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BBepeHUne

B MupoBoOil cerm HHTEPHET PEryJsipHO 3By4YaT IIPOCHOBI
HIMPOKOrOo  Kpyra TIIOCeTUTeNIell Be0-caliToB U (POPYMOB,
oOpaleHHbIe K YY€HBIM-CICIUAINCTaM, 1aTh T€ WJIM WHBIE KOpP-
PEKTHBIE TIOSICHEHHsSI PA3JIMYHLIM MHTEPECHBIM W 3araJiIOuYHbIM
SIBJICHUSIMU TIPUPOJIBL

OnuH n3 Hauboliee PaCIpPOCTPAHEHHBIX METOIOB — BBI-
IOBIDKEHHE TE€X WM HHBIX IIPEIIIOJIOKEHHI M THUIIOTe3 (TOoueK
3peHUST Ha IIpOIeCC WM  SIBJICHUE) C TOCEOyIOmen HX
IIPOBEPKOM HA HpaKTUKE. MHOIWME IUMoTe3bl, K COXAJIECHHUIO, HE
BBIICPXUBAIOT IIPOBEPKY NPAKTHUYECKUMHM MCCICHOBAHUSIMUA U
HE HaXOHSAT PEAJBHBIX HAYYHBIX IOITBEPKICHUIM.

Bropoir meTonm meMoHCTpUpyeT 0ojiee CTPOrHil HayJHBINA
TOAXON — 3TO ITOCTPOEHUE KOPPEKTHBIX U aJleKBATHBIX MaTeMa-
TAYECKHX MOJIEJIE PasIuYHbIX (PU3HYECKUX MPUPOIHBIX |
TEXHOTE€HHBIX ITPOIIECCOB U SIBJIEHUU HA OCHOBE YK€ UMEIONINXCS
(PaKTOB U PE3YyJIbTATOB MNPAKTUUYCCKUX WCCIICTTOBAHUII.

Jnsi onmcaHug Te€X WIM HMHLIX (PU3UYECKUX SIBJICHUNA B
HAayKe, ¥, B YaCTHOCTH, B MaTEMAaTHYECKONU (PU3UKE, MCIIOJIb-
3yercsl IOHATHE MaTeMaTudecKon monenu. ns ee mocrpoenus
HEOOXOIMMO TJIyOOKOe M KauyeCTBEHHOE H3yUYEHHE IIpeaMera
C LEJbI0 ONUCAHUS €ro IpH IIOMOWIM  CTaHJAPTHOIO
MAaTEMaTUYECKOIO amlapara, KOTOPBIA TaKKeE HE CTOMT Ha
MECTE€ M IIOCTOSIHHO COBEPLIEHCTBYETCSL.

B uacrmocTH, aBTOp JAaHHOIO W3HaHUS IIPOIOJIKHIIA
pasBUTHE  TEOPETHMYECKOIO  (PYHIAMEHTAJIBHOIO  ammapara
CIIEUAJIBHBIX (PYHKIUA MAaTEMAaTUYECKON (PU3UKU, KOTOPHIE
MO3BOJISIOT KOPPEKTHO MOJEIUPOBATh PEAIbHbIE HEUICAIbHbIE
(PU3UYECKHE MPOLIECCH C BHICOKOM CTENEHbIO TOYHOCTUA — IIpeHd-
JlaraeMblil METOI PEKYPPEHTHBIX OTHOIIEHMI ObLI ITOXPOOHO
onucaH B 1 m 2 yacraxX HACTOSILEIO H3JIaHUSL

,HIIH KOPPEKTHOIO M IIPpaBMJIBHOIO IIPMMEHCHUSI aIllla-
paTa MATEMaTHYECKOIro MOIEJIMPOBAHUS Tpe6yeTC$I, YTOOBI
y‘lGHbII?I OB HE TOJILKO CIIEOAJIMCTOM B 0071aCTH  BBICIIIEN
MAaTEMATUKU U MATEMATHYECKOU CII)I/I?;I/IKI/I, HO MW JOCKOHAJIBHO
U3y4duJi OIIMChIBA€CMOE€ SBJICHHEC C TOYKH 3pCEHUA CMEKHBIX
JUCITUITINH. Haan/IMep, €CJIM  HCCJIeayeTCsT MU  MOIC/IMPYETCs
HEKOE 3arajJiouyHo€ sBJIEHUE U3 obJracTu Tr€0JIOTuH, MaTeMaTHUuK
HOJIXKEH HE€TAJIbHO H HOJ_[pO6HO HU3Yy4YUTb BCE€ paslelibl I'€OJIOruu,
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B KOTOPBIX 3aTparvBacTCsa M OIIMCBIBACTCA HAaHHOE SBJIEHHE, U
IIPOKOHCYJIBTUPOBATHCA CO CII€ENHAIMCTAMH M3 TaAHHOMN oTpaciim
COBpeMeHHOfI HayKu — C reojioramMmm (TeOpeTI/IKaMI/I n IIpak-
TI/IKaMI/I). Yacro HaA 3TO MOryT yI71TI/I MHOI'HE€ I1OJbl pa6OTLI.

HpI/I IMOCTPOEHUU MaTEMAaTHYECKHUX MOMIEJIEN UCXOIAT HE
M3 TUIMOTETUYECKHUX TIPEINOJIOKECHUN U aBTOPUTETHBIX MHEHHH
OTIICJIBHBIX JIMII, 2 W3 HMEIOIINXCS B PACIIOPSI)KEHUU YUYCHBIX
Pa3/IMUYHBIX  COEHUAJIBHOCTEH IIOATBEPKIEHHBIX (PAKTOB U
PE3y/IbTaTOB NPAKTUUYCCKUX HMCCJICIOBAHUN, KOTOpPBIC 3aTEM
aHAJIM3UPYET CIICHHAJIUCT TII0 M[PUKIATHON MaTEeMaTHKE U
MaTEeMaTUYECKON (PUIUKE.

MaTeMaTI/IKy He 00s13aTeIbHO JIMYHO BBIE3)KATH HA MECTO U

HU3y4aTb MOICIIMPYEMOEC SBJICHUC — OH MOJXKET BOCIIOJIb30BATHCS
pe3yjibTaTaMI Ha6JIIO)_IeHI/II71 1 IPpUKJIaJHbIX HCCJIETOBAHUI
Pas/IMIHbIX JIIOJIEN — Kak CHeLII/IaJII/ICTOB-q)I/ISI/IKOB, reoJIoros,

9KOHOMMCTOB U IIp., TaK M IIPOCTHIX HaOOHaTeNIel, KOTOpbIE
OBUIN HENOCPENCTBEHHLIMU OUYEBMIIIAMH M CBHIETEIISIMH MOJIe-
JIMPYEMBIX SIBJICHUIL.

MareMaTHK [OJIKE€H HCIIOJIHB30BAaTh BCE HMMEIOIIHECS B €ro
PacCIIOpsI’KE€EHUHU  OITMCaHU4I, q)OTOFpa(pI/II/I n BHUJEOMaTEpHaJIbI
O4YCBHUAIICB MOICIMPYEMbIX SIBJICHU.

CeronHst Takue KaueCTBEHHBIE MATEPUAJIBI CTAJIO0 BO3SMOJKHO
IIOJIyYMTh HE TOJILKO M3 OHOIMOTEK, apXWBOB, CIEIUaIbHON
JATEpaTypel M y4eOHuKOB, HO M u3 CMI m MHpOBOIT ceTH
HMureprer. Muorue O4YEBMILBI JIETAJLHO  (POTOrPacpUpYIOT,
CHUMAIOT M OIMCHIBAIOT JIIOOOMBITHBIE SIBJICHMS, ITyOJIUKYIOT
CBOM IIPAKTUYECKHE HAOIMONEHMS, POTO M BHUIEO U B3BIBAIOT K
YYECHBIM-TEOPETHKAM C IIpOCchOaMH JaTh KOPPEKTHOE IOsICHEHUE
9TUM 3aragkaM. ABTOpP pPelIruIa OTKJIUKHYTBCSI HA 9TH 3aIIpOCHI U
IOCTPOUTH MATEMATUYECKHUE MOJIEJIM HEKOTOPBIX SBJIEHUI, KOTOPhIE
XOpOIIO ONMCAHBI, HO [0 CHUX IIOp HE ObUIM KOPPEKTHO CMO-
JEeJIMpPOBaHBL, U JIaTh AOCTYNHOE H NOHATHOE OMHCAaHHE.

MaTepHan HOCHT HaY4YHO-NONYNSPHEIH XapakKTep U
paccunMTaH KakK Ha CIENHa/FCTOB, TAK M Ha I'PAMOTHBIX JIOOH-
Tejlel, KOTOpBlE HMEIOT 0a30Boe OOpasoBaHME U IIPU UTEHHH
MOTYT IPOIyCKATh CJIOXKHBIE BBIKJIAJKA M (POPMYJIBI — JUIS
HUX TPUBOAMTCS MOAPOOHOE TEKCTOBOE OMHCAHUE YIIPOIICHHBIM
U TIIOHSTHBIM $I3BIKOM B OY€Hb CXEMATHYHOM M JIOCTYITHOM
u3jI0KeHuu. Jjig cnenuaaucros ryMaHUTAPHBIX CIIEITMAIBHOCTEN
MaTepuall JIAHHOW KHUIM MOXKET IIPEICTABJIATh 3HAUYMTEJIbHBIE
TPYJIHOCTH U CJIOJKHOCTH.
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I'nasa l
«JKupbie Kamuun» B Aoanne Cmeptn, CIITA

§ 1. loimaa CMepTH — NpUpOaHbINA eHOMEH

Bor uyro numyr o0 9TOM HMHTEpPECHOM (PEHOMEHE B
oMy ISIpHBIX Ojorax m ¢popymax luTepuera.

«Heuro csepxbecrecrsenHoe TBopurcs B Jlomane Cmepru
mrata Kammgopaus, CIHIA. OrpomsHble BajJyHBI caMU COOOM
MONI3YT MO JHY CyXoro osepa. K HUM HUKTO He IpuUKacaercs, a
OHHU TMON3YyT M Mon3yT. HUKTO He BHmen, KaK OHM JIBHIJKYTCSL

M Bce X OHM YHOpPHO TION3YyT, OYIATO JXHUBBIE, U3pEIKa
repeBopavnBasick ¢ OOKy Ha OOK, OCTaBiIsisi 3a COOOI CIIEIEI,
TAHyIIMECs Ha JecaTku Merpos. Uro Hajo stuMm KamusiM? Kyna
OHH MOI3yT? 3auem?

B Jomune Cmepru B mrare KanudgpopHus ecrs 03€epo
Peiictpok-1Imaiia (Racetrack Playa). I'mamuncroe nHO PericTpak-
Ilnafiss mouru BCce BpEMsI CyXO€, U HHUUYErO Ha HEM HE pPacTer.
OHO TIOKpBHITO IIOYTH PABHOMEPHBIM Y30pOM U3 TPEIIUH, 00-
pasyiomux HEIpaBUJIbHBIE IIECTUYTOJIbHBIC stueriku. Ho Ttam
€CTh €€ KOE-4TO, HaMHOro 00Jieé HMHTEPECHOE.

Ha jgme Baysmorcss KaMHUM — YBECHCTBIE TJIBIOBI MacCOM
IO TpummaTh KmiorpamMmos. Ho ma camoMm mene oHH Tam He
JeXaT HENOIBMJKHO: BpPEMEHAMH OHH CaMH [BHXXYTCH, OC-
TaBJIsisi 3a COOOM Ha 3eMJje HEerIyOoKHe (He OOoJpIne Iaphl
CaHTHMETPOB), HO OY€Hb [JIMHHBIE (IO HECKOJIBKHX [ECSTKOB
METpOB) GOPO3IBL

Iloka, npaBia, caMO IBMKEHUE ITHX KaMHEH eIle HHUKTO
HE BHIE] U He 3acHsI Ha Hocuresb. Ho B TOM, 4TO0 KamHHM
IIepeMenIaiorcss 10 IHY O03€pa, COMHEHUA HeT — [UIMHHBIC
00pO3BI TAHYTCS NPAKTHYECKH OT KaXIOro U3 HUX.

910 HE HEeJI0 PYK JUONEH MIIM MHBIX KOHEUHOCTEH KaKuX-
HHOyOb OPYTrUX JKUBOTHBIX. HWKoro sa TakuM CcTpaHHBIM
pasBieUYCHHEM HE 3acTaBaju (10 KpaiHel Mepe, OO0 CHX IIop),
100 HUKOMY 39TH OOJOMKH HE HYXHBI — HH JIONSIM, HU YXK
TeM Oosiee 3BepsiM. MHOro HESICHOTO, OYE€Hb MHOIO...

SX, KaJib, YTO KaMHU HE YME€IOT IOBOpUTH ... »

Kak TOJIBKO HE Ha3bI-
BaJIM I9TU KaAaMHHU — enyume,
IOJI3ylye, IUIBIBYINUE, JIBU-
JKYIIMECs, CKOJIb3SIIIUE, TaH-
nymoomue... bes «Rolling Sto-
nes»”* TyT, KOHEYHO K€, HUKAK
HE O00OIIIOCH. ..

ITomumo Pas/IMYHbLIX
BEepcUil, OBIM  BBICKA3AHBI
cooOpa’keHHsl, 4YTO Ha Tmepe-
MEINEHUS 3TUX KaMHEN MOIJIN
OKa3bIBaTh BJ/IUSTHUE 3€MJICTPSICCHUS. OHHaKO Ty Joraaky
OTBEPIJIM, TaK KaK CEHCMHUYECKasi aKTUBHOCTh YCHUJIMBAETCS B
TOM payfioHE KparHEe PEIKo, K TOMY K€ OHa OueHb ciaba st
TOro, YTOOBI BU3YaJILHO IEMOHCTPHPOBATH TAKOE BO3ICHCTBHE.
Lonee merajbHOE M3yuyeHHME BOIPOCA CEMCMMYECKON aKTUBHOCTU
He Hanwlo csoero mpopo/ukenust B XX Beke. Ilosromy ydennie
OCTaHOBHWJIMCh Ha TEOPHM BETPOB, XOTS OHAa HeE IaBaja OOBsC-
HEHUI1 peajIbHO HaOIIoTaeMBIM (PEHOMEHAM.

e
» T
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Y
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Ha ¢oro. JIuxue BUpaXy, 3aCThIBIIME B TJIMHE, U TaWH-
CTBEHHBLIE KaMHHM IIOCpEIU CyXoro osepa. Hekoropele KamHw,
HAXOIAIIMECST PSIOM, IBHKYTCS MapaJuleJIbHO, a Opyrue
pa3be3KaloTCs B Pa3HbIE CTOPOHBL YUYEHBIMU OBUIO BBISICHEHO,
YTO JIBHJKEHHE BO MHOIOM 3aBHCUT OT TOrO, B KAaKOH YacTu
o3epa Pericrpak-Iliaiis OHM HaXONATCSL

*) «Rolling Stones» — nomnysipuast B cepenuHe XX BeKa ION-IPyIIIA,
TMIPEICTABIISIONIAs] My3bIKaJIbHOE HAIIPABJIEHUE POK-H-POJUI (KJIACCHKA KAaHpa), Ha3-
BaHUE KOTOPO¥ B nepesone osnavaer «llepekaru-none» mim «Karsmuecs KaMHI .
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@otorpaun B3STH C HHTEpHET-cailToB www.goldcoastgal-
leries.com, www.pdphoto.org, www.obychnogo.net, ¢gororpacgpuu
Jon Sullivan, Martin Quinn, Russ Finley, Angelo Cavalli u
OPYTUX HCHOIBL3YIOTCS HCKIIOYMTEILHO B HAYUHBIX IEJISX IS
H3yYEHUs M MOJEIMPOBaHUS (PEHOMEHA IBMKYIIUXCS KaMHEN
no jgHy cyxoro osepa B lomune Cmepru, CHIA.

A BOT 4UTO IMHIIET aBTOp DneoHopa ManmansH B Pycckom
basape #8 (618), 21-27 pespass, 2008 roma Ha HHTEpHET-cayiTe
www.russian-bazaar.com (IpUBOIMM (PParMEHTHI).

«lomma CmeprH — 3eMis JIETEHI M HEPaCKpPBITHIX
raiiH. Death Valley — Hanwmonanessni mapk Kamudgopaum,
PaCIOJIOKEHHBII MeXIy IycreiHein Moxase u bossmum bac-
CeHOM, K IOr'y-BOCTOKY oT TopHoro xpedra Ceeppa-Hesana,
yacax B Tpex e3nbl or Jloc-Ammxeneca.

910 ys3Kas JUIMHHASI paBHUHA B MEXIODHOW BIIaJIUHE,
3aKaTas CILUIOIIHOM CTEHOM OTBECHBIX CKAJL C 3alajia — XpeOToM
ITapaMuHT €O B3ABIOIEHHBIM TOYTH Ha 35 KM B HEOO IMUKOM
Teneckon, ¢ Bocroka — UYepaemu ropamm. C nepesama Dan-
te’s View, BO3IETOro Ha 2-KUJIOMETPOBYIO BBLICOTY, B CEIJIOBHHE
Uepnbix rop MoxHO jmuespers Bcio Jlomuny Cmeprm

Takoe HemecTHOE M B OOIIEM-TO HE3aCIyKEHHOE HasBaHUE-
kienmo Jommua nonyumia B 1849 romy or paccepKeHHOM
M YTOMJIEHHOWM ITyTHHIIBI, CJIMIIKOM JIOJITO IIpeOBIBaBIIEN B
PaCKaJI€HHBIX COJIHUEM CKajJaX M HOTePsIBIIEH HAJIEXKIy KOrja-
HUOyIp W3 HUX BHIOPATHCSL.

Ona Oblyla 4JIEHOM OYEPENHOH MapTUH 30JI0TOMCKATeJIeH,
HAIpaBJISBIINXCS 3a INAJbLHBIM CYACTBEM C BOCTOYHOIrO IT00e-
pEXbsi KOHTHHEHTAa Ha 3alajJlHOE, KOIJa 30JI0Tas TIopsyka
corpscania Bcio Kammgopnauio. Mcnyrasmmch 3aCHEKEHHBIX
MEPEBAJIOB, JIONM PELIMIM MOWTH HANPSMHUK — Yepe3 IyCThIHIO
W, TIONaB B JIOBYIIKY HEIIPOXOIMMBIX CKAJI, 3a0JIyIHMIIACE.

Ho camasi sarajovyHasi, WHTPUTYIOIIAsi CBOE HEOOBs-
CHHMOCTBIO JocTonpuMedaresibHOCTh oyl Cmepru — 310,
BHE COMHeEHUs, ee Ilepecsixaiomiee osepo Racetrack Playa.

Heuro Bposte “Ilepecbixatomero osepa-urmmoapoma’ . Mnro-
ApoOMa, TOHKM Ha KOTOPOM YCTpaMBalOT HE Jiomlagyx H HE
JIIOOHU, a CaMOHBI/I)KyU.[I/IeCﬂ 6yHI)I)KHI/IKI/I. N sro ne aJuIeropusi,
He XyJIOKECTBEHHBII 00pa3s, a peagbHO CYIIECTBYIOIIHIT
NPUPOIHBIA (PEHOMEH, U3BECTHBI BCEMY MHpY, IPOBEPEHHBII
U IONTBEP/KICHHBIN YyUYeHbHIMU. Heuro CBepXbeCTecTBEHHOe, He
TOJUIAIONIeeCs JIOTUKE, TIPOMCXOIUT HA HE CYXOro o3epa.
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Typuctsl cioma mobuparoTcs KpaiiHe penko. B mepsyio
ouepens mnoromy, yro Racetrack Playa waxomurcs najieko or
BCAKUX ITyTei coobmenuin naxe B Jlomuae Cmeprm

Ha mmHucroin cyxoir u O€3KHM3HEHHON paBHUHE,
TOKPBITON  Y30pOM U3 TPEIIMH, 00pasylolUX HeIpaBUIbHOM
(POpPMBI HIECTUYTOJILHUKY, pa3sOpOCaHbl COTHH CaMBIX OOBIKHO-
BEHHBIX C BUIY BaJIyHOB, PasMEPOM OT (PyTOOIBHOrO Msiya IO
1oIyToHHEL OHU CKaTBLIBAIOTCS C JIOJIOMHUTOBOIO XOJIMa, YTO C
jora obpamusier Peiicrpok-llnafiss, m ¢ Apyrux IprIeraiommx
CKJIOHOB HEKOI/la M3BEPraBIINXCsl BYJIKAHOB.

ITourn Bce 3TM KaMHM, OKa3aBIIMCh Ha JHE CyXOro
03€pa, HAYMHAIOT HEBEIOMBIM 00pa30M MEHSITH CBOE IIOJIOKEHHE,
CaMOTIPOM3BOJIBHO MEPEMEIATHCS — TMOOIUHOYKE U TPYIIIAMH,
OCTaBJIsIsl T103aIU CEe0sl UeTKO pasIMYMUMbIA CIIeI-00posiay, Kak
OT IIPONOJI3UICH II0 MECKY 3Meu.

OdeHp ONHOPOHHBIE IO CBOMM T'E€OMETPHUYECKUM IIapa-
MeTpaM OOpO3Ibsl TSHYTCS 3a HAMHM Ha HECSITKA METPOB, UTO
CBUIETEJILCTBYET O MOCTOSIHCTBE M PABHOMEPHOCTU NPHIIaraeMort
K HUM HeBerqoMmoi cuiibl. OTCYTCTBHE PSIIOM CO CIIEIOM KaMHE
KaKUX-IN0O HMHBIX CJIEI0B (YTO HEOTHOKPATHO IIOATBEPIKIAJIOCH
Ja’Xxe OIBITHBIMHA KPHUMUHAJIICTAMH) IIO3BOJISCT OJHO3HAYHO
YTBEPXKIATh, YTO OHH IBUXYTCSI 0€3 IIOCTOPOHHE! IIOMOLIU
(nveercst B Buy — 0€3 JIONEA WM JKUBOTHBIX) ... »

w—— - N

KaMHEl — ®u K Hen noanuck: «Ji! Uyp, He noxapesats!»
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Hoymna pacnionoxena Ha 806 METPOB HHMJKE YPOBHSI MOPS
1 TIPOHOJIKAET IIOCTOSTHHO oOIlycKaTbesi BHU3. OHa OKpyKeHa
TJIOTHBIM KOJIBIIOM TOpP, YTO M OOYCJIABIWBAET CBOEOOPA3HBII
KJIIMAT, CYXOHl U HEBEPOSITHO >KapKUIL

CpenHsisi TeMIieparypa BO3IyXa 3HMOM C HOSIOpsI IIO MapT
cocrasisier or +5°C 10 +25°C, a jieToMm ¢ Mast 1o CeHTsIOpb — OT
+37°C no +46°C. Pekopa remmnepaTypbl, OTMEYEHHBIN 3/1€Ch, CO-
crasisier +56.6°C, a Temmeparypa mecka JeroM Joxomut 10 +93°C
(MOXHO [aXke JXAPUTh SIMYHHUILY).

B xontunenransHomi yactu CIIA kamugpopauiickas lomm-
Ha CMmepru sBisiercs caMbiM OojbIIMM  00BeKTOM CHCTEMBI
Hanuonaneaeix Ilapkos CIHIA: ee muromans cocrasisier 1,3 muH.
ra. 3yoBemiasi penyrammsi <«rudJIoro MecTa» M BO3MOKHOCTH
OIIyTUTH IIpeBocxoncTBo Ilpuponbl Haj YEJIOBEKOM €KETOIHO
npussiekalor B Hammonamsaent Ilapk «llomma Cveprn» Gosree
OIHOI0 MMIJIJIMOHA TYPHCTOB CO BCETO MUpA.

ITapk maxomutcst B 230 xM ot Jlac-Beraca, HO 00JIBITHHCTBO
MPENIIOYNTaET HE IOCEIAaTh 9TO KIMMATHYECKH OYEHb TSKesoe
u xapkoe mecro. Mnru depes Homuny CMepru jeToM o3Havaer
BEPHYIO CMEPTh, TTO3TOMY IJIsSI TYPHCTOB IOJIMHA OTKPHITA Orpa-
HUYECHHOE YHCJIO MECSIIEB B TOIY.

Camoe HuskopacnosioxenHoe mecto B CeBepHon Amepu-

ke — consHOoe o3epo Badwater, cossgHOIT GacceiiH, KOTOPBIi
JIETOM TIEPECBHIXaeT M OCTABJISIET IOCJIe CeOsl TOJICTBI CJIOM COJIH,

B KOTOPOM YMYJPSIOTCS BbDKHBATH HEKOTOPHIE PACTCHUSL

Bor Ttakoe wuHTEpECHOE M 3JIOBEIIEE MECTO €CThb B
Coenunennnrx IllTaTax. XoTsl (PEHOMEH IBMKYIIUXCS KaMHEN
onuceiBaercss He TonbKO B Jlomune Cmeprm — Ha CErouHs
OHa SIBJISIETCS CAaMbIM M3BECTHBIM M Hambollee ITOCeIIaeMbIM
HNPUPOIHBIM (PEHOMEHOM CpEIM IIPOYUX aHAJIOTOB.
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§ 2. 'eonornueckmne NOHATHS COPOCOBBIX CTPYKTYP
U pU(PTOBBIX 10JHH (TpadeHoB)

Ilepen Tem, Kak naBaTh
HayYHBIE ITOSICHEHUSI TEM MU
UHBIM TIPUPOIHBIM  (PEHOME-
HaM, HYXHO TIIOHSITh, YEM
seasiercs:t  Jlommaa  Cmepru
B CIOHA ¢ TOYKM 3peHHUs
rEOJIOTUYECKUX  YCIIOBHH U
Kakhe IopooOpa3oBaTe/IbHbIE
IIPOLIECCHI MIYT B JTaHHOM pe-
T'HOHE.

B yuyebHUKaX 110 T€0JIOTHH U JaKe B IIKOJIbHBIX YIeOHHKAX
n mocodusix Jlommaa CmepTu mpencTaBieHa KaK KIACCHYECKHI
NpUMep TEOJIOTHYECKUX COpPOCOBBIX CTPYKTYp — 3TO Tak
HasplBaeMasi pHU@TOBasl [OJIMHA, KOTOpasi oOpa3oBajlach B
pesyabpTaTe pasioMa B 3EMHON KOpE€ C TOCHEIYIOINM Ipoce-
JaHUEM €ro ILIEHTPaJbHOH YaCTH.

I'eostornueckue npeodpasosanust B Jlomune Cmepru mpo-
JOJKAIOTCS | TIO CEHl [I€Hb, IIOCKOJIbKY BCE 3aIlaHOoe IT00epeKbe
000MX MaTEepUKOB AMEpPUKH JIO CHX IIOp COXPAaHSET CBOIO aKTUB-
HOCTh — YUepHBIE TOPHI OBICTPO PacTyT, a HU3UHA, HAXOISIIASICST
B OCHOBHOM 101 o3epoM Badwater, omyckaercs. 9to camast
HH3Kasg Touyka Ha BceM CeBepo-AMEpUKaHCKOM KOHTUHEHTE,
Haxonsmasics Ha 86 METpPOB HIMJKE YPOBHS OKeaHa, M BTO-
pasi — Ha BceM 3amagHOM IOJIyHmIapuu (IIepBO€ MECTO IpUHAI-
nexur I'pan-baxo-ne-Can-Xynuman B ApreHruse).

B macrosumii MOMEHT yKasaHHBIE IopooOpa3’oBaTeIbHBIE
npouneccsl B Jlomne CMepru He COITPOBOXKIAIOTCS BYJIKAHUYECKOMH
IESITeILHOCTBIO, KOTOPOI OOBIYHO yIeJsieTcs OOIbIIoe BHUMaHHE
B COBPEMEHHON reojiorud. Her npupomHBIX KaTaK/IM3MOB BpOJE
HU3BEPKEHUI BYJKAaHOB M H3JIMSHMI IIOTOKOB JaBbl lIpomeccs,
uaymmue B Jonume cmepTH, HOCAT Has3BaHHE COPOCOB.

C6pOCI>I SIBJISIIOTCSI TaK HA3bIBA€MbIMH PA3PbIBHBIMH I'€0JIO-
THYCCKUMHU CTPYKTYypaMH. It CTPYKTYPbI o6pa3y10TcsI B TEX
CIydasiX, Korjga InpH IOOABHZKKaX JII/I'I‘OC(pepHI)IX IUIUT B 3€MHOM
KOpE€ TOpPHBIE IIOPOIbL p336I/IBaIOTC$I KPYIIHBIMH TpEINMHaAMM Ha
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THTaHTCKHE OJIOKU, KOTOPHIE 3aTEM HEePEeMEIIaloTCsl BIOJb TPEIH
OTHOCHUTEJIbHO IPYI JPyra BEPTUKAIBHO M TI'OPU30HTAJILHO.

PaspeiBHBIE CTPYKTYpHl MOIYT BO3HHKHYTh KakK IIpU
MHTEHCUBHOM CHABJIMBAHMU, TAK U MPU CUJILHOM pacTArMBAHUU
U Ppa3gBUKKE IIOPOJ, IO BO3JEHCTBUEM TaKUX (PUIUMYECKUX
JePOPMHUPYIOIINX CHUJI, KaK CXAaTUE U pacTsukeHue. PacrskeHwue,
MpUBOJISIIEE K PaspbiBY IIOPOJI, IIPOSIBJISIETCSI OOBIYHO Yalle,
IpU  3TOM BO3HMKAIOT pPa3pbLIBHLIE CTPYKTYPhL, HAa3bIBAEMbBIC
HOpMaJIbHBIMU COpOCaMIL

OHepruio s (POPMHUPOBAHUSI COPOCOBBIX TOPOOOPA30-
BaTEJILHBIX CTPYKTYP HPHPOIa YEPIAeT B IHEPTUU HENPEPHIBHOIO
JABUKEHU S III/ITOC(pepHLIX IUIAT W KOHTHHEHTOB. B YaCTHOCTMU,
CeBepoaMepI/IKaHCKI/IfI KOHTHUHEHT [JOBHXETCAA C BOCTOKA Ha
sarajg Mo HaIpaBJIEHMIO K A3SHH CO CKOPOCTBIO OKOJo 12-15 cm
B TOI TOJ [IEWCTBUEM TIJI00AIBHON IHEPrUU BpamieHus: 3eMiIn.
To ecrp HaHHBI NPOIECC HOCUT IJIOOAJIBHBINA XapakTep, XOTS
OH MOJKET HMMETh M JIOKaJbHBIE IPOSIBIICHHS, B TOM 4YHCJIE B
BUJIE PaspbIBOB 3€MHOI KOpBI, ¥ B YaCTHOCTH — COpOCOB.

Ilpu cObpoce omuH n3 OJIOKOB COCKAIL3BIBAET C IPYrOro
BHU3 M IIPOMCXOIUT HEKOTOPOE pPACHIMPEHUE 3E€MHOM KOPHI
B MecTe ee paspeiBa. B ToM ciyyae, Korma paspbiBel ITOPOII
06pa3yIOTC9I II0]I BO3IEVMICTBUEM CXKaTUd, ONVH W3 BO3HUKIINUX
OJIOKOB B3IDOMOJKIIAECTCSI HAa JPYrOdl M BO3HHMKAIOT B3OPOCH
(obparsbie cOpocer) mim Hausury. IIpm stom B Mecre paspeiBa
ITPOMCXOJIUT HEKOTOPOE COKPANICHUE 3E€MHOI KOPBL

B oboux ciyyasix TIJIaBHBIM SIBJISIETCSI BEPTHKAJIBHOE
IIepeMenicHie OJIOKOB IIOpOI, B OTJIMYME OT Pa3pBIBHBIX
CTPYKTYP, Ha3bIBAEMBIX CIBUIAMH, B KOTOPHIX IIpeoOjaiaeT To-
PU3OHTAJIBHOE IEPEMELICHHE.

PaspeiBHBIE CTPYKTYpBI MOXKHO TaKKe€ pasjauyaTh IIo
COOTHOIIEHUIO WX C HAIIPAaBJICHUSIMU IIPOCTHPAHUS U IIAJICHUS
ropoj, B KOTOpHIX OHHU oOpasoBaiucek. llo Benmmumse yria
HAaKJIOHA Pas3spblBOB COpPOCH, B30pOCHI U CHBUTU OTHOCSITCS
K KpPYTOIIAQIAOIIMM, a HAJBUTM M HAJIBHUIOBBIE IIOKPOBHI K
IOJIOrONAJAIOMIM PasphIBHBIM CTPYKTypaM.

Kpynnbie paspbIBHBIE CTPYKTYpPbI, TSAHYIIMECS HAa COTHHU
KIUIOMETPOB, B OOJILIIMHCTBE CJIYYaeB IIPEICTaBIISIOT COOOU He
OMHY JIMHUIO HapPYIIEHWs CIUIOITHOCTHA IIOPOJ, a IIEJIyIO 30HY
HECKOJIBKMX IIOUTU IapajijlebHbIX paspbiBoB. OHU HEPEIKO HE
MPOSIBIISTIOTCSI HA TTIOBEPXHOCTU B BUIIE YETKO BBHIPAKEHHBIX OOHaXKe-
HUI — YCTYIIOB M OOpPBIBOB, a HOCSIT CKPBITBIF XapaKTep.
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ABnsisce ocnabIeHHBIMH 30HAMH, B KOTOPBIX ITOPOIBI
Jerdye TONJAIOTCS PaspylIeHUIO, OHU MOTYT OBITh 3aHSITHI
o3epaMH, OBparaMy, pyClaMH PEK U S3allOIHCHBI BBIBETPEIIBIM
OOJIOMOUHBIM MATEpPHAJIOM (KaMHSIMH, IIECKOM H TIL).

B momoOHBIX ciyyasix ISl BBISIBJICHHSI 30H Pa3pBIBHBIX
HapyIIEHUII HEOOXOIUMO TINATEJBHO IHpOaHaJIU3HpOBATh U
COITOCTaBUTL COCTAB ¥ YCIIOBHSI 3aJIeraHUs IIOpOI II0 OOEenM
CTOPOHAM JIOJIMHBI HJIA OBpara.

—
\ N\ —

—\_
—— —— N
HopmaneHble cOpoCHI  YacTO TIpyHIUpYIOTCSI B JIBE
rapajulesIbHBIE CHCTEMBI Pa3phIBOB C IIJIOCKOCTSIMHU, HaKIIOHEH-

HBIMU HAaBCTPEUy JPYyr NAPYTY, MEXIy KOTOPBIMH CTYIIEHUATO
OIlylIeHBl OOJIbIIME OJIOKHM TTOPOJIL.

Taxkue paspsIBHBIE CTPYKTYPBHI HasbIBalOTCS TrpabeHamu,
WA PHU(QTOBBIMU IOJIMHAMH, IIPEICTABIISIONIMMHI COOOM Yy3KHe
BBITSIHYTBHIE IIOHMJKCHHSI Pellbedpa, B KOTOPHIX OOBIYHO pa3BU-
BAIOTCS KPYIIHBIE O3€PHO-PEYHBIE CHCTEMBL

OI[HI/IM N3 KaHOHHUYCCKHUX IIPpUMEPOB pI/Iq)TOBI)IX JOJINMH
ssiisiercst Jlosmmuaa Cmepru, Koropast oOpa3oBajiachk B pe3yJjIbTare
paspbiBa MacCHBAa TIOPHBIX IIOPOI C HUX IHOCJIEAYIOIIMM IIpO-
ceraHueM B paiioHe osepa Badwater.

Brmosms  1utocKOCTE#  pasphIBOB  YaCTO IIPOCIIEKMBAIOTCS
30HBI OPOOJICHMS (IIMPUHOM OT HECKOJLKHX CAHTHUMETPOB IO
HECKOJIBKHX METPOB), 3aIlOJJHEHHBIC TaK Ha3blBA€MOI TEKTOHH-
YeCcKOM OpeKuneir — Maccod YIJIOBAaTBIX OOJIOMKOB IIOpOII,
CHeMeHTI/IpOBaHHI)IX TOHKHM TJIMHHUCTBIM MaTepI/IaIIOM, KOTOpI)Ie
oOpasyloTcsi 3a CUeT TpPeHHs OJIOKOB IOpPyr O ApyTa.

HpI/I OTCYyTCTBHH TEKTOHUYECKON 6peK'~II/II/I IIopoabl B
IUIOCKOCTH pa3pblBa MOI'yT OBITH CHJILHO OpUTEPTHI M OTIIO-
JINPOBaHbI MJIN I/136OI)O)KJ_[€HI)I napannmHaMHI. Taxkwme IMmIOCKOCTH
PaspbIBOB HAa3BIBAIOTCA 3€pKaJlaMH CKOJIbKEHUSL.

B Homne CMmepTu Ha CIEJIAHHBIX TYPUCTaMU U pasMeIIeH-
HBIX B lIHTepHeTe (poTOrpacpusix MOKHO HAOIIONATh 00a 3THUX
TUIIA IIJIOCKOCTEH Pa3pbhIBOB.
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Ha otorpacpum ciiepa — OOHa’KEHHE TEKTOHMYECKOM
Opekuny B BHIE (PParMEHTOB pa3IpOOJIEHHBIX ITOPOI, IIOTHO
CIEMEHTHPOBAHHBIX HPYyr ¢ apyroM. OOJOMKH IpeICTaBISIOT
€000 pasIpoGIIEHHBIE MOPOILI HA CTHIKAX JIBUJKECHHSI MAaCCHBOB
TOPHBIX IIOpPON, KOTOpBIE TEPJIMCh JPYr 00 Jpyra M YacTHIHO
PpasIpoOUINCh B MECTaX paspbiBOB. MO3amvHbIN KaHBOH ITOJIY YT
CBO€ HA3BaHHE H3-33 CTPOEHHSI CTEHOK — OHHU JEHCTBHTEILHO
MECTaMH BbITJISAIAT 6yI]TO OBl BBLUIOJKEHHBIE MO3AUKOI.

CnpaBa Ha (POTO IIOKa3aHBI OTYETIIMBBIE 3€pKajla CKOJIb-
JKEHUsI U KPYIIHBIE BEPTHUKAJIbHBIC [IAPAINHBL, 0Opa30BaBIIECS
npu cOPOCOBOM IBVIJKEHHY MACCHBOB TOPHBIX TIOPOX IpyT
OTHOCHUTEJIBHO IpyTra.

Ilpu cOpocoBeIX TIpoleccax IePOPMUPYIOIIHE  CHJIBI
NPUKJIAABIBAIOTCS K XPYIKHM IIOpoIaM, KOTOpbIE HE MOrYT
00pa3oBBIBATh CKJIAJKM W CMHUHAThCS, KaK HaIlpUMep CKaTepTh
Ha croie. B pesymbraTre MoOpomel TpecKaloTCs U OPOOSITCS, Kak
9TO OTYETIMBO ITOKa3aHO Ha (pOTO.

Bpexunu (pOpMHUPYIOTCSI U3 YIIIOBATHIX OOJIOMKOB M OOBIYHO
oOpasyiorcsi BOIu3u oOJlacTedd HMHTEHCHUBHOIO (PU3UUYECKOIO
paspymeHusi (BBIBETPUBAHUSI)) TOPHBIX TOpOX. boJybmmHCTBO
OpeKuYMii COCTOUT M3 INeOEHKH, KOTOpasi HaKaIlJIMBaeTCs Ha
CKJIOHaxX rop. bpekunn TakXe MOryTr obpasoBHIBATHCSI TIPH [IBU-
JKEHUH OJIOKOB TOPHBIX IIOPOI BHOJIb IUIOCKOCTEX pPaspbIBOB,
KOrja II0 O0EUM €ro CTOPOHAM IIPOHUCXOIHT PACTPECKUBAHHE U
IpoOJjieHre TOpPHBIX IOPOJ, a 3aTeM pasIpOOJIEHHBI MaTepHal
CHOBa IIEMEHTHPYETCs 6e3 KaKoro-ambo IepeHoca.

KamHu, Koropele ckaIjimpaiorcsl Ha JdHe o3epa Racetrack
Playa, siBasioTcsl IIPOIYKTOM pas3pyLI€HHs] TOPOJ, CJIAraioIux
OKpECTHBIE TOPBI, OHH O00pa3’0BaJIICh INPU PaspylIEHHH IOp M
CKAaIUIMBAaHUU OOJIOMKOB y TIOHHOXHWS Ha IIHE CYXOro o3epa.
14

XONMbl

06/IOMOUHbIIA
XOJIMbI Mmatepuan 3epKana

XOMNMbl / ‘KOJ‘I bXXeH VI\FI‘ I

——— o
TeKTOHUYecKas
6pekuns

Ha pucynke npusegeHa cxeMa OIHOIO M3 BO3MOJKHBIX
BapHAHTOB (POPMHPOBAHHSI COPOCOBOIT CTPYKTYPhI — PH(PTOBOI
nonuHbl (rpabena) B Kasmgpopaum.

B HeKOTOpHIX ciIyuyasx MpocedaHHWe IIEHTPAJIBbHOM YacTH
COTIPOBOJKIAETCSI TIOTHSTHEM OKPYJKAIOIIUX BIAOUHY TOPHBIX
ctpykryp. Ilpocemamme B I1IeHTpe MOXET OBITH BBI3BAHO
HayaJabHBIM ITOTHSTHEM (BO3OBIMAHMEM) KPYIIHBIX KYIOJIO-
BUIHBIX AHTHKIWHAJIBHBIX CTPYKTYp (CKIQJOK 3EMHON KOpHI)
C TOCTENyIOIIMM OTTOKOM MarmMbl OT HX II€HTPAJBbHOM YaCTH,
paspeiBaMU U IIpoCEeJaHHEM TI'OPHBIX IIOPOJI B IEHTpE.

Onna M3 COBPEMEHHBIX TEOPUH IJIACUT, YTO IIPOLECCHI
ropooOpa3soBaHHUSI MOT'YT OBITH CBSI3aHBI HE TOJBKO C BpaIlIeHHEM
3emid, ApeAdaMyd MATEPUKOB M IBMJKEHUSIMU JIMTOCPEPHBIX
IUINT, HO ¥ C IUPKYJSIUSIMH Marmsl ITOI 3€MHON Kopoi. B
TEX MeCTax, IIe ropsJyasi MarMa MOJHUMAETCSI OT PAcKaJIEHHOTO
neHTpa 3eMIM BOCXOMSIIVMH IIOTOKaMU, BO3SHHKAeT IIOIHSITHE
3€MHOI KOpHI (QaHTHKJIMHAJIB), a TaM, Ileé OXJIaJKICHHAsl Marma
ONyCKAaeTCsl BHU3 — MNPOrud (CHHKINHAID).

HMsrubanue TropHBIX IOpPOX B CKJIAIKU (QAHTUKIMHAIIN)
yacTo IIPUBOIMT K TOMY, YTO OHM HAUYMHAIOT PACTPECKUBATHCS
TOYHO TaK JK€, KaK 3TO IIPOMCXOIUT C JKECTKOH PEe3MHKOH IIpu
ee crubanun monojaMm. Eciam 3ToT mporiecc IOIOJHUTEIHHO
COIIPOBOJKIAETCS PACTSIIMBAHUEM 3€MHOI KOPBI, €CTh BEPOSITHOCTD
(pOpMUPOBaHUST PU@PTOBON JIOJIMHBL

Bce omnmcanHbIE ITPOLIECCH COITPOBOKIAIOTCS MPAKTUYECKHU
IIOCTOSTHHOM ~ CEMCMHYECKOM aKTUBHOCTBIO. Ilpu mpocenanuun
1 caBurax OJIOKM TOpPHBIX MOpoid TpyTcsl IOpyr o0 apyra u
BBI3BIBAIOT IIOCTOSIHHBIE CEMCMUYECKHe KojeOaHus (BUOpammm).
9Tu TIpolecchl MOCTOSIHHO perucrpupyioress B Jlomune Cvepru
1 BOKPYI Hee, XOTS 3TH KojiebaHus [IOCTaTOYHO CJIadble.
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Ecnu onuceiBaembie IIponecChl UAYT HE CIIMIIKOM aKTHBHO,
CericMHYecKass aKTUBHOCTb TaKJ)K€ OCTA€TCSI HEBBICOKOM — JIIOIU
MOr'yT IIpOCTO HE 3aMe4daThb IIOCTOSIHHBIC Bn6paum/1 U KoJiebaHus
IIOBEPXHOCTHU 3€MJIH, COIIPOBOKIAIOMNE HEIIPEPBLIBHBIC TTOMXHATHS
n OIyCKaHHsI MaCCHBOB TI'OPpHBIX ITIOPOI.

91 HeOONBIIME KOJEOAaHHUS IIOCTOSTHHO PETUCTPUPYIOT
TOJILKO CIeIuajIbHBIe IPUOOpHl — ceficMorpadobl, M TOJIBKO
B HeOompmmx (B MacmTabax TIUIaHETHI 3eMilsl) OKPEeCTHOCTSIX
ropoo0pasoBaTeIbHBIX IporeccoB. OHEM MOTyT OBITH 3a(pUKCH-
poBaHbl, HanpuMmep, B KamugopHuu, HO HEe MOryT OBITH 3ape-
IUCTPUPOBaHbl B YKpaune wiu B Poccum.

Ha ¢ororpagusx npuBeineHbl XapaKT€pPHBIE CTYIIEHYATHIC
CTPYKTYpBl, oOpa3oBaHHbIe cOpocamu, aBrop Isamkosa IOims,
o MaTepuajaM HHTepHer-caiita www.world.libru.

B Jlomane Cveptu u ee GIIMKAaMIINX OKPECTHOCTSIX CEHCMO-
rpagbl PETUCTPUPYIOT IIOCTOSTHHYIO CJIabylo CEeHCMUYECKYIO
aKTUBHOCTh, KOTOpasli HE IIPEKpaIlaeTcss HU [THEM, HU HOYBIO.
YdeHple TaKXe PErUCTPHUPYIOT (PAKTHI ITOCTOSTHHOTO OITyCKaHHSI
HEHTPAJIBHOM YaCTH PU(TOBOM IOJMHBI BHU3 — T'OPHBIE IIOPOLIBI
TpyTCS JApPyr 00 Ipyra, puproBasi IOJHUHA IPOBAJIUBAETCS BCE
rIyoxe | riryoxe, (popMUpYsl XapaKTepHBIE CTyIeHYaThle XOJI-
MBI U OOJIOMOYHBIE IIOPOHIBI (KAMHH) Ha JIHE.

IlockompKy TIOBEPXHOCTHBIE TOpHBIE mTOpombl JlommHsr
CMepTu COCTOSIT TPEUMYILECTBEHHO M3 OCAIOYHBIX IOPOI H
IIeCKa, YTO XOpOIIO BHIHO Ha (POTOrpadpUsiX, YUYCHBIC BBIIBH-
HyJId THIIOTe3y O TOoM, uro Ha Mecre Jlosmuer CMepru MHOroO
MIUIJTMOHOB JIET Hasax ObUIO coleHoe Mope. 3aTeM ropoodpa-
30BaTeJIbHBIC IIPOLIECCH IONHSIM M OTPe3aId 3Ty 4Yacrh CYIUH
OT COJIEHOTO MHPOBOTO OKE€aHa.
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To, uro pacruIaBJI€HHBII MAarMaTUYECKUI MaTepUal MHOIO
MUJUIMOHOB JIET Hasal IIPOHUK OJIM3KO K ITOBEPXHOCTH 3eMIIH,
rOBOPAT MOTYXIIME BYJIKAHbI W MOJIOABIE TOPHI, OKPyXalomue
Homuny. 3areM Ha BBITSHYTOM BJIOJIb YYaCTKE MOI IPOM30HTH
OTTOK PaCKaJ€HHOH Marmbl ByJIKaHbI IIOCTENIEHHO IOTYXJIH, a
LIEHTpajbHAs YacCTh OyHyIIed PpHU(PTOBOM NOIHHBEI OTKOJIOIACH
M Hayajla IOCTEIIEHHO IIpOCeNaTh BHHUS.

54 m : 27"‘."':- i TN e ,i Ay NS —
Ha ¢otorpacpun n3 kKocmoca mnokasana Jlomuaa Cmeprtn
BMECTE C TMpUIIETAIONIMMU K Hel ydacTkamm rop. Jlocrarouno

OTUYET/IMBO BUIHBI YUACTKH, HA KOTOPBIX OCYIICCTBJISICTCS ITPOCE-
JaHHE M OITyCKaHue 3€MHOM KOPBL

Y4acToK € IBUTalOIIMMHCS KAMHAMH HAXOIMTCS B Y3KOH
uvactu JIOJMHBI M 3a’KaT CO BCEX CTOPOH TIOpaMU.
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YueHple MOTYT TIONBITATHCS IIPEICKA3aTh OTHAJICHHOE
oynymee JMomunaer Cmeprn. Uepes OONbIION ITPOMEXYTOK
BpEMEHHU (HAIEIOCh, HAMHOTO IIPEBHINAONININ JKH3Hb UYEJIOBEKa)
00 MarMa IOBTOPHO MOIHUMETCSI K ITOBEPXHOCTH 3€MIIH, JINOO
pugTOoBasi JIONMHA IPOBAJUTCS IOCTATOYHO TIJIyOOKO — Tak,
YTO 00pa30BaBLIMECS B pe3yJibrare cOPOCOB paspbIBBI JIOCTUIHYT
CJIOEB JKHJIKON pPaCKaJIECHHON MarMbl

B srom cilyyae MarMa MOJKET HadaTh IOJIHUMATBLCS BBEPX
1 NPOHMKATL B 3€MHYIO KOPY IIO IUIOCKOCTSIM COpOCOB, IIpHYEM
CUHTAETCSI, YTO MarMaTHYeCKHe paclljaBbl NMPOKJAILIBAIOT cebe
IyTh TIPOPHIBOM U 3aMEIIEHHEM TOpHBIX Iopox B Hambosee
crabbIX MeCcTax 3€MHOM KOpPBl — II0 pasphIBaM.

ITpopeiBLI MarMel B 3€MHOM KOPE Ha3bIBAIOTCS HHTPY3USMU.
B manmHOM ciyuyae OHHM MOIYT MMETh ILIOCKYIO IIMTOOOPA3HYIO
(popMYy, II0 MOIIHOCTH HE MPEBBLIIAIOIIYIO HECKOJIBKUX METPOB,
HO IIPOCTUPAIOUIYIOCS HAa MHOTME KUJIOMETphL BeprukajibHble
MarMaTUY€CKHE IIPOPBIBBI (MHTPY3HHM) HA3BIBAIOTCS JIAMKAMM.
ITH JafKi MOIYT €HI€ CHUJIbHEE PACIIUPUTL M YBEJIMYHUTH ILJIO-
IojajJb y9acTKa 3€MHOK KOpHI, OYKBaJIbHO pacIupasi €ro.

HMaTpysun o0pasyioTcsi U 3acCTHIBAIOT B IJIyOMHE 3EMHOM
KOpBL. MarmMaTuJyeckui MaTepuas He U3IUBAETCSI Ha TTIOBEPXHOCTH,
a 3aJICpPXHUBAETCSI ¥ MEIJICHHO 3aCTHIBACT BHYTPH 3€MHOM KOPBL
bonee Toro, marma naxe MOJKET HHKOIJA M HE IIpOpBaThCs Ha
MOBEPXHOCTh U HE M3JIUTHCS BYJIKAHAMHU.

Ecim Xxe marma mnpopsiBaercss Ha IIOBEPXHOCTb 3€MJIH,
OoHa oOpasyeT BYyJIKQHBI W JIABOBBIE IIOTOKH (3ppysun). llns
Homuaer CMepTi BO3MOJXKHBI 00a 3TH BaphaHTa pasBUTHUS Teo-
JIOTUYECKUX COOBITUI B OYyHOyIIEM.

Ho ectbs TO, 4TO MOXHO CKa3aThb YBEPEHHO — B JHonune
CMean HUIYT T€OJIOrMUECKHUE ITPOIECCHI, COIIPOBOXK/IaE€MBbI€ TTOCTO-
SIHHOM €J1a00M CEMICMUUYECKOM AKTUBHOCTBIO U OITyCKaHUEM IICH-
TpaJIbHOM 4YacTu JlomrHBI CMepTI/I BCE I‘]Iy6}Ke u I‘JIy6)K€.
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§ 3. Maremaruyeckasi Mo/ieJib, ONIUCHIBAKOIIAS
NMPHUPOAY CAMONPOU3BOJILHOIO IBUKEHHUS KAMHeN
1o AHy cyxoro o3epa B lontune Cmeptn, CLLIA

HOsrxymuecss kamau B Jloimme Cmepru — penkoe u
YHUKaJIbHOE IIPUPOIHOE SIBJICHUE, KOTOPOE SIBISIETCSI CIICICTBUEM
LEJIOT0  KOMILIEKCA CHEUH(PUYECKUX IIPHUPOIHBIX (PAKTOPOB.
Hukakoin akrop B OTHEJIBHOCTH HE IO3BOJISIET KOPPEKTHO
ITOCTPOUTH MAaTEMATHUYECKYIO MOIENb JIAHHOTO SIBJICHUS, TTO9TOMY
peuYb IOJDKHA HITH TOJBKO O IIEJIBHOM KOMILJIEKCE (PU3MYECKHUX
YCJIOBUII M IIPEIIIOCBUIOK.

Ecrp (pUu3HYECKHE TIPEINOCHUIKY, KOTOPHIE IIO3BOJISIOT
KaMHSM JIBUTAThCS IO JHY CYXOIro O3epa MHOI HEHCTBHUEM OIIpe-
IEJIEHHBIX BHEUIHUX BO3IECHUCTBHUIL

HcciieoBaresin  yKe CMOIJIA  BBIIEIUTL Psjl  (PaKTOPOB,
KOTOpBIC COIEHCTBYIOT IIepeMemieHusiM rasi0. I'maBHbln  ax-
TOp — OYE€Hb POBHOE JIHO CYXOrO 03€pa U JIOCTATOYHO CKOJIb3KasI
OCHOBAa MOJ KaMHEM — CMEIIAHHAsI C BOJOM IJIMHA.

B monb3y sTOrOo HOBOIA CBHUIETEILCTBYET (pOopMa CJIela.
JlOpOKKM, KOTOpBIE OCTABJISIIOT 32 COOON KaMHU, MMEIOT YETKYIO
¢opMy C POBHBIMH KpasiMH. ITO 3HAUWT, BHayaje IoYBa Oblia
MSTKOM, a ITOTOM OHa 3acTeiia. Ho ckombskas ocHOBa — 3TO
TOJIBKO HEOOXOOMMOE, HO HE TOCTATOYHOE YCIIOBHE ITOIBHIKHOC-
TH. be3 MaKcMMaabHOTO YMEHBIICHHUS CUJIBI TPEHUS IBUJKEHUE
KaMHell ObUIO OBl HEBO3MOJKHBIM B IIPHHIIUIIE.

B 1moXIUIMBBIN CE30H B yriyOjeHuu o3epa C TIJIMHHICTBIM
IHOM CKaILUIMBA€TCsi BOIa, a OOJIbIIEe €€ OOBEMBI CIIMBAIOTCS
CO CKJIOHOB OKPECTHBIX IOp. 9TO CTAaHOBUTCS INPHYMHOK TOIO,
4TO TBEpHas IJIMHUACTAas II0YBAa pPa3MOKAET, U KOI(PPUIIUCHT
TpEHHMsI KaMHEH O 3eMJII0 Pe3Ko cHuXaercsi. B pesyisrare mon
OEVCTBUEM HEKOTOPOH CHJIBI MOXKET CIBUHYTBCSI C MeCTa U
npoexarb HEKOTOPOE pACCTOSIHUE Ha’Xe OIUH M3 CaMbIX KPYII-
HBIX KaMHEH, Becsuui nopsigka 350 KuiiorpamMmos.

HpaKTI/IKa HE Jajia IMOATBCPXICHHUS TOMY, YTO 3TH KaMHH
MOryT IBHIATBCS IIOI IEVICTBUEM CUJIBI BE€Tpa, CHJIbl 3aMETHBIX
YCJIOBEKY 3eMJIe'I'pHCeHI/II7I, OT TOJIYKOB JIIOJIEN WJIU JXUBOTHBIX,
B CJIEACTBHU 3JIEKTPOMAIrHUTHBIX B3aUMOJIEVICTBUM HJIN IIPpHUYH

MHUCTHYECKOI'O Xapakrepa.
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IIpupona ¢ GOIBIIO HEOXOTOM PACKPBIBAET UEJIOBEKY CBOH
sarajlkiu M JIEJIMTCS C HAMM CBOMMHU CEKperaMu. 3HaMEHHUTOE
CyX0Oe O03€p0 HaXOOUTCA HE IMPOCTO B TPYAHOJOCTYIIHOHM C
TOYKH 3PEHUS] KJIMMAaTH4YecKux yciosuin lomuuae Cmeprn.

Jla)xe B TakoM 3JioBenreM (CO CJIOB OYEBHIIIEB) MECTE,
kak Death Valley, meGonsimoe cyxoe o03epo C IBUIaIOIIUMUCS
KaMHSIMH — OJIHO M3 HauOojIee CJIOXKHBIX MECT, Kyda MOJKET
MOIACTh JAaJIeKO He KaKIBI TYPHUCT WM HCCIIEI0BATENb.
ITosToMy Tak GecIIeHHBI UISI HAYKH BEJIMKOJICTHBIE (POTOrpacpuu
KaMHEH, CHEeTaHHBIE OYEBU/IIIAMIL

Bor tak BBITJISITAT 3TO 3HA-
MEHHUTOE Ha BEChb MHUP CYX0€ 03€po
C IBUTAIOIIMMUCS KaMHSIMI.

Hexkoropoe Bpemsi Hasal
HCCIIeIoBaTelIIM  YIaJIoCh — 3ape-
TUCTPUpPOBaTL TPAEKTOPUU IIepe-
IBUJKEHUSA KaMHEN pu IIOMOIIH
npubopos cnexenusi GPS ¢
ToCIe My IOIIeH KOMIIBIOTEPHOM
00paboOTKOM U aHAJIM30M IIOJIy-
YEHHBIX PE3yJILTATOB.

e
AT

IlpuBomuM m300pa’keHUE IIOIYYEHHBIX Ha KOMIIbIOTEpE
(a30BBIX TPACKTOPUN JIBUJKECHHUSI KaMHEW II0 JIHY CYXOro osepa
u (POTOCHEMKY O3€pa C IIPUJICTAIOIINM PeIbedoMm.
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IIepen TEM, KaK OImHCaTh BO3MOJKXKHYIO IIpDUYMHY KW MOZIEJIb
IIOBEACHUSI [IBUTAIOMIMXCI IIO OHY O3€pa KaMHEW, npenjaararxo
IIPOBECTHU HeOOJIBILION HpOCTOfI OIIBIT B JIOMAIIHUX YCJIOBHUSIX.

Ilooxure Ha CToJI MOOMJIBHBIA TEJIE(POH B PEXUME
BUOpanmy (110 BO3MOJKHOCTU OTKJIIOYHB 3BYK) M ITO3BOHHMTE Ha
9TOT TejeoH, He mnomHumas TpyOky. lloBemenue Tesrepona
Oymer BechbMa IIpEICKa3yeMbIM — OH 3aBHOpHUPYET M HadHET
MEJUIEHHO II€PEIBUIaThbCs (MOJI3TH) II0 IIOBEPXHOCTH  CTOJIA,
€CIM OHAa JIOCTAaTOYHO TJIAJKas M CKOJIb3Kas. Yem cujibHee
BUOpammsi, TeM HMHTEHCHBHEE [IBMJKEHHE TeJle(poHa.

AHaJIOTUYHO, €ClId K OOBIKHOBEHHOMY CTOJIy IPHKPYTHUTH
HE CaMBIl COBEPIICHHBIA 3JIEKTPOMOTOP, KOTOPBI BHOpHUpYET
B Ipolecce paboThl, M BKJIIOYHTb €r0, CTOJ TaKXe HadHeT
BUOPUpOBATH B PE30HAHCE.

Eciin mosepxHOCTh CTOIA JIOCTATOYHO IJIajiKasi, IIPEIMEThI
HAa4YHYT MEUICHHO IEPEIBUraThCS II0 €ro IIOBEPXHOCTH B
Pas/IMYHBIX, TPYIHO NPEICKAa3yeMbIX HalpasieHusx. Jlaxe eciu
IOBEPXHOCTh CJIErKa HAKJIOHHASL, TO H B 9TOM CJIy4ae HEKOTOPbIE
MNPEeIMEThl MOI'YT HauyaTh MEIJIEHHO IIOJHMMATbCS BBEPX IIOJ
BO3ICACTBHEM  TNPUHYIUTEIBHOM  BHOpallMM  TIOBEPXHOCTH
CTOJIa, KOTOPYIO MOJKET OBITh HE BHUIHO TIJIa30M, HO JIETKO
IIOYyBCTBOBATh, IPUJIOXHUB K CTOJIYy PYKY.

Pacrosio)xeHHBIE PSIIOM TIPEIMETHl OYIyT HepeIBHraThCs
B CXOIHBIX HampaBjeHUsX. UeMm Jajiblie HAXOIATCS ITPEIMEThI
ApyT OT [pyra, TeM CHJIbHEE OYIyT OTIMYATLCS TPAEKTOPUHU
WX MEPEIBUKECHUI II0 IMOBEPXHOCTH CTOJIA.

A Temepp pacCMOTPHM T€ (PUSHYECKUE YCIJIOBHS, KOTOpHIC
peanbHO cymecTBylor B pudroson Jlomuue Cmeprn. Kax
YKaseIBAJIOCh B IIPEIbIIYIIEM Ilaparpadpe, B CHILy CIEIU(pU-
yeckux reousnueckux yciosuit Jlommaa CMepTH HCHIBITBIBACT
HENPEPBLIBHBIE CEHICMUYECKUE BO3ICHCTBUSI €J1abOro Xapakre-
pa — BuOpanuy, perucrpupyeMsie cericMorpadgpamu. Mupivu
CJIOBAMH — MeEJIKasi W HE3aMEeTHAasl YEeJIOBEKY IPOXb 3€MIIH,
IopoKIaeMas cOpocaMM M CIOBUTaMUd OJIOKOB TOPHBIX ITOPOI
OPYr OTHOCUTEILHO HpyTa.

B maTemaTmuecko#d (pHU3UKE TOYHO TOKA3aHO M OIHCAHO
NpA  TOMOIIA  COOTBETCTBYIOIIUX YPaBHEHUN B  YACTHBIX
IPOU3BOIHBIX, 4YTO BUOpauuu (KojaebaHWs) SBIISIOTCS. OXHUM
U3 3(P@EKTUBHBIX CIIOCOOOB IMepelaydl SHEPrul B HEKOTOPOU
cpene OT OIHOIO MJIM HECKOJbKUX HCTOYHUKOB Ha OoJIbLIe

Wik MaJibl€ PaCCTOSIHHSL.
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SHGPFI/IH nepenaeTcsI HI/ICerTHLIMI/I HOp]_II/ISIMI/I (q)aSaMI/I),
HpI/I‘IeM KOJINYECTBO q)a3 COOTBeTCTByeT '-II/ICIIy q)I/I3I/I‘-I€CKI/I
3aPEruCTPUPOBAHHBIX HJIN TEOPETUUECKH OIMCAHHBIX KOJIEOaHUI,
a IIepelaHHasi HEPrusi MPOIOPLHOHAJIbHA CHIIC (AMILUIATYIE U
JacTrore) KojebaHUiL

Uem cuipHEE aMIUIMTyIa, TeM MOIIHEe KoJiebaHHsST H
TeM OomplIyio SHeprmio oHu B cebe HecyT. Ho maxe ouens
cnabpie KojeOaHMsI (IO MEpKaM pacCMaTpUBAE€MON CHCTEMBI)
MOI'YT CIOCOOCTBOBATH Ilepeladye SHEPrUM M TakKuM 00pasoM
HAIIPaBJICHHO II€pEIBUraTh IPEIMEThl II0 IJIAJKOM M POBHOM
ITOBEPXHOCTH.

Bo Bpemst KaXX 101 (pashl €1a00ro KojiedaHusa MaTepUaIbHOE
TEJIO UCIBITHIBAET MUKPO-TOJIYOK B HAIIPABJICEHUH OT MCTOYHMKA,
TEJIy Tepemaercss HeOOJbIIasi ITOPIHS KUHETUYECKOM SHEPIHH,
KOTOpasi U 3aCTaBJIsSieT €ro COBEPLIUTHL OYECHb MAaJIbIil TaKT IIPO-
IOBYJKEHUS BIIEpPEI OT MCTOYHMKA. Ecim ke TOIYOK KoseGaHus
CUJIBHBIFI — TOI'JIa PBIBOK MATEPHAILHOIO TeJla MOXKHO YBHIIETb
HEBOOPYK€HHBIM TJla30M (TaK, HaIpuMep, IOIIPHIHBAIOT U
IOBUTAIOTCSI TIPEIMETHl Ha CHJIBHO BUOPUPYIOMIEM CTOJIE).

IIpI/I nepeaave HMIIyJIibCa 9HEPruM BO BpEMsi OJHOIO
TakTa BI/I6paHI/II/I PasMEIICHHOE Ha IIOBEPXHOCTU MATE€PHAJIBHOE
TEJIO CJIETKa IIOAIIPBLIrUBACT. YMmenplmaercss 1Iomaib KOHTAKTA
T€JIa C IIOBEPXHOCTBIO, YMEHbIIACTCA CHJla TIAXECTH — a
SHQYUT, Ha MHKPOCKOIIMYECKH MaJIbI€ IOJIM CEKYHIbI PE3KO
YMEHBINAETCA M CHJIa TPEHUSL. MeHHO B 3TOT MOMEHT IIOXI
BO3JIEHICTBHIEM NEPpEAAHHOIrO OT HNCTOYHHUKa MMIIyJIbCa TEJIO
COBEpHIAECT HEKOTOPOE ITOCTYIIATEJIbHOE [IBHKEHUE BIIEPEI.

IlocTostHHBIE MUKPO-TOTYKM W BHOpallMM  BCJIEICTBUE
IIOCTOSIHHOM  JIEFTKOM  CEMCMHMYECKON  aKTUBHOCTU  JOJIKHBI
UCIIBITHIBATh KaMHU Ha JHE 3HAMEHHUTOI'O CYyXOro osepa. M=o
o3epa TIJIaJIKOE€, POBHOE M IIO3BOJISIET KaMHSIM CKOJIb3UTh IIO
HEMY C MHUHUMAJIbHBIM TPEHUEM, a HallMTaHHAs BOJIOV TIJIMHA
TOYHO (PUKCHUPYET CJIE]Ibl NEPEIBHXEHUSL. das3oBbie TPaeKTOpUU
MEPEIBUXEHHSI KAMHEN MOXXHO YBUIETH BOOYUIO — 3TO OCTaB-
JIEHHbIE WIMH TIIOJIOCBI Ha IJIMHHCTOM ITIOBEPXHOCTH CYXOIO
0o3epa, IOXOXKHE Ha CJIEdbl IBYKEHUS 3MEIL

JlBmKeHMe KaMHEll He BUIHO — HO KaMHH JIBVIKYTCSL
ITO 3HAYMT, UYTO KAXKIBIFI TAaKT IIPONBUKEHMSI KaMHSI OYEHB
MaJl, I €ro TEXHUYECKH CIIOKHO 3aperucTpuposath. Ho takmx
MHUKPO-TIEPEIBUKEHHUI COBEPIIACTCS OYECHB OOJIBIIOE KOITHMYECTBO,
IIOCKOJIBKY (Pa3OBBIE TPAEKTOPHH XOPOILO 3aMETHBIE.
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Ilo uyesoBeueckuM MeEpKaM, IBUIAIOLIHEC IIO JIHY CYXOIO
o3epa KaMHU HMEIOT PasjIMYHbBIE pasMepsl M MacCy — €CTh U
Oompime, 1 Ooslee MEJIKHE KaMHHU, KOTOphIe BEIyT ceOsl Ha yIUB-
JICHHE€ CXOIHBIM 0O0pa3oM.

Ho wuenoBek, ero macca M pasMeEpHl — HE MEpPWIO B
JaHHOW TeoJIOTHJYecKon cucreme. Peur mmer o6 orpomHomI
(Mo cpaBHEHMIO C UEJIOBEKOM) TI€0-TEKTOHHYECKOH CHUCTEMeE
PUPTOBOM TOJIMHBI, KOTOPAsl MCHBITHIBACT HETIPEPHIBHBIC CIIA0BIE
TEKTOHUYECKHE KOJI€OaHUs, pacIpOCTpPaHSIOIMINECS] OT pas-
JIMYHBIX XAOTUYHBIX TOUYCUHBIX WJIU JIMHEWMHBIX HWCTOYHHUKOB
Ha JOCTATOYHO OOJIBIINE PACCTOSIHUSL

9T0 OOBSICHSIET C OIHOM CTOPOHBI HOCTATOYHO YIIOPS-
JIOUEeHHOEe OoOIlee, C JPYrol CTOPOHBI — XAOTHYHOE (CTOXACTH-
YEeCKOe) [IBUJKEHHE OTHEJIbHBIX KaMHeil II0 IHY O3€epa.

Bce Bpems TpyTcst apyr o6 mpyra, paspymialorcs, CKOJIb-
35T M COBEPIIAIOT ITOCTOSHHBIE IIONIBMKKH OIPOMHEIE OJIOKH
FOPHBIX IIOPOJ, II0 CPaBHEHUIO C KOTOPBIMU 3ara/I0YHbIE
KaMHH B O3€pe — CylIue MNBUIMHKYA. B paHHOHI T1/100a15HOM
reoJIOTUYECKON CHCTEME pasMepaMHd M MaCCOM  OTHEJIbHBIX
KaMHEl MOJKHO IIpeHeOpeYbh U pacCMaTpuBaTh HX TOIBKO B
KaueCTBE OJIHOTUIIHBIX MAaTE€PUAJILHBIX TOYEK, KOTOPBIE JIBU-
XyTCd C MajbiM TPEHHEM MOH JIEAUCTBHEM TEKTOHHUYECKOU
BUOpalMM II0 POBHOM IJIAIKOW IIOBEPXHOCTH.

Takmm 00pa3oM, MBI IPHUXOOUM K HOCTATOYHO THUITHYHON
MaTEMAaTUUYCCKOU MOIEJIM, XOPOLIO U3YYEHHON B MaTEMaTUYECKOM
(pU3UKE M PACCMOTPEHHOHM B yacTd 1 JaHHOIrO M3JaHUS — 3a-
Jade O KoneOaHMSIX HATSIHYTOH, 3aKpEIUICHHOW IO KpasiM
KpYIJIOH MEeMOpaHbl M TOUYEYHON (PYHKIIMM HMCTOYHHMKA Koseda-
Hu# (Kpaesast 3amava Komm st ypaBHenus: Jlamuiaca).

Monens mpencrabisier coOOM THIIOTETHYECKYIO 3aKper-
JIEHHYIO Ha KpasixX HATAHYTYIO MeMOpaHy, KOTOpasi COBEpIIAeT
OueHb Majible KOJIeOaHUs IO NEHCTBHEM (PYHKIIUI pPas/IMYHBIX
MCTOYHHKOB, XaOTHYHO TPOSBJISIONIMXCS C TEUYEHHEM BPEMEHH,
110 TIOBEPXHOCTU KOTOPOM IIOJ NEHMCTBMEM 3THX KojebaHuir 0e3
TPEHUA NBMXYTCA MaTE€pUaJIbHbIEC TOYKH.

@QyHKIIUN HMCTOYHUKA KOJIEOAHUI MOTYT OBITh OIIHMCAHEI
KaKk HabOp TOYEUHBIX IMCKPETHBIX (PYHKIIUIL

Orymmunem gBJIsIeTCS TO, YTO UCTOUHUK KojiebaHui MemoOpa-
HBl MOJKET HAXOIHMThCS M 32 TPAHMIICH MAaTEeMaTHUYECKOW MoJIe-
M — KojiebaHus OT TEKTOHMYECKHX ITPOIECCOB ITOCTYIIAIOT B
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CHUCTEMY HU3BHE, HO MOT'YT HAXOJUTCS U BHYTPU pacCMaTpPUBAECMOM
HaMU CUCTE€MBL MBI MMeeM LUIUHIPUYECKYIO CUCTEMY KOOPIUHAT
u ypasHeHue Jlaruraca, permeHune KOTOporo MOXKeT OBITh OITICAHO
Opyd MOMOIIM CIEIUAJIBHBIX (PYHKIUU MATPUIHUKHA — IIU-
JIMHAPUYECKUX (PyHKUMI beccest 1 UX aCHMITOTUYECKOTO MOBE-
JIEHHs], a B CJIy4yae YPE3BbIYAMHO CHUJIBHOI'O M MOIIIHOT'O 3€MJIETPSI-
CEHHS CO 3HAYUTEIbHBIMU MOAIBUKKAaMU M pasjioMaMu — IIpU
nomor pyHkuni Hefimana ¢ ocobeHHOCTSIMUL

Ha rpanuile paccMaTpuBaeMO@l CHCTEMBI KOJeOaHHS He
racsircs, a IPOIOJIKAIOT CBOOOTHO PACHPOCTPAHSITHCS JaJiee,
TaK KaK IpaHUIIA HOCUT OYEHb YCJIOBHBI XapakKTep M OTCYT-
CTBY€T Ha (PU3HYECKOM YPOBHE (TEKTOHMYECKHE KOJICOaHUS
PacCIpOCTPaHSIIOTCST B 3MHOM KOpe CBOOOIHO U OECTIPENsITCTBCHHO
KaK Ha CYXOM O3€pe, TaK M 3a €ro IpeesiaMmu).

PaccmorpuM  mmeanbHYIO  MoOIENb JIBMJKEHUsSI  Habopa
MaTepHaJIbHBIX TOYEK IO BUOpHUpYIOIIE MeMOpaHe C TOYEeYHOM
(PYHKIIMEI HCTOYHMKA 3a rpaHunein cucrems. Kosebanus B
OIHOPOIHOM Cpel€ PacCIpOCTPAHSIOTCS PaBHOMEPHO BO Bce
CTOPOHBI W OyOyT HMETh CJICIYIOIINI BUI:

¥

konebaHum X

OdyeBHIHO, YTO €CIM KaMHH IBUJKYTCSI TION JEACTBUEM
TOJILKO OIHOTO HCTOYHHKA MHUKPO-KOJ€OaHMI1, TPAEKTOPHH HX
IIOCTYIIATEJILHOIO JIBMJKEHUS OYIyT BBHIIJISIIETH TaKHM OOpasoM,
KaK 3TO IIOKQ3aHO Ha CXeM€ — IIEPHEHIUKYJISIPHO BOJIHOBBIM
(PpoOHTaM pacCIpOCTpaHEHUS KOJeOaHMII, PaCXOISIIUXCS OT
HMCTOYHHKA (10 HOpMajau K (PPOHTY BOJHEI). MBICJIEHHOE IIpO-
TOJIKEHHE TPACKTOPUH JIBVJKEHUSI KaMHSI B OOpaTHOM HaIlpasJie-
HUM YKaKeT HallpaBJICHHE HMCTOYHUKA KOJIEOAHMIL
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Ha ¢ororpausix, CIEJIAHHBIX Pa3JIAYHBIMU OYEBUIIIAMHI
B Jlomue CMmeprn W TIpUBEICHHBIE B IAHHOW IJIaBE, MOJKHO
YBHIIETb, YTO PACIIOJIOKEHHBIE OJIM3KO IpPYyr OT Ipyra KaMHU
AMEIOT JIOCTATOYHO TIPSIMOJIMHENHBIC IIPAKTHYECKH Iapall-
JIeJIbHBIE (Pa30BBIE TPAEKTOPHUH, KOTOPBIE MOIYT CJIErKa pacxo-
IUTHCSI BEEPOM IO Mepe HX YIAJICHHS] OT TOYECYHOIO MCTOYHUKA
TEKTOHUYECKOI BHOpaIINML

Ha npakruke ke  Takux
HMCTOYHHUKOB KOJICOaHUI MOJXET OBITh
HECKOJIbKO,  TIOCKOJIBKY  TE€KTOHH-
YecKass aKTHBHOCTH B JIAHHOM
peruone BbicOKad. Kamau moryr Ha-
YaTh JIBUTAThCA TOH  JIEVICTBHEM
OIHOrO WCTOYHHKA KoJjeOaHMi, a
3aT€M aKTUBUSHUPYETCS IPYrom TO-
YEUHBII HCTOYHUK KOJIeOaHMI, pacIio-
JIOKEHHBINT B JIPYIOM MECTE.

B pesyneprate KamMeHb MEHSET
HAIIPaBJIEHUE CBOErO JIBHMUKCHHS, H
ero (pasoBasi TPAaeKTOpUs IIperep-
IIeBA€T B 3TOM MECT€ BHIUMBINA Ha
¢ororpausx Hu3rud.

Ecomn Ba KamMeHb BO3IEMCTBYIOT KOJI€OAHMSI HECKOJIBKUX
PACIIOIOKEHHBIX B PA3IMYHBIX MECTAX NCTOYHHUKOB, TO KOJI€OaHMSI
OT 3TUX MCTOYHHMKOB CKJIAIBIBAIOTCS — B 3aBHCUMOCTH OT MeCTa
IOJIOKEHMST M MOIIHOCTM KaXJOro OTIEJIbHOIO MCTOYHMKA.
B osrom ciiyyae KaMeHb OyHeT IBHIaThCSl IEPIEHIUKYIISPHO
(PPOHTY OOIIEH PE3yJILTUPYIOIIEH KO0JIe0aTeIbHOM BOJIHEL, CPOp-
MUPOBAHHOH OT HECKOJIbKUX HCTOYHMKOB.

JIBa pacIIOIOXEHHBIX IO IPSIMOU JIMHUM Pyl HAIIPOTUB
ApyTa MCTOYHHMKA KoyiebaHuii OyIoyT B3aMMHO Tacurthbcs. Pacrio-
JIOKEHHBIA PSIIOM C IEPBBHIM BTOPOM MCTOYHHK KOJIEOAHHUI IT0Y-
TA HE HCKaXaeT HAYAJIbHYIO TPAEKTOPHIO JIBHJKEHUSI KAMHSL

3Has MECTOPACIIOJIO)KEHHE, KOJIMYECTBO M  MOIIHOCTU
HUCTOYHHUKOB TEKTOHUYECKUX BI/I6paHI/II7I, MOJXHO IOCTaTOYHO
TOYHO pacCYuTaTh HaIpaBJI€HUE (PA30BOM TPAECKTOPHUH JIBUXKE-
HHSI KaMHEW 10 JIHy CYXOro osepa.

B 10 Xe Bpems o6paTHa51 3ajlaya HepaspemmMa — IO
BHENTHEMY BUJIY (PA30BOU TPACKTOPUU JIBHJKCHUS OTHOTO KaMHS
HEJIb3SI CKas3aTb, CKOJILKO MCTOYHHKOB KOJIE€OAHUIl ee cpopmu-
poBajii, KaKOBBI ObLIN HaIlpaBJIEHUE W MOIIMHOCTb Ka’KIIOIo
HUCTOYHUKA. 25
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ITycrs 1Ba pacrnoIOKEHHBIX PAIOM KaMHSI JIBUKYTCS IIPS-
MOJIMHEWHO ITOI IEMCTBHEM TEKTOHWYECKUX BUOpaIMii, HCXO-
IAWUX U3 1 TOYEUHOr0 HCTOYHMKA, KaK 9TO II0KA3aHO Ha
cxeme. 3aTeM aKTUBHU3UPYETCS PACIIONIOXEHHBIA HENAJIeKo 2
TOYEUYHBINI HCTOYHHUK BUOpPAIUil NPHUOIMSHTEIBHO TaKOM JKe
MOIITHOCTH, KaK M 1 HCTOUHHK.

BenencTBue 9T0r0 IPOU3OHIET CIIOKEHHUE KOJIEOaHUN HBYX
VCTOYHUKOB, U TPACKTOPUSI IBUKCHUSI KAXKJIOT'0 KAMHS USMEHUTCS
COrJJaCHO  3aKOHY  CJIOKEHHS  BEKTOpPOB. Pesyibrupylomas
dasoBasi TPAECKTOPUSI U HOBOE HAIIPABJICHUE JIBUJKEHUSI KaMHEN
IIOKa3aHO Ha CXE€M€ J>XHPHOH CTPEJIKOM.

Ha mnpakrtuke 3a CYeT peajibHOW HMHEPTHOCTH KaMHEH,
HUYTOKHO MAaJIOM CHJIbI BOS3IENCTBHUS, HAJIWUYUS MACCHI U CHJIbI
TpeHUsl KaMHel pasoBasi TpaekTopHusi Oymer uMeTb Oonee
ILUIABHBIA Y CKPYIVICHHBIA, @ HE YIJIOBATBHI H3ru0 TPaeKTOpUHU
nekenus. To ecrp KameHb Oyler pearupoBaTb C He3Ha-
YUTEJIBHBIM 3aMAa3IbIBAHUEM Ha H3MEHEHHE BO3IEUCTBUSL

Ha mme cyxoro osepa B J[domune Cmepru Haxougrcst
okoyio 200 KaMHEH, KaXIbIi M3 KOTOPBIX B OIIPEICIICHHBIE
BpEMEHHBIE OTPE3KH OIMMCHIBAET CBOIO (PA3OBYIO TPAEKTOPHIO.
Ha kaXpelii u3 9TMX KaMHEA B OIPENEJIEHHBIA BPEMEHHOM
OTPE30K BO3JIEMCTBYET pPE3yIbTHPYIOMINII BEKTOp KOJIeOaHMI
OT Pa3JINYHBIX (PUKCHPOBAHHBIX HCTOYHUKOB TEKTOHUYECKHX
BUOPAIINiA, BBISBIBAIONINIT MX IIOCTYHATEIBHOE IBUIKCHUE.

Ho Tex mop, moka KOJIMYECTBO UCTOUYHUKOB HE HU3MEHSIETCS,
CHUCTEMA HE IpeTepreBacT  (asoBbIl  IIEPEXOl, KaMHHU
IBHMJKYTCSI IPSIMOJIMHEMTHO M PaBHOMEPHO KaXIbIA IIO CBOEMY
PE3YIBTUPYIOWIEMY BEKTOPY B COOTBETCTBUH C IIPUIIOKCHHBIM
K HEMY BEKTOPOM CHJIBL

Kak TONMBKO KaKOM-TUOO M3 KMCTOYHUKOB TEKTOHUUECKUX
BUOpAIINil yracHeT (MCYe3aeT) TUO0 MOSBIISIETCS] HOBBIA MCTOUYHHUK
TEKTOHUYECKUX BHUOpAIINiT, KAMHU H3MEHSIT HAIIPaBJICHUE CBOErO
IBYUKEHUS, U UX (Pa3OBbIE TPACKTOPHH H30THYTCSL
26

®asoBast TpaeKTOpUsl  OBUJKEHHSI KaMHEA B  9TOT
KPUTHYECKUIA MOMEHT BpeMeHH ((pasoBbIii Iepexon) Oymer
nperepresaTb BUIUMBIN U3ru0O, Kak IIOKasaHO Ha cxeMme. llpu
U3MEHEHUH YHCJIa MCTOYHUKOB IIPOM30MIET (Pa3s0oBO€ U3MEHEHUE
COCTOSIHUSI CUCTEMBI B I[€JIOM — TaK HAa3bIBAEMBIN (PAa30BBIIT
Iepexo]], ¥ MATEeMAaTHYECKYIO MOJIEJIb IBHJKEHHSI HY)XHO Oyuer
MepeCYNTHIBATh 3aHOBO C HOBBIMH ITapaMeTpPaMU.

JlanHyIO cucTeMy IenecooOpasHO paccMaTpPUBATh C TOUYKH
3peHHs HaOMparomell IOMyJISpPHOCTh TEOPUH  KaTacTpod,
A3ydYalole (pas3oBbI€ IIEPEXONbl CHUCTEMBI M TIOBEICHUE CHC-
TeMBI B CTaOMJIBHOM COCTOSIHUM M TIpH (Ppa3oBOM mepexorne. B
CTa0MJIBHOM COCTOSIHMM IIPU HEU3MEHHOM UHCJIE HCTOYHUKOB
BC€ KaMHHU JBIUKYTCSI TIPSIMOJIMHEHHO M PaBHOMEDHO MO
PE3YIBTUPYIOIIUM BEKTOpAM CHUJI, €CJIM YHCJIO HCTOYHHUKOB U
UX MOIIHOCTb OCTA€TCS HEU3MEHHBIMH.

HNsmenenne umciia HMCTOYHMKOB SHEPIUM HYXHO pac-
CMaTpUBaTh KaK (PA30BBII IIEPEXO]I CHUCTEMBI B KaYE€CTBEHHO
WHOE COCTOSTHHE, TP KOTOPOM TPAEKTOPHM JIBHJKEHUS KaMHEN
MOTYT U3MEHSTHCS, KaK U3MEHSIIOTCSI ¥ 3HAYCHUS JEUCTBYIOIUX
Ha KaMHU pPe3yJIbTUPYIOIIMX BEKTOPOB cujl Takod pas3soBbiid
Iepexol TPAKTyeTCss Kak KaTacTpoda, MHepeBOIsInasi CHUCTEMY
B Ipyroe ¢asoBO€ COCTOSTHUEC C TOYKH 3PEHUSI pacCIpeleIeHUs
cun u 9Hepruii. llpu sTOM T1IOTpEdYETCST TPOBECTH 3aHOBO
nepepacyer BCEU CHCTEMBI C HOBBIMU I10Ka3aTeIsIMU BEKTOPOB
CHJI U HOBBIMH HAYAJIbHBIMU IIOJIOKEHHUSIMU KaMHE.

Tarum o6pa30M, pesyJibTupyioliee JIBHU)KEHUE KaMHEH B
Homune CMepTI/I HY>KHO pacCMaTpuBaThb KakK Ha6op CTa0MIILHBIX
(Pa30BbIX COCTOSIHUH CHCTEMBI, IPETEPIICBAIOIINX PEryJIsIpHbIC
(a30BbIC NEPEXO]IbI, USMEHSIIOIINE COCTOSIHUE CHUCTEMBI KaK]IbIH
pa3s npu MSMEHEHUU YMCJIa U MOIIHOCTH BHEIIHUX MCTOYHUKOB
TEKTOHUYECKUX ISHEPruml u BI/I6paHI/II7I.

Ecsm B KauecrBe (PyHKUMH COCTOSIHUSI IIPUHSATH PE3YJib-
TUPYIOIIUI BEKTOP CHJI, NPHUJIOKEHHBIA K KOHKPETHOMY KaMHIO,
TO CKa4€K (PYHKIUM COCTOSHHSI TPOU3OMIET MNPU H3MEHEHUU
BEKTOpa CHUJI, CBSI3aHHOM C M3MEHEHUEM UHCJIa U PacIpenesICHHsI
HMCTOYHUKOB TEKTOHMYECKHX SHEPIHWil M BUOpaIIWii

VIMeHHO T1O9TallHOE U3MEHEHHME (Pa30OBBIX  COCTOSIHHIA
CUCTEMBI U SIBJISICTCS IIPUYMHON CTOJIb IIPUYYJUIMBBIX M Ha
TIEpBBIA B3IJIsII HEIIPEICKa3yeMbIX NBHUKEHME okoao 200 xamHern
Ha THe cyxoro osepa B Jlommae CmepTH, NpH KOTOPHIX NPSIMbIE
JIMHUMA CMEHSIIOTCSl JIMXMMH 3Ur3araMd M IIOBOPOTAaMU.
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ITpu paccMoTpeHun PE3YIBLTUPYIOIINX BHOpaIni
peabHONM TMOBEPXHOCTU JHA CYXOI'O O3€pa Mbl CTAJIKUBAEMCSI
C HCTOYHHKAMU PEaJIbHBbIX, a HE€ HJICAJIbHBIX TEKTOHUYECKUX
KojeOaHui. B Hamern yHpoImEeHHOH MaTeMaTHYECKON MOIETH
Ka’X[IbIilI WCTOYHUK BUOpaluil HMEeT B TEYEHUH HEKOTOPOro
OTpe3Ka BpEMEHHU HEH3MEHHYIO MOIIHOCTb, OH BHE3AITHO (CKavKo-
oOpasHO) HposBIISIETCI M 3aTeM IIOCJIE HEKOTOpPOro IepHona
CTaOMJIBHOCTH TaK JK€ BHE3AITHO MCYe3aer.

2 NCTOYHMK

X

1 NCTOYHUK

X pe3ynb1mpy|ouwu7| BeKTop cun !

X

3 NCTOYHMK

2 NCTOYHUK

X

1 NCTOYHUK
pes3Ko 3aTyx

1 npeKpaTun ceoe
cywiectsoBaHve

X

3 NCTOYHMK
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Ha cxemax IpuBEICHA BHU3yaJibHasd BEKTOPpHas MOICJIb
BO3JIEMCTBUS CHUJI B TEUYEHHE MaJIbIX OTPE3KOB BPEMCHH, MEXKIY
KOTOPbIMI ObLIN COBEPLICHBI 1Ba q)a3OB]>IX nepexoga M aBa
HU3MEHCHMSI COCTOSIHHUS CHCTEMbI — BHA4YaJIC 3aTyX 1 HNCTOYHUK,
a 3aT€M OTKPbUICS 4 HCTOYHHK TEKTOHUYECKHX BI/I6paHI/II;I.

Ha npakrtuke takoe ciayuyaercs He yacTo. OOBIYHO HCTOY-
HHUK TEKTOHHYECKHX KOJIebaHMiII HaOMpaeT MOIIHOCTh B TE€UYECHHE
ONPEIEIEHHOIO BPEMEHH, 3aT€M HMEET IIEPHOIbl HEKOTOPOM
CTaOMILHOCTH, TIOC/IE YETO OH IIOCTEIIEHHO 3aTyXaerT.

Ecnu nepuon pocra akTHBHOCTH U 3aTyXaHUSI HACTOJIBKO
JUTMTENIBHBIN, YTO KaMEHb YCIIEBA€T COBEPIIUTH HEKOTOPOE
BUIIMMOE [IBVJKEHHE, €ro (pasoBasi TPAECKTOPHSI B ITOT MOMEHT
Oymer mMerb OoJjiee IUIABHBI M TIOJOIHI IIOBOPOT, YE€M IIpU
CKauyKOOOpasHOM HM3MEHEHHMHM CHIBI BosueucTBus. Yem Oosree
IUIABHBIA U IOJIOIMI IIOBOPOT MMEET (pasoBasi TPACKTOpUS KaM-
He, TeM OoJiee IUIABHBIM M MEIUICHHBIM OBIJIO M3MEHEHHE MOII-
HOCTH TEKTOHMYECKUX BHUOpalIMil HCTOYHHKA.

ITO II0JIOKEHHE BEPHO TOJIBKO B TOM CIIyYae, €CJIU IIepel
PE3KUMM WIM IUJIABHBIM M3MEHEHUEM MOIIHOCTH HCTOYHHKA Ha
KaME€Hb [E€MCTBOBAJI OJUHAKOBBIA BEKTOP CHUJILL TOJIBKO B 3TOM
cjlyyae MOJXHO CPaBHMBATh CKOPOCTb M3MEHEHMsI (pa30BOM Tpa-
€KTOpUM M €€ KPYTHU3HY IPHU IOBOPOTE [IBHKEHHUS KAaMHSL.
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IIpuBenennbie cXemMbl HE MOI'YT HOCUTL XapakKTep CTPO-
IuX HAYYHBIX BBIKJIAJO0K, IIOCKOJIbKY BCE PaCuY€Thl [IOJIKHBI
BBIIOJIHATBCS TOYHO, C HMCIIOJIb30BAHHEM KOMIILIOTEPHBIX TEXHO-
JIOTUHA IIO JIOCTATOYHO KOPPEKTHBIM (POPMYJIAM M JIAHHBIM.

Ho cxeMsl o4eHBb HArJIsSTHO ITOKA3BIBAIOT, KAKMM OOpa3soM
IIPOMCXOIMT BpallCHHE OIHHX KaMHEN M Oojee IIJIaBHOE
U3MEHEHUE TPAEKTOPUU [BUJKCHHUS IPYIrUX KaMHEH IIoj JeH-
CTBUEM OKPYXAIOIIUX MX CO BCEX CTOPOH H3MEHSIOIIUXCS
HMCTOYHMKOB TEKTOHMYECKHX IHEPIrHil M BHOpaluii

ABTOp HE O6JIaJIaeT TOYHBIMHY MAaTEMATHYCCKHUMH JaHHbBIMI
JUIA IIPOBEAEHUSI CTPOIrMX MaTEMATHUYECKUX PaCu€TOB q)aSOBbIX
TpaeKTOpI/Iﬁ IBUDKEHUS KaMHEW, HO HAIJISIIHBIE CXEMBI MOJXHO
COCTAaBHUTh M IIO THUIIOTETHUYECCKHUM JTaHHBbIM.

HpI/IBe)_IEM YIIPOIIEHHYIO CpOpMyJIy I MaTeEMaTHU4Y€CKOro
MOIC/IIMPOBaHUSI U Ooutee KOPPEKTHBLIX Ppac4Y€ToB, Y€M IIpH-
BEJICHHBIE BBIIIE HAIJISIHBIE CXEMBbI IBUJXEHHUS KaMHEHN II0 AHY
CyXoro ose€pa 1104 BO3JIEMICTBUEM TEKTOHUYECKUX 3Hepr1/1171 JJIs1
KaXJI0ro OTIEJIBHO B34ATOIO CTaOUJILHOIO COCTOSIHHUSI CHUCTEMBI
MEXIY KPpUTHYECCKHMM q)aSOBI)IMI/I IIepexogamu.

EyneM mpearoJjararb, 4Yro JIHO POBHOE, MaccCa KaMHen
HE OKa3bIBA€T CYHIECTBEHHOI'O BO3JIEHICTBUA Ha TPACKTOPHUIO HX
JOBHUKECHUSI, HCTOUYHHUKHN BI/I6paHI/II7I HE USMEHAIOTCS KOJIMYECTBECHHO
N Ka4vYeCTBEHHO B TEUYEHHE HEKOTOPOIro HeOOJIBIIIOro OTpE3Ka
BPEMEHH, BO BPEMSA KOTOPOro KaMHH II€PEMEMIAIOTCS.

bynem mpeamosaraTh TakXe, YTO Ha IIPOTSUKEHUM BCEH
H3y4aE€MOM IIOBEPXHOCTHU JIHA CYXOro O3€pa MOIIHOCTH TEKTO-
HUYECKUX BHOpallMil MEHSIeTCS HE CYIIECTBEHHO, TO €CTh Ha
(pasoBYIO TPAEKTOPHUIO JBHKEHMSI KAaMHEH HE OKa3bIBAET CyLIEC-
TBEHHOE BJIMSIHUE CTENEHb YIAJE€HHOCTH KaMHsSI OT TOrO WJIA
MHOIO0 HMCTOYHUKA TEKTOHWYECKUX BHOpalIMii

OrMeruM, 4YTO KaXKIbIi KaMEHb IBUJKETCS IIOH IEMCTBU-
€M CYMMapHOIO HMIIyJIbCA CHJI, TOJIYYEHHBIX OT pPa3/IMYHBIX
HWCTOYHUKOB IYyTEM HX BEKTOPHOIO CJIOKEHMSL.

bynem mpenmosnarark, 4YT0 KAMHHA HE CTAJIKABAIOTCSI IPYT C
IIPYTOM, XOTS HA TIPAKTUKE TAKOW BAPUAHT TOKE BO3MOKEH — CTOJI-
KHOBECHHE KaMHEH O3HavaeT KaTacTpody, U3MECHEHHE (Pa30BOIro
COCTOSTHUSI W MOMEHT (PAa30BOr0 TEepexoia CHUCTEMBI B HOBOE
COCTOSTHHE, JIaXK€ €C/Id (PYHKIUHA HCTOYHUKOB OCTAIOTCSA TIPHU
aToM HeusMeHHbIMM. Ilepecedyenue xe camMux 1o cebe PasoBBIX
TpaeKTopuii 6e3 HENOCPEeICTBEHHOIO CTOJIKHOBCHHUSI KaMHEN He
O3HAYAET HUYETO.
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PaccMorpenmio mojiexar TaKHM€ MCTOYHUKUA —TEKTOHH-
YeCKUX BHOpAIMIi, KOTOpHIE OKa3bIBAIOT CYIIECTBEHHOE BO3-
JAENCTBUE HA [BHXXYyIIHecsd KaMHH. EcJIu HMCTOYHHK MOXET
NPUBECTU B IBUKEHHE XOTsI OBl OOUH KaME€Hb, €0 HEOOXOIHMO
paccMaTpuBaTh. B IpOTMBHOM cCiIyyae CJIMIIKOM CJIaOBIMU
MCTOYHMKAMH KOJI€OAHHUII IIPOCTO IIPEHEOPEralor.

Taxum 0Opa3oM, B IEPHOJT CTaOMIIBHOTO COCTOSTHUSI CHICTEMBI
MEXIy (PasOBbIMH IIEPEXOJAMU Ha BCE PACIOJIOXECHHBIE Ha
IOHE O03epa KaMHH [EHICTBYET OrpaHMUYEHHOE UHCIIO CTaOMIILHBIX
HMCTOYHHUKOB CYIIECTBEHHBIX TEKTOHMYECKUX BHOpanuil Camu xe
KaMHH B 39TO BpPEMsl [BMXXYTCS IIPSIMOJIMHENHO M PaBHOMEPHO
Noj BJIMUSIHUEM 3TUX HETOIBMJKHBIX HMCTOYHUKOB 3SHEPIUM.

bynem usmepars MOIIHOCTb TOTO WIIM MHOIO HCTOYHHKA
9HEPruy B yIOOHO¥M C IPAKTUYECKOM TOUYKH 3PEHHS ITAJIOHHOM
BemunHe — paccrosiaust Pj, Ha Koropoe TaHHBI HCTOYHUK
CIBUTa€T HEKUH ITAJIOHHBIA KAMEHb B T€YEHHUE OIHON €IMHUIILI
BpeMeHn. DaKTUUYECKH, PEYb HMIET O CKOPOCTH. Bcero rakux wc-
TOYHHUKOB B PacCMAaTpPUBAEMBLI MOMEHT JeicrByer H. Uem
MOILHEE MCTOUYHUK, TEM CHIIbHEE OH CIBUra€T KAMEHb — M TEM
BBHIIIE BO30yKIaeMasi UM CKOPOCTh IIE€PEIBIUKEHHUS KaMHSIL

Mpl DOJIyUYMJIM HEKYIO BEJIMUYUHY P L Uit Kaxnaoro us R
MCTOYHHUKOB, KOTOPYIO MOJKHO WCITIOJIb30BaTh [UJISI BEKTOPHBIX
npeoOpas3oBaHMIL. Bce BeIMIMHBI CIBUTOB 0 (pPa30BOM TPACKTOPHHU
OTCYUTBHIBAIOTCSI OT KOOPIMHAT HCTOYHHKA ( PXps PV )

O603HAYMM MECTOIIOIOKEHHE KaXIOro KaMHSI B CHUCTEME
B MOMEHT Hauvajla Pacuye€TOB B KOOpAWHATaX ( SXi, Syi), pu-
yeéM B CHCTEME paccMaTpuBaercs IBUXeHue M kamuen Kax-
I KaMEHb [IBUJXKETCSI HE3aBHCHUMO OT JIPYTUX KaMHEU TOJIBKO
MO BO3AEMCTBUEM CYMMAapHBIX CHJI UCTOYHUKOB IHEPIUMH.

ABTOp HE BIIAJICET HH(OPMAIUENH O BJIMSHMHU IUIOIIAIN
KOHTaKTa C JIHOM CYXOI'O 03€pa M MacChl KAMHSI HA CKOPOCTb €O
MEPEIBUKEHMS] U IIPEIJIAraeT BOCIOJIL30BATLCS THIIOTETHUYECKUM
TIOHSITHEM 3TAJIOHHOTO KaMHS, KOTOPBIA BBEIOEPYT HCCIIEIOBATEIIN
U IOPUMYT €ro IOKas3aTelM 3a YCJIOBHYIO €IUHMILY.

B kauecTBe 3TaJIOHHOTO MOJHO PacCMOTpeTh Hambosee
TUIMAYHBIA ¥ PAaCOPOCTPAHEHHBINA THUII KaMHs, IBHXXYIIETOCs II0
JAHY CyXoro osepa. Jljisi ocrajibHbIX KAMHEN MOJKHO MCIIOJIb30BaTh
IOIIPaBOYHbBIE KOI(PPUUUEHTH ;. MOXHO IIPENNOIOXUTh, YTO
Haubosee TSIKENBIFI KaMEHb HMMEEeT 0ojee BBICOKHME IT0Ka3aTesIu
(PAKTUYECCKON CHUIBI TPEHUS, U KOIPMUIMEHT OyIeTr Oonbie
€IUMHHIIBI, KaK U Ha Oojee CyxoM [HE. 31



1 NCTOYHMK - —_ (le‘*, Syl*)
P1 X P 2 Si o
(px1, V1)
(sx;, Vi)
1
(X2, P2)

b X7 2ucrounuk

—_

Si — PE3YJILTUPYIOIINI BEKTOP CKOPOCTH MEPEIBHIKEHUS
KaMHsl, KOTOPBIN JEHCTBYET HA ITAJIOHHBIN KAMEHb 32 BpeMsI AT'n
CIIBUTA€T €ro Ha HEKOTOpPOE CYMMapHOE pacCCTOsSIHHUE Si~ R

Bocnosibsyemcst  IIpaBMJIOM  CJIOKEHHSI  BEKTOPOB P k>
KaXIpI1 W3 KOTOPBIX HAIMpPABJIIEH OT HCTOYHUKA B CTOPOHY
U3yYaE€MOIr0 KaMHSI U UMEET MOIYJIb P k-

Jlia ymoOcTea BBeIEeM ciefyioniee OOO3HadYeHHeE:

1 2 2
Ly = \/ (sx; — pxi)” + (svi — pyi)

Torma ssaueHue BEKTOpPAa CKOPOCTH, HEHMCTBYIOLIErO Ha
KaM€Hb OT OMHOI0 KOHKPETHOIO HMCTOYHHKA, MOXXHO 3aImcaTh
no gopmyJie B KOOpJIUHATAX Kak:

P,
Py = [ (sx; — pxi , svi — pyvk)

Takum 00pa3oM, pesyJIbTUPYIOIIMII BEKTOp OymeT Ipel-
CTaBJIECH CYMMOH BCE€X BEKTOPOB CKOPOCTEH, IEHCTBYIOIIMH Ha
JIAaHHBIT KOHKPETHBLIA KaMHEMH:

- n _
Si = 2 P, — pesymstupyiommit Bektop ckopocru
k=1
32

COOTBeTCTBeHHO, HOBBIC KOOPIMHATBI IIOJIOKEHHSA KaMHSI

4yepes3 OTPE3OK BpeMEHU AT moxno paccunTaTh, UCXOISI W3
TIOJIYYEHHOM BEKTOPHON (POPMYJIbL

n Pk
sx;* = sx; + Z ; (Sx,- — pxk) AT
k=1 Lk
. SR
syt = sy T = (svi — pyi) AT
k=1 Lk

Taxkum 00pa3soM, MBI PACCUMUTAIA HOBBIE KOOPIMHATHI
KaMHsI, HA KOTOPBIA HEHCTBYET CHJIA HECKOJLKUX HCTOYHHKOB
sHeprum. B s3aBUCMMOCTH OT 3HAYEHMI IIOJyYEHHOH BEJIUYMHEI
HOBBIX KOOPIHMHAT Ka’KIbIil KaMeHb OyIeT coBepIiaTh HHIUBU-
JAyaJIbHBIA CIHBUI M HMMETh CBOIO HE3aBHCHMYIO (PasOBYIO TpackK-
TOPUIO [IBUJKEHMSI IIO JHY CyXOIrO 03€pa, XOTsS HCTOYHHKH,
JOEACTBYIONIME HA BCE KAMHH, OJUHAKOBBIE.

Eciim KaMeHb CyIIECTBEHHO OTJIHYAETCS OT 3TAJIOHHOIO
(mBHIKETCsT MO Oojiee CyXOMy [HY, CIMIIKOM IUIOCKHE M T. IL
IIPUYMHEI), TOJIYYCHHBIC B PE3YyJIbTATe BBIYMCIICHUN BEJIMYUHEL

HY>KHO pa3acejiuTh Ha HOHpaBO‘IHI)IfI KOSq)q)I/IHI/IeHT a,

Ecym  Bejmumba casura  JUISE HEKOTOPOrO  KaMHs  I10
MOJIYJIIO OKa3bhIBA€TCSI HHUUYTOXHO Majla, 3TO O3HA4YaeT, YTO
Ha JaHHBI KaM€Hb [IEMCTBYET HYJIEBOM CYMMapHBIA BEKTOP
3HEPrufl M CKOPOCTH, B pe3yjibTaTeé 4Yero cujia BO3AEHCTBUS
PasIIMYHBIX KMCTOYHMKOB B3aUMHO Ioramaercs. Ilosromy sror
KaMEHb MOJXET OCTaBaThCS HEMOABMJKHBIM ¢ HAXOIUTHCI B
TTOKOSIIIIEMCST COCTOSTHUM, B TO BpeMsI KakK Opyrue KaMHH OyIayT
COBEpIIATh Pa3INYHBIC IBUKECHUSL.

B saBucumocTu ot TOro, IO KaKoOM reoMEeTprun BOKPYT
KOHKPETHOI0O KaMHsI pa3ME€IIE€Hbl HNCTOYHHUKM TEKTOHHYCCKUX
BH6paHHFI, Cmjla HX BEKTOPHOIO BO3JIENCTBUS HaA JTaHHBIA
KaMEHb 6yneT OTJINYATBHCS.

Eciii HMCTOYHMKHM SHEPrud BO3IEHCTBYIOT B HEKOTOPOM
Y3KOM CEKTOpE U (PAKTUYECKU B OJHOM HAIIpaBJIEHUH, SHEPTIHUH
OT TaKUX HCTOYHUKOB IIPAKTUYECKM HE racgar Jpyr apyra, a
CKOPOCTH CKJIAJBIBAIOTCSI IIOYTH Oe3 morepb. B srom ciyuae
KaMEHb TIPOJIBUHETCS Ha 3HAYUTEIIbHOE PACCTOSHUE U OCTAaBUT
3a COOO¥M [JIMHHBIL M POBHBIA CJIell (PasOBOM TPAEKTOPHUM.
Takue NPOTSUKEHHBIE M POBHBIC CJIEIBI MOXHO HAOIIONaTh Ha
NPUBEIEHHBIX (POTOrpausx. 33



Ecim ’Xe HMCrOYHMKM pacKuIaHbl II0 BCEMY IE€PUMETPY
BOKPYT KaMHsI, SHEPIrUsi HEKOTOPBIX U3 HHUX OyIeT B3aMMHO
racuThcsl. B 9TOM ciryyae KaMeHb IIPOIBUHETCSI Ha 00Jiee KOPOTKOE
PacCTOsSIHHE MJIM Ja’X€ MOJKET OCTaBaThCsl HETOIBMXHBLIM B CJIy-
Yyae IOJIHOIO B3aWMHOIO Talll€HHsI BEKTOPOB CKOPOCTEIL

Ha cienyiomemM BpEMEHHOM TaKT€ BBIYHMCIICHUSI HYXHO
IIOBTOPUTH, HCXOHSl M3 IIOJIYUEHHBIX Ha IIpeIbIOyIIeM ITalle
sHaueHH. J[1s peaslbHBIX IPaKTHYECKUX BBIYHUCIICHUN YIOOHO
HCIIOJIb30BaTh IIPEIVIOKEHHYIO IUCKPETHYIO MOIEJL PacyeToB.
Ee MOXHO peannsoBaTh IIPOTPAaMMHO Ha KOMIIBIOTEpE C IIOCIIE-
IOyIOIIEH BU3yaIU3aIleil ITOJYYEHHBIX TaHHBIX.

BpeMeHHOIT TaKT HYKHO BBIOMPATh, UCXONSI UX cOOOpaKe-
HUA PasyMHOCTH W IIeliecooOpasHoOCTH. Bpewms AT nmomxsO
OBITH HOCTATOYHO OONBIINM [JISI TOTO, UYTOOBI KaMHU YCIIeIu
COBEPIIUTH 3aMETHOE MePeIBUKEHUE BIOJIb (PA30BBIX TPACKTOPHUIAL.
HyXHO TakKXe HCXOIUTh W3 (PUSHYECKUX peauil — BCE
KoJie0aHMs, OKa3bIBAIOIIME CYIIECTBEHHOE BJIMSIHUE Ha IlepelBU-
JKEHHUE KaMHEH, HMEIOT HEKOTOPYIO IPOIOJIKHTEIbHOCTh IIO
BpEMEHHN U HE MOIYT OKa3aThb BO3IEHCTBUSI 3a CJMIIKOM KOpPOT-
KU OTPE30K BPEMEHM.

Ilpu stom Bpemst AT 10JUKHO GBITH HE OYEHBb GOJIBIINM,
YTOOBI B TEUEHHE 3TOTO OTPE3KA MOJKHO OBIJIO IIPEIIIOJIOKHTB,
YTO KAMHH JIBUKYTCSI IPSIMOJIMHEHO Y PAaBHOMEDHO M 3aMETHO
HE OTKJIOHSIIOTCSI OT IIPSIMOM TPAaeKTOPUU.

Bce HCTOYHUKH, KOTOPBIC I[eﬁCTByIOT Ha IIPOTSI’KEHUN
CIIMIIKOM MaJIOTO BpPEMEHHOI'O OTpE3Ka II0 CpPpaBHEHUIO C BbI-
6paHHLIM AT: HYKHO HCK/IIOYUTh M3 PACCMOTPEHHA KaK HeECy-
INECTBCHHBIC, ITOCKOJIBKY 3a BpEMda HX JICUCTBHMIA KaMCHb HE
MOJXeT OBITh NEPpEABUHYT Ha HEKOTOPOE pPaCCTOsIHHEC.

M3 sToro Takxe CIemyer, uyTo cjabble M JIa)Ke YMEPEHHBIE
3EMJIETPSICEHUS], KOTOPBIE HE COIIPOBOXIAIOTCS KaTaKJIU3MAMHU
B BHUJE Pas3IOMOB M Pa3pblBOB IIOBEPXHOCTH 3E€MHOM KOPBI, HE
MOTYT OKa3aTb CYIIECTBEHHOIO BJIMSHUS Ha IBUKCHHE KaMHEH
BBUJy CJIMIIKOM MAaJIOIO BPEMEHH BO3JIECHCTBHS HAa KaMHU.

KpaTKocpouHbIE 3eMJIETPSCEHUSI U TeM 0oJiee OTIeJIbHBIE
TOTYKY, 3aPpUKCHPOBAHHBIC CeicMorpadpaMy, JIOJDKHBI OBITh
HCKJIIOUEHBI U3 PACCMOTPEHMS IO YKA3AHHBLIM BbIIIE IIPUYMHAM.
Kcrati, 9TM TEOPETHMYECKHE BBIBOIBLI IIOJHOCTBIO COBIIQJAIOT C
pe3yibraTaMyd MPaKTHYEeCKUX HAOIOIEHUI M HIeajbHO COrJia-
CYIOTCSI C HHUMH, YTO IIOATBEPXKIA€T KOPPEKTHOCTH MOIEJIU.
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Ha cxeme IPUBEJICHBI IBA IIO3TAITHBIX BBIYUCJICHUS
BEKTOPHON MOJIE/IM IBHJKEHHUSI KaMHEN B TE€YE€HUE OJIHOro dga-
30BOI'0 IIUKJIAa IOl IEUCTBUEM JIBYX HCTOYHHKOB.

Jlerko 3ameruTh MW JIOKa3aTh, YTO YEM YIaJJ€eHHEee HaxXo-
IIUTCI UCTOYHUK KOJIEOAHUI, TEM MEHBIINE OTKJIOHEHUS nperep-
TMEBAIOT BEKTOpa CKOPOCTHM Ha KaX]IOM I3Tall€ BbIYHCJICHUMN.
Ecimn ncrounuk YHAaJ€H JTOCTAaTOYHO [aJIEKO, YTO OTKJIOHEHUSIMU
MOJXHO HpeHe6peqb, MOJXHO CYHUTATh, UYTO IIOI IEMCTBUEM I3TOrO
HUCTOYHUKA KaMEHb He 6y£[eT OTKJIOHSITBCSI OT HAvaJIbHOW IIpsI-
MOW TPAaEKTOPUU Ha TIIPOTSKEHHUH BCEro (pasoBOro IMKJIA.

Ecim Ha KamMeHp B JaHHOM (Pa30BOM IIHKJIE IIEHCTBYIOT
TOJIBKO 3HAYMTEJILHO YIAJIEHHBIE MCTOYHHUKH, OH BCE BpeMsi Oyler
IBUTaTbCSl TPSIMOJIMHEHO M PaBHOMEPHO, BbIUYEPYMBASI POB-
HYI0O U TpsIMyIO (pa3OBYIO TPAEKTOpUIO Ha JIHE O3€epa.

bnusKko pacIioIoKeHHBII UCTOYHHUK SHEPIHH OyIeT MMEeTh
HU3MEHSIOIIUECS HAIPABJIECHUS BEKTOPAa CKOPOCTH Ha Ka’KIOM
grane BBIUMCIIEHHN Ipu coxpaHeHuu wmonyist llox nercrsu-
eM OIM3KOro WCTOYHHKA KaMEHb MOJET HE3HAYHTEIBHO
OTKJIOHATBLCSI OT IIEPBOHAYAILHOIO HAIIPABJIEHUS Ha KaXIOM
ararie npomsrkeHusl. Ero gasosas Tpaekropust OyIeT ILIaBHO
nsrudaThCsl BeChbMa XapaKTEpHBIM 00pa3oM, IIOKAasaHHBIM Ha
cxeme. IlomoOHBIE Pa30BBIE TPAEKTOPUH [IBUJKCHHUS KaMHEH,
MMEIOIUX (POPMY IJIABHBIX M IIOJIOTUX YT, TAKKE MOKHO HabIIO-

JaThb Ha CpOTOI‘paq)I/IHX, CICJIAaHHBIX OYE€BHIIIaMMH. 3
S



DaszoBast TPAEKTOPHSI IO OEHCTBUEM OTM3KUX MCTOUYHUKOB
9HEPIUM HAYMHAET OTKJIOHSTHCS U IIJIABHO 3arudaThCsl B CTOPOHY
9TOr0 HMCTOYHHMKA. YeM OJIMKe HCTOYHUK U YEM OH MOIIHEE,
TEM CHJIbHEE OTKJIOHEHHE TPACKTOPUHU OT IIPSIMOIL

B mpakTuueckux MoOHEISIX SHeprus (a 3SHa4YuT U IeHEepH-
pyemasi CKOpoCTb) OT HCTOYHHUKA P k ( t ) Ha HOPOTSKEHUU BCETO
(a30BOro MHKJIA MOKET H3MEHSITbCSI U IIPEICTABIATLCS HE
KOHCTaHTOH, a HEKOTOPOHW 3aJlaHHON (PYHKIHEH I10 BpPEMEHM.

B sTOM Cllyyae HY>XHO KOPPEKTMPOBAaTh BPEMEHHOH OTpe-

30k AT u BHIGUpaTh €ro TakMM 0Gpa3OM, UTOOBI HUKAKasi W3
(PYHKIIUII MCTOYHMKOB HAa HEM HE€ MEHSUIACh CJIMIIKOM OBICTPO.
Ha xaxjom j Bpemennom orpeske AT sHauenme Kaxjof pyHK-
UM UCTOYHUKA MOJKHO IPUHSTH 32 KOHCTaHTY.

TakuM 00pa3oM, pesyJbTHPYIOIIMIA BEKTOp Oyner mpei-
CTaBJIEH CYMMOM BCEX BEKTOPOB CKOPOCTEH, NEMCTBYIOIIUI Ha
JQHHBI KOHKPETHBIA KaMEHb Ha J OTPE3Ke BPEMEHH:

— n —
S; = Z Py, ( t] ) — Pe3yJIbTUPYIOIIMIA BEKTOP CKOPOCTH
k=1

™y Pr (1)
Py (t) = th] (sx;

COOTBCTCTBGHHO, HOBBI€C KOOPIHMHATBI ITIOJIOKECHHSI KaMHS

Jyepe3 OTPE3OK BpeMEHU AT wmoxno paccunTaTth, HCXOOSI U3
MIOJIyYEHHON BEKTOPHON (POPMYJIBL

+i Py (t;)

DX, SYi — DVk)

sx;* = sx; fras Tk’ (sx,- pxk)AT
n
. Py (1)
Syt = Sy T4 i (svi— pwi) AT
k=1 Lk

besyciioBHO, mIpuBeI€HHAsi aBTOPOM BEKTOPHAas MOJEJb
SIBJISICTCSI YTIPOILLICHHOW, HO OHa IO3BOJISIET HAa XOPOIIEM ypPOBHE
MOJIEJIMPOBATh MOBEJICHUE MEJJICHHO IEPEIBUTAIOMIUXCS KaMHEN
mo gHy cyxoro osepa B Jlosmue CMmepru IOI BO3IEHACTBHEM
HEKOTOPOI'0 YHCjIa OTPAHUYCHHBIX BHEIIHUX HCTOYHHUKOB TEKTO-
HUYECCKON 3IHEPruu.

C TOuKH 3peHUs q)I/ISI/IKI/I MOIEJIb ITO3BOJIIET HATJISIITHO H
KOPPEKTHO OOBSICHUTD Ha6JIIOJ]aeMI)Ie IIpUPOOHbIC q)eHOMeHI)I.
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Ecmu BeobxomnMo CTpPOUTH HMAEATLHO-TOYHBIC MaTeMa-
TUYECKHE MOIETN IWHAMUYECKHX CHCTEM, HW3MEHSIIONIUXCS
OBICTPO M CYIIECTBCHHO Ha MaJbIX OTPE3KaX BPEMEHH, HYKHO
BBHIIIMCBHIBATh ypaBHeHue Jlamiaca B UMIMHIPUYECKHX KOOPIU-
HaTaX, UCIIOJIb30BATh METOI Pa3/IC/IEHHsI IEPEMEHHBIX 1 BO3SMOKHO
ACUMIITOTUYECKOE PAa3JIOKEHME Ui NWIMHIPUYECKUX (PYHKITUI
beccenst ¢ nenpio Moucka KOPHEH, yIaJ€HHBIX OT Havajla KOOop-
IMHAT, U3y4YaTh CXE€MYy CYMMHPOBAaHHS BOJHOBBIX KOJ€OaHMI1 U
CKOPOCTEH, M CTPOUTHL K HHUM TOYHBIE TI'DaJMEHTHL

Bce 310 MOXET IpeicTaBidaTh TAKUE TPYIHOCTH, KOTOPbIE
HE OITPABIAIOTCSI HA IPAKTUKE, a TIPU PEaIbHBIX pacueTax BbI3OBYT
JaBUHOOOpa3HOE HAKOIUIEHHE ITOTPEIIHOCTEH BBIYHCICHHI TIO
CPaBHEHUIO C MNPUBEIEHHON BEKTOPHOI Mojeibio. Ilosromy s
PpeIBHOM (PU3UYECKON MOIEIU MOXXHO OOOMTHCH IPHUBEICHHON
YIIPOILLIEHHON BEKTOPHON MOJEJIBIO TTOBEIICHUSI CUCTEMBI, KOTOpast
IIOCTaTOYHO TOYHA, OPOCTA U HArJISIIHA.

Xouercst OTMETUTD, YTO MPUBEIEHHAS aBTOPOM IUCKPETHASs
BEKTOPHAas MOJIEJIb IO3BOJISIET PACCUMTHIBATE M MOIEIHAPOBATH
HE TOJBKO [BUKYLIHECS II0 JIHY CYXOro O3€pa KaMHH B
Hommue Cveprn, HO U TO0BIE IBMJKEHUS MAaTEPUAJILHBIX OOBEK-
TOB TIOX JIEMCTBHEM CJIAOBIX M NPOIOJIKUTEIBHBIX II0 BPEMEHHU
HCTOYHHMKOB SHEPIHM, KOTOpas IIepelaercs 4Yepes IIpoLecc
BUOpaMy ¥ KOJ€OaHMI IOBEPXHOCTH WM cpelsl PasmepHOCTh
3aJauyd HUUEM HE OrPaHHUYEHA — KOJIMUYECTBO IIPOCTPAHCTBEHHBIX
KOOPIWHAT MOJKET OBITh ITPOU3BOJIBHBIM, B TOM UHCJIE M IJIsI
OOBEMHBIX M MHOTOMEPHBIX ITPOCTPAHCTBEHHBIX CHTYaIIHIL.




Ha reppuropun OwmBmero Coserckoro Corosa Takke €CTh
CBOsI JOCTOIIpHUMEYATEJIBHOCTD M 3arajka — 3TO 3HAMEHUTBIN
ncropuuecknii Cunb-Kamens Ha Ilnemeesom osepe B Poccum.

IIpencrasuresii OPUUMAILHOM HAYKM HNPUSHAIM (PaKT
NEepeBIKEHMsT 9TOro Kamusi o nHy. Cunp-Kamens (OH cuHEro
1IBETA) AKTHUBHO IIE€PEMEIIAETCSI C€ TEYEHHEM BPEMEHH IO
IOBOJILHO OOIIMPHOM ILIOIIAIM.

IlnemeeBo 03epo — 3TO MOPEHHOE O3€PO, PACTIOIOKEHHOE
Ha joro-samane Apocnasckoit obmactu Poccum HemomasieKy oOT
cenma I'oponmme nox Ilepesicnasiem-3aiieccKuM, MMeeT ILIOMIAND
50,8 kM, ryObmHy mo 25 M u OKpyriayio ¢opmy. 3amepsaer
03€po B HOsIOpe MecsIle, BCKPBIBACTCS OTO Jbla B arpele,
MUTAaHUE MMEET NPEUMYIIECTBEHHO CHETOBOEC.

B ormmuwme or Jlomuner CMepru, aBTop JIMYHO IIOCETHIIA
9TO MHTEPECHOE C TOYKU 3PEHMSI UCTOPUM M (PU3HUECKUX aHOMA-
jmiA mecro Poccuu, roBopmiia ¢ yYEHBIMH M OUYEBHILAMU.

VYxe oomnee 2000 ser Cunp-KameHnb gBiasiercss 0OOBEKTOM
PEJIMTHO3HOIO IMOKJIOHEHUSI CJIABSH: OH JIEKAJ Ha CBSIICHHOM
xosme Oora Apwmiel u moumrajics cepanem Oora CosHia.

Ha xosmve Gora fApmisl xpucruase Bo3Beiau 1epkosb. Ho
ona cropeyia. CoopyaIuili Ha 3TOM MecCTe JBOpPEN KHs3s AJIek-
cannpa Hesckoro. M sror psopen paspymmicsa. XpUCTHAHE,
KaHOHHu3uposasmue Ajiekcanapa HeBckoro, mocrporyii Ha 9TOM
MECT€ MOHACTBIPDb — M OH TOXE IIPEBPAaTHICS B Ipax.

PasrueBaHHDBIN TAKUM MOBEIEHUEM KAMHS MECTHBIN IbSIKOH
orenr AHY(PPHUIT CaMOJIMYHO BHIPBUI PSIIOM C KaMHEM TJIYOOKYIO
smy u noxoponusl Cuab-Kamens. Ognako yxe uyepes 15-20 ser
KaMeHb BbIOpasicsi HaBepx K Apuiry-CosHiy.

B 1788 rony xpucruane peurum 3ajioxurs Cuas-Kamens
B (PYHIAMEHT IIepKBH wWiau yrormTh. llorpysmnu Ha caHm u
rmosesnn 10 Jpay llmemeea osepa, HO OBEHAMIIATUTOHHBIIN
KaMeHb YIIeJl TIOI Jiel, Ha ISTUMETPOBYIO IIyOMHY. A depes ron
peidaku samermiH, uro CnHb-KaMeHb, MEIUIEHHO HepeMemniasich
10 [OHY, HAIpaBisissich Ha crapoe Mecro. M uepes msitbmecsiT c
JIMIIHUM JIeT OH BBIOpajica Ha Oeper K IIOMHOXUIO SpuinHoin
TOpBl, TJI€ TaK M OCTAJCs, YK€ HE CTaB NOTHUMATHCS BBEPX.

Cerogns Cunp-Kamens yxomur 1mon 3emino. Takod BBIBOX
CIEJIAJI HCCJIEIOBATEI HAa OCHOBAHUU ITOCJICIHUX 3aMEpOB
1998-2002 u 2004 ronos. Mugopmanus o Cunp-Kamne npen-
cTaBjieHA 110 MaTepuasnaMm cetu VHTepHer.
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I'hasa II

CB00OOAHO pacrnpocTpaHsieMble
YAapHbIe€ BOAHBI B CIIAOIIHBIX CpeAax

§ 1. Hlynamu — cTpamHas pa3pymiuTe/ibHast
aHoMaJIus

OnHO U3 CJIOXKHBIX IS MATEMAaTHYECKOIO MOJIEIMPOBAHUS
sBjleHnil — uyHamu. Ha ceromusi yxe paspaboTaH KauecTBEH-
HBI anmapar oOIUedl TEOpUH BOJIH, IOITOMY Ha KOMIIBIOTEpE
CTaJId BO3MOJKHBI BH3YaJIbHO-KOPPEKTHBIE M TOYHBIE PaCy€Thl U
OTPHUCOBKH BOJIHOBBIX IIPOIIECCOB, B YACTHOCTHU — JIIOOBIX BOJIH
Ha IIOBEPXHOCTH OKe€aHa ¥ TPHOPEKHBIX BOJIH.

B nonynspHBIX (puIbMax-KaTacTpodax IyHaAMH BH3YaIbHO
MOZC/IMPYIOT KaK OY€Hb 6OIII>IHyIO n JaXXx€ TUraHTCKYIO BOJIHY,
KOTopasi TIOMHUMAETCSI BBEPX M CMETaeT BCE HAa CBOEM IIyTH.
IIpooGpasoM sTo¥i MOHENH TOCTYKUIA NMPUOPEKXHBIE BOJIHBI Ha
TPOIMMYECKUX ITOOEPEXKBSIX, HO 3TO IPOM3BOIMT OIPOMHOE BIIE-
yaTJE€HUE Ha SKpaHe U IPUTYIUISIET YyBCTBO OIACHOCTH IIpU
NpUOIMKXEHUH PEAJIbHOIO IIyHaMU.

OnHako nyHaMH — 3TO HE BOJIHA B IIPUBBIYHOM ITOHU-
MaHud. [lymamMu He mommaercsl OIMCAaHUIO KIACCUUYECKUX BOJIHO-
BBIX 3aKOHOB H IIPOIIECCOB, XOTSI M MOJIEIHMPYETCS B TOM UHCIIE
C HCIIOJIb3OBAHHMEM KJIACCHUYECKHUX BOJIHOBBLIX ypaBHeHI/Iﬁ.

IlymaMu — 93TO pceain3oBaHHast B IIpHUPOIEC 0COOEHHOCTh
BOJIHOBBIX IIPpOLIECCOB, TaK Ha3bIBa€Masi BOJIHAasl OKCaHHMYCCKasd
YaapHas BOJIHA, KOTOpast HE MMEE€T HHUYCIO O6I_LI€I‘O C OOBIYHBEIMU
(HyCTI) Jaxe OYECHb CI/UII)HI)IMI/I) IITOPMOBBIMH BOJIHAMMU.

«Hoi pas, KOrga CTEHbl M KpPBIIIM YK€ IaJau B IbUIM
M IUIAMEHH, MOCPEOM KpHUKa M THUIIMAHBL, KOIJa BCE Kas3aJloCh
YK€ HaBCErlJa YyCIIOKOEHHBIM B CMEpPTH, Bbixonaujaa us Mops,
KaK mocjenHuil yxac, Besmkaa Bojna, ruranrTckasi pyka mopd,
KOTOpasi, TPO3HO HAJBUTasiCh, IIOJBIMAJIACH BBEPX, KaK OallHs
MECTH, CMBIBAsi JKU3Hb BO BCIO IIUPHUHY CBOETO IIyTH.

Tax Ila6mo Hepyna onmceiBaer B cBoeM ouepke «CKurasich
no Bajgbmapanco» ogHy u3 BeIMUYadIMx Karacrpodp XX Beka,
MPOU3OIIEIIIYIO BO BpeMs semiierpsicenuss 22 mast 1960 rona

B Y.
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CeemeHHMsI O BCTpevYax 4YeJIOBEKa C BOJHAMU-yOUIIIaMU
yXOI[HT CBOMMHA KOPHHMI/I B FJIy6OKyIO J:[peBHOCT]).

IIpu apxeonoruueckux packonkax nocenka Pa-Illampa B
Cupun 6bUI OOHAPYKEHBI TJIMHSIHBIE TaOIMuku XV Beka JIo H. 3.
(ro ectr BpemMenu B3peiBa Bysikana CanTopun B Bocrounom
CpenuseMHOMOpPbE) € KIMHOIMCHBIM — PaccKasoM O  TOM,
KaK «HEOXHIAHHOW BOJHOM HEBHIAHHOW BBICOTBD> OBLIA YHUU-
TOXKEHA CTOJIMIA TIOCyJapcTBa YTapur.

B Ilenrpanbnon n IOxsok fnoHuyu cOXpaHMIIMCH 3aIlMCH
o nynamu c¢ VII Beka, B IlenrpansrHoit u IOxHOII Amepuke u
Ha OUIMNIUHAX — CO BPEMEHU 3aBOEBAHUSI ITUX TEPPUTOPUIL
ncnannamu (¢ XVI Beka), B MumoHesunm — mocje IIPUXOIa
cioga rosutagmies (¢ XVII Beka).

W3 npyrux parioHos okeaHa (mobepexse CIIA, I'aBaiickue
ocrpoBa, Hosast I'Bunes, Hosas 3enannus, Kanana) cseneHus o
LyHaMH CTajId IOCTyIIaTh C cepemunbl XIX Beka.

OueBunenn uynamu 1952 roma, paspymmBmIero IOpoi
Cesepo-Kypuneck Ha octpose Ilapamymmp, coobmam «Yepes
40 MuH. TIOC/IE€ TIPEKPAILCHUS] 3EMJICTPSICCHUS  ITOCIIBIIIAJICS
IrpOXOT CO CTOPOHBI OK€AHAa W Ha TOPOJ OOPYIIMUICS BOISTHOM
BaJI, JIBUTaBIIMICS C OOJIBIION CKOPOCTBIO. ..

Uepes 15-20 mun. ma ropon (Cesepo-Kypuibck) cHOBa
HQJIBUHYJIACh BOJSIHASI CTEHA, JocTurasmasi 10-MeTpoBOi BLICOTHL
Ona NpakTHYECKU CMBIJIa BCE HA CBOEM ITyTH, OCTaBIISsl OT CTPO-
€HMII B JIyUIIEM CJydae OETOHHBIE (PYHIAMEHTEL

M3 semam ObLIM BBIBEPHYTHI M pasOpocaHBI 110 CTOPOHAM
crapblé 0TI, B IIOPTY OINPOKUHYT 3KCKABATOP, a HAXOIMBLINECS
TaM KaTepa 3a0pOLICHB HA COTHH METPOB Ha Oeper.

OrpasuBmIUCh OT OKPYXalOIIMX TOPOJl COMOK, BOJIHA
crajla CKaTblBATLCS B HM3UHY, IJ€ PaHEE HAXOIWIICS LIEHTP
ropoma. 3meck 0oOpa3oBajiCsl OTPOMHBIA BOIOBOPOT, B KOTOPOM
c OOJBIIOM CKOPOCTHIO BpaIllajIHCh BCEBO3MOJKHEBIE OOJOMKH
CTPOEHHI U MEJIKHE CyJa.

‘lepes HECKOJIbKO MUHYT IIOCJIE 3TON HaMOOJIee CHUJIHLHOI
BOJIHBI Ha OITyCTOLICHHOE no6epe>KLe HaXJIbIHYyJIa CPaBHUTEJIbHO
cirabas TPEThsL BOJIHA...»

HyHaMI/I OTHOCHUTCA K TaKUM CTpallHbIM M TI'PO3HBIM
IPpUPOAHBIM  ABJICHUSIM, M3ydYaTb KOTOPBIE IIPpHUKJIAIHBIE MaTeE-
MaTHUKU IIPEANOYUTAIOT Ha MaKCHUMAJIbHO YIQJIECHHOM H Oesomac-
HOM JIsI ceOs pPacCTOsTHUM — M aBTOp HE HCKJ/IIOUECHUE.
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o macrynieHusi 3pbl HayYHO-TEXHMYECKMI PEBOJIOLIMHI
3alyCu O I[YHAMH COCTaBJISIJIMCh HCKJIIOYUTEJIBHO CO CJIOB HIIUA
BOCIIOMHUHAHUN BBIKMBIINX O4eBHIEeB. CeromHsl IyHaMH MOJKHO
cpororpadpupoBaTh WM 3alucaTh HA BHIICO.

Eciu gestloBeK HaXOIMJICS CJIIMIIKOM OJIM3KO K Oepery, oH
MOI' ITOTMOHYTh WJIM TIOKQJIEUUTHCS, HO BHIIEO3aIIUCh U (POTO-
rpacpuy, CcIeJaHHbIE PErMCTPUPYIOIIMMH IIPHOOpaMU, CETOIHSI
TEXHUYECKH BOCCTaHABJIUBAIOT.

HeKOTOpI)Ie penopTepLI—aMaTopLI ycHeBaIOT orbexarr Ha
0€30I1aCHOE PACCTOSIHUE M COXPAHSIOT Ce0€ JKU3Hb, IPU 3TOM
3aleyariieB CTpalIHble MOMEHTHI Ha Buueo. Bce cuesaHHbIe pe-
MOPTaXW O IYHAMH SIBJISIOTCSI OECIEHHBIMHU JUIS HAayKH.

ITosroMy MBI MOXEM BOOYMIO YBHUIETH I3TOT CTPALIHBIA
MOMEHT IIPUXO0JIa I[yHaMH, IIPOCMATPUBasi (POTO- U BUIICO3AIIUCU
M HE HaXOIACh B 3TO BpPEMsI Ha POKOBOM O€pery OKeaHa.

Keprspl IyHaMu BBIIJISIIAT YKacalolle — CKJIAIbIBAETCS
OIYLIEHME, YTO IO JOMaM, JIOIIM M MalldHAM IIPOIIEJI KOBII
TUTaHTCKOIO 3KCKaBATOPA, CMsUI M CJIOMAJl BCE BOKPYT.

Exalilpal]
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IIpuBomuM  KaJpbl BUIEO3AIIMCENH OYEBUILEB, KOTOPbIE

AEMOHCTPHUPYIOT INPUXOA IYHaMHM M €r0o IIOCIICICTBHSIL.
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M eme Bugeo mpuxona IyHaMHd B TOpPOI. ITO IIOXOXKe
HAa M3BEPKEHHE BYJIKaHA, KOIJa JiaBa MEIUIEHHO, HO BEPHO
MpOIBUTAETCSI, CMETasli BCE HA CBOEM NyTH. MBI BUIUM, Kak
BOJa IEPEBOPAYMBAET ABTOMOOMIIM, CMETAET 3a3€BaBIIMXCSL

Jhioburensckasi CheMKa TAaMJIAHICKOIO OEICTBHUS, KOTOPYIO
CHsIJI HeMeUku# Typuct. Jlens maumnaercs kak Bcerga. Typuct
IIPOCTO CTOMT Ha Oepery u cHumaer mope. Tyr om sameuaer
HECKOJIbKO OrPOMHBIX O€JIBIX BOJH Ha TOPU30HTE, KOTOPBIE
CTPEMHTENIFHO W HEOTBPATUMO IIPUOIMKAIOTCSI K Oepery.

IIo Mepe mMpubIIMXEeHMs IlyHAMHI OH BHIUT, KAK THTaHTCKUE
BOJIHBI KpYyIIAT PbIOAYbH JIOAKW M IIE€PEBOPAYMBAIOT OOJIbIIVE
Kopa®ym. CKarumBaloTcsl JIOIW, HauMHAeTcs: maHuka. Ilociemnsst
¢ppasa typucra: «UYrTo 3TO TaKOE’», IOCIE YEro OH yderaer c
bepera ¢ ocralbHBIMA TypucTamy. llanmka ObUla HACTOJIBKO
cuIbHAs, YTO OH 3a0bUI JaKe BBIK/IIOUUTH KaMepy.

Ha srom m00uTelIbckoM BUIEO XOPOLIO BUIEH aHOMa IbHBIN
OTJIUB IEeped NPUXOIOM IIyHaMH C IIOCTEIOBABUIMMHU 32 HHUM
MOITHBIMU aTaKaMH YIApHBIX BOJIH IIyHaMH Ha Oeper.

Buneo nemoHcrpupyer, Kak BosiHa IyHamu B Taummanne
NpoOuBaeT NPUOPEKHYIO CTEHY, Ha KOTOPOM HaXOIHUTCSI oIlepa-
top. llammka mOpakTUUYECKH OTCYTCTBYET, JHOIA HE MOILYT
MOHSTH, YTO 3TO BooOmEe Takoe. Ha mepByio BOMHY OHHM He
pearupyior, Ha BTOpPYyIO 0ojiee MOIIHYIO BOJIHY pearupoBaTth
CTAHOBUTCSI YJK€ IIO3IHO.
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2004 rTom s3aKOHYMUICS CTpalIHBIM OencTBHeM. 3eMHast
KOpa COIOpOTHyJach, 1 Ha OKEAHWUYECKHE BOIBI OB HAIIpaBJIEH
MomHenmmi  yaap. llyHamm, oOpymiuBIIHecsi Ha IOOEpeXbe
co ckopoctsio 700 km/uac, yHecnu OGosee 225 ThIC. JKH3HEH,
JIALINATIA CPEJICTB K CYHIECTBOBAHMIO MUJUIHMOHBI JIIONIEM.

3emreTpsiceHHe, OIpenesieMoe MarHUTY 10 9, CTaIo caMbIM
MOIIHBIM M3 KOI[Ja-TuO0 IPOMCXOIMBIIMX B [aHHOM PErUOHE.
IlomobHoe HaGmonamock ToabKO B 1964 romy Ha Assicke.

Ilonsemubrii pasiaom npousomen B 100 kM or Oepera
CyManI)I, HaA 3allaJHOM OKOHEYHOCTH EI/IpMaHCKOI?I TIJIUTHL
JIIMHHBI TOHKHHA IUIACT 3EMHOM KOpBI CTaJl HaIBUIATHCS
HA I/IHL[I/II?ICKylo TUINTY, TIEPEMEINAsiCh CO CKOPOCTHIO 14 Mmm B
ron. bupmanckast mumra TMPOJIBUHYJIACh Ha 3arall U BBEPX MO
HaKJIOHHOM IIJIOCKOCTH HPHMEPHO Ha 15 m.

Hocturays oriorux Oeperos, IlyHAMH CHU3IIIM CKOPOCTh
M, 3aiIs Ha MEJIKOBOIbE, OYKBAJIBHO HAKpBIIA HUYETO HE
TI0JIO3PEBABIINX JIIOJICH.

CHavaa wMum OBUIM CHECEHBI IIPHUOpEXHBIE ropoia
Cymartpsl, satem, mobopasmmchk 10 HuKoOGapCKUX OCTPOBOB, OHU
CMBIJIA BCE Ha CBOEM IIyTH. YIiejesa JIMIIb TIOpCTKa JIOJEH,
KOTOpBbI€ HAIIA CIIACECHUE Ha BEPIIMHAX JIEPEBHEB.

JIBuHyBIINCE B AHIAaMaHCKOM MOPE, CMEPTOHOCHBIE BOJI-
HBl OOpymnumck Ha orTapixaiommx B Tammange. Bomma,
pacrIpocTpaHUBLIAsICS Ha 3amajl, nepecekja MHIMACKUN OKeaH
CO CKOpOCTBIO PEAKTHUBHOIO caMojieTa W pas3Ouiack y Oeperos
Nupun n Ilpu-Jlapku. Illects 4acoB CIyCTsi TUIAaHTCKUE BOJIHEBI
gobpammck 00 Oeperos ApUKH, a 3aTeM ITPOHOJIKMIIM CBOF
IyTh BOKPYI 3€MHOIO INapa, IOKa HE PacCEsyIuCh B OKEaHE.

XKurenam ocrposa Cesepsbiii CEHTHHEN yIAJIOCh BBIKHUTD.
Kax u BO BpeméeHa IajieoymTa, 31€Ch JIOIM 3aHUMAIOTCH OXOTOM
u cobuparenscTBOM. Kak TOJIBKO HaYa/MCh ITOI3EMHBIE TOJIUKH,
OHH CIACIMCh OercrsoM Ha BosBbIIeHHOCTH. «Hamm mnpenku
YUMIIM HAC, — IOSCHSE€T OIMH U3 IUIEMEHM OHIE, — 4YTO
KOI'JIa TPSICETCsE 3eMJIsl, MOpe HacTynaer Ha cymy. OHU rOBOpUIIH,
YTO HaM HAmo O€XaThb Ha XOJIMBI MM CadUThCS B JIOOKY U
IUIBITH B OTKPBLITOE MOPE».

Y xureneii AHIaMaHCKUX OCTPOBOB OBUIO MEHEE yaca.
M noka momu HPOCBEIIEHHOIO BeKa PBUIMCH B TEJIE(POHHBIX
KHHUTAX, MHITASICh CBA3ATHCS CO CHacaTelIIMH, JIIOIU KaMEHHOIrO
BeKa coOpajii JIeTey, KOP3UHKU, CETH, JIYKH, CTPEJIbl U TJICIONINe
YIOJBbKM M CHAC/IMCh Ha XOJIMax. 43



§ 2. Maremaruveckasi MojieJb,
ONMMCHIBAIOIIAS TOBeeHNEe HYHAMU

YueHble BCEBO3MOXHBIX CHEIHAIBHOCTE — TEOPETHUKU M
IIPpaKTHKHX — CTpeMHTCH JaThb paSJII/I‘IHbIe IIOSICHCHUSA HpI/IpOZIH])IM
N TEXHOI'€HHBIM SBJICHHUSIM C TOYKH 3pEHUSA TOIO Hay‘lHOFO
anmapara, KOTOPBIM OHH BJaIeloT Haunbojiee CBOOOIHO.

HpI/IKJIa)_[HaH MaT€EMAaTHKaA MW MaT€EMaTH4YE€CKasa q)I/ISI/IKa
JieKaT Ha CTBIKE€ MHOI'MX JTHCITUITJIMH.

C onHOM CTOPOHBI, OHU IIPUBJIEKAIOT COBEPILICHHBIA MaTe-
MATHYECKHUI aIllapaT, COBPEMEHHBIE HMHTErpaJIbHbIE U Iudpde-
PEHLMAJIbHBIE YPABHEHUS], YACIEHHbBIE METOIbI M KOMIILIOTEPHBIE
TEXHOJIOTUM JUISI MAaKCHUMAJIbHO TOYHOI'O OIMCAHMSI IPUPOIHBIX
U TEXHOI'€HHBIX IIPOLIECCOB.

C npyro# CTOpOHBI, NPUKJIATHON MATEMATHK KaK yUCHBIN
JOJDKEH JIOCKOHAJIbHO M3YUYWUTh HE TOJIBKO CBOIO, HO U CMEXHYIO
JUCHUIUIMHY, K KOMIIETEHIIUM KOTOPOH HEIMOCPEICTBEHHO OTHO-
CUTCSI BBICTPAMBAECMAsl MAaTEMaTHYECKasl MOIEJIb, O3HAKOMUThLCS
C CYHIECTBYIOIIMMH THIIOT€3aMH U HE IIPOTUBOPEYMTH B CBOMX
BBIBOJIaX HAYYHBIM MaTepuajaM U (PAKTHYECKUM JaHHBIM.

Bagaya  MaTEMaTHYECKOTO  MOIEIUPOBAHUS  I[yHaMU
OTHOCHUTCSI K KQTETOPHHU UPE3BLIUYAMHO CJIOKHBIX 3aIaHHUI B CHILY
pana obcrositescTB. Ham saragkamm 3Toro siBieHHsI OBIOTCS
MHOTHE yueHble. ABTOp IIOIONIIa K [AaHHOW IIpodjeMe C
MTO3UILIMHA MaTEeMaTHYECKO (PU3UKH, BOJIHOBBIX U KOJIeOaTEIbHBIX
IPOIIECCOB, CIIEHNAIBHBIX (PYHKIIUM, TEOPUM CBOOOIHO pacIIpoCT-
PaHSIONIUXCSl B CIUIOIIHOM CPEJIE€ YIAPHBIX M HHBIX BOJIH.

B XX Beke ObuT pa3pabOTaH KAaYeCTBEHHBIN (PU3HYCCKUI
anmapaT, KOTOPBII ONMCHIBA€T yIApPHBIE BOJIHBL, BO3HHUKAIO-
Iye TMpPU TIOJIeTE CBEPX3BYKOBBIX CAaMOJIETOB, IIPpH HCTE€YEHUU
U3 comula rasa Ha CyO3BYKOBBIX M CBEPXBBICOKHMX CKOPOCTSIX
U T. 1. SBJICHHUSX, BOSHHUKIIUX B CBSI3M C OYPHBIM pasBUTHEM
TexXHoJNOTuA. bpulm  1monyuyeHbl  IIpeKpacHele  (poTOrpadpuu
yIApHBIX BOJIH, HAIIpUMEpP, B a9pPOIUHAMUYECKOI TpyOe.

I/IH(pOpMaIII/IH II0 yJapHBbIM BOJIHaM OIIMCBIBA€EMOI'O THIIA
HE COCTABJIAET HUKAKHX CEKPETOB, OHa IIHPOKO Hy6JII/IKyeTCSI
B OTKPBITBIX HCTOYHHKaAX.
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Bce a1u ymapHBIe BOJIHBI HOCSIT, €CJIM TaK MOJKHO BBIpa-
3UTHCSH, B])IHy)KJ]eHHLII;I XapaKTep. OHI/I CyIHeCTByIOT HpaKTI/I‘IeCKI/I
CTOJIBKO BPEMEHU, CKOJIbKO, HAIIpUMEp, JIETUT CBEPX3BYKOBOI
caMOJIET WJIM MCITEKAeT ras M3 COILIa, MOCJIE YEero HCYE3aloT
0e3 rJI00aJILHBIX IIOCJIENCTBHIL

Takue ymapHbIE BOJIHBI 6bICTp0 HCUYE3aI0T II0CJIE TOrO, Kak
HWCTOYHUK IIpEeKpaTuyl HX reHepupoBarb. COBEpIIEHHO HMHaye
BEIYT cebs yIapHBIE BOJIHBI, PaCIIPOCTpaHsIEMbIE CBOOOIHO B
CIUUIOIIIHOW Cpejie OT TOYEYHOIO0 M JIMHEWHOI'O WCTOYHUKA.

CBoOOmHO pacnHpocTpaHsieMble B Cpele YIapHBIE BOIHBI
H3y4yajuCh B OCHOBHOM B CBSI3U CO CBEPXMOIIHBIMU B3pBIBAMU
SIIEPHOIO MJIM BOIOPOIHOIrO OPYKUs (Ha3€MHBIMU, IIOJI3EMHBIMY,
BO3IYLIHBIMA Y  TIOJBOIHBIMHF), AHAJIM30M  CEMCMOIrpaMM
CBEPXMOIIHBIX B3PHIBOB U 3EMJISITPECEHUI U T. II. TEMATHUKAMU
C OrpaHHYEHHBIM JIOCTYIIOM. ABTOpP HE CTaBUT CBOEH IIEJIBIO
PACKPBITh T€ HUIM HMHBIE CEKPETHI, HO HAaMEPEBAEeTCsI MCIOJIb30BaTh
U pasBUBATh I3TOT MOINHBIM MAaTEeMATHYECKUI1 ammapar s
ITOCTPOEHUSI KOPPEKTHOI MOIENH ITOBEIEHUS] ITYHAMIL

Hukro u3 YUYEHBIX HE 6yneT ocriapuBaTh TOT (PAKT, YTO
U1 POPMUPOBAHUS IYHAMH Tp€6y€TC$I YPE3BBIYAIHO MOIIHBIN
HCTOYHUK 9Hepruu. Bousl okeaHa IOIJIOMIAIOT 9y JOBUIITHYIO
9HEPrui0 HCTOYHHKA, IIEPEHOCST €€ Ha S3HaJyuTe/IbHbIE pac-
CTOSIHUSI, BBI3bIBAsi I3TUM TOTAJIbHBIE Ppa3pylICHUs Yy 6eper0B,
MOPCKHX OCTPOBOB M aTOJLIOB.

OHHI/IM 13 TAaKUX NCTOYHUKOB SBJISIETCSI SHEPIrUs IBUKECHU
HI/ITOC(pepHI)IX ImT — I9HEPrud, BI)ICB060)KHaeMa$I I10CJIe
SCMHCTPHCCHI/IPI, KOTOPBIC ITPOUCXOAAT Ha NHE OKEaHa. Hawu6onee
CTpaluHbI€ ITyHAaMM ObUIM  BBLI3BAHLI qpesBanﬁHo MOIITHBIMH
3EMJIETPACEHUAMU M 3aMETHBIMU ITOOIBHXKKaMI m/IToccpepme
inT. MeHee MOIIHBIE OyHaMH TaKXe€ MOryT OBITH BBI3SBAHLI
CBEPXMOUIHBIMI B3pbIBAMU 1 M3BCPKCHUSIMH ITOABOJAHBIX BYJIKA-
HOB M1 I'IOI[O6HI)IMI/I CyIIeCTBEHHbIMI TIPpUYMHAMUI.

B macrosmem mnaparpage Mbl He OymeT BIaBaThCS B
JeTajbHbIE ITOIPOOHOCTH HM3YUYEHHsI HCTOYHUKOB ITyHaMH. Mbr
OymeM IIpOCTO HCIONB30BaTh TOT (PakT, UYTO [JIsI (POPMHUPO-
BaHMSI I[yHAMH IIOTPEOYyeTCsl SHEprusl KOJIOCCAILHBIX MacIITaboB,
BBICBOOOKIaeMasi B BOIBI OK€aHa IIPH TOM MJIM MHOM aHOMAJIb-
HOM MpoIecce TII00aJILHOTO XapaKTepa.

ODHeprust CBOOOIHO IIEPEHOCHTCS Ha OOJIBIINE PACCTOSIHUSI,
II0OKa HE pacceercss B OKeaHe WM He OylIeT HCIoJb30BaHa Ha

TpEHHUE — paspylI€HUE [[HA, OCTPOBOB M OEperoBom JII/IHI/II/I.45



C ™omeHra 00pa3soBaHHSl JIO IIOJIHOIO PACCEUBAHUS
IHEPrust oyHaMu IIpOXOOUT HECKOJIBKO Ka4Y€CTBCHHBIX ITaIlOB
(POPMHPOBAHUSL, TIOITOMY HaHHOE SIBJIEHUE MOJKET OBITh YCIIELIHO
PacCMOTPEHO U CMOIEJIMPOBAHO C TO3HIMH COBPEMEHHON
TEOPHUH KATACTPO(P U (PA3OBBIX IIEPEXOJIOB.

Kaxnuplit (pa3soBbIil IIEPEXOI B HOBOE COCTOSIHHE OJUKEH
paccMaTpuBaThCS OTHEJIBHO U JIETAJIbHO, Kaxzoe HoBoe daso-
BO€ COCTOSHHE MOBEJEeHHA I YHAaMH COIPOBOXZAETCH MO-
CTpOEeHHEM COGCTBEHHOH MaTEMAaTHYECKOH MOZENH.

EyneM paccMaTpuBaTh MOICJIbL IIyHaMHM IIO9TAITHO, OIIpe-
JeJisast HeO6XOIlI/IMI)Ie Hn JO0CTAaTOYHBIC YCJIOBUS, IIPH KOTOPBIX
IIPpOUCXOOUT qI)OpMI/IpOBaHI/Ie 9TOM TUTraHTCKOU BOJIHBL

Or mnpaBmIBHOTO BBHIOOpA CHUCTEMBI KOOPIHMHAT IIPH
ITIOCTPOEHNH MaTEMAaTHYECKOM MOJIEIM 3aBHCHT CTEIeHb ycCIlexa
B pemreHun 3amavd. 1IOCKOIBKY IIyHaMH IIPOXOIHAT HECKOJIBKO
(pa30BBIX IIEPEXOIOB, IS KaXKIOTO (PasoBOIO COCTOSIHHSI MBI
OyIeT CTpOHUTH CBOIO MOIEIh M BHIOMpATh YIOOHBIE IJISI €€ ITOC-
TPOEHUS] CUCTEMbI KOOPHUHAT (B T. 4. [BMIKYILHECS).

HcTouHMK, KOTOpBIA (POPMHUPYET ILYHAMH, ABJISETCH He
TOJIBKO [IOCTATOYHO MOIUHBIM, HO U IE€UCTBYIOLIMM B TEYCHHUE
MaJIOTO OTpE3Ka BpeMeHUu (II0 CPaBHEHUIO CO BPEMEHEM
CyIIECTBOBAHUS IyHaMu). MOXHO yTBEpXIaTh, YTO HMCTOYHHK
B MAaTEMaTUYECKON MOJIEIH SBJISIETCSI TOUCYHBIM IO BPEMEHU H
IO3TOMY OIIMCBIBAETCA JIejbTa-pyHKuMen Jlupaka.

C TouKM 3peHUs! PUSHYECKUX YCIOBUN UCTOUYHHUK SIBJISIETCSI
00 TOYEYHBIM (SMMIIEHTP), MO0 JIMHEHHO-TIPOTSKCHHBIM Ha
OrpaHMYECHHOE paccTostHue. J[Isi  ympomeHus: MomeJIMpOoBaHUS
OymemM paccMaTpuBaTh TOYEYHBIH HCTOYHHUK, OIUCHIBAEMBIM
nenbra-pynkuuen Jlupaka.

Takum o00pa3oM, KaK C TOYKH 3PEHHSI BPEMEHH, TakK
U C TOYKH S3PEHMSI IIPOCTPAHCTBEHHBIX KOOPAMHAT (PYHKLIHS
HMCTOYHMKA IJIsI IIyHAMH MOJKET OBITh OIMCAaHa U NpeIcTaBIcHa
Kak jeibra-pynkuus Jlupaxa.

YcranoBuMm, IIpd  KakKMX YCJIOBMSIX IIyHAMH He Op-
mupyerca. M3 mareMaTHyecKor (PU3HKH XOPOLIO H3BECTHO,
YTO B IPOCTPAHCTBE AKTUBHLIA TOYEUYHBI HCTOYHUK SHEPruu
(popMHpYeT BOJIHBI M KOJIEOaHUS, ONMCHIBAEMbIE KaHOHHMYECKHM
ypaBHenueMm Jlamiaca w Kpaepon samaveirn Komm.

Pemenue YpaBHEHUSL Jlartmaca mMoxer OBITH npeacTaBJI€HO

METOIOM pa3aeICHUs IIEPEMEHHBIX B cq)epnqecm/lx KoopauHaTax
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1 BBIPDAKA€TCsI 4Y€pE3 CIIEUAJIbHBIE — cq)eppmecm/le prHKI_II/II/I
MaTq:)I/ISI/IKI/I n Y€pe3 TPpUIOHOMETPUYECKUE q)yHKI_[I/II/I

Bosnel B CBOOOIHOMN OIHOPOIHOM Cpele PacpOCTPaHSIOTCS
C(pepUUYCCKN U PAaBHOMEPHO BO BCEX HAIPABJICHUSIX, IIPU 3TOM
MOILIHOCTh 3HEPruv Ha @QPOHTE BOJIHBI IIOCTEHEHHO Yyracaer
(mponopuMoOHaJILHO KBaJpaTy PacCTOSHUS OT HCTOYHUKa). 1lpu
9TOM OOIIast IHEPrys PaCIIMPSIOMIENCS C(PePHUIECKOM BOIHEI, pac-
MIPOCTPAHSIOIIENCST Oe3 TPEHUS], OCTAETCSI HEHM3MEHHOIL

A A B A

NCTOYHUK
konebaHmnn

NCTOYHUK
KonebaHui

> i >

PaccmorpuM [1Ba BapuaHTa pacIpOCTPAHEHUSI PacXojis-
ITUXCSl C(PEPUYECKUX BOJTH B cperme. B ciydyae «A» MBI nveem
HEKHUII MCTOYHMK, IIOPOAUBIIUI BOJIHBI, SHEPrUsli KOTOPBLIX HE
JOCTUTJIa MOBEPXHOCTU MJIM JIOIUIA JIO HEE B HUUYTOXKHO MaJIbIX
KOJIMYECTBAX, NMPAaKTUYECKH PaCCedBIIMCh B CILIOIIHOM Cpele.

9TO0 MOXET OBITHL OYEHD CJIA0BII UCTOYHUK, PACIIOJIO)KEHHBIH
Ha MAaJIbIX FHy6I/IHaX — IIPUMEPOB MHOTO. ITO0 TaKKE MOXKET
OBITH [IOCTATOYHO MOIIHBI HCTOYHMK, KOTOPBINT HAXOJIUTCSI TakK
rny60Ko, YTO PaACXOJISIIUECss OT HEro BOJIHbI HE IOCTHUTAIOT
TIOBEPXHOCTH. HaHpI/IMep, lIa’Ke€ BOJIHBI CHJIBHOI'O 3€MJICTPSICCHUS
Ha caMOM JTHE rny6oqa171me171 MapI/IaHCKoPI BIIAJIMHBL BPSAI JIA
HMMEIOT IIAaHCBHI JTOCTHUYb ITOBEPXHOCTU OKeaHa.

B ciiyuae «B» mpoTMBOMNOJIOKHAS CUTyalldss — PacXojs-
mecsd OT MCTOYHMKA BOJIHBI HE TOJIBKO JOCTUIAIOT ITOBEPXHOCTH,
HO OoJibIIasi YacTh WX SHEPIWH BBHIIUIECKUBAETCS 3a IIPENesIbl
okeana. IlouTu Bcs sHeprus INOKUIAET OKEAH U paspyllacT IIpu
9TOM HEIPEPBLIBHYIO CTPYKTYpPYy IIOBepxHOCTU. Takor mpomecc
MOJKET BBI3BATh CHUJIbHOE M MOIIHOE IIOBEPXHOCTHOE BOJIHEHHE,
OIIMCBIBAEMOE KAHOHHUYECKUMH BOJIHOBBIMU YPAaBHEHUSIMH, HO OH
HE MOXET COPMHUPOBATH KJIACCMYECKOE IyHAMMU. 47



Ocraerca  paccmo-
TPETh TOJIBKO Cllyvyan
«C», KOTOPBIIL U SBJISICT-
Csl MOJIEJIbIO, ONMCHIBA-
IOINENT HAaYaJIbHBIN I3TaIll
(POpPMHUPOBAHUSL  BOJIHBI
IYHAMMH.

IIpencraBuM, uTO
> pacxomnsIuecst OT UCTOY-
TI/ICTOLIHVIK HUKa CPEpUYECKUE BOJI-

Kone6aHui HBI YCIIEIIHO JIOCTUTAIOT
IIOBEPXHOCTH OKEaHa.

HpI/I 9TOM HE€ NPOMCXOOHUT HH YPEe3MEpHO OOJIBIIUX TIO-
TEPb SHEPIrUN Ha pacCC€HUBAHUE, HH BbIIJICCKUBaHUSI 00JILIIIOTO
KOJIMYECTBA ISHEPIruM Ha IIOBEPXHOCTH M 3a IIPEICJIbI OKE€aHa.

B naHHOII MOIe/IM 3HAaUMTEIbHAS YACTh SHEPruM cdepu-
YECKH PACXOUAIIMXCH BOJH JOCTUIA€T IIOBEPXHOCTH  OKe-
aHa — TO €CThb I'PAaHUIbl CILIOIIHOW CpEIbl, B KOTOPOH 3TH
BOJIHBI PaHEE PacCIIpOCTPaHSUIMChL CBOOOIHO B paBHOMEpHO. Loee
TOIO, SHEPrus CPEPUUYECKUX BOJH HE TEPSIETCI HA OLLYyTHUMBIE
MOBEPXHOCTHLIE PaspyLI€HUs U JIOKAJIbHBIE ITPOLIECCHL

Ha pmaHHOM MOMEHTE HYJKHO OCTaHOBUTBCSI IOIpobHee,
TaK KaK MMEHHO OH SBJISIETCSI IIEPBBIM (PA30BBIM IIEPEXOIIOM U
KPUTUYECKUM MOMEHTOM (PU3HMYECKOIO (POPMHUPOBAHUS BOJIHBI
IIyHaMH, KOTopasl Jajiee OyIeT COBEpIIaTh CBOE PaspyIIHTEILHOE
IIECTBHE IIO OKEAHY.

B coorBercrBHM C 3aKOHOM COXpaHC€HUA SHEPIruv, IIpu
JOCTHJKEHHNHN ITOBEPXHOCTH OK€aHa SHEPIrusi C(pepnqe(:m/lx BOJIH
HHUKYyJJa HE€ JI€BACTCA M HE HMCUYE3ACT, a TOJIbKO IIEpEXoauT H3
OJHOI'O COCTOsSHHUSI B JIpYyroe. B nmanHOM crydae€, OHa aKKyMy-
JIUPYETCsA B COOTBETCTBUU C HpI/IBeJ_(eHHOfI CXEMOI.

IlomauMmalomasicss BBEPX COCTaBJISIOMIAsl C(PEPUUECKHUX
BOJIH JIOCTUTA€T IOBEPXHOCTH OKEaHAa, (POPMUPYET OUYEHD IIOJIO-
ruii TOp0 M COOTBETCTBEHHO TOPMOSHTHCS, TAK KaK HE MOXKET
CBOOOIHO MPOIOJIKATH CBOE JIBIIKCHHE [ajiee.

Ha cxeme ykasamHasg 30Ha OTMEuYEHa 00JI€€ TEMHBIM
LBETOM — OHA HAIIOMUHAET TEMHBII KJIMH.

Ilocnenyomue BOJIHBI HACTUIAIOT TIEPBBIE BOJIHBI U HX
CXJIONBIBAIOT. BMeCTO TIJIaJIkKuX M HENpPEPBIBHBIX (PYHKIUA,
OIHUCHIBAIOIIUX IIOCJIEJOBATE/IBHO HUIYIIUE C(PEPUUYECKUE BOJIHBI,
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y IOBEPXHOCTH OK€AHA Ha I10JIOTOM IOp0Yy BO3HHMKAET pasphIBHASI
(PYHKIIUSI CKauKa — ylapHad BojiHA. Ee IpousBogHasi — pasphiB-
Hasi IeiapTa-PyHKIUs Jlupaka, Tteprisimmasi OECKOHEUHBIN pas-
peiB. Ha cxeme «C» MNOBEpPXHOCTh YHapHOM BOJIHBI ODO3HAYEeHa
JKUPHOU TEMHO-CEPOM KPHBOM, KOTOpPAasi HAXOIUTCSI OKOJIO IIO-
BCPXHOCTH OKE€aHa B 3aKPAIICHHOM CEKTOpE.

ITokasamnass Ha cXemMe yIoapHasi BOJIHA (POPMHUPYET
OYEHb IIOJIOTMM W HEBBICOKHUM XOJIM Ha MOBEPXHOCTU OKeaHa
M OKasaJlaCh HOCHUTEJIEM TIOYTH BCEW IHEPIuUHM, KOTOpad
npounula 4epe3 3akpalleHHbII Ha cxeMme KiMH. bojee Toro, Bes
aTa KOJIOCCajibHAs IYHEPIrus OKas3ajach CKOHIEHTPHPOBaHa B
OYE€Hb Y3KOH MPUIIOBEPXHOCTHOM 30HE OKEaHa U ONUCHIBAETCH
PaspbIBHON (PYHKIIUECH COCTOSIHUSL

B wacrHOCTH, Ha IPUBEIECHHON aBTOPOM TIMIIOTETHUYECKON
CcXeMe MOMEHTa (POPMHpPOBaHUS IyHamu HpuoimsuresbHo 30%
BCEYT IHEPIHH, BHIOPOIICHHON B OKE€AH M PaBHOMEPHO pacIpo-
CTPaHUBIIEICS OT HCTOYHHKA B BUIE C(PEPHIECKUX BOJIH, OBLIO
3aTpayeHO COOCTBEHHO Ha (POPMUPOBAHUE YIAPHOM BOJHBI U
XOJIMa I[yHaMHd Ha IIOBEPXHOCTHU OKeaHa.

Ha ceromns cymecrBylor cambl€ pasHbIE TUIIOTE3H,
ONHUCHIBAIOIINE TIOBEIEHUE MOJIEKYJI BOIBI M BO3IyXa BOIUSH
YIApHOH BOJHBL ABTOpP OCTaBJISICT 3TOT BOMNPOC (PHU3NKAM-
TEOpETHUKaM, IKCIIEPUMEHTATOpaM U  YUYEHBIM-OKEaHOJIoram,
CKOHIIEHTPUPOBABIIMCH HCKJIIOUUTEILHO Ha MpodJIeMax IIOCTpoe-
HUSI MAaTEMaTUYeCKON MOJIEJIM U OIMCAHMSI IIOBEHCHUS IEJICBbIX
(PYHKIMI 3TOH MOJICJIN.

3amMeruM, 4Yro IpH (POPMUPOBAHUU YIAPHOM  BOJIHEI
CTapTOBO OHA IIOJIyYa€T HEKOTOPYIO HAYajbHYIO CKOPOCTb,
KOTOpasi HeceT B ce0e CyMMapHYIO TIOpPU3OHTAJIBHYIO BEKTOP-
HYIO COCTaBJISIOIIYIO CKOPOCTH M SHEPIHMHM CEPUYECKHX BOJIH
HWCTOYHMKA. Ee HamnpasjieHue yKa3aHO 4YEPHLIMH CTpeJIKaMu
HaJl IOBEPXHOCTBIO OKEeaHa.

bonpmag 4acth ropusOHTaIbHOI COCTABJIAIONIEN YILIA Ha
(popMupoBaHuE (PPOHTA YIAPHOU BOJIHBL, TaK KakK IHEPrusi pac-
XOISIIIAXCST C(PEPUIECKUX BOJIH HE CMOIJIAa MOKUHYTH T'DAaHUILY
CIUUIOIIIHOW CpeJibl — OKEaH.

Ocrayioch paccMOTpPETh T€ YAaCTH C(PEPUYECKUX BOJIH,
KOTOPBIE HE Y4YacTBOBAJIM B (POPMUPOBAHUM YIAPHOW BOJIHEI
y MHoBepxHOCTH OKeaHa. Ha mnpusegeHHON cXeMme 30HA HX
pacIpocTpaHeHus OKpalleHa 00jiee CBETJIBIM OTTEHKOM CEpOro u

Hecer npumepHo 60-70% sHepruu, BHIOPOIIEHHON B OKEaH.
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I'opusonTajibHas COCTAaBISIOIASI CKOPOCTH IBUMJKEHMSI 9THUX
BOJIH MMe€ET OOJIbLIME 3HAYEHUs, YeM Yy BOJIH, y4aCTBOBABLIUX B
(POPMHUpPOBAHNH YHAPHON BOJHBEL BOJHBI B CBETIOOKPAIIEHHOM
30HE MMEIOT BO3MOJXHOCTB PacCHpOCTPAaHSITLCS B CIUIOIIHOM Cpeje
OKeaHa U B [AJBHEHIIEM, HE CXJIONbIBAsSCh M HE (POPMUPYS
yIapHYIO BOJIHY.

YacTte SHEprum 3STUX BONH OymeT NpOIOJKaTh pacIpo-
CTpaHSITbCSL BIOJIb [HA OKeaHa, OIHAKO II0 Mepe yIaJleHus
OT HCTOYHUKA JHEPrusi IOCTEIICHHO HauyHeT Bce OoJble U
OoJIpIIe  KOHIICHTPUPOBATBCSI B IIPHUIIOBEPXHOCTHBIX  CJIOSIX
OKeaHa, (POPMHPYS KJACCUYECKYIO OOJIBIIYIO BOJIHY.

TaknmMm oOpasoM, B MOMEHT (POPMHUPOBAHUS yIAPHOMN
BOJIHBI IIPOM3OMIET OTPBIB TOM YacTH BOJIH, KOTOPBIE €Il
HE JIOCTUIJIA IIOBEPXHOCTHM OK€aHa, IIOCJIE Yero IIpolecc
TepepacipenesicHusl SHEPrUM pasieIuTcs Ha JiBa (PAKTUYECKU
HE3aBMCHUMBIX IIpollecca.

Yactp SHEpPrumn 6yneT CKOHIIEHTPUPOBAaHA U INEPEHOCUTHCS
IPUTNIOBEPXHOCTHOM yJapHOUW BOJIHOM — COOCTBEHHO, nyHamy, a
OCTaBILHASICSI IHEPrust 6yneT IIPOJIOJIXKATH KJIACCUYECKU PaACIIPO-
CTPAHSITBCS B CIUIOIIHOM CpEJIe IO BOJHOBBIM 3aKOHAM.

YnapHas BOJIHA IIOJIYyYUT MEHBIIYIO CTAPTOBYIO CKOPOCTb,
KJIACCHYECKAsl BOJIHA — OOJIBIIYIO, HPHUYEM PACHPOCTPAHSITLCS
OHM HAUYHYT B OJHOM HampasjeHud. llepen ynapHO BOJIHOM
Oymer HBUraThCsl KJIACCHYECKAsl OYEHb OOJIbIIAsi BOJIHA.

Braemne moxoxue Ha I[yHaMH OOJIBIIHE U IIOJIOTHE, HO
HE YyIapHble BOJIHBI MOIYT OBITb CC(POPMUPOBAHBI JIPYTUMHU
NpUPOIHBIMHM KaTaKnusMaMmu. Hanpumep, criibHBIE TPOIMHYECKHE
TaM(PyHbI 332 CUET MOLIHOIO Pa3peXEHMs] aTMOC(EpPHI B IIEHTPE
MpU MPOXOKICHUN HAIl OKEAaHOM WHOTTIA (POPMHUPYIOT OTPOMHBIH
MOJIOTUI BOISIHOW XOJIM — B OKPECTHOCTU SIMIEHTpPa OHHU
IOJHMMAIOT YPOBE€Hb BOILI B OKeaHe Ha 1-3 Merpa. I9ru
IUT'aHTCKUE TTOJIOIHE BOJIHBI ITEPEMEIIAIOTCS BMECTE C TAM(PyHOM,
IIOKa €ro cmia He ocyabeer. OHa MOXKET HAMHOTO IIPEBHINATH
pasMepsl U OOBEM BOJIH, (POPMHUPYEMBIX I[YHAMH, BBI3BIBASI
CTpAIHLIE HABOIHEHUS U Pa3pyIIEHUSL.

XoTs (POpPMHUPYEMBIE TaM(PyHAMU BOJIHBI HE SIBJISIIOTCS
yOApHBIMH, 3TO HE TOBOPHUT 00 mnx OesobmmHOocTH. Kpymabe
Ta(PyHbI IPUITOTHUMAIOT U IIEPEMEINAIOT 3a CO00M KOJIOCCAIBHEIE
MacChl OKEaHHYECKOH BOIBI, KOTOpasi MOJXKET OOpYIINThCS Ha
1mo0epeXbe M BBI3BATH CTPAIIHBIE HABOIHEHHUS B IPUOPEKHBIX
30HAX, 3aTONHUTH ILIOCKHE OCTpOBAa M Oeper.
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MaremaTndeckass MOIEIh IIOOOOHBIX aHOMAJIUN PE3KO
OTJIMYAE€TCL OT MOIECJIM IIOBEICHMA IIyHaMH, TaK KaK OHa
OIMUCBIBACTCSI KAaHOHHWYCCKUMH BOJIHOBBIMH YPAaBHCHHAMU H HE
COIEPKUT Pa3peIBHLIX (pyHKIMA. CHCTEMYy KOOPIMHAT HYKHO
BBIOpaTh TaKuUM 00pa3oM, uYTOOBI OHa IepeMeIIanach BMECTE
C NEHTPOM TaldyHa — M MBI IIOJIYyYUM 0Opa3 XOPOLIO
U3YYEHHON CTOSIYEH BOJIHBI B IMJIMHIPUYECKUX KOOPIMHATAX,
ONHUCBIBAEMON IpU IIOMOIIM YypaBHEHHUs U (PYHKuUMI becceis.

Bepuemcst kK amanusy mynamu. Cpasy 3a (pOpMEPOBaHUEM
YIApHOM BOJIHBI M IIOJIOrOr0o XOJIMA Ha IIOBEPXHOCTH OKeaHa
CJIEqyeT BTOPOHM (Pa3OBBIA IIEPEXONl, O3HAYAIOIIUN HAYajIo
IBVDKEHHUSI BOJIH IIYHAMU OT HMCTOYHHMKA JIO TeX IIOp, ITOKa 3TH
BOJIHBI HE€ ITIOTacCHYT WJIM HE€ CTOJKHYTBCSI C IIPENSITCTBUEM B
¢opMe OEperoBoii JMHUU WA OCTPOBOB.

O1H [1Ba (PA3OBBIX IIEPEXOla COCTOSIHUS CJICHYIOT IOIPSII
HpaKTI/I‘IeCKI/I OIMH 3a APpYyTHUM. q)OpMI/IpOBaHI/Ie y}]apHoPI BOJIHBI
IIPOUCXOJUT B TAKHE HUYTOKHO MaJIbIe MICHOBEHHUSI I10 CPaBHEHUIO
CO BpPEMEHEM JKU3HHM I[yHAMH, YTO B MaT€MaTHYECKOM MOJEJIU
UMH MOJKHO IIpeHeOpedb.

Ho na mpakTuke HaHHBIA ITPOLIECC COBEPLIAETCS B Tede-
HHE HEKOTOPOrO HEHYJIEBOIO BPEMEHH, M MEXKJy JIByMs OIIH-
CBIBAEMBIMH (PA30BBIMU MEPEXOJAMU PEAIBHO IPOXOIUT MaJIbIi
— HO BCE-TAKU HEHYJIEBOI OTPE30K BPEMEHU.

Nmenno II09TOMY JIBa (paSOBI)IX nepexoaa HYKHO pasae-
JIATh WM HM3y4YaThb OTHEJIBHO, KaK HM3MCEHCHHE JIBYX q)aSOBLIX
COCTOSIHHI cHUCTEMBL VIMEHHO 3TOT aCIIEKT U SIBJISIETCS HAuOoJiee
OTBE€TCTBEHHBIM IIDH CpOpMI/IpOBaHI/II/I MATEMATUYECKON MOJIE/IA
O6LLIeFO IIOBE€ACHUS IIyHaMH B OKE€aHE.

PaccmorpuMm  mozppoGHee, UYTO IIPOMCXOOUT BO  BpeMs
BTOPOI'O (pa30BOI0O IIEPEXOJa, KOrga CPOPMHPOBABLIMECS BOJIHBI
LYHAMHM HAYMHAIOT CBOE [BMJKCHHE B OKEaHE.

Mo>XHO 3aMe€THTB, YTO B MOMEHT (POPMUPOBAHUS yIIAPHOMI
BOJIHBI — BO BpeMsl MEpPBOro (asoBOoro rmepexoma — Qop-
MHUPYETCS. €IUHBIA TIOJIOrHi XOJIM Ha TITOBEPXHOCTH OKeaHa,
KOTOPBIA U (BJIIETCS HOCHUTEJIEM LEJIbHON ITPUIOBEPXHOCTHOM
YIapHOM BOJIHBI I[yHAMM.

I'opusonTajibHasi BEKTOpHas COCTaBJISIIONIAsl €r0 CKOPOCTH
cpasy JKe 3aCTaBJIsieT OBUTaThCSI OOBEKT OTHOBPEMEHHO B ITPOTH-
BOITIOJIOKHBIX HAINPABJICHUSX, UYTO IOYTH MIHOBEHHO BBISBIBACT
€ro (PU3UYECKUN paspbiB (B maHHOU MOIEIA 3ITO TMIPONCXOaUT
CTPOroO MO IIEHTPY). 51
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Crour OTMETHTH, YTO C TOUYKH 3pEHHUS MOIEIMPOBAHUS
yIapHasi BOJIHA BemeT ce0si He TaK, KaK OOBIYHBIC JKHIKOCTH
WA Ta3bl — YZapHY BONHY KaK MaTEeMaTHYECKYI MOZENb
Heo6XOAHMO pacCMaTPHBATL TONBKO B KaueCTBE THIOTE-
THYECKOH YIPYroH INOBEPXHOCTH HJIH TOHKOH MeMOpaHbI.

KunxocTu m rasel B MajlOfl OKPECTHOCTU YJIAPHOM BOJIHEI
BEIyT ce0sl, KAK TOHKHE TBEpIbIC (MM IIOYTHU TBEPIBIEC) U YHPY-
ru€ TeJla, a HE KaK IIPUBBIYHBIE JXUIKOCTH M Trasbl

Ha o00510kKe KHUTU THpuBeleHa ¢ororpadus YyIapHON
BOJIHBI CaMoJIeTa INpU NPEOINOJEHHUN MM CBEPX3BYKOBOIO Oapbe-
pa — MHUHUATIODHBIE O€jlble TYpOYJEHTHOCTH U 3aBUXPEHUS
BO3JIyXa BJOJIb (PPOHTA YIAPHOM BOJIHBI HAIIOMUHAIOT HATIHYTYIO
meMmOpany. Jla m B OTHOIIEHHMH caMoOJ€Ta (PPOHT yIapHOM
BOJIHBI BeleT ceOsi CXOMHO — KaK OYEHb JKECTKasi U yIpyrast
MeMOpaHa, IPENSTCTBYIOMAsI IOJIETY M PE3KO YBEIMYHBAIOIIAST
TpeHue (CONMPOTUBJIIEHNUE) HAa CBEPX3BYKOBBIX CKOPOCTSIX.

Ormeuennble Ha cxeMe «D» cekTopa HOCST OUEHb YCJIOBHBIM
XapakTep — OHM CJIyXKaT I IIOHHMMAHWSI, KAaKHE 3JIEMEHTHI
1 Y4YaCTKH C(EPUUYECKUX BOJIH cxembl «C» yyacTBOBaJd B
(POPMUPOBAaHUM YIAPHOH BOJIHBI M KaK pacCMaTpUBaeMbIE
YYaCTKH TIIOBEIyT ceOs uepe3 Malblil IIPOMEKYTOK BpPEMEHHU
— B MOMEHT BTOPOT0 (pa30BOro IIepexoa.

HamnpasiieHHbIE B IIPOTHBOIIOJIOKHBIE CTOPOHBI BEKTOPA
CKOpOCTEl pa3phIBAIOT IEIBHYIO MOXO0XYI0 Ha MeMOpaHy IOBep-
XHOCTh VIIapHOI BOJIHBI, paslelisisi €€ Ha IPHUBEICHHON CXeMe
«D» Ha 1gBe pPACXOISIIMECsS YaCTHL

Ynapuasi BoJIHA JIOJIKHA MOJEJIMPOBATBCS KaK yIpyras
TOHUAMIIAs JSHepreTudeckass memOpana. llpum ee s0KasBbHOM
pasphiBe U paspyIIeHUH BRICBOOOKIA€TCSI HEKOTOPBII 3aI1ac paHee
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TIOTJIOIIEHHOM 3TOW YIIApHOW BOJIHOM SHEPruv — OISTh TaKH,
CTPOro B COOTBETCTBHMH C 3aKOHOM COXPaHEHUSI IHEPIUH.

Ecoum  paspymaemast 30Ha HEBEJIMKA, IIOTEPH SHEPIUHU
Ipy  JaHHOM IIpolecce OymyT He3HaudurTeldbHBIMH. Eciu
IUIONIQ/Ib YIAPHOM BOJIHBI OY€Hb OOJIbIIAs, TO HE3HAUYHTEIIHLHOE
€€ paspylieHu€ B JIOKQJIbHOM OKPECTHOCTH Kade€CTBEHHO HeE
OoCcIabHUT HEPIrui0 W BOJHBI IIyHAMHU, PacCXOISIIUecsl B IPOTH-
BOIIOJIOKHBIX JIPYr OT JIpyra HaIlpaBJICHMSIX.

Ecnu xe okpecTHOCTH paspeiBa OymeT OIM3Ka K IUIOIIAIN
CPOPMUPOBABIIENCS YIAPHOM BOJIHBI, yIapHas BOJIHA OKaXeTcs
paspylléeHa — M ILyHaMH HPEKPaTUT CYIIECTBOBAHUE.

Ha nmpuseneHHOM cxeMe Ha paspblB M pasjIC/IECHHE Pacxo-
ISIIAXCS B pasHBIE CTOPOHBI BOJH IIyHaMH OBIJIO 3aTpayeHo
nopsinka 5% IUIMHBL YIAPHOM BOJIHBL

BricBOOOXI€HHAs BO BpeMsl paspelBa M BTOPOIo (paso-
BOro Ii€pexolia 3SHEprusda 6y£[eT HaIlpaBJIEHa Ha IpUIaHUE
BO3MYILIEHMSI TIOBEPXHOCTA OK€aHAa — TO €CTh Ha KJIaCCHYECKUe
XOpOWIO M3YYECHHBIE U OIMCAHHBIC BOJHOBBIC ITPOIIECCHI B
IUIMHIPUYECKUX ~ KOOpOuHATaX. BomHel, Hecymme B cebe
3aHOBO OCBOOOJKIEHHYIO SHEPIHIO, OyIyT PacXOIUTLCSI B PasHbLIE
CTOPOHBI, JBUTATBhCSI MEIUICHHO M HE3aBHCHUMO OT IIEPBBIX IBYX
BOJIH, HECYHIUX OCHOBHOM 3apsiji SHEPruu I[yHAMH.

Ecnu Geper, Ha KOTOpBII HaKaTHIBAE€T BOJHA IIyHAMHU,
HE CIMIIKOM VIajeH OT SIMIEHTPa, OCTABIIMECS B JKUBBIX
OUEBHIIIBl YEpe3 HEKOTOpOe BpeMsl IIOCJIe IPHXOIa ITyHaMM
cMoryT Habmonate Oomee cimabyo Tperbio BonHy. OmnHa
IIpuaeT Kak 6yI[TO HE3aBHUCHMO OT IEPBBLIX ABYX, C 3aMETHbIM
3amasjblBAHUEM — IIOCJIe yJAapa OCHOBHBIX BOJIH.

Ecim Ke snUIIEHTp IyHaMH JIOCTaTOYHO yIaJieH oT Oepera
WJIA TIPUKPHIT IPYTUMU OOBEKTaMH, OUEBUJIIIBI MOTYT HE 3aMETUTh
yracumeyn ¢ pacCTOssHUeM WM [POCTO HE [Ioleuen 10 HUX
TPEThE! — 3aKJIOYUTEIbHON BOJIHBI I[yHaMMU.

BCHCHCTBI/IC BTOPOTO cpasoBoro nepexoia 1nepBasg M
BTOpasi BOJIHA NIIyHaMM HAQUUHAIOT HEOTBpATHUMOE [IBUXEHUE
BIOJIb IIOBEPXHOCTHU OK€aHa, IIOKa HUX ISHEPrusa HeE 6yz[eT pacce-
sAHa B OK€aHE€ HW/IM IIOKa HE 6yI[€T H3pacxogoBaHa Ha Tpe-
HHE — TO €CThb Ha paspylmcHue 00OBEKTOB Cymu M JHa.

IlockonbKy ynapHasi SHEPrus BOJIH IyHAMU COCPEIOTOUYEHA
B IIPUIIOBEPXHOCTHOM CJIO€, B OTKPBITOM OKEaHE IIYHAMHM HeE
TIPEJICTABJISIET ONACHOCTH [JIsl HAIBOIHBIX KOpaOIert.
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ITosromy y Kopabei 1 JIOHOK €CTh BO3MOJKHOCTD CITACTHCh
BO BpeMs I[yHAMM, €CJM OHM YCIEIOT YWTH Ha Oe3omacHoe
paccrosiiue B OTKPBITOE MOpe OT Oepera u pudOB.

BosmHBI mOyHaMM B OTKPBITOM OKE€aHe IPEICTaBJISAIOT
co0Oi1 OYEHb TIOJIOTHE XOJIMBI, KOTOpBIE PaCIpPOCTPAHSIOTCS
¢ BbICOKOI ckopoctbio. Cyna wuvame BCEro HE 3aMeyaloT
IIpOXOH MOjx HUMH HyHamu. llpakrhueckue HaOONEHMS ITOKa
XOpOILO COrJIACYIOTCS C IIPUBEICHHOM B TaHHOM Haparpade
MAaTEMATHYECKON MOJIEJIBIO.

CoBepmieHHO ¢WHaue BOJHBI I[yHAMH BeOyT cebsi B
OTHOLIEHUHU IIOJABOJHBIX JIOJAOK B OKE€aHe, IS KOTOPBIX OHU
MOTYT TIPEICTaBJISTh 3HAYUTENIBHYIO onacHoCcTh. Haubonee onru-
MaJIbHBIM BaPUAHTOM CHACEHHMsSI OT IyHAMHM B OTKPBITOM OKE€aHe
JOJIKHO OBITh HEMEIJIEHHOE BCIUIBITUE TIOIBOIHOM JIONKUA Ha
IIOBEPXHOCTh, II€ €l HU4Yero He Oyner yrpoxarts. llomsomnas
JIOIKA MOJKET TIOIBITAThCS JIEYb Ha [HO, B HEOOJIBIIYIO BITAIMHY
I yrIyOJieHne, HaJl KOTOPhIM HUYEro He HABHCAeT — B paiioHe
IHa 9SHEpPrusl IBMJKEHMSI IIOIBOIHBIX BOJH MUHUMAJIbHA.

Ha He3sHauuTEILHOM YyIAJEHHM OT 3SMNHMUEHTPA ISHEpIrus
IIepPBOJi BOJIHEI pacIperesieHa 6o1ee paBHOMEPHO B OKEAHMIECKO
TOJIIIE, TI09TOMY OHA IIPEICTABISECT 3HAUYUTENIbHYIO yIpO3y B
TOM 4YHCJI€ M JUIS TTOIBONHBIX JIONOK, M IUIS IPYIHX OOBEKTOB,
PACHOJIOKEHHBIX IO TOJIUENH BOIBL

IlepBasi u BTOpasi BOJHA IlyHAMU HEIAJICKO OT SMHUIIECHTpA
MOTYT JIBUTAThCS HE3aBHCUMO [Ipyr OT Jpyra M HE YCIETb
oOpa3oBaTh IAPHYIO CHCTEMY-TaHIEM, TaK KakK €Ile He IPOoH-
30IIIO  TIepepacHpeleieHue U KOHIEHTpallUsl 9HEpPIuu B
MPUIIOBEPXHOCTHOM CJIOE€ OKEaHa.

be3yciI0BHO, BOJIHBI IIyHAMH BO3JI€ SIHIIEHTpPa IIPEeICTaB-
JISIOT 3HAYMTEJILHYIO OIacHOCTh. Mymas nepBoil KjlacCHyecKas,
HO O4Ye€Hb OoJibllIasi BOJIHA CIOCOOHA JIETKO II€PEKATBIBATHCS
yepe3 IUIOCKHE OCTPOBAa K PH(PHL, CMBIBAsi BCE, UYTO HAIEKHO
HE 3aKpeIUICHO, M IIPOJIOJUKHUTH IBIIJKEHHUE BIIEPelL

Ho wmnymass ciegoM 3a Hell B HE3aBUCHMOM PEXHME
BTOpasi yIapHasi BOJIHA He ToTepsiia cBoio sHepruio. OHa Oyrer,
KaK OCTpPBIM HOJKOM, Cpe3aTb HEBBICOKHE AaTOJIIBl U OCTpOBa,
cTOsIIE Ha €€ IyTH, BMECTe CO BCEMH KasaJoch Obl IpOY-
HBIMH ¥ HE3BIOJIEMBIMHI [IE€PEBBSIMH M TIOCTPOMKAMIU.

(DakTuuecKy, BTOpasi ylapHas BOJIHA B HE3aBUCHMOM pe-
JKUME TIPEICTaBIISIeT COOOM TOPU30HTAJBHBIN CJIETKAa BBITYKJIBINA
BBEPX 3HEPreTUUYCCKUU HOXK, MOKAa3aHHBII Ha CXeMme «D».
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Ee >xeprBel oOYe€Hb XapaKTEPHbI — CpPE3aHHBIE IIOJ
KOpPEHb [€pEBbS M JIOMA, JIOAM, OYATO IIONABIIME ITOJ KOBII
9KCKaBaTOpa, M3MEHEHHBI peabep NPHOPEKHOM  IIOJIOCHI
CPE3aHHBIE Yy IOBEPXHOCTH KOPAJLIOBBIE PUMBI, HCUE3HYBIIUE
(pparMeHTBl OEperoBoil IIOJIOCH], KaK OyITO BBEIpE3aHHBIE M3
KapThl HOXHHIIAMH 3JIOTO peOEHKa M T. I. OYE€Hb XapaKTepHbIE
CTpaIlIHBIE PasPYLICHUS BJIOJIb I10DEPEXKbSL

Eciiu yeyioBek crajl CBUIETE]IEM TAKOro I[yHAMH, HAXOJSCh
Ha II0OEpEXbE, Y HEro IPaKTHYECKH HET IIAHCOB OCTaThCS B
xuBbIX. boslee Toro — ckopee Bcero OynyT paspylIeHb HMMEIO-
mpecs: MpU HEM NpuOopsl BUIEO- U (poTOoCheMKU. Ilosromy
gororpauu TaKUX CTPALIHBIX KaTaKJIHM3MOB OBUIA CIHEJIAHBI
aubo ¢ camojieTa, JUO0 M3 KOCMOCA, a PENOpPTaXH OUYEBUIIIECB
NpUXoaa IyHaAMHU Y SIUIICHTPA (PAKTUYECKH OTCYTCTBYIOT.

Jlaxe B Haml IPOCBEIICHHBIA BEK MHQPOpPMALUS O
ITOIOOHOIO poIa CBEPXPAa3PYLIMTEILHBIX IIyHAMU IIOCTYIIa€T B
CpeICcTBa MaCCOBOM HMH(OpPMAIUU C OOJILIINM OIO3JaHHUEM.

Ha ¢goro — 23 monst 2004 roma u 28 nexadbpsa 2004 rona.
Ilocrpamasmmit or myHamu 26 nekabps 2004 r. ygacTtok mobepe-
XKbs nposuHiuy banma-Auex, o. Cymarpa, Mujponesus.

IlocTpamasumin ot myHamu 26 nexadpst 2004 roga yvacTok
nobepexpst nposuHnmu banma-Adex, o. Cymarpa, MuHmonesus
(cHUMOK co cHyTHMKa). BumHO, 4Yro mHampasileHHast BOJIHA
HyHaMu Oyaro OBl HOKOM Cpesajla JacCTh HPHOPEXKHOM ITOJIOCHI
M TOYTU BCE [EPEBbs, a TAKXKE JKUJIBIE M HHBIE ITOCTPOMKH.
Yacte 1mobepexbsi OKasalach IOITOILIEHHOM.

ONUIIEHTP MOIIHEUIIETO 3€MJIETPSICEHUsI HaXOIMIICS BCETO
B HECKOJIBKUX KHIJIOMETpaxX K cesepy or ocrpoBa Cumenys,
JIeKaIero y samnajaHoro nodepexnss 0. CymMaTpsl B pacroarajics
Ha riyouHe 20 KHUIIOMETPOB.

B nepBble JKe MHHYTHI Pa3jIOM B 3€MHO¥ KOpE paclpocrpa-
Huwicsa Ha 1200 KuIoMeTpoB B CEBEPHOM HAIIPaBJICHHU BIOJIb
3oHicKOro rpabeHa M uyepes CeMb MHUHYT IOCTUI AHIAMaHCKHX
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OCTpPOBOB. B HEKOTOpPBIX MecTax pasIOMUBIINECS YYACTKH KOPBI
CIABUHYJIMCh JIDYI OTHOCHUTEJIBHO JIpyra Ha nesusix 20 merpos. 1o
IIOJICYETAM YUEHBIX, SHEPIHsl 3TOIO 3E€MIIETPSICEHUS PaBHSJIAChH
CYMMapHOH SHEPIMM BCEX 3€MJIETPSICEHME, IPOMCXOIMBIINX Ha
Hamenn IuiaHere B 1976-1990 romax XX Beka.

Onzako Korma BOJIHBI IIyHAMM HEKOTOPOE BpeMsl CBOOOIHO
PacIpoCTPaHSIIOTCSL BIOJIb IOBEPXHOCTU OKEaHa, OHU IIpeTeprie-
BAIOT TPETUH (PA30BBIN IEPEXO]l — IPOLECC COEIUMHEHUS IBYX
BOJIH B €IUHYIO SHEPrOOOMEHHYIO CHCTEMY-TaHIEM — II€pPBOM
KJIACCUYECKOM M BTOPOH yaapHon BOJHBL K 3romy momeHTy
BOJIHBI LIyHAMH TEPSIOT 4YacTh CBOEH PaspylIUTEJIbHON CHIIbI U
CTAHOBSITCS HECKOJIbKO MEHEE ONACHBIMU.

Eciu ©bl BOJHBI IIyHAMM pacCHpOCTPAHSIIUCh B YCIIOBUSX
HIeaIbHOM JKUIKOCTH 0€3 TPEHUS], KaK JIIOOSIT MPENCTaBIISITh 9TOT
rporecc (PU3NKH, IBE BOIHBI (KJIaccuueckas Iiepsasi ¥ yIap-
Hasi BTOpasl) HUKOTJa He IITu Obl B Ilape OOHA 3a IPYTOM.

Ho B peanbHBIX IPUPOOHBLIX YCIOBUSX CILJIOIIHOM CPEIbI
CYIIECTBYET IIOHSATHE TPEHUS M PACCEHBAHUSA SHEPIUH, KOTOpBIE
3aMEUIAIOT OBHMJXKEHHE IIEPBOM BOJIHBI M BbISBIBAIOT IIOTEPpH €€
BHyTpeHHen sHepruu. 1losromy depes mekoTopoe Bpemsi Bropast
yoapHasi BOJIHA JIOTOHMT KJIACCUYECKYIO IEPBYIO BOJHY, M OHH
MIPOIOJKAT JIBUKEHHE COBMECTHO.

JBuXeHne TaKuX BOJIH ONMCHIBAECTCS COBEPIIEHHO MHOM
MAaTEMATHYECKOM MOJEbIO, HEXKEIM MOJE]Ib MOMEHTa (POpMU-
pOBaHUS yIApHOH BOJIHBL M €€ JIBMJKEHUE Y SIHIEHTpA.

Ilpy npubmKeHu: IyHaMd STOrO THIA Yy JHONEH Ha
Oepery mHosBIIgeTCs IIAHC CHACTUCh. Takue IyHaMH yalie BCEro
PErUCTPUPYIOT Ha POTO M BHUIEO OUYEBUIULI — (POTOrpacpuu
NpUBEIEHL B IIEPBOM Maparpage TIjIaBbL

PaccmorpuM, Kak JIBHXKYTCS U IIEPEPACIIPENEIISIOT SHEPIUIO
OCHOBHBIC pPaspyLIMTEIbLHLIC BOJHBI IIyHAMHU — II€pBasi KJIACCH-
yeckasi M Clenylouiasi 3a HEH BTopasl yjJapHasi BOJIHA.

Ileppasi Kjaccuyeckass BOJHA I[yHAMH TOPMO3SHUTCSI B
OKeaHE C IOTEPEH SHEPruU 3a CYET TPEHHUs B CILIOIIHOM Cpeje
(Bone oxeana). Ee maromser orcraBmias Ha HEKOTOPOE BpeMs
BTOpasi yIapHasli BOJIHA, KOTOpasi HE MOJKET JBUIaThCsl ObIC-
Tpee MEPBOWM, U OHM HAYMHAIOT COBMECTHOE JIBMJKEHHE BIIEpen
C OPaKTUYECKH OJIMHAKOBOI CKOPOCTBIO.

Kak anomaibHBII O6’I)eKT, HAIIOMHUHAIOIU I YIPYyTy1o sHEp-
reTU4ICCKYIO MeM6paHy, yAapHasi BOJIHA HE€ MOJXET IIOIVIOTUTH
NEPBYIO BOJIHY HMJIM CJIOKHUTBCA C HEIO II0 IIPHUBBIYHBIM BOJIHO-
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BBIM 3aKOHaM. BMecTo 9T0ro ynapHasi BOJIHA JOJIKHA ITOCTOSIHHO
MOJJIEPXUBATh IEPBYIO BOJIHY, IIOINMUTHIBATE €€ U IEpejaBaTh
€l IIOPUMIO CBOEH 3HEPIrUM IPU TOPMOXEHUM.

JaHHBIA TpoLIECC HOCUT IHUCKPETHbIA Xapakrep. Kak
TOJIBKO IIepBasi BOJIHA IIPUTOPMA’KHBAET, BTOpask — yuapHas
BOJIHA — TIepelaeT e HeOONBIIyIo IOPHHIO (CBOCOOPAa3HBIN
KBaHT) SHEPIHMHM M CJIETKA YCKOpSIET II€PBYIO.

Krnaccuueckast mepBasi BOJIHA IIPUHUMAET 3SHEPrUio IIO
BOJIHOBBIM 3aKOHaM. B To JXxe Bpemst yoapHasi BTopasi BOJIHa OTIAET
9HEPIHIO HCKIIOUUTEIHLHO ITUCKPETHBIMH IIOPHMSIMA — CKady-
KamMy (HarmomoOme OTPHIBAIONIMXCSI OT THOKOW MeMOpaHBbI
KYCOUYKOB), TaK Kak €€ IlejieBasi (PYHKIMSI He SIBIISICTCS TJIaJIKUM
U HEIpPEepbIBHBIM MaTeMaTU4YECKUM OOBEKTOM. YIapHasi BOJI-
Ha — paspblBHAasg (PYHKIUSI CKaykKa SHEPIrUm.

XapaxkTepHele KoneOaHHSI Y IIOBEPXHOCTU OKe€aHa Ileper
IIPOXOI0M oyHaMH peFI/ICTpI/IpyIOT y‘leHLIe-OKeaHOIIOFI/I B 30HaAX
OomacHOCTH IyHamMHu. BosOyXmaeMmble 3STHM ITPOILIECCOM  BOJIHBI
PacCIIpoCTPaHSIIOTCSl B IPUIIOBEPXHOCTHOM CJIOE OKeaHa ObIcTpee,
yeM HIyT CaMHU BOJIHBI IIyHAMU Ha IO3BYKOBBIX CKOPOCTSX.

Ecim BoJIHaM LyHaMu HPEIOCTABUTH BO3MOXHOCTbL JIBU-
raTeCd OECHpPENSITCTBEHHO, MOXHO HaOmMo#aTh  ClIEedylomee
SIBJICHUE. DHEPrusi riyOOKUX BOJIH, PACIPOCTPAHSIONINXCS Kak
COCTaBHasl 4aCTh II€PBOM BOJIHBI B CPEJIE€ B TOJIIIE BOJbI OKEaHA,
Oymer HOCTAaTOYHO OBICTPO TracHYTh, HE IIOJydasi SHEpreTudec-
KON NOAIUTKH OT HIyLIEH CJIeJOM BTOPOM ITPUIIOBEPXHOCTHON
YJIapHON BOJIHBL

ODHepPreTuyeckyio IMOMIUTKY IIOJIy4YaloT TOJIBKO IIOBEpPX-
HOCTHBIE CJIOM, MPHYEM 3SHEPrusi IEepBOIl M BTOPON BOJIHBI
IIOCTOSTHHO CTPEMHUTCS K B3aMMHOMY BBIpaBHHBaHMIO. Eciau
rmepBasi BOJIHA TIOJYYHUT WU3OBITOK SHEPrUd — OHA YBEJIMIUT
ckopocts U yiuer Brepen Ilocie uwero mo Mepe mnorepu
9HEPIru 1 TOPMOJKEHHSI €€ OIATbH HAarOHUT BTOpas BOJIHA U IIE-
penacT e CIEIyoIyio IOPIMIO CBOEH SHEPruu.

IIo MEpE TIPOABHIXEHMNSA XOJIMbI BOJIH 6yHyT OIyCKaThbCsA
1 yKOpauuBaTbCS. Kaxk Ttojibko o6ma;1 JHEpPrusi CUCTEMBI YIIaa€T
HHJKE KPUTHYECKOIO ITOKasaTeJis, obe BOJHBI B TEUeHUE KOpOT-
KOro oOTpe3ska BpPEMECHH paspymarcsi, MX OCTaTOYHasi 3SHEPrus
paccecTCs 'y IIOBEPXHOCTH OKEaHa B cpopMe HEOOJIBIIIX IIOBEPX-
HOCTHBIX BOJIH. HaCTyHI/IT IIOCJIETHUI q)a?;OBI)II;I nepexona — pas-
pymI€Hue€ CHUCTEMblI BOJIH IIYHAMH KaK TaKOBBIX.

It BBIBO/IbI OYE€Hb XOPOMIO COIJIaCYIOTCA C IIPAKTHYCCKHUMM

Ha6IIIOJ1€HI/I$IMI/I — HOYHaAMH HMEET pAasHOE€ ITOBEICHHNE HEIIOCPEI-
CTBEHHO B paﬁOHe n Ha yJaJICHUW OT ISIIHUICHTpPA. 57



Paccmorpum 1nozipobHee, UTO MPOUCXOIMT IIOCHIE TPETHETO
¢pasoBoro mepexona (ecad OH (PUSHYECKH TIPOHU3OIIEI), IpU
KOTOpOM oODOpasyercsi cBoeoOpasHasi CHCTEMA-TaHJIEeM, COCTOSILASK
13 IBYX BOJH, M CpaBHHM, KakK 3TH BOJIHBI IIyHAaMU BOS3JIEH-
CTBYIOT Ha HpPHOpPEXHYIO IIOJIOCY.

X ornmumss OT BOJH IyHAaMH, IBHKYIIMXCS HE3aBHUCHMO
BOJIN3U SIMIIEHTPA, PasHUTENIbHBIE. BOo-IepBhIX, MPaKTUYECKH BCSI
9HEPrusl TaHIEMa JIBYX BOJH OBICTPO COCPEIOTAYHBACTCSI B
MPUIIOBEPXHOCTHOM CJIOE. DHEPIrus BTOPOH YIAPHOW BOJIHBI
YMEHBIIAETCS 32 CUYET IMOCTOSIHHOW ITOJITUTKU HIYIIEH BIEpeIu
IIEPBOX BOJIHBIL

Bo-BropbIx, Tpox0X OCIAOJIEHHBIX I[yHAMH OTJINYAETCS
Bu3yajpHO. OueBHIIBI Ha II0OEpEKbe HAOIONAIOT IIBE BOJIHBI
— IMOJIOrHe, CTPEMHUTEJIBHO HApPACTAIOIIKE K IOIHUMAIONIECSL
IlepBasi moMeHsblIe, 1 CIIEIyIOLIasl CJIEIOM 3a HEil BTopasi BOJIHA
ro6ospIIe. ITO XOPOLIO BUIHO HA BHIEOMATEpHajlaX OYEBUILIEB
%1 CnenyeT N3 UX MHOI'OUYHMCJICHHBIX CJIOBECHBIX OIIMCAHWI.

B momeHnT mouxoia myHamMu K Oepery y JIOHed IIOSIBIIS-
€ICsI IIAHC CIACTHCh, B30OPABINKMCH HA BBICOKHE KaITUTAJIBHBIC
MOCTPOVIKM MM yOekaB KaK MOJKHO Hajbllle OT Oepera.

IlepBast BOJIHA MEHEE CTpaIllHA, OHA CUJIBHO HAaKaTBIBAET
Ha Oeper m ortcrymnaer. llepsas BomHa (PU3HYECKH M C TOYKH
3pEeHUs] MaTEMATUYECKOM MOIEIM HAaIlOMUHAET OYE€HbL CHJIBHYIO
IMITOPMOBYIO BOJIHY, UeM BBOONAT B 3a0/IyKIEHWE U Ie30pUEH-
THPYEeT HAXOISIIUXCS Ha Oepery JIoIert.

Ho 3a meit cienyer Bropag — ynapHas BonHa. OHa mocTa-
TOYHO CITOKOMHO, OBICTPO M TIJIaJIKO HaKaThIBa€T Ha Oeper u
3aTeM HPOIBUTAETCS BHYTPh C HEOTBPATHMOCTBHIO IIOTOKA H3BEP-
rajoniercs jasepl. VIMEHHO OHa JIOMAeT JOMa M MAaIIUHBI, KaJIEUUT
1 yOuBaer TexX, KTO He ycmesl BoBpeMms yoOexarb. imenHo ee
MPAaKTUUYECKU HEBO3MOKHO OCTAHOBUTb.

B paspese ymapHast BOJIHA HAIIOMUHAET CJIETKA BBIITYK-
JIBIA TIOJIOTUI HOJ, KOTOPBIA BBIIABUIAETCS M3 OKEaHa BHYTpPb
oOGepeXbsi U IIBITAETCS Cpes3aTh BCE, YTO HAXOIUTCS Ha €ro
myrd. MHOrue CBEPXMOIIHBLIE INTOPMOBBIE BOJIHBI IO BBICOTE
MPEBBINAIOT YIAPHBIE BOJIHBI I[yHAMW, HO IIO0 3SHEPrUM OHU
HECOTIOCTaBUMO cjlabee. ITO XOPOIIO COrjacyercsi ¢ oTo-,
BUJICO3AIIUCSIMUA U PACCKa3saMu OYEBUIILIEB.

Ecnu Geper KpyToii MM Ha HEM €CTh BBICOKHE ITOCTPOI-
KM — O3HEPrusi BTOPOW BOJHBI €MI€ W B3METHETCS BBEPX,
B3IbIMAasICh M II€HSICh, KaK MOIIHbBIE IITOPMOBBIC BOJIHBL
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B mepayio ouepens, IiyHaMu ObeT U PaspyllaeT OCHOBAHUSI
" IIOJHOXHUSA HpI/I6p€)KHLIX CTpOeHI/Iﬁ, IIPUHUMAIOIMUX Ha cebs
BCIO €€ paspylIUTEIbHYIO SHEPIuio. YJap TakKoro IIyHaMH
BBIIEPKHMBAIOT KAIlUTAJIbHBIE CTPOEHUS HA (PYHIAMEHTE BBICOTOM
HE MEHee [BYX-TPEX ITaKeil

B npunnumne, co 3HaAUUTEILHLIM 3alas3IbIBAHUEM IIOCIIE
TOro, KaK IIyHAMU CXJIBIHET, U3 OK€aHA MOXKET [OWTH TPEThs
BOJIHA, TOPas3/I0 MEHEE MOIIIHAsI, KOTopas 00pa3oBajlach BCJIEICTBHE
paspbiBa IIOBEPXHOCTH YIAPHOM BOJHBI IIPH BTOPOM (PA30BOM
rmepexoge — 3T0 TaKXKe 4YacTo ormevaior odeuausl Ho ee B
CyMaTOXe MOIyT yXX€ U HE 3aMETUTh.

B TEOpHUN OBLIIO IIPpUHSTO BBIACJISITH (paSOBbIFI nepexon
COCTOSIHUSI IIyHaMM ITpH IIPOXOA€ ITIO ITOJIOrOMYy I.HeIIbpr — HO
9Ta IIOCTaHOBKa BOIIpOCa HE COBCEM KOPPEKTHA.

CucreMa MOXET HM3MEHSTH CBOIO T'€OMETPHIO M CKOPOCTb
IBYDKEHHUSI 110 IIEJIb(PY, HO IPOJIOJIKAECT OMNUCHIBATHCS IIPU
TIIOMOIIM HEU3MEHHOU MaTeMaTH4Ye€CKON MOJIeJId, PYHKIIMH COCTO-
SIHUS KOTOPOHM HEIIPEPBIBHBI U HE IIPpETEPHEBAIOT cKauek. B To
Ke BpeMsi TpPETHH (PA3OBBIA IEPEXOI MOKET IPOU3OHUTH KaK B
MOMEHT IBMJKCHHUSI II[yHAMU IO OKCAHWYECKOMY MICTIb(Y, Tak H
B OTKDBHITOM OKE€aHE (IIOCTIETHEE PETUCTPUPYETCSl PEkKe).

CKOpOCTh IBUKEHHSI BOJIH IIyHAMH TI0 MEPE YMEHBIICHHSI
IIyOMHBI TIAJAa€T, a BHICOTA BOJIH COOTBETCTBEHHO pacteT. Bce
U3MEHEHUSI IIPOUCXOIST INUIABHO U IOCTENEHHO, TaK KaK OCHOB-
Hag 9HEprus ILyHaMU IIOCJIE TPETBETO (PAa30BOro IIepexola
COCpEIOTOYEHA B MAaJjIOM IIPUIIOBEPXHOCTHOM CJIOE.

Jaxe mpH KOHTakTe € IOJOruM OeperoM ynapHasi BOJIHA
IlyHAMHA TIPOJIOJIKAET HENpEPHIBHOE JIBIKEHUE U  IIJIaBHOE
HaCTyIJIeHHe Ha Oeper Tak, Kak Oyaro Oepera rojg Heil He Cy-
mecrsyer. Ecin Geper mosioruii, yiapHasi BOJIHA IYHAMH MOJKET
MPOIBUHYTLCS OYEHBb IAJIEKO BIJIYOb CYIIML

IlocierHM  (pa3’oBBIM HEPEXOIOM B MOIEJIH IyHaMH
SBJISIETCSI TIOJIHASI IIOTEPSl SHEPruy yIapHOW BOJIHBI M MOMEHT
€ee OTCTYIUIEHHS B MOpe, riue Obl OH He HpPOHCXOIWI — ¥
KPYTOIO CKaJbHOI'O OOpbIBA Hall OK€AHOM HUIM JJAJIEKO OT JIMHUHU
npubosi Ha IIOJIOrOM Oepery BHYTPU IIOOEPEXbsl M CYIIML

Takum o00pa3oM, MBI OIHCAIN BCE (PA30BBIE IIE€PEXOIH,
KOTOpBIE MpETEPIEBAET I[yHAaMM C MOMEHTA Haualla CBOErO
(POPMHMPOBAaHHUS JIO IIOJIHOM MOTEPU 3SHEPIUM YIAPHOU BOJIHBI,
KOTOpasd SBJISETCSI OCHOBHBIM Pa3pyILIMTEILHBIM — 3JIEMEHTOM
CHUCTEMBI BOJIH IIYHAMH B IIEJIOM. 59



Muorux wuHTEpecyer mpodjaemMa -— BO3MOXKHO JIM Ha
KaKOM-TO 3Tall€e IIOraCuThb BOJIHY IIyHaMH, 4YTOOBI HE naTb €un
pacIpoCTPaHUTBCSI BIOJb TIOBEPXHOCTHM OKE€aHa MU PaspylIATh
rnodepexnse. BepHeMcs K TIOCTPOCHHOM HaMM OOIIEH MaTeMa-
TUYECKOH MOJEIN ITyHAML

BojHOBBIE TPOIIECCH TOTUMHSIOTCS CTPOTMM M XOPOLIO
HU3YYEHHBIM 3aKOHOMEPHOCTSIM. BOJIHBI ~SBIISIIOTCS OJHUM U3
CII0co00OB mepenavyd 3SHEpruy Ha paccTosiHus. lVssecTtHo, dTO
BCTPETUBIIMECS B IPOTUBO(A3E BOJIHBI OJIMHAKOBOM YaCTOTHI U
aMIUIMTYIbl B3aMMHO IIOJIHOCTBIO racarcd. Hampasiennbie apyr
HaBCTpEUy JPYTY BOJHBI MOT'YT B3aMMHO OCJIaOWUTh M TIOTEPSITH
TAaKUM 00pa3soOM 4YacThb CBOEH SHEPIHUM.

IToka 4TO YMCTO TEOPETHUUYECKH CYIIECTBYET BO3MOKHOCTH
HapaBUTh OT IIOBEPXHOCTH OKE€aHa HEIOCPEICTBEHHO Hall
SMMIICHTPOM IIYHAMH BCTPEYHBIM TIIOTOK BOJIH U 3HEPrum,
COMOCTaBUMBIM II0 MOIIHOCTH C TOHW YaCThIO CEPEPUUCCKUX
BOJIH 3MMIEHTPA IIyHaMH, KOTOPBIII (QPOPMHUPYET YIAPHYIO
BOJIHY. IICTOYHMK rameHus JOJUKEH pacIioylararbCs —HIKe
IIOBEPXHOCTH OK€aHa M pacIpOCTPaHSATh CBOM KOJI€OaHUS B BOIE.
Ero maubonee spdekTuBHOE MoyokeHue Ha cxeme «C» — Ha
BeprukabHOM ocu Oy CTporo Haj SIMIEHTPOM IIyHAMU.

Taxum 00pa3oM, BOJHBI OT IBYX HCTOYHHUKOB BCTPETSITCS
B TOJIIIE OKEAHMYECKUX BOI M moracsit Apyr jpyra. Cgpepuuec-
K€ BOJIHBI SIMMUEHTPA NyHAMM B KPUTHYECKOM CEKTOPE,
KOTOPBIII OKpallleH TEeMHBIM IIBETOM, OyIyT pas3pyLI€HBI, OHHU
HE CMOIYT JIOCTUYb ITOBEPXHOCTH OKe€aHa U CPOPMHPOBATH
HNPUIIOBEPXHOCTHYIO YIAPHYIO BOJIHY I[yHAMH.

Ha IIpaKTHUKE 3aJava CETOOHSA SIBJISAETCS HEBBITIOJTHUMO.
Bo—nemex, HEBO3MOJXHO IIp€ICKa3aTb TOYHOE MECTO PpacIio-
JIOKEHHUSI W MOIITHOCTDb 6yz[y1_uero SMUIICHTPpAa IIyHaMM.

Bo-BTOpBIX, I9NUIIEHTP IYHAMH W MCTOYHHUK TIalll€HUs
BOJIH JIOJUKHBI CpaboTaTh INPaKTHYECKU OIHOBPEMEHHO MM C
HUYTOKHO MaJIBIM 3aIiasibiBaHueM. Takoe MOKHO BOCIIDOU3BECTH
B 71aOOpaTOpHBIX YCJIOBHUSX, HO HE Ha ITOBEPXHOCTH 3€MIIHL

B-rperpux, MOIIHOCTH BCTPEUHOIO 3apsiia IIOJIKHA OBITh
OueHb BEJIMKA — B PaCcCMOTPEHHOM mHpumepe Ha cxeme «C»
ona cocrassier mopsinka 30% 3Hepruw, BBIOPOIICHHON 3IIH-
LIEHTPOM IIyHAMH B TOJIIIYy OKEaHWYECKUX BOIL

Ho ectps Hagexma, 4ro cpOpMyIMpOBaHHAS MaTeMaTHYEeCKasT
MOIeJIb TTOMOJKET OOpOThCS C IIyHaMU B OyIyIIem.
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IIpuBomuM HArJISIHYIO CXe-
MYy OIIMCBIBAEMOIO IIPOLIECCA.

Bosuukinmme B TOJIIIE BOX
OK€aHa BOJIHBL, PACXOISIIIAECS
OT SIMIEHTpa IIYHaMH, HYXHO
paspyluuTh MU IIOTacHTh €IHIe IO
TOr0O MOMEHTA, IIOKa OHH He
IOCTUITIA TIOBEPXHOCTA OKeaHa

U HE IIpor3omIe]T (pa3OBbIA Iepe-
XOJI, KOTOPBIA MIHOBEHHO (POPMM-
PYET YIApHYIO BOJIHY HIyHaMHU.

ITociie  popmupoBaHus  YHApHOH  BOJIHBI ~ HAYMHAIOT
JEMCTBOBATL KOHILIEIITYaJIbHO 3aKOHBI MATEMATHYECKOM (PU3UKH,
HE IIOQIAIOINMECS OIMCAHUIO TOJIBKO KJIACCUYECKUX BOJIHOBBLIX
U KojedaTeIbHBIX IPOLIECCOB.

NCTOYHUK
konebaHmmn

BosHuKaeT €CTECTBEHHBINI BOIIPOC: a YTO OyIer, eciH
HaBCTPEYy OIHOW IIPUIIOBEPXHOCTHOM yIApHOI BOJHE (B
YaCTHOCTH, IIYHAaMH), KOTOpasi C(pOpMHUpPOBAjIach M JBHJKETCS
BIOJIb TIOBEPXHOCTH OK€aHa, HAIpaBUTh BIOPYIO IIOXOXKYIO
yoapHyio BoJIHY? UTO IIpoM3OiIeT B MOMEHT HX BCTpEYd?

Ha mnepspnit B3risig Ka’keTCsl, UTO CHTyalldsl aOcypaHas
Y B IpuUpole NpakTUdeckH He Bcrpevaercs. Ho aro He Tak.
JlaBarite pasbepemcst mompoOHee.

IloMmumo 1yHaMuM, KOTOpBIE MPOSIBISIIOT ceOsi Kak pas-
pPYWIUTEIbHBIE  II00adbHBIE  KATaKIM3MBI, II0 3TOMY XK€
MNPUHLMUITY Yy IOBEPXHOCTH OKE€aHa (POPMUPYIOTCH JIOKAJIbHBIE
MUHH-IyHAMUA. ITO yIApHBIE BOJIHBI, C(POPMUPOBAHHBIC BCJIEI-
CTBUE B3pBIBOB M H3BEP)KEHUI IIOI3E€MHBIX BYJIKaHOB, cjlabom
CEMICMUYECKOM aKTHMBHOCTH W TIOMIBMJKEK Ha [HE OKeaHa,
KPYHHBIX OOBJIOB M IPYIrUX IIPOLIECCOB, COIPOBOKIAIOIIUXCS
BBIIEJIEHEM CBOOOIHOI SHEPrHH B TOJIILY OKeaHa.

OHu (popMUpPYIOTCS JTOKAJIBHO M 3aT€M CBOOOIHO pacIpoc-
TPaHSIIOTCSI B IIPUIIOBEPXHOCTHOM CJIOE€ MOpei 1M okeaHoB. OHHU
MOTYT C(POPMHPOBATECSI J1a)Ke€ B PEKE, 03€pe HIM HEOOIBIIOM
BOIOEME B JIa0OPAaTOpHUU — MPOCTO OYAYT OYEHb CIIAOBIMU.

Takue cipabple ygapHbIEC BOJHBI ¥ MUHH-I[yHAMH MOTYT
CBOOOIHO OJIyKIaTh y IIOBEPXHOCTU OKE€AHA U OBITH MPaKTHYECKU
He3aMeTHBIMU JUIg HaOmonareneir. Ha Bux He okasbBaer
CYILIECTBEHHOE BJIMSTHUE HE3HAUUTEILHOE IOBEPXHOCTHOE BETPO-
BOE BOJIHEHHE M TIOJXOOHBLIE BOJIHOBBHIE IIPOIIECCHI
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IIpuBenem oauH U3 BO3MOXHBLIX CLEHAPDUEB Pa3sBUTUS
cobOpiTHi. B OKeaHe Apyr HaBCTpedy JOpPYTYy IBHXKYTCSI JIBE
MPUMEPHO PAaBHBIC IO MOIIHOCTH HEOOJIBIINE ITPUITOBEPXHOCTHBIE
yoapusie BoiaHbl. CamMu 1o cebe OHM OYeHb IIOJIOTHME U HE
BBI3BIBAIOT 3aMETHBIX OTKJIOHEHMH M KOJICOAaHMI Ha IIOBEpPX-
Hoctu Mopsi. OHHM cxoudrcs JIpyr € JPYyrOM M CTaJIKUBAIOTCSL
Ynaprele BoMHBI BexyT ce0sl IpH 3TOM HE KakK BOJIHOBBIE
OOBEKTHl M3 JKHIKOCTH, a KaK HEKHE TBEpOble U YIpyrue
9HEPreTUYeCKHe MeMOpaHBI, YBJIEKAIONIHe 32 COOOM B IBHKEHUE
OKPECTHYIO BOIIY.

IlosToMy pesympraT HX CTOJIKHOBEHUSI MOJKHO Habmo-
JatTb B (OopMe BHE3allHO, 0e3 Kakux-Jmb0o  BUIUMBIX
NPUYMH BO3HHUKAIONIUX M CTPEMUTEILHO PaCTYIIUX  BOJIH,
HE TIOJBEPKEHHBIX BIUSHUIO BETpAa MJIM JPYTUX ITOJOOHBIX
BHEIIHUX (PAaKTOPOB — BEPTUKAJIBHBLIX YIAPHBIX BOJIH.

Taxkue BOJIHBI JKHBYT CBOEHl JXU3HBIO, KaK OyITO camu
1mo cebe, M HECYT BHYTpPU 3apsil SHEPruy IBYX yIapHBIX BOJIH,
CTOJIKHYBILIMXCSI IpPyr C JPYyrOM M BCTaBIIMX IPaKTHUYECKU
BEPTHUKAJILHO BIOIb €€ rpebHs, Kak II0KasaHo Ha cxeme. M aro
— TOJILKO OJIMH 13 MHOJKECTBA BCEBO3MOKHBIX CLIEHAPHUEB.

OTH BOJHBI YAaCTO OIMCHIBAIOTCSI B JIMTEPATYPE U HOCST
Ha3BaHUE «BOJIHBI-yOUFIL». TepMuH «BOIHA-yOMIIIA» U  €ro

aHaJIOTH B IPYIHX s3BIKax (aHIJ. «rogue wave» — BOJIHA-
pasooiinuk, «freak-wave» — BOIHA-IPHUIYPOK, OTMOPO30OK; pp.
«onde scelerate» — BosHa-3nOmeliKa, «galejade» — dyp-

Has IIYyTKa, PO3BIIPHII) [JalOT XOpOIIee IIPEICTaBIeHUE O
CYIIECTBEHHBIX Y€pTaxX MPUPOIHOIO SBJICHMS, IIEPENAIOT YYBCTBO
yXKaca U OOpEYEHHOCTH IIPDH BCTPEYE C ITOH BOJHOHM B OKEaHE.
BoJiHBI MOryT IOSIBJISITECS IIPU MaJIBIX BETPaX U OTHOCUTEJIBHO
c1a00M BOJIHEHHH W BEIyT ceOs aHOMAJIbHO M HapagOKCaJILHO.
OHu He CBsI3aHBI HANPIMYIO C IIYHAMHM KaK TaKOBBIMH, HO
MMEIOT CXOIHOE€ PaspyLIUTEIbHOE IIOBEIEHUE.
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Baxmoe 0OCTOSITEILCTBO, KOTOPOE IIO3BOJISIET BBIIEIUTH
(peHOMeH BOIIH-Y6I/II71H KaK OTAECJIbHOE HAYYHOE€ M IIPAKTHYCCKOE
SIBJICHUE M, TaKUM 00pa3oM, OTHENUTh MX OT HPYTHUX SIBJICHUI,
CBS3AHHBIX C BOJHAMH OOJBINON aMIUIUTYOBl  (HamIpumep,
CHJIBHBIMH IITOPMOBBIMU) — IIOSIBJIEHUE «BOJIH-YOMIID» M3
«HHUOTKYyJIa» OYKBaJbHO «HA POBHOM MECTe» «0e3 IPHYMH.

Ilppy uxX MaTeMaTHYEeCKOM MOJEIMPOBAHUN B IIEPBYIO
odepeb ClIeAyeT IMOMHUTL 3aKOH COXPAHEHHUsI SHEPrud — ISHEp-
rus HHUOTKYJa HE IIOSBISECTCS M HUKyda HE HCYe3aeT, a
TOJIbKO MEPEXOIUT M3 OIHOM (POPMBI B JIPYTYIO.

CronkHOBEHME IBYX HEOOIBIINX IPUIIOBEPXHOCTHBIX
IOYTH TOPU3OHTAJILHBIX YIAPHBIX BOJIH, (Pa30BBLI MEPEXO,
HOBOE (Pa30BOE€ COCTOSHHE — U BOT IIEpel BaMH «BOJIHA-
youiia». Emre onna BOIUIOIIEHHAs B peaJIusX BOIHAs ydapHas
BOJIHA, TOJBKO CTOSILASl BEPTUKAJIBHO WM TI0H  OOJIBIINM
YyIJIOM B IIOBEPXHOCTM OK€aHa, OTYETIMBO BHIMMAsl, XOPOLIO
perucrpupyeMasi IpubopaMd M BeCbMa CMEPTOHOCHASL

IIpu 1000BOM CTOJIKHOBEHMH ¥ OOpa3’OBaHHH TAaKOH
BOJIHBI MMITYJIbCbI JIBYX BCTPEYHBIX TI'OPHM3OHTAJIbHBIX YIApPHBIX
BONH cliioxarcsi. Hosasi BO/IHA IPONOJIKUT JIBUJKEHUE B TOM
HAIIPABJICHUU, B KOTOPOM JIBUTAJIaCh HAaHOOJIee MOIIHASI yIapHAasI
BOJIHA, KOTOpasl Hecja B ceOe HauOOIBIIUI 3apsil SHEPrum.
OTO CTPOro COOTBETCTBYET 3aKOHY COXPAHCHUS SHEPrHUM.

Takxe CyImIeCTBYIOT (PaKTOpBI, KOTOPBIE —3aCTABJISIOT
TIOJHSITECS ~ BEPTUKAJIBHO IaXe OIHy OJIyXIalomylo TopH-
SOHTAJILHYIO YHAPHYIO BOJIHY — HAIlpUMEp, TakKasl CUTyalus
MOJKET CJIOKUTbCS TP  CTOJKHOBEHUH JIBYX OKEAHMYECKUX
TEYECHUN B Y3KOM IIPOJIMBE.

«BoHBI-yOUILB» BBIIEIMIOTCS HA PaTUuOJIOKAIIMOHHBIX
CHUMKaxX II0 aHOMAJIbHO BBICOKOHM SIDKOCTH H300pa’kCHUS,
II0 KOTOPOMY IIpH OCOOBIX MeTomax o0OpadOTKH MOXKeT OBITh
BOCCTAaHOBJIEH HNPOMPUJIb ITOH YyIapHOUW BOJIHBL

Ha oro.

I'mraHTCKast BOJIHA (BBICOTOM
okosio 20 M) B mposuse Jlperika.
®orocwemka ¢ 6opra HUC «Axka-
nemuk Hodgge».

®oro A.B. I'puropsesa
1O PAH.
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§ 3. Moneab noseneHusi NPUINOBEPXHOCTHBIX
celiCMHYeCKHX BOJIH — SIBJICHHE 3eMJIeTPSICeHUSsI

Ilepen tem, Kak HayaTh PacCMaTpUBaTh M MOIEIHUPOBATH
KOHKPETHBIE ~ BOJIHOBBIE IIPOLECCHI, CBA3AaHHBIE C LyHAMHU,
pacCcMOTpUM  €II€ OIHO SBJICHME, MaTEeMaTUYeCKasi MOJEJIb
KOTOPOIO Ha MpPakTHKE OKasajlach OYeHb ONMHM3Ka K
MaTeMaTUYECKON MOJIEJIH IyHaMu. Peub njier o pacnpocrpaHEHUNA
MPUIIOBEPXHOCTHBIX CEMCMMYECKMX YIAPHBIX BOJH BO BpeMs
3EMJIETPSICEHUI U NPYTUX ITOJOOHBIX KAaTaKJIM3MOB (ITOI3EMHBIE
B3PBIBBI SIJIEPHOTO OpPYXHUSI U T. I CBEPXMOIIHBIE HCTOUYHMKH).

B Teopuu cymecTByer JIOCTaTOYHO PpasBUTHLIA aIlIapart,
OIIMCBIBAIOLIUL JBUKCHUE rJI00aIbHBIX CENCMUYECKHUX
BOJIH BHYTpHM 3€MHOro mapa. B coorsercrBum ¢ aHajIu3oM
CeriCMOrpaMy, IIOJIYYEHHBIX B pasHbIX 30HAX S3E€MHOIO INapa,
MOJXHO BOCCTAaHOBUTb MCTOUYHMK CEACMMUYECKOH aKTUBHOCTH,
IIOKa3aTejId €ro MOINHOCTHM M Ja’Xe€ CIeJaTb JOCTOBEPHbIE
IPENIIOJIOKEHUS O €ro MIpPHUpPOIE.

Takum O6p3.30M YK€ DaBHO IIPOBOOUTCSI KOHTPOJIb B TOM
YHCJIE 3a ITPOBENEHHUEM ANEPHBIX HCIIBITAHUMI BO BCEM Mupe oes
IIMTHUOHAKa HJIN HEIIOCPEACTBEHHOI'O yYaCTHs Ha6JIIOHaTeJIeI7I.

HaleHoe ONMCaHWE MPOIIECCOB, KOTOPBIC ITPOUCXOSIT HaJl
oJyaroM Yy TIIOBEPXHOCTH, UCCJIeI0BaTE/IN b0 He TIPUBOJIAT,
0O OITHCHIBAIOT TOJIBKO OLIYIICHUSI OYEBUIIICB, UX (POTOrpa-
puu 1 BUICOMATEPUAJIBL

Ilpn ommcanum 3emuIeTpsICEHUIT OOJIBIIMHCTBO YYEHBIX
O0XOJIMT BHUMMAHUEM MATEMATHUYECKYIO MOJEIb TOIO, 4YTO
JK€ IIPOMCXOIUT B PpariOHE IIOBEPXHOCTU 3E€MHOHM KOpBI Hall
HMCTOYHHUKOM TIOI3E€MHBIX TOJIYKOB, M IIOUYEMY OJIHA AKTHBHOCTH
BHYTPH 3€MHOI KOPBI BbI3BIBAECT PaspylICHUs] HA IIOBEPXHOCTH, a
apyras — HET, i PEFUCTPUPYETCs: TOJLKO cericMorpadpamu. Beb
JAaJIEKO HE Ka’KIbI€ TOJUKHM COIPOBOXIAIOTCS PaspyLIMTEIbHBIMU
IOBEPXHOCTHLIMM ~ SIBJIEHUSIMA — 3EMJIETPSICEHMSIMM, TaK XK€
KaK CTaTUCTUYECKH TOJILKO OIHO M3 CIa S3eMJIETPSCEHUN B
OKeaHe (POPMHUPYET 3aMETHOE Ha Oepery LyHaMHu.

C TOYKHM 3peHHUS MAaTEMATHKH, 10 CHX IO HE CYLIECTBOBAJIO
TOYHOI'O OIMCAHHS, YTO TAaKOE ITIOBEPXHOCTHOE S3E€MIIETPSICEHUE
1 KaKu€ MMEHHO (PYHKIIUU €0 KOPPEKTHO OIIHUCHIBAIOT.
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KOppeKTHaH MaremMaThuJdeckasi MOIE€JIb 10 CHuX HOP HE
OBLIa TTOCTpOEHA. ABTOP IOCTAPAETCS 3aIOJIHUTH ITOT JIOCATHBIN
HpO6eH C TOYKMH 3peHI/I$I MaTeMaTU4EeCKOMn (pI/ISI/IKI/I " TeOpI/II/I
CBOOOIHO PACIIPOCTPAHSIEMbIX IPUITIOBEPXHOCTHBIX YIaPHBIX BOJIH,
OHI/IpaSICI) Ha BBbIBO/BI, HOIIy‘IeHH])Ie paHee JJIsT IyHaMM.

M3 reosiormm mM3BECTHO, YTO 3€MHasl KOpa IIPEICTaBJISIET
co0OI OYECHB TOHKHUI ITOBEPXHOCTHBIA CJIOM TBEPIBIX T'OPHBIX
IOpOl, IO KOTOPBIM HAaXOOUTCS pacKajeHHas JXMIKasi MarmMa.
3eMHas KOpa COCTOMT U3 I'HTaHTCKUX OJIOKOB — JIMTOCPEPHBIX
IUIMT, KOTOPBIE HAXOISTCS B COCTOSIHUM HENPEPBIBHOI'O IBHKEHMSI
u opmupoBaHusl. TommpHa 3€eMHOI KOpPHI Ha KOHTHHEHTaX
MOXeT jgoxonuTtb 10 20-65 KM, B TO BpeMsl KakK IOl OKeaHaMU OHa
3aMETHO TOHBIIE U COCTABJISIET BCEro OKOJIO H5-10 Km.

B JjmrOoC(pepHBIX IIMTAX ~ IPOUCXONAT  IOCTOSHHBIE
ropoo0pasoBaTeIbHBIE IIPOLIECCH], COIPOBOXKIAIOMMeEcs BUOpa-
HUSIMH U KOJIEOAHHMSIMU PpasHOM CTENEeHHM HHTEHCUBHOCTH. MbI
He OyIer 3Iech INOIPOOHO HU3jIaraTh BO3SMOJKHBIC TPUYUHBI
MPOUCXONSIINX KOJIEOAHWII ¢ CEMCMHUYECKON aKTUBHOCTH B
semHOn Kope. OCTaHOBUMCSI TOJBKO Ha TOM, UYTO HEKOTOPBIE
KOJIe0aHUs BBISHIBAIOT PA3pPYIIMTENILHBIC 3EMIIETPSICEHHSI Ha
MMOBEPXHOCTH 3€MJIM, NPUUYUHSIOINE 3HAYNUTEIBHBIA BpEI JIO-
IsIM, W OITHIIEM 3TH TMPOIIECCHI C TOYKHU 3PEHUs MaTEMaTUKU.

Hs3BectHO, UTO Ha’ke TBEPIBIE IOPOIbI MOTIYT IIPOSIBJISITH
HEKOTOPYIO JIOKAJIBHYIO TUIACTMYHOCTH U HMMEIOT CIIOCOOHOCTH
repenasaTs KoJeOaHHSI Y BUOPAIMM HA JIOCTATOYHO OOJIBIIOE
paccrosiHue. llepemaBasi KojleOaHHS KaK TaKOBBIE, TBEpIbIC
IOpOIbl 3€MHOM KOpBI IEPENAIOT COOTBETCTBYIOIIYIO 3THUM
KojebaHusaM sHeprmio. KomebaHusi pacrnpocTpaHSIIOTCSI B 36MHOF
Kope CBOOOIHO BO BCEX HAIIPABJICHUSX, KAK 3TO IIPOUCXOIUT IO
3aKOHaM (PU3UKH B CIUIOHIHBIX Cpejiax.

PaCCMOTpI/IM IIO3TAITHO HECKOJIBKO BAPHUAaHTOB PacCIIOJIOKeE-
HUsI UCTOYHHMKA 3€MJICTPACEHHS II0O OTHOLICHUIO K ITOBEPXHOCTH
3€MHOM KOpbl — IIO aHaJIOTMU C IyHaMI.

B mepBom ciryuae B pacXOJSIIIHECS] BO BCEX HAIIPABJICHUSIX
OT HCTOYHHKA C(PEPHYECKHE CENCMUYECKHE BOJIHBI (KOJIEOaHMS)
TEPSIIOT CBOIO YHEPrHi0 BHYTPU 3€MHOM KOPBI U PACCEHBAIOTCS
IIpY IIOXOJ€ K IIOBEPXHOCTH. DTO MOJKET IPOH30MTH JIOO B
TOM CJIy4ae, €CJId HCTOYHUK CJIMIIKOM CJIA0BII M HE MOJXKET
reHepupoBaTh 0O0JIee MOIIHBIE U aMIITUTYIHbIE KOjaeOaHMsI, 00
€CJI UCTOYHHK MOIIHBIN, HO OH Pa3sMEIIaeTcsl OYeHb IJIYOOKO ITOJ
TOJIIIAMU T'OPHBIX IIOPOI, M €ro HEPrusi pacxoiyercs Ha ropo-
oOpa3oBaTesIbHBIE ITPOIIECCHL. 65



Ilomobnrle KonebaHUSI MOTYT CIIOCOOCTBOBAThL BHYTPEHHEH
Heq)OpMaHI/II/I TOPHBIX ITIOPOI b0 ux MeTaMopcpnsMy rIy-
OOKO OT IIOBEPXHOCTH S3EMHOH KOpHL B 3roM cilyuyae smonu
HETIOCPEJICTBEHHO HE OINyImaloT Ha cebe JeACTBUE CeHcMM-
YECKOM AKTHBHOCTH.

OHEprusi 3TUX UCTOYHUKOB MOJKET CIIYKXHUTh TIPHYHMHAMU
JIOOOIIBITHBIX TIPUPOIHBIX AHOMAJIMII — HAIpPHUMEp, TAKUX, KakK
IOBYDKYIIHECSI IO THY cyxXoro osepa kamHH B lommae Cmeprn,
CIIA, onucanusle B 1 riase. Miou saraJouHble INEpeIBUXEHUS
snamenuToro Cunbp-Kamnsa mo gy Iliemeesa osepa B Poccun
(penmnosoKUTEILHO, B TOPCTE).

A A Oy A Oy

Z | S

NAYTOHUTDI

Ox Ox

Marma

Ecam MCTOYHMK —CEHCMHYECKUX KOJIEOAHMIT HAXOIUTCS
OueHb TIyOOKO ITOI 3€MJIell BOJIM3M pacKaJeHHOW MarMbl, OH
MOJKET BBI3BATh JIOKAJHHOE pACTPECKHBAaHHE U OCJIA0JICHHE
TOPHBIX IIOPOXI BOJM3H CEHMCMHYECKOIo Ovara C IIOCJIeNYIOIIUM
MIPOPHIBOM (MHTPY3HEH) B 3Ty 30HY 3€MHOI KOpBI PacKaJI€HHOI
MarMel U (POPMHPOBAHUEM ILTYTOHHUTOB.

ITosromy ouar 3TOI CEMCMHYECKOH AKTUBHOCTU MOJKET
CIIocoOCTBOBATh OOpAsOBAHUIO B HEIpax S3EMHOHM KOpHI Tak
Ha3bIBAEMBIX IUIYTOHHYECKHUX TOPHBIX IIOpPOJ — TPAaHUTOB,
J1IabpaIOpUTOB, JIHOPUTOB, radOpPO U IEPUIOTUTOB TIIIyOOKO.

XoTsl TaKo# CIEHAPWI pasBUTHS COOBITHII BOBCE HE
o0s13aTeNieH — IIPpH OTCYTCTBUH JIOXOISIINX IO MarMbl TPEIIUH
9HEprusl CEMCMHYECKHX KOJeOaHWil MOJKET OBITh HaIlpaBjieHa
Ha BSUIOTEKYIIHE IIPOIECChl MaraMopdu3Ma TOPHBIX MOPO]I,
HETIPEPBIBHO IIPOXOISIINX B 3EMHOU KOpe.
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Eciu SMULICHTP CEUCMUYECKON AKTUBHOCTH HAXOIUTCS
CJIMIIKOM OJIM3KO K IIOBEPXHOCTH 3€MHOM KOPBbI, 3HaUYHTEIbHAS
4acTh €ro 3HEpPruun 6yz[eT H3pacxojioBaHa Ha (PU3HUUYCCKHE pas-
pyLICHUSI 3TOH ITOBEPXHOCTH.

Takoe gBjiIeHHWE OYE€Hb YaCTO COITPOBOJKIIACTCSI TEMH
WM WHBIMH HApPYUIEHUSIMU ILIEJIOCTHOCTU IIOBEPXHOCTHU 3E€MHOM
KOPBL Ha TIOBEPXHOCTH 3€MJIU MOI'YT O6paSOBbIBaTI)C$I 3aMEeTHbIE
TPELIIUHBI U Pa3pPbIBbI, OJIOKU TOPHBIX TIOPOJT 6yneT CKOJIB3UTH
W COBUTaTbCs IPYr OTHOCUTEIIBHO Jpyra IO oc1a0JIEHHBIM
30HAM M BBICBOOOXIAThH Opyd 3TOM THUTAHTCKYIO ISHEPruio B
CBO€M JIOKAJIbHOM OKPECTHOCTH.

B trakom ciryvdae OoJIbllIas YaCThb CEMCMHMYECKOM aKTUBHO-
CTU U PA3PYLICHUN HAXOISATCS B OTHOCHUTEIBHO HEOOJILIION
JIOKQJIbHOM OKPECTHOCTH, HEMNOCPEIACTBEHHO IIPHJIETAIOIIEH K
oyary s3emJieTpsiceHUs (I/ICTO‘{HI/IKY). Ha TIOBEPXHOCTH  3€MJIH
OoJibIIasl 4acrhb 9HEPruM M3PACXOAYETCSI Ha paspylIeHUE 3€eM-
HOM KOPBI, 06p8.30BaHI/Ie TPEHmIUH M Pas3JIOMOB.

JInaenusiin 300-
METPOBBINT PA3JIOM,
00pa30BaBIIHIICS
B pesyJibTaTe
3EMJIETPSICEHUSI
4 okrsops 1994
roga Ha OCTpPOBE
IIukoran. Poro
o MaTepHajaM
KHUTH «3emJie-
TPSICEHUSI U IIy-
HaMU.

Ecou xe owar Haxomurcss ONHM3KO KO IHY OK€aHa, TO
YacTh SHEPIHM ITOM CEHMCMHYECKOM aKTHBHOCTH OyIeT JIOKaJIb-
HO IIOIJIOLICHA BOJaMM OKe€aHa — TaKoe 3€MJICTPSICEHHE MOJKeT
TIOJIOKUTH Havayno BojHe IfyHamu. IlockoisKy BBIOpOC sHeEpruu
MPOU3BOIUTCI B OUYEHb Y3KOH JIOKAJBHOM OKPECTHOCTU oOvara
3EMJICTPSICEHHSI, TI0 MEpPKaM OKeaHa TaKOW WCTOYHUK MOJKET
paccMaTpuUBaTBCSI KaK TOUYEUHBIA WU JIMHEWHBIN.

B rasosyio cpeny (armocdpepy) HENOCPEICTBEHHAsl SHEp-
rus U3 ovara 3eMJICTPSICEHHUsSI HE IEPEeIaercs. ITO IMPOUCXOIUT
M3-332 CJIMIIKOM OOJIBIIOA PasHOPOIHOCTH M (PU3HYECKOrO
pasiuuusg  CTPYKTYpbl, CTPOEHMS W TIOBEICHHSI TBEPUBIX U

ra3o00pa3HBIX CILIONIHBIX Cpeil.
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3boy3us —
ob6pasoBaHue
BY/IKaHOB

-

Ecim ouar semuteTpsiceHHsI HAXOOUTCS OJHM3KO OT IMOBEPX-
HOCTH, @ CJIOM TBEPIBIX TIOPHBIX IIOPOJ B OKPECTHOCTH 3IIH-
LEHTpa HOCTATOYHO TOHKHM, OYar JXKHUIKOM Marmbl HaXOIUTCH
0JIM3KO K ITOBEPXHOCTH 3€MJIA (JIMOO 3TO JIOKAJIbHOE MCTOHYEHHE
caMOi KOpBI, JIMOO 3TO TaK Ha3bIBAEMBIA OaTOIHT).

B criepcrBum  CymIECTBEHHBIX paspyll€HUA M TPELIUH
3€MHOM IIOBEPXHOCTH JIOKAJIbHASE 30HA BOKPYI SIHMIEHTpa
Oymer sHauuTensHO ociabnena. IIoCKOJIBKY ydYacTOK 3€MHOM
KOpBl B 9TOM MECT€ TOHKHI, B 0Opa3OBaBIIMECSI TPEIIWHBI
MOJXET IIpOpBaThCsl PpacKaJleHHas JKUJIKasg MarmMa U uepes
ocl1abJIeHHBIC 30HBI BBITH Ha ITIOBEPXHOCTH 3€MIIM.

Taxkoit IpoLeCcC Ha3bIBaCTCI IPPYy3HUECH. On COIIPOBOXK-
aercsd O6paSOBaHI/IEM BYJIKAHOB, H3BEP)XCHUSIMH JIaBbl Ha
TIOBEPXHOCTh U BYJIKAHUYECKOM aAKTUBHOCTHIO. JlaBa MoXxer
H3JIMBATbCSI HE TOJIbKO 4YE€pEe3 OCHOBHOE JKEPJIO BYyJIKaHa, HO
B PaCIIPOCTPAHSITHCS BIOJIb BEPTUKAJIBHBIX H TOPHU30HTAJIBHBIX
TPEIIUH B 3€MHOU KOpe, o6pa3ysl CUJIJIBI U JTaVKHU.

1, nakoHem, oOcCTaercs pacCMOTPETbh TPETUI BapUAHT
pasBUTHsL COOBITHNI, TPH KOTOPOM HaOJIOHAIOTCS OINyTHMBbIE
IPUIIOBEPXHOCTHBIE 3EMIICTPSICEHMSI, BOJHBI KOTOPBIX PacIpoc-
TPAHSIIOTCSL BJIOJIb IOBEPXHOCTHOCTA 3€MIIM Ha 3SHAUUTEJIbHBIC
paccTogHus OT OoYara M SIHIEHTPA.

B soHe mpoekmmu ouara (B SIHIIEHTPE) 3EMIICTPSICCHUS
IIOBEPXHOCTh 3€MJIM BElEeT Ce0Si aHOMAJIbHO — XOJIUT BOJIHAMU
(kak BOma) HamogOOHWEe YHIPYrol KojeOmomencss MeMOpaHBbL

68

Hsyuaemblit oyar
3eMJIETPSICEHUS] HAaXOIUTCS
IOCTAaTOYHO  JAJIEKO  OT
MOBEPXHOCTH 3eMuld. Pac-
IpocTpaHsIonecss oT He-
ro BO  BCE  CTOPOHBI
C(pE€PHUUECKHE BOJIHBI [I0XO-
IAT JIO TOBEPXHOCTU 3€M-
JIM, OCTaBasiCb IIPU ITOM
€Ill€ BECbMAa MOIIHBIMH U
3aMETHBIMU.

Ha cxeme yuacTok
TAKMX BOJIH 3aKpaLICH TE€M-
HBIM [IBETOM U IIPEICTABJISIET
coboit B paspese KIIHH.

Jocrurnime NoBEPXHOCTU 3€MJIM BOJIHBI PACIIPOCTPAHSIOTCS
YIIPYTO B CPEJI€ 1 HE BBI3HIBAIOT 3HAUMTEJILHBIX PaspyLICHUN 3€M-
HOM IIOBEPXHOCTH B BHMJIE TPEIIMH H Pa3JIOMOB.

OHeprusi oyara S3€MJIETPSCEHHUS IIOCTYIAaeT Ha II0BEpX-
HOCTb — B SIUIIEHTP — HEKOTOPBHIM KJIMHOM, KOTOPBII 3aKpalleH
Ha CXEME€ TEMHBLIM LBETOM M AKKYMYJIHMPYETICH Yy IOBEPXHOCTH
CXOIHBIM 00pa3’oM € TeM, KaK 3TO IPOMCXOIHMT IpPU IIEPBOM
(a30BOM mepexojpe 0o0pa3oBaHMSI BOJH IIyHAMH B OKE€aHe.

Jornst 10 NOBEPXHOCTH 3€MJIM, 3aKpall€HHAas COCTABJISI-
jomas yOpyrux CEHCMUYECKHX BOJIH HE MOXKET IIPOIOJUKUTH
cBO€ CBOOOIIHOE PacCIpOCTPAaHEHHE U HE MOXKET OTpasuThbCS OT
IOBEPXHOCTH II0 3aKOHAM ONTHKM.

B pesyiprare TociIeyIoNIe CEMCMHYEeCKHe BOJHBI IOro-
HSIIOT ITIEpBBIE Y OHU MT'HOBEHHO CXJIOIBIBAIOTCS, (POPMUPYSI
KYIT0JIOOOpa3HYIO IPHUIIOBEPXHOCTHYIO YIApHYIO BOJIHY — pas-
PBHIBHYIO (PYHKIIMIO CKauka SHeprum. IIpoucxomur nepseiin ¢paso-
BBIA II€PEXO]] — HAYaJI0 IOBEPXHOCTHOTO 3EMIICTPSICEHUSL.

Ob6pasopaBmasicss  IIPUIIOBEPXHOCTHAsl ~ yJapHasl  BOJIHA
HM3HaYaJIbHO HMEeT ILIOCKYIO KYIIOJIOOOpasHylo (OopMy — Ha
cxeMe OHa ODO3HaUEHA TEMHO-CEPOM IYTO.

B mamem cxeMaTuyecKOM MpHMEpPE Ha €€ oOpa3oBaHUE
ObUIO 3aTpavyeHO OKOJIO 15% 3HEpruM HCTOYHHKA 3EMIICTPS-
ceHus.. B ommmeHTpe 3eMIeTpsiceHUsl Y TIOBEPXHOCTH 3eMIIu
OKAa3aJICsl CKOHILICHTPUPOBAHHBIM 15%-HEBIN MOTEHIINAT BCEH BBIC-
BO60)KJI€HHOI71 BHYTpH 3€MHOI KOpbI 3SHEPruM, INpuyeM OH HE
ObUI HEMEIUIEHHO pacTpaueH Ha pas3jIOMbl U IIOIIBHJKKH TOp-
HBIX IIOPOJl Y TOBEPXHOCTH. 69



Ilosenenune cEACMUYECKUX BOJIH BHE 3aKPALICHHOIO KJIMHA
XOpOILO HU3YYEHO U MOXET YHOBJIETBOPUTEIBLHO MOIEIMPOBATHCS
C HCHOJIb30BAHMEM S3aKOHOB OIITMKM — a HMMEHHO, TOro, 4To
NpU TIPOXOXKJIEHHMU TPaHUILI PA3SHOPOIHBIX Cpel JIyd IIpe-
JIOMJISIETCSI M MEHSIET HaIlpaBJIEHUE JIBUJKEHHUS, M TO, 4TO YIOJI
NaJeHUsl Jlyya HA TPaHUIY PABEH YIVIy OTPaKEHUSL.

JIlyd — 9TO HOpMallb K (PPOHTY BOJIHBI (€€ TI'paIHEHT).
ABTOp NPUBOIMUT OYECHBb YIIPOILIECHHYIO, HO HATJISIHYIO U ITOHST-
HYIO CXEMy paCHpOCTPAHEHUSI TUIIMYHBIX CEACMHYECKMX BOJIH
BHYTpM 3E€MHOTO Iapa 0e3 IOIOJHHTEILHLIX KOMMEHTapHEB.

Kopa

CiieBa Ha IIOJIOBHMHE CXEMBI JOIOJIHUTEILHO ITOKA3AHbI Ha-
IpaBJICHUSI HOPMAJIEH K IUIOCKOCTSM BJIOKEHHBIX IIAPOB, JAIOIIHe
IIpEJICTAaBIIEHUE O TOM, KaK JaHHas cxema crpousack. Ha npason
IIOJIOBUHE IIPEJICTABIEHLI TOJILKO BU3YaJIbHBIE TPACKTOPHUU BbI-
OOpOYHBIX TI'PaJMEHTOB K (PPOHTAM CEMCMHYECKUX BOJIH.
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3eMHOI IIap HAIOMHHAET OrPOMHYIO IUIABHIIBHYIO
rmeub KocMuueckoro macmraba. B ee menrpe mHaxomurcst TBep-
Joe BHYTPEHHEE pacKaJeHHOe SIPO W3 TSDKEJBIX 3JIEMEHTOB
(MeTannoB) TOI TUTAaHTCKUM maBjieHuMeM. HapykxHoe Xuokoe
SIIPO COCTOUT ITPENIIOIOKUTEIIBHO U3 TEX JKE€ MEeTAJIIOB, TOJIBKO B
JKHJIKOM — PACIUIABJIEHHOM COCTOSIHMY (Y€M MEHBIIE TaBJICHHUE,
TEM HIJKE TeMIleparypa IUIaBJieHHs). MaHTHsI HallOMHUHAET
IUIAKY B IJIABUJIBHOM IT€YH, KOTOPBIE B ITOJIY KMIKOM COCTOSTHUU
IUIABAIOT Ha TOBEPXHOCTH MeTajla. JTO — PaCIUIABIICHHBIC
rOpHBIE TIOPOIBL BHYTpH IUIAHETHI HIYT PEAKIHH SIEPHOrO
pacnajia, IOIOrPEBAOLINE €€ H3HYTPU.

3eMHas KOpa — 9TO TOHKAas M TBEpHasi KOPKa OCTHIBIIMX
Ha IIOBEPXHOCTH IIJAKOB — TBEPHBIX TOPHBIX ITOPOJ, KOTOPBIE
OXJIaXKJIAIOTCsl Oiarofapsi OKPYZKaloIIeMy XOJIOIHOMY KOCMOCY.
3emHast Kopa — Hamboysee TOHKHIT n3 cioeB 3emmu. Ecmum
YMEHBIINTE 3€MIIIO 0 pasMepa TEHHUCHOTO Msiya, TO 3€MHasi
KOpa OKaKeTCs COMOCTaBHMMa C HAKJIEEHHON Ha HeM OyMaroi.
IlosTroMy IIpum HM3y4Y€HHU TIJIO0AILHBIX CEHCMHYECKHX BOJH Ha
MPOTUBOIIOJIOKHOM CTOPOHE 3E€MHOI'0 IIapa TOJIIMIUHON 3€MHON
KOpBbl YaCTUYHO IIpEeHEOpEralor.

B 1O X€ BpeMsi HEIaJIEKO OT parioHa oYara 3€MJIETPSICEHUsI
paccMaTpHUBAIOT TOJIBKO BOJIHBI, PaCHpOCTPAaHSIOIINECS B 3€MHOM
KOpe JIOKQJIBHO, TaK KaK IJI00AIbHBIE CEFICMIYECKHE BOJHBI B 9TOM
parioHe cebsl (PaKTHMYEeCKH HE TIPOSBISIIOT (B KpaiiHEM ciyuJae,
MOJKHO IIOJIyYUTH JIETKOE 9XO C IIPOTHUBOIIOIOKHOIO KOHIIA 3€MIIH).
ITO XOpOIIO BHIHO HA CXEMe, IlIe ITPONOPIIUH OBUIM 3aBEIOMO
HApPYLIEHbI — 3€MHAasi KOpa CHJIBLHO YTOJILECHA.

Takum oOpa3oM, MBI ITOKa3aJId, YTO IJIO0AJIBHO pacIIpo-
CTPaHSIOIIUECS M PACCEMBAIOLIMECS CEACMHYECKHE BOJIHBI HeE
OKa3bIBAIOT CYIIECTBEHHOI'O BJIMSIHUS HA IOBEIEHUE JIOKAJIBHOM
CHCTEMBI B JIOKAJIbHOM OKPECTHOCTU SIUIICHTPA 3€MJIETPSICCHUSL
BoJ1HbL, KOTOpBIE HE YyYaCTBOBAIN B (POPMUPOBAHUY CEACMUYECKOM
KYIIOJIOOOpA3HOH yIApHOH BOJIHBL, TAaKJXKE pACCEUBAIOTCS B
YJQJIEHUN OT SMMIEHTPA U HE OKa3bIBAIOT CYUIECTBEHHOI'O BJIU-
SHHUST HAa COOBITHSI HEIOCPEICTBEHHO B SIHIIEHTPE.

ITosTomMy MBI TOJIKHBI pacCMaTPUBATh COOBITUSI B JIOKAJIBHOM
OKPECTHOCTH 3MMIEHTPA 3€MIIETPSICEHMSI, BBIIICJIEHHON Ha CXeMaxX
Kak Oojlee TEMHBIN KYIMOJIOBUIHBIA CEKTOp, HE3aBHUCHMO OT
JAPYIUX CEMCMUUYECKUX BOJIH, PaCIPOCTPAHSIONUINXCS TIJI00ajIbHO,
U XOPOIIO M3YYEHHBIX WU OIMCAHHBLIX B JIMTEPATyPE.

B mpusenenHoM HamMu Ipumepe OpuOimsHTensHO 85%
9HEPruM ovara 3eMIIETPSICEHHS TJI0O0AJIBHO paccesuioch BHYTPHU
3EMHOM KOpbI M BCEro odobema 3eMHOro Imapa. 71



BepremMcs K pacCMOTPEHMIO IIOBEIEHH S CPOPMHUPOBABIIEHCS
B 30HE SMMIEHTPA Y IIOBEPXHOCTH 3€MHOW KOPBI YIaPHOW BOJIHEL
Crporo roBopsi, SMUIIEHTPOM 3EMIIETPSICEHUsSI (C TOUKHM SPEHHS
(Ppa30BBIX COCTOSIHHIEI) HYXHO Ha3BIBaTh TOIBKO Ty JIOKAJILHYIO
OKPECTHOCTh HAJl OYaroM S3€MJIETPSCEHUS B 3EMHOI KOpE, B
KOTOPO# HENOCPEICTBEHHO CPOPMHUPOBAJIACh T'OPU30HTAJILHAS
KYIIOJIOBUHAS IIPUIIOBEPXHOCTHAS ylIapHasi BOJIHA.

B orauume or Momenu IyHaMuM B OKE€aHE, Ha 3emJie
BIIEpEIN YIapHOM BOJHBI OOBIYHAS BOJHA HE (POPMHPYETCS.
ITOo CBSI3aHO C TEM, YTO CKOPOCTh pacHpOCTPaHEHHUsI BOJIH B
TBEPION CPEIE€ B TIOPHBIX IIOPOAaX HAMHOIO IIPEBBLIIIAET CKO-
POCTh PacCHpOCTPAHEHUS BOJIH B JKHMIKOCTH.

ITooromMy B 3€eMHOHM KOpE€ CEHCMMYECKHE BOJIHBI YCIIEBAIOT
OYEHb OBICTPO pasdeXaThCsl M MOKUHYTH OKPECTHOCTH SITHIIEH-
Tpa, HE OKasplBasi Ha HEro CYHIECTBEHHOIO BJUSHUS (11O
CPaBHEHMIO C BIMSHUEM YJIAPHOH BOJIHBI).

B 10 Xe BpeMsi MaTEMaTUYECKUE MOJIEIIU TIOBEIEHUS (PYHK-
LM IIPUIIOBEPXHOCTHOM YIApHOW BOJIHBI KakK B CJIydae IIyHaMH
(ITOBEPXHOCTH JKUAKOM Cpembl), TaK M B CcJydae 3emJerpsice-
HHS (IIOBEPXHOCTh TBEPHOU CPEIbl) OYEHb CXOXKHU M IIPAKTUYECKU
UICHTUYHBL Pasimualorcs UxX (PpU3HYECKUE IIPOSIBICHUSL.

ITocne mepBoro @asoBoro mepexoga — POPMUPOBAHUS
YIapHOW BOJIHBI — CJIEAYE€T HEKOTOPBII OYEHb KOPOTKUI
MHTEpBaJI BpeMeH! (Tak Kak TBepiasi cpela 0osiee MHEPIHOHHA U
MEIJICHHEE pearupyer Ha HM3MEHCHUsI COCTOSIHUSI 110 CPABHEHUIO
C JKUJIKOH CPENOIi), B TEUEHHE KOTOPOro yaapHas BOJIHA OCTAETCS
MPaKTUUYECKU HETOIBMIKHOM, INPOJOJLKasi IpUHHUMAaTh B ceOst
9HEPIuIO, U3JIyYaeMylO OYaroM S3eMJIETPSICEHUsI BHYTPU 3E€MHON
KOpbL J[nsi cpaBHeHHs: y IyHaMH OIMCHIBAEMBIA BPEMEHHOM
MHTEPBAJI MOJKET OBITh IPAKTHYECKU HYJIEBBIM (HUUYTOXHO Ma-
JIBIM) WUIM UPE3BBIYAMHO KOPOTKUM.

ITOT MOMEHT BCIIYyUMBAaHUSI M 3aCTbIBAHHUS 3€MJIM II0JIO-
ruM XoJIMOM B XX BeKe MOXHO OBUJIO HAOIOHATh HA TEX
IOJIMIOHAX, I'lle IPOBOIM/IMCH IOI3€MHBIE HMCIBITAHUS SIEPHOIrO
OpyXus, TpUYEM 3apsigbl 3aKjalblBajJudCh OYEHb MOIIHBIE, a
rIyomHa WX 3ajieraHusi Oblja OOJNBINOM (T. H. CBEPXIIyOOKHE).

C 1pyrom CTOPOHBI, BBUKUBIIUE B SMMIEHTPE KPYIIHBIX
3eMIJIETPSCEHMI JIIOAU-OYEBUIUbLI OMNMCHIBAJIA, YTO IIEpe] Hava-
JIOM TIOI3EMHBIX TOTYKOB M METa-paspylICHHUI 3eMIIsl Kak OyITo

ObI nesiajia TSKKHUH B3JI0X — OHa CJIErKa IIpUIIOJHUMAJIaCh M
3aMupaila Ha MI'HOBEHUSL. Ilocsie uwero HauwHAJICS amx ...
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C mMaremMaTHM4ecKOl TOUKH 3pEHMs, IIPOMCXOIUT BTOPOK
(pasoBBI IIEPEXO]l, TP KOTOPOM ylapHas BOJIHA, paspblBaeMasi
B HOPOTUBOIOJIOKHBIX  HAIPaBJIIEHUSIX  T'OPU3OHTAJIBLHBIMU
COCTaBJISIOIIMMI BEKTOPOB CKOPOCTH WM 3HEPIUH, pa3pylIaercs
B TOM Me€CTe, I'e€ BEpPTUKAJIbHAA COCTaBJIAIONIAs €€ CKOPOCTH
paBHA HYIIO MM OJM3Ka K HYJIO, a TOPHU30HTAaJbHAsl COCTaB-
JIgIomas CKOPOCTH MaKCHUMAJIbHAsL

Ha npuseneHHON cxeMe 3T0 npoucxoauT 1o uenrpy. Ilocie

Yero (PpParMeHThl YIAPHBIX BOJIH PaldaJibHO PACXONATCS B
pasHBIE CTOPOHBI, YBJIEKAasi 3a COOOM 3€MJIIO M BBEIHYXKIas €€

KojebaThesl, Kak OyOTO OHa — ITOBEPXHOCTH OKEaHa.
— — P I p—
OYAN—Ysmszmmmmreiss > ovar >

Ilo cpaBHEHMIO C OKEAaHOM M JKMIKOH CpEIIOH, B KOTOPOK
IpeTepreBaeT BTOPOX (pasOBhIi IIEPEXOIl X PasphlB yIapHas BOJIHA
LyHaMH, TBEpIasi Cpeda He SBJISETCS HACTOJILKO IUIACTUYHON
u rubkon, uroObl 0e300iIe3HEHHO IlepeHecTd paspbiB. Ha
IOBEPXHOCTH 3E€MJIM 3TOT (PA30BBIA IIEPEXO]l IPOTEKAET HHAUE.
3oHa paspbiBa yJApHON BOJIHBI B IIPUIIOBEPXHOCTHOM TBEPIOH
cpele COIPOBOXKIAeTCs OOpa3sOoBaHHEM OYEHb XapaKTePHBIX
JIOKQJIbHBIX ~ IIPOCEJAHMH M  MOIIHEMIIMX paspylleHUNd B
STUIIEHTPE, JIOKAIBHBIMU BBICOKOUACTOTHBIMHM KOJIEOAHUSIMUA U
T. IL IPOLIECCAMM.

B YaCTHOCTH, HaJl oOdaraMmu OIIMCBIBA€MBIX B3PBIBOB Ha
IIOJIMTOHaX O6p3.30BI)IBaJII/ICI) HE IIPOCTO BOPOHKH, ITPOBAJIbI HJIM
TPEIITHDI (KaK BO BpEMs IIPUIIOBEPXHOCTHBIX CHJIBHBIX B3PbI-
BOB) — a BeéCbMa XapaKTE€pHbIE U CHCLII/I(pI/I‘IeCKI/Ie KOTJIOBAaHBI,
HaIIOMHMHAIOINME  BBIPBITBIE 3KCKaBAaTOPOM  MHHH-KAPbEPHI C
JOCTATOYHO KPYTBIMH CTE€HKaMH, OTHOCHUTEJIbHO POBHBIM THOM
" HeKOTOpOﬁ OCBIIIBIO IIOPOABI BJOJIb CTEHOK.

Best komoccasbHast BBICBOOOKICHHASI 9HEPIHsl (Ha cXeMe
910 1-3% OT sHeprum B3pbHIBa) OCTABAIACh B MAJIOM OKPECTHOCTH
30HBI paspylIeHHs] U ObljJa TaM ITOJHOCTBIO M IIOYTH MIHOBEHHO
nspacxonosaHa. llpu cBepxMOIIHOM TIJIyOMHHOM B3pBIBE Ha
IJIaJIKOM U POBHOM IIOJINTOHE 30HA PaspyIICHUS YIAPHOW BOJHBI
Obula HMIeaJbHO OYepuyeHa M IPOPHCOBAHA Ha TIOBEPXHOCTH B
¢opMe YETKUX T'pPaHMI] OIHCBHIBAEMOIO KOTJIOBaHA. 73



Buennue I'paHHUIIBI U JTHO TAKOI'0 TEXHOI€HHOI'O KOTJIOBaHA
ujaceajibHO COBIIaJajii C TIpaHUIIaMU M JTHOM, OIIMCbIBAEMOM
MOZEJIBIO 30HAJIBHOI'O Ppa3pyHI€HMsI BOJIHBIL

Iloce paspymeHusi HeHTpa IPUIIOBEPXHOCTHAS ylapHasi
BOJIHA PACXOIMTCH II0 PaBHHMHE, BOBJIEKAs B BOJIHOBOM IIPOLIECC
IOBEPXHOCTh 3€MJIM, KaK pacXolsrcs B THXOH S3aBOIU KpPyru
10 BOIE OT OpOHIEHHOTO KaMHs, IIOKa BOJHBI HAKOHEIl He
saTyxajd. VX ITOBEPXHOCTHOE IIOBEIEHHME MIIEAJIbHO OIMChIBA-
erca ypasHenueM Jlaruiaca B 4acCTHBIX IPOM3BOIHBIX M LIMJIMH-
apudyeckuMu (PpyHKIMsiMU becceirs. PaspelB B SIIUILIEHTPE MOXET
OBITH TIperncTaBlieH depes pyHkumm Hermana.

KOHHeHTyaJILHOG OT/INYME TOYECYHOI'O IIOA3EMHOI'O0 B3pbIBa
CBerBI)ICOKOfI MOLIHOCTH OT IIPAKTUYECKH JII00Oro  3emiie-
TPACEHUSA COCTOUT B TOM, 4YTO o6mee IIOBEACHUE CHUCTEMBI ITpHU
B3PBIBE€ HAMHOI'O O/mxe K IIOBEICHUIO UI€eaJIbHOM MareMaruvec-
KON MOJEJIM U TaeT He 3arpgAa3sH€HHbIE ITOCTOPOHHHMMM IIyMaMH
1 OTKJIOHEHHUSIMHU IIOUTH HJICAJIBHBIEC JTaHHBIC.

CBepXMOILHBII TJIyOMHHBIA B3PHIB KaK MCTOYHHUK SHEPIHH
IOUYTH HIEAJIbHO MOIEIUPYETCS TOUYEYHOH J€JIbTa-(PYHKILIMEN
Jlupaka 1O BpEMEHM U II0 (PUSHMUYECKOMY PACIOJIOKEHMIO, a
pe3yIbTaThl MOJKHO MNPOHAOMIONATh B XOPOIINX PaBHUHHBIX
WY WHBIX YIOOHBIX JUJISI MCCIIEIOBATeNIs] YCIIOBUSIX.

B T0 Xxe BpEMs UMITYJIbCBI OT OYara 3eMJICTPsICCHUS IIPOIOJI-
KalOTCs B TEUEHUE HEKOTOPOI'O BpEMEHU, 1 PEAJIBHOE BOIUIOIIEHUE
HUIeaJIbHOM MaTEMAaTUYECKOM MOJEIN HCKaKaeTCs.

Bo Bpemsi semierpsiceHHus, BBISBAHHOI'O I'€OJIOTMYECKUMU
(pakTOpaMH, (PYHKLUS HKCTOYHHMKA HE MOJIEIIMPYETCS TOYHO
UIeaIbHON [eibTa-(pyHKIMen. Quar reHepupyer LeIylo CEepHIO
pas/IMYHBIX  KOJIe0aHUIT B  OINpPENEIEHHBIA  OrpaHUYEHHBINA
BPEMEHHOI WHTEpBaN. lla M ITOBEPXHOCTH 3€MJIM PEIKO OBIBAET
HI€aJIbHO-POBHOM. 1109TOMYy BTOPO# (pa3OBBIA MEPEXOH Y TAKOrO
3eMJIETPSICEHUS TAK)XE HE SIBJISIETCS HI€aJIbHBIM.

IIpunoBepxHOCTHAsI yJapHasi BOJHA MOJET HM3HAYaJIbHO
CPOPMHMPOBATLCSI B TOM UHCIIE M3 OTHEIbHBIX (PParMeHTOB
(Hampumep, B ropax) HJIM IIpeTepHeBaTh IIPU  paspyLICHUSX
MHOJKECTBEHHBIE Pa3phIBLL, JIOKAJIbHLIE HAPYIIEHUS LIEJIOCTHOCTH,
BBICBOOOJKIIATh OTHEJIbHBIE OJIyKIaiomue II0 SIUIIEHTPY ¢ppar-
MEHTHI ¥ BECTH ceOsl CIOXKHBIM 00pasoM.

besyca0BHO, Ha HEKOTOPOM YyIAJIEHHMH OT SIHULEHTpa
MOBEIEHUE PACXOUSIIUXCS B CTOPOHBI TMOBEPXHOCTHBIX BOJIH

OuYeHb OJIM3KO K HICAJIbHOMY IIOBECACHHIO PACXOOSIIMUXCST IIO
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BOJIE BOJIH. ITO MOBEIEHHE XOpOIIO HM3YUYEHO MU KOPPEKTHO
MOOEIUPYETCsSl  alrapaToM  COBPEMEHHOM  MaTeMaTHYECKON
¢pusuku. Ho B 3o0He snmueHTpa, rie (poOpMHUpyeTcs yaapHas
BOJIHA, MOXHO I'OBOPHUTh TOJIBKO O BEPOSITHOCTH TOI'O WUJIM MHOI'O
CLICHApUsl Pa3BUTUSI COOBITHIL

HyxHo mocrpouth M onMcaTh rpadUK IMOBEPXHOCTHON
YIApHOH BOJHBI B PEAJIbHBIX YCJIOBHSIX, MaKCHUMAJbHO IIpU-
OJIMJKEHHBIX K MOIEJHMPYEMBIM — C PasyMHOM TOYHOCTBIO BOC-
TIPOU3BECTU PEbed MECTHOCTH M TIyOMHY 3ajleTaHHsl Ouara.

3areM Ha TIIOBEPXHOCTH C(POPMHUPOBAHHOM YAapHOU BOJI-
HbIL (I/IJII/I IIEJIOrO0 KOMIUJICKCA YJIapHBIX BOJIH, €CJIM peJibed
MECTHOCTU pPa3pbIBHbII — HaAIpUMep, IUIaTo U T. r[.) HAUTU U
paccuuTath 30HBI, B KOTOPBIX TI'OPHU30HTAJIbHASI COCTaBJISIOMIAS
KPUBHU3HBI W 3HEPruM YyIapHOMW BOJIHBI 6yue’1‘ MaKCUMaJILHOI.
MNmenHO B 3THX 30HAX TMTOBEPXHOCTh YJIAPHOMN BOJIHBI HauboJee
TIOABEPKEHA JIOKAJIbHOMY pPas3spbhiBY W Ppas3spyLI€HUIO.

B srux TOYKax rpagueHT K ITOBEPXHOCTH YIapHOI BOJI-
HBl OymeT JiekaTh Ha IIPSIMOM, KOTOpasi COENHHSIET 3Ty TOUKY
u 1eHTp 3emMau (HOpMajidh K HIEAIBHON ITOBEPXHOCTU 3eMHOTO
mapa). Yem MeHbIIe OymeT OTKJIOHEHHME TpaigueHTa OT ITOH
MpPSIMOM, T€M OOJbIIE BEPOSITHOCTH TOTO, YTO B ITAHHON TOYKE
ylapHas BOJIHA SOHULEHTpa OyIeT JIOKaJIbHO paspylleHa.

B rTakux OKpecTHOCTSX OyIyT HpPOHCXONUTH Pa3pBIBBI H
paspylIeHus 1EJIOCTHOCTH YIAPHOM BOJIHBI M CKOHIICHTPHUPYIOTCSI
30HBI MAaKCHMAJIbHBIX IOBEPXHOCTHBLIX PaspylUEHU.

MoOXHO C YBEPEHHOCTBIO yKa3aTh, UYTO 30HBLI Pa3spylUIE€HMI
MPUITIOBEPXHOCTHOM YIapHOW BOJIHBI II0 3aKOHY COXpPaHEHUS
9HEPrud IOJDKHBI COBIIAATh C OvyaraMy HauOOJBIINX (PU3H-
YECKUX Pa3pyLICHUN Ha IIOBEPXHOCTH 3E€MJIU.

besmonnbie W MaJIOHACEJIEHHBIE PAatOHLI TOXKE HYXKHO
0053aTeJIbHO IIPUHUMATh BO BHUMaHUE M H3y4yaTh HE TOJIBKO
3OHBI PaspyLICHUI HACEJICHHBLIX IIYHKTOB W 3JaHHUI, HO U JIOPOT,
KOMMYHHUKALIUH, IIPUPOIHOIO pejbeda, pycell PekK, 03€p, JIECOB,
HEOXUJAHHBIE OIIOJI3HM, JIABMHLI M KaMHENAJbl W JIPYTHE BO3-
MOJKHBIE (PU3HYECKHE IIPOSIBJICHHSI BBIOPOCOB IHEPIUH.

Ha MomeHT HammcaHus IJjIaBbl aBTOPp KHHUIM HE HMea
Ha PpyKax JIOCTATOYHO CTAaTHUCTMYECKUX HAHHBLIX I10 MOHEJISM
SIUIICHTPOB PEAJIBHBIX TI'€OJIOrHYECKUX 3EMIICTPSICEHUM, UTOOBI
riybxe u IogpoOHee MCCIeNoBaTh IIPUMEPHl  KOHKPETHOIO
paspyuIeHus HEJOCTHOCTH ITPUIIOBEPXHOCTHON YIapPHON BOJIHBI
B 30HE SMHUIEHTPOB IIPUPOIHBLIX 3EMIICTPSICEHUIL. 75



§ 4. Moneas ¢popMupoBaHusI BOJIH LYHAMH

CoBpemenHasi matemaTuueckast ¢pusuka 6Oomee 200 ner
pacroyiaraer pasBUTHIM anIaparoM, IO3BOJISIIONIMM KOPPEKTHO
U C BBICOKOI CTEMEHBIO TOYHOCTH MOJEIUPOBATh IIPOLIECCHI,
CBSI3aHHBIC C BOJIHAMU U BHODPAIIMSIMH.

OrnenbHbIE y4Y€HBIE W IIPAKTUKU BpeMsl OT BpPEMEHH
(Mo Mepe wuCCIIEIOBAHUS pPA3IMYHBIX 3aday) BHOCAT CBOU
BKJIAJI B PasBUTHE TEOPETHUUYECKUX MM IPUKJIAIHBIX ACIIEKTOB
MaTEMATUYECKON (PUSUKU U CHEIUAIBHBIX (PYHKIIHM.

B ciaydasix IOBEPXHOCTHOIO PpAaCIpPOCTPAHEHMSI BOJIH
pasauYHOM MPUPOOBI B IMJIMHIAPE IUISI MaTEeMAaTHYECKOTO
MOJIEJIMPOBAHUS MCIIOJIb3YETCSl BOJHOBOE YpaBHEHUE, TU(PQPEPEH-
nMaJILHEIA ornepaTop Jlamraca u BeIOMpaeTcss yaoOHasi cucreMma
KOOpAMHAT — a HMMEHHO, UMIMHIPUYECKHE KOOPIMHATEHL

Takoe ypaBnenme Jlamjaca B YaCTHBIX IIPOMU3BOIHBIX
METOJIOM Pas3Ie/IEHHs IIEPEMEHHBIX IIPUBOIUTCS K KJIACCHYECKOMY
ypaBHeHUIO beccenss — JIMHEMHOMY OTHOPOIHOMY U (PEPEHIIU-
aJIbHOMY YPaBHEHHUIO BTOPOTO IOPSIKA, IIOIPOOHO H3YyUYEHHOMY B
1 vacrn mHacrosmero uspanus, u ypasnenuio Illrypma-JInysuinisa
C HYJIEBBIM COOCTBEHHBIM 3HAUECHHEM, PEIIEHUE KOTOPOIO B 3TOM
cilyya€ MpeICTaBUMO Y€pe3 TPUIOHOMETPUYECKHE (PYHKIIUM.

Pernenue KpaeBou 3alauyd Ui JTUP@PEpPEeHIIHaIbHOIrO
YpPaBHEHUS Beccenga MPEJICTaBUMO TMOCPEICTBOM HCITIOJIb30BAHUS
OrpaHUYEHHBIX Ha BCEHd YHCIOBOM OCHU q)yHKHI/Iﬁ Beccenga
M HMEIOIMIUX B HYyJIE HEYCTPaAaHUMYIO 0CODOEHHOCTH (pe3Koe
crpemiieHHe K OeckoHeuHoctn) yHKimi Hetimana. Ceromss
PYHKIUU Beccens u Henmana gBiISioTcs OOHHUMH M3 0a30BBIX
MATEMATUYECKUX OOBEKTOB IJIS KOPPEKTHOI'O MOIEJIMPOBAHUS
Pe€abHBIX BOJIHOBBIX IIPOLIECCOB B HHMJIMHIIPE.

o mnacrosiiero BPEMEHM HHMKTO M3 CIEUMAUCIOB B
007aCT  MaTeMaTHYeCKON (PHU3UKM, KOTOpHIE 3aHHMAIOTCS
paspaboTKOM TEOPETUYECKOTO amrapara, He IBITaJIUCh I10C-
TpouTh Mojeyb uyHamu. Ilo kpaiimein mepe, B jmaTepaType IIO
MaTeMaTHYECKON (PU3HKE HE OblIa HaWIeHa IaXXe pasBepHyTas
IOCTAaHOBKA 3TOr0 BOIPOCca M 3adauud.

3a CBOIO JKU3HbB JIIOOBIE CIIEHMUAIMCTHI B 00JIACTH MaTq)I/I-
SUKH CTPOST B JIy4YIIEM CJ/Iydac€ OJHY MJIM HECKOJIBKO Pa3BCPHY-
76

ThIX KOPPEKTHBIX MaTEMATHUUYCCKUX MOJEJIEM B OUYEHb y3KOI7I
oTpacin CBO€EU CIlenuajn3anuu HjiIn IIPpOCTO HMHTEPECOB.

Ilomasnsomiee GOMBIIMHCTBO CIIEIINAIMCTOB M MHKEHEPOB
NPEeNIoYNTAIOT HCIIOJIB30BATh TOTOBBIE U ITOCTPOEHHBIC KEM-TO
IO HUX MOIEIN M AJTOPUTMBI PacyeToB, HE 3aHUMAsiCh CYry0o
TEOPETUYECKAMH H3bICKAHUSIMA U ITOCTPOCHHEM ITPUHIIUIIN-
QJIBHO HOBBIX (PU3MKO-MAaTEMATHUUYECKUX CXEM.

Kpome TOro, Habmonaercas HEKOTOPOE BHYTPEHHEE IIPOTH-
Bopeune. CHnenuanucTbl B PasIMUHBIX HAYYHBIX OTPACIX,
1 OCODEHHO WCCJIENOBATEM WIIA YYEHBIE-IPAKTUKH — Kak,
HAIIpUMEDP, F€0JIOrU, OKE€aHOIpaphl, CEMCMOJIOTH, METEOPOJIOTH U
Ip. — HE BJIAJIEIOT HEOOXOIVMMBIMU TEOPETUYECKHMMH HIOAHCAMU
IOCTPOEHUS MAaTEMAaTHYECKUX MOJEJIEl B TEPMUHOJIOTMH U
anrapare MNpHUKIATHON MaTeMaTUYECKON (PU3UKU.

A crenuayiicr B 00JIaCTH IIPHKJIAIHOM MaTeMAaTHKUA M
MaTEMaTUYECKON (PUSUKH, COOTBETCTBEHHO, JIOJUKEH IOTPaTUTh
MHOTO BPEMEHHM M YCHJIMH IS OCBOECHMSI IIEJIEBBIX BOIIPOCOB
pdaaa CMEKHBIX TUCHUIUIMH, MMETbh JOCTYII K CI€HUaIbHOHU H
HpaKTI/ILIeCKOPI I/IHq)OpMaI_II/II/I, K pesyiabraTaM HCCJIEIOBAHUN,
KOTOpBhIE HE BCErga OOIIETOCTYIHBI (II0 MHOTHM IIpUYUHAM).

Haunewm ¢ MmogeImpoBaHus HaYaJIbHOIO ITOBEICHMS] CHCTEMBI
BOJIH I[yHAMH IIpM Pas/IMUYHBIX Ouarax M SIuLEHTpaX. Panee
MBI PACCMATPUBAIIM UIEAJIBHBIA CJIy4Yad, B KOTOPOM SIIULICHTP
3EMJIETPSICEHMSI PACIIOJIAra€TCs HA POBHOM U I'JIAJIKOM JTHE OKE€aHa,
a B CaMON OKPECTHOCTH HMYTO HE IPENSTCTBOBAJIO KPYrOBOMY
(POPMHMPOBAHHUIO YJIAPHOM BOJIHBI y ITOBEPXHOCTH.

IloreHrmmapbHBIE MCTOUYHHUKU nyHaMH MOI'yT pasMerarTbCs
KaK B TOJIILE OKEAHUUYECKOMN BOJIBL (TeXHOF C€HHBIC HpI/I‘{I/IHI)I), Tak
M B HAKJIOHHBIX BIIaJUHAX, CCpOpMI/IpOBaHHI)IX B pesyJibTaTe
NOJIJIBUXKU OJTHOMN J'II/ITOCCpepHOfI IUIATBI TI0A APYTYIO (‘IaCTO
BCTpEYAIOMINECsT I'€OJIOrH4eCKue yCJIOBI/IH).

B pesyibraTe JIBUKEHU J'II/ITOCCpepHI)IX IUIAT  I10J
IENCTBUEM 9HEPruu BpallCHUs 3emim u JOBHUJKEHUSI TEILJIOBBIX
KOHBEKIIMOHHBIX IIOTOKOB B BEPXHHX CJIOAX MarMbl OIHU IIJINTBI
yXOOsT IIoa APYIrue, IOrpysKarTcd B MarMy M ITOCTEIIEHHO ILjIa-
Barcsa. Ha ux rpaHUIIEe o6pa3yeTcsl JIMHHasgA 1 y3Kasi BIIaaWHa,
1 TakKasi IpaHUIla Ha3bIBA€TCSI I[eCprKTI/IBHOfL

Brnagueel Ha JIHE OKEaHOB HOCSAT HasBaHHE JKeJIO0OB
(mammpumep, caMblii TIyOOKHET MapmaHCKHIT Xejlod u 1p.). ITo
CEMICMUYECKH OY€Hb AKTUBHBIC YYACTKH 3€MHOI KOPBI, BHYTpHU
KOTOPBIX MOTYT IPOHM3BOIMTHCS PETYJISIPHBIE BBHIOPOCH MOIIHEN-
e CEVICMUYECKON IHEPIrUM. 77



He ouens riayboko B
JKenobax pOpMUPYIOTCST OYa-
I'y, KOTOpbIe Graromapsi oco-
OeHHOCTSIM  pesibedpa  JIAIoT
OTHOCUTEJIBHO Y3KO HaIlpas-
JIEHHOE H3yYE€HHE SHEepruu
B OK€aH — B KJIMHOBUIIHOM
/ CeKTOpe, 3aKpalleHHOM Ha
R T cXeMe€ B TEMHBIE TOHA.

oA SHEEHE > Okoi10 70%-80% BHIGPO-
LIEHHON B OKEaH 3HEPruu

OKa3bIBAETCA  CKOHIIEHTPU-

POBAaHO B Y3KOM CEKTOpe.

KOHTUHEHTanbHas
nuTochepHas nauta

NCTOYHUK
KosiebaHnn
marma

Ha cxeme BUIIHO, UTO yllapHasi BOJIHA C MOMEHTa ee (op-
MHPOBAaHUSI MOXKET CBOOOIIHO IBUIaTbCSA B OTKPBITHIF OKe€aH,
HE paspbiBasiCh Ha 4YaCTH MW JIOKAJIbHO HE paspyliasich. Ha
MaTepUK yliap TakKOoro IyHaMH HallpaBJIEH HE 6yneT. Bnaronapsl
CTPYKTYpE€ TIIPHUIIOHHOIO pejibeda IIYyHaMH HE€ HOCHUT IIOBEpPX-
HOCTHBI KPYTOBOH XapakTep PacXOISIIUXCs BOJH, a 6yneT
JBUTATHCS NOCTENIEHHO PACIIUPSIOIICHCS ITOJIOCOM.

Ecim Xkenob U IHO HMMEIOT CKayKOOOpasHYyIO CTPYKIYPY,
TOrJla OT IIPOTSUKEHHOIO BIOJIb JKEjJ00a HMCTOYHUKA MOJXKET
CPOPMUPOBATLCSI  HECKOJIBKO ~ VIAPHBIX BOJIH, pa3lIeJICHHbBIX
paspbiBaMH, ITOCJI€ Yero KaKiasl ydapHasi BoJHa Oyier pacrpo-
CTPaHSITHCSI HE3aBHCHMO OT IPYIHUX.

ITpennosoXuM, 4YTO C(OPMHUPOBAHHAS BIOIbL JKEJI00a
O/lHA TIPOTSKEHHAsl BOJHA WMeeT UIMHY ¢poHTta L.

OGosnaunm () yacTh 9HEPruy, KOTOpast ObUIa BHIOPOLIEHA
B 3aKpALUEHHBI CEKTOP OT Beei sHeprun ovara F. IIporeHT BbI-
opomennof B cektop sueprumn cocrasutr Q / E x 100%.

OOyt pasMep yrila BCEro CEKTopa, B KOTOPOM CPOPMHPY-
ercsl IyHaMmy, cocrasisier O paguas. Ha ¢(popMuposasue yaapHOi
BOJIHBI B YKa3aHHOM CEKTOPE H3PACXOLyeTCsl IHEPrusi BO BIIO-
JKEHHOM — MEHBIIEM CEKTOpE, COCTAaBJBHoLieM [3 pamuaH.

Yron HakJIOHAa MPOOYKTUBHOIO (C TOYKH 3pEHUS] (PpOpMU-
poBanusi 1yHamu) cekropa kK ocm OX cocraBiser Y panmat.

Hna mepecuera X rpalycoB B Y paguaH HCHOJb3YHUTE
IIPOCTOE JIMHEMHOE OTHOLICHUE:

Yy pamman = 27X rpaxycos / 360
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aHepFI/IIO U, KOTOpasd 6yz[eT n3pacxoaosaHa Ha CO3JdaHHUE
HpI/IHOBerHOCTHOﬁ ynapHOﬁ BOJIHBI IIYHAMH M IIPHJIETAIOIIECTO
K Hen CHH3Y CEKTOpa, MOJXHO OICHUTH BbIPDAaKCHHEM:

U=PBQ/ oo —sHeprus cekropa yIapHOil BOJIHBL

Oueprusi W mepBoil KIIaCCHYECKO# BOJIHBI COCTABUT:

W=0—U=(—B)0/ «a

OHeprusi OT HCTOYHHMKA pac-
MPOCTPAHSIETCS KPYTOBBIMU PaBHO-
MEPHBIMU BOJTHAMMU. Kpyrosoi
CEKTOD, (POPMUPYEMBIA  YyIIapHON
BOJIHOM, IUISI yIOOCTBA BBIYMCIICHUIA
MOJXHO IIPHHSTH 3a TPEYrOJIbHUK.
IlockobKy  CcymMMapHasi — SHEpPrus
MOJKET OBITH pasJIoKEHa II0 HBYM
OCSIM KOOpIMHAT KaK BEKTOpHas
BEJIMYMHA, OLEHUM €€ TOpPH30H-
TanpHylo cocrasispomylo  UXx  kak
YCPEOIHEHHYIO BEJINYUHY:

Ux = Ucos(y+ o— B/2)
Ux = Qcos(y+ o— B/2) B/o

MoxHo IIPEATIOIOKUTD, YTO, B COOTBETCTBHH C JIOTUKOM
MOJ€JIM, TOPHU30OHTaJ/JIbHasA COCTABJISIOIIAA BHyTpeHHefI 9HEPruun
9TOro CEKTOpa BO BpEMsI BTOPOIro (paSOBOFO nepexoaa Hepeﬁ-
HET B KUHETUYECKYIO IHEPIuio 1 CCpOpMI/IpyeT HavaJIbHYIO CKO-
PocTh vx JOBUXKECHUSA ynapHoﬁ BOJIHBI BJIOJIb ITOBEPXHOCTH.

Ux = m v/ 2= LS oamopa Vi'/ 2

IJIe aHAJIOIOM MAaCCHI BBICTYTIA€T OOBEM CEKTOPA, BHIPAKECH-
HBIFI Yepes IUIOIIAIb Scekmopa U JUIMHY PPOHTAa YyIapHOU
BOJIHBL L, KOoTOpast cgpopMupoBasiach BIOJIb ouara JUmMHHON L B
NPOTSDKEHHOM JKeJjloOe (IJIOTHOCTh BOABI IpuUHHMaeM 3a 1)

ITostomy Ux = LB R? sz/ 4
Ux = Ucos(y+ o —B/2)= LBR*v?/ 4

cos (y+ o —B/2)
LB

Orciona Vy = ER \/U
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2 + o —PB/2
W Vv, = R \/Q COS(YLCX B/)

O‘ICBI/IHHO, YUTO BEPTHUKAJIbHASI COCTABJISIIONIASL BHyTpGHHGI?I

9HEPruun HepefmeT BO BHYTPCHHIOIO 3SHEPIUIO yz[apHoPI BOJIHBI

U C HpI/IJIeFaIOIlIeﬂ OKPECTHOCTBIO, a TaKXe€ B OCTAaTOYHYIO
SHEPIrui0 BOSMYIICHUN BHYTPH PaCCMaTpUBA€MOI'O KJIMHA.

0,=Uy=U—Ux =UQ — cos(y+ oa— B/2))

OrHomeHue M3pacXOIOBAaHHOM Ha NpUIaHUE HAYAIBHOM
CKOPOCTH (PPOHTY YHAapHOH BOJIHBI 3SHEPrUM, MW 3IHEPrUM,
NEpPENaHHOM CEKTOPY YIApHOW BOJIHBI, COCTABUT

Ux /U= cos(y+ a— B/2)

Orsomenue sHepruy, Koropas Obula 3aTpavueHa Ha IIpH-
JaHWe HAYAJIBHOM CKOPOCTH (PPOHTY YIApHON BOJHBI K OOIIEH
9HEPIuM, IMEPEJaHHON OT HCTOYHHKA BCEMY pacCMaTpUBAEMOMY
CEKTOpY IIyHaMH, COCTaBHUT

Ux/Q =Bcos(y+ o— B/2) /o

MoOXHO MNPpEennojoXUThb, UYTO CEKTOpP, OTBEYAIONIUK 3a
(popMUpOBaHUE TIEpPBOK (HE YyAApHOIN) BOJHBI IIyHAMHU BO
BpeMsI BTOPOro (pasoBOro IMepexona IepepaclpeneuT SHEPryio
aHaJIOrM4YHO. ["'OpusOHTaIbHASI COCTABIISIOIIASI BEKTOpPa SHEPruu
9TOr0 CEKTOpa COCTABUT

Wx = Wcos(y— B+ o2
Wx=Qcos(y— B+ o2 (0 —B) /o

Kunernueckast 9HEPIrus IIO3BOJISIET OTBICKATh I'OPHU30HTAJIb-
HYIO CKOPOCTb WX JOBHUKECHU S q)pOHTa HepBOI7I BOJIHBIL

Wx = m*wxz/ 2 = LSctrcmopa sz/ 2
IToaromy Wx = La. R? sz/ 4
Wx = Wcos(y— B+ a/2)=LoaR*w?/ 4

— B+
Orcioma Wx:ER\/Wcos (YL(X B+ a2

80

_2 —B —B o2
NP =

O‘ICBI/II[HO, YUTO BEPTHUKAJIbHASI COCTABJISIONIAS BHyTpeHHefl
IHEPrumn HepefmeT BO BHYTPCHHIOIO SHEPIUIO QW BOJIHBI

0,=MWy=W—Wx =W(Q1 — cos(y— B+ 0/2)

OrHomeHne M3pacXOIOBAHHOM Ha TPUIAHHE HAYAIBHON
CKOPOCTH 3SHEPrUM K 3HEPIHUH 3TOr0 CeKropa Oymer

Wx /W =cos(y— B+ o2

OrHomenne sHepruy, Koropas ObUIA 3aTpavyeHa Ha IIpHU-
JaHUE KOPOCTH (PPOHTY BOJHBI K OOHIEH SHeprum Oymer

Wx/Q=cos(y— B+ a2 (0 —B)/a

M3 mojaydyeHHbIX (pOpMYJI MOKHO BBIBECTH KPUTEPHIT OTHO-
IIEHUs] HAaYaJIbHBIX CKOPOCTEH JIJIsi TIEPBOM OOJIBIION M BTOPOM
CJIEYIOIIECHA 3a HEH YIapHOW BOJHBL Beenem Besmumny

Q= (vy /wy)?
o cos (y+ o —B/2)
(0c—B) cos (v —B +o/2)

O‘IeBI/IlIHO, YTO €CJIM BEJIMYMHA BBEICHHOI'O KPpUTEPHSI
Q MEHBIIEC C€OWHUIIBI, YydapHasi BOJIHA IyHaMH B HaYaJIbHBIN
MOMECHT IIOJIYy4YHUT MEHBIIYIO CKOPOCTb, Y€M II€pBasi BOJIHA, H
CKOpPOCTH BOJIH B HavalJi€ 6yHyT COOTHOCHTBCS Kak:

Orcioma QQ =

12
Vy = Q Wy  — B3aMMOCBSI3b Ha4YaJIbHBIX CKOPOCTEN.

Ecm Q <1, TO coorsercrBenno Vy < Wyu Ha00OPOT.

IIpyrueM DpUBENEHHBIN KPUTEPUH IS Q emonusercs
IUTsT JTIO0OI CHCTEMBI M3SMEPEHMII YIJIOB — KakK B paJgMaHax, Tak
n B Oolee NPHUBBIYHBIX MHOTUM JIONSIM T'pajycax.

Pacemorpum mpumep: o0 = 50°, 3 = 10°, y = 30°.

Torma €2 = 0,564 u coorsercrBeHHO Vy = 0,75 Wy

B nipumepe Bropasi ynapHasi Bropasi BOJIHA ITOJIYYUT MEHb-

IIyI0 HAvyajJbHYIO CKOPOCTh, YEM IIepBasg OOBIYHAsI BOJIHA.
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Paccmorpum mpumep: o0 = 20°, 3 = 10°, v = 60°, korna
yFHI)I, q)OpMI/IpyIOIIII/IG Ka}KHyIO "3 HByX BOJIH, OJMHAKOBBI

Torma €2 = 1,0852 u COOTBETCTBEHHO Ve =1,017 Wy, 10
€CTh [[B€ HayasIbHBIE CKOPOCTH IIPAKTUYECKU COBIAIYT.

ITockonbKy 1UIst BBIBOJA (POPMYJI, CBSISBIBAIOIINX CKOPOCTU
BOJIH M MX 3HEPIUH, Mbl IIPEIIOJIArajy, 4YT0 KPYroBOH CEKTOp
JUIsL YIIPOLIEHUS BBIUMCIIEHUA MOXKET MOIEIMPOBATLCS TPEYTOJIb-
HHUKOM, IIPUBEIEHHBIC (POPMYJIbI CIIPABEUIMBBI  TOJILKO IIpH
MaJjiblX 3HAUEHUSX YIVIOB Of ¥ 3 ¥ GOJIbLIOM 3HAYEHUH Y.

Ecmu kakoi-nmubo u3 yTiioB
A JOCTATOYHO  OOJBINOI,  CEKTOP
HYXHO pasOUTh Ha HECKOJIBKO
OTHEIBHBIX CEKTOPOB M BBIYHC-
JINTh CYMMapHBIE U CpeIHHe
ApU(PMETHYECKUE BEJIMYHHBL

OneHuBaTh H3ydYaeMble Be-
JUYUHBI TIPH  IIOMOINY YMCJICH-
HBIX W TPHOJIMJKEHHBIX BBIYHC-
JIEHUI Ha TPAaKTHUKE MOXKET OBITh
rpouie, 4YeM CTPOUTh AHAJIMTH-
yeckne Mopenn. OcobeHHO mnpu
BBICOKMX HaYaJIbHBIX IIOI'PEITHOC-
TAX OIIEHOK yF.J'IOB n BEJIUMYHH.

ITocie Toro, Kak IpPOM3OLIEN BTOPOI (PA3OBBIN IIEPEXO],
mape€ BOJIH CHCTEMBbI oyHaMu 'y ITIOBEPXHOCTHU OKE€aHa HpI/IJIaIOTCSI
HEKOTOpHIE HavaJIbHbIE CKOPOCTH M BEJIMYMHBI aKKyMYJIHpPOBaH-
HOIl BHyTpeHHen sHeprur. C 3TOro MOMEHTa BOJIHBI HAYMHAIOT
CcBOOOIHOE IBIJKEHUE OT SMIHUIIEHTpA M HCTOYHHUKA ITyHAMI.

@DusyuKa [IBUKEHUS CHCTEMbI BOJIH LyHAMHU B BOIE U
pacxXosIIUXCsl IPUIIOBEPXHOCTHBIX  YIAPHBIX BOJIH  3€MIe-
TPSCEHHUsI B 3E€MHOM KOPE 3HAUYMTEJIBHO OTJIMYAETCS JPYyr OT
IpyTa, XOTS C TOUKH 3PEHHSI MaTEMAaTHYECKOH (pU3HKUA 00a ITHX
IpoIecca y IOBEPXHOCTH MOIEJMPYETCSl OOHUMU U TEMH XKe
BOJTHOBBIMHM YPaBHEHUSIMA B IUJIUHIPUYECKUX KOOPIHUHATAX.

ITO CBSI3aHO C KOHIENTYyaJbHBIMU PpasjIMuYMsSMH peaju-
3aluUy  (PU3MYECKUX MEXaHU3MOB Iepejaud KoyiedaHuili B
JKUIKAX M TBEpIObIX cpenax. Boma 1uiactuysa #, B OTJIAYHE
OT TBEPIBbIX T'OPHBIX MOPOI, CIIOCOOHA YIIPYI'O pearupoBarh Ha
BO3MYILEHHUSI, (POPMHUPYSI IIpU 3TOM TypOYJICHTHBIE IIOTOKH, a
HE PaCTPECKMBAsSICh WM HE€POPMUPYSICH.
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C MomeHTa Hauvaja ABMDKEHHSI BOJIH IIYHAMH 1O MOMCH-
Ta Ha4daJia IIOJTHOI'O rall€Husa HnX BHyTpeHHeﬁ 9HEPrum C TOYKH
3peHust cpasom,lx IIEPEXOIOB CHCTEMA MOJKET OBITH CMOIEJIN-
PoOBaHa OTIEJILHOM MaTEMAaTUYECKOM MOIEJIBIO C yI[O6HOI71 1
HccjenoBarTeiiss CHUCTEMOM KOooOpauHart.

Bribepem cucremy KoopaHMHAT, KOTopas OyHeT IBHIaThCs
cunxponno Bvecte ¢ BosHoit. Ocs OX comager ¢ HanpasieHuEM
IpaIMEHTa K (PPOHTY PacHpPOCTPAaHEHUs BOJHBL 1109TOMY BOJIHBI
B 9TOM CHUCTEME MOJXHO PacCMaTpUBATh KaK CTOSYME, TOrJAa HX
IIOBEJICHHE MOJIEIHPOBATh CYIIECTBEHHO YHOOHeEe.

B Takoi Mojpes MBI OTIEJILHO PacCMaTPUBAEM CKOPOCTh
JABMDKEHUSI CUCTEMBI KOOPIMHAT C TEUEHHUEM BPEMEHHM, U OTJIEJIb-
HO — HM3MEHEHME MNPOMPMJIA CTOSYEN BOJHBI C TEUYEHUEM BpE-
mMeHH. CBsISBIBATH CKOPOCTH JIBHJKECHHSI CHUCTEMBI KOOpDIAMHAT U
U3MEHEHHE IpO(IIs BOJIHBI OylmeT 3HaueHuEe KUHETHYECKOM
9HEPI'uH, (PyHKIUs PacCEUBAHUs SHEPIUMU BOJIH IPU IBUKCHUU
U 3aKOH COXPAaHEHUs! SHEPIUH.

Ecnu 661 BoIHA IIyHaAMH B UI€AIBHON JXHIKOCTU IBHTAJIACh
0e3 TpeHHMsI U PACCEUBAHUSI SHEPTUU B OECKOHEYHO JIJTMHHOM
KOpUJIOpE C MapaJUIeJIbHBIMM CTEHKAMU, €€ IIPO(PUIIb BCE BpEMS
ocrapayicsi Obl HEU3SMECHHBIM, a CHCTE€Ma KOOpIMHAT [BUTraJIach
OBl TIPSIMOJIMHENHO U paBHOMEpPHO. Takasi mueannsupoBaHHASI
MOJI€]Ib, €CTECTBEHHO, B MPHUHIIUAIIE HE MOXET HCHOJIb30BATLCS
IUIs. ONMCAHUS IIOBEIEHUS I[yHAMM.

Ha mpakTuke, eciii MCTOYHHK B JKejloOe Ha JIHE OKeaHa
CPOPMUPOBAJI OIHY MJIM HECKOJIbKO BOJIH, KaXas Takas BOJIHA
LYHAMM JIBHJKETCS HE3aBHCHMO JIPYyT OT JIpyra B CEKTOpe Kpyra
yraa (9, coxpaHsis oOpa3 CBOEro HCTOYHHUKA, €€ JUIMHA d)( ¢ )

HanpaseneHue
PacrpoCTRaHeHvA Bonfibi

TOYeYHbIN
NCTOYHUK

WCTOYHUK .~
LyHamu Ha fiHe

OKeaHCKOro bPOHT BOJHBI
xenoba LyHamu

Pacxonsimuecs CEKTOpa U HuUX HpO(pI/IJII/I CBsA3aHbI IpPyr C
APyTroM II0 IIPHUHITUITY HOZ[O6I/I$[, €CJIn HpOCpI/IJ'[]) BOJIHBI HE 6y}1€T

HapymaTbCs IIPEIIATCTBHAMH B IIPOLECCE €€ IBHIKCHUSL.
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Bocroip30BaBmIAChE TEOPHEH TONOOHSI M TeOMETPHUUYECKAM
IIOHATHUEM O606IH€HHOFO KOHyCa, MOJXHO yTBep}K)]aTI), YTO JaKE€ B
ciaydae JIMHEHMHOTO MCTOYHUKA HEHYJIEBOH JUIMHBI Ha HEKOTOPOM
yOAJIEHUH OT HCTOYHHUKA BOJIHBI MOJKHO pacCMaTpuBaTh Kak
BOJIHBI OT TOYEYHOI'O MCTOYHUKA OOJIBIIEN MOILHOCTU, HAXOIIS-
merocst B BepmmHe O THIIOTETUYECKOro KOHYca.

Yem wmeHbie yroa () u Gojblue UIMHA HMCTOYHHMKA L,
TEM Jajiplie OyIeT HaXOMUTHCS IEHTP IHIOTETHYECKOTO ITyHaMU
OT HEKOTOPOro TO4e€4HOro ucrounuka O.

ITosromy pacnpocTpaHEHHE BOJIH IIYHAaMH Ha HEKOTOPOM
yOAJIEHUH KaK OT TOYEYHOIO, TaK M OT JIMHEMHOIO HCTOYHHUKA
MOJKHO H3y4yaTh OIMHAKOBO — IUIMHA MCTOYHHKA HE BJIUSICT
Ha MaTEMATHUYECKYIO U (PUSHUYECKYIO MOJEJIb ITOBEIECHMSI BOJIH
IIYyHAMHJ TIPU UX IBUXEHMH B OKeaHe. JTO K€ OTHOCUTCS M K
MPUIIOBEPXHOCTHLIM YIAPHBIM BOJIHAM 3€MIICTPSICCHMSIL

B peanpHOIl mpakTHKe HAOMIOZEHUS 3a IYHAMH M IIOJNY-
YEHHBIE (PAKTHYECKUE [aHHBIE HOCAT IHCKPETHBIM XapakTep.
Hccnenosatensiv  OOBIYHO HM3BECTHBI  IIOKA3aTEIH  CKOPOCTH
OBUJKCHHUSI YOApHOM BOJHBI IIyHAMU M BHICOTa BOJH Ha HEKO-
TOPBIX BPEMEHHBIX OTpe3sKax B TabmmuHoi opme. IlosTomy
aBTOp OyJET CTPOMUTh HUCKPETHYIO OLEHOYHYIO MOIEJIb.

Ob6osaaunM d)( 4 ) JUIMHY JIMHUX (PPOHTA yIapPHOM BOJIHBI
B HAYaJbHBII MOMEHT COBIQJAIOEN C JumHON L ucrouHunka:

@(0)= L, xoropast npu ycIOBUH CBOGOXHOIO M Gec-
HPEISITCTBEHHOTO PacIipOCTPaHEHHsI OyIeT yBEIHMYUBATHCS, MOB-
TOpSISL NIPOPIIIL UCTOYHUKA II0 3aKOHY IIOIOOUSL

Jlia ynobersa OymeM paccMaTpuBaTh OYEHb MaJIble 3HAUe-
HUS yrja (Ou OIu3Kue K JIMHEHHBIM MJIM TOYEYHBLIE HMCTOUYHHUKU
oyHaMun L, I109TOMY HpOCpI/IIII) @(t) MOJXHO OILI€EHHMBATh KaK OUYE€Hb
ONMM3KUIT K JIMHEHHOMY OTPE3KY IPSIMOIL.

PaccmoTpuM, Kak BIMSIOT IPENSTCTBUS HA IIyTH PaCIpo-
CTPaHEHMsI yIAPHBIX BOJIH IIyHAMH HAa UX SHEPIrUiO U U3MEHEHUE
KOH(PUIypalluy (PPOHTA YIAPHOH BOJIHBL

bynem wmcrnomb3oBaTh TOT (PaKT, UTO BOJHBI IIYHAMH HE
MOIYMHSIIOTCSI  KJJACCUYECKUM BOJHOBBIM 3aKOHAM, ITOCKOJIBKY
BTOpasi BOJIHA IIyHAaMH HECET B cebe IpUIIOBEPXHOCTHYIO yIap-
HYIO BOJIHY, BEIYIIYIO ceOsl KaK aHOMAaJIbHBIF OOBEKT — Kak
TBEp/asi, TOHKasi M yIpyrasi 3SHepreruyeckas wmemOpanHa. B
BBIOPAHHOM HAaMU CHUCTEME€ KOOPIWHAT OHa HEIOIBHKHASL
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EyneM paccMaTpuBaTh IIOBECACHHE  BOJIH oyHaMu B
J]I/ICerTHOfI CHUCTEME MOI€/IM BPEMEHN — B KOHEYHOM Ha60pe
r ’
BPEMECHHBIX HHTEPBAJIOB M BPEMEHHBIX TOYEK:

ty, t; ... lk ... — BpeMeHHbIE TOUKH HAOINONEHNUIL.
npuueM [y = 0 u wunrepBanst Aly = [ — g g

Beeniem B pacemorpenne (yukumio O(1), xoropas Gyuer
OIMCHIBATH IIOTEPU BHYTPEHHE! IHEPruH CUCTEMbI BOJIH IIYHAMH,
CBSI3aHHBIE C PACCEHBAHMEM SHEPIUU B OKEaHe IPU IBUKCHUHU H
TpeHuHn (B TOM umciae o0 JHO, IIPU BCTPEYE C OOBEKTaAMU).

Ilorepu sHepruu mepsoi OOBIMHOM M BTOPOX yHapHOM BOJI-
HBI 0003HAYAIOT (PYHKIUH @W( t) u @U( t), npuuem

@(0) = @W(O) = @U(O) = (0 — HaYAIBHBIT MOMEHT
O(ty) = O,(t) + O,(ty — CJIOXKEHUE TIOTEPD.

OHeprusi CUCTEMBI BOJTH B MOMEHT BPEMEHU C YYETOM HEHY-
JIeBOM (PYHKIIMU ITOTEPh MOJKET OBITh 3ammcaHa B popMe:

Q(tk) = (QW + QU) - (GW(tk)+ GU(tk))
Qw(tk) =0, — ®W( tx) — mepsasi BOJIHA
QU(tk) =0, @U(fk) — Bropasi BOJIHA.

\Y 8¢ paccMaTpuBaEM CHCTEMY C HeHyHeBOfI 3HTpOHI/I€I71, KO-
TOpasa ABJIAETCA HCKIIIOYUTEIBHO BOSpaCTaIOHICPI (pyHKHI/IefI.

ITosromMy pyHKIMM HOTEPh 3SHEPrUM SBJISIOTCS MOHOTOH-
HO BO3PaCTalOIIMMM, OIPAHUYEHHBIMU, HEIPEPLIBHBIMU HWJIA
PasphIBHBIMM (PYHKIUSMH, TJIE€ KaXKIbIA PaspblB UMEET (popMy
KOHEUHOI'O CKauKa, OIMMCHIBAIOUICTO KaXKIYIO BCTpEUy IyHaAMHU
C KaXXIbIM CYIIECTBEHHBIM IIPEISITCTBUEM.

CoOTBETCTBEHHO, B Ka Kbl MOMEHT BPEMEHH HA HEKOTOPOM
y4acTKe (PPOHTA BOJIHBI JJIMHOM Ad)( t k) OymeT CKOHIIEHTPHPO-
BaHA BHYTPEHHSISI SHEPIUsl CHCTEMBI AQ( tk):

AQ(tk) - A(D(tk) (QW (tk) + QU (tk)) /d)(tk)
AQW(tk) = AD(ty) O, (tr) /(D(tk) — mepBast BOJIHA
AQU(tk) = AD(ty) 0, (ty) /@(tr) — sropas Bomma.
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Kuneruueckast sHEprusi IBMJKEHUSI KaXIIOH BOJIHBLI TaKXKe
6y)1€T pacxomoBaThCsl Ha TPEHUE M IOCTENEHHO PaCCEUBATHCS.
Beenem yHKumu EW( ) u = U( t), coorserctBenHO 0GO3HA-
Yaoume I0TE€PU KUHETUYECKON ISHEPruu MepBON OOBIYHOM U
BTOPOM yIapPHOW BOJIHBL

EW(O) = EU(O) = O — HAYaJIbHBII MOMEHT

Kunernueckast JHEprusi B KaX[IbI1I MOMEHT BpEMEHU CO-
OTBETCTBECHHO 6y£[eT COCTABJIATH:

EW(tk) =E,— EW(fk) — mepBasi BOJIHA
EU(tk) =E,— Eu(tk) — BrOpas BOJIHA.

OrMernM, 9YTO KWHETHYeCKasi SHEPryusl 3TUX [BYX BOJIH HE
MOJKET CKJIAIBIBATHCSI, TTOCKOJIBKY BOJIHBI OITHCHIBAIOTCSI PashIMU
3aKOHAMH U IIPEJICTABJISIOT COOO¥ pas/Im4Hble 00BeKTH. Kaxmas
BOJIHA B TEYEHUE IUINTEJIBHOIO BPEMEHHOI'O HHTEPBAJIA MOJXKET
OBUTATBCSI caMa MO cebe CO CBOEM CKOPOCTBIO, KaK 3TO OBIIO
omvcaHo panee. bojiee Toro, 10 MOMeHTa BCTpeuu C Oeperom
NI MOMCHTaA IIOJIHOI'O TralluCHUus BHyTpeHHeﬁ 3HepFI/II/I BTOpaSI
ylapHasi BOJIHA MOJKET [a’X€ HE€ IOrHaTh IIEpPBYIO.

ITockoapKy 1pomecc HOET €  HEIPeKpalalomIuMUCs
MOTEPSAMM KUHETUYECKOW ISHEPruH, CKOPOCTb KaXKIOW BOJIHEI
Oymer IOCTENEeHHO YMEHbBIIAThCSL

B OTKPBITOM OK€AaHE€ TaKHE€ IIPOHIECCHI HMAYT OYE€Hb MEI-
JIEHHO, a TIpW IIOBBINICHMI pem)ecpa AHa PE3KO YCKOPAIOTCH,
N CKOPOCTH BOJIH HAYMHAET TOPMO3HUTHCA 6I»ICTpe€.

Tak Kak wu3HAYaJILHO B MOIEJIM ILYHAMU BHYTPEHHSIS
W KHHETUYECKAsl 3SHEPrus OKa3aJIMCh OTIEJIEHHBIMHM JIPYr OT
Japyra u ObUIM HAIpPaBJICHBI HA Pa3jIMUYHBIC HE BJIMSIOLIUE JIPYT
Ha Jpyra C TOYKU 3PEHMSI (PU3UKU IPOIECCHI, KMHETHUYECKAS
SHEPIusi JIBUJKEHMSI BOJIHBI HE OKa3bIBAET CYLIECCTBEHHOI'O BJIH-
SHHUSI HAa €€ BHYTPEHHIOIO SHEPruio, ¥ HaoOOpOT.

BepTI/IKaIII)HaSI BEKTOpPHasA COCTABJISIOLIAsA BCEN SHEpruu
HNCTOYHHKA II€PENlIa BO BHYTPEHHIOIO SHEPI'HIO, a TOPHU30HTAaJIbHAaA
CoCTaBsIiOomiass — B KHHETHYECKYIO, obecneunBast ABHJKECHHUE
BOJIH IYHAMH TIIO OK€aHy M II€pE€HOC BHyTpeHHefI IHEPIrun
KaXx/I0 U3 HUX Ha OI'POMHBIE PACCTOSIHHSIL.

Tak Kak BEKTOpa CHJI OBIIM TEPHEHIUKYJISPHBI IpYyr
IpPYyry, OHM HMEIOT HYJIEBOE CKaJIIpDHOE IIPOM3BEICHHE U B
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MOMEHT pasIeI€HHsI SHEPruii BO BPEMS BTOPOro (pasoBOro
repexona TEPECTaoT OKasblBaTh CYIIECTBEHHOE BIIUSHUE IPYT
Ha Jpyra (3TUM BIMSIHIEM MOJKHO IpeHeOpeds).

IIpoucxomuT 3T0 IO TOrO MOMEHTa, ITOKa OIHA BOJIHA HE
JOTOHHUT IPYIyl0 M He obpasyer MapHyIO CHUCTEMY BOJIH (eciu
TaKOe BOOOIIE KOIna-JImOO0 IPOU3OMIET).

ITosToMy yHAMH IIEPEHOCAT OTPOMHBIE SHEPIHMH OT HCTOY-
HHUKOB Ha OOJIBIIHME PACCTOSHHSI IO T€X IIOp, HOKa KaXuasl Hu3
JABYX BOJIH JIBUJKETCS HE3aBUMCUMO Ipyr or apyra. Kaxueiin Buj
9HEPIUM BOJIHBI PACXONYETCSI HCKIIOYUTENIBHO IIeJIEBBIM  00-
pasoMm 0e3 Iepexoga OTHOrO BUIA SHEPIHU B JIPYTOIL

Ha paspymenusi 6eperoBodi JIMHUM B OCHOBHOM HAaIIpaB-
JsieTcsl BHYTPEHHsISI SHEPrusl BOJIHBI IyHaMmu. Ee KuHernueckast
9HEPrus CTAHOBUTCS HCTOYHHKOM IHPHOPEXKHOIO BOJHEHUS KaK
TAKOBOI'O M SHEPruM IPOIBMKEHUS IIyHAaMH BIJIyOb Oepera.

IIOCKOHLKy CppOHT BOJIHBI IIYHAMH PacCIIpOCTpaHSICTCA
KJIMHOM (TOIILKO 3a CYET I€eOMETPHM ITPOMCXOIUT YMEHBbIICHHE
KOHIICHTPAIINX BHYTPEHHEN SHEPIUU Ha YIACTKE (PUKCUPOBAHHON
JUTMHBI), SHEPrusl TaHHOTO yvyacTKa yMmeHbimaercs. OHa Takxke
YMEHBIIAETCSL 3a CYET TPEHUsI M PACCEUBaHUSl BHYTPEHHEN
sHeprun. Yem jgajbmie (PPOHT ILyHaMHU OT MCTOYHMKA, TEM
ciabee Oyner ero yjaap O TIPENsSITCTBUE (PUKCUPOBAHHOM
JUMHBL ‘TeM MeHbIIe BHYTPEHHEH SHEPrud IIOTEPSIeTCsl IIpU
BCTpEYE C TaKUM OOBEKTOM, M TeM cjabee OyIyT paspyLIeHHS
B OKPECTHOCTH 3TOH O€peroBOM JIMHHML

PaCCMOTpI/IM JBa MaJIbIX O6L€KTa, HMEIIMUX OJIHHAKOBYIO
IIPOTSIKEHHOCTh U q)OpMy 6eper030171 JIMHUMU BJIOJIb q)pOHTa
OyHaMH, HO PACIIOJIOKEHHBIX Ha Pa3/JIMYHBbIX PACCTOSHUSX OT
HCTOYHHKA IIyHaMM. HepB])IfI OOBEKT OyHaMu JOCTUIacT 3a

Bpemst [j, Bropont — 3a BpeMms [,.

3anuiiemM 3HAYEHUS BHyTpeHHefI 9HEPIruu, KOTopast 6yneT
HaIllpaBJIECHA Ha IPpUYHHEHUE paSpr.[eHI/IfI 6ep€I‘OBOI7I JIMHUU
OJIMHAKOBOI UIMHBI AS B oboux ciryvasix.

AQ(th) = As (O, — Oy(t) [®(1k)
AQ(tm) = AS (QU - ey(tm)) /@(ty)

Ipuuem spems ff < Iy, norepu O, (1) < O (tm)
v uaHa poura yrapuon somas @D(1y) < D(t,)
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Obosmaunm R(1) paccrosmue ppomTa myHaMu OT THIIO-
TETUYECKOr0 WUIM PEAIBHOIO TOYEYHOro ucroununka O wim ot
PEIbHOrO JIMHENHOro ucrouHuka. Torma

P(ty) = (1) + 2 (R(1w) — R(1})) sing

ITosromy, yem manpmie OOBEKT, T€M caabee IPHYHHSIEMBIE
paspynieHdsl Ha yJacTKaxX OeperoBoil JIHMHUM (PUKCHPOBAHHOM
IyiiHBL PaccMOTpuM HEKOTOpPBIE IPUMEPHL

Henaneko or snuIeHTpa 3eMJIETPSICEHUSI I[yHAaMU HE TOJIb-
KO paspyliaer BCE, YTO HAXOOUTCSI Ha OEeperoBo JIMHUMU, HO
paspymaer caMmy O€peroByio JMHHIO U JIa)Ke IeJIbIe YYaCTKH
KOpaJIJIOBBIX PH(OB U INUIOCKUX OCTPOBOB.

Ecnu Ha ITy T BOJIHBI ITyHaMM HENAJIEKO OT AIMUIIEHTPA CTOUT
HeOOJIBIION BI)ICTyHaIOIlII/IfI HAI BOIOM y4JaCTOK KOpaJlJIOBOro
pI/Iq)a (HJIOCKI/IPI OCTPOB), IepBasd BOJIHA IIEPEXJIECTBIBACTCA Y€EPE3
HEro, a yaapHas BOJIHA KaK HOXOM IIOAPE3a€T M paspymacTt
OCTPOBOK 6J1aroz[ap51 BBICOYANIIIENT KOHIECHTpalnuu KOJIOCCAJIbHON
BHyTpeHHeﬁ SHEPrum Ha OYCHb MaJIbIX ydYaCTKaxX q)pOHTa.

OHeprusi, KOTOpasi paspylIaeT OCTPOBOK, CKAYKOM Ieper-
JeT B (PYHKIHUIO IIOTEPh @U( 4 ) M CKAYKOM YMEHBIIAET BEJIH-
YMHY BHYTPEHHEH SHEPIMH YIAapPHOW BOJIHBL

Ecnn OCTPOBOK MAJIEHBKUM W IUIOCKUM, KHHETHYECKas
JHEprusi 1myHaMu IIpH €ro IIPOXOXICHHUH IIOUTHM HE HM3PacCXo-
AYETCs, 1 Ha CKOPOCTb IBHXXEHUSI IIyHaMM (paKT paspymeHus
TAKOI'0 OCTPOBKAa HE€ OKaAXET CYHIECTBEHHOI'O BJIMSIHUSIL

Ecim xe BoHA LyHaMU BCTPETUJIA KPYIIHBIA OCTPOB HJIA
YacTh KOHTHMHEHTA, KOTOPBI YAaCTUYHO IEPEKPHIBAET (PPOHT
yIapHOW BOJIHBIL, IlyHAMH HE CMOJKET OOOIHYTh Takoil 00beKT. Tam,
rje BCTPETATCH IyHAMM M CyIla, HNPOU3OMIET IIOJHAs IIOTEpPs
9HEPruM BOJIH UyHamu. [JInHa (PpOHTA yHapHOI BOJIHBI CKady-
KOM YMEHBUIMTCS Ha IUIMHY 3aXBaY€HHOI'O YYaCTKa CYIIM.

Ileppast Gomplmast BOJTHA HAKAaTHUT Ha Oeper u Oynder
Becru cedsi, Kak M KpylHas OKeaHW4ecKass WM I[ITOPMOBAasI
BOJIHA, PACCESIBIIMCH BIIOCJEICTBUH II0 3aKOHAM JIBHJKCHHS
OKEaHCKHX BOJIH M HE OKa3aB HUKAaKOI'O BIIMSIHHS Ha YIIEJIEBIIYIO
YXOISIIIYIO C BBICOKOII CKOPOCTBIO YacCTh (PPOHTA IIYHAMHU.

Kuneruueckad sHeprusi NBHKEHHMSI BTOPOH — yHapHOMN
BOJIHBI — CKauyKOM IE€PEHIET B SHEPrui0 IUTOPMOBBLIX BOJIH
Ha KpyToM Oepery MM H3pacXOdyercss Ha JaJIbHeNIee
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HMHEPHIMOHHOE ITPOABHIKCHUE ITyHaMM BFJ'[y6]J Cymu 1pu OY€Hb
I10JIOTHUX 6eperax. 910 TosSICHSIET CpeHOMeH Pas/IMIHOroO II0BE-

AC€HUST IIYHaMM IIpW Pa3/IMYHBIX THUIIaX YKJIOHA Gepera.
[ .

Yem Kpydye wu oOpeiBHCTEE Oeper — TEeM CHJIBHEe
OyIeT TOBEpXHOCTHOE BOJHEHHE, KOTOPOE€ MOJKET HAIlOMUHATh
CUJIbHBIN IHTOpM. Bricokue BOJIHBI 6yI[yT IICHUTHCS, B3IbIMATbHCSA
u Ourbcsi 0 Oeper, a 3aTeM pacceioTCsi B OKeaHe II0 TeM JKe
3aKOHAM, 4YTO M CHJIbHBIE IITOPMOBBIE BOJIHBL KuHerumdeckas
9HEprus IBMJKEHHUsI IIEPBOIl M BTOPOM BOJIH I[yHAMU BBI3OBET
KJIACCUYECKOE IITOPMOBOE BO3MYILEHUE IIOBEPXHOCTH BOIBI Y
oOpeiBUCTOrO Gepera u cjaaboe BOJIHEHUE Y IIOJIOrOro.

Uem Oojiee MOJIOTO, IJIAIKO U POBHO CIIYCKAETCS B MOpe
YYacTOK CyIIM, TeM cjiabee OyIeT IOBEPXHOCTHOE BOJIHEHHE, HO
TEM CHJIbHEE U TIJIyO’Ke IMpOIBHHETCH IIyHAMH BIJIyOb CYIIH.

9T0 00MaHUMBOE OTCYTCTBHE IITOPMOBBIX BOJIH IIPUBOIUT
K TOMY, 4YTO JIOJH pe€ajbHO HE OLEHHMBAIOT HAIBUIAIOLIYIOCS
onacHocTh. KuHermuyeckas: HEpPrusi BTOPOM BOJIHBI B MOMEHT
NpuOJIMKEHUsT K Oepery IepexoauT B IOTEHIHAIbHYIO U
obecrieymBaeT IIEPEHOC Ha CYIIy OrPOMHOII MAacChl  BOIBI,
BMEILAIOIIECH IIPUIIOBEPXHOCTHYIO VIAPHYIO BOJIHY (Ha OTO
cleBa ee (PPOHT OYepuHuBaeT ayra OebiXx OypyHOB). 89



Iloutn BCSI BHYTPEHHSISI SHEprusi IyHamMu y Oepera Oymer
IIPAaKTUYECKU TIOJTHOCTBIO IIOIJIOIIEHA OOBEKTAMHU CYIIM B TOH
WIM WHOM (popme, TaK KakK OHAa HOCHUT 3IHEPreTHIeCKu-Ha-
TIPaBJICHHBINI BEKTOPHBII M HE BOJIHOBOHI XapaKTep.

Ha xpyrom Gepery, BIOJIb KOTOPOIO JIEXAT TBEPILIE IOp-
HBIE TIOPOIBI (HAIIpUMEp, TPaHUTHL U 0a3aJIbTHI), CIIOCOOHBIE
NPUHSATH Ha ceOsl SHEPTHIO yIapHOU BOJIHBI M YIIPYTO IIOIJIOTHTH
€e, TOCTATOYHO BBICOKMII ITPOIIEHT SHEPIHM IIyHaMU IepenaeTcs
3€MHOHM KOp€ H IIOrjIoaercs B (POpME CEeHCMHUYECKUN BOJIH.
Takue BCIUIECKU CEWCMHYECKON AKTHUBHOCTH PErHCTPHPYIOTCS
ceficMorpacpaMy IpY CBEPXMOIIHBIX ylapax MYHAMHU O CKaJIUCThIE
rpaHUTHBIE U 0a3ajbTOBBIC Oeperopble OOpa3OBaHUSL

Ha kpyrom Gepery BojiHa I[yHAMHU PE3KO M CKAUKOOOPasHO
ObeT B OCHOBAaHMSI BCEX OEPEroBbIX ITOCTPOEK, paspyliasi UX Y
camoro yHnameHnrta. Ecim ocHOBaHHE M (PYHIAMEHT HE OYEHb
KPCHKI/IG, I_[yHaMI/I MOXKET paSpyH.[I/ITL nim CJIBI/IHyTI) CTPOUTEJIb-
HYIO KOHCTPYKIMIO CHH3Y C IIOCIEIyIOIIUM €€ OOpYyIICHHEM.

Ecimz mocrarouno prTOfI WX HE OYEHb II0JIOTUM 6eper
CJIOKEH XPYINKHUMH OCaJOYHBIMM H OPraHOI€HHBIMH ITOpOJaMH,
JHEpPrusi NyHaMu MOXET YaCTUYHO MJIM ITIOJHOCTBIO Pa3pylIuTb
€ro BILIOTH 0 KaTaCTpOC})I/I‘IeCKI/IX IIOCJIEICTBUIL.

Ecin 6eper O4Y€Hb IT0JIOTUN U yJIapHasi BOJIHA 3HAYUTEIBHO
IIPOHUKJIA BI‘Hbe CylIH, OHA 6YJ1€T paspymarh OCHOBAHUSI BCETO,
4TO TIIOTIAJIACTCSI HA €€ MNyTH — IMOIpe3aTh JIEPEBbs, CHOCUTH
HE 3aKpeNJICHHbIC Ha (PYHJIAMEHTE JIETKHUE CTPOUTEJIbHBIC KOH-
CTPYKIUU, & TaKKe€ KaJICUUTh JIIOIEH. OrsaryaiommMm Ui Yejio-
BE€Ka OOCTOSTEJILCTBOM M 3JIOM HACMEILIKOM Hpnponm SIBJISIETCSI
TOT (PaKT, YTO POCT OOBIYHOIO 4YeJIOBEKa B CpelHeM paBeH
BBICOTE rop6a YJAapHON BOJIHBI IIYHAMH.

ITosToMy y 4eJIOBEKa, CTOMIEro Ha 3€MJIE MIIM ILJIBIBYILETO
Y HOBEPXHOCTH, INAHCHI YUEJIETh HHUYTOXKHBI, JIaXKE€ €CIU BOJIHA
HaCcTyHaeT Ha CyIIy He odeHb Owicrpo. JlomsM HyXHO mOX-
HSITbCS BBEPX HaJl MPHUIIOBEPXHOCTHON YIAPHOM BOJIHOML
90
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ABCTPOAWICIGS TG,

IlpuBoguM CXeMBbI SIUIICHTPA, HAaHHBIE O CKOPOCTIX W
TPAEKTOPHUSIX IIE€PEIBMIKEHUSI (PPOHTOB IIyHAMH, KOTOPOE IIpOU-
somwio B 2004 romy y OeperoB CymaTpsbL

BI/IHHO, YUTO OHHM JOCTAaTOYHO XOPOIIO COIIaCyIOTCs C O6IIII/IMI/I
TEOPETHUYECKMMHU BbIKJIaIKaMU, INPUBOAMMBIMM aBTOPOM — BOIJI-
HbI IyHaMK Cq)OpMI/IpOBaJII/ICI) BIOJIb Pa3jIOMOB 1 30H PE3KHUX
N 3HAYUTECIIbHBIX IIOOABHJKEK .J'II/ITOCCpepHI)IX TLJIAT.

B pesysbrare 3emiIeTpSCEHHs] B OKeaHe 00pa30BaJIOCh
TUTAaHTCKOE HyHaMu. Ero BeICOTA B OTKPBITOM OKE€aHE COCTaBHJIA
08 M, B mpubpexnoit soHe — 15 M, a B 30He 3arurecka — 30
M. CKOpoCTh BOJIHBI B OTKDBITOM OKeaHe pocrurja 720 xm/d,
CHU3HBIIUCH II0 MEpe TOPMOJKEHHS B TNPHOPEXHOI 30HE IO
36 km/ugac. Uepes 15 MHHYT ImOocje IIEpBOrO TONYKA BOJIHA
JOCTUTIIA M CMejla CEBEPHYIO OKOHEeYHOCTh CyMmaTphl

Uepes monropa dYaca OHa OOpyIIMIach Ha II00EpEXbBE
Tannanna, yepes nsa vaca pocruria pu-JIlanku u Mamun, sa
BOceMb 4acoB npounia MHauiickuil okeaH, a 3a CyTKH — BIIEp-
BbIE B MCTOpUH HAOJIONEHHsI BOJH IyHamu! — ODOrHYJIa Bech
3emHoll map u MupoBon oxeaH. llaxe Ha THXOOKEaHCKOM
nobepexbe MeKCHKH ee BeIcoTa cocTaBmuia 2,5 M. PoxxmecTeHckast
BosiHa 2004 roma yHecna XusHu okosio 300 ThIC. YeJIOBEK.

Ckopocts MHIUACKONW IUIATHI, JBUIAIOMIEHICS B CEBEPO-
BOCTOYHOM HaHpaBIIeHI/II/I " HOpr}KaIOmeﬁCﬂ T10Q BI/IpMaHCKyIO,
cocrasisier OKojo 6,5 cM/roa. IlpuueM HamnpsKeHUs HaKallId-
BaJINCh [0JI'0O — COTHHU JIET HE OBLJIO MOIIHOM Pa3psIKIL

IIpu TMIIMYHOM IIOIBOIHOM 3€MJIETPSICEHUH C IIOBEPXHOCTHU
KOHTAaKTa IJTUT CPBIBAETCSI TOJILKO OKH 0710K. Ho mHOTI I8, HanpuMep
IIpA KOCOM HaIBUTE IUINT, OTIEJIBHBIN OJIOK 3aIeBaeT COCEIHE
OJIOKH U TT0 TIPUHITUITY TOMIHO Pa3BUBAETCS KACKaI aHAJIOTMIHBIX
CPBIBOB BIOJIb KPOMKHM BCEHd HaBucalomen Iurel meH-
HO TIO 3TOH IIPUYMHE IIPOIECC paspbiBa IOBEPXHOCTU MEXIY
nurocpepHbIMU TuTaMu 26 nexadpst 2004 roma OyMIICS IIEITBIX
8 MHHYT, B OTIHYHE OT OOBIYHONM B CPEIHEM MUHYTHL
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910 mnpuBenO K O0OpasOBaHMIO IIEJIOK CEpUU  IIPHIIO-
BEPXHOCTHBIX yHapHBIX BOJH, KOTOpHIE HeCIM B cebe KoJoc-
CaJIbHYIO KUHETUYECKYIO SHEPIUIO M OIPOMHYIO 9HEPTUIO YIaPHBIX
BoH. IlymaMu BBI3BAJIO KaTaCTPO(PUYECKUE IIOCJICICTBUSL Ha
BCEM MyTH CBOETO CJIENOBAaHHUS, IOKA BOJHBI HE 3aTyXJIM.

PaccmorpuM  MOz€lIb  TIOBEJIEHUSI  SJIEMEHTOB  JKMJIKOM
cpensl BHYTPU BOJIH, KOTOpBIE (popMHUPYIOT ItyHamu. (OOBIYHO
HCCIIEIOBATE)IM  HE BJAIOTCI B JICTAJIbBHOE MAaTEMaTHYECKOe
MOJIEIUPOBAHUE TOrO, YTO IIPOMCXOIUT BHYTPH BOJIH ILyHaMHU
OT MOBEPXHOCTU [0 [JHA OKEaHa.

Yro uMEHHO Ha MOJIEKYJIIPDHOM YPOBHE IIDOHMCXOIUT Ha
CppOHTe I‘I/II[paBJ'II/I‘IeCKOfI NI BOSZ[yI_L[HOfI y,uapHOﬁ BOJIHBI, 10 CUX
IIOp OAHO3HAYHO HE OOBSICHEHO — CymeCTBYET HECKOJIBKO pa3JIni-
HBIX KOHIIEIIIUN ITOBEIECHUS MOJIEKYJI KHIKOCTH M TIas3a.

ITporpecc XX m XXI BeKka INpPHUHEC YUYEHBIM-TEOPETHKAM
HEOLEHUMBIE TTOJAPKU OT MCCJIEIOBATEICA-TIPAKTUKOB U OYEBH/I-
1I€EB — OH IIO3BOJIMJI TEXHHYECKH C(POTOrpapupoBaTh, H3MEPUTH
U TIHATEJIbHO HU3YYHUTh IIO CTaTHUCTHUYECKHUM IAaHHBIM TI'HIApaBJIM-
YECKYIO HIM BO3IYIIHYIO yIAapHYIO BOJIHY KaK TaKOBYIO. Yjuap-
HbIE BOJIHBI B JKMIKOCTHM M TrasaX HMMEIOT MHOTO OOIIero.

O11HaKO KaueCTBEHHOE MOJIEJIUPOBAHUE IIOTOKOB JIBHKCHU
KUJKOCTA MOJ BOJIHAMU IIyHaMH, IIOSICHsSIIOIIEe (PEHOMEH
IOCTENIEHHON KOHIICHTPAIIMN BHYTPEHHEN 3HEPIuyd BCEH BOJIHBI
B IIPUIIOBEPXHOCTHOM CJIO€, IO CHX IOp He ObuIo 00BsicHeHo. [la-
BaniT€ pacCMOTPUM 3TOT BOHIPOC B IETAJISX.

BOCHOHI)?)yeMCH MOII€JIBIO ITOBEIECHHUS BOIbI B HpI/IHOBer-
HOCTHBIX BOJIHAX. XOTS BOIa HE TE€YET BCJIEI 3a BETPOM, KOTOpI)II7I
UX (POPMHPYET M BBI3BIBAET BO3MYILUEHHS IIOBEPXHOCTH, OHa
B3JICTA€T BBCPX B HAIIPABJICHUH BETpa, 0Opasys rpedHH, a 3aTeM
ragaeT BHHS3, JieJlasg KPYI'M B BEPTUKAJIBHOM IIJIOCKOCTH.

»
»

»
»

HanpasneHue BeTpa

>

HMmenHo takum O6paSOM IIEPEHOCUTCSI BHYTPCHHSISI SHEP-
r'us B XHUJIIKOMN cpene. HOSTOMy IIpeAMET Ha ITOBEPXHOCTH BOIbL
INPpaKTHYCCKN HE IBHKETCA, a INIOJHHNMAETCA BBEPX H BHHS3.
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Toabko Ha OYeHb HUIECATUCTUYHON MaTEMAaTHUYECKOM
MOJ€JIM BOJa COBEPLIAECT IIPaBHUJIbHBIC prFOO6paSHI)Ie JOBHKECHMU L.
Hccnemoaresm yCTaHOBMJIH, qyTo BHYTPH oyHaMu BOJa
OUPKYJIMPYET IO SJUIMIICOBUIHBIM TPACKTOPHAM, OUYCHBb CHJIBHO
CXKaTbIM IIO TOPHU3OHTAJIM IIO CpPaBHEHUIO C O6I)I‘IH])IMI/I, Jaxe
MOIIHBIMM HITOPMOBBIMI BOJIHAMH — TPAa€KTOPHU HX q)aSOBOfI
OUPKYJISAIAN 3HAYUTEJIBHO YILIOINEHBI II0 T'OPU3OHTAJIH.

Paccmorpum, Kak Ha HayaJbHOM (POPMMPYIOTCSL (Pa3OBbIE
TPAEKTOPUU UMPKYJISUAM BOIBI B BOJHAX ILYHAMH. OHEPIUs
IIOYTH MI'HOBEHHO  pPacCHpOCTpPaHSIeTcss OT MCTOYHMKA U
(pOpMHMpYET JIBE BOJIHBI, OJHA M3 KOTOphIX — ylapHasd. Kaxk
MPOJIOJILHBIA BETEP IIEPEIAET SHEPrui0 MOBEPXHOCTHBIM BOJIHAM
U BBISBIBAET KPYIOBYIO IUPKYJISILMIO BOJBL y IIOBEPXHOCTH,
TaK M PACCEMBAHUE HAIIPABJIICHHBIX MMIIYyJIbCOB 3SHEPrUHU OT
HWCTOYHHUKA (POPMUPYET KPYIOBbIE LMPKYJISLIAM BOILI IIO
3aMKHYTBIMM (Pa30BBIM TPAEKTOPHUSM.

YeMm MOLIHEE MMITYJILCBI, TEM CHJIBHEE SHEPrusi HMPKYIUN
1 TeM OOJIBIIEro paguyca (pasoBBIE TPAEKTOPHUM OIMCHIBAET BOIA
B MOMEHT II€PEIavyM HMIIYyJIbCa SHEPIUMM B TOJIIE BOJIBL

Ecim OBl 9Heprusi HEOIPaHHYECHHO pPaCIPOCTPaHSIIACH
B BOJIE€ 0 MOMEHTAa IIOJIHOIO PAcCesiHHUS, paIuyC (Pa30BbIX
TPAEKTOPHI IOCTEIIEHHOM OBl YMEHBINIAJICS, COXPAHSISI CBOIO KPY-
rOBYIO WA OY€Hb OJIM3KYIO K OKPYXHOCTH (POPMY.

Ho nymamMum umeer OrpaHudyeHu€ B BHJIE€ ITOBEPXHOCTH
OK€aHa, 4Yepe3 KOTOPYIO SHEPrust B aTrMocepy HU B KaKOH
¢gopme He mnepegaercss u He ucdesaer. OHa KOHIEHTPUPYETCs
U IEPEPACHpPENeNseTcss y IOBEPXHOCTH OK€aHa M BHMS.

Ecinu sueprust ucrouHu-
Ka OYEeHb MOIIHAsl, B KPyIOBbIE
IBYUKEHUS TJIyOUMHHOM  BOJIBI
MOTYT OBITH BOBJICYEHBI JIaJKe
pBIOBI 1 JIpyrue oOuTaTelH
ITOIBOIHBIX TIIyOHH.

ITostTomy mpm  o0cobo
MOIIIHBIX UCTOYHHKAX pacxonﬂ—
masicsa SHCPFI/IH UHOorga II0I-
HUMAET K IOBEPXHOCTH OKeaHa
U 3aTeM IIePeHOCUT  Ha
OompIIIE  PACCTOSIHUSI CTpaH-
B HbI€ MOHCTPOBUIIHBIE CO3IaHUS,

IIO3BOJISAST  YUE€HBIM OTKpPbIBATbh
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U OIIMChIBAaTh HOBBIE H HEHU3BECTHBLIC paHEE BUIbI I"JIy6I/IHHI)IX
oburarenei OK€aHa, KOTOpPbIE CEroJHsI HEBO3MOXHO Ha6IIIOJIaTI)
HHAY€ — TEXHHUYECKUE CPEACTBA HE IIO3BOJISIOT.

MouHOCTh MCTOYHHMKA [OJIKHA OBITh TAKOW, YTOOBI JIOHEC-
TH BpallaeMylO B IIOTOKaX 3HEPrUM  IIOIBOIHYIO (PayHy [0
ITOBEPXHOCTH OKeaHa. Ecimm mupKyJismmst Bosl ociabHeT paHbIIIe,
BCE paHEE MOIHSTHIC JKUBOTHBIE IIOTEPSIIOTCS IO HOPOreE.

IToce momtHoro nmynamu B nekadbpe 2004 roma Ha IUISKH
Tannanna, lpu-Jlanku u VMHEIuM 651710 BEIOPOIIEHO OIPOMHOE
KOJIMYECTBO BCEBO3MOJKHOI JKHUBHOCTH, PAHEE YEJIOBEKOM HE
BuIeHHOM. Ha ¢poro penkme Bumbl psIO, BEIOPOIIEHHBIC ITyHAMH
B Munonesun. IlpencraBpre cebe, KAKHME MOIIHBIC ITUPKYJISIIIIN
BOIBI IOIHSUIM €€ Ha IIOBEPXHOCTh U [IOCTaBWJIM Ha Oeper.

MNCTOUHMK
konebaHumn Kone6aHun

Brmons  (ppoOHTOB pacHpOCTPaHSIONIMXCS OT HMCTOYHUKA
CcpepUYeCKHX BOJIH H3MEHSIOTCA IIOKa3aTeIl BepPTHKaJIbHOM
1 TOPH3OHTAJLHONU COCTABJISIONIEH HMMITyjIbCa CHIBI (TO €CTh
rpaJiMeHTa, HAIIPABJIEHHOI'O IIEPIEHIMKYJISIPHO K ITOBEPXHOCTH
cpeprYEeCKUX BOJIH).

I'opusoHTajbHAS COCTABIISIOIAS] BEKTOPA HMMITYJIbCA CHUIIBI
CTPEMUTCSI CXKaTh (PAa30Bble TPAECKTOPUHM TI'OPU3OHTAIBHO U
IpUXaTh K IIOBEPXHOCTU, ITO9TOMY IHMPKYJISIIHS BOIBI y IIO-
BEPXHOCTU I10 BEPTHUKAIM OyIeT MHUHHMAJIBHOIL

Uem OymKe (pasoBbl€ TPAEKTOPUM IHMPKYJISIIMH BOIBI K
SMUIIEHTPY Ha IOBEPXHOCTH OKEaHa, TEM CUJIbHEE OyJIeT cKara B
9TON OOJACTH (pasoBasi TPAEKTOPHSI, U HAOOOPOT.

Ha cxeme mHpomoJIbHBIE T'OPU30HTAJILHBLIE COCTAaBJISIOINE
(pas3soOBBIX TPAEKTOPHUI y TOBEPXHOCTH CHJIBHEE CXKAaThl B obac-
TH SIHLEHTPa, YeM IO KpasM y JHAa OKEaHa.
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9TO CBSI3aHO C HAJIMYUEM B MEpPY YIPYIroro OorpaHuYCHUSsI
CBO6OZ[HOFO PacnpoCTpaHEHU BOJIH — IIOBEPXHOCTH OKe€aHa.

Korna ogHu BOJIHBI ICTOUYHMKA HATOHSIOT JIPYTHE Y IMOBEPX-
HOCTH OK€aHA, OHU CKJIAJLIBAIOTCS M JONOJIHUTEILHO CXHUMAIOT
yxe oOpasoBaBmdecss (a3OBble TPAEKTOPUU  IHUPKYJISIINAM,
IIOBOpPaYMBasi HMX B TOPU30HTAIBHYIO ILIOCKOCTh Oraromapst
9HEPIuH, IIPOJOJIKAIOIIENH IIOCTYIIaTh OT HCTOYHMKA I[yHAMU
Ha JHEe OKeaHa. DopMmupyercs clenylonas CUCTEMa BOJIH.

B nenTpamsHOM CeKTOpe 0Dpasyercs  Ype3BLIUAHO
TOHKUU CJIOH, (POPMUPYIOLUIWIN YIAPHYIO BOJHY IIYHaAaMU Xa-
pakTepHOnl popMblL Ilupkynsmus B 06ojee yIoaJe€HHOM  OT
SMULIEHTPA CEKTOpe C(POPMHPYET IEpBYIO BOjaHYy uyHamu. Ona
MOMYUHSIETCS BOJIHOBBIM 3aKOHAM, HO (as3OBbI€ TPAEKTOPUH
HHAPKYJISIIAE OyAyT 3HAYMTEIBHO YIUIOIIEHHBIMH, IIPHYEM YeM
OJIKe K SMHUIEHTPY, TEM CHIIBHEE 3TO CIaBIMBaHUE.

OcrajibHast 3HEprus, CKOHIEHTPUpPOBaHHAas B  TOJIE
OKeaHa ¥ IUPKYJISIIAS KOTOPOI O/IM3Ka K OKpY’KHOCTH, Oymer
IIOCTEIIEHHO PACCEMBaThCSl MPU  IMOCTYIATEILHOM [IBUKEHUU
BOJIHBI BIIEPE]IL

NCTOYHWUK
konebaHumn

BuumarebHO IIOCMOTPUTE HA IIOJIYUYEHHBIE PE3YJIbTAThI
MOJIEJIMPOBAHUSI U CXEMBI — (Pa30BBIE TPAEKTOPUU IIUPKYJISIIUA
BOIBI BHYTPU BOJIH IIyHAMH BOJIM3U SIHUIIEHTPA M HA HEKOTOPOM
PaCCTOSIHUU C BBICOYAMIIEH CTEIEHBIO TOYHOCTH HAIIOMUHAIOT
NpopuiIb TMIAaHTCKOrO KpblIa CaMoOJIeTa B paspese.

Ha m ropusoHTanbHas NPOEKIMS IYHAMHU IIPU OCMOTpPE
M3 KOCMOCA HAIIOMHHAET pasMaxX KpbUIbEB I'MTAHTCKOIO MU]H-
YeCcKoro IIOpoXIeHus ruepa 3emiu u crokoncrsus OkeaHa.

IloBeneHue Kpblia B JKUIKOCTU M Ta3aX OBLIO BEJTHUKOJIEITHO
U3yYEHO M OIIMCAHO BBIIAIOIIUMMCSH YyueHbiMA XX Beka U
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YCHENIHO peann30BaHO Ha mnpakTtuke. llomer camosmera Bumenu
Bce. ITocmorpure Ha ABMDKeHHE (WUIM IIOJIET P?) Ha IOBEPXHOCTU
03€p, PeK M MOpEH CyIOB Ha TNOIBONHBIX KpBUIbSIX — K Bl
YBUIMTE PpEATU3AIMIO BO3HHUKAIOMIEH B JKUIKOCTU IOIBEMHOM
CHJIBI TIOIBOIHOTO KpbLIA IPOQHIST OCODOM (POPMBIL

Ilpy OBUKEHUH CYIHO IIOJHMMAETCS HaJl IOBEPXHOCTBIO
BOJIbI, & KPbLIbs HAXOISTCS IPAaKTUYECKH y CAMOM IIOBEPXHOCTH
BOIbLL Korma ckopocTs majaer — CyIOHO OIYCKAeTCs 10 IIpH-
BBLIYHOIO YPOBHS BaTEPIIMHUM.

910 3HAYUT, UTO IIOJ IEHMCTBUEM KHHETUUYECKOM 9HEPrumn
B pe3yJibTaTe MOCTOSHHOIO TMEPEMEIIEHUS BOIBI U (Pa30BBIX Tpa-
€KTOPUI [UPKYJISAIUA BO3HUKHET ciabasgs TOXBEMHAS CHIIA,
KoTopast oOeclleunBaeT MEIUICHHBII M IIOCTEIICHHBIN IIOIbEeM
3TUX (PA3OBBIX TPAEKTOPUI K IIOBEPXHOCTH.

BosHukarmoomas IogbeMHasi CHJla OYeHb MEIJIEHHO |
IJIAaBHO WCTOMIAET IHEPTUIO [IBHJKEHUS BOJIH, IIPUYEM [aJIEKO
oT 6epera (PYHKUMST TaKAX HE3HAYUTEIbHBIX II0TEPH 6yneT
IUIAaBHOM U TJIAIKOL

3HaUII/IT, BCsI BHYTPCHHSA SHEPrusd IyHaMM IIOCTCTICHHO
6y)1eT KOHICHTPHUPOBATHCSI Yy IIOBEPXHOCTH, HJaX€ €C/JIM IyHaMH
ABMUJKETCAA B OTKPBITOM OKE€aHE€ Hall 663)_[HOI71.

KoHeuHO, 9TO IBUXEHHME HE CpPaBHUMO C IIOJIETOM COB-
PEMEHHOIO CBEPX3BYKOBOI'O CaMOJIETa, XOTS IIPU CKOPOCTSX
OBIUKEHUS IyHaMmu ... llyHamm nBusxercss Ha BecbMa OOJIBIIHX
IO3BYKOBBIX CKOPOCTSIX B OKE€aHE€ M IIPUTOPMAKUBAET HAa KOH-
TUHEHTAJIbHOM IIeIb(e 10 Ooee HUKUX CKOPOCTEIL.

YueHple 1O CHUX TIOp HE MOIJIM HAWTH IIPUPOIHOTO
aHajora II0JI€Ta, COBEPLUIAEMOro TOJIBKO 3a CYET IOIBEMHOMN
CHJIBI TIPOPUIISI CTATUUYECKOTO (HE MAIIyIIero) Kpblia oOIpeje-
nenHon ¢popmel. Ho Ilpupoma cienana csou u3soOpereHUst 0
ITOSIBJICHHSI TIEPBOOBITHOIO 4YeJIOBEKa M YK TeM OoJjiee 3aJI0JIro
IO 3Spbl HAYUYHO-TEXHHYECKOro Iporpecca. M oma He ycraer
IIOCTOSIHHO JIEMOHCTPUPOBATh HMX YEJIOBEYECTBY.

AmnHajior Taxoro Hqu)I/I.J'ISI CTaTUYECKOI'0 KpbLla B IIpHU-
poae, OKasbIBA€TCsl, CYIIECTBYET — 3TO (paSOBbIe TPACKTOPHUIL
OUPKYJISIUN JKUIKOCTH BHYTPHM BOJIH ITyHaMM. TomymBo — 310
SHEprus BOJIH, IIE€pEIaHHasi HyYHaMH €ro HCTOYHHKOM.

NMo3TOMy MOXHO CMEeNno YTBEepxXZaTh, YTO ILYyHaMH
B OYKBambHOM CMbICIIE JIETHT Ha CBOHX COOGCTBEHHBIX
aZCKHX KpPBUIBAX Y NOBEPXHOCTH OKeaHa.
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Ilepsyio BOIHY MOXHO OOpPa3sHO CpPaBHUThL C «CaMOJIETOM-
pPasBeIInuKOM», CTapTyIOmuM € TpaMILIMHA. A BTOPYIO BOJIHY I1y-
HaMU — CO CMEPTOHOCHBLIM BOEHHBIM «HCTPEOUTE]IEM» BEPTUKAJIb-
HOrO B3JIETa, C HIICAJIbHOW TUIPOJIMHAMUKON, HECYIIEM CBEPXY
IOBEPXHOCTU KPbUIEB T'MIAHTCKUI «HOXK» — CTPAIlHYIO, 9pPro-
HOMHUYHYIO T'MIPABJIMYECKYIO YIAPHYIO BOJIHY-<KDBLIO».

JocTurast BepTHKaILHOIO IPENSTCTBUS HA IIYTH IBHKCHMSI,
oba «camoileTa» Kak Oyaro OBl pa3sOmBalOTCSI BIpEOE3ru OIUH
3a JIDYyI'HM, BBICBOOOJKIIAsi BCIO SHEPIUIO MIHOBEHHO Ppas3pyIIcH-
HOW yIapHOM BOJHBI M BCIO KHHETUYECKYIO SHEPrHIO.

Hocrurasi Jxe OueHb IIOJIOro Gepera, «CaMoJIeT-Pa3BeIuuK»
CJIerka BHIE3)KaeT Ha Oeper U (pOpMHPYET HEeOOJIBIION TPAMILIMH,
KOTOPBII TIpEBpAIlAeT CJICAYIOUIMI 32 HHM <HCTPEOHUTENIb»,
«3apSUKEHHBIIT» YIAPHOI BOJIHOM, B IUIOCKYIO, HECYIIYIO OCTPBII
HOX <«TPAHCIOPTHYIO aM(HOHIO».

Omna «BbI€3XKa€T» Ha CYIIY, JIBHKETCS I10 MHEPLMU U Cpesa-
€T OOBEKTHI HAa CBOEM IIyTH JI0 TE€X IIOp, IIOKAa ITOTEHIHMAIbHAS
9HEPIusl HEe CPaBHAETCS C BECOM BOILI WJIM IIOKA LYHAMH HeE
pasobbeTcss O BEPTUKAIBHBIC ITPEISITCTBUSL

Kax TOIBKO BeC BBIIBUHYTOTO HA CyIIy OOBEMA BOIBI
CpaBHSIETCS C MOTEHUMAJILHONM 3SHEPrUeil U3JIMBLIEroCd Ha
Cyuly ILyHAaMH, HACTYIUT pPaBHOBECHE COCTOSIHMMI, IyHaMHU
OCTAHOBUTCSI M HAYHET IIOCTEIIEHHOE OTCTYILJIEHHE OOpaTHO B
MOpe€, TIPOIOJIKasi JaJIbHEHIIee HCTOUICHHE BHYTPEHHEH SHEp-
Uy, IOKa OHA OKOHYATEJbHO HE PaCcCeercs.

IIpocienum 3a IOBEIEHHEM MATEMATUYECKON MOJIEJIA BOJIH
IIyHaMH B OoJiee CTPOrHMX TepMuUHAX U ToHsTusiX. llpusenem
CcXeMbl M (POTOrpacpui M3 KJIACCHYECKOW XPECTOMATUIHON KHH-
ru I H. AOpamosuua «llpukiagHasi rasoBasi JIHHAMHKA».

Bepxwas Touna pasdena cmpyd Touna Toura
NOBEPXHOC MG (EDBTHTIA ;rpumag CHAA CRURHUA (cx00a) pasdepa
npopung moyra) cmpyd cmpyd

\ /
M

1
p Hiixe
Tosma cxodn empyd (300455 g m nobepxyocms

HPUmUYECKAR MOYKHa)
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Ha cxeme mpuBeneHsl OBa NpeIeIbHBIX CAydYasi OOTCKAHUS
Npopuiisi KpbUla TOTEHIHMAIBHBIM IIOTOKOM  HECKHUMAaEeMOF
JKUJIKOCTU.

Ha cxeme cieBa mokasaHo oOTekaHue ¢ IupKyJjsmuei. C
3a[[HeNl YaCTH Kphlla OYIyT CTeKaTh BUXPEBBIE IUPKYJISIIMOHHbIC
noToky. YrToObl He OBUIO OTpBIBA ITOTOKA, B ITOM TOYKE IOJIKHA
OBITE OECKOHEYHAsi CKOPOCTb.

YMeHbIIeHHE yIJla aTakyd IIPUBOIAMUT K II€PEMELICHHIO
TOYKH paSBeTBJIeHI/ISI CprfI BBer %9 Bnepez[. Ecim pu
OTPULATEIBHOM YTJIy aTaKd TOYKA CXOla CTIPYl COBIAIAET C
3aJIHE KPOMKOIL, IojIy4yaercsi 6e3orpeiBHOe TeueHue. Ha cxeme
crpaBa — OOTEKaHHE KpbUla 0€3 IUPKYJISIUH.

OOmmit  cayvyain OOTE€KaHUST KpbUIa Ha  IIpaKTHKE
MOJIy4YaeTcsl HAJIOKEHUEM I9THUX JIBYX IPEIE/IbHBIX CIIy4Yacs.

OueBUIHO, YTO TP HEKOTOPOM 3HAUYCHHUM IHUPKYJISIUA
BOKPYT KpbLIa 3adHSISI KPUTUYECKAs] TOUYKA B CHITY 0CcODEHHOCTEN
reOMEeTpUuu  MpPOoMuIsi COBHAIET C 3aJTHEA OCTPOM KPOMKOM
OUPKYJISIIINN. B srom emunHCTBEHHOM ciydyae OUPKYJISIIIMOHHOE
TEUEHUE MOJKET OBITh peaJIM30BaHO OE30TPBIBHBIM OOpa3OM.

Ecin sHeprusi He OTPBIBAETCSI OT KpbUIAa WIIM €€ OTPHIB
HUYTOXHO MaJl, OHa (PpOpMHpYyeT IonbkeMHylo cuiy. 1Ipu Geso-
TPHIBHOM OOTEKaHHMH ITPOPIUIS BOKPYI HETO BO3HHUKAET ITHPKY-
JISIUs BEJIMYUHBL, IIPYM KOTOPOX 3a/IHssI OCTpasi KPOMKA SIBJISICTCSI
TOYKOM cxoma cTpy# (mocrynaTt YarusirmHa-2KyKOBCKOTO).

B srom ciiyyae cumila HaBIeHUs Ha KpPBLIO OKa3bIBAETCS
HAIIPABJIEHHON TEPIIEHIUKYJISIPHO K CKOPOCTUA JIAMUHAPHOIO
(HEBO3MYIIIEHHOI0) HAaOETaloUIEro IIOTOKA.

ITpusenem

(pororpaduio

Ha4aJIbHOI'O

BUXPSI, KOTOPBINA
CPBIBA€TCS

C 3allHEn
KPOMKHM KpbLIa

U BBI3BIBAET
BO3HUKHOBEHME
LUAPKY IS
BOKPYI' KpbLja,
TNOPOKIAIOIIE
MOJBEMHYIO CHITY.
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Ha (pOTO BUIHBI KaK HayvaJIbHBIN BUXpb C3add, TakK H
OUPKYJIAIIMOHHOE TEYECHHUE OKOJIO KpbLIA.

Hpn HaberaHuy IoToKa Ha KPBLUIO BOSHUKAET IIUPKYJISIIUSL, B
pesyJibraTe HaJIOKEHHUSI KOTOPOH Ha HaOeramIImi IIOTOK CKOpOCTH
HaJI KPBUIOM CTaHOBHTCS OoJiblle, a IIOI KpbUUIOM — MEHBbIIIE
CKOpOCTHU HaOeramomero mnoroka. JasjaeHue Hall KpPbLJIOM IOHH-
JKaeTcs, a IOJI KPbUIOM IIOBBIIIAETCS, YTO ITPHUBOIUT K IIOSIBJIC-
HUIO IIOJIBEMHON CHUJIBL

BeSyCHOBHO, II0 CPAaBHEHHIO C KECTKHUM HpO(pI/IJIeM peajib-
HOIo KpblLIa CaMOJIETA IIOABEMHasdA CHUJIa, BOSHUKaomasi y cpaso—
BBIX TpaeKTOpI/IPI BHYTpH IIyHaMH, ‘Ipe3BI)I‘IaI7IHO MaJia.

Ho, mOCKOIBKY 9TH IIPOUIIN HE JXECTKHE, B MOMEHT Havdaa
IBYDJKEHHUSI OHU IIPUOOpETyT Hamboyiee ONTHMAIBHBIA C TOYKHU
SpEeHUsI TUIPOIUMHAMHUKU IIPOPUIIb.

m
e LM ——

———
—

Ir1o TIPOM3OHAET IIOTOMY, YTO NPU Hayajie CKOPOCTHOTO
IBUJKEHUS BCA U30LITOUYHAS 3HEpPrusi BOJIbl, KOTOpasi BBI3HIBAECT
O6paSOBaHI/I€ TOPMOSSIIIAX BUXPEH, 1I€JIEBHIM 06pa30M nepepac-
TIPEIEIUTCS U CTEYET C 3aJHCU U MEPETHEN MOBEPXHOCTH «KPbI-
J1a», C(pOPMHPOBAB B PE3yJIbTaT€ MaKCHMaJIbHO HpI/I6III/I}KeHHblﬁ
K HJeajibHOMY IIPOMPWIb (Pa30OBbIX TPaeKTOPUIL.

B coorsercrBum ¢ mocrynarom YamsiruHa-2KykoBckoro,
TAKOE COCTOSIHHE MOJKET OBITh JOCTUTHYTO €IWHCTBEHHBIM OOpa-
30M — M OHO (PAKTHUYECKU IOCTHIAETCS] B BOJIHE I[yHaMHU.

HoaTOMy BOJIHBI II[yHAMH UMEIOT IMOYTH UIEATbHYIO THIPO-
IIMHAMUKY, HE BBISBIBAIOT BO3MYILUCHHN BHE CBOEH JIOKAJIbHOM
OKPECTHOCTA Y MOTYT JBUTaTbCS HA THUTAHTCKUX CKOPOCTIX
IIPOJIOJIKUTEJIbHOE BpPEMSI — BILJIOTH IO ITOJIHOI'O orubanus 3eMm-
HOro mapa Mpu CBEPXMOIIHOM CTapTOBOM WMITYJIbCE.
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Ha ¢orto BBEpxXy mHpuBEIEHH CHUMKH CIIEKTPOB OOTEKa-
HUSI JIONIACTel OU(PQY30PHON pEIIETKH IIPpH HEBBICOKUX (HO-
3BYKOBBIX) CKOPOCTSIX — Ha IIOHOOHBIX JIONACTSX H3ydYasiach
IUHAMHAKA TTOBEHEHUS JKUIKOCTH M ra3a B HCCJIEIOBATEIHCKUX
J1a00paTOpUSIX.

CBepx3BYKOBOI NPOMPUIL JIOJLKEH HMETh OCTPYIO (KJIU-
HOBHUJIHYIO) IIEPEIHIOI0 KPOMKY.

Ecima KpbLIO JIBHKETCS HA CBEPX3BYKOBBIX CKOPOCTSX, ITe-
pen HUM POPMHUPYETCs COIPOBOXKIAIOmAs KPbUIO M CJIeAylomast
Iepej HUM ylapHasd BOJIHA.

Ona BBI3BIBAET 3HAUUTEIBHBIA POCT M PE3KUH CKayeK
CONIPOTHUBJIEHUSI NPU JABMKEHHH. IIpuBOIMM TEHEBBIE (POTOIpa-
(UM CKayKOB YIUIOTHEHHSI IIpH OOTEKAaHWH Ppas3JIMYHBIX IIO
¢popMe MpO(pUIIEH Ha CBEPX3BYKOBBIX CKOPOCTSIX.

PaCCMOTpI/IM, MOryT JiIdi BOSHHKHYTb TAaKuE€ YCJIOBHS, IIPpKU
KOTOPBIX OBHJKE€HHE BOJIH LHYHaMH MOJKET OCYIIECTBJIATBCA Ha
CBEPX3BYKOBBIX HJIN OJIN3KUX K HUM JO3BYKOBBIX CKOPOCTSHX.

VlcTouHUK 3eMIIETPSICEHHSI T€HEPUPYET CEepHIO KojeOaHMi
B TEYEHHE HEKOTOPOIO BPEMEHHOIO OTPE3Ka.

Ira cepus KojeOaHHUIT COOTBETCTBEHHO (POPMHUPYET CEPUIO
pasMEIICHHBIX OJHa IOJ IPYroy (pasoBBIX TPAEKTOPUI IHPKY-
JISSLIMM BOIBI BHYTPH BOJH IIYHaMH.

UeM mpoOHOJUKHUTENILHEE BpeMsl KOJ€OaHMII HMCTOYHUKA,
TeM TiIyOxe OymyT IpOCTHPAThCs (pa3oBbie BosMmylueHus. Cpepx-
JUIMTEJIbHBIE TI0 BPEMEHHM M CBEPXMOIIHBLIE HCTOYHHUKH MOTYT
CcpOpMHUpPOBATEH IIPOTSKEHHYIO Ha TIIyOMHY BOJIHY — OT IIOBEPX-
HOCTH [O IHAa caMmMoro okeana. I[upkynsmmss BOIbI B TaKUX
BOJIHaX IIyHaMU OyIeT BHI3BIBATH II€pEMENINBAHUE BOIBI B TO-
PU30HTAJIBHLIX JIOKAJIbHBIX 30HAX.
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IIpennosioxum, 4TO BHYTPHM TOJILMA BOI OK€aHa MU Y
CaMOro IHa BO3HUKAET TOUYEYHBIA MOIIHBIA HCTOYHUK IHEPIHU.
On usiyJaeT u repenaeT BCIO SHEPTHIO B OK€AH M3 YPE3BBIYANHO
MaJIOfi 30HBI 32 OYE€Hb KOPOTKMII OTPE30OK BPEMEHH U MOJKET
OBITH IIpEICTABIIEH [eIbTa-PyHKIMen Jlupaka.

IlosTromy B TOJIIE OKeaHa He OymeT CpopMUpOBaHA CHC-
TE€Ma IIPOTSIKEHHBIX B TIJIyOb IIMPKYJISIIUI BOIBI IO (PA30OBHIM
TPAEKTOPUSIM. JTa CHCTEMA BO3HUKHET TOJILKO B Y3KOM IIpU-
IOBEPXHOCTHOM ~ cJioe. Da30Bble TPACKTOPUM B OKPECTHOCTHU
SMMIIEHTPA MOI'YT OKa3aThCsl HACTOJIBKO CXKATBIMU OT MIHOBEHHO
BBICBOOOJKJIEHHON SHEPryud, 4ro OyOyT HMETh KIWHOBUIHYIO U
3AJHIOI0, W IIEPEIHIOI0 KPOMKY.

HMcTOouHMK TOYEYHON 3SHEPrUM HOJDKEH HAXOIMTBCS OTHO-
CUTEJILHO HEIAJIEKO OT IIOBEPXHOCTH (IO CPaBHEHUIO C IJIy-
OMHOI OKEAHHYECKOro JKeyjioda), YToObI 110 IIOBEPXHOCTU MOT
JOUTU 3HAUUTEJILHBIA 3apsii SHEPrud, HE paCCEsIBUIMCh U HE
IepepacIpeie/IMBIINCh, B Y3KOM CEKTOPE SIHUILIEHTpA.

NCTOUHWK WNCTOYHUK
Kone6aHun KonebaHuim

-ﬁCTOHHMK >

Kone6aHun
STO IIO3BOJIUT TaKHUM HyHaMI/I q)I/ISI/I'-IeCKI/I ABUATAaThCS y
HOBerHOCTI/I Ha CKOpOCTSIX, 6J'[I/ISKI/IX K OKOIIO3ByKOBI)IM. 101



Jis cpaBHEHUSI NIPUBEIEM JIBa IPOMUIIS Kpblla CBEPX-
3BYKOBOI'O CaMojieTa — POMOOBHIHBEIA M YEUYEBHIICOOpPA3HBIL.

Hamrame x1MHOOOPa3HOI IepeIHel KPOMKHU PE3KO YMEHb-
IIA€T CONpPOTHUBIICHHE KpblUIa IIPH CBEPX3BYKOBBIX M OJIU3KHX
K HUM ckopoctsix. lIpuBomum cxemy M pororpaduu CBEpx-
3BYKOBOTO OOTEKaHHsI POMOOBHMIHOTO IIpO(PUJISI TIOI HYJIEBBIM

YyIJIOM aTaku (J1adopaTOpHOE MOIEJIMPOBAHHUE).
: - u

pl; ,05 /72 pf

Ha cxeme mokasaHbl KOCHIE CKauKH YIUIOTHEHMsSI U TIpa-
(pUK pacrIpejeieHusl CKadkoB JaBjeHust p. OueBHIHO, 4TO Y
BEPXHETO U HIJKHETO YIJIOB POMOOBMIHOIO IIpOPHUIS Kphlia
(POPMUPYIOTCS KOCBIE YJIAPHBIE BOJIHBL

B okeane cymecTBOBaHME TaKOI'O HEBO3MOXKHO — 3HEp-
I'Hsl, CTEKAoMmasi CO BCEX MOIOOHBIX HETJIAIKUX 3JIEMEHTOB, OyIeT
MIHOBCHHO COpBaHa HaOeralomuMu IOTOKaMH, B Mpopuiio Oy-
JIeT TpumaHa obTeKkaemasi dedeBHIleoOpasHasi popma.
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Ilpusenem TeHeBBIE pOTOrpaPuu OOTEKAHUS UYeUEBHUIIE-
0o0pasHOro TPO(UIISI TIPH OKOJIO3BYKOBBIX CKOPOCTSIX C HyJIe-
BBIM YTJIOM aTaK¥d M CXEMY XapaKTEPHBIX PEKHUMOB OOTEKaHMSI
IpU  JIO3BYKOBBLIX, OKOJIO3BYKOBBIX CBEPXKPDUTHUYECKHX, CBEPX-
3BYKOBBIX JIOKPDUTUYECKHUX M CBEPX3BYKOBBIX CKOPOCTSIX.
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B MoMeHT BTOPOro (pasoBOro mepexoga M Hayvaja IBU-
JKEHUsI BOJIH I[yHAMH Ha KPUTHYECKUX JIO3BYKOBBIX CKOPOCTSIX
OPOU30UJICT CJIeayIoIIee.

Ha nosepxHOCTH OYIyT C(POPMUPOBAHBI BOJIHBI, MMEIOIINE
bojiee KpyToil MHpO(puilb (YBEJIMYHMTCS OTHOIIEHHE BBICOTBI U
IUTMHBI BOJIHBI TIO CPaBHEHHUIO C OOBIYHBIM I[yHAMH) IIPH TOM,
YTO (pas3OBbI€ TPACKTOPHH [IBMJKEHMSI BOIBI BHYTPH BOJIH OyIyT
CIABJICHHBIMM II0 BEPTUKAIA M IOYTH I'OPU30HTAJILHBIMU.

B 0OBIYHBIX BOJIHAX OyHaMH BHEUTHUM HpO(pI/IIH) BOJIHBI
Oosiee 1OJIOruUii, (Pa3OBBIE TPAEKTOPUU HMEIOT KOH(PUIYPALHUIO C
3aKpyIJICHUEM yIja aTaky, OOJIBLIYIO aMIUIMTYIy IIepeMelleHuUs
BOJBl B BEPTHKAJBHOW IUIOCKOCTH M PACHOJIATAIOTCS OJIMXKE K
IIOBEPXHOCTH OKeaHa.

HN3KNe
4 s—' Vy CKOpOCTU — W,
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IlpuBeneHHBIE CXEMBI TAIOT HATJISITHOE NPEINCTAaBICHUE 00
OCOOEHHOCTSIX JIBVJKEHUSI BOJIH I[yHAMU Ha PasIUYHBIX CKOpOC-
TAX HEJAJIEKO OT SMHUEHTpa Ha moBepxHocTu okeana. G sroro
MOMEHTa BOJIHBI IIYHAMU HAa4YHHAIOT CBOOOIHOE JIBUJKEHHE Y
IOBEPXHOCTH OKE€aHa.

Korma ma Geper oOpymImBaeTcsi CBEPXMOIIHOE M CBEpXpas-
pYWIHTEIBHOE IIYHAMH, JHONU HEMEIJIEHHO HAYHHAIOT BHUICThH
B 9TOM 3JIbl€ IIOMBICJIBI IICMXOB-BOEHHBIX U YUYEHBIX-MaHbBSKOB,
TAfHO B30OPBAaBIINX B OKEAHE SIOCPHYIO WA TEPMOSIEPHYIO
6om0Oy. Ho Takme myHamMu HUMEIOT HE TEXHOTE€HHBIN, a TOpaslo
0oJ1ee MOIHBIF IIPUPOIHBIA UCTOYHUK — PaspsIIKy HaIIPSIKEHUNI
JIUTOCPEPHBIX TUIMT 3emuin BOIU3K €€ IIOBEPXHOCTA Ha [IHE
MHPOBOTO OK€aHa.
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B XX Beke B OTKpBITOW akBaropuu TuXoro okeaHa wus-
pElKa B3pBIBAJIA CBEPXMOIIHBIE 3apsigbl. Ho Takme wucnbrraHust
HOCWJIA KpaiHE OIPAaHUYECHHBIA XapakKTep M M3Y4YaJHCh IIO
obe CTOpPOHBI OKe€aHa, HEB3Upasli HAa TOJUTHYECKHE Pa3HOIJIACHS
rocyIapcTB (aBTOp HE HMEET B BHUIY MEYaIbHO H3BECTHBIC U
Oecriojie3Hble JUIsi HAayKH UCIBITaHUS Ha atoiuie Mypopoo).
OMUIEHTPHI B3PHIBOB PACHOJIATaJIMCh JOCTATOYHO HajleKo oT Oe-
pera M Ha HEKOTOPOM YIAJICHUU OT IENU MEIKHUX Oe3JIIOTHBIX
OCTPOBOB U IyrOOOpPasHOM ITOIBOIHOM TI'PSIIBL

PaccmatpuBanack B HEpBYIO Odepenhb IIpoOeMa MOIeIH-
POBaHUS IIyHAMH HCKYCCTBEHHO M BO3MOJKHBIE METOIBI IJI00AIIb-
HOTO IIPOTUBOJICFICTBUSI 9TOMY MAacCIITaOHOMY OEICTBHIO.

ONHUIIEHTP 3TOrO B3PHIBA CTPOIO OIMCHLIBAETCSI HAOOPOM
J€IbTa-(PYHKIUIA U BBISBIBAET HMCKYCCTBEHHOE IIOSIBJIEHUE BOJIH
LYHAMH, JIBMXYIIUXCH Ha OKOJIOKPUTUYECKUX CcKopocrax. HMx
MOBEJICHUE YETKO COIJIACYETCS C IIPEICTABJIEHHOM MOJIEJIBIO.

IIpu royOOKOM ITOIBOIHOM B3PBIBE€ Ha ITOBEPXHOCTH (POp-
MUPYETCSI YETKO BBIPAKEHHBIA IIOJIOTUHA XOJIM, COHEpKalIun
YIApHYIO BOJHY. 3aTeM ylJapHasi BOJHA PaspbIBA€TCS B LIEHTpE
U paJraibHO PAacCXOIUTCS B PA3HBIC CTOPOHBL

Ha mecre paspsiBa KyII0JI000pa3HOM YIapHOI BOJHEI (POp-
MHUPYETCS HAIIPaBJICHHbBIA BEPTUKAJILHO, C BBHICOKMMM CTEHKAMU
cTon® BOHBL Y €ro OCHOBAaHHSI CTEHKHU ICPICHIUKYJISIPHBI IIO-
BEPXHOCTU OK€aHa.

ITox peiicTBHEM HAIIPaBJIEHHOIO BBEPX HMIIYJIbCA CHJIBL,
PE3KO IIepelle/iero BO BHYTPEHHIOIO SHEPIHIO I[yHAMH, IIOL
MECTOM paspbiBa OOpasyercsl JIOKAJIbHAsl 30Ha KOHIIEHTPAIUU
gaBiaeHus.. Kak TOJBKO KyIIOJI yOApHOIM BOJHBI pPasphIBacTCs,
BOIa TOI [aBJICHUEM YCTPEMIISIETCSI BBEpX, 00pasysl CToJo,
HAIIOMHUHAIOIINI CTPYIO JKHIKOCTH, XJICIIYINYIO BBEpX U3
CKBAaKHHBI BBICOKOTO IaBJICHUSL

I'panuisr cronba BOOBI C BBHICOKOM CTEMNEHBIO TOYHOCTH
OOpUCOBBIBAIOT TPAHUIILI 30HBI Pa3phlBa HauyajIbHOM KYIIOJI000-
PasHOM CTPYKTYPbl yOApHOM BONHBL Bo BpeMs Iom3eMHOro
B3pHIBA HA TAKOM MECTe 00pasyercsi BOPOHKA. TpeTest u 3aKimo-
ypTe/IbHAS OOJIbINAsi BOJIHA HE (POPMHUPYETCS.

A Tenepb NPHUBEIEM CXEMBI JIMTOC(PEPHBIX IUMT 3eMiln,
a TaKXe IIPOU3BOIUTENIHLHBIC U Pa3pyIIUTEILHBIEC IPAHUIIBI STUX
mut. Huoke HarjIsmHO IIpeicTaBiieH MEXaHH3M TPaHC(POpMAIIUN
JUTOC(PEPHBIX TUIAT 3eMIIU. 105
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§ 5. Monesb pacnpocTpaHeHusi BOJIH IlyHAMH

B srom mnaparpagpe OyIoyr H3y4aThCs aCIEKTbl Iepe-
pacIIpeic/IEHUsI SHEPrUMM IpPU  JIBHJKEHUM BOJIH IyHAMH U
OCOOEHHOCTH Pa3/IMYHBIX THUIIOB PaspyIICHUS], CAMOPA3PYILIECHHUSI
U PacCeUBaHUs SHEPIUM CHCTEMbI BOJIH I[yHAMHU.

Haubosylee MelIkHe 4YaCTH OK€aHa — IIOJIOTME M POBHBIE
KOHTHUHEHTAJIBHBIC IIIeIII)Cpr, CpeI[HSISI FHy6I/IHa KOTOprX HE
npesocxoaur 180 merpos.

IlonBomgHele TriIyOOKHE JK€I00a (POPMHUPYIOTCS TaM, Ile
omHAa JUTOCpEpHAst IUIATA YXOOWUT mox Apyryo. Boma Ha
rIlyOUHE IIpaKTUYECKU HEIOIBIJKHAS, OYEHb XOJIOIHAS, He
oCBeIaeMasi COJIHIIEM, U IaBJICHHE Ha IJIyOHMHE KOJIOCCAJBHOE.

IloxBomHbIe XPeOTH BOSHUKAIOT M3-32 PACXOKIEHUS JINTOC-
¢epubx 1uT. OHE IPOCTHUPAIOTCS 10 JHY OK€aHa B JIIMHY O
60 000 km. BepmmHbl MX TrOp OBOJIBHO ILIOCKHE, TaKylO (pop-
My OHH IpHOOpETalOT Oyarofapsi IBUKEHHMIO BOIBI B OKEaHe.
Ilemn rop mnpope3aHsl INIyOOKMMHU BEPTHKAJIbHBIMU TPEIIUHA-
MU U TIJIyOOKMMH BIIAIUHAMHU.

Ha3biBaeMble

o =~

noAsoaHLIMN
KaHbOHAMM, NPOpe3alnT
KOHTMHEHTANbHBIIA CKIIOH..

| i

KOHTUHEHTaNbHbIA Wenbd.
3peck rny6uHa okeaHa He
npesocxoauT 180 M.

paBHUHa
HaXOAUTCS Ha
rny6uHe oKono

T'eorpacgpus.
CxemMa TUIIMYHOIO

OKEaHMYECKOrO JIHA, IOXBOXHBIX
TOp M TOpPHBIX eI, JXEJI000B U
IOJIOFOT0 MATEPUKOBOTIO IIEIIb(a.
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J[Ho paBHUH OKe€aHa OTHOCHTEILHO IUIocKoe. Ilom mHOM
3eMHasi KOpa 3HAYMTEJIbHO MCTOHUYEHA, II09TOMY BEpPOSITHOCTH
0oOpasoBaHMsI Ha HEH BYJKAHOB M I'OP BYJKAHUUYECKOIO IIPOHC-
XOJXKJIEHMsSI HAMHOI'O BBIIIE, YEM Ha KOHTHUHEHTE. Eciu monsoaHbie
ropbl MMEIOT IIJIOCKME BEPIOMHBI, UX Ha3bIBAIOT ravioraMu.

OuyaramMu HMCTOYHMKOB 3HEPruu, (POPMUPYIOIIMX IyHAMU
Ppa3sjMYHOM WHTEHCUBHOCTH, MOIYT CJIyXHUTh 3€MJIETPSCEHUS
13-32 PA3IBMKKH WM HAIBUIAa JIMTOCPEPHBIX ILIMT, a TaKXe
MOJIBOJHBIE BYJIKAHBL

ITH  TIOTEHIIUAIbHBIE WCTOYHUKH OyHaMH KOHIEHTPH-
PYIOTCA B HOOCTAaTOYHO Y3KHX 30HaX OKCAHHMYECCKOIO ITHa.

OOBEKTHI MOPCKOTO ITHA HE ITOOBEPraioTcsl TAaKOW 3pPO3HH,
Kak B arMocgepe. OxeaHnmueckue XpeOTBI XpaHsT B cebe
HCTOPHUIO PBIBKOBBIX Pa3IBUXEK M IPUOCTAHOBOK IBHJKEHMSI
JINTOCPEPHBIX TLIUT.

IToBepxHOCTHBIN CJIOM OKE€aHa IPOrpeBA€TCd COJIHLEM U
TEPEMEIIMBAETCA 32 CUYET IBUKEHUI BOJIH. HrKe 30H coHeuHOro
U CYMEPEYHOrO OCBECIICHHUS BOJAa MOYTU HEMOIBU)XHA.

9Ty 30HY MOTYT JOCTHTATh JIUIIL OTTOJIOCKH MPHUOPEKHBIX
BOJIHCHUII U TEYEHUI, KOTOpBIC OIYCKAIOTCSI BHU3 BIOJIb JHA
menbga, HECYT C coOOM OOJIOMOYHBIM Marepuan (orjaras Hu
COPTHPYSI €r0 MO JIOpPOre), MOCje YEero CKaThIBAIOTCS IO KOHTU-
HEHTAJIBHOMY CKJIOHY BHHU3. Bomoy mspenxa MOryT mepemerimBaTh
OIIyCKAIOIIHECS] CBEPXY TSIKEJIbIe OOBEKTHI, IJIyOMHHBIE COCTABIISI-
IOIIMEe CUCTEMBI BOJIH IIyHAMU W HU3BEPKEHUSI BYJIKAHOB.

PaCCMOTpI/IM IIOBeIeHuEe ITOABOIHON 4YaCTU KJIACCUUYECKOM
CHUCTCMBI JIBYX BOJIH IyHaMH, KOTOPbBIC IBHU)KYTCS BJIOJIb IIOBEP-
XHOCTH W B TOJIIE OK€aHa Ha JO3BYKOBBIX (HO MEpKaM BOJII)I)
HEKPUTHUYECKUX CKOPOCTSIX.

Kak OpuUIO MOKasaHO paHee, SHEPrusi BOJH I[yHaMHU op-
MUPYIOTCSI YXOISIIMM B IJIyOMHBI OK€aHa KJIMHOM, NPHYEM ee
SHAUNTEIbHASI YacTh COCPEIOTAYMBAETCS B ITPUITIOBEPXHOCTHOM
30HE, a Jpyrasi yaCThb PacCIIpOCTpaHSETCS B IJIyOHHE.

B romme okeaHa OPMHUPYIOTCS IOCTaTOYHO IIIOCKHE
WA OBAJIbHBIE (PA3OBBIE TPAEKTOPHUU M COIIPOBOXKJIAIOIIHUE HX
TypOyJIEHTHBIC BUXpEBBIE (KPYIOBBHIE) IOTOKU.

Ilo mepe CBOOONHOIO NBMJKEHHSI BIOJIL ITOBEPXHOCTH
OK€aHa BOJIHBI IyHAMW IUIABHO AKKYMYJIMPYIOT W TPaHCIOPTU-
PYIOT 4YacTbh BHYTPEHHEH 3HEPIMU B IPUIIOBEPXHOCTHYIO 30HY,
NpUYEM HAaHHBLIM IPOLIECC WIET ILIABHO M MEIJIEHHO.
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OcoGEHHOCTBIO TEOMETPUU ITYHAMH SIBJISIETCSI TO, UTO €TO
9HEpPrusi HOCUT HalpaBjIeHHBbIA Xapakrep. OHa JIerko nepenaercs
B Cpele B TOPU3OHTAJLHOM HANpaBJICHUA M HE TEPIUT
CKAYKOOOpasHbIX WJIM PEe3KUX M3MEHEHHII B BEPTUKAJIBHON
muiockocTu. OTHesIbHBIE COCTABJISIONIME BOJIH IIyHaMH HE MOIYT
00OMTH BEPTHKAJIbHBIE IIPEIISITCTBUSI OOJIBIION ILIOMAIN U TIpe-
TEPIEBAIOT HA HMX IPAHUILEC JIOKAJILHBIC PaspylLICHMS.

Taxum oOpa3oM, BcTpeya C HPEMSTCTBHEM CYILIECTBEHHOI'O
pasMepa BBISBIBAET CKAYKOOOPASHBIA POCT (PYHKIIUHA TOTEPh U
JIOKAJIbHOE PA3PyIICHUE B 3TOM CEKTOPE YaCTH BOJIHBL

Hanpumep, eciiu 1iyHaMM HAIIpaBJISIETCSl M3 30HBI JKEJI00a
yepes OKEAHHYECKHI XpeOeT K KOHTHHEHTAILHOMY  IIeJbgy,
IpU €ro IepeceyeHur OyaeT orcedeHa OONbIIAsi JacTh IHEPrUU
LIyHaMH, yJap KOTOPOH IPHIIEJICS HEIIOCPEICTBEHHO Ha XpederT.
OTO BBI3OBET JIOKAJIHHOE Pa3pYyIICHHE OTIEIBHBIX OJIOKOB Iop-
HBIX IIOpOJ, YIVIyOJ€HHe M PaCHIMpEHHE BIOIhL HaIlpaBJICHHS
JABMDKEHMSI IIyHaMHU CYIIECTBYIOIIUX BIAJIMH U IOPU30HTAJIBHOE
CIIaKUBAHUE BEPIIMH.

KoneuHo, nosejiecHUE IyHAMH Ha JHE HE HOCUT XapaKTep
YOApHOM MM KJIACCUUYECKOH BOJHEL, HO Ojaromaps IOPH30H-
TaJIbHO-OPUEHTUPOBAHHBIM (PAa30BBIM TPACKTOPUSIM ITUPKYJISILIUU
OHO HAIlOMMHAET U YyIApHBIE, M KJIACCUYECKUE BOJIHBL

Kpome TOro, B TiyOMHHBIX 30HAaX I[yHAMH BBISBIBACT
KpPyroBo€ TOPH30HTAJIBHOE IICPEMEIIMBAHUE ITPAKTHYECCKU He-
MTONIBYJKHBIX [I0 3TOTO BOI C ITOBEPXHOCTHBIMHU BOIAMH, IIPEIOC-
TaBJIsSIs IIAHC Ha BBUKMBAHMUE CAMBIM IJIyOMHHBIM OOHTATEJISIM
okeaHa (B IIOJIHOM TEMHOTE HET pacT€HMII — TaM JKHBYT OCO-
Oble pBIOBI U Opyrue NOHOOHBIE MOHCTPHI).

Ilonamast B pacIIeIUHLI, PACCEKAIOIINE TOPHBIE XPEeOTHI
IonepeK, BOJHBI OyIyT IIpONOJUKAThH JBHJKEHUE II0 HUM,
pacumpsis W TOJIMPYS WX TIPAKTHYECKH OTBECHbBIE CTEHKU.
Tam, roe Her IpPensTCTBUA HA IIyTH, BOJIHBI IIyHaMH OYIyT
IpOJOJIKATh CBOOOITHOE IIPOIBMIKEHHE BIIEPEI.

OrnesibHBIE Y3KHE IIOIBOJIHBIE I'OPBI, MMEIOIIUE 33a0CTPEH-
HBIC TOIBOIHBIC BEPIIVHBI, IIOIBOAHASI YaCTh I[yHAMH 4Yac-
TAYHO Orubaer, a YaCTHYHO TMOJHPYIOT HX CKJIOHBI U
Bepunsbl.  [Ilupokue MoaBOIHBIE TIOpPBI MOIJIOIIAIOT IHEPrUIO
3SHAYMTEJILHO, IIpeTepIieBas KojebaHusl U TOJYKH, U 3Ta SHEPrus
KOHIICHTPUPYETCA B PpaniOHE BEPIIMHBI, YTO COICUCTBYIOT
paspylieHHIO €€ BEpXHEH YacTH, BIUIOTH [0 IIOJIHOTO BbIPaB-
HHUBAHUS y TaliOTOB — JPEBHEHUIINX W CTAPEHINUX TOJIBOIHBIX
rop MHPOBOrO OKeaHa. 109



HocTurasi KOHTUHEHTAJIBHOIO CKJIOHA II€JIbpa, IMOMBOIHAS
yacTh IIyHAMH TEPSieT MNPAKTUUYECKU BCIO 3SHEPruio, KOTopas
ObuTa pacrpeinejeHa HIJKE JIMHUM IIeIb(POBOro IHA.

Ora SHEprus 3aTpPayuBaETCsl Ha IIEpeIavy CEHCMUYECKHX
BOJIH TBEPIBIM TOPHBIM MOpOIaM (rpaHHTaM H Oas3ajbraMm) M
Ha paspylIeHUe U IIepeHoc Oojiee MATKMX M XPYHNKUX (B TOM
YHCJIe OCaJOUYHBIX) MOPOL

UeM BbIIIE YPOBEHb KOHTUHEHTAJIBHOIO CKIIOHA, TeM OoJiee
CUJILHBIN yaap OH IIpUHHUMAET. Yz[ap CHOCO6CTByeT JacThu4-
HOMY paspylIE€HUIO CKJIOHA M TPAHCIOPTHPOBKE OOJIOMOYHOIrO
Marepuaia K ITOIHOKHIO.

HpOXO)KJ_[eHI/Ie OyHaMH, NMEIOIEro HpOTSDKeHHI:II;I BI‘JIy6b
y4acCToK IepeHoOca BHyTpeHHEﬁ IHEPIruu, JOITIOJTHHUTEJIbHO
BBI3BIBACT IEPEMENINBAHNE I‘JIy6I/IHHLIX BOI C BOIJAaMH 3OHBI
CYMEPEYHOIo OCBEIICHUSI BIOJIb KOHTHHEHTAJIBHOI'O CKJIOHA M
y €ro nOoJHOXHA Ha [THE OKE€aHNYEeCKOM PaBHIHBL

Ecnn mysamMm 3aXoouT B IUIyOOKHE JOJIMHBI, Ha3bIBAEMbIC
MOIBOIHBIMU KaHBOHAMM, BCSI €ro 9HEprusi OyIeT Harpas-
JleHa Ha JajibHEHIIee yrjayOJeHue U YIJIMHEHHE KaHbOHA B
HanpaBJI€HUU CBOETO IBMJKEHHs. Yem MeHbIIE IONEpeYHoe
CEYEHHE KaHbOHA, T€M OO0JIbIIasi SHEPrusl KOHLIEHTPUPYETCH Ha
MaJIOH IUIOINAIX BILJIOTH 1O OOpasoBaHUS JIOKAJBHBIX yIapHbIX
BOJIH B HambOoJsiee yskux Mecrax. IIpm mpoxome BOJIHBI MOIIHOIO
LIYHAMH OIIACHEE BCEr0 HAXOIMThCSI B BEPXHEA WM Y3KOH
YaCTH IIOJIBOIHBIX KaHBOHOB.

C 3Toro MomeHTa OCJa0JIeHHOEe OyHaM#H HAUMWHAET IBHXE-
HHE IIO ITOJIOroMy CKJIOHY KOHTHHCHTAJIbHOI'O H.IeJII)q)a.

Illeb(p IOBEPXHOCTHO CJIOKEH MSITKMMH OCAIOYHBIMU
roponamMy, 0oOpa30BaBIIMMUCS B PE3yJbTaTe TPAaHCIOPTHPOBKU
OOJIOMOYHOIO M MEJIKO3EPHHCTOrO Marepuajga OT Oeperosoi
JIMHAM BIJIyOb OKeaHa.

ITOT MaTepHaj IEPEHOCST TEKy4Yhe BOIBI, IBHKYIIIECS
BIOJTh OKEAaHWYECKOro mHa. YacTh MaTepHasa BBIHOCUTCSI peKaMu
13 TIyOMHBI KOHTHHEHTA. 1IpubpexHbIe 30HBI paspylIaloTcs 3a
CueT 9SHEPruHM BOJH M IITOPMOBBIX BETPOB. BOJHBL, KOTOpBIE
MPUXOAST HA IIOJOruil Oeper BIOJb IIOBEPXHOCTH OKEaHa, CO-
BEpIIAIOT OOpaTHOE IBUJKEHHE Hasal BIOJIb JIHA OKEeaHA.

ITosTomMy jaBMXEHHE IIO IIENIL(Y MOXHO pPacCMaTpUBAThH
KaK JIBMJKEHUE II0 II0JIOTOMY POBHOMY CKJIOHY BIUIOTBH JO JIOCTH-
XKeHHs (a 3aYacTyloO M IIPEOHOJIeHHsI) OEperoBoil JIMHUM.
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PaccmorpuM 1yHamMu, KOTOpPO€ HAYMHAET [BUJKEHHE OT
SMMIIEHTPA Ha OKOJIOKPUTHUYECKUX CKOPOCTSX. MOXHO 3aMETUTH,
YTO y SMMIEHTPA HPOU3OMIET OTPBIB JIBYX HPUIIOBEPXHOCTHBIX
COCTABJIIIOIIUX BOJIH OT TJyOMHHOH COCTABIISIOINEH  H3-
3a OrpOMHOI CKayKOOOpa3HOM PasHMUIBI T'OPU30HTAIBHBIX
CKOpPOCTE MU (POPMBI IIPOPUIIE (Pa30BLIX TPAEKTOPUIL

OrpeiBy Takxe OyOyT CHOCOOCTBOBATH KJIIMHOBUIHBIE
MUHM-YJAPHBIE BOJIHBI, COIIPOBOKJIAIOIIME JIBUJKEHUS UEUEBHULIEC-
00pasHBIX NIPOUIIEH IUPKYJISIUNA BHYTPEHHEH SHEPIHH IpU
OKOJIOKPUTUYECKUX CKOPOCTSX.

JIBé OCHOBHBIE BOJIHBI IIOHECYTCSI C OIPOMHON CKOPOCTBIO
Briepen y nosepxHoctu. Kak Oynro ¢ TpaMIuimHa, OHH CIIETST C
rIIyOMHHOTO cekropa. VX riiyGumHHaAsi COCTaBIISIIOIIAs OTOPBETCS
1 Oyder MEUIEHHEE paclpoCTPaHsSITBCSI B TONIIE OKEaHa,
popMUpYsI €me OgHy — (PaHTOMHYIO HOIBOIHYIO BOJIHY WIIM
JIOKHYIO BOJIHY IIyHaMH.

Ora BOIHA HE SBJISIETCS IIOJHOIEHHOW U TeM Ooiee
TPETHEU 3aAKIIOYUTEC/IbHON BOJIHOM IIYHAMH, TaK KaK OHa CQop-
MHPOBAJIACh BCJICACTBHE paspbiBa CEKTOpa Kpyra Ha IIPUIIOBEpPX-
HOCTHYIO M TJIyOHMHHYIO COCTABJISIOIIUE.

I'iyounnas cocrasisomas Oyuer BecTH cedsi aHaJIOIMYHO
MOBEJICHUIO TIOIBOIHOM YAaCTH OOBIKHOBEHHOIO IIyHaMHU, He
BBIXOJ/ISI Ha IIOBEPXHOCTb OKE€AaHa IIPH CTOJIKHOBEHHH C BEpTU-
KaJIbHBIMM TIPEMSTCTBUSIMU, HO IOIHUMASCh BBEPX C IOTEPSIMU
SHEPIMM Ha IIOJIOTMX M IJIAJKUX YKJIOHAX JIHA.

BosHukaeT BOIpoCc — MOJKET JIM C(POPMHPOBATHCS U pac-
MpOCTPaHSITBCSI  BIOJIb JIHA OK€aHa I[yHaMH, KOTOpoe He
JOCTUTAET €ro MoBepxXHOCTU? TeopeTHuecKu ITOT (PEHOMEH BO3-
MOXEH — HO B OCOOBIX YCJIOBUSIX.

B okeaHe cymecTByIOT 30HBI PE3KOIO M CKauyKOOOpa3HOIo
U3MEHEeHMs (mepemnaga) maBiieHus. IyOmHHBIE BOIBI OKeaHa
MHOI'JA PAaslIesI€Hbl BBIPAKECHHBIMHM ITOBEPXHOCTSIMU CKAYKOB
JaBJIEHUS] HA MPONOJIBHBEIE 30HBI U IIO9TOMY HPAaKTHYECKH HE
IIepEMENTNBAIOTCS IPYr C IPYTOM.

Ecym BemumBa CKauka 3HAUMUTENIbHA, €r0 TI'UIIOTEeTUYeC-
Kasl TIOBEPXHOCTh OyIeT BeCTH ce0sl, KaK IOBEPXHOCTh OKEaHa,
U MOXET C(POPMHMPOBATh CTPYKTYPY BOJIH, HATIOMUHAIOIIUX IIPH-
MOBEPXHOCTHOE IlyHaMHU. BoJIHBI IJIyOMHHOIO IIyHaMu OyIyT
PacCIIpOCTPAHSITBCSL OT SMMIEHTPa B T'OPU30HTAJILHOM WJIM HaK-
JIOHHOM HAIIPaBJIECHUHM II0 BEKTOPY CKOPOCTH. 111



B okeane CyII€CTBYIOT 30HBI PE3KOro nu CKa‘IKOO6paSHOFO
U3MEHECHUSI TAaBJIECHHS, U ITO ITOKa3aHO. FIIy6I/IHHI)I€ BOIIBI OKa-
3bIBAIOTCS PA3ACIEHHBIMH TIIOBEPXHOCTSIMM 3THUX CKAYKOB Ha
IIPOJOJIbHBIE 30HBIL Cron NPaKTUYECK HE II€PEMENINBAIOTCA
6J1aronap;1 HaJIMYUIO TI'paHUI-CKaAYKOB.

Ecii BejlMuMHA CKayKa 3HAYUTEIbHA, €0 IUIIOTETUYECKAS
IIOBEPXHOCTh Oymer BecTH cebs KaK ITOBEPXHOCTh OKeaHa U
MOJKET C(POPMUPOBATL CTPYKTYPY BOJIH, HAIIOMUHAIOIIYIO IIpU-
ITIOBEPXHOCTHOE IIyHaMH. BoiHBI TiyOMHHOro nyHamMu OyIyT
PpacopocTpaHsITbCd OT SIHULEHTPAa B CTOPOHBL

Uem OoJiblie riiyOMHA — TEM BBILIE JABJIECHUE U IIJIOTHOCTD
BOIBI, ¥ TEM BBIIIE CKOPOCTh PACIHPOCTPAHEHHUS BOJIH B TaKON
cpene. VCTOUHMK 3SHEPruM MOJXKET paclojlararbCsi B HeIpax
rJIyDOKOrO OKE€aHMYECKOro Kejio0a, B 30H€ NPaKTUYECKH HEIOMI-
BIDKHBIX BOJI, aOCOTIOTHOM TBMBI U KOJIOCCAIIBHBIX JIaBJICHUIL

Iueprusi ¢ rayounsr 8000—11000 meTpoB OBICTPO, Y3KUM
KJIMHOM PACIIPOCTPAHUTCSI BBEPX II0 PACIIMPSIOIIEMYCSI JKEJo-
Oy, MOKa HE IOCTUTHET TJIyOOKOBOOHON PaBHUHBEIL

B sroin 3oHe HaOMIOHAETCS PE3KHII CKayeK KadeCTBEHHOI'O
XapakTepa TIOBEICHHUSI TIyOMHHBIX Bomd. llostomy cymecrByer
TOHKAs CKaykooOpasHasi TpaHMIIa MeXIy BOIaMU JKeiloda u
OPUOOHHBIMU BOJaMHU OK€aHa, KOTOpasl BBICTYHAET (PUSUUYECKUM
aHaAJIOrOM TMOBEPXHOCTH OKeaHa.

I'opusonrajibHble  IIEPEHOCHI  SHEPrUM M IEPEHOCHI
SHEPIuM BJIOJIb JIHA OKEaHA CIJIA’KMBAIOT IIPUIOHHBINA pejbed,
BBICKAO/IMBAIOT OCHOBAaHHSI IIONBOJHBIX TIOp U XpedTroB u
CIIOCOOCTBYIOT HEKOTOPOMY I€PEMENIMBAHMIO NPUIOHHBIX CJIOCB
IIIyOMHHBIX BOI OK€aHa.

30Ha COJIHEUHOIO OCBEIICHMSI HMeeT Iiayouny mo 200 mer-
poOB, 30Ha cyMepeuHoro ocsemenuss — g0 1000 merpos. I'y-
ounnas soHa mpocrupaercsa 1o 6000 merpos. Ceepxriaybokme
y3KHe JKeJioObl jocturaior riayomsast 11000 meTpos.

biarogapst ToMy, 4TO IlyHAaMU CYIIECTBEHHO II€PEMEILAIOT
U TepeMeNInBalOT IJIyOMHHBIE BOIBI C BOIAMH CYMEpPEUYHOIO
CJI08l, OHM IIOMIEPKUBAIOT CYIUECTBOBAHHME KHMCJIOPOI03aBUCUMOL
OpraHMYEeCKOM JKHU3HM Ha IJIyOMHaX, Kyla HHBIM CIIOCOOOM
KHCJIOPOJI HE MOJET IIPOHHMKHYThH HH M3 aTMOC(EpPHl, HU W3
30HBI OOMTAHMSI (PJIOPHI M COJTHEUHOIO OCBEIICHHSL

B crpammbix rIybuHax (pOPMHUPYIOTCS IApaloKCailb-
HbI€ MOHCTPOHIIHBIE (POPMBI OPraHUYECKOW JKH3HH — B TOM
ympcie Onaromapsi TJIyOMHHOM COCTAaBJISIOIIEN IHEPruM ITyHAMM.
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A Tenepb IIOMHHUMEMCS H3 CaMBbIX F.Hy6I/IH OK€aHa K
€ro0 IIOBEPXHOCTH M ONHUIIEM IIOBEHNCHUE IIPUIIOBEPXHOCTHBIX
COCTABJISIIOIIUX BOJIH ILIYHAMH B OTKPBITOM OK€aHe, Ha Mate-
PUKOBOM Ieb(e U Bo3je Oepera.

Heckobko ujaeau-
. " Oxonoslywoboe fo3Byroboe
3UPOBAHHOU W IaXe padu-
HUPOBAaHHOU SIBJISICTICSI MO-
JIeJ1b MIPUIIOBEPXHOCTHOIO ——

ABMJKEHHMSI BOJIH  ILyHaMHU
HAa  OKOJIOKPDUTUYECKHUX U
BBICOKMX JIO3BYKOBBIX CKO-
POCTSX TIEPEMEUICHUSL.

bynem wucnons3oBaTh \
(pI/ISI/IKy FI/IHPOHI/IHaMI/IKI/I.

Ileppasi m BrOpasti BOJIHA IIyHAMH JBHXKYTCSI OBICTPO Y
caMO¥ IIOBEPXHOCTH IIPH HYJIEBOM YTJIy aTaku 0e3 riyOMHHOI
COCTaBJISIOIIEH, KOTOpas  IIEPEMEIIAETCS  OTHEJIbHO — M3-3a
MPOU3OIIEIIIErO0 OTPBIBA IIPUIIOBEPXHOCTHOrO cJiost. Ma3oBble
TpaeKkTopuu  (Mpopuiid), HECYIIHE BHYTPEHHIOIO  SHEPrHUIO
CHCTEMBI, UMEIOT MAaJIyIO, HO HEHYJIEBYIO BEPTUKAJILHYIO H IIpO-
TSDKEHHYIO TOPH30HTAJILHYIO COCTaBJISIOIIYIO — HaIlogo0ue de-
YEBHIIEOOPA3HOI0 IIPOPILISL

Hamommaaem, 4TO MBI BBIOpajy CHCTEMY KOOPIMHAT, KO-
TOpas JBUJXETCS C (PPOHTOM BOJIH IIYHAMH — B 3TOH CHUCTEME
popMHUpYEMBIE BOJHBI JIMOO HENOIBUKHBIE (MX OOTEKAIOT
Haberaromye MOTOKH), JIUO0 crosture (BbIpaskaloliue M3MEHEHVe
KOH(UIYpAlUX IIOBEPXHOCTU OKeaHa). J[BHJKeHHe CHCTeMBI
KOOPIMHAT OINMCBHIBAETCS OTHEIbLHOM MOIEJIBIO.

IIpu obrekanum pa3oBOro MpOHIIs KaXIO0H BOJTHBI YaCTh
Haberaiomero IIOTOKA 3aXBaTBIBAETCS U IIepepaclpenelIseTcs
BBEPX — HaJ IpOoPWIsMM KaxXIoi BoyHbL Ha 103ByKOBBIX
CKOpOCTSIX (PYHKIUSI pacOpele/IeHus ILIOTHOCTH  JIaBJIEHUS
JKHIKOCTH Hal NpoduieM Oyner HenpepsBHON. OHa BBI3OBET
KJIACCHMYECKYIO BOJIHOBYIO JIE€(POPMALIMIO IOBEPXHOCTH OKEaHa,
KOTOpasi B 3TOM OKPECTHOCTH BeleT ceds Kak rudkasi memOpa-
Ha — Crog4Yasl Harpy’X€HHasi HEKOTOPOW MaCCOH BOJIHA.

UeM BbIILIE JIO3BYKOBasi CKOPOCTh BOJIH, TEM 3HAYMTEJIbHEE
aepopMans M TE€M BBIE XOJIM, IIOKa HaJ KPUTHYECKUM
JO3BYKOBBIM IPOMPHIIEM HE HAYHET (POPMHPOBATLCS CKAYEK
(PYHKUUM paclpelejeHus IUIoTHocTu Hasiienus. OH  gopmu-
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pyeT OOpaTHBINI paspelB IIOBEPXHOCTH OKe€aHa. ITOT CKavek
YIUIOTHEHMSI TIOBBIIAET CONPOTUBJIECHUE CPEIbl W  BBISHIBAET
poCT MOTEPh KUHETUYECKOW SHEPIrUM BOJIHBL

OOpaTHBIIT  paspelB Ha OKOJOKPHUTHYECKUX CKOPOCTSX
(popMHUpYeT TapaToKCcaIbHBII MEHHUCTHINT IpebeHb, KOTOPBI Ha-
KJIOHSIETCSI B CTOPOHY ISIMIEHTpPa — IPOTHUB BEKTOpAa [BU-
JKEHHSI BOJHBI (B OOBIYHBIX BOJHAX IpeOeHb HAKJIOHSETCS IIO
xony nBrXeHus BoiH). Ilociie MCTOEHUs YacT KUHETHYECKOM
9HEPruy CKOPOCTh CHHU3UTICS, ¥ I'PEOEHb HMCUYE3HET.

HpO(pI/UII) TIOBEPXHOCTH OKe€aHa, II0JIyYaeMbIl KaKIOn
BOJIHOM 3TOr0 PapUHUPOBAHHOIO IIyHaMHW, SBJISIETCS IICHT-
PAJIbBHO-CUMMETPUYHOM HArpy’>K€HHOM CTOSIYE€H BOJIHOH, Ha
BBICOTY KOTOPOWM KOHIIEOITYaJIbHO BJIUSIET XapaKTep pacrpe-
JeJIeHus JaBJIECHUST HaJd (as3soBbIM IPOPHUIEM U KparHe
HE3HAUUTEJIbHO — MaJiasd BeJIMYUHA IIOJIbEMHOM CUJIBL

PacueTsl HEOOXOIUMO ITOC/IETOBATEIHHO IIPOBOOUTDL 4YE€PE3
AUCKPETHBIE BPEMEHHBIE MHTEPBAJIbL

3anuchiBaeM HavYaJIbHBIE YCJIOBHUSI [UISL pacyera IIPOPHUIIS
CTOSIYEN BOJIHBI B KaKIbII MOMEHT BPEMEHH, HCIIOJIb3YS
HAJaJIbHBIE YCJIOBHSI — IIapaMeTPbl MaKCUMAJIbHOI'O BEPTHKAJIb-
HOI'0 OTKJIOHEHUSI IIOBEPXHOCTU OKeaHa (MCIOJIb3YIOTCS (POPMYJIBI
THIPOJIMHAMUKHA) M IIOJIOBUHY JUIMHBI (PA30BOrO  IIPOPHIIS
uynamu. Ilocile pacuera rpaduka epOpMali IOBEPXHOCTH
IIPOU3BOIMM OTJIEJIBHBI pPacyeT Ha OTPHLATEJIBHOI II0JIyOCH
Ox (xak ecju Obl OHAa ObLIA TIOJIOXKUTEILHOR).

Taxum 00pa3soM, MBI PaCCUHTHIBAEM TI'paPUK OTKIOHEHUS
HarpyK€HHOH ITOBEPXHOCTH, BBISHIBAEMBIA CTaTHYECKHUM HCTOY-
HUKOM (C TOYKHM 3PEHHUSI BHIODAHHOI CHCTE€MBI KOOPIHMHAT), IpHU
IOMOIIM BOJIHOBOI'O YPAaBHEHUS B IIUJIMHIPUUECKUX KOOPIMHATAX,
M3BECTHBIX HAYAJIbHBIX YCJIOBUA M IMIMHIPUYECKUX (PYHKIIMI
MaTEMATHUYECKON (PU3UKM — IIPUYEM HCKIIOYHMTEILHO B HyJIe-
BOII MOMEHT BPEMEHM.

Tax Kak 1gB€ BOJHBI JBHXYTCSI JJOCTATOYHO JIAJIEKO HE3aBU-
cumo onHa 3a apyrom (no ocu OX), u Kaxigast BoJHa oOpasyer
COOCTBEHHYIO BOJIHY Ha IIOBEPXHOCTH, (POPMHUPYEMYIO HaJl
€€ (asoBbIM IPO(PUIEM M BHISBLIBAIONIYIO BOJHEHUE OKEaHa.

Hedpopmauu HOBEPXHOCTU OKE€aHa OIIUCHIBAIOTCSI KJIAC-
CUYECKUMM BOJIHOBBLIMM 3aKOHAMHM, IIO9TOMY Pe3yJibTHUpYIOomas
KpUBU3HA IIOBEPXHOCTU OKEAaHA B KaXIbI U3 PACYECTHHIX
MOMEHTOB BpEMEHU OymeT pe3yabTaToM OOBEIUHEHMSI IBYX
MOJIyYEHHBIX BOJIH Ha BCEH YMCJIOBOM IIOJIyOCH.
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TakmM oOpasoM, 3amava BBIYMCJICHUI MIHOBEHHOW Tpa-
€KTOpUU TMPOQUIIS TTOBEPXHOCTHOM BOJIHBI IIYHaAMH OKasajlach
CBEIICHHOM K KJIACCUYECKOW 3ajlay€ MaTeMaTHYECKON (PU3UKU
0 KoJyieOaBpugx 3aKpEIUIEHHONM HA KOHIAX HarpyKeHHOM
CTPYHBI, B OIHOM HJIM HECKOJIBKHX TOYKaX KOTOPOH ITOMEIIEHbBI
COCPENOTOYEHHBIE MAaCCHL

B samave mymamm UIMHA PpacCMaTPUBAEMOI  CTPYHBI
OKaJKeTCsl MNPOTSKEHHOM II0 CPaBHEHHUIO C [IJIMHOM Harpy’KeH-
HOIO y4YacTKa M HU3KOH aMIUIMTYIOH KoyieOaHUM, KOTOPYIO
BBI3BIBAIOT COCPEIOTOYEHHBIE Ha OYEHb MAJIOM YYaCTKE CTPYHBI
HEHYJIEBBIE MacChl (MUIM OIHA Macca).

Bagaya O KojJ€OAaHMSIX CTPYHBI, HArpy’>X€HHOH cocpe-
JIOTOYEHHBIMM MacCaMH, HaXOIUT INUPOKOE IIPHUMEHEHHE B
MaTEMaTUYECKON pusuke u Ttexnuke. Eme Ilyaccon pemar
3azadyy O IMpPOHOJIbHOM JBMJKEHHH TIPy3a, IIOIBEIIEHHOIO K
pryFOI/I HUTU.

Ocoby10o akTyaJapHOCTh 3adavya IMOJOOHOrO THUIA IPHOO-
pesia B CBSI3M C HM3yYE€HUEM BHOpallMU KpBUIBEB CaMOJIETa.
Kpome Toro, paccmarpuBaemasi 3ajaya BCTpEYaeTCsi IIpH pac-
yere COOCTBEHHBIX KOJIEOAHUI aHTEHH, HAI'PYKEHHBIX COCPEIOTO-
YEHHBIMU EMKOCTSIMA U CaMOHMHIYKIIHE.

CymecTByloT NpHUOIMKEHHBIC (UMCIEHHBIE) METOObl Ha-
XOJKIEHHUSI COOCTBEHHBIX 3HAUECHHI U COOCTBEHHBIX (PYHKIIHI
3a/a9d, AHAJOTWYHBIX ITPUOJIMJKEHHBIM METOIaM HaXOJKICHMUS
COOTBETCTBYIOIIMX BEJIMYMH JUISI HEOIHOPOIHOHW CTPYHBL ITU
METOIIBI PEAIU3YIOTCS € UCIOJIb30BAHUEM CHEIUAIbHBIX (PYHKIIUN
MaTEMaTUYECKOH (PU3UKU.

B samavax rasogMHaMUKH, THIPOJIUHAMHKH U TEOPHUHU
YIapHBIX BOJIH YaCTO BO3HHMKAIOT 3allayd, XapaKTEpU3YIOIIUeCs
OOJIBIIMMH  CKODOCTSIMH ¥ BBICOKMMM JIaBJIeHUSMH. B srom
cayvyae JIMHEHHBIC AIIpPOKCUMAIMU (MpUOIIMKEHMs) aKyCTUKHU
HETIPDUT'OJIHBI, TIPUXOJIUTCS UMETH [IJI0 C HEJIUMHEHHBIMH MOJe-
nsvMu. CephesHBIM IIArOM BIEPEI SIBJISIETCSI ITOCTPOEHHE TaKUX
MaTEMAaTUYECKUX MOJICJIEU MPOIIECCOB, P KOTOPBIX COCTOSIHUE
CHUCTEMBI CBOIUTCS K JIMHEHMHBIM JIUP@PEPECHIINAIbHBIM YpaB-
HEHUSIM — B YaCTHOCTH, IHUP@PEPEHIINAIBHBIM YpPaBHEHUSIM
BTOPOIo MOpsaka u orneparopy Jlamaca, usyyaeMbIX COBpEMEH-
HOH MaTEMaTU4€CKON (PU3HUKOM.

Jas sToro moHamoOMIIOCH NETAIbHO HM3YYUTH (PUSHUKY H
MEXaHHUKYy IIpollecca, BBIOpaTh YIOOHYIO CHCTEMY KOOpIMHAT,
BBECTH HEIIPEPBIBHO-PA3PHIBHYIO (PYHKLIMIO IIOTEPh U (PAKTUYECKU
JUCKPETU3UPOBATH IOHATHE BPEMEHU. 115



B ormnune or KojeGaHUIT CTPYH aKyCTUYECKOHM THTa-
pbL TIJI00ajIbHOE IIOBEICHUE BOJH B OKEaHE HE MOXKeT OBITh
OTIHCAaHO METOIOM PpasjioKeHusi B psasl Pypbe — IO TPUTOHO-
METPHUUYECKUM (PYHKIIUSIM CHHYCA M KOCHHYyCA.

s Takux 3agayv MCIOJIb3YEeTCsl IONOJIHEHWE — CIIEeIu-
aJIbHBIE (PYHKIIUU MATEMATHUYECKOM (PUSHKHM U BOJIHOBOE YpaB-
HeHMe ¢ omneparopom Jlamaca:

Au + uu = 0 — ommceBaer KPYT'OBbIE€ ITPOIIECCHL

B sagauax MareMaTHYeCKol (PU3UKU PaccMaTpPUBAIOT
TaKy€ pPEIICHUSI BOJHOBOTO YPaBHEHHS, KOTOPHIE OIHCBHIBAIOT
KoJiebaTeIbHbIE ITPOIIECChl.  ITO BO3MOXKHO B TOM CjIyvae, eciu
rnocrosiHHasi L CTpPOro IoOJIOKUTEIbHA.

Ilpu mepexone K IIOJISIPDHBIM KOOPIWHATAM, KOTOPBIC MBI
(paKTHYECKH HCHOJIb3yE€M B ITaHHOM 3ajadye Ha IUJIOCKOCTH,
1 paccMaTpuBasi (PakTOp BpeMEeHH (TO €CTh TapMOHHYECKHe
KoJIe0aHMs), MBI IIOJIyYMM TaKoe€ ypaBHEHHE:

10 ()4 ] du _1 du

- \r=+H_-—_=——=—__-__

ror " or’ r*op? c?ot?

Jis momcka pemeHur JTU(p@PEPEHIHAIBHOIO BOJIHOBOTO
YPaBHEHUSI HCIIOJIb3YE€TCS METOJ PA3leJICHUsl TEPEMEHHBIX U
3aMEHA, PAaCCMOTPEHHAs] B IEPBOM YaCTU M3IAHUSL:

u(n e, 1) =Rr) ) T()

3asaua CBOIMUTCS K PEIIEHUIO TPEX OOBLIKHOBEHHBIX JIHMHEH-
HBIX IU(P@PEPEHLMAIBHBIX YPAaBHEHUI BTOPOIO IOpsIKa:

2
1
IR + LR oy iZ)R(r) =0
or r or r

"(¢p) +v* D(p)= 0

T"()+uc*T()= 0

IIepBoe YpaBHEHHE HOCUT Ha3BaHHE BOJIHOBOI'O YpaBHEHUA
beccens, Bropoe — BonnoBoe ypasHenue Ilrypma-JInysuis.

BoHOBBEIE TIpOLIECCHI MOTYT OBITH IIOJIyYE€HBI TOJIBKO IIPH
CIEAYIOMMX OrPAHUYECHMSX:

l=v2>0,u=kz>0,x=kr
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u (r,p, 1) = (a,cos (kct) +aysin (kct)) o

(ascos (vp) + a,sin(vp))(a, ] (kr)+
+ a, N (kr))

rae d; d, d50d,0d; g — NPON3BOJIbHBIE KOHCTaHTHL Mx
3HAYEHWE 3aBUCHUT OT KOHKPETHBIX KPAEBBLIX YCJIOBUH 3aadym.

Pemrenue ypasnmenust beccenst 1peicraBUMO B BUIIE
JUHEMHON KoMOmHanmm yHKOmi beccensi, orpaHMYeHHBIX
Ha BCE€H YHCJIOBOM OCH W OIIMCHIBAIOIINX TIapMOHHUYECKHE
KojebaHus, M HEOIPaHUYEHHBIX B Hyle @yHKuuin Hefimana,
KOTOpBIE BO3SHHMKAIOT IIPH OIMCAHUM BOJHOBBIX IIPOLIECCOB C
OCOOEHHOCTSIMU M aHOMAJIMSMMU.

B cnydae, eciii MBI HU3yyae€M PpeEIIECHUE IH(PPEPEHINAAIIb-
HOI'O YpaBHEHUS B HAYaJbHbIA MOMEHT BPEMEHU U BJIOJIb
HanpasjeHus: paguyca (yrox (0 oOTkioHeHusi or ocu  0x
HYJIEBOI), OHO IIPEICTABJISIETCS B IIPOCTOM BHUIE, U BHIPAKAETCSI
yepes peuleHus KJIACCUYECKOro ypasHeHus beccers:

y=u(r) = a]V(kr)—i-bj\C(kr)

Ilpusenem rpagpuku PyHkumi beccenss u Henimana, u
rpaduK, OIUCHIBAIOIINI ITOBEIeHNEe (pyHKITHIT beccenst — mporpam-
Ma BBIUMCJICHHS OblJIa HaN¥caHa aBTOPOM Ha s3bIKe JavaScript
U BBHIIIOJIHEHO IIOIIHMKCEJIbHOE IIOCTPOEHHWE TOYHBIX TI'papPUKOB
(KOI(PPULIMEHT pACTSDKEHHSI 110 BEePTUKAJIHU paBeH 4).

-0,51

-1,04
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Ilo mepe 3sHauMTEIHLHOrO yIaJIeHHsS OT HavaJl KOOpIUHAT
¢pyukunn becceirss u Helimana crpeMarcsi K HyJIO, coBeplIas
KosiebaHus BIOJIb ocu OX, IpUYEM IIEPHOI STUX KOJIEOAHMI
CTPEMHTBCSI K IIEpHONy KojebaHuil cuHyca M KocuHyca. Ha
ylaJ€HUuy OT Havaja KOOPAMHAT ACUMIOTOTUYECKOE IIOBEIEHUE
PEIIEHUIA YpaBHEHUS MOJKET OBITh IPEICTaBIEHO Kak:

m
u(r)=> r k VZ(Vk sin 7+ W, cos r)
k=0
B mnpakruueckux 3amadyax OOBIMHO HE pacCMaTpHUBAIOT
N HE BBIYUCILIOT 3HAYECHUA NHJIHMHIPHUYECCKUX q)yHKIII/II;I Ha
SHAYUTEJIPHOM VIQJIEHMM OT HadaJla KOoOpAuHaT, TaK Kak
HUX KOMIBIOTEPHBIC BBIUYUCIICHUA YE€PE3 PaA3JIOKEHUA B PAObI
BBIPOXIACTCSA B HOJIb. Ilo atmm xe IIpuYrMHaM OY€Hb PEIKO
HCIIOJIB3YIOT 3TH prHKHI/II/I Ipu OOJIBIINX 3HAYECHUIX HHJIEKCA.
Acumnroruyeckoe IIOBEACHHE TAaKHX q)yHKHPII?I OUYE€HBb CJIOXHOE,
OHO OBLIIO HOJ_[pO6HO OIIMCaHO B MOHOFpaq)I/II/I Barcona.

Imnmuaopryeckue (PYHKIMM Majoro WHAEKca BOIM3U
Hayajla KOOpIHMHAT OOEeCIIeUYMBAIOT OYEHb XOPOIIWE IIOKa3aTesIu
CXOIMMOCTH PEAJIbHBIX BOJIHOBBIX IIPOIIECCOB, JUISI MX IIPEBOC-
XOJIIHOI'O MOJIEJIMPOBAHMSI JJOCTATOUYHO HCIIOJIL30BaTh IlepBbie 3-4
COOCTBEHHBIE (PYHKIIUU IIPU PA3JIOKEHUU B PsiL
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B wavanpHBII MOMEHT BpEMEHHU IIOBEPXHOCTH IIOJIYyYa€T
3aJaHHOE€ HavaJIbHbIMM YCJIOBUSAMM OTKJIOHEHHUSI H CKOPOCTH,
OITUCBIBAEMBIC KPa€BbIMU yCJIOBUSIMU:

u (7’; o, t)|t=0: f(n (p) — OTKJIOHCHHE

du = w ()
37 t=0 w (r, ¢ ) — cropocrb
MemOpana — OeckoHeuHass Kpyrias Iuiacruska. Cymecr-

BYET €IIE€ OIHO IOIIOJHHUTEJIBHOE YCIIOBHE:

u (I”, o, U |r=r0: 0 — orkioHeHmit B TOUKE ¥y Her.

KpaeBOMy YCJIOBMIO Ha y4YaCTKeE M€M6paHI>I MOJXXHO YyHOB-
JIETBOPUTD, HOTpe6OBaB BBITIIOJIHEHUS yCJIOBH A

J ( k "y ) =0 n TIOJIyYMB U3 3TOI'O OTHOIICHMS k.
n

OueBuiTHO, UTO JaHHOE ypasHeHue 1o K mveer GeckoHeumHoe
MHOJKECTBO PEIICHUM, TNpU KOTOPBIX A7, HOJUKHO IPUHUMATH
SHaUeHHE KOpHen (yHKuuu beccers.

O0osHauMB MHOJKECTBO HyJIell PyHKImH beccenst Kak

(n
> MBI IIOJIYy4UM, 4TO k wmoxer NPUHUMATH TOJIBKO CJIEHYIOIIue

sHavenns kK = l(,’:,) /1”0 rme m = 1,2,3... u N — UHOEKC.

Jli1st TOro, 4ToOBI YIOBIETBOPHUTH OOIINM HAYAJIBHBIM YCJIO-
BUSIM, HYKHO HCIIONIb30BaTh JIMHEHHBIC KOMOMHAITUM BCEX BO3-
MOJKHBIX PENICHUI NPH BCEX TONYCTUMBIX 3HAUECHMSIX YCTAaHOB-
JICHHBIX IIapaMeTpOB, WJIM HHBIMHU CJIOBaMH — OOOOIIEHHBIE
PSbl BBIIEYKA3AHHBIX (PYHKIIUML

Kosnebanue memOpaHs! OyIeT pe3yJbTaToM HaJIOKEHHs rap-
_ n
MOHHMYECKUX KOJIEOAHUI, COOTBETCTBYIOIIMX (PYHKIUSIM u(m)

9TO MOXHO 3amucaTbh B BUI€ IBOMHOI'O pana:

u e ) =X X ul) (e, v

n=0 m=1
rme ﬂ,(,’:,) — HyJ1 PyHKIIH becces J ( X ) =0
n

k(n)_ ﬂ,(n) /
m_ m ’f) M BBIIIOJIHACTCSA CHeHyIOHIee paBeHCTBO:
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9 51, = (afPoos (et + alsin (ki)
(n) (M) gj
(anfscos (np)+ an:’4 sin (WP))J,,(k;(::)’”)

B paccMaTpuBa€MOM HaMH CiIyda€ IIOBEJEHUE CHCTEMbI
HU3y4a€TCda TOJIBKO B HAYaJIbHBIT MOMEHT BpEMEHM M TOJIBKO
BIOJIb PaCIIPOCTPAaHCHUA CppOHTa BOJIHBIL HOSTOMy

v =3 3 a® I (i)

n=0 m=1
riae /1(:,) — HyJm (pyHKIuU beccens Jn ( X ) =0

Cnenmyer saMeTuTh, YTO Ha IIpaKTHKE HaMOOJbIIEEe 3HA-
YECHHUE HMEIOT TOJIbKO MEPBBIE YJIEHBI 3TOrO psiga, TaK KakK Ipu
pocTe 3HAYEHUN MapaMerpoB /1 U Nl 3HavyeHus (pyHKumin bec-
cesst OBICTPO CTPEMSITCSI K HYJIIO.

1 xorg TEOpeTHYeCcKu PeleHue BOJIHOBOIO YpaBHEHMS
MPEJICTABIISIET PE3YJIbTAT HAJIOKEHUSI OECKOHEYHOIO MHOXKECTBA
KOJIe0aHUIl C pas3IMYHBIMUA YaCTOTaMH ¥ aMIUIATYIaMH, IIpak-
TUYECKH CYIIECTBEHHYIO POJIb MIPalOT TOJIBKO KojedaHus,
COOTBETCTBYIOIIME HAYaJIbHBIM WIEHAM 3STOrO psija.

O‘IeBI/IIIHO, YUTO KaXIyHO M3 BOJIH HEOOXOIHUMO OTIEIHHO

MOIEJMPOBATH B 30HE BBIHYXIEHHOI'O KoJIeOaHusT — HpO(‘pI/IJIb
OIMMCBIBAECTCS YpPAaBHCHUSIMH T'HIPOJIMHAMHKH KpbLiIa, U OTHEJIb-
HO — B OTKpI)ITOI71 YyacTu OKe€aHa, rjie KoJIeDaHUs pacmpoc-

TPaHSIOTCSI CBOOOIHO IIO BOJHOBBIM 3aKOHaM (MCXOHOd U3
HavaJIbHbIX yCJIOBI/IfI, 3aJJaBa€MbIX I‘I/Il]pOI[I/IHaMI/I‘IeCKI/IM AKTUB-
HBIM ITPOPHUIIEM).

910 OIHAa U3 IPUYUH, IOYEMY MEJIbHYIO BOJHY LyHAaMH
HE YyIAeTCsl OIMCATh OJHUM YPaBHEHHEM — KaXIOMYy M3 JIBYX
YPaBHEHHI COOTBETCTBYIOT Pa3IMYHBIE COCTOSHHUSI CHCTEMBL

Ha rpacjgukax mnpuseiaeHbl (PyHKIIUU becceist 1epsoro,
BTOPOI'O M TPETBErO 3HAUECHUSI HMHIEKca. Pasjoxenue 1o srum
(PYHKIIMSIM Yalle BCETO IPOU3BOOUTCS B TOM CJIyyae, €CIIM Kpam
MeMOpaHBI SIBJISIETCSI 3aKpEIJIEHHBIM U KoiebaTenbHasl (PyH-
KIUsl oOpamaercss B HOJIb.

20

N
*
N

zr\ z, !

V=

S*
Z, 7 R,™ %

Mbl paccMaTpuBaeM CHCTEMY BOJIH I[YHAMM, KOTOpas
JIBHJKETCSI OTHOCUTEIIBHO BBIOPAHHON M3HAYAJILHO HETIONBHIKHOM
cucrembl koopauHat OX. B MomeHT BpemeHu ! BOJIHBI U Clle-
JIOIME C HUMH IEHTPBl CUCTEM HMX KOOPIMHAT HAXOIATCS Ha
paccrosausax Ry n Rp or snuuentpa.

Boma Z7 wis Ry <r <Rj;+ s7

Boma Zy mis Ry <r <R+ s,

3ona ZI* wis R — s <r <Ry

%

Boma Zy wis Ry — s <r <R
3oma Z3 ws r > R+ §;1

3oma Zyp st Ry + s <r < Rj— 87
Boma Zy s r < Ry — 83

* %
B somax Z] Zj" w Z3 Z)" npoucxomur (popMHpOBaHUE
IPOPHIISL TIOJI JIEACTBHEM 3aKOHOB T'HIPOIMHAMHUKHU KpbLIA.

B somax Zy Z3 u Z4 — npoucxomur (poOpMHpOBaAHUE
CTOSMUX BOJIH, KOTOPBIE OIIUCBHIBAIOTCSI BOJIHOBBIM YpPaBHEHHEM
U 3aJaI0TCsl HAYAJIbHBIMU YCJIOBUSIMH, CBSI3AaHHBIMU C JQHHBIMU
IUAPOIMHAMUYECKON CHCTEMBL

Cq)OpMI/IpOBaBHIaSICH Ha TIOBEPXHOCTH BOJIHA IyHAMU
pacrpoCcTpaHsIET BOKPYT ceds BO3MYIIIEHUS], KOTOPBIE IBUKYTCS
BMECTE€ C CaMOM CHCTEMOM U 3aBUCHAT TOJIBKO OT IIOKa3aTejien
TUIPOOAUHAMHWYECKON CHCTEMBl BHYTPH BOJIH ITyHAMM. 121



Hauboyiee TUOUYHLIMH U PACIIpOCTPaHEHHBIMHU  SIBJIAIOTCA
IyHaMH, KOTOPbI€ IBHXXYTCsI HAa HTO3BYKOBBIX CKOPOCTSIX U MOIYyT
yCIIEImHO MOJIC/IMPOBATBHCSI CUCTEMOM U3 ABYX THUIIOTETHYCCKUX
Cya0B Ha IIOABOIHBIX KPbLIbsSIX, KOTOPBIC ITOC/I€I0BATECIIbHO, OOIUH
3a JIpyruM HECYTCS IIO IIOBEPXHOCTH OKE€aHa. Moness oOTeka-
HUsI KpbUIa Yy IIOBEPXHOCTH HJOCTAaTOYHO HEIJIOXO ObLiTa paspa-
ooraHa YY€HBIMU B XX Beke u BHEIPEHA B IIPAKTHUKY MaJjIOro
CyaoxoJIcTBa BO BCEM MUDPE.

9Ta cucTeMa OIMCBHIBAETCS B PA3IMUYHBIX 30HAX PasHBIMU
YPaBHEHUSIMU B 3aBUCHMOCTH OT TOTO, SIBJIISTIOTCS JI CTATHYECKUE
BOJIHBI TIOBEPXHOCTH BBIHYKJICHHBIMU (HEIIOCPEICTBEHHO BOJIHBI
IIYHAMM) WM CBOOOIHO-PACHPOCTPAHSIEMBIMH (ITIOBEPXHOCTHh BHE
3OHBI BOJIH IIyHaMH).

IIpuBenem rpacpuk HyseBon QyHKIuu beccens. Pacuer
M OTPUCOBKA TIpPa(pUKOB BBINOJHSJINCH HAa IIEPCOHAJIBHOM
KOMIIBIOTEpPE B IPOrpaMMe, HAIIMCAaHHON Ha JavaScript.

Jy(x)

Kaxoitr ObI MOIEJIBIO B (pOPMYJIaMI HE OIHCHIBAJICH BOJIHEI
IIyHaMU, 3TO HE MEHSIeT MX (PU3UYECKOro IIOBEIECHUS — BIIE-
pens 1o XOOy HNBHJKEHMSI I[yHaMH (popMHpyeTcsi Habop
MPOTSUKEHHBIX HAa 3HAUYMTEIbHBIE PACCTOSHUSI CTOSUUX BOJIH,
MOJIOTUX U MMEIOIINX MEHBIIYIO aMIITUTYAy (BBICOTY), UEM BOJIHBI
nyHamu. Ilysamu gBusxercst ¢ GOJBIION CKOPOCTBIO, M TOHUMASI
BIIEpEIM CTOsYasl BOJIHA BeleT ceDsl, KaK JKecTkasi U yIpy-
ras MHEpPIUOHHAsi MeMOpaHa B TOHKOM CJIO€ OKE€aHa.

Korma BONHBI IIyHAaMH NpH [IBHJKEHHH y Oepera ObICTpO
1 CYIIECTBEHHO MEHSIIOT CBOIO (POPMY H KOH(PUTYPAITHUIO —
9TO SIBJICHHE OIIMCBHIBACTCS HIPYTOM MaTEeMaTHYECKOI MOJIEIBIO.
bonee Toro, Ha popmMupoBaHUE OETyIIUX BIEPEIN CTOSUNX
BOJIH OKa3bIBAIOT CYIICCTBCHHOE BIHMSIHUEC TONBKO AaKTUBHBIC
IUIPOIUMHAMUYECKHAE COCTABIISTIONINE ITyHaMH (FOPU3OHTAJIBHBIC
(pasoBbIC MPOMWIIA KPbIJIa) U MPAKTUUECKU HE BIUSIET TO, KAKYIO
BHEIITHIOI KOHMUIYPAIIMIO IIPUHUMAET BOJIA HEIMOCPEICTBEHHO
HaJI (Pa30BBIMU IIPOCPUIISIMUL

JliHHEBIE, TONIOrME, OEryniue BIEpeau I[yHaMH CTOSYNe
BOJIHBI CITOCOOHBI JIOCTUTHYTH O€epera 3ajojiro [0 TOro, Kak
IIYHAMH IIPpUOIM3UATCS K OEperoBoil JIMHHM.
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Ecnu Geper pesko oOOpeIBa€TCS B OK€aH, 3TO KojeOaHue
YPOBHSI OK€aHa MOXHO HE 3aMETUTh BILIOTH JIO IPHUXOIa 3aK-

JIIOYUTEJIBHOM CTOSSYEW BOJIHBI — HO U 3TOT npuxoa TOXKe
NPOsSIBUTCSI HE3HAYHUTEJIBHO. HNnuas KapTHHa Ha6JIIOHaeTCSI Ha
II0JIOIOM 1 IIPAKTHYECKU POBHOM YKJIOHE€ IHa — KOraa IJIMH-

Hasg W 11oJiorast Croguyasi BOJIHA HOCTHIAET 6eper0301“4 JIMHUMU U
YK€ HE MOXET IIPOHOJDKHUTH PAaCIHPOCTPaHEHUE IAJIbIIE.

Ilepenocumasi €10 SHeprust HE MOJXKET Jajiee paclpocrpa-
HSITBCSI CBOOOIHO B IPUIIOBEPXHOCTHOM 30HE, TaK KaK I3TOMY
MEIIaeT JUIMHHASI U Tojorasi Oeperosasi JIMHUSL.

Ee npodpuie ynpasisieMO (POPMHPYETCS IO IEHCTBUEM
IOBHJKEHUSI TOPU3OHTAIBHBIX (PA3OBBIX IIPOPUIIEH, KOTOpHIE
CTPEMMTEJIBHO TEPSIIOT CKOPOCTh 3a CYET TPEHUSI O MOJIOrUi
oeper. IlockonbpKy BOIHBI IIyHAMM IpU MPOXoje IO Gepery Top-
MOS3SITCS, aMIUTUTYAa KOJeOaHMI CTOSTYUX BOJIH YMEHBIIAETCS, a
IUITMHA WX PacTeT. B umeanpHOIT MaTeMaTHUYECKON MOOEIN, Kak
TOJIBKO CKOPOCTHb BOJIHBI ynaneT a0 HYJIs, q)OpMI/IpyeM])Ie €10
Oerymme BIEpeOUd CTOSTYHME BOJIHBI BBIPOISITCSI B IPSIMYIO.

OrnuceiBaeMoe  SIBJIEHHE, IPUBEIEHHOE HAa CXEMe HIXKE,
BBI3HIBAET AHOMAJILHBIA OTJIMB II€pel NMPUXOIOM OCHOBHBIX BOJIH
LYHAaMM Ha OYE€Hb IIOJIOTOM OKeaHMYecKoM JHe. B kKauecrse
NpUMEpPa MBI IIOJBEPIHEM IMOSTAIIHOM HE(POPMAIMUA MEHSIOUIYIO
3SHAK (PYHKUMIO beccejiss mepBoro HMHJEKCA.
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Kak TOJIBKO OTJIMB HOCTUTA€T CBOEI KPUTUYECKON TOYKH,
MaTreMaTu4veckKas MOJIeJIb T'OHHUMOH BIIEPEIN CTOSYEH BOJIHBI
MEHSEeTCs, 1 OHAa HAYMHAEeT BECTU ceDs Kak OorpaHUYEHHasT CIaB-
JinBaeMas MeM6paHa. T'onnmast BHepen Boma TENEPh CMOXKET
JTOCTUYb 6eper01301?1 JIMHUU TOJIbBKO B TOM CJIy4yae, €CjIl OHa
IOCJIEYET HEIIOCPEJICTBEHHO IIepe]l BOJIHON IIyHaMH.

Takum 00pasoM, MOXKHO IaTh CTPOroe MaTeMaTHIECKOe
ONpEleICHUE KPUTHUYECKOM TOYKH, MEHSIOIIEH JIOKAJIbHOE
IIOBEJICHHE BOJIHBI I[yHAMH Ha II0JIOTOM Oepery.

Kpumuueckoii moukoii HaspIBaeTCSI TOUKA, B KOTOPOI OIH-
KaWIUN K BOJIHE IYHAMU MHHHUMYM (PasoOBOM TPaEKTOpUU
66FyI.LleI71 nepea MyHaMu CTOSYeN BOJIHBI, C(POPMUPOBAHHBIN B
JaHHBIA MOMEHT BPEMEHH, COBIIAIET C TOYKOM CTaTUCTHYECKU-
YCPEIHEHHON ITOBEPXHOCTU IHA.

B Kpuruyeckoil TOUKE HPOU3BOIHAS (PYHKLIMHU (PA30BOM
TPaeKTOPUM OOpPATUTCSI B HOJIb, @ €€ PACIOJIOXKEHUE COBIIAIET C
TOYKOM, PACIIOJIOKEHHOW Ha YCPEIHEHHOUW IOBEPXHOCTU [IHA.

3aMeruM, 4YTO HCIOJIb3yeMbIE IUISL IOCTPOECHUSI MOIEIIH
Oerymux BIIEpeIyd BOJH UMJIMHIPUYECKUE (PYHKIMH SIBIISIOTCS
HEIIPEPBIBHBIMU HE TOJBKO IIO ApPIYMEHTY — OHH SIBJISIIOTCS
HEIIPEPHIBHBIMU  (PYHKIHASIMH CBOMX uHIEKcoB. Ilosromy onu
MOTYT YCHEIIHO HCIOJIb30BaTLCS IUISI ITOCTPOEHUs MOJIEJIei IIo-
JOOHBIX TIPOIIECCOB.

Uem Oosree Tonoruit Geper, TeM HajbIle OTCTYIIHUT BOA.
Uem BhIIE YKIJIOH OHA, TeM OIMKe K Oepery OyIeT HaXODUTHCS
KPI/ITI/I‘ICCKaH TOYKa. IIpI/I BepTI/IKaIII)HOM penbeq)e u OOJIBIION
riiyOune ngHa y Oepera OHa COBHAIET C CaMUM Oeperom.
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B KPUTUYECKOM TOYKE M3MEHSICTCS MaTeMaTHuveCKasli MO-
lIeJIb JIOKQJIbHOTO OITMCAaHUSsl TIOBEIEHHsI CHUCTEMBbI BOJIH IyHa-
MU — 3TOT MOMEHT [UJIs1 (POPMHPOBAHUS (PASOBOM TPACKTOPUH
6ery1_ue171 BIIEpEIN IIYHAMH BOJIHBI JTOJDKE€H MOIEJIMPOBATHCS
TOJIBKO C HMCHOJIb30BaHUEM (PYHKIIUN Hemvana u pasinoxenus
UCKJIIOYUTEJIbHO RO ¢ynxuuﬂm Heiimana. Hpoq)I/UII/I (¢a30BbIX
LUPKYJISIUA U3MEHSIIOT YIOJI aTakKu MU JIBUXYTCS ITPAKTUYECKU
TMapajuIeJIbHO CTaTUCTHUYECKH-YCPEIHEHHOM ITIOBEPXHOCTH JTHA.

Ha manom ynajienuu or HyJst ¢pyHkuum Herimana semyr
cebsl TIpaKTHYECKH TaK Xe, Kak W (pyHKuu beccerns. B Hyste
¢pynkuuu  Helimana rtepnsir HEyCTpaHUMBINA PasphiB, PE3KO
yCTPEMJISISICh K OECKOHEYHOCTH, IT03TOMY pyHKIuu Hervana
UCIIO/IB3YIOT, HE3HAYUTEJIbHO OTCTYIIUB OT HYJISL

B ycCiiOBUSIX CHIIBHOIO TATOTEHMSI M MOLIHOIO JIaBJICHMSI
aTMocepsl Npupoaa Ha 3emyle HE MOXKET ITPOIEMOHCTPHPOBATH
BHA3yaJbHOE BOIUIOIICHUE JIMHEWHBIX KOMOMHAITUNA (PYHKIIUIT
HeriMana Ha Ou€Hb MajIOM yJIaJIEHUM OT HyJIsl — BMECTO 3TOrO
oHa ccpopmupyer rpedens BomHbL Hyis ¢yskuuin Hefimana
HaXOJIMTCS 32 (PPOHTAJILHOM TPAaHUIIEH IIEHUCTOrO TIpEOHSL

IlenucTsiit rpebEHb M €r0 KOH(PUTYPALIMSI SIBJISTIOTCSI CaMo-
CTOSITEJIbHBIME  O0OBEKTAMH MaTEMATHYECKOIO MOJIEIPOBaHUSL
OH BomIOIIa€T (PYHKIMIO paspbiBa IIOBEPXHOCTH BOJIHBI B €€
(PU3MYECKOM TIPOSIBJICHHMM — CTOXAaCTHYECKOM TIIOTOKE TypOy-
JIEHTHBIX 3aBUXPEHUH, KOTOPHIMI MOJXET YBJI€KaTh 3a CODOH B
CaMOCTOSIT€JIBHOE [IBUXKEHHE BOJbI JIOKAJIbHON OKPECTHOCTU.

Ecyu sona paspeiBa MaJia, IEHUCTHIA rpe0eHs OyIeT JI0KaIb-
HO HaMeuaThCsl M OKaXETCS MaJlopasIuduMBIM CpEIU TpeOHei
OBMKYIIMXCSI BOJIH. B KpPUTHUYECKOM TOUYKE IIEHHCTHIA I'peOeHb
LyHAMM HauyHET (POPMHUPOBAHHE B BUIE JIYTH, CTPOro IIOBTO-
pSIOLIEH (PPOHT IBMJXCHHUS IIyHaMH. EcIu IOBEpXHOCTB BOIBI
uieaNbHO-TIaKas, TOHKUI JIOKAJbHBIA PpaspelB OyIeT IIposB-
JSTBCS JIYTOM JIETKMX M MAaJIO3aMETHBIX TI'pEOHE.

Hpn HpI/I6JII/I}K€HI/II/I K 6epery TUIomanab paspbiBa yBe-
JIMYUBAETCS, JIOKAJIbHBIE rpe6H1/1 CJIMBAIOTCA BOEIWHO, U IIe-
HUCTBI I‘p€6€HL HpI/IO6peTa€T XapaKTEepPHBIN BHU]I OIPOMHON
HaJIBUT'AIOIIECHCS U TECHSIIENCS BBEPXY CTCHBL 9ra creHa HOJIKHA
MOJICJTUPOBATHCSI PA3JIOKEHUEM TOJIBKO MO HHIUHIPUYECKUM
PYHKIHUSAM Hemimana — a He 110 TapMOHHUYECKHMMU CHHYCAMH
W KocuHycamu u psimam ®@ypse.

ITO NPOUCXOIMUT IOTOMY, YTO OTPAHMYECHHBLIC €IUMHHUIICH
Ha BCEHA UMCJIOBOM OCH TPUIOHOMETPUYECKUE (PYHKIIUM CHHYCA
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N KOCHMHYCa HE€ MMEIOT pa3pbIiBOB 11 BBICOKHUX ITOABEMOB, IIO3TOMY
B IIpUHIMIIE HE MOIYT MCIIOJIb30BaATBCS IJIsI MOICIMPOBAHUA
JIOKQJIBHBIX OerCTHOCTefI TOUYCK HEYCTPAHUMBIX Pa3pbIBOB.

M yx Tem Oojee mpubOpeXHas CreHa IIyHAMHU HUKOIAa He
MOJIEJIMPYETCSI MHOXKECTBOM BJIOJKEHHBIX JIPYT B JIpyra OKpYyX-
HOCTEH WJIM SJUIMIICOB KOMIIBIOTEpHOM 3D-Monenu — 1o 3TOMy
TNIPU3HAKY JIETKO OTJIMUMTH MOJICJIb TPEXMEPHOH BHU3yaIM3aluu
IyHaMH OT PpeaJIbHOIrO IPHUPOIHOrO KoliMapa.

KOHC‘IHO, Ha 3SKpaHE€ BHU3YyaJIbHbIEC MOICJIH, BOCCO3JIaHHBIE
MacCT€pamMu KOMI'ILIOTepHOFI TPGXMepHOﬁ JKHBOIIHUCH, BBITJIAOAT
yCTpamaromie. Nx samaya — He MOAC/IMPOBaTh IIyHaMHM Kak
TAaKOBOE, a MaKCHUMAJIbHO HAIlyraTb 3pHTECJIsA, BbI3BAB Y HEI'O 3MO-
IIMOHAJIbPHOE IIOTPSAICCHHE, M 3aCTaBUTb HX PaCKOIIC/IUTBHCA.
Bosipilie aMoumii — BBIIIIE KaCCOBBIE C60pI)I nu HpI/I6I)IJII/I.

M BOT NPOCBEILIEHHBIA TYPUCT HAa CIIOKOMHOM M POBHOM
Oepery okeaHa BUIMT HEUYTO HEIIOHSTHOE M HEIIOXOXKee Ha
KHMHO WJIA BUJIEO — MaJjleHbKas JUIMHHAS BOJIHA JIBHJKETCS K
Oepery BOOIb JMHUH TOPH30HTA. BOpyr oHa okaspBaeTcsl Ha
caMoM Oepery W... A JIOOM HE OCO3HAIOT, YTO HMEHHO Tak, a
He KaK B KHHO, K HUM B IOCTHU IIpHUILIO LYHAMU.

Oynkoun Helimana Ha CeromHs B/ISIOTCS IIOYTH MJe-
AIBHBIMA OOBEKTaMM [JISI MOJIEIMPOBAHUS M AIIIPOKCHUMAlIUH
(PUSHUECKON peaji3alliy JIe/bTa-(pyHKIUU Jlupaka u mporeccos
C Y3KO JIOKQJIM30BAHHBIMU HEYCTPaHUMBIMH Pa3pbIBAMHU.

B XX Beke HMX WCIIOIB30BAHUE OBIJIO OTSATOIIEHO CJIOXK-
HOCTBIO HpOI/ISBOHI/IMLIX Ha KOMHI)IOTepe BBIYMCJIIEHUNT — pe—
CypCOB XBaTajio TOIbKO y IBM camoro momHoro kmacca. Ho
ceromast pysknuu HefimaHa MOXHO JIeTKO M OBICTPO paccyu-
TaTh Ha II€PCOHAJILHOM KOMIIBIOTEPE CPEIHEA MOIIHOCTH C
HCIIOJIB30BAHUEM BCTPOCHHOTO B BEO-CTPAHMIIBI ITPOrPaAMMHO-
ro sgspika JavaScript OyksaiibHO 1oma. Ilporpecc...

ITpoiiast 10 MOJIOrOMy KOHTUHEHTAJIbHOMY IIEJIb(Y, BOJIHEI
LyHAMH S3HAUYUTEIbHO TEPSIOT M CKOPOCTb, U BHYTPEHHIOIO
9HEPIMI0 — IO CPaBHEHMIO C OKPECTHOCTBIO SIIMIIEHTPA, OHA
yXK€ JIEMOHCTPUPYIOT COBEPIIEHHO HMHYIO MOIEJIb IIOBEICHUS.

BO-HepBLIX, OOJIbIIIas YaCTh KUHETHUYECKOM SHEPIrun yxe
ObLTa H3pacxogoBaHa Ha TOPMOXEHHE O [JHO H oOrekaHne
CTOAIIMX B OKEaHE OOBEKTOB — CKaJl, OCTPOBOB, pI/ICpOB, B CBsI3U
C YeM CKOpPOCTb [BMJ)KEHHS BOJIH PE3KO IIaJacT. BO-BTOpI)IX,
BHYTPCHHSSA SHEPrusl nyHaMHl YaCTHUYHO paccesaiaCb, IaCTUIHO

126

OTCEKJIACh KOHTHHEHTAJIbHBIM CKJIOHOM, YaCTHYHO M3pacxo-
JoBajach Ha yIaphl U paspylIeHUs BEPTHKAJIBHBIX OOBEKTOB,
BCTPETUBIIMXCSl HAa IIyTH LyHamMu. B-rperpux, ymapnast BOJIHA
NpUOOpeTaeT CIIOCOOHOCTh MEHSITh KOH(PUIYPAIIMIO W IBUTATHCS
CaMOCTOSITEJIBHO, JIMOO OHa IIPETEpIIEBAET 3HAUUTEJIBHEBIC JIO-
KaJIbHBIE Pa3pbiBbl U MEPEMEIIAETCS KAK MHOKECTBO BOJIH.

ITosToMy MeHsieTcsi MOIEJIb TIOBEICHHSI IIyHAMH — €ro
yoapHas BOJIHA IIpuoOperaer Oosiee YIPYTuil XapakTep, OHa
MOJKET H3THOAThCS, MEHSITh (POPMY M TPAEKTOPHIO IBUIKCHUSL
Ha ee mepenBrkKeHne HaYMHAIOT CYIIECTBEHHO BIIMSITH IIPHOpEK-
HBIIl pejbed, THO, BOIHBIE ITOTOKH U T. IL

Eciu smeprus yoapHO¥ BOJIHBEI OY€HB BBICOKasl, OHa Oymer
paspeiBaThCd Ha (PpParMeHTbl M (POPMHUPOBATh HM30JIMPOBAHHO
JABMUKYIIMECSI YYACTKU YIAPHBIX BOJIH.

I_[JII/IHa yHapHOPI BOJIHBI YKOPpa4YHBaA€TCsl, ydapHasi BOJIHA
pasaeiIsiercss u nusrudaercs — HHOraa MOXET HallOMUHATh CTEHY
I THUTaHTCKUE TOHKHE JIONACTH, KOTOPBIE IIPHU IIPOCMOTPE
CBEPXYy IICPEMCIIHUBAIOT IIPUIIOBCPXHOCTHYIO BOJY Kak 6yIlTO
BHHTBI T'HI'aHTCKOH aJICKOHM MAallIUHBI.

K OGepery MoXeT NpuUOTH KaK OIHA, TAK U HECKOIBKO
HU30JIMPOBAHHBIX yHapHbIX BoyH. llpuBomum ororpagpuio, Ha
KOTOPOH OTYETJIMBO BHUIHBI [IBA HM3OJIMPOBAHHBIX HPOGHIIS
pasopBaBLIEHICSI YIAPHOIM BOJIHBI, KOTOPHIE HAOEraloT IO YTIJIOoM
Ha Oeper M MEpeMENMBAOT BOOY, KaK JIOIACTH.

HMx oyenp XOpoWO BHIHO HA (POTO — IPOCTO HYKHO
3HaTh, KAaKOM HMMEHHO OOBEKT BBl mimure cpemu BOJIH.

Xopomio BHIHO, KaK THTaHTCKHE JIONACTH JIOKAaJbHO 3a-
TOHSIOT BOIy Ha Oeper TaM, Il€ VIapHbIe BOJIHBI 3aXOIAT 3a
OeperoBpyio NHMHUIO. JTO OIMH M3 Haubolee paspylIATEIbHBIX
CIICHApueB NPUXOla IIyHAMHM HENAJIEKO OT SIHIEHTpA.
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Menee KpUTHMYECKHUM SBIISIETCS IIPOXOI 3HAUYMTEJILHO OC-
7abJIEHHOrO IyHAMU Y€pe3 IIOJIOTHIl IIeJIbd.

Jo KpUTHYECKOH TOYKH C TOYKHM 3PEHHUS ITPUKJIATHON
MaTEMATHUKH Y MATEMAaTHUYECKON (PU3HUKH, MOXHO HE pa3lesarb
BHYTPEHHIOIO M MOTEHIUAJILHYIO 3HEPIHUIO CHUCTEMBI, TaK OHU
JEMOHCTPUPYIOT €IUHYIO MOIEJIb BO3JICHCTBUSI HA OKPYKEHHE.
CrenuaaucThl-IPAKTUKA M (PU3UKH MOI'YT YIJIYyOJIEHHO 3aHH-
MaTbCsd HM3YUYEHUEM PpaCHpeNe/ICHUsT BHYTPEHHEH M IOTEHUU-
JIbHOM SHEPrud Ha PaHHUX M JOKPUTUYECKHX ITamax IIpo-
IBMJKEHMSI 11yHaMMU.

Kaxk ToJibKO OyHaMH JOCTUTa€eT KpI/ITI/I‘IeCKOPI TOYKH, HYXK-
HO pasaesitb €ro BHYTPEHHIOIO H IIOTCHIHAJIBHYIO 3SHEPIrur
TaK KaK OHa pacxXoAyIOTCs Ha pa3/IMYHbIC IITPOLECCHL

IlorenunanbHass 9HEPrusi CUCTEMbI BOJIH I[yHAMH paBHAa
€€ BHYTPEHHEH SHEPIUH, U3 KOTOPOH BBIUUTACTCS BHYTPEHHSS
9Heprust 000COOJIEHHOIO MIPO(pUIIS YIapHOW BOJHBEI, IIOCKOIBKY
€ro IOBEJEHUE HOCUT Y3KO JIOKAJM30BAHHBIA XapaKTep U HMe-
€T KayeCTBEHHBIE U XapaKTEPUCTUUYECKUE OTJIMUHSL

Eciymp. = Enomeny. T Eyoapn.conn
Eyynanu = Exunem. T Enomeny. 7 Eyoapn.comm

Ilpu mpoxome KPUTHYECKON TOYKHM IIPHOPEKHOIO IHA
B €€ OKPECTHOCTU IIPOMCXOIUT U3MEHEHHE YyrIjla aTakKu IIpo-
puiisg  (PasoBbIX TPACKTOPUHM HHPKYJISIIAXU  BOJBI  YIApHOH
BoyIHBL JlaHHasi cucremMa He JKECTKasl, a IIpeACTaBiIseT COOOM
(PYHKIIMIO CKQUYKOOOPA3HOIM KOHIIEHTPAIIMU SHEPTUM B JKHUIKOM
cpene. IlosroMy MOXET IIPOM3OUTH NEPEPACIIPENEIEHUE YaCTU
KUHETHYECKON IHEPruu Ha U3MEHEHHE TPOouiis (PpasoBBIX Tpa-
CKTOPUU BHYTPU YIApHOM BOJIHBI BIUIOTH [I0 IIOJIHOW IIOTEPH
UX a9pOIMHAMMYECKUX XapaKTepUCTUK. M1 Torma KpelUIO MOXKET
IpeBpaIlaeTcsl B PaspyLIUTEIIBHYIO JIONACTh.

Ecam ckopocTH aTaku OYE€Hb BBHICOKHE, Ha IIOJIOTOM Oepery
OHH OKaXyT CYIIECTBEHHO€ BJIMSHHME HAa KOH(PUIYPaLUIO U
MOBEJICHUE YJIAPHOM BOJHBL I'OpU30OHTAaIbHAS COCTABJISIOIAS
CKOpOCTM HayHET Ie(OpMHPOBaTh, M3rudarTh, MOBOpaYHBATH H
Ja’xe paspblBaTh YIapHYIO BOJIHY Ha (PparMeHTBL ITO OYEHb
XOpOWIO BUIHO Ha (POTO CBEPXY.

Ecm ckopocTn ataku Oo4yeHb HH3KHE, Ha ITOJIOTOM Oepery
BOJIHBI I[yHAMHU HMEIOT uHOoe mosejneHue. OHU CITOCOOHBI MsTrye
orubaTh IPENsITCTBUSL, JIeTUe PpasphlBAIOTCS HAa (PParMeHTHl W
HMMEIOT MEHBIIYIO Pa3spyLIMTE/ILHYIO YIapHYIO CHULY.
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Ha HM3KMX CKOpPOCTSIX NIIpH IIOJIOTOM [IHE CHCTE€Ma IBYX
BOJIH IyHAMM JIBHJKETCS, oOpasysi TaHgeM. 3a cuer Oosee
CHJIBHOIO TOPMOJKEHHSI O ITHO II€pPBOM BOJIHBL BTOpasi BOJIHA
HaOeraer Ha TEPBYIO, U OHM [BMJXKYTCS K Oepery, HaroMuHasi
OIHY BOJHY C JBYMSI TpEOHSIMH (MEHBIIUM U  OOJIBIINM).
IlymamMu roHuT BOAY BIIEpeEl, BO3Bpallasi €€ B CTOPOHY Oepera
U aKKyMyJIIpysl IOT€HIHAJIbHYIO SHEPIHI0O B BEPXHEH 4YacTu
BOJIHBL

Ilepast BOHA HakaThIBaeT Ha Oeper W BemeT cedsi Ha-
roodre GOIBIION OKEaHCKOIM BOJIHBL JIOCTHTHYB CBOEro IHKAa,
OHa CXJIBIHET U HAUHET BO3BpPATHOE IBHMJKEHHE — YK€ IO JHY
OKeaHa mOJ BoJHOW uyHamu. llepsas BojiHAa HayHET BO3BpAT
B OKeaH, KOrja ee TIOTEeHIMajbHasi 9Heprusi OyneT pasHa
BECy Mg BBIIBUHYTOM Ha cymy BoIbel. Kumuermueckasi sHeprusi
B/INSIET B OCHOBHOM Ha CKOpPOCTH IIPOLIECCA, €CJIM JHO U Oeper
UMEIOT OYE€Hb MaJIblil YKJIOH. MOMEHT paBHOBECHUS:

mg — (Enomem;. + Exunem. no Oy) =0

HeKOTOpI)Ie Y4JacTK1 CyIaud MOIr'yT pacrojiaraTbCst HHXKE
YPOBHS Gepera — B I9TOM CcCJjIy4ya€ BOJa HE€ CTE€YET C HUX, a
OCTAaHETCA Ha CYUIC, BbI3bIBasi HABOIHCHMUSIL.

Boma Takxe ocraHercs BO BcexX KOTJIOBMHAX, YPOBECHb
KOTOPBIX HHJKXE€ YPOBHSI OK€aHa.

Bropasg BojHA IIPONOJUKUT [BUJXEHHE BIIEpEl, IPUYEM
BOJa, CIMBAIOIIASICS B OKeaH C Oepera IIOH MajbIM YKIIOHOM,
cjerka IpUNIOTHUMAET IIyHaMU U TTO3BOJISIET IOUYTH 6e3 TpeHHs
IPEOIOJIETh I'PAHULLY, PA3HEJISIONIYIO CYIly M OK€aH. JTO OY€Hb
XOpOLIO BHIHO HA BHJICO3AIIUCSIX OYEBUILIEB.

Kax TONBKO IIyHamMHu IIpEOIOJIEET TIpaHMILy, OHO Oynuer
OPOJABUTaThCS IIO0 CyLIE€ [0 TE€X IOpP, IOKAa BEC BbIIBUHYTON
Ha Oeper BOIBI HE CPOBHSIETCS IIOTEHIIMAJIBLHOM SHEpPrHel u
COCTaBJISIOIIEN KHUHEeTHYecKon sHepruu no ocu Oy, mociie 4yero
HauyHeT OTXOoHn Hasal KuHermueckasi sHeprusi pacxXxomyercsi Ha
IIPOJBMJKEHME BOIBI BII€pell W IaJaer IO Mepe yBeJIMYCHUS
MacChl BBIIBUHYTOM Ha cymy BoublL llosromy nynamm wmeer
OrpaHUYEHHBI HWHTEPBAJ BPEMEHHM BO3IECHCTBHS Ha CYIIY.

Ha srom MomeHTE CXOICTBO TIOBEIEHHUSI BOJIH OyHaMu u
IITOPMOBBIX BOJIH 3aKaHYMBa€TCsL. Y oueBwmiieB ckiiajbiBaeTCst
OomymeHnue, YTO IIpH IIpUXOoJ€ IYHaMH HE BbIIIOJIHSIIOTCA
3aKOHBI COXPaHEHUS ISHEPIUu. He campie CTpaliHbI€ C BHIY
BOJIHBI JIOMAIOT, IIOAPE3al0T M KpylaT OCHOBAaHHSA BCErO, 4YTO
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nornajgaercsa Ha HMX ITYTH. KpI)IIHI/I KaItMTaJIbHBIX JIOMOB, HaIlpH-
MEp, BOJIHAMHM INIYHaAMH KaK TaKOBbBIMI HEIIOCPEACTBEHHO HE
IOBPEXIAIOTCA — OHU O6pyH.II/IBaIOTCH CaMOCTOSATEJIBHO.

910 CBA3aHO € TEM, YTO IyHAMH HECeT B cebe IOIIojI-
HUTEJIBHBIN 3apsil BHYTPEHHEN IHEPIUuU, KOTOPBIA COCPEIOTOYCH
B 30HaX YIApHBIX BOJIH M HE IIOIYMHSIETCS IIKOJIBHBIM (POp-
MyJiaM 3JIEMEHTApHOHN (PUSUKU.

KpOMe TOro, NpoPujib YyIAAPHOW BOJIHBI YaCTUYHO WU
IIOJTHOCTBIO ITPOJIOJIJKAET COXPaHSATh CBOU TUIAPOAMHAMHYECKHE
KayecrBa M [IBUJKETCSI C CaMOHACTPAaMBAIOIIUMCS K peiibedy
ITHAa U CYyIIHd YIJIOM aTaKW.

Best sHeprusi ynapHbIX BOJIH pacXOUyercs TOJIbLKO Ha pac-
CEeMBaHUE B CIICJICTBUH Pa3pblBOB U HA pPaspylICHUE YIapHON
BOJIHO¥ pacIioyiaraiomyecs BJIOJIb (PPOHTA U OPUEHTHUPOBAHHBIX
OTHOCHUTEJIBHO yIJIa aTaKu IMPENsTCTBUIL

Jlaxe ecnu BOJHA ITyHaMH BBIIBUHETCSI Ha Oeper MakKch-
MaJIbHO ¥ HaYHET OOpATHBII OTTOK B OKE€aH, HEU3PaCXOJOBaHHASI
9Heprusl ONyXIOAOMUX (PParMeHTOB YIApHBIX BOJH Oyner
MpOIOJIKATh CBOE paspPYUIMTEIBHOE NEFICTBHE, ITOKA HE HCTO-
IIUTHCS WM HE OKakeTcsl ongTh B OkeaHe. Il maxe Tam oOHa
Oylmer NpPOHOJUKUTH CYIIECTBOBAHME — B (POpPME BOJIH-YOUMIL
IlynamMu OE€HACTBUTEIBHO HAIIOMHHAET MAaHbBSKA.

IlysaMu mpcTpaTuT Ha CyII€ YacTh KMHETHMYECKOH SHEPruu
U 4acTh SHEPruM ylIapHbIX BOJH. Eciau B KOTJIOBHMHAX Ha CyIle
OoCTaHeTCs BOIA, KOTOpash HE MOJKET CXJIBIHYTh B OKeaH, OHa
BU3YaJIbHO IIPOJIEMOHCTPHUPYET 4YacTh S3aTPAYEHHOM CHCTEMOI
MTOTCHITUAIBHON JHEPIUU IIyHAMH — B COOTBETCTBHU C BECOM
OCTaBJICHHOM WM Ha CYIIE€ BOIIbL

HyHaMI/I HE MOJXXET BbIIBHUHYTb Ha CYyIIy BOIY 00JIBIIIETO
BECa, YEM II€pEHOCHMasi MM IIOTEHIHAJIbHAsA ISHEPIrus.

B 3srom acnekre IyHaMH HAIOMUHAE€T THUTr'aHTCKHE U
OJIOTUE MNPHUIIUBHBIE BOJIHBI, KOTOPBIE (POPMHUPYIOTCS  TIOJ
BO3JICICTBUEM BBI3HIBAEMOIO TaW(PyHAMHU pPa3pPEKEHUSI aTMO-
cpephL Onu MOTYT MOOEITUPOBATHCS (PYHKIIUSIMHA Beccena u
HECYT B cebe 9HEPrUI0 IHUKJIOHUYECKHX ITPOLIECCOB. OrymuneM
OT IYHAaMU SIBJISICTCSI MOAYMHCHUE HUX TIOBCICHUSI NPUBBIYHBIM
3aKOHaM [IKOJIbHOW  (PU3HKH, OTCYTCTBHE IHEPreTUUYCCKUX
mapajaoKkCcoB U 1002/ IbHBIX YHAapHBIX BOJIH.

Crostuast BOJIHA TaKXe HOCUT IIPUHYJIMTEIIbHBIN XapaKTep
(POPMUPOBAaHUS, HO €€ CHUCTEMA KOOPIMHAT JIBUJXETCS BMECTE C
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HeHTpoM Taridpyna. HanmpasiieHue IBUXEHUsI CUCTEMBI KOOPIMHAT
B JIOKQJIbHBII MOMEHT BPEMEHH COBIAJaeT C KacaTeJIbHOM K
(as3oBOM TPACKTOPUM [IBUXKEHUSI IICHTpA TanyHa.

HpI/IJII/IBHI)Ie BOJIHBI pa3pyliaior no6epe)KI>e 3a CUeT KUHeE-
TUYECKOM 3HEPIruM BOJIbI, JIBHKYIICHCS IO BJIMSITHUEM TanyHa,
U TICPEHOCAT €€ MacChl C OIHOIro MeCTa Ha JIpyroe.

Onu BBISBHIBAIOT OTJIMB OT IIOJIOTOrO Oepera M CIIOCOOHBI
BBIIBUHYTH Ha CYIIy OrPOMHBIE MAacChl OKeaHW4YecKuX Bou. Onu
HE IIPOCTO IIACCHBHO aKKyMYJHPYIOT BOIY Ha OOJIBIION ILIOIIAIN
U II0 UHEPLUMU €€ IEPEHOCSAT, HO M MPOI0JUKAIOT IIOJIydaThb
9HEPreTUYECKYIO MOMIUTKY OT aKTHUBHOIO TaW(pyHa.

Kunernueckass sHeprusi TpaTUTCS Ha paspylleHHs, IOTe-
pU TIOTEHIIMAJILHOM SHEPrud OCTAIOTCS B (POpPME HABOIHECHUI
U 3HAYMTEJIBHOIO IOATOIUIEHUS TEPPUTOPHIL.

HawubGostee crpaimHsiM sSIBJICHHEM, C TOYKH 3pDEHHSI Oue-
BHUIIIEB, B])ICTyHaeT IIOBEOEHHNE BOJIH OyHaMumn BBICOKHX 3Hepr1/1171
B 000COOJEHHBIX 30HAX C JHOM M HMMEOMUX (POPMY BOPOHKHU
C KOHYCOOOpas3HBIMU CTEHKaMH. ITO JIOKAJIBHOE IIOBEJICHHE Ka-
YECTBEHHO OTJIAYAET I[YHAMH OT JIOOBIX BETPOBBIX BOJIH.

Kax Tompko imobGast BOJIHA, IBMKYIIAsSCI C HEKOTOPOM
CKOPOCTBIO, TONaJaeT B OOOCOOJIEHHYIO 3aMKHYTYIO BOPOHKY C
KOHYCOOOpa3HBIMHM CT€HKaMH, OHAa HAauYMHAET IIMPKYJIHPOBATH
BHYTpHU, IIOKa HE H3PACXOIyeT OOJBHIYIO YaCTh KUHETHUYECKOM
sHeprun. [laxxe wHeOoibIIE BOJHBI B ITHX 30HAX MIHOBEHHO
MpeBpaMIaloTcsI B 0COO0 OMacHBIE OOBEKTHL

A IyHamM#, IIOMHMO BCEX MPHUCYIIUX BOJHAM Xapak-
TEPUCTHK, HECET B cebe yaapHBIe BOJHBI BBICOKHMX SHEPIHUIL
Ecym BXOm B BOPOHKY Y3KHMI M HAIIpaBJI€H B OKe€aH, yJapHas
BOJIHA MOJXKET pa3opBaThbCsi HAa HECKOJIBKO 000COOJIEHHBIX
(PparMeHTOB M MOOU(ULUPOBATL CBOIO opmy. Ilocne dvero ee
MOBEJICHHE HAIIOMMHAET TUTAaHTCKYIO MsICOPYyOKy. MIMeHHO Tak
€€ M OIMCHIBAIOT OYEBUIILIBL

Bonael HEe IpOCTO OEMIEHO BpaIIAIOTCS M KPyIIaT BCE
noApsig Ha cBoeM Iyru. dparMeHTHl yIapHBIX BOJIH HAUYMHAIOT
JABUTATHCS B TPEX M3MEPEHUSX — HE TOJILKO II0 NOPU30OHTAIIH,
HO u mno Beprukagu. llymamm Qopmupyer o0BemMHYIO 3D-
MSCOPYOKY, KOTOpasli PacXOOyeT TIOUYTH BCIO KHHETHYECKYIO
SHEPrUI0 M SHEPIUIO yIAPHBIX BOJIH HA Pas3spyll€HWs] BHYTpU
OTPaHUYEHHOM JIOKAJIbHOM 30HLI — IIOKAa HE CXJIBIHET BOJA.
Illancos yueseTs B HEHM IpakTH4yecKu HeT. MIHXeHepaM cOBETYIO
MOJIEJIMPOBATh 3Ty YIAPHYIO BOJIHY COIIPOMATOM. 131



J_[OCTaTO‘IHO OINaCHBIM SIBJIAETCA IIOBEAECHHE IIYHaAMH BHY-
TPpHU Y3KHX IIPOTSI’KEHHBIX ymenm?l N KAaHBOHOB C OTBE€CHBIMN
CT€HKaMH, TaK KaK 3SHEprusi BOJIH B HHUX KOHICHTPDHUPYETCS H
HaIIpaBJISICTCSI Ha JIOKAJIbHBIC Y4YaCTKH. A (ppaFMeHTLI YHaapHBbIX
BOJIH 6yHYT Pa3pbIBaTbCH, 6J'Iy}KIlaTI) u nepeMemuBaTtb BOIAY B
TECHUHAaX M Y3KHX pacClieJIMHaX.

Bor cremMKu 1ociie Ipoxoa IYHAMH: JIECSITKH KUJIOMETPOB
3JIMTHIX, OIIYCTOIIEHHBIX, C TOPYALIMMH KOe-TJ€ OCTOBaMH IOMOB
HU3MEHHBIX TToOepexuit. KsajJpaTHble KHJIOMETPBl THHUIOIIUX
6omor. Kak Oynro momu 3aech HUKOTJa W HE JKHUIML

Copocure y4YeHBIX, M3yYalOIINX IIYHAMH, BUACIHA U OHU
nyHamu Booumio. Orser Oymer orpuuarenbHbii Iloromy uro
HHUKOTZa HeJb3sl JIMYHO OTIIPABIISITECS Ha Oeper mIst IIpocMoTpa
npuxona nyHamu. Axomaius!!! Ecre mpubopsl, KOTOpHIE, B OT-
JUYHAE OT JIONed, He Xajko. KcraTw, MOIIHBIE B3PBIBBI JIaBHO
yXKe€ H3y4YaloT Ha OYEHb YJIAJIECHHOM OT HHUX PACCTOSIHMH ...

IIpusHakoM DpPUOIMIKAIONIETOCS IyHAMU SIBJISIETCSI  OT-
CTYIIEHHE BOIBI OT OEpPEroB M HEOOBIYAWHO CUJIBHBIA OTJIUB.
CracTtrch MOJKHO, TOTHSBIINCH Ha BO3BBILIEHHOE MECTO, IpU
IIOIbEME B TOPHI CJIEAYET M30eraTh IMEpPEeIBUKECHMI II0 JTOJIMHAM,
yIIEJIbsIM M IIPOYUM Y3KHUM MECTaM, PasBEPHYTHLIM B CTOPOHY
MOpsl, TaK KaK B 3TUX MECTaM BbICOTA BOJIHBLI IIyHAaMU JIOC-
TUTAET CBOET'0 MAaKCHUMYMa IIO BBICOTE.

Ecmm mymamm 3acrajso Bac Ha Kopa0ile, IOCTapairech
yOemuTh KanuTaHa KaK MOJKHO CKOpee BBIATH B MOpE, a €Cju
9TOr0 HE yIajoCh CHENaTh, OETUTE WM ye3KalTe C 3TOro Cyl-
Ha KaK MOJXHO BBIIIE, JAJIbIIE€ U ObICTpEE.

Mopckue BOJIHBI, BBI3BAHHBIE aTJAHTUUYECKHMMU yparaHamMu
1 TUXOOKCAHCKMMM Tal(pyHaMH, II0 PaspyLIMTE]ILHON Cujle
CpaBHUMBI C IIyHaMH, M MHOIJa OTOXIECTBisiorca ¢ Humu. He
ITOCEIIaiiTe ITOTEHINAIBHO OINACHBIE IOOEPEeKbsi — HHUKOI/IA.
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§ 6. Ynapubie BoiHbI B aTMocdepe 3emin

Y napHbIe BOJIHBI, BO3HUKAIOIIUE B ATMOC(PEPE OT TOUCUHOTO
CBEPXMOIIIHOTO HMCTOYHHKA, YIAJEHHOTO OT IIOBEPXHOCTU 3€MIIU
I BOIHOM AaKBATOPHUU, U CBOOOIHO PaCIPOCTPAHSIONINECS
Ha CBEPX3BYKOBBIX CKOPOCTSIX, ONHCHIBAIOTCSI TIO0 aHAJIOTHYHBIM
MaTEMAaTHYECKUM MOIeIsiM. B 3roM cilyyae IIOBEpXHOCTBIO,
KOTOpasi OTPaHUYHMBACT JBVJKEHHE aTMOC(PEPHBIX PACXOISIIITXCS
cpepaMy BOJIH HCTOYHUKA, SIBJISICTCSI ITOBEPXHOCTH 3eMJIM.

| IOaTOMy CI/ICTeMy KOOpHI/IHaT Hy}KHO OpI/IeHTI/IpOBaTL
TaKUM 00pa3oM, 4Yro0Bl €€ IIEHTP HaXOIWJICS B IIEHTpE MC-
TouHnka, ock OX pacnonaranace B aTMocgepe IapaulebHO
nosepxuocru 3emMHOro mapa, a ocs Oy Obula HampasieHa
BHU3 K HOBerHOCTI/I 3€EMJIN WJIX BOJIBI.

Monens okaxercs mnepesepHyron Ha 180 rpanxycos 1o
CPaBHEHMIO C MOIENISIMU IIyHAMH U 3€MJICTPSICCHUIL

VcTouHUKH CBODOIHO PacHpOCTPAHSIEMBIX VIAPHBIX BOJIH,
(POPMHpYEMBIX Ha OCHOBE C(PEPUUYECKHX BOJH IO IIMJIMHII-
PUYECKOMY THITy, MOIYT WMETh KaK IPUPOIHBIN, TaK M
TEXHOIeHHbI Xapakrep. O Momo0HBIX HAI3EMHBIX B3pPBIBAX MHP
BIIEPBHIC y3HAJ, Korja Obuta B3opBaHa OoMOa B Xmpocume. O
CBEPXMOIIHBIX B3PbIBAX BYJIKAHOB MHP 3HAae€T IABHO.

ATmocgepa nMeeT HEOTHOPOIHBII XapaKTep, MAKCUMAIIbHAST
IUIOTHOCTh BO3JIyXa JOCTUraercsi Ha yposHe okeana. Ilo mepe
rmomgbeMa BBEPX [ABJICHHE I1aJaeT, W oOpasoBaHUE yIapHBIX
BOJIH IIO OIMCHIBAEMOMY THIIy CTAaHOBHUTCSI HEBO3MOKHBIM.

Tponocgepa, ompenesnsiomasi IOroay Ha ITOBEPXHOCTU
3emim, pacnpocrpansercda Ha 11 000 merpos. B ciokoiiHoM ciioe
cTpaTocpephbl JIETAIOT CaMOJIETBI — 39TOT CJIOW IIPOCTHUPAETCSI
10 50 000 merpos. Tsepible KOCMHYECKHE Tejla CropaioT Ha
Beicore 10 80 000 merpoB B Mesocgepe. M no 450 000 merpos
IPOCTHPAETCSI TepMOCc(pepa, B KOTOPOU ITPOMCXOIUT OTKJIOHEHUE
¢a30BBIX TPACKTOPUI 3JICMEHTAPHBIX YACTUI] BHICOKUX SHEPIHUIL
Bor Tak MpOMCXOIMT IEPEXOl K KOCMHUUYECKOMY BaKyyMy.

OcobeHHOCTBIO TpoIecca (POPMUPOBAHMS YIAPHBIX BOJIH
OTIMCBIBACMOTO THIIA SIBJISIETCSI BOSMOJKHOCTH I€pEeNadyd SHEPruu
U3 arMocdepbl B 3€MHYIO KOpy Hiau B okeaH. 3 aTmocgeps
yacTh SHEPTUM YOAPHBIX BOJH Ilepemaercs B Oosee IUIOTHYIO
CIUIOIIHYIO Cpeily, a Hao0OpOT — yXKe HeT. 133



ITomumo Xupocumsl u Haracaky, KJIacCCMYECKUM IIPUMEPOM
(pOpMUpOBAaHUS YOApPHBIX BOJH ITOOOOHOIO THIIA SIBIISIETCS [Ba
IOCJIeJIOBATE/IbHEIX B3pbiBa TyHI'yCcCKOro mereopura. Y4yeHble
IONTO paboTalmyM HaX STOM 3araJkofl — U TOIBKO CEPHS
J1a0OpATOPHBIX OIBITOB M 9KCIIEPUMEHTOB TI03BOJIMJIA YCTAHOBUTH
HE TOJILKO JIBA IIOCJIEJIOBATEIbHBIX MCTOYHHKA, HO M UX MECTO-
PacCIIONIOKEHUE W HaXKE OLEHOUYHYIO MOIIHOCTB.

OKCIIEpUMEHTH TPOM3BOIMINCE C YCTAHOBJIEHHBIMH Ha
cOouiax MaJIeHPKUMH B3pBIBIIAKETAMH — HaJl JIA0OPaTOPHBIM
JIeCOM M3 OOBIKHOBEHHBIX CIIMYEK. Penbed ObII BOCIPOHM3BEICH
MaKCHUMAaJIbHO IIPaBIOIIOIO0HO.

Iloce noArMX ¥ OTYASIHHBIX TIOMCKOB HCCIIEIOBATEIIN
CMOTJIM TPAKTUYECKUM IyTE€M IOJIYYUTh MIECHTUYHYIO IIpU-
POIHOM KapTHUHY IOBAJIEHHOIO CIMYEYHOIO Jjeca. YXKe IIocie
9TOro B3pbIB TYHI'yCCKOrO MeTeopura MOJIEIHUPOBATIN HE OJIMH
pas — ¥ KaKIpA pa3 JjabopaTopHas KapTHHa COBIajaja C
NPUPONHBIME peaysiMi. 1Ipu mOOBIX OTKJIOHEHUSX KapTHHa
3HAUUTEJILHO MEHSLIACH.

Ilepebpas Bce BO3SMOJKHBIE BapHaHTHI OTHOTO MCTOYHMKA,
HCCIIEIOBATEIN CHEJIAJIM BBIBOH, UTO MX OblIo aBsa. bosee Toro,
B3PBIBATHCSI OHU JIOJUKHBI OBIIM CTPOTO TOCTIEIOBATEBHO OIUH
3a JIPYrUM U HE3aBUCUMO JPYT OT JIPYTa, TOJIBKO B YKAa3aHHBIX
TOYKaX M TOJIBKO Ha 3aJaHHOI BbIcOoTe. I MOIIHOCTE Ka’XIOro
B3pbIBA TOXKE HMeEJa TOJILKO OIMH BapHUaHT.

Mue Kak TEOPETHUKY CJIOKHO IIPEICTaBUThH ce0e, KaK MOXK-
HO BBIIEPKATh TAKO€ KOJIMYECTBO OHHOTHIIHBIX IabOpaTOPHBIX
9KCIIEPUMEHTOB, METOJUYHO MOBTOPABIIMXCH W30 JHS B JIEHb,
13 MeCsla B MECHI.

Xord, ¢ Opyroil CIOPOHBI, HCCJIEIOBATEIL-TIPAKTUK HE
CMOJKET OoJIbIIE JBAAIATH JIET IIOCTOSTHHO IyMaTh HAaJ OIHOMN
1 TOM K€ TEOPETUYECKOM MPpOOJIEeMON — OH IIPOCTO HE BBLIEpP-
JKUT CTOJIb TPONOJIKUTEILHOIO OKHIAHMSL

Ilostomy 1ist mporpecca HayKH TpeOylOTCS yCHIMAS U
TEOPETUKOB, M IIPAKTUKOB — TOJIbKO B 39TOM CJIy4yae Hayka
IOCTYIIATEJILHO JIBUJKETCSL BIIEPEL

C Toro BpEMEHH, KaK JIIOOM CTaJI1 PErucCrpupoBaThb IIPO-
HCXOIAIIHE BOKPYI HHMX IIPHUPOIHBIC  SIBJICHMA, OTMEUYCHaA
aAKTHUBHAsA HEATECIbHOCTDb ITOYTH 700 BYJIKQHOB. KOHe‘IHO, nepuon,
B TEUYEHHNE KOTOPOIro BEHETCS PpErucrpanyvss BYJIKaHHMYECKUX
SIBJICHUY, CJIMIIKOM Majl B Macmrabax TIeoJIOrHYecKoro BpeE-
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MECHH. Kp0Me TOro, OCTa€TCs Hey‘ITeHHOﬁ HEATEIbHOCTD IIOI-
BOIHBIX ByIIKaHOB, HOCKOII])Ky HU3BEPXKEHUS B I‘IIy6I/IHaX OKE€aHOB
OOBIYHO IIPOTEKAIOT HE3aMETHO — TOJIBKO B THXOM oOKeaHe
nveercst 6omee 10 000 ByJIKaHMUYECKUX KOHYCOB M IIEHTPOB
U3JIMSIHUS JIAB.

ByIIKaHI)I II0 BUJaM HM3BEPKEHUS IIOOPA3IACIISIIOT Ha HEC-
KOJIBKO THIIOB. HBa n3 HUX COIIPOBOXIAKOTCA MOIIHBIMU H
CBEPXMOUIHBIMI B3PBIBHBIMU IIPpOIIECCaMU.

Bynkanudeckui, win ByJIKaHCKui Ty B rpynne Jlumap-
CKHX OCTPOBOB PacIIOIOKEH OCTpoB Bympkano ¢ mukom (499 M)
U KpaTepoM; II0 €ro MMEHHM WU Has3BaHbl BCE€ IIMKH Ha 3€MHOM
niape, oOpasoBaBUIMECSI B PE3yJIbTATE€ H3BEPKEHUN Pa3IMYHOIO
Marepuajia U3 HEIp, — BYJIKAHBL

JUIs ByJIKAHOB 9TOr0 THUIIA XapaKTE€pHa OYEHb IycCTas,
BA3Kasl JlaBa, KOTOpasl yCIEBAaeT o0pa30oBaTh TOJIBKO OYEHB
KOPOTKHE IIOTOKHM, IPEXKIE YEM OCTBIHET U 3arTBepueer. B crsasu
C 3TUM B JKE€pJleé ByJKaHa BOIM3M BEpIIMHBEI BCKOpE IIOCJIE
Havajla HM3BEPKEHUS JIaBhl BO3HUKAET CBOEOOpasHasl INarka
KPEIIKUX MOpOJl, OHA 3aKYIOPUBAET BYJIKAHUYECKUI KaHaJI U
NPENATCTBYET BBIXOJY Ta30B.

B KoHEUHOM HTOr€, HaBJIEHHUE Ta30B BO3PACTAET HACTOJIb-
KO, YTO IIPOMCXOIUT MOIIHBIA B3PHIB, B pe3yJbTaTe€ KOTOPOIrO
BMECTE C rasaMd BBHIOpachIBAIOTCSI uYepHBIe Tyuu mnerura. OmgHO
U3 TaKUX CHIIbHBIX M3BEPKCHMUI BYJIKAHA Hadayioch B 1888 romy
U TIpoJoJDKAJIOCh TouTH aBa roma. Jlasa BriOpaceBasiack u3
Kparepa B BUIE OOJBIIMX CI'YCTKOB, KOTOPHIE 3aTBepIeBaId U
IpeBpamajIiuch B ByJKaHHUYecKue OoMObL B HacTosiee Bpemst
ByJKaH Oes3meicTByeT, HO B OyAyIIeM OT Hero, 0€3yCIOBHO, MOXK-
HO OJXHUIATh BHE3AIIHBIX B3PBIBHBIX H3BEPIKCHUIL

M3pepxeHue BE3yBUAHCKOTO THIIA B IIEJIOM IIO CBOEMY
MEXaHU3MY IIPUHUUIINAILHO HE OTJIHNYAETCSI OT H3BEPIKEHHS
ByJIKQHHUYECKOro tura. Besysuit (1277 M) — HaunboJsiee M3BeCTHBIN
UTAJIbIHCKHI BYJIKAH, XOTSI IO BBICOTE OH HOYTU B TPHU pasa
Mesbiie ItHbl (3340 M) — BblcOuazimiero ByJKaHa Mramuun
u Bcein EBpomslL YcraHoBieHo, uto B 79 I. H. 3. IPOH3OILIO
OYEHb CHIIBHOE u3BepXeHue Besysus, conpoBoxipaBuieecs
JIMBHEM, O UYE€M CBHUIETEIBCTBYET TOT (PAKT, UTO PACIIOIOKEHHBIE
BOMM3M ByJIKaHAa TIOCEJEHHUS, B 4YacTHOCTH Topoma Ilommen
n I'epkymaHyM, ObUIM MOJHHMEHOCHO ITOTPEOEHBI IION TOJIIEH
BYJIKQHHUYECKOTO IIeTJIa M 0OpasoBaBIIENCS M3 HEro JXUIKOM
I'psi3, a BEPUIMHA ByJIKaHa Oblja IIEJTUKOM CHECCHa HEOOBIYATHO
MOILHBIM BBIOPOCOM rasa. 134



Ilenenckuin Tun. M3sepxeHue 3T0oro TUIa OTJIMYAETCS OT
BYJIKAHHYECKOTO TE€M, UTO OYEHB BSI3KAsI JIABa, 3aCTHIBASI IIyOOKO
B JXepse, oOpasyeT TIpOMAIHYIO IIPOOKY, BbIIaBIMBAIOIIYIOCS
U3 KpaTepa B BHIE CBOCOOPA3HOTO MOHOJIMTHOTO OOEJIHCKA.
HakanmpBalomuecs B KaHajle ByJIKAHA TIasbl BHIPHIBAIOTCS M3-
1ol IpOOKHM B BHIIE HAIIPaBJIEHHOIO BOOK (ITO CKJIOHY BYJIKaHa)
B3PbIBA, B pe3yJIbTaT€ KOTOPOrO BMECTE€ C TIa3aMH BBIHOCHTCS
rJIyOMHHBIA, CHJIbHO TEPErpeThlii W CXKAThlil MaTepHuall

HawmGonee wu3BeCTHBIM TNPHMEPOM TAKOTO B3pBIBA Upe3-
BBIYATHO OONBIION MOIIHOCTH SIBJISIETCSI M3BEpPKEHHE BYJIKaHA
Mou-Ilesne, pacmosioxeHHoro Ha 0. MapruHuKa, BXOISIIEM B
rpynny Manerx AHTHUIBCKHX OCTPOBOB.

B 1902 r. sTOT ByJIKaH, KOTOpBHIFI Ha TMaMSITH MHOIMX
TTOKOJICHUI Oe31efICTBOBAJI, HEOKMIAHHO ITpocHyJics. IIpousomern
B3PBIB, NPUBEIIIMI K OYMCTKE M PACKPBITHIO BEPXHEH 4YacTu
BYJIKAHMYECKOro KaHasa. llocjie sToro B TeueHue mecTHAIAIATH
MeCSIIIEB U3 KpaTepa BbITEKAJIa JlaBa, KOTOpasl IIOCTEIIEHHO
obpasoBajla KPYTOCKJIOHHBIA KYIIOJI BbhICOTOM oOKoimo 300 M.
Kymon cocrosii U3 IIOJy3acTHIBIIEA OYEHbL BSA3KOH IIOPOJBI,
IIOKPBITON 3aTBEPIEBUICH KOPKOH, KOTOpasi 4aCTO MNPOpbIBaJIACh
IOJI JIEFICTBUEM HEIIPEPLIBHBIX BHYTPEHHUX B3PBLIBOB.

3areM COBEPHIICHHO HEOXHMIAHHO KYIOJI C OIHOHM CTOPO-
Hbl PACKPBUICS, ¥ HAPYXY CTPEMUTEJBHO BbIpBajach OIPOMHAs
Macca 4YEpHOro jabiva. Orta Tajsmas Tyda (IO-(ppaHIly3CKH
nuee ardente) cocTosila M3 MeEJIKHUX KarelleK pacIIaBJIeHHOM
JIaBbl, PACKaJICHHOIO IIeTIa M OTIPOMHBIX TJIBIO 3aTBEPIIEBIIEH
IIOPOIBI, ITOAXBAUYEHHBIX CKATBIMU PaCIIMUPSIONIMMICS Ta3aMH.

Tyua ycrpemmiach BHU3 IO CKJIOHY CO CKOPOCTBIO 06O-
mee 300 xXM/9 M, JIETKO IIPEOHOJEB 8-KUIIOMETPOBBIN YYaCTOK
IyTH, TOTJIOTHIA TIaaBHBIE ropon octposa Cen-lleep, roe maxe
TSIKEJIOBECHBIC CTATYU OBLIN NEPEIBUHYTH HA HECKOJIBKO METPOB,
a CTeKJa B JIOMaxX pacruiaBmiiuch. OXBayeHHBIE PACKAJICHHBIMU
(cBbime 700 rpamycos) rasamu norudsum 28 000 uesosek, a 3a-
TEM BECh ropoj ObUI IOrpebeH oI IEIUIOM U JIABOML

PenxuMy oOCTaBIIMMUCS B JKUBBIX CBHJIETENISIMA  KaTa-
CTPO(pBI  OKA3ajIMCh JIONM, KOTOpPBIE HAXOOWIHCh Ha OOopTy
CyIOB M YCII€JIH OTIUIBITH Ha O€30IaCHOE PacCTOSTHUE, IIOTOMY
uTO BOJla B raBaHU S3aKUIIEJla M MHOIME CTOSIBIIME Ha SIKOpE
cyma ObUIM YHUUYTOJKEHBI, TAK M HE YCIIEB OTIIBapTOBaThest I3
HAXOIUBIIUXCS B TOPOIE€ BBUKHWJI JIMIIbL OIUH YEJIOBEK, 3allu-
IIEHHBLIM TOJICTBIMUA CT€HAMU TOPOICKOU TIOPBMBL
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9TH u TOoHOOHBIE WM WCTOYHUKH Cpas3y (POPMHUPYIOT
NPUIIOBEPXHOCTHYIO YJIAPHYIO BOJIHY, MEXaHM3M (POPMUPOBA-
HUS M PaCIpPOCTPAHEHUS KOTOPOH HEIUIOXO HU3YyYE€H — IIpU
CBEPX3BYKOBBIX  CKODOCTSIX M  CBEPXMOINHBIX  HMCTOYHHUKAX
MNPOUCXOIUT  IIOBEPXHOCTHOE  CXJIONLIBAHME  COCTABJISIOIINX
PACXOISIIIUXCST OT MCTOYHMKA C(PEPUYECKUX BOJIH M 0OpasoBa-
HHE HOBOI'O OOBEKTA — YIAPHOM BOJIHBL

AHAJIOTUYHBIE BOJIHBI (POPMUPYIOTCS B Y3KUX YINEJIbIX
Npy PaspyHICHHH PaCIIOIOKEHHBIX B HUX JaMO Ilepel CTeHOM
HaJBUTAIOMENCS BOILI — KCTaTH, €€ IIPOUIIbL YIOOHO MOIENIH-
poBaTh pasiioXeHueM 1o gyHknusm Helimana.

B YCJIOBUSIX TA30BOM CIJIONIHOW CpelIbl (PPOHT aTMocge-
PHOM IWJIMHJIPHUYECKON YJIaPHOW BOJIHBI MOJICJIUPYETCS HUJIUH-
IPUYIECKUMU  (PYHKIUSIMU Heimvmana B OKPECTHOCTU HYJISI IIpHA
OUYEHb MaJIbIX (CTpeMHH_II/IXCH K HyJIIo) 3HAUECHUAX WHJIIEKCcA.
Cucrema KOOP/IMHAT JIBUJKETCS BMECT€ C (PPOHTOM pacrpo-
CTpPaHEHUs YIapHOW BOJIHBI, KOTOpasi MOJIEJIMPYETCS KaK CTO-
syas, ee opueHtaumMss — y noeepxHoctu (ocbio Oy BBepx).

OnHako IpU TOYEUHBIX CBEPXMOIIHBIX MCTOYHHKAX SHEp-
UM HaJl TOBEPXHOCTBIO 3€MJIM BO3HHMKAIOT aHOMAJUU Ha 3€MIIC,
HE IOIIAONIFecsd OIHCAHUIO CTaHIAPTHOMN Mouenu. B yacTHOCTH,
CTPOTrO MOJI SMHUIIEHTPOM B3pbhiBa B XHPOCHUME OCTAJIMCh YACTHMYHO
paspylleHHbIE 3JaHWs, a Jajee HaOmomajgack OYEHb pe3Kasi
rpaHUIla U CJeylomasi 3a HEH 30Ha TOTAJIbHBIX paspyLICHUIL.
Jlaxe IIOBEPXHOCTh 3€MJIM HA HEKOTOPOM YYaCTKe KasaJlach
POBHOI M CIJIa)KE€HHOH. AHajloruyHas KapTHHa Ha0imonanachk
npu B3peiBe TyHrycckoro Mereopura B Hauajle XX Beka.

Hu npu HasemMHOM, HU
NpA  BO3IOYIIHOM  (BBICOKOE
PpacIIoI0KEHUE HCTOYHUKA)
CBEPXMOIIHBIX B3PHIBAX 3TOrO
(peHOMEHAa B IIPOEKUMH 3SIIU-
LIeHTpa He Hab/omaeTcs.

DeHOMEH OIHUX CTOSI-
IUX JIEPEBBEB M IPYTHUX,
KOTOpble OBITM ITOBaJI€HBI HA 3€MJII0, HaOmiomascs B SIHIIEH-
Tpax B3pHIBOB [yHrycckoro mereopura (Ha (POTO BBEPXY).

Ilosicasier eHoMEH Monenb (POPMUPOBAHMS LIMJIAHI-
PUYECKON YIApHOM BOJIHBI OT C(PEPUYECKUX BOJIH HCTOYHHKA,
PacCIIOIOKEHHOIO Ha YyIAJE€HHUHU OT TI'PaHMUIIbLI CIUIOIIHOM CPEIbl
(Ha rpaHuue 3eMJIM U aTMOCCEpHI). 137



CcpopmupoBaBiiasicsl yoapHasi BOJHA HOCHUT XapakTep
MEePEeIBUTAIOIEIICS HAa BBICOKUX CKOPOCTSX IIPUIIOBEPXHOCTHOM
9HEPIreTUYECKOM CTEHHI (Ha CXEMe OHAa OTMEUYEHA TEMHBIM).

Or HaI3€MHOIO IIE€H-
Tpa TOYEYHOIO HCTOYHUKA
9HEpPIruy, OIIMCHIBAEMOIO
HOeJIbTa-(PYyHKIIUEH Hu-
paka, HaIlpaBJIEHHbIE
MOYTH TEPHEHINKYISIPHO
rpaHule cpepuueckue
BOJIHBI OOJIBIIIENT  YACTHIO
nepenayT B TBEPAYIO Cpedy,
II€ OHU PacCIIpOCTPAHSIIOTCSI
C BBICOKMMU CKOPOCTSIMM.
ITosromy or Takoro mcrou-
HUKa SHEPIUU PETUCTPUPY-
IOTCS CEMICMHUYECKHE BOJIHBIL,
pacnpocTpaHsIomMecs: B
3€MHOH KOpeE.

PaspymurebHOMy ynapy B 9TOH y3KOHM 30HE IIOIBEPI-
HETCS BCE, UYTO MMEEeT IIOBEPXHOCTH, IapajujlejbHble (PPOHTY
CPEPUYECKON BOJHBI — B IPHUBEIECHHOM IPUMEPE KpbILX
paspymarcsi HNOJIHOCTLIO, a CTEHBLI JIOMOB MJIM CTBOJIbI YaCTHYHO
coxpansitcsi. HanMeHbline paspylleHHs IIOIY4YalOT BEPTHKAJIb-
HO-OPUEHTUPOBAHHBIE OOBEKTHI C 3A0CTPEHHBIM BEPXOM.

Hajee B cjI€ICTBUM YACTUYHOIO Pa3pblBa U CXJIOILIBAHMS
C(PEPUUYECKUX BOJH Yy CaMOH IIOBEPXHOCTH (POPMHUPYETCS
IMUIMHAPAYECKasl yIOapHasi BOJHA, KOTopas Oymer pacmpo-
CTPaHSATBCSI BIOJb IIOBEPXHOCTHM W TOTAJbHO paspyllaTh BCE
BCTPEUEHHBIC II0 NYTH OOBEKTH. Ee TpaHUIIBI OYepyYeHBl YeTK-
UMM 30HAMH TOTJIBHBIX PpaspylI€eHUA. ODHEPrusi 3aTpauudBaeTcs
Ha OOBEKTHI, UMEIONINE OONBIIYIO IIIOMAdb J000BOTO KOHTAKTA.
YnapHast BOJIHA IOJHOCTBIO SKPAaHHUPYETCS OT BHEIIHEW Cpembl
MAaCCHUBHBIMU OOBEKTAMH THIIA IENN OKPYKAOMIUX SIUIICHTP
rop, OHa HE€ MOJXET MNPOHUKHYTh B IIOABAJILI M IIPOBAJIBL

Cxoxue IMIMHIPUYECKHE ITPUIIOBEPXHOCTHBIC YIapHBIC
BOJIHBI MOTYT C(POPMHPOBATHL M3BEPKEHUSI BYJIKAHOB, COIIPO-
BOJK/IQIOIIHUECS CBEPXMOIUHBIMU B3PBIBAMMU.

®enomen Tynrycckoro mereopura IIOCTaBWII — HCCIIE-
IoBaTesIer Iiepel (pakTOM, 4YTO HCKaXEHUsSI pelibeda MU €ro
CYLIECTBECHHBIC OTKJIOHEHHSI OT TOPH3OHTAIM MOIYT CMECTHTh
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B CTOPOHY XapaKTEpPHBLIE CIPYKTypbl 04YaroB, KOTOpPHIE Ha
UJI€AJIbHO-TOPU3OHTAJILHOM IIOBEPXHOCTU (POPMUPYIOTCI CTPOro
I0JI LIEHTPOM IIPUIIOBEPXHOCTHOIO B3PHIBA.

OnauMm U3 yKasarejlel Ha IEHTP MOIYT CIIYKHUTb CTBOJIBI,
KOTOpBIE OKa3aJIMCh HE IIOBajIeHBl, a OBUIM HAIIPABJIEHBI BIIOJIb
HOpMa/IM (I'pajJi€HTa) C(PEPUUYECKOM BOJHBI HMCTOUYHUKA.

B cayuae cioxHOro penbedpa Ha MECTHOCTA MOJKHO
NPENIOKHUTE  CIEAYIOIIMI CIOCOO TIOMCKA  ITOTEHIHAILHBIX
SMUIEHTPOB BO3AYIIHOIO B3pbiBa — IIO THUILY 'I’yHFyCCKOFO
Mereopura. 1IpuBOXYy IByMEPHYIO MOJEIbL — HO Ha KOMIIBIO-
Tepe HYXHO CTPOHTh TPEXMEPHYIO O0BEMHYIO 3D-Momess.

Buauvajie HyXHO BBISIBUThH SIHULIEHTP B3PbIBA, COCHBI BOKPYT
KOTOpPOro OBUIM ITOBaJICHBI PaBHOMEPHO BO BCEX HaIpaBile-
HUSIX — BKPYIOBYIO (32 HCKIIIOYEHHEM MECT, SKPaHHPOBAHHBLIX
penbecpoM). B smuieHTpe CTpPOUTICS IOBEPXHOCTh, KacaTellb-
Hasi K CTaTMCTHYECKHU-YCPEIHEHHOM JIOKAJIbHOH OKPECTHOCTH
snunenTpa. HopMmans K 9TOH IIOBEPXHOCTH YKaXeT HPSIMYIO,
Ha KOTOpPOH pasMEINaJICs MCTOYHHUK B3pbiBA. TO €CTh MCTOYHHK
B3pBIBA COBHAJA€T C JIOKAJbHO-YCPEIHEHHBIM I'PAJIMEHTOM K
IOBEPXHOCTH pellbepa B IIHULEHTPE.

Ilociie 3TOrO MOBOpPaYMBAaEM BCIO CHCTEMY TaKuUM 00pa3oM,
yTOOBI KacaTellbHasi K IIOBEPXHOCTH SIHIEHTpa Obljla CTPOro
IFOPU3OHTAJIBHOM, 4 HOpMaJlb — BEPTUKAILHOW. M MBI momyuum
OLICHOYHBIN AHAJIOT IIOBEJIECHUSI CHCTEMBI, KOTOpasl JIOCTOBEPHO
MOJIEJIMPYET OKPECTHOCTh B3PbIBA, HA KOTOPYIO MCTOUHHK OKa3all
CYILIECTBEHHOE BJIMSIHHE. YK€ II0 3TOH KapTHHE CIIEHAJIACThI
MOryT TOYHO YKa3aTb U BBICOTY, H MOLIHOCTH B3DbIBA.

AHAJIOTMYHO MOJKHO n3y4dartb BTOpOI7I HCTOYHUK, KOTOpLIfI
YaCTHYHO II€EPEKPBIBACTCS II€PBbIM. s PacCMOTPEHHUA HYKHO
HUCKIIOYUTHh 30HY paspymeHI/Iﬁ, KOTOpast OblIa BBI3BAHA II€PBbIM
HNCTOYHHKOM. CI/ICTeMy MOXET HOHa)_IO6I/ITLC$I IIOBEPHYTb IIO[
ApyruM YyrJjioM, HEXEJIN I IIEPBOro B3pbIBA. N rTak nasee.

Tonbko ansa
CBEPXMOLLHbIX
NCTOYHMKOB !!
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I'hasa III
Buxpessbie yAapHBIE BOAHBI B aTMocdepe

§ 1. Topnao u cMepun — BUXpeBble NPHPOIHbIE
aHOMAaJIN U

CMmepu (CHHOHHMBI TOpPHAIO, TPOMO, Me30-yparaH) — 3TO
OYEHb CHIIbHBIA BPAIIAIOIIMICS BHUXph C pasMepamMu IO
ropusoHTamu MeHee 50 kM m 1o Beprukanu menee 10 KM, oba-
JAIOIIUI yparaHHBIMH CKOpPOCTSIME BeTpa Oosee 33 m/c.

OHeprusi THIIMYHOTO CMEpYa paguycoM 1 KM U CKOPOCTBIO
merokenust 70 m/c, mo omenkam C. A. Apcensesa, A. IO. Ty-
Oaps u B. H. HukoiraeBckoro, paBHa SHEPIruu 3TaJIOHHON aTOMHOM
60MObI B 20 KMJIOTOHH TPOTHJIA, TIOJOOHON IEPBOM ATOMHOM OOM-
6e, BsopBanHon CIIA Bo Bpemsi ucnwitanuin Tpunuru B Hbio-
Mexcuko 16 mons 1945 ropa.

Yame BCero CMep4Yd HUMEIOT (POPMY BpaLIAIOIErOCs
x000Ta, TPyOBI WM BOPOHKH, CBHCAIOIIEN K3 MATEPUHCKOIO
obnaka (oTcioma M WX HasBaHUS: tromb — mO-PpaHIIy3CKH
Tpyba m tornado — IO MCIIAHCKU BPAIIAIONIMIACS).

B ¢pusuke armMocepsl CMEpPYH OTHOCST K ME€30-MaCHITad-
HbBIM LHKJIOHAM M WX HYXHO OTJIMYaTh OT CHUHONTHYECKHUX
LIMKJIOHOB cpelHuX mmpor (¢ pasmepamu 1500-2000 kM) u
TPOIMYECKUX IMKJIOHOB (¢ pasmepamu 300-700 xm).

Me3so-macmTabHbIE IIUKIJIOHBI (OT TPEYeCcKOro meso — IIpo-
MEXYTOUHBINI) OTHOCSITCSI K CEpeduHe OHarasoHa MeXIy
TypOyJIEHTHBIMH BHXpSMH C pasmepamu mopsinka 1000 M u
MeHee M TPONUYECKUMH IIMKJIOHAMH, O0OpasyIOIIMMUCS B 30HE
KOHBEPI'€HIINM (CXOXIEHHUSI) TTaccaToB Ha 5-0M rpamyce CeBEpHOI
LIIMPOTH M BHIIIE, BILUIOTH 10 30-ro rpajayca HIMPOTHL

B HEKOTOpBIX TPONMHMYECKUX IIMKJIOHAX BETEP IOCTHIaeT
yparanHoi ckopoctu 33 M/c u 6osree (mo 100 m/c) m Torma
OHU TIpeBpaIlAlOTCS B TalyHbl THXOro OKeaHa, yparassl
ATIaHTUKHA WUIM BIJUIA-BUJUIM ABCTpaIHML

Cmepun uacTo 00pasyloTcs Ha TPOIOC(EPHBEIX (PPOH-
Tax — TpaHMIIAX pasgena B HuwkKHeM  10-kumomerpo-
BOM CJIOE aTMOCEPHI, KOTOPBIE OTHEJISIOT BO3IYIIHBIE MAaCChl C
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paSJII/ILIHI)IMI/I CKOPOCTSIMI/I BeTpa, TeMnepaTypoPI " BJIAKHOCTBIO
BO3dyxXa. B obmactu XojomHOrOo (PpOHTAa (XOJOTHBIN BO3IYX
HAaTEKaeT Ha TEIUIBIN) aTMocdepa OCODEHHO HEYCTOWYMBa U
¢opMHUpYET B MATEPHUHCKOM OOJaKe CMEpYa ¢ HHXE HEro
MHOKECTBO OBICTPO BpalalOIIMXCSl TYpOYJIEHTHBIX BUXPEH.

CuspHBIE  XOJIONHBIE (PPOHTHI OOpPa3yIOTCSI B BECEHHE-
JerTHuii U oceHHu# niepuon. OHHM OTHENSIOT, HAIpuMep, XOo-
JIOOHBIA M CyXOHl Bo3AyX M3 KaHausl OT TEIUIOro M BJIAKHOIO
BO3yXa M3 MEKCHKaHCKOrO 3ajiBa WIH U3 ATIAaHTHYECKOTO
(Tuxoro) okeana wHan teppuropmeit CIIA.

HN3BecTHBI CIydyann BO3SHHMKHOBCHMSI HEOOIBbIINX CMep‘lefI
B SICHYIO IIOrogy IIpu OTCYTCTBHH 00J1aKOB Hal HeperpeToPI
IIOBEPXHOCTBIO IIYCTBIHU HMJIM OK€aHa. Onu MOryT OBITH COBEpP-
IMIE€HHO IIPO3pavYHbIMI M JIMIIb HHJKHAA 4YaCTbh, 3allblJICHHasA
IIECKOM WJIM BOIOMH, JI€JIaeT HUX BUINMBIMU.

CMmepun ¥ TOpHANO HAIO OTIMYATH OT OOPa3YIOIIMXCSl Ha
aTMOC(PEPHBIX (PPOHTAX IIKBAJIBHBIX OypPb, XapaKTEpPU3YIOIIITXCSI
OBICTPBIM (B TeueHHe 15 MUHYT) BO3pacTaHHEM CKOPOCTH BeTpa
a0 33 m/c m sarem ee yOmBanmem 10 1-2 m/c (Takxe B
teyeHun 15 MuHyT).

JlaBjieHue BO3IyXa B LIMKJIOHAX IIOHHJKEHO, HO B CMepyax
MajieHUe IaBJICHUSI MOXKET OBITh OYEHb CHJIBHBIM, JIO 666 mbap
IIpy HOpMaJIbHOM arTMoccpepHoM nasiaenuu 101325 mbap. Macca
BO3IyXa B TOPHAIO BpAINAETCs BOKPYr oOmero meHrpa (riasa
Oypu, rae HabmiomaeTcsl 3aTHINBE) M CPEIHsiE CKOPOCTh BETpa
MoxeT pocturate 200 M/c, BBI3BIBasi KaTaCTPO(PHYECKUE paspy-
HIEHUS], 9aCTO C YeJIOBEYECKUMU >KEPTBAMIL.

Buyrpu TopHamo ecrs Oosiee MeJikue TypOyJIEHTHBIE
BUXPH, KOTOpBIE BpaIAIOTCS CO CKOPOCTBIO, IIPEBBIIIAIOIIEI
ckopocTh 3ByKa (320 m/c). C runepsByKOBBIMH TypOYJIEHTHBIMU
BUXPSIMH CBSI3aHBI CaMbl€ 3JIbl€ M JKECTOKHE IPOIEJIKH CMepuein
U TOpHAIO, KOTOPBIE Pa3phIBAIOT JIOIEH M JKHMBOTHBIX HAa YaCTH
WM COApAIOT C HUX KOXY M HIKYpY.

IlonmxeHHoe naBlleHUE BHYTPH CMEpUYEll M TOPHAIO
cosmaer 3(P@EKT Hacoca, T.€. BTSTUBAHHUS OKPYKAIOIIETO BO3-
AyXa, BOMABIL, IBUIM U IIPEIMETOB, JIONEH W JXUBOTHBIX BHYTPb
TpoMbOa. ITOT XK€ IPEPEKT NPHUBOOUT K IIOIBEMY U B3PHIBY
JOMOB, MOMNATAIONIUX B IEIIPECCHOHHYIO BOPOHKY.

Kmaccuueckoit crpanon TopHano ssisiercs: CIIA. Hanpu-
mep, B 1990 B Opuro CIHA saperucrpuposano 1100 paspy-
LIATEIBHBIX CMEpYe. 141



XoTrgd MHOrme KaudeCTBEHHBIE CBOMCTBA cMepuern K
HACTOSIIIIEMY BpPEMEHU TIOHSATHI, TOYHASsI Hay4YHAsl TeOopwus,
MO3BOJISIIONIAsT MYTEM MaTEMATHYECKUX PacYeTOB IIPOrHO3UPO-
BaTh MX XapaKTEPHUCTHUKH, €II€ B IMOJIHOM MEpE HE Cco3jIaHa.

TpynHocTH OOYCIIOBIIEHBI IIPEXIE BCETO OTCYTCTBHUEM
JaHHBIX M3MEPEHUN (PU3UYECKUX BEJIMYHMH BHYTPU TOPHAJIO
(cpenHer CKOpOCTHM UM HalpaBJICHUS] BETpa, JABJICHUS U
IUIOTHOCTH ~ BO3JyXa, BJIAKHOCTH, CKOPOCTU U  PpasMEpOB
BOCXOISIIIUX M HHUCXONSIIIUX IOTOKOB, TEMIIEPATYPhI, PasMepOB
1 CKOpOCTU BpAaIllCHUsI TypOYJICHTHBIX BUXPEH, UX OPHEHTALIMH
B IIPOCTPAHCTBE, MOMEHTOB HMHEpPLMHU, MOMEHTOB HMIIyJIbCa U
JIPYyTUX XapaKTEPUCTUK IBMJKEHHSI B 3aBMCHMOCTH OT IPOCTpaH-
CTBEHHBIX KOODIHMHAT W BPEMCHH).

B pacnopsoxeHum  yY€HBIX €CThb  PE3yJIbTaThl  (POTO
U KHHOCHEMOK, CJIOBECHBIE OIIMCAHHS OUYEBUIIIEB U CJIEObI
JIeATEeJIbHOCTH TOPHAJIO, & TAKXKE PE3yJIbTaThl PaluoJIOKALIMOHHbBIX
HAOJIIOJIEHU, HO 3TOr0 HEIOCTATOYHO.

Toprago nmubO OOXOmUT TNJIOHIANKUA C HM3MEPHUTEIBHBIMU
npubopamMu, TUOO JIOMAaeT M YHOCHT ammapaTrypy c codoi. lpy-
rasi TPyIHOCTb COCTOHMT B TOM, YTO IBVDKEHHE BO3[yXa BHYTpPH
TOPHAIO CYIIECTBEHHO TYPOYJIEHTHO.

MartemaTHyecKoe OIMCAaHWE M PAacyeT TypOyJIEHTHOrO Xa-
oca — 3TO CJIOKHEHIIasi U J0 CHUX NOp HE B IOJIHOM Mepe pe-
mIeHHasl 3ajjaya MaTeMaTUYEeCKON (PUSUKU.

Topuago mnaubomee wacro Habmopaorcss B CeBepHOm
Awmepuke. 3pmece ux HacumThiBaloT okoimo 200 B rom O6
OrpOMHON CHJIE BETpa B TOPHAJIO CBUIETEILCTBYIOT PE3YJIbTaThl
IIPOU3BEIEHHBIX HMHU paspylIeHHid [IOMOB M HHJ)KEHEPHBIX
coopyxenuii. CKOpOCTh JBHMJKEHHSI TOPHAIO TaKXe€ BEJIUKA,
nHorma ona pocruraer 100 km/u.

Ha 1ore CesepHoii AMepUKHM TOpPHAIO BO3SHHUKAIOT B
TEUEHUE BCETO Irojia, C MAaKCUMYMOM BECHOM ¥ MUHMMYMOM 3UMOTL.
TopHano CymecTBYeT OT HECKOJIBKUX MHHYT 0 HECKOJIBKUX
yacoB, a HauOoJbIIAsi TPACKTOpUS HMX M3MEpsIETCs Hec-
KOJIBKMMH COTHSIMU KHJIOMETPOB.

IIupusa 30HBI PaspylIEHHUs] COOTBETCTBYET pasMepaM
caMuX TOPHAIO, OOBIYHO 1O 2-3 KM. PasHOCTL HaBileHUS MEXIy
IICHTPOM BHXPSI M €ro nepudepueinn mHorma pocruraer 150-
200 m0. Or Tako¥W PpasHOCTH [ABJICHHUS PpaspylIalorcsi Ioma,
a CWIBHEUIINI BETEP IIOJHUMAET B BO3AYX JIIOAEH, CKOT,
aBTOMOOMUIM, KPBIIIW, MOCTBI M T. IL
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Tax, B anipesnie 1965 r. nag CHIA 0onHOBPEMEHHO BO3HMKIJIH
37 pasiauYHBIX IO MOILMHOCTH TOPHAIO, BhICOTON 10 10 KM U B
IaMeTpe OKOJIO 2 KM, CO CKOpocThio BeTpa 10 300 Km/4. It
BUXpU MPOM3BEJIA I'POMAIHBLIC paspylI€HUs] B IIECTH INTATaX.
Uucno mormbmmx mpessicuno 250 uernosek, a 2500 uenmosex
MOJIYYMJIA PaHEHUSL.

Toprnamo u cmepun, KaK MU TPOIUYECKHUE LIHUKJIOHBI,
3apOXIAIOTCS TIPU  HAJWYAM  OOJIBIIOrO  3araca 3JHEpPruu
HEYCTOMYMBOCTA B aTtMocgepe. ITH YCIOBUSI CO3HAIOTCSs, KOrna
BHHM3Y HaXOJIMTCS OYE€Hb TEIUIbIA M BJIAXHBIA BO3IYyX, a B
BEpXHEN Tponocgepe — XOJIOIHBIM.

Ycranosieno, uro npu BropXeHuu Ha teppuropuio CIIIA
TPOIMMYECKUX ITUKJIOHOB 31€Ch BO3HHUKAIOT HECKOJIBKO TOPHAIIO.
9710, OYEBHIHO, MOKHO OOBICHHUTL TEM, UTO IS BOSHUKHOBEHUSI
TeX U JIPYTUMX BHUXPEA HEOOXOIUMO HEYCTOMYHBOE COCTOSIHUE
aTMOCPEPHL

Cmepun HaOmoONAIOTCS M Ha €BPOIENCKoi yactu Poccun.
Hssecren cmiapHBl cMmepu 29 moHs 1904 r. OH BO3HUK B
rpo30BOM OOJIaKe U MPOIBHHYJICSI B CTOPOHY MOCKBBI, paspyLIvB
IO IIyTH HECKOJIbKO JIEpPEBEHB, ToBpenwsl goma B Jlegoprose,
NoBaJIMJI BEKOBbIe nepeBbs B COKOJIBHUKAaX, NOIHSII TEJIETU U
JKUBOTHBIX, BCTpeTHBIIMXCS Ha myTu. Ilpoxonst yepes Mocksy-
PEKy, CMepY BbICOCAJI BOLY MU OOHAaXMJI Ha KOPOTKOE BpEMS
€e IHO TIOTHOCTHIO.

B mae 1965 r. crubHEAIIMI IIKBAJI, COIPOBOXKIABIIMFICS
JUBHEM W TpaaoM, IpoHeccss Hal Kuposckon o0macTsio.
Cropocts Berpa pocturaja 200 xm/4u. Cumoir Berpa ObLI
MONHSIT U OTOPOIIEH 3€pHOYOOpPOUHBINI KOMOAMH, paspyIIcHO
MHOTO JIOMOB.

HBI/I)KGHI/IG BO3ayXa B CHCTEME CMep‘{efI u TOpHAaI0 OOBIYHO
IIponuCxXoauT IIPpOTHUB JyacoBOH CTpEJIKHM, HO HE€ HCK/IIOYEHbI U
IBUJKEHUS II0 4YaCOBOH CTpPEJIKE. OJ.[HOBpeMEHHO COBEpHIACTCSL
IIOOBEM BO3JyXa IIO CIIMPAJIH.

Ilox BaustHMEM OOJBIION CKOPOCTH BpAllEHUS BHYTPH
BUXpsI PasBUBAETCS IIEHTPOOEKHASI CHIIA, BCJIEICTBHE KOTOPOI
JaBJIE€HUE B HEM IIOHHKACTCSL

910 IpUBOAUT K TOMY, 4YTO IIpM II€PEMECINCHHUH BUXPSI
B €ro CHCTEMY Kak OBl BCACBHIBAETCS BCE, YTO BCTPEYAETCSI Ha
Iyt (BOIla, IIECOK HJIM PA3JIMYHBIC IIPpEAMETBL KaMHH, IOCKH,
KpbIoIX IOMOB H T. H.), KOTOPBIE 3aTEM BbIIIAIAIOT M3 00J1aKOB

HHOTrDa Ha 3HAYUTEJIbHOM  PaCCTOSTHHMI. Nmensno c¢ asrum
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CBSI3aHBl TAaK HAa3bIBAEMbBIC LIBETHBIC, WJIM KPOBABBIE TOIXKIIM,
KOTOphble 0Opasyiorcst Ojaromapsi BTSSTUBAHUIO B CHCTEMY BHXPSI
OKpPAIIEHHBIX YaCTUYEK MOPOIBI M CMEIIMBAHMIO UX C KaIUISIMU
HOMKISL.

Eciim BUXpb BO3HHKAET
Ha MOpEe WM O3€pe, Yacro
BMECTE€ C BOIOI BCACHIBAIOT B
CBOIO CHCTEMY pBIOY, KOTOPYIO
007aKO  MOJXET  BHIOPOCUTH
yxe Ha Oepery.

Ha ¢oro npuseneH Tak
Ha3BIBAEMBIN PBIOHBIN JIOKIb.

Hoxjab ©3 KHUBOTHBIX
— OTHOCHTEJIbHO PEIKOE MeTe-
OPOJIOTHUYECKOE SIBJIEHHE, 3aMEUEHHOE BO MHOIMX CrpaHax B
pasHoe BpeMs. Yamre Bcero Tako# [OXIb COCTOMT H3 pPBIO
WIM JISTYIIEK, XOTd €CTh CJIydad, KOTOPBIE CBUIETEILCTBYIOT O
JOOXJI€ M3 ITULL B HEKOTOpBIX CiIlyyasX >KMBOTHBIC IAJAIOT Ha
3EMIIIO AK€ II0 KyCOYKaM.

bnaromapsi pamapHBIM HaOMIOOEHMSIM yIAeTCs H3MEPUTH
CKOpOCTH BpallleHUs BO3IyXa B TOPHAIO Ha YyIaJEHHOH
OUCTAaHIIMM W HAa OCHOBAHUU ITOTO YK€ NEJATh BHIBOIBI O €O
BHYTPEHHEM CTPOCHUM.

3ameTuyM, KCTaTH, 4YTO
BO3HUKAET YIMBUTEJIbHAS CH-
Tyalus: Ul U3y4YEHUs TOPHa-
IO TIIOKa 4YTO MCIOJIL3YIOTCS
METO/bl acTpoHOMUM. Byjyun
HE B CWIAX HU 3arjsHyTb
B CaMO SIBJIEHUE, HHU BOC-
NPOU3BECTU TIPUPOIHBIE YCIIO-
BUSI B J1a0OpaTOpUH, yUCHBIE
BBIHYKJIEHBI IIPOCTO BHHUMATEIBHO HAOMONaTh 32 TOPHANO, IIbI-
Tasich Ha OCHOBAaHMH HAOIONEHHI IOHSITh €ro mpupondy. Vmen-
HO TaKUM IIOIXOI OyIeT C TOYKH 3pEHHS ACTPOHOMUM.

CMepun 4Yacro BO3HHMKAIOT TIpyIIIaMH IO IBa, TPH, a
nHorga u Oojlee Me3O-IHMKJIOHOB. Hampmvep, 3 ampens 1974
BO3HHUKJIO O0JIe€ COTHH CME€pUel, KOTOpBhIE CBUPEICTBOBAIN B
11 mrrarax CHIA. Iloctpamano 24 Teicauu CeMeEN, a HaHECEHHBIA
ymepd ouenen B 70 muH. mour B mrare KeHTYKKu omuH u3
cMepyYell YHHYTOXWII IIOJIOBHHY ropoupa bpaHmeHOypr, u3Bect-
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Hbl M Jpyrue Ccjiydad YHHYTOXEHHA CMEpYaMH HEOOJIbIINX
aMEPHUKAaHCKUX T'OPOIOB.

Hanpumep, 30 mas 1879 nBa cmepua, ciegoBasLIne
OOMH 3a IOPyruM C HHTepBajioM B 20 MHMHYT, YHUYTOXMUJIU
NPOBUHIIMAILHEIA ropojiok Mpsunr ¢ 300 xurejnsaMu Ha cesepe
mratr Kawnsac, CIIIA.

C VpBHHICKHMM TOpPHAIO CBSI3aHO OTHO M3 YOEIUTEIHHBIX
CBHUJIETEJIBCTB OT'POMHOM CHJIBI CMEPYEH: CTaJIbHOM MOCT TJIMHOM
75 M uepes peky Bompmiast IoixyGast Obul IOOHSIT B BO3IYX H
3aKpy4yeH Kak BepeBka. OcTraTku MocTa OBUIM TPEBpAlIEHBI B
IUIOTHBIM KOMITIAKTHBIF CBEPTOK CTAJIbHBIX IIEPETOPOIOK, (PepM
M KaHATOB, Pa3sOpPBAHHBLIX W M3OTHYTHIX CaMbIM (PAHTACTU-
YeCKUM 00pa3oM.

ITOT  (PaKT IIOATBEPXKIAET HAJUUUE TI'UIIEP3BYKOBBIX
BUXpEH BHYTpU TOpHano. HecoMHEHHO, YTO CKOpOCTh BeTpa
BO3pOCJIA TIPU CIIyCKE C BBICOKOTO M OOPBIBHCTOIO OEpera peKm.
MereopoiioraM u3BeCTEH S(P(EKT YCUJIECHHUS CHHONTHYECKUX
LIMKJIOHOB TIOCJI€ HPOXOXIEHUSI TOPHBIX IIENEH, HaIlpuMep
Ypanbckux mim CKaHIUMHABCKUX TI'OP.

Hapsiny ¢ MpsBunrckumu cmepuyamu, 29 um 30 mas 1879
roga Bo3HMKIHM 1Ba Jlenpgpocckux cmepua samajunee lpsuxra
u cvepu Jlm K Ioro-eocroky. Bcero B 9tm 1Ba IHS, KOTOPHIM
IpenniecTsoBajla OY€Hb CyxXas M JKapkas moroga B KaHsace,
BO3HMKJIO 9 cMepuert.

B mponutom cmepun CIIA BbISBIBajIM MHOIOYMCIIEHHBIE
JKEpPTBBI, UYTO OBUIO CBSI3aHO CO CJA0OM  HM3YYEHHOCTBHIO
9TOrO SIBJICHUSI, cefiyac 4nciao xepts or TopHamo B CHIA
HAMHOI'O MEHbBIIE€ — 3TO PEe3yJbIaT JESTEeIbHOCTH YYCHBIX,
meTeoposiornueckoi c¢iayxkoer CHIA wm crnenmajgbHOTO IIEHTpa
10 TIpelyNpeXKICHUIO IITOPMOB, KOTOPBII HAXOIUTCS B IITATE
Oxiaxoma.

Ilonyuus coobuieHne O NPUOIMKEHHHM TOPHAIO, OJaro-
pasymuble rpaxnaane CIIIA croyckaiorcs B MOA3EMHBIE yOeKHINa
WM TIONBAJIBI, M 3TO CHACAeT UM JXU3HL. Brpouem, BcTpedarorcst
n OesyMHBIC JIOOW WM Ja)Ke OXOTHHKU 3a TOPHANO, IJIsI
KOTOPBIX 3TO XO0OM HMHOIIa KOHYAETCS THOEeIhI0 — pedYb HaeT
He 00 YYEHBIX, 2 MMEHHO 00 OOBIYHBIX JIIONSIX, KOTOpPHIE XOTSIT
MPOCTO C(POTOTrpapupOBATECSI HA (POHE TOPHATIO.

CwibHBIE  9JIGKTPOMArHUTHBIE TIOJSI B TOpHaO-oOpa-

3yomux obJrakax MOryT CIYXHUTb UIS NTUCTAaHIMOHHOIO OTCJIE-
JKUBaHUSI ITYTH IBHXEHUSI CMep‘IefI. 145



IIpI/I OINIpEACJIEHHBIX 3HAaYCHUAX HavaJIbHOMN HEprum u
MOMEHTA HMIIYyJIbCa Typ6yHeHTHI)IX BI/IXPGI?I Ha nepncpepym
MATE€PHUHCKOI'O aHTHUIMKIIOHA CPEIHAsl CKOPOCTh BETpa HaYMHACT
BO3pacCTaThb MW MEHAECT HAIIpaBJIEHUE BpallcHUs], q)OpMI/IpyH
KOMITQAKTHBIN I[UKJIOH.

C TeueHHe BpeMEHM pasMepsl (POPMUPYIOLIETocsl TOPHAJIO
YBEJIMYHBAIOTCSI, IICHTPA/IbHAsI 00iacTh (riaas Oypu) saroiHsIeTCst
TYpOYJIEHTHBIMH BHUXPSIMH, a paJHyC MaKCUMaJIbHBIX BETPOB
cMemiaercs OT Tepudpepun K UeHTpy TopHajo. Jlapjienue
BO3IyXa B LIEHTPE TOPHAIO HAYMHAET IalaTh, (POPMUPYS TH-
IUYHYIO IEIPECCUOHHYIO BOPOHKY.

ITociie pmocTmXeHHS MaKCHMAJIbHOI CKOPOCTH — BeTpa
TOPHAJIO0 HAYMHAET 3aTyXaTh, YBEJIMUMBasi CBOU pa3Mephl Jlas-
JIEHUE€ pacTeT, CpPeIHssI CKOPOCTh BeTpa YyObIBaeT, a TypOyJIeH-
THBIE BUXPH BBIPOXIAIOTCS, TAK UYTO HMX PasMEpPbl U CKOPOCTb
BpALICHUS YMEHbBIIAIOTCS.

C Typ6yIIeHTHLIMI/I BUXPSMU CBA3aHbI M IpPYyIrue qI)I/I3I/I—
YECKHUE SIBJICHMS, COIIPOBOXIAKOIMME CMEPYM. FeHepauHsI 3BYKa,
CJIBIIIUMOI'0 KaK INUIIEHUE, CBUCT MW/ I'POXOT, OOBIYHA ISt
ITOIo SIBJIEHUA IIPUPOIBL

CBuuere/id OTMEYAIoT, YTO B HEIIOCPEICTBEHHOM OJIM30CTH
OT cMepua cujla 3BYKa YJKAaCHA, HO NpU YHAICHUU OT CMepua
OBICTPO yOBIBa€T. ITO O3HAYAET, YTO B CMEpUYaX TYpOYJIE€HTHBIC
BUXPU F€HEPUPYIOT 3BYK BBICOKOM YACTOTHI, OBICTPO 3aTyXAIOIIHIA
C pacCcTosHHEM, T. K. KOI(P(HIMEHT IIOIJIOIIEHUS 3BYKOBBIX
BOJIH B BO3JyXe OOpaTHO NpOIOPIIMOHAJICH KBAIpaTy YaCTOTHI
U pacrer IpU €€ YBEJIMYEHHUU.

BriozHe BO3MOJKHO, 4YTO CHJIBHBIE 3BYKOBBIE BOJIHBI B
cMepue B TOM 4YHMCJI€ BBIXOISIT 3a YaCTOTHBIA IMAIla30H CJIBIIIN-
MocTH 4ejtopedeckoro yxa (ot 16 ro mo 16 kl'm), T. e. sIBISTIOTCS
YIBTPasBYKOM MM HWH(MPPA3SBYKOM — 3aKPUTHUYECKUMIL

CMequ TaKJK€ I'CHEpUPYIOT CHJIbHBIC 3JICKTPOMATrHHUTHBIC
noJjii | COIIPOBOXIAIOTCA MOJIHHUSIMH. H_[apOBI)Ie MOJIHUHU B
CME€pUax Ha6JIIO,HaJII/ICI) HEOIHOKPATHO.

JManuein maparpa ObUI HAIlMCAH II0 MaTepHajlaM CETH
HNurepHer — asrop Orarogapur JiMm4HO Cepred ApceHbeBa U
caint www.krugosvetru, X. Il Ilorocstra m cait astromet.narod.
ru, cairr www.kolomensky.com 3a BeJjuKosienHbl€ pOTOrpachuy,
canTel www.poigraem.net, Zahav.ru u gpyrue. Takxe Giarogapio
rioceruresiert OJIOroB M (POPYMOB, KOTOpBIE 3aJaBaJI BOIIPOCHI
O IIpUpOJE CMepYell U TOPHAIO U OIMCHIBAJIA KaK CBOM JIMY-
HbI€ OLLYLIEHUs, TAK U OLIYILICHHS CBOUX Jpy3eil
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§ 2. Moneas ¢popMHupoOBaHUs U NIOBeIeHUSI TOPHA/I0

Topramo m cmepunm HaOIONAIOTCS HE TOJIBKO Ha 3em-
me. Ha Mapce cujabHblE CMEpUM BO3SHUKHYTb HE MOIYT MS3-
3a paspeXEHHOCTH AaTMOC(EPBl M OYEHb HHM3KOIO IaBJICHUSL
HaoGopor, Ha Benepe BeposSTHOCTb BO3SHHUKHOBCHHS MOIIHBIX
TOPHAIO BEJIMKA, TaK KaK OHA HMMEET IUIOTHYIO aTMocdepy, OT-
KpeiTylo eme B 1761 M. B. JIOMOHOCOBBIM.

Ha 3emuste cMmepunm OOBIYHO HE BO3HHKAIOT B CEBEPHBIX
U BBICOKUX IOXKHBIX IIMPOTaX — OHU KOHUEHTPUPYIOTCS B
9KBATOPUAJIBHBIX M TPOINMYECKUX 30HAX, IJI€ MAKCHUMAaJIbHbI U
CKOPOCTh BpalleHusi 3e€MJIM BOKPYI CBOEH OCH, U MOIIHOCTbH
COJIHEUHOI'O HS3JIyYEHHs, IIOCTylalomas Ha 3emJlo.

B orinuuyme OT IPeIBUIYINEro BOIPOCA, KOTOPBIA aBTOP
JeTajIbHO U IOIPOOHO (HACKOJIBKO 3TO BOOOIIE OBUIO BO3MOJKHO
B TOHKOM KHHUIE) pacCMaTpHBaja BO BTOpO¥ riase u Ooiiee 20
JIET aKTUBHO H3ydYajla Ha JIETAJIbHOM (PAKTHYECKOM MaTepHalie
(apXUBHBIE JIaHHBIC, KOHTAKTBI CO CIEIHAJINCTAMU M, HAKOHEII,
B IocijieiHee Bpemsi — Osaromapsi padore CMM u rirobassHOM
ceru VlHTEepHeT), O TOpPHAIO y aBIOpa KadveCTBEHHO MEHbIIE
(PaKTHYECKOTO MaTepHasa.

Bo-nepsuix, B CCCP B onpenejeHHBIX Kpyrax u cgepax
IIeJIEBBIM 00pas3soM He COOMpasIuCch JaHHBIE O TOPHAIO M CMEpYax
M0 IpPUYMHE PEIKOCTH UX TposiBieHunt Ha teppuropuu CCCP.
bonee Toro — BCe HaHHBIE O CMEPYAX HOCUIU HCKIIIOUMTEIIb-
HO OTKPBITBI XapakTep.

Bo-roperx, g CCCP HuUKakue JIaHHBIE O TOPHAJIO H
cmepuax B CIA He cayXmM OOBEKTOM HH IIEJIEBOTO HAYYHOIO
00MEHA, HH BHEIIHErOCYJapCTBEHHOIO IIITHOHAXKA.

B Tperbux, mocae 1991 roga GOMBIIMHCTBO HAyYHBIX padoOT-
HHUKOB CO CTa)eM IIepecTajyl WHTEPecoBaTh BOIPOCH, CBSI-
3aHHBIE C HAYUYHOHM padoTO¥ (B CUIYy OOBEKTHBHBIX (PAKTOPOB).
Mx BooOme mnepecraja WHTEpECOBaTh KpeaTHUBHasi pabora
MOJIOIBIX W HAUMHAIOMIUX YYEHBIX, €CJU OHAa HE BIHMCHIBAJIACH
B IIpUIYMaHHLIE MMU CaAaMUMU paMKu (B CUJIy CYOBEKTHBHBIX
NpOSIBJICHUM, JIMYHBIX HAYYHBIX aMOMUMI M  TOTaJIbHOH
IMUTpAIINH 32 PYyOeXK). A aHOMAaJIbHBIEC SIBIICHHUSI HE YKJlaIbIBa-
JOTCS HU B KaKHM€ JKECTKME paMKU — B IIPUHIIUIIE.
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IlosTomMy aBTOp OyHET CTPOMTH TOJIBKO IIOJIOBUHY Ma-
TEMAaTUUYECKOW MOIEJH, IIOJIb3ysICh TEOpUEHd KaracTrpod u
(a30BbIX MEPEXOI0B, UCIIOJIB3Ys OHATUSI (PA3OBBIX TPACKTOPUII,
a TaKXe€ TEOpUIO OOOOIIEHHBIX (PYHKIUA U IIPOCTPAHCTB
CoGosnesa, paspaborannyio B 1932 rogy u BechbMa IOMYJISIPHYIO
B OUEHb Y3KOM KPYI'y IPUKJIAIHBIX MAaTEMaTUKOB, 3aHUMAIONINX-
csg TIpobiIeMaMH MaTeMaTHYECKON (PU3HUKU.

Teopuss CoboJIeBBIX HPOCTPAHCTB M OOOOIIEHHBIX (PYHK-
LU II03BOJISIET CTPOHUTH BEChbMa KOPPEKTHBIE MaTeMaTHYeCKUe
Moznes 6e3 IMOCTPOEHHUS CJIOKHBIX Pe3yIbTHPYIOIUX Hudge-
PEHUMAJIBHBIX WM WHTEIPAJIbHBIX YPaBHEHMIL

Hcnosabp3yercsi MpHHIHI NONMHOTE H OPTOTOHANBHOCTH
OeCKOHEYHOro Habopa (YHKIMA — COOCTBEHHBIX (PYHKITUMN
HEKOTOPOTO AU(P@PEPEHIINATBHOIO YpPaBHEHUST — W CPaBHEHHUE
CKOPOCTEM CXOIUMOCTH Pa3JIOKEHUN TI0 PA3SHBIM MHOKECTBAM
(PYHKIHUI 1T KOHKPETHOM (PYHKUUH, 4YaCTO IIPEACTABJICHHON
B BuJ€ HAOOpa IUCKPETHBIX BEJIWYUH (PE3yJIbTaTOB (PHU3MYEC-
KHX HM3MEPEHHI, ONBITOB U 3KCIEPHMEHTOB).

ABTOp BBIITUIIET BCE AIIIPOKCHUMAILIUHN 0€e3 3aIMCH IIOJTHBIX
nncpcpepeHuI/IaanHx ypaBHeHI/IFI, TaK KakK IJIsI 9TOro HE XBaTa€T
q)aKTI/I‘{eCKI/IX JaHHbIX — 4TOOBI CpaBHUTDH q)aSOBI)Ie TPAEKTOPHUIL
INPpUPOIHBIX peaﬂm?l 1 KOPPEKTHOCTH MATEMATUYECKON MOIEIN
B YaCTHBIX IIPOU3BOJIHBIX. y aBTOpa B JAHHBIT MOMEHT HET
CpI/ISI/IUIGCKI/IX JaHHBIX O TOYHOM BJIMSTHHUN HepeMeHHOfI BpEMEHU
Ha 4YaCTHIbI B q)aSOBI)IX TPAEKTOPUAX — €CThb TOJIBKO BHIEO.

Jliia moCTpoeHHsI MOHIEIH TOPHAIO aBTOP OyHeT MCIIOJIb-
30BaTh TOJIGKO JIMHEHHBIE IU(P@PEPEHIUAILHBIE YPaBHCHUS
BTOPOr0 MOPHJIKA B YACTHBIX ITPOM3BOAHBIX M HUJIMHIPUYECKUAX
KOOPIMHATAX, AHOMAJIbHBIE CIICLMAJIBHBIC (PYHKIUHU, KOTOPBIE
OBIJIO HE TPHHATO INHPOKO IIPUMEHSITh B MaTEMaTHYECKHX
MOIEJISIX, M OOBIKHOBEHHBIE IU(P(PepPEHIINAILHBIE YPaBHEHUS
MIEPBOrO MOPSJIKA.

ABTOp HE 6yneT paccMaTpuBaTh HEJIMHEVHBIE CUCTEMBI B
IpUHIOUIIE — BMECTO I9TOIrO 6yue’1‘ IIPOU3BEICH OHpeJ_[eJIeHHI)IfI
BI)I60p I_II/UII/IHI[pI/I‘IGCKOPI CHUCTEMBI KOOpIHHAT, KOTOpI)IPI I103-
BOJIUT U30ABUTHCS OT HEJIMHEMHOCTH.

OOBeKTOM u3yueHMsI OYIOyT BBICTyIIaTh (pasoOBHIC Tpa-
ektopun. (Da30oBble TPAGKTOPUH OKa3BIBAIOTCS OYEHb YHOO-
HBIMA MPU MOIEJIUPOBAHUU AHOMAJILHBIX Ipoueccos. Iloschio
IPOCTHIM ~ SI3BIKOM  [IJIsl  HECIIEIIMAJICTOB, YTO 9TO 3a IIOHS-
THE€ — CIEHUAJIMCTBI M TaK 3TO XOpOWIO 3HAIOT.
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Jlerar B uebe camoliersr, [F
OCTaBIISII 32 COOOW  TTOJIOCHI
Pa3HOLBETHOIO JIbIMA — OHHU
pucyior B HeOE Ty (pasoBYIO
TPAEKTOPHUIO, KOTOPYIO IIpo-
JIEeTEeJIM CaMOJIeThL

Kamuam [OBUXyTCS 1O
ITHY CYyXOro 03€pa M OCTABJISIOT
B IpSI3H CJI€IObl, KOTOpHIE 3a-
IIOMHUHAIOT HUX IIyTh — CJIEIBI B IJIMHE OYEPUYUBAIOT (PA30BbIC
TpaeKTOpI/II/I IBUJKEHUS KaMHEN (CM. HepByIO rjiaBy KHI/IFI/I).

YeJioBeK HIIET IIO TPOIIE, OCTABJIsASA CJIEAbL, KOTOPBIC IIO-
KaXxXyT (paSOByIO TPACKTOPHIO €r0 IBHMIKCHMUS. Onu He coaepxrar
HII CKOPOCTH IBHJKCHUSI, HH B€Ca Y€JIOBEKa, HO IJIsI KpHMHIHa-
JINCTOB 9TH CJIEABI CKaXXyT MHOIOE€ — IIOYTH BCE.

Tax m [Ig IPUKIAJIHOIO MaTeMaTHKa (a3oBas TPAEK-
TOpHSI YaCTO TOBOPHUT OOJbIIE, YeM caM (PU3UUYECKHI IIPOIECC
B PpeajlbHOM pEXHME BpeMeHM. MareMaTHKu TpaTsar Maccy
YCHUJIMI HMMEHHO Ha IIOCTPOEHME (PA3OBBIX TPAEKTOPUMH M HX
HnocJIeAyomee NIeTaJbHOE H3yYE€HHE.

MaremaTH4yeCcKHE€ MOHEIN (PU3UYECKUX IIPOLIECCOB CTPO-
ATCSI B YETBIPEXMEPHBIX KOOPIMHATAX — TPEX IIPOCTPAHCTBEH-
HBIX M OIHOH II0 BPEMEHH, IPUYEM BPEMsI HE MOJKET YOBIBATH.
Ecin cnenate IHpOEKUMIO PE3yJIbTUPYIOLIEH UETBIPEXMEPHOM
000OIIEHHOM (PYHKIIMM TPOCTPAHCTBA M BPEMEHU TOJILKO Ha
TPEXMEPHYIO IIPOCTPAHCTBEHHYIO CHUCTEMY, MBI U IIOJIy4MM dpa-
30BYIO TPA€KTOPHIO, KOTOpas HE 3aBUCUT OT BPEMEHM.

YpaBHEHUS], OIUCHIBAIOIIME (PA30BBIE TPACKTOPHH, HE
collepXar IEPEeMEHHYIO BPDEMEHH — BpEMsl MOJXKET BXOIUTh B
CHCTEMY TOJIBKO KakK IIapaMerp, a He Kak IepeMenHas. lloaro-
My HMCKJIIOYE€HUE BPEMEHH KaK IT€PEMEHHOI ITO3BOJISIET CTPOHTH
MaTEeMaTHYECKYIO MOIe/b IIOBEIeHUs (pa3soBOM TPAeKTOPUM, a
BpeMsl pacCcMaTpHBaTh HMCKIIIOUUTEIBHO B KayecTBE ITapaMeTpa.
Takum oOpa3oM, MBI H30aBIIEMCS OT OIHOHM II€PEMEHHOM
BPEMEHHM M BCEX HEYIOOCTB, CBA3aHHBIX CO BPEMEHEM KakK C
TIEPEMEHHON BEJIMYMHOM.

MonenupoBaHuio OyayT IIOOBEPraThCsl (pasoBbIC TPAEK-
TOPUY JIBVDKEHUSI YACTHUI[ U OOBEKTOB, 3aXBAUEHHBIX TOPHAIO B
30HE€ BOPOHKOOOpa3sHOM yIapHOHM BOJIHBEL IO BpeMeHH MOJeib
HOCUT AHCKPETHBIH XapaKTep — TeM 0ojiee, UTO HCCieIoBare-

JIx CErOodHsI pacliojiaraxor MMEHHO JUCKPETHBIMH JaHHbIMI.
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CMepY (TOPHAZAO) — aTMOC(EPHBIN BUXPb, BOSHUKAIOIINI
B IPO30BOM OOJIAKE U PACIPOCTPAHSIOIIMIICS BHH3, 4YacTO IO
caMoil TIOBEPXHOCTH 3eMil B BHIE TEMHOrO OOJIAYHOIO pyKa-
Ba MM X000Ta TUAMETPOM B IECSITKM M COTHH MeTpos. Cyme-
CTBYET HEJOJIro, MEepeMeniasch BMECTE C OOIAKOM.

BozaHble CMEPYH — 3TO BpAIIAIONINECS CTOJIOBI TOTHIMA-
JOIIETOCST BIa’KHOTO BO3[yXa, KOTOPhIE OOBIYHO OOpasyioTcsl Hall
teruron Bounoi. OHM MOryT OBITH TaK K€ OIIACHBI, KaK TOPHAIIO,
CKOpPOCTh B€Tpa B HUX MoOXer npesbmuarh 200 KUIOMETPOB B
yac. YacTo BOISIHBIE CMEPYH HE CBSI3aHBI C IpO3aMU U BO3HH-
KaloT IaXe€ IIpU CPaBHUTEJIBHO XOPOLIEH IIOroIe.

B I_[eHTpaIIIxHOfI qacTu CMep‘Ia JaBJICHUE BOSHyXa IIOHUKEHO.
Buemne cmepd IIpeICcTaBiISIeTCsi OINYCKAIOIIMMCS BEPIIMHOM K
3eMJle KOHYCOOOpasHBIM OOJIauHBIM CTOJIOOM miu xoborom. Or
IIOBEPXHOCTH 3€MJIN K HeMy JaCTO IIOOTHHMAETCSA BepIHI/IHOfI

BBEPX [PYro¥ CTOJIO — W3 IBUIA, MyCOpa WM BOISIHBIX OpBIST.
Jlmamerp cromba — HECKOJIBKO [ECATKOB MeTpoB. J[Brkenme
BO3][yXa M BOBJIEKAEMBIX B HEIrO IPEIMETOB — KPYTIOBOE, CO

ckopocteio 10 100 xM/4, a mHOrma u Gosmiue. Bosuyx B cmepue
YBJICKAETCSI BBEPX IO CIHMPAJIH, ITOTHHUMAsSI ¢ cOOOM BONY, IBLIb
U Jaxxe paSJII/I‘IHI)Ie Hpel]MeTbI Ha OFpOMHyIO BI)ICOTy.

IIpu IBUJKEHHMH HAJl MECTHOCTBIO CO CKOPOCTBIO HECKOJIBKO
JECSATKOB KHJIOMETPOB B 4YacC CMEpY IPOM3BOIMT paspyLICHUs,
BBI3BIBAEMBIE HE TOJIbKO OIPOMHON CKOPOCTBIO BO3JyXa BHYTPU
CaMOro BHUXPSl, HO M MI'HOBEHHBIM CKa4yKOM aTMOC(EPHOIO
JaBJICHUS, KOTOPOE€ 3a CUMTAHHBLIE CEKYHIbl MOJET YIIACTh H
CHOBA MOJHSATLCS HA HECKOJIBKO JIECATKOB TreKromackaliei. Jloma
B3PBIBAIOTCSI B MOMEHT IIPOXOXKIICHHUSI HaJ HUMM CMepua.

IIpu mocrpoenuu Ma-
TEMATHYECKON MOIEJIH CyLIe-
CTBEHHYIO pOJIb HWIPAeT Ipa-
BIUIBHBIII BBHIOOP CHCTEMBI KO-
OpIMHAT M €€ OpHMEHTAlluUu B
IPOCTPaHCTBE.

Eciii UCKIIIOYUTH [IEVCT-
BUE oIleparopa wusrunba Ha
CcTOJI0 TOpPHANO, TO IBYMEpHAsI
IPOEKIIUsI cMepya Om3Ka K
NpUBEIEHHBIM Ha MJUIIOCTpa-
muu (pyskuuaM Hermana.

Bosayx Bpamaercs 10
CIIUPAJIH, TIOTHUMASICh BBEPX.
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B 1ByMEpHOI IIPOEKUMH 9TO C BBICOKOM CTEIIEHBIO
TOYHOCTH HAIIOMUHAET aOpHCHl IFUIMHIPUYECKON (PYHKIIIH
Herimana, K KoTopo# N00aBJ€H OIEpaToOp BpaIlCHUS BOKPYT
LIEHTpa HUYEM HE HM30IHYTOrO TOPHAJIO.

ITO IO3BOJISIET CHEJIATh IPEANOJIOKEHHE O TOM, 4YTO
CMEpYHM MOT'YT OBITH C BBICOKON CTEMEHBIO TOUHOCTH U peaju3Ma
CMOIEJIMPOBAHbl €  HCIIOJIb30BAHUEM HMEHHO CIIELIMAJIbHBIX
¢Pyskumi HefimaHa Kak OCHOBHOIO 3JIEMEHTA PA3JIOKEHHUSL.

To, uTo BHYTpU TOPHAIO HAXOIUTCSI BUXPEBAsl IByMEpPHAsI
yaapHasi BOJHA (ITIOBEPXHOCTB), IIOATBEPKIAET AHOMAIIBHBIM
XapaKkTep TOBEICHUSI TOPHAIO — CKAYKW [ABJICHMS, XapaKTep
paspyLICHUI, JIOKAJU30BAHHBIA XapakTep. O9Ta IIOBEPXHOCTh
HOCHUT XapaKTep BHXPSL

YBuners abpHCH yIapHOM BOJHBI BHYTPU TOPHAIO MOJKHO
B TOT MOMEHT, KOIJa CTOJO TOPHAIO C YIApHOM BOJIHOM
KOCHETCSI IIOBEPXHOCTH 3€MJIM M HAYHET €€ BbICBEPJIMBATH, HAIIO-
MUHAas THTaHTCKHI ajMasHbli Oyp. 1leie m npyrue oOBEKTHI
HAUMHAIOT IIOJHUMATBCSI II0 CHHpPAJIbHBIM TPAEKTOPUSAM BBEPX
1 TaKuM 00pas3soM HenaioT BUIUMBIM HETIOCPEICTBEHHBIN abpuc
MOBEPXHOCTU YIAPHON BOJIHBL

ITokanpoBelii aHaJIM3 BUIEO3AIMCENH, HAa KOTOPBIX TOp-
HAJIO BBINIOJIHSET MOJIHBIA IIOABEM BHIMMBIX IPEIMETOB, MO3BO-
JS€T CyIMThb O Xapakrepe (pasoBbIX TPACKTOPUM IBUKEHMS
yacTHI] BOJIM3HM BHXpEBOW ymapHO# BonHbL llociemoBareasHO
BBIIIOJIHEHHBIE  KAUECTBEHHBIE (POTOrpapuu  CMEpYEl  TaKXkKe
IOMOI'alOT IIOHATh I'€OMETPHIO (PA3OBBIX TPACKTOPUM, KOTOPBIE
OMNCHIBAIOT IIPEIMETHl BHYTPU CTOJI0a TOPHAJIO.

Cmepu, HanoMmHAIOMK XO00OT, Bemer ceds, Kak pac-
TSOKMMasi ¥ JIepOpMHpPYEMasi pPEe3sHHOBasi MeMOpaHa-BOPOHKA.
Ecim moroku Bo3iyxa paclpelesieHbl HEPaBHOMEPHO IIO BBICOTE,
a CMepY [IOCTATOYHO T'MOKHII M TOHKUIT, OH MOJXET H3rH0aThCs
caMbIM IIPHYYUIMBBIM 00pasoM IIOJI IEVICTBHEM BeTpa.

I Toro, uTOOHI IEPOPMUPOBATE OOBEMHBIN CMEPY, IPOC-
TOrO JYHOBEHHUSI BETPA MOJKET OKa3aThCS HEIOCTATOYHBIM.

To ectp yem TOHBIIE XOOOT CMepya, TeM OOJIbIIE OH IIOM-
BEPKEH BJIMSIHUIO BHEHNTHUX TMOTOKOB BO3IyXa B CHUJIY OOJBIIEH
ruokoctu. Ero mapycHocTs 3aBUCHT OT IUIOIIQJM aTakkd U
MOIIHOCTA BETPOBOI'O BO3IEHCTBUSIL

Ynapnast BoJHa B TOpHAIO HE IOIYMHSIETCS] KJIACCHYECKUM
BOJIHOBBEIM 3aKOHaM, a BeIeT ceOsl Kak ympyrasl SHepreTudecKast
MeMOpaHa Hamogobme Xo00oTa WM KOHycCa. 151



HepaBHoMepHOe paclipesiejieHue CKOpocTH Berpa (pas-
JuYHasi IINIOTHOCTb BETPOBBIX IIOTOKOB Ha paSHOfI BBICOTE Ha
€IMHUIY IUIOLIAJM) IIOIBEPraeT TOPHAIO JEWCTBHIO OIeparopa
n3ruda. Yem Oosblie TuamMeTp TOPHAJO U YEM OH MOIIHEE, TeM
cusbHee Tpebyercsi BeTpoBasi Harpyska [UIsl ero msruba.

C Toukm 3peHMsI IEHCTBUS omeparopa usruda, CcToJIo
TOpHAIO IOJUKEH PacCMaTpUBATLCS KaK IUIACTHYHASI Pe3HHOBAs
UM JlaTeKCcHasg MeMOpaHa B opMe X000Ta, 3aIloJIHEHHAs!
BHYTPH JKHIKUM BEIIECTBOM M YTSUKEJIEHHasi Ha KOHIE (yTsKe-
JIeHHE MOJIEJIMPYET TPEHUE O IIOBEPXHOCTH).

OOBEKT UMEET (PUSUUECKYIO TOIIMHY U IIPUMEPHO PAaBHYIO
TUIOTHOCTH BEIIECTBa BHYTpHM xo00oTta. Ilpm msMenenuu odwmema
JKHJIKOCTh JIOJDKHA CBOOOIHO TOCTYNAaTh BHYTPb JIATEKCHOTO
X000Ta 1 CBOOOIHO BBITEKATh HAPYXKY — HaIIpUMeEP, IO TPyOKaMm.
Hajee mouesab CTaHIAPTHO HCCJIEIYETCS B a3pPOHMHAMMYECKOM
TpyOE C pasIesIeHHEeM ITOTOKOB BETpa IIO T'OPH30HTAJIH.

MaTremaTuueCKuin omeparop u3ruda HakJIaIbBaeICs Ha
PE3YyABTHPYIONIYIO MOIEIb TOPHAIO TOJIBKO IIOC/E ITOCTPOEHUSI
€ro HEW30THYTOW MOOEIH, KOTOpasi IIBUKETCS TIIPSIMOJINHEN-
HO — BJOJIb HEKOTOPOM TI'UIIOTETUYECKOM IIPSIMOIL.

B paspHeimieM MbI  OyaeM HrHOPHUPOBATH  OIEpPATOP
nsruba M IIperoyiararb, 4Yro CToji® TopHAIO poBHbLL Onepa-
TOp HM3ruda SIBJISeTCS IOCTATOYHO M3YYECHHBIM MaTeMaTHYECKIM
O0OBEKTOM B TIPUKJIAIHBIX MOJIEISIX H HCCIEIOBAHUSX, €ro
MOJKHO YCIIEIIHO MOJIEJIMPOBAaTh KaK Ha KOMIIBIOTEpE, TaK U B
(PU3HYECKUX IKCIEPUMEHTaX M OIbITaX Hake JIOMa.

TopHago OCYIIECTBISIET CBOE€ IBIUKEHHE B TIJI00AIBHOM
OKPYKE€HUU II0 3aKOHY COXpPAaHEHUS 3SHEPruu — OT obnacrei
C TIOBBIIEHHBIM AaTMOC(PEPHBIM [ABJIEHHEM K O0JACTSIM C
IIOHIKEHHBLIM J1aBJICHHEM.

TopHamo HBUTaercst BIOJb TIPaJIUEHTOB K u300apaM B
CTOpPOHY o0iacTefi C IIOHFMJKEHHBIM IaBjieHueM. l3obaper —
JUHAY, 00O3HAYAIOIIME JHMHUM C OIMHAKOBBIM JIABJICHUEM.

Tpaekropusi HBHKEHHMSI TOPHAIO JOJUKHA OBITH TeEp-
NEHIUKYJISSPHA TIEPEeCEKaeMOl UM H300ape CIpPOro B TOYKE
€€ IIepeceyeHrss — U HMMEHHO CTPOrO B KOHKDETHBIH MOMEHT
BpemeHu. DYyHKIUS I'paJueHTa U300apsl JaeT caMblil KOPOTKHIE
IIyThb OT OOJIACTH BBICOKOIO K O0OJIACTH HH3KOro JaBiieHHs (C
TOYKM 3PEHUSI 3aTpaT SHEPrUd CHCTEMbI Ha BUKCHHE).

910 ObecreunBaeT 3aKOH BO3PACTaHUS SHTPOITHML
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I/I3o6apm B HOpMaII])HI)IX aTMOCCpeprIX Hpoueccax
FﬂO6aIII)HOFO XapaKTepa — TJIagKue KpI/IBI)Ie, HNMCECIOIIIME HEII-
pepI)IBHI)Ie HepBI)Ie HpOI/ISBO)_IHI)Ie, KOTOpI)Ie JII/I6O HE HepeceKa—
I0TCs, MO0 COBHANAIOT.

IIportecc TOCTPOEHMSI BO3MOJKHBIX (PA30BBIX TPAEKTOPUIA
IOBUJKEHHSI TOPHAIO MOJXKET HOCHUTh JIHCKDETHBIA  Xapak-
TEp — PpacueT BeIeTcs OT M300apel K HM300ape — Hamonooue
Moneim aBrokeHust KamHenn B Jlomuae Cmepru B CIIIA (mepsas
rjlaBa HACTOSIIEN KHUIH).

HauaIlbHbIIl MMITYJIEC JIBUJKEHUS TOPHAIO — €r0 CKOPOCTh
U HallpaBJIEHHE — 3aJla€TCsl MECTOM, B KOTOPOM TOPHAIIO0 Hayvall
(POpPMHpPOBATECS, H300apaMyd M (POPMUPYEMBIM IaBJIEHHEM B
KOHKPETHOM IIPOCTPAHCTBEHHO-BPEMEHHOM TOUYKE.

IlosToMy B manpHeMIIeM MblI OyoeM paccMaTpHUBaTh IIpO-
LIECC JBMJKEHMSI TOPHAIO, KOTOPBIA SIBJISIETCSI IPSIMOJIMHEMHBIM,
a caM cTon0 TOpHAOO — HEU3OTHYTHIM.

DaszoBasi TPAEKTOPUsI [BIMJKEHUSI TOPHAIO MPOMIET II0
rpaaueHTaM K mu3obapaM — OT 0OJlacTH BBICOKOIO K oOJacTu
HM3KOrO JIaBJI€HUS U S3aBUCUT HCKIIOYMUTEJIBHO OT BHEIIHUX
¢akTopoB. B MarTemaTmuyeckoim Monens ¢as3oBasi TPAEKTOPHS
JOJKHA OBITh TIPHUBEIEHA K IPSMOI JIMHUU METOIOM 3aMEHBI
TIepeMEHHBIX. byIer mcrosb3oBaThes CHCTEMa KOOPIHMHAT, KOTO-
pasi OBMJKETCSI BMECTE€ C IIEHTPOM TOpHAIO, ¥ HaIlpaBJIeHUe
OCH KOTOPOW COBIIQJIA€T C KacaTeJbHOM K (Pa3sOBOA TPAECKTO-
pUA — TO €CTh TPAaIMEHTOM K IlepecekaeMoin msobape. 153



Takum 00pa3oM, BeTep KaK TAaKOBOM BIIUSIET TOJIBKO Ha
nsTud U medpopManuio pOpMBI X000Ta WA CTOI0A TOPHAIO IIpHU
YCJIOBUH, YTO €r0 BETPOBOI HATPY3KH IUIS 3TOrO JOCTATOYHO.
Berep sBiisiercst JIOKQJIBHBIM (PAKTOPOM.

I'obasibHast KapTHHA PACIOJIOKEHUsl u300ap, oblacrei
BBICOKOI'O 1 HU3KOI'O aTMOCCpepHOFO HJaBJIEHUSI B MOMEHT IIpOXOJa
TOPHAOO IIOKaXET PA30BYI0 TPACKTOPHIO JBUJKEHHUSI TOpHa-
A0 0 TEX IIOp, IIOKa OH HE pacrnagercs. MeTeOpOHOFI/I‘IeCKaH
KapTa SIBJISIETCS TJIO0AJBHBIM (PaKTOPOM.

IlockonpKy riobabHasT METEOPOJIOTHMYEcKass KapThHA Ha
OOJIBIION TEPPUTOPUH CYIIECTBEHHO HE MEHSIETCS B TEUEHUE
BPEMEHH JKUSHHU TOPHAIO, METEOPOJIOTUYECKUE TaHHbBIE JIJISI TOP-
HAJI0 MOXHO CUYHTATh HEM3MEHHBIMH. IJTO IIO3BOJIUT OIIEHUTH
(a30BYIO TPAEKTOPHIO JIBMJKEHUS TOPHAIO U €€ BEPOSITHOCTH
OpH TOMOINM MPOCTBIX YHCJIEHHBIX METOIOB TOJIbKO Ha OCHOBE
CTaTUCTUYECCKON METEOPOJIOTUYECKON KapThl.
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Teopust 0GOOIIEHHBIX (PYHKIIUNA M PSI HPOTPECCHBHBIX
TeopeTHuecKux 0000mmenuit KoHma XIX — XX Beka yTBepKaaioT,
YTO MOJKHO TIOCTPOUTH TPHOIMIKCHHYIO MaTEMaTHYECKYIO
MOIEIh CHUCTEMBI TOIBKO II0 HAOOPY IMCKPETHBIX HaHHBIX U
BBHIODAHHOI CHCTEME IIOTHBIX OPTOTOHAJBHBIX (PYHKITHIL

IIpobnema BbIOOpa CHCTEMBI (PYHKIIHMI SIBJISIETCSI OIHOM
u3 Haubosiee CJIOXHBIX. Ecim mosemeHne (PYHKIUNA TaHHON
CHCTEMBI 3HAUUTEILHO OTKJIOHSIETCSI OT ITOBEIECHMSI (PU3HMYECKOMN
MOJIEJIM, CXOOUMOCTh MATEMATHYECKOHM MOJIEIU C  HCIOJIb-
30BaHMEM YHCJIEHHBIX METOIOB OyIeT OuYeHb IUIOXOH — BILIOTH
IO NPaKTHYECKOHM HEBO3MOKHOCTH HMX HCIIOJIb30BAHUSL
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XOoTd 4YMCTO TEOPETHYECKU HAHHBLIE (PYHKIIUU OOeCIeun-
BaOT CXOOUMOCTb MOZIEJIH, €€ IIPAKTHYECKHE XapaKTEePpHUCTHUKH
OKa3BIBAIOTCS KpaiiHe HEeYIOBJIETBOPHUTEILHBIMIU.

Ecsm ke  yHKOUM, II0 KOTOPbIM  HPOHU3BOIMTCS
pasjoxeHue, BemyT ceOsl JOCTATOYHO XOPOIIO U IIOXOXE Ha
TO, YTO IIPOMCXOIMUT B PpEajbHOCTH, NPH 3TOM 00pasyst IIOJI-
HYIO OpPTOIOHAJIBHYIO CHCTEMY Ha 3aJaHHOM KOHEUHOM WJIU
OECKOHEYHOM MHTEPBAJIE — BO3MOJKHO, C HEKOTOPBIM BECOM — HX
MpaKTHYECKOE MCIOJIb30BaHHE OyaeT oOeceunBaTh XOPOIIYIO
WIA TOYTH HIEAJIbHYIO CXOIUMOCTb MATEMATHYECKOHM MOIE U
IpY OYEHb MAJIOM 4YHCJIE YIEHOB psja pasjIoXeHus. A 39T0
3HAYMT, YTO IIPUMEHEHHME YMCIEHHBIX METOIOB M KOMIIbIOTEPHBIX
BBIUMCJIEHUII CTaHOBUTCS PeaJIbHBIM.

PaccMoTpuM (pa3sOBYIO TPAEKTOPHIO IBHIKEHUS BHIUMOIO
MaTepHAIBHOIO OOBEKTa B CTOJIOE TOPHAIO — OOBEKT ITOIHU-
Maercsi C 3eMJIM, BCE BpEMsI ONMCHIBASI PACXOISIIHECS KPYIHL
ObpaTM BHUMaHHE Ha (POPMY HEH3OTHYTOrO TOPHAIO Ha
gororpapusix. Ecom  paccmMaTpuBaTh  (pasoOBYIO TPAEKTOPHIO
IBUKEHUSI BUIUMOIO OOBEKTa B IIBYMEPHONM IIPOEKIIUH, TO
OHAa HAIOMMHAET IMJIMHIpUYecKue @yHKiun Heivana B
HOBepHyTOﬁ CHucremMe KOOpHI/IHaT, HpI/I‘IeM JABHIJKECHHE o0BeKTa
OCYLIECTBIISICTCSI B CTOPOHY HYJISI CHCTEMBI KOOPIMHAT.

Kpyrosoe jaBHKEHHE U IUPKYJSIIMU OIUCHIBAIOTCS TPU-
TOHOMETPHYECKAMHU (PYHKIMSIMYE, KOTOpBIE TaKXke 00pasyior
MOJIHYIO OPTOrOHAJIBHYIO CHCTEMY (PYHKIUH Ha oTpeske. M-
MOJIb3YIOTCH HUMJIMHIPUYECKHE KOOPIMHATEHL
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Bryrpu cronba TopHamo obpasyercst
007aCTh TIOHMJKEHHOTO JaBJICHHUS, Orpa-
HUYEHHOM OT BHEIIHEN Cpeabl ITOBEPXHOC- . -
THIO BUXPEBOM YyHapHOM BOJIHBL

YacTunsl  BO3lyXa  MOTHHAMAIOTCS
BBEpPX HE TaK OBICTPO, KAK 3TO IPOUCXOIUT
BO BHEIIHEN OKPECTHOCTH, OIIVCBHIBASI TIPH
9TOM BMXpEBbIE IUPKyJsiuu. JlanHble mup-
KYJISIIAA MOTYT OBITh TPEICTABJICHBI Yepes
¢pyskuun becceis.

HaunGompInyio  CII0KHOCTB — ITpecTa-
BJISIET 3ajJavya IapaMeTpU3alliid  CaMOI
KOH(PUTypaIluyi  X000Ta yIApHOH BOJIHBL
Beenem B paccMOTpeHHE (PYHKLHMIO MaKCH-
MyMOB, KoTopasi 00O3Ha4YaeTcs:

Nm(x)= maxN,(x)

IIpx HEKOTOPOM 3HAY€CHUN 1%

Orpann-

Ona 1OKaseIBA€T 3HAYECHHE MAaKCH- HCHHBIC

~ B HYJIE

MyMa, KOTOPBIA JIOCTHXHM B TOYKE X IS q)yﬂmfm

HeKoTOpoil (pynkumu HeriMmana mapamerpa beccens,

V. D10 BO3MOXHO IIOTOMY, UTO (PYHKILHU TIOBEPHY-
o (]

Herimana MOryr paccMaTpUBATBCS — KakK e ma

JAEBSIHOCTO

HEINPEPHLIBHBIE (PYHKLMH CBOUX IaPaMETPOB, rpaiycos

a TakXke Omaromapsi TOMYy, UTO MEXIY
OByMsl MakcuMymMamMu (uam  Hymasmu) (ysHkmun - Hefimana
HEKOTOPOTO MapaMeTpa JIEKHUT MAKCUMYM (MU HYJb) (PYHKIIHTH
rnapaMerTpa, OTJIMYAIOIIErocss Ha EIUHHILY.

AHaJIOrUYHO BEOyT cebst q)yHKI_II/II/I BeCCEJISI, IIO9TOMY
MOJKHO BBECTH CJIEAYIOLIYIO prHKI_II/IIOZ

Jm( X ) = max Jv( X ) Mpyu HEKOTOpPOM 3HaueHuHu V

Omna nokassIBa€T 3SHAUCHNE MaKCUMYMa, KOTOPBIF TOCTHXIM
B TOuke X IS HEKOTOpoi yHKuum beccenst mapamerpa V.

BBejieHHBIC (PYHKIIMH CYIIECTBYIOT M BEIyT ceDsi Kak Mo-
HOTOHHBbIE QyHKOuUHA. Dynkoum beccenss m Heimana asis-
JOTCSI O0OOIIEHNEM TPUTOHOMETPHUYECKUX (PYHKIIUN B IFUIHHIPE
Ha OOImUI CiIydyail HMOYIOUX C 3aTyXaHWeM (PU3HYECKUX IIpo-
11eccoB (YaCTO B HEOTPAHMYECHHBIX WM OOJBIINX OOJIACTSIX).
ITH (PYHKLHMH OOpPHCOBBIBAIOT IIOBEPXHOCTH LIMPKYJISILIMIL
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3aMBIKaOmuecs: IMpONecCH  (HalpuMep, BOJHOBHIE B
IMUITMHIAPE) ONMCHIBAIOTCS TIPH  TIOMOIIM  (pyHKIM beccens
u Helimana uebIX HMHIIEKCOB, TaK KaK B CJIy4ae HELEeJIbIX
WHJIEKCOB (PYHKIUM HE MOIEJIUPYIOT 3aMKHYTBIE IIPOLIEC-
Cbl — M 3TO MMEHHO TO, YTO HaM HYXHO. Mbl Mojpejmpyem
(pas’oBbIE TPAEKTOPUM (PYHKIUSAMHU, B KOTOPBIX ITPUCYTCTBYET
HETIPEPHIBHO H3MEHSIOIIEECs 3HaveHue mapamerpa V.

Paccmorpum mnoBefieHuE NPAKTHYECKH HE HMEIOIIUX Beca
MOJIEKYJI BO3JyXa M IIbLUIM, KOTOPBIE BOBJIEKAIOTCS B KPYTOBOPOT
BpallleHUs] ¥ OOPHCOBHIBAIOT ITOBEPXHOCTH YIAPHOI BOJIHEL

CoBepmB TOJTHBIFI OOOPOT BOKPYT IIEHTPAa TOPHAIO M
MTOIHSIBIIMCH BBEPX, MOJEJIbL IIEpeXomuT c mHapamerpa V Ha
napamerp V—1. Ilpu stom pammyc mocreneHHO BO3pacTaer.

Y aBropa HET NPaKTHYECKHX IaHHBIX, YTOOBI ClEJaTh
YBEPEHHOE IPENIIOIOKEHHUE O TOM, 4YTO IIOJIHBIE OOOPOTHI
HEBECOMBIX YACTHUII BO3JyXa U ILUIM B 30HE€ BUXPEBOU yIApHOM
BOJIHBI COBEPIIAIOTCSI 332 PABHBIE BPEMEHHBLIC HMHTEPBAJILI — HO
aBTOP BBUIBMIAET TUIIOTE3y, 4YTO M BO3JI€ 3€MJIM, WU BO3JIE
00JIaKOB HEBECOMBIE YACTHIILI 00OPAUYMBAIOTCS BOKPYT IIEHTpa
TOpPHAJO0 32 PaBHBLIE IIPOMEXYTKH BPEMEHU.

Ecau ke OOBEKT HMMEET CYIIECTBEHHYIO MacCy WM OH
HECKOJIbKO yIaJleH Ha HEKOTOPO€ PAaCCTOSHHE OT IOBEPXHOCTH
BUXPEBOY YIAPHOI BOJIHBI, HA HETO OYIyT OKasblBaTh BIIMSHUE
U Bec, U TOpMOXKeHue o0 Bosayx. Iloaromy ckopocTs BpameHus
00BEKTa OyIET ITOCTENIEHHO 3aMeIIsIThCS, a BpPEMsl COBEPLICHUSI
IOJIHOTO 00OpOTa — YBEJIMUYMBATECS II0 MEpE IOIbeMa.

Ecnu 651 9acTHUITBI TOPHAIO IBUTANNCH BIOJb ITOBEPXHOCTH
MPOCTEHIIETO KPYTOBOIO LMJIMHAPA (KPYyroBOro KOHyca O€cKo-
HEYHOH BBICOTHI), UX (PA30BYIO TPAEKTOPHIO MOXHO OBLIO OBI
3aJaTh IIApaMETPUUYECKUM YPaBHEHUEM:

X = rgcosQ

Y = FysinQ

z=h o/2n

rae ¥y — paguyc UMIMHOpA U h — secora.

B mumnapuuyeckux KOOpAMHATAX 3TO IIapaMeTpPUUYecKoe
YPaBHEHUE BBIJISAIUT €IIe IIPOILLE:

¥ = ry = const npu BceX 3HavYeHHUAX yria O

z=h o/2n
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Ecnn Obl yacTUIILL TOPHAIO [IBUTAJIMCH BJI0OJIb IIOBEPXHOCTU
IPOCTEUIIETO KPYroBOrO KOHYyCa (KaK 9TO HWHOIA PHUCYIOT B
T'OJUINBY ICKHUX q.)I/IIILMaX), X (Pas3soBYIO TPACKTOPHUIO MOXXHO
ObLIO OBI 3a1aTh MMapaMeTpUIeCKUM YpPaBHEHHUEM:

X = (rgtao) coso
y = (rytag)sing
z=h ¢/2n

rue ¥y — HavYalbHBIA PaaAyC | h — seicora.

B IMINHAPUYCCKUX KOOpAMHaATax 39TO HNapaMETPHYIECCKOE
YpaBHCHUEC BbIIVISIUT €IIC IIPOIIE:

r = r0+a(p — pajuyc npu 3HaYeHHUSX yriia @
z=ho/2n — BBICOTA IIpH oOopore Ha (@

B mamem ciyvyae CIOXHYIO (PUTYPY BpamieHus: (Xo0oT,
cTOJI0 TOPHANO) (POPMUPYET KOHTHHYYM MAaKCHMYMOB (PYHKITUM
Henvana Nm( X) C HENpPEPBHIBHO MEHSIOLMMHUCS apaMeTpaMu
VY u nepeMeHHOI X, KOTOPHIE BPAINAIOTCSI BOKPYT II€HTPAJILHOM
OoCM TOpHAIO0 — B IMJIMHIPUYECKUX KoopauHartaX. IIpuuem
KaXIOW TOYKe X COOTBETCTBYET €IWHCTBEHHBINI MapameTrp V.

Mg OynemM CTpOMTH TaKylO TUCKPETHYIO MOJIEIb, KOTOPYIO
MOJKHO HETIOCPEICTBEHHO WCIIOJIb30BATh JUISI KOMIBIOTEPHBIX
BBIUMCJICHUA. PasobbeM OIWH IIOJIHBINT O0DOPOT Ha 2m, KOTOPBIN
COBEpIIAaeT YacTUIla BO3JyXa WJIA TBHUIA BIOJIb YIapPHON BOJIHBI,
Ha K paBHBIX IUCKPETHBIX YaCTEWM — CEKTOPOB.

AQ = 21/ n — paamyc cekTopa.

ITonuet 06opor Ha 2T vacTMIa Ha IBUIM WUIM BO3IyXa
COBEPLIUT MEXJy Makcumymamu yskoun Heiimana mnapa-
merpos ¥V u coorsercrsenno V—1. Omm pocruraiorcss B HH-
TepBalie TEPEMEHHON MeXIy Xg u Xy, npuuem X3 > Xj.

ry = Nm( X ) — IIpu 3HAYEHUM HHIeKca V

r, = Nm( X1 ) — npu 3Havennu wungekca V—I

MexX/Iy 9TUMH IBYMSI 3HAUEHHSIMU MOJXXHO 3aIlHCATh:
z=Xx9g—k(xg—x,)/n — npu K wreparmm,
r=Nm(xy—k(xy—x,)/n)

= kao = 2nk /
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Kaxapin moaHbIin (Ja30BbIN 060p0T JIOJIKEH OITNUCHIBATHCS
paSJII/I‘IHI)IM KOJINYECTBOM I/ITepaHI/IfI. qu 6III/I)KC K HyJIIO "
Haqany KOOpHI/IHaT, YeM MCHbBIIC 3HAYCHHUAI HHJICKCaAa prHKHI/II;I
Herimana, tem Gosbiie uyucio M JOJDKHO OBITH BHIOPAHO U TEM
OoJIplIee KOJIMYECTBO YHCIEHHBIX PAaCY€TOB IPOU3BOIUTHCS IS
KaXJIOro OTIEJILHOIO BHUTKA.

Eciiu mpl mipomsBoguM pacuersl ¢ marom AX , torga
n= (xXg—xp)/Ax — C OKpYIJIEHHEM JIO IIEJIOrO.

UeM pajpllle OT HavaJla KOOPIMHAT, TEM JIydlle IIpU-
BEJIICHHASI YHCJIOBasi MOIEJb OYIeT OIMChIBATh IIOBEPXHOCTH
BUXPEBOI yuapHoil BojHbL. Hawmxymmme mokasaremm OyayT Ha-
Oimomarbcst BOJIM3KM Havaja KoopauHaT. B Oiumkaimmei oxpec-
THOCTH HYJISI BBIYHICJIEHHS HE IIPOHM3BOISTCS BOOOILE.

Mbl mMeeM aCHMITOTUYECKOE IIOBEJIEHIE PYHKIUHI Heixr-
MaHa Py OIHOBPEMEHHOM POCTE W 3HAYCHUN IICPEMEHHOM, U
3HAUYEHUI IIapaMeTpa.

Takue ciyyad aCUMITOTHKH HauOOJI€e IIOIPOOHO HC-
ClIeIoBAJIMCh TOJILKO Barconom. OH  KilacCU(PUIIMPOBAJI TaKOH
TIpeJelIbHBIN CIyyall KaK OJUH M3 HanboJee CJIOKHBIX C TOUKH
3peHHsl MATEMATUKHM, ¥ TaK OIMH M3 CaMBIX PEIKO BCTpe-
YAEMBIX CJIyYa€B B MATEMaTHYECKUX MOIEJIsIX.

HaHpI/IMep, TAKON CjIyuyall OIIMCHIBA€T IIPOCTPAHCTBEH-
HbI€ BpalIEeHUS 0ECKOHEeYHO-IJTHHHOI'O YIIPyroro XJIbICTa,
BBIBCJICHHOI'O M3 paBHOBECHUsSI B obylactu PYKOSITKU. ITonoGHBEIM
O6paSOM BEAYT cebs u (Ja30BbIC TPACKTOPUHU JIBUKEHUSI YaCTUIL
IIbUJIM U BO3AYyXa BOJIM3U BUXPEBON YyIapHOM BOJIHBL

M abcomoTHO HUKAKOM TEOPUH XaoCa — HCKIIOYUTEIHHO
UYHCJIEHHBIE METOJIbI, MaTEMATHJECKasl (PU3HNKA, [TUIUHIPUICCKIE
KOOPIMHATHIL, ypaBHeHUe beccels M cnenuasibHbIEC —ITUJIUH-
npudeckue pyHkumu beccenss u Henvana. Bee crporo.

He BpaBasick B MareMaTHuYeCKue IIOIPOOHOCTH H Ie0Opu
TEOpUN NUINHIPHUYICCKUX q)yHKHI/IfI, IIpuBEIEM OJHO M3 YJIOB-
JIETBOPUTEIBLHBIX ACHUMIITOTUYECKUX PA3I0KECHUI

Ilpu nocraTouHo GOIBIIMX 3HAYEHUSX ITEPEMEHHOM (PYH-
kimu beccens, Hefimana m uX JIMHeHHBIE KOMOMHAIIMM MOTYT
OBITH BBIYMCIIEHBI IIPH ITOMOIIM ACHMIITOTHYECKON (POPMYJIBI U
PacCXOISIINXCS COOTBETCTBYIOIIUX PSIIOB (PYHKIIHIL

m
r(x)=y x‘k“/z(Vksin x+W,cos x)
k=0 159



UeMm pgombelle aBTOp CIEHHMATU3HPYETCS Ha HM3yYEHUU
CHEIUA/IbHBIX (PYHKLMH MaTEMaTUYECKON (PU3UKU U, B YaCTHO-
crtu, Gomee 20 mer — Ha OETaIbHOM HW3YYECHHH IMIMHIPU-
YeCKUX (PYHKUMI, TeM OoJIbIle OHA IIPUXOIUT K TBEPIOMY
yOeXIEHUIO, YTO TEOPHIO CIENHMATbHBIX (PYHKIIUI MOTYT CTpPO-
UTh U Pa3BUBATh TOJIBKO MaTE€MaTHUKU-(PAHATUKU.

Hpnqu q)aHaTI/IKI/I HaXe Cpeau MaTEMAaTHKOB, KOTOPbIE 1
TaK UMEIOT KOHIENITYaJIbHO OTJIMYHBIA OT O6H.IerI/IHHTOI‘O CKJIad
ymMa u CTEpEOTHUIl MBbIIIJICHU], HENOHSTHBIN OKPY KaIOImuM.

BobImmMHCTBO MaTEeMaTHKOB, BHOCSIIUX CBOM BKJIAl B
pasBUTHE TEOPHUU CIELHAJIBHBIX (PYHKUMI, padoTaloT caMoc-
TOSITEJILHO W HE3aBHUCHMO, OPHEHTHPYACH TOJIBKO Ha paHee
onyGNHKOBaHHbE PAa6OThl CBOHX COTOBApHmeH A oHH JIIOO
yXK€ CKOHYAINCh K 3TOMY BpEMEHH, JIMOO HAXOOSTCS OYEHb
AJIEKO U HEJIOCTHIKUMO [UISL JIMYHOTO OOIIEHMUSL.

Boyiee Toro, B MareMaTH4eCKOIT (U3HKe HaXe HEe3HaUH-
TEJbHBIA BKJIAJ B PpasBUTHE TEOPUU CIIEIHAJIBHBIX (OYHKINHA
HErJIACHO OTHOCHTCSI K KaTE€TrOPUU BBICIIEIO ITHJIOTaXa. Cnpa-
MIMBAETCSI — HAWUIET JIM TaKOW IPUKJIAIHON MaTEMaTHK II0CjIe
9TOro IIOHHMMAaHHE Cpeau KOJUIEr II0 uexy? Koneuno, Her.

Eme OOHHUM HETraTUBHBIM acCIIEKTOM, O KOTOPOM 3HalOT
TOJIBKO B Y3KHUX KpyTraX, BJISICTCSI HpeHe6pe)K1/1Teanoe OTHO-
mEeHNE K IIPUKJIAIHBIM MaT€EMaTHUKaM TE€X, KTO CUYHTAET cebs
HUCKJIIOUYUTEJIBHO «pan)I/IHI/IpOBaHHbIMI/I» MaTEMAaTUKaMU-TECOPETH-
Kamu. Hu ogmH M3 TakMX «MaTEeMAaTUKOB» HE BHEC HUKAKOIO
JIMIHOI'O BKJIaJla B pa3BUTHE TEOpHH, HO BCE€ OHH IIO3BOJIAIOT
cebe CBBICOKA OTHOCUTHLCSI KaK K KOJIJIEraM IIO nexy, Tak M K
HHXXCHECpAM H JaK€ K YUYCHBIM IPYIuX OTpacneﬁ.

ITti monu 3abBBAIOT IJITABHOE — B KOHEYHOM HTOTE, MaTe-
MaThKa IPU3BaHA MaTEMAaTUYECKH MOIEIMPOBATh BCE SIBJIICHMS,
KOTOpBIE HAC OKPYJXXaloT, BO BCEX CYILIECTBYIOIIUX OTPaCiIsX
HayKu U aucouiumHax. Bceé BoKpyr Hac — wuymcia...

Teopust cnenuanbHBIX (PYHKIIMIA pasBUBaETCS HEOONBIIN-
MU IIaraMu, MEXJy KOTOPBIMHU IIPOXOIST 3HAUUTEIbHLIE OTPE3KU
Bpemenu. Kaxuei pas mepen TeMm, KaK COBEPINAETCS €ILe
OIMH MAaJIEHbKUI IIar, NPHUKJAIHBIE MAaTEMATUKH IPUXOISAT K
TBEPIOMY YOEXKICHHIO — HHYET0 HOBOTO YK€ HEBO3MOKHO
I06aBUTh K TEOPUU CIENHAIBHBIX (PYHKIWA. 9TO MHEHUE B
IIPOPECCHOHATILHLIX KPyraxX caMo II0 cebe leaao HEBO3MOXK-
HBIM OOCYJKJIEHHE BOIIpoca pa3pabOTKU TEOPHH CITEIHAILHBIX
(PYHKIMI C OPYIrUMU NPHUKJIATHBIMA MaTEMATHKAMHU.
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Tak mpousonuio u B konie XX Beka, KOrja aBTop paspa-
foTana ¥ NpEeIyIoKIIa METOI PEKYPPEHTHBIX OTHOIIEHHUI — IUJIsT
MpPSIMOTO, OYEHB JIETKOTO U OBICTPOrO TIONYyYEHHUS] PEKYPPEHT-
HBIX 3aBHCHMOCTEH CIEIHNAIBHBIX (PYHKIIMH, UCXONSI TOJBKO M3
o0miero Buaa camMoro IugPQEpPEeHIMAIbHOTO YPaBHEHUSL

IlosToMy M €IMHOMBIIIJIEHHUKAMHA Yy IIPUKJIAIHOIO Ma-
TeMaTUKa B C(Pepe MATEMATHYECKONM (PUSUKU M CIELHAIbHBIX
(PYHKLMI 4YaCTO BBICTYIIAIOT YYEHBIE JIDYTUX OTPAcC/ICd WU
WHKEHEPBI, IPOU3BOISAIINE BBHIUMCIICHUSI M PACUYEThbl, 2 HE CBOHU
KOJUIeTM 1o uexy. VIMEeHHO uid HUX B IIEPBYIO OYe€pelb IId-
IIyT CBOM PabOTHl MaTEMATHKH, pas3pabaThIBAIOIINE TEOPUIO U
NPUKJIQJHLIE ACIEKTHI CIELMAJIbHBIX (PYHKIIMIAL

ABTOpP XO4UeT HCKPEeHHe mo6naroZapHThb KaXIOIO WH-
JKEHepa M KaXJIOro KOJUJIEIy-YUYE€HOIO CMEXHBIX OTpaciIei,
C KOTOpHIMHM OHa OOIIaJiach JIMYHO, KOrO HMHTEPEeCOoBad U
ACIEKThl MPAKTUYECKOIO IPUMEHEHHUS, W CTPEMIICHHE IIOHSIThH
TEOPHIO CIIEMAJIBHBIX (PYHKIUI. Sl TakKe MCKpeHHe Giraromapio
KaXJIOTo, KTO OIyOJIMKOBaJ IIPaKTUYECKHE MaTepuasibl, (POTO U
BUIEO B cerd VHTepHeTr WM cueaj HUX JOCTYIIHBIMU.

HMmenHo misi HUX aBTOpOM OBbLI pas3padoTaH METOH, KOH-
HenTyaJIbHO YIIPOIIAIOIIAI U3JIOKEHUE CJIOKHOW TCOPHUH CIICIIU-
aJIbHBIX (PYHKIIMH U JIEJIAIONIUN €ro JIOCTYIIHBIM IUIsi Ooiiee
LIMPOKOTO MOHUMAHUSL

IlonxpobHo 3TOT MeTOHm M3maraercss B 1 m 2 dvacTax Hac-
TOSIIIETO M3IaHUS. OTH KHUIW pacCUYUTaHbl HE TOJIBKO Ha
MaTeMaTHKOB, HO U B IIEPBYIO OYepelb Ha CHEIHaJIUCTOB-
HEMAaTEMAaTHKOB, B TOM 4YHCJE WHXEHEpPOB-IIPAKTHKOB M yue-
HBIX CMEXHBIX HEMAaTEMATUUYECKUX CHEIaILHOCTEM.

HNsoxenue MaT€puajia HOCHUT MaKCHUMaJIbHO HpOCTOfI
XapakTep, 0e3  U30BITOYHOrO yBJICUCHUSI TOHKHMH  TEOpe-
THYECKUMH HIOaHCaMH 1 HEIIPpUKJIaJHbIMM aCIICKTaMK CIICHH-
aJIbHBIX q)yHKI_II/IfI MaTEMATUUYECKOMN q)I/I3I/IKI/I.

KasXIplii CyIIECTBEHHBII MOMEHT CTPOIO JIOKA3bIBACTCSL
IIpu sToM aBTOp HE pacCMaTPUBAECT UYPE3MEPHO CJIOXKHBIE TEO-
PETHYECKUE HIOAHCHI, HE HMEIONIHE OOJIBIIOr0 3HAYEHHUS s
HECIIEIIUAJIICTOB, U HE 3aXOIHUT IIyOOKO B I€OpH TEOPHML

Teopust cnenuanpbHBIX (PYHKIIUN cama II0 ceOe SIBIISIeTCS
CJIOKHBIM U CIEIMAJIUSHPOBAHHBIM AaCIIEKTOM, M UTOOBI HeE
3arpoOMOXKIATh OIKMCHIBAEMYIO (PU3HUKY AHOMAJIbHBLIX ITPOLIECCOB,
OHAa MNPHUBOIMICS OTIEJBHO — B aBTOPCKOM U3JIOKEHUH, Ha
PYCCKOM M YKPaHMHCKOM SI3bIKaX. 161



§ 3. [loBenenune BUXpei, cMepueil 1 TOPHALO

ABTOp Tak HE CMOIJIa HaWTH 3]IpaBOro C TOYKU SPEHUS
MaTEMaTHYECKOIO MOJIEIMPOBAaHUsI OOBSICHEHUS, IOYEMY U OTKYyJIa
BO3HUKAET BMXPEBasi yJapHasl BOJHA (paspblBHAsl (PYHKIIHS),
ecim cama 1o cebe CHCTeMa HaXOIUTCS B CTAaOMIIBHOM (Pa3’0BOM
COCTOSIHUM, €€ (PYHKIUS COCTOSIHUSI HEIIPEphIBHAS, TIJIAJKas
1 HE TEPHUT HUKAKUX PAa3pblBOB BMECTE CO CBOEH IIEPBOM
IPOM3BOIHON HAa BCEM PACCMATPUBAEMOM KOHTHUHYYME.

bonee Toro, B MoNOOHBIX YCIOBHUSIX CTAOMIIBHBIX (PA3OBBIX
COCTOSTHUFM ¥ TJIAJKUX (PYHKIUIA COCTOSIHHSI IIOPOXKIEHUE
JMOOBIX Pa3phIBHBIX (PYHKIIUA BHYTPU CHCTEMBI HEBO3MOJKHO
B IIPUHIIUIIE, €CJId HCXOIHOE MHOXECTBO — KOHTUHYYM. ITO
JIOKa3aHHBIC TEOPEMBI M3 TEOPHUU KATaCTPO( U TEOpuu Paso-
BBIX IIEPEXOIIOB, SIBJISIIOIIMECS CJIEICTBHEM 0a30BBIX TEOPEM
o0IIell TEeOpur (PYHKIIHIL

Orcrola MOJXKHO cjieJlaTh BBIBOJI, UTO B CHCTEME, KoTopast
HMEET TOJIbKO OJIHO a30BOE€ COCTOSIHHE, WM B CHCTEME,
cocrodauien us Ha6opa (a30BbIX COCTOSIHHM, (PHU3HYECKHE
Nepexoabl MEXIY KOTOPBIMH HOCST OTHOCUTEJIBHO ILJIABHBIN
M CMasaHHBI XapakTep (u MOJICJIUPYIOTCST  HENPEPbIBHBIMI
rJIaIKUMU q)yHKLII/IsIMI/I), CMEpUYH, TOpPHAJI0 U JIpyrue camMo-
IPOU3BOJIBHBIE YIIAPHBIC BOJIHBI HE BO3SHUKAIOT.

Jli11 BO3SHMKHOBEHHUS TJI00QJIBHOM YHApHOM BOJHBI HYXEH
OUYEHb PE3KUM (PU3WYECKHMI IIEPEXO]l — CKaYeK MEXIy IBYMsI
PasIuYHBIMU (PA3OBBIMU COCTOSIHUSIMUA (HEOOXOIUMOE YCJIOBHE
U1 00Opas3sOBaHMSI JTIOOOW YOapHOM BOJIHBEI).

IlosTromy mpoliecc ee 0Opa3soBaHUSI HOCUT HE JIOKAJIBHBIM,
a TJ00aJbHBIA XapaKTep — 9TO pe3yJabTaT B3aUMOIEHCTBHS
HE MEHee 4YeM [BYX Ppas/JIMuHbiXx cucreM. M kaxpgadg u3 3rux
(pasoOBBIX CHCTEM — YacThb aTMOC(EPHL, TaK KaK TOPHAIO
3apoXXIaloTCcd MMEHHO BHYTpU Hee.

To ecTh IS BOSHUKHOBEHHUS TOPHAIO TPEOYETCsI cHCTeMa
KaK MHUHUMYM M3 JIBYX (Pa30OBBIX aTMOC(PEPHBIX COCTOSIHHUH,
rpaHuIa MeXIy KOTOPBIMH pe3Kasi U CKauyKooOpasHasl

YcraHOBUM HEOOXOIMUMBIE U JIOCTATOUYHBIE YCJIOBUSI OOpa-
30BaHHUSI TAKUX BUXPEBBIX VIApHBIX BOJIH, PacCMaTpPUBAEMBbIC
KakK pesyJibTaT B3aMMOIECHCTBUSI JIBYX (Pa3OBBIX COCTOSTHUIL
162

Mosxuo IPUBJIEYL 3IJIEMEHTHI TEOPUU ONTHUMAJILHOTO YII-
paBiicHHsI, KOTOpasl U3y4YaeT IOBEICHNE HEKOTOPHIX BHEIIHUX I10
OTHOIICHUIO K CUCTEME (PYHKIHUN YIPaBJICHUSL. It PYHKUIUH
YIIpaBJICHUSI MOTYT HU3MECHSITh JlaXKe €€ (PasoBO€ COCTOSIHUE U
NEPEBO/IMTh €€ M3 OIHOrO COCTOSIHUSI B JIPYTOE€.

VIMeHHO TakuM YyIIpaBJIEHHEM SIBJISIETCSI, HAIpUMEp, IOI-
BOJIHOE 3€MJIETPSICEHUE, KOTOPOE BBISBIBACT (POPMUPOBAHUE BOJIH
nyHamu. TakuM ynpasjieHueM OKasaJloch najieHue TyHrycckoro
METEOpHUTA, KOTOPbII CCPOPMUPOBAII IBE ITOC/IEA0BATE/ILHEIE yIap-
HBIE€ BOJIHBI y XOJIMHCTOM IIOBEPXHOCTH HAa MECTHOCTH.

Ho nnst ropHamo m cMepueil Hajauuue MHONOOHOTO yIIpas-
JIEHUSI OTPUIIAETCSI KaK (PU3NYECKUMH YCIOBHSIMH, TaK M OCO-
OEHHOCTSIMH CaMOH MOJIEJIH.

Ha mepBbIii B3IVISI, HET HUKAKUX BUIUMBIX WJIA THIIOTE-
TUYECKUX BHEIIHUX HCTOYHHKOB, KOTOpHIE OBbI CIIOCOOCTBOBAJIM
oOpasoBaHMIO CTOJI0Aa TOpHAIO MM Xobora cmepua. llomoGHast
cucreMa (pOPMHPYETCSI CAaMOIIPOU3BOJILHO, O€3 3JIEMEHTOB BHEIII-
HEro praBHeHI/ISI, U 3IECh MOXET OBITH HpI/IMeHI/IMa TeOpI/IH
BEPOSITHOCTH — KaK 3JIEMEHT TEOPHUH IIOBEJICHUSI Xaoca.

B cucreme u3 OBYX cpell, paslieJICHHBIX PE3KOI I'DaHUIICH,
BO3MOJXHA CyIHeCTBeHHaSI JIOKAJIbHAs Hepenalla BHyTpeHHefI
9HEprMM M3 MeHee IIJIOTHOI B Oojiee IUIOTHYIO Cpeny, H
HAMHOI'O MEHbLIAasi IIepelavya JIOKAJIM30BAHHOM BHYTpPEHHEN
9Hepruu u3 Oojiee IIJIOTHOM B MEHeE IUIOTHYIO Cpeqy.

ITpouecc mepemaum BHYTPEHHEH SHEPIUM M3 CYILIECTBEH-
HO OoJiee IUIOTHOM CpeIsl B MEHEE IUIOTHYIO CpEIdy HeBO3MO-
JKEH — OH H€ JIONyCKaeT MpsSIMOH IIepeladyd SHEprud u
ITIO3TOMY MOJKET COIIPOBOKIATBCS 00Pa30BaHHEM I'OPH30HTAJILHO-
OPHMEHTHUPOBAHHBLIX IIPHUIIOBEPXHOCTHBIX YHAPHBLIX BOJIH.

IIpouecc oKaJIbHOW IEpelavyu BHYTPEHHEH 3SHEPrUuM U3
foyiee IJIOTHON B MEHEE ILJIOTHYIO Cpely IOJIKE€H COIIPOBOIXK-
JaThCSI JTOTIOTHUTEIBHBIMA OCOOBIMU YCIIOBUSIMHE.

biaromapss UM DIPOU3BOAUTCS BBIPABHMBAHUE JIaBJICHUS,
HaIIpUMEP, B CJIOSIX aTMOC(EPHl Pa3IMYHOM IUIOTHOCTU M CTa-
HOBUTCSI BO3MOJKHOH TaKas JIOKaJbHas Ilepeliavya SHEPIUM.

Yem 1mjioTHEE Cpella — TEM BBIIE CKOPOCTh JIBHIKEHUS
B HEHM 3HEPreTUYecKWx BOJH. B Oomee IIOTHEIX cpenax, Ha-
npuMep, BO3pacTaeT CKOPOCTh [BUKEHHMS 3ByKa. B omnrmyecku-
MPO3PAaYHOM CpElIe MEHSETCsl [JaXe CKOpPOCTh CBETa (II0 Cpab-
HEHHUIO C 9TAJIOHOM — PA3PEKEHHBIM BaKYYMOM). 163



ITorona popmupyercsi B arMocepe B TaK Ha3bIBAEMOIL
Tponiocpepe  — Ha BeicoTe 110 11 000 merpos. Buimie Hee armo-
cepa OUEHb paspekeHa M abCOOTHO CIIOKOMHA, a Ha BHICOTE
oosee 480 000 MeTpoB 3aKaHYHMBAETCS WU IIEPEXOIHUT B OKOJIO-
3€MHO€ KOCMUYECKOE ITPOCTPAaHCTBO.

B saBHCHMMOCTH OT ILIOTHOCTH BO3[IyXa, pasjIuyaior Te
WJIA HHBIE CJIOM TPOINOC(ephl. Uem BbIIE BBEPX — TEM HILKE
IUIOTHOCTh BO3JyXa, TaK KaK HHUXE CUJIA TIPUTSDKEHUS 3eMiin.

Obnaka Ha IIPUBEIEHHOHM CXEME, 3a HCKJIOUEHHUEM BBICO-
KUX T'PO30BBIX OOJIAKOB OCOOOM (POPMBI, paCHpPEHEIsIIOTCSI CTPOro
BJIOJIb TPAHHUI PA3JIMYHBLIX CJI0eB Tporocgepel. OHU cocToAT U3
BOJISIHOIO Mapa M ILJIABalOT Ha IIOBEPXHOCTU CJIOEB, KakK IIEHA
110 TIOBEPXHOCTH BOIBI

Yem HHXKe 00JIaKa — TEM BBIIIE B HUX IIIOTHOCTH Irapa,
BILUIOTH 0 ITIOJIHOM €ro KOHIEHCAIIUU B KaIlJIk TOXKIIA.

Tyman, KcraTd, MOXHO CMEJIO Ha3BaTh ITPUIIOBEPXHOCT-
HBIM OOJIAKOM IIapa, KOTOpoe (POPMHUPYETCS y CaMO¥ 3eMJId, a
POCY — BBIPOXIEHHBIM C TOYKH 3PEHHUSI PACCTOSIHHS SIBJICHHEM
OOXKISL (KalUIn PpOCBlL HE IIpeTepIieBaloT IIpPoLecC IojIeTa Ha
3€MITIO, 2 OCAKIAIOTCS Cpasy XK€ B MecTe (POPMUPOBAHUS).

Han BomamMu OKeaHa MOJKET (POPMHPOBATHCS IOTIOJIHH-
TEJBHBIN CJION, B KOTOPOM IIPOHUCXOIUT aKTHBHOE HCIapeHHe
U HACBIIEHUE BO3IyXa TEIUIBIMH ITapaMH BOIBL

PacnipenesieHue IJIOTHOCTH MEJXXIY CJIOSIMH TPOIIOC(EpPSI
MOJXET HOCUTh Kak Oojiee IUIABHBIA, TaK U IIPAKTHUYICCKU CKay-
KOOOpasHBI XapakTep.

BuicoTa Hag Bbicokue obnaka 4acTo CnyxaT nepebiM
YPOBHEM NIPU3HAKOM TOrO, HTO NEPE/ HUMM HaXOAUTCS
Mopsi 0

[ 9000 m

MepucTo-cnoncTsie MNepucTo-ky4esble MepucToie
naka obnaka o6naka

BbicokocnoncTsie Buicokoky4eBble
obnaka obnaka

[ 6000 m
Cnoucto-kyyesbie
obnaka

CnoucTo-AoXAeBbIe Kyuesble o6naka netom Jloxnesble o6naka QBLINHO
obnaka npuHocaT MOryT npeasewars npeaseLwaloT rpoMm,
~AoXAb Wy CHer. XOpOLUYIO NOroay. MONHVIO, AOXAbL UI €

164 Cxema pacmpenesieHusl THIIOB Ty4 U ODJIaKOB

ATMOCQEPHBIA  (PPOHT OKKNIOAMPOBAHHbIA * §
— 3TO JIMHHS, TJ€e Macca DPOHT /
XOJIODHOIO BO3JIyXa CTaJIKHU- éﬁ
Baerca C MacCod TEIJIOro .
BO3JIyXa.

Ecom  nmpu Berpeue A XonoaHbiii
(PPOHT TEIJIOrO BO3jAyXa Hal- \ / BO3AYX
BUTAETCS, (PPOHT HAa3bIBAIOT Xonomii 3 J_ﬁ
TETUIBIM (PPOHTOM. BOGAYX 1

Ecau wmagsuraercsi Xo- xi. /M, fenpecons
JIONHBIX ~ BO3IYX — XOJIOJ- 1
HBIM (PPOHTOM. Tennbit
BO3AyX

OpoHTH 0003HAYAIOTCS
Ha METEOPOJIOTUYECKUX Kap- XonoaHobiA Tennuiid
TaX Kak IIOKa3aHO Ha CXEMe. bPOHT bpoHT

Ecim  rtemublii  BO3AyX BKIMHHMBA€ICSI B IIPOCTPAHCTBO,
3aHATOE XOJIOMHBIM  BO3AYyXOM, 3TO SIBJIEHHE HAa3bIBAE€TCH
nenpeccueir. B pesyibraTte o0pasyercssi OKKIIOXHPOBAHHBI
¢gponT. VIMEHHO B €ro 30HE YaCTO (POPMUPYIOTCHI CMEPUML

Cmepun uacTo 00pasyiorcsi Ha TPOIOCKEPHBIX (PPOH-
TaX B TIpaHUIAX pasjgella B HuXHeM 10-KujoMerpoBoM  cjioe
aTMOC(PEPBI, B KOTOPBIX PA3JEJISIOTCS BO3IYIIHLIE MAaCCHl C
PasIIMYHBIMU CKOPOCTSIMH BETpa, TEMIIEPATYPOH M BJIAKHOCTBIO
BO3[yXa — TO €CThb C Pa3JIUYHBIMH (PA3OBBIMU COCTOSIHHUSIMU.

B obsactu X0JIOHHOrO (PpPOHTA M HHU3KOrO HaBjeHHS (rIe
XOJIOMHBIA BO3AYX HATEKAET Ha TEIUIBIN) aTMocdepa OCOOEHHO
HEYCTOMYMBA U (POPMUPYET B MATEPHMHCKOM OOJIAKE MHOJKECTBO
OBICTPO BPAIIAIOIINXCSI TYPOYJIEHTHBIX BUXPEIL

CuspHBIE  XOJIONHBIE (PPOHTHI OOpPa3yIOTCSI B BECEHHE-
JeTHuin M oceHHu# niepuon. OHHM OTHENSIOT, HAIpuMep, XOo-
JIONHBIA M CyXol Bo3AyXx M3 KaHamsl OT TEIUIOro M BJIAKHOIO
BO3IyXa M3 MEKCHKaHCKOrO 3ajiBa WM U3 ATIAaHTHYECKOTO
(Tuxoro) okeana Han teppuropuest CIIIA — 9Ty 30HY mHOrma
HaspBaloT KopumopoMm TtopHamo. PasymHBIE momu He CTpOsIT B
Hell JoMa 0e3 KalluTaJIbHBIX IIOrpeOOB MIIM IIOIBAJIOB.

M3BecTHBI Cilyyau BOSHUKHOBECHHSI HEOOJIBIINX CMEpPUEH
B SICHYIO IIOrOJy IIpH OTCYICTBHHM OOJIaKOB Hall II€perperoi
NOBEPXHOCTBIO ITYCTBIHA HJIM OK€aHa — B 3TOM Cjy4ae op-
MUPYETCsI TOIOJIHUTEIbHBIA ITPUIIOBEPXHOCTHBIA CJIOH, (Pas3o-
BOE COCTOSIHHE KOTOpPOTO CKa4KOOOPasHO OTJIMYAETCS OT OOImei
aTMOC(PEPHOT KAapTHUHHBI B IEJIOM. 165



BuxpeBble TOTOKM B PasjIMYHBIX CJIOSX TPONOC(EPHI
MOTYT (POPMHMPOBATLCS P JIBHXEHHH aTMOCKEPHBIX (PPOHTOB
WIM B KOHBEKIIMOHHBIX IIOTOKAX BO3JyXa IIOJ JIEACTBHEM
n30BITKA TEIUIa Y IIOBEPXHOCTH. B XojomHeIX ppoHTax u
BO3IYIIHBIX MAacCaX BHUXPEBLIE IIOTOKM BO30Yy)KIAlOTCS JIErde,
TaK KakK y XOJIOIHOIO BO3JyXa BBIIIE €0 IUIOTHOCTD.

Kpome TOro, Ha (pOpMHpPOBaHHUE BUXPEBBIX IPOLIECCOB B
aTMoc(epe HENOCPEICTBEHHOE BJIMSAHHME OKA3hIBAECT BpaIUEHUE
3emiIum BOKPYI CBOEH OCH M TPEHHME HUJXKHHUX CJIOEB aTMOC(EpPHI
O IIOBEPXHOCTh 3eMiId C OOpa30BaHMEM BUXPEHl PpasJIMYHOIO
macmraba. Ho sToro HemocraTowyHo IS yHapHOM BOJIHBL

Tak xak XOJIOHHBI BO3JAyX IUIOTHEE M TSUKEJee, a
TEIUTBIA — JIErve, CIeHapUU HACTYIUICHUST XOJIOJHBIX U TEIUIBIX
(PPOHTOB  OTJIMYAIOTCSL. XOJIOJHBIN BO3AYX XOJIOIMHOIO (PPOHTA
OITYCKAE€TCSI BHHM3 U IIPOCTHUPAETCSI BJIOJIb MOBEPXHOCTU 3E€MJIUA
JUIMHHBIM XOJIOJHBIM $ISBIKOM — OH KaK OyJITo IOJAIoj3aeTr
CHM3Y H TMOCTEIIEHHO BBITECHSIET TEIUIbIA BO3AyX. Tenubiii
(PpOHT, HAOOOPOT, IBUKETCS IIOUTH BEPTUKAIBHON CTEHOH W
PE3KO BBITECHSICT XOJIOIHBIN BO3AYX II0 BCEH JJIMHE (PPOHTA.

Tak OniBaer npu OOJILIIITHCTBE HOPpMaJIbHBIX aTMocq)ep—
HBIX IIPOLIECCOB — 3a HCKIIOYCHHUEM aHOMAJIbHOI'O CLEHApHs
JABHJKEHHUSI XOJIOTHOI'O q)pOHTa BO BpeEMsi CHUJIBHOM JKaphbL

Eciim moBepxHOCTh 3€MJIM  3HAYHUTEJIBHO HAaKaJIeHA U
CIJIBHO TIEperpera, XOJIONHBI (PPOHT HE MOJKET IBUTATHCS
BIOJIb TIOBepXHOCTH 3emumn. Bojee Toro, meperperast 30Ha MOXET
IPOCTUPATHCST IIPAKTUYECKH Ha BCIO BBICOTY TPOIOC(PEPSL
obecrieynBasi CBOIO BBICOKYIO CTaOHIBLHOCTE.
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Torma XoJIOIHBINI CppOHT OXJIaXKJa€T Y3KYIO 30HY Ha
HEKOTOPOM  YIaJIECHHMM OT €€ IIOBEPXHOCTH M BTOPrac€rcsa
JUIMHHBIM, Y3KHM MW IIPOTSI’KEHHBIM  SI3BIKOM Ha HEKOTOPOM
PacCToOsIHNM OT 3€MJIM, pa3pe3as Iapaul€jIbHO IIOBEPXHOCTH
3emutu 30HY T no6aJH>H0—rIeperpeT0r O TEIIOro BO3JyXa.

Tennelit  BO3IYyX NPUHYIMUTEILHO paslIesiercss BIOJIb
Ha JBa II€PETPETBIX CJIOS, MEXIY KOTOPbIMM BTOPraercss u
JOBUJKETCS OTHOCHTEIIbHO TOHKMI CJIOM OXJIAKIEHHOI'O BO3IyXa.
Tomuuua 9TOr0 €10 4YacTO COBHAJAET C IEPENAIOM BBICOTBI
MEXKJy CJIOMCTO-HOXKIEBBIMUA M CJIOUCTO-KY4YEBBHIMH OOJIaKaMH.

Ho B HEKOTOPBIX CJIydasX BTOPIr AIOLIUICS CBerMOIJ.IHLIfI
XOJIOOHBIN CJIOM MOJXET JIOCTHUYbL YPOBHSsI BBICOKOCJIOMCTBIX 00-
JIJAKOB M JJa’K€ BbBIIIC — IIpHU CBEPXMOIIHBIX BTOPXCHUAX, B TO
BpEMsI KaK Yy IIOBEPXHOCTH 3€MJIM BO3AYyX €IIE Hepel‘pe'l‘blﬁ.

HacplenHplfi mapamMu BO3IyX IBUJKETCS B (pOpPME BETpa
U OyeT C OKeaHa Ha Cylly, II€ BJIAXHBIA BO3JYyX IIOCTEIICH-
HO MOIHHUMAETCS BBEPX M OXJIAXIAETCS Ha BBICOTE WM Ha
IrpaHUIIE TEIUIOTO M XOJOHHOro cjoes. Ha rpanune Temibix u
XOJIOMHBIX BO3IAYHIHBIX MAacC YacTO (POPMUPYIOTCSI OOWMIIBHBIC
objaka — ueM BBIIIC BJIAXHOCTh BO3JyXa M IIeperajn Temile-
paTyp, TeM MOIIHEE (POPMUPYEMBIN OOJAYHBIN ITOKPOB.

IIpu pe3skoM HACTYIUIEHMHM XOJIOOZHOIO CyXOro BO3JayXa
Ha S30HY IIEPErPETOro BJIAXHOIO BO3JyXa II0 AHOMAJILHOMY
CLUEHAPHIO CJIOU ATMOC(EPHl YacTO HE IepeMelnBaiorTcs. Takum
00pa3oM, OBICTPOrO BBHIPDABHUBAHUS YCJIOBUI B  PpasJIMYHBIX
CJI0AX TPOHOCQEPbl HE IMPOUCXOIHUT.

bonee Toro — o0Opasyiorcs OUEHBL PE3KHE U CKauKooOpas-
HBIE TIepernagbl TEMIEPATYphl, JABJICHUS U BJIAKHOCTH BO3IyXa
MEXIy Y3KUMHU cjiosiMa Tporocgpepsl. M atm  mepenamsi
(POPMHUPYIOT CKayKOOOpa3HBIE T'PAHUIIBI (PA3OBBIX IIEPEXOIIOB,
PE3KO  pasiuessiolide CJIOM BO3IyXa, KOTOpbl€ IIpEOBIBAIOT B
PasSIIMYHBIX (PasoBBIX cocTOSTHUSX. OIHM  BO3IYIIHBIE MAaCChI
UMEIOT TPONMYECKUN TI'E€HESHUC, JIPYTHe — IIPUIIOJISIPHBIMA.

CkaukooOpasHasi TpaHHIIA CJIOEB — pE3KUA PpaspsiB
(PYHKIOHHA COCTOSTHUSI MEXIAY PasHbBIMUA CJIOSIMU  Tpomocde-
ppl — U SABISETCI TEM MATEpPUaJioM, HA OCHOBAaHUU KOTOPOTO
MOJKET 00pa3oBaThCsl CKAYKOOOpasHasi (PYHKIIHMSI — BHXpPEBast
ylapHasi BOJIHA CMEpYa U TOPHAIIO TOW HWJIM WHOU MOIIHOCTU
U BBICOTBL B mpuHIune, MHOrue (pOpMHPyEMBIE B aTMocdepe
CMEpYHU HE JIOCTUTaloT IIOBEPXHOCTU 3eMiId — OOJIBIIMHCTBO HE

TIPOHUKAET B IIPUIIOBEPXHOCTHBIM CJION TPONOCKEPHL
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Tem, kKTO cumTaer, yTo B XappKoBe (M TOMY ITOTMOOHBIX
paiionax CHI') ObIBaloT XyTKHE TpO3hl M KOIIMAapHEIE ITOPHIBBI
IITOPMOBOTO BETPA, ABTOP COBETYET BHUMATEIHHO HU3YUUThH CPaB-
HUTEJIbHBIE CXEMBI HACTYIUICHUSI XOJIOMHBIX (PPOHTOB B JKapKYIO
IOTOly — M TIOHSATh, B KAKOM OJIarocIOBEHHOM 3€MJI€ MBI BCE
xuseM (o cpaBHeHmio ¢ Kopumopom toprano B CIHA). Cxemsr
HOCSIT MCKJIIOUYHUTEILHO HAIJISITHBIA XapakTep U He CIyXaT IUIst
MOJIEJIUPOBAHUSI OINMCHIBAEMBIX TPUPOIHBIX ITPOILIECCOB.

B Ykpaune u cpennen nonoce CHI' macrymienue xo-
JIONHOIO BO3jJyXa HIET CJI0OIMM — IIPUYEM IO XapaKTepy
IIOBEJICHUSI OOJIAKOB MOJKHO CIE€JIaTh TOYHBIA IIPOIHO3 ITOTOIBI
Ha HECKOJIBKO YacoB M JHa’Xe€ Ha OnWH-IBa mHs Brepen. Ec-
A CTOSUIa OYEHb JKapKasi M cyxXasl IIoroma, HAacCTYILUIEHHE XO-
JIOHHOTO (PPOHTA COIIPOBOKIAETCS I'PO3aMM, BETPOM U IIKBAJIA-
MU — YacTO OOBSIBISICTCS IITOPMOBOE IpPEHyNpeXICHUE.

ITOT CKauyek (pocT) aTMOCKEPHOro IaBJIEHUS OINYIIAIOT
JIIOY, CTrpajJalomue  BEreTo-CoCy 1MCTbIMA saboneBaHuaMu. Y
HHUX BO3HHKA€T PE3KOE OINYyIIEHHNE HEXBATKH BO3AyXa H IOJIO-
BOKPYJKEHHE — COCYIBI HE YCIEBAIOT OBICTPO OTpearupoBaTh Ha
CKaYKOOOPA3HBIIl POCT aTMOC(PEPHOTO [ABJIICHHUSI Yy TIOBEPXHO-
CTH 3€MJIM Ha (pOHe JKapbl M 3aCTOsI BO3JyXa.

HpI/I CJIIMIIKOM PE3KUX HN3MEHCHHUAX IABJICHUA OTpeEaru-
poBaTb MOIyT JJa’Ke€ MOJIOABbIE M BECbMa 3I0POBBLIC JIIOIM.

OIHOBpEMEHHO CO CKa4YKOM aTMOC(PEPHOIO JIaBJICHUS
MOBBIIIAETCSI HAIPSIKEHHOCTh 3JIEKTPOMATHUTHOTO II0JIsI, KOTO-
poe TreHepHupyercs TpO3OBBIMH OOJakaMHu, (POPMHPYEMBIMU
BJIOJIb aTMOC(epHOro gpponTa. Ha Hero pearupyior v Joau, u
Jaxe 3JIEKTPOHHBIE IPHOOPHL

Bokpyr pesko TeMHeer, HaJIeTaloT IOPBIBBI IIKBAJIBHOIO
BeTpa, IPUXOJIUT JIOXKIb, IPO3a U Cpa3y 3a HEll — PEe3Koe IOXO0JIo-
JaHUEe W HACTYIUICHHE XOJIOTHOIO BO3JyXa Yy IOBEPXHOCTH.
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A BOT KaKu€ BUXPH U TypOYJIEHTHBIC TOTOKM C MOJIHU-
AMH B OOJIaKax OBIIM CPOTOrpapupOBaHbl OYEBUIIIAMH — CO
CIIENUAJIbHBIMU TOSICHEHHUSIMM, YTO 3TO HE POTOrpacpum sjiep-
HBIX B3PHIBOB. OTO 0O0jIaKa, KOTOpBIE OBIIM C(POPMHPOBAHBI
JIOKAJIbHBIMM TTOTOJIHBIMU aHoMaJiusiMu. OHU TOKa3BIBAIOT, UTO
aHOMaJIbHBIE BHXPDHU CYHIECTBYIOT TaKXe M BBICOKO B Hele.

Coscem mnas kapruna npoucxonur Ha iore CIIIA, xorma
XOJIOMHBIA Y CYXOH BO3JIyX IIPOPBIBACTCA HAI KapKuM U
BJIAKHBIM IOJKHBIM BO31yXOM. YacToO OH HE HECET JIOCTATOYHOIO
oOBeMa BJlard, KOTOpasi oOpasyeT [OXKJIEBbIE Tyud U oOOjaka
M TAaKuM OOpasoM BBI3BIBAET €CTECTBEHHBINI IIPOPBIB MEXKIIY
BEPXHHUM XOJIOOHBIM CJIOEM M TIEPETPETOM  ITOBEPXHOCTBIO
3€EMJIM — B (POPME OCBEXAIOMIEro HOXKISL (CKAYOK M (PasOBBIN
IIEPEXO]] COCTOSIHHSI aTMOCEpHI).

XO0JI0IHBIA CYXOH BO3IYX HaXOIUT (PPOHTOM MJIM 30HOH Ha
HEKOTOPOM PaCCTOSIHUU OT mnoBepxHocTd 3emiin. OH J1aBUT BHU3
ITOIOOHO TUTAHTCKOMY TIOPIIHIO M PE3KO CKUMAET NEepPerpeTsIi
BO3AyX Yy mnoBepxHocTd. Takum 00pasoM, XOJOTHBIF BO3IYX
CKAQYKOM 3HAUUTE/IbHO TMOBBIIIAECT IAaBJICHHE Y IIOBEPXHOCTU
3€MJIM U JIE€JIa€T BO3SMOJKHBIM II€pEIavyy BHYTPEHHEU 3HEPruu
BEPXHHUX XOJIOJIHBIX CJIO€B B HCKYCCTBEHHO-CXKATBIC MEpErpeThie
HUJKHUE CJIOU aTMOC(EPBHL

Ilo ciioBaM Ou€BMILIEB, HEMOCPEICTBEHHO B OKPECTHOCTHU
ouyara oOpas3sOBaHHSI MOIIHOTO TOPHAJO METEOUYYBCTBUTEIHHBIC
JIONY WCTIBITBIBAIOT Y KACAONINE OIIYINEHUs], HE COIOCTaBUMBIE
C TeMU CTpaJaHMSIMU, KOTOPHIE NPUYMHSIET OOBIYHBIN T'PO3OBOI
¢ponT. HekoTropeiM oueBHIOIIaM 3TO cHAcajo XWUSHU — OHHU
ycrneBaau CIyCTHTBCSI B TIOmBaj II€ped TeM, KaK IIpSMO Hap
UX IOMOM Ha KpBIIIy OITyCKaJICS CTOJIO TOPHAIO.

KuBOTHBIE W NTULBI MMEIOT BBICOKYIO METEOUYYBCTBH-
TEJIBHOCTh, OJ1arogapsi YeMy YyCIIEBAIOT IOKHHYThH OIACHYIO 30HY
HE3aJ0JIr0 Tepel TeM, Kak copMHpyeTcs xXobor cMmepya. Ouu
JOBEPSIIOT CBOMM MHCTHHKTaM OOJIbIE, YE€M IIPOCBEIIEHHLIE
COBPEMEHHBIE JIOIM — CBOEH HMHTYWUIIMU M 3J0POBBIO. 169



MC)KHy CJIOSIMHU  OY€Hb XOJIOJHOIO CyXOro #u BJIa>XHOI'O
NEPETrPETOro BO3AyXa BO3HHUKAIOT PE3KHE I'DAHUIIBI — (paSOBI)IG
nepexoabl MOICIMPYIOTCS q)yHKI_[I/IHMI/I CKadKa H CcIyxKar q)I/I—
SHYCCKUMU TIPEAIIOCBHUIKAMM JJIsI CO3JaHUsI yIapHBIX BOJIH.

IIoCcKOIBKY HET JOXIEBBIX Ty4 KaK TaKOBBIX, BOSHUKILINE
HaIpsDKEHUST M aHOMAJIbHOE pasMEILIEHHME XOJIOJHBIX CYXHUX
CJIOEB HAJl BJIAJKHBIMHU IIE€PETPETBIMU CJIOSIMM HEJIb3sl PA3PSIUThH
XOJIONHBIMU JOXISAMHM W IIKBajaMu. llpupommas cucrema He
HMEET (PU3HYECKYIO BO3MOKHOCTH CPOPMHUPOBATH ITPUBBIYHBI
HaM CKa4OK — pa30BbII IEPEXOI B POPME IIPOPhIBA XOJIOIHOM
TOJKIEBOY BOIBI, T'Pala M JOKAJIbHBIX IIKBAJIOB (PE3KUX ITOPHIBOB
XOJIOMHOTO IITOPMOBOTO BETpPA).

Kak TOJIBKO JaBjieHME B HUXXHHUX IIEPErpeThIX CJIOAX aT-
MOC(I)epI)I COBIIAJa€T C OABJICHHEM BEPXHHX XOJIOOHBIX CJIOEB
BO3/1yXa, BO3HHUKA€T yrposa (pOpMI/IpOBaHI/ISI TOpPHAIO.

Pacnipenenenue naBjaeHUd BHYTPU XOJIONHOIO (PPOHTA
IIPOMCXOINUT BIOJIL M300ap — JIMHUK IIOCTOSIHHOTO [1aBJIECHUSL
Kak TO7IBKO [aBlIeHHME B OKPECTHOCTH M300aphl XOJOTHOTO
(ppOHTA COBIQIET C IaBJIEHUMEM CXKAThIX IIEPErPETHIX CJIOEB, B
IpaHUIle MEXIYy CJIOSIMA OOpasyloTCsl JIMHUU PaspbiBOB, Uepes
KOTOpBIE CJIOM MOTYT OOMEHHBATHCSI BHYTPEHHEH 3SHEPrUEm.

Bi1o1b BOSHHUKIIMX ITPOIOJIBHBIX PaspbIBOB MOrPAHUYHOIO
CJIOS HUJKHUU HACBILICHHBIA BJIArOM TEIUIBIA M CXKAaThIA BO3AYX
MPOPHLIBAETCSI BBEPX B IEPEOXJIaXICHHYIO CYXYIO 30HY, 00pasys
rpsily OuYeHb XapaKTepHBIX 00sakoB. OHH OOpHCOBBIBA€T JIH-
HHUIO paspblBa MEXIY CJI0SIMA HECMEIIMBAEMOI'0 BO3[yXa.

PaSpI)IB])I MOryT HOCHTH TOUYECYHBIN XapakTep Hu CPOPMI/I—
POBATBCA KaK KPYT'OBBIC JIOKQAJIbHBIC 3OHBbI 00JIaKOB.

Ho nHe kaxmpri Pa3pbIB I'paHUIbI M 30HbI q)OpMI/IpOBaHI/ISI
00JIaKOB 00SI3aTEJILHO BJICYET OOpa3sOBaHUE TOPHATIO.

170

CKBO3b paspbiBbl I'PDAHMYHOM 30HBI CBEPXY MOIYT IIpO-
pPHIBATBECSI  XOJIOMHBIE TYpOYJEHTHBIE TIIOTOKM — Ojaromapsi
U3MEHEHUIO JIaBJIEHUsS B HIDKHUX cjlogX. Eciu Buxpu un
TYpOyJIEHTHOCTM B OKPECTHOCTH paspbiBa HOCSIT JIOKAJIBHBIM
XapakTep, OHU (POPMUPYIOT IIPUYYIJIUBBIE (POPMBI OOIAKOB.

Buxpu m TypOyJEHTHOCTH XOJIOOHBIX BEPXHHX CJIOEB
MOTYT JI€(POPMHUPOBATL IIOBEPXHOCTh I'PAHHULIBI B 30HE PasphIBOB
HETIpeICKa3syeMbIM 00pa3oM, B TO BPEMsI KaK HIDKHHE II€pPEerpeThie
ciou OyAyT OCTAaBaThCSI CPABHHUTEIHLHO CITOKOMHBIMIL

IIpu memocpencrBEHHOM KOHTAKTE XOJIOIHOIO CYyXOro
M BJIAXHOIO IIEPErPETOrO BO3AyXa Iap KOHIEHCUPYETCsS Ha
rpaHUIe 30HBI MX KOHTaKTa M OOPHCOBBIBACT (POPMHPYEMBIE
IpU KOHTAaKT€ (PUIYPbl OOJIAKOB OY€Hb YETKO U SIBHO.

IloBepxHOCTh TpaHHMIIBI HHOITA Kak OBl IpocenaeTr IO
TEVICTBUEM AaTMOC(EPHBIX BUXPEN BEPXHUX XOJIOJHBIX CJIOEB,
HO TJI00JIBHO IIPH 3TOM HE IPOPHLIBAETCS — PpaspsIKu HaIps-
KEHUHA MOI'YT HOCHUTb MACCOBBI TOYCYHBIN XapaKTep.

XapaKTepHbIe ¥ CHEIHU(pHIECKUe (POPMbI OOJIaKOB CHUT'Ha-
IU3UPYIOT 00 omnacHocTH TopHano. K cuacTeio, MBI MOXeEM
mo0OBaTLCSI UMH B OCHOBHOM IIO (pororpacdpusim B IuTepnere.
TopHamo MOKET BO3HHUKHYTh, a MOXKET M HE C(POPMHPOBATH-
cs1 — paspsgka IpoHM3OHMIEeT Ojarogaps paspelBaM TOHKOIO
IPaHUYHOTO CJIOSI ¥ TIOCTENIEHHOTO CMEIIMBAHUSI TTOTOKOB HMXK-
HEro TEIUIOrO M BEPXHEro XOJIOMHOIO BO3HyXa.

Haxe ecim Typ6y.IIeHTHOCTI/I 00JIaKOB HOCST BUXPEBOU
XapakTep, 3TO HE 3HAYUT, YTO OHH C(POPMHPOBAJIA KJIACCHYEC-
KO€ TOpHAJI0 MJIU CMep4Y. Yro0Ont TOPHAJIO CTaJI0 CaMHUM coboi,
IIOMHUMO BHXPEBOrO [IBHJKEHUSI IIOTOKOB BO3JAyXa W Ppas3pbiBOB
CKa‘IKOO6pa3HOI7I TpaHULBl IBYX CJIOEB HYKHa BUXPEBasl yaapHast
BoJiHA. TOJIBKO OHa [ejaer 3Ty MNPUPOOHYIO aHOMAJIMIO CTOJIb
paspymTeIbHONM W CTPAIIHOM. 171



Topnaso — 3T0 HE IIPOCTO JIOKAJIbHBIA IPOPHIB TPO-
IIOCPEPHBIX BUXpPEH (MH(EPHO) K IIOBEPXHOCTH 3€MIIH. ITO
€€ U BOBJIEUYECHHE B IIPOLIECC BPAILEHUS IIONPAHUYHOI 3OHBI
MEXJy HOBYMS CIOSMH B 30HE €€ JIOKAJILHOIO pa3pbiBa.

——

Moryr nHabmomaTsCsi pasHOOOPA3HLIE ITPOMEKYTOUHBIE
BApUAHTH MEXIY aTMOC(EPHBIMU BUXPSIMH U TOPHAIO, KOIja
MPOMCXOIMUT IIPOPBIB MOIIHBLIX TPOIOC(PEPHBIX BUXPEH dYepes
SHAYUTEJILHO OCJIA0JIeHHBIE TPAaHUYHBIC 30HBI 0€3 BOBJICUCHUS
BO BpalllCHUE CaMOM TIPaHUILl 30H, a TaKXe C IPOPLIBOM
Y TOCJIENYIOIIMM BOBJIEYEHHEM BO BPAIEHHE IPAaHUULI IBYX
PasHBIX TEMIIEPATYPHBIX 3O0H.

Kaxk toimko TpaHHUIIQa OKa3bIBA€TCSsI BOBJIEUEHHOI BO Bpare-
HUE U e NEpENaeTCss UMITyJIbC, OHAa HAYMHAET BECTU cedst Kak
yupyras MEM6paHa n CaMOCTOLATEIbHAA IIOBEPXHOCTD.

PaspelB B rpaHUYHON TOUYKE pacCKpBIBAETCS, B HEro yc-
TPEMJISIETCSI TIEPETPeThIil BJIAKHBIA BO3IYX HIUKHUX CJIOEB
TPOITOCPEPhl, KOTOPBI HEMEIJIEHHO BOBJIEKAeTCSI BO BpalllCHHE
1J100aJIbHOIO XOJIOIHOI'O TPOIIOC(PEPHOIO BUXPSI — €ro MOJKHO
cpoTorpacpupoBaTh U3 KOCMOCA.

OnHOBPEMEHHO ITPOMCXOIUT JIOKAJM3OBAHHBIA ITPOPHIB
SHEPruM BpallE€HUs TPOIOC(EPHOrO BUXPS HHUXKE  30HBI
rpaHULBl, C 3aXBaTOM B IIPOLECC BPALIEHUSI TIPAaHUIBI KaK
TaKOBOM WM (POPMHUPOBAHUEM YIAapPHOW BUXPEBOM BOJIHBL

Ilox nericTBHEM I1006aIBHOTO BUXPSI B Tporocpepe pasphib
IePOPMHUPYETCS, TI'PaHUYHASL IIOBEPXHOCTb PACKpPy4YMBA€TCd H
CKa4YKOOOpa3sHO TEPSeT CBOMCTBA 3JIEMEHTA Ta30BOM CPEIbL
PaspelB IpaKTMYECKH MIHOBEHHO PACIPOCTPAHSETCS BIOJb OCH
BpaLIEHU JIO IMOBEPXHOCTH 3€MJIM, U II0KA XBAaTa€T BHYTPEHHEMN
SHEpPruy, (POpPMUPYETCS BUXpEBas 30HA ynapHod BonHbL Ona
MOCTENEHHO PACIIAPSIETCI IIOJ BO3JICHACTBUEM IIEPEIABAECMON U3
TPOIIOCPEPBI IHEPTUU, U XOOOT CTAHOBHUTCS BHIUMBIM.
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910 xO0pomo omnuceBaercs @yHKuusyMu Hefimana., I'mo-
OajibHAsi SHEPrus HE IIPOCTO IIEPEJAETCS Yepe3 JIOKAJIbHBIM
paspelB — OHa CIIOCOOCTBYET (POPMUPOBAHUIO BUXPEBOM yIaap-
HO¥ BOIIHBI, KOTOpPAsl PAaCIIMPSIONIUMCSI X00OTOM MM KOHYCOM
omyckaercst K 3eMJie M CTAaHOBUTCSI BHJIMMON Ojaronapsi IIbLIH,
rapy ¥ OYeHb OBICTPOMY BpPAILEHHIO YACTHIl BO3IyXa.

Iloka 30Ha ymapHOI BOJHBI OYE€Hb TOHKas M CKpy4yeHa B
TYTOM JXKIYT, €e He BIIHO. OueBuIIbl HabIONAIOT Oy CKAIOIIUIICST
BHU3 PACHIMPSIOIINICS BBEPXYy CTONO mmm xobor. Kak Toneko
pamuyc BpalleHHus (PasOBBIX TPACKTOPHI YACTHUI, OIKCHIBAIO-
X TIOBEPXHOCTh VIAPHOM BOJIHBI, CTAHOBUTCS OOJIBIINM,
BUXpEBasl yaapHas BOJHA HAaYMHAET BECTH ce0sl, KakK aJMasHoe
CBEPJIO HAa BBICOKMX CKOPOCTSIX M HACOC OIHOBPEMEHHO.

AJNMa3sHOE CBEpJIO IO TBEPIOMY KaMHIO M CTEKIy — 3TO
TOHKHUF IIyCTOTEIIBIA ITUIMHIP €3 MeTajjla, Ha BHENIHIO
ITOBEPXHOCTh KOTOPOTO HAHECEHBI OYEHb MEJIKHE TEXHUUYECKUE
asvasel. 1Ipu cBepiieHMM Ha HH3SKHX CKOPOCTSIX OHO MOJKET
packoisiots oOpaser. llpu cBepieHHMM Ha BBICOKHX CKOPOCTSIX
cBepsio OYKBaJIbHO BIPhHI3a€TCS B KaMEHb, IIpeBpallaeT B ITBLIb
KOJIBLIEBYIO 30HY, KOTOPYIO PyLIaT OCTPbIE I'PaHU aJIMasoB, U
(POpMHpYET BOKPYI ce0sl XapaKTEpHYIO IIBLIEBYIO 30HY.

Kak rexHmyeckne ajiMas3bl Ha CBepje, BedeT cebs U BU-
XpeBasi yoapHasli BOJIHa TOPHAI0. B OKpecTHOCTH K€ yIapHOI
BOJIHBI IPOMCXOIMT BOBJICUEHUE TIOTOKOB BO3JyXa U OOBEKTOB
BO BpalllcHUE — BOCXOISIIIHE ITOTOKM BO3AyXa 3aKpPyuHUBAIOT U
MOAHHUMAIOT BCTPEYEHHLIE HA IIYTU IIPEIMETHL 173



B 1974 romy B XapbKOBe NpOM3OLLIO pemvaninee (K cua-
CTBIO) COOBITME — Hal TOpPOIOM OBICTPO IPOIIESI TOHKHUM
cvepu B ¢opMe xo6ota. Ero cmia Oblza HEe OY€Hb BBICOKA U
auaMeTp X000Ta y 3€MJIM O4YE€Hb MaJl, II03TOMY MacmTad pas-
pyLlIeHul HE HOCHJI (paTajIbHBIA XapakTep.

Jlaxxe UHIKBAJIbHBIE IIOPBIBBI BeTpa B XapbKOBE MOLYT
OBITH OOJIEE Pa3pYIIMTEIBHBIMH W CMEPTOHOCHBIMU.

CBouM IIEHTPOM M XOOOTOM CME€pY IIOYTH MIHOBEHHO
Ipole MO JBOPY JIOMa, IJ€ IIPOKHUBAET aBTOp, COpBal C
OTHENBHBIX OAJIKOHOB COXHYBHIEE O€be U IIPEIMETHI, IT0OMJI
CTEKJIA B HEKOTOPBIX OKHAX, XapaKTE€PHO H3O0IHYJI U CKPYTHII
HECKOJIbKO POBHBIX [0 TOI'O MOMEHTa JI€peBbeB. CrapoKujibl
IIOMHSIT MOMEHT [0 CHUX IIOp M JaXe TOPIATCS 3THM.

JlepeBbs ocTajIMCh CKPYYEHHBIMU O CEIOHHSI — JKMJIBIIBI
UX CKOpPO CHUJILT II0 CTApPOCTH, 3aMEHHUB MOJIOJBIMU U POB-
HeiMU. CaMoe MHTEpecHOe, UTO BpallleHUE cMepya OCYIIEeCTBIIsI-
JIOCb B CTOJIb Majioil OOJacTH, YTO 3aIeJI0 OYEHb Y3KYIO
IOJIOCY M M3OTHYJIO BCEI0 HECKOJILKO COCEIHUX HepeBbeB. Msor-
HYTBIMU OKA3QJIMCh IUIACTHYHBIC W THOKHE KJICHBI, a IHpaMU-
JaJIbHBIA ¢ C€p€6pI/ICTLII7I TOIIOJISI BBICTOSIJIH.

K cuacreio, pammyCc pasOBBIX TPAEKTOPHI BpalICHUS
YaCTUIl B 30HE YIApHOM BOJHBI OBLI CJIWIIKOM MaJl, NPaKTH-
YECKH PaBE€H HYJIO — MO03TOMY TIHMIIOTETUYECKOE <«aJIMa3sHOe
CBEpPJIO» CMEpYa HEe CEPOPMHUPOBAJIOCh U HE paspes3aio I0M Ha
TpU dYacTd, Kak 3T0 uacreHbko npoucxomur B CIIA.

Ecim nBuxeHue TopHaAIO CONPOBOXIAETCS IOCJIENYIOLIUM
JOXKJIEM, PE3KHM OXJIAKIEHMEM BO3IyXa y IOBEPXHOCTH 3€MJIU
1 IIOXOJIOIAHUEM, yIPo3a TOPHAIO IIPONAJaeT — IIPOMCXOIUT
€CTECTBEHHOE paspylIeHUE CKayKOOOPa3sHOM TI'PaHUIIBI MEXIY
aHOMAJILHBIMU CJIOIMH BO3JIyXa.

Ecnu xe TOpHaI0 (pOpMI/IpyeTCSI JIOKQJIbHO, HO XOJIOIHBI
CppOHT IIPpOJ0JIZKAET CBOC HACTYILJICHUEC 0e3 moxasa — yrposa
BO3SHUKHOBEHUSI HOBBIX TOPHAJIO HE YMEHBIIAETCS. Boiee TOrO,
OTHOBPEMEHHO MOTYT C(pOpMI/IpOBaTI)CH MHOJKECTBEHHbIE XOOOTHI
CMep‘IefI, KOTOPBIEC pPacCIIojIarailorcsas BIOJIb 30HBI Pa3pbIBOB Ipa-
HuyHOro cJjos. Korma TOpHAaJIO0 B OJHHUX MECTaxX HNCYE3aloT,
paaoM CpOpMI/IPYIOTCSI HOBBIE CMEPYH.

Uem MomHee HACTYNJIEHHE XOJIOMHOIO CYXOro BO3[yXa,
YEM CHJIbHEE IIPOIPET CJIOH BJIAKHOIO BO3JyXa Y IIOBEPXHOCTH
1 uyeM cTraduiabHee Hall HUM Tporiocgpepa, TeM 0ojee MOIIHBIC
BUXPHU (POPMHUPYIOTCSI B BEPXHHUX CJIOIX TPOHOCKEPLL
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B cpensein monoce M B uyacTHOCTH B XapbKoBe Oonee
CTpAallHbIM M aKTyaJIbHbIM SBJICHUEM, UYE€M CMEPUH, SIBJISAIOTCA
WKBanbHele nopsiBsl BeTpa. OHU MpEemIecTBYIOT HACTYIIJICHUIO
XOJIOMHOTO (PPOHTA B JXKapy M BO3HHUKAIOT IIPU aHOMAJIBHOM
pacIipee/IeHuH OKOJIONIOBEPXHOCTHBIX BO3IYIIHBIX Macc.

Eciu nmoxmu He ycreBaloT IBUraThCs 3a (PPOHTOM XO-
JIOMHOTO BO3JIyXa, HACTYIAIOWIErOo HAJl IIOBEPXHOCTBIO 3€MJIU
Ha HEKOTOPOH BHICOTE, O0Opa3yercsi IPHUIIOBEPXHOCTHAs 30Ha
IIKBAJIBHBIX ITOPBIBOB BETpA.

Ilepex mojocoit JIOXId MW TIpo3 (POPMUPYIOTCS 3OHBI
BBICOKOH TYpOYJIE€HTHOCTH B XOJOTHBIX Maccax. BosHukaer
peskasi — cKaukooOpasHasi IpaHHUIIA TEIUIOTO M XOJIOMHOIO BO3-
AyXa M CKa4YKOOOpasHBLIA IIepemnai TeMIepaTyp.

TypOysieHTHBIE TIOTOKHM PpasphlBalOT TI'PaHMILY, (POPMU-
pys OiyXmaiomue yIapHbIE BOJHBI, KOTOPHIE II€PEMEIIAIOTCS
BMECTE€ CO IIKBAJIbHBIMU IIOPBIBAMM BETPA.

HeKOTOpI)Ie IIOPBIBbI BETPpa M INKBAJIbI HECYT 3apsald BHY-
TpeHHGﬁ 9HEPruy, HaAMHOI'O HpeBbII_LIaIOI_LII/IPI X KHHETHUYECCKHE
IIOKa3aTeJId, 3aBHUCAIINE OT MACChl M CKOPOCTH BO3JyXa. HNmen-
HO TaKHu€ MIIKBaJIbl COAEpXKaT q)par MECHTBI yIapHBbIX BOJIH H
NPpUYMHAIOT CYIIECTBECHHBIC pa3spylI€HUusI B YKpaI/IHe.

Korna maberaer IOnOOHBIN IIKBajl, BOSHHKAET CTPaHHOE
OIIYILIEHHE TOJYKA YIPYTOH IOBEPXHOCTH, a HE IIPOCTO ILIOT-
HOoro Bosayxa. HyXHO Jjileub Ha 3eMJIIO MIIM HAKJIOHHUTHCSL

Heckomnbko jeT Hasaj Oy KIaiomas CO IIKBAJIOM yIapHasi
BOJIHA COPBAJIa C KPBIIIK BBICOKOIO [IOMa JIUCT IIK(pepa U ILIAB-
HO TIpOHEC/IA €r0 K 3eMJle — B pe3yJIbraTe JIUCT yIaprl IO
3aTBUIKY JKeHmuHy. OHa CKOHYalach Ha MecCTe.

IlopeB BeTpa, KOTOpBII HEC YyHapHYIO BOJIHY, OBII Cla-

Oee, yeM Ipyrue IIKBAJILI — 3TO IOBEPIJVIO B IIOK CBHIETEIIEH
UIL. Bce oHM B OIMH TIOJIOC YTBEpPXKIAJM, 4YTO B 3TOT JEHb
HapyIIMJICSl 3aKOH COXpaHeHus SHepruu (XapbKoB — IIPOCBe-

IIE€HHBIN ropol, 3TOT 3aKOH HE 3HAIOT TOJIBKO MIIaI[eHHI»I).

Takme OnyXpaoomue yaapHbBIE BOJIHBI CPBIBAIOT KPBIIIN
C JIOMOB, JIOMAIOT [EPEBbs, PBYT M CKPYUYMBAIOT IIPOBOIA,
NPUYMHSIOT YIEPO SKOHOMHKE U TIpaXkJIaHaM TIOCyIapCTBa.
Hekoropsle OiyXIalomue yIapHble BOJHBI MOIYT HECTH
9JIEMEHT BpPAIICHUSI M OCTABJISITh KPYIOBBIE IIPUMSTBHIC CIIEIbI
Ha noinsX. Ho, K cyacreio, JaXe OHM HE MOTYT CpPaBHUTBCS
C KOJIOCCAJIbHBIMU II0 CHJIE W PaspyLIMTEIbHOCTHA TOPHAIO,
HaOmIomaeMpIMI B IOXKHBIX parioHax CIIA. 175



M3BecTHO, 4TO MOIIHBIE MH(EPHO U TOPHAIO MOI'YT COIIPO-
BOXKJIATh 3JIEKTPHYECKHUE SIBJICHMS, JTUHEAHBIE H JaXe IIAPOBBIE
Mosauu. OHU 3aperucTpupoBaHbl Ha (POTO U BUIIEO OUYEBHILIAMM.
OeKTpusalnsl IMPOMCXOIUT BCJIECICTBHE TPEHUS YaCTHIl BO3-
JIyXa, MBI, HApOB BOJIBl HA KPUTHYECKUX CKOPOCTHX.

AHOMaJIbHBIE BUXPEBbLIE ITPOLIECCHI M BUXPEBBIE yIapHBIE
BOJIHBI MOI'YT BO3HHMKATh HE TOJIBKO B IIOBEPXHOCTHOM CJIO€
TPOTIOC(PEPEI, HO M B BEPXHUX CJIOSIX Tporocdepsl Takue
IIponeCcChl, HAITPUMED, IIPOXOASAT B BBICOKHUX I'DO3OBBIX HOKIEBBIX
O6HaKaX, KOTOPBIC HAUMHAIOTCA HHMIXXE 30HBI KYyU€BbIX M CJIOMCTO-
JOXKJIEBBIX OOJIAKOB M IPOCTUPAIOTCSI BILUIOTH JIO 30HBI CJIOUCTO-
Ky4yeBbIX 00jakoB 10 6000 merpos.

OnacHele rpos3soBbie 00JIaKa HMMEIOT XapaKTEPHYIO (POpPMY
— 3aMETHOE pACIIMpPEHHE CBEPXY U CHHU3Y U CYXKEHYIO Typ-
OyneHTHYIO HOXKY mocpenune. @opma M BBICOTA TAKUX OOJIAKOB
(HaKOBaJILHS) SIBJISIIOTCS THMATHOCTUYECKHMMH IPHU3HAKAMU.

JlokajibHbIE CMEpYM M BHUXPEBBIEC YIapHBIC BOJIHBI, BO3-
HHUKAIOMUE HEMOCPEACTBEHHO BHYTPHU 3THX I'DO30OBBIX O6IIaKOB,
YyaCcTO HE IOCTUTAIOT 3E€MHOM IIOBEPXHOCTH.

M3-3a Hajmuus aHOMaJBHBIX TYypOYJIEHTHOCTEHA CaMo-
JleTaM KaTeroOpu4ecKH 3allpelleHO He TOJIbKO IIPOXOIHTh
CKBO3b I'DO30OBBIE 00JIaKa, HO JIajke IPUOJIMKATECS K T'PO3OBOMY
(PpOHTY U TeM Oojee OOJETaTh €ro CBEpXy WM CHHS3Y.

ABTop BUj€ena (POTO, BBIIOJIHEHHBIE KBaJIU(PUIIMPOBAH-
HBIM 3KCHEPTOM-KPpUMHWHA/IUCTOM HA MECTE€ aBapuu CamoJIeTa,
KOTOPBIF MIbITAJICSI TIIPOMTU CKBO3b MOIIHBIM I'PO30BOM (PPOHT,
ObLII BOBJIEUEH B I'pO30BOE 00JIaKO H IIOABEPICsT BO3JIEHCTBHIO
BUXPEBON YJapHOW BOJIHBL @®oro HE ny6n1/1Ky10Tc;1, TIOCKOJIBKY
OHU He ObLIU o(pHuIIHAIBHO OHy6JII/IKOBaHI)I B CMIL

Xapakrep MNOBpeXIEHUH caMmoJieTa U paJuyC pasiiera
OCKOJIKOB II0 HOMHUHAJIbHBIM IIOKAQ3aTEJISIM HE COOTBETCTBOBAJI
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rmapaMeTpaM yjaapa caMojeTa 00 3eMIIO. Y 3KCIEepTOB CJIOXKU-
JIOCb MHEHHE, YTO YACTHMYHOE Pa3pPYyIICHHE 3JIEMEHTOB CaMoJjIeTa
Y IIE€PBUYHBIE TPEIIMHLI BOSHUKIIM €IIe JIO yJapa 00 3eMJlo.
Ho HMKakuX BHEIIHUX IIOBPEXIEHMII OT CTOJIKHOBEHUI C IIOC-
TOPOHHUM MPEIMETOM Yy CaMOJI€Ta BBISIBJIEHO HE OBLIO.

ITO TO3BOJIMIIO CHIEJIATh OJHO3HAYHBINA BBIBOJI — CAMOJIET
MOJIBEPICsl aHOMAJILHOMY BO3JIEHCTBUIO €IIE B BO3JIyXe. 3HAUMT,
NWJIOT IIOIBITAJICS IIPOUTH CKBO3b (PPOHT MOIUHBIX I'DO3OBBIX
00JIaKOB M 30HY IIOBBIIIEHHON TYpPOYJIEHTHOCTH, a HE M3MEHHII
CBOI KypcC, UYTOOBI HE BCTPEUYATHCSI C T'PO3OIL

Eciu BHyTpM (@pOHTA TIpO3OBBIX O0O0JAKOB, KOTOpHIC
MNPOCTUPAIOTCS. HAa BBICOTY OKOJIO TPEX CJIOEB TPOIIOCEPHI,
BO3HHUKAIOT BUXPEBBIE YIaPHBIE BOJIHBI, OHHU PaCIPOCTPAHSIOTCS
MPaKTUYECKU IO BCEH BHICOTE O0JjlaKa U (POPMUPYIOT 30HBI
MOBBILIEHHOM TYPOYJIEHTHOCTM U CBEPXY, U CHHU3Y (PPOHTA.

TypOyaeHTHOCTE B OKPECTHOCTH I'PO30BOTO OOJIAKA MOJKET
BOBJICYUb CaMOJIET BHYTPh TPO30BOrO oOOjaKa M IIOIBEPrHYThH
BO3JICVICTBUIO JIOKQJIbHO-C(DPOPMUPOBAHHOM BUXPEBOU yIapHOM
BOJIHBL B 3TOM Cilyyae paspylleHusS U TPEIIMHBI BOSHUKHYT B
MOMECHT TIPOXOXXJICHUSI BUXPEBOM YIAPHON BOJIHBI — IIPO(PUIB
KpbUIa CaMOJIETOB TO3BYKOBBIX M OKOJIO3BYKOBBIX CKOPOCTEH HE
MOJKET HPOTUBOCTOSITH TAaKUM HArpy3KaM YyIapHBIX BOJIH.

30HBI, B KOTOPBIX OTMEUAETCS MAKCUMAJIbHAS 3JIEKT-
pUYECKAsi AKTHBHOCTH, SIBJISIIOTCSI HOCUTEJISIMA  HAMOOJIBIIET
BEPTUKAJIBHON TYpPOYJIEHTHOCTH. 30HBI MaKCHUMAaJIbHOM 3JIE€KTpU-
YeCKON aKTHUBHOCTH BHYTPH TPO30BOrO o0O0JaKa ITOKa3bIBAIOT
MeCTa BO3MOJKHOTO PpACIIOJIOJKEHHSI BHXPEBOM BEPTHKAIBHO-
OPUEHTHPOBAHHON YJIapHOU BOJIHBI — Hanbojiee omacHoe
MECTO B TpO30BOM ODOiake (cM. ¢poTo oOmakoB Ha crTp. 169).

Boggnoii map M BO3AyX JOCTATOYHO IIPOHMIAEMBI IS
cosiHeuHbIX jgyder. Ho Buxpesas ymapHasi BOJIHA M BOBJI€UYEH-
HBIE €10 B JIOKAJbHOE BpallleHWE I1ap, KPUCTAJUIBL Jbla U
BO3JIyX MNpaKTHYECKH Hemnpospaunbl OHHE [genaior o01ako Jio-
KaJIbHO HEIPOHUIAEMBIM [IJIsl COJIHEYHBIX JIYYEH.

IlosToMy mnepen HMpOXOIOM MOIIHOIO TI'PO30BOIO (PPOHTA
BOKPYI pe3ko TemHeeT. UeM MeHbIIe cBeTa IPOXOIUT CKBO3b
IPO30BBIE TY4YH, T€M OOJie€ MOIIHBIC BUXPH U yIapHBIC BOJIHBI
OBIIM  CPOPMHUPOBAHBI BHYTPH I'PO30BOro obJaka.

CyH.IeCTBOBaHI/Ie JIOKQJIM30BaHHBIX BHUXPEBBIX YIAPHBIX
BOJIH TIIOSICHAET CBETOBYIO HETIPOHHUIIAEMOCTH IPO3OBBIX oba-
KOB U IIOTEMHEHUE, BBISBIBAIOILEE €CTECTBEHHBIN cTrpax. 177



B obmakax rpo3oBOro (PpoHTa YacCTO (POPMHPYIOTCS BOC-
XOISIINE BPAIIAOIINECS BUXPH U TypOYJIEHTHOCTH.

CTOoKHOBEHHE C TEIUIBIM (PPOHTAJIBHBIM BO3IYXOM BBI-
SBIBAET TI€PEMELIMBAHUE BO3JyXa MU OOpa3sOBaHME BOCXOISIINX
TypOYJIEHTHBIX ITOTOKOB. Eciln Takoil NOTOK IT€epecekaer OIHY
13 BBIPAKEHHBIX (PA30BBIX I'PAHUILI MEXKIY CJIOSIMH TPOIIOC(EPHI,
¢popMuUpyeTCS BEpPTHKAJIbHAS BUXpEBasl ylapHas BOJIHA.

Ona ¢opMupyercs y OCHOBaHUS I'PO30BOrO OOJIaKa, IIpPO-
CTHpAETCs 10 TI'PAaHHILI CIOMCTO-KYYEBBIX OOJIAKOB M IIepepac-
HpeNeISeT 3JIEMEHTOB CPEdbl MEXIY CIIOSIMHA TPOHOCQEPHL

IlonoGHBIE BUXpEBBIE IIPOILIECCHI  NPUIAIOT TPO30BOMY
O0JIaKy (POpPMY HAKOBaJIbHU U OTJIMYAIOT €ro OT KYy4yeBBIX 00-
JIAKOB, KOTOPbI€ HA3BIBAIOT «OOJaKaMH XOPOLIEH IIOrOIbI».

[ 6000 m
CnoucTo-Ky4esbie
obnaka

CnoucTo-AoXAEBbIE KyuyeBble o6naka netom Jloxnesble o6naka QBLINHO
obnaka npuHocaT MOryT npeasewars npeaseLwaloT rpoMm,
_BoXab wnu cHer. XOpoluylo noroay. MOJIHUIO, A0XKAL UNK CH

L 2000

VI3BECTHO, UTO JIEKTPHYECKUI 3apsi] B CTATHYECKON (POp-
M€ MOJKET HaKaIlIMBATbCA B CJIEACTBUE TPEHUA paSHOpOHHI)IX
ciroeB apyr o apyra. IIpu sToM OHH CJIOM OTIAIOT OTPHUIIATEIIEHO
3apsIKEHHBIE 3JIEKTPOHBI, IIPHOOpeTasi ITOJIOKHUTEIbHBII 3apsil,
IOpyrue CcJIOM IIPUHUMAIOT 3JIEKTPOHBI M CTAHOBSITCSI OTpHIIA-
TEJIBHO 3apsuKeHHbIMU. OOpasyercsi NPUPOIHBIA KOHIEHCATOP.

B pesyimpraTe mBHJKeHHSI OOJIAKOB, PACIIOIOXKEHHBIX Ha
I'PaHUIIE HACTYIAIOIIErO XOJIOJHOIO (PPOHTA, KOTOPBIA JIBUKETCS
HaJl 30HOH IIEPErpeTOro BO3/yXa, IIPOMCXOIUT 3JIE€KTPU3ALIMSL

Bocxomsiimne KOHBEKIITMOHHLIE ITOTOKH Tropsiue€ro BO3AyXa
IIOJHUMAIOTCA BBEPX, CTAJIKUBAIOTCS C I‘paHI/ILIefI, HU3MEHAIOT Tpa-
C€KTOpPHIO IBMJKEHUSI BIOJIb I'DAHHUIIBI, CHOCO6CTByIOT €€ 3IJIeK-
Tpu3alnu N HAaKOIUICHHIO CTaTHYECKOI'o 3JICKTpHYECTBaA.

Jlaxe ecym cpemd sICHOro Heba IpSHYJI IPOM, 3TO 3HAYMT,
YTO HAJl IPUIIOBEPXHOCTHBIM TEILJIBIM BO3JIYXOM OCYILIECTBHUIICS
JIOKAJIHBIA IIPOPBLIB CJIOS  XOJIOOHOIO Bo3dyxa. B pesyibrare
BOCXOISIIME OT 3€MJIM IIOTOKU TOPSYErO BO3JyXa CTAJIKHBAIOTCS
C HEBUIUMBIM MPENITCTBUEM M 3JIEKTPU3YIOT T'DAHUILY MEXIY
aHOMAJILHBIMU TOPSYMMHU M XOJIOAHBIMH CJIOSIMM.
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D10 pelnkoe sBjEeHHE B IPHUPOIE ObIBAET — aBTOP €ro
HEIOCPEICTBEHHO HabIoaaja HEeCKOJIbKO pas. Beckopocrtu mocite
rpoMa HeOO 3aTsarusajla Jierkasl JbIMKa, Haberajm obJiaka, u
moroga 3aMeTHO MeHSIach (XO0JI0HaJIo).

Tpenue MeXiy pasHOPOINHBIMU CJIOSIMH BO3IyXa OOBsIC-
HSIET, TIOYEMY 3JIEKTPU3YETCS TPAHUIIA MEXIY CJIOSIMH BO3IyXa
1 obOpaleHHasT K 3eMJIe HUJKHSISI 9acTh OOJIaKa.

Ho 310 He 0o0bsCcHseT HaJIMYue 30H aHOMAJILHOM T'PO30BO
AKTUBHOCTHY, KOTOPBIE€ CYIIECTBYIOT B TOJIIIE T'PO30BOIrO obJlaka
U IIPOCTHPAIOTCH croj0amMu Ha KHUJIOMETPbI BBEPX.

SneKTqueCKaﬂ AKTUBHOCTh BEPTHUKAJIbHBIX aHOMAaJIUH
HaMHOI'O IIPEBBHIIIACT IPUTIPAHUYHYIO IJICKTPU3ALHIO. Takue
aHOMAJIUM SIBJISIIOTCSI LIEHTPAMH MOIIHBIX M CBEPXMOIIHBIX I'PO-
30BBIX SIBJICHUW M JIa)K€ IIApPOBBIX MOJIHUM.

MHOroOYHCIIEHHBIMU  OIBITAMHM ¥ 3KCIIEPUMEHTAMH OBUIO
yCTaHOBHeHO, qgTo IJIsL (pOpMI/IpOBaHI/IH CTaOMJIBHBIX mapomﬂx
MOJIHUM MOIIHBIX U CBEPXMOLIHBIX HCTOYHHKOB 3II€KTPI/I‘I€CKOI71
HAIIPSDKEHHOCTU CaMO# 1O cebe He JOCTATOUYHO.

IllapoBele MOJHMM — CrYCTKH HH3KOTEMIIEpaTypPHOI
IUIasMbl — CYILIECTBOBAJIM JIO TE€X IIOP, IIOKa CYIIECTBOBAJ HC-
TOYHMK 3JIEKTPUYECKON SHEPrud, 3aTE€M OHM PaspyLIAJIUCh.

Takue onbITBI UMEIOT KOJIOCCAJIbHYIO HAYYHYIO IEHHOCTD.
OHu He TOIBKO JIOKa3aIu SIICKTpI/IUIGCKI/IPI Tr€eHe3unc IHapOBOfI
MOJIHUM, HO H IIOKa3aJik, 4YTO CYHIECTBYE€T HHasli IIpUYHMHA CTa-
6I/IJII)HOCTI/I, HE CBsI3aHHasI C 3IJIECKTPHUYICCTBOM KaK TaKOBbBIM.

HMcTouHHKOM HEKOTOPON CTaOMJIBHOCTH IIAPOBBIX MOJI-
HHUI MOJKET BBICTYIIAaTh KOMIIJICKCHOE B3aHMMOJICHCTBUE JIBYX
HE3aBUCHUMBIX (PAKTOPOB — BBICOKOM 3JIEKTPUYECKON HAIIPSI-
KEHHOCTH 3JICKTPOMArHUTHOIO IIOJISI B COYETAaHUM C SHEpruen
BUXPEBON BEPTHUKAJIBHON YHAapHOW BOJIHBL

Tpenue uwacruiy BO3jyxXa, JibjJa M IIapa BHYTPU BOCXO-
OSIUX  TypOyJEHTHBIX IIOTOKOB  BBISBIBAET paslesicHUuE U
nepepacrpenejieHue II0JIOKUTENBHBIX U OTPHULATEIbHLIX 3aps-
OB B TpO30OBOM OOJAKe€ — 3TO M3BECTHBIA akT. (OOIako
NpeBpaIaeTCsl B TUIAaHTCKUII IIpUPOIHBIN KoHIeHcarop. Kak
TOJIBKO €r0 €MKOCTh IIPEBBIIIAETCS — HACTyIlaeT IIpoOol u
paspsin sHeprun B (pOpMe JIMHEWMHOW MOJIHHH.

B rtOor MOMEHT, KOrga €MKOCThb KOHIEHCATOpa CTaHo-
BUTCH KPUTHUYECKOH, C HEro HAYHMHAIOT MEIJIEHHO CTEeKaTh
M3OBITOYHBIE 3apsSObl — KaK B (PUSHUYECKUX OITBITAX.
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3aKAIO4YEeHHne

Tperpst yacTb KHMIM, XOTSI U HO-
cuT cyrybo npogecCuoHaIbHOE HA3BAHUE,
paccuntaHa B IIEPBYIO  OYepenb He
CTOJIbKO Ha MPUKIATHBIX MaTEMaTUKOB
U (PU3HKOB, CKOJIbKO Ha MaKCHUMaJIbHO
IIMPOKUI KPYr IIOOrOTOBJIEHHBIX YMTa-
TEJEed M CIEUUaJIICTOB.

Hsnoxenne martepuajla B Tpe-
THEH YaCTH HOCHT MaKCHUMaJIbHO YIIPO-
IICHHBII M TEKCTOBBII XapakTep, IIpu-
BOIMTCS OYEHb OOJBIIOE  KOJIMYECTBO
Pa3sHOOOpa3HBIX MILIIOCTPAIIMI, I'PapPUKOB
U CXEM, HaIJISIHO MOSICHSIOIIUX CJIOKHBIE
MomeHTBL @PopMyIbI M JIOKa3aTesIbCTBA
ObUIM CBEIEHBI K MUHUMYMY.

OG’LEZII/IHHET BCE€ 3THU PASHOPOIHBIC TEMBI MCIIOJIB30OBAHHUE BOJIHO-
BOro amnmapara COBpeMeHHOﬁ MaTeMaTUYEeCKOMN q)I/I3I/IKI/I, arnmaparta CIie-
ITHaJIbHBIX prHKI_[I/II7I MaTEMATUUYECKOMN (pI/ISI/IKI/I U TII0aX0Jx C TOYKH
3pe€Husa Teopuu O606U.I€HHHX prHKI_II/IPI, TEOpHun q)a?,OBLIX EPEXOI0OB 1
KaTaCTqu) " 9JIEMEHTOB COBpeMeHHOPI TEOpHUHN OIITHUMAJIBHOI'O YIIDaBJICHUSI
(JIIISI l]I/ICpq)epeHLII/IaIH)HI)IX ypaBHeHI/IFI n ux CI/ICTeM).

basoBeiM sIBJISIETCSI MICIOJTH30BAHUE JIMHEWHBIX nnq)cpepeHuI/Iam)-
HBIX ypaBHeHI/Iﬁ BTOPOr'o IIOpAAKa B YaCTHBIX ITPOM3BOJHBIX, OII€paropa
Jlammaca B NUWINHAPUYECKUX U1 cq)epnqecm/lx KoopauHaTax, KpaeBOFI
3aaavun Kommu n YpaBHEHUS beccenst ¢ NPUMEHECHHUEM pa3JIO)KeHI/II;I 110
CIICITH A IbHBIM (pyHKI_II/ISIM COBpeMeHHOI;I MAaTEMAaTUUYECKON CpI/ISI/IKI/I.

IlompobHOE W3TOKEHHME [UIS MATEMATUKOB M CIEIHAIACTOB
CMEXHBIX JIHCHUIUIMH COBPEMEHHOIO amrapaTa CHEeNHAJbHBIX (PyHK-
ouit — ©0e3 H3JIMIIHEr0 yHajleHus: B JIe0pu Cyryboo TeOpeTHYecKUX
BOIIPOCOB — OBLIO OTAENIEHO OT HACTOSIIETO U3JIOKEHHS W TIPHBOIUTCS
B IEPBHIX JBYX YACTIX HACTOSIEro wusmgaHus. IlepBele 1aBe dacTh
HAIMCAHBI HAYYHBIM SI3BIKOM, HOCST CTPOTHII XapaKTep M IIOCeIoBa-
TEJILHO JOKA3hIBAIOT BCE MPUBOIUMEIC JIOTHYECKHE PACCYKICHHS, Teope-
MBI, METOIBI U (POPMYJIBL

Tperpst yacTh KHUTH HaIHCaHa 0O0JIe€ UEJIOBEUECKUM U TTOHSITHBIM
MHOTHM S3BIKOM, B HEH He TIIPUBOISITCS CTPOTHE [0Ka3aTeIbCTBa MU
HU30BITOUHBIE HAYYHBIE BBHIKJIAIKH.

Mspanume siisiercst pesysbratom Oosiee 20 jer Moedl HaydHOM
paboTBl B IAHHBIX HANpaBJICHUSIX, KOTOpPHIE BEIYTCSI OIHOBPEMEHHO C
ocHOBHO# pabGoroi. I paboraio BeG-IPOrpaMMUCTOM, BeO-IU3aTHEPOM,
IUIIy TpOrpaMMmbel Ha JavaScript, BBIIOJHSIO pPabOThI, CBsI3AHHBIE C
KOMIIBIOTEPHOM BEPCTKOM BBICOKOI CJIOKHOCTH H  ITPO(PECCHOHAIBHBIM
IU3aiiHOM IIOI IIOJIMIrpacpuyecKue TEeXHOJIOruH. biaromapsi cBoeil OCHOB-
HOM paboTe CErogHsl sI UMEIO BO3MOKHOCTH IapaUIebHO 3aHMMAThCS
HAYYHBIMUA HCCIICIOBAHUSIMM, M31aBaTh KHUIM M CAlThl — 0€3 KaKHX-JIU-
60 rpaHTOB M 0€3 UYbEN-TMO0 CTOPOHHE! MaTEPHAIILHOM IIOIICPHKKIL
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FO4us Buxmoposna Kagmanosa

CnenuanpHble (PYHKIIMH MaTeMaTHY€CKOH (PHBHKH
H3gaHme oCymIeCTBASETCA B TPeX YacTAX

Yacte 1. Pynknun Becceaa u muauHApuYecKne (PyHKITHH
B B3A€MEHTAaPHOM HM3A0KE€HHH C IPOrpaMMaMH BBIYHMCAEHHI

YacTtp 2. OproroHaAbHbIE IOAMHOMBI M Apyrue cepudyeckue pyHKIUM
B 5A€MEHTaPHOM H3A0XKE€HHH C IPOrPaMMaMH BBINMCAEHHH

Yacru 1 u 2 paccyuTaHE! HA CIIEUAANCTOB, HH)KEHEPOB M MaTeMaTHKOB. B Hux crporo
H3AAraeTcs aBTOPCKHUI METO/ PeKyPPEHTHBIX OTHOLICHHH JAA CHENHAABLHBIX (DYHKIHH
MaTeMaTH4eCKOH (pU3MKH M 0COOEHHOCTH MX NPHMEHEHMs Ha IIPAKTHKe.

Yacts 3. Mo,qe.nnpoaaﬂne AHOMAABHBIX H 3KCTPAOPAHHAPHBIX
IIPHUPOAHBIX M TEXHOT€HHBIX IIPOIIECCOB

YacThk 3 HOCHT HaY4HO-HOIYASPHBIH XapaKTep M PACCYMTAaHA B IIEPBYIO O4Yepeab Ha
HemareMaTnkoB. OHa HaIMCaHa IOHATHBIM A3BIKOM M PACCKa3bIBAET O TAKUX ABACHHIAX,
Kak gBwKymuecs kamuu B Joanne CMmepTH, yHaMu, BOAHBIYOHHIIBI, 3eMAETPACEHHU,
TOPHA/I0, CMEPYH U IIKBAABI B aTMOCEpPE C TOUKU 3pEHHst MaT(PU3HKH.
[JIAs IpoheCcCHOHAABHBIX My3BLIKAHTOB H AIOOMTEAEH COBPEMEHHONH MY3BIKH CTPOHUTCS
MaTeMaTH4YeCKasd MOAEAb 3ByYaHHs COBPEMEHHOM IIOCTXEH/APHKCOBCKOH AEKTPOIUTAPhIL.

K yacru 3 6ecniaaTHO mpuAaraeTcs KOMIAKT-AUCK C IBETHBIMH KOMIILIOTEPHBIMU
HAAIOCTpanHaMH, oTorpadpusMu U BUZEOMATEPHAAAMU OYEBU/ALIEB.

O0.4us Buxmoposna Kapmarosa
CnenmnanpHble (PyHKIIMM MaTeMaTHYeCKOH (PpH3UKH

Yacts 3. Moae.nnponaﬂne AHOMAABHBIX H 3KCTPAOPAHHAPHBIX
NIPHPOAHBIX H TEXHOI€HHBIX IIPOIECCOB
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