu)— HeuTo HeBo3MoxHOoe. Haxkouen, mpexne
yeM MepexoAHTb K cJelylolleMy TpPHMEpPy, paccMoTpum GoJee
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noApo6HO YHNOMSIHYTYIO Bhbille «BHYTPEHHIOIO» B3aHMOCBS3b MEXAY
aMIJINTYJOH ¥, CKaXeM, 4acTOTOH HeJHHEHHOrO OCLHJJASTOpA.

3amuiteM ypaBHeHHe MasTHHKA AJIS KOHEYHBIX OTKJOHEHHH OT
COCTOSIHHSL YCTOHUMBOIO paBHOBECHs, KaK NOKa3aHO Ha puc. 2.11.
JeticTBylomas cuJja eCTb NPOEKUUs HAa KacaTelbHYIO Beca Ko/aebJo-
miefics Maccel —mg sin ®. Ecaum L — miuHa MasATHHKA, TO HHep-
mHaJdbHBE wieH md®/di, 3ajawimui CKOPOCTb H3MEHEHHUs HM-
yJbCca, MOXKHO 3alHCaTb B BHIE

d(wl) _  Ld%
e T dair >

TaKk kaK o = d¥/df. Takum obpasom,

2, 2
LY 4 Esine=0, wm SXfofsint=0 (2.2.9)

ecTb ypaBHEHHe MasiTHHKa, rjfe oy =A4/g/L — coGCTBeHHas ua-
CTOTa AUHEAPU3OBAHHOL CHUCTEMEI, T. €. 4aCToTa, C KOTODOH KoJe-
fajcst Gbl JHHEHHBIH TapMOHHYECKHA MasfTHHK NPH MaJbX OTKJO-
HEeHHSX OT paBHOBECHUS:

2
Ixl< 1, sinx~x—TE 4 ob=0,

Uro6u nepefiTH K HelHHEHHBIM KoJeOGaHHAM, PasjoXKHM sin & H
yAEpKHUM TOJBKO TepBHIfl HeduHeHHH# ujieH. YpaBHeHue (2.2.9)
nepeifer Npy 3TOM B ypaBHCHHe

4%0 Y
—dT,-+m%ﬁ—T°a3=0- (2.2.10)

IlonuiTaeMcst Hafitu pewleEne ypaBHeHus (2.2.10) Buna
% =0, sin of -+ 8 sin 3of, (2.2.11)

rie g € |— GespasMepHas [OCTOsAHHAS, a ¢y € 1-— ammiauryna
KojeOaHuil  JMHEapU30BAHHOTO TapMOHHYECKOT0  OCIHJJIATOpA.
Muicab o BraIoueHun B (2.2.11) usieHa c sin 3of HaBesiHa TPHIOHO-
METPHYECKHAM TOXKJECTBOM

sin 83x = 0,75 sin x — 0,25 sin 3x. (2.2.12)

Unen ¢ 9% B ypasHern# (2.2.10) nopoxpgaer u3 Kyba sin wf ujeH
¢ sin 3wf. CienoBaTensHO, €CJAH MBI XOTHM YAOBJIETBODHThL ypaBHE-
uuo (2.2.10), 7o HaM Heo6xoAMMO A0OaBHTb B JIMHEADH30BAHHOE
pellleHHe TakoH uieH, Kak e sin Jof, — oH HeoOX0QHM, 4TOOB yHHY-
TOXKHTb uieH ¢ sin 3w?, nopoxknaemnit 43. Ilpononxad, mMbl oGHa-
pYXKHBaeM, UTO 3TOT HOBHIH YJeH ¢ sin 3of B IPOOGHOM pellleHHH
(2.2.11) npu Bo3BeseHuH B Ky6 mopoxjaeT uaed ¢ €*sin 9aof u T. &
Ho, Buifupas e < |, MH MoXeM OXHjAaTb OHICTPOH CXOMHMOCTH
NOJIyyaloulerocst psiaa, Tak Kak B BBICOKOYACTOTHBIE UJIEHH B Kade-
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cTBe KO3(h(HIMEHTOB BXOAAT BBHICOKHe cTenmeHH &. Heob6xoaumo Te-
nepb onpeleyauTh ¢ U . Ho ¢ caMoro Hayaja Mbl 3HaeM, 4TO Heau-
HeliHoe ypaBHeHue (2.2.10) HensGeXHO NPUBOJHT K AH2APMOHUHLeE-
ckum (XOTa M mepuoauueckuM) koJebGaHuaM. [To3TOMy o — OCHOB-
HAs 4acTOTa B JAUCKpeTHOM crekTpe Dypbe, KOTOPHIH TeOpeTHYECKH
COMEpKHT 8ce 3" BHICIIHX apMOHHK [B HallleM CJyuyae 3TOT CIIEKTp
obpbiBaeTcsl Ha Tperbedl rapMoHuke (n=1)]. HaM rakxe xore-
JIOCchb GBI 3HATh, HAa CKOJIBKO 3Ta OCHOBHAs 4acTOTa @ OTJIHYAETCS OT
COGCTBEHHOH 4YacTOTH ©; JHHEHHOro (rapMOHHYECKOTO) OCUHJLIfA-
Topa.

[TogcTaBuM Halle BO3MylLIcHHOe pemleHHe (2.2.11) B ypaBHeHHE
(2.2.10). Hccenys KamAbifi wieH B OTAGNbHOCTH, MOJdyuaeM

§ = —a?8, sin of — Yo%V, sin 3ut, (2.2.13)
93 = 03 (sin® of 4 3e sin® @t sin 3f + .. ), (2.2.14)
rae Mbl OTGPOCHJHM WIEHH NOpAiKa e M €3, TaK Kak 10 MPeanoJo-

&eHnio e < 1. Vcnosp3ys TpHrOHOMETpHYECKOe TOXAeCTBO (2.2.12),
3anuiieM COOTHOLIEHHS

wp® — wit, sin of + woey sin 3o, (2.2.15)
1 2.3 305 .3 ®5 o3
"——6-(1)0'6' ="——ﬁ"&0 sin (Dt—‘)——a"ﬁo sin 3o, (2.2.16)

CknagsBas OTAeJbHO JeBble H NpaBble yacTH paseHcts (2.2.13),
(2.2.15), (2.2.16), nonyyaem (C yyeTOM COOTHOMICHHA (2.2.10))
HyJb B JeEBOH uYacTH, a [PaByl0 4aCTbh—B BHIC AYy sin of 4
-4 Bwg sin 3wt, rae

— 0’ 6 — o 0365, (2.2.17)
2 2 ‘D% 2
B==—-9(1)8+(D()8+-2—4—‘60. (2218)

Ho eciu coorsoluenne A sin of + Bwgsin 3ot = 0 MOJKHO BHI-
nosHsiThes npH Beex ¢, To A=0, B=0. M3 pasencTsa A =0 no-

Jaydaem
2
o —a(i -5,
= W 8 ’

ucnoab3ys npu |&o| < 1 npubminxenue AT—x ~1—x/2, |x|K 1,
MPHXOAUM OKOHUATEJbHO K COOTHOLIGHHUIO

‘92
(’3"’000(1 _l_g), (2.2.19)

KOTOpOe MOKa3biBaeT, YyTO OCHOBHas 4HacTOTad HeJJMHEeAHOro OCIIHJI-
JASTOpPa MeHbuie COOCTBEHHOH YacTOTBI JIHHEHHOTO NpHOJTHKEHUA.
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U3 cootHomenus1 B =0 MH pojJyyaeM Bhipa:KeHHe AJs Nlapa-
MeTpa BO3MylleHHA: &~ §7/192, ecau mosoxuts 0 ~ of (4, < 1),
HJIH, TOYHee, &== ﬁg/[24 (8 — 9193/8)]. Taxum o6pasoM, Hallje perge-

HHe NPHHHMAaeT BHJ,
: 8
B = B sin of + g5 sin e, (2.2.20)

H MBI BHAHM, 4TO B HeNHHeHHOM OCLH/IATOpPE MOMHMO dHFapMOHKY-
HOCTH CYLIeCTBYeT CBA3b MeXAy OCHOBHOH 4acTOTOH ¥ aMIIHTYAOH
Kone6GaHUH; CJef0BaTeNbHO, IHEPreTHYECKOE B3aHMOAEHCTBHE Me-
KAY aMOVIATYAaMd AHFapMOHHYECKHX OCHHJJATOPOB NOpOXKIAAeT
CBI3b 4YacTOT (MAH (a3) H TeM CaMbiM OTKPHIBA€T BO3MOXKHOCTb
BO3HHKHOBeHUS (pa3oBoii KorepenTHocTH [2.3].

Ilepefinem Temepp K ellle GoJiee o0LLeMY NDUMepYy BETBALYUXCA
peuilenuti, B KOTOPOM BeTBJeHHe OOYCJOBJIERO HEeYCTOHYHBOCTBIO.

2.2,5. Bpamaomuiica MaaTHAK: npumep Gudypranuy, npuBoAsulel
K CIOHTAHHOMY HADYIICHHIO CHMMETPHH

BosbMeM TOT XKe MAasiITHHK, YTO H B IpeABIAYLIEM pasaene, HO
PAcCMOTPHM CHCTEMY (Hanpumep, KoJeGomniics map ¢ Maccok m),
«3aKJIOYEHHYI0» BHYTPU TBEPAOrO TOHKOCTEHHOIO ABYMEDHOTO TOpa
paguyca L: mwap Moxer 6e3 TpeHHs CKOJb3UTb BHYTPH TOpa, a caM
TOp Bpalilaercsi, KaK II0Ka3aHo Ha puc. 2.11, ¢ NOCTOAHHOA yrJaoBO#
ckopocTbio Q. Korma toponaanbnas 0060J0uKa He Bpalaercs, cH-
cTeMa HMEeT /B4 CTalHOHAPHBIX COCTOAHHS: OJHO YCTOHYHBOE
(9 = 0), a apyroe HeycroliunBoe (& = ).

BhIsICHHM, KaK cKaxeTcs Ha TaKOH cucTeMme BBeAeHHE HOBOH CTe-
neHy cBOGOAB ABHXKEHHS YaCTHILB, & UMEHHO BpallleHust TOPOUAaJlb-
HOH 06OJIOUKH. B HeHHepuuaJbHON cHCTeMe OTcyeTa Bpallalomercs
cHCTeMbl Ha 1iap AefcTBYIOT cuabl: (1) TaHreHuHaibHas cocras-
Jasionias Beca W (2) TaHreHUMasnbHAaf COCTABJASIONIAS UEHTPOOEeXK-
HOH CHJIBL

YpapHeHHe ABHIKEHHS HMeEET BH]

2
mL—gt—\; = —mg sin % + mQ2L sin ¥ cos 7,

HJau

2 . . Q2
%zsmﬁ(——%—i—ﬁ%osﬁ)=—§—smﬁ(~g—— cos & — 1);
BBOJS CJOXHBIA napameTp Q2L/g = p u nonaras g/L = @2, npeo6-
pasyeM nocJejHee ypaBHeHHe K BHIY

feii)

W:m‘é sin ® (ucos & — 1). (2.2.21)
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ITpn |8| < 1 uMeeM cos & ~ 1, sind ~ & u (2.2.21) ynpomaercs:

420
=0y (n— 1),

HJIH

2,
T+ e =0, (2.2.29)

rjge o=, ,\/(1 — u) — Teneph cOOCTBEHHAas YacTOTa JHHeapH30-
BAHHOIO MafTHHKA BO Bpalllalollleficsi cUcTeMe oTcuera. MTak, B Ka-
yecTBe MOGOYHOTO INPOAYKTa

NPOBOAMMOrO HAMM aHaIu3a
MBl YCTAHOBHJH, 4YTO cOOCT- f
BEHHAs YaCTOTA JHHEHHOTO  TU of--mm-mmamcmnnmmrnemses -
MasiTHHKA (BelecTBeHHAS lHHIUllUUUlH

npu w << 1) samedasercsa Bo 1;__ ________________________

Bpallaoueicss cucTeMe OT- ARSI ,H”HHHHHII
cueTa MO CPaBHEHHIO CO CBO- N

A} ——
MM 3HaueHHEM B HHEPUHAJb- L'L'C"J“”_'_' ST ]

HOlt cucreMe otcueta (Q = __T;_ _________________________

=0). Mpn p>1 (2> g/L, I

HIH Q => wo) JHHEHHBIH OC-  oyp Jocomcomomoocrcmcaanme
OHJJISATOP» BO Bpaulamoleics

cHCTeMe OTcuera He KOJeO-

JieTcsl, a COBepllaeT 3aTyxalo- Puc. 2.12. BudypkapuoHnasa jaHarpam-
1mee Henepnonmecxoe JBH- Ma Bpallarmulerocsa HesIHHeHHOro MafT-
KEeHHe HHUKOBOro ocuumisitopa (p = Q2L/g).

O6parumes Tenmepb K HC-
CTe/lOBAaHHI0 yCTOHYHBOCTH pelleHuii ypanHenus (2.2.21). Crauuo-

HapHble cocrosiuusi (&= const) TpeBylOT OAHOBPEMEHHOrO BHI10J-
HeHIsi paBeHCTB ¢ =0 n 0 =0, 1. e.

sin®(ucos ¢ —1)=0. (2.2.23)

Vpaprenuo (2.2.23) ynosaersopsiorT au6o sin @ =0, ¢ = +=Kn
(K=0,1,2,...), aub6o cos & = 1/u, p = 1.

[lepsoe peterue (& = =Kn) COOTBETCTBYET «KJACCHUECKHM>»
HeBpalllaoUIUMCs CTAUHOHAPHBIM cocTosinusaM § = 0 (ycroiuusoe
cocTosiHne) M 9 = -=n (HeycTOHYMBOe cocTosHHe). Bropoe peite-
Hue (O = arccos p~!) mnpH KaxKAOM 3HaueHHH p > 1 mopoxpaaer
dse cummerpuynpie sersu. [lpu =1 u3 ¢ = 0 HCXOJAT TPH BETBH,
KaK MOKas3aHo Ha puc. 2.12, rie peueddst ypaBHenus (2.2.21) mo-
Ka3aHb KaK QYHKLUHH «ylpasJsioliero napamerpa» p. [Ipn p—- oo,
KaK HeTpyAHO BHIeTb, 1/u—0, & —m/2.

Mbl BHAHM TaKHM 06pa3oM, UTO Bbiiie ONPEAEJeHHOIO KpUTHUe-
CKOrO 3H44YeHHs YIJIOBOH CKOPOCTH 2 CHCTeMbl OTcueTa TPaAHIHOH-
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HOe YycToHuyHMBOe cTanHOHapHOoe cocTosiHue ¢ = ( CTaHOBHTCS He-
YCTORYHBLIM, W HOBHE (CHMMETDHYHHE) YCTOHYHBBHIE CTalMOHap-
Hble COCTOSIHHS 3ajaloTcsa Gopmylioh & = arccos u~l.

PasyMeercs, BeCb HpeALIeCTBYIOINHI aHaJIH3 MK MOIJIH Ol
CBECTH K JBHXKEHHIO TSXKesoff yacTuubl B NOTEHUHaJbHOH siMe. Kak

Vit V(.

* arccos _lf

Puc. 2.13. O6wmii xo1 TOTeHUHAla MasTHHKOBOTO OCUHAISTOpPA HpH (a) R << |
n (6) p=1 (cM. Teker).

BRITJISIAMT B 3TOM CJyyae NOTeHIHa/ bHasl GyHKUHA? JleficTByroluas
Ha CUCTEMy BHeIUHss CHJa paBHa F == sin & (ucos® — 1). B uio-

6oil raMuJIbTOHOBOH CHCTeMe, B YacCTHOCTH B paccMaTpuUBaeMol

HAMH, OHa CBsi3aHa C IOTEHIIHAJOM COOTHOINEHHeM F = —JV (9)/99,
U3 KOTOpOrO CAeAyeT, UTo
V(®, u)=a? (% cos & — 1) cos @ (2.2.24)

ecTb nepuoduueckas GYHKYUL ¢ IEPUHOAOM 27.

[Moctpoum rpadux sToft dyHkuuy mpu p << 1 u p = 1. Kpusan
V (¥, u) npencrasiaeHa Ha puc. 2.13:

(a) npu pn << 1 1 (6) npu p=1 (B 060HX CAyyasx MOKasaH
TOJbKO OJMH NIepHOA).

2.2.6. HapyumeHHe cHMMeTpHH B npollecce THCTEPE3HCHOTO THNA

HakoHnen, npuBejieM NpHMep COBEPLIEHHO HHOTO THNA AWHAMHUKH
nepexoia U3 COCTOSHHS B COCTOsIHHE, OOGYCJOBJEHHOTO He moTtepel
YCTOHYHBOCTH CYIIECTBYIOIETO COCTOSIHHMS, a THCTEPEe3HCOM, HJIH
naacTuneckoll. modugurxayueli, B cucreMax, O0JalaOHX eluH-
CTBEHHBIM CTAIIMOHADHBIM COCTOsIHMeM [2.4].

PaccmMoTpuM onHOMepHyW cHcTeMy X (HanpHMep, JHHEHHbL
OCLHJ/IISITOP C CHJbHHIM 3aTyxaHWeM), ONHChiBaeMyio auddepen-
OHaJbHBIM YpaBHeHHeM X = —x. OQueBHJHO, UTO 3Ta cHcTeMa 06Jia-
HaeT eJWHCTBEHHHM (KCHMMETPHYHBIM») YCTORYHMBHIM CTaLHOHap-
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HEM coctosiHHeM x = 0. [IpeacraBum cefe, UuTO MBI CBSI3aJH 3TY
NPOCTYIO CHCTEMY C «OKDYXKalolle#l cpelloi» Y, Takke OAHOMEpPHOH,
elHHCTBEeHHas MNepeMeHHas y KOTOPOH CHABHraeTcsl yNpaBJsIOUIHM
mapaMeTpoM cpelH @ ClelylomHM o6pasom: dy/dt = a, rae a(t)=
= const (uau 0) npu Bcex {, NpeAlleCTBYIOUIUX HHTEPBaldy Bpe-
MmeHr piuuHON 27T, Ha KOTOPOM mapaMeTp @, TaK CKasaTb, «aKTHBH-
pyetcsi» (pHec. 2.14), a saTeM cHOBa cmajaer jo Hyas. Bynem cua-

ot

Areis

e
2T —»t
alll=t, 0<t&T
af=2T-1, TSLR2T
alt=0,  t2022T

-1

Puc. 2.14. TTapametp a(f) (cM. Teker).

TaTh, 4To cHcTeMa X CBfidaHa ¢ OKpy:alouleH cpeloi MmpocTedlHM
M3 BO3MOXHBIX CMOCOG0B, @ HMEHHO: dx/dt = —x + 4.

a) Hurepsan [0,T): dx/dt = —x +y, dy/dt = t, da/dt =1,
[IO3TOMY

dx/di = —x + -;
x()=cet+ L —1 41, (2.2.25)

rie ¢ -— KOHCTaHTa.
[pu { =T (cepenuna HHTEpBAaJa)

x(M)=ce T+ —T 41,

yn ==L

6) Hwurepsas [T,2T): dx/dt=—x-+y, dy/dt=2T—1,
da/dt = —1, nosromy
dx

t!
—F=——x+2Tt——2—+K,

rie K — KOHCT4HTa, 3HaueHHe KOTOpOIu{ BBIYHUCAAETCA H3 YCJOBHS,
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uTo BeMHUHHA y = 2Tt —(#2/2)+ K npu { = T ponxkua GuTh paBHa
T2/2; cnepoparenvuo, K= —T12 qu

x()=ce ! — L L {OT+ 1) — QT+ T2 4 1) =

—cet L i@+ 1)— T+ 1) (2.2.26)
HO Torga
2
yy=2Tt — 5 —1% (2.2.27)

B konue unrteppana 2T: y(2T)= T2 Ilpn ¢t > 2T senuunna y(2T)
ocraercss HeH3MeHHOH. Takum obpasoMm, npu ¢t > 2T noseleHHe X,
KOTOpOe BCeria 3ajaercd AH(QdepeHUHANbHBIM VpaBHeHUEM X =
== —x -+ Y, ONHCHIBAETCH PA3HOBHAHOCTHIO MocAeaHero — Audde-
peHnHaJbHEIM ypasHEHHEM
—d[%=—x+T2

H HMeeT YCTOHUMBOE CTallHOHApHOe COCTOstHHE x* == T2, oT/iuuHOe
OT NPEABIAYILEr0 CTAIMOHAPHOIO COCTOSIHHA. HTO Ke NpOoU30uLIO?
Kak uMeHHO HCYe3/0 NpexblAyllee CTALMOHADHOE COCTOSHHE H
YCTYNHJIO MECTO HOBOMY? B naHHOM clydyae MBI MMeeM J€J0 ¢ Npu-
MEPOM «IIJIACTHUCCKOTO» H3MEHEHMs, BBI3SBAHHOrO B chcTeMe X He
noreped yCTOHUMBOCTH, NpuUBOAsulell K Oudyprauwu, a nepexon-
HBIM TIPOIECCOM, IPOHCXOAAINHM C KOHEUHOM «CKOPOCThIO peaKIlHU»,
B cucreme X mpomsomsio caeaymooliee: CTalHOHAPHOE COCTOsIHUE
x*=0 OBlLI0 cTepro, a KONHUECTBO y == T2 «pearupyloulero sele-
CTBa» Y OKa3ajoCb HaBCerla 3anucaHhbsiM B CUCTEME, YTO MOXKHO
paccMaTpuBaTh KaK aHaJoOr «cJaella B NaMATH», OCTABJEHHOIO B CH-
cTeMe JIOKaJbHBIM OTKJOHEHHEM BHeEIIHero YIpapJsdollero mnapa-
MeTpa OT HCXOJAHOTO 3HaueHHs.

2.2.7. OcHoBHbIE IOHATHS TEOPHK YCTORYHBOCTH

B HeCKOJNbKUX NpeAblAyLIHX pasjierax Mbl 3aHUMAaJKHCh PaccMOT-
peHueM OTHENbHEIX (XOTs, KaK MBI HaJeeMmcsi, NpPeACTaBHTENbHEIX)
IPHMEPOB 98040 L UL, IPOUCXOAsICH B MPOCTHX HeJUHEeHHBIX CHCTe-
Max BCJEACTBHE T€X HJIHM MHBIX KOHKDETHBIX Heycroiffunpocrefl, Te-
nepb HacTaJo BpeMs HabpocaTh B OOHIMX yepTax KOHTYPH o00iuief
Teopuu ycroumpoctH. CieAyer NOAYEPKHYTh, YTO HAC BCeraa Oyjer
MHTEPECcOBaTh TOJBKO 08ymepHoe NPOCTPAHCTBO COCTOAHU.

a) Obuwuii kpurepull
[Tycts S — crannoHapHOe COCTOSIHME HEKOTOPOH ABYMepHOH IH-
HaMHMYeCKOH CHCTeMBl H & — MaJbii 3aMKHYTHIH KOHTYD BOKpyr S.

CranyuoHapHOe COCTOSHHE S Ha3blBaeTCs YCTOUYUBHIM, €CIAH IS
JII060ro 3aJaHHOTO & BCErjJa MOXHO HafiTH TaKylo OKPECTHOCTb § (&)
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COCTOSAHHA S, uro Jo6asf TpPAaeKTOpHA, BHIXOAAILAs H3HYTPH §(e),
HHKOrZA He mocTHraer rpaudubl g (puc. 2.15). Ecanm Xe rtakoi
OKpecTHOCTH §(g) He CYLIeCTByeT, TO YCTOHYMBOCTb S He rapaHTH-
posaHa [2.5].

PaccMOTpHM Temepb JIHHAMHUECKYIO CHCTEMY, ONHCHIBAEMYIO
IBYMs CBI3aHHBIMH aBTOHOMHBIMH HeJHHEHHBIMH AH(¢epeHuHaNb-

VT

£
‘ ~ble)

— X
Prc. 2.15. K onpeneneHHio yCTOHYHBO-
CTH CTaliHOHApHOTO COCTOSIHHA.

HBIMH YpaBHEHHSIMH (aBTOHOMHOCTb O3Hauaer, YTO BpeMs He BXO-
IHT B YpaBHEHHS B KauecTBe CBOGOLHOrO napamerpa):

—dz‘ = [1 (X1, Xo5 n), (2.2.28)
dX
== (X1, Xo3 0. (2.2.29)

CHcTeMa 3BOJIOLHOHHPYET B ABYMEPHOM [POCTPAHCTBE COCTOSIHHH
nepemennblx X;, X,. B kaXmo#l TOuKe TPaeKTOpHH, 3aLaHHOH BbI-
6OpoM KOHKPETHbIX Haua/JbHBIX YCJOBHH X 0)= X1, X2(0)= X,
HAKJIOH OTpeAeseTcs BeJTHUHHON

dX, fa
X T (2.2.30)
Ocobbie Touku (cTalMOHApHBIE COCTOSIHHA) HA TPAEKTOPDHH — 3TO

TOYKH, B KOTOpHIX fo=0 u fi =0, T. e. He ompejeseHa Kacare/b-
Has. C ApYroil CTOPOHBI, 3aMKHYTble TpaexTopuu (CM. HHXE), CO-
OTBETCTBYIOIIHE NEPHOAHYECKOMY peXHMY, HMEIOT OCHOBHOH me-
puoj, onpexesasieMbli mo GopmyJe

Y S S
T—® Xy X ) ° (2.2.31)

ITpeAnosioKHM HeHaAoJro, YTo Mbl paccMaTpHBaeM N-MepHYIO
cHcTeMy. B 3TOM ciyyae OMHAMHYECKHE YPaBHEHHs HMEIOT BHI

X b Ky Koy s Xy ), P (1 o M) (22.32)
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CrauvoHapHble COCTOSIHHSI OINpejeJsisloTCSl BelLeCTBEHHBIMH pelle-
HUSIMH CHCTEMBl CBA3AHHBIX HEJHHEeHHBIX ajreGpanvyeckHx ypas-
HEeHUH

[i(Xy, Xoy oo, Xys n)=0. (2.2.33)
IlpeanosoxumM, uro ™Mbl KakHM-TO 0Opasom PelHIN 3Ty CPI-
CTeMY W HaLlJH CTalMOHAapHElE COCTOSIHHS (XI, X5 ..., N)§
E=(1, ..., K)—uucno [JelCTBHTEJbHBIX  pellleHHii  CHCTEMBH

(2.2.33).

3aTeM MBI IepexoJuM K HCCJA€AOBAHHIO YCTOMUYHBOCTH 3THX CO-
CTOSIHHH (CHCTEMa HaXOAHUTCS B HHX B 3aBHCHMOCTH OT HayaJjbHBIX
TPAHHUYHBIX YCJAOBHH). YCTOHUHBOCTh MBI HCCJENyeM, BBOAST MaJble
BO3MyIeHHs X;({) OT MOJOXeHHA PABHOBECHS, & UMeHHO BO3MYllle-
HUsl, YJOBJETBOPSIOILHE OrPAHHIEHHAM

L) =X —X; ()| K,

rAe e — IIPOH3BOJLHOE NOJOXKHTEJNbHOE YHCJA0 IPH BceX i.

Ilnst HaHHOTO CTAalHOHAPHOTO COCTOSHHS MBI pasjaraeM mpa-
Bble HEJHHEHHBIE YacTH JHHAMHYECKHX ypaBHeHHH B psaf Tefinopa
OTHOCHTEJIbHO CTAllMOHaPHOTO SHAYEHHS OTHeNbHOH IepeMeHHOH
(MY COOTBETCTBEHHO CTALMOHADHBIX 3HAUEHHH IIepPEMeHHBLIX, €CJH
HX HECKOJIbKO) H, ecJ¥ (YHKUMH f; AOCTATOYHO TJajKue, yAePXKH-
BaeM B Pa3JiOJKeHHH TOJIbKO JIHHeHHBIE 4jleHbl. Mul noayuaeMm

N
dx; (¢ : af;
=Y (- Xf)( ’ )X e (2.2.34)
= i
[CBoGonubit uieH pasnoxkenus Tefisopa paBeH HyJIO:
fi (X)I,: X?Z, “eey X:’tv; }L):O,

TaK Kak dX;/di=0.]
O603HaunM yepes

dfi .
ﬁ;)x:x; =ay (2.2.35)

napamerp (HJH mapamMeTphl) B3aHMOJEHCTBUsI, ONHCEIBAIOIIUA BJIHSI-
HHe nepeMeHHOH X; Ha mepeMeHHYI0 X; (pa3yMeeTcs, B OGIUEM CJay-
uyae a;; 7~ 4;;). ITomuMo npouero paBeHCTBO a4;; = 0 MOMXKeT YKa3hl-
BaThb Ha OTCYTCTBHE IepeMeHHOH X; B MHoroujeHe f; DiaeMmeHTH
a;; 06pasyloT Tak HasblBaeMYI0 MaTpHUY B3auMmojeHdcTBus A.

JInneapusoBaHHas cucreMa auddepeHlHaNbHEX YpaBHeHHA ¢
BO3MYIIEHHAMH X;(f) B KauecTBe HEH3BECTHHIX YHKIHH HMeeT Te-
nepb BHI

N
=];1 a;,-x,,
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HJAH
x = Ax. (2.2.36)

Bri6upasi Bo3MyIieHHs X;(f) OTAEeJbHBIX TIepEMEHHBIX B BHIE
At .
x; () ~ """, moayyaeM JHHEHHYIO CHCTEMY

N
Aix;= ];1 QijXp,
1M B MaTpuuHOH Qopme
Ax = Ax. (2.2.37)

Tpe6osanne HeTpuBHAJbHOCTH pemlenuit [x;(¢) = 0] npuBOAMT K
XapaKTePUCTHUECKOMY YPaBHEHHIO

a“‘—'}\: (237 .o (253N
Qo1 Ay — A . Qon
: —o0, (2.2.38)
Ant ang vee Ay — A

H3 KOTOPOTO B NPHHIHUIE MOTYT ObITh BBHIYHCJIEHB COOCTBEHHBIE 3HA-
yeHHs A; MaTpHlbl B3aMMOAeHCTBHs. B mouckax 6ojiee KOHKDPETHHIX
NpUMepoB O6paTHMCS K Halllel AByMepHO#H cuCteMe. Ee xapakTe-
pPUCTHUECKOE YpaBHCHHE HMEeT BH]I

ap— A Qa2

o Gy — M =0, (2.2.39)
HJIH
(ay — A) (@ — A) — a9, =0, (2.2.40)
A2 — (ay; + ag) A+ (a51G03 — a19a) =0, (2.2.41)
KOTOpOE MOXKHO TPEeICTaBHTb B BHJIE
A2 —br +y=0. (2.2.42)
Co6CcTBeHHBIE 3HAUEHHS HETPYAHO BBIUHCJIHTH O GopmyJe
e LL Lo (2.2.43)

B o6wmeM cayuae MBI TOJAYUHM Aq, 2 = (A" 4 jA")4, e

Bo3HHKamwee CTallMOHAPHOE COCTOSIHHE  YCTOHYHMBO, €CJH
Re{A} <O mpu i=1 u i=2. Ecan A} Hau A, IOJOMKHTE/IbHH, TO
CTaIHOHApHOE CcOCTosiHHe HeycToiunBo. [Ipn Aj=A;=0 u A" #*0
MBI HMeeM peXHM Ha TpaHHie OG6JAaCTH YCTOHYHBOCTH, HJH He#-
TpaJbHyl0 YCTOHUMBOCTb, HHaue TrOBOps, CHCTEMa COBepliaeTr



46 Inapa 2

MIEPHOJHYECKOe JBHKEHHE C UacToTO# A 10 3aMKHYTOH TpaeKTOpPHH

BOKPYT CTAUHOHAPHOrO COCTOSIHHs, NpHYEM PajHyC TPACKTOPHH, pa-
3YMEETCsl, MaJ, HO 3aBHCHT OT HaYaJbHBX H TPAHHUHLIX YCJOBHIL
Bmecto TOro 4ToGH NpPOBOAMTL HCUepHEIBalOLiee nepevrcIeHue
BCEX BO3MOXHHIX C/Iy4aeB B 3aBHCHMOCTH OT TAPAaMEeTPOB b H vy, NIpH-
BeJleM KOHKDeTHHI nmpumep, nabbl Bce TOBOPHIIO caMo 3a cebsl.
Paccmorpum crepyromuit mponecc, B KOTOPOM BO3HHKAeT KOH-
GuurT Mexny nyms monyssuusiMi X; u X, wian X u Y. Coipbe A,
CMeWHBAsACh B «peaKTope» c nonyJsuieid X, yBeJHUHBACT YHCJICH-
HOCTb 3TOH monyasuuu (X pacrer Ha A). IMonyasiuus Y nuraercs
nonyasiuneit X u pacrer. Hakoren, nonysasuust ¥, Bcrynas B KOH-

A :::: Peagr s
eaKrop
[y [xyl '?::c
Colpte Al ke
Merabosmr Orkopst
{Karanusarop}

Puc. 2.16. Peaktop 115 ABYX B3aumoieHcTBywouux Bemects X, Y.

TaKT C KaTaausaTopoM, HJIH «MeTabosuToM», B, nmpeppamaercs B
oTxoAbl (puc. 2.16).

Takas cxema NIpHMEHHMa K npoleccaM NpPOH3BOICTBA B yCJoO-
BHAX KOHKYPEHIHH, a TakxkKe K OHOJOrHYeCKOMY aHTATOHH3MY MEIK-
Ay ABYMs BHJAAMH, OAHH H3 KOTODBIX SBJSETCH XHHUIMHKOM, ITHTAO-
muMCcst JPYTHM BHIOM (TaKoBa, HalpHMep, NMpeloxeHuHass BoJb-
Teppo# — JIOTKOH! MoOJeab ABYX BH/IOB — «MaMeHLKHX» PHIGOK X
H «boablinx» pui6 Y). PeakKuuu AOJKHBE HPOTEKATH CJEAVIOWIHM
obpa3zoMm:

A+ x5 ox, (2.2.44)
X 4+ v = oy, (2.2.45)
X + B 2 C+B, (2.2.46)

rae Ki, K;, K; — KOHCTaHTBl CKOpOCTEH peakUHH.

CoorsercTrytouie audipepernuanbible ypaBHEHUsT OTHOCHTE/b-
HO X H Y Moryr GhITh BBIBEJEHHl HENOCPEICTBEHHO Ha OCHOBE M[O/I-
cyeTa mnpupamieHuii u yObljiell YHCJIEHHOCTH KaXXJAOH INONMyJsIHH,
Hanpuwmep, X Bo3spacraer co ckopoctbio KiAX u yGriBaeT co cKo-
pocteio K XY, mostomy

94X — K\AX — KXY (2.2.47)
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C apyroit cropons, Y BospacraeT co ckopocTbio K:XY u yGuiBaer
co ckopocTeio K3BY, noatomy
dy
—E-=K2XY — K3BY. (2.2.48)

B astom npuMmepe HeJMHeHHbIe npasble 4YaCTH — MHOI'OYWJIEHBl —
HMEIOT BHI

flzKlAX'_‘KQXY H f2:K2XY_KgBY.

[Mapamerpsl K, Kz, K3, A, B cTOAT 3/eCb BMECTO YNpaBJAONINX

napaMeTrpoB u B (opMasabHBIX
ypaBHeHusx (2.2.32). Y
OnpefesinM  CTalHOHapHbIE T Heftrpanshen
cocTosinua.  Pelllas  cHCTEMY M;ﬂ*"”.‘_.@/'yﬂoﬁqngocrb
ypaBHenuit [y =0, fo=0, MH T ‘
HAXOJHM [Ba BeLleCTBEHHHX pe- . i
HIEHHS Y i
* A ]
xi=XB oy KA (99 49) i v
K2 I K Ve
* * ‘ I —-—)‘-X
XII =O, YII :O, (2250) Cenno

Puc. 2.17. YcTofiunBble pPeXHMB peax-
KOTOpBI€ npencraB/eHbl  Ha  popyoii  momean. CraumonapHoe cO-

pHCI‘/IQ.IT crosmne X], Y; HEHTPaJbHO YCTOHUHBO,
ccienyeM Kaxaoe H3 HHX

.
. a CTalHOHapHOE COCTOSIHHE XI.I, i
Ha YCTOHYHBOCTbD.

HEYCTOHYHBO.

6) Konkpernoii anaius

Crayuonapuoe cocroanue I. TpeGyeTcss BEIUHCJINTD COOCTBEHHbIE
3HA4YeHHA MaTpHILl A JHHeapH30BAHHOH CHCTEMbI, YTO CBOAHTCA K
BBIUNCJAEHHIO K03addunuentor a;;. Iloayuaem

= (%) —0, ap= (—‘ij) —K,B, (2.2.51)

Ay = (g—ﬁ?)*=K1A, [ (%ﬁ;)‘——— 0,

rie 3Be3/0OYKA 0O3HAyaeT, YTO UHCJEHHble 3HAUEHHsI NPOU3BOIHBIX
caeayer 6patb npu X;=K,B/K, u Y] =K, A/K,.
M3 xapakTepHCcTHUeCKOro ypaBHeHHsa (2.2.39) HaxoauMm

A==+ v/ K,K;AB. (2.2.52)

D710 03HAuaeT, UTO CTAllHOHADHOE COCTOsHHe | HeHTpasnbHO YyCTOli-
4UBO M, KOTJa cHCcTeMa Moj JeHCTBHeM €J1aboro BO3MYIEHHs NOKH-
JaeT 9TO COCTOsIHHE, OHA TEpPeXOAHT Ha NEPHOAHYECKYID TPaeKTo-
PHIO, pasMepsl KOTOpOH ONpelessloTCsl BeJHYHHOH BO3MYILEHHS, H

ONHUCHBAET ee C LMKJHYeCKOH 4acTOTOH, paBHOH 1/K,K3AB {nBH-



48 I'nasa 2

rasgcb B NPOCTPAHCTBE COCTOSIHHH, Te 3HAYeHHS NMEpPeMEeHHBIX pac-
TYT OT HayaJa, BCerja no 4acosol cTpeske).

Crayuonaproe cocroanue I1. TIpousBoAs aHAMH3, aHAIOTHUHbL
IPO/leJIaHHOMY BBIllle, HO BBIYHC/AS TeNepb 3HAYEHHS NMPOH3BOLHBIX
B Touke X;; =0, ¥}, =0, mosyuaem

a,=KA4, a,=0,

4y =0, yy == — KB, (2.2.53)

XapaKTepHCTHYECKOe YDAaBHEHHE B 3TOM Clyyae HMEET BH/L
(KyA— 2) (K3B + 3) =0, (2.2.54)
1 coOCTBeHHblE 3HAYEHHS! OKA3BIBAIOTCS PaBHBIMH
M=KA>0 u r=—K;B<O0.

Cranuonaproe cocrosuue (0, 0) (x cuacTbio Aus 3K0JI0TUH!) He-
YCTOHYHBO (KaK Mbl YBHIUM H3 JaJjbHelillero, 3Ta ocofasi TOUKa —
cenJio).

2.2.8. MoBepeHue ABYMEPHOI AHHAMHUECKON CHCTEMB
B OKPECTHOCTH 0COGBIX TOYeK (CTAWHOHAPHBIX COCTORHHI)

Tenepp Ham HeOOGXOAMMO B3siTh, TAK CKa3aTb, YBEJHYHTEJbHOE
CTEKJIO M IIONBITATbCS Pasrjsjerb (OUATb-TAKH B NepBOM MPHGJH-
JKEeHHH), KAK HMeHHO BeleT cefs CHCTEMA B OKDPECTHOCTH 0CO60M
TOUKHM H, B YACTHOCTH, HeyCToluuso20 cocroanus. Ilpuunna Takoro
UCCJeOBaHMsI COCTOHT B cjenyronieM. Kak ToNbKO JaHHOE COCTOSs-
HHe, OpiBlIee 0 TOTO YCTOMYHBLIM, CTAHOBHTCH HEYCTOHYMBBEIM NPH
IIpeBpalleHHH OAHHM H3 YNPaBJAKNIMX NapaMeTPOB p HEKOTOPOro
KDUTHYECKOr0 3HAYeHHs (TaK 4YTO uepe3 YHCJEHHLIE 3HAUEHHS KO-
5 HUHEHTOB B3aHMOJEHCTBHS i, 3aBHCSAIIHX OT W, AEHCTBHTE/b-
Has 4acCThb OAHOTO H3 COOCTBEHHBIX 3HAYEHUH CTAHOBHTCS TOJOMKH-
TeJbHOH), BO3HHKAeT BONPOC: B KAKOEe COCTOSIHHE LPH 3TOM Tepe-
XOOUT cHcTeMa? UToGH OTBETHTb HAa HEro, HAM HEOOXOLHMO CHOBA
pelluTh CHCTEMY CBf3aHHBIX HEJHHEHHBIX aJre6paHyecKux ypas-
wenudt fi(X,, Xz, ..., Xn; u)=0 u TeM caMBIM HalTH HOBYIO CH-
CcTeMy [eACTBUTE/IbHBIX pelIeHHil (HOBH HaGOp CTAUHOHApPHBIX CO-
CTOSIHHI), TAaK KaK NMapaMeTPhl y H3MeHHJHCb. B HOBH# HaGop, pa-
3ymeeTcs, BXOAHUT CTAaLHOHApHOE COCTOSIHHe, OBIBIIEE MpexKIe
YCTORUMBBLIM, a Telepb CTaBllee HEYCTOMUHMBLIM, HO OCTaJbHEIE CO-
crosinusd HOBble. Ha mepBhift B3r/sA MOXKeT MOKA3aTbCs CIpaBelJH-
BbIM CJEAYIollee YTBEPXKJIEHHE: «CTapPTOBAB» H3 CTALHOHAPHOTO
COCTOAHHS], CHCTEMAa DPAaBHOBEPOSITHO <«IPH3EMJHUTC» B JHOO0OM H3
COCTOSIHHIT HOBoro Habopa, TeM CaMbIM JeJas HEBO3MOXKHBIM JIO-
Goe mpenckasanue ee noBefeHHs. OJHAKO TaK NPOUCXOIUT He
Bceraa. [lag Toro uto6bl pasobpaTbes, Kak Beler cefs cucreMa,
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HeoOXO0/IHMO paccMoTpeTh OoJiee TNOAPOOHO «KapTorpaduio» Impo-
CTPAHCTBA COCTOSIHHH B OKPECTHOCTH KAaXKJAOr0 HOBOTO COCTOSIHHS.
Kak MBIl yGeaumcsi, OHOrO 3TOrO He JIOCTATOYHO.

B pesyabTaTe NpOBELEeHHOIO pacc/eJOBAHHS MOXKET OKAa3aThed,
YTO OJHH COCTOSIHHSI HMeET GOJbLUIYI0O BEPOATHOCTb «3aMOJYYHTb»
CHCTEMY IMocCJe TOro, Kak, Oy/AyYd BBIBEIEHHOH H3 NPENKHET0 CO-
CTOAHHSI, OHA BBIHYXKJ€HA OYyIeT «NPH3eMJHUTbCSI» B KAaKOM-TO HO-
BoM coctosiHHH. Kopoue rosops, HaM HeOOXOAHMO HCCIEIOBATDH
«JIHHHA TOKa» B OKPECTHOCTH BCEX HMEIOIIHXCS CTALMOHAPHBIX CO-
CTOSHUHA B NPOCTPAHCTBE COCTOSHHUH B HAaAeXK[IE, YTO 5TO MO3BOJHT
HaM OLEHHTb BEPOSTHOCTb CJEIYIOUIEro MNpeAcKasanus. [To cyixe-
CTBY Mbl HMEHHO 3THUM H 3aHHMAaeMcsl, KOTa NPOBOJAHM CEYEHHS Ha
IOTEHLHAJbHBIX KPUBLIX, HAIDUMED HAa KPHUBHIX, H306paKeHHBIX HA
puc. 2.13, mepmeHJHKYJSIPHO IJIOCKOCTH CTPAHHUIBl, a 3aTeM, pac-
cMaTpuBasi JIMHHH yDOBHEH, OLlEHHBaeM CeTb JOPOr Ha o6o3peBae-
MoM JaHawadre. B cBow oyepeAb 3TO CBOAUTCA K INOCTPOEHHIO
unteepanvuulx kpusgeix X, = f(X,) Koncepsarusroll cuctemsl, Korga
NoTeHIHaJbHAsl GYHKLUHS U3BECTHA.

[TockoJIbKY Hac HHTepecylOT (raMHJBbTOHOBBI) CHCTEMBI C MHO-
THMU CTAllHOHAPHBIMH COCTOSIHHSIMH, HaM CJeJyeT HauaTb C IOTEH-
IHaabHON GYHKLUH, HMelllel 601ee 00020 munumyma (puc. 2.13),
U TONBITAThCA [OHATH, KaK H3BJeUYb H3 Hee XOJ HHTErPasbHBIX KpH-
BHIX, T. €. «JOPOXKHYIO CETb», B ()a30BOM IIPOCTPAHCTBE,

B ciyuae mpHMepa ¢ BpalllalOIHMMCs MAATHHKOM (pasfea 2.2.5)
MBI MOXEM Cpasy XKe BBITHCATh ypaBHEHHs AJIsl MHOXKECTBA HHTe-

rpaJibHBIX KPHUBBIX B MPOCTPAHCTBE COCTOSIHMH — miockoctu (@,
¥) — KaK 3aKOH COXPaHEHHs] SHEPTHH HAa €JIHHHLY MacChl, 2 UMEHHO!:
1 db \2
-2—(-@—) LV (9, p)=E, (2.2.55)

rie £ - nosHas 3Heprus MasiTHHKA.

Haima nenp — OmnpefesuTb TOMOJOTHI0 HHTErPaJdbHBIX KPHBBIX
B OKDECTHOCTH MHUHHMYMOB (YCTOHYMBBEIX CTAIHOHAPHBIX COCTOS-
HHE) M MaKCHMYMOB (HeyCTOHYMBBIX CTALHMOHAPHBIX COCTOSIHHH).
Hast aroro pasjoxum V(9,u) B psan Tefilopa B OKpeCTHOCTH MH-
HHMYMOB H MaKCHVMYMOB, T. €. 3allUIIEM DasJOXKeHHe

V(8)=Vy+ 5 (8 — B, (2.2.56)
rie ¢ = [0?V(0)/082]y — moNOKHTENBHOE YHCJIO, ecJd
Vo [= V(9)] — MHHEMYM, H OTpPHIATENbHOE YHCIO, ecan Vo —

MaKCHMyM. S$IcHo, uTo B 06oux caydasx [dV (8)/00]. =0, TaKk KakK
MBIl HMeeM JleJIO C 3KCTPeMyMaMHu.

BocCrmo/ib30BaBINKChL TPHBELEHHBIM BBILE Pas3fOXKeHHeM, HeTpya-
HO HCCJeJ0BAaTh IOBeJeHHe HHTerpaJbHBIX KDHBEIX B OKPECTHOCTH
CTaIlMOHAPHBIX COCTOSIHHH, eCJH 00paTHTbes K ypaBHeHHIO (2.2.55)
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u 3amenuts V(9) mo ¢opmyse (2.2.56). Ilpoienas 310, MBl TO-
JYUHM

T (Y +e@—op=2E—V,, (2.2.57)
HJAH
%—2 + ¢ (& — 9,)2 = const. (2.2.58)

Haa toro uyto6H pemieHHs © 6bJIH BELECTBEHHBIMH, HEOGXOLMMO
norpefoBaTth HepaBeHcTBa £ > V.

Ho ecsn craunonaproe cocrosnue 9 YCTOHYUBO, T. €. COOTBET-
CTByeT MHHHMyMY pynkuun V(9), to (2.2.58) ompenensier cemeii-
CTBO 3JIIHICOB ¢ UeHTPOM B & == §o. C apyrod CropoHH, eciu cra-
LHOHapHOE COCTOsIHHe Uy HEYCTOHYHBO, T. €. COOTBETCTBYET MaKCH-
Mymy ¢ynkuun V(9), to (2.2.58) onpenensier ceMelicTBO rHnep6oJ
Takxe ¢ HeHTpOM B & = ¥y. Ilpu E = V, 314 runep6o/ibl cTrpeMsTcs

K acuMNTOTaM,3a1aBaeMBIM COOTHOWeHHEM § = == 4/— ¢ (§ — ¥)
KOTOpHIE€ HAa3bIBAIOTCA cenaparpucotl, Tak KakK pasfessioT pasjud-
Hble Tpynnsl runep6o/. COOTBETCTBHE MEXKY THIAMH CTAIlHOHAPHHIX
COCTOSIHMH H HHTerpasibHbIX KPHBBIX B MPOCTPAaHCTBE COCTOSIHHE B
HX OKDEeCTHOCTH IIpeACTaBJeHO Ha pHuc. 2.18.

Ob6vbenuuss obe cutyauuu, uaobparxkeHHble na puc. 2.18 B oany
peanbHYIO CHTYaUHIO, Mbl TIOJydaeM COOTBETCTBHE, KOTOpOE INOKa-
3aHo Ha puc. 2.19. flcHo, uTO, MOCJE TOrO Kak KapTa HHTErpajbHbIX
KPHBBIX COCTABJIEHA, HE COCTaBJIsieT 0co60ro Tpyaa B Ji0GOH 3a1aH-
HOH CHUTyaluH, HCXOAS H3 OTHPABHOTO COCTOSIHHS, NPHUIHCATH COOT-
BETCTBYIOILIHE BEPOSATHOCTH DA3JHYHBIM IOCJIEMYIOMIUM COCTOSTHHAM
(pasywmeercsl, B npuMepe C BpalalOUIHMCs MAsITHHKOM CHMMeTpls
JenaeT PaBHOBEPOSITHHIM KaxKJ0e YCTOHYHBOE CTALHOHAPHOE CO-
crosinve). Hampumep, na puc. 2.19 nokasanma curyauus, koraa
npn E <C E; B OKPeCTHOCTH CTaIlHOHAPHOTO COCTOsinHsS A He cy-
HIeCTBYET HH OJHOH MHTErpaJjibHOH KPHBOH; aHAJOTMYHEIM 06pa3oMm,
cucrema, obaajawnmas sHepruel, medsuieid, yeMm E,, HE MOMKET J0-
CTHYb CTAUHOHAPHOIO cocTOssHHA B. [las cHcTeMbl, UMewIlell B Ha-
YanbHOM COCTOSIHHM 3Hepruio E, yJI0BJETBOPSIOLIYI0 HEPABEHCTBY
E3 << E < E,4, He CyLIeCTBYeT HH OJIHOTO CTAUMOHAPHOTO COCTOSi-
Hus. Ilpn £ = E; TpaektopHuefi CTaHOBHTCS BHPOXKAEHHas KpPHBas
I'' 1 B 3ToM ciyyae He CyLIeCTBYE€T HH OJHOTO CTAlHOHAPHOTO CO-
CTOSIHYS.

Festomupysi ckasanHoe, MOXKHO YTBEp:KAaTbh, YTO B cJiyyae ra-
MHJIbTOHOBBIX CHCTEM MBI He MOXKeM OTBETHTb Ha BOIPOC, ¢ KOTOPO-
ro Mbl HayaJjH, a UMEHHO Ha BONPOC O MEXaHH3Me MOCJe/0BAHUA
COCTOSIHMH, HJIH TpPEIANOUYTHTEJbHOH 2BOJIIONHH AHMHAMHYECKOH Cu-
CTeMHBl M3 OZHOTO COCTOAHHS B APYroe uepe3 HepapxHio HeycToHuH-
BOCTH. ['aMH/IbTOHOBHI CHCTEMBI He QOCTUZQNOT ONpeleJeHHBIX CO-
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cTosiHMH B pe3yJbTaTe 3BOJIOLUH, €CJK TOJBKO OHH € CAMOro Hayana
He TIPHBEJIeHbl B 3TH COCTOSIHHS 3@ CUeT CIelHalbHOro Bhbopa Ha-
yaJbHBIX W TPaHHYHbIX ycaoBHit. [TokHHyB moj meficTBuem cjaboro
BO3MYIIEHHs JAHHYH TPAeKTOPHIO, OHH HHUKOrJa He BO3BpallaloTCsd
Ha Hee. BMeCTO 3TOr0 OHH KECTKO H HEYKOCHHTEJbHO CJEAYIOT MO

|

vith

i

Puc. 2.18. B OKpecTHOCTH (@) MHHHMyMa TOTeHIHabl 0cofas Touka — QOKyC;
B OKPecTHOCTH (6) MakcHMyMa IOTeHIHajga 0cobasi Toduka — Celllo.

Puc. 2.19. TlotenuunanbHass xpuBas oOlUero BHJAA H COOTBETCTBYIHIUHE HHTErpaJib-
HEE KDHBHE.

HOBOH TpAaeKTOPHH, KOTOpas MOJHOCTBIO W OJHO3HAYHO 3ajaHa H
3aBHCHT OT HOBBLIX HAuaJbHBHIX H IPaHHYHBIX YCJOBHH (Hampumep,
OT MOJHOH 3HEePrHH CHCTEMBI).

2.2.9. MepBas BcTpeya ¢ HETPHBHANBHBIMH AMCCHNIATHBHBIMH CHCTEMAMH:
MOHATHE ATTPAKTOPA B ABYMEPHOM cayyae (peaeabHbIH 1HK)

B wmamem nepBoM KOHKpeTHOM npuMepe (B pasi. 2.2.3) uam
BCTPeTHJIACH TPOCTAsA [AUCCHIATHBHAS CHCTeMA. (FapMOHMUYECKHH H
HeJHHEHHBIH OCHUJMATOP C CHJIbHBIM 3aTyXaHHeM), W Mbl y3HAJH,
yTO TpOCTeiilias pasHOBHJAHOCTb QTTPAKTOPA €CTb YyCTOAYMBOE CTa-
uMoHapHOe cocTosinue. Ho Takof ciyuali MMEHHO B CHJly CBOEH CHM-
METPHH H CTaTHYHOCTH SIBJseTCA TPHBHAJbHLIM. B 3TOM pasznese
MB XOTHM, NMpPOJOJKAsl PaccMOTpeHHe mpoBJeMbl, MOCTABNEHHOH B
npelpliyliieM pasjiesie, IPHBECTH NPHMepbl ABYMEpPHBIX AHHAMHUE-
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CKHX CHCTeM, 00/1afalomHX CIOCOGHOCTbIO NpUTAUBATHCA K HOBOMY
AMHAMHYECKOMY CTAaLHOHAPDHOMY peXHMY, €CJH H3 NpPEIbIAYLIEro
CTalHOHAPHOr0 PeXHMa OHW BHIBEACHH IIPH TIOTEpe YCTOHYMBOCTH,
HE3aBHCHMO OT HAaYaJbHBIX YycjaoBHH. O TaKHX CHCTEMAax MOIKHO
CKasaTb, YTO OHH AEHCTBUTENbHO UBMEHANTCA CO BPEMEHEM.
HayHem ¢ auccunaTuBHOM JHHAMHYECKOH CHCTEMBI, B KOTOPOH
«BS3KOCTHBIA» WieH HeJHHeHHO 3aBUCHUT OT caMofi AMHAMHYECKOR

B

Ewre  Hemeiuniit
aneMenT

&y

Puc. 2.20. Ilpocras 3/eKTpHuecKas LeMNb, T'eHEPUPYIOLIAA peJaKCALHOHHEE KO-
nebaHus.

nepeMeHHOH. B Tako# cHCTeMe NPOMCXOAHT NEPUOAHYECKHH o6MeH
SHepruefl ¢ oKpyxKamwiueid cperol, ob6MeH, KOTopblfi IIpH oIpejeteH-
HBIX YCJIOBMSIX MOXET NPHBECTH K He3aTyxaloulefl camonoifeprkH-
BalolleHcs AMHAMHUECKOH aKTMBHOCTH (a He K MOHOTOHHOMY MpoO-
neccy 3aTyxaHHs, Kak B INpHMepe, NpHBEIeHHOM B pasa. 2.2.3).
PaccmoTpum mpoctyio asekTpH-
X{t} UEeCKYIO IleNb, H306DaXKeHHyIO Ha
? puc. 2.20. McToyHKK mOCTOSIHHO-
ro TOKa 3apsaxaer eMkoctb C

Yo, b =om====sp—===pm=w== UCPE3 OMHUECKOE CONPOTHB.IE-
2 Hue R. [lapanjenrHo eMKOCTH

BBOIHM nepeKIIYaTebHuH
Vo, ff =~ == Y= -e~Nooo N~ 37@MEHT, KOTOPHIH OTKPHIT, KOT-
0 la pAa3HOCTb IOTEHIHAJOB Ha
—={ Oo6KJafKax KOHJeHcaTopa maja-

Puc. 2.21. Penakcaunonnste koneGannda. €T HHXKe Ve, M 3amepr (mpu
3TOM €MKOCTb OKa3hBaercsi 3a-

KOPOUEHHOH), KOrfla pa3HOCTb MOTEHHMAJIOB HAa OGKAaNKaX KOHICH-
catopa mnoiHMMaercs Bwile V¢ . B MoMeHT BpemenH f=0 MH

BK/I0MaeM HCTOYHHK TOKA, KOTODHIH HauHHAeT 3apsXKaTb eMKOCThb
yepes CONpOTHUBJIEHHE R.

Koraa pasHocTs Hanpsixenuii Ha C CTaHOBHTCS GOJbIIe Ve,
NepexIIouaTe b NePeXoAHT B COCTOSIHKE «3aNePTO» W KOHAEHCATOp
paspsixkaerca uepe3 HeNHHEHHBIH 37eMeHT. Koraa pasnocTh moten-
unanoB Ha C nanaer nuxe V¢, NepekniouaTesp NepexoiHT B CO-
CTOSIHHE «OTKPEITO» H KOH/JEHCATOD HaYyHHAET CHOBA 3apsiKaThCs.
®opma 9TOTO NEPUOAHUECKOrO, HO CHJBHO HEJIHHEHHOro Ipouecca
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cXeMaTHUeCKH NpejicTaBieHa Ha puc. 2.21. §IcHO, uTO OCHOBHO# ero
nepuon saBHcuT oT napameTrpoB R, C, Ve, Ve,

MoxHo ckasaTb, uto x(f) yAOBJeTBOpseT AHQdepeHnHalbHOMY
ypaBHEHHIO

F—e(l—x) %+ 0ix=0, (2.2.59)

rie &— napamerp, XapaKTepH3YIOLIUH HHTEHCHBHOCTb HCTOYHMKA
Toka E ¥ KPHBYIO OTKJIHWKA HeJHHefiHOro nepekJiouarens. Onucal-
HH BHIle MPOLECC peajusyeTcss B 3HAMEHHTOM OCUHWJISATOpEe BaH
ngep Iloas. 3ra Momenn Gosee HJIH
MeHee TOYHO BOCIIPOM3BOAHT 3J€K-
TPOHHHE TeHepaTOpH (TPaH3HCTO-
pH H Ap.).

[Ipoananusupyem CHUCTEMY
(2.2.59) ¢ TouKM 3peHHA yCTOHYH-
BOCTH. DBOJIOLHS CHCTEMH BO Bpe-
MEHM TPOHCXOAMT B JIBYMEDHOM
IPOCTPAHCTBE COCTOSIHHH (X, X).
[TomoxumM AAs HOPOCTOTH o == |
n sanumem (2.2.59) B nmapameTpH-
Y4eCKOM BHAE

x(t) ~ r(f)cost,

yt)y==x() ~ —r(f)sint;

— / r:z
“"\ [penenbHblia
HuKN

e<¢!

(2.2.60)
Puc. 222, TlpemenbHEfi HHKJ.

BTOpPOE COOTHOILEHHe INoJpasymeBaer, yto &€ < 1, T. e. yro amnau-
TyAa r(f{) BW3MeHseTcs CO BpEMEHEM TaK Me/JeHHO, 4TO 3a MOJHBIH
nepuon Ar/r € 1 (puc. 2.22).

Uz (2.2.60), (2.2.61) nonywaem x2 - y?=r? u, auddepenuH-
pys ofe 4acTH TOXKJeCTBa MO BPEeMeHH, NPHXOAHM K COOTHOILEHHIO

dx dy  dr
,v7+y7t——r—d—t—, (2262)

Y, TNPUHHMAdg BO BHHMaHHe YypaBHeHHe (2.2.59) H Hcnoas3ys
npeicraBaennsa (2.2.60), (2.2.61),

xy+ yle(1 —r?cos?t) y — x) =r -2, (2.2.63)
HJIH
%=e (1 — r2cos?f) r sin’t, (2.2.64)
OTKYAAa

dr =-¢er (1 — r?cos?t) sin%¢ dt. (2.2.65)
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Ho torna usmeHenue Ar 3a nepHoja paBHO
2%
r2
Ar=OS dr = ner (1 —2). (2.2.66)

3aMeTHM, UTO B NPUGIHKEHUH & K 1
Ar <0 opun r>2,

Ar>0 nopu r<2,
Ar=0 upu r=2.

M3 sToro ™Mbl 3akjJi0yaeM, YTO OKPYXKHOCTb pajHyca 7 =2 acumn-
TOTU4ecKu ycrol4usa U B ee OKPECTHOCTH HeT Apyroro uukJga. Ta-
Kasi yCTOHUHBas TPAeKTODHA ecTb npederbHsll yuxk/a W NpHHATE-
JKHT HOBOH KaTerOpHH CTALMOHAPHBIX 0COOEHHOCTeH B MPOCTpaHCTBE
COCTOSIHHH, OTJIHYHON OT CTALMOHAPHBIX OCOOBIX TOUEK.

[TosyueHHBH HAMH Pe3yJbTAT HO cywiecTBy 0e3 u3MeHeHHH mne-
peHOCHTCsl Ha Bce £ 2> 1 U e << 1. [IpH Bo3pacTaHHH & mpeesbHBIR
IUKJ cJerka JeopMHpYyeTcs, HaOMHHAs N0 (opMe MeTJIO THCTe-
pesuca. MokHo nokasaTh [2.6], uTO OpH BO3pPACTAHHH & BTOpPOE
npubauXKeHHe [aeT CTALHOHAPHYI0 AaMILIHTYAY

x(f) ~ 2cos(of + B) — = sin3(of + 8), o=1—2e%16. (2.2.67)

Eume onHofi (TpHBHAMbHON) 0COGEHHOCTBIO CHCTEMBI ABJISETCA, KO-
HeYHO, HAaYaJo KOOPAHMHAT, KOTOPOE COOTBETCTBYET HEYCTOUUUBOMY
CTAllHOHAapHOMY COCTOSIHUIO. [lepexos OT 3TOro CTalMOHAPHOTO CO-
CTOSIHHMSI M3BECTEH NOJ Ha3BahueM «budypkauuu Xonda» V. B mpu-
BeJeHHOM BbIlle MPHMepe OCLHHJJIATOP «CaMo»BO30yHKIaeTcs.

[Ipu GoJee cHIbHOH HeJHHEHHOCTH B BASKOCTHOM uJjeHe {C mATOH
cTemeHbl0 BMecTo Ky6a) crauuoHapuoe cocrosHue (0,0) ycroftuuso,
W ypOBeHb BHeIIHero Bo3OyiK/IeHHS WJIH, B HHTEpecylolleM Hac CJy-
yae, 3HaUeHHE YNpaBJsAOIlero napaMerpa &, NOJXKHB NpeBLINIaTh
ONMpeleJeHHBIH MOpor AJs TOTo, yroObl CHCTEMa MOIJa COBepLIUTb
HeoOpaTHMBIH nepexod U3 HadaJjga K Ipefc/bHOMY HHKIY (6oJsee
NOApPOGHHH aHaJM3 3TOTO Nepexofa CM. B NMPHJIOXKeHHH A).

PaccMoTpUM NOA TEM Ke YIVIOM 3PeHHs JPYrod MpeAcTaBHTENb-
Hbll mpuMep H3 pabor camoro Ilyaukape. [laua creaywowas cu-
cTeMa:

L =y + B — 1, (o + ), (2.2.68)
2 — s+t — 2o (o] + 13) (2.2.69)

€ TPHUBHAJDbHBIM CTALHOHAPDHBIM COCTOSIHHEM X; = X = 0.

D B OTeyeCTBEHHOH JHTEpPAaType NPHHAT TepMUH «OH(ypKauus AHAPOHOBA —
Xonda». — [Tpum. nepes.
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Ilyeth x;=rcos¢ U xpg=rsing. IlogcraBasa x; U x; B HC-
XOAHKle YpaBHEHHs, NOJyYaeM CHCTEMY OTHOCHTENBLHO r H @:

dr 3

= —r, (2.2.70)
e __
— = —B. (2.2.71)

U3 ypasHenus (2.2.7]1) HemocpeACTBEHHO cJelyeT, 4T0 @ (f) =

O6paTtuMca Temepb K ypaBHeHHI0 (2.2.70) u ompegeauMm cra-
LMOHApHBIE COCTOsIHHs; mnoJarasg dr/dt =0, noayuaem r; =0,
rs=4/a (a>0). B mnpocTpaHCTBe COCTOSHHA 3TH ABa peLICHHs
COOTBETCTBYIOT HauaJy KOODAHMHAT M IIPeAeJbHOMY LHKJY € LEHT-
pOM B HauaJje KOOpAMHAT H pajHycoM 4/a, 1O KOTOpOMY HBH-
JKeHHe IPOUCXOJAHUT ¢ YIJIOBOH uacToTOH P.

JIMHeapu30BaHHAA CHCTEMa HMeeT BHI

dr/dt =ar, (2.2.72)
de/dt = —B. (2.2.73)

M3 ypaBueHus (2.2.72) scHo, uTo npu o < ( cTauHoHapHOe CO-
crosiive (0,0) ycroituuBo u npu o >0 OHO CTAHOBHTCS HEYCTOM-
yuBo (npH o = 0 CrauHOHapHOEe COCTOSIHHE HeHTpa/JbHO YCTOM-
yyBo). IlombiTaeMcsi BHISICHHTB, YTO NPOH30HAET B 3aKPHTHUECKOH
obaactu npu o >> o, =0, T. e. HCCAeAYEM 3aMKHYTYIO TPAEKTOPHUIO
r= «/a Ha yCTOHUHBOCTD.

[MpugaguM TpaekTOpHH HeGoJblloe BO3MYIleHHe, MoJaras

r=A/a + dr. [loncraBasia B ypasHenue (2.2.70), moayuaeM

o = a (Vo + or) — (a¥2 4 8r 4 3 4/a 8r2) ~
~ a (V& + or) — (@2 + 3adr) = —2adr. (2.2.74)

TeM caMblM Mbl 3aK/II0Ya€M, 4TO TPAEKTOPHs r=4/0¢ aCHMITOTH-
YyeCcKd yCTOWYMBA, TaK Kak pajauyc r yOBIBaeT NPH INOJOXKHTEJbHHX
8r u Bospacraer npu orpuuareapHbix Or. Takum o6pasoM, MBI
CHOBA NPUXOJAHM K TNpelelbHOMY LUKJY, T. € K KPYTOBOH -aCUMIITO-
THUECKH YCTOHUHBOH TPAeKTODHH, npuraeusaroujel ece TpaekToput
8 caoeil okpecrnoctd. IlocTpouB rpadHK B KOOpJAHHATax pemle-
HHe — YIPaBJASIIOIIMA NapaMerTp, Mbl YBHAHM, YTO 3TOT aTTPaKTOp
MOPOXKIAAET HaApYuleHue CHMMETPHH, IIpHYeM He TOJbKO IMOTOMY,

yro paiuyc 4/a > 0, HO M NMOTOMY, YTO H306paxaiulas COCTOSIHHE
CHCTEMBI TOUKAa ABHUIKETCS MO NMpeAeJbHOMY LHKJY TOJIBKO B ORHOM
HampapJeHHH BO BpeMenu (puc. 2.23). Tpaexropus r=4/a He
3aBHCHT OT HauaJbHHIX YCJIOBHH, U NEpHOJ ABHXKEHHA IO Hed ompe-
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AeNeTCs BHYTDEHHe IapaMeTpPOM CHCTEMBl, a He HayaJbHBIMHA
YCIOBHSMH, KaK B clyYyae raMUJIbTOHOBHIX OCHHJIISTOPOB.
ITpexne wem Mb 3aBepliuM 3TOT pasgen, [peJcTaBJsieT HeKo-
TOPhIH HHTEpEC HCCAeNOBATh PEKYPPEHTHHE COOTHOLUEHHS, 3a7alo-
liue  «HyJb-llepeCeYCHHS» IMpeJe]bHOr0 LHKAA C OChI0 X
(puc. 2.24) npu CTArMBAaHHM LHKJA K 4CUMIITOTHYECKOMY 3Haue-
HUIO pajuyca r,=A+/q (60osee MOAPOGHO 06 3TOM CM. B LML 6).
ITo cymecTBy Hac HHTepecyeT CKOPOCTb cXOEMMOCTH. M3 OCHOBHOIO
YpaBHEHHA, 3aMHCAHHOrO B MOJISPHLHIX KOOpPAHHATaX (CM. ypaBHe-
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Puc. 2.23. Budypxauuonsas amarpam- Puc. 2.24. Cxopsmascs nocienosa-
Ma J9 NPHBEIEHHOTO B TEKCTe [PH-  TEJBHOCTh «IlepeceyeHHii ¢ HYJIeM» B
mepa Ilyankape. npumepe IlyaHkape, npuBezenHoM 8

TEKCTe.

HUs (2.2.70), (2.2.71)), moayuaem, pasielHB OTHEJNbHO JEBHE U
npasble 4acTy,

dr __ (ar—r®)

=g (2.2.75)

PaccrosiHue MeXAy AByMs IOC/TeJ0BaTeJbHHIMH HyJb-Tiepecede-
HHSIMH pPaBHO

&y 2
r _2n
S m_——ﬂ—Smp_m, (2.2.76)
L
HJaH
1 r Tn 2n
1 2 2.2.77
" e, TR (2.2.77)
OTKyj1a
r2= 2 (2.2.78)
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CX0IMMOCTb 3KCIOHEHIHAJTbHO OBICTpas; MAefCTBHTENbHO, NpHMe-
Hssl TocJeloBaTeqabHo ¢opmyay (2.2.78) npm n=1, ..., n, 10-
JyyaeM

a

1+ exp (—4nan/|B]) [(a/rg) - 1] ’

2 —
Ty —

(2.2.79)

rjle ro — NPOM3BOJBHHI pajHyC, C KOTOPOro HayaJjcs Ipoiecc, T. €.
HauaJbHOE yCJOBHe. 3aMETHM, 4TO IpH n—-oco ¢opmyna (2.2.79),

KaK K cJ1eJ0BaJjlo OXKHAATh, AaeT lim rZ=a ne3asucumo ot ro, T. €.
n—->oo
OT HayaJbHBIX YC/JAOBHH.

[IpuBefeHHM# Bhle IIpHMep — NOCJAEHHA H3 BHIOpaHHRIX
HAMH MPEJCTABHTENbHHX KJAcCOB, CBA3aHHHX C HEYCTOHYHBOCTS-
MH, GHYypKAUHAMH H 3BOJNIOLHEH NPOCTHX OJAHO- H JBYMEpHBIX
HeJHHEHHBIX JAHHAMHUECKHX CHCTeM KaK TaMHJbTOHOBHX, TaK H
JUCCHMaTHBHHX. Hajeloch, Mbl IIOJHOCTBIO OIEHHJH pOJb H 3Haye-
HHe HEJHHEHHOCTH B BO3HHKHOBEHHH CJIOXKHOI'O ITOBEAEHHsI CTPYK-
TypHO TpPOCTHIX cucTeM. Temepb yMeCTHO OOpDaTHTbCA K SBJICHHUAM,
NIPOMCXOAAIIAM B CHCTEMax C GOJBIIMM YHCJIOM CTeNeHed CBOGOAHI;
K 3TOH TpylIe, B YaCTHOCTH, OTHOCSATCA BCE KpYnwomacwirabrole
CHCTEMBI,

2.3. DJeMeHTH CTATHCTHYECKOH (PU3UKH M HX CBA3b
C 3BOJIIOLHOHHBIMU SABJEHUAMH

2.3.1. HekoTopble XapAKTEPHCTHKH CTOXACTHUECKHX CHCTEM

XoTsi B mpeablayieM pasjele Mbl IO3HAKOMHJIHCH C 360410-
yuoHHoM (HeOOPAaTHMEIM) IOBEJEHHEeM NPOCTHIX HEJHHEHHBIX JHC-
CHIIATHBHEIX JBYMEpPHHX CHCTeM (IpeTepleBaiomux OHpypKauuio
Xonga), 6bl0 6b 6€30CHOBATENBHO YTBEpKJaTh, YTO HAWl MOHCK
NpeANOYTHTENbHOrO (6osiee BEPOATHOTO) IEpeXOAa B OJMH H3 MHO-
I'HX BO3MOXKHHBIX «aTTPAKTOPOB» 3a TOYKOH MOTEPH YCTOHYHBOCTH.
CJleflyIOIMM JIOTHYECKHM LIarOM B HallleM aHaJu3e RONKHO OHJIO
6bl CTaTh HCCJeJOBAHME CHCTEMBl C TPeMsl CTEHNeHAMH CBOOOABL
OJHaKO MO NPUYMHAM, KOTOpPHE CTAaHYT SICHBIMH H3 JaJbHEHLIEro,
B YAaCTHOCTH 3 IM. 6, MB HaMepeBaeMcsl IIPHCTYNIHThL cedyac K pac-
CMOTPEHHIO JPYroro mpeaeabHOro caydasi— CHCTEM CO MHOTHMH
CTeleHsAMH cBOOGOJABI B Hajex/jJe, YTO HAM YJAAacTCs IOAMETHTH Ka-
KHe-TO JIONOJIHHTeJbHHE OCOGEHHOCTH 3BOJIIOLMH, He CYIeCTBYIO-
Iue B JBYMEPHOM cJayuae.

CHCTeMBl CO MHOTHMH CTENEeHSMH CBOGOABI C HEOOXOAHMOCTbIO
croxacTuveckue. B cBOI ouepejb CTOXaCTHUECKHE CHCTEMBl (Mak-
POCKONHYECKHE CHCTEMEl, AHHaAMHKa KOTOPHIX ONpejesseTcs B3aH-
MOJleiCTBHEM GOJIbIIIOTO YHCia MHKDOCKONTMYECKHX udacTed) JHe-
hakTo uepapxuyeckue B TOM CMBICJE, YTO JAONYCKAKOT AONOJNHH-
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TeJbHOe onHcaHde (o KpafiHefl Mepe) Ha [OBYX pasJIHUYHHX
ypoBHsX: (1) Ha muxpockonuweckom ypOBHe, Ha KOTOPOM OYeHb
Gosploe uyHCJa0 (NOpsimKa uyHcaa ABOrajpo) 4YacTHIL BCTYNAKOT BO
B3aUMOJAeHCTBHe JpDYr ¢ APYrOM Ha OCHOBe IaMHJILTOHOBOH (oGpa-
THMOH) JMHAMHKH, H (2) Ha MAKPOCKONUHECKOM, (heHOMeHOoa02U-
4eCKOM YDOBHE, Ha KOTODOM /51 MHOTHX (HO He JJs BCeX) Mpak-
THUECKHX LeJeH cucTeMa MOXeT GBITh ONHCAHA HeGOJIBLUINM YHCJIOM
MakKpomepeMeHHHX (TaKHX, KaK o0beM, JaBjeHHe, TeMIepaTypa);
3TH MaKpoOIlepeMeHHble BO3HHKAIOT KaK KOAAeKTUBHble CB0LCT8a
IMHAMHKH, NPOHCXOAsIIEHl HA MHKPOCKOIHUYECKOM YPOBHE, HJH KaK
MomeHTo, (DYHKUHH IJIOTHOCTH BePOSATHOCTH, 3aMeHSoUIed MHKPO-
CKONHYECKYIO0 IHHAMUKY.

31ech, KaK HaM KaxXeTcsi, yMeCTHO paccMoTperb B GoJee HJIH
MeHee SBHOM BHAC, KaK NPOHCXOIAT NPOLECCH YCpelHEeHHs, MO-
CPCACTBOM KOTOPHIX IPOHCXOAHUT nodzwes ¢ Gojiee HU3IKOTO (MHKpO-
CKOMHYECKOr0) ypoBHA Ha GoJiee BBICOKHH (MaKpOCKOMHYECKUH)
yposeHb. Haily cucreMy B npocTpaHCTBe COCTOSIHHE MBI IpelcTa-
BHM B BHAe /N-MEDHOIO BeKTOpa X, KOHell KOTOPOTO OMNHCHIBAeT He-
NMpepbhIBHYI0O KDHBYIO — TPAGKTOPHIO — U B 3aJaHHBII MOMEHT Bpe-
MeHH ! HaxOJAHTCS B 3aJaHHON TOYKe, WM B 3a[JaHHOM COCTOSHHH.
ITycte P(x, t)— BepOATHOCTb HANTH CHCTEMY B TOUKE X B MOMEHT
BpeMeHH f. TpebGyeTcs HafiTM, KakK 3Ta (QYHKUUS I[JIOTHOCTH Be-
posTHOCTH (¢. m. B.) 3BOJIOLHOHHPYET CO BpeMeHeM. BeposiTHOCTb
P(x, t) BOo3pacraer u3-3a NepexoJOB H3 APYrHX TOYeK X’ u YOH-
BaeT H3-3a IepPeXOf0B, HCXOJSAIIHX H3 TOUKH (COCTOSIHHA) X, T. €.
dP (x; 1) /dt = «CKOpOCTb NpPHUXOAA» — KCKOPOCTb yxoma» = [ — [’
[2.3

Tak kKak ujieH [/ YUHTHIBAE€T BCE MePexOJbl H3 HAYaJbHBIX TOYEK
x’— X, OH MpejcTaBsieT cOGOH CyMMY [0 BCeM HAuaIbHBIM TOYKAM
X’, YMHOXEHHYIO Ha BepOSTHOCTb COBEPLIHTb 32 €IHHHYHOE BpEMS
nepexof x’—x. Taxkum o6pasoM,

[= Z W (x, X)P(x’; t), (2.3.1)

rae W (x, x’) — BepOSITHOCTH COBEPIUUThL Mepexon X —X 3a eJHHHU-
HOEe BpeMsl.

Jasi «Bxonswux» nepexonoB (/’) cOpaBemyHBO COOTHOLIEHHE
I'=P(x; t) ) WX, x), (2.3.2)
x'FEx

rie W (x’, X)— BepOSITHOCTb COBepLUHTbL Mepexofi X—x’ (3a enu-
HHYHOE BpeMs).

TakuM oOpa3oM, Hallle ypaBHEHHe, OIHCHIBAIOLIEe 3IBOJIOLHIO
BeposATHOCTH P(x; t) (0OHO HasplBaeTcs YNPABJASIOIIHM ypaBHe-
HueM — master equation), umeer Bujx

ﬂf}f—t)= 2 W (x. x)P(x; 1)—P(x; 1) ; W, x) (2.3.3)
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[pasymeerca, > W (x/, x)=1, ecan cyMMa pacnpoctpansercs H
x,

Ha caMy TOUKY X].

[loka Hac He HHTepecyeT, Kak pellaTbh ypaBHeHnHe (2.3.3); MH
XOTHM JIMIUb IOHSITb, KAK C IIOMOIIbIO 3TOr0 ypaBHEHHs IE€PEHTH OT
MHKPOCKOIIHYECKOTO OIHCAHHS K MaKDOCKONHYECKOMY. YMHOXKas
o6e uactn ypaBHeHus: (2.3.3) Ha X W HHTErpHPYS HJIH CYMMHDYS
0 COOTBETCTBYIOLIEMY HHTEpBaJy X, Mbl IOJyuaeM IHHAMHYECKOE
ypaBHeHHe, JeBas YacThb KOTOPOrO ONHCLIBAET CKOPOCTb H3MEHEHHS
3HaueHHs1 meduanst {X) BO BPeMeHH, 8 HMEHHO:

= [ {0, (), ), (2.3.4)

rie fi, BOOOLLE TOBOPS, HETHHEHHBIH MOJHHOM,

OnHcaHHBIH Bhllle mpollece yCpeAHeHHsT NPUBOAUT K IOSBJICHHIO
B IpaBoli uacTh ypaBHeHus (2.15) He TOJbKO MeAHaHH (X}, HO
H CTApIIMX MOMEHTOB BeposTHOCTH P (X, ?). Ho nmouemy ¢pynkuus f1
HennHeHHa? [Ecan Gbl GYyHKUMs [; Oblia JuHEHHa, TO YpaBHEHHE
(2.3.4) umesio 6b BUA d{x)/dt = [1((x)).]

Jeno B TOM, uTO B OOJBIIHHCTBE, €CJH He BO BCeX, PeaJHCTH-
YeCKHX CJYVUaeB BEPOSITHOCTH NepPexXoioB (CKOPOCTH yXoja H IpH-
xofa) W — Hesnnue#inble ¢yHxuuu or x. Hampumep, B XMMHYECKHX
peakIMsiX 3TH CKOPOCTH IO 3axowy OellcTus mace («3akony
duKa») NpONOPUHOHAIbHB KOHIEHTpPALHSM «pearHpylouux Be-
1eCTB», HHaue TIOBOPsi, UHCAY CHOCOOOB, KOTODLIMH MOXKHO BBI-
6paTb [apy HWJIH TPYNINY <«MOJEKYJ pearHpyloIIMX BeILeCTB» H3
obmero umciaa Mosekya. Hampumep, aas peakuun 2X— X’ cKo-
poctb mpomopuuoHanbia 0,5X (X —1)= W(X), 1. e. B 570M uacrt-
HOM cJydyae ypasHeHHe (2.3.4) AJs CpelHEro 3HaUeHHs HMeeT BHI

L KX (X — 1) (2.3.5)

I

YMHOXKas o6e uacTu ypaBHeHus (2.3.4) Ha x? M elle pa3 CyMMH-
Pys HJIM HHTErPHUpPYs, MBI IoJydyaeM (heHOMEHOJOrHUecKoe ypaBHe-
HHe, JeBasi yaCTb KOTOPOTO €CTb CKOPOCTb HM3MEHEHMsl IHCIEpCHH
{8x% pacupeneqaenus: P(X; f):

A (oxty =, {x), (0, ...}, (2.3.6)

U fo— APYrodl HeJHHEHHEBIH IOJHHOM.

[IponosKasi B TOM XKe Iyxe, Mbl NDHIEM K C8A3GHHbIM (peHOME-
HOJIOTHYECKUM ypaBHeHusaM (2.3.4), (2.3.6), ... OTHOCHUTE/IbHO Iep-
BOIO, BTOPOTO, ... MOMEHTOB CKOJIb YIOAHO BBLICOKOTO MHOpPSAKA.
TakuM 06pa3oM, TOT, KTO CKJOHEH CUHTaThb, YTO OIHCAHHbIE BhilIe
IpOLECCH YCpPelHEHHs IO3BOJSIOT HaM COBEPIIUTH Ilepexold o7
MUKPOCKONUYECKO20 ORUCAHUS K MOAKPOCKONU4ECKOMY, OTHIOAL HE
ofperaer KaKHX-IH6O NPEHMYLIeCTB, TaK KaK B KOHIe KOHIOB Mbl
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noJyuyaeM cucremMy C GOJBIINM uxcIOM crenene# cso6oabl. Tem He
MeHee B OPHHIHIE TaKoe NPeJNo/0KeHHe NPABHJIbHO.

Onnako B GOJBIIHHCTBe CJayuaeB paccMmarpusaeMas (YHKUHUA
IJIOTHOCTH BeposTHOCTH P (X;¢) BAaau OT 0COObIX TOYEeK, T. €.
BIaJH OT HeyCTOfuHBOCTeH, HMeeT OAHH rop6. 3TO O3HaYaeT, UTO
MejJHaHa coBmajaeT ¢ HaubGoJee BepOATHLIM 3HaueHHEM; K TOMY
’Ke MHOrja Bce CTapliie MOMEHTH (AHCIIepCHs, acCHMMETDHS, ...)
10 MOPSIAKY BEJHYHHH MeHbLIe CPEJHEro; B 3THX CJAyyasix CBA3YIO-
mwre udeHw {6x%), ... B moauHoMax fi, fs, ... MOXHO OIIyCTHTb.
B pesyabraTe MB IPHXOAHM K TaK Ha3kIBaeMOMY DEXHMY cpel-
Hero moJisi, a HMeHHO, K (heHOMeHOJJOTHYeCKOMY ypaBHEHHIO, KOTO-
poe OIHCHIBAET 3BOJIIOLHIO CPEIHErO 3HAaYeHHs

L) =1 () . (2.3.7)

IOas cucreMm, COCTOSIMX H3 HEB3aHMOJAEHCTBYWIIMX uacTell, 3TO
ypaBHEeHHEe OMHCHIBaeT JAHHAMHKY Ha MaKDOCKONHUYECKOM YDOBHe.
TakuM o6pasoM, nepexolJ OT MHKDOCKONHYECKOro ypOBHfl Ha Mak-
POCKONHYECKH YpOBeHb JAeHCTBHTEJbHO COMPOBOXK/AAETCS BeCbMa
3aMeTHBIM ITOHHXKEHHEeM 4Hcaa cTelneHed cBo6oan. Ho, Kak MBl yYBH-
JAHM B JajbHedllleM, B OKDPECTHOCTH OCOOBIX TOUEK NpHOJHKEeHHE
CpefHero IoJis yTpauHBaeT CHJy, Tak Kak ¢. m. B. P(x;f) obpe-
taer Gosee ueM ofuH rop6. Hasanuyue HecKOJbBKHX TOpGOB IO CY-
IIECTBY CBHJETEJbCTBYET O BO3MOMKHOCTH MOSIBJIEHHS HECKOJbKHX
COCTOSIHHH 3a MOPOTOM YCTOHUMBOCTH, T. €. O NOSIBJGHHH IO Kpau-
Helt Mepe 00HO20 BeTBJeHHs («6u-ypKamuii») B pelIeHHH.

B ¢. n. B. ¢ aByMs uJu OOJBIIHM YHCJAOM ropb6op MelHaHa He
coBnajaeT ¢ HaHGoJee BEPOSTHBIM 3HAaUCHHEM; YCHJIHBAIOTCA (PIayK-
Tyalud, U Ha MaKpDOCKOIIHYeCKOM YDOBHE H3-3a CBsi3edl MeXAy
ypaBHeHHsIMH MoMmeHTOB (2.3.4), (2.3.6), ... cHCTeMa BBHIIVIAAHUT
CTOJIb Ke XaOTHUHO, YTO M Ha MHKDOCKOIHYECKOM ypoBHe. Tem He
MeHee 0 3aBepIeHHH TAKOro MepHoja «TypOyJEeHTHOCTH» CHCTeMa
NepexofUT (HJIH TYHHeJHPYeT) B OJAHO M3 WUMEIOIIHXCH CTaUHOHAp-
HBIX COCTOSIHHE, H MH HabJiogaeM «cxkartue» ¢. M. B. BOKPYT HO-
BOr0 COCTOSIHHSI H BOCCTAHOBJIEHHE peXHMa cpepHero moJs. Pesio-
MHpYsl, MOXKHO CKa3aTh, YTO IIpeHMylieCTBA H3yYeHHS] CHCTeMBbl Ha
(G eHOMEHOJIOrHYeCKOM, a He Ha MHKDOCKONHYECKOM YypOBHE yTpa-
YHRAIOTCS TOJBKO B OKPECTHOCTH TOUeK OH(ypKauHH.

Hepapxuueckue cHcTreMbl 00/1a7al0T ellle OAHHM HEGH3MEHHO CO-
NyTCTBYIOIUM HM INpEeHMYyIlecTBOM. MH uMeeM B BHAY TaK Hasbl-
BAaeMYI0 <«IOYTH MOJHYI pPasoXKHMOCThb» — CBOHCTBO, MO3BOJISIIO-
mee I[pH H3YYeHHH TAKOH CHCTeMbl Ha [AaHHOM HepapxXxHYecKOM
ypOBHE MOYTH MOJHOCTbIO IpeHeGperaTb BCEM, YTO NPOHCXOLHT
«BHIIIE» U KHHXKED.

[MosicHUM cKa3aHHoe Ha mnpuMepe. Bo3bMeM KakKoH-HHOYIAb Ky-
COK TBepioro matepuaaa (puc. 2.25). Buewnn#t Habniofartens Mo-
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HKET «H3yyaTb» €ro, T. €, 6030elCT808aTb6 HQA HE20 B 3aBHCHMOCTH
OT HCNOJNB3yeMOro «(uJbTpa» Ha TPeX OCHOBHBIX pPa3JHYHBLIX
HepapXH4yecKHX YpoBHsx: (1) Ha ypOBHe B3auMOJeHCTBHSA 3JeMeH-
TapHBIX uacTHL ((pyHIaMeHTaJbHBIH YpOBeHb, OGLIHE AJAS BCex
cdusnueckux cucreM), (2) Ha aTOMHOM ypoBHe u (3) Ha MOJeKy-
JSIPHOM YpOBHE.

Kak MBl rtemepp 3HaeM, THII B3aHMOJeHCTBHA, XapaKTepHHIH
JJsi ypoBHs l,—3T0 CHJbHOe slepHOe B3auMojelictBHe Fj, ajs
VPOBHS 2 XapaKTepHO 3JeKTPOMATHUTHOE B3aHMOAeHCTBHE M JJIs
ypoBHs1 3 — B3auMojelicteue JIoHaoHAa — BaH-nep-Baanbsca. Hspe-
CTHA TaKKe W HepapxHsd OTHOCHTEJNbHOH MHTEHCHBHOCTH 3THX B3aH-
MOOeHACTBHH, a HMeHHO: F9 ~ 10—°F), .

—2 —7 —5 Moneky —
FQ/F3 ~ R /R » HJIH F3 ~ FQ(R D)v J'IFIC;)Hin;I FalTS
rie R — paccrosiHue MeXJy B3aHMO- yposes
NeACTBYIOUIMMH aToMaMu. Xapakrep-
HHe BpeMeHa peJjakcauud 1; o6paTHO Arowssi | Fy T
IIPOTIOPLLUOHAJBHEL  HHTEHCHBHOCTAM yposers
B3aUMOJEHCTBUH, [O3TOMY JIHHAMHUE- y

. poBekL

CKHe IIpomeccel Ha ypoBHe | nspore S
KaT B cpeiHeM npumepHo B 10° pas uacTuy
6rICTpee, UeM AHHaMHUECKHE IpoLec-
Cbl Ha YpOBHe 2, a Ha ypOBHe 2 — Ha Fi2Fy >k, T4 10Ty
HECKOJIbKO MOPAAKOB OHICTpEE, UueM Ha
ypoBHe 3. Puc. 2.25. TpH HepapxXHueCKHX

Kaxk Hu3BeCTHO H3 CHIEKTPOCKOINHH, YPOBHS IPOCTOr0 MaKpOCKOMHUe-
3TO O3HAYaeT, YTO 34 OJHH NOJHBIH CKOTO Tend.
«UHUKJ» Ha ypOBHe 2 ycIeBawT COBep-
wHTbCA ~ 10° «uuKJIOB» Ha ypoBHe | U ~ 10-1° — 10~* «IHKJIOB»
Ha ypoBHe 3. Takum obpasom, Aas TOro 4To6H HCCAeJ0BaTh MaTe-
pHIO Ha aTOMHOM YpOBHe, HEOOGXOAMMO 3HATh, KaK BeleT cebs MarTe-
pHs Ha YPOBHE HYKJOHHBIX B3aUMOAEHCTBHA U HAa MAaKPOCKONIHUECKOM
YPOBHe, TaK Kak, 3aHHMafCb DPacCMOTpPEHHEM Ha YpOBHe 2, yA0GHO
NpUHATh NPOHCXOAALLCe HHXKe, Ha YpOBHe 1, B KauecTBe BHENIHHX
TPaHUYHBEIX YCJOBHH, a TO, UTO NPOHUCXOJHT BHIIE HAa YPOBHE 3, CuH-
TaThb NOCTOSIHHBIM. B jajpHefillleM MBI YBHAHMM, YTO HMEHHO 3TO
BaxKHOE CBOUCTBO pasnonmumocTu B 60J€e CJIOKHBIX CJaydasx [o-
OyxJaeT HAac HCKAaThb WM YCTAHAB/JIMUBATH HEPAPXHMIO B CHCTEMAX,
TE€M CAMBIM NIpHAABAs UM OOJBIIYI0 aBTOHOMHOCTE H YCTOHYHBOCT.

Tenmepe Hacra/o BpeMsi BBECTH HEKOTOPHe yIOGHBIE MAKPONA-
pamerpst, NO3BoJsONHe 3(DGEKTHBHO XapaKTepH30BaTh KOJJIEKTHB-
HOoe NMOBEJEHHE CHCTEM Ha (eHOMEeHOJOUHMUecKHX YpOBHsAX. Her we-
OGXO/MMOCTH TOBODHTb, YTO CaMblM H3BECTHBIM H3 TaKMX Napa-
METPOB ABJIACTCS 3HTpONHA. Jlpyrie mapaMerpsl MeHee H3BECTHHI,
HO, BO3MOXHO, Jyullle OTpaxalT CYLIeCTBO jeJa, KOTAd MBl Hbl-
TaeMcsl OXapaKTepPH30BaTh INOBEJCHHE CHCTEM BJaJd OT paBHOBe-
CHs, HaIpHMeD CAONCHOCTb, W GYLyT IMpHBEAEHB MO3XKeE.
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2.3.2. UHdopmannonnad sHTpPonud, GuU3HYecKas IHTPONUS,
TePMOANHAMHUYECKAS IHTPON NS

MHOTOJIeTHHR ONBIT NpeNnojaBaHUd TEOpHH CBSA3H, CTATHCTHUe-
CKOH (H3MKH 4 TEPMOAHHAMHKH YOeAHJ MeHs B TOM, UTO INOHSTHE
SHTpoOnuu Jyulle BCEro BBOAHTb uYepe3 MOHATHE HHpopmayuu.
(TpaZMIHOHHBIA NOAXOA HAUYHHAeT C ONpeAeJEeHHs SHTPONHH Kak
Mepbl cTeleHH OeclopsiKa, CB3aHHOTO ¢ 3HEprHed, nocje 4Yero
cjaeqyeT HECKOJBbKO O3ajaudBalplliee YTBepXAeHHe O TOM, 4TO
SHepTHs [OJXKHA4 BCerAa «Teub» B TAKOM HaNpaBJeEHHH, 4TOGHL
SHTPOIHS BO3pacTasa.)

Urto Takoe HHPpopMaius? He crpeMsicb K CKOJbKO-HHGYAb
«CTpOTOMY» ONpefes]eHHI0, YCJOBHMcs MOKa BK/IaAbBATb B 3TOT
TEPMHH TOT CMHICJ, B KOTOPOM OH HCNOJIb3YeTCs B NOBCEAHEBHOH
JKH3HHM, U IONBITaeMcsg HafTH KpPHUTEpPHH, NO3BOJSAIIINE OTJIHYATb
yTBepXKAeHHs, Hecyuine B cebe MHOro HH(QOpMalHH, OT MAaJOHH-
dopMaTHBHHIX yTBepxkaenni. CpaBuuM, HanphUMep, ABa yTBepXie-
HUS WJIH COOOLIEHHS:

M;=1IIpodeccop X BomeJ B ayILHTOpHIO,
M, =TIpodeccop X, BOAAHA B ayAuTOPHIO, 3aCTPeaUN CTYNEHTA.

Beskuii coriacurcs, uTo yTBepxkKAeHHe M; TpHBHAJbHO 1 HC-
THHHOCTb €r0 HHKOIO He Tporaer (KpoMme, OHTh MOXKET, CTYAEHTOB,
OXHAAIINX NOsBJeHHsl npodeccopa), B TO BpeMa Kak CooOleHHe
M, BLI30BeT MeXAYHAPOAHLIE a)KHOTax (OHO OyjAeT MepefaHo Io
pajno, TeJeBHAEHHIO, OyAeT IIMPOKO OOcyXaaTbcd B Impecce
H T. A.); cJAedoBaTe/]bHO, M, Hecer B cebe MHoro HHpopmalun,
oco6eHHO ecau mnpodeccop X NOJIb3yeTcs IMHPOKOH H3BECTHOCTLIO.

Ho kakas HMEHHO «COCTaBjfOLias» OOYCJHOBJIHBAeT pasiluHe
B uH(opMaTHBHOCTH coobuienuii? TpyaHo ymepxarbcs OT HCKylde-
HUS ¥ He AATh TOT OTBET, KOTOPHH Cpasy MPUXOAUT B TOJOBY: CO-
obuenne M, Goaee uHPOpMATHBHO, yeM coobuienne M;, nmotomy,
4To cOGHITHE, O KOTOPOM TrOBOpUTCS B M, MNPOHCXOAHT (Kax MBI
HajleeMcsi) upe3BbIUAaHHO pEAKO, TOria KaK cOOBITHE, O KOTOPOM
roBopuTcsl B M;, clyuaercs MOUTH KaXKAblH /eHb.

OpHako nojgo6Has rumoresa HeBepHa. BosbMeMm caenywouiee
coobenue: «3aptpa 20 okTsa6psa». CobLiTHE, O KOTOPOM TOBOPHTCH
B HeM, IPOHCXOAHT peako (pas B rody). HMiu BosbMeM paxe Takoe
coobuiene: «3apTpa 20 OkTa6ps 1982 r.». DTo cooluleHue yHH-
KaJbLbHO, TaK KaK B HEM TOBODHTCA O COOBITHH, KOTOpOE HHKOrAA He
NPOMCXOANJO B MNPOLLIOM ¥ HHKOTAa HE MNPOM30MAET B OyAyLIeM.
TeMm He McHee HHKTO HE H3BJEKaeT W3 TAKOrO COOOILICHHSI HHKaKOH
undopmanun. [Touemy? Ida mnpocto NmOTOMY, 4TO 3TO coobuieHue,
XOTS OHO M €IMHCTBEHHOEe B CBOEM pOJe, BIOJHE MNPEACKasyemo
(BO3MOXKHO, Ha OCHOBe HCKJIOUHTENbHOH DPeryJ/sipHOCTH HBIOTOHOB-
CKOH MeXaHHKH Ha KOpPOTKHX BpeMeHHBIX MaciuTabax) npakTHye-
CKU C JOCTOBEpHOCTBIO.



Heaunefinas auHaMuKka M cTaTHCTHYeCKas dusuKa 63

Hrax, Mbl IpHXOAHM K BEIBOLY O TOM, UTO KJIOUEBHIM [OHSTHEM,
NO3BOJIAKIINM OTJHYATh MajJoHH(POPMATHBHBIE COOGIIEHHS OT CO-
o6leHHHA ¢ 60/bIIHM HHGODMALHOHHBIM COLEpIKAHUEM, SBJIACTCS
He pedkocTe COOBITHS, a er0 HeoMUOAHHOCTs., ITO 03HAydeT, YTO
COOOIIEeHHST O COOBITHAX, HMEIOIIUX MaJylo alpHOPHYIO BeposT-
HOCTb, HeCyT MHOTO HHGOpPMaNHK B Tex CJayuasix, KOTja Takue Co-
O6biTHa mporcxoAAT. CiefoBaTeslbHO, Mbl MOXEM 3allHcaThb Clelyio-

lee COOTHOUICHHE MeXAY HHpopManHell /| H BEpOSITHOCTbIO COGHI-
tus P(M):

1=¢(3ﬁﬁ), (2.3.8)

rie f—noka HeusBecTHass ¢YHKIHA. UTOOB NMpOLOJKHTL Haul fe-
TeKTHBHBIH NOHMCK GYHKUMH [, HaJoxXUM Ha [ TOJbBKO OZHO (oue-
BHAHOE) OTrpaHHYCHHE, a HMEeHHO MOoTpebyeM BHINOJHEHHUS aAlHTHB-
HOTO IpaBu/a: obllas HHPOpMamus, MOCTYIHBIIAS OT JIBYX HEKO-
TePEHTHBIX HCTOYHHKOB |, 2, 10J1XKHa GBHITh paBHA CyMMe OTAEIbHBIX
BK1aJ0B, T. e. [ = [, + 1, JelicTBYS B TOM XKe AyXe, MONBITAEMCS
npuAaTh GYHKIHH [ NpocTeHIIyI0 aHaJUTHUECKYI0 (DOPMY, a HMEHHO
nonoxum [, = 1/P(My); [, = 1/P(M.). Toraa

1 1 1
I'=Fonmy —Fony T PO

Ho 3T0 HeBO3MOXKHO, TaK KaK B CHJY CTATHCTHYECKOH He3aBHCH-
MOCTH MCTOYHUKOB | u 2 P (M), My)= P (M) P(M,). Caenosarenb-
Ho, ¢yHruusa 1/P He noaxoaut. HaM Heo6xoguMa crenuajdbHas
QyHKUHA f, ob6Jafaouias CBOACTBOM

(Fomm) =1 (omr 7omr) =1 (777) + 1 (7w7)-
(2.3.9)

Tako#t ¢ynxuueh asasercs morapudM (HHKe UPH BHIBOJE BHpa-
KeHust 1151 QH3HYECKOH IHTPONHH CHCTEMBI Mbl TOKaMKeM, YTO JO-
rapu@M — elHCTBeHHast Takas (yHkuus). Ciael0BaTeabHO,

[ = log%,
HJIH
[ = —log P; (2.3.10)

BeJlHuMHa | Bcerjga HeoTpHuareabHa, Tak xak 0<C P <C 1. Bui6u-
past B KauecTBe QyHKuHH [ jJorapudM C OCHOBaHHEM 2, Mbl OIHO-
BPEMEHHO DHKCHpYyeM eJMHUIY HHbOpMAIHH — OHT.

Onun OGHT — 3TO KOJMYECTBO HHPOPMAIMH, HeOGXOMHMOH A/5
pas/iHYeHHs] ABYX DaBHOBepOATHBIX aJbTepHaTHB. Hampumep, HH-
¢dopmanus, H3BIEKaeMas H3 HCXOAa GPOCAHHS CHMMETDHUUYHOH MO-
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HeTH («Opes WJH pelllKa»), paBHa
=log,2 =1 6ur.

[Ipeanosoxum panee, YTO HMeeTCsT HEKOTOpasi CHCTEMa, Bedy-
miasi cebs, ¢ TOUKH 3peHHsl HabJiofaTells, KaK HCTOUHHK HHOOD-
MallMH ¢ penepTyapoM H3 A BO3MOXHBIX OUCKDETHbLX CTallHOHap-
HHIX COCTOSIHHH.

EZMHCTBEHHO, 4TO HM3BeCTHO HaGJIOfAaTeNl0 O CHCTEMe IOMHMO
ydcaa A BO3MOXKHBIX CTallHOHApHHX COCTOSIHHH, — 3T0 Ha6op
allpuOpHBIX BepOHTHOCTef/'I Pl, P2, ey PA’ C KOTOpBIMU CHCTEMa
(mon BO3ZeficTBHEM HauasJbHBIX M T'DAHHYHBIX YCJOBHH) MOXET Ie-
pedTH B KaXJ0e U3 3THX COCTOSIHHA.

BosHHKaeT BONpOC: KaKoBa HeONpeJeNeHHOCTh TNpeAcKasaHuil
Ha6awojgareas (M, c1el0BaTeJbHO, KakoBa HHQoOpMauus, moJjyuae-
Mas mocje HaO/IOfeHHA) OTHOCHUTEJBHO TOrO, B KAaKOM COCTOSTHHH
CHCTE€Ma HaxoAuTCs B JaHHBIH MoMeHT? OTBeT H3BeCTeH H paBeH
cpeiHeMy 3HaueHHI0 @yHKuuu log 1/P; Takum o6paszom,

A
(1): — Z P;log, P; 6ur. (2.3.11)
i=1

Sta BeJIMUHHA HA3HIBAaeTCs UHGPOPMAYUOHHOL SHTPONHEH CHCTEMHI.

Crenylomuit BONpPOC: MHPH KAaKHX YCJIOBHAX HHGOPMAIHOHHAS

SHTPONHS CHCTEMBl JOCTHTaeT Makcumymar Tpe6yercs HalTH Mak-
A

CHMyM BblpaxeHus (2.3.11) mnpu orpamuuennn ), P;=1. Ilycts
i=]
o — HeollpeJesIeHHHA MHOXHTeJb Jlarpanxa. MaKcHMH3HpyeM

A
F=— ) (P;log, P; — aP)) (2.3.12)
=1
0 KaxAoMy P; 3anulleM yCJIOBHE 3KCTpeMyMa:
O = —(logyP; + 1 — o) =0; (2.3.13)
i
cJefoBaTeNbHo, loga P = o — 1 npu Bcex i. TO 03HAYAET, UTO BCE
P; paBHb. M3 ycnoBHs HOPMHDOBKH NoOJydYaeM, uto P; = 1/A.

MaKcHMyM 3HTPONHH JOCTHTA€TCs, KOTJa BCe COCTOSIHHS (ampuHOpH)
pPaBHOBePOATHH, H €€ MAaKCHMAaJIbHOE 3HAUEeHHE PABHO

A
S=Sume=— (%log%)=log2A, (2.3.14)

i=1

T. €. IIPOCTO JIOTapH(My uHcIa COCTOSHHH.

ITepeiineM Tenepp K ¢pusuuecxod SHTPONHMH cucTeMbl. Ilpeamno-
JIOXKHM, UTO HMeEeTcsl cucreMa (Hampumep, ¢bH3uuecKoe TeJI0), CO-
crosiilass H3 N B3auMOJEHCTBYIOIIUX KOMIIOHEHT, KOTOpbIE TIpH-
HaJJIeKaT K A pa3MUHBIX KAaTEerOpHH, pasjieieHHHX [0 KaKOMy-
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HUOYAb KJI4aCCHPHKALHOHHOMY KDHTepHIO (HallpHMep, B COOTBET-
CTBHH C JHCKDETHHIM pacnpefesneHueM ckopocrei). [lycte N; — Ha-
A

CeJEHHOCTDb {-r0 Kjaacca, i {1, ..., A}, > N, =N.
i=1

YHCI0 MAaKpOCKOMUYeCKHX OOpa30BaHHH, HJIH KOMMAEKCO8, OT-
BETCTBEHHBIX 32 OAHO M TO e MaKpOCOCTOSHHE CHCTEMBI, KaK M3-
BECTHO, PABHO

W N

=i
T~

i=1

(2.3.15)

Ecan Bce KOMIIEKChl pAaBHOBEPOATHEI, TO BEPOATHOCTb BHIGpAaTh
OAHH U3 KOMILJIEKCOB, OTBETCTBEHHBLIX 33 JaHHOEe MaKpOCOCTOSHHE,
paBHa P = W~-.

BoaHHKaeT BOIpOC: KakOBa HEONPCAENEHHOCTb (H HHpoOpMaIus,
KOTOPYI0O HeOOGXOJHMO H3BJEYb) TOTO, KaKOH U3 KOMIJEKCOB OT-
BETCTBEH 3a HalbJ/10JaeM0Oe MaKpOCOCTOsSHHe? FasfeJuM MBICJIeHHO
paccMaTpHBaeMylo CHCTeMy Ha JABe uacti — 1 u 2. Ilycts W,
1 Wjy-— UHCJIO KOMILICKCOB, OTBETCTBEHHBIX 34 COCTOSIHHe IepBOil
H BTOPOH NOJOBUHH CHCTEMBI; SICHO, 4TO W = W, Wo.

Crenenb He3HaHWs, WJH IHTPONUA S, C KOTOPOH MHKpPOCOCTOS-
HMe oOTBeuaeT 3a wHabJaofaeMoe Magpococtosinue, pasua S(Wi)
aasa nepBoit u S(Ws) ansa Bropoit uactu cucteMmbl. B cuay anau-
THBHOrO CBOHCTBa HHOMOpMauHu AJS BCeH CHCTEMBI ClIpaBelJHBO
COOTHOUIEHHE

S(W)=S(W,Wy) =S (W) -+ S(W,). (2.3.16)
Huddeperuupys obe yactu no Wy, noaydaem

aS oW dS(Wy)
oW oW, dw,

:0,
HJH
W,.S—S (W, =0. (2.3.17)

Hupdepenuupyst ypaBHenne (2.3.17) no Wi, npuxoaum K ypas-
HEHHIO

928  dw as
W, ow? dw, + oW =0,

AJH
W,W.S(W)+ S(W)=0,
UJH, HaKOHelIl,

WS(W)+ S(W)=0. (2.3.18)
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[lnank Halles pellleHHE 3TOrO ypaBHEHHS B BHJe
S=FkInW +¢, (2.3.19)
rie k—mnocrosiudas BonbumaHa, a ¢ — KOHcTaHTa, ompemensieMast

H3 HayaJIbHbIX YycloBHA. Taxkum o6pasoMm, ¢usnyeckass SHTPONMUS
CHCTEMBEl OIlpe/lenisieTcsl COOTHOIEHHeM

S=kInW (2.3.20)

(kakHM o6pasoM nocrosHHasi IliaHKa Bolia B pelleHHe ypaBHe-
Hus (2.3.18), o6psicHseTCS B KOHLE 3TOrO pasfesna).

Kakasi B3aUMOCBSI3b CYILIECTBYET MeXKALy UHPOPMALUOHHOL 3H-
TPONHUeH H pusuueckoil 3HTponUel CUCTEMBI, cocTosimell H3 N B3au-
MOJeHCTBYIOLHX KOMIIOHEHT, paclpeleNeHHbIX 10 A KaTeropHsM
C 3a/laHHOH HAaCeJeHHOCTbIO Kaxaoi Kareropuu? as ynpomenus
BBIYHCJIECHHI TOMOXKHM A = 2 W HayHeM C BBIPaXKEHHS AJA (PH3H-
uecKo# suTponuu (2.3.10), rae Tenepnb W = NI/N\INy! u N{-
+ N; = N. Ilpeanonoxum, urto Ny, Ny >> 1, u Bocnonbsyemcs dop-
Mynoi CTHpJHHra

Al ~ (-})”V%. (2.3.21)

Bssis sorapugm ot obenx wacreif 9T0ro (IpHGIHKEHHOTO) paBeH-
CTBA, MOJYYUM

In(al) = aln(n) — n+ - In(n)+c ~ nlin(n) — 1] mpu n> 1,

(2.3.22)
NO3ITOMY

lnNi!%Ni(lnNi_‘l) AJIsT N, Nl: N2.

J10 mo3BOAAET HaM mpeoGpasoBaTe BepameHue (2.3.20) mast usm-
Y4eCKOH 3HTPONHHU K BHUAY

EInW =+k(InN!— In Nl — In Nyl) ~
~k[N(aN—1)—N,(InN,—1) — Ny(In N, — 1)] =

N
=k(NInN—N,InN,—NyInN,)=~F ln—AAr/—N— =
N{'Ny?
N’IV‘NQIZ N W Nz)Nz
:——/e]rl(———NN‘NN2 ———-—k[ln(T) (T ]=
:r—k[NIln—A](—/‘—ﬁ—Nﬂn%]; (2.3.23)

€C/IM pasfieJuTh ofe yacTH paBeHCTBa Ha N, TO MBI NOAy4UM BH-
paxende AJas (DH3HUECKOH SHTPOIHH HA OMHY CTENEHbL CBOBOMIHL:

S N N N N
(S)y=5=—k (T’lﬂT'+'N—21“T2 . (2.3.24)



HenvueliHasi IMHAMUKAa H CTAaTHCTHYecKas (H3HKA 67

Ecau uncaa N, Ny, Ny BeJMKH, TO MOXKHO NIPHHSATh, uTO Ni/N ~ P,
No/N ~ Py, tne Py, P;— anpuopHbie BePOSITHOCTH HAHTH CHCTEMY
COOTBETCTBEHHO B KaTeropuu | ¥ B KaTeropuu 2 [cTpOro rosops,

P;= lim (N,/N), eciu 3toT npefes cyliecTsyer].
N>

IloacraBasasi nosyueHHbie BbipaxKeHus B (2.3.24), noayuaem

2
(Sy=—k ), P;InP, (2.3.25)
i=1

HJIH
2
(S)=—kIn2 Y. P,logy P, =F 102 (Sin). (2.3.26)
i=1

Mpb BUAMM, 4TO nepexo] OT (hH3HUECKOH 3HTPOIHH HA CTeNEHb
¢B060AB K HH(OPMALHOHHOH SHTPONHH CHCTEMHBI OCYIIECTB/SETCS
uyepe3 «mnepeBogHON koapdunuents» kIn 2. Ilocrosunas bBoapnMana
HMeeT yHcJ/eHHoe 3HaueHne k== 1,38.10-2 JIx/(K-6ur). Caenosa-
TeJbHO, 4YTOOBl OTAATh NpPeANOUTeHHe OJHOH H3 ABYX PaBHOBEPOAT-
HBIX aJ/JbTepHaTuB (T. €. MOJYUYHTh OAHH OUT HHPOPMAUHM), HAM
HeOBX0AUMO 3aTpaTuTh Mo Kpalineir Mepe 1,38.Im2.10-2 [dx/K.
Ha mnepsweiit B3rasy undopMalus KakeTcs AelleBoil, HO B OBICTPO-
JCHCTBYIOIIMX KOMIIBIOTEPAX MBI yxKe MPHOJIH3WIHCL K TaK Ha3bl-
BaeMOMY TENJOBOMY TNpedesay, KOTOPHIH XECTKO OrpaHHYHBaeT BO3-
MOXKHOCTH BBIYHCJIHTEbHBEIX YCTPOICTB [2.7].

Tenepp MBI MOXeM BHIICHHTb YCJOBHS, NIPI KOTOPBIX 3HTPOMNHSA
CHCTEMBI HeO6paTHMO BO3pacCTaeT CcO BpeMeHeM, HJM HCCAeJ0BaTh
NPeANOCHIIKH TOrO, YTO BO3MYLLEHHAsl cHCTeMma, 6yAyYH NpeaocTaB-
JenHoHl cama cebe, ¢ BEpPOATHOCTBIO eJHHUIA MepPeXOJUT B COCTOS-
HHe ¢ MaxkCHMaJ/bHbIM 06ecrnopsajgkoM HJIU HAeaJbHOH CHMMeTpHeil.
Kpome Toro, Kak Mbl YBHAHM B JaJjbHeHIIeM, 3TO COCTOSIHHE, B KO-
TOPOM BCE€ MapHble KPOCC-KOPPEJIAHH CKOpocTefl BeAyT cebs, Kak
nenbTa-QpyHKIUH, YCTOHUHBO.

3anuuieM /s 3HTPOIHHU ofliee Bblpa:Kenue

A
S=— P, lnP, (2.3.27)
i=1

rie P; = lim (N,;/N). Takum obpa3om, npu Goabmiux N cnpaben-
N> oo

JIUBO 3KBUBAJICHTHOC BhIpaxKeHue

-

A
Int=—) ZL(nN,—InN)=

i=1 i=1

A A
N; N;InN; 1
=) N — ) S =T(N1nN—ZN,.1nNi). (2.3.28)
i i=1
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JudhepeHuupys 1m0 BpeMEHH H paccMaTpHBad 3aMKHYTYIO CH-
cTeMy, T4k 4TO MNOJHOe uHcao N «JacTUm», UNH KOMIIOHEHT CH-
CTEMBI, NIOCTOSIHHO, IN10JYyudeM

A
S ON; aNL _ 1L oN;
L= Z( NN+ Z5) = — 5 o InN, (2.3.29)
i=1 [=
TdK KadK
> N N
Z—a-t—l_ ——=0. (2.3.30)

Paccmorpum Ternepwb usien ON;/0f. OH OnHCHIBACT CKOPOCTb H3-
MEHEHHs 4yHcsaa yacTHIl N; KOMIOHeHTH i, [ (1, ..., A), y6uBaer
W3-34 YACTHI, NMEpPeXOsliAX H3 [-I0 OTCEKa B JpYrve OTCEKH, H BO3-
pactaer H3-3a INOTOKA YaCTHI, MepeXOAfIIHX H3 BCEX OCTAJbHBIX
OTCEKOB B [-H OTCeK.

ITycts U;j — BEpOATHOCTH INepexoAa OAHOH YacTHUBl H3 ({-ro OT-
ceka B j-H oTcek 3a eauHHMuHOe BpeMs, a U; — BepoATHOCTDL Iepe-
X0fla u3 j-F0 OTceKa B i-ifl OTCeK 3a eJAHHHUYHOe BpeMs. Torja uuciao

o

IL’:lCTHU,, MMOKHJAIOIINX [-H OTCEeK 3a eIHHHYHOE BpeM4, P4BHO

Z U”N“ a YHCJO YacCTHIl, IIPpUXOAAUIHX B i-i OTCEK 3a eJHHHYHOE
j=1

BpeMsl, PaBHO Z U;;N;. Takum o6pasom,
i=1

ON; S S
= ]Z_]l Ui+ ,-; UjiN;. (2.3.31)

IMpuisTie B KauyecTBE HAYaJbHOTO YCJAOBHA MOACKYAAPHOZO
Xaoca, a WMEHHO [OJHOTO OTCYTCTBUsSI KOppeasuu# U Mexay noJso-
JKEHHSIMH U CKOPOCTAMH OTAeAbHBIX YacTHI, NepexoAsIuX H3 OTCeKa

B OTCEK, CBOJANTCS K TpuHATHIO paBencrBa U;; = Uj;. B stoMm cay-
uae

A

= ZIU”- (N;—Ny). (2.3.32)
=

[Mogcrasasia 370 BhipaxkeHHe BMecto ON;/0f B (2.3.29), noayuaem
S 1w <

—a’t‘zﬁ,.; ,-;, Uy (N;—N)InN,. (2.3.33)

1 OrcyTerBHe  KOppedsuuii OCBUHO INPHOHCHIBAIOT KAackajgy COyZAapeHHH
MEXAY OTAEJNbHEIMH YacTHIAMH, NMPUBOAAMEMY K 3a0RBaHHIO JIOO0r0 HAaYaJdbHOTrO
YCJIOBHS.



Heauneiinas AuHAMHKA H CTaTHCTHYecKas $U3HKa 69

TlepecTanoBKa MHAEKCOB { H j B CHJY NPHHATHX XaOTHYECKHX YCJO-
BHH OUEBHAHBIM 00pa3OM He CKa3blBaeTCs Ha JIEBOH YacTH ypaBHe-
Hus (2.3.33) ¥ M03BOJSET HAM 3aMHCaTh YpaBHEHHE

A A
a8 1 o
o TN & ].;lUii(Ni_Ni) InN;=
< A/X
=72 Uy (Ng— N In N (2.3.34)

i=1 j

Hakonew, cknanpiBasi ypasHenusi (2.3.33), (2.3.34), noayuaem
38 _ LSS (N — N)(nN;— InN)=0. (2.3.35)
at T AN & /T i i i

PaBeHcTBO BHIOMMsiETCS B Tex ciayuasx, koraa N;=N; npu Bcex i
H j, T. €. B COCTOSIHHH aGCO/IIOTHOH OJHOPOLHOCTH, H/JH B COCTOSTHHH

S N=eoo ]
1 t N KOHeuHO
______ e -
Spaxc
i
—t — 1
a 6

Puc. 2.26. ¢ — npy HeOrpaHHUEHIOM YBEJHYCHHH 4YHCJA B3aHMOIefICTBYIOWIHX 4ac-

THL, 31HTPOIHS HIEAJbHOrO rasa Kak CHCTEMbBl MOHOTOHHO BO3PAaCTaeT; 6 — npu

60JDbIIOM, HO KOHEUHOM UHCJe B3auMOAeHCTBYIOUIMX <«TBepPAbX chep» 3HTPONHA

BospacTaeT uepe3 ¢uykryauud. Koap CKOPO COCTOsiHHEe TePMOJAHHAMHYECKOTO DaB-

HOBeCHS JOCTHTHYT4, (QJIYKTyalluH Kak B OJHY, TaK H B JIPYTYIO CTOPOHY OT HeEro

PaBHOBEPOSITHBL H3-33 HJICAaJbHOH CHMMETDPHH B COCTOSHHH TePMOIAHNAMHYECKOTro
paBHOBeCHS.

HAeanbHOH CHMMETPHH, KOTOPOE SIBJSETCH COCTOSIHHEM <TepMOAH-
HAMHYECKOT0» PABHOBECHII.

Ipu N;— oo dynxuust S = f({) MOHOTOHHO, T. €. HeOGpaTHMO,
CTPEMHTCS K MaKCHMaJbHOMY PaBHOBECHOMY 3HAYCHUIO H, JOCTHI-
HYB ero, ocTaercsi jAajee HeuaMeHHO# (puc. 2.2.26,a). Ilpn KoHeu-
HBIX, XOTS ¥ 60Jbmux N;, a UMeHHO TaKoH cayuaf siBJsercs peaJu-
CTHUECKHM, XOj 3HTPONHH cO BpeMeHeM NokasaH Ha puc. 2.2.26,0.

[To KOCTHIKEHHH COCTOSIHHS paBHOBCCHSI (ayKTyauuu B obe cTo-
POHBI (aNpHOPHO) PABHOBEPOSTHHL. DTH (GAYKTyalUH# 00yC/HOBJCHBI
TeM, 4TO NpH KOHeUHBIX N; (HJIH A/ CHCTeM, 3aMKHY THIX B KOHEUHBIX
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ofbeMax) OTKAOHEHMS OT CpeIHHX 3HaueHW# N; BecbMa 3HaAUH-

TeJbHE. B Tex cayuasx, Korga (JUyKTyalHH BOKPYI CpelHHX 3Ha-
o 2

wennit N; (kotopme MHOTO Gosbmie 1) mmeior aucnepcnio (AN7),

cpaBHumylo ¢ N; (cayuan ¢(as3oBBEIX IIepexofoB), BEIBEAEHHOe CO-
oTHollieAne dS/dt =0 wuyxiaa-

£{x) eTcsl B IIePeCMOTpe.
f{x) [Ipexxne ueM TepeXOAWTb K
1 BLIYHC/JIEHHI0O  TepMOJHHaMHUYe-

CKOH 3HTPONUMH M HCCAELOBAHHIO

ee CBSI3W ¢ HH(POPMANHUOHHOH H

(H3HuecKOR 3HTPONHUSMH, BHISAC-

HHM, KaK MOXHO BBIpA3HTb 3H-

a Ax. b TPOIIHIO HenpepsigHozo, a He Ju-

' X CKpeTHOIo pacrnpejesneHuss anpu-

Puc. 2.27. Beamunmsi, mcmombayempie OPHBIX BeposiTHocTel (puc. 2.27).

NPH BHYHCJCHHH SHTPONMH Hempephis- TOGHI BLIBECTH BhIpaxKeHHe HJIs

HOTO  paclpenesenHs. SHTPOIIMH B cjlyuae, KOraa (yHK-

Iusi  IJOTHOCTH  BepOSTHOCTH

[(x) HenpepbiBHa, 3anmiieMm P;==f;(x;)Ax; U TOACTABHM IpaBYIo
yactbh BMecto P; B Hamy dopMmyay mast suTpomuu (2.3.11):

A
S=— 3 [1x) Axi floga ] (x) A =

A uHrepsanos

A A
== 2 1) logef (x) Ax, — I f (x) Ax; loga Ax,.  (2.3.36)
Ilepexons rtemepsp K mpeaeay npu Ax; —>0 u A — oo, moayuyaem

s=tim [~ 3 o tog (e an ] +
A—> oo i=1

Ax; >0

4+ lim {{—— 2“; f (xi)Axi] log, Axi},

A—> oo
Axi—>0
HJIH
S=—Sf(x) log, f (x)dx + lim (— logyAx,),  (2.3.37)
Axi—>0
TaK Kak
A .
lim [Zf(xi)Axi]:Sf(x)dle. (2.3.38)
Ambin

B coornomennn (2.3.37) BTOpO# useH B MpaBoi YAaCTH CTPEMHTCS
K OecKOHeuyHOCTH IIpU Ax;— 0, ¥ MBI 3aKJaI0UaeM, 4TO SHTPOMHUS He-
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fIpepLIBHOTO pacnpefenenust GeckoHeuHo OGoJbpuias. B Haulem 3a-
KJIOUEHHH HeT HHYEro mapaaokcaJsbHOro, 6oJiee TOTO, €ro ¢JIeL0Bal/lo
TIpelBHJETL 3apaHee.

BcnoMHUM, YTO ¢ TOYKH 3peHHs] TeOPHH HHGOPMALHH SHTPOINHSA
CHCTEMBI €CTh HE UTO HHOE, KaK YHCJO BONPOCOB, Ha KOTOpHE Heol-
XOJHMO OTBETHTH «JIa» HJH «HeT» [JIsi TOro, 4TOOHl MOJHOCTBIO OIl-
peleJIUTh COCTOSIHHe cHCTeMbl. B cucreMe ¢ OeCKOHeUHHIM HHCAOM
COCTOSIHUE OAHO3HAUYHOE 3aJaHHe OLHOrO0 M3 HUX OUeBHJHHIM 00pa-
30M Tpebyer GeCKOHEUHOTO YHCJAa BOIDPOCOB, H B CBOI ouepelb
6ecKoHeuHasl CepHsl OTBETOB «/Ja» HJHM «HEeT» MOpPokKAaecT OecKoHeu-
Hoe uyucyao 6utoB. OAnako, BEOUpasi B NIPHUBEJEHHOM BHILIe BHpA-
JKEHHMH <IIard KBaHTOBaHHs» Ax; = 1, MBl NPHUXOJHUM K KOHEUHOMY
qUCJay OUTOB.

B sToM MecTe MHe TPYIHO yAepxKaTbCs OT HCKYLIEHHs NPHBECTH
CAeAYIOIIKE NpUMEpP, XOTA 5 PHCKYIO IPH 3TOM 3abexkaTb AaJeko
BIlepejl H IPeX/JeBPEMEHHO NO3HAKOMHTbL UHTATeNsl C MaTepHaJsioM,
110 CYIECTBY OTHOCSIIHMCS K IJ. 6.

PaccMoTpuM BHYTpH eaHHHYHOro HHTepBaja [0, 1] oueHb mpo-
ctoe  (KYCOUHO-JHHEHHOEe) PEKyPpPEHTHOE COOTHOLIeHHE X4 ==
= 2X,(mod 1). Hausem wuTepauHio ¢ MNPOHU3BOJBHOIO HAYaJbHOTO
3HaveHus: Xy, 3alHCAHHOrO B JABOHYHOI CHCTeMe, Hanpumep ¢ Xo ==
=0,110101111010101 ... . Kaxpmasa wuTepaunusi CABHraeT 3aNATYIO
Ha oaun 3Hak Bnpapo. Yepea E wurepanuift X, nepefiger B YHCIO
X = 25X,.

Havanbnoe 3naveHue X, HUKOTJa He MOKeT OBITb H3BECTHO TOH-
HO — flaxe TeopeThuecku. Ilouemy? Jla noromy, uTo AJsi TOUHOTO
safanus X, HaM noHaAoOuAOCH 6B GECKOHEYHO MHOIO pas 3aaaTh
BOIIPOCHl (M OECKOHEYHO MHOTO pa3 IMOJYUYHTh OTBETH «Ja» HJH
«HET» ), T. €. BHIIOJHUTb GeCKOHEeYHO MHOrO M3MepeHHI. Ho, kak MHbl
TOJBKO 4TO J0Ka34/H, 3HTPOMHKsI HelPepbIBHOTO pacnpejesaeHus fec-
xKorneuna. Ecyn yuecTb, 4TO MpOBE/JEHHE KaxKJIOro H3MEpeHHs Tpe-
GyeT KOHEYHOro BpeMeHH (COH3MEPHMOrO C BpEeMeHeM peJaKcCalliH
IIPHEMHHKA, COCTOSIIEro H3 YacTHL ), TO 3HaHHe Jo6oro uncaa Xo
¢ 0eCKOHeuHO# TOUYHOCTHI0 NMOTPeboBaso Obl GECKOHEYHO OOJBIIOTO
BpeMeHH.

I3 npuBefeHHOR BBINIE DEKYPPEHTHOH (OPMYJH MBH IOJy4YaeM
(AXg) =25(AX,). DTo 03HAyaeT, YTO HAYaJbHAS HEONPeAeJECHHOCTD
AX, (cKoJb YrojiHo Majas, HO OTJHUYHAS OT HyJA) C yBeJHUeHHEM
yHesaa UTepaluil pacTeT axcnoneryuasbro. Ecan Xo H3BeCTHO C TOU-
HocTbio, HanpuMep ~ 102!, to dYepes 100 uTepauufi HavaJbHOE
ycaoBHe Xo OKa3bIBAETCSI MOJHOCTbIO 3a6BITHIM, H B JaJibHelIeM pe-
KYPPEHTHBIH anroputM QyHKHHOHHPYET KaK «reHepaTop NCeBAOCTY-
YaHHBIX YHCEJ», MOPOK/AasA SKCIOHCHIHAJbHO PaCcXOAALIYIOCH ocae-
JOBATEJBbHOCTh 3HAKOB, XOTs COOTHOLIEHHE, JeXKalllee B OCHOBE Ta-
KOH IOoC/Aed0BaTeNbHOCTH, BIOJHE JeTepMHHHCTHYHO. B 3ToM, Kak
B KalJje BOIBI, CyTh «Xaoca»: ero CYIecTBOBaHHe 0OYCJAOBJIEHO CO-
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YETAaHHEM KOHEYHOH TOYHOCTH JOGOTO HAYaJbHOTO YCJOBHS H
SKCIIOHCHUHANLHBIM paCcIpoCTpaHeHHeM 3TOH (Heu3(eKHOH) Hayab-
HOM ouru6ku. Ha 3Tom ™Mbl 3aBepuiuM cBoii «3KCKYpC».

Brisichum Teneps, npu Kakoi GyHKuHH f(x) H3 wucaa DYHKILHIT,
HMEWINHX 3aJaHHYl0 JAHUCIEPCHI, SHTPONUS S [OCTHraeT MAaKCH-
MyMma. 3anuiinem

S=— g f(x)In f (x) dx. (2.3.39)

MBI JOMKHBI MAaKCHMH3HPOBATH 3TO BHIPAXKCHHE OTHOCHTEJbHO npo-
H3BOJIbHLIX BapHauui f(x) B MOJABIHTErPabHOM BLIPAXKCHHH BeJH-
YHHEL

FHm == § f@mjmdc—a | feax—p | ofmar,

(2.3.40}

rie o, B— MHOXHTean JlarpaHka npH ABYX OTPaHHUCHHSX, a
HMEHHO

S [(x)dx=1, S x2f (x) dx = o2 (2.3.41)

Otciofia cieflyer, 4TO A/l MaKCHMyMa JOJKHO BHUIOJHATLCS pa-
BeHCTBO — 1 —Inf(x) —a —px? =0, uan [(x) = aeB*".
+ o0
Ecan MH Bocnosbsyemes cBsi3bio 3 fx)de=1, 1o
—00

—+ o0

o | e ar=a (%)”2: 1 (2.3.42)

—o0
B
=T

+ o0

a eCJH BOCIIOJIb30BATLCS CBA3BIO S X (x)dx =02, 10

— 00

OTKyZLa

+ o0
i 1/2 1
ol=a S x%e—Bx dx=%(%) =35 (2.3.43)

Taxum o6pasom, sHTponHs MakKcHMaJbHa, KOrjaa (. 1. B. HMeeT Buj
[ (x) = (2ne?)~"2exp (—x?/20?), (2.3.44)
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T. €. KOrjla OHa rayCCOBCKasdA; COOTBETCTBYIOIee MaKCHMAaJIbHOE 3Ha-
YEHHE 3HTPONUH paBHO

In (2r0?) x?

S=—{t@miwds=—{fa[—- G2 2]

1
202

= 5 In (2n0?) + S 2 (x) dx = 5 In (2me0?) = In (/2 o).

(2.3.45)

Hakonel, Mbl IepexoinM K H3YYEHHIO TePMOAHHAMHYECKOH 3H-
TponuH (Kak ee 6oJee cTOMeTHS Hasajy onperenua Kiaysuyc) u mo-
IOBITAEMCsI CBA3aTh ee ¢ (PU3UUYECKOH CTATUCTHUYECKOH SHTPONHEH, O
KOTOPOH ToBOpHJOCh BHIIe. JIyullie BCero HayaTh ¢ KaKOTO-HHOYIDL
XapaKTepHOTO MIpHMepa, TO eCTb BbIOpaTb KaKyH-HHOYAb KOHKpeET-
HYIO CHCTEMY — B HallleM cJlydyae HJeaJ bHEBIl Ta3 BO BHEIIHEM IIOJe
(2 HMEHHO, B TPAaBHTALHOHHOM [OJie, S9KPAHHPOBKA OT KOTOPOTO He-
BO3MOXKHa Aaxke Teoperduecku). Maeanbuwii (0AHOATOMHLIH) rasB
COCTOSIHUH  TEPMOAHHAMHYECKOTO PAaBHOBECHS  XapaKTepH3yeTcs
TOJIBKO OJHOH MakKponepeMeHHOI, a HMeHHO NOJHOH (cpeanefl) Ku-
HETHYECKOH 3HeprHell uau temnepatypoil T; 3TH ABe BeJHYUHBI CBS-
3aHBl MexXJay co6oii 4epe3 MePEXOAHBI MHOXKHUTENb — MOCTOAHHYIO
Bonbumana — caenyonum o6pasom:

kT =+ m, (2.3.46)

Tle m — Macca Kax/JIof MOJeKyJ/bl ra3a 92— AUcNepcHsi pacipeje-
JieHHus ckopocTeidl. B ¢opmyne (2.3.46), 1o cyiiectBy npeiacTaBJsio-
el cobofi onpeleneHue TeMnepatypbl, I BHIpaXKaeTcs B KeAbBU-
Hax, sHeprus — B 0xcoyasx. TIoTeHUHAAbHAS] SHEPTHS, T. €. YHEPTHS,
OTBETCTBEHHAS! 38 CTOJKHOBEHHSI MeXJy OTAeJNLHBIMH MOJEKYJaMH
rasa, XoTd OHa W OTJHYHA OT HYyJs, CUIHTAeTCs NpeHeBpexRuMo Ma-
JIOH 1O CPaBHEHHIO ¢ KHHETH4YecKofi sHeprueil. TpH MaKpomepeMeH-
Hble — 00beM V, naBieHHe p u TeMmuepaTypa | — CBsA3aHH ypaBHe-
HHUEM COCTOSTHHS

pV = NET, (2.3.47)

rae N —uncao MoJiekysa paccMaTpuBaeMoil cucrembl. Tak Kak rpa-
BHTALUHOHHbIE CHJB AeHCTBYIOT HA KaXKAYIO MOJIeKYyJdy rasa, JaBJe-
HHe Ta3a He OJAMHAKOBO BCIOAY, & H3MEHSeTCsl OT TOUKH K TOUYKe.
JJ1si IPOCTOTH MBI DPACCMOTPHM CJydaid, KOrja [oJeBhie CHJbl AeH-
CTBYIOT B 3aJlaHHOM HAIIpaBJeHHH, KOTOpPOe MHl BHIGepeM 3a 0OCh Z.
PaccmoTpum JABe egHHHUHBIC IVIOUWIAAKH, NMEePHEHAHKYJSAPHbBIE OCH 2
1 OTCTOsIHE APYT OT Apyra Ha paccrosiHue dz. Ecaum naBneHue
rasa Ha JABe IIOLaAKH PaBHO p H p + dp, TO pasHoCTh AaBJeHHH
dp ponkHa OBITb paBHA DABHOAEHCTBYIONlEH CHJ, NPHIOKEHHHIX K
yacTULAM ras3a, 3aKJOYeHHBIM B HapaJdJjejendnene ¢ eJuHHUHBIM
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OCHOBaHHeM H BhLICOTOH dz. Ecnn F— cuja, NpuioxKeHHast K OXHOIT
MoOJIeKyJle, n— YHCJO MOJIEKYJ B elduHHLle o6beMa, To dp = nFdz.
Cuna F, pefictBylomasi Ha OAHY MOJIEKYJy, CBSI3aHa € NOTeHLHAJb-
HOH sHeprueli #(z) MOJMeKyabl cooTHowleHueM F = —du/dz, no-
3TOMY

dp=—ndz3 = _nau. (2.3.48)
M3 ypaBuenus cocrosiuusa (2.3.47), nonaras N/V =n, nonyuaem

p = nkT. Mpl 6yleM npeanoJarath, 4To ra3 HaxOAHTCH B PaBHOBe-
cHH (CM. TIPHMep HHIKe), NMO3TOMY Temmepatypa [ Besde oiaHa H

Ta xe. Toraa dp = kTdn = —ndu, oTkyaa
dn du

n=nyexp (— u/kT),

rje no— NOCTOSHHAs (IJIOTHOCThb ra3a MpH HYJAeBOM IOTeHLHaJje).

Cootnomenne (2.3.49), cBAsbiBaollee BADHALMH IJIOTHOCTH rasa

C NOTEHUHAJbHOH 3HeprHefl MOJIeKyJs rasa, HasbiBaetcsl (oOpmMyaoif

Bboavymana. Tak Kak AaBjieHHE OTJIHYAETCS OT IVIOTHOCTH HOCTOSH-

HbIM MHOXKHTedeM kT, aHaJOTHYHOE COOTHOUIEHHE CIPABEAJHBO H
JJIsT AaBJeHHs

p= poexp(— u/kT). (2.3.50)

Ilpumep. B TpaBHTAUHOHHOM noJe BOJM3H NOBEPXHOCTH 3eMJH
NOTeHLUHANbHAsA 3HEPTHS MOJIEKYJbl Ha BBICOTE 2 PaBHA U = Mgz
M03TOMY

>

p = poe~m8IFT = poe~hezIRT, (2.3.51)

rle | — MOJeKyJasipHass Macca rasa, KR -—ra3oBas IIOCTOsIHHAS.
(I opHOTO MOJISI ypaBHeHHe cocTosiHis uMmeeT BuA pV == RT, tae
R = kNy; No—uncso Asoraapo.) Uem Gosbliie MOJIEKYJsSIPHBIE Bec
rasa, Tem OblcTpee yOBIBAET AABJEHHe C YBEJHYEHHEM BBICOTHI: UeM
BHIIE, TeM OOJbINYIO AOJI0 JErkKHX Ta30B COHZepKUT atmocdepa.
Caeayer uMeTb B BHAY, OJHAKO, YTO NPUMEHHMOCTb GapoMeTpuue-
cKOll opMysBl K peasbHOH aTMocdepe OrpaHHUeHa, TAK KaK aATMO-
cdepa He HAXOAUTCS B COCTOSTHHH TEIJIOBOTO PABHOBECHS: TeMIepa-
Typa B aTMocdepe H3MeHsieTCsl B 3dBHCHMOCTH OT BBICOTHL. B sTOM
HeTPYAHO YOedHTbCs, €CJH Mbl IOMBITaeMCsl IPUMEHUTb (GopMmyay
Bosbumana ko Bcem paccTtosiHusiM oT 3emad. Ha Goabluunx pac-
CTOAHMAX GOPMYJaY JJd TOTEHIHAJNbHOH 3HEPTHH MOJEKYJHl CJe-
AyeT MU3MEHHTb U BMECTO NPHOJHXKEHHOTO BEIDAXKEHHsI —mgZ B3ATh
TOYHOe COOTHOWIeHHE u = —GMm/r, rie G — rpaBUTALHOHHASA ITIO-
crosiHHasi, M — Macca 3emau (r — paccTosiHHe OT LEHTPa 3eMJH ).
®opmyaa BoapiMmaHa npH Takoifl 3aMeHe NePEXOJAHT B

n=n, exp(GMm/kTTr), (2.3.52)

Te fleo — IUIOTHOCTD Tra3a nmpu u =0 (T. e. Ha 6ecKOHeuHO 6O0JbLIIOM
PACCTOSIHHY OT 3eMJH ).
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Urak, ne = ngexp(—GMm/ETry), Tle ng— NJOTHOCTb ra3a Ha
TIOBEePXHOCTH 3eMJaH, ro— paanyc 3eman. Popmynaa (2.3.52) roso-
PHT O TOM, UTO IJIOTHOCTb aTMOCheph Ha 6ecKOHeuHO GOJbIIOM pac-
CTOSIHHH OT 3eMJH A0JKHA OBITh OTJHUYHA OT HyJs. Tako#l BBIBOL
abCcypleH, TaKk KakK [0 COBPEMEHHBIM MpelCTaBJeHHAM aTMocdepa
006pa3oBaJach U3 ra3oB, BbIAEJHBIIHXCSl H3 Help Halle#l miaHeTH, a
KOHEUHOe KOJHYECTBO rasza He MOXKeT paclpelesHThCs Mo 0ecKo-
HEUHOMY O0bEMY C IJIOTHOCTBIO, BCIOAY OTJIHYHOH OT HYJIA.

Peuienne napajokca 3akJalodaerca B TOM, UTO TPaBHTAUHOHHOE
1oJe B JAeHCTBHTEJNbHOCTH He MOXKeT yIAep:KHBaTb ras IMpH MOCTOAH-
HOH TeMmnepaTtype (B COCTOAHHH DaBHOBeCHd), M aTMmocdepa To-
5TOMY TOCTOSIHHO pacceHBaercsi B KOCMHUecKoe mpocTpaHcTso. [is
3eMaH yTeuka aTMmochepbl CHJAbHO 3aMelJeHd, HO Takue TJaHeTH,
Kak Jlynma u Mapc, yrpatunu cBoH aTmocdepbl oOueHb GBHICTPO.
VTeuyka Bce yalle M yalle NMPOUCXOAHT Yepe3 CTOJIKHOBEHHS, B pe-
3yJbTaTe€ KOTOPBIX aTMOC(EpPHbIe MOJEKYJBl TPEBBILIAIOT CKOPOCTH
y6eraHusi OT COOTBETCTBYIOLIHX HeOeCHBIX Tell.

Bosspautasice k Gopmyne Bosapumana (2.3.49) n 3aMeHsis 1710T-
HOCTH BEPOATHOCTSIMH HAaHTH MOJIEKYJbl B ONpEeLeJeHHOM 3HEPTeTH-
YeCKOM COCTOSIHHH 4, NOJY4aeM

P(BEDOHTHOCTb) ~ e—ulfleT,
u u
klnP——T, kll’l?—‘T’

HO 1/P = W —uiicjio0 pPaBHOBEDPOSITHHIX KOMIIJIEKCOB B COCTOSIHHH
TepMOJHHAMHYECKOTO paBHOBecHsi, nosTomy kInW =u/T — Tep-
MOJHHAMHUeCKasi sHTponus no Koaysmycy. Mel BHAHM, Takum 06-
pasoMm, 4To (pu3HUECKasi SHTPOIHs CHCTEMBl COBIAAaeT C ee TePMO-
JHHAMHUYECKOH SHTpOoNHeH.

DTo coBIAajeHHE MO3BOJsIeT MOHATH, NOUEMY HEBO3MOXKHO B CO-
CTOSTHHH TePMOAMHAMHYECKOTO PABHOBECHS MOJYYHTh KaKylo-HHOYIb
MHGDOPMAIHIO H3 «OKPYXKaIlolleH cpelbl», T. e. MOJHYI0 Oecrepcnex-
THBHOCTH JeHCTBHY, WATOMHHAWOUINX AeHCTBUs «IeMoHa Makc-
BeJIIa».

Paccmorpum (pHc. 2.28) 3aMKHYTHI SIIHK, colepxKalluil, cKa-
KeM, [Ba COpPTA MOJEKYJ — ObICTphle H MEIJIeHHBIe, HYCTh «Pa3yM-
HOE» CYIIECTBO C TEHHHCHOHl pPakKeTKOH B PyKax CTOHT Yy «JIOKa»,
OTAEJSIOMEr0 OAHY NOJOBHHY sUIHKA OT APYrofi. YBHIeB OblCTpblil
«IIapHK», CYLIECTBO YAAapOM DAaKeTKH HaNpaBJ/sieT ero B MNpPaBylo
NOMIOBHHY, a yBHUAEB MeOAeHHbIli «UIaPHK», OTOHBAET €ro B JEBYIO
ToJ0BUHY. [lepBoHauanbHO OGEICTPHIE H MeJIeHHBle ape B o0eHx
TIOJIOBHHAX SIIUHKA HAeaJbHO MepeMellaHbl, HO, N0 Mepe TOr0 Kak
JeHAcTBYyeT deMoH, cHcTeMa Bce Oogee AuddepeHuupyercs, He 3a-
Tpauueas TPH 3TOM BHEUHell 3nepauL.

Kak COBMECTHTb 3TOT MBICJAEHHBIl 3KCIEPUMEHT C BTOPHIM Haya-
JOM TepMOAHHAMHKH? Kak uHTaTes]lo, AOJKHO OBITh, XOPOLIO H3-
BECTHO, H300peTeHHbIE MakcBeNJIOM «AeMOH», HaJ KOTOPHIM
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6e3yCrelHo JJOMaJH TOJOBbl TPH NOKOJNEHHsS (PH3HKOB, IOKA OH, HAKO-
Hell, He O®II «H3rHaH» Cuuaapaom (1929) u Bpuamosunom (1958),
npejacrasasieT coboil BecbMa TpyAHYIO MpobieMy. TeM He MeHee MBI
HAYHHAEM C HEeSBHOrO MAOMYILEHHSs O TOM, YTO HALIa CHCTEMa Trep-
MOOUHAMUYECKAS, 15T KOTOPOH BHIIOJHSETCS BTOPOE HAUaJ0. 3aTeM
MBI TMpeAnoJaraeM, YTo YHUCJIO MOJEKyJ TOro H APYroro copra B
SIIMKE CTPEMUTCS K OECKOHeUHOCTH (B NPOTHBHOM cJydae AEMOH,
Hayraja (cayua#neiM o6pa3oM) pasMaxuBasl CBOeH pPakKeTKOH H HH-
Yero He BHJIs, MOXKET C KOHEYHOH BEpPOATHOCTLIO B MOMEHTH Bpe-

MEHH, pasjejeHHbHle KOHEUHHIM

e o © o ®, IPOMEXKYTKOM, CO03JaBaTh 3Ha-
o. o O o o o YHTeJbHBIC OTKJOHEHHS OT paB-
o o ol® ® o HOpacrnpeieseddss MOJIeKYJ Ha
Qo O g0 ABe TIIOJOBHHH (CM. emle pas

o) z °
° C;,%.oQ puc. 2.26,6). Hcxomss us 3THX
b © o o e YCJAOBUI, MH IOKaXeM, UTO Je-
o %o ® °O I MOH He MOXKeT BHIAeTh H, CJel0-
® %o, o 0 © BaTeJbHO, COPTHPOBAThH OTHAENb-
® e ° e HBle MOJIEKYJH, €CJIH Y Hero Her

KakKOro-HHOY/JAb HCTOUHHKA CBeTa,

CIIOCOBHOTO0 HUCIycKaTb (OTOHHL

Puc. 2.28. «Jemon Makcsemna» sa C BBICOKOH uyacTtoToH. Paccen-

pasoToi. BasCb Ha MOJeKyJax-MULIEHsX,

¢oronel 6yAyT CcHa6xKaTb [Je-

MOHa HHpopMauned, HeO6XOAUMOH /ST COOTBETCTBYIOIIHX MAaHHUITy-
JAUHA ¢ pakeTKoi).

B xyauem ciayyae geMoH mojyuyaerT NpaBHJBHYIO HH(OPMAIMIO,
HO He Hcnoabzyer ee. [lyers T — Temmepartypa HCMOJNb3YeMOTO je-
MOHOM HCTOUYHHKA 3Hepruu, Ty < T;— TeMmnepatypa situuka 0 F —
SHEeprusd, 3aTpaynBaemasl AeMOHOM Ha OAHO HabJaIOJeHHE. DUTPO-
1, TNOopoXjaemasl NMPOH3BOAMMBEIM JAeMOHOM akKTOM HaBJI01eHHSI,
paBua S =E/T,. DHeprusi 3ateMm pacceHBaeTcsl NPH TeMIepaType
T; oxpyxxarwollell cpeibl, MO3TOMY K KOuLy npomecca AS =S; —
— S1=E(1/T,— 1/T:;)— surponus Bo3pacTaeT B COOTBETCTBHH C
BTODBIM HA4aJ/0M TEPMOJHHAMHKH.

[Ipeanonoxum Teneps, 4YTO EMOH HCIOJb3yeT HH(MOPMAIHIO, HO-
UYEPIHYTYI0 UM H3 HabJIoJcHHsA, d, OTOHBAsI DPAKETKOH MOJEKyJay
BIPaBO, YMEHbIIAET HAYAJIbHOE YHCJIO KOMIIeKCcOoB Wy, TO ecTh yBe-
JINYHBAET 3HTPONHIO rasa B sAnlHKe. Kak MBl YBHAUM, YBeJHUCHHE
9HTPONHH, cO06llaeMOe JEeMOHOM CHCTEeMe B pe3yJ/bTaTe akKTa Ha-
GJIO/IeHHs], 3HAUHTRIBHO NPEBOCXOAUT (HeGO/bLIYIO) yObIL 3HTPO-
IHH, TOJyYaeMYI0 [PH OCYIIeCTBJEHHH [AEMOHOM CBOeH (YHKIIHU.
Yeeaudenue SHTPONHH, KOTOPOE BBI3BIBAET JeMOH, BKJIOYas CBOK
HUCTOUHHK CBETa, PaBHO

"Makcu” B feAcTBlM

AS =—+ = ka, (2.3.53)
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rae k£ — nocrosunas DoabuMana un a = hvy/kET > 1. (Uem Gouablue
BCJHUHHA @, TEM MeHee UETKO pa3jHuHe MeXAy OLICTPHIMH H Me.-
JIEHHBIMH I1apaMH. )

[Tyct Sp =k In Wy — HauaJbHasi 3HTPONHs B SIIHKE 10 BO3-
Mylienus H Sy =k In W, — koHeunoe 3HaueHHe 3HTPONHH IIOCJE OA-
HOFO B3Maxa paKeTKoi. Jurponust S; YyTh MeHbIIe 3HTPONHH So;
sanumeMm: W, = Wy — W, rue W — manas BejdunHa.

Y66i46 SHTPOIHH B SILIMKE PaBHA

AS2=SI——SO=k1n(%):k1n(1 —%)~——k—§%, (2.3.54)

rae W/ W, < 1.
CJaenoBaTe bHO, II0JHAS BapHalHs 3HTPONHH PaBHA

ASi + A8, =k (a — %) >0, (2.3.55)
Tak Kag o > 1 u W/ Wy < 1.

2.3.3. duTponus MAEAJNbHOIO ra3a B COCTOAHHH TEPMOJUHAMHYECKOTO paBHOBECHA

Ecan Teqo (B HalleM clyuyae — Hjea/bHBIH ras) oO6MeHHBaeTCs
C OKpyXamwled cpeAoll KOJHYECTBOM TelJa AQ, TO 3Ta BeJHYHHA
pasjesiseTcsi Ha JBe YacTH, H3 KOTODBIX OAHA H3MEHAET BHYTpEH-
HIOIO (KHHETHYeCKY0) 3HEPrHIO CHCTeMBI Ha BeJuunHy E, a ocTaib-
Hasi yacTb 3aTpaunBaercs Ha paboTy pV, coBepilaeMylo CHCTeMOH
IPOTHB OKpyKaloliefl cpeanbl HJIH OKpyXalolleh Cpefod Haj cHCTe-
MOl B 3aBucuMocTH oT 3Haka AQ. (IIpu yBejqHueHnH ob6beMa 3HED-
rUsl yxoOuT u3 cucreMbl.) TakuM o6pasom,

dQ=dE + pdV. (2.3.56)

U3 ypasHeHHs COCTOsHHS HaeanbHOro rasa (2.3.46), (2.3.47), sa-
MIMCAHHOTO AJs1 OJHOTO MOJsl, NoJyuaeM

pV =5 Nmo? = (2.3.57)

2 (Nmod) =5 E=RI, (2.3.58)

rae E = (N/2)muv? — BHyTpeHHSl 3HEPTHS HACAJbLHOrO rasa, v?—
JMCIepcHs pacrpenesends ckopoctefi ma omny Moduekyay. Cieno-
BaTeJbHO,

dE =>RdT. (2.3.59)

U3 Toro xe ypasHenus pV = RT cielyeT, 4TO
p=RT/V, (2.3.60)
pdV =RT dV|V. (2.3.61)
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IMoncrasasa (2.3.59), (2.3.61) B coorHOUeHHe (2.3.56), BHpaxkarn-
llee 3aKOH COXpaHEHHs 3HEPTHH, MOJydaeM
dav 3 drT

Q=R (T5 + 5 (2.3.62)
Bennunna dQ Bcersa HeorpumatesbHa. XOTS B COOTHOIIEHHH
(2.3.62) ona BhIpaeHa uepes GYHKIHH COCTOAHHS, caMa dQ He AB-
Jsercs ¢pyHruHel cocrosnna. Murerpan ot npaso#t wactu (2.3.62)
3aBHCHT OT MYTH HHTErPHPOBaHHA Ha miockocty V7. CaepoBa-
TeJbHO, BEMHYHHA (), BHIUMCISeMas KaK HHTErpaJ OT NMpPaBoil YaCTH
CooTHOWEeHHs (2.3.62), 3aBHCHT HE TOJBKO OT TeKYLIHX 3HAUEHHIT
GYHKUHH COCTOSIHHSI B LaHHBIH MOMEHT, HO H OT CBoefl NpeJBICTO-
puu. MHaue rosops, npaBas uactb cooTHomenus (2.3.62) — He moa-
HBIH and¢epeHinan. ITa TPYAHOCTb JIETKO NIPEOROTUMA, €CIH pas-
HNEJUTL NIPABYIO H JIEBYIO YacTH coOTHOWleHHs1 (2.2.62) nHa T. Ecuu
T — nosoXuTe bHAST BeJHYHHA, TO BeJIHYHHA dS = dQ/T Bceraa
OCTaeTCs HeoTpHUaTenbHOH. (TeM caMbiM BapHALHOHHBIA NPHHIHI
AJisl COCTOSIHUS PABHOBECHSI B OTKPHITON CHCTEME CBOLHTCH K YCJO-
Buto dE—TdS < 0, mwin, 4to To e, K MHHHMH3AaUHH CBOGOLHOIN
sneprun F = E —TS.) B pesysbrate Mu noayyaeM

as=R(4-+3 4L (2.3.63)
u (pyHKHH}O COCTOSsIHUA — 3HTPOIIHIO r'aza
S=R[InV +(3/2)InT] + S,, (2.3.64)
HJau
S ~ Rln (VT3?), (2.3.65)

rae UHACKC m Yy Tm Oo3HadaeT «Maccan.

2.3.4. 3uTponus GOTOHHOTO ra3a B COCTOSIHUM TEPMOJLHHAMUYECKOFO
paBHOBeCHSA

B npenbaymem pasgene HaM yAa/l0Ch BHIUHCAHTH 3SHTPOIHIO
HI€a/JbHOTO rasa Kax QyHKUHIO ero ob6bema V u teMnepatypol T
6e3  HCNOJMB30BAHHST GYHKIHH IJIOTHOCTH BEepPOSTHOCTH (b.n.8.)
CKOpOCTed, T. e. pacnpefesenuss Makcpesana (3TOro MOXKHO GBLIO
6Bl OXHAATh, HCXOAS U3 (HOPMYJHL, 3agaronlell GHIHIECKYIO HTPO-
MHIO CHCTeMBbl). MBI Xe BOCHOJL30BAJIHCH SKBHBAJEHTHOH (opMy-
Jgoii Kmayauyca.

B 5T0M pasnene Mbl XOTHM, HCIO/IL3YSI MAKPOCKONMHYECKYIO TEp-
MOIHHAMHKY, BBIBECTH (PODMYJy AJA 3SHTPOIHH sIUIMKA, cOAepXKa-
I0ero (hoTOHbL B COCTOSAHHH TEPMOAHHAMHYECKOTO DAaBHOBECHS
(MIeasbHBIl PeNATHBHCTCKHH ra3), He BBIBOAsS NOKa pacipeese-
nue Ilaanka.
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Hs1 uero Hy:KHB TaKHe BBIYHCJeHHA? Mul HaMepeBaeMmcs IIO-
HATh, YTO NPOHUCXOAHUT B 3aMKHYTOH CHCTeMe, B KOTODPOH cocyilie-
CTBYIOT IO KpaHHeH Mepe ABa copra yacTHH (6apuHOHH 4 (DOTOHH).
TouHee roBopsi, Mbl XOTHM NOHSITb C TOUKH 3PEHHS TepMOAHHAMHUKH,
4TO INIpOoU30HAeT NpPH pacUIUpPEHHH «fAIIUKa», HIH NPH pacTsSXKeHHH
€ro METpPHKH, KaK 3TO NPOUCXOAWJO ¢ Halied BceseHHOH B MOMEHT
GoJiblioro B3pHBa. PaszyMeeTcsi, Mbl He HACTOJBKO TJYIB, 4TOGHI
NBITAThCSl NOCTPOHThH MATEMATHUECKYI0 MOJedb pacliupsoliefcs
BcesenHo#i. Halua nenb KyZa CKpOMHee: MBI XOTHM JIHIIb OTMETHTh
HECKOJIBKO HelpeMEHHBIX IIPEIINOCHJIOK, II0 KOTOpPHIM CHCTeMa
JOJIXKHA BKJI0YaTb B ce6sl CMeCb I'a30B JJs TOrO, YTOOBI NPOH3BOJ-
CTBO 3HTPOIIMH B HeH COBMeIaJoch C Hapacrawoiueid audodepen-
nuanuded, NpuBoAslled K 00Opa3OBaHHIO CJAOXKHBIX CTPYKTYD, T. €.
K IIpoieccy, Ha NepBHH B3I/ IPOTHBOpeUallleMy BTOPOMY Hauamay
TepMOJHHaMUKH. MIMEHHO TaKyl KOHKYpeHUHIO Mbl Hab/10laeM BO
BceslleHHOH Ha ypoBHe MHOTHX MAaKpPOCKOIIHUECKHX MacliTaboB.
Hrak, nmpepBeM Ha BpeMs Hallle H3J0MKeHHe, YTOOHI PELIMTb 3ajauy
00 SHTPOIHH paclUIUPSAIOUIErocs sIIHKa.

[Ipennosnoxnum, 4To GOTOHB B 3aMKHYTOM SfIIHKe BeAyT cebs,
KakK udeasousil eas, T. e. He OyJleM YUHUTHIBATb «CBETOBYIO TypOy-
JICHTHOCTb» — pe€aJjibHOe sIBJeHHE, MPOHCXOAsIllee AAXKe B «BAKyyMe»,
JAJIsT KOTOPOTO, OJHAKO, TpebyeTcs MHTEHCHBHHH (Ja3epHuH) HYUYOK
cBeta, M3 kapTHHBI HAeaJbHOro (OTOHHOrO rasa Mbl NONBITaeMcs
BLHIBECTH HEKOTOpble TepMOJMHAMHYECKHe CBOHCTBA YEpHOTO H3JY-
YeHHs, HanpuMep ero sHrponHio. M3 ypaBHeHUS COCTOSIHHS Hie-
aJbHOro rasa cjJeiyeT COOTHOLIEHHE

N mo? Nm 0% 1 =

rie p— IJIOTHOCTb «XKHIKOCTHY.

O6o3nauuM uepe3 u(7) HHTErpaJbHYyI0 IJOTHOCTb 3HEPTHH
crnextpa uepHoro Tteaa, 1. e. u(7) =S u(v, Tydv, roe u(v,T)—

0

JOKaJIbHOEe 3HaueHWe NJaHKOBCKoro cmekTpa B Jk/(M3-Tm), v—
vacrora [u(T) BelpaxeHa B Hx/m3]. Torna aaBieHHe paBHOBecC-
HOro M3/JyUYeHHsl Ha CTEHKH IOJOCTH paBHO

p=u(T)/3. (2.3.67)
DTOT pe3yJabTaT CJEAYeT HENOCPEJACTBEHHO H3 MOJEH HJeanbHOro
($OoTOHHOTO rasa: B TAaKOM rase Bce (DOTOHB HMEIOT OJHHAKOBYIO
CKOpOCTb ¢, W NO3TOMY COOTHOWleHHe (2.3.66) nepexoAut B

p=0pc?3. (2.3.68)
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Ho n u3 dopmyan DiiHmTeliHa £ = mc? MB nojyuyaeMm AJs1 MJOT-
HOCTH 5HeprHH

EJV ~pc? ~u(T) (2.3.69)

H, clegosatenpHo, (2.3.67). 3amullleM ellle pa3 OCHOBHOE TE€pPMOIH-
HAMHYECKOe COOTHOILIEHHe NpeibAyIero pasjesa

dQ=dE+ pdV (2.3.56)
HJIH
TdS=dE + pdV, (2.3.70)
rie V—o6wem nosaoctu, T — remneparypa uaayuyeHus. Tak kak
E=Vu(),
dE =V du(T) + u(T)dV,
noJyuaem
Y du(@) + 2Ty (2.3.71)

Kpome toro, cnpaBennupo cootHoulenue (2.3.67): p=(1/3) n (7),
IO3TOMY

pdV =u(T)dV/3,
pdV __ u(T)dv
T 3T ’

(2.3.72)

[Moxcrasassa (2.3.71), (2.3.72) B O0CHOBHOE TEpPMOLHHAMHUECKOE
cootHoueHre (2.3.70), noayuaeMm

V du(T

4 u(T) V du(T)
ds = 3—— + = ST (2.3.73)

CJyeg0oBaTe bHO,

u(1) (2.3.74)

4
Y
3S V du(T)
(—G_T_)v=7 T (2.3.75)

Bropywo npouspojnyio 02S/0VOT MOXKHO BHIYHCIHTh HE3aBHCHMO
n3 (2.3.74) u us (2.3.75). [IpupaBHuBas cMellaHHble MPOHU3BOAHLIE,
IPHXOAHM K COOTHOIICHHIO

a2 (Lasny,

7T’(3
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H3 KOTOpOro, Inoc/jaeioBaTe/bHO npeo6pa3y;{ ero, InoJyuaem

i(i du(T) _ u(T)Y__ 1 du(T)
3\T dT T2 T ar
4 du(T) 4 u(T) _ du(T)

3 dT 3 T ar
du(T) _ , u(T)
daT T
du (T daT
Tt

In[u(T)]=InT*+ Ina = In (aT?),
rie o — MOCTOSIHHAS, H HAKOHeIl,
1 (T) = oT* (2.3.76)

(pasymeeTcs, MBI JIHIIb NOBTOPHJH 3JeCh KJACCHUYECKHH BHIBOA 3a-
koHa Credana — Bosbimana, npeanoxkeHHHH BoabnMaHoM).

[Topcrasasis coortHowenue (2.3.76), uanpumep, B (2.3.74), mo-
JyuaeMm rocJie HHTeTpHpPOBaHUSA

4
S=-37u(

T)V -+ const. (2.3.77)
ITocTosnHylo HHTerpupoBaHusi B (2.3.77) MOXKHO NOJIOXKHTb paBHOH
HYJI0, TOTJa 3HTpOmUs S GyleT [polnoplHOoHa/JbHA 00beMy, H AJs
SHTpPONHMH (POTOHHOrO rasa B COCTOSHHM DAaBHOBECHS MBI NOJyUYaeM

S=al}V, (2.3.78)

rae T,— teMneparypa H3/yUeHHS.

Ilpexae ueM paccMOTpeTb COBMECTHO COOTHOWeHHA (2.3.65),
(2.3.78), orpjcueMcsi HeMHOro, 4To6Bl paccMOTpeTb BONPOC O pac-
uMpeHUH BceeseHHON (Ha OCHOBe aJeKBATHOM HAIKUM LeEJIsIM 3Je-
MEHTAapHOH HBIOTOHOBCKOH [OMHAMHKH). MBI INOJyYHM pe3y./abTaT,
yOeIUTEJIbHO CBHAETENbCTBYIOLHA O TOM, YTO TE€DMOJAHHAMHYECKAS
cTpesa BPEMEHH, TaK CKa3aThb, NMOJHOCTbIO IIOJYHHEHA «KOCMOJOTH-
YeCKOH cTpesey.

2.3.5. DNeMEHTHl HLIOTOHOBCKOH KOCMOJIOTUH G0JIBIIOTO B3pHIBA

Ecau 6u DBcesneHHas oTBeuasa InpeicTaBieHHsaM bBosbumaHa
(1. e. Opula 3aMKHYTOR cTaTHYHOH# BceseHHOH, npubaHKamecs
B LEJOM K COCTOSIHHIO TepMOAMHAMHUYECKOTO paBHOBECHs), TO He-
BO3MOXHO OblI0 6 OOBACHUTL HaGJIOLACMYIO YCHJIHBANOILYIOCSH
auddepeHnuanuo QU3UUECKOrO MHPA, TAK KaK POCT ynopadoueH-
HOCTH MOT OBl INPOMCXOIHTH TOJBKO 33 CUeT THTaHTCKUX (UIyKTya-
oMl BOKPYr IOJIOXKeHHs paBHOBecHs . Kpome TOro, BepOSTHOCTD
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TakHX GAYKTyauuin Gblia Gbl 4pe3BbIYAfHO MaJa; PHraHTCKHe (JYK-
TYallHH BCTpeYdloTCs KpalHe pelKO — HAaCTOJbKO, YTO, KOTJAa OHH
BO3HHKAIOT, MX C MOJHBIM OCHOBAHHEM MOXHO CUHTATb <«4yLOM>.
K ToMmy e BpeMst XKHM3HH THFaHTCKHX (GJYKTYalHil OuYeHb MaJo.

B kaptuny ctatHuHOH BcesleHHOH He YKJIaABIBAIOTCH [1Ba BHEIIHE
He CBSI3aHHBIX MeXAy co6of siBJeHusn:

a) sI0XaJibHOEe OTKPbLITHE, coBeplueHHOe B 1929 r. 3. Xa66a0M,
KOTOPHIH OOHapyXXuJ, 4TO BeJHUYHHA KPACHOrO CMelllcHUS B
CBETE, NPUXOASINEM K HaM OT AaJeKHX rajakTHK, Ipornop-
NHOHA/IbHA PACCTOSIHHIO [0 MCIYCKAIOUIEr0 CBEeT OGDbEeKTa;

6) Takoe exelHEBHO, MHJIH,
TOUHEE, <«EXEHOLHO» HabJio-
JaeMoe sIBJIEHHE, KaK TeMHOTa
HOYHOTO Heba.
dr Haunem co BTOpOro ssie-
HHsI, CyTb KoToporo 6nlia o6Je-
yeHa B (opmy mapamgokca O.Jlb-
Gepcom B 1826 r. (Panee TOT
e BOIpoC Obl  paccMOTpeH

Puc. 2.29. Ilepemennble, HCIOJb3yeMHe Tanneen.)

NpU BHUMCJICHHH HHTEHCHBHOCTH Iia- Kak nokaswlBaloT npojgenaH-

JMamero Hanydenus B napagokce Oap-  Hble OabGepcom OpOCTHIE BbI-
Gepca (cM. Teker). 4UCJEeHHs, HOUHOe HeGO [OJKHO

6bl10 OBl OBITL HE TEMHBIM, a
OC/IEeNUTENbHO sIpKUM. Paccyxienns Onbbepca CBOASTCS K CAEYO-
memy. Ilpeamosnoxkum, uto BcesleHHass HMeeT GeCKOHEUHYIO NpoO-
TAXCHHOCTb, CTAaTHYHA M paclpejeleHHe 3Bezl B HeH OJHOPOAHO
M H30TpornHo. IlpeAnosoKHM TaKxkKe, YTO Ha eIUHHUNY obbemMa B
KOCMHMYECKOM MPOCTPAHCTBE IPHXOASITCS 7 U3Jydalolllux O6LEKTOB
U 4yTo Bce 00bekTh o6JajaioT OLHHAKOBOH cBeTHMOCTbIo [, Pac-
CMOTPHUM 3JIeMeHT ob6beMa dV, 3aK/IIOYEHHBIH MeXAy ABYMs KOH-
UEHTPUYECKHMH cpepaMH paauycoB r W r-+dr, dV = 4nridr
(puc. 2.29). CpernMoCcTb B TOuKe HaG/IOAeHHs, 06yC/JOBACHHAS
HCTOYHHKaMHu B o0beMe dV, paBHa

Iyn dV
(=

: (2.3.79)

a II0JHasi CBETHMOCTD, OﬁYCJIOBJ]eHHaH BCEMH 3B€3JaMH, paBHa

r roo rw

1,={ 2t = ’°”4j;’2d’=4n10ng dr =4alyr.  (2.3.80)
0 0 0

HeTpyaHo BuaeTb, 4TO [t — 00 IPH foo —> 00.

Pasymeercsi, Mbl MOXeM NOJYYHTb KOHEUHBIH OTBeT, NpPeANoJo-
JKHUB, 4TO PajHYC ro KOHEYEH, HO B 3TOM cjayuae BceneHnas Guaa
OB HEYCTOHUHBa, T. €. CTpeMHJach O (KaK Mbl BHIAEIH B CAMOM
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HayaJje KHHUIH) KOJJIANCHPOBATH K LEHTPY (HeBaxHO uero). Bro-
pofi BO3MOMKHHI BBIXOJA W3 NapafOKCaJbHOH cUTyauuu [; = oo co-
CTOHT B YUeTe KOHE4HbiX PA3MEpPOB KaXKAOTo Hadyuawuero o6bekTa
B OeckoHeuHO!H BceseHHO.

[TpennosoxuM, uTo KaxKAHH# 06BEKT UMeeT ceueHue A B Hampas-
JEeHWH, HOpMaJbHOM K Jyd4y 3peHHs, ucxoAasuiero ¢ 3emsu. Toraa
00DBEKT, HAXOASILHACS HAa PACCTOSIHUH 7, OVAeT CTSACUBAThL TeJeCHBIH
yroa Q = A/r? CuaenosaTeabHO, 3TOT OOBEKT OYyAeT 3KpaHHPOBATh
BCe H3JydYeHHe OT OGBeKTOB, JeXKallUX M03aAH Hero B TOM XKe Te-
JecHoMm yriae Q. [losHas 3KpaHHPOBKA H3JyYeHHs HACTYIHT, KOTAA
NOJIHBIHA TeJecHBIH yroa 4m OKaKeTcs 3amoJHeHHBIM. DTO CAYUYHTCSH,
ecJId OTOHTH Ha paccTosiHHe R, Takoe, 4yTO

R
S 4nrin ri; dr =A4mn,
0

T. €. IpH
R=1/An. (2.3.81)

Bkaax or Bcex HCTOUHHKOB Ha PAacCTOSHUH, He TpeBhIlIalouieM R,
paBeH

431:[0
A b4

R
I, = 4x S alydr = (2.3.82)
0

T. €. KOHCYEH. :

Tem He MeHee napajoxc Oablepca ocraercs B cHae. Ecian npu-
HATb BTODPYIO ajJbTE€pHATHBY, TO HOYHOe Hef0 MNO sipKOCTH Oyler
60o/ec MJIH MeHee TAaKHM JKe, KaKk H JHeBHOe. B MoJe/H cTaTHUHOH
BceJsieHHOH, HaxoAsuleHcd B COCTOSHHH paBHOBeCHsd, NapaloKc
Ounbbepca, MO-BHAHNMOMY, HE HMeeT pellleHHs. JlaKe NpeanoJIOXKHB,
4YTO H3JYUeHHEe OT YAaJeHHbiX O0BEeKTOB MOIVIoUlaeTcss OOBEKTaMH,
HAXOJSILIUMHCS MeXJy HCTOYHHKOM H3JyueHHst H HabJwjaTereM,
MBI He NPHJEM K pellleHHIO NapadoKca, TaK KakK MOTJOLIEHHOE H3JY-
yeHHe HarpeBaeT IIOMVIOTHBLIYI e€ro MAaTepHIO H Ta B CBOIO oyepelb
HCIYCKaeT H3JyyeHHe, B CHJY 4Yero B HMTOre KapTHHA OCTaBaJach
Takoll ke, kak npexpe. Kuou x pemeHno napagokca Ouabnbepca
JIeKHT B HMHTepIIpeTalUH OTKPBITHS Xab0Ja: ecau yuecTb 3(Pdekr
Homnuepa, TO U3 KPacHOTO CMellleHHs cJe[yeT, YTO TaJakTHKH yAa-
JSI0TCS OT HAC €O CKOPOCTSIMH, NMPONOPLHOHAJbHBIMH PacCTOSTHHAM
oT HuX 10 3emau. Eciaun Av— BesHYHHA KPacHOTO CMeEIIEHHS, TO
Av ~ Hr/c, rne r—paccrosinue [0 TraJakTUkH, H — KOHCTaHTa
(mocrosiHHast Xab6sa), ¢— CKOpocTb cBeTa. BesawunHa H 10
OlLleHKaM cocTaBsJsier ~ 3-10-18 c—L

KpacHoe cMellneHue, HHTepIpeTHpPYyeMOe KaK CHMITOM paclliH-
pawollefica BcenenHo#t (CKOpPOCTb pacIIHpeHHsT KakK (QYHKLHSA
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BpeMeHH yOulBaeT), N03B0JAAET PelluTh Napaioke Qanlepca, MHTEH-
CHBHOCTb IIDHIUEANIErO H3JY4Y€HHS Ha OJMH WCTOUYHHUK OKAa3BIBAETCs
paBHO#l He [o/4nr?, kak npexne, a {o/4r?(1 -+ Hr/c)?. Hurerpaxa or
3TOH BEJIHYHHLI IIPH BBIYHCJIEHWHM NMOJHOH WHTEHCHBHOCTH CXOAHTCS
¥ JaeT UHCJACHHOE 3HAa4YeHHe, coryacymllneecsi ¢ HabJI0JeHHAMH.
Taxum o6pasoM, orser Ha Bonpoc «IlouemMy HOUbIO HE6O TeMHOe?»
rnacut: «lloToMy, 4To MBI CMOTpPHM B CTOPOHY, NPOTHBOMOJONKHYIO
Couanuy, u noromy, uto BceneHnunast pacinpsercss.

PaccMmoTtpuM, kak pacluupsiercsi BceeseHnnas, 6osee nogpoGHO H
NOMBITAEMCS] NPEXKAE BCErO BBIYHCJHTL CKOPOCTb DACIIUpEHHS] KakK
¢yuguuio speMmenu. Ilpeanosioxum, uto Beesennas mo kpafiHed
Mepe Ha raJakKTHYeCKOM YpOBHe OAHOPOAHA M HM30TpONHA (C TOU-
HOCTBIO 10 HECKOJIbKHX IPOLEHTOB); He OIPAaHWUYHBAf OGIIHOCTH,
Haly I'alakTHKy MOXKHO NMpPHHSITH 3a HA4aj0 KOODAHHAT HEKOTOPOM
XapaKTepHOH raJaKTHUYeCKOH MaccH m. Jlio6as rasakTuka HMeer
OTHOCHTEJNBHO «HAC» TOJbKO paJHajJbHYI0 CKOPOCTb; 3Ta CKOPOCTh
"HanpasJeHa OT Hauaja KOOpAHWHAT H INpolopuHoHaJjbHa r. CJeno-
BaTEJNbHO, TAKYI0 CKOPOCTH MOMHO 3alHUCaTh B BUAE

v=Hr, (2.3.83)
HITH
dr/di = Hr,
a eCJM NOACTAaBUTb I = 7 ({)ry, TO
dr (t)/dt = Hr (¢). (2.3.84)

Bemiunna r(£) B Taxoll 3amHcH HasbBaercs Ko3(hdUIMEHTOM pac-
[UpeHust; r(¢) cHOBa o3HadaeT He paAHyc cephl, paclIHpsioUeHcs
B OKDYXamwlleM ee NPEACYIIeCTBYIOLIEM «BaKyyMe», a pacTsKeHHe
merpuky caMoll cucteMol. O6beM cdepsl paguyca r paseH

V=g (2.3.85)
B sroll chepe comepkuTcs Macca
M=Vp()=—5n@®p ), (2.3.86)

rie p({)—(usMmeusromasicss co BpeMeHeM) IJIOTHOCTb. Ecan upwu
pacllHpeHHH (MK CXKaTHH) MaTepHs He CO3[JaerTcsi U He YHUUTO-
Kaercd, To Macca chephl OCTaeTcsl IOCTOSIHHOR H NO3TOMY

o (t) r3({) = const =, (2.3.87)

Onpenenum r(¢). Jast 3Toro saMeTuMm, 4TO «rajJakTHKa» m NpH-
TArMBAETCH K HavyaJdy CHJOH TpaBHTAaLHU MaTepuu, codepicauierics
B cdhepe paauyca r ¢ LeHTpOM B HauaJje koopaunat. (Teopus Hbio-
TOHa J0Ka3hiBA€T, YTO CHJIA, ¢ KOTOPOH TpaBHTAllHOHHAsL 0JHOPOO-
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Has chepa LeHCTBYeT Ha HAXOAALLYIOCS 8HYTPU HEE 4acTHLy, paBHa
HyJI10. JTO MO3BOJseT HaM He 3a00THTbCS O MAaTepHH, PAacloJo-
KEHHOH gHe cdepbl pajuyca r,— JHIOL Gbl 3Ta MaTepusl Gbljaa pas-
HOMEpPHO pacnpefiesieHa OTHOCHTeJNbLHO Hadada KoopauHat.) Takuwm
o6pasom,

GMm _ 4 Gim __ md’r
an L diz
HJIHU
dr (¢) An G
T - — T W’ (2.3.88)

4TO IIOocJ€e OAHOKpATHOIrO MHTCIPDHDOBAHHA JA€T

dr (1) \2 __ 8ntG
( ) = s A (2.3.89)

rae A — NpoU3BOJIbHAS [OCTOSHHAS.

Jlo cux mop Haiua Modesab Obla Mojedblo BceleHHOH, 3amod-
HeHHOH MaTepHeidl. XoTs B HacTosllice BPEMs BKJAL H3JYyYeHHS
COCTaBJISIET MEHee OJHOTO IIPOLIEHTAa 3HEPTUH, NPUXOAsiIeHcs Ha
efununy o6beMa (pacnpefe/eHHE SHTPONHH MeXIy H3JayueHHeM H
MaTepHed — BONpPOC CcOBeplIeHHO WHOH), H3JyuyeHHe Mrpaer TJaB-
HYIO poJib Ha 6osee paHHHX CTAAMSIX paclukpeHHs. Mb MoXeM H3y-
yaTh 3BOJIOLHI0 BceeseHHOH, colepkaliell MaTepHio U H3JYUYEHHE.
IIpeanosnoxuMm, uyrto paciuupeHue BceneHHol — anuaGaTuyeckoe
(dQ =0). IlepBoe HauaJ O TEpMOAMHAMHKH IJTACHT, UTO H3MEHEHHE
BHYTpeHHEH 3HepTHH paciuupsiollleficst cucTeMbl papHO padore, co-
BepluiaeMOH JaBJeHHEM, T. €.

dE=—pdV. (2.3.90)

Hcnoabsys dopmyny D#uHiuteiina £ = Mc?, rae M Bxawouaer
B ce6s BKJAAAB U MaTepHH, U H3/YyUeHHs, NOJydaeM

E=(pm +0,) Vc* =pVc?, (2.3.91)
rie P, — IJIOTHOCTb MaTepHH, P,-— IJOTHOCTb H3JyueHHA. Tak Kak

o6beM V paccMarpuBaeMOTO 3JeMeHTa MNPOMOpIHOHaneH ~ r3(f),
u3 (2.3.90) moayuaem

L 0r) + L () =0. (2.3.92)

Jas BceneHHOH, cofepiKallell MaTepHio TOJbKO B ee COBpeMeHHOH
paspexeHHoH (opMe, NaBJeHHEM MOXKHO IpeHeGpeub, ¥ MBI TNpH-
XOJHM K COOTHOIIEHHIO

Lo =0, (2.3.93)

WIH
0,12 == const
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(370 cooTHOWIeHHe YxKe OBbLJIO BHIBEACHO HAMH paHbille), T. €.
O ~ 173, (2.3.94)

B coBpeMeHHy0 3N0Xy H3JyueHHe CBOGOLHO TIPOXOLHT CKBO3b
Bceenennyio ¢ Manoff BepOSITHOCTBIO paccesiThCsl HA rase HJH IBLIH;
@OTOH ¢ BHICOKOH BEpPOATHOCTbIY HPOXOAUT HECKOJbKO pPajuycoB
Xa606sa mpexae, ueM pacceAThCs HJH IOrJOTHTHbCS. MOXKHO CKa-
3aTth, 4TO BceseHHasa B COBpEMEHHYIO 310Xy NpO3payHa WJIW ONTH-
ueckd ToHkKa. Tak Obwio He Bcerga. XapakTepHHH pasMep raJjak-
THKH ~ ]0 KcB. J1eT, cpeiHee pacCTOSIHHE MeXAY raJlaKTHKaMH
~1 Mcs. aer (l cB. rod— paccTosHue, NPOXOJAUMOE CBETOM 34
OJIHH TOA).

O6pawmas passuTHe BcesqeHHOH «BCNSATH», MBl AOHAEM A0 TAKOTO
nepHoja, KOrja BCE TaJakTHKH «CONpHKacaJuch». [IpokpyuuBas
Ha3aj] KapTHHY, Mbl «YBHAUM>» [bLIb, NAAa0OLLYI0 HAa 3Be3/Hl, U3 KO-
TOpPHIX OHA Oblja BHIOpOILIEHA, KOTJA Te B3PHIBAJHCh KaK CBEpPXHO-
Bble, Ha HAIlIMX IVia3ax 3Be3Abl OyAyT GecciaeqHo Hcye3aTb B 00Ja-
Kax HeCBETSILIerocsl rasa, U3 KOTODBIX OHHM Hekorza o0pas3oBaJfuch.
C/oxHBlEe aTOMBl GyAyT pacmnagathcsid Ha BOJOPOJ C NPUMECHIO re-
JHsl. MEpl yBHAMM paBHOMEpPHO pacnpeleJeHHbIH ras— BOAOPOL —
C HeperyJspHbLIMH BKpanJeHHSAMH Tejqds (Tam, Ie BIOCJeACTBHH
o0pa3oBbiBaJUCh rajakTHku). [Ipu najibHefilleM TpPOABHKEHHH
B riy6b BpeMeH MJOTHOCTh 3HEPTHH WU TEeMIepaTypa HayHYT NOBHI-
LIaThCsl; ra3oBble 3Be3Anl OyAyT pasorpeBatbesi doroHamu. Kputu-
yecKHH MOMEHT HACTaHeT, KOU'Za TeMnepaTypa MaTepHH AOCTHUTHET
~ 3000 K-—nopora, Bhlle KOTOPOTO BOAOPOL HOHHU3YeTcsl. 3a
3THM TIOPOTOM MBI BCTYNIHM B 3Dy (8434 MaTepHH H H3JAYUEHHS,
00yCJ/IOBJIEHHOH TOMCOHOBCKHM paccessHueM (OTOHOB Ha CBOOOA-
HBIX 3JIEKTpOHAX: BcesJeHHass CTAHOBHTCS «HENpPO3pauHONH» AJis U3-
JIy4eHHs] H, HACKOJBbKO Mbl MOXEM CYAMTb, 3alO/JHSETCA OMLHOPO.-
HOH ropsiuell maa3Mol; MHHOBAaB 3TY 3py, MBI NONajgaeM B HEpHO[
6e3pas3aesibHOrO TOCHOACTBA H3JAY4YEHHS.

OcraHoBuM 3/eCh Hall «(hUIbM» M IPHMEHHM [EpPBOE HayaJjo
TEPMOAMHAMHKH K MOCJefHed 3pe — 3pe 3HepreTHYECKOro IpeBoC-
xoncTBa usdayuenus. M3 (2.3.68) Mbl 3HaeM, uTo

p, =22, (2.3.95)
[O3TOMY MBI moJiyuaeM cootHomenue (2.3.92):
d 1 d
7o)+ 50,5 (FP)=0, (2.3.96)

3p,r% 4 o, + 0,1 =0,

4p,r% + p,rt =0,
HJIH

2 o =0, (2.3.97)
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OTKyna
o, ~r74 (2.3.98)
CootHowenne (2.3.98) BuimoJiHsieTcsl HA OYeHb paHHeld cTaiuu pas-
BHUTHsI BcesneHHOH, «BCKOpe» nocJge GOJbLIOrO B3phBA — T. €. B Iep-
Bbl€ COTHH ThICSIY JeT!
Bepuysuncs x cooTHouleHuo (2.3.89)
dr(t) \2 __ 8nEGr(¢)
dt T3 ()

(monoxkuB A =0) u IpPUMEHHUB €ro K 3pe AOMHHHUPOBAHHS H3Jyye-
HHS, MBl, C Y4€TOM TOTO YTO

r({t)s=p,r* =8 =const, (2.3.100)

(2.3.99)

HOJYYHUM
#2r? = const. (2.3.101)

CuelloBaTelbHO, Ha paHHed cTajJuu afHabaTHUECKOro pacIIHpeHHd
paauyc Bcesennolf, B KoTopoH Npeo6/afalOMmy0 pOJdb HIpaeT U3JaY-
YyeHHe, YBeJHYHBACTCS IO 3aKOHY

r{t) ~ "% (2.3.102)

2.3.6. Pacmupenue cmMecu MaTepuu u usayuenus. Juddepenuuansuoe
OXJIaXleHHEe H NPOH3BOACTBO IHTPONUH

PaccMOTpUM Tenepb, KaK H3MeHseTCsl SHTPOMHA (MIeasbHOH)
pacwupsioleicss CHCTEMEl, COCTOsImeH JHLIb U3 ABYX KOMIIOHEHT —
H1eaJbHOTO  KJIACCHYECKOIO HepeJsTHBHCTCKOIO rasa H ¢oTto-
HOB [2.8].

HauneMm ¢ cucTeMBl (ecau yToAHO C BceJeHHOH), colepxauielt
TOJIBKO MaTEPHIO, & ec/]Hd FOBOPUTb Gojee TOUHO, HAeaJbHBIH (0LHO-
aTOMHBI) Ta3 B COCTOAHHH TEPMOLHHAMHUYECKOIO paBHOBECHS.
IIpeAnoso:XHM, YTO MeTpHKa B sILIHKe HauyHHaeT H3MEHATbCS I10
3aKOHy ~r(f). Kak ckasbiBaeTcsl Takoe pacliHpeHHe Ha 3HTPONHH
raza? Ilpex]e Bcero 3aMeTHM, YTO pacLIHpeHHe He H3MeHseT pac-
npefeseHue CKopocTed rasa (kKakuM OB HH OBLIO 3TO pachnpepese-
HHE, B HHTEpecylolleM Hac cayyae peyb HAET O paclnpeleNeHHH
Makcseana), tak kKak npeobpasoBaHHe NOLOOHS AJHH NMOPOXKAAET
TOUHQO Takoe Ke mnpeoGpaszoBaHHe NOAOOHsST ckopocTed. Ias Hepe-
JATHBUCTCKOTO ra3a paclpefelcHHe CKopocTeH H pacnpelefieHHe
HMIyJIbCOB COBNAAalOT, NO3TOMY, €CJH a3 HaxOAHTCA B TelJIOBOM
paBHOBECHH, HMesl paclpejeseHHe cKopocTell Makcsesna, OH OCTa-
HeTCd B COCTOSIHHH DaBHOBECHS! H SHTPONHS He H3MeHHTC. B stom
MOXKHO yOeAuThCcsl caeAyoliuM oGpasoM. 3a BpeMs df aToM rasa,
JBHXKYIHHACA CO CKODPOCTBIO © OTHOCHTEJBHO pacCIIHpAOUIerocs
cybcTpata, NPOXOAHT paccTosiHue v df. B 3Tofi HOBO#H Touke cy6-
CTpaT ABHXKETCs BCJEACTBHE PACIUHpeHHs1 CO CKOpOCThIO (v dt)/r,
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I03TOMY CKOPOCTb, H3MepeHHas HabaiojaresneM, ABHKYLIHMCs BMe-
cre ¢ cy6CTpaToM B 3TOH TouKe, 6yaer Ha dr = —7 (v dt) /r MeHblle,
H MBl IIOJyYaeM

L& . (2.3.103)

HJIH
. (2.3.104)

Tax xak teMneparypa 7, HAeaJbHOTO rasa [PONOPIMOHAJIbHA €ro
CpellHeH KHHETHYeCKOH 3HeprHH, T. €. I'm ~ 0? ~ 1/r? ML 3aKJio-
yaeM, uTo

Ty~ — (2.3.105)
W~rayT (2.3.106)

rie V-—o0beM pacliupsioulerocsi rasza. KMrak, MBl BHIHM, UYTO
SHTPOIHS CHCTEMBEI

Sm~RIn (VT (2.3.65)

OCTaeTCH UHBAPUAKTHOI TIPU paclIupeHHH WUJIH (CXKATUU): BCEJEeH-
Hasl, COCTOsAIAs TOILKO H3 HleasbHOTO I'a3a, HaBcerJa OCTaHeTcs B
COCTOfIHHH DaBHOBECHSf, €CJAH B HAuYaJbHHIH MOMEHT BpeMeHH OHa
HaxoJu/1ach B COCTOSIHHH PABHOBeCHs.

Ilpeanonoxum Ttemepb, 4TO Halla BCejeHHas IepBOHAYAJBHO
COJEpIKHT TOJbKO (DOTOHBI (B HeHCTBUTEJNBHOCTH TakOH cJyuai
npeacTaBHJCS OH, ecH Obl NPH 6OJbLIOM B3pbIBe 6APHOHBI H aHTH-
OapHOHE OBIM NOPOXKJAeHB B paBHbIX KoOJHuecTBax). HaGuoga-
TeJbHOe OTKpEITHEe Xab061a CBHAETEBCTBYET O TOM, UTO TMIpH
pacmupendy BceJleHHOH [JiHHA BOJIHBI KaxKAOro (OTOHa Ipereplie-
Baer npeo0pasoBaHue nopobus sMecre ¢ r(t), T. €. yacToTa v yAOB-
JIETBOPsieT COOTHOLIEHHIO

v~ (2.3.107)

1
r(t)’
HJIM ecJd yuectb pacnpefeneHue IliaHka, TO, NOCKOAbKY E, ~ hv,

1
E ~ T (2.3.108)
rae E — 3Heprus, cooTBeTCTBYIOUasl JaHHOH yacrote ¢oToHa. ScHo,
4TO paclldpeHHe BceneHHOH He H3MeHseT paclnpejeqeHHsA (POTOHOB
IO pasJUyYHBIM YacToTaM CIeKTpa 4YepHOro Teja, TaK Kak BCe
JJHHBL BOJH IpeTepneBalT Npeo6pa3oBaHHe NOJOGHA ¢ OJHHM H
TeM ke Ko3pouuuentoM. Takum obpasoM, pacnpefesaeHue [lnaHka
B CIEKTpe COXpaHsleTcsl IIPU pacllHpeHHH BcejeHHOH, XOTS TeMIle-
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parypa T, ~ E, yObiBaer mpomopuHOHA/IbHO cpeiHell sHepruu ¢o-
TOHOB

T, (2.3.109)

1

T e
UJIu

Timr) "~V (2.3.110)

rie V — obpem rasa.
Takum 06pa3oM, FHTPOMUS paclIHpsoLlerocs (GOTOHHOTO rasa

4
S, ~ = aVT? (2.3.78)

(n — mocrosinas Credpama ¢ UHCJIGHHBIM 3HayeHHeM 5,67 XX
% 108 Bt/ (m?-K*)) ocraercs HHBApDHAHTHOH NpH paclIHpeHHH: pac-
HIHpsiIoIasict (MM CXKHMAWIIascs) CHCTeMa, COojepikallasi TOAbKO
(OTOHLI, HaBcerga OCTAHETCS] B COCTOSIHHH TEePMOJIMHAMHYECKOTO
paBHOBECHSI, ecJId MepBOHAYAaJbHO OHA HAXOJAWJI4Ch B COCTOSTHHH
TEPMOJHHAMUYECKOTO paBHOBECHSI.

PaccmoTrpum Tenepb cayyail BCeJeHHOH, PABHOMEDPHO 3aloJIHEH-
HOM HepeJasITUBHUCTCKOH MaTepHell H 3JEKTPOMATHHTHHIM H3JIyye-
HHeM. Faclivpenue (UM C:KaTHe) NPHBOAMT K OXJAxKIEHHIO Mare-
puH 10 3aKOoHY I'm ~ 1/r%(f), TOTAA Kakg H3JAyYEHHE OXJaxK1deTcs
no sakony T, ~ 1/r(tf). Marepusi oxJaaxjpaercs OHCTpee, UeM H3-
ayuenue, C/eloBaTelbHO, IO MEpPEe TOTO KaK pACIUHPSeTCs: BCEJEH-
Hasi, MEXJAy MaTepuell U H3IyueHHEM BO3HHMKAeT Pa3HOCThb TeMIe-
paTyp: 3Heprusi GyleT IepeTeKaTb OT HOASA USAYYCHUS K MaTepuu,
CTpeMsiCb BBIPOBHATH TeMIepaTypbl. Ec/aIM CKOpOCTh paclliupeHHs
MeHbllle, UeM CKODOCTb BHIPABHHBAHHS TeMIlepaTyphl CMeCH, TO Tell-
JIOBOH TMOTOK 3BOJIOUHOHHDYET B PaBHOBECHBIX YCJOBHsAX, H IHTPO-
15l CMECH OCTaeTcsl MOCTOSIHHOM.

Ho ecan BceseHHast pacluvpsieTrcs ObICTpee, ueM BBIPABHHBAeTCHd
TeMIepaTypa, TO TENJOBOH MOTOK OT H3JY4CHHA K MaTepPHH Da3BU-
BaeTcsl B HepPaBHOBECHBIX YCJIOBHAX, W SHTPOIHSI BO3PACTaeT. BCe-
JeHHasi TpH Takux OGCTOSTeJNbCTBAX OKasajgach OH «3anepTod»
BA4/JH OT TepMOAHHAMHUUECKOrO paBHOBeCHs, H, ecJd Obl 3a (aszoit
paclinpeHust nocjaefoBana ¢asza CxKaTvs, HHUTO HE H3MEHHJIOCH OBl

HcTopusi BCeeHHOH KOHCNEKTHBHO mpejcraBiena Ha puc. 2.30.
Ha paHHUX CTaAHsIX pacliHPeHHs BCeJEeHHOH CKOPOCTh paclIHpeHHs
BeJMKa, HO CMeCb MAarepHH W H3JYy4YeHHs He HacCTOJNbKO Tropsua,
yTo6bLl TpajHEHT BBIPABHUBAHHWSI TeMIepaTyphl MpPEBLIIA] TPaAHEHT
pacuinpenns, [ToaToMy BceJeHHasi, ec/d OHA NMePBOHAYAJIBHO HaXo-
JUTCSI B COCTOSIHMM TEepPMOAHHAMHUYECKOTO DaBHOBeCHs, HaBceraa
octaercsi B 3Tom cocTosiini. Co BpeMeHeM CKOPOCTb pacliHpeHHs
y6biBaeT W3-3a TPABUTALHOHHBIX CHJ, HO [0 Mepe OXJaxKJIeHus CH-
CTeMBLI CKOPOCTb BBIpABHHBAHMsI TeMMmepaTyph yOhlBaeT elle OBICT-
pee. 3aTeM BCeJIeHHAsi JOCTHTaeT KPUTHUECKOro BodpacTa T¢, Koraa
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06e KpHBble — PACIUMPEHHS! H BBIPABHHBAHHS TeMIepaTypH — Iepe-
cekatorcs. CuCreMa BBIXOAHT M3 COCTOSIHHS TepMOJIHMHAMHYECKOTO
paBHOBecus (M B JaJbHefillleM OCTaeTCsi HEpPaBHOBECHOI), XapakKTe-
PHU3YeMOro npexje BCErO CKOPOCTBIO NPOH3BOJACTBA SHTPONHH

dsS 1 1 dQ

=) (2.3.111)
rae dQ/dl — ckopoCTb TEIVIOBOTO IOTOKA OT M3JyYeHHS K MaTepHH.
IIpoussodcrsy anrponuu conyTcTByeT siBJeHHe BCe Gojee YCHIMBAIO-
uieficst  Jugppepenyuayuy  BCeJEHHOH — OT  OJHOPOLHOTO mapa

c
PasHogecHoe
COCTOAHME

Hepasiogecrog
COCTOAHME

e {1}
e AT(t) ——
;) : : r{t) — kpusans pacwupeHna
e | AT{t)— kpuBan sbipasHusaima
5 Z | TeMAepaTyphl
g g |
o D
° © |
o X
{
Jl dS>0
4
T T
Bonswoit Te
B3pbiB T
]
|
{

Puc. 2.30. Iloka CcKOpOCTh BHIPABHHBAHHS TEMIEPaTYPhl NpPEBHUIACT CKOPOCTH

paciiHpeHusl, CHCTeMa HaxXOJHTCS B PaBHOBECHOM coCTOsiHMH. [0 HMcTeueHHH He-

KOTOPOr0 KPHTHYECKOrO BpPCMEHH T¢ CKODOCTh BBIPABHHBAHHS TEMIEDATYpPH Ma-

JlaeT HHIXKE CKODOCTH PAaCUIHPDEHHs: ¢ 3TOI'0 MOMEHTA CHCTeMa ABHXKETCS H OCTa-
€TCsl BLAJH OT DaBHOBECHS.

HOHH30BAHHOU MaTepuu H (POTOHOB (MJIA3MBI) AO CTYCTKOB MaTepHH
(ranaxkTuk), pasberammuxcs APyr OT Apyra (TaK KaK B MaJbiX
Macwrabax JIOMHHHPYIOT TpaBUTAlHOHHBIE CHJB, KaXXIblH TakKoH
CIYCTOK MAaTepuH B OTAEJbHOCTH CXKHMAaeTcs) B «MOpe» H3JyYeHHs,
NPOHUKAIOULErO Ha 6OJbIINE PACCTOSHHSA.

CxkaTHe raJakTHK HOPUBOAHT K TOMY, YTO MarepHs HauHHaeT
CBeTHTbCS. B Henpax GoJee Meaxkux CrycTkoB Matepuu (3Besn),
BXOJASIIUX B COCTAB TaJaKTHK, KOTJa rpaBHTALHOHHOE CXKATHE HPO-
pBIBAETCH CKBO3b «KYJOHOBCKHE Gapbeps, BO3roparoTcs TepMosiaep-
HBI€ peaklHH, B XOJe KOTOPHIX BOJOPOA IpeBpaliaercs B Te-
JHH 4 T. L.

Takum o6pasoM, 06o3peBas «C NTHYbENO MOJETa» 3BOJIOLMIO
BCEJICHHOH, MBI CT2HOBHMCSl CBHAETENISIMH CMeHbl 3TaloOB, HJH
«3M0X», Ha KaXJIOM H3 KOTODHX [OMHHHDYeT OJHO H3 UYeTHpex
(yHAaMeHTaNbHEX B3auMOJAeHCcTBUH. B xojie 3BOJIONHH GOJbIIOH
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3BE€3ILl B3aUMOJAEHCTBUS YCTyNawT APYr ApPYry [JIaBeHCTBYIO-
LUIYI0O pPOJIb B TaKOH MOCJAeJ0BATEIbHOCTH: TPaBHTALUA — 3JEKTPO-
MarHUTHOE B3aHMOJAEHCTBHEe — CHJIbHOE (C MNpPHMeEChblo c¢Jaaboro)
B3aHMOJEHCTBHE — 3JIeKTPOMaTHHTHOe  B3aHMoJeHcTBHE — CHIbHOE
(c mpumecsio cnaboro) B3auMoLeHcTBHE —- MpaBHTAUHs  (IOJHBIA
KoJlj1anc, NpHBOASIINE K pOXIEHHIO HeHTPOHHBIX 3Be3] HJH YepHBbIX
IHD, a HHXKe Ipelena YaHApacekapa — HEMOJHBIH KoJaJsalc, OcTa-
HaBJIMBAIOLUHCA Ha cTaJuu GesbIX KapJHKOB).

B nmnponecce HempepriBHOH auddepeHUHANHH CAOKHOCTh MaTe-
pud BoO3pacTaer — B Helpax 3Be3ll o0pasyloTcs cTabHJbHEE 3Je-
MeHTH, 0oJsiee TAXKeJble, UeM MEepPBUUHBIA BOAOPOL H renauii, ofpa-
3YIOTCA MOCJeJ0BaTe]bHO, INAar 3a I1aroM, BIJOTh [0 Keje3a;
KpoMe ToOro, LeJas cepusi 0oJee TsXKeNblX PagHOAKTHBHBIX siep
obpasyeTcst B pe3yJbTaTe ellle He M3BECTHLIX MPOLECCOB IPH B3PbI-
B4X CBEpPXHOBHIX. 3aTeM HacTynaer uepel] oODa30BaHHs MOJEKY.] U3
3JIEKTPOMArHHTHOrO B3aHMOAEHCTBUSL MEXJy aTOMaMH, KOTOphble He
o6s13aTeNlbHO  06/1aJaI0T IOCTOSIHHEIM  IUIIOJLHLIM MOMEHTOM, HO
HIeajJbHO CHMMETPHUHH,— aTOMBl THNAa TeJHsl, HeOHa ¥ aproHa.
Hogrle cuam (F ~ r~7 — BzaumojericrBue JloHaoHa — Ban-gep-
Baanbca) BO3HHKAIOT 43 B3aHMOAEHCTBHST MEXJIY MTHOBEHHBIMU
JUNOJLHLIME MOMEHTaMH, T. €. MeXJy HeJUHeHHBIMH CBSI3aHHBLIMU
OCHHUJIISTOPAMH, COOCTBEHHBIE UAaCTOTHI KOTOPBIX 3aBHUCAT IIOMHMO
NPOYEro OT MHTEHCHBHOCTH CBSISH H IPOJOJXKAIOT CYLECTBOBATH U
npH HyJeBod Temnepartype. TakuM obpasom, naxe B <«HEXKHBOMDY,
npel6HOJNOTHIECKOM MHpe MBI OGHapy:KHBaeM TEHIEHLUHIO K npous-
600CT8Y HHTpONUL HAPSILY C yeaybaaroweics dupgepenyuayueii u
B03PACTAHUEM CAONCHOCTU.

PaccMoTpuM KpaTko 3sHepreTdueckuii (M 3HTponuUHEIN) o6MeH
MeKAYy OObluHOH 3Be3foll (Hamum CoJsHueM) H <«6HOMIaHETOH»
(tuna vaweit 3emsn). HeATpuHO W COJHeuHHIH BeTep MBI HCKJIO-
yaeM, UMest B BUAY TOJBKO CIEKTpP 3JeKTPOMAarHUTHOTO H3JIyUYeHHsI.
CosHLe OTCTOHT OT 3eMJIH Ha PacCTOSIHHH, paBHOM 214 cOJHeuHBIX
paldycoB. JTO O3HayaeT, YTO NPHUXOAAMIAs Ha 3eMJI0 3JeKTpoMar-
HuTHasE (DM) sHeprusi coctaBasger 1/(214)2 ~ 1/46000 or DM
IHEPTHH, HCIycKaeMo# NnosepxHocTblo CosnHua. Mcenyckaemasi CoaH-
neM DM 3Heprusi HaxXOAHTCSI B TEDMOIHHAMHUECKOM DPaBHOBECHH
npu Temneparype 7T = 6000 K; noeepxnocTH 3eMJH LOCTHraeT
auwib 1/46000 or Hee, mostoMy pachpefenenue [lnanka gas IM
HEPIuH, MPUXOJsUleH 3HEPTHH, COOTBETCTBYeT KDHUBOH, OTpaHHUYH-
Bawlel Ha pHc. 2.3]1 3alITpUXOBAaHHYIO 06sacTb. DTOT CIIEKTp He
HaXOAHMTCS B TePMOJMHAMHUECKOM pPAaBHOBECHH, TAK KAaK OH «CIBH-
HYT» BIPAaBO OTHOCHTEJILHO COOTBETCTBYIOLLEH paBHOBECHOH KpUBOH
IIPH 3KBHBAJEHTHOH TeMIlepatype (TeMIllepaType MOBEPXHOCTH 3€M-
au T3 ~ 310 K). CnenosaTenbHo, 3JeKTpOMarHuTHAasi 3Heprusi, Io-
crynampomas Ha 3emao ot CoJHua, obganaer MeHblueHd SHTpomHek
nau GoJiblied yHOpsiIOUE€HHOCTbIO, YeM MOXKHO OBIIO Obl OXHUAATh,
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HCX04s H3 paclhpeleseHHus [Inanka IIpu COOTBeTCTBYIOHIeﬁ TeMIIe-
patype; OHa Oﬁ.)'[aﬂaeT, KaK IIpHHATO TOBOPHUTbL, HEKOTOPLIM KOJH-
UECTBOM «HEr3HTPOIIHH», KOTOpOe B I[PUHLHIIE MOXKET OBITh nepe-
JaHO HalJexalle CKOHCTPDYHPOBAHHOMY YYBCTBHTEJLHOMY «IIpUEM-

HHKY» H TEM CcaMbiM VBEJHYHT €ro YHopsiaodeHHocTb. ObInee

KOJIHYeCTBO DM sHepruu, mpu-

o xopsmel or CosHua Ha 3eMmJIo,

X cocraBaser ~3,2-1022 Mx/K B

Ax rol HJIH B HHOOPMAIHOHHBIX
iy epuHHnax ~ 1038 6ur/c.

CrTosb BHYIUHTEJNBLHOE KOJIH-
YeCTBO «HMH(OpPMAaIHH» MOCTY-
naet execekyniHo or Connua,
HO OLEHKa H HCIOJb30BaHHE
3TOfl MH(OPMALHH CYLIeCTBEHHO
3aBHCHT OT OCTPOYMHS U HaxoOl-
YHBOCTH <«NpHeMHHKa». Hanpu-
Mep, KYCOK xkeJje3a BoolLle «He

Puc. 2.31. Pacnpepenenne Ilnanka B
CIIEKTPE 3SHEPTHH H3NYUEHHA YEepPHOTo
Tesa UPH Tpex TeMuepartypax Ty, To, Ts.

[IOHMMAET» COJNHEUHYIO uHOOD-
MalHIO; OH OTpaXaeT 4actb ee
(mpuueM B MeHee YIIOpSIZOYEH-

HOM BHJE, yeM MHpopManus KO-
ua 10 Hero), a ocra/ibHas HHGOpPMauWs HieT Ha HarpepaHHe
KyCKa xeJse3ad, T. €. Ha YBeJHYeHHe er0 SHTPOMHH.

HMnaue oberout aeso B cayuae MOJeKya XJ0podH/IAa: OHH BeCh-
Ma 3()(GEKTHBHO HCIOMB3YIOT SHTPONHIHO-Ae(UUHTHBI CONHEUHHIH
cseT. Mosiekyabr xmopoduana He gaiT ucnymeHHbiM CouHueM ¢o-
TOHaM H3pacXoloBaTh celsl B TENJOBOM paccestHHH (Kax 3TO GBLIO
B cJayyae KYCKa KeJjesa), a ucChOAb3YOT 5HeprHio (OTOHOB JJs
ormwenyennss Hy or O u npucoeantennss x C, T. €. 1Js OCyIIeCTB-
JeHHS PeaKuuu

(Hx0),, + (COy),, + Coaneunsiit cser — C,,,H,,0, +(0y),,. (2.3.112)

[Tonyuawmuecs B pesy/braTe peakUHH MOJIEKYJbl, HApHMeEpP IJIIO-
K036l CeH9Os, oTIHUAIOTCS GOJIBIUIEH CJIOXKHOCTBIO, UM MOJEKYJEI
BOJAB W JABYOKHCH YyrJepoja. Kpome T1Oro, B npHBENEHHOH BHLIE
peakuHH GOTOCHHTE3a yBeJHUEHHEe CJOXKHOCTH COINpPOBOMXKAAETCS
npoussooCT8oM SHTPONUL, KOTOPOE MPEBLILAET HEIOCTaTOK 3HTPO-
MHH B COJIHEUHOM CBeTe, HHHIUHPOBABLIEM PedKIHIO,

Ha 3TOM HepapxHueckOM ypOBHe GHOJIOTHYECKOH CJIOKHOCTH
BIICPBLIe INIPOSBJSETCS HOBBHIH NMOGOYHBHIH MPOXYKT 3BOJIOIHH — Ca-
moopeanusayus, Pedb nAeT 0 TOM, 4TO HCCJAefyeMasl CHCTeMa, mpe-
OJM0JIeB HEKOTOPHIH IOPOr CJOXKHOCTH, O6peTaeT CNOCOGHOCTE K aB-
TOHOMHOMY CaMOBOCIIPOH3BEICHHIO, T. €. CBOHCTBO, H3 KOTOPOTO CJe-
AyeT, 4TO CHCTeMa HCIOJb3YeT «CaMOMOACTHPYIOIINe aJrOpUTMBI»,
OO6cy:x1eHHe He [0 KOHIA MOHSITHON JHHAMHKH C2MOBOCIIPOH3Beje-
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HHSI MBI OTJIOXKHM J0 IV. 6, HO y2Ke Telleph Hacraja mopa MO3HaKo-
MHTbCS C IIOHSITHEM CJOXKHOCTH — KaK Ha CTPYKTYPHOM, TaK H Ha
OnepanHoOHHOM (aJrOpHTMHYECKOM) YpOBHE.

2.3.7. TNoHATHE CAOKHOCTH

a) CTPYKTYPHAS CAONCHOCTL U ee CBA3b ¢ YCTOUHUBOCTHIO CU-
CTeMbL.

WIHTYHTHBHO SICHO, YTO CTPYKTYpHAsl CJOXKHOCTb CHCTEMBI JIOJIXK-
Ha BO3pacTarhb C yBe/JHYeHHeM 4YHCJIA B3aUMOJEHCTBYIOLIUX MNepe-
MeHHHX N, IIpn nanHoM (6oJbIIOM) 4YHC/Ie NepeMeHHBIX CJI0XKHOCTD
CHUCTEMBbI 3aBHCHT OT TOTO, HACKOJbLKO OHH 83aumoceasanst. [lonnas
B3aUMOCBSI3aHHOCTh O3HauydeT, 4TO BCe 3JeMeHTH q@;,; B MaTpulie
B3aUMOJCHCTBHS A JHHeapH30BaH-
HOH cucTeMbl (pasg. 2.2.7) oT/inu- Play)
Hbl OT HyJds. OO6BYHO CTeneHb
B3dHMOCBA3aHHOCTH  IlepeMeHHBIX A
MB H3MepsieM yucaoMm 0<CC<I1 — /r
JOJIeH OTAWYHBIX OT HYJA 3JeMeH- A11IH
TOB a,;; Matpuusl A oT obulero
uyhcsaa  3saeMeHToB. [Ipw  nanHOM
N>1mun C~ 1 szeMeHTsl a;; IO }
CYWECTBY SIBJSIIOTCS  CJOY4aHHBIMH 0
UHCJAaMH; CJOXKHOCTb BO3pacTaer — )
€ yBeJMYeHHeM [AHcIlepcHHu 0% (ra-
YCCOBCKOH) (YHKUMH NJOTHOCTH  Puc. 2.32. Tayccoso pacnpenenenue
BEPOSTHOCTH (pHc. 2.32), H3 KO- TJIOTHOCTH ~ BEPOSITHOCTH KO3 dH-

o OHEHTOB B3aHMOAEHCTBHA @i, 3HaYe-

TOPOH MBI  MOXEM NPOU3BOAMTE  yug koropux BLIOpaHH Tak, YTOGHI
BbléOpKy OTAeJbHbIX quceJs aij. CHCTeMa oOKasaJachb pa3ﬂeneHHoﬁ Ha
B kauecTBe KOMIAKTHOIO «Cymep-  MePapXHUECKH yNOPsIOYEHHbIE YACTH.
napaMerpa» CJIOXKHOCTH OOJIbLIOH
CeTH ¢ CJy4YadHBIMH CBS3SIMH MeXJy 3JeMeHTaMH MakMepTpH
[2.8] u Opyrue aBTOpH MPENJOKHIH BbIGPATb HEJHHEAHYIO KOMGH-

Hatuo 1 =0 +/NC. [Ipu HyJeBOM cpelHeM (MaTeMaTHUECKOM
OXUJaHuu) ¢§.0.B.

=2 ) (2.3.113)

3HaueHHe o XapaKTepH3yeT MHTEHCHBHOCTb B3aHMOJEHCTBHS BHYTPH
cucteMH. C Kakof CTOpPOHE MOXKHO ObLIO OLI MOAOHTH K mpoGJaeMe
YCTOHYHBOCTH GoJsbnioll cucreMel? K3 Toro uro Mul yKe 3HaeMm, pe-
LleHHe 3TOH 3aJa4u CBOJAMTCH <«IIPOCTO» K BBIYACJIEHHUIO COOCTBEH-
HBbIX 3HaYeHHH MaTpHubl A.

Ho Ttenepnr Heo6xomumo co6JI0AaTh OCTOPOKHOCTB. Martpuua
A — cayvadiHas, W 3ajada COCTOMT B TOM, KaK BBHIYHCIHTE COGCTBEH-
Hble 3HAYEeHHUs CAYHLAUHOI MATPHULLBI C JeHCTBHTENbHBEIMH 3J1€MEHT AMH.



94 TnaBa 2

Mbl He MoXeM BBIUHCJASTHL 3TH COGCTBEHHHIE 3HayeHHud, pelras
XapaKTepUCTHUYECKOE YpaBHeHHE

det| A— AE|=0. (2.3.114)

IlpeanpuHHMAaJ/IHCh NMONBITKH ONpPeIdENHTb B OOIIEM cyuae TEOPeTH-
yeckKoe pacrnpejesjesne cOOCTBEHHLIX 3HayeHHH cayvafHOH BellecT-
BEHHOA MaTpHIB, HO BCe OHH OKasaJuchb OeayclnelIHHIMH. Dosee
TOTO, MpOBaJ HX ObLT NpefoNpeleseH TeM, UTO NOoJe BEUleCTBeHHBIX
yncen anre6paHyecky He 3aMKHyTO. B uacTHHIX ciyuyaax pacnpefe-
jgenne P(Re{Ar:}) ymanoch moayu4uTh ¢ NOMOLIBIO YHCIEHHOIO MoJe-
aupoBaHusa. Ho u TorZa Mbl noJsydaeM B JefiCTBHTENbHOCTH He Ha-
6op onpeneseHHblx uncea Re{A;}, a sepoarnocru Toro, uTO BeJH-
uiHBl Re{A;} NOJNOKHTENAbHE, PaBHbI HYJAIO WJIH OTPHIATENbHEL.
OO6LHpHEIE YHCTeHHBIE S5KCIIePHMEHTH], IPOBeJeHHEe B OCHOBHOM

Du6u [2.9], noxasass, uto, koraa napamerp 64/NC < 1,
PRe{r,} <0)~1 npu Bcex I. (2.3.115)

dT0 O3Ha4aeT, 4YTO e€CJAu CJAO0XKHOCTb CHCTEMBI C CﬂyqaﬁHbIMH
CBA3SIMH HHZKE OIIpeACJIeHHOIO 3HAauYcHHs, TO CHCTEMaA IO CYUICCTBY
YCTOﬁHHBa. HO, KakK TMOKa3saJHd Te Ke YHC/JIeHHbIC 3KCIEePHMEHTH,

BLILIE KpHTHYecKoro nopora 64/NC =1, 1. e. npu 6 4/NC > 1,
BCerjga cyulecTByeT M0 KpafiHeli Mepe OZHO [, NP KOTOPOM
P(Re{A;}) ~ 1. CucreMa ¢ 60JblIOH BEpOSITHOCTBIO CTAHOBHTCS
HeYyCTOHUHBOH. MBI BHJUM, 4TO YCTOHYUBOCTL BCTYNAET 8 KOHPAUKT
€O CA0MHOCTH!0, Eenn 6Bl Tak NMPOUCXOAUWJAO B PealbHBIX CHCTEMAX,
TO MOXKHO OBbIO OB OXHJAaTb, YTO MOYTH Bce CKOJbKO-HHOYIb 3Ha-
YUTesbHble MAKPOCKONHUYECKUEe CTPYKTYPH MAOJXKHBH OHTb BHYTpeH-
He YCTOHUYHBBIMH. MeX/y TeM HaM H3BECTHB HEOOBIUAHHO CJ0XKHBIE,
Hanpumep OHOJIOTHUeCKHe, CHCTeMBI, a TaKXKe MHOXKeCTBO CO3/JaH-
HBIX YeJOBEKOM CHCTEM, KOTOpble, HECMOTPS Ha UYJOBHILHYIO CJI0XK-
HOCTh, 006/1a1a10T BbICOKOH ycTOHuHBOCTBIO. (ONHH H3 npeljaraemblx
OTBETOB HA BONpPOC O MpPUYHHe YCTOHUMBOCTH BCeX 3THX KpYII-
HOMAacCIUTaGHEIX CHCTEM COCTOHT B TOM, 4TO CBS3H MeXAy HX 3Je-
MeHTaMH He cayuafinbl. [lpaBia, BO MHOTHX cjyuadx Takoe Ipej-
NOJIOXKeHHe He MOAKPEeNJsieTcsl CYUIeCTBYIOUHMH 3BOJIOLHOHHBIMH
TEOPHSIMI: XapaKTePHHIM IPHMEPOM MOXKET CAYKHTh CHCTEMa CBH-
3eH B rOJJOBHOM MO3T€ KPYIHBIX MJEKONHTawIlHX.) Kak Takoe BO3-
MOXKHO? Kakoro poga xKOMIPOMHCC MOXeT OBITb AOCTUIHYT MEXKAY,
KasaJoch OB, HECOBMECTHMBIMH TEHIEHIHAMH YCTOHYHBOCTH H
cnoxHoct? OTBETOM Ha 3TOT BONPOC, MO-BHAMMOMY, MOXKET Cay-
KHTh «CEKIHMOHHPOBAHHE», WJIW «Hepapxuyeckoe pas3bHeHHEe».
[Tociennee yTBepXkKIeHHe O3Hauyaer, UTO CYlLlecTBOBaHHe J0G0H
OpPraHH3allHOHHO-CTPYKTYpHOH MepecTpOHKH, clocofCTByOLIEH YBe-
JHYEHHIO YCTOHYMBOCTH IMpPH MAAHHOM YpOBHE CJOMKHOCTH, MOXeT
CTaTh NYTEBOJHOH HHUTbLK: CYTb NOJAXOJAa COCTOHT B HCCIELOBAHHH
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OTHOCHTE/IbHOH BEPOATHOCTH YCTOHYHBOCTH MATpHI MPH OLHHX H
Tex ke N, C, 0, HO NpH TakoHi NepecTaHOBKe CTPOK H CTOJAGIOB,
TIpH KOTOPOH BCe HeHyJeBble 3J€MEHTH @;; BXOAAT OJOKaMH.
Paccmotpum B KauecTBe mpHMepa CBSI3M MEXKAY UeTHIPbMs Me-
pPEMEHHBIMH X, X3, X3, X4 OUEHb IPOCTOH MAaTPHIKI, H306paKeHHOH

©) (22D

%) (D

Puc. 2.33. a— pasluense cJayuafiHOH MATpPHIE B3aUMOJEHCTBHS, MPHBOASLIEE

K Das/eJIeHHI0 CHCTEMbl Ha [IBe He3aBHCHMble HOJIOBHHH. KosddumumenTs ay;

B He3aLITPHXOBAHHBIX GJOKAaX OuYeHb MaJibl; § — AHATPAMMA, OKA3BIBAIOLIAS CBSI3H
MeXJAy KOMIOHEHTAMH CHCTeMEI, ONHCHIBAEMOH MAaTpHUel a.

Ha puc. 2.33. Ecau u3 1o Ke (YHKUHH NJOTHOCTH BEPOSITHOCTH,
H3 KOTODOH B3ATHI 3JEMEHTH Q;;, IPOH3BECTH NOBTOPHYI BHIGOPKY
C TaKUM pacyeroM, 4TOOB CHe/aTh BEPOSITHOCTH 3JIEMEHTOB, CTOf-
IMHUX Ha auaronanu BC, oueHb MaJbIMH, TO MAaTPHUA, AHATOHAJH30-

a [

Puc. 2.34. a— pasbuenne ciyqafiHoli MaTpHIUEl B3aHMO/EHCTBHA, AOMYCKAIOLIEE

(cnaboe) BzauMojeficTBHe MeXIy YacTAMH cHCTeMbl. KosddunmenTsl a;; B He-

3aITPHXOBAHRKIX OJIOKAaX OYeHb MAaJH; 0 — AHArpamMma, MOKa3HBaollas CBA3H
MeX/1y KOMIIOHEHTAMH CHCTeMBbI, ONMHCHIBAEMOH MaTpHiueld a.

BaHHas BIOJb IJaBHOW auaroHanum AD, pact HaM cuCTeMy, pacnas-
{LIYIOCS Ha [Be He3aBHCHMBbIe MOJOBHHDI.

Ho ecan npousBectu BHIGOPKY M3 Haulell ¢.M.B. Tak, 4TOGH MaT-
puina AnaroHa/H3oBajach BAOJb NOOouHOH auaronanu BC (caenas
OYeHb MaJbIMH BEPOSTHOCTH 3JE€MEHTOB @1, O, Qa1, Oy, (33, Aaa,
@43, Q44), TO MB NOJIyYUM MATPHIY, YCJIOBHO H300paXeHHYIO Ha
puc. 2.34. Ecin H3MEHHTb DacCNOJNOXKEHHE HEHYJeBbIX 3JeMEHTOB
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TaK, YTOGBI YCHJIWTL 3/J€MEHTH dis, Qs1, Og4, Qg2 |T. €. CAEIATb HX
P(aij) ~ 1], a aneMeHTBl a4, @41, Q39 Q23 OCAAGUTH [T. e. caenats
ux P(a;;) ~0], B peaysibraTe ucxofnas cucTeMa pacrnajfercs Ha ABa
6/0Ka, Takux, YTOGHl S5/J1€MEHTB BHYTPH KaxkJAOro OJOKa CHJIBHO
B3aMMOJeHACTBOBAIH MexXAy coBoH, a B3aumogeiicTBHe Mexkay 6Jo-
KaMH GBUIO cla0biM. BbIUHCIUTENbHBIH 5KCIEDHMEHT B 3TOM CJy-
Uae NMOKAa3bIBACT, YTO NpH OAHOM H TOM Ke YPOBHE CJOMKHOCTH pas-
JOXKHMOCTb YCHIHBaeT yCTOHUMBOCTL [2.9].

6) Ascopurmuneckas CAONCHOCTb

[Tox airopHTMHYECKOH CJIOXKHOCTBIO MBl IIOHHMaeM MHHHMaJlb-
HOe 4YHC/I0 OMTOB (HaMMeHblee YHCAO HHCTPYKUHH), HeoBXOAUMBIX
BHEIIHEMY Hal/i04aTeno AJs TOTO, YTOOB! MOJHOCTBIO BOCIPOH3BE-
CTH JaHHylo cucreMy. OcTraBass A0 ral. 6 AHHAMHUKY, JeXalyio B
OCHOBE TOro, 4TO INOPOXKAAET CJOXKHOCTb B CHCTEME, MBI OrpaHu-
YUMCSl B 3TOM pasjese JIHIIb CAMBIMH HEOGXOAHMMBIMH NOSCHEHHSAMH
K ONpeJeJEeHHIO AITOPHTMHUYECKOH CJI0XKHOCTH, NpPEANOKEHHOMY B
ocHOBHOM XauTHHBIM [2.10]. CyTb Hesa CBOAHTCH K CJAeAyIOLIEMY.
Mpr monyuaeM BpeMeHHOH psifl, COCTOSIIHA M3 HyJdedl H eIWHHL.
OTOT psAJ NMOPOXKIAEH HCXOLaMH GpOCaHui HeasbIIHBOH (HAeaNbHO
CHMMETPHYHOH) MOHETBI, MO3TOMY HHKAKHX CBsi3el MeXAy OTAesb-
HBIMH WIeHaMH psifia He cymectsyeT. CKOJBKO a/bTepHAaTHBHHIX
BpeMEHHBIX DAAOB AJAMHBL N MH MoxKeM moayuuTb? OTBeT 3aBHCHT
OT TOrO, K4KOH BpeMEHHOH psi HaM HyXeH. ECJH MBI HEe YCTAHAB-
JUBAEM 3apaHee YHCJI0 HyJeH W eIHHUIl B psle, TO 06llee YHCAO
psinoB aauHer N paBHo 2Y. Eciu e Hac HHTEPECYIOT BpeMeHHLIe
pPSLABL C ONpEAENEeHHBIM YHCJAOM HyJdeld W elHHMI, TO oflLlee YHCIO
TakKHX paaoB paBHO N!/N,IN,!, rne Ny — uncno Hy.ae#, Ny — uHcao
enuHull (Ny 4- No = N). Hac uHTepecyer, Kakyio om0 ot 2V ps-
10B AJuHbl N (anpHOpH paBHOBEPOSITHBIX (C BEpPOSATHOCTbIO 2-V)
JUIS BHEIWHero HabJIofaTenst) COCTaBJSIOT pPSAbl, CXKHMaeMmble [0
K 6uros? HHaue roBopsi, CKONbKHM psilaM MOXKHO COINOCTAaBHTb
anroput™ AJuHOR N — K, 'KOTOpBIH, eCc/H NOAaTh €ro Ha BXOJ aB-
TOMAaTa ¢ KOHEUHBLIM UHCJOM COCTOSIHHEH, HOPOXKI4eT Ha BHIXOJe
Becb psL AJMHHOH N?

N3 nByx cumBoso 0 U 1 MBI MOXeM NOCTPOUTDL 2! «CJ0B» AJH-
Ho# 1 6urt, 22 cnoB AnunoH 2 6ur, 2% cjaoB AnuHOH 3 6HT u 1. ;. O6-
Iee YHCJa0 PAAOB, CKUMaeMbx fo K 6ur, paBHo

2 4 L 2V VR g (2.3.116)

a ux JoJ4s1 OT 0b1lero uyuc/jaa psaoB —
202 ek N> (2.3.117)
E= gy npu > 1. .3.

He 6e3 uekoTopoli «MenaHXoJHH» Mbl OOHapyXuBaeM, 4TO 3Ta
Aonst 6HICTpo yOniBaeT ¢ yBeJanuendem K: Hampumep, npu K =10
JULIb OJHH BPEMEHHOH pdaX H3 THCcAYW cxumaercs Ao 10 6ur.
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B ofmem cayyae cOOTHOWIeHHe MeXAY AJHHOH aJTOPUTMa Ha BXO-
e H IJIHHOH BPEMEHHOrO psiia Ha BBIXOJ€ UMEET BHJ

N’ ~ Ny+ NS0, 1), (2.3.118)

rae Hy BK/IouaeT B celsl KOJIHYECTBO HHCTPYKUHI, BXOASIIHX BO
BHYTpEeHHee MNporpaMMHoe ofeclleueHne JaHHOH KOHKPETHOH Ma-

Bxon ABTOMaT Beixox
1 C KOHE@UHbIM YU ~ i
7 R
N NIOM COCTORHMI} N

N'= N+ N-5(0,1)
N~ inN
Puc. 2.35. «MunnmanpHasi» nporpamma N’ BHINOJIHAETCSI B aBTOMAaTe ¢ KOHEUHHIM
YHCJIOM COCTOSIHHMI} H TIOPOXKJaeT BPEeMEHHOH psaa AJdHHL N.

UIMHBl, ¥ 110 NOPAJKY BeJHYUHB CpaBHUMO ¢ In N, a
SO, )=—=P@O)logy P(0) — P(I)log, P(1) (2.3.119)

eCTb 3HTPONHA psfa (pHC. 2.35) ¢ P(0) 4+ P(1) == 1. Takum obpa-
30M, npH P = 1/2
SO, =1

u N’, Boobwe rosops, Ooaswe, yem N. Eciu BeposiTHOCT P OT-
auyHa ot 1/2, to S(0, I) nagaer, u npu P=1uau P=0

S0, I)=0,
MO3TOMY
N <« N,

IKCTPEMAJbHEIMH NIpHMepaMH H3 2V BpeMeHHBIX ps0B AJHHBI
ABJISIIOTCA YaCTHBIE peasn3aluu

000 ...0 wmmm 111 ...1,
N——— N —r’
N N

rae N' ~ In Nt Ioas § Bkalouaer npu npoussoabHoM K Bce pea-
JHU34LUHH, B KOTOPBIX HA6/I0JaTeNb MOXET 3aMETHTb KaKylo-HHOYIb
CTOXACTHYECKYI0O B3aHMO3aBHCHMOCTb MEXAY HYJSIMH H eIHHHILaMH,
T. €. B KOTOPBIX HYJH H €IHHUUBl AosBJAsIIOTCA ¢ P %= 1/2. Uro, oa-
HaKo, HabJlofaTeJab He B CHJax JOKa3aTb, TAK 3TO HECXKHUMAEMOCTh,
T. €. NOJIHYIO CJIY4a#HOCTb, AAaHHOH peajH3alUHH. DTO NPOTHBOpE-
unsio 66 Teopeme I'énens.

2.4. 3akJjouuTeqbHble 3aMeUyaHKs

B 3T0#l r1aBe MBI OrPaHUYHIHCH PACCMOTPEHHEM AHHAMHKH He-
JHHEHHBIX CHCTEM B cJyyae OJHOTO, ABYX H MHOTHX H3MepeHHH
(paccMOTpeHHe TpeXMepHOro MPOCTPAHCTBA COCTOSIHHA Mbl OTJIO K HJIH
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Zo 1. 6). Ilo cyuectsy Mbl yGeQUJHCh, YTO T[aMHJILTOHOBHI
CHCTEMBI OCTAIOTCS HEH3MEHHBIMH, €CJH TOBOPHTb O NPEANOUTHTENb-
HOCTH M HeOOPDAaTHMOCTH Nepexofa M3 COCTOSHHA B COCTOSHME, HCK-
JIOUEHHE COCTABJSAIOT OCOOBle TOUKH, CHIHAJU3HPYIOLUIHE O BETBJE-
HHH pemreduit, JluccHnaTHBHLIE CHCTEMBI B OTJHMYHE OT FaMHJbTOHO-
BbIX TNPETCPNEBAOT MOCJAEA0BATEAbHOCTh HAPYUWIEHHH CHMMETpPHU
(npuBoAsiulell B Cayuae OZHOTO, ABYX H MHOTMX H3MEPEHHH K BO3-
HUKHOBEHHIO HEOODaTHMOCTH). JBOJIOUHS AUCCHNATHBHBIX CHCTEM B
OTJIHYHe OT OGOJbIMAaHOBCKOTO ONHCAHHS XAPAKTEPHU3IYETCH APOU3-
600CT8OM 3HTPONUU, KOTOPOE CONPOBOKIAECTCA BCE yelybAffouelica
Jupdpepenyuayueii u gozpacranuen caoxcrocty. Kak 6buto moka-
3aHO, CJOXHOCTb MOADPHLIBAET YCTOWYHBOCTb, €CJHH He YMepsieTcs
Hepapxuueckoil cTpykTypo#i. YerBepTas XapaKTepUCTHKA — CAMO-
0p2aru3ayus — BO3SHHKACT, KOIJa CIOXKHOCTb CHCTEMBbl MPEBOCXOMUT
HeKHH KPHTHUCCKHMHA TOPOT.

[To cymecTBy caMoOpraHusamusi cBsizaHa CO CNOCOGHOCTLIO CH-
CTeMBl MOJEAHPOBATh (T. e. CXKHMAaTh A0 aJrOPUTMOB MHHHMAJbHOH
AJMHHBI)  OKPYXalOUYl0 cpely, a TakXe uacTH camod cebs. das
JalbHeHAIIero HCC/Ie0BaHHs CaMOOPraHH3aUHK HEOGXOAUMA TEOPHS
HHPOpPMAUUH, TAK KaK CNOCOGHOCTb MOAETHPOBaThb TpefyeT cylle-
CTBOBAHHUS KOXA HJH MNPOLEAYPH OTOOpaXKEeHHS MEXAY YPOBHAMH
NpOrpaMMHOro M amnapartypHoro obecneueHusi. Mpl XOTHUM 3THM
CKa3aTb, YTO /I NOHHMAHHS CaMOOPraHH3aUHH HeoOXOAMMO OJHO-
BpEMEHHOe pacCMOTpPeHHe 10 KpaiiHeHd Mepe Ha ABYX HepapXHUECKHX
YPOBHSIX, MOITOMY B3aHMOOJHO3HAauHOe OTOOpa)KeHHE He HOPONK-
JdeT CaMOOPTaHU3aIHH.

s AMHAMHYECKOro «BOMJIOUIEHHS» pPEXHUMA CAMOCKHMaeMo-
CTH, a4 WMEHHO BKJIOYEHHS CTPAHHBIX ATTPAKTOPOB B <«KOTHHTHB-
HYIO» CHCTEMY € «HH(ODMAaLHOHHOH Pa3MepHOCTbIO» MeHbUIeH, ueM
pa3MepHOCTh MNPOCTPAHCTBA COCTOSTHUH, HEOGXOXHMa XaoTHuecKas
NuHaMuKa. Xaoc okasbiBaercst 3Q(MeKTHBHBIM H TNPH YCTAHOBJEHUH
CBSI3H MEXJY MHKDOCKOTHUYCCKHM ¥ MAaKpOCKOMHUGCKUM ONUCAHHEM.
[lo 3TuM npHuKHaM aHaJdMTHUECKOE OGCYXKACHHE CaMOOpPTaHH3ALHH
TpebyeT 3HaHHA MaTepHaJa Ivl. 4 U 6, HO NPeIBAPHTENBHO HAM He-
00XOIHMO O3HaKOMHUTbCA ¢ pu3ukoil 0o6paboTKH HHDOPDMANMH B
€CTEeCTBEHHBIX CHCTEMaX.

HItak, HaM HeOOXOAHMBI HEKOTOPHlE CBENEHHSI O JHHAMHKE HOCH-
TeJed MHGOPManuK, TIaBHBIM 00pa3oM 00 W3JyueHHH, pacnHpocTpa-
HeHHH CepHuecKHX BOJIH W HHGOpMaLMH, NepefaBaeMoll cgepuuye-
CKHMH BOJIHAMH KOHEUHBIM amepTypam.
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Posb ciheprueckux 3/1eKTPOMAarHUTHbBIX
BOJIH KdK HOCHTEsel MHDOpPMALHH

3.1. Hanyuenune 3apsana, ycKOpeHHO ABMKYIIETOCs B BaKyyMe,
Nonsatne «camoBo3neiictBua». TepMopnHaMuka
3/IEKTPOMATHHTHOTO H3Jy4eHHs

3.1.1. Hanyyenue B Bakyyme

Pacemorpum saneMeHTapHBIE AHNOMB, COCTOSAWMI U3 JBYX 3aps-
J0B IIPOTHBOMNOJOXKHOIO 3HaKa —e, e, pa3ieseHHbIX H3MEeHSIHMCS
B 3aBHCHUMOCTH OT BpeMeHH paccTosinuem [(f). IIunoap «3jeMeHTa-
peH», ecau lyaxe K A, rae A—
LJIHHAQ BOJHBI NOABOAHMOIO K
aunoawo toka. CHauajla Mbl Bbl-
YHCJIHM 3HEpPIHI0, H3JyuaeMylo
T4KHM [HIIOJeM B BaKyyMe, a
34TeM MCcielyeM TpoOUece Ha3-
JyueHHs B JHCIIEPCHOHHOH cpe-
ae ¢ norepsaMu. Has 3toro mul L
Npexae BCEro BBIYHCJAHM B TOU-

Ke R, ¥, ¢ (puc. 3.1) HHTeHCHB-
HOCTH CO31aBaeMOro JAHIOJeM
3JEKTPHYECKOTO W MATHHTHOIO
M0JIsl, HJIH, €CJH TOBOPHTL (o.lee
HOleOGHO, 1WeCTb KOMIOHeHT E., Puc. 3.1, Bruucsienne noas H3J1y4alo-
Eq, E(p, H., Hs, H(p (8 cheque— UIEeT0 3/IeMEHTapHOTO JIUITOJS.
CKHX KoopauHartax). Mcrounuk

H3JyUeHHs] HaXOQMTCA B MHPOBOH TOYKe C KOOpAHHaTaMu I’ (x’,y’,
2’'), ¥/, a nabawonarenb — B TOuKe T (X, y, 2), ¢, Tle

R=A(x—xV+y—y»P+E—2) (3.1.1)
vo=f— R, (3.1.2)

(4

€ — CKOpOCTb cBeTa. [IMNoJbHBIE MOMEHT paBeH
P()=el()=el(t—=) (3.1.3)
HauneM ¢ TOro, uro BBIIHLIEM ypaBHeHus: MakcsejJjia B CH-
creMe MKC: ‘
B(r, )=—V XE(r, 1) (3.1.4)
(sakon Papajesn),

—E(, O+ ud(r, ) =V X B(r, 1) (3.1.5)
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(06001WeHHBIH 3aKOH AMIepa /s 1OJeH, H3MEeHSIOUIHXC B 3aBH-
CHMOCTH OT BpeMeHH),

V.E(r t):p—‘;—;—tl (3.1.6)
(3axon T'aycca),
V-B(r, ) =0 (3.1.7)
(HecyuiecTBOBaHHE MarHHTHBIX MOHOIOJEN),
v, ) 4 280 g (3.1.8)

(3aKOH coxpaHeHus 3apsja),

rae E(r, £) usmepsierca 8 B/M, H(r, /) B A/m, D = &oE B Kn/m2,
B(r, {) = uo H(r, {) B B6/M2, J(r/, t') B A/M2%, p(r/, t') B Kn/m?,

Netoynnk

[¢]
Hauano
oTcyeTa

Ry
Mpuemunk

Puc. 3.2. O6masn cxema 3anaun 06 H3/JTyYeHHH.

po B I'/M n go B ®/m. OO6mas 3anaua, chopMyJ TUpOBAHHAS BHILIE,
COCTOHT B BBIUHCJEHHH HHTeHcHBHOCTeH nonelt E, B no uurencus-
HOCTSIM HCTOYHHKOB (J, p) B cpele ¢ 3JeKTPHYECKOH MOCTOAHHOH go
H MarHHTHOH MOCTOSTHHOH o (B Bakyyme). 31ech

1
= 7: — CKOpDOCTb CBeTa B BakKyyme,
Eollo

a CHMBOJ

Jd a 3]
Vie= a4 o5+ 57

dx dy a9z

OTHOCHUTCA K [AUBEPreHUHH, BbIYHC/JIeHHOH B TOUKe, Pie HAXOJIUTCA
uCTOYHHK. OO0Liass reoMeTpHs 3afaul AJIs He3JeMeHTapHOro HCTOou-
HHKa KOHEYHBIX PasMepOB, 3aHAMaloulero o6weM V’, mokaszaHa Ha
puc. 3.2.
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[Ipolule Bcero HHTEHCHBHOCTH HCTOYHHKOB MOXKHO BBIUHCJHTH C
MOMOIbIO MOTEHUHAJOB (CKaJAPHOrO H BeKTOpHOro). Hampumep,
ypaBHeHUO (3.1.7) yaoB.eTBOpseT

B—V XA, (3.1.9)

rie A — BeKTOPHBIH MOTEHIHAJ.
[ToacraBasst B u3 cooTHowenust (3.1.9) B (3.1.4), noaydaem

VX (E+ A)=0, (3.1.10)
OTKyZa )
E+ A=+ VO, (3.1.11)

rae O(r, {) — mobas ckaaspHasd QyHKuHA (CKaJdspHBIA MOTeH-
UMan), WIH, eCJd yu4ecTb, YTO B ACHMITOTHYECKOM (3/IEKTPOCTATH-

yeckoM) caydae d/0t—0, E= —YV®, 10
E=—VD—A. (3.1.12)
[Moacrasass satem E u B us (3.1.9), (3.1.12) B (3.1.5), nonyvyaem

(v2— = atz)A_—qu+v(v A+ aa‘f). (3.1.13)

C nomomibio Kanubposku JlopeHua ypasuenue (3.1.13) MoxHO pas-
LeJUTb Ha JBa ypaBHeHHs — A1 A u D cooTBeTcTBeHHO. 3anulleM

1 8%A .
VZA_—_CTT%T:_HO‘L (3114)
toraa u3 ypaHeHusi (3.1.13) caenyer, uto
v(v-A+ o) =0, (3.1.15)
HJH, eCJIH TIOCTOSHHYIO HHTeI‘pHpOBaHPlH MOJIOMUThL paBHOH HYJIIO, TO
VA4 —5 =, (3.1.16)
[ToacraBnsis Beipaxkenue s E w3 (3.1.12) B (3.1.6), noayuaem
Vo4V A=—2, (3.1.17)
0
W/, TPUHHMAsT BO BHHMaHUe cooTHolenHe (3.1.16),
vp— Lo e (3.1.18)
2 ot - £€o ’ U

MoxHo A0Ka3aTb, uTo KajauGpoBka Jlopenua (3.1.16) coBMecTHMa
¢ ypaBHeHHeM (3.1.8) — 3aKOHOM COXpaHeHHs 3apsifia; cJeloBa-
TesqbHo, pacimensenue ypasHenus (3.1.13) na (3.1.15) u (3.1.16)
HOPaBHJbHO, HO HEOTHO3HAYHOCTb coxpaHsercd. Ho NOCKOJbKY B
Hauleit sagaye A H @ — «HeHabJioJaeMble», BCIIOMOTATEJbHbIE
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(QYHKIHH, WX HEOJAHO3HAYHOCTh HecyllecTBeHHa. MHl Bcerpa noay-
4HM OAHH H Te Ke E u B, ecad 01HOBpeMEHHO BRIIOJHUM Npeobpa-
30BaHHUSA

A=A+ VYW (3.1.19)
(rne W — ar06as ckaasipast GyHKOHA) H '
=02, (3.1.20)

nosromy E u B ocraiTcs MHBapHAHTHHIMH OTHOCHTEbHO BHIGOpa
NOTEHIHAJIOB,

O6mue peuwenus ypasueunii (3.1.14) u (3.1.18) nmelor Bug
(r, 1) =t2 SJ —RI) gy, (3.1.21)
VI
D(r, ) — 4;80 S o ;R/C) av’. (3.1.22)

HpHMeHPIM TEeEPb 3TH PE3YJAbTaThl K NPHMEPY C 3JEMEHTAapHbBIM

aunoJseM. Tak Kak
p(t)=el(t), (3.1.3)
dl
J=pv=p—d—t—, (3.1.23)

BbipaXKeHHWe MJsi BEKTOPHOIO IOTEHIHaJa (HalpaBJeHHOro BAOJb
OCH Z) NPHMHHMAeT BHA

A__

dl ’
o VSpd—th, (3.1.24)

HJH, Tak Kak dl/dt se 3aBucHrt oT ' H S odV =e,

VI
d
A= E (3.1.25)

(samernwm, uro 9/0t = 0/0t, nockoabky AR /[0t = 0).
Onpenenum «Bexrop T'epua» II npeo6pasoBanneM

1
n=_Lp, (3.1.26)
TOoraa
all

Hs coornowenus (3.1.27) u ycaosus Jlopenna (3.1.16) mb moay-
yaeM JJIA CKaJsipHOrO NMOTeHLHaJa

o=V (3.1.28)

€o
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Cootnoutenus  (3.1.9) u (3.1.12) mn03BOJAIOT HENOCPEACTBEHHO
Ha#ithi E u B (uau H). [Ipunumas Bo BHHUMaHHe, yto Bektop Il Ha-

npaBJeH BAOJb OCH Z, noJyudydaeM cJuelylolHe KOMIOOHCHTHI:

E,=H,=Hy=0, (3.1.29)

sz—f—ﬁg—(g—;;*% , (3.1.30)
fm i (kS H-4) e
Eﬁz_%(%g_g~%_% , (3.1.32)

rjie p — BEeJHYHHA AMUIOJBHOIO MOMEHTA.
[IpuBeneHHOE Bhillle BhIpaXKE€HHe AONYCKaer elle GoJbliee ymnpo-
uleHHe, eCT¥ 3aMeTHTh, YTO

Op __op ot lop ___Lop
OR ~ 9t AR c o’ ¢ ot c’
% L op oo’ L op 1 o P
adR? ¢ 9t’* OR T ¢ 4t’r T ¢ 92 T 2
OKOHUYUATEJbHO MBI OpUXOAHUM K (pOpMyJIaM
__sin® (p _;a_)
o= (24 4). 1,59
__ cos?® p_ . P .
Er= ot (—RC + 5 ) (3.1.34)
v sin® (b P ﬂ) :
Ev=qur(E+H+2) (3.1.35)

[IpuBeneHHBle BBIUIE BbIpaXKEHHS TOYHBL, €CJAH [yaxe € R, TO ecTh

CIpaBeJJIHBBl U 3JEMEHTAPHOTO JHIOJSA BAAJH OT HCTOYHHKA.
Bekrop ITofHTHHra, 3ajaomiHil KOJHYECTBO 3HEPTHH, BBITEKAIO-

el 3a OAHY CeKyHAY uepe3 eIHHHUHYW miaowaaky (Bt/m?), paBen

S=EXH=%EH,+ rE¢H,=Ss+S,, (3.1.36)

No3TOMy B oO0lieM cJyyae OH HMeeT pajHaJbHYI0 KOMIIOHEHTY H
KOMIOHEHTY, KOTOpasi, ecJd OHa OTJIHYHA OT HyJs, 00yC/JOBJIHBAET
NePeHOC Yea08020 MOMEHTA USNYUEHUEM.

[TocMoTpuM, Kak OGCTOHT [AeJ0 B ciaydyae 3JeMeHTApPHOro JH-
moJisi. JlJasi 6GoJiblued oOnpeieseHHOCTH BblGepeM TapMOHHYECKHH
OCUHJAASATOP P = po cos of. [loAcTaBasigs 3T0 COOTHOLICHHE
(3.1.33) — (3.1.36), HaxoAMM MrHOBEHHBbIE COCTaBJSAIOIIHE BEKTOpaA
[ToitnTuHra. Yto6bl NpPOBECTH pasjHyHe MEXAY 4YJIeHaMH, COOT-
BETCTBYIOMIMMH JAHHAMHYECKOH SHEpTHH, 3amaceHHOH B cpele
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(QayrTyHpyOmeHd OT MCTOYHMKA K HabJA0AaTe o H 06paTHO C 4acTo-
TOl ®), 1 YleHaMH, NeHCTBHTEILHO COOTBETCTBYIOIUHMH O1HOCTOPOH-
HEMY TepeHOCY IHEPrUH OT UCTOHHUKA K HA6.A100aTeto (13/1yueHHe),
TpOHHTEerpHpyeM ofe 4YacTH cooTHowenust (3.1.36) no BpeMeHH,
B3fiB HHTErpaJ Mo UeJOMY YHCJY NEepHOAOB. SICHO, YJIeHBI, COOTBET-
CTBYIOIHE H3JYyUEHHIO, BBIAEPIKAT TaKOe ycpeaHeHHe, T. e. AaAyT
HeHyJ/1eBOH pesyabTaT. OKa3bliBaeTcsi, YTO HMEETCH TOMbKO OJuH Ta-
KOH YNeH, 2 HMEHHO YacTh KOM-
noHesTH Ep
Eg~ 4sin O _%
neyR ¢

H 4aCTbhb KOMIIOHEHTHI H(p
sin® p
Hy ~

2R%sind d & |

4nR ¢~

TaxuM obpasoM, B cayuae AHIO-
Jsl YyrJOBOH MOMEHT He IepeHo-
curcsi  usayderueM. (llepenoc
VIJIOBOTO MOMEHTa H3JydYeHUeM
OCYIECTBJSETCH B CJAyuae Myadb-
TUNOACHbIX  HCTOYHHKOB. Ha
Puc. 3.3. Muterpuposauue no nosepx- 3TOM OCHOBAH NPUHUMN paboTh

HOCTH cdepbl pajuyca R. J060ro SJEKTPHUECKOTO MOTO-
pal)
[TsioTHocTh H3nyueHHo#t sHepruu (B Br/M2) paBHa
__ _Plsin?® _ e%?sin?2
Sr= 161%e,R%° — 16m%e,R3c3 ° (3.1.37)

a MOJIHYIO H3JYYCHHYIO SHEPTHIO MBI IIOJYYHM, NMPOHHTErpHpOBaR S,
N0 TMOBEpXHOCTH cdepn paauyca R B npemenax no & or 0 1o a
(puc. 3.3):

T
S e25? sin2 9

S =\ Tonm,rze 27R" sin 9 49, (3.1.382)
a TAK KAakK
I
S sin® ¥ d9 = %‘
4]
MBl [ONYuaeM
e?y? 5
S = e (3.1.386)

Takyw sHepruio (B IIk/c) wu3/JIyuaeT 3/1eKTPOH, ABHraolLuiics
YCKOPEHHO B BakKyyMe,
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3.1.2. TonsaTHe «camM0oBO3eHCTRUA»

PaccmoTpuM Temepb Gosiee MOAPOGHO Te CHJBL, MOA JeHCTBHEM
KOTOpBIX JBHKeTcH 3JaekTpoH. ([loHsITHe AHMMOJA MBI MOXKeM Bpe-
MEHHO OTOPOCHTb;, MOJOXKHTEJIbHBIA HOH e OyldeM CUHTATh <IPH-
OHTBIM» B Hayaje KoopAauHat.) [loTepst 3HeprHH Ha HU3JIY4YCHHE
JOJI’KHA KOMIIEHCHPOBATbCS IOTepel KHHETHYECKOH SHeprHH JBH-
XKYIIETOCs 3/JeKTPOHA; CNIeJ0BATeNbHO, 3JMEKTPOH 3aMejJser CBOe
JNBHXeHHe, KaK ecaqd Obl NPOTHB Hero AeACTBOBAaJja BHEUIHAA CHJA
Fs, T. €. NIPOHCXOAHUT 3aTyXaHHe.

Cuny Fs MOXHO BBIYHCAHTD CJACAYKILHM 00pasoM: pa60Ta,
NMPOU3BOAHMMAs €l 3a HHTepBaJ BpeMeHH Af ={f; — f;, paBHa Mo
aGCoMIOTHOH BeJUYHHe 3HEPTHH, H3JYUYeHHOH 3a To Ke BpeMs. [lo-
3TOMY t

t, 32
S Fs-vdfz—g £ __Rdt, (3.1.392)

4
6meycs
t t

HJIH, €CJAH BOCIOJb30BATbhCA COOTHOIICHHEM

d

o d e
U—dt(v V)—V-V

U MOACTAaBUTb €ro B NMPABYIO YacCTb,
L 2 L ' 2(' ) t
e : et (v-v) |7
. = . —_—— 3.1.396
{ Fsovar= g { vovar— 25| (3.1.390)
t ¢
He ymenbluas oO6UIHOCTH, MBI MOXeM BbIOpATb MOMEHTHI -BPEMEHH
t), {3 TaK, 4yTOo6H (KHHEeTHYecKasl) SHEeprUs 3JeKTPOHa Obljla OJHHAa-
KOBOH mpu ¢ =1¢ u { =1/, Torna B 3TH MOMEHTH BpeMeHH V _L v,

T. €. AeHCTBYIOIIYIO CHJy, MOXKHO CYHTATh MePINEHAUKYJISPHOH MTrHO-
BCHHOH CKOPOCTH H

3

t
S (Fs— 5o v) - vdt=0. (3.1.40)

t

Oas toro uto6u coornouiende (3.1.40) BBIOMTHAJOCE NPH JTH060M
dt, Bolpa)KeHHe B CKOOKax JOJIKHO OBLITh PaBHO HYJIO, T. €.

2 .
Fg= W’;&a—v (3.1.41)
(npu v/c <« 1), umm
Fg = m1x, (3.1.42)

—2
rae v=-¢"/6nel'c® ~6,3-107** ¢ — xapakTepHas MOCTOsIHHasi Bpe-
MeHH (CM. HHXKe). :
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3aech m — Macca 3J€KTPOHA, a X (f) — MrHOBEHHOE IOJOKeHHe
YaCTHIDB, NOITOMY /[ABHXKEHHEe 3JIeKTPOHA ONpeAeJsieTcsi YpaBHEHHEM

£ 4 ogx = ¥, (3.1.43)

€CJH 3JEeKTPOH OCLUHMJIJHPYET OTHOCHTEJILHO 1€HTPA ¢ COOCTBEHHOM
4aCTOTOH mo, HIH YpaBHEHHEM

¥ =¥, (3.1.44)

€CY Ha JBHXKEHHe 3JIeKTpOHA HeT orpaHuueHuil. [Ipexkie ueM MHI
nepefiicM K TOHKOCTSIM cuJbl Fg «caMoBO3[eHiCTBHS®, MONMBITaeMCH
HaWTH A7 ypaBHeHusi (3.1.43) peluenns Buga x ~ e—/2¢ Tloacras-
JIsisi 9KCNIOHEHTY B ypasHeHHue (3.1.43), mosyuaem

Q? = @2 4 j1 ~ @2 + jred, (3.1.45)

TaK KakK Q ~ wo (1IOTOMY, 4TO KO3((BHUHEHT T OYeHb MaJ MO Cpas-
HEHWIO C COOCTBeHHBIM NepHoAoM T = 2r/wo, HAH oot & 1). Has
Gosblieli YaCTH CNEKTpa 3JEKTPOMArHHTHOTO H3JYYeHHs YCJOBHE
woT K 1 BHNoansiercs. OHO HapyMIaeTcst A1t KOCMHYECKHX H y-7y-
Yedl, KOTOpBIE He MOTYT OBITb ONHCAHBI ypaBHeHHSMH MakcBesa.
B pesyabrate Mu noayuaem

Q~ = (o, —{——;-jr(og). (3.1.46)

~10)2 jo
x({f)~e o2 0! npu >0, (3.147)

x{fy==0 npu 1 <0,

Cnextp ®ypbe aas1 x(¢) HMeeT BUA

0 g =L ‘ (3.1.48)

21 (0g— ©) — (rm§/2) ’

—-102/2 j (0—0
e )

x(m)w—;—S e
0

a CIIEKTPp MOWMHOCTH

| x (@) ~ ‘

4n? (0 — ag)’ + (TPPajfa)

(3.1.49)

JTOT CcHeKTp mnpeacTaBieH Ha pHC. 3.4. DHepPrus, H3JAyueHHAS
OCUHJIJIHPYIOILHM 3JIEKTPOHOM, Huk020@ He GhIBAET MOHOXPOMATHUE-
CKOH, a M3-3a CHJIbI CaMOBO3JIEHCTBUS 0GAaAaeT eCTeCTBeHHOH iuH-
PHHOH JHHHH Aw (Ha ypOBHE NMOROBUHHOM HHTEHCHBHOCTH).
Ornowenue Aw/o? ~ T coctaBaseT okojo 1072% ¢. ®usnyecknit

CMBIC/ BeJHYHHBLI T COCTOHT B CJeIYIOIUeM: T-— 3TO BpeMsi, 3a KO-
Topoe IM BoJIHA NPOXOJIHT PACCTOSIHME, PaBIOE PAAHYCY 3JEKTPO-
Ha. (Paaymeercs, NMOJyueHHbI pe3yJbTaT IDHMEHHM K KJjaccHue-
CKOMY 2/1eKTpOHY. KBaHTOBOMeXxaHHYeCKHH MOAXOJ HE3HAaUYHTEJBHO
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MOIHGHUIHPYeT (OpMY CIeKTpa, Hapyllas ero CHMMETPHIO H3-3a
yueTa CIHHA 3JeKTPOHOB).

BrisicHiM Teneps noipobHee MPHPOAY CH/IB CaAMOBO3JAEHCTBHS
(3.1.41). Ilpu 6osee BHUMATEeJbHOM PAaCCMOTPEHHH MBI BHIHYKJCHbI
NpH3HATH, YTO MEepej HaMU camasl Hacrosiasi cuia. K takoMy Bbl-
BOAY Mbl IPUXOAHM IIpexje BCero INOTOMY, U4TO OHa Bceraa cy-
IIECTBYeT OJHOBPEMEHHO C YCKOpPEHHEeM 4YacTHIL, KOTOpOe 3aTeMm
3aTyxaeT 3a CYeT peakuud. B oTnnuHe OT APYrux cHJA B (QH3IUKe CH-
Ja CaMOBO3/JeHCTBHSI 3aBHCHT OT 8TOpOLl NMPOU3BOAHON OT CKODOCTH,

Ixtw)l®

Aw

Y ]
wo W

Puc. 3.4. EcrecTtBenuas WHPHHA JHHHH H3JY4YeHHA KJACCHYECKOI'0 MAHMOJA.

T. €. OT CKODOCTH H3MeHeHHs] yCKOpeHHsl, 3aJauH «HOPMAaJbHOM»
(HBIOTOHOBCKOIl) MeXaHHKH CBOISATCS K Au¢depeHuHATbHOMY YpaB-
HEHHIO BTOPOrO Nopsiika (o BpeMeHH), MO3TOMY, AJIsi TOrO UTOOLI
NOJYUHTh €IHHCTBEHHOE pelieHHe, AOCTATOUYHO 3aAaThb MOJOXKEHHE
H CKODOCTb YacTHIBI B JI060H MOoMeHT BpeMeHH. Ho B Hawem ciy-
yae paudpdepeHunansHoe ypasHeHue (3.1.43)— Tperveco mnopsaika
(CoMepKHUT TPEThbIO NPOU3BOAHYIO 110 BPEMEHH), MO3TOMY AJS OJHO-
3HAYHOTO OlpejJeseHHs TPaeKTOPHU H3JyudalolleHd 4acTHIH HeoO6Xo-
IUMO TOMHMO IOJIOYKEHHSI H CKOPOCTH 3aJaTh ellle H Ha4aAbHOe
ycKoperue.

HMrak, paccMOTpUM YpaBHEHHE [BHXKCHHUA CBOGOAHOrO 3J€K-
TpoHa

HJIH
=10 (3.1.50)

W MOnuiTaeMcs PELIMTh €ro, 3ajaBasl npou3sonsHoe HauyajbHOE YyC-
KopeHde Uo = 0(0). ¥YpaBHenue (3.1.50) nmomyckaer dsa pelIeHHud,
a uMmenno v =0 u v =10(0)e’/~. Bropoe pelleHHe, H3BECTHOE
MO/ Ha3BaHHEM «y6eramwuiero», — MOCTOPOHHee, T. €. JHIIEHO
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(H3UYECKOTO CMBICAA, TakK KAk COOTBETCTBYeT HEOTpaHHuEeHHOMY
«CaMOYCKOPEHHIO», KOTOpOe, ecaH Obl OHO CyLleCTBOBaAO, CAEJAJ0
Obl BCce H3aydYamuUle YacTHIH HeycTodunsuiMu. UTO MOXHO che-
Jatk AJAs TOro, 4TOOB u3bexaTb yOeratomux pewlennii? HauneM
C TOrO, YTO 3alulieM obuiee peiuenue ypasdenus (3.1.43) B sume

t
b = etlt z)(O)—-%—Se“”/ffm(t’)dl’ , (3.1.51)
0

rjie fext YUHTbIBaeT He TOJbKO BOCCTAHABJHBAIIYI CHJAY m'jx,

HO H 1106yI0 APYTYI0 BHEWIHIOK CHJY, AeHCTBYIOUIYIO Ha YacTHLY.

Peurenne (3.1.51) 6b110 moctpoeHo myTem npubaBieHusi K 06-
neMy pelueHHr OAHOPOJAHOro ypasnenus (3.1.50) uactroro peure-
HHEsT HeoAHopoanoro ypasHenus (3.1.43). Tax xax npoussoasHoe
HauvaJbHOe YycKOpeHHe 9¢(0) npuBOoAMT K yOeraroimium pelIeHusaM,
Hupak MHOro JeT Hasaj NPeLJoKuJ H30aBAATHCH OT TAKHX pelle-
HHH, BoIOUpas crneyuasoHolm 00pa3osm 3HaUYeHHe HAUAJBHOTO YCKO-
peHHA, a He OCTABJAA €ro Npou3BoabHbIM. Ecan nonoxuthb

T

5(0) == | eI ()l (3.1.52)
g

TO CKOPOCTb U OCTaeTcsi KoHeunoHl npu {— oo, [Ipu BuiGope wa-
yaabHoro yckopeunst (3.1.52) obuiee peluenye ypaBHenuii (3.1.43),
(3.1.51) mpejcTaBHMO B BHjle

00

b= g e=of (¢ + o) dp. (3.1.53)

0

B 3TOoM cayuae ABHXKeHHE UACTHIUBI YAOBJIETBOpsieT HHTerpoandde-
peHL[HaJIbHOMy ypaBHeHHIO; ¢Jjgel0BaTeabHO, €€ [I0OBeaeHHe B JI}OéOI‘;I
MOMEHT BpPEMEeHH ! 3aBHCHUT OT BHeluHeH CHJB, AefiCTByHOUIeH BO
BpeMeHa boaee no3duue, ueMm t.

Ecan coo6IuTh yacTHIlE COCPENOTOUEHHbIH HMIYJbC, HAPHMED
fext (£) ~ AS(t), TO

o () = Aets, 1 <0, \ 15s

6(1)=0, ¢>0. (3.1.54)
Takum o6pa3oM, yacTHLA YCKOPAETCH A0 TOrO, KAK K Hell mpumo-
XKeHa CHaa, Kak 6bl.B HpeﬂBKylHeHHH HpHﬂO}KeHI’IH CHJbI, B Hapy-
HeHHe TOro, 4TO Mbl Ha3bpiBaeM NOHATHEM HpH‘IHHHOCTH.

HrTak, noiBeleM HEKOTOpble HTOrH. YGerawie pelleHHs, To-
BH,D.HMOMy, yﬂaeTCﬂ HCKAKXUYHUTEL TOJBKO U,eHOf’.i BBeICHHA pe}KHMOB,
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HapyHIaoMHX TPHYHHHOCTE. To, YTO BCJAEACTBHE MAaJOCTH napaMer-
pa BpemeHHofi MaciiTab Takoro INOBeleHHsA IIpelcTaBaser O6oJee
HAM MeHee «aKajeMHUYeCKHfl» HHTepeCc, He YMaJseT CepPbe3HOCTH
BLI30Ba, 6pocaeMoro akay3aJbHbIM TOBeleHHeM Hanbosee H3J100-
JeHHbIM (PU3MUECKUM TOHATHSM.

3.1.3. TepmoauHaMHKa 3J€KTPOMATHUTHOTO M3JYYEHHSA

OcTtpoyMHasi ujies, npeljoxenHas YujiepoM H PellumMaHoM B
1945 r. [3.1], peuraer 3Ty (KJacciueckyw) mnpobieMmy, ycTaHaBJIH-
Basl CBAI3b 9AEKTPOJUHAMUKL €O CTATUCTUHecKol mexanuxoi. B 06-
LIHX YepTax Teopus Yuiepa — Pefinvana CBOAUTCA K CAEAYIOUIEMY.
YpaBuenns MakcBensna JONyCcKamT CHMMeTDHUHblE, T. e. oOnepe-
Kalomupe H 3amnasibBalolixe, pellleHHs. JTO CBOACTBO IpHCYyLle He
TOJbKO 3JEKTPOMArHHTHOMY, HO W BCeM JDYTHM B3aHMOJEHCTBHSAM B
¢pusrke (kKpome cnaboro B3anMoieficTBusa). Tem He MeHee HaGJI0-
JaeMoe 32JeKTPOMArHHTHOE H3JyueHHe aCUMMETPUYHO 3aBHCHT OT
BpeMeHH, T. €. Heo6paTHMO IMePEeHOCHT 3HEPTHI0 OT HCTOYHHKA H3-
JAydYeHHs K Habawnartenio (rie HM3nyuyeHHe, NepeHOCHMOE KOr€pPEeHT-
HEIMH cepHueCKMMH BOJHAaMH, paccedBaeTcs, NPEeBpallasich B Teln-
JIO 3a cueT mopexjiaemMoll UMH Hudopmauun).

Bcranem Ha TOYKY 3peHHsl TeX, KTO HHKOrja He Habmojan siB-
JEHHS, CBA3aHHbBe C H3JTyueHHeM 3J1eKTDOMAarHHUTHBLIX BOJH, H CIpO-
CHM, fIBAMeTCs JH BbluucAeHnasi Heo6paTHMOCTD, Bhipa)kaeMmas Bek-
topoum IlofinTHura, Hen36exHbM (H TPHBHAJbHbIM) CJEICTBHEM TO-
ro, 4T0 MH (YMBILILIEHHO) OMYCTHJM B pelleHHH ypaBHenus Makc-
BeJJla olepexaloulie ujensl, N OHa BO3HHKAA Obl U B TOM c/yuae,
eciii Gbl MBI YYJIHM B CBOMX BBIUHCJEHHSX OIepexkalollhe pelleHus?
Ecau 6B 0Ka3ajaoCh, UTO OHA BO3HHKAeT H INPH yueTe onepexalo-
LN pelleHHll, TO HaM NPHULIOCH Obl CBA3LIBATH 11€00PATUMOCTD,
BHIpa)kaemylo BekTopoM [lofiHTHHra, He ¢ (He cyulecTByiolleil B
1efCTBHTEBHOCTH) acliMMeTpied OCHOBOMOJAralollnX 3aKOHOB JH-
HAMHKH, a C Heulnell acuMMeTpHeH, NPHBHOCHMON TpaHHYHBIMH YC-
JOBHAMH (Kak B cjyuyae CTATHCTHUECKOH NITHAMHKH).

B caMoM jene, KOHeyHasi 3aMKHYTast CUCTeMa B3aHMOJeHACTBYIO-
IIMX YACTHI HMeeT MHOTO OOLIEro ¢ KOHeuHOH 3aMKHYTOH CHCTeMOH
unreppepupyroujux Boad. Mutepdepennus BOJH aHAJIOTHYHA CTOJK-
HOBEHHSIM MOJeKyJ rasa. Ilepexos OT reoMeTpHH HPOCTHIX CgepH-
UeCKHX BOJH (MCXOASINHX, HANpHMep, OT TOH TOYKH HA NOBEPXHOCTH
o3epa, KyAd ynaj GpOLIEHHHIH HaMH KaMmeHb) K CJOXHOMY pacnpe-
JeJIeHHI0 BTOPHYHBIX BOJH, HEKOTepEHTHO OTpakeHHBIX OT Hepery-
AsipHodl rpanHUB Oepera, HanOMHHAeT Mepexold rasa oOT CHJBHO
A hepeHIUPOBaHKOTO pacnpejesenns (¢ Mazaofl sHTpomHeil) K
MOJHOCTBIO OAHOPOJAHOMY COCTOSIHHIO (C MaKCHMaJbHOW 3HTPO-
nuefl) B pe3y/bTaTe CTOJNKHOBEHHH MOJEKYJl rasa Mexiy co0oi
W MX OTpPaXeHHH OT CTEHOK TOJOCTH — OTpaxeHuH, OHCTPO
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paspyulalomux Jgobble HauaabHbie KPOCC-KOPPE/ISIHH UAH KOTepeHT-
HOCTb CKOpOCTeH OTAeNbHBRIX MOJeKYA. [ast Toro uro6nl caenaTh cJe-
AyIOUu# Iar B paccyKAeHHAX, BOCIOIb3YEMCH THIIOTE30H, BLICKA3aH-
Hod B 1924 r. nemeuxum ¢usnkom TeTpote W NPHHATOH YHAEpPOM H
®ellumanom [3.1]: nas TOro wToGH OGBACHHTL NPUPOLY CHJILI Ca-
MOBO3,1eHCTBHSA, BO3HHKAIOIeH OZHOBPEMEHHO € YCKOpeHueM, He-
06XOAHMO OTKAa3aTbCH OT NPEACTaBJeHHS 06 3JeKTPOMATHHUTHOM
H3JyueHHH Kak 00 ssieMedTapHOM Hpouecce. BMecTo atoro neobxo-
JHUMO TONBITATBCA ONHCATbL €ro Kak KOAAeKTUBHOe ¢B0UcT80 GOJb-
IIOr0 4Hc/ia B3AUMOJACHCTBHI MeXAYy YaCTHUAMH PACCMATPHBAEMOTO
HCTOYHMKA H YACTHUAMH <«IOIVIOTHTEJNS», T. €. 3aMKHYTOro sLlNKa
KOHEUHBIX DPasMepoB, B KOTOPOM 3aK/I0YeH HCTOYHHK. KOHKpeTHO
npuHATbhle Yutepom u PeflHMaHOM MOCTYJAaTH CBOAATCS K CAELYIO-
emy.

1. ToueuHnlli 3apaAn, ABHKYMMICH ¢ YCKOpDEHHEM B INPOCTpau-
CTBe, CBOOOAHOM OT APYTHX 3apsiloB, He uU3Ayuaer 3JEKTPO-
MarHHTHYIO0 HeprHIo.

2. Tloas, meficTBYIOUIHE HA NAHHYI0 YaCTHLY, BO3HUKAKIOT TOJBKO
OT JPYrux YacTHL.

3. ITH nojs NMpeACTaBUMBL B BHIE MOJYCYMMbL OlleperKaioliero
H 3amasjiplBajoulero ypasHeHHd Makcaesia.

ITpeanomoxnM, 4TO MCTOUHHK H3JAydeHHsi (4YacCTHIA) 3aKJI0YeH

B HjeaJ/bHbIH NOMVIOTHTENb, T. €. B UMK ¢ aBCOI0THO HENPO3PavHbI-
MH CTeHKaMH (XOTS 3TH CTEHKH H COCTOSAT M3 YaCTHIl, AHAJOTHYHBIX
H3ay4amuei yacTHie). B HekoTOpBI# AaHdslll MOMeHT BpeMeHnH f
H3Jyuarouas 4JacTHIIA-HCTOUHHK HCNycKaeT Boany. Yepes HekoTo-
poe BpeMs OHa OCTHraeT 4aCTHI( NMOIJOTHTENH, OCTAe Yero Kaxaas
M3 HUX NPUXOAUT B (HEPEJSATHBHCTCKOE) ABIMEHHE H pearupyer Ha
3TO, HCNyCKas BOJAHY, NPEACTABASIIONIYIO OGOl IOTyCcyMMy omnepe-
Kawlell 1 3anmasasiBapouiell Boan. HaxoHen, nas ynpouieHus Bhi-
qHC/AeHAH Mbl OyileM NpeAnoJaraTh, YTO 4aCTHULI NOTAOTHTEN St pac-
AOJIOXKEHB! JaJIeKO APYr OT Apyra H M03TOMY Ka)Kjas 4acTHua «BH-
AUT» JI00YI0 APYIYI0 9Y4ACTHIY KAaK <«3/JMEMEHTapHbIH» HCTOYHHK.
HauneM ¢ paccMOTpeHHs peaKIMHM XapaKTepHOro 3apsijla B fIOrJo-
THTeJe HAa BO3MYHIEHNE MCTOUHHKA, KOTOPLI BCJEACTBHE CTOJKHO-
BeHUs ¢ TpeTbell uacTHLe$ uJI HO Kakoi-HHOYINb APYrofl mpHumHe
nprobperaer ycKopeHHe 0.

Ilycts Rk — paccTosiive MeX Ay HCTOUHHKOM H uacTuield mno-
raotutensi. OGobLUieHHOE BO3MYIIEHHe OT HCTOYHHKA NPEoAoJeBaeT
3TO pacCTOsiHME H BLI3LIBAET PeakiHIO C 3amo3flanueMm Ha Rg/c ce-
KYHA. DJIeKTpHueckoe rnoJie, AefCTBYIOHIEE HA YACTHILY NOTJOTHTES,
€CTb BeTHUYHHA NOPSiAKa

~~7§(‘3€—zsm O, " (3.1.55)

rae g — yroa Mexay v H Rx.
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IlycTb ex M mg — 3apsii ¥ Macca 4acTHLBI NOTJIOTHTes. B moJe
(3.1.55) Takas wacTtuia npuHobpeTaeT yCKOpeHHe Uk, paBHOe

ey ( ey 9 ee v N (3.1.56)
~—| — 55 sinOg | ~ — 5—— sin O. 1.
e RKc RKch

Hoc.neﬂy}omee ABHXKE€HHEe 4YaCTHLUbI NOTJOTHTEJA MOpOXKAaeT noJe,
npejAcTaBasiomiee coGoll NOJYCYMMY onepesaroujeco ¥ 3ana3odbi-
sgaroujeco MoJIeH. Onepema}oma;{ cocraBJggrwuiasg 3Toro nojaa co-
3J1aeT CHuJY, ﬂeﬁCTBy}OLU,y}O HaA HCTOYHHK OdHOB,DeMeHHO C HepBOHa-
YaJIbHBIM YCKOpEHHEM. C03,laBaexia;1 InoJeM BIaJHu OT HCTOUYHHKA
KOMIIOHEHTa 3TOH peaKTHBHOﬁ CHJbBI B HallpaBJeHHH YCKOpeHHs
paBHa

o s
——e(#zf,) sin Ok, (3.1.57)
HJIM TIOCJle TOACTAHOBKH U H3 (3.1.56)
e’ ex .
- (7;’1%?) Sin® 9. (3.1.58)

dopmyaa (3.1.58), 3anarmowas BeJHUHHY DeaKTHBHOH CHJbI, [1e#-
CTBYIOLIEH HA MCTOYHHK OT OJIHOH YACTHLBI NOTJIOTHTEJs, NO3BOJAET
BLIUKCJHTL CYMMapHbifl 3(pdeKT, co3jlaBaeMbli MHOTHMH 4acTHNA-
mu. ITyere N -—— uMcjI0 YacTHL MOTJOTHTENs] Ha edHHHLy obbema.
Torma uHcJo uacTull B chepuueckoil o6osouke (OKpyXKalolleH HC-
TOUHHK) ToawMnb drx paBHO 4xNri dry. TIpOHHTErpHpoOBaB Bbi-
paxenue (3.1.58) nmo o6pemy coepn paanyca Rx C 3J€MEHTApHBIM

o6beMoM 2nRk sin Ok dOx dRk, mOJdyuuM

RK n

- 2
ve EK . : .
S S ?m SII'l2'l()KN2TLR§( Sin ﬁK dRKd’lf)'Kz
0
(21’)@2) 2N ek 3.1.59
= \33 myc Ry (3.1.59)

B TakoM BHIe 3TO BbIpaxkeHHe He C02AaCyercs C BblpaxeHueM IJd
cHabE caMoBo3elicTeus (3.1.41).

B Xoje npuBeJeHHBIX Bbille BBIYHCJIEHHH HaMm He y/lanoch ole-
HUTb (hA308ble COOTHOWEHUS MeXJy OTAeJbHbBIMM N€MeHTapHBIMH
ONepPEeXKAIOUIMMH PeaKLHsAMH, AeHCTBYIOLIHMH Ha HCTOUHHK. [led-
CTBHTEJbHO, CYLIECTBYeT CIABHI (OTCTaBaHHe) 1o (ase Mex1y H3-
JyueHHeM, HMCIyCKaeMblM HCTOUHHKOM, H BO3BpallAlOLIEACs K HC-
TOUHHKY peakuned, KOTOPHH Mbl B CBOMX pacuerax He NPHHHMAJH
BO BHHMAaHHe.
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Onepexamomas cuia, AeHCTBYOLIAA HA HCTOUHHK H3-3a JBHIKE-
HHA 4YaCTHUBl TOIVIOTHTE/Is, €CTb JIAeMEHTAPHOe B3aUMOLEHCTBHE
MeXIy 08yms 3apANaMH H PACTPOCTPAHAETCA CO CKOPOCTbIO CBETa
B Bakyyme. C JIpyroii CTOPOHbBI, BO3MYLIEHHE, KOTOPOE HCXOMHT OT
HCTOYHUKA H onpejenseT ABUMN<eHHE paccMaTpHUBaeMofl YacTHIB,
COCTOHT He TOJIbKO H3 COGCTBEHHOrO MOJS NePBOHAUAJIBHO YCKOPEH-
HOro 3apsijia, HO H U3 BTODHYHLIX II0JeH, TOpOXK/JIaeMBIX B MaTe-
pHajie TOMVIOTHTENs. JAeMeHTapHole B3aUMOJEHCTBHS PACNpOCTPa-
HAIOTCS, KOHEYHO, CO CKODOCTBIO CBeTa, HO CJOMKHOE — KOJJAeKTHB-
HOe — BO3MYlleHHe pacnpoctpansercss ¢ ¢asoBoll CKOpPOCThIO c¢/n,
rie n (nokasateab NPeJTOMJEHHS)— KOJNJIEKTHBHOE MaKpPOCKOMHUeE-
CKOe CBOMCTBO cpenl. (BoiBoa (PopMyasl Aaf HOKA3aTeNns IpesoM-
JEHHST 1 CM. B pa3i. 3.2, rje paccMoTpeHa 3ajada o pacnpocTpane-
HUH 3JIEKTPOMArHUTHBIX BOJH B. JHCIEPCHOHHBIX cpejax ¢ [oTe-
PAMH.)

Hrolu nouath, Kax H3MeHAeTCst $a30Bast CKOPOCTb BO3MYIICHHS,
HeOOXOJIUMO PaccMOTPeTh OTAeJbHYI KoMmmoneHTy Pypbe yckope-
HUs. YCKOpeHue Mbl C NOJHHIM OCHOBAHHEM («BIIOJIHE 3AKOHHO»)
MOJKEM pas3JioXKHTb HA CIEKTPaJbHble KOMIOHEHTH ¥, PEIIHB 3a14-
4y AJ5 OJHOH H3 HHX, BOCCTAHOBHTb COOTBETCTBYIOLIHE KOMIIOHEHTDI
®ypbe peakuun uaayueHHs (CBA3b MEXKIY YCKOpEHHEM M H3Jayue-
HHeM JIHHelHa). .

HMrag, nepBHuHoe yckopenne (T. €. YCKOpeHHe HCTOYHHKA) H3-
MEHSEeTCA N0 3aKoHy O == vpe~/®!. TIpH pacnpocTpaueHun Bo3Mylle-
HHS 4aCTOTHE B Cpelie ¢ MAaJofl NMAOTHOCTbIO II0Ka3aTeqb NpeJom.e-
HHSl OTpenesseTcs BbipaXKeHueM

2
4niNey

2
I?’lK(.l)

n?al—

(3.1.60)

CaenoBateqabno, (aza peakiuHH H3JAYYEHHS, AOCTUTAKOIEH HCTOY-
HHKa Ha PacCTOAHHH Rk OT NOIJIOTUTEJS, OTCTaeT OT ($ha3bl yCKope-
HHA Ha BeJHUYHHY

Vel
m(ﬁ_’fﬁ)zi"_iu,(:q),(, (3.1.61)

[Toacrasasa a1y nonpaBky K ¢aze B Boipamenue (3.1.59) nas
BKJIaJa TOrJI0THTENIs B HHTepBaJe 0T Ry A0 Rk 4+ dRx u cymmupys
10 BceM I1yOHHAM B Cpefe, Mbl fI0JydyaeM TOJHYIO CHJAY peakKIHH

363 mKC

2 o0 9
% n (QnNeK)exp[~fRK(QnNef(/mkcm)] dR,. (3.1.62)
1]

Ecny AonyCTHTb cyliecTBOBAaHIe MAaJioro, HO KOHEYHOro MOTJoLie-
HIis B cpene, To HHTerpaa (3.1.62) cxoauTcss mpu GeCKOHEYHOM
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Bepwew fnpeanesae, H B pe3yJbTaTe Mbl HaXOJAHM [MOJIHYIO peaKuH}o
I[eHCTByIOI_I_ly}O Ha HMCTOYHHK CO CTOPOHBI OllepexKalolHX noJed oT
BCeX YaCTHU NOTJOTHTENA .

202 .. 202
o (— Jwo) = —3—} 3. (3.1.63)

Hwmenno 3To BhIpaxkeHne M 3aj1aeT CHIYy CaMOBO3JefiCTBHS B rayc-
COBBIX enMHHUAax. TakuM odpasom, cujia camMoBO3AeHCTBHS BO3HH-
KaeT He OT MPSAMOTo AefiCTBHS HCTOYHHKA HA cebst, a OT KOAAeKTUS-
HOeO c80UCTBA’ — Olepexalollero NMefiCTBHS Ha [CTOUHHK «Oyay-
Iero» JABHKEHHS] 4aCTHI TOrJIOTHTES.

Mo cux mop Mbl 3aHHMAJIHCh CYMMHPOBAHHEM 3J1€MEHTapHBIX Ole-
peKawILuX noJseil, cO3AaBaeMbIX YaCTHLAMH [OTJIOLIAIONIEA CPEHI,
B TOYKe, rjle HAXOAHTCA HCTOYHMK. Ham ocraercs mposecTH aua-
JIOTHYHble BBIYUCACHNA [JIA TOUEK, PACIOJONKEHHBIX 8HE HCTOUHH-
ka. Ho, nockoabky 3TH BBIUHC/AEHHS CJAHIIKOM CJIOMKHBI, Mbl
ONMYCTHM HX: H [pHBeleM HeNoCPeACTBEHHO JHIIb OKOHYATeJbHbIH
pesyanbTar, nosyueHHblfi B pamMkax Teopun QefinMaHa — VYwusepa.
OkasbiBaeTcs, 4TO: CYMMa OlepeKalolux MoJded OT BCeX YacTHIL
NOTJIOTHTEJ/IST B JI000H TOUKe BHE MCTOUHHKA jaeT ToJe, B TOYHOCTH
paBHOE MOJYPA3HOCTH 3aMa3/bIBAIOLIero TOJS OT HCTOUHHKA H olle-
pe:kamwiero noJas OT HCTOYHHMKA, MO3TOMY oOliepe)karoliee IMoJe OT
HCTOUHMKA MOAHOCTbIO KOMIIGHCHPYETCSl OMepexKaloUHM I10JeM OT
NOrJIOTHTeJIST (BCe. OllepexKaroliue MOJs TaciT APYr APyra 3a cuer
ocnabasirouled HHTep@epeHIHn), a 3amnas/blBalouUIie 0JsS B CyMMe
JaT B 060 TOUKe NPOCTPAHCTBA TMOJHYIO 3ana306l8QIOUYIO
MAKPOCKONUYECKYO B60AHY — B COOTBETCTBHH C HAGJI0JEHHAMH.

PesioMHpys, MOKHO cKa3aTb, 4TO 3(deKTH, CBA3aHHLIe ¢ OnMepe-
JKAIOUHMH TIOJISIMH, NPOSIBASIOTCA TOJbKO B CHJE PeaKHH H3/Ty-e-
uust. Takum oépasovl MBI MIPHXOJMM K BBIBOAY, 4TO 3/eKTpoMar-
HHUTHAsT CTpeJa BpeMedH HMeeT, [O-BHAHMOMY, TaKoe e MpOHC-
XOXKJeHHe, KAK H TepMOJHHAMIIUeCKasi cTpesja BPeMeHH, a HMEHHO
o0yciioBaeHa grewnell acHMMeTpHell TpauHuYHLIX yciaoBuil. Hanpa-
IIHBAIOUIHACA BONPOC O TOM, iBJASIeTCS JH U3HYECKAS PACUUUPAIO-
waaca Bceaennas uieasbHbIM TOTJOTHTENEM, OCTaeTcss 6e3 OTBe-
Ta. A noka ompejie/ieHHbBIM OTBETOM Mbl He pacroJsaraem, co6.as-
HHTEJbHO AYMaTh, 4TO He cJejlyeT AalpHOPH HCKJIOYATb BOJHBI H3
«Oynyutero»!

3.2. PacnpocrpaHeHHe 3J€KTPOMATHHTHBLIX BOJH B JLHCNEPCHOHHBIX
cpejax U cpefax c NoTepsMU

3anunumeM ypaBHeHHe ABHIKEHHS 3aPSIKEHHOM 4acTHIBI M0j Ael-
CTBHeM [ajaiouiedl 3MeKTPOMArHMTHOH BOJIHEL BMeCTe C ypaBHe-
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HHsAMH MakcBegaa:

i+vk+m§x=%(a+vxs), (3.2.1)
poH=—V XE, (3.2.2)
eE+p=VXH, (3.2.3)

rje t ==X -— CKOPOCTb YaCTHIBI, ABHKYyUledcda Noj AefdcTBHEM CH-
bl Jlopedua [npasas uactb ypasHenns (3.2.1), B = poH] u ucnmbi-
ThIBalOLleH JefiCTBHe BOCCTaHABJMBAIOMIEH CHIBI X (ecan cpeia
HC 1IOHH30BaHa) y AHCCHNATHBHOH CHJBI VX BCJENCTBHE CTO.JIKHOBE-
HKEH, npeTeprieBaeMbIX yacCTHUel ¢ COCeAHWMH uyacThuamu. BexTtop
NOJISIpPH3aUHH MOXKHO NpeACTABUTH B BHAe P == Nex (Moayab ero
paBeH 4HCJY [UNOABHBIX MOMEHTOB, HHAYUMPOBABHBIX B e1HIINIE
o0bema), N — uMCJO HaCTHU B eluuile 00beMa AMCIEPCHOHINON
cpenp. Cpema cuMTaeTcss OAHOPOAHON 1 u3orponnoil. Hennuefinwil
wieH v X B, Bxoasiwu# B BhpaxKeHHe Aas cuabl JlopeHna, MoXHO
OIyCTHTBb, €CJH MPHHSITH BO BHHUMAaHWe, UYTO II0J KOMIIOHEHTaMH
3JIEKTPOMArHUTHOIO I10JIs1 Mbl NTOHHMaeM ero KOMIOHEHTH B JAaJb-

HeH 30He, TO3TOMY
€y T
H,= /\/—-— r XE
[ uo >< 0>
By ——~E
o =

[v X Be <

%E@l.

Slcno, uto npu v/c K 1 uneHoM vEg/c MOXKHO npene6pedb MO CPap-
HEHHIO ¢ YJeHOM Ejy, a HMEHHO ¢ TAKHM CJyuyaeM Mbl H HMeeM 3]ech
neno. 3anvuwem Jaunefinoe ypasuenue (3.2.1) eme pa3, BLIpasuB
€ro JIEBYIO 4aCTb Uepe3 BEKTOP HoJisipu3anuu P:
62 d 9 Ne?

(—612 +v_6—t—+m0)P—

€
m

E. (3.2.4)

IIpuimenss x npapoil u JeBofl uacTsaMm ypaBHenus (3.2.2) omepaTop
VX, a K 71eBoi ¥ mnpaBoii yacTAM ypasHenus (3.2.3)— omepatop
Mod/0t u cKkaa]bBas HX, Mbl HCKaoOuaeM H, T. e. monyuaem

eotoE 4 poP = — V X VX E = V2E (3.2.5)

(Tak Kak B OTCYTCTBHE HCTOUHHKOB B cpefe V-E = 0).
Ypasuenue, cofepxaulee TOJIbKO E, MBI MONYYHUM, NOAeHCTBOBAB
ornepatopoM —po0?/0t? na obe uacTu ypaBHenusi (3.2.4), oneparo-

pom (0*/0* ++ vojot + i) ua obe wacth ypaBHenus (3.2.5) H CJI0XKHB
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TO, UTO OPU 3TOM NOJYUHUTCH:
0? a 1 4 g woNe? =

Hac wunrepecyer rapmonnueckoe pemenne E ~ Aexp [i(Kx—
— wf)], T. e. pacnpocTpanenue NJOCKHX TaPMOHHYECKHX BOJIH, Ha-
npuMep, BAOJb OCH X, K — BOJHOBOE YHCJIO.

Ioncrapaas sto Buipaxenue gas E B ypasuenue (3.2.6), Mbl,
HaKOHel, NoJyyaeM COOTHOLIeHHe MexJIy o H K, H3BeCTHOe mNoil
Ha3BaHHeM AHCIEPCHOHHOTO COOTHOLUICHHS:

2 2
(—(02—}— e)g—jvm) (_%_}_K?) vzﬂwz,

m
HJH

K2=m—:(1 + 5002([;/92//71) ); (3.2.7)
c ®

g — ®° — jvo

B TE€pMHHaAX IMoKaazareJs [IpeJaoMJIeHUA HZCK/O) AUCIIEPCHOHHOE
COOTHOIIECHHE HMeeT BH/L
Ne?/me,

2
n=1+ 5 R .
05 — 0 — jve

(3.2.8)
Jlnsi mOMHOCTBIO HOHH30BAHHOH cpeanl (T. e. AMs CPeiBl, cOCTOsLIeH
H3 CBOGOAHBIX 3apsijfoB) 6e3 norepb wo =10 u v =0, nosTOMy moO-
KasaTesb NpesoMJIeHHsT ONpesessieTCs] BbIpaKeHHeM :

) Ne/me o2
n—=1—T°=1—F, (3.2.9)

rie .-— njgasMeHHas yacToTa, T. €. YacToTa MPOAOJbLHBIX BOJH,
BO30yK/1aeMbiX B HOHH30BaHHON cpeje. YpaBHeHue (3.2.9) — 1o ca-
MOe, KOTOpO€ MbI HCII0JIb30Ba/H (B [aycCOBbIX €1HHHLAX), H3Jaras
B pasa. 3.1.3 reopuio Pefinmana — Yusepa.

B aucnepcrnonHo#t cpene, xapakrepuayeMmoii HeJHHeHHOH §YHK-
uned © = f(K) (ecnu 3Ta QyHKUHS JHHEHHa, TO cpefa — IPOCTO
BaKyyM), CKOPOCTb pacHpOCTPaHeHHs 3HepruM (rpynmnoBasi CKO-
POCTb) OTJIMYAeTCsi OT CKOPOCTH paclpocTpaHeHus ¢asnl (Pha3oBoil
CKOPOCTH). HTOOh yOeanThcst B 3TOM, PACCMOTPHM PaclpOCTPAHSIIO-
ILYI0Cs B Cpejle MOJHXPOMATHYECKYIO BOJHY (HMIYJIbC)

¥ = S A(K) efKx=iot gK - (3.2.10)

rae A(K) —amnautyna cnektpa npu BoaHoBoM uucae K. Ilyers
Ko~ cpennee 3naueHne pacrnpesesieHuss K B CHeKTpe BOJHOBOIO
nakera. Pas/ioxuMm aucnepcHoHHoe cooTHolleHue w=[(K) B
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OKPECTHOCTH ONOPHOH TOUYKH wo, Ko:
. Jm 7 1 62(1) r2
u)—coo—f—(W)KoK +3(6—K2)K0K + ..., (3.2.11

rae K'=K—Ky u @g = f(Ko). [oacraBass pasaoxenue (3.2.11)
B npaBylo yacts popmyasl (3.2.10), monyuaem

W=-exp [/ (Ksx — )] M(x, 1), (3.2.12)
rae

s, 1= § Ao s~ (33,1 -

0

— (ng)KKt — ] }dK. (3.2.13)

Ecau aucnepciionHoe cooTHolueHHe (Kak 3TO OGBIUHO ObiBaer) 3a-
JaHO TrJanko# (QyHKUHeH, TO cTapliHe NpPOM3BOAHBIE (HAuWHAA C
0%/JK?) MOXHO ONycTHTb. B pesy/ibTaTe Mb moJyuaem
. _ 9 ;
M, 1)~ { A(K)exp {11« [x — () ’J } dK. (3.2.14)
Ky

DT0 O3Hauaer, 4YTO aMIJIMTYyAa HJH 3HEPrHs BOJHOBOrO TakeTa
pacnpocTpaHseTcsi CO CKOPOCThIO

e}
Ve = (Fj%)K , (3.2.15)
B TO BpeMsd Kak COOTBeTCTBy}OHlaﬂ Cpa3OBaH CKOpPOCTbL paBHa
vphz(%)K. (3.2.16)

M3 puc. 3.5 scHo, 4To rpynmoBas CKOPOCTb Ugy (KOTOpas B OT-
JHYHE OT vpn He MOXKeT IpPeBblIlaTh CKOPOCTb CBETa ¢) MOMKET H3-
MEHATbCS B LIHPOKHX NMperenax OTHOCHTENbHO Upp.

Hntepecen (X0Ts1 ¥ peako BcTpeuaercs) cayuai, KOTAa B JAHC-
NEPCHOHHOM COOTHOIUEHHMH BcJea 3a ropboM HIeT YYacToOK ¢ OT-
pHLILATENbHBIM HaKJOHOM, — IPYIIOBAsl CKOPOCTh CTAHOBHTCH «OT-
punareabHoi». Yro 310 03Havaer? To, UTO Ugr M Upn HANpaBJEHB
B IIDOTHBOIIOJIOXKHbie CTOPOHH. TeM He MeHee, MOCKOJbLKY 3HEPrus,
KaK Mbl yXe 3HaeM, gceeda NEPEeXOAHT OT UCTOHHUKQ K BHEUIHEMY
noeaoTuUTen0, B CPpele ¢ TAKOH [HCIIeDCHOHHOH BeTBbIO (hasoBbie
(POHTEL HE PacnpPOCTPAHSIOTCS OT HCTOYHHKA, a CO BPEMEHEM KOJ-
JAlCHPYIOT K HCTOYHHKY. B TakoM noseldeHuH HHUero «HedHaHue-
CKOro» HeT, Tak Kak (pa3oBasi CKOPOCTh SIBJASIETCS UHCTO IeOMeTpH-
YeCKOH XaPAaKTepHCTHKOH.

[lpubanxeHHoe BblpaxeHHe (3.2.15), BbiBegeHHOe HaMH A5
IPYIINOBOH CKOPOCTH, HApyUIaeTcsl He TOJbKO AJsl HErJagkux AHC-
TePCHOHHBIX COOTHOIUEHHH, HO H B CJyuae Cpeabl ¢ NOTEPSIMH, T. €.



Cdepnueckre 3/eKTPOMArHHTHbIE BOJHH M HH(pOpMaIus 17

cpeibl ¢ KOHEUYHOI NPOBOAHMOCTBIO, B (GopMe cBOGOJAHBIX 3apsiloB
(TTpoBoasiy0 cpelay cJaeAyeT OTJHYaThb OT JH3JEKTPHKA C IOTe-
DAMH: B CJydae AH3JEKTpPHKA MoTepH o8yCJaOBJeHb CTONKHOBEHHAMH
MEXAy CBI3aHHBIMH ATOMaMH, 4 He CTOJKHOBEHHSIMH MEXLY aTo-
MaMH 1 cBo6onHbiMH 3apajamu.) Dopma, Kotopywo mnpuobGperaer
B NPOBOASILIX CPeAax IPYNIoBasi CKOPOCTh, He NPeACTaBlfer ceii-
yac AJig Hac WHTepeca. Mbl cOCpPeJOTOYHM CBOe BHHMaHHEe Ha He-
KOTOPHIX HOBBIX (H HEOKHAaHHBIX) XaPAaKTEPHCTHKAX BOJHBI, pac-

v t19d Vg 1y’

Puc. 3.5. ®a3oBas CKOPOCTb (Upn) H TPYMMOBaf CKOPOCTb (Ugr), HalijeHnsle Mo
JIHCMEPCHOHHON KPHBOH €Jafo JAHCMEPrupyroleil HelnCCHNAaTHBIOH cpelbl.

npocTpanswomiefics B (NpoBoAsilell) cpele ¢ NOTEPsIMH; 3TH Xapak-
TEPHCTHKH 110CJYIKAT Haubosee NOAXOASIHM BBEJIEHHEM B KpPyr
npo6aem, KOTOPbIH Mbl HAMEPEBAEMCST PACCMOTPETH jaJee, @ HMEeHHO
CMEeKTpajbHOe pasfoxeHHe cheprHyecKoH BOJHHL.

Urak, uccaeayeM xapakrtep Inpouecca pacnpocTpaHeHHs: 3JeK-
TPOMATHHTHBIX BOJH B NpPOBOAsALIEH cpeae, B KOTOPOH pacnpoctpa-
HAOLleecss 3JeKTpHueckoe nogde E moposkpaeT mnioTHocth Toka J
[A/M?], J = GE, 0 — 2J1eXTpONpPOBOJAHOCTh CPENBI.

[Tpexjae Bcero BHIHIIEM IOJHYIO CHCTeMy ypaBHeHHH Makc-
BeJJ1a

VXE=—22, (3.2.17)
VXH=142, (3.2.18)
D —¢E, (3.2.19)
B = uH, (3.2.20)
V.D=p, (3.2.21)

V.B=0. (3.2.22)
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U3 ypasuenmit (3.2.17), (3.2.18) u (3.2.19), (3.2.20) caeayer, uToO
2] E
VXV XE=po(3+e5), (3.2.23)

uag, ¢ yuerom Toro 410 VX VX E=V(V-E)—V!E, V.-E=
=p/e n ep = (/o)

1 9% o o
L 9F 0 v(_ . 3.2.24
v vi, 0f Mot e) ( )

B cpepe, cmoGopmoit or mucrouHukos (p=0), HO mnpoBoxAuIel
(J = oE), ypaBrenue (3.2.24) npuuumaer puj

1 0% al
g1 2F__ 0. 3.2.25
v uf,h ot? Py ( )

[IPH TapMOHHYECKOM JUHeHHOM BO3OYXKAeHUH E ~ e~/ cjenosa-
TeJdbHO, J~ ¢~/ Takum oGpaszom, ypasHeHue (3.2.25) mnepexo-
JHT B

VE + KE = — jual, (3.2.26)
a tak Kak J=0F u Ky= 0/vpn=0+/ep,
> . O -
VE + (1 + i) KIE=0, (3.2.27)
HJ/H
V’E 4 K?E =0, (3.2.28)
rae
K=KoA/1+ i =KV TT]s, (3.2.29)

s=0/ewn. CAel0BaTENbHO, NPOBOASALLAA Cpeda ¢ HeoOX00UMOCTbIO
ABJIACTCA JHCNECPCHOHHOM.
Peuwrenne ypasHenusi (3.2.27) uan (3.2.28) umeer Buj

E(x,y, 2z, ) =E(r, t)y=Ejexp[j(K-r— o)) =
= Egexp [/ (Kx 4 Ky + K,z — of)], (3.2.30)

rae K*=Kx+ Ky + K. _
IMycte KxZK;—{—]K;’, Ky:K;+jK,,, KZZK;_{‘]K;, "

K =K'+ jK” = Ky4/1 + Js. (3.2.31)
M3 nocseanero cooTHOLIeHHST Mbl BhYMCasieM 3Hagsenus K’, K7,
pewasi cHCTeMy
K?— K" — [(3, (3.2_32)
K3s
K'K” — e .

2
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HJIH

(1 + AT+ )7 (3.2.33)
T+ )7 (3.2.34)

Ecau kro-HHOyab cKJOHeH O0TOXAecTBHTh K’ W K” cooTBet-
CTBEHHO C BOJIHOBHIM YHCJOM H KO3(h(HHIUEHTOM NOTJIOUIEHUS BOJIHEI

B cpefle, TO MB XOTeNH Obl IpeaylpeAuTh, YTO NOAOOHOE MPeano-
JIOXKeHHe OUIHO0YHO MO caeAyollell NpHIHHE,

2

K//

<

x

Puc. 3.6. ®a30BHil BEeKTOpP (q) H BEKTOP 3aTyxaHHsd (p) B AHCCHNATHBHON (NpPO-
BOJISIILLEH) cpexe.

I4 I4 4 / ” 7 144
Onpeneaum asa Bexktopa q (K, K, K)) n p(K], K, K}),
KOOpD/IHHATH KOTOPBIX SIBJASIIOTCS COOTBETCTBEHHO BeLIeCTBEHHBIMH H
MHHMBIMH uacTsaMu kKoopanuat K., Ky, K. Ecau a’, p’, ¥/ — Ha-

npaBJsiolHe KOCHHYCH BeKTopa q W o, B”, y” -— HanpaBasiomue
KOCHHYCHl BeKTopa p (puc. 3.6), To

K. =qd/, K=pao”,
K,=qb", K;=pb",
K.=qy, K]=py".
H, c.neJmBaTe.anO
— (K _|__ ]K//)Q K/Z K//2 _|__ QjK/K// —
— K;z — K;’Q + K;z K//z + K/z //2 +
b 27 (KGK? + KK + KIKZ) =
=q*>— p*+ 2jpg (o’a” + B'B” + v'v’) = ¢* — p* + 2jpg cos 1,
(3.2.35)
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rjae T— yroJ MeXJAy BeKTOPDAMH P H (; H3 3THX COOTHOLUEHHH MBI

noJiyuaem
qz _ p2= K% — K2,
pg cos t — K'K”. (3.2.36)
Ilpu 1 54 n/2 u3 cooTHoweHu#t (3.2.26) caeayet, uto
2 l/2
T = LRV R
4/2 cos? T
_ (3.2.37)

o PRV R o

3nech ¢ copmagaer ¢ K, a p ¢ K” toavko npu 1= 0. FeweHue
ypaBHeHHust (3.2.28) Temepb MMeeT BHA

E(x, y, 2, )= Egexp[j (K.x + K,y + K.2) — jof] =
= Eoexplig(a'x + B y+v'2) exp[— p(@”x+p"y+y"2)] exp [(— jor)],

MJIH
E(r, ty=cexplj(q-r— of)]exp[—p - r]. (3.2.38)

CMbIC/T BEKTOPOB P H q siceH: |q| ecTb BoJHOBOe uluc/o0, a |p| —
KO3 (HUHEHT MOrJOUIeHHs] BOJHBE B TNpoBofsiiledl cpene. Heobxo-
JAHMO, OAHAKO, NOAYEPKHYTb, YTO BEKTOP (, BAOJb KOTOPOTro Mpo-
HCXOAHT ObicTpefilllee W3MeHeHHe (asbl, HE cognadaer ¢ HampasJe-
HHeM BEKTOpPA P, BAOJb KOTODOTO NTPOHCXOAHT OBICTpefiuiee yOuiBa-
HHe aMIIMTyAet. Uemy paBeH yroa t? UroOb HailTu ero, HaM He-
00XOAHMO elie OJHO ypaBHeHue: u3 cooTHoumieHus (3.2.37) u 3torO
JAOIIOJIHHTE/NbHOTO YpPAaBHEHHs 3HaYeHHs ¢, p, T JOJKHBI OMpeje-
JAATbCA OQHO3HauHO. TpeTbe ypaBHeHHE MBI N0JyYaeM M3 TpaHHY-
HOTO YCJIOBHSI, @ HMEHHO H3 TOro, KaK IJ0CKasi OMHOAYYeBasl BOJIHA
TagaeT H3 BAKyyMa Ha NPOBOASIULYIO Cpeay H pazdeasercs Ha dsa
ayua q U p (puc. 3.7).

BolpaxkeHus s najawouied, OTpa*KeHHOH H MpOXoAsiniedl BOJH
HMEIOT CJAeAYIOmIHA BHI:

E; ~Eg exp[jKy(a;x + By +vi2)], 2>0, (3.2.39)
E, ~ EO, exp []KO (a,x + Bry + er)]v 2>0 (3240)

H

E, ~ E, exp[iq (ax + Bjy + vj2)] exp [~ p () x+By+v/2)], 2<0,
(3.2.41)

riae (oc, 6,‘?) i, r, t — HANpaBJAWOLUIHE KOCHHYCHI COOTBETCTBEHHO Aa5

najfamouel, oTpaXeHHO#l M npouweailed BOJH; OOLIHA MHOXUTENb
¢/t Bo Bcex polpaxeHusx (3.2.39)—(3.2.41) onyuen.
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U3 ycaoBHsI HENpEepbIBHOCTH A5 (a3bl Naganlled H MpOXOns-
Hiedl BOJHBL Ha rpaHune z =0 npu MOOBX X H y CAGLYET, 4TO

Ko, = ga; + jpay, (3.2.42)
KB, = g3, + inB/, (3.2.43)
T. €.
af =gy =0, (3.2.44)
MO3TOMY
v, ==+ 1,
i MBl BblOHpaeM
vy =—1, (3.2.45)

TakK Kak E; — 0 npu z - —oo.

/q
AuccunatusHan
cpeaa

Puc. 3.7. IlpoxoxaeHHe NJIOCKOH BOJIHBI H3 BakyyMmMa B NDOBOAAWIYIO Cpeny.

U3 ¢asoBbix coorHouienni (3.2.42), (3.2.43) noaydaem

K, = qof,
K()Bi = q-B:)
HJH
-ﬁi:it,; (3.2.46)
(li ut

BCJAEACTBME CHMMETDHH TNajaiouledl NJ0CKOH BOJHB AOJKHB BbI-
nonHATbesA  paBencTsa B, =Pp;=P, =0, N03TOMy COOTHOIIEHHA
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(3.2.39)—(3.2.41) nepexoAsAT B COOTHOLIEHHUSI
E;=E exp[jKo(a;x +vi2)l, 2>0, (3.2.47)
E,=E, exp[jK;(a;x —v;2)], 2>0, (3.2.48)
E, = Eotexp [ig (ajx + v{z)] exp (pz), 2<0. (3.2.49)

CJiej0BaTeNbHO, BEKTOp p Bcerja HamnpaBJeH BAOJb OCH —2 U

s
q-p qQvsp ,
COST = —— == ———=—Y,,
qp gp
u, TaK Kak a;2+ y?==1,
Y;:_\/l —a;?

¢ yuerom toro, uto goj =K, = — Kjcost u aj= —K;sin 8/q,
MBbl [OJy4aeM TaKKe COOTHOLIEHHE
Ko sin 9 \2
COST = /\/1 — (—°—q———) , (3.2.50)

rie N0 3aKoHy npeioMiaenus Cuenna sin® = (g sin 9:)/Ko.

Takum o6pa3oM, HampaB/JeHUe BEKTOpa ( COBNAjaeT ¢ Hampas-
JeHHeM npesoMennoro ayda. CootHomenus (3.2.37), (3.2.50) naiot
[0JHOE pellieHHe 3aJayH O PAClpOCTPAHEHHH BOJHBI B IPOBOSIIEH
cpene.

Tenepb Mbl NOAXOAHM K CaMOMy BaXKHOMY NyHKTY B HallUX BbI-
yucaenusix. [yets o — 0. Torga cucrema (3.2.36) nepexoauT B CH-
cTeMy

2 _ 2::K2
v g (3.2.51)

gp cos v =0,

T. e. Mbl BO3BpalUlaeMcsi K BaKyyMy H, padyMeercs, oKHAaeM HaHTH
TaM OOGBIUHBIH THI BOJIH, 2 HMEHHO IJOCKHE BOJHB ¢ g = K,
p =0. Ho oGparure BHHMaHHe: Ha0Op YHCe] g =Ko, p=0~—ne
eOuncT8erHoe pellenne cucTeMbl ypaBHeHu# (3.2.51). CymecTByer u
apyroit Hadop: ¢ =0, p 70, 1= x/2.

HoBoe (M HeoXHJ1aHHOE) ceMelcTBO pEIIeHHH B BaKyyMe OTHO-
CHTCS K BOJHAM, KOTOpBIE paclnpocTpaHsioTcs 0e3 3aTyxaHHs B
MJOCKOCTH, coAeprKauled BEKTOD (, H 3KCIOHEHIHAJIbHO 3aTyXawT
BOJb MOJYOCH 2 (a MMeHHO TOH, A5 KoTopolt pz <C 0).

YJleHbl 3TOTO HOBOTO ceMefCcTBa HA3bIBAIOTCS UCHe3QI0U{UMU BOJI-
HAMHM, M OJs1 UX ONHCaHHs HeoOXoaUMbl dsa BekTopa. CeMEHCTBO
TIOCKHX BOJH COOTBeTCTByer AeicTBHTENbHBIM Ky, K, K, Cemeil-
CTBO MCUE3AIOUIMX BOJH COOTBETCTBYET, HalpUMep, AeHCTBUTENbHBIM

K. u K, u muumomy K.
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Ha nepBblii B3rJsil KakeTcs 3aMaHUHUBBIM OTOPOCHTb CEMEHCTBO
HCUe3alUuX BOJH H HE pacCMaTpPHBATb HX Kak (PH3HUYECKHE pealib-
HOCTH, HO, KaK Mbl ceduac yBHAMM, HCUE3AIOLIHE BOJHBI CTOJIb XK€
peasbHbl, KaK OJHOJY4YeBble IJIOCKHE BOJIHLI, H COBEpIUEHHO He-
OLEHWMBl NpK pasJomeHHH chepruecKod BOJHB Ha <«JydeBbie»
KOMITOHEHTHI.

3.3. Pasnoxende cdepuueckoidl BOJHbI HA 3JNE€MEHTApPHbIE «JYUH>.
MopoBas Teopus pacnpocTpaHeHHs BoJH. BosGyxnpaembie
MOJRbI (CTeneHH CBOGOABI) B 3AMKHYTOH MOJIOCTH

3.3.1. CnekTpasbHoe pa3sioxKeHHe chepuyecKoi BOJHBI

BOJIHBI, HCXOASILHE OT 3JEKTPOMATHHTHBIX HCTOYHHKOB BCEX TH-
NOB, ABAAKOTCH cpEpPUYECKHMH, T. €. HMeEIT aMIJIHTyAy, KOTopas
¢ TOYHOCTBLI A0 HEKOTOPBbIX IOCTOSIHHBIX H (Da30BRIX MHOKHTEJeH
u3MeHsieTcss B CBOGOJAHOM NpPOCTpaHcTBe, Kak ~ exp(jKR)/R, rae
R — pacctosihie OT HavazJa KkKoopauHart, K -—BOJHOBOE UYHCIO:

__e_i"‘"
R

<,
e = o e e e

X

Puc. 3.8. Ilepemennrle, HCMOJb3yeMhie TpH OMNHCAHMH cdepHYECKOH BOJHEL.

(puc. 3.8). OrauumrenbHas 0coOGeHHOCTh cepuuecKod BOJHH CO-
CTOHT B TOM, YTO OHAa pPACXOAHTCs (CTAHOBHTCA OECKOHEUHOH) B
Hayaje KOOPAHHAT, — CBOHCTBO, KOTOPOE MOXKHO OXKHIaTb, HCXOAs
H3 auHelinocTy ypaBHeHHH Maxcaeada.

B orpoMHOM umcJe 3anau, CBA3aHHLIX C B3aHMOJeHCTBHEM cde-
PHUECKUX BOJH € NAOCKUMU TpaHHLAMU (NPUEMHUKH ¢ KOHEUHBIMH
anepTypamH, OTpaXkaTeJsd, IOBEPXHOCTH pasjeJsa ABYX CPeA H T. A.),
CYLIeCTBYeT acHMMeTpus Mexay GopMoi napawollefl BOJHE H (op-
MOH rpaHHibl. MIMeHHO 3TO 06CTOSATENLCTBO BBIHYKAAET HAC pas-
Jarath cepuuecKylo BOJHY Ha JyueBble KOMIIOHEHTH, AJs KaKI0H
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H3 KOTOPbIX BBIMOJIHSIIOTCS 3J€MeHTapHble GOPMyJbl OTparKeHus u
npenoMienns ®penens. M3 reoMerpHueckux coofpaxeHHH Hampa-
IIHBAETCS MbICJAb O Pa3/OXKeHHH C(epHuecKod BOJHBI B YIIOBOH
CNeKTp MIOCKHX BoaH npu 0 << ¥ << . OaHako Takoe pasJioxeHHe
HespEeKTHBHO, TaKk Kak Jiobas JuHedHass KOMOHHAUHMs [JIOCKHX
BOJIH He uMeeT OCOGEHHOCTEH HU B OJHOH TOYKe [POCTPAHCTBA,
BKJIOUAs HAYyano KOOPAHHAT, B TO BpeMs KakK cdepuyeckasl BOJHA
B Hauaje KoopauHat pacxogurca. CrenoBatesbHO, B 3TOM CJaydae
HaM cJeiyeT [0J1araTbCsl He HA HHTYHUHIO, a Ha GoJiee CTporue
paccyxaeHust [3.2].

Hama cdepuueckass Boana umeer Bua exp(jKR)/R, rae
R=+/x"+ 4+ 2> (puc. 3.8). Ha mnnockoctu yy (2=0) sta
BOJIHA uMeeT BHA exp(jKr)/r, rne r=+/x+ ;2. Cuauama Mul
pasnaraeM (KPyrOBYIO) BOJHY Ha [JIOCKOCTH xy B JBOHHOH Mpo-
CTPaHCTBEHHBIH cnekTp Pypbe

]’K" —o00 +o0o
= § Ak, K)espliKex + K dK dK,, (33.1)

rie A(Ky, K,)— aMniautyaa JyyeBbX KOMIIOHEHT, paclpOCTpaHsio-
LIHXCS 110 TJIOCKOCTH Xy C BONHOBBIMH uHcaaMH Ky, K.
O6paTHoe 11peoGpasoBaHHe MO3BOJSET HANTH

+oo +oo

1 elKr o
AWKy K)=7z7 | exp[— j(K.x + K,mldxdy. (3.3.2)

r

—00 —O00
IlpousBeaeM 3aMeHy nepeMeHHBIX

Kx:qCOS“\P, Ky:qSiHuJy
x=rcosq, y=rsing, (3.3.3)

(QZ«/Ki—l-K;, dXdy=rdq>dr);

amnautyna A (K., K,) nepefiier npu 5TOM B BblpaKeHHE
2n oo
1 .
AK, Ky) =z | do § exp{ir [K — geos (v — @)l }dr =
0 0
2

o exp {ir [K — q cos (9 — @)} [*
e B Rt gyt A (3.3.4)

0

rae K — fefCTBHTEJbHOE BOJHOBOE 4YMCJIO; BHIDAXKeHHe B [PaBOH
yacTd GopMyasl (3.3.4) OCUMJJIHPYET W He CXOAMTCS HH K KaKOMy
npegeay.
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Ho ecan Mbl yutem xors Obl ciafoe TOrJOILEHHE, TO pe3y/abTaT
HHTErpupoBaHusi mo r B (3.3.4) CXOAMTCS H NPH JAOCTHXKEHHH BEpX-
Hero mpegesaa, H Mbl NoJydyaeM 3HaueHHe j/[K — gcos(gp —)];
CJ1€/10BaTEJIbHO,

25

— dy —
A(Kx; Ky) - (2712)2 OS K — g cos (\P—(P) - (335)

2n

dd

. i
T (2a)2 K OS 1 — (g/K) cos &

S B S I (3.3.6)
2n ,\/KQ___q2 2“’\/K2—Ki—}(§,

H, HaKOHell, U3 pasioxenus (3.3.1) Mbl noaydaem

400

= S +Sm exp [ (Kt + Kyt)]

r 23'[—00 A /\/Kz—Ki——Kj

BeipaxeHue (3.3.7) MOXKHO HEMEIJICHHO 3KCTPANOJHPOBATH BJ0OJb
OCH -2, ecJH MMeTb B BHAY, YTO (IIOCKOJbKY BOJHOBOe uHc/aI0 K
(HKCHPOBAaHO) MLl HMeeM Bcerja dge HE3aBHCHMDIE MepeMeHHble,
a umenHo K, u K,; cnemoBaresbHO, B NPHBEJEHHOM BHILIE Bhipa-
KEHHH HeOOXOAHMMO H3MEHHTb TOJbKO AJAHTHBHBIA CABHI MO ¢ase
=+ K.z, nocne uero Mbl 1noJyuyaem

dK,dK,.  (3.3.7)

Lk, ak,. (3.3.8)

ol KR _ i +o0 +mtﬂ[i(Kxx+Kyy+Kz|z[
R _758 S Ke

— 00 =00

YuuTbiBast cpepHUECKYI0 CHMMETPHIO, €CTeCTBEHHO BBeCTH cdepuye-
CKHE KOOPAHHATHI:

K,= K sin % cos g,

K, =K sin ¥ sin g, (3.3.9)
K,=Kcos 9
7
dK, dK
—2 Y = Ksin®do de.
Kz

UuterpupoBaHie Mo ¢ He NpeACTaB/sieT HHKaKHX TpyaHocted. Cu-
TyalHsi CTAHOBHTCS OoJsiee HHTEPECHOH, KOrja Mbl [€PEXOAHM K
uHTerpuposanuto no ¢. BoaHoBele uHcaa K, K, He3aBHCHMO INpH-
HUMAaIOT BCE 3HAYEHHs] HA AeHCTBUTEJBHOH OCH OT —oo J0 —+00.
BeipaxeHHe B NpaBoil yactH passoxeHus (3.3.8) tpelyer oraeb-
HOrO PacCMOTPEHHs ABYX PA3JHUHBIX IPpynn BoJHOBbIX uHced Ky, Ky.



126 TnaBa 3

Ilepsas epynna (1) conepwur K., K,, yrosierBopsiouine HepaBeH-
CTBY Ki+ Ki < K% BouHOBOe unci10 K, 1efiCTBHTeNbHO, H O — Aefi-
CTBHTEJbHHIHA yroJ, uaMeHsiomuiicss or 0 (o6a uncna Ky, K, paBHH
nymo, K. = K) no n/2 (K; + K; =K® K,=0), 1. e. I rpynna co-
OTBETCTBYET paclpocTpaHsiomuMcs BoaHaM. Bropas epynna (11) co-
JdepxHuT Takne K, Ky, Aas KOTOPHIX Ki -+ Kﬁ > KQ; cJeJoBaTeNbHO,
BOJTHOBOe unciao K, MHHMoe. Kpome Toro, { Tenepb — KOMIJIEKCHEIH
yroJi, H3MeHSIOIIMACS BAOJbL OTPHLATEJbHOH MHHMON NOJYOCH KOM-
IJeKCHOH nJjockoctH O = & 4+ j§” ot n/2 mo (m/2) —joo, T. e.
Il rpynna coorBercTByer HcuesaiolmuM Boanam (puc. 3.7). Coot-
BercTBeHHO uHTerpaa B (3.3.8) npeobpasyerca B (m/2) — joo

(71/2)—joo 21

e]'KR iK . ] .
— =1 S S exp[iAKx + K,y + K,121)] sin 9 d® de. (3.3.10)
0 0

Ilng ceMeicTBa HCYE3aOUIMX BOJH, MOCKOJBKY O = (n/2) — joo,
0 << @ <C oo, BOJHOBHE UHCJAa JONYCKAIOT N1apaMeTPH3alHio

K,=Kcosgcha,
K,=Ksingcha, (3.3.11)
K,=jsha,

TaK KaK NPH o —> 0o Mbl nosaydaeM K,— oo cos @, Ky—cosing u
K,—> joo, T. €. KOMIOHEHTH, KOTOpDble PAaCIPOCTPAHSIOTCS, HAMpH-
Mep, B0Jb IJIOCKOCTH Xy € AJHHAMH BOJIH, CTPEMSIIMMHCS K HYJIO,
¥ OJHOBPEMEHHO 3aTyxalolllHe BAOJDL MOJYOCH 2 ¢ Ko3dduuneHToM
3aTyxaHHs, CTPEMSIIUMCS K OeckoHeuHOcTH. Buipaxenue (3.3.10)
A5 cepHUecKod BOJNHBI MOXKHO Npeofpa3oBaTh AaJjblue: mnoJaras

X=rCoSq,
. (3.3.12)
y=rsin g,

H BHINOJIHSAASA HHTETpHPOBaHHe IO ¢, MBI NMPpUXOAHUM K COOTHOUEHHIO

(1)2)—joo

e]'KR . .
= K S Jy(w)eiKizlcos® . sin 049,  (3.3.13)

R

rae
2n

Jo (1) :2_1:{ S exp [jKr sin 9 cos (¢ — @) do (3.3.14)

0

— ¢ynkuus Beccens HyseBoro nopaaka W u == Krsin ¢. Tak Kak

T (w) = 5 [H® @)+ HP W), (3.3.15)
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rae H((u), H? (u) — coorBercTBeHHO GYHKUHA XaHKENs HyAeBOTO
NMOPSiAKA H [IEPBOTO M BTOPOTO PoAa, T. €.

7

HUD (1) = _nl_ S ol cosd 8 (3.3.16)
0 -
u
HP (— u) = — H (w); (3.3.17)
OKOHYAaTeJbHO MLl MOXKeM 3alucaTb, 4TO
KR L (m2)—je
eR ZLQK_ S HO (Kr sin ©) eiK1z1cos 0 5in ¢, (3.3.18)
{(~m/2)+joo

KOHTYD HHTerDHPOBAHUSI HA KOMILJIEKCHOH U-MJOCKOCTH NMPU 3TOM
CTAHOBHTCS CHMMeTpH4YHbIM (pHc. 3.9). [3aMeTHM MONyTHO, 4YTO

. i
X iv
2

(1

Vicuesatoime BonHb!

|

i

5/ /— z
L

PacnpocTpansowneca
BONHbLI

(18]

L _joo

2

Puc. 3.9. CHMMeTpUYULIH KOHTYp HHTErpHpOBANHS, HCNOJAb3YeMBIH NPH pa3fioxe-
HHAH ChepHYeCKOH BOJHBL (CM. TekcT).

€CJ/IH Mbl HCNOJIb3yeM cepHYecKylo BOJIHY KaK HOCHTeJAb HHbOpMa-
LHH, TO 0OBEKT HHPOPMALHH <KOLHPYET» cebsl, MPealooKHTEAbHO,
B JIy4eBBIX KOMIIOHEHTaX HOCHTe/A (NnoapofHee 06 3TOM CM. B KOHIIE
Hacrosmed raasol U B 1. 4). Ho ucuesaromue BoJHB He pacmpo-
CTPAHAIOTCS, MO3ITOMY XPAaHSAL[AsACA B HUX HHOOPMALHS OKA3bIBAETCS
HeoOpaTHMO noTepsaHHOM. [109TOMy Aake Ha 3TOM 3Tame Mbl MOMKeM
IPHATH K 3aKJIOUEHHIO O HEeMOJHOTe HHbOpMaNHK, TepeaaBaeMol
HAalUHMH HOCHTEJSIMH, H BbITeKaolled H3 Hee HeoIHO3HAYHOCTH
BOCNPHHHMaeMOro o6bekra.]
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Beiiie Mbl TpOJeMOHCTpUpPOBaan 3bGeKTHBHBI MaTeMaTHUECKHH
crnoco6 passokeHdst chepHuecKOH BOJHBI HA JYYH — AEHCTBHTEJb-
Hbie WU MHHMble. PaccMOTpHM Tenepb cepudeckyio BOJHY, HO He
B 6GECKOHEUHOM TIPOCTPAHCTBE, 4 3aKJ/JIUCHHYID B HEKOTODYIO I10-
JOCTb, TEM CaMbLIM Mbl NOJATOTOBHM II0YBY AJs1 BBEIEHHs paclupeje-
aenus IlaaHka.

Bynem neiictBoBaTh nocreneHHo. Ha nepBom uiare paccMoOTpuM
OMHOMEDHYIO «NOAOCTb», & HMEHHO C(PEepHUeCKYK BOJIHY, Dacnpo-
CTpaHsIOWYIOCS MEXAY ABYMS NapaJJe/bHbIMH HAeaJbHO OTpaXKalo-
UIMMH CTEHKaMH, OTCTOSI{HMH JApyr OT JApyra Ha paccTOsHHH h.
Kak Mbl yBHAMM, TakoH crocol yaep:KaHus MOPOXKAAET «MaKPOCKO-
fHYeckoe (K.aaccHUecKoe) KBAHTOBaHHe» chepHUecKol BOJIHBL, T. €.
nepexo] OT HeNpepLIBHOIO creKTpa (¢ 6ECKOHEUHBIM UHCJIOM — KOH-
THHYYMOM -— cTereHel cBOGOAB) K JHCKPETHOMY cHekTpy (c Ko-
HEYHBIM YHCJAOM cTeneHell cBOGOAbI) «HOPMAaJbHbIX MOJ».

«KBaHTOBaHHE», KOTOPHIM 3aHUMAaeTcsl KBAHTOBAasi TEOpHHA, OT-
HOCHTCS K OUCKPETHOCTU IHepeeTudecKux yposHer KaxJIoH H3 3THX
JNHCKPETHBIX HOPMAaJbHBIX MOJ, T. €. K UHCJY (OTOHOB, NpHUHAajJe-
WAIHX KaXA0H HOpMaJbHOH MoJe.

3tu uxcaa $HOTOHOB TNOABepKeHb (aykTyauussm. Heonpenenen-
HOCTB, NIOPOXK1aeMasi TAKUMHU (GAYKTYalHsIMH, H CO31aeT IHTPONUIO
3JAEKTPOMATHUTHOrO H3Jay4yeHusi (# OTBevuaer 3a Ty HHpopMauuio,
KOTOpasl NoCTynaeT NpH HabaIOJeHHH C IIOMOUIbIO NpHGOpA, HMEIo-
LIEro KOMedHYyro anepTypy — IVIOILAJAKYy, HAa KOTOPYK NajpaeT IIpH-
Xoasiiiee H3jayuyeHue). Kpome TOro, AOINOJHUTENbHAS HEOAHO3HAU-
HOCTb BO3HHKaeT u3-3a (GJIyKTyallHH cpelbl, B KOTOPOH pacnpocTtpa-
HSIIOTCS] BOJIHBI.

3.3.2. BoaHOBOgHan MOJNOBAs TEOPHA PACHPOCTPAHEHHS BOJH

Paccmorpum (puc. 3.10) cdepuueckyio BoaHy exp (jKR) /R, pac-
npoctpaHsiomyocs u3 neHrpa (0, 2;) B OQHOMEDPHOM BOJHOBOZE,
0 KOTOPDOM MBI TOBOPHJIH Bbiule. TpefyeTcss BLIUHCAHTBL BEJHYHHY
3HEPrHH, MOCTynawiield B Apyrylo TOUKy (r,2Z) BHYTPH BOJHOBOAA.

®opMaiabHO MBl JOJXKHB HaHTH TapMOHHYECKOe TOJIE U, YA0B-
JeTBOpsiolliee BOJHOBOMY YpaBHEHHIO

[(V]
VQu—{—KQu:O, K=T, (3319)
H TPaHHYHBIM yCJOBHSM, HaJOXKEHHBIM Ha Tode ipu 2 =0 u z = hA.
Ecau B xauecTBe 1104151 ¥ BbIGpATh Z-KOMIIOHEHTY BekTopa [epua
(BEPTHKAJBHYIO MOJSIPH3AINI0, KOIPGOHIHEHT OTpaxKeHHS paBeH
eJHHHuIE), TO TPAHUUYHBIC YCJOBHA OYyAYT HMETb BHA

ou <= 0,
=0 { o (3.3.20)
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(B TMpeANOJOXKEHHH, UTO BOJHOBOJ HMEET HJA€aJbHO OTpaxKarollHe
creHKH). BecbMa MoJie3HO NONBITATHCS HAHTH pellleHHe METOAOM
npo6 u omuboK, HeficTBys ciaenywoomuM obpazoM. IIpeanonoxum,
4TO NpsiMOH ayu Ry, ects pemenve. Ho dynknus exp (JKRo,)/Ro, VIOB-
JIETBOPSIET BOJHOBOMY yDaBHEHHIO, HO He yAOBJETBODPSIET HH OJHOMY
H3 TPAaHHYHLIX YCJOBHH, MO3TOMY OHA He MOXeT OHITbL pellleHHeM.
Ecan Mbl npu6aBuM K IpsiMOMy aydy Ro, ayd Ro,, HAYIIHA OT H30-
GpaKeHUs HCTOYHHKA, OTPaXKEHHOTO OTHOCHTEJBHO HHXKHeH rpa-
uuub, 10 mnode exp(jKRo)/Ro, 4 exp (JKRo,)/Ro, 6ymer yROBJIETBO-
psTh BOJHOBOMY YpPaBHEHHIO H YCJAOBHIO Ha HugsicHel TDaHHUle, HO

Puc. 3.10. ITocrpoerue MPHHATOrO MOJS B KaHaje € IOMOMbIO CyNeprloO3HIHH
Jyde, OTpa:KeHHHX Ha ABYyX TPaHHLAX.

He 6yJneT yIOBJIETBOPSITh YCJOBHIO Ha sepxHedl rpaHuue. [Ipn6aBuM
majee Jyud, HCXOAslHe H3 HizoGpaxkeHuH wucrounnka Oy H ero
nzolOpaxenuss Qp, OTPaXKeHHHIX OTHOCHTEJbHO BEpXHEH TpaHUILbI
(MBI TIOJTyuaeM, TakuM o6pazoM, CyMMy NpsIMOTO Jyda, Jyda, OA-
HOKPATHO OTPaXKEHHOr0 OTHOCHTEIbHO HHUXKHeH IpaHHlBbl, Jyda, OX-
HOKPATHO OTPAaXEeHHOro OTHOCHTeNbHO BepXHeH TIpaHHlb, U Jayda,
OTpPaXXKeHHOTO OJHOKDATHO 4 OT HHIXKHell, # OT BepxHell I'DaHHIIb).
B pesyJabrare MBI NOJy4YaeM IoJie
e]'KR()l ejKRoz ejKRo’ e]'KR()4

R TR, TR TR

1 bl 3 s

KOTOpOe VJOBJETBODSICT BOJHOBOMY YVPaBHEHHIO, YIOBJIETBOPSIET
8epxHemy TPAHHYHOMY YCJIOBHIO, HO HE VJOBJETBOPSIET HUMHEMY
TPaHHYHOMY YCJIOBHIO. Kakoit ypoK MBI MOXKEM H3BJE€Yb H3 TAKOTO
ajaropurma?r
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[TocnenosarensHo npubasasis nmapel Jyudell, HIYUIHX H3 nsobpa-
JKEHHs HCTOYHHKA, H300paxKeHHs! H306paKEeHHs U T. A., OTPaKEHHBIX
OTHOCHTE@/IBHO TO OXHOH, TO APYroH TpaHHLB, Mbl HONEPEMEHHO
YROBJETBOPsIEM YCJIOBHIO Ha TOH TpaHHIeE, OTHOCHTEIHHO KOTOPOH
CHMMETPHYEH BeCb Halop yKe HMEIOIHXCS HCTOYHHKOB, HO Hapy-
oraeM ycJoBHe Ha Apyro#d rparuue. [locne goBasiaenusi odwoii rer-
pade. uuka nosropserca. OQHAKO, IO Mepe TOro KakK Mbl NPHGAB-
JIe€M TeTpajbl Jy4eHd, COCTOAIHe H3 JOMAaHEIX CO BCE BO3pacTalo-
IHM YHCJIOM 3BeHbEB, PA3JHYHE MeXAYy ABYMS I'DAHHYHBIMH YCJIO-
BHAMH CTAQHOBUTCS BCE€ MeHee OLIYTHMBIM, H B Ipefese, KOrga MBI
NpHGaBHM GeCKOHEYHO MHOTO TeTpaj JydYeld, Pe3yJbTHPYIOLIEe [0Je

®  jKRj KRy, KRy, iKRy,
”=Z[6R %+t i ] (3.3.21)
-0~ A I, I3 N
rmne
Ry, =A/r*+ (2lh + 2 — 2,
Ri,=A/r* + (2h + z + 2,7,
Ry=A/P+ 20+ 1) h—z— 2
H

Ru=Ar+ 20+ 1)h+2—2P

YROBJIETBOPsieT 000MM TIpaHHYHLIM YCJIOBHSM. B 3TOM HerpymHO
yOenUTbCsA, €cH BOCHOMb30BATbCs pARoM (3.3.21) M BHIYHCIAHTH
3HaYeHHe NpOu3BOAHON du/dznpu 2=0H z=Ah; U B TOM U B ApY-
FOM CJyYae OHO OKa3blBAeTCsS PaBHBIM HY.IIO.

Hast toro uto6H ¢ nomouwpio psga (3.3.21) BHUHCIHTD mose u
B IIDHHHMAIOIIEH TOuYKe (r,2) QAHOAUTUYECKU, BOCNOJb3yeMcsl HH-
TerpasibHeIM pasjoxeHueM (3.3.18), npHMeHHB ero kK KaxXaoMy
uneny exp (JKRi)/Ru;:

JKRy, (f2)~joo
e i iK ejK lzli l cos ¥
R, 2

f (=71/2)+ oo

rjae R11= A /r2+z§i, a 211 npu [ =1, 2, 3, 4 onpegensercs ciae-

AYIOUIHMH BbIpaX>XeHHSIMH:

H{)(Kr sin 9) sin & d9, (3.3.22)

2, =2hl+2—2,,
2, =2hl + 2+ 2,
2,=2(+1)h—2z—z,
21, =2+ 1)h—2z+ 2,

(3.3.23)
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Ilogcrasasas ux B psag (3.3.21), mosyuaeM 1nocje HeCJHOXKHBIX

npeoOpasoBaHHA Ppe3ysbTHPyIOLICe IOJe u B HHTerpajbHOH opMe
(3.2]:

+ oo
fch (b20) ch [(h — 2) b]
- S 5 s (6%) H{) (Er) € dt (3.3.24)

-— 00

OpH 2 > 2 H

+oo
h (b2)ch [(A b
u— (| 2RO g erygar (3.3.25)

— 00

NpH z << 2o, Tae &= K sin® u b=~/ — K2 = jK cos®. Unrerpan
(3.3.24) n (3.3.25) MOKHO Tak»Ke BLIBECTH, HCIOJIb3ys TeOpeMy
Komu o BHIyerax.
[Tonrochl NOABIHTErPAJbHOTO BHIPAXKEHHS SIBJSIOTCS peIieHHSMH
ypaBHEHHS
sh (bh) =0,
H COOTBETCTBEHHO paBHHI

bh = jln (/l — nesnoe uucj0),

ATEY ! 2 2
TG S BV C B COREED
Ipun 2h/h > 1 nosioce pacnoJaralTcs BAOJAbL NeHCTBHTENbHOH
OoCH KOMIJIeKCHOH E-maockoctd, a npH 2A/h < 1 —BROJb €€ MHH-
MOH ocH.

Urto6bl u3bexkaTb OOBLIUHBIX B TAKOH CHTyaLUH PacxOiMMOCTeEH,
MBI TIPEANOJAaraeM, YTO Cpeia B BOJHOBOAE ¢aab0 MOrJoularolias
(1. e. BoMHOBOe uHCcA0 K HMeeT OYeHb Manaylo MHHMYIO 9acTh); TO-
ria MOJIIOCH OKa3bIBAIOTCA UYTb CABHHYTHIMH OTHOCHTEJBLHO KOOP-
AuHATHBIX oceft (puc. 3.11). (Hac uHTEepecyoT TOJBKO MOJIOCH, pac-
IOJTOJKeHHBle B IePBOM KBaJApaHTe, TaK KaK MOJIOCH B TPEThEM
KBajpaHTe COOTBETCTBYIOT IIPOCTO BOJHe, ABMXKYHIEHCS 84€80 OT
ucroydnxa,) Hame noabiHTerpasbHOe BHIPaXKEHHE HMEET BHJ

f(2)/g(2); ecin o; — HYIH GYHKUHH g(2), T. €. peuleHHs ypaBHe-
Husa g(2)=0, To

f(Z) . f(al)
CS g (2) dz=2n Z Tog ()/02],_,. (3.3.27)
IIpuMeHsia 3Ty o6HIyI0 TeopeMy K HalIEMy CJAydYalo, IOJy4Yaem

u :-Qhﬂ[% H(Kr) 4+ Z cos (12—2) cos ( lf;f" ) H(Y (Elr)], (3.3.28)

=1

rie & = /K2 — (In/h)z.

HJIH
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Ilpu [Eir|> 1, 7. e. Ha pPacCTOAHHH r, GO/IBIIOM 110 CPaBHEHUIO

¢ AAuHO# BOJHHL, paj (3.3.28) mepexoAHT B aCHMITOTHYECKOE BhI-
paXkeHue

> /4 © " .
U~ Q_e]f_ 2_ﬁ —1___ef1<f .._I_. Z CcOS (Z_ﬁi) coSs (Z_ﬂiz_(_).) _1__ elglr .
n V r | 24K = h ho ) AE

(3.3.29)
ODTOT pesy.ibTaT OTHOCHTCS K BePTHKAJBHOH HOMApu3auuH (KO3G-
(QHUMEHT OTpaXeHHs paBeH --1). B cayuae ropusoHTanbHON moJs-

pusauuu (K03p(dHIHEHT OTpaxeHHs paBeH —I1) pe3yJbTaT OKAa3bi-
Baercsl APYTHM.

e

xxxxx.

X
oK x"“xwrm
XXXXXX g‘

X
X
X
X
X
X

4

Pre. 3.11. Honoca mogeHTerpasbioro BhHpaxeHns B (3.3.24), (3.3.25) na komm-
JieKCHOH E-milockocTH (CM. Teker).

Beisichum Temeps, Kak OGCTOMT [eJ0 C HHTepIperalHell OKOH-
1aTe/LHOro pesyJbTaTa. ACHMITOTHUeCKOe BhipaxenHe (3.3.29) 3a-
Aaer MoJe B NPHHHUMAOUIEH TOYKE KAK CyMMY Pas/IHUHBIX 3HEpre-
THYECKHX KOMIIOHEHT — HOopmaasHolx mo0. HerpyaHo BHAETL, 4TO
Kaxpnas HOpMa/jbHasi MOAAa COCTOMT H3 OJHOH TeTpaabl Jydel
(3.3.21). HyneBass mopManbHast MoZa He BKJIOYEHa B CYMMYy BMe-
CT€ C OCTaJbHLIMH MOJAaMH, a BhlAeneHa oco6o. ITouemy? CpenaHo
3TO MO TOH NPOCTOR NPHYHHE, YTO 3T MOJLA «TaHIMKANHPOBAHA»:
ee coGcTBeHHas «6aHia YeTHpex» COAEPKUT B KAUecTBe ujeHa Jyd,
HAYUIHA [PSIMO OT HCTOYHHKA K NPHHHMAIOUIEd TOYKE H C apHCTO-
KpaTHYeCKHM BBICOKOMEpHeM He obpaulaiouiHii BHHMaHHS Ha obe
rDaHHIIHL,

[Tpu 2h/A <<l coOTBeTCTByIOIHE HOPMAJbHBE MOAbI HMEIOT
YHCTO MHHMBIE BOJIHOBBIE YHCJAA §;; CJIEA0BATENBHO, TaKHE MOJABI
SIBJISIOTCS HCYE3AIOUIUMH BOJHAMH, SKCIIOHEHI[HANbHO 3aTYXAIOUIHMHU
BAO/Ib HAIpaBJEHHs r H He DPaCHpOCTPAHSIOMHMHCA BAOJbL HEro.
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Tipu 2h/A =1 Mbl uMeeM [ AUCKPETHBIX PACIPOCTPAHAIOWIHXCS HOP-
MaJbHBIX MOJ, KaxJAasd M3 KOTODLIX XapakrepHusyercs cBoed co6-
CTBEHHOH (Ppa3oBoil u rpynnoBofi ckopocTbio. TakuM 06pasoM, maxe
B BAaKyyMe BOJHOBOJ INOPOXMAET AHUCIEPCUOHHLIE SIBJEHUS BCJe-
CTBHE TPOCTPAHCTBEHHOrO KBAaHTOBAaHUsA (IHpHHA A KoHeyHa).

XapaKTepHble CKODOCTH JJISI KaXKAOH HOPMajbHOH MOALI BLIYHC-
JIIOTCS HENOCPEACTBEHHO:

c

o e
& A1 — (IA2R)2

90 A N2 c?
vaoy =2 = /\/1 — (&) - . (3.3.31)

Hx zaBucuMocTs OT napamerpa [ uzoGpaxena Ha puc. 3.12.

Uphl—:

(3.3.30)

v

[ B

Puc. 3.12. Pazopas CKOPOCTh U IPYNNOBasi CKOPOCTh KaK (YHKIHH yucia MOL,

B cayuae ropuszoHTasbHON NOMSIPH3AUMH ACUMITOTHUECKOE Bbi-
paxenne (3.3.29) nmepexomuT B CJAEAVIOLIEE:

U~ g sin (L:f-) sin (%) :—/lg:;-efglr, (3.3.32)

T. €. HCYyesaeT HyJeBas HopMaJabHas Mopa. Pasmoxenne (3.3.32)
MOXKeT OLITb BBIBEJEHO TAK K€, KaK OBIIO BHBeAEHO ACHMIITOTHYE-
cKoe pasjoxernne (3.3.29), HO HCXOLHTL TIPH 3TOM HeOBXONHMO H3
pana

!KRz, RESYA o KR IKRy, 1

- e
Zgr 7 R Rt R (3:339)

1=0 1 2 3 N
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TaK KaK NpH TOPH3OHTAJIbHOH MOJSIPH3AUMU W HAeaJbHO OTpaxKalo-
IMHX cTeHKax z =0, z = h Ko3¢hOuUIHEHT oTpaxeHHuss paBeH —I1.
[Cum. (3.3.21).]

3.3.3. MNoaocTuofi pesonatop

[IpeanosioKuM Temepb, UTO MBI «3aMKHYJH» OJHOMEpPHHIH BOJI-
HOBOZ ellle ABYMS NapaMH HAeaJbHO OTpaXaiolUX CTEHOK, o6pa-
30BaB TeM caMbIM napadanesenunes (puc. 3.13). Kakue sHepreru-
yecKHEe COCTOSIHUS BO3MOXKHBI B TAKOH IIOJIOCTH, €CJH MOMECTHTD

B Hee TOUEUHBIH HCTOUHHK C 3a-

Y JaHHOH moJaspu3auuel, Hucuyc-
a KaiOmUuH H3JyueHHe C YacToToH
v?

IIpexae Bcero 3aMeTHM, UTO
B TakOH moJoctH He Oyaer Ge-
TYIIUX BOJH: B CTAYUOHAPHOM
COCTOSIKUL B TIOJOCTH OYIAYyT CYy-
I1eCTBOBAaTh  TOJBKO  CTOSIYHE
BOJIHBL. ECTEeCTBEHHO CIPOCHTB:

Q_ S— CKOJIBKO HOpDMaJBHHIX MOJ (cTe-

Y N\, ey

- N neHed cpoOOAB) MOTYT YyCTaHO-
> BHTBbCS B HHTEpBaJje uactoT Av

BOKPYI UacTOThl BO306YKAEHHS
v? OmnpejesdM HX UHCJO.

C MaTeMaTHyeCKOH TOUKH 3pe-
HHUS MBI JOJKHHI PELIUTH BOJHO-
Boe ypaBHeHHe V?u + K?4 =0 ¢ rpaHUYHBIMH YCJOBUSIMH, HaJa-
raeMhIMH WJeaJbHO OTPAXKAIOIHMH CTeHKaMu moJjocTd. K cuacTelo,
TaK Kak cpejlla B NOJOCTH JUHelHas (BakKyyM), Mbl MOXeM 3alu-
caTe pelttenne B BHJe u = X(x)Y(y)Z(z), rne X(x), Y(y), Z(2)
03HAYaIT COOTBETCTBYIOINME KOMIIOHEHTH! NoJs y. VI3 BOJHOBOrO
VPaBHeHHS CJEAYeT, uTo

X'YZ 4+ XY"Z +XYZ" + K’XYZ =0,

Puc. 3.13. Ilonocte ¢ uaeanbHO OTpa-
JKAIOUWMMH CTEHKaMH.

HJIH

A 2 (kK4 k) =0 (3.3.34)

Tak Kax KaxXAHH H3 UYJeHOB, COACPKAINUX NPOU3BOAHBIE, 3aBHCHT
TOJBKO OT OJHOH H3 NepeMeHHBIX X, Yy U z, AHdDepeHnHa bHOE
ypaBHeHue (3.3.34) pasnensieTcsi Ha c/eAylolliHe TPH ypaBHEHHS:

d2x
dx®

—Kkx=0 24 ky—o0
x ’ dyz Yy 4
o (3.3.35)

o Kz =0,
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ecad Ky, Ky, K,;— neficTBUTE/bHBEIE BOJHOBHIE YHCJA, TO
X = A, cos (Kyx) + A, sin (Kyx),
Y = B, cos (K,y) + B, sin (K,y), (3.3.36)
Z =, cos (K,2) + Cy sin (K,2).

JLJIst MOJIOCTH ¢ HAeabHO NPOBOASIIIHME CTEHKAMH

K, =2, K,=5%, K=2%, (3.3.37)
rAe o, B, Yy — Pa3MepHl NOJOCTH, uMerouled GopMy NnpsMOYroJbHOTO
napannesaenunena, [, m, n— uease uucaa (Homepa Moa). Toraa
B JI00OH TOYKE BHYTPH NOJOCTH Xx-, y- H Z-KOMIIOHEHTbl HHTCHCHB-
HOCTH, HAINpUMEp, 3JEKTPHUECKOTO MOJISI ONDEHe/sIOTCA BHpaxe-
HHUSMU

E.(x, y, 2) = E, cos (K,x) sin (K,y) sin (K,2),

E,(x, y, 2) = E, sin (K,x) cos (K,y) sin (K;2), (3.3.38)

E.(x, y, 2) = Ej sin (K ,x) sin (K,y) cos (K 2),
i (]

K2=K2 4+ K2+ K2=n? _lf__{__"iJ_i) (3.3.39)

=K?2 2 2= = ) .3.
Takue BHpaxeHUs AJas X-, y- U 2-KOMIOHEHT I[OJsI BO3HUKAIOT,
€CJIH TPUHSITH BO BHUMAaHHE MOJSPH3AIHI0 KOMIOHEHT HaIpsIXKeH-
HOCTH HOJs: Hamnpumep, E,; TMOJNSPH30BaHA BEPTUKQAALHO OTHOCH-
TeJbHO X, NOSTOMY 3aBHCHMOCTh E, OT X [NOJXKHA COAepXaTb KO-
CHHYC.
B To e BpeMs:KOMIOHeHTa [, 20pU30HTAAbHO TIOJSPH30BAHA

H N0 y, ¥ N0 2, C1eI0BaTEIbHO, ee 3aBHCHMOCTb OT 4 U Z JOJIKHA
ONHCHIBATbCA CHHycaMH. AHajorMunble cooOpaxKeHHsi NDHMEHHMBI
K £, u E,. AMnaurynw Ey, Es, E; TOJa He SABJISAIOTCA HE3aBHCH-
MLBIMH, OHHM cBsi3aHm 3akoHOM Taycca V-£ =0, koTopHl B HallleM
clydae AaeT COOTHOIICHHE

K.E;+ K, E, + K,E3=0, (3.3.40)
uH ¢ yuetoMm (3.3.37)

l

75+%@+%@=& (3.3.41)

Jdast kyGuueckofi moJoctd ¢ pe6pomM MJIHHOH o H3 COOTHOLICHHA
(3.3.41) caenyer

lE -+ mEy + nEy=0. (3.3.42)

Yro kacaeTcsl YHCJIa HOPMaJbHBIX MOJ, KOTOPbie MOryT OHITh BO3-
Oy:Kpenbl B TakKo#l KyOHuecKOH MOJOCTH, TO DPacCMOTPHUM Kakyio-
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HHOYAb OAHY JLaHHYIO MOy, XapaKTE€PH3YeMyl0 Ha6OpOM IeJBIX
uncea [, m, n. Ecau cos Oy, cos &y, cos ¥3 — HampapJasoHe KOCH-
HYChl 3TOH MOJH M A — AJIHHA BOJIHB BO3OYXKACHHS B MOJOCTH, TO
C Y4YeToM HJ(€aJbHO OTpa’KaloMIHUX CTEHOK JOJXKHBI BBIIOJIHSITHCS
COOTHOIIIEHHS

acosfh:l%, ﬁcosﬁ2=m—g—, ycosﬁ3=n%, (3.3.43)
a Tak Kak cos® ¢ -+ cos? Oy +- cos2 ¥3 =1,
40? 9 2 2

= P+ mP+nt (3.3.44}

Kaxaylo HOpMaJbHYIO MOJAY MOMKHO NpEACTaBHTb KaK TOUKY
B HEKOTODOM TPEXMEPHOM IPOCTPAHCTBe ¢ (JIHCKPETHBIMH) KOOpIH-
HataMH [, m, n (I,m,n =0, 1, 2, ...). OGuee uucjio N HOpMa/b-
HBIX MOJ NpHOJHKeHHO paBHO 1/8 oGwpema cdeprl paguyca 2c/A,
IO3TOMY :

1 4x ¢ 203
N~gid (T) , (3.3.45}
HJIH, IIOCKOJbKY yacToTa v = ¢/A 1 o =V,
4n V
N~V (3.3.46)

4 YHCJ0 HOpMAJbHBIX MOJ B HHTepBaJe 4yacToT dv PaBHO

AN =2Z Vv dv. (3.3.47)

TakoB oTBeT /14 c/yuas, KOria B IIOJOCTH HMeEETCS TOJbKO ONHH
HCTOYHHK MOJISIpH3AHH. Ecju Xe obe NOsApH3ANHH BO36YKAAIOTCS
OJIHOBPEMEHHO, TO YHCJO HOPMaJbHBIX MOJ B HHTEpBaJje 4acToT dv
paBHO

dN = 2 vz g, (3.3.48)
4

Kak sueprusa pacrnpesesieHa no sTum mojam? Eciu senuunna dN /dv
OYeHb BeJHKa (a4 MMEHHO H3 TaKOoro AONYIIEHHS NMPHHITO HCXOHTb.
npH BeBOAe GopMyabl ajasa dN/dv), TO «pasyMHOH» SBJSETCs 'H-
noTesa O paBHOpacClpeleJeHHH SHEpPrHH, COMIaCHO KOTOPOH Ha KaiK-
Iyi0 creneHb cBOOOAH NpUXOAUTCA ~ kT mxoyneir, rie T — teM-
nepatypa B IIOJOCTH, B — nocrosHHas Bosabumana. CaenosaTensHo,
3HepTUs Ha eduHHILY oObeMa papHa

8nv2eT
C3

uv, T)= dv, (3.3.49)
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4 II0JHAast 3Heprusi B NMOJIOCTH

u(l)= S S’EfT vidv = oo, (3.3.50)

0

Ho rTtorma O6eckoHeuno BeJHKa H yAelbHas TeIIOEMKOCTD
|0u(T) /0T] v mosocTH ¢ BaKyyMOM, a 3TO O3HauaeT, 4YTO MBI HHKa-
KHMH CpeACTBAMH He MOXeM MNOJHATL TeMIepaTypy ,MOJOCTH, OT-
KayaHHOH a0 ray6okoro Bakyyma! Tak kKak pacxoJMMOCTb HHTer-
pasa (3.3.50) Bri3BaHa BHICOKOUACTOTHLIMH MOJAaMH, JeT CTO Ha-
3aJ ee HaskBaJH yJabTpaduoaeToBoll KatacTpodod.

IIpo6nema yubTpaduogeToBod KaTacTpodsl ObJIA OKOHYATEJNbHO
peteHa Makcom IlnankoM. Mpl He 6yAeM BAaBaTbCcsl B TOHKOCTH
KBAaHTOBOH TEOpHH, TAK KaK OHH HECYIIEeCTBEHHB JJs HaIIHX JeK-
UUA, U YNOMSHEM JHIIb O KOHEUHOM pe3yJbTaTe — KBAHTOBaHHMU
IHepeeruneckux yposHell kaxcdoll duckpernol modol, Kotopoe IlnaHk
HA3BaJ «aKTOM oTuasiHusiy. [IMaHk 6w BHEHYXJIeH IPHHATL THIO-
Te3V 0 TOM, 4TO Jofasi MoAa («OCHHJJIATOP®) MOXKET H3IMEHAThb
CBGIO 5il€pTHI0 TOJBKO IUCKDETHO HA BEJHUHHY, KPaTHYHO 3JCMEH-
TAPHOMY KBAHTY go. KpaTko paccyxiacHus [lnaHka cBOAH/IHCE K
caeaywolleMy. Ilyers No— uHcjgo MOA {«OCHUH/JIATOPOB») € HaH-
MeHblne# sHepruefi ¥ N — MOJHOE YHCJI0 MOJ, 06.JajawUIMX pas-
JUYHBIMH HeprusiMu 0, eg, 2e¢, ... H T. A. Torga, corjacHo BEIBe-
neHHOMY HaMu B pasi. 2.3.2 [cm. dopmyny (2.3.49)] pacnpenese-
HHioo boabumana,

oo
e

N=NOZ exp(—

n=0

(3.3.51)

Tlnank npeamosoKuI TaKxkKe, UTO 3JEMEHTAapHBIH KBaHT, KOTOpPHIH
MOLa MOXKET MOTVIOMATbL WJIH KOTODBIM OHA MOXKeT OOMEHMBATHCS
€ IPYTHMH MOJAaMH, IIPOIOPIHMOHAJNEH Y4acToTe MOAB v,T.e. g == Av,
rje /i — HekoTOpas yHHUBepcaJbHas InocrosiHHadA. Takum 06pasom,
foJsiHasi sHepras E HOpMaJbHBIX MOJ OIPEAeNsieTCH BHIPaKeHHeM

E=N0i naoexp( nao) NOZ nhv exp (—n—hv . (3.3.52)
n=0

CpenHsia sHeprus KaxaAo# MOAH (B NpeBHIICHHH Hajl HyJeBOH 3HEp-
THeH, CM. HHXKe) paBHa COOTBETCTBEHHO

hv' Y nexp[(— n (hv/kT)]

- E n=0 hv
e 3 exp(— n (hv/ET)] “ =T 00
exp [— n (Av

n=0
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a 1oJHas 3Heprusi, MpUXOAAULASCS HA eIHHHUYHBIN 06beM H HHTEp-
BaJ ©acToT dv,— BEeJHYUWHE &, YMHOXKEHHOH Ha YHCJO MOJA B 3TOM
HHTEpBAJE, T. €.

__8n hv
u(v, T)= a v exp (Av/kT) — 1

dv. (3.3.54)
Caepopate/pHo, cpefee HHCAO (POTOHOS, NMPHXOAAILMXCS Ha HOp-
MaJbHYI0 MOLY, paBHO
1
(ny= o v RT) =T (3.3.5b)

IIpexpe ueM MBI nepeiijgeM K GoJiee MoApoGHOMY OOCYKACHHIO
dopmyanl (3.3.55), BHIACHMM, UTO NPOWCXOAUT IIPH HYJEBOH TemIie-
patype. DTOT BOIPOC CYUlecTBEH JAJs HAac, TaK KaK B KJacCHUECKOH
TCOPHH CBsI3M KOHEUHAsl TeMIlepaTypa ecTb CHHOHHM KOHEUHOH Be-
JIHUAHB TEMJIOBHIX LIYMOB. MHXKeHep-CBA3HCT CUHMTAeT, UTO, CKOH-
CTPYHPOBAB YCTPOHCTBO, cINOCOOHOE (QYHKIMOHHPOBATbL IIPH CBEPX-
HU3KHUX TeMllepaTypax, OH CMOXKeT U36aBHTLCS NMPAKTHUECKH OT BCexX
mymoB. OaHAaKO 3TO He TaK: IPH HU3KHX TeMIepaTypax H BBICOKHX
1acTOoTaX KBAHTOBLIH IHYM HPHXOAHT Ha CMEHy TeIJIOBOMY LIYyMY
H CTAHOBHTCS OCHOBHBIM IpENATCTBHEM Ha IYTH K AOCTHXKEHHIO
6e30H604HON NepeJaud UH(POPMaLHH.

Mbl 06HapyXHAH, UTO CPEAHAST YHEPTHS, IPHXOJAAILAsCS HA HOP-
MaJbHYI MOIY B IIOJIOCTH B PaBHOBECHOM COCTOSIHHH, ONpEAeNsieTCs
BbIpaXKeHHEM

_ hv

&= exp (Av/kT) — 1" (3.3.53)
Ero Mo:xxkHO 3anucaTth B BHJE

&= kT —— =~ kT, (3.3.56)

rie x = hv/kT <« 1. Tlpu J0CTAaTOYHO BBLICOKHX TeMIlepaTypax
(e ~ 1+ x+x?/2 + ...) copaBelyiuBa TakXke IMpHOJHXKeHHAS

dhopMmyaa

- hv 1 Av
&= “xp (Av/kT) — 1 ~k T3 +x/2 kT(l"_)_kT(l_zTT‘
— kT — 2 (3.3.57)

[TocnenHee BhipaXKeHWe TOBOPHUT HaM, YTO IPH BHICOKHX TeMIlepa-
Typax CpelHsis 3Heprusi & HOpMaJbHON MoAb paBHa kT — hv/2,
a He kKT, kak B cJayuae paBHopacnpelencHus sHeprud. Ho b
3HaeM, 4TO NPH BBICOKHX TeMIIEpaTypax BBLIIOJHsETCA NPUHIHI PaB-
HOpacnpefeJeHnsl 3Heprud. nst Toro 4to0bl IPH BBICOKHX TeMIle-
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patypax cpelHsist 3Heprus € Oblja paBHa kT, OHa JOJIKHA ONpexe-
JISITbCST BHIpaXKeHHEM

- hv hv
E=—5+ o ET) =T (3.3.58)

Beauuuna fAv/2 ecTp HyJeBasi SHEPTHS.

Ho pepuemcs k dopmyae (3.3.55), sanamomell cpeiHec 4yHCIO
(GOTOHOB, NPHXOIAUIMXCS Ha €IHHHYHBHA OOBEM H HOPMAJIbHYIO
MOIy («CTeneHb CBOGOAH 3JEKTPOMArHHTHOTO NOJSI»).

®OTOHB NPHXOAAT Ha 3eMiio B ocHOBHOM oT CoJiHua, 3eMHas
aTMocdepa 'CIyKHT CBOEro poja «MeMO6paHOH», KOTopas AedcTByeT
KakK OTCEKaloUIHH (QUABTp HAa 6cCe 3JeKTPOMAaTHHTHOE H3JyYyeHHe
(B IManasoHe AJHH BoJH or 108 mo 10—!* cm), ucnyckaemoe CoOJH-
1eM B II0JIOCEe YacTOT WHpHHOH ~ 1022, man 273, T'u, T. e. 73 okras,
332 HCKJ/IOUCHHEM JBYX HeGOJBUIHX «OKOH»: MHKDOBOJHOBOH MOJOCHI
mupHHOH ~ 10 0KTA8 W ONTHUECKOH MOJOCH UIHPHHOH BCErO JIHIIb
B ~ 1 okrTasy. BosHHKaeT ecTeCTBEHHEBI BONPOC. MOUEMY 3BOJIIOLHS
He HCHOJb30BaJa MHKPOBOJHOBOE OKHO, a IIpeAnousna pas3BHBATh
PEIenTOpH BCEX GHONOTHUCCKHX BHJOB, CHOCOGHBIE BOCHPHHHMATh
3JeKTPOMArHUTHOE H3JydYeHHE B ONTHYECKOM JHAMa3oHe? :asy-
MeeTcsl, COBPEMEHHBIH UeJOBEK HCNOJNb3yeT H MHKPOBOJHOBOE M3J1Yy-
yeHune, Ho Kag apredakrt. Lile OAHH BONPOC: IMOYEMY TEXHOJOTHS
pasBuBajach b HalpaBJeHHH, APOTUGONOAONHHOM HALPABJICHHIO GHO-
JIOTHYeckoH sBoJionuu? HMuaue rosops, MoyeMy MHKDPOBOJHOBHE
yCTpOHCTBa M MHKPOBOJHOBasl TeXHMKa npedulecTso8aAl TOSIBJIE-
HHIO Jla3ePHOH TEXHOJOTHH H HHTErpasbHON ONTHKH?

3.4. AuTponus 3snekTpOMarHuTHoro uznayuenus. Hudopmanus,
nojyuaeMasi 3MeKTPOMATHHTHON BOJHOMH, najaouei
Ha KoHeunylo aneptypy. HeonHo3Ha4HOCTb BOCTIPHATHSA

KakuM 06pasoM 3/JeKTpOMarHWTHas BOJHA COCTapjeHa H3 ¢o-
ToHOB? OTBET Ha 3TOT BONpPOC MOKAa HeH3BecTeH. Mpl 3HaeM JHLIb,
4TO 3JEKTPOMATHUTHASl BOJHA — KOAAEKTUBHOE CBOUCTB0 (POTOHOS.
Hcnyckanne (GOTOHOB XapaKTepH3YeTcst TPeMsl NapaMeTpaMH: HH-
TEHCHBHOCTBIO, YacTOTOH M [NOJsipH3anned. DJEKTpOMarHHTHas
BoJHa OGJajaer yeTHphbMs NapaMeTpaMi: aMIJIMTYAOH, 4acTOTOH,
¢asoil u noaspusanmei. SICHO, YTO HMEHHO ¢asa obaajaer BCeMHU
OTJHUHTEJLHBIMH OCOGEHHOCTSIMH 803HUKAIOW,20 MAaKpOCKONHYe-
CKOro cBoficTBa, KOTJa H3 . OTAENbHEIX (DOTOHOB MBI CHHTE3HPYEM
3/71eKTPOMAaTHHTHYIO BOJHY.

[lpu GaukajillleM pacCMOTpeHHH OCHOBHOH dopmyuas (3.3.55)
CTaHOBHTCS IIOHSITHO, IIOUYEMY TEXHHKa JOJITO€ BpPEMsl HCIHITHIBAJA
TPYAHOCTH B CO3JaHMH ONTHYECKHX BOJH, XOTsl yCTpo#cTBa, pa6o-
TalO(He B MHKPOBOJHOBOM JAHallasoHe H MpH eule 0ojee HHU3KHX
YacToTax, MPOEKTHPOBANUCH W CTPOMJIHCH JerKo u mpocro. (50 Jer
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Hazaj] TeJeBH3HOHHAs CBA3b OCYLIECTRJASIACH HCKJIIYHTEIBHO Ha
daurnbly BoJHAX ~ 10* I'u u Koporkux soanax ~ 10¢ I'w.)

Taxk Kax (cpeanee) uHCI0 3anoAHeHUs 1Jsi (POTOHOB Ha CTeleHb
cBoGoabl (n) u Qasa ¢ — cONpsAKeHHbIe BEeJHUYHHBI, YXOBJETBOPSIO-
iHe COOTHOWIEHHIO HeonpeAeTeHHOCTH (An) (Ag)>= 1/2, naa Ttou-
HOro cripefleseHns Pasnel J0JAKHO GblJIO Obl BBIIOJIHSTHCSI HEpaBeH-
ctBo (ny> 1. Ho us popmyan (3.3.55) cieayer, uto npu pasymuo
HU3KUX (He CAUUIKOM MaJbiX) 4acToTaX BEAHUHHA (/) MOMKET OBITh
ouedn Goabwold. Hanpumep [3.3], 3/eKTPOCTAHLHS MOUIHOCTBIO
10000 kBT, pripabaTniBatomias Tox yacrorofl 50 -+ 0,01 'y, cosznaer
(ny ~ 10* Qotonop Ha crerneHs cBOOOAL. DOJbLIOH MarHeTpoH,
paboTaloilliid B UMIOYJBCHOM pEXHME Ha [JIHHE BOJHB ~ 10 cM
(~3-10°40,5-10% I'm), mopoxaaer ~ 102* HoTOHOB Ha CTemnCHb.
cpobopl; MOLIHAsT PTYTHasi JaMma (BRICOKOTO [JaBJeHus), HCIy-
ckawmas 1 Br/cm? B Buae 3senenoro csera (A ~ 5461 4 10 A),
[I03BOJSET c03JaTh MeHee 103 GoToMOB HA OAHY CTElNEeHb CBOGOBL.
Taxknm o06pasoM, TpagHLMOHHBIE HCTOUHHKHM B ONTHYECKOM juamna-
30HC HENPUrOJHBE 15 HCIOJb30BAHHS B KAUECTBE CPEICTB CBSI3H,
T4K KAK OHH He CIOCOOHB YACPIKHUBATH HU3MepUMYI0 a3y, 410
EMECT NEPBOCTENEHHCE 3HAUEHHE ISl CUHXPOHUBAUUU. 3adadua IOA-
AepKaHusd u3MepuUMoH (as3ei Oblia BHIIOJIHEHA C MOSIBJICHHEM HC-
TOUHHKOB JIA3€PHOrO (KOIepeHTHOrC) H3JyUeHHs: pyOUHOBRII .Tasep
C MOAYJIHPYyeMOH A10OPOTHOCTBIO NMO3BOJSET CO3AaBaTh A0 ~ 105 ¢o-
TOHOB Ha CTeneHb CBOOOLL

IlonbITaeMcsl Termepb OTBETHTL Ha MEPBLIA BOMPOC, NOUEMY 3BO-
JUOLHMSA TPEANOoUad CINTHUECKYIO IOJ0CY MHKpOBOJHOBOH? [lomuwmo
(PU3HOIOrMUECKHX OrpaHHYeHUA (HECOMHEHHO, UTpaloUIHX [IaBHYIG:
POJIb) MOJKHO YKa3aTh Ha CJACAYIOUIHE IPUTHHLL,

Jlas1 0JHO3HAUHOTO MPHHATHS (M BOCHPHATHS) paszjapamures
OTHOLIEHHE «CHIHAJ/IIyM» JOJXKHO OHTb JAOCTATOUHO OOJBIINM.
Ecau mbl HabawogaeM o0BbeKT 11O TOMY, KAK OH pacceunaeT H3Jyue-
HHe OT HCTOYHHKA cBeTa (CHUMHAaJ), TO KeJaaTedbHO, 4TOOLl YHCIG
paccesHHBIX (POTOHOB BO MHOILO pa3 IIPEBOCXOAHUJAO UHCJIO (HOTOHOB,
CIIONTAHHO NCIYCKAaeMBIX caMHUM OOBEKTOM uepe3 H3JyueHue uep-
Horo rtesa (wyMm). M3 dopmyam (3.3.55) mas wacToT B ONTHUe-
CKOM JHallasoHe CJIeAyeT HepaBeHCTBO hAv/kT > 1, moatomy

(ny ~ exp[— 27 (3.4.1)

Uneno ¢OTOHOB, paccesHHBIX Ha oObekTe, ocBenleHHOM COaHLEM
(Ts = 6000 K), paBro

r h

Onu-to 1 06pasyloT curuaJ.
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Yuesno GoTOHOB, CIOHTAHHO HCIYCKaeMbIX OOBEKTOM NPH TOH Ke
BBICOKOH 4acCTOTe, paBHO

h
() = exp| — 5355 ] (3.4.3)

rie T,==300 K— temneparypa o6bexra. ITH (OTOHH 06pa3zyioT
LIy M.
Taxum o6pasoM, OTHOLIEHHEe CHTHAJI/IIyM ONpejeaseTcsi BHpa-

KeHHeM
(n)g hv 1 1 5700« iv
T, T exp [T (T_n - TS)] =exp [m] . (349

Hnas uactoT H3 ONTHUECKOro jAMana3oHa OHO cocTasJhser ~ 1028,
OTa oueHb OoJblIAs BeNHUYHHA U Je/aeT BO3MOKHEIM OAHO3HAUHBIA
IIpHeM CUTH4Ja B ONTHYECKOM JnanasoHe. [IpousncieMm Telepb Te
K€ BBIUMCACHHA JUIsl MUKPOBOJHOBOH o6aactu. B aToM cayuae
hv/kT < 1, 1 uz popmyan (3.3.55) Mbl moayuaem

kT
<n«> ~ W (3.4.5)
Takum o6paszom,
/ k - 6000
\n>S:T, (3.4.6)
(=232, (3.4.7)
NO3TOMY OTHOWIEHHE CHIHAaJ/IIYyM TeNepb PaBHO TOJBKO
(myg 6000
™~ a0 = 0, (3.4.8)

T. €. OHO CJHIIKOM Majgo [Jf TOro, 4To0bl 0GecneynTb XOPOUIHH
IIpHEM.

CoorHotuienne (3.3.55) 3amaer TONbKO cpedHee 4uCI0 (HOTOHOB
Ha cTemeHb CBOOOJALI 3JeKTPOMaCHUTHOIC MoJA (Ha HOPMAaJbHYIO
Mony). Bokpyr aToro cpegHero uHcaa HeHM30eKHO IPOHCXOLAT
baykryanny. KakoBa CTaTHCTHKA 3THX QJYKTyauu#? ITOT BONpOC
HMeeT pellaiollee 3HAUCHHE, TAK KaK QJYKTYalUud B HHTEHCHBHOCTH
(OTOHHOTO TOTOKA FABJSIOTCS OCHOBHOW (XOTs M He eJHHCTBEHHOH)
NPUYMHONH HEeOAHO3HAYHOCTH B (opMmupoBaHHM 00pasa, KOrAa Hecy-
was HHGOPMALHIO 3JEKTpOMarHHTHas BOJIHA NajaT Ha KOHEYHYIO
anepTypy.

B uactHOCTH, AJs Hac NpeACTaBJsgeT HHTepeC BHIUHC/IEHHE BTO-
poroc MowmeHTa (gucnepcuy) ¢aykryaund (OTOHOB OTHOCHTENILHO
cpenHedt maotHocTH {n) = E. HanoMHuM IIpOCTO€ COOTHOIIEHHE
MEeXJy CpeJHMM 3HaueHHeM, CPeJHHM KBaJpaTHYHBIM 3HaueHHeM H
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CPeIHHM KBaJpaTHUYHBIM (PAYKTyauH# OT cpelHEero 3HauYeHH::

AE?=(E—EP=F'—2FE4+ E°=F — 9P 4 2 —E?— F?.
(3.4.9)

Jlio6ast cuCTeMa, HaXOAAWIasAcsH B KOHTAKTE C TEPMOCTATOM NpH
Temnepatype T, caepyer pacnpenenenuio Bosbumana. BeposiTHOCTS
P, ToOro, uro cucreMa HaxOZHTCS B r-M (KBaHTOBOM) COCTOSIHHH
¢ sHeprueil E,, onpefensieTcsi KAHOHHUCCKHM BhIpakeHHEM

P _CXB (= E,[kT)
T ) exp (— Eg/kT)

S

(3.4.10)

Tie CyMMHDOBaHHe NMPOBOJAHTCS IO BCEM JONMYCTHMBIM AHCKPETHHIM
COCTOSHUSIM cHCTeMEL. $ICHO, 4yTO

= ) E,P,. (3.4.11)

r

ol

[Toacrasnssa B (3.4.11) Belpaxenue agas P,, noayyaem
= Es E
EY exp(— kT):ZESexp(——E-;—). (3.4.12)
S s

Huddepennnpys o6e yactu mo T u Aeas Ha ), exp(— E /kT), npu-
s

XOAUM K COOTHOIUEHHIO

1 = dE 1 —
= 2 | 4 =TT 2 (3.4.13)
HJH OKOHUATeJdbHO
2 dE e 2 T2 __ 3
kT ar = E?=AFE?, (3.4.14)

ODTOT pe3yabraT Obll BHEpBLIe HOJydeH DfiHuTelinom. IIpumenum
€ro K CHCTEeMe, XapakTepu3yeMoH pacnpefaesenueM IliaHka, KoTo-
poe caefyer u3 cooTHouleHHs (3.3.55):

-, A
<n>=E=Z.4E’P’=Ep—(hv_/ZT)TI’ (3.4.15)
r=0
[O3TOMY, HCIOAB3YA hopmyay (3.4.14), noayuaem
RE?= kT2 2. — (v S UV/ET) (3.4.16)

[exp (Av/ET) — 1]2 °
Cpennee kBazpaTHuHOe OpoOHOE BAYKTYallMH PaBHO

AEZ o
== (57 ) (3.4.17)
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Ecau npasyio uyacth cooTHouteHusi (3.4.17) Bblpas3uth uepes E, To
OHO NIPHMET BHJ

M +—’%—”-. (3.4.18)

E2

IIpu BEICOKUX TeMnepatypax (Av/kT < 1) ycraHaB/IHBaeTcs paBHO-
pacnpejesedne SHEPrHH, NO3TOMY

E ~ kT, (3.4.19)
AE? = (kT)? (3.4.20)
u
AE?
= =1 (3.4.21)
HJIHU
E?=2F2, (3.4.22)

T. €. JApo6GHasg (aykTyauus cTPEeMHTCA K eJHHHIle, KOTAa CpelHss
HEPTHS CTAHOBHTCS GOJBLUIOH.

Mbl BUAMM, UTO BHIpaxKeHHe AJS CPEJIHEro KBajApaTU4HOro JApo6-
HBIX Quaykryauni (3.4.18) MOXHO pa3bHTb Ha JBa ujeHa: <«KJac-
CHUECKHH uJieH», [0 CYILECTBY COOTBETCTBYIOILIME HHTep(EpeHLHH
BOJIH ¢ CAy4YadHBHIMH (pa3aMH, KOTODHH MPUBOJHT K COOTHOILEHHIO

(3.4.22), u «KBaHTOBHH uJeH». DTOT KBAHTOBHH u/eH (JIYKTyamHui
(hv/ET > 1)

AE% ~ hE (3.4.23)

COOTBETCTBYET TOMY CJIyualo, KOTJa SHeprHus IpeACTaB/cHAa B BHAE
SHEprHH HE3aBHCUMBIX yacTul, ((OTOHOB), KOTOpHE CKayKaMH Ie-
pPexoJsAT M3 OJHOTO 3apelleHHOr0 COCTOAHHSA B JIPYroe H T¢M CaMhIM
NOpoOXKIAaIT (aykryanuu. PaccMoTpuM Tenepb N HOPMAAbHBLX
M00, B3aHMOJEHCTBYIOILMX MeXAy coGoit HexorepeHnTHo. IlycThb
Ey — 3Hepruss N HOpMaJbHBIX MOJ, Eo — 3Heprus Jio00# H3 HHX,
torga Exy == NE,,

- dE- dE. —_—
AEy = kT* —IL = NkT? —2- = NAES (3.4.24)
H
AE_%-, 1 X—% 1 hv
N e [14+ =} (3.4.25)
E% N E} N E,

ITpu Goabwux N ApoGHHE GJIYKTyanHH MaJjbl. DTO COOTBETCTBYET
Tpe6OBaHHIO, COMVIACHO KOTOPOMY JApDOGHHE (JYKTyaluH 3HepruH
MaKPOCKOTIHYECKOH CHCTEMBI, HAaXOAsIeHCs B KOHTAaKTe C TepMOCTa-
TOM, JOJIKHH GBITb MaJikl — B COOTBETCTBHH C OIBITOM.
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PaccMoTpuMm Teneps peasHcTHYeCKHd cJayuap, Korjga B Ipolecce
CBASH Mbl HMEEM CYNEepro3uyuio JeTepMUHHCTHUECKOrO CHrHazna Eg
H KOMIIOHEHTHI TeILIOBOro 1yma £, Hac 6yner untepecosaTh B3au-
MOJEHCTBHE MEXIY LUHKJIHYECKOH YacTOTOH (ypbe-KOMIOHEHTHI
CHI'Ha/la M LUHUKJIHYECKOH UYaCTOTOH ©; (ypbe-KOMIOHEHTH IIyMa.
Hawe unsioxennc caenyer pa6ore I'aGopa [3.4]. MruoBeHHOe 3Ha-
YCHHE MJIOTHOCTH 3HEPrHI, BO3HHKAIOUleH BCJIEACTBHE HHTepdepen-
LUHH, IPONCPIHOLAILHO

EE, 4 EnE, + {ESE,*Z exp [j (0, — w,) z‘] + EGE, exp [— i (oo1 — l(og) t],

rlle 3Be€310YKAMH 000G3HAUCHBI KOMIJIEKCHO-CONPSI2KEHHBIE BEJHYHHEL
Ilephie 1Ba ujJeHa COOTBETCTBYIOT 3HEPIWH CHTHAJA U 9HEPTHH
iyma, a 4YieHBl, 3aKJIOUEeHHBle B (PUIYpHBIE CKOGKH, BOSHHKAIOT
BeJeAcTBHe naTepdepennun. Caenys Tabopy, sanuiem

&= & + &, + &, (3.4.26)

rje s, €y, &, — IJOTHOCTH SHEPTHH CHTHAJA, IIyMa H HHTepdepeH-
uun. CpenHee 3HaueHHe HHTepQEpeHIHH €, PABHO HYJIO, BCJe-
CTBHe (IIPEAINO/JaraeMoro) IOJHOTO OTCYTCTBHS MHTepdepeHuHH Me-
XAy curHanom u mymoM. CpelHeKBaApaTHUHOe 3HAUEHHE SHEPTHH
HHTepdepeHI U paBHO

e, —=2EEEFE —23, (3.4.27)

§TsTn

TaK KaK & — AeTepMUHHCTHUecKHH curHaj. CpeiHeKBaApaTHYHHE
(yKTyauuu NOJHOH HHTEHCHBHOCTH IIPEACTABHMHBI B BHIE

(8 - §)2 = [(Ss + € + Ssn) - (és + én)]27 (3428)

HO TaK KakK es =&,
(e — )= (e, + &, — &, =e} + e, + & + 26,8, — 2,8, — 2,8,
(3.4.29)

Vcnonbsysl COOTHOILIEHUS €4, = 8,8, = 0 (KOTOpPHE BHIIOJIHIIOTCS
H3-32 OTCYTCTBHA KOPpPeJNsUM MeXAYy CHTHaJOM H WIYMOM) H
(3.4.27), nosyuaem

(e—8P=¢+ 26, + 82 — 2,8, =¢2 — &2 + 26§, (3.4.30)

Ho us ¢opmyan (3.4.22) aas kJgaccHueckoro uieHa (aAyrRTyauui
clelyeT, 4To

22 — 952

g2 = 28,
I03TOMY

(6 — 8)2y,,, = 28, + &2, (3.4.31)

class
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HJIH, TaK KakK g,==& — &, (&, =0), OKOHUATEJbHO
(e 8)class (8 —& ) e, + 82 = (23 — 8 )8 . (3.432)

KsanTtoBsiil uieH dJaykTyanuii 6wl yKe TOJydeH HaMH paHee (co-
otHouleHue (3.4.23)), noatomy

(e — 8)2, = hva. (3.4.33)

CkJaanmBasi cooTHomieHus (3.4.32) u (3.4.33), mosyuaeM NOJHYIO
HHTEHCHBHOCThL (DJIYKTyallud B CHCTEME, KOTOPAs COCTOUT M3 JeTep-
MHHHCTHUYECKOH BOJHBI, OKPYXKEHHOH TENJOBBIM HIYMOM,

(e — &) = hvé 4 288, — &2. (3.4.34)

Bripaxas sHepruu g, &, uepes uuca0 GOTOHOB N, NMPHXOIAIIAXCA

Ha OAHy HOpPMaJbHYI0 MOJAy, T. e. noJaras ¢ = Nhv u &, = N,hv,
[OoJyuaeM M3 COOTHOIIeHHs (3.4.34)

SN?=(N —N*) =N (1+2N,) — N2, (3.4.35)

rae N, = 1/[exp (hv/kT)— 1] = <{n).

3ajaya Tenmepb COCTOMT B TOM, UTOOBI ONPENEJHTH UYHCJAO pa3-
JUUAMBEIX cnoco00B (cTymeHeH, 3HEpPreTHUEeCKHX YypOBHEH), KOTO-
PBIMH MOKHO pacnpeleduTb dN (GOTOHOB B HOPpMAaJbHOH MOJe C He-

onpejeseHHOCTbI0 (6N?) /2 MexAy moc/jeloBaTeJNbHBIMH yPOBHSIMH.

OTBeT H3BECTEH: YHCJO TAaKHX crnoco6oB paBHO dN/(8N%)!/2. Ciaeno-
BaTeJbHO, YHCJIO crnoco6oB (ypoBHeH), KOTOpHIMH 10 N; (OTOHOB
MOT'YT OBITH paclpeleneHbl B OLHOH (i-ff) HOpMaJbHOH MOJE, paBHO
npu 6oapuux N

Ny

dN 2N}/2
S 5 /e — S — — —5 1/ = = 12 . (34.36)
(61") 70N —F]T (4o

JIorapH(pM BeJIHYHHB S; 110 OCHOBaHHIO 2 — logs S;— paBeH aHTpO-
nuy kamoli HopmarvHoi model (i-H), T. €. anpuopHot uHGopma-
yuu, neperocumoil xamdoti OuckperHoil cTenenoro c¢g80600bL 31eK-
TPOMASHUTHO20 NOAA.

[Ipexae ueM MBI MOJYUYHM KOHEUHBIA pe3ynabTaT (T. e. HaHzeM
YHCJIO eNUHHI HHDOpMAIUH, NepeHOCHMOH chepHUecKOR BOJHOH B
HIYMOBOM OKPY2KEHHH, KOTOpas majfaer Ha pelenTop KOHeYHOH IJIO-
uann), HeoOX0AUMO BBHIUHCJAHTD [BE BeJHUHHDBL

Bo-nepsvix, HeoGX0AMMO BBIUHCJIHTL UYHCJAO CTeleHeH CBOOOIH
F xoHeuHO# anepTyph (KOTOpOe COBNAJaeT C YHCJIOM CTelleHeHd CBO-
60abl najamlied BOJHBL HOCAe NpHeMa) U, 80-8TOPbLX, BLIYHUCIHUTD
YHCJI0 CMOCOGOB, KOTOPBIMH N (OTOHOB MOTYT OBIThL paclpeleseHbl
Cpelld 3THX CTeleHel cBOGOIHL
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CnpaunBaercsi, CKOJbKO YHCE HEOOXOAHMO AJS TOTLO, YTOGHI
MONHOCTBIO 3alaTh (omTHueckoe) wusobpaxenne? Cienys pabore
au @panuua [3.5], paccMOTpuM HAeasbHBI (OmTHUECKHH) MpHGOP
C OJHOMEPHBIM 3pauKOM WIHPHHH a (pHuc. 3.14).

C¢epuueckas BoJHA MajaeT HA KOHEUHYIO ameprypy: A — AJIHHA
BOJIHEI, $o— yroa NajfieHHus (T. €. yrosq MeXay JyUOM 3peHHS W HOp-
Magnelo K aneptype). MHTeHcus-
HOCTb OCBEIICHHOCTH KakK (yHK-
IHs1 YIJAOBOTO pACCTOSAHHUSA & OI-
perensieTcsl BHPaKeHHeM

. sin mx )2
I ~sinctx=(S22£)°, (3.4.37)

NN

A

I'paduk  ¢yHKIHH y = sincx
noxkasaH Ha puc. 3.15, a. Caeno-

Puc. 3.14. Ilnockass BoJHa, majamuas BaTeJbHO,
HA ANepTypy UHMPHHOH @ II0J YIJIOM

nagenust . I = sinc? (§%) . (3.4.38)

>|a

I
| — %

Ilpeo6pasoBanue @ypre ynkuuu sinc?(Ea/A) ecTb QyHKIHA
(A/a)triang (fA/a), rpaduk xoTopo#l mpeacTaBiacH Ha pHC. 3.15,6,
rae f——uacrora. Slcuo, yro cmekrp ¢ynkuuu sinc?(§a/A) umeer
KPHTHUECKYI0 4YacToTy [. ~ a/A. llpumenenue rteopembl I[Hennona

f y=triang (x }
1
i

\\/f\ PR Y
\-/ \_/ - +1 X
a LA 5

Puc. 3.15. a — rpadux pyuruun y=sinc(x); 6 — rpadux ¢yukuun y = triang(x).

y

(cMm. pasna. 4.1) NpHBOJAUT K BHIBOAY, YTO' OCBEHICHHOCTH amepTyphl
MOJHOCTBIO OMNpefe/sieTcsi €€ 3HAYeHHSMH B AHCKPETHHIX TOUKax
(BLIGOPOUHBIX TOYKAX), OTCTOSIIMX ApYr OT Apyra Ha pacCTOsSHHE
L/2a. Ecam §— nOJHBIA yroJ 3peHHs ONTHYECKOro mnpubopa, TO
MOJIHOE YHCJIO BEHIGODOYHHIX TOYEK paBHO 28a/A.

PaccMoTpHM Tenepb JBYMepHHEI 3pauoK, UMEIOIIHH, HaIpHMep,
thopMy mnpsMOYroJbHHKa cO cTopoHamu ¢ H b. M3obpaxeHHe TO-
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YEYHOT0 HCTOUHHKA (chepuueckoil BOJHBI) NpeAcTaBjaeHo GyHKuHMeH
I = sinc? (E—;—) sinc? (p, —:—) , (3.4.39)

rie p— YIJOBOE PaccTosfHHE BAOJb OCcH y. IIpuMeHHB B NaHHOM
cayuae teopeMy HlleHHOHa, MBI ITOJIyYMM YHC/IO BHIGOPOUHBLIX TOUEK,
HeOGXOLHUMOe AJisi IIOJIHOTO 3afaHHs H300pa)KeHHd;, OHO pPaBHO
4t (ab/r)2. Ecau Q— noJHBIA TeJecHHH Yros 3peHust H S — IJ10-
majb BXOAHOILO 3pauka ONTHUECKOro NpHuGOpa, TO UHCJIO CTeneHed
cBOGOABI H30GpaXKEHHsI paBHO

F=4Q-;. (3.4.40)

Temepb Mbl NMOAXOAHM K 3aKJIOUHTEJLHOH 4acTH HALIHX BBIUHC-
JIeHHH — OTBeTy Ha BOIPOC O TOM, CKOJbKHMH CIIOCOGaMH MbI MO-
¥KeM pacnpeleadTs N (GOTOHOB No F creleHsiM CBOGOJB C yUeTOM
yuc/ada crnoco6oB, KOTOPbIMH N; (OTOHOB pachnpefeseHbl IO KaxXI0H
OTAeJbHOH i-# cTenenu cpoGoanl (3.4.36).

IIpencraBum cebe, urto S; 3ajapaeMble COOTHOLIEHHEM
(3.4.36),— KOOpAHHATEL B HEKOTOPOM [F-MEpHOM MPOCTPAHCTBE.
Yucao pasJuuuMBIX KOHGUIrypalHii paBHO YHCJIY Y3J/0B peLIeTKH
¢ LeJOYHCJACHHBIMH KOOpIHHAaTaMW BHYTpPH rumepcdeprl paanyca
R = 2(1 4 2N,)~Y/2NV/2 B TOM CekTOpe, I'ie Bce S; MOJOXKHTENbHBL
Vnaue ropops, YAC/IO pas/HuHBIX KOHGHUrypaund (mpu 60Jblinx N)
coBIajaeT ¢ 0OBHEMOM 3TOrO CeKTOpa THnepcdepr, KOTOphH (IOx-
pOGHOe H3J0XKEeHHe IeOMEeTPHH 71-MEPHOTO eBKJIHIOBA IPOCTPAHCTBA
cM. B pasn. 4.1) pagen

_ @ e 1 ( N )Fﬂ (3.4.41)
T[(F/2) + 1] T[(F/2)+11 \ 142N, ’

e T (x)— ramma-pyHKIus.
UndopMalnonHas eMKOCTb BOJHB paBHa logs P. Hcmosbsys
dopmyny CrupaunHra, nojsyuaem

mr(-g—+ 1)~§[m(§)— 1], F>1,

3amnucaB 3TO COOTHOLIEHHE B BUAE

< F Fr F -
log, 1 (7+ 1) ~ 5 log (7) —logze|,  (3.4.42)
Mbl TOJIyuaeM (opMy.y
F 2neN
=-— —_—= 3.4.43
log, P =~ long(1 Yo ouT, ( )
HJIU
1 2meN
o TR . 3.4.44
5 1082 FIEEA 6uT Ha CTemeHb CBOGOMBL. )
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Bripaxenue (3.4.44) 3anaer (pu3MUECKYIO SHTPOIHIO cpepHueckoh
9JEKTPOMATHUTHOH BOJIHEI, Hecyllell N (pOTOHOB, KOTOpas B IIPHCYT-
CTBHH WIYyMa C CPeJHHM 3HaueHHeM N, CO3JaeT Ha KOHEUHOH amep-
Type uzobpaxenne ¢ F crenensamu cBoGOAB. Kak MBI yBHAHM, 3Ta
SHTPONHA He IMeeT HHYCTO 00ulero ¢ Tteopemoll IllIeHHOHa O BHI-
fopxke V.

Taxnm o00pasoM, MBI NPHXOAHM K BBHIBOAY, U4TO (U3HUECKHH
NpHeM CHrHana neodrosuadern. O6yCI0BAEHA 3Ta HEOLHO3HAUHOCTD
YETBIPHMSI PA3IHYHBIMH [IPUYHHAMH,

a) CymectBoBaHHe (DIYKTyauuii (GOTOHOB B KazKAOH HOpMaJb-
HOH MOJle (CTemeHsx CBOGOABI 3JEKTPOMATHUTHOTO NOJs).

6) Komeunoctsh amepTypsl npH6Opa, NpHHUMalOLLero curuaj. Ko-
HCUHOCTb IIDHBOAHT K ABYM CJEJICTBUAM: ACHCTBYS KaK HPOCTDAH-
CTBEHHBIH (DH/ILTP, OHA HCKAXKACT NPONOPIHH PACHPOCTPaHAOIIHXCA
KOMIIOHEHT NaJaiomed cpepHyecKo BOJIHB H, KpOMe TOro, Haje-
JISIET NPHHSTOE H3006pazKCHIe KOHEUHLIM YNCJ0M CTelleHel CBOBGOJIHL.
HeonHosHaunoCTh H306pazkeHuss B 9TOM ciydac 00yc/OBJACHA TeM,
uTo cepudeckas BOJHA 06Jagaer OGeCKOHCUHO OOJLLIHM YHCIOM
cTenenci croOO/LbI

Bj Heperektupyemocts ¢aspl: BO MHOTHX pacmpoCTpaHeHHBIX
cncremMax CBsidd pasza BOJIHBl HE JETEKTHPYCETCSH, BCAEACTBIE UYEro
ncepeHocuMas $aszoit MHpopManHus HeoGpaTHMO yTpaydnpaercss (HO
B roJorpapuuecknx cucreMax (asa coxpaHsiercs u cofepramascs
B HeH WHQODMAaLHUS AEKOAHPYETCs).

r) Iloteps ncuesaroUIUX BOJH: «IIOJOBHHA» HH(POPMAIHH, 3aKO-
ZUpOBAHIOH B cepuuyecKod BOJHE, HeOGPATHMO TepsCcTca H3-3a
TOTO, YTO Mbi HE MOXKeM CHPOCKTHPOBATL pPEUENTOPDL, CIOCOOGHLIE
IPHHEMATDL xKaK Oerylline, TAK U UCUE3aI0NHe BOJIHDI.

D dusuvecrkas HTPONUA BONB CBI3aHZ C UHCIOM CHOCOGOB, KOTOPHM MO-
#eT OBHTL pacnpeflefiena IO cTeneHsiM CcBOGOJBI CO3AABAEMOTO  H300paIKeHHs
SHEPIUA, He NIPEBOCXOAAIAA HeKOTOPOro 3aJaHHOrO Hpejea.

C JApYrofi CTOPOHBI, CEACKTUBHAA, WY UHPOPMAYUOHHAS, SUTPONHS cBA3aNa
C 4HUCJOM CNOCcO060M, KOTOPBIM JmoGoe 3agaHHOC paclpejeseHde  pas3iaidudMblX
KOMIIIEKCOB MOeT OHTb peasH30BaHO HpPH 33JaHHOM UHCJIE MOBTOPEHHH.
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DileMeHTHl TeOPHH HHPOpMaUHH
M KOAWPOBAHWS C MPHIOKEHUAMH

4.1. Tepepaya uudoOpMauM¥ ¥ HOHSITHE NPONYCKHCH CNOCOGHOCTH
KAHAJA AJS JHCKPETHBIX M HENpPEPBIBHBIX CUIHAI0B 0e3 MaMsATH

MBI yXKe HECKOJbKO 3HAKOMBI C OCHOBHBIM NOHsSTHEM HH(pOpMa-
UMM (KaK [AJs] JIWCKPETHBIX, TaK M [Jd HENpepbiBHBIX paclpene-
Jenuit) u3 pash. 2.3, rae ObI0 BBeAeHO NousiTHe SHTponuu. [Ipo-
JOJKHM Tellepb H3YUEHHE ITOTO MOHATHs HA NpHMepe BLIUMCIEHHHA
nepenauu uuHdoOpMalHy OT HeTouHHka X K NpHeMHHKY Y mpH Hagu-
yuKM BO3MYylLIeHH{l B KaHasje, T. €. B cpeie Mexay X n Y (puc. 4.1).

X . Y

VicTouHMK - - —  Tpueniieg

Ly ma

N
Puc. 4.1. CxcMa OJAHOCTOPOHHEIrO KaHaJja CBA3H C aAJAUTHBHBEIM IIyMOM.

[peanosaoxumM, uto X uMeeT A JHCKPETHbIX COCTOSIHHH, T. €.
B KamkAblH MOMEHT BpeMeHH MOXKeT MOochliaTb coobuleHue/nociaelo-
BATEJBHOCTb CHMBOJIOB X; C allpiOpPHOHA (OTHOCHTE/bHO IIpHEMHHKA)

BepoaTHoCThIO P(x;), i<=(1, ..., A). B sTOM cilyuae ampuopnas
3HTPOIHS HCTOYHHKA paBHa
A
S(X)=— le(xi)logQP(xi) Gut (4.1.1)
=

U, KaK Mbl yXe 3HaeM, MakcHMaJ/bHa, KOTAa Bce P (X;) paBHbI

1/A, T. ¢
Sypaxe (X) = logy A 6urT. (4.1.2)

M3 dopmyan (4.1.1) HermocpeacTsenHo BHAHO, 4TO S(X)=0, korna

Bce BeposiTHocTH P(x;), KpoMe oano#, pasHb Hymo. Tpebyercs

HOKasaTb, uto lim (§1n&)=0. IlJas 3TOro MH 3alHIIeM JEBYIO 4acTh
£-0

. ~ 1
IOCJIEHETO COOTHOWEHHs B BuAe lim (In ¢57") u Bocmombayemcs
>0
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IIpaBUHJIOM JlonuraJgs:

Takum o6pasom, Bce unensl B S(X), B Kotophix P(x;)==0, paBHH
HYJI0, & TOT €MHCTBEHHbIH uJieH, B KOTopoM P(x;) == 1, Takxe pa-
BEH HYJIIO, MOCKOJbKY logy I = 0. Mbl BUANUM, TakKHM 06pasoM, uTo
HHQOpMalKs, HOCHTENeM KOTOPOH SBJSETCS HCTOUHHK, Hepefalo-
INHHA OJIMH CHI'HAJ/CHMBOJI, CTEPEOTUNHO PaBHA HYJIIO.

£ aCCMOTpHM Telepb, KakK NPOHCXOAHUT nepedaya HHPOpMALHH
or X k Y. Cucrema Y Takxe o6sajlaeT HEKOTOPBIM YHCJIOM COCTOS-
HUA (KOTOpOe, HanpuMmep, Moxer GbiTh paBHO u A). [Ipu xaxaom
OT[e/JbHOM COOOLIeHHH/CHMBOJE X; NepelaHHOM HCTOUHHKOM X H
NOCTYNHUBIIEM Ha BXOJ NPHEMHHKa Y, NpHHHMAMOLIAsA CHCTeMa mepe-
XOHT B HEKOTOPO€ COCTOSIHHE ;. DTO COOTBETCTBHE X;—>y; MHI
Ha3biBaeM «B3aHMHO OJLHO3HAYHBIM OTOOpaXKEeHHEM>.

Ilpeanosoxum, u4To cHcTeMy Y HaOaofaTtesb BHAHT B COCTOS-
HUH Y, ¥ TYCTb P (X;/y;)— BEPOATHOCTb TOTO, YTO NPHEMHUK X IpH
3TOM HaXOJUTCsI B COCTOSIHHM X;. B OTCYTCTBHe LIyMa B KaHaJje
P(xi/y;))=1 npu i =1 u P(x;/y;)=0 npu i = j. CienosarebHo,
matpuna A X A sjeMeHToB P(X;/y;) B OTCyTCTBHME IIyMa B KaHaJje
6bl1a Gbl JHATOHAJbHA.

Ho npu majuuumu umryma Marpuna KaHasaa, Kak MBI YCJAOBHMCS
ee HasbBaTb, B NpUMHIOHIC cOAepXKHT A )X A HeHyJeBbIX 3/JeMEHTOB
P(x:/y;). CaepoBarenbHo, undopmanus, mnoayuaemas cHCTeMo#l Y
IocJie TOro, Kak oHa nepefifleT B COCTOsIHHE Y;, PAaBHA

I (x;/y;) = — logy P (x;/y;) Our. (4.1.3)

HTo6b!l BBIYHCAHTL Yycaosnyio auTponuro S(X/Y), T. e. OCTATOUHYIO
HeomnpeAe/leHHOCTb, HCIEITHIBAEMYI0 CHCTEMOH Y Mocje NpOoBedeHH:
BCeX BO3MOXHBIX HaOJIOJCHUH HaJ NOJHBIM penepTyapoM CcOCTOS-
HUH npueMHuKa X, Mbl ycpelHsieM BejquuuHy (4.1.3) no BceM BO3-
MOXHEIM cocTosiHMsAM cucteM X u Y. CHauala MBI yCpeAHseM IO
BCeM BOSMOXHBIM (M HEH3BECTHBLIM) COCTOSIHUSIM HCTOYHHMKA X H mo-
JlydaeM yCJOBHYIO SHTDONHMIO HCTOYHHMKA X TIIPM HEKOTODOM 3ajaH-
HOM COCTOSIHHH Y; NpHEMHHKa Y:

J\.
S (X)) = (Xly))=— X P(xilys) loge P (xily)).  (4:1.4)
3aTteM MH ycpeansieM [0 BCEM COCTOsIHHSIM IIpHEMHHKa Y:

A
SV = (XN =X Py) S (Xly) =

™=

A
. 2 P @) P (xify)) logs P (xifyy). (4.1.5)

i
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Tlo Teopeme baiieca

P(y,) P(xi/y)) = P (x;, yy),
O3TOMY

A A
SEM)=—3 % P(xi, y)logaPxily),  (4.1.62)

=1 j=

rie P (x;, §;)— COBMeCTHasi BEPOSITHOCTb COCTOSHMH x; (HCTOU-
nuka X) u y; (upuemuuka Y). Takum 06paszoM, yClIOBHAsA SHTPOMHUSA
S(X/Y) ecTb Mepa HEONPEeAEJIEHHOCTH B COCTOSHMH HCTOYHHKA X,
KOIJla NPHEMHHK Y JOCTYHIEH HEeNOCDPEeACTBEHHOMY HabJ/I0faTelo —
IpHU HAJHUHH IOMeX.

HugpopManust (mepefanHas oT X K Y) paBHa MPOCTO Pa3HOCTH
MeXJy HauaJbHOH HeompeleseHHOCTbIo S(X) H KOHEUHOH Heompe-
Jdenennocthio S(X/Y). Takum obpasom,

[(X—=>Y)=SX)—S/Y)=
A A A
z—ZP(xi)logQP(xi)—l—L Zp(xi: y;)logy P (xi/y;) =

i=1 i=1 j=1

AT A A A
= Z-[Zp(x" yj)] log, P (x;) + Z Zp(xiy L/j) IOgQP(xi/yj):

i i=1 i=l j=1

Sy P (x)
:i; ;P(xi, yj)logz(w) OHT. (4.1.7a)

Herpyazo sugets, uto [(X—Y) = 0.

B rex cayuasx, Koria B Kanale Her myma, P(x:/y;})= 1 npn
i=ju P(x;/y;)=0 npu i==j. Beauunna S(X/Y), sanasaemas
cooTHomeHueM (4.1.6a), obpamaercsi B HyJb (4eHnl ¢ i = j o6pa-
WAaoTCE B HYJAb, Tak Kak logs 1 =0, uieHn (== j o6pauaiorcs

B HyJb, TAK KakK N0 jokazaHHoMy seiue lim (§1ng)=0; B nHamem
E->0

cayuae § = P(x;/y;)). Takum oGpasom,
I(X_)Y)ZS(X):IMM(C' (418)

B IIPOTHBOMNOJIOZKHOM CJYyHae, Korja IIyM BHOCHT TakKHe BO3MY-
LIIeHAS, UTO X; H Y; CTAHOBATCA IIOJIHOCTHIO HEKOpPPEJHPOBAHHBIMH,

P (x; yp) =P (x;) P(yy), (4.1.9)
nostomy B (4.1.62)
P(x;)=P(x/y;) (4.1.10)

[tak kak mo TeopeMe bBaifleca mpu Bcex { W j B ofuiem cilydae
P(xi, y))=P(y;) P(xi/y;)]. TlpaBass 4acTb COOTHOLICHHS (4.1.7a)
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o6pamaercs B Hyab (loge 1 =0), a 310 03Hauaer, uTo S(X/Y)=
= S(X) u [(X—Y)=0, KaK u caeJA0BaJ0 OKUAATD.

Ecan neTouHHK, npueMHMK M KaHaJ CBASH XapaKTepH3YIOTCS
HENpEpLIBHBIMH (DYHKUHUSAMH IIOTHOCTH BEPOSTHOCTH, COOTHOLICHUS
(4.1.6a), (4.1.7a) mepexoAsiT B COOTHOLIEHHUS

S(X/Y) = —«S SP(x, y) log, P (x/y) dx dy, (4.1.66)
Hu
1X>1)=SX) =Sx/1)=—{ | P(x, plog, 7D-P(;/%;)dxdy.
(4.1.76)

OGpatumcst Tenmepb K BaXKHOH mnpoGaeMe NpeoGpa3oBaHHS He-
IpepLIBHOH BOJHE, oOO6Jafamomieli OGecKOHEUHO OGOJbIIHM YHC/JAOM
cTefleHed CBOGOAL (ecaH Takasi BOJIHA MpejcTaBjseT coGOfi CHrHAJ,
COAcpXamUi HHPOPMAUHIO, TO JJIA NpHEMa TAKOINO CHrHAJa NOTpe-
GoBasioch 6bl GecKOHeuHO GOJILLIOE BPEMS), B AHCKPETHYIO BpeMeH-
HYIO TIOC/IEI0BATeNbHOCTb; HHAue ToBOPA, OOpaTHMCS K TeopeMme
[lennona o BeIGOpKe.

X(t) 3, (w) }

t ! - ow
w 1

/

—_

a ' 6
Puc. 4.2. Oynkuus (a) n ee npeoGpasoranne Dypse (6), 0 KOTOPHIX TOBOPHTCA
B TeopeMe O BHIGODKe.

PaccMoTpuM HempephIBHBI OrpaHHYEHHBIH 1O BPEMEHH OTPE30K
BoaHE X (f), Kak Ha puc. 4.2, @, A0CTATOUHO MIAJKHH MJs TOrO,
uTOObl ero mpeo6pasoBanne Pypbe (ero CneKkTp) HMeN0 KOHEUHYIO
IIHPHHY HOJIOCBI C KpHTHYeCKOH uacroroit W (puc. 4.2,6). Kax
cleflyeT HauJayuliiM o0pa3oM BLIOMpaTb X (f) BAOJbL OCH BpEMEHH,
4TOGBl [10JYYUTb AUCKDETHLIH BPEMEHHOH psiil C KOHEUHHM YHCJOM
crenereil cpoboab? Ecin 3TOT anajor uHppoBOro npeobpaszoBaHusi
OCYUIECTBHM, TO MBI MOXeM 3aMEHHTb OJHOMEpPHYIO BOJHY ¢ Gec-
KOHEUHbIM YHCJIOM CTefeHed cBOOOJEI FHIEPBEKTOPOM (B HEKOTOPOM
MHOIOMEPHOM IIPOCTPAHCTBE), KOMIIOHEHTBl KOTOPOTO SIBJSIIOTCS BhHI-
60pOUHBEIMH KOOpAHHaTaMu curuana X (¢).
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Hs noxasarenbcrBa 37ofl TeopeMbl (KOTOpOE MBI He NPHBOLHM,
TOCKOJ/IbKY 4YHTATeJb MOXKET HaHTH ero B JIOGOM XOpolieM yye-
HHKE TEeOpHH HH(OpMauuu) ciaepyer, 4To 06beM BLIGODKH paBeH
2WT (1. e. runmepBexTOp MONOJIHSETCS BLIGOPOYHBIMH KOODAHHA-
TaMH CO CKODOCTBIO OJHa KOMIOHEeHTa Kaxayl 1/2W cekyHuml).
Takum o6pasom, BIpelb BMeCTO HelpepLIBHOH BOJHL B OJHOMEp-
HOM (BpPEMEHHOM) NPOCTPAHCTBE MBI MOXKEM FOBOPHTb O THNEpBEK-
TOpax B n-MepHoM mpocrpaHctBe (n = 2WT). Hekortopbie oueHb
«XHTpbl€» CBOHCTBA, IIpeICTABJEHHbLIE B A-MEDPHOM EBKJAHAOBOM
NPOCTPAHCTBE, BO MHOTHX OTHOLIEHHSX BHIXOAST 38 paMKH HOCTYII-
HOrO HHTYHLUHH H 3JpaBOMYy CMBICJAY. B 3TOH CBA3H MBI cuMTaeM
YMECTHBIM COBEpLIHTb HeOOJMbUIOH 3KCKypC M OIHIIEeM HEKOTOpHIC
HanGoJiee CyLleCTBEHHLIE OCOGEHHOCTH M-MEPHO20 e8KAuUd08a npo-
CTPAHCTBQ B KavyeCTBe MOATOTOBKH K JaJbHeHALIEMY H3J0XKeHHIO
(npoGsieM mepejaun HHGOPMALHH H ONTHMAJbLHOTO NMpHEMa Hemlpe-
PBIBHEIX BOJIHOBHIX CHTHaJOB). Mbl 6yjneMm cieloBath pabore X3M-
MuHra [4.1].

Tepmun «n-MepHOe NPOCTPAHCTBO» O3HAYaeT JHUIb, YTO MBI
HMCEM 7 He3aBHCHMBIX [E€PEeMEeHHBIX X, Xz, ..., X, HaseBas mpo-
CTPaHCTBO €BKJIHIOBHIM, MBl NOHHMaeM IOJ 3THM nudaropoBo pac-
CTOSIHHC X7+ x5 4- ... 4 x2=r? ¥ onpelesnseM ¢ [MOMOIILIO 3TOrO
BHIpaxkeHusl cdepy paauyca r. B 4aCTHOCTH, MBI XOTHM BHIUHCJAHTE
o6beM r-MepHOH chephl. ITOT 06BEM 3aBHCHT OT pajuyca r Kak ™.
3anuuweM noka, uto V,(r)= Cur", rae C,~— HeKOTOpasi MOCTOSIHHASI
(3HaueHHEe KOTOPOH HaM NPEACTOHT BBIYHCJAHTL), 3aBUCALIAT OT A.
(Hanpumep, €, = 2n, Co = u C3 = 4x/3.)

Hro6nl onpelrenuts 3HaueHHe C,, HaM NPHAETCA BBECTH 3Ha-
MEHHTYIO eamma-pynkyuro I'(n) (IpHHOINY M3BHHEHHS YHTATENAM
3a TO, YTO BHYHCAUTL C, HHaue HeBO3MOXKHO). Ilo cyurecTBy peub
Haer o6 HCCAELOBAHHH HEKOTODOIO ONpeleeHHOTO HHTerpajga Kak
¢GyHKIHA napameTpa n. PaccMOTpHM HHTerpaJ

I (n)={ e=xxn=idx, 4.1.11)
0

Ilpu n > 1 MBI MOXeM, HHTETPHPYs [0 YacCTsM, HOJYYHTD

(>~

+(n—1) S e~ *x"2dx,
0

0

—x
I'(n) = x"—1 e__l

HJH
Fn)=@n—1)T({Hn—1); 4.1.12)
npH n =1

F(l):Se—xdx=__e—x|8°=l; (4.1.13)
0
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CJAeJ0BATEJAbHO, HpI/I JII'060M 1eJoM n
rE=1, re=2 r@=3t...,

rm=@m—N0! (r=1,2,...). (4.1.14)

3aMeTHM KCTAaTH, 4YTO TraMMa-(QyHKIHS CJAYXKHT €CTeCTBEHHBIM
060o6uIeHeM (akTopuanbHOH (yHKIHMH, TaK Kak uHTerpan (4.1.11)
CYUIECTBYET H IIPH Heleablx M.

Pacecmorpum jaajee raMma-(QyHKIHIO NPH 3HAYEHHH apryMcecHTa,
paBHoM 1/2. 3anuieM onpejenenne raMMa-yHKIHH

r (-;—) = ogoe—xx—w dx. (4.1.15)
Tlonarasi x == {2, no/yuaem ’
=<1 +co
r(g)=2ge—t2dt= S e= 1" dt (4.1.16)
0 r®

(3TO Tak Ha3biBAEMEIH HHTErpas OlHGOK).
PaccMoTpuM Npou3BeeHHE
i + oo +co
r(%) r(4)= S e=*dx S e=v'dy. (4.1.17)
TlepeiiieM K NOJNAPHBIM KOOpAHHATAM

21 oo oo

[I‘ (—;—)]2 ———OS OS e~"rdrdd=2n e;rz

P(%):«/E. (4.1.19)

Uro6s HAUTH Tellepb 3HaucHHe Haiiell NOCTOAHHOH Cn, MBI MO-
JKeM BOCIIOJIb30BaThCs AHAJNOTHYHBIM TPIOKOM, @ HMCHHO YMHOXHTb
WHTerpaJs, 3afaollki raMma-QyHKIHIO, Ha cebd H nepedTu K IO-
JISPHBHIM KOODJHHATaM.

PaccMOTpHUM [IPOU3BEJEHHE N TAKHX HHTEIPaJoB:

—xn,  (4.1.18)

0

03TOMY

[I‘ (-;—)]n = 2 = iS: iS: e iS: e~ "dx;dxy ... dx,==
e 2200 g, (4.1.20)

0

rie dV, = dxidxs ... dx, — d7eMeHT 00beMa.
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CpaBHHM 3TO BHIpaXKEHHEe C pPe3yJbTATOM, IOJYYEHHBIM HaMH
npu n==2. B 370M cJyyae Mbl NOJNYYHTH BeipaxKeHHe (4.1.18):

[r (%)]2 — 2 S e=r'r dr — S e 80 4 (41.21)

HCHO,HTO MO2XXHO 3alIHCaTb

00

[I‘ (—lé—)]n =a"?=C, OS e~"nrr=ldr. (4.1.22)

[Tonaras r?=t, dr=({-'2/2)dt, npeobpasyem COOTHOLICHHE
(4.1.22) K Buay

by 12
rl? =222 { - o0 gt = 2Cn | e-ttiri-tat =
- 2

/
2 ¢1? p
nCp n n
Cer(3)=cur (34 1) (129
CieoBaresbHO,
nn/‘_
C,= —_n_—l (4.1.24)
(z+1)
H
Co=2¢,. (4.1.25)
Taxkum o6pa3sowm,
nf2.n
V,ry=Cr" =—2_T (4.1.26)

T. € MBI NoJayuaeM (opMmyJay, KOTOPYIO HCIOJb30BaJd NPH BLIYHC-
JICHHH SHTPONHH n1-MEPHOTO ONTHUYECKOro H3obpaikeHus (pasi.3.4).

HurepecHble NaHHBE O XapakTepe 3aBHCHMOCTH o0beMa emu-
HAUHOH cdeprl (r == 1), T. e. kos3dduunenra C,, B 3aBHCHMOCTH OT
pPasMepHOCTH 7 €BKJAHAOBA IPOCTpAHCTBA NpuBeAeHH B Taba. 4.1.

K cBoemy yamBmennio Mbl OGHApyXKHBaeM, UTO OGBEM e€XHHHY-
HOH c¢epbl CHayaja BO3pPACTAET C YBEJIMYCHHEM £ M [JOCTHIaeT
MaKCHMyMa IpHU n =5, HO OBICTPO YObIBAET AO HYJA IPH £—> ool
[Tpu n = 2K o6bem n-MepHO#i chepbl paauyca r paseH

aK 2K
T K = (”1’<!’ : (4.1.27)

Tax kax K > mr?, yBesnuenne K (uu n) IPUBOAMT K YMeHolle-
Huro obbema. Bogee Toro, mpu J1060M CKOJb YroAHO GOJBUIOM £
[IpH YBEJHYCHHH DAa3MEPHOCTH MPOCTPAHCTBA OOBEM C(ephl MOMKET
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Tabauya 4.1. O6beM eAHHHUHOH Cephl B €BKJIHAOBBIX
NPOCTPAHCTBAX PA3/JHYHOA PA3MEPHOCTH

Cn

2

3,4
4,188
4,93
5,26
5,16
4,72
4,05

O~ O UL QOB —

=K
KU

3]
=

—> 0 mpu K »> o

6bITb CHedaH CKOJb yrogHo MagbiM. [IIpy HedueTHRX 7 06beM
Va(r), kak BHIHO U3 HOpMYJIHI (4.1.26), mpu yBeJHUCHHH 71 H3Me-
HseTcs TaJKuM 06pasoM.]

["accMOTpHM Temepb Ty 4YacTh 06beMa n-MepHOH cdephl, KOTO-
pas 3akJioueHa BHYTPH c/10s1 (MK OGOJOUKH) CKOJb YTOLHO MaJion
TOJNIIMHEE BOJIU3H TOBEPXHOCTH cdephl. JTa 4aCTb COCTABJSIET

O6bem 06ONOUKH __ Cnr”—Cnr(Lr——é)” ] — (1 ~£)n’ (4.1.28)
O6beM chepst Cnr r

4 Joasi ee cTpeMHTCs K 1, KOr/a n BO3pacraer Npu 3ajaHHOM &.
Tak Mbpl OTKpbIBaeM MJs1 cebsl elle OJAHY YAMBUTEIBLHYIO ocobeH-
HOCTb £-MepHOH cdepbl: NOUTH BeCh
o6beM Takoi cdepbl, TaK CKasaTb,
cocpeoToueH CKOJb  yroAHO  6JIH3-
KO OT HOBepXHOCTH. BHyTpH n-mep-
HOK coepbl npu OGONBMIMX 7 NPOCTO
HC TaK Y MHOTO MeCcTa, BeCh
00beM COCPEAOTOUEH I NOBEPXHOCTU
chepril
Ham skcKypc B reoMeTpHuIo n-Mep-
Puc. 43. «Ilapaokcs mentpags,- HOTO TPOCTPAHCTBA  Mbl  3aBEPLIHM
HOH cdepnl B f7-MepHOM eBKJAH-  CIIE foJsiee mOpasHTEJILHHIM Mapamok-
LOBOM TNPOCTPAHCTBE (CM. TEKCT).  COM, TaKiKe CBA3AHUBIM C 71-MCDHLIMH
chepamu (puc. 4.3). Tlpeamosoxum,
yTo gaH KBajipaT 4 X4 ¢ uneHTpoM B HauaJje koopxauvar (0,0),
B KOTOpBLIi BIHCAaHBI UeTHIpe EAHHUTHBIE OKPYIKHOCTH — II0 OJHOM
B Kax/JOM H3 uYeThlpex VIJIOB. BBHIUHCIAHM paiuyc OKPYKHOCTH
€ IIEHTPOM B Hauajie KOOpAHHAT, Kacalollefics OJMKaHMIHX K Ha-
gajy KOOPAHHAT TOYEK 4YeThPeX eIHHHUYHBIX OKPYXKHOCTeH. IJTOT
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paaudyc paseH
re=A/(1—0F+(1—02 —1=4/2 —1=0,414... . (4.1.29)

FPaccvorpum gasee amajoruunyio sagauy B cayuae Tpex u3Mepe-
HHH, T. e. Ky6 4X 4X 4 ¢ gocembio BIUCAHHLIMH B YIrJE eJHHHY-
HBIMH cdepaMu. BHyTpeHHAA cdepa ¢ LeHTpOM B HauaJe KOOpJH-
HAT HMeeT paAuyc

ra=A/(T— 0P F (T —0F+(1—0P —1=14/3 —1=0,732... .
(4.1.30)

HaxkowHern, nepefiieM K n-MepHOMY IPOCTPaHCTBY. [TocTpoum rumnep-
Ky6 4 X 4X ... X4 ¢ 2" efMHHUHBIMHU chepaMu B yraax, xaxjaas
H3 KOTODBIX Kacaercsl BCexX 7 cocelHHX cdep. Paauyc BHyTpeHHel

chepsl paBeH 7, =+/n — I; npu n = 10 370 maer
ro=4/10 —1=3,16 — 1 =2,16 > 2. (4.1.31)

HepaBeHCTBO rio > 2 o3Hauaer, uTo BHYTpeHHsA cdepa NPOCTH-
paercq 3a npefessl Ky6Gal

Hro6bl MOAUEPKHYTh 3TOT KaXKyIHics MapajoKc eme GOJbLIe,
paccMoTpuM 0GBeM 3TOH n-MepHOH BHYTpeHHeH cephl B CpaBHe-
HAH ¢ o6beMOM Bcero kyba Kak (GYHKUHIO OT n. IlpeamosoxuM
(AnA yIpOILICHHS BHIYHCJACHHH), UTO 7 UeTHO, T. e. n — 2K. Toraa

O6beM BHyTpeHHell cdepsl (Wn — l)n (/2K — I)QK
=C, — = Cog ——p— =
O6mem KyGa 4 4

_ AW r)" [(1 -~ )v??]m“_

K 4K T WBK o
KoK K 1 WK VK
=22 [(1 _ —VEF) ] . (4.1.32)

Hcenonbsys ans K!' npubiuxkenne Crupandra, a uMenno Kl ~
~ KXe™® A/22K u Ipeie/pHOe cooTHOmeHue [im [1 — (1/x)]" = 1/e,
X-—> 00

noJy4aem
Ob6beM BHyTpeHHelt chepnl . n oK K e—VIK — (T K e—‘/ﬁ(
O61eM kyda 42 KK Ko=K \JonK (8 AonK
(4.1.33)
Tak kak

e
= ~ 1,0675,

HCTpYAHO BHAETh, YTO IpH yBenuueHHH K MHOXUTedb (ne/8)K
HEOrpaHHYEHHO BO3pacraer O&icTpee, 4eM JABa APYIHX MHOXKHTEJs
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exp(— /2K ) n 1/4/2aK crpemarcs k Hymo. TakuM o6pa3oM, Mbt
3ak/amuaeM, 4T0 Ipu K->oo 06beM LeHTpaJbHOH (BHYTpeHHefi)
cdepbl CTAHOBHTCA CKOJb YrOLHO OOJbINMM IO CpPaBHEHHIO C Ofbe-
MOM Ky6a, copepkailuM Bce 22K == 2" enuHuuHBIX Cbep, BIHCAH-
HBIX B ero yrael. (K TakoMy Ke BBIBOAY MBI IPHULIH 6Bl H B CJY-
yae HeueTHOH pasMepHOCTH n == 2K — | npocTpaHCTBa, HO BHIYHC-
JieHHs1 6blAH 6Bl 60Jee TPOMO3AKHMH. )

Haxkonen, BBIACHHM, 4TO NPOHCXOAHT IIPH YBeJAHYEHHH 7 C TH-
NepBEKTOPOM, INPOBEACHHLIM H3 HauajJa KOOpPAHHAT B TOUKy (I,
I, ..., 1). Tak kak Bce HaNpaBJsIOUIHEe KOCHHYCHl TaKOTO THIEp-

BEKTOpa paBHH 1/4/7, MBI BHAMM, YTO IPH A—> 0o HALI THIIEpBEK-
TOp CTAHOBHTCA <«NOUYTH® MepPHEeHIHKYJSIPHBIM KO 8CEM OCSIM KOOp-
JuHaT! ITO 06CTOATEJBCTBO HMEET OTPOMHOe 3HaueHHe AJA CO3/a-
HUA 3(Q(deKTHBHHX KOLOB, CNOCOOHBIX NpeoloJeBaTh WIYM B KaHaJje
cBA3u (pasn. 4.2).

Ha stoM MBl 3aBepLIHM CBOH 3KCKYPC, NOCBSILIEHHBIH pasiHu-
HOTO pOAa TOHKOCTSIM MHOTOMEPHOTO €BKJAHAOBA NPOCTPAHCTBA, H
BepHeMcsl K npobaemMaM nepefayd uHbOpMaHUM H ONTHUMAJbLHOTO
npHeMa HeNpepLIBHBIX BOJHOBBIX CHUTHAJOB, KOTOPHEE MBHl y¥Xe ycle-
JIK 3aMEHHTh 2UNEPBEKTOPAMU 8 H-MEPHOM e8KALO0B0OM NPOCTPAHCTEE
(n=2WT).

Ha s3blke ¢GOpMyJs 3TO 03HAaUaeT, YTO MCMYUIEHHBIA HCTOUYHHKOM
curHaa X(f) 3ameHeH rumepeekTopoM X(f) ¢ KOOpAHHATaMu X,
Xa, ..., Xowr, AMIUIMTYJAbl KOTOPHIX PaBHBl aMIJIHTyJaM CHrHaJa
X(t) B (mbiGopouHbBle) MOMeHTHI Bpemenu 0, 1/2W, 2/2W,

., 2WT/2W = T. MollHOCTh (LeTepMUHHCTHUECKOr0) IepejaH-
HOTO (BOJIHOROTO) CHTHaJa paBHA
2WT

(X = ;;‘1 (x3y = 2WT (x2) = 2WTq?, (4.1.34)

rae o2 — AHcHepCHsA (CpeiHsas MOwHOCTh) curHaza X(#). Obpa-
THMCsl Tellepb K LIYMy: IIyM B KaHaJe CBS3H MOJXKHO JHCKPETH3H-
pOBaTh C IOMOINBI0 BRHIOODKH TakK Ke, Kak H JeTepMHHHCTHYCCKHH
CHTHAJ, U HOAYUHTL HeKOTOpbld runepsektop N(#) B ToM xe 2WT-
MepHoM mnpoctpaHcTBe. (QueBHJHOe pA3JHUHE COCTOHUT B TOM, UTOC
BEHIOODOUHHE 3HAUEHHs IOyMa fy, Ha, ..., flawr SBJASIOTCA He Je-
TepMHHUCTHUECKHE KOODJHHATH, & OJHOMepHHe (GYHKUHH MJIOTHO-
CTH BepoATHocTH (¢. m. B.) (NOAUEepKHeM, YTO peuyb HJET O KaXK-
JIOM BhIGOPOUHOM 3HaUeHHH HyMa). I'mnepBexTop IuyMa Hrpaet
poJb BeKTOpa OLIMGKH B MPOCTPAHCTBE COCTOSIHHH,

[Ipunarsifi curHan Y(f) Tak:Ke MOMKHO NPEACTABHTH IHIIEPBEK-
topoM Y (?). Eciu MOIIHOCTE MmIyMa OTHOCHTEIBHO MaJja H ero Jo-
NYCTHMO CUHTAaTb QOOUTUBHGIM, T. €. BJHSIOLIUM Ha aMILUIUTYLY,
a He Ha (hasy mepenaHHoro curHaja X(f), TO Ha MpHHHMAalOIEM
KOHIle KaHaJja, [I0CJe TOTO0 KAK Mbl OT(HUJIbTPYEM BHLICOKOUACTOTHHIH



DJieMeHTH TeOPHH HH(OPMALHH W KOXMPOBAHHS 159

S.TICKTpOMaI‘HHTHbII:'I HOCHTEJIb CHI'HAaJa, 6y11€T IIOJIYUeH CHrHaJa
Y(t)=X )+ N(), (4.1.35)

HJIH, €CIU NepedTH K MOIIHOCTH,
2T

(YH=X24(ND=X2+4 Y (n) =X2+4-2WT (n?) = X2+ WTq>
i=1
(4.1.36)

Buipaxenne (4.1.36) noJyuyeHo B NpeanosOKeHHH, 4YTO CHTHAJ
M OIyM TOJHOCTBIO HEKOPPEJIHPOBAHBl H IEPEKPECTHBIH ujen
2(X-N) Moxer GbTb OT6pOmeH. [IJ15 TENJI0BOrO IyMa 1aKoe Ipei-
NOJIOXKEHHE BHIOJMHsIeTCs. Mbl npeAnoJaraeM TaKxKe, UTO BCe
¢. 0. B. BGOPOUHBIX 3HAUEHHH WIyMa p(n;) HMEIT HyJeBble cpeln-
HHe W OAHy n Ty Xe jaucnepcHio o2 Takum o6pasoM, gelicTBhe
IlyMa Ha NepeJaHHbd CHIHaJ NPHBOJHT K TOMY, YTO KOHeH, BeK-
Topa X B 2WT-MepHOM IIpOCTPaHCTBEe COCTOSHHE OKa3hbiBaeTcs
BHYTPH chepbl, K 06/71aKa «HEONpPeAeNeHHOCTHY pafHyca Iy, HME-
LIEro HEKOTOPYW (NOKa He H3BeCTHYI0) ¢. I. B. p(ry) M cpenHe-
KBaJpaTHUHOE 3HaueHHE r =g A/ 2WT .

Onpenenum Temepb HOBBIH HapaMeTp (M B JaJbHeflIeM BBIYHC-
JIHM €ro Ans psijla NpPeJCTaBHTENbHBIX CJAyUYaeB)— NPORYCKHYIO CHO-
CO0HOCT® NaHHOH CPelBl, CIyKalefl NOCPEIHHKOM IpH Iepelade
HHOOPMAalMH OT HCTOUHHKA K NPHEMHHKY.

HasoseMm nponyckuoi cnoco6rocTéro  cpelisl MaKCHMAajabHOE
YHCJIO eMHHHI[ HH(GOpMaumuh (6UTOB), KOTOpOEe AaHHAs cpela Mo-
JKeT NpONYyCTHTb yepe3 ceba B eIHHHLY BpeMeHH 6e3 OUIHOOK, BLI-
3bIBAEMBIX TEPMOJHHAMHYECKHM COCTOSIHHEM KaHajxa (T. e. «Typ-
Gy/IeHTHOCTbIO» B KaHase). MHaue roBops, NpONmycKHas CIOCOG-
HOCTb KaHaJ/la CBS3M eCThb MaKCHMaJibHasi CKOPOCTb 0e30IHGOUHON
nepeiayd CHrHaJjda B JaHHOH cpelle, u3Mepsemass B OHTax B ce-
KYHIY.

ITycrb, Hanpumep, cpefla JomyckaeT nepeaauy IpsMOYIOJbHBIX
UMIy/IbCOB OAHHAKOBOH JIIHHBI § Da3JHYHBIX AMIVIMTYJ M €JAHHHYU-
HOH IIHPHHBI CO CKOPOCTBIO O vV HMIYJbCOB B CEKyHAY 6e3 CKOJIb-
KO-HHOY/b 3aMeTHBIX HCKaxeHHH. [IponyckHas cnocOGHOCTb TakoH
Cpellbl paBHa

C=vlog,E(=log,%") 6ur/c, (4.1.37)

TaK KaK 3Ta BeJIHYHHA DaBHAa MAKCUMAAbHOMY KOJHYECTBY HH(DOD-
MalliH, COAepXKalleMycsi B TAKOM CHIHaJe.

B ofmem ciyuae nponyckHas cnocoGHOCTb KaHajia CBA3H OIpe-
JeJssieTcsl Kak
1
C=Tmax1(x —-Y), (4.1.38)
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ecqH CKOpOCTb mepeflaud HHbopMauuu mnocrosiHHa. [lomcrasass
B (4.1.38) Buipaxkenue (4.1.7a) mas /(X—Y), noayuaem

C = 4 max {S(X) — S(X/Y)} = 5 max {S(¥) — S (¥/X)}, (4.1.39)

rie MakCHMyM Oepercsl 1O BCeM BO3MOXKHBIM OTOOpaxKeHHAM (KO-
nuposanusM) curiasna X(f). Tak kak wym N cudraercs 3fecb cra-
THCTHYECKH HE3aBHCHMBIM OT CHIHaja X, Mbl MOXeM 3allHCaTb

S(Y)=S8X)+ S(N). (4.1.40)

Idunsa GesomuGouHOH Nepenaus HHGOPManHH HaM HeOOXOAHMO MH-
HHMH3HPOBATb YCJOBHYIO 3HTPOIHIO CHIHaJla, T. €. IIOJOXKHTb
S(X/Y) =0, oTkyna

S(Y/X)=S (Y, X) — S(X)=S(Y) + S(X/Y) — S (X) =
—S(Y)—S(X)=S(X)+S(N) — S(X)=S(N). (4.1.41)

Coornouienne (4.1.41) o3HauaeT NPOCTO, YTO CYWIECTBOBAHHE B Ka-
HaJe myMa N siBJAsercs eIMHCTBCHHOH NPHUYHHOHN, MO KOTOPOH mepe-
Aalomui uHPOPMAaNHIoO He 3HAaeT TOUHO, YTO HMEHHO «YBHIHUT» TPH-
HuMawomui uHbopmanuo. Takum o6pasom,

C = max [S(Y) — S(N)] Gur/c. (4.1.42)

Magkcumusupyem pasuocts S(Y)— S(N) B HauxyameMm H3 BO3-
MOXHBIX CJyuaeB aJJUTHBHOTO IIyMa, T. e. A1 [IyMa C MaKCH-
maannoi BenuunHoH S(N); smech S(N)—surponus 2W7T-mepHOro
CJIy4anHOro npouecca.

Mnbl moxkem sanucats S(N)= S(ni, ns ..., Nawr); B 0OUEM
cayuae ClpaBelJHBO HEPABEHCTBO

2wT

YT i; S (), (4.1.43)

nepexojsiliee B PaBEHCTBO TOJIbKO TOTAa, KOTAa CjyyaiHble mepe-
MeHHBe A1), Mg, ..., Hgwr CTATHCTHUeCKH HesaBHCcHMbL. CJeloBa-
TeJbHO, HAUXYNIUIUH cjayuall peaJsusdyercs, KOria

2wrT

S(N)= ,; S (n;). (4.1.44)

Tenepb HaM HEO6XOAMMO HafTH ¢. 1. B., NPH KOTOpOK (H 3a-
JaHHOH MowmHoctH ¢2) S(n;) mocruraer Makcumyma. Ho srta 3a-
laya yKe pelleHa HaMH B pasi. 2.3.2: anasg TOro 4to0bl IPH BCEX
ie(1, 2, ..., 2WT) BeauunHa S(n;) AOCTHrajga MaKCUMyMa IIDH
3aJaHHOH MOWHOCTH @2, #1; MOJXKHO MMeTb rayccoBO pacHpejesie-
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Hue. A pas Tak: L
S (n;) = log, (o 4/2ne), (4.1.45)

rie o— obumas AUCHEepCHs BCeX OTHOMEPHBIX ¢. Nm. B. p{m), i
=(1, 2, ..., 2WT). HakoHer,

2wr

S (N)yaxe = 2. log, (6 4/2ne ) = WT log, (2nes?). (4.1.46)
i=1

OTciofa MH 3akja4aeM, YTO HaHXyAlleH PasHOBHAHOCTBIO af-
IUTHBHOTO MHOTOMEPHOTO IIyMa SBJSIETCS Taxas, Yy KOTOPoH Bce
OHOMEpHBIE KOMIIOHEHTHI 7; MMeEIOT TayCCOBCKOe pachpefle/cHue
H CTOXACTUYeCKU He3asucuMms. APYr OT Apyra. B cBow ouepelb U3
3TOH CTOXaCTHUECKOH HE3aBHCHUMOCTH CJeAyeT, 4TO aBTOKOppeJd-
nuoHHas ¢yuxknus B(t) myma N(f) pomxHa obpamaTbcs B HyIb
TOJMBKO B AHCKpPETHbIE MOMEHTH BpeMeHH

1 2 3

=W Bw: w0 1

T

Takas aBTOKOppeasiuHOHHAsA (QYHKIHS UMeeT BUA

9 sin (W)

B (1) =0 —p=

(4.1.47)
Kpome Toro, B3sis npeobpasoBanne Pypbe or B(t) 1 MOJy4YHB TEM
caMblM CIIEKTp liyma, Mbi OGHapy»XuM, uto crnektp myMma N(7)
JoMxKeH OBITh NJOCKHM NpH Bcex uactotax W. TakuM o6pasowm,
MBI NPHXOJAHM K BHIBOAY O TOM, YTO HaWXYAWHA H3 BO3MOXKHBIX
aIAUTUBHBIH LIyM HMeeT MHOTOMEpHYIO 2ayccosckyio §. m. B. H
naockutl cekTp yactor («benwlif wym») B nojoce gacror W,

Hast toro uto6nl pasHocts S(Y)— S(N) B (4.1.42) 6nna mak-
cuMaJbHOH, runepBekTop Y = X -+ N J0/XeH UMeTb MHOrOMepHOE
TayccoBO pacnpejefeHHe W IJOCKHHA CleKTp. B cBOwo ouepelb 3TO
O3HaYaeT, UTO Hecywuil uHOOpMaUHUio runepsekTop X AoMxeH OHITb
rkoduposar (pasn. 4.2), T. e. oro6paxeH Tak, 4TOGLl €ro MOXKHO
6bL10 TpaHCPOPMHPOBATh B KAHOHHUECKYIO ¢. M. B. ¢ GeIHIM CIIeK-
TPpOM [Ha NPHHUMAIOUIEM KOHIE KaHaja CBSI3H JOJXKHA IPOH3BO-
AuTbecsl ob6paTHas omepanus — REKOAMpPOBaHHE — [/ JeTEeKTHPOBA-
HUsl McxomHoro curHana X(f)]. CienoBaresbHO, AOJXKHO BBINOJ-
HATBCSl COOTHOILIEHHE

S (Y)yaxe = WT log, (2ne (y%) = WT log, [2ne ((«*) + 0%)] =
= WT log, [2nes? (1 + I)], (4.1.48)
rae

I' ==~ = OTHolIeHHe CUrHAJ/UIYM. (4.1.49)
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IToncrasasas sbipaxenus (4.1.46), (4.1.48) B (4.1.42), noayuaem
OKOHYaTeJbHOe BHIpaXKeHHe [JIs NPONYCKHOH CIOCOOHOCTH KaHaJa
CBSI3H

C =W log, (1 + TI') 6ur/c. (4:1.50)

Ilpu I' > 1 (cu/bHBIA CHTHAJ H/HJH Cl1aGbi 1IyM)
C~ Wlog,T,
anpu I' K | (cnabelfi curHad, CHIbHLIA WyM)

l14+T'~e", C~WIlog,e, uin C ~1,443WT.

B ¢opmyne (4.1.50)— suamenutoit gopmyre Ilennona — sameua-
TEJbHO TO, YTO IIPONyCKHAaA CHOCOGHOCTb KaHa/ja CBSI3H OCTAETCA

I L]

—— e e e

-1B

1

Puc. 4.4. Cayyaiinasi nocJe/0OBaTeNBHOCTE HMIYJAbCOB -1 H —1.

KOHe4HOU Jaxe B Tex cjydyasdX, KOTJla aMILIMTYyAa CHrHajJa 1o Be-
JHYAHe Ha MHOTO MOPSJKOB HHXe aMIVIHTYIH OKpYIKalollero
myMa, u 4To 3HayeHHe C MOXKHO yJYUIIHTb, YBEJIHUHBAs LIHDUHY
noJioce yacror W curHaga, Hecyllero HHQOpMaIHUIo.

[Tpexpe yeM WATH Hasblie, OpUBEAEM OAHH KOHKPETHHIH IpH-
Mep HcmoJbzoBaHus Gopmyan (4.1.50). Ilpeanosoxkum, uto cur-
Hal COCTOHT W3 MOCJeJ0BATEJNbHOCTH IHCKDPETHBIX MPIMOYTOJbHHX
HMIYJbCOB € paBHOBEePOSiTHHIMH aMIJIMTyAaMu -1 uam —I1 B
(puc. 4.4). lllupuna nmosnock xaHana W pasHa 100 Tu, mepenaua
CHTHaJa MPOHMCXOJHT IPH HAJHUHH TayCCOBCKOro 6eJoro IyMma co
CICKTPaJbHOH MIOTHOCTBIO ~0,15-10—3 Br/I'u. ITosiHas MOIIHOCTb
wyma pasHa o?= 0,3 Bt (B nosoce yacror wupuHo#t ~+ 1000 T'n),
OZHOMepHas (. 1. B. IyMa HMeEeT BHJI

1 n?
P(n)=————=exp(— .

4/27-0,3 2.03
[IpunATas nocaefOBaTEJbHOCTb HMIYJIbCOB — G0Jee HJIH MeHee HC-
Ka¥eHHad IIyMoM (JeHCTBHE KOTOPOrO0 CBOAMTCS K 3aMeHe IOJIO-
XKHUTECNbHBIX HMIYJbCOB OTPHIATEJbHHIMH HJIH K 3aMeHe OTpHla-
TEJIbHBIX HMIIYJbCOB IOJOXKHTEJbHHIMH) — HHTEPIPETHPYETCH Iy-

(4.1.51)
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TeM pacCMOTPEHHS IMOCJAeA0BaTeJbHOCTH B JHOO0H TOUKEe MeXAy
JABYMS [IOCJEIOBATENbHEIMU UMIyNbcaMu (pHC. 4.4).

YCJIOBHMCS CUHTATh, YTO INYM HCKaXKaeT NOJOKHTEJbHHH HM-
nyJabCc, ecjqHu HMeeT OTPHLATEJbHYK aMIUIMTYAy, IPeBOCXOAALLYIO
1o a6co oTHOH BesqMuHHe | B, 1 4TO IIYM HCKaXaeT OTpHLATEIbHBLIH
HMITYJIbC, €CJH HMeeT IOJOXKHTENbHYIO AaMIIUTYLY, IPEeBOCXOIs-
mywo 1 B.

Tak kak BEpOATHOCTH BO3JEHCTBHS IIyMa Ha IMOJOMXHTEIbHHE
H OTpHIlaTeJbHBle HMIYJbChl MBI CYHTa€M pAaBHBIMH, II0JHAHd Be-
POSITHOCTb IIpHeMa OLIHOOYHOTrO HMIYJ/bCa paBHa

P= EIP(n)dn—[—% °§P(n)dn= glP(n)dn=
+

—o0 1 —o0

—1 : ~14/0,3

1 —n? 1 2
— vy ) 0 (5ag) =7 | evray~o0s0.

— o0

(4.1.52)

D10 o3Hayaer, yt0 3,4 Y, NPHHATHIX HMIYJbCOB B IOCIEAOBATENb-
HOCTH OLIHOOYHHI.

Koauuectso undopmauun /(X — Y), meperaHHoll OT HCTOUHHKA
K IpDHEMHHKY 32 OJHH HMIy/bC, MOKeT OLITb BBLIYHCJIEHO IO (op-
MyJae

1 1,1 1
[(X—>Y)=S(X) — SX/Y) = — [ log, 5 + 5 logo 3| +
-+(0,034 log, 0,034 + 0,966 log, 0,966) = 0,786 6ut/umMnysc. (4.1.53})

CropocTb mepelayud HMIYJbCOB cocTapJser, pasyMeercs, 2000 um-
NyJbCOB B CEKYHAY, IO3TOMY CKOPOCTb Nepedayd HHGOpMauHu AJIA
paccMaTpHBaeMOH CHCTEMHl COCTaBJ/isieT BCEro JHIIb

I{(X>Y)

7 =2000 - 0,786 = 1572 6ut/c.

(4.1.54)

CpaBHUM Telepb 3Ty CKOPOCTb C <TEOPEeTHYECKHM MaKCHMY-
MOM», 3agaBaeMuM (opmysolt lllennona. OrHolneHHe cHrHaJ/IIyM
paBHO

1
F=-6,_3—’

H

C=Wlog, (1 + I')=10001o0g, (1 4 3,333) =2115,5 Gur/c. (4.1.55)

TakuM o6pasom, paccmaTpuBaeMass cHCTeMa MepepaeT HHbOpMa-
LUHI0O CO CKOPOCTbIO HHXKe ONTHMAaJbHOH W cocrapaswomed 74,5 %
OT TeOpeTHYECKOro MaKCHMyMa, KpOMe TOTO, NMpHHHMaeMbifl CHrHAJ

11*
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TeEM pAacCMOTPeHHS HOCJAeN0BaTeNbHOCTH B JIOOH TOuKe MeXAYy
JBYMS NOCJAeJOBaTelbHBIMH HMIyJAbcaMu (puc. 4.4).

YCI0BUMCSI CUHTATh, 4TO INIYM HCKaXaeT IOJOXHUTEJbHBIH HM-
OyJbC, €CJAH HMeeT OTPHLUATEJbHYI0 aMIIHTYAy, NPEeBOCXOAALLYIO
1o aGcoJMIOTHOH BesnuuHe 1 B, 1 uTO IIyM HcKaXKaeT OTPHIATEIbHBIH
HMIYJbC, €CJH HMeeT II0JOXHTENbHYI0 aMIIUTYAy, NpPeBOCXOAs-
mywo | B.

Tak KakK BepOSITHOCTH BO3JeHCTBHS MIyMa Ha MOJOXHTEJNbHHIE
¥ OTpUIaTeJbHBie HMIYJbChl MBI CYHTAaeM paBHBEIMH, INIOJHAS Be-
pPOSITHOCTb NpHeMa OLIHGOYHOrO HMINYyJbca paBHa

-1

oo —1
1 1
P=4 { Pmdn+5 [Pmyan= | P(yan=
—o0 +1 —
| -1 o, . ~1¢/03
1 —n = =512 dy ~ 0,0340.
03 _Sw exp(2_0’3)dn o _Sw e dy ,0

(4.1.52)

D10 o3Hauaer, 4T0 3,4 Y NPHHATHIX HMIYJbCOB B MOCIEA0BATENDb-
HOCTU OLUHOOYHBL.

Komauuectso undopmanuu /(X — Y), neperaHHOd OT HCTOUHHKA
K NPHEeMHHKY 32 OJHH HUMIYJbC, MOKeT ObIThb BHIUHCIEHO No ¢op-
MyJe

1 1 1 1
[(X—>Y) =S (X) — S(X/¥)= — [ log, 5 + 7 log. 5 | +
+(0,034 log, 0,034 4 0,966 log, 0,966) = 0,786 Gur/umny.bc. (4.1.53})

CxopocTb nepefaud HMIOYJAbCOB COCTaBJaseT, paszyMeercs, 2000 um-
NyJAbCOB B CEKYHAY, IIO3TOMY CKOPOCTb Nepefdaud HHPOpMaUUH AJIA
paccMaTpHBaeMOH CHCTEMBI COCTABJIAET BCETO JHIIb

I{(X>Y)

~>). —2000 - 0,786 = 1572 Gurlc. (4.1.54)

CpaBHUM Telepb 3Ty CKOPOCTb C <TEOPETHUECKHM MaKCHMY-
MOM>», 3agaBaeMbiM (opmysofi Illennona. OTHOMIEHHe CHTHaJ/IIyM
paBHO

1
N=—++
03"’
"

C =W log, (1 + I') = 1000 log, (1 + 3,333) = 2115,5 6ur/c. (4.1.55)

TakuM o6pasoMm, paccMaTpuBaeMasi cHcTeMa MepefaeT HHpoOpMa-
LUHI0O CO CKOPOCTbIO HMKe ONTHMAJbHOH W cocrapasiomed 74,5 %
OT TEOpeTHUYECKOr0 MaKCHMyMa, KpOMe TOro, NpHHHAMaeMbIli cuUrHaJ
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Ha 3,4 % omn6oued. (Kak MBl yBHAHM B fajbHefillieM, NIpH HalJje-
XKallleM KOAHDOBAHHM peasbHasl CKOPOCTb IMepefaayd HHQPOpMaUuH
MOXKET aCHMNTOTHYECKH CTDEMHTbCS K LIEHHOHOBCKOMY Mpefaesy.)

4.2, Hekoropble HaeH TeOpHM KOLMPOBAHHs, MOTyUiMe ObITb
MOJIE3HbIMH NPH MHHUMH3ALWU OWHUOGOK npuUeMa

BOJBIIHHCTBO TpaAHUHOHHBIX OAHOCTOPOHHHX JIHHHH CBS3H
YCTPOEHO TaK, KaK N0Ka3aHO Ha OJ0K-cxeMe, H300pa*KeHHOH Ha
puc. 45. O6bacHHM KpaTKo (GYHKIHOHAJbHOE HaszHaueHHe KaK-
JOr0 «SILIHKa» CJ1eBa HApaso.

Kattan
N = l:[
Verourig Keaupyiowee Koaupytowee x| o ﬂ,eKouMpvmmcc
I R S YCIPOWCTEOD YCTROUCTBO—|—o 2 4 2 L CTPOVCT BO— f—tem
ucroMHAKa KaHana = : KaHana

Ylexoaupyoues Nopezosa-
sl yCTpOMCTBO _Tenk |

KWCTOMHKKA

Puc. 4.5. BJyok-cxeMa JIHHUH CBSI3H.

Hcrtounuk eenepupyer uaopmanuo (IHHAMHKY 3TOrO Iponecca
MBl PaCCMOTPHM B IJI. 6), KOTOPYIO NepedaTuHK AOJIzKeH AOBECTH A0
nosb3oBatess. IlepenaTunk oGmajaer HENPEpHIBHLIM HJH AHCKpeET-
HHM HaGOpOoM «CHTHAJO0B», ofliee UHCJAO H alpHOPHOE pacmpefede-
HHE BEpOSITHOCTEH KOTOPBLIX H3BECTHHI I10/b30BaTesi0 3apaHee. Ka-
HaJ CBSI3U NpeAcTaBgasieT cobof ¢u3HuecKyl cpely, KoTopasd 3a-
MOJHSIET MNpPOCTPAHCTBO MeEXAy JBYMs IapTHepaMH/CHCTEMaMH,
MeXAY KOTODHMHM ycTaHoBJeHa cBsA3b. llyM B kaHa/le cBA3H MO-
KeT OHTb aAAUTHBHHIM HJIH MYJbTHIJIHKATHBHBIM, 6e3 NaMATH HJIH
MapkoBckuM. (IlocsenHee CBOHCTBO O3HAYaer, UTO HCKaXKeHH:,
BHOCHMEIE IIYMOM B IepefapaeMblil CHTrHaJ, MOTyT ObITb JH6O He-
3aBUCHMBIMH, JHOO BCTPEUaThCs «TPYNNAMH», HJIH «BCIJECKAMH»,
YTO CBHJAETEJNLCTBYET O HAJMHUHH MeXAY HHMH ONpEJeJNeHHOH CTO-
XaCTHUeCKOH B3auMo3aBHCHUMOCTH.) M B TOM, H B ADYroM cJayudae
eIVHCTBEHHLIM MapaMeTpOM KaHaJa CBfI3H, HMELIUM CTpPOrc ole-
pallloOHHOE 3HaueHHe, SIBJISETCS €ro IPONYyCKHAs CIOCOGHOCTD.

Komupyrouiee yctpoiictBo (KoAep) HCTOUHHKA mpeobpas3yeT CHr-
HaJl Ha BLIXOJe HCTOUHHKA B (opMYy, NPUTOAHYI0 AJS pea/bHO
OCYIIECTBIMOH Nepefayd MO KaHaJy CBs3H. TOYHO Tak XKe JAEKOLH-
pymooliee yCTpPOHCTBO (AeKoJep) HCTOYHHKA INpeobpasyeT CHIHAJ
Ha BLIXOJe HCTOYHHKA B (OpMy, NPHrOLHYIO IJs1 UHTepApeTayuu



DJieMeHTHl TEOPHH HHGODMAUHH ¥ KOLHPOBAHHS 165

CHTHaJsa moJb3oBaTeneM. Eciau roBopuTh 60Jee TOYHO, TO (YHKILHS
JeKoJdepa HCTOUHHKA COCTOHT B TOM, 4TOOH OTOOpaxcaTs BEHIXOMHOH
CHrHaJ x(f), NOpoXKIaeMbHl HCTOYHHKOM 32 HEKOTOPHIH BpeMeHHOH
HHTepBaJ, B 0JHO u3 (KOHEUHHX) MHOXKECTB OTOOpDaHHHHIX 3apa-
Hee cOOGlIeHHUH (CTPOK HMIYJbCOB, HJIH «CHUMBOJIOB»). Takum 06-
pa3oM, TIpPOCTPAHCTBO BO3MOMKHBIX BBIXOJIHBIX CHTHAJOB HCTOYHHKA
pasOuBaeTCsl Ha MHOXKECTBO KJaccoB 3KBHBaJeHTHOCTH. Komep
HCTOYHHKA YKasblBaeT xodepy Kawaaa €8a3U, KaKOH U3 3THX KJac-
COB COHepKHUT HaG/JIONeHHBIE BBIXOJHOH CHrHAJ HCTOYHHKA. ITa
OmepauHs IMOBTOpsieTCsl B MNOCJAeL0BaTeJbHble HHTEPBAJIH BpeMeHH.
Kodep kanaaa, nonyunB MHGOPMALHIO O TOM, YTO BHIXOZHOH CHT-
HaJl HCTOYHHKA NPHHANJICKHT m-My KJaccy 3KBHBAJEHTHOCTH, Ie-
pefaer BOJIHOBOH CHTHaJ X (f) mo kaHaay. Hexodep rxaumaia csa3u
H3yuaeT NOJYYCHHBIH BOJHOBOH cHrHas y(f), UCKaXKeHHBIH LIyMOM,
Ha NOAXOASIEM BDeMEHHOM HHTepBaJje U NPHUHUMAET DElLIeHHe OT-
HOCHT@JIBLHO TOTO, KaKoe cooblleHHe ObIIO IepejaHo Mo KaHadgy.

Hekoxep KaHana cBsi3U NepefaeT CBOWO OIEHKY m’ uMCia CHT-
HaJOB JeKoJepy HCTOYHUKA, KOTOpPbIH B CBOIO Ouepelb BbIJAET
[I0JIb30BATe/NI0 CHTHAJ j(f) Kak OLEHKY, MAHHYIO CHCTeMOH cur-
Hanay x(f) 3a m’ paccmMaTpHBaeMBIX BpeMeHHbIX HHTepBagos. (Ilo-
IApOOHHIA NpHMeEp Ipolecca nepegaud HHGOPMAUUH CM. B pasi. 4.7,
a TakXe B NPHJAOXKEHUH A.)

Hakouen, omepauuss MOJ{ o3Hauaer MOAYJSIUHIO OJHOTO H3 Ye-
ThIpeX BO3MOXKHBLIX TapaMeTPOB BLICOKOUACTOTHOIO 3JeKTPOMATHHT-
HOTO HOCHTEJs (aMIJIUTyJa, dacToTa, (hasa, NoJspH3alisi) MIHO-
BCHHBIM 3Ha4YeHHEM aMILIHTYIBl BOJHEl (B aHaJOroBOH HAH HH(-
poBoil ¢opMe), HcycKaeMOll Ha BBIXOAe Kojdepa KaHajga. [JEMOJ{
03HayaeT O6paTHYI Olepanuio — OTAeJeHHE 3JeKTPOMAarHuTHOTO
HOCHTeNIsl H TNepefaud AeMOAYJTHPOBAHHOTO CHrHaja Ha BXOL JHe-
KoJZepa KaHaJa.

BosMoxHO, ynTaTesb YKe IOHS, uUTO HaHGOJee CAOXKHAs Olle-
pauHs OPOHCXOAMT B Jexodepe kanaaa. B jaexoiepe KaHaja II0
CYIIECTBY HMeEEeTCs «SILIHK NaMsATH», COAepKallHil 3amacHble KONHH
BCero, 4TO BXOAMT B pelepryap Kojepa KaHasa., IToJgydYuB BOJIHO-
BOJ CHTHaJ, HCKaXKeHHBIH IIYyMOM, JeKoJep KaHaja KpOCC-KOppeJsiH-
pyeT ero co &cemu 3JeMEHTaMH, CONEpKAIIUMHCA B SIIMKe [a-
MSITH, H BHIOHpaeT B KauecTBe HaHboJsiee BepOSITHOH (OpMBI CHT-
Haja TOT W3 CHTHAJIOB, HMEIOLIUXCS B SIUIMKe [aMSITH, KOTOPBIH
HMeeT HaHOGOJBIIYIO KPOCC-KOPPEJSIIHIO C MOCTYNHBIIHM CHIHAJNOM.
Haxkonen, saMeTnHM, uTo KoJep HCTOYHHKA H JeKOAep KaHaja BBI-
TOJHAIOT ONePalMH OTOOPANEHUS MHO2UX IAEMEHTO8 8 OOUH, TOTHA
KaK KOJep KaHaja U JeKOJep HCTOYHHKA BBIMOJHSIOT JHUIb 83QUM-
HO OOHO3HA4Hble OTOOpaseHus, Tpeobpasyoulde pelleHus, MpHHH-
MaeMBle KOJEpPOM HCTOUHHKA H JEKOJEPOM KaHaja, BO BXOJHBIE
CHTHAJIbI, IIpHEMJIEMble COOTBETCTBEHHO [MJIs KaHaJja CBSI3W U TOJb-
sopaTtens. Takum oO6pasoM, KoJep HCTOYHHKAa H JeKojAep KkaHaJa
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CBSA3H HaXOHATCA Ha bOoaee 8bICOKOU CTYneHu uepapxii, yeMm Kolaep
KaHaJla ¥ JeKoJep HCTOUHHKA.

K npobieMe KOZMDOBaHHSl H JeKOOUDPOBaHHA MBI GyaeM MOIXO-
ANThb NOCTeNleHHO. HauneM ¢ Bompoca o TOM, KaK MOXKHO (OpMaJibHO
HNOHATb (HAa AMHAMHYECKOM YpOBHE) TO, YTO (DOPMaNbHO NpefcKa-
3niBaer opmyna Illennona (4.1.50), a HMeHHO TO, UTO OOHO3HAHU-
Has nepefaua HHGOPMALHH MOXKET IIPOHCXOAUThb, HaXe €CJH CHT-
HaJl CKOAb YeoOHO maa NO CPaBHEHHIO ¢ IIyMOM B KanaJje? Ilpexne
BCEro cJeAyeT BBHISICHUTb, KaKOH THI BOJH MH OTOXIECTBJASEM
C «CUTHAJIOM>» U KaKOH — C «IIYMOMSY.

Mup HaspiBaem curHajoMm BoJHY, (ha3a KOTOpoH @s BO BCe MO-
MeHTHl OCTaeTcs KOrepeHTHOH (cM. pasi. 2.2.4) OTHOCHTENbHO
(asel (rp HEKOTOPOLO IJTAAOHHOZO OCYUUAAATOPA, UMEIOIIerocs B
paccMaTpHBaeMOM IPHEMHHKE, T. €.

| s () — @ () | < D K 2m. (4.2.1)

SIcHO, 4TO TaKas XapakKTepHCTHKa HMEeT CHJbHEHIIYI0 «IPHBSI3KY»
K KOHKPETHBIM OCOGEHHOCTSIM PacCMaTpUBaeMOH CHCTEMBL,

AnanornuneM o6pasoM, Ji06asi BOJHa, (asza KOTOPOH HeKore-
PEHTHAa OTHOCHTENBHO (ha3bl 3TAJOHHOTO OCIHHJISATOPAa NPHEMHHKA,
HasbiBaeTcsA «WIyMOM». B 3TOM cJayuae pasHocth (a3

Qs (1) —@r(f) |~ 2n (4.2.2)

He orpanuueHa (B npelenaax ot 0 mo 2mw).

IlpennosoxuM, YTO MBI NPHHHMaeM CEPHUI0 HMIYJIbCOB, CHJIbHO
HCKaXKeHHBIX WIyMOM, npH ycaoBHu I' € 1. EnuHcTBeHHBIE H3BecT-
Hbl HaM napaMmeTrp — nepuol 7. Kakum o6pa3oM ME MoOXKeM Je-
TEKTHPOBaTh (M YCHJAUTH) cJjabbii curHan (ecau Takoil cyiie-
CTBYeT) B «Mope» ropaszno 6oJjiee CHJIbHOrO IyMa? [IpeAnosokum,
4TO IIYM aJAUTHBHHIH M HMeeT CJeAYIOIIHE TepBHIX JBa MOMEHTa:
{n(t)) =0, {n?(#)> = o? IlpuHsitasi BOJIHA MNpEeICTaBUMa B BHIE
Y({)= X(¢)+ n(f). MoxHO BOCNOJb30BATLCA CHCTEMOH 06paboTKH
HH(POpPMALHH, IO CYIECTBY 3aHMCTBOBAHHOH y OHOJOrHYECKHX Op-
raHH3MOB H H3BECTHOH IOJ Ha3BaHUeM MpOLEAyphl XpaHEHUS U
HHTerpUpoBaHus. DTa Npollefypa IO3BOJISIET XPaHUTh K-# HMIOyJabC
B TeyeHue T CeKyHI M 3areM HAJOXHUTb €ro Ha IOCTYNAalOIIiHi
(K- 1)-# uMnyabc— B peajbHOM BpeMeHH. Eciu BOCHOJB30BaTh-
csl TaKHUM «ajJrOPATMOM IIpHeMa» m pa3 INOAPSA, TO MOJHBIH CHI-
HaJl Ha BHIXOAe Yy3Ja XpaHeHHsi HHQOpMaIUH MOXKHO 3alHcaTh
B BHJE

ZO= X YE+KD =) X(t+KD+ X n(t+KT). (42.3)
Ho nam cursan nmepuoauuecku#, 1. e. X (¢ + KT)= X(¢), nostomy

Z()=mX (@) + N, (4.2.4)
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rjae
m

N ()= Zln(t—l—KT)=KZ=1nK. (4.2.5)

31ech ngx — BHIGOPOYHBIE 3HAYEHHs LIyMa, KOTOphle GepyTcs KaxK-
able T cekyHa. Eciu BpeMst KOppessilHH Liyma MeHblue T, TO AHC-
nepcuss D(N) myma N pasHa

CyMMe Jducnepcufi  OTHAeJbHBIX .
3HAYEeHUH 1IyMa: !

D (N)=mD (1 (t)) = mo®. (4.2.6)

Takum o06pasoM, ecaH CHIHAJ
U IUyM HEKOPpPEJHPOBAHH, TO
Ha BHIXOJE y3/a XpaHECHHA HH-
¢$OpMaLHH M HHTETPUPOBAHHS
MBI [HOJYYHM ’

(Z% = m*X%(t) + mo®. (4.2.7)

CootHoinenne (4.2.7) o3Hauaer,
4TO OTHOLIEHHE CHTHAJ/IIyM Ha

BBIXOJA€ DAaBHO
A€ P X2 Puc. 4.6. Coepa wmyma (HeompenaeJeH-
m
_ —ml 4.9.8) HOCTH) C IEHTPOM B HEH3BECTHOM CHI-
Tout o Ml in, ( ) Hane B 2W7-MepHOM HpOCTPAHCTBe
COCTOSIHHE, NOKPBITAas <«BOJOCAMHY».

T. e. B m pas 0oabuie TOTO Xe
OTHOLIEHHSI Ha BXOJE.

Mpl MOKeM HauaThb, HampuMep, ¢ BeJHYHHH I'in ~ 10-6 u mpu
m = 10° npufiTh Ha BBEXOJE K OTHOUICHHIO CHTHAJ/IIyM 0O-
panka 30 gb.

BTopoii BOIpOC, KOTOPHH BO3HHKAeT B CBA3H C MPOOJEMOH 3¢-
(EeKTHBHOTO AEKOAHPOBAHHS, COCTOHT B cjelylomeM. Mbl 3HaeM,
YTO NPUHATHIA cdrHan Y mpeicrasJsier co6oil Bexktop B 2WT-mep-
HOM eBKJHMA0BOM MpocTpaHcTBe. UTOOBEI NPHHATH NepeflaHHBIH CHT-
Haa X, Mbl JOJXKHHE 10 CYIIeCTBY IIDOHHKHYThH B chepHyecKoe
«0B1aKo» IIyMa, OKpyKamoulee koHen BekTopa X (puc. 4.6). Ka-
KHM 00pa3oM Mbl MOXKeM OJHO3HauHo oT/inuuTh X oT Y? IlIpouecc
JeTekTHpPoBaHus X B OGIIMX YepTax CBOAMUTCH K CJAELYIOLIEMY.

[Ipex e Bcero HeOOXOAHNMO KakK MOXKHO TOYHEe ONpe[eNHTb CTa-
THCTHKY «06JaKa mrymMa». JTO 03HayaerT, 4TO MBI JOJIKHBI yCTaHO-
BHTb (PYHKIHIO [JIOTHOCTH BeposiTHOcTH P (r) Aas pajuyca r TH-
nepceepbt myma B 2W7T-MepHoM mnpocTpaHcTBe. [ljisi 3TOrO pa-
Juyca ClpaBefJIIBO COOTHOILIEHHE

2wWT
2 ___ 2
r2= Zl ne,
[= .
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[ewT
= iz:l n? , (4.2.9)

HJH

TAe 7; — OTAeJbHble BHIOODOUHbIE 3HAYEHMSA (IPOEKHYH) THIEpBEK-
Topa myMma N. Uro xe kacaerca 2WT-MepHOro pacnpefe/eHHS

BepoATHOCTH P (n, o, oo o) Nowr), TO OHO IIPOCTO PABHO IIPOH3Befe-
HHIO pachpefeseHHid BepPOATHOCTH OTAEJNbHHIX KOMIOHeHT P (n:),
ie=(l, 2, , 2WT), Tak Kak BBLIOOpOYHBHIE 3HAUEHHA CTaTHCTHYE-

CKH He3aBIHCHMBL Ilycts K= 2WT. Toraa

K
1
P(ng, ny, ..., ng) =mexp(—z n§/202). (4.2.10)

i=1

IlepefineM k cdepuueckuM KoOpAHHaTaM B K-MEpHOM I[pPOCTpaH-
crBe. MssectHo (cM., Hampumep, [4.2]), uTO 37aeMeHTH 06BEMa
B MCXOJIHOH W cdepHuecKOl cHCTeMax KOOPAHHAT CBA3aHBl COOTHO-
meHHeM

d(ny, Ry oo
dnydn, ...dng = a(r,(ﬁi’ ﬁz’ ,ﬁK) 5 drd®,do, ... d%_, =
=I'K_1F(ﬁ1, 62, “ ey ﬁK 1) rdﬁ dﬁz PO dﬁK-—l’ (4.2.11)
rae 0 (ny, Ry, ..., nk)/0(r, 01, Gq ..., Ok—1)— AKOGuaH, ¥y, ¥s, ...
, Bx—1 — COOTBETCTBYIOILIHE NIOJNSAPHEE YIJIHL.

®. n. B. paguyca r cdepn IIyMa MoxXeT 6biTh BHUHCJAEHA IO
dopmyne
P(r)=

111 T
e—T120K=1F 40 d®, ... dO =
Y] 1aty K—1
(2’“”) ogoS og

= Crk=lg=r2o*, (4.2.12)
rape

CK (Qngz)K/Z

Pt

E1d n
S ngﬁ Ay ... dox_;  (4.2.13)
0 0

— IIOCTOSIHHAS, 3HaueHHe KOTOPOH OIpeleNisieTcss W3 YCJOBHS HOP-
MHPOBKH

=]

| Pryar=1=c | re-te=r1 gr = cyaukin-1iox (£—1)1,
0 0

HJIH
- K
Cg = 1/2UK12) ”oK( 5 l)! (4.2.14
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Takum o6Gpasom,

P(r)=

1
2uwm—nUK(%§__1)!

ri=lg=r¥20° (4.2.15)

T. . MBI IIPUXOAMM K pacrpefieJeHnio ¥
HopMupys r K cpeiHeKBaJApaTHYHOMY 3HaueHHo ¢ (rms), T. e.

BBOJS (Ge3pa3MepHBIHl MapaMeTp P ==r/rrms, TAE Itms =0 «\/K, Io-
JyuaeM AJs Haiel ¢. I. B.

P (p) = CxoRKNfpK-1g=0"K? — & exp | — p? 5+ (K—1npl,
(4.2.16)
rae Ex == CxOKKK/2,
{’accMoTpum GoJee OAPOGHO 3TO (OKOHYATEJNbHOE) BHIpaXKeHHe

Aas ¢. n. B. (HOpMHPOBAHHOTO) pajuyca CHIepcepsl Myma. dTa
¢. 1. B. HMeeT eJ(MHCTBEHHBIH MaKCHMYM NpH

dP(p)
B _y, (4.2.17)
HJIH
d K
—E[_PZ’?‘I‘(K—I)lnp}:O, (4.2.18)
OTKY/1a
=T 1
0 — oy K_K~:\/1_2_WT_. (4.2.19)

Ilpu Bospacranuu W (mam T) pp— 1. ITO o3HAUaeT, 4TO HaunboJsee
BepOsITHOE 3HAueHHe As pajuyca r runepcgeps IMymMa Bceria

MeHbllle, 4YeM aq/QWT, HO ACHMIITOTHUECKH CTPEMHTCSI K 3TOMY
cpelHeKBaJpaTHYHOMY 3HAUEHHIO, KOrja Ju0O LIHPHHA MOJOCHI,
JH60 TPOJOJKUTENbHOCTb CHFHAJA BO3pACTaeT. BLIACHHM Temepb,
HACKOJIbKO 30K 3TOT MAKCHMYM, HACKOJbKO XOPOIUO ONpelefeHa,
UeTKO BhipakeHa WM raiaaka rumepcdepa myma, s 210r0 HaM
HeoGXO4HNMO BBIYHCAUTL aGCOMIOTHYIO BEJHUHHY BTOPOIl NPOH3BOA-
Ho#i OT sKcmoHeHTH B (4.2.16) B Touke po. IIpon3BOAsl COOTBETCT-
BYIOIIHE BBIYHCJEHHS, TOJy4aeM 9K =4WT. Urak, MB BUAUM, UTO
npu K —» oo ocTpora MakcuMyMa (po—> 1) CTaHOBHTCS 6eckornetHod.
3T0 o3Hauaer, UTO B Ipejleie NPH po— 1 Bechb oObeM runepcpepnt
COCPENOTOYHBAETCS HA NOBEPXHOCTH «I0JIOH» ChepuuecKoil o06og04-

KH pajuyca o A/2WT . Heuro nofoGHOe Mbl yiKe [0Ka3ajn paHb-
e — B pasa. 4.1. OfHaKoO B 3TOM cJyyae JeTeKTHPOBAHUE HEU3BECT-
goro curuata X({) mo uaMepeHusM npuuatoro curnana Y(¢)
CTaHOBHTCS HEOJHO3HAUHHM, Kak IOKa3bBaer puc. 4.7, TaK Kak TH-
mepcdepa lIymMa B 3TOM caydae BeleT cef ykKe He Kak pBIXJoe
06/aK0, a Kak «Ge3posocad» — ryajikasi — AeTepMUHHCTHIECKAsA
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cepuueckass 06os0uKa (Y4ETKO BBIpaKeHHAs TpaHUIla) paluyca

0 4/2WT . CaegoBateiabHo, npu 6oapmnx K =2WT Mbl Brnosne 06-
OCHOBAHHO OTKa3bIBAEMCS OT BEPOSITHOCTHOH TPAKTOBKH HCKAXKEHHST
H paccMaTpHBaeM INIPHHATBIA CHTHAJ KakK KOPPeKTUpyemblil, eCam

cheppl WyMa C JETEPMHHHCTHUECKHM pajHyCcoM 01/21Y/T, ONlHCaH-
Hble BOKPYT TOY€K, COOTBETCTBYIOIUHX CHrHAJaM, OTJIHYAIOTCS APYT
OT Apyra HaCTOJbKO, YTO HCKAXKEHHBIf CHIHAJ A0NYyCKaeT OAHO3HAY-
HYI0O HHTEpIpEeTAalLHI0 KaK NOPOXKAEHHBI! eIHHCTBEHHBIM CHIHAJOM,

OTCTOSAIILIIM Ha PaCCTOSIHHU 01/2W/T OT NPHHATOTO CHTrHaJa. Takum
06pa3oM, YyBeJHUYEHHE IIHPHHBE
NoJoCH  (Hanpumep, HCIOJb30-
X BaHHe 4YaCTOTHOH MOAYJSIIIHH)
NPUBOJIUT K TpeM 3ddekTam:

a) yMeHbLlaeT HeolpeaeaeH-

N HOCTH TPaHHUBI chep myMa;
X 6) dukcupyer papnyc coep
(r—>oA/2WT);
B) JeJaeT PasHOCTHBIE CHI-
Y HaJ bl TOYTH OPTO2OMAAbHLLMLL

B IPOCTPAHCTBE  COCTOSIHHI,

TEM CaMBIM MHHHMH3HPYs Kpocc-

e KOPpeJsIlHH CHTHAJOB H  00-

! Jerdasi TpoLecC OpPHHSITHS pe-

Puc. 47. Ilpy 2WT — oo cdepa wyma LIEHHST Ha BBIXOJE AEKOAcpa Ka-
YTpauuBaeT <«BOJIOCBI» H CTaANOBUTCH HaJa.

«TAZAKOH>. YBennuuBasi «Apyrofi» napa-

Metrp B Qopmyrae lllenHoHa, a

HMEHHO OTHOLIEHHe CHIHAaJ/IIyM, Mbl YCH/JHBAaeM CHTHAJ [0 CpaBHe-

HHIO ¢ LIYMOM H OTAelsieM oAHy chepy lwyMa ot Apyroil. edicTeu-

TeJbHO, BCe CHIHaJBI ¢ X2 0TOGpaKalOTCs Ha OBEPXHOCTb chephl pa-

nuyca X A/2WT, NpHYeM KaXAblH CHrHasa OKpYXKeH cdepoil mwyma
paaunyca 01/2W/T. Ecau o ocraercsa nocrosinnoii, a X Bospacraer,

TO pacLIUPsIIONLAACS cdepa cCHrHajMa pPa3HOCHT chepsl WyMa Apyr or
apyra. C apyrofi cTopoHkbl, ecau Bospacraer I', To paanyc cdepbr
CHrHaJia ykopauuBaercs; npH I' <C 1 cdepn mwyma saBeJ oMo ilepe-
KDBIBAIOTCSI, HO, K CYACTBIO, HTO He NIPHBOJAHT K HEOJAHO3HAUHOCTH M,
KaK MBI y2XKe J0Ka3aji, H¢ Mellaer HaJeXKHOMY NpHEMY MpPH YCI0-
BUH, uTo W Bo3spacraer. [laxe ecau (ueTko BBIpaxedHble) cdepu-
JyecKHe 00OJIOUKH LIyMa NePeKPhbIBAIOTCS, HCKAXKeHHBIH CHTHAJ BCe
XKe MOoxeT ObiThb NPaBHJABHO AelH(POBAH, €CJAH Mbl CTAHEM HHTEp-
NpeTHPOBATh €ro, Kak IOKAa3aHO BBILIE, T. €. CYHTATh, YTO CHTHAJ
nopoxjien He (o6s3aTeqbHO) GaiKafLWeH TOUKOR B NPOCTPAHCTBE
CHTHAJIOB, a TOUKOH, OTCTOAILEH OT NMPHHATOrO CHUIrHAJa HA PaCCTOs-
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Hre 0 A/2WT V. B 3ak/iouenHe Mbl MOXKEM CKa3aTh, UTO BeCh IPO-
Iecc mepefayd W NpHeMa ceMeHCTBA BOJHOBBIX CHCHAJIOB — THOEP-
BEKTOPOB — BKJIIOUaeT B ce0sl IOCJAeA0BATEIbHOCTh «pPaCLINPEHHSA»
U «CYXKEHHs» PasMepPHOCTH NMPOCTPAHCTBA COCTOSHHH, T. €. yseasuye-
HUS U COKpOuU{eHus vucaa cTeleHed cBOGOALI TepelaHHBIX CHTHA-
JIOB.

Ha nepemarouleM KoHIle KaHaja CBA3H YCHJHS, HAIpaBJEHHDIC
Ha 3((eKTHBHOE KOJHPOBAHHE, TPEOYIOT OPTOTOHANIBHOCTH «CJIOB»=—
3JIEMEHTOB penepTyapa mepeflaTuHKa. JTa IleJb HOCTHIAeTCs MyTeM
yBeJHUeHHs WHPHHB mojockl W HIH BpeMeHH nepefaud T, NMpUBO-
JALero K yBeJHueHHIo pasmepHoctH (2WT) mpocTpaHcTBa COCTOS-
Huil, B KOTOPOM OT/AE€JbHBE «CJI0Ba» (B AHCKPETH3HPOBAHHOH IO
Teopeme Illennona o BeIGopke GOPMBI) GHIYPUPYIOT B KaueCTBe T'H-
TIepBEKTOPOB.

Ha npuruMarmolneM KOHIe KaHajla CBSI3H «COKpallleHHe» pasMep-
HOCTH, OCYyHIeCTBJseMOe NeKOJIepoM KaHaja, CBOJAHTCS K o6pasoBa-
HHIO CepHH C8ePTOK TOCTYNAmUlero (3allyMJEHHOTO) CHrHajla H
KaxJ0ro 3/JeMeHTa/cjoBa pemepryapa nepeaatudka. Tak Kak B OT-
CYTCTBHE IIyMa OTHEJbHBEE «CJI0BA» B3aHMHO OPTOTOHAMBHEI, HX IO-
mapHbBle KPOCC-KOPPeJasHH paBHE Hyn0. TakuM 06pasoM, ONHCaH-
HBle BbIlle ONepPaluH INO3BOJSIOT NPHEMHUKY JIETeKTHPOBAaThH H
HCTPaBJsATh MHOTHEe OUIMOKH (XOTS UMCJO0 HX HOJKHO OBITh KOHeU-
HBIM ), 06ycJOBJEHHBE IIYMOM B KaHaje. B crenywoineMm pasjaene
MBI y3HAaeM, KdK MMEHHO OCYUIeCTBJIAECTCS TAKOH Ipolecc KOAHPO-
BaHHUS — JAeKOAKPOBaHUs B paMkax cxembl lllennona.

4.3. Hexkotopbie s)eKTUBHBIE AJNTOPUTMBI KOLHPOBAHHUSA
IS YCTAHOBJEHHS COOTBETCTBHS MEX]Yy CKOPOCTbIO fepeaauu
MHpOpPMALMH 6T HCTOUHHKA W MPONYCKHOA CHOCOGHOCTBIO
KaHana. OGHapyXeHHe U UCTIPABJIEHHE OJHOH OWHGKH

KOHI/IpOBaHI/Ie npecaenyetr ABOSKYIO Le€Jb: BO-TIEPBLIX, YCTAHOB-
JieHHe COOTBETCTBHA MEXKIY CKODOCTbIO Iepeladu I/IHCbOpMaHI/II/I OT

) MoXHO JOKa3aTh, 4TO IPH Takoi cxeMe JeKOJAHPOBaHHA (eCqH KaHan
CBSI3H He HMeeT NaMSITH) UYHCJO WIAroB [EeKOJHPOBAHHS ¢ yBeJHUeHHEM JJHHH 72
KOJOBOTO C.J0BA BO3pacTaeT He 3KCIOHeHIHaJbHO (27), Kak B Ciaydae AeKOXHPO-
BaHHsS C 3aMeHOH IPHHATOTO CHIHANA O/HMKARUIMM CHTHAJOM, a JHIIb Kak ~ n?
Kpome TOro, MOXKHO MOKa3aTh, 4TO, HCMOJb3YSA UepapxudecKie NDPHHIHIBL KOJIH-
pOBaHus — JeKoJupoBauus (cM., Hampumep, [4.3]), MoxHO ewme OoJee NMOHH3HTDL
BBIYUCIHTEJIbHYIO CJIOXKHOCTb — A0 ~ M.

B nepapXuueckofi CXeMe KOJHPOBAaHHS — JEKOAHPOBAHHS OJHH KOJBl «BCTaB-
JSI0TCA» B JApyrHe. B uwacTHOCTH, M KOJAHPOBAHHE, H J[EKOAHPOBaHHe ocylle-
CTBJISIIOTCSI LAl 3a UIArOM 110 BOCXOASIMHM CTYyHeHsM Hepapxuu. CHauana Ha
HH3NIEM YPOBHE TPOCTEIC CHMBOJNH («andaBHT») TPYNIHPYIOTCA B GJOKH («CJ0-
Ba»). 3aTeM Ha BTOPOM YpOBHe KaxKIbBfi U3 GJOKOB («CiOB») paccMaTpHBAaeTCs
KaK HOBBIfl CHMBOJI M MHOTHEe M3 HHX CHOBA TPYNNHPYIOTCSI B OJIOKH («IpeiJoxke-
HHsi») W T. A. IIpM 1eKoIMPOBaHHH IPOHCXOAHT o6paTHas mpoleaypa. Takod
TIPHHIIMT «BJIOXKEHHLIX» KOJAOB MpeicTaBiaseT coboffi He YTO HHOE, KaK I[OMBITKY
UMHTHPOBATH MEPAPXHUECKYIO CTPYKTYPY €CTECTBEHHOTO s13bIKa.
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HCTOUHHKA W INIPONYCKHOH cHOCOOHOCTBIO KaHana CBA3I 1I, BO-BTO-
pHX, npeoOpasoBaHHe TNepeaaBaeMOro ClHrHaJjga B TaKylo INOCJIENO-
BATE/ABHOCTL HyJefl U eAWHUIl, TP KOTOPOH HEOAHO3HAUHOCTb BHI-
0opa TIpaBHJBHOH CTPOKH HyJ/eH W eIWHHI HJH BOJHOBOTO cHriaJa
B JleKO/lepe KaHana CBOAMJAChH OBl K MUHIMYMY.

4.3.1. KoaupoBanue nast yCTAHOBJIEHUS! COOTBETCTBHS MEXAY CKOPOCTBIO
nepenayy MHGOPMALMM OT MCTOYHMKA W NPONYCKHOH CnOCOGHOCTBIO KaHajia

HayneM ¢ HCTOYHHKOB, 00JaAalOUINX HYJAeBOH namMsarbio, T. e.
C HCTOUHHKOB CO CTATHCTHYECKI HE3aBHCHMLIMH cHMBoOJaMH. B «0i0-
Ke KOAUDPOBAHHUSA» KarxKJI0e COCTOSIHHE HCTOUHHMKA, T. €. KayKIblil CHI-
HaJj, npeofpasyeTcsi Bceraa B OAHY II Ty ¥Ke [IOC/JAeJ0BaTeIbHOCTh
KOJAOBEIX «OYKB», WJIH CHMBOJIOB, KOTOPAasl Ha3bIBAaeTCs «KOAOBBIM
cnoBoM». Hac wHTepecyer, Kak AOCTHUb MAKCUMAALHOL CKOPOCTH
nepenadu uHdopMmanuu. ScHo, yTO AJ8 3TOTO KOJ JOJKEH HeCTH
MaKCHMyM HHGOpMaUuuH Ha OAHY OYKBY (HAM HA OZHH CHMBOJ).
(Umest «andaputs u3 r 6YKB, MBl MOXEM COCTaBHTh 1 = r* KORO-
BBEIX c/0B cpeanell AauHel A.) Ecau paccmaTpuBath KOAOBLIE CHM-
BOJIBI {4 He KOJOBbIE CJOB4) KaK COCTOsiHHS, NPHHUMAeMble CaMHUM
KOAOM, TO MJs KoJAa ¢ aadaBUTOM H3 r CHMBOJIOB YKa3aHHBEIH Bbllle
MaKCHMyM MOKeT OBITb AOCTHTHYT IIpH YCJIOBHH, eclH Bce r OVKB
HE34BUCHMBI H pPABHOBEPOSTHBI, UTO MA2€T Syaxcloger 6HT/GYKBY.
[Iycts KOHLOBOE CJOBO X; COCTOHT H3 IIOCJIEL0BATEJNLHOCTI, COAEp-
xkauleit A; 6ykB. Torga cpeiHss QJHHA KOJOBOrO C/J10Bd paBHA Be-
JIMIHHE

n
A= Y. &,P(x;) cHMBOJIOB/CIOB, (4.3.1y
=

H KOJOBO€ CJIOBO HeCeT CpeaHee KOJHIeCTBO I’IH(bOpMaLIHH

i% < log,r 6Gur/cumpod, (4.3.2)
rae
S(X)=— X, P(x;)log: P (x), (4.3.3)
=

rae P{x;})— anpuopHas BepOsTHOCTh CHTHAJa/cJ0Ba X.
Onpenennm 3¢pPeKTHBHOCTh KOJA KAK

S (X)

= KToger < 1. (4.3.4)

U3 atoll dopmyas caenyer, uto 100 %-Has addexTHBAOCTL CO-
OTBETCTBYET KOAY C HE3aBUCUMBIMH H DaBHOBEPOATHBIMH CHMBO-
aamu. Peasbno addeKTUBHOCTh KoAa [0JKHA GBITh Menbme 100 %
0 ABYM NpHYMHAM. Bo-nepBHX, B /11000M eCTeCTBEHHOM s3blke OyK-
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BH BCTPEYalOTCS He DPABHOBEPOATHO (BapHANHsl COCTABJAET BeEJH-
uHy S(X) << logy rA). Bo-BTopbiX, OYKBbl B3aHMO3aBHCHMBLI (Ha-
nexuocth ). Undopmanus, nepenocuMast ofHOH OYKBOH, NOHHKAaeT-
csl 3a cuyeT TOro, uTO JaHHasg OYKBa MOKeT OHITh IpelcKazaHa
HCXONA M3 NpeAllecTBYOLEel NocaefoBaTe bHocTH O6ykB. IIpeacka-
3yeMOCTh NOBBIIIAET ANPHOPHYIO BEPOATHOCTb H, CJAEN0BATEIbHO, 110-
HHYKAeT KOJHUeCTBO WHPOpMalHH, IepeHOCHMOoe OyKBOH.

[lycth L — npoaoauTeNbHOCTh KayKJI0T'0 COCTOSIHHA/CJI0BA KO-
na. McTounnk BBIAAeT CHrHAJLI, HJAN KOJOBBHIE CJI0Ba, CO CKO-
pocThio ~ F = 1/L curnanos/c, man f=1/1 6yks/c, ecin [ = FA
U [ — OPOMOIKHUTENLHOCTL Tepefaud oAHOH 6vkBhL. IlycTh masa ka-
HaJa 6e3 lIyMa MaKcHMaJbHas yacToTa OYKB B CEKYHIY, KOTODbIE
MOTYT OLITb TepeflaHbl 6e3 OowlbKi COCTaBAACT [uake OYKB/C.

Mnb xoTesn 6L1 3HATb, KAKOBA MaKCHMaJlbHasd CKOPOCTL Iepe-
JAauy¥ CUTHAJOB X; UCTOUHHKA MO TAKOMY KaHaay 0es omwubox I Ka-
KOB OITHMAJbHBEIA CIIOCO6 KOAHPOBAHHS HCTOUHHKA, ITO3BOJAMOLIIN
JOCTHIaTh 3TOr0 MAKCHMYMa HJH NPHO/JIHIKATLCST K HEMY CKOJIb YIOA-
Ho 6H3Ko. Tak Kak cpelHee KO.JIMUeCTBO HHGMODMANMH Ha CHrHAJ,
BLIlaBaeMOe HCTOYHHKOM, paBHO S (X), cKOpocTb Hepeiaud HHGOD-
MalHH OT UCTOYHHKA pPaBHA

R=FS(X) 6ut/c, (4.3.5)
HO3TOMY

R=-Ls(x) sure. (4.3.6)

MaKcHMabHBIH TOTOK HHQOPMAallMH, KOTOPBI MOXKET OHITb Ile-
penaH 1o KaHa.Hy CBA3H 6e3 OI_UH6KH, COCTAaBJIACT BCJAHUYHHY
S (X)
C:fMaKC( A ) :fMaKc10g2r 6HT/C» (43-7)

MaKe

tak Kak S(X) ne mpesocxoaut Alogsr. TakuM o6pa3oM, MBI NpH-
XOIMM K BBIBOAY O TOM, YTO CHTHAaJBI HE MOTYT OLIThL nepelaHbl 6e3
OMHGOK, CO CKOPOCTbIO, MPEBHILAIOMEH IPONYCKHYIO CIOCOOHOCTH
KaHaJga, T. e. npu F > C/S(X) curuanos/c. 3aMeTHM, UTO HEPaBEH-
ctBo S(X)/A << logyr coxpaHsieTcsl, ecJH OT ABOMYHBIX JIOTapud-
MOB TlepefiTn K Jorapudmam ¢ ocHoBaHHeM r, T. e. S,(X)/A <1,
HJIH

— é:lp(xi) log, P (x;) <§1 AP (x)). (4.3.8)

Mu BHAHM, UTO MNPONYCKHAasI CNoCOOHOCTL KaHaJa AOCTUTraeTcs npu

A; = —log, P (x;), (4.3.9)
T. €. IpH
Plr)y=r"" (4.3.10)
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(4715 HCTOYHHKA, Y KOTOPOTO ANPUOPHBIE BEPOSTHOCTH CHIHAJOB 3a-
KOJHpOBaHH no 3akony (4.3.10), o6pa3oBaHHe cJIOB CTAHOBHTCS BCE
MeCHee BEpOSITHBIM IO Mepe YBeJHYeHHs IJHHB cJoBa). Ho, make
€CJIN pacnpejieleHHe BEPOSITHOCTH COCTOSTHHH HCTOYHHKA He CaAeLyeT
KCMOHEHIHAAbHOMY 3aKOHY (4.3.10), MbI Bce e MOKeM JOGHTbCH
noutn 100 %-noit saddexTuBHOCTH KOAa caemyiomum obpasom. 3a-
nuireM nepaseHcTBo (4.3.9) B Buge

—log, P (x;) <A << —log, P(x) + 1, (4.3.11)

rlle BTOPOE HEPABEHCTBO CJACAYeT U3 MEPBOFO NOTOMY, 4TO A; MHI
BHIOpann kKak Ouuxkaiiinee kK —log,P(x;) uenoe gucio.
Ywmnoxkas cootHomenune (4.3.11) na P(x;) u cyMMHPYsl IO BceM
i, moJyyaem
S (X)
Iong

<a<2@ g (4.3.12)
ogo

PaccMoTpuM Temeph Bce I10CT€L0BATENBbHOCTH CHMBOJIOB, TeHepH-
PYEeMBIX HCTOYHHKOM, T. €. INOCJEJ0BAaTENbHOCTH OTHOINEHHH CHrHa-
JIBL/COCTOsSIHME, B3ATBIX IO 1M 3K3EMIUISIPOB 3a OLMH pPa3; TaKHX
noc/eloBaTebHOCTEH BCero n™. bymaeMm paccMaTpHBaTh KaXKAyio Ta-
KYIO [I0C/eI0BATENBbHOCTh KaK HOBbL CHIHAJ/COCTOSIHHE, NpHHALIe-
J)alui 6oJee BHICOKOMY HepapXHUeCKOMY VPOBHIO H HCTOYHHK € A™
COCTOSIHHAMH. (DTO Ha3blBaercsl m-M pacurapendeM X(™ HCXOAHOFO
ucrounrka X.) Tak Kak IO NMpPeAIOJOXKEHHIO X; HE3aBHCHMBI, CIIpa-
BeJIJIHBO COOTHOIIEHHE

S (X™ =mS (X), (4.3.13)

H cpelnds AJHHA KOMOBBIX CJIOB, KOZMUPVIOIIHX KaMKAYIO MOC/ENO-
BaTeJNbHOCTh, cocraBaseT mA OykB. [loacrasiss ee B HEDPABEHCTBO
(4.3.12), nonyuaem

mS (X) _

S(X
. §mA<m (X)

logg r +1,

HJIHU
1
N<I<n+ -1 (4.3.14)

Tax Kax npH KOAHPOBAHMH MAOCTATOYHO IJHHHBIX IIOCJE€A0BA-
TeJIbHOCTEH YHCJO M MOXKeT ObIThb CKOJb YTOAHO BETHKO, 3ddeKTHB-
HOCTb 1) HOBOFO KOJA4 MOXKeT CKOJb YrOAHO MaJjo OTJIHYAThCS OT
eJIHHHIBl, — Da3yMeeTcs, LEHOH YBeJHUeHHS CJO0KHOCTH KOJIHPO-
BAHHS. \

[Tpexkae yeMm NpPOABHMFrAaThCH Jajblle, PACCMOTPHM KpPaTKO, Ka-
KHM 06pa3oM Mbl MOXKeM Ha IpPaKTHKe peasu30BaTh ONTHMaJibHOE
pacnpenencnne (4.3.10), ¢ TeM uTOOBH MaKCHMH3HDOBATb CKOPOCTb
nepefayd HHQOpPMAauWM, T. €. CAeJaTh TaK, 4TOOBI CKOPOCTb Ilepe-
mayn HHOQOpPMALHH ACHMIITOTHYECKH NPUOJIHMKAJIACh K IIPONYCKHOH
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CIOCOGHOCTH KaHaJja. [IpeldlonoxKHM, YTO HCTOYHHK OG/aajzaer pe-
nepTyapoM, COCTOSIIIIHM, HAallpHMep, H3 BOCbMH HE3aBHCHMBIX CHTHAa-
aoB A, B, C, D, E, F, G u H, KoTopble BCTPEUAOTCH C alPHOPHEIMH
BEDOSITHOCTSIMH, NIPUBEAEHHBIMH B TabJ. 4.2.

Tabauya 4.2. AnpHOpHBIE BEPOATHOCTH BOCHMI HE3aBHCHMBLIX CHIHAJOB
OT HCTOYHHKA (MOAPOGHOCTH CM. B TEKCTe)

*i A B c D E F G H

P(x;) 0,1 0,18 0,4 0,05 0,06 0,1 0,007 0,004

HpelIHOJIO}KHM, KpOME TOro, UTO CHrHaJbl IOCTYIAIOT B KaHaJ
CO CKOPOCTLIO OJHH CHUTHAJ B CEKYHIY. SHTpOHHH HCTOYHHKA, BBIYHC-

asieMas no dopmyae — Y, p;log, p;, cocraBaser ~ 255 Gut/c.
Ecan stor ma6op curHanos mepenaercss Mo KaHady, B KOTODOM CHI-
HaJl MOXeT HaXOJAHTbcs Ha JMI060M H3 BOCHMH YPOBHEH MO Hamnps-
JKEeHHIO, TO TAKOH HCTOYHHK MOXKHO 3aKOJAHPOBATL, CYHTAs, UTO KaXK-
IbIfl M3 TakKHX YPOBHEH NpelcTaBiaseT cob6of curHajd. MakcHMadb-
HOe KOJHYeCTBO HHQODMAIHUH, NepeHOCHMOE BOCbMHYDPOBHEBBIM
CHI'HaJIOM, paBHO logs 8 = 3 6HUT, H KaHaJ, B KOTOPOM HE3dBUCHMBEIE
YPOBHH BO3HHKAIOT KaXKIYyIO CeKYHAY, o0jalaeT HPONYCKHORK cIio-
cobnocteio C =3 6ur/c. CrenosaTenpHo, 3(@PEKTHBHOCTL KOLHPO-
B4HHsI 1O TakKO# cxeme cocramasier (2,55-100)/3 =~ 85 %. Irtor no-
Ka3aTeab MOXKHO VJYULIHTb, €CJAH BOCIHOJb30BATLCS IPHBELEHHLIM
Bblllle TEOPEeTHYECKHM aHaJH30M H YIOPSILOUUTh BOCEMb CHUTHAJIOB
3aHOBO Tak, 4Tobbl 60aee OAUHHBIE CUTHAJNBI OBIIH MEHee 8epoAT-
HbIML,

HMrak, Bce CHTHAJB YNOPSiAOYEHH B NOPSAKe yOLIBAHHS HX Be-
posiTHocTH. Pasjenum BCO CepHI0 CHTHAJ0B Ha ABe TPYNNH Tak,
yTOOL CYMMBI BeDOSTHOCTEll CUTHAJOB B KaKJAOH rpyllne OTJHYa-
JINChb KaK MOXHO MeHblle. B cBOI0O ouepeab KaxKAYIO H3 3THX IpyII
pasliesuM 1O TOMY JKe NPHHUUNY Ha JBe NOATPYNNBE H OyaeM mo-
BTODPSITH 3TOT MpOlEcC A0 TexX MOp, MokKa He AofileM 10 NMOATPYIIN,
COCTOSINNUX TOJBLKO W3 OAHOrO cHrHaJja. IIpH KaxaoMm JeJeHHH CHT-
HaJaM TepBofl TPYNIBl YCJIOBHMCS CONOCTaB/aATh cHMBOA 0, a cHr-
HaJjam Bropo#l rpynnsl — cumpoJs 1. Torga KomHpoBaHHas ABOHUHAST
topMa Kaxaoro curxajga OyIeT 3aJaBaThbCsl COOTBETCTBYIONLEH IIO-
CJIelOBATENBLHOCTBIO JBOHUHBIX CHMBOJIOB. Bcest mpoueaypa mpea-
cTaBJaeHa B Tabu. 4.3.

[IponyckHyio cMOCOOHOCTL ABOHYHOTO KaHauad, HeOOXOAUMYIO AJs
nepegayd HAalUX CHTHAJOB CO CKODOCTBIO OJMH CHTHAJ B CEKYHIY,
MBI MOJIY4a€M, BBIUHC/SASA CPEeAHIO CKOPOCTb MOSIBJEHHS JABOHYHBIX
uupp. Hanpumep, npu A0cTaToyHO GoJiblioM T IBY3HAYHLIE NBOHY-
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Tabauya 4.3. KognpoBaHHe BOCHMH HE3aBHCHMBIX CHTHAJIOB HCTOYHHKA,
TnpeacTaBJeHHbXx B Tabm, 4.2

CurHan c B A F G E D H

Bepostnocts 0,4 0,18 0,1 0,1 007 0,06 0,05 0,04

—— —— —— —— —— —— —_——
0 1 0 1 0 1 0 1
N——r N —r
0 1
N —
0 1
——
0 1
Kon 00 01 100 101 1100 1101 1110 1111

Hble CHrHaJinl BeTpevatores (0,4 4 0,18)T, a obuiee uucsao ABOHY-
HBIX 3HAKOB PaBHO

T[2(0,4+ 0,18 4+ 3(0,1 +0,1) + 4(0,07 4 0,06 4 0,05 -+ 0,04)] =
= 2,64T NBOMYHHIX 3HAKOB.

ITponyckHast cmoco0HOCTh KaHasa CBsi3W, nepepamwmero 2,64
ABOHUHBIX CHMBOJIA B CeKyHAY, paBHa C = 2,64 Gut/C, 4TO NPUBOAHT
K 3{deKkTuBHOCTH KOAMpoBaHHsA (2,55-100)/2,64 = 96,6 %. Bpons
B HSJIOXEHHBIH BhHIIE aJAropuT™M HebOJbIIHE MOAH(GHKAIUH, MbEl MO-
KeM aCHMIITOTHYecKH AocTHub 100 %-Hoél adderTHBHOCTH (CM., HA-
npumep, pabory Xabdmana [4.4]).

4.3.2. KopupoBanue fis o0HAPyKEHHA H UCTIPABJEHHS OMHOKH

Tenepp Hac GyneT uHTEpPeCcOBATh KOJAUPOBAHHE C LEAbI0 00HAPY-
JKEHHSl H HCNPaBJeHHS OAHOH OMHOKH H/AM HECKOJbLKHX HEKOppe/H-
pPOBaHHBIX OWIHMOOK, OOYCJAOBJEHHLIX HIYMOM B KaHaJje. Byzem pac-
CMAaTpHBaTb CTPOKY M3 A HyJed U €IHHHIL KaK TOYKY B f-MEePHOM
npoctpaHcTBe. KaxAbi ABOHYHBIH CHMBOJA 3afaeT 3HAYESHHE COOT-
BeTCTBYIOIlel KOOPAHHATEL B N-MEPHOM IPOCTPAHCTBe (MBI IpejIo-
JaraeM, 4TO BCe 3aKOJAHMPOBaHHLIE CHTHAJbl UMEWT AJHHY f CHMBO-
JaoB). TakuM ob6pasoM, MBHl moJyuaeM Ky6 B n-MepHOM IIPOCTpaH-
CTBE; KaxJasi BeplIHHA NpelcTaBJadeT cOO0H CTPOKY M3 n HyJed H
enuHul. IIpocTpaHCTBO COCTOUT TOAbKO K3 2™ BEpIIHH; MHOTJd €ro
Ha3bIBAIOT BEKTOPHLIM IIPOCTPaHCTBOM. Kaxnas BepLIHHA COOTBET-
CTByeT OZHOMY H3 BO3MOXHBIX IPHHSATHIX CHI'HAJOB, HO TOJIBKO He-
KOTOpble M3 BepLIMH KOAHPYIOT HCXOAHble cHrHajbl. Odra omunbKa
B CHrHaJe IlepeMelniaeT TOYKY B IPOCTPAHCTBE CHIHAJOB BAOJb OX-
HOro M3 pebep runepkyb6a B cocelHIon Bepuinny. Ecau nmorpe6o-
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BaTb, 4YTOOBl KajKABH U3 BO3SMOMKHBIX HCXOAHBIX CHCHAJNOB HAXOAMJ-
CA Ha DAcCTOAHUHM, DAaBHOM MO KpaliHeHl Mepe yIBOEHHOH [AJHHE
pebpa, OT TOUKM, COOTBETCTBYIOINEH APYrOMY CHTHAAy, TO OLHHOU-
HafA owuOKa CABHHeT H306paxalolylo TOUKY JHLIL HA AJAHHY OX-
HOro pebpa, U TeM CaMbIM TNIPUHATBIR CHTCHaAJ nepeleT B pas3psn
HEeJONYCTUMBIX («HE3aKOHHBIX» ). Ecaum MuUHHUMabHOE paccrosiie
MeX/AY TOUKAMH, COOTBETCTBYIOIUMMH CHTHAJIaM, PABHO YTPOEHHOH
IanHe pebpa ky6a, TO B pe3yJabTaTe OAUHOUHOH OLIMOKH NPHUHATHI
CHTHaJl OKaxeTCsd K HCXOAHOMY CHUTHAay Oaudce, yeM K JmoboMy
ApyroMy curHagy. Tem caMbM Mbl ofpeTaeM BO3MOXHOCTb HCIpaB-
JIEHUS] 0OUHOUHOIl OUIHOKH.

Ilo cymecTBy HaM HeoBXOAMMO BBeCTH (YHKIMIO pacCTOSHHS,
P4BHYI0O MHHUMaJbHOMY uHcay pebep kKyba, KOTopoe HeOOXOAHMO
npo#iTu, yto6nl nepefiTH U3 OLHOH BeplIHHHE Kyba B Apyryio. B pe-
3yJbTaTe MBl IOJgydaeM YHCA0 OUTOB, Ha KOTOpPOe OJHO H3 JBYX
CJIOB oTaHyaeTcs OT Apyroro. Takoe paccTOsIHHE MOXKHO paccMaTpH-
BaTh KakK J4o0zutdeckyto (B OYJEBOM CMbIcJe) DAa3HOCTh HJAH CYMMY
IByx Touek. Takasi MeTpuka Ha3bIBaeTcCs paccrosnuem Xommuw-
ea [4.1].

MunuMasnbHoe paccTosHHe MeXAY BepliMHaMuH kyfa B Npo-
CTPAHCTBE CHUTHAJOB MBI MOXEM BBIDA3UTh uepe3 OIINOKII, KOTOpLie
MOXKHO HCHpaBuTh. [aa eduucréenHHOCTy KOAA MHHHMAJbHOE pac-
CTOsIHHE JOJIKHO OBITh paBHO MO KpaiiHeli Mepe eiuHHue. MuHI-
MaJbHOe PacCTOsIHHE, PABHOE ABYM, oOecleuuBaeT 803MOMHOCTL 00-
HADYKEHUsA OJHHOYHOH OIIHOKH, MHHHMAJbHOE PAaCCTOSIHHE, paBHOe
TPeM, — B803MOXCHOCTb  HCTIPABJIEHHS OAHMHOWYHOH oluOKH; Jrobad
OLMHOYHAS OWIHNOKA MPHBOIUT K TOMY, UTO H300paxarollas NpHHA-
TBHIH CHTHAJ TOYKA OKa3biBaeTcsl OJIMKe K HCXOAHOMY CHTHAJY, YeM
K Jdi06oMy ApyroMy. MHHHMAJbHOe DACCTOsIHHE, DABHOE HYeTBIPEM,
II03BOJSIET JOCTHUb JABYX IeJefl — HCIpaB/eHHs OAHOH olIHOKH
nIoc ofHapyKeHHs ABOHHOH omu6GkH. MuHHMaJbHOe DacCTofHHE,
paBHOE MATH, MO3BOJIHJI0 OBl JOCTHYb HCIIpaBJeHHS ABOHHOH OIIHOKH.

Haob6opor, ecau TpebyeTcsl LOCTHUL ONpeleNeHHOTO YPOBHA 00-
HaPYXKEeHHs HJIH HUCTpPaBJeHHs OWHGOK, TO HeOOXOAHMO BBIIEPIKH-
BaThb COOTBETCTBYIOllee MHHHMAaJbHOE paccTtosiHue. Hampnmep, B
cJsiyyae HCIpaB/IeHusl OAHHOTHOH OIMHOKH ¢ MHHHMAaJAbHBIM DPaccTOA-
HHEM, PABHLIM TPeM, MBI MOXKEM OKPYXKHTb KaxIVI0O TOUKY B IpO-
CTPaHCTBE CHIHAJIOB eAHHHUHON cepOll Tak, 4TO 3TH chepH He OY-
ayT mnepecekaThcs. OObeM «cdepbl» €IHHHYHOTO pafHyca paBeH
IEHTPY MJIOC 71 TOYEK, OTJAHYAIOUIMXCA OT LEHTPa TOJBKO 0OHOU KO-
opAuHato#, T. e. n -+ 1. Iloauwlll o6beM n-MEPHOTO NPOCTPAHCTBA
paBeH 2" — MaKCHMaJbHO BO3MOXKHOMY 4HCJAY Touek. Tak Kak «cde-
pBI» He HEepeKPBIBAIOTCA, MaKCHMaJbHOe 4HCa0 K TOuek, COOTBeT-
CTBYIOIIMX CHTHAJAM, AOJKHO YAOBJETBOPSATL HEPaBEHCTBY

[Moann# ofpeM

m >MaKCHMaJIbHOe YHCJIO Cq)ep,
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HJU
2 S ok, (4.3.15)

n4+1*

Mpbl MOXxeM HCe/IeL0oBaTh COOTBETCTBYIOIHE OTPAHHYECHHSI HA HC-
npasjenHe Gonapuiero yucsa olinbok. Hanpumep, ans ucnpasaenus
JNBOAHOHA OIUMOKH MHHHMAaJbHOE DAacCTOSIHHE AOJKHO ObITh PaBHO
nsatu. Torga Mbl MOXKeM ONHCaTb HellepeKphiBaioliuecss cdepbl pa-
JHyca 2 BOKDYT KaxKAOH TOYKH B NPOCTPAaHCTBE cHrHaJsoB. OGbem
cepnl paguyca 2 paBeH LEHTPY NJAIOC A TOUYEK, OTCTOSALIHX OT LIEH-
Tpa Ha eJMHHYHOE paccrosi-
HHe, IUIIOC TOYKH, OTJIHYAi0-
IHecss OT LEeHTpPa JIBYMsl KO-
ODAMHATAMH, — UX YHCJO PaB-
oot on HO n(n—1) /2.

Hens noanwli o6bem mnpo-
cTpaHcTBa  (27%) Ha obbem
THX cdep, HAXOAHM Bepx-
HIOIO IrpaHuny vyucjia K 803-
MONCHBLX KOOUPOBAHHBIX Cle-
000 00y HAA0B 8 NPOCTPAHCTEE:

2 > oK

I+nt+nn—10/12 &

(4.3.16)
. AnanornyHble  HepapeHCTBA
MOIyT OBLITb 3alHCaHBl H AJ5
chep OGosbliero paauyca, ec-
JIMW MBI HCCJAEAYEM BO3MOXK-
HOCTb  HUCIIpaBJeHHA  GoJiee
JBYX OWHOOK.

BuisicnuM, kakum o6pasom MoxHO OCYIIECTBHTb TaKOH KOJI
(puc. 4.8). PaceMoTpuM caenyouuii npumep.

[lycTs ™Mbl MMeeM HCTOUHMK ¢ pemepTyapoM H3 BOCLMH CJIOB,
KAXKA0€ NMHHOH TPH 6HTa, 3alHCAHHBIX B an(aBuTe H3 ABYX CHMBO-
JI0B — HyJIsl M eAHHHLBI (2% =8). Kak «pasayTb» NpOCTPaHCTBO CO-
CTOSIHMII TaK, YTOOBI CTAaJO BO3MOMKHBIM HCIIPABJEHHE ONMHOYHOI
HJIM MHOIOKpDATHOH OLIMOGKH B IPUHSTOM cHrHajde? OCHOBHas Hies
COCTOHT B TOM, YTOOHI ClleJ1aTh HAIIM BOCEMb CHMBOJBHEIX CJOB KaK
MOKHO GoJjiee «OPTOTOHAJMbHBIMUY. OPTOroHaNLHOCTh B NAHHOM cay-
dde O3HAYAeT, YTO IapHasl KPOCC-KOPPEJSIHs MEXIy ABYMS KOJO-
BBLIMH CJIOBaAMH

101 m

Puc. 4.8. Ilpexcrapaenne MuoxecTna Tpex-
3HAYHBIX JBYXCHMBOJbBHEIX CJIOB.

3
1
p(T)z_g—inxj-p[y (4.3.17)

i=1
i=1
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TAe X;, X;— CTDOKM M3 HyJeH H eIHHHI JJIHHOH §, cTpeMurcs K
JenbTa-GyHKUUH NpH §— oco. PaceMoTpUM mepBHIEA 3Tam KOAHPOBA-
HUsi, a HMeHHO Mpolecc Ipeo6pa3oBaHHUS MHOMKECTBa CJOB AJHHOH
B 3 OUT B MHOMKECTBO CJOB TaKOH AJHHBL, IPH KOTOPOH CTAHOBHUTCS
BO3MOXHBIM HCIIpaBJeHHe OAMHOUHON OIIHOKH.

LJIsT 3TOro MHl BOCIOJIL3YeMCsl YCTPOHCTBOM, H3BECTHHIM IOJ Ha-
3BaHHEM «CABHTOBBIH perucrp» (puc. 4.9). Taxkoii peructp coctout
H3 INOcJdef0oBaTeNbHOCTH (KacKaja) [BOMYHBIX siyeeK, Kaxjaas H3
KOTOPBIX MOXeT HaxOAHTbCSl JHUIIL B OMHOM H3 JBYX COCTOSTHHII,
npHueM NPH NPOXOXKAEHHH HMIYJAbCA COACPIKHMOE KaXKIOH siuelKH
CABHraeTcss Ha OAHY siueHKy «BjeBo». CosnaBasi {Kak Ha puc. 4.9)

Boixon

e i e ]

T
|
|

e e e P e e

i
|
|

Puc. 4.9. CABHrOBHIA perdHcTp ¢ meTveli o6paTHOH CBA3H (CM. TEKCT).

1eT/110 06paTHOH CBSI3H, HCHOJb3YS CAOKEHHE IO MOAYJIO 2 BBIXO-
OB HEKOTOPBIX siueek [JIs1 ONpefesneHHs CJACAYIOUIEro ABOHYHOTO
CHMBOJIA HA BXOJe perucTpa, Mbl IOJyIdeM BO3MOXKHOCTbL T€HepHPO-
B4Tb II0CJE0BATEJbHOCTE MAKCHMaJbHOH AJuHHL. [locnenoBatesb-
HOCTb HMeeT MaKCHMAaJbHYIO JAJHHY, €CJd NPH A CTaAHAX (B HaUIEM
cayuae A =3) BHXOJIHAasl NOCJeJOBATEJBLHOCTb, IpexIe 4eM II0-
BTOPHTBLCS, IPHHHMAET BCE BO3MOXKHLIC KOMOHHALHK H DACMOJIONKe-
HHsT A JBOMYHBIX CHMBOJIOB {KpoMe KOMOGHHAIMH, COCTOAULEH H3 O[-
HUX Juub HyJeld ). Takum o6pasoMm, MakKCHMaJbHas MOCAEN0BATE]b-
HOCTb HMeeT MAJAHHY E==24—1, rpe &— QIHHA MakKCHMaJbHOH
110CJIeIOBATENBHOCTH B OUTaX, A — UHCJIO siUeeK B PErucrpe reHepa-
Topa. [locienoBaTe/lbHOCTH MAaKCHMaJbHOH JUJIMHBI Ha3bIBAKOTCS
TaKKe HCeB800CAY4AliHbIMY TIOCIeJOBATENbHOCTAMH, TaK KaK CTaTH-
CTHKA HUX IOSIBJEHHS HANMOMHHAeT CTATHCTHKY 4YHCTO CAyYalHBIX
JIBOMYHBIX cOOGHTHH (6pocaHufi MoHeTH). Takum o6pasoM, B I0O-
CJIefIOBATEJBHOCTH MAaKCHMAaJbHOH AJHHBI €IHHHN BCerja Ha OJHY
GoJsbllle, ueM Hydell. Kpome Toro, nepHoaudecKasd aBTOKODPEJSIIUS
ONTHMAaJbHA: OHA NpUHHMMAaeT 3Hauyenue | npu t=0 u —1/§ npu
BCEX OCTaJbHBIX T U, pPa3yMeeTcs, IEPHOAHUHA 1O §.

B nawmeMm npuMepe ONHCAaHHAs BhIlIe cXeMa JeHCTBYeT CJAelIyIO-
mum ob6pasoM. Kaxnaoe cjoBo MJIMHOA B 3 OMT H3 penepTyapa B
8 cjg0B MBI BBOJAMM B PErHCTP U NPEAOCTaBJAgeM JOTHUCCKOH IleTJie
06paTHOHN CBsI3H JeACTBOBAaTh A0 TeX IIOP, MOKa CJOBO, 3alHCAHHOE
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Tabauya 4.4. TlpeoGpasoBanue CJIOB JANHON B 3 GuMT
B CJI0BA, [O3BOJSAIOUIHE HCIPABHTL OXHHOUHYIO OIIHOGKY

Hauaawnoe MHOXKecTBO (A) Koneunoe muoxecTBO (&)
111 1110010
110 1100101
100 1001011
001 0010111
010 0101110
101 1011100
011 0111001
000 0000000

HaM# B DETHCTD, He MOSBUTCA CHOBA. B pe3syabrate Mbl moJyuaem
otobpaxeHHe, NpeACTaBJeHHOe B Ta6a. 4.4. [Tapuble KOppeadLuy
MOryT OBIThb 3ajaHbl oTHOlleHWeM (A-— B)/7, rie A — uucio cos-
najalomuXx CUMBOJIOB B ABYX CJ0OBaX, a B — uuc/0 CHMBOJIOB, KOTO-
pbIMH JABa CJaOBa OTaHyanTcA. B Hamewm ciayuae A =3, B =4, no-
3TOMY (QYHKUHMS NapHBIX Koppesasuuil pasua —1/7.

B ofwem ciyyae mocse MHOIHX «METAKOAHPYIOLIIX» ONepalliii
(G YHKIHS DapHBIX KPOCC-KOPPEJAANHUH NPHHUMACT BT

1 1
p:__g_:ﬁ’ (4.3.18)

Ho~—0 1npu A— oo, T. . IOCTHrAeTCH OPTOrOHAJIbHOCTD.

slcno, 4To HOBBIC 8 CJIOB AJHHOH 7 OHT AONYCKAIOT HCIpaBJcHHE
OAIHOYHOH omwHOKu. Bceero cymecrsyer 128 (—27) cioB aauHO#
7 6UT, HO H3 HHX TOJbLKO BOCEMb «3AKOHHBIX>®,

4.4. Hcrounnku HHGOPMAUHH ¢ MAMATBIO.
Henn Mapkoga

B npeabimyuiem paspgesne Mbl BHAGAH, 4TO MaKCHMaJbHAs CKO-
pocTh nepegaud HHQOPMAUHMKM JOCTHraeTcs NyTeM YCTPaHEHHs Beel
H30BITOUHOCTH H3 DOAJENKAIIMX Nepejlaue CTPOK CJOB, T. €. [OCHe
TOro, KakK BCe IepejlaBaeMble CHMBOJIB CTaHOBSTCS PaBHOBEPOAT-
HBIMH M CTATHCTHUECKH He3aBHCHMBIMHM. Ho, Kak Mbl BHOeJH, 14
NPHAAHHS HALIHM CHTHaJaM HMMYHHTeTa K IUyMy B KaHaJjie CHT-
HaJ/Ibl HEOOXOAMMO 0TOGpPa3HTh B NMPOCTPAHCTBO COCTOSHEH, HJH 3d-
K0Oupo8ary, YTOGE MBI MOTJIH OGHAPYKUBATL H HCIPABJAATL OG-
K. MHaue ropops, ajs obecreueHHs] HAOEHHOCTU CBA3W HAM IPH-
XOIHTCA CHO8Q BBOJLHWTb M3OLITOYHOCTb— HAa 3TOT pa3 «C UYEPHOTO
xo/aa».

SlcHo, uTO Tpe6OBaHHS CKODOCTH ¥ HAAEKHOCTH Iepelauyl Hi-
dopmanuu npoTuBopeunBrl. Kakum o6pasoM MOXKHO NPUMIPHTbL HX,
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4YTOObl CO3/aTh S3LIK CBS3H, KOTOPHIH o6sagan Owl, ¢ OmHOH CTO-
POHBI, AOCTATOUHOH HAJemHOCTbr0, a ¢ APYrofl CTOPOHBI, A0OCTATOU-
HOH sapuabeabrocToio, UuTOOH u36exKaTh CTEPEOTHIHBIX MOBTOPEHHH
H, CJIe0BaTeNbLHO, 3aCTOS? '

[Mpunanum Gosee TOYHBIH CMBIC MapaMeTpaM BapHaleJbHOCTH
H HaJeXHOCTH U HCCJeAyeM, NPU KaKHX YCJAOBHSAX B3aHMOMelicTBHe
3THX NapPaMETPOB MOXKET NPUBECTH K HEKOTOPOMY onTumymy [4.5].

Koagpuyuenr sapuayuu Dy muoxectBa N CUrHaJOB e€CTh BeJH-
YHHA, HA KOTOPYIO 3HTPOMNIS CHCTEMBl OTKJIOHSIETCS OT CBOEr0 MakK-
CHMAaJILHOTO 3HAUEeHUS, WIH BEJHUYHHA, HA KOTOPYI Habop ampuop-
HbIX BeposiTHOCTEeH P; OTJAHUaeTCsl OT PABHOBEPOSITHOCTH:

N
D, = Syae — S; =log, N + _Zl P, log, P;. (4.4.1)

Korna Bce P; paBubl, koadpduuuent D, paBeH HYJAI0 H AOCTHraer
maxcumyma (loge N) npu S§;==0, T. e. Koraa HCTOUHHK HH(poOpMa-
nun ob6gajaer TOMBKO OJHHM COCTOSIHHEM € alpHOPHOI  BeposiT-
HOCThIO, paBHO# exunuie. Koapguyuenr HadescrnocTu Do MHOXKe-
ctBa N CHrHAJIOB eCThb BeJHYHHA OTKJOHEHHS! CHMBOJIOB HCTOUHHKA
HHGbOPMAIMH OT MOJHOH HezaBHCHUMOCTH. UToOb 6HTL Gosee TOU-
HLIM, MBI BBOAHM CO8MECTHYIO 3HTPONUIO Tapbl CHMBOJOB/COCTOS-
HUR x;, X;

Sp=— ,ZI ]Z P (x;, x;)logy P (x;, x)), (4.4.2)
rae P(x; x;)—cosMecTHast ¢. m. B. mapbl CHMBOJIOB (x;, X;). Omn-
peneauM Ko3¢pHUIHEHT HAAEKHOCTH KaK PasHOCTh

D, = Sy — gger (4.4.3)

3HAaYEeHHH COBMECTHOH 3MTPONHH, KOoTAa (X; X;) CTATHCTHUECKH He-
sasicuMel (S5'%) u korza (x;, ¥;) CTATHCTHYECKH 3aBHCHMEI (S9°P).

Boiuncanm cuauana S, B stoMm cayuae mo Teopeme Baiteca u3
37eMeHTapHOH Teopun BepositTHocTel P(x; X;) = P(x:)P(x;), mo-
3aTOMY

md_ . Z Z P(x)P(x]) log, [P (X'L)P(r])]

N
—— ‘Z > P(x) P (x;)log, P (x;) — ;

=] j=1

; (x:) P (x;)logy P (x;) =
= N b
=—_ZP<x,-)log2P<xi>E; ) -

— Z P (x;)log, P (x)) lZ P(x;) j =+ 28,. (4.4.4)

i=1
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d ,
Boiuncaum temepb S2P. [To Teopeme Baiteca B 3TOM cayuae
noJyyaeMm

P(x;, xj):P(xi)P(xj/xi)zp(xj)P(xi/xj),

03TOMY
S5 = ; ]; P (x;, x;)1ogy [P (x)) P (x,/x,)] =
= i; ]; P(xy) P(xj/xi) log, P(x;) —
N N
— igl ]; P (x;, x;)1logs P (x;/x;) =
N
~[~Zreonre ][ S rem] s @i
rae N N
_ ZI Zl P(x;, x;)1ogy P (x;/x;). (4.4.6)
Tak kak e

2P(xf/xi)= L,

MBbl IIOJIyya€M OKOHYATEJbHO

SIP =S, + Sy (4.4.7)

D=8 —S§P =928 — 5, — Sy =S, —Sy.  (4.4.8)

UTo6u B3auMonelicteue Koapbuumnentos Dy u Dy crano Gosee oue-
BHIHLIM, IIOCTPOHM CJEAYIOIIYIO CHMBOJIHYeCKYIO cxemy (puc. 4.10).
Asbix 6e3 mpaBul He 00JajfaeT HAAEKHOCTBIO H UMEET K TOMY ¥Ke
HyJeByI0 BapHabespHOCTh. s TaKoro «s3BIKa» SHTPONHSA pPaBHA

S = Syaxe = 10Za N.

ITopsiioK B TaKOH cCHCTeMe MBI HAUMHAEM CO3/aBaTh, BBOAS Npexe
BCero HEKOTODHE «IPaMMaTHUeCKHEe MpaBH/Aa», T. €. 3a/aBasl BeJH-
yuHy Bapuauuu D). Ho koaddunuenty Bapuaunuu D; He caenyer
JlaBaTh PAaCTH BBHINIE ONpEJEJEeHHOrO Npejesa H3-3a BO3HHKAIOLIETO
3aTeM CTepeoTuna. 3aTeM MBI BBOAHM HEKOTOPYIO HaleKHOCTb D,
C03/laBasl «CHHTAaKCHYECKHe TIpaBHJIa», KOTODblE YCTAHABJHBAIOT
CTATHCTHYECKYI0 B3dHMO3aBHCHMOCTb MEXKAY Pas3JHYHEIMH CHMBO-
Jamu/cocroguusaMu. OLHaKo Ko3dhdHUHEHT HalexuocTH Dy He KoJ-
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XKEH onyckarvcsa HHKE ONpeldeJICHHOr O Ipejaesa, Tak Kak ypesMmep-
HO€ ero yMeHbHICHHE JHHIaeT Hac BO3MOXXHOCTH 06Hapy}KHBaTb U
HCIIPpaBJAATH OMIUOKH H3-3a OTCYTCTBHSA «KOHTEKCTa». OCTaIOHIaHCH
3HTPOMHUS

Sy =1logs N — D, — D,, (4.4.9)

€CJIH 3HTPOMNHSA SI3blKa ¢ Kod(p(PHUHeHTOM Bapuauuu D; u xosdpdu-
HHEHTOM HalexXHOCTH D, H36BITOYHOCTL TaKoro s3blKa omnpeje-
JS1eTCS BEJHYHHOH
S D D
Re1__om _Dith (4.4.10)
Suaxe loga N

H u3Mensiercss oT 0 (mosnblfi Gecmopsinok) no 1 (uysaesast sHTpO-
NHSl — U3-32 CTPOTOTO CTEPEOTHIIa CHMBOJIOB, MJIH CTPOTOH B3aHMO-
3aBHCHMOCTH ).

R=0 f Syang 109N
Dy
i
— ?
D,
— ‘
}
Su
R=1 L 5=0

Puc. 4.10. «Kondaukr» Mexkjy pa3sHooGpasHeM H HAaAEKHOCTBIO.

McTOUHMK CTAaTHCTHUECKH HE3aBHCHMBIX CHTHAJOB o0Jajaer na-
MATHIO: MBIl OyleM paccMaTpuUBaThb CJayudall, KOTJa BepPOSATHOCTL IIO-
SIBJCHHS CHMBOJIa 3aBHCHT TOJBKO OT HENOCPEACTBEHHO MpeauiecT-
BYIOILIEr0 €My CHMBoJA. Takofi HCTOUHHK HHGPOpPMalHH MOPOXKJAeT
NOCJe0BaTeJbHOCTh CHIHAJ0B, ofpasyrounx Lenb Mapkoa. Llens
MapxoBa n cocTosiHHII OJHO3HAUYHO ONpefessieTcss MaTpuiel n X n
nepexojga P, sneMeHTH KOTOpO#l P;; — BEpOSITHOCTH Nepexojia U3 Co-
CTOSIHMA [ B coctosiHue j. Llenb MapkoBa MoxeT 06Ja1aTh cTayuo-
HAPHBIMU COCTOARUAMU, HEOGXOJHMOe YCJOBHE — CYLIeCTBOBAHHE
LeJ0TO0 Yhcaa A, Takoro, uto marpuua P* nMeeT no kpafineil mepe
OJMH HeHyJeBOH cToq6el. KpoMe Toro, nenn, Mapkosa speoduuna,
€CJIH H3 JI060T0 COCTOSTHUSI MBI MOXeM NepelTH B jao6oe Apyroe Co-
crosiHHe. Hac HHTepecyeT BOmpoc: ueMy paBHa HTponus uenud Map-
KoBa? (MHaue roBops, uemMy paBHA SHTDOIHS HCTOYHHKA HHDOpPMA-
UMK C NaMAThbIO? )
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M3 cratucTHuecKOd  B3aHMO3aBUCHMOCTH  OTJEJBHBIX CHMBO-
JIOB/COCTOSIHUH HCTOUHHKA HH(POPMAalLHH HENOCPEJACTBEHHO ClelyeT,
UTO He BCE CHMBOJBL, KOTODble HCTOUHHUK NPEANON0XKHUTENbHO MOMKeT
reHepHUpPOBATDL B TeueHHe 3aJaHHOTO HHTepBaJja BPpeMeHH, HeCyT OJH-
HAKOBOE KOJHYECTBO HHGPOPMALUHU. DTO I03BOJASET HaM, HCHOJb-
3yl CTATHCTHYECKYK CTPYKTYPY KOHKDETHOro HCTOYHHKA, AOCTHYb
6oJiee BBICOKOH CKOPOCTH nepefaud HHboOpMauud npu Jawwxoll ase-
POATHOCTU OWUOKLL,

HeonpeneneHHocTh UCTOUHHKA B 00llleM cjaydae MBI olpejensaeM
KaK HeOlpeleNeHHOCTh OUepeJHOr0 CHMBOJIA, IIOPOXKAAEMOI0 HCTOU-
HHUKOM, IPH YCJOBHH, YTO MBl Ha6JaI0J4anH BCe NPeABAYILIHE CHM-

BoJibl. MlHaue roBoOpSl, €C/H HCTOYHHK HHGOPMALHUH Xi, X2, ... 3a/aH,
TO HEOIPENEJeHHOCTh HJIH JHTPONHS 3TOTO HCTOUHHKA, o603Hauae-
masa S(x,), n=1,2, ..., anu S(X), onpefensierca Kak
lim S (x,/x1, Xo, -y Xu_1), (4.4.11)
n->oo
17h 0

S(X) = lim S(x1, %o, ooy Xn) __

n->oo n

S(x) 4+ S(xa/x)+ ... +S(xnlx1, s Xn—1) .

n

(4.4.12)

[Tycts ANA KamAOrO COCTOSIHHA xx Uend MapkoBa Xxq), XK(2), - -
.o+, Xg(ng) —3TO ng COCTOSAHUH, KOTOPbie MOIYT OBITh JOCTHIHYTHI
H3 Xx 32 OJHH LIAr, T. €. COCTOSIHHA X;, MJs KOTOphX Pg; = 0. He-
OMpefeNeHHOCTb COCTOSIHUSL Xk ONpeleNuM Kak fx

nK
Sk = — Zl Pk, log, Py (4.4.13)

HeonpegeienHocTs unend MapKoBa BBIYHCASETCS Kak cpeaunee OT
Sk, 2 HMEHHO

S(X) —-—Kgl Px Sk, (4.4.14)

rje 71— MOJHOE YHCJAO COCTOAHHH UenH, Px— BepOATHOCTb HaHTH
nenb B (cranpoHapHoM) coctosiuuu K. 3uauenus Pk (X DOBHO 1)
MBI BBIUHCJSIEM H3 IIEPBBIX 7 — | ypaBHeHHH JIMHEHHOH CHCTEMb

Py= ). PPy (4.4.15)
i=1
H yCJIOBHS

(4.4.16)

1=
o
I
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Mmu BHJAHM, UYTO B IleIIH MapKOBa BCPOATHOCTH IIepexoaa olpene-
JISIIOT BEPOATHOCTH CTALIMOHAPHBIX COCTOHHI/Iﬁ—TO, 4To A0 CHX IIOpP
Mbl Ha3bIBaJIU «alIPUOPHBIMU» BCPOATHOCTSIMHU.

4.5. KoHkpetHble npUMepbl HEKOTOPBIX MOJIE3HBIX KAHAJ0B
H BBLIYHCJIEHHE HX NPONYCKHOH CNOCOGHOCTH

4.5.1. Mponycknas cnoco6HocTh paBHOMEPHO TyPGYJAEHTHOrO KaHAJA

Ilpexksie ueM MBI TMepefileM K BHIUHCJEHHIO TPONYCKHON croco6-
HOCTH HEKOTOPHIX THIHYHBIX W NOJE3HBIX JUHHH CBsI3H, YAOOHO NpoO-
CTIelHThb 3a TeM, KaK H3MEHSIeTCS MOJ| AeHCTBUEM MedAEHHbLLX CJy-
JafHEIX Bapualuil MapaMeTpoB NPOMycKHAasl CIOCOGHOCTH NPH HaJH-
4MH aAAHTHBHOTO 6Gesoro rayccosckoro wmyma (dopmyna Illen-
HoHa ). Tounee rosops, B Bupaxkenue (4.1.50)

C=Wlog, (1 +%)

3ajalollee IPOMYCKHYIO ClocOGHOCTh KaHasa CBS3H, MBl OyaeM BBO-
JUTb MeJJeHHble BApHALIMH MOLIHOCTH CHrHajJa S H/HAH MOLIHOCTH
myma N. DTH BaphHaluu OGYCJOBJEHB MeIJEHHOH 3BOJIOLHEH IO-
KasaTeJs IPeJOMJeHHs CPeAb, B KOTOPOH MNPOHCXOAUT Iepeaaua
HHbOpMAllUH, H, B YACTHOCTH, BapHalUsMu TeMIepaTyphl. Ilo cpas-
HEHHIO C MEPHOJIOM HeCyIlell 3JEKTPOMATHHTHONH BOJIHBI 3TH (JAYK-
TyaluH MOXKHO CUHTATb MeJJIEHHBIMH.

Cuenys Cudopory [4.6], monoxum o= S/S,, rie S, — cpea-
HSisT MOIIHOCTL CHIHAJa 10 AOCTAaTOYHO GOJBLUIOMY HHTEpBaJgy Bpe-
MeHH, H B = S,/N. Torna nponyckHyo cmoco6HOCTL KaHaja MOXK-
HO 34aMHCATh B BHE

C =W log,(1 + ap). (4.5.1)

B oTcyTcTBHe MeAJIeHHBIX BapHAlMH IIPOMYCKHAS cIOCOGHOCTH Ka-
HaJjla CBA3H paBHA

Co=W log, (1 + B). (4.5.2)
OrTHOlLLEeHHe NPONYCKHBIX CHOCOGHOCTEH €CTh BeJHUYHHA
_C_In(+ap)
Y T A +p = (a). (4.5.3)

Ilycte p(x)— GYHKUHSI NJIOTHOCTH BEPOSITHOCTH OTHOIIEHHS X,
KoTOpasi, Kak BHAHO u3 (4.5.3), HEKOTOpPHIM 00pa3oM B3aBHCHT OT
cJayuailHOH IlepeMeHHOH a.

CpenHee 3HaueHHe OTHOLIEHHS X PaBHO OTHOLIEHHIO cpeaHefi
ckopocti Cp mepejaun HHOOPMALHH IO JAaHHOMY KaHajly C CJay-
4aAHO H3MEHSIOIHMHCS NapaMeTpaMH K IPONYCKHON CIOCOGHOCTH
Co KaHaJa, UMEIOLLET0 He H3MEHSIIOUINecs] apaMeTpH H TaKyio XKe

e
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CpelHIOK MOUIHOCTbL CHI'HaJa. 3To oTHOIIEeHHE npeAcTaBHMO B BHAC

oo

n= —%i:— = S xp(x)dx =F (B). (4.5.4)

Tako#i xe moaxon ocTaeTcsl NPUMEHHMBIM H K KaHaJjaM CBfA3H, B
KOTOPHIX IlepefaBaeMblll CHrHAJ PAacXOAHTCS MO OOJBIIOMY YHCITY
nyTedi. PacrnpesneseHde BepOSATHOCTH AMIUIHTYIbl CHrHaJa Ha NpH-
HHMAOUIEM KOHIE MOXKET OBITb BBIUHCJIEHO M0 (QYHKUHH IJOTHOCTH
BEPOSITHOCTH aMILIHTYAB OOJbIIOr0 uHcAa (Da3OBBIX BEKTOPOB C
OJHHAKOBOH aMIUIHTYIOR H cayualiHo (aykTyHpylOmHuMH (asamH
B untepBajte [—mn, +n]. Ecau &. n. B. 119 Kaxa0i dhassl N0OCTOAH-
Ha W paBHa 1/2x B yKa3aHHOM HHTepBaJe, TO paclpeleseHHe Be-
POSITHOCTH AMILIMTYAbl CHTHAJa Ha BBIXOAe KaHasla CJaeAyer Tak
Ha3bIBaeMOMY pacmpelenenuio Pajes [4.2]:

P (e) = e exp (— €%/2), (4.5.5)

rne e = E,/E,, E, — cnyuaifHas aMIUINTyJda TOJs cHrHajda, Eo —
MeJIHaHa 3TOTO IOJS.

Ho BenHuHHa £2/2 paBHa o, OTHOLIEHHIO CJy4ialHOH MOILHOCTH
CHTHaJa K ero cpeinedl Momuoctd. M3 snemenTapHO# TeOpHUH Be-
pOSTHOCTH [cM. TakXke cooTHolleHHe (4.5.6)] u3BecTHO, 4TO ¢. 1. B.
I8 o HMeeT BHA ¢(o) = e—% 3agaua Telepb COCTOHT B TOM, 4TO-
6Bl HccaeloBaTh BHIpaxeHHe MJ p(x), HCHONb3ys ¢. M. B. 11 @,
u cootHouesre (4.5.3). Mrak,

. g (a)
PO =g T ]M " (4.5.6)

rae v(x)— bynkuus, o6patnas dynxkuuH f (o).
U3 coorsomenuss (4.5.3) ciaeayer, 410

9 (x) ZFI [extn(1+8) _ 1], (4.5.7)

Tloacrapass B (4.5.6) Boipamenue st ¢(a), a Takxke f(a) u3
(4.5.3), nosyuaem

p(x) = M‘Ftﬂe”ﬁ’ [(1 4 p)° e—(1+8"/8) (4.5.8)

H, HCIIOJb3ysl cooTHOIEeHHs (4.5.4), MPHXOANM, HAKOHeEL, K

oo

n=gr = ‘”_“BJF_ﬁ)_el/ﬁ [ et 4pretdax. (459

0
IMocne 3amensl nepemenso#t y = (1 -+ B)*/B u HHTErpHpOBaHHs CO-
orHouenue (4.5.9) npHHHMaeT BUJ

RV BN
— 4.5.
n Y 1§ﬁ dy. (4.5.10)
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MOTYT GBHITh HaHACHE UHCJIEHHBIMH METOJaMH.
OKOHYATEJbHO MBl IPHXOAHUM K opmyJie

==,

e~ Y

—dy (4.5.11)
Ael/B

m . (4.5.12}

[ToctponB rpaduk QyHKUHH n=f(p), MH OOHapyXHM, 4TO 3Ta

GYHKIUS HMEeT eIMHCTBEHHBIH
~83. Kax mnokasweBalT HalllH
BLIUHCJICHHS, TPONYyCKHasl CIIo-
cOOHOCTh KaHaJja IIeHHOHOBCKO-
ro THOa HHKOrga He yOwHBaeT 60-
Jee ueM Ha 17 % ot Toro sHaue-
HHsl, KOTOpPOe OHa HMeeT B OT-
CYTCTBHE Me/JIEHHHX CJy4alHHIX
BapHauMii TapaMeTpoB KaHaJja,
eCJM CTAaTHCTHKA CHTHAJa IpH
IPOXOXKAEHHH uepe3 TypOyJeHT-
HYIO Cpelly MOIUHHSETCS pacnpe-
dencHuo Paged.

4.5.2, Kanan 6e3 notepb

BhIunHc/IMM Tenepb NPONMYyCK-
HYI0 CIHOCOOHOCTb KaHaJja He
TOJIBKO ¢ UIYMOM, HO H C UHCJIOM
COCTOSIHHH y; INpHEMHHKa, npe-
80CX00AU,UM YHCJOM COCTOSTHUH
KOH KaHaJ Ha3blBaercsl KaHaJIoM

MHHHMYM TIpE B ~ 5, paBHBHA

1
//V Y
Xy ¢ Y,
—~ %
?/ Y3,
i
3N\ Ye.
X2
2/ o
) 75
4
Xy @ z - Y5

Puc. 4.11. Kanan Ges moTeps.

x; mepenatunka (puc. 4.11). Ta-
6e3 noreps, H B UaCTHOM cJaydae,

npejicTaBJeHHOM Ha pHc. 4.11, ero MaTpuua UMeeT BHI

W Yo Y3 Ya Ys Ye
X1 1/8 3/8 1/2 0 0 0
Xg 0 0 0 1/3 2/3 0
X3 0 0 0 0 0 1

B kaxaoM croabie nMeercss TOJbKO OIHH HeHy.IIEBOI‘/'I JIEMEHT.
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Ocrarounas HEOHpelleJleHHOCTb paBHa

S(X/Y) = ; ; plxi y)logep (vify).  (45.13)

QHAKO H3 CXeMBbl KaHaJa WJIH U3 ero MaTpHUbl Mbl BHAUM, 4TO HPH
JAI060M TPHHATOM Y; MOXKHO 8r0AHe JOCTO8epHO BOCCTAHOBHTD, Ka-
Koifi curnasa x; Obi nepenad. CJjefoBaTesNbHO, YCJIOBHAA BEPOSAT-
HOCTb P (Xi/y;) B KaAOM cjayuae paBHa Jub0 edunuye, TubO HyAtO.
Takum o6pasoM, AJs Kanajta 6e3 myma S(X/Y)=0, u mnosromy
nepenaua undopmaunu /(X —Y) paBna S(X )—9HTp0HHH nepe-
JaTuHKa. HponyCKHy}o CIOCOGHOCTL KaHajsa Mbl HaljeM, MaKCHMH-
supysa S(X) u C =logs g, rile g — 4YMCJO COCTOSIHHI Ie€pefaTuhKa
(B mamem cayuae C = logs 3).

4.5.3. JlerepMuHHCTHYECKHA KaHAM

B 5Tofi cxeMe 4HCJIO COCTOSIHHI mepelaTuuka x; O0Abuie 4HCHa
COCTOAHNA TpHeMHUKa y;. MaTpHua Takoro KaHaja HMeeT B KaxkK-
JOH CTpOKe TOJbKO OJHH HEHY-
JeBofl 3yeMeHT (cxeMy Aerep-

Yy MHHHCTHUECKOTO KaHaJa CcM. Ha
puc. 4.12).
I Y2 Ys
72
X1 1 0 0
X2 1 0 0
X3 1 0 0
X4 0 1 0
X5 0 1 0
1 0 0 1
/ Xs
Xg & 2] Yj

Puc. 4.12. JIeTeDMUHHCTHUECKHE KaHaJ. Tak Kak kaxjas CTpOKa COAEp-
JKHT TOJBKO OAHH 3JIEMEHT, 3TOT
5JEMEHT JOJKeH ObiThb papeH eauHHie. Ilepenady HHGOpMalHH
MOXKHO NPeJCTABHTL B BHAE
I(X—=>Y)=8(¥)—S{/X) (4.5.14)
u
6 3
S(X)= X X plxs, y)logsp (yilx:). (4.5.15)
i=1j=
Tak Kak Bce sjaeMeHTH p(y;/x:) paBubl Jubo HYJIIO0, JHOO eTHHHUIE,
S(Y/X)=0 u C=max S( Y)= 0g2r, TAE r— YHCJIO COCTOSIHHA
npHemuuka (caefposarenpHo, C = logz 3).
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4.54. PasHomepHbili KaHad

paBHOMeprIM Mbl Ha3bIBaeM TaKOH KaHaJ, B MaTpPHUEe KOTOPOro

BCce CTPOKH H Bce CTOJOIb OAHHAKOBB € TOYHOCTBIO JO Tepecra-
HOBKH 3JeMeHTOB. Ecau Marpu-

.
na KaHaJga KBaApaTHAasl, TO KaikK- o /7 o
lasi CTPOKa M Kaxibil croabel ! Yt
ABJAIOTCS IPOCTO NepecTaHOBKa-
MH nepBo# cTpoku (puc. 4.13).

9 Yz Y3

x? yl
X 1/2 1/4 1/4
X3 1/4 1/4 1/2
X3 1/4 1/2 1/4

xy € N Y¢

1
4
OHTPONHS PaBHOMEPHOIO Ka-

Hana S(Y/X) He 3aBUCHT oOT Puc. 4.13. PaBHOMepHHE KaHadL
BEPOATHOCTEH BXOJAHBIX CHIHA-

JIOB. B 3TOM HeTpyaAHO yGEAHThCS, €CJH 3alUCaTh

SUM == 3 3 pln, s)ogmplyl)= (510
—|= £ red ] E p i togp(yixa =
—— % p(0x) o p (445 (1.5.17)
Hrak,
[X>1)=S0)+ X pfedlogoplyie)  (5.18)
’

C:10g2q+j§1 p (y;/x;) logs p (y;/x;). (4.5.19)

B nawem npumepe g ==r=23. B npHBeleHHOM BHILIe CyMMHUpPOBa-
HHH [ MOXKeT NPHHHMAaTb JOGbe 3HaueHHs. Takum obGpasoM:

C =1log; 3 + + log, (3) + 3 log, (4) =10g:3 — 1,5~ 0,08.
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4.5.5. JIBOMUHBIH CHMMETPHYHBIH KaHaJ

AT0 — BaXHBIH 4YacTHBIA cay4all PaBHOMEPHOTO KaHaJa npefbl-
ayuiero tuna (puc. 4.14).

Y1 Y2
X1 p
pt+g=1
X2 q p

X ¥ ® Y,
IIponyckHast cnoco6HOCTb ITOrO

Puc. 4.14. Jlpouunnit cHMMeTpuunbii ~KaHaJjJa MOXKET 6HITH BBIBEIEHA
KaHall. HEeNoCPeJACTBEHHO W3  COOTBET-

CTBYIOLIETO BHIpAXkKeHHA JJIs PaB-

HOMepHOro Kanana (4.5.19), ecnn IOJIOXHTb B HEM ¢ = 2, r=2,
p(y;/xy=p mpu j=1, i=1 (wam 2) n p(yi/x;)=gq npu j=2,

i=1 (uau 2):
C =log, 2+ plogy p + glog,q, (4.5.20)
Hau
C=1+ plogsp—+ (1 —p)log,(l —p). (4.5.21)
[Toctpous rpacduk C Kak QYHKUHH OT p, Mbl YBHAHM, 4TO C pocrtu-
raer MHHHMyMa =0 1nOpH
% & /P — p=1/2uuro C=1npup=1
nau p =0.

4.5.6. JBOMYHBI <CTHPAIOMHAA» *aHAM

Y.
: W Y2 Y3
X1 p 0
p+g=1
Yy X2 0 q p

Puc. 4.15. JIBOMUHHA «CTHPaIOUIHE»
KaHal. B stom kaHage (puc. 4.15) cy-

II[eCTByeT BLIXOJAHOH CHMBOJ Y2,
MCIIOAb3yeMEIll 151 O6HApykKeHHs OUWHOKA B nepeiaue. JBOUYHBIH
CTHpaloIUHd KaHal — 3TO KaHalj, 0o6HApYXKHUBAOWMHA OJHHOUHYIO
omu6Ky. BuuncauM rnepeanauy uudopmammu (X — Y)=S(X)—
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— S(X/Y). TIlyctb cHUMBOJBI HCTOUHHKA HMMEIOT BEPOSATHOCTH
p(xi))=a, p(xe)=1—a. Torna

SX)=—alogya— (I —a)log, (Il —a) (4.5.22)

2 3

SU)Y == 3 " plusfxi) p (x) toge [ LLLDLCD] 4 5,99

P(¥;)

H

i=1j=1

B cymmupoBanHH HeOGXOAMMO NMPHHHMATh BO BHHMAHHEe BCe IIECTDb
4neHoB. [loc/ie HeclOXKHBIX BBIUHCJIEHHH MOJyuYaeM, HaKOHEI.
S(X/Y)=gq[—alog,a— (1 —a)log, (I —a)] =¢S(X) (4.5.24)
H
I(X—>Y)=(1—¢q)SX)=pSX). (4.5.25)

COOTBETCTBEHHO MPONYyCKHAs CNOCOOHOCTb KaHaJa paBHA
C=max /(X —>Y)=p [6ur/c]. (4.5.26)

4.5.7. MponyckHas cnocoGHOCTh ONTHYECKOrO KAHANA

Hac wunrepecyer mnponyckhas cnocoGHOCTb ONTHUECKOTO npH-
Gopa, paccmMaTpuBaeMoro Kak KaHas cBsisH. J0 CHX [Op MBI o1mpe-
AEJIANH NPONYCKHYIO CIOCOOHOCTh KaHa/a KaK MaKCHMaJblOe UHC-
J10 GHTOB, KOTOPOE KaHa/ MOXKET Iepe]aTh B ¢JAMHHIY BpeMenu. Ho
IIOCKOJIBKY /s GOJIBIUMHCTBA ONTHYECKHX NPUGOPOB BpeMsi HAG.II0-
JACHHS NPAKTHYCCKH HEOTPAHMUYCHHO, NPONYCKHYIO CHOCOGHOCTL Of-
THYeCKOro mpubopa, cieays am Ppanuua [4.7], ynobree ompeje-
JIATh KaK 4HCJIO GUTOB, KOTOpoe NpHGOp MOXKET IepeaBaTh 3a OJHO
H300paxKeHue, WJIH KaK HauOosblllee YHCIO GHTOB, KOTOpOE MOKeT
ObITb MOJYYEHO H3 H300paxeHus, cHOPMHPOBAHHOIO npHOOpOM.
Hs pasn. 3.4 MB 3HaeM, uTO UHCJIO cTemeHell CBOGOAL uzobpaxe-
HHUS JOJKHO OBITh paBHO (3.4.40)

z
F=4£217,

rae 2 — mjomajb 3payka HHCTPYMEHTA, A — JJIHHA BOJIHBL NAJA0-
Iero CBeTa M £ — MOJHBIH TeJeCHBIH YroJ MOJSL HAaGJIOACHHS.
OcselentocTs [ B Kax10# BHIGOPOUHOH TOUuKe NPHHHMAIOMEH
ANEPTYPHl 3aKJ/I0UeHa MeXKAY 0 U [yaxe. MakcuMasbHast 3HTpPONHSA
M300paxKeHHst 1OCTHraercsi, Korja BCe 3HAYeHUsi | BHYTPH HHTepBa-
J1a 0 <</ << Imaxc PaBHOBEPOSITHH. DHTPONHsS H306PaKeHHUsI B 3TOM
ciyqyae paBHa logy [yake.

[ToMumo TemnoBoro wmyma (KOTOPBIH ML paccMOTpPUM B OaJib-
HefllleM) B C/yyae ONTHYECKOLO IPHOOPAa Mbl HMEEM TAKKe HCTOU-
HHK «/IeTepMHHHCTHYECKOIO», HJIH «CTaTHYECKOro», WIyMa, 06ycJIOB-
JICHHOTO «paCCCAHHBIM» CBETOM, T. €. CBETOM, HEKOrePEHTHO pac-
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CEHBAEMBIM HEOJHOPOTHOCTSIMH H/HJAH aHU30TPONHOCTBHIO MaTepHaJsa
npuHuMapmell aneprypel. Mer 6yaem mnpeanosaraTtbh, 4TO HHTEHCHB-
HOCThL pacCesiHHOTO cBeTa [y PABHOMEDHO pacmpejesieHa MO amnepry-
pe, o6pasysl cBOero poja ILIyMOBOH (OH, TMO3TOMY «OOBEKTHBHAA»
ocsenleHHocTs [y 3akatouena B uutepBate lq << Iy << lyaxe + 1o H
lq == pluaxe. Takum o6pasoum,

pIMaKC < 10 < (1 + P) Imaxcr (4527)

rjle p — YHCJEHHAS TOCTOsIHHASA, 3aBHCANlAs OT CTeNeHH HEeOAHO-
POMHOCTH HM/UJAH aHU3OTPONHH MaTepHaja IPHHUMANOMIed amepTypwl.

DHTpoNUsS H3006paKeHHUs NPHU YCAOBHH, UTO OCBENIEHHOCTH B pas-
JIMYHBIX BHGOPOUHBEIX TOUKAX CTATUCTHYECKH HE3aBHCHMBI, OIpeje-
JISIETCS BHIpAXKEHUEM

S = Flogy e [61T]. (4.5.28)

IlepeiijieM Tenepb K OLIEHHBAHHWIO CJAYYafHHOrO IIyMa — €JHH-
CTBEHHOTO HAayaJa, OTBETCTBEHHOrO 34 W3MEeHEeHHe SHTPONHH H306pa-
JKeHUsl, TaK KaKk paccestHHBN cBeT, OyAy4M HeCJaydadHbIM, HE OKa-
3biBaeT Bauanua Ha S. Tak Kak KBaHTOBHIH MiyM OyIdeT paccMOTpeH
HaM¥ B CJEIYIOIIeM pasjesje, Mbl OTDAHMUYHMCS 31€Ch TeM, 4TO
OTOMKAECTBHM CJYTaiHBI IIyM ¢ LIYMOM penentopa. B uactHocTtw,
Hac GyjgerT unTepecosaTh rias3. Korza Ha Kakc#-To y4acTok cerda-
Tofl 06OJICUKH ITajaeT CBET, CO3/1aBas 00BEeKTUSBHY OCBEUIeHHOCTb
Io, cyGbeKTHBHAS OCBELIEHHOCTb [5, T. €. OCBEIIEeHHOCTb, BOCIPHHH-
MaeMmas HaOJmoparteseM, BooOlle TOBOPSA, HECKOJBKO OTJAMYAETCS OT
lo. B cyxaeHun Ha6ooaaTens CYHIECTBYeT HEONpe/eIeHHOCTb,
CBI3aHHAA C TAK Ha3blBaeMbiM JAH(epeHIMaJbHEIM IOpOToM. ITa
HeoNpe/eeHHOCTb NPeACTaBsgeT coboli myMm, KOTOpbi Mbl 0603HA-
yuM [,. TakaMm 00pasoM, cybsexTU8RYHO OCBEIlEHHOCTh MOXKHO Hpe/-

CTaBHTb B BHE
ly=1I,+1, (4.5.29)

PacnpeﬂeneHHe BEPOSATHOCTH [AJd I, MOMKHO CUHTATb rayccos-

CKHM, IIO3TOMY
1 I )
_—— ——1. 4.5.30
A e (4.5.30)

rie [y-— CcTaHiaprHoe OTKJIOHEHHe HAOJI0NaeMOH HeOolpe/eseH-
HocTH. OJHAKO 5KCIIEPHMEHTAJbHO YCTAHOBJIEHO (MCHXOMOrHYECKHIl
3axon BeGepa), uto [y ==elo, rie KOIQ(PHUHEHT NPONOPIHOHAIb-
HOCTH & OIIpeessieTCsl U3 3KCIepHMEHTa.

Tenepb MBI MOXKeM HAHTH IIPONYCKHYIO CHOCOGHOCTb ONTHYECKO-
ro KaHaja, Kak OOLIYHO, BBLIUKC/AA MaKCHMaJbHOe 3HAUEHHE Tepe-
Jaun uHdopmanuu ot o6bekTa X K Habawpatemo ¥, 1. e.

Maxcl (X - Y) = Maxc[S (Y) -8 (Y/X)]» (4'5-31)
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rae waxeS (Y)=logs lyaxc OMT Ha cTenenb cBoGoarl. OcraeTcsi Bbi-
YHCJIUTL HeonpededenHocTs S(Y/X) B toM, uTo HaGmopatesb NpH-
HHMaeT 3a dawnsili o6berT. a1 3TOro 3aMeTHM, UTO waxed (Y/X)
€CTb 3HTPONHA CyOBeKTHBHOH ocBelmieHHOCTH [s =/ [,, xorna
o6bEKTHBHAs ~ OCBelIeHHOCTb [o u3BecTHAa. Takum o6pasow,
waxeS (Y/X) ecTb npocto autponus wyma I, T. e. rayccoBcKoro pac-
IpefeseHHs,

Ecan yuects, uto Iy = elo, TO BeJHUHHA waxcS (Y/X) paBHa cpen-

HeMY 3HAYEHHIO BeJHUYHHHI l0g, ('\/.‘Zne IN) B HHTepBaJge 0T pluaxc
10 (p+ 1)1uake, T. €.

(p+1) Iyage
e (V/X) = fMlm S log, (+/2me ely) dl, = (4.5.32)
pMaKC
2_ 1 (1+p)
— logz[/\/—eie (“L—p”,?—-] + logs lyme.  (4.5.33)

IToncraBasisi 370 Bbipaxkenue B GOpMYJy, 3afaKOMWYIO waxel (X — Y),
NOJyuyaeM OKOHYATeJbHO NPOIYCKHYIO CMOCOGHOCTL KaHaJa

Czlogz[ ilp—pw] 6ut/crenenp cBoGonbl. (4.5.34)

2n & (14-p)y*?

[Toctpous rpaduk C xak GYHKUHH OT p, T. €. OT JOJAH (B Ipo-
IleHTaX) PACCEAHHOrO CBeTAa NPH THINHYHOM 3HAUEHHH e, HAaNpHMep
npu e = 0,1, MBI YBHIHM, UTO NPH OGBLIYHOM 3HAUEHHH p (TMOpsiKa
HECKOJIbKHX NpOleHToB) (p ~ 2—3 %) mnponyckHasi cnoco6HOCTD
C ~ 8,5 6ur/crenennp cBoGoan [4.7].

XOopowui ONTHYeCKHH HHCTPYMEHT C 3paukoM JAHAMETPOM
~ 100 MM H yrioM ~ 1° B cepelliHe ONTHUYECKOIrO AMANA320HA HMEET
NPONMyCKHYIO cnoco6HOCTh ~ 108 6ur.

4.5.8. Poap KBaHTOBOrO mMyMa B ONTHYECKOM KaHaJe

B ¢opmyne llleHHOHa aJs NpONMyCKHOH CcIOCOGHOCTH KaHaJga
€IHHCTBEHHBIM THIIOM WyMa, Mewmawomum C o6paTHThcd B GecKo-
HEUHOCTb, SBJAETCHA Tenn060it WyM, KoTopu#l, npu hAv/kT < 1, ko-
Heuno, npeobaazaer. Ho uto nmpoucxomur npu Av/kT > 1, T. e.
KOrJla Hecylad 4acToTa BBICOKA H/HJIH TeMIIepaTypa OueHb HH3Ka?
U3 ¢opmyan llennona ciaeiyer, uto B 3ToM cayuae C —» oo,

Mbl nokaxkeM, 4TO B [A€HCTBHTEJIbHOCTH MPOMYCKHAs CHOCOG-
HOCTb HE BO3pacTaeT HeOrpaHHYEHHO INOTOMY, YTO B OINTHYECKOM
IHaNa3oHe, XOTS TeMJ0BOA myM mpeHeGpeXkKUMO MaJ, OCHOBHOH
BKJIaJl BHOCHT K8AHTOBbLL IIYM, H OH-TO H OTPaHHYUBAET NPOMYCKHYIO
crioco6nocTh kanaaa. Crenysa JlebGeaeBy u JleButuny [4.8], mbl or-
panuYHMCs paccMoTpeHueM Auamnasona hv/kT > 1. Bousee ciox-
Hble BHIUHCJIEHHS NPONYCKHOH clIOCOBGHOCTH KaHaja C mpu Ja060M
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snaueHnn hv/kT (mo cxeMe Tex e aBTOPOB) MOKa3bIBAIOT, YTO B
npegene Av/kT < 1 MH BHOBb OTKphiBaeM dopmyay lllennona kak
aCUMIITOTHUYECKHH NpeneJ.

OnHurem Teneph CHTHAJ H WIYM B TePMHHAX UHCEJ 3alOJHEHHS
(oTOHOB Ha cTeneHb CBOOOAB 3A€KTPOMArHUTHOTO MOAsi: i (v) O
CHTHAaJa u f(v) AJ1a 1yma;

[ (v) = m (v) + i (v) (4.5.35)

03HAauYaeT CpeJHee UHCAO 3anoJHeHHs (HOTOHOB HA HOPMAJbHYIO
MOV NpPH 4acTOTe v JAJs IPUHSTOrO BOJHOBOIO CHrHaJa (CHrHaJga
ITIOC HIYM).

ChexkTpaspHas NJIOTHOCTh (DOTOHHOrO NOTOKAa (CpelHee YHCIO
(HOTOHOB HA eIHHHIy BpEMEHH H YacTOTy) paBHA CPeIHEMY YHCJIY
3anoJueHus. Takum o0pasoM, MOTOK SHePrHH (MOLIHOCTH), Iepe-
HOCHMOH CHIHAJOM M UIYMOM B HHTepBaJjie uacToT dv, paBeH COOT-
BETCTBEHHO

Pg(v) dv=rmhvdv (4.5.36)
)4

Py (v)dv=rhvdv, (4.5.37)
rae |

i (v) =R (4.5.38)
CJIelIOBaTeJIbHO, MOILHOCTH ILIYMa COCTaBJIdAEeT

_ 3 Avdv  n?(kT)?
<PN> —OS e;w/kr 1 - 6h . (4539)

(HyseBasi aHeprusi OCUMJIATOPOB IMOJs 3Jech ONYLIEHA, TAK Kak
OHAa HHKAaK He CKa3blBaeTCA Ha BBIUHC/JASEMOM HHKe 3HAYeHHH 3H-
TPOIHH. )

[ToTok 3HTpOnHH (3HTPONHS, NepeHOCHMas H3JyYEeHHEM B elH-
HHUIly BpeMeHH) onpefessercs BeJHYHHOH

) dP ; 1 dP(T)
Sy = OS o =OS ST, (4.5.40)

rae P(T)— MOImHOCTL TENJOBOr0 H3JyYeHHs KaK (QYHKUHA TeMmIle-
paTtypsl.
[Tpu Ha/JHYHH OETEPMHHHCTHYECKOrO CHIHajJa P MOILIHOCTb MOJ-

HOro H3JyyeHHsl paBHa
Po={(Py)+ P. (4.5.41)

Tem He MeHee IMOTOK SHTPONHH OCTAETCsd HEHU3MEHHBIM, TAK KdkK
CHTHAJ M WIYyM CTATHCTHYECKH HE€3aBHCHMBbl, H CHIrHaJ ACTCPpMHHH-
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criueH. Ho, kak Mbl yXe BHAeNH, MaKCHMa/bHas (opMa rnepesayd
HHOOPMauKK (MAH MAKCHMAJbHBIA MOTOK 3HTPOMHM) AOCTHraeTcs,
KOTAa CcHrHal Kodupyercs Kak cayuaiinbiii wym. Takm o6pazom,
ecnid To— sbdekTuBHAA TeMrepaTypa AJsi NOJHOTO NEpefaHHOTO
CHTHa/a, TO B CJyYae ONTHMAAbHON nepegayd HHPOPMAIHH A0J1KHO
BHIMOJIHATLCA COOTHOUIEHHE

H 1

COOTBETCTBEHHO TNOMHBIA NOTOK SHTPONHMH H3JAyYEHHS ONPEAENsIeTCs
BbIDaKeHHeM

Te
1 dp()
SO—S—kT E0 ar, (4.5.43)

0

a NPOTNYCKHAs CHOCOOHOCTL TPOCTO pPaBHA

To
C=So—Sy={ L ar. (4.5.44)
T

M3 cooTHowenus (4.5.41) caepyer

2 kT 2 2 kT’
Py =241 A CD7 | (4.5.45)

IoacraBaas T, u3 (4.5.45) B ¢dopmyay (4.5.44), Mb moayuaeM
OKOHUATEIbHO

25T /T 6RP
C=% [’\/1 +Enr 1], (4.5.46)
HIH
zT I—_ﬁhp_
C=%f[’\/l + =Enr 1] GuT. (4.5.47)

Us  ¢dopmyas (4.5.47) BuAHO, YTO TPH MOIHOCTH CHrHaja
6hP/n?(kT)2>> 1 nponyckHast cnocoGHOCTb Kanajza OrpaHHueHa
TOJIbKO KBAaHTOBHIMH 3¢ (deKraMmu, T. e.

/2P
Cquant ~ N ETE (4548)

Ulupuna nonock, Heo6x0aHMAsi A/l AOCTHIKEHHsS NPONYCKHOH CIIO-
coGHOCTH, 3anaBaeMoli cooTHowreHHeM (4.5.47), npuGAHXKEHHO
onpejensieTcsi BHIPAXKEHHEM

kTo kT 6P
Vymake ™~ 7 NT ‘\/1 +ﬂ2_(kT~)2— . (4549)
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4.5.9. O6wHe cBeleHH O «TeHETHYECKOM KaHaJje»
H reHeTHYECKOM KOoJe

Tenepb Mbl MONBITAEMCS BOCIIOJNb30BAThCsi MOHATHAMHM TEODHH
uHGOpPMAUMK 15 OODBsCHEeHHs (MM, CKOpee, M5 BbISCHEHHs)
OCHOBHOTO sIBJIEHHSI, IPOUCXOASINEr0o B OHOJOTHYECKHX CHCTEMAx, a
MMEHHO KOHTpOJs, OCYLIECTB/IS€MOr0 reHaMu Hajl CHHTe30M OeJKa
(cM. Takxe npusaoxkeHHe A).

[Ipexkae ueM MepeXOAHTb K COOCTBEHHO BLIYHCJAEHHSM, He0OXo-
JAMMO BBECTH YHTATENs B KPYr OCHOBHBIX MJEH.

[Tpexne Bcero Hac OyaeT HHTepecoBaTb NMPHUPOAA H CTPYKTypa
IO HK. B coctaB ee BXOASIT TaKhe XUMHYECKHE 3JEMEHTHI, KaK yTJe-
poa (C), somopox (H), kuciopon (O), pochop (P) u asor (N).
ATOMBE 3THX 3J€MEHTOB COEAMHEHBl MeXAy cO00H BeCchMa CJIOXKHBIM
00pa3oM u 06pa3yroT MAKpOMOJIEKYJY.

Okosio 20 et Hasan poab JIHK kak HocHTensr reHeTHUeCKOH
nadopManiy Gblia BrepBele ycTaHoBAeHa H moAexyin JHK yna-
Jock cdororpadupoBaTh C IOMOILBIO 3JEKTPOHHOTO MHKDOCKOTA.
dororpadus otaejbHol Mojaekyas IHK (uspjeuenHo#t, Hampu-
Mep, u3 Gakrepuodara), ysennuennas B 44000 pas, 3aHuMaer npu-
MEDPHO MOJIOBHHY CTPAHHILI TOH KHHTH.

Kaxnas moaekyna JIHK cocToHT u3 AByX OTAENbHBIX BHHTO-
BLIX JIHHHH («cnupaseii», WIH «HUTEH»), KOTOPbie 3aBHBAIOTCA BO-
KpVr Apyr Apyra, o6pasys ABoHHyro crnupasab. Kaxpaas HHTb co-
CTOHT M3 CLEIJIEHHBIX MEXAYy COOGOH MOJIeKyad Pocdoprot KUCAOTbL
H OJHOTO u3 caxapoB (Jeokcupub6oset), koTophie uepenywres. C ka-
JKI0H MOJIEKYJIOH caxapa B TMONEpPEYHOM HaNpaB/eHHHM COEAMHEHA
MOJIEKyJa OPTaHHYECKOrO (a30THCTOr0) OcHOBaHuA. TaKUX OCHOBA-
HHil Bcero uethipe: A (anenun), T (tumun), I' (ryanun) u LI (uu-
TO3HH).

AJerun Bcerga COeIHHAETCA C TUMUHOM, & 2YAHUH — C YUTO3U-
Hom (puc. 4.16). Kamxpas Takas napa OpraHHYecKHX OCHOBaHHIl
o6pasyer cTyneHbky. CTyNeHbKH MOTYT C/e/l0BaTh OAHA 3a ApPyroi
10 «BOecKOHeYHOCTH» H B JKO00OM mopsake (T. e. ciaydafiHbIM o6pa-
som): AT, TL, UT, AT, AT, T'Ll, LTI, ..., Ho A HeM3MeHHO BCTpe-
yaercs B nape ¢ T, a I’ —c Ll. CBaA3b MeXAy OPraHMYECKUMH OCHO-
BAHHAMM JOBOJBHO cBoGoAHas (BomopoxHas). «Hlar» BHHTOBOH
auann JHK cocrasaser okosno 34 A wa gaxasle 10 crynenef. Jua-
MeTp BHHTOBOH JIHHHM cocTaBisieT okouao 20 A

JIBe HUTH «JBOHHOH cnupa/ju» (IBOHHOH BHHTOBOH JHHHH) 3a-
BHBAIOTCSI B [POTHBOIOJIOKHOM HaNpaBJeHHH, HJH, KaK TOBOPAT,
OHH HMEIOT NPOTHBOIOJIOXKHYIO KHpPaJbHOCTb (HJIH XHPaJbHOCTD):
OJHAa HHTb MMeeT MpPAaBYI0O KHPAJbHOCTb, Apyras — jaeByio. OcHoBa-
HHe A ojHOH HMTH Bcerja paclioaraercs HIPOTHB ocHOBaHHS T
apyro#i uutd, a I — npotus L. Kaxnaas uuth Heo6paTuMa (He MO-
KeT BHTb «CUHTaHa» B 0OPATHOM HalpaBJICHHH).
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Mounexyna JIHK oueHs gnuHHast u ToHKas. OHa Kak Gul «cymep-
CBEpHYTa», T. €. IepBOHAUA/JIBHBIE BHTOK HMeET elle OAMH U3THO Ha
BTODOM ypoBHe. MoJsekynsipHas macca OTAeabHOH Mosekyasl JHK
moxeT pocrurath 2-10% uTo coorBercTByeT npumepHo 3/10° mapam
ocHOBaHHMH. Takas CTPYKTypa MOXKET NOCTHUraTh B JJIHHY MPHG/IH-
auTeapHo | MM B uMerb guamerp 20 A, T. e. cpaBHHMa IO CBOHM
pasMepaMm ¢ O4YeHb TOHKOH WIETKOBOH HHTHbIO AJHHOH B OJHY MH.JIIO.

b

Caxap

dochopHan
KunenoTta

Puc. 4.16. Cxema ¢parmenta JHK.

Mounekyas JIHK nostomy BecbMa XPYIKH M JETKO PacmagarnTcs
Ha OoJsee menkue ¢parmentn. Koausecrso JHK B xuBOM opra-
HH3ME U CAOMHOCTH OPraHU3Ma, II0-BHIHMOMY, B3aHMOCBA3aHbl. Ha-
npumep, B 6akrepuyu obmas anuHa JHK pocruraer ~0,5 mMm, a
yucsno cryneHeli ~7-105. B supyce mauna JHK MoxXeT noXoAHTb
g0 ~0,1 MM, a yucao cryneHeii — po 170 000.

KakuM o6pas3oM HacjeACTBEHHBIE NETEPMHHAHTH KOIHPYIOTCS B
Takoi MoJiekyJe? CyIIecTBYeT TOJBKO OAHMH CIOCO0 KOAHDOBAHHA:
B MOCJe0BaTeNbHOCTH HykJeotuaueix map (A, T) u (T, 1). Hau-
6os1ee nopasuTenbHbIH (HAKT O MPUPOAHOM IPOILECCE COCTOHUT B TOM,
4TO OIPOMHBIE PAa3JIHUHS B HACJAEACTBEHHBIX XapPAKTEPHUCTHKAX JIO-
Jei, JKHBOTHBIX, pacTeHHi, 6aKTepHH H BHPYCOB (a TakKXe HacJjen-
CTBEHHbIE PAa3JIHUHS MEXKAY PacaMH H OTAEJNbHBIMH OCOOSIMH OLHOH
H TOH XKe pachl) IOYTH UEAHKOM ONHDAIOTCA Ha CJaIydaifiHylo
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nocaenosateapsocts nap (A, T) u (T, LI)V. Umenno sra nociaeno-
BATEJbHOCTb ONpeleNsieT TakXKe (B AHHAMHYECKOH CBSI3H C CHelH-
¢uueckoii okpyxawiell cpenoi), Kakue H3 0COGEHHOCTeH NOBele-
HUs pa3BHBAIOTCA B (QEHOTHIIL.

Baaumocssisp Mexay JHK kak HCTOUHHKOM MHpOpMauHu H Xa-
DAKTepPUCTHKAMH 3DeJIOr0 OPraHM3Ma COAEPKHT MHOrO IPOMEXY-
TOUHBIX uepapxudeckux yposweti (cM. Takxke pasi. 4.8 u mpujoxe-
nie A). Ha ceronHs «6HOKHOEDHETHUECKOH HHTEDIpETAUHH», HJIH
MOJeJHPOBAHUIO, OANAETCS TOJIbKO nepsas napa 5THX Hepapxhue-
ckux ypoBHei (puc. 4.17). Dra merabosnueckast CTafHsi COCTOUT M3

‘ npoueccos, B kotopux IHK yn-

ﬁ\l {[ paBJsieT CHHTe30M OGeakos. B

| CBOIO ouepelb GeJKH yepe3 IeT-

J10 06paTHOH CBSI3H YOpPaBJSIOT

CHHTe30M (epMeHTOB, KOTOpHIE

f 1 «BKJIOUAIOT» U «BHIKJIIOYAIOT»

ortaenbHuie ywactkd JHK re-

HOB (cM. Huxe). Dbesakun— He

i TOJIbKO OCHOBHOH CTPOHTEJbHBIH

| Martepuan (BMeCTe C YIJIEBOJO-

polLaMH H XKHpaMH), H3 KOTOpO-

ro COCTOSIT OpraHuaMhl (y BHIC-

Puc. 4.17. Hepapxmuyeckas cncTeMa IIUHX JKHBOTHHX HCKJ/IOYEHHEM

AHK u Genxos. SBJSIETCS TOJbKO TBEPAOE Bellle-

CTBO KOCTeH — MHuHepaJa, CO-

cTosmero u3 dgocdhopa W Kajablihsi), HO U XMMHUECKHH areHTt, Hc-

NOJIb3yeMbIll OpPraHW3MOM, HanpuMmep, B (depMeHTaX — KaTaJjJu3aTo-

pax, AeJaloUIHX BO3MOMKHBIM IIPOTEKaHHE BCEX XHMHUECKHX peaklui

B opraHuaMe. besxu, npuHaaiexaliue K «BTOPOMY HeEpPapXHUYeCKOMy

YPOBHIO» OpraHH3Ma, 0 CBOEMY CTPOEHHIO COBEPIIEHHO OTJIHYHLI

or IHK. Onu cocrosar u3 yraepoaa (C), somopona (H), xucuao-

pona (O), asora (N) u cepn (S). FMx Mosekysbl, KaKk u MOJeKy/aa

IHK, 3akpyuenst «BieBo», HO B oriHuve ot IHK cocrosit He us3

IBYX, & U3 OAHOH HHUTH. DTa HHUTb COCTOHT H3 3JIEMEHTOB, pacIo-

JIOXKEHHBIX B JINHEHHOH NOC/eJ0BAaTEJbHOCTH, W UHCJIO Da3IHYHBIX

THUIIOB KOMIIOHEHT yXKe He HCUepNbIBAeTCsl YeTHpbMs#A, KaK B cjayyae

JHK, a nocturaer npaauatH ofHOH. DTH KOMIOHEHTH Ha3biBAlOTCS
AMUHOKUCAOTAMU.

Y poeeHb
3MUHOKWCNOT

&/},41

\ Yposenb
RYKNERAHOBBIX
Kucnot

D' B TOM CMbIC/Ie, YTO <«TPAHCMYTauWs TeHOMa», AOCTHXKHMAs, BO3MOXKHO,
CpeJCTBAMM TeHHOH HHIKeHeDHH, B IPHHUUIE [OJKHA Ka3aThCsi HHYYTh He Gogee
CTPAHHOH, YeM «TPAHCMYTALHs 3JEMEHTOB», MAOCTHraeMasi CPEACTBAMH sJepHOI
HHXKeHepHH. Pasymeercsi, oTMeueHHAsi HAMH aHAJOTHsl B JydlleM cJydyae IOBepX-
HOCTHa, TaK KaK TpaHcMyTauusi resoma TpebyeT cocarus [AJIMHHEX CJydadHEIX
PSIIOB, YTO SIBJSIETCS CAOXKHOH Npo6ieMoi, BHXOJASINEH 332 pPaMKH UHCTO BBIYHC-
JuTeNbHON npobaemsl (cM. Takxke pasa. 4.6 ura. 5 u 6).
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IlepBHlfi mar B ycTaHOBJAEHHH HHPOPMALHOHHOH B3aHMOCBSI3H,
Han otobpaxenns, Mexay JAHK u xapakrepuctukamu opraHuama
COCTOHT B TOM, YTo Hopsifok ocHoBaHuii B JIHK onpegensier mops-
JOK aMHHOKHCJOT B CHHTe3HpyeMo# mosunentuiHod uenu. (O posau
NPOMeXYTOYHOro Beulectsa — uHbopManuonHoit JJHK — 6yner cka-
3aHO HUXKe.)

CKOJIBKO HYKJIEOTHIOB HeOGXOAMMO B KaxKJOM AAHHOM cJyuae,
4TOObl OIpefe/HThL BK/IKYEHHE OAHOH MOJIEKYJbl clenHpHIECKOH
aMHHOKHCJIOTBL B LeNb MOJeKyJabl Oenka? Tak Kak cyliecTByer ye-
ThIpE PAa3J/IMYHBIX HYKJEOTHAA, OHH MOIJIH Obl OmpeaensiTb o6paso-
BaHHE YeThIpeX pas/MYHBIX aMHHOKHCJOT. A KakK GHITb C OCTaJb-
HBIMH? $ICHO, YTO OTAEJLHOTO HYKJEOTHAA €elle HeJOCTATOUHO AJS
OJHO3HAYHOrO BLIGOpa HANpaB/JeHHS (HOPMHPOBAHHST AMHHOKHCJIOT.
Eciin Obl ¢opMHpOBaHHE KaXKA0H AMHHOKHCJIOTH IPOHCXOAHJO TOA
BJHSHHEM JBYX HYKJIEOTHIOB, TO NoJoXeHHe 16 (=4?) pa3auuHBIX
AMHHOKHCJ/JOT B MOJIeKyJe OelKa MOXHO Oblio Obl 3ajaTh OJHO-
3HAYHO, 4YTO ONATb HegoctaToyHo. M ToabkO KOMOWHALHH Tpex
HYKJIEOTHAOB IO3BOJIAKT (opMmHpoBaTh 20 pasJHYHBIX CHIHAJIOB,
cooTBeTcTBYIOIIHX 20 aMuHHOKHCJOTAM. DHOXHMHS IOATBEpKAAET
9TOT BLIBOJA. B TepMHHax TeopHH WHPOPMALUH MOMKHO CKA3aTh, YTO
HYKJIEOTHABl HECYT KOJHYECTBO HHDOpMAaLHH, paBHOe logs4 = 2 6HT.
CoOTBeTCTBEHHO OZHA aMHHOKHCJIOTA HeceT logy 20 = 4,32 6ur. Ecaun
HYKJIEOTHAB AOJIKHBEI ONpeJeasiTh aMHHOKHCJ/IOTHL, TO Ha OJHO «CJO-
BO» M3 HHX [OJAKHO IPHXOJUTbCS IO KpafiHeil Mepe CTOJNBKO XKe
HHGOOPMALHH, CKOJBKO ee INPUXOAHTCA Ha OTAEJNbHYI0O aMHHOKHC-
Joty. KoMOHHAUHH U3 ABYX HYK/JEOTHAOB AJS 3TOr0 HeJ0CTATOYHO,
TaK KakK Kaxzas H3 TakKHX KoMOHMHauuit cojgepxut mo 2(log, 4)=
=4 6ur. Uro xe KacaeTcs KOMOHHALHA H3 TPEX HYKJIEOTHAOB, TO
Kax/Jas Takass KOMOHHAUHsl COAEPXKHUT yxe no logy,4® =3log,4 =
=0 OHT > 4,32 6ur.

BHoxuMuyeckue uccielOBAaHHS MPOJHIH HEKOTOPHI CBEeT Ha Ty
pOJib, KOTOPYIO HIpalOT «JIHIUHHE» TPHIJIETH HYKJEOTHAOB. Pasy-
MeeTcsl, HX HEAOCTAaTOYHO AJS TOro, YyroObl clesaTh TeHeTHYECKHH
KOJ «3allHIIEHHBIM» KOAOM; AJS 3TOr0 NOHaio6Hmoch Ghl ropasno
Gosibiie KOMOWMHALHA, 4YeM CylIecTByeT TpHMJAeTOB. CeroiHss MH
3HaeM, UYTO TEHeTHYEeCKHH KOJ OTYAcCTH <«H3OBITOYHBIH», T. €. He-
CKOJIBKO II0C/J€J0BATEIbHOCTEH HYK/JIEOTHAOB HAIOT CHTHAJ AJsd OJ-
HOH H TOH e aMHHOKHC/JAO0TH. OMHAKO, ¢ APYro#l CTOPOHH, H3BECTHO,
UTO HEKOTOpBbie TPHIIETH HYKJEOTHAOB He YYaCTBYIOT B CHHTE3€
GesIKOB HJIH He COOTBETCTBYIOT HHKAKOH aMHHOKHCJ0Te. OHH HIPaioT
COBEPIIEHHO APYIYI0 POJb: CTOHT uM BOHTH B uens PHK (cM. HHxe),
Kak CHHTE3 MOJIeKysa OeJka, KoTophifi 3aBHcHT or PHK, mpekpa-
waercs. TakuM 006pa3oM, KOLOBble CJOBa 3THX «3aMACHBIX» TpPH-
IIETOB, TMO-BHAHMOMY, COOTBETCTBYIOT CHMBOJIAM, CHIHaJH3HPYIO-
muM 00 OKOHYAHHH OJHOro IpeJJIOXKEeHHsT M O HayaJe cJe-
Ayroliero.
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Uccaenyem Tenepb, Kakum o6pasom curiaa ot JHK (naxons-
lieficss B sfiApe KJAETKH) AOCTHraeT pHGOCOM B ILHTOIJIa3Me KJETKH,
rlle IPOHCXOAHT CHHTe3 OesnkoB. MHaue rosopsi, ucciaenyeM, Kak
IPOHCXOAHT Tepefavya HHGOPMALHH ¢ YPOBHA HyKJeoTHAOB X Ha
ypoBeHb aMuHOKHCIOT Y (puc. 4.18) B NPHCYTCTBHH MEXKJETOU-
HOTO 1UyMa.

TunnuHblfl 6€J0K COAEPKHUT 1eNOYKy NpHMepHO H3 ~ 200 amu-
gHokHucaoT. Tumnunbfl ren (uacte JIHK, orBevaromias 3a o6pasoBa-
HHe OTZe/]bHOro 6enKa) cocTouT u3 ~ 600 nap ocHoBanuil. I'enn pas-
JeJleHbl «3HAKaMH NpenuHauuss, T. e. yactaMu JHK, auwennbiMu

Aapo Fubocona

NHK mPHK Benox

(X) Y}

Wittennazma -

TUMECIKAM

r_v___.__
3

Y OpexAorun KoHTpons
ANA GKTUBZUVMW FeHa

Puc. 4.18. Cxema nmkaa cuutesa OeJka.

CIOCOGHOCTH K «caMoBhipaxkeHuio». [lepBoll cragueit nposiBieHHs
reHeTHueckoil wHpopmanuu, cogepxauesica 8 JIHK, asasercs cus-
te3 MoJekya PHK, B KoTopeIX NOC/H€I0BATENLHOCTH HYKJEOTHIOB
OIpefeasiloTCes TMocae0BaTeNbHOCThI0 HyKaeotuaos B JHK. Ilepe-
Aada HHPOpMAnHH ocymecTBasiercss Tak: moaekyna HHK «paccre-
rUBaeTcs», KaK 3aCTeXKa-MOJHHUs, 06pasys uHbopmaunonnyro PHK
(mPHK) u tpauncnoprayio PHK (tPHK). Moaexyna mPHK mnpexa-
craBiasieT cOGOH OAMHAPHYIO IleNb, KOTOpas MOXKeT 06pa3oBbIBAThb
MeTJH U cKaaamBaThes. Bmecro ocnoBanu#t (A, T) B PHK Bxomsr
ocHopanus (A,¥) (Y —ypaunn). Mmenno mPHK wurpaer poub
CHTHAJa, HCIyCcKaeMoro TpumieraMu (comepxamumu ¥, a He T),
H TepeHOCHT HH(OpMaLHIO, HEOOXOAUMYIO 1Jsi CHHTe3a 6esnKOB, OT
sApa uepes MUTOIIA3My K pubocoMam (amamerpoM 20 MKM), B KO-
TOPHIX IPOUCXONUT OKOHUATEJbHBIH CHHTE3 MOJAHmenTuaoB. Oko.c
80 % Bceit PHK B pu6ocomax siBasiercs pu6ocomuorn PHK. Tpane-
noptHass PHK xak 6bl «I0JBO3HT K JHHHM COODKH» aMHHOKHCJOTHI,
yiKe HaIpaB/eHHBE B olpeleeHHoe Mecto nHpopmanuonHoil PHK,
1 TPHK dopMupyer OKOHYATENbHYIO MOJHIENTHAHYIO 1lellb, KOTOpas
3aTeM MOMKeT CIIOHTaHHO CJOXKHTbCS W 00pa3oBaTh TPEXMEpPHBI
CTPYKTypHBI 670K, KOHQHIypaluusi KOTOPOTO 3aBHCHT OT IOCJIEN0-
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BATEJBbHOCTH aAMHHOKHCJOT B LelNH H OT OrpaHHYeHHd, Hajsaraemoro
ycJaoBHEM MHUHHMH3AILHH €€ CBOﬁOlIHOﬁ JHEDPIHH.

[TponyckHast Cnoco6HOCTh paccMaTpyBaeMoil HaMH CHCTEMEI B
NMpUHIIUIIE MOXET OBITH BbIYHCJI€eHA, KaK OﬁbIIIHO, 1o mnepenavde HH-
dbopmauuu

IX—->Y)=SX)—SX/Y)—S({¥)—S{¥/X) (4.5.50)

ot aapa X k pubocome Y. MakcuMaibpHOoe 3Hauenne S(X) AocTH-
raercsi, KOria Bce TPHIUIETH (<KOAOHBI») DaBHOBEPOATHEL, U p(X)==
= 1/64. 310 o3Hayaer, uto HykJIeoTHAn [THK mosmxkHB BCTpedaTheA
B DAaBHBIX KOJHYECTBAaX — YCJIOBHE, KOTOpOE peaJsiH3yercs, HanpH-
mep, B E. coli. B apyrux ciaydasx CATyauHsi HHasl, IO3TOMYy HHKa-
Kol yHusepcasvrocTy B Tepefade uHdopmamuu I(X—Y) He cy-
[IIECTBYET.

TeHeTHUeCKHH KaHAJ HANOMHHAeT OeTepMUHUCTUYLECKUll Kanaan,
pacCMOTpeHHbli Hamu B pasd. 4.5.3. IleficTBUTE/bHO, B TeHETHUe-
CKOM KaHaje YHCIo coctosiHud X paBHO 64, uucao cocroaHud Y
paBHo 20 (usu 23, ecqn CUHTATh «3HAK NMPENUHAHHA», METKY «Ha-
4ajgo cJA0BA» U METKY <«KOHell CJ0Ba», KOTODBIMH MOTYT CJYXHTb
JIOTIOJIHUTENbHblE AMHHOKHCJIOTH) .

Utak, HpONyCcKHYIO CIOCOOHOCTb FCHETHYECKOro KaHaja MOXKHO
CYUTATh PaBHOH

S (Y)yaxe = log, 23 = 4,52 Gur (4.5.51)

Ha OJHY aMHHOKHCJOTY; €ro U3OLITOUHOCTh COCTaBJIAET IIPH 3TOM
He MeHee ' '

S (Y)maxre 4,52
R=1—gigs =1 — 22 ~ 25 5. (4.5.52)

CrieayeT 3aMeTHTb, 4TO Ha NPOTAMKEHHH BCeH JKH3HH KJETOK H30HI-
TOYHOCTb YOBIBAET H3-32 MOTePb HHOOPMAIHH, BBHI3BBAEMbBIX CJIy4aH-
HbBIMH MYTAIlMSIMH — UCTOYHHKOM WIyMa, KOTOPBIA MOKa ellle HEBO3-
MO2KHO MojenupoBaTh. [103TOMY, A/ TOTO 4TOOB NOATBEPAUTH HJIH
ONpOBEPTrHYTh H3JO0XKEHHYIO Bbillle HPOCTYI0 MOJe/b, HeOGXOAHMBI
JOMOJHHUTE/NbHBIE KCIEPHMEHTA/NbHbBIE JAHHbIE.

B 3ak/adeHHe 3TOro pasjesia M0Je3HO NMPHBECTH HEKOTOpHE H3-
BeCTHEIe CBEJCHHSI O Mpoleccax Mepeladyd HH(POpMALHH, MPOHCXO-
ASIIHX He B OT/AEJNbHBIX KJIeTKaX, a B IIOJHOCTbK) DAa3BHUTLIX Opra-
Hax. XOpOUIMM TOMy IIPHMEPOM MOXKeT CIyXHTb nmouka [4.9].

Mpl 3HaeM, 4TO OAMH OUT HHpopMauuu O HabmogaeMol cH-
CTeMe yMeHbLIaeT BABOE HEONPENEJIEHHOCTh YHC/IA BOZMOXKHBIX KOM-
IJIEKCOB, H M3MEHCHHe SHTPOIIHH, BHI3BAHHOE OAHHM JABOMYHBIM pe-
HieHUeM, PaBHO

AS= —FkIn2~ 107% Ix/(6ur - K). (4.5.53)
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B Guosoruuecknx cHcTeMax CyLIeCTBYIOT TNpOleCCH YIpaBJeHHS,
HaJ KOTOpPBIMH TpebGyeTcsi NpPOH3BECTH CTOJbL 6OJIbIIOE YHCJIO Ha-
O/I0€HHH B e1MHHIY BPEMEHH, YTO 3aTpaThl IHEPTHH CTAHOBSITCH
3HAaYHUTE/JbHBIMH, NPEACKa3yeMbIMH H H3MepuMbiMH. [To moTpebie-
HHIO KHCJOPOJA NOYKA yCTynmaer TOAbKO cepany. O6biuHbie TepMoO-
A¥HaMHYeCKHe BHIUHC/EHHs, IPHPABHHBAIOIIHE BHXO1 IIOYKH paboTe
NPOTHB OCMOTHYECKOrO [aBJE€HHs, NAIOT 1J5 UYeJOBEKa MOUIHOCThb
Ha BHXome ~0,5 kan/MuH. CpaBHeHHE 3TOH BEJHYHHH C MOLI-
HOCTbIO Ha BHIXOAe MOYKH (~ 100 Kan/MuH) naer Ko3pPHUHEHT
noJiesHoro aeitcteus MeHee | Y — o6ecKypaxuBalolle Majoe 3Ha-
UEHHE M0 CPABHEHHIO ¢ KO3 (UIUHEHTAMH IOJIe3HOTrO AeHCTBHS APY-
CHX OPTaHoB.

Ho ecan nmoaxoauTs K Mouke He NPOCTO Kak K HACOCY, a CKOpee
KaK K «KHOEDHETHYECKOMY YCTPOHCTBY», TO CHTyalHsi H3MEHHTCS:
BCJIEACTBHE OGMEHa BEIeCTB MeXIYKJETOYHasl KHAKOCTb (KPOBb)
CTPEMHTCST OTKJIOHHTHCSI OT CBOEro <«OINTHMAJbLHOrO» COCTaBa, H
NOYKH NPH3BaHH O0ECNEeYHBATh HENPEPHIBHHI KOHTPOJL Haja HOHA-
MH H MOJIEKYJAMH B XKHUIKOCTH H HeNpepHBHHH O0T6Op HEXKejaTeb-
HEIX YactHl. IlJss1 3toro Tpe6yercst oueHb 6GOJBIUOE YHCAO <«HABJI0-
Aenuii». Jlas HanpasJjeHHOro oT60pa YacTHI, NOYKA NOJKHA PacIo-
3HaBaTh Kax[Iylo YaCTHIY, KOTOpYIo oHa or6upaer. I1poiecc Takoro
oT60pa AOJIXKEH BKJIOYaTh B cefsl yCTAHOBJIEHHE CBOEro pPojAa CBSI3H
MeXJy MOYKOH H YacTHLeH — MOCHIIKY CHrHaJja-3anpoca. v

Bo cKoMbKO MHHHMAaJ/IBHO OGXOAHTCS TeHePHPOBAHHE TAKOI'O CHI-
Hana? Ilpocreiiiuee na6aionenne, NO3BOSIOLIEE PACTIO3HABATL OAHY
H3 JIBYX PaBHOBEPOATHHIX BO3MOXKHOCTEH, HEe MOXKeT 6bIThb BHINOJ-
HeHO Ge3 3aTpaThl MeHee ueM kT In2 emHHHI cBOGOAHON 3Hepruu.
YMHOXas 3Ty (MaJyilo) CTOMMOCTb Ha OIDOMHOE YHCJIO aKTOB OT-
6opa, NPOH3BOAMMBIX NOYKOH 32 HEKOTOPHI HHTEPBaJ BPEMEHH, NO-
JydaeM HeOOXOAHMYIO 1Js1 3TOTO 3HEPrHIO — BEJHUYHHY, AOCTATOYHO
6OJIbLIYIO MJIS1 TOTO, UTOOK KO3((HIHEHT MOJE3HOTO AeACTBHS NOYKH
Oblsl CPaBHHTEBHO BBICOKHM (pasyMeercsi, HH3Kasi CTOHMOCTb Oblja
MHHHMYMOM, NOCTHXHMBIM B OTCYTCTBHe IuyMa). HesaBucumo or
MeXxaHH3Ma paclno3HaBaHHEe YacTHLH TpeGyeT TreHepallMH CBOEro
pona «CHrHaJja-zampocas, OTJIHYHMOTO OT (POHOBOIO TEMNJOBOTO
IyMa, HMEIOLEro MpH «TeMIepaType Teja» aMIVHTYAy ~ kT, uiu
~ 0,027 5B. HanexHocTb mpoilecca 0oT60pa 3aBHCHT OT OTHOIUEHHS
curiain/wyM. CocTaB MeXIYKJIETOUHOH MKHAKOCTH MOANEpKHBAETCS
€ TOYHOCTbIO 10 =45 %.

IIpn aMnuTyne curiafna, B 4 pasa mpeBOCXOASILIEH aMILTHTYLY
TEIIOBOrO (hOHA, BEPOSTHOCTb OINHOKH H3-332 TEIIOBBIX BO3MYILE-
HH#A cocraBasger ~2 Y. 310 pasyMHbI YpPOBEHb HAJeXHOCTH /I
MeXaHH3Ma roMeocrasa. YnoMHHaBIUHHACS BHIUe ypoBeHb =5 Y co-
OTBETCTBYET OTHOIUEHHIO CHrHAJ/IIyM, PABHOMY ~ 3.

Takoii yposeHb HamexHOCTH TpebyeT CHrHajda AJs paclo3HaBa-
HHUAl HacTul Ha ypoBHe npuMepHo 30,027 = 0,08 3B. ¥ ueaopeka
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3a OJHY MHHYTY NOYKH 0oTOupaloT ~ 1022 HoHOB (raaBHbIM 06pa-
30M Nat). MoulHocTh, HeOOXOAHMAst JJisi PACMO3HABAHHA 3THX
HOHOB, cocrasiaser 0,08-1022 =8-102° 3B ~ 30 kaa/mun. Mou-
HOCTb, MOTpebsseMas uenoBeuecKoid moukod, paBHa 100 kaj/MuH,
NpHBeleHHble Bbllle BBIYHCJIEHHS [AI0T KO3PQHUHEHT M0Je3HOro
neiictBust B 30 %. Takum o6pasom, BhUHCJAeHHe KO3pdHUHeHTa
MOJIE3HOTO JeHCTBHsS OpraHa, KOTOPbIH (YHKUHOHHDyeT KaK KOH-
TPOABHOEe YCTPOHCTBO, HE MOXKET OMHUPAThCcA TOJbKO Ha coobpaxe-
HUSI SHEPTHH Ha BX0Je/BBIXOJE.

AHaJOrHYHBIM 006Pa30M 3JEKTPOHHLIH 3/J1€MEHT, HanpuMmep 3Jjek-
TPOHHAsl JaMla HJIH TPAH3UCTOP, PACXOAYeT MOUTH BCH0 IHEPrHIo,
KOTOpyl0 OH NOTpeG.sieT, § TeM He MeHee MOXeT ObITb BBICOKO-
3((eKTHBHHIM KaK yCTPOHCTBO, MepepabaTbiBaioliee HHPOPMALHIO.
Takoe noBefeHHe XAPAKTEPHO IJIs BCeX OUCCUNATUBHbLX CTPYKTYP.

4.5.10. Meras cuHXPOHH3AUHH (a3bl B OTCYTCTBHE
H NPH HAJHUYHH WyMa

DTOT pasfen Mbl 3aKOHUHM HECKOJbKHMH KOHKPETHBIMH IpH-
MepaMH KaHaJO0B CBS3H H OLEHKOH HX CHOCOGHOCTH HCIPaBJIATb
omu6Ku. JIJAs 3TOr0 Mbl aHAJHTHYECKH PAacCMOTPHM OU€Hb BaXKHbBIH
cnyyail metaum cuHxporusauuu ¢assl (IICP). Iro ycrpohcTBo wHc-
MoJb3yeTcs B TPHEMHHKe Mepef cTaiHel AEMOAYJALHH U OTCEYKH
HOCUTEJNA H MpejHasHayeHO [Jsi obecleueHHs WM MOAJAepXaHHA KO-
FepeHTHOCTH ¢a3 MexAy GAYKTYHPYIOUIHM CHIHAJOM OT OKpYyXkalo-
uelf cpeabl H ONOPHLIM CHIHAJIOM. Ec/IH roBopHTh KpaTko, To I1CO

VZAsinti | yeuna- x(t) n:uga-
- bin
- Tens hunnvTp
| )
HenuHenHoiA
reHepartop
et C ynpaene- -t
HueMm no p(t)
HANPAXKEHUIO
VZ K, cos
K,cosF(t) (o)

Puc. 4.19. Iletas CHHXPOHH3AaLHH (basbl.

noaxkua obecneudBaTh CaMOOPraHM3aUMI0 MM JOCTH)KEHHe HaH-
Gogbmiell cocumaemocTy Ha caydadHOH ¢ase NPHHATOrO CHrHaJja.

JIio6y1o cuctemy aBTOMATUYECKO20 KOHTPOAA (pasel 0OBLIYHO
IpHHATO paccMaTpuBaTh Kak [ICP (mo cymecTBy Kak HeJHHEHHOe
ycrpoficTBO o6paTHOl cBA3u). Takas cHCTeMa COCTOHT H3 Tpex IJaB-
HBIX KOMIIOHEHT: YCUAUTEAA, AUHEUH020 (uAbTpa, UHBAPUAHTHO20
OTHOCUTEALHO COBu2a RO 8PEMERI, U HEAUHELHO20 2eneparopa ¢
ynpasaenuem no nanpaxcenuto (puc. 4.19).
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[Tycte npunaTw#A curhan umeer momuocts A2 Br. Tormza Mak-
CUMYM HanpsiKeHHs paBeH A/2 A, M NDHHATHEH CHrHAA MOIKHO
samucath B Buge /2 Asin® (). [Tycts /2 K, cos & (t) — BHxOI-
HOH CHTHaJ TeHepaTopa C YIpaBJEHHEM 10 HaNpsKeHHIo, rae Ks—
CPEAHCKBaApaTHUHAS aMIJHTYAa CHTHaJa. Eciu BBEIKJIHOUYHUTL B Te-
HepaTope ynpaBJsiOWHA CHTHAnN e(f), TO Ha BbHIXOJe TreHepaTopa
MBI TIOTyYUM CHHYCOHAY C IOCTOSIHHOH 4YacToToH o paa/c. Ilpu
BKJIIOUCHHH yNPABJAIOUIEr0 CHrHAJa 4acTOTa reHepaTopa C ynpas-
JIEHHEM TI0 HanpsiKEHHI0 CTAHOBUTCA DaBHOH o -+ Kee(f), rae
Ky — ko3 dullneHT NponopuuoHasbHOCTH, HMEIOLIHiT pasMepHoOCTh
pan/(B-c).

Taknm oGpasom, nponspoaHasi M0 BPeMeHH $Ha3oBOTO yria Bbi-
XONHOH (pa3bl reHepatopa ¢ ynpaBjeHHEM [0 HANpSIKEHHIO OIpe-
JeJs1eTCsl ypaBHEHHEM

B — oy + Kae (). (4.5.54)

CHrHas Ha BBIXOAE YCHJHTENS HMEeT BHA
x(f) =2AK, sin 8 (t) cos & (f) =
= AK, {sin [8 (1) — &' ()] + sin [0 (1) - &’ ()]}).  (4.5.55)

YneH ¢ cyMMo# 4actoT HckaouaeTcss KOMOHHAIHEH (HUILTPOB B Te-
HEpaTope ¢ ynpaBJIcHHEM 0 HANPSIKEHHIO, H €r0 MOXKHO ONYyCTHTh.
JIHHeAHBIA GUILTD, HHBADHAHTHEIN OTHOCHTEJLHO CABHra 110 Bpe-
MEHH, 1eHCTBYysi Ha BXOJHOH cHrHaua x(f), npeo6pasyeT ero B BHI-
XOJHOH cHrHaz
t t

e=ey )+ {xt =)Wy =ee)+ {x ()P (¢ — 1) ar
’ ’ (4.5.56)

npu t =0, rae mpeanosaraercsi, 4TO CHTHaJ HA BXOJ [OCTYNaeT
npu ¢t =0. 3xech ep(t) — «HyneBOH» CHrHAl Ha BXOAE, KOTOPHIiI
3aBHCHT OT HayaJbHbIX ycaoBHH npu ¢ = 0. O6blYHO MBI NOJaraem
eo(t)=0 npu Bcex f. BecoBas ¢pyukumus f({) uM3BecTHa moja HasBa-
HHEM UMNYAbCHAA XxapakTepucTuka ¢uasTpa. B pesysabrate Mbl
noJyyaeM ypaBHEHHE
t
D ot K, g Ft— 1) AK, sin[8 (') — o' ()] dt’. (4.5.57)

[

Ecan BBecTH no onpenesneHuio paccoeaacosarue no ¢pase ¢(t)=
= O ()— () u xoagpuyuent ycurenus nerau K = K,K,, to
f
. L) g F(t —t)ysing()dt!,  (4.5.58)
0
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HJH
t
——*dq:ijt) =0 — @) — AKS f(t —1t)sing(')dr,
A 0
WJH, HaKOHell,
t
F=d—ak{j¢—)sino()ar. (4.5.59)

0

[1pu 3apannoil BXoaHOH yacTtoTe @(f) pemenue ¢(f) uHTErpopHd-
(depenunanbHoro ypasHenns (4.5.59) naer TOYHOe oOmHCcaHHE TOTO,
Kak feiicTByeT ner.is (a3oBOH CHHXPOHH3AllMH, T. €. JHHAMHKH CHH-
XPOHH3aU Uy 1o ¢ase.

ITpeanoa0XHM Terepb, UTO CYLeCTBYeT LIHPOKONOJOCHBIH rayc-
COBCKHH IIyM C HYJEBHM CPeIHHM, KOTOPBIH HajOXKeH Ha MPHHA-
Toii curdad. ITocie npoxoXkKAeHH uepe3 y3KOMOJOCHHH (uibTp, BhI-
pesajomuil MHTEPBAJ 4acTOT ¢ LUEHTPOM g, WIYM CO CIEKTPaJbHOH
maoTHocthio Ng Bt/Tu onpefesnserca cTallHOHAPHBIM IIPOLLECCOM

n(t)=/2 [n,(t) sin @g + n, () cos ogf], (4.5.60)

rae ni(t), no(t) - He3aBUCHMBIE TayCCOBCKHE MPOLECCH C HeHyJe-
BBIMH CPEAHMMH H OAMHAKOBBIMH CHEKTPaJbHBIMH MJIOTHOCTSIMH.

Uro6sl BHISICHHTH, KAK BJHAET Ha ajAHTHBHBH «Oesblil» (rayc-
cosckuit) wym I1CO, poibepemM NPHHATHIA CHTHAJ B BHJE

A2 Asin®(t) +n(t)=
=4/ 2 {A[sin ogt + O, ()] 4+ 1, (?) sin ogf + 12 (f) cos ey}, (4.5.61)
rae & (f) =0(t)=—wol.

CurHaJs Ha BHXOJe TeHepaTopa ¢ ynpaBJeHHeM [0 HanpsKeHHIO
UMeeT BHJ

V2 K, cos & (f) = v/ 2 K, cos [t + 9, (#)], (4.5.62)

rae &q(t) = 9’ (¢{) — wot. Pasymeercs, B 3ToM cayvae 9'(f) — yHK-
IMA He TOJNBKO MOAYJAUMM cHrHaga 9(¢), Ho u wyma. CurHasa Ha
BHIXO/I€ YCHJIUTE/SI HMeeT BHJ

x(t) = AK, sin [8, () — O, (1)] — Kyn, () sin©®, (£) + Kynp (¢) cos 9, (¢) +
+ AK| sin [200 + 0, () + 02 (1)] + K1 (1) sin [204 4 8, (£)] +

+ K7, (1) cos [0t + 0 (2)]. (4.5.63)

BceM# ujeHaMH, LeHTPHPOBAHHBIMK Ha 4acToTe 2w pai/c, MOKHO

npeHe6peub, TAK KaK CIEKTD CHTHAJa OTHOCHTENbHO Y30K H BeJH-

uuHaMu n(t), n2(¢) npu |o|>> @, MOXKHO npeHeGpeub, NOCKO.b-
Ky = «4acTOTa MOKOs», HJH <«aBTONEPHOAHYECKas» 4YacTOTa, o
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refeparopa ¢ ymnpasjieHHeM IO HANpPsXEHHIO ropasfo GoJblue, yem
AHANa30H YacTOT KOMIOHEHT METJIH.
Hrtak, Mbl MOXKeM 3amucaThb

t

e()=K, | [Asing () — ny () sin 8, (¢)] +
0

+ ny (#)cos B, ()] [f (t = 1)) dY’, (4.5.64)

riae @(t) = 9()— & () = 8: () — B2 ().
BBoasi oGosmauennss K= K\K; u n’(t)= —n(f)sin 9o(t) +
-+ ng(f)cos ¥4 (), monyuaem

t
2l —a—k S [Asin @) +n" ()] [t —¢)dl’. (4.5.65)

0

Ecan uMnyabcHas XapakTepHUCTHKA (DHIbTpA HMeEET BHA [eJb-
Ta-QYHKIHH, TO ypaBHeHHe (4.5.65) npuMeT BuA

‘“Ef” =A— AKsing(f) — Kn' (1). (4.5.66)

Tpebyercsi Teneph HalTH Takoe pelieHHe ypaBHeHus (4.5.66),
H3 KOTOPOTO Mbl MOIJIH Gbl NOJYYHTb . 1. B. p(¢), ONHCHBAIILYIO
JupPy3HIO BEPOATHOCTH IIPH CHHXPOHH3AaLHH H, paszyMeeTcs, Ha-
HAYaJIbHOM YCJIOBHH

p(@, 0)=0(p — @) (4.5.67)
H HOpMHDPOBKE
“+ oo
{ o, ndp=1. (4.5.68)

- 00

Mu npeanonaraem, yto @ (f) — npocTofl MapKOBCKHH mpouecc [T. e.
BEpPOATHOCTb p (@) TOro, 4To (asa NpHHHMAaeT AAHHOe 3HaYeHHe,
3aBHCHT TOJBKO OT HEMOCPENCTBEHHO NMpeAllecTBYIOUIEr0 COCTOSHHA
(3nauenus)]. MuHaue rosops, ¢. 1. B. p(¢, f) MapKOBCKOro mpolecca
@ (f) 3aBHCHT TOJBLKO OT HayajJbHOro ycaoBHs ¢{0)= @g. CooTBer-
CTBEHHO MH OO603HAaYHM IJIOTHOCTB YCJAOBHOH BepPOSITHOCTH uepes
p(@/go; t). Benuuuna p(@/go; ¢)dp ecTb BEPOATHOCTb TOTO, YTO 3Ha-
yeHHe CJy4affHOro mpoliecca 3aKJ/JIYeHO B HHTepBaJie MeXAy ¢ H
¢-+do, eciin ! cekyua Hasaj ero 3HaueHHe ObIJIO PABHO (.

PaccMmoTpuM mporecc, B KOTOpOM BpeMEHHHe BEJHYHHBL [ M Af
NpPOU3BOJBHE, H TLYCTh P, ¢ H ¢ — 3HAUEHHA MPOLECCA B MOMEHTHI
BpeMEHH ty, th = 1o + tutlh=10 + At.

Ecau @' u @y 3ajaHbl, TO NJOTHOCTH BEPOATHOCTH CJy4YalHOH
BEJIHYHHBL (@ Mbl MOXEM OIIpefleJuTb Kak p(@/@’; Af, ¢o; -+ At).
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Ho Tak Kak BepOsITHOCTL Ilepexojd B MOMEHT BPEMeHH f; 3aBHCHT
TOJBKO OT @/, MH 3aKJiouaeM, UTO NJOTHOCTh BEPOSTHOCTH B MO-
MEHT BpeMeHH f; He 3aBHCHT OT 3HaueHHd Qo B MOMEHT BPeMeHH to.
Takum o6pasowm,

p(9/9’; At, @o; t + At) = p (¢/g”; AY). (4.5.69)

M3 3TOro ompenencHus cjaelyeT OCHOBHOE HHTerpajbHOe ypaBHEHHE
IJS YCJOBHOH (YHKUHMH IJIOTHOCTH MapKOBCKOro mnpomecca. Omy-
CTHM T1OKa OTHOCHTEJbHHE BpeMeHa. [1JOTHOCTL COBMECTHOH Be-
POSATHOCTH TpexX BHIGOPOUHBIX 3HAaUYeHHH npouecca 0603HAUMM Yepe3

p(®, ¢’, o). Torna

p(e, ¢, ) = (@, @) P (@', @) (4.5.70)

HWurerpupys npasyio u Je€BYIO 4acTb cooTHoulerus (4.5.70) no ¢,
nojayuaeMm
+ oo

P (®, @) = S p (@, @) p(9/¢’)dy’. (4.5.71)

— 00

Jlens Ha (QYHKUMIO TJIOTHOCTH p(@o) ¢ Y4YeTOM paBeHCTBa
p{(@/@o) p(9o) = p(g, go) M BOCCTAHABJIHBASI 3aBHCHMOCTbL OT OTHO-
CHTeJILHHX BpeMeH, npeo6pasyeM ypabHenHe (4.5.71) K Buny

+é0

p(®/qo; 1 4 Af) = S p (@' /903 1) p(9/9’; At)dg'. (4.5.72)

— 00

YpaBuenue (4.5.72) npeacrasJiser co6oil pyHAaMeHTaIbHOE COOTHO-
IeHHe AJs IJIOTHOCTH YCJOBHOH BEPOSATHOCTH MapKOBCKOTO Ipolec-
ca (ypasnenue Koamoroposa — Yenmena).

W3 ypasuenus (4.5.72) u HauaapHoro ycaosus p(@/@o; 0)==
= (¢ — (o) MBI MOXKEM BHIBECTH Jugpepenyuarvroe ypasrenue
8 wacTHbix npoussodreix 1as p(¢; t). HauneM c unterpana

+ oo

1= Rig) 22D gq, (4.5.73)

— 00

rae R(q) — Npou3BoJbHAs aHAJHTHYECKAs (PYHKUHS, HAa NPOU3BOA-
Hble KOTOPOH Mbl HAKJ/JajAblBaeM OIpejejieHHble yCJOBHS, KOTOpbIE
6yayT chopMyJHpOBaHH HHiKe. 3anuuleM HHrerpan (4.5.73) B



208 ['nasa 4

BHOe
+ oo
1=Alt1£)n0 S R((p) de P (9/qq; ¢ +AAt: — P (9/go; ¥) = (4.5.74)

-0

= lim L[S R@do | p@/es 0p@/'; ) dy —

— 00 —00

— S R (@) p(@'/qo; 1) dqa’]- (4.5.75)

—_—0

MeHsist IOPSANOK MHTETPHPOBAHHS M Pasnaras aHAJHTHYECKYIO (YHK-
unio R(p) B pan Tefisopa B OKpecTHOCTH ¢, HOJyUaeM

-+ oo <) -+ oo
. 1 , ) (@ ’ "nn ’
I=lim =\ p(¢'/gy 1) R—E‘P—) de"\ (¢ — )" p(e/e’; At)dy,
at>o0 Af nl
(4.5.76)

— 00 n=1 —00

rae .
n) (s . AR (@)
R )((P)——W—~

OGosHauum npenes HOPMHPOBAHHOTO A-TO YCJIOBHOTO MOMEHTA
npupanieHus (¢ — ¢@’) 3a BpeMsi Af yepes :
+o0 ‘
P . 1 nn ’
Ay (@) = lim S @— )" p(@/¢’; Aydy (n=1). (4.5.77)
At=>0 e

Torna

£ + o0
1=}, 7117 S R (@) Au (@) p (@'/90; ) dg’.  (4.5.78)

n=1 — o0

B nmpeanonoxenuu, yro GpyHKuHA R (¢') U ee NPOU3BOAHBIE YO bI-
BaiOT IPH ¢’ —- =00 JOCTATOYHO OGRHICTPO H MOITOMY

R™=1(@) A, @) p (@/90 )12 =0,

n— 4 _6_ ’ 7 . oo
Rn=2(@") 507 [0 (@) p (@/w0; D25 =0, (4.5.79)
’ an—l ¥4 ’ +oc
R(¢)) = T (A, (@) p (@9 D=0,

IIPOHHTErPUPYEM rn-i YJIeH CYyMMBl IO YacTsM n pas. Boiuuras pas-
nmoxenue (4.5.78) u3 coorHowenus (4.5.73) u 3amenss B (4.5.78)
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MepeMeHHyl0 HHTErPDHPOBAHHA @’ HA @, MOJyYaeM

“+ o0 0o
| R@) dm{ [ ] — 3 2 (4, ) p /e 0] } —0.
-0 n=1

(4.5.80)

Tak kak R (@) — aHanuTHYeckass (YHKUHsS, MPOM3BOJBHAA C TOY-
HOCTBIO 00 ycaoBHH (4.5.79) Ha ee NPOH3BOAHBIE, AJSA TOTO YTOOHI
unrerpan B (4.5.80) OwlT paBeH Hy/I0, BbIpaK€HHE B (DHUIYPHBIX
CKOOKax JOJXHO ObTh paBHO HYJK0. CieqoBaTenbHo,

op (g, t) - (= 9"
of ar " agr 1A (@) p (@, 1)) (4.5.81)

n=|1

C HaYaJbHLIM yca0BHeM p (@, 0)= 6(¢p — @o).
Beanuyuna A,(¢’) ecTb npegen n-ro MOMeHTa mpHpameHds Agp’
H MOXeT ObITb 3alHCAHA B BHJE
L (0)9')
Ay (@)= lim +— S(A@’)”p(Am’/@’)d(Acp’)= lim ~—=—*. (4.5.82)
At->»0 At—>0

— 0

Bckope Mbl MokaxkeM, 4TO HPH 7 == 3 BeJuYHHBL-A,(@’) paBHbI
HyJ10. JTO 03HAYAeT, YTO H3MEHEHHS B npouec;e/(p(t) MPOHCXOASAT
NOCTATOYHO MEJIEHHO H BCe MOMEHTLl, HaYHHAsA ¢ TPEeTbHX, yObI-
BaioT ObicTpee, yem Af crpemutcs K Hyuaw. CienoBaTebHo, ypas-
Henne (4.5.82) BHIpOXKAAETCS B ypaBHEHHE

olet) % (4, @)p @ D45 a—ac:f [4:(@) p (e O], (4.5.83)

rae p(g,0)=08(¢ — @o). IT0 ypaBHEHHe H3BECTHO M0J HA3BAHHEM
ypasrenus DPokkepa — [1ranka. Ero peweHue gaer ¢. 1. B. IpHu J10-
Gom f, KOTOpas COAEPIKHT MOJHOE CTATHCTHYECKOE ONHCAHHE pac-
CMaTpHBAaEMOro CJAy4yalHOro mnporecca. ,

Uro6bl Temepb NMOJYYHTL ypaBHEHHE B YaCTHBIX ITPOM3BOJHBIX
AJS @. 1. B. IIeTJIH CHHXPOHH3aUHHK ¢a3bl p (¢, {), HEOOXOAUMO Ornpe-
Jdenuth BeJHYHHbl A, (@). X MBI HaXoauM H3 AH(depeHuHanbHOro
ypaBHenus (4.5.66), HHTerpupysr HpaBYIO H JEBYIO 44aCTh MOCJEA-
Hero no 0eCKOHEYHO MAJIOMy HHTepBaJy OT f A0 ¢ -+ Af:

t+At

Mp=g(t+A)—g)=[A—AKsingOIN—K { n()at.
Y 4584

SIcHO, 4TO ycq0BHAF MAOTHOCTL MPHpAlLEHHST A NpH 3aJaHHOM
9{t) umeer pacnpenenenne "aycca, ecan n’(¢f) uMeer pacnpepnede-
Hue [aycca. Ecnu BcmoMHuTh, 4TO A’ (f) — GeJblii WIYM ¢ HYJEBLIM
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CpEAHUM H OlIHOCTOpOHHeﬁ CHEKTpaJIbHOfI IIJIOTHOCTBIO No, TO Tniep-
Bbl€ 1Ba HODMHPOBAHHBIX MOMEHTA, OUEBHIHO, PaBHbI

A@ = lim LED A — 4K sing; (4.5.85)
At—>
Ceerley . k2o
Ay (@) = lim S2ELLY — jim 2o S S (' (t) ' (&) dt, dty —
.. At>0 At—>0 h h
e 1AL AL e
== \liTO 2Ato S S é(tQ - tl) dtl dtz s D) ° . (4.5.86)

t t

Tax kax xBagpaT mepBOro ujeHa B COOTHOWEHHH (4.5.84) HuMmeer
nopsinok (Af)2, a mepekpecTHblii UJ€H CONEPKHT cpejHee 3HaUEHHe
BeIHYHHL n’(f), KOTOpoe pPaBHO HyJ0, HETPYAHO NOKa3aTb, YTO
A.(¢)=0 npn n > 2. B peayabrare ypaBHenne ®okkepa — [1nan-
Ka NIPHHHMAeT BHA

ap (o, ¢ d i A Srte !
B8t — — L (A= AK sing O] p (o, 0} + S LRGN
(4.5.87)

OcoG6rlfi HHTEpec NMpencTaBAsieT CTaUHOHAPHOE pacnpejeneHHe, CO-
orBeTcTBylOIee dp (¢, t) /0t = 0. Takoe crauHoHapHOe pelleHHe Cy-
HIeCTBYET TOJbKO B Hpelese NpH [ — 0o, T, €.

p(e)= lim p (o, 1).
t—> oo

Ionarasa o = 4A/KNy 1 B = 4A/K2N,, nonyuaeM H3 ypaBHEHHSA
(4.5.87)

—a%[(a sing —B) p(9) + i’;—ﬁ,fp—)]=0, (4.5.88)

HJH

@
p((p)=Cexp(acosrp+[3qJ)[l + D S cxp(—acosx—ﬁx)dx]

~1
(4.5.89)
IpH —N < ¢ <\ M.
a5 BhiuHcaeHHs KOHCTAHT C H D BOCNOAb3YEMCSl YCJAOBHSIMMI

pl@, 0)=0(@—q) u pn, )=p(—=n 1) mpp —a<e<nm,

a

‘ ple, )dp=1 npu Bcex ¢.

-
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B npenesie npu {—- oo BHIMOJHAIOTCH COOTHOIIEHHS p (%)= p(—T)

+n
u S p(¢)de =1, mostomy
-7
D exp (—2Bn) — 1 . (4.5.90)

+7

S exp[— (@ cos x + fx)] dx

—7

+n
KOHCTaHTy C MBI BBIYHCJISIEM, HCIOJB3Ys YCJAOBHE S p(@)dep=1.
—-a
B uvactHoM cayuae o = wo{A =0) u D =0
1 1
+1 T 2nly (@) !

S exp (o cos @) dop

-7

C— (4.5.91)

[O3TOMY

___ exp (acos @)
PO =G (4.5.92)

e

~

/
BaxHuyio posb urpaer napamerp a. Tak kak a = 4A4/KN,, Mb-MO-
JKeM 3anHcaTth ero B Buae a == A2/N,(AK/4). Ho A? — mOwHoOCTD
IIPHHATOrO CHIHAaJa, B TO BpeMs Kak AK/4 — npocTo WIHPHHA HO-
JOCBl YacToT neryau B, H a = A%/NoB;— OTHOlIeHHe CHrHaJ/LIyM
UIHPHHBL [OJOCH NeTid cHHxpoHusauuu. CootHoweHnue (4.5.92) Ha-
NOMHHAeT rayccoBCKOe pacnpejejeHHe Mpu OGOJbIIHX OTHOLIEHHSX
CHTHAJM/IIYM H TIPH CTPEMJEHHH o K HYJIO CTAaHOBUTCS IIJIOCKHM,
HefictButenbHo, npu oo —-oo BxoAsimias B (4.5.91) ¢dyHkums Bec-

ceas [y maer
a

exp (@ cos @) __exp [a(cos ¢ — 1)]
2n/, (@) V2aja

p(e)=

HJIH, €CJIM BOCIOJIb30BaTbCS pasJjioxkeHHeM B psia Tefsopa,

__ exp {(—a9?¥/2) [1 — (2¢7/4!)) + (2¢*/61) + ...}

p(p)= Worrs :

— SO
(4.5.93)

TIpu Gonbwom mapamerpe o BesnuHHA p (@) GbICTPO yGHBaeT ¢ po-
crom ¢. CaenoBaTenbHO, GHyHKUHSA p(¢) OUeHb MaJia MPH BCeX 3Ha-
YeHHAX p, KPOMe caMbiX Majbix. UJjeHsl BpICUIero NOpsSAKa B pas-
JI0OKeHHU cos @ B pax Tefisiopa oueHb cjaabo BJAHAIOT HA CPpeIHHE —
He oyeHp GOJbIIHE H He OYeHb MaJible — 3HaueHHs p ().
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KyMyJIﬂTHBHOG CTallMoOHapHOe pachpeaeneHie HMeEET BHU]I
O

Pllo|<eo)= S p@)de, 0 <m, (4.5.94)
— M
H IIpH 0 == ©p, TIOCKOABLKY
p(e)= ex[;:(ro;:?;;p) Qﬂ, @ [10 (o) + QZ I, (a)cosng |,

n=1

IIPUBOAHT K Pas/0kKeHHIO

@1 o0
‘ 2 In i
Pllol<e)=2{plp)dg="2 4 2 3 [olT0) - (4.5.05)

J
0 n=1
ATOT pAL CXOAHTCS OUEHb GHICTPO.

AHaJOruuHbIM 06pa3OM MOXKET ObITb BHUHCIEHA IHCIepCHsl Be-
JAHYHHBL @
. +a fll ( )

I (—1) a
o1 == (=D"In(@)
%% = 2aly (@) S @ exp (o cos ¢) dg T+ 42 w0

- n=1
(4.5.96)

I1oT paAx cxoautcs eme 6bicTpee, n npu o — 0 MBl TOJyvYaeMm
oé—->n2/3 (370 mucrepcHs cayualHoO# BeJHUHHBI, DABHOMEDHO pac-

npeaeseHHol Ha WHTepBaJde OoT —an A0 —+m).

B ofumeM cayyae npu o = 0wy (A = 0) A9 BHIUHCIEHHS COOT-
BETCTBYIOUIHX HHTErpajoB Heo6XOAHM KoMIbloTep. B 3THXx cayuasx
cTallMOHApHOE pelleHHe MOXKeT He cyliectBoBaTh. (OTHOCHTENLHO
YHCAEHHOTO MOJAEJHPOBAHHS CHHXPOHH3ALHH CM. IIpUaoXKeHHe B.)

HaxoHen, Heo6X0AMMO paccMoOTpeTh caeaytlomuii Bonpoc. Cay-
yaliHBIH mpolecc, 0 KOTOPOM ceHuac HIeT peub, ecTb He UTO HWHOe,
KaK paccoeaacosarue no ¢hasze, U Mul IpexkJae BCEro CJACIHM 3a TeM,
yTOOBl abcoJIOTHAsi BenMuWHa |@| npu scex 3nauenusx t (f— Bpe-
Ms1}) 10 BO3MOXKHOCTH He IIPEBOCXOAHJa HEKOTOPOTro 3aAaHHOTo
«IpelebHOrO» 3HAuUeHus: ;. LIeHHOH CTAaTHCTHKOR AJs1 Tako# 3a-
Nauk CJAYKHT MaTeMaTHuYeCKoe OXKHIaHHe BPeMEHH (CpelHee Bpe-
Ms1}, 3a KOTOpOe paccoriacoBaHHue 10 (ase mepsbli pas JOCTUTHET
npeaeibHOTO yPOBHs @ NPH yCJOBMH, 4TO HauyasnbHoe paccorJa-
coBaHue To ¢ase ¢y 3a4aHO, NpHUeM @y << ¢;. C Takoro poia 3sa-
naueil 0 cpednem gpemenu nepsoeo 8vix00a Ha 2paruyy TECHO CBs-
3aHa 4acTOTa MEPTBbLX LUKA08. (MexaHHUeCKHM aHaJjoroM MmocJjell-,
Hell XapaKTEePUCTHKH CJYXKHT BeJHUHHA, 0OpaTHAsh MaTeMaTHUeCKO-
My OXHAAQHHWIO BPEMEHH IMOJHOro 060p0Ta MasiTHUKa (B J1006y10
cTopoHy).) B cayuae IIC® yactoTa MepTBHIX LHKJIOB €CTh HE UTO
HHOe, KaK 4acToTa, ¢ KOTOPOH MeTssi 06paTHOA CBSI3W B reHepaTope
c ympaBJjeHHeM [0 HaNpsKEHHIO xapabareisaer naw cbpacvisaer
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MO/ HBIM 11HKJ OTHOCHTEJLHO MPHHATOro curHana. M B Tom u B apy-
rOM cjyuae peub HAET O TOM, 4TOOB NMPH ONpeleseHHH MaTeMaTH-
UeCKOTrO OXKH[aHWs BPEMEHH NOJIOXKHTh (1 = 2.

Hac 6yner HHTepecOBaTb TOJBKO PACCMOTPEHHBIH BBIIIE caydah
NeTJH MepBOTO NOPsAKa, KOrAa HeBO3MYIIeHHasd 4acToTa TeHepa-
TOpa ¢ yIpaBJieHHEeM MO HaMpsiKeHHIO NMOACTPAHBAeTCs MOA YacTOoTy
OPHHSITOrO CHrHa/ta (o = o), B CHJY Uero paBHOBEeCHOE MOJI0XKeHHe
tasoBoit ownbku ectb ¢ = 0. B nerse mepsoro nopsgka ToT XKe
NOAX04 MOXKeT ObThb HCIOJb30BAaH M NMPH ® 7= o, HO Pe3yJbTaThl
BBIPAZKAIOTCS HHTErpajsaMy, BHIUHCAHUMBIMH He aHAJHTHUECKH, a 4YMC-
JeHHO. [To3ToMy MBI AJsT MPOCTOTH IpeArnogaraeM, 4To o = @y H
neT/is NepBOHAYAJAbHO CHHXPOHH30BAaHA, T. €. ¢ =0

TToka paccorsacoBaHie TNeTJaH NO ¢asze (HAM «yroj OTKJIOHe- .
HHSI» MasTHHKA) oOcTaeTcss B npenenax |@|<< @i, GyHKUMS NJI0T-
HOCTH BepPOSITHOCTH IJs ¢, KOTOPYI0 Mbl 0603HauuMm ¢ (¢, t), yAOB-
JerBopsieT ypaBHeHHlo @okkepa — IlnaHka

. N 2
QD — S [(AK sing)q (9, 0] + “5= TEEL (4.5.97)
npu Bcex |¢|<C ¢ U HAUaJLHOM YCJOBHH q((p, 0)= 8(¢). Mu obo-
3HAYMAM (DYHKIHIO [JOTHOCTH BEPOSITHOCTH DPacCOTNAacOBAHHA 110
thase uepes g (¢, {), YTOOH OTJIHYATb €€ OT COOTBETCTBYIOILEH (DYHK-
uud p (@, 1) pas Heoepawudennoeo cayuas. Kak rtoabko |@| Bmep-
Bble JOCTHTaeT Mnpeaena i, MasiTHHK MIHOBEHHO IepecTaer jaef-
CTBOBaTh, no3ToMy ¢(¢,1)==0 nupu Bcex |@|= ¢, u Bcex .

TakuM 06pa3oM, NOMHMO HayaJbHOTO YCJOBHSI MBI HMeeM MNpH
Bcex ¢ rpaHHUHBle YCcaoOBHA g (¢, f)= g(—¢1, {)=0. Peiwenne
ypaBHeHnss @oxkepa —Ilnanka Ha HHTepBate —@; < ¢ < @y,
VIOBJIETBOPAION[EE ITHM TPAHMUHBLIM YCJOBHAM, AaeT HaM g(g,f):
Hurerpaa ot g(¢p, ) mMo 3TOMy HHTepBaJay

'
v(= { (e Ndo (4.5.98)

o
JlaeT BEPOSITHOCTH TOTO, YTO B MOMEHT BPEMEHH ! paccorsaacoBaHHe
no ¢ase @ euwje He docTueso Tpejesa . 3aMETHM, 4YTO B CHJY

ycaosusi g(g,1)=0 npu |@|>= ¢, npenean B nHTerpasne (4.5.98)
MOXHO Obl10 Obl BEIOpaTh H 6eCKOHe'{HbIMPI, MO3TOMY

+ o0

S g (@, Hde= ()< 1. (4.5.99)

B a3tom ocHoBHOe passuune MexAy ¢(¢p,f) B p(p,f), TaKk Kak
—+ oo
S plp, 1)dp=1 npu 8cex t. CrenoBaTeJbHO, BeJIHUHHY g (@, 1),

CTPOTO roBOps, HENb3s CUHTATh .11 B.
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Oyuruua W ({) — BepOSITHOCTbL TOrO, YTO B MOMEHT BpeMeHH [
BeJIMYKHA |@| MeHblle @; H B HHTepBaje BpeMeHH oT 0 A0 ! CHH-
XpOHH3aILUsl HH pasy He HapywaJnack, nosromy ¥ ({) nonxHa ObITh
MOHOTOHHO HeBO3pacTamoulell ¢yHkuueil or {. Muaue rosops, ¢.m. B.
15 BpeMeHH, KoTopoe Tpebyercs |@|, uToGbl BHepBble AOCTHYb
VYPOBHA @, ONpeaesaseTcsi BeTHYHHOH

. V() —-P(E+A)) . 0T (D)
lim [ = |=—52. (4.5.100)

At—>0

:a BpeMs OXHJAAHHS MePBOrO BBIXOJA HA IPAHHLY ¢ PABHO

o]

dt = —[1¥ ()] I — S W()dt. (4.5.101)

0

v (t)
ot

.
0

Ecnu HeBospacrawmas Gpyukuus ¥ (f) cTpeMHTCs K HyJIO OHICTpee,
yeM 1/f, To mepBbIfi YJeH B [paBOi 4YacTH cOOTHouwleHHs (4.5.101)

o6pamaercs B HyJb. { IMeHHO Tak W AOKHO OHITh, €CJAH HHTe-

rpan S:‘P‘(t) dt cymeCTByeT.)
Hrak,
0

H, HHTerpupys ypaBHeHue Pokkepa — [Inanka (4.5.97) nas q(g,¢),
MBI [OJIyYyaeM

<

1

q (o, t)de dt, (4.5.102)

8

1

7(@, %) — 9 (@, 0) == [(AK sin ) Q @) + T4 2,

(4.5.103)
TaEe

Q(CP)=S q (g, H)dt.
0

$IcHo, uTO g(@p, 0)=0, a Tak Kak paccorjacoBaHHe (a3 ¢ IO
IPENNONOKEHHI0 B HAYaJbHbIE MOMEHT BPEMEHH PaBHO HYJAI, MBI
3aKao9aeM, uto g(¢,0)=6(¢p). Takum o6pa3oM, MB NPHXOIHM
K ypaBHEHHIO

— 5@ =5 [(AK sin ) Q@] + = 2 (45.104)
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C TPaHUUYHBIMH YCJOBHUAMH

Qp) =\ q(gy, )dt =0,

Q(—e)=\ g(—q, t)dt =0.

[oo]
0
= =]
0
HUnrerpupys ypaBHenwe (4.5.104) mo ¢ Ha wuHTepBaJje (—@i, ¢1),
Mbl TosiyuaeM T — MmaTeMaTHUecKOe OKHAaHHe BpEeMEHH IepBOro:
BLIXOAA Ha TrpaHuLy. B3sB HeonpezaeJleHHBIH HHTerpaj oOT 00eHx
yactell ypaBHeHus (4.5.104), Mbl puieM K ypaBHEHHIO

C—u(@) = (AK sin ) Q (¢) + 4= 2LD (4.5.105)

rae u(qp) —crynenuaras GyHKUHs eAuMHH4HOH amnauryas, C—
NOCTOAAHHASA, 3HAUE€HHE KOTODOH omnpelensercss M3 TpPaHHUHLIX
YCJOBHH.

Pemenne storo aunddepennnasbHoro ypaBHEHHs MEPBOTO IO-
psilKa HMeeT BH]

P
Q(g) = Dexp(acose)+ exp(acosq) | ZEZ2ED 0y (x)]d,
o (4.5.106)
rae
A? A?
[¢ =1 = s
N, AK/A — NB,
. N0K2 :ﬁ— 4BL
T4 a  a
I'pannunnie ycaoBus Q (@)= Q(—¢;)=0 paoT 3HaUY€HHS NOCTOSH-

HeiXx D =0 u C=1/2. TakuM 06pazoM,

P1
Q(g) = "—’“’-‘“—Y“PS—"” | exp(—acosn) 5 —u]ar, @5.107)
Y

H, HHTETPUPYS 1O ¢ B HHTepBaJje (—¢i, @1), MH IOJy4aeM Bbipa-
XKeHHe A/ CPeJHero BPeMeHH IePBOTO BHIXOAA HA TPaHHILY:

¢
T= S Q(p)dp=
- L3l P 1
=% S de S exp [a (cos @ — cos x)] [§——u(x)]dx=
;,(pl (;(Px
=—:7 S do S cxp [a (cos @ — cos x)] dx. (4.5.108)

0 -
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Pasnoxxenue

exp(acos)=1Iy(a)+ 2 il (£ D™, (o) cos me

HO3BOJIsIeT 3anucaTh Bhipaxenue (4.5.108) B Buae
@
—_— 4 2/ (a) Z I, (@) qua S [cosnp+(—1)"cosnx]dx—+
n=1 — Q1
oo oo Q1 Q1
4 Z Z (=D 1,(a) I, (a) S cos my dg S cosnxdx ¢. (4.5.109)
m=ln=1 0

-

T=—1- 10((1)(131
Y

Pasymeercsi, HauGosiee BaXKHBIM pe3y/bTATOM $IBJsETCA MaTeMa-
THYECKOE OXHAAHHE BPEMEHH MeXJAy MepTBBIMH ILHKJIAMH, T. €.
T (2n). [Tostomy npu ¢ = 2t u3 obuiero BoipaxeHus (4.5.109) Mbl
I0J1y4aeM

2

2n 14 al (a)

2
rne B, = AK/4; TakuM o6pasom,
' QBL AK
YacToTa MepTBHIX IHKJIOB= Tl (@) = ala) (4.5.111)

Tlpu o >>» | (GoAbuioM OTHOUIEHHH CHIHAJI/IIYyM), TdK KakK

e(l

Ii(a) ~——,
O( ) (231:(1)1/2
Mbl IIOJIYYAEM YaCTOTy NepeMekaeMOCTH», HJH
AKe—2(l
HacToTa MepTBbIX LHKJIOB ~ ———. (4.5.112)

4.6. MopeJupoBaHue CTOXACTHYECKHMX BPEMEHHbIX PALOB

PaccMoTpuMm .Temepp caeayoollylo 3axady. Mel  Ha6amonaeM
{AHCKpETHDIH) BPEMEHHOM psif U3 Hy/ledl H elHHHL, OMHCHIBAOIIHA
nosedeHue HEKOTOPOH JHHAMHYECKOH cHCTeMbl. JToT psax (obna-
JNAIOLHA ONpeleNeHHOH CJIOKHOCTbIO) Tpebyercsi Hay4HTbCs CHCU-
mare unu mo0eauposars. KakUM HQUMEHoULUM UHCIOM BHYTPEHHHX
COCTOAHMH JO/KeH 00nafaTh (KOHEYHbIH) JAeTepMHUHHCTHYECKHH
aBTOMAT AJs TOro, 4YToGbl OH MOT MOAENHPOBaTh HabJIofaeMLIi
BpeMeHHOH psan? Kak Bospacraer cpefHee 44CA0 COCTOStHHH B ONTH-
MaJbHOH MojeaH (T. €. OXHJAaeMas CJA0XKHOCTb) C YBeJHYCHHEM
ypcaa HabJaIOAeHHH, T. €, ¢ Bce BO3pacTawlled AJHHOH. IPHHATOTO
BpeMeHHOro psina? IIpoHCXOXKAeHHe BPEMEHHOro .psja : HabJioaa-
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TENI0 He HM3BECTHO: BPEMEHHOH psil MOxeT ObTh MOpOXAeH Gpo-
CaHHEM MOHeTH (HJH HrpajbHO#l KOCTH) HJIH HEKOTODHIM NMPHUHH-
HBbIM IPOLIECCOM.

Hac unrepecyer 3fech TOT caydad, KOrfa COCTABHTEJIb MOJENH
[0 TeM HJH HHBIM IICHXOJOTHUYECKHM MOTHBAM OTJA4€T MpeANouTe-
HHEe aNpHOPHOMY MNPEANOJOXKEHHI0O O TOM, 4TO HabJwjaemoe MOBe-
JleHHe IOPOKAEHO HEKOTOPOH npuuuHHoll CHCTEMOH, H MO3TOMY
CTPOMT J[EeTePMHHHCTHUECKYIO MOAeJb TaKoro IoBeleHHusa. Pasy-
MeeTcd, Aad Jai060f KoHeuHOH MJHHH N HaWaeTcd HeOTDAaHHYEHHO
MHOTO aBTOMATOB ¢ KOHEYHLIM UYHCJOM COCTOSIHHH, BBAAIOUIUX Ha
BHIXOJ€e HabawaaeMb BpeMeHHOH psil NpH OIpedeJeHHOM Hauajb-
HOM COCTOSIHMH H TMojade Ha BXOJA COOTBETCTBYLIero curuana. He-
KOTODHI€ M3 TAKHX BO3MOXHBIX Mojenell 06/1a1al0T TeM CBOHCTBOM,
4YTO HH OJMH APYrod aBTOMAT HE HUMeeT MEHbIIEro YHc/aa BHYTpPEH-
HHX cocTosHHA. [103TOMY COCTaBHTEJNb MOJAEJH, JeHCTBYIOLIMA ONTH-
MaJpHO H cuuTalomui, 4ro HabaogaemMbll BpeMEHHOH psAa INOPO-
KAEH NPUduHHblym TPOLLECCOM, BCeraa BblOHpaeT B KauecTBE MOJIEJTH
aBTOMAT ¢ MHHHMAaJbHHM YHCJIOM BHYTPEHHHX COCTOSHHH.

Caenys Teiincy [4.10], BHBEAEM COOTHOLIEHHE MeXAy MJIHHOH
MOCJeJ0BATENbHOCTH HaOMIOAEHHE H MaTeMaTHYEeCKHM OXHIAaHHEM
(cpeAHHMM) uHcAa COCTOSIHHA MOJAENH, NOCTPOEHHOH ONTHMAaJbHBIM
NPHYMHHBIM COCTAaBUTEJSEeM Mopesaed (T. e. MOAENTH CpPEIHEH CJOoXK-
HocTH). MHAaue roBops, Hac HHTepecyeT NOBeAEHHE OTHOUICHHS

Ry — Cpennee UHCNO COCTOSHHHA MOJENH
N Uucsno HabaoneHui

Kak (yHKIHH AJHHB Ha6jiofgaeMol mociaefoBaTebHOCTH. MoxHo
6BJ10 6Bl 0XKHAATh, 4TO Ry—>0 mpu N — oo. OaHako B AeHCTBH-
TeJbHOCTH Ry —> 1 npu N — co. DT0 03HauaeT, UTO ¢ yBeJTHUEHHEM
IJHHB Ha6/11044€MOTO BpPEMEHHOro psiia YHCJAO COCTOSIHHHA ONTH-
MaJbHOH (IpHYHMHHOH) MOAeaH BO3pacTaeT, HJH 4YTO CJIOXKHOCTDb
ONTHMAJbHOH IPHUMHHON MOJEJH BO3PACTAET C YBEJHYEHHEM HHCIA
HabJI01eHHH.

Mu yBHAHM, 4TO MaJellilee BBeJCHHE BEPOSITHOCTHOIO OTKJOHE-
HHsl OT NPHYHHHOCTH B NOBEJEHHE JHHAMHUECKOH CHCTEME, MOJAEJH-
pyeMoe ¢ TOMOUIbIO AETEPMHHHCTHYECKOLO aBTOMAT4 € KOHEUHBIM
YHCIOM BHYTPEHHHX COCTOSIHHH, TOpOXKJaeT MOJAENH, CJIOXKHOCTh KO-
TOpHIX O CYWIECTBY MpPOMOpPLHOHAJbHA AJHHe HabmoaeHu#. Ilpen-
MOJIOXKHM, UTO MOBeAeHHe MOJeJHUpPYEeMOH CHCTEMBl IIPEJCTaBHMO B
BUle psila HyJefl W eIUHHI ¢ paBHBIMH BeposTHocTsaMH P(0) =
= P(1)=1/2 [p ofuieM caydyae MBI NTOJY4aeM MOCIEA0BATENBHOCTE:
Bepuyanu ¢ P(0) = P(1)]. Or noBeieHHst CTOXaCTHUYECKOTO aABTO-
MaTa ¢ ABYMS COCTOSHHSIMH MOKHO OXHAAThb CJELYIOILIEro.

CymectByor 2Y BO3MOXKHBIX nocaenoBarteqbHOocTedl u3 N Ha-
6JI0/leHNH; BCe 3TU MOCJEN0BATEJbHOCTH DPaBHOBepOsATHHIE (C Bepo-
ATHOCTBIO 2-V¥). TlepeuHcanM Bce pas/HuHble ATEPMHHHCTHUECKHC
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ABTOMaThl ¢ S COCTOSIHMSIMH, JONYCTHMble B KauecTBe Mojened
TaKHX NOcJefoBaTeqbHOCTed. 3aMeTHM, UTO JaHHLIA aBTOMAaTt, Haxo-
IsiCh B JaHHOM HCXOJHOM COCTOSHHH, MOXKeT NeHCTBOBAaThb KakK MO-
JeJb TOJbKO ONHOH M3 MOC/Jef0BaTeJbHOCTEH, U Mbl XOTHM HaHTH
BEDXHIOI0 TPAHHUIY MHOXKeCTBA MoOJe/eH, LOCTHXKHMBIX H3 JaHHOro
COCTOSIHHSA S.

Hanpumep, nycts S = 6. Toraa oano# Moae/bio GyAeT mocjaeno-
BatesbHocth 001010, apyroit — nocaenoparenbsocTb 010001 u T. A.
O6muit BHA MOLENH — lIe[I0YKa TepexoioB, 00pas3yolnx UK, Ha-
TpHMep:

(e W Wan Wan Tan "™
LA

Ecan S cOCTOSHHMH JOJIXKHBI ObITh 3aMOJHEHLl ABYMs CHMBOJAMH
(0 m 1) ¥ UMK MOXKET HauMHATBLCH C JIOOOro COCTOSIHHA, TO CY-
IeCTBYIOT caMoe Oogbllee S25 Mojened (4acTb KOTOPBIX MOXKET
MOpOX1aTh ONHY H Ty e [OCJEe10BATENbHOCTb, YTO I IO3BOJSET

CUMTATh NPHBEJEHHYIO BEJIHUMHY BEPXHEH rpaHulleil YHCJga pasjHy-
HBIX Mojesel):

0

M=S.25>2V (4.6.1)

(3amMeTuM, 4TO B 3Ty OLEHKY BXOASAT TaKMkKe MOJACIH C YHCJIOM CO-
CTOsIHHE MeHblIe S.)

Hac wuHTtepecyer cpedHee 4uCAO COCTOSHHH B MHHHMAaJbHBIX
dopmax stux M Mojeneii. Mogesnedl ¢ R COCTOSHHAMH CyLIECTBYET
He GoJee R2R: clefoBaTe/]bHO, HUIKHSSL FPaHHLA CPeAHEro (mare-
MaTHUECKOTO OXKHIAHHMSI) 4YHMCJa COCTOSHHE B MHOXKeCTBE MOAeseH
¢ MAKCHMAaJbHEIM YHCJIOM COCTOSIHHH S MOXeT ObiTh BbIUHC/EHA
caenyiomumM o6pasom. Ilycrs M(R) — BepOSTHOCTb HaHTH MOAEH
C YHMCJOM cocTosiHull 0T R = 1 0 R:

R
MR = | R, (4.6.2)

1

rie dM(R)/dR — coorserctByiomas ¢.n.s. Ho Tak kak R — qHCK-
peTHas mepeMeHHasi, cpeliHee 3Hadenne M(R) npu R, 3ak1i0ueHHOM
B HHTepBaJse oT 1 10 S — 1, paBHO

S—~1
— AM
M(R)= S 1_ 1 RZ_:l AI;R) R. (4.6.3)

MMR) 9% 4 R- 2" =R-2°— (R—1) 2"+ R-2""'=

—R-P—(R—2-2%'— (R—1)- 2%,
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HO3TOMY
S—1

MR >55 Y R[R-22—R—1)-2%"].  (46.4)
R=1

Tax kak cpeaHee uHCIO ps cocTOsIHME S NOPOXKAAET HEPABEHCTBO
S—1
—_— 1 —
ps 2> MR > 5= ), R[R- 25— R—1)-2°7"], (4.6.5)
R=1
nojyyaem
-1

‘ 3 (R?- 274 R 2R), (4.6.6)

1S
s > "5
(S—1-25 2 &

HJIM T10CJIe HEKOTOPHIX Npeo6pa3oBaHuH

2 2
— - — 2. 4.6.7)
Bs>S—24 s — oo > S (4.6.7)
W3 HepapencTBa (4.6.1) cieayer Takxke HepaBEeHCTBO
S+log,S> N, (4.6.8)
OTKYla
S>N—logS§, (4.6.9)

HO Tak Kak S <N, MH MoXeM 3amucaTb HepaBeHCTBO S > N —
logs N. Takum o6pasom,

ps>S—2>N—log, N — 2, (4.6.10)

T. €. CpellHee YHCJIO COCTOsAHHH B aHcaMbJje MoJesed, HeO6XOMHMOE
AN yyeTa BCeX BO3MOXKHHX NOBeleHuH, 6oablie, ueM N — loge N —
—2, rie N — [JIMHA NPHHSTHIX NepeMeHHHX psanoB. CienoBaTenbHO,.

Ry=1—logal+2, (4.6.11)

npu N — oo 3Ta BeJHYHHA CTPEMHUTCS K e[IHHHILE.

BbiBog H3 BCero CKa3aHHOrO TAKOH: €CJIH COCTABUTENb MOJAE]H
XKaxJeT BOCIPOH3BECTH CTOXACTHYECKOe MOBeJeHHEe C IOMOIILIO:
NeTepMUHUCTHYECKOIO0 aBTOMATa ¢ KOHEYHBIM YHCJAOM COCTOSIHHH, TO
OH NMPHUXOAHT K CBEDXCJOXKHOMY IpefcTaBleHHI0 00 HcclefyeMoil
cucreMe. B ri. 6 ME yBHAHM, KaK cHCTeMB, o6Jajgalomue CTpaH-
HBIMH AaTTDAKTOpaMH, 3(QGheKTHBHO CHUMAIOT TOBedeHHe CHCTEMBL,
obsafaiomeli uucIoM cTeneHedl CBOGOAE, pPaBHHIM pa3MepHOCTH
NPOCTPAHCTBA COCTOSIHHH, B KOTOpPOe CTPAHHBIH aTTPaKTOpP NHOTPY-
JKeH B KauecTBe KOMIIAKTHOTO MOJIMHOKeCTBA.
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4.7. CBsiab MeXAy ABYMSI HePAPXHYECKHMH CHCTEMaMH,
MOJeNHPyeMbIMH YNpaBiasieMbIMH uensimu MapkoBa

FaccMOTpHM Tenepb HECKOJBKO MOJPOGHee ONMH KOHKpETHBIH
TIpHMep € B3aHMOJeHCTBHEM MeX1y J8Yyms CaMOOPTaHHIYIOUHMHUCH
CHCTEMaMH, Kax/Jasi H3 KOTOpbix 06/ajaeT AByMs HepapXHUeCKHMH
ypoBHAMH. JIHHAMHKA Ha HHXHHX YpPOBHAX Q, Q" cucreM MoOJe/H-
pyercsi Kak ynpas/sieMble MapKOBCKHE LeMH ¢ KOHEUYHBIM YHCJI0M
COCTOSIHMH; MAaTpHUIIBl BEPOSITHOCTeH I@epexoja NapaMeTpH30BaHDI
yOpaB/JsiOLMMH  NTapaMeTpaMH, CBA3aHHBIMH C  BEPOSITHOCTSIMH
«IJ1aTexed» B Mrpe ABYX JHIL, MOJeJupyloniedl KOJJEKTHBHO BCC
MepapxHuecKHe yPOBHH, pAacIOJIOMKeHHble HHKe ypoBHed Q u Q.
Bepxuue ypouu W, W’ Mbl MOAeJHpPYeM IOJYMapKOBCKHUMH Iie-
NAMH. DTO O3HAuaeT, YTO BpeMeHa YyJep:KaHHsa 0OpaTHO MpPONOp-
LHOHAJbHB CTEleHH OpraHH3auuu (HJIH H3OLITOYHOCTH) COOTBETCT-
BYIOUIHX HHXKHHX yPOBHe#d Q u Q"

Bepxuue uepapxuueckie ypoBHH W, W' NpUHHMAIOT OT HHXKHHX
yposHeii Q, Q" uHdOpMAILHIO O KOJJIEKTHBHBIX CBOHCTBAX, H3Meps-
ImuX (a) [0JI0 HAceJeHHOCTH (B IPOLEHTAax) aNpHopH BHGpaH-
HOro cOCTOSIHHSA U (6) KpOCC-KOppeJsHI0 MeXAY MOC/JeL0BaTe/IbHO-
CcTAMH cocTostHHH ypoBHe#d (Q, W) uin (Q', W). BeposTHocTH Te-
pexofla IJs1 TOJYMapKOBCKHX Iielled Ha BEePXHHX YPOBHAX W, W
ABAAIOTCS (YHKUUSIMHU CcBOHCTB (a) H (06), 0 KOTOPBIX Mbl TOJBKO
4TO YIOMHHAJH.

CBsisb MeXJy [BYMsl HepapXHUeCKHMH CHCTeMaMH OCYyILIeCTB-
JsieTcs NyTeM [BYCTOPOHHeH mepefaud uHPOpMauUHH, B KOTOPOH
HHXHHE YPOBHH HIPAlOT DOJb IPHEMHHKOB, a BEpPXHHE — Iepefar-
YHKOB (HHXKHHH H BepXHHH YDPOBHH COOTBETCTBYIOT «OIBITY» H <IO-
BeJCHHIO» WJIH <«allapaTypHOH peajH3alHu» H <«IPOrpaMMHOMY
ofecreueHHIos).

CBs3b MeXK/1y CHCTeMaMu CTaHOBHTCS aJanTHBHOH BCJIEICTBHE
«BCTPOEHHOTO» YIpaBieHHss — 5((depPeHTHbIX MeXaHU3MOB (yNpex-
namollefl CBsi3H), HEHCTBYIOIIHX MEXAY CHCTeMaMH ¢ BEPXHHX YpPOB-
sefi W, W’ Ha COOTBeTCTByIOLIMe HHXKHHe ypoBHH Q, Q" uepes ym-
papJsOlllHe NapaMeTpbl Hrp, JeXalluX B OCHOBE OOEHX CHCTEM.
B naweM npumepe AJst MOLEJUPOBAHHS TAKOTO agalnTHBHOTO MPoO-
Hecca CBSI3H HCIIOJb3yercst OGLIHpHAas KOMIILIOTEPHAst NpOrpaMma.
DBOJIOUMS BO BPEMEHH IIOBEeZEHUECKOH MOJAB (COCTOsIHHsS), Mepe-
KJIouennst Ha ypoBHsix W u W/, BBIMHCJSIOTCS [0 ONpeaeeHHBIM
npaBuJaM yIpasJeHus, cIyyafiHbIM 06pa3om BbIOHpaeMBIM H3 BCex
BO3MOXKHBIX MEXaHH3MOB YIpeXAalolux cBsased. Yucao Takux mpa-
BHJT 3KCIOHEHIHAJbHO BO3pacTaer ¢ yBeJHUCHHEM uHc/JIa YPOBHed
KBAaHTOBAHHUS YIpaBJIsSIOUHX napaMeTpoB. UTo xe KacaeTcs BbiGopa
aJropHTMa YyIpaBJeHHs, TO KPHTepUeM 3[eCb CJIYKHT MaKCHMaJb-
HBIHl «COBMECTHHIH K03 duIHeHT A0OpOTHOCTHY», YUHTLIBAIOLUIHA B3si-
TOe Mo HMIHPOKOMY AHANa3oHy cpelHee HaljeXailMM 06pasoM BbI-
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6paHHOl B3BellleHHOH CYMMBI «IIPOTHBOGOPCTBYIOLLHX» MAPAMETPOB:
BCPOATHOCTEl TrOMEOCTAaTHYECKHX COCTOAHHH M MeXCHCTEMHBIX
Kpocc-Koppeasiuuii Mexay ypoBesiMu (W, Q) u (W', Q).

H3snaraeMble HHXKe HAeH BO3HHKIH IOJ BJIHSHHEM COBPEMEHHBIX
MCcHXOMH3HOJOTHYECKHX H OHOJOrMYecKHx HcciaefoBaHufl. KoMmbio-
TepHAR peasu3auus H3JaraeMoll HHXKe MaTeMaTHUECKOA Mojenau
crnoco6CTBYyeT JyulleMy MOHHMAHHIO HEKOTOPBIX acHeKTOB CBA3H
MEXJY OpPraHu3MaMH H HABOJHT HA MBIC/Ib O MJIAHHDOBAHHH HOBBIX
HelpoU3HOMOrHUECKHX 3KCIEpUMEHTOB. 3HAKOMSA 4YHTaTesas C Ha-
IIHMH COOOpaXKeHUSMH, MBI CTABUM Mepel cOoOOH Uelb NMPelJOXKHTb
KHOEPHETHYECKYIO MOJAEJNb LOCTYMHOTO H3JOXKEHHs LIHPOKOro Kpyra
SIBJICHHH, OTHOCALIMXCS K CBSI3H MEXAY OHOJOTHUECKHMH, T. €. ca-
MOOpPraHU3YIOIHUMHUCS, CHCTEMaMH.

4.7.1. Bsenenue. BolacHeHHe MPUPOABI UEPAPXHUUECKUX CUCTEM

100 camoopearu3yrouumMUcs cUCTEMAMU MbL NOHUMAEM uepapxu-
yeckue cTpyxType:r [4.11], caMompoH3BOJIBHO MNepexoisiliHe B pas-
JIUYHBIE Pa3JUYHMBle PeXUMbI; OMHCAHUAM 3THX PEXHUMOB HA WHIH-
BHAYaJbHbIX YPOBHAX B TEPMHHAX INIPOCTPAHCTBA COCTOAHHH COOT-
BETCTBYIOT pasJjHuyHBle Habopbl NepeMeHHBIX NapaMeTpoB. B Hamewm
npHMepe MB MOJeJHpyeM HEKOTOphle acleKThl IpOoueldyp CBA3H
MeXAYy ABYMs CaMOOPraHU3YIOILHMHCSI CHCTeMaMH, KaXAas U3 KO-
TOPBIX O00Jajfaer NBYMS HepapxuueCKMMH ypoBHaMu Q, W u Q', W’
(puc. 4.20). MamaraeMble HHXKe cOOOpaKeHHsT HOCAT MATeMaTHKO-
KnOepHeTHUeCKHH XapakTep, HO BO3HHKJAM OHH MOJ BJIHAHHEM IICH-
XO-(OU3HONOTHYECKUX HCCAeIOBaHHH W AAaHHBIX. B 4acTHOCTH, CTH-
MyJIOM U MOAJEPXKKOR JJsi HAUIHX TEOPETHUECKHX IIOCTPOCHHH ABH-
JIOCh HaMeTHBIIeecsl B MOC/elHHe TOAbl BJAUSHHE OHOXUMHH U HeHpo-
¢H3HOJIOrHH HAa COBpeMeHHYIo ncuxuatpuio [4.12], ocobeHHO Heko-
TOpbie JaHHbIe O OHMOJOTrMM TNCHXHUYecKHX 3aboseBanuil {4.13], a
Tak¥Xe COBDPEMCHHBIE TeHJCHLUHH B NCHUXOCOMATUUYECKOH MeaulHHe
[4.14].

Haob6opor, npu moaxome co CTOPOHBI BEPXHHX HepapXHUecKHX
YpoBHeli B mparMaTHKe uesoBeyeckoro ofuienust [4.15] nHaule BHH-
MaHHe TIPUBJEK/JIa KOPPEeJMATHBHOCTb «HEBPOTHYECKOIrO» IOBEIECHHS,
0coOeHHO 3aTparuBaiomlasl HellpaBU/IbHOe HCIIOJb30BAaHHe HepapXH-
YECKHX KOJOB CHMBOJHYECKOrO fI3blKa (XODOLIMM MPUMEPOM MOKeT
CHYXXHTb <«IBOHHAsi CBSI3b» B KOMMYHHUKAaTHBHBIX cucTeMax [4.16,
17]), kotopasi okasbiBaeTcsi BecbMa 3(pGeKTHBHOH B Tex cayyasx,
KOrja BO3HHMK4aeT HEOOXONHMOCTb INpepBaTh CBA3b ¥ TE€M CaMbIM
IPeJOTBPATHTh PACNPOCTpaHEHHe OPTaHHuUeCKHX BO3MYIIEHHH y NaH-
HOro Juua (MJH Tpynnsl Juu).

Bo Bcex ynoMuHaBIIMXCS BHLIe paGoTax cJeiyeT OTMETHThb
KOppelsinuio (XOTS HHOTZa ¥ c1abyio) MekIy Puauoso2udeckumu
U ncuxosoceudeckumuy napamerpamu. B uamaraeMoll HHKe cXxeMe 3TH
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CTOXACTHUECKHEe 3aBHCHMOCTH H30MOD(HO BKJIKUEHH B Hally MO-
Jeab, T. e. OHH ONpeAe]sioT, KaKHM 00pas3om B3aHMOJENCTBYIOT
Mex 1y co6oii mocjefoBaTe]bHEe HepapXHueckHe YDOBHH B OTAEJb-
HOM OpraHuaMe (WJIM B OTJEJbHHX opranusmax). Ho 4To HMEHHO
onpeneasier (H3MYECKH «HEPAaPXHUECKHH YpOBeHb» H deM O1HH
vepapxH4ecKHii YpOBeHb OTJHYaeTcs OT Apyroro? OTBeTH Ha 5TH
BONPOCH, MO HalleMy MHEHHIO, HeOOXOAMMB HaM, YTOOGH KOHCTPYK-
THBHO AefiCTBOBaTh AaJjblie. Hepapxuuweckutl yposens onpedernercs
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Puc. 4.20. O6mas cxema nponecca CBA3H MeXJy [ABYMs HepapXHUeCKHMH CH-
CTEMaMH.

4uCAOM, DPACNOAOdCeruem, npupodod (T. €. CTPYKTYPOH MM CJOK-
HOCTBIO), a TaKKe CTENeHbl0 KO2ePEeHTHOL KOOnepaTusroCTU CPEAn
(YHKIHMOHANBHO CXOAHBIX, XOTsl, BO3MOXKHO, aHATOMUYECKH pasJIHy-
HEIX «MOJyJefi» cHCTeMbl (MM «TKaHefi» B tayuyae GHOJIOTHYECKOrO
opraunusMa). IToa (yHKUHMOHAJIbHO CXOAHBIMH OpPraHaMi Mbl TOHH-
MaeM JMHAMHuUecKHii Habop 3/71eMeHTOB, KOTOpble AJs YCNELHOTO
BHIMOJIHEHHS] OINpeldeseHHOH 3aflaud AOJIKHB  KOONEPHPOBATHCT
(T. €. YCTaHOBMTb H IOJAepXKHBATh MeXAY COG0H KaKOoe-TO UHCIO
rHOKO OrPaHHUEHHBIX YIOPSIAOYEHHBIX OTHOLIEHHI).

Hanpumep, B ciayuae AbXaHHs Ledb COCTOHT B TOM, YTOGHI IO-
CTABJATb KHCJIODPOA B a/bBeOJbl JIETKHX, OTKYAa OH CMOXer And-
(GyHAMpOBATb CKBO3b CTEHKH B KpOBb. [l OCYyIIeCTBJIEHHs AbIXa-
TeJbHON NesTeJbHOCTH HEOOXOAHMM CJOXKHBIH MbIIIEUHBIH amnapar,
BRJIOUAIOMHH AuadparMy H MexkpeGepHhle MEILIIB], 03BOJSIONHE
pacTATMBaTh W COKpallaTh IPYAHYI0 K/IETKY, a TaKXe CJ0KHag CH+
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CTeMa HePBHLIX CBsi3edl B CTBOJIE MO3ra H BBHICIIMX UeHTpax ans
Yyhnpas/eHHsl MBIIEUHBIM ainapatoM. $ICHO, 4YTO 3TH MPOUECCH OCy-
ILECTBJSIIOTC KaK (PYHKYUU, peasu3yeMble MHOTHMH KOMIIOHEHTaMH,
OTHOCSIIMMHCS K PAa3JHYHBIM pasfienaM CeKpPeTOpHOH ABHraTeJbHOH
H HepBHOH cHCTeM.

B rosoBHOM MO3re Bce «BBICLIHE» NPOIlECCHl, TaKHe, KaK BOC-
TIpHATHE, peyb, HCbMO, YTeHHe H OIUYILEHHs, HE MOTYT paccMaTpH-
BaTbCSl KaK H30JHPOBAaHHble HJIH Jaxe HeleJHMble «CIOCOGHOCTHY,
KOTOphle MOTYT OBITb NPSIMBIMH (YHKUHMAMH KakKoH-HHOYIb OrpaHu-
YeHHOH TPyNNb KJETOK HJH JOKaJH30BaHHBIMH B OlpefeseHHbIX
yuacTKax Mo3rd. BMmecTo «JIOKaJH30BaHHBIX o6JacTed» AMHaMHuYe-
CKOH aKTUBHOCTH B JAeHCTBHTENBHOCTH MBI HMeeM [JeJ0 C NYTSIMH
nepenaud HHopMauuu (addepeHTHIMH NYTSIMH) H [POLECCAMH
XpaHeHUst H MHTerpauun uHpopmaurn. «Uurenanexryanbusie» GyHK-
[IHH B Hallled cxeMme cJaelyeT paccMaTpHBAaTh KaK C/0KHBE QYHKIHO-
HaJIbHble HepapXHyeCKHe CHCTeMBbl, KOTOphIE He MOryT GHTbh JOKa-
JIH30BaHbl B ONpeLeNeHHBIX 30HaX KOPbl GOJBUINX MOJYINAPHH HJIH
B H30JHPOBAHHBIX TPYNNaXx KJAETOK, a AOJXKHBI ObITb OpraHH30BaHH
B TPYNNbl KOTEPEHTHO ACHCTBYIOUIHUX 30H, KaxXJas H3 KOTOPBIX Hr-
paer poap (ciayuafiHOM) HeMHHeHHOH NHHAMHYECKOH NEDPEMEHHOH H
MOXKET NpHHalJeXaTb COBEPINEHHO pa3JIHUHBIM H 3a4acTyi0 JaJIEKO
OTCTOALLUM APYr OT Apyra o6JjacTsM Mmo3sra. Takude TpyINbl ompe-
JEJAI0T HepapXHUeCKHH YDOBeHb, BLIIOJMHSAIOUHE KaXXAbIH pa3 cooT-
BETCTBYIOILYIO (DYHKLHIO,

W3 npuBeieHHBIX Bhlllle IPUMEPOB SICHO, UTO JAJSK BBICLUHX opra-
HH3MOB MOXKHO MpPELJIOXHTh CJACAYIOIHA HaGop HepapXHUECKHX
YpoBHeHl B BOCXOAALIeM HOpSAKe: YpOBHH (a) HYKJCHHOBBIX KHC-
J0T, (6) 6eakoB, (B) OTAEMbHBIX KJETOK, () OTIEIbHBIX OPTaHOB H
(1) rpynn opraHoB (BBEIMOJHSIIOWHUX COMATHYECKHEe QYHKLMH, TakHe,
Kak NUIleBapeHHe H T. 1.).

BepxHHe xapaKTepuCTHUECKHE YDOBHH XapaKTepH3YIOTCS Bce 60-
Jiee BBICOKOH JOJIeH yuacTHsi MO3TOBHIX TKaHeH G6oJiee BBICOKOTO
paHra " pospacraiomniefl CJ0XKHOCTBIO (OT CTBOJA MO3Ta Yepe3 peTH-
KyJapHy0 ¢opMauuio Kk Kope OoJbiinx mnoaymapuit). [Tocaenanue
YPOBHH HAa3bIBAIOTCA <«KOTCHUTHBHBIMH», H GOJIbLUIMHCTBO H3 HHX B
OTJIHYHEe OT HHXKHHX — «COMATHYECKHX» — ypoBHell 006pasylorcsi H
pas3pymanTcs He TOJbKO B XOAe 3BOJIOLHH, HO H B Ipolecce o0y-
4eHust, TPOUCXOASINEM Ha IPOTAXKEHHH OTrpaHHYEHHOH BO BpeMeHH
KHM3HH OTAEJbHOrO OpraHH3Ma.

Tem He MeHee He ciaefyer 3aGhIBaTh O TOM, YUTO MaTepHAJbHOE
BOMJIOIIEHHE, HJH «annapaTypHas peaju3allisi», BCexX BBHICUIMX KOT-
HUTHBHBIX YDOBHeH OJMHAKOBA: 3TO rpynnsl HefipoHos. OT/aHUaOTCA
KOTHHTHBHble YPOBHH JApYr OT JApyra IpHPOAOH H KOMGHHALHSIMH
«COYYaCTBYIOIIHX>» TKaHCH M BLINOJIHSIEMBIMH MPOLECCAMH CTaTHCTH-
YECKOro yCpeJHEHHsi HJIH JAOCTHraeMoH Ha BHIXOJe CTelleHbio abceT-
PAKIHH (CXKUMAEMOCTH).
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Ha kax[1oM HepapXHUeCKOM YpPOBHE MH MOXKEM BBECTH OIIHCa-
HHe B TepMHHaX IPOCTPAaHCTBA COCTOSHHH, BKJIOUAKOLIee HEKOTOpOe
YHCJIO0 JHHAMHYECKHX INlepeMeHHBIX M Habop nmapaMeTpoB, COOTBET-
CTBYIOLINX AaHHOMY KOHKpPeTHOMYy YypoBH0. [lias npocToTsl (cM.
TakxKe TMPHUJIOKeHHe B) MBI KBaHTyeM NPOCTPAHCTBO COCTOAHHH Ha
KaxKA0M HepapXHuecKOM YpPOBHE H paccMaTpHBaeM TOJBKO KOHeUY-
HO€ YHCJIO COCTOSIHHil, HrpaloUINX poJb TOHKOH CTPYKTYpPHI AAHHOTO
ypoBHsA. TeM caMbIM cToxacTHYecKHe HeJHHeHHHIe AHPepeHIHa b-
Hble YD4BHEHHS, COOTBETCTBYIOIIHE OTNHCAHHIO HENPEPHIBHBIX COCTOA-
HUH, 3aMEHSAIOTCS Ha BCEX HEpPapXHYECKHX YPOBHAX MapKOBCKHMH
HENsMU ¢ AUCKPETHBIM BpEMEHEM, KOTODHE XapaKTepH3YIOTCA COOT-
BETCTBYIOIIUMH MaTpHIAMH IepexodoB {P;;}, NOJHOCTbIO ONHCHBAIO-
HIUMH HEPEXOABl MEXAY AONYCTHMBIMH COCTOSIHHSMH AAHHOTO YDOB-
HS CHCTEMBI.

Huxuue ypoBHn Q, Q' MopaenupyiooTcs mensaMu MapkoBa ¢ ye-
THIPbMSI COCTOSIHHSIMH, BO3HHKAIOLI[UMH B KayecTBe HCXOJOB COOT-
BETCTBYIOIIMX AHTATOHHCTHYECKHX IIPOLIECCOB, H/IH «HIDP», NPOHCXO-
ISIIHX MeXAY NapaMi AHHAMHUYECKHX areHToB (cM. I b u [4.18]);
3TH UIPH MOJEIHPYIOT KOJJIEKTHBHO BCe HepapXHYeCKHE YDOBHH,
Jexauue HuxKe ypoBHe#l Q u Q’. Ha yposHsax Q u Q’ olHO u3 ye-
THIpEX JONYCTHMHX COCTOSHHH paccMaTpHBaeTcs KaK «IOMeoCTaTH-
YEeCKOEe»; 3TO T€ COCTOSIHHS, K KOTOPBIM B OCHOBHOM, HO He HCKJIO-
YUTEJBHO JOJIKHH 3BOJIONHOHHPOBATH BCEe INPOIECCH Ha YPOBHAX
Q u Q/, yTOO6H JOCTHYbL OITHMaJIbHOH BHYTpPEHHeH peryJsiiuud H
cTabUJIbHOCTH OpraHu3Ma Ha 3THX ypoBHAX. C Apyro#l cTOpoHH, A
obecrieyeHust adanTugHocTy uyepe3 oOydyeHHe OpraHusM (HJIH opra-
HH3MHEI) Ha Tex e YpOBHSIX Q W Q' JOJKEeH yCTaHOBHTb ajJeKBaT-
HYIO CBsi3b, T. € CHJBHYIO KPOCC-KOpPPEJ/SLHIO MeXIy BXOAHHIM Ha-
60pOM CHTHAJOB (TPUITEPOB), HHAYHHPYEMBIM BEpXHHMH YDOBHAMH
W, W’ naptHepa, U uUMeOIIMMHCH AMHAMHYECKHMH DeXHMaMH Ha
HUKHHX YpoBHAX Q, Q'

IIpu smo6om Habope cUrHAJNOB, MOCTYNAIOIIMX OT MapTHepa, Tpe-
GoBaHHe CHJIBHOH KpPOCC-KOppPEJsIIHd IPHBOAHT K BecbMa HHTEHCHB-
HOMY HCIOJIb30BAHHIO pemepTyapa COCTOSIHHH Ha ypoBHAX Q, Q.
Ho Takoe MHTEHCHBHOE «OJyXkKIaHHE» 10 OTACJbHHIM COCTOSHHSAM
cHcTeM Ha YpoBHsX Q, Q' 3aBeJOMO JOJIKHO CTaBHThb IIOA Yrposy
TpeGoBaHHe roMeocrasa. IlosTomy B o0f6lleM cJaydae JABa OCHOB-
HbIX cOO0paKeHus JJs KaKJoro OpraHusMa, a HMeEHHO Heo6-
XOJMMOCTb TIOMeOoCTasza W TeHJeHHHA K HeNpPepLlBHOH ajanta-
LHH K I[OCTYNAIOUIUM OT IIapTHepa CHTHaJaM, HaXOAATCS B APO-
TUBOpEeUUL.

Bepxnue ypoBHu W, W’ moaenupylotess 70AyMapKOBCKHMH Ie-
[IMH, BEPOSITHOCTH NEPEX0Aa KOTOPBIX ABJAIOTCA (GYHKUIUAMH (a)
HACeJEeHHOCTH (B TMPOIEHTAX) COMEOCTaTHUYECKOrOo COCTOSIHUA HHXK-
Hero ypoBHS u ¥ (6) KOppeJsinuu r MeXAy NOCIeA0BAaTEeNLHOCTAMHU
cocrosinuii ypoBHedt (Q, W) wan (Q', W). Bpemena ydepocanus B
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COCTOsIHHAX ypoBHed W, W’ cielyroT reoMeTpHuecKoMy pacnpefe-
JIEHHIO ¢ CPeMHHM, O6paTHO NPONOPIUHOHA/IbHEIM «CTENeHH OpraHH-
3aU0MH» HJIH H3GHITOYHOCTH HHXHHX YpoBHeH (moiapoGHee 06 3TOM
CM. B NOCJEYIOLHX pasjenax).

[onyuus nanuble u, r, ¥/, r/, BepXHHe YPOBHH B T€UEHHE KAKOIO-
TO BpEMeHH YAEepHKHUBAIOT CYLIECTBYIONIEE COCTOSHHE, IOcJe 4ero
NpOHCXOAUT nepexoX. Hosoe cocrosinne nepenaercst (B Bume «pe-
XHUMa») NapTHEPY B BHJe TPexGHTOBOrO ABOMYHOTO koia. C Apyroii
CTOPOHBI, B 3aBHCHMOCTH OT NIPHHATHIX 3HaueHHH r u u, r’ u o’ >3-
¢epeHTHBIE yNpaBJsIONHE KOMAaHAbl NOCTYNAIOT B HIpPY, JeXKallyio
B OCHOBe BCEro Ipouecca, H HIpa B COOTBETCTBHH C HEKOTOPHIM
aJrOPHTMOM YNpaB/eHHsl (0 HeM CM. CIelYIOUluil pasien) H3MeHseT
AMIIHTYABl H (a3bl MeJJIeHHO H DHTMHYHO BapbUDYIOUIMXCS Napa-
MeTpoB @, B, y, p, &', p’, ¥, p’. Hosole napaMeTpbl Hrphl BAHSAIOT
Ha BEPOSITHOCTH Mepexol0B Ha YPOBHAX Q, Q’, TeM caMEIM H3Me-
Hssl BEDOATHOCTb HX TOMEOCTAaTHYECKOTO COCTOSIHHSI H  Kpoce-
koppessiuun (Q’, W) u (Q, W’). dra npoueaypa mosTOpsieTcst To-
Cle10BaTeJbHBIMU LHKJAaMH, ofecllednBas CBsI3b MeX1y NapTHe-
paMHu.

CyutecTByeT MHOrO peXKHMOB CBA3H. MBI OrDaHWYHMCS PacCMOT-
peHHeM KOONEPaTHBHOrO peHMa CBSI3H, Ha3HaueHHe KOTOPOro co-
CTOHT B YNIpaBJIEHHH, IpeclelylolleM [NOCTHXKeHHe MaKCUMaJbHON
COBMECTHOH «A0GPOTHOCTH», YCTaHaBJIHBAIOLIEH ONpeAeJeHHYIO TIPO-
MOPUHIO MeXAy TOMeOCTaTHYECKHMMH BEePOSTHOCTSIMH H KPOCC-KOp-
peasiuusivu (W, Q’), (W', Q). Ecin 66 KTO-HH6YAb MO HAHBHOCTH
NPUHSAA 32 MepH KauyeCcTBa HU3MEHAIOMIYIOCS €O BPEMeHeM CTeleHb
CHHXDOHH3AllHH MeX]y IepexojiaMH W3 OJHHX COCTOSIHHH B ApyrHe
Ha ypoBHsix W, W’, To ero sameioMo 0Xuiano 6u pasouapoBaHHe.
CuHXpoHH3alHs MoXKeT OHTb JOCTATOYHO XOpOIIa /sl KaKOro-
HUOYTb NIPOCTOTO YCTPOHCTBA BPOJE METJHM CHHXPOHH3AUMH (Bashl,
HO TIpAKTHYECKM HHYEro He TOBOPHT O TaKOM 5BOJIOLHOHHOM
ABJEHUH C 3anasjblBaHHEeM, KaK «JAHaJOr», NpPEACTaBJAAIOUMI MO
CYWeCTBY xaoruueckuii npoyecc (moapoGHocTH cM. B pasf. 6.6.6
u 7.2).

B crenylomem pasgene Mbl IpuBefeM omucaHMe NPOLECCa CBSI3H,
BKJIOYalOllee HI'PBl, BO3HHUKAIOILYI0 AMHAMHUKY Ha ypoBHSX Q,Q’, a
Tak¥e IMHaMHKy Ha ypoBHax W, W’. B pasa. 4.7.3 Mb paccMoT-
PHM CTDYKTYpy INOJYMapKOBCKHUX Ilerefl Ha BepXHHUX YPOBHAX, a
TakXe CTAaTHCTUKY BpeMeH yaepxKaHust. Pasa. 4.7.4 Mbl nocBsiTUM
npobJeMe YIpaBJeHHs W KPHTEDHSM ONTHMH3aluu. B pasx. 4.7.5
H3JI0XKHM De3yJbTaThl UHCJIEHHOTO MOJENHPOBAHHS IPOLECCOB CBS-
3W — ynpaBieHus. B 3sakmouenne (pasa. 4.7.6) H3JOXKHM HEKOTO-
PHi€ 3aMeYaHHs O COOTBETCTBUH NpefJaraeMoil MOJENH HeKOTOPHIM
NPOBOAMMBIM B HACTOSIllee BPEMS HCCJIENOBAHHSM IO KOMMYHHKA-
THBHBIM CBSI35IM B UeJIOBEYECKOM OpTaHH3Me.
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4,7.2. luHaMHKA Ha HHXHHUX YPOBHAX Q, Q' u Jexamas
B €€ OCHOBE Hrpa

[MonuTaeMcst OmucaTh AHHAMHYECKYH AKTHBHOCTD Ha HHXHHX
ypoBHAX Q, Q' Kak «OTrOJIOCOK» HIPH, Jexalled B OCHOBE BCeH
JIHHaMHKH. MBI Bcerja MOCTYJHPYEM CYIIEeCTBOBaAHHe ABYX AHHAMH-
yeckux arentoB | u Il, mesamomux XxoAw noodepeiano. Hampumep,
10 OTHOLUEHHIO K [EepBOMY MapTHepY, T. €. YYaCTHHKY HIPBI C YPOB-
HaMu (Q, W), Kax/aulit arent nenaer Ju6o xold C «B MOJb3y» mep-
BOro mapTHepa, Jau60 xox D «BO

G i Bpeld» eMy (puc. 4.21).
Ny [N e Ecnan o6a areHra jJenaloT XOd <«BO
N \g Bpel», TO KaX/blfi M3 HUX BBIMDHI-
G N RN BaeT C BEPOSTHOCTBIO, PABHOM HYJIIO.
-y N\ e Ecau ofa aredra /JelaioT XOA «B
N MoJIb3y», TO areHtT | BBHIUTPBEIBAET C
N Ng BEPOSITHOCTBIO Y, @ areHT Il BBIUTPHI-
D, 5 ‘N BaeT C BEPOSITHOCTbIO 1—y («BHIHI-
LN LN pHII» O3HAYAET, 4TO COOTBETCTBYIO-

HA areHT AOMHHHpYeT IIpH BHIpa-
Puc. 421. Cxema «urpm» asyx OOTKE IMOBEIEHHs CHCTEMBI Ha YpOB-
areutoB, Jexaweii B ocnose au- He Q). Ecam areHT I memaer xoa «B

HaMHUYeCKOH aKTHBHOCTH. 0Jb3y», @ areHr Il — «BO Bpen»,

To aureHT Il BHIUTpHIBAeT C BePOAT-
HOCTBIO @, a areHT | BHIHrpHIBaeT ¢ BeposATHOCThIO 1 — . Hakoner,
ecaH areHT I wrpaer «Bo Bpea», a areHt Il Jenaer XoX «B IOJb3Y»,
TO areHT | BHIUTPEIBaeT ¢ BEPOSTHOCTHIO §, a areHT Il BHIUTpHIBaeT
€ BeposATHOCTbIO 1 — B.
Mul npennonaraem gasnee, uto
1) ecld aredT genaer BBIMTPBIUIHBIA XOA, TO C BEPOATHOCTHIO [
OH TIOBTOPSIET 3TOT XOA B CJeAyIolled MapTuH,
2) ecJid areHT jJenaeT NPOMIPHIUIHBIA XOA, TO B CJAeAYIOlIed map-
THH OH C BEPOSITHOCTBIO P CHeJNaeT BHIUTPHILIHBE XOJ.

HerpyaHo BHIETb, UTO NIPH CAeNAHHLIX IPEANOJIOXKEHUIX MepBas
CHCTeMa Ha HHXXHeM ypoBHe () MMeeT uYeThbipe COCTOSTHHS:

coctossHHe S; (06a areHra JAenaloT XOA «B NOJb3Y»);

cocrosiune Sy (arent Il genaer xon «Bo BpeA», areHt I gemaer

XOJ «B IOJIb3Y%);

cocTosiine S; (arenT I memaer xox «Bo Bpeld», arent Il memaer

XOJ «B MOJB3Y»);

cocrosinne S; (06a areHTa JefalOT XOJ «BO Bpen»).

Caenyer 3aMeTHTb, UTO Bbille MBI pacCMaTpPHBAJH Hecummer-
puunyro Martpuuy, B Koropoii cocrosimus (C,D) u (D, C) pasanu-
HH. Te e KpHTepuu NpUMEHHMH H KO BTopoMmy maprtHepy (Q’, W’)
¢ napaMerpamu o, p’, ¥, P’

KakoBa BO3MOXHasi npaBAOHOJ00HAs (DU3HOJOrHUeCKas HHTep-
nperamust napaMeTpoB a, B, y, p? BeposiTHOCTH BHHMIpHIIA @, B, ¥
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MOXHO paccMaTpHBaTb KaK KOPPEJSTHBH K paclpefleseHHAM Bepo-
SITHOCTH MTHOBEHHOH KOHLIEHTPALHH COOTBETCTBYIOIIHX BELIECTB —
TOPMOHOB HJIM HEHPOMEJHATOPOB, KOHIEHTpAlUH KOTOPHIX MOABEp-
XKeHbl [1epHOAHYECKHM H3MEHEHHSMH H KOPPeJHPOBaHH CO CTENEHbIo
BO3OYXKAEHHS «TKaHed» D,

[TapameTp p MOXHO paccMaTpuBaThb KaK aHAJOT BEPOSITHOCTH
nepexoga C— D wau D— C qu6o aas arenra I, qubo anas ares-
ra II; caenoBaTesnbHO, 3HAYeHHe €ro BBEIBOIHTCS M3 paclpeleneHHs
Ouppepenyuanrvroll  KOHLUEHTPALHH COOTBETCTBYIOIIHX  BELIECTB
(ropMOHOB HJIH HeHpOMeNHaTOpOB), pearHpyiomeHd Ha Takof mepe-
X0A. B ¢usHONOrnH CyIIeCTBYIOT BEJHKOJIEINHbIE TPHMEPEl KHIPY,
4HAJIOTHYHBIX OINHCAHHOH BBILIE, TNPOHCXONSMIHX XOTs OB MeXAy
JBYMsl YacTsMH aBTOHOMHOH HepBHOH CHCTEMBl — CHMITaTHYECKOH H
napacHMIaTHYecKOH (poJib MeQHAaTOPOB BBHIMOJHSIOT COOTBETCTBEH-
HO HOpaZpeHaJHH H aueTHAXoJHH). CyIIecTByeT Takxke BecbMa
Ba*KHBIH M T1I0KA MAJONOHATHHH aHTarOHH3M MeX]y CTeleHblo
BO36Yy¥KJeHUST BOCXOAsIEH YacTH peTHKYJspHOH (opManuH H TaJja-
MOKOPTHKAJbHOH aKTHBHOCTH Kak PHTMOBOAHTens. IlepBuifi H3 mne-
PeYHCACHHHX HaMH NPHMEPOB — KJAACCUYECKHH; B HaJjbHeflIeM MBI
KPaTKO INPOKOMMEHTHPYEM HEKOTOpDhIE COBPEMEHHBIE, [aJeKo He
OKOHYaTeJbHBle B3IJISAH N0 IIOBOAY BTOPOrO NpHMepa, Tak Kak Je-
Kalllass B ero OCHOBe «Hrpa» HMeeT (GyHIaMeHTaJbHOe 3HayeHHe,
NOCKOJIbKY YPOBeHb (Q CBSI3aH ¢ «BHICHIMMH» (OpMaMH aKTHBHOCTH:
OpHeHTalHel, MOTHBallHel U 3allOMUHAHHEM.

B nmocnennne 20 ser GBIM NMpPOBeAEHEl HCCAEIOBAaHHS 3JEKTpH-
YeCKOH aKTHBHOCTH MO3ra, OCHOBaHHBIE Ha CTATHCTHYECKOM aHaJu-
3¢ CHTHAJIOB, CHATHIX OJHOBPEMEHHO HECKOJBKHMH BHEIIHHMH 3J€eK-
TPOAAMH W:MHKDPO3JIeKTpPOAaMH. Takue H3MepeHHs MOKAa3HBAlOT, YTO
nepHoJHYecKas COCTABJAsALOIAs 3JeKTpodHiebasorpaMmbl (adbda-
PHTM) XapaKTepH3yeTcs BHICOKOOPTAaHH30BAHHOH yupxyAsyuer ax-
THBHOCTH IIO CeTAM KOpH H TajJamyca [4.19]. Tak kak 3Ta UHpPKY-
JUpYyIOWAsl aKTHBHOCTb pAacCIPOCTPAaHSIETCs] BAOJb UCKPUBAECHHBLX
JUHH{, YacTO MeHsieT HaNpaBJeHHe Ha 06paTHOE U NepeMellaeTcs OT
OIHUX TPYIIN HeHPOHOB K IPYTHM, HCCIEA0BATENH MPHIIJIH K BBHIBOLY
O TOM, YTO ILHPKYJISAUHS OCYLIECTBJSETCS BAOJb CEPHH MMETesb, KO-
TOpas nepeMeliaeTcsl N0 HeHpOHHOH ceTH. Mopdosoruyeckne uccie-
JNIOBAHHA TaKXe I0Ka3aJH, yTo 60JbliIMe YYacTKH KOpPH o6najnaiort
JBYCTODOHHHMH CBf3AMH ¢ sAjApaMu Tafnamyca [4.20]. BosHukao
NpeANnoJOoXeHHe O TOM, YTO B KOOpPJHHALHH TaJlaMOKOPTHKaJbHBIX
CBsI3ell BaXKHYIO pOJb MOTYT WrpaThb TaJaMOKOPTHKAaJbHEE METJH

D Tlog BO3OyXKIE€HHEM HEKOTOPOH COBOKYIHOCTH CBSI3aHHEIX MEXAy coGoit
Hef{DOHOB MBI NOHHMaeM CpeIHHH IPOLEHT OLHOBPEMEHHO IMepeilleqiHX B BO3-
6y IeHHOE COCTOSIHHE 3JIEMEHTOB WJIH CPEIHHH NPOLEHT ONHOBPEMEHHO AENoJspH-
30BaHHHIX 3J€MEHTOB HHXKe Iopora.
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06paTHOH CBf3HM, MO KOTOPHIM HMMOYJBCH MOCTYNAWT K AAPaM Ta-
Jamyca.

Hccnenosanuss Bepueano u gmpyrux asropos [4.21] nokasadw,
4TO B3aUMOAEHCTBHE MeXAY LHPKYyJIHUPYIOILleld HCHPOHHOH aKTHB-
HOCTBIO HeCKOJIbKHX siiep Tajamyca obpa3yeT KJETOUHYIO OCHOBY
MEeXaHH3Ma PUTMOBOAHUTENs, QYHKIHIO KOTODOrO TalaMyC OCYLIecT-
BJsIeT 10 OTHOLIEHHIO K KOpe, 3al1aBast M MOLLepXKHUBas Takyw I[e-
PHOJHYECKYI0 AKTHBHOCTb, KaK anabda-putMm. OLHAKO BO Bcex cJay-
4asx, XOTS MeXaHU3M pHUTMOBOAHTENS MOXKeT ObITb OCHOBAH Ha
AKTHBHOCTH silep Ta/jgaMmyca, BIOJIHE BEPOSITHO, 4YTO ero CcTabHuJb-
HOCTb H KOOpPAMHALHUS CyUIECTBEHHO 3aBHCAT OT (DYHKLHOHHPOBAHHS
Ta/JaMOKOPTHKAJbHBIX NeTelb 06paTHO!H CBA3H.

U3 uccienoBanufl, YOIOMSHYTBEIX BhILle, MOXHO 3aKJOYHTb, 4TO
B OCHOBe TakK Ha3bIBAEMOr'0 CHHXDOHH30BAaHHOTO peXHMa B MO3re,
XapaKTepH3YIOUErocs rJAaBHEIM 06pa3oM ocaabrennol ¢asoii 600p-
CT606QHUSA, JEXKUT aKTUBHOCTb HEHPOHHOH CHCTeMBl, pacrnpocTpa-
HeHHas Ha BCe fAfipa TaJjamyca, CB3aHHAsA C KOPOH M KOOpDAMHHpYe-
Mas HechnenupHUeCKUMH sgpaMH. KOOPAUHHUPYIOLIHM MeXaHH3MOM
CJYKHUT BBICOKOOPTaHW30BaHHASA LHPKYJIALUSA HedPOHHOH aKTHBHO-
CTH [0 CEeTSIM KOpHl U TajgaMyca U KOPTHKAJbHHIM NeTJaaM 0oO6paTHOH
CBSI3H. ,

C npyro#i CTOpPOHH, B MO3Te CYIIEeCTBYyeT TakKkKe HECHHXPOHH30-
BAaHHBIHA, HJIH XaOTHYECKHH, PEXHUM, XapaKTepHU3YIOIIHHCA I'JIaBHBIM
00pa3oM eOTOBHOCTHIO K Peaxkyuu iU HACTOPOXEHHoiM 600pcTeosa-
Huem. B OCHOBe ero JIeXHT aKTHBHOCTb BOCXOLSAIIEH pETHKYJSAPHOH
AKTUBUDYIOUIEH CHCTEMBI, HEHCTBHE KOTOPOH HAa MO3r OCYIUIecTBJsie-
€TCsi OTYaCTH MOCPeACTBOM «peseHHBIX» CTaHILHH, PacloJIOXKEHHHIX
B sgpax rtajamyca [4.22]. Korga »TH penefiHble CTAHIUH AKTHBH-
pYIOTCA CTHMYJALMEH CO CTOPOHBI Tajamyca (BBI3BAHHOH 8036ydc-
detiuem, oGyCJOBJEHHBIM Nepefayvefl HHPOPMALHH OT HUXKHHX YDPOB-
Hell K HeOKOPTHKAJbHBIM YDOBHSIM HJH OT OKpyXKawuiel cpelbl ue-
pe3 mnepH@epHYeCKyld HEpPBHYIO CHCTeMYy), TaJaMOKOpPTHKaJabHaA
HellpoOHHAsl aKTHBHOCTb MOJIAPH3yeTCcd H NpephiBAeTCS Ha MEPHOIH,
NPOAOJKHUTENBHOCTD KOTOPBIX BO3pACTaeT ¢ YBeJHYEHHEM CTeleHH
BO36GYXK/IEHHs, a TaK¥XKe C yBeJuueHHeM BO36yXKIeHHs BOCXOIAslled
YAaCTH PEeTHKYJAAPHOH (QOPMALUH HJIH CKOPOCTy NepefadH HHPopMa-
LUK O 3TOMY KaHaJy.

TaknM o6pa3oM, MO MHEHHIO HccJeLoBaTesed, B Tajamyce ael-
CTBYIOT 08¢ QHTA2OHUCTUYECKUe HeHPOHHBIE CHCTEMBI, OJJHA U3 KOTO-
pPBIX OTBEYAeT 3a LHUPKYJ/ALHIO HeHPOHHOH aKTHBHOCTH W CHHXPOHH-
3alHIo, a Apyrasi — 3a npepouiéanue UHPKYJIALUH HeRDOHHOH aKTHB-
HOCTH W JeCHHXPOHH3auHI0. KpoMe TOro, H3BECTHO, UTO B 3THX ABYX
cucTemMax HeHCTBYIOT pasJHYHBE HelpOMeIHATOpb: B CHHXPOHH3Y-
JOLIEH CHCTeMe CepOTOHUH, B JECHHXPOHHU3YIOUIEH CHCTeMe ayeTun-
xoaun. «HopMasbHO® aKTHBHOCTb 3THX IBYX areHTOB JOJIXKHA MpO-
TeKaTb B HEKOTODOM JHHAMHUYECKOM DPABHOBECHH. YCHJEHHe BJIHA-



D/ieMeHTH TeopHH HH(ODPMAILHH U KOAMPOBAHHS 229

HUS MePBOfl CHCTEMBl MPHBOJAHT K COCTOSIHHIO PEAKCALHH H COHJIH-
BOCTH. YCHJIGHHE BJHSIHHsI BTOPOH CHCTeMBbI NPHBOIHT K BO36YXKe-
HHIO H HAacTOPOXKeHHOMY GOIpcTBOBAHHIO.

B pamkax Haurero o6CyIeHHsS HeJb3si He YIOMSAHYTb H O HEKO-
TOPBIX «IATOJOrMUECKHX» CHTYaUHAX, KOTAAa OJHH H3 JBYX yKasaH-
HBIX BbIlle areHTOB NOCTOAHHO uMmeercs 6 u3beiTKe (HampuMep, H3-
32 4pe3sMepHOro (pyHKUHOHHPOBAHHS CBOEro COGCTBEHHOTO HefipoMe-
AnaTtopa WJIM HCuepIaHHS HekpOMeLHaTOpa APYroH CHCTeMBl), YTO
IpHBOJIUT K JOMOJHHTENIBHOMY IUYyMy, a B 3KCTPEMaJbHHX CJy-
4asaX — K KOHBYJbCHBHBIM COCTOSIHHUAM. [Ipu Takux ycioBHSIX CBS3b
MeX1y HeDPapXHYeCKHMH YDOBHSIMH [pepblBaeTCH.

[IpuBeleHHBIA BHIlle NpHMEp MOMKET [IOMOYb UHTATENI0 COCTA-
BHTb HEKOTOpOE NpelicTaB/JeHHe O NPaBACHNOLOOGHOCTH H afeKBaTHO-
CTH Mpel/aaraeMoi MOJE/H, B TOM YHCJe O Pa3JHUYUMOCTH COCTOSHHE
(C, D) u (D, C) (maapueliiee ob6CyXneHHe CM. B pasn. 4.7.4).

Hanee MBI HamepeBaeMmcsi NpeACTaBHTh 16 3/eMeHTOB Pi; mart-
pHUB nepexoia Ha ypoBHe Q Kak (YHKLIHH apaMeTpoB o, B, y, p.
10 GbUIO CeNaHO B HejaBHel paGoTe [4.18]. Ha puc. 4.22—4.25
IpEACTaBJCHbl COOTBETCTBYIOLUHE TPH CXEeMBl (He HYXJAOUIHecs B
LOMOJIHHTENbHBIX 06 bACHEHHAX).

3Hasi MATpHILy TNepPexoja, Mbl MOXKEM BBIUHCIHTH BePOSITHOCTD
HaXonuTbesd B COCTOAHHH S; (i =1, 2, 3, 4) nepex (n 4+ 1)-m ue-
npiTaHndeM («maprHell urpui»).

O6o3HauuM 3Ty BePOSITHOCTb UY€pe3 U , 4 1. HEIOCpeCTBEHHO
BHAHO, UTO

4
Ui o1 = !Zl u,wPji. (4.7.1)

[B cayuae amepuoanyeckodi MapKOBCKOH LENH, KAK Mb yKe
3HaeM, CYIIECTBYeT aCHMMETDPHUHOe pacmpejlejexue (CTamHOHAp-
HBIX) COCTOSHHH u;, He 3aBHCAUIee OT HAYaJbHHIX YCJOBHI, T. e.

4
i = Zj=1 ujpji-]
Mpl BUANM, uTO, TaK WIH HHAUe, 3HAUGHHS Wi, Us, Us, U, MOTYT
ObiTh NMpeACTaBJenbl KaK QYHKUHH mapamMeTpoB o, B, v, p. (Anado-
THYHBIM 06pasoM, AJs BTOPOro NapTHepa (BTOpPOH CHCTEMBI) 3Ha-

YEHHS U], Uy, Uy, W, MOTYT GHITb TOJYYeHBI HCXOAS H3 3HAYEHHH

o', %, v, p)
Pu=0—=wv+vU0=—p)+ 1=y —=p)+v(l—y)(1—p?2=
=[l—v+v(0—=pllv+ 1 —v)(1—p)], (4.7.2)
Po=(0—=vp+v(l—=vp(l—p)=p(l—y[l—y+v(1—Dp),
(4.7.3)
Pa=vp+v(l—v)p(l—p)=vyplv+ (I —v)(1—p), (4.7.4)

u



HauansHoe
cocToAHUe

Pr=(1 =¥y +¥2(1~p)+ {1 -y (1 - p)+y(1 —y)(1 —p}2
=[1=y+y(1—p}ly+(1-y)(1-p)] YR
Pra=(1=yPp+y(1~y}p(1=p)=p(1—y)[1 ~y+y(1-p)]
Pu=¥?p+y(1=y)p(1~p)=yply+(1 ~y)(1 =p)]
. Pu=y(1-y)p?
T pp=1

=

Puc. 422, Tpu cxeMn Aas BepOSITHOCTel Tepexofa C HauyalbHHM COCTOSHHEM Si.

Hasanbtoe g,
COCTOAHWE

Par=(1~a)?p+e(1-a)p(1~p)=p(1~a)[1 ~a+a(1-p)]

Pu=(1-a)a+a*(1-p)+(1-a)(1—p)+a( —a){(1-pR
=[1-a+a(1-p)la+{1~a)(1-p))

Po=a(1~a)p?

Pa=c?p+a(l~a)p(1~p)=apla+(1~a){1-p)]

pi=1

TMe

§

Puc. 4.23. Tpu cxeMH AJIs BepOATHOCTell NepeX0ja C HAuaNbHHIM COCTOSIHHEM Sz



HauanbHae
COCTOAHKE

&“E:MBU—B)W—P) =pplf+{1-B)(1-p)]
Pa=B(1- B)+5’(1-P)+(1—ﬁ)’(1—p)+ 1-p)(1-p)2
=[1~B+A(1—~p)p+(1-B)(1-p, A1-pi-p)
‘ Pa=(1-BPp+B(1-Blp(1~p)= P(1 B)[1“P+P(1"P)l
J=l Pq"

Puc. 4.24. Tpu cxemn jJs BepOSTHOCTeR Nepexofa C HAYaJbHHM COCTOAHHeM Sa.

S¢

Sz

HauanbHoe
COCTOAHMUE

Se¢

Pa=p*

Pa=p(1-p)
Pa=p(1-p)
Pau=(1-pp

Py=1

T

Puc. 4.25. Tpn cxembl Aas BeposTHOCTell MepeXoa ¢ HadasbHHIM CcoCTOAHHEM Se
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Py=v(l—v)p% (4.7.5)
4
1;1 Pii =1

Py=(1—afp+a(l—a)p(l—p)=p(—a)[l —a+a(l —p)],

(4.7.6)

Pp=(1—a+(I—p)+(1—af(l—=p+a(l—a)(l —p)? =
=[l—a+a(l—p)lla+ (1 —a)(l —p)], (4.7.7)
Pys=0a(l — a) p?, (4.7.8)

Py=d’pta(l —a)p(l —p)=apa+ (1 —a)(l —p), (4.7.9)
24: Pij: 1,
j=1

Py =@p+p(1—PB)p(1 —p)=Bp[B+ (1 —B) (1 —p)l, (4.7.10)

Py =p(1—p)p’ (4.7.11)

Py =B =)+ (1—p)+0—BP(1—p)+p(1—p)1—p?=
=[1—=B+B(1—pIB+(1—B1—pl (4.7.12)
Py=(1—pFp+B1—B)(1—p=p(l—p)[1—B+B(1—p)

(4.7.13)

™.

Pijzl.
]

3ateM MBI BBOAHM BTOPYIO KOJJEKTHBHYIO TepeMeHHYIO Halled
3a/lau, a HMeHHO CTenensv KpOCC-KOPPEeASyUl MeXKAY «BHEIlHH-
MH» TPHITE€pAMH, MOCTYNMAlOMHMH OT NapTHepa, Ha ypoBHe Q M 1u-
HaMHYeCKHe DEXHMBI, 3anaceHHble Ha ypoBHe Q. Ho, mpexae uem
MBI CMOXKEM TPOAOJXKHTb, HAM HeOOXOAHMO ONMHCATb IHHAMHKY Ha
BepxHHX ypoBHax W u W’ AByxX napTHepos.

4.7.3. Mopenb moyMapKOBCKOM Lienyu AJA HePAPXHUECKHX ypoBHed W n W’

Bepxune nepapxuueckue ypoBun W, W’ majgenenn IHHaMHKOM,
ONHCBIBAEMON, HANpHMEp, C NOMOIIBIO MOJeJNH IenH MapkoBa ¢
BOCEMbIO COCTOSHHAMH. Kazk/Abifi N3 OMHCAHHBIX B MpedbIAyIleM pas-
Jlele TIPOIeCCOB, XapaKTepH3YIOIIHMX INOBeJeHHe TepPBO CHCTEMH,
Telepb HrpaeT POJb «BHEIIHHX» CHTHAJOB JJIsi MapTHEPa/CHCTEMHL.

Kaxnomy cocrosuuio W,, W)BepXHHX ypoBHEH MLl CTaBHM B
COOTBETCTBHE TPEX3HAUHOE «CJOBO», T. €. oauo u3 caos 000, 001,
011, 111, 100, 010, 110 u 101. JIpyroe MOAMHOXKECTBO YeTHIpEX H3
5THX CJOB MBI COMOCTABHM YeTLIpeM COCTOsHHAM S, S,, S, S,
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u S, S;, S;, S,aByx naprrepoB Ha ypoBusix Q u Q’. B Takoit mu-
CKpeTHOH (opMe CTenmeHb «INOAOGHA» MeXAYy CHHXPOHHBIMH CTpO-
KaMH HHIHUBHAYaJbHHIX cocTOsiHHH W & Q, W ® Q' B kaxmoh cu-
CTeMe COOTBETCTBEHHO Ha YPOBHAX Q M Q' 3ajgaercs BhIpaxendeM

ro=1—<D, wm rj=1—-=D (4.7.14)

rie D, (un D{) — paccrosinue MexXAy COOTBETCTBYIOUIHMH «CJIO-

BaMH», T. €. YHCJO 3HAKOB, KOTOPBIMH OTJHYAIOTCS 3TH CJI0BA/CO-
crosinusi, Takum oOpasoM, CBsi3b MeXAy IBYMs CHCTeMaMH BH3ya-
JU3yeTCst KaK IocJefoBare/bHOe (GOPMHpPOBAaHHE KPOCC-KOppess-
U MeXJAy TPeXx3HAauYHbIMH «CJIOBaMH», KOTOPble COOTBETCTBYIOT CO-
CTOSIHUSIM, TpHHaMJMexamuM ypoBHsim/mapam (W, Q) u (W, Q).
JanHple 0 KPOCC-KOPPEJSALMAX r;, r; H BePOSITHOCTAX U, U; (H3Me-
psieMBIX HAaCTOTAMH IOSIBJIEHHs) 3apaHee OTOOPAHHBIX FOMEOCTATH-
YeCKHX COCTOSAHHH HAa ypoBHAX ¢ H Q' cOOGIIAIOTCA COOTBETCTBEHHO
Ha (6oJee BricoKHe) ypoBHH W u W',

B COOTBeETCTBHHM C MOJYYEeHHBIMH JaHHBLIMH ypoBud W u W’
(Mrparoomiyie posb «YNPaBISIOIHX» JUIST CBOHX HHXKHHX YpoBHeH
Q u Q’) BBIpabaTHIBAIOT H OTNPABJSIOT BHH3 (ynpexaawouihe) -
(depeHTHBIE YNpPaBJSIONIME KOMAH/bBI, NPUBOAsLIHE K H3MEHEHHSIM
3HayeHHH OCHOBHBIX NMapaMmeTpoB (o, B, v, p), (o, B, v, p’). Takum
06pasoM, [JOCTHraercsi MAaKCHMYM «COBMECTHOH JOGpPOTHOCTH»
(cpemiHero mno [JQOCTAaTOYHO GOJBIIOMY BPEMEHHOMY HWHTepBaJdy OT
B3BEIIEeHHOH CyMMBl KOH(IHKTYIOIINX YJEHOB AJsI KaxkI0H CHCTe-
Mbl H/JAH BepOSITHOCTEl rOMeOCTaTHUECKHX COCTOSIHHH H MeXCHCTEM-
HBIX Kpocc-koppensiuuii mexay yposusamu (W, Q) u (W, Q')).

Mojenupymouine mpolecchl Ha ypoBHsxX W, W’ Ho/KHH HMeTb
JesJ0 ¢ mapaMeTpH3alMeHd BeposiTHOCTeH mnepexoza P;;. Harasgno
X MOXKHO TIpeACTaBHThb cJeAyOIIUM o6pa3oM. PaccMoTpuMm Map-
KOBCKHe llenu Ha ypoBusix W wiau W, cBsi3aHuble MeXAy cOGOH Tax,
Kak mnokasaHo Ha pHc. 4.26. Ilpsimple CBSI3H CYLIECTBYIOT TOJNBKO
MEXAY TIIOCJEN0BATENbHBIME COCTOSIHUAMHU ([epeHyMepoBaHHBIMH
no nopsiaky ot 1 a0 8). IloneiTaeMcst BBeCTH BEpPOSITHOCTH Nepexona
Kak QYHKIMU OT # U r == 1-— D/3 Tak, yToGbl OHH OTBeyaJH HEKO-
TOPBIM HHTYHTHBHBIM MOCTYJATaM OTHOCHTEJIbHO HNPHPOJAH ypOBHEH
Wu v,

IIpumenuTesbHO K mpobieMe CBSI3H B OpraHH3Me YeJoBeka, Ha-
npuMep B caydae, Korga W, W’ 03HauawT «3MOIHOHAJbHO yrpaB-
JsieMble» YPOBHH INOBeJeHHsl, CTPOKA COCTOAHHH OoT 1 mo 8 moxer
MOJIEJIUPOBATh IIKAJy 3MOLIUA OT «AenpeccHH» 10 «3HdopuH», Y,
€CJIH TOBOPUTH B TEPMHHAX MOBEJEHUS, OT KQATATOHUU [0 2unepax-
TugHocTy., B paMKax Takoll mapagUTMbl OPeACTABJAETCS BIOJHE pa-
3YMHBIM, UTO BEPOSITHOCTH «BOCXOASIIHX» rnepexonoB D(k, k4 1)
(=1, ..., 7) (r.e. mocaenoBaTejqbHHIX cABUroB 1 —8 oT Kararo-
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HUM JO THIePAKTHBHOCTHM) LOJXKHB GHTH go3pacratouyumi QyHK-
LHAMH KPOCC-KOPpensuuil r ¢ IapTHepoM/okpyxaiolledl cpelod H
y6oigaroujell (GyHKIMEH roMeocTaTHYeCKOro ypOBHS U. Hanpuwmep,
MOXKHO MOJIOXKHTb

Pk, b+ 1)=Py(r, 5y =C, [l —e ¥ e " - m,, (4.7.15)

rne k=12 ...,7, 0L, < 1,0<<Cp<<1—me " vg, §p — 1O-
JIOKUTEbHBIE Ulcaa. 37ech iz COOTBETCTBYET «BHYTpEHHEMY» CIIOH-
TaHHOMY TpPEDKKY B CJlelylolllee COCTOAHME B OTCYTCTBHE TpHITe-
pOB, MOCTYMAIOWHX OT NapTHEPOB.

P P22
P33
re () P M)
\_/ ‘\_/
P2 Ps2

# flenpeccna’’ P43 Pat
B )ru

“MaHuA" Pes Rs

P P
Pa7 $
VR /&\@/_\
S OO Ve
Pes- P Pes
Puc. 4.26. CxeMa MapKOBCKOH lLeny (MapKOBCKHX leniel) Ha BePXHHX HepapXH-

yecknx ypopHsax W(W’).

AnasornuaeM 06pa3oM, Mbl MOXKEM IIPHHAThL AJs BepOSATHOCTER
CHHCXOASIHX» MepexoJoB CIEAYIOILYIO r, U-TlapaMeTpU3alHIo:

Pk, b—1)=Py(r, uy=d,[1 —e "] ™ 4 q,, (4.7.16)

rjie gr UMEeeT CMBICJ, aHAJOTHYHBIH CMBICAY 7z, R=2, 3, ..., 8,
0<ge<<1,0<<dpr<<1—gr U pg, Ap— TNOJOKUTEJIbHEIE YHCIA.

Haxonell, BEpOSITHOCTH OCTATbCA B TOM XK€ COCTOSIHHH NpelacTa-
BHMH B BHJE

P(k, k)=1—P(k, k+1)—P(k, bk —1)=

—1—n,—q,—Cpll —e "] e %" —d,[1 — e "] ™™
(4.7.17)
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npu k=2, ..., 74
P8, 8=1—P(8, 7). (4.7.19)

AHasnorHyHBIM 006pa3soM [POMCXOAMT BHIPAGOTKA YIPABJAIOLIHX
KOMaHA H Ha ypoBHe W’'. .

BBenem Temepp mapaMeTpH3aLHIO 8TOPO20 POAA BEPOSTHOCTEH
nepexofa P;; Ha ypoBHax W u W’. MapkoBCcKHe menH, KOTOPHIMH
Mbl 10 CHX HOp MOJe/HpPOBAJH AHHAMHYECKOe IIOBeJeHHE HA Hepap-
XH4yeCKHX ypoBHAX Q uau W, Oblid HesBHO HaJeJieHHl TeM CBOH-
CTBOM, YTO IepeXOJbl COBEPUIAJHCh Yepe3 NPaBHJbHBIE IPOMEKYTKH
BpeMeHH. [lepexol Mor BO3BPATHTbL CHCTEMY B COCTOSIHHE, B KOTOPOM
OHa yxKe HaxoAHJach Npexje, HO TeM He MeHee IepeXOJ MpPOHCXO-
aun. Tenepb npH MOAEJNHPOBAHHH JHHAMHKH Ha BEePXHHX YPOBHAX
W, W’ Mub paccMmorpum Gosee o6muii Knacc npoieccoB (noaymap-
KOBCKHE HeNH), B KOTOPbIX NPOMEXYTKH BPeMeHH MexXAy Nepexo-
JaMH MOTYT CJlel0oBaTh JAHHOH (YHKHUH [JOTHOCTH BEPOSITHOCTH U
MOMEHT BpeMeHH, KOI/la IPOHCXOJHT MepPEex0fi, MOXKeT 3aBHCETb OT
caMoro paccMmatpuBaeMoro nepexoja. Korga nponecc Ha ypoBHe W
BCTyIlaeT B COCTOSIHHE i, MBI 3HaeM, YTO OH OIlpeflessieT Clelylollee
COCTOSIHHE j, B KOTOpOe IepefiieT B COOTBETCTBHUH C COIOCTABJEHHBI-
MH COCTOSIHHIO j YCJIOBHBIMH BEePOSITHOCTAMH P;;(r, 1), KaK ONHCaHO
Bullle. [locne Toro Kak cocrostHue j BBIGpaHO, HO, neped TeM KaK
COBEePIIHTh NepeXoJ U3 COCTOSHHA [ B COCTOSIHHE j, NpoHecC B Te-
yeHHEe HEKOTOPOTrO BPEMEHH T;; «3a/epPKHBAETCA», HIAH «IpeGhiBaeT»
B COCTOSHHM i. BpemeHa yJep:KaHHS — IOJIOKUTEJNbHBEIE, HEJOYHC-
JIeHHEBIE, MepeMeHHble, MOMYHHAIIHECS (DYHKHUH «MacChl» BEpOST-
HOCTH h;;(T), KOTOpas Ha3elBaeTCsl «QYHKHHeH MJOTHOCTH BepOST-
HOCTH BpeMeHH yAep:KaHHs».

Ec/au mocieaymilee COCTOSHHE HEH3BECTHO, TO BEPOSTHOCTb TO-
ro, 4To cHcTeMa Ha ypoBHe W mpoBefieT T eJHHHMI BPEMEHH B CO-
CTOAHHH i, paBHA

Ai(r)= ]_; Pk (v), (4.7.20)

raie N — 4HCJIO BCeX MOCHeAYIOINHX COCTOSHHH. HasoBem T «Bpe-
MeHeM OXHJAHHS» B COCTOSHHH i, a A;(t)— GyHKIHeH# MaccH Be-
POSITHOCTH BpeMeHH OxHJaHusd. TakuM o6pasoM, BpeMs OXHAAHHA
€CTh He uTO HHOe, KaK BpeMs y/epKaHHA, KOTOPOe CTaHOBUTCH
6e3ycao8HbiM IO JIOCTHIKEHHH COCTOSHHA <«Ha3HaueHUs», CpenHee
BpeMs OXHAaHHs (T;) CBSI3aHO C CPeJHHM BpEMEHeM yJAepkKaHHS
{T:f) COOTHOILIEHHEM

(v = ;Z=1 Py; (). (4.7.21)
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B u3/0XeHHOH BHille MOAeau mnporecc Ha yposue W cnawaisa BH-
O6upaer cBOe CJEAYIOLIEE COCTOSIHHE, HCNOJb3ys BEPOSTHOCTH Tle-
pexoza P;;, a 3arem BHIGMpAET BpeMms Nepexoa, HCXOAS U3 DYHKIIHU
MacChi BEPOSITHOCTH BPEMEHH YAep:KaHus h;;(T) OpH YCJAOBUH, UTO
BbIOpaHHBIH Nepexod cienaH. Ho TouHo Tak ke MH MOXKeM o6pa-
TUT6 NPOLECC H NMPEAOCTAaBUTb CHAuaAa BHIGHPATH BPEMSs NEpPexoia,
a 3arem BHOHPAaTb HOBOE COCTOSIHHE IIPH YCJOBHH, UTO BpeMs Iie-
pexoaa Bbi6paHo. B wuamell Moaenu Takasg mnociel0BaTeNbHOCTH
coOHITHH foJiee eCcTeCTBEHHA.

Pacnpenenenue BpeMmenu oxuaaunus A;(t), yxke onpejaeseHHoe,
€CThb He UTO HHOe, KaK pacrnpeieseHde BpeMeHH OXKHUJaHUs, Hesyc-
JIOBHOE OTHOCHTEJBHO COCTOSIHHUS, B KOTOpPO€ TEePEeXOIUT Npolecc.
B npuHaTOM HaMu aJbTepHATHBHOM OMHCaHHUM npouecca A;(t) LoXK-
HO OHITh OIpefeNeH0 [1J8 BCeX COCTOSIHHI. 3aTeM MBI J10J-
JKHBl YKa3aTb BEpOsITHOCTb IMe€pexoja B KaxKI0€ COCTOSHHE, eCsH
H3BECTHO BpeMs, B TeueHHe KOTOPOro CHCTeMa Y/ep:KHBaJjach B ee
TEKYLleM COCTOSIHHHM Tepejl TeM, KaK COBEPUIHTb HEPEXOf.

ITyets P;; (1) — BepOSITHOCTb TOTO, UTO IIpollecc, KOTOPLIl Temepb
HAaXOAHUTCS B COCTOSIHUM [ M COBEpPLIUT Nepexo] H3 COCTOSHHS | B
MOMEHT BpeMeHH T, llepelieT IIpH 3TOM B cocTossHHe j. Takum obpa-
30M, P;; (T)— BEpOSITHOCTH Tepexoaa ApU Yyca08ulU, UTO BpeMs yaep-
JKAHHUSI H3BECTHO; Mbl HA3LIBA€M HX <YCJOBHLIMH» BEPOSTHOCTSAMH
nepexoja. Pacnpenenenue BpeMeHH OKHAaHHS A;(T) W COBOKYyI-
HOCTb YCJIOBHBIX BEPOSITHOCTEH mepexona P;(t) MalOT MOJAHOE ajb-
TEpPHATHBHOE ONpeeseHHe NMOJAYMapKOBCKOTo npollecca.

Takum o6pa3oM, ecaH MNpollecCc NepBOHAYaJbHO 3371aH (KakK B
HameMm ciaydae) B TepmHHAX P;; ¥ hi(t), mbl Bbuncasem A;(t) no
¢dopmyae (4.7.20) v nosyyaeMm 3ateM

Pijhij(v)  Pijhij (7)
Ai(t)

P(t)= 7 (4.7.22)
Y Pijhij ()
j=1
IToueMy B QHHAMHKy gepxxux ypoBHe# W, W’ BXoAHT 3Ta 3aBH-
CHMOCTb OT paclpefleieHds BpeMeHH yiaepxaHua? C onepaunoHHOH
TOUKH 3PeHHs TOHSATHE «BpeMa YJAepKaHHA» CBA3AHO C «TOJUKa-
MH» «4acoBOrO» MeXaHH3Ma, AaKTHBHDYIOIIEr0 MAapKOBCKHe IeIH,
TO €CTb MEXaHH3Ma, OTBETCTBEHHOTO 3a CMEHY PEeKHMOB (cCOCTos-
HUH). MBI HOCTYJHpYEM, UTO 3TOT YacoBOH MeXaHH3M (cBoero poja
rJ1aBHBIH DHUTMOBOJAMTENb) HHAKTHBHPYETCS B HHTEDBaJBnl BpeMeHH
(BpeMeHa yAepiKaHusi), KOTOpblE YBEJHUHBAIOT CTENEeHb Ae30PTaHH-
3a0HMM Ha HHXKHHX YpoBHSAX @ H @' paccMaTpuBaeMOH CHCTEMBI.
Ecau roBopHTh 6ojee TOYHO, TO MBI NOCTYJAHpyeM, 4TO J1060e
(cmyuafinoe) HapylleHHe DPaBHOBECHSI MeEXJAy KOHIEHTPaLHSIMH
KJIIOUeBLIX BellecTB (TOPMOHOB, HeHpoMeanaTopoB) ~a, B, v, o,
B/, vy HJIH pa3NHUHBIMH KOHIEHTPAUHIMH ~p, p’, HHIYUHPOBAH-
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HOE H3BHE MJIH H3HYTPH, MQXET TPHBECTH K TAKOMY H3MEHEHHIO B
BEPOATHOCTAX Nepexofa Pj;; na HWXHHMX ypoBHAX Q M Q’, KoTapoe
COTpoBOXKAaercsi (aykryanveli H3OBHITOYHOCTH HJM CTeNeHH opra-
HU3ALHH HA TeX XK€ YPOBHSAX.

HabriTounocts Ha ypoBre Q onpejeasieTcs Kak

RO =1- HQ/HMaKC) (4723)
rjie

1
Ho=— Y Hi (4.7.24)

— CpelHdAs N0 BPEeMeHH 3HTPOTHS, WJIH HeolpeleJeHHOCTb Ha CO-
CTOSIHHE; HAa ypoBHe (Q B TIpeABlylilee BPOMs yiep:KaHis BeJIHUYHHA

4
Hi=—2, P, log,P; (4.7.25)
k=1

€CTb HeOMNpeJeJeHHOCTs COCTOAHHA i (i==1, 2, 3, 4); Huaxc =
=log,4 = 2; v— HHJEKC COCTOSIHHS B MOMEHT BpPEMEHH i.

To :xe HapylleHHe paBHOBECHSI MEXKIY KOHUEHTPAUHAMH KJlo-
YEeBBHIX BEUIeCTB (MJH «MapPaMeTPOB HIPbI»), O KOTOPOM MBI YIIO-
MHHAJH BB, MOXKeT OTBEeYaTh 33 BPEMEHHYIO JECHHXPOHH3ANHIO
HJIH HHAKTHBAUHWIO OCHOBHOrO PHTMOBOJAMTEJNS (HJH CONYTCTBOBATH
3THM GIBJCHHAM), TeM CaMbIM BBOJSI BpeMeHa YAepKaHHI HA Bepx-
HuX ypoBHAX W, W’ xoppesuposarHeie ¢ najgenreM H3GHITOUHOCTH
Ha HWXKHHX ypoBHAX. B pasn. 4.7.6 mbl oOcyauM nociennue Hefipo-
(husrosnorndyeckne paboTel B MOJB3Yy 3TOTO APTYMEHTA.

OnpenennM Tenmepb (YHKUHIO MacChl BEPOSITHOCTH BpPEMEHH
yAep:KaHHA KaK reoMeTpHUYecKoe pacnpeleseHHe

hij(v)=n; (1 — nij)T_l’ (4.7.26)

rae 0 < n;; << 1 — yCcJ0BHBIE BEPOATHOCTH OCTAThCS B COCTOSTHHH
i BepXHEro ypoBHSf B TeucHHe OJHOH eJMHHIB BpeMeHN Iiepej Ie-
pexosoM TpPH YCJOBHH, UYTO NEPEXO] MNPOHUCXOAHT H3 COCTOSAUHA [ B
cocTtosanHe j. CpelHee 3HaueHHE TPHBEIEHHOTO BLIIUE paclpejele-
HHsL paBHO 1/ny;, a ero aucnepcus pasna (1 — n,)/nj,.

Briuncaum Tenmepn 3eMeHT P, {t) MAapKOBCKOH IHHAMHKYU HA
ypoBHe W (aHaJjlorHuHble pe3yJabTaThl CIIpaBeMJWBH H AJAA YPOBHA
W’). Mbl cuuTaeM pasyMHBIM IOCTYJHPOBaTb (TOCKOJBKY peub
HlIeT O 3aBHCHMOCTH BpeMeHH yJepiKaHHA), UYTO BEPOATHOCTL

P (1) nomxna ObiTh yOpiBatomedl (gyHkuuefi napametpa v npH JBH-
KEHHH OT KaTaTOHHH K THNEepaKTHBHOCTH H yOmiBawoulefl Gynkuuei
TOrO K€ NMapaMeTpa TpH JBHKEHHH OT THINEPAKTHBHOCTH K KaTaTo-
HHH. DTO O3HauaeT, YyTo ueM AoJblile chicTeMa W mpeOniBaeT B Ie-
IPECCHBHOM COCTOSIHMH, TeM O0oJplile BepPOSATHOCTh TOTO, YTO OHA
OCTaHETCA B 3TOM peXiMe; H ueM J0Jblle CHCTeMa NpeOBIBaeT B
3fihhopruecKOM COCTOSHHH, TeM O0Jblile BEpOSITHOCTb TOr0, HTO OHA
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nepefijer B MeHee 3fidhopHUYecKOoe, HJAH Gosee JeNpeccHBHOE, CO-
CTOSIHHE, '

3anuirem
Rpey="n, mpu i=1,2,...,7,
Ryuy=n, npu i=2,3,..., 8 (4.7.27)
"
nj;=mny, nupu i=1,2, ..., 8;

npejnoJaraeTcs, 4to 1, << Ho << fg.
B cuiy 3TOro mpeanoJioxKeHHS COOTHOIIEHHe MeXAy COOTBeT-
CTBYIOUIUMH YCJOBHBLIMH BpeMEHAMH VIepKaHHA HMeeT BHI

1 1 1
—>—>—. (4.7.28)
I‘Lu I‘LO I‘Ld ‘
3aBHCHMOCTL BpeMeH YAepKAHHA OT H3GBITOUHOCTH BEepPXHEro
HepapxuyecKoro ypoBHs R B HalleM NpHMepe BBOJAHTCH CJeAyO-

UM o6pasom:

I+ R I+ Rg 1+ Rg
W= M=Tgg o M=

35 (4.7.29)

Us coornowennit (4.7.26) ¢ yuerom cooTHoweHu#i (4.7.27) mno-
Jqydaem

hi(f+1)(1:)——~nd(l —nd)T_l npua [ = 1, 2, ey 7,
hig—y(Wy=nu (1 —n)*™" mpn i=2 3, ..., 8, (4.7.30)
 hy@=ny( — )" mpu i=1,2 ..., 8,

hij(y=0 mpu (j—1D({—i—1(G—i+1)=0.

Bmecre ¢ coorHouienuem (4.7.22) HOBBlE pe3yqabTaThl NPHBOAST
K CJelyIOUIHM BHpa:KeHHAM A/ YCJOBHLIX BepOSITHOCTEH Iepexona
BPeMeH ylepiKaHUs:
Pigany (1) = Piienhian () _
1 2¢2 -
Piiph—) (W) + Pk (O + Pyl 41y (D)

= Praen (4.7.31)
p ny [ 1—ny, Tl p. o 1—ny 7"t p
i(i—l)ﬁ[l__nd] + ide‘[l__nd + Py
mpu i=2, 3, ..., 7u v=1, 2, 3, ... . Kak nocryJHpoBaJoch

Bhille, Pii.1)(t) — yOuiBawwas GyHKUHS OT T OpH ny < no < Ag.



DieMeRTH Teopnu HHPOPMalHH H KOJAHPOBaHHS 239

Kpoume Toro,

. Pishyg (1) o Py 4.7.39
P =50t Patn® 11— 1 (4.7.32)
P“n—[l—n ] + Pig
d d

— y6niBatomias GyHKIHSA OT T.
JInsi HHCXOSIKUX NMepexofOB HoJydaeM
Pign (1) = Pii—nlii—1 (™) _
=D P:(z l)ht(l l)(T) + Pu i (T) + Pl(l+1)hl(1+l)( )

P, ..
(i~
— —— ———  (47.33)
oY L P £y
L(l 1) ii g 1—”u P4+, 1 —n,
upu i=2, 3, ..., 7; Piq-1(v) — Bo3pacraomasi GyHRUHA OT T
npu n, < ny < ng.
Kpowme Toro,
. FPgrhyr (T) — Ps7 .
Py (v) = Pyrhgr (T) 4 Pyshgs (T) 1— 1o’ (4.7.34)
P + P [ 1=
w
a TaxKxKe
. Piihii (1) —
P ()= Pii—nltii—y(® + Piihyy (0 + Py yonhy 541y (D)
Piy
- — —————  (4.7.35)
B LY VN (Y
t(i—l)EnU 1 — ng ii i{i+1) " 1— n,
npu i=2,3, ..., 7ut=1, 2, 3, .... Hakoneun,
_ Pk (1) . Py
P[l(T)— Pk (7) + Prohiz (1) ng [1—ng1° T» (4 736)
P”+P1271;[1—n0]
_ Pyghgs (1) . P!
P88 (T)—‘ P87hs7 (,‘) + P“hss (‘t) —_ ny 1 — , T—1 (4737)
87_‘[ ] + Pss
Nog 1 — o

np v=1, 2, 3,

4.7.4. 3apaua ynpapieHus

a) bBuoaoczuueckue purmel, Aexcauiie 8 OCHO8e uUpbL

BriGepeM B KauecTBe BBHIDAXKEHHH [J51 apaMeTPOB HTpHl. (I[HD-
KajHbvle) KOMIIOHEHTH IePHOAHYECKHX (QYHKUHH, MOJEeNHPYIOUINX
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OCHOBHBIE PUTMBL [lycThb 3T0 OyAyT BHIpakeHHs

a (t) — Cmaxc ;‘ Amun + Cmaxc ’2“ Cmun cos ((Dt _|_ (p)’

B(t) — ﬁmaxc ;" ﬁMHH — ﬁmaxc '2_ ﬁMHH cos ((Df + CP), (4738)

y (Z) - Ymake ;‘ Ymuu + Ymakc ;‘ YMun

cos (of),

raie p =constf, awaxc = Ovun, Puakc = BMHH» Ymake == Ymun — KOH-
CTaHThl, 3a/laHHBle SKCTPEMaNbHbIMH 3HAUEHHSMH PacCMaTPUBAEMBbIX
QayKTyauun.

BriGepem B KauecTBe ynpap/sIOLUIEro napamerpa pasHocTb ¢as
¢ mexay a(f) u y(f) u caemaem TaK, utobbl a(f) u B(f) 6blin
B nportuBodase (T. e. 4To6bl pasHOCTb (a3 MeXAy HHMH Oblaa
paBua 180°). Takoe pacnpe/esieHHe MOJeNHPYeT CHTYalHIO, BO3HH-
KAWLyl N0A [AeHCTBHEM YNpPaBJeHHS B OTAEJIbHBLIX OHOJNOTHYECKHX
purmax. B kauectBe Apyroro ympabjsiiollero mnapamerpa Boile-
pem p. ITycte V = (p, ¢) — BeKTOp yNpaBJsIOLIHX apaMeTpPOB.

MBIl pacCMOTPHM Takxe MeHee KECTKHH YIpaBJASIOUIHH MeXa-
HH3M, COCTOSIIHA B H3MEHEHHH P H HayaJabHOH (asbl ¢ Tpex pHT-
MOB, B OCTa/IbHOM COIJIACOBAHHBEIX, T. €.

a (/) = a; + o, cos (of - @),
B (1) =B, + B2 cos (of - @),
v () = v, + v; cos (of + @), (4.7.39)

rae ai Bi, yi ({ =1, 2)— KOHCTAUTHL

6) Onucanue npoyeccos c8a3u u YRPAGALHUS

PaccMoTpuM Hallm paccyXIeHHS C TOYKM 3peHHS] mapTHepa
A(Q, W). Eciu BekTOp ynpaBasiiouux napamerpos V = (p, ) 3a-
AaH, TO Cpasy XKe 10CJe Iepexoja B HOBOE COCTOSIHHE HAa ypoBHe W
BpeMeHHasi BapHaluHs GYHKUHA o, 8 H y NOJHOCTBIO ONpeleseHa.
Kosib cxkopo (o, B, v, p) usBectHsl, Bce 16 snementos P;;(t) wmart-
pULBI lepexoJa Ha ypoBHe Q TakxKe onpejeneHsl. I[IycTb T-— BpeMs
yAepXKaHUsA B TeKylleM cOocTOsHUW Ha ypoHe W. IMocsenomaTesb-
HUCTb COCTOSIHHA S;1, Sig, ..., Siy Ha ypoBHe Q (i =1, 2, 3 unu 4)
B TEYEHHEe 3TOr0 BPeMEeHH yAep:KaHHS ONHCHIBAETCS NPHBEACHHBIMU
BbIIIE 3aBHCSALIMMH OT BpeMEeHH BEPOSITHOCTSMH [epexofa H Moje-
JUPYIOTCA Ha KOMIBIOTpe ¢ TOMOIIbI OINHCAHHOIO HHKe MeTo/a
Momnte-Kapao. .

BbluHCIHM A1 BBIOpAHHOTO 3apaHee IOMeOCTaTHYeCKOro Co-
crostudss Sy (A =1, 2, 3 uan 4) OTHOCHUTENHHYIO YACTOTY €ro MosiB-
JIeHHsi 33 BpeMs ylepXKaHua 1. BLIUHCIHM TakXKe Kpocc-Koppe-
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JIAILHIO
T
D _ 1 pv
r=l—-—§-=?Z[ 2] (4.7.40)

MeXIy MO0C/JAef0BATENbHOCTSIMH COCTOSSHHH YpOBHsS Q mapTHepa A
u BepxHero ypoBHa W’ naptaepa B(Q’, W’) 3a TOT Xe BpeMeHHOH
HHTepBaJ 1. 3a BpeMs T Ha ypoBHe W’ MOryT MpOHCXOAHTbL He-
CKOJIBKO Mepexo/0B.

K KOHILy BpeMeHH ylepIKaHHs Iapa 3HaueHHH (u,r) mepenaercs
apdepeHTHO Ha ypoBeHb W. TeM caMbIM BepOATHOCTH Mepexoja
P;; Ha aToM ypoBHe (DUKCHpPYIOTCA TaK, Kak onucaHo B pasi. 4.7.3.
Bepxuuft yposenb W HrpaeT ABOSKYIO pOJb: «IepelaTuHKa» o
OTHOLIEHHIO K YPOBHIO Q' mapTHepa B W «ynpaB/sooumero ycrpoii-
CTBa» IO OTHOLIEHHIO K JeXauleMy B OCHOBE €ro CaMOro HIphl Ha
ypoBHe (. B 3Tol mocienHell poJd HasHaueHHe ero COCTOHT B TOM,
4To6bl H3MeHATb (depe3 sddepeHTHBle (yIpexIaloliHe) yHpas-
JSAIOIHe INapaMeTpbl) BEKTOp YIPaBJASIOUMX HDapaMeTpoB V =
= (p, ) Ha OCHOBe NMPHHATHIX CHTHAJOB (u,r).

Ueab ynpab/jeHHs COCTOHT B TOM, YTOGH YIOBJETBOPHTHL Hal-
JexkamuM o6pa3oM BuiG6paHHOMY KpuTepuio. Curyauus Tpebyer
IpoueAyphbl yIpaBJdeHHUs, Npecaelylomel ABe LeJH: ¢ TOUYKH 3PeHHs
naptHepa A 1esblo MOrJI0 6Bl GHITh NOCTHUIKEHHE MaKCHMyMa B3Be-
HIeHHOH CYyMMBI cpeiHux 3HaueHud E(u) u E(r) mapameTrpoB u u r,
T. €. JOCTHXKEHHEe MaKCHMyMa «JI06pOTHOCTH»

F=ME (u) 4+ ME(r), (4.7.41)

rie Ay H Ay -— HEOTpPHLATEJAbHBIE KOHCTAHTHl C €AMHHYHOH CyMMOM.
C Touku 3peHHs napTHepa B ueap AoaxHa 6blja 6B COCTOSTD
B JOCTHXKEHHH MaKCUMyMa Apyrol 1o6pOTHOCTH

F" = ME W) 4+ ME(r), (4.7.42)

rie 0<CAI <L u Ay=1—A[.

B Takoiéi aHTaroHUCTHUYECKOH [AByXleJeBOH 3ajaye yIpaBJeHHS
napTHepel MOTYT MATH Ha KOMIIDOMHCC, MBITasACh HAUTH PEXHUM
s83aumnoti adanTayuu WM cocyujecTsosanus. Takas crparerus
CBOJHUTCH K HAXOXKJEHHIO MaKCHMyMa COBMeCTHOH AOGPOTHOCTH

F;j=0oF 4 o'F’, (4.7.43)
rae o, ¢’ — HeOTpUllaTeIbHBle KOHCTAHTH C €IHHHYHOH CYMMOH.

B) Beibop mexanu3mos ynpasiexus

3HayeHUsl yIpaBJslOIIUX NapaMeTpos (p, @) H (p’, ¢’) BLIOH-
palorcsi uepapxuueckuMu YpoBHAMH W u W’ B COOTBETCTBHH CO
3HAueHUSAMH KOJIJIEKTHBHHIX [epeMeHHbIX (u,r), («’,r’) Hemocpen-
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CTBCHHO IIOCJI€ COOTBETCTBYIOINHX IEpPeX0l0B, T. €.
p=F[(r, u), p'=F(" u)
o="F,(r, u), @ =Ff(" ).

BriGop Takux QyHKUHE [nau oTobpaxeHu# (r,u)—(p, @) H
(v, u')—>(p’, ¢’)], IpH KOTOPHX JAOCTHraeTCH MAKCHMYM COBMECT-
HOH mo6poTHocTH Fj, M cocTaBjser 3ajauy ynpabjeHus. Mbl npej-
noJjiaraeMm, 4TO BEKTOP YNpPAaBJSIOIMHX NapaMeTpoB V MOXKeT OKaH-
YUBATbCS TOJBKO B KOHEUHOM UHCJEe TOueK Uy, Uy, ..., Uy Ha ILIO-
ckoctu (p,@). byneMm cuurath, uTO mpsaAMoyroabHas obgaacte 0 <
<r=<1, 0<Cu=C1 «upunsroro» ekropa (r,u) uau (D, u) pas-
neseHa Ha M o6aacreit Ry, Ro, ..., Ru, Kak nokasano Ha puc. 4.27,

(4.7.44)

3
u

R«

U,
Ry

Uz
R1’

Uy
R

) Do 3 D ys

Puc. 4.27. a—kBantoBanHe Ha mJaockocTH (D, u). 6 — DUCKpDeTHHe 3HaueHHS
ynpasJjsitoliero BekTopa V(p, ¢).

rie AJsi MOJeJUpOBAaHHS Ha KoMIbloTepe Mb BhHGpaiu M = N = 8.
MBb cyMTaeM, 4TO B 3TOM KOHKPETHOM cJydae p NpDHHHMaeT 2 3Ha-
yeHHUs, a ¢ — 4 3HAUCHHA:

3
peEip, pols @E {0, 32‘- L, —2’1} (4.7.45)

O6aactu R; (i=1, 2, ..., 8) 3ajaHn TakK, Kak IIOK4a3aHO Ha
puc. 4.27.

Eciu OTKasaTbesi OT 3BPHUCTHUECKHX c00OpaxkeHHH, NO3BOJSIIO-
MIMX alpHOPH MCKJIOUHTH HECKOJBKO OTOOpaXKeHHH, 3aBeJOMO He-
ONTHMAJbHHX HJIH HECOBMECTHMBIX C XapakKTepoM peluaeMoH HaMH
3ajaud, TO Heo6xoauMo paccMartpusaTb Bce (NM)2= N2M pap oro-
GpaxeHud. $IcHO, UTO ONTHMH3allMs Ha OCHOBe Iepebopa Bcex 3Je-
MEHTOB CTOJb OOJBIIOrO MHOXECTBA HCKJIOUaeTcsl JaxKe INpPH He-
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60JIbILIOM YHCJE CTyNMeHeH KBAaHTOBAHHS (HallpHMep, TaKOM, KakK Ha
puc. 4.27). Ilo3TroMy MBI OTpaHHYUMCSl MOUCKOM Ha CJIYyYa{HO BHI-
6paHHOM MOJAMHOXKeCTBe, cojepxKalleM 8!% = 28 Bo3MOXHBIX MOJ,
HJIH pEeXKHMOB, COBMECTHOTIO MOBEACHHUS.

4.7.5. MogeaupoBanue Ha KOMIbIOTEPE

BeiGepem cHauasa Kakoe-HHOyAb cJaydaiiHoe OToOpaKeHHe
BOCBMH TOUYeK MJOCKOCTH (D), u) Ha BOCeMb TOYEK IIOCKOCTH BEK-
TOpa YOpaBJsiOIKX mnapaMerpoB (p, @) (puc. 4.27). BsaumHo
OJHO3HAYHOE OTOOpaxeHHe XxapakTepusyercss 8! IepecTaHOBKAMH
yucesa ot | mo 8 (ny, ng, ..., Ng) B TOM CMBbIciae, 4TO obaactb R;
miockoctH (D, u) orobpaxaercss B TOYKY Up, IIJIOCKOCTH YNpaB-

asowux napamerpos V.= (p, ¢). Bobop orobpaxenus (T. e. Cay-
yallHOH MEePeCTAHOBKH) IMPOH3BOAUTCS C IIOMOMIBIO CTaHAapTHOH
noanporpaMMul SMAP. B 3Tofi moamporpaMMe MNepecTaHOBKAa 4YH-
cen ot 1 mo 8 ocyuecrsiasiercss no Merody Monte-KapJio caenyro-
MM o6pas3oM. HMcnosb3ysi COOTBETCTBYIOIYIO MOANPOrpamMMmy, M
MOKEM MOpOXKAaThb CJayualiHble 4HCJa, PAaRHOMEDHO pachpejesieH-
Hble Ha uHTepBajde (0,1). OAHO M3 TaKUX YHCEJ MBI YMHOXaeM
Ha 8 W LeJyl0 4YacTb I[OJYYEHHOTO MPOH3BEAEHHS NpHHHMaeM 3a
{lepBOe YHCJIO 1, NMepecTaHOBKH. 3aTeM Mbl IOJyyaeM BTOpOe CJy-
yafHoe YHCJIO M YMHOXaeM ero Ha 7. Ilycth m -—1esnast yactb mpo-
H3BEJeHHsI; TOTJd m-€ MO BeJHYHHE M3 OCTABIUHXCS CEMH YHCEJ
eCTb BTOpPOE UHCJIO fp NepecTaHOBKH. [IpomosKas aHaJ OTHYHBIM
o6pa3oM, Mbl pacrnosaraeM BCce BOCEMb YHCeJ B CJAy4YalHYIO mOcJe-
HZOBATEJNbHOCTb, COOTBETCTBYIOUIYIO HEKOTODOMY BIIOJIHE KOHKpET-
HOMY OTOODaXKeHHIO.

[Tocsie BHIGOpa ABYX CaydaliHbIX OTOOpaKeHHH (IO OJHOMY st
KAMXJOro MmapTHepa) MbI BBIYUHC/IAEM MOJAS1 Ka)KAOTO H3 HHX BpeMs
yaepxaHus. AGCOJIOTHOe BpeMsl TOYEK IIepexoja Ha BepXHEM YpOB-
He W @5 Ka)kaoro mapTHepa oONpedensieTcss KaK CyMMa COOTBET-
CTBYIOIIHX TOCTEI0BATEIbHbBIX BpeMeH yAepXKaHH.

s mapTHepa, y KOTOPOro Hepexod M3 COCTOSIHHSI B COCTOSIHHE
MpoHCXOAuT paHblue (puc. 4.28), Mbl BbHYUHC/IAEM (HCIOJb3Ys MOA-
nporpaMmMmy CQL) caenyomee cocrosiide W u chaefyiouiee BpeMs
yaep:KaHus. UroGbl MOJNYYHTb 3TH MapaMeTphbl, Mbl CHayajga BHI-
YhcasieM paccTostHHe [ MexAy YypoBHeM () OJHOTO mapTHepa
" ypoBHeM W apyroro maprHepa. /s 3TOr0 Mbl C IOMOILIbI Me-
Toga Moute-Kapno omnpegesum 1oc/aedOBATENbHOCTb COCTOSIHUE
S(1), S(2), S(3), S(4) uenu MapkoBa Ha HepapXHYeCKOM YDOBHE
Q caenyromuM obpasom. Ilycts S(i), i =1, 2, 3, 4 — Tekyulee co-
crosinde Ha ypoBHe Q. Crenymomiee cocTosiHHe S(j) MBI yCTaHaBJIH-
BaeM, MOpPOXKAasi ¢ NOMOLIbIO MOAXOASLIEHR MOANPOrpaMMBbl ciaydyai-
Hble uMCja, paBHOMEpHO pacmpejeneHHble Ha uHTeppage (0, 1),
PasjeJeHHOM Ha uYeThlpe MOJLIHTEpPBaja B COOTBETCTBHH C BEPOST-
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HOCTAMH nepexoia P;;. MHaexc j caepymomero coctosuus S (f) map-
KOBCKOH LeNu Ha ypoBHe Q ONpelesseTcs N0 NOABHTEPBAJY, B KO-
TOPBIM MONajaer caydaiHoe YHCIO. _
Cocrosinus ans yposueir Q u W npescrasieHb TPEX3HAUHBIMH
ABOHYHBIMH YnciaMu ot 000 xo 111. B wacrtHocTH, A1s ypoBHed W
MBI HCHOB3YeM B KauecTBe Koia AJs coctosuus W, (uwiu W)

W W’ TpEX3HaUHOe [JBOMYHOE [pej-
Wlo) T T w'{0) CTaBJieHHe HHAekca i. as ue-

THIPEX COCTOAHHH HEepapXHUeCcKHX
ypoBHe#d Q n Q' ABYX napTHe-
W POB MH HCIOJBb3YEM COOTBETCT-
¥ wi(1) BeHHO KoAH S (1) = 001, S(2) =
=010, S(3) =011, S(4) =100,
S(1)=0,11 §(2) = 100, S’ (3)=

wiz) = 101, S8’ (4) = 110, Paccrosinue

MeX1y [ABYMSl 3JeMEHTaMH o,

1/w'(3) @2, A3, P1, P2, P, Tle a; U P; pas-

VITIE N Hbl 0 wian 1 (i=1, 2, 3), BH-

' yHceasgercs no gopmysne

Dzlal—ﬁ1|+]a2—ﬁ2l+

w (N ) +la;—Bs]. (4.7.46)

¥ wi(4)

IocaenoarenbHocts M3 N co-
CTOSIHHH YpPOBHA () mopoxiaaeT-

‘t’ *t Cs1 ONHCAHHBIM BHIIIE CIIOCOGOM,

Puc. 4.28. MopennpoBanHe na xom- A€ N — uncno BPEMEHHRIX HH-

nploTepe: Nepexoinl Mexay cocToguusa- TEPBAJOB B IIpeaeagax KaxKIoro

MH Ha ypoBHsx W n W’ BpeMeHH yaepxaHusa. Briuuc.s-

I0TCs1  paccTosiHus D) mexny

COOTBETCTBYIOIUMMH 3JIEMEHTaMH, H CpellHee pacCTOsIHHe 3a BpeMs
ylAepxKaHus Ha BepxHeM ypoBHe (W uau W’) pasHo

N
1 .
D=+ Z D), (4.7.47)

i=1

3HaueHne napaMerpa u— 3TO A0Js (B NPOLEHTAX) NOSABJEHHS TO-
MeOCTaTHYECKOrO COCTOSIHUSL 3a BpeMs yaAep:Kauus. [loayuns 3na-
YeHuss u W D (a1a BBIOpAHHOTO TOMEOCTATHYECKOTO COCTOSIHHSA),
MBI OIpeleNHM, B KakKylo Hu3 obsaactedl R; (i=1, ..., 8) na
puc. 4.27 nonagaer touka (D, u). Pacnosnaras KBaHTOBaHHBIMH
3HAUEHHUsIMH DapameTpoB D W u, Mbl BHIGHpaeM HOBHle 3HAUEHHS
JJIsT BEKTOpa yNpaBJsIONHX NapaMeTpoB (p, ¢) B 3aBUCHMOCTH OT
0TOGpaKeHus, IOCTPOEHHOTO HaMH B CaMOM HauaJje. QyHKUHH
a(t), B(¢), v(f) m napamerp p Tenepb NOJHOCTBIO ONpejeseHH,
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NO3TOMY MBl MOXEM BBIUHC/JHTb BEPOATHOCTH Mepexoia s HHXK-
Hero ypoBHs.

Kpome TOro, BLIUKC/IHB 3HAUEHHS NapaMerpoB u U r = 1 —D/3,
MBl TeM caMbIM HalULIH BeposATHOCTH Tepexola P(k, k—1),

lﬂ{ 3
1o

I [ f
10! ¥

(3]

010

"

v u 10 I I
101
100
on
010
oot

o0 t
500 1000 1500 2000

Pruc. 4.29. Dpoaouns cocrosuuil Becwux ypoBHedr W w W' aaa ciyuas, Korza
OCHOBHHI PHTMHI ONPeNeSIOTCsS BEpa)eHHAMH o (1) = [(Guake + Gmun) + (Gyake —
— Q) €05 (0f + 9)1/2, B (¢) = [(Buake + Puun) — (Buaxe — Buun) cos (of + ¢)]/2
# Y (f) = [(Vmaxc + Ymun) + (Yuaxe — Ymun) €08 (01)]/2. Enusnus nsmepenns !
NPOH3BOJIbHE. JHAueHHs1 [apaMeTpoB IIPH MOJENMPOBAaHHH Ha KOMIbIoOTepe:
a]}daKC = 0,9 a/MPIH =0,1; /ﬁMaKC =0,8; , By = 0:2;/ Ymake = 0:7; Yurs = 0,3;
a =0,7; O,.,—03; B =0,8; Bun =025 Yyake =09 Vyun =015 © =

MakKc MHH Maxe ~
= n/10. IlapameTpsl BeposATHOCTeH Nepexona JJf BLICIIHX YpOBHed: Ty = 0,13
g =02 cp=dp =08 mg=02 gx=0,1; cx=dyx="08 Ay =pg="vg=
’ 4 / 4
=tx=Ax=pg=vg=CEx=2 IpH K=1, 2, ..., 8 3uaueHus ynpap/sOUHX
napamerpos p < {02; 0,8}, p' ={0.1; 05}, ¢ n @ {0, w/2. 3n/2}. Kpusas
COOTBETCTBYET OTOOpaXeHHAM, INpEeICTaBNeHHHM TNepecTaHoBKamMu 4312586 ans
«JIeBOro» mapTHepa u 48726153 png «npaBoOro», KOTOpHe MOPOXKIAIOT CyMMap-

Hyl0 KPHBYK MakcuMmaabHOro xayectBa (F = 0,29) u3 30 mporoHoB KOMIbIOTepa
¢ CcJayYafHO BHIGPaHHHIMH OTOOpa:KeHHSMH.

P(k, k), P(k,k+ 1) nns yposus W (mam W’) no npupeleHHBIM
BHIle BhipaxenusM. Cieaylouiee cocrosgHue AJsS ypoBHsi W BHIUHC-
asiercss mo Mertoxy Monte-Kapao no anajorum ¢ TeM, Kak 3TO
OBLTO cAejaHo AJad ypoBHA Q.
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Ilast KaXpa0ro cocTofHHSt YpoBHS Q (uau (') MHE BBIYHC/IAEM
(o dopmyase (4.7.25)) BenHuuny

4
Hi:jgl Plj lOgQP”,

2 B KOHIle KaXJoro BpeMeHH yJepxaHus T (Bkjaiodawmero N spe-
MEHHBIX HHTEPBAJIOB) — BEJHYHHY

HQ=-A17(HZI+ o e +HiN)’ ikzl, 27 3) 4) (4'7’48)

u (1o dopmyae (4.7.23) ) — BeaHuuHy

H H
RQ=1—E‘;—4=1 — 2. (4.7.49)

[Io Ro u caepyomemy cocTosiHHIO ypoBHS W MBI ONpefessieM na-

::;r ﬂ-JJL'JU’Ll |
Wl ;
.

04
000 + M " r_t
500 1000 1500 2000
]
M 1 n!
110 L | i,
10 U
100
[} r
W on i
olo
o0
000 s . — ST
500 000 1500 2000

Puc. 4.30. Dpomonus cocrosiuuii BeCIUHX ypoBHell W u W’ ¢ TeMu xe napa-
MeTpaM, 4To M Ha pHe. 4.29. KpuBas cOOTBETCTBYeT OTOGpaMKEHHSM, MPELCTaB-
JIEHHBIM TlepecTaHoBKamu 74628135 mis onworo maptHepa u 87436125 gas apy-
FOro, KOTOPHIE NMOPOXKAAIT CYMMAapHYI0 KDHBYIO MHHHMAJLHOTO KauecTsa (F =
= 0,19) us 30 nporonoB KOMIbIOTEPa C CIYYaHHO BRIGPAHHLIMH OTOGDAIKEHHSIMH.

paMeTpbl reOMETPHYECKOTO pachpejeseHHs, KOTOPOMY MOAYHHSIOT-
csl BpeMeHa yIepiKaHuA:

1) st «BOCXOASAIIMX»> MePeXOAOB n = ng = (1 4 Rq)/24;

2) 1S «NepexofOB» M3 COCTOSHHSI B TO K€ caMoe COCTOSIHHe

n=no=(1+4Rg)/30;
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ny
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o011
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000 ot
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000

Puc. 4.31. DBoaolus cocTOSHMA BhCWUKX ypoBHed W u W’ s caydas, Korpa
OCHOBHHIE PHTMHI ONpENesioTes BupaXeHHsaMH a () = [(Gyaxe + Gmun) + (Gmake —
— Oyn) €08 (0F + 9)1/2, B {t) = [(Buaxc + Bunn) + (Buake — Puun) cos (of + @)1/2

H Y (t) = [(Vmaxe + Vun) + (Vaaxe — VYuun) €08 (@f -+ ©)]/2. Epunnist namepenns ¢
NPOU3BOJLHE. J3HAaueHHs IapaMeTpPoB INPH MOJeJHPOBAHHH Ha KOMHNBIOTEpE:

anlaaxc =0,9; aIMHH =0,1; ?Maxc =0.8; , Bumy =025 Yuaxe =075  YVuu == 0,3;
Cyake == 0,7} Oy = 0,3; ﬁmaxc =08; ﬁMHH =0,2; Vyaxe =01; 0= 50/n. [Tapa-
METPHl BEPOATHOCTE! NEPEXOAa AJf BHCIIMX YPOBHEH! My = g, = 0,2 cpp = dp =
=0,8; nk:q%=0,3; c%:d;(=0,7; A,K=vK=p;<=v;<=§/K=2 npu K =
=1, 2, ..., 8. 3uauenus ympaBaglwux napamerpoB: p < (0,2, 08}, p'=
={0,1; 0,5}, @ u ¢’ ={0, n/2, m, 3m/2). KpuBasds COOTBETCTBYET OTOOpaMKEeHHsSM,
npe/ICTABNEHHEIM IlepecTaHoBKamu 86741253 aas «Jesoro» mapTHepa u 65128374
JII «<NIPAaBOTO», KOTOPHe IOPOXKJAIT CYMMapHYI0 KPHBYIO MakCHMaJbHOrO Ka-
uectBa (F = 0,41) u3 30 NPOroHOB KOMIIbIOTEpAa C cJYy4aiHO BbHIGPAHHBIMH OTO-
6paKeHHsAMH.

3) AJsl «HHCXOASIAX» NepexonoB n = nu = (1 4+ Rq) /36.

[Ipn KOMNBIOTEPHOM BOCIDOU3BEACHHH BpEMeHM yaepxaHus T,
NOMYHHSIOIIErOCsT TeOMETPHYECKOMY paclpelle/leHHI0 ¢ TnapameTt-
poM 1, MBEl BbIOHpaeM

T———[——% InR|+1, (4.7.50)
rae [A]—uenast yacTh BeJHYHHE A, T. €. HanboJbliee 1leJoe

yucao, He NpeBocxoasimee A, a R— cayuaiiHas BenuunHa, psin A
KOTOPOH paBHOMepHO pacrnpejenen Ha uHTepBase (0, 1).
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Ha Bhixone mnporpaMMbl nosyyaeM COBMecTHBIE 10GPOTHOCTH
Aast 30 cnyyafino BHIGpAaHHBIX OTOGpa)KeHHH ¢ COOTBETCTBYIOU[HMH
H3OHITOYHOCTSIMA Ha HHXXHHX YPOBHSIX IJsi AByX mapTHepoB. [Ipo-
rpaMMa TakXKe BHIOHpaer JBa OTOOpakeHHs (IO OLHOMY IJsI KaxK-
AOTO MmapTHepa), MOPOXKAAIUIHE HaHIydlyio (CyGONTHMAasbHYIO)
COBMECTHYIO JOOPOTHOCTb CpelH HCIPOOGOBAHHBIX CTPATeruii ynpas-
JIeHHH,

"m
1o
10t
w 100
on
010
oo
o] -
500 1000 1500 t 2000
m
110
101
w’ 100
on
010
001
° 560 1000 1500 t

Puc. 4.32. OBomouns cocrosuuit Beicmux yposHell W u W’ ¢ TeMH Xe mapaMer-

paMH, 410 ¥ Ha puc. 4.31. Kpupasm COOTBeTCTBYeT OTOGDayKEHHAM, MpPEACTABJEH-

HEIM nepecTaHoBkamu 12756348 nas oxuoro nmapTeepa u 51683427 mas apyroro,

KOTODblE TMOPOXJAIT CYMMapHyH KDHBYIO MHHHMaJbHOro KadectBa (F = 9,23)
u3 30 mpOrosHOB KOMMbIOTEpPA C CJAYyHaHHO BBHIOPAHHEIMH OTOGDAXKEHHAMH.

Ilnsi ynpaBneHHs «HaWUIy4lieHi» Mapel rOMEOCTATHYECKHX COCTOS-
Hufl (T. e. Mapel COCTOSHUH, AJIS KOTOPHIX JOCTHIAeTCs MAKCHMyM
MAaKCHMYMOB COBMECTHOH JAOOGPOTHOCTH) MBI OYCKaJH IPOrpamMmy
16 pas, uro coorBercTByer 4 X 4 KOMGHHALHSIM BHOGpAaHHBIX TO-
MeocTaTHYecKHX cocTosiHHA. Ha puc. 4.29 u 4.30 nmpusegens aisi
yposHe#t W, W’ mepexoabl Mex 1y COCTOSHHSIMH KaK (QYHKUHH Bpe-
MEeHH IIpH 3KCTpPeMaJIbHBIX 3HaueHHsx (BHIOpaHHBIX H3 16X 30 =
= 480 3HayeHHH) coBMecTHOH noGporHoctu. Ha puc. 4.31 u 4.32
OpeACTaBJeHbl HEKOTODHE pe3yabTaThl AJs Cjyuas, Korga Mexay
pHTMaMH o, f, y COXpPaHSAIOTCA NOCTOSHHEIE (Pa30Bble COOTHOINEHHS.
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4.7.6. BHoJsorHyecKHe acneKTH Hallel MoLeNH

Ob6uwjeniue mexdy a1006Mu OUeHb HACTO HANpaBJEHO Ha TO,
YTOObl OGHAPYKUTH (MM CKPBHITb) ueH-TO OMBIT [BOCNIpPHSATHE, KOT-
HHTHBHAs! AesTENbHOCTb COOTBETCTBYIOT YPOBHH Q, Q] ¢ moMolblo
CONYTCTBYIOILETO MOBeJAeHHS [cleHHYecKoe mAeHcTBO, JHIEACHCTBO
COOTBETCTBYIOT ypoBHaAM W, W’]. dror mpoumecc Bomiomaercs B
BPEMEHHOM psilie TUCKPETHHIX MOA (COCTOSiHMI) Ha yposHsax W, W’.

Takum o6pasom, BHIGOp ONTHMaJBHOTO YHUBEPCAAbHOZ0 KOIA,
YCTAaHABJHMBAIOUIETO KOpPPEJALHI0 MeXKJAY OINBITOM H I[IOBeJeHHEM
KaXXJ0ro nmaprHepa, HMeeT IE€pPBOCTENEHHOe 3HAuyeHHe: TaKOH KO.I
NO3BO/IMJ OBl ONTHMH3HPOBATL CBA3b MEXKAY ABYMsl NapTHepaMH
IpY OTpaHHYCHHAX Ha/JaraeMblX OCOOGEHHOCTAMH KOHKPETHOH CHTya-
mug. Hro6bl HafiTu Takofl KoA, HeOGXOAHMO KOO TMOHTH uepes He-
YepNpIBAIOMIMH MepeGOp BCeX BO3MOXKHBIX OTOGpamkeHu# {u,r} =
== {o, B, v, p}, WIM HaliTH 5BPHCTHKY !, KOTOpas NO3BOJHUT alpHOpH
HCK/JIIOUHTb HECOBMECTHMBIE C 3KCHEPHMEHTHBIMH [JaHHBIMH HJIH
ManooGemaomue 0TO6paKeHHst ¥ CY3HTb TNepe6op A0 OYeHb He-
60.JIbIIOr0 NOAMHOXKECTBA AONYCTHMBIX KOJOB.

Takas 3BpuCTHKa CyIleCTByeT B HacTOslee BpeMs JHIUb B
OrpaHHYeHHOM uHcle cayyaes. [Ipeamonoxum (uMest B BHAY G6HO-
JOTHYECKHE AaCNeKTH HallleHl MOAeJH), 4TO YpOoBHH Q, Q' cooTBet-
CTBYIOT AMHaMHKe HYKJEHHOBHX KHCJOT, B TO BpPeMsSi KaK YpOBHIH
W, W’ coorsetctByior aunaMmuke ¢epMeHToB (Geakos). B stoif
CBA3H YMECTHO HANOMHHTL XOpOLIO H3BECTHOE B3AUMHO O0OHO3HAY-
HOe COOTBETCTBHE T'eH— 06€J0K U HCK/JIKYHTL BCE OCTajbHBIE OTO-
Opaxenus. Bbi6op Tako#l 3BPHCTHKM A8 KOAOB, OTHOCALIMXCS
K BEpXHHM 3BDHCTHYCCKHM YPOBHSIM, MO3BOJsAeT B Halllelf 3ajaue
YMEHbIIHTh YHCJ0 BO3MOXKHBIX OTOGpaxkeHH# ¢ 88 no 8! Opuako
NocCJeIHee YHCJIO0 BCE XKe HACTOJbKO BEJHKO, UTO NMpPAaKTHYCCKH HC-
KJII0UaeT NOJHBIHA Iepefop BCeX BapHAaHTOB.

OpuH M3 BO3MOXKHEIX NyTefi K HaXOX/IEHWIO 3BPHCTHKH, I0-BH-
AHMOMY, OTKpOETCH Iepell HaMH IOPH H3YUCHHH HeHpOodH3HOJOTH-
YECKHX MEXaHM3MOB, JeXKalUX (y BLICUIMX NO3BOHOYHBLIX) B OCHOBE
CMEHBI MO (cocTosiHuit) mopegeHus. KunMmep n Maxkkaniox [4.23]
Ha OCHOBe IICHXOJIOTHYeCKHX wuccaedoBaHui IlafiGenbcos [4.24]
O «YHIICOBOH» MOJAeNH PETHKYJApPHON (HOpManuu BLIABHHYIH THIO-
Te3y, COIJIaCHO KOTOPOH peTHKyJsipHasi GpopMalus y NO3BOHOUHBIX
MOXKeT ObiTh «MaTepPHANbHBIM BOIJIOLIEHHEM» (BYHKUUH BHGOpa pe-
KHMa MOBeJeHHS H ero peaju3anuu (IO OJHOH Moje 3a OAMH pas)
H3 MHOXKEeCTBa KOHKYPHDYIOIHX CHHXPOHHBIX CHTHAJIOB, NOCTYIAlO-
IHX B OpPraHusM u3BHe M UHYTPH. «[lpaBuia or6opa», ¢ noMoubio
KOTOpHIX OPTaHM3M «BXOJHUT» B OJHH-eIHHCTBCHHBIH peXHM (OJHO

D ITop «3BPHCTHKOH® MH IMOHMMAaeM BCe, YTO TO3BOJISIET HCKJIOYHTL GecHoj-
HHe BAPHAHTH B Npolecce NMOHCKA, GYNb TO METOJN, OTPAaHHYEHHE WJH PYKOBOLS-
INHH ODUHIIHI.
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COCTOSIHHE) 3a OJMH pas, [O-BHAHMOMY, 3aBHCHT OT «BO30yXie-
HHs» PeTHKyJApHOH (opmauun. ITox Bo3OyxaeHHeM NaHHOH TKaHH
(unm  «MORyJsi») pETHKYJAADHOH ¢opMalHd MBI MOHHMAeM J0JI0
(B NpoOUeHTax) OXHOBPEMEHHO BO30YXAAWOUMXCA (HJIH JeNOoJApH-
30BaHHBIX HHXKE MOpora) HeHpOHHHIX 3JeMeHTOB. OTMETHM, YTO 3Ta
CTereHb 3JeKTPHYECKOH AKTHBHOCTH CONYTCTBYeT MeTaGoJinyecKoi
AKTHBHOCTH OXBAdueHHHX BO30yXJeHHeM HeHDOHOB — B TEpPMHU-
HaX IPOM3BOACTBA W BblAeJe€HHS TODMOHOB H HEHPOMEAHATOPOB.
(Tak MBI IpefcTaBiasieM cefe B3aHMOCBA3b MeXLYy BO30YXKIeHHEM
H NapaMeTpaMu WIpHl o, B, y, p B Haulell MOIEJH.) Takas akTHB-
HOCTb OTYACTH MOXET OBITb OGYCJIOBJEHA IHJOT€HHBIMH NMPHYHHAMH
(T. e. mepMaHEHTHOH HMIIAHTALHMH KOPTH30/a H aJpeHaJHHa B CO-
OTBETCTBYIOUIHE TKaHW B pe3y/bTaTe alAPEHOKOPTHKAJIbHOH HJIH
CHMIIaTHUECKOH TuIlepaKTHBHOCTH). IIOMHMO CIOHTaHHBIX SHIAOTEH-
HBIX TPUYMH BO3GYKJeHHe MOXKeT BO3HHKaTb H B pe3yJ/bTate Ipe-
ABIAYUHX KO2HUTUBHbLY OUEHOK, T. €. pala KpOCC-KOp peJiAHi
MEXKAY MHOMKECTBOM [MOCTYHNAIOUIHX B ODPTaHH3M pasipaKHTesed
1 MHOMKECTBOM («pelepTyapoM») 3amHCaHHBIX 3apaHee «B MaMsTH»
JHHAMHUYECKHX PeXKHMOB.

Kaxapi#i «MOay/b» PETHKYJIAPHOH (dopManu# NMPeACTaBJAET CO-
60i1 NOJyaBTOHOMHYIO HEHPOHHYIO eJHHHILy, PacCIOJIOXKCHHYIO Iep-
MeHIUKYASPHO BOCXOAAIIMM-HHCXOASUHM JHHHAM TOKa pPETHKYJISp-
HOfi (POpMaIMM: THIOTE3a COCTOHT B TOM, YTO TaKOH MOAYJb MOJY-
yaer noOAaBJsiiollee OGOJBLIUHHCTBO, €CJH He BCe OJHOBPEMEHHO
06pasylomuecss KpOCC-KOPPeJsiUU («KOTHHTHBHBIE OIlEHKH») MexX-
Ay MHOXKECTBOM NeHCTBYIOUIMX pasjipakureinefl (BHEIIHHX ¥ BHYT-
PeHHUX) M MHOXKECTBOM HMEIOLIUXCsi AHHAMHUECKHX DEXKHMOB, HO
BOCTPHHHMAET HX C PA3/JHYHBIMH BECaMH, T. €. CONOCTABJAET C HUMU
pasiMuHble CTeNeHH BO30OYXIeHHs. Pa3jquuHble MOJENH CBs3aHBI
Mexay coboit goBosbHO caabo. Ilpeanonaraercs [4.23], oaHako,
yT0 AJs (POPMHPOBAHHS «HE3aBHCHMOILO MHEHHA» OTHOCHTEJNbHO
MOSIBJEHHS HOB020 pa3fpaxkuTelis KaxAbIH MOLY/Jb JOJKEH Ha KO-
POTKOE BpeMs OTKJIIOUHTBCSH OT OCTaJbHBIX MOAYJeH 10 TaKoH cTe-
meHu, KOTOpas MO3BOJHAA Gbl YCHJIHTbH 3HAauHMOCTh (T. €. Kpocc-
KOppeSAIHIO) MPHHIATOrO CHTHala H CTeleHb, 10 KOTOPOH HapylleH
NpefbIAYIIHA CHIHAJ, COTJIACOBLIBABUIMACA ¢ paHee BHOPAHHLIM pe-
HKUMOM NOBELEHHS.

[To-BHAMMOMY, C HOMOIILIO CBOJAA IOKA elle He M3BECTHHIX Mpa-
BHJ MeXIy Das/IHuHBIMH MOLYJAAMH GbicTpo 00CTU2AETCA co2aacue
OTHOCHTEJBHO TOro, KaKyl MOAY NOBeleHHs HaLNeXHT BHGpaTh
W peaNH30BaTh B AaHHBIH MOMeHT BpeMenu. CumMTaeTcd, uTO Mpel-
[IOUTeHHe OTZAeTCsi MOJe, COOTBETCTBYIOIleH KOTHHUTHBHOH OLEHKe
(OMHEITY), 32 KOTOPYIO IPOTOJOCOBA/H € «GOJBUIHM SHTY3HAZMOM»
(T. €. BbIIE HEKOTOPOrO INOpOra) sBHOE GOJBUIHHCTBO MonyJaeH.
OJHaKo CyLIeCTBYIOT OMNpeleseHHble AAHHBE, CBHACTEJbCTBYIOLLIHE
0 TOM, UTO B OTCYTCTBHe LepeOpajbHOrO KOHTEKCTa aKTHBHPYIOILA
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CHCTEMA pEeTHKYJSPHOA (opMalHH He AOCTHTAEeT CONNIACOBAHHOTO
pelwenus. HampuMep, kak nokaswsaer pabGorta Bepueano [4.19],
CKOpoCTh 06paboTKH HHOPMALHH B KOpe TOJIOBHOrO M03ra (06BIYHO
npoHcxodsmasd ¢ 4yactorod 10 I’ — OCHOBHOH uwacroTO# TajJamo-
KOPTHKAJ/JbHOTO DHTMOBOJHTENSI) MOXKHO MOAYJHPOBATb B IIHPOKOM
JHanasoHe CTENeHbI0 BO30YXKAEHHS BOCXOAALIEH BETBH AaKTHBH-
pymwiell CHCTeMHB peTHKYAsIpHOHA dopManuy.

IlosToMy MBI MOXeM paccmMaTpHBarh (cM. pasf. 4.7.2) stu aBa
AMHAMHYECKHUX 4areHTa (aKTHBHPYIOLIYI CHCTEMY pPETHKYJApPHO#H
¢opMalHH M TalaMOKOPTHKaJbHBIE DHTMOBOJAHTENL) KaK BOBJE-
UCHHBIE B aHTarOHHCTHUeCKHH nNpomecc (Hrpy), B Kotopo# meaua-
TOPaMH CJy»aT MIHOBCHHHIE KOHII@HTPAllUH TAKHX KJIOUEBLIX Be-
LIeCTB, KaK He#poMeaAMaTOpoB U ropMoHoB. Mcxon atoll urpsl onpe-
RejsieT CTATHCTHKY MOA (COCTOSIHMH) oOnblTa cHCTeM [ypoBHH Q, Q']
¥ KOpPEeJHPOBAaHHHIM 06p430M MOA (COCTOSIHMH) NOBEACHHS CHCTEM
lypoBun W, W’].

Ocraercss HEH3BECTHBIM, KAaKHM M3 TaKOH CHCTEMBI, BKJIOUA0-
wed B cefa B KauyecTBe UNTEHCUBHO20 (DAKTOPA CTeleHb BO3OYXK-
JIcHUS DETHKYJSpHOH ¢OopMalluH, MOXKHO BBIBECTH ONTHMAJbHbLIE
KOJbl, O CYIIECTBOBAHHH KOTOPHIX MBI MOXKEM CTPOHTb T€ HJH HHBIE
IPEINOJIOXKEHHsT Ha OCHOBe 3BpHCTHKH. IloHapoburtcs npoeecTu
MHOIO HOBBIX 3KCIEDHMEHTOB 110 HeHpO(H3HOJOrHH peTHKYJsIpHON
dopManr¥n M TalaMOKOPTHKAJbHOH HEHDOAHHAMHKH IIpexie, ueM
HEKOTOpble B3aHMHO OJAHO3HauHble OTOOpa)KeHus Q = W yjpacres
HCKJIIOYHTb KaK HECOBMCCTHMble C 3KCIEPHMEHTAJbHBIMH JdaHHBIMH.

3apepillag 3TOT NpuUMep, CKa)eM, YTO MBI CTPEMHJIHCH IIO-
CTPOMTL MPaBAONOJOOHYI0 MOJAENb HEKOTOPLIX aClEKTOB CBSI3H B ue-
JIOBEUECKOM OpraHusMe. KioueBoll BOIpOC, KOTOPBIH TaK W OCTaJCs
0es oTBera, CBf3aH C 3BPHCTHKOH BhIGOpa Ipasuja YIpapJcHHS
MeX]y nosedenuem H ONbITOM, KOTOpblE MO3BOJHJH Obl JOCTHYD
HAWJy4llero KOMIIpOMHCCA BO BHYTDEHHEM KOH(DJIHKTE MeXAy ca-
MOCOXDAHEHHEM («TOMeOCTa3oM») H Tpaxcyendenyueti (depe3 oOy-
YeHHe TOMY, Kak Jyullle BCero MOJAeJHPOBaTh NapTHepa).

4.8. Bo3nuKHOBeHHE HOBbIX HePAPXHUECKHX YDPOBHeMH
B CaMOOpraHu3ymwueiics cucteme

DTOT pasjle]l MOXKHO YMTaTb HE3aBHCHMO OT NpEbIAYIIEro.

Hakonen, mbl nonnitTaeMcst o6pHCOBaTb B OOLIMX YEPTAX YCJAO-
BH, IIPH KOTOPBLIX pA3BHBANOLIASCHd CAMOOPTaHU3YIOUIAsCA CHCTEMA
MOXeT YBeJHYHTb YHCIO CBOHX HepapXH4YecKHX yposHe#. [Tocae
o0lleHd NOCTAHOBKH 3afayH MBI COCPEJOTOYHM BHHMAaHHE HAa YacT-
HOM BOIIPOCE BO3HHKHOBEHHS H08020 60Jiee BBHICOKOIO KOTHHTHBHOTIO:
YPOBHSI (YHKIHOHHDOBAHHS 4dYepe3 KOTEpPEHTHblE B3aHMOAEHCTBHS
paHee HEKOONEDATHBHLIX KOMIOHEHT (lepefpafbHEE TKAaHH Y BHIC-
IUHX OpPraHHW3MOB). B 3akioucHHe MBI H3JI0XKHM HEKOTOpHE YMO-
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Puc. 4.33. TlocnesoBaTenbHble Hepapx#ueckKue ypoBed X, Y, Z caMOOpraHusyio-
meficss CHcTeMbl. OT/esbHbie YPOBHHM KOppeaupyioT Mexay cofod. Ha kamiom
ypOBHE Z; MPOHCXOJHT MHOXKECTBO MPOLECCOB YCPeJHEHHs MeXIy CHrHajaMH, Io-
CTYNalomMHUMH OT GoJee HH3KOrO YPOBHA (y;) H ayKTyanuamu OKpyKaromei
cpemnl (wi;). [lepeHoc CHrHaf0B MpH «Hepefaie HHPOPMALMI» H «YNPaBJIEHHH
Yepes OGpAaTHyl0 CBS3b» OCYILIECTBJAETCH Ha HeAPOHHOM YPOBHE, HAmpHMep MO-
CPeCTBOM HMIYJBCOB, COCTOSIMMX H3 MOCAEAOBATENbHOCTEH NOTEHLHAOB net-
CTBHH H/HJH BbiAeNE€HHH TOPMOHOB M HeHPOTPAHCMHUTTEPOB, B TO BPEMS KakK mpo-
IecC <«XpaHeHHs M HHTerpaliH» OCYLUECTBJAETCA MOCPEACTBOM IOCTCHHANTHYE-
CKHX TOANOPOrOBHX MeMOPaHHHX MOTEHLHAJOB, KPOCC-KOPPETHPOBAHHHIX C BXOI-
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3pHTe/bHBIE 3aMedaHMs OTHOCHTEJNbHO BO3MOXKHOI'O HCXOAA AHHA-
MHUCCKOTO KOH(HAUKTA, BHI3BAHHOTO HEaJCKBATHOH CBA3LIO, MEXAY
ABYMs MepapXUYeCKUMH YPOBHAMH oOpraHusMa. IlocselHHe 3aMeya-
HUsT TPHU3BAHBI MPOJIOXKHTb MYTh K OOLIEMY aHa/au3y KOHMJIHKTa,
KOTOpBI (B TEPMHHAX TEOPUM Urp) MPOBOAMTCS B I H

4.8.1. TocranoBka 3agaun

Jlto6asi caMOOpraHM3ylOWlasCs CHCTeMa IPeACTaBAsieT coBol
HCpAPXHYECKYI0 CTPYKTYpY (puc. 4.33). T'paduueckun Ttakyio cu-
CTEMY MOXHO H306pasuTb B BHAC <«IIePEBEPHYTOrO AepeBa» C BeT-
BAMH, OTXOJSAIUMMH B CTODOHBl NIPH CIyCKe HAa KaXKAbll war. JLias
IPOCTOTHl Mbl NOKasaMu Ha puc. 4.33 oAHy BeTBb. Best uHbopMma-
IHs, MOoCTymaroulas Ha AaHHBIH HepapXuuyeCKHH YpOBeHb MO 3TOH
BCTBH H [0 ADYTHM BETBAM C GoJiee 4eM OJHOIrO HHIKHEro «spyca»,
CYMMHPYETCSI.

ChcreMa Kak uesoe OJHOBPEMEHHO MPOSBASET CaMylo pas.any-
HYI0 aKTHBHOCTb, Pa3JHYHble IPYMNbl aKTHBHOCTH TPeGYIOT pasuy-
HBIX THIIOB OITHCAHHs (T. €. Pa3/JHYHBIX HaOODPOB NMepeMeHHHX H Ma-
pamerpoB). Ha kakoM HepapxHyecKOM ypoBHE MBI HAXOAHMCS, 3aBH-
CHT OT TOTO, KAKOH aCHEeKT MOBENCHHsS CHCTEMBl HAC HMHTEpecyeT, a
3TO B CBOIO OYEPEAb 34aBHCHT OT cnocoba Hallero B3aHMO/IeHCTBUSA
C CHCTeMOIl.

Ho uro ¢usuwecku Touno onpegessier uepapxuueckiii yPOBeHb
H 4YeM OAHH HepapXHYECKHH ypOBEHb OTJIHYAETCS OT APYroro?
Ilpexkie uyeM npoasHratbcsi jaJjblile, MOJE3HO NONBITATLCH HANTH
OTBET HAa 3TH [Ba BaXKHLIX BOIPOCA.

HMepapxuueckuit ypoBeHb ONpejensieTcsi YHCIOM, pacloJOKe-
HHEM I NPHPOAOH (T. e. CTPYKTYPOH H CJOKHOCTBIO), a TakKKe
CTEIEHbIO KOTePEHTHOr0 KOOMEePaTHBHOTO HOBEICHHS PYHKUHOHAIBbHO
NOAOGHBIX (XOTsi aHATOMHUECKH, BO3MOXKHO, COBEpLICHHO pasiui-
HBIX) «3/1EMEHTOB» DAcCMaTPHBAEMOH CHCTeMH (MJH «TKaHel» B
ciaydae XKuporo opranuaMa). Ilox «dyHKUHOHAJBHO MNOAOGHBIMH»
3/CMEHTAMH MBI IOHHMaeM COBOKYNHOCTb 3JE€MEHTOB, KOTOpPble AJ5
YCNEUHOTO BBINOJHEHHs! JaHHOH 3aauH UJAH YCHEeIIHOH aKTHBHOCTH
JIOJIKHBI KOOMEepHPOBAThCS,

Hanpumep, B ciyyae nbixaHHSI Lelb COCTOHT B CHAGKCHHH KHC-
JIOPOAOM aJIbBeOJ1 JICTKHX U B AUGOY3HH KHCIOPOJA Yepe3 CTeHKH

HEIM MHOKECTBOM TPHITePOB 4Yepe3 CHHANTHYECKYI HeHpomepexauy. JloGok maH-
HEIl HEepapXuvYeCKHH YPOBEHb MOXeT OHTb «PAaclO3HAH» TOJLKO 6OJIee BBICOKUM

yposuem. Hanpuwmep, z;, = 2. + Z <aij () le]. (€3] ng.(t) (t — 'c)>, TAe 2, O3Ha-
L n 13
i

daer  caMONOAJEPIKHBAOWIYIOCH AKTHBHOCTL Ha HepapXHYeCKOM YpOBHE 2, a
@i (1) — K03 dHIHEHTH CcBA3H. BonbHMu KpYyKKaMH 0003HayeHbl BO3MOKHEBIE
NMepAOAHYECKHE TPACKTOPHH (IPeleJbHBIE LHKJb).
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anbBeos B Kpobb. JlJas HOCTHMKEHHS 3TOH Llenn Tpebyercst COXKHEI
MBILIEUHBIl anmapart, BKJloualouui aumadparmy u MexpebepHbie
MBILIIE, CHOCOGHBIE pAacWIMpsATb H CXHMaTh TPYAHYIO KJETKY,
a4 Takxe CJAO0XKHBE CHCTEMBI HEpPBHBIX CTPYKTYD B CTBOJE MO3Tra
H BBHICIIMX IleHTpax. SICHO, 4TO COBOKYNHOCTb NEPEYHCACHHBIX BbIllE
GyHKUHA OXBATHIBA€T MHOTOUMCJIEHHBIE KOMIIOHEHTHl, IpHHaJIeXa-
IKe K PasJHYHBIM pasjejaM CEKPETOPHOro, MOTOPHOTO M HEPBHOTO
anmnapara.

B Mo3re Bce «BHICLIHE» INPOLECCH, TaKHe, KAK BOCIPHUATHE, Peub,
OUCbMO, UTEHHe W ONIYIEeHHe, He MOTYT DAacCMaTpHBAaTbCs KaK H30-
JHpOBaHHBE APYr OT APYra HJH HeleJHMble «CIOCOGHOCTH», AB-
Ad10MKecss MNPAMBIMA (YHKLIHMAMH OTPAHHYEHHOH TPYNIbl KJAETOK
MM CTPOTO JOKaJM30BaHHEE B KaKOH-TO KOHKDETHOH oGaacT
Mosra. BMecTo JI0KaJqu30BaHHBIX ob6sacTedl MBI HMEEM MeJO CKopee
C HeCKOJbKMMM KaHaJamu nepeiaus uHopmauuu (adpdepeHTHHIC
NyTH), yOpaBjeHHeM uepe3 O6paTHYIO cBA3b (3¢ pepeHTHBIe MyTH)
M IpollecCaMH XpaHeHus HHPopMaluu M ee uHTerpaunu. TaxuM
06pa3oM, «HHTEJIJEKTya/bHbie» (YHKIHMH MBI paccMaTpHBaeM Kak
CJ0XKHBe (YHKIMOHAJbHBIE CHCTeMbl, OpPraHu30BaHHble B KOre-
peHTHO paboTalolliye 30HBI, KaXas U3 KOTOPbIX MOXKET IpHUHAaAIE-
KaTb COBEPUIEHHO PAa3JHYHBIM M 4acTO yAaJeHHBIM ADYr OT Apyra
Ha J0CTaTOYHO G6oJbLIOe paccrosiHue ofaactaM Mosra. Takue
PYIIIBI ONpefedsiioT HepapXHUeCKHH ypOBeHb, BHIIOIHSIOHI KaX-
Jbll pa3 COOTBETCTBYIOILYIO (YHKIHIO.

B paMKax MaKkpOCKONHYECKOTO OIHCAHMSi aKTHBHOCTb KaXJIOH
paboralonefl 30Hb ONHCBIBAETCH OTPAHMYEHHBIM UYHCJIOM AHHaMHYE-
CKHX II€PEMEHHBIX, OOGBIYHO KOODAHMHHDYEMBIX IIpoleccaMH HeJIU-
HefiHON 0OpaTHOH CBA3bIO.

Bricuive HepapxHueckHe YPOBHH XapaKTepH3YlOTCA BO3pacralo-
wefi gosell yuactusi LepefpajgbHbIX TKaHEH BOCXOAALLETO MOpPsAKa
M yBeJMUHBAIOIEHCs CJIOXKHOCTH (OT CTBOJA MO3ra uepes perHKy-
AdpHyl0 dopMauHi K Kope roJopHoro moara). Ilocieinne ypOBHH
MOJIYUYHJIH Ha3BaHHe «KOTHHTHBHBIX», M OOJIBUIMHCTBO M3 HHX B OT-
JMYHe OT 6ojee HU3KHX, «COMATHUECKHX», YPOBHEH (OPMHpPYIOTCA
¥ paspyllaloTcsl He TOJBKO B XOJA€ IBOJIOLHH, HO TAKXKE H B NPO-
necce oOyueHUsl, NPOMCXOAAIIEM 3a OIPDAHHUCHHOE BpeMs KH3HH
OTHeJbHOTO opraHuama. TeM He MeHee CJlelyeT HMeTb B BHAY, 4TO
MaTepHalbHas «OCHOBa» BCEX 3THX BBHICIIMX KOTHUTHBHBIX ypoBHe#
OJMHAKOBA, a UMeHHO HefpoHbl. OJHH KOTHUTHBHEIH ypOBEHb OTJ/IH-
yaercss OT APYrOro UHCJAOM, PAacloJoXKeHHeM H KOMOHHalHeH, HJIH
cXeMOji CBsI3H, KOOIEpHPYIOLIMX TKaHeH.

Ha kaxXaoM HepapXHuecKOM YPOBHe Mbl BBOJAHMM Temepb OMHCa-
HHe B TEDMHHAX NPOCTPAHCTBA COCTOSIHMA. DTO ONHCAHHE BKJIIOUACT
B cebsi THI M UYUCJAO JHHAMHUECKHX [epeMEeHHBIX H IlapaMerpos,
a TakiKe NOJYYalOLUIMecs B pe3y/bTaTe THI H UHCJIO COCTOSIHHI, CO-
OTBETCTBYIOIME AaHHOMY YypOBHIO. JIBHXKEHHE H IOBEJCHHE CHCTEMB
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B 9TOM ()a30BOM NPOCTPAHCTBe Ha (PHKCHPOBAHHOM HEpapXHUeCKOM
YpOBHe (HampHMep, MoOC/]eloBaTeNbHble Mepexoibl H3 OJHOIO CTa-
IIHOHAPHOTO COCTOSHHS B JpYyroe, «BpeMs IOKOS» WJH CBOHCTBa
YCTOHYMBOCTH KaXKJIOr0 COCTOSHHSA, a TaKXKe BpeMs MpoJeTa MEXIY
NOCJTEI0BATe/IbHbBIMU CTALHOHADHBIMH COCTOSHHAMH) [0 CYIIECTBY
3aBHCAT OT BO3MYyLlaeMBIX I1apaMeTpOB CHCTEMBI, KOTOpble MPHBO-
AT K CEpUH IEepexo/loB, CBSA3aHHLIX C BeTBJEHHEM, Hau Gudypka-
uHed, pelIeHHS 3BOJIOLHOHHOIO YypaBHeHus. Takue BO3MyLIeHHS
ABJSIOTCS Pe3yabTaTOM COBMECTHOIO BJIHSIHHS (a) mepefayd HH-
tdopMauun (addepeHTHLIX CHrHAJOB), MNOCTyHawlled ¢ GJauxail-
liero ypoBHs cHH3Y, (6) uHbOpPMAUHH, MOCTyHNaomed OT BHeWHeH
cpelbl (uepes mepHpepHUECKYIO HEPBHYK cHCTeMy), H (B) ympas-
JeHHe Jepe3 06paTHyio cBS3b (3(depeHTHBE CHrHAMBI), OCYHIECTB-
JisileMoe C MOMOIUBIO CHIHAJIOB, KOTOpble MOCTYNAT ¢ OjHKafmero
YPOBHSI CBEpXY.

OTH KPHTHYCCKHE H3MEHEHHs! MPHBOASAT K TOMY, UTO yCTOHUHBOE
COCTOSIHHE CpaBHeHHs (H/H HEeCKOJbKO TAKHX COCTOSIHHE), GbiBlee
paHee yCTOHYHBBIM, CTAaHOBHTCA HeycroifunBbIM. CHCTeMa Ha pac-
CMAaTpUBaeMOM ypOBHe (HaNmpHMep, HA ypOBHe Z) NOJKHA NepedTH
B Jpyroe cTalHOHapHOE COCTOsSIHHe (WJH NPHUCIOCOOGHUTLCS K HeMYy),
3ajlaBaeMoe TOH Ke CHCTeMOH CBSI3aHHBIX MexAy co60H HenuHeH-
HbIX JAH¢QepeHUHANbHBX YDABHEHHH, MOAEMHPYIOUIMX CHCTEMY Ha
YypOBHe Z ¢ HOBLIMH I'DAHHYHBIMH YCJIOBHSIMH (HalpUMep, C HOBBIMH
3HAYEHHSAMH YympaBJsiouux napamerpoB). Ilpu HekoTOpHIX ycJO-
BHUSIX HOBOE COCTOAHHE MOXKeT OOHApYXKHUTh GOBLIIYI0O HIH MeHbIUYIO
CTelleHb KOTePEHTHOCTH, YeM NMpeAblAyLIee.

B 11060M ciyuae HeH3MEHHOCTb CHCTEMBl HA KOHKDETHOM YPOB-
He Z TMpH 3THX B3aHMOJEHCTBHUSX OGeCHeuHBAeTCsl «TOXKAECTBEH-
HOCTBK) caMHM cefe» IepeMeHHBIX M OCHOBHLIX XapaKTepHCTHK IO-
JYY4IOUIUXCA - COCTOSIHHA: cHCTeMa Ha YypoBHe Z TNepPEeXOAHUT OT
OJIHOTO CTallHOHAPHOTO COCTOSIHMS K JAPYroMy, Hapylias H CHHTe-
3HPYs 32aHOBO MHOXECTBO YNOPAJOUYEHHBIX COOTHOLIEHHH MeEXAY
JHHAMHYECKHMH IIepeMCHHBIMHM (HalpUMep, HEJHHEHHBIMH OCIHJI-
JATOpaMu), NMPHPOJAa KOTOPHIX HE H3MEHSETCsl NMPH YKA3aHHBIX Me-
pexonax.

B KauecTBe npumepa paccMOTPHM OJZHODPOJHYIO CMeCb N XHMH-
YECKH peardpylolluX BELIeCTB ¢ KOHLeHTpauusaMu 2;. OAHopojHasd
CMeCh MOXeT HaXOJHTbCS BO MHOPHX OJHODOJHBIX CTAllHOHAPHBIX
COCTOSIHUSIX B 34BHCHMOCTH OT 4YHCJa BO3MOXHBIX YCTOHYHBBIX
KOMOHHALHH KOHIEHTpAaLHH 2z, Bce 3TH COCTOSIHMS TpHHAAJE)KAT
ONHOMY H TOMY 3Ke HepapxHyeckoMmy ypoBHIo. [Ipeamosioxum rte-
nephb, 4TO BHEIIHee BO3MYILCHHE MOPOKAAeT Kakyl-to Oudypka-
1HIO, B pe3ysbTaTe KOTOPOH CHCTeMa MepexOJUT B HEOJHOPOLHOE,
T. €. KOHIIEHTDALHHU 2;(r) HEKOTOPLIX KOMIIOHEHT CTAaHOBATCH (DYHK-
UUSMH [NpPOCTPAHCTBEHHBIX IepeMeHHbIX. HoBoe cocrosiHMe He
TNpUHANNEXKHT MNpelblAyLIeMYy HepapXHuUeCKOMY YpOBHIO Z; Hallla
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cHCTeMa lepellsla Ha APYroH ypoBeHb, Ha KOTOPOM ee NpHpoAa Cy-
[eCTBEHHO OTJIMYaeTcss OT ee NPHPOJB Ha ypoBHe Z (Hampumep,
B CHCTeMe MOTYT BO3HHKHYTb HOBBle JajlbHHe KOppeJsHUH MeXAy
paccMaTpHBaeMbIMH KOPPeJSIUUSMHU) .

Takue mepexoAbl ¢ HapyuieHuem CUMMETPUU, KaK BIepBble 3a-
meTua Toiopunr [4.25], MOryT GhITb BhI3BaHH Aud¢ysueid. Hukouauc
u ITpuroxun [4.26] moxazanu oOwui XapakTep 3TOro THIA fBJe-
HUH B HeJHHeHHBIX CHJIbHO HEPABHOBECHHIX CHCTeMax H BBEIU A5
ONHCAHHSI 9THX HOBBIX HePAapXHUECKHX YPOBHeH TepMuH duccuna-
TUBHbIE CTPYKTYpobl. DHOJOTHYEeCKHe CJAEACTBHS TaKHX MepexoA0B
HBIHe oOO6Wlenpu3HanHbl. (JlOMOJHHTENbHBIH NOAXOA CM. B paore
[4.27].)

B sTOM pasmese Mbl HaMepeBaeMcs NpENJIONKHTb 06uLyi0 (Op-
MYJMPOBKY BO3HHKHOBEHHSI HOBHIX HepapXMYeCKHX YPOBHEH B CJIOXK-
HOH cHcTeme. C coBeplleHHO OGIMIMX NMO3HUHA Mbl OyldeM paccMaTpH-
BaTb KaXKAylo HepapxHueckylo m/1atgopMy Kak [IHHAMHYECKHH
3J1eMEHT, rje IPOUCXOIUT «XpaHeHHe H HHTETPHPOBaHHE» HHOODP-
MauMH. [TocKOMBKY HJIsi Hac OCHOBHOH HHTepec NpeiCcTamjsieT ak-
THBHOCTb HEPBHOH CHCTeMB, MBI OyJeM ONHCHBATb XpaHeHHE H
HHTErpHpOBaHHE WH(POPMALHH C MOMOMLIBIO KPOCC-KOPPesluu. ITO
03HAuaeT, uYTO CHTHaJBl X, (f), NepelaBaeMble TOCJIEI0BATENbHO
C HHXKHEro YypOBHS (KaXIBli CHTHAJ COOTBETCTBYET HEKOTOPOMY
COCTOSIHHIO CHCTEMBl Ha YPOBHE, HalpHMep, X; cM. puc. 4.33), u cur-
HaslH w, (1), MpUXOAsliHe W3 BHeIIHeH Cpeinl, YCpeAHsIOTCs (Ha-
npHMep, MO BpeMeHH) IocJde IOCTYIUIeHHsl Ha «NpHHUMaloliel
naatdopme» Y (HanpuMep, Ha ONpEeAEJEHHOM CKOIICHHHM IIOCTCH-
HANTHYeCKHX ILTAaCTHMHOK B KOpe TOJIOBHOrO Mosra). B pesyabrare
3TOTO HEKOTOphle H3 IepEMEHHHIX Xj IOJHOCTbIO «BLIMBIBAIOTCHA» Ha
BepXHeM YpOBHe, B TO BpeMsl KaK [ApyrHe OKa3blBalOTCS KPOCC-KOp-
peJHpOBAHHBIMH, HJH CIapCHHBIMY,

(xy () wf (£ + 1)), 0<t<T, (4.8.1)

rae T —— BpeMeHHOH HHTepBa/ Iepepaun JAn6o ¢ HHKHEro yposHs X,
au60 u3 BHewHed cpenbl. CiefoBaTeIbHO, MEXAY COOBITHSMH, NpPO-
HCXOASLIMMH OLHOBPEMEHHO HA DA3JHYHBIX HEPApXHYECKHX YDPOB-
HSIX, HMEETCH CKOpee KOppe/JslHOHHOe, ueM TMPHUYMHHOe COOTBET-
CTBHE.

Heo6xoauMo 0co60 NOAYEPKHYTb, 4TO NPHHATOe HAMH 37eCh
onucaHue rjgo6aJbHO B TOM CMBbICJe, UTO BXOAsIlHe B daHAJH3 JIH-
HaMHUECKME MepeMeHHBIE X, W; SBJSIOTCS BeIHYHHAMH, YCpEIHEH-
HBIMH 1O GOJIBIIOMY YHMCJY (DU3HKO-XHMHYECKHX KOH(Urypauuit sje-
MEHTapHBIX eiuHuL, o6pasylouux cucremy. Takue rio6ajbHble OMK-
caHHUS HeOOXOAUMBI MPH MOAXOHAe K TAKHM CJIOXKHBIM CHCTeMaM, Kak
ueHTpaJbHasi HepBHAs CUCTEMA.
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4.8.2. PoxaenHe HOBOTO HePaPXHYECKOTO YPOBHSA

Kak 6b10 oTMeueHO B IpelblAyLleM pasfede, Ha TeKyleM
HEPAapXHYECKOM YDOBHE CHCTE€Ma MOXKeT 3BOJIOLHOHHPOBATL BO
BpeMEHH, Ilepexojsl C OJAHOTrO CTAllMOHApPHOTO COCTOSHHA B ApYyroe
yepes Moc/eJ0BATeNbHOCT, GHPYPKALHI, He H3MEHSIIOUIUX NPHPOLY
BXOJSIIINX B OMHUCaHHe AMHAMHUeCKHX NepeMeHHHX. C jpyroit cro-
POHBI, NIpH JBHXKCHHH He BAOJb, a NMONepex AAHHOIO ypOBHsS (T. e.
NpH IIepeXOfie € OJHOrO HepapXHUECKOrO YPOBHS Ha CJHCAYOUIHH,
Gosee BBLICOKHH) He0oOXOAHMMa OIlepalHs KDPOCC-KOPpeJsiuuH THIA
TOH, KOoTOpas Oblla ONMHcaHa B NpeAblAylieM pasjete. Ha mnepsorii
B3rJIsA 3TH JBe IIPOLEAYPH KaXKyTCsl COBepPUIEHHO pa3JIMUHBIMH.
OnHaKO MOXKHO MBICIEHHO IPEICTaBHTb HEKYIO OGOGLICHHYIO CXeMY
O6udypKALUA, 3QKAIOHEHHYI0 8 OuHamuke CuUCTem, KOTOpas MorJaa
Ob cojepiKaTb CTOXACTHYECKHH OIlepaTop, OTBETCTBEHHHH 3a BO3-
HHKHOBEHHE KDOCC-KOppeasauu# MexXAY KaKuM-TO KOJIJIEKTHBHBIM
CBOHCTBOM Ha TekylleM ypoBHe X M KAakKHM-TO IIPOILECCOM, OIHCHI-
BAKOUINM (IYKTYHPYIOLIYIO OKpyKamwuymo cpeny. Takoil omepatop
JOJIZKEH OCTABATbhCS CKPBITHM, HJAH «3aMacCKHpOBaHHBIM», MOKa CH-
CTeMa HAaXOAHMTCA Ha YpoBHe X, M TIIPOSIBJAATHCS, KAaK TOJBKO
CTAHOBHTCSl HeH30exxkHOH Oudypkauusi, NpHBOASALAS K H3MeHe-
HHIO I[IPHPOJH IIepeMEHHLX, MOAOOHO TOMY, Kak JAubPy3us
nposiB/isieTcst B OHUypKallnH, CBS3aHHOH C HapyUuleHHEM CHM-
METPHH, KOTOpAasl NPUBOIAHT K HEOJHOPOAHOMY CTallMOHAPHOMY CO-
CTOSTHHIO.

Ilpn kakKHX OrpaHHWUeHHsSX, HajsaraeMblX OKpyxKawoulell cpenol,
MorJa Obl NPOHMCXOAMTb Takas OHypkauus? B HacrosuleMm KoOH-
TEKCTe MMpPH NOAXOAAHINX (PIYKTYyaUUsX OKPYyXKalouled cpeibl ¢ JHC-
nepcueH, IpeBbINAONell HeKOTOPBIH NMOpor, (PAYKTyallud MOTJH OH
BHECTH CHJIbHBIE BO3MYILIEHHS B CHCTEMY Ha ypoBHe X,

OxasaBlInch Iepe] INepPCNEKTHBOH HeOGpaTHMOH [e30praHnsa-
UMM Ha YpoBHe X, cHCTeMa MOXKET BOCIIOJb30BATbCSl AJbTEPHATH-
BO#, T. €. «aKTHBHPOBATb» OIEPATOP KPOCC-KOPPETSIUUH HJIH H3Me-
HHTh NepeMeHHBle M IepedTH Ha OoJiee BLICOKHH yposeHb Y, Haxo-
Isicb Ha KOTOPOM H IMOChlasl BHH3 3(epeHTHBE YIpaBJsIoUihe
KOMaHJbl, OHAa MOXeT B HM3BeCTHOH Mepe OrpaHUUHTL AMIUIATYIY
¢baykTyauu#t Ha yposHe X, He AaBasi Moc/aeJHeH JOCTHYb ONACHOTO
nopora.

Koab ckopo crabunusaunst Ha ypoBHe X ofecleueHa, cHcTeMa
MOXeT BBHIATH H3 HOBBIX COCTOSIHHH, a ypOBeHb Y — IepecTtaTth Cy-
UIECTBOBATh; OJHAKO JMJs1 OpraHH3Ma INpeANOUTHTEJNbHEe «CoXpa-
HsThb» HOBBI# YPOBeHb KaK MOXHO AOJblIe, CHayasla KakK JeHCTBEH-
HbI# ()aKTOp, NpEeAOTBPAILAOMINE MOBTOpPEHHE AHAJOTHYHBIX BO3-
MYlLIeHHH, a 3aTeM KaK QyHKIHOHAJbHBIH 37eMeHT («IpOrpaMMHOrO
obecneuenunsi») Gonee caoxkHoro «si». (Ilocaepnion ¢pasy cieayer
HNOHMMAThL TOJMBKO Kak MeTadopy.)
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Yro6u MoOAeHpOBATh CHCTEMY HAa «BO3MYIIEHHOM» YpoBHe X,
MBI NIPHMEM OIINCAHHE, B paMKax KOTODOrO BHYTpEHHSS] JHHAMHKA
CHCTEMH Ha 3TOM YPOBHE BHIpa)Kaercs MNOAXOISIIHMH HEJNHHed-
HBIMH «CKOpPOCTAMH>» f;(x;, {), 3aMEHSIOLUUMH BCE BO3MOXHBIC CBSI3H
MEXIY COOTBETCTBYIOUIMMH HepeMEHHHRIMH. MOXHO NpeANOJOXKHTD,
4TO TNIOMHMO $IBJI€HHH, BO3HHUKAIOIIUX [OJ ACHCTBHEM 3THX CBsi3eH,
KOJIJICKTHBHOE [OBeJCHHE HOBOI'O poOJa MOXKET YCTAaHaBJUBATHCS
C [OMOIIBIO <«NPOLEAYPHl B3BEIIHBAHHS», OMHUCHIBAEMOH CTOXACTH-
YeCKHM ONepaTopoM CJeAYIOUIHM o6pa3oM: OTJe/JbHHE AHHAMHUYE-
CKHe IepeMeHHBle x; 6GepyTcsl C BeCaMH, 3aJaBaeMbIMH CTOXacCTH-
yecKOH Matpuue ¢JyKTyauuii okpyxKamwllell cpeinl w;;(f). Ota
onepauHsl yepes O6GpPAaTHYIO CBs3b OKa3HBAET BJHSIHHE Ha 3BOJIO-
LHIO NepeMeHHBIX x; M HaKJaAbiBaeT Ha JWHAMHUKY Ha ypoBHe X
OrpAHHUYCHHS, SBHO OTpaXKalOIlHE CBOHCTBA OKPyXawIleHd cpebl.
CylecTBOBaHHE MHOTIOYHCJEHHBIX MyTeH O6GPATHOH CBSI3H MEXKIY
HEOKOPDTHKAJbHLIM H JHMOHYECKMM YPOBHSMH MNOJKpENJsieT H3J0-
JEeHHYIO TOUKY 3peHusi [4.28], nenast ee 6ojiee npaBAONOI0GHOM.

Tenepp MBI MOXKeM 3amHCaTh CHCTEMY CBSI3aHHBIX HeJHHEHHBIX
HHTerpoJlu¢depeHIHAIbHBIX YPaBHEHHH JUIS MaKPOCKOIMHUECKHX
JAHHAMHYECKHX IIePEeMEHHBIX X;, KOTOpble B OTCYTCTBHE MpOCTpaH-
cTBeHHOH auddepenuuanuu (VZx; = Q) HMeIOT BUJI

dxi a d 7 7 ’
=l 0+ 0+ Y (5w, +0ar, (482
0

i=1

rie w;(f) osHavaer (JYKTyalUHH, HUHAYLUHPOBAHHHE OKpYXKalolleH
cpeloH, a TpeTHH WieH B NPaBOil YacCTH ONHCHIBaeT BJAHSHHE Olepa-
TOpa KpPOCC-KOppe/siiHH Ha Hepapxuueckuil yposenb X. usi mpo-
CTOTHEl NpeANoJaraercs, 4YTO B3BellMBaHHE, NPOH3BOJAUMOE 3THM
ONlepaToOpoOM, IIPHBOAHT K YCTaHOBJEHHIO JHHEHHOH 3aBHCHMOCTH
MeXJy Xx;, XOTsd B caMoM oflieM cJyyae 3TO OTHIOAbL He o6s3a-
TeJIbHO. $ICHO, Y4TO AJs1 3aIUYMJEHHOH OKpyXKawlled cpeibl, Moje-
JupyeMOH Kak CJIy4YyaHHBIH Npolecc C HYJE€BBIM CPEJHHM H CpejHe-
KBaJpaTHYHBIM OTKJIOHEHHEM, PAaBHEIM O, 3TOT WIeH paBeH HYJIO,
KOrjla KOHIEHTpalHs x; NOCTOsAHHA (cTalloHapHBIE COCTOSIHHSI Ha
ypoBHe X) uiu KoJebJercsl co cayualiHolt ¢a3of Jubo Korja (mpH
JOCTATOUYHO 6O0JBIIOM £) £ OCUHJJIATOPOB HEKOPPEJIHPOBAHH (MJH
COBCPIIAIOT KOJieGaHHS C HPpAlLHOHAJbHEIMH YacTOTaMH ).

Ha s3pike JHHaMHKH «OIepaTop KpOCC-KOPPEJSLHH» MOXKHO
NpEACTaBUTL cebe KaK MpPOsBJeHHe OeHCTBHsS HEKOTODOIO «OCHOB-
HOro JKeCTKOro HeJuHeiiHoro ocuuiisaropa» (O)XKHO), noren-
LIHAJbHO CYILIeCTBYIOUIEroc Ha ypoBHe X C JABYMsl YCTOHUHBBIMH CO-
CTOSIHHSIMH: CTAaLHOHADHHRIM COCTOSIHHEM <«IOKOsI» (KOrja OCLHJIJIS-
TOp He (QYHKIHOHHpYeT) H OJHHM MpeleJbHBIM LHKJOM (KOria
OCIHJIATOP «BKJMOYeH»). Takoit O)KHO nopx neficrBuem (co cro-
POHH OKpyXkKamllel cpefn) Genoro myma @ (f) ¢ HyJeBBIM CPelHHM
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H IJOTHOCTBIO CIEKTpaJbHON MouHoctH ¢ [Bt/Tu] Moxuo npen-
CTaBHTb, HallpUMep, B BHJAE «KECTKOTO» peJaKCaHHOHHOrQ reHepa-
Topa Bau nep Iloas

£ — 2e(1 — 4ax® 4 8fx*) £ + olx = w (?). (4.8.3)

B pabGore [4.11] (TaM Xe NDpHUBedeHBl OCTAJNbHBIE CCBIIKH, CM. TaK-
XKe npuaoxkedue A) ObJIO NOKa3aHO, YTO OTHOLIEHHe (CpeiaHero)
BpEMeHH, B TeyeHHe KOTOPOrO TaKOH reHepaTop mnpelbiBaer B He-
BO30YXIeHHOM COCTOSIHHH, K CpelHEeMY BpEMEHH, B TeueHHe KOTO-
poro ou npeGhBaeT B BO3GYXKIEHHOM COCTOSIHHH, PaBHO BeJHUHHE
2 4 _
p~AED) S eeto, (4.8.4)
24/7ne
rae
—

¢ =i et V=) [1 = YT | )] @ss)

Eciu o, B— BeqHuHHBl OZHOTO NOpsAKa (CHJAbHAS «¥KecTKasi» He-
JHHEHHOCTB), TO JHu60o ¢ > 0, aubo ¢ << 0.
Kak mokasbiBaer mojyueHHb# pe3yabTaT, IpH 3afaHHBIX napa-

MeTpax «, B ¥ & COpaBelJiHBa OLEHKa p~«/?exp(i c/o). Tlpu

p~ Ao exp(c/o)Beanunna pcHauaja yOBbIBA€T IIPH YBEJHYEHHH O,
NpOXOAUT 4Yepe3 MHHHMYM, a 3areM Bozpactaer. llpu p ~

~+a exp(—|cl/o) BeauunHa p MOHOTOHHO BO3pacTaeT BMecCTe
¢ 0. B mnepBoM ciyuae Mbl Bcerja MoOXKeM ONpenesHTh «GJaro-
NpUATHBIA» Habop nmapameTpoB a, B, € Tak, yTo ¢ >0, u NpH JaH-
HOM (yMepeHHOM) ypoBHe (JIYyKTyallnii ¢ B OKpyXawomel cpeje
CIpaBelJIMBO HepaBeHCTBO p K 1. IT0 03Hayaer, uTo reHepaTop
NpAKTHYECKH HOCTOBEPHO (T. €. C BEpOSATHOCTbIO €AMHHIA) BO3-
Oyxknaercsi BCAKMHA pas, Korjla cpelHeKBaApaTHUHOE OTKJIOHEHHE
daykTyauuii oxkpyxatomel cpeirl npesbimaer o. Taxoil (Beposr-
HOCTHO) Bo3Oyxkaaembiii O)KHO 3aTeM BBIXOZMT Ha TNpefebHBIH
LHKJ C OCHOBHOH 4aCTOTOH @y H 3HAUHTEJNbHOH aMILIMTYIOH.

Ilpn kakux ycJOBHsX ONHCAaHHBIH BHILE XKeCTKUil TeHepaTop Mo-
KeT BJIHMATL Ha NoBeleHue cucTeMbl? [IpeanmosnoxuM, yTo nepsoHa-
YaJIbHO HEKOTOpHE IlepeMeHHble B ypaBHeHHH (4.8.2) B036yKIeHBI
H COBepIIAIOT NOYTH CHHXPOHHBIe KoJdebGaHusA. Torna BO3MOXKHO, 4TO
OJXKHO BeI30BeT HanbHeHIIMH 3aXBaT YacTOTHI Cpeld KaKux-To &
KOIeG/IIo1IuXCsl KOMIOHEHT Ha ypoBHe X, B CHJIY uero

x; ~ A; (f) cos [o¢ -+ @; (1] (4.8.6)

OtnenbHEIE YIEHB IPYNNE FeHEPATOPOB C 3aXBAYECHHBIMH YaCTOTAMH
MOryT 3aTeM BXOIHTb B COOTHOLIEHHE 3aXBaTa 4YacTOTH C CIIeK-
TPaJbHBIMH KOMIIOHEHTaMH CJay4yaWHOro (a3oBoro BekTOpa ;(?)
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OKpyXKamwlieit cpeabl H 06pa3oBaTh HaGOP yIOPALOUEHHBIX COOTHO-
eHuH
Qi1 — @ < @T. (4.8.7)

[Ipy mocTy. MpOBaHHOW BhIle JHHAMHKE MBI OKOHYATEJAbLHO IO-
JyuaeM HaGOp HEHYJNEBHX U/JICHOB

t

S%wmmw+ﬂm' (4.8.8)

0

(13-3a KOrepeHTHOCTH (pa3) U HEHYJEBYIO CYMMY

k t
Z:S%Uﬁw”0ﬂ+dﬂdﬂ (4.8.9)
i=1

0

(13-3a 3axBaTa yacTOTH).

Hnaue roBops, «aKTHBALHMS» KOPPEJSLUHOHHOIO ONeparopa, BXO-
asimero B (4.8.2), uMeeT MHOro 0o6UIEro ¢ «BKJIOYEHHEM» oOIepa-
Topa auddy3un B cayuae, KOTAa HauyaJbHOE yCJIOBHE COOTBETCTBYET
HEOZHODPOAHOMY pacnpefenennio Marepun. CaenoBaTenbHo, IO
KpaliHelt Mepe B NPHHIMIE MBl JIETKO MOXKEM COCTABHTH HarJsJHOE
npencrasjaenne o0 GubypKalUHH, BbI3bHIBAGMOH MOCTEIHHM UYJIEHOM B
npaBoit yacti ypapHeHHus (4.8.2). BennunHy

t
{5 @) oy +0a ~y (4.8.10)
0

MOXKHO paccMaTpUBaTh KaK IE€PEMEHHYI0, COOTBETCTBYIOINYIO HO-

k
BOMYy HepapxuueckoMy ypoBHio Y. Haen Zi=1y,- BhIpa}KaeT TOTAa

MoJHyI0 BeJHuMHy 3((epeHTHOro ynpaBjeHHs yepe3 O0OPaTHYIO
cBSI3b ypoBHEM X €O CTOpOHHI ypoBHs Y. Ilpu

k
>y <0 (4.8.11)

j=1

MBIl [0JIY4dEM OTpPHLATEIbHYIO OOPATHYI0 CBfA3b, T. €. TEHAEHLHIO K
OrpaHHYCHHIO Ype3MepHO GOJbWHX (JyKTyauu# Ha ypoBHe X.
YTo6bl MOATBEPAHTb 3TH MPEANOJNOXKEHHs], HEOGXOAUMO YCTaHO-
BHTb 1O KpaiiHeli Mepe Ha MPOCTHIX MOJEJSX CyllecTBOBaHHe Ou-
bypkauuii B CHCTeMe, ONHCHIBAEMOH CTOXaCTHYECKHM YPaBHEHHEM
(4.8.2). Mnaue rosopsi, HEOGXOAHMO OLEHHTb B TAKHX CAyUasiX yHK-
UMK TUIOTHOCTH BEPOSTHOCTH AJsi [eficTBHTeNbHHIX yacTeli Re {A:}
co6CTBEHHBIX 3HAaYeHHH omnepaTopa KpPOCC-KOPPEeJasiiHH H YCTaHO-
BHTb, NPH KaKuUX ycJa0oBHUSX HepaseHcTBO Re {A;} >0 Moxer BHI-
NOJHSATbCS XOTs1 OBl NPU OJHOM [ C BEPOSITHOCTBIO, 3aMETHO OTJHY-
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HOH OT HyJsl. MBI He 6yZeM NMBEITAaTbhCs 3[1€Ch pellaThb 3Ty UYPE3BbI-
YafHO CJOXKHYIO MaTeMaTHYECKYIO 3a1auy.

HHCa0 KOPHHTHBHBIX yYpOBHEH, KOTOPOe MOXKeT NOCTPOHTL 4YeJio-
BEK, N0 CYIIeCTBY PaBHO YHCJAY aGCTpakIii, KOTOpoe OH CNocobeH
NPUAYMAaTh; B NMPHHIHIE HUKAKOTO «INOTOJKAa» 3/eCh He CyLIecTBYeT.
HHTepecHo oTMeTHTH, YTO 3Ta CHMBOJHYECKas HEPApXHs K TOMY
JKe, MO-BHAMMOMY, 6e30oHHA, MOKHO 6blI0 6B AyMaTbh 06 anpHoOpH
CYIIECTBYIOLEM «CaMOM HH3KOM» (Zfe-haKTo He CBOAHMOM K ApY-
THM ) HepapXHueCKOM YPOBHE, NPEACTABJSIOLIEM COBOKYNHOCTbL aK-
CHOM, OJIHOBpEMEHHO H IIOJIHYIO, H HelpoTHEOpeuHByw. Teo-
pema [énens ngoxasbiBaeT, YTO TAKOH CHCTeMbl aKCHOM He Cyllle-
CTBYeT.

Eute GoJsiee marybHO cKa3blBaeTcsl Ha TAKOTO pOAA IpeicTaBJie-
HHAX H Hajek1ax TO, YTO HepapxHuecKas MHpaMHia Kak Obl cKJja-
AbIBaeTCsl U «KycaeT cebsl 3a XBOCT»: €¢ BEpXHHH ypOBeHb CMBIKaerT-
cs ¢ ee HMHXKHHM YpoBHeM. [leHCTBHTEJNbHO, YPOBEHb TaK HasbiBae-
MBIX «3JeMeHTAPHBIX YacTHL» NpeAcTaBiaseT cobofl BecbMa CJOXK-
HbIH KOHIenTya abHbll apredakT. UTO6LI «BbIUJIEHHTbL» 3JIeMeHTap-
HYI0 YacTHIy, Heo6XOLHM ueJoBeUeCKHH pas3yM, KOTOPHIH B CBOIO
ouepelb BO3HHKAE€T B XOJe 3BOJIIOIHH Kak MoGOYHLIH NPOAYKT B3a-
HMMOJEHCTBYIOIHX YACTHI[, 3aBHCSIIHX OT NEPBHYHBLIX («Ipa»-)Ha-
uyaJbHBIX H TPaHHUYHBIX YyCJI0BHH. Takas «suraaroobpasuad» cxema
UypeBaTa MHOXKECTBOM MapafoKCOB THIA <«CCHIJIKH Ha cebs», AeH-
CTBUTEJbHBIX HJH MHHMBIX. Hanpumep, Hekuii pasym MOKeT MbIC-
JHUTbL ce6s Kak O0GbeKT COGCTBEHHBIX pasMblliieHH. Mbl NPHXOAHM
IPH 3TOM K HeKoeMy o0pasy, coiepikalleMy caMoro cebs, mpHYeM
«BHYTpeHHHHA» 06pa3 B CBOIO Ouepelb COLEPIKHT caMoro cebs H T. 1.,
o6pasysi GECKOHEUHYIO, He CXOASILYIO IOCJeN0BaTeJbHOCTh. JIHHA-
MHYecKHil MOJAXOA K 3aTPoHyTOH mnpofjeme HaMmeueH B IJ. 6.

4.8.3. 3ameuanue N0 NOBOAY THIHYHLIX cAyyaes
SMCHXOCOMATHYECKHX PACCTPOACTB»

JlBa HepapxHMUeCcKHX YpOBHS B OprauH3Me HAXOAATCA «B KOH-
(GJAHKTe», eCld MeXIy HHMH He CYILeCTByeT aJeKBAaTHOH CBs3H V.
Tak npoucxoaut, Korna cnapubaioTess addepentusle H/HAH adde-
PEHTHBlE MYTH, MO KOTOPHIM HH(pOpMaNHs NOCTYyNAaeT <«HaBEpPX», a
YIpaBasiiolllie KOMaHAL 0o6GpaTHOH CBs3H «BHHU3». OnuHOH H3 TNpH-
YHH TAKOTO KOH(JIHKTA MOXKeT OBITh CHJbHBIH WIyM (T. €. HEOTPaHH-
yeHHble ¢JIYKTyalHH), BO3HHKAIOLLHe B MPOMEXYTKe MeXHIy pac-
CMATpPHBAaeMbIMH HepapPXHYECKHMH yPOBHSIMH.

KoudaukT (OTCyTCTBHE aleKBATHOH CBfA3H) MEXKILY HeOKOpPTU-
KQAbHbIM HepapXHYeCKHM YPOBHEM H HHXKHHM YPOBHEM, OTHOCA-
mHUMcs K nepugepuiinot, uasu aumbuueckod, cucreme, moxuceT

1) MuTtepecHuii cny4af, korga TakOH KOH(JHKT OCTaeTcs B CHJe Jaxe TpH
HaJHYHH HJealbHOH CBS3H, OyJeT paccMOTPeH B IMI. 5 u 6; OR HMeeT Hemocpen-
CTBEHHOE OTHOLUGHHE K NAPAJOKCAJBHBIM MIPAM U K 11apafOKCy «CCBUIKH Ha cels».
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BO3HHKHYTh BCJENCTBHE PACIPOCTPAHEHHs CHJIBHOTO 3(¢epeHTHOro
(mo menu oGpaTHOH CBsI3M) BO3MYILUEHHs, MPHBOASALICTO K SIBHOMY
pacCTpORCTBY KaKOro-TO OpraHa TeJa WJH K HapylleHHIO, BOOGILe
rOBOps, TOMEOCTATHUECKOH COMATHUECKOH AaKTHBHOCTH (Hampumep,
BeJeACTBHE  AucbajiaHca — apacHMIaTHYeCKOH — CHMIATHYECKOH
HEPBHOH cHCTeMBl). B psjge ciayuaeB TakOH KOH(QJIHKT 0OyC/I0BJEH
elle He cHOpMHUPOBABIIUMCS («HE3PEJBLIM®») KOPTHKAJbHEIM YDPOB-
HeM, He CIOCOGHHIM JOJKHBIM 06pasoM OrpaHHYHBATL JHMOHUECKHE
adepenTHre cUrHasn. Takoro poia «HHOAHTHIM3M®» MOXKeT OBITb
HCIPABJIEH, €CJH CHCTEMA ¢ ITOMOLIbIO aJeKBATHOTO OKPYXKeHHs 00-
pasyer HOBHIH KOTHHTHBHBIA HepapxHueckuil ypoBeHb. CToJib HEOG-
XOAUMBIH AJI KOOPAWHHPOBAHHON 3BOJIIOIHH OpPTraHH3Ma JHHAMH-
yeckufl 6ajlaHC MeXAYy pasHoobpasuem CUTHAJIOB H HaJeXKHOCTbIO
(OYHKIHOHHPOBAHUSI CHCTEMEBl MOXKeT OBITh AOCTHTHYT ¢ IOMOIIBLIO
OTPHIIaTENBHBEIX YIPAaBJSIOIIHX CHTHAJOB, [IOAABAacMBIX [0 KaHaJy
06paTHOMN CBSI3H C 3TOIO HOBOTO YDOBHH.

Haxkonen, MH XOTHM TPENJIOXKHTL BO3MOXKHHH GHOJOTHUECKHH
MeXaHH3M CO3JaHHs HOBOIO HEPAPXHUECKOTO YPOBHA Tepes ofyue-
HHe. DTO MOKeT OHITh AOCTHTHYTO IyTeM AKTHBHPOBAHHA HEHPOH-
HOro TreHOMa, HAmpHUMep ¢ TOMOLIbI0 MAacCHPOBAHHHIX BHIGPOCOB
HelipoMeAnaTopa, MOAYJAUPYIOIUHX (AYKTyalHH IOTEHIHa d IIOCT-
CHHAIITHUECKOH MeMOpaHBl M TE€M caMblM CO3LAI0IHX CcJaydadHBlEe
HADYUIEHHs HOHHOTO PaBHOBECHS, KOTOpHIe B CBOIO OYepelb MOTYT
BO3/eHCTBOBATL Ha AAPO M BO30YXKIaThb «O6e3MOJBCTBYIOLIHME» TEHBI
[4.11]. B pesysabrate 06pa3yioTcsl HOBHE THIBI 6eJKOB (4 Kak cael-
CTBHe — 060JI0YKd MOCTCHHANTHYECKUX AEHAPHTOB), CBS3aHHBIX C
onpefeJeHHHIMH TOYKaMH MeMOpaHBl, IpHueM 06pasyloTcss OAHOBpeE-
MeHHO y 60JBIIOTO YHCJIa TKaHed Mo3ra.

HoBue mocrcHHanTHueCKHe IIPHHHMAIOIHE MecTa MJA OTAeJb-
HBEIX PasHOBHAHOCTeHl HeHAPOMENHaTOPOB OKa3bBAKOTCA CJYYaHHO
pacmpelesieHHBIMH. Takue «pelenTOpHbIE MeCTa» BHICOKOCMENHAJH-
3MPOBaHBl JJIs IpHEMa MOJEKyJ COOTBETCTBYIOIIMX HeHpomenuaTo-
pOB B COBEpIIEHHO OIpeflesieHHBIX KOH(QUTYDPAIHAX «3aAMOK ~— KJIOU».
B cuiiy 5TOr0 HOBLlE B3aUMOJAEHCTBHUS MexXJy HeHpOMeAHaTOpaMH H
peuentopaMi MOTyT 3G(EKTHBHO «3alyCKaTb» CHCTeMaTHUECKHE
H3MeHeHHs: B (JIYKTYyalHsX aKTHBHHIX TPAHCIOPTHHX TOKOB uepes
HefipoHHBle MeMOpaHBE. DTH TOKH BO3HHMKAIOT BCJELCTBHE Kpocc-
KOppeJAUUH, CcOo3faBaeMblX HeHDOHHHIMH MeMOpaHaMH MeXAy
GAYKTyalHsIMH TOTeHUHa 0B X IIOCTCHHANTHUeCKHX MeMOpaH, co-
OTBETCTBYIOIIHX HOBOMY IIOKPHITHIO MeMOpaHH, H (QJAYKTYalHsIMH
NIPOHHIAEMOCTH MeMGPaH, COOTBETCTBYIOIHX HOTOoKy W nedipoMe-
JHATOPOB.

Tak BO3HHKAaeT CBs3b MEXKIY paHee HEKOPPEeJIHPOBAaHHEIMH HJIH
HECYHleCTBOBABUIMMH IMHAMHYECKHMH IlepeMeHHHIMH. BszauMonefi-
CTBYS MeX1y cOGOH, HOBBIE IepeMeHHBle MOTYT 00pa3oBaThb HOBLIH
nepapxuueckuil ypoenb. (ITogpoGHee cM. Takxe Npuiokenue 4.)
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C HPUJIOXKEHUAMH

B3anMHOe CTHMyJHpOBaHHe IBYX HepapXHueCKUX CHCTeM (B MH-
TepeCyolleM Hac ciayyae— IBYX GHOJOIHYECKHX OPIaHH3MOB) PELKO
NPOHCXOAUT HemocpeAcTBeHHO. OOBIYHO HHTEpecH ABYX NMapTHEPOB
AHTArOHUCTHYHB (KaXXABIH CTPEMUTCS YCNENIHO CTHMYJIHPOBATD APY-
roro, T. e. npedcKa3bi8ars NOBefeHHe ONNOHEHTA H B KOHEUHOM cyeTe
Ynpaeaiare UM W B TO Ke BpeMs NPOTHBOIOCTABJSATL ONIOHEHTY
CBO€ C/yYaiiHOe IIOBeleHHe, He IO03BOJISIIONEE CTPOHTb HHKaKHX
NPOTHO30B ), YTO 3aCTABJSIET UX BECTH Uepy.

ITox Wrpo#t Mbl MOHMMaeM B JaHHOM CJyyae AJrOPHTM IPHHS-
THS PeLleHHHl B YCIOBHAX KOHPAUKTQ W HeonpedeseHHOCTu (Heol-
PeleeHHOCTH OTHOCHTEJIbHO MOTHBOB H XOAOB mapTHepa ). Kax il
M3 NBYX HIDOKOB CTPEMHTCS NPH 3aJaHHBIX OIpDaHHYEHHAX MAaKCH-
MH3HPOBATh CBOIO <«IDHOBLIbY H/HJIH MHHHUMH3HPOBATH CBOH <IO-
Tepu». B 3TOH rsaBe Mbl HaMmepeBaeMcsi (C OQHHM HCKJIOUEHHEM)
OnHcaTh M CHOPMYJHPOBATL Ha S3bIKE AUHAMHKH TEODHIO HIp IJsi
d8yx Juu. DTO 03HAYAET, YTO MaTeMaTHYeCKOe OMHMCAHHE CTPOHTCS
Ha OCHOBE JIBYX CBS3aHHBIX JHHEHHBIX WJIH HeJHHEHHBIX OOLIKHOBEH-
HBIX Au¢¢epeHuHaJbHEIX ypaBHEHHE nepBoro mopsiika. [lpu mepe-
XOJe K ONHCAHHIO B TePMHHAX NPOCTPAHCTBA COCTOSHHH 3TO O3Ha-
4aeT, YTO NMPOCTPAHCTBO COCTOSHHH MOJXKHO GbITH ABYMepHbiM. Hac
OyAer uHTepecoBaTh (OPMa HHTErPAaJbHBIX KPHUBHIX H XapaKTep 0CO-
OBbIX TOYeK (eCJH TaKHe CYILIEeCTBYIOT) IPH «pPeaJHCTHUECKHX» Ipel-
NOJIOXKEHHUSX, a TaKXKe, KaKUM 00pa3oM Ougyprayuu MOTYT IPUBO-
JUTb HE TOJIbKO K 380A/04UlL, HO U K PE3KUM KAUECTBEHHbIM U3MEHe-
HUAM U B KOHEUHOM cuere K paspeuietHuro KoHduaukra. Ilepemen-
HBIMH B HAallHX YpPaBHEHHAX OYAyT BEepOSTHOCTH COXPaHHUThL JaHHOE
HanpapJeHHe [POJABHAKEHHS HJH CTPATErHIO,

[Tocsie omucaHust aGCTPAKTHBIX MOAeJeH Mbl nepelaeM K HeKo-
TOPLIM IPHJIOKEHHAM: KOHPAUKTAM 8 MUpe HuBO2O, KOHPAUKTAM
8 npouszsodCcT8eH Ol chepe U AHATOTHYHBIM CHTYyaLHsIM HA BLICOKOM
YPOBHE.

BecbMa GosbINOfA HHTePeC NPEACTABJSIOT TAKMKE HEKOTODPBIC PH-
Mepbl U3 3MHAEMHOJIOTHH, Ile BO3HHKAeT aHTaroHH3M IO IIOBOAY TO-
TO, KTO KOr0O nepssim 3apa3HT, K BeCbMa IOYYUTEJbHO, KAK 3BOJIO-
UHOHHPYET BO BpPeMEHH AMHAMHKA B3aHMOJEHACTBYIOLIHX T'PYIN «XO-
3sMH — napasuT». LlupKyaslust B pacrnpocTpaHeHHe CIAyX0B, Oynb
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TO NOJIHTHUECKAs [poNaraHja, PeJHrHO3Hble [JOTMBl HJH NPOCTO
pekJaMa, npeicrapiasieT co00H He uTO HHOe, KaK BeCcbMa HHTepec-
HLIl 4acTHHIH cayuafi «3MHAEMHOJIOTHH», KOTOPHIH Mbl pacCMOTPHM
B CTOX4CTHUECKHX TEepPMHHAX, XOTA H Ha 3BPHCTHYECKOM YpOBHE,
0CTaBJIsAsE B CTOPOHE CTPOry0 QOPMYJNHPOBKY OCHOBHOrO ypaBHEHHA
JJ15 MHOTOUACTHYHOH (YHKLUHH paclpele/eHHs, ONUCBbIBAOUEHd Be-
POSITHOCTb pacCIpoCTpaHeHHsl MHPOpPMAlUH uYepe3 NapHbIE B3aHMO-
JeHCTBHS JAHHOTO YHCJA HHIAMBHIOB B OmpeleJeHHoe BpeMs. Teo-
pHsl paclpOCTPAHEHHs CJYyXOB TaKiKe OTHOCHTCS K KOMIETEHIHH
TEOPHHU HTp, TOCKOJBKY OJHH HHAHUBHIBE CONPOTHBJAKTCA NPHHS-
THIO MHPOpPMalHH H OTKa3biBalOTCs NepelaBaTb ee JAaJjbile, TOILa
KaK Apyrue HHAMBHIB (KOH(GOPMHCTH) Jerde noinaiorcesi o6pabor-
Ke M KAK Obl CTAHOBSTCSl NMEepPEeHOCUYHKAMH «HHGOPMaLUH>».

Huse MB NPHBOAMM KJacCHQHKALMIO H ONHCaHHE KaxAOH Ka-
Teropux a6CTPAKTHHIX HIP, HAuHHAS C HIP C NOCTOSHHOM CYMMOH.

5.1. Urpel ¢ nmocTosiHHO# cymMoO#

B urpe ¢ MOCTOSIHHON CYMMOH CyMMa 3JEMEHTOB (<«IaTexeri»)
MaTpuub miatexelt 2 X 2 (puc. 5.1) olHa H Ta XKe LJA BCeX KOM-
GuHauuil cTpaTernii. Mpl IpeanoJaraeM 37ecCb, YTO KaxIbIH HIPOK

UMeeT B CBOEM penepTyape TOJBKOC

A, B, gBa xoma (A, By), (Ag By) u uro

x «IJaTeXH» — 3TO  YCJOBHHIE UHCJA,

AN EL I N CHMBOJIHUECKH TDEJCTABJISAIIIHE BHI-

Ay \\ ‘ AN UTPBIUKA WIH BO3HATpaXKAeHHs (IOJIO-

o N e N JKUTEJNBHBIM  IIJIATEXKH), MPOHUrPHIIKR

> \k AN HJAH ITpadn (OTpHIATEJbHBIE IIJa-
N PR N nd TeXH).

B, N { N Ilox peienyeM Hrphl Pooﬁme H

N N HIPH C NOCTOSIHHOH CyMMOH, B 4yacT-

b \J 9 N HOCTH, MBI MNOHHMaeM (yCTOHYHBOE)

pacnpeleseHue nuaaTexed (MJau cpel-
Puc. 5.1. Matpuma 2X 2 mrpsr  HHX nJarexed), BO3HUKAwoUlee IpH
¢ mocTosHHOE cymmoli. Benwun- ~€PalHOHAJBHOM BHIGOpE» XOJOB yda-
HBl B JIeBOH HHXKHed M mpaBol  CTHHKAaMH UIpbI: HH OJHH H3 HIDOKOB
ieBI;XHG;P";a HO“ZBHHaX KaxJA0r0  He MOXKeT AOOHTbCH OOJbIIErO BbIMI-
SIS YNROT TSP puia, ecau Cro MpOTADHMK IpWACD-

JKHBAETCSl PalHOHAJBHOH CTpaTerHu.

B cBorw oueperb panHOHAJbHBIMH
CTPaTeTHsAIMH MBI Ha3blBaeM TakKHe, KOTOpble MO3BOJSIIOT MAaKCHMH-
3UpOBATL IIJaTeXH (UJIH CpelHHe I[JIATEXHU) HIPOKA, €CJaH TOT
3HaeT, 4YTO ero NPOTHBHHK CTPEMUTCS CAeaaTh TO Xe caMmoe. (B HH-
TepecyrolleM HAc cJydae IJaTeX CUUTaeTcs INOJIOXKHUTEeJNbHBIM HJIH
OTPHLATENbHBIM HE3aBUCHMO OT TOTO, JOCTHTAETCA JH CHUMAEMOCTL
KOoJa NPOTHBHHKA. B 3TOM OTHOLIEHHH KaKAOH Hrpe MeXJy pas-
HBEIMH IPHUCYIL HEKOTOPHIH 3J€eMeHT 6eclesNbHOCTH. )
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B reopuu urp ¢ NOCTOSHHOH CyMMOH JAOKa3HBaeTcs TeOpema, Ko-
TOpas 0O CYiUIeCTBY O3HauaeT, YTO JJIs YYaCTHHKOB HIPH Cylle-
CTBYeT Hekasl onTHMaJpHass mapa crparteruifi. (B urpax ¢ Hemo-
CTOSHHOH CYMMOH MBI 3TOTO NPOCTO He 3HAEM: TaKHe UIPH, Kak Oy-
JIeT MOKa3aHO HHiKe, TPeGYIOT YMeHHS BECTH IIePeroBOpH, TaK Kak
HAHTH ONTHMAaJbHble CTpaTerdH, BeIyllHe K YCTOAUMBOMY paBHO-
BeCHIO, OKa3bBaeTcsd HEBO3MOXKHBIM.) B Teopuu Hrp ¢ HmoCTOSHHOH
CyMMOH HeoOXOAMMO Pa3jHuaTh YeThIpe cayuad.

5.1.1. Y oGoux UrpokOB MMeeTcs JOMHHHMPYIOLlas CTpaTerus

JloMuHHpYIOLICH Has3blBaeTCs Takas CTpaTerus, kKoropas obec-
[eUYHBAET HIPOKY MAKCHMaJbHO BO3MOKHBIH BBIHTPHIILI HE3aBUCHMO
OT TOTO, YTO JeJaeT €ro NPOTHBHHK. B Hamux 0O03HAUEHHAX 3TO
MOXHO GBIJIO GBI DPOJEMOHCTPHPOBATH HA NPHMEPE HIpbl C MaTPH-
el maaTexeH, 3JeMEHTHl KOTOPOH YAOBJETBOPSIIOT HepaBEHCTBAM
a>b ¢c>d a<c b<d. §cHo, UTO B 3THX YCJOBHSX paLHO-
HaJbHO ReficTBytoluil urpox I BeiGepeT Xon A, a pauHOHaJbHBIH
urpok Il — xox As. COOTBETCTBEHHO BBIUTPHIII COCTaBHJ OBl @ HJisI
urpoka [ u n—a aas urpoka Il

5.1.2. JloMHHHpYIOWAs CTPATErHsl HMEETCH TOJIBKO
y OJHOTO Hrpokxa

AtoT cayuail peasausyercs, Korga a > b, ¢ >d, a >¢, d > b.
Urpok 1 smbupaer xox Ay; urpok I, auas aro, ubupaer xox B,
TaK KaK N — ¢ >> n— Q. BBHUrPHIIH HIPOKOB COOTBETCTBEHHO DaB-
HBI C H n—C.

5.1.3. Jlomunupyromeil cTpaTerny HeT HU Y OJHOCO
U3 HIPOKOB

Tem He MeHee MBI MOMKEM BCe eille OCTaBaTbCsi B PEXHUME «UH-
CTHIX», HJH <«JeTePMHHHPOBAHHBEIX», cTpaTerufl (T. €. IPHHATH, UTO
HTpa MOXKeT ObIThb pellleHa O0HumM XOAOM), AOIYCKas B KauecTBe
BO3MOKHBIX COCTOSHISI PABHOBECHSI THIIA «CEIJOBHIX Touek». Uro-
6bl MOSICHHTb CYThb [eJa, NpUBEAEM JBa npuMmepa. PaccMOTpHM CHa-
yasa Matpuuy 2 X 3, H300paxkKeHHYIO Ha PHC. 5.2, Ile KaxIbld HI-
POK uMeeT B cBOeM pacmnopsikeHuu mo Tpu xona. (Tax kak n =0,
Urpa c mocTosiHHofl CyMMOIl mpeBpamiaeTcsd B AaHHOM cjyyae B HIPY
¢ HysneBo#l cymmotl.) JoMuHupyoolleH CTpaTerHd HET HH Y OJHOTO
U3 UIPOKOB, T. €. HH OJHH H3 HIPOKOB He MOXKET BHOpaTb XOM He3a-
BHCHMO OT TOTO, KaKOH XOI HaMepeH cAeJaTh €ro NPOTHBHHK.

B npHBedeHHOM BHILE NPUMepe BHIOJAHAs TAKTHKa IJsT KaxX-
JOTO HTPOKA COCTOHT B TOM, UTOOBI NONBITATLCA MUHUMU3UPOBATL
makcumym ceoux npouepoierd. Hanpumep, urpox I moxer paccy-
KAaTh caedylomum obpasom: «Ecau g ciaenato xox A, TO XyMHH
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AJIsT MEHs1 UCXOJ BO3HHKHET NPH YCJOBHH, YTO MOH NPOTHBHHK BbI-
GepeT xol Bs (MOH «BBIMIPLILI> COCTABHT toraa — 20). Eciu xe a
CHenaio Xof A, TO MOH «BLIHIDBIIU» B XyALIEM CIyYae COCTABHT —
1, a ecau 51 BLIGepY x04 As, TO — 4». [Toatomy urpox | penaer xonx
Ay. Hrpox I paccyxpmaer anasoruuno: «Ecin s BbIGEPY X004 Bj,
TO MOH BHIHTPHII GyneT He Menblle 1. Ecau s cuenaio xon Bs, To
BLIMTpAlO He MeHbllle — 18, a ecatu BhGepy Xox Bs, To He MeHblle —
15». M3 octopoxuoctd urpok | Bm6upaer xon A, urpok Il — xon
By, u onn «pcrpevalorcs» B kBagpate (—I, 1), T. e. B ceanoBO

{n . M B & D
B, 8, B, %
< a 7 2 5 1 Ay
N3N\ » g
Ai AN \\ \\ o
-3 \\ B8 N\ |-20 '\ B § 2 2 3 4 By
N = g
SNV NS N -2
\. \ e
in A N AN \\\ E A IR BT BN B
LI N 2 N 2
Q 3 2 1 6
N2 N N s b,
\ N\ N\ <
As -2 N\ |-¢ N s N “’Hanapatowan cropoHa™

{mn

Puc. 5.2. Matpuna 2 X 3 (2 urpoka X  Pue. 5.3. Marpuua <«BOEHHON WIPHI».
X3 xoZa) HIpH ¢ HYJ€BOH CyMMOIL.

TOUKe (B TOM CMBIC/IE. UTO 3HAYEHHS IJaTexkell B 3TOH TOUKE MIIHH-
MaJ/bHbl IO CTPOKE H MaKCHMaJbHL IO CTON6LY AJds1 Hrpoka | n
MaKCHMAaJbHBL 110 CTPOKE H MHHHMAJBHHE 10 CTOJA6UY AJas1 Urpoka 1.
Kpome toro, sta cesnoBast Touka ycrofiumBa B TOM CMBbICJ€E, YTO HH
OJHH H3 UIDOKOB HE MOXKeT YBEJHUHTb CBOI BBRIMIPLIL, OTKJIOHSAACH
OT Hee B OJJHOCTODOHHEM NOPSAKe.

Bropo#t npumep MBI O3aHMCTByeM H3 «HIPEHL B BOHHY» (pic. 5.3).
Hucna B MaTpulle NJaTexell 03HAYAIOT AHH MEXAY CTOJKHOBEHHUS-
MH apMuil npotupHHkoB. Hananalomias cropora 3naer, uTo Bpemst
paboTaer NpOTHB Hee M UTO B €€ HHTEPECaX BECTH <«OAHTUKPHTS,
TEM CaMbIM MUHUMUSUPYSA BPeMsI MEXAY CTOJIKHOBEHHSIMH ABYX
apmuil. C Apyro#t cTOpoHEI, 060POHSIONIASICS CTOPOHA H3GHPaAET CTPa-
TeTHIO «BBIXKKEHHOH 3€MJIM», 2 HMEHHO OTCTYNAEeT, CTPEMACh MAKCH-
MH3HPOBATb BPEMSI MEXJY CTOJKHOBEHHSIMH C TeM, YTOGLI HCIIOJb-
30BaTh NEPEJHIIKH AJsI OPTaHH3aLHH CONPOTHBJIEHHSI H H3MaThIBa-
HHSl Hanajaipoued cropousl. [[IpumepoM Takoro poga Moryr ciay-
XKHTb COOBITHSI BTOPOH MHPOBOH BOMHLI, pasbrpaBlIHecss B INepBHE
Mecsinbl nocie Hanafeuusi I'epmanuu na Coserckuit Cows. dpyrum
IpHMEpPOM, KaK HH CTPAHHO, MOXET TOCTYXHTh IOBeJeHHe HeKOTO-
PBIX BHIOB XKHBOTHHX (B TOM UYHCJe H YesJOBeKa) B GpauHblii Ie-

pHoa.]
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Kakoe peurenne nmpumer KakIblfi W3 YYaCTHHKOB HTDHI, aHAaJi-
3HPYsl Bce BO3MOXKHBIE CTPATerdM, NpeiCTaBJeHHBE Ha pHC. 5.3?
O6oponswIascs CTOpoHa MONHTAETCS MAKCHMH3HPOBATh CBOM MH-
HUMaJbHble BBIMTPHIIIK, a Hanagamollias CTOPOHA — MHHHMH3HPO-
BaTb CBOM MAaKCUMAaJbHble BLIHIDBIIIH.

Hanaparomas cropona paccyxpaer ciepywouuM obpasom: «Ec-
JIM g 1u3bepy crpateruro Ap, TO B XyIlIeM cJayyae MHe MNpHAeTCS
XKAath 7 AHeH 10 cToJKHOBeHHS. Ecau st BEiGepy crpateruio By, To
B XyIHIeM cJyuyae MHe Npujercs xAaTh 3 Ausa. Ecam g ocranoiro
CBOfi BHIGOP Ha crpaTterdu Ci, TO MHe HPHAETCs XKAAaTh He GOJblLe
5 [Hel, a ecqH s NMpPEANOYTY BOCIOJb30BaThCsl crparterneli Dy, TO
KIaTh MHe NpPHAeTCS caMmoe Gogbliee 6 AHefl. DTO — MOM Marxcu-
MAAbHble  NPOMTpHIIK. UTOOB MuHUMU3UPOBATL WX, sI BHOUpaiO
ctparteruto By (3 ous)».

OGopoustiiomasicss CTOPOHA PacCyKIaeT CJELYIOUHM 06pa3oM:
«Mos1 3amaua COCTOHT B TOM, UTOOB HM3MOTaTh NPOTHBHHKA. Ecau
1 BHIGepy cTparteruo A;, To B XyALIeM CAyuae MHe NpHIeTCs XAaTh
1 neun. Ecau g mpepnoyry BHGPaTh cTpaTerdio B, TO XKAaTb MPH-
zerca 2 aHaA. Crparerusi C; maer 3 aust u crpaterus D;— 1 pgeHb.
OTO — MOH MUHUMAAbHbLE BHIUTPHIIN. UTOOH MaKcumusuposars WX,
s1 BeiGupato crparteruo C; (3 mHS)».

M yuvacTHukn wurps BeiGupator ksajgpar (C;, B;), B KoTophli
BIHCAHO YHCJO, MHHUMAaJbHOE CpeIHM YHCeJ, CTOSIIMX B TOH xXe
CTPOKe, H MAKCHMAaJbHOE CPelH UHCEJ, CTOSIIHX B TOM K€ CTOJaGIe.
DTa mapa cTpaTerufl ycrou4usa, Tak Kak NPH NOIBITKE CO CTOPOHHI
KaKA0T0 HIPOKa OTKJOHHTBCS OT Hee B OJHOCTODOHHEM IOPSIAKE OH

YB8eAUMIIBAET CBOU npouspoiul.

5.1.4. CMmewanHble CTpATEr MU

B 3ToM cayuae DJOMHHHpYIOLleHd cTpaTerdd HET HH y OAZHOrO Hr-
pOKa, a Mmarpulla nnarexed He HMeeT CeAJOBOH TOYKH, IO3TOMY
HIpa He MoxKeT OBLIThL pelileHa OJHHM XOJOM. B ofluell MaTpuile mJia-
Texxefi 2 X 2 (puc. 5.1) 3T0 CBOAHTCS K HepaBeHCTBaM a > d >
> b > ¢. [Ipu Takux ycJOBHSX HIPOKH [PEJNOYHTAIOT NPUAEDPKH-
BAaTbCSl CMEIIAaHHHIX CTpaTerd, T. e. JenarT MHOro xojos. Ilyctsh
X — BepPOSITHOCTb TOTO, uTo Hrpok | BeiGHpaer xol A, a y-— Be-
POSITHOCTB TOTO, uTo HUrpok 11 BEIGepeT xox A,. Ilpu Takux yc/aoBusx
cpelHHe pasMephl (MaTeMaTHYeCKOe OXKMJAHME) BBIMIpPhIIIA COCTaB-
JISIIOT BeJHUHHY

G (x, p=axy+bo(l—x)y+ex(l —y+d(l—x(1—y G.LI)

JJs urpoka Il u
Gy (x, y)=n—G,(x, y) (5.1.2)
Just urpoka 1.
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Jloruka npunatusa crparerun A; uau B;(i, j = (1, 2)] urpoxkamu
OYeBHAHBIM 00pa3OM CBsI3aHA CO CPeJAHHMH BHIUTPHIIAMH, & HMEH-
HO: CKOPOCTb H3MeHEHHS BEpPOSATHOCTH X HaAH y (T. e. dx/dt wau
dy/dt) npomopunHoHa/JbHa MPOH3BOLHON OT CpelHel MPUOHIIH, 10y~
4aeMoH# HMIpOKOM, NPHHSBUIMM, COOTBETCTBEHHO, cTpaTeruio A; uiau
Ay, By uan By. CrefoBaTesbHO, MBI MOXKeM 3allHCaTh ypaBHeHHA

dx __ 0Gx
dt — odx °
4y 06, (5.1.3)
T oy

HMTak, JOTHKY Yy4aCTHHKOB HIPB MBI TPaHC(HOPMHPOBAJH, HIH «CBE-
JU» K JABYM CBSI3aHHBIM JHHeHHbIM JHbdepeHIHANBHBIM YpaBHe-
nuam. floacraBaas BMecto G u G, COOTBETCTBYIOLIHE BHIpaXKeHHsI,

noJiyuaem
dx

S =yla—b—c+d)+c—d,
; (5.1.4)
S —=x(—a+btc—d) —b+d,
OTKyJda HaXOJHUM CTalHOHAPHOE COCTOSIHHE
=zt e dzc (5.1.5)

a—b—c+d’ a—b—c+d’
Hccaenyem ero ua ycroduusocrs.
Has aToro BBeleM BO3MYyLIeHHs X' =x—x* u y =y— y*.
B nux nnddepennnasbible ypaBHEHHs 3alHUIIYTCS B BHIE
dx’
— =y (@a—b—c+ad),
(5.1.6)

Y=x(—atb+e—d),

NO3TOMY ,
dy X (5.1.7)

M MBI [oJy4aeM [AJs BO3MYLIeHHH KPYrOBYIO TPAEKTOPHIO, 3aJaBae-
MYyI0 [apaMeTpHUYECKHMH  ypaBHeHHsIMH x'=cos?, y =sind
(ILeHTp OKPYKHOCTH COBIaJaeTr ¢ HayajJoM KOOPAHHAT).
Hnterpan mo Tpaekropuu
27t
{ o, vao
0

paBeH HyJA10, Tak Kak G(x’, y’') COOepKHUT TOJBKO UJeHbl NEepPBOH
CTeNeHH Mo x', y' U mpousBeleHHe x’y’, T. . UJeHH MepBOH CTENEHU
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no cos®, sin & um mpouspeienne sin®-cos¥, a HHTErpasbl OT HHX
O TPAeKTOPHH PaBHE Hymw0. Mpl 3akmouaeM, uTo Gokyc (x% y*)
HeliTpaavbro ycTolivus (Tak KaK HAlll HCXOAHble AHd¢epeHLHab-
Hble ypaBHEHHs 110 CYIIECTBY COBNAJaiOT C YPABHEHHSIMH TdPMOHH-
YeCKOro OCLM/IsATOpa 6e3 3aTyXaHHus ).

5.2. Urpbl ¢ HEMOCTOSIHHOH CyMMOH

Cpeau urp ABYX JIHI HeOOXOAHMO pas/uyaTh HIPH, B KOTOPBIX
HHTepeCH YYaCTHHKOB AHAMETPAaJbHO MPOTHBOMONOKHBL (HTPBI C
MOCTOAHHOH HJIH HyJeBOfl CyMMOH), W HTPBl, B KOTOPLIX HHTEpECH
YYaCTHUKOB YaCTHYHO NPOTHBOIOJOXKHE, a YacTHYHO COBNAAANOT
(urpbl ¢ HemocTosiHHOH cymMoii). B urpax c¢ mocrosHHOH cyMMOfl
CyMMa BHIMTpHIEl ABYX HIPOKOB Bceria odna u Ta e He3aBH-
CHMO OT TOTO, KaK 3aKaHUMBAeTCA UTpa: ueM OO0Jblle BBIHTPBIII O~
HOTO HIPOKAa, TeM MeHblle BBIUTPHII Apyroro. ViMeHHO B 3TOM H
3aKJ04aeTCsl  «AHaMeTpasJbHAS INPOTHBOIOJOMXKHOCTbY HHTEPECOB
YUaCTHHKOB UTPHL.

Perllende HTpH ABYX JHI ¢ NOCTOAHHOH CYyMMO# — 3TO napa 4H-
CTHIX HJIM CMelllaHHLIX cTpaTerdil (MMEIOLIHNXCA B PacnopsXKeHuH Hr-
POKOB), KOTOpble HAXOAATCS B PaBHOBECHH: HH OAHH M3 HIDOKOB HE
MOXKeT yBEJHYUTb CBOH BBIMTPBINI, €CAU €ro NapTHep NPHAEPXKH-
BaeTcsl CTpaTerdH, NPEANNCAHHON pelleHHeM HIPBL

B urpax ¢ HemocTossHHOH CyMMO# y yYaCTHHKOB B obuieM ciayuae
HMeloTCsl O6lIHe coBnajaloulde HHTEPeChl H  IPOTHBONOJOXKHbBIC
urpbl. Takue Hrpbl HHOTAA HA3BIBAIOT HTPAMH CO CMEULAHHbLMU MO-
Tusamu. JIas UIp C HEMOCTOSIHHOH CyMMOH MOXKHO J0KasaTb Cylie-
CTBOBAHHe IOJOKEHHH paBHOBECHS, HO yiKe HEBO3MOXKHO IpEANH-
ChIBATh «ONTHMAJbHBIE» CTPATErHH B TEPMHHAX 3THX MNOJOXKEHIH
paBHOBECHsl, TaK Kak BHIGOP KaodbiM UTPOKOM CTpATerHil, COLEp-
JKALIUX TOJOKEeHHs DPaBHOBECHS, €lle He 2apaHTupyeT PaBHOBECHOTO
MCX0Aa Mrphl. I103TOMy B Hrpax ¢ HeNOCTOAHHOH CyMMOH He Cylle-
CTBYeT ONTHMAJbHBIX CTpaTeruii (T. €. peileHHH, KOTOPbe rapaHTH-
poBaJiH 6bl yCTOHUHBOCTh BHIGPAHHON mapel CTpaTeruii B TOM CMBbI-
cJle, YTO OAHOCTOPOHHEE MJIH JaxKe AByCTODOHHEE OTK/IOHEHHE OT Hee
TOJBKO YXYAWAKT MOJOXKEHHe Hrpoka). B rTakux urpax mnomsaTHe
payuonaaerot crtpaterun TpeGyer yTouHenus H 0GOOIIeHUS. Oka-
3BIBAETCS, 4TO XO[bl, NPEANHCHIBAEMble COOGDAKEHHAMH uUHOUBU-
dyaabHotl PALHOHAIBLHOCTH, MOTYT CYUIECTBEHHO OTJHYATLCH OT XO-
0B, BEIGHPAEMBIX U3 COOGPaKeHHH KOALeKTUBHOU PalHOHATbHOCTH.
«I1apajoKchl» BO3HHKAIOT, KOTJa MOHSTHA <«PalHOHAJbHOTO perle-
HHsI», ajJleKBaTHBIE HA OJHOM YDOBHE KOH(JIHKTA, NMEPEHOCATCS Ha
apyroii ypoBeHb. Takum 06pasoM, B cjlyyae MIp ABYX JHI C HENO-
CTOAHHOH CYMMOIl MOHSITHe PAllHOHAIBHON CTpaTernu Kaxk Obl npe-
TepnesaeT GUdYPKaLMIO HAa UMOUBUOYAAbHYIO U KOALEKTUBHYIO Da-
IHOHAJBHYIO CTPATErHIo, NpHYeM BeCbMa 4YacTO OHH He COBNALAloT,
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H BO3HHMK@eT IOHATHE TOped KaK CpeJICTBa JOCTHIKCHHA CyOOITH-
MaJbHOTO pelieHusi. MIrpbl ¢ HemocTosiHHOR cyMMo#i MBI moxpasie-
JsieM Ha JBe NOJKaTeropHu:

4a) HUIpHl C HElIOCTOSIHHOH CYMMOH H TOpeoM,

6) napajoKCcasJbHBIEC HIPH C HEIIOCTOSIHHOH CYMMOTL.

PaccMoTpuM KasKIAyi0 H3 3THX TPYII OTAENBHO,

5.2.1. Hrpu ¢ HenocrosHHoft cyMmofi u Toprom

HaureM ¢ OfHOrO XapaKTepHOro IIpHMepa, IOKa3aHHOro Ha
puc. 5.4. [To cyutecTBy MBI caenyeM pabore Pamomopra [5.1].

Urpoky 1 Heo6xoaumo BhIGpaTh JHO60 CTPOKY Aj, JHGO CTPOKY
B,. Ecau 6bl oH 3HaJ, KakKylo crpateruio usbeper urpok II, 1o npu-
HSTb pellleHHe JJIsl HEro He cocTaBHAo 6Bl 0CO6Or0 TPyAa: ecjaH Gbl

urpok II BeiGpas crpateruio A,,
m , 10 urpox | BhI6pan 6bl cTpaTe-
A, B, ruto B;, kotopas obecrnmeunBaer
eMy BoMrpHIIl 4. Ecam 6w Hr-
\ 1 \ 8 pok II Buibpan crparerumo Bj, TO
A, N \ Hrpoxk | Boibpas OB CTpaTeruio
2 N\ 3 Ay, Kotopasi obecrmeunBaer emy
BhiHrpuil 3. Ho urpok II crout
\ o N 0 nepex TakoH ke npobiaemoii npH-
B, AN N HSATHSI pellleHHs. Eciu Gbl OH GBLI
yBepeH, uTto Hrpok I mocrapaer-
cs1 obecrneudTh cebe MaKCHMaJlb-
HBf BHIMIDHII (BHIOEpeT CTpa-
Puc. 54. Marpuua 2X 2 wurpa ¢ me- Teruw B,), to urpox II He mor
MOCTOSHHOR CYMMOH («C Teperoso- 6bL BbIGpaTb st cebst ﬂqueﬁ
pami»). crpaterud, uem A,. Ho y wur-
poka Il Her yBepeHHOCTH B
TOM, YTO HIPDOK | He 3axoueT pPHCKOBATh H He MpPeNNOYTET CTpaTe-
raio A, (B pacuere Ha TO, uTO Mrpok II Gyner cTpeMHTbCs ofeciie-
YHTb ce0e MaKCHMasbHHH BHHrpHII 8). B stom ciayuae urpok II
MOT Ohl MOJYYHTb MaKCHMAaJbHHH BBIMTPHII. MBI BHAHM, UTO B Ta-
KOl HWrpe ONTHMAaJbHOH YHCTOH CTPATErHH HeT WH JIJs1 OXHOTO HI-
poka. [TocMOTpHM, KaK OOCTOHT HeJ0 B CJIydyae CMEULAHHbLX CTpa-
Terns.

OcraBasiss (Ha BpeMsi) B CTOPOHE BONpPOC O BLIUTPhILE MPOTHB-
HUK4, KaXIBH HTPOK MOXKET BHIGpPATh CMEIIaHHYIO CTPaTErHIo, KO-
TOpas TapaHTHPYET €My MUHUMAAbHGIL BBIUTPHILI He3a8UCUMO OT
TOTO, KaKylo CTpaTeruio Boifeper ero npoTHBHUK. CylilecTBYeT MHOTO
a/ITOPHTMOB, IO3BOJNAIIINX HAUTH TaKylo CMEUIAHHYIO CTPaTETHIO.
Ho npeamosioxuM, YTo cMelllaHHasi CTpPaTerusl JJisi Urpoka I ompe-
JleJisieTCsl IyTeM BBIYHCJIEHHSI PAa3HOCTH IJaTeked IS KamKIOH
CTPOKH (/I8 MepBOI CTPOKH Takasi pasHOCTb paBHa 3 — 2 =1, nJsa

n
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BTOPO#l cTpoku — 4 — 0 =4), obpaujeruss TMONYIEHHBIX 3HaueHHH H
CJAY4adHOrc YeThIpeXKpaTHOTO BHOOpa A NMpHu Ka:KAoM BbiGope Bi.
Ananoruuno, urpok Il npunuceiBaer crparterun A, BepositHocTs 8/11
H cTpateruu Bs BeposiTHOCTb 3/11.

Hrpox I, mpunuceiBasi ctpaterun A; BeposiTHocTe 4/5 H cTpa-
Teruu B, BepOHTHOCTb 1/5, rapaHTpreT cele BbIHprIIH

(2+3) (4+0)

(B NpeANMONOXKEHHH O MOJHOM HEBEJEHHH — C BeposiTHocTaAMM (1/2,
1/2) — otHOcHTEbHO BeposiTHOCTell BriGopa urpoxkoM II ctpaTterni
As, By).

Ananornuno urpok Il rapanTupyeT ceGe BHIUTPHILI

1 8 1 3
U+ +5 78+ 0=

Ha nepBulfi B3rasi KaXeTcs, 4TO 3Ty Napy CMeEMIaHHBIX CTpaTe-
rufl (rapaHTHPYIOIHX KajKAOMY HIPOKY «IIPOXKHTOYHBIH MHHHMYM>)
MOXKHO NpPHHATb 3a «pelueHue» urpbl. OfHAKO 3TO pelleHHe He ydo-
84eT80PUTEAbHO: 00a HIpOKa MOrJH 6B BHIUrpaTh OoJibllle yKazaH-
HEX BHINE TapaHTHPOBAHHEX MHHHMYMOB, ecJH Obl, HalpHMep,
urpok | BeiGpan crparteruio Bj, a urpok Il —cTparteruio A,. Hdasa
TOro, uTOOB MOJYUYHTb (OJiee KPYNHblE BBIMIPBIILIH, HIPOKaM Heo0-
XOLUMO K00pOuHUpPOBATs CBOW cTpaTeruu. Pasymeercs, npobiema
BHIpabGOTKHU, COrJallleHdsi 0 BHIOOpe TOH WM HHOH NMapel CTpaTerdi
(MJ1¥ CMeIlaHHYIO CTPATEerHio) OcTaeTcs, TaK Kak MpH BHOOpe mapnl
crpareruit (B), Ap) npenmyliecTBo moJay4aeT Hrpok I, a npu BH-
Gope mapwi crpateru#i (A;, Bg) —wurpok II. Ho oTHocuTennHo Ka-
KOH OBl M3 3THX ABYX nap (MJH CMeIIaHHON CcTpaTerHH) HIPOKH HH
OPHULJIK K COrvalleHHIo, jobasd H3 HHX obecreunBaeT KaKAOMY HI-
POKY BBIMTPHILI, IIPEBHILIAIOUIHN TapaHTHPOBAHHBIH YPOBEHb, COOT-
BeTcTBeHHO B 12/5 u 32/11.

Hecnoco6HocTs KOOPAHHHPOBATb CTPAaTeTHH B JAaHHOM ciydae
HaAJeXHT OTHECTH 3a CUeT OTCYTCTBUS C8A3U MEXKAY AByMs naprT-
Hepamu. IIpeN0I0KHM, YTO HIPOKH KAKHM-TO 06pa30M JOTOBOPH-
JHCh O BhiGope mnapw ctpaternfi (A, Be) [uam (B, Az)]. Toraa uu
Yy OJAHOTO H3 HTPOKOB He Oblio OBl mMOTUBQ IJ5 HApYLIEHHS COIJa-
IIeHHs!, TAK KaK BBIOODP HIPOKOM ADYTrOH cTpaTerHH, B TO BpeMs Kak
€ro NMPOTHBHHK NpHAEPXKHBAeTCA AOCTHTHYTOTO COIVIALUEHHS, YMEHb-
U OBl BBHIUTPHIL «HapyliuTesasi». TakuM o6pasoM, Kaxkaas H3
ABYX NpHBEIEHHBIX BBIllle AP CTPaTeruil npeacrasasgeT coO0H paB-
HOBecHe: HH OAMH H3 ABYX HTPOKOB HE MOXKeT IOBBICHTb CBOH BBIHT-
puimr (H, BoOGILIE TOBOPs, JIHUIb YMEHBUIHT €ro), €cJH OTOHAeT OT
paBHOBecHs, B TO BpeMs Kaxk JAPYrod UTrpoK OyAeT MO-IpeXHEMY
NPHAEPKHUBATLCS COTlJallleHUus ([MPHHLMI MUHUMAKCA: OJHOCTOPOH-
Hee OTKJOHEHHE HAKa3bIBaeTcH ).
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Ho ecau B paccmarpuBaeMo#i urpe oGCTOSTeJNbCTBA MO3BOJSIOT
YCTAHOBHTb CBfI3b MEXJAY HI'POKAMH H KOOPAHHHPOBATH CTPATETHH,
TO CHTyallus MEHSeTCS: B 3TOM cjyuyae MIPOKH MOTYT MyTeM TOProB
(1eperoBopoOB) COTVIACHTBCS OTHOCHTENBHO Maphl CTPATerHH, Aaiouiux
npeHMylllecTBa KaxXJAOMY H3 HHX. B urpe ¢ mocrosinuoft cymmoit ta-
KOe HEBO3MOXKHO, TaK KaK B TakOH Hrpe, ueM Jyulll€ HCXOJ HIPHI
JJIs1 OTHOTO HTPOKa, TeM OH XyiKe I/ APYyroro. B urpe ¢ HemocrosH-
HOIl cyMMOH MOTYT CyIleCTBOBaThb HCXOJHBI, IIPEIIOYTHTEJbHEIE A5
006oux UTPOKOB IO CPaBHEHHIO C APYTHMMH BO3MOMKHBIMH HCXOZAMH.

i- i
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Puc. 5.5. MHOKecTBO HMCXOJ0B mepero- Puc. 5.6. MnoxecTso HCX0L0B Oepe-
BODOB. rOBOPOB JJS1 KOHKPETHOH HIPbl ¢ MaT-
puueli, uzobpaxkennofi Ha puc. 5.4.

WTak, MaTeMaTuyeckasi 3ajada COCTOHT B TOM, 4TOOBI Ha KpH-
BOIl BO3MOXHBIX HCXOJMOB I€PEroBOPOB (MHOXKeCTBe «IpeIMeT TOop-
ra») maiiTu oguy Touky (G, Gy), KOTOpyio MOXHO 6bli0 OB Ompe-
JIeHTh KaK PAYUOHAAbHOE pelilerue, WIH PAUUOHALbHOe peulerue
KOHGauxkTa (puc. 5.5).

MoXHO J0Ka3aTh, UTO TOUKA MHOXKECTBA «IIpeiMeT TOpra», COB-
najamilas ¢ BepUIHHOH MPAMOYroJbHHKA Hauboibuied NJOWALH,
ABJISAETCSA PeIleHHeM 3aJayd IPH [IBYyX YCJOBHAX: BO-IIEPBBIX, MHO-
JKEeCTBO «IIpeJMeT TOpra» 3apaHee 3aJaHO W, BO-BTOPBIX, «[IPOTHBO-
[OJIOKHAS» BepIUHHA IPSIMOYTOJNBHHKA — «CTAaTyC-KBO» — TAK¥Ke 3a-
paHee 3aJaHa.

B ofuieM ciayyae OTHIOAb He OYEBHAHO, KaKOH NoJXKHa OHTb B
Pa3JHUHBIX Hrpax TOYKa «cTaTyc-kBo». Hampumep, MoxkHO 6blj0 Gbl
CUMTATh, YTO TOYKA CTATYC-KBO JAOJXKHA YKasblBATb BHIMIPHIII, KO-
TOPBI MOXKET TrapaHTHpOBaTh cefe KaX[AblH HIPOK (HE3aBHCHMO
OT CTPaTerdd APYroro urpoxa). M yzKe snmaeMm, 4TO B Halle# Hrpe
KOOPJIHHATH TAKOH TOUKH, COOTBETCTBEHHO, PaBHEI Gy, = 12/5, Gy, =
=32/11. TlpuHaB 3Ty TOUKY 3a TOUKY CTaTyC-KBO, BHIYUC/IHM ONTH-
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MaJibHble BBIHUTPBILIA B NPEANOJOXKEHHH, YTO MHOXKECTBO «IIPEAMET
TOpra» -— NpsIMOJIHHEHHBHA OTPe30K OT ToukH (3,8) no Touku (4,4)
(puc. 5.6). (Mrpoku npeficTBHTENHO MOTYT BHIGHDPATh PasMephbl Bhi-
HIpbILIeH B YKa3aHHBIX Mpejenax.)

[Ipu stux ycnoBusx ontumanbuyio Touky (G, G)) MOXKHO BBHI-

YHCIHTb H3 COOTHOHIEHHS
F=(G, — G.,) (G, — Gy,) = max; (5.2.1)
HO M3 aHaJHTHYECKOI'O BhHIpAXKEHHs AJAS OPsIMOH, MPOXOAsAINeH uepes
ToukHd (3.8) n (4,4), cienyer, 41O
G, =20 — 4G,, (5.2.2)
a G.,=12/5, G,,= 32/11, noatomy
(6i—+5) (20— 46, — &) = max,

HJAHU
aF
0Gy
* 32 * 12
20 — 4Gy — 22 — 4(0,‘—?):0.

=0,

W3 nocnegnero ypaBHenus nosyuaeMm

* 1 +32 12
Gi—=5 (20—57 44 )
HJIH
Gr=3,34; G,=6,65. (5.2.3)

OI1HaKO BO3HHKAeT BONPOC OTHOCHTEJIbHO YCTOHYHBOCTH BHIGpaH-
HOTo cTaTyc-KBO G, = 12/5, Gy, = 32/11.

Uro6bl rapaHTHpOBaTh cebe Ge3omacHbIi ypOBEHb BHIMIPHIIIA,
UrpoK I 10J2KeH BOCIOJIB30BATHCS JABYMsI CBOMMH CTPATErHSIMH C Be-
positHocTsIMH ¥ =4/5 u 1 —x=1/5. Ho ecau 310 ciuenaer oH, TO
urpok II MoxXeT BHLIMIpaTth 3HAUHTENBHO OGoJbllie cgoezo Ge3onac-
HOrO ypOBHA: BHIOpaB By B KauecTBe 4ucrold crparterud, Wrpok II
MOXKeT NOJY4YHTh BeUrpbil 8 X 4/5 = 32/5, npeBnitiaoliuii ero 6e-
somacHuil ypoBeHb 32/11. Amanoruuno, ecau urpok !l BmGupaer
cMemannyio crparernio (8/11, 3/11), obecueunBatwiiyio emy 6eso-
NAacHbIA ypOBeHb BHIMTDBILIA, TO UTPOK I, BEI6paB cTpateruio By, MO-
XKET NOJAYYHTh BHUTPHII 4 X 8/11 = 32/11, npeswianiuil ero 6e-
30macHBIA YpoBeHb (paBHHH 12/5).

CioeoBaTesibHO, KaxX bl HIPOK NbITAACA Obl OTKAOHUTHCS OT
CBocH 6e3onacHOf cMeWIaHHOH CTpaTeruu, ecJd OB 3HAJ, YTO €ro
naptaep 6yder npudepsicusarvcs 31Ol crtpaterud. C apyrofl cro-
pPOHBI, ecaH 00a HMIpoKa OTKJIOHSITCA OT 6e30nacHofi cMeHIaHHOH
CTpaTerdd, TO TeM CaMBIM OHH ONpPeAeNsAT HOBOE CTaTyc-KBO, a
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uMeHHo Touky (0, 0). fIcHO, uTO Takas CHTyallHsi MOXKET BO3HHK-
HYTb B TOM CJlyuae, €CJH HIPOKH He NMPHAYT K COTJIALICHHIO H Kax-
A OyjleT HACTaHBAaTh Ha CTPaTeruH, obecleuHBaiollell eMy OAHO-
CTODOHHEe NPEeHMYIIeCTBO.

[TocMoTpuM Temepb, KakHe ONTHMAJ/bHBIE HCXOABI NMOJYUAKOTCS
NpH TOM e MHOXECTBE «IpeIMeT TOpra», Koraa TOUKa CTaTyC-KBO
cOBHAJaer ¢ HA4YaaoM.

B stom cayuae Gy, =0, Gy, =0, mostomy ycmaosue (5.2.1) npen-
CTaBUMO B BHJe

F={(G;—0) (20 — 4G; — 0) = max,
OTKy/a, nonaras 0F/0G, =0, nonyuaem

Gi=-5-20~3, G,~8. (5.2.4)

B ofumem caydae mpeamnosnaraercs, 4To AJs Onpejenedus TOYKH
CTATYC-KBO KaxK[bil H3 HI'PDOKOB He3aBHCHMO OT APYroro BhIGHpaeT
(4HCTYI0O MM CMELIAHHYIO) «CTPATETHIO YIPO3bl»; HMeeTCsi B BHAY,
UTO, €CJIM HIPOKAaM He yJaeTcsl AOCTHUb COIJIacHsdA, Mapa BhIGpAHHBIX
TakHM 006pasoMm cTpareruil x, y onpepeiser TOUKY CTaTyc-KBO. Ecau
Ke coriacHe AOCTHKHMO, T. €. €C/JAH TOUKa Ha MHOXKECTBE «IpEJMeT
TOpra» MoxKeT OLITb ONpejeseHd, TO OHA HAXOAHUTCHA B COTJIACHH €
pellleHHeM ONHCAHHOH BHILIE HTPBI C NEPEroBOpaMH, a napa crpare-
THH yrpo3 3afiaeT TOUKY CTaTyc-KBO.

[TpexnosnoxnM, uTo Hrpok | BbiGHpaeT B KauecTBe CBOEH CTpare-
UM Yyrpo3bl CMeWlaHHYIO CTpAaTerHuio, B KOTOpoH crtparterus A; npei-
CTaBJIeHa € BEPOSITHOCTbIO X, & CTpaTerust B, ¢ BeposITHOCTbIO | — x.
Ananornuno, urpok II BbIGHpaer B KauecTBe CBOeH CTPATErHH Yrpo-
3bl CMEUIAHHYIO CTpPATernio, B KoTopoil cTpaterusi A, nmpeacraBieHa
€ BEPOATHOCTBIO Y, a cTpaTerug By ¢ BeposATHOCTBIO | — y.

Ecan cTpaternn yrposbl BCTyHaloT B CHJIY (T. e. €CJH corjacHe
He JIOCTHTHYTO), TO MaTeMaTHUYeCKOe OXKHIAaHHe BHIUTPbILIA A/ HI-
poka I cocraBager

Ge,=2xy+4(1 —x)y4 3x(1 — y). (5.2.5)
CooTBercTBYIOLHA BHIHrpHILI Anf urpoka 11 pasen
Gy=xy+4(l —x)y+8x(1 —y). (5.2.6)

PaccMoTpuM Tenepb Hrpy ¢ TOProM, B KOTOpOH TouKa (Gy,, Gy.),
3ajaBaeMas BelpaxkeHHAMH (5.2.5), (5.2.6), ssasercs Touko# cra-
Tyc-KBO, 8 MHOXECTBO «IpeJMeT TOpPra», Kak H Ipex]e, JEeXKHT Ha
npsIMOH, npoxozaaiell yepes touku (3,8) u (4,4). Pewenue urpu B

3TOM cayuae ecTb Touka (G}, G; ) HAa MHOXECTBE «IpeIMeT TOp-

ra», TakKad, 4to Gx AOCTaBJAAECT MAKCHMYM BBIDAXKEHHIO
F —_ (Gx b Gxo) (Gy - Gyg) = (Gx —_ Gxo) (20 - 4Gx - Gyo). (5.2.7)
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MaxkcuMusupyoouiee 3HayeHHe, BHIUHCAsIEMOe U3 YCIOBHA OF /3G =
= 0, 0Ka3bIBaeTCsl PaBHBLIM

Gr=5 (20 — Gy, + 4Gy) = + (20 — 9xy + 4x + 12). (5.2.8)

SIcHo, 4TO B MHTepecax Hrpoka ! BHIGpPaThb TaKyK CTPATETHIO YTPo3
X, IPH KOTOPO# €ro OKOHUYaTeJbHbI BBHIMTPHIL G, MakCHMaJeH, T. e.

onpenensercs BbipaxenueMm (5.2.8).

[Ipeo6pasyem Teneph NepBOHAYANBHYIO HIPY, YMHOMKHB BHIHT-
poillIM urpoka I Ha 4, xak noxkasaHo Ha puc. 5.7. Takoe npeo6paso-
BaHHe CBOJAHTCS K BHOODY HTPOKOM | JApyrux NeHeXHBIX eIHHHL,
YTO 3aBeIOMO He CKa3blBdeTCsd Ha <«CTPATETHYECKOH CTPYKType»
HIDHI.

A, Bz Az Bl
N \
\\ 1 \\ 8 \ N -7 \\ -4
A N N Ay N N
s Mz N\ AN VAN
\\ N N\ N\
N i AN 0 . \\ -12 \\ 0
N, B N N
B N p 1 N N
1 \\ \& 12 \\ 0 \\
16 N -, N\

Puc. 5.7. IlpeoGpasoBanue urpu, Hzo- Puc. 5.8. JlanbHeiimee npeofpasoBaHue
6paxkeHHoH ua puc. 5.4. UrpH, H3006pameHHol Ha puc. 5.4, B
HIPY C TOCTOSIHHOH CYMMOH, HMEIOILy!0

Ce/J/IOBYI0 TOUKY.

B KauecTBe BTOpOro IIara MOCTPOHM HIPY C HYAEBOL CymMoL
(puc. 5.8), B KOTOpPOH IJATeXH SBJSIOTCA ajre6pavqecKUMH pas-
HOCTSIMM IJiaTexed Ipeo6pa30BaHHON BHIIIE HTPHI.

Bbluuc/iMM BBIMIDHI Hrpoka | B 3TO# mocsiennelf urpe ¢ Io-
CTOSIHHOA CYMMOH IPH YCJOBHH, UTO OH HCIOJb3yeT CMEHIAHHYIO
CTPATErdIo X, B TO BPeMf KaK €ro NPOTHBHUK — UrpokK Il — ucnosas-
3yeT CMeNIaHHYH0 cTpaTerhio y. MaTeMaTHuecKoe OXHIAHHE BBIHI-
pHIa JJs UrpoKa I cocTaBiisieT B 3TOM CJyuae BeJHUHHY

Txy+4x(1 —y)+ 124 (1 — x) = —9xy + 4x + 12y

— IMEHHO 3Ta BeJHYHHA HEOOXOZMMa eMy, 4TOOB JOCTHUbL MAaKCH-
MaJ/JIbHOTO BHIUTPHINA B IepBOHAYaJbHOH HIpe [CM. COOTHOUIEHHE
(5.2.8)]. Ho nocnenusst u3 pacCMOTPEHHBIX HAMH Hrp (M 3TO HMeeT
pelllarolee 3HAayeHHe) — Hrpa C HYJEBOH cyMMo#, uMmemwlias cedao-
syt rouky B (A1, B,). Bubupasi crpateruio A;, urpok I Makcumu-
3UpyeT CBOM MHHHMAaJIbHBIE BBIUTPHIIIM, a BHIGHpast cTpaTeruio Bj,
urpok Il MHHUMH3UpyeT CBOM MaKCHMa ibHBIE NPOUTPHILIH.
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Takum o6pasom, B 3TOH Hrpe AJsi HTpoKa | cyllecTByeT 4ucras
Hauay4uian CTpareeus, a MMEHHO crtpaterus A;. Ananoruuso, auag
urpoka II 3Ta nocaefHsst Hrpa cTpaTerHyeCKH HKBUBAJIEHTHA IEPBO-
HauaJbHOH, NMO3TOMY JayulleH crpaTerHeil ajs urpoka Il 6eria u
ocraerca yucras crpaterus B, IlpuBefleHHBIX BhIe coOBpazKeHHIl,
NO-BHAHMOMY, NOCTATOYHO, 4YTOOBl MB yOEIHJHCh: MHOXKECTBOM
«IpeaMeT TOpPra» B KOHEYHOM HTOTe N0JKHA ObITh npsimas G. +
+ G, =11 (puc. 5.9) ¢ Toukoit cratyc-KBO Gy, = 12/5, Gy, = 32/11.

Hrak, nac uHTepecyrOT pasMepbl BO3MOMKHHIX <«KOMIICHCAIHE,
KOoTOpbie Mrpok Il poszkeH MpeasoXHTh HIPOKY 1, UTOGLI CKJIOHHTDL
TOrO K TOPraM (IPHBJIEYb K MHOXKECTBY «IPeIMET TOpra», u3obpa-

G, +G, =1

|
i
I
]
i
—1 6, t— 5,

Puc. 59. [lpyroe MHOKecTBO HCXOJO0B HEDPErOBOPOB Al TOH Ke KOHKPETHOMH
urpel (cM. puc. 54).

*KeHHOMY Ha pHc. 5.9). IIpH TakoM MHOXKeCTBe «IIpe/iMeT Topras
ABa HIPOKa CO8MECTHO MOJYy4aroT OOJIBIIMI BEIHTPEHII, YeM NPH JIO-
60M ADYroM HCXOJeE, H, CJIeA0BATEJLHO, OOJBIIHH, ueM npu Jamo6of
CMeLIAaHHOH CTpPATeryH.

PasBe He N0OMKHBE 1Ba payuOHOAbHbIX UTPOKA CPA3y Ke COMMa-
CHTbCS Hd KOODJIHHAIHMIO CBOMX CTPaTeruil ¢ Iedbid JOCTHMKEeHHS HC-
xona (A1, By) W auwe 3aTem TNPHCTYIHUTH K TOPTY OTHOCHTENBHO
TOTO, KaK Pasle/uTh MexXJy co00i coBMecTHHIH BHIUTPpHI? Halizem
HHTEPeCyollHe HAC BeJHUHHBl H3 YC/JAOBHS MAKCHMYMa BEJAHYHHEI

12 32
}~"=(Gx~?)(11—0x—W :
Ionarasa 0F /0G, = 0, moayuaem
=G~ —G4+2 —o,
OTKy/la
G, ~5,2 u G,~575.
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UTo6B CKJOHHTL HTPOKAa | TPHHSITD MHOXKECTBO <«MpeiMeT TOp-
ra», urpok Il mojKeH MOATH Ha BecbMa cepbe3Hble ycTynkH. Ox-
HAaKO CylIeCTByeT aJibTePHATHBHBIH crnocob, mnossoaswoomuii ybe-
AHTBCA B TOM, 4To HMrpok II yerynaer urpoky | saHmB «B caMBi
pas». Byaem cuHTaTh, YTO MOJHBIH BEIHTPBIN, NOJyUYaeMBIH «KOQ.1U-
yueli» U3 JBYX HIPOKOB, AEJHTCH MEXKJY HHMH B COOTBETCTBUH ¢
CJACJAYIOIUIUM NPHHUMIOM: KaxXK/Jbli TapTHep MOJydYaeT CTOJbKO,
CKOJIbKO BHOCHT, BCTYIasl B KOAJMHIHIO.

[lpennonoxum, uYTO KOaJMIMsT COCTOHT H3 HTpPOKa I, mepBHIM
BCTYNHBIIErO B «NYCTYIO» KOAJHUIHIO. B Koanuuuu ¢ camum coboli
Urpok | ToJjyuyaeT BBIUTPHIII, PaBHBIH €ro ypoOBHIO «5€30MacHOCTHY,
T. €. 12/5. EcJu TepBEIM B «ITyCTYIO» KOAJHIHIO BCTYNAeT HIPOK
I1, To Koanuuus, cocrosiilas W3 OJHOTO UYeJOBEKA, MOMKET NOJYUHTH
Buiurpbim 32/11 (yposenb «BesonmacHocTH» urpoka II).

[Ipucoenunssicb K Koaauiluu, Urpok 1 nossoaser (6ykBaibHO H
(haKTHUECKH ) KOAJHIHH H3 JIBYX UeJOBEK MOJYUHTb BBIUTDHIL, PaB-
Huil 11. CrnenoBaTenbHO, OH PHHOCHT KOAJHUIHH, K KOTOPOH IpHCO-
enunsiercst, 11— (32/11) =289/11, u moayuaer (Ha 3TOH cTaiuu)
npaBo Ha BHHrphim B pasmepe 89/11. OaHako MBI Opeanosaraem,
4TO TOPSAAOK, B KOTOpOM o6pasyercss KOaJHLHSA, YHCTO CAydafHBIM.
(Kaxpnas H3 ABYX BO3MOXHBIX MOCJe0BaTeJbHOCTEH 06paszoBaHus
KOaJHIlHH WMeeT BeposiTHOCcTh 1/2.) CienoBaTenbHO, BBIHTPHII, Ha-
3HauaeMbllf Urpoky l, foKeH OBITh CPEJHHM B3BEIeHHBIM (C OJH-
HaKOBbIMU Becamu 1/2) semuuun 12/5 u 89/11, 1. e. paBen (1/2)X
> (12/5)4(1/2) (89/11)~ 5,25. HUrpok 1l momyuaer ocraiabHOe,
T. e. 11— 5,25 = 5.75.

5.2.2. Urpel ¢ HenocToaHHO# cyMMOH 6Ges Topra («nmapamoKcalbHbie»)

PaccMoTpuM caeayolLyIo HTPY C HEMOCTOSHHON CyMMOH, IIHPOKO
H3BECTHYIO [I0J Ha3BaHHeM «auseMMa y3Huka» (YY) (puc. 5.10).
JlHaroHaJpHBIM IJaTexaM B oOIIeM c/ayuae NPHCBAHBAeTCs 3Haye-
aue &, [E] > 1. C TouKu 3peHHsa KaXKJOro HrPOKa COBEPIIEHHO SICHO,
Kakyio crtpateruio uszbpate. rpoky 1 caenyer u3bpaTe CTpaTeruio
By cosepuienno He3asucumo OT TOTO, KAKYIO CTPATETHIO BHIOEPET Hr-
pok II. IeiicTBuTtenbHo, ecjau urpok Il ocranamauBaer cBofl BBIGOP
Ha cTtpaTeruu A,, To Urpoky | BeirofHee n3bpaTb crpateruwn By,
obecrneunBaoIyo eMy BHHrpun 10, Toria kKak crpaTeruss A, ra-
paHTHpyeT eMy TosabKo BuHTPHII 1. Ecau urpok Il usbupaer ctpa-
TerHio By, To Urpoky | TeM 6osiee BBHIrOJHO BEIGPATh CTpaTeruHio Bi:
TOT/la ero NMPOUTPHII COCTABHT 1, B TO BPeMsi KaK BHI6OD CTpaTeruu
A, npusoaut k npourpuuy 10. TTo ol xe npuunune urpok II nocry-
IIHT «PallHOHAJBLHO», BEIOpAB CTpaTerHio B,. «PalnoHanabHasg» napa
crpaterufi (By, By) UpPUBOAHT K NpOHUTPhIY | AJis1 060ux UTPOKOB.
Aunanornuno, Bei6pas crpaternu (Ay, As), HTPOKH Bbiuepasu Gbl 110
1. 3ameTumM, 4To B 3TOH HUrpe A0GUTHCS MaKCHMAaJbHO BO3MOXKHOTO
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BBIUTPHILIA YYACTHHKAM MELIAET He HX HeCHnOCOOGHOCTb KOOPOUHUpPO-
sarty crparterui. CyllecTByeT TOJNLKO O0Ra Napa cTpaTeruil, Kotopas
NPHBOANT K BHUTPHINY 060ux MIPOKOB, a HMeHHO (Ay, Ap). Takum
06pasoM, B LaHHOM CJyuae He CYLeCTBYeT HEOJHO3HAYHOCTH OTHO-
CHTeJbHO BRIGODA CTpATerui, COOTBETCTBYIOIIHX KOAACKTUBHOMY HH-
Tepecy HIPOKOB (B OTJIMUHe OT NPeAbAyINero BapHaHTa HIP C TOP-

TOM ).
Uro e MellaeT MIpoKaM BuiOpath cTpaterun (A, Aj)? SlcHo,
41O K nape crpateruii (B, Bs) BMecto (A;, Ag) HX NPHBORAT «zefl-
CTBHSI B COOTBETCTBHH C HHIMBHAY-

7 Az B2 aJbHBIMH HHTEpPecaMH» KaxXJIoro
oI\ 10 urpoka. Kpome rtoro, paccMatpu-
A N \LE) BaeMas Tenepb HAMH HIpa OTJIH-
1 AN -€} \\ yaeTcsl OT IpeAblAyuled TeM, 4TO
N RN BMeCTO O08yx TOYEeK paBHOBECHS,
N N Kak B pasd. 5.2.1, jnaHHas Hrpa
N -10 N -1 HMeeT TOJBKO OJHY TOUKY paBHOBE-
B, (g,\‘\'f’ N cusi (Bi, By). OnHaKo TakoH HCXO[
00NN He YAOBJETBOpPHJ Obl «palHOHA/b-

- Y HBIX>» HTDOKOB.

Ecan pannoHanbHLIE HIPOKH BO-

Puc. 5.10. Marpuma 2 X 2 urpmr  OOlle MOrJau OBl NpHATH K corJa-

«JMJIEMMA  Y3HHKA». IIeHHIO, TO OHH BHIOpaJH Ol mapy

crpateruit (A1, A;). OznHako Ta-

KOH HCXOJ He sIBJIsIeTCS TOUKOH DaBHOBECHS: KaXKAbIH MIPOK, OTKJIO-

HSSICh OT COIVIACOBAHHOH CTpPATerHu B OOHOCTOPOHHEM nopadke, yse-

Auqua Osl CBOA BHIATPHILI, a ecan Obl 06a HrpoKa HApYIIMJIH J0-
CTUTHYTOE coIlvialleHHe, TO OHM 00a npourpanu Obl.

C. TOUKH 3peHHSs] «YHCTHIX» CTpPaTerdil Takoe MOJOXKEeHHEe YXKACHO.
ITocMoTpuM, uTo MOrJo OBl NPOH3OHTH, ecaAH OBl MapTHePHl BHIOH-
paJjiu cMelllaHHble CTpAaTerHH (T. €. ChrpajH OB YHCJO HIP, KOTOpOe
103BOJIsII0 Gbl HaBOAUTH CTATHCTHKY) C BEePOATHOCTbIO ¥ nas A,
| —x pna By, y ans A, | —y s Bo.

«YpaBHeHHs ABHKEHHA» IJ4 X, y, KaK H Npexje, 6yAyT HMeThb
BHA

dx _ 0G
dt T Tox
. (5.1.3)
o =5
rje
Go=xy—tx(l—p)+E1—x)y—(1—x)(1—y), (5.2.9)

Gy=xy+8x(1—y)—E(0—x)y—(1—x)(1—y)
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[Toacrapasis Boipaxenns aas Gy, Gy, nofydaem

dx
@ =15
dy (5.2.10)
ar=1-%
uaH
x({{)=x(0)el-2¢,
() =x(0) (5.2.11)

y(t) =y (0)e!'-¥1,

a Tak Kak [E| > 1, BepoATHOCTH X, y OLICTPO BLIXOAST Ha CTaIlHO-
HapHble 3HaveHHs (0,0), T. e. urpa GLICTPO 3aKaHUUBAETCS B CO-
cTosiHuM (Bj, By). TakuMm 06pa3oM, mepexox K CMeIIaHHBIM cTpaTe-
THSIM He YyAyqiiaeT CATYalHIo.

Cs D,
AN *,
AN “ 1 w". g
ol & | @
-, pS
1 \s . ‘E \\‘\
N S
S eE | -
», »,
ol & | &
! Q.‘\ o ’ \“~
ad A

Puc. 5.11. Junemma ysHHKa, pa3HrpHBaeMas HHIYKTHBHO, M BO3HHKAWOIas MpH
3TOM MapKOBCKasl HeNb (cneBa).

[lonbiTaeMcst Tenepb BBECTH CMelllaHHBlE CTPATETHH C HAMATHIO.
DTO 03HAyaeT, UTO CTPaTerusi, BubHpaeMasi NIPOTHBHHKAMH IIPH Oue-
pelHONl mapTuH, KakKuUM-TO 06pa3oM o6ycJjoOBJeHa HCXOAOM MpPeLBl-
Ayuielt urpel. [TonbTaeMest BRecTH 3/1eCh NPOCTYIO MAPKOBCKYIO LeNb
(mamsaTb ry6HHOH B OJAMH XOJ) B KauecTBe aJroputMa AJst Kax-
noro urpoka. byneMm cuurats xoanl A;, Ay KooneparusHeimu x0LaMu
Cy, Co, a xoan B,, By — pasobujennsiny xonamu Dy, Dy Hama mar-
puna uMeer uetbipe coctosiuna Sy (Ci, Cq), S2(Cy, D), S3(Cs, Dy),
S4(Dy, D), kak Ha puc. 5.11.

C yueToM «Ayxa», B KOTOPOM AeHCTBYeT Ka:KABIH UIPOK (YPOBHSA
€ro HHTEJNJEeKTYaJbHOI'0 PA3BHTHS H CIIOCOOHOCTBIO IIPOBOAHTH «CBOIO
JIHHHIO®), MBEl BBOAHM /151 KaXKA0TO HIPOKa HabOp yCAOBHbLIX BEPOSIT-
HocTeli (MM «CKJOHHOCTel») KOONEPATHBHHIX W Pa30blUeHHHX gek-
CTBHH,
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s uepoxa 1 Has uepoxa 11
P(C\/S) = x,, P (CyfS)) = x5,
P(C\/S)) =y,=0, P(Cy/S) =y, =0,
P(Cy/S35) =7=,=0, P (Cy/S5) =2, =0,
P(C/S)=w,=1, P(Cof/S)) == 1.

H3 stux HaGopOB CJaelyeT, UTO CO CTOPOHBI «IPELAHHOTO» HapT-
Hepa HeMeJJIeHHO HacTylaeT BO3Me3JHue, W Mocje NapajoKcaabHOTO
HCXo/la S4 HEMeIJEHHO IMPOHMCXOAHT BO3BpAlleHHE B COCTOSHHE Si.
CooTBeTCcTBEHHO |6 BepOSITHOCTEH Iepexoja, ONpefessliOIIHX Map-
KOBCKYIO 1lelb, OKA3bIBAIOTCS CAEAYVIOUIHMHU:

Py = xx,, Py =y ys=0,
Pia=x,(1 — xy), Pyy=y (1l —y) =0,
Pig=1x,(l — x), Py =1y (l —y)=0,
Pu=(1—x)(l —xy), Pu=(I—y)(l—y)=1
Py =212,=0, Py =w0,=1,
Py =2,(l —29) =0, Pp=0 (1l —ay) =0,
Pyy=2y(1 —2)==0, Pyy= (1 —0) =0,

Py=(1—2z)(1—2)=1, Py=(l—0)(l —a0y)=0.

3T0 — anepHogHYeCKasi MapKOBCKas lelb ¢ aCHMITOTHYECKUMH 3HA-
YeHUsIMHU u;, i< (1, 2, 3, 4), BEPOSITHOCTH HAaXOAHUTLCSI B COCTOSTHUU
S:, BLIUHUCJASEMBIMH M3 COOTHOUIEHHH

4 4
U; == Zu]P” )51 Zuizl' (5.2.12)
i=1 i=1
OxasbiBaercs, 4yTo
1y — % 1y — xl(_‘;fz)_
(5.2.13)
x2 (1 — xy) 1 — xxs
Usg=—35 » =73
rie
=24 x4+ x5 — 3x,%,. (5.2.14)

BBUTPBILIH ABYX HTPOKOB, COOTBETCTBEHHO, PABHbI
Gy (xy, Xo) =ty — uy+ E (U3 — uy),
Gy (x1, Xo) =uy — 1y + E Uy — us).

MapkoBckas KHHeTHKa pa3BHBaeTcsl BO BPEMEHH He HPH (DHK-
CHPOBAHHBIX pas M HaBcerja «HaKJIOHHOCTSX», T. €. He IIpU (pHKCH-
pPOBaHHHIX BePOSITHOCTIX nepexona. Tak Kak HIpbl HTePHDPYIOTCS,

(5.2.15)
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NPOMCXOAUT 0Oyuenue UIPOKOB. DTO O3HAUaeT, 4TO 3BOJIIOLMS Ha-
KJIOHHOCTEH BO BPEMEHHM 3aJaeTcs CHCTeMOH HeJHHeHHbIX Audde-
peHIHaJbHbIX yDABHEHMH NepBOro NopsiKa: NPOH3BOJHbBIE HAKJOH-
HOCTell N0 BPeMeHH NPONOPUHOHAIbHE IPAJAHEHTY MaTeMaTHIECKOTO
OXHAAHHA BBHIUTPBINA MO AaHHOH HakJAOHHOCTH. TakuM o6pasoM,
3BOJIIOLLHSI BO BpEeMeHH OCHOBHBIX HakJoHHOCTell x;(f) u xo(f) omnpe-
JeJisieTcsl CBSI3aHHBIMH HeJHHEHHBIMH AHddepeHIHaIbHBIMH ypaB-

HEHHUSIMH
dx1 . 001 le2 . 002

dar dx, ' df  dxg

(5.2.16)

ONIMCHIBAIOLIHMH TPaeKTOPHIO Mpollecca «OOyUeHUsI».
CranuoHapHble 3HAYEHHs HAKJIOHHOCTEH X, X, ONpelesseMbie

13 CHCTEMB! YPaBHEHHUH

dep  GEH D +20—8x—28

dt = (2+x‘+x' 3x"x")2 =0,

. . o (5.2.17)
dx,y . BE+ D" +2(1—EF)x; —2E — 0
dt (2+x1‘+x;—3xzx;)2 ’

paBHH
H=x=x=E—14+/T+78)/3+ 1)

OHH CYLIECTBYIOT TOJBKO IIpH | <7 § =T 3.

3Hauenune x* (cM. puc. 5.12) npeacrasasier co6oil nopor, Bhllle
KOTOpPOro NMPOUCXOAMT 3axBaT B pexkuM CC; x* — HeycToHuHBOE CTa-
IHOHapHOEe COCTOsiHUHE (celJjoBasi Touka). B 3toM HerpyjaHO yGe-
JHTBCS, HCCAeAYsl YCIOBHS YCTOHYHBOCTH, KOTODBIE HMEIOT BHJ He-
PaBeHCTB

%G, 092G,

5 < 0, 5.2.18

ax; + dx; ( )

932G, 9°Gs 092G,  9%G, (5.2.19)
axi  ox; dx, 9xy 0x, dx, -

npu x;=x,=x".
OxkasblBaeTcsl, 4TO B JAHHOM cJjyuae

2 2,
(_" GQ*) =0, (__a G;) —0,
0x1 $* 0x2 x*

392G, ) _ 24/TF 72 >0
axl 0)62 x* - >2 ’
392G, ) 24T F7E

0x1 OX2 x* o 22

da TaKixKe

> 0.
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O6patumMcs Temepr K Moauduranuu AuneMMb y3uuxka (AV):
paccMoTpHM ee 06GOGLISHHE, B KOTOPOM BEPOSITHOCTh OTBETHEIX Mep
CO CTOPOHH «IIpeLaHHOro» naprHepa paBHa @, 0<Ca <1, T. e

l )=
)
7

Puc. 5.12. Onncanne punemMMbl y3nHKa B ¢asoBoM npocrparctBe (& = 1,5);
(x*, x*)— cen0Basi TOYKA, HEYCTOHYHBOE CTAalHOHADHOE COCTOSHHE.

~n

Y

a 1. B atom cayyae

N=2=ls=2=q,
(‘01:(‘02:17

H J1Js1 HOBOA uenu MapkoBa MBI IIOJyYaeM BePOSITHOCTH Iepexona

Py = xx,, Py =a?,
P =x (1 — xy), Py =a(l —a),
Py=1x(l — x), Pyy=0a(l — a),
Pu=(—x)(1—1xy), Pou=(l—a)
P31 — aQ’ P41 — 1’ (5.2.20)

P32:a(1—a)7 P42:07
Py=a(l —a), Py=0,
Pyy= (1 —a), Pu=0.
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ACHMIITOTHUECKHE 3HAYEHHS BEPOATHOCTH IIONIACTb B BO3MOXKHBIE
COCTOSIHHSA S; COOTBETCTBEHHO paBHB

- 2a — 2a2 — 1
1— 20 s
(a—a— 1) x;—a(l —a)xe+ x1x2
Uy = o s 5
2.21
_ —a(l—ayxi+(@a—a?—1) xa 4 x1x, ( )
u3>_ ZO 3
a?x; + axg + (1 — 2a) xyxs + 2a — 222 — 1
Uy = 20 s

rie
So=08—2a) x;x; + (@ — 1) (x; + x9) — 2(2a> — 22+ 1). (5.2.22)

[[Tonaras a = 0, ME noayuaeM npexHee BbhipaxeHue (5.2.13) aJs
HY.] CrauuonapHble 3HaYeHHS TEePEMEHHBIX X;, X» OKa3blBAlOTCS
pPaBHBIMH

* * *

N=x,=x =

— (a2 —1)E — (1 — 2a) + 4/(a* — 8a® + 18a% — 16a+7)E*+ (2a>— da+ 1)
B—2a)E+1 )

(5.2.23)

ITO CcTallHOHapHOE COCTOSIHHE, KAaK H B INpelXblAylleM cJayuae, He-
YCTOHYHUBO, OCKOJbKY

492G, 392G,
= =0 5.2.24
( dx% )x* ( dxg )x. ’ ( )
6201 — 6202
0x, Oxz) ( 0x,0xs )
_ A/{a* — 8a% 4 18a% — 16¢;+ TVE2+ (2a2 —4da+ 1) >0. (5.2.25)
1]

B sroil 3amaue
Gy (xy, %)=ty — uy+ & (us — 1),
G (%1, Xo) =1y — Uy —+ & (Up — u3).

B manbHefilneM Mbl 6yzeM paccMaTpHBaTh cayuad a =1/2; xpo-
Me TOro, Mbl MOAHMGHIHPYEM HODMHPOBAHHYIO MAaTpHIy NJjaTexed,
noJsarasi o6a BHIUTPHILIA B COCTOSIHHH S4 paBHEIMH —2E (puc. 5.13).
B pesyabrate coctosuus DC u CD(S,, Ss) cTaHyT COCTOSHHAMH
JIOKaJIbHOTO PaBHOBECHs, Tak Kak cocTosinue S;(DD) cauiikoM no-
poro W «He TO KapMaHy» HTPOKaM [Hrpa JAJS HAUHHAIOUIHX, HJIH
«xkeatopothix» (MDK)]. Tlocie HecsoxkHEIX npeobpasoBaHui, aHa-

(5.2.15)
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JIOTHYHBIX ITPpHBCACHHBIM BHIIIE, l'IOJIyllaeM HOBble BBIPAXCHHUA LA
G u G2:
Gy =uy — 28u, + E(us — uy),
GQ = Uy — 2&”4 + §(u2 ha U3).

CucreMa HeJHHEHHHIX AU GdepeHUHaNbHBIX ypaBHeHHH NPHHHMAET
BIA:

(5.2.26)

dx;  825¥;4+4(4—115) x, + 128 —6

ar 4—38 3 (%1 L
[2 x1xg + 3 (x1 + x2)] (5.2.27)
dx, . 32Ex7+4(4—118)x + 125 —6
dr [4—8x1x2 + 3 (x; + x9)J°
Jaa cranMoHAapHEIX 3HAaYeHHH HAKJIOHHOCTeHd Xj, Xz MOJNydaeM BHI-
pa:xeHus
11 5 \2 3
(Gre=1=A/0 -3 |5
=t LI AN (5.2.28)
- 4 Tr2k—1- e
|

CrauuoHapHOe COCTOSIHHE OIATh OKA3bIBAETCs HEYCTOHYHBHIM HIH
HeliTpanbHO  ycToituMBEM. Tounee, cocrosnus (3/8, 3/8) u

o
> o o
/| N, o
N N
/ { A N 1 \'y_\ £
s s 1 N I .

\\ - A)
- AN A

Prc. 5.13. Yrpa HaumHAOero W COOTBETCTBYIOLLash eii MapKOBCKas LeNb (cJaesa).

(1-—1/2¢, 1 —1/28) — censioBble ToukH, cocrosnus (3/8, 1 — 1/2§)
u (1—1/2&, 3/8) — uentpel (cM. puc. 5.14—5.16).

B 3akJioueHHe 3aMeTHM, 4TO HeNpephiBHAs (<KOHTHHYyaJbHasi»)
HeJHHefiHas JHHAMHKA, YNpAaBJsioNas 3BOJIOLHEed HakKJIOHHOCTEH
x1(¢) u x2(!) BO BpeMmeHH, NOCJ€e NEPEXONHOro Ipouecca MOpoxKaaeT
JMCKPeTHLIE SIBJCHHS, HJH MepeKIodaTesbHble peKUMbl, KaK B CJy-
yae AujeMMH y3HukKa (1 <<E=C3), Tak U B CIyyae «HIPbl KeJTO-
poThix» (1 <CE <C oo). Tounee roBops, B c/lydae AHIEMMBl y3HHKA
npu § > 3 HCKylleHHe NMOHTH Ha OLHOCTOPOHHee HapyllleHHe COrJa-
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UICHHS] CTOJb BEJIHKO, YTO «MOPOT AoBepHs» (£* < 1 uwiam u* << 1),
BHIIUE KOTOPOrO MPOHCXOAHT KOONEpalHsl, YCTAHOBHTbCS He MOXET:
npu JOOLIX HavaJbHBIX 3HAYEHHSIX X U Xp CHCTeMa BBHIXOLHT Ha
HekoonmepaTHBHBIH pexuM (DD). BepositHocTh 4 3axBaTa (KooIe-
paTUBHBII pe}KHM) B (CC) cBsizaHa ¢ nOporoso#l BEpOSITHOCTBHIO x¥,
BhIlUe KOTODOH NPOHCXOAHT OGHYypKaUHs, COOTHOILIEHHEM U =
=2(1—x*)2 (cM. pHc. 5.12). Makcuma/ibHOe 3HaueHHe (IpH

.

05

3

Xy

Puc. 5.14. Omnucanue HIpbl HaYHHAKOLIETO B NPOCTPAHCTBE cocTosiHHE (§ == 2);
A u I' — nBa umeutpa.

& = 1) BeposiTHOCTH H cocTaB/sier ~ 17,2 %. B cayuae urpnl xKen-
TOPOTHIX COOTBETCTBYIOLIASl BEPOSITHOCTb KOONEPATHBHOIO MOBEXe-
HUs paBHa | —mab npu & << 24, rae a, b — ocH

~AEE-D) -G

JIMICa cemapaTpuc Ha puc. 5.14. Ilpu & = 2,4 (puc. 5.15, 5.16)
TIPOCTPAHCTBO COCTOSIHHH pasfensieTcsi HA Tpu obaactd Ry, Re u

BeposiTHocTh 3axBata B cocrositHe (CC) mnpu §— co GHICTPO YGHI-
BaeT 10 HYJsl, e€CJAH NPeANOJNOXKHTb, UTO TPAHHLB «IIOIJIOUIAOLIHEY,
Tak KaK TOr/la TPaeKTOPHHM, HauHHAION[HECS B «IOro-zamagHof» 06-
JIACTH, MOT'YT OCTAHOBHUTbCSl, HATOJKHYBIIMCh HA TpaHuUH x; =0 H
X2=0 nuiu xo=0 u x;=1. Ho ecam cuuTaThb rpaHHLBl «CKOJb3-
KHMH», TO TPAae€KTOPHH, HaUHHAIOLUIHeCs B «IOro-3amaZHof» 06JacTH,
MOryT JOXOAMTb Jo yrsaa c cocrtosiHHeM (CC) (puc. 5.16). Ilpu
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Puc. 5.15. OnucanHe uMIrpH HauMHAW0INEro B NpOCTpancrBe coctosHuil (§ = 2,4).

— ;:';6”31
¥y R,
05 / £=10

})79//

Puc. 5.16. Onucalue Hrpsl HAauHHAIOmEro B NpocTpanctBe coctofuuit (E = 10);
A u I'— nBa nentpa. Ry, R; H R3 yKasHBawT TpU pasjHyHHE 06JacTH B Npo-
CTPAHCTBE COCTOSTHHH.

—_
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3TOM, KOrja napamerp § CTaHOBHTCs GoJblie 2, 4, BepOSTHOCTb KO-
ONepaTHBHOIO MOBeJEeHHS 603pACTAET W NpH E—- co CTpeMHuTcs K 1.
DTOT HCXOJ, KOHeuHO, B Gosbluell Mepe COIJIACyeTcsi ¢ peasbHBIMH
C1ydYasiMH BBICOKHX CTaBOK B KOH(JIHKTAaX C IHAHTAXKOM.
B cayuae acummerpuurol MrpH XKeJTOPOTHIX cemapaTpuca Hcye-
:iae'r] H BEPOATHOCTh 3axBaTa B cocTosHue (CC) Bceraa 6.mska K |
5.2].

5.3. MexBuaoBasa Gopbda

HauyHeM ¢ paccMOTpeHHsi OJHOH NOMYJISILHH, 3BOJIOIHOHHPYIO-
Led BO BpeMeHH X (f) NpH YCJIOBHH, YTO MeXAY OTAEJbHBIMH 0CO-
6sIMH 1aHHOTO BHJA HEeT CKOJbKO-HHGYAb 3aMeTHOH GopbOH 3a (or-
paHHYeHHble) pecypchl H YTO KOHKYDEHIMH HeT TaKXe MeX1y Io-
nynasnued x(f) v nomyJasuHef, KOTOpasi CAYXHUT NOObueH aas x(£).
Ilpy 5Tux yclOBHSIX NMpPUMEHHM 3aKOH MaJjbTyca, COrJIacCHO KOTO-
pPOMY CKOPOCTb yBeJHYEHHs pa3MepoB MOMYJIALHH NPONOPLUHOHANBHA
ee TeKyUlMM pasmepaM, T. e. dx/dt = ax umu x(t) = xo exp (at),
rie o >0 — Tak HaspBaeMHH KO3()(UIHEHT POXKIAEMOCTH.

Taxum o6pasom, pasMepsl MOMyJsUUH CO BPeMeHeM BO3PAacTaioT
SKCIOHeHnHaabHO. OJHAKO Takasi TeHJEeHIHs JJHUTCS He BeYHO: Ile-
peHaceeHHOCTb Hen3GeXHO NOpPOXKIAeT NMapHbie B3aUMOAEHCTBHS,
KOTOpHle Mary0HO CKa3bBAlOTCS HAa KCIOHEHLHAJbHOM pOCTE IMOMY-
JANUK JH00 HM3-3a KOHKYPEHLHH 3a NPOCTPAHCTBO H MHILY, JHGO
BCJIEACTBHE DpAaCNpOCTPAHEHMs BSNMHUAEMHYECKUX 3aGoseBaHHi (CM.
pasa. 5.8). HemasoBaxkHOe 3HayeHHe HUMeeT H TO O6CTOSATENbCTBO,
4T0 0CO0H, 06pasyoliye NMOMYJSIHIO, HE TOJBKO POXKAAIOTCS, HO H
ymuparoT. Ecau f— cpellHHH moka3aTelb CMepTHOCTH (BHI3biBae-
MOH BCeMH TpeMs IepeyHCIeHHBIMH BHILUE MNPUYHHAMH), TO MBIl
NPHXOAUM K AMHAMHYECKOMY COOTHOLIEHHMIO

L —ax—px?, (5.3.1)
U3BECTHOMY IO HAa3BaHHEM JIOTHCTHYECKOTO ypaBHEHHS,

YpaBHenue (5.3.1) MOXKeT GHITb pelIeHO aHAJHTHYECKH, H3 Ie-
JlarOTHYeCKHX COOOpaXKeHH# MBl BOCHPOHM3BEAECM 3JeChb 3TO pe-
LIeHue.

Pasgenss B ypaBHenun (5.3.1) mepeMeHHble, moJyuaem

1
Tak kak
S S U
x(a—px) ~ ox a(o—px)°*

3anuceiBaeM ypasHeHHe (5.3.2) B BuIe

X SESNY S

o o — Px
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H, MHTErpUpys, NPHXOAHM K COOTHOIMIEHHIO

1 1 x
E[lnx—ln(a—ﬂx)]=5lnrﬁx—=z‘—l—c, (533)
rjie ¢ — NOCTOsHHAA HHTErpHpOBaHMA.
(1] 4
._T__m-. ———————————————
i
<
[
T
x{0)
Jiod >
1

Puc. 5.17. Peulenue JOTHCTHYECKOrO yDaBHEHHS.

Ecan x(0) — HavanabHas monmyasauus nmpu {==0, 10

1 x (0)
4 ——Eln [m] (534)
Takum o6pasoM, pellleHHe NPHHHMAeT BUA
x (1) x (0) -
In pr—yy Ty —In TPz 0) =af, (5.3.5)
HJIH
in 2 e Z PO __ o (5.3.6)

(O la—pr®]

HaxoHell, B35B 5KCNOHEHTH OT NpaBOi H JeBOH 4acTed ypaBHeHH:
(5.3.6), nonyuum

x (0) ae™
@ — Bx (0) + Brx (0) ™

x ()= (5.3.7)

PaBHOBecHas nonyJsuus nojgydaercs H3 (5.3.7), ecau B3ATb mpe-
aen oT x(t) npu {— oo, a uMeHHO (pHc. 5.17):

lim x (¢) :—‘;—. (5.3.8)

t -» o0

Cnefyoouuii JOrHyeCKHi 1ar B HaleM aHaju¥3e COCTOHT B pac-
CMOTpEHHH B3aHMOCBS3H JBYX nomyasuuit xi(¢f) u xz(¢f). KonkypeH-
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LU MeXJIYy STHMH ABYMS BHAaMH O3HauaeT, 4TO OCOGH KaxAoOH Hu3
NONyJSANNE nodasAsoT pPeNpOAYKUHIO ocobell Ipyro#l HONyJsIHH.
(B TpHBHAJbHOM Clyuae — 20HKe B00pPYHEHULi — «B3aUMOCBSI3bY»
MeXJy CTOPOHaMH HPHBOAMT K HAapaMIMBAHHIO BOEHHOTO INOTEHLHA-
Ja, T. €. K HeyCTOHYHMBOMY PaBHOBECHIO.)

MoOKHO 3amucaTh CJAEAYIOMYID CHCTEMY YypaBHEHHH I CKOPO-
cTefl pocTa, — MO BIIOJIHE NOHSTHLIM IDHYHHAM OHA fABJseETCH ABY-
MepHBIM 0006HIeHHeM JOTHCTHUECKOTO YpaBHeHHs (5.3.1) an1s oaHOrO
BHJAA:

de
Tl (0 — @y X — Gyzx),
(5.3.9)
d}C2
5 X (g — 091X — OgaXy),

Toe o, oy — KO3 (HIHEHTH POXKAAEMOCTH BHMAOB; 011, Oigo — IOKa-
3aTeJJH CMEpPTHOCTH BHJIOB; 012, Gl21 — KOS(OHIHEHTH IepeKpecT-
HEIX cBf3efl (COOTBeTCTBEHHO
CTerleHH MOJaBJieHHsI BHJA I
BujoM II w Buma II BuaOM
I). B COOTBETCTBHH ¢ NpHBe-
JIeHHHIM BHIIIE ONHCAHUEM MEI
npeanosaraeM, 4TO 6¢e KO-
spPHLMeHTH @; H a; HO0JO-
JKHTeJbHHL.

Hafinem cranuoHapHHE CO-
cToaHus cucreMH (5.3.9) unc-
cjelyeM KDHTEDHH HX YCTOH-
4HBOCTH. KoopAuHaTH cTanHo-
HapHBIX TOYEK SIBJSIOTCSI pe-
LICHHSIMH CHCTEeMH YpaBHCHHH

xz%

v

Touka paBHoBECUA

xl (al -—_ (l“xl -_— a12x2) =—] 0’ X,
X9 ((lz — Qg X — OlgoXy) =0, Puc. 5.18. JIunue paBHOBecHS nJaf OBYX
(5.3.10) KOHKYPHDYIOIHX BHJIOB.

CuiefioBaTeIbHO, MH HMeeM JBa CTAalHOHAPHBIX COCTOsIHHA X = 0,
Xg=oag/as; M Xx1=o0ay1/cn, x2=0, COOTBETCTBYIOIIHX CJyualo,
KOTJia OJHH H3 BHIOB 8biMupaer, a IPYyrofl IOCTHraer CBOeH pPaBHO-
BECHOH MONYJIALHH, KOrla OH HaXOJHTCA OAMH B OKpyXKawieH cpe-
lle; TpeTbe CTAYUOHAPHOE COCTOAHUE TpefcTaBiseT GOJBIIOH HHTe-
pec, Tak KaK OHO MOXKET COOTBETCTBOBATb YCTOHUMBOMY COCYILECT-

BOBAaHHIO JBYX BHAOB, a HMEHHO TOUKe nepeceqexmﬂ JABYX INPSIMBIX
ay Xy -+ GyeXe = ay,
Q21X T OgoXo == Oy,

(5.3.11)

H306paXKeHHHX Ha pHc. 5.18.
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ITpu ycnoBuu, 49T0 otj0ta2 7= Qo102 KOOPAHHATH TOUKH Iepecede-
HHUSl paBHH
Qo0 — U202
U7 apiage — a0
’C;: Q1102 — Q10 .
Qplos — Q2102
Ec/iii 3TH BeNMUHHBl NOJOMXKHTENBHB, TO, OKPYIVIHB MX 10 GJHXKaii-
Orero LeJNOTO YMCJ/A, MBI MOJYYHUM pasMepbl NONYJsuHHd JIBYX KOH-
KYPHDPYIOIIUX BIJI0OB, KOTOPble MOTYT COCYIIECTBOBaTh M OCTAlOTCH
HEeH3MeHHHIMH.

Ha nsockoctn (1, x2) ypasueHus (5.3.11) samaior npsiMble, Ko-
TOpBEIE AEJIAT IJIOCKOCTL Ha YeThlpe pasduuHbe 06JacTH, a UMeHHO:
B obsactu [ x; U xp BospacraioT; B obiactu Il x; Bospacraer, xy
ybnBaer; B obsactu III x; yGeBaer, x» Bospacraer; B obaactu IV
¥ W X yOmBaior. IIpn 3THX yC/I0BHSX TOuKa (X, X;) — ycroduu-

845 TOYKQ PABHOBECUS, €CJIH 0110ls > Olgj0l; H QlgoQly > OljaQlo. LCAH
Qp10g <T Qo0 U Olgally < OL1pls, TO pPABHOBecHe HeycToHUHBO. «[lo-
GefnTesb» B KOHKYpPEHTHON GOpbGe 3aBHCHT OT HAYaJbHEIX IJOTHO-
cTedl JBYX BHJOB.

5.4. BblxKkUBaHHEe U BbITECHEHHE

Eciu nomyssauuu ABYX BH/JIOB BCTPEUAIOTCS B OJHOM H TOM XKe
reorpaHYecKOM perHoHe (3aHHUMAIOT OJHY U TY Ke 3KOJOTHUECKYIO
«HHLIY») H NPeAbABJSIOT OLHH U T€ K€ HKOJOTHYecKHe TpeGoBaHHs
K pecypcam, TO THIIOTe€3a €CTeCTBEHHOro or6opa I[O3BOJISIET OXKHU-
AaTh, 4TO «HauboJsee NPHUCIOCOOJEHHBH» BHA MOJHOCTBIO BHITECHHT
CBOEro KOHKYpeHTa. JTO sABJIeHHE H3BECTHO IO Ha3BaHHEM IpHH-
IHIIa KOHKYPEHTHOIO HCKJIoueHUs. KpaTko cyTb ero CBOAHTCS K
YTBEPXKJAEHHIO O TOM, UTO JBa B3aHMOHCKJ/IOUAIOIIHX KOHKYpPEHTa He
MOTYT COCYILECTBOBATD.

Uro6bu MOCTPOUTE MOJEJb Ipolecca KOHKYPEHTHOTO HCKJIoUe-
HUs, DACCMOTpHM CJayYad [ABYX KOHKYDHUPYIOLIHX BHAOB C OJHHAKO-
BHIMHY 3KOJIOTHUECKHMMH TPeOOBaHHUSIMHU, COCYIIEeCTBYIOLIUX B TeueHHe
Kakoro-1o BpeMeHH B cpeje, CIOCOOHOH NOAAepXKaTb CYyLecTBOBA-
HHe pOBHO N ocobefi o6oux BuAOB. [Ipelnogoxum, 4TO NepBOHa-
yaJbHO B cpele obuTaloT K ocobelt Buaa [ u N — K oco6eit Buza Il.
IIpeanosoXum, YTO KOHKYPEHUHsS JABYX BHIOB OCYILECTBJISETCS B
CepUH IIapHBIX CTOJKHOBeHHH. [Ipu KaXJIOM TaKOM CTOJKHOBEHUH
YHCJ0 OCOOel yBeJHUHBaeTCs Ha €JHHHLY C BEPOATHOCTBIO p JJS
Bufia | u ¢ BeposiTHOCTBIO ¢ = | —p pusa Buga llI. /Isa Bujga oxu-
HAKOBO XOpOLIO NpHcnocobaeHbl, eciu p =g =1/2. Bung [ umeer
NPEeUMYIIEeCTBO B eCTecTBeHHOM OTGope mepel Buaom II, ecau p >
> q. llpeanoJiaraetcs TakXKe, YTO BEPOATHOCTL p HE 3aBHCUT OT
pasMepoB nonyJsuuit N 1 N — K IBYX BUIOB.
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[TycTe px — BeposATHOCTB TOrO, 4TO BHA I BHITECHHT BHA I1, ecan
NEepBOHAYAJbHO MOMyJAnHsl BuAa | HacuutmBaer K ocobeii. (Ecau
Hava/JbHasl NONyJsAuUsi HacuuThHBaeT 0 ocobefi, To po=0, T. e.
BuA [ yxe BhTecHeH. Ecau HawaJbHAs MOmyJasinys HACUHTHIBaeT N
ocobedt, T0 py =1, Tak Kak BUA | y>Ke BBITECHH] BHJ I1.) Tlocne
NepBOro MapHOro CTOJNIKHOBEHHs pa3Mep NMONYJANHM BHAa | craHo-
BUTCS1 paBHHM K41 nan K— 1 ¢ BepOSTHOCTBIO, COOTBETCTBEHHO,
pug.

Takum o6pasom, BeposiTHOcTb pK ecTb cyMMa IBYX Y/IEHOB, a
HMEHHO:

Px = PPk +1+ qPk_1, (5.4.1y

rfle pPg+1 — BEPOSITHOCTb TOTO, YTO MONYJSIKSA BHAA | HacuUTHIBAeT
K+ 1 ocofeli mocne ONHOrO CTOJKHOBEHHSI M 3aTeM BHITECHSIET
Bun I, a gpx_; — BeposATHOCTH TOroO, 4TO MONYJsANHS BHAa | Hacuu-
TeiBaeT K — 1 oco6eit mocsie mMepBOro CTONKHOBEHHS M 3aTeM BHITEC-
usier Bup Il

Bynem wuckath pemesne ypaBHeHus (5.4.1) B Bume px = AX.
Ioacrasass sto Bepaxenune B (5.4.1), moayuaem

A= pafH 4 gkt (5.4.2)

HJIIH
pA?—A4g=0,
OTKyza
5 — 1++/T—4dpg 1+ T—dp(I—p)  1x(1—2p)
— 2p - 2p __— 2p ’
— _1=p__q
M=1, dy=-" L. (5.4.3)

Ilpu p=¢=1/2 xopuu (5.4.3) pasun. CjenopareipHO, 06Iiee
pellienne ypaBHeHus (5.4.1) umeer BUI

K
pK=cl—|—c2(%) , ecan p==1/2,

(5.4.4)
H px=c + K, ecan p=1/2,

Tlie €1, 2 — MOCTOSIHHHIE, KOTOpHe eme Tpe6Gyercs Halith. M3 ompe-
AeJIeHHs] BEPOATHOCTH Pk, KaK MBl BHIEJH, CJEAYeT, uTo po =0 n
py = 1. Tlostomy, ecn p = 1/2, T0 ¢, + c2 = 0 u ¢; + c2(q/p) V=
=1, oTkyla

1 1

SN SRR 5.4.5
I—@p” 1— (/p)" (5.4.5)

C
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Ecau p=1/2, 10 c; =0 u coN = 1, unu ¢y = 1/N. Taxum o6pasom,
pellenns: ypasHenus (5.4.1) uMeroT BHJ

1 — (q/p)¥
Pk =———7~%, eciu pz=1/2,
LN (5.4.6)

pK=%, ecan  p = 1/2.

TeM caMEIM BepoATHOCTH BHITECHEHHS OJHOTO BHAA APYTHM BBIUHC-
JIeHa SIBHO.

PaccmoTpuM B KauecTBe NpPHMepOB pasiuuHble BAPHAHTH pas-
BUTHSI NONyJsIIMH, o0miefi uncaeHHOcThi0 N = 1000. Ecau kaxnas
U3 JAByX nonyJsunufi BHauaJje HacuuThiBasa 500 ocofefi u ecau
p=q==1/2, 0 BeposiTHOCTL TOrO, uT0 BHA I BhTecHuT BHA II CO-
CTaBJIsSIeT Psoo = 500/1000 =1/2— B 3TOM cayuae HH OJAHH H3 BH-
0B HE HMeeT IIPeHMYIIEeCTBa Iepef APYTHM B MEXBHIOBOH Gopnle.
Ho ecmu p=2/3 u g =1/3, 10

1= (lgp0 1 l

Pago = 1_(1/2)1000 = 1+(1/2)500 ~ L.
Mgu BuzuM, yTO B 3TOM cayuae BUA Il ¢ BEpOATHOCTbLIO, GJIH3KOH K
elnHuLe, 6yaer BuTecHeH BHAOM I. ToT Ke pesysbTaT moJyuaercs
JAaxe NpU HEGOJbINMX KOHKYDEHTHBIX NPEHMYIIECTBaX (BEPOSITHO-
CTH p, npesuimawied 1/2 Ha we cauwkom GOJBLIYIO BETHUHHY) C
TeMU Xe HauaJbHLIMH MNONYJANHSMH. 3aMeTHM, uTO ecau p = 2/3,
g=1/3 u HauanpHas nomyasiuusi BHAa [ cocrour u3 1 ocobu, a
HauasbHasg nmonyJ/isauust BHAa I1 — u3 999 ocoGefi, TO BepOATHOCTD
Toro, uto BuA I BuTecHuT BUA II, paBHa

1—(1/2)!

Py =712y

~1/2.

Orciofa, HanpuMep, CJIEAYyeT, 4yTO €C/IH OoAHa 0co6b 6ojiee NMPUCHO-
Co6JICHHOTO BHJAA BTOPraeTcst Ha TEPPUTOPHIO APYroro BHAA, TO C
BEPOSATHOCTbIO 1/2 mpHIlesernr BHITECHHT KOPEHHHIX oO6HTaTesefl;
eciy p=gq==1/2, to p; =1/1000. Uuaue rosopsi, ecid ABa BHAa
OJIMHAKOBO XOpOIIO MPHCHOCOGJEHH, TO BEPOSITHOCTh TOTO, UTO HH-
TPOAYKIHs OAHOM OCOGH NpHBEJET K BHITECHEHHIO APYroro BHAA,
OYeHb MaJjia.

Herpynso noxasartb, uTO ecsH, Hanpumep, BUA [ uMeer cenek-
THBHOE IIPEUMYIIECTBO (p =>¢), TO BEpOATHOCTb BBHITECHEHHSA
Buna I paBHa

| — po — Lp1)""K =1

Px = v (5.4.7)
(plg)" —1

rae K — pasMep HavajpHOH momyasiid BHia I, a N — mosnoe

4HCJI0 ocobeft 060MX BHAOB. Mul BHAMM, uTO ecH N MaJo, TO Be-

POSATHOCTb BHITECHEHHs! 60Jee NPUCNOCOGJEHHOrO BHJAA He Maad.
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5.5. HeKkotopbie 3jieMEHTapHble CBEAEHHS M3 TE€HETHKH:
OoTOOp H NMPHCNOCO0JEHHOCTD

KOoH}pIUKTE MeXAy TONyJSUHSIMH, KOTODEE MBI PacCMaTpHBAJH
A0 CHX NOp,— 3TO KOHGJIHKTH MeX1y MONyJISAUHIMH (heHOoTuUnos,
T. €. B3POCJBIX CaMOCTOSITEJbHBIX OPraHHM3MOB, HHAMBHJAOB. [loHs-
THE RPUCNOCOBAEHHOCTY W adanTayuy BXOAWJIO B HAlIM paccMoTpe-
HHUSI Ha YHCTO 3BPUCTHYECKOH ocHoBe. Kak mpoc/eluTh NPOHCXOXK-
JeHHe aJaNnTHBHON TeHAeHUWH O TeHOTHId, T. e. JO HaCJeACTBEH-
HOTO «apceHasnay OpraHH3Ma, o KOTOpOM HAeT peub? Bompoc 3TOT
JaJleKo He MPAa3[HHI, TaK KaK B KOHEYHOM CUeTe MH NMHTAEMCH MO-
HSITh BCIO 00J1aCTh AMHAMHUECKOIO B3aHMOJCHCTBHSI MEXAY Hepap-
XHYECKUMH CHCTEMaMH B TepMHHAaX Ipoliecca B3aUMHOTO MOAEJHpO-
BaHMsl, KOTOPH, KaK MOXKHO IpeAloJlaraTh, HAUHHAETCS C CaAMO20
HUdCHe2o0 GHOJNIOTHYECKOTO YPOBHS, a HMEHHO: C TEHETHUECKOTO
YpPOBHSL.

CoBpeMeHHas TeOpHUS HACJHEACTBEHHOCTH «Xapakrepas, T. €. CIO-
COGHOCTH OCYILECTBJISITL ONMpefeNeHHble MOAB IOBeleHHs: Ha ¢(eHo-
THIIHYECKOM ypOBHe (WaM Ha (EHOTHIIHYECKHX YPOBHX) (GOpMH-
pyercss B TEPMHHAX MEHJCNEBCKHX IPHHIHUNOB Nepelayd TeHOB OT
poauTesell K mMoTOMCTBY. KaxAbfi KOHKPETHBIH I'eH MOXET CyIlecT-
BOBATh B HECKOJBKHX (OpMax, WIH aisessx. accMOTpUM IpocTel-
mwuf caydafi reHa ¢ AByms ajjensMd A u a. I'eHBl BcTpevaioTcs B
KaxA0fl KJeTKe OpraHu3Ma M TPYINHPYIOTCA B XpPOMOCOMBL. 3a
HCKJIOUeHHeM peNpOLYKTHBHEIX KJETOK I'eHbl BCTPEUAIOTC napamu,
06pasys napHEe XpPOMOCOMBI.

Tpu Bo3MmoxHble Naph renos AA, Ao u go OnpeleysioT TpH
BO3MOMKHBIX TEHOTHIIA OpPTaHM3Ma OTHOCHTE/IbHO 3TOro Trena. le-
HoTunel AA M ot HA3HIBAIOTCS 20MO3UB0THGIMU, WM UHCTHIMH, Te-
HoTHN Ac Ha3bIBaeTcs 2eTepo3ucOTHuIM, WU THOPHAHEIM. Perpo-
JAYKTHBHEIE KJeTKH (T. €. CIepMaTO30HAN H SINLEKIETKH) HMEIOT
HemapHBle XPOMOCOMBI M IIO3TOMY HECYT TOJbKO OJHY KOIHIO KaX-
JOr0 TeHa. I'eHbl IIOTOMCTBA BO3HHKAIOT MPH CIaDUBAHHHM TCHOB
JBYX PeNpOAYKTHBHHIX KJIETOK — II0 OJHOMY T€HY OT Ka)JIoro po-
nautenas. Ecau o6a poOAHTENH TOMO3MTOTHEI, TO T€HOTHII MOTOMCTBA
MOJIHOCTBIO ompeleieH. Hamnpumep, ecad y OJHOTO DOAHTENS TEHO-
tun AA, a y APyroro o, TO y HX NOTOMCTBA MOXeET OHTb TOAbKO
reHotun Aa. C Apyroil CTOpPOHH, ecad 06a POAUTEJsST TEeTEPO3UIOT-
Hbl, TO T€HOTHII IIOTOMCTBa He onpedesex. Hanpumep, ecau oba po-
ZUTE/sT TETEPO3UIOTHEL, TO Yy HX NMOTOMCTBA MOXET OLITh ¢ BEpOAT-
HocThio 1/4 renotun AA, ¢ BepOSTHOCTbIO 1/2 reHOTHI Aa u c
BEpOSITHOCTBIO 1/4 TeHOTHI oot (MpeAnoJaraercs, uro sKHU3Hecnocoo-
HOCTb [OTOMCTBA BO BCeX Tpex cJydasix OJMHakKopa). (Muorue
XapaKTePUCTHKHM OPTraHH3MOB, TaKue, KaK ajibOHHH3M UE/IO0BEKa,
OnpejeNsIoTcsl OfHHM reHoM. JIpyrue 0COGEHHOCTH, HampUMEp pocT,
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YIpPaBJsIOTCS KOONEpPaTHBHHIMHE 3(dexTaMu O4yeHb GOJBUIOTO 4HCIa
TeHOB H HEpEeAKO IOABEPXKEHH CHJIBLHOMY BO3AEHCIBHIO Pa3JHYHBIX
($haKTOpOB OKpyXKatouel cpeibl.)

OnHa u3 IBYX aJjieled NaHHOTO reHa, HampuMep A, HasblBaercs
GomunanTroll, ecnu reHoTHNH AA v Ao, HEOTIMYUME APYT OT ApyTa.
B 3TOM cayuae ajenb o Ha3bIBAETCH PEYECCUBHOU, €Cu CYIecT-
BYIOT HabJslojaeMble pa3JHuusl MeXJy TeHOTHIOM oo U FEHOTH-
namuy AA u Aoa. Eciu 66 oco6u HONyJsAUHH AAaHHOTO BHAA MOXHO
6bl10 KiaccuGHIHPOBaTh MO reHotunam AA, Aoy ao, TO TEM CaMbiM
Mbl oIpepeuyan OB pacnpeleieHHe IBYX ajlesiel B NONYJSIHH.
(B cayuae, korma, HanpuMep, reHotunsl AA u Aa HEOTIHYHMHI,
Takasl Kiaaccu¢ukauusa HeBo3MoOxkHa.) Ilyere X, y, 2— OTHOCHTEJb-
HEle J0JH (OpONOPIUH) TpeX IeHOTHNOB B nonynsuud. [Ipeanoso-
UM, YTO 3TH IPOMOPILHH MOTYT ObIThb BHIUHCJEHH. TOrjaa NponoplLHH
p u g anenei A W o B TOH XKe MONYJALHH, COOTBETCTBEHHO,
paBHR p=x-+(y/2) v ¢g=1—p=(y/2)+ 2 Mu BOCHOJDL-
30BaJMCh 3jech TeM, uto aJjjaeiab A cocrabiasier 100 9, reHoruna
AA (Ha pOnIO KOTOPOrO UpPHXOMUTCH X-f YacTb MNONYJAANHH) M
50 Y% renoruna Ac. AHAaNOTHUHHH MOJCUET JIETKO MOXKeT ObITb IIpO-
BelleH H Aas amienu o. (Bropoe ypaBHeHHe cilellyeT M3 HepBOro,
TaKk Kak x+y+z2=1.)

Ha npakruke Hac uacTo MHTepecyeT o6paTHas 3ajada, a UMeH-
HO oOllpelie/leHHe OTHOCHTENBHOH JHOJH TeHOTHIOB IO H3BECTHHIM
nponopuusiM ajfenefi. B ofueM cayuae ofpaTHas 3afiaua He UMeeT
e[IHHCTBEHHOTO peLIeHHsl, TaK KaK B YypaBHeHne p =x-+ (y/2)
BXOJSIT [iBe HeH3BeCcTHHle x¥ ¥ y. UTOOH MNOJYYHTL ellle OJHO He3a-
BHCUMOe YpaBHEHHe, HHOrJa NPHHHMAKT THIOTE3Y CAYuailHo20
CnapusaKus, COTJIACHO KOTOPOH BepOSATHOCTb CHNApHBAaHHA JaH-
HO#l ocobu ¢ Apyroit oco6bi0 (TOro e BHJAA) HE 3aBHCHT OT TeHO-
THIA JApyroft ocofu. Bo MHOTHX cJaydasix 3TO JONmylleHHe Hapy-
maercs.

[IpennosoxuM, uTo B 0OAbWiOf NONMYJSIHH POAHTeNeH ajjelau
A ¥ o HEKOTOpPOTO TeHa IpeicTaBJeHH B INPONOPUHAX p H § =
= 1-—p. Byaem cudTaTh, UYTO 3TH NPONOPLUHH OAMHAKOBH JJIsI
CaMIOB M CaMOK M 4YTO CapHBaHHe NPOHMCXOAMT CayuyaHHBIM 0O-
pasoM. BBIYHCIMM IIpH 3THX TpPEINOJNOXKEHHsAX IPONOPUHH Tpex
redotunoB AA, Ao W ao B IEpBOM H INOCAEAYIOUHX ITOKOJEHHUSX
OTOMCTBA.

Kak 6vuI0 IOKasaHO BHIie, 0cO6b INepBOrO TMOKOJEHHS HMeeT
redotun AA, ecnu o6a poauTens mepenator el mo asiaenn A. Tak
KaK BepOSITHOCTb MOJYYHTb aJiedb A OT JM060ro H3 pOoAuTeNeH
paBHa p, BEPOSITHOCTb NOSIBJIeHMs reHoTuna AA y mOTOMCTBa paBHa
p?. AHa/NOrHYHO BepOSITHOCTb TOSIBJEHHS! Y [IOTOMCTBA TeHOTHIIA Q.o
paBHa g2. BeposiTHOCTh mNOsiBaeHust reHotHna Ao paBHa 2pg, Tax
Kak ocobM ¢ mabopamu aajenelt Aoe U oA MMeEIOT OAMHAKOBLIE re-
nHotunbl. TakuM 06pasoM, NPONOPUHH p; H g1 ajnenefi A u a y no-
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‘TOMCTBa nepBoro IIOKOJIEHHU A paBHbI
9 1 )
pi=p'+ 5 2pg)=p(p+ 9 =n,

ql=%(2pq)+q2=q(p+q)=q-

Takum o6paszoMm, B MNpEANOJNOKEHHSX CJAYy4alHOrO CHapHBaHHUA H
OJHHAKOBOH KH3HECHOCOOHOCTH BCEX TpPeX TEHOTHIOB IPONOPUHU
JBYX aJijenefl WHBApUAHTHBI OTHOCHTEJBHO IOKOJEHHHA IIOTOMCTBA.
CJle10BATENbHO, II0CJIe HAYaJbHOrO MOKOJEHHS IIPONOPIHH Tpex
reHoTunoB AA, Ao U oo OCTAIOTCS NOCTOSIHHBIMHM H PABHBI COOTBET-
CTBEHHO p?, 2pq 4 g2

[TpuBeneHHble B pa3d. 5.4 paccyX/J€HHs O BBUIKHBAHHH H BHI-
TeCHEHHH J8yX KOHKYPHUPYIOUINX BHAOB He MNPHUHHMAlOT BO BHHMAa-
HHEe pAa3BUTHE KOHKYPHPYIOIIUX MOMYJSALHA B MOCAEAYIOUIHX MOKO-
Jaenusix. Kpome toro, B pasia. 5.4 Mbl He CBS3HBAaJH BEPOSITHOCTH P
M ¢ ycrmexa W HeyAaud NP KaxKA0M IapHOM B3aHMOAEHCTBHH C reHe-
THUCCKUMH [OapaMerpaMH K [apaMeTpaMH OKpyXKawouled cpeisl.
OnHaKO B HEKOTODPHIX CJIyuasX pa3syMHO MPEANOJOXHTh, 4YTO P
3aBMCHT IJIaBHBIM 06pasoM OT OKpYyKalomux ycjosui. Hampuwmep,
U3 TIOJIEBHIX HCCJAELOBAaHHHA H3BECTHO, YTO TeMIlepaTypa H BJaXK-
HOCTb SIBJSIIOTCS KJIOUEBBIMH (PAaKTOpaMH, ONPENeIANIMMH HCXOJ
KOHKYPEHIHH MeX/y XKyKaMH [ABYX BHIOB. B 1pyrux ciaydyasx Hc-
XO0JT KOHKYPEHTHOH O60pbObl MeXAy JBYMs IOMYJALHAMH ONpele-
JsieTcsl TJIaBHBIM 00pa3oM reHeTHUeCKUMH (aKTOpamu.

B 3Tol cBsI3¥ NPEACTABJSET HHTEpPEC HCCAeAOBATbL YCJIOBHSA, TPH
KOTOPBIX B MONYJASIHHA OAHOrO BHJAA TPOHCXOAHT KOHKYpPEHYUS
MexcOy ajlIensiMi, a HMEHHO OJHa aJ/Jjesib HEKOTOPOTo reHa MOXKeT
BbITECHATL JPYLyHO ajelb (TeM caMbiM ofecmeuynBasl CeJE€KTHBHOE
NpEeHMYLIeCTBO CBOEMY HOCHTEMI0). PaccMoTpuM cpely, CIOCOGHYIO
MOJJepKUBATL # DA3MHOKAIOWUXCA 0COOEH B KaxKAOM IOC/eNYIO-
IeM TOKOJeHHH. JIIo6oH ren ¢ AByMs amjaelsaMu A u o HMeeT B
KaXJIOM IIOKOJeHHH 2n TpeAcTaBuTeled. IIpeAnosoxuM, 4T0 B 7-M
NOKOJIEHHH aJieab A BcTpewaercss A pas, a aaneab o (2n-—XA)
pas. OmnpenesuM BepOSITHOCTb TOrO, YTO B CJEYHIOIIEeM MOKOJIEHHH
annenb A BcTpeuaeTcss p pas, a amieab o (2n—p) pas npu pu ==
=0, 1, 2, ..., 2n. Ha si3blke TeOpDHH MAapKOBCKHX HeMed MOKHO
C€Ka3aTb, YTO CHcTeMa uMeeT 2n -+ 1 cOCTOSIHHH, COOTBETCTBYIOIIHX
[ONYJISIIASIM, B KOTOPHIX BCTPEYaercsi, COOTBETCTBEHHO, 01,2, ...
..., 2n xonui#i asnean A. DBOJIOLMA MAapKOBCKOW LEMHU MpH Iociae-
JOBATEJbHBIX HCOEITAHHSIX COOTBETCTBYET MOCJEeA0BATEJIbHBIM HOKO-
JIeHHSIM paccMaTpuBaeMoll monmyasuun. UtoGsl OnpeieauTh MapKoB-
CKYIO 1€llb, HaM HeOGXOJAHMO BBIUHC/JHTb BEPOSITHOCTH IEpexoia pij
M3 {-TO COCTOSIHHS B j-¢ (MJH B HALIHX 0603HAYEHHSX Pay). COCTOS-
HUSl Uo U Uan SBJSIOTCS HO2AOULAIOWUML COCTOAHUAMU B TOM CMBbIC-
Jle, 4YTO CHCTE€Ma MOXKeT MepeXOJHTb B HHX, HO He MOXKeT BHIXOJAHTb
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U3 HHX (3To oO3HauaeT, 4T0 poj =0 ¥ pr;=0 npnu aw6om j>*
7= 0, 2n). Tlornowaromue COCTOSIHUS Ug, Uz, COOTBETCTBYIOT IIOMYJIsi-
UM, B KOTODHIX 6Ce 0cob6u 06/aJaloT, COOTBETCTBeHHO, T'CHOTH-
namu oo u AA.

Ecau muuto He cBHAeTenbcTByer 06 06paTHOM, TO MBI MOXKeM
CHOBa IPHHATH THINOTE3Bl O CJAYYaHHOM CNapHBAaHHH H O TOM, 4TO
HH OJMH U3 TpeX reHOTHNOB AA, Ao M ao He HMeET CEJEKTHRHOTO
NpeuMyHlecTBa, NMPHBOAAMIEr0 K O6OJbllell BEPOSITHOCTH YCIEUIHOH
penpoaykuuu. IIpy TakMX NpPEANOJOXKEHHAX MONyJAALHSA B (m -+
-+ 1)-M nokoJeHun onpegensiercss 2n INOBTOPHBIMH HCIBITAHHUAMH
GHHOMHAJILHOTO 3KCNEpHMeHTa C BepOsITHOCThIO 1— (A/2n) mosB-
JIEHHS aJie]Id o B HUCIBLITAHUH. BepOsITHOCTL | «YCHNEUIHHIX» HCXO-
0B (u Komui asjeau A B cJelylOUleM IOKOJEHHH) OIpeaesieTcs
6UHOMHAJIbHONH BEPOSTHOCTHIO

pxuz(in)(%)”@ Ly (5.5.1)

Ha6op BeposTHOCTeH mepexona pa, ONpelensieT MapKOBCKYIO I(Elb.
BepOHTHOCTb TOro, 4ToO aJJedb A WIN aJulesb o HCUE3AET B cJIenyvio-
HieM IOKOJICHHH, paBHa COOTBETCTBEHHO

pro—=(1 — ?"n—)2 (5.5.2)
HJH

Pason = (;A,;)2 . (5.5.3)

o cux mop MH npeanosaraau, 4To HH OfHA U3 ajjenell He AaeT
CEeJICKTHBHOTO IIPEHMYHIECTBA, KOTOPOE YBEAUYUBAET BEPOSITHOCTH
TOr0, Yr0 HaHHas ajjedb OyHeT NpelACTaBaeHa B CACAVIOMIEM IO-
KoJeHHH. OXHaKo HaGJIOJeHHSIMH YCTAHOBJEHO, UYTO CyIeCTBYeT
OTJIHYHAS OT HYJIsI BePOATHOCTb H3MEHEHUS MpPOIOPLUHH T'eHa OT Of-
HOro IMOKOJIEHHS K caeayomeMy. IJToT 3¢d¢eKT H3BeCTeH 101 Ha-
3BaHUEM «OIIHOKa BBHIGOPKH®, WJIH «caAyualHHil apefid TeHOB».
B oueHb ManwbIX momyJjsAuMAX Takas ciayuafiHas (JyKTyauus npo-
NOPLUHA ICHOB MOXKET MPHBECTH K HCUE3HOBEHHIO OJHOH H3 aJiesel
U3 reHeTHYecKoro 6aHka.

JJ1s MOfe/MPOBAHHS CCNCKTHBHOIO TIPEHMYILECTBA OJHOR M3 aJ-
Jgejedl Heo6x0AMMO MOAHGDHIHDPOBATE GOPMYNY M GHHOMHAJBHOR
BepOSATHOCTH A/2n Tak, uToGH anJuenp A 6puia NpeicTaBjeHa B Of-
HOM H3 2n HcnbiTaHufi. TIpeamosioKHM CHOBa, YTO MONYJALMS B
(m ~+ 1)-M nOKOJNIEHHH ONIpeaessieTcss 2# NOBTOPHBIMH HCIBITAHHS-
MH GHHOMHAJBHOTO 3KcHepHMeHTa. [IpeAmoJioKHM TaKXkKe, uTO Be-
DOSITHOCTL  BCTPETHTb aliieb A B J1aHHOM HCHHTAHWM paBHa
(A/2n)%, a BepOSTHOCTb BCTPETHTH B TOM 3K€ HCIHITAHHH ajiesb o
paBHa 1— (A/2n)%, roe E— HeKOTOpPOe TMOJOXKHTEJAbHOE YHCJIO.
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Torna BeposTHOCTb TOrO, UTO B CJEAYIOUIEM MOKOMEHHH BCTPETSTCS
{. KONIWH anjenu A, paBHa

2n A \E® A \E n—u
(D)@ L-@T" 6o
€CJIM B NpeAnaylleM [OKOJeHHH HMeeTcs ) Komui amjean A. Cae-

JoBaTeNbHO, B 3TOH Gogee obuielt (£~ 1) Momeau BeposATHOCTH
HCYEe3HOBEeHHs aJlfIeqd A WM o B CJEeIVIONIEM MOKOJEHHH COOTBeT-

CTBEHHO PaBHH
pro=[1 — (2*—,1)’@](Z (5.5.5)

Pron = (—}n—)m. (5.5.6)

ITpu & << 1 cenexTHBHOE NMPEHMYILIECTBO MMeeT ajliedb o, IpH § <<
< l—anaemp A. [TapaMerp & CJAYXKHT IPHUMEpPOM <«oKa3aTels
NpHCHoco6/eHHOCTH». B HEKOTOpHIX cCayuasx § 3aBHCHT OT TaKHX
¢$akTOpOB OKpyXKalolleH Cpelbl, KAK TeMIepaTypa.

Pesomupys pasa. 5.4.5, MOXKHO cKa3aTh, 4TO CeJEKTHBHOe IIpe-
HUMYIIECTBO, FeHEeTHUECKOE MJIH 3aBHCANIEE OT OKPYKalolleHd cpejbl,
NPHBOAHT K TAKOMY HCXOAY «UIDHI», IPH KOTOPOM NapPTHEPH He 064-
30TeAbHO TOJNXKHBl «JHYHO» yYacTBOBaTL B mapHo#i GopnGe. IIpu-
pola, TaK cKa3aTb, aBTOMAaTHUeCKH YCTaHABJHBAeT NMpaBHJa H Ipej-
pelllaeT HCXOA B OTCYTCTBHE KOHKPETHBIX (renorunosg (ocobeit). Cie-
AYyIOIHA OpUMep (3aHMCTBOBAHHBIE U3 paboTh (5.3)) MO3BOJSIET
Jyulle NOHATh ITO YTBEPXKJeHHE, HO BHI3BIBAET CEPhE3Hbie COMHeE-
HUS B [IPaBHJIBLHOCTH KJaCCHUECKOTO IOJOXKEHHS, COTJIACHO KOTOPOMY
10JI0Basi peKOMOHHAINSI B KOHIIE KOHLOB HCKJOYaeT IOJUMOP(H3M,
T. €. pa3Hoobpasue angened. PaccMoTpum KOHPJIHKT Mexnay opra-
HH3MOM X03AUMHQ U HApPa3uTom (IIATOTEHOM).

JIro60o¥ BHA B3aMMOJAEHCTBYeT HE TOJbKO CO CBOHM (U3HUECKHM
OKDY2KEeHHEeM W KOHKYpPeHTaMH, HO U C Napa3uTaMH H NaToreHau.
B3auMoJeficTBHe X035IHH — NAaTOreH OTJHYaeTcss OT OOBLIYHOH AHHA-
MHKH XHUIHHK-— XepTBa, M3yYyeHHeM KOTOpPOH MH 3aHHMAJIHCh J0
CHX IIOp, H3-3a HECPABHUMOCTY B pa3Mepax reHoMa, BpeMeHH XKH3HU
[OKOJIEHHs] ¥ CKOPOCTH aJalTauHH X035MHa W martoreHa. flaroeenst
soiuepaau 6ol KOHKYPEHTHYO 60psby (3a cueT 6osiee BHICOKHX TE€M-~
HOB 3BOJIIOIHHU) U OCTABHJH OBl X035ieB 6e33alIUTHHMH, ecln Gbl He
KOHTpCTpaTeruy xo3siuHa. [To mHenuio Bpemepmana [5.3], ocHOB-
HOH OTJIHYHTENbHOH OCOGEHHOCTBIO KOHTPCTpATerufi XO03siHHA siB-
JsieTcsi X pasusoodpasue. Hanpumep, yTBepxkaaercs, YTO II0JOBas
pekOMOGHHAUUA YBeJHYHBAET Pa3HOO6pasHs, c03jlaBasi BCe HOBBIE
TEHOTUIIH NIyTeM cJaydalHoro codetaHus ajnenefi. Takum o6pasowm,
TOJ ¥ HMMYHOJIOPHYECKHH NOJUMOPGHH3M  SBJASIOTCS «JIOTHUECKOR
Heo6X0AHUMOCTEIO» OBODOHHUTEJILHBIX CTPAaTerufl, K KOTOPHM BBHIHYXK-
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AeHBl NpHOEraTh BHABI-X0351€Ba ¢ HX OOJBUIHMH TeHOMaMu U 60Jb-
LIIHM BpeMeHeM XH3HH nokoJdeHus. Ciaenys Bpemepmany [5.3], MBI
XOTHM IIOKa3aTh, YTO MeXJy XO35HHOM H MHKpPONATOTeHaMH Cyliie-
cTByeT ¢(yHIaMeHTaJbHOE pasJHuHe: NOCJeJHHE, KAaK MBI y¥kKe OT-
MeuaJ/iH, MOTYT OBICTpee 3BOJIOLHOHHPOBATL H aJaNTHPOBATHCS K
JIOObLIM H3MEHEHHAM B HX XO03sHHe. MHKpPONATOreHH 3BOJIOLHOHHU-
PYIOT Ha HECKOJIbKO IIOPSIIKOB OBICTPee, 4eM MHOTOKJETOUHHHA XO-
3fHH. 3TO NO3BOJISIET MHUKPONAaTOreHaM MNpPOPLIBAThH 3aIIUTY XO351H-
Ha, e€CJIM TOT TeHeTHUeCKH OJHOpoJeH (KJOH). B pamMkax passurtoro
HaMH Bbille NOJAX0Ja MOXKHO CKa3aTh, YTO MHKDONATOI'CHH MOTYT
B [PHHIHIE «pa3ralblBaThb KOA» CBOEro NPOTHBHHKA H 3aTeM mode-
AUPOBATs THHAMHKY CBOETO XO35HHA U YNPasAiTs €.

(Kak 6blJ0 NOKa3aHO BhILIE, THIHYHBIE MaTeMaTHUECKHE TreHe-
THYECKHE MOJEJH I[O3BOJSIOT INPEeACKA3bBaTh, 4YTO INOJHMOpP(HU3IM
JIOJIEKEH BCTpeuaTbCcs pelKOo, NOCKOJbKY OTOOp OBICTPO HCKJINYAET
ajaJesH, He HMEL(He CeJeKTHBHOIO IpeHMYLIecTBa IO CpPaBHEHHIO
c Apyrumu. K cuacTelo, B peasbHOH KH3HH (IO NPHYHHAM, A0 KOH-
Ita He MOHATBHIM) Jel10 00CTOHT HHadve. [logpo6HOCTH cM. B pa-
Gote [5.3].)

LEcan xo3siuH («060pOHAOILASACST CTOPOHA») MOXKET IyTeM IO0JO-
BOH pekOMOHHALUHM 3BOJIOIHOHHPOBaTh OBICTpee, UeM [ATOTeH
(«Hamajawoliasi CTOpOHa»), TO XO35FHH MOMKET oOlepeXkarh MaToreH
3a Cuer, TaK CKaszaTh, M'EHETHYECKOTro JaBJeHHs. DTO He O3HayaeT,
4YTO KaK TOJBKO BTOpramuiuficis B OpPraHH3M BHDYC «3aMacKH-
pyeTcs» (BKJIOYHT B CBOIO «OBOJOYKY» UYACTh MOBEPXHOCTH MeMO-
paHbl aTakyeMOH HM KJIeTKH), XO35HH MOXKEeT HU3MEHHTh CBOH «Ca- -
MOOIC3HABATENbUBIE> AHTUTeHB. DEcau XKe Hanapamoliasi CTOPOHa
3BOJIOLHOHUPYET GHCTpee, TO 0GOPOHAIOINASCT CTOPOHA HE MOXKET
«YKJOHHTLCSI OT CXBATKH» H OKAa3bIBAeTCS, KAK MBI YBHAHM B CJe-
Jdyioiiell ryiase, nepej «TPAHCBHIYHCJIUTENBHON NMpo6IeMOn».

Cnenys DbpemepmaHny, mokaxXeM, 4TO MHKPONATOreHBl MOTYT
5BOJIIONHOHUPOBATL HA HECKOJBKO NOPSIAKOB OhiCTpee, ueM HX (IO-
3BOHOYHBIE) XO035eBa. JBOJIOLHOHHBEE IPOLECCH MHKDONATOTEHOB H
X0351eB JEeACTBUTEJIbHO DA3BUBAIOTCS 8 BPEMEHHbLX MACULTAOAX, KO-
TOpble OTAUHAIOTCS O4eHb cuabro. Hanpumep, celeKTHBHaAs IPOJIH-
tdepanus THMGOLHUTOB B OTBET HA aHTHUIEH NPOHCXOJAHT 3@ HECKOJib-
KO AHefl B OTJIMUHE OT 5BOJIOIHH MJICKONHTAMOIIUX, IPOHCXOASLICH
N0 HEKOTOPHIM OleHKaM B Tedenne ~ 108 jer. OnHako BCKope Hoc-
Jle BBeJeHHs MEeHUUUINHHA NOSBHINCH GaKTEpUH, CNOCO6HBIE CONpO-
THBJSITBCST LeHCTBHIO aHTHOGHOTHKOB (aHAJOTHYHO TOMY, KakK BCKOpe
nocsie BHeApeHHs WIHPOKO u3BecTHoro npenapara HIAT nossuauch
MYXH, HEUyBCTBHUTEJIbHBIE K €r0 JeHCTBUIO).

PaccMoTpuM Tenepb reHoM 6akTepHH HJIH BHPYyCa, CBA3AHHBIA C
NOJIHIENTHIaMH, KOTOpPHe O6JIerdaloT COCylleCTBOBAHHE NATOTe¢Ha C
XO351HHOM HJH pa3MHOXKEHHe NaToreHa 3acueT xo3auHa. Hampumep,
PaccMOTPUM 3BOJIIOIHIO AHTHIEHHBIX MOJHICNTHIOB, KOTODHE «Ma-
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CKHPYIOT» NATOTE€H OT UMMYHHOH cucTeMbl xo3siHHa. (Takas umwura-
UHS cO CTOPOHBI BHUPYCA, NMPHUBOASINAS K MacKHPOBKe, CBOLMTCS B
KOHIE KOHIOB K CHOCOGHOCTH IaTOreHa CXKHUMAaTh KOJA XO3siMHA H
MOLeJUPOBATh 3BOJIOLHIO X035iMHA.) [IpaBAONOAOOHO CUMTATH, UTO
TAKOro poja Mpolecc HauMHAeTcs ¢ MNOCJeJ0BaTEIbHOCTH aMHHO-
KMCJIOT, CAY4QHOI OTHOCHTEJIbHO KOHEUHO (MMHTHPYEMORH) mocJe-
IoBaTeabHOCTH. [locienoBaTesqbHOCTE aMHHOKHCIOT —KOAHMpYeTCs
N0CJ610BATEILHOCTLI0 HYKAeOTHROB (pasn. 4.5.9). aa kaxnoro
HYKJEOTHAHOTO JIOKyCa CYLIECTBYIOT 4eToipe HYKJIEOTHIAa; KaXKIbld
HYKJEOTHIHHH JIOKYC MOXKeT OHTb INpeICTaBjieH 08yMa OuTaAMU.
[TpeanosoxuM, uro mepexofb (0GYCJIOBJEHHBIE MYTalUsAMH) MeX-
4y PAasJMUHBIMH IBOHYHHIMH 3HAKAaMHM DABHOBEDPOSITHEl H 4TO BEpO-
ATHOCTb BCex UM(pp OAMHAKOBA U paBHA p.

AHaJIOrvuHO, «HJ€ajbHBIH TEHOTHI» MaTOreHa OHpeNeseTCs]
Tpe6oBaHHeM, UTOGH €ro MOCAeNOBaTeNbHOCT HYKJIEOTHIOB Oblla
cosmecruma ¢ bepMeHTaMH x03sMHa. IIpearnosioRuM, UTO YHC/IO
HYKJIEOTHAOB B TeHOMe MaroreHa paBHO 7/2 (3TO COOTBETCTBYET 1
ouram). Hekoropoe uHc/a0, HanpuMep M, 3THX HYKJIEOTHAOB NOJIK-
HEl MYTHPOBATb, 4TOOH JOCTHUb «HJeasJbHOTo reHotHnas. Jlas Gak-
Tepuu n ~ 108, pas Bupycos n ~ 101°. Tlpenmosaraercs, 4To B CAYy-
yatHOfl TMOJMIEeNTHIHON lIeNH NepBOHAYAIbHO OKOJIO IOJOBHHHE, T. €.
~ 103, COOTBETCTBYIOUIUX ABOHYHBIX 3HAKOB «HEBEPHBI».

BeposiTHOCTH HCIpaBJeHHsl MO KpaiHed Mepe OJNHOrO 3HaKa H3
m HenpaBHJbHBIX 6uTOB paBHa 1—(1—p)™. C apyro#t CTOPOHH,
BEpPOSITHOCTb  (HeJereHepaTHBHOIO) U3MEHEHHs! Cpeld n-—rm mpa-
BHJILHBIX OGHTOB paBHa (l— p)"~™, MO3TOMY CyMMapHas BepoOsAT-
HOCTb N0 KpaiHed Mepe OJAHOH MOJIE3HOH MYTaUMH H OTCYTCTBHS
BpeIHON MyTally paBHA NPOH3BEJCHHIO HX BEPOSITHOCTEH, T. €.

F=0—p" "= —=p"l=010=p" " —1—=p" (55.7)

Hruddepenuupyss F nmo p ¥ NpUpaBHHBAs IMPOHU3BOJAHYIO HYJIO, MEDl
I0JTy4aeM p — BepOSITHOCTb ONTHMAJIbHON MyTallMH, NOPOKAAKILIEH
Hau6oJblllee THCIO YJIYULIeHHBIX MYTAHTOB:

or ) m
—=0->n—m=n({l—
=0 m=n(l—p",
OTKYyJa
I/m
m
p=1—(1—2) . (5.5.8)
U
1
pon'r’v?!
TaK Kak m < 1.
MBl BHIMM, UYTO BEPOATHOCTb ONTHMAJbHOH MYyTalmuH HOpHOJIH-
KEHHO paBHa OGPAaTHOMY UYHCJY HYKJEOTHIOB B TEHOME. (Maasble
FEeHOTHIE HMEIOT NMPEHMYILECTBO Nepel GOJIbIIAMH.)
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Briuncsaum Teneph cpefHee YHCJO MOKOJEHHH, 3a KOTOpoOe maTo-
FeH JOCTHraeT HAea/lbHOIO TeHOTHNA, T. €. [eHOTHOA, JEeTaJbHOro
AN XO35iMHa (ec/qH TOT He yclleeT BBIPAGOTATh KaKHE-TO KOHTp-
CTPATETHH).

KpuruHueckasi CKOPOCTb MYTaLHH, NIPH KOTOPOH MYTaLHH IeHCT-
BYIOT Ha yXKe aJalTHPOBABIIYIOCA 4acTb FeHOMa 6bicTpee, dyeM Ta
ycleBaeT 5KPaHHPOBATBCA 3a CUeT OTGODPA, HA3LIBAETCS «KaTaCTpo-
¢oii ownGok». DTa KPHTHUECKAS CKOPOCTb MYTAlUWH NPHO.IHMKEHHO
paBHA CKOPOCTH ONTHMaJbHOH Myrauud. Ilyets p. = K/n (K —
YHCJI0Basi KOHCTaHTa) — BEPOSITHOCTb, CBfI3aHHAsl C KPHTHUYECKOM
CKOPOCTBIO MyTanHH. Torma noJsi reHoMoB 6e3 OIIHG0K COCTaBJSET

n—m n
~(1 —ﬁ) ~(1 —5) ~ ek, (5.5.9)
n : n
(Hons ynyumennex reHotunos Km/n cioja He Bxoaut.) CJaenoBa-
TedbHo, npH K==1 jumwe okono 1/e NOTOMKOBR He Xyxe CBOHX
npeakos. [lpu penpoaykuuun nyteM OJOesenus BeanunHa K =1In 2

3ajiaeT BEPXHIOK rpaHuny pisa K, mostomy p. = (In2)/n.

MHu HCXOZHM NOMHMO IPOUYEro H3 MPENOJOXKEHHsT «HAEaJbHOIO
or6opa», MOHMMad MOJ 5THM, UTO BCE MYTAHTH, Yy KOTOPBIX UHCJAG
«OMHOOK» IpeBhHUIAeT TeKyllee HAHOGO/blIEe YHCIO «HENPABHJb-
HBIX» OGHTOB, HEMELJEHHO HCKJIYAIOTCS, a BCe YJAYUlleHHBE IeHo-
THIB TATOreHa NMOJAJIEXAT pacnpocTpaHeruio. [pu kawdom Oeaenuur
BEPOSTHOCTb HCIPABJEHHS paBHA

(L= po)* (1= p) " = 1] =em2 [(1 — p) ™" — 1] =~ 52 (2).

(5.5.10)

Takum o6GpasoM, cpelHee YHCJIO HOKOJIEHHH, HeoOXOiHMOe 115 10-
CTHXKCHHS HJea/IbHOTO IeHOTHIIA, NPONOPILHOHAJBHO BeJHUHHE

R ) e

" (6.5.11)

T. €. NPONOPIHOHAJIbHO YHCJAY HYKJIEOTHIOB B NATOT€HHOM reHOMe.
CJenoBaTeNbHO, MaJble NATOTEHB (BHPYChl) Pa3BHBAIOTCS, IIOKA He
JOCTHTHYT CBOero <«Hjaeasa» H He CTAHYT JeTAJIbHBIMH /5 T'eHO-
THIIA CBOETO XO035IUHA, 6oicTpee, ueM 6oJee KDYNHEIE ATOTEHH (Oak-
TepHH, TPUOKH H T. [1.).

5.6. Urpst mexay XHBOTHBIMH, H3OHPAIOIUHMH BHAOBbIE MOJibl
nosenenuss (poJsu). IloHssTHe 3BOJIOLUOHHO
YCTOHUYHBOH CTPATETHH

Oco6as KaTeropusi Urp ¢ HelOCTOSSHHOH CyMMOH OTHOCHTCS K 006-
JIACTH TaK HAa3blBaeMbIX BHYTPHBHIOBHIX KOH(auKTOB. BrIIO 3ame-
UeHO, UTO B NOEAHHKAX MEXAY NMPEACTABHTEIAMH OJHOTO H TOTO Xe
BHJ4, HanpUMep Y MJEKONHTAIOMHUX, OCOOeHHO, €CJH XKHBOTHBIE
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0071a1a10T «OPYKHEM», CIIOCOGHBIM NMPUBECTH K JeTaJbHOMY HCXOLY,
co6JI01a10TCsl OTpaHHUeHHsA M 3anpeTh. OOGBIMHO B TakKOro poja
cxBaTKax NOGeXAEHHBIH NMapTHEP «CAAETCHA», IPUHHMAs ONpeleseH-
HYI0 CHMBOJIHMECKYIO 1103y, HAIpHMep, MNOACTaBJsAA NOOEAUTENIO
ropJjo. [loGeautens ne ybusaer noGeXA€HHOTO ONNOHEHTA, & MO3BO-
JSieT TOMY yJajJuTbCA. Mbl BHIHM, YTO BO BHYTPHUBHAOBBIX NMOEAHH-
Kax TPHpPOAAa UPOBOLHUT TNPHHIHUI «OrPAHHUEHHOTO BOOPYKEHHOTO
KOH(paHKTa». VIHTepecHO MOHATb, KaKUM 06pa3oM MOTJH Obl BO3-
HUKHYTb 3alpeThl ¥ OrpaHHueHHs Ha JerajbHBIH HCXOX, CNocob-
CTBYIOUIHe UHOUBUOYAAbHOMY OTOODPY, W IOCTPOHTb COOTBETCTBYIO-
HIHE MOJEJH.

[Inonepckoit paGoroil B 3TOM 06/aCTH IO NpaBy CUHTAETCH HC-
cienopanne Mefinapa-Cmura [5.4]. B pagnbHefilleM MBI [0 Ccyllle-
CTBY H3JlaraeM ero OCHOBHBIE HJeH. TOT Ke Kpyr HiAeH UMeeT OTHO-
lieHue U K npoGjeMaM KOHTPOJIS Hal BOODYKEHHSAMH. FaccmMoTpum
IBE CTpAaTeruH, WCIOJb3yeMble KaXKAblM H3 YYaCTHHKOB IapHOTO
koHpaukra: C (OesonacHyw), NIpHMEHEHHE KOTOPOH He HAHOCHUT
CKOJIbKO-HHGYAb 3aMeTHOro yulepba naptHepy u D (omacHyw), xo-
TOopast ¢ 3aJlaHHOM aNpHOPHOH BEPOATHOCTBIO MOXKET INPHUMHHTH
cepbesHHil yuep6. JTH 1Be CTpaTerHd aHaJOrHuHbl cTparteruam C
(«Ha moJsb3y») U D («B yulep6») B AHJIeMMe Y3HHKA H «HIpe XKeJ-
TOPOTHIX», O KOTOPHIX Mbl YK€ FOBOPHJH B pasf. 5.2.2.

Ilpednonraeaercsa, 4TO TeHeTHUecKas CTPYKTypa HHIAHBHIA Ka-
KAM-TO 06pasoM MOJHOCTbIO OMNpefensieT (B ciydae KHBOTHOTO)
MOC/J¢AOBATENBHOCTb  HCNOJb3YEMBIX  KMBOTHBIM  Q/JTOPHTMOB
CCCDDCD ...

[IpuBenem mpuMepn (Gosee yeM ABYX) posed, T. €. aIrOPHTMOB
yepenoauuit C, D, KOTOpble MOXKeT BHIOHDATb MKHBOTHOE, IOIAB-
1ree B KOHQJIHKT.

1) «Tony6b» (mau «Mbiib»). MHIUBHI, H36HpAIOMWHE «T0ayOH-
HYIO CTpaTerio», HHKorja He npuberaer K xody D. OH HauHHaeT
urpy ¢ xona C u B oTBer Ha xof nportushuka C nenaer xon C. Ecau
%ce TPOTHBHHK jAenaeT x0i D, TO «roay6b» noxumpaer nose 60s,
ocTapjsig ero (IHILY, CAMKY) NPOTHBHHKY.

2) «Slctpeb». DTOT aArOpUTM BCeTAa HCIOJb3yeT XOA D u mpo-
JOJKaeTcss 10 TeX NOop, NMOoKa JHO0 HIPOK He HCYEPIHIBAET CBOH
CHJIBI, JTHOO MOKA NPOTHBHHK He OTCTYIIHT.

3) «by#Boa». Bcerma pmenaer xoa D, ecau HayHHaeT HIpy.
Kpome Toro, GyfiBom fenaer xox D B orseT Ha xoa C u xon C
B oTBeT Ha xox D. ByfiBoa oTcTynaer, eclM NPOTHBHHK ABa pasa
noapsn geaaet xon D.

4) «Bospnasnue». ToT, KTO INpHIEPXKHBAETCS 3TOA CTpPATETHH,
nenaer xof C, ecau HauyHHaeT Mrpy, H orBeyaer xofoM C Ha xon C
CBOEro NMPOTHBHHKA H X0AoM D Ha xox D.

5) «IIpo6a». Tot, KTO BH6HpaeT 3Ty cTpaTeruo, aenaer xox C,
ec M HaumHaeT urpy. Cpenas xoi C, o ¢ GOJbLIOH BEPOSITHOCTDHIO
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nosropsier xon C, HO BHe3amHo fAenaeT xoa D (4T06BI MCMBITATDH
CBO€ro NPOTHBHHKA). Ecit NpOTHBHHK OTBeuaer xoaoMm D, TO HrpoK
CUMTAET YMECTHHM BEPHYThCSl K cTpaTerun C. B nmpoTHBHOM cayuae
{ec/iu npoTUBHUK fesaeT oTBeTHBIA x0A C), HIPOK HCIIOJB3YeT CBOE
NpEeUMyLIeCTBO H JejaeT caeayowuid xom D.

MEl npuBend 3fech NATb PA3JHUHBIX poJiell (UHTAaTeNb MOMKET
NpHAYyMaTh ropasno OGOJblIe), KOTOphHle MOTYT MOCJeI0BaTeJbHO
BBIGHPATbCsT ABYMs KOHKYPEHTAMH BO BHYTPHBHIOBOH 60pbGe.

Bosnukaer cienywomuit Bonpoc. IIpeano/soKuM, 4To MBl HMeeM
60abuyro nonynaukw. YTo MOXKHO CKasaTb O XapakTepe IOJHMOp-
¢usMa ¢enotuna, KOTOpLIH BO3SHHKHET B pe3yJbTaTe AOCTaTOUHO
IIPOAOJIKHTEIbHOH KOHKYDEHIHH MeXAy napamu HHAHBHAOB? Ka-
Kiie (OpMbI NOBEJEHUECKOrO NMOJHMOp(UIMA YCTOH4UBs. W NPH Ka-
KHX yC/I0BHsX? UroObl OTBETHTH Ha TaKHe BONPOCH, OGpaTHMCSH
K HEKOTOPLIM KOHKPETHLIM IIpHMepaM, T. €. K KOHKPETHBIM YHCJEH-
HBIM 3KCIEpDHMEHTaM, NPOAeNaHHBIM TIPH 3aJaHHBIX 3HAUEHUSX He-
KOTOPBIX KJ/IOYEBLIX YIDPAaBJASIOLIHX NTapaMeTpos.

Caenyss Meftnapa-Cmury u I[lpaiicy [5.5], mpeamnosioxum, uto
Kaxjasi KOHKypeHTHast 60pb6a, ecJH OHa He 3aBepLIaeTcs paHbile
OTCTYIIEHHEM H CePbe3HOH TpaBMOH OLHOrO U3 YYaCTHHKOB, 3aKaH-
YMBAETCS IIOCJIe KOHEUHOro ((PHKCHPOBAHHOIO) UHCJIA XOMLOB.

YIpapasoOIUMH NapaMeTpaMH B pPacCMOTPEHHOM HaMH KOH-
KpeTHOM npuMepe OblJIM BLIOpaHBI CJAEAYIONIHE:

— BEPOSATHOCTL CE€pPbe3HOr0 MOBpPEeXJAeHHs 0T OAHOro xoxa D
nporusHuKka (10 %),

— BEPOSATHOCTL TOTO, YTO YYaCTHHK, H36paBlIUil CTpPaTErHio
«[Tpo6a», pemnrtcs ucnpo6osath cBoero nporuHHKa (5 %),

— BBIMIPHII 3a no6edy (NpOTHBHUK NOKHHYJ Inoje G0 WJH I0-
JYyUHJ cepbe3Hoe noepexjecHue (60),

— BBLIMTPHII 3a IIOJYUCHHE cepbesHoro mnoepexjenus (—100);

— BLIMTPLII 32 HENOJNyUeHHE Cepbe3HOro MNOBpeXAeHHS IpH
xojne D npotuBHuKa (—2), .

-—— BBIUTPHIII OT 3KOHOMHH BPEMEHH L SHEPTHH IIPH OTCYTCTBHH
Cepbe3HBIX MOBpexXJeHHH Bapbupyercss oT 0 (IpoAOJIKHTeJbHEE
HcneltaHusg) Jo —+20 (HEeNpOLOJXKUTEJNbHBlE HCIBITAHHUSA).

Mu ucnpoGopasn Bce NMonapHble KOMOHHALHKM cTpaTerufi Gogee
yeM B Thiciue Hrp. B ta6.. 5.1 NpuBeleHE! CPefiHHE BLIHTPBIIIH JJ5
KaxXJ0H pOJH B COYETAHHH C KaXKJAOH pOJbI NPOTHUBHHKA.

Posb HaszbBaercss ycTofiuMBOil, ecjau mJjaTeX B COOTBETCTBYIO-
I[eM MeCTe Ha JAHaroHajJu HauboJbLUIMH U3 nJaTexed B TOM XKe
€T0/10611e, KOTOPblE B CBOIO OUEPEe/b ABJSITCA HAUOOJNBILIHMH B CBOMX
CTPOKaX. DTO 03HAUAET, UTO pPOJIb YCTOHUMBA, €CJH COOTBETCTBYIO-
mas cTpaTerusi — Haujayuliasi U3 BceX oOcTaJbHuX. M3 taba. 5.1
BHJHO, UTO IOMNYJSIIHS, COCTOSIIAS TOJbKO U3 MHIHBHJOB, HCIOJb-
3yIOIHX cTpaTteruio «BosmasiHue», ycrofiumBa (Yero Henb3s cka-
3aTb O TMOMYJSILHH, COCTOsIIefl, HampuMep, TOJbKO H3 SICTPeGOB.
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Tabauya 5.1. CpefHUe TJIATEXKH, NMOJyYaeMhle HTPOKOM,
NPHAEDIKHBAIOIIHMCA PA3NHYHBIX DOJeH, HJAH CcTpaTerHfi, B mape
¢ KaXJOH M3 CTpaTerul NPOTHBHHKA

CrpaTterusi NpOTHBHHKA
Crparerusi Hrpoka

r s B B I
Foay6s (') 29 19,56 19,5 29 17,2
Serpe6 (51) 80 —19,5 74,6 —18,1 —181
Byitsoa (B) 80 4,9 41,5 11,9 11,2
Bospasuue (B) 29 —22,3 57,1 29 23,1
ITpo6a (I) 56,7 —20,1 59,4 26,9 21,9

HaH 6yiiBogor). Takum o6pa3oM, MBI BHAMM, UTO CTPATErHd «02pa-
HU4eHHo20 KOH(JHKTa» MOTYT OLITb B NpPHUHIHUNE OODBSICHEHH HAa
OCHOBe undusudyasvrozo oréopa. Pasymeercs, Bcrpevanresl Godee
CJOXKHbIE CUTyallMH, TaKHe, KaK IPHBCJCHHAS BBIlE, Korja IOJH-
MOp(dU3M NPOKIAALIBAET NYTh «KOHPOPMUIMY» — KaXKIbIH HHAMBUL
BLIOUpaer crpaTteru «BosnasHues.

ITpennosoxuM Tenepb, UTO NOMYJSANUA COCTOUT NOUTH HCKJIOUH-
TeJbHO U3 AcTpeGoB U OyiiBosoB. Kak BHAHO n3 Taba. 5.1, «flcTpeb»
6ojiee BBITOAHAsT cTpaterusi, 4deM «byfiBos» (cpedHuH BHHIDPHIL
(74,6) aasa sictpe6a HauGoOJbLINH, €C/AH €ro NPOTHBHHK JEHCTBYET,
kKak Oy#iBos). B cBoio ouepeanr «byiiBon» Gojee BhrogHasr crparte-
rusi, yueM «ylcrpeb» (cpenHu#l BBIMIPHI OGYHBOJIA, HTpalOLIEro Ipo-
THB ficTpefa, monoxutesaen). CiefioBaTeNbHO, MBI HMEEM CHCTEMY
3aBHCANIMX OT YacTOTH OTGOPOB, NMPUBOAAILINX K yCcTOU4UBOMY TIOJH-
Mophu3MYy, KOTOPEIE B CBOIO OYepelb IIPHBOANT K yCTOHUHMBOH HOIy-
Jasiuuu sicrpe6op u 6yiiBosoB. Takum 06pa3oM, Bce ocTaJjbHEE THUIIH,
OTJIHYHBIEe OT scTpefoB W GyHBOJOB, He HMEIOT CEJEKTHBHOro mpe-
HUMyllecTBA U He pacnpocTpaHsioTces. Ha 3TOT pesynbrar He BJHSIET
NPHCYTCTBUE HECKOJBbKHX ocobeil, u3bpaBmux crparerdio «loayob»,
Tak Kak «Slcrpeb» n «ByHBOI» OKAa3bIBAIOTCS HAUJYUIIHMH cTpaTe-
rusMHu (Boiurpuim 80) ¥ B TOM cayyae, €ClH NPOTHBHUK — IoJyOb.

Bce paccMoTpeHHble HaMH A0 CHX IIOp CTpaTerdu (poJmu) sB-
JAIOTCH UYMCTHIMH CTpaTerusaMu. A Kak oGCTOHUT AeJO CO cMellaH-
HHIMH cTpaTerdsiMu? IIpeimoJioxuM, uTo 06pasylollHe MOMyJIANHI0
0CO6H BCTYNAIOT B KOHKYDEHIHIO, C/lelys ONHMCAHHLIM Bhille CTpaTe-
THAM H cayuaiinoim o6pasom pasbusasce xa napul. Kaxipasa ocobb
BOCIIPOU3BOAHT cebe MOJOOHHIX (T. e. 0cOGe, UCIOMb3YIONIHX TY Ke
CTpaTernio) NpONOPIUHOHAJLHO MOJYYeHHOMY el BuMrphiuly. Ecan
B Urpe CYILECTBYET «3BOJIOLMOHHO YCTOHUHMBAs CTPATErdsi», TO IO-
Oyaa0us 3BOJIONHOHHPYeT K Hell. TouHee roBsops, 3>BOJIONHOHHO
ycTOHuHBasi CTpaTerds — 3TO CMellaHHAas cTpaTerds, obsajaiouias
TeM CBOHCTBOM, YTO, €CJH GOJBIIHHCTBO O0Pa3yIOLIHX MOMYJAIHI0
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oco0eHl NPUHHMAIOT €€, TO HHKAaKas CTPATErHsA-MYTAaHT He MOXKeET
OpPOHHKHYTb B MNONYyJAsuHI0. MHHEIMH cJ0BaMH, cMellaHHas CTpaTe-
rHsi 3BOJIOUHOHHO YCTOHYMBA, €CJH HE CYLIECTBYET CTPATETHU-MY-
TaHTa, O0eCHeYHBAKINEH OGOJbLIYI MPHCIOCOGIEHHOCTh [pPHHSIB-
LIHM ee 0CO6AM.

B 6o/ice a6CTpaKTHOM BHJAE TO XK€ CaMO€ MOXKHO BHIPA3UTb Clle-
AyrowuM o6paszoM. [IpeAnosoxuM, 4TO YHCTHIE CTpaTerud (MOJH
NOBEJCHUs) AJs BHYTPDHBHAOBOH KOHKYpDEHLHH IepeHyMepOBaHBI
YHCJAMH 1, 2, ..., n B YTO @;; — BHHUTPHALI, HOJYYaeMbll HIPOKOM
OT HCIOJb30BAHHA YHCTOH CTpaTerwd §, KOrja ero HpOTHBHHK HC-

n
I0JIb3YET YHCTyIo cTpaTeruio j. Toraa Z].=1 o;;¢; — BHHIpHILI, o6ec-

neynBaeMHId 4HCTOH cTpaTerHed | NPOTHB CMellaHHOH CTpaTeruy,
3aJaBaeMOfl BEKTOPOM BEPOATHOCTEH

q=(q1, ---» Gs),
5 on (5.6.1)

Z Z o;;p19; = PAq

J=1
=1

— BBIUTpHILI, obGecneudBaeMbli CMeLIaHHOH cTpaTerueft p ==(py, ...
..., Pn) UDOTHB CMELIAHHOH CTpATErHH q.

[lycte A —mMarpuna ngatexed u Q. ={x;, Xz, ..., Xn}
(Z;=lx,=l)~ CHMIIJIEKC BCEX BO3MOXKHBIX cTparerufi. CrpaTe-
rus p & Q, Ha3HBaeTCs 3BOJIOLHMOHHO yCTOHYHBOH cTpaTertef, ec/in
NpH BO3MYIIEHHH IONYJSIIHH, HCIOJIb3YIOIIEH 3TY CTpaTerHio, My-
Tanuel, BBOAslleH HeGOJBLIYIO IONYJSIHI0O C cTpaTerHed p =< q,
CTpaTerHss p B HOBOH CMelIaHHOH MNONYJNAIMH ONTHMAalbHee, YeM
crpateriss . KosnuecTBEeHHO 3TO O3HayaeT: CTPATErHsi p 3BOJIO-
HHOHHO ycToHYHBa, €CJM NpPHU BCEX ( = P BHIIOJHSETCH HEpaBeH-
cTBO pAq = qAp (mpuuem pAp > qAq), nin

noon n on
i; ,-; piaifpf},; ]; 9;%1Pj- (5.6.2)

CaeioBaTe/bHO, p — Jy4LIHH OTBET NPOTHB caMOro ce6s, H ONTH-
MaJjbHee JHO60Oro aJbTCPHATHBHOIO HAaHJydlllero OTBeTa (, 4YeM g
IpOTHB caMoro cebs.

B momyJasiupu cO CMeIIaHHOH cTpaTerned X ==(xi, Xa, ..., Xn)

n
BHIMIPHIL, ofecneunBaeMuil cTpaTeruedt i, paBed Z,=lu”x1, B TO
n n
BpeMsl KaK CPeJAHHH BBIMIDBIII paBeH ZK=IZ]=laK,xKx,. Ecre-

CTBEHHO INPEANOJOXKHTb, UTO CKOPOCTb BO3pacTaHusi X;/Xx; paBHa
PasHOCTH 3THX ABYX BHUrpoileil. TakuM oGpasoM, Hallla UTrpa «CBO-
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IHTCSA» K cHCTeMe OOLIKHOBEHHBIX llI/ICbeepeHLlI/IaJIbeIX ypaBHeHH#

idxfl_:x‘(z Xy — Z Z xKaK,x;) (5.6.3)

j= K=1 j=1

B IPOCTPAHCTBE COCTOSHHA Qn. DTa cucTeMa ypaBHEHHH HaMHOTO
CJOXKHEe TOH, KOTOPYIO MBI PACCMaTpPHUBAJH [IPH H3YYEHHH HTP C IIO-
CTOSTHHOH CYMMO# M MapafoKCaJbHBIX UTP C HENOCTOSIHHON CYMMOH.
B o6wmem caydyae NmoayuyHTh aHAJHTHYECKHE pPeIUIEHHsI MJs1 CTAlHO-
HapHHBIX PEXHMOB OKa3biBaeTcsl HEBO3MOXKHO Jaxe nIpu n = 2. [pu
n > 2 J1MHaMHKa Da3BepTHIBAETCSl B NPOCTPAHCTBE COCTOSIHHH Tpex
u Gojlee M3MepEHHH, H COOTBETCTBYIOLIEe OGCYKIEHHE MBI OTJOKHUM
Jo ra. 6. Ho, kak 6l To HH GBLIO, pelieHHe JJIsi CTAaLlHOHAPHOTO pe-
*KHMa cHcTeMbl (5.6.3) mo3Bossier OLEHHTH JOJI0 (B NPOLEHTAX)
JCTOAUYHMBLIX PEXHMOB B NOJHMOPGHHOH MOMyASUHH.

5.7. Hrpa KOHKYpeHTHO-KOONEPATHBHGrO NPOM3BOACTBA M OOGMeHa.
ITonsiTHe «mapasuT» Ha CUMBOJMYECKOM YPOBHE

PaccmorpuM 1Be KpynHoMmacuiTaGHble CHCTEMHB X, 4 (JIIOQH,
OpraHH3alMu), NPOM3BOASIINE JBa pas/JHYHBIX IMPOAYKTa X H 4.
Kaxpnas cucrteMa oTAaeT Apyrofl HEKOTOPYIO AOJIO g CBOEH IPOAYK-
IIMH, a OcTaJbHOe (cocTaB/siiollee HOJII0 p = 1—¢) ocraBaser
cebe. [lpoamanmsupyem sty cuTyanuio, caenysi pa6ore Pano-
nopta [5.6].

Hac unrepecyer AMHAMHKAa 3BOJIOLMH NPOAYKTOB X H Y, TIO3TOMY
HeoOX0AMMO 3aJaTh MaTeMaTHUYeCKHe OXKHMJAAHHS BBIULpHILeH A5
oboux nmapTHepoB. Ecsn cpelHue nmiaTexH paBHBl COOTBETCTBEHHO
G. 1 Gy, TO €CTECTBEHHO CHOBA OGPATHUTBLCS K AJTOPUTMY, KOTOP bl
[0 CYIIEeCTBY O3HAuYdeT, YTO CKOPOCTb BO3PACTAHHUSI WM yOBIBAHUS
IIPOM3BOJACTBA X HJH Y 3aBHCHT OT AH(depeHIHansbHOr0 BHUIPHIIIA
KaxJoro napTHepa, OUEHHBAEMOIO MO INPOU3BOACTBY X U Y. MH
[IpHAepKHBaeMCsl NPHHIKIA, COTJAacHO KOTOPOMY JBe paccMaTpH-
BacMble HaMU CHCTEMBl CNIOCOGHBI ajalTHPOBATbCsl APYT K APYTY
0 3aJlaHHBIM «NpaBwjaaM o6MeHa» (T. ¢. 3aJaHHBIM P H ¢), YTOGH
MaKCHMH3HPOBAaTh CBOIO IOJE3HOCTb, WJIH <«peHTabeJbHOCTh» (BBI-
MIPHIII), NYTEM KOHTPOJs 3a BBIXOAOM npoaykuuu. [lpeamosaraer-
¢, 4yTO Tak BeJ Onl ce6s1 UHAMBHJ, NPELOCTABJEHHBIH caMOMy cebe:
yeM OoJblie OH pa6oTaer, TeM OGoJiblle OH INPOH3BOAHT, U TEM
6osbule nosyuaeMbli UM BeHrpbI. Ho nocae Ttoro, kak 6yner
NpeB30ieH HEKOTOPHIH YpOBEHb NPOU3BOLHUTENBHOCTH, «YCTaJOCTb»
CHCTeMBI IPOHM3BOJCTBA MOXKeT Bce OoJblie H GoJbllle CHUXKAThb
BBIUTPBHIII K3-32 BCE BO3pacTaloIleHl OTPHUIATENbHOH <IOJE3HOCTHY.
B HekoTOpo# TOUKE CyMMAapHBI BHIHTPBII AOCTHIAET MAKCHMYyMa;
HMEHHO B 3TOH TOUKe HHAMBHA W 3a(UKCHPYET BHIXOA CBOCH Npo-
JAYVKIHY.
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Bosnukaer Bompoc: «B Kakofl Mepe IOJE3HOCTb 3aBHCHT OT BO3-
HarpaxJeHdss H o6beMa MNpoH3BOACTBar» OTHOCHTEJBHO 0O6GBeMa
IPOHU3BOACTBA MBI IIPHMEM IpOCTelilllee M3 BO3MOMXKHBIX MPEANOJ0-
JKeHHH: GyAeM cuHTaTtb, uTO (OTpHIATeJqbHas) NOJE3HOCTb H3-34
yCTaJOCTH NPONOPIHOHAAbHA 06beMy NpoH3BOACTBA. UTO Kacaercs
BO3HATrpaxKJeHHs, TO MBl OyAeM NpHAEPKUBATHLCS 31eCh TaK Ha3bl-
BaeMOro NPHHLIHNA cokpawaroujezocs doxoda: NPH BO3paACTAHHUH
BO3HarpaxJIeHHs NOJE3HOCTL TaK¥kKe BO3pacraer, HO ¢ yObIBalourel
ckopocTbio (npu6abka B 1000 Mapok o3Hauaer AJsI UeJOBEKa, 3apa-
6ateiBatoniero 3000 Mapok B Mecsil, 6oJblie, YeM IJs UeJOBEKd,
3apabartwBalomero B Mecsi 20 000 mapox).

Ecau poct mosesHocTd (4) o6paTHO NPONOpPLHOHAJNEH YKe IO-
JYyUeHHOMY BO3HAarpaxKJAeHHIO (r), TO B HalleM cJyuyae NOJHas IO-
JIE3HOCTb paBHA

du K

= (5.7.1)
rie K — goucranra. Torpa du= Kdr/r v u=KlInr 4 A. Tlycts
A =0. 1 B nameM csyuae mo/iHasi moJe3HOCTb paBHa

G,=In(r,) —Px nns naprtaepa X,

G,=In(r,) — By nna nmapTHepa Y. (5.7.2)
(Mn npeamosaraeM, uUTO «(pakKTOp YCTaJOCTH» [ OIHHAKOB 1/
00OHX MmapTHepOB. AHAJOTHUYHEE MPEANOJONKEHHS CHedaHbl H OT-
HOCHTeJNBHO foJel p, g (y 0OOHX DapTHEPOB p H g OLMHAKOBHI).)
Kaxo# BHJ HMECIOT BBIpAXKEHHS JJA ry, ry?
sIcHO, uTO BO3HarpaxkJicHHe r. napTHepa X COJEPXKHUT uJeH
px -+ py, a BO3HArpaxkJAcHHe r, NapTHepa Y COJEpIKUT, COOTBET-
CTBEHHO, uJleH ¢x - py. M3 coob6paxkeHHHA HOPMHPOBKH MBI NOJa-
raeM rx=1-4+px+ gy u ry, =14 gx + py ¢ 1em, uto6u G, =0,
G,=0(Inl=0) npu x=0, y=0. Torga Hamu IHHaAMHYCCKHE
YpaBHEHHS] IPHHAMAIOT BH]L,

Gy
=20 =2 (In(1 + px + qy) — Bs],
dy  0Gy 3 (6.7.3)
o = 3y — oy LIn (1 qx -+ py) — B,
W3 ypasHenn#i (5.7.3) caenyer, 4To
g P B
a ety (5.7.4)
4y 9 B.

dt 7 14 qx 4 py

Hcenenyem mpupoLy H YCTOHUHMBOCTD CTAIMOHADHHX COCTOSHHH
(eciu TakoBble cymiecTBYIOT). CTanHOHApHBIE COCTOSIHHS ONpeje-
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JISAIOTCS YpABHCHHUAMH

y1(x)=px+qy=(p/p)—1,
Yo(x)=gx+ py=(p/B) — 1. (5.7.5)

OTo— Be npsAMble (<ONTHMAJbHBIE JHHHH»), COAepXKallHe BCe
TOYKH DABHOBECHS /I KaXKJOTO M3 NAPTHEPOB, T. €. Y KAXAOIO U3
LlapTHEpOB HUMeEeTCA TOUKA DABHOBECHS IIPH KaXKJOM 3HAUYEHHH BHI-

i

p>g p<q
YcronumsocTts HeycTonuneocts

a 6

Puc. 5.19. JIuHuu paBHOBeCH [JSL HIPEl «OOMER NPOLYKUHER».

xona apyroro. IlostoMy KaxXABIH H3 HMIPOKOB OyAeT MHTAThCH,
BapbHPYs CBOH BHXOJ, «MOCaJAHUTL» OOHIYI0O TOYKY Ha CB80r0 OITH-
MaJibHYy10 JHHHIO. CJefyeT UMeTb B BHAY, OJHAKO, YTO KaxKILIH H3
HIDOKOB YIpaBJseT OTAeJbHOH KOOpAHHATOH: X MOMKeT mepeMe-
WAaThCsi  TOJNBKO MO TOPH30HTaaH, Y -— TOJBKO 1O BEPTHKAJH
(puc. 5.19). M3 ypasHenuit (5.7.4) Mbl 3aKk/I04aeM, UTO TOYKA paB-

HOBeCHs!
=y =(p/p)—1 (5.7.6)

MOXKET HaxXOJIHTbCA B IepBOM KBajpaHTe (x >0, y > 0), ToJabKO
e€cyqH p >>[f. DTO o03Hayaer, UTO JHOO p He CJAHIIKOM MaJjo, JHGO
B He CJOMIIKOM BeJHKa. B CBOIO Ouepelb 3TO O3HayaeT, 4uTo JHOO
JOJsT NpPOAYKHHH, OCTABJsAeMAas HUHAUBHIOM cebe, He JOJKHA GHITh
MaJia, Ju60 «(pakTop YCTAJOCTU» He AOJKEH OHITL CAHIIKOM BeJHK.

HcenenyeMm Temepp yCTOHYHBOCTH TOUKH paBHoBecust (5.7.6).
Touka paBHOBeCHs HAa3BIBA€TCS YCTOHYHBOH, €CJIH B €€ OKPECTHOCTH
TOYKA, OlpefesseMasi YCHJIUSMH HIPOKOB, CTPEMHTCS JBHUTaThCs
K wMer, KOTZA UIPOKH NHTAIOTCA MaKCHMH3HUPOBATH CBOH COGCTBeH-
Hble OTHOCHUTEJBHEIE MOJE3HOCTH (x, (G,. Ecau Touka, onpenense-
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Masi yCHJIHAAMH HIPOKOB, ABHXKETCS OT TOYKH (x* y*), TO paBHOBecHe
HeycTOHUHBO.

IIpeanonoxuM, 410 p > g, T. e. ONTHMa/bHAs JHHHS HIpOKa
X nMeer Gosbulvii Hak/JIOH. [[BHKeHHE TOUKH (X, y) MOMKHO npen-
CTaBHTb cebe cienyiomuM obpasoM. ITocko/bKy OfHa KoopauHAaTa
OCTaeTcs CTalHOHAPHOH, HIPOK, ynpaBasfoHMi APYrod KoopauHa-
TOH, «3aroHsieT» TOUKY (X, Y) Ha CBOIO COGCTBEHHYIO ONTHMAJbLHYIO
JAuHuio. [locde 3TOro e2o KOOpAMHATA OCTAETCSl CTALMOHApHOMN, a
JPYrod WIpoK JesaeT TO XKe CaMoe,

Ilycrs urpok X BbiGHpaer HeKOTOpOe 3HaueHHe x(1) — poaMylie-
HUe OTHOCHTE/JbHO TOYKH paBHOBecHs! (x* y*). Cienys ypaBHeHHAM
(5.7.4), (5.7.5), urpok Y nepexoaur K sHaueHnio y), TakoMy, u4TO
Touka (x1, yV) jexuT Ha ero KpuBOH yo(x); MHaue rosops, ABa
IIepBHIX XOAa NPHUBOASAT K Touke x1, y,(x(D). 3atem urpok X cHoma
BHIGHpaeT sHaveHne x\2 ¢ TaKMM PacyeToM, YTOGHI IIEPEBECTH TOUKY
Ha CBOIO ONTHMaJbHYIO JHHHIO y;{X). DTO 3HAUEHHE COOTBETCTBYET
NepeceueHNI0 TOPH3OHTAJIbHOA NPAMOH y == yo(x(V) ¢ yy(x) u mpu-
O/MHKEHHO paBHO

a1 )

£ : ~ 2
y1(0) ¥ (0)

xM, (6.7.7)

rae y;(0), y;(0) — 3HayeHHs NPOHU3BOAHBIX [BYX MNPSIMBIX B OKpe-
CTHOCTH CTALlHOHAPHOTO COCTOSIHHSI.
Torna
| x| <

£ L
HJIHU
| x2 [>1 x(l)l

B 34BHCHMOCTH OT TOrI'O, KakKO€ U3 JABYX HEPABEHCTB BBINIOJIHSETCS:

[5,(0)| < |y (O] (p>9)
HJH

50| > |57(0)] (p<g).

Takum 06paszoM, paBHOBeCHe yCTOHYHBO, TOJBKO €CJH p => ¢, NPH
p=¢q =1/2 MB UMeeM HeHTpaJbHYI0 ycTOHUHBOCTb. Taxas ycToH-
YHBOCTb BO3HHKAET B Te€X CJyyasix, KOTJa KaXAbld HUTPOK IoJaraer-
cs 00Abuie HA CBOH CHJBI, YeM Ha YCHJHS NapTHepa, T. €. KaXJbH
octasJser cebe 6OJbUIYI0 4acThb CBOEH COOCTBEHHOH NPOAYKUHH U
O6MCHHBAET MEHBUIYIO YacTh.

UTo nIpPOHCXOAMT B cjyuae HeYCTOHYHBOCTH, T. €. IpH p << g?
B sToM ciyyae TOUKA «NpOH3BOACTBA®» 3aKAaHUMBaeT CBOH MNYThb
Ju00 Ha TOPH3OHTAJbHOH, MUOO HAa BepTHKAJIbHOH ocu. Ecau xoHeu-
HO€ COCTOSIHHEe OKa3blBaeTCsl Ha TOPHU3OHTaJbHOH ocH, TO Y He pa-
0oTaeT; oH «mnapasutupyer» Ha X. Eciu KoHeuHOe cocTosiHHe Je-
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JKUT Ha BepPTHKaAbHOH ocH, To mnapasutupyer X. Jwoboid u3 3THX
cJIydyaeB BO3MOXKEH B OTCYTCTBHEe YCTOHUHMBOCTH, Tak Kak MaJjefiiee
BO3MyllleHHe HapyllaeT paBHOBecHe. KTO MMeHHO H3 HIPOKOB lapa-
3UTHPYET Ha NapTHepe, 3aBHCHT OT HallpaBJeHHs HayaJ/JbHOTO BO3-
mywenusa. ToT, KTo nepgoim 0CaalHT CBOH YCHJHS, CTaHeT Mapa-
3uToM. CBsSI3aHO 3TO ¢ TeM, YTO B HEyCTOHUMBOM cJaydae BCIKOE
ocsnabJjieHHe YCHJIHH €O CTOPOHB OJHOTO NapTHepa HeMeAJeHHO
KOMIIEHCHpYeTCsl APYrHM IAapTHEPOM H TEM CaMBIM CIIOCOGCTBYeT
JaJbHedleMy oclabJeHHI0 YCHIHH cO CTOPOHH NepBOTO NapTHEpA.
(PasyMmeercss, posan urpokos X u Y J1erKO MEHSIIOTCs; YCTOHUHBOCTD
cBsi3aHa ¢ OGOJbIIMM HA4KJIOHOM OINTHMAaJbHOH npsamMol urpoka X
JUIIb 110 TOH NpHYHHE, YTO MBI Ta4K OBO3HAYHJIH KOODJHHATHL)

IlpennonioxuM Tenepb, YTO CYUIECTBYET yCTOL4UB80e DaBHOBECHE.
Kakasi mosesnoctb goctaercss X u Y B 31OM pexume? IloactaBass
3HayeHus x* = y* = (p/B) — | B BBHIpaxKeHus (5.7.2, 3amarouue pas-
MepHl BHIHTpHINA, [TOJyyaeM

(G =In(p/B) —p+ B,
(G,) =In(p/B) —p+B.

IIpoBepuM, sBJISIOTCS JH 3HaYeHHs (H.7.8) «ONTHMyMaMu», T. e.
OpPeICTaBJASIIOT JW OHH (A 000MX NapTHepOB) HAHOOJbIIHA BHI-
HTPBIL, KOTOPBIA Te€ MOTYT IOJYYHTb B PacCMaTPHBAEMBLIX YCJOBHAX.

Tlpexkne Bcero 3aMeTHM, YTO MakCHMaJbHOe NIPOH3BOACTBO OI-
pemeasiercs AJs KaXKAOTO NapTHepa He CTalUHOHApPHLIMH 3Hade-
HUSIMH X* U y*, a MakCHMaJbHBIMH 3HAaUeHHSIMH 3THX BHIpaXeHHH,
paBHbBIMH (1/B)— 1. [To3TOMy COOTBETCTBYIOLIHE IOJE3HOCTH PABHEI
In(1/p)— 1 + B. Uro MOXKHO cKasaTb 06 3THX 3HayeHHsX: 6ojblie
OHH WA Menble, yeM (G,)* =(G,)*? BbIYHCJINUM HX Pa3HOCTH:

()= 1= (§)+p=in(3) = t+p = (2)—01=p
(6.7.9)

DTo BLIpa)KeHHWe BCErAa HEOTpuyaressrHo (U obpamiaercs B HYJb
npu p = 1). Tak Mbl IPHXOAHM K BEIBOLY O TOM, 4TO 00@ napTHepa
MOTrJIM 6Bl IOJYYHTL GOJBIIHH BLIMTDPHIL, eCAH OBl IPOH3BOAHJIH
(1/8)— 1, a e (p/B)— 1 (enAHHCTBEHHOe HCKJKOUYEHHE COCTABJSET
cayya#t, koria p =1 u o6Ge NPOHU3BOAHTENLHOCTH COBIAJamT, HO
p =1 o3Hauaer, uTo BCA MNPOAYKIHA OCTaeTCsl Y INPOH3BOAUTEJ,
[{03TOMY MH He §yJeM pacCMaTpHBATb B Aa/bHeHINeM 3TOT YacTHBIK
cayuatt).

Mul BHAMM, YTO TOYKa paBHOBeCHs, Aa)Ke ec/JH OHa ycTOHYUBa,
He ONTUMQ1bHA HY JJIS OJHOTO H3 MApPTHEPOB, XOTS KaXJblHl H3 HHX
H3BJIieKaeT HauBGOJbINNY BHUTPHILI B CTALLHOHADHOH TOYKe IPH YCJO-
BHH, 4TO KOHKYPEHT TaKXKe H3BJeKaeT HaHGOJbIIHH BHHIrpHII. HUTO
NeHCTBUTEJBHO B JAHHOM cJjydyae, TakK 3TO JHHAMHKa UYHCTO 320U-

(56.7.8)
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CTu4eckux uHTepecoB. KaXKAbil NpoH3BOAHTeNb 06ECIOKOEH TOJBLKO
CBOGH 104e3HOCT6I0 (N0 OTHOLIEHHIO K MOJIE3HOCTH MapTHepa).

[lpexne uem npemsarath (M HCOHITHIBATH) GoJiee «COLHAJbHO
OpHEHTHPOBAHHYIO» (PUIOCODHIO, BLIYHCIAM B CIyyae HEYCTOHUH-
BOCTH TIOJIC3HOCTb «lapasvTa» W ero «xo3suHa». Ilycth X — mapa-
3uT. Torxa X HuYero He MPOHM3BOMHT, @ XO35HH Y NIOJIKEH CTPOHTDb
CBOIO JA€ATE/IBHOCTb C YUYeTOM 3TOro ofcrosiTesnberBa. OnTuManbHas
JHHHST XO3sIHHA OmnpeleJsieTcsi ypaBHeHHeM gx + py = (p/p)— I.
Ho tak kak y =0, Y K0/XKeH NPOH3BOIAMTL CTOJIBKN, UTOGH YIOB-
JIETBOPHTL ypaBHeHHIO py = (p/B)— 1 wan y=(1/B)—(1/p) (rax
KaK p > B, 3To 3HayeHHe y NOJOXKUTeJbHO). CJleOBATEIbHO, 3HA-
YeHUs! MOJNE3HOCTH AJst mapasuta (X) u xo3siua (Y) paBHH

_ a_q
G=in(i+g-5). (5.7.10)

G,=1n (%) 1 +%.

CpaBhuM stH BHpaxenus ¢ In(1/B) — 1 + p — «ugeanbHoii» 10-
JIE3HOCTbIO, MPHXOASIIIEHCS Ha JOJIO KaXJIOr0 HIpOKa, ecJd OH
UPOHM3BOJAUT He «MHAMBHAYAJbHHH onTHMyM» (p/B)— 1, a «comu-
agpHed ontumyM»: (1/B)— 1. Jas xossimna Y pasHOCTL cocras-
asiet In(1/p)+ B[1—(1/p)]. D10 BBHIpaXKeHHe RcerAa MOJOKH-
TeJbHO, €C/IH p => f, MO3TOMY XO035iMH Y 6cezda 8 Asluepeluie, ecsH
OH POU3BOJUT «CONHAJbHHI ONTHMYM», a HE HCIOJHSIET CBOK POJib
«XO39HHa». JTOTO U CJAEOBAJ0 OXKHIATh,

BrisicHuM Tenepb, BHIOAHO JH NMApa3uTy GHTb «apasuTOM» HJIH
[IOJIHOIIPABHEIM YYAaCTHHKOM Koolepaluud. PasHOCTb noJe3HocTel
JuIs X MeXIy TeM, UTO OH [O0JyuYaer, MPOH3BOAS COLMAJLHBIH OINTH-
MYM, H B POJIM «llapasuTa», COCTABJACT BeJquuyuHy Inp— In(Bp +
+ pg — gB)— 1+ B. TlonoxkHuTenbHa 3Ta BeJHYMHA MJIH OTPHIA-
TeJbHa 3aBHUCHT OT OTHOILUEHHS B/p, KOTOpPOE MOXET H3MEHSTBhCS OT
0 no 1. IIpu f = p mpuBeleHHOE BHIIE BHIPAXKEHUE JAET BEJHUMHY
In(1/p)— 14 p, KOTOpasi Bceria MHOJOXHTEJbHA;, NpH B <K p MBI
noaysaem ~ —Ing— 1. Hac cefiuac uHTepecyeT HeyCTOHUMBHIH
cayya#, xorga p << g, T. e. ¢ > 1/2, nostomy BeanunHa —In g — 1
orpunarenbHa. Ho Bepaxkenne —Ing—1 ecTh He uTO HHOe, Kak
aCHMUTOTHUYECKOe BLIpaXieHHe JAJIs NPHBEIEHHOH BHILIE pPa3HOCTH
naarexed, KOTAa B CTPeMHUTCS K HYJIO.

CrienoBaTesIbHO, ecJM BeJNMYHHA B MaJa, TO Mapas3uTy BHITOAHEe
OBITH «IIapasHTOM» (XOTS IpH GOJBLIMX B 3TO He Tak). 3Hauwr,
€CJH «XO3fMH» HEeyTOMHM (He 3HaeT YCTaJ/JOCTH — IIPH MaJbix P)
H B CHJIAX cOJepXaTb BAcC, TO BaM CTOUT OHITb napasutom!

Hakonen, obpatuMcsi K BONPOCY O «COLHAJbHOM ONTHMYME»,
XapaKTepPH3yeMOM «HJeabHbIMH BRIHTPBILIAMU» Xo = yo = (1/B)—1.
Kaxk ux poctuub? Ilpexnosioxum, 4TO ABa «OpOU3BOAHTENSA» X U Y
BEIPaGaTHIBAIOT HEKOTODBIH THI «COLHAJBHOTO CO3HAHHT», T. €. HO-
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JIE3HOCTb OJHOTO M3 HHX KAKHM-TO 06pa3oM 3aBHCHT OT IIOJE3HOCTH
apyroro. ByneM cudTaTh, YTO 3Ta 3aBUCHUMOCTbL JIHHeHHA H oIpele-
JsieTcsl MaTpuuen

‘ Gy, = AG; + BGy,

Gyo—CGx + DGy, (5.7.11)
rae A, B, C, D— BecoBble MHOXKHTENH, NPHHHEMAIOIIHE 3HAUEHHS
or 0 po 1.

Mupl uceaenyeM mpepedbHblit ciyvyaft A = B = C =D, koTophli
03HAYaeT, UTO KaXAbfl mapTHep I[0OJydYaeT OT II0JEe3HOCTH CBOEro
KOHKYPEHTA CTOJIbKO K€ YIOBJETBOPEHHs!, CKOJbKO €My JOCTaBJsieT
¢BOA Cc00CTBeHHAA TOJe3HOCTb. Halla AMHAMHKA ONHCHIBAETCH CH-
creMo#

d o
=G+ Gy,
dy 5 (5.7.12}
ar - W (G, + Gy)
CranuoHapHBI pexKUM HCCIEAYETCS C IOMOILBIO YCJAOBHH
p q
+ - B: 0,
1
+ px+qy 1+ gx+ py (5.7.13)

q p — B =0
1+px+qy+1+qx+py B ’
KOTOphHie, KOHEYHO, MPHBOAAT K CTAUHOHAPHOMY COCTOSIHHIO Xp=—
= yo=(1/B) — 1 c BuIMrpLIIIaMH

G,,Qzey(,:m%—— 1+ p. (5.7.14)

TakuM o6pasom, BecbMa BepOSITHO, UTO CTOJb BO3BHILIEHHOE sIBJE-
HHe KaK COYUQAAbHOe CO3HAHUE MOXKeT BO3HUKHYTb B IOIYJSIHAX
4yepe3 ONTHMH3UPYIOMHE CBOHCTBA BBIMIPHIIEH B XOXe €CTECTBEH-
Horo or6opa.

5.8. dNUAEMHOJOTHA CJAYXOB

CJayxHl COCTABJSIIOT CBOEro poja <«BHYTPeHHee IOJIMHOXKECTBOY»
npobaeM nepefaun uHGopManuH. STa pa3HOBHIHOCTL «3MHAEMHE»
paspaxaeTcsl B Tex cJaydyadx, Koria HHpopMalus He MOXKeT OHTb
001IelOCTYIIHOR JIHGO H3-3a HH3KOTO YPOBHSI Pa3BHTHS CETH CBSI3H,
JHG0 H3-3a XKECTKHX «IIPAaBOBLIX» OTpaHHYeHHH Ha cBOOOAHOE pac-
IipocTpaHeHHe HHGPOPMALHH, KaK B CJydae TOTAJHTApPHBIX HJH «TEO-
KPAaTHYECKHX» OpraHH3alH# (CYLIECTBEHHO INOAABJIAIIINX (IYK-
TYallHd BO HMS COXPaHEHHS JOIMEL, T. €. CTaOH/JIbHOCTH CYLICCTBYIO-
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mero nosioxennst). Ciaenys ®@pauenranio [5.7], M HaMepeBaeMcs
paccMOTPETh HHXKE paclpoCTpaHeHHe CAYXOB CpelH ¢1abo CBsA3aH-
HBIX MeXAy cOGOd rpynn HHAMBHIOB, HJIH «COOGIIECTB». PaccMoT-
puM cucreMy k3 N -+ 1 H30JHPOBAHHHX HEGOJBIIHX OOLIMHY, KO-
TOpBIE MOTYT cOO0IIAaTbCA MeXAy cOGOM ¢ MOMOubI0 KaKoH-HHGYIb
NPHMHTHBHOH TEJ€KOMMYHHKAUUOHHOH cucteMbl. Takas cucreMa
«TeJIe(OHHOA» CBS3H MO3BOJISET B JIOGOH MOMEHT BpeMEHH KOHTAK-
THPOBATb ONHOH Hape OGIIMH: OAHA OGIIHHA IIOCHIJIAeT BHI3OB,
a Jipyrasi NpHHUMAaeT CHIHaJ. '

CJayxu pacmpoCTpaHSIOTCS ¢ NOMOIIBIO TAKHX NAPHHX O0OHOCTO-
POHHuX TeJeOHHBIX «pa3rosopoBy. Ilpeamosaraercs, 4YTo, IOCHe
TOTO KaK IIPHEMHHUK YCTAHOBJIEHHOTO B KOMMYHe TededoHa <«JIEKO-
JAMpOBaJ» MOCTYNHBUIHA CHIHAJ, COJeplKaHHe «pasrosopa» CTaHo-
BHTCS! M3BECTHBIM BCeH KOMMYHe.

Hamu N 41 koMMyH («KJI€TOK») HeJsTCS Ha TPH KATETOPHH.

Kareropust S («BOCIPHHMHYHBHIE®): KOMMYHBI, 10 KOTOPHIX CIyX
€lle He JOlIeJ, HO KOTOphle IepelalyT ero APYrHM KOMMYHaM
rocJsie TOTO, KaK CJIyX OO HHX AOHET.

Kareropust | («uH(EKIHOHHBIE): KOMMYHBEL, A0 KOTOPHIX CJIYX
Jomes, aKTHBHO PAaCIpPOCTPaHAIOIIHE €ro CpelH JAPYrHX KOMMYVH.
[lepenas cayx oauH pa3, KOMMYHBI THNA | «HEHTpaJqH3yIOTCA.

Kareropuss R («pe3HCTHBHBIE», WIH <«HENOALAIONIHECA»): KOM-
MYHBI, 1O KOTOPHIX CJYX AOLIeJ, JHGO He HUMeIollHe BO3MOXKHOCTH,
Jn60 He XKeJjalollhe NepefaBaTh ero IPYrHM KOMMYHaM, XOTs H He
OK43BIBAIOIIHE CJAYXY aKTHRBHOTO NMPOTHBOAEHCTBHS.

[Tpennosaraercsl, 4To AMHaMHKa PaclpOCTPaHEHHS CJAYXOB IMpo-
TeKaeT CAeAyIOIHM o6pasoM,

1) Cnyuafino BeIGpaHHas KOMMYyHa 3BOHHT Hayraj B JOOYI H3
N ocraJbHBIX KOMMYH (ecau TesqedoOHHAas JIMHHS He 34HATA).

2) Ecan koMMyHa THIa [/ 3BOHHT KOMMYHe THOa S, TO CAyX pac-
npocrpansercs. Cie10BaTeJbHO, 06€ KOMMYHBl CTaHOBATCS KOMMY-
HaMu Tuna [.

3) Ecau xomMmyHa Ttuna [ 3BOHHT B KOMMYHY Tuna [ uwan R, To
KOMMYH4, NOCH.IAlOIIAs BH30B, CTAHOBHTCA KOMMYHOH ThHna R.
KommyHa, npuHHMamollas BBI30B, OCTaeTcsl KOMMYHOH TOH Xe Ka-
TeropHH, KOTOPOH OHa nprHajAjexasna Nepel Teae(OHHBIM DPasro-
BOPOM.

4) BrI3oBH, NOCTyNAIOIIHE OT KOMMYH THIA S UJH R, He BJIHSIOT
Ha pacnpocTpaHeHHe CJAYXOB (TakHe BHI3OBH HE HMEIOT CMEICIA).

B cuiy ycnoBus 4 Beo6XOAMMO pacCMaTpHUBATb TOJbKO BHI30BHI,
YIOBJIeTBOPSAIOMIHE YCJOBHAM 2 U 3: 8ce BHI30BH, M3MEHSIOLIHE CO-
CTOSIHHE CHCTEMBEl, [IOCTYNaloT U3 KOMMYH THIa [.

Ilycts s(t), i(f) u r(f)—uucao komMyH tuna S, I v R B nu-
CKpeTHble MOMEHTH BpeMeHH f. OnpejeJUM BEKTOP COCTOSTHUS

P({)=(s(t), i(®), (). (5.8.1)
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Ilpu ¢ = 0 BRIMOJHsIETCS yCJAOBHE
PO)=(N, 1, 0). (5.8.2)

[lepBbii BBI3OB, M3MeHSIOWHE COCTOSIHHE CHCTEMbI, HNOCTyHaer
OT OHOH KOMMYHBI THIA [, KOTOPOH CJyX H3BeCTeH H KOTOpas BHI-
3bIBACT 1O Teneony oly n3 N koMmyH tuna S. Taxum o6pasow,

P(l)=(N—1, 2, 0). (5.8.3)

Haunnas ¢ storo momenra CYyLIEeCTBYIOT 064 pasJUUHBIX THIA Bbi-
SOBOB, KOTOPHIC M3MEHAIOT COCTOSIHHE CHCTeMBbl: (a) OJHa H3 JBYX
KOMMYH THna | BhI3EIBaeT OfHy u3 N — | KOMMYH THna S uiau (6)
OAHA M3 JBYX KOMMYH THIA | BBI3BIBA€T APYIyK KOMMYHY Thma /.
IosToMy, HauMHAst ¢ 2> 2, COCTOSIHME CHCTeMBI CTAHOBHTCS He-
ONpeAeJeHHBIM.

BMecTo TOro uTO6H HCCIEI0BATH BEPOSTHOCTH BCeX BO3MOXKHEIX
Pa3JHYHHX HCXOAOB, MBI H3YYHUM 3BOJIOIHMIO HX MaTeMaTHUeCKOro
OXHJAHHA, T. €. 3aMCHHUM BHIYHC/JEHHE CAY4YaHHOH NepeMeHHOM BHI-
UHCJICHHEM CCeKBEHIIHAJNbHO OOYCJOBJEHHBIX MATEMATHUECKUX OMKH-
JlaHu# 3TOH mepeMmeHHOH P.

Takas npouemypa uessno mpeanosaraer, 4To MaTeMaTHYECKOE
OXHJaHHe HalleHd cayuafiHOH mepeMeHHOH P mospoJser CyIuTb 006
HCTHHHOM IOBCACHHH CHCTeMH. 3[€Chb YMECTHO HEeMHOI'O OTBJEUbCS
W LIpUBECTH KOHTPNIPUMED, T. €. PACCMOTPETh CJIyual, KOTAa cpejHee
CJyYaifHOrO Mponecca CJIyXKHT OLIHGOUHOH OIEHKOH ero HCTHHHOIO
NOBEACHHA.

[Tyerb X — cayuaiinas nepemennas, KOTOpasi MOXKeT NPHHUMATh
TOJIBKO JBa 3HAYEHUS:

PX=N) =,

_N—1

P(X=0)="1.

MareMaTHyecKoe OXHIaHHe (cpemnee) sToro mpomecca pasHO
1 N —1
— A2 J—
E(X)_NN—I—O =N,

N03TOMY 1pH N — oo MaTeMaTHYecKOe OXKHIAHHe E(X) Heorpanm-
YEHHO BO3pacTaeT, XOTA BEPOATHOCTh TOro, uro X =0, CTPEMHTCSA
K enunume.

Boiuucanm gucnepcuro D (X) = E(X?)— E?(X) cayuaiinoro npo-
Lecca X. Tak kak

1 N—1
E(X})=N* 5+ 05— = N?,

AMCIepcHs OKa3bIBAETCsl pPaBHOM
D(X)=N*—N?=NZ(N — 1),
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a crangaptHoe otkJjonenne N4/N —1 npu N-—»oo Bospacraer
GnicTpee, YeM MaTeMaTHYeCKOe OXHAaHHe. Koria tak IPOHCXOJMWT,
MaTeMaTHYeCKOe OXHJaHHE Huxeeo He TFOBOPHT o chcTeme. Heoo-
XOJHMMO OUEHHBATH JUCIEPCHIO, a AJHA 3TOr0 TpeOyeTcs BHIYHCIHTDL
BEPOATHOCTH [Jsi ciayyafiHoi#i mepemenHoill. CiefoBaTesbHO, CTPOrO
TOBOpSi, HEBO3MOXHO OLIEHHTb TOYHOCTb HAllef MOJEJH, XOTs IpH-
BCJCHHBIH 3JeCh METOJ CYIIeCTBEHHO YIpolaeT MaTeMaTHYeCKHe
BLIYHCJIEHHSI.
Ho BepHeMcsi K HamuM BHuHcaeHusaM. [lpu (=2

P,=E(P(t=2)=(Sy, iy ), (5.8.4)

anpu t=K(=3,4,...)
Px=EP{t=K)|P(l=K—1)=Pg_)=(Sk, ig, rk). (5.8.5)

Vnaue rosopsi, Mbl IbITaeMCsi BEIYHCJIHTb BeKTOp Pk pekyp-
PEHTHO, NpeAmNosarasi, 4TO HaM H3BECTeH HCTHHHbIA BekTOp Pk_i,
B TO BpeMsl KaK MBI 3HaeM €ro MareMaTHYeckoe OxHAaHHe Pxi.
BoiBeaeM pekyppeHTHOe cooTHouwlenue. s 3T0ro OGyAeM CUHTATb
H3BECTHBIM, 4TO IpH { = K — 1

Py_1=(Sk—1, i1, Tk-1)- (5.8.6)
Toraa ucrunnoe cocrosiiie P (/= K) ecTb 1160

(SK—I—lr iK—-I—i—l’ rK——l)9 (587)
Jin60

(Sk—_1, ik—1— 1, rk_1+ 1), (5.8.8)

rje nepBas BePOSTHOCTb OTHOCHTCS K CJydyalo, KOrja KOMMYyHa
Tuna / BH3EBaeT No TeaedoHy KOMMYHY THna S (Y4TO NPOHCXOJHT
¢ BeposITHOCTBIO Sk—i/N), a BTOpasi BEPOSATHOCTb OTHOCHTCS K CJy-
yaio, KOIZla KOMMYyHa TuNa / BEI3bBAeT JHOO KOMMYyHY THna [, 1160
KOMMYHYy THIa R [UTO NPOHCXOJHT C BEPOSATHOCTLIO (N —Sk-1)/N].

ClefoBaTelbHO, [Be INepBble KOMIOHEHTH BekTopa Px paBHBI

S N-—-S N—1
SK: [;/—l (SK—l— 1)+ NK—I SK_I = N SK—I’ (5‘8'9)
S N—S ) . 2
ix =5tk + D A+ —5 ko — D) =ikt oy Sk — L

(5.8.10)

TlombiTaeMcsl Temepb yAOBJIETBOPHTbL ABYM DPEKYPPEHTHBIM COOTHO-
mennam (5.89) u (5.8.10), T. e. peUINTL CHCTEMBI CBA3AHHDBIX JIH-

HefHbIX PA3HOCTHLIX yPaBHEHHH.
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Haunem c ypaBuenns (5.8.9). Ouno pemaercs o HHAYKIHH:
N—-1

S = N So,
N —1 N —1\2
— — So,
S=Ss=()s (5.8.11)
s;<=N;‘s,(_,—~...=(N;‘)230=N(N;1)K,

TaK Kak So = N.
Paccmorpum Teneps ypasaenne (5.8.10). Ouno Takxe peniaercst

N0 HHAYKIHH:
. . N—1)\0
by — =2 ( ) -1,

N
. . N—1\I
12 - ll = 2 ( N ) - 1,
. (5.8.12)
. : N — 1 %!
ZK_ZK—1=2( N ) — 1.
Cymmupys Bce K ypaBHeHHH, noydaeM
K-1
—1y/
iK—i0=2Z(NN1) —K. (5.8.13)
j=0
Haxkonern, BcnoMunas, uto ip=1wu
K-1
gl _ 11— §K
==t
i=0
NPUXOAHM K COOTHOLIEHHIO
x=2N[1 = (1 =) ]+1-K K=o0,1,2.... (5814
U3 Bripaxenuft ans Sk u ix, rx caenyer dopmyJa
rg=N 41— Sx — ig. (5.8.15):

Takum o6pasom, npu J1060M N MbI MOKEM OLEHUTb SBOJIOLHIO caIy-
XOB BO BpPEMEHH.

Ocraetcss wuccieoBaTh OYeHb BaXKHHI BONPOC O TOM, KaKx
dasexo pacnpoCTpaHsIOTCS CAyXH. SICHO, 4TO CIyX mepecTaeT pac-
POCTPAHATLCA NOCJE TOTrO, KAK He OCTAHETCS HH OJHOH KOMMYHHI
THNA [, 0 KOTOPOH OH elle He AOUIE. CrenoBaTe/ibHO, OTBET Ha
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Hall BONPOC AaeT YHCJAO (HJH HPOIEHTHAas 10Jsd) KOMMYH THma S,
KOTOpBIE elle He OXBAaueHbl CJAYXOM IIOCJe TOro, KaK He OCTaHercs
HH ogHo# KommyHbl tHna /. Ero (u/1H ee) MBI y3HaeM, BHIUHCJIHB
3HauenHe K, npu xortopom ix =0.

Tax Kak 3HaueHHe (g B INPHBEJCHHBIX BHILUE BLIYHCAEHHAX
He 006s3aTeJLHO JOMXKHO OBITh LEJALIM, MOXET CAYYHTbCA Tak, 4TO
fv >0 H iyt <<0, Tle v—uejoe ugcjao. IlosTomy MB 3aMeHHM
B ypaBHEHHU JJs ik HHIAekc K Ha AN M pacCMOTPHM HENDPEPLIBHYIO
nepeMennyio A. Hac HHTepecylOT 3HaueHHs A, IPH KOTOPHIX iy = 0.
Hwmeem

2N[1 —(1 -—%)W]+1—Mv=o,
UJIH

x=2—2(1—%)w+%. (5.8.16)

[Ipu ouens Gospmux N (N —>oo) MBI MOXKeM CUHTATh, uTo 1/N~0,
[1—(1/N)]¥ ~ l/e. Torna

Do =2[1 — =], (5.8.17)

)\/0 ~ 1,594.

CnenoBaTeabHo, IpH Goabiiux N ciayX «BLIMHpaer» Iocje lpHMep-
HO f == MN = 1,594N «TesedhOHHLIX 3BOHKOB» H3 KOMMYHH THIHA /.
Kpome TOro, TaK Kak

N
Sy=N (N—A_,‘— ~ Ne—h ~ 0,238N,

KOIjla CJIyX nepecTaeT LHPKYJAHpPoBaTb, okojo 23,8 % KoMMyH Mo-
I'yT yTBEPKIaTh, UTO OHH «HHUETO HE 3HAJIH 00 3TOM>.
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CroxacTHuHOCTb, 0GYCJOBICHHAs
JACTEPMHUHHUCTUUECKOH JUHAMHKOMH
B IIDOCTPAHCTBE TpeX U 0oJjiee U3MEDPEHHI:
XaoC M CTPaHHbIE aTTPaKTOPbI

6.1. lepeoueHka KJIacCHYECKOH CTATHCTHYECKOH MeXaAHHKH.
Teopema Koamoroposa—Apnoasaa—Mosepa

B ra. 2 sToff KHMMH MBI YIOMHHAJIH O MQHHBIX, NOATBEPIKAAI0-
MWHX Ha6J10aeMyI0 COBMECTHMOCTL IPOH3BO/ICTBA SHTPOIIHH, IIPO-
rpeccupyiomeii And@epennnanny, Bo3pacTaHHS CJIOKHOCTH H BO3-
HHKHOBEHHSI CBOHCTB CaMOOPraHHM3allHH B KPYIHOMACIITAGHBIX CH-
cremax. Kak Mbl yKe roBODHJH, 5TH CBOfiCTBA CaMOOPraHH3aIHH
CBA3AHDBI CO CIIOCOGHOCTBLIO CHCTEME! MO/EIHPOBATH He TOJLKO OKpY-
JKAIOIYIO Cpely, HO H 4acTH camoil cebs. B cBoio ouepenb momenu-
poBaHHe paccMaTPHBAJIOCh HAMH KaK akKT CXKaTHig HHOOpMaLHH,
TONy4aeMOH H3 OKpy:KalolleHd Cpeibl, H NOCAeAYIOMEr0 HCIOJb30-
BaHHA 3TOH CkaTod HHGOPMAIHH B Ka4eCTBe BXOJA, MJH «IIPOTPaM-
MBI», B «aBTOMATe C KOHEUHBIM UYHCJOM COCTOSHHH, BHILAIONIEM Ha
BHIXO/le BPEMEHHYIO 3BOJIOLHIO, H/IH <«CLEHapHH», paccMaTpHBae-
Moro sBjeHHs. Hcesrenyem Temepb Gosee 101po6HO, KakuM ofpa-
30M MOTJ/1a OBl OCYILECTBASTLCA AHHAMHYECKH (N0 Kpaiineil Mepe Ha
TEOPETHYECKOM YDPOBHE) NPOLEAYpa CAMOOPTAHH3ALMH, WJIH CXKATHS
uHpopMauny. Bompoc 3TOT CymecTBeHHO CBfI3aH €O CBOHCTBAMH
aTTPAaKTOPOB B MHOrOMepHOM IpocTpancTBe. UTo6H HceaedoBaTh
9TH CBOICTBA, HaM NMPHIETCH HECKOJbKO OTBJEUbCS H PacCMOTPETh
Ha BeCbMa 3JEMEHTAPHOM YpPOBHE HEKOTODble M3 JOCTHIHYTHIX B
nocaeqHee BpeMsl YCIeXoB B 00/1acTH KJIaCCHYECKOH (CTaTHCTHuUe-
CKOIf) MeXaHHKH. Feub mnofizer ri1aBHEIM 06pasoM o XxapakTepe
«pacnpocTpaHeHHsA» TPAEKTOPHH MHOTOKOMIIOHEHTHON JAMHAMHUe-
CKOH CHCTEMHl B IIPOCTPAHCTBE COCTOSIHUE.

[Ipexke BCero HANOMHHM, 4YTO YCJIOBHE HJ€AaJbHOH 3ProAHu-
HOCTH 4 IepeMelIHBaHHsA ) (HJAH «MOJIEKYJ/SIDHOTO Xaoca»), KOTO-
poe BHIIIOJHSIETCS ([I0KA) TOJNBKO JAJSI HAEAJbHOTO KOHCEPBATHB-
HOro rasa bBoJsbIMaHa, KOTOPHIE H3 JIO6G0r0 HAYAJBHOTO COCTOS-
HHSL CTPEMHTCS K paBHOBeCHIO. JIeT TpuauaTh Hasajg CYMTaJOCh,
4TO H JI00as JOCTaTOYHO CJIOXKHas KOHCepBATHBHASL CHCTEMa Gy-
neT BecTH cebs Tak ke. B dacTHOCTH, mpeanmosarasnoch, 4to 60Jb-

D CucTeMa Ha3smIBaeTcsl CHCTEMOH C MepeMeIIHBAHHEM, ECH uadopmanus
O HayaJbHEIX YCJOBHSAX IOJHOCTBIO YTpauHBAaeTcsl. «3aOEIBAHHE» HAYAJBHEIX YCJIO-
BUf MOXeT MPOHCXOAHTL JIKGO Wepes KAcKall CTOAKHOBeHull, JH6O depes KacKaj
urepayud. TlomuepkHeM NapanienusM MexJy (H3MYeCKOH CHCTEMOH (uneanbHEIT
Ta3) H CHMBOJHYECKON CHCTeMOHN (aJropHTM).
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urasg CHCTEMa OCHH/LIATOPOB C HeAunetiHvimu B3aUMOAEHACTBHSIMU
O6y/IeT CTPEMHUTLCS K PABHOBECHOMY COCTOAIHMIO, B KOTODOM JOJIKHO:
HalJa0JaTbCsl paBHOpAcCnpe/ie/eHHe 3HEPTHH MO CTeneHsAM CB0GO-
abl. Kpome Toro, mpeanoJsarajoch, uTo JABHMKEHHE B NPOCTPaHCTBE
COCTOSIHMA TaKMX CJOKHBIX CHCTeM OyneT sproauueckuM. B 1957 r.
A. H. KoamoropoB coobmua [6.1] (noxpoGHee cM. B 3TOM pasjese
HHXKe€) O TOM, UTO HeJHHEeHHO BO3MYIUICHHbIE IBYXKOMIIOHEHTHBIE
Kose6aTeabHble CHCTEMBbI (C 4eTHIpbMs CTeNeHAMH CBOOOABI) MOryT
HMeTh B NPOCTPAHCTBE COCTOSIHHH HHBapHaHTHbIE TOPH. JDTO O3HA-
4aJI0, YTO HHKaKOH 3PFOAHYHOCTH B TaKHX CHCTeMax OBITb He MO-
xer. PepMu u ap. uccaenosaau B 1955 r. [6.2] cucremy, cocros-
myio U3 6oabluoro uucia (Ao N = 64) CBSI3aHHBIX OCHUJJIATOPOB,
HO He OOHAPYKMJH TEHAEHLNM K PaBHOPACIPEAEJeHHIO 3HEpPrHH.

Hao6opoT, kak MbH yBHAMM HHXKeE, Majoe BO3IMYLICHHe [axe
HHTETpUPYEMOH OB8YXKOMMOHEHTHOL TaMHJIbTOHOBOH CHCTEMB! NpH-
BOAHT K IOJHOMY MNepepoXAeHHIO XapakKTepa peUIeHHsA, T. €. Tpa-
€KTOpPHH (B UeTHIPEXMEpPHOM) IPOCTPAHCTBE COCTOSIHHH CHCTEMBI.
HeBoamymenHoe JBHKeHHEe peryasapHO. [locie BO3MYILEHHA B
TPOCTPAHCTBE COCTOSIHHA ocCTaloTess 00J1acTH, FAe JBHXKEHHE II0-
NpeXHEeMY PeryJsapHO, pe3ko OT[eJeHHBIe OT objacTefi CHJIbHO He-
PEryJsipHOrO («XaOTHUECKOTO») IBHKEHHA.

HauHeM, Kak # mpexie, C PacCMOTPEHHsI OJHOTO HeJHHEHHOTO
masiTHHKA. Ha si3bike raMHJIbTOHOBOH MEXaHHKH MOXHO CKasaTb,
YTO B 3TOM CJayyae HMeeTcd OJAHa «0000IIeHHAs KOOPAHHATa» @
(yroa, o6pa3yeMblii MAATHUKOM C BePTHKAJbl0) M OJH& KOMIIOHEHTa
amnyabca p. [aMuAbTOHMAH, T. €. NOJHAA 3HEPTHSl CUCTEMBI, MpPH-
X0JsLasACA Ha eJHHHIY MAacChl, PaBHa

2
H=% — (-gl-) cos g, (6.1.1)
rie / — nauHa MasiTHHKA. Y PaBHEHHs JBHXKCHHSA HMEIOT BHJ
G=p, p=—(§) sin g. (6.1.2)

Onu pemaioTcs B 3JJIUNTHUeCKHX ¢yHKuusx. [loTok B ¢azosom
IpOCTpaHCTBE N0KasaH Ha pHc. 6.1

TIpu MaJnbIX OTKJOHEHHSIX B OKPECTHOCTH Hauaja KOOpJAHHAT IO-
BelleHHe BHIMVIAJHT KaK IPOCTOE T'apMOHHUYECKOe JBHMXKEHHE C uac-

totoft KoaeGaunit 4/g/l. Ho npu GoJpux p ABHIKEHHe NepexoiuT
BO 8paujexie ¢ KOOPIHHATOH ¢, HEOTPAaHHUEHHO Bo3pacTamllel co
BpeMeneM. Kpupas, oTnenasiomast obaacTb spaujerull oT 006JacTH
Koaebanull, HaswBaercsl cenaparpucod. CenapaTpHce NpuHaljexaT
u X-06pa3HBle, HJIH CEIJIOBLIE, TOUKH, KOTOpHE COOTBETCTBYKOT He-
YcToduusoMYy PaBHOBECHIO MasiTHUKAa B BEPXHEM BEPTHKAaJbHOM IIO-
JOXKeHHH. DTO TpocTeAUIni caydall, Korja nepuol KoJebaTeJbHOTo
IBUXKEHHSI H3MEHSEeTCS OT TPAEKTODHH K TDACKTOPHH M CTPEMHTCH
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K OeckoHeurocTu (T. e. JBHIKEHHe CTAHOBHTCH anepuoduyeckum)
IpH NpUGJIHKEHHH K cemapaTpuce.

O6parumcst Temepb K ABYXKOMIOHEHTHOH CHCTeMe, T. e. K IBY-
MEpPHOMY OCHM/JIATOPY — MPOCTOH CHCTEME C rapMOHHUECKHM IBH-
KeHneM. Ee raMu/bTOHHAH HMeeT BHJ

2
1
H=>"=(p2+ olg). (6.1.3)
i=1
AMIIHTY A ABYX OCUHAIATOPOB A H B — HHBApHAHTHI ABHIKEHHS
H MOryT OBITH 3alMCAaHbl B BHE

U 1 2 2 42 1 2 2
A=— A/} + g7, B=—A/P}+ 0lq]. (6.1.4)
TpaexkTopus cHCTeMB Je:XKHT Ha mepeceueHuH JABYX TOBepXHOCTeH
= C, u B=C, (370 mepeceueHHe sBJsAETCS JIBYMEDHBIM TOPOM)

2

ol

BpauleHue
\_‘/‘ ] BeckoHeuYHBIN
‘ nepuoa,
\\ﬁ:}\ .
ZANSZNS
/_\

Konebanue

Puc. 6.1. ®asoBoe mpocTpaHCTBO MAaSTHHKOBOIO OCHHILIATODA.

II05TOMYy, €C/TH 3HaueHHst NOCTOAHHBIX C; n C, H3BECTHBI, TO Tpaek-
TOpHsI HAXOAMTCS B OPPAHHYEHHOH 06JacTH (YeTHIPEXMEpHOIo)
OIpoCTpancTBa cocrosiuuil. B 3aBucumoctH oT 3uauvennit C;, C,
TPAeKTOPHH DACNOJaraloTcss Ha cemeficTBe 2-TOPOB, BJIOMKEHHBIX
JApYr B Apyra B ()asoBoM IPOCTPAHCTBE. DTH TOPHl — HHBAPHAHT-
Hpl¢ TOBEPXHOCTH HameH cHcTeMBl. EcaM  oTHOWeHHe uacToT
o1/w2 PalHOHAIBHO, TO OPOUTH MOCJE HECKOJbKHX BHTKOB Ha TOpe
3aMBIKAIOTCA (MepHOJHUECKHE).

Ecin orHOuMIeHHe YacTOT @i/, HPPALHOHAJBHO, TO TPAEKTOPHS
CHCTEMBI IOKDBIBaeT TOp 3Ipzodudecku, T. e. 06pasyeT He TOJBKO
OTKpHITOE, HO U 8CH00Y NAOTHOe MHOXKECTBO HA TOPE B TOM CMEICIE,
4TO, €CIH NMOAOXKAATh AOCTATOUHO MOJro, TO TPAEKTOPHS HAa TOpe
N0 KpafiHed Mepe OJMH pa3 NPOHIET CKOJb YroAHO GJIH3KO OT JIO-
Oolt 3alaHHOH TOUKH.
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UTo mpou3oHIeT, ec/iH B CTOJNb IPOCTYIO CHCTEMY BBECTH caaboe
BO3MyleHHe? YUTo6GEl OTBETHTh Ha 3TOT BONPOC, 3allHIIEM T'aMHJbLTO-
HHaH Hawe# ABYMepHOH cHCTeMbl B 00IieM BHIe

H=5 (p}+ p2)+ V (4, 95) (6.1.5)

M, Cae/lysl 3HAMEHHTOMY uMCIeHHOMY npuMepy XeHona u XeHaeca
[6.3], npenmnoso:KuM, uTO HAIy CHCTEMY MOXKHO MOJAEJHPOBATh
yacTHUIlEH, ABHXKyHIeHcd B NMOTEHIHATE

1 1
V(g 9:) =5 (91 + 93+ di9,— 5 45 (6.1.6)

HeTtpyano BHAeTb, 4TO NPH MaJblX 3HAYEHHAX g1, §o JBHXKEHHe
BOKpYr ToukH paBHoBecHst (0, 0) BHIVISJIUT, KaX MPOCTOE JIByMep-
HOe TapMOHHUECKOe JBHXKEHHE.

Ho mpu yBeauueHHM aMIVIMTYAbl KoJeGaHHH TJaBHLIMH CTaHO-
BATCS KyOHueCKHe UJIeHBI, H [BHXKEHHe Ha IIJIOCKOCTH (g1, QQZ

NPOHCXOAUT TIO  TPEYTrOJbHOH
‘ TpaekTopuH (puc. 6.2). XeHOH H
V,>V, Xefinec npoBeJH YHCJICHHBIE pac-
v, 4eThl TPAEeKTOPHH J[BHXEHHS B
notennuate (6.1.6).
TpyAHOCTH HAar/asAHOrO Ipen-
CTaBJeHUs1 OpPOGUT B UeThIpex-
MEPHOM IIPOCTPaHCTBE COCTOf-
HUH MoOryT OBITh IpEOJOJIEHH,
- €CJAH  BBIIOJHHTb  CJCAYIOHIHE
q, YCJIOBHAL.
Puc. 6.2. ODKBHIOTEHUHAMBHbE JHHHH a) CocpelOTOYHTH BHHMaHHE
ansa npuMepos Xenona — Xeitsieca Bos-  Ha TpaeKTOpHHuX, COOTBeTSTBy}O-
MYINEHHOH CHCTE€MBl [BYX OCHHUJJISATO- HIHX HEKOTOPOH 3aJaHHOH TIOJ-
(p;(c:na. O6o6eHHHe KOFJpILHH&TbI ABYX  woii SHeprHH H,, T. e. H(41,42,
HUJIATOPOB — §;, Go; Vi, Vy— nBa
SHaueHHs moTeHmMAdbHON Gymkmmn. Pl P2) = H,. 910 mo3BOJsIET HC-
KJIOUUTb OJHY NepeMEHHYI0, Ha-
NPHMED pi, H CBECTH CHCTEMY K CHCTEME C TpeMs CTelNeHSIMH CBO-
6onn q1, g2, pe.

06) PaccMmaTpuBaTh He TpPEXMEPHYIO TPaeKTODHIO, a ee Ilepece-
YeHHe ¢ KaKOH-HHOY/Ib TJOCKOCTbIO, HanpuMep ¢ IJIOCKOCTBIO
g1 =0.

Ecan jgBUXeHWe OrpaHHYEHO M BCe TPAEKTOPHM 3aKJIOYEHH B
HEKOTOPDOH 3aMKHYTOH o6JsacTH, TO J00asg TPAaCKTOPHS CHCTEMBI
MHOTOKPaTHO «o0eraer» 3aMKHYTYIO 06J1acTh, epeceKasl IJIOCKOCTb
g1 = 0. «IlpoTeikaHMe» (NIJIOCKOH) TOBEPXHOCTH TpAaexToOpHe# B
NPOCTPAHCTBE COCTOSHHH Ha3wlBaeTcs «oToOpaxkeHuem I[lyankapes
H COOTBETCTBYET Ilepexo/]y OT aHaJOroBOrO ONMHCaHHA K LHODpOBO-
My omucanuio. Ha puc. 6.3, 3auMcTBOBaHHOM M3 paboThl XeHOHA —

q, |
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Xefisieca, MOKa3aHbl MOC/IEAOBaTeJbHEE TOUKH [epeceueHHs Tpaek-
TOPHH CHCTEMBI C IJIOCKOCTBIO g; = 0.

Co BpeMeHeM 3TH TOYKH IIEpPECEUEeHHs CJIHBAIOTCS B 3aMKHYTYIO
HHBapHaHTHYI0 KpHuBYIO. Takum 06pasoM, TpaeKTOPDHH 3a7al0T Ha
IJIOCKOCTH ¢; =1  oOJHONapaMeTpPHUECKOE CeMEHCTBO 3aMKHYTHIX
KPHBBHIX — CeueHHH HHBapHaHTHBHIX TOpoB. CJedOBaTeJbHO, BHUHC-
JAsl TPaeKTOPHH IpH JI060M 3aJaHHOM 3HAUEHHH SHEPTHH Hallel

0,2} .

Puc. 6.3. IlocaenoBarenpHble TOUKH, B KOTOPHX op6uTa clHcTeMH XeHona — Xefi-
Jeca fnepecekaeT IJIOCKOCTh gz, §p (mo paGote [6.4]).

MPOCTOH CHCTEMBbl M BHYEDUHBAsS IepeceyeHust TPACKTOPHE ¢ MJIOC-
KOCTbIO ¢y — 0, MBI NOJyuaeM BO3MOKHOCTb IPOCIEAHTL B 08Y-
MepHOM TIPOCTPAHCTBe MNOBeldelHe AMHAMHYECKOH CHCTEMBL C 4eTbl-
pexmepHbim (Pa3oBhIM NOpTperoM. XeHoH H XefJec INOCTPOHJIH
oro6paxente [Tyankape masi cBOeH CHCTEMBI B HIMPOKOM AHANA30-
He 3HayeHWH 3HepPrud. O6 YAMEHTEJbHBIX U HEOXHIAHHBIX DE3yJib-
TaTax, KOTOpble OHH MNOJYYMJIH, H INOHAET peub B 3TOM pasiede.

Ha puc. 6.4 cnoBa mnokasano orto6paxenue Ilyanxkape IpH
Hy=0,083 nns Bcero cemeficTBa HHTerpajbHbIX KDPHBHX. Bces
o6JjacTe (ha30BOr0 NMPOCTPAHCTBA, AOCTYNHAsS AJsi CHCTEMBl C 3a-
nanHo#l snepruefl H,, OKasbiBaeTCst 3aNONHEHHON HHBApPHAHTHBIMH
KDHBLIMH BecbMa CJ0XKHOH (opMbl. HamoMHHM, 4TO B OTCYTCTBHE
KyOHYecKHX UYJEeHOB B IOTEeHIHaJe ceueHHe OblIO Ol 3aMOJHEHO
KOHIIEHTPHYECKHMH OKDYXKHOCTIMH — CJIeJlaMH CEUEHHH BJIOKEH-
HbIX JpYr B ApYyra HHBapHAHTHHIX TOpPOB. Pasjnudbie 0oco6bie
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touku (O-o6pasHble (LeHTpb) u X-o6pa3Hble (CEAJNOBBIE TOUKH))
COOTBETCTBYIOT MPOCTHIM MEPHOJHYECKHM TPAeKTOPHAM JABHXKEHHS.

Heo6bluHas kapTHHA NpeAcCTaeT Nepe] HaMM, KOrja 3HadeHHe
raMHJbTOHMaHa NoaHuMaerca Ao Ho = 0,125 (puc. 6.5). Hekoro-
pble HHBapHAHTHBlE KPUBHIE euje OKPYXKaloT ocobble TOUYKH (MepHO-
JUYeCKHe TPAEKTOPHH), HO TaKHe KPHBHE yxke He 3al0JHAIT BCH
06J1aCTh TPOCTPAHCTBA COCTOSIHUH, NOCTYNHYIO JJfA «44acCTHI» C

T T T T Y T T T T T
0,4} -
0,2F J
(‘12 0r J
-0,2 4
-0,4 - -

1 i I I 1 1 1 1 1 ! !

-0,4  -~0,2 0 0,2 0,4
qz

Puc. 6.4. MnpapuanTane KpuBble oToOpaxenua IlyaHkape, mopoxjaaeMoro AuHa-
MHUECKOH cHCTeMOH XenoHa — Xefijeca Ha ILIOCKOCTH §2, §2. Pa3inunnie KOH-
TypH 06o3naven Gyksamu ot A mo H. (ITo paGore [6.4].)

Ho=10,125. B paspemennofi n6;1acTH TpaeKTOpuu OuayxjaloT ca-
MBIM HeperyJsipHelM o6pazom. FPaccesHHble TOYKH HaA DPHC. 6.5 co-
OTBETCTBYIOT NepeceueHrsM IUIOCKOCTH ¢ =0 oano#t anepuoduue-
ckoii TpaekTopuedl. Ilpu naJibHefllleM yBeJqHueHHH SHEPTHH 06JacTh
3amoJIHEHHAS MHBApPHAHTHBIMH KDHBBIMH, coKpamaercs euge GoJb-
me. Cosjnaercss BHeuaTJeHHe, YTO HHBapHAHTHBlE KPHBBIE MNpe0l-
J1ajJaloT OPH MajdbiX aMIUIHTyJax JABHMKEHHS H ClabbX BO3MY-
IIeHHSIX, HO TNpH OOGJBIIHX 3SHEPTHAX HHBAPDHAHTHl IOCTENEHHO
BBITECHSIOTCS, YCTynasi MeCTO MOJHOCTbIO HEpEry/spHOMY, HJIH Xao-
THYeCKOMY, TOBEJEHHIO, HEOXHAAHHOMY A ApPOCTOU OeTepMUHU-
CTUYECKOL CUCTEMbL C MAALLM 4UCAOM CTenexell c606000L.

Kak MOxHO 6b110 Gbl OGBSICHHTb TaKoe IMOHUCTHHE YAHBUTEJb-
Hoe moBefeHHe? OTBeT Ha 3TOT BONPOC O CYINLECTBY AaeT 3HaMe-
uutass Teopema Koamoroposa — Apuonbaa — Mosepa (KAM)—
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NO-BUAHMOMY, BeJqHuaiilnee JOCTHXKEHHE KJAaCCHUECKOH MeXaHHKHU
CO BpeMeH HyaHKape. Mbul He cTaHeM NpHBOAUTL 3[€Chb €€ JO0Ka3a-
TeJbCTBO, IIOCKOJIBKY 3TO OTBJIEKJO 6bl Hac OT Halled OCHOBHOH
TE€MBbl, 4 3dKOHYHM BBOJHLIHA paszea TrJ. 6 HeCKOJbLKHUMH 3ameua-
HHSIMH KayeCTBEHHOro xXxapakTtepa.

Pemaromee 3HaueHHe HMeeT BONpoc O TOM, YTO IIpDOHCXOAHUT C
HHBapUHAaHTHBIMMH TOpaMH B HalleéM 4YETLIpEXMEpPDHOM IIpOCTDAHCTBE

Puc. 6.5. MuBapunanthele kpusble oTo6paxeHus [lyaHkape, MopoxaaeMoro AHHa-

MHueckoH cHcTeMol XeHoHa — Xelileca Ha IJOCKOCTH {9, . BUIHH pasiuuHEle

06/1acTH peryJsipHOrO ABHKEHHs (TPAaeKTOPHH, JexallHe Ha HHBaPHAHTHHIX KpPH-

BHIX), OKpY¥KeHHble OO6JACTBI0 XaOTHYECKOro NOBefeHUA (pacnoszHaBaeMoil Mo
cirenaM ofHol amepuonwueckodl Tpaekrtopuu). (Ilo pa6ote [6.4].)

CcOCTOSIHHE (MM € CceMelfCTBOM COOTBETCTBYIOUIHX TOpaM KOHIlEH-
TPHUECKHX OKpYyXHocTel Ha niockoctu Ilyankape (g2, ¢2)), Korma
MBI HaJIOKUM Ha HAUIy NIPOCTYIO CHCTEMY JBYX OCHHUJJISITOPOB He-
Gosbuioe BosMylleHHe. [lo Mepe ycujeHHss BO3MYleHHS GOJNbLUIKH-
CTBO «pallHOHAJLHBIX» TIOBEPXHOCTEH (TOPOB ¢ pailHOHAJbLHBIM OT-
HOILIEHHEM ®1/®we = n/m) TOCTENeHHO pa3pylIAlOTCs, U HA CeYeHUH
[lyankape ocraercsl #eTHOe YHCJAO dYepeIYIOUHXCS 3JTHITHYECKHX
(O) u cennoBrix (X) (rumep6oJHuUeCKHX) HENOJABHKHHIX TOYEK, T. €.
YeTHOE YHCJIO MEPUOJAHYECKUX TpaeKkTopui (puc. 6.6).
[«<MppatnonanbHLies TOPH (IJS KOTOPHIX OTHOLIEHHE @1/®2
HppalHOHANbHO), XOTS H H3MEHSIOT CBOK (opMy NOA JeficTBHEM
¢1aBoro BO3MYIUIEHHUS, He PA3PYWIAIOTCA: Cclelbl HX IlepecedeHHs C
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ceuenueM [lyaHkape oCTalOTCd HWHBAPHAHTHBLIMH HENPEPHIBHLIMH
3aMKHYTHIMH KPHBBIMU. |

BLIsSICHHM, YTO NPOHCXOJUT B OKPECTHOCTH THMepOOJHUeCKHX He-
NOABUXKHBIX TOUEK, DTH TOUKH [OOJKHB OLITh COeJHHEHL HHTe-
rpajbHBIMH KPHUBBIMH -— CenapaTpHCaMH, KOTODble MBI YK€ BHIEJH
B npuMepe ¢ IByMepubiM (a30BbHIM IOPTPETOM MasfTHHKA. 3ame-
THM, 4TO 3TH HHBApPHAHTHHIE KPHBBIE, IlepeceKarollHecs B CeAJI0BOH
TOYKe, MOTYT OBIThb BXO/SIIHMH H BBLIXOJSLIHMH B 3aBHCHMOCTH OT
TOTO, KyJda ABUXKYTCS TOUKH IO HHBADHAHTHBIM KPHBBIM — K Cel-
JIOBOH HeNOJBHXKHOH TOUKE MJH OT Hee.

a b
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Puc. 6.6. TIpu ManbX BO3MYLIEHHSIX <«palHOHAJBHBIH TOp» (@) pacnajaerca u
Ha ero MecTe MOABAAIOTCA (6) pacnoOXKeHHBe NOMepeMenHo 3aaunTHueckue (O)
¥ cemnosnle (X) (rumepGonnueckne) HemoaskHule Toukd. (Ilo paGorte [6.4])

I1pu onpeje/eHHBIX YCJIOBHSIX KpPHBas, BHXOAAULash M3 ONHOM
ce/sIOBOfl TOUKH, MOXKeT cTaTb Bxojsmlefl KpHBOH [Jsi cocelHel
cemsioBoll ToukH. ONHAaKO B ofIIeM cJayuae 3TOTO He RPOUcXoour:
MOKa3aHO, YTO OOBLIUHO HHBAapHaHTHAs KPHBas, BLIXOAALIAA U3 OJ-
HOHl ce[JIOBOfl TOUKH, IepecekaeT HHBADHAHTHYIO KPHBYIO, MpOXO-
JANYI0 uepe3 COCENHION ceanoBylo Touky. Cmeiin [6.5] mokasad,
YTO ecJId MHBAPHAHTHLIE KPUBLIE, NIPOXOSNINE Uepe3 COceIHHEe Cel-
JIOBblE TOUKH, NepeceKkarTCss ONMH pas, TO OHH INepecekawrcs Oec-
KOHeuno MHO20 pa3. TOUKM IlepeceyeHHss MHBADHAHTHBIX KPHUBBLIX H3
COCEJIHUX CeAJOBBIX TOUEK HA3BIBAIOTCA 2OMOKAUHU4ECKUMU TOUKA-
MHu (puc. 6.7).

OxkoHuaTesqbHas KapTuHa B ceueHHu Ilyankape ckaaabiBaercs
caenyomuM o6pa3oM. Mexkay OCTaBUIHMHCS HHTerpasibHBIMH KpH-
BBIMH HPPalHOHAJbHBIX TOPOB pacClo/iaraioTces 00JacTH Hppery-:
JIIPHOTO TOBEIEHHS, NMOPOXKIAEMOr0 XAOTHUECKHMH TDPaeKTOPHAMH,
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TOUKH MepeceueHHsl KOTOPHIX ¢ ceueHHeM [lyaHkape sBJAAIOTCA TO-
MOKJHHHUEeCKAMH ToukaMH, O6/acTH XaOTHYECKOro HOBEAEHHsI MO-
TYT OBITb OU€Hb MaJibl, €CJH BO3MYLIEHHE OUeHb MaJo, HO PasMephl
HX BO3PaCTAIOT C yBeJHUEHHeM NapaMeTpa BO3MylleHHs. B oraHuue
‘OT 3TOTO MNOBeJeHHe BOJN3H HEMOABUXKHBIX TOUEK — LIEHTPOB, BO3-
HUKaloIlee TpPH paspyllleHHHd palHOHAJbHBIX MOBEPXHOCTeH, MaJo
4YeM OTJHYAETCs] OT MEepPBOHAUAJBHOH CHTyallHH, KOrJa Nepuojnue-
ckast op6UTa OKpYxKeHa HHBApHAHTHBIMM (palMOHAJbHBIMH) TOpa-
MH. 31echb Tak ¥Ke, TOJbKO B MeHblleM Maclutale, IMPH yCHJIEHHH
BO3MVINEHHS Ka)kJasi paluoHaJbHasi MNOBEPXHOCTL paspylaeTcs,
MOPOXKAasi MEeHTPHl U CeJJOBble TOUKH. PasrasiiviBasi KapTHHY, H30-
6parkeHHyIo Ha pHC. 6.8, B MHKPOCKOMN C JA0CTAaTOYHO GOJBIIHM YBe-
JHUYeHHeM, MOXKHO Obio Obl 3aMeTHTb, YTO OHAa BOCIPOH3BOAHTCSH
BO BCE MeHblIeM H MeHblleM MaclTale.

PesroMupys, MOMKHO yTBEPXKIaTb, 4TO cOBpeMeHHas KJacCHYe-
CKasli MeXaHHKa, CYIUIeCTBEHHO HCMOJb3Ysl YHCJEHHble 3KCTepUMeH-
THl, MOJYUHJa Ba)KHBIE HOBBIE De3yJbTATH, UMeEILIHe OTHOUIEHHE
K KJacCHueckoH cTaTHcTHuecKofl MexaHuke. C oAHOH CTOPOHBLI, MO-
JyueHHble JaHHbIe MOKa3biBaloT, uto [-Teopema DBosabumana (H,
c/1e[0BaTeqbHO, 3PTOJAHYHOCTb H NepeMellliBaHHe) He CJeAyeT CuH-
TaTb HENPEMEHHBIM aTPHOYTOM IOBEJeHHS CHCTEMbl, COCTOsILIeH H3
6OMBIIOrO UYHCJa B3aHMOJAEHCTBYIOUIHX KOMIIOHEHT 4r006020 poja,
KpoMe T8epluix wapos. [1paBiaa, YHCJeHHbIE 3KCIEPUMEHTHl BpOAE
TOro, KOTOpLIH OBl BhimosiHed PepMH H Ap. [6.2], NPOBOAMIUCH HE
© ThHICSYAaMH HJIH MMJIJHOHAMH, a BCEro JHIIb TNPHMEPHO C COTHeH
B3aHMOAeACTBYIOIIMX OCHUAIATOPOB. BmecTe ¢ TeM MOXHO 6bLIO
6L BO3PA3uTh, UTO ja)ke eCJH Mbl paccMaTpuBaem poBuo 100 B3au-
MOJeACTBYIOUIHX TBEPABIX IIAPOB, TO OTHIOAbL He 00s3aTesNbHO CJe-
JIyeT OHIaThb MOHOTOHHOrO BO3PacTaHHs 3HTPONHU. Bompoc 3TOT
IOKa oOcTaeTcss OTKPBLITHIM, HO, K CYacTblO, 3aTPOHYTHIH HamH
‘ACMEKT He CYLIeCTBeH AJs HalleH TeMHl.

C apyrofi CTOPOHB, KaK IMOKa3blBalOT paboThl, CBsi3aHHBIE C
teopemoii KAM, nake oueHb He60.buioe UMCIO B3aUMOAEHCTBYIO-
THX OCHMJJIATOPOB, 0oJjlee TOro, AaxKe CHCTEMa C TPeMs CTENeHSIMH
¢B060Ab (T. €. 00UH HeJHHEHHBIH OCHHJJIATOP I[PH rapMOHHIECKOM
BHelTHeM BO36yXjeHun [6.6—6.8]) npu 3alaHHBIX 3HAYEHHAX
yNpaBJsiiOUIMX NapaMeTPOB MOXKeT HMETb MOJHOCTBIO XaOTHYeCKYIO,
T. e. amepHOIHMYECKYI0 TPaeKTOPHIO, HEOTJIHUHMYK OT caydyaiiHoro
myma. Bosee Toro, B mocjegHee BpeMs CTajo Bce GoJiee SICHO, YTO
I'AMHJIBTOHOB «Xa0C» TIPHUHIIUIIHAJBLHO HHUEM He OTJHUYUM OT aHaJjo-
HYHOTO TOBejleHHs, o6HAPYKHUBAEMOro B JHCCHIATHBHLIX CHCTeMax
MaJiolf PasMEPHOCTH (3a HCKJIOUYeHHeM OJHOH BaxkKHOH OCOGEHHO-
CTH: TaMHJBTOHOBBLI CHCTEMBI COXPaHAIT 00beM B (asoBoM Npo-
CTpamHCTBe, B TO BpeMsl KaK B JHCCHIIAaTHBHBIX CHCTeMax o0beM B
haszoBoM TPOCTPAHCTBe CHUMAETCA 8 ATTPAKTOpP, PasMepHOCTb
KOTOPOTO MEHbLIe Pa3MePHOCTH HCXOJIHOTO MPOCTPAHCTBA).
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Puc. 6.7. HHBapuaHTHas KpuBafd, HAymas u3 ojHO# Toukd (X), Iepecekaer

B 0ecKoWe4no MHOTHX TOYKAaX HHBAaDHAHTHYI KDHUBYIO, HIYIIYK® U3 ApYrofi

ToukH (X), Ha oToOpaxennu [lyankape. ITu NepeceyeHHs] HHBADHAHTHHIX KPHBHIX
HA3bIBAIOTCS «TOMOKJUHUYECKHMH TOYKAMHY.

Puc. 6.8. MupapuanTuble KPHBHE, OKpYKeHHHIe 00/1acTBI0 XaOTHYECKOrO IOBeje-
nus. ([To paGore [6.4].)
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6.2. luHaMHKa B TPEeXMePHOM MpPOCTPAHCTBE COCTOSMHHMIA
(TpH cTeneHu cBoGoiabl). CTALHOHAPHBIE COCTOSIHHMS,
npeneJibHble LHKJIbl, NPUTATHBAIOUIHE TOPHI

B npensiayuieM pasiene Mbl BHIEJH, 4TO OJHH H3 HauboJee
HHTEpeCHBIX pe3yabTaToB Teopembl KAM — ycroduugocts «uppa-
IIHOHAJbHBIX» TOPOB OTHOCHUTEJNbHO MaJblX BO3MYLIEHHH MOJHOM
3HEPTHH raMHJbTOHOBOH CHCTeMBI, DTO 03HayaeT, YTO HPPALHOHAJb-
Hble TOPbl 06J1afal0T 0COO0l «CTPYKTYPHOH yCTOHUHBOCTBIO® IPH
MaJiblX 3HAQUeHHsIX BO3MYIUIAIOUIErO NMapaMeTpa & B BLIPAXKeHUH JId
raMUJIbTOHHAHA

H=H0+81_11, (6.2.1)

rae Ho— sHeprus uHTerpupyeMo#i HeBO3MYylIeHHO# cucreMH. Pa-
3yMeeTcsl, TAKOTO pojia YCTOHUHMBOCTb He HMeeT HHUUero obuiero c
acuUMNTOTUYeCKOL YCTONYUBOCTBIO aTTPAKTOPOB, ¢ KOTOPOH HAM HpH-
XOAMJIOCH [0 CHX [Op CTAJKHBATbCA TNPH H3YUeHHH HeJHHeHHBIX
AUCCUMATHBHBIX CHCTEM C JBYMs CTemeHAMH CBOOOJB,, & UMEHHO C
fIpeneJbHBIMA LHKJaMH. Bo-nepBrIX, HppaunHoua/jbHble TOpPH (TO-
J06HO palHoHaJbHBIM TOpaM) oOpa3yloT ceMeficTBa, 4jeHBbl KOTO-
PBIX «BJOXKEHBI» JAPYr B ApPYyrd, MO3TOMY OHH He ABASIOTCS aTTPak-
TopaMH. Bo-BTOpHIX, B cCJyuae AaCHMITOTHYECKOH YCTOHUHBOCTH
ATTPAKTOPOB (XapaKTepHBIX TOJBKO [Js IHCCHMATHBHBEIX CHCTEM)
ATTPAKTOP AaCHMNTOTHYECKH YCTOHYHMB OTHOCHTEJNBHO BO3MYIUIEHHIH
HAYAAbHOIX YCA0B8UL, HO MOXKET 0Ka3aTbCs 4Ype3BbIYaHHO 4YYBCTBH-
TeJbHBIM K MaJblM BapHalUUusSM YOPaBJASIOLUX NapaMeTpoB B
OKPEeCTHOCTH KPUTHUYECKHX 3HAUEHHI.

CaenoBaTeJbHO, YCTOHUHMBOCTD HpPalHOHAJNBHBIX TaMHJIBTOHO-
BBIX TOPOB OTHOCHTEJNBHO MAaJblX BO3MYIUIeHHMH ynpasisroujux napa-
METPOs CHCTEMBI, XOTS OHa H INPOU3BOJAHUT BHeuaTJeHHe cama Io
cefe, He MMeeT OTHOIIEHHS K ACUMOTOTHYECKOH YCTOHUHBOCTH, Xa-
pakTepHO#l AJA (YyCTOHUHMBBIX) aTTPAKTOPOB JHCCHNATHBHHIX CH-
creM. B 3TOH CBSI3H BO3HHKAeT BONPOC: KAKOrO THIA aTTPAKTOpBI
MOCYT BCTPETHTBCA HAM B JAHCCHNATHBHBIX CHCTeMaX, HMEIOLIHX
foJiee ueM JIBYMepHO€ MPOCTPAaHCTBO COCTOSHHH?

BcnoMHHM, uTO B ABYMEpPHOM MPOCTPAHCTBE COCTOSIHHH enuH-
CTBeHHBEIMH THIAaMH oco0eHHOCTeH, KOTOpble HaM BCTpeuasuch, Obl-
JIH HeNOJBUIKHbIE TO4KU (CTAallMOHAPHBIE COCTOSAHHSI) M npedeasHeie
yuxasl. VI3 HHX aTTpakTOpaMu (JJs AHCCHIATHUBHBIX CHCTEM) SIB-
JISTIOTCA TOJIBKO CTAalHOHAapHBIE COCTOSIHHSI U yCTOHUMBBHIE Ipefelib-
Hble ILHKJHL

MayueHne RMHAMHKH TpeXmepHO20 NPOCTPAHCTBA COCTOAHHHA MBI
HauHeM ¢ 060OIEeHHS TOro, UTO HaM yiKe H3BeCTHO B IBYMEPHOM
cJyuyae, — C HCCAeNOBAHHS ABTOHOMHOH CHCTEMBI Tpex CBSI3aHHBIX
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HeJHHEeAHBIX AH(depeHilHaJbHEX YpaBHeHHH

dX

d—t1=f1(X1’ Xy, X3 n),

dX

dt2 =f2(X1’ X2’ X31 u)y (622)
dX,

T=f3(X1) X2» X3> M),

JedCTBYs IIPH 3TOM TakK e, Kak B pasl. 2.2 IOPH pacCMOTpPEeHHH
JBYMEDHOH CHCTEMHL.

IlepBuifi mar B HaumieM aHaJlu3e — HCCJEJOBAaHHe Ha YCTOHUH-
BOCTb B JIHHeHOM NPHOMHKEHHH CTallHOHADHBIX COCTOSIHME X},
T. €. HCCJeloBaHHe COOCTBEHHBIX 3HAUYeHHH MATDHLBI B3aUMOJeli-
CTBHSI

G O Oy3

A= ay ayp ayg |,
Q3 Ozp Qg3

rae oy =(0fi/0X) .

XapakTepHcTHUECKOe YpaBHEHHe B TPeXMepPHOM cJayuae OyleT
KyGHUECKHM, [03TOMY COOCTBEHHEIE 3HayeHHs MaTpHuel A Moryr
6bITb JHGO BCe TPH BeujeCT8eHHbimu, JHO0 OJHO BeuiecTseH-
HblM U IBa KomnaiekcHo-conpascesnoimy. COGCTBEHHBIH BEKTOp, T. €.
pelieHne cucteMu nuddepeHIHaNbHBIX yDaBHEHHH, MOXHO NpeacTa-
BUTb B BHJE JHHEHHOH CYNePIO3HIIHH

3
X — Z cixiel'it, (6.2.3)

i=1

rie A; — coB6CcTBeHHBIe 3HAUEHHs] MaTpHUb A, T. e. PeLICHHsS] Xapak-
TEPHCTHUECKOrO0 YpaBHEHHUsl, C; — TOCTOSIHHHIE HHTErPHPOBAHHS,
T. €. YHCJa, 3aBHCSIIHE OT HAYaJbHBIX YCJOBHH, a X;-— DElICHUH
JINHEaPU30BAHHOH CHCTEMBI

(0 — A) %1 + appxe + ay3x3 =0,
01X + (tgy — A) X+ 03Xz =0, (6.2.4)
031%) + GgoXy + (0g3 — A) x3=0.

[TonbTaeMcst Tenepb KJaacCHPUUUPOBATH BO3MOXKHBIE KATETOPUH
oco6eHHOCTEH.

Cayaaii A. Bce cobcT8enHble 3HA4YEHUA BEUECTBEHHbL U OTPU-
yareavrdl. B 3TOM cayuae MBI HMeeM YCToduugoe CTAYUOHAPHOE
coCcTosHUe, KOTOpOe sIBJsleTcsl aTTPAKTODOM B TPeXMEPHOM IMpo-
crpaHctBe cocrosHufl. (Ecnm Bce co6CTBeHHBIE 3HAYeHHA Belle-
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CTBEHHBl M NOJOMXKHTENbHB, TO MBI IIPOCTO HOJYy4YaeM HeyCcTOHYHBOE
CTallHOHAPHOE COCTOSIHHE — TaK Ha3blBaeMblll peneaaep.)

Cayuati B. Bce cobcrsentsie 3HAYEHUS BeujecT8eHHbl, 08a U3
HUX OTpuyaresvhst (HampuMep, Ay H As2), a Tpersve (hs) nOAOKU-
TeAbHO. B 3TOM ciyuae MBl HMeeM CTAl[HOHAPHOE COCTOSIHHE, KOTO-
poe NPHTACHBAeT BCe TPAEKTOPHUH B IJIOCKOCTH (X1, X2) H OTTAJKH-
BaeT HX BJOJb OCH x3. DTO — (TpexMepHas) ced.i08as TOYKQ.

Cayuat B. O0nO cobcTsennoe 3HAYEHUE BEULECTBEHHO U OTPU-
yareasHo (Hampumep, Az << 0), @ A-, As — KOMHACKCHO-CONPANCEH-
Hble ¢ OTPUYATEeAbHbIMU BewjecTB8eHHbiMU wacTamu. B 3ToM caydae
B OJHOM INOANPOCTPAHCTBE (Ha IJOCKOCTH (X1, X2)) ocobas TOUKa
BeJeT cebs Kak ycToH4YHBHIH (okyc. B Hanpap/leHHH OCH X3 Tpaek-
TODHH CIHPAJAMH npubaiuxarorcs K (HOKYCy A0 YPOBHS MJIOCKOCTH
(x1, X¢) no nmoBepxHOCTH JuGO MapaGo/IOHAAa C OChIO X3 B KauecTBe
ocn cuMmerpuu (cayuaii 0 > Re{Ai, A2} > A3), 1u60 «BOTHYTOrO®
KOHYyCA C OChl0 X3 B KauecTBe ocH cuMMeTpun (cayuait Re{h;, Ao} <<
<C A3 << 0). Ecan BeniecTBeHHble 4acTH BceX COOGCTBEHHBIX 3HaUe-
HHH noOAOXUTEAbHbL, TO MH TNIOJAy4YaeM HeycTOHUMBHIH (oKyc Ha
IJIOCKOCTH (X1, X3).

Cayuad I'. O0HO cob6cTsenHOe 3HQYEHUE BLUWECTBEHHO U NOAO-
gcureabno (Hampumep, Az > 0), @ ki, Ay — KOMNACKCHO-CONPANCEH-
HbLE C OTPUYATEAbHOIMU BELYeCTBeHHbIMU 4acTamU. D10 Gosee HH-
TepecHbll cayuali. Kak u B ciayuae B, ocobas Touka BemeT cebs
Ha IJIOCKOCTH (X1, X2) Kak YCTOHUHBHIH (hOKyC, HO 8 oTau4ue OT
TpeAbIAYIIEro ciaydas, Tak Kak Tenepb Az > 0, TpaeKTOpUS B Tpex-
MEDHOM NPOCTPAHCTBE HE «CIYyCKAETCA» IO CIHPAadH, CXOAAIEHCS
K (OKycy, a YXOAUT OT (OKyca, Kak NnokasaHo Ha puc. 6.9. Takymo
0COOEHHOCTD NMPUHATO HA3bIBaTh CeLJ0-(QOKYC.

Eme 6oJiee HHTEpecHBIH caydail BO3HHKAET, eCJIH IOMEHSTL 3HAKH
COOCTBEHHBIX 3HaueHHuH, T. e. ecad Az << 0 u Re{A, Ay} > 0. B sTrom
CcJyuae Mbl OHATb MOJYYaeM YCJOBHS, HPHBOASIIUE (B ABYMEPHOM
IIPOCTPAHCTBE COCTOAHHHA (X1, X2)) K Oudpypkauun Xomda — mepe-
X0A4y OT HeycTOAUHBOro (oKyca K YCTOAYHBOMY TIPEAEeNbHOMY
IHKJTY.

CkasaHHoe a0 cHX mop mpocTo (M TNpsMoJHHeAHO) oGo6miaer
Ha TpexMepHOe MPOCTPAHCTBO COCTOSIHHE TO, YTO HAM y¥e H3BECTHO
M3 IByMepDHOH TeopuH, H3JOXKeHHOH B ra. 2. ITonblTaeMcsi Temepb
HCCJI€J0BAaTh BO3MOMKHOCTb CYIECTBOBAHHS aTTPAKTODPOB, MPUCYLIHX
TOIBKO [AHHAMHKE B TPEXMEDHOM NpPOCTPAHCTBE COCTOSHHH H He
HMeIOIIUX aHaJoroB Ha IVIOCKOCTH. [lepBoe, 4TO IPUXOAHT B TrO-
JIOBY, — HCCJIEA0BATh BO3MOXKHOCTb CYILECTBOBAHHS JIBYMEPHBIX
npurszusarowux TOpoB (HeH30eXHO <«HppallMOHAJBHBIX», TAK KakK
BEPOATHOCTb CJYYalHHO BHIOpATh AB€ YaCTOThl @; H w2 C HPpalHO-
HAJbHBIM OTHOLIEHHEM ropa3fo 060Jblle, YeM BepOSiITHOCTb IONAcTh
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Ha 4YacToTbl € pAalHOHAJBHBIM OTHOIIEHHEM (1)1/(1)2=I‘L/In, rage n,
m — LeJble 1IHCJIEI). HaHOMHHM, 49TO B 3TOM Ciydyae TPAaeKTOPHA Ha
[IOBEPXHOCTH TOpa (I‘aMPIJIbTOHOBa HJIH HeI‘aMPIJIbTOHOBa) KBa3Hu-
nepuoauueckast, T. €. OTKphlTad H BCIOAY INIOTHAA, H, CJel0Ba-

4%

Puc. 6.9. OcoGas Touka cento-hokyc.

TeJbHO, 3peodurecxkasn. JIHCCUNATHBHBIA HeJHHeHHBIH OCLHJJIATOP
C OCHOBHOH YacTOTOH i, Ha KOTODHIH AeHCTBYyeT BHEIUHsS IepHO-
AHUecKas BBIHYXKJAmIlas CHJAA C YacTOTOH g, — MPHMED CHCTEMH

v

\_7_/

w,
Puc. 6.10. 2-top.

C TpeMs CcTeneHsMH CBOGOAH, T. €.
cHcTeMBl, o6Jajaloniefi TpaeKkTo-
pHeH B TPEXMEPHOM IPOCTPAHCTBE
cocTosiHHH. Ecan y Takoro OCLHJI-
asropa B CBOGOAHOM pexuMe (6e3
BO3JeHCTBHS BBHIHyXKJamolle#l CcH-
JAbl) HMeeTCsd IIPEACJbHBIH LHKJ
C OCHOBHOH 4YacTOTOH ®;, TO MOK-
HO TIpelcTaBUTb cefe COOTBET-
creylomui 2-top (puc. 6.10), no-
6JIM30CTH OT KOTOPOTO HeT ApYyro-
ro TOpa, HH BJOXKEHHOI'O B HeEro,
HH OOBEMIIONEro ero. JTOT TOp
ABJSIETC ATTPAKTOPOM B TpPeXMep-

HOM IIpocTpaHcTBe cocTosiHui. B ceueHun IlyaHkape aToro topa MH

MOJIYUUM IIpeleJbHBIH LIHKJ.

Kak sosnuxaer Taxkoli TpexMepHBIH TOp npu 6udypranuu? Ilpo-
CJA€AUTb 32 €ro 3»BOJIOLHeH Iar 3a LIaroM BecbMa MNOYYHTEIbHO.
3anuiueM ellle pas Haly TpexMepHylo cucTemy Auddepen-
HHaJbHEIX YPaBHeHHA B TakoM BHAE, UTOOHl IO CYLIECTBY BCe CBO-
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LUI0Ch K HeJHHEeHHOH CBSI3H JHHEapH30BAHHOH ABYMEPHOH CHCTEMH
X1, X2 C TpeTbell MepeMeHHOH Xa.

[TycTs Xx;, Xy, X3— BO3MYLIEHHsI OTHOCHTEJLHO HEKOTOPOH 0cCo-
6ot Touku (Xj, X, X;). Tlpemmonoxum, uto ocobas TOYKA
(X1 X3) — dokyc. [IBymMepHas cucTeMa Xj, ¥z caMma Mo cebe (B ka-
HOHHYeCKOH (opMme) fiMena Obl BHI

dxl dxs

T + Bxa, & By + axy, (6.2.5)

¥, Oyayd4H CBsi3aHHOH C TpeTbeH NepeMeHHOH x3, MOPOXKAAET CH-
CTeMY ypaBHeHHH

dx

‘d—tl‘ = ox; + Bxp + XX,

d

Txt'{ = — fx; + axo + xyx3, (6.2.6)
dJC3

Tzf(xh Xo, x3)'

BBoasi TMOJIsipHbIE KOOPAHMHATH X; = r COS @, Xp = r sin@, npeobpa-
3yeMm cHcTeMy ypaBHeHu# (6.2.6) K BHLY

dr

de
=k @

T
dx
—5 =1, ¢ x3).

=ar -} rxs,
6.2.7)

3aMeHa MepeMeHHLIX [I0Ka3blBAET B SIBHOM BHAE, YTO YyIJOBas CKO-
pOCTb BpallleHHs1 (HanpuMep, e = B) B IUIOCKOCTH (X1, X2) He 3a-
8uCuT OT TOro, KakuM o0pa3oM IepeMeHHasd xsz CBsA3aHa C X1 H X
CuegoBaTe/BHO, €CJIH MAapaMeTPhl CHCTEMBl YpaBHEHHH OTHOCHTEJb-
HO # H X3 MPHBOISIT K BO3HHKHOBEHHIO IPeAe/]bHOIO LHKJIA C OCHOB-
HOIl yrJaoBOH YacTOTOH, HalpuMep ®;, TO B HauboJee BepPOSTHOM
clyuyae OTHOLIEHHE ®)/wp UPpallHOHAILHO. TakuM 00pasom, cHcTeMa
(6.2.7) cnoco6Ha 1OpoOXKIATh 3ProjHyeckoe KBA3HIIEPHOAHYIECKOE
oBeJeHHe,

Yro6bl BLI3BaTh BOSHUKHOBEHHe aTTpakTopa B BHAe 2-TOpa, J0-
CTaTOYHO CBsI3aThb HEJHHEHHBIM 00PasOM HeJHHEHHBIH OCUHJISATOD
¢ TpeTbed mepeMeHHOH x3. IIpHBeleM KOHKDeTHHIH LpHMep, T. €. 3a-
JaidM B ABHOM BuJe Hally QpyHKLIHIO f(xy, Xe, X3). BriGepem

f(xp X Xg)=0x3— (¥ + 23+ x§) = o1y — (r2+ £3).  (6.2.8)
CocpeILOTquM BHHMAaHHe Ha cHcTeMe (7, X3), a HMEHHO Ha CHCTEMe

dr dxs 2 2
—F =or +rxy, —p=ox,—r*—x; 6.2.9)
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H OllpefenHM, NPH KAKHX YCJIOBHSX B CHCTEMe MOXKeT BO3HHKHYThH
npefenbHblfi IHKJA. Cucrema (6.2.9) uMeeT cienymoUiHe CTallHOHAp-
Hble COCTOSIHHUSA:

a) r'=0, x;=0;

6) r'=0, x,=o;

B) X,=—a, rr=a/—a?—oa, —ala+0c)>0.

HecnenyeM kaxkaoe H3 3THX CTAallMOHADHBIX COCTOSIHHH Ha YCTOM-
YHUBOCTh OTHOCHTEJNBHO MaJjlbiXx BO3MyUIeHHH, monarass r=r"4p u
x,=x,4§ rre p<Kr u § L xj

a) [loacrasass B cucreMy ypasHeHudl (6.2.9), monyyaem

d d

—d%=ap H —§=0§. (6.2.10)

Ecan oo <0 n o << 0, To cranuonapHoe cocrossuue (0, 0) yeroii-

yugo. QHO CTaHOBHTCS cedaoM, ecan ¢ >0, a << 0, uau o << 0,

o => 0; HaKOHel|, OHO CTAHOBUTCH peneanepom, ecau o > 0, 0 > 0.
6) B stoM cayuae Mbl mosaydaeM

—g—‘t)—zp(a—ko) H %-=—-0§. (6.2.11)

Ecin (@ 4+ 0)<<0 u ¢ >0, To cranuoHapuoe coctrosguue (0, o)
ycrotitugo. llpn o << 0, (04 a)<<0 310 cedao, npu o <0,
(06 + a) > 0 — peneaaep.

B) B sTOoM ciayuae sHHeapH30BaHHAs CHCTEMa HMeeT CJIEAVIO-
LIMH BHA:

T =a(r o)+ (" +0) (5 +5) =
—ar 't ap+ e o5+ s~ s (PE ), (6.2.122)

R e —

0
E=o(5+E)— (0P — (5 +EP=
=ox,—r?— x>+ —2r'p—p* — 25— E =~

[ —

0

~ —2r'p 4 (o + 20)E, (P*+ &8 <K 1). (6.2.126)
3anuiieM XapaKTepHCTHYECKOE yDaBHEHHE 3TOH CHCTEMBI:
A2 — 4 (o + 20) + 2r'2=0, (6.2.13)

HJIH
A2 — A (0 4 20) — 2a (o 4 0) = 0. (6.2.14)
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*

Cocrosnne (r", x;) — pokyc, ecau KOPHM XapaKTEPHCTHUECKOTO

ypaBHEHHs] KOMILIEKCHO-CONPSIXKEHHBIE, T. €. €CJH (04 20)2 <<
< —8a (0o + a). ScHo, uto mpu o < —20 BELIECTBEHHBIE HYaCTH
COGCTBEeHHbIX 3HAUEHHH OTPHILATEbHBl H NMO3TOMY (DOKyC yCTOHYHB.

BenoMHHast To, YTO yXKe rOBOpHJOoch B pasa. 2.2.9 o morepe
YCTOMYUBOCTH (POKYCOM M POXKIAEHHH NpPEJeNbHOTO HHKJIA, MbI 6e3
Tpyaa o6GHApyKHM, UTO B MHTEpecywlleM Hac cefiuac cilyyae TIpH
0 = —2 GOKyc TepseT YCTOAUHBOCTb M BO3HHKAET INpede/bHbIH
ILHKJI ¢ YIJI0BOH 4acTOTOH

o, =4/2r =+/—2a(a+ o), (6.2.15)

BOOOIIE TrOBOps, HECOM3MepHMOH ¢ ©y. CJilei0oBaTeNbHO, NPH O =
= —2¢, epPUOAHUECKOE PelleHHe g CTAHOBUTCsS HEYCTOHYHMBHIM, H
BO3HHKaeT npurszusarowull 2-Top ¢ KBa3HNEDHOIHYECKHM JBHIKE-
HHeM, ecaH ycaoBusa o + 20 =0, o (o 4 o) << 0 coBMeCTHHL.

TlogBegeM HTOrM. Mbl YCT2HOBHJH IIOKa, UTO B TPEXMEPHOM
NPOCTPAHCTBE COCTOSHMH AHCCHNIATHBHASA CHCTEMa HMeeT yCTOWMUH-
Bble CTAllHOHADHBIE COCTOSIHUS, TpefelbHble UMKAb [B o0liem Cay-
yae nepuoga K, rpe K=2, 4, 6, ..., 2v; 5TO 03HauaeT, 4To B Ce-
yennu IlyaHKape TpPaeKTOPHH COOTBETCTBYeT He Tapa TOYeK
(K =2), a cxopee HaGop u3 K =~ 2v IHUCKPETHBIX TOUEK, KOTOpbIE
TpaeKTOpHs OGXOAMT B LMKJIHUECKOM TIOpsiKe] H 2-TOpBl ¢ KBasH-
NepUOAHUECKUM ABHKEHHEM.

CymecTByeT Ju B TPexMepPHOM IIPOCTPAHCTBE COCTOSHHH elle
yro-HHOyAL? [Jla, cymiecTByer. Mpl nokaxem ceffyac, 4to B Tpex-
MepHOM TPOCTPAHCTBE COCTOSHHI CyIlecTByeT elle OfHA Hambojee
BajKHas KAaTeropHs aTTPAKTOPOB — TaK Ha3blBaeMble «CTPAHHBIE»
aTTPaKTOPHI.

Henepuoduueckue arrpaxropel. Hrak, BO3HHKaer BOIpoc: Cy-
IECTBYIOT JH B TPEXMEPHOM IPOCTPAHCTBE COCTOSIHHH aTTPAKTOPbI
60JIee «9K30THUECKHE», UeM CTAllHOHApHble COCTOSHHS, NpelebHbIe
L¥KIB H ABYMepHble TOPH? JlaxKe €caH Takue aTTPaKTOphl Cylle-
CTBYIOT, TO B TPEXMEDHOM IIPOCTPAHCTBE OHH JAO/KHBI HMETb HYy-
aegoti o6pem. OnnomepHoe ceueHue Ilyankape Takoro arrpakropa
MOXKHO TNpeICTaBHTh B BHAE OGECKOHEUHOTo aHcaMOgs HEeCUeTHBIX
HECBS3HBIX CerMEHTOB M3 TOUEK Ha INPAMOH, KOTOpbie aTTPakKTop
«rocelaeT» BCAKHI pa3, KOTAa OH HENEePHOAHYECKHM («XaoTHUe-
CKHM») 06pa3oM NPOXOAHT Uepe3 «HyJeBOH yPOBEHb».

CyLIecTBYIOT JH 8 ApuHyune Takue CTPYKTYPHl, HampuMmep, Ha
HopmupoBanHoM uHTepBade [0, 1]? Cymectsyior. Xopouo H3BeCT-
HHIM TIPHMEPOM TAaKHX CTPYKTYP MOXKET CJYXKHTb KAHTOPOBCKOE
MHOJCecT80, TpelcTaBJsioniee co60f HeUTO CpefHee MeXAy KoHed-
HbIM MHOXKECTBOM TOUEK M HempepbiBHOH KpuBofi (puc. 6.11). Pac-
CMOTpPHM 3aMKHyTHI orpesok [0, 1], paspenum ero, HanpuMep, Ha
TPH paBHbE YaCTH H BHIOPOCHM CPEIHIOI0 UacTh, OCTABHB KOHILbI
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1/3 n 2/3. TloBTOpUM 3Ty npoueaypy GecKOHeYHO MHOro pas (Ha
BTOpPOM 3Tame MH BbOpocuM orpeskd [1/9, 2/9] u [7/9, 8/9], Ho
OCTaBHM HX KOHUH). B pesyibraTe Mbl MOJYyYHM HEpEryaspHOe
GecKOHeyHOe HecYeTHOe W HEeCBSI3HOE MHOXKECTBO TOUEK Mepbl HYAb.
B nocnennem HeTpynHo yGemuThbCs, BHIYHCIAA NOJHYIO AJHHY JO-
[OJTHEHHs, T. €. JJIHHY BHIOpOIIEHHOH yacTu oTpeska [0, 1].

1 2 2z 8
9 9 S 9
2zsssss00 YRR —————
selssares YL LIS TSLI SIS 1
i 2
3
Puc. 6.11. Knaccuyeckoe KaHTODOBCKOE MHOMKECTBO («4epHO-6e/oe», CHMMET-
pHYHOE).
JvHa BbIGpOIIEHHOH YacTH paBHa
(o)
1 2 an o 2"
3‘+5‘+..+—3m+=zl 3n+1=1‘ (6216)

CoorBeTcTByIOIHA (MOKa Bece elle THIOTETHYECKHEH) aATTPAKTOP
B TpPeXMEPHOM IIPOCTPAHCTBE He fBJETCH HH 3aMKHYTOH KpPHBOH,
HH NMOBEPXHOCTBHIO C OIpPeaeJeHHOH eBKJIHJOBOH pa3MepHOCThIO. ITO
CKOpee He3aMKHyTas HecaMOIlepeceKamollasacs KpUBasi, 3aKIIOYeH-
Hasi B KOHEYHOH MOA06JAacTH NMPOCTPAHCTBA COCTOSSHHE u o6pasyio-
masg B 3TOH mojgofjacTu GeCKOHeUYHOe MHOMKECTBO [BYMEDHBIX JH-
CTOB. DTa KpHBaf <«IOCELAeT» 3TH JIUCTbl HEPErYJsiPHO M HMeeT
BJIOJb 3aJaHHOrO HalpaB/JeHUss N0 KpalHeld Mepe Ha OJHOM H3
JaucToB cedeHue [Tyanmkape, KOTOpoe fBJsSeTCH KAHTOPOBCKHM MHO-
JKECTBOM HJIH HANIOMHHAET ero 1o CTPYKType.

6.3. CtpanHnbie aTTpaKTOpbl

6.3.1. OxHoMepHble 0TOOpaXKeHHST HA OTpE3Ke.
«JlorucTuyeckast» Mogesb

Mpbl HauHeM Ha 3TOT pas He C CHCTeMBl TPeX CBA3aHHLIX HEJIH-
HeWHbIX OOLIKHOBEHHBbIX AU depeHIHaNbHBX ypaBHeHHH, a ¢ OJ-
HOT'O HEJIMHEHHOTO PA3HOCTHO20 YPABHEHHs «JOTHCTHUECKOTO» THIIA,
Halpumep,

Xig=aX; (1 —Xy), 0<<X,<1. (6.3.1)

Kak Mbl yBHAMM B JajbHelllleM, ypaBHEHHs TAKOTO THIA OYEHb XO-
pOLIO ONMHCHIBAIOT OAHOMEpHOE OTOGpaKeHHe C OJHHM MaKCHMYMOM
(«omHHM rop6omM») B ceueHuu [lyaHkape HEKOTOPbIX BeCchbMa HHTe-
PECHBIX TPEXMEDHBIX «CTPAHHBIX» ATTPakTOPoB. OMHAKO MOKA MBI -
OyneM ImpejnoJaratbh, YTo Halla AHHAMHYeCKAas CHCTEMAa OIHCH-
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BaeTcsl TOJbKO Pa3sHOCTHHIM ypaBHeHHeM (6.3.1). K uncay npume-
pOB (hpH3MUECKHX CHCTEM, ONHChiBaeMbix ypaBHeHHem (6.3.1), oTHO-
CATCA M MOAEIH MONYJsAIHHA ¢ NepeKphBAIOIUMHUCS MOKOJIEHHAMH.
OcHOBHO# BONpOC B 3ajauyax TaKoTO poAa CBOAHTCS K OLEHKe rn-ro
IIOKOJIEHHs 110 HONYyJsIHA NMEePBOro nokoseHus. Taxk Kak Mbl BIep-
Bble BCTPEUAEMCsi C OUCKPETHbIMU THHAMUYECKHIMH CHCTEMaMH, Halle
uccaenoBaHne (pasHocTHOro ypaBHeHus (6.3.1)) ecrecTBeHHO Ha-
YaTh C BLISICHEHHA KPHTEPHEB yCTOHYHMBOCTH CTAIlMOHAPHBIX COCTOS-
HHl, WM B OOIIEM cJydYae CTAallHOHAPHBIX DEIIEHHH TAaKHX CHCTEM.
B sorucruueckoM ypaBHEHHH

F(Xn)zxn+1:axn(1 _Xn) (632)
peanunHa F(X,) nocruraer Makcumyma npu X, = 1/2, npuueMm
a

FMaKC:z-v I<a<4

CranuoHapHoe cocTosiHHe cucreMbl (6.3.2) (T. e. 3HaueHusd, K KO-
TOPHIM CXOAATCS Pa3Mepsl GyAyUIHX MOMYJALMA) ONpeaessioTes Kak
TOuKa (HJH TOUKH), B KOTOPHIX NpAMas, NPOXOAsilasi depe3 Ha-
YaJ0 KOOPAHHAT NMOA yrioM 45° K ropH30HTaJbHOMY HampaBJaeHHIo,
nepecekaer napaboay F(X,). Takux Todek 1aBe: OAHa B Hauaje
KOOpAHMHAT
L]

X,=0, (6.3.3)

apyrast — AJas KOTOPOH

Xn+1=Xn=aXn(1 - Xn))
HJIH

Xp=1—. (6.3.4)

B o6meM cayuae cralHOHapHble COCTOSIHHSI SIBJIAIOTCA pEIEHHAMH
ypaBHenus X, = F(X.) nHa unrepsase [0, 1].

UccreayeM Tenepb yCTORYHBOCTb CTAIHOHAPHBIX cocTosHUA. [lo
CUX NOP KPUTEPHH YCTOHUMBOCTH ObLIH YCTAHOBJIEHBl I/ CHCTEM,
HabJ0daeMblX B HenpepblBHOM BpeMenH. Jlaa cucreM, Habaionae-
MHIX «CTPOGOCKOMHYECKH», T. €. B AHUCKPETHbIE MOMEHTH BPEMEHH,
CUTyalUUsi U3MeHsieTcsi: 4TOObl YBHAETh TOYHO, KaK 3TO IPOHCXOJHT,
3amuineM ypaBHEHHs JMHEAPH30BAHHOH KOHTHHYya/bHOH («Cruiowi-
HOH») CHCTeMBI AJs (MaJbiX) BO3MYILEHHH x;(f) OTHOCHTENBHO J1aH-
HOTO CTAIlMOHAPHOTO COCTOSIHUSA

dx, N. .
'—(i—t-:Za”xi fesl,..., N) (6.3.5)
j=1
B BHAE

N
x;,t+1)—x; ()= Zl a;x;, (6.3.6)
=
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rie N-—uyueno cremeHeff cBOGOABI cHCTeMBl, a;;="(0f:/0X;). H
T — NPOMEXYTOK BPEMEHH MeEXKAY [ABYMsl IIOCJeA0BaTeJbHLIMH Ha-
6nwonenusmu. Kosdpduuuentsl B3aumonetictsus B (6.3.6) Touno ra-
KHE Xe, KAK B KOHTHHYaJIbHOH CHCTEME, T. €. ABJSIIOTCA 3JEeMEHTAMH
MaTpHIBl B3aHMOJEHCTBHA A KOHTHHYaJbHOH CHCTEMBI.

CucreMy u3 N ypaBHenudl (6.3.6) MOXHO 3amucaTh 6ojiee KOM-

IMIAaKTHO B BHJE
x(t 4+ 7) =Bx (1), (6.3.7)

rle Temepb 3JE€MEHTH b;; MaTpuubl B3auMopeficTBus B pasmepom
N X N onpenensitoTcsi COOTHOUICHHSIMH

b;; =a;; + 0y,
HJIH
B=1tA+41, (6.3.8)
rae | —enunnyHas MatpHua:
[1 00 ... 0]
010...0
I=]l001...0
(o0o0...1]

[Tonaras x;(f) ~ (A)**, Mb mONyyaeM ¢ y4eTOM TOrO, 4YTO
x (¢ 4 1) = Ax(f), BMecTO ypaBHeHui#l (6.3.7) cHCTeMy ypaBHeHHI

AX (f) =Bx (9. (6.3.9)

CoG6cTBeHHBIe 3HAYEHHS A Mbl HaxOQHM, peiias XapaKTepHCTHUe-
CKO€ ypaBHEHHe

det (B — AI)=0. (6.3.10)

OTO ypaBHEHHE OTAU4AETCS OT XAPAKTEPHUCTHUECKOTO ypaBHEHHS
KOHTHHYaJbHOH CcHCTeMH. B ciyuae AHCKpeTHOH CHCTEMH JJs
YCTOHUHBOCTH CTAIlHOHADHOI'O COCTOSIHHSI HEOOGXOAHMO U JOCTATOUHO,
YTOOBl BELIECTBEHHble YaCTH 8cex COOGCTBEHHBIX 3HAYEHHH MpPHHAM-
aexanu uurepsany (—I1, 4+1):|Re{A}| << 1. B Haurem mpumepe 310
03Ha4aeT, YTO CTAlHOHAPHbLIE COCTOSHHS YCTOHYHBBI, €CJAH yroJ Ha-
KJ0oHa KacatenbHoH K KpuBolli F(X.) B COOTBeTCTByWINEH TOUKe
3akmoueH Mexny —45° u 45° (puc. 6.12).

BuiuucauM yraoBofi koaddunueHT KacatenbHodl. B Touke X*
yraoBod koa¢¢uieHT KacatenbHO#l K KpuBOH F(X,) = X,y =
= aX,(l— X,) paBeHn

A (X) = (%)x=x* 2714)7 [aX (1 = X)]x=x*=2a [(1 — 2X)]y—x*.

(6.3.11)>
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Jna cranuonapHoro cocrosHus X* =0 moaydaem AV ({0)=a, HO
TaK KaK B HeTPUBHAJAbHBIX caAydasix a > 1, HauaJo KoopauHaT éce-

Puc. 6.12. JlorucTuueckoe oTo6paxe-
uxne. OaHO ycTofiuMBOe CTauHOHApPHOE
COCTOsIHHE. @ — HTEPaLHOHHBIH Tpolece
(TOKa3aH wWTpuxo8ol Autuerl) Ha OTO-
Opaxenun F(x), 6— dynxuua F(F(x)).
UlTpixoBasi JHHHA HMeeT HakJIOH B
45° ¥ TIPOXOAMT 4epes HawaO KOOp-
aunat. (ITo pa6ore [6.9])

N
s .
X2 X2

Puc. 6.13. JlorucTHueckoe oTO6pake-
uue. Ilpeabigywiee cTanuoHapHoe co-
CTOSIHHE CTAHOBHTCH HEYCTOHYHBEIM H
BO3HHKA€T  YCTOHUHBHIA  IpejiesbHBIN
uuka nepuojga 2. (ITo paGore [6.9].)

20a sBNsieTCs HEYCTOHUMBHIM CTAlHOHAPHBIM COCTOsHHEM. [l1a cTa-
LHOHApHOTO coctosiusag X| =1 — (1/a) monyuaem

2 (X1) =a—2a(1 ——%):2——(1.

(6.3.12)

3TO CTALHMOHAPHOE COCTOSTHHE YCTOHUHBO, ecau M”(XI)QI, HJH

npu | << a << 3.
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HeiicTBuTeIbHO, Korjga «ropG» KPHBOH CTaHOBHTCs Bce Gousee
KPYTBIM H F(X)yaxe CTPEMHTCS K eJHHHIlE, YIpaBJASIOIHE mapa-
METp JOCTHIaeT CBOEro KPHTHUECKOTo 3HaueHHs (4., =3), 3a KOTO-
pbIM CTallHOHAapHOe cocTosiHHe X| CTaHOBHTCS HeycTOHUHBHIM. [lo-
HATb, UTO MPOHCXOAHT 32 KPHTHUECKHM 3HAUEeHHEM d., =3, Ham
TIOMOXKET pacCMOTPeHHe BTOPOH urepauuu ¢yHkiuu F(X):

KXpr2=F(F(X,))=F®(X,). (6.3.13)

CTaILPIOHaprIe COCTOsIHHA B 3TOM dCiyuae — Te€ 3HAUCHHA X;,

KOTODHIE  SIBJISIIOTCS  BELIECTBEHHBIMH  DELICHHSIMH  ypaBHEHHs
X;=F®(X;) B unteppase [0, 1]. Kax Buano u3 puc. 6.13, B srom
ciyyae CYLUIECTBYIOT UYeThipe CTAllMOHAPHBIX COCTOSIHHS, @ HMEHHO:
HayaJo KOOpJAHHAT, mpeibaymas Touka X;==1—(l/a) u aBa Ho-
BbiX «catemtuta» X' u X;” mo oe cTopoHbl oT X]— pelleHHs
ypaBHeHHUsI
X' (1—X)[1 —aX" (1 —X)]=X", (6.3.14)
HJIH
X3 — 23X+ a?(a+ 1) X4+ 1—a2=0, (6.3.15)

KOTODble BCE BEU[ECTBEHHLl M TOJOXKHUTEIbHH (3aKJIOUEHBl MEXIY
Oul).

Tounee roBopsi, oAUH KopeHb ypasHeHus (6.3.15) ecTb crapoe
cocrosinne X;=1—(l/a). JIBa HOBBIX CATENJHTHHIX COCTOSIHHSE

OTPENeNsIOTCS ABYMS IDYTHMH KODHSIMU

X — l+-a++/a2—2a—3

: < (6.3.16)
H
xy—lte—ye-n=3 (6.3.17)

Hccnenyem rtemnepb, Kak Befer cebst yriaoBoH KoadpduuueHT A(x)
KacaTeJbHOl B Touke X| K KpuBof 2-fi urepanuu F® (X)s HMmeem:

aF (x)

ST = A (X)=a>—2a’(a+ 1) X 4 6a°X? — 4a3X3, (6.3.18)

AMX)=a—4a+4=(2— o)’ =1V X"~ (6.3.19)
STOT pe3ysabTaT, CBA3bLIBAIOUIHA yIJI0Bble KO3(G(HIUEHTH KacaTelb-

HbIX, ITPOBEIAEHHBIX B JQaHHOH TOUYKe K TOCJeAOBATENbHBIM HTepa-
IHSIM, MOXHO 000OIIHTD:

AE(X) = [A0 (X)]K. (6.3.20)
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(U3 cootHomennst (6.3.20), B 4aCTHOCTH, CJeAyeT, UYTO, KOTAa «Ma-
TEPHHCKAasi» TOYKA X* CTAHOBUTCS HEyCTOHUHBOH, B ee OKPECTHOCTH
HOSBJISAIOTCA yCTOHUNBbIE GJIH3HELbI-CATEJIHTHI.)

Hrtak, npu a > 3 nocje 6udyprauuu (npu a, = 3) npeasiayliee
CTallHOHADHOE COCTOsSIHHE TepsieT yCTOHUMBOCTh, H B €r0 OKPECTHO-
CTH BO3HHKAIOT J[Ba HOBBIX CTAallMOHApHBIX cocTosiHus. CHcTeMma
KoJedeTcss MeXAy STHMH IByMs COCTOssHMAMH (puc. 6.13) mo
YCTOHUHMBOH ACHMIITOTHYECKOH TPaeKTOPHH — IpeleJbHOMY LHKIY
«mepropa 2». ODTH KoJeGaHHs aCHMITOTHYECKH YCTOHUYHBE B TOM
CMBIC/Ie, UTO TNPH MHOTOKPaTHHIX HTepauusix oTobpaxenus F(X)
Mbl BBIXOAHM Ha HHX IIpH JHO60OM HayaJbHOM 3HaueHHH Xo.

[Ipu nasbHefinieM yBeJHYEHHH NapaMeTpa a Mbl JOXOAHM J0
HOBOTO KPHUTHYECKOrO 3HaueHHs ., = 3,414, 3a KOTOpHIM KacaTellb-
uble B Toukax X/, X;” (MMeiollHe ONMHAKOBble YrJOBblEe KOIDPH-

1HeHTh) 06pa3yloT ¢ FOPH3OHTAJbHLIM HallpaBJEHHEM YroJ Kpydye
45°. ATo 03HAYAeT, UTO IHKJ MepHOAA 2 CTAHOBHTCS HEyCTOHUYHBEHIM,

BCJIEJICTBHE uero xasxdoeui u3 cateanutos X, , X;” craHOBHTCA He-

YCTOHYMBBIM, H IO CTOPOHAM OT HEro MOfBJSIOTCS ABA HOBBIX CaTeJ-
JIHTa — OHH COOTBETCTBYIOT BO3HHKHOBEHHIO ACHMIITOTHYECKH YCTOM-
YuBHIX KoJeGaHuil nepuona 4. Tako# kackan Gudypkauuii Touex X*
TPUBOJAUT K CEPHH «yIBOEHHI MePHOJAa» BO3HHKAIOIIHX MPee/bHbIX
LHKJIOB H IPOAOJKAeTcs IpH AajbHefilleM yBeJIHUYEHHH [apaMer-
pa a: npHa > ac, , UHKJI NeproAa 2"~! CTAHOBHTCs HeyCTOHUHBLIM,
v mocienyiomas OudypkalHus NOPOXKAaeT YCTOHUHBBIH LHKJI IIe-
puona 2n.

OtnenpHble TOYKH X* Ha ocH X, Kak BHAHO H3 puc. 6.14, He
MOPOXKAAIOT CHMMETDHUHLIE MHOXKECTBA: IOCJIEA0BaTeJIbHOCTb TO-
gek X* pacrnosoxena ua orpeske [0, 1] Becbma Heperyaspuo. Ot-
pesok [0, 1] pas6uBaercss Ha o6JyacTH (IOAMHOXKECTBA HJH IMOJIO-
ChI), B KOTOPLIX TPaeKTOPHH CYLIECTBYIOT. IDTH 06JacTH pasjeseHbl
«IyCTBIMH» [OAMHOXECTBAMH, B KOTOpble OPOHTHI HE MOMAAaroT.

[Ipu caMoM KpHTHUECKOM 3HaueHHH a. =~ 3,5700 (B Touke

HAKOILJIEHHS KPUTHUECKHX TOUEK) MU 00HQ NepHOAHYECKas TPaek-
TOpUs [PAKTHYECKH He YCTOHYHBa, M pasBUTas BhHIIEe CXeMa
HOPOKAAeT TaKkKe anepuodudecKyro TPAEKTOPUIO GECKOHEUHOTO Ie-
pHoaa. DTOT peXHM OOBIYHO NPHHSITO HA3HIBATh «Xa0COM», H, HE-
CMOTpPS Ha TO, YTO HET HH ONHOH ycTOHYMBOH ODOHTH, €My COOT-
BETCTBYIOT HE [IHCKDETHBIE TOUKH, a 8CH00Y NAOTHbLE NPUTASUBAIO-
wue nodmroxcecrsa Ha uurepsajte [0, 1]. DTH HHTepBasbl C/I€N0B
HTEPUPYIOLIETO0 «MHOTOYroJbHHKa» Ha ocH X 00pasyioT, KakK roBo-
PAT, KaHTOPOOOpasHoe MHOXKECTBO — ACHMMETPHYHOE MHOXKECTBO, O
KOTOpOM TIoOHAer peub B pasi. 6.4. Ho mpexpe, yem MH MO¥-
IeM paJjblile, HeoO6XOAHUMO HCCAeNOBaTh 6osee MOAPOGHO, KaKHM
o6pasoM B03HUK@eT Xaoc B Kackale OHQypKauumii yABOEHHS
nepuoaa.
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Heckoabko ner Hazax ®eiirenbaym [6.9], no cyuiecTsy c no-
MOIbIO OJHOIO JIMIlb KapMaHHOIO MHKDOKa/bKyasftTopa, oGHapy-
XKW, 4TO MyTb K XaoCy pexyppexTex B clenyloniem cmbicae. [lo-
C/1el0BaTE/bHOCTh KPUTHUECKHX 3HAUeHHH a. Mexay 3 H ~3,57
IOAUHHACTCA ABYM <YHHBEPCAJbHBIM» NOCTOAHHBIM: (1) ko03addu-
uHeHTy nodobus p=2,50290787 ..., sajapomeMy <«nokasaTelb
IJIOTHOCTH YNAKOBKH» KPHTHUECKHX TOUeK X* MeXJy ABYMs TmocJae-
AOBATENbHBIMH TOKOJEHHSIMH COCTOSHHH (3TO paccTOsiHHE B HHTep-
Base [0,1] Ha ocm X Mexay GoJsee 1aneKHM CTAHOHAPHBIM CO-

0,0 0,25 0,5 0,75 1,0
Ay 1
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Puc. 6.14. Cepus npeoGpaszoBanuii noaoCHA MNOABIHTEPBANOB, BHYTPH KOTODHIX
PAacIloJaralTcsl TPAGKTOPHH, TNPH TOCHEA0BATENbHEX KPHTHYECKHX 3HAYEHHAX
yNpaBJsIoONlero napaMerpa a IPHBOJAHT K KackalaM YABOEHHH IepHoja, mpejme-
CTBYIOUIHM JOCTHXKEHHIO TOYKH HaKomJeHns a, =3,57. B mnpeiene 5TH HHTep-

o)
BaJH 00pa3yloT acHMMETDHUHOE <«UepHO-0esloe» MHOXKECTBO THNA KaHTOPOBCKOTO,
XapaKTep KOTOPOTO ONpeJessieTcss CKeHMMHPOBOH KOHCTaHTOH W Oeilirenbayma.
Tlocae 0BaTe/bHEIE KPHTHUECKHE 3HAueHHS @, CBA3AHH MEXAy COoGOH KOHCTaH-

toit § Pefirendayma. (Ilo pabote [6.10].)

CTOSIHHEM, TfpeTepreBaiomuM Oudypkaumo, u Toukol X =10,5
B |L Pa3 MeHbule, YeM DACCTOSIHHE MEXIY €€ «POJUTe/IAMH» H TOU-
kot X=0,5); (2) kosbdunuenty cxodumocru 6=4,66920 ...,
3aal0lleMy CKOPOCTb CXOJAHMOCTH KDHTHYECKHX 3HaueHHH a, Tpex
TIOKOJIEHH ¢ NOMOLbI0O PEKYPPEHTHOH (GOopMyJbl

A —Aag

In =t g, (6.3.21)

a - a
Cn+1 ‘n

3a KpPUTHYECKOH TOYKOH a, = 3,57 (TOUKOH HAKOIJIEHHS KPHTHUE-
CKHX TOYEK) IepHOJHYeCKHe TPAeKTOPHH YCTYyNamT MeCTO HOBOMY
peXHMYy, BHElIHe BHINIAASANIEMY 10 CYUMIECTBY KaK MapKOBCKas lellb
CTOXACTHUECKH B3aHMO3aBHCAIIMX CTPOK M3 HyjeH H eJHHHI (ecaH
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nonajaHue B JeBYI MOJOBHHY HHTEpBaja MH YCJIOBHUMCS KOAHDO-
BaTb HyJeM, a IoONajaHue B IPaBylo IIOJOBHHY — eIHHHLEN).
Bsanmo3aBHCHMOCTD, OTJIMYalOmlasi HX OT HCXOJA0B OpocaHusa He-
GaJbEBO# MOHETH, O0yc/JoBJleHa JOTHCTHYECKOH KpHBOH. (Bce
BO3MOJKHbIE CTPOKH HYyJed H €IHHHL MOTYT MOSBHTHCS TOJNBKO B
npenede npu aq =4, Korga B 0TOOpaXKeHHM y4acCTBYeT BeCb HH-
TepBaJ.)

Ilpu a > a. cymecTByeT GeCKOHEYHO MHOTO HENOJBHKHEIX TO-

4eK ¢ pas/JHYHbIMH MEPHOJHUYHOCTAMH H GECKOHEYHO MHOrO LHKJIOB
pasauuHo# AJHHBL. CyHIecTBYeT TaKXKe HECueTHOEe MHOMKECTBO Ha-
JaJbHBIX TOUEK X, MOPOKAAIOMWIHUX IOJHOCTbIO AanepUoJHYECKHe
TPAaeKTOPHH.

Ilpu a > 3,57 BCE 3TH LMKJB CHaya/ja HMEIT 4eTHble NEPHONDL.
3aTeM IpH 3HAUYeHHH YIPaBJsIOIIEro napaMmerpa a = 3,6786 nosn-
JAsieTCsl TNEePBLIA [HKJI C HeueTHolM TeDHOAOM. HecKoJNbKO NEpBHIX
HEYeTHBIX LHKJIOB HMEIOT OueHb O6oJbliHe IIepHOABI, HO IO Mepe
YBEJHUEHHS] YIOPAaBJSIOIIEro napaMerpa IOABJSIOTCA LUHKJAB C Bce
fosee KOPOTKHM MEPHOAOM, H, HaKOHell, NpH a = 3,8284 BosHHKaeT
nocaejHu# uukaA ¢ nepuoaom 3. Ilpu a > 3,8284 cymecTsyioT
IHKJB ¢ TIEPHOAAMH, PaBHBIMH w000my LeJOMY UHCAY, a TakKxke
HeCUeTHOE MHOMKECTBO AaCHMITOTHUECKH anepHOAHYECKHX TDaeKTo-
puii. «Ileproa 3 BJeuer 3a coboit xaoc». TepMHH «Xaoc» O3HauaeT
B QaHHOM cJyuae CyHIeCTBOBaHHe JHHAMHYECKHX TPAeKTOPHH, He-
OTJHYHMbIX OT HEKOTOPHX cJyuadHblx NpoleccoB. [[deno B ToM,
YTO Ui PACCMaTPHBAEMOro HaMH JOTHCTHYECKOTO ypaBHEHHs IIPH
J060M KOHKPETHOM 3HAaueHHH NapaMerpa cyulecTByeT 0O0ur IHKJI,
KOTOPLIH YCTOHYMB U NPUTArHBAET IO CyLIeCTBY 8Ce HayaJbHble TOU-
KH, T. €. 00uH LHKJI, KOTOPOMY <«IPHHAJEKAT» MOUTH BCe Hauasb-
nbie Toukd. OcTagdbHble NUKAB (HX OGECKOHEYHO MHOro) BMeECTE C
ACHMIITOTHYECKH ANMEepPHOAHYECKHMH TPAEKTOPHSAMH «BJajfeloT» MHO-
JKECTBOM TOUYEK, KOTOPOe, XOTSl OHO H HECYeTHO, UMEeT Mepy HyJb
(k aTOMYy BOIpOCYy MH BepHeMcs B pasi. 6.4.1 B ¢BaA3H ¢ obcyxae-
HUEeM pa3MepHOCTH KaHTODOBCKOTO MHOXKecTBa). JI060i KOHKpeT-
HbIH yCTOHYMBBEIA IHMKJ BO3HHKAeT B 4Pe386/4ALHO Y3KOM <«OKHe»
(MrH mIesd) B IPOCTpaHCTBE YIPaBAsiOllero mapaMerpa. 10 06-
CTOSITEJILCTBO BMecTe ¢ GOJIbIIOH NPOAQJXKHUTEIBHOCTBIO MEPEXOAHbBIX
PEXUMOB [eJaI0T NPAKTUHECKU He803MOMCHolM 0OHapyXKeHHe OMHO-
ro-eJMHCTBEHHOTO LHKJA B pEAJbHOM HJAH UYHCJICHHOM 3KCIIepH-
MEHTe M BHIHYKJAIOT HCCJe]oBaTenell npuberaTe K CTOXaCTHIECKOMY
OTIHCaHUI0 JHHAMHKH, HECMOTPSI Ha JeTEDMHHHCTHYECKHH Xxapakrep
H3yuaeMoro Ipoiecca.]

Mnu of6bsicHuaHd, KakuM o06pa3oM HCXOJHOe cTallHOHAapHOe Co-
cTogHHe X* uepe3d Kackaj OHQYPKaLHMH NMOPOKAAET TAapPMOHHKH ¢

NepHoIOM 2"(acw=3,57—Toqxa HAKOILTEHUs] B IPOCTPAHCTBE
yupapJsAIOLIEro IlapaMerpa a IpH n—>oc). Ilpobmema Temepb
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COCTOHUT B OOBACHEHHH TOrO, KaK MOSBJSIOTCS HOBHE IHKJIK C Ie-
puogoM K X 27 dtor mpolecc uzobpaxen Ha pHc. 6.15, rae noka-
3aHO, KaK Ha KPHBOH X¢i3 = F® (X;) BO3HHKAaeT LHKJ C HEPHO-
A0M 3.

Ecan «rop6» Ha rpaduke dynrkuuu F(X) nocraTouno KpyTod
(T. e. 1OCTATOUHO BHICOKHIT), TO TPEXKPATHAS HTEPALUs MOPOXKAAET
¢ynkuuio F® (X) ¢ yeThipbMs MakcHMyMaMHu («rop6aMu»), Kak Ha
puc. 6.15. Cravana (mpu a << 3,8284) npsimasi, npoBefeHHas MOX

1,0 -

08

06

F3x)

04

0.2 \/

0 0 0,2 0.4 0,6 08 1,0
X

Puc. 6.15. Hauano mpomecca TaHreHnuasdbHOK OGudypramuu (cM. TekcT).

yrjom 45° K ropusoHTasH, nepecekaer kpuByio F®) (X) Toabko B
OnHOH TouKe (U, pasyMmeercs, B Hauasje koopauHat). Ilo Mepe Toro,
Kak «rop6» Ha rpaduke dyukuuu F(X) craHoBuTcs 60J€e KPYTHIM,
«XOJMBI» H <«HONHHB» Ha rpadure ¢yukuun FO (X) BBHPHCOBH-
BaIOTCHA Bce 0oJjiee OTYET/IHBO, NOKA, HAKOHEI, ABE MEPBBIE MOJHHEI
CJIeBA U TIOCJAEAHHH XOJM CIIpaBa HE KacCAIOTCSH OOHOBPEeMEeHHO NHa-
rOHaJH M 3aTeM He IIeDECEKAOT €€ B IIECTH HOB8bLX TOUKAX, KaK
I0Ka3aHo Ha puc. 6.15, mpu a > 3,8284. 3tu mwecTb TOYEK AeJATCH
Ha JBa Pa3JHYHBIX TPEXTOUEYHHIX [[UKJA,

JleACTBHTE/IBHO, OIpPeAe/AIOIHH YCTORUHBOCTE YIVIOBOH KO3 u-
LHeHT KacaTelbHelXx K F® (X) B Tpex Toukax, 06pasyiolLHX LHKJI,
HMeeT OJHHAKOBOe 3HayeHue, paBHoe X = 4-1 npu «poxaeHHu»
TOUEK, a 3aTeM KacaTesbHble IEPECeKal0T JHAroHalb I0J G6oJee
KDYTHIM YIJIOM, IO3TOMY TakKoOH 3-LHKJ Bcerja HEyCcTOHYHB. YTJO-
BOH Ko3(hdunueHt kKacareapHex K FO® (X) B Tpex oCTaJbHBIX TOY-
Kax uMeeT HadaJbHOe 3HayeHHe A®) = —1, a 3aTeM Bospacraer J0
HyJis, NOpoxkAas ycTOAYMBBHIA UMK nepuoga 3. Tlpu nanbHeHiem
«ykpyueHHn» F(X) yrioso#i kosddunuent A® kacatejbHBIX B TO4-
Kax MepBOHaYaJbHO YCTOWYHBOrO TPEXTOYEYHOTO LHKJIA yObIBaeT u
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CTAHOBHTCS MeHblle —1, mocje 4ero IMKJ CTAHOBHTCS HEYCTOHYH-
BBIM, H NOPOXKIAeT ¢ NOMOUIbI0 yXKe H3BeCTHOro kackazaa Gugypka-
IIMil yABOEHMsl IepPHOAA yCTOHUHBBIE IIMKJABI Tepuoxaa 6, 12, 24, ...,
uan, B obmeM cayuae, 3 X 2" PoxjeHHe mapbl yCTOHYHBOTO U He-
YCTOHYMBOTO ILHMKJIOB NEPHOAA 3 H IOCJAEAYIOUIMX TapMOHHK, BO3-
HUKAWIIHNX, KOTJAa IepBOHAYA/bHO YCTOHYHBBIA IMKJI CTAHOBHTCS
HEYCTOHUYHBBLIM, TAKXE HMEET CBOIO «TOUKY HAKOIJIEHHsi» IIPH a =
= 3,8495. Mexny a = 3,57 u a = 3,8284 HH OJMH LIKKJI He YCTOH-
YHB TaK Xe, Kak Tmpu a > 3,8495.

Mbl BHAHM, 4YTO CyllecTBYIOT OudypKalkh [BYX Pa3JHYHBIX
THIIOB.

1) HcTnHHO HO8ble UKD epHOAa K BO3HHKAIOT Napamu (OLHMH
YCTOHUHBBIH IHKJ W OAMH HEYCTOHYMBBHIA), KOTA@ XOJIMBI H JAOJHHBI
crapmux urepaunii oro6paxenus F(X), moaHMMasch (XOJMBI) H
ONycKasich (MOJHMHBI), He TEpeceKalTcs ¢ JAuaroHanbio, obpasyio-
mell yroa 45° ¢ ropH3oHTanblo. TakKHe HHKAB POXKAATCA B TOT
MOMEHT, KOTJa XOJMBbl M JOJHHBI KacaloTcs AHaroHaJH, H Haudajb-
HBIl Yra0Bofl KO3 dHUIMEHT KacaTelbHbix K KpuBoil F® (X) B s1HX
Toukax paBeH A = 41. Dror Thn OudypKaluuid HasbBaeTcs Ka-
careavroil 6udypKanuei.

2) Tlpu ykpyueHuu F(X) nepBOHauaJbHO YCTOHUMBBHIA LHKI C
nepuofnoM K MOXKeT cTaThb HeycTOHYHBBIM. IloTepsi yCTOHYHBOCTH
TNIPOMCXOAHMT, KOTAA HAKJIOH KacaTelpHbx K FU(X) B Toukax, 06-
pasywomux nepuox K, cTaHOBHTCs Kpyue, dem AU = —I, mocse
Yero POKAAETCsl HOBBIH II€PBOHAUAJbHO YCTOHUHBBIH LHKJ C NEPHO-
noMm 2 K. dror Tun 6udypkalnu HasblBaeTcsl OGugyprayued 08Yysy-
601 8uAKU (KAmMepTOHA).

HMrtak, Mbl 3akJi04aeM, YTO IPH H3MEHEHHH YIPAaBJSIOIIEro Ina-
pamerpa B F(X) ¢ynoamenrarpHoimy yCTOHUUBBIMH JAHHAMHYE-
CKHMH DeXHMaMH SIBJASIOTCS LMK/l ¢ OCHOBHBIM nepHomom K, BO3-
HHKAIOIHe TPH KacaTeJbHHX OHdyPKalHAX, H CBSI3aHHLIE C HHMH
Kackaabl TapMOHHK ¢ mepronoM K X 27, BO3HHKalOWHX NpH Oudyp-
Kalusax ABy3y06oil BUJAKH. Bech nHanasod H3MeHEHHsT YTIPaBJAAIOLIETO
nmapamerpa 1 <C @ <{4 MOXHO paccMaTpPHBaTb KaK COCTOSIHA H3
6eCKOHEUHO MHOTHX <«OKOH» B IIPOCTPAHCTBe lapaMmerpa, TO LIHPO-
KHX, TO Y3KHX, KaXJ0e H3 KOTODHIX COOTBETCTBYET €IHHCTBEHHOMY
3HaueHHo K, T. €. OQHOH rpymle INepedyHcJeHHbIX Bbllle OCHOBHHIX
JHHAMHUYECKHX PEXHMOB.

«OKHa» OTAEJEHH APYT OT APYra TOYKaMH HAKOIJEHHS TapMo-
HHUK nepHona K X 27, 8 KOTOpbix CHCTeMa AEHCTBHTENbHO XaOTHUHA
M He CONEPKHT INPUTACHBAIOIIHX HHKJIOB. XOTd TaKHX 3HaueHHH
napaMerpa GecKOHeYHO MHOro, Ha uHTepBaje [l, 4] oHH HMeIOT
Mepy HyJb. Ilpu a =4 Becb uHTepBan orofpaxkaercs Ha ce0s.
Hau6osee BaXKHBIH H3 MOJYUEHHBIX A0 CHX NMOP pe3yabTaT aHANH3a
JIOTHCTHYECKOTO YPABHEHHSI COCTOHT B YTBEPXKAEHHH O TOM, UTO
nake B MpocTedlied 0AHOMEDHOH HeJHHEHHOH AHCKPETHOH CHCTEME



344 TnaBa 6

(HanpuMep, cucTeMe, (H3HYECKH HJIH YHCJAEHHO MOJeaUpyouiel
9BOJIIOIIHI0 HEKOTOPOH MONYJASLHH C HeNepeKpPblBAIOHMIUMHUCS IIOKO-
JICHHSIMH) MpeJCKa3aHHe NPAKTHUECKH HEBO3MOxKHO. CJielnoBaTesb-
HO, HA4YaB ¢ HEKOTOPOH 3aJaHHOH MONMYJSIHH B TEKYIIEM ITOKOJEHHHU,
MBI IIPH JOCTATOYHO GOJIBUIMX 3HAYCHHUAX YIPaB/SIOUIETO MapaMeTpa
NMDHXOAUM K BBIBOAY O TOM, YTO H3-32 HeoOblUalHOH UYBCTBHTEJb-
HOCTH JHHAMHYECKOTO NOBEAEHHsS K MaJjeHmiuM ¢GJYKTyalHsM B Ha-
YaJbHbIX YC/JAOBHAX MJH B YIPAaBJSIOUIEM NapamMerpe g NOBeneHHE
MONYJALHH [Ja)e B CJALYIOHIEM INOKOJEHHH MOXKeT O0KasaThCsd Cy-
LIECTBEHHO CTOXACTHYECKHUM, T. €. CHCTEMa MOXKeT COBepIUaTh ale-
puognyeckne KoJebOaHHs, cXoAsdllHecs K JIOOOMY OTJIHIHOMY OT
HyJs YCTOHYHBOMY 3HadeHHIO. MHaue roeops, ABe cOCelHHE TOYKH
X, n X, Ha unrepBage [0, 1], BoiGpaHHBEe B KadecTBe Hada/bHBIX
YCJIOBHH, MOTYT pgaxe uyepesz He(O/bLIOE YHCIO HTEpaluil IMOpO-
¥KJ4aTb COBEPUICHHO pasJ/IHUHbIC TPACKTOPHH; CO BpEMEeHEeM 3TH TPaekK-
TOPHH KCIOHEHIIHAJbHO PACXOAATCS.

6.3.2. dpakranshas pasmepHocTs. KaHTopoBckoe MHOXKeCTBO

Kos¢pduuueHnt «cxkartusi» (uau nogobus) p Pefirenbayma mnpu-
JlaeT paclpefeseHHIO TodYeK/cocTosiHHHA Ha uHTepBane [0, 1] xapax-
rep camonodobusa V. Tlpexae ueM M MPUCTYIHM K H3YUEHHIO IpY-
THX XapaKTepHbIX MapaMeTpoB, HEOOXOAUMO OCHOBATENbHO H3YUYHTh
TO, UTO NPHHSITO Ha3blBATh «(PAKTAJbHBIMH» CBOHCTBAMH H «(ppak-
TaJbHOH» pasMepHOCTbI0O OOILIHPHOrO KJjacca KPHBBIX HJH MpO-
LIECCOB.

IIpeano/soxuM, 4TO0 JaH O4YeHb HEPeryJspHbIH OTPEe30K KDHUBOMH
(neanddepeHnpyeMoii B 6eCKOHEUHO GOJILUIOM UYHCJE TOYEK — Ta-
KOro poja TpPaeKTOPHH ONHCHIBAeT YAacTHIA, coBepuiawmias Opoy-
HOBCKOC JBHXCHHEC B XXHAKOCTH) H TpeOyercsl BBIYHCAHTb AJHHY
HGKOTOPOH ero uacTH, 3aKJIUeHHOH Mexay Toukamu A u B, u
pasMepHOCTb OTpe3ka. [Bompoc mMeer cMblea ¢ Haulefi TOYKH 3pe-
HHS, TaK KaK MBI XOTHM Y3HaTb Ha 60.4ee (popmMaibHOM YPOBHE Ka-
KHE-TO XapaKTCPUCTHKH CTPYKTYDH MHOXKECTBA COCTOSIHHH, OCTalo-
muxcst B uaTepBade [0, 1] 3a mepBoil TOUKOH HAKOIIEHHA a. = 3,57,
B OCOOEGHHOCTH <«IOJIHYIO JAJHHY» MHOXECTBA, 3aHSTOTO COCTOS-
HHSIMH, H PasMEPHOCTbL 3TOTO MHOXKecTBa. TpyZHO yiep¥XKaTbcsd OT
HCKYIICHHSI H He BBICKA34aThb INpPEINOJOXKEHHEe O TOM, 4TO pasmMep-
HOCTb 3TOr0 MHOXKecTBa paBHa 1. Kak MB yBHAHM HHXKe, Takoe
IpeANoNoXKeHHe, BOOONIEe rOBOPsl, HEBEPHO. |

D Tlon camonomofueM MBI TMOHHMaeM CBOHCTBO O0beKTa, CTPYKTypa KOTO-
poro HaGaogaercsi B OZHOM MaciiTale, NOBTOPATBCA B MOC/TEJOBATENBHO YMEHB-
Hmaromuxest mMaciutabax.
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Wrak, nana cuabHO Hepery/sipHasi KpuBasi, H TpefyeTcs BbIYHC-
JHTb ee AnuHy. [Ipexpe Bcero mul BriGepeM NJHHY MEPHOTO CTepK-
Hs, PaBHYyI0, HanpuMep, (G. 3aTeM MBI MONBITAEMCS COCYHTATL YHUCJIO
CTOPOH (OAMHAKOBOH AHHBI () OTKPHITOrO MHOTOYTOJIbHHKA, Bep-
LWIHHBI KOTOPOTO DAacCIoJOXKeHb Ha KpuBo#. Ecan G — gocraTodHo
MaJjasi BeJHYMHA, TO HecyllleCTBEHHO, ¢ KaKoro koHua — A uau B —
Mbl HauHeM. B pesysbraTe Mbl NMOJIydHM HEKOTOPYIO OLEHKY AJHHBI
L(G). Pewmaromee 3HaueHHe HMeET TO, YTO B OTJHYHE OT PeryJsip-
HOH, GecKOHeuHOo AuddepeHnnpyeMolt KPHBOH ¢ PajnycOM KPHBH3-
Hel R; = G B HallleM caydae oOuneHKa AJuHBl L(G) CHIBHO 3aBUCHT
oT G. CuenosatenbHo, ouneHKy L(G) Heo6XoAMMO 3HATb IIPH He-
CKOJIbKHX 3HadeHHAX (; eme Jaydme Oblio Gbl 3HATh aHAJMHTHYe-
ckyio dopmyay ans dynkumu L(G), nHanpumep, Buaa L(G) ~
~ AG'-D, rpe A — (nmosnoxkuTenbHAs1) KOHcTaHTa, D — KOHCTaHTa,
KoTopast GoJblle MM paBHa enuHulUe. [ToctosHHas D HasbBaercs
«ppakTasbHOH» Da3MEPHOCTbIO HCCAENAyeMOH KpHBOH; D Moxer
OLITb HeyeAblM YHCIOM.

[TonbiTaeMcst noHsATbL NPHPOAY G pakTanbHOR pasmepHocTH. Hau-
HeM C IpSIMOH B €BKJHI0BOM IMPOCTDAHCTBE, HMEIOIUEH pasMep-
HocTh 1. CaenoBaTenibHO, [J1st J1106OTO MOJOMKHTENBHOrO 1e10r0 N
orpe3ok 0=<Cx <C X MoXeT GHTb pa3ioxeH HAa N HelepeKphiBaio-
LIHXCS OTPE3KOB BHIA

~ DX X
=D cxc 2, (6.3.22)

TAe n NpUHHMaeT 3HaueHus ot 1 g0 N. KaxaAeli H3 3THX OTpe3KoB
MoJTy4aercst U3 LeJoro npeo6pasoBaHueM NoA06HsI ¢ KO3(dHLHeH-
TOM nogobus r(N)=1/N.

AHasOrHYHO, IJIOCKOCTb HMeeT pasMepHocTb 2. CienoBaTesbHo,
Aas n060ro TouHoro Keaapara (4xcia) N IPAMOYTOMBHHK 0 <<
<x <X, 0<<y <Y MoxeT GHTb pasnoxeH poBHO Ha N Heme-
PEKPHIBAIOIHXCA NPSAMOYTrOJbHHKOB BHA

(K—1X KX
Vi SE<v
(6.3.23)
(E—1)Y <y< 34
v ik

rae K n & npuHuMaoT snauenust or 1 1o A/N. Kaxnas ua stux
qacred MmoJydaercs M3 LeJOro npeoGpasoBaHHeM NOAOGHs C KOo3(-
dbunnentom nonobus r (N)=1/4/N . B o6umem caydae, ecan NV/D —
TNIOMIOKHUTENbHOE 1eJ10€ YHCJI0, TO D-MepHbIil NPSIMOYrOJbHEI mapad-
Jleslenune], MoXeT GHITb pasjoxkeH Ha N mapaJiiesenunenoB, Kax-
AbIY H3 KOTODHIX IOJydaeTcs H3 HCXOLHOrO NapaJJesienunena mpe-
06pa3oBaHHeM NOAO6HS ¢ KO3QHUHEHTOM nopobus r(N)= 1/N1/D,
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TakuM 06pa3oM, pasMepHOCTb D XapaKTe€pPH3YyeTCs COOTHOLICHHEM

InN InN
D=— = —— (6.3.24)
T

ITpunep

PaccMoTpuM KpHBYIO (JIOMaHyo), NOCTPOCHHYIO Ha HHTepBaJe
[0,1] (puc. 6.16). Oma cocrout us N =8 «3BeHbeB». 3aMeHUM
Kaxaoe u3 N 3BeHbeB JOMaHOH, KoTopas MojgydyaeTcs M3 BCeH KpH-
BOfi Ipeo6pasoBanueM nogobust ¢ koadpdunuentom r(N)==1/4. Mnl

Puc. 6.16. Ilepsrii mwar B ¢popMHPOBaHHH (PAKTAIbHOH KPHBOH NDH caMonono6-
HOM CKeHJIHHTe (CM. TEKCT).

MONYYHM JOMaHyl0 u3 N2 3BeHbeB auuHOH (1/4)% 3amenuM nanee
KaxkJoe 3BeHO HOBOM JOMaHOH KPHBOH, KOTOpas MOJYYaeTcss H3
HCXOAHOHl JoMaHOH npeo6pasoBaHueM MOA0OCHS ¢ KO3bPHIUHEHTOM
(1/4)3, n 1. n. CamononoGHasi KpuBas, KOTOPYIO MBI XOTHM [O-
CTPOHTD, IIOJIyYaeTCsl, HJIH, JYUIIe CKa3aTb, alllIPOKCHMUpYeTCs, bec-
KOHEe4HOI TOCJAeI0BaTeNbHOCThI0 TAKUX WIAros. $IcHo, 4TO MOJHas
JJIMHAa TaKOH KPHBOH Ha eIMHHYHOM HHTepBaJje CTPeMHTCsl K Gec-
KOHEe4HOCTu, a ee (paKkTajbHass Pa3MepHOCTh PaBHA

In8
In4

D= =~ 1,5.

[TombiTaeMcsas Temepb BBIYHCAHMTH (PPAKTAJNLHYIO Da3MepHOCTD
kauToposckoeo muoscecrea. OHa onpenensieTcst (aJsi a060ro KoM-
[AKTHOTO MHOXKECTBA TOYEK) uepe3 YHcaAO N «IIapoB» AHaMeTpa &,
KOTOpoe Heo0X0AHMO, uTOCbl IOKPHITh AaHHOE MHOXKecTBO. Ecau
npu e—0 370 uMcao BospacTaer kak N(e)=const-e=?, 70 D—
«(hpakranbHas», WIH Xaycaopdosa, pa3MepHOCTp MHOXKeCTBa.

U B 310M cayuae MH BblukcaseMm D no ¢opMmyie

o In N (g)
D‘—l‘_{r}) Tn(i/e)

(6.3.25)

Ecau Mbl XOTHM 3HaTb pacCHOJOXKeHHe MHOMXKeCTBa C TOYHOCTbIO: 10
€, TO [Jsl YKa3aHHs ero HaM HEeOGXOAMMO 3HATh NMOJIOKeHHs N (&)
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«cep», NMOKPLIBAIOIIUX MHOXecTBO. CJieoBaTeNbHO, PAa3MEPHOCTH

Xaycnopda MOKHO HHTEPNPETHPOBATb KAK XAPAKTEPHCTHKY MHO-

JKeCTBa, TOBOPAILYIO HaM, CKOAbKO uH@oOpmayuu Heobxolumo OAs

T020, 4T00bL ONpedesuTs pacnoAoKCeHue MHOXcecTs8a ¢ 3a0anHoll

TOYHOCTb10. JlJisT KAaHTOPOBCKOrO MHOXecTBa ¢ =1/3 u N =2 npu

neppom pasbuennH, e = 1/9 u N = 4 npu BropoM pasbueHuw, ...
., & =(1/3)° u N = 2° nnpu p-M pasGHeHHH, IOITOMY

In2

D—W—O,GSO.

CuenoBaresbHo, ¢ppakrajbHasi pa3MepHOCTb KAHTOPOBCKOTO MHOMKe-
CTBA MeHbUle, YeM ero TreoMeTpHUecKasi PasMepHOCTb, — YCJOBHeE,
HeoOXoaNMOe (HO He JOCTAaTOYHOE) [Js1 paclO3HaBaHMsl aTTPAKTOPa
Kak komnpeccopa undpopMmauuu. HakoHel, ciexyer 3aMeTHTh, UTO
NOCTPOEHHOE Bhilie KAHTOPOBCKOE MHOXKeCTBO 006J1afaeT CBOHCTBOM
MACUTAOHOU UHBAPUAHTHOCTU, T. €. BCE MHOXKECTBO, 3aKJI0UEHHOE
mexay 0 H 1, BRITISAHT TOUHO TaK 3Ke, Kak, Hal[PHMEpP, ero 4acThb,
3aknoueHHas mexay 0 um 1/3, ecsam mnocjefHIOD paccMaTpHBATh
N0J TPEXKPATHBIM YBeJHUEHHEM.

Ham ocraercs BbisicHHTb, GyAer JH KAHTOPOBCKHM MHOKECTBO
COCTOSIHHH, OCTAlOLIeeCs Ha eAMHHUHOM OTDPE3KEe B TOUKE HaKoIJe-
HHS A == 3,507 JOTHCTHUECKOH KPHBOH.

Kosdopuunenr nonobusi n Pefirenbayma MOKA3bIBAeT, 4TO Ha
uatepBase 0, 1 B KDHTHYECKOH TOUKE HAKOIJEHHS ;== 3,57 MbI
IMeeM MHOXECTBO HellepeceKaloUIUXCsl HHTEePBAJOB ¢ CaMOnouol-
HBIMH XapakKTePUCTHKaAMH. B 3TOM OTHOIIeHHH Halie MHOXECTBO
NOXoXe Ha KaHTOPOBCKOe, H, KAK II0KA3bIBAIOT BHIUHCJEHHS, €ro
dpakrasbHas pasMepHocTb paBHa ~ 0,538 (cM. pasn. 6.4). Onnako
caM 1o ce6e TOT (hakrt, 4yTO QpaKraibHAas pasMepHOCTb MHOXKECTBA
MeHbllle €/IHHULbI ellle He CBHAETEJbCTBYET O €ro IPHHAIJIeXHOCTH
K arrpaktopaM. [Js 3Toro HaM HeOOXOAHMO HCCJAeNOBATL elle
OJHH NapaMerp, KOTOPHIH CJAYXKHT MePOH CTeNeHH CAYYaWHOCTH, IO-
poxnaeMo# [eTePMHHHCTHUYECKHM ypaBHEHHeM, — IapaMmerp, CBs-
3aHHBIH ¢ OpOUTANLHOL YCTOUHUBOCT bIO.

Opo6uranpHas yCTOHUHBOCTb AAHHOTO HHKJIAa 3aBHCHT OT IOBeE-
ACHHA COCEIHHX C HUM TPaekTOPHH. Eciu TOUKM BOAH3U OPOUTHI
CXOASATCS K HeH, To Takas opOHUTa YCTOHUMBA OTHOCHTEJIbHO MAJBIX
BO3MYHLIEHHH H Ha3bIBaeTCs JIOKA/JIbHO ycTofuuBOi. Op6uTa mpuTs-
THBAlOMAs], T. €. ACUMATOTUYECKU YCTOHUHBAS, €CJH B CpeJHeM OHa
JOKalbHO yCcTOHUYHBA. B ciyuae OJHOMEpHBIX OTOGpaKeHHH 3TH
KPHTEDHH YCTOHYHBOCTH OUEHUBAIOTCSA HENOCPedCTBEHHO TIO HAKJIOHY
KpHBOii, 3anawouieli oto6paxkeHHe, B TOUKAX, IOCEHIAEMbIX Tpaek-
Topued. B 4acCTHOCTH, ec/H YIJIOBOH Ko>p@HUHEHT KacaTenbHOH K
KPHBOH B TOYKe IO afCO/IOTHOH BeJHUHHE MeHblle eIHHHLbI, TO
COCe/lHHEe TOYKH IDH CJelYIOUIeH HTepallut OToGpaKeH st NPUOIH3AT-
C1 K naHHO# TouKe. TakuMm 06pasoM, aCHMNTOTHYECKH YCTORYHBAs



348 [naBa 6

Tpaektopusi Ttpefyer, uTOGH CcpedHee YTJIOBHX KO3(OUUHUCHTOB
KacaTeJbHBIX BJAOJNb TPACKTOPHH OBIIO Merbule EAHHHUIBL. Ecau
cpeaHee GOJiblle €IMHHIBI, TO TPACKTOPHA HEYCTOHUWBA; C/ICAOBA-
TeJbHO, MaJble HayaJbHble OTKJIOHEHHsS OT TPAGKTOPUH OYyAyT BO3-
pactath NpH HTepaiuuu orobpaxkenus. MHaue roBops, ecju cped-
HHE yr0BOH KO3(GHIHEHT KacaTeJbHbIX OoJblile €IUHHILBI, TO 3TO
CBHETEJBCTBYET O TOM, 4TO MOTOK MOPOXKAAET pasnoobpasue (no-
TeHIHAIbHYI0 HHQOPMAlUI0); eCJH 3Ke CPelHHA YrioBOH KO3pQu-
1ILHeHT KacaTeJbHBIX MeEHbIUe eJHHHUDbI, TO 3TO CBHAETEJNbCTBYET O
cocariy MHGOPMAIMH H AMCCHIALHK MOPOXKAEHHOTO pa3HOOOpasud,
T. €. 06 y6bIJIM HHpOpMAIUH.

6.3.3. HousitHe nokasateneil JlanyHoBa Bas yaBOEHHS
NepHOAA H XA0THYECKHX PEKHMOB

JyscT8UTEAbHOCT K MAJlbIM (QJYKTyalUsM, T. €. HEKOTOpas uc-
XO/HAsl HEONPEAEJIEeHHOCTh B HAUaJbHLIX YC/IOBHAX (B 3aJlaHHH UJH
H3MEpPEHHH COCTOSIHHA) HMeeT pellaloilee 3HAUEHHe M/ XapakTe-
DHCTHKU TMOBEJEHHs NMHAMHYECKOH CHCTeMBl. B TakhX ciayuasdx Ha-
YyaJpHas HeOIPEAEJEHHOCTh 3JKCIOHEHIHAJbHO BO3pacTaeTr Co Bpe-
MeHeM [0 TeX IOp, [OKa CJaeAVIoIlee COCTOSHHE CHCTEMBbl HE CTa-
HOBHTCA HelpenckazyeMbiM. MHgpopmauus 0 HavaJbHOM COCTOSHHH
yTpauuBaercsi 32 KOHEUHOE BPEMsi, H [0 HCTEUCHHH 3TOrO BpPEMEHH
(BBIYHCISIEMOTO B MPUBOAMMBIX HHXKE KOHKDETHBIX MpPHMepax) CH-
CTeMa CTAHOBHTCS IIPAaKTHYECKH HempejacKkasyeMod. HUyBCTBHTE/b-
HOCTb K HAYAJbHBIM JAHHBIM MOKET CUHTATHCs OJHOH H3 OCHOBHBIX
XxapakTepHblx ocoGeHHocTedf xaoca. (BcrmomMHuM xo0Tst Obl  Hal
«IpejBapUTENbHbIE» puMep B pasn. 2.3.2.)

[TapameTpoM, MO3BOJSIOMEM CYAHTb O CpeLHEH JIOKaJIbHOH
YCTOHUMBOCTH HJM O CKOPOCTH, C KOTOPO# HOBasi MH(GOPMalUs INO-
poXpaercs MOTOKOM, 1HO0, Ha060pOT, O CKOPOCTH, C KOTOPOH yTpa-
ypBaercsl HHGOPMAUUs O HAauaJbHOM COCTOSTHHH, SBJIAETCA TMOKasa-
Teap JlanyHoBa A. VaMeHeHue HH(OpPMAUHH 32 OJHY HTEPALHIO IIPH
oTob6paxeHuH, 3a1aBaeMoM ¢yHKnued F(x), BBIYHC/ISIETCA MO MPO-
uzBogHo# dF/dx mo popmyne

[= loggl%’ 6ur. (6.3.26)

Ecau |dF/dx| << 1, To oToGpaeHne B JaHHOH TOUKe JAeHCTBYET KAK
cTok wuHbopManum, ecau |dF/dx|>>1,—xax HCTOUHHK HHPOD-
MalHH.

Ecau  P(x) — acuMnToTHUeckoe pachpeiejeHHe BePOATHOCTH
TpaeKTOpHH [PH 3ajJaHHOM 3HAueHWH TapaMerpa a, TO CpeLHeEe
H3MeHeHHe KoJHuecTBa WHpopmauuu (/) eCTb XapaKTepUCTHUECKUH
nokasareip JIANYHOBa MpH JAaHHOM 3HAUEHHH YNPaBJIANILEro Ia-
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pamerpa:

(=1 (a) = § P (x) log | %i—ldx. (6.3.27)

0

Eciu noseaenne TpaekTopuH BHYTPH aTTpaKTOpa NpeAlofaraercs
SProJHYECKHM, TO CyUIeCTBYeT aJbTepHATHBHas (hOpMa IIOKa3aTess
JlanyHoBa A(a), a HMeHHO

N
L dF (x, a)
1@ = lim Zloggl—-——dx )

i=1

: (6.3.28)

rae N —uHncao uTepauuil, nperepueBaeMbix TPaeKTOPHEH NMPH OTO-
HpaxKeHuu.

Bblunc/ieHHe aCHMITOTHUECKOTO paclpeneeHHs BePOSTHOCTH
AJIs1 AaHHOH TPAaeKTOPHH INPOHM3BOAMTCH CHAEAYIOUIHM 0O6pazoM. Mu
IPOH3BOJIBHO BbIGHpaeM HEKOTOPYIO HAyaJbHYIO MJOTHOCTH BEPOST-
HOCTH Py(x) (mampuMep, mpeamnosiaraeM, 4YTO BePOSITHOCTb BCIOAY
paBHa elWHHIlE) Ha HHTepBajge. 3HaUeHHE ee MEePBOH HTEPaLHMH
Py(x) cooTBeTcTBYeT nepBOHAUAJBHOH Pj(x), npeoGpasoBaHHON NMOJ
AefictBuem otobpaxkeHus. [IIOTHOCTL UHC/Ia TPAaeKTOPHH, Monaaar-
1HX B HEKOTOPLIH MaJbld HHTepBaJ npu F(x), paBHA IJOTHOCTSIM
B poofpasax TOYEeK Npu 0TOOPakKeHHH, B3SITHIX C BECAMH, PAaBHBIMHU
3HAUEHHAM NpPou3BOAHOH |dF/dx| B 3THX TOYkax. DTo yTBepxje-
HHe BbIPaXKaeT 3aKOH COXPaHEHHsl BEPOSATHOCTH, HJH 3aKOH cOXpa-
Heuusi Tpaekropud. Eciu x; = F~!1(x) — dyHKuus, obpaTHas (yHK-
uuu F(x), 1o

Pyx)= ). I;‘,—S;L— (6.3.29)

i=1
B ofmeM cayuae, ecau xﬁ")=[F—I(x)]n—— byuKuHA, obpaTHas
¢$yuxuuu F(x), To
an—1
P (x)"H
P = A . 6.3.30
n(x) Z | aF@=1 (x)/dx | ) ( )
*i

i=1

TlocnenoBaTesbHBIE HTEpPAlLMH 5TOH NPOLEnypsl QAT Bce GoJjee
TOUHYIO aNlPOKCHMAUUI0 NPaBHJIbHOIO paBHOBECHOTO 3HaUeHHs P (x).
[Ecan oToGpa)keHne HMeeT yCTOMYHBOE INEPHOAHYECKOE pelleHHe,
T0 P(x) cXoAuTCs K OCTPLIM BBICTYIIaM Ha [EPHUOAMYECKHX TpaeK-
TOpHAX, T. €. B 3TOM cayuae P(x) cocTouT u3 6-06pasHbIX (yHK-
uud. B xaoTHueckoM pexuMe, rie MOKpPHITA TOJbKO 4acTb HHTEp-
Bana, ¢yHRUHA P(x) Moxer ObITb pPa3pPHBHOH, HO OTJHYHOH OT
HyJIsl Ha KOHEYHOM HHTepBaJe 3HAUeHHH .|
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HUtak, NpuHSB MNpHBEJEHHOE BHIIE ONpele/eHHe IOKazaTeld
JIsinyHOBAa, MBI BHAHM, YTO
npu A(a) <0 Tpaekropus ycToHuMBasg M IepHOJHYE-
cKas (UTepaTHBHBI nporecc AeHCTBYeT
KaK CTOK HHQOpMAIHH);
npu A(a)=0 TpaexTOpUs HEHTPATbHO yCTOHUHBA (HH-
dopmaius He NMPOH3BOAMTCA H He yTpa-
yHBaercs);
npu A(a) >0 TpaekTOpHS JOKaJbHO HEyCTOHuUMBasi H
XaoTHueckass  (MTepaTHBHHIH  MpOIECC
JeficTBYeT Kak HCTOUHHK HHQoOpManuu).

CrayuoHapHoe cocroarue B TPEXMEDHOM IPOCTPAHCTBE HMeET
TpH TOKasaTeas JIANyHOBa, Bce OHH OTpHUATENbHH (—, —, —);
npedenbrolii yuKA B TPeXMeDHOM IIPOCTPAHCTBE HMeeT TPH MOKa-
3aTesst JIAmyHOBa, ABa M3 HUX OTpPHIATEJbHB, OAHH (BAOJb NOTO-
Ka) paseH Hymo (—, —, 0); cTparuoll arTpakToOp XapaKTepH3yeTcs
TpeMmsi mokasaredsmu Jlsinynosa (4, 0, —), T. €. OAHHM IOJNOXKHU-
TeJbHHIM IoKasaTesdeM JISAIYHOBA A;, OJHMUM HYJEBBIM Ag ¥ OLHHM
oTpuuaTeabHeM A_. KHaue rosopsi, cTparueli aTTPAKTOp IOPO-
XJaeT HHGOPMaUHI B OLHOM HAalpaBJeHHH H CKHMaer HHPOpMa-
LHIO B APYrOM HalpaBjieHHH. Bloab MoTOKa mokasatentb JIsnyHoBa
paBeH HYJIO.

Ho pnas Toro, uto6nl 6bITh aTTPAKTOPOM, CHCTEMA JOJXKHA HMETb

3 13
Z,=1xi<0, T. e. OTpHIATEeJbHBIH MOKasaTeab JlanyHoBa no a6-
COJIIOTHOH BeJIMUHHE AOJKeH ObITh 60Jblie I0JOXKUTENbHOTO ITOKa-
saTeas Jlanynosa. Cymma nokasartenelt JIsanyHoBa 3ajaer cpelHIOn
CKOPOCTb CXaTHsi 06beMa B NPOCTPAHCTBE COCTOSIHAH.

Hccaenyem Tenepb IJs1 JOTHCTHYECKOTO OTOGpaXKeHHsi MOBeje-
HHe mnokasarens JIAmyHOBa Kak (YHKIHHM YOPaBJAAOLIEro napa-
Merpa a. [IpousBogHas OT (YHKIHH, 33[alOuUled JOTHCTHYECKOe
oTo6paxeHue, B JaHHOH TOYKe Xx; pPaBHA

"dF (x, a
}—%—q —a(l—2x). (6.3.31)
. £ x—x;
L
Jlas Tpaektopuu {x;} ¢ nepuopoM K mIOTHOCTL BepOATHOCTH P (x)
ectb Habop u3 K dyHKuuf 6 (x — i), noatomy

dF (x, a)

K
x@:ZM—W—

i=1

(6.3.32)

xi

(Ocnomanue sorapupmMa HecyllecTBEHHO; €CJH De3yJbTaT [aercs
B «BuTax», TO OCHOBaHue JorapudMa paBHO 2.)
Ilas tpaektopuu c mepuogom 1 (1 << a << 3) nokasareab Jls-
NyHOBAa paBeH
A{a)=In[2 —al
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SlcHo, uTO paJas Takoi nepuoguueckoit Tpaekropuu A(a)<< 0. Ho
npu a =1 u @ =3 nokasareap JIAanyHoBa obpamniaercs B HYJb:
A2(1)=0u A(3)=0, a npu a—2 OH HeOTPAHMUEHHO BO3DPACTAET:
A{a)— oo, Uto 310 3nauut? Korjaa A(a) obpamiaercss B HyJb, NPO-
HCXOAST «KacaTenbHbie» GudypKauMuH yABOeHHS mnepuona. MHaue
roBOpS, MpeXKae ueM 06pa30BLIBATh KaUeCTBEHHO Pa3JHYHHBE CTPYK-
TYypPBl, TPAGKTOPHUSI OOJKHA TNPOHTH uepe3 HeHTPAJbHO YCTOHUHBLIN
arrpakTop. Mexay 3tumu OHPypKAUHAMH A — —o00, TadK KaK TOUKAa

A

i

75 ‘[1 i ﬂ T 1T

48]

Puc. 6.17. Bapnauus nokasarteas JlanyHoBa A(a) Kax (GYHKUHS YIPaBJSIOIIETO
napaMeTpa JIOTHCTHYECKOTO OTOGparKeHHs.

x:=0,5, B Kotopo#t F(x.) nocTHraeT MakCHMyMma, CTAaHOBHUTCS TOU-
KOH Ha NepPHOAHYECKOH TPaeKTOPHUH, NMOCKOJBKY B 3TOH TOUKE MpO-
M3BOJAHas obpamaercs B OGeCKOHEUHOCTb. [l TpPaekKTOpPHH ¢ Ie-
puogoM 1 3To mpoucxoaut npu a = 2. {9 TPaeKTOPHH ¢ TNEPHO-
aoM 2 (a > 3) noayuaem

A(a)=In|a? —2a —4].

B stoM cayuae mnokasartennr JIANyHOBA BCIOAY HENOJIOXKHTEJeH
(M(a)<<0). Ou obpamaercs B HyJb nNpH a=1+44/6 u crpe-
MHTCA K —O00, KOTJa KPUTHUeCKAasl TOUKA X, CTAHOBHTCH YACThIO
TPAEKTOPHH C NMEPHOAOM 2; 3TO NMPOUCXOAHUT NPH a=1+44/5=
=3,236068. [qns Tpaektopu#i GoJiee BBICOKOrO MOPSAAKA BIMIOTH 10
TOUKH HaKOMJeHus a.=3,57 3Ta HCTOpHUs MOBTOpsieTcs (CM.
puc. 6.17), 1. e. nokasartenb JIANYHOBA OCTAETCA HENOAOMCUTEAbHbIM
(cuctema Beser cebsi, Kak CTOK MHpOpMaLUuu) H 06pallaercs B —oo
Ha TPaeKTODHAX, AJNS KOTODHX TeKyllas TOUKa X; NMpHO/IMXKaeTcs
XK KpuTHYecKOH Touke x. = 0,5, B KOTOPO#i npou3BoaHas opallaercs
B HYJIb.

Hakonel, BHISICHMM, 4TO IIPOHCXOJAHT, KOTJAA YIpPABJSOMHA MNa-
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paMeTp a AOCTHraeT TOUKH HAKONJEHHS Qc & 3,57 ¥ MPEBOCXOAHUT
ee. B camoil Touke HakomaeHus (a = a;) A(ac;)=0, a npu a > ac
nokasarteab JlsmyHoBa mnoJgoxuteden (A(a)>0), T. e. cHcTeMa
JACHCTBYET KaK HCTOYHHK HHopMaimuh. MoXHO Nnokasark, YTO OTH-
Gamomas 3HaueHud A(a) B OKPECTHOCTH @; H3MEHSIETCS N0 HEKOTO-
POMY YHHBEPCAJbHOMY 3aKOHY (3TO HaNOMHHaeT NOBeJCHHE mapa-
MeTpa mopsiika BOJH3H KPHTHYECKOH TOYKH (pas3oBoro nepexona).
HUnaye rosopsi, Mbl MOXKEM 3alHCaTb

Aa) =Xy (a—a)", (6.3.33)

rae 1 ~ 0,4498, Ay — HekoTOpas mocTosiHHas. B ofuiem cayvae npH
a > a. kpuBas A(a) I1aAKO BO3pACTaeT C YBEJHYEHHEM MNapaMeT-
pa a M, HaKoHell, AOCTHraeT ypOBHs OAMH OMT 3a HTepallHio, KOTAa
0TO6pakeHHe CTAHOBHTCA CTPOro <«JABa-K-OAHOMY»-3HAUHBIM, T. €.
koria a —4. KackagaM NepHOIMYeCKHX PeXHMOB ¢ OoJjee IJHH-
HBIMH TIEPHOJAMH COOTBETCTBYIOT OKHa C OTPHUATEJbHBIMH A.

Hacrasno BpeMsi, NpexJe 4eM Mbl 3aiMeMCsi HCCJell0OBaHHEM
BO3MOXKHEIX COOTHOIIEHHH MeXAY XapaKTEepHCTHYECKHM II0Kasarte-
aeM JIsAnyHOBa W (PAKTaJbHOH Pa3MepHOCTbIO OTOGpaXKeHHsi, H3y-
YHTb «HEUTO PEaJbHOE» — TPEXMEpHBIH CTPAHHBIH ATTPAKTOP H MO-
NbITAaTbCS HAHTH AONOJHHTEJbHHE MOAXOAslide MapamMerpbl A
XapaKTepPHCTHKH ero JHHAMHYECKOro INOBENeHHs, B OCOGEHHOCTH
ero cocumaroujux csoficts. HamoMHMM, 4TO Takue AHMHAMHUYECKHE
CHCTEMBl HHTEPECYIOT Hac ceffuac TOBKO KaK CHCTeMBl 00padorku
ungopmayuy. TTosToMy Halla UeJb COCTOHT B TOM, yToOB! MOHSTH,
KaKHM 06pa3oM TakHe «yCTPOHCTBa», Kak CTPaHHble aTTPAKTODHI,
MOPOXKAAIOT H PACCEHBAKOT, T. €. 06pabarsiearor undopmanuio, Mu
npeanonaraeM, 4to B obmeM cayyae HHPOpPMaUHs NOPOKIAAETCs
KackKajoM Oudypkauui, NPHBOASUINX K HAPYULEHUIO CUMMETPUU,
WM KacKaloM urepayut, IPUBOISAMUX K 6osee B8blCOKOMY paspe-
wienuto. Tlpu GosblieM pa3pelieHHH Te THIB BHYTPEHHHX MHKPO-
CKOTMHYECKUX INYMOB, KOTOPble OBUIM DPasMbITbl, KOTAa HHTETPH-
poBaHWe IMPOH3BOAHJIOCH MO JAOCTATOYHO INHPOKHM «OKHaM» B
POCTPAHCTBE H BPEMEHH, HAUHHAIOT 3aMETHO QJYKTYHPOBATb, H 33~
BepIIAETCsi 5TO «NPOsBJAEHHE» LIYMOB NePeXoioM (MHKPOQAYKTya-
WHA) ¢ MHKPOCKONHYECKOr0 Ha MaKPOCKONHYCCKHH HepapXHueCKHH
ypoBenb., VIMEHHO TaKOH IEPEXOJ NOPOKAAET HOBbLE XAPAKTCPHCTH-
KH (Hapsily ¢ MOTOKOM B (a3oRoM MPOCTPAHCTBE) AHHAMHYECKOI
cHCTeMHl, obJajaiollefi CTPaHHBIM aTTPAKTOPOM, — HHOpMalHio H
SHTPOIHIO.

6.3.4. Tunuunblii TPEXMePHH cTpaHHbIfl arrpaktop. Mogens Jlopenua

KoM6HHaIus YyBCTBHTENbHOH 3aBHCHMMOCTH OT HauyaJbHBIX YCJIO-
BHE ¢ NPHOJMKEHHBIM 3HAUEHHEM 5THX HAYa/bHBIX YCJOBHH MpH-
BONMT K HEBO3MOXKHOCTH TOYHBIX JOJIOBPEMEHHHIX NPOTHO30B OT-
HOCHTEJbHO 3BOJIIOIHMH CHCTEMBI, COCTOAUIEH Aaxe H3 Tpex HeIH-
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HEeHHO CBfI3aHHBIX NepeMeHHbX. C NpPaKTHYECKON TOYKH 3peHHs
0AHOH H3 HaubOJiee UYYBCTBHTENBHBIX CHCTEM CJEIYeT CYHTATh
atMocdepy. Jlopenu B 1963 r. BhicKaszan mnpeanosoxenne [6.11]
O TOM, YTO AHHAMHKa atMoc(epbl BecbMa YYBCTBHTEJAbHO 3aBHCHUT
OT HavaJbHBbIX ycaoBHH. I3 3TOH rHMOTe3Bl BBHITEKAIOT CaMble Cephes-
Hble CJENCTBHs AJid INIpeJCKasaHus INOroibl, gaxe ecad Ob HaM
VAaJoCh CYIECTBEHHO YCOBEPLIEHCTBOBATb METEOPOJOTHYECKHe MO-
JeaH U c60op JaHHBIX.

JlopeHu o6rapyxuj, 4To, CHIbHO 00pe3aB ypaBHenHs HaBbe—
Crokca (onHchIBalIlHe CHCTEMY ¢ OGECKOHEYHBIM YHCJIOM cTeneHell
cBOOOABI), MOMKHO MOJAYYHTH HEJHHEHHYIO CHCTEMY BCETro JHWIb
C Tpems TEpEMEHHBIMH, COXPAHAKILYI0 MHOTO XapaKTePHHIX OCO-
GeHHOCTeH HCXOLHOH CHCTEMBl. DTy «CKATYIO» MOJE]b MBI HaMepe-
BaeMcsl Tellepb paccMoTpeTb 0Oosee noapobHO, Tak Kak OHa OKasa-
Jacb INpPeJCTABHTEJbHBIM IPHMEPOM TpeXMEpHBIX cHCeTeM, obJa-
JalolHX CTPAHHBIMH aTTPAKTODaMH M  HEBEPOSTHO GoraTbiM
penepTyapoM INOBeleHHs.

Hraxk, paccMOTpuUM cHCTEMY

dX dy
"d—t—=O'Y——‘O'X, 'Et——_—-—Y—'—fX'—XZ, (6334)
42 e bz xY, o

rie o, r 1 b— ynpasasouine napaMeTpsl, GH3HYECKHH CMBIC] Nepe-
MennbiX X, Y ¥ Z pna Hac ceifiuac He HMeeT 3HauyeHHs. 3adHKCH-
pyem mapamerp b (Takofi cayuali BcTpeyaeTcss B psife THAPOIHHA-
MHUYECKHX NPHJOXKEHHII) H HCCJelyeM AHHAMHKY Moaead JlopeHua
(6.3.34), u3MeHsAs (BEllleCTBeHHble H IIOJOKHTEIbHBIE) 3HAYEHHS
napaMerpoB G H f.

Kak oGbluHO, MBl HauHHaeM C HCCJIeXOBAHHA NPOCTEHHIHX CHH-
TyJAPHOCTEH, T. €. CTALlHOHAPHBIX COCTOSIHHI, H aHajM3a HX YCTOH-
YHBOCTH (Mo JHHeHHOMY npubanxkenuio). Cucrema (6.3.34) umeer
CTallHOHapHBIE€ COCTOSHHSA

a) X|=Y|=12,=0,
6) X;=Y,=xAb(r—1), Z,=r—1.

Jlnneapusyem cucremy JlopeHIa OTHOCHTEJBHO KaMKAOTO M3 3THX
ABYX CTalHOHAPHBIX COCTOAHHUH, T. e. MojoxuMm X =X* 4 x(¢),
Y=Y+ 4 y(t), Z=Z*+z2(t).

Jlas cTalMOHAPHOTO COCTOSIHHsI (a) MBI TOJyY4aeM CHCTeMY
YpaBHEHH#]

dx K dy
2r =0W—x), —Gr=rx—y,
. (6.3.35)

7{-=——bz.
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XapakTepHCTHYECKOE YpaBHEHHE 3TOH CHCTEMBI HMEET BHIL

—0— A o 0
r —A—1 0 =),
0 0 —b—A
HJTH
bG+MNIM+(+Dr+0(l—r]=0, (6.3.36)

rae A — CcoOCTBEHHble 3HAYEHHST MATPHIH B3aHMOAEHCTBHS.

[Tpu r > 0 xapaKTepHCTHYECKOE ypDaBHEHHE HMeEeT TPH Belle-
cTBeHHBbIX KopHSl. ITpu r <C 1 Bce TpH COOGCTBEHHBIX 3HAYEHHS OTPH-
[HaTeJbHBI, MO3TOMY CTallMOHAapHOe COCTOsiHHe (a) ycroiuuBo. [Ipu
r>r.=1 ogHo coBGCTBeHHOe 3HAYeHHE CTAHOBUTCH MNOJOWKHTEJb-
HBIM, NPOHCXOANT OubypKaluHs, H COCTOAHHE (a) CTAHOBHTCH CE-
JIOBOH TOYKOH B TPEXMEpPHOM IIpPOCTPAHCTBE; TEM He MeHee 3TO
COCTOsIHHE BeJeT ce0d B IBYMEPHOM IMPOCTPAHCTBE KaK YCTOHYHBOE
CTallHOHAPHOE COCTOSHHE.

Has craunonaproro cocrosiuusi (6) JHHeapH30BaHHAs CHCTEMaA
HMeeT BUJ

d d T
==, Gr=x—y—VEr—1Dz

.. (6.3.37)
= V=Dl +y) —tz

E#i coOTBeTCTBYeT XapaKTEpPHCTHYECKOE YpaBHEHHe
— 00— A o 0

ST T T R

—i—1 —+br=1|=0,
Vor—=1) Ab(r—1) —b—2

Mt+@+b+ 1)+ b(c+r)r+2bo(r—1)=0. (6.3.38)

[Mpu r>1 npousBeieHne KopHell ypaBHeHus (6.3.38) ecTb
oTpULATeAbHOE BEIleCTBEHHOE YHCJ/IO0, a8 3TO O03HAYaeT, YTO MO Kpak-
Hefl Mepe OIHUH KOpeHb, HANpHMEp Ai, BeuiecTéeHHoiul u OTpUyA-
TeAbHobili, a ABa Apyrux (Ag, A3) nu6O0 BellecTBeHHBle H 00a OLHOTO
H TOro e 3Haka, JHGO KOMIUIEKCHO COIpsi:KeHHble. B OkpecTHOCTH
r >=r. ~ | BemlecTBeHHble 4acTH COOGCTBEHHBIX 3HaueHHH (A2, As3)
OTPHIATEJNbHBL.

UTO mpOHUCXOAMT C PACCMOTPEHHBIM HAaMH CTALHOHADHBIM CO-
CTOSIHMEM IIpH JaJbHefillleM yBeJHueHHH napamerpa r? Heobxonu-
MOe YCJOBHE HEeyCTOHYHBOCTH — KOMIJIEKCHAS CONPAMKEHHOCTh KOp-
Hell Ay U As, Tak Kak 20b(r— 1) > 0. [lonbiTaeMcsa HaWTH KPUTH-

HJIH
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YeCKOe 3HaueHHe r IPH KOTOPOM Ag 3 == =*=jA. [IpH Taxux

c?

YCJOBHSAX XapakKTepHCTHUECKOE ypaBHeHHe OpUHHHMAeCT BHJ
A — AA% 4 A%A — A A2=0. (6.3.39)

CpaBHuBast XapakTepHCTHUeCKHe YypaBHenHsa (6.3.39) u (6.3.38),
noJaydaem
’ o(oc+b+3)

re="%—p=1 -

A=+A/b(rl+a), (6.3.40)
h=—(c+b-+1)

IIpy o << b -4+ 1 mnosoxkuTeIbHLIE 3HAYCHUS r He CyIIEeCTBYIOT.

Pewarouiee 3nauenue remepn HMeeT BONPOC O TOM, YTO MpOIC-
XoguT 1TpHu r > r.. [loBeierue cucreMbl (6.3.34) 6bi0 BuepBLIe

YHCIEHHO HccaenoBano Jlopenuom [6.11] B 1963 r. npu r =28,
0=10 u b= 8/3. Jlopenu o6HapyxKuja, 4TO ClICTeMa HAUHHAET
OMHCHIBATL BOKPYT OJHOTO H3 (HEYCTOHUHBBIX) (OKYCOB BHTKH
C aMILINTY[OH, BO3pacTaioulefi cO BPeMEHeM, ONHCHBAs PacKpy-
YUBAKOOIYIOCH cnupasb. Ilocjde HeCKOJBbKHX TaKHX BHTKOB CHCTEMa
BHE3ANHO OCTABJIACT 3TOT PEXKHM, MOHOTOHHO YCTPeMJasieTcs K BTO-
poMy (OKyCy H HauMHaeT ONHCHIBATHL BOKPYT HEr0 BHTKH IO pac-
KpyuHuBampmefica cnHpaJu. 3aTeM, COBepIIHB HECKOJIbKO BHTKOB,
CHCTeMa TepenphriBaeT B OKPECTHOCTb NepBOro ¢okyca W HauH-
HaeT ONHCHIBATh BOKPYI HErO BUTKH 110 PACKPYYHBAIOUIEHCS CIHPAIH
H T. 1. MuTtepecHo oTMeTHTh, UTO BpeMeHA, B TEUEHHE KOTOPBLIX.
CHCTEMA HAXOAHTCH B OKPECTHOCTH KaxkAOro (okyca Tpexkie, yem
NePENpHrHyTh B OKPECTHOCThL APYrOro, paclupeiejedbl CTOXaCTH-
YeCKH, H B ONHCBLIBAEMOM HAMH INpollecCe HeT HHKAKON 3aKOHOMEP-
HOCTH, XOTsl OH INOPOXKJEH pasBepTHBalomlelics BO BPeMEHH JeTep-
MHHHCTHYECKOH (HeJHHeHHOH) cucteMmoil. UHC/IO BHTKOB, OIHCHIBae-
MBIX CHCTEMOH BOKPYr Ka)XJA0ro H3 JABYX (OKYCOB, KameTcs
CIyYyafiHbIM H TOTOMY COBEpDLIEHHO HEMpPEACKA3YeMBbIM.

Ha puc. 6.18 mnokasaubl npoekuun Ha maockoctH XY u XZ
TPAEKTOPHH cHCTeMHbl JIopeHUA A/ NPHBEAEHHHX Bhille 3HAauYeHHi
YNpaBJAAONIHX NAapaMETPOB B NPOCTPAHCTBE COCTOSHHI.

[IpeacraBiennoe Ha puc. 6.18 «xaoTHueckoe» IOBefeHHE —
JHUWIL OAHO H3 MHOIMX B 0OOraToM pemepTyape pasjiHuHBIX MOJ
Xaoca, Ha KOTOpwle «crocobua» cucrema Jlopenia. [Ipn Goabmux
SHaYeHUs X YNPaBJAIOUIErO NapameTpa r NOSBJSETCS Ieas cepHs
HOBBIX . 1HHAMHYECKHX PEXHMOB (BCe HCCJIEZOBAHHSA TPOBOAUIHCD
C IOMOIILBIO YHCJIEHHOIO MOAENHPOBAHHUSA HA KoMIbioTepax). O6cyxK-
AeHre cHcTeMbl JlopeHIla MBI 3aKOHUHM KPAaTKHM ONHCAHHEM ABYX
HanGoJiee - HHTEPECHHEIX SIBJEHHE — «IEpeMerKaeMOCTH» H «MeTacTa-
GuIbHOTO» Xaoca.
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PaccMoTpuM elile pa3 §oJjiee TOYHO pernepTyap [MOBeIeHHA CH-
creMbl JlopeHua (MBI [OKa He 3HaeM, CYyLIECTBYeT JH y Hee aT-
TpakTop!) MO AaHHBIM YHCJIEHHOTO MOJEJHDOBAHHA B OUEHb LWIHPO-
KOM JHalasoHe sHAYeHHH ynpasaswoulero nmapamerpa r. [lpu r <1
Hauajgo koopauHat (0, 0, 0) sBAAeTCs €IHHCTBEHHHIM YCTOHUHBBIM
CTallHOHAPHBIM COCTOSIHHEM.

Puc. 6.18. Tpaexkropusa artpaktopa Jlopexma Ha naockoctax XY u XZ npw
r=28, c =10, b = 8/3 B ofonx cayuyaax.

[Ipu r =1 mbl Habji0gaeM HENPEPBHIBHYI0 HAAKDUTHYECKYIO OH-
(GypKaUHIO ¢ BOSHHKHOBEHHEM HOBOTO DPeXHMa, MpPEeJACTaBJIEHHOrOo

IBYMSl HO8bIMU CTAllHOHAPHBIMH COCTOSHHAAMH (60 —1),

=+ w/b(r —1), (r—1). OTu ABa COCTOAHHA OCTAIOTCH YCTOHYHBHIMH
J0 TeX Mop, MoKa mapaMeTp r He AOCTHTHeT 3HAUCHHSA

r__G6o+b+3)
fe=o—b—1 °
npu b =8/3, ¢ = 10 stoT napamerp paseH o, =24,74.

Ipu r=r,=24,74, Korga KOMIIEKCHble COOGCTBEHHblE 3HaYe-

HHS [1ePeceKaloT MHHUMYIO OCb, MPOHCXOAHT Oudypkauns Xorda,
H CTalHOHapHbIe COCTOSIHHA, ObIBIIHE J0 TOrO YCTOHYHBBIMH, yTpa-
YHBAIOT CBOIO yCTOHuHBOCTb. (DBHbypkalus HasblBaeTcs «HAAKpH-
THYECKOH», eCJIH KaxJ0€ COCTOsiHHe TepsieT YCTOHMYHBOCTB, KHCIIYC-
Kafg» [PH 3TOM YCTOHUHBYIO NEPHOJHYECKYI0 OPOHTY, H «IOAKpPHU-
THYECKOH», eC/JH MOTEPHA YCTOHUYHBOCTH COMNPOBOMKAAETCA <IOTJIO-
[IeHHeM» HEeYCTOHUYHBOH mnepuHoAHdYecKoil op6uTH. IlokaszaHo, 4TO
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B paccMaTpUBaeMOM HaMu cjyyae OHQpypKauHus NOJKpPHUTHYeCKas.)
[lpu r > 24,74 06a cTalHOHADHBIX COCTOSIHUS CTAHOBATCS HEYCTOH-
yuBbIMH. [lOTOK, JMHHeapH30BaHHBIH BOKPYr KaxXJIOro H3 3THX CO-
CTOSIHHH, HMEeT OTPUYATEAbHOE BeUleCT8eHHOe COOCT8EHHOEe 3HaUe-
Hie H Mapy KOMIJIEKCHOM CONPAXEHHBIX COOCTBEHHBIX 3HayeHHH ¢
NOAOKHUTEAbHbIMI BenleCTBeHHBIMH yacTaMH. CJiefoBaTesNbHO, IIpH

= 24,74 mnpoucxogdr obpaTHas HJAH <«IOAKPHTHUeCKaA», OUPYp-
Kaluusi, OTAENAONAs CTAalHOHADHBIE COCTOAHHA OT 3aBHCSILErc OT

Xne

[A)

0 %o 1 X,

Puc. 6.19. I[puMepHHii BUA OJHOMepHOro oToGpaxeHus (C TOuKoil BO3BpaTa)
arTpaktopa JlopeHua Ha IJOCKOCTH YZ, MOACHAIOIMHH YC/IOBHSl CYILECTBOBAHHS
MeTacTaGUIBHOTO Xaoca

BpPEMEHHU HEeNepHOIUYECKOTO COCTOSHHS. Huxe r. = 24,74 uabmaio-
JaeTcs CJAOXKHAas CHTyalus: TaMm CYLIeCTBYeT HECKOJbKO 3HAYeHHH
YIOPaBJAAIOUIEr0 NapaMeTpa r, MPH KOTOPHIX MOBeleHHe obperaert
HOBble KauecTBeHHble OCOGEHHOCTH: NMOSABJSAITCA HEYCTOHYHBHIE Ie-
PHOJAHUECKHE M AaMepHOAHYECKHEe TPAeKTOPHH, HO HE CYIIECTBYET
IPUTATHBAIOUIEr0 MpPeLebHOTO LHKJIA, COOTBETCTBYIOLIEr0 YCTOH-
YHBOMY ME€PHOJHYECKOMY ABHIKEHHIO. DTOT DEXHM IIPOSBJISETCS B
«MeracTabUJIBbHOM» Xa0Ce W THCTePE3UCHOM IOBEJEHHH.

[ToscuuM ckasaudoe. JlJas 3TOro NMOCTPOHM OJHOMEPHOE OTO-
Gpaxende I[lyankape, MHIyUHPOBaHHOe Ha IUIOCKOCTH YZ arTpak-
Topa (puc. 6.19). Hacts sToro orobpaxkenHusi UMeeT [IPOU3BOAHYIO
MeHbIIe eIHHHIB, H B HauajJe KOGPAHHAT paclo/oxeHa yCTOHYHBAs
HelloJBHXHAas Toyka. JIiofast TpaeKTopHs, MoNajamulas B TOUKH C
X < xo, NpUTATHBaeTcs K Hayajgy Koopaunat. Ho tpaexropuH, BbI-
XoAsiuiHe U3 TOYEK ¢ X >> Xo, MOTYT B Te€4YeHHe HEKOTOPOro BPEMEHH
COBepIIATh XaoTHUecKHe OJYyKAAaHHS MpeXJe, YEM OHH OKaxXyTcs
3aTsHyTHMH B oOaacte Mexay 0 u xo. [lapamerp r MOXHO
nogo6path TakK, uTo6n 0GJacTb-«a0Bylikas (0, xo) Oblia CKOJb
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YrOOHO MaJa (a <«IOJOBHHA BPEMEHH KH3HH» CKOJIb YTOIHO
BeJIHKa).

Taxum o6Gpasom, MeTacTaGHJBHBEI Xaoc MOMXKHO ONNCAaTh Kak
CTPAHHBIA aTTPAKTOp ¢ HEHYJIEBOH BEPOATHOCTHLIO INEpexoja B He-
NOJBHKHYIO TOUKY HJH HPEeJeJbHBH LHKJI; OH NOApPa3yMeBaeT Cy-
IeCTBOBAHHE IEPEXOJHOTO peXKHMa, BpeMeHa 3aTyXaHHA KOTOPOro
HMEIOT 3KCNOHEeHIHaabHoe pacnpefedenne. IToutn kaxpas tpaek-
TOPHS II0CJle HEDEryJsfpHbIX KoJeOaHHH B TeUeHHE HAYaJbHOTO
nepHo/fa YCTPEeMJseTCs K KaKOH-HHOYAb NepHOTHUECKOH TpaekTo-
puu. CpenHsAs NPOXOMIKHTENbHOCTh XaOTHUECKOTO peXHMa 0B6bIUHO
He OU€Hb BeJHKa H, KaK IIpaBHJO, COCTaBJAfeT OKoJao 50 urepauuf,
HO «MeToZoM Npo6 H OIHOOK» MOXKHO HaHTH TakHe HaydaJbHble
yCJA0BHA Ha OTOOpaXKEHHH, YTO NPOJONKHTENBHOCTh «XAOTHYECKOH
thaspt» oOxameTCs CcyumiecTBeHHO Oodbluell. B apyrux curTyanusx
MeTacTaOHJBHBI XaoC MOXKET 3aBEpIINThCH NEPexojoM B CTallHO-
HapHOE COCTOsIHHE HJH B COCTOSHHE, KOTOpOe TaKiKe XaOTIYHO, HO
OTJHYACTCH CYILIECTBEHHO APYIHM XapakTepoM IOBEICHHS CHCTEMH,
T. €. HMeeT JPYIyl (yHKLUHIO IJOTHOCTH BEDPOSITHOCTH H 3aHHMaer
JIDYTOH TIOABIHTEpBAJ BCero aTTpakTopa. Bo3MoXKHa M Takas cH-
TyallHfl, KOr/a HOBBII pPeXHM B CBOIO' oyepelb OKa3blBaeTcs MeTa-
CTaOGHJIBHBIM H 110 HCTEUEHHH KaKOTO-TO BpeMeHH (4epe3 HeKOoTopoe
YHCJAO0 HTepaluil) NepeXOoAHT B KAaKOH-HHOYAb TPEeTHH peXHM HJH
BO3BpalaeTcs K MepBOHAYAJIBHOMY.

Co6CTBEHHO CTpPaHHBIA allepHOAHUYECKHI aTTPAKTOD IOSBJSETCA
npa r > 2474 u 3aTeM MeUICHHO 3BOJIOUHOHHDYET BIIOTHb [0
r ~ 145. Haunnas ¢ 3T0f TOUKH, B TONOJOTHH aTTPakKTOpa IIpPOHC-
XOJHT TIOCJI€e0BATEIbHOCTD CJOXKHBEIX H3MEHEHHH, KOTopas nponoJ-
KaeTca g0 r = 148,4, rie BO3HHKAaeT YCTOHUUBLI NpeaedbHbIH
unka [6.12]. :

[lpu r > r. =166,07 npenenbHHl LUHKJ, B KOTOPHIH BHIPOXK-
IAaeTcs CTPaHHBI aTTPaKTOp, CTAHOBHTCA HEYCTOHUMBHIM, I B CH-
cTeMe BO3HHKAeT HOBBHIH AHHAMHUYECKHH DPEXHM, KOTOPBIH Hashl-
BaeTesl «IlepeMexaeMocTb». Ecanm He TpeboBaTh CTPOTHX OIpeje-
JeHHI, TO MOXKHO CKa3aTh, YTO NepeMexRaeMOCThb (peaJusyrilascs
B HEKOTOpPBIX OKHaX IPOCTPAHCTBA YNPAaBJSIONIEro nmapamerpa r B
cucteMe JlopeHlua) mo CymiecTBy NpeacTaBJjaser CO00H (PH3HUECKYIO
HeCcrnocoBGHOCTh YCTAHOBJEHHA CHHXDOHH3AlHH, HJH YCTOHYHBOTO
JKECTKOro 3axBaTa, MexAy $asof AHCCHNATHBHOIO HEJHHEHHOrO
ocuuaIATOpa H (Da3od BHEUIHEro MepHOAHYECKOTO BO30OYXKAEHHS.
B TOT cambli MOMEHT, KOIJa MpedesbHBIH LHKJI B TPOCTPAHCTBE
COCTOSIHHI IIOUTH CMBIKAeTCs, HaUMHAeTCsl CBOEro pPOjfa «TPsACKa»,
HJIH <«APO¥aHHe», KOTopas BMeUIMBACTCS H DAaspyllaeT peryJsp-
Hyl0 TpaekrtopHio. Ha mnpoTs:keHHd HeGOJIBUIONO HHTEpBa/ja Bpe-
MeHH Takag TPACKa IOPOKAAET XaOTHYRCKOE IBHMKeHWe, NpPelcTaB-
Jsmiolnee coGoH  HWHPOKONOJOCHHE IMIYyM HJIM YHIHDEHHe IIHKOB
B CIIEKTPE MOIIHOCTH, a 3aTéM CHOBAa B CHCTeMe HauHHaeT BO3HH-
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KaTb INpeleJbHBIH IMKJ, H Bce IOBTOpsieTcss cHayanaa. Hekotopoe
BPeMst COYCTsl, MPOUCXONAHT HOBAsi «BCHBIUIKA» TYpPOYJEHTHOro pe-
KHMa, HJIH Xa0ca, BCIel 32 KOTOPOH CHOBA BO3HHKAET MpefefbHBIH
UMK U T. 1. JJJIHHBEI BpeMeHHBIX HHTEPBAJIOB — MPOLOJKHTEIBHOCT
XaOTHYECKHX M DEeryJspHbIX (a3 ABHXKEHHS — paclpeaesensl 110
CYILeCTBY CJAYYaHHO.

Bo/siee TOYHO CYThb mepeMekaeMOCTH MOMKHO MOHSITb, €CJH 00-
paTHTbes K oTobpakenuio [TyaHkape, nopoxpaeMoMy aTTpakTOpOM
Jlopenna B OKPeCTHOCTH 3HaueHuss r ~ 167 ymnpasasiomero napa-
MeTpa, KaK M Ipexnae, Ha mJIockocT YZ (pue. 6.20).

Ha puc. 6.21,a gocraTtoyHo moapoGHO NMOKA3aHO, YTO NpH Iep-
BOM [epeceyeHHH KPHBOH 0TOOpa)KeHUS ¢ GUCCEKTPHCOH MBI HMeeM
ycrotuugyro HeMOABMKHYIO TOUKY B OTOOpaXKEeHHH, KOTOpas COOT-
BETCTBYeT YCTOHYHBOMY IMepHOAMYECKOMY IBHKEHHIO, HO IPH CABH-
re KPUBOH, [BE HeNMOJBHXXHHEHE TOYKH (OZHA ycToHuMBas, Apyras
HeycTOHYHMBasi) cHayaJja CJAHBAIOTCHA, a 3aT€M HCUE3aloT.

HenocpeacTtBeHHO moc/e HCYUE3HOBEHHS HEMOJABHMKHBIX TOYEK,
Korga KpHBas elle HaXoZUTcs BOJH3H OHCCEKTPUCH, CHCTEMA CO-
XpaHAeT NaMaTb O ObIBUIEH YCTOAYHBOHN HeNmOABHKHOH TOUKe, H MBI
Habaw0gaeM MOYTH YCTONUYUBBIA MpegeSbHBIA IIHKJ ¢ OTKJIOHEHHSMH
OT NOYTH MEePHOJHYECKOrO peXHMa B CaMOM Hauaje H B CaMOM
KoHue. Ha nocratouyno GosabliioM pacCTOSHHM OT GHIBIIEH Hemno-
JBUXHOH TOYKH, KOTJAa HUTepPallHOHHBIH Mpollecc HAYHHAETCH CJeBa,
NpeAcTaBJAOIAas TOYKa BXOAHT B CBOEro pOJa <KaHad» MeXIy
KpHUBOH oToOpaKeHuss u GUCCEKTPUCOMH, 3aMelJsieT CBOe IBHXKeHHe,
NPOXOAHUT CKBO3b KaHaJ, 3aTeM YCKOpPSieT CBOe ABHXKEHHe H BbIXO-
IUT N3 KaHana crnpasa (puc. 6.21,6). Ewe nmaasite or GriBLIEH
He[OIBHXHOH TOYKH CHCTeMa BXOAHT B «TYPOYJEHTHBIH» pexHM,
IIPH KOTOPOM KOppeJsilHH, BO3HHKAIOIIHe [PH CHHXPOHH3ANHH (a3,
HapyUIAIOTCs, H CHCTEMa cOBepllaeT cJyuafiHble GaYy:KAAaHHS B 00-
IIHPHON 06J1aCTH NMPOCTPAHCTBA cOCTOstHUHA. PaHO WM MO3AHO 3TOT
NepHoJ XaoTHYeCKHX (a3 3aBepliaeTcs, KOrja ABHXKYIIAsicsa TOYKA,
«0bcseysi» TPOCTPAHCTBO COCTOSIHHH, BIJIOTHYIO NPUOJIUXKAETCA K
6BIBIIEMY YCTOHUMBOMY MPENENbHOMY LHKJIY H TEM CAMBIM CHOBA
«HHKEKTHPYeT» TPAeKTOPHIO B OKPECTHOCTb CTAPOH HEMOABHKHOH
TOYKH.

M3-3a HeKOTOPHIX CJOYYaHHEIX cOOeB B IpOIlECCE HHXKEKTHPOBA-
HHS B OKPECTHOCTb OBIBIIEH HEMOIBHXKHOH TOYKH KaHAJ He BCerjaa
OKa3blBaeTcs MOKPHITHIM HA BCeM CBOEM MPOTSXKEHHH, H MOTYT BO3-
HHKHYTh HEKOTOpble PACXOXIEHHS B TNPOAOJIKHTEJbHOCTH «JIaMH-
HapHBIX» HHTEPBAJOB. Pe3lOMHpysi, MBl MOXKEM YTBep¥AaTh, YTO
nepeMeXalOMMUHCA PeXHUM eCTh CJHEJCTBHE CABHra mapaGoJHyecKof
yactu oto6paxenus [lyankape (IpH yBeJHYEHHH YNPaBJISAIOIEro
NapaMeTpa), B IIpoliecce 3TOTO CABUra OHa CHayaJla NepeceKaeTcs
¢ OuccekTpHCOH, 3aTeM KacaeTcss GHCCEKTPHCHl H, HAKOHEll, IPOXO-
IOHT BHe ee, He UMesl ¢ GHCCEKTPHCOH TOYEK mepeceyeHHs.



TaaBsa 6

360
a4y
-
\Lsf’

Puc. 6.20. TlpumepHnil BHA OJHOMEPHOro orobpaxkeHHs aTTpakTopa JlopeHia
Ha IJockocTH YZ, TOSACHSIOWIHA YCJOBHE BO3HHKHOBEHHS peXHMa IiepeMexae-
MOCTH.
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Puc. 6.21. [ompoGHbie YCJIOBHS BO3HHKHOBEHHS pekHMa NepeMexaemoctH. IT.u.
Ha pHc. 6.21,a o3HagaeT «Mpefe/bHbI UHKI>.
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6.3.5. CkopocTs npoussofcTBa HHopMaluuH aTTpakTopom Jlopesua

UTo6H BBIYHCJAHTH KOJAHYECTBO MHGOpMALHH, NOPOXKAAEMOH aT-
tpakTOpoM Jlopenua npu o = 10, b = 8/3, r =28, nocTpoum cHa-
yasna oro6paxenue [lyankape Ha NPOEKIHH 3TOTO aTTPaKTopa Ha
njaockocTs ZX. Jiaa sTOoro npoBeleM CeUYeHHE, TPaHCBEPCATbHOE
OTOKY, H OTMETHM moc/Jef0BaTe bHble NPOXOXK/ACHHUS YePe3 MAaKCH-
MyM, HanpuMep, B Hanpasienuu ocd Z. Tak Kak atTpaktop JlopeH-
12 CHMMETPHYEH OTHOCHTEJIBbHO npeobpas3oBaHus x—>—X, y—>—}Y,
z— 2, ceueHHe OJHOTO «KpbLIa» NMOPOXKJAAeT Takoe ke OToOpaxe-
HHe, KAK H CHMMETPHUYHOE CeYyeHHe APYTOrOo <«KpblLIa». .

3aUKCHPYeM MPOMEKYTOK BpeMeHH f(X) Mexay ABYMs HocJje-
0BATE/bHBIMH TPOXOXK/IECHUAMH TpaeKTOpHH uepes ceuenne [lyaH-
kape [6.13]. Pacposaras oToOpa)keHHeM IOCIeN0BaHUS F(x) n
dyHKuHefl f(x), BblYMCIfEM ILJIOTHOCTb BEPOSITHOCTH P(x) ¢ mo-
MOILbIO METOJa HUTepaluil, KOTOPbIH MBI HCIOJb30BaJH INPH pac-
CMOTpEHHH JOrHCTHYeCKoTo otoGpaxenus (pasa. 6.3.1). 3nas P(x),
MBl BBIYMCJSIEM NPOH3BOACTBO HHGOpPMaUHUU Mo ¢opmye

1 dF (x)
x

)=\ P(x)log|———|dx ~ 0,98 6ut 3a urepauuo. (6.3.41)
7 p
0

DTy BeJHUYUHY MOMKHO CPaBHHTb C COOTBETCTBYIOIIHM 3HAYCHHEM
¢I> KJasi JIOTHCTHYECKOTO OTOOpaXeHHsl NMpH @ == 4, KOTOpPOE BBIYUC-
asiercst cienyiomuM o6pasom. [lpousBoas mpeo6pasosanue x' =
— (2/n) arcsin 4/x Hax JorucTHYecKnM oTobpaxenueM F(x) = 4xX
X (1— x), MBI TMosiyyaeM CHMMETPHUYHYIO «KpBILIy HOMHKa»:

2%’ npr 0 <y’ < <.
F (x)= A
2(1—«) mpn  <x' <L

Slcwo, uto anas storo orobpaxenus P’(x')==1. Ha coxpaneHus
BepoaTHOCTH P’ (x")dx’ = P (x)dx MBI nosyuaeM

H, CJeJ10BaTe/JbHO,

1 logs [4 (1 — 2x)]

1
! =—S L~ dx=1 3a arepauuo. (6.3.42
H= Ny p ( )
dtoro pesyabraTa CJaef0BAJO OXHAATh 3apaHee, TaK Kak IpH
=4 jgorucruyeckoe OTOGpaXKeHHe MOPOXKIAeT ABYKpPaTHOE NMOKPHI-
The uutepsana [0, 1] ocu Y (otoGpaxenne «aBa B ofuo»). IlpH
3HAYEHHSIX YNPABJIAOIEX mnapamerpoB r =28, b=28/3, c=10
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nopoxkpaaemoe arrpakropoM Jlopenuma orodpaxenne [lyankape
IOYTH CHMMETPHYHO H CTelleHb NOKPHTHS paBHa TOYTH 2 — IOYTH,
HO He COBCEM.

Uro6b omucaTh XapaKTepUCTHKH MPOH3BOACTBA HH(OpPMaIUH,
BBIUHCJIHM

1
dl P(x) dF (x)
(&) = Og "o QI—ax— dx [6ut/c], (6.3.43)
HJIH, ecaH GyHKuHg P(x) HeusBecTHa,
dl log, | dF (x)/dx |
<W> = li 2—n (6.3.44)

i=1

rpe f{,— AJHHa HHTePBaJa BpeMeHH, 3aHHMAEMOro A-M HepeX0J0M.
CxopocTh npou3BoAcTBA HH(OPMAUHH AJs aTTpaktopa Jlopenua,
Kak nokasano B pabore [6.13], cocraBaser ~ 1,19 Gurt/c.

[1penmonokuM, HaKOHel, 4TO Haua/JbHasi TOUKa B HHTepBaJe |0,
1], u3 xoTopoii Mbl HauHHaeM HTepalHH OTOOpaxkeHHs B J1HO6GOM
NPaKTHYECKOM IPHJIOXKEHHH, U3BECTHA HE TOYHO, & C HEKOTOPOH 3a-
JlaHHOH HeoNpeJeNeHHOCTbIO, BbIpaxKaeMoil pacnpeaedenueMm Py(x)
Ha HHTepBaJe. ANpHOpPHAs HeONpeeeHHOCTh B MOJOXKEHHH HauaJb-
HOH TOUYKHM INPOCTO pPaBHA ACHMITOTHUECKOH (YHKLUMHM MJIOTHOCTH
BEPOATHOCTH P(x) HpH 3aJaHHOM 3HAYEHHH YNPaBJAOIIEro napa-
MeTpa, 03TOMY «HH(MOPMAalLHOHHAS LEHHOCTh» HAUAJbHOrO YCJAOBHS
3ajlaeTcs BEJHUYHHON

1

S= g Py (x) Tog, ( Po (x) ) dx (6ur). (6.3.45)‘

P(x)

CJ]EJIOBaTe.]'[bHO, «MIaMsATb» CHCTE€MBI, UaMepsgeMass HHTEPBAJOM Bpe-
ME€HH, B TE€UEeHHE KOTOPOro aTTPAaKTOP MNOJHOCTBIO «3abbIBaeT» Ha-
YaJibHbIe YCJIOBUA (HGpECTaeT 3daBHCETh OT HHX), onpeneasieTcsa Kak

BeJHUYHHa
1

Py (x)
< S Py (x) ]og2( ) ) dx
(d[/a't) 1

EERTER

T= c. (6.3.46)

0

[To ncreuenun BpeMenu T JHHaMHYecKas 3BOJIOLHS CHCTEMH Tepe-
cTaeT nepepalaThBaTh «CKPHITYIO» HHGMOPMAIHIO, XPaHHBIIYIOCS B
HAYyaJbHBIX YCIOBHAX, B SBHYIO, H NOPOXKAAET HO8YHO HHPOPMAIHIO,
MPOH3BOJUMYIO CAMHM MOTOKOM (CM. Takxke pasi. 6.5).
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O6parumes Tenepb K HCCJAEI0BAHHIO MAPaMeTPOB, MO3BOJISIOLLIX
paccMaTpHBaThb CTPAHHBIH aTTPAKTOP KaK HeKOoe <«YCTPOHCTBO» IO
nepepaboTke HHGopMauuu. SIcHo, 4TO MBI OXKHJAeM YBHAETh CJe-
AYIOULYI0 KapTHHY: NPH 3HAUYCHHUSX YNPaBJSIOLIUX [apaMeTPOB HH-
}Ke Iopora, Mmoc/je KOTOpPOro HauHHaeTcsl xaoc (a4 A0 KOTOPOTo cy-
UIeCTBYIOT TOJBKO CTAallHOHAPHBIE COCTOSIHHSL H IepHOAHYECKHe
TPAE€KTOPHH ), TPAEKTOPHH B NPOCTPAHCTBE COCTOSHHH TOJBKO IMPH-
TATHBAIOT, H COOTBeTCTBYIOUIHe HTepauHu oTobpakeHus [lyankape
Ha OTPe3Ke MOHOTOHHO CXOISITCSI, MOPOKAasl IJOTHOCTH BEPOSITHO-
CTH, NpeAcTaBasomue cob6oii Habop §-o6pasubix pyHkuuil. [Ipu rta-
KHX NOAKPHTHUECKHX ycaoBHax (/) <C 0 (cHcTeMa acHMIITOTHYECKH
BeJeT cebsl KaK CTOK HH(pOpPMALUH, T. €. KaK HAYaJ0, OrpaHHYHBAIO-
lilee pasHooOpasHe, a4 CJeAOBATeNbHO, H BO3HHKAWILYIO HHbopMa-
LHI0, — KaK HCTOUHHK «HEr3HTPOMHUY).

Ilpn 3HaueHHSIX yNpaBASIOUINX [apaMeTPOB, MPEBHIIAIONIHX
KpPHTHYeCKHe, KOrJa B CHCTeMe YCTAaHABJHBAETCSl CIJIOUIHOA Xaoc
(mouTH Bce TPAEKTOPHH HEyCTOHUYHBBIE ), BAOJb HEKOTOPBIX Hampas-
JeHH B mpocTpaHcTBe cocTosiHUE (/) >0, T. e. co3gaercss pasHo-
obpasue, U 3HTponus Bospacraer (ucTounuku). Kpome Toro, Hepa-
BeHCTBO (/) <C 0 U BAO/b HEKOTOPBHIX JPYTrUX HAIlpABJEHHH B IMPO-
CTPaHCTBE COCTOSIHHUI, BCJACACTBHE Yero pa3HooOpa3ue yMeHBIaeTCs
U nogAsasietcs: uHpopMauus (cToku). MMeHHO H3 Takoro B3aHMO-
JeHCTBHSI NPOH3BOACTBA H MOTEpH HHMOPMAIHH MBI OXKHAAEM BHI-
BECTH XapaKTepHble OCOOEHHOCTH, [103BOJSIOUIHE CYAHTbL O AHHAMH-
4ecKoll cHcTeMe Kak 0 Oosiee MM MeHee 3(p(deKTHBHOM YCTPOHCTBE,
3aHHMawuleMcsa 06paboTKOH HHpOpMaLHH.

[ToMuMoO H3/0KeHHO! BBILIEe NOCTATOYHO MOAPO6HO Mogead Jlo-
peHlla CVIIEeCTBYIOT MOJEJIH, BO MHOTOM aHAaJOTHYHBIE eil, HApHMEp
HesnuHeHHBIH ocuuaasarTop HybdHuHra wian ocnuansitop BaH nep Ilo-
Js, B KOTOPbIX IIPH TapMOHHYECKOM BHEUIHeM BO3JAEHCTBHH
(£ 4 vx 4+ ofx*=Acos B mepBom cayuae H £ — &{l—x?) £ 4 0ix =
= A cos @ ~— BO BTOPOM) IOMHMO MpeLeJbHOro IIHKJa, BO3HHKAIO-
Llero NpH CHHXPOHH3ALHH H 3aXBaTe HACTOTHl, HAGMIONAIOTCST TAKKe
XaoTHYEeCKHe peKHMBl, 06Jajarlliie BceMH ONNCAHHBIMH BHIIIE Xa-
PaKTepUCTHKAMH, B PAa3JHUHBIX OKHAX IPOCTPAHCTBA YIPAaBJSIOUIHX
napameTpoB. VHTepecymwolneroes uHTaTesnsi Mbl OTCBIIAEM 3a IIO[-
pobHoCTAMH, HanpuMmep k pabotaM [6.6—6.8], a Takxke K MPHJIO-
X}eHuw B.

6.4. Mapamerpbl,. XapaKTepU3ywIlUe CpPEAHEE NHOBeIEHHE
CTPAaHHBIX ATTPAKTOPOB: Pa3MEPHOCTH, IHTPONHH
u nokazarenu JlanynoBa

TpH OCHOBHBIX MOHATHS HMEIOT pelllalolilee 3Haueuue (H Tpe-
Oy10T MO3TOMY KOJIMYECTBEHHOI Mephl) AJsl XapaKTepHCTHKH AlHa-
MHYECKHUX CBOHCTB CTPAHHHIX ATTPAKTOPOB.
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a) CreneHb «cxKaTHs», KOTOPYIO crnocobHa o6eclneyHTb CHCTeMa
(meficTByIOIlAs KaK CBOEr0 POJA «MNblIecoC» B (PyHKUHOHAJb-
HOM ITIPOCTPAHCTBE).

6) Tounbl#i crnoco® NPOM3BOACTBA 3IHTPONHH NPH Mepexoie (H
VCHJIEHHH) BHYTPEHHHX (GJAYKTyauHH# CHCTEMB € MHKPOCKO-
MHYECKOTO Hd MAaKPOCKONUYECKHHA HepapXHuecKHH YpOBEHb
NP YBEJHYEHHH paspelleHys, oOYyCAOBJEHHOM KacKaloM
dbaykryauui.

B) CsoiicTBa ycTOMYMBOCTH aTTPAKTOPa WJIH CKOPOCTH npou3600-
cT8a paszHoobpasus TO ONHUM H YyTpaTel uugopmauui IO
JpYTHM HanpaB/JeHHSM B TNPOCTPAHCTBE COCTOSHHHU.

B sToM pasjgene Mbl HamepeBaeMcsl 3aHSTbCS NOHCKOM COOTBET-
CTBYIOIIHX MNapamMeTPoB, MO3BOJSIOUIAX TPHAATh KOJHUECTBEHHHII
XapakTep INepeuncjeHHBIM HAMH CPeJHHM XapaKTepPHCTHKaM CTpaH-
HHIX aTTPaKTOPOB, H BO3MOMKHHIX COOTHOILIEHHIH MeKAY TaKIMH Ia-
paMeTpaMu.

B sTo#l rnaBe MB paccMaTpHBaeM AHHAMHUYECKHe CHCTEMBl C JH-
CKPETHBEIM BpEMEHEM 4, TaKHe KaK 0TOGDAXKEHHA Xny, = F (X, ), WIH
C HelpephBHBIMH OTOKaMH, TaKHe KaK OGLIKHOBCHHBIE HeJlHelHBle
nuddepentinanbubie  ypaBHeHHs TiepBoro mnopsiaka dx(f)/dt =
=f(x({}; p), rae x B o6oux caydyasx BeKTOp, BOoOOUle rosops, B
MHOTOMEPHOM MpOCTPaucTBe cocTosiHHA. IIpH 3a1aHHOM HauaJbHOM
yCJAOBUM (MauaJbHOM 3HAaYeHHH BeKTopa X npu n==0 B cayyae oTo-
Oparkenus wau npu { =0 B cJyuae HenpephIBHOH CHCTEMBI) ITIOPO-
Kpaercst opbura Xy, Xg, - .., Xo B cJyuae oToOpaxKeHHss HAH TPaekK-
TopHsl x(#) B cayuae cucrteMbl guddepeniHanbHBHX ypaBHEeHUH,

Hac uHTepecyrT aTTpakKTOPH, BO3HHKAIOIIHE B TAaKHX CHCTEMAaX.
ATTpakTOp mpeAcTaBasieT co6oi KOMMakTHOe nogMHoxectBo C mpo-
CTPaHCTBA COCTOSHHI, obaajalpllee CBOHCTBOM IIPHTATHBATHL Ha-
yaJabHBIE COCTOSIHHSI M3 HEKOTOPOH cBOell OKPeCTHOCTH (IocJde TOro,
KaK «yJsryTcsis nepexognble pexxkuMel). [loa npurtsKenneM Mbl IO-
HHMaeM, UTO IIPH KaXKJAO0M HauyajhHOM YCJOBHH NpeJeJbHOE MHOXKe-
CTBO TPAEKTOPHH WM OPOHUTHI NIPH 71 WM f, CTPEMAIHXCS K 00, €CTh
KoMnakTHoe MuoxkectBo C. Takum o6pasoM, Kaxjaasg TPAeKTOpHA
u3 06JacTH NPUTsKeHHs1 MuoxKecTBa C INPOXOAHT CKOJNb  YTOAHO
6JH3KO OT KaxKaoH ero TOukH. PasMepHOCTb aTTPaKTOpa — NepBblfi
napaMerp, HeOGXOLHMBIA AJsi TOro, 4To6bl OXapPaKTePH30BATL €ro
cBOficTBa CXKHMaTh HHGpoOpMauHio. PazmepuHocTs yKasbiBaeT, Kakoe
KOJIMUeCTBO HHpOpMAUHH HeO0O6XOAHUMO MJsi TOro, 4to6bl 3aaaTh ¢
Onpe/eaeHHONl TOYHOCTBIO ITOJIOXKEHHe TOUKHM Ha aTTpakrope V. Bh-
CKa3bBaJ0OCh TPEANOJOXKEeHHe 0 TOM, UTO HajjaexkalluM o6pa3oM
onpeaeJeHHass pa3MepPHOCTb aTTPaKTopa, BOOOILe TOBOPs, MeHbUle
pasMepHOCTH NPOCTPAHCTBA COCTOSAHHMA, B KOTOPOM JIEXHT aTTPak-

b CyulecTByeT aJbTeDHATHBHOE ONpejenieHHe HH(POPMALHOHHOR pPa3MepHOCTH
KaK 4YuCcaA0 OHTOB, KOTOPHIE MOXKET IHHAMHUYECKH XPAHUT6 aTTPAKTOP.



CTOXaCTHYHOCTh: Xa0C H CTPaHHBIE aTTPAKTOPH 365

tTop. A TpaeKkTOpHi HAa aTTPAKTOpPe TaKoe IIOHHXKEHHe pasMep-
HOCTH COMPOBOXAAETCA HONYTHBIM YMeHbUIEHHeM KOJHYeCTBa HH-
dopMaiHH, Heo6X0ANMOro AJisl 3aJaHHsl HAYaJbHOTO YC/JI0BHA. 3HA-
HHe HH(QOPMAIHOHHOH Pa3MepHOCTH aTTPaKTOpa MO3BOJSeT HalbJIo-
JaTeslo OUEeHUThb NpHpalleHHe HHPOPMAIMH OT BBIIOJHEHHS OTIeJb-
HOTO H3MepeHHusi Ha JaHHOM YPOBHe TOUHOCTH.

IIpu paccMmoTpeHnu OuccunarTusHoti AHHAMHYECKOA CHCTEMBI MBI
HCXOAHMM M3 €BKJHAOBA TIPOCTPAHCTBA HAYA/bHBIX COCTOSIHHH 60JIb-
woll uax naxe GeckoHeyHoi pasMepHocTH. OJHAKO CIyCTS HEKOTO-
poe BpeMsi TepeXOJHble NPOLeCCh BBIMHPAIOT, H TOYKa B NPOCTPAH-
CTBe COCTOSIHHH, ONUCHIBAIOIAST COCTOSIHHE CHCTEMBI, MPHOIHIKAETCS
K aTTpakTopy. UHeso cTeneHell cBOGOALI IMOHHMKAETCS B TOM CMBI-
cJe, 4TO YHCJO He3aBHCHMBIX NepeMEHHBIX, NPHCYUIMX IBHXKEHHIO,
CTAHOBHTCSI TOPA3/l0 MeHblIe UHCJAa He3aBHCHMBIX NEPEeMEHHBIX, He-
06XOAUMBIX AJs 3a[aHHsl TPOM3BOJBHOTO HAYaJbHOTO yca0BHs. Pas-
HOCTb MeXKJy €BKJHI0BOA PasMepPHOCTbIO NPOCTPAHCTBA COCTOSHMIA,
B KOTOpOE TIOTPYXKeHa HHTepecylolldsl Hac AMHAMHUYecKas CHCTeMa,
H HH(OpMAUHOHHAS PAa3MePHOCTb aTTPAKTOPa, XapakTepPH3YeT, I'py-
60 TOBOPsl, CPEIHIOI CTENMeHb C03JaBaeMOr0 aTTPAKTOPOM CXKAaTHS.

JAs mpOCTBHIX aTTPAaKTOPOB OMNpeAeJeHHe W HCCAelLOBaHHE HH-
(popMalnoHHO# pa3MepHOCTH TpHBHaJAbHO. Hanpumep, craunnoHap-
HOe, He 3aBHCsLlee OT BPEMEHH COCTOSIHHE paBHOBecHsl (CTauHOHAap-
HOe COCTOSIHME) HMeeT pasMepHocTb (), yCTOHuYHBBHIE TEpHOAHUYECKHE
KoJgeBanua (npeaesbHBl IIHKJ) — pasMepHocTh [, 2-Top — pasMep-
HOCTL 2. B 3THX NpOCTHIX CaydasX PasMepHOCTb NMPHHHMAET LeJ0-
ylcJIeHHbIe 3HauyeHHs. B cayyae cTpaHHBIX aTTPAaKTOPOB 3TO He Tak.

Uro6bl MO AOCTOMHCTBY OLIEHHTb CBOHCTBA CTPAHHOTO aTTPakK-
TOp4, HaM HEeOGXOAMMO NPHHATH BO BHUMAaHHE He TOJBKO CAMO MHO-
JKeCTBO, HO H pacnpedeierue WIH NAOTHOCTL TOUEK Ha aTTPaKTope.
(Jesao B TOM, 4TO Ha JOGOM 33aJaHHOM YPOBHE TOUYHOCTH 0oJblias
yacTb HHGOPMAIHH O HAaYa/JbHBIX YCJAOBHAX YTPAYHBACTCS 3a KOHEY-
Hoe BpeMsa I, KOTOpoe Mbl BBIUHCAHAH B pa3Aa. 6.3.5. ITpu Bpemenax,
6oabiinx T, 3HanHe GyAyLIero orpaHHYeHo HHQopMalHed, coaepxa-
nlefics B paclpelefeHHH BePOSITHOCTH TOYEK HA aTTpakTope.)

6.4.1. Monarue nHbopMaNHOHHOHA Pa3MEPHOCTH

ITousitve MHGOPMALMOHHOH Pa3MEPHOCTH TECHO CBsI3aHO C TIPO-
1leccOM H3MepeHHs. PaccMOTpHM H3MepHTeJbHHI mpubop ¢ paBHO-
MepHOH IIKaJod H UeHOi JeleHHs & (paspewalouledl crnocod-
HocTbio ). Mamepenne n06oit 3 N nepeMeHHBIX TakKHM NPHOOPOM
AaeT oAHo 13 1/e BO3MOXKHHIX yHcen. Ecnn mo oAHOMY TakoMy H3-
MepHTeNLHOMY TPHOOPY HCIONb30BATH A/ H3MEPEHHs KaXKio# H3
N mnepeMeHHBIX Halledl AHHAMHUYECKON CHCTEMBI, TO KBAaHTOBAHHOCTh
mKaa Bcex N TNPHGOPOB TpHBEIET K pasbueruro NPOCTPAHCTBA CO-
CTOSIHHH, T.e. K HEKOTOPOMY Hal0py HeNyCThIX HemepeceKarUlnxcs
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H3MEPHMBIX «THOEPKYGOB» (IBYMEPHYIO HDOCKLHIO Takoro Habopa
€M. Ha puc. 6.22). O6aacTb NpoOCTPAHCTBA COCTOAHUH, COAepKallas
aTTPAKTOp, OKa3biBaeTcsl pasfeseHHON Ha &V KJIeTOK, WIH sdeeK,
Kaxpgasd H3 KotTophix umeer pasMep N. CoOBOKYNHOCTb 3THX sAYeeK
obpa3yeT pa3bHMeHHe, H KaxKJoe H3MepHUMOE COCTOSIHHE COOTBETCT-
ByeT Kakoi-to sueilke. [lycTp n(e) — uuCca0 sAYeeK, MOKPBIBAKOLINX
aTTPAKTOP C HEHYJEBOH BEPOSITHOCTBIO (T. €. COAEPXKalIHX IIO KpakH-
Hefl Mepe oJny Touky aTTpakrtopa). HekoTtoprle siqefiku 6yayT co-
lep:KaTh GoJiblile TOYEK, YeM APYTHe, TaK KaK B HEKOTOPHIX o6Ja-
CTAX MPOCTPAHCTBA COCTOSHNII TOTOK OBIBAeT uallle, YeM B APYTHX.

=
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3
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Puc. 6.22. IlpuMepHhl BHA ABYMEPHOrO pa30HeHHS ATTPAKTOPa HA «AIIHKH»
(kBaapaTbl) B HPOCTPAHCTBE COCTOSHHIL.

«EcTecTBennas Mepas» JaHHON 06/acTH NIPONOPUHMOHAJbHA 4YACTOTE,
¢ KoTopoil nonazaer B Hee motok. Crenys ®apmepy [6.14], ompe-
gednM P:(e) Kak <«IJIOTHOCTb BEPOSITHOCTH» TOTO, 4TO aTTPAKTOP
okamercs B i-it siuefike . COBOKyIHOCTb BeposiTHocTelt {P:(e)} Ha-
3bIBaeTCA «TpyOBIM», WM <KPYMHO3CPHHCTHIM» pacCHpeAeIeHHeM
BEPOATHOCTH TPH paspemramoumeii crocobuoct e. Cpeanee KomaHue-

U B cayyae JeTEPMUHHCTHYECKHX CHCTEM HCIOJb3OBAHHC CJ0BA «BEPOSTHOCTbY»
TpeSyeT M3RecTHOH ocTopomuocTH [6.14]. Jas kamxporo xyb6a C Ha aTTpakTope
H HAYaJbHOTO YCJIOBHA X OMpeneiuM BedHuuHy p(x,C) Kak 100 BpemeHH, KO-
TOPYIO TPaeKkTopus, BHXoasmas u3 x, nposogut B C. Ecim Kaxkioe HayanbHOe
yCJOBHE X TPHBOAMT K OIHOH H TOH ke BeanumHe P(x, C), TO Mbl Ha3HBAEM
310 ofuiee suauenHe W(C) ecTecTBeHHOH «Mepofi» arrpakropa. Ona maer OTHO-
CHTE/IbHYIO BePOSTHOCTh MONMalaHHs B pasjHuHble 00JIaCTH aTTPAKTOPa KakK Cpel-
HHe 10 BpeMeHH. Mepa muoxectsa C eCTb HHTerpaj OT MIOTHOCTH Ha C, T. e.

p© =\ P ax
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cTBO MH(MOpMALHH, colep:kalieecs B OTAEJbHOM H3MepeHHH, MPOH3-
BOJAHMOM C paspellawolinefl cnoco6HOCTbIO €, PaBHO

n(e)

I(e) = — ; P, (g) log, P; (e) [6ut]. (6.4.1)

ITpn ymeHblleHHH ¢ (MOBHILEHHH paspeliaroliedl CTOCOBHOCTH) ulic-
JIO siueeK BO3PAacTaeT, H MBI MoJyyaeM I0CAel0BaTeIbHOCTL Bee 60-
Jee TOHKHX, Bce 00Jlee «MeJKO3ePHHCTHIX» pacnpeleseHHH BeposiT-
noctH. Mudopmannonnasi pasmeproctbh D; ecTh CKOPOCTb yBeJHye-
HHsI KOJHYecTBa HHGOpPMAalHH TNPH YBEJNHYEHHH TOUHOCTH H3Mepe-
HHS;

D, =lim [’(_6)1 (6.4.2)

esol tlogze | 1

M3 dopmyasr (6.4.2) Bugno, uto D; onpeleasercs aCHMITOTHYE-
CKIIM 3HaueHHeM yTJoBoro Kosdbuinenrta rpaduka /(e) B 3aBuCH-
mMocTH oT loge(1/¢).

Takum o6pasoM, ecan HHOOPMAaLHOHHAsT pa3MepHOCTb aTTpak-
TOpa M3BECTHA, TO KoJHYeCTBO HHbopMauuu [(e), comepxkalleecs B
OJHOM H3MEDEeHHH COCTOSIHHSI, MPOU3BOAUMOM C paspeliaoulell cno-
cOOHOCTBIO €, OLlEHUBAETCS] BeHIHHOH

1(e)=D,|log,e]. (6.4.3)
Ecayu BeposATHOCTH BCeX siueeK B pasGHeHHH paBHa, TO
1 (g) =log, n (g), (6.4.4)

H IH(pOpMAallHOHHAS pPa3MePHOCTh AOCTHTAeT CBOEro MakKCHMyMa,
KOTJla COBIIajlaeT C (PaKTaLbHOU Pa3MEPHOCTHIO

Dp —lim 282100 (6.4.5)
e 0 ogz (1/e)
Takum o6pasoM, ppakTaabHasi PAa3MEPHOCTb €CTh BEPXHAL SPAHUUA
HHPOPMALHOHHOR Pa3MepPHOCTH.

PasymMeercs, Ha npaKTHKe paspellamllylo CnocoGHOCTh € Orpa-
HHUYMBaeT YPOBEHb BHYTPEHHHX (PIYKTyaLHH B CHCTeMe 4 B H3MepH-
TeJbHOM IipuGope, o6beAnHsIeMBll NOL co6HpaTeNbHBIM Ha3BaHHEM
«HaGJIIOIATEBHOrO LWyMa». DTOT LWYyM NPOSBJsIETCs TOABKO B IPO-
1ecce H3MepeHHsI U He BJAHseT Ha (DEHOMEHOJIOTHUECKYIO JHHAMHKY
cHcTeMbl. B TpHBeleHHBle BHIIe OnpejefeHHs pa3MepHoctell D
H Dy BHEUIHHE IYyM He BXOAHT.

Tlpexxae uem MBI NepefileM K HEKOTODBIM NPHJAOXKEHHAM, ocTa-
HOBHMCSI H CIpOCHM cebs: a TMoYeMy TakK HeoOXOAHMO, YTOGHl pas-
peumaioinas cnocoGHOCTb € CTPEMHJIAch K Hya0? Ha npakTtike atoro
HHKOTAa He GbBaeT. KpoMe TOro, moueMy MBI yBepeHBI, UTO MaKCH-
MYM €MKOCTH IMHAMHYECKOH «NaMsITH» aTTpaktopa [); mocTHraercs
npu e—0? Beapr B mnpojdonxkHTesbHOH 60pbbe 3a BBIXKUBaHHE



368 TnaBa 6

OHOJIOTKYEeCKHE OPraHM3Mbl CTPEMHUJINCh MAKCHMH3HPOBATH €MKOCTh
cBoed JHHAMHYECKOH NMaMSATH, He HAHOCS HpH 3TOM yluepba cBoei
CIocoBGHOCTH CKHUMAaTh HHMopMalw. Brnosne Bo3sMoxHO, 4To Gosee
BBICOKHE IIaHChl Ha BLIXKHBAHHE Y OPTaHH3Ma, KOTOPHIT CTaHeT «Ma-
CTEepPOM Ha BCe PYKH», T. €. NOJYYHT «HETOYHYI» HHHOpPMAUKIO O
IIHPOKOM CEeKTOPe CBOEro OKPYXKeHHs, a He COCPeLOTOUHT BCe YCH-
JIHSI Ha y3KOM JlHala3oHe pasJpaxKuTeldell H3 OKpy:kaiollell cpessl,
pacrno3HaBaeMBX HM € HAeaJbHBIM paapenteHdeM. He Jyumie Jin
HaM 3aHAThCH BBIUHC/EHHEM <«ONTHMAaJbHOH HEHYJeBOH paspelialo-
mefl Crnoco0HOCTHY» &%, NMpH KOoTopofl mAocTHraet Makcumyma D;{e*),
T. e. 0D,;/0¢| = 0?

g=¢g*
UToObl OLEHHTh BEJHUYHHY €¥, MBIl [OCTYIIM CJEAYIILHM obpa-
som [6.15]. Paccmorpum Boipaxkenue C; =N — D, xapakrepusyto-
LIYIO CTeleHb cpedre20 CXKAaTHs, peasu3yeMOro WHTEPECYIOIIMM Hac
aTTPaKTOPOM, H TONLITAEMCST BBIUHCJAHTL KPUTHUECKYIO CTENEeHb pas-
peuteHus e* npH Kotopofi D; pocturaer Mmakcumyma, uau 9C;/0s =
= 0. YUTo6Bl He YyNyCTHTb M3 BHAY ONTHMAaJbHBIH cjayuail, npou3Be-
JeM HaMeueHHble BbIlIe BBIUUCJEHHS AJMS MaKCHMAaJbHOIO 3HAUEHHS
HH(POPMALHOHHOH pa3MepHOCTH

n (g)
— > Pi(e)logs P; (¢)

i=1
D,= o (7o) . e 0. (6.4.6)

Kak na3BecTHO, MakcuMaJ/bHasi HHGOpMalUMOHHAS pa3MepHOcTb D
NnpH 3a]aHHON HeHYJIeBOH paspellaroulell cnocOOHOCTH & eCTh (ppak-
Ta/JbHas pa3MepPHOCTb aTTPAKTOpPa, KOTOpas JOCTHraercs Mpl
P;(g) =const = 1/n(e). CiienoBare/bHO,

{ N
p,=nlrel (6.4.7)
__ In[a(e)]  Nlne-+In[n(e)]  In [e¥n (e)]
Cr=N+ Ine Ine - Ine - (6.4.8)

Mbl X0oTHM Temepb BbIpasuTh rn(e; uepes nokasarteaH JlanyHosa
HAIIero aTTpakTopa U paspeliamouryio crnocobHocTs &. Ilyete M —
YHCJIO TOueK Ha {OJHOMEpPHOM) mepHoiHuecKoMm orobpaxeHuu Ily-
aHKape, IOPOXKAAEMOM HALIHM aTTPAKTOPOM. JTO O3HAYAET, YTO MHI
ompejensieM OpOHTY KakK CTPoKy AauHHOA B M cumBosoB. Yucao
siyeek, NPeACTaBJASIOLINX aTTPAKTOP, PaBHO n(g), TAe &— AHAMETP
AueldKH («pasmep 3epHa» ). [las Toro utobn paspeniaroimasg crnocos-
HOCTb € HUMeJa CMBICJ, HeOOXOAHMO Clelylollee YC/A0BHe: KaXKAblH
BO3MOKHBIA HCX0A OpOHTBH AJHHOH B M CHMBOJIOB J0JIXKeH ObITh
onpeaeseH TOuHO. Tak KaK Mbl UMeeM 3/eChb [JeJ0 ¢ CHCTeMaMH, AH-
HAMHKA KOTOPBIX Ha Ka)AOM liare MoxKeT OBITb OZHO3HAUYHO IIpe-
cTaBjieHa ABYyMs cocTosiHusiMu (Hanpumep, 0 u 1), To yHCa0 HCXo-
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10B, oueBHAHO, paBHO 2%, Cjef0BaTeJNbHO, &€ HYMXKHO BBIGUpATh TAaK,
YTOGBI

£~ 7 (6.4.9)
ITycTb {c — MPOAOMKUTENBHOCTL BHIGOPKH, HJIH, €CJAH KaXKAbIH 3Jie-
MEeHT BBIGODKU BhlGUpaeTcs ¢ HHTepBaaoM Af = 1, uncao npo6 (ure-
pauuil), NpOU3BEAEHHBIX A [IHATHOCUHPOBAHHS HAIIEro AaTTpak-
Topa. Tak Kak aTTpakrTop mnpeiactaBiaeH M TOUKaMH, UMEET CMBbICJ
BLI6PaTh

AL (6.4.10)

B cuay xaoTHueckoro xapakrepa AHHAMHKH yepe3 fc HTepauuil 0To-
OpaeHHs! CHCTeMa MOJHOCTBIO «3a0BIBA€T» O HAYAJABHBIX YCJAOBHSIX.
DTo 03HAyYaer, YTO BeJNHUYHHA fc HOMYCKAET OLEHHBAHHE U3 COOTHO-
IIeHH S

eexp (A fe) ~ 1, (6.4.11)
rie Ay — MOJOKHTENBbHBIH MoKazatesb JlsmyuoBa. CJaefoBaTesbHO,
PR (6.4.12)
H, HAKNHEI,
1\2
In (—)
—__\N&/ (6.4.13)
n(e)= "5

IMoacrasasis noayueHHoe BHIpa:keHue AJast n(e) B dopmyay
(6.4.8) nusi C;, noayuaem

CI:N+ 2 In (ln%)—;in(ﬁ)

(6.4.14)
HJIH
1
vy+2In (ln ?)

Cr=N+ — , (6.4.15)
rae y=In [1/(’41n 2)].

Tpe6osanne makcuMmyma HHGOPMALUOHHOH PasMepPHOCTH (paB-
HOro (paxTaJbHOH pPa3MepHOCTH aTTpakrtopa), T. e. 4C;/0e =0,

Aaetr CJAeAYIOULYIO BEIHUYUHY IJIs1 ONTHMAaJIbHOTO pa3pelleHHus:

e =exp[— e V7], (6.4.16)
HJIM AJis1 ONTUMAJBbHOH MJHHBI KOZa
M= 1nd/el) (6.4.17)

In2
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OTKyZa
Ci(ey=N — 2e=C=v2 [gur]. (6.4.18)

OTO — HallH OKOHYaTeabHble (OPMYJBl AAS MHHHMAJbHOTO Cpej-
Hero Cxartusi, T. €. MaKCHMaJbHOH (coBnajawpluel ¢ ¢GpakTaabHON )
pPasMepHOCTH paccMaTpHBAeMOTO AaTTPakTOpPa H COOTBETCTBYIOIIEH
ONTHMaJbHOH JAJHHEl Kofa M*.

Ham ocTaerca y6eAnTbcs B TOM, YTO 3KCTPEMYM (YHKINH

v+ 2In (ln—l—)
fe)=—D)e)=——7—— e%+0, (6.4.19)
— NeHCTBHTENbHO MaKCHMYM, HJIH 4TO MHGOpPMaluHOHHAs pasMep-
HOcTh D) (g) MUHHMAJIbHA.

BriuncsisieM nepsByro H BTOPYIO IIPOH3BOJAHHE OT f(e):

of(e) 2—[y+2m (1n )]

de e (In¢g)? ’ (6.4.20)
$ ) i t — _1_
52 (o) “-—6-y—2\+4]n(ln8)-{—(lne)ty 2—{—2111(1118)] 641
de? e? (In g)° ) o
ITpu e = e*=-exp {—exp [(2—7v)/2]} noayuaem
Iy 2 (6.4.22)

9e? ) _ox exp [_2 exp (2;\))}6“ [% (2—\))] '

OTa BeJNYHHA BCETJa MOJOKHTedbHa. CJegoBaTeqbHO, (QYHKIHS
f(e) umeer B Touke e* MHHHMYM, a D,(e) = —j(e) jocTHraer Makx-
CHMyMa.

HMudopmaunonnas pasmeprocts D, (g) obpalllaercss B HyJb NPH
g0 = exp [—exp(—y/2)]. PasyMeercs, oTpHuaTe/bHble 3HAYEHHS
D;(e*) He umeroT $HU3HUECKOTO CMBICAa. 3aMetuM, uto D;(e*) ro-
pasno MeHblle (ppakTaabHON pasMepHOCTH D;, BHIUHCJAEHHOH B Npe-
dene npu £—0. Heno B ToMm, uto BenuunHa D,(e*) He oTHOCHTCSH
foJiee K KaKOMy-HHOyIb TeOMETPHUECKOMY 00BeKTy. OHa cayXHuT
AJ51 Hac yAoOHOH Mepoll a¢GheKTHBHOCTH aTTpakKTopa Kak ycTpofi-
CTBa, NMPOH3BOAALLET0 HH(OPMALHIO,

[IpuMenuM tenepb dopmyanl (6.4.17) n (6.4.18) K HeCKOJIbKUM
HPOCTHIM CJAYUASM.

a) Arrpaktop Jlopenya: x =o0(y—x), § =—y -+ re —xz, & =
= xy—bz (upu b =4, c =16 u r = 45,92). C noMOLIBIO KOMIbIO-
Tepa MB  BBIUHCAWIH Agp ~ 1,5; vy ~ —0,03895; C;(e*) ~ 3 —
— 0,72157 ~ 2,28; e* ~ 0,062 u M* ~ 4. Vuaue roBops, OnNTHMAaJb-
HBIfl KOA, KOTOPHIH MaKCHUMH3HPYeT €MKOCTb «IaMsITH» aTTPakKTopa
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Jlopenua, nMeer B I1HHy ~4 6uT. TeM He Menee cxkaThe uHdopMa-
HH NOCTATOYHO BEJHMKO —ropasfio 60Jblle, UeM CJedyeT H3 OLeH-
KH, BBIYHC/A€MON M3 HHGOPMALMOHHOH pa3MepHOCTH npu e— 0,
C(0) =3-—2,06=0,94.

6) Orobpascenue Bepuyrru: x’ = 2x (mod1). B stom cayuae
OAHOMEPHOTO 0TOOpaXKeHHs (110 NPeANnoNOXKeHHIO OXHOPOAHOTO) YHC-
JIO OTPE3KOB, MOKPHIBAIOWIMX eJHHHYHBIH OTPE30K NPH paspelnailed
CMOCOGHOCTH &, PaBHO

n(e) ~ In (%) /M, (6.4.23)
'OTKyHa MbI nonyqaeM
1
C,~ ' [ln(hzfe) ~int] . (6.4.24)

Ycaopue 9C;/0e =0 pmaer 1ja ONTHMAJbHOTO pPa3pelIeHHS BeH-
YHHY
e ~exp[—exp(l 4 In2,)],
OTKy1a
Ci(e)=N —exp[— (1 +Inr.)). (6.4.26)

YUuciennble MeTOABl JAIOT B 3TOM CJyuae NPH Ay = 2 CJIeAyIOIIHe
ouerk: Cy(e*) =0.,81606; &*==0,004354 u M*—or 7 10 8 6uT.

[Tocie 3TOr0 HEGOJBIIOrO OTCTYIJIEHHS INPHBEIEM B KauecTBe
nepBoro npuMepa HHOOPMALHOHHYIO PasMepHOCTb CHMMETPHUYHOTO
KaHTOPOBCKOTO MHOXKECTBA «B CepblX TOHax». [locielHee o3Hauaer,
YTO BMECTO BHIODaCBIBAHHA CpeJHed TpeTH Kaxaoro ¢dparmenra,
KaK Mbl Jejajd B pasd. 6.3.2 mpu BHUHCAEHHH (pakTajbHOHd pas-
MEPHOCTH KAHTOPOBCKOTO MHOXECTBA B CBSI3H C JIOTHCTHUECKHUM ypaB-
HeHHeM, CcpelHHe TpeTH JIHIUb 4YaCTHYHO CTHPAIOTCs, HJH, HHAYE
roBops, AenaroTcs 60.4ee WIH MeHee BePOSITHBIMH, YeM OKPYKAalolllHe
HX TpeTH ¢parmeHToB. TakuM 06pa3oM, MBI NBITAEMCH TPAKTOBATh
KaHTOPOBCKOE MHOXKeCTBO KaK IIJIOTHOCTb BeposiTHoCTH. [Tako
M0/IX0J] TMO3BOJsIeT HaM 0oJee OTYETAHBO MOHATH, MO4eMy B ciaydae
JIOTHCTIIYECKOro oTo6paxKeHuss uutepsana [0, 1] craHoBHTCH MHOXKe-
CTBOM THIIA KAHTOPOBCKOTO C NepPBOH TOUKOH HaKoOIJeHHs a = 3,57,
yKaspiBaouell Kouell Kackaja Oudypkauuii THna ABy3yGoll BHJIKH,
CONMpPOBOXKAAIOMHXCA YIBOSHHEM NepHo/a. |

[Tpu mepexoge OT mNepBOii HTepalHH KO BTOPOH OTOGparkeHHs
F(x) op6utnl (T. e. NepBBIH Npeae/bHbIl LUK/ C TEpHOLOM 2) ¢ Be-
POSITHOCTBIO €IMHHIA 3aHHMAIOT HHTEPBaJ MeXKAY NMepBHMH JIBYyMs
caTeJanuTaMu X, U x,), a MOAOTPe3KH [0, x{'] u [+, 1], npumbI-
KawlliHe K CaTeJdJHTaM COOTBETCTBEHHO CJeBa M ClpaBa, OKAa3bl-
BapTCcs NYCTBIMH (He colepaaT HH oZHOH opO6uTH ). OmHako mpu
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Ka)KJ0H nocaeaywliedi 6udypkalyH Tuna ABy3y0o# BHJKH, IPHBO-
Asiuiedl K YABOGHHIO NMEpHOAA, T. €. K OYepelHOH uTepauuw, B cped-
HIOKO TPeTb GO3HUKAIOUYUX HOBbLLX UHTEPBAAOE YCTOHUYHBBIE OPGHTHI
He 3aXOAST (CpelHHe TPETH OCTAlOTCs NMYCTBIMH), B TO BpeMs Kak
B JByX NPHMBIKAIOWHX K CepelHHe TOABIHTEpBAa/Nax OPOHTHI IO-
npexkHeMy nmerorest u 1. A. (puc. 6.23). B Touke HakolJeHHs @ =
i = 3,57 MBI HMeeM MHOXKeCTBO
* | KaHTOPOBCKOTO THINa (uyepHO-Ge-
! J10€), KOTOpPOE, OJHAKO, aCHMMET-
pHYHO (IOApOGHEE O HEM CM. B
3TOM pasaeide Huxke). Tem He
e MeHee Mbl MOXKEM YKasaTb JpY-
—=—= 1 rie 3HayeHHsl YIPaBJsIOUIEro
e napaMerpa (HampuMep, a = 4),
[PH KOTOPBIX OPOHTH 3aHHMAIOT
8ecb WHTEPBAJ C HeEnpepulsHol
1 1JI0THOCTBIO BepositHocTH P (X).
B stoM cayvae u ¢pakraabHas,
v wuHbOpMaLUOHHAs pasMepHO-
.. CTH JIOTHCTHYECKOTO oToOpake-
« HUA paBHbBl eIMHHULE.
Puc. 6.23. Pasbuenne €IHHHYHOTO HH- Haunem ¢ UaCTHYHOTO CTHpa-
TepBaia Npu TOCHEOBATENbHBIX OH-  HHUsSI HaPYAKHBIX 4AaCTCH H OCTaB-
hypKauMax pa3jBOEHHS TPHBOZHT (B JeHHS CPeJHHX 4YacCTed, Kak Ha

npejeie KacKaoB yABOEHH:A IEPHOIOB) puc. 6.24. IIycTb BepOSITHOCTD
K  aCHMMMETPHUHOMY  KaHTODOBCKOMY CoTT

MHOKeCTBY ¢ (pakTaibhoii paswep- ~KarKAOH M3 JBYX HApysKHBIX
HOCTBIO ~ 0,530. NOABIHTEPBAJIOB paBHa Po, a Be-

POSITHOCTb Cpe/lHeHl 4acCTH paB-
Ha P,,. Toraa B nepBoM NpHOJHKEHHH UMeeM

Py (x)={3P,, 3P, 3Py}, (6.4.27)
1
S Py (x)dx =1, (6.4.28)
0
Py=-17m (6.4.29)

[Toctpoum BTOpOe npHGauKeHHe Py(x). [as 310ro CHOBA pasiesHM
KaXKIBH OTPE30K Ha TPH paBHble YaCTH U nepepacnpedenis BEpOAT-
HOCTb B KaXKJOM H3 JAEBSTH IIOJBIHTEPBAJOB TaK, 4TOOBI OTHOLICHHS
BepOSITHOCTEH B Ka)KAOH TPeTH OCTaBa/JHCh TAKMMH K€, Kak B Mep-
BOM HpHGJHKeHHH Pi(x) (MHauye roBOpsi, Mbl NBITa€MCsl NOCTPOHTD
caMonoao6nyo (GyHKUHIO NJOTHOCTH BEPOSITHOCTH, HJIH IOBTOPSEM
CTPYKTYpYy IJIOTHOCTH BEPOSTHOCTH NPH BCe Gojee BLICOKOM paspe-
IIeHHH ). DTy NPOLEAYyPY MBI MOBTOPsieM HEOTPAHHYCHHOE UHCJO pas.
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HudbopmMannonnas pa3aMepHOCTh MOJYYAIONIETOCH B PE3YabTATE KaH-
TOPOBCKOTO MHOXECTBa paBHa

_ — Py logy Py — 2P, logs Py
D,= e , (6.4.30)

HO ¢pakranabHasi padmMepHocTb D =1 OuT, TaK Kak QyHKUHUS NJI0T-
HOCTH BEPOSITHOCTH OTJIMYHA OT HYJf Ha BCeM HHTepBaJe.

P1(X) Pz(x) ‘

T ] ] T T 1
0 1 0 1

—_— X —

Puc. 6.24. Tleprue aBa wara kackaja npeo6pa3oBaHuit NOJO6HS NJAOTHOCTH Be-
POSITHOCTH TIpH NOCTPOEHHH CHMMETPHYHOIO «CEPOros» KaHTOPOBCKOIO MHOXKECTBa.

B cayuae 4epHo-6e4020 CHMMETPHYHOTO KAHTOPOBCKOTO MHOIKe-
cTBa 06e pasMepuocTH D; u Dy Oblin 6bl paBHH loge 2/loge 3. Ecian
MBI nepefileM K aCHMMETPHYHOMY KaHTOPOBCKOMY MHOXECTBY (YTO-
66 NpUGAM3HTHLCST K OoJlee peajHCTHYECKHM CJyyasiM, HanpHMep K

Puc. 6.25. IocaenoBatenbHbie NPUOGIMKEHHS K aCHMMETPHYHOMY KaHTOPOBCKOMY
MHOXKeCTBY, ofpasywollinecd 0NpPH BHIOpAacHBAHHH TpeTbed YeTBEPTH KAaXKJAOTO
kycka. (flo paGote [6.14].)

JIOTHCTHYECKOMY OTOOpaKeHHIo), TO BHUHCJIEHHsS] CTaHOBATcA GoJee
CJOXKHBIMH [6.14].

HUnes cocTouT B TOM, UYTOGBI OLIEHHTb, KAK CHMMETpPHS B pac-
NOJIOXKEHHH 9JIEMEHTOB MHOXKECTBAa MOKeT BJIHATb Ha HHopMa-
UMOHHHYIO H ((dpakTanabHyl) pasmepHocTh. HauaB, kKak 0OBIUHO,
¢ uHrepBana [0, 1], Mbl BBIGpoCHM Ha 3TOT pa3 uHTepBaa [1/2,
3/4], 1. e. TpeTbio ueTBepTh (pHc. 6.25). Ha caenymnouieM IHare Mul
BHIOPOCHM TPEThIO UETBEPThb Ka)KAOTO H3 OCTABUIHXCS HHTEPBAJIOB
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¥ T. 1. B npeaese MBI MOJTYy4HM acCHMMETPHYHOE KaHTOPOBCKOE MHO-
KECTBO C (PpaKTaJbHOH Pa3MepHOCTHIO

Dp— }—;'g% ~ 0,792 (6.4.31)
Ho ans toro, yTo6Hn OLEHHTH HH(OOPMALHOHHYIO Pa3MEPHOCTb, Me-
: TPHYECKHX CBOHCTB MHOXeCTBa,
; Pix) HCIOJIb30BAHHOIO BBHILUIE IPH BHI-
yHcJaeHUH Dp, HEJOCTAaTOYHO: He-
‘ 06x0AMMO TakXkKe 3ajaTh Ha 3Je-
L MEHTax 3TOro MHOMKEeCTBa HEKOTO-
] poe  ampHOpHOe paclipejeJeHHe
IJIOTHOCTH BEPOSITHOCTH. 3ajaluM
: Ha TOYKax MHOKecTBa, H300pa-
! JKeHHOr0 Ha pHc. 6.26, KycouHo-
NOCTOSIHHYIO IJIOTHOCTh BEPOSITHO-
CTH, TeM CaMbiM CJeJaB ero He
TOJBKO ACHMMETPHYHBIM, HO H

~N

CephIM.
L . . UTo6Bl BBIYHCJAHTE HHGOpPMaLH-
: L OHHYIO Pa3MEepHOCTb, pPa300beM HH-
tepBaa [0, 1] nocrepoBatenbHo Ha
-}v 27 yacreil, C KaxXJABM pa3bueHHEM

~ Hallla paspemiamouias CHocoGHOCTD
1 5 yapauBaercsi (¢ 3aMeHsieTcs &/2),
L

4
a4 acUMMeTpUs MHOXKecTBa NpPUBO-
JUT K TOMY, UTO COCEJHHM yda-
CTKaM COOTBETCTBYIOT pasiuyHble
BEPOSTHOCTI. DBBIUHCIEHHST OKa3bl-
1 1 BAIOTCA JOBOJBHO CJOMKHBIMH, TakK
lllﬂ P}Hﬁ KaK TPYAHO HafiTH 3aKOH, N0 KO-
] TopoMy 1oAoGHO mnpeobpasyercs
Puc. 6.26. TlocsenoBatesphbie wute- QYHKIUsS [UIOTHOCTH BEPOSITHOCTH
pPalHH  KyCOUHO-TIOCTOSIHHOH P (x).
(ITo pabore [6.14].) npu Bce OOJbIIeM pa3pelleHuH,
H MBI OTCBHlJIaeM YHTaTeJdd 3a IOA-
poOHOCTAMH K OpHrHHaJbHOH paGore Papmepa [6.14]. Ilpusenem
JMIIb pe3yJabTaT:

1 1 2 2

—= loge| 5 ) + = loge | &

D,= —3[ 3 (34)1 8 (3) ~0,6887 [6utr]. (6.4.32)
ogs 2

Briunciaenne uHOOpMAalNHOHHOH pPa3MEPHOCTH JIOTHCTHYECKOI'O OTO-
OpaxeHHd eule 6ojee CA0KHO, €CAH MBI IPHMeM BO BHUMAaHHE€ TOH-
KYI0 AHHAMHKY (KackKaiabl Gucypkauuil Tuna aBy3y6oH BHJKH, CO- .
NPOBOXKAAIOIIUXCS YABOEHHEM IEpHOja), Yyepe3 KOTOPYI0 OCYLIECT-
BJsieTcsl pazbueHHe MHOxKecTBa. Pe3ysbTaThl BHUHC/IEHHH NPH KaX-
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JIOM 3HaueHHH YNPaBJSIIOIIErO MapaMeTpa @ OKa3biBAIOTCS Pas3JiHu-
HBIMH H HCIOJB3YIOT KO3(Q@HLHEHT nofobusi Peiirenbayma.

Ilpu a = 3,57 (mepBasi Touka HaKOMJEHHS) (ppakTaivHas pas-
mepHOCcTs Oblna BHiuHcieHa ['paccbeprepom [6.16] u oxaszanach
paBHofi Dr ~ 0,530 6uroB. Buluncaenuss uudopMalHoHHOH paszmep-
HOCTH HHKeM He IPOH3BOAHJHCD.

IIpn a = 3,7 uudopmannonHyio paaMepHoCTh BhuHCaHT DapMep
[6.14}: D; =1 6ut. 1 B aTOM cJayuae BHIUHCJAEHHS OUEHb CJIOMKHBHI,
TaK KakK (PYHKUHIO MJIOTHOCTH BEPOSITHOCTH MPHXOAHUTCH BBIUHC/ISTH
NpH Kax/I0H HTepallUH ¢ NOMOLIbI0 BeCbMa HENPOCTOTO PEKyppeHT-
HOTO COOTHOLIeHHs, NMpHBedeHHoro B [6.14}. [TonpoGHocTH BBIYHCIIE-
HHH MBI He NPHBOAHM, TAK KaK OHH yBeJH OBl HAC B CTOPOHY OT
OCHOBHOH TeMBI.

6.4.2. MonsiTHe XapaKTepUCTHIECKOro nokasaTeas JlamyHoBa
H €ro cBA3b ¢ HH(POPMAIHOHHONA pa3MEPHOCTLIO

MBl yke OTMeTHJIH, YTO OCHOBHAsl TPYILHOCTb NPH BBIYHCJIEHHH
HHQOPMAILHOHHOH pa3MepHOCTH CBsi3aHa ¢ (hYHKIHeH MJIOTHOCTH Be-
POATHOCTH M, B YACTHOCTH, C 3aKOHOM, IIO KOTOPOMY OHa Inpeobpa-
3yercsi, KOrja paspellleHHe HeorpaHHueHHO BospacraeT. Hampuwmep,
JJIST JIOTHCTHYECKOro OTOoOpasKeHHs] MJOTHOCTh BEPOATHOCTH BBIUHC-
JISIeTCs] U3 PeKYPPEeHTHOIO COOTHOLIEHHS

on—1
Py(x)= Y ‘d;%— (6.4.33)
Ll

i=1

*q
rpe x; —rnpoo6pas Toukn x npu (n— 1)-fi nrtepauuu ortobpaKe-
Hus F.

Hrak, TpyaHocTh BHUHCAEHHH MO CYIINECTBY NPOHUCTEKAET H3
TOTO, YTO SAKOGHAH HJIHM onpejesuTe]b OTOGpaxKeHus (HJAH aTTpak-
TOD B 11€JIOM ) He NOCTOSHEH, T. €. H3MeHAETCA B 3aBHCHMOCTH OT HO-
Mepa HTepauuy. MIMeHHO 3TO 06CTOSATENLCTBO SIBJASIETCS OCHOBHOH
NPHYHHOH, MO KOTOpOH HH(pOpMAalHOHHAs U (pakTanbHas pasMep-
HOCTb He COBNAAAIOT.

B cBow ouepenp maTpuua $SIko6u cBsizana c¢ cgodcrsamu ycrot-
4UBOCTU ATTPAKTOPA, NMO3TOMY HaNpaUIHBAaeTCsl NPeANOJOKeHHe O
TOM, 4YTO Pa3MePHOCTH CTPAHHBIX ATTPAKTOPOB MOTYT OBITH OIpe-
JeJIeHBl HelNOoCPeJCTBEHHO M3 JIWHAMHKH CHCTEeMBl, HJIH B TepMHHAaX
«cleKTpa nokasaredaeil JIanyHoBa» artpakropa. ([Ba mpumepa, moa-
TBEPXKAAIOUIHX TaKoe NPeANoJokKeHHe, MBl NpHuBeau B pasi. 6.4.1.)

CHeKTp XapaKTepHCTHUeCKHX MoKasatesell JIsnyHoBa Mo3BoJsieT
Ka4eCTBCHHO OLEHHUTL CBOHCTBA JOKAaJbHOH YCTOHUMBOCTH aTTPaKTO-
pa. Jduas aw060# cUCTeMEl CBOHCTBA €€ JIOKaJAbHOH YCTOHUHBOCTH OIlpe-
AeJAITC] N0 ee OTKIHKY Ha MaJjble BO3MYVIeHHs. JMHaMuuyeckKas
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cHCTeMa MoOXeT OBITb YCTOHYHBA OTHOCHTENBHO BO3MYIIEHHH
0 OJHHUM HAaIpaBJEHHSIM H HeycTOHYHBA OTHOCHTEJNBLHO BO3MYILe-
HHH Mo APYruM HampabJ/eHHsM. Bce BO3MOXKHBIe BO3MYILEHHS MOXK-
HO HCCJIEAOBAThH OJHOBPEMEHHO, NIPOCJEKUBAS IBOJIOUHIO aHCaMOJs
TOYeK, KOTOpble NepBOHAYAJbHO HAXOAUIUCH B Majod N-MepHOH
ctepe, roe N — pasMepHOCTb MPOCTPAHCTBA COCTOSIHHH, MOJIMHOMNKE-
CTBOM KOTODOTO SIBJSIETCS aTTPAKTOP.

Mrak, npeacraBum cefe B MOMEHT BpeMeHH =0 GeCKOHEYHO
maJgabifi wap paauyca 6(0). ITockoabKy BO BpeMeHH 1ap H3MeHSeT-
€5 IOJ AeHCTBHEM HEOJHODOJHOrO MOTOKA, OH B KOHIE KOHLOB Je-
dopmupyerca. Tak Kak No NPEANONOKEHHIO Mbl pacCcMaTpHBaeM
0eCKOHEeUHO MaJbH 3JeMEeHT NPOCTPAHCTBA COCTOSHHH, H3MeHEeHHe
¢opMbl 1Iapa OIpeensieTcsi TOJbKO JHHEHHOH YaCTbIO IIOTOKA, H
B IIpollecce 3BOJIOLKM BO BpPEMEHH OH COXpaHseT ¢opMy 3JJHI-
COHAA.

[Tyctb 8;(¢f) —i-f 3Je€MeHT MHOXKeCTBa I[VIaBHBIX OCeH 3JUJIHIICOH-
na B MoMeHT BpeMeHu {. CrekTp nokasarenef JlanyHoBa A; npu 3a-
HaHHOH HCXOLHOH MO3HIHH oNpelesseTcs COOTHOLIEHHEM

Y .1 8; (1)
M= lim lim = log: (3 ) (6.4.34)

B cnekrtpe arTpaktopa N-MepHOH NHHAMHYECKOH CHCTEMbI CYILECT-
Bylor N mokasarteneil JIsmyHosa. ITosoxkuTe/pHble MOKa3aTeau Jls-
OYHOBA CJy:KaT MepoH cpedHeeo 3KCHOHEHIHAJAbHOTO pasberaHus
COCEIHHX TPAEKTOPHH, a OTPHIATEe/JbHBIE NOKasaTeaH JIsmyHoBa —
Mepol cpelHeH SKCIOHEHIHAJbHOH CXOJAHMOCTH TPAeKTODHH K aT-
TpakTopy. CyMMa nokasartesel JIsAMyHOBa eCTb CpelHsAs AHBEpTreH-
IHs1 [OTOKA, KOTOpasl [Jisi AMCCHNATHBHOH CHCTeMBl (o6Jaagalouled
QITpAKTOPOM) BCErma MOJKHA OGHTb oTpHuaTenbHOH. ([Las1 raMuib-
TOHOBBIX CHCTEM JHBEpPreHLHusi paBHa HyJi0.) Kak MokasblBaloT YHC-
JIEHHBIE TIPUMEPH], Y HEKOTOPbIX JHCCHIATHBHBIX CHCTEM MOKAa3aTeNH
JIsinyHoBa HHBapHAHTHBI OTHOCHTE/NbHO BCeX MepPenpo6OBAHHBIX Ha-
YaJbHBIX YyCJ0BUHE. EcaH 3TO TaK, TO CNeKTp NoKasaTese# Jlsmy-
HOBA MOXKHO CUHTATb CBOHCTBOM aTTPakTopa.

O6nuno mokasaTead JIAIyHOBA NMPHHATO pacrnojaratbh B MOPSIA-
Ke y6niBanus. Hanpumep, cumBodanl (-, 0, —) 03HayaioT, 4To y He-
KOTOPOTO aTTPaKTOpa B TPEXMEPHOM IIPOCTPAHCTBE COCTOSHHE (B
cpelHeM ) BIOJb OJHOTO HalpaBJ/ieHHs (HAa30BeM e€ro HampaBJjeHHeM
X) NMPOHCXOIHT SKCIOHEHIHAAbLHOE pacTsiKeHHe, BlOJIb APYroro Ha-
IpaBJIeHHs] (HAa30BeM €ro HanpaBJeHHeM y) NMOTOK oGJajaer HeH-
Tpa/JbHOH YCTOHYHBOCTbIO H BJOJb TPETbEro HANPABJEHHS Z Tpaek-
TOPHH [PETepIeBAIOT 3KCIOHEHIHANbHOE CKATHE. BaXKHO OTMETHTD,
YTO y ATTPAKTOPOB, OTJIHMYHLIX OT YCTOHUHUBHIX CTALUOHAPHBIX CO-
CTOSIHHUH, Bceeda MMeeTcsl 1O KpaiHed Mepe OIMH MNOKasaTenab JIs-
MyHOBA, PABHBIA HYJIO, TAK K4K B CPelHEM TOYKH HA TPAEKTOPHH



CTOXaCTHYHOCTB: Xa0C I CTPaHHbie ATTPAKTOPH 377

O2PAHUYEHbL KOMNAKTHOLM MHOXECTEOM W HE MOTYT HM PaCXOAMTHCH
0COGEHHO JaJeKOo, HM cKamiuBaThesl. TakuM 06pa3oM, B JHcCHIIA-
THBHOH CHCTeMe BBINOJHSIETCS] HepaBeHCTBO |A_| > |A.|.
PaccMoTpuM Temepb oro6pameHue Xni; == F(X.) B aTTpakTope,
rjle X -— p-mepHbii BekTOp. M3 npuBeleHHOro BHILE onpeaeeHHs
cjelyeT, 4To nokKasaredH JIsNyHOBa QUCKPETHOH CHCTEMH CBsI3aHbI
¢ COOCTBEHHBIMH YHMCJIaMH MaTpHUbl SIKoGH oTo6pakeHns: (B caydae
YCTOHYHMBOrO CTAallHOHAPHOTO COCTOSIHHSI NOKasaTeli JIsnyHoBa siB-
JSIOTCS BELIeCTBEHHBIMH YacTsIMH MaTpPHIBl B3aHMOJAEHCTBHS ).
[TpupanumM 3toMy yTBep:KJIeHHIO TOYHBIH cMblca. [lycTe

Lo=T(x,) - (o) ... T(x), (6.4.35)
A oF
1) =(55), -
oF
J(xp_y)= (W\}Y .
oF
1) = (7).
Torpa !

Tn= Tg‘f‘)_ﬁ'(g—f)xz' ~-~'(%)xn=(a§f))x=x0, (6.4.36)

rae x; = F(xo). MB BOCIOIB30Ba/IHCh 3[1eCh TEM M3BECTHHIM (hakK-
TOM, YTO INpPOH3BOJAHAs n-H HTepaluu OTOOparKeHHs B HEKOTOPOH
TOYKEe Xo paBHa MPOU3BeNeHHIO IIPOHM3BOAHBIX HCXOTHOTO OTOGpa-
KeHusa B 06pa3ax TOUKH Xo NOJ JdeHCTBHEM HTepamluii: X, X2, ... Xa.

Ilyete o01(n) = 02(n)= ... = 0p(n) — BeIUUHHH COGCTBEHHBIX
3HaueHuil MaTpuubl J, Torga «uncma JlsinyHoBa» paBHBI

hi=lim [o; (m)]'", i=1, 2, ..., p, (6.4.37)
n->»oo

rae mod [...]Y" caenyer NMOHMMATb BeIIECTBEHHBIR IOJNOKHTEIb-
Hbli KopeHb n-# cremenu. [lokasarenu JIsanmyHoBa MBI NOJYYHM,
B35B log OT A B ofHOMepHOM cuyuae Takoe omnpejeseHHe COBMa-
Jaer ¢ pesyabTaTOM, MOJYYCHHBIM B pasji. 6.3.3, eciu BOCIOJIb30-
BAaTbCS NPEAJOKECHHEM BHIle aJlOPHTMOM, 4 HMEHHO OMNpe/eleHHeM
noxasareJs JIsamnyHoBa

n
. 1
Ay= lim 72 dx |,

i=1 i

or | . (6.4.38).

IlpuBeneM Tenepb npuMep O08YyMepPHO20 OTO6PAXCEHUS W TIOTIHI-
TaeMCsl BBIBECTH H3 Hero Ha 3BPHCTHYECKOM YPOBHE CTPOTOCTH
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COOTHOLIEHHE MeXAY CIeKTpOM Nokasatenael JIsimyHoBa u HHpoOpMa-
LHOHHOH pasMepHOCThIO. [lycTb AJs1 AByMepHOro oToOpaKeHust Aq,
A2 — cpenHue kKo3pdHuHeHTH AedopManuH GECKOHEUHO MaJoro
KPyroBoro AHCKa paiauyca & (puc. 6.27).

Tak Kak cHCTeMa JUCKpeTHa, MyCTb I0OKasaTelb JIsinyHOBa, NpH
KOTOPOM TPOHCXOAHUT pazferaHue TOueK, COOTBETCTBYeT Ay > 1, a
okKasareJb JIsiMyHOBa, NMPH KOTOPOM TOYKH CTATHBAIOTCA BMeCTe,

@ ——a= [Jocne n MTepauum—-n» ‘\

Puc. 6.27. TloscHenwe AeficTBUS JSANYHOBCKHX [OKasaTeJell Ha JBYMEPHYIO CH-
cTeMy.

cooTBeTCTBYeT Ao << 1. [Tocsie n uTepauuil AByMepHOro oTobpaxke-
HHS HauyaJbHBIH HeGoJbUION Kpyr paguyca § TpaHCPODMHpPYETCs B
sJaHne ¢ 60abWwol noayocblo 8(A1)" W Magaoil moayocnio 6(ie)”
[onuiTaemes, ciaeays [6.17], cBf3aTb 3TOT CHEKTp IOKasaTeseil
JlsnyHoBa ¢ HH(GOPMAaLHOHHOH pa3MepHOCTbIO OToOpaxeHus. Ha-
gHeM, KakK OOLIUHO, ¢ TIOKPBHITHS ABYMEpHOro aTTpakTopa KBajpa-
TaMu co cTopoHOfl & (ux n(e)). [Ipoutepupyem Halle oToGpaKeHHe
& pas. [Ipu ZocTaTouHO MaJ/oM € (BLICOKOE paspelleHHe) NeHCTBHE
0TOGpasKeHHs NMPAKTHIECKH JUHEHHO Ha Ka)JoM KBajaparte, Mo3To-
My Ka)K/Ablll 37eMeHT pa30HeHHs BHITATHBAETCS B napamlenorpaMM
Cpennue pasMepbl TaKHX [apaJJenorpaMmMoB Afe B LJIMHY U A3
B WHPHHY (A > Ag). IlpeanonoxuM, 4TO MBI yBeJHUHBaeM paspe-
wenue (nenas pasbueHHe Oosee MEJKHM), NOKPHIBAS aTTPAKTOP
KBajpaTaMH CO CTOPOHOI A3e. UTOGBI MOKPHITH KaxKAbIH MapaJiie-
JorpaMm, HaM noHagofurcsi (ii/A2)E MeHBIUHX KBAaJpartoB, T. €. B
HOBOM pa30UeHHH YHCJI0 JEMEeHTOB PABHO

n(13e) = (*—;) 1 (e). (6.4.39)

[Tycte n(e) =~ (l/s)dL. [TojcraBasis 3To BhipaxkeHue Aasl n(g) B co-
otHourenne (6.4.39), moayuaem

(xée )dL - (:_Q)E (1:)%’ (6.4.40)

HJTH TIocJe JorapupMUpoBaHus

d, — 1 4 oeh (6.4.41)
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®opmyna (6.4.41) cnpaseiinBa A5l ABYMEPHBIX OTOGpamKeHwi,
ONHAKO OHA JonycKaeT o0ofuenne Ha Gojaee BLHICOKIE Pa3MEPHOCTH.
Beanunny dp MOXKHO HasBaTb pasMepHOCTbIO JlsinmynoBa. BosHH-
KaeT BOIpOC: Kak dp cBsA3aHa ¢ HHPOPMALHOHHON pa3mep-
HOCTBIO?

Slcno, uTo pasmepHOCTb JIsiNyHOBa cOBnajgaerT ¢ (paKkTagbHOil
pasMepHoCTbIO. B mpHBeAeHHOM Bblllle BbiBojge Gopmyan (6.4.41)
MBI NpeANoJarasil, YT0 BCe KBaApaThl B Pa30HEHHH PABHOBEPOSITHHI.
3ameTnM, 4TO uncaa JIAnyHoBa — cpedHnue BeNHUMHHB, a 1J5 TOrO,
4yTOGH BHIYHCJHTE CpelHee, KaxkKaAblfl 3JeMeHT pasbueHHs Hale-
JKHT B3siTh C BECOM, COOTBETCTBYIOLIHM BEPOSTHOCTH AAHHOTO 3.e-
MeHTa, T. e. ero n3mepeHuit. [las Toro, 4yTo6bl MB MOrJH NPOIBH-
HYTbCsI JaJjblle, HaM HEO0XO1MMO paccMOTpeTb KaKoH-HUGYIb
KOHKDETHBI (HO, KaK Mbl HajeeMcCs, NpeJICTaBHTEJbHHII) NpHMep
AByMepHOro oroGpaxenus. Cienys onsate Papmepy u ap. [6.17],
BhiOepeM B KauecTBe TaKOro Ipumepa NpeofpasoBanHe mexkaps '),
KOTOpOE ollpefensercs c.IeIVIOHM o0pasoM:

Do, npu 1, <a,
Xpag=9y L .,
n+1 7 —+ Ay, npH i, > q)
. 7 (6.4.42)
1
— Un nopu ¢y, <a,
Ynir = 1

1—a (U}L - Cl) npu Yn > a,
e 0 < ¥, << 1, 0 < yy << 1. Ilpu BeIBoe uHbOpMAUHOHHON pas-
MEPHOCTH H3 nokasarenell Jlsnynosa oTobpaskenus nekaps Mul 3a-
paHee 3HaeM O BO3MOXKHOM CaMONOAOOHH, NPOSBJSIOUWIEMCS BCe
fosiee OTUETINBO C YBeTHYEHHeM WHCJIa HTepaluil 0ToOpaKeHms.
[TosToMy mpeicraBasier IHTepeC BLIICHHTb, KaKOfl aJqrOpHTM CO-
Jep:KaT HesIBHO COOTHOlUeHusl (6.4.42).

Haunem c eanmnnumoro xBaapata. BriGepem iy > Ay U @, g,
My << '/>. OTOOpaxenne mekapsi IeJHT eIHHHUNBIA KBajApaT Ha J1Be
FrOPH30HTAJNbHBIE TOJIOCH BEICOTOH @ H 1 — a (puc.6.28).3ateM oHO
CXHMaeT 3TH MOJOCH B TOPH3OHTAJbHOM HANpaBJeHHH [0 Tex
nop, MOKa WIHPHHA HHXKHEH MOJOCH He CTaHeT PAaBHOMN lg, a LIMPHU-
Ha BepXHeH — Ay, NOCJE UYero pacTaruBaer obe MOJOCE B BepTH-
KaJbHOM HampaBJeHHH JI0 TeX NOP, NOKa BHICOTA KaxkKJI0H MNOJOCH He

D B sauTepaType HEOJHOKPATHO BBICKA3HBAJOChL MHEHHE O TOM, YTO NHMCCH-
natuBHOe MpeoJpasoBande TeKapss MOKHO TIPH HEKOTODHIX YCJOBHSX paccMaTpH-
BaThb Kak JByMeproe orto0paxenue Ilyankape, nopoxjnaemoe aTtpaktopoM Jlo-
penna. (TunepGosuueckne OTOOpazKeHHS] C TOUKOM BO3BPATa (OCTPHEMS) HB-
JIAI0TCA ONHOMePHHIMH ortofpaxenusMu Ilyanxkape TOro e artrpaktopa.) Bripa-
XKalo CBOIO MpusHaTedbHOCTh A-py T'. Malep-Kpeccy, ofpaThslieMy Ha 3TO Moe
BHHMaHue. )
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craHer paBHOH exuuule. Haxouewn, mpeoGpasoBaHHe mexaps OC-
TaBJ/sieT HHMKHIOI MOJOCY HA MECTe, a BEPXHIOI0 CTABHT Ha OCh X

[P S ———

X

Puc. 6.28. Ilpumep NepBoii HTEPALMH aCHMMETDHYHOIO npeo6pa3oBaHUs MeKaps.
(Ilo padore [6.17].)

Tak, 4TO OCHOBaHHE MOJIOCH 3aHHMAeT OTPe30K OT X = 1/2 no
x=(1/2)—|—7»b.
vl Tingl gogtheng

: o 1
) /’fi’?\g

f

TR
Aal¥hs)
A 12.. .%ndx;,

Puc. 6.29. Bropas utepanus TpHMepa MpeoOpasoBaHHA NeKaps, H306paKeHHOTO
Ha puc. 6.28.

[Tpumensiss oroGpaKeHHe neKaps K €IHHHYHOMY KBaAparty
dsascdel, Mbl ToOJysaeM KOH(MHrypauuio, H3006paKeHHYI Ha
puc. 6.29.

OTueT/HBO BHAHO, uTo ecaH uutepsas [0, As] Ha oCcH X yBesH-
YUTL B 1/As pa3, TO Mbl TOJYYHM KOIIHIO npensymiefi (nepBoi)
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uTepauxu. AHAJIOTHYHO, eciu HHTepBax [1/2, (1/2)+ A,] Ha ocu x
YBEJIHUYHTB B 1/Ay Pas, TO MBI TaKKe IOJYYHM KOIHIO NpeAblAylIet
urepanud. CueloBaTenbHO, OTOGparkeHHe MNekaps obgagaer CBOH-
CTBOM CaMonoaoGus.

Hs ctpykTypel cooTHoulenuii, 3ajaomux npeobpasoBaHHe Ie-
Kaps, BHAHO, YTO NOKPHITHE BAOJIb OCH Y 3P200UYHO B HHTepBaJje
[0, 1]. SIxo6uan cucTeMBl AHATOHAJNEH M 3ABHCHT TOJBKO OT Y, T. e.

I, (y) 0 .

rae
/ { A, mpu y<a,
7l mpu y>a,
- npu y <a,

a

11=

npH y > a.

l—a

CJIe,'J,OBaTeJIbHO, YHCJIa JIHl'IyHOBa onpeneasiloTcd  COOTHOlIe-
HUAMH

Ay =nl_i>nl Ui o) It (Wny) - 1 (y)]Y (6.4.44)
o
Ao =n]l>nl Lo (yu) I (yny) - .. L (y)]Yn. (6.4.45)

JneMeHTHl [, NPHHUMAWIT TOJbKO ABa 3HAueHus: l/a npu y << a
u 1/(1 —a) npu y > a; anajgoruyno, saeMeHTel [; NPHHAMAIOT
TOJIbKO [IBa 3HAYEHHA: Ag NPH y <@, Yp IPH Yy >>q.

Takum o6pasom, mokasateqn JIsnyHoBa AJs 0TOGpaKeHHs me-
Kaps paBHHI

logo Ay =alogy A, + (1 — a) log, A, (6.4.46)

1
logy Ay = alog, g + (I — a) log, (T“:E) (6.4.47)

Te NpH BbIBOJEe GOPMYJ MBI YUJIH, YTO BEPOATHOCTb, HJIH ACHMIITO-
THYECKOe 3HAUeHHe JOJH BpPEMEHH, KOTOPYI0 CHCTeMa NPOBOAHT B
4acTH y <T a, paBHAa MPOCTO @, & BEPOSITHOCTb NpPeGLIBAHUA CHCTe-
Mbl B 4aCTH 4 > a paBHa 1 —a (u3-32 3PrOJHYECKOr0 xapakrepa
OpOHTHI B HAIIPABJIEHHU OCH Y).

[Tonaras

S(@=alog, () + (1 —alog, (=)  (6.4.48)

l—a
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H Y4YHUTBIBAsi BHIBCICHHOE BhINIE BBIPpAXKEHHE

. logs A
dp =1+ Togs (1/33) ’ (6.4.41)

MBI, HaKOHel, NojydyaeM pa3MepHOCTb JIATyHOBA AJA ABYMEPHOTO
oToOGpakeHnsa nekaps:

=1+ S

aloge (%a) + (1 — a) log, (—7»1_1,) .

3/1ech YMECTHO HAMOMHHTh, 4YTO B JBYMEDPHOM IIPOCTPaHCTBE
Hall aTTPaKkTop INpeAcTaBjsfeT coGoli NpsiMoe NPOH3BEAEHHE MHO-
JEeCTBA KAHTOPOBCKOrO THMa BROJb OCH X 1 HuTepBaza [0, 1]
BAOJb OCcH y. llostromy HH(MOPMALHOHHAs pPa3MEPHOCTb B 3TOM
caydae paBHa

(6.4.49)

D,=1+4 D], (6.4.50)

rae D) — nHpOpPMAIIIOHHAs Pa3MeplocTb B10Ab ocH X. Jlisg nanb-

Hefillero MHccJAeA0BAHUS COOTHOUIEHHS MeXKIy TOJYUYEHHBM BHIIIE
pe3yaLTaToM H HHPOPMALHOHHOH Pa3MEpPHOCTbIO NPeoGpasoBaHUA
nekapa ®apvep u ap. [6.17] moctynmuaM caeayolHM 06pasoM.
Hudopmauns /(e) BAOIb OCH X BO3HHKAET MO CYILIECTBY Kak cymMMa
BKJaJ0B 08YyX TOJOC BBICOTHL 1 BIOJAL OCH 4 II IIHPHHDL, COOTBET-
CTBEHHO, A H Ay BLOMb OCH x. O603HAaUUM 3TH BKJIaAb depe3 [ (e)
u I,(e). TlonHast BepOSITHOCTBb TOTO, UTO CHCTEMA OKAaXKeTcs B mep-
BOIl ToJIoce, paBHA @, NMOJHAas BEPOATHOCTbL TOrO, 4TO CHCTEMa OKa-
’KeTcss BO BTOpOH moJjoce, paBHa 1 —a. [yctb n(e), Kak 06LIYHO,—
YHCJO TMOJOC LIHNPHHOH e (paspelnaiomias CHOCOOHOCTH), MOKPH-
BAOI[IX Bech aTTpakTop. M3 cBOHCTB NOAOOHsI CHCTEMBl ChAeldyer,
yTo AJsi TOKPHEITHS, HampuMep, mepsofi moiochi B nntepsaie [0,
Ao] TpH paspemamlueli CHOCOGHOCTH ehe TaKke Tpebyercs n(e)
«gUeeK».
Hanowmupm onpeieneHHe HHGOOPMaUMOHHON pPasMepHOCTI:

T 1 (e)
D _m_——logz (0 (6.4.51)
rae
n (&)
Ie)=Y Pilog, (PL) (6.4.52)

i=1

u P;— BepoATHOCTb TOTO, uTO i-# M N-MepHBHIH «KyO» COXEPIKHT
Toukn aTTpakTopa. Takum obpasom, ans nojock [0, As] mpeoGpa-
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30BaHUA MEKapss MBI [IO0Jy4YaeM

n(e)

Io(eh) =Y aP;log, (%) —aflog, (%) +1()]. (6.4.53)

i=1
3ameHnss B cooTHolenHH (6.4.53) e, Ha e, 3aNHLIEM €ro B BHIE
1
I, (e) = alog, (;) +al (%) . (6.4.54)
AHaJOrH4HOE COOTHOUICHHE

Iy(e) = (1 — a) log, - )+ —ar (%b) (6.4.55)

crnpaBef/IHBO AJis BTOPOH nosoch [1/2, (1/2)+ As]. B pesyabrate,
TaK Kak [(e) = I,(e) 4+ Iy(e), MBI IPUXOAUM K COOTHOUIECHHIO

[(e)=al ({;)4-(1 —a)1(%)+3(a), (6.4.56)

rje BeJHuHHa S (a), BuuHcIdeMas no Gopmyae (6.4.48), 6uiia BBe-
JeHa B pa3iA. (2.3.2) xak «OuHapHas (YHKUUSI 3HTPONHH» H Mpe-
cTap/sieT co00i HH(pOPMAIHIO, COAEPKAIUYIOCS B 6POCAHHE MOHETH
(«open» — «pemka»), KOria BHINAJEHHE «OpaAa» (HAH «PeIIKH>»)
HMeeT allpHOPHYIO BEPOSATHOCTD Q.

[loxcraBass  Bbipaxenue  (6.4.56) B onperenennn D)=

=/ (e)/log, (1/e) ~ u HcnOJB3ys M3BECTHBIE TeNepb BbIPAXKEHUS .15

I(e), I(e/ha) u [(g/ly), moMyuaem mnocie HECJAOKHBHIX Lpeobpaso-
BaHUH

D= B —=d, —1 (6.4.57)
a logs (Ta) + (1 —a) log: (Tb—)
H, HaKOHeL,
D[: dL' (6.4.58)

I1s CHMMeTPHUYHOTO OTOGpaKeHHs, T. e. NpH a = 1/2 u A, =
= Ay = 1/3, 310 paer

1
Dy=1ogrz+ 1

ansg a==1/2, kg =hpy = 1/2
D[=2.

[locnennuft pesyabraT MOXKHO GblI0 GbI 0XKHIATh 3apaHee, TAK Kak
€AMHUYHBIH KBajJpaT MOKPLIBAETCS OTOOPAXKEHHEM 3PrOIHYECKH H
B HANPaBJCHHUH OCH X, U B HANPABJIEHHH OCH Y.

Takum o6pasoMm, BHUHC/AAS MOKa3aTeau JIANyHOBAa AJAA HALIEro
JHCKPETHOTO OTOGpaKeHHs HJAH s aTTPaKTopa HeNpepbIBHOMH
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CHCTEMBI, MBI TIOJIydaeM BHIpaXkeHHe A/ HHGOpMAaLMOHHOH pa3Mep-
HOCTH aTTpakTopa, 3ajawilee B AEHCTBUTEJbHOCTH CTEIEHb CaaTUA
HHQOpMALHUH, JOCTHTaeMylo paccMaTpHBaeModl JIMHAMHUEeCKOH CH-
CTeMOH.

6.4.3. Monsrne merpuyeckoil surponun (Koamoroposa — Cunan)
d ee cBSI3b ¢ MHGOPMAUHOHHOH PA3MEPHOCTHIO

Jo cux nop MBI 3aHMMAaJHCb HCCJEJAOBAHHEM KOJHYECTBA HH-
(opmannu, noayuaemo#l HabawgaTeJeM MPH OJHOM H30JMPOBAHHOM
H3MepeHHH, NPOH3BOAUMOM Haj AHHAMHUeCKOH CHCTEeMOH Co CTpaH-
HBIM aTTPaKTOPOM, HWJH KOJHYecTBa HH(OPMALHUH, HeoOX0ANMOro
Ha6JI0/1aTeNI0 AJs O HO3HAYHOrO 3aJaHus OXHOH TOUKH Ha aTTpak-
tope. OGpaTtumcst Tenepb K «JAHHaMHueckoi» 3ajxave. IIpeamoso-
KHM, uTO o6jajamplnasi aTTpakTOpPOM CHCTeMa «Pa3BepTHIBAETCH»
nepea Habmonatensem, CnpamnBaeTcsi, CKOJIbKO HOBOH HHdopMma-
UK ToJydaer HabjawjaTesb, NPOU3BOAA NOCJEI0BaTENbHBIE H3Me-
peHHsl BO BPEMEHH, T. €. ToJydyas OT CHCTeMBbl CBEJEHHs O penep-
Tyape ee PEKHMOB B BHJe CEDHH JHCKPETHLIX «HMIY.JIbCOB» BO Bpe-
MeHH. $ICHO, 4TO ecjJu aTTpaKTOp — YCTOMUMBOE CTALIMOHAPHOE CO-
CTOsIHHe, TO, KOJb CKOPO TNpOlecc H3MepeHHA (QUKCHPYET 3TO CO-
CTOsIHHe, jajpHefllllie H3MepeHHs] H3JHUIHHM: CTATHUHBIA O0BLEKT He
JlaeT HUKaKOH HOBOH HH(QOpPMAIHH.

AnajoruuHelM 00pasoMm, eCJH aTTPaKTOp — NpelebHbIl LHKJI,
TO KOJb CKOPO IepeXoJHble DEXHMMBI, CBsi3aHHble C 3aMblKaHHEM
OJIHOTO TepHoja, 3aBepUIAIOTCs, AajbHefllHe HaOMI0eHIsT MOPOXK-
HaoT Jumb u36HTOuHYK HHbopMaunw. To XKe caMoe NMPOHCXOLUT
H ¢ JI6BIM JPYrHM TePHOAHYECKHM aTTPAKTOPOM, HaIpuMmep cC
(pauuonaabHpiM) 2-TopoM. OIHAKO CHTyallHs Pe3KO H3MeHsercs,
ecJiM Mbl HMeeM JeJ0 C arnepHOJHYeCKHM (CTPAHHBIM) aTTPAKTOPOM.
B sToM cayuae cucTeMa HeNpejicKasyema, H MeTpHUYecKas SHTpO-
AHs, X 0OCYX/JeHHIO KOTOpOil MBI ceHuac mepexoiuM, AaeT BEPXHIOW
rpaHUIY CKOPOCTH NOAYHEHUS UHpOpMayUL OT 3BOJIOUHOHUDYIOLIEH
BO BpeMeHH JAWHAMHUecKOll cHcTeMbl. MOXKHO OXMAaThb 3apanee,
YTO, NOKAa YNPaBJSIOMMA nmapaMeTp AWHAMHUECKOH CHCTEME, 00J1a-
Jawomell aTTpakTopoM (pemepTyap KOTOPOH COCTOHMT TOJIbKO M3 YC-
TOHUYHBBIX I1€PHOAMUECKHX TPAEKTOPHi), AOCTHTHET INEPBOf TOUKH
HaKOIJICHHS, MeTpHuecKasi SHTPONHS JOJKHA ObITb paBHA HYJIIO H
JOJKHA HAyaTh CBOH «B3JeT» Cpasy ke IOc/e NOSBJEHUs NepBOH
anepHoJHYeCKOH TPAEKTOPHH.

[Ipeanonoxum, uto Hab01aTe]b NPHHAMAET AMCKPETHBIA Bpe-
MeHHOH DA, HPeACTaB/AIOIWHA co00H 3proauyecKylo MapKOBCKYIO
Henb C 7 COCTOSHHAMH o; (Hanpumep, B popme n ueJbX 4Hcen),
0GHAPYXKHBAaeMbIX NIPH TOC/IE0BAaTeNbHbIX H3MepeHHsX. HaMepenns
IPOH3BOAATCA Ha KaXIOM H3 1 3JIeMEHTOR pa30HeHHs MpOCTpaH-
CTBAa COCTOSIHHH, B KOTOpoM HaxoiuTcs atTpaktop. llosiBienue
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OYEpeJIHOr0 CHMBOJA/COCTOSIHUSI CTOXACTHUECKH 3aBHCHT OT M Hpe-
IBIIYILHX CHMBOJIOB/COCTOSIHHH — Mpouecc m-ro mopsizka. Hai
TepBLIl BONPOC COCTOHT B CJACAYIOLIEM: KAaKOBO CpefHEe KOJHue-
CTBO HH(OpPMAUMH Ha OJHH CHMBOJ, TNPOHM3BOAHMOE TaKMM Map-
KOBCKHMM HCTOUHHKOM? $ICHO, UTO OTBeT Ha HEro JOJKeH JaTb Ha-
6/10/1aTesb, 3HAMOMMA IPEALICTOPHIO HCTOUHMKA H MEpPy Hempes-
CKa3yeMOCTH MOPOXKAAaeMBIX HCTOUHHKOM TOCJe10BaTebHoCcTeH
CHMBOJIOB/COCTOSTHHUI,

[TouepnuyTble M3 IJ1. 4 3jeMeHTapHBIC CBEIEHHs MO TEOPHH HH-
(¢opManHH (0 MapKOBCKHX IeNsX Nopsiika 1) TMO3BOJAOT HAM Bbl-
YHCJHUTh SHTPONHIO 3PLOAHYECKOr0 MapKOBCKOTO HCTOUHHKA TOPS[-
Ka m, 00Janawmero 1 IUCKPEeTHBIMH COCTOSIHUIMH. [losHoe uucso
[OCJe10BaTeNbloCTel AMHHBL 1 COCTOSIHHE, KOTOpPHIE MOXKHO TO-
CTPOHTBH H3 # COCTOAMHI, paBHO n™. [llHaue roBops, ecan Mbl 6yjieM
paccMaTpuBaTh KaXkIyl0 IOCJAEA0BATENbHOCTh S, (01, 02, ..., Om)
KaK m-3HauHyl0 Apo0b B CHCTEMe CUIICJeHHS ¢ OCHOBAaHHeM 7 H
pPacmosioKHM BCe TaKHe TNOCJAeI0BATeIbHOCTH KaK TOUKH Ha HHTep-
Base [0, 1], To ABe coceinne TOUKH OYAYT pasjie/eHbl PacCTOSHHEM
n W Takux Touek Oymer 1 — n—.]

Kaxnass m-3snauHasi TOCJel0BaTeNbHOCTb H3 i CHMBOJIOB/CO-
CTOSIHHH 3ajJaeT «COCTOsHHe» S, Halliel MapKOBCKOH LENH m-To
nopsaaka. KosuuectBo HHpopMauuu, mnojyuaemMoe HaGaIOJATENEM,
KOrja cJelyiolnee COCTOSIHHE €CThb O+ NPH YCJIOBHH, 4TO cefiuac
L[eNb HAXOJAHTCS B COCTOSIHHU S, onpenesnsieTcs BeJHuHHON

[ = —log, P (—%—) — —logy P(0,,.1/S,), (6.4.59)

01, 02, ..., O;m

rjie P(om +1/Sm)— ycjlOBHAs BepOSITHOCTb TOrO, 4TO NPH OQHHOM
«COCTOSTHHH» Sy CAeAyI0IuM (m -+ 1)-M CHMBOJSIOM OVAeT Gpyi.
Uro6bl BBLIYHCIHTL SHTPOMHIO HAIlEr0 HCTOYHHKA, Mbl J0JKHH
yCpPeNHHUTh BeipaxkeHHe (6.459) mo BceM BO3MOKHBIM TEpexoaaM
3 S; B Om +1 ¥ TI0 BCEM BO3MOXKHBIM A™ «COCTOSIHHAMY . [TycThb
P (Sm)— BeposiTHOCTL TOTO, YTO MBI HMEEM HEKYIO OTpe/eseHHYIO

n”l
NOCJIe/J0BaTeNbHOCTh H3 M CHMBOJIOB [Zm=1P(Sm)=l]. Torna

CpelHee KOJUYeCTBO MHGPOPMalMH HA CHMBOJ o, TNOJyyaeMmMoe Ha-
0a0aaTeneM, paBHO

m
n

n—1
Mp=— X P(Sn) X P(0n1/Sn)108:P(0r:1/Sy). (6.4.60)
m= m+1~=

Ho no teopeme Batieca

P(Sm; m1) =P (Sy) P(041/Sm), (6.4.61)
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rae P(Sm, Omi1)— COBMECTHAs BEPOSTHOCTb NOC.A1€008QTEAbHO20 TIO-
SIBJAEHHA Sm H Omi1, TOSTOMY

IOgQP(Smy 0-m+l) = IOgQP(Sm) + IOgQP(0m+1/Sm)
logZP(Gm+l/Sm) = IOg?.P (Sm’ 0-n“H—l) - logz P(Sm)- (6462)

[ToacraBassi mosyueHHOe BbipaKeHHe B cooTHourenHe (6.4.60), no-
Jyuaem

nm n—1
Aly=— 2 2 P(Sm Ome)[10gsP (S, Gimit) —l0gs P(S,)]=
Sm=00m_H=0

m

n n—1
= Z {[G Z P(Sm’ O‘m+l) IOgQP(va 0‘m+1)]_

Sm=0 m+1=
n—1
—[ 2 P(Sm 0m+1)] loggP(Sm)}. (6.4.63)
"Um+1=0
Ho rtak kak
n—1 .
Y P(Sm Omi)=P(Sn), (6.4.64)
0'm+1=0

MBbl IPHXOAHM K COOTHOILUEHHIO
m

n n—1 “3
Alp=— 2, {[ 2 P(Sp ) 1082 P Sy Oms) | —

Sm=0 Om41=

— P(Sy) logy P (Sn) } (6.4.65)

ScHo, uTO
n—1 '
2. P(Sm 6mi) 102 P (S, Omst) =P (Sms1) 108 P (S 1), (6.4.66)

Omg =0

O3TOMY
Alpy=1psy— I, (6.4.67)

rae
m

Ip=— si;o P(S,,) logy P (S,). (6.4.68)

Takum o6pasoM, Ajsi CTpaHHOTO aTTpakropa Al, ecTb cpelHee
KOJIHYEeCTBO HOBOH MH(pOpMaluH, NoJyyaeMoe HabjioxareseM, Koraa
TpaeKToOpUsi aTTPAKTOpA JABHIKETCA H3 «AYefKM» B «sueHKy» B IpO-
CTpPaHCTBE COCTOfHHH, B KOTODOM MpoM3BeJeHo pasbueHue. Cyie-
CTBEHHO, 4TO (SKCHOHEHIHaJbHasl) CKOPOCTb JIOKAJbHOro pasbera-
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HHA COCCIHHX TpaeKTOprI «OTBCTCTBCHHA» 34 HOBYIO PIHqZ)OpMa-
U0, MOPOXKAAEeMYIO DU KaXKJA0M CJAeJYIOIeM H3MEpeHHHU (CM. TakK-

XKe pasa. 6.5).
[Tepexons K npegeay npu m — oo, M0JydYaeM BbipaXkeHHe
AT
& =lim (=) tonse] (6.4.69)

I1Js1 cKopoctH [6ur/c], ¢ KoTOpOil pasBepTHIBAWOMINHCA aTTPaKTOP
nopoxaaer HHpopMauun. MeTpHueckas SHTPOINHA OIpeAeseTCs
BblpaxkeHueM (6.4.69), ecau B3ATb MAKCHMYM II0 BCEM BO3MOXKHbBIM
pa3fHeHUsIM [ IPOCTPAHCTBA COCTOSIHHH, T. e.

Merpuueckast 3HTponua == h,, == sup ( lim %) . (6.4.70)
S n—»oo
A0

Taxkum o6pas3oM, MeTpUUecKasl 3SHTPONHS eCTb BEPXHHH Npepen
(mpeanoJsarariii uaea pbHOro Haba0AaTens1) KoJquuyecTBa HHGOP-
MauHy, nojgydyaeMoll 3a OQHY CEKYHAY OT JHHAaMHYECKOH 3BOJIOLHH
cTpaHHOoro artTpakropa. C yBeJHUeRHeM HOMepa HTePalHH paspe-
1Iaroias criocofHOCTh MOBBIIIAETCS, H CKOPOCTb TOJy4YeHHs HHEOP-
Mauuu (6.4.70) Bo3zpacTaeT, Tak KaK Me/lkKoMaclitaOHble caydafi-
Hble (TenJoBble) (IYKTyalHH, HeH30eXKHO NPHCYTCTBYIOIHE B JI0-
60f KpyrnHOMacluTabHOH cHcTeMe, Tellepb He 3aMa3biBAIOTCS W HAUH-
HAlOT CKa3biBaTbCsl Ha MaKpocKonuueckoM ypoBHe. Kak ycTaHOBHUTB
COOTHOILEHHE MEXKAY MeTpuveckol 3nTponued, ¢ OJHOH CTOPOHHI, H
UHpOpMAUUOHHOL padmepHOCTbi0 (U CIIEKTpOM ToKasaresell Jlamy-
HOBA) — C ApYroii?

Kak yxe roBopHusoch Bbillle (CM. TakiKe cooTHolleHue (6.14)),
MBI MOXKeM CUHTATh, UYTO M™ BO3MOXKHBHIX IIOCJEN0BAaTEJbHOCTEH,
NopoXKAaeMbIX TIOTOKOM aTTpaKkTOpa, paBHOMEDHO pacrpeje/eHbl Ha
¢JIHHHYHOM HHTEpBaJe KakK MHOXKECTBO m-3HauHBIX Apobell (cuM-
BOJIOB X;) B CHCTEMe CUHC/JEHHS C ocHoBaHHeM n. Tak kKak pac-
CTOSIHHE MeXKJy TOUKaMH eJHHHYHOTO HHTepBaJsa, COOTBETCTBYIO-
IIUMH 3THM Apo06fAM, cocrabjisieT n~™, Apo6H MOXKHO TepeHyMepo-
BaTb yucaamu ot 0 1o 1 —n="".

PaccMoTpuM Tenmepb (YBKUHIO NJOTHOCTH BepPOSITHOCTH P (x).
Hast sToro mocrpouM rpadux, oTkjAazabnBas P(Sm) Kak opAHHATY
HaJ TOYKOH €JHHHYHOrO HHTepBaJa, COOTBeTCTBYWILell aApolu X.
Slcuo, uto

P, (x)=P(S,)n", (6.4.71)
rie Sm<<x<<Spm+n"m Spn=0, n~™, ..., 1—n", u, KpoMe
TOro, Pm(x) YALOBJETBOPSET COOTHOLICHHSIM HODMHPOBKH

1 I
{Pryax=1, man (P(S)ax=n-m  (6.4.72)
0

0
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B npenese npu m— oo, KOria MapkoscKas Lellb obperaer Oec-
KOHGUHYIO MaMsATb, QYHKIHS IJOTHOCTH BEPOATHOCTH P (x) «BHI-
XOJUT» Ha CBOE aCHUMIITOTHUECKOE 3HauyeHHe

P, (x) ="lli9m P (x). (6.4.73)

Torpa P(S;)— BepOATHOCTb  MOSIBJEHHS  IOCAELOBATENbHOCTH
S — CTAHOBUTCS pPaBHOH

—nt
S, Fn

P(S,) = S P, (x) dx. (6.4.74)

Sm

3T0 COOTHOLICHHE O3HAaUaer, YTO PacCMOTPeHHe I[IOCJAeJ0BATECJIbHO-
cTell M3 M CHUMBOJIOB CBOAHTCH K PACCMOTPEHHIO IJIOTHOCTH Be-
pOSITHOCTH P (¥) NOC/AeA0BAaTEJIbHOCTEH CHMBOJIOB C paspelieHHeM
macuwita6a &= n-" OrTo6paXKeHue MHOXKECTBA BePOATHOCTEH
P(S;:) Ha eAHHHUHLIH HHTEPBAJ MO3BOJSET BLIPA3HTL METPHUECKYIO
SHTPONHIO uepe3 HHPOPMALUOHHYIO PasMepHOCTb. [leHcTBHTE/BHO,

. Im
b= lim (7) (6.4.75)
npu At ~ | eauHHIle BpeMEHH, HJIH
L Im
b= lim (2 = ) logz n. (6.4.76)
Tak xak & = n—", logs ¢ = —m logy n, MBI MOJYUYaEM
. Im N
hy= lim (WEET) logonn =D, (P)logen,  (6.4.77)

rie D;(Pw)— HHPOpMALHOHHAS DPa3MEpHOCTb [/ dCHMITOTHUC-
CKOro 3HAUeHHs, PHHHMAeMOro (QyHKUHEH [VIOTHOCTH BEPOSTHOCTH.

CJlleioBaTENLHO,
hu=D1 10g2 n, (6.478)

[ 11— YUCI0 OUCKPETHbLX COCTOsiHUM/sueeK, Ha KOTOpble pasGHe-
HHe HeJUT IPOCTPAHCTBO COCTOSHHH (MM YHC/IO JAHCKDETHBIX CO-
CTOSIHH{I, KOTOpHIE Mbl H3MepsieM Ha aTTPaKTOpe). :

[Mpaktuyecku#l crmocol BBHIUMC/ICHHS rpy6oil OLEHKH 3HTPOIHH
KosnmoropoBa — CHHasi COCTOHT B YCTAHOBJCHHH COOTBETCTBH
MeXJy MMCKPETHBIM OTOGpaXKeHHeM, HTEPUPYEMBIM 33 IOpOroMm
HACTYIJIEHHS Xaoca, H MapKOBCKOH LeMNbIo.

BosbMeM B KauecTBe mpumepa [6.18] 3Hakomoe oToGpaxkeHne

X=X, (1 — %) (6.4.79)
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riae E— uenoe uucao, obo3Haualomee pa3bueHHe uHTeppasa. [lpu
t =2 ™Mbl HMeeM pa3bHeHHe ABYX CHMBOJOB, HanpuMmep A u B,
B HHTepBaJge 2, a npu § = 4-— pa3bueHHe M3 UETHIPEX CHMBOJIOB,
Hanpumep A, B, C, D B uHrepBase 4 (mpu & >> 4 pasbueHue nepe-
cTaeT GLITb MapKOBCKUM, cM. [6.18]).

D1eMeHTbl MaTpHIUbl BEPOSITHOCTEH I1€pexX0J0B, HJH MapKOB-
CKOH Ilenl, Jerko BBIYHCJIHTb H3 TeOMeTPHUECKHX coobpaxeHHH.
Hanpumep, npn £ =2 uyacts or A =1 Ha ropH3oHTaJbHOH oOCH,
KOTOpasl IIPOeKTHpyeTcsi Kak A Ha BepTHKAaJbHYI0O OCb, paBHA

Pir=1 ——(1/«/2); caenoBatesnbHo, Pap== 1/«/.‘_2~ H aHaJOrH4YHO
Ppgs=1— (1/«/2) u Pyz=1/4/2. B ciyuae § = 4 maTpuna nepe-
X0/Jla UMeeT BH[

P(o; /o) A B C D
A a 0 0 «
B B 0 0 By
C vy 0 0 vy

{ D 0 1 1 0y

rie a=2—1/§, qu/é——w/j‘z— H yzq/g—l.

3Has 3/1eMEeHTHl MaTPHLb Iepexoja, Mbl MOMXKEeM HalTH BeposiT-
noctu P(A), P(B) unu P(B), P(C), P(D) u3 n— 1 auHeAHBIX
COOTHOUIEHHH

uK == Z u]P]K (6.4.80)

j=1

H YCJIOBHSI HOPpMHPOBKH

Y ug=1, (6.4.81)
K=1

rae n = 2 gy 4.
Taxkum o6GpasoM, SHTPONUS] pacCMaTPHBAaEMOH HaMH MapKOBCKOH
LeNH paBHa

n n nK
S= 1<Z_1 ugSyg = — KZI _Zl ugPg, log, Py, [6ut], (6.4.82)

rie (B KaXxJIOM cJayuyae) MAx— UHUCAO COCTOAHHH, [JOCTHIAEMBIX
B OJHMH CKQ4Y0K M3 COCTOSHUA K.

OTHUM 3aMeuaHHeM Mbl 3aBepllaeM pasjiel O NapaMeTpax, Xa-
PaKTepH3YIOWKMX CTPAHHBHIH aTTpaxTop. MH McCaeoBalu XapaKTe-
PHCTHKH J0CTAaTOYHO MOAPOOHO, TaK KaK BCe OHH (HHMDOpManMOHHAs
pasmepHocts D, ciexTp nokasaresnefi Jlsnynosa {A;} U merTpuueckas
3HTpomUA hy) B3aHUMOCBS3aHBI H ONHMPAIOTCH Ha JBAa OCHOBHBIX
HOHSITHS.
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a) OOHapyxeHHOe IpH HCCJeJOBaHHH CTPAHHOTO ATTPAKTOP&
coaTue ONMMCAHHs, T. e. yMcHblIeHHe UHc/ia cTerneHell cBOGOJH!, 06-
yCJIOBJIEHHOE T€M, uTO IOTOK OTOGpaxaercss Ha cebs, TeM CaMhM
06pasyss KOMIIAKTHOE 3PTOJHYECKOE MHOXECTBO B IMPOCTPAaHCTBE
COCTOSIHHI, HMeoIleM ropas3fo 6ogee BBICOKYIO pa3MepPHOCTb.

6) Ipoussodcreo unpopmayliu, NPHBOAsIIEe K TOMY, 4TO CH-
cTeMa (3a KOHeuHOe BpeMsi) CTAHOBHTCSl He3aBHCHMOH OT Havajb-
HBIX YCJOBHH.

[TpopeleHHbIH Bbillle aHaJH3 HMeeT pellalollee 3HaUeHHE MJ
I712BHOH TeMBl Hallefl KHHTH — [IOHCKA MeXaHH3MOB, obecneunBalo-
mux GOpPMHPOBAHHE KOJJICKTHBHBHIX CBOJCTB H TEM CaMbIM IpHBO-
ASIUMX K OOpa30BAHMIO HEpapXHUeCKHX CHCTEM M MOSBJEHUIO BO3-
MOXKHOCTH HX B3aUMHOTO MojejupoBanus. CxKartve ONHCaHHUST
ABJSIETCS HeoGXOAMMOH TpeANnoCHIKON (OPpMHPOBAHHA TAKHX KOJ-
JCKTHBHLIX CBOHCTB uepe3 OpraHu3alnio JAajbHONCHCTBYIOIIHX
KpOCC-KOppe il MexXKAy COOTBETCTBYIOIIMMH IepCMEHHBIMI. Cy-
IecTByeT NPeANosoXKeHne, yTo GHONOTHYECKHEe CHCTEMB, obaaznalo-
IHe «PHTMaMH» C XAOTHUECKHMU CBOMCTBAMH, T. €. CTPaHHLIMH
aTTPaKTOpaMH, MOI'YT OGEeCHedudTb HEKYIo «9KOHOMHYIO» HaISXHYI>
06paGoTKy nupopMannn. DTOT BONPOC Mbl NMOJAPOGHO PacCMOTPHM
B CJeAyIONIEM pasiele.

6.5. Bosamoxnas poJb Xaoca B HajexHoi o0paGoTke
UHpOPMALIHH

SToT pasjen MOXKHO YHTaTh HE3aBHCHMO OT pPasl. 6.4.

[Ipy 1NpOEKTHPOBAHHH «CAaMOOPTAHM3YIOMMXCA» CHCTEM MEpBO-
CTENEeHHOe 3HaueHHe Mpuobperaer omnpeleleHHe «TEOPETHICCKOTO
MHHHMyMa» CJHOXKHOCTH <«alNapaTypHOH peanusalnH» CHCTEMEL
(Cy), HeoGxoamMoro aasi obecneuendst 3alaHHOTO (YHKLHOHATb-
HOro penepryapa (C/JI0XKHOCTH <«IpPOrpaMMHOrO obecrneueHus» CH-
cremn Cs). B ofmem cayuae npeanosaraercs, 4To KpHBas Ch=
= f(Cs) MOHOTOHHO BO3pacTaer, NpUUeM KPYTH3HA POCTa OIpPELE-
Jsiercss KOHKPETHBIM «MEXaHH3MOM MeX3JEMEHTAPHBIX CBI3CH»,
HJM apXHTEKTypo# JaHHOH CHCTEMBI. dto yBexaeHue TpaJaHIHOHHO
Geper HauasJo B IpakTHKe TEXHHKH CBf3H, B KOTOpoH akKT ob6pa-
60TKH HHGbOpMauH# BKIOUaeT B cebs MOCIeA0BATENbHOCTb «pac-
IIMPEHUsT» H «CXKaTUf» PA3MEPHOCTH IPOCTPAHCTBA COCTOSIHUH,
T. e. yBeJMYCHHSI H MOCJeAYIOLlero COKpalleHHs dHC1a cTeneHed
cBOGOAHl epefaBaeMoro CHruaJjd.

JleficTBHTEIbHO, € Mepejalonlefi CTOPOHBI YCHJNA, HaNpas/JIcH-
Hee Ha 95(Q(EeKTHBHOe KOJIHPOBaHHE, TPEGYIOT OPTOCOKAALHOCTL
«cJ0B» (UJEHOB) pellepTyapa mnepelaTyuka. dTo pocTuraeTcss my-
TeM yBeJNWUeHHs WIHPHHH nojochkl W wiau BpeMeHn Iiepelaty T,
BCJeNCTBHE Uero BospacraeT u pasMepocts 2WT mpocTpaHcTsa
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COCTOSIHHII, B KOTOPOM OTAEJbHbIE C/IOBA (BOJHOBBIE CHIHAJbl, Npe/-
CTaB.JeHHBIC B AHCKDETHOM UH(PPOBOM BHAE C NOMOILBIO TEOPEMbI
0 BBIGOpKe) (HUTYPHUPYIOT B KaueCTBe FHIIEPBEKTOPOB.

Ha npunumaronieM KoOHIE NPOUCXOIUT «CXKATHE», CBOLSIIEECS
K CepHH CBEPTOK NDUXOAAIIErO (3allyMJEHHOrO) CHTHaJa H KakK-
JOTO uJieHa/cloBa M3 penepryapa nepeiaTudka. Tak Kak OTIedb-
HBbl€ C/I0BA B3aHMHO OPTOrOHAJbHBI, NEepeyHCcICHHbIE BBILIE ONepaluH
MO3BOJIAIOT NPHEMHHKY OCHADYXKHBATb H HCIDPABJIATb MHOTOKpAT-
Hble (XOTSl H KOHEUHOH KPATHOCTH) OWHGOKH, KOTOpLIE BCTPEYATCA
B IPDHHSTOM CHIHAJe H3-3a lIyMa B KaHaJe.

Ob6pamascb K GHOJOTHYECKHM CHCTEMAM, MBI CTAJKHBAEMCS
C BeCbMa 3alyTaHHOH cutyauued. IlpocToie mapamerpsl, Takue, Kak
BeC uJIH 00beM MO3ra, OueHb MaJjO TOBOPSIT O OHOJOTHYECKOH CH-
creMe (sIpKuil TOMYy InpuMep — roay6oii kur). He mnomoraer u
CpaBHHTE/bHAs aHATOMHS, TAK KaK IO ee JaHHBIM MO3l Aeib(HHA
[0 CBOEMY CpPaBHEHHIO BO MHOIOM aHAJOTHYCH MO3LY YeJOBCKA.
Ha Gosee wusompennom ypoBHe Mbl paccMaTpHBaeM CJOMKHOCTDb
KaK XapakKTepHUCTHKY, 3daBHCAIIYIO OT CMECH pAasHOPOAHBIX Ia-
paMeTpoB, TAaKHX KaK YHCJIO0 B3aUMOAEHCTBYIOIIHX KOMIIOHEHT,
CBSIBHOCTb H (GYHKIHA paclpelefeHuss HHTEHCHBHOCTH B3aHMO-
JeHcTBHS.

OaHako BO MHOTHX CJyyasix Mbl BHAHM, YTO GHOJIOTHYeCKHE
OpraHM3Mbl C BecbMa NPOCTOH HePBHOH cHCTeMOH («anmapaTypHo#
peanHsauued»), TakHe, KaK NHSBKAa WJIH TapakaH, 06JafaioT BeCb-
Ma BHYHIIMTEJbHBIM H CJOXKHBIM DelepTyapoM peXKHMOB INOBEIeHHS.
Mbl HauMHaeM IOA03peBaTb, YTO CYIIECTBYIOT CHCTEMBL, KOTOpHBIe
006pabaTbiBaioT HHQOPMAUHIO 110 a/JrOPHTMAM, NOCTPOEHHBIM Ha
APYrHX NpHHIHIAX, YeM CO3JaHHbIC UeJOBEKOM apTedakThl, T. e.
He Ha IOBbIIUEHHH CJI0XKHOCTH <«aNNapaTypHOH peajM3aluH» BO
HUMS$l JOCTHKEHHS OOJblIEH CJAOXKHOCTH NOBEAeHHUs.

B a10M pasjese MBI XOTHM BOCIIOJb30BATbCst HOBLIM aJbTepHa-
THBHBIM TEOPETHYCCKHM IMPHHLHMIOM, YHOBJETBOPSIOUUM TpeGoBa-
HHIO COYeTaHHsl INHPOKOrO (YHKIHOHAJIBLHOTO penepryapa ¢ OYeHb
MPOCTOH «ammapaTypHO# peasusanuefi». DTOT NPHHLHI OCHOBAH Ha
TOM, 4YTO HH(QOPMAUHIO I[OPOXKAAeT He TOJIBKO yTpara CHCTEMOH
CTeneHelt cBOGOABI, HO H yBeJHUYEHHe paspellalollell CIOCOGHOCTH
B CHCTEMaX ¢ MaJbiM YHCJAOM creneHell ¢BOOGOHL.

HekoTopble HenuHefiHBle AMCCHIATHBHBIE CHCTEMBI BCEro JIHIIb
C TpeMs CTemneHsiMH CBOOOAB MOTYT 06JafaTh CJAyuafiHBIM [OBeje-
HHEM, aHAJOTHYHBIM TOMY, KOTODOe ONHCHIBAETCS 3aBEeAOMO CTOXA-
CTHYeCKHMH ypaBHeHHsAMH. BMecTo co3gaHHs Ho8bix cTemeHed cBO-
JOBI, T. €. BMECTO YBEJHUYEHHS] LIMPHHBI IOJOCH HJIH pasMepHOCTH
IpocTpaHCcTBA COCTOSAHUH, TaKHe CHCTEMBI NOPOKAAIOT HTEPATHBHbIE
CaMonogoGHble npolecch (o6magawliie CBOHCTBAMH MAaclITaGHOMN
HHBADUAHTHOCTH), U 3TH NPOLECCH NPUBOAAT K yMEHBIIEHHIO pa3pe-
awoneli cnocoGHOCTH HJH PACIpOCTPaHEHHIO AHHAMHKH TPaeKTOpHH
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Ha GoJsee WIHPOKOe MNOANPOCTPAHCTBO B IPOCTPAHCTBE COCTOSTHHI
MaJof pasMepHOCTH .

Takoe mnoBefecHHe SIBJASETCA pe3yJabTaTOM Ipolecca, B XOAe
KOTOPOTO TPAEKTOPHH B IPOCTPAHCTBE COCTOSHHUI HeJHHeHHOH cH-
CTeMBbl BXOAST B 06JaCTh MaJoOH pa3MepHOCTH 3TOrO NMPOCTPAHCTBA,
061a/14I0IIYI0 TeM CBOHCTBOM, UTO TPAaEKTOPHH, AOCTATOYHO O6.1H3-
Kue K 3TOofi 06jacTH, JOJKHBl HellpeMeHHO BOWTH B Hee, a OKas3as-
THCh BHYTPH, COCEJHHE TPAeKTOpHH pasberaioTcs Apyr OT Apyra.
YyBCTBHTEJABHOCTb K Ma/bIM H3MEHCHHSM B HauajbHBIX YCJIOBHSX
06yCJ0BANBAET BEpOSTHOCTHLIH XapaKkTep MOBEJCHHS TaKOH B
OCTaJbHOM NPOCTOH JAeTepMHHHCTHUECKON CHCTEMBI.

6.5.1. Teopernueckne coofpaxkenus v obliye 3aMeYaHHUA

Hagexnas o6pa6oTka HHpOpMalLMU ONHpAeTCsl Ha CYILeCTBOBA-
HHE «XOpOLIero» KOAa HJH f3blKa: HaGOp pPeKYPPeHTHBRIX IIpaBuJT,
noposxcdarowyux urpopmayuio (Hanpumep, anepHopHUecKHe CTPOKH
CHMBOJIOB) Ha JAHHOM HepapXWueckOM YDOBHe H 3aTeM CHUMAIO-
wiux ee Ha 6OJlee BLICOKOM KOTHHTHBHOM yposHe (puc. 6.30). Hro-
6bl yJOBJETBODUTb ITHM TpeGOBaHHAM, S3HIK (KaK Xopollas My-
3blKa) JOMXKeH B J1060fi MOMEHT HAaXOAHTb ONTHMAJbHOE COOTHO-
leHHe MeXAy CTOXaCTHUHOCThIO (pa3Hoo6pasueM) H CIOCOGHOCTHIO
0GHApYXKHBATb M HCOPABIATL OWHOKU (IaMATh). CyliecTByer JH
KaKas-HHGYAb AMHAMHKA U3 W3BECTHHX HBIHE, KOTOpas Moraa Obl
IPOMOAEJNPOBATL 3TY ABOSIKYI0 Lelb B IIPOCTPAHCTBE COCTOSTHUH?
Ha 3TOT BONpOC MBI MOXXEM OTBeTHTb YTBEDAHTEIbHO: TaKas mH-
HAMHKA B NMPHHIHOE CYLIECTBYET.

B npeabliymiux pasjelax Mbl 3aHHMaluCh HCC/ICJIOBAHHEM JH-
HaMHUYeCKHX CHCTEM, OIIMCHIBAEMBIX TO KpailiHeil Mepe TpeMs CBs-
3aHHHMH HeJIHHeHHBIMH AuddepeHUNAJbHHIMH YPaBHEHUAMH Iep-
BOTO I[OPSAKA C PenepTyapoM pPEXHMOB, BKloJaomuM (Ipu pas-
JMUHBIX HaGopaX 3HAyYeHHH YIPaBIAOMHX NapaMeTpoB) MHOXKe-
CTBeHHBle CTal[HOHapHBlE COCTOSIHUA, YCTOMYHBBIE IepHOAHYecKHe
TpaekTOpHH (IIpejebHble HUKJBI), TOPHL W CTPaHHBIE aTTPAKTOPhL
(xaoc). TIpeBocxoaubiil 0630p cM. B pagote oy [6.13].

MoxkHO cuntaTh (pasmess obllee yGexjeHue BceX (QH3HKOB,
COTJIACHO KOTOPOMY O SIBJEHHH MBI CYAHM TOJBKO IIO pe3y/bTaTaM
Ha6JIofAeHHd ¥ M3MepeHuil), 4TO MPOU3BOACTBO SHTPONHUH MPOUCXO-
JUT, KOrjga o6beM B IPOCTPAHCTBE COCTOSIHHH pacuiupaercsa B XOone
IHHAMHYECKO 3BOJIIOLHH HalleH cHcTeMBl (TeM CaMbIM pasperle-
HHe yXy/[UIaeTcsi) H cocumaercs (410 CONPOBOKIAETCA puccunanuedt
U, CJel0oBaTeJbHO, NOsSBJIeHUEM HOBOH uHpopManuu), Koraa oobeM,

D Touree TrOBOpPS, B HAMPABJEHHH € NOJOMXHTEJILHHM NOKasaTeneM JIANyHOBa
TPAeKTOPHH CHCTeMbl pa3feraroTca H TeM CaMbiM TOPOXKAAIT pasHooGpasHue;
B HarlpaBJeHHH C OTPHLATEJBHHIM MMOKa3aTesem JIANYyHOBAa CHCTeMa OrpaHHUHBACT
pas3noo6pasue, TeM caMHM MOpOXAas HH(pOpMaIHIO.
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3aHliMacMBli NOTOKOM B (a3’oBoM TNpPOCTPAHCTBE, (TASUBAETCA
K <«KOMNOAKTHOMY>» 3proAu1eCKOMY IMOTOKY — aTTpaxKTopy. Tounee

roBOps, MpH 3HAUEHUAX YIPABJSIOMIHX [apaMeTpPOB, He CBA3AHHBIX
€ BO3HUKHOBGHHEM xaoca, HHpOpMaliusi nopoxjaercs ¢duandecKon
CHCTeMOH uepe3 KacKaj Ougyprayuti, NIPHBOAALIMX K HapyUIEHHIO
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Puc. 6.30. IlpuMepHHi BHA NPOCTOH CXeMbl CBfi3efl MeX/1y JABYMS <«JHHIBHCTH-
YeCKHMH» HepPapXM4eCKHMH CHCTeMaMH. XapaKTepHas AHHAMHKA Ha YPOBHAX Ma-
TEMATHYECKOTO H MAIUMHHOrO ofecneueHnss oGo3HaueHa cooTBercTBenuHo S u f.

cuMMerpuH. [IpH 3HaueHMsAX YNPaBJAIOUIAX IIapaMeTpPOB, KOTOpLIE
COOTBETCTBYIOT DOXKAEHHIO allepHOJHYECKHX TpaeKTopuit, HHGOp-
MalHs TOpOXKJAaercs (UAH yTpauHBaeTcsl) uyepes KacKajn urepayill
oToOpaXeHHs1 (OAHOMEpPHOro) Ha OTpe3Ke, KOTOpOe CTPOHUTCH KakK
otoOpaxxeHue [lyaHkape HalIero aTTpakropa.

Taxkoro posa nepexoj OT «aHaJIOrOBOTO», HENPEPBIBHOTO, K «IH}-
pPOBOMY», JOHCKPETHOMY, OIHCAHHIO OCYHIeCTBJSETCH C I[OMOIILIO
apaMeTpPH3allMd aTTpPakTopa BAOJbL OJHOMEDHOro paspesa M IIO-
CTpOoeHHs1 rpadHka 3aBHCHMOCTH KOOPJIHHATHL CJEAYIOLIero MecTa
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nepeceueH!s! TPAEKTOPHH € Pa3pe3oM OT KOOPJAHHATH MecTa Mpejbl-
AYLIero nepeceyeHus.. uMbI noJjyyaeM Kak 6bl «CTpOGOCKOMHYECKYHO»
KAaPTHHY I[epeceyeHHH TPACKTOPHH IJIOCKOCTH CeYeHHS MOTOKa
B (TpexMepHOM) NPOCTPaHCTBe cocTOsiHuiM. Bo3HukaeT MapkoBckas
Ienb C YHCJIOM COCTOSIHHH, 3aBHCALIMM OT pas3GHeHHs HHTepBaJa
[0, 1] (puc. 6.31, 6.32).

0 X 1
E—
Puc. 6.31. Ilpoekuust TpexmepHOro Prc. 6.32. OpHoMepHoe orToGpaxKe-
CTPAHHOIG aTTPaKTOPa Ha IJIOCKOCTD. HHe Ilyamkape past TpexmepHOro

CTPAaHHOTO aTTPAKTOpA.

[Ipupaienne nabaogaeMol HHGOpMaLHH OOBIUHO ONpeAeaseTcs
JOrapu(MoOM IO OCHOBaHHIO 2 OTHOILUCHHS YHC/JIa COCTOSIHHA X,
pasJHUHMHIX 0 H IOCJe HeKOTOPOro BPEMEHHOTO HHTEpBaja:

2 vV
Al = logrzf— ~ logQ—fo, (6.5.1)
L 1
rae V; u V;— KoHeuHBIH H HadanbHBIH OOBEME B NPOCTPAHCTBE
coctosiHUfi. COOTBETCTBEHHO CKOPOCTb IPOU3BOACTBA (MM YTPaThHI)
HH(OPMALHH 3aZaeTcsl COOTHOLIeHHEM

by
a_ L4 14 (6.5.2)
dt vV dt T dt
Uneao pasiauyuMbix cocTosiHUE 2 (f), BO3HHKAIOUIHX H3 HEKOTOPOrO
HayaJbHOro o6beMa B NPOCTPAHCTBE COCTOSHHH, pa3yMeercs, He
0043aTeAbHO NOJKHO ObITh NPSMO NPOHOPIHOHAJILHO H3MEHEHHIO
06peMa, BbI3BAHHOMY HOTOKOM. ;
[IpeAllONIOKHUM, UTO YHCJAO COCTOSIHHH, B KOTOPBIX MOXKET HaXo-
JAUTbCSl CHCTEMa, pacTeT cO BpeMeHeM (a) NoJHHOMHAJABHO H (6)
3KCIIOHEHIHaJbHO.
B nepBoM cayuae

S (t) ~ 1" (6.5.3)
H
dl n
S~ (6.5.4)
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CKOPOCTb MPOW3BOACTBA HHPOPMALHUHM B TAKOH CHCTEME CO BpeMe-
HeM CTPEMHTCS K HYJIIO, I03TOMY MOBEJLCHHE CHCTEMBI IIPEACKa3yeMo
(c’KHMaeMO) Ha MNPOTAKEHHH OCCKOHEUHO OOJbLIOr0 BPEMEHHOrO
MHTepBaJa B OyaylleM.

Bo BTOopoMm cayuae
S(f) ~et (6.5.5)

dl
ar

raKkas CHCTeMAa $IBJAETCS HeNpPEepPEIBHBIM HCTOYHHKOM HH(OPMALHH.
Opuaxko 3s1a uHOOpPMAUHA He COACPKHTCS HESBHO B HaualbHBIX
YCJAOBHAX, KakuMu Obl OHM He ObLIH, a MOPOXKAAETCT CAMHM IOTO-
KOM B IpOCTpaHCcTBe cocTosiHuH. MupopMalus Takoro THIa HeCkKH-
MaeMa, H 06paGoTKa ee MOMKET BBIXOJHTb 3a PAaMKH BO3MOMKHOCTEH
COBpPEMEHHBIX KOMIbIOTepoB ). Hac HHTEpecylT 3JeCh HEKOHCepBa-
THBHBlE KOMIAKTHBEIE MOTOKH, B KOTOPBIX MOMKeT Hal.jogarbed
NpUTsKeHHe (CTalUOHAapHBIe COCTOSIHHS, NpefeqbHbe UHK/Ibl HIH
CTpaHHble ATTPAKTOPHL).

Eciau pasMepHOCTh NPOCTPAHCTBA COCTOSIHHE He MeHblIe TpeX,
TO 1aKe OueHb NPOCThie (hH3HUecKHe cHCTeMBbl, HalpuMep TeHepa-
TOp € OTPHIATEJBHBIM CONPOTHB/JCHHEM I BbIHyXKIaloWed CHJIOH
(nccaenoBaHHLI HegaBHO Yomofi n Axamany [6.12] u mozeanpye-
MBIl OCUMHAJAATOPOM BaH fAep Iloas ¢ NepHOAHYECKHM BO3OYyXIe-
HHEM) MOTYT NOpPOXAaTb IOTOKH, KOTOPble B KOMIAKTHOI 06.1aCTH
NpOCTPAHCTBA COCTOSIHHII HENPEPBIBHO pacWHpPSAOT 00beMbl N0 OX-
HUM HAIpPABJICHHAM H CXKUMAKT HX [0 APYTHM HalpaBJeHHsM. DTO
03HauaeT, YTO TaKHe CHCTEMbl NOPOKAAIOT HHOOPMAUHIO MO OAHHM
NepeMEHHBIM H CXKHMAIOT HJH YTPAuHBAIOT ee MO JAPYTHM Iepe-
MeHHBIM.

IHas 1060ro LaHHOrO OAHOMepHOro oToGpamenns y = F(x) Ha
HUHTepBaJe IJIOTHOCTh BeposiTHocTH P (x) HafitTu OpGHTY B TOUKe X
MOXKHO OLUEHHTb Yepe3 MOC/Iel0BaTeNbHble MUTEpAlUuN H3 PEKyppeHT-
HOTO COOTHOLIEHUS

on—1
P, (x)= ZI I—diz—n(f—f))—‘ ; (6.5.7)
| T

rie x; = [F=D] =1 (y).

U Ecau cuctemy (6.5.5) nabmopmaer Apyras KOTHHTHBHas CHCTeMa CO CKO-
poCTbIO BHGOPKH Membule n, To cucrema (6.5.5) Hempenckasyema. Cm. Takke
pasn. 6.5.6 OTHOCHTENBLHO NMPOHCXOKIEHHS «KOH(JIHKTa» MeXAy AByMs «HaO.Iio-
IAOIAMHy JPYr 3a [DYrOM KOTHHTHBHBIMH CHCTeMaMH. CTpaTterus, [03BOJSIO-
1lasi NpeB3OHTH BEICOKYI0 CKOPOCTh IPOHM3BOJCTBA SHTPONHH «IPOTHBHHKOMY,
COCTOHT B (OPMHDOBAHHH <«KOJ/JIEKTHBHBIX CBOHCTB» HaGmoAaeMoft CHCTEMHL.
Korga u 5TOT npHeM He IDHBOJAHT K YCHexXy, Mex1y CHCTeMaMH BO3HHKAeT
«men00ycoOHbLE> KOHPIHKT.
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3necb nepBas (YHKUHS IJIOTHOCTH BEPOSITHOCTH P(x) mnpowus-
BOJIbHA, Hanpumep, Py(x)= 0(x), a Bo3mukawomas ¢yukuus Ps(y)
COOTBETCTBYeT HCXOAHOH P;(x), mpeoGpasopaHHON NOJA AeHCTBHEM
oToGpaxeHust, n sBAsieTcs QYHKUHEHA NJIOTHOCTH BepOATHOCTH nep-
Boro npubanxenus. Iloctenyouide uTepaunn oToGpakeHHs AAIOT
BCe oJee TOUHEIC NPHOJHKEHHS K «IIPABHILHOMY» DaBHOBECHOMY
3Hauenuio P(x). Ecau oToGpaxenne uMeeT yCTORUHBOE CTallHOHap-
HOE COCTOsSIHHE HJIM YCTOHYHBYIO NEpPHOAMUYECKYi0 OpOHTY, TO P (x)
CXONHTCS K OCTPOMY Ae/bTa-06pa3HOMY IIHKY HJIH K CEPHH MAebTa-
00pasHblX (yHKUUH, COCPEIOTOYEHHBIX Ha TOUKAX, 00pa3yIOIIHX
HEePHOJHYECKYI0 OpOHTY.

Hpupauenne undopmanun Al 3a 0OAHY HTepalHi0 B LAHHOH
TOYKE X OTOOpaXKeHHs O pefessieTcs BelHuYnHOf

dF
ax

Al = IOgQ

(6.5.8)

M COBNAjaeT ¢ NPOH3BOACTBOM SHTPONHM npu |dF/dx|>> 1 u ¢ npo-
H3BOACTBOM HJIH YTpaTO# 3nTponuu npu |dF/dx|<< 1. Cpennee Ha-
MeHeHHe HHpOpMaluuN Ha BceM HHTepBate 0<Cx<C1 paBHO

1

&=\ P 1og,

0

dF (x)
dx

dx |6ut], (6.5.9y

HJIH, eCili {(X)-— IPDOMEXYTOK BpPEMEHU MeXAy ABYMs IOCJel0Ba-
TEJbHBIMH IepeCeUeHHsIMH TPAEKTOPHH C cedyeHHeM [lyaHkape, To
CpeAHsst CKOpPOCThb NPOU3BOACTBA (HJAHM yTpaThl) HHGOPMALHH 1O
BPEeMEHH paBHa
1
dar\ P(x)1 dF (x)
W>_S f(x) 2‘ dx

dx [6ur/c]. (6.5.10)

Hakouen, eciu nauanbHble JaHHBle (OTIpaBHas TOYKa Ipolecca)
H3BECTHBl HE TOYHO, T. €. OHpeJeNeHB ¢ HEeKOTOPLIM ANpHOPHBIM
pacipellesieHHeM TJOTHOCTH BeposiTHOCTH Po(x) wu3-3a Habaopa-
TeJBHBIX HWJIM BHYTDEHHHX (IYKTyalMH, TO MB NOJydYyaeM LIS HH-
(OpMaNMOHHOrO 3HAUeHHs! HAaYaJbHOTO YCJIOBHA BBIpaXKEHHE

1
s:={ Py (0) log, (G- ) dx [6ur]. (6.5.11)

0

Takum o6pasom, «maMsiTb» npoleccopa, H3MepsieMasl Kak BpeMs,
B TCUEHHE KOTOPOTO CHCTeMa nepecTaeT GHTbL NPUYHHHO 3aBHCHMOM
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OT HAavYaJbHbBIX yCJIOBI/Iﬁ, OHpeﬂeJIHeTCH KaK
1
P[) (x) ) .
. S Py (x) logs ( P (%) dx
i 0

I'= pay = 1 [c].  (6.5.12)

P (x) dF (x)
S t(x) 10g2 l Tx dx

Ilo ucreueHuun BpeMerH T cHCTeMa YCHJAHBAaeT BHYTDCHHHH MHKDO-
CKOMHUECKUH IIYM, KOTOpBIH H3-3a CHJALHOTO paspellleHHs, CO31a-
BAEMOT0 HTepaTHBHBIM IIpolleccoM, He MOXKeT 6ojee 0CTaBaThCs
«pa3Ma3aHHbIM» (CM. Takxke pasi. 6.5.6).

SlcHo, uwTo nNpH 3HAUEHHAX YNPaBJASIOUMIMX IapaMeTpOB HHKe
nopora HacTylJleHHs xaoca (B 06JacTH, Tle CYyLIeCTBYOT TOJbKO
CTallHOHAPHLIE COCTOSIHHSI M IepHOJHYECKHEe LHKJBI) TPaeKTOPHH
B INpPOCTPAHCTBE COCTOSIHHH TOJDBKO NDPHTATHBAIOTCS, H COOTBET-
CTBYIOIIHE HTepalUHu OTOOpaxeHHs NOcJeJ0oBaHHA B ceueHun [lyan-
Kape Ha OTpe3Ke MOHOTOHHO cxoasarcsa. [Ipm Takux yCloBHSIX
Iy <0, 1. e. cucreMa acCHUMITOTHUECKH BeJeT cefs KaK CTOK HH-
(hopManuu.

Ilpu 3HaueHHsX ynpap/JsIOUIHX NapaMeTPOB BhIlIe KPHTHYECKOTO
10pora, e yCTaHaBJAHBAaeTCs CIVIOMIHOHA ycrofiuuphlft xaoc, {/)>>0
N0 OJAHHM INepeMeHHbM (HCTOuHUK HHpopMaunu) u (/> << 0 1o
APYTUM TNepeMeHHLIM (cKaTHe i yTpata HHpopmauud). Ho no-
BOJLHO O B3aHMOJCHCTBUH MNPOH3BOACTBA M JHCCHIALHH HHGOD-
MaLHH.

JunaMuyeckasi MoJesb KHBOI'O SI3blKa JOJKHA BOCIHPOH3BECTH
H OOBICHHTH HECKOJbKO KJIOUEBHIX <«HAHOM» THIA CJAEAYIOIIHX:
(a) crnoco6HOCTHL si3blKa K O6pa30BaHHIO aGCTPaKUHA (KOJNJIEKTHB-
HBIX CBOMCTB), HATIpHMep KPOCC-KODPEJSUHH MeXAy XpaHAIIHMHCS
B naMmATd npoofpa3aMu (apxeTHNaMH) M CHCHaAJaMH, IOCTyNalo-
WIUMH H3 OKpyXalolie# cpearl, u (6) H3BeuHLIH NapaJOKC «CCHIIKH
Ha cebsi».

Ha mnepsrifi Barasg Morjo Obl INOKasaTbesl, 6yATO CHHIPOM
CCLIIKH Ha ce6s1 MMeeT HENOCpPEJCTBEHHOE OTHOIIeHHE K «3alHKJIH-
BaHUIO» B paccyxAeHusx. OAHaKO AHHAMHUECKHM aHaJOroM 3alHK-
JUBAHHA sIBJAsleTCcss OTOOpaXKeHHe MHOXKecTBa Ha ce6s. B Takoro
pofla 0TOGpaXKEeHHAX CYUIeCTBYIOT TOJBKO CTalHOHAPHBIE COCTOSIHHSA
H T[epHOJHYECKHe OpOHUTH, MOPOXKJAalollHe AHCCHNALHKI0 HH(popMa-
1HH. [103TOMY CXOJCTBO MEXIYy 3alHKJHBAaHHEM U CCHLUIKOH Ha cebs
BeCbMa TMOBEPXHOCTHO H OCHOBAHO Ha TOM, UTO 3alIUKJHBaHHE O3HA-
yaeT «0CTaHOB» B 06paGoTKe HH(OpPMaUHH, a NapafoKC — CBOEro
pOIa «TYNHK» B paboTe KOTHUTHBHOH MalllHHEL.

B mefcTBHTENBHOCTH MapajoKC CCHIJIKH Ha ce6f yXOMHT ropasio
ray6xKe; OH CBA3aH ¢ HeCMOCOOHOCTHIO sI3BIKA AHCKDHMHHHPOBAThb
BLICKAa3bIBaHHS, TpHHAJJEXKAIHEe HECPAPXHUECKH DPa3JHYHBIM KOTHH-
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THBHHM YDOBHAM (CMeIICHHe MHOXEeCTBA C MHOXKECTBOM CHIHAJ0B
€ro 3JIEMCHTOB NpPUBOAUT K napajokcy Paccenna). Onyckas Bce
MOAPOGHOCTH, KPATKO MOXKHO CKa3aTh, YTO MAapalOKC CCHIIKH Ha
ceba cBa3aH ¢ «6GeACTBHEM», BBI3BAHHBIM Hamlel HecnoCOGHOCTIO
CKaTb HPPAUHOHAJBHOE YHCJO; CYTh €ro MOXHO NPOAEMOHCTPHPO-
BaTh Ha CJEAYIOUIEM JIMHIBUCTHYCCKOM MpHMepe: «ITO Mpeioxe-
HHl¢ 03HAYaeT TO, YTO 9TO NMpPEATOXKEHHE 03HAYALT.

B 11060M KOTHMTHBHOM IpoIecce NMPUEMHHK NpeJHAa3HaueH A1
«pasrajiblBaHUs» KOJAd NPHXOAAIEr0 CHTHAJa, T. €. «CXKATHS» HJIH
MaKCHMAa/1bHO BO3MOXKHOrO abCTpardpoBaHHus, cOJepIKallerocs B
CHrHaJle ONHCAHHMS M JMOCTHIXKEHHUS 3a cuerT 3TOro 6ojee BBICOKOM
CTeNleHH npeiackadyeMocTd. IlocTHkKeHHe cxKathsa CBOAUTCS K (op-
MHDOBAHHIO KOJJCKTHBHBIX CBOHCTB H3 HepeMeHHBIX aHaJU3Hupye-
MOro cHrHa/na. B o6Jactu onmucaHHus, YROB/JIETBOPSIOLLEr0 ypaBHe-
HHIO JUJIsl MHOTOYAaCTHYHOH (YHKIUH pacnpefesenisi («OCHOBHOMY
YPaBHEHHIO»), 3TO CBOJAHMTCS K CXKATHIO (YHKUHH INJOTHOCTH Be-
posITHOCTH P(X) K mepexody K NPUOIMIKEHHIO «CpPEAHEro MOJs».
OTa omepauns BK/OYaeT B ce0s «pa3BA3bIBAHHE» MOMEHTOB H
B nNpeHeOpeXKeHHH CTapUiMMH MOMeHTaMH (aucmepcuedl u T. 1.)
QYHKLUH NJIOTHOCTH BEPOATHOCTH [0 CPABHEHHIO C e NepBBEIMHU
MomeHTaMu. Murtepecno ormeruth, uTO (QYHKIHS NIOTHOCTH Be-
posiTHocTH P (x), HanpHuMmep, JOTHCTHYECKOTO OTOGpaX{eHHS, BEIBe-
AeHHAasl HaMH B pasi. 6.3.5, npu a =4 umeer eunepboslyeckyio
¢GopMy, NpPH KOTOPOIl Mmeduana — Haumenee BepOATHOE 3HAUEHue.
B rakux cayuasx Jgw06oe npejicKasaHHe, OCHOBAHHOe Ha «3aKOHE
CpedHHX», HEMHHYCMO OKAa3bIBAETCS JIOXKHLIM.

Hanomuum (cm. [6.19]), uro 86iausu Towex Gugyprxayuii Ha-
UHHAIOTCS MePeXofbl JTHO0 MeXAY CTAUUOHAPHBIMH COCTOSIHHSIMH,
CTAIlHOHAPHBIMH COCTOSIHHSIMH H IpEAEJbHBIMH HHKJaMH, JH6GO Ie-
pHOAMYECKHMH OpOHTAMH H  XaoCoM, OCOOEHHO MeXAy HHKJIOM
nepuofa 3 W xaocoM; y GYHKIHH IJIOTHOCTH BepOATHOCTH P (x)
TOABAIOTCA JIBA WIH HECKOJbKO «ropGoB» HJIM OHa NpHoOperaer
runepoanueckyo ¢opMy (H TOrza MefHaHa lepecTaeT OBITh HaH-
GoJsiee BEpPOATHBIM 3HaueHHeM). Bce MOMeHTH (YHKIHM NJIOTHOCTH
BCPOSITHOCTH MOI'YT 0Ka3aTbCsl CPABHUMBIMH MO BeJHUHHE H CBA-
3aHHBIMH (IO CYUlECTBY, uYepe3 HeJUHEHHOCTb BEPOSITHOCTEH mepe-
xoda «OCHOBHO20 ypasHerus»). BoJee BHICOKHH ypOBeHb BO3HHKAET
H3 3TOr0 YpABHCHUSI NPH B3SITHH MOCJAEAYIOIIHX MOMEHTOB. MH BH-
AUM, TaKHM 00pa3oM, Y4TO «MaKpOONHCaHHe» HA YPOBHe, Tle Mpo-
TeKaeT KOTHHTHBHAS JeATEJbHOCTh, TpebyeT CTOJBKO XKe cTelleHel
¢BOGOABl (MOMEHTOB), CKOJIBKO HX HeoGXOAMMO NpH «MHKPOOTHCA-
HHH» Ha O0oJiee HH3KOM HepapxHyeckoM yposHe. Hmenno 3710
006CTOSATeILCTBO HMEIOT B BHJAY, KOrAa FOBOPSIT, 4yTO AMHAMHKa Ha
ABYX INOCJIe0BATEJIbHBIX HepapXHUEeCKHX YPOBHAX [epeMellHBaeTCs:
OlHCaHHs, TpHHALJeXKAUIHe [BYM pAa3JIHYHBIM HepapXuuyecKHM
YPOBHAM (BOJIM3H TOYeK OGHYpPKalLHKH) CTaHOBATCA HEOTJIHUHMBIMH.
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HakoHel, B TOM ciyyae, KOrjla ympap/siOliye [apameTphl J0-
IIyCKAIOT CYLIECTBOBAHHE TOJIbKO CTALlHOHAPHBEIX COCTOSIHHHA M MepHO-
AHYECKHX opOuT, BAaau OT 6GHDypKauuil, peXHM CpeIHEero MoJf
ofeceyuBaeT xopollee NPUO/IHKEHHE, T. €. ONHMCAHHS Ha pasiHy-
HBIX HMEpPapXHYeCKHX YPOBHAX — «MHKDOYDOBHE» Ie€pPEMEeHHEX H
«MaKpOYpPOBHE» MOMEHTOB — pPA3JIHUYHLL, IDTO OBYCJOB/AEHO MaJbIM
pacnibiBanueM (YHKIUHM IUIOTHOCTH BEPOSITHOCTH OTHOCHTE/JIbHO
CpeaHero.

Tem He MeHee B NMONOGHLIX cJyuasiX BO3HMKAeT 3aCTOH, TaK Kak
B GJM3KOH OKPECTHOCTH aTTPAKTOPOB YKa3aHHBIX BhIlle ABYX THIIOB
uHpOpmMauUHs He IIPOMU3BOANTCS W He yTpauuBaercs. «MallMHa»
NPOCTO OCTAHABIMBACTCS, KAK 3TO IIPOHCNOAUT, HANIPUMEp, TPH BhHI-
UHCJAEHHH UH(}p (3HAKOB) palHOHAIBLHOTO 4Hcda. [IpoiosKeHHe
TaKOTO npoliecca Npuse1o Ob (B GYKBAaJLHOM CMBIC/IE) K 3AlHKJIU-
BaHuio. C Jpyro#l CTOPOHBI, KOrZa YIpapJsiiolide napameTpbl HO-
OYCKalOT BO3HHKHOBEHHE HENPEpPLIBHOTO CaMOIOANEDPKHBAIOIIEIOCH
xaoca, QYHKIHA MJIOTHOCTH BePOATHOCTH PaciibiBaercs (M HOKpHI-
BaeT y3kHe, OJH3KOPACIOJOXKEHHbIE IIOJIOCHI WJIH BECh HHTEPBAJ)
H B 3aBUCHUMOCTH OT OTOOpaxKeHHS MO3KET BLIMVIAAETH COBEPLIEHHO
upperyaspuo. Taxkoe mosefenne GYHKHHH IJIOTHOCTH BEPOSATHOCTH
MOXET TaK:Ke CBHUAETeNbCTBOBATL O HAPYLIEHHH peXKHMa CpPeIHEro
noJisi. Takum 06pasoM, HeCMOTPsI HA TO, YTO CTPAaHHBLIH ATTPAKTOp
OJHOBPEMEHHO MNPOM3BOJAUT H CXKHMAaeT HHPOPMALHIO I Pa3JIUd-
HBIX [I€pEMEeHHbIX, HelpepLIBHEIA Xaoc, MO-BHANMOMY, He SIBJSIETCS
HIeaJbHOH MOAE/bIO JHHTBUCTHUECKOH CHCTEME.

[Ipeanourenne ckopee ciefosano 6bl OTAATL «llepeMexalolie-
MyCsi» peXHUMy, MpPH KOTOPDOM Xa0C, TaK CKa3aTb, HEyCTOHUHUB,
BCJIEACTBHE YEro OTKPLIBAIOTCA BO3MOXKHOCTH CIOHTAaHHOTO uepe-
JOBAHHA DACTSIKEHHS H CXATHA (QYHKUMH MJIOTHOCTH BEPOSITHOCTH.
K cuacTbio, penepryap yHOMHHABUIMXCH Bbille [IPOCTHX AHHAMHUe-
CKHX CHCTeM BKJ/IOYaeT B cefs Te ABAa DA3JHYHBIX THNA IOBEJICHHS,
O KOTOPBIX MBI TOJIbKO YTO TOBOPHJIH, a8 HMeHHO: (a) MerTacTabu/ib-
HBH xaoc u (6) mepemMexaeMocCTb.

[on meracrabuavnbim xaocom (peasu3yOUIUMCsT B HEKOTOPHIX
OKHaX MPOCTPAHCTBA YHPABAAOMHUX [apaMeTPOB) MBI HOHHMAeM
MEPEXOJHBIA peXHM, BPeMsl 3aTyXaHWsi KOTOPOTO HMeeT 3KCIOHEH-
uMasnbHOe pacnpepesnenue. [locse HayanbHOro nepuopa upperyJsp-
HBIX KOJIeOaHHH MOYTH KaXKAasd TPaeKTOPHsl BBHIXOAHT Ha IEepUONH-
‘4eckylo opOuty. B obmeM caydae CpeaHsii NPOAONKHUTEJIbHOCTD
XaO0THYECKOTO peXHUMa He BeJHKa M COCTABJsieT OGBIYHO OKOJO
o0 HTepaumui, HO «MeTOAOM HPO6 M OWIHGOK» MOXKHO HAHTH TaKHe
HavaJbHblE TOYKH, HJS KOTOPBIX XaOTHYECKHH MepHOA JJHTCS [O-
pasno moJblle.

B apyrux cuTyauMsx pexHM MeTacTaGHJbHOTO Xaoca MOXKeT
IepeXOfHTh B CTALMOHADHOE COCTOSHHE WJIH B ADYTOH PEXKUM, TaK-
K€ XaOTHYECKHH, HO 06/]aJalollHi CYLIECTBEHHO APYTHMH CBOH-



400 Tnaama 6

CTBAMH H, CJI€IOBATENbHO, APYroH (QyHKIHEH MJIOTHOCTH BEpOSATHO-
CTH H 3aHUMAIUIMA APYrod NOABIHTEPBAJ] BCEro aTTpaktopa. Bosb-
MeM H TaKOH cJydyall, KOrja HOBbIE pDEXHM B CBOIO ouepelb OKa-
3BIBA€TCST MEeTacTa0uJbHBIM H NEepexXOJuT B KOHIlE KOHIOB B TpeTui
PeXHM HJH BO3BpalllaeTcsl K HCXOAHOMY PEXHMY.

[Ton nepemescaemocroio (peanusyouleiics B KaKAX-TO APYTHX
OKHaxX MPOCTPaHCTBa YHOPABJAOLIHX [1apaMeTPOB TOH Ke IHMHAMH-
YeCKOH CcHCTeMbl) Mbl IIOHUMaeM B OCHOBHOM (PH3HUECKYH) HECHO-
COGHOCTb CHCTEMBI JOCTHYb HA€aJbHONO 3aXBaTa WJH YCTONYHBOM
TOYHOH CHHXDOHHM3aLlUH, Hampumep, (a3bl JAHCCHIATHBHOTO He/H-
He#HOro pesakcalHOHHOIO OCHUAAATOpa H (pa3bl BHEWIHETO mepHO-
JHYeCKOTO BO3OYXKEHHS,

B TOT MOMeHT, Koraa mnpefe/bHbili LHUKA B IPOCTPAHCTBE CO-
CTOSIHHI JIOJIKeH 32aMKHYTLCS, BMELIHBAETCs] KOHKYPHUDYIOLIHH I1pO-
[ecc M paspymraer pery/ispHYI0O TpPaeKTOPHIO; Ha BpPEMEHHOM
HHTepBaJle, BEPOsATHeE BCero JH6GO CAMIIKOM KOPOTKOM, JHGO CJIHUII-
KOM JUIMHHOM, Xa0THYeCKOe [BHMKEHHe CBOAHTCS K IIHPOKONOJOC-
HOMY yMy. 3aTeM BO3HHKAaeT (ApPYrofl) npeledbHBIH LHKJI, H BCe
HauuHaercs cHayana. Yepe3 HEKOTOpPOe BpeMsl MPOHCXOLHT HOBast
«BCIBIIIKA» — NEPEXOAUT K «TypOYJEHTHOMY XaoCy», IOCJe 4Yero
CHoBa OOpasyercA JpYyrofl HpefleJbHbIi UUKJA H T. A. BpemeHHas
[OC/A€10BaTEIbHOCTE CMEHBl XAO0THUECKHX W PETYJAfPHBIX PEKUMOB
HOCHT cayuafiHbii xapakrep. CoOTBeTCTBywIIast (YHKIHS IJOT-
HOCTH BEPOATHOCTH OTHOCHTeJbHBIX BpeMeH, KOTOpLle CHCTeMa
ODOBOJAUT B 3THX [ABYX PE€KHUMAaX, OKa3blBaeTcsl THIep{OJHUECKOM
[6.20].

PesioMupysi, MBI MOXeM YTBepPXkaaTb, YTO B OKPECTHOCTH CTa-
LHOHADHBIX COCTOSIHHH H INePHOJHYECKHX OpOGHT «KOTHHTHBHAs Ma-
LIHHA» OCTaHaB/JHBaeTcsl. BO3HHKaeT 3alUK/AHBaHHE, HO (DYHKIHSA
IVIOTHOCTH BEPOSITHOCTH — y3Kas, H pPEXKHM CpeJHEero nojas Aaer
BIIOJIHE YAOBJCTBOPHTENbHOE MNpHOJHIKEHHe: afcTpakiud (opMHu-
pytoTca 6e3ylpeuHo.

B okpectHocTH GuypkalHil «CTallHOHAPHbIE COCTOSIHHSI == Ipe-
JeJbHble NUKJIb == XaoC» KOTHHTHBHAs MAlLIHHA 3aXOJHT B TYIHK:
(QYHKIHSA TI0THOCTU BEPOSTHOCTH <«B3PBHIBAETCHA», PEXHM CpEJHETO
oJIs1 nepectaer AefictBoBaTh, W a0OCTpaKUHH (T. €. KpOCC-KOppeJss-
LHH) He MOryT (OopMHpPOBaTbcsl OJHO3Ha4yHO. CHcreMa Ha ypoOBHe
KOJIJIGKTHBHBIX CBOHCTB TypOyJeHTHa B TOM CMBICJE, 4TO Tpebyer
JJIsT CBOErO OIHCAHHSI CTOJBKO JKe cTeleHefl CBOGOABI, CKOJBKO HX
Obl10 HA ypOBHe HHAHBHAYAJbHBIX (HEKOJJEKTHBHBIX) IepeMeHHBIX.

B camonoagepuBamwiieMcs YCTOHYHBOM Xaoce CHTYalHs He
00513aTeJIbHO Takas e, H60 HHQOPMALKUSA NPOH3BOAMTCSA O OLHHM
HampaBJeHHSM H CXHMaercss no ApyrHM. Tem He MeHee mepcnek-
THBA INHPOKOH (YHKIMH paclpeie]eHHS BepOSTHOCTH C MHOTHMH
OHKaMH B KakKOH-TO Mepe OmnpaBAbIBaeT HeXesJlaHHe NPHHATH Npex-
JaraeMyio Mojedb B KauecTBe HaAeXHOro mporeccopa. Ham ka-
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KeTCsl, YTO HaWIydlled MOJeNbl0 TAaKOIo Ipolleccopa 6bLI OH
PEKUIM IEpPEMEKaeMOCTH H MeTacTafUJIBHOTO Xaoca.

Huxe MB HaMmepeBaeMcsi OGCYAHTH 3Ty MOJAeJb HAa YaCTHOM
npuMepe — 3jekTposHuedasorpaMmmel (I31). Ecam Tteopus, usmo-
XKeHHast B pasiA. 6.5.2, HMeeT CMBICJA, TO MBI MOXKeM IOHTH AaJiblie
H NPEAJOXKHTh CePHIO IKCIepHMeHTOR. [Ipu BecbMa OTpaHUYHTENb-
HBIX YCJOBHSIX IO 3aNHCH BpeMeHHOro psaa D3 MOXKHO MOCTPOHTH
rpy6yio KapTHHY IpeianoJjaraeMoff CTpyKTyphl aTTpakTtopa B (haso-
BOM IIpOCTPaHCTBE (Npu MaJofl pasMepHOCTH — cM. [6.21]).

HauHeM c BpeMeHHOro psiia, moJy4aeMoro npH BbIGOpKe OLHOM
KOOpAHHATHL x(f) (M3 ¢parMeHra 3anucd I3[), u BBUYHCICHHS
3ama3blBAIOINHX 3HA4YeHHA x| (f— 1) u xo(f— 2t1), wau npu t—0
NPOU3BOAHBIX O BPeMeHH £ (f) W X (f), ecqH OHM He3dBUCHMBHl (HX
3dBHCHMOCTb HJH HE3aBHCHMOCTb MBIl yCTAHABJIHBAEM, BHIYHCJSA
YCJIOBHBIE BePOATHOCTH P (x/x1, x9; {)). Mcnoabsyst nosyuyennbie 3Ha-
YeHHs1 NepeMeHHOH M NepeMeHHBIX ¢ 3ana3JblBaHHEeM KA4K He3aBH-
cHMble KOODAHHATHL X, Y, Y, Mbl MOXKEM 3aTeM BOCCTAHOBHTbL Kap-
THHY B TpPeXMEDHOM IMPOCTPaHCTBE COCTOSIHHH 3BOJIOLHH BO Bpe-
MEeHH TOH CHCTEMBI, 3 KOTOpOH NPOH3BOAMJIAChH BBIGOpPKA V.

ITponenas Bce 3TO, MBI MOXEM 3aTeM I[OCTPOHTb MHOXKECTBO
OAHCMEPHBIX 0TOGpaXKeHHH nociefoBaHus. [1o 3THM 0TOGpaKeHHSIM
MBI ONpeleqHM HHOOpPMALHOHHbBIE pa3MEpHOCTH aTTPakTopa B Tep-
MHHAX BBIYHCJEHHBIX 3HAUYEHHII MHOXKeCTBa IIOJNOXKHTEJIbHHX IIOKa-
saresiedl JlsnyHoBa, T. e. mpoH3BOACTBO HHpopMauuu {/), onpeme-
asieMoe mo Qopmyde (6.5.9), mo pasaMUHBIM HanpaBieHUsSIM [6.22].

Taxum o6GpasoM, B (pH3HOJMOTHUECKOH JaGopaTopuu ¢ BecbMa 6o-
raTeiMH KJAMHHYECKHMH BO3MOXKHOCTSIMH TpYyNIa 3SKCIEPHMEHTOB
MOXKET IIONBbITATbCS HCCAEA0BATH H YCTAHOBHTD COOTHOLUEHHS MEXAY
‘nosedenyeckumy cocTosruaAmy (pasanuueiMu popmamu I3T) u gop-
MO U pasmepHOCTor0 COOTBETCTBYIOINETO peXHUMa «KOTHHTHBHOIO
Ipolieccopa», OTBETCTBEHHOTO 3a 3TH COCTOSHHUSI.

6.5.2. IIpuaoxenne. nekTpHIecKassh AKTHBHOCTb IOJOBHOTO MO3ra —
JIOIIKHA JIH OHA GBITb XA0THYECKOH?

«My3EIKa — 3T0 TOMEITKZ, KOTOPYI MH
[peATlpHHEMAaeM, UYTOOB OOBACHHTH cele,
Kak paboTaeT Hall MO3T».

Jlstouc Tomac. «Menysa u yIuTKa».

TakHe CTPYKTYpBHl, KakK TOJOBHOH MO3r, BO3HHKJH B mpoiecce 06-
paBOTKH CHIrHAJOB, MepPBOHAYAJbHO — MHHHMM3AIHH «OLIHOKH CJe-
JeHHsl», Ha KOHKYDEHTHOH OCHOBe. IDTH CHCTEMBI OTJIMYAIOTCS

D' B ToM cayuae, eciu HHOOPMALHI O DPAa3MEPHOCTH MPOCTPAHCTBA COCTOS-
HHH OTCYTCTBYET, MBI HCIOJIb3yeM BCe BO3PACTAOLlee YHCIO NEPEMEHHHX X, X,

JZ', X, ... DO Tex INOp, IIOKa HeNpepbiBHAs JHHAMHKA He JOCTHTHET HAaCHILIEHHA.
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GOJIBILOH CJIOKHOCTBIO H B TO K€ BPEMS CHJILHO «HeylOPSALOUEHbI».,
XOpOIWHM TOMY NPHMEPOM MOXKET CJAYXKHTh 3alHCh (QYHKIHOHHDO-
BaHUA KOpBI OOJBIINX NOJNYIIApHA (4e/0BeUecKoro) Mo3ra.

Ha sHuedasnorpamme (93I') OTYETIHBO BHAHBI YYACTKH, COOT-
BETCTBYIOUHE YMCTBEHHOH A€ATEAbHOCTH HJIH NOBTOPSIIONIHMCS 3IIH-
301aM OBICTPOro cHa (6bicTpOe ABHKeHHe I1as). C apyrofi cTopoHEI,
CTOXaCTHYeCKH peryasipHpie I3[ xapakTepHbl I8 1peMJIOlIero
(pesaKCHpPYIONIero) 4YelOBEKa, CHIbHO CHHXPOHH30BAHHBlE — 1J51
SMUJICNTHKA H B O000HX CJAyYyasX CBHIETEJBCTBYIOT O TOM, UTO MO3T
BBICTYNIAeT B POJIH MPOLECCOPa, MJIOXO CIPaBJAIIIErocs ¢ 06pador-
KO/l nndopMalunu.

CorslacHo NpeaJOKECHHOR HAMH MOJCJAH, CMEHB MOBeACHHs I[O-
poxaaTest OHPYpKAUHIMH, 3aMyCKAIOUIHMH TaJ1aMOKOPTHKAJbHBIR
HeIMHEHHBI PUTMOBOMTEND (OCUMMIATOP), KOTOPHIH NepeKI10yaeTt
pexXiM ¢ HeyCTOHUHBOrO NPEAeJBLHOTO LHKJIa HA CTPAHHBIA aTTpak-
TOD, WJIH, TOYHCE, C AePeMencaemMOCTU HA MeTACTADUAbHbGIL XQOC H
Hao60poT. Mbl HaMepeBaeMcsl II0Ka3aTh, UYTO XapaxTepucTHku DT
He cJyuafmbl, a HeH36eXKHbl H Jake HeOOXOANMH H MOITOMY (DVHK-
LLHOHAJbHO 3HAUHMEL.

Wndopmaunonnblii npoueccop (aHaMoroBHi HJIH 1H(POBOI)
npeacran/iser co60fi KOTHHTHBHOE YCTPOHCTBO, KOTOPOE BBIABJIAET
H OTOXKIECTBJSIET MapaMeTPbl HEH3BeCTHOrO CHMrHasa, Hiau «obpa-
3a», OOBIYHO MCKaXKEeHHOIO TeIIOBEIM (paBHOBECHBIM) IiymoM (Ge-
JbIM HJIH UBETHHM, aAJHTHBHBIM MJIH MYJAbTHIIHKATHBHBIM). 19
BBIIIOTHEHHS 3TOH 3ajlaud IIPOLECCOP JOJIKEH BBIIOJHHTH TPH pas-
JH{UHBIEe ONepalHH B TAKOH IOCIeA0BaTEIbHOCTH.

a) llpowspectn «n3myTpu» camoro ccbst WHPOKHA HaBop pas-
HOOOpasHbIX (IPOCTPAHCTBEHHO-BPEMEHHBIX) 06pas3oB  («irabiao-
HOB»).

0) YCTaHOBHTBL KpOCC-KOPpETALHIO (T. €. «CxKaTb») KaXK-
AbIA M3 3THX 06pa30B C NOCTYNAIOMIHM CHTHaj oM (CM. Takike
pasad. 7.2.4).

B) Ha ocHOBc 3apaHee yCTAHOBJIEHHBIX KPHTEPHEB <«IPOBEPKH
FUTIOTE3» WJIH <«KOHCEeHCyca» BBIOPATh HJIH OTHHALTPOBATH 06pas,
nalomuil HanGOoMbIIYI0 KPOCC-KOPPESILHI0 ¢ HEH3BeCTHBIM CHIHa-
JIOM, HJ4 TpHITepoM. (@uabTpanus oOBYHO HejHHeHHA, UTOGH
CO3/1aTh M YCHJHUTb KOHTDACT, KOTOPEIH Adenaer Gosee YETKUMH KOH-
TYpPH H TeM YynpomaeT pachno3HaBaHHe. CeseKTHpymOIlas rpymna
nepebpasbHBIX HelpoHOB (u MamuHa <«Kcepoke») meHcTByeT
UMEHHO TaK.

[Tpu cieXeHHH 3a CHTHAJOM CYIIeCTBEHHOE 3HAYEHHE HMeer
H3MepeHHe BDEeMEeHH XKHBLIM OpPraHH3MOM — TaK Ha3blBaeMBIH «raii-
munr». [IIpocrefimas caelsiias cHCTeMa, HCIOJAb3yeMasi B TeXHHKE
CBSI3H, ~— 3TO TETJIA CHHXPOHuW3auuu no dase.] Ir1o o3Hausaer, UTO
CYIECTBOBAHUE CAaMOINOJAEpKHBAIOIHNXCH HeJNHHeRHBIX JUCCHIATHB-
HBEIX OCHHJ/LISTOPOB (T. €. 3/JEMEHTOB C NDHUTATHBAIOUIHM MOBele-
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HHEM) Ha YypOBHe «ammapaTypHOH peasusaldu» mpoleccopa sB-
JisleTCsl MpeANOChiJIKOH KOTHUTHBHOH OIlepalHy.

OYHKIHOHANBHO YCTOHUHBHIE OCLUUJIATOPEL B IPOTHBONOJONK-
HOCTH CTATHYHBIM YCTpOHCTBAM (THIA Mepekaouatesnei ¢ ABYMH
COCTOSHHSIMH <«BKJIIOYEHO» — BBIKJIOUEHO») 006,1a4al0T pALOM 2BO-
JIOUHOHHBIX MPEHMYIIECTB, 4 HMEHHO MOTYT CJAyXKHTb (a) HdaTdH-
KaMH BpeMenH, (6) NAHHAMHYECKHM XpaHUJIHIIeM HHPOpMauuu (1H-
HaMHYeCKOH NMaMATbIO) M [PH 3aMycKe C IIOMOIIBIO OUYE€Hb IPOCTHIX
pasipazkureseil BbIIaBaTh (B) HEOOBIYHO INHPOKHH CIIEKTD CJIOKHBIX
CXeM MOBEIEHHUS,

HakoHel, OCUHJAIATOPB, O KOTOPBIX HAET pedb, AOJKHLI 06Ja-
1aTh ACHMIITOTHYECKOH YCTOHUMBOCThIO: 3aJaUd BOCIPHSITHS H KOT-
HUTHBHOH JeSTeJbHOCTH (CONpSIKCHHbIE B CHJIY CHHXPOHH3AILHH
HJIH CXKATHSI C AUCCHIATHBHBIMH, T. €. HeoGpPaTHMBIMH, MPOLECCAMH)
He MOTyT OBbITb BBINOJHEHB [aMUJBTOHOBBIMH (O6GpaTHMBIMH) HC-
TIOJIHUTEJAbHBIMHE [OACHCTEMAMH, XOTS TaMHJIBTOHOBH OCHHJIJATOPHI
Jybdduara oxkassiBailorcss BecbMa (P (EKTHBHBIMH TNPH IepekJioye-
HHH C OLHOHM CXeMBl MOBedeHHS Ha APYIyi0 (3THM H OOBACHAETCA
YHHBEpCAAbHOCTh TaK Ha3biBAEMBIX TreHepaTtopoB BaH Aecp lloas
B TeXHHKe CBf3H).

DKOHOMHUHOCTb, HECOMHEHHO Wrparolllasi BaxKHYI0 pPOJb B 00pb-
fe 3a BBRKMBaHHe, Tpebyer, uTOOGbl JOKaJbHO NOPOXKJAaeMble
JHHAMHUECKHe CTPYKTYpbl/AaTTPAKTOpPHl Halllero Ipoleccopa He Cy-
LIECTBOBAJH B «IOTOBOM BHIE», a BO3HHKaJd TocJe 3ampoca (3a-
IycKa [OCTYNAalIIMMH H3BHG CTHMYJaMH) H3 HEKOTOPOro «3a-
naca» JAHHAMHYECKHX 3JE€MEHTOB B COOTBETCTBHH C HEKOTODBIMH
OCHOBOIIO/I4TAIOIINMH BeCbMa TMPOCTBIMH pEKYPPEHTHHIMH Apasu-
aamy (@JArOPHTMAMH  MJH <CXeMaMH») KOMOHHHDOBAHHMS 9THX
3JIEMEHTOB,

Huxe Mu npusoaum B oOIIHX YepTax AHUHAMHUECKYIO MOLe/b
npoleccopa, AefcTBylollero B Haliem Mo3ry. OTmenbHble HeHPOH-
HEle OCHHJ/IJISITOPH B KOpe TOJOBHOTO MO3ra 00pasyioT YIOMSHYTHIH
BHIllle 3amac JAHHAMHueCKHx 3jJeMeHToB. C Jpyrofi CTOpOHBEI, TaJja-
MOKOPTHKAJBHEH OCUMJIATOD SIBJsIeTCs] aJaNTHBHBIM 3J¢MeHTOM,
BLINOJIHSIOIUM JB€ PA3JHUHLIE ONepalHH.

a) OH BHIIOJHsSET PYHKUHIO PUTMOBOAHTEN, IPHBOASAILYIO K 006~
pPa30BaHUIO BHYTPDEHHHX CHHXPOHH30BAaHHBIX, HJH KOTepeHTHBIX
(npocTpaHCTBEHHO-BPeMeHHBIX ), HeHpOHHBIX cTpyKTyp. Obecneunsas
KOT€pPEeHTHOCTb TAaKHX HEHPOHHBIX TPYII, PHTMOBOJHTE/b IOMOraeT
HM IIOJHHMAaTbCs HaJ YPOBHEM OKpYIKAIOIIlero TEeNJIOBOro WIyMa H
BHIEJHTbCS CPEAH COCYILECTBYIOLIHX COCEIHHX HeHpOHHBIX 06pa3o-
BaHWU# 32 KOPOTKHEe HHTEpPBAJIbl BpEMEHHU.

6) Ou co3gaer pexkyppesTHole npasuAd, YNpap/slolue Mocaen0-
BATEJbHOCTBIO IIOSIBJIEHHST 3THX KOTepPeHTHBIX CTPYKTYp B COOT-
BETCTBUH C HEKOTOpOH MYJBbTHILJIEKCHOH CcXeMOH ¢ paslieleHHeM
BpEMEHH.
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6.5.3. xcnepumenTanpubie faHHBIE M3 HccaeqoBanuil 33T

B mocaennne roisl oueHb 60JblLIOe UHCAO HCCAeAOBaHHI (CM.
[6.23—6.26], Tam Ke MpuUBEAEHB! CCHIMKM Ha ApPyrHe paGOTH) GHLIO
NOCBAIIEHO 3JIEKTPHUECKOH aKTHBHOCTH (YeJIOBEYECKOro) Moara,
aKTHBHOCTH, KaK CIIOHTAaHHOH, TaK M CTHMYJHPOBaHHOH. Bulin BH-
JABHHYTH THOOTe3h O MeXaHH3Max M (YHKUHOHAJbHON 3HAYHMOCTH
(ecn TakoBas cymecrsyer) D3I. Ciaesyer 0co60 MOAYEPKHYTH C
CaMOro HayaJja, 4TO MO3I He fBJseTCS OOLIYHBIM IIPOIECCOPOM, 3a-
HUMawuMcs 06paboTKOH CHI'HAJIOB: H3-3a UYAOBHILHOH H36BITOU-
HOCTH MO3ra pasjiHuHble OT/e]bl BCeH CHCTEMBI IIPOHH3AHBI «IIyMa-
MH» Pa3JUUYHOrO POja, BHIIOJHAIOUNMH GYHKUHH CBOErO pOfa TPHI-
repoB, HACTPOCHHHX Ha pas3juHuHOe BpeMs [6.27] W mpuHHHUMAMHX
pasiHuHOe «J0JIeBOEe YUacTHe» B KaTaJu3e TeX WJIH HHHIX MeTa6o-
JIHUECKHX TPOLECCOB.

MueHHs pa3IHYHBIX SKCIEPHMEHTATOPOB B HACTOAIEE BpeMs
CXOASITCS MO HEKOTODHIM OCHOBHEIM BonpocaM. Ilepeuucaum Tte
IIYHKTH], 10 KOTOPBIM JOCTHTHYTO COTJIACHE.

a) I3 ectb cymMMapHHH 3((dEKT HOCALMX XapakTep He3aTy-
XaWux KoadeGaHHA sJeMeHTapHEIX «MeIJIEHHBIX» aKTHBHOCTEH
(m1aBHBIX CYOIOpPOrOBHIX ITOTEHUHAJTOB ITOCTCHHANTHUECKHX MeM6-
paH), cocpelOTOUEHHBEIX B BeCbMa MaJblx 06beMaX TKaHH KOphl (ro-
JIOBHOTO MO3ra) HeNOCPeACTBEHHO II0J DETHCTPUPYIOUUM 3JEKTPO-
I0M (OTBeleHHe ¢ BOJOCHCTOM YacTH FOJNOBH).

6) Has ob6pasoBaHus H ¢opMbl DI HecylleCTBEHHB! BCIJIECKH,
pacmpocTpaHsoUHecs BAOJAbL OCEH OTAeNbHBIX HeHpOHOB. ITH
BCINIECKH CO3JAIOT JHIIb HEJHHEHHYIO CBSI3b MEXAY 3JeMeHTapHEIMH
remepaTopaMy (4epes IpecHHaNTHUecKoe BO36GYyXKIeHHe H BHIGOD
rOpMOHA-HEeHpOMeNHaTOpa B CHHANTHYECKYIO WIEJb).

B) Mex/y sieMeHTapHBIMH HeHPOHHBIMH OcuuaAasiTopamMu H DIAT
B LleJIOM He CYIIeCTBYeT YCTOHYHUBEIX ()a30BHIX COOTHOIIEHHH. AM-
IJINTyAA BHYTPHKJAETOUHBIX OCHUJIATOPOB cocTaBiasier ~ 50 MB,
amnauryfa 33T B nesom ~ 100 mMxB. CrnexktpanbHble XapakTepH-
CTHKH HeHpOHHBIX OCHHANATOPOB H DI GoJsee HAM MeHee TOXKIe-
CTBEHHH (Y3KONOJOCHHH 1IyM B AuanazoHe ~0,3—45 T'n). C Tou-
KH 3DEHHs1 CTATUCTUHECKUX XAPAKTepucTux aMmIINTyAa (QYHKUHH
IJIOTHOCTH BEPOSITHOCTH KaXKJIOIO 3JeMEHTapHOro OCHHJISATOpa
HMeeT Heeayccosckoe pacnpelenecHue [6.23], B To BpeMsl Kak aM-
NJIUTYAa (YHKUUH IIOTHOCTH pachpeieneHuss DI uMmeer rayccos-
CKOe pachpelesleHHe B <«IPasflHOM» pexHMe, HO OHO CTAHOBHUTCHA
6osiee MM MEHee aCHMMETPHUHBIM Ha CTaAMH OBICTPOro cHa (GBICT-
pOe IBHIXKEHHE IMla3) H NPH BHIIOJHEHHH (KOHTPOJHPYEMBIX) HHTE-
JIeKTYaJIbHHIX 3aJaHui.

TakoBel «TBepAO» ycTaHOBAcHHBIe (aKTH. [IpHBOAMMEE HHXKe
JaHHEE [0 CYIIECTBY SBJAAIOTCS CJEACTBHAMH H3 MpPHBeLEHHBIX
BHIle (PAKTOB U JaibHERIINX SKCIEPUMEHTAAbHEIX Pe3yAbTaTOB, KO-
TOpBIE HE SBJSIOTCS OGUIENPH3HAHHEIMH.
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PyHaaMeHTaNlbHEA BOIPOC COCTOMT B CJACAYIOLIEM: UYTO Npef-
craBiseT coGoi III? AKTHBHOCTH CHHXDOHH30BAaHHBIX (B3aHMHO
CHHXDOHH30BaHHBIX) TPYNN HEAPOHHBIX OCLHJLISTOPOB HJH Pe3yJb-
TaT CyMMHDOBAHHSI CHIHAJIOB CO CTaTHCTHYECKH HE3aBHCHMBIMH (ha-
3amu? OGe 3T a/JbTePHATHBbl OBLIM MOABEPTHYTHl HHTEHCHBHOM
3KCINIEPHMEHTAJbHOA MNpoBepke. BOJBIUMHCTBO COBpEMEHHHIX HCCJIe-
AoBaTeledl pasfessioT KOMIPOMHCCHYI TOYKY 3peHusi [6.24] wu
CKJIOHHBl CYHTaTh, 4TO I3I MOXKeT GBITH NOPOKAEHA IOCPEACTBOM
NOC/Ie0BATEIbHOA M NepeMexalolielicss CUHXPOHH3AUHH OTAeJbHEBIX
CPaBHHTEJNBHO HeGOJBIINX IPYIN KOPTHKAJbHEIX HEHPOHOB (He 06s-
3aTeJbHO H3 OJIHOrO H TOTO XKe y4acTKa KOPHl MO3ra), Kaxiaas H3
KOTOpBIX oOpasyer HeGoubuioe (1—10 %) moaMHOXKecTBO Bceli 1O-
IyJsLHy HEApOHOB. KpoMe TOro, Mbl MOXKeM perHcTpHpPOBAaTb ak-
THBHOCTb TOJbKO TOH KOHKDETHOH MOArpynmsl HeHPOHOB, KOTOpas
OKa3blBAETCs] CHHXPOHH30BAaHHOH B JaHHBIH MOMEHT H, CJAeAOBa-
T@JIbHO, JOCTHrAeT YPOBHEH HAMpPSIXKeHHs, AOCTYIHBIX 3KCIIEepHMEH-
TaJbHOMY OOHapy:KeHHIO (BHIIe ~ 5 MKB).

HekoTtopble gaHHEIE CBHAETENLCTBYIOT O TOM, YTO TakKas MOCJe-
JOBaTeJbHAasl CHHXDOHHM3alMs, HJH, Oosee 0610, YCTaHOBJIEHHE
JaJpHOJEHCTBYIOMEH POCTPAHCTBEHHO-BPEMEHHOH KOTepeHTHOCTH
CpeAH 3JIEMEHTOB OTIeJbHHX NOArpynn He#poHoB [6.25], ocymie-
CTBJISIETCS] MOCPEACTBOM creHH(HUeCKHX TIpynn HeHpPOHOB B TaJja-
Myce, BHIIOJNHAIOUHKX (YHKIHIO DHTMOBOAUTENS (Hepedaloinux
CCHCOPHBbIE CHTHaJbl B KOPY). TanaMOKOpTHKaJ/bHBIE M KOPTHKOTA-
JamMHuyecKHe NeTJH o0paTHOH u ympexnpatoutell cBsisH (nocaefHsas
3aKaHYUBAeTCsl B HecCrnelHM(HUECKHX TAaJaMHYCCKUX siApax, GYHKIHO-
HaJbHOE Ha3HAYeHHe KOTOPHIX NOKa OCTAaeTCsl HEBHISICHEHHHIM) GBLIH
IOJAPOGHO HCCJEeOBaHbE 3KCHEDHMEHTAJbHO M HAHECEHH HA KapThl
[6.26]. TToMuMO CKa3aHHOrO MPHHSITO CYATATh, YTO 3TH PHTMOBOJIH-
TeJbHBle NeTJIH OTBETCTBEHHBI 3a IpOlecC CKAHHPOBAHHS H BHIGOPKH
TeX WJIM HHBIX 3HAYCHHH H3 HEIPEpPBIBHBIX CHTHAJIOB, YTO MO3BOJsIET
nocneoBaTe]bHO (OPMHPOBATb H pas3pyllaTb COOTHOUIEHHS, YIIO-
psilounBatoiive (asel MexIy HelipoHaMH, 06pasyOIUMH OTAE/]b-
Hble NOATPYHIbL

Takoli MexaHH3M NO3BO/ISIET HA HEOKOPTHKAJbHOM YPOBHE MYJIb-
THIVIMLIHAPOBATh MOJJlexanlylo o6paboTke HHbOpMaUulo ¢ pasjede-
HHeM BpeMeHH. ITosToMy, HecMoTps Ha TO, uto 33T Kaxercs He-
NpepHIBHLIM CJHYyUYaHHBIM IIPOLECCOM, B AeHCTBUTEILHOCTH €€ MOXKHO
paccMaTpuBaTh KakK BPEMEHHYIO IIOC/IeJ0BATENbHOCTh JUCKPETHO
HUHAYUHDOBAHHHX MOTEHIHAJN0B, KaXJIbll H3 KOTODHIX HMeeT Cpei-
HIOW IIpoJoJixKHTeabHOCTh 100—300 Mc. CHHXpOHH3aUHA JOJXKHA
YCHJIHBAaTh (IO OJHOH 32 OJMH pas) CTPYKTYPH CleHH(bHUCCKHX
IPYNI KOPTHKAJIbHEIX HEHPOHOB, OOpeTaroIux HOcJAe 3TOr0 ClIoco6-
HOCTb K 06paboTKe W XpaHEHHIO Ha KOJJEKTHBHOH OCHOBe crenubu-
YeCKHe CEHCOpPHBbIe MOJAJbHOCTH yepe3 KacKaibl HEeHDOHHBIX NeTelb
npe/noOCTCHHANTHUECKAsT MeMGpaHa == HUTOIIa3Ma == SIAPO.
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6.5.4. Mogenb

[TocTponm Temeps MOJeNb «TalaMOKOPTHKAJIBLHOIO PHTMOBOMH-
TeJA» KakK [UCCHNATHBHOTO He3aTyXalollero (pesakCailHOHHOrO)
OCLUH/JISATOpA ¢ GOJBUIOH aMIIHTYAOH, KOTOPHIH B OTCYTCTBHE BXOI-
HOTO CHrHa/ja H3 OKpy:Kalmled Cpelsl BpeMsi OT BpeMeHH cOBep-
LaeT «CBOOOAHHE HpoGEr» 10 HeyCTOHUHBOMY NPEAEABHOMY LHKJIY
C OCHOBHO#H {«3TaJOHHOH») yacToTol ~ 10 I'y («anbda-purm»). dto
O3Hayaer, 4YTO HAlUl OCUHJJIATOD HMeeT KaKOe-TO BHyTpPeHHee CMe-
LIIeHHE, KOTOPOE W BHI3BIBACT HEYCTOMUHBOCTH €0 aBTOKOJeGaHHM.

Hacko/bko CH/IBHO TakOH OCHHAIATOP MOXKET CHHXPOHH30BATh
PPYNIB «MEHBUINX» OCUHJ/JIATOPOB, MBI B OOLIHWX UepTax NOKa3aJH
B pasa. 4.8.2. Ecau Halla rumotesa BepHa, TO COOTBETCTBYIOLIAs
DT monxkHa 06/71aJaTh ¥ HEKOTOPOH MCEBAONEPHOAHUHOCTBIO, H He-
KOTOPO# CTOXACTHYHOCTBIO B TOM CMBICJIE, YTO AMILIHTYAB CMEXHBIX
CEerMEHTOB TaKOH AKTHBHOCTH (KaxKABIH CETMEHT COOTBETCTBYET He-
KOTOPOMY J@HHOMY CTallMOHADHOMY COCTOSIHHIO/CTPYKTYype Ha KOp-
THKAaJbHOM YDOBHE, 00pa30BaHHOMY BEKTODHOH CYMMOH aMIIHTYX
CHHXPOHHU30BAHHLIX HEHDPOHHBIX OCHLHJIATOPOB COOTBETCTBYIOILErO
NOAMHOXKECTBA KODH MO3Ta) CTAaTHCTHUECKH He KOppeJupOBaHbI,
(OntuManbuass BHIGOpKA M3 CJAYY4aHHOTO Mpouecca IPOH3BOJHTCA
uepes cJayyaliHble MHTEpBaJbl BPEMEHH: CTATHCTHUYECKAsl He3aBHCH-
MOCTb O3HauaeT, YTO BbIOpaHHble MOJAAJLHOCTH, «BOIMIOUIEHHLIE» B
MOJAMHOXKECTBAX CHHXDOHH30BAHHBIX HEHPOHOB, He [OJIXKHBI Iepe-
KpbIBaThCA.)

Hackoabko MOXKHO CYAWTH, B Hallle MOAENH BCE TAK H €CTh:
aMIVIMTYAbl (QYHKIHH [JOTHOCTH BepOSITHOCTH MoJyuaeMoii 33T
IIOAYMHSATCA HOPMAJLHOMY pacnpeieeHuo, KaK H claeiyeT OxKi-
NaTh, HCXOJAA H3 LUEHTPaJ/JbHOH Npele]bHOH TeopeMbl (MJAH «3aKOHa
cpeaHux») b,

PaccMOTpuM Tenepb, YTO MOXKET IIPOH3OHTH B peXHME OBHICT-
poro cHa (OBICTpOe JABHIKEHHe TIJ1a3) WJH BHIIIOJHEHHS HHTEJJIEK-
TyaJbHOrO 3ajJaHusA: HHPOPMAaLHA MOCTYNAeT II0 BOCXOAsANIEH BETBU
CHCTEeMDBbl PeTHKYJAPHOH (QopManuy UJH N0 APYrHM KaHaJaM IepH-
(pepHUECKOH HEPBHON CHCTEMBI, TEPEHOCSILINM NPHXOAALIHE H3BHe
HJIM U3HYTPH CEHCOpHble BXOAHBblE CHIHAJILI, PACIIO3HABAaEMBIE 3aTeM
Kopofi mo3ra. Ha Ham TanaMOKOPTHKAJbHBIH OCHHAJISATOD BO3Jei-

D Kto-pubyab W3 uHTaTesNeli MOMKET YCMOTPeTb 371eCh NPOTHBOpeuHe: mefi-
‘CTBHTEJBHO, €CJH MOCTYJIUPYEeMBIH MeXaHH3M €eCTb IepeMexkaeMocTb I, TO aMIJH-
TYAbl (YHKUHH NUIOTHOCTH BEPOSITHOCTH AOJMKHEL HMETb He raycCOBCKOE, a THIep-
Goqnueckoe pacrnpenetenne. He chenyer 3a6biBaTh, 0AHAKO, 4TO INpPOLECCOp pas-
JeJsieT BPeMs He MeXAy OOHUM TIPeleJbHBIM IHUKJIOM H HPPEryJasipHBIM JBHIKe-
HHEM, a MCK1Y MHO2UMU HEOTIMYUMBIMH MOJAJbHOCTSIMH, CBSI3aHHBIMH C Ipe-
IeJbHBIM HHKJAOM. VIMeHHO NO03TOMY 3KCIEepPHMEHTAJbHO MoJydeHHas HYHKIHA
TUIOTHOCTH BEPOSITHOCTH NpeJCTaBJseT co60H cpeflHee [0 aHcaMOiai0 OT OT/IeNb-
HLIX THIepOOJHYECKUX paclpefiesleHHiT W BIOJHE MOMXeT OHTb TayCCOBCKOML,
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CTBYeT (JIYKTYHPYIOUIMA BXOAHOH CHIHAJ, H NIPH 3HAYEHHSX ynpas-
JIAIONIEr0 NapaMerpa, NPeBHIUIAIONIETO0 HEKHH IOpOr, BO3HHKAET
Kackaja Oudypraunid. [pesebHbI LHK/I, Ha KOTOPHH BBHIXOAHT B
PEXHME NMEPEMEKACMOCTH OCLUMJLIATOP, HCUE3aeT, H TPAEKTOPHs Oc-
LUHAIATOPA MEPEXOANT Ha CTPaHHMIH aTTpaktop. HMHaue romops,
YCTaHAB/JHBACTCS PeXHM MeTacTabUIbHOTO Xaoca; IMpH CKAHHPOBA-
HHM KOPTHKAJbHBIX HEADOHHBIX MOAIPYII OH NPOSBJSETCS B «CHA3-
MaTHYECKHX» H HEIEepHOAMUYECKHX KOJeOaHUsX.

Hawa runortesa noarsepkpaercs maBHO VCTAHOBJAEHHBIMH 3Kc-
MCPpUMEHTATbHBIME NaHHBIMH [6.28]. Bospacramliee BO36YKIeHHe
BOCXOJsIIEH BETBH DETHKY/IADHOH (OPMALHUH MPHBOAUT K MOJSAPH-
3aUHMH CHEeUH(HYECKH «PUTMOBOAHTCJAbHBIX» silep TajJamyca, TEM
CaMbIM IpephiBasfd HX BHIGOPOYHYIO (YHKHHMIO Ha BPeMEHHBIE HHTep-
BaJbl, MPOAOMKHTEJILHOCTb KOTOPBIX COIJIACYETCsA CO CTEMEHBIO BO3-
OyKIeHHs, T. e. HHTEHCHBHOCTBIO CTHMYJIHMPOBAHHA U, CJAEL0OBATENb-
HO, CKOpOCTbto llepeflaun HHGODMAaUHH OT OKpYXKalolleH Cpefs..
Takum 06pasoM, nmpu BO3GYKAeHHH INPOM3BOIHMAs KOpPOHA Mo3ra
BHIGOPKA DHTMOBOJMTEJBLHBIX TaJaMHYECKHX S7Aep MepeKIiouacTcs
C DeXHMa nepeMeXaeMOCTH Ha MOCJeIOBATEIbHBIH, HIH CeKGeH-
yuarvbuoll, pexuM. Mpl Hab0JaeM yCTaHOBJIEHHE MapKOBCKOM
LCMH ¢ Pa3/HYHBIMH BePOSITHOCTAMH #; Ha CTAalHOHApHOE CHHXPO-
HH30BAHHOE COCTOSIHHE i (BHYTPEHHSAS CTPYKTypa) — LEeNH, MOpPOXK-
laeMOH MaTpuleH BepoATHOCTeH Nepexola P;; MeXAy mocjenoBa-
TEJbHBIMH  COCTOTHHSIMH/CTpyKTypaMHu. CJef0BaTeqbHO (M 3TOT
MOMEHT siBJsI€TCSI pelllaloNIMM), BPEMS «YIep KaHHsI», B TeuyeHHe
KOTOPOr0 KOPTHKAJbHBIH IpPOLECCOp HAXOAHTCA B MOAAJLHOCTH |,
3aBHCHT OT BDEMEHH <IpepPLIBAHHsA», Ha KOTOpPOe HACTpaHBaeT
CKaHHPYIOWHMA pPUTMOBOAHTENL B i-H MOLAJBHOCTH HH(pOpMaunus,
NOCTyMnallasi Ha e€ro BXOA. ATo BpeMs OGBIYHO (HO He Bceraa) BO3-
pacraer c yBeJHYeHHeM CKOPOCTH, HJIH 4aCTOTHI, NOCTYIJIEHHS BXOJ-
HBEIX CHTHAJOB.

Hanuble, NOATBEPXKIAMOIIHE 3TY TOYKY 3PCHHMS, B3SATH M3 aHa-
JH3a pacrpefeseHns BepOATHOCTH aMIIUTYA Ha 23T, ykasmBalo-
IIEero Ha CMeleHHe OT TayCCOBCKOTO paclpefes]eHHs K aCHMMETPHY-
HbIM ()OpMaM IpPH BHIIOJHEHHH N1allMeHTOM HHTEJJICKTyaJdbHEX 3a/14a-
Huit [6.23]. Ognako mbl onacaemcsi, 4To BEABUHYTAs B pabote [6.23]
HHTEePIpPETalnsl, COrIaCHO KOTOpOH acUMMeTpUs (QYHKHHWH IJIOTHO-
CTH BEPOSITHOCTH OTPAXKAaET «BO3PACTAIOIIYIO CTEIeHb KOOMEpaTHB-
HOCTH CpelH HeHDOHHEIX T'eHepaTOPOBY», OWIHOOUHA: H3MeHeHHA CBS-
3efi MeXJly HeHDOHHBLIMH OCLHJLISATOPAMH, KOTOphle H Olpelelsior
CTPYKTYpPY, MOTYT OHTb OCYC/JOBJEHH pPa3HYHBIMH CTPYKTYpaMH;
OHM INIPUBOJASAT TOAbKO K H3MEHEHHIO (YCHJIEHHIO HJIH OCJa6JEHHIO)
CTENeHH KOTe€PEHTHOCTH TOH CTPYKTYDHI, KOTOPOH NMpHHAaANeXaT, HO,
pasyMeeTcsl, He HMeIOT OTHOUIEeHHs K aJIFOPHUTMY MYJbTHIIHHHPOBA-
HHMsl BXOJHBIX CHTHAJIOB C pasfie/]eHHeM BpEMeHH HJH CTpaTrerueit
IepeKJIOUeHUS ¢ 00HOL CTPYKTYPbL HA OpYyeyro.
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HabawonaeMyo acMMMETPHIO MBI HHTEPIPETHPYEM Kak MPH3HAK
CTATUCTHYECKOH JHHeHHOH Koppeasuuu (P;; #0), HIH MapKOBOCTH,
Mmexdy ToCae]OBaTE/bHLIMH BEIGOPOUHBIMA 3HAUEHHSIMH aMILTHTY ]
OOT, T. e. MeXAy NOCHENOBATENbHHIMH CHHXPOHH30BAHHBIMH Hel-
POHHBIMH COCTOSIHHSIMH, KaXJloe H3 KOTODHIX KOAHPYeT OAHYy CeH-
CODHYI0 MoJasbHOCTb. [IpH Tako# JHHeHHOA B3aHMO3aBHCHMOCTH
LEeHTpaJbHAas NpeflebHasi TeOpeMa He BLINOJHSETCS.

IlpennosoXuM, HaKOHEL, YTO CTelleHb BO3GYXKAEHHS BOCXOASA-
el BeTBH PETHKYJASIpPHOA (OpMalMH HJIH CPEeLHSsI CKOPOCTh MOAauH
uH(OpMAaLMH BO3pacTaer elle 6oJablie. Mbl peanoaaraeM, 4to B Ta-
KHX CJydasX NPOLEeCC CKAHHPOBAHHS KOPTHKAaJbHBIX Tpynn Jubo
Npekpamaercs (OCUM/NATOP «TacHeT»), JHOO0 CKOPOCTb CKaHHPOBA-
HUsi BO3pacTaeT B COOTBETCTBHH CO CTENeHbIO BO3OyXAeHus. B npe-
JleJle Mbl MOXKEM CUHMTaTh, YTO GCe NOATPYIINB KOPTHKAJbHBIX HeH-
POHOB CHHXDOHM30BaHbl OJHOBpPEMEHHO, KaK 3TO INPOUCXOAHT IPH
SMUJIENTHUECKHX IpHIajkax. Mel He pacnoJjaraeM HaJeXHBIMHU
3KCIIEPHMCHTAJbHBIMH JaHHBIMH, U Y Hac 3aBeOMO HeT HajlJexa-
e TeopHu. TeM He MeHee MOC/JAeNHHE UHCJAEHHBIE SKCIEPUMEHTH
[6.29] cBHAETEIBCTBYET O TOM, UTO, KOTJla 8136 MEXJy OKpyXKalo-
el cpeflod H OCUHJIATOPOM C NpeldesbHbBIM LIHKJIOM YK€ B XaOTH-
YeCKOM peXHMe CTAaHOBHTCH <«HALKPHTHUYECKOH», MOKET MPOU30HTH
obparrbui nepexod OT XaOTHUECKOTO peXHMa K aBTOKOJe6GaTesb-
HOMY (c npejedbHbIM HHMkAoM). (Tako#t ke obpaTHBIA Mmepexod MoO-
JeT INPOUCXOJHMTb W [OJ JeficTBUeM BHEIIHero IIyMa, CM.
pasl. 6.5.5.)

Bce 5TH yKasaHHA HMEIOT HENOCPEACTBEHHOE OTHOIIEeHHE K BO3-
MOXKHOMY NOBEIEHHIO Hallero TaJaMOKOPTHKaJbHOTO PHTMOBOLHU-
‘TeJisl, KOTOpBI# IPH HWHTEHCHUBHOM (CBETOBOM HJIH aKYCTHUECKOM)
BXOLHOM BO3/JeHCTBHH Ha OCHOBHOH YacTOTe WJIH HA #acToTe OOHOU
U3 eQPMOHUK MOMKET MEepeiTH U3 XaOTHUYECKOTO B CTPOTO CHHXPOHH-
30BAHHHIH peXUM C Tako# OOJBIIOA aMILIUTYAOH koJebGaHH#l, 4TO
TO3BOJISIET pAacHpOCTPaHUTh CHHXPOHH3AUHMI0 OJHOBPEMEHHO Ha
60JIbIIOe YUCIO KOPTHKAJbHBIX HEHPOHOB.

B 3ag/JHuYeHHe Mbl MONBITAeMCS OLEHHTb, NOYEMY KOTHHTHBHAS
CHCTEMa MOXMCET HaXOAUTbCS B XaOTHYECKOM DeXKHMe, 4TOOB! BHINOJI-
HUTb 00paboTKy curxHanoB 6osee 3¢ dexTHBHO. OTBeT Ha Halll BOI-
poc JeXHT B ABYX oGgacTsx: (a) BpeMeHH H (6) 4acTOTHL

a) CosaBasi MapKOBCKOe MYJbTHINIHIUpPOBaHHE C pa3jlejeHHeM
BpeMeHH, CHCTeMa II0JyyaeT BO3MOXKHOCTb pa3Je/fATb CEHCOpHble
MOJAJTbHOCTH/ATTPAKTOPbBL ¥ CONOCTABJAATb KaxXKAOH H3 3THX MO-
NaJbHOCTEH HHTEpPBaJ BpeMeHH InpH 00paboTKe, COH3MEDHMBIH C
CKOPOCTbIO II0Jla4H CEHCOPHBIX CHTHAJIOB Ha BXOJ.

6) «TypGysenTHH# xaoc» (HepaBHOBeCHBIf IMIYM MaJoH pas-
MEpPHOCTH) Kak CNOCOG IeACTBHSI TaJaMOKODTHKAaJbHOTO DPHTMOBO-
auTessi npu c1aboM BO30YIKAEHHH CONEDIKHT IIHPOKHH CHEKTp Bpe-
MeHHBX (H NPOCTpaHCTBEHHHIX) yactoT. OH MOXKeT OrpaHHYHBaThb
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«ISITHA» MOCTCHHANITHUECKHX (YHKIHOHAJbHHX o6/acTell B Kope M
CO3laBaTb KOTEPEHTHHE CTPYKTYPH, KOTOpHIE MOTYT COOTBETCTRO-
BaTb IIMPOKOMY penepTyapy MOCTYNAIOUWIHX NPOCTPaHCTBEHHO-Bpe-
MEHHEIX CTPYKTYp.

Ecin roBOpHTb KOHKDETHO, TO KOZHUTUGHAS OEATEeAbHOCTb TPO-
SABJSETCS B KOpE MO3Ta Kak pe3yJ/bTaT Npollecca YCTAHOBJACHHS CO-
OTBETCTBHsI MEXJy napamu NPOCTPaHCTBEHHO-BPEMEHHHEIX CTPYKTYP,
Kaxaasi U3 KOTOPBIX COIAEPKHUT 6OJbIIOE YHCAO 3JE€MEHTAPHBIX elH-
HUIl (HefipoHoB). B kaxno# nape omna cTpykTypa (obmas mjs
BCceX nap) ecTb Ta HH(MOpMAlHs, KOTOpasi HEH3BECTHA; OHA COJep-
XKHTCSl B NPUXOLSIIMX BXOAHBIX CHTHaNaxX M 3aKOJHPOBAHA B HHX B
BHIE NOCAEA0BaTeJIbHOCTH HMIYJbCOB, HAYILHX OT NepHpepuyeckoi
HEpBHOW cHCTeMbl, U060 (ecan MHGOpPMALMs IOCTYNAeT H3 APYTHX
YYacTKOB LEHTPaAJbHOH HEPBHOH CHCTEeMBl) 3aKOIMpOBaHa B IoOcJe-
A0BATEJLHOCTSAX MaKPOMOJEKY/ISPHEIX (HEHPOMEIHATOPHO-TOPMO-
HaJbHBIX) BHIOPOCOB M3 IpecHHANTHUYECKHX OKOHuaHHH. Bropas
CTPYKTypa B Nape — 3T0 OJHA H3 CTPYKTYP/aTTpPakTOPOB, NOPOK-
JaeMbIX NIPOLECCOPOM; OHa sABJseTcs 3apaHee XPaHHMOH NpocTpaH-
CTBEHHO-BpEMEHHOH «MO3aukOH», 3ameuaTJeHHOH B MHOMKecTBe ya-
CTHYHO CHHXPOHH30BAHHBIX MOTEHIHUAJOB MOCTCHHAITHUECKHX MeM-
OpaH HWJIM IIPOCTPAHCTBEHHO-BPEMEHHOH CTPYKTYPBl pELENTOpOB
NOCTCHHANTHYECKUX MeMOpaH.

CBsi3b, WJH KDPOCC-KOPDEJSLHS, MeXAy ABYMS CTPYKTYPAMH B
KaXJIO# Iape OCYIUECTBJseTcs] AHHAMHUYECKH 3a cuer o6MeHa 3Hep-
rdedl MeXy llapaMM DaBHBIX MM OJH3KHX 4acToT (w;, w;) O6OHX
CIIEKTPOB M OLIEHHBAETCHA KOJNHYECTBEHHO (yHKIHMeH KOrepeHTHOCTH

Py (o)

cohy; (0) =7 % @9, (@

(6.5.13)

rae @i (w) — Kpocc-cnekTp, a ¢;(w), @;j(®w) — aBTOCIEKTPHl CTPYK-
Typ, 006pasylolmux napy.

Pesyabrat kpocc-Koppeasiliiu 1m0 (ase W aMIJIHTY/Ae ONpenessier
«CTeNeHb COBNAfeHHs» («y3HABAHHA») MeXJy MOCTymawolief CTpyK-
TYpo# U CTPYKTYypOH, XpaHHMOH 3apaHee, HJIH MeX/IY HEH3BECTHOH H
0XHJaeMOH cTpyKTypaMu. Kakoll MexaHH3M B 4eJJOBEUECKOM MO3re
pemraer, KakKasi H3 (YHKUHH KOrepeHTHOCTH IOMHUHHPYET Hal oc-
TanbHEIMH? [1O-BHAMMOMY, TaKHM MEXaHH3MOM CHOBa SIBJAsIETCS pe-
THKyJspHass (QOpMallHs: HEKOTOpPble NPaBAONOAO6HEE CMOCOBLI He-
JHHeHHoH GuAbTpalHu OblIM 00CyKAeHbl B pasn. 4.7.6.

B npamefi Monesn MBI NIPUIIHUCAJN CHHXPOHH3AIHIO MeXAY HHIH-
BUAYaJbHHIMH HeApPOHHBLIMH OCHHJIATOpAaMH (M TeM caMbiM 06paso-
BAHHEM AaTTPaKTOPOB B KOpe MO3ra) TOJbKO TaJaMOKOPTHKAJNbHOMH
PHTMOBOAHUTENbLCKOH aKTHBHOCTH. HecoMHeHHO, cyllecTBYIOT U ApY-
rue, BO3MOXKHO, He MeHee BaXKHbIe, OUEHb CJOXKHKHE MeXaHH3MH pac-
[pPOCTpaHEeHUs Oa.4bHerl TPOCTPaHCTBEHHO-BPEMEHHOH KOTepEHTHOCTH



410 I'aasa 6

MeXAY KOPTHKAaJbHHIMH HeHpOHAMH — MEXaHHU3Mbl, KOTODHE A0 CHX
nop {3a peAKHMH HUCKJIOUeHHAMH [6.30]) mpupiekajd OYeHb MaJo
BHHMAaHHsA. Mbl yIOMSiHEeM JHb B 3TOH CBSI3H BO3MOXKHYIO POJb KOp-
THKAJ/JIbHOTO MEXKJETOUHOTO 3JEeKTpPOJHTA.

[To-BuAMMOMY, MEXKJIETOUHAsT KHIKOCTH COAEPKHUT GOJbllHe
00 00beMy THADATUPOBAHHBIE LENU CJAONKHBIX MOJEKY., CBSI3aHHBIX
¢ MeMOpaHOH (MYKONOJHCAXapUIOB H MYKONPOTEHHOB). YaaJjeHne
KaJIbllisl PUBOJAUT K IHApAaTallid 3THX MOJEKYJ H CONpPOBOXKAAETCSH
pas3BepThHIBAHMEM HX B PBLIXJYIO I'HAPATHPOBaHHYIO Lenb. BoccTaHoB-
JIeHHe KaJbLus ofpalllaeT 3TOT IIpOlecc, MPOHCXOAUT JerHapaTanus
MOJICKYJl U CBEPTbHIBAHHE MOJEKYJISIPHOH Ienu ¢ YMeHblleHHeM 06b-
€Ma NIpPUMepHO Ha [ATb NOPSAAKOB,

CymiecTBoBaHHe CJ/1a6BIX 3JEKTPOMArHUTHBIX MOJEH, MO-BHIH-
MOMY, CHJBHO BJHAeT Ha ABH2KeHHe HOHOB Ca™? B MeXKJETOUHOM
3JIEKTPOJIHTE, a TaKKe HAa HMMIIeaHC KUAKOCTH. TeM caMbIM mepel
HaMH OTKDHIBAIOTCSI HOBBlE BO3MOXKHOCTH IIOHNMAaHHS CIOCOGOB
YCTAaHOBJICHUA H YIpaBJIeHHs AajJbHeH KOTepeHTHOCTHIO B I'OJIOBHOM
MO3re H TeM CaMbIM BO3JeHcTBHs Ha o6pa3oBaHHe ATTPAKTOPOB B
KOpe, a UMEHHO C NOMOILLIO CJYYalHHX BHEIIHHX 3J1eKTPOMarHuT-
HBIX IOJIeH.

6.5.5. JlBoiicTBeHHas pOJb NepeMeKaeMoCTH B o6paGoTke nuopMaunn

«[TepeMexkaeMOCTb» MOAENHPYET CNOCOG JeHCTBHS CKAHHUPYIO-
niero yctpofcrBa B TI'OJJOBHOM MO3re B OTCYTCTBHE BHeELIHEro BO3-
6yxeHHA. B ocHOBe mepeMexaeMOCTH JeXHT (U3HUecKas HecHo-
COGHOCTb CHCTEeMBI AOCTH4Yb (B ONpeJeneHHBIX HHTepBaJax YHpaB-
JSOIHX [TapaMeTpoB) HAeaJbHOH KOrepeHTHOCTH HJU YCTOHYHBOH,
NOJHOH CHHXDOHM3alnu o (hase (CM. TakXKe NpHIOKeHHe B) Mex-
Ay AHCCHINATHBHBIM HeJHHeHHDbIM (peJIaKcaL[PIOHHbIM) OCHHJLISITO-
poM H rapMOHqucxon BBbIHYKJalolled CHIOH.

Korna npejesbHEBI MUK/ B IPOCTPAHCTBE COCTOSTHUH [paSHOCTb
¢as @(f) — MrHoBeHHast uacTtora ¢ (f)] mOYTH CMBIKaercsi, B HIPY
BCTyIlaeT KOHKYPHPYIOLIHH IpolecC, KOTOPHH BMEIIHBAETCSI H pas-
pyLIaeT LHKJ; Ha KOPOTKOe BpeMsi OH CO3JlaeT B IPOCTPAHCTBE CO-
CTOSIHMH XaOTHUecKOe JABHKeHHe — IIMPOKONOJOCHBIH IIYM, mocie
Yero BHOBb BO3HHKAET Ipefe/]bHBIH IHKJI, H Bce MOBTOpseTcs. He-
pe3 HEKOTOpOe BpeMsi pEeryJasipHbll peXHM CHOBA <«B3DLIBAETCS»,
yCcTynasi Mecto «TypOyJeHTHOMY xaocy», Ha CMeHy KOTOPOMY IIpH-
XOJIUT ApPYro#d npejefbHbili nuKa u T. 1. [6.9]. MOMEHTH BpeMeHH,
KOrja IPOMCXOAHT CMeHa peXHMOB, paclpeleleHbl cay4aklHo.

[IpennonoxXuM, 4To NpH ONpelesleHHHX 3HAYEHHAX YOpabjslo-
IIHX TapaMeTpoB IIPOHCXOJAHT HJea/bHAasi CHHXPOHH3anHA. B 3TOM
cJyuae ONHCaHHAsi BbIlle MOCJACAOBATEIbHOCTD — NOSAOWAIOWAN:
CKaHHpYIOLlee YCTPOACTBO AOCTHIaeT COCTOSIHHS/MOAAJbHOCTH, H3.
KOTOpOro He Moxer GoJsiee BefiTH. Ilpomecc ckaHHpoBaHHsT OGpbHI-
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BaeTcs, U HPOIECCOp OKa3hiBaeTca 3amepThiM B OOHOL CEeHCOPHOMH
MOJaJIbHOCTH, HJIH, HHAue TOBOPS, BEHIAAET CTEPEOTUNAHO ONHH H TOT
e CUMBOJ. Yepes HEKOTOpOe BpeMsi HAacTylaeT NpHBHIKaHHe, H 06-
paboTka HH(pOpPMALHUH NpeKpalaercs, CBOAs IMPONYCKHYIO CNOCO6-
HOCTb KaHaja K HyJo. KpoMme TOro, npomyckHas CIOCOGHOCTb Ta-
KOro «MO3ra» yXyAlllaeTcsl TakKXe H TOTAa, KOTAa B3auMOAeHCTBHE
MeX1y OTAEJbHBIMH MOAYJSMH (H3-32 MHEePEKpHITHS, BBI3BIBAEMOTO
oH6KaMuH B (YHKLHOHHDOBAHHH CKAHHPYIONIETO MeXaHH3Ma) M0-
CTHraeT KDHTHYECKOTO YpOBHs (3KCIepHMEHTaJbHOe OGOCHOBaHHE
cM. B paGote [6.31]).

Takum o06pa3oM, MexaHH3M NepeMeXaeMOCTH, T. €. CphiBa C Mpe-
JeJbHOTO IIMKJa BOJH3M IOpora CHHXPOHHU3AIlMH, AeHCTBYeT HAeficT-
BUTECJbHO, KaK «0Or H3 MAIIMHBIY, U IIO3BOJISIET CKAHHPYIOIIEMY
3JICMEHTY MNpOAO0AXKAaThb (DYHKUHOHKPOBATb, IIOCKOJbKY CHCTEMa IO-
Jy4yaeT BO3MOYKHOCTb o0pabaThIBaTh NO OOHOL CTPYKTYpe 30 OOUH
pas, usberass AHMHAMHYECKOTO 3aCTONOPHBAHHS Ha KaKOH-TO OAHOH
MOZAaJbHOCTH.

Ho ectb y nepeMexaeMocTd H «caafast CTOPOHa», 0 KOTOPOH MBI
J0 CHX IOp He nopo3peBaau. He HCK/IHOUEHO, UTO UMEHHO 3Ta cJja-
fast cropoHa HMeerT Oojee GyHALaAMeHTaJbHOEe 3HaueHHE, YeM Te
«CHJIbHBlE CTOPOHHI», Ha KOTOPHX OBLJIO COCPEeIOTOUYEHO Hallle BHH-
MaHHe. Peub HieT 0 Tak HasbBaeMOH mpofJeMe CXKHMaeMOCTH, a
UMEHHO O HAaXOXK/JeHHH «MHHHMAaJbHOH NMpPOTPaMMEl», MHHHMAJbHO-
ro 4yHc/Ja GHTOB HJM CTeneHed ¢BoOOAbl, KOTOpble MO3BOJSIOT OJHO-
3HAaYHO BOCCTAHOBHTbL MAHHYI0 IOCJACAOBATENbHOCTH CHMBOJIOB HJH
CTPYKTYDY. '

DesrpanuuHasi CXHMaeMOCTb TEOPETHYECKH O3HauyaeT yMeHbIle-
HHE 4YHCJa cTeneHed cBoGombl cTpYKTYypw ¢ N > 1 mo 1. Ilpenmno-
JOKHM, UYTO HOCHTEJEM AaHHOH MOAAJbHOCTH SIBJsiOTCS N B3auMoO-
JeHCTBYIOIHX HEJIHHeHHBIX OCHHU/IATOPOB. MBI MOXeM COKpaTHUThb
OIMCaHWe M paccMaTpHBaTh B3aWMOJEHCTBYIOIIMEe ¢asbl 3THX OC-
LUHJIATOPOB KaK CTeleHH cBOGOAB. MneanbHas cKUMaeMOCTb (IOJI-
Hasi KOrepeHTHOCTb) O3HauaJla OBl YCTAaHOBJIEHHE MEXAY 3THMH da-
3aMH OTPAHHUHBAIOHINX DEKYPPEHTHBLIX OTHOLUIEHHH THIA

o, —,|<®, <2 (K, a1, ..., N), (65.14)

rlle BCce OrpaHHuHTeNbHBEe Npelelbl M, — 0. OfHakKo H3-3a sBJe-
HHSl IepeMexXaeMOCTH paBeHCTBA Dy =0 MOTIYT BBHIIOJHATbCS He
IJIsT BceX Iap x, A, I0O3TOMY MBI 3aKJH0yaeM, YTO peaJsbHO INpejeJ
CKHMAaeMOCTH YCTaHaBJHBAaeTCsl NHHAMHKOI NMepeMexaeMocTH. Bomn-
poc o ToM, OyaeT JH TakKoH Ipele] YHHBEPCAJbHOH IMOCTOSIHHOH,
TpebyeT HOMOJHHTEIHHOIO MAaTeMaTHYECKOrO aHAJH3a, paBHO KaK H
BOIPOC O TOM, MOIKHO JIH T'OBOPHTb O COOTHOIUNEHHH Heompele/eH-
HOCTH AJS NPONYCKHOH CNOCOOGHOCTH KaHaJga Ipolleccopa H CTENEeHH
CXHUMaeMOCTH OAHOH (CeHCOpPHOH) MOAAJBbHOCTH KaK CONPSIXKEHHHX
napaMeTpoB.
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6.5.6. MMepBonpuynHa KOHGIHKTA B COOGMAIOMMXCA HePAPXHUECKUX CHCTEMAX

MHu noctyaupyem, uTo MeXAY ABYMs COOBIIAOIIUMHUCH (CHMBO-
JIHYECKHMH) JHHAMHUeCKHMH cucteMaMmu (pHc. 6.28) koudaukT (no-
OOUHBIH IPOAYKT CBSI3H) BO3HHKaeT KaK HH/JIEMMa B3aUMHO COI.Jaco-
BAHHOTO H30BITOUHOTO IPOH3BOACTBA 3HTpONHH. Kaxnaas cucrema
CTPEMHUTCH K «CaMOOPraHU3aLMHU» 3a cueT CBOero mnaprHepa.

PaccvarpuBaeMble HaMH HepapXHUYeCKHe CHCTEMBl 00/1aRa10T
CAOMHCHOCTHI0 U opeanusayueli. Mpl ONpele/H/IH CA0XKHOCTb KaK MH-
HUMaJIbHOEe 4YHCJI0 OGHTOB, HeOOXOJHMOE MJs BOCCTAHOBJEHHsT HaH-
HOM cucTembl. OpraHH3anuio Mbl ONpeleNHIH KakK CHOCOOHOCTh
CoumaTs UHGOOPMALHIO — CIOCOGHOCTh, B CBOIO Ouepellb MOpPOXKIae-
MYI0 KackajaoMm OHQYpKaUHH, OPUBOASALIHX K HapYUIEHHIO CHMMeET-
PHMH, HJIH (MOCTe HACTYIJIEHHsI Xaoca) KacKaJoM HTepalHi, MOBhI-
IMAIIAX pa3pelialomylo clNocoGHOCTh 0TOOpaXKeHHs Ha HHTEepBae.
ITox «camoopranusauueli» Mbpl NOHHMMaeM 3JeCb QYHKIUHIO «SA3HIKA»
KOPHHTHBHOIrO YCTpPOHCTBA, CHHMAIOIIYIO CJIOXKHOCTL «IIPOTHUBHHKA»
(oxkpyxarmlell cpeibl), TeM caMbIM JAaBasi MHHHMaJbHble aJrOpHT-
MBI, PeIyLUUpPYIOIIHe H MpelcKa3blBaloliHe [IOBeIeHHe JADYIHX CH-
CTeM.

B sa060# «Hrpe» TaKOro poja KaXAbLH YYaCTHHK CTPEMHTCS
«pasrajatb» KOJ CBOEr0 MNPOTHBHHKA, «CXKHMAas» KaK MOKHO GOJIb-
e omuMcanHe maprtHepa. TakuMm o06pas3oM, HOCTHXKEHHE CXKHMaeMo-
CTH (WJIM BBIXOJ HAa KOTHHTHBHHI ypOBEHb) 3KBHBaJEHTHO (POpMH-
POBAHHIO KOAAEKTUBHbLX CBOLCTE U3 TePEeMEHHBIX HCCIeLyeMOH CH-
creMb HJaH (B o0GJacTH MaKpOOIHCAHHsS B TEPMHHAX HepapXHi
MOMEHTOB «OCHOBHOTO» YpaBHeHHs ([JIs1 MHOrOYaCTHYHOH (QYHKIHH
pacmpeneseHHs)) cXaTHIO QYHKIHMH IJIOTHOCTH pacnpefeseHus LJs
JOCTHXKCHHS PEXKHMa CpeJHEro Mojs (CM. HHXKe B 3TOM pasielne).

BoJBUIHHCTBO CHCTEM, BCTPEUYAIOMHXCA B HayKax, TaK HJIM HHa-
Ye CBs3aHHBIX ¢ MH(QOpMalHell (HaNpHMep, B JHHIBHCTHKE), COLEp-
XaT MHOTOUHCJIeHHBEle HepapXHuecKde I[eTJH oOpaTHOH CBA3H, UTO
HeH36eXHOo JejaeT HX COJEepIKAIIHMH «CCBUIKY Ha celsi». Ecau ra-
KHe CHCTeMbl He O6JafaioT «3aMKHYTOCTBIO» HJH JIOTHYECKOH He-
NPOTHBOPEUHBOCTBIO, TO OHH MapafOKCaJbHbl. «ICTHHHOCTHY TaKHX
cHcTeM (eCJH OHAa CYLIeCTBYeT) acCOLHHPYETcs ¢ HX caMocorjaco-
BAHHOCTBIO, a 3Ta XapaKTepHCTHKA BJeueT 3a cO6OH CylLIeCTBOBaHHE
YCTOHUHBBIX ATTPAKTOPOB B TOH HTEPATHBHOH H PEKYPPEHTHOH CH-
cTeMe, KOTOPYIO Mbl Ha3blBaeM CyXJIeHHeM C CChIKOH Ha cebs. Ha-
MpalMBaeTCs BHBOJ O TOM, YTO Jornka (GbIBUIAst IO CHX IOp CTa-
THUECKHM [OHSTHEM) MoOXeT OLITb peajH30BaHa JHHAMHYECKH C
5BOJIIOHHOHHON YCTOHYHBOCTbIO. [eCOBMECTHOCTb MOAHOTHL U CAMO-
coeaacosannocTy 060 3aMKHYTOH akcHOMaTHYeCcKOH (Joruuve-
CKOM) CHCTeMHl NpOSIBJAseTCs KaK ee HeClOCOGHOCTb AHCKPHMHHHPO-
BaTh MPeJJIOXKEHHs (CTPOKH, HJIH TOCJIEN0BAaTEJbHOCTH CHMBOJIOB),
OpHHAJJIEXAlLIHe PA3AUYHOIM HeDAPXHUECKHM YPOBHAM.
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Korma mapafokcel BO3HHKAIOT B cHCTeMe, ofjafawomeil S3HKOM,
KOH(QJUIHKT o6ocTpseTcd; KOHQJIHKT mendy CHCTEMAMH, O KOTOPOM
Mbl Y2Ke TOBODHJIH, JAONOJHSIETCSl HepapXHUECKH ITORUHHEHHEIM KOH-
(JIUKTOM 6HYTPU CHCTeMH. PaspellleHHe BHYTPHCHCTEMHOIO KOH-
(GJIMKTa 3aBHCHT OT [apaMeTpPOB, ONpENEISIOMHX MeXKCHCTeMHBIH
KOHQJIHUKT. [Jocaeanufi, B CBOIO Ouepeab, HCIOJIL3YET BHYTPHCH-
CTEMHYIO CBfA3b KaK pAacxOAyeMOe CpeACTBO paspelleHHS CaMOro
ce6s. B3auMocBA3b H IHHAMHUYECKAs 3BOJIOLHS JBYX KOH(JIHKTOB —
MeX- H BHYTPHCHCTEMHOIO — HeJaBHO OBLIH MOJAPOGHO paccMoTpe-
HH B paborte [6.32].

C nHMHaMHYeCKOH TOUKM 3pEHHS MepBONPHUYHHA KOH(JIHKTA CBO-
JAWTCA K HECOBMECTUMOCTH CHUMALMOCTU U NEPEeMEeNcaeMoCTy: KOTaa
(GYHKIHS IJIOTHOCTH BEPOSITHOCTH He MOXKeT GBIThb c:KaTa nocje He-
KOTOPOro IIOpOra ¥ CIOHTAHHO «B3pHBAETCA» (Mepexoisi U3 Jejib-
T200pa3sHod B THIePOOJIHUECKYID (GYHKLIHIO — «lIepeMexKaeMOoCcThy),
NOIX0J CPEJHEro MoJd yTpauMBaeT CHAY H MPOIECCOP CHCTeMBI Ha
YpOBHE MOMEHTOB IIEDEXOAHUT B «TypOYyJeHTHOe COCTOSHHE» B TOM
CMBICJe, 4TO AJIs OMHCAHHA er0 TpebyeTcss CTOJBKO Xe cTeneHel
CBOGOMB, CKOJBKO HX HeOOXOAHUMO AJSl OMHCAHHA CHCTEMHl HA YPOB-
He MHIHBHAYaJbHHX [epeMeHHHX (Ha TOM HepapXHUeCKOM YpOBHe,
Ha KOTOPOM IIPOHCXOJAHT MepeMeXXaeMOCTh).

HIMeHHO 3TO MBI HMeeM B BHIY, KOTZa TOBOPHM, UTO 3a réfelieB-
CKHM TIpeJleIOM JHHAMHKa JIBYX COCeJHHX HepapXHUeCKHX YpOBHeH
«IepeMellHBaeTCA»: ¢ TOYKH 3PeHHS BPeMEHHBEIX PAAOB MHKPOCKO-
NHYECKOe M MaKPOCKONHUECKOE OINHCAaHHSI CTaHOBSITCS HepasJHuH-
MbIMH B TOM CMBICJe, UTO CAYHQUHGIL WYym U XAOC CTAaTHCTHYECKH
NOJ0GHH.

Bo wmHOrux cayuasx HepapxXHYeCKHE CHCTEMBI «IIOYTH pasJio-
JKHMBI», T. €. IHHAMHUECKYK) dKTHBHOCTb MOKHO HCCJIENOBATh Ha
HEKOTOPOM [JaHHOM YDOBHe, MIpHHHUMAsT NPOHUCXOASNIlee Ha HHMKHHX
VPOBHAX 34 @2PaHu4Hble YCA08US, a NPOUCXOAsIlee Ha BepPXHHX
YPOBHAX — 3a KoHcTaxTy. Takol NOAXOL MAONYCTHM, KOTAA KOH-
CTAaHTBl CKOPOCTEeH pa3JHyHEIX YPOBHeH OTJIHYAIOTCS IO BEeJHUHHE
Ha HECKOJbKO IOPSAKOB (HHXKHHH YpDOBeHb XapaKTepudyercs GOJib-
uIed KOHCTaHTOH CKOPOCTH HJH MCHBIIHM BpeMEHEeM peJTaKCaIlHH).

B JHHIBHCTHYECKHX CHCTeMax Takasi pa3Bsi3Ka ypoBHeH HeBO3-
MOXHa HM3-3a CYIIECTBOBAHHSA 3BOJIOLHOHHBLIX METENb YIpexKAaoued
CBSI3H, BHIIOJHAKIIHX DPOJb NEDPEHOCUHKOB AHHAMHKH MEXAY COCE[l-
HUMH yPOBHSIMH. B 4acTHOCTH, B JIHHIBHCTHUECKHX CHCTEMaX BO3-
MOXKHO OJHOBDEeMeHHOe HCIIONb30BAHHe ABYX HEPAPXUYECKHX YPOB-
Hell — B 3TOM c/yuae NpeAJOKeHHs s3blKa H MeETAas3blKa B3aHMO-
cBA3aHel. («HHKaro» — TPEXCAOXKHOe CJOBO H rOPOL.)

3xech YMeCTHO NOBTODHTH €llle pas TO, O UYeM MHl YIOMHHAJIH B
pasa. 2.3.1, roBopsl O Tex YCJIOBHAX, KOrja IpuGJIHKEHHe CPeJHEero
I0JIsT CTAHOBHTCS HEIPDHMEHHUMBbIM. PaccMoTpUM (H3HUECKYIO QHHA-
MHUYECKYIO CHCTE€MY, CBEAEHHYI0 K OIHOMEPHOMY OTOGpaXKeHHIO,
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BeposaTHOCTh HAHTH 3Ty CHCTEMY B TOUKe X B MOMEHT BpeMeHH { BO3-
pacraer H3-3a IepPexOf0OB U3 APYTHX TOUeK x’ HHTepBaJga H yOH-
BaeT H3-3a NEPEXOJ0B M3 TOUKH X B ApDYrHe TOUKH, T. €.

—c?t_ P (x; t) = CcKOPOCTb MpHXOZA — CKOPOCTh yxonaa == (/) — (O).
(6.5.15)

Tak kak unen (/) BkaOuaeT B ce6s BCe NEPEXOAbl M3 HauyaldbHBIX
TOYeK x’ B TOUKY X, OH NPEACTAaBUM B BHJEe CYMMBI MO BCeM HauaJb-
HEIM TOYKaM.

Kaxnoe caaraeMoe 3TOffl CyMMbl €CTb BEPOSITHOCTb HaHTH CH-
cTeMy B TOuKe X', YMHOXeHHasl Ha BEPOATHOCTL Ilepexoja B elIH-
HUIlY BpeMEHH M3 TOUKH ¥’ B X, T. €,

()= Z w (x, XYP (X3 1), (6.5.16)

X

rie w(x, x’) — BEPOSATHOCTH liepexofa X’ — X,
Jas mepexonoB M3 TOUKH x — udeHa (O) — moayuaeM

(0)="P(x: 1) 2, w(¥, x), (6.5.17)

x'5=x

rie w(x’, x) — BepOATHOCTL nepexona x—x’. (BeposTHoctH nepe-

X071a, O KOTOPHIX 3JeCh HIeT peub, ABJISIOTCS QYHKUHUAMH 3HaueHHH,

IpHHHMAaeMbiX TPOU3BOAHOH OTOGparKeHHs] B TOUKax X, x’.)
«OcHOBHOE» ypaBHEHHE IPUHHMaeT BHUJL

LD =N w0, )P )= P 1)y, @, x). (65.18)

x’ x'FE=x

«CTanHOHapHBlE COCTOSIHHA» HJH «CTauHOHApHBIE» ACHMITOTH-
YecKHe pelIeHHsi 3TOr0 ypaBHeHHs MBI uccaefoBany B (6.5.7). Pe-
ulajoulee 3HaueHHe HMeeT TO OOCTOSITEILCTBO, YTO BEPOSTHOCTH II€-
pexona (0GBIUHO HEH3BeCTHBIE) B GOJIBIIHHCTBE CJAYyUdeB SBJAIOTCA
Heaunellnoimy QYHKIHSIME OT X, TaK KaK 3aBUCHMOCTb NpPOH3BOJHOH
(yraosoro xoah¢HuUHEHTa KacaTelbHOH) O0TOOpaXKeHHss OT TOYKH
MOXeT 6HITh CHIbHO HesuneHnofl. [Hanpumep, B XHMHUECKHX peak-
LHSX CKOPOCTH, [0 3aKOHy AeHCTBHs MacC, NPONOPUHOHAJbHBL KOH-
IEHTpPaUHUsM <«PearvpyroIyux BellleCTB», HHaue TOBOps, UHCIY CHO-
co60B, KOTOPHMH Napa HWJH Tpynia «B3aMMOJCHCTBYIOWIMX MoJe-
KyJ» MOXeT ObiTh BhIGpaHa u3 obwmefi nonyasuud. Hanpumep, ana
peakuun 2X— X’ ckopocTb mpomopuuoHadsHa (x/2) (x—1), T. e.
ypaBHEHHe AN «CPeJHHX» HMEeT BHI d{xy/dt = —K{x(x—1)>.]

YMHOXKas obe yacTH ypasHeHusi (6.5.18) Ha x, x%, ... W UHTer-
PHPYS HJIH CYMMHpPYSI 1O OTPE3KY OCH X, MBI MOJy4aeM cepuio «de-
HOMEHOJIOTHUECKHX» MaKPOCKONHYECKHX YpaBHEHHH [JIs Pa3JHYHBIX
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MOMEHTOB (x), {8x2), ... QYHKUHUH IIOTHOCTH BeposTHoCTH P (x, ),
a UMEHHO

=), 6, ..,

d (6.5.19)
a7 0= {(x), 6+, ...},

Hs-3a  Henuneitnoctn onepaTtopos f; (06YC/JIOBJIEHHOH HeanHel-
HOCTBIO BEPOSITHOCTEH [epexofla) Mbl [OJydYaeM OueHb GOJIbLIoe
(GeckoHEUHO 6O.BIIOE) YHCJIO CBS3aHHBIX HeJHHeHHBX Auddepen-
UHaJbHBIX ypaBHEHHE OTHOCHTEJIbHO MOMEHTOB M KPOCC-MOMEHTOB
(kpocc-koppensinmit). Kpome toro, s OKDECTHOCTH OuypKrauui
HJH HE3aTyXalollero Xaoca, 3alOJHAIOUIEr0 Lesbili MHTEpBaJ, 3TH
MOMEHTBl MOTYT CTATb CPABHHMBIMH O BeJHUHHC.

Takum 06pasoM, MH BecbMa SICHO BHAHUM, IIPH KaKHX YCJIOBUSIX
TocIC0BaTEIbHbIE HEPADXHYECKHE YDOBHH CTAHOBSTCS HEpA3JIHYU-
MBEIMH, T. €. BBHIIOJHAETCS HeoOXOAMMAs MpeANOCHJIKA BO3HHKHOBe-
HUA apalloKCa CChLIKH Ha cebs H «TynHka» B paGoTe JHHTBHCTHUE-
CKOT'O Tiporeccopa.

6.6. Kommentapun no MOBOAY BJHSIHMSI BHYTPEHHHX (JYKTyanHii
M BHELIHEro IIymMa Ha CBOHCTBA YCTOHYHBOCTH
MMHAMHYECKHUX CHCTEM

o cux mop Mbl paccmatpuBaJu JNeTePMHHHCTHUYECKUE HeAUHeH-
HbIE AMHAMHYECKHEe CHCTeMEl. CTOXaCTHUHOCTb, OGHADYXHBAEMYIO B
MOBEACHHH HEKOTODLIX H3 HHX, Mbl OTHOCHJH 34 CURT BHYTDEHHEZ0
Wyma, yCUIEHHOrO KacKajoM GudypKauuii u uTepanuii CTpaHHOrO
aTTpakTopa. B Tex cuayuanx, koria smyTpenuumu PIAYKTYaUHsIMH
HeJIb35i NpeHe6peub H HEBO3MOXKHO HCKJAIOUMTH HX H3 CpeJHero To-
BelleHHsT (CM. NPeABIAYINHA Dasfes), T. e. KOTAa BO3HHKACT HeOG-
XOLMMOCTDL y4eTa BHYTPeHHHX (JIyKTyanu#l, JHHAMHYECKYIO CHCTEMY
HEBO3MOKHO MOJEJIHMPOBATb CHCTEMOH CBSI3AHHBIX HEJHHCHHBIX auo-
¢$epeHnHaNbHBIX YpaBHEHHH c JACTEPMUHUCTHYECKHMH 3HAYCHUSIMH
NepeMeHHbIX HM/HJIH [apaMeTpoB.

B stom cayuae meo6xoaumo o6patutbes K bopMau3My «OCHOB-
HOro» ypaBHEHHS WK ypaBHeHus ®okkepa — [l1aHka u BHIPA3HUTh
Pellenne (QYHKUHMIO NIOTHOCTH BEPOSTHOCTH) B TEPMHHAX «CTOXa-
CTHUECKOro» MOTCHUHANA — B OTJHUHE OT «JAeTepMHHHCTHUECKOTOS
NOTeHNNAa, KOTOPHIH ME HCMOJb30BAJM IPH PAaCCMOTDPCHUH npo-
CTHIX TpUMEpOB B . 2 (pash. 2.2.3 u naxee). Ecau pojesaTh.
CKa3aHHO® M MCC/Ie/IOBATH CTOXAaCTHYECKHI aHAJOT, HANpHMED, npo-
CTOro HeJMHEHHOrO OCUMJIATOPA C CHJIBHBLIM 3aTyXaHHEM (mozpo6-
Hoctw cM. B paGorax [6.33, 6.34]), To pesyssrar 6yner BechbMa
HHTEPECHBIM: OKAa3BIBAETCS, 4YTO CTOXACTHUCCKHH [OTeHIHA] He
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coenadaer ¢ ACTEPMUHHCTHUECKUM TOTEHIHANOM, KOTOPHIH COAEPIKHT
KBaJpaTHuUHy0 QopMy

V (1) = ax? 4+ 5 pr’, (6.5.20)

HO NMOMHMO Hee COJEP:KHT TaKxKe Heuersoil KyOHUeCKHH dJeH, Je-
JaloUIHX MOTEHIIA] aCHMMETPHUHBEIM nNocje OH(QYDKalHH: JBe ero
BIaJHHL HMeEIOT HEeOJHHaKOByl TayOHHY. Beaeincrsue 3TOH acuM-
METpHH cHcTeMa focje GudypkalMu NoJydaeT cBOGOAY 66t60pa H3
JIBYX Pa3JIHUHBIX H HePaBHOBEPOATHbLX albTepHATHB.

Bo3MOXHOCTL npednouTurensHoeo Nepexofa B OJHO H3 MHOTHX
HOCJAEAYIOIHX COCTOSTHUMN, 00ycJoBleHHas Oudypkauned,— npobie-
Ma, KOTOPYIO MBI He B CHJax paspellHTb, €CJH peub HJET O SIBHOM
BBIUHCJEHHH BepOsiTHOCTeH mepexofa. [IpuMepoM MOXKeET CAYXKHTb
TakxKe AByropbas ¢opma, Koropyio npHobpeTaeT QyHKOHSA IJIOTHO-
CTH BEPOSITHOCTH KaKk pellleHHe <OCHOBHOrO» YPaBHEHHA 3a KPHTH-
YyeCKOH TOYKOH,— ¢ ropGamu (MakcUMyMaMH) HepasHod BBHICOTHL

[TpOKOMMEHTHPYEM KpaTKO POJb 8HEWHe20 liyMa, HaJOXKEHHOTO
Ha CHCTEMY, ONHCHBAEMYIO JeTepMHHHCTHUECKHMMH HeJHHEHHBIMH
ypaBHeHHSIMH. Tak Kak ypaBHeHHS HeJWHeHAHbl, BHEUIHHH IIyM Mpo-
H3BOJAUT AaJAUTHBHBLEA 1 MyJbTHIJHKATHBHHE 3G dekT, a HMeHHO
BO3JEHCTBYET Ha aMIUIUTYAy M a3y mepeMeHHbIX, OMHCBHIBAIIIHX
cucreMy. XopcTXxeMKe H Ap. [6.35] mnokasaju, 4TO BHEUIHHH UIyM
MoxKeT JH6Go noAaBJsATh 6UMYpKALHH, CYILECTBYIOLIHE B JeTep MHHHU-
CTHUECKOH AMHAMHUECKOH cHcTeMe, JuG0 (4ro Gosiee BaKHO) IIO-
poXKJIaTh HOBHe GH(YpKalWH, He BXOASLIME B penepryap HeTepMH-
HHCTHUECKOH cHCTeMbl. TeM caMEM BHELIHHH LIYM MOXKeET 8biHYOuTs
cucteMy K auddepeHUHAlHU M «CAMOOPTAHH3ALHH» HE CTOJbKO B
CHJIy ee NOTEHIHaJbHBIX BO3MOXKHOCTeH, CKOJbKO 3a cuer Aectalu-
Jusanin ocobeHnocTel, KoTophle JHG0 BoOOIle He CYIIECTBOBAJH B
OTCYTCTBHE BHEIIHEro 1yma, Ju6o He MOJAaBaJHCh AeCTa0HIH3anUH
NOA JeHCTBHEM OJHHX JHLUIL BHYTPeHHHX (JIyKTyanH# CHCTEMHL.

BinsiHue BHEIIHEro LIyMa Ha XxaoC BIepBHe HccaefoBaan Mai-
ep-Kpecc n Xaken [6.36], a takxke Kparubunn u ap. [6.37]. Oc-
HOBHEIE pe3yJbTaThl BO3AEHCTBHA BHEUIHEr0 TrayCCOBCKOro Iyma
Ha JIOTHCTHUECKOe OTOOGpaKeHHe MOXKHO CHOpPMYJHPOBAThH CJEAYIO-
WHM 06pasoM.

a) BuewHue (QuyKTyalHu MOAABJSIOT TOHKYIO CTPYKTYpy, pas-
Ma3blBasi OCTphie NHKH (YHKUUH IJOTHOCTH BEpOATHOCTH OTOGpa-
XKEHHs.

6) [lepuoanueckue OPGHTH pACIJIBIBAIOTCA B MOJOCH, aHAJO-
rHYHBlE CTPAHHBIM aTTpPaKTOpaM.

B) DJAyKkTyauuu TNOBLINAIOT CTeNeHb CJIy4adHOCTH Xxaoca, HO
paspylIaloT OKHa MEPHOAHUECKHX JBHXKEHHH, BCTpeUalOLlHecs B Xao-
THYeCKOM pexuMe. OHH BJHSIIOT Ha CBOACTBA JIOKAJbHOH YCTOHYH-
BOCTH aTTpPaKTOpOB, MOJABJsisi CYLIeCTBYIOIIHe M A06aBJsAs HOBHIE
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6udypranuy, 1 B TO M€ BpeMs OCTaBJSIOT CPABHHTEJBLHO HEH3MEH-
HOH rJ106aJ/bHYI0 YCTOHYHBOCTD aTTpakTopoB. OJZHAKO B HEKOTO-
pHIX caydYasix QAYKTyalyuH NOJHOCTBIO pPaspyumlaroT xaoTuweckuil pe-
UM ¥ BBHYXAAIOT CHCTEMY BEPHYTbCA K IIPEACJbHOMY LHKJY
[6.38].

r) Ilopx meficTBueM BHeIIHEro wyma OudypKalLUOHHAS AUArpaM-
Ma oToGpaXeHHsT «pa3MbIBaeTCA», MEPEHOpMHpPYeTCd H MpeTeple-
BaeT Maclita6HOe mpeo6pa3oBaHue B TOM CMBIC/IE, YTO MOJyYaercs
KaK 6Bl CBEpTKA JETEPMUHHCTHYECKOH OHGYPKallHOHHOH JHArpaMMbl
¢ TAayCCOBBIM pacnpejeseHueM BePOSTHOCTII IO YIPaBJIAIOWEMY MHa-
paMeTpy oToOpaxKeHus.
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DNHUJOr: poJib Xaoca B OHOJOTHH
M ApPYrux obJjacTax 3HaHHA

7.1. BpluucaurejbHasa CJA0XKHOCTb

XoTsi cTpaHHHIl aTTpakTop Kak 00vexr Habaroderus crocoben
BHI3BATh y (HAaMBHOro) HaGaiojaTess YyBCTBO pasouapOBaHM H3-
3a NpPaKTHYECKOH HEBO3MOXHOCTH HaJeXHbIX npelcKazaHui Ha
OCHOBE CepHH H3MepeHuil, MpOH3BeICHHLIX Hal CHCTCMOH, CTpaH-
HBIl aTTPaKTOp Kak KOSHUTUBHOE YCTPOUCTS0, KOTOPbLM obaadaer
nHabatodarens, urpaer NpsIMO MPOTHBOIOJOXKHYIO pOJb, a HMCHHO
CNOCOBCTBYET CXKATHIO BHELIHE XaOTHYCCKHX nocJeJoBaTeNbHOCTeH
HabJaofaeMblX sBJEHHH.

HanpuMep, B mpocToM c/yuae aTTpakropa Jlopenna ¢pakrab-
Hasi pasMEpHOCTb IO BbIUMC/IeHHsM Mopu |7.1] paBHa Dr ~ 2,06.
Takum 06pa3oM, MHUHHMaJbHOe cxaTve cocrasiaseT N—Drp=
=3 -—2,06=0,94 6ura, 110370My /J10600€ HauyaJbHOC YCJOBHE IOL
aeficTBueM arTpaKTopa cxumaercs noutk Ha 30 %.

Hajnune TAKHX <KOTHHTHBHBIX MOZy.lefi» cpein «nepHdepuii-
HbIX YCTPOHCTB» MO3ra BBICIUHX MJEKONHTAIOMIHX (MOYTH HCKJIOUH-
TeJbHO Yy u€eJOBeKa) [AesaeT BO3MOKHBIM yCTAHOBJCHHE COIHANbHBIX
cBfA3el, CymeCTBOBAHHE HAyKH H TEeXHHKH, a TaKikKe KOHOMHUYECKOe
¥ KyJbTypHOe pa3pHTHe¢ B 3BOJIomMonupyomem mupe. Tak Kak
HauboJee s71eMeHTapHas, OCHOBHAs HHTE/JIEKTyaJbHas aKTHBHOCTh
CONPSIKEHA C GOIHUCAEHUSMHU, TO yMECTHO CIPOCHTb, KaK 4YEJIOBEK
BLIYMCJSICT H MOTYT JIH CTpaHHble aTTPAKTOPHI, KOTOPEE IPCANOJO-
JKUTeJbHO HAXOAATCH B €ro MO3Ty, HeCTH OTBETCTBEHHOCTb 3a MpH-
HATHe pelueHuil. YecTHBI OTBET Ha 3TOT BONPOC CBOAMTCA K IPH-
3HAHHIO, UTO Mbl He HMeeM HH MaJeHllero MpeicTaBJeHHsd O TOM,
KaK B JeHCTBHTEJILHOCTH IPOTEKalOT BBIYHCJACHHS U INPUHATHE
pellleHdii B uejoBeueckKOoM Mo3ry. OJHAKO Mbl NOAO3pEBAEM, 4YTO
qeJoBeueCKHii MO3L NMPOH3BOJUT BBIUMCJICHHS HE TOJIBKO HOC/IEAOBA-
TeJbHO (CEKBEHIHAJbHO), HO H MapaljesbHO, a TaKXe B Hepapxu-
YEeCKOM YIOpSIIOYCHHH. Fa30BbeM 5TY MBICTb HECKOJbKO HOAPOG-
Hee, caefys uaesiM BpemepMana, BLICKA3aHHLIM HM HECKOJBKO JET
Hazaj, O (PM3HUECKOM OrpaHUUYEHHH MOC/eJOBATENbHBIX BHIYHCIEHHH,
M3BECTHOM I1I0J Ha3BaHuneM npefeia DBpemepmana. (CobpeMeHHYIO
Bepcuio Teopun BpemepMana cM. B ero pabore [7.2].)

OCHOBHAS MIesl COCTOMT B TOM, 4TO Jiio6asd aKTHBHOCTb, CBsi3ai-
Hasi ¢ 00pafoTKOH CHrHajJOoB H XpaHCHHEM H BOCIIPOU3BCJACHHECM
HHGOpPMALHH, L0JKHA OCHOBLIBATHCS HA KAKOM-TO «MaTepuabHOMY»
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HOCHTesle («almapaTypHOH peaJu3aluu»): mepdoraprax, MarHuT-
HbIX JEHTax H T. A. IIpearnosoxuM, uTo HMeercs (pU3HUECKOe TeJO
C Maccod m, KOTOpOe HCNOJb3yeTcsi AJds 06paboTKH HHPOpMaLHHU
co 100 %-Hoit sdpperrusnocTbi0. MHOPMaLHIO, KOTOPYIO TpebyeTcs
BIOCJEICTBHH 00HO3HA4HO BOCIPON3BECTH, eCTeCTBEHHEe BCero xpa-
HHTb, «OTKJaJbiBasi» MO GHTY Ha KaXJOM SHEPreTHUeCKOM YpOBHE
MaTepHaJbHOro Teja. CKOJIbKO GHTOB (n) MOXHO XpaHHTb TaKHM
croco6oMm B Tese ¢ Maccofl m? HeTpyano BHAeTh, UTO

EMBKC
= Same 7.1.1)

rae Esaxe — MaKCEMaJbHOE KOJHYECTBO 3HEPTHH, KOTOPOE MOXKHO
H3BJeub U3 (PU3HUECKOro Tena, a AL — paspellenue, ¢ KOTOPbIM Mbl
HabJ0gaeM OJHH 3HepreTHUeCKHH YPOBEHb.

Ho Eyaxe = mc?, a U3 NpHHIHIA HEONpPeLeJeHHOCTH ClelyeT, UTO
AE-At ~ h, rae Al — IpOLOIKUTENLHOCTb HAGJMIOACHHS, h — mo-
crosinHas Ilimapka. CJienopaTelbHO, MakCHMaJbHOe HHCJIO OHTOB,
KOTOpOe Haml mpouecc MoxeT o6palboTaTh 3a BpeMs At, paBHO

n=m < Al [6ur], (7.1.2)
HJIH .
flg == CT [6ut/T - c], (7.1.3)

YTO COCTaBJsET
ng ~ 2 - 10*. [6uTt/r - C].

[IpeanosoxuM Temepb, uTO BCsi (u3HuecKas BceslenHas npe-
craB/seT co6ofi HoeaJbHHIl mpollecc, 3aHHMalomuiicsa nepepaboT-
KOl MH(pOpMAlIHH C MOMeHTa GOsblIOro B3pbiBa. CKOJIBKO 6uToB
(n’) ycuena 6bl 06pafoTaTbh B MOCJACAOBATEIbHOM DEXHME BceJsen-
Has 3a Bce BpeMs XH3HH (N0 HacTosimiee Bpemst)? Bospacr Beesen-
HO#l oleHHBaeTCs npuMepHo B T ~ 1017 ¢, a ee Macca—m ~ 10%°T.
CuaegoBaTesbHO,

n =2 107 10'7 - 10 ~ 10" [Gur].

BeJHKO WJIH MaJo 3T0 uHcI0? YToObl CpaBHHTbL €ro ¢ uesoBede-
CKUMH BO3MOXKHOCTIMH 10 06paboTke HHPOpPMALHH, PACCMOTPHM
MHGOPMAIHOHHBIH «AIHK» (puc. 7.1) ¢ A BXOAaMH U r BEIXOJAMH.
KakoBa cKopoCTb MOTOKAa HHGOPMALMK B TaKOM siluiike? B KauecTse
npHMepa Mbl BbOepeM GOJbIIOR MeXAyHAapOAHBIH a3pOMopT, B KO-
TOPOM 4YHCJO BXOAHBIX CHCHAJIOB JOCTHraeT OKOJO 1000 3anpocos
THNA «Jla — HeT» («HWATH Ha MOCAAKY WJH He HATH Ha MOCAJKy?») 32
CYTKH, a BBIXOJHblE CHTHAJB IPH r = 2 03HauawT oTBeTH «la» nin
«Her». Bo3aymiHLIM [BHMKCHHEM YIpaBJsioT -~ 20— uesoBeK —
AucheTuepoB. Kakoe koJaHuecTBO HHGOpPMalHH NPOXOMHT U€pE3 Ta-
KOH sIIMK 3@ CYTKH? .



420 Taapa 7

[TosiHOE YHCJIO KOMIIJIEKCOB paBHO @ =1, rie r=2 u A=21000
II03TOMY KOJHYECTBO HH(MOPMaUHH AOCTHTaeT BeJHUYHHE

log, w =log, r#,
HJTH
1000 -
log, 227 == 21000 ~ 103% Gur!

(Henenne Ha uHCJI0 CeKYHA B 24 uyacax c NOCJeAYIOUIHNM yMHOXKe-
HHEM Ha YHCJIO AMCIETUEPOB He CJAHIUIKOM IIOMOTAIOT CIACTH CHTYa-
uuio!) Kakum xe obpaszom ~20 uesomsexkaM (MJH MallHHAM, CO3-
JaHHBIM 2100bMu) yraetcst 3a 24 waca o6pafoTaTb KOJHYECTBO HH-

10060 g1
2 o = A —
————-] -
ABonuHite ~—=] hhopMat ot el
— ] HHbIY :
[ b et o dlBOMIRLI
: BhIXOARL
:—>‘ Al
W=yt

= log,w = Alog,r ~ 10°% gur

Puc. 7.1. «MudopManuonubifi sUK» ¢ A JABOMUHBIMH BXOAaMH H r JBOHYHBIMH
BHIXOJAMH.

dopmaiun, Kotopoe Ha I80 nopadkos npesBOCXOAUT KOJHYECTBO HH-
dopmauny, nopjatomeecss o6paboTke Ha HMIEaJbHOM KOMIBIOTEpe
¢ MOCJIeJ0BaTeJLHOH cXeMOl BBIYHC/EHHH, 06/1a4aloeM pasMmepaMu
i pospactoM BcesenHo#? OAWH H3 BO3MOXKHBIX OTBETOB [J1aCHT!
¢ NOMOILBIO «YXHIIPeHHH». B 1aHHOM c/yyae NOX 3TUM MMOHHMAETCH,
yTO ycneliHast 06paGoTka OrpOMHOIO KOJHUECTBA HHPOpMALHU CTa-
HOBHTCSl BO3MOXKHOH GJiarofapsi Kackaiy OudbypKauHi, nocie Kax-
J0Hl M3 KOTODHIX UEepapxutecKu BO3HUKAET HOBAR CTPYKTYPa (uUx
mogcer O6iTo Heckoavko). Ecau 66l 3Tu CTPYKTYPoL NOPOHIAAUCE
n0c1e008ATENbHO, TO HA UX B03HUKHOBeHUe noTpebosaiuct 6ol
2016l Budypkauuu H CTPYKTYPHI, NOAB/AONINECS HA BCe GoJee BbHI-
COKMX MEepPApXHUYECKHX YDOBHSX, MOTYT AEHCTBHTEJNbHO OhITh CIaCH-
TEJbHBIM CPEACTBOM, MO3BOJSIONHM pellaTb CJOXKHBE NPOGJeMbl
Ha «HHTYHTHBHOM» ypoBHe. OJHAKO CYIleCTBYeT 0coObIil Kiace npo-
GjeM — Tax HasbiaeMble NP-mosinbie npoGiemb (NP osHauaer
HeferepMunnctuueckoe (N) nonunomuanbHoe (P) BpeMsi), KOTOpEIC
YIIOPHO CONPOTHBJISIOTCS JIIOGBIM MONBITKaM HaWTH aJrOPHUTM HX pe-
tireHus1 1.

B3sTb XOTs1 6B KJACCHUECKYIO «3a7auy KOMMHBOsXkepa». Kowm-
MHUBOsZKED JOJIKeH o6bexaTb N ropojos, MoGHBaB B KaXKI0M H3
HUX 10 KpafiHefi Mepe OAMH pa3, M BCPHYTHCA B HCXOJHBIH MYyHKT.

) BhIudcC/MTeNbHBIMH MAaIIHHAMH, OTBEUAMOLMMH HeOGXOJHMHM TDPeCOBaHHM,
MOILJIH On OHTb «aHAJOrOBbIe KOMIDBIOTEDH», HCNMOJAb3yoOmMe (r3uyecKue Tea
B OKPECTHOCTH «(a30BHIX MePexoj0B».
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Kak caefyer KOMMHBOSIKepY COCTaBHTb MaplIpDYT CBOEH MOe31KH,
yTOo6B MHHMMH3UPOBATh NpOfjJeHHOE paccTosiHHe? K coxaseHwio,
MBI [IOKa He pacliosiaraeM aJropHTMOM JJd pEIleHHs 3TOH 3alauu.
[To3TOMYy KOMMHBOSIKEpY NPHXOJAHTCS NEepel TeM, KaK MyCTHThCA
B NyThb, NepenpoboBaTh 8c€ BO3MOXKHbIe KOMOHHauuH. Ecau N nocra-
TOUHO BEJHKO, TO no dopmyse CTHpPJHHTA UHCJIO HX paBHO ~ NV,
MOXHO cKa3aTb IIO3TOMY, YTO KOJHYECTBO HEOOXOJAHMBLIX BBIYHCJIE-
HUH C YBeJUUCHHEM CJOXKHOCTH 3aJauH KOMMHBOSKEpa BO3pacTaer
IKCnoHenyuarero. B 3afavax, NOAAAOMMXCS pelleHNIo, KOTHUECTBO
BHIUMCJICHHH C yBeJIHUEHHEM CJO0XKHOCTH (oObema) 3amayd Bo3pac-
TaeT TOJNbKO MOAUHOMUGABHO. Pa3lHuHe BO BPEMEHH cueTa MEXAY
5KCIOHEHIHAJbHbIM M IIOJHHOMHAJbHBIM pPELICHHAMH MOXKeT ObITb
orpoMHbIM. Hanpumep, npu N =30 Ha 3V BbIUHCICHHH YXOAUT
~ 6,5 Jer MallMHHOIO BpeMeHH, a Ha N°® BbluHucaenudl Tpebyercs
Bcero Juib ~ 0,027 c. Ilpu N =60 #a 3V BbiuhcaeHu# notpe6o-
panoch 66 ~ 10'° JleT, B TO BpeMsi KaK Ha N3 BBIUHCJIEHHH YXOIHT
auub ~0,216 c. Moxer ObITb, co3laHHe B OyAYylIeM XaOTHUYECKHX
IPOLECCOPOB INIO3BOJHT INPEOAOJETh 3Ty TPYAHOCTH? BecbMa BO3-
MOMKHO, 4TO GHOJIOTHUECKHE OpPraHHu3Mbl 00/1aJal0T TaKHMH mpouec-
copaMi (XOpOIIMMH KaHAHJAaTaMH Ha pOJb XaOTHUECKHX Ipomec-
copop moryT cayxutb IHHK u kopa mosra). OmHako 10 CHX MOp
Mbl He 3HaeM, KaK OHH paboTaloT, H He MOXKeM co3JaTbh NMpHGOpH,
KOTOpble NOJApa)kaloT MM HJH NPEBOCXOAST HX MO CBOMM II0Ka3a-
TEJSIM.

7.2. K puHaMu4yeckold TeOPHH s3biKa

7.2.1. Mpupona npobaeMbt

OnHa u3 BaXKHBIX OCOOEHHOCTEH COBPEMEHHOH TEODHH CBSI3H CO-
CTOHT B TOM, UTO 3Ta TEODHs He paccmarpusaer (Gpuanueckui cyol-
ctpaTr HHGopMauuu. Mbl BHABHHY/IH 3JieChb Te3UC O TOM, 4TO HH(PODP-
MalMsa [OPOKAAETcsi BCE BO3PACTAIOLIEH CA0NCHOCTHIO CaMOOpra-
HHU3YIOIleHCcA HepapXHUeCKOH CHCTEMbl, 3BOJIOIHOHMPYIOLIEH uepes
Kackaj Gudypkauui, NpUBOASIINX K HapyUIEHHIO CHMMeTpHH. Mul
Ha3bIBAeM «S3bIKOM» [pollece, Bbiagafroujull 3Ty HHpopMauuio, a
UMEHHO KOTHHTHBHOE YCTPOHCTBO, KOTOpOE CoUmMAeT CJIOXKHOCTD,
NOpOKAAEMYyI0 HapYyIIeHHOH CHMMeETpHeH, TeM CcaMbIM CO31aBas
«MUHHMAJbHOH JJHHBI» aJrOPUTMBl AJA 3anycka «BHYTPeHHEro
npeiCTaB/eHAsI» WM PEIVIHKAIHH paccMaTpuBaeModl (Qu3Hueckol
cucreMbl. TakuM 00pa3oM, CKHMAaeMOCTb 3aBeIOMO ObJafaeT IEeH-
HOCTbIO C TOYKH 3PEHHS] BBIKHBAHMSA, MOCKOJbBKY [0O3BOJAET Npolec-
cOpy f3blKa PeAYUHPOBATb H IPEACKa3bIBATh GLICTPO MEHAKIIYIOCSH
OKpYyXKaloy 00CTaHOBKY.

PaccMOTpUM MaKpOCKOIHHYECKYIO CHCTEMY, KOTOpas HaXOAHTCHA
Ha CcpoeM CaMoOM HH3KOM HEpapXxHuecKoM YypOBHe, a HMEHHO Ha
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YPOBHE pABHOBECHO20 TENA08020 («MOJEKYJAAPHOTO») hepemeuiu-
satus. Ha sToM ypoBHe Gecnopsinka cucTeMa o6jagaeT MakcH-
MaJbHBIM YUC/JIOM cTeneHed CBOGOAB HJIH caMOH TOJHOH CHM-
MeTpHedl (ecJM MNOJ CTENEHBIO CHMMETPHH Mbl [OHHMAEM YHCJIO
SKBHBAJ/ICHTHBIX aJbTePHATUBHBIX onmucaHuil). OfHAKO HaKe H30JH-
pOBaHHas cCHCTeMa B Ipoiecce npubauncesus K paBHOBeCHIO 06Ja-
aeT MEHbLUIEl CHMMETpHeH, YeM CHMMETPUS MHUKPOCKONHYECKHX
3d4KOHOB JBHXCHHS 00pa3ylOLIHX ee B3aHMOACHCTBYIOUINX yacTeil.
IlosToMy ansi BHewlHero HaGMOAATesl CHCTeMa MOYTH GeECCTPYK-
TYpHa H, CJel0BATC/IbHO, TpebyeT caMOro KpPaTKOI'O ONHCAHHS Ha
OfMH 6uT AnuHel. CumMeTpuu o6palleHUs BO BpPEeMeHH He cyuye-
CT8YeT, H 3TO OTpaXkaercss B HEOOPATHMOM NOAXOJE K PaBHOBECHIO.
HHaue ropopst, Kb CKOPO eXHHCTBEHHOE yCTOHUHBOE CTALHOHAp-
HO€ COCTOsTHHE TEMJOBOrO paBHOBECHS AOCTHIHYTO, KHHYEro He IIpo-
UCXOAHUT»: CHMMETPUsI CTAHOBUTCA MAKCHMAJbHOH, YHCJAO CTeleHel
CBOGOAB — TOXKC, 4 CJ0XKHOCTh — MHHUMAJBHON, TAK KAk 4UCJO
GHTOB, HEOGXOAMMBIX /51 3aJaHUsl CHCTEMbl B COCTOSTHHS TepMOLH-
HaMHYECKOI'0 PABHOBECHS], HAHMEHbIIEe H3 BO3MOMKHLIX: 4TOOBI BOC-
NPOHU3BECTH TAKYIO0 CHCTEMY, MOXHO HavaThb MOYTH H3 JIOOOr0 Ha-
Y4JbHOTO YC/JIOBHSI.

I[TycTb Temeps Haua cucTeMa KOHTAKTHDYET ¢ OKpyxatoulefi cpe-
AO#; OHAa MOXKET H B 3TOM CJIyuae NepefiTH B COCTOSHHE paBHOBe-
CHS, €C/TH YAOBJETBOPSIOTCS HOBBIE YCJIOBHS MHHHMYMa ee ¢80600-
HOU 3Hepelu; BO3MOXKEH H TaKOW cJjydall, KOrja BCJAEACTBHE BHY-
TPEHHHX H/HJH BHCLIHHX MHKPOBO3MyUleHUH (Heu3GeXKHHIX u3-3a
OTPOMHOrQ 4HCJIA COCTABHBIX dacTell CHCTEMBI H OKpYKalouleHd ee
Cpelbl) OAHO H TOIBLKO OJHO YCTOHYHBOE CTALHOHADHOE COCTOSHHE
PaBHOBECHS MOXKET OKa3aTbCsl BHITeCHEHHBIM. Ha HekoTOpoMm KpH-
THUCCKOM PACCTOSIHUH OT MOJIOXKEHUS DaBHOBeCcHs (KOTOpOe cHcTeMa
IPOXOAHT, BBIHYXKAacMasi (QAYKTyanHsIMH) BO3HHKAIOT MO KpalHeH
Mepe [Be HOBBlE AJbTEDHATHBHHIE CTalHOHApHBle KOH(MHUIYpalnh
(conepKauine cBoM cOGCTBEHHblE CHMMeTpuYHBe BeTBH). Ilpearno-
JOXKHM, YTO CHCTeMa «BbIGMpaeT» OAHY W3 HHUX 60Jee HJIH MeHee
«caydafHOY.

Haxonsce B MeracTaGH/ILHOM COCTOSIHHH Ha BLIGpAHHONR BETBH,
cHCTeMa (GOPMHPYET HEKYl0 CTATHCTHYCCKYIO CTPYKTYpY (T. €. KpH-
CTanI), KOTOpas, XOTs OHAa M Kakercsi aGCOMNIOTHO CHMMETDHUYHOM,
HMEeT 4YnCIO cTeneHell CBOGOALI, KOTOpOE HAMHOTO HHUXKe uHCsaa
creneHedl cBOGOJEI, COOTBETCTBYIOUIErO CHMMETPUH 3aKOHOB JIBHIKE-
HHST MOJIEKYJ, obpasylomux cucremy. OLHAaKO B 3TOM cJydae ME
FOBODHM He O HapyIleHHH CHMMETPHH, a 00 OTMCHE CHMMETpHH
[7.3], Tak KakK BepOSITHOCTb <«TYHHEJHPOBAHUS» B CHMMeETPHUHOE
MeTacTabHJAbLHOEe COCTOSTHHE OCTaeTcsi OTJAWYHOH OT HyJist (XOTsl oHa
6bICTPO yObIBaeT ¢ yBeJqHYeHHeM Maciutaba cucreMol). Ho ecuw,
CBSI38B CHCTEMY C BHEIIHHM (CKaJIAPHBIM HJIH [OJsPH30BaHHBIM
BEKTODHBIM) 1OJIeM, MBl BO3MYTHM OH(YPKAUHOHHYI AHATPAMMY
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HACTOJbKO, YTO BCE aJIbTeDHATHBHBIC 3€PKAJbHO-CHMMETpHUYHbIE KOH-
¢durypainmn, KpoMe OAHOH, OKaXKYTCS «MOAABJEHHBIMH» (K4dK B CJY-
yae OGHOJIOTHUYECKHX MaKpomoJekya) [7.4], To nepexa Hamu 6ymer
NOAJIMHHBIA cayualf «HapylleHHsi CHMMETpHH» (BepX — HH3, JIEBO —
NpaBo), H aCHMMETPHYHAsI KOH(PHUTYpaLHs B COOTBETCTBYIOIIEM CTa-
LLHOHAPHOM COCTOSIHHH YCTOHYHMBA TpPH 3HAUEHHSX YIPABJSIONUIHX
napaMeTpOB, H3MEHAIOUIUXCS B IIMPOKOM AHanasoHe. MB rOBOpHM,
4TO CAOMHOCTH CHCTEME! BO3pOCJa, HMes B BHAY, UTO YBeJHYHJACh
JJIMHA MHCTPYKLHA HJAM MHHHMaJbHOE KOJHUYECTBO OHTOB, KOTODHE
Heo6X0AHMbl BHEUIHEMY HabJI0AATENI0 A5 PEITHKALHH CHCTEMBI.

B TO e BpeMs CTATHCTHUECKHH MOPAAOK CHCTEMBI MOXKET BO3-
pactars uaH yObIBaTb. JTO O3HAUaeT, UTO 3JHTPONHS MOXKeT BO3-
pactath wWau y6riBaTh. Takum 00pasoM, B peXHMe HapylLIeHHOH
CHMMETPHH cHCTeMa MOXKeT OHIThb xax 0o.aee, TaKk U meHee Ynops-
JoueHMOLL, HO 3aBelOMO 60.4ee CAOMCHOLL.

MoOXKHO NpeAcTaBHTh TeNepb MOC/JIEA0BATENBHOCTh (KacKaj) Ha-
pPYIleHHH CUMMETPHH — «3NH30J0B» OH(QYypKalin#, BbI3BAHHBIX CABH-
roM YHCJeHHBIX 3HaUYeHHH yNpaB/sIoOUINX NapaMeTpoB 3a AHCKpeT-
Hble MOpOTH; TOrAa BHEWIHHA HabJaoaTesb CTAHET CBHAETENEM
BO3HHKHOBEHHsI B HCCIelyeMOH cHCTeMe HOBBIX HepapXHUeCcKHX
ypoBHe#l, T. e. o6pa3oBaHHsl HOBBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
CTPYKTYP DAYKTYHPYIONIEr0 CTaTHCTHYECKOro TMopsijaka (3HTPONHH),
HO MOHOTOHHO BO3pacTaiollledl cJOXKHOCTH. UTOGBl MOCTPOUTH aJro-
PUTMBl MUHHMAaJIbHOH IJHHH, Ha0J104aTeJo NPUIAETCS B KOHIle KOH-
1os npuferaTb K «CKaTHIO» HJIN «abCTparHPOBaHHIO» BO BCe (OJb-
el cTemeHd MO Mepe TOro, Kak OH 6yJAeT NBbITATbCA ONHCHIBATH
CHCTeMy Ha BCe 60Jiee BBICOKHX HEpapXHUECKHX YPOBHSIX.

OcHoBHO# BOIpOC, KOTOPHI MBl OO6CyXlaeM HHXKe, COCTOHT B
TOM, J1O0JXKeH Ju HabJaoaaTe b 6blTb BHEIIHHM IO OTHOLIEHHIO K CH-
creMe. MosKeT Ji 3BOJIOLHOHHUpYIOLlasl cHCTeMa, NpPOHAs ompene-
JICHHBI 3Tam CBOEro PasBHTHsI, CO3JaTh YPOBHH «CHMBOJHYECKOH
AKTHBHOCTH», TeM CaMBIM cO3/laBast CBO¢ COOCTBEHHOE BHyTpeHHee
OTMHCaHWe ¥ CBOA COGCTBEHHBIH BHYTPEHHHH KOHTPOJL? Ecau 3TO
TaK, TO CHCTeMa CTAaHOBHUTCS «CaMOOpPTaHH3YolleHcs».

7.2.2. CTpyKTypHbie H GYHKUHOHAJLHBIE HEPAPXHUECKHE YPOBHU

Ha si3bike «oOuiel TeopHH CHCTEM» SA3BIKH SIBJASIOTCS Cpel-
CTBAMH, HCIOJb3YeMBIMH (6HOJOTHUECKHMH) OpPraHu3MaMH AJs UC-
caedosaHus, MOOEAUPOBAHUA, T. €. CO3JaHHs] BHYTPEHHHX OIH-
caHW#i OKpyKaloued cpeib W ynpasaends ew. «Oxpyxalouias
cpeia» MOXKeT BKJWuaTh B ceOsl NOJYaBTOHOMHBIE UAaCTH CaMUX
OPraHH3MOB B COOTBETCTBHH C CHCTEMOH OTCUeTa; «OpraHu3MbI»
CYIIECTBEHHO OTJHYaeT OT «3IKOCHCTEM» YCTaHOBJeHHe OOMeHa HH-
dopMaunell MeXAy pasJHYHBIMH UYaCTSIMH CHCTEMBl HJIH CIOCOG-
HOCTb «OTOGpaMaTb», T. €. YCTaHABJHBAaTb B3aHMHO OJHO3HAUHBIE
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COOTBETCTBHSI HJIH COOTBETCTBHSI «MHOIO — OJHOMY» MEXKIY CTPYK-
TYpaMH, 06pa3yioIUMHUCS BHYTPH OpTaHH3Ma.

BecbMa BaxHOe npelHasHaueHHe SI3bIKA COCTOHT B PEKYyppPeHT-
HOM COKpallleHHH HJIM OTPaHHUYCHHH BCE BO3pacTalolneil CJAO0MXKHOCTH
3BOJIIOUHOHHDYIOMIMX €CTCCTBCHHBIX CHCTEM H TeM CaMbIM B BLISIB-
JEHHH TOH «HH(OpMaUUH», KOTOpas BIOCJIEICTBHH HCIOJb3yeTCs
LJIs yupapiedus H onTuMuszauud. CaMa HH(OpMaIHs NOPOXKIAACTCS
NPOHCXONAIMMH B €CTeCTBEHHOH cHCTeMe KacKajaMu Oudypkaiui,
MOCKOJIbKY TaKHe NPOLECCH MPHBOAAT K HapYIIEHHIO CHMMETpHH.
Hapymenus cHMMETpHH YBENHYHBAIOT CJONKHOCTL CHCTEMEI, NOCJe-
JIOBATEJbHO YMEHbLIAA YHCJAO cTeneHeld cBOGOAL HOBBIX CTPYKTYD
(myTeM BKJIIOUEHHS] AAMbHUX KOppesasuuil). YeMm CcHIbHee cOKpa-
LIEHBl CTENEHH CBOOOALI, T. €. ueM GOJblle UUCJ0 OrpaHUUeHHH, CO-
JepKamuxcd B CTPYKType, TeM OoJblle AJHHA MHHUMAaJbHOH NpoO-
rpaMMbl, HeoOXOOMMOH MOJs1 «IOJHOTO» OHNHCAaHHsA cHCTeMBl [7.5].
Mo:xHO cKaszaTh, UTO MNOCJAEAOBATENbHOCTh HapyIIEHHH CHMMETpHH
COCTABJIACT <«HCTOPHIO® NporpaMmbl. Takum 06pa3oM, MHHHMaJb-
HBI aJrOpHTM — caMBIll JIAKOHHUHBIH «paccka3udnk». (B Tom ke
CaMOM CMEIC/Ie KOCMOJIOTHSI MOXKeT OBITh CBEACHA K MOC/eJ0BaTe/b-
HOCTH CEJEKTHBHBIX HEpPapXHUECKHX 3aMpeTOB, BO3HHKIIMX CO Bpe-
MeHH O60oJblIOT0 B3pHBAa.) BBUAY croab Gogblioro ob6bema OblIO
Obl BecbMa CKyYHO HasblBaTb $3BIKOM I[POCTO «MHOXKECTBO are-
PHOAMUYECKHX NOCJAeJ0BaTeJbHOCTEH CHMBOJOB, CTOXaCTHUYECKH HE3a-
BHCHMBIX, HECMOTPs Ha 3ajaHHble NpaBHJa IPAMMATHKH H CHHTAK-
cuca». SI3BIKH camu cjaelyeT paccMaTpPHBATb KAaK HepapXHUeCKHe
CAMOOPTraHH3YIOIIKHECs] CHCTEMBl, [ACHCTBHE H 3BOJIONHA KOTODBIX
3aBUCAT OT ¢8a3u (Uepe3 MeTJ]H YIOpexXJawlled CBA3H, HOCHTEISIMH
KOTOPBIX ABJSIETCH ONpedesaeHHass pa3sHOBHAHOCTb BHICOKOCHeUH(HY-
HOH HJIH KOHTEKCTyaJbHOH «(pepMeHTATHBHOH» AKTHBHOCTH) MEXKIY
(hU3HUECKUMH (3HEPTeTHUECKHMH) ¥ CHMBOJHYeCKHMH (HH{pOpMa-
[IHOHHBIMH) AHHAMHUYECKHMH IIpOLECcCaMH.

Ilentpanbuast mpo6/aeMa COCTOHUT B BEISICHEHHH TOTO, KaKHM 06-
pa3oM CHMBOJIHUECKHE B3aMMOJACHCTBHA «BO3HMKAWOT» H3 3HeEpre-
THYeCKHX HHTepnpetauuii. Muaue rosops, npobaeMa COCTOHT B CO3-
LaHMH urTepgheiica Mexay CTPYKTYpaMu Haulefl cHcTeMbl («amna-
paTypHoOll peanW3anud»), B KOTOPOH [AMHAMHKa OCYIIECTBJSIETCS
TOCPEICTBOM 3HepPreTHYeCKHX B3aHMOACHCTBUH, H ee (QYHKIUHSIMH
(«nporpaMMHBIM OGecreueHneM»), B KOTOPbIX JHHAMHKa OCYLIECTB-
JsieTcs MOCPeACTBOM MMOCJeA0BaTeIbHOCTH B3aHMO3aBHCHMBIX CHM-
BOJIOB.

MoxHo 6vl10 6Bl CKa3aTh, YTO Ha CTPYKTYPHBIX YPOBHSIX HAILIN
CHCTeMBl BelyT cefsl KaK «TEmJOBble [IBHTAaTENH», TOI/Ma Kak Ha
(G YHKIHOHAJAbHBIX YPOBHSIX OHH BeAyT cebsl KaK «IporpaMMupyeMble
HJIH CaMOIpOrpaMMHpYIOIlHecsi KoMmbloTephl». Ho ecan B cayuae
3HepTreTHUECKHX B3aMMOJAcHCTBHH Ha CTPDYKTYPHBIX YPOBHSX MO CY-
LIeCTBY MNOCTpOeHa KJacCH(pHUKAUMsA M JOCTHTHYTO I[OHMMaHHe
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(B TOH oGJsacTH, rlle OHH MOAUHHSIIOTCS KJIACCHYECKOH 3JIEKTPOMIH-
HaMHKe U KBAHTOBOH MeXaHHKe), TO NPHpPOJa CHMBOJHUECKHX B3aH-
MOJdeHCTBUH Ha (PYHKIHOHAJbHBIX YPOBHAX MOKa He yCTaHOBJEHA.
MEl Bce ellle He B COCTOSIHHH CKas3aTb, NIPHHAAJeXaT JH «rpaMMa-
THUECKHe» U «CHHTAKCHUECKHE» TpPaBHJIa, KOTODEE ONpeLessioT
B3aUMOJICHCTBHA MeXIy CHMBOJAMH, 00pa3ylolHMH «CJIOBA», H CJI0-
BaMH, 00pasyIOUIMMH <«IpeIJOXKEHHsI» (B pa3JHUYHBIX fA3bIKaX: OT
[pPOCTeflllero — reHeTHUeCKOro KOJa BIUIOTH A0 €CTeCTBEHHBIX «ye-
JOBEUECKHX» S3bIKOB), K UHCJY «3THsBJICHHE», T. e 0TOOpaxenui
KOJITEKTHBHBIX CBOHCTB (CBEPTOK 3HEPreTHUECKHX B3aHMOICHCTBHH C
GIAYKTYyanusiMH  OKpy2Kamwlllefl cpelbl, MPOUCXOASLIMMH B HHTEp-
defice — «Ha CTHKe» — «annapaTypHOH peaju3alUK» U «IPOTPAMM-
HOTO ofeclieueHHsI»), HIU OHU 00/1a1a10T TaK¥Ke HEKOTOPHIM BHYTpPECH-
HHM, He CBOJHUMBIM K APYIUM CBOHCTBOM.

Hanpumep, Mbl He NOHHMaeM, KaK «CHMBOJbI» H JTHCKDETHBIC
rpaMMaTHYeCKHEe M CHHTaKCHUECKHe MpaBH/a YE€I0BEUECKHX S3bI-
KOB CBSI3aHBl C OHCKPETHBIMH (HEHpOHHBIC IHKH, CHHANTHUYECKHE
MpOlLecCh) M HENpepbiBHEIMH (NJIaBHO MeHsIOUIHeCH MOTEHLUHaMbI,
D3T) xapakTepHCTHKAMH HEJHHEHHBIX 3JEKTPOXHMMHUECKHX B3aH-
MOMeHCTBHA MeXAy TIpynnaMH HeHpOHOB B pPa3JHYHBIX TKaHAX
Mo3ra, 00pasyIoILHX €ro «annapaTypHYyIO peaH3aluio».

B uacTHOCTH, eCJd TOBODUTb O MeXaHHM3MaxX CTPYKTYpPHO-GYHK-
HHOHaJBLHOTO HHTepdefica, TO CYLIeCTBYIOT JABa acleKTa, KOTOpbIe
OCTAIOTCsl HENOHATHBIMH. BrifepemM B KayecTBe NpHMepa TCHETHUe-
CKufl KOI. MBI HHUEro He 3HAaeM O TOM, ueM onpejenasiorcs (a) npo-
u38016HOCT6 1 (6) CAYYQLHOCT6 B MOCJAEJOBATEIbHOCTH OCHOBAHHH
8 JIHK, T. e. komGunanuu cumBosos (A —T) u (LL—T'), koToprie
B OCHOBHOM OIIpelelsiioT MOPQOreHeTHUECKYI0 NMPOUeaypy MOcTpoe-
Husi opranuama. Korsa Mbl TOBODHM, 4TO [OC/AEAOBATENbHOCTL
OCHOBAaHMH NpPOH3BOJbHA, TO 3TO O3HAuaeT JHILb, YTO HaM HEH3-
BECTHO, KaKuM OGpa3oM OHa BBLIBOJAUTCA H3 NPHPOABLI MOJEKYJsip-
HBIX CHJI, NeHCTBYIOLIUX MeXJy OTAcJbHLIMH OCHOBaHHSIMH.

C apyro#i CTOPOHBI, KOTJa MBI TOBOPHM O C/JIyuaHHOCTH, TO HMEEM
B BHAY, YTO €CJH HaM 3ajaHa I[OCJAeA0BATENbHOCTb, COCTOsiLIAf,
HanpuUMep, H3 MHJJHOHA OCHOBaHHH, TO MBl He B CHJaX npedcka-
3aTb, KaKasl MOCJeN0BaTeJbHOCTh GyleT chaeayiollefl. ITO O3HAyYaer,
4YTO MOCJEJ0BATENbHOCTh CHMBOJIOB T'€HETHUECKOTO KOJa «HECKH-
MaeMa». MBl He MOXKeM IOKa [pelJOXKHUTb aJTOPHTM, KOTOPHI# MO-
poxpaaJ OBl IOCAENOBATEJIbHOCT H3 N OCHOBaHHH B CTPYKType
JHK menee uem 3a N 1aros.

ITpo6.1eMa, 0 KOTOPOH HIAET peub, CTAHOBHTCS HeM3MepUMO Gosiee
CJIOXKHOM, ecJqH MepPelTH K eCTECTBEHHBIM (Ue0BEYeCKHM) SI3BIKAM,
TaK KaK y Hac HeT HH MaJeHiiero MpeAcTaB/JeHHsT O BO3MOXKHOM
OTHOLIEHHH MEXJAY TeHeTHUeCKHM KOJOM uYeJoBeKa H €CTeCTBEH-
HBIMH si3blkamH. Ilo rpyGuiM omenxkam [7.6] uHdopmanus, xpaHs-
masica B JJHK, nmo kpafiHedl Mepe Ha jaBa NMOpsiiKa MeHblie TOH,
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KOTopasi HeoOXOoAuMa JJisl ONMCaHUs HeHDOHHBIX CeTed B KOpe ro-
JIOBHOTO MO3ra ye/oBeka. [l03TOMy CyllecTBeHHYIO [0JI0 CTPYK-
TYypH (CHHAUTHYECKHX CBfi3edl MexkAy HeHpoHaMHu), a TakkKe QYyHK-
LMK KOPBI TOJIOBHOIO MO3Ta yesoBeKa CJelyeT OTHeCTH 3a CYeT CTO-
XaCTHYECKOTO B3aHMOJeHCTBHS MEXAY HOBODOXJICHHHIM YEJOBEKOM
H OKpYyXKawollleH cpeno.

B 3axJ/ioueHre HeOGXOAUMO 3aMETHTDb, UTO IpoGJaeMa TPHBHAJb-
HOTO CBeJICHHS1 SI3BIKA K €r0 MaTepHa/JbHOMY HOCHTEJIO — «amnapa-
TYpHOH peaJiu3allii» — OTHIOAb He KaXKercs HaM JerKOH: naxe
ec/H Obl HaM yAaJoch OCYIECTBHTb TAKYyIO PEAYKIHIO, lepell HaMHu
BO3HHK 6Bl KJ4CCHYECKHH (M BeCbMa TPHBHAJbHHIN) MIapapokc «4To
MOSIBUJIOCH paHbllle: KypHLIa HIH Aino?» Ilo HameMmMy MHeHHIO,
BO3HMKAMWIIAA 3/€ch TPYAHOCTb OTYACTH OOBACHARTCS TEM, YTO 6O0Jb-
IIHHCTBO JIoj el U pelleHHH POACTBeHHOH npobJeMbl «paclo3nana-
HHS1 06PA30B» CKAOHHBI NPHACPKUBATBCS «CTaTHUECKOH» Moxeau. Mul
npejjiaraeM HHXKe «IBOJIOHHMOHHYIO» MOJAE€/b B PAMKaX CymecTBYyIO-
[iel HelHE TMapajdrMbl HEPAPXHYCCKHX CAMOOPraHU3YOLIHXCA CH-
creM, B 3ToH napaiurme CTPYKTYphl HaunOoJjee €CTECTBEHHO NpeA-
CTaBJAAIOTCA yHcaaMH (uMdpaMH, CHMBOJAMH); HA0OOpPOT, CHM-
BOJIH, I'PAMMaTHKa M CHHTAKCHC IMpeACTaBJeHbl AHHAMHYECKHMH
npaBuiaMH, yNpaBJsIOIIMMH B3aHMOJCHCTBHAMH MeXAy He/lHHeH-
HBIMM (COCPENOTOYEHHBIMH H pacnpeiejeHHBIMH) «MOJdaMu» Koje-
6aHuil.

7.2.3. DBoAOLHOHHAR JHHTBHCTHYECKas MOJEJb: CHMBOJIBI H CTPYKTYpbI

CaMoopraHu3yiolllecsi CHCTeMBl B KOHLENTYa/JbHOM IlJaHEe MOXK-
HO PaccMaTpHBaTh KAK OTKPHIThle «IHPAMHAbI» HEPAPXHUECKH YyIO-
PSAAOUEHHBIX «IT1aTPOPM», KOTOPHE MOXKHO DPa3/leJUTh Ha IBE Ka-
Teropuu: sHepreTHYECKas W CTPYKTypHAs «annaparypHas peannsa-
nua» (H) u uHpopManuonHoe H (PyHKHHOHAJLHOE «NpPOrpaMMHOE
o6ecneyenre» (S). Pasymeercs, 10 Mepe NPOJBHXEHHS «BBEPX» Ka-
TErOpusi YPOBHS W3MEHAETCH, T. €. HEKOTOPHH YPOBEHb SBJAETCH
«YHKIHOHAMBHEIM» A/ HHXHHX M «CTPYKTYPHBHIM» I BEPXHHX.
JlanHas napa «alnapaTypHas peaju3allsi» — «porpaMmHoe oGec-
leyeHHe» coobliaercsi Mexay coboi caeayiounm obpazom. Cssisb
H— S nopoxjaer NEPEHOC KOJJEKTHBHbIX CBOHCTB IMHAMHKH B H
Ha ¢Qone ¢uaykryauuil okpyxapomed cpeis. Cpssb S— H mopox-
JaeT yIpaB/eHHe ¢ YIpeXJAeHHeM, Hak/ajblBaioliee OrpaHHueHHs
Ha guHamHKy B H. Jlas AMHaMHUKH Ha MOCJAE10BATEJbHBIX CTPYK-
TYpHBIX YPOBHAX XapakTepeH daykrynpymolui nopadox (Hu3Kasd
saextponusi). C Apyro# CTOPOHBI, MOCAEAOBATENbHBIC ¢$YHKIHOHAJb-
jible YPOBHH XapaKTepH3YIOTCA BCe BO3pAcCTAlOLlEd CAOXHOCT6IO
(BbiCOKOlI OpraHu3auHei # H36BITOYHOCTbIO) H OOBIYHO 6b6ICOKOL
suTponueii. CocyluecTBOBaHHE BBICOKOH H3CBHITOUHOCTH C BHICOKOH
3HTpONKEH, T. €. COCYIeCTBOBaHUe opearusayui H 6ecnopadka He
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TOJBKO HeH36eXKHO M HUUEeMY He NPOTHBOPEUHT, HO H B GOJIBIUIHMH-
CTBE CJyuaeB, KOTJa YHCJAO KOMIOHEHT CHCTEMEBI B NEpexOfHbIe HJH
MeTacTa6GHJAbLHEIC NEePHOALl ee XKH3HH (T. e. Ha INpPOTSKEHHH MOp-
dorenesa) OHICTPO BO3pacTaeT CO BPEMEHeM, K TOMY e MpPOCTO
HeOOXOAHMO. MEB He oOCTaHaplHBaeMCs 3AeChb Ha MNOAPOGHOCTSIX
(cM. mpuJjoxkeHne A), HO AJS HALIUX NeJell AOCTATOUHO HANOMHHMTH
COOTHOIIECHHE MEXKAY H3O6HITOUHOCTBIO R (f) u 3HTponued S(f):
S ()

R(z)—l—m, (7.2.1)
rie W (f)— MakcuMmaJ/JbHOe UYHCJIO KOMIJIEKCOB B CTAlHOHAPHOM
PaBHOBECHOM coOCTOSIHMM. 51 «anmapaTypHOil peasH3al{H», CO-
CTOfIllel, HApUMeEp, U3 MepPeKIIUATeNbHBIX ABYIO3HIHOHHLIX 3Je-
MEHTOB  («BKJIIOUEHO — BHIK/IIOUEHO»), W (f) ~ 2¥" rpe N(f)—
YHCJO KOMIIOHEHT; OpraHH3alis BO3HHKAET NPU YCJOBHH

dR
7>0a
HJIH
d N

T. € KOrfla MIHOBEHHBIH O6ecClIOpsiIOK B CHCTEMe BO3pacTaerT Mel-
JIeHHee, 4eM CKOPOCTb AKTHBAllMH HOBHIX KOMIIOHEHT B COOTBET-
CTBHH C INPHBEIEHHBIM BLILIC NpefesJoM. DTO O3HayaeT, YTO MBI He
MOXE€M YJyYLIHTbh OPraHH3alHIO, NPOCTO «BGpACLIBASI> HOBLHIE KOM-
IIOHEHTH B cucTeMy. HoBble KOMIOHEHTBI NOJKHBl YCTAHOBHTH Me-
KAy co00H H <«CTapbIMH» KOMIIOHEHTaMH VIOpPSIOUYeHHBIe («CHH-
XPOHH30BAHHBIC») COOTHOUIEHHS JHGO IIOJ BO3JEHCTBHEM KaKOro-TO
LEeHTPAJbHOTO «DHTMOBOJHTENA», JHOG0 Yepes CaMOOPraHHU3AMMIO
(cM. Takxke npuiaoxeHne A), B pesyJabraTe uero ycaosue (7.2.2)
OCTaeTCsl BLINOJTHEHHLIM. [MEl nmpeanosaraem, 4To AHHAMHKA CTpaH-
HOro aTTPaKTOpa MOXKeT OLITb BKJOYeHa B ycjaophe (7.2.2).]
Uro6bl HOHATH BHYTPCHHIOK CBSI3b MEXKAY «MaTepPHaJbHLIMH»
CTPYKTYpaMH H CHMBOJIAMH, HAM HEOO6XOJAHMO MPHHATHL BO BHHMaHHE
clejylolee: JefCTBHe CHMBOJIOB (KakoBa Obl HH GBLIA HX NPHpPOALA)
BCErja OCYLIECTBJACTCH uepe3 TEMIOPAJbHBIH, HJAH «IYJAbCHPYIO-
LIUHA», IYCKOBOH CHrHAJ, KOTOPHIH olpefetsieT KOHTEKCT. B Takux
CHCTeMax HH(pOpMAalus NpefcTaBJeHa MOCAeL0BaTeNbHOCTSIMHE IHPP
(ouenb yCTOHYUMBEIMH HMIY/JbCaMH), BBIOMPAE€MBIMH H3 HCTOUHHKA
«CHMBOJIOB». 3HAKH TPYUIHDPYIOTCS B KOLOBLIE CJ0BA (TOJbKO OIpe-
JieJIeHHble KOMOMHALMH CUHTAlOTCS] «3aKOHHBIMH» CJOBAMH — COOT-
BETCTBYIOLIHMH MNpaBHJIaM AaHHOH epammaruxu). B csow ouepedb
CJIOBA TPYNNHUDPYIOTCSt B (pelimst; 3HaUEHHE CJOBA 3aBHCHT OT €ro
110JIOKEHHA B (pefiMe U OnpeleJsieTcss Ha OCHOBe AAHHOTO CUHTAK-
cuca. UTo6Bl H3B/Ieyb WHQPOPMANHIO H3 TAKOH IOCHeN0BaTEILHOCTH,
HabmonaTeab (NIpPUHHMAIOUIMH CHCHaJ) [JOJIXKeH 3HaTbh, Korjia
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HAaYyWHAaeTCst KaxKAbl HOBBIH CHMBOJ, KaxJA0e CJOBO H Ka*KABH HO-
Buil ¢peiiM. IlosaTomy ycTaHOBJeHHEe HEOOXOAUMOTO OTCHeTa 6pe-
MEHU U CUHXPOHU3AUYUL MeXAY NepelaTYuKOM H IIPUEeMHHKOM HMeeT
nepBOCTENEHHOE 3HaUeHHe.

TakuMm o6pazoM, CYILECTBOBAHHE CAMONOAACPKUBAIOIINXCHA KO-
JefaTeNbHBIX CTPYKTYP Ha CTPYKTYPHBIX yPOBHAX («anmapatypHOH
peasH3aluu») ABASETCS 3BOJIOLHOHHOH NPEANOCHLIIKON AJIsT BOZHHK-
HOBEHUSI CUMBOJIOB/3HAKOB, AKTHBHOCTb KOTOPDEIX HMMeEeT CMBICI
(cosmaer koHTekcT). C OZHOH CTOPOHBI, CHMBOJBI CJIyXKaT CHIHA-
JIOM JIJIsi BO3HHKHOBEHHS CTPYKTYP, a C APYroH CTOPOHBH — Xapak-
TePUCTHKAMH, WM «METKaMHU», 3THX CTPYKTYD.

ITonmTaeMcst xoTsi 6bl B OGLIMX YepTaX [0Ka3aTb, KaKUM 06-
pa3oM MepeyHc/aeHHble BhILIE THIB AKTHBHOCTH MOTYT OHITh mepe-
BeJIeHH Ha sI3BIK JHHAMHKH. PaccMOTpHM (PH3HUeCKylO cHCTeMy ¢ N
rnepeMeHHBIMH: MBI MOXKE€M OIIMCHIBATh 3SBOJIONMIO CHCTEMH B He-
IIpepLHIBHOM BPEMEHH ¢ NOMOIIbI0 aBTOHOMHOH cHCTeMbl N CBSI3aH-
HBIX HeJHHEHHBIX AuddepeHnHaTbHEX YPABHEHHH

dxl.
— =l (x, %2, ..., Xy 1), (7.2.3)

rie HeJuiHelHble OMepaTOpbl B NPABBIX YACTAX MOTYT BKJIOYAaTh IpO-
H3BOJAHLIE 110 NPOCTPAHCTBEHHBIM mnepeMeHHbIM. CHCTeMy ypaBHe-
Huit (7.2.3) Mbl Gy1eM Ha3bIBaTh MOJEJBIO «peakuui ¢ nudoysueirs.
CuMBOJ p O3Hayaer napamerp (H/IH COBOKYIHOCTb NapameTpos),
OCYIIECTBJASIOMHNH CBSI3b MeXILy NepeMeHHBIMH X, X2, ..., ¥y U OK-
pyKamlleil cpeoH; n Ha3bLIBAETCS TaKXKe Ynpasisoujum, Wi ereul-
Hum, TapaMeTpoM. IlocieiHee HasBaHHE MNOAYEPKHBACT OTKPBITHIH
XapakTep CHCTEMBI K OOMeH sHepTHell MexAy Hell H oKpymXawiue#
cpenot.

CranuoHapHbie COCTOSIHHSI CHCTeMbl SIBJSIOTCST BellleCTBEHHBIMH
pelLIeHHSMH CHCTEMBbl ypaBHEeHH#H

dxi .
2 =0

HX YCTOMYMBOCTb 3aBHCHT OT napamerpa . [Ipeanonoxum, 4To CH-
cTeMa HaXOJAHUTCd B OJHOM H3 CBOHX CTaI_lI’IOHaprIX COCTOHHI/Iﬁ, )%
Hyc’l‘b 3TO COCTOdAHHUE 6yﬂeT YCTOﬁQHBbIM. TOI‘H,ZI BCJAEACTBHE CBS3H
MEXKAy BHEUIHHMY W BHYTPEHHUMH MHKPO(JIYKTYalHsIMH BHEUIHHH
napaMeTp 28 cCABUTraeTcsi 3a HeKOTOpoe KpHTI/I‘{eCKOG 3HAQUEeHHue ey
npyu nepexolle uepes KOTOpOE CTAIHOHapHOE COCTOsHHe, ObiBllee
paHee yCTOWUMBEIM, CTAHOBHMTCS HEYCTOHUMBBIM. JTO O3HAUALT, UTO
U3 BCeX COGCTBEHHBIX 3HAUEHHH (JMHEapH30BAHHON) MaTpHLBI B3aH-
MoJefiCcTBUSI CHCTeMbl 10 KpakHeld Mepe Yy OLHOrO NOSBJsieTCA M0JO-
KHUTeJbHAd BellleCTBeHHAsI 4acThb 7\,0 (TBM caMbiM COOTBeTCTBleHI,aﬂ
MOja, MM cOGCTBEHHAS (YHKLMSA, CHCTEMBI CTAHOBHTCS HEYCTOH-

9HUBOH).
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1 mpocTOTHl MPEANONOXKHM, YTO TOJBKO OJHA MoAa (M3 MHO-
THX cHOCOOGHBIX BO36YXKAAThCS OLHOBPEMEHHO B CHCTeMe) CTaHo-
BUTCS1 HeycTOAuMBOH. [IpeANoNoKHM TaKKe, UTO 3Td BO3OYKAEHHAs
MOJa XapakTepH3yeTcss MHHHMaJbHHIM KO3(D(HUHEHTOM 3aTyXaHHs

L
tAol ?

MJH 4TO ee aMIIMTYyJIa Eo(f) u3MeHseTcsa MelJeHHee BCEX OCTalb-
HBIX {YCTOHUHMBEIX) MoOA. B 3THX YCJOBHAX MB MOXKEM BOCIIOJb30-
BATbCH «MPHHIIUIIOM MOAUHHEHHS» [7.7] M BHIBECTH OPUOIHKEHHOE
yTBEpKAECHHE O TOM, uTO BO3OYXKIeHHad MelJeHHad Mojaa ajaxalba-
THYECKH MNOJAaBJsieT GBHICTpble YCTOHUHMBBIE MOJAB M ONpelenseT Xxa-
pakTep MPOCTPAaHCTBEHHO-BPEMEHHBIX CTPYKTYp 3a IOpOTOM He-
yeroftunpoctd. Cienyst XakeHy, Mbl Ha3biBaeM 3Ty AOMHHHPYIOLILYIO
cOOGCTBEHHYI0 QYHKUHIO «I1apaMeTpOM IOpAAKa».

HUtak, MBI BHAMM, UTO MO KpafiHe#l Mepe B pacCMOTPEHHOM BHILIE
TPOCTOM cJyyae CTPYKTypa IOJHOCTBIO ONpeRessfercsl YHCAEHHBIMHU
3HAYEHHAMH (MJH IBYMsl 3HAKaMH/CHMBOJAaMH) 08yX IapaMeTpoB:
KPHTHUECKHM ([OPOTOBBIM) 3HAaueHHEM [, YTNpPaBJAsOUiero mapa-
MeTpa (OTBETCTBEHHOI'O 32 3allyCK OH(PYPKALMH H ONpelesioLiero
MCTOPHIO HJIM KOHTEKCT) M KBa3HCTATHUYECKOH aMIUINTYLOH «mapa-
MeTpa MOpSAAKa» £y, OT KOTOPOH 3aBHCHT NOBEJCHHE HOBOH CTPYK-
Typbl. IlosiB/ieHHe TOMBKO 00H020 NapaMeTpa MOpsAKa MO3BOJSET
PE3KO MOHH3UThL YHCJIO cTeleHed cBOOOJABI CHCTEMB HA CJIEAYIOLIEM,
Gosiee BBICOKOM YpOBHe. DHTDOIHS IOHHXKaeTcd, TaK Kak pasbue-
HHe Ha 6oJiee BHICOKHX YPOBHSIX BBIpOXKJAaeTcd B §-QYHKIHIO, HO
IpH 3TOM Ml He Ha6MI0JaeM Yy CHCTEMbl BO3HMKHOBEHHsS HH (YHK-
IIH, HU CJOXKHOCTH.

Camu mapaMeTphl MOpPsiAKa YAOBJETBOPSIOT HOBOH cHCTeMe IH(-
GdepeHuHAJbHBIX YpaBHEHHH, XapaKTepU3YIOUIHX TO, YTO MPOHCXO-
JMT Ha HOBOM HEPApXHUECKOM YPOBHE; 9TH yDaBHEHHS HE HMEIOT
HHKAKOTO OTHOMHICHHA K QMHAMHKe Ha IpeAbAyieM (6osee HH3KOM)
ypoBHe. Jlo CHX MNOp MBI TOBODHJIH 00 OTHOIIEHHH CUME01G H
CTPYKTYpol. A UTO MOKHO'CKa3aTb O TpPaMMaTHKe M CHHTAKCHCe?
K coxaJjeHHIO, 3Jech [Oeqo He Bcerga {(a B JAeHCTBHTENbHOCTH
KpaliHe peiko) OGCTOMT TakK IIPOCTO, YTO Mepel HaMH OTKPLIBAETCA
BO3MOXHOCTb IPHUMEHEHHs] «NpHUHIHIA NMOJUHHEHHA» HJH «anHaba-
THUYECKOT0» HCKJ/IOUEHHs] GEICTPBIX YCTOHUMBBIX MOJ.

B ofmeM ciayuae 3a IOpOroM IIOTEPH YCTOHYHBOCTH OJHOBpe-
MEHHO BO36YXKIAIOTCS MHO20 MOJA C GJM3KHMH IO BeNHUHHE KO3(-
(uiMeHTaMH 3aTyXaHHs M (3aBUCAIIMMH OT BPEMeHH) aMILIHTY-
nAaMH. OTH MOAB ABJISIOTCS HE3aTYXaIOUIMMH HEJHHeHHBIMH KOJe-
GanusiMu (COCPEIOTOUEHHBIMH MJIHM paclpeleNeHHBIMH), KOTOpHE
KOHKYPHPYIOT MexXay coGofi. B pemleTke no kpaifiHe# Mepe IBYX
W3MepeHHH 3TH Hepery/aspHbe OHEHHS MOTYT IPOAOJINKATLCSA
ycTodunBO M 6e3 3aTyxaHMsi; CTPYKTypa MNpHHHMaeT ¢GopMy
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MHO20M0006020 HeNMHERHOTO COCPELOTOUECHHOrO HJH pacnpejeeH-
Horo ocuuaasaropa [7.8].

B 3aBHCHMOCTH OT NMOPOTOBBIX 3HAUEHHEH KO3()(HIHEHTOB CBA3H
(YUpaBJsiomHEX NapaMeTPOB) W, MHOXKECTBA (cpefHeKBaApaTHu-
HBIX) aMIIATYA & BO30yXKJAEHHBIX KOHKYPHPYIOUHX MOX M Habopa
MHHMBbIX yacTedl COOCTBEHHBIX 3HaueHWH (IIOPOTOBHIX 3HAYEHHH dHa-
CTOT €2) BO30OYXIEHHBIX KOHKYPHUPVIOUIHX MOJA MBI MOXKeM Ha6Ji0-
0aTh y TAKOTO MHO20MO0006020 HEJHHEHHOTO OCIHJIATOpPA MHOTO
HeOOLIYaHHO HHTEpeCHBIX JHHAMHUYECKHX peXuMoB. [lepeuncanm
KpaTtko HauboJee xapakTepHble M3 HHX H collleMcs Ha 6oJee noJ-
HbIl 0630p [7.9].

a) IHoanwui saxsar

Ecay uactoThl Q KOHKYPHPYIOUHX MOJ (KOTOpble MOTYT G6BITb
OnpejeseHbl N0 £ H u) AOCTATOYHO GJAH3KH M AMILTHUTYABl £; HEKO-
TOPBIX H3 HHX MNPEBHIIAIOT ONpefesJeHHBH IIOpOr, TO MOXKET Mpo-
H30HTH CIIOHTAaHHOe CJHsHHe (3axBaTt) OTIeNbHBIX yacToTr. Ilocae
TOTO, KaK 3TO NPOHCXOAHT, BCs CHCTeMa KoJebsaercs ¢ OLHOH (yH-
JaMeHTaJbHOH (KOMOHHHDOBAHHON) u4acTOTOH, KOTOpas MOXKeT
(B 3aBHCHMOCTH OT HHTEHCHBHOCTH H TOINOJIOTHH CBSI3H) KoJeBaThCst
OT CpegHero apH(pMeTHUECKOTO

K

2, @

i=1
K

A0 CpeAHero reoOMeTpH4YeckKoro

(£0)"

HJIH TNpHHHMAaTb 3HadycHHE, paBHOC CpCAHCKBAApaTHYHOMY (B3Be'

LICHHOMY) 4acTtoT
K 1/2

> 507

i=

N
P
i=1

raie K-—uHciao BO36GY:KIeHHBIX MOXA. Takof pexXHM, HECOMHEHHO,

npeiacrapjsier coboii caMoopraHusainiio, HO OoJbllle HaNOMHHAeET

«KPHCTAJNTH3AIHIO», OCYLIECTBJAsIeMYyl0 OpPH TpocToM (a3oBOM me-

pexolle MepBOTO WJH BTOPOrO poja.

Bo3HUKAIOWHKHA peRUM OTJIHYAETCS BLHICOKHM NOPAAKOM (MaJjoi
HTpoNHel), HO HeGOJBLIONH CJOXKHOCTbIO. MB NpOCTO KOHCTATH-
pyeM mosiBAeHHEe OJHOIO «THIEPCHMBOJA®, T. €. OJHOTO Napamerpa
nopsiaka, U Bce. MexJy TapMOHHKaMH OTAEJbHHIX HeJHHEeHHBIX
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OCLUJJISITOPOB MOTYT BO3HHUKaTb GUEHHUS, HO MBI NpeArnoJaraeM, 4yTo
B DaccMOTPEHHOM HaMH HJEaJbHOM cJy4ae OHH CBOASTCA K HEKO-
TOPOMY LIYMY — «LIUIEHHIO» HJIH «XKYXKIKAHHIO», CJErKa BO3MYIILA10-
1eMy THIEePCHMBOJL.

6) Yacrorreii 3axsar, 4acruinas («0ep2arouiaicay)
CUHXPORU3AYUA

310 GoJee peaJuCTHUeCKHH caydyall. Mbl cHoBa HaGJmojaeM HpH
pasJUYHBIX KOMOMHAUUAX YUCJIEHHBIX 3HAUeHMH NmapaMeTpoB pw H §
pa3zbueHHe MHOXKeCTBAa OCUH/JISTOPOB HA HECKOJbKO (mycTb A)
rpynn. Tak Kag OCUMJAJATOPB B KaXKJAOH IpyIlle CHJIBHO CBA3AHBI
MeX1y cOGOH, NMPOMCXOLHT 3aXBaT YacTOTBl, H Mbl MoJdydaeM A
CHUMBOJIOB (A «JIOKaJ/JbHBIX» [apaMeTPOB I[OPSAAKA — O UHCIY
rpymnm).

Pasnuunble rpynnel cesizaHbl Mex Ay co6Gofi ciabo, H NO3TOMY
MEeXKAY HHMH YyCTaHaBJHBaeTCsl «Jepramouascsa» CHHXPOHH3AlHud,
T. €. BO3HHKaeT HEKOTOPBHIH Habop THOKHX yHOpAAOUYEHHBIX IO Bpe-
MEHH pEKYypPPEHTHBIX COOTHOLIEHHH, KOTOpble MOXKHO paccMaTpH-
BaTb KaK CBOEro poia NPHMHTHBHBIE «IIpaBH/Ja rpaMMaTHKH». Ta-
KUM o6pasoM, Mbl HabJaiojgaeM MOSBJEHHE MHOTHX, 4 HMCHHO

Al AZE AP L AM=A(AY — DA —1)

«CJ10B» aauHoit oT 1 6uta 1o A 6utoB (A > 1).

8) Xaoc

B ofmem ciayuae MexAy BO3OYXKAEHHBIMH MOJAMH BO3HHKAIOT
OucHUs (Kak MEXKJAY mapaMH OCHOBHBIX YacTOT, TAK H MeXLy BCeMH
BO3MOMKHBIMH TapMOHHKaMH H cy6rapMoHukamu). B pesyabTarte
TaKHX B3aHMOAEHCTBHH KOHKYDHDYIOILIHE MOABI CHCTEMH MOTYT OKa-
3aTbCsl MOAABIEHHBIMH (KIIOTAIIE€HHBIMH»), BO36YKAEHHBIMH («pPOXK-
JaeMOCThb» M «CMEPTHOCTb» MOJ 3aBHCST OT HAaGOpOB HapaMeTPoOB
{u} u {&}), yacTHYHO 3axBaueHHBIMH B TPYIIbl, YaCTHYHO CHHXPO-
HH30BAHHBIMH MEX1y HEKOTOPBIMH TpYNNaMH HJH, HaKOHel, CBO-
GOIHEIMH.

BosHukalomas akTHBHOCTb, IIOPOXKJAAIONIas alepHOfHUecKHe He-
3aTyxamoliue NPOCTPAHCTBEHHBIE H BPEMEHHBIE KoJeGaHHS, Ha3bl-
Baercsi «TypGyJEHTHBIM Xa0cOM» (AJsi BO3HHKHOBEHHs TAKOTO Xaoca
B J1efiCTBUTENbHOCTH JOCTAaTOUHO GHEHHSI Tpex HECOH3MEPHUMBIX Ha-
ctoT). Ecau cTauuoHapHble COCTOSIHHS 3aJalOT B NMPOCTPAHCTBE CO-
CTOSIHHE TOYKH, a MNpeAe]bHble LHK/Ibl — 3aMKHYTHE YCTOHUHBBIE
(mepHOLHYECKHE) TPAEKTODHH, TO AMCCHIIATHBHEIH XaoC XapaKTepH-
3yeTcss OAHHM HJH HECKOJbKHMH «CTPAHHBIMH aTTPakTOpaMmuy», T.e.
KOHEYHBIMH IJIOWIAASIMA H/JIH 3aMKHYTHIMH OGbeMaMH (KOMIIAaKT-
HBIMH MHOXKeCTBaMH), NMPHUTATHBAIOIIUMH BCE€ JOCTATOYHO GJIHU3KHE
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TPaeKTOpuH. BHYTPH CTpaHHBIX aTTPAaKTOPOB TPAEKTOPHH HE mepe-
CEKAlOTCH, 8 CXOAATCHA # IKCNOHEHUHMAJbHO pacxoasitcst. Takum o6-
pasoM, mepeil HaMH BO3HHKHOBEHHE KBA3UCTOXACTUYECKUX CTPYKTYP
KAaK 3BOJIOLHOHHBIX CJEICTBHH H3 aBCOIIOTHO JeTepMHHHCTHYECKHX
HesmHEeRHKX AH@@epennnalbHbX YpaBHeHHH, KOTOpble OIHCBIBAIOT
KJACCHUECKOEe 3JICKTPOMATHHTHOE H KBAHTOBOMEXaHHUYECKHE B3aHMO-
dedcrrusl

Ecin oTieubcs or Bcero (06pasoBaHusi CHMBOJOB H FpaMma-
TUYECKHX NIPABH/I), TO SI3BIK XaPaKTepPH3YeTcs CHJAbHO anepuoduye-
CKUMU TIOCJIE0BATENbHOCTAMH CA08; 3TO HABOAUT HA MBICJAbL O TOM,
4TO 115 (QYHKOHOHAJbHBIX MPOSABJEHHH sI3bIKA HEOOXOAMM HEKOTO-
pBii «caabo» TypOyaeHTHBIH xaoc (10 KpafiHed Mepe Kak Y3KOIO-
JIOCHOTO UIyMa) Ha YpPOBHE <«anmapaTypHoH peadusauud». B ua-
CTHOCTH, «CHHTaKCHC» (o KpadHeHl Mepe B HEKOTOPHIX IIpPOCTHIX
cayyasix) yjlaercs MOJeNHPOBAaThb KaK INpaBuia MOCTPOEHHs alle-
pPHOJMYECKOH MapKOBCKOH LENU COCTOSIHUH. ODJEeMEHTHl MaTpHLbE
BEDOSATHOCTEH Iepexola, a Takxke (M3MEHSIONAsACsd BO BPEMEHH)
34CEJNEeHHOCTh COCTOSIHUA TOJY4aloTCA KakK CJAEACTBHS aAHTATOHHCTH-
UECKHX KOHKYDEHTHBIX IIDOLECCOB («HIP»), NMPOBOAHMBIX HHAYK-
THBHO B3aHMOJCHCTBYIOLIUMH MoAaMH. [lpaBuaa «coCTs3aHHH»,
Onpejesiioline JOTHKY 3THX HHAYKTUBHBIX HIP W MAaTpHUIY Iepe-
X0j4a, 3ajawTca Habopamu napamerpos {u} u {&}.

C 6osece (opmanbHOH TOUKH 3DEHHST Mbl MOXKEM 3aHHMATbCS
NOHCKOM <«CHHTAKCHUYECKHX TIPABMJ», YIPABJASIOLIUX XaoCOM, HC-
CJAeAysl NOC/AeL0BaTCJIbHOCTb NEepeceueHull ABHKYLIeHCS TpaekTopHU
¢ ceucnueMm IlyaHkape, T. e. ¢ CceyeHHeM MHOroofpasHsi B Ipo-
CTPAHCTBE COCTOSIHHE IJOCKOCThbio. MTepupys takoe orobparxkeHnue
NpH DA3JIMYHBIX 3HAYCHHAX YIPABJSIOIHX NapaMeTpoB, MBl MOJY-
yaeM OeCKOHEUHOC MHOKECTBO IMEepHOAMUYECKHX H aNepHOAHUYECKHX
TpaekTOpHH (MM noc/jedoBaTeJdbHOCTEH HyJell M eAHHHI), 3aMe-
Hgomee caM ciHtaskcuc. (He Bce BO3MOXKHble MOCI€A0BATEIbHOCTH
JONYCTHMDbI; (DHJALTPYIOUIHM MeXaHHU3MOM, yCTaHABJIUBAIOLIHM CHB-
TAKCHUYECKHE NIpaBHIa, ABJsdeTCA GopMa OToGpazKeHHs.)

Hrak, pesiomHupyeM ckazaHHOe B 3TOM pasiene. Kaxkaoll cTpyk-
Type Ha YPOBHE «annapaTypHOH peasH3diiH» MOXKHO IIOCTaBUThb
B COOTBETCTBHE HCCKOJbKO CHMBOJIOB, KOTOPHI€ MOXKHO pa3/e/HTh
Ha JBC KaTEropuH: «IPEACHMBOJIOB» H «IIOCTCHMBO/OB». [IpeacHMm-
BOJILI 06pa3yl0T MHOMKECTBO IOCJeA0BATEJIbHHIX KPHTHUECKHX (mO-
DPOTOBBIX) YHMCJCHHBIX 3HAUYeHHH YNpaBJAAIIEro lapaMerpa, 3amy-
CKaIOIIUX COOTBETCTBYIOLIHE MOCJAeA0BaTeNbHOCTH OUdypKaluull, KO-
HeUYHbIM INPOAYKTOM KOTOPBIX fBJsIeTCS] HapylleHHE CHMMETPHH H
KaK CJeACTBHe — paccMaTpuBaemasi cTpykTypa. Yem 6oJgee ab6-
CTPAKTHA CTPYKTypd, TeM OoJiee [JUHHAS IOCJEA0BATEIbHOCTh
NpeACHMBOJIOB HEOOXOAHMA AJI5 OUUCAHHUA (U COXpaHeHHUSs) HCTODHH
€€ 3BOJIOLHH. MOXKHO CKasaTh, UTO MHOXKeCTBO INPEJCHMBOJOB fB-
JSIeTCsl KOAOM THIA «34CTEXKKH-MOJHHH» JaHHOH CTpyKTypbl. [lo-
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cJIeIoBaTEeNbHOCTb NPEACHMBOJIOB UHCTO cJAyuyafiHa, T. €. HEeCKH-
Maema. Lcaum MHOXKecTBO NpeicHMMBOJIOB obpasyer adpec CTPYK-
TYPBI, TO MHOXKECTBO IIOCTCHMBOJIOB 0O0pasyer ee «yIOCTOBepeHHE
JHUYHOCTH» HJH, TOUHee, «JaKTHJIOCKONHUECKYIO KapTy». [as pac-
CMaTpHBaeMOH CTPYKTYpBHl MHOXKECTBO IOCTCHMBOJOB COCTOHT H3
AMIUIMTYA TPYNI «JOKaJ/JbHBLIX» MapaMeTpoB MOPAAKA.

ODTHMH JABYMs MHOXeCTBAMH moporonbix 3HaueHuidl {p}, {&}
0AHO3HAYHO OMnpeaeasioTcsi GYKBH, IpaMMATHKA M CHHTAKCHC pac-
cMaTpHBaeMOH CTPYKTyphl (cM. pasa. 6.5). Takum obpasom, obpa-
3yIOUiMe NHpPaMHLY napel CTPYKTYpHO-(DYHKIHOHAJILHBIX YpPOBHeH
pacroJarainTcs MeXK1y JABYMsi YPOBHSIMH: MHKDOCKOIHUECKOrO pas-
HOBECHOTO TeNja0BOro lepeMellHBaHHs, B KOTODOM «HHYEro He Mpo-
MUCXOAHT» (IoJHAss CHMMETPHS, MHMHHMaJbHasi CJOXKHOCTb), H MaK-
POCKOIHUECKOTO paBHOBECHS — MOJHOCTBIO Pa3BHTOTO TypOyJeHT-
HOTO Xa0ca, B KOTOPOM «IIOUTH BCE€ BO3MOXKHO» (HapyllleHHe CHM-
METPHH, MaKCHMAaJbHasi CJOXKHOCTB).

Ha tom ypoBHe, rie 1eablo siBAseTCs NOALep:KaHHE rOMe0CcTasa,
CHCTeMa JAOJDKHA GHTH BHICOKOYNOPSZOUeHHOH H obJaajaer cpaBHH-
TeJbHO HeBOJBIIOH CJIOXKHOCTBIO. XOPOLIHM TOMY NPHMEPOM MOXKeT
CJAYKHTL cepiue: OHO (YHKUIHOHHpYET, coBeplllas PHTMHUECKHE CO-
KpalleHusi H COOTBETCTBHH C INpeAe]bHbIM LHKJIOM, H I[EPEXOAHT
B INepeMeXalolHAcs peXHM TONbKO HpH (QHOPHJLISLHH.

C 1pyroél CTOpOMBI, HA TOM YpOBHE, II€ LeJbI0 ABJAETCA Ha-
neknass o6paboTKa CHTHAJO0B, CHCTEMA [10JKHa OHTb Heynopsio-
YEHHOH H OUEHb CAO0MHOH. ITO XOPOIIO BUIHO Ha NpHMepe KOpH
roJIOBHOTO Mo3ra uesoBeka. DI mpakTHuyecKH XaoTHUHA IIPH BhI-
MOJIHEHHH HMHTEJJIEKTVaJbHBIX 3aJaHHil M B 3NH301aX OHBICTPOTO
cna {«BwicTpoe ABHXKeHHe rya3d»). CHJIbHO YNOpsiIO4YeHHas, CHH-
xponnzoBangas 3T ykaswiBaeT Ha TO, UTO 4eJOBEK OOJIEH 3MHJIEMN-
cHeH, ero MO3r-— OueHb HEeCOBEPIIEHHBIH Mpoleccop H MNJI0XO0
cnpanasgercs ¢ 06padoTKoH HHMOpMAalLLHH.

7.2.4. Hepeuwrennbie npoGiempl: cBSI3b MEXAY ABYMS
HEPAPXHUUECKUMU CHCTEMAMU

SI3bik onpeneJssieT KOTHHTHBHblE NyTH OHOJOTHUECKOTO OPraHH3-
mMa B Mupe. OH NMopoxaaeT H BB1a€T MHOTHMH clocO6aMH, KOTOPHIE
IJJOXO TOHATHB M He MOJJMAI0TCA BOCIPOHM3BEJICEHIO HH aHaJHTHYe-
CKHMH cnocof6aMHi, HH C IIOMOILILIO COBPEMEHHBIX KOMILIOTEPOB,
OTPOMHOE KOJHWYECTBO aJbTEPHATHBHLIX alepHOAMYECKHX [0CJe10-
BaTeJbHOCTEH CHMBOJIOB («THIIOTE3»), KOTOPble OpraHu3M Koppe-
JUPYeT ¢ JAHHOH IMOCJNe10BaTEJbHOCTLIO CHIHAJOB, NOCTYNAIOIIHX
K HeMY H3 OKpV¥KamlueH cpeibl (3TH curHaJjbpl OPralusM BOCIPH-
HuMaet, ofpabaTbhiBaeT H KOAHDYET Ha OCHOBE II0KA HEHU3BECTHBIX
KPHTEPHEB NPUHATHSA DelleHHH) H, HaKoHel, HHTEPIPETHPYET C ILo-
MOLIbI0 Haubojiee BepOSITHOH «MOIEIbHOM» II0CJIeA10BaTeJbHOCTH,
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KoTopast o6pasyeT ¢ mocTynawlieil Ha BXOI MOC/Je10BaTeIbHOCTHIO
HAaHOOJBIYIO KOPPESIIHIO.

Kak pasBuBalOTCsl BO BpeMeHM si3bIKH? [To-BuauMoOMy, pasBuTHe
SI3BIKA TIPOHCXOJHT NMYTeM «OWHOOK», T. €. TONOJHEeHUS HJAH HCKJIO-
QEHHS KAKHX-TO CHMBOJIOB, HJIH NYTE€M H3MEHEHHS CTOXACTHYECKOH
B3aHMO3aBHCHMOCTH MeXKAY CHMBOJAMH (HJIH NYTeM H3MeHEeHHS
2JIEMCHTOB MAaTpPHUBl BepPOSITHOCTEll nepexoja B MapKOBCKOi mnapa-
aurMe). Kopoue roBops, si3bIKH Pa3BHBAKOTCS, CJeLYIOLIHM o6paszom
MOAHOGHUHPYS CYIIECTBYIOIIle XaOTHYECKHe OTOGPaKEHHUS.

OundKH, 0 KOTOPBIX HJAET peub, HOCAT CAYUalHBI XapakTep, HO
OHH HEOLUECHHMBL. «bBe30mnboyHEIl» A3BIK He pa3BHBAETCH, TAK Kak
OH H& B CHJAX CIPABHTBLCA C CO3JaHHEM «CKATHIX® OIMHCAHHH
GBICTPO H3MeHsIIOLIelics OKpyzKalomell cpeisl. (SIpkuM mpumepoMm
MOZKET CJAYKHTb [OJAaBJIeHHe AKTHBHOCTH HMMYHHOI CHCTEMBI,
UMEIEeH MHOro obIlero ¢ eCTeCTBEHHBIMH SI3BIKAMH.)

LIeHHOCTb «sI3bIKA C OWIHOKAaMH A5 BBIKHBAHHS JIy4llle BCEro
MOXHO TNPOJAEMOHCTPHPOBATH Ha INPHMEPe CBSI3H MEXKIy ABYMS
KOHKYPHPYIOIIHMH OpPraHH3MaMHu (00pasyoIHMHI CHMOHOTHYECKYIO
napy «XO03sHH — napasut»). Kamxaefi naprtaep, yuacTByouuii B
3TOH Hrpe, MBITAETCH NEPBHIM «Pa3rafaTbh» KO NPOTHBHHKA, YTOGHI
JOGHTBCST MAKCHMA/BHOTO CXKATHSI pernepTyapa pe:KHMOB MOBeAEHHs
NPOTHBHHKA H T€M CaMBIM IIOJYUHTh BO3MOMKHOCTb IPeICKa3bBaTh
3TO NOBEACHHE H YNPaBJsTL HM. B To Ke BpeMsi HrPOK MNbITaercs
«00MaHyTb» NPOTHBHHKA, YBEJHUYHBAS CJOXKHOCTb CBOErO MOBee-
HHUSL HJH DaHAOMH3HPYS €ro.

[TepBoe TpeGoBaHHe MOAEAHPYeT BOSHHKHOBEHHE MHOCHX aJb-
TePHATUBHEIX aNePHOANYECKHX IOCAeA0BATEILHOCTEH COCTOSAIHE H
NPHBOAHT K Xa0Cy HA KOUHHTHBHOM ypoBHe (C) paccMaTpHBaeMoro
OpraHuHsMa, B TO BpeMsl KaK BTOpOe CIIOCOGCTBYET YCTAHOBJEHHIO
Xaoca Ha ero IoseieHdeckoM yposue (B). dtu asa TpeSoBanus
NPOTHBOPCYHBLl, H IMPOLECC MOMKET 3aKOHYHTBCS MNPOUCPHIUIEM
«00enx ctopon». [leficTBUTeIBLHO, €CIH OAHH NMAPTHEP <«UYPe3MepHO
pPaHIOMU3HPYET CBOe MOBe/IeHHe Ha YPOBHE B, TO ero MpPOTHBHHK
He CMOXKET pAaclo3HaTb CTOJb CJOXKHOE IOBEIEeHHE H Iepecraer
[OCBLTATL MYCKOBRe curHanab. CBa3b (cumbu03) OKameTcs BO3-
MYI[EHHOH H 3TO MOKeT OTKPLITb MyTb MaToreHHOCcTH. Takum obpa-
30M, MPOLECCOP CO CTOJb CTOXACTHYECCKHM IOBEJICHHEM DHCKYeT Ha-
PYIUUTb CBOH COGCTBeHHBIH romeoctas. C ApYrofi CTOPOHBI, €CJH
napTHep Ype3MepHO YBJEUETCs paHAoMusauuefi Ha yposHe C, TO
KOJ €ro TpOTHBHHKA OyaeT OBICTPO «pasrajan», H AaJjbHelIIHi
omnpoc maptHepa npexkpamaerca. M B sTom cayuae cum6uo3 mnepe-
cTaeT cyllecTBoBatb. Kpome toro, mapTHep — oG1azaTeqb CTOJb
CTOXACTHYECKOH KOTHHTHBHOH CTDYKTYPBI PHCKYET OKA3aTbCs He
B COCTOSIHHH OOHAPYKHTb M HCIPABHTh OWIHOKH B MpoOIecce AEKO-
auposanus. CienoBaTenbHO, mpofaeMa KaxKJoro OpraHHaMa co-
CTOUT B HAXOXK/ICHHH KOMIIPOMHCCA MeXKAY IOMeOCTa30M H Halex-
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HLIM TIPHEMOM CICHAJ0B OT NapTiiepa, HeoGXOAMMOro Aasi Moijiep-
Kanug cuMOI03a N BBHIUIPLIIA BPEeMEHH 118 00y4exus, KOTOpOe
CONIPOBOK14€TCs1 BOSIIKHOBEHHEM HOBBIX, 60Jee aGCTPaKTHBIX KOT-
HUTHBILIX YPOBHEH.

Taxkum obpasom, cBssp npeicraBasieT coGofi nepexoaHbH 1mpo-
liece, HaNpaBJeHHBbI (4epe3 HTPY Mex1y CHCTeMaMl) Ha CO3IaHie
U 34NOTHEHHE «ANKEeTLl», KOTOpasi B KOHIle KOHIIOB NO3BO.sET pas-
rajarse KOA NPOTHBHHKA H HAIEIKHO NPeICcKasaTb ero NoBeieHIie B
Oyaymem. To, 4TO MBI Ha3bIBaeM <eCTECTBEHHBIM 0T60POM>», OTHO-
CHTCSl K pas3JHYHBIM NPEHMYLLeCTBaM, KOTOPBIMU o6JajaeT B.jaie-
JIe1l sI3blKa, CNOCOOHOr0 OOHApy:KMBATh H HCHPaBJATL OUIHGKH je-
KO/UpOBAHHs NyTeM NpeBpallenHs] MUHHMAJBHBIX KOJHYECTB 3Hep-
THH B MAKCHMaJbHble KOJHYeCTBa WHMOPMALHH 34 JauHbil Bpe-
MEHHOH HHTepBa.Jl.

Kax 6nicTpo MoxKeT passBuBaTbeA SA3LIK, YTOGH 010JETh GEICTPO
SBOJIONHOHHPYIOMIET0 NMPOTHBHHUKA? CyIeCTBYIOT OTpaHHYEHHS, HJIH
IIpeJe/Ibl, DA3BHUTHA, CBA3aHHble C <«alNapaTypHOH peajausanueii»
chcreMbl. JIJsi KaxI0To OpraHH3Ma 3T Tpefedhl ONpelessioTcs
K/JICTOUHBIMH (HEHAPOHUBLIMI) GHOPHTMAMH, YNPAaBJSIOUIHMH CHHTe-
30M GeJIKOB M JAPYTHX MAaKPOMOJIEKYJ (TOPMOHOB, HefipoMeanaTo-
POB), KOMIJIEKCH KOTOPHIX CJy’KaT 3JeMeHTHOH 6a3ofi anmnapartyp-
HOH peasu3anny 6aHKa NavsaTH OPTaHH3MA.

Korxa pasnenue («mpeccHHT») co CTOPOHH OKpysKaiomieii cpe/ibl
BBIHY?K/1a€T OpPraHH3M YCKODHTb TeMI o06paloTkn MeTaboJHuecKHX
CHTHAJIOB BBHILIE HEKOTOPOro Ipejesna, OPraHusM Jn6o morubaer
(1H3-32 HAKONJEHHs OWIHGOK, CBS3aHHDLIX ¢ MPOH3BOICTBOM «1edop-
MHPOBaHHBIX» MeTa0OJIHTOB), AHOO NepenpuruBaeT Ha 6oJjee Bbi-
COKHIi KOTHHTHBHBIH YpPOBEHb, IDOM3BOIS CEAEKTUBHOE o6Hapyxe-
HHe omHGOK u 006paboTKy (MerakoaupoBanue) uuOPMALHH ¢
LEsBI0 CBECTH 10 MHHHMyMa HCKaXKeHHs H3-3a CKOPOCTH Nepeiaul
CUrHAJIOB HA OCHOBE HEKOTOPHIX KPHTEpHEB NPHUHATHA pelUeHH].

Omnyckasi Bce MOAPOOHOCTH, MBI MOMKEM YTBEPXKAATb, UTO Kaik-
Abll OPraHu3M pacxolyeT ce6s Ha 3KCIIOPATOPHYIO (MOHCKOBYIO)
06paGoTKy CHrHA/IOB, AETEKTHPYEMBLIX MM B OKpyaioulell cpee.
Kaxapili opranusm pacnosaraer onpejeseHHBIMH MeXaHH3MAaMH
NaMATH, T. €. MOJaMH KOJHDOBAHHBLIX ONHCAHHI IOJMHOXKECTB CO-
CTOAHHE oKpyxamwell cpennl. Korxa 3TH MexaHH3MBbI («anmapa-
TypHasl peanu3anfsi» KOTOPLIX COCTOHUT H3 ceTell KeCTKO HeJHHeH-
HBIX OCHIHJJIATOPOB HJIH AKTHBHBIX «IIE€PEKJIIOUATEJNbHBIX» 3jeMel-
TOB) NPHBOASTCS B JEHCTBHE CHTHAJAMH, IOCTYNAIOUIUMH H3 OKpY-
JKaloulefl Cpeibl, TO HX OTKJAMKH MOXKHO DPasjeJHTb Ha /JBe pas-
JIHYHBIE KaTErOpHH,

a) OTKJIHKH, BO3HHKAIOUIHE BCJAEICTBHE KpPOCC-KOPPeNsiiHH
Mexy yxke o6paGoTauHbIMH CHTHAJAMH M3 OKpYKalomeHd cpeibl H
XpaHAWHUMHCA BHYTDPH OpranHaMa CTPYKTYpPaMH TMpH TPeBLILICHUH
HEKOTOPOTO [0poTa KauecTBa («HHGOPMaALHI»).
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6) OTKJIHKH, KOTODblE HE PACIMO3HAIOT BXOJIHOH CHTHAJ (<«IIYM»).

B nepsom cayuae pe3yJabTaT KpOCC-KOPPEJSAUHH (1esiTeNbHOCTD
Ha KOTHHTHBHOM YDOBHE) TOPOXKAAET TOCAeN0BaTeNbHOCTE MeTalo-
JIHYECKHX 1IaroB (06paboTKy CHTHAJAOB), MOCPEACTBOM KOTOPHIX
peasnsyercss OTKIHMK H NPOHCXONHT 3aMHCh MOJYYEHHOrO OMNbITA B
O6aHk namsard. Jlobas Gyayulas Teopus s3biKa AOJXKHA MHOTOE BHL-
SICHHTb OTHOCHTEJbHO TIPHPOJHL I1IPOLECCOB XPAHEHHsI, BOCIIPOU3Be-
JAeHud ¥ OOHOBJEHHS JAaHHBIX B TaKOH AuHaMuueckofl nmamsitu. Eule
OJLHOH 3arajkoff, CBSI3aHHOH C NMaMATbIO, IBJAETCA €€ YCTOHUYHBOCTD.

HopmasabHO ecTeCTBeHHBIE A3LIKH PEKYPCUBHBL, T. €, JOCTHTAIOT
cBOell LeJH Yepe3 NOCJeN0BATeNbHOCTL HTepauu# nubo dedyxrus-
HO, 160 unOyKTUBHO (myTem oOyuenusi). OAHAKO aHOMAJBHO SI3BIK
MO2KeT 3aCTOMOPHTBLCA H HCNOJIb30BAaTh JBHiKEHHE IO KPYTY HJIH
Jlla’ke OKa3blBaTbC B TYNHKOBLIX CHTyauusx. (XopomHMH MoOe-
JIIMH KPYTOB CJAY3KaT NOrJaoLlaloliHe MapKOBCKHe LeMNH.)

OrpannueHHasi peKypcHsl BO3HUKaeT (BMecTe ¢ HecmoCOOHOCTBHIO
K (opmupoBaHuio 60Jee BBHICOKHX KOTHHTHBHBIX YPOBHell), Koria
nanbHefimne OHypKauuu, NPUBOISAINIHEe K HAPYILIEHHIO CHMMETPHH,
CTAHOBSATCH NPOCTO HEBO3IMOKHBLIMH HJM KOTJAa cTafunausaunus npo-
HCXOIUT CJHUIIKOM paHo (upe3MepHBIH romeoctas).

Takum o0pascMm, mocje onpene’JeHHOH CTaauH Opranwu3M yTpa-
YHBaeT CNocOOHOCTh MPOH3BOJAHTL JH(QepeHIHalH0 HA KOTHHTHB-
nouM yposue. CBf3b ¢ oKpyxkawuiell cpelofl MOXKET MOCAYXKHTb He-
OOXOAHMBIM  CTHMYJOM AN HeNepHOJAHYeCKOTO MepeKJIYeHHs
VOPaBASIONIHX NMapaMeTpPoB 3a HX KPHTHYECKUMH 3HAUCHHSIMH, TeM
CcaMBIM OTKpbIBas jAopory OHdypKauHaM, KOTOphE MOTYT TPHUBECTH
K 00pa30BaHHI0 XAOTHYECKOTO CHHTAKCHCA MJAH NMOATOJAKHYTb Op-
ranu3M Hasaj] K pPeKypcHBHOMY aJjroplutmy. CHOHTaHHOe H HeIlpe-
PLIBHOE pa3sepTbi8anie TOJUIENTHAHBIX Henell B 0eJKH ¢ Tpexmep-
HOH CTPYKTYPOH MOXET CJAYXKHTbL NPHMEPOM TAaKOro Kackajia Ha-
pyLIeHHi cHMMeTpHH (uepe3 ymperxjaiouiee neficTBHe (epMeHTOB),
TIO3BOJISIIONIET0 TPe010JAeTh 3aCTON H KPYTH B MeHETHUECKHX f3BIKAX.

Tem He Mmemee 3arajgka: «[a 4yeM e OCHOBAHO MOHHMaHHE?>»
octaerca HepewrenHofl. UenoBeueckuit ym o61anaer YHHKaJbHOMN
CrocoBHOCTLIO «0TOOpPaXkaThy BHEIUHMA MHP (@ TakKe 4acTb BHYT-
PeHHEro MHpa OpPraHH3Ma-HOCHTeNs), T. €. «CKHMaTb» AJHHHBIE H
CJIOKHEBIE TOCJAEN0BAaTe/NbHOCTH NMOCTYNAUINX H3 OKpyxKaloled cpe-
OBl CHTHaJoB («HaGmwopeHHli») W HeNoJb30BAThL 3aTeM 3TH «aJro-
PUTMbl MHHHMAJbHOH MJIHHBIY ST MOJEJHPOBAHHS (PH3HUECKUX fB-
JeHH#, o6HApyKHBas 3a BHELIHHM pPasnooOpasHeM MOCJeNHHX «3a-
KOUBI TPHPOLI».

Mbl MoOiKeM JHLIb TeOPETH3UPOBAThb O TOM, 4TO TaKOW mpouecc
caMoOpranH3auin 1 06pa3oBaHNs KaTEropHH OCYIeCTBAsSETCS Uepes
HEKOTOPOe MHOKEeCTBO COCYIIeCTBYIOUHX (CTpaHHBIX) aTTPaKTOPOB
B KOrHUTHBHOM ammapate. Kamxawifl aTTpakTop NpHTATHBaeT K cebe
(1 TeM caMBbIM CXKHMaeT) ILeJoe MOAMHOMXECTBO «HayaJbHBIX YC-
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JIOBHE», COBOKYMHOCTb KOTOPHIX COCTaBJsieT MHOXKeCTBO BCeX BHeUI-
HIX CHrHaJoB (pHC. 7.2).

DT0 MHOXKeCTBO HAYaJbHBIX YCJIOBHH obpasyeT «00JacTh INpH-
TAXKEHIiI» aTTPAKTOpa, H Npolecchl pasbuends n obpasoBanus Ka-
TeropHii B HAIIEM yMe CBSI3aHBl C TOIOJOrHeH cemapaTpHc, HAYHHX
OT OJIHOTO NOAMHOXKECTBA B 00JaCTH NPHTSAXKEHHS K APYroOMy.

[onbiTaemcsa Temepb B OOLIHX 4YepTax ONHCATh OUHAMUYECKUL]
3keusaaent uHGOPMAIHOHHOTO KaHaJa, OCYIECTBJAIOUIEr0 OTO-
OpaxkeHne MEXKAY MHOMKECTBOM CHCHAJIOB <«IlepelaTuuka» H MHO-
HECTBOM pEXHMOB «NpPHEMHHKa», WJIH KOTHHTHBHOTO YCTpPOHCTBa,

O6nacth NPUTFXeHUA
{MHoxecTBO
HayasipHeIX Yenosui)

ATTpaKTop \}Jl

dpaxTansHan
cenapanmca
dpaKTanbHad
. cenapaTtpuca
dpakranbHaa patpu
cenapatpuca

Arrpaxrop ¥, { ArrpakTop x!fz

*— ATTpaKTOp \1/3

Puc. 7.2. TTosnaBaTedbHbfi (KOTHHTHBHBIA) KaHaJ; Xp H \Pp COOTBETCTBYIOT pa3-
JHYNBIM HEPaPXUUECKHM YPOBHAM.

urpapomero podb 6anka namatd. (Hanomuum elie pas, 4To corJac-
HO «cTaTHuecKoii» Teopun nudopmanuu Illennona uHGOPMaLHOHHBIH
KaHaJ OCYIIEeCTBJseT B3aHMHO OJHO3HauHOe OTOGpaKeHHe Mex1y
nepeiaTuHKOM W NPHEMHHKOM M OTHIOAb He CBfA3aH C AKTOM KOTHH-
THBHOH JleATeNbHOCTH. EJHHCTBEHHOE Ha3HAUEeHHe KJIacCHIeCKOro HH-
(OpPMaLHOHHOrO KaHa/a CBOJAMTCA TOJbKO K KONHPOBAHHIO Mepera-
BaeMbiX CHTHAJOB, KaKlUe OHU ecTb, Ha NPHHHMAIONIEM KOHINE C HaH-
60JibIeH BO3MOMHOI HA4EXKHOCTHIO.)

[TpeaAnoa0KHM, YTO MHOKECTBO NepelaBaeMbiX CHrHAJIOB OTOJX:-
decTeaseTcs ¢ MHOXKECTBOM HauyajbHBIX YCJIOBHA 004acTH MPHTH-
JKEHHSi ATTPAKTOPOB B N-MePHOM IPOCTPAHCTBE COCTOsHHIL, rie N —
YHCJA0 MEePEeMEHHBIX, OMNHCBIBAKIIHX paccMaTpHBaeMoe sABJCHHE.
Tpuemuuk, ua, Gosee OOLIO, KOTHHTHBHBI ammapar, OTOXIeCT-
BJISIETCS ¢ MHOJMKECTBOM aTTPAKTOPOB TrOPasio MeHbliledt pasmep-
HOCTH, NOIPYy*eHHbIX B KauecTBe MHBAPMAHTHBIX KOMMAaKTHBIX MOX-
MHOECTB B TO e caMoe N-MepHOe NPOCTPAaHCTBO COCTOAHHH.
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[Tagenne na aTTpakTop Mo HCTEUEHHH (KOpPOTKOro ILTH MPO10.T-
KHUTEJIbHOIO) MEPEXOIHOr0 MepHojAa B NPOCTPANCTBE COCTORHMI CO-
OTBETCTBYET aKTy Bce GoJblIero abeTparHpoBauHsi CHTHAJAA (erc
ckaTHio). Bosnukaer Bonmpoc: uTO MOKHO CKa3aThb O AMHAMIYECKOM
aHaJsioTe, U30MOP(MHOM «KaHaAy», HJIH KaK MHOMKECTBO HAYaJbHBIX
VCIOBHH, T. €. CHIHA/IOB, pacnpedeieno cpedu PA3AUYHBLY KATe2o-
pud, T. e. cpein 6oJee 4eM OJHOTO COCYLLECTBYIOLLErO aTTpaKTopa
(CTanHOHAPHBIX COCTOSIHNM, NpeleNbHbIX HHKIOB, TOPOB I cTpan-
HBIX aTTpakKTOpoB)? HeoOXoaumo uMeTh B BULY, UTO OTOGpaiKeHIe
MEXK1y CHrHaJaMH H aTTpakTopaMH (HaH «wabJoHavH») He Baa-
MMHO OJHO3HAYHO: LeJIble MOAMHOXKECTBA (HAYaJbHBIX YCJIOBUI)
06J1aCTH NPHTSKEHHs CTATHBAIOTCA K OJAHOMY M TOJBKO K OIHOMY
aTTpaxkTopy. Bosamoxen u Apyroit ciyuadl: HeKOTOpBIe TOUKH 06-
JIaCTH TPHTSKEHHR MOTYT BEYHO (HJH CJIHIIKOM JOJTG) ONHCHIBATH
[IEPEXO/HYI0 TPACKTOPHIO, He YNPHUTATHBAACH K aTTPAKTOPY, HJIH
Jaxke YCTpeMmJsiTbCsl B OeCKOHeYHOCTb. Kak yCTAHOBHTBH, Kakoe H3
MOAMHOZKECTB 06/IACTH IPHTSKEHHS <IPH3EMJNTCSI» HA aTTPAKTOP?

Pasymeercs, B cToab 06lIedl MOCTAHOBKe 3ajpaua HEIOCTYNHO
TpyAna. HenaBuo ouenb mpocTtoil wactubifi ciiyuaii ee (ABa MpoCTbIX
aTTPaKkTOpa, a MMEHHO [ABa CTAUHOHAPHBIX COCTOSIHHs) OB pac-
cmorped I'peGorn u ap. [7.10]. Ilpoanannsuposas aByMepHOe He-
ofpatumoe oro6paxenne («KaHaj»), 3TH aBTOpbl OGHAPYKHIH
ppakrarehyro cenaparpucy Mexay ABYMs TOAMHOKeCTBAMH o6Ja-
CTH TIPHTSKEHHS.

CyuiecTBeHHEIM pe3yJabTaTOM MX paBoThl CTaJo SCHOE IIOHHMA-
HHe TOro, YTO TOUHOCTh, C KOTOPOH W3BECTHO A4HHOEe HayaJbHOEe
yCJIOBHE, MOXKET HMeTbh pelralollee 3HaueHHe [IJs1 TMpPeNCKA3AHUA
KOHEYHOrO aTTPakTopa, Ha KOTOPHI BHIXOAHUT AAHHOE HAauaJbHOE
cocTosinMe. JTO O3HAYaeT, YTO HHOTJA JJS HAJeXHOro NpepcKasa-
HHS TOrO aTTpakTopa («KoMIpeccopas), C KOTOPbIM CBA3aHO Ha-
OmonaeMoe saBleHHe, TpebyeTcst HeoObIYAHHO BLICOKAS! TOYHOCTD.
Taxum 06pasom, sicHO, 4TO B Hallell MOJENH MHOMXKECTBO aTTPaKToO-
pPOB  HrpaeT poJb XPaHAUIUXCA B AMHAMHKE MO3ra <«3TAJOHHBIX
CTPYKTYP», C KOTODBIMH CPaBHHBAIOTCSl («CBEPTBIBAIOTCA®) TOCTY-
namoniie U3BHE CHrHAJBL [DTOT npolecc MOXKeT OBITh OCYLIECTBJAEH
Ha OJAHOHA HepapXHUYeCKOH CTYMEHH; Ha CJAeAyIOmEH CTyNeHH aTTpak-
TODPBI (€cJM HX MHOTO Ha HHXHeM YpPOBHe) 006pa3yioT runepobiacts
OPHUTSAKEeHHs AJs HOBOH HMeDAapXHM MeHbINero YHC/Aa THIepaTTPaKTo-
poB 1 T. A.] .

3nas pasMepHOCTb IPOCTPAHCTBA COCTOSIHUHA MOCTYIAIOLINX
CHUTHaNOB u (JpakTanbHbie) Pa3MepHOCTH COOTBETCTBYIONIHX aT-
TPAKTOPOB, MBI MOXEM B KaXIOM OTIGIbHOM C/lyyae OLEHHTDH
(cpeaH010) cTelneHb CXKATHS, KOTOPOMY NOJBepraercsi AaHHbIH N-
MepHHH curHaja. Kpome Toro, ncejenys TONOJOTHIO cenapaTpHC B
06JIaCTH TPHTSMKEHHS, MOMKHO BBIYHCJIHTL HEONpPEeAeNeHHOCTh (HJIH
KOJIHUECTBO H3BJeKaeMOH HHbOpManuu), CBA3aHHYWO ¢ Toil KaTero-
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pHell, KOTOpoHl NpHHAJEXKHT MaHHBII cHrHaJd. BssaTble BMecTe
aHTpoNnuA pas3buenus U CTeNEHb CHATUA XAPAKTEPHIYIOT KOCHUTUB-
Holl npoyecc Ha OaHHom uepapxudeckom yposrnel). Ecau xe u3-
BECTHO orobpaxcerue (T. €. «JIHHTBHCTHUECKAs CXeMa», IpHHATAd
JaHHBIM HHAUBHIOM), TO ofa napaMeTpa B NPHHIHIE MOryT ObITb
BBIUHCJIEHBI.

Hakonern, c/e10Baj10 66 YIOMSAHYTH O TOM, 9TO CYLEeCTBOBaHME
B o6uacTu NPHTSKEHHA B MaHHOM N-MepHOM I[IPOCTPAHCTBE CO-
CTOSIHIA HECKOJBbKHX MOJAMHOXECTB, KOTOphble BooOlie He NPHTATH-
BAIOTCH, SABJASIETCS CKOpee npasguaom, ueM HcKaodenneMm. Paccmor-
puM caeyoowuit npumep [7.11]. TpebyeTca yCTAHOBHTb, B KaKOM
Mopsiike PACIOJIOKEHB HrpaabHble KapThl B Kogole. Tak kak Bce
PACMIOJIOKEHHsT KaPT PaBHOBEPOSITHBI, BEPOATHOCTb JIOOOTO H3 HHX
pasua 1/52! CiegoBatesnbHO, YTOOLI ONpeAeNHTh, B KAKOM IOPALKE
pacmosoxkeHsl KapThl B NepeTacoBaHHOH KoJoje, TpebyeTcs MNpH-
uaTh logs (52!) pewenufi Tuna «1a — Her». [Tockoabky log,(52!) ~
~ logs 10%% ~ 200 6uT, MOKHO OXKMAATb, YTO YCTAHOBHTh DPacmo-
JIOKEHIe KapT B KOJOJe HaM yhacTes, 3alas okoao 200 Bompocos,
TpeOYIOIUX OTBeTa THMA «jia — HeT». DTOT IIpUMep IOKa3biBaeT B
HeHCTBUTEIbHOCTH, YTO Mbl HE pacloaraeM <«JIHHIBHCTHYECKHM
CpeACTBOM» KJacCHOUKAUHH Pa3/HUYHBIX BAapPHAHTOB PACIHOJOKEH Hst
KapT B KOJOJe, KOTOpOe IMO03BOJHJI0 Obl PallHOHAJbHO NMPOU3BOAHUTH
JUXOTOMHYECKHe Pa3bHeHHs] B COOTBETCTBHH C OTBETAMH «/1a — HET»;
Hallle 3HaHHe PACNOJIOKEHHH KapT B KOJIOLE OrpaHH4eHo HeOO/IbIIHM
TI0AMHOXKECTBOM «CIKHMAEeMBIX» IOCJel0BaTe bHOCTEH, T. e. pac-
110JIOKEHHUE, BOCIPOH3BOAHUMEBIX C MOMOIILBIO HHCTPYKIHH, onee KO-
POTKIX, YeM caMmH pacnoJoxkeHuss. UToObl BOCCTAHOBHTH PacCroJo-
JKeHHe KapT B HECKHMAaeMBbIX MOCJIe10BATENbHOCTAX, HEOGXOAHMO
YKa3ars MecCTO, 3aunMaemoe Kaocdoti KapToH (MM KaxKIbIM CHM-
BOJIOM) B OT/€/JBHOCTH; TaKHM 06pasoM, TPYAHOCTb B KAQCCU@U-
Kayuy o0yCAOBJEHA HEJOCTATOUHBIM CHATUEM HJIH HE3HAHHeM Ha-
6opa (CTpaHHBIX) aTTPAKTOPOB.

B paszj. 2.3.76 Mbl y:Ke OLEHNHJH II0 AOCTOHHCTBY TOT (akT, 4TO
NoJIS CKHMaeMBIX IocJefoBaTeqbHOCTell cpein cTpok H3 N HyJefd
¥ eAnHHI, upe3Bbuaiino Maga. Tak Kak 4MCI0 alpPHOPH PaBHOBEPO-
SITHBIX TIOCJedoBaTesNbHOCTER AaAMHBI N (3/71eMeHTOB 00JacTH MpPH-
TsXKeHHs1) paBHO 2V, a 4YHCJO MOCJeA0BATENbHOCTEH, CKHMaeMbIX
no K 6uT, paBHO

S=9214 224 ., JON-K-1=9N-K__9 (7.2.4)
710151 COKUMAaeMblX MOCJAeI0BATENbHOCTER COCTaBASET
) —K
n=2—N~ /N (7.2.5)

D B cooTBeTCTBUM ¢ Halled Moleabio (cMm. pasi. 6.5.2( 33T — csoero poaa
PHTMOBOAKTENb, TEPECTABJIAIONINA aTTPAKTOPHl MECTAMH Ha OCHOBE MYJbTHILIEKC-
HOCTH C Da3sje/leHHEM BPEMEHH.
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Taknm o0pas3oM, XOTd B NPHHUHIE HA KaxKJOM KOTCHHTHBHOM
YPOBHE CYIIEeCTBYET MHOIOUMCJEHHOE MHOMKECTBO aTTPakTOPOB, J0-
Jsi TakKHX aTTPaKTOpPOB, KOTODBIE AeHCTBHTENBHO 3aCAYKUBAIT
CBO€ Ha3BaHme, T. e. 006.1a1al0T HHQOPMAUHOHHOH pa3MepHOCTHIO
¢=N—K 6ur [K ~ D(N)], cocrapaser Bcero Jjumb 1 = 2-%,
a 3Ta BeAHUHHA OueHDb MaJja.

Mopaar COCTOHT B TOM, UTO UeNOBEYECKHH YM MOXKeT MOAeaH-
poBaThb O4YeHb HefOJBLIOE IOJAMHOXKECTBO sIBJEHHH npupoas. [lo-
Aasjsioniee ke GOIBIIHHCTBO HX OYKBaJbHO MPOXOJUT Yepe3 HallH
rOJIOBBLI He3aMeueHHbIMH. Ho Ja)e npu 3TOM ocTaeTCsl HesACHO, Kak
CJYUUAOCh, UTO HAIM «3TAJIOHBE»/ATTPAKTOPHl MMEIOT B KadecTBe
00/1aCTH IPHTSIZKEHHS COBOKYNHOCTb [OCTYNAIOUIHX U38HE CUTHAJOB.
ITpunATb rUnOTE3y O TOM, YTO 3TO TaK, O3HAUAET MPeABAPHTENbHC
NPHUHATDL THIOTE3Y O CYULECTBO8AHUU TOMOJIOTHH» MEXAY HEKOTO-
PBIMH CTPYKTYPaMu BHELIHEro MHPA M KATeropHsAMH «IPOTPaMMHOIO
obecrnegenusi» uegoBedeckoro mMo3ra, Ho ecau uesoseueckuit mo3sr —
cayyaliHblll MOGOUYHBIA NPOAYKT «3aKOHOB NPHPOJBI» B XOJ€e 3BOJIO-
OHH, TO KaK MOXKeT ero <«IporpaMMHoe ofbecledueHHe» MOJIEJIPO-
BaTh Te€ caMble 3aKOHDLI, KOTOpble, ACACTBYS Ha MAaTepHIO, NMOPOXK-
Jal0T HHPOpPMaLHuIo?

7.3. 3akawuuTenbHble 3aMeyaHusd

ITo hamemMy MneHHIO, BO3MOXKHBIE TPH/JIOKEHHsS XaOTHUECKOH
AMHAMHKH K 6oJjee «3K30THYCCKHM» 0O0JacTsIM, HanpuMmep K 3KO-
HOMHEKE, COLHOJOTHH H ICHXOJIOrHH, XOTsI 3TO HBIHE H OUEHb MOI-
HO (oco0eHHO cpeld He@HU3HKOB), aH6O NpexjeBpeMeHHO (KaK B
cjyuae 5KOHOMHKH H COIIHOJIOTHH), JN6O, HAYHHAS C KAKOTO-TO MO-
MeHTa, 0eciojie3Ho (Kak B caydae NCHXOJAOTHH). B sKOHOMHKe 1
COLLHOJIOTHU [AJ51 YCIeIIHOro NpPHMEeHeIHsl XaoTHUeCKOH JAMHaMMKH
HeJocTaeT MHOTHX JaHHBIX. B cJsyuae ncuxoJsoruu Bornpoc 6Gogee
TOHKHA.

IIpokomMmenuTHpyem KpaTko nocsaeilHee 3aMeuaHHe. [lcuxomoru
MBITAIOTCS CTPOUTH 3aKJ/IOUEHHS O <«BHYTpPEHHel» AHHAMHKe <«Iy-
uIg», uMesl AeJO B OCHOBHOM C NOBefeHHeM (UesoBeKa), HO NoBeJe-
Hue — He 0oJiee, ueM BepluHHa aficfepra B CIEKTPe YEJOBEUECKHX
npo6aem. Camo moBejeHHe B ONPEJIEJIEHHOH CTENEeHH AOMYCTHMO
paccMaTpuBaTth B paMkax Teopuu urp. OfHako Teopust urp 6ogee
YeM JBYX areHTOB, WJH JIHII (MBI HMeeM B BHJY «UYeCTHYIO» HIpY,
HMHTHPYIOIYIO XaOTHYECKYI0 AWMHAMHKY) OTSATOLIEHA HOBBIMH TDYI-
HBIMH TIOHSITUSIMH, HAIPUMep TIOHSITHeM «KOAJHLHU» JABYX JHL NpO-
THB TpPeTbero y4acTHHKA HUIrpH. DTU TOHSITHS HE MOTyT OBIThb chop-
MyJHPOBaHB! MATEMAaTHUECKH CTPOTO M He JONYCKalOT CKOJIbKO-HHU-
Oy/1b cepbe3HOro MojeaHpoBaHusi. Fasymeercsi, undusudyaavHoe
NoBeneHHe MOKeT OBITh HACTOJbLKO CJOXKHBIM, UTO TPYAHO ylIep-
J)KATbCsi OT HCKYUIEHHsSI «BTHCHYTb» €ro B PaMKH XaOTHYECKOH ma-
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pagurmbel. Ho ecam MBI paccmaTpuBaem IMOBeleHHe Kak OJIHOMEp-
HOe OTOOpaxKeHHe CJI0XKHOI BHYTPeHHell XaoTHYeCKOH AHHAMHKH, TO
BeJHKH JH LIAHCH HaAekKHO BBLIBECTH 3Ty BHYTPEHHIO IHHAMHKY
yMa u3 HaGJI01aeMoro nosejeyus?

OTBeT Ha 3TOT BONPOC OTpPHIATENLHBIH: MeXAY YMOM H TOBe-
JeHHeM He CYI[eCTByeT B3aHMHO OHO3HaYHOTO COOTBETCTBHS.
B yMe HHAMBHIa NPOMCXOAHT MHOrOe TaKOe, UTO BHeLIHe BOOOILIe
HUKAaK He [posiBasiercst (BHELIHUM I[POSABJEHHSIM, MO-BHANMOMY,
NpensTCTBYIOT HeKoTopas pedPaKTOPHOCTb H TOPMO3Hble Gapbepsl)
He TOJbLKO H3-3a HeJ0CTaTKa «TaJaHTa» K ONacenHs [0 NOBOAY
TOTO, UTO HEKOTOPHE MBICAH MOTYT He MOJYYHTh COLHAJbHOrO
«IIPH3HAHHSI», HO H IIPOCTO NOTOMY, YTO UeJOBEK BeleT C CAMHM CO-
Go¥ BHYTpPeHHHH J1MaJOr, KOTOPHIH peNKO 3aBepUIaercsi KaKHM-
HHOYIb OKOHUATEJbHBIM BBLIBOJOM; BHYTPeHHHH JHAJOT Ipes-
craBasieT coGof HempeKpalalouuics KOHQJIHKT MexI1y Pa3udnbl-
MH HepapXHUeCKHUMU YPOBHSIMH,

JleHcTBUTEIbHO, KOH(JANKTL MeXAy PasIUuHBIMH JHnamu (Ha-
npHMep, KOHTPAJAHKTODHBIE P&CCOTJACOBAHHA MEXK1y 3MOUHOHA/b-
HBIMU HepapXHdeckuMH ypOBusiMH) siBasioTcs crnopami ad hoc «c
HENOCTOSIHHON CYMMOfi». B Taknx KOH(IMKTaX MHAHBHA («HEBPO-
THUECKOrO CKJAajaa») BedeT ¢ co0of, Kak 4acTO CUYMTANOT, «rpaxK-
JANCKYI0 BOfHY», Koael/sCch Mex1y ABYMsl KpaHHOCTSIMH (IpuBO-
TSLHMMH TI0 CYLIeCTBY K OJHOMY H TOMY K€ HCXO1Y):

a) TenjeHUHell K aKTHBAlHH KaK MOXHO 00.bllle YHCJa «Chid-
[IHX» [OTEHUHAJ blbIX BO3MOXKHOCTEH mnyreM HapyLIeH#s HaJo-
JKEHHDIX Ha cebsi orpaHHdenuii (yTpartsl «LEHHOCTeil»), uTO 06XO0-
JAUTCA MHARBHAY MOoTepell KOrepeHTHOCTH;

6) apyroifi TeujaeHIuel — K NPHHYAUTENbHOMY NpeCBBAHHIO B
COCTOSTHHI «CaMOCOIJIaCOBAHHOCTHY, 4TO OOXOAUTCS HILIMBHAY BIa-
JaHHeM B 3aCTOH.

Hanuuo jaunemma. Bosunkamwliasg Bpems OT BPeMEHH HeCOBMe-
CTHMOCTb MEXJY CIOCOGHOCTBIO YeJOBeKa K [AeAyKTHBHBIM paccy-
JeHHSIM H €ro BechbMa XaOTHUeCKHM 3MOLHOHAJbHBIM «BCIJIECKAM»
KaKHM-TO 00pasoM CBsi3aHa ¢ KOH(MJIHMKTOM (He BIOJHE ujieaJ bHOH
HHTEerpauHteil) MeK1y ero rHraHTCKOH KOpOil OOJBLIHX noJyliapuf
(MeBbIM mOJIyIIapHeM) I (NIPHOOPETEHHOH HJN BPOZK/€HHO) CH-
cTeMON 1eHHOCTeH, yHpaBJaseMOH SMOUHAMH, LEHTPHl KOTOPBIX,
ec/IH TOBOPHTh B TEPMHHAX «aNNapaTypHO# peaqH3alnu», Haxo1ar-
csl B ydYacTKax MO3ra uejJoBeKa, yHac/eIOBaHHBIX HM OT «lla.1eo-
MJIEKOTTHTAIOIIHX» H «IIPecMBIKaoluxcsi». TakoBbl JHMOHYecKas cH-
ctema [7.12] ¥ HH3LIHe OT/JeJBl MO3ra, K KOTOPBIM OTHOCATCS ol-
factostriatum, corpus striatum n globus pallidus.

B «Haea/lbHBIX» YCJOBHSIX «HHCTHHKTHBHO» yIIpaBJseMast CH-
cTeMa IpHHATHS pelleHdHd uejoBeKa JjeHCTByeT COrJiacoBaHHO C
ero Kopoil OOJBIIHX NOJyUapHii, OPHEHTUPOBAHHON 11a BHELIHIOIO
cpely, cpaBHMBAas aJbTepPHATHBHEIE BapHAHTH JAedCTBUA W BHOH-
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pas TOT, KOTOPHIfl NPeACTaBAACTCA HAWJIYULIHM B pPaMKax <BCTPO-
€HHOH» B UesOBeKa CHCTeMBI LeHHOCTel. Ho ¢ TOUKHM 3peHHst 3BO-
JIIOLHH BPOXK/EHHBIE YeJOBCUECKHe LEHHOCTH ecTh He YTO MHOe, Kax
yHacJ/Je[0BaHHbIE NPHHSITHA peLIeHHH HJH KPUTEPHH CMeHbl IoBe-
JAeHusl, BHIpaOOTaHHbBIE Yy KHBOTHOTO B Tpoliecce AJHTENbHOH 9BO-
sounn. Clelannblifl Bbllle aKIEHT Ha <HAEAJIbHOCTH» YCJIOBHI (Ha-
IOMHHAIOLIHX «YTepsIHHbIH paii») He no3pogser aHbdepeHIMpoBaThL
HYesJ0BEeKa OT JPYrHX BHJOB KHBOTHBLIX, HaJeJeHHBIX KEeCTKO 34/1aH-
HBIMH i BecbMa 3(Q{EKTHBHBLIMH <IOJANPOrpaMMaMi», KOTOPLIE 3a-
[HcaHpl B OTAENaX MO3Ta, yHACJeJOBAHHBIX OT «IPECMBIKAOIINX-
csi». Ha uesoBeueckoe moBejleHHe BJHsE€T B MNEPBYIO ouepelb He
TOJIBKO YHAacJ/el0BaHHble UM IIePBHYNBIC KPHTEDHH NPHHATHS pellle-
HHH, 10 H ybexdenus, GHICTPO NpHOOpETaeMbie NOCPEACTBOM HC-
NOJIB30BaHUS SI3bIKA 338 BPeMsA XKH3HH HHIHBHIA B pe3yabraTe
«UHAYKTHBHOH HrDBI» C CHMBOJIHUECKOH, HJIH CO31aHHON ueJ0BEKOM,
OKpYKawLIel cpe1of.

OTH [ocjiefHHe KPHUTEpHM, «3alleuaTsieHHBhe» B JUMOHUECKOH
cHcTeMe, ¢ JOCTaTOYHBIM OCHOBaHUeM MOXKHO ObJI0O OB HA3BaTh
«COLHAJIbHBIMH UEHHOCTSIMH» (KOJJEKTHBHLHIMH CBOHCTBaMH), T. e,
LieIsIMH, NPHOGPETeHNBIMH B IIpoiecce OOYYEHHS H ONpeensioniu-
MH «Xapakrtep» HJN Ccnoco6HoCTh AeficTBoBaTh. OJHAKO UYeNOBEKY
CBOHACTBEHHO H BO3HHKAaIOIlee TO H Je/]0 PaccoriacoBaHie Memk1y
TAKOr0 pojla MHCTPYKLHSIMH, OTHOCSIIMMHCS K €ro «IpOrpaMMHO-
My» obeclmeyeHHIO H IePBHYHBIMH NOOYIHTENbHBIMH HMIyJbCAMH,
BCTPOCHHBIMH B €r0 «annapaTypHYIO peaJiH3aliio», — PaccorJaco-
BaHHe, yacTo IpuBojdulee (ocofeHHO B OBICTPO U3MeHsiolLedcs
CHMBOJHUECKON cpelle) K «TYIHKY» HJH K COCTOSHHIO, KOTOpoe 6o-
Jiee OTKDBITO MOXKHO Obljlo Obl 0XapakKTepH30BaTh KaK «HEBPO3».

Taxnm o6pasom, mo HallleMy MHEHHIO, peajibHble IICHXOJOTHYe-
CcKHe Inpo6JjemMbl HHKOrja He NPHBOJAST K HAaJekKHBIM «Habawomgae-
MBIM»: TIO CYUIECTBY OHH IpPeACTaBJASOT cOOOH TeoJOTHYecKHe AH-
CIyTHl, He [PHBOJALLEEe K KAaKOMY-HHOYIAb pEIIEeHHI0, KOTOPHIE HH-
AUBHA HEIPECTaHHO BeJdeT ¢ COOOH Ha NPOTSKEHUU Bcell CBOeR
*H3HH. Takue npobaeMbl, KAK CBHJAETeJLCTBYIOT, Hanpumep, ®peiia
H ero InocJ/ejf0BaTe/]H, He paspelllaloTcsd MyTeM PAUHOHAABLHBIX YMO-
3aK/I0YeHHI HJH OOIIeHMs, BO BCAKOM cCJaydae He OoJee, 4eM INpH-
3Hanue objervyaer BHHY. IIOMHMO TOHKOro HaJjeTa 3HaHusg U 00y-
YeHHOrO IIOBeJCHHS UeJOBEK KaK HHAMBHA TIpefcTaBaseT cobo#
«CAMOKOIHHTHBHYIO» CHCTeMY, U KaK CYLIeCTBO, HajesJeHHOe CIO-
COOHOCTBIO UYBCTBOBATH, 110 CYUIECTBY OJHHOK B MHpe, KOTOPHIH HU
JApy:KecTBeH, HH TIOCTelpHUHMEH, HO, UTO ¢lle OropuUHTesbHee,
HHAU(ppepeHTEH.

HMcTHHHBIR yueHBIH ¢TPEMHUTCS K 3HAHHIO H HCIBITHIBAET YYBCTBO
BHHBI, €CJIM BOKPYr Hero HMeeTcst HeKasi TOJAHKa HOBOH uH{popma-
IHH, KOTOPYIO OH elle He ycIlleq «IepeBapHTb». YeJoBeK ¢ TAKOH
JKH3HEHHOH VCTAHOBKOH CTpPEeMHUTCH He K 0ecCMepTHio, a K TaKOMy
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3HAHUO (HH3HUECKOTO MUpa, YTO cOOCTBelHAs KOHYHHA HEe MOMKeT
3aCTHFHYTL €ro BPAacIJOX. YMUpas, 4HeJOBeK MepecTaer MBICJAHTD
[To-BuanmMomy, HMeHHO 3Ta mnepcrnekTHBa O§o0.blle BCero nyraJga
Hxacona don Hefimana — «i11eaabHYI0 MBICTHTENbHYIO. MALIHHY», —
KOT,1a OH JiexaJs Ha cMepTHoM oipe. Takum o6pasox, AHHAMHKA B
3HAUYHTeJbHOH Mepe pasBepTeIBaeTcs 0e3 yuacTls (Ja)Ke MacCHB-
HOr0) Ayxa, ocBOJOXK/JIEHHOrO OT TejecHOH o60sa0ukH! Kax Oyier
BHITJIS11eTh Xa0C uepe3 cTo Jer? Kakum &yjer mporpecc B cosja-
HHH ONTHYECKHX KOMIIBbIOTepOB H 006paboTKe CHIHAJOB, KOTOPHBIR
MO3BOJIUT UE/JOBEKY HE TOJBKO YKPOTHTb» MPOCTYIO XaOTHUECKYIO
AHHAMHKY, HO H HCIOJb30BaTh HOBBIE JOCTHXKEHNHSA 1/ Pa3BHTIA
CaMONpOrpaMMHPYIOIIUXC KOMINBIOTEPOB, OUEHHBas H pacmHpsas
He TOJbKO HAHIM CNOCOOHOCTH K BOCIPHATHIO, HO H Halle Boodpa-
KeHHe? Mpl XOTHM B 3aKJ/IOUeHHe BBIPA3HTL POOKYK Hajem1y Ha
TO, uTO Halla GecTesecHasl AyHIa, A0 CHX MOP CMYTHO BhIpaXKaBlIas
cefs1 B JajJeKOH OT COBEpPHIEHCTBA OGHOXHMHH YIJAEpOACOaeprKallux
coe/luHeHu#, obpereT GOJABLIYI0 YBEPEHHOCTh NPH CONPHKOCHOBEHHH
C 3aMBICJOBATOH apXxUTEKTYpOil coe/lHHEHHN KpeMHHS.

HMucye ckazan uM: ecag Obl BH  OHAH
clensl, TO He HMeaH Gbl Ha cefe rpexa;
HO TaK Kak Bbl TOBOpHTE, 4TO BHJIHTE, TO
rpex ocTaeTcsl Ha Bac.

Esaneesrue or Hoauna, raasa 9, ctux 41.
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A. Bsrian Ha poJsib BHEIIHEro LIyMa
Ha HEHAPOHHOM HepapXHueCKOM YpOBHe

A.1. BBenenue B npobiemy

B 5TOM NpH/IOXKEHHH Mbl XOTeIH Obl 00CyAHTL 6osee MOAPOGHO
Hall B3rJfAJ Ha TO, KakuM 00pa3oM HeHPOHHEIH reHoM Mor Obl
B3aKWMO/EHCTBOBATL ¢ MOCTCHHANTHUECKUM MeMOpaHHLIM arperaToM,
OGHOBJISAST MHOXKECTBO CTPYKTYPHBIX O€JKOB, NOKPHIBAKIINX 3TO Me-
cro. [Ipexae Bcero 3aMeTuM, 4To J06as CaMOOPraHU3ywIascs CH-
cTema NpejcTaBisieT coGoi mepapxHueckyio cTpykTypy . Oua ox-
HOBPEMEHHO TPOsIBJsieT MHOXKECTBO PA3JHUHMLIX aKTHBHOCTEH, AJs
KOTOPBIX TpefyloTcsi pa3/uuHble OMNHCAHHA (T. €. pa3juuYHble Ha-
GOpbl MepeMeHHbIX H napaMerpoB). Kakoll wepapxuueckHil ypoBeHb
MBI paccMaTpHBaeM, 3aBHCHT OT TOrO, KakKo# acnekr (uau Kakue
acnekTel) TOBeAeHMs CHCTEMBl HAac HHTepecyeT, T. e. OT cmocoba
Hallero B3auMOAeHCTBHsS ¢ cucTemol. Ha KaKA0M HepapXHiecKoM
yPOBHE MLl BBOJIHM ONHCAHHE B TEPMHHAX INPOCTPAHCTBA COCTOA-
HUU. DTo omHcaHHe BKJIwUYaeT B cefsd THN H YHCJIO0 NEPEMEHHBIX,
mapaMeTpPoB M UYHCJAO COCTOAHHIA, COOTBETCTBYIOUIMX AAHHOMY
YPOBHIO.

IIporpeccupyiolliast OpraHM3alus MOXCET NPOUCXOAUTH Ha JaH-
HOM HepapxHUeCKOM YypOBHE: CHCTeMa IO BO3JACHCTBHEM MHOJCE-
CT6a NYcKOoBblx CueHaio8 (KOTOpOe Mbl ompeaendm 6ojee TOUHO)
nepexoJMT B CTAlHOHAPHLIE COCTOSIHHSI, B KOTOPBIX UHCJIO (rubko
OTpaHUYEHHLIX) VIODSAOUEHHBIX COOTHOLIEHHH MeXAY I[1ePeMCHHDI-
MH BO3pacTaeT CO BpPeMEHeM.

JIBHKEHHE M pas3jduHble COOLITHS, IPOHCXOAAIIHE C CHCTEMOH
B ()a30BOM NPOCTPAHCTBE HA ZAHHOM HePapXHUECKOM ypOBHe (peub
HAeT 0 TAKHX XaPAaKTEPUCTHKAX CHCTEMEI, KaK MOCACAOBATEJNLHOCTh
mepexoA0B H3 OZHOTrO CTAlHOHAPHOTO COCTOSIHHA B APYroe, «BpeMs
[OKOSI» HMJH CTENeHb YCTOHYMBOCTH B KaXK[AOM CTallHOHApPHOM CO-

D TpaduueckH HepapXHUECKYIO CTPYKTYPY MOXKHO H300pasuTb B BuIe Tepe-
BEPHYTOrO JepeBa C BETBSMH, OTXOISILIHMH B CTOPOHEL. /s MPOCTOTHL MBI Oy-
JIeM paccMATpHBAaTb OJHY BeTBb. [103TOMy BMeCTO MHOTHX HE3aBHCHMBIX <«ILIAT-
$hopM» OJHHAKOBOH BBICOTH Ha JaHHOM HepapXHYeCKOM YpOBHE C KaHaJaMH
CBSA3H, CXOASIIMMHCS 8 2pyhansi (C MHOTOUHCJIEHHBIMH KPOCC-KODPENSIHSMH) Ha
6o/1ee BHICOKMX MaatdopMax, MB H300pasHM H PacCMOTPHM OJHY MOCJEJ0BATENb-
HOCTL (BeTBb). «BoOKoBBIe» BRaaab — HHGOPMALHIO, MOCTYMAIOUIYI0 HAa JaHHBIH
HepapxHyecKHH ypOBeHb He C TpeJIIecTBYIOIEro, a ¢ Gonee HH3KOIO YDPOBHA, —
MBl GyZeM Has3LBaThb <IOJHLIM OKPYXRKeHHeM» (OKpYyXKalollel cpeoi).
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CTOSHHH, a TaKXe I[POAOMNKHUTENbHOCTL Iepexojsa Mexay ABYMA
OCAEOBATEAbHBIMYE CTAIHOHAPHBIMH COCTOSTHHAMH), 3aBHCAT OT
(a) mepenauu uHpopmainuu (addepeHTHBIE CHTHAJIB), NOCTYNAO-
mell oT OJHXKaHWmIero cHA3y ypoBHs; (6) HHOpPMAIHH, [OCTyIA0-
meft U3 okpyxawollei cpeasl (T. €. uepes neprdepHIecKylo HEpB-
HYI0 cHcTeMy); (B) ynpaBieHHEe 1O KaHajlaM o6paTHO cBsdu (3¢-
(epenTHHIe CHTHAJB) ¢ GJHXKaAHIIEro CBepXy YPOBHSL.

Kaxayio Hepapxuueckylo maatGopMy MOXKHO NPH 3TOM pac-
CMATpPHBATh B OUeHb YIPOIIEHHOM BHAE Kak AHHAMHUCCKYIO (8436
(orpaHnueHne), B KOTOPOH HENPEPLIBHO MPOHUCXOJAHT <«XpaHeHHe H
HHTErpupOBaHHe» HHpOpPMAlUH, HJH TpoLeaypa yCTAHOBJICHHS
KPOCC-KOPpeaANMK. DTO 03HAUaeT, UTO CHTHAJBI ¥ (f), MoclenoBa-
TeJbHO TepeaaBaeMble «CHH3y» (KaXK/Iblfi CHrHaJ COOTBETCTBYET
JPYTOMY COCTOSIHHIO CHCTEMBI Ha OJHKafilleM YpOBHe CHH3Y), u
cMrHann wy (f), MOCTymawllHe H3 OKPYKalolleH cpelbl, yCpeHAI0TCs
0 BPEMEHH MOCJ€e TOTO, KaK OHH AOCTHTHYT TPHHHMAOIIEeH miat-
dopmbl. B pesysibTaTe TAkoro ycpeaHeHHs HEKOTOpDble H3 IepeMeH-
HBIX X3 (f) Ha GoJsiee BHICOKOM yPOBHE OKa3BIBAIOTCS IOJHOCTBIO HC-
KJIOUeHHBbIMH, HJH BbIMBITHIMH», 4 ADYTHE — HeJHHeHHO KOoppesd-
POBAHHBIMH (TTOTIApHO):

(5 O wk (¢ + 1)),

rie 0 <<t < T u T—BpeMsa Tnepelauyd CHTHaJa ¢ OauxKaiiiero
YPOBHSI CHH3Yy WJH W3 BHewHe#l cpeabl. Mexay COOBITHSMH, TMpO-
HCXOAALIHMH OMNHOBPEMEHHO HA pPa3JHYHBIX HEPapXHYECKHX YpOB-
HSX, CYIIECTBYET, TAKHM 06pa3oM, KOppeAaylontoe, a He npuiut-
Hoe coorBercTBHe. OTO6pakeHHe, BO3HHKAIIIEEe HA TPaHHLE MEXKAY
nocaeA0BaTeAbHBIMU YPOBHAMH, He A6AACTCA B3AUMHO OJHO3HAYHBIM.

[TepeMennbie y; Ha paccMaTPUBAEMOM <«IIPHHHMAIOLIEM» yDOBHE
Y (onucbiBamoinue ABTOHOMHOE BpOXKAEHHOE MOBEJeHHE Ha 3TOM
ypoBHE) oOrpaHHueHbl («a6CTparHpoBaHbl») B TOpasao Goupuieh
CTENeHH, UeM MepeMeHHble Ha <«IepefaiolleM» HIKHeM ypoBHe X.
CienoBaTenbHo, GoJiee BbICOKHE HepapXHueckHe ypOBHH 0oJjiee Bbl-
COKO OPTraHW30BaHbl HJIH H30OLITOUHBI H B «OMHCATEJbHOM» CMBICIE
npoie, YeM TpeXKHHE YDOBHH. B 3TOM MNPHIOKEHHH MBI paccMoT-
PHM 3BOJIOIHI0O BO BPEMEHH H CaMOOPraHH3alHUIO CJIOKHHX GHOJIO-
rHYeCKHX CHCTEM HA OJHOM HJH /IBYX BbICIIHX HEpPapXHYECKHX
VPOBHSIX.

OTHOCHTE/IBHO WIyMa B CHCTEME MBI MPHMEM CJeAVIOIHE Tpel-
MOJIOKEHHSA: XOTH (CHJAbHBIA) LIYM BBI3bLIBACT («AEPraloLLyIOCs»)
MOAYJAAIMIO W aMIUIUTYyAB, H (asel, Mbl OyieM paccMarpHBaTh
HuXe caabblii (KBa3HCTAIlHOHAPHBIN) aiAHTHBHBIA LIyM, AeHCTBYIO-
MHH TOJBKO HA AMIJIHTYAB COOTBETCTBYIOIIUX IEePEMEHHbIX.

[Tocse 3THX NpedBapuTEbHBIX 3aMEUaHHH Mbl MOXKeM ITPHCTY-
IHTh K TJaBHOMY. PacCMOTPHM OTKDBITYIO HEKOHCEPBATHBHYIO CH-
cremy X; (ONHCHIBaeMyl Ha HEKOTOPOM HEPapXHUYeCKOM ypoBHe Z),
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COCTOSIIIYIO W3 HEJHHEeHHBIX B3aHMOIEHCTBYIOMIHX KOMIOHEHT («pe-
arfgpyolIHX BeNIeCTB»), YHCJO0 KOTOPHIX PaBHO #:(f). DTH KoMIIO-
HeHTHl (mepeMeHHble) MOXKHO IIPeACTaBJasTh B BH/AE HE3aTYyXaKILHX
OCHMAISITOPOB (raMHJbLTOHOBA HJHM HEKOHCEPBATHBHOTO THMHA), CO-
CPENOTOYCHHBIX MJH paclpeAeNeHHHX (HOpPMaJabHble Moabl). Ka-
XKaasi AKTHBHAs KOMMIOHEHTA CHCTeMBl IIPEJACTaBJeHa cayudatiHoft
dazofi (1. e. HErapMOHHUYECKHM KoJsiebaHHeM ¢ NpHMechblo cjaaboro
aJAHTHBHOTO MIyMa):

2 (=4, (0", (A.1.1)

rae ¢, ({) =, 4 o, (/) xapaxTepusyercs HenpepuBHOH (yHKIHel
pacrpeieneHuss COBMECTHOH MJIOTHOCTH BePOATHOCTH Ok (Ag, @r; f).

JHHaMHUeCKH CHCTeMa X HA YPOBHe Z MOJACAHPYETCS CHCTEMOH,
COCTOsIEN M3 #.(l) CBSI3aHHBIX HeJHHEAHBIX AH(GEepeHIIHANbHBIX
vpaBHeHH# (A «CKOpPOCTeH peaKiHii»), KOTOpLle B OTCYTCTBHE
H3MeHsIolelcs co BpemeHeM auddepennuaiiu (V2z; == 0) uMewT
BHI

dz

_d_t‘_ = (21, Ry vuny Zpy oney anm),

dz

dtk =fk(21y Ry veny Rpy vv ey an(t))’ (AIQ)
dz, )

d—zt:f”z(“(z" 2y e g e 2 ),

H, €CJH NPOTHBHOE sIBHO HE OrOBOPEHO, TO MmOpepmnoJaraercs, 4YTO
dn, (1) o4,
dt ot

dcpk
’ at

OnuchiBasi AHHAMHYECKOE MMOBEAeHHe CHCTEMBl Ha YPOBHe Z ypasb-
HeuusiMu (A.1.2), MBI MO CYIIECTBY HMEeM B BHAY, UTO aKTHBHOCTb
B CHCTEME HayaJjachb Kak InyM, 6ojiee HJIH MEHEee 02pAHUYeHHbI Ha
BecbMa paHHell cTajgHu Pa3BUTHSI OpPraHH3Ma B3auMOJeHCTBHEM Me-
KAy OKpyKalomell cpefoll U JHHAMHUECKOR aKTHBHOCTHIO Ha Hepap-
XHUYECKHX YPOBHAX, Jexalux Huxke Z. ONHAKO IIYM He MOJHOCTbIO
NoAaBJAeH HAJOXKEHHBIMH CBSI3sIMH: UacTh HiymMa (Mbl OydeM Ha3h-
BaTh €€ 3JeCh AaAJHTHBHBIM IIYMOM) H IODOKAAET 3JIEMEHT IpPO-
H3BOAHTE/BHOCTH, THOKOCTH HJH AaKe «OPHTHHAJBHOCTH» (B 3aBH-
CHMOCTH OT TOTO, KaK Mbl Ha 3TO CMOTPHM) B MOBELEHHH CHCTEMbI
Ha ypoBHe Z.

Uro6el mpoCaeAUTL 32 MOBEAEHUEM YPOBHS Z BO BPEMEHH, BaXKHO
BLIBECTH He aHaJHTHUeCKHe BBIpAXKEHHSI AJsl CBA3AHHBIX CJaydali-
HBIX TIPOIECCOB 25, a4 HX COBMECTHOE pacrpejeseHHe IJOTHOCTH



Ipunoxenns 447

BEPOSTHOCTH
0(21, 2oy +vvy Zneey B

B npunuune sro coBmMectHOe pacnpeneseHHe MOKET GHITh NOJYIEHO
H3 ypaBHeHHH (A.1.2) W noc/eayiollero peumleHust NpPH 3agaHHBIX
Ha4a/]bHBIX W TPAHHYHBIX YCJIOBHAX COOTBeTCTByloIero (n(t)-1)-
MepHoro ypasnenns ®Pokkepa — [lnanka [I1.1], kotopoe (B npe-
Aeje cnaboro ajAMTHBHONO IIyMa B OKPECTHOCTH CTalHOHAPHOTO
COCTOstHHS) ONHChIBAaeT An(GdYy3Hio BO BPEMEHH COBMECTHOI b yHK-
LHH TIOTHOCTH BEPOSITHOCTH 0 (21, 22, - .., 2u); 1).

3Hasi 3TO pacnpefescHHE, Mbl MOXKEeM BHYHUCIHTH MIHOBEHHOE
3HaueHue (yCJOBHOH) SHTPOIHH CHCTEMBI

S{t)=e¢ +CQSp (1, 20, + oy 2ot D)10€e0 (21 20, - .., Zagn; 1) dv,
v
(A.1.3)
rae dv==dzdz; ... dz,); HHTErpHpPOBaHHE NPOBOJUTCSL NO O6D-
€My v B (a30BOM NPOCTPAHCTBE; Z, 21, 22, ..., Zn(s) B PE3YJAbTATE

IPOHCXOAAIEro NpoLEecca OPraHU3allHd CTAHOBATCH CTATHCTHYECKM
KODPEJHPOBAHHBIMH; ¢; H €3 — KOHCTAHTHI,

Cpasy xe HeOGXOAHMO OTMETHTBb, YTO B OHOJOTHUECKHX CHCTE-
Max IIepeMEHHbIC M napaMeTPhl HAa NAaHHOM HePapXHUeCKOM ypOBHE,
BOOOIE TOBODPS, HEH3BECTHH; NOITOMY B 3aBHCHMOCTH OT a1eKBAT-
HOCTH NEPECMEHHBIX, BRIODAHHBIX AJIs MOJE/H, BHIUHCJEHHAS 3HTPO-
NAs (XapaKTepU3yoIlas COCTOSHHE, T. e. pacnpenesieHHe IJOTHO-
CTH BEPOATHOCTH OTHOCHT@/IbHO AAHHOTO Da3GHEHHsI) MOXKET Ipea-
CTaBJATh, 4 MOXKET H He NPEACTaBJAThb, CTeleHb Ae30PraHU3alHH
«pe€aJsbHOro» ypoBHs Z. OO0 aaekBaTHOCTH npejaJaraeMoii MoaeaH
MBl MOXKEM CYAHTb TOBKO IO AOCTYNHOMY Hab/IOACHHIO NOBEAC-
HHs OpPraHu3Ma Ha ypoBHe GoJiee BBICOKOM, ueM Z.

Coopmyanpyem Hawy sapauy cieayiomum o6pasom. Hawa or-
KpbITast CHCTeMa 2 Ha YPOBHE Z 3HEDPreTHUeCKH B3aHMOIeHCTByeT
C OKpyxawued cpeaofi X’ (BHyTpeHHe{l H BHewHed). Cregoba-
TeJIbHO, AHpPepeHnHan dS(f) sUTPONHH CHCTEMBI Z MOMKHO npej-
cTaBHTb B BHae [[1.2]

dS(ty=dS; + dS,, (A.1.49)

rie dS;— NPOHM3BOJACTBO SHTPOINHH, CBSI3AHHOE C HeoO6paTHMBIMH
npoueccaMu BHYTpH Z (Bceraa dS; > 0), dS.— NOTOK SHTPONHH,
CBA3AHHBIH C 3HEPreTHYECKHMH OOMEHAMH B <IIOJHON» OKpYiKao-
med cpepe 2’! 3Hak ujeHa dS. He ompemeneH. B TPHBHAJbHOM
crydae dSe > 0, T. e. GecrnopsiaKa, HIM <aTAKCHH», POHHKAIOMEro
B CHCTE€MY Z H3BHE, Mbl BHIHM, UTO YCKOPEHHE mpolecca pasyno-
PAOUEHHS ObICTPEe CABHTAeT CHCTEMY K COCTOSHHIO (TepMOAHHA-
MHYECKOro) paBHOBecHsA. B cayuae dS, << 0 B CHCTEMY H3 OKpYy-
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XKaloulell cpeabl MOCTymaeT NOPSIAOK, HJM «HErauTpomuss, ScHo,
UTO 3HAK useHa dS. «BbIOUpaeT» caMa cHcTeMa Ha yporHe Z. MHaue
roBops, IPOHCXOJUT NepeHOoC UHDOPMALUH MeXAy cepuell coOLITHH
B X' u apyro#l cepuell cobpITHil B X Ha ypPOBHe Z, €CJH MeXJy ce-
PUSIMH HMeeTCs HEKOTOPOe KOppeJsillHoHHOe coorBercTBHe. Cyllle-
CTBYIOT 1Be BO3MOXKHOCTH: 160 |dS.|<C dS; (B pesyaerare I1e-
rpajalHs CHCTEMBl CO BpeMeHeM 3aMejJsieTcs U YPOBEHb €€ [O-
Hnxaercsi), aubo |dS.|> dS; B mocreanem cayuae dS(t)<<0,
T. €. SHTPONHUS CHUCTEMbI Ha ypoBHe Z yObIBaeT 3a CYET OKPYyXKalo-
med cpeAbl H/MAH APYTHX HEPAPXHUECKHX YPOBHEH CHCTEMBI.

Mpul ucxoauM ceffuac W3 JaHHO20 UYACTHYHO OPraHU30BAHHOTO
HePApXHUECKOTO yPOBHA Z OPTaHU3Ma X H HCCAEAYEM YyCJIOBHE, IIPH
KOTOPOM yPOBHIO Z MOXKHO NpUAATh GOAbULYH0 KO2EPEHTHOCTL (T. €.
VBEJIHUUTh YHCJAO YNOPSIAOUEHHBIX COOTHOWIEHHH MeXAY COOTBET-
CTBYIOIUIUMH AMHAMHUCCKHMH MEDEMEHHBIMH, HANpHUMep, () NyTEM
MOTJIOIIeHHsT HHOPMalHu U3 OKpyXamwlleli cpeabl H ypoBHeH, Jje-
JKalluX HUkKe Z, B NPHCYTCTBHH aJJAMTHBHBEIX (QJAYKTyalHH, Cyllle-
CTBYIOUIUX MKV KOMIIOHGHTAMH CHCTEMBI HA ypoBHe Z.

B sTHX yc10BHAX TpH HUKCHPOBAHHOM UYHCIE aKTHBHLIX KOMIIO-
HeHT 7, WIYM [POW3BOAHT BO3MYyLIaloliee AefiCTBHe, T. €. B KOHIE
KOHIOB TOAAaBJseT mA060H OpPraHH3yIOIIMA Tpollece, HEMPEepPLIBHO
neficrByoldi Ha as3pl ocuUAasATOpoB. CienoBaTesbHO, YCJIOBHE
[dS.| > dS; He MOMKeT BBHIIOJHSTBCS B TAKOM CJlydae, O KOTODOM
rOBOPHUJIOCH BHIIIE: BeAb ypaBHeHHe Pokkepa — [lmanka (Hau a06oe
ypaBHeHHe 1JI5 MHOTOYACTHYHOH (QYHKIIMH pachpejneseHHUs, HCIOJb-
3yeMmoe AJs TOH Ke LeJu) ecTh ypaBHeHHe Jugpgys3uu U Kak Tako-
BO€ TpPEACKA3HIBAET pACHAbIBAHHE, a HE <COKpallieHHe» (yHKIHH
IIJIOTHOCTH BEPOSITHOCTH P (@1, @2, ..., @n; [) co BpeMeHeM. Cue-
JOBAaTeJbHO, FHTPONHs S(f) cHCTEMBI Ha yPOBHe Z Bo3pacraeT MpH
ao6oM (ManoM) OTKJOHEHHH OT CTALHOHAPHOIO COCTOsIHHS. TeM
He MeHee OpPraHH3alHsl Ha YPOBHe Z, KOTOpas MoXeT ObITh HajJje-
KalnM o6pas3oM omnpejeseHa B TepMHHAX u3bsirounocTu R [Bripa-
XKaleld MeRKKOMIOHEHTHYIO KOPPeMsiiuio (gg, 1)), Moser BO3-
pacrath, fayke ecaH IHTponus S(f) BospacraeT NpPH YCIOBHH, UTO
MaKCHMYM 3HTPOTIHH YBEJHUUBAETCH CO BpeMeHeM OHICTpee, ueM
S (1). Tak Kak

R=1— 21 (A.1.5)

SMHKC

SmaKc == C3+ Cy lng)\,(f), (AIG)

rae A — YHCJO KOMIJEKCOB B COCTOSIHHU PaBHOBECHS:
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{Mbl paccmarpuBaeM GHCTAaGHJbHBIE 3JEMEHTHI THIIA «BKJAIOUEHO —
BbIKJ/II0YEHO» ), SICHO, UTO

oR
a5t >0
€CJIH
d d
—dt—(ln Sh{axc)>ﬁ[lns(t)]y
HJIH
d (/A (¢
arinsoI< I,
T. €
d i
F(ln8)<}v§t; mpH A() > 1. (A.1.7)

Pasymeercss, A =const npu HHBAPHAHTHOM YHCJE KOMIOHEHT
n ==const Ha ypoBHe Z, H CHCTEMa HHKOT/JAa HE MOXET YIOBJETBO-
PHTL NPUBEACHHBIM Bbille TpeGOBaHUAM. ENHHCTBEHHAaA BO3MOXK-
HOCTb OPraHW3aUHH COCTOMT B BOBJIEUEHHH HOB6LY CTeNeHeld CBO-
0oabl NPH YCJIOBHH, YTO MIHOBEHHAs! 00IAsi SHTPONHA BO3PACTAET
MeljleHHee, YeM logz A (f). 3ameTum, uyTO % — BO3pacraminas GyHK-
114s OT A.

Kakoii mMexaHusm Mor Gl peasH30BaTh TAKYIO CHTYalHI0? MBI
paccMoTpesd TaKOH MEXaHH3M Ha KOHKDETHBIX IIpUMepax B
pasa. 2.2.3--2.2.6; o6cyaAuM Temepb JABa BO3MOXKHBIX CJAy4asi, B KO-
TOPBIX MOZ Obl MPOMCXOJHUTH NPOIECC, O KOTOPOM HAET Peyb.

1) Ha cranum sm6puorenesa GHOJOTHYECKOTO OpPraHu3Ma H3Gbi-
TOYHOCTh, KaK OblIO MOKa3aHO BhIlIe, JO.%HA BO3PACTaTh, XOTS
H3BECTHO, YTO MMEHHO B 3TOT NMEePHOA DPA3BHUTHS MPOH3BOJACTBO 3H-
TPONIHK BHYTPH cHcTeMbl AS; Bospacraer oueHb GbICTPO. ATO GbLIO
nokasano Tpunuepom [I1.3], KoTophIfi NpHBEN 3KcCIepHMEHTAIbHBIE
AauHble, MOATBEPKAAIIHE, YTO MPOH3BOACTBO SHTpoNnUd dS;/dt Ha
€AHHULY MacChl U B eAWHHIY BpeMeHH (B KaJ/4) Ha MPOTSKEHHH
MepBOro 3MOPHOTEHETHYECKOrO NepHoAa AH(deDeHIHalMH OpTraHH3-
Ma BO3pacTaeT, JOCTHraeT MakCHMyMa, NocJe 4ero yOnLBaeT U BhI-
XOAWT HA CTALHOHAPHBIA peXKHM I10 LOCTHXKEHHH OPraHU3MOM CO-
CTOSIHHST B3POCJOHA OCOGH.

B sTom ciyuae, Kak MBI CuHTaeM, Bo3pacTaHHe H3GBITOUHOCTH
JOCTHraeTcst 3a cuer «OBICTPOrO» yBesauueHHst (i), T. e. HeJeHHS
H Da3MHOXKeHHS KJeTOK. C ApYrofi CTOPOHBI, Ha NPOTSIKEHHH JKH3HHU
B3DOC/JOTO OpraHW3Ma KJAETKH NPOAOJKAIOT AEJHTbCS, HO OOBITHO
HE Da3MHOKAIOTCs. 3HAaueHHe NPOU3BOAHOH OR/Af crerka ayk-
TYUpyeT B OKDECTHOCTH <«IVIIOC-MHHYC HYJsi», [0Ka CcHCTeMa Ipe-
ObiBa€T B JHHAMHYECKOM CTALHOHAPHOM COCTOSIHHH, HampHMep
B COCTOSIHHM roMeocrasa. (B rex cayuasx, korga 0R/dt > 0, R — 1,
BO3HMKaeT AHOMAJILHO 2KeCTKasi OpPraHH3alHsAd «OKaMeHeHHA» H
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CHCTEMA YTPavyHBaeT CNOCOOHOCTh K aAaNTHBHOMY MOBEAEHHIO; NPH
OR/Jt << 0, R — 0 HaunHaeTcs «yMHpaHHE>.)

2) Bropo#i, HamnbGo/jee NOpasnTeNbHBIH cJayuyafi OTHOCHTCS K
3JIEKTPHUECKOH AKTHBHOCTH MO3Ta KAaK SIBJCHHIO, CBSI3aHHOMY C H3-
MEHSIIOIUMHUCS (GhH3HOJOTHUECKHUMH COCTOSAHHAMH: BHYTDHKJIETOUHLIE
JAaTYHKH TO3BOAHAH OOHapyKHUTh CIOHTAHHYIO BOJHOOGpa3Hyio
AKTHBHOCTh C aMmautygaMu B auanaszoHe 5—20 MB Bo MHOrux
Mo3roBeix cTpykrypax [[1.4—TI1.6]. DT BHYTPHUKJIETOUHble NaHHLIE
NOKAa3BIBAXT, YTO JAaiKe B OTCYTCTBHE DPACHPOCTPAHSIOLIMXCA HEPB-
HbIX HMIYJBCOB MPOUCXOAAT PHTMHUYECKHe WyMOOOpa3Hble H3MEHe-
HHSl TNOTeHIHaJa H3-3a (MOANOPOTOBHIX) (JIYKTyauHH KJETOUHOTG
MeMOpaHHOro NOTeHIHaJa,

PacnpeneseHns NJIOTHOCTH MOUIHOCTH B 3THX JAAHHBIX HMEIOT
MHOTO OOLIEro co CIeKTpaMH, [OJyYaeMbIMH IIPH aHAJOTHYHOM
aHaJu3e HHTerpaJdbHLIX 3JeKkrposHuedasorpamMmm (ID3I), cHumae-
MHIX C Tex Ke o0aacrefi: aTo o3Hauaer, uto DI MOXKHO paccmar-
pUBaTh Kak (CKaJsApHYI0) NPOEKIHI BEKTOPHOH cyMMbl #(f) elH-
HUYHBIX BEKTOPOB C Pa3/jHYHBIMH (a3aMH H 4AaCTOTAMH s B OKPECT-
HoctH ~ 10 T'u, Kaxkawlit U3 KOTOPHX GJAYKTYHPYIOUHH NOTEHUKAJ
IOCTCHHANTHYECKO!T MeMOpaHbl HHAMBHAYaJbHOIO (AeHAPHTHOrO)
HefipoHa. Kak y:Ke HEOJHOKPaTHO OTMEHaJOCh HCCJAENOBATENSAMH,
paboraromumu B 370l obsactu [[1.5], coHTaHHas saekTpHYECKas
AKTHBHOCTb MO3Ta BCe €llle OCTAeTcs OJHHUM H3 HeNoAAaoHIHXCH
pasrajgke aciekToB uepelpanpHbix ¢yHKuuiA. OHa mnpeacraBaseT
co0ofi (HecTalHOHAPHY MO MCTEYEeHHH BPEMEHHLIX HHTEPBAJOB IO~
pA/KA HECKOJbKHX CEKYH[1) HENpepLIBHYI0O BOJHOBYI0 AKTHBHOCTH
¢ TepeMeHHOH 4acToToll H ¢a30d U HEeNOCTOSHHBIMH COOTHOUIEHHSIMHU |
Mexay ¢azaMi (pasHOCTb () — (r HE OTPAHHYEHA) COCTABJSIIOUIHX
eJlHHHUYHBIX BEKTOPOB 2, Z¢; B UejoM DI HalmoMHHaeT IO CBOEMY
xapakrtepy cayyafHbI WyM [XOTs Bo3pacTamollas acHMMeTpPHst
(hYHKIHH TIJMIOTHOCTH BEPOSATHOCTH COCTABJAIHX DI eIHHHUHBIX
BEKTOPOB C Pa3JHUHBIMH ¢(azaMu [PH BHIIOJHEHHH HHTEJJIEKTYaJb-
Hbex samaunit [I1.4, T1.5] ykasbiBaeT Ha yCHJHBAILyiocs (JHHeER-
HY10) CTATHCTHYECKYIO CB3b MeXAy OTAeJbHLIMH Tpynnamu Hei-
ponoB]. OLHAKO KOTHHTHBHBIE H IIOBEJEHUYECKHE YDOBHH HEDAPXHE
(ne:kalllpe HeNOCPEACTBEHHO HaJ HeHPOHHBLIM yPOBHEM) IIPH TaKHX
VCJIOBHSIX BLICOKOYIOPSIAOUEHB!, MO3TOMY, €CJAH TOJBKO 3JeKTpHYe-
CKas AKTHBHOCTb MO3ra He CBSI3aHa C [OBeJleHHeM, CYLIeCTByeT BO3-
MOXKHOCTD, UTO B OTJIHUHE OT HCKYCCTBEHHHIX CHCTEM CBfA3H, B KOTO-
pBIX UIYM BLICTYNAeT KakK JocajHas IIoMexa, UeJOBeUecKuH Moar
MOKET HCIOJb30BATh LIYM KaK HeH30eXHHH H «0JaromnpHsiTHbIN»
$akTop.

M3BecTHO, UTO HEHPOHHBbIE KJETKH JEJATCA B MO3ry TOJBKO B
OueHb pAHHEM BO3pacTe OpPraHH3Ma, MOITOMY MOBLILIEHHE OpPraHH-
3allHH MO3ra HEBO3MOXKHO OOGBACHHTL Ha OCHOBe JAeseHHs HeHpo-
woB. OAHAKO CYIIECTBYeT Apyrasd BO3MOXKHOCTH (H B 3TOM H CO-
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CTOMT Halula THII0Te3d): YHCJAO EeAHHHYHBIX BEKTOPOB-HOCHTEJeH
¢ aspl Ha ypOBHe Z «annapatypHOil peasH3allHH» CHCTEMbI MOCTOSH-
HO (HaXOMHTCSI B COCTOSHHH «CIAYKH») B ONpPENEJeHHHIEe epHOLbl
BPEMCHH, HO «UPOOYKAaeTCs», KOr/la BBITOHEHHE yCaoBus OR /0t >
> (0 Ha N2HHOM MJM HG 60Aee BbLCOKOM ypoBHE TPebyeT LefiCTBHIL.
{lo-Bunumomy, Heo6xomxuMOCTH «IIpOOYIKAEHUST» OLEHHBAETCA Hefi-
POHHBIM YPOBHeM Z [0CJe TOTO, KaK COOTBETCTBYIOUIHE 3((pepenT-
HbIC CHPHAJbl O0paTHOW CBA3W MOCTYNAOT Ha AAHHBI ypPOBEHbL C
KOrHUTHBHOIO YDOBHsI, JeXkKallero HemoCpeAcTBEHHO HajJ HUM. Eme
pas MNOAYEPKHEM, HTO OAHOM JIMIIb AKTHBALUHH HAANOPOrOBbIX,
«CHABUIHX» (HJH «APeMABIUHX») HEMHHEAHBIX OCUM/ISATOPOB HENO-
CTATOYHO; NPOUEAYPa JAOJKHA NDOHCXOAHTh Ha (oHe OGojee Mej-
JICHHOTO BO3PACTAaHUS SHTPONHH S(f), T. e. 3aHOBO AKTHBHDyeMble
CTenenu CcBOGOAbl AOJKHLI 3aT€M IOJABEPTHYTHCS «IPOLecCy CHH-
XPOHHM3ALHK», AHAJOTHYHOMY TOMY, KOTOPBIH yiKe aeHcTByer Ha
«Gosiee cTapbie» nepeMeHHble CHCTEMBl Ha ypoBHe Z. B caeayoleM
pasiese Mpl MOAPOOHO HCCJAEAYeM BO3MOMKHOCTH YJAYUIIEHUS H3-
GBITOYHOCTH B CHCTeMe X Ha HePapXHYECKOM ypoBHe Z, KoTOpas
OTKPBIBAETCA, €CJAH Mbl pa3pelinM 4YUCJAY He3aTYXalOUIUX OCIHJJsI-
TOPOB 3aBHCETh OT BPeMeHH (r:(f)) B pe3yabTaTe Mepek/IOYeHHH,
BRISLIBACMbIX KATAIMTHYECKHM AeficTBueM (cnaboro myma). C ro-
MOUIbIO TaKOH MOJETH Mbl MOXKEM AOCTHYbL NOHHMAHHS TOrO, Kak
(cmabast) myMoBast akTHBHOCTb HA AAHHOM HeHDOHHOM YDOBHE B
OHOJIOTHYECKOM OPraHH3Me MOXKET NOPOAHTH pery/idapHoe mnoseje-
HUe Ha 0oJiee BHICOKOM (KOTHHTHBHOM) YPOBHE.

A.2. Opranusaumns 4epes caabblit cTanHoHAPHDIH
N0 aMIJIHTYAE UIyM

PacemorpuM cueremy Z, cocTosiuiyio H3 n(t) cayuaituelx «pa-
30BBIX» BEKTOPOB 2), ¢ (DUKCHPOBAHHBIMH YACTOTAMH M3, MAJO OT/H-
HAIOWUMHCS APYT OT ApPyra, u amnautyaamu A,(f) u cayuafinpimMu
thasamu @ (f). PaceMoTpum cuauana KparTko, 4To MokKer NPOU3OHTH
C TOYKH 3pEHHs IHHAMHKH IIDH 1 = const B OTCYTCTBHE WIyMa, T. e.
B cayuae, KOraa gz, — JIETEPMHHHCTHYECKHE HEJHHEHHO CBA3AHHbIE
OCLMATATOPLL ¢ HE3ABUCHMO H3MEHSIIOLIMMHCSA aMIAUTYAAMH u da-
samu. Tax Kak 4acToTel @ Majlo OTJIMYAIOTCA APYr OT apyra, cH-
CTeMa HaxomuTes nubo (a) B pexume saxsata uactor [I1.7], B Ko-
TOPOM BC€ OCUHJJIATOPBI COBEPIUAIOT CHHXDOHHBIE KOJNESAHUS W CU-
CTeéMa  (YHKIHOHANBHO OJHODOAHA, HaH (6) B pexuMe (rubko
OrpaHHueHHoro) 3saxsara 0as |[@ay — @, << @, =1, ..., n),
COOTBETCTBYIOWIEM  TOCJE/I0BATE/BHOMY, WJH  CEKBEHIHATLHOMY,
npoueccy u aupdepenuuannn GyHKUMH (MOCIEA0BATENBHDIE tbaszo-
BLIC COOTHOIUCHHs MOIYT HCNO/Mb30BATBCA AN AUHAMUYECKOTO Xpa-
HeHHsl nHGopManHu).
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B ofueM cayuae, KOorja 2 — CJAydaHHble BEKTODH, Mepea HaMH
BcTaeT npo6eMa OlleHHBaHUs H3GBITOUHOCTH CHCTEMbl Ha YpOBHE Z
Kak (GYHKIHH BpemeHu. [Ipeamoaaras, 4to aMmauTyan Ax(f) Bek-
TOPOB 23 CTATHCTHUECKH HE3aBHCHMBI OT a3 @a(f) H OUeHb Mel-
JCHHO H3MEIAIOTCS CO BpeMeHeM, Mbl MOMKEM 3arnHcaTb MIHOBEH-
HYIO SHTPOIHIO CHCTEMB! B BHIE

—+ o0 —+ oo =+ oo
S~ S S S O (P Poy - vs Ppy - v s Py 1) X
X 10,0 (@) @y« Py v v or Ppgy) t) dode, ... do,, (A.2.1)
rae o(¢1, P2, ..., Pnr); t)— coBMecTHast (QYHKIMA MIOTHOCTH Be-

posTHOCTH (a3 cucTembl. B ofmem ciyuae BepaxeHue (A.2.1)
IpeACTaBIsfeT JHLIL YHCTO aKaAEMHUCCKHH HHTEpec H3-32 HEBO3-
MOXKHOCTH BLIUHCJHThL COBMECTHYIO ()YHKUHIO IIJIOTHOCTH BEPOSITHO-
ctu. OaHako B Tex cJayudasix, KOria IJIOTHOCThL paclpefeneHus Be-
POATHOCTH JJIsl Pe3yabTHPYoIero BekTopa p(R,¥) MOKeT ObiTb
BLIUHC/JIEHA B IBHOM BHJe — Ha BPEMEHHbIX HHTEpBaJiax KBasHCTa-
IIHOHADHOTO [OBEJEHHs, Mbl MOXKEM Ha 3BDHCTHYECKOM YpOBHE
CTPOTOCTH 3aMeHHTb S (f) HHTerpaiom
—+ oo

| 00 10g:0 (9 ds, (A.2.2)

—00

H TOJYUUTL IJIs1 H30LITOUHOCTH CHCTEMBI BhIpa:KeHue

+o0
{ 0@ 10g0® a0
RO)=1——"""0r , (A.2.3)
rape
o(® = o (R, ®)aR. (A.2.4)
0

[TpeanonoKuM Terepb, UYTO KaxKAbl CJAYYaHHBIA BEKTOp 2 H3 1 He-
3aBHCHMBIX «MOJYJ/el» CHCTEeMBbl IpeacTaB/ser cob0i xecTkull He-
JUHEeHHBIH OCHH/JIATOP, «IJaBaioIlHi» B faccediHe OKDPyXKaiollero
IyMa W ONHCbIBAEMbIfi ZHHAMHUECKHM ypaBHEHHeM BHAA

22— 2¢ (1 — 4az? + 8B2Y) 2 + 02z =E (), (A.2.5)

rae E(¢) — crauuoHApHBIH cjayyafHbIA MpPOLECC C HYJEBbIM CPEAHHM
H CIeKTPadbHOH MIOTHOCTBIO MomHocTH N (Bt/Im).

Hac uHTepecylOT BepOSITHOCTH BPEMEHHOTo BO30yKAeHHst W ra-
wieHHs {pepblBaHHsI) He3aTyXalIIHX OCUM/IISATOPOB TOrO THMA, KO-
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TOpBIE coAepKaTesl B HAlICH CHCTEME, oA ACHCTBHEM OKDYKAaILIero
wyMa g(¢). Vccaenopanne cucreMsl (A.2.5) O6b/0 T1poBeneHO
CrparonosuueMm [[1.8], KoTopwulii mokaszaj, 4TO NOA BO3AEHCTBIHEM
1yMa NepBOHAUYAJbHO HEBO3OYKACHHBIH, HJIH «CIALIHA», OCLUIIA-
TOD MOXKeT OBITb acHHXPOHHO BO30yIKIEH, HECMOTDA Ha ycrotuusoe
CTAallHOHApHOE COCTOsSIHHE B paBHOBecHu (T. e. B moxoe). HaobGopor,
IIYM MOXKeT NPOH3BOAHTH MPOTUBONOJIOXKHBI 3G PEKT aCHHXPOHHOIO
ralieHust CyHeCTBYIOINX YCTOHUHBBIX KoJgeOaHHH, TeM CaMbIM CIBH-
rasi «604pCTBYIOUHAY» OCHIJJISATOP B €ro yCTOHUHBOE HeBO30yXaeH-
Hoe cocrosinne. Ecam (cpeigHee) BpeMs MNpeObIBAHUSA OTACJALHOTO
OCHHJIsITOpA, MpUHAxIexamero aHcam6a1io Z, B (ycTofiunBoM) 803-
6yxcdenHoM COCTOSIHHM 0oJblie, yeM (cpeaHee) BpeMsi npeObIBAHHSA
TOrO 2Ke OCHHMJAATOpPa B «cnfujem» (YCTOHUHBOM) COCTOSIHHH, TO
n(f) Bo3pacraer, U NO3TOMY CYIIECTBYET BO3MOXKHOCTbL VBEJIHYHTb
U30LITOUHOCTL CHCTEMBLI Ha HCCAEAyeMOM VPOBHE TOJBKO «3a CUeT
urymas.

CropocTy BO3BYMACHHS, HJIH «POXAaeMocTby, K U CKOPOCTh ra-
IIE€HHS, HJIH «CMePTHOCTb», K; Oblid BblUHCJIeHB CTpaTOHOBHUEM
[[1.8] 1 oxasaalch paBHHIMHU

K =2R \/ o € R, (A.2.6)
K, = ;]1; Ny TR RN (A.2.7)
rie y 1
 (a— A= |
R=(2=YE =18 }" (A.2.8)
a? — 4ap \1/2
R, =(L‘/§B—4f‘—) , (A.2.9)
1= — (1 — 3aR> -+ 5B RY), (A.2.10)
w = (1 — 3aR? - 5BRY), (A.2.11)
FRy=e (5 — 2548, (A.2.12)
R2 R4 RG
Fry=e (Sl SR g & (4.2.13)

u N — crnektpajbHas MJIOTHOCTL OKpyxamomiero myma (B Br/Tu).
CiiepoBaTenbHO, OTHOIIEHHEe (CPelHHX) BPeMeH, IPOBOIUMEIX OCUHJI-
JATOPOM B HEBO30YKJAEHHOM U BO30YXKAEHHOM COCTOSIHHAX OIpe-
AeJsieTcsl BhlpaxeHHeM

K, el ROV "N
=== V L (A.2.14)
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[ToxcTaBasia BMeCTO MapaMeTpoB MpPHBeJeHHbE BHIIUE BbiPaXKeHNH,
nosyiaem

Ki _ (@—ap)* = o
raiar ey A/N &, (A.2.15)

rjne

c=l—gﬂ—(a+«\/a2—4ﬁ)[l ~%——i(a+ Vo = 43)]-
(A.2.16)

IIpn « u P omHoro mnopsiaka (CHJABHAS, KECTKAasl HeJHHeHHOCTD)
nmapaMerp ¢ MoxeT ObITb JuG0 mnoJjoxurenbHeiM (¢ > 0). au6o
orpunaresbibiM (¢ <C 0); B uyacTHOM caydae, npi a > B4/2, na-
paMeTp c yIOBJETBOPsieT cooTHolueHHIo ¢ ~ ae/12f. Takum o6pa-
30M, PHBEJACHHBIE Bblllle PE3Y/IbTATH MOKA3LIBAIOT, YTO MpPU AAHHBIX
napaMeTpax o, B, e OTHOIIEHHe CPeJHHX BPeMeH NMpeObiBaHus OCLHI-
JSITOPOB B HeBO30YyXAeHHOM W BO30YXKIEHHOM («60apCTBYIONIEM>)

COCTOSIHHSIX COCTABJSIET BEJHYHHY A/N eV, Tlapamerpu o, P, e
BCeria MOMKHO BHGpaTh Tak, 4TOOB NpH JAaHHOM (yMepeHHOM)
ypoBHe mwyma N BHNoJHsI0Ch HepaBeHcTBo Ki/K <1, T. e. OTHoO-
HIeHHEe «POXAAEMOCThb»/«CMEPTHOCTbY GblI0 Goabuie eguHunsl. Cie-
JIOBATEJIbHO, OCHMJJAATODP (MJAH OCHHJLISITOPH) MPOBOAAT B BO30Yy-
JKJEHHOM COCTOSIHHH 60.btiie BPeMeHH, ueM B HeBO30YXK/JACHHOM, H,
CJIe10BATENbHO, YHCJI0 BO3OYXKAEHHBIX OCLHUJIATOPOB B J1aHHOM Bpe-
MeHHOM wnHTepBajse Af pospacraer. O6o3HauuM uepe3 n(f) uucgao
«BKJIOUEHHBIX> OCHHJJISITOPOB B JAaHHBII MOMEHT BDeMeHH, U NyCThb
ny () —uncao HeBo3OYXAEHHBIX OCUHJISTOPOB B MOMEHT BPEMCHH
n(t). Obmee YUCIO0 OCUUIIATOPOB B CHCTEME MBI CYHTAEM MOCTOSH-
HBIM, T. e. n - n; ==no=const. Kaxauii ocuunasTop «BHAa» A,
«yMHpasi», CTAHOBHTCS OCUUAJIATOPOM «BHAA» ry, H HaoGopor. Cxo-
POCTH H3MEHCHHsI MOMYJALHIT OCLHHIJIATOPOB OGOMX BHIOB yIOBJe-
TBOPAT VpaBHEHHSIM

%’;L_ :Kln] - Kn7
(A.2.17)
d
t;ltl :Kn - Klnly

M3 KOTODbIX YCJIOBHe 3aMBIKaHHS cJelyeT B BHJIE DaBEHCTBA
ny -+ n = const. Craunonapusie coctosius cucteMel (A.2.17) — 310
TOUKH, B KOTOPHX dn/dt w dn,/dt onHOBpeMeHHo ofparmiaiTcs B
Hyab. DTHM CBOMCTBOM 00,13aJal0T Bce TOUKH, MPHHALIEKANIHNE TPsl-
Mol Kiny — Kn = 0 Ha naockocTu (n, 11), TO3TOMY IIPH 3aJaHHOM
ofnIeM uuciae OCUHJAJASITOPOB #p CTAlHOHADHAs TOYKA HAXOAHWTCA Ha
TepeceyeHuH NpAMBIX 1 -+ ny = no 1 King — Kn =0.
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Tak kak K; 4+ K >> 0, 3T0 CTallHOHAPHOE COCTOSIHUME yCTOHUHBO.
Ecan neq u f1,q — YHCJIO BO30YyXK/EHHEIX H HeBO30OYXKAeHHbIX OCLH/I-

JISITOPOB B COCTOAHHH paBHOBeCHA, TO

Neq + Mieq = os (A.2.18)
Kneq — Ky, = 0; (A.2.19)
o603HauuB
" :%, (A.2.20)
MOJYUHM
neq:'l_'l:_n_ol, (A.2.21)
Mg =% . (A.2.22)

B canyuasx, mpeacTaBasonIMx HHTEpeC, Koraa p > 1, fleq > Plogs
OTHOLUIEHHE YHC/Aa BO3OYKAEHHBIX OCIHJJSATOPOB K YHCIY «CIAUIHX>
B CTAUHOHADHOM COCTOSHHH 3aBUCHT HE OT HHAMBHAYaJbHBIX KOH-
CTAHT CKOPOCTeH 3THX ABYX INONYJALHH OCHH/AIATOPOB, a TOJIbKO
OT OTHOHIGHHS 3THX KOHCTAHT [. 3aMeTHM TaKiKe, UTO 3TH HOMyJsi-
IHH B CTALLHOHADHOM COCTOSTHHHM 3aBHCAT OT OOUIEr0 YHCJI4 OCILHJI-
JATOPOB B cHcTeMe. MakcuMaJjibHAsi SHTPONHS CHCTEMBI B CTaLlHO-
HApHOM COCTOSTHHH HMEeT MOPSII0K

Syaxe ~ 10g, }“eq’ (A.2.23)

rjie
heg = Peq! (A.2.24)

(5):(54):
2 N2 ’
Hrak, Mb BHAMM, 4YTO OKpyXawliasi cpela C <«CJAabbhiM» LIYyMOM
(alIHTHBHBLIM CTALHOHADHHIM LIYMOM) MOXeT OKa3hBaTh «BJaro-
NPUATHOE» BO3JeHCTBHe Ha cHcTeMy (T. e, JAefCTBOBATh 60Jee HJH

MeHee KaK «IIHTaTe]bHas cpela» — OCLUMJIATOPH KaK Ohl «IHTANOT-
cA IIyMOM> ), yBeJIHUYHBAs H3GEITOUHOCTL IIPU YCJOBHH

S <ix . (A.2.25)

Ocraercst cKkasaTh KO€-UTO O NPOHCXOKAECHHH HEOGXOIMMOTO Op-
TAaHH3YIOUIETO Mpollecca (MJIH PHTMOBOJUTENA, KOTOPHIH HCIOJB3YET
M36BITOYHBIE CTENeHH CBOGOAB M IMPHBOJAUT CHCTEMY K YCJOBHIO
(A.2.25)). Mbl ccBafiuch Ha BNOJHE KOHKDETHHIH NpHMep — Opra-
HU3aIHK Yes0BeYecKOro Mmoara. B HacTosllee BpeMs MHB CUHTaeM,
YTO TaKOH PHTMOBOJAHUTENb (TaJaMOKOPTHKAJLHLIE PHTMOBOAMTEND )
AeACTBHTE/IbHO OOHApyKeH B UeJOBEYECKOM Mo3re (cM. pasi.6.5.2).
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A.3. AnekBaTHOCTh Halleld Moneau HeHPOHHOMH
U KOTHUTHUBHOW OPraHU3aLUH

B pasg. A2 MBl NpeisIORHIH MOAEdb, OCYIICCTBASIOULYIO ABYX-
NO3HLIUOHHOE MEepeKJYeHne  («BKJIIOYEHO — BBLIKJIIOUEHO» ) B aH-
caMbse KEeCTKHX IeJMHHEeMHLIX OCHHIIATOPOB, aCHHXPOHHO AKTHBI-
pyeMblX H [OLaBASACMBIX aAANTHBHBLIM IIyMOM (H B JaJbHelimeMm
OTPaHHYHUBAEMBIX TaJaMOKOPTIIKAJIbHEIM pHTMOBOAHTedeM ). O6cy-
JHM Tellepb AACKBATHOCTL Hallefl MOAeAH ANHAMHYCCKHM Ipoliec-
COM, MPOHCXOASIUIHM Ha HefilpoHHOM ypoBHe. CYLIECTBYIOT JH Iepe-
KJIIOYaTeJAbHBlEe TPOLECCH THHA <«BKJIIOUCHO — BLIKJIIOUEHO» (CHHAN-
THYECKHe H/NI14 refeTHYecKHe) B KOPTHKAJILHBIX HJAH TalaMHUYECKIX
LHEeHTpax Kak ajalTHBHBIC OTKJAHUKI Ha H3MeHsoulHecd (GI3HOJIOTI-
yecKpe YCJOBHs U YCIOBIA OKpysKalouiedi cpenw? I1pexae Bcero mno-
nbBITaeMcs H30MOP(HO OTOXKASCTBHTL (MWVIVKTYALHH, HPOHCXOAALLIE
Ha YPOBHE OJHOrO HEeHpOHA C KECTKHMH HEJHHEHHBLIMH OCUMJ/IATO-
paMii MOJeJH WAH MO KpafiHell Mepe yCTaHOBHTL MEXKAY HHUMH Ka-
KHe-To anajsornd. Mmelomunecs  sKcnepuMeHTadbHble  JaHHLIC
[[1.10] cBHAETENLCTBYIOT B TOJb3Y CXEMBl, COIMIACHO KOTOPOH OT-
JAeJbHblE CHHANCH LeHCTBYIOT KaK YHHQUUHPOBAHHDLIC TeHEPAaTOpPHI
BOJHOBOI AKTHBHOCTH, H alepHOAHUYecKHe KoneGaHMs, BHAHbLIC HA
CHrHajax OT MEXKKJEeTOUHBIX A4aTUHKOB, yiKe IPeLCTaBJasIOT Co60il
CYMMy BKJaJOB OTJAe/]bHBIX cuHancos. [lo cBoell npupoae Bo3Oy-
JAMMBbIE YYaCTKI MOCTCHHANTHYECKHX HEHpOHNBIX MeMOpaH HeycToii-
YMBE, U TIPH ONpeJcdeHHLIX YCJAOBHAX MOTYT BO3HHKHYTbL He3aTy-
Xauue KojaebaHus.

JleficTBHE CHHANTHYECKHX TOKOB H3MEHsieT IMoTeHunaa nokod. Ha
OCHOBE OIEHOK [OTeHLIAaJ a MOKOS B AJHHHOM OTBETBJECHHH JeH-
IAPHTHOTO HelipoHa 6bL10 BhHCKazano npeinonoxkenne [[1.10] o towm,
YTO 3TH OTBETBJEHHsI ¢ MX BBICOKHM aKCHaJblIBIM CONPOTHBJIEHHEM
U GOJBLIIOH MJIOLIAMILI0 MOBEPXHOCTH MOTYT HMETh  CYIIECTBEHHO
MEeHBIUM{l OTeHIHAJ MOKOS, 9eM TeJO KJIeTKH TOro :xe HefpoHa.
BosMmoxkHO, uTO 60Jlee HU3KHH IOTeHIHAJ NOKOs TNpejpacnofaraer
3TH 3JEMEHTH K KoJefaTeNbHOMY PEKHMY, H CHHAICHI, PacnoJo-
KEHHEIE HA 3THX OTBETBJEHHSX, MOT'YT KaK HHAYNIIPOBATh, TAK U ra-
cHTb KoJieGanns. Takum o6pasoMm, B Hamlell MOAeNH CHHAICHI MOTYT
He 6LITb OCHOBHEIM HCTOYHHKOM BOJHOBOH aKTHBHOCTH, HO OHH HI-
paloT PEryJsiTOPHYIO POJib, MOCKOJBKY CHHANTHYECKOE JEHCTBHE He-
06xX0AHMO JAHGO s BO3OYKIASHHs, NHOO AJs railenusi BOJH MOTCH-
1nuaJja B AEHADHUTE.

HecmoTpsa Ha 3TH coobpaxKeHusl, Mbl NO-IIPEXHEMY He CKJIOHHBI
OTOXKIECTBJSITh JKECTKHe HeJHHEHHEE OCUHAJISATOPHI (B Haled Mo-
Jenn), Bo30yKAaeMble WJY IOJaBiaseMble IMyMoM («KaTaaHTHue-
cKuM> JeficTBHeM ) ¢ GAyKTyauHsiMH ITOCTCHHANTHIECKOr0 MeMOpaH-
HOTO MOTEHIHasa OTAeNbHOTO Hefipona. Mul cuuTaeMm GoJee INpHEM-
JeMBIM paccMaTpHBAaTh 3TH KOjaebDaHus NMOTeHIMasna Kak GoJjee HJH
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MeHee COOTBETCTBYIOIIHE aAJHTHBHOMY LIYMy B Halieil Mojend H
HCKaTb aHaJjor «OHCTA0H/IBHOMY KECTKOMY HEJHHEHHOMY OCUUJJIA-
TOPY» @HYTPU HEUPOHA B 4eM-TO APYTOM.

KyMyasiTHBHbIE 3KCIIEPUMEHTH, MHOTOUYHC/EHHBIE NaHHBIE O KO-
TOpbIX onyGJukoBanbl XaligenoM [[1.11}, mo-BHAMMOMY, YKa3BIBAIOT
caenyoumui nyts [[1.12]. XalileH 1 ero COTpyAHHKH OGHAPYKHIH,
UTO DKCIIEPUMEHTHI 0 OOYYEHHIO KPbIC HEH3MEHHO COIPOBOXIATHCD
yBesuuenueM Bulenennss mPHK Ha nefipon B oTpenax KopH, Be-
Hapouux npoueccamy obyuenns (B 60—100 % nOAONBITHEIX KHBOT-
HbIX). DTO YKas3blBaeT Ha CTHMYJISIIMIO FeHOMa He#poHa, T. €. OT-
kauKk mMPHK MOXHO HHTepHpeTHPOBATh KaK OTOOpakeHHE aKTHBA-
LMK «MOJIUaBIIero» A0 TOFO ydacTKa reHa B KJeTKax Mosra. Huxe

MeH

- mPHK
/ x (TpaHcneuual

N

PubBocomMa

) DepMEHT y {TpaHcnauua)
Penpeccop P fiperypcop
22 e

T i Tl ad bl v el et LT
Cy6crpat
Puc. A.l. ITeras resernueckoll o6paTHOf CBA3H X, Y. YPOBEHb HYKJIEHHOBBIX KHC-
JOT K YypOBeHb GeJkOB cJelyeT paccMaTpuBaTb Kak [ABa [OCJAEJOBATE/bHBIX
HepapXH4yeckux YpPOBHA.

Mbl TIpe/JlaTaeM THIOTe3y, UTO TaKas aKTHBalMs (OOBYHO MOAAB-
JIEHHBIX ) TeHHBIX MeTesb (Mepek/iouartesnefi) MoXeT ObTh 00YyCJOB-
J1eHa HOHHBIMH (PJIYKTyalMsMH, IPOHHKAIOIIYMY B IeHOM HEHPOHOB,
H BHI3HLIBATLCS JUOO NPSIMHIM CTHMYJHPOBAHHEM H3BHe (Hampumep,
MUKDPOBOJIHOBBIM u3ayuennem [[1.13]), mnbo cBaA3bo ¢ HeNpPePHBHOH
MIyMOBOH 3/€KTPOBOJHOBOH AKTHBHOCTBIO MOCTCHHANTHUCCKHX MEM-
OpaHHBIX MOTEHIHAJOB (3amycKaeMbIX [ODMOHAMH HJH HeHpoMe-
JHATOpaMHu ).

PaccMOTPHM KpPaTKO OAHY OTACJALHYIO TeHETHUCCKYIO <MIeT/]I
JKako6a — MoHO», HIH «TeHeTHUECKHH IepeKmaouarenb» (puc. A.l).
Ha stoi#i ynpoutennoit cxeme cursan PHK ucnyckaer sapo. Mrio-
BenHyo KoHuenrpamuio PHK o6osmaunm uepes x(f). B pubocome
CHFHAJl TPAHCAUPYErcsi, M CHHTE3HPYIOTCH MOJICKYJbl TOPMOHOB C
COOTBETCTBYIOIleH MIHOBEHHOH KOHIeHTpanuel y(f). Buaeausmiuii-
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Cs1 (epPMEHT KaTaJH3HPyeT PeaKlUHIO NMpeBpallleHHs 13 HeaKTHBHOTO
IpeKypcopa B MOJIEKYJy penpeccopa. B cBoo ouepelp MoJeKyaa
pemnpeccopa (6e10K) pearHpyeT ¢ reHOM Tak, 4TO KOIJa pemnpec-
cop npukpenasercs K reny, mPHK Gouiplie He npoH3BoguTCd, H aK-
THBHOCTb NPEKpaIlaeTcs.

Tynsun [I1.14] npeanpHHsin NMOMBITKY II0Ka3aTh, YTO IPH HEKO-
TOPHIX YCJAOBHSIX ONHCaHHAS BbIlE INeTdAss OOpPaTHOH CBSI3U MOMKET
6EITL KOJMe6aTebHOH CHCTEMOH ¢ MTHOBEHHBIMH KOHLEHTPaIHsIMH X
H Y, HeJHHEHHO (JIYKTYHPYIOIIUMH OTHOCHTENBHO CBOHX CTallHOHAD-
HuIX 3HayeHHH. Ocob0 OrpaHHUHTEBHBIM GbLIO NPHHATOE ['yABHHOM
OPEeANnoaoKeHHe O TOM, 4TO KOHIEHTpauus ¢epmenra y yOblBaeT ¢
MOCTOSIHHOH CKOPOCTBIO (He3aBHCHMMO 0T KouueHtpaudu). [Ipenso-
XKennasa I'yaBHHOM cXeMa IepBOHaYaJbHO He YUYUTBIBaJa TaKkKe
3anasabiBaHHe MexAy x H y. Bnocaexncrsum [I1.15] I'yaBur moxu-
({uUHpOBAJ CBOIO MOAEJb, BKJIIOUHB B YPABHEHHs UJIEHBI, YUUTHIBAIO-
HIHe 3anasjfibiBaHHe U Paciaj BellecTB H 3aBUCHLIHE OT KOHUEHTpa-
UHH X H Y, a MoCje 3KCIEPHMEHTOB Ha aHAaJOrOBBIX KOMIIBIOTEPAX
I'yABHH npHIlen K 3aKJIOUEHHIO, UTO CHCTEMa CIOcofHa COBepIIaTh
HesaTyxawline KojebGaHWs B OrpaHHUeHHOM JHana3oHe 3HaueHHI
napametpoB. [losnnee ['puddurc, KPpUTHUECKH TNPOAHAJIN3UPOBAB
mogeab I'yapuna [[1.16], npuiues K BBHBOAY, UTO He3aTyxalollHe KO-
JeGaHHs KOHUEHTPAaUHH X M y HE MOTYT BO3HHKaTh APU PEAAUCTU-
YecKkux 3HAueHHS X NapaMeTpoB. B pesy/abTaTe OKa3blBAeTCs, 4YTO
IpOCTasi reHeTHYeckas net.si, u3oOpaxKeHHad na puc. A.l1, B pamkax
JeTepMHHHCTHYECKOTO NOAX0Ja MOXKeT BeCTH celsd TOJBKO Kak Ie-
peKJ/IIouaTeNb, KOTOPHII GOJBIUYI YaCTh BPEeMEHH MOJAaBJeH, T. €.
HaXOJUTCH B NOJIOXKEHHU «BBIKJIIOUCHOY.

Henagno Tusapu u gp. |{I1.16] Bmnoannau ma KoMIplOTepe YHC-
JIEHHOE MOJEeJHpOBaHue cucteMbl yKakoba — MoHo ¢ ydyeTom croxa-
CTHUECKHX BapHalluil B nepeMeHHBIX x H y. Hccaegosarenn obuapy-
JKHJIH, UTO MOJ AeHCTBHEM CTOXACTHUECKHX (uIyKTyauu# (myma)
B CHCTeME BO3HHKAIOT He3aTyxawliune Koaebanus. «Opna nersd
00paTHOH CBs3H, OCYUIECTBJAAIOLLAs PernpeccHio, euie He sIBJAAETCH
«4aCOBOMi» CHCTEMOMH, a HECKOJIBKO TaKHX IeTeqab, JCHCTBYIOIIHX HE-
3aBHCHMO, MOIVIH OBl OBITh OUeHb TOUHBIMH HacaMH»,— TAKOB ObLI
BHBoJ TUBapu u ero cOTpyZHHKOB. Ham npeacrasJsercs, 4YTO HHAY-
IHpyeMble H3BHE CTOXACTHUECKHE 2JIeMEeHTH B HeNdaX TreHeTHYecKoro
KOHTPOJsI SIBJAIOTCS HEOGXOAHMBIMHU IIPEAIOCHIKAMH BO30YXK/IEHHS
U TIPOH3BOACTBA HENPEePHIBHBIX HE3aTYyXalOUIHX KoJebaHHH B IKeCT-
KOM IIepEK/IOUATEJbHOM 3JeMeHTe, KOTOPHH B NIPOTHBHOM cCJjydae
npeGbiBaeT B COCTOSIHHH TOKOSl («CHHT»). B named TeopHn Takue
CTOXaCTHUECKHE 3JeMEHThl MOTYT ObITb OTOKAECTBJIEHH ¢ HOHHBIMH
haAyKRTyaUHsMH, HAYIIUMH OT HENPEPHIBHOH aKTHBHOCTH MOCTCHHAI-
THUECKHX MeMOpaH, MPOHHKAIOUWIHX B FeHOM M MaCcCHPOBAHHO BO3-
6yxAa0lKX GBIBUIME JO TOroO IOJAAaBJEHHBIMH TeHbl. Bylyun B030Yy-
JKACHHBIMH, 3TH Ie€HBl 3aTéM COBEpIIaloT peryjsipHble Kose0aHusi B
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TeUueHHe BPEMEHHOr0 HHTepBasia Af, NMOKa CTOXaCTHYECKOE BO3Jefi-
CTBHE COXpaHsieT HaAJexalllie XapaKTepHCTHKH.

Kak nokasbiBaeT KOMObIOTEPHBIH aHa u3 I, cHATHX BO BpeMs
o6yuenus [[1.18], pacnpenesenue 4acToT H HHTErpa/bHON MOIIHOCTH
B CIIEKTPE Cpa3sy XKe Mocje MepBOro NpelbABJEHHs CBA3aHO ¢ Kaue-
CTBOM €ro MOCJEAyIOLlero 3alOMHHaHHUs. B 3THX 3KCIepPHMEHTax 6o-
Jee HHTeHCHBHAass OblicTpas H AJHTeAbHAst aKTHBalLHs 23T nocae
npelbsBJIeHHsT yueGHOTO MaTepHasad CHCTEMAaTHUECKH aCCOUMHHPOBA-
Jach ¢ JYYIIHM KayecTBOM MOCJEIYIOUIero 3alOMHHAHHSA, H, HA000-
poT, OueHb HH3KHE YPOBHH aKTHBALHH COOTBETCTBOBAJH OTKa3y IMa-
MSITH — HH3KHE YPOBHH OBbIJIH HECOBMECTHMBbI ¢ 3alOMHHaHHEM HH-
dopmaliy, 10NYCKAWUIUM TOCAeAYIOULYI0 06paboTKy.

B COOTBETCTBHH ¢ Hamleil MOJeJbI0 Mbl mpeamnojaraem, 4to I3[
JOMKHA OBIThL OCOOEHHO AKTHBHA B ICPHOJ 3aKpelJeHHs NamsTH,
YTOGHl CO3JaTh KAK MOXKHO OOJblle IeTeldb B OTAeJbHbIX HeHpoHax
(0OAHOBPEMEHHO BO MHOTHX 00JacTAX M03ra), BeAyIIHX OT M0J4aBJeH-
HBIX K BO30YXKAEHHLIM COCTOSIHHAM HesaTyxalomux xonaebanuii. lo-
cTHYb 5(PeKTHBHOTO 3aKpelJIeHHsl NaMATH MOMHO TOJBKO Uepe3
MacCHpOBaHHOe yBeauueHHe KosudectBa MPHK H Koppesnunposah-
HOE NPOH3BOACTBO HOBHIX crenupuueckux Gesakos. Hasuune HOBBIX
§eJKOB H COOTBETCTBYIOIIHE KOHMOPMALHOHHLIE H3MEHEHHs! B IIOCT-
CHHATITHUECKHX IO3HULHAX B CBOXO Ouepelb HU3MEHSIOT CTEHEHbL BO3-
6y2KAeHHs HJIH TOPMOMKEHHS CHHANTHIECKHX YYacTKOB («caifToB»).
ITO NPOHUCXOAMUT MyTeM BO3AEHCTBHsI 3JEKTPOKHHETHUECKOrO MOTEH-
nHa/g1a MeMOpanbl (HJM HYJEeBOTO INOTeHLHaJa) H, CIeJ0BATEIbHO,
CKOPOCTH 3JeKTpod)ope3a Ha OTACJBLHBIX CHHANTHYECKHX UIEIAX
[T1.19].

TakuMm o0pasoM, MeX/Jy MNOCTCHHANTHYCCKUMH LIYMOBBIMH MeM-
OpaHHBIMH NOTEHIHAJAMH H «CKPBITO» reHOTHUYECKOIl aKTHBHOCTBIO
B reioMe HeHPOHOB MOXKET CYIIecTBOBAaTb HelpepbiBHAas o0paTHAs
cBsa3b. [lpaBaa, ocraercst OKa HEH3BECTHHIM, KAaKOTO THIA TeHOMBDI
AKTHBHPYIOTCSl 32 JAHHbIe HHTEPBAJBl BpeMeHH Af;. DTH HHTEPBaJbI
OOJKHBI  OBITb  JOCTATOYHO  AJHHHBEIMH (IO KpafiHe# Mepe
~ 100 MuH), 4T06H yCHEeNTH TPOH30HTH CHHTe3 O€JKOB H 3aKpenJe-
HHe MaMsATH.

Mpul cyHTaeM, 4TO HENPEePBIBHOCTb KOTHHTHBHOH  JIeATeNbHOCTH
Tpefyer BecbMa CHJILHOTO CXOJACTBA MeXKJAY THIAMH GeJKOB, Mocje-
JIOBaTeJbHO MOKDHIBAIOUINX AeHAPUTHBIE U COMATHUYECKHE MMOCTCHHA-
ITHUYECKHE Y4acTKH, HHa4e MOTYT MPOH3OHTH <«IPOBaJbB» H «OTKa-
3bl». JleHCTBUTEAbHO, KOTHHTHBHAS [eATeJBbHOCTb NPOAB/SeTCA Ha
HepapXHUECKHX YPOBHAX, JeXKAIIHUX BLlle HEHPOHHOTO YDOBHS, Kak
IPOILeCcC YCTAHOBJIEHHsST COOTBETCTBHSA MEXKIY 0 KpafiHed mMepe AByMs
[POCTPAHCTBEHHO-BDEMEHHLIMH  CAyYaHHBIMH NPOUECCAMH: OJHHM,
CBSI3AHHLKIM C MHOXKECTBOM IOCTYNAIOUIHX CHTHAOB (IIOCJae0BaTeNb-
HOCTbI0 HMIYJbCOB OT NMEpH(EepHIecKOl HepBHOH CHCTeMHl HJIH Ka-
KOH JApyrofl yacTH HeHTPAJbHOH HEepBHOH CHCTeMbL, Hampumep, B
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¢opMe BhlIeNeHHS HeflpoMeAHATOpPa), I APYTHM, 3aMHCAHHBIM 3apa-
Hee «B INaMATH» NPOCTPAHCTBEHHO-BPEMEHHBLIM MHPOLECCOM, KOppe-
JHPYIOUWHM C MHOMKECTBOM NOCTCHHANTHYECKHX MeMOpaHHDLIX MOTeH-
HHaJOB HJIH ¢ IIPOCTPAHCTBEHHO-BPEMEHHON CTPYKTYPOH HOCTCHHAT-
THYECKHX DeLeNTOPOB.

CBs3b, MM KPOCC-KODDEJSLHS, MeXKAy 3THMHU ABYMs caydaf-
HBIMH MpoLlecCaMu ITPOMCXOAHT IyTeM oOMeHa 3Heprued MexKiy Ia-
paMu roMOJIOTHYECKHX 4acTOT (w;, @;), OGIHUX /s CIEKTPOB 060MX
NIPOLECCOB, H OLEHHBAETCS (PYHKIHEH KOTePEHTHOCTH

@;, (o)

"—___—____—_—:, A.31
VO (@) D (@) ( )

coh (o) =

rae @;;(w) — gpocc-criekTp, a @;, @; — aBTOCHEKTPH COOTBETCT-
BYIOIUX IpoueccoB. PesyabTaT kpocc-Koppessuuu N0 (ase u aM-
NIHTYAC ONpEAE/sieT «CTENeHb Y3HABAHHA® MEKAY HOCTYRAIOULUM
CHTHAJIOM U XpaHAujumcs NpaodpasoM (apXeTHOOM), HAH MeEKAY
«HEH3BECTHOH> H «0XKHAAEMOH» CTPYKTYPOH.

Tunuynpifi ciayyall KOCHUWTHBHOTO OTKa3a HAOJI0AAeTCA HPH LiH-
sodpenun, Koria npeasapuredabHblit anaauz 9T [I1.20) He obna-
pyzuBaeT 4eTkod AuddepeHIUalMM THOOB aKTHBHOCTH Ha D3 Mme-
KLY HOPMAJbHLIMH U OOJBHBIMH JHUAMH. B 3TOH CBSI3H Mbl XOTeqaH
Obl BHABHHYTb THIIOTE3Y, COIVIACHO KOTOPOH KOTHHTHBHBIH OTKa3
MOXKeT ObITh 00yciaoB/aeH BO30YXK/AEHHEM TAKHX THIIOB I'€HOB, KOTO-
pule HUKOorja He ObLId aKTHBHPOBAHBI B HEHPOHHOM I€HOME HJH B
«HH(AHTHJILHBIX» I'eHax, T. €. I'eHaX, HEKOIAd 3aKOAHPOBAHHBIX MJIA
CHHTE€3a KOMIIOHEHT IIJIOAA, HO C TeX MOp HEe[pecTalHO HaXOAHB-
IIHXCA B II0ZABJEHHOM COCTOSHHM. AKTHUBALlUS TAKHX THIIOB T€HOB,
B OCTajJbHOM HOPMAaJbHBEIX, HO (PYHKUHOHHPYIOUIHX M0 AHOMAJBHOM
¢XeMe, MPHBOAHT K HPOH3BOACTBY «aPXAHUECKUX» THIOB GeAKOB H
HOKPBITHIO MMH JAEHAPHTHBIX HEHPOHHBIX IIOBEPXHOCTEH.

STtu Tunbel 0eJKOB, pabOTAIOLUIHX <HECOIVIACOBAHHO» CO BpeMe-
HeM, MoryT GJIOKHPDOBaTb U TOPMO3HTH HOPMAJbHOE IPONOJIKEHHE
KOTHHTHBHOTO npouecca. HegasHo 6BIO BHCKA3aHO MPEANOJIOKE-
Hue [[1.21] o ToM, 4TO HenpaBHJALHAS AKTUBAIMA (HANpHMep, yepes
NeHCTBHE TOPMOHOB) TE€HOB IIOAA B B3POCALIX OPraHH3MaX MOXKeT
BHI3HIBATL 3JIHIeHETHUECKHH paK B AeJsALIHXCS KiaeTKax. Pasymeer-
Csl, SNHFeHETHUECKHH paK MOXKHO CUHTATh CONYTCTBYIOI[HM SIBJe-
HHEM TNPH KOFHHTHBHOM OTKa3€ Ha HEKOTOPBLIX OpPraHHYECKUX Hepap-
XH4ecKHX ypoBHfX. [lepcreKTHBE TakoH aHaJIOTHH MeXKIy MeXaHH3-
MaMH 3MHIeHeTHUYeCKOr0 paka U UIH30(pEeHHeH 3aCJAy:KHUBAIOT Aajb-
HefALIEro U3yueHus.

Hakonel, Heab3s HE OTMETHTh, UTO HAIlA THIIOTE3a O INPHPOIE
LUIH30()pEHHH OTHIOAL He NPOTHBOPEUHT PE3YyJbTaTaM 3KCIepHMEeH-
TOB N0 H3YYEHHIO YCIOKOHTEJNBHOTO AEHCTBHS (PEHOTHA3HHOB, OYTH-
podeHoHa W APYrHX «aHTHIIA30(pPEHHYECKHX» NpenapaTtoB. ITH Be-
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11€CTBA, NM0-BHIHMOMY, OJOKHPYIOT MTOCTCHHANITHUECKHUE «CAHTHI» pe-
UENTOPOB AOMaMHHA (HeHpoMeaHaTODPa, KOTOPLIA IorJoliaeTcs Iep-
BOHAYAa/1bHO BLIACNHUBUIHM €ro IPEeCHHANTHYECKHM OKOHUAHHEM HJIH
noliajaer B CHHANTHUYECKYIO MIedb). YUHCTO yMO3DUTENLHO MOXKHO
Obl10 OBl BBHICKA3aTh THIOTE3y O TOM, YTO aHTHUIH30(DPEHHUYECKOE
fAeHCTBHe HA3BaHUBLIX BLIIIE TIPENAapaToB OCYillecTBJaAeTCd uepes 0J10-
Kajpy «cafiToB» pelnentopoB jgonamMupHa B Mosre. OAHaKo 3TH
«cafiTbl», GJIOKHPOBAIIHEIEG, KAK OIIHCAHO BbILIE, MOTYT OLIThb He CBA-
3aHHBLIMH  HEMOCPEACTBEHHO ¢ UIM3oMpeHHueckofl auomaauef, a
MPeACTaBIATh JMIIb KOCBEHHBIH 3PHCKT, «KOTOPLIH OTCTOHT Ha He-
CKOJIBKO I1ar0B OT HCTHHHOH NMpHYHHBI 3Toro 3aboJgesauus» [I1.21].
JTOT BBLIBOJ CJeAyeT M3 TOro, YTO INEPEUHCJIEHHEIE BHIIE MeAHKa-
MENTH He H3JCUHBAIOT [IH30(QPEHHIO, a JHIIL CIOCOOCTBYIOT pe-
Muccun 3Tol OGosesun. Ilodmzkas aKTHBHOCTL COOTBETCTBYIOLIErO
gefipoMeaiiatopa (fomaMHHA) K TeM caMbIM Hapyluas CBs3b MEXAY
YyBCTBEHHLIMH BOCIHPUATHAMH M «BHYTPEHHHM» MHOXKECTBOM IIOCT-
CHHANTHYECKHX MeMOpaHHHX peLeNTOPOB, 3TH JeKapcTsa, [0 Ha-
uleMy MHEHHIO, TPOCTO OJOKHPYIOT oOpasoBaHue «aedopMHpOBaH-
HBbIX» KOMHHTHBHBIX CTPYKTYP, T. €. 00pa30BaHNs COOTBETCTBYIOLLHX
Kpocc-Koppeasiuni. [leppuuHofl »Ke NPHUHHOH HCKAMKEHHsI 3THX
CTPVKTVP COIJIACHO HalICH MOJAE/NH fBJsETCHd CYLIECTBOBAHHE TEHE-
THYECKH MPOH3BOJIHUMBIX «HEIPABHJLHLIX» O€JKOB, IIOKDBIBAIOILHX
MOCTCHHANTHUECKHE «CANTBI» PELCITOPOB.

Brisicuenne jJerajell HapHCOBAaHHOH HaMH OOILed KapTHHBL —
[€J0 IKCIEePUMEHTATOPOB, KOTOpble [JOJKHbI A0Ka3aTb HJH ONpPO-
BEPrHVTh CYLIECTBOBAHHE THIOTETHUECKHX <«HHQAHTHIBHLIX» Oell-
KOB, HallpHMep, B CBIBOPOTKE IIH30(PEHHKA H OLEHHUTL HX KOJHYe-
CTBO.

B. O TpyAHOCTH ONUCaHUs CBA3U MeXK Iy ABYMS
HepapxXHyeCKUMH YPOBHAMH C MOMOIIbIO
HENPEPHIBHON HEJUHEHHOU NTUHAMHKH

B pasn. 4.7 Mbl (Ha KOHKDETHOM HpHMepe) MOApoOHO DpaccMo-
Tpe/an NPOLECC CBA3H MeXAYy J8yms HePAPXHUECKHMH CHCTEMAMH,
MOJACTHPYEMBIMH VIPABJAIEMEIMH MADKOBCKUMH LeNsAMH. B 3TOoM npH-
JIOKEHHH MBI XOTHM 000CHOBaTh pa3buerue NPOCTPaHCTBA COCTOS-
HHl KaKJA0r0 HepPapXHUYeCKOro YDOBHSI HA JAMCKDETHBIC 2JE€MEHTHI,
yKa3aB Ha BHYTPEHHHE TPYAHOCTH, BOZHHKAIOIIHE IIPH OMHCAHHUH HA
OCHOBe HeNpepBLIBHOH auHaMukH. MTak, mpuMeM HeIpPepLIBHOE OIH-
caHy€e B TePMHHAX [POCTPAHCTBA-BPEMEHH. JTO ONHCAHHE BKJIIOUAET
B ce0si HECKOJbKO AMHAMHUECKHX MepeMEHHBIX W HA0Op mapaMmert-
POB, COOTBETCTBYIOLIHX AAHHOMY HEpPapxXHYeCKOMY YDOBHIO.
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B.1. ¥Yposenb Q naprtHepa I

JIMHaMHKa Ha ypoBHe (J OMHCHIBAETCS CTOXacTHUeCKHM nubde-
peHIHaIbHLIM ypaBHeHHeM HTO:

da=o,(q; v; Hdt+T'(q; vi; H)duy, (B.1.1)
rae
(1 — BEKTOp COCTOSIHHSI JJIsT YPOBHS Q,
! — BpeM4,
V| — BEKTOD VYIPaBJsIOIIHNX apaMeTpoB, KOTOpPHHA Oyner ompe-
JleJieH HUXKe,
u; — npouecc Bunepa — JIeBH ¢ aBTOKOppeJslHed

E[uT (t,)u, (;)] = M min (¢,, 1,),

rie M — moJsioxXuTeNbHO ONpejlesieHHasi KOBapHAalHOHHAs MaTpHIA,
@1(q1; vi; t) — BeKkTOp-QYHKIHS, OIpPeLeasIomast THHaAMHUUICCKYIO
CTPYKTYPY YPOBHSI @, mapaMeTpH30BAHHOTO BEKTO-
POM Vi, KOTOPH# BKJlOUaeT B cefsi Bce mapaMeTphl
«HTPHI»,
' (qy; vi; ) —maTpuunas  QYHKUHS, NapaMeTpH3oBaHHAS TakK
Ke, KaK Q.

BpeMmennas 3BOJIONHS COBMECTHOH (GVHKIHH IJIOTHOCTH BEPOST-
HOCTH KOMIIOHEHT BEKTOpPa COCTOSIHHSL OIHCLIBACTCSI YpaBHEHHEM
®oxkkepa — [Inanka — Kosnmoroposa.

Anajnoruyno, Ha Q’-ypoBHe naprtHepa II MB HMeeM cTOXacTHue-
ckoe ypaBHenue HMto

dqe = 9o (q2; vy 1) df + Iy (qe; Vo5 1) dits, (6.1.2)

TJe (2 —— BEKTOP COCTOSIHHS AJs YPOBHS Q.

Bb.2. T'omeocTa3s u Kpocc-Koppeasuy

B dasoBom mpoctpanctse Ha ypoBHe Q (uaum Q) MBI BBIIEJsIEM
obmnacts H, (unu H3), xoTopasi xapaKTepH3yeTcsi KaK IOMEeOCTaTH-
yeckas: 3Ta 06J4acTh, B KOTOPOH aKTHBHOCThL AOJI2KHA OBITH COCPENO-
ToYeHa MNpPeANOUYTHTEJIbHO (HO HE HCKJIOUHTEIpHO) Ha ypoBHE Q
(1 Q’), uTOGH AOCTHUL BHYTPEHHEH DETY/IANHMH CHCTEMEl Ha JaH-
HoM ypoue. Ho mis ofecmedeHusl afanTHPYEMOCTH K MapTHEPY OP-
TaHU3M JIOJI)KE€H YCTAHOBHThH CHJBHBIE KPOCC-KOPDEJTAUHH MEeXIy
CHTHA/IaMH Sy (1), MHAYIHPYeMBIMU BeDXHHM ypoBHeM W’ mapruepa
H BeKTOpoM cocrosiaust q;(f). Hus nob6oro [AaHHOTO MHOXKECTBA
CHIHAJIOB, HCITYCKAEMBIX MapTHEPOM, H3 TPeOOBaHHUs CHIBHOH KPOCC-
KODPEJSIIIHA CeyeT BeCbMa HHTEHCHBHOE HCHOJb30BAHHE TPAECKTO-
pun Ha ypoBHe Q (uau Q). OgHAKO CTO/Mb HHTEHCHBHOE «O/y¥K/ja-
HHe» B IMPOCTPAHCTBE COCTOSIHHA Hapymaer TpeGoBaHHE TOMEO-
cTasa,
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CuenoBarenibHo, B o0LleM cayyae [Be OCHOBHBIE TEHIAEHIIHH JJis
KaXJ0oro mapTHepa, HUMEHHO HeOOXOJHMOCTb INOAAEPKAHHS TOMEo-
C€Ta3a o TeHJEHLUHA K HENPepPHIBHOH ajanTaluHH K OCOOEHHOCTSM
NOBeJeHHs IapTHepa, BCTynawT MexAy coboff B kKoHpaUKT. Bepx-
une ypoBuu W (unn W’') meHcTBYIOT KaK CTOXaCTHYECKHE KOHTPOJI-
JIephl, NPH3BAaHHBIE CMAMYHTb 3TOT KOHQUIHKT NyTeM KOMIIpPOMHCCA.

[Tycts u1(f) — BeposiTHOCTH TOrO, 4YTO BO BpeMs [ COCTOsIHHE
q;(f) HaxoAuTCsa B roMeocTaTHueckoit o6mactu Hy, T. e.

w()=P@O=H)=\Pasnda,  (B21)

H,

rae P(qi; ) — coBMecTHass QYHKUHS IJIOTHOCTH BEPOSITHOCTH KOM-
TIOHEHT BeKTOPa COCTOAHHA ( ().

Kpocc-koppensnus Mexay curHanaMmu ¢ ypoBHa W’ u cocros-
HHeM ypOBHs Q ollpeiessieTcsi COOTHOILIEHHEM

r(t, )=E[sT(t+1)q,)] (B.2.2)

rie T — TpancnoHnpoBaHHe BeKTOpa, T-— BpPeMs 3ala3lblBaHHuf,
(buKcHpOBaHHOE AJ1s1 B3aUMOJeHCTBHS ABYX JAHHBIX CHCTEM, HAIpPH-
Mep, v = 0. 3aMeTuM, UTO BEKTODPH Sy H (; HMEIT OAHHAKOBYIO pa3-
mepHOocTb. [llaHHble, addepeHTHO nNepexaBaeMble ¢ YpPOBHA @ Ha
ypoBeHb W,—3T0 cpefHHe IO BPEMEHH, alNPOKCHMHPYIOUINE BeJH-
yuny r(f, ). MHaue roeops, nyctb I — IPOAONKUTENbHOCTh HUTED-
BaJa BpeMeHH
I={t—T<t <t}

Torna

1(t) — noas BpemeHH, B TeueHHe Kotoporo ¢:(t')e= H, (obmnactu

roMeocrasa) nopu ¢’ < [.

Kpocc-koppensinus paBua

t—t

rt, =\ sI0+vq@mar,

t—t—-T

rie Mbl BuIOHpaeMm Jau6o tv=10, aubo Takoe T, UYTOOH BeJHUHEA
E [r(¢f, 1)] 6Bl1a MaKCHMaJbHOH.

B.3. ¥Ypoeeno W napthepa I

Junamuka na ypoBHe W omuchiBaeTcsl CJEAYIOIHMH CTOXACTH-
YecKHMH Ju(depeHIHaabHEIMA ypaBHEHHIMH
dw, =1 (w; u, r)dt + G, (w; 4, r)dg, (B.3.1)

s, =h,(w,; 4, r), (B.3.2)
rie
W; — BEKTOD COCTOSIHHSI Ha ypoBHe W,
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L1 (f) —npouecc Bunepa — JIeBH, YyUYHTHBAIOUIHH BHYTPEHHIOIO
CIHOHTAHHOCTb CHUCTEMBI Ha ypoBHe W,

s1(f) — HabmonaeMoe moBeaeHHE, MECHCTBYIOIIEE KaK I[YCKOBOM
CHTHAJ Ha mapTHepa.

b.4. Kourpoanep

MexanuaM ynpexpaliero yupaBieHHs a0 KaxXA0H CHCTeMBI
HMeeT B KayecTBe BXOJHBIX CUrHAMOB addepeHTHble CHTHAIBI — Be-
pPOSITHOCTbL TipebbiBanusi B 00,aCTH FOMEOCTasa # W KOPpPeTsALHio 7,

w W
- -
/ 51 S2 r hY
Konrponnep {ur) {u,r} KoHrporiaep
Bextoph 7BexTop
COCTORHUA™] a o' . 7 COCTOH™|
dy(1) HUA g, (1)

Puc. B.1. Mojenb NMepeMEHHBIX COCTOSHHS OJS IBYX COOOIIAOMHXCA HepapxHue-
CKHX CHCTEM.

a TakxkKe BEKTOpP COCTOsIHHsi Wi BepxHero ypoBHsa W. Taxkum olpa-
30M, ypaBHEHHUS COCTOSIHHSI AJIs1 KOHTDOJIE€pa HMEIOT BHIL

vlqu(vli Wy, U, r)’

rae g;— BeKTOp-QYHKIHUS, KOTOpyH0 Tpefyercss ONPENeNuTh Tak,
yToOH LleseBast GyHKIHSA (coBMecTHas A00pOTHOCTL) F Oblia Mak-
cuMaJsbHoi. OyHKUHS F ompejneasercs caelylolIHM 00pasoM:
F =F F, (MyabTUIIHKATHBHHH KPHTepHH),
rine
F=ME ] + (1 — 1) Elr],
F o= MoE [up] + (1 — Ap) E[ro]
npu 7\417 7\'26 (0’ 1)>
HJIH
F =0, F, + 0.F, (anauTuBHBIA KpUTEDHH).

Jast MyJbTHNJHKATHBHOR JNOOGDOTHOCTH  XapaKTEePHO CHJbHOE
NpeaNouTeHHe napuTeTa MeXAy HapTHepaMH, B TO BpeMs KakK al-
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JUTHBUBEA KPHTEPHH <«ypaBHHBAcT B IIpaBax» H [ApHTET MeXKAY
napTHEpamy, U IOJHOE IOCHOACTBO ONOPHOTO MmapTHepa Hal JPyTHM.

Jlas npoctoThl B pafore, 0 KoTopo#t coobmaJgocs B pasi 4.7,
MBI KBAHTOBAJH APOCTPAHCTBO COCTOSIHUH Ha KaxIOM Hepapxuue-
CKOM YpPOBHE H PacCMaTpHBAJH TOJbKO KOHEYHOE HHC/IO COCTOAHHH,
COOTBETCTBOBABUIAX HaHOO/Jee XapaKTepPHBIM uUepTaM AAHHOIO ypo-
Busi. Tak, cToxacTHueckue HesluHelfiHbe AHdQepeHlIHa bHBIE YpaB-
HEHHs, COOTBETCTBYIOIIHE HEIPEPBIBHOMY OIIHCAHHIO COCTOSIHHS, NPH
TAKOM IIOJAXOJle 3aMEHAIOTCA Ha BceX HepapXHUeCKHX YPOBHAX Map-
KOBCKHMH IEISIMH C JHCKPETHBIM BpeMeHeM, 3aJ1aBaeMbIMH MaTpH-
namu nepexofa P;j;, MOJHOCTbIO ONHUCHIBAIOMIUMH IIEPEXOJBl MEXKIy
BO3MOMKHBIMH COCTOSIHHSMH cHCTeM Ha ypoBHsax W(W') u Q(Q')
(puc. B.1).

B. IllymoBasi cHHXpoHHU3aUusa caado
HeJWUHEHHOTO peJlakCallHOHHOI'0 OCLUJIATOPA
Inon IleﬁCTBHeM BHEIIHEro rapMoHH4Y€CKOTroO
BO30YKJIeHUS

B.1. OGiee onvcanve MoJdeJdH

HanGosiee xapakTepubM apaMeTpOM He3aTyXawoIuX (HeluHed-
HBIX) JIHCCHUMATUBHBIX KOoJeOGaHH{ sABJsETCS KOJHYECTBO 3HEPTHH,
KOTOpoH oGMeHHBAeTCst coBepuiaipollas KoJeOaHHs CHCTEMa C OKpY-
xamwulell cpeiofi. Eciau B3auMoReficTBHE MeXAY OCIHAIATOPOM H
BHEIIHUM BO30yxKaenueM MaJjo (KaK B «MasTHHKOOOGpasHOM» oc-
LHAIATOPE), TO B KaXKAblii nepuol KoJeOaHHH 3amac 3HEPTHH MO-
JKET HM3MEHHTbCs JHIIb Ha Maaylo BeJHUHHY, H NOJHOE H3MEHEHHE
3aHAMaeT MHOro nepuogos. C Apyrofl CTOPOHEBI, €CJH B3aHMOJeH-
CTBHe BeJHKO (KakK B peJaKcalMOHUBIX Ko./e0aHHAX), TO IMOJNHOe
H3MEHEeHHe 3a1aca 3HepPruH NPOUCXOAHT BCEro JHIIb 3a HECKOJbKO
T1ePHOIO0B.

B 3TOM IPHJIOKEHHH Mbl IIDHMEM MOAEIb HE3aTyXalolIHX KoJe-
Ganuil (HampuMmep, Mojejdb OHOJOIMYECKHX PHTMOB) IIPOCTOTO Tre-
nepatopa BaH jpep [lons

2
%—mos(l—~[3x2)%—|—co§x::m§Ecosmt, (B.1.1)
Ha KOTOPHIH BO3jelicTByeT rapMOHHYECKHH DHTMOBOAHTENb C (I10-
cTostHHOf) aMmautyaoil E u 4actotoil o #= 0 (Ao = o — o). Ko-
> (UIMEHT & yKa3blBaeT lla MITEHCHBHOCTb oOMeHa sHeprueil. IIpu
e < | reHepaTop MpHHAMLJIEKHT K UHCIAY «MaATHHKOOODA3HBIX», IIPH
&> | MLl HMeeM peJaKCallHOHHBIE KoJeOaHHs.

B 4HCTO MasgTHUKOBBLIX KojgeOaHHSX YacToTa @g HE 3aBHCHT OT

BCeX BHEWIHHX BJAWSAHHHA, HO aMIIHTyAa KojeGauMMHd H3MEHseTCs B
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3aBHCHMOCTH OT HM3MEHSIOIIMXCA YCJAOBHH OKpYXKaloueli  cpelsl.
C apyro#f CTOPOHBI, B YHCTO peJaKCAllHOHHBLIX KOJeBaHUSAX aMILIH-
Tyla KoneGaHMi He 3aBHCHT OT BCEX BHEIUHMX BO3LeHCTBHH, TOraa
KdK 4YacToTa H3MEHSeTCHd B 3HAUHTEJbHOH CTelleHH B 3aBHCHMOCTH
OT H3MEHSIOIIHXCs BHEIUHHX ycJaoBHHA. M3 W3BeCTHBIX CBOHCTB GHO-
JIOTHYECKHX DPHTMOB MOZKHO 3aKJIOUHTb, UYTO <«CAMO3aBOASLIHECS>
GHOJ0THYECKHE Yachl JAOJXKHBl 3aHHMATh [POMERKYTOUIOE Ti0J0Ke-
HHE MEeXIY ABYMS IPENeJbHbIMH THNAMH — «MAasfTHHKa» H «pejak-
CallHOHHBIMH KOJEeOaHUSIMUY,
Huxe mb 6yaem cunrats, uto ¢ =0,1 u f=0,1.

B.2. Meron uccnel0OBaHHS CHHXPOHHM3ALMUM

Jlns M3yueHHs HPOLECCOB CHHXPOHH3AIHH B HEJHHEHHBIX OCILHJI-
JSITOpAx C BHEIUHUM TIapMOHHYECKHM BO30YKAeHHEM MbLI BOCIOJb-
3yeMcs 3/1eCh METOAOM, OCHOBAHHLIM HAa HCC/AeJ0BAHHH TPaeKTOpHH
Ha TJ0CKOCTH (dg/dt, @), rae ¢ — MrHOBEHHAsl pasHOCTb ¢a3 Me-
KAY PHTMOBOAHMTENEM H OCUH/JISITOPOM. DTOT MeTOH AOBOJLHO ab6-
CTpakTe€H H cocpefoTauHBaeT BHHMAaHHE Ha OCHOBHbBIX, HamudoJee
BaKHHIX OCOOCHHOCTSAX HHTEPECYIOLIEH HAC 3a/a4H.

Onnoro JuIIbL B3rJsfa Ha TPAeKTOPHH B IJIOcKoCcTH (¢, @) 10-
CTATOYHG, YTOOH CUPEAENUTb HACTYNJIEHHE CHHXPOHH3AaLHH (iKecT-
KOH MJIH «CBOGOAHOH») HJH ee oTCyTcTBHe. M3 MHOXecTBa pasnuu-
HBIX TPAEKTODHH MBI MOXEM BLIAEIHTb B oOlleM ciaydae uerbipe
XapaKTepPHBIX THOA.

B.2.1. )KecTkas cunxponnsanus

Bremrne ona nposiBAseTCsl KaK MOAAaBJIEHHE aBTOTIEPHOALHUECKOTO
kKosebanuss (puc. B.la). B arom caydae npu J06bIX HayaJgbHBIX
yeaoHsax ¢ (0), @ (0) ocuu1sTOp B KOHLE KOHIIOB CHHXPOHH3HPYET-
Cd C BHEWIHHUM BO30YyXK/IEHHEM, H yCTAHABJIHBAETCS] NOCTOSIHHAS Pas-
HocThb (a3 @. B HennHeHHOA AHCCHIIATHBHOH CHCTEME Takas BHIHY-
JKAEHHAsA «TapMOHH3AIlUA» AHTAPMOHHUECKHX KoJe0aHHH CBORHTCSH
K HX IIOJIaBJIEHHIO H MOKeT OblTh JOCTHTHYTA IIPH BecbMa 60JbUIHX
3HaueHHsX £; 3TOT cayuall He NMpeACTaBJsAeT AJs HAC (DU3HUECKOrD
HHTepeca.

B.2.2. CBoGoaHas, HiH <aepraioiaaca», CHHXPOHH3ALKA

B sToM cayuae npu sn10060M HauajJbHOM YCJIOBHH Pas3HoOCTh (as
CTAHOBHUTCST 3aBHCSIIEH OT BpeMeHH, HO OCTAE€TCsT OrPaHHUeHHOH, H
TPAEeKTOPHS B IJOCKOCTH (@, () BLIXOJAHUT HA IMPENENbHBIA LUK
(puc. B.1,6). Iror npenesbHHH UMK COOTBETCTBYET CBOOOIHOMN
CHHXPOHH3ALHK: OCIHJJIATOP, XOTSI H 3aTAHYT HA YacToTy ®, CTa-
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HOBHTCS MOMYJHPOBAHHEIM 0O (pase, WJIH <«AEPTaloUHMC». 3toT
sbdexT cucTeMaTHueckH Habur0jajlcs BO MHOTHX OHOJIOTHYCCKIX

¢} )
/_\ ¥
(). -—
=7 ¢ \/ ¢
a g
¢ P
v ¢
e 2

Puc. B.l. Tunnunble TPaeKTODHH Ha IUIOCKOCTH (P, §): @ — XecTKas CHHXPOHH3A-
uus; O — MATKAS CHHXPOHHM3ALUs; 6 — UHCThie CBOOOAHEIE KOJMeSaHHA; 2 — MOLY-
JUPOBaHHBlE CBOOOAHBIE KOJEOAHHS.

pHTMax (B TOM uucJe LHPKAaAHBIX 4acax) NOA BO3AEHCTBHEM ecTe-
CTBEHHON OKpy»KawLell cpeisl.

B.2.3. Yucrnie «cBoGogHO Geryuiue» Konebanus

B 5TuX c/ayuasx OCLHIJISITOP KoJjebjercss ¢ COOCTBEHHOM 4acTo-
Tofi, 3axBaTa 4acTOTbl He MPOHCXOAHT, H PasHOCTb (a3 Cco BpeEMe-
HeM H3MmeHseTcs Jguueiino (puc. B.1, 8).

B.2.4. CBoGoaHo Gerymue KonebaHus

B sToM cJydyae CHHXDOHH3alHs HHKOTJa He HAaCTynaer, pasHocTb
¢$as co BpeMeHeM H3MeHsieTcs [0 HENepHOJHYECKOMY 3aKOHY, a
MIHOBEHHAS 4acTOTa COBEpLIAeT KoJeOaHHS OTHOCHUTEJNbHO MOCTOSH-
HOro cpeiHero sHadeHus (puc. B.l,e).

B.3. AHaJauTHYECKUE BLIYHUCJIEHHUA H MOIEJHPOBAHHE
Ha KOMIbIOTEpE

IIpeo6pasyem ypasHenne (B.1.1), uToOb BBIBECTH AHDepeH-
LHaJbHble yPaBHEHHsl ABIDKEHHS B IJIOCKOCTH (¢, ¢). 3anuureM
pemenue ypasaenus (B.1.1) B Bue

x ()= A () sin [of — @ (#)] = A ({) sin $ (¢), (B.3.1)

rae () = of — ¢(f). Ilepeal HaMH BOJHOBOE JBHXCHHE C MOAYJ-
Huell no ammautyae u dase. 3aech ¢(f) — MrHOBeHHAsi PA3HOCTE
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a3 Mexay PHUTMOBOAHTENEM H OCHHAAATOpPOM, A (f) -— n3vensio-
Iascs B 3aBUCHMOCTH OT BPEMeHH aMauTyaa xosaebanuii. Hdudde-
peniipya pemenue (B.3.1) mo ¢, noayuaem

d da . de
7);—:75111¢+A(m—7(§)c051p (B.3.2)
H
d*x [ d*A dg 9 dg \2] ..
G = | T 204G — vt — A(GE) ] sing +
dA dA dg d%y ;

IMonerapasns nonyuenunie Boipawmennss B ypasHenme (B.1.1),
noJyuaem

M)y siny+ N () cosyp =0, (B.3.4)

rie

d?A dA
M(f):7—8f717+(®3—-(0)A+
+ 20458 — A (S9) 4 wE sing, (B.3.5)
d? dA d d dA o
NH=—A dtf — —E—%—{—afAd—(f—{—.‘de—t —efod — wiE cos @
(B.3.6)
u

[=(1—=pBx?) 0y= 0 {1 — BA®sin’[of — ¢ (1)]}. (B.3.7)

Onpenennm A(f) u @(f) Tak, uTo6H KBaIpaTHUHBIEC WIEHBI O]-
HOBpeMeHHO o0paTuauch B Hyab, T. e. M(f) =0 u N({) =0 (8
3TOM cayyae ycaosHe (B.3.4) Beimosusercs).

Taknm oOpasoM, cBs3anHble HeJdHHEHHBle AHBOepeHIHAIbHbE
ypaBHenus nis A (f) u @ (f) umewT BUA

d?A dA . d d 2 o .
—dt—z—ef—d—t——f—(mg——mz)A—{—QmAd—f— A (%) = — ol sin g,
(B.3.8)
d? dA d : a4 d dA o
'—A—dt—?'— Ft——d%—f—&fA—}—FQ@?—Ef(DA:(DE)ECOSCP.
(B.3.9)

OT0 — YeThIpeXMepHasi CHCTEeMa, 3aBHCALAs OT BPEMEHH, KOTO-
PYy10 MOXKHO MOAENHPOBaTh HA aHAJOrOBOM HJH HHGPOBOM KOM-
nbioTepe. Ilpexkne ueM NepexoJHTh K MOJECAMPOBAHHIO, 3allHIIEM
Hally CHCTEMY ypaBHEHHH B KaHOHHYECKOM Buie. BoiGepeM cuaenyio-
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UIHE TTepEeMEHHbIE COCTOAHHUA:
g, ()=o) —omubra B dase;
a9 .
2\0) = > = — 1 3 ;
qs(t) T o (f) MTHOBEHHOE IpHpallleHHe YTJI0BOH CKOPOCTH;
g; ()= A(f) — amnautyna,

dA ()
q4(z‘)=d—t — CKOpPOCTh H3MEHEeHHs aMILIUTY/LBL.

MoKHO NMOKa3arth, 4TO B KAHOHHYECKOH (GopMe HaIIN ypaBHEHHS
HMEIOT BHI

d
= g, (B.3.10)
dq 2q . Ecosq
_de:( L ——e[) (0 —g,) — 03—, (B.3.11)
d
=g, (B.3.12)

dq, .
=g+ g3 [(0 — g, — @}| — o Esing,  (B.3.13)
rae

f=0w,[l — Bqj sin® (of —¢,)] (B.3.14)
EZHHCTBEHHBIH UJeH B CHCTeMe, 3aBHCALIUH SIBHO OT BPeMeHH, 3T0 f.
OyuKiUa [ U3MeHsercs ¢ YrJAOBOH 4acToTofl 2, €CJH NPOHCXOAUT

sataruBanve ¢Gasbl, T. €. BeJdYHHa ¢(f) orpaHHueHa. B aBHOM
BHe [ 3anuchiBaeTcd TakK:

F=0,(1 — 5 Bg3) + 5 o)bqi cos (20f —2¢,).  (B.3.15)

TakuM 06pasoM, MBI NOJyYaeM HEaBTOHOMHYIO CHCTEMY ypaBHeHHH
a=y(q; 1), (B.3.16)

rjie ¢ — BEKTOD COCTOSIHHS:
q9=(q1 92 g3, 95", (B.3.17)
y — HeJIMHeHHas BeKTODP-QYHKLHS:
Vg D=1Y1(q1, 92 G5, 955 1)y Y3(q1, G2, 3, G4 0),
Y3(q1, 92 93 Gs5 1), Ya(q1, G2 G35 G5 Hr. (B.3.18)

Ecau neaptomoMuas cucrema (B.3.16) ucxoAHT H3 HEKOTOPOroO
HavaganHoro coctosinus (0), TO ee 3BOJIOLHUS Ompefesasercsa TPaek-
TopHel B uYeTBIPEXMEPHOM IpocTpaHcTBe cocrosiHuii. Hac ceiiuac
HHTEPECYeT TOJbKO NPOEKIHS 3TOH TPAEKTOPHH Ha HJOCKOCTh ({1,
gz2), T. e. (@, ¢). DTO CBA3AHO C TeM, UTO CaMBIfl IIPAMOH METOR
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H3Y4YeHHs] CHHXPOHH3ALMH II0 YacTOTe COCTOMT B HCCJeL0BaHHH
OWUbKU, W pPAccoeAaco8anus, no ¢asze. Bapualud aMIJHTYbI
HMEIOT BTOPOCTelleHHOe 3HaueHue. VICKIIOUNTL aHAaAHTHUECKH Iepe-
MEHHbIC COCTOSHHA g3 = A H g4 = A u3 nuddepenunasblbx ypaBue-
nuii (B.3.10) —(B.3.13), 4TOo6H NOJY4HTb HENOCPEACTBEHHO AHbbe-
PEHIHAJbHBIE YpPaBHEHHS JABHMKEHHS B MPOEKIHH Ha IJOCKOCTL
(p, ¢) He mnpencraBaseTcsi BO3MOXKHBIM. YpasHeuns (B.3.10)—
(B.3.13) MoxHO 6BIIO 6Bl paccMaTpPHBATL KaK HApaMeTPHUCCKOE
NpeACTaBJCHHE 3TOro ABHKeHNs. IIpH MOJe/MUPOBANUH CHCTEMbI HA
UH(POBOM KOMIIbIOTEPE MBI, 3alaB HadasJbHOoe cocTosHue g(0), co-
CpelOTauHBaeM BHHMAaHHE HA 3HAUeHHSAX ¢(f) u ¢(f) 0pH OLHOM H
TOM :Ke f. Jng 49ucJAeHHOrO HHTerpupoBaHusi cucreMbl (B.3.10) —
(B.3.13) Ha uUHPPOBOM KOMIILIOTEpPE MKl HCIOJL30BAAH MeTOA PyH-
re — Kyrra.

B.4. IloBeneHue ocuMaAIATOPA TOA AEHCTBHEM
NPHUJI0XKEHHOTO HU3BHE TAPMOHHUECKOTO BO30YKAEHUS
(3arTsIrMBaHUE 4aCTOThI)

ITIpeanosoxuM, uto npu ¢ =0 Kk ocuuanastopy BaH xep I[loas
NPHJIOXKEHO BHELIHee 3JeKTpoMarHutHoe noje. HopMupoBanHasa Be-
JHYHHA HaNpsKEHHOCTH [IOJIS paBHA £, ero yrJjoeas 4acToTa ® OT-
JHYHA OT COOCTBEHHOH YIVIOBOH YacTOTBl ®o OCUHJ/IAATOpA. TakUM
o0pa3oM, MB HMeEM BHE3aIHO INPUJOKCHHYIO PacCTPOHKy IO 4Ya-
ctoTe Aw =@ —wy WIHM HODMHPOBAHHYI0 DAacCTPofiKy Ha BXole
y = (®/wo) — 1.

IIpu MomenHpOBAHHH HA KOMIbIOTEpPEe MBI BHIOpa/iu ABA PasaHu-
HbIX 3HAYeHHs] aMIJIUTYALl HOPMHPOBAHHOrO moJs £ =10 u E=1
U 23 3HAUeHHS YIJIOBOH 4YAaCTOTH @ s Kaxaoh E, T. e. o/wp OT
0,1 no 2 ¢ warowm 0,1 u 3atem 2,5; 3 u 10, H1M HOPMHPOBAHHYIO pac-
cTpoliky Ha Bxoge y = 0; +0,1; +0,2; ..., £0,9; I; 1,5; 2,9. Ta-
KHM 06pasoM, Bcero Mbl NpOTHaJIM Hally nporpamMmy 46 pas. Ha
rpadornocTpouTese HAIIEro KOMIBIOTEPA MBI MOJYYHJIH COOTBET-
CTBYIOIHE TPAGKTOPHH HA ILJIOCKOCTH (@, ¢) H NOCTPOHJAH KDHBHE
x(f). TlpuBegeM 3jecb JIHIIb OAHY TPYINY MOCTPOEHHBIX KPHBHIX.

Ha puc. B.2—B.4 kpusble coorBeTcTByI0T £ = 109, Ha puc. B.2
NokasaHbH TPAEKTOPHH HA IUVIOCKOCTH (¢, ¢) IPH OTPHLATENbHOH
paccrpoiike Ha BXOJe, T, €. IPH ®/wo < 1. 3aMerum, yto npu 0,4 <
<< @/wy <C ] NPOHCXOZHT 3aXBaT YaCTOTH, TAaK KakK TPAeKTODHH
CTPEMSITCA K TPEAEJNbHBIM LHUKJIAM. JTO — CBOOOJHAs CHHXPOHH3a-
LHsl, T. €. 4acToTa 3axBaueHa, HO uMeeTcsl (a30Bass MOAYJSLHA
(meprawomasicss ¢pasa). PaccornacoBanue no ¢asze ¢ ocraercs orpa-

1) AxaJlorHyHble pe3yJabTaThl moJjyvatoTcs W npu E = 1. Paajnume COCTOHT
JIHIIBL B TOM, YTO C yMeHblieHHeM £ pacTsxeHHe TPaeKTOPHH CTaHOBHTCS MeHee
3aMETHHIM.
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Puc. B.2. TpaexkTopuu Ha miockoctd (@, ¢) npu E = 10, 0/wy << 1. OTHOWEHHE
®/w, pasno: a) 0,8; 6) 06; 8) 0,4 u 2) 0,2
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HUYEHHBIM; HanpuMep, npH o/wo = 0,6 paccorsacoBanue 1o ¢ase
3agjioyeno B npejenax —1,2 << ¢ << —0,35. Ilpu o/mo << 2 Mbl
HaGaonaeM cBoGojHO OeryuiHe KoJeGaHHs, T. €. CHHXPOHH3AllHS
Hapyllaercs.

¢ {pan/c) ¢ (pag/c)

300

200 501

¢ (pan)

oo oS to T o hssss thas e
50 v V
o]
6 100
e 150}

2

Puc. B.3. Tpaexktopun na mmockoctn (@, ¢) mpu E =10, 1 < w/wy < 0.
Ornomenre ®/wo pasuo: a) 1,2; 6) 1,4; 8) 1,6; 2) 1,8.

Mpl BHAHM, YTO B HalleM ciaydae, Korja & < 1 («MasiTHHKONO-
nobupie> KosneGaHHS) CYLIECTBYeT MaKCHMaJbuoe 3HayeHHe 0 <<
< ye << 1 (ye 3aBucur or E, B u wo), TAKOE, YTO MPH —7Ye << Y <<
<0, mn (1 —y.)0o << ® << wo, MPOUCXOLHUT CHHXPOHH3AIHS, 4 IPH
Y <<—%e, T. €. @ << (I —ye)wo BOSHHKAIOT CBOGOAHO Oeryuiue Ko-
saebanusi. [OTMeTHM, oAHAKO, YTO IIPH 3HAUEHHsX &> 1 (mepexox
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OT MasTHHKA K peJaKCAllHOHHBIM KoJeOaHHUsM) MOXKeT HabJaio1aThb-
Cs M Cy6rapMOHMUECKHH 3aXBaT 4aCTOTHI.

Ha puc. B3, B4 mnokasaHbl (pasoBele guarpaMmel mpu 1 <<
<< 0/0o <2 u m/mo =3. Ilpn 1l =0/wo << 1,4 npoucxoIHT CHH-
Xpouusanus (puc. B. 3 a, 6), B TO BpeMs Kak IpH o/wo << 1,6 ycra-
HaBJIHBAIOTCST cBOOOAHO Oeryiune xosebaHust. CyluecTByeT BepxHHI
Ipenes yu, TaKoi, uTo npH 0 <y < y, CHHXPOHH3ALUS IPOUCXOJHUT,
a MpH y > Y. YCTAHABJHBAIOTCA CBOOOAHO Oeryiuue KoJebaHHA,

o}

0,5r

J\f\/\/\w,\mlm N

1 3V4\_/6 7 BWIO Il :2‘\3/;4 t

= 10,0

3
w
Q—o—‘-O,S

Puc. B.5. KpuBas (¢, t) npu E = 10, w/we == 0,8.

CpasuuBas puc. B.2 u B.3 145 npoTHBONOJOKHBIX 3HAUEHHH ¥y,
MBI 3aMedaeM acHMMeTpHIO B (opMe, pa3Mepax MU pacloJOXKEHHH
npegesbHEX LUMKJAOB. O6JacTe CHHXPOHH3ALUH —Ye < y < y, He-
CHMMETPHYHA OTHOCHTEJIBHO HYJASl (ye => Yu). [IOYTH B UHCTOM Buje
cB06OAHO Oeryiune KoJjebaHHA HaOJIOJAIOTCA MPHU yBeJHUEHHH pac-
CTPOHKH w/wo (puc. B.4).

Haxkownen, saBucumocTs ¢ == [(f) Oblia BBHUHC/IEHA, YTOGH Olle-
HUTb BpeMsl YCTAHOBJEHHsI cuHXpoHusaunuu. Ha puc. B.5 BuzaHO, uTO
«BPeMsl CHHXPOHH3AIlHU» PaBHO HECKOJNbKHM COGCTBEHHBIM IE€PHO-
aam To == 2n/we npu £ =10 1 0/0, = 0,8.
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