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NPEJUCIOBHE K YETBEPTOMY M3AHUIO

B HOBOM M3NAHMi KHHCH HanGoice SHANTESHOR mepepaGoTKe mox-
BepraACh NEPRAS NABA — TEOPETHUECKHE OCHOBH Ta30BOH  ANMHAMMK.
B Hed BBeleHO NATb HOBHIX Naparpados, B KOTOPHX NPUOIATCA pe-
3YAbTATH, T ¢ noomsi0
MAWMH AT 30124 Ha CBEDX3BYKOBOE OOTEKANMe KAK B MAOCKOM,
TAK U B DPOCTPAHCTBENHOM CAYHASX, WSIOKEHL TeOpHS THNepoBy-
KOBbIX ABMAErHH, TCOPHA ANCCONMUPYIOWICrO 1asa, AMHeHHas MPOCTpaH-
CrBeHNan 3a1a4a OOTeKaWa Kpuia. Pal naparpadob SHANHTEILHO pac-
wmpen. Tax, o naparpade, NOCOAIIEHON BIPHBY, MAETCA TEOPIA TONEN-
10O B3PHIBA Ge3 YETA MPOTHBOATIEHNS, 4 TAKKE ATAIbHO H3AAraeTCR
cnocob pelens Ha 3/ekTponHON GucTporeficTyIOuEeR MauKe 3aau
o mIpuBe C yuETOM s maparpade,
KPHAY B NI0CKO-MAPAIAEABION NOTOKE, PACIIHPENO WIAOKelKe, Kacaio-
Uleech OGTEKAINS MAACTANKN; Qb HOBWC MPUMEH TOMNLX pemiennd
B OCCCHMMETDHYHOM ~CAydae. YTOUNEH DHI OTACALHWX —Pe3yabTatos
i MeTo10m. TaK, HAMPHMEP, 1% METOIA XAPAKTEPHCTHK YKAMBAITCH
HOBble BAPHAHTL M, B YACTHOCTH, W31ATaeTCi NMPHMEHEHHE €0 K pacut-
Tax, ¢ nomouts0 Mausi.
B raase 0 BA3KOH KUAKOCTH BCTaBaeH Naparpad, NMOCBAUEHNHHA TOu~
HOMY PellICHIO 324Ul OGTEKAHA NIGCTHHKI, W AQHO CPABIEHHE 3TOTO
PCLIEHUH C U3BECTULIN. PelCHEN, OTHOCAULINCS K NOTPAHNYHOMY C00.
[Ipn NOIOTOBKe 110BOTO IM3NAHHA HCMPABAEHE ONENATKiS, AOMYLLEHibe
B mpeawaywen uatanny. Kak W B NPEXHNX N3IAMMAX, MU CTapauch
HC TOALKO NOMAKOMMTE HHTATENS C TEMHs WAH WHLINI OCHOBHLINH WAEAMIL.
1O 1 WSAOKNTL, MO NEPE BOIWOAKHOCTH, TEXWHKY Pelenits rHAPOTNNA~
MINECKIX 3014,

H. Kubeas






[JIABA NEPBAS
TEOPETHYECKHE OCHOBbI FA30BOil AHHAMHKH
A. YPABHEHUS FA30BOH THHAMHMKH

1. Boenenne. 30348 IMKAMNKA — 570 THAPOIWHANNKA GOTHLINX
cxopocrell W Maaofl mpoctpaucrseusofi mpormkeuuocta. OGaacti €&
ey caN0agTOB, BHYTpEH-
WP W BHEWNAR GAITNCTHKA, TEOPNA MAPOBX Typom, Teopun paer
w T m Manas sBACHHA
1103B0/ISET OTGPOCHTG B YPADHEHMSX Ta3oBOM IMHaMHKH BHEWIHHE CHABL
(comeputeniio Tak ke, Kak 5TO 1e1aeTcs B OGLYHOM TeOpHM Kpeia
asponaana). JleCTBUTE MO, 6COTOTHOC IMAUCHIE WIMCHEHNA 1aBie-
wan |Ap|, NPOMCXOMAMErO GAZNOIAPA HAMMGNIO CHAN TAKCTH. NpH
niepeveueti 10 bepTaKaI Ha Az Gyzer:

_ 8
|8p|=gphz =354z
otciona
1ap| __ Az _ Az
S =ERr=%%wrr

W ecan mpunsty T 30 273, T0 A1 WIMeHeWns Aapaens wa 1% moa-
2OGHTCA epeNellenne N0 BepTHKATH NpHMepHO Ha 80 4. ITOT BLBOL
TOATBEPAKAGCTCA TAKAKE W NPHHLANOM NOIOGHA, COPAACHO KOTOPOMY
AACTBIC BHEWIHHX CHA GYZET TeM MeHbille, UeM MeHblue GYIeT MACWITAG
waCHis,

BTOPas 0COGCHHOCTS Ta30BOM AWHAMUKM -— HaaWwike GOALWHX CKO-
POCTelt — 3ACTABANCT OTKA3ATHCH 31eCh OT PACCMOTPEHIA HECKMMAeMOR
HuAKOCTH. JICHCTBHTENHO, HECKHMAEMAR KHIKOCTb, MMENOWAR AapAe-
e Py THOTIOCTY 1 . IBAJURRCR €O CHOPOCTHO. Uy npuoGperaer,
waberas ua npensrcTane (v =0), Aapa

; v?
P=pThy-



10 TEOPETHUECKHE OCHOBBI FA0BOM AMHAMMKM a1

Hanpotus, ciiyacyan, IIKYINGACS SANIOATHAECK KIIKOCTD NpHOGpe-
Taer aanaeine

p=n(1+75" By

m[ 0ol (p,ff )24 Lﬂi(l_%_i
T2 PARA 2 P
Orcioza piaww, wro mww koraa pod/dep, < 1/100, 7. e. npu
1,405, T—273, v, < 70 ujcex. rasaciuun A ciyuaen cacimacyof
W HECHKNMAENON KMAKOCTH GYAYT pASHHTLCA McHbuie vewm wa 1. Ta-
40D AMNAMNKD WNCET, OIAKD, SANACTYIO A€T0 €O CKOPOCTAMH, Siai-
reabno G, Ha HeoGxomuocT, yalTa CRIMACNOCTH MpH God-
WX CKOPOCTAX YKA3HBAET (KAYCCTBENNO) TaKAe NPUALAN NOIOGHA,

Ka Gyier muscneo » creayomeh faane, Mpi GOSN CKOPOCTAX
BASKOCTH UFPAET NHBUYIO POTb (GOablINe SHascHns wicaa Pefliioasica)
i 0BAACTL BARANNA CE OTPANNSHEAETCA INNTOARHLM NOTPANKIILM CIOEN.

B TaKirx ROMPOCIX, KIK CONOTURACIINC TP, HAMIUHE MOTpAKIY-
HOIO C0A GYIeT, KOHeuno, mpi BCeH MAAOCTH CAOR, MMETb Mpihi-
MnaLioe SHavenne. OTHaKo, KaK Ml YELALN, NPH GOTSINX cKOPOCTAX
BOKNKAIOT, BOOGLLE FOBOPA, APYFHe BHAB CONPOTHBACHWH, OTOABHTAIO-
Lie Ha GaAnnfl NAGH COMPOTHAACHWC Tpemun. Hakomew, MpH GOAbMIX
CKODOCTSX OGMEN Ten/ioM C BHCWHAM NPOCTPAHCTBOM He YCTEBAeT, Kak
NPABILIO,  COBCPUINTLCR — OTCIOAA BHTEKACT BOIMOKIOCTH OFPANHUITLCA

Jr—— . Takiy 06pasom ypashenns
23080 ZMIAMMKH CYTb, BOOGULC TOBOPS, YABHEHNS XBMXKeHHS WAeaib-
HOH CHRIMAENON KUAKOCTH, He M0ABEPKEHHON IEHCTBHIO BHCLIHNX CHA.

B Aamnchucs NH YU, 97O Hamwume GOILWIX cKopocteh no:
poscaer AscHne,  pesko
FISOBYIO AIaMHKY O HHHX 06AACTE MPUMEHEHNA MEXAMIKH CAIMAENOR
JKIAKOCTII (2UMaMHUCCKAR NCTCOPOIOTHA 1 GKYCTHKA): MBI UMEEN 8 iy
0OpasoBaNte NOBCPXHOCTEM, MpH NEPeXOAE Hepe3 KOTOPHE AABACHME,
a Taake u apyrie r saevenTil paspus
uenpepuptoctit, Hamudiie Takitx noBepXHOCTe (€ROTNLLP, €TORCPXHOCTH
Pa3pHBa», «CKAYKH YNJOTHEHHS») 3ACTABARET OCTOPOAHee NOAOATH
K BWBOLY ypabtewuh TMLPOAMHAMMKH B Luddepenuiatonol dopwe,
BHBOLY, OGHNHO ACAGENOMY § MPEANOIOKENNN, ITO THAPOIMIINHIECKHE
SdeMenTi Henpepusib. Mi Hausd nostosy c ypaswenih B hopye
irerpaos,

Cheanew emt oo saMevanhe. [Tpu nechNa GOALINX CKOPOCTAX,
TAKIX, HANPHNED, ¢ KAKIMH MDUXOAUTCH HNETh Aed0 B CAYiac MCKYC-
CTBENNMX CMYTHWKOB 3eMaH, B rase 3a CKAWKOM YIAOTHEHHS MOTYT
o6pasosateca orpowiie Tewneparypu. B peatohof anOcdepe, cocron-
LLEH B OCHOBHOM W13 MOAEKY KICAOPOAA 1l 23073, BOGHAKACT NP 310N
PAZL MPONECCOR, CBASAHHMX C AMCCOUMAUMEN MOEKYA Ha aToMbi, a mpH




s YPABHEHIS THIPOIMHAMUKH B GOPME HHTETPATOB n

e Gomx TeMneparypax —c x vowysauued. osrouy uit soms
Gonee  obuumx
SHHOHOR. TEPRORMAANICH, YEH 10, © ROTOPANR WPNEOMNTES MaeTs 1040
B aKYCTHKE, AMHAMUYECKOW METEOPOJOMH I B KAACCHHECKOfl MeXaHuke
CKHMAEMON KHAKOCTH.
§ 2. Ypasuenns rHIpPOAMRAMHKH B (popme wTerpaios. CHabHbE
PA3PHBH. Vpabhenis ABHKeHEs NOTYT OWTh 3ANCAH, b HAUIEN CAY
uae, B Bilte (NPHPAILCHHE KOANYCCTAA ABIKCHHA PABHO MMNYALCY CHAN):

<fffder> 7<fffdez) —f”(ffpnds)a‘l @n

i\
(=) — Npoi3BOAbHER OGHEM KUIKOCTH, orpauuqennun nosepxtoctsio (S),
7 — eMHHYHHA BEKTOP BHeWHeH HOPMAAN K (S). £, W f,— ABA KAKNX-TO
MOMHTA BpeMcHi. Ypapneiliie Hepa3pHBHOCTH ecTecTBeHiee BCEro mpi
9T0M sanucats b Bule:

(f\-.'yrfpd?):,’ :U(_!f"”‘)w‘- @92

Vpasuenwe sHepruM [npupaiutenne *nBoH CHA HaCTHUH (<), CAOKEHHOE
© npupaueniteM BryTpeHtell SHepruH fffpum. e U ~ syTpens

5
HAR SHEDIHA AWHWIM MACCH, DABHO PACOT BHEWINHX CHA, MPHAOKEH-
HBHIX K HACTHUE] WMeeT BuA:

(g1
S(Sf T 5 Tw )
S vnsya eo

Bee 1pu ypamenun [(21), (2.2), Q9] woryT Gurs samcany -
AylouM 06pa3o

(f“‘{fad:),ﬂ,—(f{fad:)tﬁh=,’f (_(;;fc,ds)dt, @4

PHYEN B NepsoM Cayuae

2.5)

50 BTOpOM
(@.6)




12 TEOPETHUECKHME OCHOBb! TA30BOR JHHAMMKI! a1

B TpeThex

@7

Ecai GVHKUM @  C, W WX TPOMSBONNNE CYLIECTBYIOT If ienpe-
PHiBHEI B MHTEpHAte OT £, 10 fp U BO BCEX TOUKAX OOGHEMOD, 3aliiMae-
MBIX KHAKOH uacTiueHl (%) NPH ABHKEHHH €€ OT £, 10 f,, TO M MOKeEM
BhnecTi M3 (2.4) OOHUNME AM(QEPENUMATLHEE YDABHCHIS THAPOTIA-
sk, TIponssobie OT HAWIX YHKUMA MOTYT MpH STOM HpeTepnerars
PAsPHB NI TepeXole Yepe3 OTACbMbe MOBEPXHOCTH.

TIpeanonoK N, OMAKO, 4T BCCTAA CYIECTRYET OMHA NOBEPXIHOCTS |) L

F(x, y, 2, )=0, @38

yepes ToukH (3) H B npocTpancrse [Bx0-

acnie ¢ B ypasuenne (2.8)], 1akan, 4TO caMMm QYHKWA @ i C, npe-

TepIeBAlOT NP MepEXOZe Mepes STy NOBEPXHOCTH paspus. “acth mpo-

CTPaNCTBA, MPHACFAIOWAT K NOBEPXHOCTH 2, Aeantcst STOf nocieated
Ha ape 06JACTHI C OAHOM CTOPOHB OT MOBEPXHOCTH

F(x, y, 2. ) <0,

© apyroh:
F(x, 3, 2, 0>0.

Tlepoyio 061aCTh HASODEM OTPULATEALHOR # YCIOBMMCH 0G0IHANuATH 3Ha-
MEHNS, K KOTODHM CTPEMMTCA MeKas QyAxuis b(x, y, z. ). ecan npu-
Ommathes K Y, 0CTABasch B OTpHUATeAbHOH 00.4acTu, uepes b”; Bro-
PYI0 0612CTh HA30BEN MOIOKHTEALHON, A COOTBETCTBYIOMNE Chl 3uatenis b
wa X wasontm b,. Paswocts by — b_ oGosnaunn uepes [b]:

b, — 5]

+
o 08 purpitoN A CKKON b a nosepxioctn . Cama
npi 370N paspusa Gyux-

i b.

Tpeanosaras, wto [a] 1 [c,] OTAWMHE OT HYaT, NOCMOTPMM, KaKite
YC7OBHA HATATaeT Ha STH PaspBli nasduMe ypaswenns (2.4). Ipeasa-
PuTenLi0 BoenEn mekotopuie Tepwimbi. Iosepxwocts (2.8) B pasumie
MOMCHTH BpeMeHW GYAET SAHMMATH B NDOCTPAHCTBE DA3MMIHHE NOAOKE-
1A, Paccunmaen ckopocts N, ¢ KOTOPOH NOBEPXHOCTb 572 GYACT B ie-
KOT0pOfi CBOCH TOUKE YIAIATHCA 1O HOPMAIM OT CBOCTO MOAOKEHIIA.
BosbMéM Hekylo Touky M(x, y, 2) Ha nosepxnoctH £ B MOMEHT f n
nposesty HOpMaih K L B M, HaNpapass STy HOPMAib B NOJOKHTCb-
nyio 0GaacTh. ITycTh 9Ta HOPMATh NeEPEceKGeTcs ¢ TOM MOBEPXHOCTIO,

1y Mi cayuaen Bepx-
HOETU WAKNOIO TPY3a e TpEICTABNT Iepeci Hawi pacCyK:ciia e oy
Hail A000rO. KOHEWHOTO WHCAA MOBEPXHOCTEIL.




s YPABHEHIS! THIPOLHHAMIKH B GOPME HHTEFPAIOB 13

b Koropylo mepexomur T k womenty (-0, B Touke M(¥", y, 2°).
Torza

1 6YIeT HCKOMO CKOPOCTHIO.

rae

W
F(x*, 3% 2% t 41,
=Fe 2 0+ M (F R P g 0TI 0 (1?).

3xece w aance cumzon O(?) osmavaer: cocamumna mopaca (.
Hasce, F(x, y. 2 . ‘1ak Kak Touka M (x, y, 2) nexuT B Mo~
MenT £ na novepxiocTh I, u notomy

Bemuika N HOCHT WA39aiite CKOPOCMIL NepeMeWenus nosepxuocmu
paspusa. OHA WMEES WHCTO TeOMeTPHYECKWH XapaKTep W HUKaK lie
OIS ¢ CYCCTIVIOUAM ADWKENKEN KAAKOCTI. OAMNEKD. MOCKOMKY
peut T ¢

ouepeas, »<|mxocm npe,n:us’meT nHTepec emé u apyras ucnmmka -
HMEHHO CKOPOCTb, C KOTOPOR [I0BEpXHOCTh aspiisa & mMepenelaetcs
OT oaHOM KHAKOH uAcTHUB K ApYroR (CKOPOCTb 9Ta Ghia GM pasa

B cayuae, ecan G KHIKOCTb MOKOWAACH). UTOOH WaATH STy CKOPOCTH
8 Kkakiof Touke M nOBepXHOCTH I, AOCTATONHO, OUEBILINO, BHNECTs
13 ckopocTit N Beasunuy V,, NpOGKLUH Ha HOPMATH 7 K MOBEPXHOCTH &
cKopocT V' ABitkeHis KiaKocTi B STOR Touke M nosepxnocri. Hoay-
deHHan beaiita

I=N—V, (@.10)
HOCHT HASBAHNE CKOPOCMU PACRPOCMIPGHENUS NOSEPXHOCMU PA3PHOL.
Baweriw, 4T0 ccait V,, GyaeT npeTepnenats paspus, 10 T0 e Oyaer
npoKcxoANTY N ¢ .
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T0763Ch TIORATIEM CKOPOCTH PACTPOCTPAHENS MOSEPXHOCTH pas-
PHBa, M e3 TPYAL MOKEN BHBECTU COOTHOWICHWA, COASHBAOINE
BCAedCTRHE YPABHCHMA TWAPOLMHAMHKM CKAUKH (DI3PHBE) PABAHIHEX
FHIPOMMHAMHICCKIX SaeMENTOB. 1A STOTO OOPATUMCA Criepsa K MO~
MEHTY £, 1 0003HauNM uepes £y, NOI0KeHHe NOBEPXHOCTH paspHima B ITOT
MOMEHT, a uepes Lj,— r0JOKeHHe B MOMENT [, TeX TOUEK AIAKOCTH,
KOTOpidE B MOMCHT £, (GeCKOIEWIO GaMSKIA K £,) OKAAYTCH Ha NOREPX~
HOCTH paspHna.

Ha nopepxiocrit ¥y, owerit 7ouxy M i NOCTPORM Natuh wnaii-
apuk (puc. 1) ¢ oceio, copnazaiomel ¢ HopMamo K Ty, b touke M i

Z0 mepeceveHus ¢ TOBEPXHOCTHI ;) OGHEM STOr0 UMAWMAPHKA W
npiMeN 3 OGEM MHTETpHPOBAMMS (<) (K MOMEHTY £) B Bupaxemii
(2.4). TlocMOTpHM Teneps, 470 MOWIORAET K MOMENTY f, Beieactaite
ABIDKEHNA KHAKOCTH, TOUKa M nepeHaET B Kakyio-1o Touky M'; mo-
BepXHOCTS Ly, MepeMeCTHBUINCE i 1epOPMIPOBABLINCE, 3aHMET HEKOTOPOE
nosoxene Lf; HAKOHEN, TOUKH MOBEpXHOCTH L. MepeHIyT B TOMKM mo-
BEPXHOCTH paspuiba Ly, OTBeuaiowell MOMEHTY fp. Llamnapuk waw ge-
(GOPMHDYETCH, TDHSEM B TO BpeMS KaK B MOMENT f OM HAXOIWICA
LeAMKOM B NOMOKHTEAbHON 0GAACTH, B MOMEHT f, OH JSKET B OTpHUa-
Teabuoll, OTBeualOlIEN ITOMY MOMEHTY ofaacTi (pHc. 2).

OOpamasice cnepsa K JeBOfl YacTH ypasHeHHs (2.4), OLEHNM Beai-
YHH OGBEMOB uHTErpHpOBauHA (<), # (7). OueBMaHO, 4TO mepBuft
Gyzer:

wr (G — ) et (g — 1)

') Mycrs wopmans sta nepecexaer &) s Touxe P. Cuntas, 410 Hopmazs
HanpaBieHa B CTOPOMY MOIOXKTEABHON 06AACTH (HE MPEACTABHT TPyAa Mpo-
BECTH BCE PACCYKCHHA AIA npu’mnunwwumuro cayuas), GyieM, OMEBIAHO,
HMETH AaA NMaax

e (la—1) + 0 ((la— 1)),
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rZe £ — GECKOHEIO NATHR PLIYE. WHTHUIPHKS, 3 & — Beniunna Gecko-
et waz; wTopon
:r-ﬂ (ty— 1)+ &2 (ty— 1)),
fhe e, Oeckoncuno waia. Tlpi STOM Kak B TOM, Tak n B ApyTOM
CHyManX Mi pasyMceM TOA § SHAa4eHNA CKOOCTH PACHPOCTPAleHiA
B oxHoft u Tofl ke Touke M W B OMH W TOT Ke MOMCHT BpeMenu f,—
SHaUGHNA, BHUHCICHNHE NPH MPHOIWKEHWH C PASHX CTOPOM K MOBEpX-
noctw £y,
Teneps M MOMEM HanHCATh:

( IIf ad"> a5, (= ) et ).

& A

(fffud-.) —a_w0_(ty— ) e (o — 1)
& A

(3, —BCI01y b Aa7bHefiuieM GECKOHEHO MaThe BeARdMHb). 1 C1e10-
BATEILHO,

<fffad:> -<fffth> =
& “ 2]
—wr (l— 1) (a8, —a_0_) e (ty—1)
— w2ty — 1) [0+ gt (t,— 1y)
(a, w a_—a3vavenus a b Touke M 5 woment #). [lepefinéu Tenepn
X npaoit wacti (2.4). [osepxiocts (S)
CKaaNMBACTCA H3 TPEX vacTel (phc. 3):

GOKOBOW MOBEPXHOCTH UMAWNAPA, HA
KOTOpOft, OueBAHO

ffr,,ds:O(l)r(t2~
©

),

w aeyx ochosami AX n AL/, Haw
WARKAPHK  AedOpMHpYETCE I Tiepe-
MEWATCH TAK, 4TO NOBEPXHOCTH Pas-
PHIBa B MOMENT £; SBASETCA €rO OANIM
OCHOBAHIEM, B NOMCHT £,— ero apy-
THM OCHOBAHIEM, 4 b MOMEHTE £, flewa-
e NEXIY £y W £, SaumMaeT npome-
KYTOUHbIE TIOIOKEHNT, DACIOAArasch
TIE-TO  MEKLY HWKHMM® W «pepXiiM>  OCHOBaHWSNMH (pic. 3).
OTciona noayuaercs, 4To AL HAXOZWTCH 32 Becb MPOMEXYTOK BpEMeHH

Prc. 3.

1) Boobute rosops, (9] # 0, uGo [V,
puBa He TepnnT.

0; sennuna ke N u3 (210) pas-
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g hia0 fy v omoh obmcta, o AR —n spyron. Mpearosomiu, 1o
AY waxoznTes B obaact

Toraa b bupaeni ff;n ds BeAwNHHA C,, KAK JCTKO MOKA3ATH, OTil-
is)
NACTCA OT 3HAYEHNS C,, BIATOTO B TOWKe M M B MOMENT f,, W2 BeAWuHiy,
NCesAOUIY0 BMeCTe C (f,— ) W ¢ 7. 3amedas, uto serercTsme (2.5),
(2.7) bceria MOKHO HamicaTy:
€, =€ co8(n, x) ¢, cos(n, y)+c,cos(n, 2),

Tl n—BHOWNS MO OTHOWENNI K 0BaacTi (z) HOPMATS, W COXpaHAR
a8 wopwamn K AL (epnee, A mopwamn MP) oGosmauennie n, b
TOMKH, OMEBHINO, HAMMCATL, 218 AL [HOPMATh, WAYWAH B CTOPOHY
100K HTe KON 067aCTH, HanpapieHa anech BHYTPh (7))

[Jeuts=—

s

_wrp g,

Conepuerno anasornuo stouy

ffc,,ds Cppmrtter?

s
(HOPMaib, WIYWAR B MOAOKNTCAbHYIO OGAACTS, NAMABAEHA Alech BO
PHELINIOI 4aCTh NPOCTPAHCTBa). Terleph Mii MOWeM HAMICATh, ONEBHHO

f(ff:,,ds)az<
i
M..r’(t,—t)—c,,,_rr’(.‘sz‘)—vkegr’(.',—l‘)+0(l)r(l,v[)7
Cobipan mxecre noayueiie oucHk, Gyaew et

(7o) ~( ] foed) f’(”c"a)ﬂﬁ
— (et + [;”n w2ty — 1) ey (ly— 1)+ 0 (1) (h— (P,

Tepexoan K npeaeny, nosaran (f,— £,)—>0, a sates  r-»0, noayuy
ocHoBHoe cooTHOMEHIE

[ab]+[e,] =0. (@.11)

OCTaéTea T0ALKO BCIOMHHTY BHatenns @ i ¢, u3 (2.5), (2.6) n (2.7);
noayiM:

[66V)=1Ip]n, @.12)
[pf) =0, (2.13)

[+ sl =1V -y, @14
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Tak Kak 10 (2.13) npou3Bexenme pf He TEPMAT PaIPHBA, TO M MOKEM
370 NPOM3BEIEHHE BLHECTH BCIOLY 32 3HAKH PaspuiBa M HAMHCATH:

O Vi=lpin, (2.15)

(o8] =0, (2.16)

AL+ Y],

Jlo CUX MOp MH He TOBOPHAH O Bile BHYTpEHHeH SHEprifii Hauiero
ra32. Msi OGDATHMCS Teneph K KAACCHCCKON Ta30BOft AHAMIKe, Ta30Roft
amuavike Tak ® ocae),
WaH cOBepuienHoro raxa. B sToM caywae sHyTpensnn sweprua U cai-
WL MACCH WMEeT DIt

(2.17)

U=c,[T. @18)

T1e ¢,— TENTOENKOCTD 1432 MDH MOCTORHHOM OGBEMe (Beamumia mo-
crommnas), a T — TeMnepatypa.

Msi pepHencs B § 24 K Ciyualo pearboro rasa, a noka Gyic pac-
cMaTpHBaTL TOMLKO Wieambumfl ras. ILaa Hero ycaoswe (2.17) t0mikio
GiTh 32MEHEHO COOTHOLIEHHEN

o[ L5+ S =1V @19)

Coorwowens (2.15), (2.16) w (2.19), kowwn coasans seamunnst 0,
L p. T 70 obe CTOONN MOBEPXHOCTH Pa3phisa, NOCAT Ha3Banie
Scaonull dunamaceckol coruecmRocma. Sacen wneeica B BiAY CoBMe-
CTHOCTL ABYX ZBMKCHHH: C SACMENTAMH V., p,. ... W C SaeMentawn
... BechMa CYNCCTOCWHMM FBITCTCR  Waile mpexnoAOKele
0 TOM, T CYUCCTRYET BeeTAa OHA N TOLKO OAHA NOBEPKHOCTS PAapHna.
B s1oM cwHCTe yCaonHa 1
€GN 614 OKAIAAOCH, UTO B HEKOTOPHIH MOMENT B AMAKOCTH OGPaIOBATACH
HOBEPXHOCTS PAIPHIBA, TAKAR, HTO THAPOLMHANHYECKHE SACMENTH C OBEHX
Cropon o Kek pramu, O e CumsaHu coomowenma (215). (.16)
w (2.19), 10 TaKan pasph
Ok He CHOTAA O Aecs DoaHKBET BepHD (. Aanee 37 oroh raaans).
B Tex TOUKAX NPOCTPANCTEA, 4ePe3 KOTOPHE NOBEPXHOCTh Paaphina
B 2auusill MOMCHT HE MPOXOIHT, Ml AOMKHS YI0BAETBOPHTE OGHMHbM
YPABHEHNAM THAPOMNAMHKH,
Ecm

6=0,

0 paspuna ne nO vacTHuaM, oTacasn
scertn aany wacey s or apyrof Tawan TOBEPXHOCTS paspLiBa ashi-
Daetca cmanuonaprod. 3eck 1o (2.15) [p] =0, a no (2.19) [V,] =
HANPOTHB, [p} M CKAUOK KACATEABMBX K L COCTABISIOUIMX CKOPOCTIH
COBCpWENHO  NPOM3BOTLHL. TpUMEpaMH TaKOM NOBEPXHOGTH  MOFYT

2 Teopetwucckan ruarovesawika, v, 11
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cayuTh: peki B031yX OF BOAW),
NOBEPXHOCT TENAOTO WA XOAOAHOTO q:pcma (8 meteopoaoritif), no-
BePXHOCTE Ta30BOM T,
Buaiteamo G0 WATEpeC 218 F23050R AMANHKH NpEACTABATOT
cayuaw, Korna
640,
3neck ofsmatenstio Gyzer

[P1#0. [V, #0

(ecnn npn 6= 0 [p] =0, 10 10 (2.15) [V] =0, aaren no (2.19) [T] =0
W, auaunT, [p] =01), T. e. paspwsa BooGuwe wer). [lpivep — <Gaimi-
CTuveckas BoAHA», Geryluas mepex HOCOM cHapsza. [odeaso oTMeTHT,
410 npit 60 CKANOK KacaTeasHO K L cOCTABASOULEN CKOPOCTH pasel
o (s srox Yoeusdeucs, yunon campio obe wacti (2.15) ua
0 i BeTop,

Honepxuocm 5o oroptix o THAOAMIINICCHRE. SnewenTi
TIpETEpNCRAIOT aphie, HOCAT HA3BAHHE NOBEPXHOCTEH CUILKOZO Pa3-
poisa. B TOM Cayuae, ecAH CaMH THADOTHHAMMUECKHE IACMEHTH Henpe-
PN, o cPEIA WX ePoLX TPOIIBOLIME 10 KOOAMHATAM i 1O
BpeMeni HaRAETCA X0TA Ok onwa, MeHSIOWANCA CKAaUKOM TPH Nepexone

uepes : nocaenns paspuiea nep-
soro_ nopaska. BooSue rosops, ecan npw nepeote uepes nosepx-
nocty £ pynicuwns Wit

10 Bpeert, uumm ¢ nexaroporo mopemka. Tepnar peapue, 70
HAIMBACTCH 1106€PXHOCMbIO €Aa0020 PAIPHEa ATA QynKum b. Ynorpe-
GHTebibi Takie TepMHHN MPOCTO €PAIPHB> HAH €8OANE>. TTOBEPXHOCTH
CHILHOTO Pa3PWBA, MPEACTABASIOUIME PASPHB NABACHIA, HATHBAIOTCH EWE
CKAUKAMN YNIOTHEHIS HAN YAAPAMH CAKATHS.

3. Vpasuenns rasonof AHHAMHKK B AuGGepenuHatbHoli Gopue.
Ilas TOM uacTH KHAKOCTH, B KOTOPOR THAPOLHHAMHYECKHE S7EMEHTH
X neposte NPOMSBOLNIE GCTAOTCE ETEPUBIIMI, Ml MOEN N
nicath ypannenna B anddepenuaTbHOf Gopye.

Vpantenns AnKeIA yike GuaN M0APOGHO BmereHi b u. 1 13
uaia [lanauGepa. Yrow noayunth sTH ypasHenss wa (2.1), moaeamw
crauana oGe uacTh (2.1) wa pasHOCTh f,—f, W mepeaEM 3ate K npe-
Aeay, noaran, uTo t,—» t, = £. TlonyuMN, OUEBHAIO:

L[ [eva=—[ [ pnas. @
5 6

Mbi He MOXEM BieCTH C7eBa AM(QeEpEHUMDOBANIE TIOL 3HAK Te-
rpana, 60 OGEM (%) CaM 3aBHCHT OT BDEMEHH, HO MB MOXeM HAMHCATh,

1) Mocaeanee 3aKA0UaEM 3 YPABHEHHA COCTORHHS:
p=ReT.
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BROLA TArpANAEDH KOOPIMHATH
fffpvd‘!:fffdexdydz:fffpVDﬂaﬂbd[,
® © I

re (5) — NoTOKeHHE OGLEMA (1) B HEKOTOPWH 3aKpeniEHHHMA MOMEHT
), @, b, ¢ — narpamkesh koopaunats, D — (yHKUHOHAIbHA Onpeie-
aures

_Dxy2
D= D@, b0 "
C ApYTOR CTODOMH, U3 YPRBMEHHS HEPASHBHOCTH CIEAYET, 41O
#D=pq
e
po=p(a b, ¢, t)=py(a, b, ).
Takim 0Gpasom

fffwm:fffv(a. b, ¢, fpy(a. b, c)dadbde.
B I

Omerua, To (%) W py OT BpeMeHu, MO CAMONMY UX OTpEAEiEHIO, He
SABICAT, Mbl MOMKEM HANHCATH:

Sf [[ovien] [ [ 8 asiae
Bo3anpaumasch K CTapuM nepeMednmM n K (3.1), noayums okonsaTesHo

[[frpn ] [

Jlasee, npeoGpasyex mpasu wTerpan no Gopuyne phia K 06bEM-

HOMY WHTerpany W nepeHectM BCE NOA 3HaK OGBEMHOTO HHTerpana.
iy, o6uéMa (x)

HENpepHBHOCTH MOALHTEr PAIbHOR YHKIMH:

o %=7grad P (3.2)

w10 copnazaer ¢ ypashennem (4.3) ra. Il vacth nepsof, ecaw Ta or-
GpociTh oGBEMHHE CHb F.

Vpabteliie HEPAIPHBHOCTH 10APOCHO OHAO BHBEACHO B NEPBOM HacTil.
210 GyaeT 479 CAUMIRMON KHIKOCTH

% 4 pavv=0. 3.3
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HaKoelt, ypabHenie SHepriH, ecau pasieauts obe ero wacti wa f,—f,
W TepeHTH K npedeay, NOAATER, UTO fy—»f=={, AGCT nocae COHpaHA
uneHOB:

rlt./f/ '—“LA ‘=*‘£"/‘PV-nds.

TpiMenss k aepoM 4acTH STOTO  ypasHewis MpeoGpASOBAHNSA, AHAZ0-
TittHLe Te, 4TO GHLN NPHMHEHH N BHBOAC YPABHENHs, NOAYHHA:

[Tt e e [ [ov-nse

TpeoBpasys 7enyio wacTs k obeMHoMy mhTerpaay no dopuyae I'pita,
nepexocn BCE B OAMY CTOPOHY W COOMpAs MOA OAMN BHAK WHTErpaja,
nanimen:

[ff (5 + e ) +aven}a

W BCACACTENE NPO3BOALHOCTH OGLEMA (<) W HEMPEPHBHOCTH MOIMiITe-
TPATLOTO. BLPAKENHS

G ew S av V) =0. G4

Vuowu Tencps ofe uacti panenctsa (3.2) ckasspio wa V
niuten 13 (3.4). Tak Kak

v

W TIK Kak
V- grad p=div (pV) — pdiv V,
Mu oAy

daT "
T G vV
Ileas oGe uacTh STOTO pasencTha ua p, samensa div V no popuyae (3.3)
It BCOMIIas, WTO MO YPABHEHIO COCTORHIA
p=RoT, 3.8)
M moayun:
L dr 1y
R

at Ty ar
370 NoiKHO aamcaTh elLE, HCMOABIYA coBa (3.5), B BHAE

1 dinp __ ding\ _ dinp
ar o wE S
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CoBupan uaeksi C NPONIBOTEINH, 3ANCUA, HTO
— = AR,
1t NPONIRONA NPOCTIE NPEOGPAIOBANHS, MOAYUAM OKORNATEALHO:
£ =o,

a
@y

Tne % ectb oTHOWENMe TenoExKocTeH. Tak Gyer BHrAAeTH <ypasneHie
NIPHTOKA TENNa» — YCJOBHE aAHAGATHIHOCTA B ANddepeniaibiofl dopye.

Omveriw, uto % beeria Gyer Goabitie el JL13 OI0ATONHORO
rasa » =5/, 119 ABYXATOMHOTO rasa x=T/; (Npn OOMUHEX Teunepary-

pax). Jl% BOANYXA Mbi OyeM NPHEHMATL ualle BCero z=7/;=1,47),
Hpu uBoIC ypaseHnH ST0ro naparpada M mpeanoaarain rlmpu-
SaeMeTH i x Tycts Teneps

e caaboro paspeisa, Tak

10 CaNIt (YNKILIN HENPEPBNA BC0AY, HO YKE nepbLie KX TpOW3BOLILE
110 KOOPNHATAN 1 BpEMeNH NpETEpNeaTIOT Mpit Nepexole 4epea X paspus.
TAKOTO po1a c1aBHe PAspHBH BOSHOKN, KAK M B AaTbncHLCH YBILINN,
477 HECTAWIONAPIOTO NBIKCMA W A7 WHPOKOTO KAACCA CTALHONAPHLIX
kel OCTAHOBIMCH Ha ITOM BOMOCe XeTadbiice.

4. Crabuie paspipsi. XapakTepHCTHKH ypaBHenwii rasosoii au-
HAMHKH. Haiuwie MOBEPXMOCTH CHAHOTO DA3pBA He HAKAAAMBAIO,
CONO MO ceGe, HHKGKNX OrpamMueHMH Ha cxawknm riaposHaIEckIX
9CMEHTOB, W TOMbKO 2.1),
(2.2) w (2.3) npunena k ycranopaeinio cooioweni (2.15), (2.16)
U (2.19). Hanporus, B ciyvae caaGux paspwpos yike cawbil pakt
CYIICCTBORANNA PASPHBA NPOMSBOMHLIX, HMENIEr0 MECTO BIOAL MHOrO-
00pasila 1eOPMIpYIOILErOCH 1l NEPEMELIAIOUIErocs, HO BCCraa OCTaioule-
TOCA CAMHCTREHHON TIOBEPXHOCTHIO, 3ACTABARET CBAATH CKAUKN NAIBIMHLIX
POH3BONIIBIX HEKOTOPLII YCAOBMAMM, TI0CTeRHHE SBATIOTCH CIEACTEHANI
TROMCTPINECKON WM, BEPHEE, KHNEMATHYECKON KAPTHHE ABIKEHIS i BUEO~
ascn ot ypasHenuit Veaosin
T 0T WA IET0RMH TOKACCTREINOETI H €xienaTIECKon
comiecriocTin, UT00M NX TOIVUNTS, TPEANOIOKIN, §T0_{ynkium
D(x,y.2.1) 50 BCEM
30 UTO ¢ NepBLIC MPONSBOIMHE NPETEPNERAOT PAIPHB HA HEKOTOPOR
nosepxnocti &, uMeiowe ypasheHie ?)

flxy o2 =0 [CB))

') YnotpeGuteass eut wncia «= 141, a Takke anavenie % Tlo-
caeatee noaysaerca, no JaHTXMALY, b Npeicae, eCAH, pacCHATPHAAN peaLHul,
10 TaK HA3BIBACMMIl MAEAALHO-IHCCOUMNPYIOUHHCA a3 (B KOTOPOM 7 3aBMCHT

T i OT WHCAd AMCCOWNPOBANHNA NOAEKYA), YCTPEMAATL HHCAO AICCOWHIHPO-
patus osecys X nene (e, § 24 oo raamy

2) Mox dyuicunei ®(x, y, 2, 1) Mut o»(c\« noTpasyNenaTs KaKof-HiGyL
Tiapoani cKinil aaeMent uenozpemnuuo I Ke KaKylo-ai60 ero MpoHs-
HOHY0 N0 KOOPUNATAN 1A N0 BpeNEN,
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Mt Moren msopm‘h © UETHIDEXMEPHOM IPOCTPAKCTBE (X, Y. 2, £) 1 B HEw
-1).” Tycrs Teneps
umeerca nenpepusm BMECTE C NPOMIBOIHEMH QYHKINA § OT YeTHPEX
HAILNX HE3ABHCHMBIX MEPEMEHNLIX H TAKA, 4TO 1A rimeposepxHoCT (4.1)

B(x. y, 2, t)=const.

Toraa B10M HRepROBEpXIIOCTI

dy=0=2t e 4 Sy gt ¥ az+ % ar, 4.2)

npiEN mubdepeninans GepyTca BI0Tb STOR MOBEPXHOCTH; HO 3nec,
s e @),

o of

L ax g ay+ Lz L

570 €CTh cAMHCTBCHHOE YCAOBHe, KOTOPOE CACAYCT HAAOKHTS 13 TH(ibe-

PNl NAWWX KOOPLWMAT BAOAL TOBEpXMOCTH. COMOCTABAA (4.2)

W (4.3), 3AKIONAEN, §TO BO BCEX TOUKAX NOBEPXHOCTH Paspuisa W Aa%
1060r0. MOMEITA BpENeltH 20MKHO OuTb:

4.3)

oy | 0
B ()

rae N—Ilekmopan DYHKUUA OT KOOPAWHAT W BpeMeit, ONpeieitHHas
na (4.1).

Paccworpuy Tenepy dywkuuio & (x, y, 2, 1), senpepusiy g0 et
nauew © W HMeoLyo nepaie
NpOKABOAHKE NO KOOPAMHATAM W BpeMewn. Tlycts sta @yn« s TOXIe-
craenno passa gywkuwH ®, HO TOMKO B NOAOAMTEAbHOH 061acTH;
Toraa Ha nosepxHocTH £

& 0% Ll
[ W~(ﬁ)+.
Paccmotpimi ewt pynkumo B, HENPEPHBHYIO BMECTE CO CBOMMI
TepMI BO BCEM T H TAKYI0, 4T0 B OTPH-

F1
uatensoft obaacti @ == ®; Toraa Wa I:

= & __ (o

b0 Gr=(G)
Gynxuna & — @ HenpepuiBHa CO CBONMM NPOHSBOINLINA BO BCEM THTep-
NPOCTPAHCTBE W, TaK Kak — o6pawaercs 8 nyas #a L. Ho toraa
M MOKeM npHHATh dyHKLHIO & — maa GYHKIIO § MPEAUAYIIEH TeOPEUH,
W, ecan sametuy, uto va ¥, no onpenencnio & u @, Gyzer:

G E _ob  ab (o (e@) _[oo]

[
o @ M=Gr— G =la), =la
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Mbi MOIKM HANMCATL:

() (G [ )= 5k
4TO MOKHO 3anucath eulE Tak:
901 =p, V5[] =2 4.3

Yeaopus (4.5) W CyTb YCAOBHA COBMECTHOCTH, O KOTOPHX Mil TOBOPH.I-
OHM NOKA3LBAIOT, 4TO AOCTATOUHO 3A1aTh OAHY AUy GYHKILAIO 1y, UTOGH
onpeneAuTh 3aTeM PasPHBM BCeX NpPOM3EOAHEX D. JIOCTATOUHO 3HATH
TAKKE Pa3pHBH ONHOH Kako-HuGyab npoussonno. Tak, anpuep, ecan
Ppa3pLiB OAHOH H3 NPOM3BOAMKIX MEPBOrO NOPAAKA PABEH HYAI, TO W BCE
NPON3BOAHLIE NEPBOTO MopAaKa GyayT Ha (4.1) menpepuimiui.
Dopuyan (4.5) MOTYT 6uThb emE NpeACTABACHH MYTEM AedeHus W
A4 N
swomenns va /(L5 (SF 4 (ZY o e
-raN, (4.6)

VO] = rgn; [%};

11 1 — eamimiHni BekTop HopMak, a N, 10 (2.9), — cKOPOCTb Nepe-
Nelliens TOBCPXHOCTH C1A60T0 pasphina.

KpoMe KHHEMATHIECKHX yCioBuh (4.5), WaM CAeAyeT NOZWMHITL pas-
PHOH POUSBOTUHX OT PASTHYHBX MIPOIHHAMHYECKHX STEMCHTOB YCI0-
BUSM IMHAMHSECKHN, MPOHCTEKAIOUUAN OTTOTO, YTO :1EMENTH 3TH I07KHH,
B NONOKHTEALHON i OTPHUATE/LHON 061ACTAX OTAEABHO, YIOBACTBOPATH
YpaBHenusM THIPOIMHAMMKH, CHNTAS, WTO Ty, Uy, Uy, P, 5 HENPEPHBHEL,
MOKeM HamicaTb:

y

—o{ v

a " .
7 —div(EV). @1

ya

- EHVvk
VpabHeins Hau He COACPAKAT POUIBOANEX GOee BLCOKOTO MOPAAKE,
uem mepsuit. [T oaun pas scem 3HaK naioc,
4 ApyToMl pas 3HAK MHHYC W BHUNTAR NIOAYYAEMBIE YPABHEHNS APYT H3 APyra

npuagm k

=[]+ o[ 3]+ [+ L5}
[’?F:]+V-lvp]+p[divv|=

o[ L= [ ]V o=V 171
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Henoaways (4.6), noayume Toraa:

byt =gy N—V yz,
SN Vb phy =0,
N - 1ph N — GV b, -V o, = 0

(v ectb BeKTOp C KOMMOHeuTaMit hy . )
Gyzem myets:

Ie,). Cobupas wiewsi c 2.

b =p(N—V,)hy,
2 (N V) =ghy . “8)
P (N— V) — 3 (N — V), =0.
Tlath BeaunH A naTH Jlas toro
UTOGH CYILeCTROBAAM A, OTANNHHE OT HyAs, HEOGXOANMO, WTOOH Gbi1
paben Y10 ONPEICANTEA CUCTENH; MPOLLE BCEr0 MOAYNITS 570 yCio-

BNECTO b (hy -+ ) DHPAXEHIE 13 ACBOA UACTH BTOPOro w3 ypasncnih (4.8).
Toayuny Tora:

SN =V,
4T 8 COOTBETCTBIN C MOCAEAHMM M3 (4.8) AacT AuGO
N—V,=0,
anGo
.9

TIepBoe 13 STIIX PABeHCTd OTBEUAET CAYHAI0 CTAUHONAPHOTO paspuina () ==0).
Bropoe pabeiicTao 4To cKopocTh HecTaumo-
napnoft (8 # 0) Pa3pHiBa mepayX sceraa paska

Beauuina 5Ta HOCHT MasBalime CKOPOCTH 3BYKA.
L TOBOPHAN O CKOPOCTH PACTPOCTPANEHIA NOBEPXHOCTH C1aGoro
paspHBA 477 MPOMIDOTHIX MEPBOTO MopAKa. MOAHO MOKalIh, uTO
cKopocT 1 pacnpocTpaieis a1060ro cnaﬁoro paspua (1. c. paapuisa
NPOHABOHLX 4060 MOPAAKE) GYAeT GO §=0, an60 |0 =
NPOTHA, KaK Ml BCKOPE YBMANN, CKOPOCT6 § A7 CHALIOTO pespun
s

MoKaem Tencps, Kak C1aGLA PAIPHB CBAGAM C XAPAKTEPHCTHKAMN
CHCTeMB ypapeHuH rasopoff aumamuku. [ocieanss ecTs cuctema nar
YpaBHEHUR B YaCTHRX npomsommx nepsoro MOPAAKA NO HeTHPEM Hesa-
BRCHIN vk, Hasectno,
4T K paceuoTpeHio xapnk'repm,‘mi( npmomn sanaua Kows, Kakosas




s CABHIE PA3PHIBLL XAPAKTEPHCTIKH 2

» nawey caydae GopNyampyerca cieayiouw oGpasow. Ha mexotoport
LiMepNoBEpXHOCTH S ¢ ypaskenies

ooz H=0 (4.10)
301aHE SHAYEHNA BCEX QYUKWN U, Uy, U, p, p. Tpebyerca waiti
5 06aactu, okp S, " dynKum

“n wa S

L o ¥p:
& cHcTeny 3azambix auavewfl. Hanowwiy, 4TO JOKa3aTeascTso TeOpeM
CYUECTIORAILA OONIOND peeAn sazawn Kout naxoautes o casan
S anauennl scex npous-
SOBMR ov Beex oK q:ymmlm o6 ayuute yACHIT ceSe mpouece
o1 K nawef cucteve (4.7),
caenaen :'meny HEIABHCHNBIX  MEPEMEHIIBIX, nepexo:m or x, y 2zt
® X,y 2 F, Tak uto

x

Z=fx y 20

B 5TUX HOBHIX YpasHenne 1 S npuver
npocToft B

o oecan 0GO3HAYHTE
V(¥ 2 D=0, (% 3z D,
10, N0 YCHOBINO 3a1aui, was OYAYT daHbl QYK
(006 30 20 0)mo =0, (% ¥, O B o “.11)
C apyroh cropons, Aaa moGoH dyHKWHK @ GyleM MMeTs
;o _ 05 o5 of

gy oz oy’
v 4.12)
i | 091 of
Tax ut0
(1 (4.13)
o\ox
Ho ecan

(e y 0, %)

u3BecTHO, T0, Tak Kak (da(x, Y, E‘ ?)/:i})»
9%(%, y. 0, £)[0x, npoussoanas

Gyaer mpocto paswo

MOKET CUNTATHCR TaKiKe W3-
W (93/08);_,. Taxus
00padon, ecait it HaN y1aaoch ewe walth (0/02)z. g, 10 M, 343 (@) o0

secrio; 10 e NoMHO ckssers m 1O (/o)
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cyenn Gu no (4.13) paccuntate (93/0x);.y. -.. ¥ Hac wieerca namh

GYHKUMM: V. Uy, U, P, p. TAK 4TO HAM HAO HAATH NATH NPONSBOANLX
U, (dF ) %
( 3 0z /.0 (f);m'

UroGe matti nx,
WX B HOBLX NepeMEHHHIX, nonb:syicb {@12).

AMLIL Te uleNb, KOTOPHE COAEPKAT AMPepenLHpOBAIKE O Z):

@
Histeest (Mot pomACiBaey

O (5 Of of 1 o |
( +vy ay g os L+ ) 7 ox 0z .
— o 1 df
\ﬁ“yﬁ*‘“iaﬁfa,) T

1

@14

of | of
+v. = t)=

lﬂz+4d7{)(dz - : Zi)

TIATo HAIKX TPOMIBOAHLX MOKHO HAMTH M3 STOR CHCTeMs aireGpanue-

CKHX ypaBHemnh amiub B TOM Caydae, eCAM €& OMpeleAMTedb OTANYEH
ot hyan. Onpeseautess ST0T, ecai 0BO3HAUNT

‘U‘V(?K +’UY -rv‘ 0:+52
Syner:
I a0 LA
7 ox
[ I
0oy
00 a LY
i or
of o o
o o o
ox 9y o0z .15
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Ecan runepnosepxiocts (4.10) 1 saxanisie Ha nel GyHKUNH Uy, Dy
JaKoB, 170 (4,15) 06pAIAETCA B Ky, cHCTeNa (4.14) MoxeT TonycKaTh
AW Weonpeneadhwbe pewens. UTOGH STH peleNNs 0CTABAANCh KO-
Heatb, i oo B HYZb BCEX

BBeaeHns npa-
s wacreh (4 14) o ctonou onpenemurens encrem. B Taon c1yae
wworooGpasne (4.

suen r uaN MPOCTO  xapax-
TEPHCTHKON. BaMeTiM, WTO NpH BVHCACHHN CTAPIIMX MPOM3BOIHEX
Hia NPHAETCH MMETh Ze70 BHOBb TOAKO C ONpeeanteaey (4.15). Taxiy
oGpaaot, cca @ n sazsve KON ects XapaKTepucItEcuas nonepocrs,

ecnil W cyulecteyer pemienie 3a1aun KOlik, OHO MOKET He ObTh
uunc'memum, D10 SHAUNT, YTO MOTYT HaMTHCL ABA DASAMMHBIX peme-

We MPEACTABIFET HMKAKOTO TPYNa YOEHTLC, UTO YCOBME abercTsa

nyao (4.15) Gyzer copnasats c oM wa ycaosfi (4.9). Jas s1oro

CTONT AHLb BBCCTH <CKOPOCTS PACMpOCTpAHCHNRY aparepictis
1

- St e+ Ty )
l/(%)z*‘(%)z"“(gz)’bl ox 'y By
W saveruts, ut0
A:wﬂl/v "/)+("/“.

Toraa paseicTso onpeseaitens (4.15) Hymio 6yaer O3auaTh, 4O
”'ﬂ

(4.16)

W oMb BephEMca K (4.9).

M BWIHM, TAKHM OGPasOM, YTO MeEPEMEIANUIIeCA NOBEPXHOCTIH
Caaforo AP & XEPAXTEPRFTUEGNE WHOTOOOpeSHA CHETeNM (A7) —
510 OIHO  TO X

Bceraia i MOAHO TOBOPHTH O XapaKTEPHCTHUECKHX MHOFOOGPIIAX?
Beerna an ouM OYAyT AefcTaNTenbHbMH? OTOpackibas cayuah, Koria
=0, MH ZOMKHH HMCTs HA XapaKTepHCTke

R=(N—V,p=a?

@.17)

nan

LA VA )2
FH Tty tug=




2 TEOPETHUECKIE OCHOBE TA30BOA AHHAMHKIL (LA

(unt uepry Haz rae a,
KK TpeKIe, — CKOpOCTh 3ByKa. B HeCTaONApHLX CayiaRY, Ypanne-
tite (4.17) H03BOANT, OUEBIHO, npn a06Hx v‘. v, v, a walith Kefl-
Crautensuyio gynxumo f (x, JitecTsosanme  moc.iesch
WIKAKHX OrpanieHif na umpommamullccvmc 3 MeNTH, BO0GILE FOBOPSH,
He WaKIanHpaeT.

TIPeanoiOKUN, OIHAKO, STO ME HMEEN 1ei0 ¢ YCTAHOBHAUILNMCH
Apikeiier. ECTECTBENHO CHMTATh S1ech, STO H MOBEPXHOCTH PA3PHBd
GYZeT HENORBIKNA B NPOCTPAHCTSE, T. €. UTO e¢ CKOPOCTS NEpeMeLea
(HO 1€ CKOpOCTb PACTPOCTPAHEHHS) paBha HYa:

N

=0 nm H=-—V, (4.18)

TOrAa A MOBEPXHOCTI PaspUBa HNeE
Jvs+Syuy 410

.19

n el
WVa

(“.20)

TTycTs Temeps YCTaHOBHBIICECS IBHACHH AMAKOCTH TAKOBO, 41O
CKOPOCTb Be3le Melibille MECTHOM CKOPOCTH apyKa:

Vi<a

B 7Takow cayuae, Kakyio Ob NOmepXHOCTH @ M WH NpOBeAN uepes
nekylo Touky M, BCeria mpoexuus V,, ckopocti snakoctn V s M wa
HOPMATb 1 K NOBEPXHOCTH G GY.ET MeHbilie, 4eM a, i Pasexcrso (4.20)
AT He GyXeT uMeTb Mecta. Hanpomis, ecau KIAKOCTS ABMAETCR TaK,
uro

Vi>a
7o HanyTes nopepxtocTi &. npoxoxauiite uepes M, Takie, ur0 mpock-
win V, ckopocrn V B M Ma HOpMAMs K STHM NOBEPXHOCTAM Oyler
B TOWHOCTH papia @. OTClOZA BHTCKAET BECHMA BAKHOE CACACTAME.
Ecan ®MIKOCTH ABHAXETCH CTAUHOHAPHO (YCTAHOBHBLICeCS ABIACHIE) W
npHTOM nOBCIOAY C KOPOCTLIO, TO xapa-
we woryr. Hanporus, eca

T

IbiteHHe KNAKOCTH o
BCErZa MOTYT OWTb MOCTPOEHH AeHCTBHTeAbHME XapakTepucTuiit. Mt
BIANM, 4TO MEPEXOL Yepe3 CKOPOCTL 3BYKa NPAET B YCTAHOBUBUIENCH
ABIKENNI BECHMA CYICCTBEHIYIO POAb, MEHSR THT AGCPEHUiaTLiliix
YPaBHeNiA ABIKCHHA (317MNTHYECKWA NP 103BYKOBLX CKOPOCTAX Ha
Tinep6oaNdecKUd NP CBEPX3BYKOBBIX).
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Ko~

Haznure npit
POCTAX 3HAHTENO OGAEruaeT pelenne 3aiaui o ABHACHAH. 3ech
NOTYT ObiTh DasniTh SdexTibibie Tpadiieckie METOlw peileiis,
¢ KAKODHMI Mbl W NIOGHIKOMHMCH B COOTBEICTRYIOLLEN MecTe.

Mul BepuéMCH CeflaC K CAYNAI0 CYUeCTBOBAHMA CHALIMX Pa3pLBOL,
4TOGH I0Ka3aTh HECKOALKO OGUIHX TCODeM, CIo1a OTHOCALMXCA.

§ 5. Pacnpoctpanenue CHabHBX pa3puiBos. Teopema Llemniena.
Y7061 HaTH BeuuuHy CKOPOCTH PAaCTPOCTPAHEHHA CHABHOTO Pa3phisa,
npHGerneM chavaza Kk cooTHoulensM (2.15), (2.16). Vaowas (2.15)
cKatapho ta n, moayui:

IV, =Ip) .1
W saMewas, w0 BesecTee popuys b=N—V,
Vil =—16. (5.2)
nanuwex pwecto (5.1)
(0 —b)=—(p.—p). G.3)
Ho no (2.16)
pobo=p 0, (G4

H0STOMY MM NOWeN WanHcaTh (5.3) b suze
25
© LS

—p, waw

orkyna mo (5.4):

WM MOXeN HaMTH §_ W3 cOOTHOWeHHS

2 P Pa—P_ 2y [P)
2 BT PR P (5.5

[ N N O]

OCO6CHHO SBHOM CTAHET PAIHHUA MEKAY BeAMMMHOR CKOPOCTH pac-

npocTpanenus c1a6OTO PaspuBa, BCEria PaBHOM G, W BLpANENHEM,

noaywaiouues 13 (5.5), ecan M npeoGpasye (5.5), HCMOAL3OBAD A%

9TOT0 ONHO BaXHOE CaelcTBHe coOTHowenus (2.19). 3ametus, uto

=p|Rp # 410 ¢,—c,— AR, npuaaauy cwavata (2.19) sz

Sonvevi
YuowiM Teneph obe uacti (2.15) ckasapro Ha V., -+ V_:
WV H V) (Vo= VO =@V - VI=Ipln-(V,+ V)
W serasis pB[V . V] B (5. s) noayui:

(PVal- (5.6

6.7
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PacKpoem 3HAKH pA3PHBOB W TepeHecEM BCe UAEHH B OXWY CTOPOHY;
noayum:

P Vs Vo) =20 Vo —p- Vs +Vo )+ 2p Vo

WA mocde coKpaluenuit:

— Wi +225 (2] .8
Ho 10 (5.2) u (2.16) woxwo Hamicats
WV,l=—101=
W N NOXeM mepenicats (5.8):
potr_T1
ey

Packpusan, iance, 3HaK PAspuiBa W OTHCKNDAR OTHOWeMME p_[p_,
M IPHAEN K saxHol popyyae, yeaose (2.19):

(5.10)

37070 13 ofenx uyacted (5.10) mo emunmue:

Pe I _eADE4C=DE 0]
o e T TR o T O T
Caexouarensio,
] __ 2p_
W T EF -G Dy G.1n
W o (5.5)
2 P 2
= == 612
Hapsay ¢ dopuyaoh (5.5) oterin pupaeitite
2 e (]
=Tt 613
(5.5) wa g2 w ¢ A8, a Tacke
2, P 2. 5
=3 Gy s (5.14)

noaysgioueecs 3 (2.16), (5.12) u (5.10).
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bopyyau (5.12) it (5.14) NOKAIMBAIOT, YTO CKOPOCTH PacTpOCTpaHe-
HHA CHALHOTO Pa3pmBa BCETIa OTANUHA OT MECTHOM CKOPOCTH 3syKa.
B caMon e, MO STHM (OPMYAM DABEHCTBO

ety

WIH paBeHCTBO

ONMNAKORO BAEKYT 33 COGOA ycroswe p. W0 Toraa no (5.10)
p_. a o (2.15) [VI=0, i HeT HMKIKOFO cisioro paspuea.

Hetpyno nanee yGeantses, uto ecam |6, | <a,, 10 |6_|>a_
naoGopor: ecan |8_|<a_, 1o |0, |>a,.

Eciin 6patiTec K CTaGHpHLN ABKENIAN, 113 KoTOpu N=0,
Toe f= 7O Mbi MOAYUMM OteHb BAKHOE CiCACTBME: CKOPOCTH
v, o Kpalinen "Mepe ¢ OANOR CTOPOHM OT NOBEPXHOCTH paspuisa. npe-
HOCXOLWT MECTHYIO CKOPOCTb 35YKA. SHAUHT, HETIOXBIKHbIE NOBEPXHOCTH
CHALHOTO PAIPHBA, TAK KE KAK W NEMOABWAMNHE XAPAKTEPUCTHKM, MOTYT
CYUIECTBOBATH MIb MPH HAAYMH CBEPX3BYKOBHX CKOPOCTEH.

Tloxkakem ew& Teopemy IleMNaeHa 80IMONKN umb MaKue
cutsuue paspuss, npu Komopux

<o,

Tlas sT0TO BTOpOl
3AKOH TePMOAMHAMHKH, COTJIACHO KOTOPOMY SHTPORHS Npw (H3KYeCKHX
TIpOILECaX He YOWBAET. BHTPONHA S MOKET OuTo MpexcTaniera B piize

s=% lnt, (5.15)
M, TakuM 06pasoM, BOMPOC O BO3PACTAHWH SHTPOMHH IKBHBAAEHTEH
5ONPOCY O BOBPACTANHH BeANMNK plg". HITaK, Beunia pfp* ne yousaer.
Tlycrs uMeeTcs y wac HectauMouapsif cuabiu paspus. Hexas wacca,
HAXOISWIAACA C OAHOM CTOPOHb OT Pa3pHBa, NMOMALACT 3ATeM HA APYTYI0
cropowy. Moryr npeactautbca apa caysas: 0, <O u 6, > 0. Ecan
4 >0, TO MacCH, AeKaBUIME C NOJOKHTEALHOR CTOPOMH NOBEPXHOCTH
paspuipa, nomanyT Ha W SHTpOMIA
0644CTH 3aMEHHTCA HA SHTPONMIO 061aCTH OTPHUATEILHOM; TaK Kax
SHTPOMHS He yOHBaeT, Gyaer

T e
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Hanporis, ectw 6, <0, To maccs otpumatenioft ofaactu GyayT
3aMeHeHs MACCAMH MOAOKHTEABHOR CTOPOHH, TAK HTO OKaKeTcA

21>

Toxanew, o 8 oboix cayuanx 6yaer [V,] < 0. B caow tete, scaea-

cTaite (5.10) NoxHo namica

[F]-%-

c+nit

%+l—(1——l):—+

Hetpyao yGeuThes, 4T BupaKenue, CTORUlee 31ech B GUIYPHMX
CKOOKaX, GYAET NOAOKHTEAWHO MPH b, fo_>> 1 W oTpuUaTERsHO npit
p /o<1 Tak Kak p W p MOTOKNTEIbHb, 3aKaiouaeM, 4TO ecii
[p/p‘]> 0. 1o [p}>0; ecan [pfp*] <O, 10 [p] <O. Takum oGpasom,
ecan 0, >0, 10 [p] <0, n ecan 6, <0, 10 [g] >0
[ 0 3]

[ =0 PP
, anaunt, npu 6, >0, [p] <O Gyaer [V,] <O u npub, <O, [s]>0
Takxe [V,] < 0. Teopema Llewniena noxasana.

WVal=—10]=

. YCTAHOBHMBIIMECS JBHXEHHS. NMIOCKAS 3ALAUA

§ 6. Maockan sagawa. Symcuun & u ip. PaceMoTpuy cTausonap-
10 ABieHHe ra3a, NPOHCXOMflliee OAMHAKOBO BO BCEX RAOCKOCTAX,
NApaneAbHIX NAOCKOCTH (X, Y), M MPUTOM TaK, 4T0 v, == 0. YpasHesus
Jaepa npexcTasu B ¢0pue Tiom6a:

1o duy 00
pﬁ Dx 2+”(ox_777)' ©n
10p 0 v v, v,
ca=—ay vl %) €2
Vpasienne HepaspuiBHOCTH 1aéT
e | gy
=0, (©.3)
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a yeaosne agwadannunocT:

. (6.4)

Vpabnente (6.3) moasondeT 3aKTIOUMTH O CYWECTROBANHN QYHKLAN
Toxa $(x, y) Taxoh, uro

LAy 9 r
e ax Uy

9 oy

e I T (6.5)
C 1pyrolt CTOpOWH, BIOL AMHMI TOKA HMEEM:
dx __dy
v T v,

CTABIAA B STO PABENCTHO T, i ©, 3 (6.5). moaywuy Ges tpyaa

oy I3
x4 G

Ak 4T ypasHenis
$(x, y)=const.
Cym, ypamiewns mwau TOXa (MOCAEuMME, BCACACTBHE CTALHOHAPHOCTI,

COTMALAOT C TPACKTOPHAMH AIIKIX YACTHLL W OCTAIOTCH BO LPEMH BCEro
BN HEUIMEHHBIMN).

Vanowman niepsoe 13 (6.5) Ha 0y, BTOPOE 1A U, i BHNHTAA, NOAYIN:

9y 9y
Y52+, Fyt 0. (6.6)
Ho ecam v 0, cootnomenus (6.4) u (6.6) sacrasasmor wac cuurats,
uro
Py
(2.9
D(x,y)
Orciona sakaiouaes, 410
Py
=V ©.7)
e
D=0

aapucnT ot

b
Jlerko ppasnTs D uepes owtpommo S. B camow zede, mo (5.15)
NpeILAYUerO pasteda mitce:

S=Fm@)=Zmoy. (©.8)

') Kpose 70ro, § ectb, ¢ TOWHOCTLIO 70 MOCTORNHOFO MHOKHTEA, MOTEH=
wiaabhian tesmepatypa. 104 nOCeuei pasyMeeTca Ta TeMnepatypa -, KOTO

NOIYITCH, ecAN a3 AIWACATHYCCKN NPHEECTH K HOPMABNONY IABAEHO Po.
3o Gyrer

const. 3.

3 Teopermeckan tnaposesonma, 4 11
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Vawomun Tereps (6.1) wa v,, a (6.2) ua v, W caoKUM nOAYHeH-
Hle YpasHeHHA, 3aMCHKB NPelsapTeasto p 10 dopuyre (6.7). Tak Kax

)
VD}

M TOAYURM OCAE NPOCTHX NpeoGpasopanmil:

a v a
"1X( T)+”yW(

910 osnasaer, uto seaexcTsie (6.6)

(6.9)

e Iy— hYHKURS OAHOTO TOALKO .
TOGE YACHKTh (USHYECKIA CMBICA fp, 3aMETHM, 4TO TY/2 eCTh Kitlie-
THYECKaR IHEPIUH eLMIALL MACCH, 2

ects (npunsto ¢, TA=0)"); Takms
06pasoN, £, €CTL TeNAOCOEPAAie NP OTCYTCTBHN cxopoc’ru (©=0).
Bemmuina /o ONpeNeafeTcs, KOAb CKOPO ManecTHa Tesmeparypa To Tol

p
Touks, o KoTopon exopocrs pasna nyawo (1= T,).
Vpasnene (6.9) MpeAcrabaser caGow Me W4T WO, KiK Ypavicie
Bepiyaan.
5 ypaswenu (6.1)  (6.2) WM oAYAMAN OLHO AW COOTHOUE-
s (6.9). BTopoe COOTHOWEHHe NOSBOANT HaM BHPAITH BIXP M NOKA-
e 4To ecam W i, OYAYT NOCTORMMHIMH BeIMSMHAMM (Me 3aBMCH-
LN OT §), To ABKeie GyXCT GESBHXDEBLN, 1 OOPATIO— cCaN Abi-
Meile GesmuXpesoe, 10, B0OGE ToBOpA, D  fy HocToRtN. B cavos

Beanannia i woAer GuTo Onpeieacua Kak cywwa ohyTpenici seprii
W otvowenns pe:

1 Pl P GtAR, T
AU+ A+7 =7 2.

Kpowe tepuin eue
HASBanA: TENAOBN GYINALLR CAINNLS MOCCH N SHTBALNS,
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ede, BO3bMEM, Hampumep, (6.2) u BCTaBUM B Hero ¥ M3 ypaBHeus
Pepyaau. [1ponssens coxpauterme, noayui:

dvy ﬁu, 1 (.a:n * 2=l oa)
== A=
AN, TaK Kak § u i, 3aBUCAT OT y uepes nocpmcmo ¥
1 (di = ay
9‘*7,(4» =1 P )d, (6.10)

nakonell, scaexctsue (6.5) Moem nammucars:

s
T‘f)‘ 6.11)
Gopyyaa (6.11) nokasumaer, wro ecam § iy nocrosmuu, 1o =0,
O6patwo, nyers =0. Toraa mo (6.11)
(6.12)

a1 dig | db

@ | a €13

Ciyuaft STOT He NPENCTABASET HHTEPECA; eMy OTBEYAIOT IBHKEHWA C an-
I TOKa — THGO Kpyramu, ai60

npaN (cw. fiie § 15). Takin 06paso, 5ooGiite rosops, ecan
10 A0MKHO GuiTh

amo (6.12) u

?.memm. 4TO MOXeT OKasaThCA, W10 dig/dy # 0 a dD/dy=0 wam we
digfdy =0, a dbfdy +0; npn srow, proyueetcn. Q0. Mu ysuany,
w0 caysa iy SHTpOnMIC

2391 Ta30B0H AMHAMMKH muﬁonsmun HHTepec.

§ 7. Tonepxocrs paspuna m naockoR sazase. Moxaren npexze
HBCEro, 4TO B MAOCKOM CTAUMOMADHON 3ajaue f, Me NMpeTeprieBaeT CKauka
TIpIt Nepexoie uepes MOBEPXHOCTL CHABNOTO Pa3phiba. JLis STOrO 0Gpa-
TMCH K ypaswesmo (5.6)  nepeniieM ero, saMerhs, uTo, DCACACTSHE
craunonaphoctH,

{3 1o+ —1p%)

ar



% TEOPETHYECKME OCHOBHI TA30BOM JIMHAMIKM a1
HAW, 4TO OEBHAHO,

o[ +rfl=—[40]

OTKYNa, MEpEHOCH BCE BAEBO W COBKPAS S7EHH NOX HAKANH PaspHED

o . p
o2 2
o+t B
4510 1 oswauaer, wro ec 00, To Beaeactsie (6.9) n (6.7)
[ig =0. .1
B NpAOKENHSX Ta30B0M AKHAMKKI PEb WALT OGHNHO O HE3ADIXPeH-
HHX MOTOKAX 232, OCTEKAOUIX KaKOe-1HGO MPEmsTcThie (KpHao,
HANINEP) M BHTCKAOWMX W3 OTBEPCTHR (CONAO  T. M.). Tak Kak
B HCIABHXPERHOM NOTOKE Io== CONst. # TaK Kax o (7.1) Aaxe Watnuie
CHALHOTO PAIPHBA He WINCHSTCT BEAMHHE ly, T0, OCTABAT 8 CTOPOIlE
BAWANHE TOTDANHTHOTO CIOA, MH MOKEM CYHTATh B MPAKTHAECKH DAKHHX
W MHTEDECHNY CAY4ARX TPOCTO

iy = const.

QGpaTiMCca Ko BTOpO Beamuke, XapakTepuayioutel saonsperniocts
notoka,— #. Mokaxew, 4o ecan B HaGeraiueM NOToKe 1 6110 § nst.,

10 nocae OTOKA CKBO3L cuasioro pzapulz
oGmaTentio, nooGute ronopq mm dwa;n T. €. ecau NOTOK 10
0 nocae on

nuxpenum. it oGpatiica K opyyae (5.10)

W yMnoRuM oG ¢& wacTi wa (p_/p,)" Mowen mamncats Torna:
. e l—(—1) P

Bt (=) ey

[ P/ (4 1)

wan, no onpexeeriio b wa (6.7):

(7.2)

opyyaa (7.2) noxasusaer, uto §./8_=1, 7. e. [3]=0, anuws 5 ToM
cayuae, KorAa p_fp, , T. €. KOT1a CKGuKa yNi0THeHHA
npocto ner. Kak wu yswaus aasswe, [¢) Gyaer, sooGiue ronops, pas-
Jiden B AIMBIX TOYKAX NOBEPXHOCTH PA3pLBa, HO Torra m (V] Gyaer
MeHsTbCA OT OAHOM ANHIA TOXA K APYTOM, Tak 470 ecam § «ciesa» OT
10BCPXHOCTH PaIpuiBa W OWIO NOCTOANHO, 10, MPETEPNCE B PASHMX




§n MOBEPXHOCTI PASPHBA B 11/I0CKOR 3AZAME a1

To4KaX 3TOH TIOBEPXHOCTH padiisie CK3ukH, OHO CTaHeT QYHKUMeH oT
Jlsinkene, GHBlICe Mepel CKANKOM YMAOTHEHHA GeaBUXEB:, CTaier
SateM, B0OGILE TOROPA, BHXpeBbiM.

BOCENb THAPONHANHICCKAX SACMENTOR: P, P, Uyys Tyos Py B

0, Uy — COAIANH BIOA> TIOBEPXHOCTH PRIPHEA UETHPEMS COOTHOWE-
i [gopuyan (2.12), (2.13) u (5.10):
o9 [0, = [plcos (n, x), (7.3)
o [vy]=[p]cos(a, y). (7.4)
91 =0, (7.5)
Po _ EDp, —C—1)p
P GFDr_—G—De, (7.6)

COLCPKAUMMU, KPOMe YNOMSHYTHX SAEMEHTOB, e IeBATYIO Beai-

sy = YToR MEMAY HOPNATLI 1 K IOBEPRIOCTH DAspiina W octio Ox

wai 0y. 0, asiKCHHS, uepes V.
H=—V, an

TakitM  06PA30M, ML MOKeM, 3HA BCe TIAPOANHAMHYECKHE SIeMEHTH
¢ 0IHOW CTOPOHH OT MOBEPXHOCTH PA3plina, HafTH CBA3H Meway A0GOR
napofl 31eMEHTOB MO APYTYIO CTOPOHY OT TOBEPXHOCTH MM Mexay
KBk GO 12 STy SAeMCITOR @ YOIOM Maknows nosepocrs, Hi
Goabuwith wite ay
OGeMMI KOMTIOHEHTaMH CKOPOCTE, @ TakKe BLP@KeHHe NIOTHOCTH 'lepe:s
Y701 HaKiOHA MOBEPXHOCTH PaspiBa.
P Touky M paspuna, Tlyets

HAM UIBECTHM BEAMWNNM P_, p_, T,_, T,_. Tloneputn ocs Ox Tak.
“4TOGH OHa MOWTA NAPATICALNO HANpABACHHIO cKOpocTA V_ B Touxe M,
W oGoawatin
U= =Py by U, =T U, =0, D =P p, =0
Iycte ewe yroa nakaowa (n, x) nopwams n o Touke M nosepxiocTH
paspupa Oyaer . Toraa, Tak Kak ¥, =0, Weew MPeKIe Beero

— 0, =V,, =v,c055-v,sing, 7.8

—0_ v, 008, 7.9
a wenomkaya (5.12), noayun:

weosty

2
=Dz’
oTkyna Ges BCAKOTO TPYAA WAMAEM pfp, Hepes tgw:
%k

. (7.10)
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The, Kak Beeraa, GyKnofl @ 0GoHauena CKOPOCTH IpyKa

opyyaa (7.10) NOKaIHGAET, NTO eCTH P MEHAETCH OT TONKI K TONKe
BIOAL TOBEPXHOCTH Pasphipa, TO plp, GYACT Pas#biM B PAsHLIX TONKAX
nosepxHocTH, W 10 (7.2), ecan AaKe # GuA0 Y, = const.. 1o # craner
B pasMuX TOMKAX Pa3HOe, i BOSMAKHYT mnxpi. Tak, nanpiumep, ecan V_
CORpaNAET B0 TOCTORIIOE TATPILICIN. 10 NP KPHGGA M pad-
puiBa buxpH ecan pasp
ot BAOCKOCTS, AbCAME OFTAMETCA Oeamxpeski.

HroGH WaWTH SABHCHMOCTH MKy U, # Uy, Pas1eniM criepsa (7.4)
na (7.3); moayumy:

. @.11)

[
C apyroft cTopowss, o (7.3), mocie coxpaenus a cos(z, x)=cos®,
— @) =P — Py .12

a seaexctsne (7.6)

®
L

P~P|~2w. (7.13)

+i—e—nt

Cpaskipas Ana supakenss aas p— p, (7. 12) W (7.13)), Beranasa
BMeCTO plp, mpasyl uacte (7.10) u 3aMensa igo uepes mnocpen-
crao (7.11), mpWxomHM nocAe NPOCTHX npeoGpazopanuit K crexyiomed
opuyc, CesbBamE U, W Ty

=(v,— v,y li‘.‘&; . (7.14)

n—vet

Ocranosiea na Gopwyaax (7.10) w (7.14).

Popuyaa (7.10) supawact plp, ucpes . TIpeacTanasior mutepec
TakKe (OPMYAM, BHpAXaOWME Yepe3 P 2
e v, w0, Buoca (7.10) B (7.6). noayuu nocie saewentap-
X npeoGpasonaiin

0 @ .
r_ ™ L,:cos7v,:——l4 (7.15)
nooiad w1

Berasass 310 omhowenne o Gopwyay (7.12), noayuim:

cos? ?) i (7.16)
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Haxovets, swoca v, w3 (7.16) 8 (7.11) n pewan noayuemoe ypashe-
Jiie OTHOCHTEALHO Ty, MOAYUHM:

2 ("z 2 ) 7.17)
v, =——u,tge| 5 — cos?g ). a.
v=r el ¢
Gopyaa (7.14) MMEET MHOTOUHCICHHLIE MPHAOKCHIS,
B IIOCKOCTH (Uy, ©,) MPH AAMWGX SHAUSHUSX @, 7 U, YpaBHe-
e (7.14) kpusyo, ocn v,
nepeceKauyIo ed B TouKEX

puy
K2
V=1, v,=0
(ap0ftuan Touka)
a—1 2 d v
= v+ L, 0
T T
W HMEIOULYI0 B KAECTBE ACHMATOTH mipii-
wyo (pic. 4)
i

2 a
ot Puc. 4.

,

Bra KpuBan MOWET GMTb MOAYuera MyTEM WHIEPCHH THAEPOOAM B €&
DeplIHe 1 HAIMBACTCR 2umouuccoudol (obuunan wicconza Jnoxaeca
MOKCT GWTh MOAYHENA MYTEM WHBEPCHN NapaboAM B cé sepumne). Ecan
CKOPOCTh B Touke M_ OTpuuaTeabHOM 00aacTH ieeT Beamumny v
(MPI 3TOM CKOPOCTH 3BYKA @; MOAYWIICH, CCAR iy HIBECTHO, M3 ypas-
Hewin Bephyaii), To Kowew vekropa V., ckopoct » touke M, Gyzer
ACHATH TAE-TO WA yNOMSHYTOH rmouwnccomte. Ecan On Maw GHA0
NIBECTHO. HANpaBAeHHe V., M MOFAW O, BOCOL30BABLINCH FHTOWHC-
CONOM, HANTH W ReaNuMity BeKTOPa V. COBEPIEHHO aHATOTHUHO, 3HAs
seauny V., Mb naman Gu Ges Tpyza  nanpaacnie (scpiee, abco-
AWOTHYIO BEAUIHY YTAQ, COCTABAREMOTO BeKTOPOM V/, C HANPABICHIEM D).

Hakowel, npi nOMOUU naweft TMNOUHCCOMIS MOKHO HalTH wanpa-
BAeuie MOBCPXIOCTH Paspuisa B Touke M, ecaw WIBCCTHO Hanpapaenme
CKOPOCTH NOCAC MPOXOKICHiI NOBCPXHOCTH paspsa. B caMoy rede,
ak Kak seaeactsie (7.3) u (7.4)

(v dcos(s, 1)+ [v,)cos(z, y)=0

(= — KacaTeabuan K MMM PA3PHBA B NIOCKOCTH X, ), T0, €CAH 06O3HA~
WHTo yepes V. NPOCKINO CKOPOCTH Ha KAaCaTeivilyio K Awnmi pas-
puBa, — Gyzer V. OTCi01a CAeayeT, ¥T0 HANPaBAeHHC NOBEPX-
HOCTH PagpLBa A0KHO GuiTy TAKORO, UTO CCAH A HIETO CRPOCKTHPORATH
CKOPOCTL "0 1 NOCAE PA3PLBA, TO STH Aue MPOCKLMN OYIYT OAMHAKOBH
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(Voy=V..). Wnes runowncconny (puc. 5) u swas manpauaensie ON,
a suaunr, u seamunny ON ckopoctd V, 1OCie NPOXOKIeHiln Pasphsa,
coexumy asofiylo 104Ky P runowucconan (OP =V_) ¢ toukon N
W oonycTiM wa npawoi PN u3 Touki O

10 nepecesenna ¢ PN b Touke Q. ONEBMANO Temeps, 4TO HANpasie-
ime OQ TaKORO, 9TO MpOGKWAM Wa Hero V, u V_ oxumakonu. Has
OCTAETCH TONBKO MepeNecT 5TO HANpARACHHC Ha MAOCKOCTo (X, ¥),
4TOGH NOAYUNTL HYKHOE HANPABIeHHe KPHBOH Padpuisa.

Baverum, uTo BeEKMA Ayy, swxoasumi w3 Toukn O, mepeceuer
TMAOUHCCONY, BOODULE TOBODS, B TPEX TOuKAX (pic. 5). Oiako, v ciay
Teopen Llewnena, Touki N, pacnoAoweilitie 111 yXOARUIMX & Gecko-

HEWHOCTS BTDAX THIOUHCCOMAL. pac-
CcMaTpUBaTh He caeayer. B cawow aeac,
eaas NOAYSNTH WP MOMOU TONKN N/
Hanpasaente Kacate:bo K NOBEPXHOCTH
PA3PHBA, M IOAKIL OMYCTHTO epiieH-
ankyasp OQ', Ho Torza QN ecru op-
Maib K STOR "

Qqp=v,.,
o Tak_wro, sonpexw Teopeme Llenmicna
(§ 5). uveen:
Vas >V,
Puc. 5. Toukn N n N” o6e 10nycTussi ¢ TOUKH

apenns Teopem Llewnena.
BeTeh ranoWACCOAM, CORepKaman Touxn Tuna N, Takie MOweT
Guts Wenomb3ouana, [LAA 3TOTO AOCTATOMHO MOMEHSTS MECTAMS 3HAKN

naoc W wmye npn swsote dopuyau (7.14), nosomius OP =V,

4 vexropw Tuna ON’ npwnsts 32 V_. Teneps rumowuccomsa 6yaer
COBOKYMHOCTHIO TOUEK, HIOGPAKAOWNX KOHILE BEXTOPOB Tex CKOpOCTell,
KOTOple nOC.4e NMPOXOAAeHNA paspwsa MOryT cosmacts ¢ OP. [lpw
TaKOM TOJKOBAHNN THNOLHCCOAN TOKN THRa N fie MOTYT GHTS fomy-
wens o Teopene Liewnaena.

CKaaIILN 51€Ch OTHOCHTEILHO CHABHHX DAIPWBOB MH NOKZ OTpa-
WHSHNCE; MU BEPHEMCH K MUM YKE HENOCDEICTBENHO B MPUAOKeHNAX
K KOMKPETHLIM Cyuamt Apixcinil.

§ 8. Kpunueckas ckopocts. TpyGKi TOKa B CKHMAEMOIl KHAKO-
cTH. Mb 3HAQM H3 MPEAMAYUIX n2parpados, a TAKKE W3 HeAZBHEro
PACCHOTPENNA PIIPWDBOB, KaK BAXHO OTANNATL CIYWAN, KOTZa ABMAeHie
TIPOHCXOLT €O CKOPOCTLIO Nenblie, Ye CHOPOCT 30YKd, OT Cayuacs
CBEPX3BYKOBHIX CKOPOCTCH. BBeAEM Temeph BAKHOC NOMSTHE QKPHTH



ou KPHTHUECKAS CKOPOCTb, TPYBKIT TOKA a

weckoft cKopocTit». Hamtiess 11 510ro ypashente Bepnyam (6.9) b sue:
o a?
S45 @
(azech W B naabHeRIUeM M CYMTaeM, HA OCHOBAHWH CKAa3aHHOTO B Ha-
4ate NMPEABIAYUIETO MYHKTA, 4TO fy==cOnst.) i NPEANOIOKMM, UTO B He-
coTopoll Touke M CKOPOCTb ABHKEHNR U OK&3a1aCh B TOYHOCTH PaBHOM
cywecTnyloutel B 3TOl TOYKE CKOPOCTH @ PAacnpOCTPaHeHHs 3BYKA:
v=a. (8.2)
C 1).(8.2) cobott cucteny
ypaneni, 13 xowpou Mid MOKEM OTIPEACANT HEMOCPEACTBENHO B WHC~
aax Beamumily ckopocTi v B Touke M. 10 Gyaer v.:

=1
<, ;‘/_ e 8.3)

CKOpOCTH 5Ta il HOCHT Wasaie «KpHTHICCKOA ckopocTis. Cooraer-
CTUGHHO STONY HMeCM i KPHTWIECKYIO CKOPOCTh 30yKa a.;

Vg

Mel BHANM, NTO DEAWNNHA U, He GABHCHT OT POIA ABIKENHA W MOAO-
Kewns Toukn. JL1s BCCX ABMKCHNA, 0GAALAOULIX OTHMN I TeM Ke iy,
GyaeM HMeTb BCEr1a OIHO M TO e ¥, Herpyawo yGeaurbcs, seaed-
cTeie (8.1), uTo ecam b KakoH-To TOuKe OKasaiock U > a,, To GyaeT
TakxKe W U > @ (CKOPOCTH Ta3a GYeT GoAblle MecTHONl CKOPOCTH 38YKa),
W ecan 0 < a, 10 6yleT Takke W U < a. OBparTHO — HATHuME HEpa-
PEHCTB U a NOBICYET 32 COGOM, COOTBETCTREHHO, HAAHSHE HEPABENCTA

a,

v=a,).
Tipuenckas emé CKOPOCTH 3BYKA Gy B TeX TONKAX, Fle CKOPOCTH
a3 v=0, 2
o

=l @

M MOKCN I4To A18 @, BHpaKeHHS

1/ ST 60,9119, (8.6)
npu 1,405. Takus 00pasoM, KPHTHIECKAS CKOPOCTb BCEra Meibiue
TOH CKOPOCTH 3ByKa, KOTOpas BO3HHKAET B MOKOAUIEMCA rase, 06110~
1ieM AaHHEM BHAYCHMEM i

Vpashenite Bepiyan, ecTn BHPAINTL B HEM iy uePEs MOCPEACTRO a,.
Opuver Bia:

a,

@®.7)

1) 310 MOKHO HEIOCDEACTRCHHO YCTaOBHIL 13 (B.9) (cN. MiKE).
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Popwyas (8.1) NOKANDACT, UTO MIKCHMATLHOC BOIMOKHOE IHAUCHIE U
MOAYUNTCA, KOTAA BTOPOE CaraeMoe AeBOW YACTH OOPAUAETCH B HYIb,
7. €. 370 Oyxer

Unax =V 20

To (8.7) st wowen nankcars

- 1/' l‘ ~2,437a,. (8.8)

Jlanshcfiwee yaeawseHie CKOPOCTH rasa MpHBEaO OW K OTPHUATEALHEM
JaBACHUAN W K SBACHHAM KapuTawmn. TakiM oGpasoM, meamwimna v/a,
32KAI0YACTCH BCETIA B CPABHHTELNO TeCHHX NPEAeaa

% +1
o<t <y .
Mpu pacuérax yuobko

v fa,. vy/u Omouienne M =vfa nasupactes 4uc.tom Maxa.
Hleas (8.7) ma v%, i oew 3atex waflth Coagb Mexay v/a u v/a,
b Bz

(%z 2 (al—)"—u—l(oj) 8.9

z,

w1

Buauw, uto uncio M MOKeT WMeHsThcA B mpelesax or O 1o co.
OTMeTiy emé Tpu ynoTpeGHTeAbHHe (GOPMH ypasHeims DepHyaim.
Boengm p,(y) — AapacHie, KOTOPOS BO3HMKIO G B HeKOTOPOH Touxe
AMHHH TOKA == const., ecam Gi 8 ST0f TouKe CKOPOCTH OGPATHIACH
B Hyab. Ouesunno, uto seaencroie (6.9) i (8.6)

TaK uto

@=L
°

(8.10)

Anazoriuiiy 06pasom, 8801a g, (3) (NA0THOCTS NP U =0) n nyen
B Ay, uro

Vet t=al,
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MB oAy

R @®.11)

Haxortew, swons Tewneparypy T, np © =0 u saxesas, uto
2
ar=2 —uRT n RTe _Elo
3 =1 2 2"

MOKEM HamicaTh

(8.12)

Beauunna 7T, 3aBHCHT ML OT @, W TMOSTOMY He 3aBHCHT OT ¥; Ha-
TPOTHB, Py i py OYAYT ROCTOSHHS M B Ciyuae GEIBHXPEBOrO ABH-
KeHHS; TAK KAK py 1 Py MPOCTO COA3AMH C 9, TO 7erKO wallti caski
TIX DCAUNHN NP NEPEXOZe YePed MOBEPXHOCT PasPuBA. OMEBIAHO,
Gyen miets

npues §_[d, Mono maita no (7.2) u (7.10) wepes wakiom mosepx-
HOCTH pasphiBa.

Popyaa (8.11) M03BOARET A0KIIATH ONCHD BAKNYIO TCOPEMY, OTHO-
CAULYI0C K TPYGKAM TOKA B CTAIIONAPHOM JRIKEHIN CAIMAEMON HKIAKO-
cTir.” PaccMOTPHM GECKOHEUHO TOWKYIO TPYOKY TOKA, W NYCTh CKOPOCTH

ceuenim et Af, (op K Ak Toka) 6y1eT v;,
 nromacrs f43 MYCTH KaKOE-2160 Apyroe cencie Af, xapaxTepusyercs
CKOPOCTHIO ¥y M TAOTHOCTHIO . TAK KAK MACCA MEKAY STUMH ABYMA

CENMMEMR EaGaH} T 28 MO NEt AORKIHE SdTHCATS
Af oty = Aoty
Taxim 00pasoM, maowans Af M0GOT0 OPTOFOHAILHOTO cenens Hauseh
TpyGK Gyzer
const.
Af = const.

B HecHnuaeMol KnakoeTi (p :cunsl.) na0Wazs, Taki o6pasoy, 06paTHO
NPONOPUHOHANLHA CKOPOCTH (veM GOAbue CKOPOCTH, Te yie TPyOKi
TOKa, W 13060POT). JLAR CANMAENON KILIKOCTH Md MOKEM, MOAL3YACH
(8.11), nanncars:

I; const .

o
B
=T




a4 TEOPETUUECKME OCHOBbI TA30BOF AMHAMIKH (L

TocTominas, CTORWAR CNpasa, COXPaHTCT CBOE amaschie pAOAL BCeH
Tpy6Ki. Ho Takan Qyukius ﬁynn WMETH MIKIMYM, W OPUTOM €At~
croentef, npn v=a,. B cawow zere

const. R 20
S 2ELg T ednat
e o —1
7)
u(dAf[dv), ., = 0.3, Kax aerko minets, (@ Af/de?), _, > 0. Mbnoayua-
en f pesy autars mpi cropocTax, 1aK

e KaK M B HECKUMAeMOR KUAKOCTH, rp)GKn Toka GyayT Tem yuke,
Hiew Goabille CKOPOCTH; HAOGOPOT, MPH CHEPX3BYKOBLX CKOPOCTSX TPYGKIL
ToKka GyAYT TeM Wwipe, eM oAb CKOPOCTH.

§ 9. TliocKue BHXDEBHE IBHAEHHS CO CBEPX3DYKOBHIMH CKO-
poctaun. Xapaxrepucruin. Yroa Maza. Mposomsi syucine -
(epenILIaLHLIX YPABHEHN! ABIKEHNS, NPeANOIaras, uTO Iy nst.
WMEEM Ba KOWEUHMX COOTHOWISHNS: ypapierie Bepiyann

wo1

PR A 10/ V2 o
5 v

]

i yeaosue anuaGaTiuocT:
P="We
W ana

229 BUXPH

R A S ©.1)

W ypasHeHie HepaspHBHOCTH

Gy | vy
ox tay

Hekaounm i PAVICINR HepaUIIOCT nioTHOCT:. Bawernw, uto
1o onpeacaenmo 9 u

@ =

MoiHO Temeph HATHCATH YpaBuene wepaspwHOCTH, BBEAA Ing, © BHie
_ ding oy | duy

T Uty bty Ty =0

4 NOTON, upAAaN p uEPEs B W a2 m aavcuas. w10

% a8
e+

0
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(cM. (6.4) u (6.7)), mpimecTu nocAe NPOCTHX npeoGpasosanuii K opse:
N auy) 1 ( da? du’)
@ (0): + 5y ) =T \ea T Ty
Bupaman nanee a2 mo popy’ie Bepuyann uepes UP m cobmpan uaeHh
N PRI, OGN, oSy

av, ov,
—a) e 90 (@ —er) 2
(a2 1;) 2,0, w Wy e (@ — ) 5 =0 (9.2)
Otweriy, 4To (9.2) MMEET XM W TOT Ke BWA KAK 118 BHXDEBOTO,
TaK W A1 Geasnxpenoro isimenns. B caxon zere, savemns o (9.2) a?
no opyyae (8.7), npusenén (9.2) K snay:
v,

v,

[0 (& — ) — (= Dog] G — 20,0, (T T2) 4
01

e D (@ — ) — o — D] S

19K uto ) copepuenno pumazact w3 ypaswens (s (9.2) ¥ morao sxo-
ANty uepea a). Vpamense (9.1), NaNpOTHB, yKaIMDAET M HATMUHE
wxps (dD/dy=0).

B GonwwwicToe 3anau rasosodl mWREMWKN GYHKLWO § mpixomutca
paccMaTpusaTy Kak uasecTiylo Gynkiumo ot y. Ecan mMin TOKa yxo-
T 1A GRCKOHEWHOCTs (HATDHNEP, B CAyude OGTEKaHNs KOHTYpa Gearpa-

0. (93)

Geckomeunocti. ECM ML MMEeM CTaUMONApHOE ABILKCHHE, B KOTOPOM
BHXPh O GECKOHGWHOCTH DABCH YO, B TAKOM TMOTOKe Beafe OyAeT

rOBOPS, A4S DAa3HLIX TOYCK pasHbM. ITO M 3acTapaser wac B OGuicH

Tenpnu Gpath ypasuenie (9.1) ¢ npasoft ¥acteio, OTAMUHON OT Myas.
BetM oGosnaueHne

)

PG =

Q (9.4)

Tora (9.1) Kanmuweres B muae
o, o0
Oy O
% T dy 9.5
Hax 1az0 HayWHTLCA PelnaTh COBMECTHO AUGPEpENLIATbHLE YPasiie
g (9.3), (9.5). B HIX DXOINT 8¢ HOHABECTHHE CKOPOGTH Ty Ml Ty W,
KpOMe 1070, iei3BECTHAR QYHKILA
DYUKIWA § BXOINT, OIHAKO, TOALKO B (9.5), It MPHTOM He MOR a-
cam Las eme npucasnty
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omHo w3 upyx cootHomsenh [ex. (6.5)1):

S o= (@)

ay
SE. 08

Myt Haus ¢ Teopun nanGodee npoctoro cayuas. Hweio, mpeano-

O, A0 ABUKCINC TIXOR0, W0 CLOPOCTS B0 BCeX TOUAX MIGEKOCTH

(X, ) MpeshUAET CKOPOCTb 3BYK, T. €. BO BCEX TOUKAX MLIOCKOCTH

©>'a,. Haamune KeficTsUTe bHLX XapAKTEPHCTHK N03BOASET 3AeCh Pas-
5).

UroGh NOCTPONTL XapaKTepHCTHKM, KOTOpHE 8 CAyuae NAOCKOH c1a-
WWHOHAPHON 3alau GYAYT, OUBHIO, JMHHMSMH MEPECeueHis ¢ MAOCKO-
cmio (x, y) p 470 Heko-
ropas kpusan L ypasenten

y=y(x
e apakrepneriKa Ann aawioro A, Ofoaiaes npowssonye
o x, p3s1yi0 oxomh mmwin L, sepea e = (2

)’
=(r+iray ) W npuGasins
K chezewe (9.2), (9.5) cooTHowcHNS, BsTOANSONCCS a0 L:

r7v, dy v, du,

oy = dx ©.7)
(7!1 dy v, dv,

y y 4oy
ox Vax ey T ax 0.8

HATHILEN YCAOBHe TOFO, WTO L ecth xapacrepneris [r. . yeiome

0,fox.
00,3y, 0v,/0x, 0v,jdy W3 waweh cHeTeNM uen.lpéx ypanﬂeﬁun (0.2).
(95), (9.1) 1 (O.8)]. Bupaan 00,/0x u 0v,0x us (O.7) u (9.8 u
Betanass ux b (9.2), (9 5), noayunm:

(@ = )+ o

Jv,
o+ @0 7 =

N du,
a? —v)ff——vv) -

e y' %. CresoBatenuio, 10ab L 104KHO GuT
T Yoo attet
Y(E =)t o8, —yue—etg 09

Kawaoc 113 3Tiix ABYX COOTHOWCHH| €CTb CACACTOHE APYTOFO, 410 -
Texaer 1 (92).



ca TIOCKHE BUXPEDHE ABIKEHIA a7

¥ (@ — w2 tv,2, (a2
1

(9.10)

Obpauascs_cnepoa k(9.9 noryuw, packpuan onpeacnrers,
cacayoee COOTHOUEHHE, ChBNBaOULEE Y,

y"(m«a’)ﬂuvw#uyfﬂ @11

BaxeTHH nONYTHO, HTO 370 COOTHOEHHC GHAO Yie MOAYHCHO HaMH

CTHUECKOR TOBEPXHOCTH AOMKHA PABHATHCA MECTHOH CKOPOCTH 3ByKa
|V, =a.
B namem cayuae

v, €08 (1, x) -+, 05 (. y) = —

n notomy ycaonhe Vi =
) 2
(0, — vy =a*(1+y")
uTO, Kak MeTpymHo yGeauthes, copmanaer c (9.11). Takuw o6pasom, Tan-
TEHC YIAa HAKAOHA Y’ XapaKTCPHCTHKM MOKET MPHHMMATh 183 3HA4CHMA,
onpeleaseMbie Kak KOpHH KBaapamiioro ypasienns (9.11):

a0}/ ol

npMeT BUA:

. 0.12)

COOTBETCTREHHO STOMY tepe3 KAKAYIO TOUKY MAOCKOCTH (X, y) MOKHO
NPOBECTH 182 S7EMEHTA XaPAKTEPHCTIK, A BCA MAOCKOCTH (X, ¥) (b npel-
TIOTOKEHHI BCIORY CBEPX3BYKOBOR CKOPOCTI) MOKCT GHTh MOKPHTA ABYMS
CemeHCTBAMI XapAKTepUCTHK. ECAN IBIKEHHE YKe HSBECTHO, T. e.

i U, WIBECTHM KaK GyWKuuw Koopawwar, ypaswenns (9.12) npexctapst
202’ AN ePeHIHATLHLX YDABHENA, KAKIOE W3 KOTOPHX, 6yayun mpo-
WHTeTPHPOBAHO, M4CT OAHY CHCTEMY XapAKTEPHCTHK B MAOCKOCTH (X, y).
B nanuefiuien Mil BCeria Gyrem HASHBATL Ty XAPAKTCPUCTIKY, KOTOPAR
OTBEYaET 3HAKy NAKC Nepen Kopes B (9.12), XapaKTePUCTHKOR NepBOTO
CeMeHCTBa, @ Ty, WTOAGET Y’ CO3HAKOM MHHYC TIepea KOpHeM, — BTOPOro

%) PaseiicTao iy OMpEIEANTETH © SAMENEHIN NEPEIN CTOCUON oAy~
uaeren kax caenctame (9.9) u (9.10).



48 TEOPETHUECKHE OCHOBLI FA3OBOM IITHAMUKIL a1

cemeficrea. Bylen micath cooTsercraendo v, (x) uan v, (), TaK 4TO

R L

e 9.13)
oy —a Vo T

Pl ©.14)

i —d
Oﬁpaﬂmcn. omtaxo, x ypasemio (9.10). KoTopoe om0

2
NOANATHCA BAOTL XAPAKTEPHCTHK napasiie ¢ ypasenitem (9.9). Packpuian
ero u rpynnupysi wACHH,  HOAYSHN cnep

duv,
I8 6= o 2o = (o) =
b

+0,8,]2. (9.15)
wan seaectone (9.11)

02— ) 2% o0+ v (@—o2] 2 (©.16)

2
vi—a
OTKYa, aean Ma — 7 W 3aMEHTR YAEHH B KBaPaTHON cKOOKe mpasoft

uace o Gopuyae (9.12):

dvy+ ,i—a® dv, aVvi—a o 90.17)
[T S i @

Te CPaBa BIK MillyC OTHCUACT MepnoMy ceMeAcTRY, 1 Tuma wecto '
JOKIO CTOATH ). 4 3HAK NIOC OTBEHACT IAMCHIO Y =
Mu MOMCM NpEACTABNTY NpOH3BEReHHe Kopiel ypannzlmw ©.11)
o
#—a
.
=gt

W N0TOMY BIOAb XapaKTEPUCTHK Nepooro cemecioa Gyzer

o
dv,+ v, =— @ 2LE=E gy (0.18)
vty a—
a 520k sToporo
o—a
v, dv —"’”‘/'Jia)zdx (9.19)

5N

Coothowennsy (9.12) 1 (9.17) Moo mpuaats Godee 0GOAPHMIA
BILL, €CAH BDECTH BMCCTO NPOCKIMH U, I Uy CKOPOCTH BEAHWMHY CKO-



su DAOCKHE BUXPEBHE ABIDKERIS

POCTH © Y701 B, 06pasyeNill BeKTOpOM cKopocTH ¢ ockio Ox (pic. 6):

v, =vcosh; v, =wvsinf (9.20)
Baveruw, npeikie scero, uro ckopocts V o Touke M(x, y) Gyaer
ne o Mexay K obems

eraa
xapaKTepuCTUKam, npoxosuun uepes M. B 5ToM womiHO yOeanthca
15 pacemoTperiis (9.12), NPOILE Ke 3T MOKHO MOAYWITH 3 PaBeHCTBA
a.

B cawou Zeae, TOT (aKT, ¥TO NPOCKWNA V,, 1a OPMATH K O0CHN XapaK-
Tepuctigan ckopocr V toukin M pasia mo aGcomothoft seanuine
ORHOMY W TOMY Ke WHCAY, YKaIWBAET,
uTO CKOpOCTH COCTZRAsET Ot W TOT |y
e YTON © OBeHMH  KaCATeTsHBNM,
npopextunnvn 8 M K nawnM Xapak-
TepucTIkaN. VTOA STOT HagHBaETCH
yeaox Maxa. OGosuaum ero Gyk-

# @ Toraa mo ompexecHmio o
Gyzer (pic. 6):

I
sna=2. @2 .
Crieayer noadepkuyTs, 4TO BeAunHa Puc. 6.

yraa Maxa o 3apncHs HCKAOSITEALHO
or oTHOWENNA /g, HO he 3apncuT OT yraa B. B caMoM 1ere, no (8.9)
ML NMOKEN HamHCaTh:

" %41 fa\?
sinta =27 (T) -5t 9.22)
Tereps Mi MoweM mpecrasuts (9.12) B piae:
Y=ig@ o ©.23)

Tpesae uew npeoGpasonats (9.18) u (9.19), waagw, Kax wavemsetca
PN MepeMelieHitn BOAL XapaKTEPHCTHKK. Boab mocienweft Gyaer

D=3 {4[x, y()}.

=Gy

TaK uTo

wim, o (6.5),

a3 )
= =)
Ho 7oraa Mowwo Rpeactasumy Q, crosuee 8 (9.18) n (9.19), » muze

T L ab
G =ty dx

4 Teopemmieckan mapoNeraika, 4. 1L
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Beran 570 anavennie @ 5 (9.18) w (9.19) 1 savemny ewe v, ¥ v,
1o (9.20), a ¥ no (9.23). Moayumw:
d(vsinB)+cig (¢ 7 ) d (vcosh) =

1 Ve —at
“—Tu(sind

Hakoneit, coGupas waewsi ¢ dv u d@, feas wa kospuunent npu d3 u
npiuenss (9.21), MOTYaMM NOCTe MPOCTIX MPeoGpasosaHiA:

_ egs L sinacosa
a3 5 “Erav e

amb. 9.24)

Mu pepreMcs K mixpesoft sazase » § 13, a cetuac mpueTymmM
K DELIeNHO OTACTbHNX KOHKDETHLX 33304 B Ge3BHXPeROM ciyuae. 3acch
Ms GYles WMCTh aHauNTeabHOC ynpomenwe opuya (9.18), (9.19) u
CMOKCM 3UAUHTENLHO AAnbine MPOLBHHYTSCA R OOWEA TeOpHH.
10. Taockne Gespuxpeshie ABMKEHHS NPH > a,. ECTH BHXpH
orcyTemayior, 1. e
[}

0.

ypashens (9.18) 1 (9.19) MOryT GuTH 3amACaNM B Biie: BIOL Xapak-
TepuCTHK mepnoTo cevelleTsa:

do,

(10.1)

dv,

(10.2)

pocr;
S, 5 “oreh naoskocmn it ot DACCNOTPETs TOUKM, AcKalue
BHe KpYTa v=a,. C Apyrofl CTOpOHS, Mii 3naeM (§ 8), 47O CKOpOCTH

P
anenis rasa
v <l/ =F T

Takuy 06pasow, miTepecylOLlte Hac TOUKH MAOCKOCTH (T, ©,) Bce pac-
‘/ T

TIONOKCHB B KOAblLe MCKAY OKPYKHOCTAMN U ==a, W U= a,.

ut0 M B107H y=y;(x)
B RAOCKOCTH (X, ¥). B MA0CKOCTH (U, ©,) M Gyiew MepeMewarsca
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fpit 9Tow, BOOGIe FOBOPA, BAOAL HEKOTOpOM WM. DTy AWHWO Ha-
50BEM XapaKTEpHCTHKOR Mepsoro cemeflctsa b maockocTH (v, ). Ha
ST0fl AMHMM I0MKHO OMTL BHMOMHEHO pcioay coorwomeme (10.1).
Anazoruunoe noTOpHN A% BTOpOrO cexell-
croa. Uepes Touky M I0CKOCTH (x, y) MPOBEIEM STEMEHTH Xapakre-
DHCTHK TIepBOrO 1t BTOPOTO cemeficTsa. TIycTs Touke M orseuaer Touka M’
RIOCKOCTH (U, ¥,) (KOOpAWHATH TOuKH M’ CYTb KOMNOHGHTH CKOPOCTH
» 7ouke M). Papenctso (10.2) nokasHsaer TorAa, 7O KacaTevwas
K XapaKTePHCTIKe NEPROTO CeNeACToa, NPOXOARER B MAOCKOCTH (X, ¥)
uepes M, Gyier HOPMAMMA K XapaKTEPHCTHKE BTOPOTO CeMeACTSa,
JipoXonsulel depes cooTaeTCTBYIOUYIO TouKY M’ B MAOCKOCTH (T, D)
(och Ox napaazeabma och v,); Takke, no (10.1), Kacateavuas K Xapak-
TepucTiie BIOPOTO CeMedcTsa B (¥, y) OYAeT mapaasedvia HOpMan
K XapaKTepHCTHKE MEPROTO ceMeHCTBA B (U, Ty).

XapaKTEpHCTHIH B NAOCKOCTH (X, y) GYAYT HMETh B pasamutiX
507a4aX 1a3080N AuHAMMKN pasnwunylo GopMy. Hampois, Xapaxte-
PUCTUKH B NIOCKOCTH (0, ¥,) OYAYT A28 BCex GeSsnxpesbix 3atad
WMeTh BCETZa OMMH W TOT Ke BIA, TAK NTO MW MOKEM X PACCUNTATH
pas w mascersa. Jleficrantenwuo, w3 ypaswewns (10.1), manpuep,
scaeactne (9.14), caeayer, uto

dv,
dv,

T e, TAK KaK 62 BHPAKACTCA TOTbKO Wepes v+ U3 W NpaBAR GacT,
TakUM OGPAIOM, FABUCHT TOALKO OT Ty, U, HO He 3ABHCHT FBHO OT X,
¥\ TO M HMeeM AA7 ONpEAeAeHHs XAPAKTEPHCTUKM NePBOTO CeMeficTsa
B RAOCKOCTH (U, 0,) OGHKHOBEHHOE ANGEPEHLIaTsHOE YPaABHEHIC.

LA% WHTETpAUNH STOTO YpABHEHHA YAOOHO OGPATATHCA B MAOCKOCTH
(9, ¥,) K NOAADHMM KOOPUWHATAM U B, YKe BBCACHNMM Nawi 1O
dopmysan (9.20). Mmenno, (9.24) aactT Hay 418 Ge3sixpesoro ciyyas
(b =const.) npocto

a3 3 8% gy =0 (10.3)

W TaK Kak cig @ 3apucHT ot v (sephee, o Ja,
TO TepeMENHME DAACACHN, W AOCTATONHO BMNOAMNTS KBAAPATYPY.
Benencione (9.22), Heex:

ciga . (10.4)
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TaK 4t0

avc(g 1/%1: ]/

—arctg

-~ +const. (10.5)
LET
Vpankenna (10.5) NeACTABAFOT A (COOTHETCTBEHHO ABYM 3HaKaw

npasofl 4acTH) CemeficTEA MMUNA, 3ABHCSLMX KaK10e OT ONNOTO napa-
MeTpa. Boe STH MM PACIOAAFAIOTCH B KoAblle

a<o<y 2

Hetpy/iio y6eanTss, 410 STO—SMHIAKIONAS, KOTOpHE MOKHO I0AYilTs,
Cllets 32 ABIKCHICH TONEK OKPYXHOCTH pamiyca

KaTawefica MO KpPYry 0==a,. MH NpPUXOLMM K BaKUOMY pe3yibTary:
XepaKTepHCTH B AROEROET (@ w) NPeACTABANOTCA B Cayude Ged-
BUXDEBOfl 3a1a4H BCETIA B BUIe SIHUUKION

Pascuctno (10.5) MOKeT GHTh ewE SaMACANO, CCAN BBECTH BNECTO U
yron @ o (10.4), Tak:

‘T}c(gu)«)—a}ﬁ»consl. (10.6)
Tl yaoGeTsa AanbHEMIMX BHUHCTCHHA Msl GYAeM MHCATH A7s Xapak-

TePUCTHKI NEPBOTO CeMeMcTBa

a 139 sTOpOrO: (10.7)
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rae ki p— nocTome, a

S

Yepes xaxayo Touky M’ maockoct (. v,) (a xombite a, <v<

%1
</ ZEL4,) npoxonnr oaua smuunkonza nepsoro cemencrsa  oua
s10poro cemeficrsa. Tipu s1ow, Mo (10.7), pasKoCTH COOTBETCTAyROMIIX
SHascHull TOCTORNNLIX i — X GYRET B TOMHOCTH pasHa TONAPHONY Yray B
ToukH (v, ©,):

—h4p=8
T e. Gyaer Ha pcex p pe. uepes M';
a cymma smasenuhl A u p Gyzer
re=t(Z).

T € CONpCTCR KA BGRM KPYTE C LOWTPON B Kasae (TpOXOLALEN
wepse M

Ha npnnaraenun Tab6auue 1 wu xatw suauenns wncia S (v/a,)=
= 1000 — 180/ - {, naunnas or 1000 pans uepes I, H PAIOM COOTBET-
CTOYIOLLTE navenna & b paaycax  Suzieus senu pipy. o, oje,
u e,

B m10ckocTH (x, y) wanpapaeiie oGeix XapakTCPHCTHK, MpOXORH-
X uepes ToKY M, woxio yawate mo popwyaas (9.13), (9.14), ecan
HIABECTRH U, H Uy B 570K Touke M. Ecam, OANAKO, HOLIM STHLAKTONIN
A

Jdefte, AOCTATONHO BCHOMHKTS, 4TO SACMEHTH SIMUKIOHZ, MPOXOLSUIMX
vepes M’ (C ZGHHBIMH U, W ©), HOPMAIBHH K SJEMEHTAM XapaKTeph-
CTHK NIPOTHROMIOTOKHHX HOMEPOR, MpoxoAALNX Hepes M; Takuu 06pasoN,
TOGH TOCTPOUTS, HANIPIUMCP, HAMpABAcHHe XAPAKTEHCTHKM NEPBOTO Ce-
MeHcTBa B TouKe M, HAA0 MPOBeCTU uepes M AuHWIO, NEPEHAUKYASPHYIO
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Ta6anua I
o, s | 2| va | e
s L1 wa | wa, | s L | e L
1000 90,00 .98 0,116 | 2, 657
999 (67,28 420,110 2,008 | 1673|0547
998 |61.96 880,104 2,135| 1688 |0
997 (58,18 34| 0,097 | 2174 | 1704 0512
996 (55,12 82| 0,002 | 2214 | 1720 | 0494
995 | 52,66 ,32| 0,086 | 2251 | 1735 0477
994 {5058 800080 |2, 752/ 0,
993 4870 075 | 2,339 | 1767 | 0442
992 4707 87| 0,071 | 2,378 | 1781 | 0,4
991 145 42| 0; 1422 | 1795|0410
990 |44, 95 | 0,062 | 2: 8100,
989 (42, 541 0,058 2,508 | 1824 0,379
988 (41 12| 0,054 | 2550 0364
987 |40, 7010051 | 2,595 | 1851 0,349
986 |30 29| 0,047 | 2,640 ,335
985 (38, 89| 0044|2689 | 1878|0320
984 |37 149/ 0,041|2,734| 1891 | 0,306
983 |36 111/ 0,038 | 2,778 | 1903 | 0,294
982 |35, 73 0; 826 | 1,017 | 0.281
981 (35 X 2037 (0,033 | 2,873 1.928 0,269
980 |34 523 0707/ 952 |20,000,031| 2,920 | 19390257
979 (33, 541 0689] 951 |19,64]0,029| 2,068 | 1951|0246
978 |32, 559 06701 950 |19.29|0,027| 3021 1963|0234
977 |32, 576 | 0653 949 1893 0 4| 1975 | 0;
976 |31 0635| 948 | 18:59|0,023| 3,131 | 1987|0211
975 |30, 609 0617 | 947 |1826| 0,021 | 3,188 0200
974 |30, 625 0,600| 946 |17.67| 0,0 012/ 0,188
973‘ X 123‘2025 641( 0,552 (87068 0,00(0,000| oo | 2,437 0000

epes M’ sToporo ce-
Meticraa (ocu x n v, BCerAa napaifeabHH).

a puc. 7 WsOOPAKEN KYCOK MAOCKOCTH (U, ©,) (cektop & 70°
Kpyra pamnyca ‘/_ “F1a, ¢ uewtpow » wasae xoopawwar), ma koto-
POM Hlicces HonaXRBIE Y23 NaCTH SMUKAON MEpROr0 stoporo
CemellcTs 1 HekoTope Kkpyri S = const. Ecan s (10.7) sectit nMecto &
wicao S, M noayany

S5 =1000— &

2 100),
S—p=1000— 32 4 — 2 (— 100)

b rpaayeax. rae £ i 1 wove nocTome, savEHsO .

Ha

pue. 7 smwcronze nepsoro cemeficTBa, NpOXOASUEN depes TOUKY
v=a, (§

), B°=0 (W2 pHCYHKE HAANHCZN anavenin 7— &
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a we B), cootsercTayer &= 400, SMAWIKIONIE BTOPOTO CeMeflcTea, Mpo-
XOMleR epea Ty e TOUKY, OTBeact 7— 600. IMAMKIONIN TPORE-
news ans £=400; 401; 402 ...; A §—399; 398; ..., am

Pic. 7.

600; 601; ...; 7="599; 598; ... Kpyri S = const. nposeackis 11
1000, 990, 980 . 3aMeTHM, 4TO B KaWAOH TOuUKe

S=t+m B°=t—n+200,

=
S=
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Tloka)em Terieps, KAk TPH MOMOULM XapaKTEPUCTHK MOKHO SHCTEH-
HEIM 06pa3oM onpeleiuTb NOAE CKOPOCTEd M 1aBieHHe BO BCEX TOWKAX

1. Mcnoab3oBaHHe XapakTEPHCTHK 1J8 pemeHHs naockoh
Geapuxpesoli saxaun mp @ > a,. Mb yBWuNM, 4T0 mi0GOH cayad
LBWKEHHR 1433 CO CBEPX3BYKOBOH CKOPOCTLIO M NPH  OTCYTCTBAM

Puc. 8. Puc. 9.

CHIBHOTO PASPHEA MH CMOKCM H3YSHTH, €CN HAYUHMCH PEWATH CAEAYI0-
1une weTHpe 3anaun
awa 1. TMoze ckopocted [T. e. v, (x, y) 1 v, (x, y)] sazano

B maockocTn (x, y) Ha ayre AB nexoropolt auwnn L (puc. 8), e spasio-
WeHCs XapaKTepHCTHKON. ONPEEANTh ¥, W U, BO BCEX TOMKAX 00aa-
cTH, orpamuuennofl ayroi AB u nmyms
XAPAKTEPHCTHKAMH (Pa3HBIX CeMelcTB), BH-
Xoxsuumn w3 Touex A u B (puc. 8) (5 He-
KOTOPOM KPHBOAWCHHOM TPEYrOLHHKE).
3anaua 2. Mone ckopocteli wasectho
wa ayrax AB w AC  asyx  xapaxtepucThK
PAIHHIX CeMeACTS, BHXOATIINX W3 TOUKN A.
Hafite v, v, 5 obmacrs, orpainsennon
orumu ayrawn u ayrawn BD w CD xa-
Puc. 10. PAKTEPICTHK PASHHIX CeMEACTS, BHXOARILMX
5 9).

3anaua 3. Moe ckopoctel 3anano na ayre AB XapaKTepuctuxu
KaKOTO-INGO CeNeACTBa, NpPHUTN HIBECTHO, UTO TOUKA A ACKNT Na TRED-
a0# crenke ‘) Hatttw v, u v, B 06aacTi, orpanuyentioft AB, rnépaoi
crenkon AC u xapamepucwmn BC apyroro cemefcTsa, BLXxOAsuleH
ws Touxn B (puc. 10).

) Hanpanaeue nocsexicit A TaK08o0, 7o BTOpa XaPAKTEPHCTIKS, TpO-
Xonsilian ucpes A, NOWAET «BHYTPHD CTEHKH.
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3axaua 4. To xe, uro n o 3, o myecto crenku AC peus waer
o caoGomion nosepxiocTh AC, GopMa KoTOpo 3apaee, KOMewHO, He-

wspectha (puc. 11). y
aneru, w10 5 sazave | maM aa-

ana s AB,_orpesku we xapare- ' ¢
prctix DC n BC sapasee wensnecrn,
Hanporws, & sazave

of vV *
AB w AC cauraoren apaice wasecTwenii »
(wemssectia AB w CD), b 3azase 3 xa- Prc. 11,

paxTepncTika AB W KOWTYp CHHTAIOTCS
JazawnsMK, Hakowew, B sazave 4 mawa ayra AB  XapaKTepHCTHKH,
4 CBOGOMNAA NMOBCPXHOCTE HeMapecTHa, TaK ke Kak i 5C.

Uro6m npuGawKEnHO pewnTs sanay 1, nowectus wa ayre AB rycroft
pan Touex My, M, M, (pre. 12). Tak xak swauenws (U, v,)
12 AB uaBecTu, 70 B Kam0ft 13 T09EK A,

MBI MOWEN TOCTPOHTS
OThesIc TpANX Ho HapaBICHMAM KACATEAL-

7
A n
N,
A
0 L L
LA
&
Puc. 12, Puc. 13.

HIX K OGenM XapakTepictukay no gopmyaam (9.13) u (9.14). Ipose-
AHHbie HAMH OTPEBKH NPAMBIX NPUGAUNERHO NPHMEM 32 SAEMENTH CAMHX
XapaKTEpHCTHK, BuXORAMMX U3 A, My, ..., B; B Touke A Haw tocta-

TOWHO NOCTPONTH WIS SaeMent xapaktepucTaki AC (nyets 370

OyaeT XapaKTepUCTHKA BTOPOTO cenelcTsa), a b Touke B — saement EC
(nepsoro cemefcTsa). [ycTb SMeMeHTH XaPAKTEPUCTHK PASHUX CeMelicTs,

NpOBeAEHHbE W3 COCCAMMX TOucK Ayrn AB, mepecekaioics 8 Toukax N,
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Ny, ... (manpwvep, N, ecTh mepeceuciie SACMEHTa XapakTepHCTIKIK
BTOpOTo CemeficTsa, BuXOAsMeR W3 M, W XapaKTepHCTHKH MEPBOTO
ceneficraa, uxoaen 3 My). UroGH aNTh v, v, B T0uKax Ny, Ny.. ...
paccymaaen Tak. OTMETUM CKOPOCTH U, W v, Tosek A, My ..., B

B NAOCKOCTH (¥, ©,); MycTs 970 GyayT Touxn A', My, ..., B' (puc. 13).
Tepemenanch b MIOCKOCTA (X, ¥) 10 XapakTepHcTitke BTOPOTO Cewefi-
CTBa W3 TOWKH A, M GYAeM B NIOCKOCTA (U, v,) ABHFATHCA MO i
LWMKAORE BTOPOro CeeficTna, mpoxozsuwefl uepes A’; mepeseiiasch e
BIOAL XAPAKTEPHCTHKA Mepsoro cevefictpa 3 M,, MM NOMIEM no nao-
CKOCTH (U, ¥,) 12026 SIMUMKIONAN Nepsoro ceeAcTsa, BuxozAuLEA
wa M. OGe Hysise HaM STUIMKIONIN MOTYT GuTs Gapance WApHCO-
ik, NOSTOMY TouKa ux mepecescnns Nj (pnc. 13) Moxer Guth cpasy
Wallicua XoTA Gu rpaguccit. COBCUICNIO ONEBNINO, ST KOOpA-
HATH U, W U, T04KH Nj W 1y CKOPOCTH T, W U, b Touke Nj. Ana-
JorWUHM 0GPAI0N M nanAEM cKopocrh Touek Nj u . 2. Huke wa
YKIKEM Ha OcHb YIOGHLI NPHEM TPAGHYECKOrO ONpeAcaeHNA cKOPO-
Creft v, v, B STUX TOuKAX.

Teneps Mul MOXeM BoAT 33 OTAPABHYIO CeTs pat Tovek Ny, Ny ...
W pACCYKNGTH 1O OTHONICHMO K MM TAK e, Kak M paccysiamm
o touxax A, M, ..., M, B. Wsemo 8 Ny, N ... ckopoctn yxe
M3BECTHL; SHAYHT, MOKHO BO BCEX STHX TONKAX NOCTPOITH XapaKTepit-
cTik 06oux cexeficrs [no gopyyrant (9.13), (9.14) man kak wopma
K SIMUKIOWIAN TIOCKOCTH (D, ¥,)] 10 nepecevcina ix o Toukax Py,
Py Py ...; CKODOCTH e B STHK TOWKaX HAMLLYTCA KAK KOOPAMMATHI
TOUCK MepeceueHis SMUUNKAONA, NPOXOARILMX uepes Toukn Nj, Nj, ...
cooTpercToeNO. TaK NOCTEMEHHO Mu 3aNOMMM Bech KPHBOAMHCAHNHA

TPEYTOALHIK, O KOTOpOM WAET peub b samaue 1. Jwwuw AC n BC,
HeW3BeCTHME BHAYATE, NOCTPOSTCA NI 9TOM cait coGoft (npuGameitio,
KAK IOMANWE, @ e KAK NIABHME KPHRME; 5TO e OTHOCHTCA KO BeeM
XapaKTepHCTHKAN). TakiM OGPa0N, B TycToil CeTke Tosek (rycroTa sta
6yIet aamicers OT rycTome ToueK My .. M, na AB) nawero
«TpeyromuKa» M OyleM omamh CKOpocTH. Jiiin TOKa onpercauth
TeNepl ArKO, €CTM BCMOMHHTS, 4TO CKOPOCTH HAMPABISHH MO GHCCek-
TPHCAM YTA0B MeK1Y XapaKTEpUCTHKAMH, a NOCACNHE MO CAMOMY MO~
CrpoeHO naM Besie wasecTHi. JlaBIeHNC HAXOAWTCA NO YpABHEHHIO
Bepuyan. 3axaua | peuca.

Peuleiie 3214% 2 NPHHIWIMATOHO He OTAWYAETCA OT pellicis

sanaw 1. Tlowectuw na Xapaktepuctuke AB rycrod paa Towex

My My ..., M, a ua xapaxtepuctuxe AC rycton paa touek N,
Ny ... N, Bo ncex stux towkax cxopocti v, v, Haw 3azam.
Uepes 7oK M,, My ... NPOBCAEM 3aTeM SICMENTH XADAKTCPHCTHK



s VMCTIONB3OBAHME XAPAKTEPUCTHK MIPH ©>a, 50

BTOPOTO CeMellcTBa (cuiTacM, 4TO AB — XapaKTEPHCTHIA NePBOTo ceell-
ctsd). a depea Toukk N, N ... -—— OTPEaKH XapAKTEDHCTHK NepBoro
cewefictea (puc. 14). TIycth  Tepecedenuem XapakTepHCTHKM Nepporo
cemeflcTsa, Bhimexuwie M3 N, W XapaKTEPHCTAKM BTOPOrO ceMeMcTsa,
suwenumefl u3 M, Oyzer Touka Py. Y1o6m wmaith ckopocTh B Py,
saMeudes, UTO Nepememewhe RI0Ab Xapaxtepncrukii N,P; oamavaer
NepeNBIKEHHE B ILIOCKOCTH (U, Uy) BAOJb HEKOTOPOR SMMUHKAOWAN
nepporo cemeficTBA, BHXOATMER W3
toukit Ni ¢ KOOPALUHATAMH, PaBHIMM
KomnonenTau ckopoctn 8 Touxe N,

a nepememenne B101b M,P; o3nauaeT
nepelBiKene RO SmuwAKAOHAE
510por0 ceveficrsa o1 Toucn M ¢

Puc. 14 Puc. 15.

KOOPAMHATaMH — KOMROHENTAMH CKOPOCTH B Touke M,. Touka nepecee-
nnn Py (pue. 15) ¥ n aact Ko~
pocis 5 P,. 3uan CKOPOCTH B TONKe Py, MOXEM NpOBECTH 4eped STY
Touky o6 ¢ p
Cru mepsoro u_wroporo cevefictea, suxozsuux ws Ny u ws My
cooraerctaenio. Honysin toukn Py # Py, Ytoow nailth ckopocts 8 Py,
pACCywIaeN COBEDUIENHO TAK Ae, KKk STO Aeaaai NpH PaccMOTPeHini
TOuKH Py, TOABKO POab Mpestelt TouKi A GyICT Teneph Hrpath T0Ka Ny,
poms Toukn M, Gymer wrpate P, a wa mecto Touxu N, npuadrcs
ctawns N, Anasormuno Moxio ¢xasars mpo Touky Py lposomkan
nanee, NoKpoeMm Beck. YeTHpEX-
YIOMbHHK, O KOTOPOM WAUT peub B 3aaave 2, CeTKON XapakTepHCTHK;
WA TepecevenMsX NOCICAMAX Mu OyAew amath BCOY U # U. Junn
TOKA NOBEAYTCA 3ATEM KAk GMCCEKTPICH MEARY KACATeALHNMM K XapaK-
TCPUCTHKAM, 3 AaBaeHHe WANETCH w3 ypabnexws Bepnyaau. 3ataua Oyzer
pewena. OmxeTim, uto Bee sanammse Toukn A', Nj, Ni, ... pacnoao-
KATCA Ha OAHON H TOH e SNMUMKIONIE BTOPOTO CeMeCTBa, TOWKI e
A Mi, M, ... 33TyT Ha oAy M TY e SUNLIKIONAY NPEOTO ceNei-
ctBa. O0e STH SMMUMKIOWAL BHIXOART 3 A’.
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Tepexoany K pewerio aataun 3. [ycTs ayra AB ects ayra satan-
HOM XapaKTePHCTHKH NepBOro cemefictsa. HaneceM wa el pax Touek
My My ... (puc. 16). Tax kak ckopocTH Besxe Ha AB waw u3secTH,
M MokeN B kawiofi W Touek M, M. ... MOCTpONTH saeMenTH
XapakTepHCTHK BTOOTO cemedicTaa [xota G 10 dopyyae (9.14)]. Tpo-
ReAaeM STO TOCTPOEHHe. XapakTepHCTHKY BTOPOrO ceMeflcTsa, mpoXo-
nswylo vepes M, 10BenEM 10 mepeceweiis B Touke N c 3aauHOR
Waw crenioll. Teneps M MOKeN onpele-
T ckopocTh B Touke N,. B cawom aede,
HANPABACHHE CKOPOCTH Tay WIDECTHO — STO
Hanpabienne cTenki. ITpoBeags B nio-
CKOCTH (D, ©,) PAIMYC-BEKTOp NOA YrAOM,

Pac. 17

PABHHM YrAY MeXIY HanpapacHneM Kacareabnod B N, K KONTYpY u
ocbio Ox. [Xe-T0 Ha STOM PaiMyCe-BEKTOpe HaM HAl0 GYAeT HCKaTh
TOUKY, KOOPAWHATH KOTODOH U, U, 1aAYT CKOPOCTH B Touke Nj.

APYTOf CTOpOHE, Touka N, ACKHT HA XapakTepHCTHKE BTOPOTO Cor
MeflcTna, hxozmuell W3 Touxw M,. Mycts Touxe M, oTseyzer 5 nao-
ckocT (v, v,) Touka My (puc. 17). Tiposoas uepes Mj smuunxaonay
BTOPOTO CeMellCTBA 10 NepeceveHits ¢ YNOMSHYTHM BHUIC PainycoM-
BEKTOPOM, MBl BCTPETHM nOCAEAHHH B Touke N), KOTOpas, ONCBUINHO,
U GYAET MMETh B KiueCTRe KOOPAMMAT CKOPOCTH Uy, Uy 8 Touke Nj.
Buan ckopocti B N, NOCTPOWM B TIOCKOCTH (¥, y) XAPAKTEpUCTHKY
nepsoro cemefictaa N,N, 10 nepecescis N, ¢ XapakTepHCTHKON BTO-
poro cevciicrsa MyNy, nuxoasmeft ns M, Cropocti 8 Ny wafinyren
KaK KOOMNNATH TOWKH U, T, NeECEueHHn SIINKIONIN Nepsoro
cemeficTna, npoxonsie uepes N), i STHUHKIOWAM BTOPOTO ceMeHcTBa,
wiymed uepes M. Ilposenem us N, obe XapakTepuCTHKH, NPHIEM
XaPAKTEDHCTHKY NePBOTO ceMeHlcTBa MOBEAEM 10 Nepeceueiisi Ny € Xapak-
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TepHCTHKON BTOpOTO  ceMeHcTBa, BrXOMsmeH 3 M, a XapaKTepHCTHKY
BTOPOTO CeMeHCTBA, BLXOAAMYIO u3 N, npOBeaéM 140 NepeceveHHs
¢ KouTypow (nycth 970 Gyaer Touka Py). Ckopocts B Ny Raxoutes
AUATOTHYHO TOMY, KaK HAXOAWGCH CKOPOCTH B Ny uTOGH HafiTH CKo-
POCTh B Py, 3aMevacw, uTO HANPABACIHHE CKOPOCTH TaM MIBCCTHO (TaK Ke
KaK GO H3BECTHO Kanpanaene ckopocTh B Ny), i MOCTPOHM pamuyc-
DEKTOp C STHM HANDABAEHHEM B MAOCKOCTH (U ©,); nepeceuee P|
7070 PAlNYCA-DEKTOPA € SMALHKIOWION BTOPOTO CeMeficTBa, MPOXOAA-
el uepes Na. H A4CT HAM HCKOMYIO CKOPOCTh B P,. 3ias cKOpOCTs
» Py w B Nj NDOBOZHM TaM XapaKTEDHCTHKM W T. A. 321242 Wawa
Gyzer pewena.

OGpaThM BHMMAHNE 1A OIWH OucHb DAXHMH uACTHMA cayua 3a-
2@n 3, TIPEANOTOKIN, 4TO KEM WABECTHO, §TO 81O XEPAKTEPICTHKN
AB cxopoctn mmeior ncmy OIHY M Ty e TNOCTOSHHYIO BeaWdHHY It

Cayuatt uanpuvep, B 3aiave 06Te-
Kanna mpodmas étsrpamwuun TIOTOKOM, HMCIOUINM TOCTOSMHYIO BEAH-
My W WAMpaBAcHHe CKOpoCTH. B camom Jere, nycts npodms stor
wasnsaercs ot Toukn A (puc. 16), npuse Gearpawisisii nOTOK HaGe-
T4CT HA HEro CAeBA CO CKOPOCTHIO, mapandeasof ook Ox. Torta saoas

xapaxtepuctukn AB (Touka B MoweT OuTh BasTa ma GeckoweusocTn)
COBEPLIACTCS MEPEXOA OT PEKHMA NPAMOAMHEAHOrO HaGeranua Ha KOHTYP
K pewiy obTekanns koutypa. Broms xapaxtepuctuku AB mpomcxomut
«cknenpanie» asyx pasananuix aswkenuti (AB kak xapaxrepctua Mo-
®eT OWTh Takofl mmmmedl c1aGoro paspwsa), W ua mced AB  ckopocts
TOCTOANNG N0 BETWUMHE I HATPABACHMO W DABHA CKOPOCTH HaGeraio-
uero notoka. OTMETUN NORYTHO, 4TO B TAKOM Cayude Awsms AB Gyzer
npaMas. JeCTBUTeNbHO, TANrelC HAKIOWA V BAOb STOH KPHBOM, Bii-
pakaioutnficA npn  nowown  gopsyam (9.13), Gyaer scoay omun
W TOT e, Tax Kak mpasas uacth (9.13) COCTOT il H3 KOMROWEHTOB

cKopoeTefl, & 0w curaiorea HocrommmuM 101 AB.

Hrax, nycrs waom AB sciony

3 =0, OGparint -

HHe Ha XapaKTEPUCTHKH BToporo cemeflcTsa M, Ny ® ap. Baom mmx
Gyxer, cornacio Qopsyae (10.7),
(e
H)+e=2

T1e p— pasIMuMME TOCTOMMHHE, XapAKTEPUSYIOUINE OTACTHHHE XAPaK-

TepucTun cemefictsa. Haflien p aan xapaxrepucrukn AN,. Mocaea-
wan nepecexaerca ¢ AB b Towe M smecs B=f M 0=y,
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CeAOBATEABHO, AOMKHO GhiTh

U ypasnente, comsusaomee v u § saom AN, Gyner uwers si:

() +e=t(y an
—
Ho sons APy Gyler BHTOTMSTLCA B TOWNOCTH TO Ke coOTHOWEHHe,
w60 My nexnr wa AB, a 1aM ©-—=uv, w f=f, Tax wT0 W A STOf
Ak 20110 Guh Bunomeno (11.1). Taxuw 00pason, & wemwem cay-
e CXOPOCTL 0 N TR § 50 BCeR TOUKEX, JemaUIE Ned) KovTypOn
W xapaktepuctukolt AB, Gymyr cessans cootomenes (11.1) ¢ oxnoft
H TOH e KOHCTAaHTOM u, B TO BpeMs Kak B OOuIEM CAydae NOCTORHMHAs
GYICT MeNSTLCR OT XapAKTEPUCTKH K XapAKTEpHCTHK.

CootHowenne (11.1) HrpaeT 31ech oAb AOTOAHHTEALHOO KOHENHOTO
cKopocTefl (v, W v, MoryT
ObTh mupaken epes © m B). TloALGYAcH STHM COOTHOMEHHEM, M
Moex MUBECTH Sisay & peidénuio Al OMOT0 YpISHENIS B HacT:
HEX TPOM3BOAHHIX MEPBOTO MOPSAKA C OZHOM HCKOMOH (YHKIMEH (na-
TOMHUA, WTO b OGWEM CAY¥AC MW WMEEM CHCTeMy ABYX ypaserwfl
C Z6YMA GYHKUNAMH), T. C.. B KOHGWHOM CHETE, K OOKHOBCHHHM id)-

W T, uepes v

dusing _ ducost
3

ox (11.2)

Tlowns, uto Teneps v n § casaans cootnomerien (11.1), M Mosen,
Rajee, BHNOHITS THDDEPEHLMPOBAHHE H HATHCATH

(%sinp+ucosp)d

wan, Tax xax no (10.3)

(Tﬂccsﬂ——vsmﬂ)ﬁﬁ—

49— _viga

a3 €

(M mizew 610 C XapITEPUCTIKOR ETOPOrO CeuetcTea), T ¢ — yron
Maxa, Mb NOeM nankcats, mocie npocmx npeoGpasosanui:

Sree+rad=0 aLy

[anecy & — dymuns v no (9.22). a v— pynkuns ot B mo (11.1).
910 ypaBlieHHe B HACTHEX NPOMIBOIMMX NEPBOTO MOPAIKA MATErpH-
pyetes n aaer:
B=F(y—1gB+a)x) (11.4)

rae F—NpONSOILHAN (YHKUMA CBOEO APIYMEHTA, KAKOBAR MOKeT
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6uiTh ONpenedeHa, ecau 3aman KoHTYp AC; JOCTAaTOWHO Hanucath, uTO
ha nauoR munun AC @ ects Zawvas GYWKUMR OT KOOPIMHAT X W Y.

Wrak, ecan orpeaok AB XapaKTepUCTHKH B 3aiade 3 ecTh mpamas
JWHMA, TO XBWKeHE BHYTPH TPeyroabwuka ABC MOKeT GHTh Haiieno
conepuerno Touno. CTONT TOKO MOCAE T0r0, Kax F w3 (11.4) nssectisa,
peunth (11.4) ornocutenvio B Mu no-
ayans B, a satem o (11.1) u v b pyuk-
uusx OT X M

Mbi elle e pas mepuEMCA K STOMY
sonpocy.

Puc. 18 Puc. 19.

Tlepefizes k peuwseinio 3aaui 4. TycTs CKOPOCTH 32 BT, HeKoTO-
pott ayru AB Hanpiyep flCTBA, W NYCTH U3~
bectio, 410 A JAEKHT HA CBOGOMNOM TpAHHLE MOTOKA. Huc HanT
Gopuy croboanon nosepxocTn AC W avwwewne wexay AC, AB u
otpeskon BC XapakTEpICTIKH NEpBOro CemeflcTsa, npoxonnuiet vepes B
(pic. 18). Hawecén na AB pax tosex M, My, ... Tlposeaes uepes
TOYKY A SNeMeHT NpAMOH, HanpapieHHON BAOAL H3BECTHOH B Touxe A
CKOPOCTH; TOT S7EMEHT NpHMEM 32 SieMeNT CBOGOANOA NOBEPXHOCTH,
npoxonamen sepes A. Tlposeats sarem wepes M, xaparepicruy
NEPEOro CeMefCTaa 10 MEPECEYEHUs C STHM sweuenmu B Touke N,. Ha
BOGOHON NOBEPXHOCTH  BeamuMHA  AamAewus yaer scoay omna
W 12 xe (310 Onpenesciie cBoGoAHON nosepxunc’m) :mmun BeanunKa U
CKOPOCTH BCeX TOUEK CBOGOTHON NOREPXHOCTH, Mo YpasHeniio Bepiyam
Oyner nciony onuaama TlocTpoiy nosToMy B naocKocTH (v, ©,)
KPYT paliyca U=17;, Te U)— WMEHHO TO TOCTORNOS SHaucHie.
106 ompeseants, naRpaRAGHIC cxopocT Touki Ny, noctatouio Gyaer
Temepy, Tak Kak N, MeXur Ha cBOGOHOH MOBePXHOCTH, HallTit B MAo-
CKOCTH (U, U,) TOUKY Nepecesennn N} STHUAKAONLN Nepooro ceveficTsa,
HAYWEH W3 TOukW M, KOOPAWMATH KOTOPOR CYTh N3BECTHHE KOMMO-
HENTH CKOPOCTH TouKH M, ¢ OKpYAHOCTLIO ¥ == v, (piic. 19). Onpexeaus
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CKOpOCTL B Touke N, NOCTPOMM npoIomKeite caoGOHON 10BEPXHOCTH
KaK OTPe3OK NPAMON, HANPABACHHOH BAOAL TOR CKOPOCTH, 3aTeM U3 N
NPOBEEM 5JeMEHT XapaKTEPHCTHKH BTOPOrO CeMciCTBA 10 MepeceueHis
B Touke Nj C 9.1MEHTOM XaPaKTEPHCTHKM NepBOrO cemeflcTsa, WAYILeR
3 My Ckopocts N, HalZ€Tca Kak TOWKa Mepeceveiniis SMULIKAOMAL
nepnoro cemelicrsa, npoxoanueh ucpes M [WaoSpancine My b nao-
CKOCTH (€, ¥,)], 1 STHINIKAIONA 5TOPOTO CeMeRicTsa, wayuien vepes N,
3uas ckopocth B N, TPOBOLNM XapAKTEPHCTHKY NepBOrO cemecTsa
A0 MepecevelHs C SIEMEHTOM CBOGOAHON ROBEXHOCTH B Touke P
WT. A 3atava Gyaer pewena.

TIpexae UM NPHCTYMHTS K NPHAOKCHIIM K KONKDSTHHM 3aiauay
13300 ANIAMHKI, CKAKEM HECKOAbKO C10B 06 OLCHKE MOTPELHOCTH
#3AAraeNoro 3dech Merona. HeTpyano yOeautscs, 4To peluemiie BCex
HALIMX YeTHDEX 3AZaY OCHOSANO HA yuet nomaossmic caeyioum
ABYMS OMepalMH, — HA30BEM HX A i

Onepatus A. Jlanii ckopocTi v, 1 U, B A8yX coceanix Toukax M,
uw My naockoetn (x. y). Hafiru ckopocts s Touke N hepecesenia xa-
pakTepiCTIG pakX  cemclicta, muxoasuurx ws M, u M, cootser-
croewio. Uro0H NPOZCIATH 51y OMEPAUNO, IOCTATOWNO MAMTH TOUKY
NlepeceueHIA SIMLIKAONA pasHiX cevellcTs, Buxoauux ua M n M)
[TOUKH MIOCKOCTH (U, ©,), KOOPAMHATH KOWX CYTb 1IaHe KOMNO-
Hentu ckopocTel Todek A, 1 M, cooTseTcThenHol

Onepanun B. Cxopocts 5 Touke M maocxocTin (x, y) mssecta.
Hawa auwwwn L, e sbimomasnca xaparepuctikofl (rousa A aexur
BOAMIH HEE) W Takad, uTO Ha el Mbl 3WacM Hanpaniene (MAM Bean-
ainy) ckopocTi. HaliTi Beawunwy (iin nanpasienite) ckopocTit B Touxe N
sctpeun xapaktepuctikn AN, naywen us M, ¢ ammment L. 31ech ao-
CTaTONNO B mAOCKOCTH (U, V,) passickate Touky M’ c KoopamnaTai,
pasmun Aahue » Totke ‘M suasennas v, n v,. w nposccTi wepes M’

JanpasIeNm Ciopocr 5 N/ (i 30 mepeceonms e KDyro, oTaes
uaWHM U3BECTHON Beauumne cxopocti s N').

JL1% npHMEpa PACCHOTPIM moApoGiice onepawio A. TOWHO Mt MORex
NPOBECTH AMIIL NOAOBHHY STOM ONepawiu: Mu Momes Hafiti Touky N,
T. e, cKOPOCTb B Touke N; MOjOKeHHe NOCACAMEN TOSKH HaM, OLHaKo,
HeN3BECTHO, HGO BHA XAAKTEPHCTHK © MIOCKOCTH (X, y) 3apaiee neia-
becTer. Mbi MOKeM, OLHIKO, MOCTPOUTH OTPE3K KACATEABHNX K Xa-
paseprcruaut u touax M, v My [10 dopuyaan (9.13) u (9.14)]. 3ru
otpeaki Wit n ,
W BN (prc. 20). Tiepocenenme stk orpeason 2acr 100Ky N-» a e N.
HO M NOXEM B CAYYle O1HO-OMHOBHAUHON 3ABHCHNOCTI MEALY Uy, ¥,
HOX, y 3AKTOUATL KAKIYIO M3 KUPBOIMHEMHLX AYT XapaKTepHCTHK
B HeKHl YTOX i TaKiny PAION OUCHNTS NOTPEUINOCTH, NOIYHAOUIYIOC
oT10r0, W70 becto N wbi p3amn N'. [a3 37070, NOTLIYACH yMONSHY-




s HCTIONIb3OBARHE XAPAKTEPHCTHR MPH v > a, 65

7Ol OAHOSHAUHON 3ADHCHMOCTHI, HALO AMiUb 1OKA3ATG, MTO Aeiaerca
Ges 0COGOTO Tpya (CM. YPABHEHWS SMHUAKAIONL), 4TO HAKAOH Kaca-
Te7BHON K XBPAKT:DUCTHKE MOHOTOWHO MENSETCH BIOT> COOTBETCTEYIO-
LErO YHACTKA XapaKTePHCTHKH; €CAM 5TO TaK, T0, MPOB:RA vepzs M,

orpeaos npmolt AN,
K OuHON #3. XapakTepucTik B N [ST0 HANDABACHHE M MOKEM Bhi-
WHCAHTL 3apanee, XOTA MOMOKeHHe TOUKH N B MAOCKOCTH (X, V) HeM3-
BCTHO, COBepUICHNO TOUHO, MCNOABaYs (9.13) wam (9.14) u walliennyio
towno Touky N'], a uepes M—
otpesox AN, mapaazensuuft

Puc. 20. Puc. 21

KacaTeasHoN K APYrol XapakTepuCTHKe 5 N, Mbi MOKEM YTBePHKAATh, 4T
yTpu yria

ayra LN acKHT BCR BHY
L N*M,N™. a ayra AN —ouytpn yraa £ N'MN*.
TakiM 0GpagoM, TOWHOCTH BLINHCACHHA SaBHCHT AMIIL OT GAMIOCTH
Touex M, n 2

Pewenne BeeX NPUBEAZHHMX 31€Ch 3a7a% MPOMIBOAATCA MPH NOMOUM N0~
ctpoenns 3 nacexocTH (X, y) XapaKTepHCTHK OGOMX CeMeiCTB, NPOXOAAUIMX
YIEPED TONCH, B KON CKOOCTH H3BCTHEL MBI CcHAATHCH mpH STOM BCE Bpens
na mwwu 13 u (9 14), nosBoARIOMINE BCErNd NPOAEAATh PACYET HAnpaBAe-
it ) wan yz, XoTa STOT pacuET W sdeMenTapen, OH TpeSyer BCE We HENpiH-

HBX  BHIKAQNOK — U3BcueHia KopHeit a3 rpaduueckuit
e ﬁuctpm-ﬂ OMPCICACHNA HAMPABACHHA XapAKTEPHCTHK B MaocKocTn (X, y)
TeX TOYKAX, TAC CKOPOCTH yke w3BecTib). IIyCTh CKOPOCTH  TOKM
V(v v ). B MIOCKOCTH TOUKY

u epes M’ aamme

L,

© USHTpOM b HAYAAE M C Moayocaww, pammmw a, i 1/ coorser-

CTnento. Jlerko BAETH, 9T0 Takix samncos 6

3 " yaer, 'ooﬁmz rosopn, a1
(prc. 21). Tlokasen, 410’ Goabmuc Scn aTix samncos oKuAYTCA Kak pas
ot XapIKTEPICTIAN, IpoXowtit & NA0CKOCTI (x, 3) 1ePe3 TORKY .u

cen Ox v, scerta napaaséapin). ioon onasars o, pescroni ¢
o sextop ckopoctn ¥ ot M pasaowen v e cocrasiaoInE:

cateashol K pﬂmpncruue (m D, nepaoTo cowencrsa), nposonsulc
B naockocti (X, y) 'n =10 HOPMaiM K 3T0fi XapaxTepHCTHKE

5 Teopernucexan ruapouexauna, 4. 11
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B naockoctit (¥, y). Mu snaes, uto

1Val
Obpamuscn « ypasnemmo Bepuynau (8.7) u samemuw 5 wéw o wa V3, a o?
wa V2 V2 Toraa, cobupan waews mpn  VEu V3 ean wa 2‘;;: b
Roaysun cooTHoeHe P
,+1+ g

=1

Copoextupyen teneps pasuyc-nerop OF7—= | | ua Gossuuio oce otnoro us
NPOBEAEHHIX HAMN ANNCOD W N3 MCPNCHANKYATD K Tlycri nepras npo-
exuus Oyaet v, a Bropas vp Tora Mo cawowy nacipoertin Suaiton Gyzer

B 4,
WVEye T
=1
Tak kak, ¢ APYroit cropois, aas touxn M’ mmeew V2

2+ 10 e
LN ypaBHeHIN, 4TO

vt % u o} yxomaeropaior e ke Amys. A
W peanuuns V2 1 V2, 1 nosToMy MOKHO moaouTh

ve=Vo v=V,

Caexopareanio, watpaaeniie Coabuwioli ociH HAUero 9Aca GyAET COBNAzaTH
¢ nanpanaeiiue xapaxTeprcTukH, wiymeli sepes M, a nanpabiene Maioft
OCiH — C HANpABICHHEM HOPMAAH K STOH XapaKTepHCTHKE.

sa0eiHbili 31ech CROCOC NIOCTPOCHHS XAPAKTEPHCTHK B MAOCKOCTH (X, y)
FONMICH, CCTECTEHHMM OOPAsON, He TOABKO 133 GCSBAXPEBOTO, HO W 443 Bi-
XpeBOro cayuas, GO OH OCHOBMBACTCA ha pabencise | , onHaKOBO

BOKpYT navasa A nop, o M,

cuopocri Towkit M, e OKIKCTCR Ma IANNCE; HaM OCTANEICA TOTA3 Anilh
cuecr ganptazemie Goabwofi OCH AAMNCA B STOM €0

auocrs (x, 3) — manpaacie xapasrepuern, mpoxouei sepes H, Gyzer

oolmuoh e Broporo SOSMOKHORO OAOMEHAR SAIHICA
Saauic Bydeuaiia IOIOMET NOCTPONTY TAKIKE N apacTCpCTIN b ta0-
CKOCTH (Ug, U3), T- 6. SMALAKAOHI, B Caon e, M BiLze [gopuyas (10.).
(102)}, w10 AOCKOCTH (0, Oy) oyay oproro:
HAABHEL K XaPAKTEPHCTHKAN (APYTOTO HOMEPa) ®MAoCKoCTH (%, ¥). Haupanaesne
Somuof oci saanca Byseuai comazact o nanpasaeniel Xapatepicric
B nA0cKoeTH waroil_ero
¥ Gommon 6ck) 63367 Copnatars.¢ NaTpapTeRkem STLIKAOHA (IPYTOTO. cer
uelersa), - [lostony,  WIoGH TOCTpONTS SacuedT SILIKION, oSO
', HaM J0CTATOWNO npoBecTH uepes M’ saaunc Bydewmana W atew no-
CTpONTY SHeNeHTAPUAL OTDESOK, BUXOTANA 15 A’ T HapaICAAHMA NaiOh
ocu sammnca (puc. 22). BTOpan SIMIMKAOMAA HAHAETCR NpH MOCTpOCHAN B10-




s VCTIONIb3OBAHME XAPAKTEPHCTHK TIPH o0, o7

POr0 BOIMOKNORO MOIOKENHA saaunca. OTcozs Moaysacu CnocoS mocrpocinn
BCEX SIHUMKAOHA TIOCKOCTH (0y, Uy) TIDH NIOMOUIH 3aaunca Bysewana. Mowe-
"a snulice Bysewan, JisOXMIENCS B APOHSBOADHON NOROWEN, pan
ek M MPOBEIEM NP3 STH TOUKH OTPE3KH, MApaLIEALNME Maioil Och
mmCa (pHC. 22); NOBEPUEN SaTeM SAMMNC HA MATH YIOA W, OTMETHD TOUKH
TICPECeeia €r0 ¢ MATHMIH OTPESKAMH, NOCTPONM B STHUX TOWKAX HOBHE 5ie-
MEHTAPHHC OTPE3KH, NapaAICAbHHE HOBOMY NOIOKEHHIO MATOA OCH SAAMNCA.
lpozoakas TocTpoeitie Tamite (TpWTEN pamaTs samwic TpUICTCR KaK no,
TaKk H IPOTHB llzcmmﬁ crpean), sanomim bet KOO
y

a, snmKaonIaMH.
a,<v< m . SIHLHKIONAANH

Cioco6 MCTONb30BAHNA  XapaKTEpHCTHK 145
NPHGAMKCHHOTO pewielns NAOCKHX OeannXpentix
saaau NpK U a, WIIOKEHHHH B ITOM ma-
parpade, Gua NpHCTOCOGACH A3 PYSHOTO cueTa
It WHPOKO MPHMERSICA A0 ROABICHNE GHCTPO-

aum,
JUAS BHYHCTCHHH C MOMOLLbIO SACKTPOHHHX

MaulH CNOCOG STOT HeyZOGen TeM, WTO B PACHET

BXOAAT TPHTOHOMETPHUECKHE (YHKWAM (3TO 3a-

Crapnser 00pAmTHCH K GOBIOMY wHCAY TOA-

NPOTpaMM W TPEGYET MHOTO MALIHHHOTO BPEMCHN). Prc. 22,

B cawow Jede, pACCMOTPHM, HampiMep, BOBL

onepauno A. Bioas (9.23)
(10.3). 3To sHaunT, 4TO Mu MOWeM HANMCATH B Touke M, (phc. 20)

A4 XapakTepucTikh 1-T0 cemeficrea:

dy
(&), =te Gt
Tlle NOCTAHORKA MHAEKCA 2 03HAYaeT, YTO COOTBETCTBYIOUIA (YHKuUMA

uaaa B TouKe M, C Apyro cTopomsi, B My MMeeM 118 XapakTepi-
CTHKH 2-r0 cemeficTpa:

(uiaeke 1 oTHOCHTCR K anaucriay n Touke M,). 3aMeHss npoIBOLANE
KOHCHHBIMH DASHOCTAMM (370 (AKTHUECKH MBI BCe BPEMS W Jedat), Mit
HAllIEM KOODIMHATH (X', §*) TONKH Nepeceuciina HAUMX XapaKTEpHCTHK
"3 COOTHOWEHHH:

I = 3y =g Byt o) (¢ — xp) (11.6)

V==t — o) (& — x). arn
B 10 e Bpems no (10.3) umeen:

B —f 118

8= (1.9
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Fle B, o°—auavenyn sTux dynkunit 8 Touke M. Taxum o6pasom, x*,
*, B'. ' onpele’smoTca M3 CUCTeMb aMHeMHHX ypaswenuH (11.6)—
{11.9), 2 Kospmuients 5TON CHCTEMM COXEpXET TPHIOHOMCTPHECKHE
Py

31{0:]3(:’) NPEAIOKH  MPHCNOCOOUTE paWéTu & nokouem xapaire-
puctug . aa i 06pa.
20M. B KauecTse HCKOMBX BeIM4MH Cledyer npunm e a u B(o, p)
4 Aue HOBHE BeanuME

y=clga, &

g8, (11.10)

B 9THX WOBHX BeAWIHAX COOTHOWeHWS HA XapaKTephcTHKax (9.23)
npiMyT Bua:

LR

B=Sw

(1.11)
B 10 ®e mpems no (9.22)
1 2 1
i T
TaK 40, HOCAE SACNCHTAPHIX BHKAZAOK, M HOAYAIN

A gam(.

v
“a +o (5

" dgﬁl”, d3. Tlostowy (10.3) sanuuercs » ceayiouen site:

- aL12)

Kospdmumentss » (11.11), (11.12) — aareGpanuccxne pynxum. Cax
PACHET CACLYET MPOBOTATH WTEpAWMAMH. VIMEHHO, €W AAA COKpAULEUMA
nuckMa pBRCTH OBOSHANEHHS:

F=280+ )+ 1+ 60— E=0+37,

TO ML MOKEN HATHCATs (PACCMATPHBGEM OMEpawwo A) B NEPSOM mpi-
Gamern

By (" — x)).
@ =1k

V= (et ) Ve
’*%)E» T — 1) Fy @ —3)E,

) The method of characteristics for isoenergetic supersonic
fous, d\hp(ed for high-speed digital computers, J. Soc. Ind. a. Appl. Math.
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WA, PeWas ST YpasHenns oTHOCHTEdBHO X%, ¥, B,
5+ ayxs — bix,

s = IR AE TGy b (- k), (1113)
0 Fa P A 0F) -y GuBy —0aFy) o1y +uE~E@'
B Ay 1 . (1114

[Mocae TOro Kak mepsoe NPUGAIKEHHe NOCTPOCHO, HALO mepellTH KO
BTOpOMY NpHGAMKENIO, BuUHCANS Swavenun a*, %, E*, F* (10 nep-
BOMy mpHOMWxeHwio) W BeTapwn 8 dopwyas (11.13), (11.14) emecto
o b By By Py Fy e e hir ELE
L cootetcTaeno. TaknM  00pasow, MOAYUHM HOBUE

2
amauenna x, y, 3, 7— 50poc NpHGMWKeHHe. DTOT MPONECT HYKHO
TOBTOPATS 110 TeX 0P, NOKA He GYAeT AOCTHTHYTA TPeGYeMasn TOWHOCTs.
4 NPOTAKCHM STOTO NAPArPAQA ME TOBOPUAN HECKOAbKO Pa3
OTHOCHTENLIO OFpAHHSEHNH, NPH KOTOPMX HAIM PACCYNICHHA ObH
wnre

B apyrof — co tsepxnwouuuu CKODOCTAMH, MB BEpHEMCH, CIeAys
oromy Beex cayuacs,
KOTOpHE  NOTYT  NDOACTANTLCH B chcprasyNoROM none: 2. cohac
NepefaBM K KOHKPETHOMY PACCMOTPEHHIO OTAebHHX MPOCTHX MPHMEPOE.
§ 12, Jowkenne 1asa wie sunykaoh nosepxuocra. OGrexaime
yraa, Goavuero uem 7. BHXOR W3 oTpepcris. JBnAeHHE BHYTPH
G, Conto lasars. PIccuOTPIM NexoTopue. et co cacpr-
3nyKoBLMH CkopoCTaMIM. [Tpeanos
Tatk, Kk B TemRAYIEY Ty,
oTCyTCTaMe  cinLHMX - paspinon
Hauném ¢ sanasm o asukenun rasa
BOKpYT  HCKPUBAEHHOTO  KORTYPa,

HOAOMMM, WTO  KOWTYp npeacTa-
Basetca npn x < 0 p ke oTpHLa-
Teavioft ocu Ox, a npn x > 0—8
BHIE KpUBOM, Jeiaulell €NOA» 0CHIO
TOAOKHTEALIMX X-0B W TIK,

KacaTedbias K 5TCH KPUROHl MEHSETCS HenpepwBlo W & Touke O copna-
et ¢ ochio Ox (phe. 23). Baoaw ock Oy notok Gesrpauwsen. Cuntacy,
4TO NOTOK, Geryuuth Han MPAMOIMHENHON YACTLIO KOWTYPA, MOCTOSHeH
N0 BeANUIIHE U HANDABAEHHIO W UMEET CKOPOCTb, 10 BEAWNHE GOABIIYI0

Puc. 23,
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ckopocTH asyka. Tlycts B 5TOH obmacT v, a4; v, =0. Tlpose-
MEM XapaxTepicTHKy nepsoro ceweficrsa tepes Touky O. Xapaktepis-
ctuka nepporo cechicrsa OA, MPOXOAAMAZ B NAOCKOCTH (X, Y) 4epes
Touky O, Gyier, Kak Mu yKe shac, IpamoH awhmed [aceM cé Toukam
GyieT oTBeuaTh B NAOCKOCTH (U,, U,) OMHA W TONKO OAHA TONKA
M (v, 0)], 3anT, BO BCEX et TOUKAX Y| GYACT WMET OIHO W TO Ke
anavenme, YToOW HaTH IBWAEHHe «BNpABO» OT XapaxTepHcTiku OA,
HANOMHMM, 4TO BCIEACTEHE NOCTOANCTEA copocTn Ha OA, MO cka-
samoMy B MpenuaymeM naparpage (31aua 3), M GYAeM 3Aech HMeTh

(5o

BIO7b KaX10H XapaKTEPHCTHKH BTOPOTO ceMeficTsa, HO W BOOGILE
v
C(Z)«)»p onst.

50 BCEH YACTIH NIOCKOCTH, OFP: KOHTYPOM 0A.
B0 3HAUMT, YTO CKOPOCTH STOM YACTH NAOCKOCTH BCe ACTOAOKATCH
Ha OIHOM M T0fl Xe SMMMKIOMZE BTOPOTO CeMelcTSa, MPOXOASIC
uepes M’. Tlposeatn sTy snuuukiouny. Yro6w HaTH Temeph cKOPOCTL
B KIKOM-a100 TOUKe M, KONTYPA, OCTATOuNO MPOBECTIH B HIOCKOCTH
(@, v) p P, K KOWTYpY
B ouke M;; mep M; storo pazny c

SUMUAKAONAON W A4CT HCKOMYIO CKOPOCTH. 3Han [y ——
HampaBieHNe 91eMENTa XapAKTEPHCTHKH NePBOro CeMeHCTpa, BXOsmed
u3 M;, B MIOCKOCTH (¥, y). OANAKO AETKO BUET, WTO BCA XapaTe-
PHCTHKA NepBoro ceMmefcTsa, BuXOAsmas #3 M,, Gyaet npsvo auknedt,
TaK e Kak W Xapakrepuctuka OA. B caMoM  jede, nepeMemasch
B (x, y) Baomb xapakrepucrukn M,A, Wi Oylewm nepecexah pasi-
HHe XAPAKTEDUCTHKH BTOOTO CeMeACToa (ie OGOSHANEHM HA DHCYHKE),
HO B ILIOCKOCTH (U, ¥,) BCEM STHM DASANSHHM  XADAKTEPHCTHKaM
OTBeuaeT, KAK Mi SHaeM, OIHA-eLMHCTEEHHAA STHIMKIOWIZ BTOPOTO

cemeficTpa, npopendunas Hamu uepes M’, ckopoctd Bioav M A, mait-
AYTCH NOSTOMY KAK MepecedcHic SIMMKIOMIN Nepsoro CewedcTsa,
npoxomswedt uepes Mj, M BCerAa OIHOM SMHUHKJOWA BTOPOTO ce-
MeficTsa, waymed uepes M/, T. e. BCe CKOpOCTH Baoms ALA,
Oyayr paswi MO BeAMUHE W HaMpaBAEHWI CKOPOCTH TOuKM M,

a orciona u sakmouaeM, uto M,A, ects npsmas amsms. Taxus o6pazos,
BCe XapaKTEPUCTHKH NepBOro ceMeficTsa B wauefl saiase GyayT npambe
AMIH L (XAPAKTEPUCTHKN BTOPOrO CeMeHCTRA GYAYT, KONCUHO, KPHBOH-
HeMlus). OTMETHM, 4TO, KAK B STOM AerKO YOOIHTSCH W3 DACCMOTeniS
SMUUNKIONIN, BHNYKAOCT, KOHTYpA BEAET K TOMY, 4T0, N0 Mepe mpo-
ABMKEHHA BAOAb KOHTYPA BNpaBo», Mb OyleM BCTpeuaTh BCE GOabuKe
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w GObluMe GHAYEHHS CKODOCTH, TPHEM XapaKTePHCTHKH MepBOrO
cemelicTBa GYAYT CTAHOBHTLCS BCE Melee  Meiee HAKAOHNNI K OCH OX.
PaccyoTpUM Teneps sataty 06 oGTeKanuu yria.
Tpeanoaokiuy, uto Kontyp np x < 0 COBNATaeT ¢ OTpuuaTELHON
serauio oc Ox, a npit x > 0 uMeeT ypasuerie y = — 1g Box (pitc. 24);
TO-TIPEXIENY HaL TOPHSOHTAILHOR CTEHKO!

Ve=7,(> a3);

W ME MOKeEM NPOBECTH xapamepxmmy nepaoro cemeficraa OA, noctponn
npeasaputeasio touky M'(v;, 0) B maockocTa (v, v,). Jaee,
HAUKNACTCA OGTEKaKHC YT71a, NPHYEN MOTOK JOMAEH B KOMeinoM CabTe
noiitw siom, crenkn OB (puc. 24);
WToBs HalTU PEMNNNY CKOPOCTH STOTO

LYCOM-BEKTOPOM B NAOCKOCTH (T, ),
napanaeashiy nanpasacuio OB, Onpere- v
ane N/, npose1EM XapakTepUCTHKY Nepso-
ro cexenicrna OC. M MOKeM CKasaTs, 470 Pre. 21

b yrae COB noToK Gy1e 06aanath scioy

nocrosuot ckopocTLlo, maparreaviioft amuw OB. Tlosopot nortoxa co-
BepuacTcs, Takuy 06pa3od, suyTpu yraa AOC. TIyHOK IPAMEIX, BLXOAAIX.
s O (b Tow uncre OA w OC), IPEACTABHT TaM XapAKTEPHCTHKM NCPBOTO
CeMellcToa, MPNEM DO BCEX TOUKX KAK10fl TakoR MpAMOM, BHXOAACH
us O, CKOPOCTL GYICT MeTh OO H TO e SHINEHHE, JerKo Ompene-
AFEMOE W3 PACCMOTDENHA SMMUMKIOWAH BTOPOrO CeMeliCTaa, npoxolAuen
o

Iiwkelne shyTpu yraa AOC zerko mocrpowrs npit mosowu (11.4);
UMeH0, A9 OGTCKAHNA TOYKN GYTeM WMeTh npocTo

y—x1g@+x)=0. 2.1
C apyroft cropossi, no (10.6), 8 Hawem npisepe Gyer
Bt —1/‘“” m‘g]/ fegat
%1 z—1
+a,+1/1‘_”1 arclg]/-1'+]c(gz|. (12.2)

©le a,—yroa Maxa, oTResa0H ckopocTH v, (Koraa B Pasko Hyio),
™. e yron weway npawo OA u ocwio Ox, npiie wa ocuosanii (9.22):

G
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Ho (12.1) MowHo aamucats Tak:
g+ ="L=1gh am f+a=5 (12.3)

the 0 — NOAAPHLA YTO B MAOCKOCTH (X, ¥), OTCUUTHBAEMHMH OT ocH OX
NPOTUB 4aCOBOM CTPEAKH. BBCAEM el yToA f;, OTCHMTHBAeMNA N0 4aco-
BOM CTPElKE OT HEKOTOPOR HOBOM NOAPHON OCH W3 yCaOBS:

%41 —1
\+I/+ arcrg;/:+‘c:ga,_a.

Torna (12.2) u (12.3) naayr:
/‘+’ zrc!g‘/ tpctga=0 (12.4)

crga:;/‘“(g (1/,:‘ 5) (12.5)

Mo stof dopuyre, BenowmHan supamene i cig o (10.4), Momes

WallTH BETMUHNY  CKOPOCTH Ma KaKAOM

6,0 Paanyce-BeKTOpe, MPOXOARILEN Yepes Ha-
a0

w Vpaiienns Auun ToKa B NOATPHEX
L < coopmmanix oyt
Z rds,

,
Puc. 25.

0,

(F — pazmyc-BekTop, ¥, — NPOCKIA cKo~
POCTI Ha_ paiHyc-BeKTOp; T, — npoci-
Lnn CKOPOCTI 10 NCPICKLIKY ISP & PAANYCY-SEKTOpY), TP 570N, Tk
KaK  DALMYC-BEKTOP €CTb B TO e BPCMA XapaKTEPHCTUKA, a yroa
MoKy CKODOCTLR  XAPAKICPRETIGOR Sh. 5, 1

WOMH MOXEM HARHCATS.

Ly T

OTKYIa A% AMHHA TOKA OKOHWATEALHO MOAYaNM:

r=ro(eos Y 1

Te ry— PATHYC-BEKTOp TOuKMH, B KOTOPOH 0,
Ha pic. 25 cniommun mmmunm woSpasews ne Takwe ammnt
ToKa. TloaspHas ocb pacnonokena B 0GAACTH, B KOTOPOH MPOHCXOAHT
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e npavoamHeNoe Asiwkenie. (Bce MPoI0AKeHNs AMHMA TOKa 0GpasyloT
yroa =2 ¢ ockio 6, =0, u6o mpu 6, =0 Gyzer no (12.5) a ==/2.)

Hafiats em Kpalliiol XapakTEDHCTHKY, NOCAC KOTOPOH HaunHaeTcs
obrekanne creng y = — 1g Bor. EE yroa Maxa a, Gyner yaonaersopsts

ypastieio
(gz,)—mrg( 4=ar )]14,

o8y = 1/

a coomserctayiouce 0 naaérea no gopuyae
b= —fo
B tow cayuae, ecam cremka y=— 1gB,x OTCYTCTBYET 123 BupH-

B
BAETCA NI0L LABIEHNEM Py, CRABIMHMM C ) YpaBHeHHes Bepnyan, B cpeay
C naBaeHMEM p, MpHIEM p, < p,, TOTOK rasa OyieT NOBODAWMBATbCA
W CKOPOCTH €T0 GYAeT PacTH 10 TeX NOp, MOKA HE CTAHET PaBHOM Beai-
anie wq. noayuaomeNcs 3 ypasuenus BepHyI mpH RaHMMX § 0 .
Torx: fOCAENNCH  XAPAKTEPHCTHKM MOAYUMM  3HadeHHe &=y
s coomomerms (9.21) (a,— CKOPOCTL 3ByKa MpH == T,):

Tlpn 5ToM yroa 0, Wakaoua CTpyW Tasa nocic MOBOPOTA BOKPYF
o6texaenoro yraa Hanaerca o gopuyae (12.4) 5 mze:

‘/:+17 =2y

HauGobiee 3uavenie DOAYHUM, KOTAQ 143 BHPHBACTCH B NYyCTOTY;
anecs ¢

A py>> py mam ecaw mocae
yraa O (puc. 24) ras xomwen fsu-
TaThen BAOMH CTERKI y = 1g Box, Tae
72> 8,> 0, nactynaet  smaenne
cuasioro paspusa (cu. § 13).

Paccuotpus 3a1auy 06 ucTewe-
KU 253 w3 OTBEpCTHS.

TIycrs a3 BLPBAETCA W3 OTBEPCTHA (1Be Napaiziesuiie NpAMMIe),
TIPUUEN CKOOCTH ABMNEHNS Y MecTa BHXOZa AB (pHC. 26) mMecT KoM~
nowenTh

Puc. 26.

Ty

9> @, > 0 (a, — MecTHas ckopocTs 3syka). Moctponn Touxy M’ (2, 0)
B NA0CKOCM (U, v,) (pHC. 27). NMpoBeAEM 4epea A XapaKTePHCTHKY
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TICP3Oro CeMeNCTBa B MAOCKOCTH (X, y), 4 4epes Touky B — Xapaktepu-
criky BTOpOrO cemeflctsa (puc. 26). B yrae BCA maeew no-npesHemy
NOTOK € U, ==0;, U, =0. [IycTs lapaeiie B NPOCTPAHCTBE, B KOTOPOE
BuXOANT 123, OYAET p,. TIOCTPOMM B NAOCKOCTH (¥ T,) KpyT pati-
Yca v, ONpeRCARENOTO 13 ypagneuna Bepuyan npn p = p,. Il
TIO SMHUAKIOHAE BTOPOro CeMeHCTBA, NPOBEACHHOA H4epes M. noien
20 57070 Kpyra B Touke N i TaKuM OOPA3OM y3nacM Hanpasaenne
CKOpOCTH nOCAE OGTeKanns TOuKM A. AHATOTHUHEM 0GpAIOM, npuBACKan
SMMUUKIOMAY NEPBOro CeMefictpa, npoxolswyio uepes M’, mafaes

ckopocts P’ okoao Touki B (soobume M, ouz-
B0, OyAeM HMETh CHMMETPHIO 1O OTHOUICHIO
X ocn otsepcts). 3uan N’ w P', nposexdy xapak-

Tepuctkn AD u BE u sanomuny yraw CAD w CBE
NYYKaMM XAPAKTEPHCTHK (CM. MPEABLIYILYIO 3aiauy).

Myers CD u CE Gyayr kpusoamsefiuue otpeski
XapaKTCPHCTHK BTOPOTO I MEPBOTO CeMeHCTBA COOT-
Betctsenno, Buxotamme us C. Wa paccxorpenis
ABHKEHHS B YIAAX ML OYAEM 3HaTh STH AMHHH,
a Taxike OyleM 3HATh CKOPOCTH B10ab ux. [10ab-
aysck CNIOCOGOM, M3IOKEHIHM B 32iade 2 Mpelui-
AYIEro myRKTa, Mii HAMIEM Temepb IBHACHNE B Kpil-
Boametinom wetupexyrobmnke ECDF (roue F o1-
Beuaer Touka Q' mockocTH (U, v,)] (cx. phc. 27).
VieHve pewars satauy 4 Haw A4CT 33TeM BOIMOKNOCTH MMiTH ABiKeHHe
® obaactn ADG (w BEH), tae DG (w EH)— xapaxtepucrika roporo
(nepuoro) cemeticroa, npoveatnnaa wepes D (E), mpusen monym

cMoxeM HaHTH QOpMY cBOGOANHOH MOBEPXHOCTH AG(BH)‘). Onpexneans
ckopoctn na DG w DF (EH w EF), wowkes, pewan satasy 2. wafitn
aswkenne B vermpexyromstuke DGKF (FEHI), tae FK (FI)— xapakte-
pHCTHKA BTOPOTO (NepBOro) ceMecTsa, BHXOAsWAR w3 F, a GK (HI)—
XapaxTepHCTHKA NepBOTO (BTOPOT0) ceMecTsa, nayman us G (H). 3arem
peuszcy aanary 4 12w o6aactn GKL (HIM), npnses nonyrso onpereazen
(ua sToT pas T 1

npmomnnneu untarenio pasGop Aetated STOR sanaui. Mis noayuuy
8llech, MO-BHAMMOMY, KADTHHY NEDHOMYCCKOTO CYXKEHWS H DECIiMpe-
WU CTPYW, NPHUEM MAKCHMAALHAR CKODOCTh AOCTHTATCA  BHYTDH
crpyn. Kapruna s1a B OGWIeN XOPOWIO COTAACYETCA C JAHHHMH IKCMe-
pumenta,

PaccNoTpiM Temeph 3anady O ABWKEHMN BHYTPR TPYOH. TIpeanonoxum,

Puc. 27

UTO B HEKOTOpOM, MOKET GTs, KPHBOHNEHHOM, Cescilitit TpyYOn AB none

1) Jlerxo yGenuthes, 6UT0 570 GyayT OTPEIKE MPAMMX, 2 BCE ABHKeHHE —
M BHbMH IO BEAHTHHE Uy,
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ckopocTefl Ham ussccTO (pc. 28). Pemaewm cwavasa sanauy 1, cTpos
OCAIEA0BATEBHO W MO CKOPOCTER W BCe XapaKTEPHCTHKH (B TOM WHCae
 kpaftune xapaktepucriki AC u BC), BHXOLSIME U3 ToueK oTpeaka AB.
Mesay xapakrepuctikofl AC (BC) W ctenkoft peuwaem sanauy 3, s pe-
3y7bTaTe 4ero HAXOAMM TOAE CKOPOCTell # XapakTepucTHkn (B TOM
uneae kpatioio — CE (CD)) o6aactu ACE (BCD).
Pewacw xance satawy 2 am obaactn ECDF
(DF — xzpampmma nepsoro cemefictea, Way-
was wepes — Sspiepicras. aroparo ,
Boabuoh npanmecxun mmpec npenc’ra-
BASET NOCTpOCHHe TAK HaswBaeMOro comaa Jla-
sass. 3nech pewb MAET O noayuenmu B TpyGe,

b o
TOKA, KOTOPMH GHA OH B HeKOTOpOH oGacTH
TPYGH NOCTOSHHIM 1O BeamuRHE (321anHoft 3apa-
liee) W HANpABICHMIO. 341243 STA PACNATAETCA KA ABC HACTH: BO-TICPBHX,
TpeCyeTca NOAYUHTH CBEPX3BYKOROH NOTOK, BO-BTOPEX, HAZ0 CAenaTh
sTOT NoTOK Toaysetme 0 noToka 0cHOB-
DAETCA 1A TOM (AKTe, WTO ECAH Mi HAXONMMCA 33 NPEAEAIMH KPHTH-
UeCKOR CKOPOCTH, TO MPH YBCAWMEHMH CKOPOCTH TPYOKM TOKa OyayT
DACIIMPSTLCS (B TO BPEMS KAK MPH 103RYKOBLX CKOPOCTAX TpYOKA Toka
Tex e, dex Goabilie CKOPOCTS) (cM. § 8 57oft raaps). Ecan nostowy Haw
YAGCTCH, BCE YBEAHUNBAR CKOPOCTD BAOL TPYOH (MYTEM CYKCHUS TPYOM),
JOCTHTHYTS B HEKOTOPOM CeMcHNN TPYOW KpHTHuecKofi CKOPOCTH W ecan
STCH it SACTAUIM. WALLY TPYGY B HATPABIENNN IOTOKA PICLINPATLCH,
TO M M OKaKeMCA B OGAACTH CHEPX3RYKOBHX CkOPOCTeH. Kak mpai
NGCKW $TO J0CTHTACTCH, MM PasGepém moaxe (§ 21), Tora e M
yomm, Kexoro posa TpyaocTH
szeck perpevaiorcs,  Ceftuac we
npeanoAarae, uto, nanpisiep ,Anﬁ.,
(puc. 29) ecty cevenmie Y (oco
TPY6H cobmasaer ¢ ochio Ox),
B/ KOTOpON CKOPOCTH pains KpHTH- 3
ueckoll, [1aasin  pacumpensen
n0GhEMER TOro, 410 W ocit TpyGs

aex oci Ox) noayunrea
HYXHaR Kax BTG cxopocTH. [peATOAOHKINN MPH STOM, ¥TO § Hauc
TPYGe He BOSHHKAO HHKAKNX mOBepxHOCTel CHABKOTO pasphisa (cM. § 21).
Tlycrs HyXHan HaM BEAWNMNG ©, CKOPOCTH MOAYWHAACH B TOuKE A ha
ocH Ox. Teneps noNpo6ye cleaats Tax, 4T0GH, HjMHAs OT HEKOTOPOTO
ceuenms TPyGH, CKOPOCTH BCEX TOMeK GH/M Aatee HANpanieHH BAOAL
OCH TpPyGH W paBHH B TOWHOCTH v,. Haw NpWAETCH 47% STOO MO0~
Opats (opMy KOHTYpa TPYOH, HaSMian of HekoTOpOR Touki. Mcnto

5 ¢ 2
7

Puc. 29,
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OGpatiM biuManie Ha TOUKY B KOHTYpa TPYOH, HAXOAULYIOCA HA XapaK-

TepHCTHKE BTOPOTO CeMeficTBa, npoxoasllefi uepes Ty Touky A ocn

TpY6hi, B KOTOPOH M YiKe NOMYUHIM HYKHYK HaM CKOPOCTh Tp.

Tyt M, My ... CyTh TONKH Repecescus STOM XapakTepicTHKIC

C TycTOH CeTKOR XapaKTepHCTHK mepsOro cemefictsa. B maockocTit

(0 v,) Touan B, My, My, ..., A IycTu oToeuI0T AeKamMe 13 ORHON

W TOM e SMHUMKAOHZE BTOPOTO cemclctoa Towk B', Mi, My, ..., A’
(puc. 30).

Ml KeaaeM mOAYSHTh «cuipana» of A nOTOK, napanaeaviibifi ocn Ox

U MMeloUAf MOBCIOAY CKOPOCTH ¥, HO TOTAA XAPAKTEPHCTHKA fepsOro

5, CemelicTa, npoxonsmas uepes A, oamua

OKa3ATLCH CTPOTO MPANONHEAHON, W Nanpasie-

Hue e u3pecTHO. TOrza B COOTBETCTBUM C TeM,

4TO M yie TOBOPHAI NH peuieHM 331t 3,

W BCe XAPAKTEPHCTHKH MePBOTO  CeMeficTsa,

8" buxosume s M, M, ..., Takme Oyayr

crporo mpawomumcHiuu. 70 o3Hauer, 410

0 ¥, CKOPOCTH BCeX TONeK, AEKAUWMX HE XapaKTe-
4 pHCTHKe, Wiywefi u3 M, wanpusep, OyayT

PaBHU N0 BETWUHHE W HAMPABACHMI CKOPOCTH
Toukn M,. JIOCTATOMHO 1OSTOMY npoAeiaTh
caenyiomee nocTpoemne: & Touxe B npoioa-
HACM CTEHKY N0 KACATCWHON 10 mepecedentn
 Touke C ¢ xapaktepuctuxoft M,C (npsMof).

Puc. 30. Or tousn C M 20MKHH 3aTeM HANPABHTS
CTenxy naparzembho ckopocti 8 M, (. e.

napanzeaswo aywy OMj,puc. 30) u mATH T2K 10 mepecewenus B D

¢ xapaktepuctTukot M,D; nawumas oT D, HanpaBaseM CTeWKy mapai-

neavho aysy OM; w T. A Tak Mu AOHAGM, wakowelw, 20 Touku E

(piic. 29), NOCAe Wero KOUTYp CACAYeT BATH MapaiAeAbHuM ocH OX.

BaweThM, WTO OTHOMCHHE WHPHHE PA0OYEr0 cevenus TPYOH K wii-

PHHE KPUTHYCCKOTO CedeiHs Mb MOTAH G NOJYYNTS 3apaiiee w3 YCAOBHS

PABCHCTBA KOINYECTBA ABWAKENNA B STHX OGOUX CeHenmax:

Fupaas=Fev,

(Fy— WHDHIG  KPUTHICCKOTO CENEHS; py — KPHTHYECKAR HAOTHOCTS;
F " uinpiia cevenns ¢ nOTOKOM y; py — NAOTHOCTS NIl CKOPOCTH ;).
B 1a6anue K c1p. 54 HaMis Ghil AAHH IMACHHA p.Tyfpady B QYHKUNAX
OT WNCAa AABACHNA, WAW, €CAH YTOIHO, OT Uy/ay.

§ 13. Jlamwenne rasa okoio BorHyTOM NOBEPXHOCTH. O6pasosa-
Hie CHABHOTO Pa3phipa. JIBHKEHHE BHYTDH YI1a, MEHLUIEro 4eM 7.
OGrexanne npogmas ¢ ocTpoii nepeane 4acToio. [Iycrs ras viierca
BROAL KOHTYPA, KoTopuift npi x < 0 cosnaaaer ¢ ocuio Ox, a mpn X >0
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NPEeACTABASETCS B BHIe KPHBOH, YTO1 HAKIOHA KacaTeibHoW K KOTOPOH
ecTb, MO Kpafitell Mepe, B HeKOTOPOR 06aacTi 0k0a0 O HenpepusHas,
MOHOTOHHO BO3pacTaiomias pynxuwis x. Kacareabhas k KOWTYpy B Touke O
copnanaet ¢ ocbio Ox. [MoTok, Geryuwh wai npamoimiedinoll yacTbio
KOMTYpa, MeeT no Beamuiiie 1
CKOPOCTH: U, =, > @y, Uy =0. Cic-
POCT: STy OTMETHM B IIOCKOCTH (v,
©,) B bitte Toukw M’ ocK U, W npone-
A8M 33TeM XapaKTePHCTHKY TIepBOTO Ce-
meHicTsa uepes Touky O (puc. 31). Ira
XapaKTepuCTHKA OyAeT npAMOR mutied.
TpaMEMi GyayT TaKiKe i Bee OCTATbHbC
XaPaKTEPUCTHKH MEPBOTO CeMeHcTaa, Bhi-
XOIfUME M3 DASTMUHMX TOMek M,
M,, ... Kontypa. Pasamume no cpashe-
W0 ¢ 3a1aved OGTeKaHs BHNYKAOTO
KOHTYPA 34KI0YACTCHA, OMHAKO, B TOM, 470 deM Jatbwe Mu  Gy-
JeM  TONBHFGTRCA MO KONTYPY OT TOukKM O, TeM Kpyse no OTHO-
wenmo k ok Ox GYAYT CTaHOBUTHCH XapaKTePHCTHKM. B cavoM aede,
UepeNEINaTch O KOHTYY, M B NAOCKOCTH (U ©,) OYIeN zsurarhca
7O SUUHKAONAE BTOPOFO ceMeAicTsa, npoxonsueR epes M’ (c. nepauit
U3 pasoGpaHHBIX B NpelbiyuieM naparpade Cayuaes), MPHSEM TOUKH
Mi, Ms, ..., usobpaxaioiune na smmwmcaonse ckopoct todex O, My,
y nyTes nep

< P

8 O, M, M, ... Kk pac-
CMATPUDICNONY KONTYPY; HO TOFA, MO Mepe TOFO KaK Mii Gyzex mepe-
Mematbes or My k Mp W T. A, STH paiHyCH-BeKTOpH GyiyT Mosopa-
UHBATHCA MPOTHE YACOBOA CTPEAKIN (BCIEACTBHE BOTHYTOCTH KOHTYpa), Cae-
LOBATELHO, XAPAKTEPUCTHKA MePBOTO ceMeficTsa, NpoBeiEHHas yepes M,
Oyaet waiaonena K ocH OX NOX YrAOM GOALWIAM, YeM XapAKTEPHUCTHKA,
naymas vepes O, w 7. 2. Ho ecan 510 TaK, TO 0GAsateabno HaHayTes
TOUKH, B KOTOPLIX 18E XapAKTCPUCTHKH OAHOTO H TOTO e (Nepsoro)
ceMeHcTBa GyAyT mewiy cobofi nepecekaTvcs. Tak KaKk B10Ab Xapak-
TEPUCTHKI CKOPOCTH WMEET CBOE NOCTOSHHOE Jnadeniie, T0 B Mecte
BCTPEYH ABYX TAKHX XapakTEDHCTAK MW Toaywny, rpy0o roBOps,
Aa PASHLX SNAYEHHA CKOPOCTH. 3ieCh HACTYNAET sBIGHNE CHALHOTO
pasphisa.

Urobu HaiTH TONKY A paspuBa, HYKHO ONPEAEAUTH Mpeaed, K KOTO-
powy cTpemnt uepes 0,
W XapaKTepHCTHKH, HAyweR uepes M,, xoraa M, npnﬁ-mmucl x 0.
Vpanuerne xapaxtepuctixu OA Gyzer

Y=%0. 0)x as.y
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rme y (0, 0) oGoawauaer y; B TouKe X
sepuerkn MA Syzer

=0(0); ypasienue Xapak-

¥ A3 =y; (Ax,, Ayg)(x —Axy), (13.2)
e A, Ay — voopamaT TotKH M, xontypa. Bupasus Koopaimars
5102 KONTYPA -~ X, Yo — TAPAMETPHICCKI Uepes yron  nakiona kpuso

K ocu Ox; 10r2a y B0ab KOHTYpa GyAeT dynkuued oaworo & onpe-
e x, (abcunccy A) o cuctewu ypaswennht (13.1), (13.2) (muercs

TouKa nepeceueis):

39y = y1 (A% Ay0) Axy

10,0 —y{ (350 50)

Jleas cnpama uwnCAWTeab W ShaMeuaTedb Ha AS (yroa Makioua KOWTypa

B touke M) u nepexons K mpeeay, noaaras AB—>0, a c wuM #

Axo—>0 1 Ay,—>0. noayuus [(“Ty;-) *OJ:
w0

7

X pnpes=

YroGs walttn y] B Gysiwin B, scnowmM, uTO

Y=1tg@+a.
TMe @ —yroa Mexay XapakTepHcTikofi A W amumeR TOKa; HO HAW
KONTYp SBASETCA B TO e BPeMA I AMHMeH TOKA, MOSTOMY, BCTOMHHAS
onpenenenite a (9.22), a TaKKe MPHHKMAZ B PACUET, UTO €CNpPABA» OT
NpAMOAMHEAHON XapaKTepHCTHKH nepBoro ceefictea OA Gyaer sumoa-
wimsea (10.3) ¢ HIKINM BUAKOM, NOAYWHM Oe3 TPyAa:

()

sin? 2, cos?a,

dx,\  2sina, cosa,
Samer = (G), L TIET Yame
rae

y a
sinay =gt

Mpeste tew pewats Hauy 3atasy Aaibilie, TOCMOTPH, 4TO Oyer,
KOria Hla KollType WeeTcn yraomas TOuka. Ciiepua pAcCMOTPUN cayua,

*) ®opyyAa T4 CNPABEANHBA TOALKO B TOM caysae, worsa KpHBH3Ha 00TE~
KAEMOro KOWTYpA GYACT OTawia of Hyas B Touke O. C. Baanauaep noxasaa,
ut0 ceau (75-) =0, 0 paspuis o6pasyeres mnepuue e Ha XapaKTEpHCTHKS
(18.1), a A OO WS CAEAYIOIIX XAPAKTCPHCTHK. B HEKOTOPHX Cay5asx PaIpHB

MOKCT O06pa3oBaTbCs I He I:a TepBOH XapaKTEPHCTHKC Auke ]

oF O
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KOTAa B1OAL KoWTypa (puc. 32):
y gBox mpn x>0 (0<By<m),

rl€ M — HEKOTOPAA MOAOKNTEAbHAR BEINUIINA, CBA3AHNAR C Uy, O KOTOPOH
Gyzer ckasauo ke, [10BEpXHOCTD PAIPHIBA NAWIETCA 31eCh HENOCPEl-
croeno y Toukn O

Tycth crea HaGeraer noToK.

0 mpu x <Oy

v, =v,>a; v,=0.

Mo NPOXOKICHWN NOBCPXHOCTH PAIPHBA NOTOK NOIYUHT HOBYIO
CKOPOCTL I CTANeT NApAlIelsHbN HAKIONHOM CTenke. Halladw peanunny
TO CKOPOCTH, @ Take HANpABACHHE WHWH DAsPHBa (NOCAEHsS GYleT
npAMOf, UGO NOCAE €€ MPOXOKAEHUS CKO-

POCT: onsTh GyAeT BCIOLY NOCTOSHHOM). k4

OGpariucs & maockocTn (v, v,) # b eit

npoBeay runounccouy (7.14), orhenaioumyio

ly

Pc. 32, Puc. 33,

ckopoctn v, Ioctpous paanyc-sexrop MO] Hox yraoM 3, k oc v,
Touka My 0 BCTPEuM ¢ THIOWHCCOMAOH 1aCT Beamdnily c.mpom. no-
TOKa HAKIOWHOH CTewkw (pc. 33), a omucamuh 5 § 7 mpuém mo-
asotur vk ON, aspusa

O). CylecTRenno npu 5TOM OTMETHTH, §TO HAWA 321443 AOMYCKaeT
pzu!e)me‘ O KOTOPOM MH 3Mech FOBOPHM ML B TOM cAysae, eCIH
yron By ne Gyier cammkoM Beauk. MMeHHo 10TKHO OHTL By < B
rae By — NOARPHHA yIo1 B TOUKE MEpeCcdeHHs KPYra U==a, ¢ IHNO-
UHCCONNOM, OTBewalome nawemy v, %).

') Ma anyx Touex mepecewenns npaxoil OM; ¢ rimouucconzoli 0%1a Beerta
HAXOAMTCA B A03BYKOBOH 06acTn (sHyTpH Kpyra Ppaauyca a,), Apyras — B CBEpX-
avyxosoil. M BuOPaa coepxsnykonoil peuy (touxa M). Jxcnepiment no-
KAGHIBAET, 4TO M3 ABYX BOIMOKHHX PEKHMOB OCYILECTBASETCH MMEHHO nuapmmuﬁ
wawn. Cipororo

tnepxa?mnora pexuMa emé ne nmeercs.

0 fy ByXCT OOmiLe, tew f,, 1o wensine, ew Y101 daz, 0Opa:

ayewbiii CbI0 U C TeM DAANYCOM-BEKTODOM NAOCKOCTH (U, v,). KOTOPHI
Kacacrca TAROWMSCONN, 1O MOKHO' FoBOpL Mok meemy o Aot pac-
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UYTOGH MMETH BOSMOKHOCTL pewsT 3azaun oOTeKaHHn Yria mpH
PAa3IMUKLIX 3HAUCHMAX U, CAelyeT H3OOPAIUTH 3apanee [B MIOCKOCTH
(v, 0,)] cenellcTsO THIOWNCCORA, SZPHCALAX OT MapaMeTpa ;. Broas

B

> /ﬁlzﬁ

Puc. 34.
BEANMHE ©,/ay, U,/ay, Uyfd, W saenss b (7.14) al uepea T nocpen-
CTBOM ypaitens Depuyain, mOTydMM Aas STOrO cemeictsa it
ypauern

(13.3)

a,
Ha prc. 34 naobpakewo 570 CeMeficTBO AMHMA 148 PasIUHBX ©j/a,
(cnaoumsie kpussie) ).
CMATPHBAENOTO THIA, TOABKO Telleph CKOPOCTH MOCAE MPOXOKAEHHS paspusa
Craier n03pykosOM.
Cli f > Bax, TO PEIEHHA PACCMATPHBAGMOFO THNA HE GYACT — nOBEpX-
HOCTh paspiiba OTCKakuBaeT o1 ToukH O (CM. HKe)
1cCh e HAHeCeHH NYHKTHPOM KpHSMC NOCTORHHNX 3uasenit py. [p,_
(crp. 43).
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PACCMOTDEHHOM HAMil CAydae Yr1a NPOCTOTA 33KMOUAETCH B TOM,
410 NOCAE TIPOXONAENHA PA3PEBA NOTOK CTAHOBHTCH CHOBA NPAMOTMHER-

COBTANAET € OTPUIATEALION OCHIO
Ox mpn x <0, a wawmmas or
T0uKH O NEPEXOINT B KPHBOTH-
HeHtHpH KOHTYp, COCTanAsIOULH
® Touke O ¢ ocbio Ox yron By,
aauil, MO OTAWINLM OT Hyaa ).
Mut mpeanonoxum aas Goapie
WATIOCTPATHBHOCTH, 4TO CTeHKA

aueHiof (€ ypapHenme: y==

1gB,¥) W TOABKO NOTOM Ha-
MHAET TAADHO MEpeXOLNTH B
KkpuBylo (puc. 35). Crpous T-

Puc. 35.

2 ckopocTH v,
ocit Ox nOTOKa, W HAXOAMM Hanpasieume paspusa OA oxoao Toukw O,
TAK Ke Kak W B pasoGpamnow yxe cywae yraa. Ms touku M nposo-
MM XAPAKTEDHCTHKY Tepsoro  ceMeficrsa 10 nmepecedemis A C mo-
CTPOCHHEIM S1EMEHTOM KpiBOH paspiea. BaeicTBHe NpAMOTHHCAHOCTH

u

-+

Puc. 36

orpeska OM, 0tpesok OA auwnm paspuisa GyieT CTPOTO MPAMOTHHeR-
HEIM, CKOPOCTH BO BCEX Toukax o6acthn OAM GyayT NOCTOSHHH mO
Be/HuMHE W HANPABAEHUI0 W W306passTcs OAHOM TOWKOR A’ NAOCKOCTH
(v, v,) (pc. 30); ABWKenie Gyier slech GeauXpeBHM, W XapaKTepH-

cruka MA Gyner cTporo npawoft mmmed. Pewuy sasavy 3 1a% o6aacT,

') Jloctatouno B3ath fy < B,, £1€ 3, €CTb yToA, O KOTOPOM Pedb WAR BHIE.

6 Teopermieckan ruapomexswnka, 3. 11
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arpaumuenio Xapaktepicrukot MA, koutypow AN, u xapakTepcTHkot
BTOpOTO CeMeficTsa (KpuoaMHeliod) AN, npoxonsuefi uepes A. B sToft
06aacTH 3a1aua MOXeT GuTb pewena TOwHO, 60 B07b MA cxopocTi
BCIOAY OIMKAKOBH, TAK 4TO 31¢Ch GYAT BHNOAHATHCH COOTHOICHe

o
() +B=const.

@M. § 11, a Take § 15). Jladec nauunaes npuGawkennoe rpagiyeckoe

pewenme.

Harectw Ha xapaktepucrike AN, ryctol pan Touex N,
UM OTBEYAIT MIBECTHME MaM TOuki Nj, Nj. ... SMAUAKAONI smporo
cemeftcTsa, mpoxonsmed epes A’. [lposeaém uepes Touky N, siesent
XAPAKTEPUCTHKH Teproro cemectsa N,B 10 mepeccuckis & Touke B
¢ nporomkeinen npamod paspusa OA. Ckopocte B’ & Touke B nafi-
agTes Ha ¢ naweft nepeoro
comeflcTea, npoxosmueh epea N, 3uas B’ u N, OCTPOMM C NOMOUEI

NX 97eMenTH xapaxTepucTuk NoP; nepsoro cemcictoa w BP, sToporo
cemefictna. Bhiio Git OWNGOURO’ AYMATE, §TO CKOPOCTS B Touke Py Mo~
HeT GHTo HAfIENa MPOCTHM MepecewenueM SMMUMKIONAN BTOPOTO Ce-
MeflcTsa, npoxonswmeR tepes B', m SMALMKIOWIM NEpBOTO CeMcicTsa,
nposeagnnodt uepes N, Takoe NOCTpOeHHE CMPABEANHBO AWML 1A%
Ge3BUXPEBOTO ABMKEHNS, 3 ADWKEHNE, NPOVCXOLAULCE CPABA OT MOBEPX-
HOCTH DA3pHIBA W XapakTEpHCTHKH AN, OGA3ATEALHO GYICT BHXDEBUM.

B caMoM Jede, HAKIOH AWHWH PASPHOA B TOUKe B HaaETcA Kak
w3 Toukw. O B NI0CKOCTH
(0, ©,) W nporowkenwe npavoh E'B. w Tak ax B e cosnarzer
3 wakaon B Toke B Gyier oramsen ot waxiona n O min s A,
<TPOTO TOBOPA. YHKC HAUMHAS OT T04KH A, Kala ANNKA PASPHBA CTANO-
BUTCS KPHBOH, W TOILKO HETOWHOCTH TPAPUYECKOTO METOZa SacTasiia
nac samennth npawoRt amumeh OAB KPUDYIO AWHWO PASPHEA, B TO BPEMR
KIK WA CAMOM Nele Wb KaCATeAbHAR B TOuKe A K AWHUI DA3pHBA
conanaer ¢ npswod AB. B cootserctoun ¢ dopuyaasu (7.2) u (7.10),
, GyIeT BIOML AMHMH AIPHBA Teneps MENATLCS OT OZNOM WNHM TOKQ
' apyrofi, mawwwas ot Toukm A, a Toraa b Gopwyaax (9.18). (9.19)
Heab3s  MOAOKHTL 0. “roGw maitru cxopocts B Py, oGpativca
K ypasnenns (9.18) n (9.19). Tlepemeuenmo or B 10 Py 5103, xapak-
TepUCTHKN BTOPOTO CeMellcTsa, BuXOMAWER W3 B, OTBEUAIOT MoMeHewna
ckopocTefl, cessanuiie coorhomenmes (9.19). 3awenss, Kax sceraa, ng-
epeHUHATH KOUCUHHMI PASHOCTAMH, MHIEM:

Ay = (@), — @)y bY,

5, — @5 Ax
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Bonenctswe (9.19), TouKa P} MA0CKOCTI (U, Ty) C KOOPANHATANH (Ue)p,
(U,)p, MAHIETCA TIOSTOMY [AE-TO 1A SACMEHTE MPAMON

=(ETT ) e w39

Ipn @=0 Mb fomKiH Guan Gn HCKATH U, W U, HA S7eMenTe NpsNOM,

wepes B/ saexenty »Toporo
cemefictsa; ecan  # 0, My Jomkin 1o (13.4) HekaTs (U,)p, W (v,)p, Ha
npsNo, napaifensuofl TOM e SNHUMKIOMAe BTOPOTO CeMeficTsa, we
npoxoasmed uepes Touky 5. UTo0W NOCTPONTH STY NPAMY, MM 10
it auath npasylo sacts (13.4). Tyaa bxotnm wasectinsic 8 Touke B
BEANINI T, @, Y Uy W Xp — X5 TakuM Gasow, Uaw HAZ0 TOALKO
yauats

ra

Bavenny crona db ma AD n @y ma A
b Touke B Hanmue:

Ad=b,—

Tok KiK «Cepd» OT MOBEPXHOCTH PAIPHBA T
0, OueBHINO, Taw Gyzer

o)

HO HMHEA TOKA He MPETEPIERAOT PAIPHDA, A TOTKO HIAAMEAIOTCH NPH

TIepexoNe 4epes NOBCPXHOCTL PAIPHEA, NOSTOMY MOKHO MOAOKNTS
Pa=p0Ya  Ya =005

lepexoan « onpenedentio 9, W D, 3aMETHM, WTO S1Ch, OYEBUNO,

WAET pedt 0 9, TaK 4To HANO MpuMenuTo PopMyaH (7.2) i (7.10

"
41 P( n

way (o

_n

fletnd—e—n

24}
r=lb oy (g, )
o d
e 41 .
THAE P4 M Qp— YPAH HAKJIOHA HOPMAAW K AWHMH PA3PHBA B TouKax A
W B CoOTBETCTBENHO.
Touka Py (¥p. Yp) 7EKHT wa nepeceuenun xapaxtepnctitkn BPy
H XapaKTePHCTHKH NeEPBOTO Ceefctsa NoP,. [epemewanch no BP, wu

(13.5)

o
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GyaeM ABHTATECS B NAOCKOCTH (U,,0,) Mo npasol (13.4); nepemewanci
o N;P,, M OyleM, OVEBMANO, IBHFATHCH B WIOCKOCTH (1,,0,) no
npsavMoft

1 aVvi—ar |
Yy — YN, T (v;—vw,)—-*(*x 5— ¥} ) (xp,—xn,).
(%), M

-

(13.6)
Ho (2)y, =0, 60 Ny aexur et » Gessuxpesol oaactit. Takms oG-
pasoy, nepemelsentie o (13.6) ects nepeMewiene N0 3AeMeHTY SMMLIK-
AOHAB TIEPBOTO CeMeMCTBA, MpoXonswer uepes Nj, W Mbl Halaex TOUKY
P} na mepecevenii STOR NOC7eIHCA SMUUIKIONIN C 9TEMEHTOM NPAMOR
(13.4). 3mas P}, nposeném ofe xapaxtepuctuku PPy u PC. e
P,—7T04Ka, NeXaUlad HA XaPAaKTEPHCTHKE NEPHOTO CeMeACTBA, BLIXOA-
weh u3 Ny, a C—touka anunn paspwiza. Ckopocts B C HWalaETes Kak
Touka C' nepeceuenun npawott (9.18) [tuna (13.6)] ¢ runounccomnon,
CcKOpocTh e B Py —Kak Touka P mepeceuemus npsmoft (9.19) [tuna
(13.4)] ¢ snuuMKAOWION nepBoro ceeficTaa, naywed wa A Haw npu-
A€TCa B OGO CAYUARX 3HATh @ B Touxe Py 4T0GW onpexeants (di/dy),
3aMETHM, WTO MaMeHeHue d, TpOKCIeAUlee GIArORaps MepeMeUIeHNi0
or B x Py, Gyrer

0 o v
ay=3t ax 4 »df dy=— p(v,~ yjv,)dx
wan
A= — 1y (9, — ¥4, 0x) (%5, — %)
npuuEM
—1 24}

—_— — (1 1g?
w T Gang (T
410 e Kacaetca AD, TO OHO MOWET GHTL NOAYHEHO ITEPNOANPORIHHEN,
4Go, HanpHNEp, HaweHeHNe §,— U, WaBCTHO. HYRHO MOMHITH TOALKO,
T €GN OKAKETCH Yy <, TO HAL0 MPOCIO nOAOKNTH Dp,
Onpescans ckopoct B C i Py, M MOKEM 10 yKE3aHHMN Bt
uentaM HafiTH B STHX TOYKAX 2, a TaKke NOCTPOMTL XaPaKTePHCTHKI
CQ, n PQ,. Cropoct B Q, (W oG0snauena wa phcynke) Hamiercs
3aTeM Kak NEpeceueHue B MAOCKOCTH (U ©,) sacwentos ammmfl (9.18)
w (9.19), orsevaoumx Toukam C u P, i T. . Hawa 3anaua, Takus
obpason, Gyaet pemena.

@opuys (9.18) 1 (9.19) MpeACTaBATOT TO HEYAOGCTEO, TO b Npa-
BHE ¥ACTH MX BXOAMT dX; Taku OOpazOM, MBI KK OH OTI4¢M mpeano-
uTelHe KOOPAMHATE X NEpeA KOOPIMHATOA y, B TO BPENH Kak OMM PasHO-
npasiu. Benowums, oamako, uro nanpasaenie npamoR (9.18) man (9.19)
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[rae BMECTO dU, W dv, CTONT U, — (), W U, —(0,),,.] aerko onpe-
LenseTcR; 4TOGH TpOBeCTH Ty MpAMYIO, HaM, TaKiM 00pasON, AocTa-
TOWNO Y3HATh, 1A KAKOM pACCTOAMNH 3 on somar A’ maomcocrn (. 9,)
ota npoxoaut. COriacho HSBECTHOMY MPABRAY GHATHTHYECKON TEOMETPHH,
roGit Hattu 3, npupexem (9.18) u (9.19) K HOpMATbHOMY BHAY, yMiO-

¥2 W N
View  Viesd
MeHT AyTH dS BROAL XADAKTEPHCTHKH NepBOro CeMeficTsa Gyaer
ds,=Vaxray =|ax|V 14y,

a B107b BTOPOrO

Kas HX Ha €OOTBETCTBEHHO. 3aMeuass, 4TO Sfe-

dsy=|ax| VT,

M noAYuIM BeanuRy B B BHACE

Ho
3 e
Vs o
)’p‘z

TV

W BCAexCTBHeE cBOficT Kopief Kpaxpatnoro ypasierma (9.11):

P [t
S — s=2.
Vit Ve g A
(ci—d —i
Takum oGpason,
“ aas,,|; (13.7)

Ocrabres T016K0_ OTIPEACANTL, b Kikylo cTopoKy CAeayeT OTAOKHTS 3,
AT8 4ero A0CTATOUHO HalTH, HaUpUNep, Swax mpoexwnn 3 Ha oce OX
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Paccuatpnpan (9.13) i (9.14), serko yGowaaencs, ur0, Tak Kak

oy — sien YT
sign (v — yy) =sign =~~~ T
. N b}
sign np, & = sign {(y.—)v2)¥ axlV.
118 MpaKTHECKHX BHuMCACHHN YA0GHO, Kak BCeraa, BBecTi Geapaavep-
Hbe BeMWMKH: U, @ D, §. 6 5, CoAaHAME C U, G, ... COOTHOWE-
BN

X D=0,
e [ — npousBOAbNan Deawunna. 3ameuas, wto a = xdjpi ', u samensa
B (13.7) a? 10 ypabtiewiio Bepryain, Mit NpICN K CAEAYIOWENY BHPAKE-
wwo s 3:

-

x—1 N\TeD _
S| Gty (-55rv) @—1% di
4 v 4

(-i%

S\ "
2 2% (% =1
— S+t {——( =) cosp———1t .
{H-x 1+)U;‘(+gY] PENRH T
Hsnoxenan 3iech buxpesan safaua Gbiaa bnepsie pemena . dpa-
KaeM.

€CKOALKO CI0B O PeIl€HiH 3a1au, O KOTOPOH MH TOBODHAH B Ha-
waze 9T0r0 mynKkTa. IlyCTh ToUKa A €CTb NEpBAR TOMKA XapAKTePUCTHKH
neporo ceneficrea, puxoamuch w3 O, B KOTO-
poit 06pasopasica ciabHiA paspmp (pic. 37).
B oGnactit Mexay npswoi OA, KOHTypow K

xapaxtepucritkol AB BTOpOro ceneficTsa, npo-
Xousuel uepes A, M Wilees, 5O0GLE TOBOPA,

/, Tevene ¢ npAMOAMHENNKNM XaPAKTEPHCTHKANI
/” neproro cemeficrpa. Ho masbhefiuee peuweie
33204K HHUEM He GYIST OTMMATLCA OT pellie-

WA ye pi3obpanKON 3aaadm 00 oOTekamt

x

Puc. 37. yraosoro Kowtypa, npuses amsua AB Gyaer

wrpatt, pors amnun AN, (pic. 35).
Paccworpity eneps npuvep. [1yCTs Ha HenOABWKHYIO naacTuay AB,
nakaonEnnylo nox yraom Gy(< B,) k ocw Ox, waGeraer notok, 06aa-

1) Jlin xapakrepcrik 2-ro ceeiicrsa. s 1ro cemeiictsa suax Gyser
obparibiy,
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Ao CBEPX3BYKOBOH CKOPOCTHIO ) > @,. mapanaeavoft ocu Ox.
TToCMOTPHM CHAYATa, WTO MPOHCXOAWT BOMHAA NAaCTHHKM. Hax miacrih-
Koff, Hawnuan oT Toukm A (puC. 38), NOTOK GYIT HEMPEPHBHO MOS0~
PAUIBATLCA 10 TEX NOP, MOKA He CTANET NAPATIETHHN HANPABAEHHO
NAGCTHHICH (CM. TPeAHAYUUNA NYHKT: 0OTeKaHne yraa, Goabmero uem =);
nasee, OT TOuKH B NOMAET AUHHS CHALHOTO paspuipa; MPORA CKBO3b
HeE, TIOTOK CHOBA CTaHeT NaparicibhuM 0CH OX (CM. HAYaJO STOFO MYHKTA:
BIKEHIE BHYTPH VT4, MeHbUIer0 wen ). T101 naacTiskofl b Touxe A Hau-
WETCA PAIPLIB, 1t NOTOK CTAHET NAPATIETLHHM K HANPABIEHMIO NAGCTHNK]
K070 ke ToukH B BIOT XapaKTEPHCTHKH
NOTOK HAYHET NABNO NOBOPAUHBATHCA (06~
Texaue yraa, GOIbWETO uem ) A0 TeX
nOp, NOKA, MpOMIA TOCIENHIOI BHXOM-
11y10 13 B XaDAKTEDHCTHKY, He CTAHCT BHOBH
napannenbiy ocH Ox. OTweTHw Temepb
touxn E u D, b KOTODHX AMHHH npsMo-
AuHEHHNX PA3PHEOS NepecekainTcs ¢ kpall-
Wi xapaxTepictikawn BE 1 AD, npo-
xomuuMi depea B i A COOTBETCTRERHO.
Xapaxrepucrika  EF, waymas uepes E,
GyleT, 04EBMANO, WIPATH POAb XApAKTEPH-
crukn AN, wa pnc. 35. Takuu oGpasom,
or TouKH E HANHETCH MCKpMBACHMC AMmi
paspiBa, 06pasoBanie BUXpeH W HCKpHBIe-
HiHe  XapaKTEpHCTHK; AHIAOTHSHYIO  pOAL
urpaer xapakepuctika CD. Takiw 06pa-
30M, Ha GOABLIIX PACCTOSHMSX OF NIACTHHKH Puc. 38,

ABIKenne OYIeT HOCHTL BECLMA CAOKHA

Xapaktep. Tak, no Jlaniay, TaM IOMKHH BOSHHKNYTL AOMOANHTCABHBE
nOBEPXHOCTH a3phipa. Mii MOKEM OKWIATH, 4TO TOALKO B 06IACTH

yr<y<yp

Mbl GYAEM MMETh C3AAM MAACTHNKW CKOPOCTH, NOCTOSHHME N0 BEHuKHe
W HANPABAENMO. 3aMeTuM NpW 9TOM, TO CKOPOCTH OYAYT pasamiibl
cpepXy # CH3Y OT npoxoasied uepes B napaieasto oci OX;
B STOM /I€TKO MOKHO Y6eANTLCS M3 PACCMOTPENNA SMMUMKAONL NAOCKO-
¢t (v, v,) W rHNOWNCCON,

14. Kpao B miaockonapaiiensHoM CBEPX3BYKOBOM MOTOKe.
TNpuGan@nnue Gopmyau Axkepeta, Bysemana, Jonosa. Innepasy-
KoBbe ABMKERNs. [1apatoke DMiepa-TasauGepa CHPaseaTHs He TOILKO
ANl HECKHMAEMON, HO W AR CiuMaeHOfl HIIKOCTH, 0 MLy 118 C2yaa3

Kpsiro, cxo-
pocthio, AefcTaino (1aK Hassi-
BaeMOro, BO/IHOBOrO) H Ilwl"hémmn CHAB, NPHYEM STH CHAH, BOOGWe
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TOBOPA, 3HAYNTEBHO NPEBHIIUAIOT OGHYIbE CHIL, NPOHCXOASUINE 33 CYET
06pasoBakns BUXPEA B NOTPAHHUHOM CI0E KPHAA.

TIycTl, KPHAO NOMEMEHO B TIOTOK CXKMMaeMO akocTw, Oeryuted

ocn Ox co v, >a, 1 4T0 KpHAO

UMEET OCTPYIO Mepeaniolo KPOMKY (IOMECTHM Ha KCH HA4a10 KOOpai-
war O) (puc. 39) W OCTPYIO 3aIHiOW KpouKy (Touka P). Ilpocxunn wa
ocn O Oy can, ACHCTBYIOUINX Ha KpuIIO. Aeatiisie Ha seansmy g7,
e ¢=p 012, a T— «xopaa» kpua, T. . Anmna OP, 06osnauny
depes C,  C,.

Torsa, ouceao, ﬁ\vnm.

C,= qT /‘,,‘,sme ds,— /'p“smands . (14.1y

c, =1 — /' p,cos?,ds,«l»/‘pnmsﬁulla‘“) (14.2)
H f

A6 S—AMMHA AYTH BAOAB KOWIYPA KPHIY, B yroa Kacaeasol
K KOHTYpY ¢ ochlo Ox, SHAK <8» O3MANAET, 4TO BENNHHA BHUNCASCTCH
B TOUKAX BepXIIef YACTH KOHTYpA, 4 € — B TONKGX WIDKHEH YacTH KO-
Typa. Yroa B NOMOKNTedeH, ecin on OTKIAMBAETCA NPOTHD 4COBOR
crpeaxn o1 ock Ox u oTpH-
UaTeICH, €CAW OH OTKAGTM-
BaeTca o uacosoft CTpeake.
Kacateabuas % KONTYPY wa
npanaena & cTOpoHy Bo3pa-
cramus ayru s. lyra s ot-
CUNTHBAETCS KaK A% MwKNeEH,
TaK W 429 pepxwed BeTmn
KOHTYPA OT TOuKM
Urobw  wakita  p,
AOmKNE  oTaeAbHO  pemmTh
satauy obTexaums KOWTypa,
COCTORWIErO W3 OTpHUATEb~
Prc. 3. nofl uactn ocu Ox, mepxieh
uacTiH kpeia W npamofl, ma-
panteuhol och Ox 1 BUXOATE 13 P (KNAKOCT PACTOAOKHTE <AL
STUM KONTYPOM). ANaZorwuHLM OGDAsOM p, NOAYSHTCH, KaK asAehMe
Ha Kphie, 00pasyillceca B PesyasTaTe OGTEKANNA KOWTYPA, COCTaBaeH-
HOTO ¥3 OTpuateabnoft ocH OX, HIKHER YAaCTH KpHJA W NpsMoR (napai-
aeabiioft ocn Ox), suxozsuied U3
3aMeTiu, WTO eCAN b OKAIATOCh, WATPIMGP, STO AT BCEX TONGK
BepXueil vacTiH KouTypa
<O
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(kPO ACKHT «n0Z> ockio OX), TO XAPAKTEPHCTHKA epsoro cesefl-
crea, suxoamuan w3 O, Guia Ou npsMoamkefima (TaK e Kak W Bee
XapaKTepUCTHKH MepBoro ceMeCTBA, HAUMHAIOUNECA B PAIHLIX TOUKAX
BepXa KpHAZ), W MM NorAM O HANTH p, B QYHKWM OT B, T.

b GYRKUWIH O MeCTa Ha Kpwe, COBCPUIENNO TowR0. JLAA STOTO A0CTa-
TOuHO GHA0 Gui amicaT

() ()

()= i) -
(cumtaen, 10 B,(0)==0), @ 3aTeM, PelIKB 5TO PABEHCTRO OTHOCHTEAbHO
U, BCTABHTD MOAYUEHHOE 3HANCHHE U, B ypaskenwe Bepuyaam [wanpw-

Mep, B (8.10)], W paspeluTL MOCAELHEE OTHOCHTETHHO Py, AHATOTHYHO
MOKHO GBIO Ot HATH P, eCaH Gu OKasa0CH

fu>0.

B cayuae, ecam (B, >0 u (B,), < 0. nepex xpuion obpasyercs
nomepxHOCTH  paspuBa (pHC. 35), mpeanodomy, 10 |(3,),] < 8,
W |(Ba)y] < B TOPAA MOCAe MPOXOMZeHHA PA3PLBA CKOPOCTH OCTAHYTCA
coepxaByKoRHMH. Hatiuie KpWBMX awnnfi pasphea, CXOAsUX B 0Ge
cTopous 0T O, YCIOKHSET 32124y, NOPOAKAS, € ONHO CTOPOHH, HCKPH-
Bacie \apnkTepucTuK oBoux ceuencn C APYTOH CTOPOHHI, — BIXPH.

werox, nyHKTE, N03BOIAET
W agec | PEWNTH 3a%asy A0 KOHUA. O,mam OH He N3ET TOTOBHIX OKOH-
uatesbnix Qopyys pacuera (11s C, & C,. nanpuvep), a 3actapaser
pelaTh 32144y ANA K@KI0TO CAYYas OTACAbNO, TaK CKasaTh, apugie-
THGCCKH, KPOME TOTO, TpaQWucCKMA METOR MOKET 3lech mpHSCCTH
K GOabluNM HETOUHOCTAM, T4k Kak xapaktepuctiku MA, MB u ap.
(puc. 35) GYAyT npakTHdecku moWTH napaateisws awnmu paspwsa AO.
IHAKO A7A CAY4as TOHKMX M MAIO HAK/AOHEHHHX K OCH KphiibeB
(Masbe aGCOMOTHLIE 3iAYelHs YIA0B B, H B,) MOKHO NPOBCCTH NpOMe-
KYTOUHLIE ONepauni B oOUIEN BHIC W A3Te rOTOBHE (GOPMYTH, N0
KOTOPUIM, 3Ha5 (OPMY KONTYPA KPHIA, MOKHO HafiTH HENOCpEICTBEHHO
AapAeHe B Kax10fl Touxe Kpuad, a Takme C, i C,. D10 OWAO cle-
aaHO onepsiie  Axxeperow (1925 1) ais ciyuas, koraa yras |8
HACTOZLKO MAZW, WTO WeHaM, COCPAAIMMM HX KDAADATH, MOKHO
npeieGpets N0 cpasenuio ¢ exmamued (7uneapusawts  ypasnenni);
Byaewan u Badbxuep (1933 r.) fan QopNyis, ySnThmaoume Keai-
patsi yraon |B, waoticu, Jlowos (1937 r.) yuta TpeThn n uerséprsie
crenewn yri08 [B]. Mi watommu xo1 paccysenufi m okowsaTenuie
peayabTaThl JIOHOBA; MOMYTHO MLI NOAYWHM, KaK YACTHHH cayuaH, peays-
TATH MpeANAYIMX 2BTOPOB.

PaccMOTPHM TIPOU3BOLIYIO Touxy N Ha Hawed KPHBOH AMHHH pas-
pusa OQ (puc. 39). B 510N Touke ruapoAmaMivecKMe SacMEHTH
MeHgioTCs CKAYKOM OT 3uascunt V_ (o, 0), p, p, 9, 10 snaveiu
Vi (@, v,). p, p. 9. JloGan napa snauewnn saeMentos «cnpasay or
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Pa3PHIBA MOKET GMTL CBASANG ONNHM COOTHOUEHHEN, Vpaau:ﬂue runo-
icconns (7.14), B 4ACTHOCTH, CBABMBACT Meway
W 3MAWT, U W B. 3aMeuas, 4TO CKOPOCTH moC7e npoxowmeﬂun paspuxz
B Touke N obpasyer ¢ ocvio Ox yroa fy, KOTOpwH Oyaer uMers TOT
e ropRiOK MAIOCTH, 47O K YrAu B, xoHTypa Spura, peunu ypanie-
omHockTe O 0.
npeacranama v B BAAe pAs o BoCKORIMM  crencen Tpocrue
BHUMCAEHAA 1ATYT HAM (TAK KAK MM WuteM UeTBEPTOE npuﬁ’lu»«enue e
Ml OrpaNHuMBACMCH eCh W Matee urenami ¢ §):

Uy =0, (1 45,8yt 0,3+ 085+ 084+ . ..). (14.3)

by=—M—17"
B 2 _1y2 (L
b=—M— 17 (3 + )
M=) M Fa— DM
n :m_m+s M5+(‘;.21). M!I‘
77(M,7”»5[%+%M2 l7—291 Mi— 1*21;4—12:@M, +
5+51.—1.’+%’ S4ut32—33 .
. = M 3 el s

a = Sing

C apyroh cropowt, dopuyaa (7.2) nossoaut syecte c (7.10) wakitn
orHomenne §/9, B pywkwun or igy, a tgg no (7.11) mHpasutcs uepes
v, W, caenosateasno, no (14.3) 5 suie paza no By. INpomssoas
BHKAARKH, NOAYIM )

Nt b L e 4.4

o,

MeM2—1)

MEM2— 1) (4420« —2) M — (e — D M),

To savesaTensHoe 0GCTOATeALCTBO, 9T0 pan (14.4) He COACPKNT mepsix
W BTOpHX CTenetedl fy, MOIBOASET 3AKAOUATH, HTO €CAH MH NOKeAZeM

') Tlpw_pasaoenn B e y106H0 BBECTH Cliatata Ap = plp, — |

i pasaounTh OTROmENHE /Y, MO CTCMENAM Ap (BEMMUNA TOTO Ke NOPAAKA Ma-
aocti, 410 W F), ucnoubax’ﬂ e (7.2) # (T.10); yxe B 310M pasioKemi GyAyT
OrCyTCTROBAT A€l ¢ A B NepBON # BTOPO Ciencin.
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yuccTh AWML TepBMe W BTOpHe CTenemu B, OTOpacBas wackit ¢ §°
W natce, Kax Manwe (npOauKenns Akkepera u byseMawa), 10 M
5 npase Gyaem cuaTh i y/d, = I; 9T aHJuNT, TO B IIEPBOM U BO BTO-
pou npn6nu>xeumx uuxpeoﬁpa:oxmue MOKHO He YUNTHBATH M CUMTATS
Beiony § =8 =

Ocrauonnyen necvomo noapoGiiee Ha MEpEOM W BTOPOM MPHON-
ennax. Tak Kak C TOUHOCTHIO O MATHX BTOPOTO MOPAIKA BICTIOUNTETHO
BUXpelt He GYZeT, XapaKTepHCTHKM OYIyT 3Aech CHOBA SMUUUKAOIZMH

a+c(%) = const.

Paccworpus wa namel amnun paspusa OQ Kakme-HHGYAs TOWKN

1 Ny ... (He WSOOPAEH Ha DHCYHKe) U Hepes Kaxayo 3 mux
npcnc'xw N0 XapaKTepHCTHKE BTOPOTO CeMeficTBa 10 nepeceuemm © KOH-
TypoM B Toukax My, My, ... cootserctaemo. Toukam Ny, Ny ...
OTBENAIOT B MIOCKOCTH (T, T,) TONKH THOWICCONTN N;‘ Na, ... Tax
Kax yraw By Mamw, 1O Bee Touku Nj, N, ... GyayT pacnoiararscs
noGaI0CTH OF RORHON TowkH rumoucconas (3= 0. v=wv,). O6pa-
THM Temlepl BHMMAMHE HA TO HOBOE OGCTOSTEASCTRO, WTO € TOWHOCTHIO

W smuunions, BHxoaIN 3 . cosnazaior.
B camoM Aede, A3 STALKKIOWAL aym o (w 3) W (9.22):
dv -
(45),.., =—tgmu=—n M=%
(=1

o (@
I (E

1aK 41O

1jdw
;i)./.u,:”‘b" f(dﬂ‘)p.y. wb
= =
4T0 W IOKaIMBaeT wame yroepcaenne. Ho Toraa sce touxn Nj, Na, .
NOHO  CHHTATS, C TOWIOCTHIO 10 MAAUX BTOPOTO MOPAIKA, PACTOAOKeH-
WM T STEwAK Aoz

-+

a ecit 910 Tak, 0, BNXOA w3 Tosex Ny, Ny, ... w Aowrasco O xa-
paKTepHCTUKAM BTOPOTO cemeficTa N/ M,, NyM,..... Mu Gyzex s nao-
CKOCTH cKOpOCTelt BHXOANTS 3 Ni, Nj. ... W nepemewarscs npuﬁq)l.
AEMHO BCRTRA IO OMHON SMMMKKAONAE (14 5) npoxonsumedt vepes (v=1v,,
B==0) (60 nce Touku Ni, Ni. ... Ha stoft ool SmHuMKIOWIE npu-

(14.5)




2 TEOPETHYECKHE OCHOBBHl TA30BOM JMHAMHKH A
GamkehRo aewar). D10 SHAuNT, WO C WaucH TONHOCTHO A9 Beeh

(14.5), COBEpUIEMO aHATOMMHO TOMY, KaK 570 6HAO B Cayuae oTcyT-
CTBUA TIOBEPXHOCTH Pasphia. B 4aCTHOCTH, HMCEN 118 TOWeK KOWTYpA
Kpmna:

B (2 )- (14.6)

Pewas 570 ypaBHeNie OTHOCHTEABHO T (B BiAE PANA, PACNONOKEHHOTO
MO cremes ), noayunt

v u.(1+m$.+mn L)
HaM OCTAgTcs BCTaBNTH 3T0 U, B ypaswenme Bepuyaam, uroSw mafita
JaBNeHHE P, B QYHKIUG OT B, T. €. B QYHKLHH MeCTa HA KOWType.
Vpaswene. Bepryam

=1 21

14.7)

(229 BTOpOrO NMpHGKEWHS HATO 3aTem modoKNT D/, = 1).

BepHeMca K TPCTheMY I GeTDEDTOMY npHOAMKenHsM. 3dech Hax
NpUAETCA CunTaTh O nepemensse no (14.4), a Toraa, BMECTO ypasmenna
SMMIMKAONA, Ha ocopaii (9.24) M AOMAMM HAMMCATH BIOTS XapaKTe-

puctun N7, wanpuwep:
d[5+c(.;)]A L”"“ din. (14.8)
TMpuGasix 1 orwives b npasoft sacti (14.8) uneu—i""%ff;"an.a
Toayun:
v

d[p+z(7)]:

pouerpupyen tencps (149), aacs 5o xapawIEpicTice or
Towat N 10 sy

Butc(22) [a +()]

sina cos 7 {In [ |ni"}7/' inacos a—sina cosa, dd
B

RS gind. (14.9)

e
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4TO M MOKEM JQMHCATh EWE, €CTH TPUMEHHTL K CTORUEMY cpasa
WHTerpaiy TeOpeMy O CpelHeM GuadeMAH B BiLIe:

(52 = £ (2) — L a2

P o
7H[mT‘—mT‘]. (14.10)

sina cos a — sin oy cos &
=

tae F — anavenme paarocth
weh oukn kpusort MN.
Tpn nowomn (14.10) maMagw Teneps vy B Gymkumn or By an
STOTO HaM WalO BWPASHTH BXOZAUME B Mpasyo ¥acts (14.10) Beawumst
“epea 9MeMeNTH B TouKe /
Tpewe Beero aveuacy, 4To

By =g,

123 HEKOTOPOH cpen-

Tie §o— anauenne § wa mepenned kpomke (b sepxied 06aacTH), WGO B
COXPAHTETCH MOCAE MPOXOKIEHMS PA3PHBA BIO IMHMA TOKA, KaKOBOM

ABARCTCA AMANA KOWTYpa Kphaa OM. Temeps scieactome (14.4) mut
MOKeN HanHCaTy

(5~ B+ L)+ -
(14.11)

(KaK BCeTNa, He BHMNCHBACM YJCHH, COAEpKAumMe § B NsTof CTemenw u
BHILE); TAIIN 0GDA30M, HALIA PASHOCTS JOTAPH(MOB BHPAKEETCH uepes
napectubte seawuninl (g, Iy, B) u uepes yroa By. Bupasum Teneph
By C(vy/a,) maxme uepes yroa By. Mb yike 3HaeM, 4TO C TOWHOCTSIO
20 MATHX BTOPOTO TOPANKA DKMOUATEALNO MIOOPIKCHHE CKOPOCTH
ToukU N MeKHT He TObKO 2 TMNOLHCCOMIE B MAOCKOCTH (v, wl) HO
WA STMWNKAOHIC, npoXonsumeR jepea 1wy 0=, 3=0. Bnas,
MU MOKEM O¥i1aTL, 410 By -+ { (Uyfe,) = (v,/a,)+ 6. M. TpeThero 1
eTBEPTOrO MoOpaiKa. Uroohs il TpeTLero n veTBEpTOr0
nOpAAKA, YAOGKO BEECTU B peniie seanuiny o,
pasencTOM

(o

()

Pasnaran © 5 pax mo cremewsy Gy, noayums:

Byt (2

o (14 bigw—+ a3k + 038N - B+
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‘M’*”’"‘[%-F%MH%O—1>M'+3"—1#M‘].
b M= (o — TPy 3 e
3—2»—;&%4«.’ M BT

197+ 1622
o

Mur MoxeM HamncaTs eneps:
bt () =a o (5) ()= ()=
=t(;—:)+(,—",)w:muw—v,)—(?:-v,)1+

(a'c) (Oy—v R —(@—v)?
a0 o= 0, 2

+

=C(g) e (21— 0Bt (=il +
+ (L) 0, (0, — B)BY+ G. w. w0 nopua,  (14.12)

a,

#(v \a
d§ Jo=o,
irax, Mi MOXeM BMPASHTH mpasylo wacTh ypasuenus (14.10) uepea By,
uepes H w tepea WIBECTHHE BEIWUMHE; PN STOM By BXOINT B CTemesx
He HKe, dem B TpeTuell, THATEILHMA AHAIND, HA KOTOPOM MH He MO-
ew 3aeCh OCTAHABAHBATLCS, NO3BOANA 3aTe JIOHOBY BHPAsHT By Yepe3
KOOPANHATY Xz TOUKH M H Nepe3 BEMUHHH, XapaKTEpHAYIOLLIE HAKIOH
W KpuBHIHY KOHTYPA B Touke O (na mepemnch Kpomke). Mveno, npu-
BAeKaR XapaKTCPHCTHKY NepRoro cemefictaa NS, a Takme WCCTenys sHA
AWHHW PAspuBa i OGCHX XapakTepucTK, JLOHOB MOKA3WBAET, 4TO

By =Bt 5 xafo (45), - 6 4. Tpemuero nopanka, (14.13)

hLl

M2 —1y MM —

a d3/dx — npowsoNas no X ot yraa 3,. DHNHCIENHOTO. Kak (yHKLAR
OMNOTO X 1A% BepXHEM HacTH KphiAa:

§=8(x yo(x)).



§14  KPHUIO B TLIOCKOMAPAMMIE/LHOM CBEPX3BYKOBOM MOTOKE %

Ho 7Teneps scHo, uTO uiew, coxepxaut F, Moker GuTh oTGpouieH.
Kak uyeouyh naTuA nOpaIok MasocTw. B camou geae, /7 mweer cawa,
KAK PA3HOCTL ABYX (yHKUMA, BEMMCACHHHX NPH GECKOHEWHO GIM3KMX
HAuEHWAX APTYMeNTa, NepBHA NOPRAOK MafOCTH; bemwumia me fo— Bx
meer 1o (14.13) uerntpruft nopsnox Maaoctu [(dB/dx), — mado].

Berasass (14.13) 8 npaswe wactn (14.11) u (14.12), suocs st
BHPAKCHHS B CBOI0 O4epelb B mpasyio uactb (14.10), moaywiy, coGi-
pas unensi:

Byt (2

) 1 B
(2) =5 (e —
‘3”@],}4 _

|

(A e ) ()4

Pewas 970 Ypablienue OTHOCHTEALHO Upy N BUMICHAAA UAEHH 10 YeTBED-
TOTO MOPAIKA MAJOCTH BKMOUATEALIO, MOAY4MN:

1 0B B4 650 (o — ) B+
e b= e — ooy + T2 — e e+
[y, B g | (40

U=

HaM OCTAETCS CAenaTh MOCACAMA WAT: BCTABNT, 3TO Ty B NpaByw
uacth pupakenns (14.7) A28 Aanacuns, # Mi DOAYSHM AJBACHHE b Ka-
WA0R Touke M OGTEKAEMOTO KOHTYPa B yHKUMi OT Sy # OT Xy Bo-
paxenne /0, sxossmee 5 (14.7), ects By/0, w no (14.4) Gyzer

=14+ Lo+ 8o+ ...

Tocne noayu opuyay:

ntq [a.ﬁ.+ @} +aBi+a
+ 4B 08, + 0,8 0

i+ a8 0+ ay ) O+
a

)o x] 4+ 6. . 510 nopsaxa,

Tx

Tl B, — GHaueHHe YIAd HAKMOWA KacaTeasHOM B TOWKC KOHTYpA Bepxiiel
ACTH KPHAa, B KOTOPOW Muetcs p,, x—aGcuucca STOR TOMKH,
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8,(0) — yron Hakiowa KacaTeawHOR K KONTYPY (BepX Kpwa) 8 Touke O,
KOSGOMIHEHTH INICIOT CACAYIOULIE SHANEHSHS:

2
5

q
a=20M— 7%
ay= (ME — 1) (2— oM L )

= (M2 — 7[5 M+ S 6 DM

T2 e L],

7419w 24 43— 1822 o
e M- m M

+ 151»27017w+w M

=23t M‘(szl)"”('—%+— =
g == MM — 17 (= 25 BB

10+ 3n — 642 -4 9—7x2 420 —3futdr—n
e (R )

T42—5 Gy
21 m—

ag=Me M2 — 1y (— 2L

4

31— 6u? 4o 3—Tn—Ts24 3 .
= Mt = Me);

— D ey

CoBeplWIeHHO  aHAZOTHYHEIM TIYTEM 148 TOYEK HikHe 4aCTH KpBLAa
nafizéw:

Py=p [ 0B, + o —afi+ afi— 0,80+ o, B O+
+ 8, B (0) B, + 2,8 (0) ( xJ 4-6. x. 5-ro nopaaxa.
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OCTaHOBHMCS Ha XAAKTepe PAIIMGHHX WIEHOB, BXONALMX B HALIK
Gopyyas. ECIH G Mb NOKETATH OTPAHHYHTHCS BTOPHMH CTENCHTMM 3,
TO HAM MO OHAO Gh COXPANNTH AMWb 4ACHH C g, W Gy Mu moay-
w6 mprGmiKenia Axkepera n Byaeuana. Jlanee, wiewt ¢ ay. oy

a3 Te uleHH, KOTOPHE NOAYWHAMCE Gb, ecan GH M
1 Spaomenin atwigmaonass (14.6) Haah o 8 Bae pats Ao Crenchit 8
W, BCTABHB 570 BLpaKeHie U B ypasienne Bepuyam (14.7) (npu § =9)),
OrpaHANANCE O aaTe 4eTEEPTUMM CTememsww §. Tak, ecan B, <0
70, Kak M ye TORODHAM B NAYALe STOTO MYHKTA, M paspusa OQ
He OyAeT, W TOPAA WIGHOB C @y G Gy G4y HE HAIO OPATH BOBCE
npu BHuHCACHIN o Hanmuc paspuisa (340> 0, Bup < 0) nopoxaaet

unents ¢ B Py H Py DTO—HIEHH TPEToero W HETBEPTOTO
nopaics wisocwi. l/lurepcc}(o OTHETATS. 4O BRI KPWNSH KONTYP3
5 Touke O (1 s 6o ecan

KOWTYp mpaMOZHieen okoi0 O, TO mO KpaHHell Mepe Ha HEKOTOPOM
yuacTke, npuieralowen k O, BHXped He ﬁym-) noﬂn:mc'rcﬁ Anws
B 4ETBEPTOM NPUGINKCHHH — ST0 4AeH, CTOSWMH

Mepexons x puuncienmo C, n C, mo qmyuyzmu “Uan. a2,
DBCIEN BMECTO yraon [ yid, OTCHMTHBAEMHe OT Xopas OP Kpiia;
wsieato, 06osHAuI

B=B+B Bu=PF+Br

rae §—yroa wakzona xopas OP k ocu Ox (Wa puc. 39 — OTpilia-
TeauHNA). B KAUeCTSC NEpeMERHO WATCTpHDOBARNA b HuTerpanax (14.1),
(14.2) ya06Ho B3sTs AamKy £, OTCunTHBAENYI0 N0 xOpae OP 0T Toikn O.
Tpi stom

dt=cosBdS,; df=cos§,dS,,

UTO e KACAETCA X, W X,, BXOASUIIX B AGBACHHE, TO WX CAEAYET pac-
cHnTaTy Mo GopMyaax

xy==tcosf—sinf [ tgBdt,
b

.
=tcosf—sin{ [ g8 at.
/

Tpuronouewmecm ynkuim yraos B, xotopse sxoasT B GOpuyAH
(14.1) w (14.2), W10, KOWEUHO, PasIOWWT B PAlsl, OTPAHNYHBAACH
waeHamMy qmmpwro nOpHAKa. [TPoNsBo1s SAeMEHTApHHE BHKAAAKH, N0~
UM OKORSBTEABHO

Cx=Cr,+Cr,+Cr,~+6. . 5-ro nopsaka,

7 Teoperuseckan rumpoexammxs, w. 11
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rae

.
Co=20f+ % f (@-+ ) an

: f o7 =6y at 4% /(3"—@ ).

= (20 77) Fitauf Ip-w. OF + e [B+ & OF +

,
+(om— )R [ e
; ;
b (10— 28 [ B o+ %) [ @8
F !
"
€y =Cy,+Cy,+ Cy,+ Cy, +6. 3. 510 nopaaxa,
e
Cp=— 208
r
— 4 [ 6
i
Cyy= (a,—20)F— a,, [+ OF — an[E+ 80 m)] +
;
4+t @309 [ (8 at (=), f(a_ oty an
J
Cp=—0[B+ 1 O+ aza[F+- B0 (O — 2B [F + 5 OF +
+ayilB+8 (0)1’——a..[P+F-(0)]’(“')
+ FaulE-re OF (42), +%(%ﬂz—5114)?7“/'(??*(5:)"‘+
:

;
+‘7(§a,~4a.)af (6 — 8 ar—% [ @r—pan
; f
B 9THX OpMYAGX HALO MOAOKNT

Ay =0yg G =0yp O3 =03y Gyp=0y
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ccan B+Pa(0)> 0 (ecan mmmus paspwipa csepxy), U
1=y = gy = 14y =0,

ecan B+ Ba(0) <O (MeT MHM® paspuisa BBepXY); aHATOrHuNO,

G(n=1, 2,3, 4, e F+F.(0) <O

2, =0(=1, 2,3, 4), e B4En(0)>0.
KoShPUUNEHTE Gy, « vy @y Bygu +ovy Ggy BHUHCASIOTCA MO-MPEKHEMY.
Yro e Kacaercs Buqﬂcﬂenun WHTETpajoB, TO OHO B OTAEJbHLIX KOH-
KPETHMX CAYYATX CHAGHO YNpowaertcs. Tak, HANpiMep, ecaul KONTYD
KpHIAA CHMMETpHUCH 10 OTHOMICHKIO K MPAMOR, NeEPNeNAuKyAspHof k OP
W ﬂpnonmneh Jepes cepeany OP (wanpiuep, ecan KOTYp ecTo ayra
Kpyra), 10

Otmernw, ut0 ecam W By =0, Mu mommuu uras onpuTer-
4OR TOAEMHON CH, A 6yaer €, =0, Cpy < 0.

BuSpas HONTYD KOIKDETHON GOPNSL, %o NOWEM SIpAHCE ROACTITETS
sce Koapuunenty, crosume 8 C, u C, npu pasuuix cremewsx f; ws
nOAy4NM TOrna Kak 415 C,, TaK W A1 C, BMAKEHNS b Bile NOAMHO-

MOB ueTBEPTOM cTenewW OTHOCHTeAbHO P. Mckaiouas §, moaywum C,
B ynkunsx or C,.
Octanonica Gonee noapoGHo Ha pacuére cua, feflctaylowux a
naacTaiKy (pic. 38).
b M HMeeM TouHbe GOPMYAM KaK 118 Bepxhefl, Tak W 1an
HikHell uacted npoduas. [Jl1n BepXHeM YaCTH MAACTHHKM  uMees
o (14.5) n (12.2)

FEg
1/14-1 ac g 1/_‘: ) —
EE3) oy
‘“+I/‘t1 are 'g(‘/-ztl
A —yroa Maxa waGeraowero notoka (sina;= 1/M). C apyroft
c'mponu aan kosguuCcHTa Aasrenna C, nueem stech:

oga), (14.14)

. (14.15)
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B 10 xe speus

(14.16)

SinTa

Otciona, conocTasass mocieanee pasenctso ¢ pasenctson (14.15), mo-
ayuny

clga= I/(Mz +

Berapans mupakenne 118 a us (14.17) 8 cootnowenue (14.14), noay-
WM ABIYIO 3ABHCHMOCTL fy OT

=
])(x +3mc,) _:;: 14.17)

Han naacTiMkol MMeeM Teueme DE3PEKEHNS: TAK KaK ¥ > vy, TO
@ <a, Ecan npn sazamnos M ymeanumsars naxiom naactmnki (| B!
Pactét), 10 @ GYXeT NanaTh (AGHAKeHHe O SMHIWIKAOHAE, PHC. T €BHIID),
TIOKa NpH HEKOTOPOM NMPERELHOM SHAEHHH (Jo==Fopes) HE OOPATHTCSH
B Hyab; 510 Gyzer mo (14.14) ana

ViV

Mpn stom p,=0 oGpasyercn sakyys. [lpn Xatmeflwe ysemnse-
win |Bo| Oyaer scé BpeMa p, =

OCTAHOBHNCA MOAPOGHEE Ha CIYUae TAK HATMBACMEX FTCPIBYKOBHX
apikennt. TIoCMOTPIM, Kak BCAET CeGR WNC7O NABACHA WA MIACTHH-
KOH TpH BecbMa GOAbIIMX SHAueHusx wucaa M, T. e. Koraa

M>1 o<l

B gopuyae (14.14) pasnowiy mnpasyio 4iCTh B PAL MO CTEMeHAM &
gy (ecan a,<<1 To 1t noaanko Gyzer a <= 1). Mueex

2 241
e = T

Bapen

a (1.—])“ @+

WM, €CAH OTPAHWMHTLCA NEPBLIMM CTEMEHSMM 3 H oy

(14.18)
o (14.16):

(14.19)
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, 10 p, HAXO CHNTATL paBHNM HYO (?"F“m

OTMeTHM Temeps 1A BECHMa BAXHHX O6CTORTeNLCTBA. Bo-mepseix,
Gopmyaa (14.19) nioayuena auneapusaunedl no otHowenwo K 1/M. a re
no otxowenuio k By CTPyKTypa e Takopa, uTo JmHeapHsauus e€ no
OTHOWENIIO K B 1aéT WeTounbie peayastath. Tlostomy dopyaa (14.19)
Goaee Towna mpu GOabwmx M. wem amncHuan Gopiyaa. Bo-stopux,
gopuyaa (14.19) corepxut KoMGHHaui0

K =M,

3ra R T TeweHHH, B utm M
yOeAMCH B AatbHeMuleM NpH DPACCMOTPEIMH OGuIeA TEOPH TaKX Te-
Gewntt (oM. § 23).

Tlo (14.15) u (14.19) st noayuny

=
K)“‘— \] &, (14.20)

Baxpennw_awnavenne K. Torza, mo (14.19), p,/p, Oyzer saxpenaeno,
a 10 (14.20) KOSGOUNAEHT TABACHIA OKAKETCH MPONOPUIONATLHEN K8a-
ApaTy yria Hakioha MAACTHHKI.

JLna MwKHeH 4aCTH MAGCTHUKH HMeeM emE Goaee MpocThie GOPMYbi.
Heio, ananornano (14.15) mumen:

2
C»n=rw(p.“1)' (14.21)
Ho Tenepb 115 PPy yex gopuyay (7.15),
1o kotopoft
PR T |
pl*’.ﬁ_lMsll\v pEa (14.22)
THe V==/2 —@—yron HAKAOHA NOBEPXHOCTH Paspwpa K ocH x. Te-
neps M mueem no (14.22) n (14.21)
- 1 241
sinty = ke - 2% e (14.23)
C apyroft ctopou, zeas (7.17) wa (7.16), noayumy
—__2 1 2 . 13\
tghy= 37 c(gv(s(n’v~-w)[l — syl —e)]
(14.24)

Brméu v 13 (14.23) B gopuyay (14.24), noaysm seiyio sasicnocTs g B
o C,.

OCTAHOBUMCA ONIATH Ha THNPIBYKOBHX ABWNEHHSX. 3Rech YTon v
Oyaer Mano oTAHYATHCA OT By (oM., HanpuMep, NOCTpOeHHE v MO phc. 4
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W 5). Mexay naacTamKofl  CKAKOM oOpasyercs oueis TomiHi CAOH

JIeTKO_ MOKHO YOCATECA B TOM, 10 TpH Otekb GoabwHX M i HeGorb-
X By Kosdduusent menemm Gyzer nponopuuoaen 82, Kak 510 Cae-
ayer w3 Teopun HboTona. B CaMOM lede, CHA4a1d 3aMETM, WTO
no (14.24) mpu wamux |v| (2 swaunt, u wansx |By|) memwuna
sin?y— [/M? Gyzer wasol Gonce BHCOKOTO TOPSIKA, TAK 41O MpH-
GAKeHHO MOKHO sanicars

2 cosv (.
8B~ T ey (

Bamensa snech sinv wa v, cosv wa 1, 1gBy Ha . noaysmn

wtl VL -
vt gy (Y it e (14.25)
W ana ouens Gomswnx M:
vty (14.26)
C apyrof ctoponsi, no (14.23) mueen
G (=) (427

wan aas MS>1 il A re w0 (14.29) C, <G+ DR
o Hoorony st tomks miers C, =24 OGe seawsmuus Gyayr co-
unazars npi x= 1. JIOGONHTHO OTMETHTS, ¥TO BHpAKCLE 417 CKOPOCT
ssyka /xRT 6yaerT cOBNA®aT, C BHP@KEHHEM HLIOTOHOBCKOM CKO-
poctin VRT takwe, ecan »=1

Gopwyas (14.25) u (14.27) aan M3 1 Gawke x Tounst Gopuy-
nay, casmanoumy C, B, HeKel anasoruuue auiednnie GOPMyL.
JlefcTBuTenbo, O AueHKOR Teopur M WMean 6 npocto (<Tp. 98)

=01 ol = 7y
, 5 10 coot-

Ha pic. 40 nanccens snasennn C, s seaum M
ReTcTBEHO O TOuNNM opyaas (14.23), (14.24), no annefiomy 3a-
xony 1 1o gopuyaa (14:20), (14.27). Ha prcyuka ouano. w7 1pi
M =5 gopuyau (14.25), (14.27) naiot nowt Tounsie, a npit M

BCHMA TOMHHE pe3YALTATH,
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Tax W L% DepXHER 4aCTH MAGCTHHKH, XAPAKTEHOR Bemi-
ot Gyacr npomaenemle K —=Mg,. Wuenio, KoMGuknpys (14.27) n
(14.25), MO0 Hac

R F = o SR P

Tpn anasesnsx |B(0)]. Gamsxux x B, (onpereréwmomy » § 13,
CTp. 79), HO MEHbIIMX, HEKEAM B, MOKHO NOTH30BATECS MHGAMHMEH-
HbIM METO10M, YKa3aHHHIM B NpeasiayiieM naparpade. Ecan fu< |Bp| <Bmax.

¢,
28
}/ AnNy
/
v v/
/i /
a6
#=3 Jfi /
23 Il 71
" AV
2 [ 7 0 7
~
&A%
3
Vi aa—
A~ nuneinan meopun
o v o= MOVRNE SHEYCHIR
2 —o— vembapmoe npubnuxene
2 4 A
Prc. 40,

TpUUEM  (dBy/dx)y = (dB,[dx),=0 (kpuBNSHE DABHH HYAW), MOKHO
OKMIATH €IE, 4TO MOBEPXHOCTH Pasphipa GyAeT «NPHANMATHY K Touke O,
XOTA noCAe MPOXOKACHHA NOREPXNHOCTH PaspHBa OKOAO O BOIMHKHYT
A03BYKOBHE CKOPOCTH. K anaiusy ABWKCHWA HYXKHO Temeph MOAXOANTH
€ GOMbUIOH OCTOPOKHOCTHIO; TAK KaK ABMAKCHWE MOCTE TpoxoAeHAT
Pa3phisa GyieT POHCXOINTH (50 BCAKOM Cayuae Gaus ToukH O

SBYKOBLIMH  CKOPOCTAMM, YPABHENHS ABIKCHHS OYIYT Teleph SATMNTH-
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ECKOTO THRA; Xake ecaM OOTeKAeMH KOWTYp GyZeT 063azaTh Koweu-
HEM MPAMOAMHEMMMN Y4ACTKOM (Kak 5TO GO Ha piC. 35, Wam xe,
€CAN PACCMATPUBAETCH, HANWMED, OOTEKAWNe NAGCTHHKH, MOCTABACHHOR
n0a yraoM |§|> Bs). NOBEPXHOCT paspHBa, 00pA30BABWAACA meped
WM, CTalET KpHBOMWNCHHON, BOSHNKHYT BUXPH, M 331293 OKAETCA
neckMa caoxkwoR. Boee Toro, Kpokko (Crocco) nokasaa, uro mamie
KPHBUSHH KOWTYDA YCKOPACT «OTCKAKHBAHHE» NIOBCPXHOCTH pasphisa,
TAK 4TO 3AeCh NPINNAHHE MOKET OCYWECTBARTLCA AMU, €CTH

18] <Bup e By <Bup < Bsr-

Ho, noxany#t, camofi GOALWOR TPYAHOCTLIO FBHTCH TO, §TO MBI BHIHY-
aenu Gyaes OOPATHTSCS lech K WCCIENOBANMIO ABWKEHUA, MPOUCXO-
ZAWAX B OIHOM ¥ACTH TJOCKOCTH C A0SBYKOBWMW, a B APYrofl CO CBepX-
3BYKOBHMH CKODOCTSMM. B CAMOM flefe, eCi O0TexaeMbil KOHTYp
orpairien b Hanpanieii ock Oy [HANDHMEP, CCAM Pedb WAYT 06 OGTe-
Kani naacTunkn (pc. 38)], TO MOKHO OKMAATh, UTO €ro BOIMYULAIO-
lnee pausIe Ha GOaLMHX nponazaet 1 nocae
PAIPUBA CKOPOCTE A HEKOTOPOM PACCTOSHHH OT KONTYPA OCTAHETCA
Coepxanykonofl. B §§ 19, 20, 21 M H3IOKHM HEKOTOPHE PaGOTH,
oTHOCAILIECS Clona.

Ocolnaxom cToST alech peaynbTarsi Penes, koTopwH 221 Tounyio
HOpAYAY 418 TOICHETA SABIEHNN S5 TGREPRIOCTLE PRSP

Peub HAYT 06 OGTEKAHMH FA30M, HMEILUIM CBEPXIBYKOBYI) CKOPOCTS,
TYNOFO (BCTPCYAIOUIEr0 MO MPAMMM YIAOM OCH) MPOQAA, CHMMCTPHY-
HOTO OTHOCHTEABHO OCH TOTOK2. COCPETOTONHM BHMMAHHC A MACTHILE,
Amikyuelics 1o och ciMMeTpuk. Ha HEKOTOPOM paccTosiii of npoguas
OHa NpOMAET, KaK NOKA3HBAET ONMMT, CKBO3h TOBEPXHOCTH CHABHOO
Paspina, a saten J0GEXHT MPANOMMNCAHO 10 MpoduIs B Touke M, ero
TlepecescHis ¢ OChi0 CHMMETPHI C TeM, 4TOGH MOCAE STOTO HavaTh JBH-
TATHCA O KpHBOMNEAHOR TPaEKTOpHH, OTHGas npodias. Haflxew aasacnie
® Touke My, ECAN HE YHECTh NOABACHNA NEPed CTEHKOM CHABHOTO pas-
pHBa, T0 xaBeine b My CACA0BAI0 GH PACCUNTATH IPOCTO MO YPABHENHIO
Bepuyaau, nosaran s 1és v=0. Peiell nepsuil 00parha pHmManue Ha
NOBACHHE MOGEPXHOCTH pAIPHBA M HA CHSGAHHOE C WHM MIMEHEHHE
aannenust 8 M,. UtoGu Zars Qopuyay Pedcs, MpeanoaoxuM, 4To ras
nweTes ¢ nanncumeN p, o n
TOCTOSHHOA CKOPOCTLIO Ty, [IpH STOM

a—1

SFT% T2

Tiyers
e, > a4

OGpasyeTcst NOBEPXHOCTs PA3PHEA, NPUUEM
P_=Pp PSP Uy =0
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Haflxéw cnepea p,; nosaran b (7.15) cosp== I, moayum
2 =1

PR T T
o ypastesmo Bepnyan (3.10) uoxwo Hanncaro:

(14.29)

e p,— AaBaenne B M, MPH HAZHUHH CHABHOTO Da3puBa, HO TO (8.9)
2—1 (v \2 1
127t (o) =Ta
1 EEaury 2
T

(L*)'. (14.30)

ay

TaK uTo .

+1
2% p,’
W MH MoweM mepemicars (14.19) caexyioun oGpasos:

(%) :(%) {1+”T_l[u-|+(x+l)2]}. (14.31)

KouGunnpya (14.29) n (14.31), MM MOKEM COCTaBHTS OTHOWeHHE Py/p,
109 PasMMUKBIX BeANUNH Vs a.

3nect pusesens 118 cpasicrs oo TaGuue: TaGauua A 1aét py/p,
paspuba, Tabanua B
HaET py/p, no ypannenmo Bepuyaau, T.e. TaK, Kak ecau Gkl MOBEPXHOCTL
PaspuBa oTcyrcTeopasa. PAIOM C Ur/a, M NOMeWaeM BCiody G0dee
TIOKA32TeAbHYI0 BeAHUHHY Ug,/dy.

1
+

189 | 7,80 | 364 | 1491

Tabauna A Ta6anua B
2 | 3| 4 \ xn ] 12 )38 4
i o |
163 1.96‘2.1: b J 1| 163 19 | 213
4

]
RN \ 119 5,32[ 12,4[ 217 P2
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Ha puc. 41 naoGpakens ase xpupsie (I mo aaxony Peses, Il no ypas-
Hewmo Bepryanm) o dynkuusx ot wicaa Maxa v,/a, Haberaouwero no-
7Toka. Jl1n GOTbIIMX SHAYEHWA U,/a; M MOEM BOCTIOAL30BaTeCH MpH-

R AKERHOR POPMY IO, NONaras BMECTO

% (14.19)
o Peo(LeY 2y
P Ve ) e T
n npuimuas swecto (14.20)
]
V. ﬁMQ{l (""”
P peg s

n 1 (o, \F( G )\
~ 5 () (ST
Gopuyas (1430)  (1431) cym
4 opuyan Penes.
Buaunteasio  Gombue  iaysenst

BCETO HYKHO YNOMSIHYTs 31Ch TOUHYI0

TeOpHIO CTPYH CIKMMaEMOll KUAKOCTH,

nputaLteRaltylo Hanawruny;  Koka-

Prc. 41. 3aHbl TaKKe TeOPEMM CYILECTBOBANHSA

(@pauean Keansiu, Xpucrnanosis);

MeTon pacuéron (XpucTHa-

Fomma, Flexpacos n Ap) n Aans MpAGIMPAINE OLCHKH BAYSNAR CHit-

MaeMoCTH (Hanpumep, Teopesa [panaran — Laayspra (oM. § 29)). Npewae

HeM NEPEXOHTE K HIYHEHHO ABWAEHHS MDH J03BYKOBHX CKOPOCTAX,

OCTaHOBMMCH W€ HeCKOJbKO Ha WCCAeLOBAHHH BHXPEBOTO ABMAEHHS

W AANHM NDHEM NOCTPOCHMS DA3IUUHBX KAACCOB BHXPEBLX IBikenud
KaK € 10, Tak H CO CHEPX3BYKOBHIMH CKOPOCTAMH.

§ 15. ®yukuus y. Mpusepsi. Tounse pemenns. Eciu iswene
Geapiixpenoe, TO CHCTeMa syX ypapHeHid B WACTHHX NpOM3BOL-
nux (9.5), (9.3) MepBOrO NOpAIKa ¢ ABYMA QYHKUMAMH U, W U, MOKCT
GuiTh daMcHela OZHKM Ypaseniex BTOPOrO NOPRAKA € OAHOR (yHKLHeA.
B caMom Zee, mpw 2=0 cyuectayer norenuwan cxopocred ®, Tax
uro

EY

o »

Berapasn ero 5 (9.3), M noayunM Wawe ypapHenie:
[(4+ l)(af —_ il’i) —(r— l)fll:] @, — A(Ilk'l-‘y@"%'

+ e 1)(03-@5);(;-1)@11 by,

as.1)
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savensiolee, B CAYYae CHUMAEMOTO Ta3a, ypasientie
DO+ Dy,

HMEIOLIEE MECTO /A HECKMMAeMOR JKMAKOCTH.

Paccuorpu, otiako, ofuwmA Cayua, KOTAa ABWKeHHe BHXEBOE,
m.e. @4 0. dynkuus O alech HE CYWECTRYET, OLMAKO Mbi MOMEM
BBECTH HEKOTOPYIO HOBYIO YHKLNIO M NOCTPONTL 178 He€ CAMHCTBEHHOE
ypaBHEHHE B UACTHHIX NPONSBOIHMX 2-TO MOPAAKA, AMHEAHOE MO OTHO-
1Uenkio KO BTOPWM NPOSBOMILIN W pelligiouee BUXPeDYlo 3atauy. YTobu
MOCTPOUTL STY QYHKUHIO, Mepefil€m CepBa OT HE3aBHCHMBIX MEPeMEH-
HHX X M Y K TepesemnsM £ o Y, Dle ¢ (¥, ¥) ecTo BoeASuas e
QyuKuna Toka [$(x, y)= const. — ypasiense awnui ToKal, 3 i= x.
Mb uMeeM, KpoMe ypavuienus Bephyai:

2 4u? =
R A (152

W yeaoRis axnaGaTHANOCTH
Y@ (15.3)
01HO 3 ypasHenutt

v W o, = (154
v, -
0, o o, S o (15.5)
W onperesene §:
oy 0!
o=, - (15.6)

Bauely MepeMCHNUX OYeMb AETKO CIEAATh, €CAM HAMHCATH Chepa
no (15.6):

a &
dp=-GLax 4 St dy=— o, ax+ o dy a5.7)
W 3atew, samenns X Ha &
dx =ds, (15.8)
pewnts (15.7) oHockTemsHo dy:
dy= ’dﬂ-; ay. (15.9)

Mu Moxes Teneph Hamicats:

dy v,
= (15.10)
dy 1

92—, 15.11]
oy PUx as.1n
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VA06HO sateM nepefiti k mepemeniuiy § u § B (15.5). Moayun:
v, 0y a4 &
u( %ty ax)+”yT,H4‘?7.y‘—' (15.12)
3axensn v, u v, (He BXOLAWMe MO 3uAKM Auddepeniunaios) no (15.6)
W NPOMIBOLA COKPAILEHNA, TOAYYHM OKOHHATEALHO MPOCTYIO GOPMYAY
01 op

= (15.13)

Temeps Mt NOXEM JETKO NOCTPONTH To CIWHCTBEHOE ypasHeHHe,
0 xoropow wi rosopnan. Ms (15.13) saxaouaew o cymecrsosami
Gymcnun 3, §) Taol, uto

p:%‘—; v,=—%k. (15.14)
Vpaserte (15.10) MOXET GuTo Teneps HamiCauo, €can MPHHATS B pa-
coer, 410 V2 02 =17, & aite
%‘, (15.15)

e 17 CAeAyer BLpIINTS DO ypamenmo BepuyaIs M A OCHOBUMM
(15.14), & bige:

(15.16)

Vpasuenne (15.11) Mokuo npeacrasuts, ucnoabays (15.3) u (15.14),
B Bie:

L \-ik
% ‘/-,,g_<%) D(':Tﬁ) . (15.17)

Mpasas wacts ypasucwntt (15.15) u (15.17) we conepwut dymuwmn y;
TMepeKPECTHLIM AHDPEPEHLUPOBANNEM Mbl HCKTOUMM TAKitM OOPasoM y
W TOAYUMM OIHO YPABHCHHE A7 ONPEACTCHAA BYHKIAH 7, ypasHeHHe,
0 KOTOPOM Ml yNOMMHATH BhuIe:

y ol =1,
Pyt 200t e e (xi—vﬂ—kxﬁxE : )x{<=

=XW(‘; - & e ) (15.18)

My cunmaem bcersa § m I sazannmn (ynkuasMn $. Onpeseans uz
ypaonenun (15.18) Gyniunio y (5 4). M MOXeM 3aTeM, NYTEM IPOCTHX
kvaxparyp, matn y (5. 4) u3 ypasiennt (15.15), (15.17). Junuu Toka
B NAOCKOCTH (¥, ) GYAYT TakiM 0GPAsOM HAAZEHH: AOCTATONHO NOAOKHTS
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B Gywxumn Y=y G §). onst. KownowenTsl ckopoctell v, 1 v,
W aamnenwe p wamaytes wa (15.16) u (15.14) kak dynxuwn € u § W,
NIOCKOAbKY HAM WIBCCTHE THIHH TOKA, 7ICTKO MOTYT GWTb MOAYYeHM Kak
GynKumn OT X M y. 301843 O AEWKCHWN GYIeT pelena.

KatecTne TpMCps s mpyMenenie. Gy 1 NEAAEN Sce TsKels,
Npit KOTOPHIX A4BAEHHE COXPAHACTCA BAOABL MitHiW TOKA (cM. § 6). 3xe

P=p@),
. e no (15.14)
o
=r@
w, anasn,
1ED=PWE+q)
raeq ¥)~llennecwn‘ TaK e, Buposey, Kak p (), dynkuus 4. Teneps (15.15)
3 (15.17) npryyT Bay
oy pitg . 0y i
e H T . (1519
E T Va—geror % vesoeror O

dpjdy, g’ =dgldy, a v* wa ockosamnn (15.16), sasucur awws ot 4.
[peAnonoRIN cnepa, 410
P'#0,

uTo japienme pasimuHo Wa pasHwx ammmax Toka. Mepsoe 13 ypasie-
ik (13.19) irerpupyerca u Aséts

v X K
—_— ) .20)
1/‘,,, (E+,,,) +5@) (1520
rae s (§) — ] (15.20) no ¢ u cpas-
WHBaR TIOAYNEHNOE BLAPAXeNHE CO nopuu w3 (15.19), nozyum:
1 1 a g\4. q
5 ———— —2
T [aw" (+p>d«p]

Ho mepewenan ¢ pROINT cota aaw opaoN; OYEBIANO, SO mTICaIOS
PaseiicToo OyaeT WMeTh Mecto awm, ecn

ds

o

4 g
dy P’

s=const, g’/p’ = const., npn stom werupe dymkumn & v(§). P(§).
’n(g)v s Gyiyt Comsanss Aoy coorwomentai ypasuemne Depryaid

e =2t

K
a4y p’
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aunun Ke Toka, cornacwo (15.20), GyayT uvers mua (3= x):

(y + const)? + (x + const)? = ;’

B‘m—c:u:ncua KPYTOB ¢ OGUINM LEHTPOM.
JaBAeHHe ONMHAKOBO BO BCEM mpocTpancTse. Beaenctsie
nepuoro 13 ypluuenwﬁ (15.19):

TI03TOMY R0AKHO O T

@ Vo—g® o Va—g®

i cemelierno anmil 10ka Gyter cewellcTHON MapAIEALHIX MpANLX:
y = const. x +5 ().

B KatecTie 5T0pOr MpHNEP PACCHOTPM GessHxpex0e AsHeHIE ¢

= const.,

d=const, o= const.

Blech BenMuMEA CKOPOCTH © BHPAKAETEA MO ypaBhenwo Dephyaan uepes
0 p:

(15.21)

Nomuraenca HaiiTn Bce Te ABMKeHNs, B KOTOPHX TaKKE I HANPaBaeHie cKo-
PoCTH (yroa Waxaowa eé f) 3aBucHT AMmb OT famaeHus: = 3(p), T2k 410
Up=vcos 3= v, (p) vy raa

av, op
T Ee

H N UOAYYAEN, HHTErDUPYR STO ypaBHEHHe:
pA

ay 3

duy 52
e f=pmv A (1522)

ap

rae fi(p)— uensmectnas ¢ymxums o1 p. YI06HO iadee BBECTH B KauecTse
nepexenntix BMecTo & u § Beanunni p 1 §=4. Toraa

(15.23)

v
f=x = T

W W wOxeM namicats
oy 9y dv, oy 9y 9y (dvy

9 ox dp oy’ op ox

\V+/x)
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Berasiw cioxa Oy/x = 0y[0% k3 (15.15), a 0y/0Y us (15.17); Tax kax w3 (15.14):
3
=t
0 noayamy:
9y
a3 Vi—

dvv = _
T ‘/,,2_"2
oy @,
= ()
Mepnoe w3 31ix ypasienni wrerpupyerca n xaér

I ALY 526

rie f,—npowssoabian Gymkuus p. Betasasa s1o y o Bropoe ypamede,
BN, 9TO 237 BOSMOKHOCTH JBIKEHHA nuﬁpnum)ro HAMK THRA JOAKHO OHTH

o ,,,,: +"y ,,p‘ =0 (15.25)
df, vy df; «tf
d; - ',i L =g ! (15.26)

Vpasneane (1525) novasuaer, uto canse mexay E P e Mower Guts npo-
u3soabioR; ypasncuwe (I5.06) M MCHOAb3YeM TPH YCTAHOBAEHAH KpaeBux
yeaosui. O6pamasc k (15.25), 3ameacw, T

" . T
et oy = () + () )= —of =

(0%)" — (v cos B — v/sin §3') — (v" sin B + v cos B§')? = vo” — 05",

Ho roraa (1525) naér:
(1527)

C apyroit cropos, neaexcrane (15.21),

1
P
]

11 — 2%
om0 T g gy
ap? g T d

2

o).

TAe @ —nO-NPEKHEMY CKOPOCTL 3nyka. Takw 0Gpasow, (15.27) npuyer Bux:
43\ yp ¥ (ur
(@) =% ()
Tima

s apwkenni
UI06H BHpaeHHE B CKOOKE B MPABOR HACTH GMAO NOIOKHIEASHO, T. €. 4TO0M




12 TEOPETUYECKME OCHOBH TA30BOR IHHAMHKH a1

61410 © > a. Takim 06pasom, OTHCKHBAENOE HAMH IBHAKENHE BOIMOKHO TOILKO
DIDH CBEPASBYKOBHX CKOPOCTAX. 3
43 d3 dv d3 sp~i
ap = v dp W

(1528)

Ho 12 opuyaa s oot comnagser ¢ gopuyaoh (103, tavmei cossh
Neway § 1 v Bioaw + 2ou-
KeHus Bynyw 1akmﬂ1 uTO OO 13 coumamewﬁ

)8 = const.

He TOMLKO BROAL HO M BO Beeii oSaacTn ABH-

e

e ynomunaau [ § 11 (11.4)), ATT0 05k HoTyT GuTh Rauw pemenus

B sawkHyTOM Bune. 3T peweina Mu cefaac # noaywan. Obpailiancs K onpe-

Sereno 1, fy TpHBICHEN KoNTypHe yeaoBus. TTpEATOIOMIN, 70 Pedb HACT
06 ofTexaHun KOHTYpa

y=F(), (15.29)

rae F—sazannan rpvnxum or x. 3auerum, 4T0 (1523) . (1524) mpn §— conat.
i

My i oGrexacuon xonrype 3 0. Torts, screacrone (1529, s03to 6urs

L) =F ). (15.30)
Ho no (15.26)
dfy dF _ df,
a5 = a5 ap =8RG,
caezonarensio,
dF
@ =1gf. (1531)

Ypneneme (1531), peméiHoe_oTHOCHTEARHO f,, H AGCT f, B Gynkuu 8, T. .
asncune (15.30) 1act satex f, (p). 3a1ava GyAer pemiena. OTMETHN,

o no (1621 w (1528
dv, _ dvcos _ dv g 4B
G =T = s B —using g2

sp~i sin Bop~ 1/
=— cospro Tl —) 2o
e
a-1
dug “p __wsina o
T = " wpema M EFH=——p—sin(FE) 1532
i anazornuno
dv, vsina
- cos (2 ¥ 8),

ap
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ﬁdamg(l/-g

Taki o6pason MoxHo sanucats (15.23) n (1524) & muze:

npuién no (10.5)

lga) + const. (15.33)

x=5 2% s @3 HEHS (D)
(1534
y= Lsin 23 ) T+ (p)-
TMpu npakuueckom mcnossosasnu dopuya (1534) Hazo BCMOMHHTS, ¥TO U
sina canaaust cooTHomennem (9.22) (ypam«enun Bephyaau)
v\
)

W 410 p  sina consay, peaexcrame (.10) u (15.35), cooruouenex
p (21 a1\ 21
'FJ‘( 7 sm’n+l) ( 2 ) TFT

Torxa (15.34) mpustyT Bitx:

. o

a, (24+1\iT T

()

4, (rA41\TT e

ST (+E

Tak, wanpivep, upn orexamk yraa (sataua, peménnas s § 12) b aomKin
noa0NHTS

x

cos @5 H)T+£1(p)

1
Feg)? =T s nT+40)

= fp=0.
Toraa Gyaer fimty
L=tgh=ga+p).

Te

b=atf

azee Gyner

Pexifyia

w, peaeactsme (1533), sooas 6, no gopuyae (12.4), oy cpasy

r=r cosl/- +‘n “'.

rre

ro=

o (5

8 Teoperueckas ruapomexawnka, u. 11
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§ 16. Jossykosse ckopoctH. Teopus Yanawrmwa. Ilpnwmept.
Mepexons k <o scoay cKo-
POCTAMH, MH HAUHEM C TOUHMX pElICHWA, MOAYYACMEX B SBHOM Bille.
Sty peuwenns GHIN 13k B 3aMeuaTeabmx paborax Yanawrmsa, corep-
auwix oGoGutenMs Teopuit cTpyH Knpxroda — JKyKosckoro wa cayuat
Ge3BHXPEBOTO ABIKEHUS CKIMAEMON KIAKOCTH.

Mieen Gesninxpesoe Asitienie  Gepe ypannesite Bepryaan o bie:

p=p(1— )" (16.1)

B
Fle o= const. BcaeacTBHe oTcyTCTBUS BUXpen. B dopuyae (6.5) muwen
PoY BMECTO § (WHas WyMepawAs TuHHK TOKZ)

(16.2)

(16.3)
OCTaBUM @ W § B KAuecTBe WCKOMBIX GYHKUMA, HO BBEIEM B KauecTse
HAIBHCHMBX TICPEMEHHLLX BMCCTO KOOPIMHIT X W y BeAHMMHY CKo-
POCTH © W yrOA HAK/OKZ B CKOPOCTH MO OTHOUEHHO K OCH OX. B 570M
It 3aKAONaETCR NPeOGpazOBatie Yananrika.
Tpewane BCero mueen:

v, =vcosd, v, =vsind. (16.4)

To (16.4), (16.3), (16.2) Gyzew mvers:

do=2 ax 4 ‘;; dy=wv(cosf dx -+ sin dy),

I3 . (16.5)
ay=Stax +T$dy:%u(A sinB dx + cosp dy).
Pewan STH YaBHEHNA OTHOCHTEALHO dX 1 dy, MOAYdMM:
ax=1 cosfde— L2 sinfay,
' (16.6)
dy.—;smﬂdy«{» cosBdy.
10 anaw, wro
=Leosp Pt gnp 2
(16.7)

1

v

1 )

v cosp??—— sing 9% da
1

;smp +L°cnsp;7,
1
v

e sle gy ofs

) 2
5|ngﬁ-+wcospT§.
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HaM OCTarcA TOTLKO HCKIOUNTS X W y MYTeM Mepekpectioro audde-
penumposanus ypasuenwil, Bxorsuwx s (16.7) cooraercraento. Msi mo-
aysnw cnepaa (pofp no (16.1) 3asucur muwn or v):
cos o
L SR (Fo)
w
)
)
VauoXan nepuoe W3 STAX ypabienuhi Ha -smﬂ B10poe Ha cos§ n

Cxaaaupan, noayi
d (w), 0%
W(P—v)- . (16.8)
Vhuowas nepooe 3 nawmx ypasenn #a cosB, vTopoe wa sing n cxaa-
auBas, noryu:

1oy
v o

v ';“ gz (16.9)

PRI A Y PRl
dv v dv P

wan, TaK kak no (8.9)

o

L}

i (16.10)
Haxoneu, soestm pyecre ¢ C. A. Yanimruuuy BMeCTO ¥ Beawumiy =
(6.11)
Myt Toaywm okomuaTe Koz
.a; =2 (l—x)~
gl (16.12)
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W 0RO ypaBHenHe 1A%

241

9 T 9 o =l
- [21(1—1} F| ey = T =0 1613
Vpasnenns (16.12) u (16.13) pewaior BONPOC O ABMAeHUM rasa, ecrn
13BECTHA O61ACT MEPEMENHHIX <, B, OTHCUANUIAR STOMY ABHAEIMO, €Cail
a0 § wa rpawiiax STOR 06MACTH, ecan peate BHYTPH 0GAACTH %, B.
KOHeUHa, OAHOGHAIN W

o<v<a, (16.14)
 TOKO B OTACTLWHX TOUKAX KOHTYpA OGAGCTH MOXeT OHTb <=0 nin
=Xzl 0 na Bi1a GyHK-

U . YAOBIETIOPAIOLEN yKaIMHUN YCAOBAN. TIpHNEHINN SoKasaTes~
€80 01 mpoTsHOTO: mycT ecro s @yunuuu 4 1 {4, yroszetsopsio-

uto 0. dynkuns gy =4 —dy
B nanol o6aacti (s, p) Koleuna, usnpepusua, YAOBAETBODSET ypante-
wnsw (16.13) u obpamaetca B Hys> wa Koutype. Yumowus (16.13)
Wa §yd=d} W MpORNTErpHpYeM N Bee Hawmed oGaacth (<, B). OGosuauas
PE3YILTAT WHTerpHpOBAHMS uepes [, moayuuM Ges Tpyaa

,ffm{ﬁaﬂf‘%‘(%)z‘*
eSS S (%)’}MH

%%dﬁﬁ—

cre0 e
BOMHOTO WHTErpaa, a MPU BHCKA3ANHLX BLUIE YCAOBMAX NOAHHTErpais-
Has GYNKUNA B STOM WHTerpae He MOXeT GuTb OTpUUaTEAbHOR. SicHo,
47O HAXO NPMHATL STY NOAMNTErpAILHYI0 BYHKUWO PasOfl HYaIO, Tax
4To BHYTPH OGACTH 6)’ne1~ Beste

B patore c A. Uanmurma noxzwsactcs, wa ocosani (16.14)
4TO M g i, PACCMATHBAEMHE KAK (YHKUMI KOODAMHAT X, Y, HE WMeioT
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B OGNACTH TEYeHHT HH MAKCHMYMa, NI MUHMMYM3; 7azee QOKA3HBAETCH
¢ nowowsio (16.10) u (16.11), w70 B kak dynkuwis of o # § He umeer
0).

Siaaennic Hakonew, 15 (16.19) SaKAIONIEN © HEOGMORHOCT CYIECTROS
BaniA MAKCHMYMA WA MHHINYMA QYHKUAH ¢ W § O < i

Tocae TOTO Kak GYHKIUMA , @ 32 Hell o OMpEAEAes, OCTAETCH elE
1IOKa3ATH, UTO STH QYHKUWM ACHCTBNTEAGHO MPEICTABAMOT BYRKUMIO
TOKA W MOTEHUMAA CKOPOCTeHl, T. €. HAZO NOKA3ATh, 4TO OPMYAH AAR

on Ias
STOr0 ROCTATOWHO TNOKA3aTh, uTo skoGman D (x, y)/D(z, B) e obpa-
1i4eTCA B HYab BHYTPH 00aacTH (%, E); PACCUNTAEM STOT Onpeeautens:
Dxy) __Dxy) D)
DEH T DY DEH
Ho na ocxosanmn (16.6), (16.7) u (16.1):

D(ry) _ (1—7) *Ta-1

D@ d) a w1’
w na ocHosaniu (16.12)

‘*'} 20, 1. e v<a, o

pasenctao
D (x, y) -

BOIMOKNO A, npi cﬁpamemm B Hyab ofenx npowssoNX Y0
" awox ummspenenno 310 MOKET OMTh AWML B HCKAOUHTEALHMX
cay:

Oépa‘l‘mlcw K 3ataue o cTpysx. ByAem paccMaTpiBaTh Teuenis rasa,
NPerpaKATHHEIC NIOCKiMM CTEHKaMH, C KPAEs KOTOPHX ra3 CPHBAETCH,
obrexast saTeM 0GaacTn nncwsmm)m aasaenus. Bylem WckaTh yacTHoe
peutenue ypanienis (16.13) o

4=z, <=> sm(w +a),

Te 2, () — dYHKUNA OIHOTO <, a n W @, — MOCTORHIHE,
Jlas onpexeacuns z, moayuaew ypanenne

T n%,=0 (16.15)



18 TEOPETHUECKHME OCHOBH FA30BOR JUIHAMHKM [le it

wan
- 4:,, +1(1+ 7—41) dz,

Tonowun Teneps:

MU TOAYMIN 278 OMpelecHis Y, ypasHeHic:

Ay

e +[2n+| +(‘71 A?nAl)x]
+ n(in-{;l) -

t(l—

(16.16)
310 ecTh WaBECTHOE YpABHEHWE 1AA THNepreoMeTpyeckoro paza. Co-
TR YSPAKTEPICTINECKOE YPIBHEIe 138 MOKANTEM § B obaacti
Touk <=0,

pe—D+@n+De

B=0; p=—2n.

Coxpansis T0 pewenne 147 §, KOTOPOE OCTAETCH KOHeWHBM MpH T
(1. . Gepa p,=0), Mu Gyxem WMeTs, 10AbIyACH 0Go3navenses laycca:

Ya()=F(az by 20+ 1; 7), (16.17)
n@rt1)
=1

a,+b,

TIOCHOTPIG Terleph, KaKie U3 3134 YKA3AHHOTO BHIIE THNA MOTYT GuTh.
pewenl npi nowotiur ik

$=A+ B3+ X B,z, () sin (2n8 +3,),
rae n mpoGeraeT CYETHYIO NOCIEAOBATEILHOCTH BO3PACTAIOMIAX MOAOKH-
", CTOSHE

Teavux awasenntt, A, B, B, , se.
Tak KaK ral0Ban CTPYA OrpAMIYCHA AMNAMI TOKL, TO BIOTH KOH-

OTBedaeT NIOCKOM CTeHKe, TO BIOJb Hed B == CONSt.; eCAM e Peub HAET
0 CBOGOAHOH MOBEPXHOCTH, TO TaM GyieT p,==const. 4 MO ypasiie-
Hitio Bepiyam ©= v, = const., a sHasuT, u

o

il
pE=

= const.

Cpasiun Tenep Hawmy 3anavy C 3a1a4efl O TeYEHHH IECKUMAEMOR KHA-
KOCTH NPH TeX e FPAHHYHEX YCIAOBMAX, T. €. NPH TOM e DACHOAO-
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KeHHM CTEHOK, TIH Tex e CKOPOCTAX B GECKOHCWHOCTH W MpW TeX e
CKOPOCTAX Ha rpamuie CTPYH. 3a1aua 0 CTPYAHOM TeYeHHN HeCKiMae-
MOM uAKOCTH Gwra pewena N0 Meroay Jykosckoro  wactd L. Cre-
4yA STOMY METOZY, HZACH CBASb MEX1Y MepeMeHHHMH

1:;{,‘--;-1@:1"‘/x 4B

=0+ W,

rre ® w W — noTewuua CKOPOCTSH W PYHKUM TOKA B COOTAETCTBYIO-
lteR 3a1aE O MeCKHMACHOR KHAKOCTH. ITyCTo Mt Noaysiaw

+:5); (16.18)

NPEATIOMONKIN, WTO f MOWCT GHTb paIOKeHa B PRl muia:

e afnl) )+ 4+ B o

(rae K. B, K, — noctommiisie), Tax 4ro
YA+ B+ X B, () sm@pta) (619

rae A, B,—mexne nocrosmuse. Hawa 3a1asa o Teuewdu rasa paspe-
wiTes Toraa popuyott:

p=at B+ Y, 8,( )

rae y,(5) ecTe rHRepreOMeTpiueCKih PiL (IG 17), 1=y, ) h—
noctositiie, a A, B, B, WMeNOT Kak a3 Te HIGeHIIR, KOTOpHE BXOIAT
8 (16.19), B cauou xett, npn <=, mpuswe sacru (16.19) u (16.20)
cosnanaior, — snasnt, ecan Gito W= con: 10 Gyzer
= const. npn . lanee, ecan npn oGy anascnn 3=8,

Gynunn, onpexcasewia (10.19), He 300HCHT 07 =, T0 570 Oyact Ame
ecn sin(2n8y+a,)—=0 npn acakow n, yuactsyioiweM B cymne. Ho
TOraa W npavan vacts (16.20) GyAeT nocToswwa mpu TOM e . Takiw
6pagoM, § 3 (16.20) GyieT YIOBATSOPATH TPAHINKEM YCAOBUAN 3a-
aaun. dopManbho (16.20) yacaaersopser ypasewmwo (16.13). Taxu
06pasoM, ecan pan (16.20) Gyier cxoMTbCA MPH BCAKOM = < ), @ Npn
T==1, GyieT CTPEMHTLCA K Towy e npeaeay, wto W pan (16.19),
npRYEM He TOMBKO pai (16.20), Ko W L, COCTABAEHHHE HOPMATHHO
us (16.20) myTéM ero mounemuoro auddepenunposans mo < w

GYAyT CXOIUTLCH G6COMOTHO M PABHOMEPHO, TO M BUPABE CHUTATS, UTO
“ACTHHE NPOH3BOINNE OY/0T W OY/0F HAXOARTCH nyTéw Au(depeHipo-
sanns pana (16.20) W §TO ¢ GyierT leficTanTenbHO MCKOMOR ymKuHed
Toka; Toraa, Henoabays (16.12) w (16.6), Mur cmoen no uasectHoMy

). (16.20)
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walte g, x W z. 3anava Gyaer pewena. B sacthoctd, no (16.12) neen
ans d:

L1} % gee
hdg=hgE dp ) Ghdv=

=121 —9 T Hgg

=Xla—y

41

Bavenss arewu, crosuune npu d oa akow . npu nowotu (16.15)
W BHNOHAA MHTErpHPOBAHHE, NOAYUIN Ge3 pr

Ty B, %)" Jox, (Yeos@np+a,). (16.21)

*, "“*‘77:'
JlokazaTenhcTha cxoMOCTH Mank y Hanawrina.

B KauccTae NepsOro npMepa Wa mpuMeenme Metoia Uanawrimua
PACCMOTPIM yAap CTPYW 1432 B RAGCTHAKY, NEPCHANKYAAPHYIO HAUGTb-
HoMy crpyn; p
JeAWTCA NAACTAHKON KA ABe WACTH, NHGEM Aawa AnMNA maacTiukw 20
W TOAWMNA CTPYH Ha GEcKOHEWHOCTH— 26, @ Takike 321aHa CKOPOCTh
Ha rpasuue CTpyH.

B cayue v akocTn
notenunan @ u pynkuna Toka ¥ cnmuu c ln';‘/'u u B dopuyaok
w=d>+l‘«lf=~70’_-!n - ] .22
4 sm’(p—llnf’)
rae Q2 m —Q2 cyms swavennn W Ha pepxHed n HWAHCA BHEmHWX

IpAHMLAX CTPYH COOTRCTCTBHHO, 4 m — Yro1, NOA KOTOPHM Kamaan
W3 NBYX uacTefl CTPYH HAaKOHeHa K ocH X HA GECKOHeWHOCTH [CM.
wacty 1, ragpa wecran, Gopya (17.10)].
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UYrobu pewnte sanaty o crpye rasa, pasiowim (16.22) s paa n
OTAEAWM ero NeHCTBHTEALHYIO W MHHMYIO uacTh. HMeeM cHauana:

Zrw=2msin(3— 1in 2 — st (5 — 110 L) —sint ] =
=2 san(a— i!n%—)—ln{ms?m—cosi({i—tln"—‘:)]+ln2 =

n2 s I p—im IS4 i3 4 im
=21n sin ——— — In sin———— — Insin—"——— .

noayau:

Bsoxs pMecto Gymkuni
- 210 21 G4m
p)—ln[l—e o)

i isem] _

kln[l-z

I I,.m iy g-tn@mi 02

~2n10
A B

(1— cos 2nm) (cos 213 — i sin 2n8).

a(®) g _ N
oy (L —cos2am)sin2nB.  (16.23)

V' axn (g
S (1 —cos 2nm) cos 2n8 (16.24)

L. J. == ml
T=—0-9 ’E‘*

(it B3 C =0, 470 03HavaeT, w0 npn <= == 0 W GepEM He TOAKO

0. wo u g==0). OCTatrca T0mbk0 Onpexenuts 3naveiie wicea Q
BOCTOAL3YENCA 418 TOTO WagecTHRMM Haw Beamamuasi [ n O.
s onpexcaciin Q MPEACTABAN MOTOK KHAKOCTH Sepe3 MpAMYK,
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oci Ox u Ha

ABYNA CNOCOGZMH: BO-TIEPBHX,

().

0
= [ vedy=20vp,
-

BO-BTOPHIX:

£oQ;

o
([ o

5

Taiy 0Bpason,

a1

«caesa»,

(16.25)

YroGu waliTw m, sanumem, wTo Aina maacriwkn ects 2L Tak Tax npi
nepeMellennH BIOAb NAACTHHKH Oyler y==conmst. T. e. dy=0, 70

B0 MAGCTHHKN

9y 9y 9 4o:
= gyt D gy — 9 s
dy =G do+ 5y dp =50 dy
KpOWe TOro, HA nAACTHIKE
pconst. w dy=9% dpt 5t de = Jtan.
Takiy 06pa3oM, BAOIL MAACTHHKI

Ho, Benenctaie (16.6),
9y _ sind

T o
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W, Cl1e10BaTENBHO,

Bocroassosasuiics 210poll K3 Gopuya (16.12) aan spacinus Jgfos
 scrowunan ypaswenne (16.15). Koropouy yaosactsoper 2, =y,.
noayun ans I, scaeactsie (16.23);

M_I/Qw: X

2 D™ 1 —cosm [ 1
T ) n’ Ve

1=

Tl

{7 [1(1—1)’ = ]11'1 (16.26)

B stom ypasennu [ uaw sazano, a Q onperenserca no (16.25). Ta-
KilM 06pa3ON, M MOkeM 3 (16.26) wadT m. OcTanommuca eue wa
BHPAKEHHN CONPOTHBICHHA R NIaCTHHKH. ONEBHANO, 4TO

%(p;) e,

' -
R=2‘uf(ﬂ~p.>dy=2ofl/ ‘“a

Ile p,— NabAcie, OTBENOWEe CKOPOCTH Uy, T. €. ZaBACHE NOSAK
naactiki. Ho no ypaswetmio Bepryaan [dopuyaa (8.10)]:

P=p(1 =0T, py=py(1—)*T,

L atp,. Taxuw oSpasow, Gyzew wmers aan R:

Al Pﬁi 1y cosm
¥ <,

F o ™ 4
Xaf—-l’?_— 7‘[1(1

Mwrerpans, wxozsune 5 (16.26) m (16.27), aerko mmuncamoTCH.
B cawow iee, o6osmauas weonpefetnmsfi witerpar (16.26) uepea

] di—2pl.  (16.27)
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1,(), ween:

Ho screxctome (16.15) nociemwnt saen cnpasa aaer 1/4n21,(s). Ta-
KM 06pasom:
'

L= g (=% {Wz;-r,‘fz,}:

Y=z,
M‘ (16.28)

i
=g =9 T

Uro e Kacaercs HeonpeleaHHOro unterpaa us (16.27), 70 ero MomHo
NpeACTaBUTL B BHIE:

1
f(x =), (di=

== ‘l +Mf"’l =V (16.29)
BaMeuan ewd, wro peaeacTane (16.28)
LO=0 (z="1"y,).
wanuen (16.26) & suze

(—=1)"*! 1—cos2nm
Locgom

! I,(z), (1630

a (16.27) zact puecte ¢ (16.30):

z+l

R=

a1 —

Qg _atlym NV jan 1—cosonm
+ T ,‘_1‘.1,p$(—1) o2 9pyl.

=1
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[epssil W TPETHA 4eHs NpaBOR YACTH COKPAWGIOTCH (M. BHpAXeHHe
1% py). UTO Ke KiCAETCH CYMMM, TO OHA BHUHCARETCA B BWIe

v 41 1— cos 2nm
Xy g
T

Sawenns ;/_“*‘ g

(1 —cosm). (16.31)

o, i serasass Q ua (16.25), noayuaen:

=

)
R:Qpn(l*cosm)q:%po{l —:_;} (1 —cos m)<2.
EEa
—ra
(16.32)
Bannwem ew, wenoavays (16.28) u (16.31),  u3 (16.30) & suae

{g(l —cosm)+

+ Y 0 4 1 — cos2am (1 — . (1633)
T
i A ( Mo,
Jlerko puzets, w10 x, =14 Th == ( T84y )= T2 | flean
(16.31) Ha (16.33), MOAYHHM OKOHYATETbHO
R=2lp0? .2 . (16.34)

8NV, qyer nxal
e B

(1 — cos2nm)

T p, — No-MpexKHeMy MAOTHOCTh MOBALH MARCTHHKH.

Hanowwuw, uro m mpixoantcs onpeaeasts u3 (16.33) nocae Toro,
Kak Q uasectho. B cayuae, KOrAa b==00, T. e. WA MIACTHHKY HaGe-
T9€T NOTOK GeCKOWeWHOM WIPHAH, Mbi NOAYSHM, ONCBHAHO,

m=0.

B Kauecte BTOPOO MpHMEpa PACCMOTPUM HCTEueHH 1a3a W3 Gecko-
HEYHO LMPOKOTO cocyaa. [lyCTh N4BAGHHE BO BHEIIMEN MPOCTPAHCTBE
€CTh p,, MaBMeHHe BHYTPH COCYAA, HA GECKOHEMHOCTH, TaM, Tie CKO-
pocts ©=0, ecty py. [IycTs py> py. OGO3HAUMM LIMPHHY OTBEPCTHA
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BB’ (puc. 42) uepes 26, @ yrod, KOTOpHH COCTABISIOT CTEHKH C OCHiO

Ox.—vepes gn/2 (Npn g=1 MOAYHHM HCTeuenHe W3 COCYA3, ¥ KO-

TOPOro CTeHKH cAYKAT OIHa apyrofl). Jlas

el 3azaun B HECKNMACMON KOUIKOCTH Mu Oyaew uMers (oM. u. I,

Ccrp. 321 u Aance; MM DUMEHSEM DACCMOTPCIHYI TAM MYMEPALHO fit-
Huf ToKa):

W= W=

p—im 2
=2 |n[lsm (——"-
= 7

(16.35)
Tipn stoM, Kkoraa B==0, wu nveex
Ccnpasa NeACTBHTEALHYIO BEAWUNHY, T. e
W==0 (ocb Ox —cepemuna crpym).
Ecau B=rg/2 (npsvas AB), noayums
Puc. 42, V==— Q/2; 10 xe suavenne ¥ Oyzer
Ha nuHed rpanue BC crpyn (v/v =1,
8> 0). Ecan we B = — 7g/2, 10 ¥ = Q/2 (crenka A'B’),  ecan § <0,

v v, (epxunn vacts B'C’ ctpyw), 1o Toxe Gyser ¥ = Q2.

Ml MOKeM NDeACTABHTS @ B Biie

D -va(3-itn 2)

va(3-itn 3
Lt

W= —

:
:7£{l%+%ln%~ln2+ln[l — e-20-tlanyw ]} (16.36)

Pasnaran & pax In, noaysm:

g@+m=

—n2 (ln ﬂ+zs) 5}

Tak w0, ecan vjy, = (57", 10

( (cos%"p—isin%"ﬁ).

=\_

Pa1 10T — abcomoTHO cxommucH, i, npusenss gopmyay (16.20),
TOAYNHM AR PYHKUMHM TOKA ¢, Onpeleisiolued HCTedeHue CRUMaeMOR
WIAKOCTH U3 TOTO Ke COCYAA if MK TOH e CKOPOCTH Ha CTpye:

g 2n
3 (@) 2 T
A Y q

(16.37)
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Torenuuan cxopocte no (16.21) sanmwercs s suze (B=— 1/g):

¢ D 7 g

Se=C-

N Sng 23
S-cos ==, (16.38)
) T g (16.38)

Ocraétes Tombko onperenuth Q. UToGM caerams sTo, HaMaEM, Kak
MeHAeTCA y BAOAb CTPyd. Ompeleany cmepsa BoOOUIe y Kak (pyRKUNO
or © 10 f. Jlas 5TOr0 ammuley pupakenne 13 0y/03. Mees:
Oy _ 0y 0y, 0y 04
03 0y 03 0y 93 °

;‘Tw:n—-r)x-

Taxuu oGpaso,
v” =singg¢ +tos§ﬁ(‘(l—t)‘ T

Bocnomsaoasusics (16.37) u (16.38), M noaysm:

e
Y2 [ sine 2 sing—+cos 22 cosf] —
Vg1 L 7

.
~%cosp(l—!)"ﬁ4

TV He

=C@— )'""_y."i‘. [xn [sin 22 sng a3+
e |

q

+/cos¥ cos?dﬂ]f%sinp(l—t)" =
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tae C(x)— nponssosbias dyakwin or <« Tak Kak mpu B=0 wal
JOMKHH nOAYHHTL y =0, TO CleAyeT cunTaTh

cE=0.
Broas amnn Toxa T=1, (rpanmia cTpyn) nwees ):

]/ +1 {—'/fsingixﬂ(zl)sin%'}dﬂ—
F]

8 @ -
SN o 208 =<
— [ cos cos =~ df p — ————sinf.
[ cosp Y cos 2 a} P 5
P
Bropoft W3 WHTETpatoB, CTOTILAX cnpasa, AerKo BHNNCAZCTCA. B caMow
ZeAe, TAK KAK N0 3BECTHO TeOpeMe TPHFOHOMETPHH
sin @m 1) &

;1 q
s E =g | — 1.
2 2 sin

q

it MoeM HaniicaTs:
cosp cos f‘ap‘nml :csﬁ
2

tim f""'“dx

s> g

av)y—f(l

o 2mEL

8
—1]ag.

z
T

NHUEM 3HAK TAOC HAAO OPaTh, KOTAa y>> 0,  IMAK MMHYC, — KOrAa
0.

y<o0.
Hrax,

fcos;i)‘cos 28 gy = b (—sing g
Taxum o6pason, B107b rpanMLL CTPYH

f =1
3V
npuuEn ~«/2 Gyler ans mikieR TpaHMUB (;i>0) M %/2— 478 Bepx~
wefl (8 < 0)

_2 smp\ x,,smiaa -

Lot —x

¥y

) ToapoGhocTs o cxoausocTH paton cu. B pabote C. A. Uanawrima.



§ 1 NI03BYKOBEIE CKOPOCTH. TEOPHA GATUILITHHA, MPHMEPL! 129

B 7ouke B Gyzer
=
E=359
» rouke B

p=—7%0

Taxny 06pazow, M noaywmy cossh Mexay Q n b b suze:

2y -

9

%}‘ % [ sing sin 2 g =
=

S A N

T

=

Mbi pepHEMCA K HecHKUMAEMON KIAKOCTH, MOAAran

=0, x>l 1 —x—> 1 Tax kak

n ¢ s
sin (2m 4 1) = 4 cos =
§ sin ?Zﬁ 8 g,

o
o s
z_fsmpsm?;‘i B
&

5 8 ]
sin (2m -1
q 1 i B g —
‘454_5[ sinpeig Lo =
i

2sin S
q

.
=t fone
:

s
LR
_ ¢47+7J smﬂc(gg—dp,
I
npuuts  BepXuul 3MaK Haio Gpatw npn >0 m wwkaud npu § <O,
Teneps noayumy

w2
2 2
—Zﬂb:vlﬁ——q-uf slnﬁctg%dp,

wo cosnanaer ¢ GopuyaoRt (17.6) w. 1, ra. VI; nato anws, B coraa-
CHH C npUUATHM TaM OGOSHANCHMM, SAMGHNTH U, Ha ¢, a 7¢/2 Ha &

ma, 5. 11

9 Teoperuneckan mmapovex
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()np!AEJIHu CINE «CKATHE CTPYH> B CKHMAEMOR KNIKOCTH.

K W B OKWAKOCTH HECKHMMAeMOM, MAKCHMATbHOE CIATHE
6yneT HMeTb MecTo B GeCKOHeYHO YIaiEHHOW yacTh CTpyW (WHaue CKO-
POCTH MOAYSAS Gb MGKCHMATHHOE SHAYEHHE TAe-HHOYb BHYTDH CTPYH).
Ecam wipuia GecKoHewHo yaatnuoR wacTi cTpyn 6yaer b, 7

Wl/ e
W oMH Gyzen myers
b i

1S g qE(-l)"xn(,) 4,,, —

Hyxwo nomints, 4t Humowesia, © KOTOPUX Uit ronoph 8 stou naps.
rpage, B UACTHOCTH, B nawef
aanaue o crpye, Saxcmmanime CKOPOCTH He JOAKHH NPEBOCXOINTH
CKOPOCTL 3BYKS, T. €. LOMKHO OMTh

v <a,
4TO SKBUBATEHTHO YCIODIIO

k=)

B ONHOM N3 CAEIVIOUIX Naparpagos Mid PaccNOTPIN o6paTHLA cayuan:

s ()T

§ 17. lossyxosme ckopocti. Meron Xpuc'manoluqﬂ. B nacros-
ee Bpews pi-
GMKENHOMY PellIeNNIO 3a1a%H O nxumenuu rasa c noanymnuun CKOPOCTAMH.
PabOTH 5TH MOKHO PasONTH na ABe TPYNNL: B Mepaoft rpynne pacot
pemenue nadtes ncmencamnmunu NPHGIHKEHHAMH, BO BTOPOH aBTOPE

TP TOR M. HHOH 3ajaun.

Mt oo OCHODMEC HACH Neror MoCREAGBATEAHIX TPHGTIKE-
nuth, npeunomeﬂnme XpHCTHAHOBUYEM, OTCHLIAN 32 AETATAMH Henocpen-
CTBEHHO K €10 CTaThe

Tlo-npesieNy CunTAEM ABMNEHHE GESBHXPEBWM W CKOPOCTH BCROLY
203BYKOBEIMH. Beadm npexie Bcero GeapasMepnylo CKOpOCTh = v/a,

") Xpuctuanosnu C. A, OGrekanne 1ea rasom npu GOABUINK A03BY-
Komux ckopocrax, Tpyxu LLATH, ‘sun. 481, 1940
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 1OBYI0 HCKOMY®O (ynKkumo S(0), onpelenseMylo s paseHcTsa

ary

Vpasitents (16.12) npuwyT Tenepy, nocte npocTex npeoGpasosanui, ua

9z — V?%, 17.2)

(17.3)

Breaé™ B paccMOTperie KOMIIEKCHYIo Beawy S — i3 it 06osnasny
uepes v Heiyio dyn-
o 0T 5700 aprywenta

b= (S—B). (17.4)

Cosab Moty S, B, p, v Onpeaeaitca ¢ nomoutsio ycaosuh Kown— Puara;
B wactioc, Gyaer:

oS ___ . 0S_&
kit~ a7.8)
Tak xak
% dp 05
k +as

% 3 9 98 9%
E=VE(E F)=VEE wrn

Takim 06pasoy, ecam nmepeftti B ypaswennsx (17.2) or S w Bk puv,
70 nonyun:

9% K9 0%

w=VE5 &
Hakonew, X W y MOKHO CB3aTh C p M ¥ caeayiouy 0Gpasom. Coraacio
Gopmyaau (16.6) npeasiaymero naparpagpa, Moes Hamicats:

a7.6)

a7
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Buan S (a sHawnt, w D), B, ¢ M U B BYHKUHAX OT 1 I v, MBI CMOXCM,
Takuy o6pasom, HafitH X u y no dopmyaay (17.7).

OGpaTiM Tereps BUMMaHHE Ha TO 3aMeuaTeIbHOS .ﬂcmmmmo.
wro ecan 90, 0 dS < dvfv, Tax 410 S~ Invconst,a VK~
Ho roraa npn waawx o ypasienis (17.5) n (17.6) Gyayr o tounocru
COBNAZATH C YpABHEHWAMN, ONHCHBAIOUMMA B MAOCKOCTH (3, v) ABMiKe-
HHE KIIKOCTH, MMeomeh cxopocts eSe™ iy
notenunan g i3, Ipit s7oM, Kak
HETPYAIO YGequTicr, 6T ¥ g,

VA-2(

y=

N [T

S=IV.

\| Keasparypaun wowo naiima s
Y| (7:0) supawenme 2 V s gyuc-
“ £ wnsx or v. Muenno, nponssoxn

(17.8)

Wi T 7 noayus
Prc. 43 vV Pt
e, v l/u-fu)" 179

a1y BrGepey Ta, 41008
. Tak xax nenexcrane (17.8) st neen

e VTG l/u-u)"*‘
w1 B h—wy T ({ Fuy? ‘(l+u)2 o (h—1yT
e=2n/ (‘::::M ~0.7579. (17.10)

Ha pic. 43 usoGpanenst swavenus V u VK 5 dynkuusx ot v. dm
We BelMSHHH s B TaGmuue IIY). Mu uamy, wro pacxoxacuue
wesay V # o cranowca savernux muwb 5 npovexytxe 0,6 < < 1,
a VK Gmsko k enmmmue 5 unteppaze 0<v<0,5. Omverns 10,
nofagM nansue.

Do cux nop dynkuus f B (17.4), cesswpaomas S —if ¢ p—+-iv,
Guaa  npouspoabof  aHaauTHueckofl Qyskuwie. ITonpoGyewm Teneph,

70 n0AyuUM

1) Pucywok 1 Tabanua w3 crams C. A, 5
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Ta6auua I
{ g v l v | VR g v w | vx
0 0 1 0675 | 06080 | 09007 | 09350
005 | 0 ogs | 1 0700 | 06251 | 08930 | 09221
| 010 X 09980 1 0725 | 06413 | 08845 | 0,9068
| ols | 01493 09999 | 07 568 | 08758 | 08925
020 | 01983 | 09917 | 09996 | 0775 8657 | 08672
025 | 02467 | 09870 | 09991 | 0800 08571 | 08416
030 | 0 09811 | 09982 | 0525 08471 | 08156
035 | 03410 | 09742 | 09955 | 0850 07740
040 | 03 19655 | 09940 | 0875 08255 | 07271
045 | 04307 | 09571 | 09899 | 0900 08138 | 06
050 | 04734 | 09467 | O 0,925 08015 | 0601
055 | 05l44 | 09353 | 09754 | 0950 07882 | 0.
060 | 05535 | 09221 | O 0975 07739 | 03728
0625 | 05722 | 09155 | 0 1| o777 | 07577
0650 | 05904 | 09083 | 09461

OPHEHTHPYACH HA YKA32HHOE CXOLCTDO C YpaBHEHHAMH OGTEKaHHs B He-
CAIMAEMON KILIKOCTH, TIOCTABATS KPAEDHE YCJI0BHA 119 Mddepennats-
Hbix ypasnenut (17.5) 1 (17.6) caeayiousn 06pasoM. PaccMoTpuM B nio-
CKOCTH (%, v) Hexu#l 3aMKHyTHH KonTyp C (HAnpuMep, NpodHAL Kphia
C sanHefl KDOMKOH — OCTPUEM — B Touke A) W NOCTABMM Creryloue
yeaosus:

1) na kontype C B coBnaiaer ¢ yraom HaKIOHA KacaTebHOH K OCH p:

‘g[a:ﬁ Ha C;
2) Ha GeCKOMEUHOCTH Vo= €5 — sananmas seamumna u fo==0;

3) ccan C mucer octpylo kpowky A, 10 5 A V umeer Koesnoe
auasenve. ECM Teo OCTPOH KPOMKM He MMeeT, TO AaHO 3naueHHe WHp-
wynnwm T nextopa Ve 510N 3aMKHYTOO KOTYPa, OXBATHBN-
mero C 5 naockocTH (i, v).

B1a rpynna yeaomm nossoaut moawoctso Hatit w3 (17.5) pyn-
Wi S, %) u B(pv). Creayouwye ycaobus nO3BOAST ONPEAEHTH
@0 ) w P, v

4) na C y=0;

5) Ha Geckoneunoctn

(T) =V’?“’(ov‘ Ve (773) =— V& (% =

6) HakoHel, NOTPEGYeM, uroGH D) y(w, v), moay-
waewHie MpH NOCPEACTBE ypxsﬂeuuﬁ (17 5), (11 6) . 7J AaBanu B3ANMHO
06aacTax (i, ¥) 1 (¥, ¥).
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Tpewae wew navato miterpuposats cuctemy (17.5), (17.6), (17.7)
TpH KpaeBux ycaosusix 1) — 6), BHACHHM, OTBeuaeT W STO KawoM-1uGO
PRIPONMHAMHYCCKOR 3anaue Boobile M ecaM Aa, TO Kaxofl.

Beaexctsue ycnosus 6), kowtyp C Gymer B miockocTd (x, y) mepe-
XOLHTH TaKike B 3aMKHYTHHl KONTYp ¢ (Tak Kax ypaswenns (17.7) onpe-
BeASOT X M Y C TONHOCTHIO 10 MPOHIBOALHHX MOCTOAHHLX, TO MOKHO
106HTHCH TOTG, 4TO TOUKe A GyAeT OTBewaTh Kakas-To 3apaice BHOpaH-
Kan ToWKa @ Kowrypa c). Beaeactame 4) wa ¢ Gyzer $=0; orcoaa
wa ¢ Gyrer

ox - oy -
dx=2% dy="2L4d
= o do dy=o-de
w no (17.7) sroas xourypa meem
ay.
dx =1teb.

Jlasee, GeckOHeuHO YAAEHHAS TOWKA MAOCKOCTH (p.v) OTBeyaeT Gecko-
He'mo YA2AEHHOH TOUKE NAOCKOCTH (X,Y); NPH 5TOM B NAOCKOCTH (X, y)
©o GyaeT Bcaeactsme 2):
B=0, v=0,,

Il Up—To oHaueHHe U, KoTopoMy no gopuyae (17.9) orsedaer
V =V... Haonen, ncnomays (17.7), noayums Ges Tpyaa scaeactsie 5)
Ma 0O B MAOCKOCTH (X, y):

o _w O _5 . G0 w 0V

0x T . O, = Gy T O

0.

ECan, HanpkMep, M CONOCTABMM STH, NOAYSGHHHE 245 NAOCKOCTH
(%, y). yeaomns ¢ ypapemnsn (16.1)— (16.3), 10 npuaes x sawnomy
Cacactong. B pas, KOTAa M PEUISEN B TAOCKOCTI (v, ) CHCTENY
(17.5)— (17.7) nph yciosusx 1)— 6), Mit Tew camby pelnaex » nio-
CKOCTH (X, y) 3a1avy OGTCKaHiA KeKOTOPOTO KOTYpA CHHMAEMOR HILLKO-
CTEI0, UMEIOIC ONPEALIERHYI0 CKOPOCT Ha 0o, CucteMa (17.5)—(17.7)
MOKET GHTh, OAHIKO, HCCIENOBAHA TOPA3AO TPOILE, HEM CHCTeMa YpaB-
HeHufl 1R Cuaewoft xuakocts, Boree Toro, aas (17.5)—(17.7) Moryr
GbiTh JIErKo noAyueHs NPHGIMAEHNbE PEmeHHs.

MeHHo — sataua NHTerpuponania (17.5) Npn KpaessX ycaosHax 1),
), 3)1) saMeuaressuum 0GpasoM coBNAZaeT C sazaueh Ompeledcius
70TapH@Ma 1 YA HAKIOHG CKOPOCTH B HECHNMaeMOf KHAKOCTH, OGTe-
aowet koutyp C nph wipkyasun T # mmeiowed Ha GeckowesHOCTH
CKOPOCTh V. XPHCTHIHOBHY HAIHPAET STO ApieHHE QUKTHBILM NOTO-

1) Koweuno, noaxuo 6uth V,, < 07579, 41068 60 U, < I; CM. ypabhenns
(7.8 —(17.10).
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KoM, Takin 06PA3OM, KAK TOALKO M CMOXEM HAATH OGTeKaHWE HALETO
KoHTypa C HECKHMAeMOH KHAKOCTHI — Cpasy e M Hafagm V (a awa-
i, mo (17.9) 1 ) m B B GynKuusX OT w i v. Ecau Myl Tenepb cyMeen
YCTAHOBHTb, KAKaA TOMKA MAOCKOCTH (13, ¥) OTBEuaeT TOR WM MHOA TOuKe
NI0CKOCTH (¥, y), TO M yaude pacnipeleiehiie ckopocted (. §)
B TOUKaX (¥, ), a SATeN O ypasHeHio BepHYAAN AdBACHHE, 1 TeM GyIeT
peimena sanata cGTexamm C HEKOTOPOH CKOPOCTBI 11a GO KaKOro-To
fonTypa maococ (x, 3 ).

Cootsetctame Meway Toukawm (s, v) # (¥, y) ycramasausaetca
c nomombxo ypasnenuh (17.6), (17.7) 1 )cmoxuu 4), 5). 6). Hwenso,
Gyxer:

cosB b smﬁ(w)_*__x“'

v v

o 8
gy

Ma

Az

?Jr? “:fs @)+

, Y4— KOOPAHHATH TOH TOUKM MIOCKOCTH (X, ), B KOTOPYIO M
uapeaonuu TouKy A maockoctn (. v)

8 dgt oy (17.12)

Yr06M arismee NpeACTABNTL CTemems oTAwums Koutypos C W ¢, no-
Grpoms ymano 1052 © n norenuian cuopocteh ¥ aan mextuioro
notoka aKoCTH, Ko
8 maockocTi (., v) ¢ uupkylmuucn T u co ckopoctsio Vs Ha
Gebxonemonn. qacmcm, 6y
Op __cosB . dv _ sind
w- v @ v’
Tak ut0 (¥=0) no (17.12)

Vv 47 dy
x= f g . / 7 y
P St T as Ot (119
e Pt
Orciona  BMAMM, 4TO A8 _wasux ckopocTel, korza V[ 6amako
K exnniue (4 @ Gansko k D), kowtyp C Gyaer Gausok K KOHTYPY C.
Tak kak V/o <1, 10 KOKTYp ¢ Gyier uckaxtn no cpasmeniio ¢ C.
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lnn TowHOro onpeiedenua Beawsnn ¥ u y no dopyyaas (17.11)
(17.13) uazo swpasuts @ u § ucpes p u v w3 ypaswewntt (17.6) npi
yeaosuax 4), 5). 6). UroGs 510 caeaath, XpHCTHAnOBMY pasOusacT

KaKnoe M3 ¢ H § HA ABA CAAAEMX:
F=atei P=hty)
9 1 Yy YIOBACTROPAIOT YpaBiicHiaM
9% __ o, O yig 9%
w=VRa 5 P=—VRa 3. a7.14
e K=K (0), 1t KpaesuiM ycaosusam:
— s (9) = VR (%) —
$=0 1 G (dp°)m-.<VK,,( o) =7
9, %
(3, == VR-(3).
TIpH 5TOM ¢ # {* MOAKHH YAOBAETBOPATE YpaBHEHHAM:
o5 = 0y = = 0
%:VKA'—HVK—VKN)ﬁ;
& —— VRS —(VE—VR)

(17.15)

npit ycaonmsx
$*=0 1 C n ¢* i §* orpaniens na co.

Wuerpauns (17.14) npu ycaosuax (17.15) coBepliaercs 9aeMeHTapHO.
Tax kax }/K,— nocrosmuas peamwumna, ypaswemse (17.14) osmauacr,
wt0 g1 VKo ects anamutivieckan dyHKMA OT i, M Kpacsiie
yeaouus (17.15) noseossior sty dymkimio onpereuts. o u YKoy
COBNANAIOT € MOTEHUMAAOM CKOPOCTEA W yHKuuel TOKA B COOTBETCTEYI0-
el sanave A% necxkumaemoR wuwixocts. OAHAKO NMPH HAXOMISHHH @y

Keoty e crenyer c s
YCA0BHS DeryaRpHOCTH B ocTPHE A KonTypa C (Kak STO HaAnewaro Gat
CleraTh B 3azaue oOTekatna). He Haio 3aGuBath, WTO FHAPOMEXAH-
HECKHH CMBICA MMEIOT He Go M Uy, 8 CyMMH 9" # Uy 0%, nostomy
HALMEKHT OCTABHTH UMPKYASLMIO, BXOAALLYIO NDH OMpEleAEHMH % i Yo,
HasoBeM et I¥, neonpelentunofi ¢ TeM, 4TOOH NOCIE MAXOKAEMM: ¢°
i ¢* watiti I wa ycaosns 6) 419 @ w § (1. e. TpeGys, uToGn o6patu~
ameo » my wnterpan s (17.11) o sauknyrouy KonTypy. o6xous-
1ewy Bokpyr

Jasn onpenellenun ¢ u §* Xpucrnanosmy nmuer

P=ataut+® =4+hL+7¥ (17.16)
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T3e g, (n==1, 2) YIORIETROPAIOT ypaBHeHHAM:

S = YRS+ (VR—VRD) %

a7.17)
O9n ov a
G VR G (VR - VRS
20T
= VK +(VK‘ /K= 'ff’ |
d- a7.18)
= —(VK-VK2)
npuuEn =0 na C u Bce wecTo QyHkunil orpanuvens na

9

GeckonemocTi.

Vpasuenns (17.17) cponarcs x ypannennax Iyaccowa. [yTém octpo-
YMHOTO H TILATETPHOTO AHATNIA, HA KOTOPOM Mbi 3IeCh He OCTAHABIH-
Baewc, XHCTHAHOBHY He TOIBKO 1aET B SKCIALNTHOM Biie (Ksaapa-
Typh) pemens cuctemw (17.17), HO # HAXOLMT TOWHNC BHpaKeHHA
IHABNNX uAeROS (yHKWAH ¢, W §, (1=0, 1, 2) Ha GeckoeunocTi.
Batew on nokasupaet, wto ® n W na Geckoweusiocru peryaspui. Ho
TOFAZ WIBCCTHBL FAABHME 4TeHM GYHKIWA @ W D, W M MOKEM NOI0-
Gpary I* 7ak, wrobn sumoamzoch A1a ¢ § yeaoske 6).

Tanee Xpuctuanosuy noayua

o
L

Yo
=5
a I‘—nom(oe anadeniie CUMPKYJANMD B 3alave O ABWAKEHUN CHRHMAE-
MO JKMAKOCTS
T u—
wie ¢ no cpaswenuio ¢ C neanauutensno. Tlph MATHX CKOPOCTAX 274
onpeeseHits KOKTYPA ¢ MOKHO OTPAHWYHTLCS CNIEPBHM MPHOANKEHHEM>,

nonaras g9, $aYy O na  nepsoy
noapoGuee.
OGoanauny
9o+ 1V Ko=), (17.19)

) Paswiua no cpaswemmo ¢ & +i¥ 12, 410 a1ech wnpkyamuna Gyzer I,
a e I. B caysae orcyreTans wupkyasuun & + 00 =T 4
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B pasore Xpucruauonia i 10pscaa ) Ian SKa1ia nepaoro npuG -

Kelns Kak A aK

obrexaus. B nepnow NG ecri somoNoT, sunomT:

Kpaapatypw Tuna (17.13) b obluew BIIC W OUCHNTb CPA3y e T0 WCKa-

Welilie KOHTYDa, KOTODOE Ml TOTYuaeM b Meroze XpHCTRaHOBHuA.
Uro6u CIeAaTh 9TO. JAMETIN, HTO €CAH M OFPANIYNBACMCS NEPRbM

HHOMIKEHHEN, T. . MpHiHMACH

A ).

TO nOAb30BATHCH TouHBIMM popuyaamn (17.11) u (17.12), raowmmn x

My uepes p M v, — HeT CMmCIa. BOJee TOFO, €CAH M B STHX TOUHMX

(OPMYAAX WCTOMb3YeM AWK MPHOMDKEHIME PELICHHS, TO BHPAKCHHS

ok gt stiay, |
g

=g NN

dx =

s 1,, (17.20)

@

He GYAYT NOAHBIMH nuqaq;epenummu ’-hoGu COXPaHHTS B NPaBHX
HACTAX TOAHBE AMpQEpEHUMATN, MM AOTKHH 14Th HOBME, YKE NPH-
Gawkenybie, NPEACTABACHHS BelMWMH 1[0 u po/py Kak pywkuwA ot S.
OGoanauin

ar7.21)

n uckaouuM ¢ npu noMouw (17.2). Mst noayums
dx:[Pcospl/l?%—Qsln{i—ﬂ%]dB—
[VK cosap +st..3 ”]ds.
ay [PsmgVK & —vQcosB%]d@'
—[VE singp % +Qeosp 2 )as.

Haniew ycaosie Toro, 410 dx ecto no:muﬁ andepesnaz, o
Gyzer:

a — 0y
2 [PeossVE %

= & [VEeostp %t Qung

) Xpucruanonuu C. A u I0pbes M. M, OStexanue npoduaa npi
A0KpHTHuecKofl ckopocT noToka, MM, T. X1, sain. 1, 1947.
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BuroAHAR AMddEPeHUMpOBAIHE | HCKTOYAS CTAPIINE MPOM3BOLHKE OT §
npi moMouK (17.2), ME MOAYuEM CEIyOLMe 1BA PABEHCTBA:

d " d( =
LPVE)+e=0 43 +VRP=0. (122

Iu paBedcTBa _BHMOIMAOTCA  COBEPENHO TOwko, ecan P = 1o,
ofov. 2 VK mieet ounoe auasenne (17.3). TocMoTpus Teneps,
uew maw mazo savenuts P w Q. ecam VK i savewny ma
{6 stow saknouacres nepooe npuGakenne). Hawn ypasnemns naw
RaayT cpasy:

P=cie=S+cpe*S; Q:VE(:,:‘-"~£;:”). (17.23)
e ¢ i I nocros-
e it nonﬁcpbu ok, 41061 P Q pasANMGs A ToRLN DHatcHASN
npH =1, Tax kak S=InV u Tax xax no (17.3) n (8.9)

VE=2VI=M. me M=7.

MH MOWeM Hamucath

+fz i

o Vi—m,

1 . 1 1
Vl—M';)' @ ?vmvm( ‘Vl—M;)

Mk, s nepsow mpunGakenin Mu aomus sauennts (17.11) wa

a7.29

P

xif[(%-{»:ﬁ)msam-_(“ c;V)sinﬁﬂ‘f‘}-f—xA.

g (7.25)
/' {(;+r;\7)sinﬁd®'+( c,V)cosﬁd‘lf‘}—}—y‘.

Ma

y

rie ¢, W ¢y onpeleasiorca no (17.24), a gymkwmn @° u W' kax ynk-
WHH OT p W v HAXORATCA M3 304N OGTEKAaHWA B HECKUMAEMOM KUAKOCTH.

HykHO OTYETIMBO NOMUMTb, 4TO B TO BpeMa, Kak V u B cyms
CKOPOCTL M YrOA COOTBCTCTBEHHO B NOTOKE HeCAKNMAeMOA KMAKOCTH,
OGTeKaiowen NaHHHH KOHTYDP €O CKODOCTBIO Ha GeckoHewsHocTH Vo,
¢ wupkyssuued I, Qynkumm @ u U npexcrapasior obTexanme TOro
Ke KOHTYpa M C TOH e CKOPOCTbIO Ha OECKOHEMHOCTH, HO C APYroff
unpkyasuned — I", Kak uahTh 5ty wipkyasumo? Oa noaysaeTcs, Kak
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M 1% TOUHOT® Pewewns, 3 YCAOBMH OIHOMICTHOCTH MAOCKOCTH (X, y),
mneuamumn namemy pt\nemm Moapo6HLH 1 MPOCTOR BLBOA HMeeTCs
pvesa. O w10

Rao BSsTS, Xai U B TowON pcmPHun
=rL __. (17.26)

Vx —w,
Ecai 0B03H3MHTS KOMIICKCHH NOTCHIWMAN HWEro MOTOKa ¢ UWPKY-

et T vepes F', xommaekchifl notenmuan @+ (¥ uepes F. naso-
Hel, p—f-/¥==2, TO MB CMOMKeM HANHCATh, B YACTHOCTH:

i dF
Ve s (17.27)
W pHBECTH MOAMATErpATbHOE (17.25) x Goaee
Buay: -
Aty =y a4y ST 17.28)
()= 0P ST (728
=

e dFF — xomniekcuas conpmidmsas ¢ @F*: dF'=d®* —id¥.
Tlpuseaém npumep. TIyCTb B HeCKHMAEMOM KHAKOCTH B RAOCKOCTH (3, ¥)
HMEET MECTO GeCLUDKYJAUMOHHOE OGTeXame KPYra pamnyca 1 co cxo-
poctbio Vi Ha oo, Toraa

(17.29)
w (17.28) npuver sux:

12K 4T0

Mcxzmewue MOXeT GHTb Temeph A€TKO MOACYRTAHO.
Cayuge OGTEKAHHA SATNNCA, YPASHEHHE KOTOPOTO MMGeT B

=1, o0gr<l,

R I L,
A =y
ROCTATOMHO MepeliTH OT NJAOCKOCTH 2z (==p-+#v) K maockoctd § mo
popuyae
e=l+ 5

O6aacts [C| > 1 oTopawaetca b NMAOCKOCTH (2) Ha 06AACTS, BHELLIOD



s JO3BYKOBHIE CKOPOCTH. METOJL XPHCTHAHOBHUA I

o oTHowemmo K nawewy samency. Pasenctso (17.28) Mu samumen
Teneps b Biact

A(x-iy) = —=

a
IF .1( e+ e a\ K
a

:
)nzA (17.30)

Tpu_ oteyreraun wipeyanuun F. Torna, npoussons meciomise

SHKAAKH, MOJYUIM:

X 1 —2) T—r , -
PR, (c+’%)+c2vé [i’;‘:—’m%+y+

ECau SamnC CHASHO BMTAHYT T2k, w10 rAl M 1—
MAna7 BeAMUNHA, TO MOKHO MPUOTMKEHHO HANMCATH

sbiy=c (:+1‘Th)+c,vm(f+ l+;2 ).

L Tae & —

910t nocaenwmd mpodiab GyleT BeckMa GMIOK K HAWEMY 5AMINC
M Cayuae WIPKYARMOKHOTO MOTOKA ypasHensie (17.28) wik
(17.30) n03BOAMT CpASY BMACHNTS OCOGEHHOCTH, KOTOPHE BOSHHKaHT
ua-3a  obpauermi b
ynsunh dFYjdl w dFfdL. <
3a 10APOGHOCTANH M OTCH~
e wmpoaino picote
bena,
B KOTOpOH noka:ano, uro
ecan KONTYp B mAOCKOCTH
(@, ¥) raaaKnil, TO Ha KONTYpe
B IIOCKOCTH (¥, y) BO3HIK~ 2
HYT B MeCTax, OTBeMalOWNX
yroMsy TN
yraosse 104, Xprctano-
Bu 1 [Opeen nokasusator,

;

—

2ai mpWNEp NORBAGHNA OCO-
piep Prc. 44

GeHHocTel B KOHTYPE Ha 110~
cxoett (x, y); ofechk Mo—0,333 u IV,
B naockocTH (g, ¥) KPYr pamuyca 1.

Ha puc. 45 Zan 8 maockoct (¥, y) raaaufl Kowryp, obTexaniio
KOTOOrO OTBCYZET B HECKUMACMOl NAKOCTH (8 MAOCKOCTH (3, ¥))

npHuEN OGTeKaeTca
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ABiKeHIE BOKPYT KOHTYPA, H3OGPAXEHHOTO Ha prc. 46. D10t nocaemnuft

KOHTYp ecTo Kpyr PAZHYca 1, K KOTOOMY MPHCOCLHHEH OTPE3OK AYrH
Kpyra G6avmero paguyca (kak u

® npuwepe M.
)

EEmpN =0.383, IV =

22

Puc. 45. Prc. 46.
lpit GoAbIMx CKOPOCTAX HTL1 OTpAIIBITLCA NEpBN NPHGHKEHEN.
Buuncaenne QyHKumil ¢, §) OHBACT TPOMO3AKO, HO MOKHO BOCHOAB3OBATHLCA
caenyiouyn paccywnennesm. Jaa dg paoab koutypa C inee:
P 9% "

=L dp = 31
dy= gl dpt G- dv. (17.31)

npwuEN dv, WATpHMED, MOKHO HailTH uepes di mpu noNOWN GopuyIL

’N'ap-)- = Lo =yRz ( 4,4+‘”’°4v)

v =

Taxun o6pasow, p10ab C
a732)

C Apyroft CTODONM, Ml MOJKEM HAMUCATS MPHOAMKENHO:
9 D00 O 4 09
W~ ot T
waesiom 0P/dy. weli @ (wan W) oanauaer,

i
e encmne (17160 k0 i o mpnebpens 5 “Bapwyaak (1117 (a5
waeramit ﬂ"/dv i 04y/0p, 1O Toraa

S VRV D) S
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a ecan BeTauTh 0,/0v 13 nzpaom w3 (17.17) aam n =1, noaymms:

S (V) [ -or-vRn ]
Benowmind ewé, w10 /K, 84[0v = O¢,/0p, Mut noayuny Tenepy

el E e E

Auazoruuns 06pasox walind, o

o 9% K N
o[-V )| E
Berasass 570 nmpaenie o (17.32), uenoabsys eme pas (11 14) u npeneGpera

uACHANH, COTEPKAUMMH ), O CPABHCHHIO C 4ACHAMMN, COXCPAALIMN 9o, NOAY-
UM OKOHYETCALHO.

‘mmkﬂ‘/_l( (2—1/‘&< )Au (17.33)

rae V'~ CKOPOCTb B HECKHMAEMOft XmAKocTi (oTawunas ot V, no 33 UMpKy-
asumo ubi Gepém T%, a ne T). Taknu 06pasom, BIOAL KOHTYpA ¢ GYAET Ha OCHO-
Saumn (17.11):

im [EYE (o E vt

L4 K
E(-VE
0 ewe Ha BEChMA MPOCTHIX
TIpeanoAOMiM, WTO M Way4aeM B MAOCKOCTH (., %) OOTeKanHe Kpyra
(X078 G GeCUHPKYASUMONHOE); B NAOCKOCTH (¥, y) M HMeew ciaw-
wennb#t  Kkpyr. IlycTs CKOPOCTh (UKTHBHOTO NOTOKA Vo= 0,35;
©fl OTBEYACT CKOPOCTH CHMMACMON KUAKOCTH Upo == 0,36 (Gauakas k V.
HO MaKCHMILHAR CKOPOCTH Uy, NOYUZIOWMANCH B CAUMAEMOH KK KO-
i, GyAeT GIM3Ka K cKOpOCTH 3pyKa. JLACTHHTENLHO, Upyy NOAYUHTCA
Tam ke, e V. aocturner makcumyma. Ho Vi, =2V, =0,70, a stoft
cKopocTi OTBevaer mo Tabamue ©=0,825. Ckopocts spyka Oyaer
zocTHrHyTa, Koraa Gyier v=1, 1. e. npu V == 0,7577; snaunt, B Ha-
1ueM NpHMEPE CIAVIIEHNOTO Kpyra nph Vo= 0,7577/2=0,3789, ™. e.
U, ~/0,354, M OBTIATEILHO NOAYSNM SBYKOBHE CKOPOCTH Ha KOWTYPE.
OueByano, 4TO 3TO ABACHHE eW(E DPaHbLUC BOIWHKHET, €CAW KOHTYP C
b MAOCKOCTH (¥, y) OYAET TouMuM Kpyrom. TakuM OOPA3OM, MOANO
YBePEHHOCTBIO CKA3ATH, 41O MPM T > 0,36 npu OGTeKamun Kpyra
BOJMMHKIYT CBEPX3BYKOBHE SOHH,

)m+yA.
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MoOXHO OXNAGTH, WTO NPH OGTCKAMMN BHTANYTOTO KOWTYpa, Hanpit-
Mep NpoGuAA JKYKOBCKOTO WAW MPOUAA KPHAG COBPEMEHHOTO CaMo-
2€Ta, MCKaKeHue GYIET MOAYYATHCA TOPAIAO Melice SHAUNTEALMHM, HeM
& caysae kpyra. Ho ectn rpyGo cwrats, urto mpodmanm ¢ u C Tomie-
CTBEiH, TO METoA XPHCTHAHOBUYA JAST 3ANEHATELHOE CPEACTRO GHCTPO
PACCHNTHBATL pacTpeledeliie CKOPOCTER W apicHifl 5102s mpodmia
KpHIA C YUETOM CKUMACMOCTH NpH OOHX 103BYKOBHX CKOPOCTAX,
M H3BECTHO OGTeKaHHE KPELIA IpH MATIX CKOPOCTAX. JleHCTBHTEAbHO,
NYCTo M NOAYWHAW, XOTA Gl NYTEM NPOAYDKH KPHAA B A5DOTHNAMH-
ueckoft TpyGe MpH MATHX CKODOCTAX ©; 1a GecKOWewROCTH, pacmpercAc-
Hne aapaciis B30 kpwaa C. [ycrs v, HAcTOMLKO Mato, 410 Sddek-
TOM CAUMAEMOCTH MOXHO MpEHeGpesb: KPHTEpHEN STOTO MOKCT CYANTS,
HanpiMEp, TO, YTO BeAWNMHA vyfa, GYIET NONTH COBNAZATH C COOTBET-
cTylomed Bemunnolt V u ¢ Tabauued.
Tlo ypasienitio BepHyaan 115 HeCKUMAEMON KUAKOCTH

MH CunTaEM, UTO ¢ B KakAOf TOYKE MPOPHAR M3BECTHO, IHAUNT, MBI
MoKe waiTi V/v, Aa% Kax10f Toukn npoduas. Tenepo cnpochy ceds,
KakoBo GyAeT pacnpeieacnue ckopoctefl u Aapaeinfl BOKpYr kpbisa C,
€CUM CKOPOCTb 1A GECKONEUOCTH OYIeT T, mpwses v,-5>v,? Pac-
cunTacw_cnepsa Uy/a, = Dy, o0paTHMCs satem Kk Tabaume wam K Qop-
wyze (17.9) u HANIEM COOTBETCTRYIOUIY0 CKOPOCTH (DHKTHBHOTO 1OTOKA
HECKMMAEMON KHAKOCTH; NYCTh 910 OYAeT Vi 118 STOTO QUKTHEHOTO
1I0TOKA HCCKHMACMON KIAKOCTH KOHCHHO CHOBA GyAeT

1‘(v,)x

A ecx MPHAHNACT NPCKHME IHANCHHS B COOTRCTCTRYIOUMX TONKAX
konrypa, Tak kak V, msbectio, STa dopyyxa nossoaut man V.
A% KAKIOM Kamnofl TOWKH waiero kourypa C. Toraa no raGaume Mit
MOKEM HaHTH Ge3pasMepHylo CKOPOCTh ¥ A7 KAKIOH TOWKH KOHTYpA C,
Ganskoro k C (a rpy6o rosops, Tomacctaetnoro ¢ C)  0GTeKaCMOrO
€O CKOPOCTHIO Uy 1A GECKOWEUHOCTH.

Pacnpeneaenne 1annenna HafieTcs aateM no popwyie

(ﬁ_
7




sm CKOPOCTIL METOX 5

B navane 37T0r0 naparpada Mu yike YNOMAuYAM O TOM, uTO Cefluac
HMeeTCs MHOTO PaGOT, MOCBAUEHHHX NPUOIMKEHHOMY PEUIEHUIO 337auH
o ammen raa ¢ acsaycou cxopoctan. Ha amix picot -
TEAI0: UICTO GTIpAATAETER O Vs Yanauriia, Cax Hanawrim
nepefir [ 8 0 e

- consl. (17.34)

v./‘%(l 7:)'7' dx+ const.

Vpanenus (16.12) npuwyr Toraa mua
dg

(17.35)

(17.36)

— pance ynowsuyras dymuns, . Ecan
TOOKNTY Temeph NPHOANKEHHO
K1,
M OMyWmM A% ¢ W § B mepeMewnux B u o ypamemne Jlaniaca.
Yanawrih nPOHIBEN 510 NOCTPOEHHE 115 NPHOTIKEHHOTO PeLeHis 3anati
O CTPYAX B CHcmMaeMofl wakoctw. Cagskui ') nepohfl yKasaa wa Bos-
MOKHOCTb NpUMEHEHHS STHX ypaBHeHui K pellesnio 3a1a4 0 GECUMKY-
AAUMOKNOM OBTexan KpHBOMHeHILX npodeh. Kapwan ?) w Clo3-coit
ANk %) HCCACNOBAMM TAKKE GECUMPKYIALNOKHYIO sazasy npu novou
(17.35) w npursan K noctosumu, 1o pasns Koo !
Tpenyitecrso  werona Xpuuuammm saaoueTen B Tow, W1
3 neput pacexorpen

orp:

1935!) Cagakun H A, K nonpocy o naockon apwxemt rasa, Tpya MCY,

Sci.

) Kirmén Th, Compressibily Effects in Actodynamics. Joun. Act.

en 1 $gTwo-dinensional Subsonic Flow of Compressible Fluids,
Jours Aer. Sci.

) Pavencroo " R ke smomasocs e Touno, ecan M wu npuuaxs
BMECTO GOpMYAH

p=¥.(1/)7"
const,, Tak Kak asiene Gessuxpenoe) muneitanii sakon
A—Blf,
caAguBA0I KaBaeHe 1 Yacabluii 06BN, pites A u B noto6pamn Gu tax,
4TOGM HAWa NPAMAR B NAOCKOCTH (p‘ 1/¢) Guaa 6w kacateawioli  Kpisoit
NUD

B cavow fese, npn nawew

©

B 1ome p (17

wefmon aakowe MMyaccowa

10 Teopenmiocnan ruspowexauka, .

1
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OB cayuafl obTeKauis TPH HATHUNN WIPKYASUUA 1 4TO yKe B nep-
I GGabluyio TONHOCTL UenON  Boedckus.
BNeCTO 0, Beanmit S.

O R —
nAOCKNX GIBHXPEBMX 3aiau. CBEPX3BYKOBME CKOPOCTH. B mpe-
RRyUEN naparpade M PACCKAIATH O MPHOAMAEAHMX METOLAX pellicits
703BYKOBHX 3224, DTH METOMM OMAPATHCH Ha HCTOAbIOBAMHE ¢ W &
B KauecTBe WCKOMMX (GYWKUMH,  IAOCKOCTH CKOPOCTEH— B KauecTse
nockocTH B cayuae Takoro
DOla HCKOMME (YHKIMH H HeaBHCHMME MepeMedibe Takie MOTyT
TOMOUS pelieHiio MHOTHX 33134

XpuCTHANODINY T) YAa10Ch, HCMOALAYA P M B KANCCTBE HCKOMMIX
yHKUUH OT § ¥ U, AATb HOBHH NPUGAMKEHHUH cnOCOD pemwenus BeexX
OCHOBHHX NIOCKHX GE3BHXPERMX 32124 B CBEPX3BYKOBOM CAyHac.

Fizen peLieins Siktoigerca & creayiouien.

Jlo cux nop, ABwKeRAS CO cKopocThIO,
wia CiponTH RURRCTEpHARKIGH B TAOCKOETS. (£, 9) EAM B Raomperi
(0, @), Byecte c XpHCTHanODHUeM Oylew Temeph CTpONTH XapaKte-

ypavtente Bephyaan sanamerca 8 Buie
v B 1y
L YA -
3

T2

Ho toraa u ypaswennn (16.8) wst Gyzen wyers:

C apyroii croposs,

() (-5)-() (-32)

Mu noayanu oano n 70 ke snavenne K., upn B
W oHataer, uT0 NpANAR

Pl MO 570 k2K pas

p=A—B-1p
6yaer napansersiia Kacateasnoil K Kpuoit
P=¥(1p7

» 10UKe (P /o)
prctwanonuu C. A, piGaudios wirerpuposanse ypasiei
crepaybomson even saas, TN, T R o 2, 1047
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PUCTHKN B MAOCKOCTH (7, ¢) (pedb WAET O GeSBHXDCBOM ABiAeHH).
UroGh CBASATH @ W § PH MepEMellCHUH BORb XapAKTEPUCTHKH, YO
Hee ucero oOpaTATBCA K coornomennsy (16.6) § 16. Bxoab Xapakre-
prcTic wit neen (cx. 9.23):

dy=1g @+ a)dx, 8.1y
e BepXiHH 3MaK OTBENAET XapaKTEPHCTHKAM MEPBOTO CeMeACTRA, Hitk-
Wit — sToporo. 3uawit, no (16.6) B0 XapakTepHCTHK GyaeT:

%[cos’;ﬂg (8 + a)—sin ?)d(y-—%[sﬁn?‘g(@ia) +cosldy=0. (18.2)
WAM, TOCAE COKPALLCHHS W MPHBEACHHA H47ENOB:
dop=1t % cigady. (18.3)

Beanunna (pyf/p)clga 3aBHCHT TOTbKO Awb OT 0 ==v/a, [cM., Hanpu-
Mep, (9.22) u (16.1)):

Loga=(1 -2
0 =

OGoanauny BMecte ¢ XpHCTHANOBHYEM

1@ = (18.5)

Jlerko siaeTs, uTO 7(U) ecTh MOHOTOHHO pacTyuas gyuKiws of v,
He npn 0> 1, B onym npw v=1 n

v Gecxoneunoers npn o =21

. WITaK, BIO7 XaPaKTEPHCTHK NepEOrO
cemefictsa Gyer

(18.6)

a B0L BTOPOrO:

dg. (18.7)

Viw

1) 7@ =—K(@). rie K(@)— dynxuns, ssexennas s § 17, Toasko K (@)

6110 onpeneneno A1n vl a y(v), HanpoTus, MM paccmatpupaem Anuh
e vl

100
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Berowmi Tencpe, STO XAPAKTEPHCTIKI B MAOCKOCTH cKOpOCTed
coma cooTHOmeHHeN

B 7 (@) = const.,

OGosnauan
L@—p=2, L@+B=2s (18.9)

W TIEPEXOR K HESABUCHMEIM MepeMEHHNN A i b, M AOMKHH 13 (18.6)
W (18.7) noaysits:

W _ s 1

b it . 18.10)
[T Vres (18.10)

Tlpu stoM, seaenctsme (18.9),
L@ =)+p (18.11)

7 e 1V (v) ectv dynkuna or Ay

Kax surasmwr s1a ¢ymwws? He npeicrasnser Tpysa wioGpasute
V7 B dysxuu or §:w Ty, W APYTYIO BeARMHY MOKHO CHHTATH Mapa-
MeTputecKH npeacTanaentofi uepes v [dopuyan (18.5), (18.8) cootser-
cracumo]. Tak, HANpWMep, Jerko yGenuTscs, uro B oGaacth L0
(o1, npuugm v>1) V7 neer sun

24x
(. 1\36-0 Va7
Vi= (TR
Ilasce, Kpipan mMeeT TOWKY nepernGa mpi
U=0,~0,175.

Tlpu aanwefmem pocte 0 swak KpueWaHul y 7 He Mensercs, W oHa
CHMITOTHYECKH YXONT Ha GECKOUEUHOCTL NpH




s PUBIWKEHHET METOZ XPHCTHAHOBIUA 149

Kpuoan /7 B ynkunn ot C npeictasacka Ha pic.

XpUCTHAHOBHY 3aMeuaeT, 4TO A1A SHavennft {, HC CAHLIKOM GAMIKUX
K HYM0, MOKHO ¢ GOALINO TOUHOCTLIO ANNPOKCHMHUPOBATE HALY KPHBYIO
Kak Kycki mapabom; TAK B MnTepsaie

L0587, (1812
<1,015 << a8 g
B KOTOPOM U MeHSETCH B Npedeiax
1,06 <v <174,
MOAHO HATHCATD
Vy=~185G-+ 01857  (18.13)
B unrepuane
0,57 <L< 1,02 (1,74 <v<2,07)
(18.14)
MOXHO HAMHCATH E
V5m656—1307" (18.15) N
. M. OGHIKO B Ge3BHXpEBNX 3aia- ¥
§AX MM 3apaHee SHEM, B KAKNX Mpete-
23X MenseTcs moac cKopocteh U (o
§ 11) K nOSTOMY Mu_MOKeM BHOPATH
npexctapienne aas V7 B wte nanco-
fiee NOAXOAsUeH NapaGonLL. =
Ho, eca (VE-)F

Vi=AC+o™ (1816 P 47.
rae A, ¢ 1 k — noctosuuste (MM k — weaoe wica0), TO ciicteMa (18.10)
GuTb pewena B oOulem sute. Myento, nckmouas us (18.10) ¢ u
ucnoabsys (18.11) u (18.16), i noaywuw asn ¢ ypapsewne
a2y ® oy,
aor e (F+ 5)=0 as1n
Vickmouas e ¢, Mil noaysny ama g

o 3
a).m‘)ﬂwrc(’"‘*’ ) (18.18)

Ecan k MOMOKATENbHO, yA06HO wenoabsopate (18.17), ecan k <0,
—Boasmém (18.18). B 06OMX cayuasx Mu noayumy ypaswenite JlapGy,
npiuEM ToT TUn, KOTOPM B OOMEM BiZe pewactca a0 kowna. Tax,
ecan k=1, Kak 570 Oyter no Xpuctuanosusy » urepsaze (18.12),
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MH TIPOCTO GyIeM MMETb B KauecTse OGILrO peweHns:

R AUES AO)

g0 w="50E 00, (18.19)

rae W, w W,— Be COBepIEHHO NPOU3BOJbHLE (YHKUMM, KAkAaA OT

OIIOrO APTYMENTA; BHA STHX QYHKIHH ONEACINTCA QHATOTHIHO TOMY,

KaK STO [e1aeTCA B KAACCHYECKOA 3a1ave O CTPYHe — U3 KPAEBHX

yeaopnft, [locae TOro Kak ¢ ussecTHo, @ wanzerca u3 (18.10) nyreés
npocTux Kpazpatyp. 3to Gyder

o=A0+pt 0V, — Y01+ 24 [ 1,0 dh— [ ¥, @ aa].

Awajornunu o0pasoM 5 wirepsane (18.14) wu mieem (18.15), 7. e.
k=—1, u no (18.18) moxem Hamucath

@0) 40 ()
3 RAORLAC)
§0n W =4 (18.20)
rae @, u B, — npomssombiLe dyRKuL.

Tpekie 4eM HAuaTh CTABHTh KPAEBHE YCAOBHA, NOCTPOMM e,
KK OMPERCATETCH CBAI MEKIY X, Y W 9,

Kai npexcre (cm. § 16), Mu mnéew pasencrsa:

cos f d ———-smp{h/, )

(18.21)

sinfdg+ £ cospay. |

CneBa B STUX paBencTsax CTOST noaubie aupdepeRuHalns, u sto
B KOHEUHOM HTOTe OGecneuHBanoch TeM, 4T0 ¢ M ¢, v, B Ghan cpssann
ypasienunmn (16.9), (16.10). Teneps, Koraa g u ¢ Mb npeactasases
NPHGAWKEHHO, KaK yHKWwM A W p (T. e. Kak QyHKwim B ), Mu
AOTKHY M0326OTHTLCA © TOM, 4T0OH (18, 21) ocTasaucy noams Aug-
pepenunanamu, Beanuns 1/0 u pyfgU 33BHCAT TOALKO OT U, T. €. OTG.
TMosromy sanuwem (18.21) B Buae:

dx = p()cosfdy —q(©)sinBay, } 1822

dy = p©sinBdo+gQcospay, (822

U TOCMOTPHM, KAK Malo NpEACTABNTL p W g, wToO (18.22) Gman
nOmMpMH  AdpdepeHIMataMH, Ms MOKEM mpesie Bcero  samMcars,
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nenoabays (18.10):
dx=—|pV7cosp+qsing] Hean+
+lp Vicosp—qsing] 57 a.
dy=—I|pVysinp—geost] G+
+p Vsing+gcoss] 2 do. |
Hanwwew ycaosie 1oro, to dx ecti noaws auddepeunan. Hyeew:

— Al Vicosp+gsint] 52} =5 {lp Vicoss — g sinp] 22

r (18.23)

WA eCAH BHOOTHNTL IHGEPEHLUPOBAIHE H BCTIOMHHTS, 4TO L —p A,
B==p-—)A W COGPATH WICH C ONMHAKOBHMH NMPOMSBONHLIMK OT §:

2 Viieosh o+ { [ 42V 4 g cos+-
LA V] 4 [0 s
—(—Z‘{——pV{)si"F}
Haxonen, savevas, uto Berexctae (18.10) nomkio Gurs
Vi g =— (55

Mbl [IO7Y9HM OKOHYATELHO 1BA COOTHOUIEHHS

dq =
—rVi=o

~ (18.24)
Vi 4q=o0.

Te 3Ke COOTHOWEHHS TNOAYHAOTCA W3 YCAOBMH, uTO dy eCTb MOAHHMH
ipepenuwar ).

Jlo CHX NOp HAaWK BHKAGAKH OWAW COBEPUICHHO cTpormMi. IMToa-
crapuy Teneps ByecTo V7 mawn npuGmukénnse supaxcnus. B cayuac,
xorza

Vi=AG+o (18.25)

) Jlerko mpoBepHTh, WTO ecan M BeTamuM ¢ = po/pv, p=1/v, V7
V@ =)= c/m)F, 10 (1824) 6yayr tomaccraentio YA0BACTBOPATECA.
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Mu noayusi peaeactone (18.24):

F=ACHop. ACHePE=—q

ckaiouan,g. npuats x ypasmentio

ap 2__dp —
@t =

OBy WHTErpazoM STOrO ypasnenn Gyzer

o + 0+ eycos Gl

JLas QYHKIH g MB NOAYWIDS N 9TOM

g=A e sin .+ ©)+ e300 G+ ) —

— o) [eycos G+ ) — ¢y sin G+ O}

P ey sin

B cayuze, Korza

A
Vi=trar
P —
ag 2
@@ T

d
Uy
7. e. Teneps Gyaer

q H]—c [, sin G~ )+ e cos (=)

— 2 lesin@t 0t cpcos G —

— G+ o) [ey cos (L) — ¢y sin G+ o))}
Jlas gynkush p w g, oreevawmwx napadoe (18.13), Xpuctaanosms
BHOHPAET NOCTORMHHE ¢y W C; Tak, WTOOH np (= 0.2 6wao p=1/u,
4 =po. Torma

€ =0,553, cy=0,082.

XpHCTHAHOBHY AET pewenne BCEX HCTHPEX OCHOBHEX 3a1a¥, O KOTOPHX
rosopiioce o § 11, Mlpi stox oxasusaercs, wro aazaun L, Il u IV
PCUSA0TCS CPAIY e B KOMCWHOM BHAC, WAN MW TONMOUU KEAIDATYP;
sataua ke |l MPHBOANTCS K PEICHAIO OAHOTO OGHKHOBEMNOTO X
epeHLIATLHOTO YpaRhenus nepeoro nopsaka. Hauné ¢ satasn 1.
Banaua |. JewKenie HIBECTHO L HeKOTOPON KpHBOM, He sBasio-
weflen xapaktephctikof (kpusas AB wa puc. 12). Tlyers A'B’ ects

A, npeAcananionan kpuoyio AB & naockoctn ciopoctell (AB’ w0~
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Gpawenz wa puc. 13). [lycrs ypashetie sTofl nociedue AiA 5 N30~
ckoctit (h, p) Han HIBeCTHO:

A=A@ wm p=MQO). (18.26)
Broab stof mmami sazas ¢ ¢, TIycts GyAer axec, B HACTHOCTI:
e=a (=20, )
5 18.27.
b=h® =k (1520
B ofumee pewctue a1s § .
04V
Y0 ) :% (18.28)

sxonst ame gymcunn W, n W, Onpereamw ux. Vauomus ofe sactn
noc/eero pasencrsa na h--p-Fc 1 npoandepenuupyex no h u

V0 = 10+ p 040 W= 40 )+t pt o

)

W)= A (0 5+ 00 ] =30 )+ Ctpt 0 2L

DTu pasencTsa, CMpapeAlMBME HCIOAY, 3ANMWEM ArA HauweH 3a1gnHOR
AMHNH. 37eCh MOKHO HANNCATH:

VO =4O+ hNO+a(G) |

. o (18.29)
39 = 414G+ +e) (5
)
Usewst, cTOSMMe B NpaRofl WaCTH STHX ypasHennl, MIBECTHM BCe, 32
ek movenneM (09/0%) u (94/0p). Haitaéw sti ewpawenns. Ouesiido,
4T0 ecaM ABHFATCA BAOAL mawed kpunofh (18.26), Gyiem imeTw
L R N
L ="2t=y 0. (18.30)

C apyroh cropons,

®

S g =5 @)

T
J, ecau bocrons3oatuea (18.10) u (18.25),
L BN £ 0)
e e =S O E (830
M3 (18.30) n (18.31) Mut moayum:
(42 Ly 5 0)
(3"_)”1-0» THO—mrRm T (18.32)
o L 7 ()
(Tip')m o= THO T g (1839)
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Ocraéres nosctasuts (18.32)  (18.33) B npassie wactn (18.29) i npo-
BecTH Kpaparypn. [TOCTOSHHHE WHTCTPHPOBAKHS HAMAYTCH M3 YCAOBHS
COBNANENA ¢ 1 § C SANAHHLAMH SHANEHUSMII W3 HAYATLHON KHBOR.

Mbi npunsan npuGamenwe (18.25). Anatorwussm 00pasoN pewaercs
sanaua mpn V= A/G+ o)

3anaua (. Ecnu b sanase | npuwaocs Gpars eme keazparyps,
70 aaiata 1l peinactca cosepuento srewentapno. Meew ase xapaxre-
pricTiku: 1, BHXOLAWME W3 oXWOM TouKM (puc. 14 n 15).
Ha STHX XapaKTepucTiiax asuenns usmecri. Tlycrs Gyzer

npu b=l p=i @),
mpnp =1y $=dh0)

npien () =)
Totze. boraret’ s (18.28) 1==2y, wsi noayun:

5 — ,(».,,)+ Vi)

nl) =~ (18.34)

2 noMAras p=po, NOAYHM:
M=

Kpome TOFo, mepBoe M3 STHX COOTHOWeHWH AacT HaM:

v
h =Tl

—W. (18.35)

I (18.34)
Yy @)=~V 0)+ Oo+p+ -
s (18.35) nmeen:
Vi) =—T () + Ao+ )b ().
TIOSTOMY OKOHUATCLHO Ml MOAYin:
y Pt )N At + )b ()~ (ot i+ ) (1)
P = R .

(18.36)

3asava ML [lswKene 301aH0 BIOTL OLHON W3 (3ANAHNLX) XapaKTe-
puctik. IlycTs, Hanpumep, npu k=1, GyIeT §=={,(w), Tae ¥— H3-
BecTHan dynKkuus. [puienie
u CTEMKOR, MpASEN YPABAEHKC KOCACAHER N AT B DHAC x=X@),
=V (@ u na creuce npuvem ¢=0. Himew sross pewensie 5 muie
(1s 28). Tlonaras ciepsa Tam h==hy, noayuHM:
(o) + ¥y )
Yo ()=
Yo () T uFe
orciona cpasy maiaém Wy(u) ¢ touwnoctsio 10 moctosmoft W (o)
octagrca onpeneants Wy (L) YToGH 9TO creiats, sawerTwy, 4To ecw

(18.37)
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WATH BT cremki, rae $=0 W dy=0, nosyumm no (18.22):

ax __ dp dg du ).
Tp”"(‘)w’flﬁ_’”“‘p{ox wro

nOCAeHeE PABEHCTRO MOKHO MamcaTh, Bereactame (18.10), B muze:

oy d; 9
L —peospac e[S s
C apyroft cTopoHs, BIOAb AMAEA cTenkn (§ = 0) Gyzer:
U0+ Yy = (18.39)
u ewd
Mo W he
st w=reard Tt (18.40)
Takum o6pasom, KkoMGhuauns, sxonsuas B (18.38), Gyzer

.
= [Be S e g
Tlo (18.39) Bupaeiie B KBaApaTHOM CKOOKe, CTOSuee 3lech cnpasa,
Gyaer mpocto
ow; 4 .
Hrak, wi wokem aate Gopuyie (18.38) s
¢ s
A pCtcospl; (. ;‘3){1+
Haxouew, Mb MoweM cioza moxctaents W) 3 (18.37) mo gopuyae
v d
V3= 100+ 40 @)
Mt noayumu OOmKHOBeHHOE AudepenuMATLNOe ypaBHeHHe MepBOro
TOpALKA 117 Onpereneuus BA0Tb CTenxi C B Gymxunax ot §. Jdaasie
pelliekiie CBOAHTCA K KBapaTypaM.
3anaua IV. 912 3a1aua pewacTcA SHANHTEALHO MPOULE, HeM mpe-
aunymas. BIOAL CHOGOIHOM MOBEXHOCTII, KOTOpaA CCTs JWHHA TOKa,

nycts Gyzer y=0. Kpowe T0r0, Ka ceo6oaHON mosepxHoCTA 1apieime
W, SHASAT, CKOOCTH M3BECTHH; MYCTh Oyxer Taw G==(,. Tora:

Y O+GE=0. cm itp=C,

Ilance, 1076 XaPAKTePHCTHKH (CM. puc. 18), mycts sto Gyzer h
WMeeM ==y (1), TAe Yp— 33ManHan Gyikuus. Torza

_ Y09+ ()
b=

(18.41)
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Hrak,
W, ()

(ot 1+ — T, 0o
= Ot e+ L= G =1 — T, ().

TMoctosmas Wy () ONpeACANTCH W3 YCIOBMS COBNAZeHNS 3aucHUA P
€ 321aHHBIMH eE 3HAYEHMAMM HA XADAKTEPHCTHKC.

§ 19. Mepexon uepes ckopocts spyka. Iperesbubie JWHHH.
Tipumepst ToSHAX pemenii, TpeacTapity Cele HeCHHNACHYI0 KIAKOCTD,
06TeKaIoWYI0 C ONPEXEBHHON NO DEANNNHE W HANPABACHAIO CKOPOCTHIO
Ha GecKOHEWHOCTM, 3aMKHYTWH KOWTYp. Ecau, He Mewsn wanpasienne
CKOPOCTH, M YBEAHHM BeAWNMHY CC, TO KOHQUTYpauMs AWnui TOKa
OCTAHETCA HEH3MEHHON — TOTKO HYMCPAUHA (DYHKLAN TOKa WIMEHHTCH.
CyuiectayeT b 0AHO CeMeACTBO KPHBLX, KOTOPHE MOTYT CAYKHTH
JWAMA TOKA TPU OOTeKAwMH (TOX AaiNHM YOM 4TAKH) 3a13HHOTO

()

B CKUMAEMOH HKMIKOCTH. ECAH B HeCKUMAEMOH IKHIKOCTH M MOFAN
Hanncats

TaK 4TO A7 § ME WMETH MPOCTO ypasheswe Jlanaaca, 10 B cikuMacMoft
HHAKOCTH MB' AOTKHH NOAOKTS

[

w FTOy ' e Y

npusEM
P

JLANEY U .
S EED

TAK 9TO ypasHeihe, MOAYuAOICECS 479 §, OYIeT CONEPKATH B KaueCTse
K09HHIHENT o/, — HCA0 Maxa na GecKoHeuHoCTH. Cana KOHDHTYpa-
WA AR TOKG OYACT MEHSTHCA C MaMeHeHWeM uncia Maxa u, TaKi
OOpa30M, OMHOMY NPOPHIIO OYICT OTREWATH GECKOHEHHOE MHOKECTBO
kA TOKa, MPRACTABAIOILHX OOTeKaME STOTO NPOQHAS NPH PAIAUANEX
TO BeIMuHHE CKOPOCTAX Ha GecKoMeunocTh !).

) Hecauaeuan susiocts noryuaercs wak npelessial cayuat, sorsa
wola, X o b BupaNCIL Atn olpo MONIO. IpeESpesh nacio, Co-
nepmmuu (0, 910 TDWBOAMT X ADHOKERHONY YCIODHID. plpo y-
i npeeavusit Cayuali MOAYNHTCR, €CAH CKOPOCTL Uoo GyAET mepxsuykouo 1
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OcoGento pesko mposBATETCH WaMeHenne (OPNE AMMA TOK3, Koraa

B ILIOCKOCTH Teyehns (061analomiero eué 103BYKOBOM CKOPOCThIO HA
BOBHKKaIOT 0ke. Mu yse muiemu

b OMNOM W3 MpENBAYWNX NGparpabos, Ha MpHMEpe OGTEKAHHA KOWTYpa,
GIMSKOTO K KPYTY, 4T0 yiKe MpH 0,,~~0,36 na npoduie nossaserca
TOuKA, TAE U > @,; NpH albHefiieM POCTe CKOPOCTeH CielyeT OXKHATh
nofBACHNs Coepx3ByKOBOH 06aacTi. Ho siech BOSHHKaeT HOBas criewi-
(uuecKas TPYAHOCTh. Jledo B TOM, HTO TeNEHHS CHKMMAeMOM KHIKOCTH
0BAGIA0T ABYMS OCOGEHHOCTAMH 10 CPABHEHMIO C ABIKEHHSMI KIAKOCTH
eckumaeyo. Bo-nepsuix, B KULKOCTH Gecko-

wewio Gonsume copocrn (wakcivarian moaNoAIET CKOPOCT €cTh

‘/_’:t—; a‘). BO-BTOpHX, B CBEXIBYKOBOM TOTOKe rasa, B MpOTII-
HiaKoCTH TpyGKH TOKZ
 ypeausennen ckopocTi (cu. § 8). Tlocaennee 0GCTORTENLCTBO NPHBOANT
K TONY, 4O B CHEPAIBYKOBOH GOME AMMH T0KA GYAYT, PACIIpAACE.

o K Tpamnle; B 1038YKOBOM
30HE, HAMPOTHS, MWNKH TOKA OYIYT CYKATbCA ¥ Kak O CXOAMTGCS
C npHGAIKeHHEM K CBepX3BYKOBOR soHe. MOKHO OKIAATH, WTO MpH
SA1AHHOM KOWTYPe GYAYT CYUICCTBORATH CKOPOCTH Ha GECKOHEMHOCTH,
DI KOTOPHX HEBOSMOKHO GYIeT YAOBICTEOPHTH STUM OGOUM 32KOMAM.
KOHeWHOCTS CKOPOCTH, ¢ AYFOfl CTOPONH, MPHBOAMT K TOMY, UTO Tad,
TIe pelene ATH HECKNMAENONl KWIKOCTH 12T GeCKOHeNHHE CKOPOCTH,
HanpuMep, Npit OOTEKANME OCTPUA, TAM DEUClME A1R KHAKOCTH CAH-
MaeMOM AHO He CywecTsyer, GO COOTBECTCTBYIOUNE AMHWN TOKA He
0GpasyioT ocTporo yraa.

MareMaTiueckin 1e10 CHOATCA K TOMY, 4TO B CHepX3BYKOBOH 30HE
HOTYT TOSDNTLCH TOUKN 1 UCAE WA, 3 KOTOPUX mposode oF
cKopoctel Gyayr i
«npexeaviie muimiy. Takie peumm YpaBHeHN TASOBOM JHMHAMMKH,
$OPMATbHO CymecTsyiOlMe, (PUIUYECKOTO CMHICTA He MMEOT M peani-
30BaTECA e MOTYT. B STUX CAYYASX ABHAKeHHC NepecTpanpaerca Tak,
4TO BOSHHKAET MWHHA CHIBHOTO paspwiba (ie COBNANAIONLAs, KOHEUHO,
C npeleALHOM MWHHEH), W pelleHMe C CAMOTO HAY4ATA CAEAYET WCKATH

©eofacs 3> 1. B sTom nocacawes cayuae, Tak

e
W) TR 2

ouenb 60abIoi, T. €. ecan Moo
KaK 10 (9.22)

A noayunw, npeneCperas saeiox, coxepiaumst 1/M2,, g/ ax (1 — 59"

Takuu 06paIow, B STOM MPEACILHOM CAYHaE NIOTOK BHOBY He SABHCHT O SHCAA
Maxa Ha Gecxoneunocti.
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Mo B BiLze HENPEpHBHOTO GeSBHXPEROTO OGTEKaNAS, 4 B BHIE IDHACHNS,
B KOTOpOM MMEETCA TOBEPXHOCT: paspuisa, GoOpMA H MecTONOAOeiHe
KOTOpo 3ApaHSe HEHABECTHN M MoCHE REDEXOLE YEDED KOTODYID TeemHs
CraomTes HHXpeBHM

ONKIT NOKA3MBAET, UTO CKAUKH, KIK MPABHAO, CCALATCS» Ha KHAO
§ cRepXaBYKOBOM 30He (KDHAO ABHKETCH C A0SBYKOBOR CKOPOCTbIO).
Tawae ke v 00pasyiOTC B corae lapaas, Jake Tp IYRION cpe-
Nale AuBACHIA, CPA3Y MOCAE TOTO, KAK CORCPUNTCA MePexo tep
SagKonylo. €KOpOcTe, cCn Too . Mpodi conta e yonteraopaer
CTIeUNATLHEM YCAOBUAM (CM. CAeayloutnfi naparpad).

VCoBHE HATHUNA NPeleABHHIX AHHWA B TOM M WHOM PELICHII
ypasnennt mnuon AUMGKIGH, 7. <. JEAOBNE, TP KOTODOM TOmIMUTCS

yex TPYAHO HamHCATS.
B Canion 107, 570.yC10DHe OUCBIINO. PaBHGCATLIG OBpALENIO B MY
axobwana D (¥, $)/D(w. B); 1o MoCCIMMH MOKHO SanHCaTs TaK:
DG 3) _ D(xy) DGt
DEH ~ D69 Do b’
a0 scecrane (16.8), (16.9) u (16.10) nacr:
D(xy) _ 171(s \ 95 \?
s = [(5 =0 (5H) — (5]

i s, o cean ME < 1. vaw ompeseniren, e woer obperiicn

0; anauir, oToKe.
Tipehc e aminn oBpasyiotca 1ax, e

o \2 M2 9y \2 93 \?

() o= (G F (5
JHOGOHNTHO, UTO MepBHC MPHMEPH TOMMMX PIeHN, B KOTOHX OCY-
IHECTBIRICA NEPEXOL Uepea CKOPOCTs 3BYKA, 004anaa BCe MpEleLHIMIE
uiamn '), TATApeRuNk?) NepmHA MOKEA, KAK MOWHO HaWTH paR
TOMHHX WACTHHX PEUICHA YPaBHeA Ta30B0f AMHAMMKH, B KOTOPHX
CeyecTaamoTen, Tepenon. Sapes. CKopOURS aByiS  MpWIDR. AmkcAtA
g Toen ¢ ot e yeneaait
UroGk NMOAYUNTH NpHMepH TAKHX pelenu, BepHEMCS K YpABHEHHSM
Yan7kiruea W OGDATHM BHUMANME HA TO, UTO KAKINA Wien paxa (cTp. 118)

y= A+ B+ 3 B,z, (9 sin 2nB +a,)

6yIeT (OpMATLHO YAOBAETEOPATS ypasHeHisM rasonoll Auauukw. Tara-
PEHUMK pACCMATPUBAET EIICHAS BiAa:

=2, (<) (A cos 203 -+ Bsin 2n§), (19.2)

9.1y

) Tollmicn W, ZAMM 17, crp. 117135 (199
%) Tartapen , O HACTHHX peweHHAx YpapHeniil rasonoi Ausa-
i, TIRAL, 5 VI .V, 1944,
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rae A i B—nociosmiibe, a z, No-npexiemy Gyaer

2= ()
" ypasteio p pana (16.16):
2, (2 1
=Lt [zn 14 Vo] Ge 2t D y — o,

B1ech n— moBoe uncao. Buecte ¢ TaTAPEHINKOM MOTOKIM:
24-1=0,
TorAa ATH Y, mOAysHM:
a2y, 1
=02+
910 ypaskewHe WHTCTPHPYeTCA W AaET:
Ya=a(l =9 e
Fie €, 1 C;— NpOM3BOALKNE nocTOSMHME. MITAK, M MOKeM NpURsTh
B KavecTse pewenns:

b= V——[q(le)T‘T'cz] [Acosg— Bsing). (19.3)
Tlpu 570M 138 ¢ noayuaercs [cM., wanpmsiep, (16.21)):

! [c, (1 —F%x)ﬂ» PTD[’] (Asin+ Bcos). (19.4)

g

G =—

Paccmotphy vacthue cayuan. TTonokuy cnepaa

’T“:osp. (19.5)

HahagM cnepsa, kak BWIASAAT B NIOCKOCTR (X, y) AMHUH ©==const.
TaKk KaK BAOAL STHX il

= 9% . =9
dx= s dy=rd3

W Tak kak, no (16.7) u no (19.5)

ox 1 g ay o
L Bgingg, Wb
g Sh=fcosnp,

o

dx
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Mrerpupys mo § b mpezeaax of w2 0 B, moyunu:

x= @5 s 1 y= @+ sn 2,
o 2
(35"

vt
)
x— (x4 1
[ ( ° Q?v!)
Ocragres HaiTi anwb %o (2) 0y, (0). 370 CyTh 3atenns, KOTOPHE npit-
WANGIOT X Wy B QYHKIWSX OT ¥ Ha awMun §=w/2. Ho 51016 A
f=m/2 = const. Gyaer

orcoan

s

npuuen (9x/00), = pofs0%, @ (3y/0U),_,,==0. Taxuu o6pasou, ausits
B=m/2 B naockocTH (x, V) MePEXOAUT B NPAMYIO, MAPAITLILHYIO
ocn OX, 1 MOKHO cunTaTh

=0,

4T Ke KACATCH X, TO OHO HAMAETCA KBaADATYPOM ')

%(v) %%—d;ﬁ'-mnﬂ.:f—g—a(l =l Ez)"' do-+const.

F T

TakuM 0GPA3IOM, THHHAMH U == const, GyAeT ceMelicTBO KPYTOB C neH-
TpaMi BROAL oci OX W paSAMUMLX PAINYCOB (cM. puc. 48, Ha KoTopom

Beorpsspsopespra B fost
X Vs

Puc. 48

H30GpaKena «BepxHaR» HacTh Tesenns). Tak xak Ha Aunmn y=0 Gyzer
f==m/2 —Bce AWMWN TOKA NOA MPAMLM YrAOM MepecekaioT ocy Ox.
PaccMoTpUM  aWHMIO TOKA c. Tlo (19.5) Tam, e STa AuHHA Toka
nepecekaer och Ox, Oyaer v==1jc. TlepeMemasch 53075 AMHHM TOKE,

1) Kpaaparypa sumoaszcs, ecan nosoxuts % = 140.
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Mt Gylen sCrpedaTs pasmwunbie sHasewns . [TONazés au M Wa mpe-
Zempiiyio Annmio? Broab mpeaeanod awum (19.1) mveew no (19.5):

(%)’(Mz_l)‘“w7(’7“)2%slnzﬂ o.

vt
Ecam ABIFaTLCA BIOAb MMM TOKa $=c, T0 Gyler no (19.5) sin8
v, cos? — c%u?, u Ha MeCTe BCTpeun HaweH AWHWM TOKA C mpe-
ReabHoft el Gyzer no (8.9):

WAN, €cAl COGPATH 4ieHH i MPOHIBECTH ynpouLenus,

- 11— 2411
R e - )

¥ storo ypanserinn GyayT AcHCTONTETbiHE KOPHH TOT6KO NpH
8
1o 8
&% T
Ho, Kak Mu mnieaw, 1/c paiio SHRNEHNWO CKOPOCTH B TOdKE Mepecede-
Wi HalleR AmH ToKa ¢ ocblo Ox. 3HAUIT, KA BCX TeX MHMAX TOKA
.

148 KOTOPHX CKOPOCTb ¥ Ha ocH Ox 6yaeT Menblte, deM o
CKOpeHA e BOIHNKaIOT, 1 Teuenns
UMEIOT isieCkift crsica. Ha pic. 48 w3oBpaikeiti STH AMHNH TOKA, B1I0Te

20 wpaten somonnont ((3),

;‘/ ]

=V £51)- Koy nocrommon

CKOPOCTH CrywaioTes N0 wepe mpi-

GUKENNS K Aniiis T0Ka, Ha KOTOPLX

BOSNORNL  GecKomeuntie
s

TEPHCTHKI NEPBOIO 1 BTOPOrO CeMeNCTRA, KOTOPHE BOSHHKAIT B Halies
ABWKEHUH B CBEPXBYKOBOR 3ome.

Bropot wactuuil’ caysan peuwcwin (19.3), (19.4) noaywis, noaaras

Toraa

11 Teoperuseckas cuapovesanika, 4. 11
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B1oas amHmn U= const.

1 1 -
A @\ snsas
dx ,W( o @) sin23ap:
149 . 2oy
= B — 3.
dy ( = cos 2 — cos ;)n,

Tax 4TO MOXHO HAMHCATH

x :x"(;iﬁ»#(l + ﬁ'{ @) @os 28+ 1),

= 1492 %\ sin2; *
=@+ (EE
ol )+( v ,.+1) o
rae X (V) ¥o(v) — 3naucuis X  y B Tex TouKax, rie P = /2. Kak
W B NPETHAYUEN NPHMCPE, ONPEIEAM Xo # Yy, NEPEMEILARch 1O AMHHI
§=r/2. Moayuny Ges Tpyza:

Tak uto

sty == const. — = w=0.

BHOBL MOKHO HANTH CBA3L MEXKAY § W U HA MpeleabHON TWHMM, A TaKwe
BUACHITD, 1A KIKHX JMHWAX ¢ == CONSt. MH He BCTPETWM MpeAe’bHOR

’7'}'

Puic. 50,

. Kapiuna Tewenun (s 0Gaacty, mweiome QSMCCKnf cMuca)
nana ne puc. 50. Ha pic. 51 1aoGpaKea kpaiisn AnHMs TOKa n xapaKTe-
pretiki.
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[lpyriie NPUMEPH TOYHX PEmeHnfl 11 ABKEHNA ¢ 10- W CBepX-
SoyKOBBIMI CKODOCTAMH MOMEM HafiTw B crathe Punrac6a!) n Kpagra
1 JInG6aa?). DTH aBTOPE OTIPABAROTCH Takke OT peweinud Hanaurana.
T07€3H0 OTMETHTb, HTO pemeHis Buaa (19.2) MepexoasT B HecKUMaENOR
ILIKOCTH B pelielys THna

2
O W = k2TT, (19.6)
rae
z=x+iy.

B caMoM Jeie, 115 HeCKi-
MaeMoH KILAKOCTH Mbi HMEAN
61 Bycero (19.2) npoco (e
crp. 119

Ho toraa

dw " R
4 ot = const. wir
=Ve const. wy,

Otcioza u moayuurca (19.6). Tax pewennan Tarapenunxa oTseuaer
@=—1) B
O L=k

Bxech aunmm ToKa — ceMedcTBO Napadon ¢ obutell ockio — ockw Ox,
A IMHHE PABHWIX CKOPOCTefi CYTh KONUCHTPUYECKHE OKDYKHOCTH (C UeH-
TpoM B hasaze). Ha puc. 50 BinO, Kax HCKIKAOTCH STH AMHMN 13-32
cxumaeocti. Kpagr u JIG6a paccuoTpean AcTamsuo cayuam, Koria
n=7', ®%, =1 Ha pucynke 52 us00pamen HeKOTOpHE IWHHIH
TOKA U JMHMM U= CONSt. 147 Cayuan n==— ,%. OT1eIbHO NOKAIAHO
B YBIWEHHOM BWIe NOMe, OOBELCHHOE KBaZPAaTOM. 31eCh KaK Pas no-

HMOE OGTeKaHIE, CXOTHOE € TeM, 4TO pasodpal
TarapeHunK. B HECKUMaeMON KUAKOCTH 5TOMY ABWAKCHMO OTBeuzer oG-
Tekanne yraa b 60°.

B NpHBEEHHLX MPHMCPAX BOMPOC O BOSMUKHOBSHI IIH HEBOSHIK~
HOBEHHH MNpEICTbHHX MHUA PEWGeTCA 3aIHMM UHCIOM — noCTe TOTO,
KaK pelwenne NOAYWeHo, NpuMensercs xkputepufi (19.1). Heawan au,

) Ringleb F. Exakte Losungen des Diftrenziaigleichungen einer adiaba-
tieher Gasstromung, ZAMM 20, 1940.

HKratt and Dibble, Dimensional Adiabatic Compressible Flow Pat-
terns, Journal of the Aeronaut. Sci. 11, Ne 4, 1914,

%) TlocTontitie, BXOTAUIAE B Zy, NOI06PAHHN 3AECH TaK, 4TOGH MAKCUMAAL-

Was ckopocts Ghaa ¢ = 18,

-
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Puc. 52
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50

ounaKo, SHFCHTH apanee, TOAYHATCR M Ge3pasphiskiie, AMeNOMMe
(uaiueckul CMBICA, PEUICHHS NPH OGTEKaHIW AGHHOTO KOWTYpa, MpH
28uHOR  CKOPOCTH Ha GECKOHEUHOCTH M NPH YCIOBMH BOSHHKHOBEHHA
CaepxapyKOBO 30N, JTOT BOMPOC Tew G0Jee BaKeH, UTO OWeHb PEAKO
y1aETCA TOAYUNTD TOUHOE PellieHHe 3a1auK obTekanus. [TOuTH BCeraa npi-
Xoantes ¢ pelenuen a Gaaronaps HeTou-
JOCTH TOFO WM WHOFO MPHOAWKEHHOTO METOTA Mix MOXeM NPONYCTHTS 10~
ApeHie ONACHEIX 06aacTeH. Tak, HANDUMED, NDH Hey TauHOM NoAGOpe BX
oM YACTH CONTA JIaBANA MOKET OKA3ATHCH, YTO HEMPEpHBHOE ABHACHHE He
OCYLLECTBHMO, B CBEPX3BYKOBOH 30HE BOSHHKAET NOBEPXHOCTb CHABHOTO
paspuina (. § 21). HeKoTOpuH CBeT Wa ycopwe oTcyTcaus wan
BOSHHKHOBCHHS PAIPHEOR MPOAHBANT PaGOTH XPHCTHaNOBMGS, 3 Takike
Hukoabckoro  Taranopa. M Watoin b OGLX HEpTAX cOZepanie
ITUX HCCNeN0BaHKH.

0. Teuennit no
BHuy. PacCMOTPHM HeKOTOPYIO 0GAACTb TeNeHWs rasa, OFpaHHUEHHYIO
ueTHpLMS Mycts
MiMaMMy w3 ayr ) pacema-
TpUBAEMYI0 003aCTH TeHCHH B MIOCKOCTH (U, ©,) (phc. 53). Myets
“
aln
\ .
7 / 5
A

Puc. 53.

ayru MM, MM] npunansexat « smuwmkiowzaw l-ro cesecrsa,
a ayru MM;, MM, —x snwuwkionsax 2-ro cemeficraa.
Kak 5 naockoctu (7. §) pacnonowarcs town My, My My M,
FBAMIOLLNECS MIOOPAKEHHIMH Touek M), M, Ms, M; cootsercrseno?
MUHHMAIbHOE BHAYEHHE @ MOMKET OKA3ATHCH B OTHOR i3 veTHpEX
Touek My, My, My, My Mu He  paccuatpusaey siech supoxaaio-
uxea ca
HXCA CAFIAED, KOPAA B MIOCKOCTH (Ve ) Mt GyieM WMeTh, BMeCTO
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“eTHpEXyTOTLINKA, AYTY XapaKTepHCTHK 1-T0 WAM 2-ro ceMeficTsa.
Srir_caysan noanoCTHI0 BN pazobpanst panswe (cM. § 12).

PacHOTPIM BCE UETHPE BOIMOKHMX CaYHaA.

I. MuuMaTbHOE 3HAEHMe ¢ Okasatoch ® Touxe Mg Jlsurasce
or My mo xapaktepuctitke 1-ro ceMeficrsa MMy, M Gyzew momazats
B 064aCTb ¢ GOABLIMM caenosatensho, mo (18.6) ¢ B Touke M,
20aKHO ObiTh Gombile, 4eM B Mg AHAOTHAKO STOMY, 4TOGH NOMACTs

5 M, WAIO MBMraTscR MO XapakTepucTHKe 2-r0 ceMeficrsa MM, u
anasetiie ¢ B Touke My 101kHO OuTh 10 (18.7) Mersute, sex b My, Takine
06paso, B STOM cayuae BIaMNHOE pacnonokcHie Touek My, M, M, Gyaer
7Tk, Kak ROKAMO Ha puc. 54. Jlatee, Asirasce o1 My k My no
XapaKTepHCTHKe 2-T0 CeMeHcTBA, M GyleM noayuars no (18.6) ata
Tanreca HAKAOHA d4/dy KACATENLHHX K XaPaKTePHCTHKAM 1-ro CexchicTaa
BCE MeHbliMe W MeHbLIHe (N0 MOLYIO) SHaueHns, OO NpH MepeisiKeHNH

1 (a0 NoR B
no smwwkronze or M k M; 3 pacter u swasenne (V) yowsaer.

. ABurascy mo MM, or My x My, i mo
(18.7) Gyzem Betpesars ned
] MeHbIlMe 1§ MEHbIINC  SHAMEiHI(s
", |dyfds | aas xapaktepucrik 2-ro
cemeficTsa.

Takis 00pA3ON, MOKHO yeTa-

HODHTL  XapaKTep  BHNYKIOCTH

; “y XapaKTepHCTUK 00OHX CeMecTs.
Cxemarituccoe H300paxenie Ka-
eft oGaacTi B maocKOCTH (2. )
nawo wa puc. 54. XpucTuano-

M B4 1) HAIHBACT ABIKEHNS TAKOTO
TUNa CTeucHUANM paCLIpERN>.

¢
Prc. 51, Kak 1-ro, Tax n 270 coneficTsa

BeAyT cc6a alech, ccan mepe-
MEWGTbCS B HAPABACHIN TEUEHHS (T. €. IO ANHNMAM &= CONSL. OT MeM-
LHX K GOBLINN) TAK e, K2K BeAYT Ce0s NpAMOAMNCHIILIE XapaKTepHCTIiGH
1-70 CeMECTBA B 3alaue O ABWKCSHHH 23a BHC BMNYKIOH NOBEPXHOCTH
(§ 12, puc. 23). ki (nep xa-
PAKTEPHCTHK) 3MECH HCBOIMOKHO.

11, MuksMaabHOE SHavenHe @ npuuIAock wa Touxy My. Mepeasmxenue
ot Touki M, K Touke M, NOSBOTHT Temepn SAKMOWKTH, 0AArOZIA
NPEANDAOKENHON MUHHNATLHOCTH 9 B Touke M, W Ha ockosawws (18.7),
4T § B Touke M, A0aKHO GuTs Mesuie, wew B M, amasorwuno —

puctyanonnu C. A, O cuepxamyxosux Tcuewnsx rasa, Tpyas
uarh M S A8
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5 M, Oyter Gomwme, uem » M. Taxu o6pasow, Touxu M, M,
PACOIOKATES TAK, KaK MOKa3aHO WA pHC. 55. Ecan Temepo M Gyzes

[lepeNEUIGTCA IO XaPAKTEHCTHKe 2-T0 ceMeMictsa MM, of Toukn My

« Touke My, TO M Gylem

B MAOCKOCTH (U, ©,) ABit- 1

raTbca B CTOPOHY YBeanue- My,

s @ o, amaunr, mo (18.7)

GyieM NOAYATL BCE MeHbUIN

 entwitfl (N0 Moay0) na- My

K10H XapaKTEpHCTHK 1-T0 ce- "

weficrea (cw. puc. 55). Ana-

JorHuIN 00PAIOM NPK Ne~

pewewennn or My kM,

Gyaex 10ayuaTh BCe MeHbIIMA w

W Menbuwm HAKION XapaxTe-

pHeTHK 110 ceveficTsa. Takne

Zemkens

3LRACT CTCUCHHAMH CHATHY. ?

Ilsurasce 10 Tevermio (cesa Prc. 55.

Hanpaso o mmmmaM Y=

onst.). Mu GYAcM BCTPENATH XAPAKTEHCTHKH OGOWX CeMeHcTs, Beny-

Wie ceG1 TaK e, Kak BeaW CeF XapaKTepUCTHKM (NpaMOAMHeMie)

b Salave o ABIKeHH OKOAO BOTHYTON nopepxwocTH (§ 13). Xapaktepu-

CTHKH no Teyenus. ) AMHUA MOKeET

alech BOBMMKNYTG Kak OFii-

6alouLan Kamaoro u3 ceMehcTB

XapaKtepucTiK.  Xpuctuano-

Y TOBOPHT B TaKNX CayHasX,

WTO Tettene CTpeNITCH K pas-

pywenuio. B cayuae Il teve- M

HHE CTPEMHTCS K paspyuieHio "

B TPEX HANpaBACHUAX: B Ha.

npaBieniin sopactaiouux ¢, 14

B HANpABACHNN YOuBAOLNX |,

B ABHAKCHHS, ¢
TIL Musmmazenoe siaue- Puc. 56.

Hie @ IDHAALIERHT TouKe M,.

lpiierie M0 XapakTepictike or M, k M, npHBeAET Teneph, BCACACTBHE

(18.6), & pocty ¢ awikenne or M, x My, 1o (18.7), — K yMeHbICHIIO ¢

(ex. puc. 56). TTpn Asmkenin ot Mz x Mj i Gynem nonanats s o6aacts

MeHbinx v, 3naunT, 2-10 cemeflcTBa, BCTP! MMy,

Oyayr noaxoauts [acaeactaie (18.7)] scé kpyue W Kpyde N0 Mepe fe-
pexewenny o1 My k My Hanpotus, ccau asuratncs or My k My, Mt

.
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GyleM BCTpewaTh BCE Melee W MeHee HAKAOHEHHME  XapakTepiCTHKM

PAKTEPHCTHKH PAIBX CMEHCTD DeaYT CeOs 3AeCh NO-pasnoMy. STor THI
MOXHO Ha3BAT €CMELITHILM>.

V. ¢ aocturaer muwnwya o Touke M,. Teneph poct § moayumy,
aprasce ot M, k M. u yOwsanne — burascs ot M, k My Tpn
Nepenuikenin o1 M, Kk My Gyiem nOMaAaTh 8 067aCTH ¢ MCHoWHMH O
W, anaunt, no (18.6) 1-ro cemeticra,

MM, Gyayr craonuThcs BcE kpyde no Mepe nepeeuerns or M,
K M. Hanporus, ishrasc or M, k M,, Oylew ncTpevam Bct Meriee
" u Melee HaKaONEHAHE XapaKTe-
¢ q pucTikit 1-r0 cemeficTaa. [lpitie-
Wi CTpEMITCR K pagpyuicnio

¥y B HANPABACHHH DPacTYLHX

Xpicruanosus Taiae nasusaer
CMemanuuMK, OGLERWRIA  HX
My © npeniywMH.
Mui uMeeM Takum 00pazoM
TP THNA TeweHnf.
Mokwo Guo 6w mposectn
Pue. 57 KAACCHUKALAIO R IO NOBee:
XaPAKTEPHCTHK B MIOCKOCTH
(X, y) HETIOCPEACTREIHO, HO 3AECh YHCAO KAACCOB NPHILAOCH Gl YABOHTS.
cavou sexe, BOTHYTOCTH
B maockocTH (X, y). MMeem:

g} = a).

-

H

Tax uro
dzy 1 d@xa) dv
dx T wosT(3ta)  dv dx '
Ho a0t XapakTepHCTHK [cM., wanpumep, (10.3)]

45 . age
WS
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a0 (9:22)
da —1 2
2sinacosa o ~_(/+|) (1‘2‘4‘5‘"'“)7'
Taxi 00pasOM,

{costa— 25t —sinta ).

Kpioiana OOPITHTCS B HYTo TP AHaUCHAH & =, TAS

1
wFEED dx vemacea

sinta, =25
[pn # =14 sinzy=0,6325, cooeercrayiomee wicao Maxa Gyzer
2

= 1,565,

a7=V2.

Takie TOMKN MeperuGa Ha XapakTepHCTHKAX OTUETIMBO BHIHM, Ha-
npuep, Ha puc. 49 W pHC. 51 Ta, Fie HAWN XapaKTEDHCTHKM mepe-
CEKAIOTCA ¢ AMIHANH U=

Taxuu obpazou maccuq;unupwn npuuLiocs 61 otaeabHo 218 M<M,
uM>

l'!ncumpux Teneph, K KAKOMY KAACCY MBHAKeHH NPUHALTEXWT XBH-
wenne, cpasy we 3a aumer> (Tak Mt
6yllew nasuipath AMHWO, TAe U==a,) B CBEPX3PYKOBOH 06aaCTH. OTnpa-
BASEMCS Ha STOT pa: or ypashenutt (9.2):

due dv, 0
@) 52 o, (et ) 4 (@ —a) =

W YCAOBNS OTCYTCTBHA BHXpeft

S

Buoaa seanumiy cxopoctn v u yroa §, Tak uto
o, =vcos, v, =vsinf,

Mbl MOKCM MEpemiCaTs HaWM ypasHeus B sile

(@—a?)(cosp 5 +s.npﬁq_aw(wsp —sng &) =o.)
t(ﬂo 1)

sinﬁ-ﬁ-—cosﬁw+ .,(msa +sing g ) 0
I, eCAN BBECTH U=1v/a, W 0Bo3MAMTL M=uvja:

= l)(caiﬂg"—x+siﬂﬂi)+3(s\np B cosp %

sinB 52 —cosp —--f—v(cosp +sing
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Y1o6u BHSCHHTH, uTO GYAET NPOMCXOMKTE OKOAO i ©= 1, pac-
CMOTPHM CNeppa NPOUSBOMBHYIO AUHMIO U= const. TTycTh P — Touka na
5ToM Ay, OGOAUNM LAHRY, OTCHHTAHHYIO MO AYTe OT TOuKH P BIOMH
aumuu v = const., uepes 5. Hopuams B P K aunun v == const. oGosHaumy
Hyksoft n. Hanpasus ock Ox no kacareabnoft, a ock Oy no Hopman
v==const. B Touke P, Mu MOKeM Nepenucat ypasnenns (20.1)

M2 — 1ysin 22 +v(s{nb—~(osc— =0,

—cosd = +U(coso~+sh| of)*

Bnecy 8- yroa, cocns.muuu BEKTOPOM CKOPOCTH C  KacaTeabHol
X anumn 3= const. (cM. pic. 58). Mckaiouns ua STHX ypashernh 03/dn,
y 0AYUHAM CTeAyioliee PABENCTBO, CBA-

swipaiowee 93/ds u Ov/o

»

b

a2 0
(1 —Mesin?) S5 (20.3)
Ocoero NPOCTON BiHA NOAYWHT OpMYda

(20.3), Korza Wawa s = const. eCTh

awnua nepexona, T. e. ecam = I, Toraa:
B gy OV
o5 =costh g (20.4)

BaweTuy, 9TO ecam HOpMATs Hanpasiena

B CTOPOHY CBEpX3BYKOBOf 30MHH, TO GyaeT

99/on >0, w Takum obpasos 03/ds > 0.

Puc. 58, OTCio1a M NOJyuaeM BaKHOe CIEACTBHe:

ecam nepemeaTLEA MO AMNH U= 1, TO yroa

iy cxopoc 11 ¢ s v=1

Byne'r MEHATHCA MOHOTOHHO W WMEHHO TaK, 9TO €M UpH M Mepe-

MEUWCHMI CBRPX3BYKOBAS CKOPOCTH OCTAETCA CAEa, TO BEKTOP CKOPOCTH
GyleT BpalaThCA MPOTHB YACOBOM CTPEAKH.

MOKeT A# NOAYYHTECA GECKOHEUNOe YCKOpeHHe yiKe Ha CaMOft Amiui
=17 Coraacio (20.4): 9/on == (1/cos? 8) 93/ds. Moxer npeactamutoca
ava cayvan: 1) 6=r/2, 2) 8 # /2. Ecan 3= /2, T0 BEKTOP CKOPOCTHH
oproronanei B Touke P K nepexonoh awnm, Tak kax npu v=1 sina=1,
T.e a=m/2, T0 B TouKe U= BEKTOp CKOPOCTH AOMXEH GHTb OpTO-
onazeN K XapaTepucTau. SWISHT, KOrA3 3 = v/2, 10 Xapakrepucriki
Gyayr Kacatues b P nepexoawol aunum (prc. 59). [lyc

§=F©

@

— aWavenms yraa f wa awmmn D=1 B QYHKWMAX OT ATMMH AYTH S,



s; TEUEHMR MO m
orcunTHBacMOl OT Toukn P. Jludpdepenunpys STO CoOTHOWEHNE BIOML
ayrh, HOAYHHM

P cos@—+ S sin g — ) =4

(kak W mpexie, 3 — TeKYWHR yroa, COCTaBiseMuH BEKTOPOM CKOPOCTH
¢ nanpapnciKeM Kacatenbnofl K awmim v==1, Tak uro B—B— yroa
Haknona Kacareabiofl K KM U= 1 k ocu x). Kpowe Toro, auddepen-
uupys B0AL KpUBOH U =1, myeex:

& cos@— ) + gy sinG—H)=0.
K oTHM ABYM YPABHEHMAM M MOKCHM
NpUCOSMNBNTL  eIME ABA  ypasHCHMs,
Kotophie _noayuatcs W3 (20.2) npw
M=1 v=1:

sinf 9% — cos p 2

smp%’-coxp%Jr
Puc. 59.

B g0

+ cosd g + sinf5F-

Petan Halm  ypASHCNHA OTHOCHTEABHO MPOHSBOIHAX. MOAYwM
dj_ cosG—1) di* - Ov n (B —13) di*
= TcsTs  ds’ Oox  costs ds '

ox _sing 4 0B

Ty T st ds ' ax

Mt npeanosokua, uto » Touke P(s=0) 3=r/2. Okoao Toukw P

ML MOKeEM HanucaTh

ey a5
o \,“T ¥ )«T”' .
nosToMy cos?3 == (d3°[ds)? s+ O (s%), rae O(s’) obosnauaer wiew mo-
paaka He wike s%. C 1pyroM cropoms, A di'[ds mueem

(), () s+ (5 F o

ds

Tak T 218 0U/Oy, HAMHMEP, WMeey
(‘;‘;) +(%} +(45) 5 roen

os’+0(s')

av

=cos(@— (20.5)
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s orp pasescta

P g

(“ )P (F), =0 (20.6)
Takw 0GPASON, A1A BOSNOKHOCTH HEMPCPHBEHOTO MEPEX03a O A03BYKO-
BOW CKOPOCTH K CBEPX3BYKOBOH B TOM CIydae, KOPAa B HEKOTOPOR
TouKe MHHHA NePEXOAa OPTOFOHATLHA K BEKTOPY CKOPOCTH (Hanpisep,
Ha ocH cuMMeTpun conra Jlaans), HEOGXOANMO BHMOAHEHME CHEWHAT-
HUX yCa0BMR (20.6) OTHOCHTEALHO PABHOMEPHOCTH NMOTOKA OKOAO STOR
Touk.

Ecan amius U==1 caMa SBARETCH XapaKTEpHCTHKOM (AW BO BCex
TOMKAX KACATCH XAPAKTEPHCTHK), TO A1 HEMPEPHIBHOCTH ABIKEHHs YCA0-
Bie (20.6) IOIKHO BHINOAATLCA BO BCCX TOUKAX STOM AMHNK, T. €. A0MKHO
15y

ag
s =

W IMHHA MEPEX0na MOAKHA GWTh MPOCTOfl NPAMOH. B mpoTHBHOM cayuze
Ha BCEMl NMMMA NEPEX012 M GyleM MMETh GecKOuewHse Snavuemis wa-
WX NPOHIBOLHMX, T. €. GECKOHEUHHE YCKOPEHHs, W TOTAA ABHAeHHE
Heabas IPOLOMKHTL 30 AMHMIO NEPEXONA (CAMA THHHA NEPEXOLA GYIET Npe-
RenuHON AMilMeR) W BCE pelleHie He GYACT WMETh BUINHECKOTO CMHCAG.
TIpoCTeLINM NPUMEPOM TAKOTO pelleHis MOKET CAYAKNTh GHATOT HCTON-
KA HAW CTOKA B HECKHMAEMO KHAKOCTH. HIMEHHO, eCAN B UWARWIDH-
UeckHX KoopaMHATAX

v, =v,(), =0
(v, — GYHKUHA OIHOTO TOZBKO r), TO, TAK KaK N0 ypasiewiio Bepuyaau

(U=|v,/a,|), & BeaeaCTBHE YpaBHeHHS HEPA3PHBHOCTH,

MbL MOKEM HAMNCATS:

ECan 7, — paauyc T0ro Kpyra, Ha KOTOPOM U 0GPAUIaeTcs B exMMuy,
f

2
7o noctosunas wrerpupovanus Oyzer ., ()™, ak uro

r . (20.7)
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Mu NOKCN, Ka3210Ch Obi, NPEACTABNTA ceGe ABMAEMME TakiM: ua Gec-
KOHEMHOCTH ¥ == 0, BCI01Y ¥, < 0 — KHAKOCTS YCTPEMIETCH 10 PALHYCAM
X UEHTPY: CKOPOCTH ABIKEHNS MOHOTONHO PacTéT no sakowy (20.7) i

oKpyRHOCTH ifr,, Tak w0 (20.6) We bHmoA-
usetcs. C apyroft e cmponu. Kak  HeTpyano yﬁznmbcn, Hanucas
ypashens xapakre-
DHCTHKH J10KHb! KacaThes aupymuocw r=r, (e ctga = n) uaumnme
Jalle He MOKET GWTh TOIOAKEHO BHYTPh Kpyra pamiyca r B
Now nede, anamenarems (20.7) WMEET MAKCHMYM, H CIEAOBATENSHO,
£ UMEET MILHIMYM B TONHOCTH npit TOT MPHMEp MOXET CAYKHTH
MATIOCTPAIMER K CKA3AHHOMY B Hauate npenmnymero naparpaga o HeBo3-
MOKHOCTH B CHHUMAEMOR JKHAKOCTH OCYLIECTBACHHA TAKHX TeyeHuH, KOTO-
pHe B KNAKOCTH HECKHMAEMON AABATH Ot GeCKONCUNME CKOPOCTH. BNECTO
HCTOUINNKA, AN CTOKA B HAYATe KOOPAWHAT, KOTOpHE MOAYHIIOTCH B He-
CKUMAEGMON JKIAKOCTH, MBI WMeeM 3jech PO B BHAE Kpyra paamyca
F=r,, BUYTPL KOTOPOTO TCYeHHE HeAban MPOAOTKNTS.

BepHENCA Teneph K OOUIEMY CAyuaio, Koraa & # w2 (cM. pic. 60).
Hetpyano y6emuThcs, uTQ ABHKEHHE, BOSHHKAIOWEe B CBEPX3BYKOBOR
ob7acTH Cpasy 33 AMMHEH Nepexoma, GyieT NpHHALACKATH K THAY

IR 0

. HahaEm
naMenenne upn nepemmenuu no  xapaktepuctuke.  [loawas
x no Gyaer
byl tg(ah): 'y
{
lcns Bt-sinfig (@ P/
Taknm 0Gpasow, |/
do vcosa 1
w09 \['
Ha i nepeora @ = w2, M

(dg/dx), =

nponmﬂ)epenuupyeu (20.8) ewt
Pa3 10 x i onpeneay sty npoHsBOL-
HYI0 Ha AuMun nepexoaa. Moayum

Puc. 60.

d:
ng dx

SHAK MAOC CACAYET WIATL np mepeMEWEMNN BAOS XapAKTEPHCTHK

1-ro cemeficTsa, smax uiwye— o 210 cecctsa. Takiu oGpasow,

CaM N0 Mepe 7

1o Capatepuctine 1-ro cenencrss @ Gyaer pacth, T0 mpH nepeMente-

(-)»é:pg: ;;c.:& XIPIKTEPICTIE 210 cewelicrsd ¢ Oyaer YOuBTh W -

T e "o 910 MOKER GUTL ML B CAYWAC CHEIIIONO Teie:
K, 38 NCPEXORHON N ACHCTINTENLHO MOKCET
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BOIMUKNYTL mpeeabHAR AMHNA, B WEM M M WMenn cayua yGeautbca
}a_ KOHKPETHBIX MPHMEPAX

§ 2. Mocrpoenne «Gesyxaproro» conna Jasans. Hereserme
rasa u3 uepes cKopocTs
sByKa. B § 12 M BWICAW, Kak MOKHO MyTEM nonG0pa mpodmas cre-
HOK ROMYUHTH PABHOMEPHYIO CBEPX3BYKOBYIO CKOPOCTh B cone Jlapaas,
OCAE TOTO KAK yKe MOJYYEHO CBEPXIBYKOBOS Tedelie B HEKOTOPOM
ceuenny cona. TIOAGOp CTEHOK MPOU3BOAHTCH B CHEPX3BYKOBOR 06AGCTH.
Ha nepBrft BSTASN MOXET NOKA3ATLCA, Y4TO (OPMA CTCHOK B A03BYKOBOH
HACTH CONJA — TAK HA3LIBAEMON BXOAHOM YACTH — MOKeT OHTb NpOM3-

asyka. OAHaKo STO lie Tak. BATPYIHEHHS C OTHCKHWEM peuleHus,

0 KOTOpHIX M roBOpHAN B naparpade, snech

0coenio oTuETanso. ECAU NpOHAL BXOLHOTO OTBEPCTHS GYIET NpOM3~

BOBHbIM, MOXCT OKA3ATHCH, 4TO NEPeX01 Hepes cKOPOCTh SByKa Oyxer
KoOpewii. PUIHIECKH STO

GYIeT 03HauaTh, §TO ABMNEHHE NEPECTPOMTCH, TAK HTO CPA3y Tewenwe

Gyzer wicnopueno». Ha pic. 61, sawvcTsosanmow W3 cTato AcTposa,

)

% T T T
I i T
| 1
I i
¥ } T
d -
) I
2 00 200 300 wo 500 zmw 600 x

Prc. 61

Jlewia, Mapaosa n XpHCTHAHOBNNA'), AaWE PEayibTATH SKCMepHMEN-
TAALHLLX HIMEPEHWA DACNPeleneHHs NaBACHUS p[p, BAOAL OCH OAHOTO
conna Jlagaas. Conno sT0 GMAO PACCUHTANO Ge3 YSETa BOIMOKHOCTH

) Actpo Ne Baos Jl, Xpucinanosuu C
0 patitre donen Ravass, Ak, Vi i
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posukKHOBeHHA paspupa. KAk BUIHO Wa pHCYHKe, MEMAZeKO OT AWM
niepexona (Ha Hefl p/py==0,528) B CBepX3RYKOBON 06AACTH BOSHHK a3~
DUB; OH NOPOAWA BOIMYUIEHHE, OTPKGIOUICECH OT CTEHOK COMAA
PACTIPOCTPANFIOMICECS MO BCefl AMMHe cONa. PapHOMEPHOCTs MOTOKA
oKagaack HCMOpHeHHoM.

Kax e cleayeT MOCTPOKT. BXOZHOE OTBEPCTHE, 4TOGH CKA¥OK He
oﬁpasnsancu? Kak nocrpouts Geaynapwoe conno Jlasans?

KaueeTBe NPOCTEHEro NPHEMA MOXHO, Ka3aioCh Gi, MPeATOKHTH

cnenymmuﬂ’) Ha ocn ciMMeTpUM conna, KIKOBYIO MM TpUMEM 31
och Ox, C HAYAIOM KOOPAWHAT B TOYKE AWHMM MCPEXOA, SAIANMM CKO-

POCTb U, Kak HeKYI0 AHATHTHNECKYIO ynKumo of x. [IycTo pasioke-
line STOR YHKILH B DAL OKOAO TOUKN X =0 WyeeT BHL:

Ux
a.

9, I+ Ax+ B2+ Cx¥4 ... @L

Vpaswenns rasopoft auwamukn [em. (15,1

[ D@ — )+ — D] 2+ e, dfdy +

= =, 0B
ot DE@— )+ e—n) 2 ©@1.2)
rae & — Geapassepiuil NOTeHNA CKOPOCTEH, TaK 4TO
o
o (21.3)

BMECTE ¢ ycrommAME cHMMeTpHM W ycaoswes (21.1), mossoast Toraa
T0caeA0BaTE MO Onpeneants B Touke O (0, 0) Ai0GyI0 MPOHIBOTHYI OT
@ no x uy. Tak, wanpumep, w3 ycaomns (21.1) wueew naa Toukn O:
0®/x =1, a w3 ycaosus crumerpun: 0B/dy = 0 (3, = 0). 3atew u3 T0r0
e yenonua (21.1) 0*D/0x? = A, us ycrosus cummerpui 0°D/0x oy =0,
¥3_ypasitenns (21.2) nonywnw 0°B/oy?==0. Jlaree, 0%b/ox>=2B,
0%B/0x* 9y = 0; npowasomme e PD/ox dy?, OB[dy® onpexcais nyTen
MWEWHMWHW (21.2) mo x W W3 ycaoBuR CHMMETpHH W T. A.
Tpoussoasn sTh cobepuieniio saemenTapibie BHKAALKH, NOAYUHN:
- il 2 kDA .
P=x+AG +ET+%xya+g%+
@2r—1 9
+ot A BZDAEE b, 1)

e DMeyer T, Ueber zwaidlmen!s‘l:g.“:‘l: Dewegungsgleichung i cinem O,
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Terleps M MOMKeM HanHcaTh pmmenuu a1 T, u vy
14 Ax+ Bx4 (x4 1) 1 t g
O g a BEUR O

@15

et I)Alxy+(x+lj/1wxzy+

DA s el

W NyTEM NPOCTHX Kanparyp onperesutt ymkuwmo Toka Ui

[3 /.Pi;(::,rly—

rie

=i a1 oy | e

P L E .

£ @+ )
Onity a awimit Toxa = const. wowo mpu, 58 cTenin conna. Cxo-
ZuMOCTH alech paios eopemoft Komn —

Kobazesckofl, Grarozaps anaiMTauHOCTH  (ynKuHi «/,( 0). Oanako

paanyc cxommvoct no ocu Oy aapanee HewsnecTew, W STO Cpasy Ke

sacTanaser o'rﬁpocm» Ma’lomwﬂuﬂ anecb xmcm nOCTpOEHUS  cOnAa.
Kako

s en
MONE TOARSORETECR HALIHMM pAVANH, T0 SapaHes NEL HE SHEEM, HE BETPE-
THMCA M MW C TeM e 3ATPYAHEHHEM, O KOTOPOM TOBOPHAH B MPEL-
Zyuiem naparpade: Halle peliciHe MOKET OKA3aThCA He HMEIOUIMM CMHCAD
33 HEKOTOPHM Y.

Hanoikennbe 3iech MOACYETH 1al0T, OLHAKO, COBEPUIEHHO CTPOFHE
Suavenus npowapoxHux B Touke O ot @ u W N nozesH 415 OpHEHTH-
pOBKH. OHM TOKZIUBAIT, KAK BEAET CeGn ABMAeHME HEAATEKO OT AMNHIL
TepeXO1a B CAYHae AHATHTHYCCKOTO pewens wa ocw. Tak, wanpuwep,
Ol 103BOAAIOT 1aTh YPaBHeHHe JNUHWH NePexona okoao camofi Toukn O.
VIMeHHo, eCIM HCKATh STO ypashcime B pitie

x=attayt+ ..., 2L7)
70, serapans (21.7) B (21.5) n (21.6) w wanucas ycaosme 293 =1,
noayunx Ges Tpyna:

x+|

r=— Ay — EED apgy

Janee, ann obox cevedeTs, w 0, Gyzen
nvems:
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| eCAN WCKATH WX YpaBHenHe B piie
x=my4 .
0 aan 1-T0 ceMeHicTea (3uax maloc) moryuny:

(21.8)

EIPFE

aas 2-ro:

. (21.9)

Ha piic. 62 2aHa CXeMa DACTIOAOWEHNS TWHUN NIEPEX0Aa  OGEHX Xapak-
TepHCTHK.

Urobki Waberats 3aTpyIHCHNS, CBASANHOTO C HEODXOIMMOCTEIO 3AT
pasuyc cxonnmocts, Xpuctuanony, Actpos, Jesun u [asios npenio-

HKitaH €10co6 BCero TeucHHs b BHIe, 2 He npH
v
Yaparmepucmuxa
Icemeicmea;
Pre. 62 Prc. 63.

TOMOUI PAos. B 0CHOBY OHH MOOKILAN OCTPOEHIE BXOIHOTO OTBEp-
cTis 1o metony Xpucruaiopnua (§ 17). Huento onn NPHASIH b KavecTse
HKTHBHOTO 7IOTOKA TeueHWe uepes Tak HashBaeMblfl Hacalok Bopaa.
Vpaptetie 5Toro Teveina neer su1

Vi (o b 1) = ® - 1T — o= @i,
Junu toka uemnmeum Aans_wa puc. 63. Crewku macaaka noay-

uaiores npn W= £ 7 (y= + x/V,) — mmuna Toka ABar mosTOpRET
crenKy Wacazxa

OTaeas AeACTONTEALIYIO W Miylo wacTs, MoTyuN:

1

3 [@—eFeosF), y= L [T e-Fsin).

it oka, ans Kotopux T /2, MOTYT GEiTh NIPHHATH 33 «CTenKy» C
dUKTHBROO NOTOKA. VpaBlenna stux crewok Gyayr

:—‘(
v

2

+e'7=”).

12 Teoperwsecnsn raapoexanika, . 11
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TotpeGyem Teneps, 11064 Voo G510 B TOIHOCTH PABHO TOMY GHAUEHHIO,
HpH KOTOPOM COOTBETCTEYOWAA CKOPOCTH U B NOTOKe CiMMaEMOR
HUAKOCTH PaBHA elMHMILE:

I
[
Kak nokasan pacuer ymoMsHyTHX aBTOPOB, KOWTYPH B MAOCKOCTH (X, ¥
YKOAUMBAIOTCS, TAK WTO /MHMA U= | OKAIWBIETCH HA KOWEWHOM pac-
Crommun ). Jlazee, BecoMa CYWECTRENO TO, 4TO AMHNA ePEXOIa OKAIk-
B2ETCH OTPESKOM TpsMON, Nepnentukyasprol k ocn O,  sa0ab aMmN
TEpEXOna CKOPOCT DCIOAY WMEET OAHO # TO e HANPABACHHE, N3PAA-
JeabHoe oc OX (B MECHKUMASMOR HKHAKOCTH MOTOK CTPEMHTCR K STOMY
HANDABAEHWIO 1A GeCKOHewHOCTH). Mbl yie BUIEAH B NpeXbAyuteM
naparpagpe, 4TO NPAMAs AMMUA NEPeX0Aa OGANAET NPCHMYUIECTROM NO
cpasenwo ¢ ApyriMA. TOT (BakT, 4TO AWMS NCPEXOXa MPAMA, NOIBO-
ASET CYNTATH, YTO DASPHIBOB B CBEPX3BYKOROR 30HE HE oﬁpasy:ru.

xon BXOLHOH 4acTh caex

npswot TEpEXONa ¢ OCIO CONAA MPUMMNAETCH 33 HA¥A10 KOOPAMHAT
B MIOCKOCTH (X, y) (NOAOKHTEAbHAS OCb OX HAMPaBieHa MO OCH COMAA
B CTOpORY ckopocteft, Topony
703BYKOBHIX CKOPOCTeH). HauHas T JMHMI Mepexoaa (B CTOPOHY 103BY-
KOBHX CKOPOCTel), PAacHiT CTEHOK BeAETCA BMAOTL 10 TeX MeCT, Fie
v~=0.8 no Gopumyaay Tana (17.2), YNPOWEHHBIX 32 CYET TOrO, YTO 3aeCh
VK =0, v~ 1; nauunas ot 1oro Mecta, rie U==0.8, pacudr BeadTcs
o opmynam (17.23). B cBepx3BykoBOf WaCTH ClelyeT Crepsa OTOHTH
OT pAMON AWAWH U= NYTEN pASIOKERNS O W B B DAL, HO He MO
CTenensM x Wy, KaK STO Aeiaioch B HauAle ITOTO naparpada, a mo
crenenss ¢ i ¢, C STON Leabo MOKHO HCTOALIOBATH, HANPHNED. YPas-
wewns Yanurmma (16.9), (16.10), KoTOpHe MOKHO 3anucars crepsa
b Buze

V=2 ~0,7579.

O _ G0y G MW—1p 0
B o ov v v p 0’

34TeM MPUHSATH 32 HC3ABHCHMME MEPEMCHHHE P W J, 2 32 HCKOMHE (yHK-
WD W B W, MIKOWEIL, MPRHRTS 32 HESBECTHYH ByIKINO (== 7 — L.
Hanucas pasaoweniie ¢ w B no CTememsM @ # & (MPAKTHUECKH MOKHO
OTPARHYNTLCA Y7EHAMH C MATHIMH CTEMEHSNK), MOKHO MDH MOMOUUE STHX
PAI0B OTONTH HEMHOTO OT AHHWH U==1 B CTOPOHY CBEPX3B3YKOBHX
ckopocTed. OmpeeiHe BROb MHHHI @ = const. (ynoMsnyTHe Bwe

s70pu Gpanu o= 0,44721) CKOPOCTH B HCCKOTKIX TOUKAX, MOKHO

1) 910 cBasano ¢ mammumem muowiutean VK mu unrtrpznou BupaRennit
228 X uepes . Cp. npubamkEHusie GOpMyAH CTP.
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aTeM YAe CTPOUTH CBEPXSBYKOBYIO HACTh 1O MCTOLy, HATOKCHHOMY
s § 12.

Ha pic. 64, 3amMCTEOBAHOM W3 YTOMSHYTOM paGOTH, M30GaXEH
7pOGiTL CONAA, PACCUNTAHHOTO TAK, 4TOGH HA KOHIle ero 68110 0= 1,7;

yaaoch MSGeATh MOSBACHNA CKAUKG W CBASAHHOTO C HAM HCKAKeHMS
foToKa.

i Oco conna

mE s 8 3

[F=700—157 " ———
| Bradnas vawm\ Apopunuposannori ysacmon Pabovas vacme
conna a

Lanundp.yuacmon
T T T
- I
25 e = ]
ot !
i
pjumm I
4 190 200 wa w00 500 Xww 600
Prc, 64.

Hamnune naockon nepexona

p
<ONAa. OMIAKO YC10BHe, UTO MMHHA NEPEXOLA — MPAMAA, ABIACTCA A0CTA-
TouHEN, HO e 5

s asiKe-
uus. Kak nokasan Qpaicin!), MOKHO HCNOTb3OBATH HENOCPEACTECHHO
ypashenus Yanaurmia san BXOAHON uacTH p
conaa. Tph 5TOM ki nepexona Gyaer, nooblie roBOPs, KpHBOMHHEH-
UOM. PPANKAL NOKIIMBIET, KaK MOKHO NMPOAOMKHTE PAIH THTA PALOR
Hanasirina (§ 16) o coepxanykonyio sowy, n HAXOWT YeaosMA, AocTa-
Jousie I 1070, ul06i peweiue okasanoch Gesyaapwiin. [aapna
TPYAHOCTL SAKAOUIETCA 5 ToM, 4TO GYAKIIA TOKA §, KOTOPas 0 Uanasi-
My OTHCKWBAETCH KaK (yHKUMA § U U, OKA3WBACTCA HEOAHOIHAUHOM
Pyikuned srix B cne aach,

nm'.{f"g!’?g“,g_“ ®. W, K 1copun conex Jlavaas, Mss. AH CCCP, cepis

120
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K AHHHH niepexoxa. OCTAHOBMMCH HECKOABKO 1A BHIACHEHILN STOTO 06CTOR
TeabcTea, CrocoG Watowenus, Gonee npoctoM, wew y Ppaukas, Gma aan
noske dazbkosmiex!). Mu Gylew pHIEpKHBATLCH HMEHHO 3Toro
cnocoba.

Vpasenns UYanauria Geptu B side

9 00 0b Oy ML g 0%
k ¢ ov B
TIpHMeN 32 HE3ABHCHMHE MepeMeilHbie ¢ i ¢, 4 32 HCKOMME dynKum v
w B. Toayuns

o 1 0v__ 03

v 1—M o 0%
R

v % oy

o
& (21.10)

Buecte ¢ PpankieM BBeNEM Teneph BMeCTo U Beamunuy 7=17(v) W3
pasencraa
s
3y _
a=(2 /‘ Vi

Beamunna s7a Oyer AecTenteashol kak npi M <1, Tak wnpn M> 1,
apuugs npn v < 1 >0 uonpu > 1 1< 0.
C

. @111y

naayT WaM TOrAa

@112
(21.13)
W, ecan 0GosHaunN
(21.14)
nOAYUUM  OKOHYATALHO
(@1.15)
(21.16)

Takas GopMa ypasHeHWA yA00Ha NH aHHIE MEPEX01a HEPE3 CKOPOCTS
anyKa. OyRKUNS (1) MOKeT OWT, npeictapaewa okoao 7=0 (T. e.
0K010 U==1) B Bile PAIa MO CTeneHsM 7

by =0+ L2

7+

) ®aasxosnu C.

K teopuu conaa Jlaass, TIMM, 1946,
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[o (21.14) MpH 7==0 M HMeeM HCONPEIAEHHOCTs, KOTOPAR Aerko

ep.

(@) im (=

»:

Tak Kkak no (8.9)

hm

:(x+|)j-m Vi=we
b
uno (’2].!1)

— hm »(Vl —M).

tim L
Fs1 v

b(0)= "“(x+1)’~( s B L\ 1y, (@1.17)
YroGH BHACHNTS TOBEXeHie peWHHA OKOAO AWHIM Mepexoxa (7=0),
saweni 8 ypasiesnax (21.15), (21.16) uren b () na 6(0). Mst noayumu
NpH STOM IAABHME WAeWl pAia, MPCACTABINOWETO TOWHOC peluetie ).
Toncpo (21.15) n (21.16) npuys rac

@L18)

Tycre ocs cuwwerpmn coma ecto amwns §=0. Tora B (s, 0)=0.
Kpowte Toro, (3, ) =7(¢. — 9); B (%, $)=—B (. —¥). Taxum obpa-
30M, B COMEPKNT AMINL HEWETHHE CTENeHW §, a 71— AMIb YETHBE.

UacTiibie, Tounse pewenns cHCTems ypaseruh (21.18) GyayT noan-
HOMBI (a we psaL):

1 7 A a]. 1 A
b= gor M — 5P 1= A — 3 ¥ @L19)
PIe A— npoH3BOALHA NOCTOSHHAL. CMBCA STOA MOCACAHEH JeTKO ycTa-
HoBuTh. Jlefictauteasno, us (21.19)

WE 00 cosp
W ox v

TAK 4TO, n0AGTaR § = ¢==0 (TOUKA MEPECEUSHNS AMHMN NEPEXOA C OCHIO
conaa), noayunm

(). =5 (5)

x=y=0

_
!) C1poro 510 caeayer us ynomsmyroft paGorsi bpansas.
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(ME COBMeIILaeM 1AUA10 KOOPAHHAT B MAOCKOCTH (X, V) € TOUKOH g=14==0)
Mrak,

(2 41)" [ oy,

A=—pop Lt + o) . 1.2
505 (dx) B (21.20)
ey=0

Ocb Ox Hanpapiena B CTOPOHY CREPX3BYKOBHX CKOPOCTeH, TaK 4To
(00,/0x),.., o> 0 n

A<o.
Tommmonss (21.19) roastcs, kokeso, My b HeGOALWION yIarexii ot
aunuu nepexona =0, HO 3210 114 BeeAl 061ACTH ABKeHHA. [IOCMOTpUM,
KaK B MAOCKOCTH (¢, §) MPeICTABATCA NEPEXOIHAR JMHUR W XapaKTe-
puctu. Ha nepexoxnolt muwin no (21.19) Gyzer (7= 0):

A
o=

BROTh  XapAKTEPUCTHK, ~NpOXOMAWIMX d4epes Touky B=0, v=
nmeem (10.6):

_ o [ egs
@, me ('(")7;[ £ .

Ho max xak sina wctga=VMI—T, 1o, npusaexas (21.11),

X X Haflaéw Ges Tpyaa:
emguno Kopmpiena o
bec @) =
(1< 0 npu v>1). Takus 06pasoM,
107
uepea Touky x = y=0, Gyzer

2% (@1.21)

p=t - @

(@ naocroeTn £, 7 sapacTepCTICL—
noaykyGirieckite napadon

Beranaan o (21.22) B n 7 na (21.19), noryams A1 apakreprcrik
I-ro cemeficrsa:

—4p (21.23)
W ATA XapaKTepiCTHK 2-r0 cemeficTsa

— %%’- (21.24)

?

Ha pic. 65 cxemaTwuecki Aaib B NI0CKOCTI
Nepex01a W 00e XApaKTEPHCTHKH.

) cremxu conna, aunns
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Jluws nepexola W obe XAPAKTCPUCTHKW, BHXOASLIE 3 Touki O,
JeART BCIO N0I0CY NAOCKOCTH (3, ¢). OTBEUAIOLYIO pelleiiio, Ha WecTh
o6nacrell. (61ACTA STH NPOHYMEPOBANE HA DUCYHKe DUMCKHMI Wi~
pasi 1 — VI, TaK 4ro, Kanpuep, 80 cefl o6aact VI Mt Wieen 10303~
KoBbie CKOPOCTH.
TlocwoTpHM Teneps, GYIeT M § BCOAY OAHOSHAuHOM ykKuNeH o B
4 7. C 57Ol Ueablo MCKIOWM ¢ 3 ypasnewns (21.19). Tloaywnu:
A% 43482 (0) np — 35°(0) B (21.25)

OTHOCHTeAbHO % 9T0 — KyOHueckoe  ypasheime. OO GYZeT uMeTs
0K OIMH BEUICCTBEHHHH KOpeHb, eca

FE+7>0 (21.26)

Takuy oOpaioM, B 103ByKOBOH obmactw, 8 ofaactw VI, rae >0,
OaHOANAUHOCTS YHKUMN §, a BuAWMT M g, OGecnesena. Jlasce, ar 26)
coxpansiercs # mpH 1< 0 10 Tex mop. mOKa we Gyxer

E?Ur'r’:o.

Credosareauo, OONATOCT, GyAer METS Mecro el 1 8 obaacrax IV
rak, b oGaactax 1V, V, VI My Momew namcarn
AY 3p H 3 9%,
N RV e RV )
B sactocth, ka nepexannou awiun, rae = 0:
o A _ 1
=V/3, npuuen .
5(“) 2 b o V3
OTMeTiM, 4To auamHTHIECKOE pelierite, KOTOPOE M MPHBOLHIN B Hauale
57010 naparpagpa, 4apato mpH =0, KAK NOKAIHBAET NPOCTOA NOACHET,
Te e §u 94/0v, wto noayuaoTca o (21.28). Pewenme b oGaactsx I, 11, 1l
B puze Hitepecio orwetns, 40
MHMOKeM PACWIMDWTL Hle peleHie, NPeNoIaras, 4to & obaactu 1V
(@ sHasut, w Vi VI) mu umeem (21.19), B xotopux A=A, a B 00-
aacti 1l umeen (21.19), Ho ¢ A== A, + A, (Ckauok NpousBOLOA 0T, /0x
CKOPOCTH B Touke O). OGa STH pelCHHS MOTYT GHTb «CKACCHS» NpH
noMOuWK nepexomx ommem 1l caenyiouy o6pason. B o6aactax I, 1
nutew pewerme (21.18) B puae

,,=/(.F)q,z; p=F(V)\‘P.
Torza nepaoe ws ypasenni (21 18) zacr

of—2ud o) U =

(@1.28)
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rae ¢ ==g[4% a BTOpOe MPUBEAET K COOTHOIEHHIO
b(0>f§§—aﬁ+m%
Vickaiouan 07ciona F, Mii NPUIEM K OZHOMY YpaBHeHwio
©F + 47 [+ 0" —20f — fH=0.
Vpasitenie ST0 MOKHO 3aNHCaTh B BiIe
d 50 f 42
dt

Takin 06pasOM, Wb MOKEM namHcath
BO0) f —

e ¢, — NPOKIBOTLNAR NOCTORNMHAS. am Ypasieiiie cpasy WHTETpHpYeTCA
W nagr:

52(0) f = 4eyt — 8¢, Vi—c,.

€3 BTOPAR MPONSBOTLIAR MocTORNMaA. TIOCTORMNNE € W ¢y it
Romia rencpe n0n06paTs Tak, 4TOGM mpi { = A,/4 (xapaerepncma,
otensomas ofaacts | ot ofaactu IV) Ghao f—— A4 u npu
— Ay2 (xapaxtepuctuka, oraeasiomas | ot 1ll) Guao f—— A3.

. Mbl IICCIeA0BaAH NOBeleHHe rA2BHOR YacTH YACTHHIX pele-
nut (21.19) cuctewss (21.15), (21.16) b caepxanykosoi 06AaCTH, NP~
KalowleH K AWHHI Nepexo1a. DTH YaCTHEE PEUIEHHS GYAYT AHAAUTHIECKHMH
(verwuwna § W npoussoINas OY/0U, ecaw wx moaywns ms (21.28),
B TOUHOCTH COBMALYT CO 3HAUEHHSMH § W OY/JU, NOCTPOHHLIMH H3 AHATH-
THUECKOrO pewenua Mefiepa, AanHoro B Hauaie storo naparpada.
ONACHOCTH MOABIEHHS CKAUKOB MOKET BOSHIKHYTH B CAY4ae CKACHBAHMS
pewenih, otheusowix A=A, n A=A, HO 3eCh MOTYT GWTH aifsi

"
218 GeayaapHocTu petmennsi i), YToGH NOCTPOHTL BXORYI0 (103BYKOBYI0)
acTh CONAa, $PaHKIb NPEANATAET Teneph HCNOABOBATH PATH
Pa0B UanbriHa, cleayiOLero suaa:

_ 4N 22 () sin2ncs 21.29
y=—p— 2 S @1.29)
rae A M ¢ — nocTosHHLe.
Jeranufl anans, 53 KOTOPHM Mt OTCHIaeM K CTatbe (pankrs,
TIOKA3HIBAET, 4TO Ha OKPYXKHOCTH T==t* Oyier:
o -
VB 0@, L=-E o).
VE+o®. 3 75 oD

') Ci. ynousuyTsie pume paboris $pankas u Pamxosua.




s TIOCTPOEHHE «BE3YZIAPHOTO» COMLIA JTABAMS 185
rae TOCTOAHHAs k ompenensercss uepes ¢ u A. Cpasuusaa 370 ¢ (21.28),
JaMeuaeM, UTO TABHHE WACHH W 0P[O COBMAZAIOT C TAGBHIMH 4TeHaMit
Ir0 HACTHOTO DEWIEHNA, NOCTPOSHHOTO 149 CepX3BYKOBO 061aCTH.
bpankib YCTaHABANBAET, 470 pA1 (21.29) FOANTCA 178 CKOAL YTOIHO
2a7€KOTO. or ceuenns s rayGh

o6acti. Mi MOXeM Tenep NOCTPONTS COMAO CAeayioulM 0GpasON.
B 103BYKOBOR WACTH HCTIOAb3OBATH PAA_THNA (21.29), BGamaH aMsmi
nepexoia WCNOb30RATH pemenme Buia (21.19); Hauwan ¢ HekOTOPOrO
PACCTOSHHS OT AMHWH NEPEXONd, B CBEPX3BYKOBOR 06AACTH, NPHMEHHTH
rpaguueckih MeTOa, waiowenns B § 12. Tapametpw A, c, a Takie
HaKAOl CTEHOK B 103BYKOBOH 06A2CTH Ha GOJLIIOM PACCTOSHHH OT AMHMH
Nepex0la MOFYT OTh HCMOTL30BAHH AR MPHCMIOCOGIEHNA K 3A3aHHHM
TEXHHUECKHM YCAOBHAM,

a nokasaa dpankas B apyrofl pa6ote '), paam Yanauruua MoxHO
HCMOAL30BATS MPH PEIUCHHH 321441 O CTPYe, BLTeKAKLIER B NPOCTPAHCTBO,
b KOTOPOM 1aBieiHe GYIeT Mewblie KDH- |
THYECKOTO.

B § 16 mu suzEN, KK mpoNCROTHT
NCTeuenne CTPYH, ec.

1>%><x+l)““7” L

(py— AGBACHME BO BHEWHCM NPOCTPaH-

410 Gyser 5 ToM cayuae, koraa

P 2

Po PESY. Pic. 66.
HIMeeM COCYA C CHMMETDHUHO PACTIOTOMEHNHMA CTEHKANH, YTOZ MKy
KOTOpHMH paseit gn (pw g = | cTeMkH GYAYT CAYKHT> OANA NPOTOKE-
ey apyrofl) (puc. 66). Uepes orpepctie cocyaa A,A, ras supusactca
50 BHewhee pocTpaucrao. Caeayn Yanawrumy, Gynew Ackats Gynxuwiio
TOKA W MOTEHUHAN CKOPOCTEM B 3aBHCHMOCTH OT BEAMMMHB M HANDaBAe-
A ekopocti. BNecto ypasuennt (16.12) tencps yaoGiee Gyaer mas
ypashene (17

/(- 1)

<(

% 9y 9
F=—5 = (21.30)
e o i K 33BHCAT T01KO o0 T
|
_p‘du K
. . @131
) Ppankan b U, 9 s Uan ’ 10- .
Snycamix Tevensd, Vs CP. cemin warew, 5, 1935 P
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Mckmouas M3 STUX ypaBHeHWH ¢, moaywms aas ¢:

o oy

K gE=0 @1.32)
VpasHenne Oyder samMnTHueckoro Tina, korma ¢ >0 (2< 1, K> 0),
W runepGonuseckoro npu ¢ <0 (> 1, K < 0).

TloCMOTPH Teneps, A% KAKAX TPAUMIL W NPH KAKHX TPAHHYHHX
YCAOBAX Ml IOMKHE pelwaTh ypasewwe (21.32) waumefl sazauu. OGpa-
THMCH K NAOCKOCTH CKOPOCTEH i OTMETHM B STOM MAOCKOCTH HATPaSie-
s ckopacref, otsewgoue crema cocyss (pic. 67). Irw nanpasae-

p ¢ KpyroM Kp ckopocTi.

Puc. 67.

Hasosém Touku nmepeceuennss Aj i Aj. Tposencm Temeph n3 Toukn Ay
smumkaonay 2-ro cemefictsa, s Touku C (v, = a,, v, =0)— obe
i w3 Toukn A} —
1-ro cemefictpa. [TycTb SMUUHKAOHIB nepccexym 8 Toukax B| i Bj.
crenok
Touwn B, u By SryT CHMMETpWUHO oTHOGHTEASHO ocn OX Ha omwy
OKpYAKHOCTS.

Mceaenyew criepsa wactimfl caysaft. Msenso, nycts lasaete p, 80
BCWKeM NPOCTPAHCTRE B TOSHOCTH PABHO TOMY AaBJenmo, KOTOpoe
no ypaswenmio Bepuyamu otsevaer kpyry B3B|. Takoe Iasienme, wu
11330BEN €rO Py, ECTH (BYHKUMA OIHOTO TOABKO {.

0 Ppariciio, KAPTHHA ABitkeHks Tenepy Gyaer cenyioued. Touka A,
nAOCKOCTH (¥, y) OTBeuaer Touke Ay B NAOCKOCTH (Vg ©,); Touka Ay
oTeevaet Touke Az TaKuM 0GPA3OM AMHNS nepexma npoxoanT uepes
Kpan sixoaoro oracperua (nywkTup na puc. 66). Naace, otpeaky
sminnonnss 4B, oroeser b 1A0CKOCTR (X, y) OMa T0%Ka Ay, Ope-
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50K STMUAKIONIN ApB} CTATMBACTCA B OIHY TOMKY Ay dnnuncronzax
BTOPOTO CeMeficTaa B KpusoamuefiHoM Tpeyroaviike C'AiB; oTseuaer
nyuoK cprcTy ws Ay a nepsoro
ceveiictaa 8 C'A3B) W30GDaKA0TCA MydKOM XapAKTCPHCTHK, WAYLINX

ws Ay Tak Kak pamnycy-sektopy OA; oTBeSaeT Bes BepXwsd CTeHKa
COcyAa, @ pamHycy-BeKTOPy OC’ — OCh CHMMETPHH COCYAR, TO YeTHPEX-
yrombmuk OA{BIC’ oToGpasutcs wa nepxiion |y

4acTh 067acTH A03BYKOBHX CKOpOCTeHl H Ha

067aCTs, 3AKCTOUEHHYIO MEKLY BEpXHEf yacTbiO
AC nepexoauoft munik 1 xapaktephcTuont AC
(asyyromsuik  A,C TEPEXOANT B TpeyrombHAK
A{B|C’). Takum 06pazoM B 4eTHPEXYroabHHKe
OABIC' MM ROAKHH pewmTh  ypasHenue
(21.32), ya0BAeTHOPSR KpachhM  yeaomiay):

Q -
5 0AB,, -

$=g m 0AB, (21.33)

=0 wa OC" Puc. 65

Ananornuibiv  06pasom o06aacte OA3BiC’ oToGpasutcs Ha HIKHIOW
HICTL 103BYKORO OGAACTH W Ha ABYYTOMbHNK CAj, MPUSEN M I0mAHN
pewnts aech (21.32) npn Kpaesux ycaopwax
— 2 wa 045

0 ua OC'.

(21.34)

A4

') Buauenne  na xapakteprctnke C'B] M HailiéM npu sTOM B KoMue
Pewenta 3ajaun. 3a1aBath STH 3uaueHus sapaHee Mu He MomeM. Jleao B 1
470 wit ueem aaecs Aca0 ¢ 060GmENHON azaucit Tpikowi. Tlocicanss sakao.
HaeTeR B caeayiomen. HueeM AnpdeperunabHoe ypasHCHie BTOPOTO Mopaika

&z 0z
G Y am =0 me s=zlny)

KOTOPO® MEHSCT THN W3 SANMNTHYECKOFO Ha rumepGommaeckufi, KOT1a M mona-
Jaew u3 bepXueii moaymiockoctn (x, y) B wwiion. Paccuotpus o6aacts D,
OrpamiiueHiyio kpusoil L, sexamedt B samnTiieckofi obaactit (c Konuams ua
it OX), i xapakTepHcTikaH L, n L, pasihix CeMeiicTs, HCXOAAIIMMH H3 KOH-
4ou L (puc. 68). Tycts 3azain anavenus z wa pusuix L u L, (5o e #a Ly).
[TPitKONI 70Ka3aa *cymecTROBaNHE 1 CANCTREHHOCTL pewena STOM 3512

Meen K (2). moaowiTeavioe npi ¢ > 0 u oTpHuaTeaHoe mpi 3 < 0). 3ara-
Hie 4 wa npamux OA w OC' Gyner orsewars satamwo z na L, a saxanuc [

s A\B, otseuaer sananimo 2 ua L. NOKaSATEALCIRO QAHOSHANNOCT pewehl
(2132) nueerca y dpankas.
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TIpexnoaoxuy, 470 HaM YI4AOCh HANTH DEMENNA MOCTABIEHHHX 3XeCh
3anau. DTO AMAUKT, B YACTHOCTH, YTO HaM YIA7TOCh HalTH ABIKERHE W

A (Ay) aexut wa caoﬁomon TIOBEPXHOCTH, W MBl MOKEN, MOCKOABKY
Mbi_ HAXOMUNCS YKe B CBEPXaRyKOROH 06AGCTH, MPUMEHITS XOTS Gi MeTox,
wanowertb 5§ 12 (3adaua 4), n HaTH BHA CROGOANOA MOBEPXHOCTH
AD,(A4,D;) W xewkenne ouyTpw Tpeyromsiika A,CD, (A,CDy). tae
CD, (CD,)— wropas  Xapakrepucruka, shixonswas w3 C (puc. 66).
Baweraw, wro_awnnn CD, (CD,) oteesaer b nICKOCTH (U, ©,) Xapax-

epicriea CB5(C'BY). Mt womew eneps pewnts aazasy 2 (§ 12),
6o 1a xapaxrepncticax CD,  CDj CKOPOCTH GYAYT MSBECTI,  HaiT
BunKEIIe By KPSAERIOD SetupesyToma CDJED; o £
yaer otacuath Touka E NIOCKOCTH (U, 0,), eKailan na nepecevenun
Kpalinx smuikaona). anee, onpeaeaus (sasaua IV) croGomnsie nosepx-
HocTH, naywse ot Touek Dy, D, # 1. A. 3anada Gyaer pemea.

Tlpesie e CKa3aTh O TOM, KaK Ke KOHKDETHO pEWACTCH ypaBe-
une (21.32) npu yeaonnax (21.38) u (21.34), nocworpuy, 4o noay-
anres, Koraa py 4 pp.

Tyers cnepsa

< Pa

TIpOBELEM B MIOCKOCTH (T,.,,) AYTY KPYTA C UCHTPOM B HANAZC KOOPANHAT
WC paiycos, oTBevaloui Aasienwo  py(< pg) (puc. 69), a Takie
SMUUHKAONAL BTOPOrO (Nepsoro) cemefictsa, suxomsume w3 Az(Aj),

4

Puc. 69,

n 06e SMUUAKAOUAK, BhIX0AsUKe 3 C’. OTMETHM Mepeceyenue BCeX HaWuX
HETHPEX SMULAKIONL C KPYTOM, OTBeuaiowiM Aavaciiio py (rouxu Dj,
Fi, F2. Di). Tpeyroavhuky A,CD; Teneps Gyier s naockocr (v,. v,)
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orpedaTs BIFiDIC’. STOMY, Tpeyroab-
sy A,CD; OTBENAET b AOCKOCTH (0, v,) ueTspexyromsiik ByFDiC’.
Haree, kpumnuﬂeﬂnuﬂ wetnpexyroanuuk C'DiE Dy naockocTh (v, v,)
(DTE"  DJE" — ayrn smmncaons) orseszer s naockocrn (x. y) ¢n-
e, oGpasosaon xapaxrepucruxavi CD,, DiE. DGE, CDy u

Takim 06paso n siecs Bcé coomwtea K pewenmo (21, 39) npn
yeaomnsx (21.33), (21.34) nas obaacteh OAB,C’ w OABIC’. Orwe-
TWM, 4TO 9TH TMOCAEIHHe OGAACTH GYIYT B TOYHOCTH TEMM XKe, 4TO W
064aCTHH B CAyY3e, KOFAQ py==pp. Takum 0GPaioM, TedeHue BHYTPH
CoCyla MOAHOCTBIO OMpedessercs peiuerien (21.32) i He SasicHT of
BeAlUHHI  1aBICHIA BO BHCINEM NPOCTPGHCTES, CCAH TOMKO fy < P.

HakoHell, B TOM CAyuae, KOTAa Po>> Py > Ppg, MH JODKHE PaccMo-
TpeTh B MAOCKOCTH (D, ) Kapruily, npeictasiennylo wa puc. 70.

Pac. 70.

3aech Mb 10mKHH pewnTh ypaserue (21.32) aan obaacti OA{DIEC’
I KpacEHX ycaomuAX

4= s1om 0AIDIEL
$=0 saoas OC'.

;l'amﬁe Haxo pewuts (21.32) aaa obaactu OA7D;L'}C TpH KpaeBkix
ycaon
y=—Z iom OADE

$=0 saoas OC’.

Ko cKopo pewenua ST MOAYYEHH W Mbi BHXOZUM B CBEPX3BYKO-
ay? 06:aCTh, Mt MOKeM Najee BHOBL MPUMENHTL METOLH, H3TOKEHHEE
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Haw 0CTagTcs TOTWKO CKa3aTh, KAk KOHKPETHO HICTCR pemeihe
ypasnenns (21.32) B CMEWAHHWX (10- M CBEPX3BYKOBHX) oommx_
yuacTeylouuix 5 WAWMX saauax. Kak Mu yike ynowmsiyam, bpamkay
TIpeATaraeT CKaTh STH pelleHHs B BIAE PAIOB THNA Paos “anamrmma
PaccMoTpUN 115 KoRKpeTHocTn peweniie (21.32) 118 obaactn OABIC
(puc. 67 u puc. 69). Byaew uckats § b sute

0B N, @ 2 .
p=Q q“+;§a gy un 22 (21.35)
rae
L@ =2,(x).
ay— noka 1o Taxre, uto

pan Zai cxomurcs. Kpaepsie yeaomna wa npamux OC’ n OA; yao-
BACTBOPATCS NPH e'mu camit coGot. CX0AMMOCTD psia B 103BYK0BOA 061aCTH
(rpeyroauumk OAIC’) obecneunsaerca wa ocwosammu pesyauiatos Yan-
awirna. BAHKIL NOKAIWBAETY), 4TO NP HEMPEPLIBHOM U3NCHEHIN Iaii-
wex Kown na nepexonnun AN peUeHie 3aTat THNA Hamen B COOT-

Orciona NOKHO SakaiowHTo, 410 (21.35) MoEr nancTaE'KﬁTb pewene
He TOTGKO BHYTPH Kpyra . HO W BHYTPH XaPAKTEPHCTHYECKOTO

10 31070 a, ka0 watitw,
JAOBACTBOpST KpaesoNy ycaowmo na xapakrepucrie A5, Hxcio,
TomKHO GLTH

GO gy 20 _Q
Lo M=

(21.36)

ric () ecte pesymTar mpescraniciua o uepes § ua ypascn smi-
wnkaonau ABl. TlyTew mepepasaomenus waustx dyusunt ot § 5 paaw
W cpasHenlin KOSQUILIEHTOR Mb1 MOTYHHN Temeps éecknneun)w cereny
AMHEAHHIX p ypasheHit 115
HOCTATONIO GYleT  cCoxpaniTe KONCUOE uheo NAeHos pRas 1 @
TpeGys BumMOAHCHMA pasenctsa (21.36) 148 KoneuHoro wicaa sapamée
BHOPAHHHX aHaveri

§ 22 llucnemme METOMM pemeHWs MAOCKAX 3atau rasosoft

cugr p uHARADA.

c

) Ppankan & W, loc cit. Cu. takke ®pankan o M., O sazavax
Kowst 1113 ypasHEHH CMEIWANHOrO SAAMNTHKO-THNEPGOAKIECKOrD a ¢ Ha-
dasni JCIOBURN 3 ucperonol . Hop. AfL CCCP. copun waress




s UNCAEHHBIE METO/b! PEWIEHHS TIOCKHX 3AZAY 191

MU CTAT0 NPAKTHYECKH BO3MOKHHIM ROAYYeHMe, C HYKHOA CTenelbio
TOUNOCTH, peliletia HanGoiee TPYAMHX 3anay ra3osoft AuHamukn. B ka-
uecTBe MPHMCPA NPHMEHEHNS COOTBETCTBYIOWINX YHCTEHHHX METOO0B pac-
CMOTPHM PACHET OOTEKAHIA CBCPX3BYKOBHM NOTOKOM (CO CKOPOCTHIO Tcc)
KkpyroBoro wammiapa S (puc. 71). OT wnamnapa OTXOINT yAapHas
soana ¥, NOC/E NPOXOKIEHHS KOTOPOH TNOTOK CTAHOBHTCH BMXPEBHM i
cvemantuy. Tpebyercs naiti GOpMY yIapHoR BOaHH, €& MO7OKenie
W ABIKCHHE MEXKAY YAAPHOH BOAHOA
1 LATHHAPOM BILIOTS 110 He H3BeCTHOM
sapanee AWMHMN MEPEXOA UEPE3 CKO-
pocts sByKa u anee. Manomun axech
CXeMy WHC/CHHOTO peweis STof 3a-
2uH, PA3PABOTANHYIO (1 TPHMCHENHYIO
X pacuéraw) O. M. Beaouepkonckinm
i octionant wetola A. A. llopoa-

HHIX YPABHEHNfl B YACTHMX NPOUSBOL-
HHX K pellicHiio HekoTopot annpo-
KCHMUDYIOLUEf] CHCTEME OGHKHOBEHHbX
AuddepenmaTLIX ypasienut.
peiie e H3IATATH CXeMy ui- Puc. 71

CACHHOTO  peluieus, sanuuey ypa
HewnA N20cKoll BHXPeBofl cuuuoﬂxpuon 52124 B NOARPHIX KOODAHHA-
max (r, 6); e paccuaTphBaeMol  satatn
ofieamis Kpyr:

Vpastens e npMyT B

2

o oo, o 1p
ket 2t (22.1)

Oy vy Ovy , vvy 1 op
KR e e @22

(%, v — coctapnsioue ckoPOCTH MO OcAM 7 § CoOTBETCTREHO).
Vpaiennte HepaspHBNOCTIH SamiIUEH B BUAE:

orgv, | dpuy
o+~

(22.3)

Lopoanuuun A A, O6 ouiou werote icieioro peuens eko-
o sspoxmaunst ‘Tpyau Nl Boecowsioro warew. coesza, Hox
iy cgcv 2 (1956, 3 (1958).

XoBcun O M. Otrerame spoussotsuoro npogus ¢ oro-
e ‘Vaaprioh moswoh, 1IMM, Pacuér obTekanis Kpy-

989r0 wiaipa ¢ otomeawmeli )uupuou soaol, Bavicns atewatuka, Ne 3,
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Mower Gbite bocacHa yukuna Toka §(r, 6) Takas, 410

=3t (22.9)

o0,
Vcaosue axwaGaTHUHOCTH 3anuleTca B Buae:

@,
o5+

(22.5)

rae, kak w npewte, § = p'rp-l. KowGimmupys (22.4) u (22.5), saxaio-
uaeM, uTo § 3aBHCHT TOALKO OT :

L p‘“ =9(). (22.6)

Vpasnenne Bepuyaau, noayuaouweecs myTeMm komOunaumu (22.1), (22.2)
W (22.4), saniiuercs, Kak B MOCOM NIOCKOM Cayuae, B sAe:
el oA D @
T

P -5 (22.7)

rae, kak W npexe (§ 8, crp. 42) v =(x-+1)/(x—1)a? (a, —xpn-
THY€CKAN CKOPOCTh, He MEUAOWAICA NpH NEPEXOZC HEpE3 MOBEpXHOCTS
Pa3pHBA W MOTOMY NOCTORHHAA KAK AT5 BUXPEBOro, Tak W A1a Ge3su-
XPeBOTO ABHMKEHU:).

Vmokan (22.1) Ha pr u HCTIOAL3YA YpaBHeHHe HepaspusHOCTH (22.3),
noayunm Ges Tpyxa
a2 9z vy,
5 (r vt pr)+ G — ot p. (22.8)
Onpenensa us ypaswenns Bepuyaan (22.7) naomocTs vepes v n 0
BBOAS €& B YpaBHeHHE Hepa3PHBHOCTH (22.3), noayuis

9
2w+ G wo=o. (22.9)

,
G\ R
=mer)

Hakoew, ucnonsaya (22.4). NOSYSHM 115 SMeHewHs § 810TL KakoH-TO
anani 7= R (6) cooomenne

(22.10)

He3ecTumi GYHKUASMII SBASIOTCA 3AeCh Uy, Uy § 0 9. Janaenme p
W MIOTHOCT § HAXONATCA W3 COOTHOWeHWH (22.6) W (22.7) uepes v,
v, 9. Booas abreiie Py # MIOTHOCTS p, ARMAGATHYECKOTO 3aTOPMO-
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wemioro (5 cpeae) notoka u Temepa-
Typy B 40 CKANKE, MOXEM NAUHCAT

s\ PrdNTT e
- 7> (14$> =(»—> = @211)
P B Vmax n

9§ T oo}
3 Conax
Bamuuew Teneph Kpaesie YCAOBHA SAAQUH HA MOBEPXHOCTH pasphisa S

W Ha OOTeKaEMOM wWaHMApE S.

BupasuM U, v;, W § Cpasy moC7e NMPOXOKIEHHS TNOBEPXHOCTH
paspwea Hepes YIOA HAKJOHA ¢ HODMALM K TOBEPXHOCTH paspwsa
x ocn X. Ms ypaswennd (7.16) u (7.17) wweem 118 v, u v, (cocta-
BaRIOUME CKOPOCTH 1O OCH X H efl MepneHAKyanpHOM)

(22.12)

2 a 2
oo (1 4 —— -2~ _cos?g |, X
2, ( R i e R v) (22.13)
2 a2
2 _tgo( 22 _cos?
Yoy |gv<v; cos? y). (22.14)

T4 G — CKOPOCTH 3ByKa, CBA3AHHAA CO CKOPOCTHIO HAGETaioulero no
Toxa v,

P Vmmax

1
7

TaK ‘ut0

Coveran (22.13), (22.14) ¢ OHEBHAHBIMH COOTHOWIEHHAMH
v, =, sin  — v, cos, 0015
V=0, sin v, cos b, @218
T02y4HM Bupaxense uepes ¢ sHauewHd U, W Uy CPA3Y Ke MOCAE Mepe-
X0 epes noBepXHOCTL paspuBa.
DYHKUMA § He npeTepneBacT CcKayka NOCAE NPOXOKAEHHS Pa3pLBA.
o npoxoxeins pasppa M HeeM

2
B tosin=py (1 — —=) " g sind,
or P 7

Vinax

13 Teoperuseckan ruapoxesamwa, v, 11
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CaenosarensHo, Ha MOBEPXHOCTH paspuisa

'
o, \ T
q,:h(l — ) Veor sin . (22.16)
TIpn STOM, €Cai MOBEPXHOCTs £ MyeeT ypamnenie
r=ry+e() @2.17)

e ry—panuyc ofTekaeMoro wammnpa S, To r m O Ha nopepx-
ocr £ Oyayr comans i
x

& —tg;): .
== todg(5—e—6). (22.18)

Hakorteit, 119 onpenencuis auauerih d mocie MPOXOKAEHHS paIppa
noAyuN, BOCTOML30RABMINCE GopyyAoh (7.10):

v=3 (-2
() =G o))

(22.19)

Octadtea 3anucath Kpaese yC7OBHS Ma OGTeKaeMoM WwAmMApe. 3lech
uMEEM, ONeBHIHO,

npur=r, v,=0 ¢=0. (22.20)
Iph STOM, TaK Kak S ApAseTcA AMHMCH TOKa, TO BAOAL £ =7, BeAll-
WiHa D OWKHA COXAMATS MOCTOSHHOE SHAYEHHE, KOTOPOE MOKHO
noayuuts #3 (22.19), nonaras Tam o==0. TakiM 0GpasoM,

5\" 2—1\"/ 2 < —1 1<L2a7»‘
wpu re=ryt (—) = e P _Z_ %=\,
P 5 PRI A S T

(@2.21)
Teneps, KOraa 3anucans AudQePEHINATLIHE YPABHEHHA I KpacsLe
YCAOBHS 3a%AuM, NEPEHIEM K ONHCANMIO AMMPOKCHMHPYIOWE CHCTEMM,
paspaGoTanton 1 npuentwnofi k pacuetam O. M. Beaouepkosckmu na
OCHOBE METOMa HHTErpATbHMX cooTHouennh, passutoro A. A. Jlopoain-
e
PasoGLeM BCi0 061ACTh MeXIY UHAWHADOM S U NIOBEPXHOCTHIO pas-
pusa X na N nonocok, nposoas N — 1 Kpusyi C ypashenuaMu:

r=rO=rot4e® i=L 2., N—L (2222
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Jluin STH OTCTOST Ipyr OT Apyra Ha pasHMe paccroswua e (8)/N
(ANCETCA B BHIY PACCTOHHe RO 7 NpH 3aKpenaenxo 6), Mnzexc i= N
0TBEYAET MMHMM Da3pHBa E£; HHAEKC [==1 oTBeuaer nepsoft, hamGomee
GanaKoN K UATMHIDY S, AMHMH M T. .

B naibheHmeM GyleM 0GO3HAuaTh BCe BeAMHM ha i-H_MpOMexy-
TOuHOH MWK WHIEKCOM [, Ha yZapHoH Boame — wuiexcom I (nam N),
Ha MOBEPXHOCTH UNAWHIPA — MHIEKCOM S.

OGpatuca Temepb X ypabHenuio (22.8) # MpouHTerpupyeM ofe ero
“ACTH TIO 7 BIOAb TPOMSBOALHOTO Ay¥a == cOnSt. OT MOBEPXHOCTH Teaa
r="ry 10 TPAHHIN Kax1OR W3 NOAYYeHHHX Hawu moaoc. Moayumw N
cooTHOWeEHNA (MO HKCAY NO070C) BHAA

I no

(rpws + pr)y — (rev} + pr)s+ f 2o g — f (el + p)ar;
H F

nanee, BHHOCH AupepeHiMpoBaHKe MO § 3a amak mmTerpaa (caesa) n
TpiHMA% DO BHWMAHKE Onpefechie (22.22) ymkinn r,(0). samuuien:

o
d i de
a | Gue)dr— o0 S i pr) — (pr)s =
E
o
= [ o+ par.

(@)5=0).

AuanornunbM 06pa3OM MOAYUMM H3 ypasHeHus (22.9):

1L,2,.... N (22.23)

L
=) O — (o), e (o =0, i=1,2, ..., N. (2229

Vpasiienna (22.23), (22.24) cosepwar unTerpai: sia
o
[ re. oar.

oaIMPOKCHNHPYEM TNeph 106yl MOAMKTErpaIbNYI0 GYHKUIO MiTep-
OIAUHONHKM NIOAMHOMOM 10 I Crenenn N, npuHiMas 52 y3al WiTep
noAsUKA TPaHHUL noJOC:

J - _
i 9):%::,,(&)[%] . (22.25)

i
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Kospuunents a,, (8) onpexeans 1ax, 4toGe awasesms f, (6) = f [r, (6), 6]
wawe ywkunn / ua awasx 7, (6) TOIHO MPEACTABAAIMCH C MOMOMbIO
Hawefl WHTEPNOAFUHOWHOR QOpMyAH. HHade roBops, ompexenuM a;,
Gy ..., ay W3 crenyiomeh cucteMs N ypashenwi

i“m[":“r:/v =12
n=o

W ke

"—f. i=12 ...N.

Kpowe Toro, samerum, uto ay==f, (suauenue f npu r==ry). Tlycts
Mid noayuny
N
bmﬁglb,m/, (m
Kospduumentss by, by, Moryr Guts paccuwtamw sapanee. Tak, 1aq
"

N=1 nueel
by=—1, by=—I.

=1, q, N). (22.26)

Ias N=2 umeem

i
Opuentupysce na (22.25), Myt Mowew Teneps susncant [ f dr. Boe-
new oGoanavene: )
0o

F®= [ re. oar. (@2.27)
Hcnomays npeactaprewwe (22.25) Gywkin 7, Wit moayum
n "o N
- _ o ®) [ rimry 1
7i0=Y a0 [ (Sl ar=c0 2\;"““ (2]
Er -~

(=12.., N)



s UHMCTIEHHBIE METOZb PEWEHHA TIOCKUX 3ATAY 197

nam, no (22.22):

.
_ s
O=emY 20 (1) (©@2.28)
=)
i=1,2 ..., N.
JoCTaTONHO 6YAET BCTABHTH CIOTA BNECTO @, HX BpaXEHHA 13 (22.26),

W B TOAY M fl (418 KaWAOrO f) uepe3 AMielbie KOMGHHAWH OT SHa-
wennht f;(j =0, . N

/z(ﬂ):e(ﬂ)(ﬁuxfn+zﬁlxl,> Un=ro (229

1,2 ..., N
s N=1
1
fu=pr Bu=1p
Ta N=2
5 1 1
In=ur Bu=7 B=—p
1 2 1
=% Bu=3. b=y
Has N=3

Hakonew, y206HO GyZeT uMeTh eutt opMyay, NO3BOARIOLYIO BHPASHT

fn ePes fi, fou ... T for UToOu noayuus s1y dopuyay,
Acrarouio peunits Chcteuy ypashensh (22.29) (sankcamnyo aaa {1,
2...., N) omocutenstio f;.

Toayam owpascenn Tina

I gt oy B @30

Tpusents xospuunentss a; amm N=1, 2 u 3.
Ias N gis v '

1,

oy =

@, =

') Popuyaa (22.30) ocoSenio noaesa B cayuanx, korAa fo=0.
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Nas N=2
Has N=3
1 3
G =g, =g

=z  ep=

2
s m=g

.

L
Bephtyca Teneps K opmyaa (22.23), (22.24) 1 sanmuiex ux cnepsa
b nuge:

= 5y — (e pr)+ (B )
@ ( ) (@7 @231
dt; 7
o S — e,
[le 117 COKPAWEHNS 3anucH 06O3HaYeNo:
S=0u) f=p); (22.32)
C apyro#t cropowsi, B cuay (22.30), Mb MOKeM sanucate ds;/d8 B Bite
¥
ds; 4 1 -
T T s $o=0
=1
waw, BunoAw mwepeuuuposamz

as, de - .
2«,, - ﬂ(ﬂ)ﬁga.,s, G=12...

(22.33)
Auazoruuno, 11a dt;jdf wweem
dty 1 2
Tr—“w?u‘=ew> U=1L2....N).
(22.34)

Ho TeNeph MI MOKeM BHECTH B STH /B2 TOCACIHNX COOTHOLIEHNS BUDA-
Kewns_ds/df, df/d9 ws (22.31). M noayass, spaxas ewe S, £
W F p, ¢ novouwio (22.29), cHcTeMy ypasenshl, B KOTODHX CAesa
Gyayt croats npoussonwsie dsjfdd W df;/df, a cnpasa— KouGuHawHH
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s NCKOMIX BTN O (O -0 @i @) (O - O

np STOM npapHe uacth. GyayT colepiath mpo-
ol ' et d %)
TMoayuns cucremy 2N(j==1, ..., N) obnxHoBennnX itddepen-
LATLHBIX YpaBHEHHA 1-TO NOPALKa, MMNEANYIO OTHOCHTEbHO MPON3BOR-
sx. Ciicrea 5ta Gyaer conepwath 2N 1 cxopoctn (v,
e @i @5 @)y

T
@)y (psen @)y = (@), @y = ().

N-4+1 dynkumo B, 9y, by, @ Takke ymxumo e (6) — uroro
3N -3 dyHKuun, YToGs 3aMKHYTs CHCTeMy, CTIepBa GPATHMCH K Kpae-
BLM YCAOBUAM. 3aMeTiM, WTO (U,),, (Uy), CBAIAM C YIAOM @ COOT-
owennmat (22.13), (22.14), (22.15). Mu Momem, nostomy, smectit
BMCCTO ABYX HCHIBECTHHX GYHKUWA (U,), W (Uy); OTHY HCKOMYIO (yik-
weo ¢ (yron makrowa). [Ips  3TOM  NPOMIBOHHE,  BXORSLIME
b WAL ypaBHEls, GyayT COlepKars Kkak caMy QyWKIMO 9, TaK i
dgfdf. Vxenwo, nan d (vy),/d9 u d(v,)/d6 Gynem uvets

dw):
an

dy
g+ @)y (22.35)

a5 d (v,
e G )

rze
dv, dv, dv, dv,

= Mgy 2 — (2% g 2 cosi);

= s — G cost, = — (2 sin 04 7 cos )

my W on, wasKCaseMue nocpeactaom dopuya (22.13), (22.14) cyme
[ ——

Jlanee, Mu mmeew eu cootHowende (22.18), caasupaoutee GyHk-
' e(0) w 9(6). Henocraiomue N+ 1 ypasesns coctaswm, Hemossays
ypaniieitite 118 0B/00. Tax Kak § 3aBHCHT Alib O J, TO MOKHO CHHTATL
D=1, (4)). Tostomy db,/db = d¥,/dy, - ay/ds. C apyro#t cropoun,
0, w10 ;5 = (x (4)), ., 12K 10 diyfdyy = (dbd), _, . Ha-

2

=4,
Kowew,  wamuwen s /m_nn [do - dgldd - dO[dys w samerww, uro
B 5T0M pupaxenmn ddifdp MOXET GWTh BHUNCAEHO (Yepes ¢) Henmocpea-
ctoenno no opwyie (22.19), a dffdys MOKer OuTb paccumTano me
bopuyaaw (22.16), (22.17).
i wu sannwey Tenepy dy,/d0 ¢ moMouwlo cootnowenns (22.10),
8 kotopow noa R () Gyaew noxpasymesats r,(0) us (22.22), To no-
AYUIN OKOHYATEALHO
dd,

o [(v«m o (v,)‘] . (22.36)

10 cootHowmente a0 saMHCaTs 278 [=  N—1 [l t=N (%)
MM HenocpencTaenHo panenctso (22. 19). Wa noBepxHOCTH WHANHAPE
Oyaew mwers noctosmmoe anateine Dy no Gopuyae (22.21).
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Taxuw 06pasoM Mii GAMKHYH 3a7a4y: WHCAO ypaswenni GyZeT paswo
Ny HCKOMX QYHKIWMA. [lpi STOM Kpaehie yCAOBMA M3 Teac W yaap-
KONl BOfiie YAOBAETBOPSIOTCS ABTOMATHYECKH NPH 000M

TonyueiNan TakAM nyTew CHCTeMa OGHKHOBCHNHX Anpdepeliuman-
HHX ypaBHenwl 1-r0 NOpANKa (TaK HaskBaeMas aNNPOKCHMHPYIOLLAR CH-
CTeMa) PelIAETCA YHCAEHHO warawi 10 0. TTpi 5T GyAeN OTNpaBASTLCH
OT HEKOTOPHX HAMATLHHX 3HadcHuH, oTBeualouux 0= 0. 31ecs, omHaKo,
M BCTPOTHNCT ¢ Te JATPYIMCHHEM, WTO He bce HCKOMSE GyHKUAN
sanaiorcs npu §==0. Hwenno Ha ocn §=0:

(V)s = (U =

Oy =0, $=0, =0,
N[ 2
=) FFT e e

Taxus 06pasoM Mut useeM 3N — 1 yc10mus, B TO BDEMS KAK HCKOMHX
Qywkuntt 4N —1 (v, # v, — BupaxaoTcs Ha ¥ depes ¢). Hemapect-
HEIMH OKa3WBATCA (T,);, (T,); - .. (U,)y—y, €(0) (N napamerpos sanaun).

OGpatm BHUMAHME 1A TO, YTO MALIN AUPHEPEHUHATbHEE YPABHEHUR
GyayT conepmaTh nOABKKHHE OCOCME TOUKH. Pa3pelIMM Haily CHCTey
OTHOCHTENLNO NPOMIBOAMX OT HCKOMBX QyKuwA. Mw npusean c-
CTeMy K BUAY, PEUIEHHOMY OTHOCHTCALHO NPOWSSOLMHX ds[df, df;[df,
e s, W ) onpexeasiorca w3 (22. 32) uepes (v,), u (v3);. Henoabsya
oTH cpssw, noayun ams j=0, 1, 2,

_ by dwy Y

4wy
T a )
s, 8\ "M d (vy), ,, dind;
N e B [ |
(22.38)

e @ = 2L (k,,, — o2 — ) — Mecruas copocts syxa. Ha obre-
Kaemom wnamnape (j=0) waio ydecTs, 4ro (v,),=0 (oraa s,=0).
Ha nosepxoctu paspuisa, rie j == N (), cnpaseaanso (22.35) u dt,/df,
ds,dY Bupaxaiotca uepes dg/df. Teneps Ges Tpyza u3 (22 38) u (22.37)
noayunM Bupakenne Aas d(v)/dd (=1, 2, .... N—1) u d(v, ),/da
J=0,1, ..., N—1)ucpes dt,/db, az/d'»nds//ds(;
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d(0)yld=U, rae

v %[%(gi)xm—n%v“’&

4 £ & (e
@ a—(, " E= T TEse Ty @240

Bupaxenne (22.37)um (22.38) npu j-= N (L) ucnoapayerca a1s onpe-
nenenus dp/dd. [locae STOrO aNMPOKCHMHPYIOULYIO CHCTEMY B HOPMAibe
HOM (OpME MOXHO 3amucaTh Tak:

de

fr=—(t+etgb+o.

a4y

W =ulo i~ ),

" d(vy),
() =
v 2@y 21
db ai o —(});
«w N—1.

Bxonsume 5 npapwie wacti ds,/d9 w df,/d9 onpexeamotca mo (22.33) w
(22.34). Hewnapectnuium pynkuwswu snecs ssasmotca e, 4. 8. ¢. (v,
@) ().

M3 annpokcuMupyiomed CHCTeMH BMAHO, UTO NpaBHe HacTH BCEX
ypaskenuft, kpoe ypaswemns ana dujds (j=s, 1, 2 .... N—1)
Awasotes B o6ract ot fu
UCKOMUX BemunK.

B ypasnenusx e ans  d(v;);/d0 s, 1 ..., N—1) mpu
(y);=a; suamenaress opamaerca s wyas. Ecan Mu He notpe6yes,
4100k W’ uncautens E; B STHX TodKaX 06PAWAAcK B HYdb, TO MH GyaeM
HMETL GecKoMeuHHe SHAYEHHS MPOHIBOTHBX

d(vds  d(vg) LACOI
& @ T

T. e. Geckoneunsie yckopenns. TOTIA IBwKEHH HE MOXeT GHTb Mpo-
AOTKEHO 33 COOTBETCTBYIOWIME TOYKH — M MIOIYYHM OCOGYI Mpeneib-
Y10 muumo (cp. pemenite #a crp. 164) u BCE pemene we GyaeT WMeTh
PHauteckoro cupicaa. Takum 06pasos, N ypastewuil Hawefi annpokch-
MUPYIOUleH CHCTeMb B OKPECTHOCTH 3BYKOBOR AMHMM GYyT HMETb mo-



202 TEOPETH'IECKHE OCHOBBHI TAZ0BOR AMHAMHKH wa. 1

ABHAHHC OCOOME TOUKH 1 IS BO3MOKHOCTH WENPEPWBHOTO MepeXoia
uepea 9TH TOMKH HeOOXOTNMO DumOAWenwe B wix N yciomwd: npu
(vg)y = a; noaKIO Gbih
Ej=0 (j=s. 1,2 .... N—1). (22.41)

Ilas yNOBETBOPEHHA STHX ycnonvm B HAWEM pAaCNOPSKCHUH WMeeTCH
N napaverpon npu 8= 0. Tenepy 3anaua noawoctsio sammkaercs. Ot-
MeTHN, uTO mpi 0 > 0, KaK creayer wa (22 39), ypasnenns 1as d (v,)/df
ocoGenHoCTeR e HMEIOT, a npH v,)

Tiposexgmis O. M. Bea uepl(mzcmm MATH3 0COGHX TOuEK MO~
Ka3uBaeT, 410 B ypashennax (22.40) 0COGEHHOCTH GYIYT THNA <ceAia»,
npuum Bo Beefl p P obaacti

" yea

BHAM KaK npn 0=0, TaK u npu (vy),=a;. TeXHdeckan 1pymmm
TIOCTPORHIA TAKOTO PElIEHN 3AKIOUAETCH B TOM, HTO B 0COGHX TOWKaX
B npaBkX wacTax ypasneuh (22.40) GyayT weonpeieensocTd Tuna 0/0.
3apance PACKPMTL STH WEONPEleAEHHOCTH Heabds, TAK TAK MOJOMEHHE
CaMHX OCOGEHHOCTEH W 3HAUEHHS MHOTHX WCKOMBX BEJHYMH B HHX He-
uaBeCTHL. 115 BOIMOKHOCTH CHETA B OKPECTHOCTH TAKHX TOMCK MOKHO
TOCTYMNTb, HATIPHMED, TAK: DEllNHe B OKPECTHOCTH DEryAApHOR TOUKH
6=, Ganskofi k ocoGofl, pasaaracics no crememsM (5—0p) s panei,
lo_oropuw oo Aoctpameactes aniote 1o ocobolt ToukK 0= 0,
(k=1,2, ..., N—1); 3aem b OKpecTHOCTH 0, CTPOSTCA paas mo
—B,). KOTOPLLE A0I0T BOINOXHOCTS <BHATHY 3 ocoﬁoa Touki. B caysae
HCOBXOAMMOCTH Siatenns 6, W APYTHX BeAWSHH B STOR ToWKe MOTT
OWTh YTOUHEHH METONOM WTepauuh no yc0BARM cunanxu npu §="0,
PAAOR. OTMpABAOWIXCA OT 0, C PeuICHNCM, TOAYHCHHMM  OGHUNNN
nyrém. Kak npasuno, STO 1e1aTh He NPHXOMMTCH, 4 A9 BO3MOKHOCTH
«BHXOMA» U3 OCOGHX TOUEK AOCTATONHO OWEAET 3HaTh 2—3 wiewa pas-
Ao,

TlpozemoucTpHpYeM Teneps Golce AeTalbhbif XoX peulenns Ha
npocteimen cayuae, xoraa N =1 («nepaoe npuGAHKeHHe»).

TIpOMEXYTONNX AMHUH 37ech HeT W BCe MONWHTErpadshbie GyHK-
LN ANNPOKCHMMPYIOTCA MHHEAHO MO X 3HAMEHHSM HA WHAMHIPE W Ha
soane. Mckombx @ynkuntt Gyner tpu: e(f), ¢(8) w (vy), Pywkuun
(@), W (v), Wa nosepxocTH paspmpa (r. €. (v,); W (vy),) Hahayres
cpasy e w3 (22.13)— (22.15) nocze Toro, Kax ¢ (6) uasecTHo. Ommimy
3 TPEX AH(depeHUHaTbHNX YpaBHEHHH, CAYKAUMX 1A% ONpeRe’eHHs
e, 9. (Up), Oyaer ypasnenne (22.18), a 1sa ApyrHX NOAYATCH W3 MHTE-
TPaLHEX CooTHOmENHA (22.23) n (22.24). Tpu N= 1 kawaoe u3 sTAX
COOTHOLIEHH!! 3aNHCHBAETCA TOLKO ONMH Pa3 — AAA 7y == ry = ro—e (8).
Cootowenye (22.23) NPHBEALT HAC K paBeHCTBY:

s 2, — 2, (P 98), )+ (o 9, (P )
(22.42)
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Cootnowenne (22.24) sanucuBaerca B Bize:

dt, at, 17, d
+a =zl —0g

or, (pv,)‘]. (22.43)

Baecy (i=s, Iy

t

i

@ = (1 %
5, =g, (5,=0. Tk Kax (v,),=0).
e py g OTpeReATOTCR depes (4 1 (9 € nowows @211,
2.21),

& 2 @219 0 (22
C apyroft cTOpOHSI:
()
]

= v, = @+ [ (o0 282+ w0,

dind, dy 2
di a8 x

1
a5 X
U (Y=} —3);
X [0 L5 (o, LER T 22,44

ae d1nd,/de naxonutes no (22.19). Toacrasus s (22.35) supawenns
A(v),/d0 W d(v3),/df nepes de/d) B (22.44) w (22.43), noayuny oxom-
ware o

ds, ds
=Dt (G—),
e
=dind,
D= —_ — ELLLL/Y
nfem —@nm [25+ o)
(22.45)
npm;m mywongmo (22.13), (22.14) M (22.35) — mesecTibie pyHKuMM
W o,
Ananoruuno,
d
=y =05 — 5 (v,
ore
PR Y (7
O=— :gl 3 (a2 —}), . (22.46)

VauTHBaR, 410 WA MOBEpXHOCTH wAWNAPA (0,),==0, noayuM TeKKe:

L————(a" o), 4 <""s (22.47)
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Teneps u3 (22.45) u (22.47) uu RoAyN oCTasueca Asa ypanesn
annpokcumnpywoued cuctemss npu N =1

s 1 [ds,
F=slR—ac-a)

a(vy)s Es

Bxonsuue 5 npavhie acTit m/ds " A0 axortcn o (22.42)

(22.43), a dt,/d5 onpeneasercs 3 (22
WTak, M MowkeM BHpaauTh de/dS, dw/de 4@)Jd0 vepes 0, e, o

(vr),. MwTerpupobaiive CHCTeMB MPOBOIWTCA Waramh mo § o -

npabaerne HaGerawiiero notoxa), rae =0, (v5), =0, ey—e(0)—

N Hew3BecTHEA NapayeTp, KOTO-

% ;\\ N puft onpeeasercs u3 ycao-

& ¥ KOHEUHOCTH

JOTKHO CuT
E,=o.

Bo_Topow npuGaneriin
2) sBoawTCA OaHa npo-
710 Mewyrounas ammn  (Ksa-
ApATHUNAS  ANNPOKCHMALHS),
5 Tpetvem (N=3)—ase
T. 1. B Kamaos npubame-
st (N> 2) 206asaserca no
oaOMy HemasecTHOMY napa-
NeTpy (), npn 6=0 u
omwouy  ycaoswo  (22.41)

20 1703 1480
1546

KOHEWHOCTH  NpOM3BORHOR
d(v);/db. Cosnazenne pe-
Pic. 72. ayautaTon ¢ TpeGyewon Tou-
HOCTHIO B ABYX TNOCAEAHHX

pacutra.
Cheayer sauemith, 110 MEIOR RHIOTPAMMMEX commOMCRMA | becous
6HCTPO cxomHTEA.

TIpHBEAEM HEKOTOPHE Pe3YIbTATH PACHETOB obnxannu KpYroBoro
unanspa (ry=1, «=1,40). asteie #a paborsi O. M. Beaoiepkos-
ckoro V). Pacugti
saneAienonon wanme ESCH-1 AH CCCP. Ve npuseaénnu suie
puc. 71 orsesaer caysaro M

Veof o= 3.,

1) Cu. cuocky Ha crp. 191.
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MunnuabHas 007aCTh BAMSHHA 3lech OTpAHAUEHA ABYMA XapAKTe-
puctukamn_1-t0 w 11-r0. cemercts (0G03navens wuppaw 3 u 2 coor-
BeTCTBEHHO), HTO BIOAHE COTAACYeTCA co cTp. 182. JImws Nepexoaa,

Puc. 73, Prc. 74,

oGomatena udpoR 4. Pre. 72 noKaswBaer, K WaMewserca popMa
W NOAOKEHHE YAAPHOH BOHH M 3BYKOBOM AHMH MPH BOAPACTAHHH Mo

~N=!
— w2
a NJ
o Jncnepumenm

007 44 a5 45 10 129
Puc. 75.

OT 3 10 5. Tau we waecenst peaymrata skcnpuuenta (o)
Puc. 73, 74, 75 etoza
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218 M= 3 1t 5 NyHKTHDOM HalleCeHbl esyasTaTst prcstros mpu N =1,
oo e npit N'=2, Tpeyrombinxaun — npn N =3 u Tou-
Ky — sxcnepuyent (I. M. PaGuio).

Kak BHANM, yKe PACUET N0 NEPROMY MPHOKEHMIO 1aET B OCHOBHOM
NpaBHALIOE MOONKENHE B POPMY YAapHO BOAHM, pacnpeleerie 1apae-
His W Tede, Ha boawe. JLaA ONpEAEACHNA BeANHH B Node npi M < 3
HAN0 CYNTATL NO KpaHneH Mepe TpH NPUGAMKEHHA, B TO BpeMS Kak MpH

o> 3 AocTaTO‘IHO nsy

ens G cKopo-
cTami. I'unepnyxoluz Towerns n oGrexanne Tonkin ren. B conpe-

HECKOMLKHX KHIOMETPOB B CEKYHY, BOSHHKAET MHOTO TEODETHHECKHX i
NPAKTHYECKHX BONPOCOB, TPEGYIOLLIX HIYHEHNS ABIKEHHA 230 TDH Oelth
Goapumx anavernax 4Hcaa M. OOTexauus ¢ Odenb GOALLIMME CBepX-
3BYKOBLIMM CKOPOCTSMH OGAGAAIOT PAIOM CNEWH(IHIECKNX 0COGeHHOCTEM.
B'§ 14, a Take B § 19 MM yKe o6paTHAH BHAMAHHE Ha HEKOTOpHE
XapaKTepHie CBOHCTBA ABWXKeHHH, B K0TOpHX Mw > 1. B nacrosutem
naparpage Mh OCTAHOBMMCA Ha HeKOTOPHX OGIMX 3aKOMAX TaKiX
aBuKenuH,

. B. Banaanzep a0kasa (1949) Haauume npeAELROO, He 3aBHCHILETO
07 Mo COCTOSHHS TeueHHS, BOSHHKAIOUIETO NPH Oderb GOABWNX Mu ).
[oKaxeM, Kak 3T0 NMOAYHAeTcA A4 MAOCKOTO CAYYas.

Tycrs o6TeKacMoe TeAo NOMEIEHO B NOTOK 1433, 061aTZIOUMA CKO-
poctio v, os PASYETCA MOBEPXHOCTL CHALHOTO Pa3phisa, MOCAe mpO-

KACHHS 0poll HaumHaercs BuXpeBoe oOTexamue Teaa. Jlmiienie
Ommcnarcn ypam-mmen Bepuyaan

&

P
"x;“’y+ @3.1)

=1

YpaBHeHieM HEpAIPHBHOCTH, KOTOPOE MOKHO BIFTH B @opme 9.2):

I
(e — ) 55— w,uyw— vxvy o+ (4 — 07) “y—0, (23.2)
W ypabnenues A1% Buxps ckopocTi (§ 6):
(9 __oux
o, (52 dy) (3.3

) Pesyawtars Bananaepa Gwan_noayaens rawke Ocsatuien (K. Osw:
seh) » patore Rnlichkeitsgesctze fur Hyperschallstromung, 25, 1. angew. Math,
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Broas a2 ua (23.1) o ypasienns (23.2) u (23.3) u nepexosa K Geapas-
WepIUM  CKOPOCTAN 0,/ == Uy, Uy [0 == Ty, TOTYHHM 253 YPABHERNS:

(*,;L‘ZH*

G T

L\ 0,  ~ =~ (a5, , 9
) o (e 5+

—1-, -
ey

e 65,)_ B+ Y 11\ ams
v‘(ﬂ—w v<1——_—2 o)y @9

Vpasuenns (23.4), (23.5) comepwar TP GespasMepuux yuKium: v,
Uy Ind W, ecaw We cuuTath %, ORMH GespasMepuui napaMerp M.
TTocaenki BXOINT TAKiM 0GPasoM, 4T0 npi M > 1 uaeHo, ero cotep-
Kauw, MOXIO mpenc6pedb. OTCIORA, OMMAKO, GHAO GH mochemo
CHCATTH BHBOR O HEIAPHCHNOCTH HAWIET Astenis 0T M mpH BechMa
Goabiunx Me. JIEM0 B TOM, UTO Ml el He 3HaeM moBeXewws (YHK-
wi Ind W He yui Kpaeshe ycaosws.

Onpenesenie In ) TecHo CBASANO, KaK WSBECTHO, C BIIOM MOBEpX-
nocTi paspwpa. Kpaesiie YCi0BHS HANO GYZET Kak BCerla SanMcwsarh
na paspusa. Ha Teaa:

o, =718, (23.6)

rie f—yroa HaKkAOHa KacaTeabHOR K noBepxwocts Teia k ocu X. Ha
TIOREPXHOCTH PAIPHIBA MOKEM HAMHCAT (CM., Wampimep, (22.19)):

LAV B OSSN B St A £ et AU S S
(o) M”(H.xmw M;H.])(-.«H 1+1M§,m’v)'(23'7)

Kpoxe toro, mo (7.16) u (7.17)
~ 2 1 2 2
=1t g ot
(23.8)

B, = —Zcospsing( i — 1
a1 \?(M;co{‘q )

OTMETHM Teneph, W STO ABARETCA BaKHHM OGCTOSTEALCTBOM, 4TO, B Ciay
CBEPXIBYKOBOTO XapaKTEPa NOTOKa, (GOPM NOBEPXHOCTH BAAAH OT Tera
He BAHSET Ha Tedeiwe BOAH3M [OAOBNOA uacTH Teaa. [loTOK BGaN3N Teaa
NAXOWTCA MO BAWSHAEM JWINL OFPAHMYEHHOH, HAWGOee WHTEHCHBHOM
H3CTH yaproR BoaHu. Ha 9T0M uacTh cos 9 Gyt oTamuen of nyas. Hpi
VGTeKaNHH TYNOTO NPOGHIS COS @ GYACT BIMIOK K eAMANLE; MPiF CiMe-
TPHUKOM OGTeKaHMH KAHHA COS ¢ OyZeT GAMIOK K KOCHHYCY YrAa PAcTBOpa
KNG W 7, 1. TIO3TOMY, Ha 1EKOTOPOM Y¥acTKe GYAET RCErAd A0CTHRATLCH



208 TEOPETHUECKME OCHOBb TA30BOR AMHAMHKM wa .

TaKoe Teseliie, TIpH KOTOPOM He T0bK0 M3S> 1, Ho 4 Mucosg > 1.
Ho Toraa u B KpaeRuX ycaosusX (23.7), (23.8) M MOXeM 0T6POCHTb uieH,
conepaut 1/ML, Tenepy napaMerp M OCTEETCH B ORHOM AW
Bupanennn 113 In d:

_ a—1\* 2 2
‘"E Tm[(’bﬂ) M)+ (2 cos‘p—ﬁ)

apiuEy unew, coacpmauinh M, pxoant 5 In9 axzumusro, Ho Ind pxo-
2T B Gopyay (23.3) ANWL NOX IHaKOM MPONSBOAHOR MO KOOpAWHETE
109704y 1 OXOATEAGH sasar M., TOIOCTL WEAEONE, W i Ty~
e . Bax
o M o Gomins M soroa0. nsmsasastror e

OBPATHNCA TETep K CEUNATBHONY PACCHOTPEHNIO OGTEKANHA TONKIX
Ten npu GOABWIHX CBEPX3BYKOBHX CKOPOCTAX. Ha mpuwepe obTexanis
naacTHHKK (§ 14) M ye BHICAW, 4TO MPOCTAR AMHEAPHSALNA ypasHe-
il 10 OTHOLIEHINO K OCHOBIOMY TOTOKY B cAydae, Koraa Mo S> 1, e
naér Mu Buzean, uTO
WOpENCTPOM 3ARa%N maRTCR, B Caywac maacrumic, seamwuns Mol Bol
JLa% 6iLero cayuan o6TeKauus TONKUX Tea npi Mo S> 1 Ghan OTKpLTH
creuHasbibe 3aKOHH NoaoGus, 10 OmAo clesano Llaswem aas Gespux-
peBbX ABieHuA U 0GOGueHO XsHcoM Ha cayual ABMKeHHR BHXpe-
B

Cieays T. T. Uepromy 9), nonpoGyeu cuepes 2 onencu topanea
PABTHUHLIX THIDOHHZMUNCCKHX BeAHUHH HAWER 3
Tlycth, B OGlieM cayuae, M WMeeM )manommmn obTexatme co
CKOPOCTHIO U, Ha GECKOHESHOCTH TOHKOTO 330CTPEHHOTO Blepean Tena,
PACTIOTOKENHOTO TAK, WTO YA MEAIY KACATEABNMMA K NOBEPXHOCTH
Tea W OCHOBHMM MOTOKOM GaWaki Kk wyao. Hanpasis oce X 81076
OCHOBHOTO NOTOKA, Mieey
O(cos(n, x))=r. (23.9)
Tle m—HOPMalb K Teny, T— Manuifi GeapaaMepHufi napamerp (WampH-
Hep, oTHOCHTEAMAR ToMLUANE TeAd, WaNGOMLLIce uasEe yrad, OOpa-
s08aHHOTO Tena ¢
havene <08 (1, ) W 1. 13, Gykea O, Kax obumuo, owmaaer nopaion
BeannHHL
M3 KpaeBoro ycaomHs OGTeKanus ClelyeT TOFAd, 4T Ha KOHType
0, = (23.10)
Ayuae GeIBHXPEBOTO ABHKCHHS, T. €. B CAy§ae OTC mm  Joseps:
HOCTH paspuiBa, nansneucno nz:auncnuocm xsnx:mm or M, M S0
Onia0 mun npmsen HO_BI CHOCK!
HT n H. S, Simi Alamy laws of hypers von(c llowa Journal Math. Phys.

31(91‘9746), S5 Tiay os W D Dn’ hyperstute somiitude. Quart. Appl- Sath 5
(

Y uepuui I, Teweme rasa ¢ Gomsuoi CBepx3ByKOBOIL CKOPOCTBIO,
Susmarru, 1999,
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f1e. KEK H PaHbIIE, U,==0,/0., 0,==0,/0,. D10 COOTHOWICHHE ecTe-
(CTBEHHO PACMPOCTPAHHTE W HA BCIO 0GAACTH Teuenus MEKLY TIOBEPXHO-
CToio PA3PHBA W KOHTYpoM. HO Ha MOBEpXHOCTH Pasphpa MH HMceM
coomHowenna (7.12), (7.15), us KoTopwx cnenye'r ut0

— Pan (U — V) = P — pro = (Mhcostp —1) (23.11)

1+1

Po— BMAIEHNT p W p O MPOXOKACHMS NOBEPXHOCTH Paspuina).
& apyron cropon, ak Kax KacaTeame K TomepuiocTH paspuna.
COCTARTAIOLE. CKOPOCTH, HEMpepWBkH, TO

U —vo=—Vcose (23.12)
rae V= V{0,— 0V 0. Buocs 910 supaxensie b (23.11), noayanu

KUa1pATHO  YDABHEHHE OTHOCHTEMSHO COSP, W KOTOPOrO Ges Tpyla

wahagn o
i
rae V=V (o, — 1P+ o 1ax uro
0(ms?)=|7+MLn. (23.13)
Tlaaee, no (7.11) u (23 12) nmeenm
5 — 1)ig g=— Vsing. @.10

y
Ho sing 1. 3naunr,
Ham, no (23.10),
(23.15)
Boaspawasce Tenepb K (23.12) u yuntwsas (23.13), (23.14) u (23.15),
HNESM OKONVATEMLHO 145 CKOpOCTER:
0@ —v)=va (2 +5-). (23.16)
O@)=v.s @3.17)

Haxonew, wafags em nopiok seasnn p— po H p—peon o (23.11)
HMeeM crieppa

P—Po_ 2 U
e *Mao:

TaK 410, Henoasya (23.16), moayunm
0 ( P—Ps )
[

14 Teoperueckan tmaponersinsa, 4, 11

27"+ Mast, (23.18)
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—s
Yro xe 10 . 10 no (7.10) moxem namucaTs

3

Peo **l

M2, cos? g4 1

W TOrAa, WA OCHOBaHIK MOAYYeNINX Buie Ouenok 117 M. cose, muees
p— M1 —1
o —o (Mert =)
- (M= 1)2
T1poaHaauanpyeM Temeps MOTYUEHHME HAMH OLEHKN.

YCTh CTCpBa Mit HMEEM 1670 ¢ YMEPEHNHNI CBEpXSBYKOBHMI CKO-
pocTsMH, 12K 4T0 Mo 1. Halwy olienxh NOKaHBaOT, 470 TOra NpH
OGTeKaNMI OYeHb TONKHX Tea (<<& 1) BO3MYMIEHHS BCEX THAPOIWH
WECKHX STCMEHTOB MAm4 W HMEIOT OXMH W TOT e NMOPAIOK MAZOCTH:
= PPy
Po
B 10 e spewn mo (23.13), (23.15) micen

(23.19)

PR
Mt o ~M..

1
cos gy,

T. €. HAINA TIOBCPXHOCTL PASPHBA OYIET HMETh HAKIOH TOTO e NOPAIKA,
W HOKION XapaKTepHCTUKH (60ALWON O CPABHEWHO C HIKAOHOM
GOTexaeuon nosepriocTi). Mi MOKeN NOSTOY MpH  Hceaedomanin
CoepxayKOBOTO 0GTeKanh ToMKkux Tex, ecan Mo I, auncaphaosats
VPABHEWIS ABHKENNS 110 OTHOWIEHINO K OCHOBHOMY NOTOKY, 0GI21aN0IIEMY
CKOPOCTANM 0, = Vs, ¥, == 0, JABACHHEM Py H MAOTHOCTEIO pos.
Piase Gyser 0Gerodts 1620 npH HCCILRoBMMHN  OGTekaHRE TorKIHX
7en, Korna Mest = 1 man e Mat>>> 1. 3aech nawn gopyyaut npuseayr
K HOBHM COOTHOWIEHHSM:
PP
VRS L

cxopoctt HO XapaKtep SToft Mazo-
CTH GYAeT PAIUHBIN LIS MPOAOTHLX (U,) H MONEPENHX (U,) cocTa-
BaAI0ULIX. BOIMYLIEHHS 12BHHS W NIOTHOCTH He OYAYT Yie MATHMI;
Goilee TOTO, BOIMYLLEHHE 12BACHNA MOKET WMETb TOT e NOPSIOK, 4TO
W CaNOLaAeHHe # AaKe NEBHILIATS €r0 BO MHOTO Pas; OTHETHM, 4TO ipH
STOM KoSdMIMEHT Aasaeits

2 P—pa
ML P

2
c, Py (P —Po)
6yaer pecbMa Man—on Gyler uwers nopsiok <. Hakomew, coso mo
(23.13)  (23.15) Gyaer Man W GyAET KMETh TIOPAIOK TOT Ke, HTO H KOCHHYC
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HopMaTt K KoHTypa — paspusa
Gyner kak G NHINMATE K TIOBEPXHOCTH Tena.
Ml BANM, TakiM 0GPA3OM, 4TO METOX THHCAPH3ALI, TIO OTHOMIEHNIO
K TOTOKY WA CO, He NPHMEHHM B HAUIeW C7yuae GOASIIMX CBEpX3BYKO-
BHX_CKOPOCTEH.
BiKeHHE C OdeHb GOILIIMMH CBEPX3BYKODLMH CKOPOCTAMH OKOIO
TONKIX TeA HAIHBAKT B P
BhiBedeM Temepb, WCNOMb3YS HALM OUEHKH, BAKHHA MPUHIMN MO0~
1A, KACAOILHACS THIEPIBYKOBLX AnivkeHuH. OOPATHMCA BHOBL K OGLIMM
YpARHEHUAM JBHACHWA, HOPEIPHBHOCTH W NPHTOKA Temsa AT MAOCKOrO
CTAWHOHAPHOTO Cayuas.
LzeaiN OCHOBHOE ABHIKeHKe N0 GopyAe

=1, (23.20)

W nepenaen K s
Y=0%, o=v v, p=ap MEEp. p=p.p.
r=x, y=mn
Tereps ypaienus ABHAEHUS NPHMYT Bi:

ou o, 1 op,
2uy 4 4 9 %8 4
a ‘")ax Yoy

o 0%,
[

2, P

(<) d«n +"9y. X
VpaBHenne HepA3PLBHOCTH 3ANMLIETCS B BHAE

0,0,

pu (1 + st

H ycnoBMe anMAGATHUHOCTH AACT:

9 pr 9 p

(1 + =) L tv g
+ ) 3 oo TV G
B COrAIACH C NpHBEIeHHLMN BHIE OUCHKAMH, MH MOKeM CHHTATH, 41O
Bce Hawm t‘xspaaucpuue ¢ynxuuv| e Teneps nopaiok 1. Cuuran,

9
oz, P

0.

4TO T Maao ue (310 ynpo-
luenue, Koropue azecy Aulae‘rcn) Mu npml!M K ypaBHeRuaM
10p
ax‘ +"ay, P @2
l 9,
‘7& +ogd 9)4 o ‘h'_ﬁ *.22)
99, i
%-# f’;;'\ (23.23)
9
P
St Vo =0 @24
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Tlycts ypabnenne OGTEKIEMOro KOHTYPA B HOBMX KOOPAHHATAX HMEET BHA

Fx y=0.

Toraa Kkpaesoe ycioBHe Ha xmﬂyp: sanuwerca
2

-+ g o g8

Wk, ecan 0T6pOCHTS uaen <,

'3yx

Frad b (23.25)
Jlazee, Ha Goabwix or Tena "My
ZOMKHE TAM HanHcaTh
1
u=v=0 p=1 n=i5p (23.26)

HaKoliell, BINAILEM ellie YCAOBMS HA NOBEPXHOCTH Pa3phisa.
TIycTh ypasenne 9T0fl noCAEANE (b HOBMX KOOPANHATAX) HMEET BIA

S 6 y)=0.
Torza no (7.5) umeex

[ {(1 + <) dX  to

0)"

M, B HAEM NHOAMKeNHH:

(o ) =2L. @3.27)
AHaaorHuILM 06PasoM BMecTo ypasweru (7.3), (7.4) noayums remeps
u=P,7T'H. (23.28)
Al e @29

2 BMecTO (7.6) GyzeM mmets:
Mip, = "‘—“Mﬂ. (23.30)

—0G=De
s aByx napawerpob saiasn (z # M) HH OZHH He BXOAMT b ypaie-
wis (23.21)— (23.24) u kpaesoe ycioswe (23.25). Kpaeswie yciosus wa
GeckoneutocT (23.26) COMEpXET b KOMGHHAWNO STHX NAPAMETPOB

K=1Mso

(peayabrar Llsaus). Vcaonua Ha nopepxHocTH paspna (23.28) — (23.30)
TAKKE CONCPHAT AHuib KOMGHHAINIO STHX NapaMeTpos (pesyastar Xoica).
O1c102a NpHHUKN HO20GHS, KOTOPLA MOKET GHTh CPOPMYNPOSAH 1Tak:
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JBiKeHHS OKOI0 ABYX Ter, apusino NpeoSpaVeNSX Apyr B apyra,
JIMEIOLLAX. OTHOCHTebHLE TOMMIK </ 1 </, GYAYT MOAOGH, ecaw wHcAa
Maxa M/, # MY, oTirx 1BMiKeHWH Takopul, §ro

VpaBiierna 1AM PACIAIA0TCA Ha ABe TPYNNN: ypaskenns (23.22) —
(23.24) colepiat HCKOMHe QYNKIMH U, Py, py W HE CONEPRKAT 4; Kpae-
soc ycaone (23.25) u YCAODIA Ha NOBEPXHOCTN paspusa (23.27), (23.29),
(23.30) TakKe CONCPKAT AMb T, Py, pr. TAKHM OOpAIOM, 3%ata CHALHO
ynpouaercs. TIocie TOro Kk v, py, p, ONpeACCH, A1l NAXOKACHNA 1
MOWKeT CAYKHTo Ypaviente (23. Zl) * ipsenoe yeaoane (23.28). Tpoue
onpegean ¢ 1 ypastenea Bepi

QGpaTin mwaManie na 10, uto. ypasmenna (23. 2)— (23.24)

connan
Keuns yma BIOAL OCH ¥, €CAN 3AMEHHTE X, 4epe3 HeKoe pincrnnnos
spews. TIpi 970N Kpaenoe. yconie (23.25) NPEACTABHT aHAIOr KPAEsOro
C10BMA HA NOPILHE, ABHAYILCMES 10 3aKOKY F (x;, y,) = 0 (x, — Bpews),
2 yorosnn (23.27), (23.29), (23.80), Kak AeTKO BUZETS, OTENAOT B TON-

ras. Tlpu NPOXOKJCHNN NOBEPXHOCTH CHALHOTO PEIPHB, €CAM CBOPX-
3BYKOBbC CKOPOCTI LBIKEHNS OYCHD BeAHKH, TEMTEPITYP MOKET YBCAH-
BATHCA 0 BEChMa GOJBIIMX SHAYEHHH.

B cavow Zene, konGuanpys dopuyas (7.10) n (7.15), wi noayuus
2% omnowenns Temnepatyp 7{T Ha cKauke GopMyay:

%—( casqaf‘+l)( 1,2 l%) (4.1

P,
Ecmnp=0 (apaon ckauox) 7o pn M, =5 Gynew umers amsix=14
T/ ~58, a 10 7/T,~20,8; st0 auauwur, 410 ecau

80°K, wm nnn}um« yBeaiiciie TEMTIEPATYpU B NEPBOM CayuAe
npuuepuo 10 1642°K, a B0 5TOpoM — npinepro 10 5712°K. Tlpn Takux
BHCOKHX TeMIIEpaTypax OTAEAbHME MOJEKYIM KHCIOPORA, BXOARILETO
B COCTAB BOIAYXa, HAWNYT ANCCOUNHPOBATLCR.
CoOTBeTCTBYIOUMA NePECHET, OCHOBAHHMH HA PACCMOTDEHMH CTATH-

. PIOM astopos. Ocranosiuca Goaee N01POGHO Ha Teopii
Jlatirxnana 1) rasa. ras,
COCTOMUIN 3 ABYXATOMHX MORERyA, TIYCTh B HEM HGUNNGETCH AHCCO-
UMAUMA: GGCTL MOAEKYA HAWMHAET A€ANTSCH HA CBOGOMME aToMH. OGo-
SHANMM 4eDE3 @ MPOUCHTHOC OTHOWeNHE (NO MACCE) YHCAA CBOGOZHBX

s, o g 111 M. 4, Dynamic of disociating gas, | Journal of fluid mecka-
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(BO3MMKIIINX 33 CYET AUCCOLMAWIUK) ATOMOB
n
Tt 2y,

TAe My WHCIO AMCCONMHPOBIHHHX ATONOB (B eMhiile Maccw rasa),
54— UMCI0 HENCCOLMMPORAHHLIX MOAEKY. (B eAnwMme Macch rasa). [lo
JlafiTxiany HMeeM COOTHOMIEHNE.

@ ol (24.2)

tme T, W pg— HekoTophe napaMerps. Hwemwo, peamamia 7,
rae D — sHeprus uiccounaunn, & — noctosumas Bosuuara (k — 1. asx
X 107% spz[2pad); semmuuna e p, npeactapaserca Gosec CAOKHO: ona
BHPAKACTCA UePE3 TEMNIEPATYPY U HEKOTOPHE QYHKIWH Pacnpeieenis;
NpHOANKENHO p; MOKET CUHTATBCA NOCTOSHHHIM. B STOM cMbicae Jlafit-
XHAA TOBOPHT 06 CHACATLHO-IHCCOUMPYIOUIENCSy Tase.
Ias xucropona T,=59000°K,  p,= 150 2/cu’;
a9 asora T,=113000°K, p,=130 2/cx’
Ha puc. 76 (sawcrsosamwom us craten JlaRTxiana), rae mo ocit
OpIMHAT OTAOKEHO o, @ MO OcH abcunce — 7/T,, AaM TPH KpHBHE—
sasucumocTh @ o1 T)T,, otaenaiomie g pyfo =7, 6 u 5 cooTseTcTSEHHO.

9 Wgh-=7 6 s
46
a5
a9
28
o

7
Q035 Q075004 Q045 005 Q06 007 G084U3 012 G 820
Pac. 76

s picynka siano, uto ecan npu T 1600°K (caysah M, =5, cu.
suwe), koraa T/T; 70,027, NPAKTHHECKH el HET AMCCOUWALNH, TO
npn T'=5700°K (caysat ¢ My == 10), koraa 7/T,~0,097, mu wieex
npH 1g pfpg==5 NOYTH NOANYI0 MCCOMMANO (AR HHAKHUX c’loh at™o-
cheput prac 107° 2fcad, nosToMy pyfor 1,3+ 105 n Igpyfere
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1A% HACTHUHO ZHCCOUMHPOBAHHOTO Fa3a YpABHEHHA ABHKCHHA M ypas-
Jewita HEpASPHBHOCTH OCTAIOTCA MPEXHHMH. M3MenseTch mpexae Beero
ypasiiciiie COCTOMNNA, KOTOPOS MOKET GHTh 3aMNCaHO TeMepo B BHae

p=ReT(1+0a), (24.3)

e R, KaK W npexie,—Tasopas noctosuan. Jan sosayxa R=2
105 cutjcent - 2pad; xan xucaoposa R~259 108" ca¥fcen? - zpad
1 asora R = 2,97 - 10 cx?/cex? - 2pao.

aMeHITCA W YPABHEHUE SHEPTHN; TIpH BHBOZE TOCTEARErO YpABHEHHS

aan shyTpenned sweprum u (=77, cu. crp. 17) Temeps  npHIAETCA

wanicats: o
u
=Tt (@44
tne uy == RT, (8 Mexammecknx eamnmuax). Las KHCAOPoAd iy = 1,53
10 catjcest, 4 307a 11y 3.35 - 101 ca?fcen?, Tipn a0 wsa nony-

3ot U—3RT. Tlna wacanssoro rasa wu memn (crp. 17)
BT va wto ecan w=1,4,10 4 =2,5 RT. Gopuya (24.4)

4
oTBeNAET Cayual0, KOTAG %=
Vpasienne siepruu (aﬂanor ypasenus (3.4)) Gyzet Teneps wMets suA

+aa ~div(eV)=0 (24.5)

wan e (e, crp. 20}

0% 4 paivy

(24.5)

P SToM # BHpaKaerca uepes (24.4).
Tenepy, kpome Qyukunii V. p, p. T, B Kauecrse HCKOMHX BEAMHi
BXOMUT €IE o, KOTOPAR CAAINA € i T KOHEUHEM COOTHOMIENHEM (24.2).
a6 mpexae, ypumiewie (24.5) omcusier gakr coxpancuin
SHTPOMNK § wacTiUB, MG MO ONpECTENHIO SHTPOMMI:

dutpd L
=

(24.6)

TAK NTO, B CHT YpBHEHHA HepAIPWBHOCTH M, MO (24.5) Weew
s
ar

Menoasayn (24.3) u (24.4), wu nonyums a1a dS wa (24.6) supaxenne

3ug dT u, 1
as=ip ‘T‘da+p(1+a).1?

0.
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Ho o (24.2) neex

w_p T
T=RT

3anuimeM eume

p(l+a)al =—R(l +a)dIn L:—Rd[(l +a) L].;.Rlnida,
P by 0 s

Tanee moayunu

d% a {3]n—%:(l+¢)ln:—d—(l—a)ln(1 ~a)+n.(2—21na)}.

JLA% CpADHEHHS HATOMHKM, UTO B CAYNae WACATSHOTO T3 MM MMEAW
(M. (6.8), crp. 33):
dind*

Tdin(Tp=")

n T~lnp).

o cormcyerca (aan w1 ¢ dopuyaon (24.7). ecan 3 well roso-
waTh @ = 0.

TIOGMOTPIM Temeph, KAk W3MGHATCH, B CAYNGe AWCCOWNNPYIOLETOCH
7232, YCIOBHS 1A TIOBEPXHOCTH CHASHOTO Pa3puisa.

Venomna (2.12), (2.13) octanyres Ges wamenenns. Veaonne (2.17)
Ml JOTKHH 3anKCaTh, BRoas BMccTo U[A ero mupaierie no (24.4)1).
0 T01KO o cayuas, koraa

e:—— ' i [oV,1=0. Sanncusas [pV,,l:[%pV,,]:pV,,[L;].H

MOKeM npexcrasy (2.17) B Buae

wa[ L4 +2]

Beens bosb Temaocozepuanne (ctp. 34) 4, Mu noayuny

[t el

@4.7)

) Mt uoew moayauts wsaen @16). noviopma fecyaeis, opumeses-
hite Ha CTp. 29, Takke W anasor Gopuyan (5.9).

LS 3 P
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[N TeNcpb, B OTAMSME OT TOTO, 4TO OTRENZET COBEPUICHHOMY 1a3y,
uneest

{=3RT+au,+ 2 =RT(44-2)+ ug)). (24.8)

OBpaTMCA K IIOCKOMY CAYSaio W GyleM 0GO3MavaTs gHaueHHe Maumx

SAEMENTOD KO NPOXOKAEHHS PASPHBA 3HAUKOM «l», NOCAE MPOXOKAE-

17— IMAUKOM «2». Vwnoas (2.12) cKaispHO Ha n W 3aMeuas, wTO
nonyHs

)+ 0305 (24.9)
Vaowan ofe sacti (2.12) CKanApHo Ha CAMHWWHMN BEKTOP <, Kaca-
Teabhbifl K NOBEPXHOCTH PasphiBa, NOAYYMM, KAK M pamblue,

2

(24.10)
e v, cKopocrh, x paspusa.
Venoute (2.13) nepennmen 5 st
BT =00, @4.11)
a ycrose (24.7) aaeT waw, B coorsercTan ¢ (24.10):
¢ %,
et h=gt (24.12)

AWaJ0ruuHO TOMY, 4TO GHJO B CAydae WIEAILHOTO 433, COOTHOWe-
HUA (24.9) — (24.12) CBASIBAIOT NSTL BEAWNHH Py, fy. Uy Uy, T3 de-
Tupbt ypasneunai. K wu a1 npnGasits. (24.2), sanucamioe a1 p,
Ty B KadecTse WecTOM BeAWSMHM OyleT (UTYPHPOBATh .

Auarns Gopmysn (24.9) — (24.12) HeckoabKO 06ATETCH TeM 06CTOR-
TeacTsom, ut0 B Hac ceftuac BOSHHKHO-
BCHHS HCCOUHAUMH — BEAWSHHB [ W p, BCET1a MOTYT CHMTATLCA mpe-
HeGpekiNO MaAMM 1O Cpaswentio ¢ ©2/2 W p,u?, cooTBETCTIENHO ).
25 TOro 4TOGH 510 NOKa3ATH, OGPATHMCA BHOBL K PHC. 76.

Jlaike 118 WHSTOAKHO Ma10H AHCCOLMALHM, KOTA . M JOKHb
cuntary Tp/T, > 0,0475. Ho Toraa no (24.8) Tofuy T/T (4+=)+1-
=0,05-0,0475 (4 +-0,05)~0,25. Takum oGpason, no (24.12) wu

') Anazoron (opuyas (5.14) Gyzer Teneps Goace rpoMOIAKOE COOTHOWEHHE,
Ecau'a_ =0, a, =3 70 su noayuns

pe -
P 6
()t
PR 2 =0 noayunm pHosb (5.14) ¢ k= ;.

?) YnpowdHubie ycaosus Ha Ckaukax, moayuaomuecs nyTéM OTOpacHsas
R Py W L), HAIWBAOTCA <HPHOMKEHSMH A2 OUEHS CHALHBIX PAPHBOB2,
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T0mKiL uuml_fv> 0,25. C apyroft croponss, mpi oG-
L

wix TeMnepatypax T, nopaika 300°K, mpw orcyreramt anccomsamnn

it ueew T/T, < 0,005 1, cacxosareauno, 1]ugd, = 4T/T, < 0,02

Tain 0Gpasow, “aaike mpw WHTORIX @ neawwA 3R, 2070 a-

wiTenbio mpesuwats 7, EWE B Golswel CTeneMn 3To OTHOCHTCH

W o, 0 py. Mrak, mpubamkenio ncey

O, =P, 0T, = Pytegt, 7V @413

Hexawuaem v,, ¢ nomouwio pasencrsa (24.11):

W, (24.14)
Bropoe paseiicrao w3 (24.13) aaer waw p, =, ——‘:— %) wam,
no (24.14):

=0 (1 — ;) (24.15)
Haroneu, Tpese us (24.13) aaer nax :;:%a;( 7%> e

i

. u?l‘{l — (%)’} (24.16)

Henosways (24.8), wowem, no (24.16) i (24.15), nanucats

RTZ(4+u)+an,=%v:‘(l 47)(1 + nx\ 2 (1 4 )

I

an, wckaiouas py ¢ nowousio (24.3):
Ry (4~ 0)+ oty = M(

Orciona Bupaznst pyfp, Uepes Ty w a:

).

o &'ia__H @4.17)
B (R
HAN €CAM HCNOAB30BATL el (24.2):
B 2 fin(fe 152
R o R AT

Moser GHTL NOCTPOEHO OMHO TPAHCUEHIEHTHOE ypasiieime 41 onpe-
Jeaciun TyT, (WIM @) 4epes Up, i pyfog. VpabHeHie STO TPOMO3IKO
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4 TpyRO 0603piNOY). JIAHTXHAL NpeAtaraeT aHGANIMPORATH MOBEAeHHE
GyAKUAR MOCAE CKAUKA TIOCACIOBATENVHENH MPHOMKCHHSMI, Huento,
BO3HMEN CHZUQTA KaKOE-HGO TPYGOE HaseHie pofpy. HANPHMED pyfpy = 10,
W nafiaEn ¢ ero noousio Mo (24.16) iy; 1o o (24.8), wenoasaya (24.15).
NOKHO 107y HTS

% n 44
T,;(l"*)wﬂ”_i (24.19)
M3 57070 PABEHCTBA, BHOCA CIONA BHOPAHHOE HAMH pyfp, M HaIenoe
JaMH iy, TOYSHM BeaHdHHy a. BCTABHB 510 @ B npapyio wacts (24.18)
(aMecTe C BHOPAHHEM pyfp,), MBl TIOAYSHM HOBOE, YTOYHEHHOE OTHOMIE-
1He pyfpy. OTNPaBASIACH OT STOTO 3HAYEHNA NPOBEAEM PAacu¥T CHOBA M T, L.

Tipisexeu npusep. T1yct , =144 (s, =468 kafcex). ey
—=2.1077(p; 0,26 - 107° z/u(’) Toraa no (24.16) nyeem (npene6pe-
125 9ACHOM © (5y/pe)?) fofu1g 720,72, TIph pyfoy =12 unteem pyfpy =24 - 10
UM 9TUX BMAEHMTX W pfpy NOAYuM nO (24.19) (oTGpacwean pyfpy
b ckobkax) a==042 W T0ria 10 (24.18) Mu CMOKEM HAHTH HCpaBeH-
HOE pyfpy. ITO OYAT pofpy = 13,2. Teneps pofpg = 2,64 - 10~ ecan 310
HOBOC 3HAuEHHE BHECTH B HAWH (OPMYTH, BEMMHHEL & M pyfp; OCTA-
WyTCA npaKTHueckn Tewn Ke. Mrak, My noayunm Ty/T, = 1/13,20,075

1) Vpashene aan T3fTq MOKNO MOAYWNTH, HCKAIOWHB CEPBA M3 COOT-
U B ( v.)

By 24.15) 24,3
- o) (crectie @415 w 243)) «

vowenii (1 ) =
2
(4+u)+u=%(lA;) (caeactsne (24.16) u (24.8)). Mo orHomenuio
K ix/P; HOAYNMM UK STOM KBaAPATHOE yPaBHEHME:
(Hﬂ)’_ﬂ_( _;)_7_‘1(3_&—_70_7_
2] Ty+27y 2 QT AT Ty

wpr s10m

1
= r,+m{ i (‘*")""’}
Pewns ykasaunoe xmazpatioe ypapmeine, )liinﬁu uepes Ty, a 3aTeM a
wepes” 7 Octanercn. seranrsbon wpeoma n (A1, nhus iy oy
TPAHCUEINENTHOE YpABHENHE, CBAbBAILICE 1,/7, © pafey 1 03 Jug 370 ypas-
Newne Gyter amasorom cootwomenis (241) {Aepnce, coomHomests %a

o
= T M co e, noryuaemerocn ns (241) aan ovems Gomnx M, . e,

AT PACCHATPHBAENOrO HAMN CeiltaC CAYNaR €OuCHS CHABHNX PAJPHBOBS).



20 TEOPETHUECKHE OCHOBH TASOBOM IMHAMHKi a1
(T;~24400°K), b 70 BPENS Kak NDH OTCYTCTBHM AMCCOLMLAH W MOTY-
wwn Ow no (24.1):
Ty 2(—1) T, 2(—1) o
T~ e M =y
T. €. I MPHHSTHX B STOM NPHMEpE BeAHIMHAX
T

4 "
T2 TR 0,176 (T~ 10000°K).

ABHKEHHA C fBAAETCA TO,
410 BETWUHHE [o/p, WMeeT OmpeleeHibA SKCTPEMYM, NpH KOTOPOM
470,64-0,7; STOT SKCTPEMYM OTBCNACT MPUMEPHO SHAUCHHAM pyjpy
2213+ 15. 3AMTHY, UTO A19 WACATBHOTO 123 pyfp, MOHOTOHHO PAcTEr
€ poctoM M, M AOCTHFACT TPEREALHOTO SHavenus 10abko mpu My = oo
(cp. (7.10)),

LB
I

OcTanoBHMCA Teneps Ha DHPHIN 113 SHTDONWH; MOHOTPHN, 10
MOKHO CKazaT O
Avatornao. cayaaio Aacanonoro. Tasa Ml HORG # adech macr
CKOPOCTb 3BYKA KaK CKOPOCTh PACTPOCTDAHEHHS MaJOTO BOSMYILEHHS.
3aMeTHM CUepsa, 4TO SNTPOMMIO S BHOBL MOKHO Cirarh (ymkued
TOIBKO p H p, HEO XOTA MO Onperedciuio S aasucut ot T, p W @, MH
MOXEM CUNTATh, WTO C MOMOIbI ypasHennh (24.2), (24.3) T u « Bupa-
Keint uepea p u p.
Bosspautasich K cucreme ypasuewuh (4.14). Mu nomku samewnts
Mwb nocaennee w3 ypnnexuﬂ STOfl CHCTEMB COOTHOWEHHEM
- of of | Of\(9S 3
("’ dx+ 4 ay +"‘ + )(op oz

Tloptopss paccywaems § 4, MM NOYSM Teneps AR KBAAPATA CKO-
pocTh smyKa a? pupanerie:

25

5

Ecan 0603HauuTh

TO 7, aHATOT OTHOWEHHsH 'rennoeuxomn Gyzer 3aBHCeTs OT p W p.
Mut MoweM npexcraniTh 1 B
dinp
1= Gnp
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(anphepennani Gpyres Tpn dS=0) . mayn. ocse mpocx
BHKAAIOK: 27Ty (1 —a?) + @+ 32 —a®) T2

! . 24.20

L YT e Yo 420

jen xpanm swadenn =0 W a=1 TOAYUMM COOTBETCTBEHHO
¥ =3/31). MuTepecHo OTMETHTB, 4TO, MOZOGHO Pafpy, Bei-
\nna 7 Wweer sKcTpeMyM (11 otwoweni T/T,, sexaunx uexy 0,04
4 0,10) A% KAKHX-TO NPOMEXYTONHHX SHAUEHAH o; B STOM YOeKIaeMcs
wa anaauaa dopmyast (24.20).

Mil OTpAHMUMMCS CKASAHWHM 31eCh OTHOCHTEABHO OCOGEHHOCTEN
AHCCOUMHPYIOWICrOcA Ta3a. BOMPOC O IBWKEHWH B NOTPAHHIHOM ClOE,
BAMAHWH BAIKOCTH, A TaKKe IMQQYSMH paccMoTpen B paze pador,
3 KOTOPHX ynowsiex paGoty B. B. Lllennnxosa?).

B. YCTAHOBHBIHECS JIBHXXEHHS. NPOCTPAHCTBEHHAS 3ATAYA
it c ocesot s

§
newKenu p nepsa no
K HeKOTOpOH OCH. ﬂocnemﬂom npuveM Ha och Oz UMAMHAPHYECKOH
CHCTEMH KOOPMMHAT; DACCTOSHHE OT OCH GyleM 003HA4ATh uepe3 r,
noaspHHH YTON uepes b NPOEKUMH CKOPOCTER — Yepea T,, Uy, U; COOT-
BeTcTBEHHO. YCa0BHE u::cnuueTpu‘mucm sanuueTcs T0rAa B BHle:

p_ du —o.
W= T T“""
KpoMe TOTO, ABIKeHHe MPEATIONOKHM CTAUHOHAPHMM, TAK 4TO HH ORMM
U3 €TO SIEMEHTOR He 3aBMCHT OT BpeMeni. TaK Kak ABWACHHE NpO-
HCXOIKT OMWHAKOBO BO Bcex
CT10, WpoKORINK tepcs oce D, K MOKEN BICCUUTPETS GaNY TakyD
NOAYNAOCKOCTh (2, 7). YPABHEHHS ABWAKEHHS MPUMYT
1 0p v A
T T zT+"v(Tz—T)
Lop 0 v o, v,
=G5
VpaBHeHHe HepagPLBHOCTH NPHMET BHA:
drpv, | Orpu,
0z + or

(5.1)

Yea0BHe annaGaTHuHOCTH AacT:

ya P
R

") Mocientee anauenne comnazaer ¢ Tew. Kotopoe. mpaBoxATeR ofertao
AR Jaealbioro oMMOITONNORO rasa: % =y
- 11K 0 B, By Pacat awwiapiors nornaﬂnworo caon c)bnw
pyvouieh DonepruocTi, C6. s aren o s dnann, 1 (1961),
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M BiznM, 4TO Bee ypasHeHus, KpoMe ypasneun uepaspunioctu, otau-
AIOTCH OT ypapHewwA nAoCKoR sanaun (§ 6) A sawewoR X Wa z
Wy wa r. TIOSTOMY M MOKeM NOBTOPHTH BCe T BHBOZM, kmupue
M TOIYWNAW, He YNOTPEGARA YDABHEWHS HePAIPMBHOCTH, B MAOC-
KoM 3anave.

Brexgs dynkunio T0Ka ¢ (2, r). Ma ypasHenns HCPaspHBHOCT nyeew:

v, =2 - (25.2)

w (6.11) aaveniren na

2= (25.3)

Crosa Ry GyayT otcyreTsonats, ecan digdy =
ecan @==0, Gyzer, 5oobute Tosops, dlu/dn]aﬁdn‘)/d
OGpaLIACHCA K YCIOBNAM Ha TIOBEPXHOCTIS CHABHOTO pa3phiba (8 Na0-
cKOH 3afave 3TO OHAM UMAMHADHYECKHE TMOBEPXHOCTH, CeHuac — 370
TOREpXHOCTI, 0Ty aioWHECH BPAUEEM 0K010 Ock O2; 1k nepecee-
IOCKOCTBIO MEWAMAHA H30BEM fuHmed paspusa); MOAYuMM,
CrRHAD, BaoRS (7.1) ® (7.2), a Taxxe Gopuyan

pBlv.]=[plcos(n, 2); pb[v,} =[p]cos(n, r)

9/dy = 0; o6pao,

wecto (7.3), (7.4), npHuEM mo-npexeny e Mecto (7.5), (7.6).

(7.7). Ho roraa cnpasennuso u (7.10), tae 9 ects yroa Mesay Hop-

Na1b0 K MHHH Da3sphEa W b0 OZ, 4 U €CTH CKOPOCTH A0 PA3PHBA.
Hanee, (7.14) aammwercs s ue:

2 a}
2 ,:—1("—7) @ —w)
w=(oryp it nl =, @5.4)

nl
M = 1+1 o

T. e HAM MPUAETCH WMeT Xer0 ¢ mpeiiell rumowcconso. Hakomen,
BCE, 4TO MH TOBOPHAN O KPHTHYECKOR CKOPOCTH H OO ypamHewitu Bep-
HYATH (§ B), OCTAMETCH B CHie, €CTH TOILKO SAMEHHTH TAM, TAE OHM
BXOAT, OYKDH X H Y HA Z W I COOTBETCTREHHO.

OGPATHNCA K HIYUeHiNO IBIKEHI CO CBEPX3BYKOBMMH CKOPOCTAMI
W TDHB/EUEM Ypapiieie HepaspHaHOCTH. [Tpiuen, uto

npusEn
o — =0 (25.5)
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Vpas (s10p0E 3 bHMIX ypaBHeHWii
aa2ath) P
ne.

dlnp + av,

swpaKan p Mepes G, MOAYSNM ToC7e NPOCTHX NpeoGpasoBaHiil:
v, dv, a?y,
2 g?) 2 i A or 2 — ) 0 = 'r
(=) S v, B v, B (2 ) B L (25.6)

Vpastenite (25.6) oranuaerca ot ypasenns (9.2) Hannunem cpoGon-
4OrO OT MPOMIBOAMMX waeHa — a%y,/r.
TIpeAnoI0XIN, 470 © > @, W BBEAEM XapaKTCpHCTIKI
r=r(@.
BAotb HHX Mbi uMeeM:
Du y G dr _dv. 0o ou dr_ do
St R

Or dz T dz

or dz

Haxons orciona 0v,/0z u dv,/d; W sHOCs B (25.5)  (25.6), npusenen
nocAeaNe ypasHenns K BuA)

% oy ,+r(a27v7);—ﬂ o, 0 — )=

v, do, | a%,
2 g2 dv, .
= (0t =) G v G

g

or
YroBe A (2) GMAa XaPAKTEPUCTUKON, 10KHO Guith:
(@ =)y, — e, — ()|
| , \
’ . . a*u,
@)tz (@) - oug+ S|
1 —24v

Tlepauil s TyX onpeaeanTench AaCT AN, OUEBHAINO, GNATOMHIHO NI0-
cKOMY cayuaio:
r*(w} —a})—200,r + v} — =0 (25.7)

(L’) Lo 2} Vo (25.8)

dz ),y

vp— @
TAE Hasky | OTCUGET INAK MAIOC, BHANKY 2— 3NAK MHHYC NCPER KOPHEN,

Mu BHINM TakuM OGPAsoM, WTO B NAOCKOCTH (2, r) XAPAKTEpHCTUKM
(2) cTposTca M3 CKOPOCTEN U,, U, COBEPWEHHO TaK e, KaK B
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RAOCKOCTH (¥, y) XAPAKTCPHCTHKH y == y (x) CTPOATCA H3 U, H ¥, OGpa-
TMCA Tenepb KO BTOPOMY Onpeleuteno. Tlocie NPOCTHX Npeo6paso-
Basi Oy
dv, o, dv,
(@ =)ty —(@ =) =
—O[r (a?— atv,
=2 (@ =)+ v+
Bameuas, uto pereacTaHe (25.7) KosgunenT npu . GyaeT pasen

(—a%)/r’, Rean Wa Hero W dawewsn uieWs B KBaaaTHOM CKOGKe
npasoft dacti no popxyae (25.8), noayunu:

HOAYUHM OKOHYETEABHO:
BAO7b XaPAKTEPHCTHKH TeEPBOTO CeMeHCTRA:

4 ]4:, (5.9

dz. (25.10)
)

Tak e, KaK W B IJIOCKOM CAyuae, MOXHO NpHAATe GopMyaan Goree
0603pHMLIR BHA, €C/AH BBECTH BEAMMHHY CKOPOCTH © W yroa wakaowa f
K ocu z

v, =vcosh, v, =uvsinb. (@5.11)
M ROMYuHM TOTAA BMECTO (25.8)
dr
(Z)“= g £ a), (25.12)

TXe, KAK W Mpexae, sina
‘wopuys (25.9) u (25.10) HepeRayT npu Stou B cooTHOEHHS
cga sina cos a sinfsina dr &
dp— Sy = BIRE giny — RES L. @5.13)

clga sin a cos a sinfsina dr
a2 gy =— T din o RS L @614




s ESBUXPEBOE OCECHMMETPHUECKOE JBIXEHHE MPH v>a 225

Gopuyau (25.9). (25.10) cymecraento oTama0TCA OF Gopuya (9.13),
(0.14) TIOCKON 3aiain HATAUHEM BTOPHX 4eHOB QUIYPHOR CKOOKi
cnpasa. bopuyaw (25.13), (25.14) otawaotes ot (9.24) wazumex
\aeHa, concpmawero drfr. 310 GyAeT 0coGenHO SBHO B GSSBHXDEBOM
cayuac, K KOTOPOMY W NepeXOXMM.

26. BeaBHXpeBoe OCECHMMETPHUECKOE ABWKEHHE NpH © > .
Meron ®pankas. Ecan sHXpH OTCYTCTRyWT, T. e. @ =0, Gyzet: 510ab
XapaKTEPHCTHKH TIepBOTO CeMeHcTBa:

1 a*v, .
oyt o, = . (6.1)
8101 XapakTepHCTHKH BTOPOTO ceMetcTna:
1
Ldo, = dz. 26.2)
a0+ do ,(" s rydz. 26.2)

3a1aua 06 NCCTENOBAMIMN TAKOFO IBWKCHH GHia pellicHa Bnepahe
d>psm(neu

LY ¢ TAOGKOSTHO (2, 1) PACCHOTPIM IGEKOCTS (5, 9) Conep-
u.\ewﬂo AHAZOTHYHO TOMY, KK 5T0 OBJO B NAOCKOH 3a7ade, HaweMy
T OTROtAOT TN TAOCKOCTA (B 0 AOKAUME MEXRY KY-
241

ToM 0 =130 =a? u KpyroM o= 2142 510 owackserca Tem,
410 ypaswenwe Bepuyan

4o
—2+

241
T~ %=1 72

UeTCS 31eCh TaK Ke, KAK M B TAOCKON 8atade. OAHAKO XAPAKTEPHCTUKH
B IOCKOCTH (U, ¥,) He GYAYT Temeps STHUMKAOWIAMM W iaxe Goiee
TOrO, OMH AHATOTHAHO XAPAKTEPHCTHKAM B MAOCKOCTH (2, r) He MOTYT
Ghith nafiieHs 10 TeX nop, NoKa ABHKenMe He onpetedero. ITpomcxo-
T 510 BeaeacTaMe Hainuns B (26.1) w (26.2) npasuix uactefl. Jlerko
BHICTH, 4TO HAlA 321343 NPEACTABARET (OPMAALHYI AHAIOTHIO C pac-
CMOTpeHHM mAMM B § 8 CAywaeM [OCKOTO BHXPEBOTO IBHACHHS.
CAMOM Jle/le, COOTHOMIEHHA BAOAL XAPAKTEPHCTHK B MIOCKOCTH (T, V)

B BHXPEBOW 3aave MPEICTABAAINCH B BUAE HEMHTETPHPYEMHX KOMGHHA-
wif (9.18) u (9.19), 3aMeHSeMHX MPH MPAKTHUECKUX PACHETaX ypas-
Hewuanu Tana (13.4), (13.6). Ho (26.1), (26.2) oramsawtca or (3.18),
(9.19), kpowme 7Toro, 4TO BMECTO X M Y B HX CTOAT Z M 7, TOALKO
BHION Kosguuenta npi dz; npi STOW Kosduutent npi dz b (26.1)
H (26.2) name npome, ueM KOIGQUUMEHT NpH dX B MIOCKOR 3anave
cocpik Beanunny 2).

Uro xe wacatren g0 XapaKTEPHCTHK NAOCKOCTH (2, T), TO OHM Onpe-
Reasmiotcs no opuysam (25.8), T. e COBepWEHHO TaK ke, KaK

15 Teopernteckan ruspowexanuns, v, (1
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X8PAKTEpHCTHKH B NAOCKOCTH (¥, y); ypaswenus (25.8) no-mpewiemy
SKEMBAZCHTHE! COOTHOLIEHHIO

Vil =a

(n—nopwans &  xapastepucrie); ypamwemie Bepuyam_cnpaseaniso
o npexiich Gop OKeM JeTKO TPOBECTH XAAKTEPHCTHKH B NAoC-
Kocti (2, r).

Gpawasch k samasad Tana 1, 2, 3 u 4, paccMotpenty 8 § 11,
saueram, 0 18 npuGMREsHOrY (rpaqmuecxoro) pellerus Ux 32ech,
Kak W bes

1) vaxoamts ckopocn » TouKe nepuumm xﬂpaxrepuch pasnbix
CeMeflcTs, BHXOASLIX W3 ABYX PAIAMUNX, GAMBKO PACTOOKEHHHX
TOMCK, B KOTOPHX CKOPOCTH YAe HIBECTHH

2) HAXOLUTb CKOPOCTH B TOYKE NepecedeHMs C SATAHHBIM SJEMEHTOM
CTeHKH XapAKTEpHCTHKI, BHXOMAIeH W3 GIMIKOM K CTCHKE TOUKH, B KOTO-
pofi_CKOPOCTb H3BECTHA;

) WEROLKTS CHODOCTR B e TEDECEIC ADEKTEpUCTIC, muKo-
AsieR M3 TOUKH, GMMSKOM K HexoTOpoH CBOGOAHOM NOBEPXHOCTH,
© 3A1aHHEM SACMENTOM STOft CBOGOZHON MOBEpXHOCTH.

Hayunmes cnepoa oepaui

Onepagusn 1. Tyers 8 Gansknx Touxax M, u M, naockoct (2, r)

(PHC. 77) M3RCCTHH CKOPOCTH; OTMETWS B NAOCKOCTH (U, ,) ToukH M)
i Mj, KOOPAWHaTI KOTOPHX CYTh KOMNOHENTH CKOPOCTEM B TOuKax M,
"

" 3 NPOBEXEM SAEMEHTH XapAKTEPHCTHK PasHHIX
Meficts 10 ux nepecedewnn B N, (nycs ann
KOHKpeTHOCTH M, N| — SaeMeHT AyrH Xapakte-
My McTHKH Tepsoro cemeftctsa, a M,N, — sToporo
CeMeficTsa). D10 TOCTPOEHHE MOKHO BHNOTHHTS,
BHSHCARA 7], MO (25.8). TIpi 3TOM, Kak W B 110~
Prc. 77. CKOMl 30116, STEMENTH XapAKTEPHCTHK CreayeT
SaMENSTh S1EMEHTIMH KACATEAHMX K XapaKTe-
pHCTHKaM. YTOGH HafiT cxopocrs b ouke Ny, paccyaden Tak. Tlepe-

Newencs 10 saexenty AN, B RAOCKOCTH (2 F), M GyAeM, mcaed-
Crave (20.1), MepEMElATECA B NAOCKOCTH (U, ¥,) MO SACMEHTY NpsMOM

a%,

Yo,
[ A ﬂ?)] [, =@ ] 26.3)

0 =@y + @y,

L
(o),

T nocranowka sHauka M, MpU CKOGKC OSHAUGET, NTO BHpaXeHHE
B CKOOKe bhuMcaserc B Towke My C APYrOW CTOpOHM, mepeMelascs
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1o NN, Gylew asKraThcs no mpAMOR

1 os
o, — @)y, + @) [o:=(@n) T M[(’).v(_(z)m.]' @64
), g X

Touka Nj miockoctn (v, U,), Aexaias na nepeceuexu mpsMux (26.3)
1 (26.4), 2aCT KOMMOHEHTH CKOPOCTH TOUKH N).

Onepanus 2. ViasecTia CKOPOCTb B Touke M,, i AdH S7eMcHT TBEp-
zoft crenkn, Gausku# k M, HO He mpoxoxsmuh uepes M, (puc. 78).
Uepes M, mpoBen¢M XapakTCPHCTHKY, HanpMep, Nepsoro cemedcTsa

v [
% 14
J 7
Ny y

1 [
Prc. 78, Puc. 79.

10 mepecsients co crenkoh 8 Touke N,. Cxopocrs Toukn Ny naxomurcs
5 TAOCKOCTA (0, ©,) 4 MepecescHi npaMoR (26.3) ¢ PaTHyCOM-BeKTo-
K crenke 5 Touke N

pox,
(puc. 79).

Onepanun 3. Wasectia ckopocts b Touke M, i 1aH SaeMeHT CBo-
Gomon nosepxocTH, Ganakudt k M, HO He mpoxomsumuh uepes M,.
Tposeaen uepea M, XapaKTCpHCTHKY, HAMDUMED, NeEPROTO cemcAcCTsA
20 nepecedcna co cBOGOMHON nopepxmocTbio B Touke N,. CKopocTh
B Ny BalAETCR B MAOCKOCTH (U, ¥,) Ha mepecesewyn mpaMofl (26.3)
C KPYrOM U=y, TAC U, €CTb CKOPOCTh, OTECYMOWAH, NIO YPABHEHIIO

p
iyt npuscnm‘b Tpaguecki, HCMOB3YA TO MX CROACTBO, HTO KaKAAR
3 ApYrOrO HOMeEpa,
npo!éﬂélmoh B Mi0cKoCTH (2, r) (TANTEHCH HAKAOHA HALIMX NPAMBIX
eyt —1/(ry), w 1/(r}),,)- Ho ecun s swaex manpaieiue sncwen-
108 (26.3), (26.4), To, §IOGW yeTs WX MPORCCTH, A0CTATOuHO WaATH
CUE, nanpuvep, wX paccrosmme OT Touek M) W My COOTBETCTRCHHO.
IPUBOAA YABHEHWS HAWKX MPAMBIX K HOPMAALHOR (opMe, moAydmy
AI8 STUX PACCTORHMA § CACAYIOWME BHpAKCHHS:

gz
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Bawenss b cayuac neproi Xapaktepicrikw [dz| wa [dz| =

e ds, — ATHHA AYTH BAOAb XaPAKTEPHCTHKM (HANPUMep, OTPE3OK Al
puc. 77), a a1 &y : |dz] = —-=k = u saeuas, 410
H

nr

VitriVier
(cM. BHBOA A7% NAOCKOM BHXpesoR 3azauwn-§ 13), moayui:

Fllas o=

o e (26.5)

Ocrattca T0bkO HANTH, C KaKOM CTOPOMS O TOH M Mo TOUKH
HAIO NPOBOAWTH HA PACCTORHHH 3y WA &y Haum
XApAKTEPHCTHKH, WHAYE TOBODS, HANO GHATH SHAK MPOEKWMN 3, M & Ha
Kakylo-aHGO OCs, Hanpuwep, Ha och Oz. M3 SieMeNTapHX reoMeTpu-
YecKuX COOGpaKeHuil nonyams, 510

signnp, 3, = sign ( o, < e aﬂ dz)-sxgn [0, (¢ —a?)dz]. (26.6)

B Kavectse npnu:pa pac:umpml nsmemc BHyTpH préu aua.mon
popms, eBolt

Tpexnoaoxuy, -n-o B HEKOTOPOM npouanm‘mou cedenun préu

AB (puc. 80, omuy TOABKO ckopocTs

ABHKEHHS NPEBHIIACT 3BYKORYIO W

naw uapectia. Hanecty wa orpeske

ZB pax touck A, My, My, ... n

{epea Bee STH TOUKH MpoBEAEN 37e-

2 MEHTH XapaKTEPHCTHK MEpBOTO ce-

MefiCTBa. XapaKTepHCTHKY, BHXOAA-

2 myo us M,, ZoseagM 10 mepece-

ueHHS € KORTYpOM B Touxe N, W,

noabsysch omepauuefi 2, HafinEM

] I ckopocTs B N,; npoBoas sarem

Prc. 80, Wa N, SIeMeHT XapakTepicTKil

BTOPOTO CeMefiCTBA 110 MepeceveHiss

B TouKe N C XapakTepHCTHKOH NepsOro cemeficTsa, waymed u3 My, Haflaem

 OMOWLIO OnlepaiuK | CKOPOCTS B Touke Ny i T. 4. 3aMCTHN, 4TO CKO-

POCTH TONCK, JeKAUWX Ha oCH OZ, AOAKHH NAXOZNTLCA U3 yCAOBUA

©,=0 (cKOPOCTs Hanpapiena Tam bI0ab ocw O2); NpH STOM, xeaas

Haith 3 Aas Touek OcH OZ, MBl IOMKHH OyleM BHNHCASTL Tay BHpa-

ente 0,/r =0/0. [locichnce Halo SaMCHHT> Ha 00,/0r, TaK W10 MPH

o'




a1 OCECHMMETPHUECKOE OSTEKAHME KPYIJIOTO KOHYCA 2
pIUHCAEHUH § B TOWKAX OCH TPYOu mpuigrcs Gpath awasenmne ,/r 1as
CocelHHX TOUCK, KOTOHE He AEKAT Ka OCH, U B KOTOPHX CKOPOCTH
YK WIBECTHL.

PeuIiN 3234y 0 NOAYYEHHN NAGHOTO NOTOKa (cono Jlasas). Tlyety

s 1ouke C MM WMEEM MYKHYIO HAM CBOPXIBYKOBYIO CKOPOCTs, H CD

(pc. 0) ecri XapaKTCPHETHKR BTOPOTO CeMeRCTDa, MpoYosiLas vepea C.

Tax KaK B KHX 3A1242X HET WHTETDUYEMHX KOMGWHA-

wh X4paKTEPUCTUK, TO 3ICCH He GyXer, BOOGULE TOROPS, W MpAMOAi-
HHX XapaKTEPHCTHK, a NOTOMY NPUMEHNTL Metol, Aanhbifl & § 12,

uaM anech e yaactes. Ho Bee e onm TPAMOANHEAHAR XapaKTEpHCTIK

(crea s # naockocT

cosnanawuied ¢ oceio 0z) Momer C)’H(SC'IBDBZ‘IB M 31eCb, a MMEHHO,

oHa noayuHTca notoxa,

sciony nocTosumo cxopocteio. Kak pas Taxon norow it . ot no-

WQNIan OT TOSKH D CBPABO», HAHECTM HA MPEMOMMHCHHOR XapaxTe-

puctuke (rak e, Kak n na kpusoht CD) pan Touek M, MOIBIYACH ofle-

pawich |, HauHEM YauasaTh CKOPOCTH B KPHBOAMHCAHOM 4CTHDEXYTOAb-

ke, pacewoTpensom b aatate 2 (§ 11). Ecan M 5OSLMEM Kpaflnioio

oty Ha 1a1eKo, Haw Hazo

Gyaier saTem AMwb NOCTPOHTH (TYTEM MHTEPMOASIMH) AMAMIO TOKa, MpO-

Xoasuyio tepes D. EE Mit H MOKeM MDHHATH 32 HCKOMYIO CTEHKY.
Kae

Tlepex K BHCWIMWM 3aiduaM W NpeKZe BCEro K BOMPOCY OO
Oftekaim_wouwiectoro ocrus, CIVWR sror we, nouzserca wauewy
MeTony, HGO Ha TakoM ocTpHe r==0, a ¥, 0 u 5 obpamaeTcs B oo

57, Ocecummerpuneckoe. oGTéxanme. kpyraoro xonyea. Komn:
Heckue Teuenns. OOTEKAHHE OCeCHMMETPRHHMX Tea. [Iycre mOTOK,
06a21a10LHA TOCTOAKHOA CBEPX3BYKOBOH

¢ ocuio proms oci Oz. Tepex KoHycom
00pasyercs koriieckan NOBEPXHOCT pas-
PuBa (pc. 81) ¢ sepummod B P; Ha
STOfl NOBEpXHOCTH HHMH TOKA NpeTep-

7
sazase npw obTexamun yraa (§ 13 u Puc. 81

MHA PaspwiBa, CTaHyT 3fech KpuBbIMu. TIPOCTOTA 3a1auK OOTeKaHUs KoHyca
S34KIOUACTCH, OAHAKO, B TOM, NTO CKOPOCTH GYAYT WMETh OAHY H Ty Xe
BEAHMHY W HATPaBAeHile BO BCEX TOMKAX KAKOTO-THGO KOWYCa ¢ 0Chi0 02
" ¢ Bepwinol 5 P, Taxus 0GpasoM, MaWl NOTOK He TOABKO He Gyaer
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aabuceTs OT ROATPHOTO YrAG D MAOCKOCTH, NepnenIKyaspoR K ocu Oz,
HO TaKe ne GyAeT 3ABHCETh OT PACCTORHKA § OT TOUKH P. BB0AA B Mepie
AMOHATLHOM MIOCKOCTH (2, r) (NIOCKOCTH, mpoxojsulefi uepes och Oz)
noapitie KOOpAWHaTH (¢ Moaiocom B P) S i g, mm Taxm 06pazon
CUNTATS, WTO CKOPOCTH U, W U, SABHCST AN OT
o, =0,0; v="1. @71
B MIOCKOCTH (U, ) MM noAywmM, Hckaouan ¢ ua (27.1), Heko-
Topylo. kpiEYI0
o =f@)
oTpeuaouIyi0 06TekanHio HAwero Kowyca. [locTpom sty kpupyio. Ja
stor0 oBpaTiycs K ypasrennay (25.5)  (25.6) (2
K MCPOMCHHBM § 1 @, NOAOKNM 00,/0s — 00,/0s
u (25.5) nocae mpocTix  npeoGpasosarih:

du, ,dv;
gy Tege =0
0] wan

7 dv, _df _
G ==/ =—cigy. @12

Otcio1a sakaiouaew, wro wanpaeenme
Prc. 82 HopManm B HekoTOpo Touke M’ Hawel
KpUBOH f (v,) B NA0CKOCTH (1, V,) GyAeT
COBNazaTh C HANpaBeHHeM TOFO PAIMYCA-BEKTOPA B NAOCKOCTH (2, r)
(YA $), CKOPOCTS TOtEK KOTOpOTo WaoGpaxaerca Touxod M’ B mio-
ckocTh (,, v,) (ocn Oz u Ov, cobnasaior; prc. 82).
OGparinics Teneps k ypasicumo (25.6). OHO NpUMET B MOATPHMX
KOOpAMHATAX BHI:

[(67— w2 sin g+ 0,9, sin pcos o] G2 —

— [v,0, sin? g+ (a2 — o) sin g cos ¢] & ""' —a%,
W ecan sameHnTh dv,/dga Ha dv,/dv, dv,/dy = f' dv,|dg, T0 MOWKHO HafiTi
Bupaxeiie 11

gy (@—ed)sint Hvu,u,s,..wm_v,v,s... of — (@ — o) sing coses’
v, .

Haxoren, samenss f/ no (27.2), Mt noaysus:
dp _at—(u;sing —v, cos o)
W, @,

Beranass cona ¢, supakenwoe mo (27.2) uepes f. Geps v, = f (o,
W a? 1o ypabhenuio Bepiyaau, noayuws Auddepenuuasstoe ypasiene
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TOpOro_Mopaaka 1aa onpeeaenns f(v,). Haiaéw teneps pazuyc kpu-
pustbl R xpuuon v, == f(v,) B TOUKE M. Ouesnano, wro

d?
o Y

7y ato,
SNy a7 — (vzsing — 07 CO8 §)F
uan

R=l — L @7.3)

sing Upsing — 0, cosg \?
,( e

BumiueM emE IH(GepeHUHATHOS YpABHCHWE BTOPOTO  NOPAKA,
KOTOPOMY YAOBAETEOPSET f (v,). 310 Gyder

ar?

o o (rrig)

ik ) =T

7
a3

4 @7.4)

@—r)H

TMpeanonoxum Temeps, 4TO B Kakofi-ro Touke M’ Hamefi Kpusoft
M UBBECTEO . T, e. TQEAONGAUM, VIO Mt BeseX i amero nn-
KeHns pemnunny 1 KopocT
HOM KOHyCe ¢ neputiioft b P. Ha ononarn (27.2)  (27.5) wh Nowew
Toraa nate rpad crocof KpHoft
v, HAIETO IBNAeHNS. 3HAT ¢, T, Ty, MOKeM OHANCANTH R
10 (27.3); otkaansmas 310 R 10 HOPMaTH B M’ (Hanpasachie €& W3-
Bectio, MGo ¢ wasecTHo), Haae mentp xpususns N naa M’ m npo-
BeAEM Manyio ayry kpyra pamuyca R ¢ uentpos 8 N. Basp Touky My
SToft nyrm, Gamakyio k M’, HaiEM yroa Wakiowa ¢, B Touke M) pa-
yCa NPOSEIEHHOTO HAMH KPYTA i CHUMEM Tr, M Uz, KaK KOOPAWNATH
TOUKH M, Mu MoxeM Tenepb, BHOBb oOGpatHBmmch K (27.3), HaiTi
Rﬁpmyc KpusMaNE B TOuKe M, NOCTPOMTE UeHTp KpuBMIHM N,

acrwmpuu Teneph Bonpoc 06 oGTEKAHHM KOHYCA ¢ YOM pac-
T80pa 2§, [lycTo HaM 3apaiee MIDECTHO, 4TO YTOA PACTEOPA KOWYCA

one) B mpoctpancrse (v, vy, ©,) ypusene v, = (v) npexcrananer cofol
OBEPXKOCTS BpalLEnUN BOKPYF OCH U A. A. HUKOILCKHIl rccieoBar Taxae
AICHNS, B KOTOPHX NPOCTAHCTBO TOZ0rpada BHPOKAAETCH B AI0OYI0 mO-
AY4aeB NIOCKNX TeUehMi, B KOTODHX rOZOTpagoM CAYXIAH STH-
gy Caysaes, g PuX rozorpagon cay)
Amazornsnse peayastars noayuuan C. B. Banaanzep u Kepyen (Jermain)
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CHILHOTO Pa3phiBa, PACTIOOKEHHOTO Meped HAWMM KOMYCOM, GYZeT 2y,
I'Iac'rpmm PinownccOLy, OTIEWOUYI CKopocT naGeranns v,
P

704 YTAIOM Yo K OCH U, OTHCKMBAS Nepecclenie STOr0 NeprenaNKyaapa
© ruriowHCCON0H) NoCte MPOXONACHHs paspripa. [Ipuwen Termeph Haue vy
s oot yron g (pic. 82). 2 namy kopacts orueri o ockocm
), 1 Gylew cTpOuTL MK v, =/ (1,) 20 Tot et TowH Q, rae
uunpaxmelme WOpMATN K Hauieh Kpunofl TOAZET B TowMOCTH MO Hanpa-
Baennio pannyca-pextopa OQ STOf TOuKW; TOUKa Q AACT Bersuimy
CKODOCTH B TOM MeCTe, TIe CKOPOCTH GY.eT Hanpapiena BAOTb KOMyca,
Wa KOTOPOM OWG WSMCPSETCH, T. €. 12CT CKOPOCTb Ha NOBEPXHOCTH
eKaeMoro THEpIOTO Komyca (yro1 OQ
¢ ochio 2 pasent fp).
Tpi nocrpoemn, wa ochosauim (27.3),
KpuBOH f (v,) noA€3NO 3aMeTHTH, uTO (27.3)
MOKET OWTh 3aiCaHO B BiIe

1
R=R,—L,
=
Prc. 8 rae R, =BM' (pic. 83) eci oTpesok nop-

wanu o1 Toukn M’ 10 nepeceuenus ¢ 0ChI0
9, a U ects npoexins ckopoctu V b Touxe M’ na nanpasaenue Kaca-
énuiioN K kpuBoft v, = f(v,) b STOA TOuKe.

CoBepueno OuchnaNO, 410, 3HAT KPHEYID U, = f(v,), Mu Gyze
BHaTh BCE ABIACHHE, HGO, TOOH HAATH CKOPOCTh Ha paiMyce-BeKTOpe
NOASPHOTO yraa ¢ (KOMYC C YIAOM PAcTsopa 2¢) AOCTATONHO GyeT
HaiTH Ha Hawed KPUBOH TAKYIO TOMKY, uTOOM HOpMaib B wefl mowaa
NOX YrAOM 9 K OCH 2. TPYAHOCTs COCTONT TOABKO B TOM, 410 B 3a-
1auaX Ha 0TeKamMe OCTPHS GMBACT SAABH YTOA OCTPHS, @ He Yrod no-
BEXHOCTH paspHBa.

paGore Xantwe n Benara!) AaiTca KpuBHe, COASHBaOUME MDH
PABTHUHBIX SHAEHNSX ©,/a, BEAWNHHE By W v OTH ABTOPH B3RAW Crepsa
pax suauenih v/a, (v,/a, = 1,17; 1,25; 1,37 n 7. o), nocTpowmn aas
K&X10rO M3 HHX THNOLHCCOMAY, B3SIM Ha KaxAOH Takofl runoumccoure
N0 Heckonbky Touck (8 wan 9) W NOCTpOWAN AMkwH f (1,), BHXOZSLIME
3 STuX Touek. TIpHMEp TAKOTO NOCTPOEHMS AaH Ha pHC. 84. 3aech
vy/a, = 1,6582 (v,/a, = 2,0636). «Konus> wawmx annwfl (1. €. Te Mecta,
TZe HOPMA.Ih K STHM THHHAM COBNALAET C NPOZOAKEHHCH PAIHYCa-BeKTOPA)
COCAMHEHH B CEO Ouepelb KPHEOH (aBTOPH YNOMsHyTOR paGoTh Has-
BaIH STY KPHEYIO <AGIOKOBIAHOM>); YHETR, CTOSLIUAE Y KOHILOB MHIH / (0,),

1) H L H. Mt Ueberschallgeschwindigkeit angebls-
sene Kegelsplizen. Sahrbuch desteehin Luftfabrtforschung, I
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GaHAUAIOT OTHOWICHHE P, [py_. OTBeNAWILEE TOMY WaM WHOMY CAYWa0.
Ha puc. 85 M30Gpakeno ceMeHCTBO SOJOKOBMAMHIX KPWBHX (BepXuss
syecte ¢
(s Ha puc. 86 no i OcH OTAOKeHE
JEAM Y, MO BEPTHKATM — YTAH By H 1aHO CeMCACTRO KDHBHX, 3aBHCA-
lunx or napauerpa vy/a,. Tyr ®e 1an puc. 87, rie mo ocH abeuwice
oTI0K /a5, 10 OCH OPANNAT OTAGHEHH Y,  KPHRHE 3aBHCAT
or ndpanerpa By Hakomew, puc. 88 naet veawamny (p—py)/'/ap,03, rae
p— Aapaeiue Ha KOWyce, B GYHKUMAX O yraa B, aan pastux v/a,’).

%

B pewsein paceuorpennoro mins o> TR o, = (0,) ewar

"
Tpyron min auiema.  onncunacuoro. ypamiemamn (572, (21.3),
MOKET OMTh NOMYYEH B BHIC KOHHYECKOTO TeMCHH CKATHA B conde

BIIA, B KOTOPOM norox v, =1, v,=0,
HasMHan OT HeKOTOpOTO Konyca BPB (pic. 89), M18HO NEPEXOINT B KO-
HHYECKOE TeueHWe, @ 3aTeM, NOCAe NPOXOKICHHS KOHHYECKOH NOBepX-
HoeTn cuvioro paspusa APA, mmb CTAHOBHTCA NPANOTHHEAHLN, HO
VKe C HoBoft CKOPOCTbIO ¥, 0 (Bysemar).
oG i 910 Auwkenn (o 0o n Gopuy cremc). wowio
31T, ckopocTs (< @,) NOCAC MPOXOKICHNA PaIpHBa W yroa g
KOHyca paspupa. TeM CaMBM M MOACM ONPEICINTH SHIUEHHS V), U/
CKOpOCTef Ticpen NPOXOKIENHEM paspuisa, a saTeM, HCmombsya (27.3).
TIOCTPOMTL cooTBeTCTBYlOUIYI0 KpHBYIO U, = / (v,)(L), nooGHo Tomy
KAK My 9T0 Aeaann B caysae OOTEKAHHS KOKYCA.

«/lesties neton kpumbix na puc. 86 u 88 orbeuawor pexuny obTekamua
c© tbevxsummun CODOCTAMH R NOREPXHOCTI KONYCA, €npaBEs — ¢ 038y~
oBuMH (3e 10 P
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Jlan yr06cTBa MOKIO BROBE O6paTHThCA K runowicconae (7.14), wo
Terleph BMECTO v, CAEAYET NOXCTABATS B 9Ty QOPMYTY U — CKOPOCTS,
BOAMMKAIOILYI0 TIOGTe MPOXOKICHNA PaspHpa ). Ypasenne 178 (V). v!)
npuner oua (anasor (13.3)):

2
v——t
B @15
2
Pl
Tak e renepe oy < 0, 10 ousEconss (215 Gyter miers ol

eM  paccMaTpHRARLINCCA 10 CiX Top. Huemo. kpian 21.5)
Cactour s ManmpERaHOR ToH W n3 anndM, pacro-
naraiouetica B noaoce ﬁuz/(x+1)+a§/u,>u > afv, (ew. puc. 90),
nepecekaioutet och v, B TouKe
a2fu, W weiowen acuunory
v, = 20, (1) + 6o,
Kpusan L Gyner reneps
e o

uze,
on 3 (o soue B, e m

CMOTPEHHHX  WaMH, peam-

SYIOTCA TOBKO TIPH HATHIRM

Puc. 89 KOMHYECKOR  TIOBepXHOCTH

CHALHOTO PA3PEBA U FBITIOTCH

Teqcnmami caarin. CACAYIOWUM 0GPAI0M AOKAIHBACTC, WTO BUKCHHE

910 THNA He MOKET CYlLeCTRORATH Gea NOBCPXHOCTH CHABHOTO Pa3pHBd.

Tlycrs wawa kpupas L MOKeT GHTb NPOTOKEHa 10 MEPECEUCHAT C OCHIO

civetpun (nynxup na puc. 90) B Touke D. [lndepenumpys ypas-
Henne (27.4) N0 v, u monaras £ =0, noaysms

@1.6)

:
=2 (ierie s

Panenctso 510 NOKAIWBAET, TO f'f” JOAKHO GHTH MOTOKNTEALHHM.
C Apyroft cropows, w3 pucywka Biano, uto f’ <0 oKoio 1ok D,
470 e 10 £, 10, B CHAY (27.2), M MOKEM HATHCETS — d(tg)/dv,.
Tax Kak (M. puc. 89) cigp N0 Mepe NPONBWXENHA CACEa HANPaso Bce
BPEMA PACTET, NEPeXOLA OT OTPHUATEABHHX SHAYCHH UCPEs HYb K MO~
JIOKUTEJLHBIM, A U, YMEHbIIAETCH (Tewenne ckaTus), Mu mmeem [’ > 0;
Ho Torza f'f” <0, W Ms noryuus npornsopeue ¢ (27.6). 9To mpo-

1) Cw. anaaornunoe paccyaetne s § 7.
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TUROpENHE e WMEET MecTa B CAyuze, OTBevaUIEN Touke B, rie
Toerni 7im aomcmd, yaonzeroopous (27.2), (27.3), 6un natzen
1949). 310

W 101 GECKOHEUNOTO WHAHAPA,
KOTOpHl TIOC.TE HEKOTOPOTO CevenHs:

rpaga ckopoctn (puc. 91) Heko-
Topyo Touky B, (1], v]). Uepes o1y
TOUKY MPOXOANT GECKOHEUHOE MHO=
KECTBO  WHTETDATBHHX — KPUBHX Prc. 90.

ypasienitn (27.4). Cpean STHX Kph-

BHX allayTCn Takie, KOTOpHe GyIyT OOpALLCHN BHNYKAOCTSIO K OCH Uy,
B cavox Aene, o (37.3), ecan npoexuus U Ha kacatenshyio k name

6yler wembwe weM @, 10 Y
pamycR Gyner orpuuarens-
M (9, < 0), 410 1 O3nauzeT Al0.0)

et kpuson L. Meway rem

w0
POCTH ma a6y mpayo,

1poxoanLyio wepes B, iyTpit

STONO yraa, okaneTcs McHbuIe Pre. 91.

HeM a. Hrak, uepes B, mpo-

XOLUT GECKOHEUHOE MHOKECTBO WHTErPAIbHBIX KPHBHX L, BNYKAHX NO
OTHOWEHHIO K OCH v, ECTM MM GyleM ABHraTecs O OZHOM W3 Takix
KPHBHX 110 HATIPABACHMIO K OCH U, TO, KAK JETKO BHACTH, BHNYKAOCTH
HAPYUIATACA e GyeT (TOKH mepernGa He BCTPETATCS), W M CMOWeM
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npofith no nawefl awsHi L 10 ocH ©,. TIycTe Mbl nonazgs mpu STOM
B Touky A;(vy, 0). Haxion wopwamu x ammn L B Touke A, zerko
onpeses. La% STOFO Z0CTATONHO NOAOKITH B ypasreitht (27.4) O, == 0,
1+ Tloaysin

Coorsercrsylomunt (s cMucie papenctsa (27.2)) komyc K, (puc. 92)
GyZer uMeTh WakaoH %, onpe-
ZeasieMBA PaBeHCTBOM

sing =g

Caeaosateastio, xonyc K, Gyaer
apurspictinecim _ wonycox.
06p:

Prc. 92. MORHO npmmm 5 ute

ny
POCTHIO ¥y, KOTOPIM OCAE MPOXOKAEHHS XaPAKTEPHCTHYECKOTO KOHYCa K
HAUMIAET NAABHO MOBOPAYNBATHCR, DACIIMPHSCE.

Touka B, HaleHi KDHEON He MOKET GHTb PACTIOOKEHA CKOTb YTOIHO
RazeKo oT OcH v,. LlBArasch N0 L, aunkas OT A, M pano iM N3O
nofiagm 10 TouKH nepernGa (f” = 0) 510 KpuBOA, NoCcAe Yero Kpusas L.
CraneT OGPAIATLCH BOPHYTOCTSIO K OCH U,. [l asixenms of A, no L
HOpMAb K L BPAUL4ETCH 10 4aCOBOM CTPeKe; MOCAe MPOXOKAEHHS TOUKH
NepernGa HOPMAML HANHET BPAULATECA NPOTHE YACOBOR CTPEIKH, T. €. Ml
BHHYACHE OYAeM BOSBPAINATHCA B 06JACTH TEYeHHS, YK OMHCAHHYIO
Kpusol A;By, w 510 pewenne ne umeer cuucaa. TlosToMy Rsmieine
Hawe MOKET OMTh IOBEACHO TOAKO A0 TOWKW Neperna Kpuooft L.
Tpupashusas wymo /" 5 ypasienun (27.4), M MOxeM HafiTh 3uavente £y
WA MecTe TOMKH mepernGa:

Haxaon f} otseuaer nexoropoMy komycy Ko (puc. 92) (o Takxe ects
KoHyC XapakTepucTui). PACTBOp MpooasHoro xomyca K, Oyzer pasanuen
A% PASAMUHEX HHTETPAALHEX KPHEMX (pasnmnux 1ouck B,). Teuene
STOr0 THNA MOKHO

OGTeKaEMYI0 TIOBEPXHOCTS), OTIPABARACH OT OCH U, == O N 38ABBEA CKOPOCTE
;. 3aTpyIHEHNEM, OLHIKO, SBASETCA TO, 4TO AMHHA U, = O ABARETCA 0cO6OR
JMumeR 18 ypasuenns (27.4) W TAKoM, 4TO Weped KAKAYI TOWKY A, och
0,==0 NPOXOAHT GCCKOHEUHOE MHOKCCTBO HHTETPATbHHX ARH L R KpUBHSHE!
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cex aTAX TMHEA GyayT omm u Te xel). o.muummo owno ocra-
HoBHTSCR HE cobe )

3anaeMca sHAuEHHEM U;; no s'louy 3HAUCHHIO onpenumn M, # noctpomy £}
fio popuyae (21.5)

fi=—VMi—=
Orofzex Teneps o naocroct Fo10rpaga OT OCK ©, Ha He6oTBLIOE pac-
crossme f,=50,01a, no Hopmank (f;=1v,). CooTsercrayiolee 3iaue-

Hie (v,), HAXOIHTCA MO MPHGAMMEHAOR (OPMYAe (saMewa NpOH3BOAHON
KOHEUHOR PASHOCTBI0):

1
Oh—v =y
h—7 7 I
Mt noayunan Touky Ay((v)p f»). B KOTOpOR Mokew HaMTH @, O
ypasheriiio Bepiyai:
@— 231 (@) — 1)

B rouke A; 3azaany Temeph suauenme f;. Tax Kax, no onpelerenuio
wauel kpueoR L, MPOGKINA CKOPOCTH Ha kacarewiywo k L aomxna
GuTh MeHbitie CkOpOCTH 3byK2 (U < ), # TAK KaK MPOEKWAA Ha Xapak-
TpHCTIYECKO® HaMpaBACHie OYIeT BCETIa B TONHOCTH DABHA CKOPOCTH
38yKa, MM ZOAKHH BHOPATh f, TaK, 4TOGH Hakion L OKasaics Goave
wny, vew wakaow, orsesaiowufl (27.2). B OCTATLHOM fj MOKeT OuTH
NPONSBOALHO, W OT BMOOPA STOM BeAWMMHH SABUCHT, KAKYIO WMEHHO
WHTETPATbHYIO KPUBYIO Mil NOAYSHM B KOHUE DACYETA.

e
H="7

') Mefictautensiio, no dopuyae (27.4) s noaysuu xas (f), Heonpereadii-
Woeth THna 0/0, KOTOPYIO Hazo packpuTs no npasuay Jlomraas:

.
EWOOE Y0

lim f" = lim
1%0" 70

'
=g {2 = B [Lar

1 1
#]}:2(/"}“.}—7", <l+f, +—"—‘)7~
7

Otciona, mpmHMMAR BO BitiMaie (27.7) nalxén

(01 2

+1 M}
aymi—1
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Tocae T0ro Kak f; MIBECTHO, Mil MOKeM HaiTH f] O popuyae (27.4):

; (et 2.
@

s

Janbuefimee NOCTPOEHHE MOKHO NPOBONMTL INAr 33 IIATOM, 321aBLIKCH
GausKHMH ADYT K ADYTY SHAUEHHSMI (0.)g. (0)y - - -, (T), BEAWIHHN U,
Ect f, 1. fo_p fo_, WOBCCTHH, TO BemWMRHH [, [ WAHAYTCR 1O

Gopyyae
In=Las T (@ = @il Fo=Foa 1 (@) — (@),
BeTNUNNA @, HANIETCA daTe w3 ypasHenns Bepuyaan:

s N CR !

a f; w3 cootnowenin

fi= fi { I (AN :’i/nf’;]']'

Buiuucaenne Hano BecTH 10 Tex mop, moka f” we cTaser myaém. Pac-

ueTH  penytes . KoHeuno, B seanumHax
(v/a,, vla, u ) 2.). Ha puc. 93 nawm npumepn, B3sThe M3 paGoTH
=035
Yt}

7 2 J 4 E 6
=L
7o
2

7 2 J 4 5 3
Puc. 93.

Huomexoro, oy mpodiach paccuatpisdenoro mina. otacuaounx
O1HOMY H TOMY e SHasenwo M= 1,7. 3fech e moKasauo pacnpe-
Renenwe Aanacuus B1ob NPodHAs HuKoascKoro,

3anaua OGTEKANHS NPOHIBOTLHOTO TETa BPAILCHIS, MMENILErO BRe-
PeAM OCTPHE, H C OCHIO BpALLEHNA, PACTIOIOKENHOA BAOTL NOTOKa, Gbita
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jiccenonana Bieppsic . Ppaiie. YIoA OCTPHA AOMKeH OTh, Kak
5 MIOCKOM CaYue, We CAMUIKOM Beauk, 4TOGH He 00PA30BATOCH X0-

Guis P B BHAC KOHYCA, 2 34TeM KOWTYp €rO HQuIK2eT MIABHO MEPEXO-
AuTH B KpHBOIMHeRILIA. [Tepen KONHYECKOR YacTbio (OTPesOK KouTypa PA)
06PAIYETCH KOHHCCKaR NOBEPXHOCTS Pasphina (aunna PB), i Mt MoKeM
walln Asikere b obractn wexay PA u PB o Metoay, matokeHiomy
pule; NPOBEAEM  pH  STOM  Mepes A XapakTepHCTUky A
nepsoro chuchitTaa, oTETAN Ha HeR pan

rouek: My, My, ... (pHc. 94)  nocTpoum
STENEHTH XAIKTEPICTHK BTOPOTO ce-
wellcToa, MPOXOALME Hepe3 STH TOuKi.
Mycrs M, — cawan Gaiakas & A toua,

XapaKTEDHCTHKH ~ BTOPOTO  ceMeficTsa,
€ —rouKa Kowtypa. [lpu mowouw one-
pawm 2 (§ 26) wahaém cxopocri
B 1ouke C it Nponexew uepes C XapaxTe-
PHCTHKY NepBOro ceMeHcTBa 10 Mepece-
uenns b Touke Ny ¢ XapaKTepHCTAKON
BTOpOro cemeficTsa, nayutefi us My, Cko-
poct B N, Haflayrcs npi nomoutu ome-
pauun | (§26) u 7. 4. Tak Mbi 3anOJHHM Puc. 94.
BCI0 06AacTs Meskay anuueh AB, KonTy- -
pou AE u xapaxrepuctuxofl wroporo ceveficrsa BE, suxoxnuch na B.
Ws Ganakoft x B Touki, N, xapakrepucticn BE nposeiés saeMent xa-
PAKTCpHCTIKI NEpOTO. CeMelleTaa A0 Nepeceuciiis D ¢ NPOAOTKelHEN
upmion PB. Touka D IeHT a MOBEPXHOCTH PAspHBa; YTOOH HAlTH
€KOpoCTs B D, M JOMKHbN NOCTYMHTH TaK e, KIK B ONpaiuusX 2 3,
TOALKO BMECTO Nep orpeaa
RAOCKOCTH (0, U,) € PaLHyCON-FEKTOPOM (MAW C KPYFOM) HaM NPHAETCA
HEKITL epecereiie  TUIONNCCONION, Onpedeas 8 D cKopocth (1pw

oMo " pasphiba, npose-
o s D XapaxTeplCTIKy  5TOpOrO ceMcAicTaa 10 nepeceuciha Q
© xapaxrepuctukofl ,Q nepuoro cevefictoa (P, —Touka, Ganakan k N,
W sexamas wa BE).

Xoa pewennn aanvue Giii Gu scen (onpeaeaciiie ckopoeti v Q,

QF ¢ orpeskon DF ai-

M Daphiba .. A.), cCAH Gbi HE MPHULIOCH YHECT NOABAEHHS BUXpeR.
Mocaeaine ne nORBARANCH NpH OGTeKamiil Kowyca, WGO NOBEPXHOCT

16 Teopermuecxan rmapowexamua, 4, 11
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paspHBa TaM NEpeceKana MEPWIHOHAILHYI MAOCKOCTs N0 MPAMOM; o
Temepb AHHWA pA3PHBA €CTb KDHBAR, NOCAC MPOXOKZEHHS BOSHMKHYT
Dixpi. 1 TpIAETCA BOCTOTLA00ATLER GopuyaaMi (25.9), (25.10). Pac-
Crosies 5 m3 § 26 HaM1¥TCR Temepn o Gonee CaomHoM, uey (26.5),
Qopmyac, conepiaueh § u dd/dy. Bnpovew, seuncienus ddjdy m b
COBpUICHHO AHAOTHIHE BHWHCICHHSM STHX BEAWSH A18 MAOCKOM 3a-
zaun (§ 13).
Hanowennnfl 31ech rpaduueckiit MPHEM pelenus 3anaun ua obte-
Kaite MpH BCEH €TO NPOCTOTE OT/MNAETCH TPOMO3IAKOCTHI0. MoryT GuT.
B apyTHe MeTOXH Ha Xapakte-
PHCTHKAX (M@ €CA NO-NPeKHeMYy TOBOPHTH O DYMHOM CuETe).
. A. JlopomHMUMN NpeAIAT2€T HCMOb30BaTH GOPMYIH (25.13) W
(25.14) (NpH_ABWAEHAW BAOb X3PAKTEPHCTHK), BHIOJHAS B HAX HHTe-
IpHpOBaie (3107h TOM MK WHOH XEPAKTEDHCTHKH) C NOMYTHOH ANNPOK-
CHMalMell CAMUX XaDAKTEDHCTHK B BMIE KPHBLX BTOPOTO MOPAAKA MO 7;
TIpI STOM NOAWKTErparbiibe QYHKUNA TaN, [ie OHM OCTAOTCH, TAKKE
ANNPOKCHMPYIOTCS TeM WA WHBM COCOGOM.

MereHe STOTO mpiEMA_HATOCTPUPYCM 1l Cayiae HAMHTHA nDH OGe-
KaHii KPHBOMKHEHHOrO cKauKa ymAOTHeHUs.

I; o6TeKaeMoe Teao BpalleHHs WMECT ¢ CaMOro Hauana KPHBH3HY,
oautiyio ot hyas <puc 95). Hano ompeacaits GOpMY ckauka yMIOTHEHHS K
Tereyie nosat

MEM Ha non:pxnocm o6Texaenoro Tesa Bpamenia B6ANIM HOCHKA P
TouKy A Tlycrs sepes 57y 7oty MposoxuT Xapacreprcrica 210 ceseiictaa
Sapasrepicrika nepsoro cexci-
crea AB; touxn C, B sewar wa
nOBepXHOCTH PaspuiBa. PopMa STHX
06eHX XapaKTEepHCTHX, TaK e, KaK
 GOpMa NOBEPXHOCTH Pa3PLIBA, le-
n3pectra. Mt Gy1eM HX anipoKCH-
Miposats C nONOWSW TPEX  ma-
pason.

Jlan  nopepxHocTH  paspwsa

npisey
z=crdarh,  (278)
Ie ¢, ¢ noxrewar_onpegeacab.

Hin ‘xapaktepuctinan 1-ro ce-
weiicrsa AB nannmen
Puc. 95. F=zta—ratbe—rn

a6 (zq Fa) — KOOpANNATL (ssBecTHE) TOTKI A, G, 1 03 — NOCTOAMAE, 10X
acKauite Onpereaeiib.

Haxoweu, Aas xapakrepicTHki 2-ro cemeiicraa AC Ramumest

z=24+a,(r—ra) +ba(r—ra)’, (27.10)

e g1 by sapares newsmect

ObosHaun uepes v yror KacaTeabHo# X MOBEPXHOCTH Pa3pHBA C OCHIO Z.
Lubdepenupys (2 o, oy
gy, =g v, 207,
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£6 Y Vp— YTAH HAKIOKZ MOBEPXHOCTH PaspHipa B TOdKax P it B cootser-

Crmeino, 7o opumata (wensaccrias) Tovn 5. Taknu ofpasow, uecro (27.8)
Sioen wamuca

1g v 5 — cl
z=dgvy+¥.,ﬁ ey
B wacTHOCTH, B TOuke B
7, (€lg vg +cig ). @12

Vrof v, MOXHO CUHTATh HIBECTHHM H DABHMM YIAY CKAuKa 118 KOHYCZ, Kaca-
reabHOr0 K Teay B Touke P. Tpu H3BECTHMX BEAHUMHBE: v, g 2y Ty CBR3ANB
omumm coonioweien (27.12). Tasee, Audepenipys ypasucime (279) u yun-
Tupan (27.12), M MOKeEM HAmHCATh

g By—e) = g By +ag) =clg@ytay 2 (r,—1,),
Tak wT0 AA% Touki B no (27.9) mmeen

L (olg By Feap) Folg@y tap) @113)

1

e
2p—za ="

B stow coomiomein , —JTO# KACATEHOR K ONTYPY B Tonke A— nsaecrer,
Ho HEMIBECTHM BEMMUNAM 34 By g 2, Fy Tak kK Towka B aewut wa no-
ocpscTu s, 10 WA Fiy 1 ap MOTYT GHTH BRI NP3 v,
Muenno, u3 ycaosus cxopoctH, K

paspuna, mcen

v, = v, 08 v 8¢ (v, — B ). (@.14
Blec ©,— CKOPOCTh HAGETAIOMCTO NOTOKA, CKOPOCTH v, BHPANKAETCH Uepes
yroa Maxa a, kak Beeraa ¢ MOMOWMO CooTHowen:a (9.22). Kpome Toro,
ean (7.17) ua (7.16), MoRem moaysnth

ctgy
tghp=clgvy— ——————g . @15

I -flfsm’v
1

Taki 06pason, B KauecTse HEWSBECTHHX OCTAITCA ETHPE BEAMUMHE: Vg, o,
o 2y

Teneps (2513). ero nzom
avinn AR
5
—_3 =z(Y [ Ya sin a cos a
ﬂAM(K)— v(;)ﬁ— f I dins—
i

5
singsina dr
G

G—o r @19

(bymxuus ¢ unpenenena 10 gopuyae (10.8)).
K123 nepBoro HiTerpaia npasofi vacTH (27.16) neanaukTeaeH, NPHOAWKEHHO
MOKHO NDUHATL, B KauecTse NOAMHTErDATLHOTO BHPAKENHR STOTO HATETpasa,

16+
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aHatente €ro B OO KAKOFi-TO TOTKe, HANPHMED A0 MPOXORAEHHA NOBCPXHOCTH
paspuiea. Bupaeniie, BXOIlee DO BIOPOR HHTErPad, MOKHO ANNPOKCHMHpO.
Barh b BUIe

singsina . N
sin (f —a) M+,

onpeneass M i N Tak, T106M COOTHOWEHHE STO BHNOAHAIOCH B ToKax At B:

sinfsing, N singgsina,

sy —a) s’ Gp—2p)
Toraa coothowenke (27.16) npiser iy

o g\, sina cos 9

Pa—Pa= L(T.)‘ ‘(E_.)Jrlﬁl_l"*—"

sing, sina, A sin3psina,
R R R e (s

N
=Mt
s

.
in 4).
Ta

@17y
3gec B, ro mabecTiw, B, r, BHpaKawTCA uepes 3,8, walizéres mo v
¢ nomombio (7.2), (7.10); 70 e 70 §,, To OHO IBECTHO U ONpeAeasETCA T~
pea v, o Broa mmwun T0Ka (0GTékaeMofi noxepxnocm) § He weHserca.
Heu:mecmu»m ABIROTCA TO-MPERIENY Y, 7,

o6pason, M mucew Tpn_coomHOmEHIS (21 12), (27.13) u (27.17),
conepxamue WeTHpe HemamecTilix. UToGM 3aMKHYTh 3a1auy, HEMOTHIYEN COOT-
Howenke pioas Xapaxteprcraki AC. Touxa C HAXOMNTCA Ha NOBEPXHOCTH Pas-
puiba (27.11); 3HagKT, BO-NEBMX, MOKHO HanicaTs

ctgv, —cigy
2y

cgpr,+ L 2 (@7.18)
W, BO-BTOPUX (KaK pesyabrar Aupiepenuposanns),
cfy —clgy,
gy =gy,
»
B TNOCAGIMHX NBYX DABEHCTBAX CONEPIKATCH HOBME TPU HCUIBECTHME BeAH-
WS 2, To Ve
aniweM, Hakoken, yca0Bus Ha xapaktepucrike (27.10)
1

=2+ (B e Feig@—)]  @0)
W cootHomenne (25.14), npounTerpuposaiive sx0m AC

% sinaycosay | 9
bt ()2 e

sinf, sina
a1+

ctgy, =clgv,+ (21.19)

e

s
@721
B paseicrse (27.20) seanuniiit B, Uo # 9, HAXOMATCH Y€PE3 v, @ OCTATBHEE
BEAHUHHN BBEACHM Obtn Buwe. Takiy O6Pa3soM, Mbi HMEeM CeMb TPaHCUEHEHT-
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. ypamiennic @119), (119, Q717 —@121) ¢ ceuo werssectiui 1o
2o Tor Zes % Vg Ve TIPAKTIICCKN pelieRHe STHX ypasennil 06aeriaetcs Tes,
o 7. GYIT SHETHTENHO NEWDE, SEM rp, TAK 10 v, OYEHS GANIKO K v,
[ToA0KIB B TIEPRON TpHGAMAKCIHI ¥, = vy, M MOAYIHM
zmr, g, 3,

Mocrasass st e B (27.20), onpexeans % gepes wnecrme ne-
RS Ty 2, 2, B Ueksaechiyn Setain . 3atew, Betasass wail-
Jemnie re 2 n (07.91), “waitaem w o, Mocre Yoo B a, noayteno, €pasy
Nowno Haimt w3 cncreu (27.12), (27.13) seanumina 2, r, epes v, i satex
2 spimmenms (BT.7) i vy Teneph noscranuu abieie ausieusa
wr® G119, CTIO) Mpy STOM M mOZY UMM HOBE SHAYeHHS 2, B v, B GyHE

(MAX OT rg, @ HCIIOJK\:3}’H (27 20), (27.21), onpeaeauy ucllpnlxelmocjlﬂﬂc)llma
Tepexons crona & cxcrens (2710), (2719), (@717, ualxtn nempanaciini -
seiin

HakoHel SaMeTHM, 4TO TDH PelleHUH OCCCHMMETPHUECKHX 32124 Ha
SAEKTPOUHHX GHCTPONEACTAYIOUINX MAINHAX YAOGHO MCMOAL30BaTH Me-
peMeHIIte, AHATOTHUKHE TeM, uTO Guan meeicds B § 11 (o daepcy).
70T BOMPOC NOXPOGHO PACCHOTPEH B YNOMSHYTOR Buwe cTaTse Jepca
(ctp. 68), a Takke B padore I1. M. ‘i)mkuﬂz‘)

sanau
Crapax, Asaymuiion oA yraom i oen enmmerpim. OGpamacs
K obuien: cayuaio Iiwenis,
HATHLIEN YDABHEIA ABWKEHHS:

V—VXQ:—%grzdp (@8.1)

d V.
G V=gnd

(@ — sextop uxps), ypaswente epaspusiocTH:

gradlng - V4-divV =0 (28.2)
# ypaBeuue MPHTOKa SHeprHi:
i
V. grad £P_ (28.3)
Vpasuenre (28.3) paBHOCHISHO TOMY YCAOBHIO, 4TO BeaWdMHa
i
2=

B
B uaciie, T BN,
1 KEKRON AN TOKa. Vanonan (28.1) cxaaspro Ha V, noayuns,

%gmd p=ip-ingradp

PR ni T W, 3; it bl B CBEPX3BYKOS
Norone rasa, TIMM, 5. KXT0 8 Tagn " "POCTOH bop pranyonon
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198 BenHHY [

L

CoxpanseTca Ma KaWIOM AWHHA TOKZ. M npiMeM, KAK W paHbluc, uTO
s006ue

A (28.4)

=1

iy= const.
Torza (28.2) nocie mpeoGpAIOBAHKH, AHATOTHIHHX TeM, 4TO GuLi Che-
nab 8 § 9, aact:

(=) (G o) T ()
v, 90,

+o., (T ox )+"1”'(T+ x )+'”’x( =+ ';v;,

rlle, Kak pawbie,

Wt

TIpeanoOKNN, 4TO 1OTe CKOPOCTEH B HALIEM ABIKEHWH MOKET GuiTb
npescTanaeno B pie:

v =v 40 o

T U], ©), ]~ Geckoueuno Manue, sapucAie OT X, Y. Z Gymkwn,
a Tommas Beanuuna, Takoe IBHAKCHHE NOAYUMTCA, HanpuMep,
I N0 CKOOETH U, TAPIACTLNAI OGN . saGerter s Gecxone w0
TONKOE, HAKJOHCHHOE MOX GCCKOHEWHO MATHM YIAOM araki K OCH
KPS0, BN Xe WA GecKONEiNO TONKHH W Gecroneuo wano orcaonene
Wb OT CBOC OCH CHMMETPHH CHAPSL M T.

B o0l 0Mepes, AaRINHC b i NAOTHOCTS § GYeN HCKETD B BAE:

p=p+pi p=pnte
e py W py— TOCTOSHHEE; MPH STOM
=¥} (28-6)

x1

2
o
; $ipy

3 (28.7)

To awanorwn c TeM, 4TO GHIO B MONOGHHX CAyuasX B MAOCKOR
sanaue (npuﬁ.’mmeuue Axkepeta u ByseMana 118 TONKHX KpHAbER), MM
W 3lech BPABE CHHTATH, 4TO, C TOWHOCTBIO AO MAAHIX BTOPOTO MOPAAKA:
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X GYIYT OTCYTCTBOBAT, eCTt Ha GRCKOHCHOCTH TOTOK GHA moTeis-
TorabHb. BYAEH e CHHTATh, 4TO CYWECTBYET NOTEHUHAA CKOPOCTeN B

V=grad ®, (28.8)
npHEM
©=a,4-0", (28.9)
r2e
@ =1,x,
4 @/ — GeckoNeNHO aTaA BYHKIAA OT X, y, Z TaKas, uT0
a 0%’
=20 (28.10)

Teneps ypamnenus (28.1) MOTYT OMTL aaMeHeHs OMNMM ypaserew
Bepryaan (28.4) n ypashenwe (28.5), npugm Gyzer

# =19, = const.
Vpahetite Bepiyanu AacT, €CIH OTPAHYMBATLCH MAIHIMI TIEPBOTO MO~
pe:
i
s T/ (8
Wan BcAeacTBie (23.7) n (28.6):

o +zv,v,

a P
v v+ (28.11)
Broas nOTHIAAN CKOOCTEH, Hanuiiew eme
v‘ + 2 (28.12)
Vpasiiere (28.5) NpMET BHA, €CTH OFPAHMSHTHCA MAMHMH NEPBOTO
nopaaka:
@ —al) ——a7h—a2 o
( dy 173z
Tae ade=up,fp, man, ecan passennts wa af w specti 9’
Fol P e
(1 __> S (28.13)
E

TIpeize 4eM WATH Kadbiile, 3AMETM, HTO AMHEAPHIALNA, KOTOPYI
Mbl TOALKO 4TO NPOMSBEAH, He GYAeT TOYHOA B ABYX Cydasx: KOFAG
U A6, (0KOT0IBYKOBHE TeUEWHS) M KOTAA Uy S>a, (THTepIBYKOBME
Cayuan). B OGONX CAYHASX M MOXCM MPOBECTH VACTHYHYIO AdHe2pH3a-
1o, B nepsoM cayuae Mi MOKEN NOCTPOHTS ypasHeiHe, daMeHsiouice
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ypankenne (28.13), caexyiouumst oGpaso. TIycrs a1n MPOcTOTH ¥, = a.
Toraa of STH BeAMUMHE DABHEL G, i MBl NOWEM HANHCATS
a9’

, oy

2,

oy [
ve=a,+5. £ (28.14)
oy oy
re 9, 9, 9 v o cpamuenno ¢ a,. Sumwen Tencps

ypankerne (28.5) b Buae:

[+ D (a2 =€) — ¢ — (& + )] e+ [+ D (a2 — ) —

— = D (A ) 9y [0 D (@2 =) — (= D (E+-2)] 9, —
— 4 (0.9 Pry + 290y T 20720 =0 (28.15)

(510 ananor ypanrenns (15.1)) W ocTamuM awws razsibe uieHs

B KBAIPATHHX CKOGKAX. VIMEHHO, B MepBOfl CKOGKe MH MOAYUMM, npe-

neGperan @) ¢, 2(x—+1)8,9); B0 BTOPOR u TpeThed KparpaTHMX

CKOOKAX OCTABM TOIbKO 247, 3aMEHHM B OCTATLHHX UICHAX 9, HA Gy

n_oTOpocuM uien, cnnepmmnn npousnenemxe TPEX MAALX BeaUUMH:

3):

.9, Mo nonyui eMecto (28.1
o D90, (9, 2) — 2909 — 2907, =0 (28.16)

Baveruw narce, w10 ecan O(g,)=¢. T nopok v Gyxer e,
JleHCTBHTEABHO, NMYCTH MOPAAOK v‘y Oynet *; conocragass I-f u 2-f

2, sma-

unews ypasenns (28.16), sawesaew, wto O (), o(%‘;—'

Nt AnGepeHINpOBaNKE MO Y WMeeT NOPAOK €27 HO Toraa no (28.14),

TaK Kak 0(\7')=0(%) &, umeen O(uy):D(%
St n e a3 Auasormuin nyrew toxuex, w10 O () = €%
Ho 1oraa O (7)), ) =¢ U MH NOKeN mpeneGpeu asywa
Roccamn S ypissern (25.16) Toayain oxonsirensio aa-

Nent (28.13)
15 S5+ (i 55

Bo BTOPOM Cayuae — B Cayuae THNEPSBYKOBLX ABWKEHHA — MM TO-
AyURM ypaBHEHIIR, COBEPLICHHO AHATOTHIHbE YpasHerisa (23.21) — (23.23)
NIOCKOTO cayuas. BHBOL HX OUeBHIeH W MH Ha HEM He OCTAHABAHBAEMCS.

BeprgMcs K cayuaes,
ypasienien (28.13).

Pewehe Hauwell 3a1aun CROANTCA K onpeleienio gynxumn O 3
anneRHOro ypasiieinn (28.13) ¢ NOCTOMMHEINMH  KOSGOUIHENTAMI; NDH

=% Urak,

(28.17)
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S7OM AaBieHke onpercauTcs 3 ypavnenus (28.12). B kaectse kpacssix
ycaoBiH 10 MPHHATH i
-—‘—"@';f“ 0 (28.18)

Jia OGTEKAEMMX TREPHX CTEHKAX, WM
P+ p’ = const.

Ha CBOGOLHOA MOBEPXIOCTH.

M yKa3aTh Cpasy Ke DAL 3AMEYATEAbHBX YACTHMX peleHuf
ypashenis (28.13). FINEHHO, cCaN (OPMATHO MEPEHTH OT MepeMeHHBix
X,y Z K nepeMenuyM X, y, 2, T8K 470

o}
—rz (2819
a

0 ypaswenne (28.13) nepefinér s ypaswenne Jlannaca, W Mu MOKeM
B KAUCCTC PEIICHIA R3ATh, HAMPHMEP, MOTEHINGT HCTOUHKE, HXOZA-
werocs B 10uKe (0, 0, 0):

const.
Vaiyte
BosBpaulasch K CTAPHM NeEPeMEHHMM, TOTYWHM B KauecTse peiieHus
ypashenus (28.13):

Y

o const. (28.20)

of
x’+<1 —— o+
o

Ecan v, <€ a;, 10 npuGankénro (28.19) Gyzer users Tor e s,
NTO M NOTEHUMAJ, B HECHHMAEMOH KHAKOCTH MWCTOMHMKA, TIOMEWEHHOrO
B 10uke (0, 0, 0). Ml MOMew, Takitm OGPII0N, CHUTATL, 4TO MOTEHWNAA
Bz

¢

l/(x—x')'+<1——)[<y—y)'+¢z—z>'|

TIPENCTaBATET B CHUMAEMON KUAKOCTH Pe3yIbTaT WAIOKENNS NOTOKa v,
M4PANTEALHOTO OCH X, A HCTOSHHK GCKOHEWHO ManOfi HHTCHCHBHOCTH,

TovewsmA B Touke (x', Y, 2). Tak Kak ypaswente (28.13) aunefino,
TO CcyMma Bupawenu pHia

g

Qx, y, 2)=

v

¢

3
'/ (= +( ~%> 16—+ =27
;

(@8.21)
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aa8 pasuux (', ¥, ') W ¢ Gyser Taike pemennen (28.13). Kpowe
TOTO, pemeHuANH OYIyT GyHKI, MOyNawwecs nyTeM iddepeni-
posanns npasoft uactu (28.21).

Totenianst suna Bq M MOKeM Terleph HCMOAL30BATH 417 KPacBoR

OGTeKaHHH KPHa KOHESHOTO PasMaxa, GECKOHeWHO TOHKOTO i Gecko-
HEYHO MAN0 OTKJOHEWHOrO K ocH x. [loMecTHM BO BCeX TOuUKax
M (x, y', 2) nobepxHoCTA Kpuaa CTOWMKH C moremunazaw D
siaa (38.21), cawtas, 570 ¢ ccro Gy oF ', 3/, 2/, 25aTeN BoaNEN D
B e waterpara ot g, PACTPOCTPAHEHHOTO MO MOBEPXHOCTH KPhLAa:

D' (x, y, 2)
_ff (M) ds . (@822
]/ (=2 +(1——> =y +E—27

BUl YHKUAH ¢ OCTaHeTCA OMpeieanTs W3 KPACBOro yciosus (28.18),
KOTODOE, €CAH OPAHMYHTHCS MATMMH NEpBOrO MOPAAKA, MOMET GWTh
3anicao » Bite

0,08 (1, %)~ S-=0 na nosepxHocTH KpEIA  (28.23)
1 0z

(rax xax cos(n, x) 05 (n, y) 0s (1, 2)=14-6. 1),
, TaKUM 06pa3OM, AacT umerpmmce ypannmm Mn r. Ecw v <ay,
0

50 B
M owen dchcraurenuio pecnpocrpanm uﬂ'rzrpaa (25 29) ka e
e Gyzer

KPS
Snece T e, Kakt B HECKNISOH KHAKOCTH,
TIpuiuunuaseHo unave Gyer oGCToATS 2670 1 0, > . Teneps @q
GyAeT MMETh CMMCA AW 10 TeX mOp, M

@
(x—xP> (4* I>I(y*y Ptz —27L

OTO 3HAUNT, BO-TIEPBBIX, HTO eCAU M HMEeM EUMHCTBENHH HCTOWHIK,
noMewdnsf B Touke M’ (x’, y', 2'), T0 oH GyaeT MOCTABAATL MOTeH-
wnas O awws 5 TouKn M (X, y, Z), PACHOOKEHHHE BHYTDH MPAMOTO
KPYTAOTO KOHyCa, BepLIMRA KOTOPOrO Haxoantcs B M, ocb Mapaidenbha
OCH X, 8 KOTAHTEHC MOMOBNHM yraa pactaopa pasen V/23al—1, uGo
YpaBiienne Takoro Kowyca B npoctpanctse (x, y, 2) Gyzer

(x—x' )*v<~— 1>l(y—y PhE—zPl (829

BO-BTOPLX, ST0 SHAUNT, WTO €CAH Ml HMEM L WCTOMHIIKOB, NOME-
WEHHBX B paSTHSHHX TOSKAX M’ (¥, ¥, Z'). TO B KaKOH-HHOYb TOUKe
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M(x. 3, (x, y. 2) Gyayr aus Te uetou-
ke M’(x ', Z'), KOTOpble TIOMaZyT BHYTPL KOHYCA

@y <—Z’7—l)l(y’—y)’+(1'—z)’l‘ (©8.25)
:

sepliNa KOTOPOTO HAXoAHTCs B M, OCh Mapaszeabwa ocH X, a KOTaii-
reiic MOMOBHHH Yra pactsopa pasen Y @%al— 1. Ho ecan sto Tak, To
nipit BEMCACHHH NoTenumana @' b Touke M(x, y, Z) MM ZOmKuM, npH
P ouern. TTpupOBIIS (28.2). PACTOCTPANATS HATErpAn Tl
Ha Ty ¥ACTL TIOBEPXHOCTH KPH.a, KOTOP2s OTCEKAETCH KOHYCOM (28.25)
W ACKAT BRYTDH STOTO KOHYCa.

Jlerko BILICTb, UTO yro/l PacTBOPA HAIIErO KOMYCA €CTh B TOUHOCTH
mBoiofl  yroa Maxa, OTBevaloUIuft HEBO3MYIIEHHOMY MOTOKY: ecam
sinay = a,/v;, 10

1
l/——l l/-m—l cigay.

Konycs (28.24) — 910 Haux aup-
asertl Tna.

Tpekae ueM NePexomuTs K mnupenmu cayuasu, OTMeTHM emE, uTO

© TOUKH BPENUA HAILETO NEPBOTO MPHOMKEHHA GE3PALINUHO, WHTErPH-

. -
0 MPOHCXOLHT OT 7TOO, YTO ¢ CAMO GECKOHEWHO M’ M, 3aMeHss
.22) Ha no G
nosepxHocTH 2’ =0, MM COBepUaeM OWMGKY BTOPOTO MOPAIKA Ma-
aocTi. To e OTHOCHICA M K YCaomwo (28.23). KaKoBoe MOXHO Ha-
nhcats npn 2’ =

Mrak, wroGw wafiti norenuan @, e 5 Toucs M(x, y, 2)
sananmbNm
TOHKOTO it GRCKOWENHO MA0 HAKTOHEMHOTO prla Geryuero co caepx-
3BYKOBOH CKOPOCTHIO, Ha®0: 1) mocTpouts mpoekumio (F) Kpwaa ma
n!m(hocn. (%. y). 2) NMOCTPOUTH KOMYC, BEpIIMHA KOTODOTO HAXOAMTCH

ke M, OCb Napaifenbha ocK X, YTOa PACTROPA pases 2, 3) pac-
Cumaﬂ. nnTerpan (28.22), pacnpocTpanss €ro Ha Ty uacTh naouain (F).
HagoseM e& (F'), KOTOPAs HAXOATCS BHYTPH MOCTPOHHOTO KOHYCA.

B xauecTne NpHMEPA PACCMOTPHM Creppa yAe PpasoGpaiHOe HaMM
BHle KPhI0 GECKOHEHOTo paamaxa. [TyCTh Mepediisis KPOMKA €ro COBMa-
4aeT ¢ ockio y, a «rayuna» ero pamwa T (puc. 96). Ouesnao, w0 @
He Gymer saBuCeTb OT y, M MOKHO wckats (', anpumep, B TOUKax
M(x 0, 2); €CTECTBEHHO, ladee, CUHTaT, UTO € TAKKE HE 3ABHCHT

c=c(x).
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Toraa nmeem (2= 0)

/ (x, 0, — c(x') dx" dy" 98.26)
¥ 0.2) ‘[)f Ve )

rae k= clg’a,
Wenan BuGpats (F), Ml IOTHIM PACCMOTPETS OTACABHO TPH Cayuas,
5 3ABACHMOCTH OT TOTO, XaK pacnionowena Touxa M. Komye xapaxte-
puctu, muxoamuh us M, BCer1a mepecexaer NAOCKOCTS (X, y) no
nepGoae 1), HGO mocKocTs (x, y)
napanienLia OCH KOWYca; oAHAKO
sTa runep6osa MMGo:

1) Ko AeKNT BHe noA0CH
0<x LT, 2=0,
saunMaemoft kpuioM (kpusas / ma

puc. 96), auco

2) nepecekaer Hale KpiAO Tak,
WO BepuMiA THREPOOAN  AeKHT
BHYTPH 5TOR nozock (xpusan /1),
au6o

z

3) runepGona nepecekaer kPO,
HO BepIUIMHA €& ACKHT BHe Hawed

Puc. 96.

1040CH.
TNePBOM Caytae KPHIO e nouanxer BHYTPb KOHYCA BOBCE, H MM
numnu NOZOKNTS Tam

=

Tak Kak ypaswenue HAWeR BeTs runepGoAu Gyt

X —x

—rVy 2
(¥ W y'—TeKyume KOODIUNATH), TO MepswA cayuall MM noaywwy,
xorza
x<klzl, Toe |2z|>tgax,
pesyabrar, yme WIBECTHRM HaM 1O MAOCKOH Saxaie.
Bo

BTOPOM CAydae MM AOMKHM NPHHAT 33 (F’) CrMeHT, OTCeKde-
i or v runep6oan otpeskow AB (puc. 96), T. e. hanucath

izl by =4 VET
o — e(x) ay' Yax.
)

ey
by iz V 6 S Rk

1) M Gepén awun 1y BeTBb THICPGOA, KOTOPAS YXOAT 2 — o0
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Butosa mirerpuposaie R ¥/, Horym:

ViE=xp-wa
! dxt =
VEETES
—ris
x (28.27)
HakoHelt, B TpeTbeM cAyuae mMeeM:
kY =+ Vie—x - Fn
! ay' | ax"

=% f ¢ (x')dx’ = const.

9707 nocAeMMMA MOTeHUHAN GYRET CYIeCTBOBATH Besie, TAe
x—k|z|>T. 1e |z]<tga(x—T).

Kpaepoe yoromte (28.25) nosnomur onpesenurs swa gy ¢(x)

B (28.27), eCAM WIBCTeH BHI CedcHHS AT GECKOHEWHOTO KPHIA.
Tax kax b (28.27) BX0ZMT |z|, TO YIOGHO OTACALHO NMPOM3BECTH Bhi-
Kaaaki 418 pepXHed (2 > 0) W A2 wikieh (2 < 0) 4acTH NpOCTpancTsa.
Tycts ypasHenue sepxtied uactn Kpuiia Gyaer

2 =0 (x).

Torza no (28.23) nomkny uanmcats

s
{% [ athax

o iy

() =— =%

Wrak,

AHGIOTHIHO NOAYHMM 175 Cy(X'):

(= Kl
Mrak, am 23> 0:
Dy, 0, )= — S0y (x — k2),

am 2 < 0:
(¥ 0, 2) =+ -l + £2).
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Tlo ypashenno Bepnylum M nonysEN MpH 970N

Folx—k2) .,

1 0 (x+k2)
Py=+dip kT Py EFT ox

Tak, 4718 TAACTHHKN GecKomewnoro pasmaxa, Gerywed mox yriom §
K RAOCKOCTH (¥, y), MOAYuiM:

2
. P o 0 P
=+ i et
TaK w0 Gyzer
. -
C,=— 3 f=—4igaj.
o cosnanaer ¢ mepuuM mpuOmwkeHmeM Axkepera (cu. § 14). Tpw
stow oy uKTCR

v, =1

B obaactax 1 m 3 b umeem

B KaueCTBe BTOOTO NpUMEPA PACCMOTPHM yie oyuemwsh 5 § 27
cayuall o6TeKaHMA CHAPAIZ, OCb CHMMETPUM KOTOPOTO NapaiieibHa Ha
stor pas ocu x. [PEANOOKUM, YTOGH MOKHO GMIO NPUMEHATH Ham
METON AWHEADH3ALNN, HTO CHAPAL CHALO BMTANYT, TAK 4TO €10 Mep-
AMONAABHOE CetehHe UMEST B

R(x).
e R swecte ¢ dR]dx — Geckoneuno Mam (r~paccmmuc or ocit x).
3ech ya06HO (28.13), B wi-
AMHAPHICCKIX KOOPAMHZTAX:
Fol 100 P 15
R R el
( ) Pl + or + or® + e (28.28)

Moremuan B/, He 3aUCANA OT 6 (0CeRAR CHMMETPHS) W YAOLACTBO-
PAIOLLIN STOMY YPABHEHMIO, BOSHMEM B BiLLE

o

[
Vix—x)y—kirt
(HCTOUHUKY DACTIOAOKEHH Ha OCH CHAPANA).
M MOXeM Temeps anmucars noteruwan ' 5 TouKe (¥, r) MepH-
ZMOHATLHOR MAOCKOCTH B Biie
Fexeh

x') dx’
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BUNCTEHIA C STHM TIOTEHWNATOM YIOGHO Zeaamh MOCTE 3aMEHH Nepe-
MeitbiX, Tepeflia oT X' K 4 1m0 Gophyae

Torna .
= f ¢(x— krchu)du (28.29)
arénair
[archa=In(a+V3Z=1)]. n ecan npemnosomuts, wro ¢ (0)=0, 10
us0

f e —rrchuydu=

dery___ 1
w Vo—xy—mn

=0

dx’.

]
kehugzc(x—krehu)du=

dR
oR IR =
R 4R +( } 0. (28.30)
P =0
3ias ¢, moxeM mafttu p’ no ypasmenmo Bepuyamu, a satem u cuay W,
nefietoyiouyio Ka capax. TIOCieNAS GyICT, ONEBHAHO,
xo7

R

e ——
" de 1 4R

=20 L — T

“ “;C Lia 4 Vi —ma ]R o

(28.31)
ra¢ T— 1awna capsaa.
Ecau oGTexaemoe Tei0 ects Kouyc, T. e

Rx)=1gfyx,
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TO MOXKHO CUHTATS, 4TO

== 0K = const.

Tlpn 97oM ypasteine (28.30) AeHCTBHTENHO YAOBIETROPHTCH, W HEZO
Gyzer mwws Kakh K w3 ycaosws

K= (28.32)

C TaKoro Konyca, 0 (28.31), aeacnnoe wa
932w naowats =1g2B,T? ocuonanns mycz Gyaer

2Ug sy arch ugau
Vi—rigs,

B cayuae cHapsiza NpOH3BOALHOR (OPMH PACCMOTPHM HA JHHHM €ro
Mepimnunam.nora cesenna ryctoft psx touek O (0, 0), M, (xp Ry ..
Ry). Pascictuo (28.30) om0 GuTs Cpaseaniso 1an
sioBoro e sammacu e €10 N pio, BeTanass ouecto x mochendsar

TEABHO IHANCHHA X, Xy ..., Xy. Bysew Teneps cuntath nce ayri OM;,

MMy, ..., My_ My 3a OTpe3ku npsMux awwnf, T. e. NpeicTasum
cebe, 4o CHADAA TOCTPOEH H3 OTPESKOB KOHYCOB, MMCIOUUIX KiXauh
CBOM yroa pacTBopa; TOMAA B NpelieiaX KaxiOR M3 YNOMSHYTHX AyT
neawunna defdx’ GyIeT cOXpausTh mocTosHnoe aWauewe (wa Ayre OM,

570 Gyaer v, ..., a wa ayre My, My Oyrer v,Ky). Teneps aan
KAKOH-HHOYIh TOUKN %, R, M MOWeM Raniicats nuiecto (28.30):
Hi-RR,

& *R"-’+K.

Fn T Fa

UTO AacT MOCAE BWNOMHEHHA KBAAPATYP W MPOCTHX mpeoGpasosanuil
(o= Ry=
1 Ra—R,

E Xn—n_

= S/ T = =T )

i
(28.33)




g meoct 3AnAUA. 257

[lpuaasan A mOCAenoBaTenBHWM PAL SHaueHH .2 i
nonyums CHCTemy N AuHeMHuX ypaswennd 113 ompeledchis N seau-
., Ky. 3aeTty, 970 CHCTEMA Hauwa TaKoB3, 4TO B Mep-
I ypaxuenue BXoaUT TOAbKO K|, BO BTOPOE — TOALKO K
I —K,. - TakiuM OGpasoM Mi MOeM cnepsa
Jaftn K, us ypasiern mepaon ctencin (n— 1), 3atew ncrasumo K,
» ypasHeine npn n==2 u natn K, u3 570r0 ypasenns u T. 2. Nocae
1010 kax K, watenst, fasienue p, B T0Ke (X, R;) HaMatrca B suae

Pp=" U,

= S (e IRy

Xy kR, )
kR

a nozes€HHoe Ha po}/2 # HA TIOWALL OCHOBAHHA TR}, cONpOTHBIE-
nwe Cp crapaaa woxer Guth pusmceno no gopuyae (28.31):

R—R_, —x +m
2 )‘ R {2"(1 (Hch T
,,,C"W%;?H&L)}_ (28.34)

Otweruy, 410 uaum GOpMYAN NPHTOMNH AMIb A0 TeX MOP, MOKL
w/e (2 swawnt, w k) He Cimmkow Beuko. Tax, manpuwep, op-
Myna (28.32) TepseT CMBICA, ecnM, HecMOTpA Ha Marocth By k1gfo
6yaer 6amako x emnme.

B xauectse Tperbero

pocsy Hanpasaciie

Kmoporn Cocranaser wa- ~

A yroa |B| ¢ ocsio cim-

Meipm« chapsna (puc. 97).
3A0KHM  CKOPOCTH

rorons v Ha Ise cocTap-

OULME: & — napancab-

Hyl ocn PHH CHAapAZA i & grol ocs

1oraa

u=vcosfry, w=—vsinfr—of

gp MEM 4 GyneT BeAMMMHOM KOWEWHOM, a @ — B CHAY MalAOCTH yria B—
€CKOHENHO  Ma10. TIOMECTIM HAYM0 KOOPAHHAT NO-TIPEXIEMY B BepLItHe

17 Teopetuueckan ruapovesanexa, v, 11
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CHADAIA W WANABM OCh X WNTHHIDHYECKOM CHCTEMH KOO~
5ar r, 0, x paoab oc Cuwerpmn (puc. 97). Byie teneps nexars
notenuuan @ B BHAC CYMMH TPEX moTenuwaros @, O u

®

5
= O] 4B, (28.35)
W3 KoMX

@y = — wr cos O ~ v,fr cos b,

noOTOK  cKopoCTIH
uauon BeanunHb @), Geryumd napaniensHo MIOCKOCTH, NpoXoAsutel
uepes manpasienwe U, W uepes och capiia; O mpelcTasaser ywe

HAMH TOTeHuMan obTekains, mnoiy-
dalulerocs OT TOro, 4TO Eansm TOMeWEH B NOTOK CKOPOCTH & (OHA Xe
NPHOHKENHO PaBHa ©y), & D3 —He 06AlAOWMA OCEBOR CHMMETpHeR
MOTEHUHAA, TOAYYAIOUMACA K3-33 HATMYHA, KPOME CKODOCTH u, ewd
H GOKOBOH CKOPOCTH w. B CHay AuHefiHOCTH 3ajaud, Takylo cynepno-
3MUWIO TPEX PeuleHU CTPOHTL COBEPUICHHO 3AKOHHO.

YroGu Hafita @) AOCTATONHO, KaK MM ST0 yKe W Ae1ald, oTnpa-
BARTLCA OT 06AGLAIOUIETO OCEBOR CHMNCTPHER Pelueia ypasenis (28.28)
(2w, 1. e. uekamh @) He samucawuM of 6. YroGwm waitu @3, waw
Halo OGPAaTHTLCA K MOAHOMY ypasteinio (28.28).

deppapi u Lissms npeanaraiot uckats 3 B sinae

@ = cos bF (x, r). (28.36)

Toraa (28.28) xact

ANFF  VoF | &#F F
o .
(‘ E)W“LT wtaE— A= @8.31)

Ho Teneph /ETKO BAeTs, 4TO B KauecTse F MOKHO NpHHATH
00
F=3r, (28.38)

rae @' — pupakente pita (28.29). JeACTBRTEMsHO, NpOAHGepei-
posan 1o r ypaseitne

$\o*e' | 100 o0
(s
1

o Tror oot

nozyunm
wf) * ot 10 00 | &F od'

1—— —
o ar Tror o o or

410 copmamaer ¢ (28.37), ecan samenuts O0'[0r wa F.
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Hcroabays noacranosky, ynotpeGagmiyo B (28.29), MM MOeM
TaKiuM OBPaIOM OKOHWATEALHO HATHCATS

=0
D3(x, r, B)=kcosh f cy(x —krchu)chudu=

u=aréh xskr

e €5(x') — GYHKUNA, NOATEKAWAS ONpENeeHNIo.

Uro ke Kacaercs ®j(x, r), TO €r0 M HULEM NO-TPEKHEN B bitie
o
Dy (x, r)=— f ¢, (x — krcha)du=

w=ar ke

o (%

=0

TR €y (x')— yHKUMA, ONpelesseMan, Kak STO yike GHAO MpOZeAaHo
BHlle, W3 WHTETPATbHOTO ypaBHenns (28.30), Iie BMECTO ¢ CTOWT ¢y
Kpaesoe ycaopie 3azaun (28.18) Hanmuwerca Temeps Tak:
9 q ’ " 9 9 7
cos (. )% (9, + O+ 9 B))+cos (. ) (B + ¥+ 0))+
1.0 o 2
—-cos (. 6) 7 57 (@] + 9y =0
npu =R (x) (ypasuenne xontypa cxapssa). Ho
cos(n, X)=6. M.; cos(n, r)=1--6.M., cos(n, 6)

TEK 4TO, 0CT4BARA MaAMe MEBOTO MOPALKA, MOAYWHM:
- LA @]

cos(n, x)u|+vlpcolﬂ+(F)“R+ (-',7

AM, € PAdLeMHTH uieHH, Colepwamme O u cooGoauue ot 6:
0 - 1A

cos(n, x)v,«l»(F)’:R:O; v,ﬁcosﬁ—i—(ﬁ

Tlepsoe wa stux ypasenut aact

Xexekr

R%»,+{ S

Vax—xy—krt

%0

s
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TO B TOWHOCTH COBNARAET C ypabieimem (28.30) yie pewennof Hawn
sanaun (HaiO TOABKO 3AMEHHTS ¢ Ha c;). BTopoe ypamnenme nact

uso
v/j:—(%ﬁ f t,(x—klchu)chua‘u) -
-

usaréhxibr

uzo
=(k’ I %:h’udﬂ)
wmarinan =

[~
1 v
“—{T f o it ax LR. (28.39)

2
=0

DTO MHTErpaibHOE YpABHEHWE W CAeyeT pewHTs, YTOOM HAaHTH c,
u, snaunt, @}, MsOWTOK Mabaeuus p’ onpeneaurca no ypasenwio Bop-
Hyamm [em. (28.12)]

9, L o) | 0,
P=—po gy (N Y ) =—p gz 53 ) =

us0
=p,u‘{ [ dqe—trermyau—

wnarin e
im0

—kcoss [ p;(x—kuhumudu}:p;+cusep;, (28.40)
-

Cuma A, 4 chapsa ook x, Oyzer

Teneps

xaT 02
A=2f f(p;+cu:0p;),_RchsBd011x=
20 00

x20

P s
=z J; (P2),. o Rz =—p0,mk J; R(x)X

u=0
x{ f ¢y (x— krchu)chudu dx.  (28.41)

u=arh ke =R,
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SAZAYA.

§ 28
Cura W, aefictsyioman Baoms ock X, OyzeT:
xar
4R
RIS dx=

w2 [ [ @it ricos)
e
4, dR
=2 f (p‘IERRﬂHX=

umo
f c;(x—kr:hu)du} dx,  (28.42)
e

- x=T
dr
=m0, fR,,;{
o umsclhshr
e, UMCET B TOMMOCTH TOT e BHI, 4TO M 74 OCeSOH CHMMCTpHM.
MoHO em® moacumrats MoMewt M OTHOCHTEMsHO Bepumy O
5o bes
M:Ef f(p‘+p7cwﬂ)'=kkcosﬂd9xdx=
20 02
u=0
f c,’chudu) dx. (28.43)
=R

P
P
=—kpoym f xR (x)(
20 wmar i
= const. =v, L,

T
cHapana:

. dey
=24
(28.44)

Ilan konyca
R(x)=1gByx;
PR

Righo

npuug no (28.39)
2
By CVT—1+archl’

Tlo (28.41) Mi noAySHM A7 KOHYCa CHaY A, AEACHHYIO Ha p,O3/2 n Wa
(28.45)

L
2V il
VB —1+archl

TIOWaNbL OCHOBAHKS, B BHIE
A

tg*fo
(28.46)

KospHumenT woMenTa C, Gyzer:
_ LVE-1G
3EVE—T+arch0)

“ =2¢

CHMMETpUH KOMYCA COCTABASET C MampaBACHHEM CKOpOCTH,
pax Towex 0(0, 0),

Cu=
M
St Rk T
M puniw, uto C,  Cp 06a nponopumonazsui yray B, kotopsil oce
Ilas chapsana NPOHIBOALHOM GOPMH, Xak B B cayuze 0CeBoM CHM-
cHapata

noBepXHOCTH

MeTpUH, HaHecEM Ha
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My (%, R). -0 My(xy, Ry) (xy=T) w Gyxew cunram, wto ayra
OM,, MMy, ... MOTYT OhTo saMenen oOTpeskawn mpaubix. Teneps
B npelenax KaxuoR M3 YNOMAHYTHX AYr beauwsmui dcy/dx’ Gyayr
COXPAHSTL TIOCTORWHME SNAYEHWS, W HaM HAZO Oyier awws maitn N
wenapectiiX Ly, Ly, ..., Ly w3 N pas wamucansoro (21a Tosex M,
My, oo My conmumenﬂo) ypasHenua (28.39):

_%’2Ll{“C"En,l—archf,.,tA|+E,,.,VE~f“v -
=1
—t i VB =1 @841

0.

b=

dn— i+ RR;
Hm AT w=R
Onpeneans Ly, Ly, ..., Ly nocieaopatenso wa N ypaseund nepsoh
crenenn (28.47) C OMHM NCH3BCCTHMM KAKAOE, M MOKEM 3aTeM
nanucats pj » Touke M, B Buze:

=— ko] ELA(Vezr T—VE =), @848

TaKk w0 C, U Cy MOTT GuTo 3aMHCARH B BRAE:

e [W,, :
—vr,,:u]}.

5
Oy {Rn+n,, R P
P R

e o | DO e v*)]}

Ko CoTak v Gy nponopuiousrius yray B

§ 29. Teopema Ti Taayspra.
Kphino pasmaxa notoke. B
naparpade OTNPABHMM MYHKTOM SBASETCH MPOBEACHHE A7 NOJYdCHHS
peuteus ypaptenns (28.13) onepawni puaa (28.22) Haa noTewmwazoM
Buaa (28.21). Onwako gywkuws ¢ (M), yuacTsyouwas s stow uetoze,
HE HMEET HATANHOTO SPOIHHAMMYCCKOrO CMBiCAA. Ipanatis npeanaraer
nOABEPIHYTH (28.21), C LEABIO TOAYNEHUS PEUICHNS, ONEPAHAM, OTANY-
HHM OT (28.22); OH OTNPABASCTCH MW STOM OT MOHATHS MOTeHWMA’a
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yexopenns. Tocieqwl cyulectayer BCer1a, KOs CKOPO cymiecTayer
ToTeHuNaT CKOPOCTH, #GO TOTAA

v
dt

e= gz [(G) + (5 + ()]

NOTEHWHAZOM YCKOpeHus.
Tlpu

Kak 8 nynkte, noay-
st (5 CTauROHapHOM CAyue):

=0, 2 0, @9.1)

npuuéy N0 ypashemwo Bepuyamn (28.11):
=2 (29.2)
° P
Vpashienne (29.1) NOKa3MBaET, 4TO @ yIoBIETSOpSET ypasHemwo (28.13)
K e, kak W O, Ecai KpHIO 007aR3eT NOXLEMHOR CHAOH, TO Aasie-
HHA p, B KaKOH-THGO BepxweW Touke M’ KpHia M pl—B HiHeR
TOUKE C TeMH e KOOPAHHATAMM X, Y OYAYT pasansHi. DTO AT, uTO,
C NPHHATOM HAMH TOUHOCTBIO, MBI MOKEM CKa3aTh, YTO p’ TEPMT CKA4OK
PR NEPEXOAS depes TOPUSONTATLAYID Maouaky (F). #a %0t0pyi0 npoex-
THpyeres kpsio. Ho Toraa no (20.2) ¢ TepUMT CKA4OK NpW mepexole
uepes (F). B iKoCTH G ypasheniio
Jlanaaca (rax e Kak W @), W MM MOTAM GH WCKATo ¢ B BiIE NOTeH-
uuana ABOHHOrO CAOS:

“"'y"):_‘fﬂf?’w

(%)

TAC ¢, W g, —anavenns ¢ b Toukax M’ naowankn (F), a

r=Vlx—¥P+—yP+e

B CxuvacMoft MHIKOCTH ¢ yROBACTROpSET ypasuenmo (28.13), a ero
PELICHHEM, UMEIOLIMN XAPAKTEP MOTEHWHANA WCTOWHWKA, OYIeT, KaK Mbl
3uaew, we 1fr, a (28.21). [IpanATas Npeanaract Mo AHAIOTHH C HECAH-
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MaeMOfl KMAKOCTBIO, HCKATh @ AAS CKHMAEMOM XHAKOCTH B BHAE
elx y, )=

L) [ 1 ,
=% f Arpy o dx'dy’.
® ]/(x— 4 (1 - 7;) =+
d
Tak KaK pasHocTs pj, — pj NOABEMHYIO CHAY,

K eIMHHLe MAOWATH KA, TO YAOOHO et OGOGHANNTD, OPHENTHPYACH
Ha reopeny JKYKOBCKOTO, Tak:

Py—Py=007(x" ¥) (29.3)
# Ha3BaTh | «uMpKyasuueds. TOrAa p sammMiieTca B BHAC!
9l y )=
dx' dy’

) .
=22 [ [reey —— . oy
o ]/(wx')‘ +<1 ~;;—) & —y»+2)
7

Buan , Hataew @' nyTem ksaapatyp no (29.1):
N

f o(x. y. D)dx, (29.5)
a copocn Gyxe myiets B mize:

¢(x, 3 2)dx;

Banwmew ewt Kpaesuie ycnosus 3aaus onpercachus ¢. Ha mosepx-
noctn kpwaa V, =0, 1. e.

cos(n, X)v,4-(©)=0 ma (P @9.7)

310 nocAeNce ypapeHHe  AOMAKHO CAYKHTH A7% OMPEACACHHA WHPKY-
aswun (¥

138 1035yKOBMX cKOpOCTeH ypaprienie (29.4) NO3BOANET cAEAATH
ORHO BaKHOE 3aKAIONCHHE. 3aMeHa MepEMEHHHX
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npmm (29.4)  suay:

f /‘ 1, y) 3F &y
VeE—2r+o—yr+=
Yo 57O W TOUGETI COMATIET ¢ IOTENLIETON ¢ 11 KUAKOCTH Heown-

waewofl. OTCI01a BHBOMWTCH CAEICTBHE: MOIBEMHAS CilAZ TOHKOTO
KPH1a, TOMELIEHHOTO B NOTOK CAMMAEMON KHIKOCTH, uuemmen ®a Gec-

KOETHCETH CKOPOCTy ) W IAOTHOCTS 1 OYACT 8 5 imimes P

17("1/“.)i
Goabie TONLEMHON CHAM TOTO e KPHA, TOMEUIEHHOTO B TOTOK
HeCKWMAEMORl XKHAKOCTH MIOTHOCTH py M CKOPOCTH U, Ha GECKOHEWHOCTH.
9ra TeopeMa Guaa nokasana Ipanataew W I'1aysprow.

OGpaTHMCA K CBEPX3BYKOBHM CKOPOCTAM H HanuueM (29.4) » sute !):

v @ ___ax.y)dx'dy’ y)dx'dy

NPHUEM, KaK W mpexe, GyieM cuWrath
¢=0,

e (5 — P <RIy — y’)’+12], Tk uto naowazs (F') Gyler
suaupmcu KaK B npeasayliem n

Pacemorpm b Kaecroe. MINEDS CATSAR, K0P KPIAO cCTs TpATE-
UHeBNANIA TIACTHHKA, MAKAOHEHHAA MO YTAOM B K mAOCKOCTH (X, ¥)i
NYCTh B NPOEKWHH HA MAOCKOCTH (X, y) KPHAO 1aeT Tpaneino ABI
(pic. 98), Tak 4TO Nepenn KpOMKa pacnioaoxeHa no cropone AB (ona
JEKUT KA OCH y), W KDHAO WMeer pasmax AB=1b, a wupiy OF =t.
Tyers

£ 0BD= [ OAC= 5 —8
Hama KOOPIMHAT — B Cepelue Nepelnefl KPOMKH.
Touek A, B, C, D mpoents KOHyCH XapaKTeDHCTHK, T. e.
npwue KPYTAHe KOHYCH C BEpIIMHAMM B STHX TOWKAX, C OCAMH, Tiapai-
TEAHMNH OCH X, W C YTAaMH pacTaopa 2a, TAe

N a
a =2,
sinay =L
Jluknn mepeceuenns STHX KOMYCOB C MAOCKOCTSIO (¥, y) H30GpaseHH
Ha puc. 982). YtoGs HaHTH NOAR CKOPOCTeH M AABJCHHS, BHIHBAEMHE
HATUUHEM STOTO KpMAa B HexoTopofi Touke M (x, y, Z) MPOCTPAHCTBA

§ Geperca yavoemuau npoTHD (26, VIOGM CoXpaNTs 5a T CMCA wip-
kmm (cu. i
") Tipeatonaracics, 110 o, > fy > 0,
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(%, 9, 2), HaM HAZO (AHATOTHGHO TOMY, KAK M 370 JeAATH B Npetsi-
Zywiem naparpade) npu nos3oanin_ popMyiol (29.8) swGpath 31
nnowaky (F) vacts Tpanemnn ABDC. MONIIaioULyI0 BHYTPb Koiyca
XapaKTepHCTHK, BeIIHKA KOTOPOTO HAXOIMTCA B TouKe M. BeTsb ramep-
604k, MO KOTOPOR STOT MOCTENHMAA KOHYC MepecekaeT MAOCKOCT (XY).

Prc. 98.
Gyt b ausHCHMOCTH OT pacnoaowenna M OTCeKaTs pasHHe NACTH Tpa-
newnn ABDC. Tak, wanpusep, Ans T0u¢k M, pACTOTOKEHHHX €Hal»
TA0CKOCTBIO

g ox
WIK €001 M0CKOCTHIO
2=—tgax,

57a runepbona BoBCe He BCTPETHT mpamoyromsumka ABDC,  Ana STAX
TOuEK 1ARO CUHTATH
9=0.

Uncao BCEX BOIMOKHBX CAY93eB PABHO 31ech 15, B TO DpeMs KaK AR
KpHAG GeCKOREWHOTO AsyaXa X OMAO Tombko 3 (CM. mpedwaywuht
naparpad).

Metoa Tpanatas noSBOARET WAHTH CKOOCTH W AABAEHHS B 710GOR
Wa 9THX ob7acTe. MH OCTAHOBHMCS NOZPOGHO AMWb HA OTHCKAHHH |
W W3 BHUKCACHNH CHa, ZEHCTBYIOULMX Ha Halue KPLAO; A1A STOTO HEaG
XOMUMO alTH CKOPOCT © W AaackWe p’ B TOUKEX Kpaa. Ecam
BCTOMHHTS, 470 B Kpaenoe ycaosie (29.7), CAyKALLeE AT HEXOKICHHS T,
BXOLAT TOAbKO TONKH KDWAA, CTAHET ACHO, WTO W3 BCEX NATHAUATH
omacteft Ham Teneps b
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KOTOPHX € NAOCKOCTHIO (X, y) He BHXOIAT 3a mpeaeast Tpaneuns ABDC,
O6acru smw, nepecekaomiecs ¢ ABDC o nowaaxau: AFGB (0Gosma-
ena unppoht 2), ACF (uidpa 3) w BGD (unppa 4). Hasosem
o6aactswn 11, 111, IV cootsercroeio,

Haunex ¢ obaactn /7, OGIacTs, OTCeKaeMas ot Kpiia amed rumep-
6070, GYIeT SMech COACPUWCHHO TaKaf e, KaK eCTi OW M PELIN
samauy o Kphile GecKoWwewnoro paswaxa. ECTH G pedb wia o Isiie-
i Tpaneuin ABGF, 70 cuasl, Ha Het AeHCTBYIOlIME, 61K Gbi NOSTOMY
B TOYHOCTH Te e, ¥TO W B CAydae KPHIa GECKOHCNHOTO pasMaxa.

PKenss IOACUTITL 1 A18 OGTACTH 2, Mt NOXEN 33pdice currars
€ro HOCTOHKLN,  YC

(29.9)

npu 1 azecs Gyaer (118
Bepxa):

dy’ dx' _
Voo =R =R

e A= LV E— oV~ R I obmctn | (1examen wax nio-

CKOCTsIO 2= X[k W TOL MAOCKOCTHIO 2= — %[K) WMeeM NPOCTO

0.
Tostony & upawenn
x

=
f gy, 2)de

=2

@=L

Ham HiTerpup or E=hz (uan o1
= kz npit 2<0) 10 = x. Wrak:

@ (x, y. 2)

TaK 4TO

(29.10)
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M IeHCTBHTEbHO MOMEM YAOBAETBOPHTS (29.9), ecaw moTOXiuM 1)

= @9.11)

OGpatiucs k obractn IV (aan obaactn I/I suuncachme wowHo
Gyer npoBectk 1o anaorHH). 31ect Ml WMeeM epewertoe =1 (x', y),
Rpuit, TaK KK BOMyERKC, mponcxaxmce 5 Y7y GBD, Gbycro:
BAHO HATHSHEM TOUKH B, MOXHO HCKATo 7 KAk GYHKIIIO OT KOMGHHAL

—y

T. €. CUNTAT Y ONMNAKOBHM BO BCEX TOSKAX OAHOTO 7Y4a, BHXOAALErO
w3 B, W MeHTOWWMCA OT Aywa K aysy. MOXHO CumTaTs, WTO { 0Gpa-
@erca o nyb ka ayde BD u oGpawmactes B To:

E
3

T (29.12)

wa ayse BG. Ho toraa b whterpane (29.8) ya06Ho mepefiti k wnaii-
ApHYeCKHM Koopaunatam z, r', B’ no dopmyaam:

X' =1’ cosO; —r'singy
w 2 ofaacta IV noayumd:
By (%, Z)———TX
e
1(0) ' dr’ do’

) {(x—r’caxﬂ'

uto oTBeuact Gopuyne Axxepera.
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3aech ry— HanMenbiuee W3 TeX ABYX aasewnil ry W ry, KoTOpe o6pa-
LIGIOT TOIKOpeNOe BupEKeHNe B Gopuyse (20.13) B Hyab. ITH awa-
aens cyT

xcos 0 — k2 (y—g) s

N2 = T e v — st 0 +

x,/ xsm v—(2— y)cos n'j'+z’(ms! ¥ — R sint )
cos?T 0" — k¥ sin? 0" "

(20.14)

NPUUEM  BepXHMA SHAK OTBENAET CAYNAND ry, A HUKHHH — CAYSQl0 Iy
JLas TOrO 4TOGH BHNOMHKTS AiepenuMpoBanKe 1o Z 5 (29.13), ya06Ho
TEpEATH K HOBOMY MepeMeHHOMY & H3 COOTHOWEHHA

Mt nonyunm criepsa:

oy 3 )=

r—r .
/(1 —a) Vcns'@'—h’sm’ﬁ ady.

Teneph Ml MOKEM DHTOAHHTS numepmunpomnz 10 z; ncnoausys
(29.14) 1 BMIOHSA KBAAPATYPH NO £, MOAYSH

(50 3 2) =

= rn

[x sin 0 —(%—y) cos o']' 2 (cost O — k2 sin? )

(29.15)
Samernu, aance, 410t
av’
[t —(§ =) cos 0 T -2 (cost o —kasint o)
b
(X% — B2 UGB — {5 —
1 P L (3 y)A

—k-'z'—k'(2~ ‘/x!—.mﬂ~u( )

') 310 . Mepoe
Teopun Mpawatas npuwaraexaso Llauxtunry, no ero pA:cynnelma ‘oKasaance
netounsi, Jdanbhelunii 1OACYET BEAETCA 37ech 10 ParbKOBHYY.
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Beranasn 510 pmpaenie B (20.15) W NPOHIBOAR MHTErpHPOBEHHeE MO
wacTaM, nonyshM:
enz

(47— K g8 —x (g_y)
:1/_;:*— k';’—kX(% y)
=/ v b 2
)
vy R ‘/‘(xl_kl;x)_k:k =y

Ha wazo nosowats 1(6) =0. Kpowe oro, 50 sct wrepsaze or

By (%, ¥, D)= T(8)arctg

D=a, 20 O'=m/2 MH AOMKHM npHHSTS §==const. =T, TaKuy
obpasom uu nouy-um
b (5, 3 2) =
Ve
=olng— [ ras
=b
(29.16)

YroGH HAMTA Y, HAM OCTATONHO Teliepb HCMOIS308aTh KPAEBOE YCAO-
site (29.9). TpesaphTensho 3auerny, uTo coraacio (29.6) M ZomKi
et

v, 1 oy
T = (29.17)
Ho audpeperuupya (29.9) no x, st noayuus (F=const.)
au,
(-ar),_u—"
W, sHaunT, BoAexcTBHe (29.17),
AR
0 )
(3)...=
Takuy 06PA3OM, HAM AOCTATONHO nponuwepmuuponm (29 16) no z,
z2=0n 0. Tpous-
BOAR STH HECAOKMHE BUKAAAKH, MOIYWHN NOCIE coxpamemu
e,
a1
B b’
v,

kgt —
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910 OIHOPONHOE WHTErpATLHOS ypaBHenne ann ompeseaciua d (9)/d8
NPHMET 0COBEHHO MPOCTOM B, CCAH BRECTH B KAYGCTBE MepeMeHHOM
WHTErpHPOBAIA BEHHY

d=high’ (29.18)
W oGomaviTL

(29.19)
My noayumy Toraa

. (29.20)

Tie 7/ osmauaer Audibepenuposane N0 aprymenty 9, a b= A ig by,
310 ypasHene eer pemene )

@ _
Bl (20.21)
F€ ¢, — NPOWBOALIAR MOCTOAHaS.
Tponssoan miterpuposanne, noayuny:
1 O)=cyaresin RTUEN 4 o (20.22)
3
rie ¢y — woBas Nas Cne
BCMOMHIM e pas, 4TO
1B)=0, (D=1
Torla MOAYWN OKOHNATETHHO:
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Ecau obosnaunts

(20.24)

N t
2= 24 Zi+ Z= postot {1 — (1 = K) 5 |-
Ecau benownuts onpexeneitie (29.12) Ans 7, moseuts Z wa ped/2 n
Ha maowams f(b— tig Oy) Kpraa, noaywsy 11a Kosppuuuenta C,:
t
1—(1—K) 5
—— (20.25)

c,
7
—iglog

Ocraérca tomko onpemeauts K. Berasass (29.23) b (29.24), MokHO
Hanucath mo (29.18):
1
K=z,
o2h
301 mererpan cpasy xe pHsHCAETC W AET:

(29.26)
Takin 0BPEION, OKOHYATEABHO Wi MOAYAEN C, B BHAE
_14ktgh ¢
:__ B (29.27)
1—1gt 4

Uro e Kacaerc comporubaeHus X, 10 €r0 MOXHO PACCHHTATH, Kax
WWTErpa’, PACNpOCTPAHEHHWA HA BCIO NAOWAAL KPHAA OF BHpawe-
wa pui7f 7. e. 570 Gyter:
X=— oot {1—(1—K) 5}
TaK wro
1

“‘K’ kb

1—tg ﬂ,, 7
Cosmab Meway C, w C, NOAYWNTCH MpH STOM B Bilze

1—tgh, & 5
ugu, T=a=Kbigs %
rae K no-npexuemy maérca npw noouww (29.16),

Co= g
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0 (npaMoyToTbHaR MAGCTIHKA) IpH aHa-

Toasps, orsevaiouine O
wenusx £fb = 0; Vs n Iy 415 v,/a,=1,2; 2,0; 3,0, nanccen Ha prc. 99.
amub npocTelt-

parpacax ¥

B a7 n
LiHe CAY9AH pelleHus MHeaPHIOBANHON 3aKauH
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Puc. 99.

B creayoules naparpade Mi HSAOKUNM OOWMA METOA moZyNerHs

pelleiis 418 NPOHIBOALIOTO TOHKOTO KDHLIA.
30. CeepxssykoBoe ofTexaHWe TOHKOTO KpHJAa KOHEYHOTO

PasMaxa npoH3BOAbHOA oput B naane. KOHIEBOR SdeKT i BHXpe-
Ban nenena. OGPATAMCA Teneph K OOUIEMY CIYWal0 CBCPXIBYKOBOFO
O6TeKai TOHKOTO KPHAZ ¢ OCTPHMH KpOMKaMH. Kak # B mpeanaymnx
naparpagax, CH4MTACM KPHAO Maio HAKAOMEMHMM K OCHOBHOMY CBEpX-
abyKoBOMY TOTOKY M PACCMATPHBACM Ammeliyo sazavy. Mccenosanme
STOM sanaww AR CAYNas NPOKIBOABHOA (OPMM KpiAa B nAaHe AaHO
8 padorax E. A. Kpacuabiuwkoso, a Take » paGorax K. M. BaGenko,
Vopxa (Ward) n ap. Jaaus manoxente, caeayn Kpasuasunkosof.

18 Teoperueckan ruapoexamiuks, 5, 11
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18 NPOCTOTH HIAOKEHHA OCTAHOBHMCA HA CAydde, KOrZa yroa
HaKaoHa mcz'renhnuh K KOHTYPY KPHAa MeHSeTCA MOHOTOHHO KaK 11si
nepenefl, Tak W A1s danueH Kpokw kphina (puc. 100). Ilycts ypas-
Henie nepem«eﬁ KPOMKH KpHa (CHECEHHOTO 1A IIOCKOCTH 2= 0)
Gyner x =WV (y) (ypaienue i 5\61’), puc. 100). Vpasiense saxeh
KpOMKH mycTs uMeer bun x =W’ (y). Iepewemasce 5105 nepexed
KpoMKH T 0 K B (Wi ot 0 K D), Mi GyleM BCTpeuaTh BCe 3Have-

av
s ‘4[ ot 0 20 co. Tlycs 5 Touke A (C) okakerca |%|

ctgay.

z
Prc. 100.

Tponentu Kacareavuie k nepemrefl kpowmke 5 rowkax A u C. Oo-
auaumM uepes I OGAGCTH TAOCKOCTH (¥, y), SAHATYIO KPHIOM; 0603HA-
umw uepes T 06aCTs <BHXPEBON MedeHH> C3a1H KPHTA, T. €. 06AGCTH,
OrpanHucHiIylo 3a1HeH KPOMKOR KPHAIA H MAPAILICILHHMA OCH X MOAY-
MpAMBNH, 3 Touek B u D (cx. puc. 100).
OGoanauum ewé vepes R(Q) 061acTb «KOHUEBOTO IppeKTa» Kphiaa,
T. e SACTE IIOCKOCTH, PICTONOKEHHYID MeKEY KACATETLHMI B TON-
kax A u B (C u D) (puc.

Tak e xak B § 28, HuieM pewenne 118 norenumaza &' (x, y, 2).
Tpencrauy ero 5 saze:

(Ii'(x,y.z):/f— (¥, y) dx’ dy’ . @
VE—xY=r—y) +27]

TIPHYEM MHTErpHpOBaHHE pacnpom‘pnnnﬂcw Ha Ty qacnmecxocm (x ).
219 KOTOpOR 8 (30.1) . 101).
Tak ®e Kkax ® B § 28, HAM NDHAETCS, TAKHM 0GDAIOM, anems acx0
© 0GIACTAMH, OTCEKAeMBIMH BETBAMH THNEPGOTH

F— &P — Ry — y R =R
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KaK W B § 28, wu GepeM aMwb Ty erss rHNepGOAH, AR KOTOPOR

* <x— RV =yPF y)’+zz

H-rzg)

Puc. 101

Samerw teneps, wto ¢(x', ¥) B (30.1) mMeer mpocrod rxpo-
IMHAMMYECKHH CMBICA:
1 (9"
o(x )“'*‘(az) (30.2)
Urobu yGeantsca n stow, sammwex cnepsa (30.1) & suze

Ly Gmrp=EE
R

-
®(x,y,2)= j
FI ey v
(30.3)
H BBEAEM BMECTO y' He3ABHCHMYIO NepeMeHHylo 3 paseHcTsa
Y=y— 1V FZcos.
Tak ka
ay = LV E= P =R sin0 a
"
(x— 2P — Ry — ¥4 2% = sIn? 0 [(x — x')? — k222,
noayuM:
s S (s y— Y Gy cost)
' (x,y, 2) = —_—t ) hax.
XA
(30.4)

18%
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Iluddepenuupys (30.4) no napasetpy z w noaaras 3atem z=0, npu-
2ém K coomromeno (30.2).

MOXKHO OTMETHTD HETHPE XapAKTEPHLX NOJOKeHHs BETBH FHNepGOIH,
cocranasomell Tpanuiy 0G1ACTH WuTerpupoRana B Bupawenun (30.1):
1) BeTob THMEPGOTH AEKHT eANKOM e Kpu7a (kpumas |, puc. 102);
2) beTsy TMREpGOTH MepeceKaeT KPHAO, HO Tax, uT0 ToukM A W
ocTaioTca BHe 06aacTi WiTErpupOBaHus (kpubas 1); 3) BeTsb runepGOAN
nlepecekaeT Kpuo, # Touka A (i C) HAXOIWTCH BHYTPH 067ACTH

\//l

Prc. 102

surerpuposzad, o foua B (« D) waxonurca sne o6aacTi erpupo.
sanns (kpusas 1), 4) petsy runepGos prenonowens . 1o 4
(C w D) nonaaior suyrps 06:aCTH HHTErpHPOBAHN

B cayuae 1) TOMKH OGJACTH WHTerpHpOBARMA " aotomou ne Boauy-
waiotcs. Mut uMeen szec

@ (x, 3, 2)=0.

B caywae 2) noawnrerpaibuas ymkuma us (30.1) Gyxer mssectna
BCIOAY, H TONKH OOJACTH MMTETPHPOBAHS BCe JEKAT HA KpHAC; ecam
YpaBHenHe NOBEPXHOCTH Kpuia

=1(x y).
7o 0 (28.23) u (30.2) ﬂ
o(r p=— B EED, (30.5)

B cayuae 3) 0GaacTh WiTErpupoBaHMA OYAET HACTHIHO BHXOLNTS 34
NpeleAb KPHAA (4ACTH NAOCKOCTA Mekay Amwneh AA’ W KOMTYpOM
KpHAQ); 3Mech MPHNSTO TOBOPHTS O BIHSHHH <KOWLESOTO Sppextar.
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Pymkunn c(x, y) byier m snech ompereasthca ¢ mosomsio (30.2),
OlHAKO Temeph ¢ OyieT 3apauec HEWIDECTHA B TeX TONKGX 00AACTH
WHTCTPHPOBANNS, KOTOPHE JCKAT BHE TNOBEPXHOCTH KpHAa. B cayuae 4)
0671aCTb MHTETpHPOBAHIA 3AXOAHT 33 MEAENH KPHJA elE H B BUXPEBYID
Teneny; alecy TOMOPAT O BTV CHIXPeIOA CHCTOMi 38 KPHIOMS.
Kax # 5 3), ¢ynkuus ¢ Gyzer aspasee nepssectia B Touax obseru
uHTerpupcBanm HAXOLTUMXCS BHE KD
00H pelliTh 32124y B CAYWISX BAFHHS KOHUEROTO S(ekta

BHXPEBOH CHCTEM, MOCTABHM Kpaesme ycoss. HO mpesie ue sto
€7aTh, OGPATHMCA K OMHCAHHIO (OPMH TIOBEPXHOCTH KPHAA.

(0 CHX MOp MH He ONPENEASTH BILX MOBEPXHOCTH Kpia. Ipea-
T0A0XKHM, 4TO MOBEPXHOCT: BepxHeH (z > 0) YACTH KpHAa MpeACTaBieHa
ypasienitex

s (%, ¥). (30.6)
4 TIOBEPXHOCTD HHKHEH YACTH KPHAQ WMeET BHI:
2=L,(x, y). (30.7)

PaccMoTpHM 182 THNOBMX CAywas: &) Cayua Kpuaa, cunmpuuuom w0
oTHowenwio K maockoctH 2=0; 3zece Ly(x. y)

6) cryuah kpuia Hy1eBOH TOMMMH; 3Xech Gy (X, et ey, Moo
BUAeTb, 4TO OGWMA cayualt MOMeT GHTh CBEAEH K PACCMOTPEHHIO STHX
THIOBMIX Cyuaen. JIeACTBHTEALNO, NYCTH KO 331aHO ypasHenney (30.6)
w (30.7). Coctasiy komGHrauiy

G, )G Pl (308)

i pemny 3azaty OBTCKAHNA, CHMMETPRUHOFO MO OTHOUICHIN K 0~
CKOCTH Z==0 KPH.JA C YPABHEHHEM MOBEPXHOCTH
=—t(x ). (30.9)

a Takke 3a7auy OOTekanMA KPMIa HYIeBOl TORUUIH C YPABHEHNAMH
IS ——

G (6 )~ Lule g5 7

E(x y)

z,=Ek(x, 3), 2

Nx Y Zg=m(x, y). (30.10)

Tak Kak §--m=0, 7—&=0, W Tak kak Wawa 3a1a1a AHHeAwa. TO,
CKManuBaR pelilenis, oTaenaiomme kputban (30.9) # (30.10), Mu noay-
N PEUICHE,  GTRCISOWCE. 3476t OGTEKENNA TPOISBOTLAOTO NOGHTA
(30.6), (30.7).

ﬂepeﬂnéu Temeph K (JOPMYIHPOBKE KPaeBHX YCIOBHA 3aiaul.

B caydae KpHJA, CHMMETPHINOTO OTHOCHTEABHO MAOCKOCTH 2 =0,
CCTECTIEN AT, 0| CLOPOCTI 1O OCK 2 SHTICINNETPII 10
OTHOWeHHIO K MAOCKOCT OTMa A28 BCEX TOMCK MAOCKOCTH

2100 e noncpHoCT Kpita Wit Zoms Gyze camtans
o0

0. (30.11)

oz
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Taxum oGpasom, 5 dopwyae (30.1) Wazo mpocro mozowuTe ¢=0
BO BCeX TOUKAX BHe KPHA2 W ONpeleanTs ¢ mo popuyre (30.5) B Tou-
Kax, oTceKzeMux Ha Kkpsite runepGomamu muna Il wam IV.

Topasio cloiHee OGCTOMT Reo B cayude Mpoduas HyresoH Toa-
b, 3aeck 90'[0z Gy €T CHMMETPHSIHO OTHOCHTENsHO MaockocTH 2= 0.
Tosepxrocti R, Q, T sBATIOTCA nosepxiocTaMin paspsisa dywkium B';

it prys yeaoss
HOPMA/bHOR COCTABASIOMIEH CKOPOCTH W AaBIeHHA. D10 O3Hauaer, uro
Biie KDHAQ, DK TepeXole Yepe3 MIOCKOCTs 2 =0, npon3sonisie 0d’/0z
w 0d7j0x o (28.13) Gyayr wenpepuswyl. Ho Tak Kak Temeps 00'/0z

CHMMETPHSHO OTHOCHTENS-
o naockoctn z=0,
ovjox anTu-
CHMMETpHUHO, WA, TaK
Kak 00'[0x nenpepunno
TpH nepexoze uepes mi0-
ckocts =0, 10

. 1o Mm

JOIKHM  NOTPeGOBATH,

T06H GHAO

o

o npu z=0
(30.12)

Wa BHXpeoH meaewe 7,
a Takke B obaactax R
Prc. 103. W Q. 3aMetuM ew, 40

wa awwn  AA' (CC')
(pic. 103) somkHo Gumh @=0, i Toraa, mo (30.12), po bced 06-
nactn R (Q) Gyaer @' ==0. TakuM 06pasoM, B ciyuae KpHaa wyae-
BOM TOMUMH Mbl IOTKHK peu, Crexyouy Kpacoyo saiy: Onpe-
ety @' TaK, 4ToGu GHAO my

5 oGactu £, (30.13)
5 obaacti R(Q). (30.14)
5 obaacru T. (30.15)

TlokaeM, Kik MOAHO pewiTs STy 3aiasy.

HaunéM co cayuas BANAHHA ONHOTO KOHIEBOTO S(deta. Hrak,
RYCTH NOAOKeHte THTIEPOO; 0GAGCTH WTEPpALLNN B BHDa-
e (30,1, orseuscr na pre. 105 xpuson N B obsacrn R dym.
uns ¢ (¥, y) hemssecrsa. TIOCTPOHM HHTETpatbhOe ypaBeHiie Aaa et
onpeseneis. [las sToro obpaTamca K Tofi wactd 06aacti R, KoTopas
PpacnonoKena Mexiy XapaktepHctukoft AA’ (puc. 103) H XapakTepHcTi-
Ko BB' (10uka A — NO-NpeKHEMy T04K3, 5 KOTOPOH XApaKTEDHCTHKA
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KACAETCA KORTYpa, TouKa BB — KpaNss CIpapa TouKa KOWTYPa). Bepasim
10 popmyste (30.1) notenwan ckopocti 9 kaxoft-au60 ToukH N (x, y, 0)
510 ofaactu. Mo (30.14) ST0T notewuwan pasen mymo. OGacts
WHTETPHPOBANHA PasobbEM Ha ABE HACTH (KAK NOKA3AHO Ha pic. 103) —
o6macTs S(x, y) 1 (%, y). O6MACTE S—5T0 WaCTo KpiAa, HAXOLA-
LARCA BHYTPH XapaKTEpHCTHYECKOTO KORYCa ¢ pepumnoft 8 N (x, y, 0).
B o6aactt S, coraacno (30.2) # (30.13), dynuns 3aana. O6aacts o —
uacTh 0GMACTH R, HAXOMANAACA BHYTPH Hallero Komyca. B sToR 0f-
JACTH C SBARCTCH HEHIBECTHON BeaHSHHOH. TakiM OGPA3OM, ME MPHXO-
M K HHTETPaTbHOMY YpaBHeHHio

dx'dy'+ f(x. y). (30.16)

e f(x, y)—nasecmn dyniws:

S =t [ [EEN

" sien ¥

_ dx’ dy'.

By
(30.17)
Hisrerpansoe ypaswenie (30.16) cyulecTsenso ympomaercs w Mower
6UTh JETKO pELIEHO, CCAN BRCCTA BMECTO ¥ My XapAKTEpHCTHYECKHE
KOOPAUNATH %), ) 3 paveticTa:
H=x—xy— R =y =X — xRy — 0
wma k(Y =y M= k(Y ).
3a65h 3y OGS, HATPINCP, KOOpAMIIT 101K O, repeces:
103).

] (30.18)

ok Kok o’ nceriony npaaay

dx' dy' = %dx dy" l P dx’ dy' = 2kdx’ dy',

To Wit moayshM Bmecto (30.17):
e(x 5)

dx|dy, =

// V=06 '

B HOBHIX KOOPAHHATAX MEpEMeHHbe WHTETPHPOBAHHA B 061ZCTH o GyyT
MeHATSCA B Mpelenax

0<x <y, () <y <y,

2kf. (30.19)

e y,={,(X;)— ypaBHense B HOBHX KOOPAHHATAX GOKOBOR KDOMKH
kpuna—ayrn AB (phc. 104). b 0baacTn S nepemennan x| Mewsercs



280 TEOPETMYECKHE OCHOBH TA30BOR AMHAMHMKM a1

B Tex Ke mpeacAIX, o NEPEMENNAR Y] MCHSETCA B mpexeaax
$E) <y <hi(x),

The yy={§(x;) — ypaenue nepexueR KPOMKH Kpura — ayri CA.

Puc. 104

Takuw 06pasoM, Hamle WTerpaisioe ypassenne (30.19) Gyzer
ety BHA
5o

dy|dx;=

P ,
a

dy;dx],  (30.20)

30.21)

(wapecTnas enunna). Pewewne ypasueuns (30.20) paBHOCHASHO pe-
enmo A8yX ypasewnt AGeas. Cobupas oba miterpasa w3 (30.20),
noayuiy

il L5 8

@i Vy,~y. wix) VY i

1=

(30.22)

910 — ypasHenne AGens ¢ MepeMeHHHM mpeledom # C MPaBof wacTio,
TOKIeCTBEHHO  paBHOA Hymo. CreloBaTesbio, KBAAPaTHAR CKOOKa
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b (30.22) momxua GuTh Hyaew MpH X|=X H, TAKHM OGPasON,

2 (0 )

i)

- dy;. (30.23)
st Vo=
310 BHOBL ypasreie AGeas, HO C Mpasofl HaCTHIO.

Yro6u pewnts ero, ywHokmy cnepsa o6e ero wacti wa 1/VF—y,
" nponH’rerpupyeM no y, o1 yy =1 (%) 1o y,=*. Toayamu

e

win wing V=,
e

a(x3)

- dy']dy‘ (30.24)
Viey L;,m Vai—n 17"

I, Melss OPALOK MHTErpHPOBAAR CpABA W CAesa:

et y;)u =

iz

wix)

i . .
== f a(x, Y{)[ '/.V('—rjl(y,—y. ]dy,ﬂ (30.25)

bl i)

Ho

" oo x dopuyae:
f e )y =
i
‘h =) —n “ P
el | LGOS
ix =

Jlupdepenunpys obe §ACTH STOTO pasescTsa mo £ w 3aMenss 3arew ¢
Ha y,, MOAYUHM OKOHYATEALHO:

\ i
1 ,
G = TVy,—M(x,)w!I: axe )

Vien—n a;
n=n .

(30.26)
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Bamernu, uto no (30.26) CKOPOCTH BOIMYLLEHHOTO NOTOKA ¥ 06pa-

1AI0TCA B GecKOeWHOCTs Mp MpHGANNenH K Ayre AB (x i
=, (xp) ueske kak 1/R, rae R— paccrosmie ot Toukn N (x,,
10 nyru.

3uauenne gywxunn ¢ p 06aacth Q HANAETCH aHATOTHUHMM 0OPAIOM
saMeHON QYHKIUA § H $; HA COOTBETCTBYIOUIE (BYHKLMH, NPEACTaBAO-
1uHe GOPMY KPOMKR aesofi cTo-
potH>.

3uas ¢  06aactn R, Msl MOKeM
HafiT Teneps notenuuan @’ 5 moGoA
Touke M, 419 KoTOpOR 0Gaacts
unterpuposass s (30.1) pacnpo-
CTpaHCHa HA TOBEPXHOCTH KpELIA
w oGnacts R (cayuah III, puc. 102);
NyCTh 973 067ACTh WHTCTpHpOBa-
HHS  oTcexaeTca  runepGosoR I
(puc. 105). Jlas waxomzcnis no-
TeWuHasa nepefiatM K KoOpAHa-
TN Xy Yy 2

H=x—Xg—k(y—y).
N=x—Xo+k@—y).
2=tz

Fle Xg. yo— KOOPIMHATH TOuKH O,
TIeECeucHin. KACATEABHIL, NIPOXO-
asunx wepes A u C (pic. 105).
B Hosbx Koopaunatax (30.1) sanmuercs © ue:

1)

Pac. 105

dxdy;+
dx}dy, } 30.27)

061acTb  HHTerpHpOBaHMA pPasbuta B STOH QopMyle Ha Tpu uacTi
Sp+S,+S, (puc. 105). Bnecs S,— wacTs 06AGCTH WHTETpHPOBAHILA,
pACTOROKeRHas B R; Sy— 9aCTb KPALIA, PACTIOAOKEHHAA MEAIY FHep-
Gonoft ' u npamoi, napaaseavtoft oci ¥, u npoxoasuiefl uepes Touky E
nepecevenis Tnep6oab I' ¢ KONTYPOM Kpbaa; S, — OCTAIbHAR 4acTh
Kphaa,

Tonsaysch Gopuysot (30.26), BUHCANM WHTCTpai MO NAOUAAKE Sy
B Gopuyae (30.27). B npeleax NIOWAIKN S, MepeMeHHan X; MEHFCTCA
o1 0 20 xp, e xp—aGcudcca ynowsnyton Toukn Ei 0. x| < xp;
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ak Kok ypabrennie neron T 6yzer (x,— x{)(y, — ¥))— 2 =0, uaw
2

E
yj=9————. 70 y| Ha Naowanke S, AEKT b Npexenax
—x

2
b (x) <y<y— o=

=

Takus 06pason, Mu MOeM Hamkcath o (30.26):

5 Py
e b

a(st VR = 45 } st

X{m e e e ]

AW, Menns WHTerpuposaniie o y{ W y{:

YE )
a
J=—1
B

»
x| [ el ay; .

# VSR i) l/ n—

BHYTPEHHSR KBAIPATYpa BHMOHARTCA W AAET

{ )=

X —x

1) Hurerpas

f V—y_——)F—_‘di—xm_ﬁ ¢ ronowswo saxens V(5 —2) G —7) =

(i~ )¢ mpusopiren x suay

f____"‘.*=
Joptelt—y (148 V(e—



284 TEOPETHYECKHME OCHOBH TA30OBOR AMHAMHKH a1

W Taki 0GpaaoM M momysack

E wt

a(x, y7)dyy dx;

J=—

(30.28)

§ove Ve—sai—n)—4
O6pawasi BHHMAHWE HA Tpelensl WHTerpuposania B (30.28), 3ameriw,
4TO MOCAeAHee PACNpOCTPaHsieTcs HA naowaky Sy. Mo (30.27) Momem
Y (% Y 2) =
[[octineini I a(xh ) axiayg
7/ o L
s Vema)ti—n—a 25! Ve—6—-2
Ho 70TAa WKTerpams mo miomaixe S, COKpawawTCA Tak, 4To O’ mpu-

1 a(x, ) dx dy;
D (X, y1.2,) =57 —_—— T (30.29)
woneo=g [ ye iy O

M nOAYNTH, TAKHM O6PA3OM, WHTEECHHH DEYABTAT: AR BHNHCAE-
wust O’ NPUXOAWTCA WHTErpHPOBATH MO MOBEPXHOCTH KPHAA, NPHIEM
TOILKO MO TOA €ro uacTH, KOTOPas WAXOMMTCA Mexay runepGoofi I
npaMoR,  NapaazeabHoR

S

Kphaa  (3ANTPHXOBAHA  Ha
pic. 105).
B paccuatpusasivemca
WaMM  cayuge, OTBeuaIOLEM
we. 105

(AE). Ha puc. 106 npex-
CcTaB7en Takof cayvait nepe-
ceuens runep6oasi T’ ¢ mio-
CKOCTSIO KpHaa, TIpH KOTOPOM

Prc. 106 LeBolt speKT 06ONX Kpace.

BelEHHME BhLe, YOEMUNCSH, UTO AOCTATONHO GyeT PAcTpOCTPAHNTS HiTe-
TpUpOBANHE 1A TIOMANb Sy~ Sy (ALTPHXOBIKA), IPHUEN WiTerpas,
PaCTpOCTpaHUHHHA Ha OBMACTs Sy, Helo BIATH C OGPATHEM 3HaKOM.

TIpOCToTa STOT0 Cyuas saKi0uzeTcs B Tow, uTO acTH R (Q). Koto-
pue 3lech NpuxoaWTcA paccuatpusats (o6aactu Sp, ). HaxoaaTca
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Kaaas NOA BANSHHEM KOMUEBOTO S(eKT2 AMINL CBOSTO KPas: BAHSHHE
«71€BOTO» KOHUEBOrO 9(eKTa He PACMPOCTPAHAETCA Ha 067AcTh Sy
waMsiiie «NPABOTO> Kpas KpHAA He pacnpocrpamserca na Sp. B obmes
Cyude MOXET OKaIATHCA TAK, UTO A1A HEKOTOPHX TOYK MOBEPXHOCTH
Kphiaa 1 o6aacti R (Q) GyayT WHTephEpHPOBATE BAHAHHS OGOUX KOHIOB.
3T0 MOKET NPOMIOATH B Cayuae, KOTAA KPHIO Mal0 PacnpoCTPaHeHo
B10ab ocH Y u BuTAHYTO BROAL ocH X. Takoe
KPHAO HASMBACTCH KPHLIOM «MAIOTO YATHHEHIS>
(puc. 107).

Tlycts A, (C;) TOUKH KOHTYPa KpHA3, B KOTO-

oceft X, ¥ (aHanormuno ciysaio, HaoOpanesHOMY
na puc. 105). Yepes TouKky A, MpoBeléM Xapak-
TepHCTHKY (T2pannenbhylo ocH X,) 10 mepecede-
Wi ¢ KOHTYpOM B TouKe C,. M3 0uki C, npose-
agm npsmylo,

oci ¥,) 10 Mepeceuenua ¢ KOHTYpoM B TouKe Ay
U3 Touk A, NPOBEAEM XaPAKTEPHCTHKY 1O Mepe-
ceuenus c epod wacsio Kowtypa (Cg) M3
TouKH C; NPOBEAEN NPAMYI0 20 NepeceHenns ¢ npa-

XapaKTEDHCTAKZMI, OCO3HRWHN  Hepes o, (3
a(35), -+ (cM. puc. 107). Tlycrs eme ypassenne
1paBOH KOHILEROM KpOMKH KpHLTa (it Ay A,

SAMMCHDACTCA KaK U MpEXIE B BUIe Y, = by (),
a_ypasiienne nesofl KOWLESON KPOMKH (THHHS

C,C; ... D) Wueer Bun y,=dy(x,). Sanuuem Puc. 107
Temeph ycnoBMe, uTo notemuman @ oft

Touxe N(xy, y,) NOAOCKH oy pase Hyao. AMAIOTHWHO TOMY. KaK STO
MO MecTo B cayuae pHc. 104, Ml noayuHM BHOBb ypaskeHue AGean
Tuma (30.20), OTKyAa mocaenyer pasenctso Tuna (30.21). dto Gyzer

w “(m) )
(o o+ /‘ 1;(4«- 1) a5+
ey Von—s wigy Vow=si

N0 gyl = 0. (30.30)
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Brech ¢y=—1/709//0z B TOUKAX TOAOCKH 3y, Yy — OPAWHATA TOKN
nepeceuelins ucpes TOUKY y==yy W MPAMOM, MapaircabHol ocH X, W
npoxoxsueR Yepes TONKY Cy_y. UTO e Kacaetca 20 GynKunh ¢; (x,, ),
G ) - os Gy, Y). To S0 e nemwumn — 1/ 90z
B TOJAOCKAX O, Gy, ..., Oy, COOTBETCTBEHHO (uieH, colepwauud I,
ToRBAseTER TOTGKO MpH k> 3).

Ecan wssectan ¢}, ¢, 0 QyHKUHA ¢, HARXETCR nyTEM
pewenns ypamess Aet (30 30) Coaepmelmo TaK e, KaK 1 B cay-
wae (30.21), mu nonyuny

N
oGy Y =— % !
TR AN Py o)
e,
q
+
Vgt

(30.31)
C Ipyro# CTOpOHE, MOXeM HANHCATh AWAZOTHYHYIO QopMyay aas
A yM). THe Xy M Y, —KOOPIMHATH 0GRt TOuKM M (X, v,
061aCTH o). IMeHHO, eCaH 3ATHCATS ypABHHHE MPaBOH KOHLESOH KpOMKH
B BUIE, pelu!nnnu OTHOCHTEABHO Xy 1 Xy == ) (V). @ 1eBOR — Xy == 1, (¥,
TO M GyleM uMeTh:

BOn o, —_—
(e 3)=— 1 T el Vo=,
T "VXM—xz(yu) 10 T, v
LW
+ /' ‘» 1(’:-)'")‘/7-:()’»4)—1‘1 axi4
x, XM"'XK
e
1=k-2 F151 ’ —
(o) Vuomw—x
RO LA e ) 30.32
+ 2, [ —1t X ©0.32)

Dopmyast (30.31), (30.32) NO3BOAAT NOCIEOBATEABHO OMPERCAHTH Bee
QYKL ¢, C|. B CAMOM Xede, QYHKIWH C,, ¢| YKe ONpEXCAeHH BHIE
(gopuyan Tuna (30.26)). 3was ¢, ¢, wanxew no (30.31) u (30.32)
SHANCRHA €y W C) W T. A,

ReTanax pacubTa MH He OyieM OCTaHaBAMBAThCA. [lepefem
Teneph K PACCMOTPENHIO BAHAHKS BUXPEBO CHCTEM 38 KpHAOM (pic. 102,



s CBEPX3BYKOBOE OBTEKAHWE TOHKOTO KPHUIA %7

runep6oaa 1V). Byies oTnpanisTeCs BHOBb OT OCHOBHOM OPMY.IH TIOTeH=
unana (30.1). BHOB, BBCAEM XapaKTEPHCTHUCCKHE KOOPAMHATH Xy, Yy.
BausiHHE BUXDBOAl CHCTeMBl 33 KPHIOM OYIeT PACMPOCTPAHATCA Ha
Toun obascru 7 (puc. 105). 8 axxe wa Town obmacru R (Q) pac-

BIHYTPH KOHYCa 3 Toukit B (D).
B oamacni T oo, sunomiatsca. Senosie (30.15), xoropoe 8 nepe:
MEHHHX Xy, y, HMeeT BHA:

(30.33)

Bo bcex Toukax o6ract R smnoansercs yciosue (30.14):
CiEA0BITEBHO, 1 B STHX TONKIX GYIET BUNOARTSCA YCAoBHE (0.3: 33)
Horenuan ¢/ b Toukax N HTepecylowel HAC 00IICTH HMEET BHR

€ (31 i) dxi dyi

sbsos V=) =)

¢ (3 lek (30.34)

npusEm umerpupoaanhe prcnpoctpanenes s Tpu mouazce: 1) nao-
wazky Kphiae

uepes N napaieaso och y‘ (pﬂc. 108), 2) maowasky S,— noa0CKy
o6aacTi R (He Kpw1a), PACIONOKeHHylo Mexay ¥, W auwed, mapai-
neabkof Y, W npoxoaswe#t depes Touxky B, 3) naowaiky o — o6aacts
BHe KPUAA, AeKAUYIO BHYTPH KOHYCOB XapaKTEPHCTHK C BepuImHasmi
B TouKax B u N.

BaMeTum Temeph, 4TO SHAUCHHE ¢ HA MOBEPXHOCTH KPLAA HaM H3-
BECTHO; MH 0GO3HAUHMH €r0 ¥epe3 a(xy, y,). 3Hauenue ¢ B 06aacTu Sy
M yKe yMeew naxomuth ((popuyna (30.26)), NpHYEM M SuaeM, uTO
wnterpan (30.34), 3ATHA 1O 00MACT Sy, MOMKEH COKPATHTECH B CHAY
(ao 28) C HHTerpazoM, BIATHM MO ¥acTH S, (PHC. ws) KpHaa, oTceKae-

3 B

oo V1. B obaacn o dymn wexssectia.
Das 06aa

yeaosmex (30.33).
Tpexae uex navams npnnasonm\, BHKAAAKH, CBAIAMNME C AMPepen-
UMPOBAKHEM TOL GHAKOM WHTrpara, NOCTABMM YCAOBHE HEMPEPHEBHOCTH

dynkuu ¢ va sazuen kpowke kpaa (ausns BBD), T. e. nocrasum
ycaoshe

el ¥ (x)) =a(xy, ¢ (x) (30.35)

tae y,={/ () — ypaBHEIlie saiwen kpowkw. 1o TpeGOBAHHE aHATO-
THUHO  ycaoBmio JKYKOBCKOTO A9 OOTeKamms Kpuna HecKEMZeMOf
KHAKOCTHIO.
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Ecnu ypasieie nepenuedl wactn kpowkn (1yra AA'C) Gyxer yy=
= (%)), To Mu Moem sancarh (30.33) B Baze:
P

& -
o)V

o
o [P e(soa)dyan

2 WM o, (3036

+”";[¢(;[;;V(xx—x|)(y‘—yi) @00

e xz—aGeuncea ouki B (pic. 108). Mpewae uew anppepenLmposars,

Pc. 108,

NpeoGpasyeM MO HHTCpAZM MYTEM MATCTPHPOBAHHA MO HACTAM.
Hoiensio, WHTETpHPYA MO x, MoAyuMM

dx|=

o(x, 51)dypdx; [ yf(‘--h)"hJ )
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Awasornuno ycionio (30.35) MpUMEM eUIE HENPEPHBHOCTs ¢ i Mepe-
xoae sepes mumiio A'B (puc. 108). Torza nepsufi mnterpar npasof
uactn pasenctsa (30.37) Gyxer pasex mymo (cx. (30.23)), n Mm moay-
ans, aupepennpys obe wactn (30.37) no napametpy x;:

c(x', y)dyy dx; 1 L,
A —= ——dy,dx|—
@ [ / Vi)t ;[&f Vet og 0

9 (x1)
ox]

(%1 4(x)dxp. (30.38)

)]

Bropolt unterpai B npasoft wactn (30.38) Gepérc Baoas awmmu AC
nepeaHel uacTit KPOMKH Kphina.

Samnuiey €U pa3 AUl WHTErpal, BHMOHAS WA STOT a3 wacTHOE

WnTerpupoBanie 1O yi:
e
(.
{ 75 -
Vo=
#)

Py

X —x

: [mi,w(x;wu Y+

. dy] ] dx;. (30.39)
"
Duddepentnpys (30.39) mo napaverpy y,, noayuin:

oy ff i 7 Y ”Nu"x =

e =)=

1 e () )
-{;_f Vin—s)n—x) o

Ty dEdyi+

19 Teaperuueckan rnapovesamus, «. 11
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Cxaanusas (30.38) n (30.40) u samenss c¢(x’, y') Tam, rie oHO M3~
bectio, Ha @ (¥, y'), npUAEM 1o (30.36) K cooTHOWeHMIO:

ac (3, y1)
oy,

dy; dx;=

() , 90|
A

S 1_M a(x], (x)))dx. (30.41)
Vim=a)ln =+ (0 a | TN
Bropofl WnTerpan cnpasa cieayer Gpate Baoab aumin ayrn CA' (e¢
ypasienie: y, == (x,)) Nepearel vacTH KONTYpa Kpraa. [lBakau pewas
ypabtienie AGean (30.41), Mu cyowen uaittn = ‘ﬁ nocae uero,

Pelwas ypabxedme MepEOTO NOPAIKA B YACTHEX NPOMSBOAMMX, HANAEM
€ (xy, Y-

Cobipan 5 (30.41) unTerpuposaiie N0 y, i NPHPABHNBAA MOMHTE-
pabHOe BMpANEHHE HYMO (CM. WA PACCYKAEHMS 1% YPaBHeHMA
(30.22)), cpasy e pewkM OAHO ypaBHemie AGeas M MOAYMM:

P {a;(,,, y;)+ec(;,.ly.')] iy =

st Voo | on
- p/s) [mx.. ) b y;)] i
vix 0% o5 .

d.

b ()

a(x, $(x)). (30.42
en = Ja e v )
310 ypabiieniie AeTKO PEIAETCA (M. aHaiOrWuwnoe ypashenie (30.23)
W ero pemenne ¢ rnovouwsio gopuya (30.24) m aaace). Ms npuaéx
« pasercray:

v
o o 1 1 02, da

o Tan w?y.—wmwf“ (l)x,+0y;) v
VI =)
n—hx)

—a(x, x;;(x,))[l —ﬂd-%i} . (30.43)
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Vpasientie (30.43) MPOMHTETpHpYeN B30ab MPSMON, NaPAATETLHON Habe-
raiowemy notoky. [Ipn 5TM yoGkee mMepeiT k nepeMerum & 7 13
panexcTs

1=

TAK 4TO const. nmpeacrasaser MO

Xy —yy=const. T. e. mo (30.18), ammM0 y == const., spasOuyICA
npnnon napan’lenbﬂon ocﬂoammy noToky.
¥ ocTSETCA BUTOINNTe OIRY KIAPATYDY Mo % (savenws 5 mpa-
BbX mm (30.43) nepemenyio X, Ha & y, —#Ha §—7). Ecau Touka
N(x;, y;). 4T3 KOTOPOH BelETes pacuer, mxogmcn 8 noaoce T, 10
HNTETPUPOBATS 1O § HaZ0 GyAer OT £ 10 E e § maMAETCR w3 ypasiie-
Xy (Towa vouTypa NsXoauTCcR W3 mepecesciin
=y, B

N).

Tacus  o6pasow,  QymKuus
¢(x,, y) Gyaer onpeacnena uyTpi
Bixpesoft noock 7.

OctanosuMcs ewe Ha onpeaee-
s nasacans p’(x, y, 0) wa no-
BEPXHOCTH KpHAA.

To (28.12)

0
P=—po 5. (30.40)

B cayuae Kpua, cuwMeTpRuHOrO
oTHOCHTEALNO MaocKOCTH Z==0,
gynxuns 90/0x Gyzer antncnu-
Metpuuna (cM. crp. 278) n wm
MOKeM HATHCAT, HATpHMEP:

PL—p, ip,u,(f)d").. Prec. 109.

TakuM 0pasom, Kak 119 onpeneeHHs IaBienws, TAK H 175 OmpeAcde-
A PASHOCTI AABICHNN JOCTATOWIO YAET YNETh ONPEREANTS MPOHIDOA-
o 00'[0x wa IOSEPXHOCTH KPITA (WIase TOROPS — OMPEEAHTS TOTeH-

ILHOE  YCKOpein ) 00//0x; M. npeasaymud  naparpad).
Ocranommuca na ston noapodiee.

P . Ho o6wuA cayuatt,
puc. 109. TIycts nepeawss kpowka AC Kpuaa WueeT B XapaKTepHCTH-
HCCKIX KOOPAMHATAX YPABHENME y,— { (x,), 2 B pelleHHoM OTHOCH-

¥ (x,
ABHO X; BHAE x.—x(yo. nyets Kowuenan KpOMKA Kphiia 3aialia
B Bnae 3, =y () (ayra AB), wam =1, (y) w y, = 4,(v) (ayra CD),

19+
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W Xy ==y, (y,); aIH7A KpOMKA IaWa B muie y,={'(¥,), wan x,=
==y/(y,). Hal1ém napienne noToka Ha MOBEPXHOCTH KPHAA.

et 2
Meway coGod ma kpuae B Touxe E (puc. 109) u mepecexanr saimion
KpoMKy Kpuaa n Toukax A’ u C’ COOTBETCTBEHHO.
Tycrs ewme ws B D,
Me1y coGOfl Ha NOBEpXHOCTH KpLa B Touke E’ W BcTpesaor oy
KpHAZ B TOUKaX

cooTneTCTREHHO.

clo noBepXHOCTH KpLiaa
ectecTBenHO pasGHTH Ha 9 06~
aactelt (cm. puc. 109). B 06-
aacTn I kouuesol apex ne

HO He CKa3LBaeTcss KOHUeBOA
sext  aesoll  (npanof)
KpOMKM; B 06aacTH 4 CKashi-
BaIOTCA 002 KOHUEBMX -
exra; B 06aacTu 5 (6) cka-
Puc. 110. 3BaeTCA BAMSHME BHXEBOA

aenb, c6eraomedt ¢ npasoil
(nesoft) wactu kpusa. B oGaacth 7 (8) crammaeres shbekt sixpesoft
nenentl, cOeraioneft ¢ npasofl (1CBOMH) YACTH KPOMKH i €lIE KOHLEBOR 3¢)-
¢exr, otBeuaomuil neofl (npasoft) kpomke. Hakonel, b 061acTh 9 CKasbi-
BAIOTCS BUXPEBHe M0/10CH, COEraloULHe KAK C MPABOM, TaK 1 C 1€BOH CTOPOHH.

B "

o

a (¥ y)

B(xp vi X )=

A5G )
Via—)0:—x)
B XapaKTCpHCTHYECKHX KOOPAMHATAX (30.45)
a9’ o
P =% (5 + ) (30.46)
Opmines x oGaaern 1 (pac. 110). Sxec wueen 10 (3020

1

i [ [oeimopiias. oo
100 4 (<)
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BunoAHiM 31€Ch HACTHOC WHTETPHPOBAHHE MO x| 1 NponuGdepenmupyex
noyueKHoe BHPAXEHHE TO X, (N STOM Ml BOCMOAb3YeMCA NMpeobpa-
sopaex Ha CTp. 278 W Najee); BHNOANMM 3ATeM uACTHOE WWTCTPHPO-
panne To y; W mpoxiddepenuupyeM peayastar no y,. Ckiarwisas o6a
umpaxeHs, NOAYWNM A1 oGaacT |

g (st vi e sasiari+
g

(Pa— P

+/[)uv dii?;)]b(x;. Y1) y‘)dx;}. (30.48)

rae L—nyra M’M” nepeinell KpOMKH Kpuaa (TP WHTErpupOBaHMi
nepeweimacycs or Mk M),
B obaacti 2 (pic. 111) omnpasasescs ot smpakenis (30.29):
5w
1 - Cax
Y=g I fb(x,. Vi % y)dy|dx;. (30.49)
wi o)
BunoaseM IudhepernpoBate aHATOTHINO TOMY, Kak 3TO GHAO Cle-
aano shiwe ). Mu noayuus aas o6aacti
) — B _— Cay
(p.*ﬂ.},~—,,—{ff4(xp Y5 X y)dxidy|+
s
g (r G T g
+ [0t o 1= ) s
i 1

H[1— Lﬁ;;f—‘)Jifb(l"(y,). Vi y‘)dy;], (30.50)

") TMpi xudepenupoanin o y, yao6uo Gyzer wauats ¢ Anpdepenus-
POBaRNS RO HiKiteMy npexeay:

w1 Fati) ],
oy udy;ln('y/:) Vi— L(Xj;; Voo | =

»
o] — dalnd [ sbaen s mon)asi+
¢ln)

F- o ’oon
! 0 a(x.,
2), dy) |dx;

+

gy Va—s | o) e
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-~
rie So—sawTpuxosanas wa puc. 111 naowame, L—ayra MM

nepeauedl wactn Kowrypa, L,—mpavas amwns MM (nanpavichie
wnTerpupoana mo L W L, yKasawo crpeamn).

Pac. 111 Prc. 112,

Cosepienio anasorwuno Ana obaacTH 3 noaysHM:

Girle= 5 [ [ atei sis 5 vyaxiasi+
+ 200y i 01— 250 it

L) ,4/ b(xi a5,

rae naowans Sp ayra L u npawan Ly xanu wa puc. 112,

+[1— % y|)dx;}, (30.51)
TpH STOM /A BHNHCAHHS KBGAPATHOR CKOGKH YAOOHO SaMKCaTh

n on .
L4 a(x ) dn
o LV y—y
e T

"

»
Vasie(h )+ [ Vi 2 ol
;- Y1

+(=) #(=1)

Ty
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B o6nact 4 npu BhuNCAeHnH D’ HAM NPUIETCA BECTH MHTETPHPO-
samie M0 ABYN nAomaKau. (e puc. 113): Sy w Sy man e mo oxHoR

b

fl }u N
' ‘Wn";:%;‘;‘l w‘!‘[‘;h

‘u

il
( ﬁ”w\‘u‘”

i

il \\‘Hw_ Vi
‘\\,‘:H\” 4

Prc. 113. Puc. 114

niowanke S, (puc. 114) B 3agHCHMOCTH OT TOTO, NepecekaioTca i
xapaxtepucruki M AV u AUH” na kpuae wan we Kpaa.
B nepnow cayuae Gyzer

= [ [oi v % w)axidy; — [ [o(xin v %, v)ax;ay;
S Sua

H TOrMA, nOCAE NPe06pAIOBANNA, AHAAOTHINKX TeM, 4TO GuAN CAeAanE
BLle, M nOAYNEM

(R ARE { ffd(xp S %y y)dxjdy;—
"[f”("y i %y ) dxidy| —
= [ ot vty 5|1 = 4D

A1aly) . .
ay, Jlf Ot () ¥ % w)dyi+

+ =

. aw‘;;x,)JA/o(x;. Gy y,)ax;}. (30.52)

~ J— J—
rie L ety ayra M7MV. L, —npavas MVAT, L,— npumas A7AT;
HANpABACHIe MHTErPUPOBAIA YKG3ANO HA PHCYIIKE.
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B cayuae. uaoSpancinom wa puc. 114, meew
—_ 1'/1 s .y
(Pa—rP)= d(x] v %y yy)dx;dy]+
So.
+ [5( v 5 w)axi+
i
a3
1 g U) ["(x () %55 % )y
e
+[1 — L, [ b} (-
rae Ly, Ly, L wiobpakens wa puc. 114,
Pacnpeesesue 1an 0644cTH 5 (aHaTOTHUKO 215 6) BLUHCASETCA MPOLLE.

Jlas caysas 5 waTerpuposane At ' M JOMAib PACNPOCTPAHHTS Ha
061acTs Sy—+ S, + S, (S, HAXOMMTCA BHe KpLAA B 00AACTH R). wan e,

£, )] } (30.53)

Pc. 115, Puc. 116,

7o anazorun ¢ (30.28), ua oGmacts S, (puc. 115). 3nech bHOBL M no-
AY4N IPOCTYIO GOPMY Y, AHATOTHIRYIO GOPMY.e, OTbevawel 06aacTu [

4 'Ap;)s<£‘,f-‘[ffd(x;v Y %y v)dxidy+
+[{ "W’ ]b(x Yy y,)ax;], (30.54)
i
tae L—nyra MyMy (puc. 115).

ANaioruuHsN 00pasOM 247 06IICTH 6 Huee:

avy

Ph—r)="%" ffd (x10 Y %, W) dx dy; +

+f[1_ 1)

i

}D(x(y,) paEN y,)dy.] (30.55)
{en. puc. 116).
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Jlas obaacte#t 7 w 8 moayuns, KOMGWHMPYS HAUIH COOTHOWEHHS:
:P‘T"‘{ffd(x;‘ Vi xp v)dxgdy;—
5
*,/‘f"(x;- i xp yy)dxdy]—
dy(x
_[b(x,, () * y)[l~ (')]dx +

0] [t sty 5 i) 0059
i

(ow. puc. 117; amans L — 510 ayra M My; annnn L, — npawas M,A),
=1 [ [ e si 5 vyaxias—
5
= [ [ ot i i vyasiari—
ar(y})
- fb(xm s 1 — 28
] [ 000055 xevast) @m0
L

(naowazku Sy n Sy, awwnn L w L, xans ua puc. 118).

dy|—

Pre. 17, Puc. 118,

Mol He OCTANABIMBAEMCA OTACALWO NA CAY4Ge, KOTAG TOWKA nepe-
cevenus M, n MMy Haxomutcs sue Kpua.



208 TEOPETHUECKME OCHOBBI TA30BOM AMHAMUKH a1

Hakoiler, B 0673cTH 9, Tl6 CKA3NDAETCA BAMAHHE BHXDEBON MetekH,
c6eraiomel ¢ ofenx 3aXHX KpOMOK, Wyeex (cM. puc. 119)

(Ph—Ph = P—':‘—{[fd(x;, Vi v dy| —
< [ [t st s syasias—
Fi['p(x;, by * y‘)[l _ df,ﬂf

B 3aKmouene SaMETHM, TO XAA BMUMCIEHWA NOTBEMHOA CHAM MW
MoMenTa, Ha KpuiO, He BHUMCASTS Npen-

dx; } (30.58)

o ‘o o

e gl T K, — B 200, O, 0 418 e,
Hanphyep, MOLEMHOA cHan P
nueem

i [ [ 2 axay

NAH,  BHNOINAR  WHTErpHDOBaHHE
no x'

,
g
P=2p, [ ¥ (XW)y)dy,
’p

(30.59)
e x =X (y) — ypasuesue 3anueR
KPOMKI KpLiAa (B CTApLX KOOPIH-
HATAX), PEERHOE OTHOCHTEALHO X,

W yp — opanaT T0%€K B 1t D
Coorsercraeiio, 3 mirerpuponase

Prc. 119, PACTPOCTPANAETCA Ha AMHIIO 3aaHe
out.

IMepexoas K mpiMepaM npiMeHenns Gopuys SToro naparpada,
OTMETUM DAL YpOWeHAH, KOTOPWE GYAYT HMeTh MECTO B OTACABHEX
cayuans.

1. Ecan kouuesue xpoMn AB u CD cyto npsMiie, napaiieiue
naGeraouemy notoxy, To B Qopmyaax (30.52), (30.53) d¥/dx, n
dyy/dy, GYIyT TOKIECTAEHHO paBHM eAMHMUE W NOCACAHHE 10a wrewad
» Npasix sactax nponazyr.

2. Ecan nosepxuocTs Kpuaa miockas, . c. @

o
_ F const.
@ — yroa atakn kpuna), To

d(x), ¥ % y)=0 (30.60)
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4 TOTIa MOBEPXHOCTHbE HHTETPATH BCIOAY MPOMAA0T, OCTAIOTCH TOMBKO
KOHTYpHEE Mﬂl‘erpanu M WHTErpaiH, DACMPOCTPaHEHHME HAa NpAMO-
amseRe OTPE3K

Pasencrio (30.60) Gyaer Takke mMeT Mecro, Koria moBepxHOCTS
Kpuna €CTo AMHGHYATAS NOBEPXHOCT, C OGpASyWONH, ACKAMMI
B MAOCKOCTAX, NAPAATEABUX MIOCKOCTH XZ (B CTapHX KOOpAWHATaX).

3. Ecan ounoansercs (30.60) M, KpoMe TOro, KOHUeBHe KPOMKM
SBATOTCA MPAMLIMH, NAPAIIEIBHHMA OCHOBHOMY TNOTOKY, Pa3HOCTB
AabeHHA NPEACTABIAETCA B M0COR 061aCTH B BHie:

o CRI

(swax naoc Wazo Opath, ecan npsmwe MMV w MM nepecexaotcs
Ha KpHe, I 3UAK MIHYC B NpOTHBOTOIOKHOM CIyHac).

4. Ecai Gropma Kpia TaxoBa, 4t 70uka A copnaaaet ¢ B, a Touka C cos
naaaer ¢ D, 10 Gyayr orcyrer-
sosars o6aacth 2, 3, 4, 7, 8.

Pi—pr==%

CMOTDEHHOTO HAMH B NpEA-
Aywem naparpade.

B Kaseerse npuMepa pac-

cuoTpi ioBs cayual Tpa-
NEUeBHANOTO KPHLIA, HaAO-
HEHHOTO 110X YO § K mio-
ckoctn X, ¥, pasmaxa b w
wmpus £ (puc. 120). B stou Pac. 120.
caysse xouleaie Kpowsu -
POKJZIOTCH B TOYKH, @ 3alHsH KPOMKA COCTOMT U3 TPEX yacTeM: mps-
MOfl, mapannebo nepenﬂeﬂ KpoMke (Haxonmneﬂcn Ha accTORHKM £),
H xR, pICTOOKCUNSX 0 yriaun <0 K wanpisrcuo
ocHOBHOO noToKa. Curracy, 4to f,

Vpasnenne nepeaneR kpomu Wcer o

X1ty =kb
(B XAPAKTEPHCTHUECKHX KOOPAMHATAX); 9TO SHAUNT, uTO
() = kb — x,. (30.61)
VpasHenne saaued KpOMKH 1aéTCs B TPEX Buax:

1 1—kigh,
y=gb—1gly mm y, ngoa Xy bR =y (x),
Y=t mam y=x,+2kt=y (x,). (30.62)

1 14 kigh,
y=— bl wm y=Ee v ey,

x,
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Cymectsyior mmwb obaactn mama I, 5 w 6 (puc. 120). Beoay
1)

o= _-p Tax kak no (30.61) meen ;(" —1, 10 o (30.48)
]
teew
g 20t = !
(Pa—Ph=— B = 7 dxj,
x,{ Via—s)ltx—m)

THe X, X, — 6CICCH (B XapAKTEPUCTHYCCKIX KOOPAMMITAX) TOUeK
M, M, coorsercraenno (puc. 120). Sicio, uto x, = kb—y,. x,,

Tak Kak
3
1 | 2 Ly — I

dxj= e . (30.63)
Vo = e T @
w1 oy

_— 2003
Pi—P)y=—"F"

uto comnasaer ¢ papencraawi (29.12), (29.3).
s obaactu 5 noayuny no (30 54) (cx. puc. 120)

===

npnsts xM:}i”;:%(y, — lzb). Xy =% (aBcwncca Toun M,
Gyner Ta e, 4T0 W aGeiucca ToukH Mg TOCACINR HAXOTNTCA Ha MPH-
wolt (30.62) u wyeer, Tax ke Kak # M, opamiary yp). Mo (30.63) Mst
noaysn Tenepy

zp,v,p{ resin 2(1 +(klgﬂo)(yl) 1) +(1—kig ) (y —x, — u)}
(1 —kigho) (x, + y, — kb)

WAM, €CAN BepHYTCA K OOMSHEM KOOPAMHATAM X, ¥ (no opuyaau

xy= 5ok B —ky, y = xeb o hy), e B, xax w s § 29,

TO M3 paBencTsa %—x:y!g & nanagym

(P = — T ccos LEHIE

10 HAXOAWTCA B mOAKOM coraacun ¢ (29.23).

2ktgt’
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TeueHHs. HblE

(weannefinsie) pemenus. OBTCKaie MPANOTO KPYTAIOrO KORYCA T e,
Kak # OOTEKaue KAt TIOCKOTO MPAMOYTOASHOTO KPHAZ, SBATIOTCA
LacTHHMK CAYdanMK GOAee OOILCH 33124H OGTEKANNA NPORIBOALHOTO KONH-
weckoro Tena. [IpEACTaBHM Cee, UTO Teao KOHideckofl GOPMH ¢ Bep-
Lo B HYATe KOOPAWHAT W C NPOW3BOALHOW Hanpasasmomed 06Te-
KaeTcsi CBEPX3BYKOBHM MOTOKOM CKMMAeMOH KMIkocTH. [1ycTb eme nawe
760 PACTIOAOKEHO 110 OTHOWEHHIO K TIOTOKY TAKHM OGPA3OM H MMEET Ta~
Kyl0 (OPNY, 4TO CKOPOCTH OGTEKaHMA MOAYSHTCA B BHIE:

v,=1v, 0,=9, o,=v+o,
e 0, v, ) WaTM N0 CPABNENWO © Uy, W WX KPALDATAMH MOKHO
NpeNeOpeit, aRATOTHNHO TOMY, KK STO 60 CAEAANO B MPEAMAYLLX
naparpagax. 3alaua o TAKWX AKX GHIA HCCAen0BaHA Byaexaron ).

W TpeklE, MB MOKEM HATHCATH IS MOTEHUNAAd CKOPOCTH:

@0 o o) 0
g — M=) =0

(e My=vy/a) W cosepuenno Taxwe e ypaskenns A1 v, 0],
B sactiocT,

*

@11y

Mpoctora pewenns 3anaun b caysae, Koraa  obrexacuoe 1610 ueer
KOHNSECKYIO (GOpMY, 3AKIOUAETCH B TOM, 4TO IACCH Bee Pelienns OyiyT
apcets 0T

o,
e + 3),:

*
t=2, g=2%, (31.2)
z
ane o1 x, y, 2. KownoweHTus ckopocTi soswymenns . v, v/—s101
KaKIOrO ayua, uxoamuero W3 O, OYAYT MOCTOSMbMH, Memnnch
ot ayua Kk ayay.
BEons B Kauectac NepeMeHHHX & 7 u

2w cunran, wro v, ne

3ABACHT OT Z, NPWAEM, NOCAE COBEPUIEHHO SIEMEHTAPHHX NPEOOPaso-
BaNKA, K ypaBHEHIIO

@, P, A
U — R - — 2% g+ (L — K) 5

o0, 0
28 ( -+ Vl%) (31.3)

A, Kak 1 npexe,

1
it & (31.4)
P

semann A, Infinitesimale kegelige Ueberschallstromung. Schrit
der lgeul Akad. d. Lufifabrtforschung, 1 1085, alisiomung. Schiiten
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nnnmnm (5, 7) MOKHO 2aTb TPOCTOM TeOMeTpHYECKHA CMHCA: 570 —

AOCKOCT, NapaaieibHas MAOCKOCTH (X, ) W HAXOMMWASCA Ha pac-
crommn z=1 ot nocaemuent [z=1 » (31.2)].

Hetpyano y6eantscsi B oM, uto ypasnene (31.3) Gyler cueman-
HOTO THNA: B OZHOM YACTH MAOCKOCTH (5, 7) SATHNTHYCCKOTO, B ApY=
rOM -— rHnepGOMMCCKOro. B camom Jede, BIOAb XapaKTEPHCTHK, ecii
uCKaTh ypabhenns nocaexnnx B dopwe n=7(%), Oyret:

ﬂ*’E“’l/}"""x"* —Ea s VEEED T 4 5
3 = T—rE - Gl
e

Suawr, myTpu Kpyra paiyca Uk vawe ypummene (313 yser
SATANTHYECKOTO TIZ; NHANPOTHB, mpu E2—72>> 1/k2— sHe Kpyra pa-
anyca 1/k— Oyayr

Tociennie NPeACTABASIOTCH B BiAe BCEBOIMOKHNX NDSMLX AWHHH,
acarenuusx K pyry pasuyca 1[kY): Ha puc. 121 aamut wexotopue

anyca 1/k B naockoctn (5, 7) spasercs,
scnexctaue (31.4), MecToM nepeceve-
HHAL € MAOCKOCTHIO 2= 1 Kowyca Xa-
DAKTePHCTHK B MPOCTPaHCTBE (X, y, 2).
OBTexaeM0e Te10 NepecenET NI0CKOCTS
(5. 7) no HekoTOpOR KpHBOA, KOTOpas
MOKeT 1eKaTh WIH UCTHKOM BHYTPH
xpyra pamnyca 1/k Wi ueauKoM BHe
STOTO KPYTa, HIH, HIKOHEL, ACTHNHO
BHYTPH, SacTHIHO BHe Kpyra. Hanncas
KpaeBue YCAOBHA, MM AOTKHE NpH-
crymums & pewenmo (31.3).
Pue. 121. TIyTéM TeOMeTpHueCKHX NpeoGpa-
30BaHA  MEPEMEHHLX, 3AMMCTBOBaH-
WhiX 13 OavoH paGoTs Uanasruwa, Byseman npusomut (31.3) k Asywmep-
nouy ypasennio Jlanaaca?). 7o Coelenne K ypaprenmo Jlaniaca MOKHO

) Tlpoue ncero ySeantuca s stox, et nepelinu n (1) x nopuan

KoopAuHaTay r, . Ypabeine (31.5) Nocac WHTErpawnH npHMET TOTAa BUX:
rcos (p— o) = 1/k,

e go-— noctommnas wirerpuposa.

BuaunTeabHo panblie, teM 510 M0 cleaano Bysewanow, pemenne
PACCHATPHBACHOTO 37eCh THIA GMIO NOAYWENO, B CBASH C npymn uanseckoft
sanase s padote C. . Coboreaa n B. . Caposa, it nanpuep, zonos-
e €. AL Cotoneaa 'u wuure Gpa P n Misec B, Tupgepemuzivusie u
NPT FpaNRCAS NATEMATICENOR GHSHKE, 5. i, 3
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npoxenaTh W APYTHM MyTEM. MH OCTAHOBMMCA Ha BHBOIe, NaHHOM B pa-
Gote Typesnual). Uro0u 5T Cleaath, yIO6HO BepHYTbCA K yPABHEHHIO

» dope (31.1) w nepelTH crieppa (OPATLHO K NePEMEHNHM X, y, 2t

My noywnM B nepeMeniwx ¥, y. Z Tpéxmepioc ypasncwme Jlanaaca,
W, €CA BBECTH CCPHUCCKUE KOOPAMNATE> 7, o, D W3 paserct

¥=rcosasind, y=rsinosind, Z=rcosd,

TO MOKHO HATHCaTH:
9 au') 9 (1 av‘) e( dv')
O (rgne Z2) 4 2 v}, 9 3
or (’ sind 57 )+ 55 s o) Haw \sind 5y
BCTOMHHM  Telepy, YTO O, 3BHCHT AWWL OT & W 7; STO 3HAUAT, 4TO
B nepemeuEIX 7, o, ), V) He 3apuckT OT r: ¥, =) (s, B). Toraa Gyzer

0.

P, 0 au’,)
ot Fsin® 5o (sme ]
Mut 7erko U3GaBMMCA OT MHUMOCTH NPe0GPa30BaHAs, NOAOKMB § = I0.
Wrak, ecan

cosathf sinsthd
e (31.6)
10 (31.3) npuner oua:
) [ o0,
P +sh8-—|ﬁ shﬂw
OCTaéTes CLEMIT. NOCIEAMION 3aMEHy MepeMeHHbX, BAOLE BMecTO 0
BNy € TaK, 4100M b0

4 o
sho "

@317y

e=thy (31.8)

MM OKOHVATENLHO TORyuNM 178 ¥, ypasienne Jlanaaca B RAOCKOCTH
TI0ARPHLX KOOPAUHAT € (PAAHyC-BeKTOP) M G (MOAIPHEHA Yrom):

3, o ov
w’“"‘ﬁ( =)= @19
Drypeniis MW, Tombuian cugs crpeaomiuioro spuss s cacps-
seykonow oroke, MMM, ‘ron 10, swn. 4, 1946
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Takuu OBPII0M, MOKHO PACCMATPHBATH U, KaK IACTBHTEALHYO WacTs
HEKOTOON (YHKILHH KOMIIEKCHOTO NEpEMEHHOTO
T=cel, (31.10)
OosHauinn MuuNyI0 13cTs STOR ywKiu Gyxsol s  Hanuuew
v;+ls=%f(x), @1.11)
{erko suaens, o swytpemocrs Kpyra puaa 1k miociocts . )
n.

TIEPEXOINT Ha NAOCKOCTH (<) BO BHYTPEHHOCTL kpyra pamnyca | (e =
B cavom nee,

G.— MOpHMC yrAW mpU MaueN  mpeoGpasomain

Tpeiie ueM MEPEXONUTH K BHACHEHMIO KPACSHX YC0BMA B mAo-
CKOCTH (5), MOCMOTPHN, KK BHPAKAOTCA CKOPOCTH V. ¥ B BYHKIMAX
HOBMX mepemenX € i 0. Hahath noaws audepeniuan o

0=v,+ig,
npH aweHIH MO parmycy~utk10py (r. e. npu 3= const.). Hueex

do 1 do. do
= cosa+—sma_7(g S+ MT,)'

C Apyrof CTOPOHH, MH MOXEM BCMOMHHTb, ¥TO B MEPEMEHHHX &, 7, Z:

—EE)

Taxs oGpason,

R T TR

00 z 00 z(ou

A 9“})
= i)
Beaeactae orcyTcran ixpel Mu nvees:

y

vy du; 1 o, ov,  ov, 1 o)
z 3 oy~ z on

TaK wTO

@31.13)
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Jlasice, HETPYAHO BHPa3NTL MPABYIO MACTe STOTO PABEHCTEA Yepes GyHK-
wi f u f (conpmwennas ¢ f). Ecan sectn U

t=t+m=Re T=Re (31.14)
0, OUEBIANO, NMOKHO HATHCATS:

) )
940
di+ a1

(31.15)

I

Haronelt, MOKHO CBA3ATH
weM 1m0 T M % B camoM zeme, mo (31.10), (31.14) u (31.12) umeem:
2 1

. (31.16)

TaK IO

MOKHO Hanicats Temeph

ﬂ_,i(“‘")’i[ (31.17)
R 4 f :
ECan Teneps AGHATHCR N0 PATAYCY-BEKTOPY 3 == const., T0 Gyaer:
2 1o .
IR= i de; di=e-iod,

TAK 4TO OKOWYATELHO M3MeHEHWe © Mpit MePEIBHAKEHIN MO pammycy-
BeKTOpY Gyner:

do

M noayuM 118 0 crenyiouyio $opuyay:

== —1 (rd/+%af). (31.18)

TIponsroashas mocroswias HTerpHpoRaKNA OTKHE COACPKATH 3, HO,

¥AK OKa3BAET GOfee MOAPOGHHA pacuir, MOKCT OWTb mpHPABHERa

Hymo.

5 Dou nowoun gyt o u f et wowen samucars kpacae yeaomua.
O0leN cayuae KOHYCA MPOM3BOMBHOTO CeNeHHS YCAOBMA ITH OYAYT

20 Teoperuueckan ruapomexainks, . 11
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WueTh cromwuf pua. TpocTo oMM GYIYT BHIARICTH B cAyuae, Koraa
06TeKaeMas OBCPXHOCT COCTOHT H3 OTPE3KOB NMAOCKOCTEA (T 3 npo-
nmm(znlm naocKocTel), nepecexanmux naockocts (C) no npaMuM (Haw
npae H3KO OT Hauata
xoopmﬂqav He ocranapansanch Gonee na GUUIX PACCYKACHHAX, iepefaen
K PACCMOTPENNIO NPHMCPOR
B KauecTse MeBOFo MpHMEpa paccMOTPIM OGTEKaHIIe MPANOFO KpYT=
2070 GECKOHENHO TOHKOFO KORYCa ¢ YIAOM PacToopa 2§, OCh KOTOPOro
cnozoxkena B10as ocn 2. Cry-
uall STOT ye GHA WIY4EH HaM
7w

KOHyCa XapaKTEPHCTHK (NYHKTHP)
W naockoctw  z=1. Obre-
KaeMuH KOHYC nepecekaer mio-
ckocts (C) BHYTPH Kpyra pa-
anyca 1/k no kpyry Otckouwuo
Mazoro paamyca tg By~ Bor
Prc. 122 xpyre paguyca 1 5 m(ocxom
()0, 20KHO GHTL paswo Ry,
B 1auane KOOPIUHAT NOMKIA GUTH 0COGEHHOCTb. HeTpyaHO mposepiTh,
uTO peuene 118 f umeeT sHa:

s

Ile ¢ WAZO NOMOGPATL TAK, 4TOGH Gl BHNOTHEHH KpacoHe YCIOBHS.

Wotewio, Tax xax_wopua Nameuy KOHYCY € TOWHOCTbIO 10 MATHX
beawsKH GYayT COBNazaTh ero
MATOTO KpYra B MAOCKOCTH e

05} sin o+, =

BTo ycaosHe MOXHO sanHcaTh ewe Tak:

cins, (31.19)

Re (0e=1%) +-v,8,=0 npu

2
12 - =
npuen ey =fo

C apyroft cropon, mo (31.18) u (31.19) mmeew:
1

=—cc
2

Wrak,
-3 (Eo—%n) +of=0,
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Tax Kak PAINYC € HAWErO KPYFa B maockoctu (z) 6yzeT

T [
it nOAYHRM AT
e
PO
ak 410 Oyaet: Vi—#8

pcnoMANB, Kak  BHpaxaeTca ¢ uepes meanunny R =V B 7
V323 ¥z (dopuyra (31 12)], M NPHAEM B TOWHOCTH K PE3yab-
7aTaM, TOIYYeHHHM B § 2
KaueCTae BTOPOTO npmpa paccwoTpUM 00Texanme Kpas npaMo~
JTOALHON NIACTHHKH, HAKIOHEHHOM NIOA GECKOHEUHO MAHM YTA0M aTaKh
(nepeaumn kpowka conmasacr ¢ orpmaTeIHON 050 ). Tepeceserme
i ¢ naockoctio ;1) e
orpumzTenY0
puc. 123). Kpah kpsina “reher-
BYeT ML BHYTPH KOHYCa Xa-
pakTepucTHK. 3a  mpexeaami
STor0 KoHyca, T. e B mo-
ckoctn (5. 7) 3a  mpexenamm

[npaBas wacte naockoctH (. 1) Prc. 123,

BHe kpyra patuyca 1/k]. Takus

©o6pasow, Ha kpyre paauyca 1/k Mu Gyzem wvets v,=—vf[k (dop-

Myna AKKepeTa) 415 7eBOTO BepXHero Ksaipanta, vj==—v,3/k — aan

JI€BOTO HiKNETrO KBaipanTa W U, =0 Ha Bced NPasod NMOAYOKPYKHOCTH.

ITH e yeAOBWS Halo WamWcaTh Ma Kpyre e==1 B maockoctH (3).

TlocMOTPUM Temeph, Kakoe Kpaesoe YCAOBHe NOAYUMTCA BHYTPH Kpyra

€=1 i3-3a Hamuns TAM KpHaa. B TOM CAydae, KOTAd KpWAO pacce-

KaeT miockoets (2, 7) N0 A0GOMY PaiMycy-BeKTOPY (M MO MpOOAKe-
)

MO0 PAIKYCABEKTOpa). M ADIKHA B KAUECTEE KPAEBOFD YCA0BHA W,
sanucae;

— v, sino+] cos o —v,f

') Mt loaxws awmwb KIMENHTH HassanHe oced.

200
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310 oaauser, uro azech Gyzer
Im (we-

T €. KaK erko suAeTs w3 (31.18) n (31. u) 4a wamem patnyce-sex-
Tope ds = 0.
HTaK, Mu MOMKHE HANTH aHAZMTHUECKYIO QyHKumO f(7), yaosaer-
BOpAIOWYIO cAeaylowM ycaosuam: 1) Ha ayre AB (puc. 124) xpyra
pamuyca, pasioro efusiue, Ref B 2 ma ayre AC xpyra
Ref =+ v 3) ma poayoupysocr BDC Ref =0; 4)va orpeaxe O

neftctanTeasiolt ocu Im == const. = 0
Takuym 06pasoM M HyeeM palpex BAOAL AeHCTBHTEAHOR OCH B
ocobemioctis & Touxax B u C. IpeoGpasys MAoCKocTs © B MAOCKOCTH
A v=V%. wn noayuun 4 ocoGennoctu —

B TouKax:

(T

4 ]
H 1O STHM OCOGEHHOCTAM A€TKO MOCTPOHM
pewenie 21 f. OHo Gyaer WueTs bua:

4
Puc. 124, (31.20)

Jlerko nposeputs, 410 (31.20) AEHCTBUTELHO YIOBACTEOPAET BCeM
HAIMM KDAEBHM YCA0BHS

Tloacuntaem e snadenue o Ha Kphiae (CBEPXY ¥ cHirsy), 400k 3a-
TeM, npuMenus ypasHenue Bepryaau, aHTu noxnEsuyio cuay. Mo (31.20)
14—
T4:+V2

/—ﬂ:”*f‘ in

TaK uTo

1+1—-V2‘ wB 14—V %e?
l+v+}/?r ke

o
144 Ve ?
Ha Bepxieh uacTi kphina (o =17) umeen:
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san

Jan mKie SACTH KpHLIA (3 ==— %) uMeeM:
,

Haxorteit,

Py P = (Y, %)

Takuu 0Gpasox,

arcig

o 2eE
[

— e
TFe °
Ocragren mepefita ot ¢ Kk R mo gopuyac (27.12), m M moayume
OKOHUATEADHO

. 20077 .
p—py=— 1 arecos (1 — 2R) Y. @121
B iasectie TheTiero IpINERS K Tpienene STOT0 MeToxs pac:
cwotpmn e
pacnbaGReHOTo Mo omioweno ¥ 6ch 2. Baxaa 0 Takon Ak
Guna pemena M. 1. Typeauen
B WHTHpOBANHOA BRIE. paGoTe.
Obosnatiny uepes 3 yron cTpeao-
snanocti (puc. 125)  vepes §
yroa arakn. PaccoTpuy cnepsa
70T Cayuall, KOTAA Yroa CTpeno-
BUAROCTH Gyxer Goabe YN %,
O Wil PO BXOLT g

2
),

Kpuao, ntpecexﬂw naockocTs
G. 7m) no orpesky (AB) ocu &
(phc. 126). Brctynaioume vacti
Y1y JecTBOBATH AN BHYTPH Puc. 125,
COOTBETCTBYIOWNX  TpeyroMbHH-

Kon HapITEpUCTIK, ke kpyra pasnyca 1[k. B kakaofl us ofacteh
ACG, AGE, DBH, BHF (cm. puc. 126) ckopoctn )  Aasde-
s 17 Gyayr Coxpamn TIOCTOSHHBC 3HAueHHS, NPUUEM NPH Mepexole
uepes Kpuio Gyayr enste awax. Taxuw o6pasow, ua ayre CU u wa
ayre HD wu wmeew vj=w, Ha ayre GE u wa ayre HF umeen

vi=—wg; wa ayrax CD u EF v,=0;
ONperenuTs uepes saammwe peumib: B, 3 v, OGOSHawsM yroa

TPH STOM W, M AOAKHH

) 9712 popuyna orsewaer wactHomy cayuaw dopuyas (29.23) npu G =0,
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ayrn DH wepes g, Tak Kak npu nepexose or maockoct (§) K mio-
CKOCTH (1) YraM COXAHSIOTCS, NaM HAl0 PEWHTH CAEAYIOULyXO 3afavy.
Onpezennts anannThueckyo dyHKumo f(z) 12k, wroos

Ref=kw, ecm 0<o<o u n—o<o<m,
Ref=—kw, ecan 03030 1 — 5+ 0>a>—x.
=1

—

Jlasee, na xpyre

Ref= e T—og>a>0 H —r40p<a< — gy
Hakoneu, Ha oTpesxe AeflcTsHTenbHOH ocH OT e=—1 20 e==—1:
Im f=0.
yuKUMIO f MOXHO MOCTPOMTS 1O ocobenmocTaM. 310 Gyret:
2,
j=lmek m( = (31.22)

Mo puc. 125 n 126 sakaiouaem, uto OB = OA
06pasoM, YroA 9, GYIT ONpeAeaéH PaBeHCTBOM

ig3  uto, Taknu

cosoy= (31.23)

Figs
Beanunny w, WaiéM WS Kpaesoro YCAOBMA Ha KpHie (M HCNOMb30BaR

"

Puc. 126,

70 YCA0BME AMIb YACTHAHO, Sanicap, ¥To Im £ = 0). Uuenno, na kpeine
M HMceM:

o= vf, (31.24)
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2w (31.18). muTerpupys mO MuwnoM ocu oF [ Z0 O W sawesan, wTo
wa MHINOR OCH T = — <, dffds==— df[d=, noryum:

o 4o

ek
= lml/ 1+r‘"+

:4';;,“[”1." ;/ 2isin °“(‘+e

W..n

sin cn]m

— wyksing,. (31.25)

Taxuw 06pasom, o (31.24)

wWy=—

Halags e kosdpuunent noasesnoh cuan Cy.
Tak Kak 118 Kpuia Gyzer
P Py =20),
To nonveéwas cuaz ¥, eHCTBYIOIAs Ha KPHJO BHCOTH L W OCHOBA-
WA 2Ligh, Gyzer:
ztgd

Y~29|0,J‘ }' o dx dz =p0, L} J'v
Ecan §— niowmans kpua (S:Lngs), 3
1w
2 _fv;de

gt
gt (31.26)

Tax xax PO VATl Kpi. BCTYTOLNX 13 KOHYCE KaPAKTEPHCTIX.
Gyner v, nst. 70 moayuuM:

=)+ [ s ()
2—ﬁ‘———-.
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Mwterpan, cromuufi COpaBa B WHCANTERe, MOKHO B3Tb MO NacTaM,
sanmcan (S=0 na xeflcTBHTe bHOA OCH):

41
2 - .

_T,[ TFmdE+i8)=
K

sin 20, dx
20 (2 — )

MuTerpan 5 mpaBolt HACTH 7IErKO BHUNCAFETCH W AagT:
“

L.d dx = 1
- S ———.
5= @2 Cp 1 (:m,, g“")

CoGupaew Teniepy waew B C, i mpmimuaew b pacuer (31.23) n (31.25
7OAYAAN OKOHYATEALHO NPOCTOR COOTHOWEHIC

4

C,=—1r,

KaKoBOE B TOYHOCTH cOBMAZET ¢ POPMYAOH AKKEpeTA 1A% NAICTHHKH

Geckoneuroro paswaxa ).

Muave GyZer o6CTOATS 1e10, €CAH CTPEAOBIINOE KPHIO BCE LEUKOM

aeKiT sy Kuﬂyca Xapaxrepctuk (3 < a). Teneps M I0KHN Gyliex

RN, 4aCTh KOTOPOR 06pa-

e 4YTh Ha Kpyre paunyca s— | I MHNMGA aCT, KOTOpOR pabia
MyMo Ha oTpesKe neHcTsTEsHOM ocH Aamuu 2b. Slcuo, uTO

tgh =1 W' (31.27)
e 5— NO-MpEKieMy yTOa CTPETOBHAHOCTH.

M. M. Typesuy npoxoxxaet dpyukuno 1/k £ (3) na ncio maockocts (z)
¢ paspesani 0T —co 10— 1/b, OT—b 10 +-b u 0T 1/b 20 oo ¥ aET

PR
Ve

rae B ectb nefCTBHTeblias NOCTOSHNAR, KOTOPY Mbi AOMKHB HaWTH
U3 KpAeBoro yCoBA Ha maacTauke (v,=po,). Peumenie aerko mpose-
pumh_senocpeacraeno. YroGm ine B, wenoauayew poss (31.18) #

caysae, O MiHMOMY

v s E (31.28)

) Maacrunka ects wacTumik cayaak crpenosnauoro kpeina (5 = =/2).
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pauycy. Tloayuny, Kak i npexe,

o=~ 510 [

(4 opde
@t (i +2)

N

Toxcrasioskol e ="b1g¢ npunenéx STO BupaKeHHE K BHY

w1 [ a—syseer :
@h=—" vy TH—a—osinte (1.29)

= arclg oy

Packpipas WICANTE s MOTHATErPATLIONO BUPAKENIs, HATHUEN:

Y B
=" nf{ l—(l—b‘)§1n7q]"'+‘/l
+VI=1—0

TIpasan 4acTh MOKeT GhTh BMpAKCHa Yepe3 SAMMNTHICCKHE MHTErpatst
1470 1 2-70 poxa n uepes SaenenTapue Pynkwin ). B canon zeae, ecan

262

—(I-—-6) sty

b‘)sm’w} ds.

TaK uto

(),

[E(»h VIi=b)+ 6F (g, VT

!) Cu, uanpusep, Kypasckuii A M., Cnpasouniis 10 3IITHIECKIN
@ynxuunu. crp. 37, dopmyaa 126.



En TEOPETHUECKHE OCHOBH TA30BOM AWHAMHKI e
Taxuy o6pasow, noctosmias B alietcs no popuyae:

5o,
k[ﬁ(y,,}/l T + 62 (9, VI—= 59— ";”']

Kooppuunent noasemnol cunt C, samuuertcs no (31.26) v snte:

(31.30)

3
s 1=
70,180 f".‘(1+el)’ de.

UroGH BHMMCAHTL STOT WHTCTpA7, JAMEHHM €TO KOHTYPHM MHTErpaiow,
BIATEM BOKPYT KpHTa:

2 . 1—
Cy=tw,1g3 f(”z+i’)—(|+,n); dr=
kv‘ lgl f

KOWTYp B Kpyr patnyca ¢ 06X010M BOKpYF
0GOUX NOTIOCOB == = { 10 GECKOHENHO MATKM OKPYAHOCTAM 1t NPHMCHAA
TEOPHIO. BLYETOB, NOAYWIM:

2:8
Y= T

Henonssya (31.30), noayuus okonuatensio

C,

4 b
YT R W (s, V=69 126 (e, Vs
Taxuy 06pason, B NPOTHBOTIOAGKHOCT, TONY, 4TO HMEAO MECTO B mpe-
waymen cayiae, omomenne Cy/ L szece ne smaserca nocrommy,

a Gyzer samcets 0T b W 9, T. €. mo (31.27) u (31.29) or npowssene-
wns & 1g3. Ha puc. 127, aamvcrnopaiion w3 craton Iypesisa, o ropu-
SOHTATBLHON OCH OTKAAAWBAETCH Beawumna k1gd, NO BepTHKAIBUOR OCH

seannma— Cy /2 Jlo awaveann kigh=1 ucnomayen (31.31), npn
klgd> 1 nonyuuw mocrommyn, puanyi exuse (fopuyna Acispers
npateamsa aan pu 3 Konye Xapak-
TeprcTin).

Bepuémcs K obuedt npompznmsemoﬂ 3a%aue W MOKAKEM, KaK MOKHO
HaliTH HEKOTOPHe HOBHE KAACCH TOMHHIX (HeAWHEHHBIX) pewerih.
cayuae ocecnuuﬂpmemoro o6Teaus Kouyca () KOHIN BeKTOpa
CKOPOCTH PACOZArainCh a KPHBLX ¥, (v,). 310 3HAUKT, 4TO B APO-
CTpaNCTBE (U, Ty, U,) KON BeKTOpA CKOpOLTH pacnioaaraiuch B SToM
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cayuae Wa TOBEPXHOCTH BpameHus. Bosuikaer BOMPOC, Heab3s W mo-
CTpoRT ApYTHe BUIH IBWKeHuH, G07ce OGUIKE B TOM CMHCAE, STO B HHX
KOHMIB BEKTOPA CKOPOCTH XOT# M JeXaT Ha HeKOTOPOR mosepxHoct ¥,
1O MOCHEHAR He OGWRATEIHHO SBASCTCA MOBEPXHOCTHIO  BpAUEHMS.

ﬁf— P

/
11/
/

0 0z 06 06  tgdVMYxgd

Puic. 127,

Banaua 97a Guna uccaenonana prepstie A. A. Huxoascxun 1) (1949r.).
310NN HEKOTOPHE DE3YbTATH STHX HCCACAOBAHMA.

CTb ypaBHeHHe TOBEPXHOCTH £ B NPOCTPAaHCTBE CKOPOCTEH 3ami-
cubaercs B pte

F(v, v)

(31.32)

Tloctpony anddepenunasbioe ypasHeHHe B YaCTHHX NMPOHSBOAHMX, KO-
TOpOMY yxoRaeTHOPSET (yHKUHA
M paccuaTpiinacM Ge3BUXPEBO ABWAEHNC, TaK WTO BIOAHSOTCH
coomHowens:

vy v, ov, du,  du; vy
Gy Tox e oy ox T oE” (#1.33)

oo ) hKO T CK U A
e B NpocTpaHCTBE roRor|
B e .l’a&’,

O Kaacce aawaaruseckix Teseil rasa, Koto-
cxopocri nsopakaigtca nosepxuocTas, HATH,
T o aspoaunaike, OBopori3, 1951

IO kAaCCe TOUNMX pemeinil GpOCTpAH-
e y;‘waauewﬁ Tasowon Cumamn, R CCCP! Viswenepisihl Kypiaa.
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KpoMe 7010, ZOMKHO BHNOAHATHCR ypabiense (28.5), KoTopoe,
wenoasaya (31.33), M MOKEM 3anMCaTh B e

-G +(v§ﬂ*)ﬂ+t-ﬂfa=>ﬁ+

+ zu‘vy < 4 20,0, %% 4 90,0, (31.39)

BerapuM_teneps ¥, u3 (31,32) 5 ypasuense (31.34), nenoasayem eue
pas (31.33) u neperpynmupyem wnen. Hoayums

(el + (@ 1= (et r ) }’Z"x -
—2[o,2,+7, F——-+w‘[' T(Fﬂ_,ﬂ) ;’f :‘ZJ e+

a0,

P (RVES) M2 EA

Tlepellaém Teneps OT NepeMeHHX X, Y, Z K MepeMenn 4, v, & i3
cooTHOWeNIN:

y,,yy

Tlerko BuaeTh, 4TO

{a*[l-}—(ﬁ)zJ-(u-}—F—g—f—)’}—%ﬁ-
+2[w+vF +ur +(F“—a7)g—5g§j%+
et (5) ] (o+r 30 =0 6L

B 370 ypasherin KoaditiuenTs, crosue npi 0y/0v, 0x/0v, dxou,
33BHCAT TOAKO O i, U, CaMiH e BN X, Y JABHCAT Kak OT 4, ¥,
TaK i of . TIOKAXEM Teneph, 4TO B HAWCM ABIKCHUH X H y CYTh AH-
Heflutie QYRKIME OT § ¢ KOSPQHUMEHTANH, SABHCALIAMA OT & ¥ v. Ja%
STOTO BEENEM B PACCMOTpeHHe (BYHKUWO 7 M3 paBeHCTB:

y=uxoy+F @ 0)-C—g(x v, O,

rle ¢—noTenwran ckopocte, Tak, w0 u=dg/dx, ©v==09/dy.
F==0%/0%. JIeTko BitfeTo, TO 7 3ABHCHT JMilb OT & i U, HO HE 3aBH-
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cur ot L. JleficTBuTebHO:
—u 9% 9y 03 ox
=ug et =S

ox oy
v -

lazee,

o Ox L o0y 4 OF
b Tk T

Oy _ oF
i

Taxine 06pazon,
(31.37)

AwarornuHo
(31.38)

Tk ofpssoN. W ¥ mAGTCH Munchuun dywcunaun o { ¢ Kosg-
uterTa, 3aBACALINI OT U it
Mt MOKeN Tenepn HAnHCaTh
Oy O OF - 0x oy o OF
G0 0w T o ou  dwow "o’
oo or
o = o
Beranans ot supakenia o (31.36) n npupasiueas Hyaio waeHs ¢ .
Ty ypaBeie 418 onpexeneinn pywcunn F:

o (Yo 2
+2[uvfoF Gt S (Fr—ay 95 ] Py
+{”’[‘+(W)}—(“+Fw)}g’7’: 0. (31.39)

Omtonpeneno ¢ sTiM, ApMPABHHBAS HYMO uieHw, csoGomse ot C,
oYU ypasieie AR .

ol (G — (o r 5oy o+
+2["”+”F%+“F%+(m*“2’%%} o+
+{,,7r,+(£>] (H—Fgf) }gf—-u (31.40)
OGpatum npewue Beero siumanue na oany uu:vamnbuylﬂ ocoben-

(ox vauero soieruts.
(31.32) o, =ty vy =y, @, ;Wa_p(“w.,u) any (31 37), (31.38)
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STMt TouKe B MpOCTPaHCTBE (¥, y, 2) GYIeT OTRCHaTH Ueaas NpAMan

().~ 5 »= (@), —=(&),. - e

TakuM 06Da30M, B HAlleM ABMKEHHH CYUIECIBYIOT Leibie NPAMME, BAOAL
KOTOPHIX 3HaueHHe CKOPOCTEHl COXPAHAETCH (MEHSACh OT MPAMOM K NpsMOH).
X NpAMHX B (x ¥, 2) saBHCHT of BHAA
Gymaunit 3w F. 3azanne Fy
STHX MPAMBX: KaKaas u3 npnuux @31 41) napmema nopxam K 5,
npoBeiEHHOM B TOUKE 4,
Paaweiuenite 5Tix npswblx B MpOCTPAHCTBE peryMpyercs dyukien
7(#, ¥). B uaCTHOCTH, ecau y = CONSL. (STO 3MAUEHME TOKACCTBEHHO
Yaosaetsopser ypassentio (31.40)), nmeem

r==e(i),, =),

 TOFAL BCe NpAMME NOCTOSHIORO BEKTOA CKOPOCTH MPOXOIST uepes
onHy TouKy X
Ecan sasms

%= i+ e+ ¢ (u, v)+C.

tae ¢y € €y C— NPOUISOIbHME NOCTORMHME (TAKAA ¥, KaK 1erKO
suieTs, Bions yaoaneTeopact ypamwewuo (31.40). ccau F yaonaerao-
paer ypankeniio (31.39)). moayui:

a+e—2(5)
y=ate—2(5)

Teneps Mu Gyzew wvers B mpoctpancrae (e z) nyu0K  MpAMHX,
TPOXOAIIKX HEpes TOUKY X = C;, N . 310 — choero poaa
Tevenns (ne UL KOTODHX OCTAETCH
B SHIUNTEnLHON CTeMenn Mpowssonen, Mok e 3anana F.
Ha KOHKDETHWX MpHMEAX PAanuunbx F MM He OCTAHGRAMBACMCA.
MOTPHN Teneph NPOCTPAHCTBEHHEE TedCHS ra3a, B KOTOPHX KOHUH
BEKTOPA CKOPOCTH PACTIOJATAIOTCA Ha HEKOTOPOM AkiH. TaKie TeueHus
Gum paccmorpens A. A. Hukonsckmy (1950) B TOM Buie, Kak STO
waaaraeTCA Hke.
TIycTs B NPOCTPANCTBE ¥y, ©,, ¥, OGAACTH TeSeHHs COOTBETCTBYeT
Kpusas [, mweiouas ypaseime

o=, v, =v@), v,=w(). (31.42)

x

o, 00

PaccwoTpiM B HaweM Teucis, B MPOCTPAHCTEE (X, Y, 2), NOBEPXHOCTS
P(x. y, 2)= py= const. (31.43)
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[To ypasuenuio bBepuyman # B CHIy (31.42) Mm GyneM umeThb BO BCeX
TOUKAaX STOf TOBEPXHOCTH OZHM M Te XKe BHAUCHHS V., U,, UV, NyCTb
510 OYAYT VU, == U,=7T) U,= W, Taxkum o6pasoM, B NpOCTpaHCTBE
(Vg Uy, U;) BCell Hamle# NOBEPXHOCTH 6yner OTBeuaTb OfAHA TOUKA
A(uy vy wy) xpuBoH [ JlokameM Tenepb, uyro mnosepxHocTs (31.43)
ecTh [JIOCKOCTb B TPOCTPAHCTBE KOOpAMHAT. [lefcTBHTeNLHO, 110 Ypas-
HEHHIO ABHKEHHS

av

1
W:—?gradp.

SDro paBeHCTBO O3HAYAET, YTO HPH GeCKOHEYHO MajOM YRAAeHWH BROJb
AMHHM TOKA OT TOBEPXHOCTH p == const. npupauleHne dV BekTOpa CKO-
poct OyneT BCeria HOPMAIbHO K MOBepxHoCTH p == const. Ho mocrpoen-
Hele TAKHM ©00pasoM npupaienus 4V BO BCeX TOYKAX HOBEPXHOCTH
p == const. UMEIOT OLHO U TO e HaNpaBJieHHe — OHA TNapajJe’bHbl Ka-
careabHO# ¥ KpuBOH / B oaHOH-eauHcTBeHHOH Touke A (4, U, W,). 3Ha-
yut, J100an HOBEPXHOCTb p==const. #BAAETCHS IVIOCKOCTHIO, HOPMANH
K KOTOPOH Mapajijiefibibl KacaTeabHOH, NPOBeNEHHOH Yepe3 COOTBETCTBYIO-
1Y TOYKY KPHBOH.
Bocnoasayemca Ttenmeps ypasuenueMm (31.33) u (31.34). Ilo (31.33)
HMeeM:
v, . du, _dv ou du, __ 0y, _ dw ou
Oy~ 0x  du ox' 0z  0x  du ox'
0vy dv  duy (dv\? du  Ovuy du 0v, dv dw Ou
W_W'Wm(—(ﬁf) 0x' 0z ~ du 0z  du du ox°
dv, dw dv, (dw\? ou
0z T du 0z (W) ox

[MoacraBuM noayuennsie smpaxenus B ypasHenue (31.34) n coxpartum
ero Ha BeJMYMHY Ou/dX; MOAYYHM CJIeAyIOLiee COOTHOIIEHHE MeXAy Aud-
$epenunanamu du, dv, dw BIOJb KpUBOH [:

(0* — ) (@) + (a2 — %) (do)? + (a* — w?) (dw) —
— 2uvdudv — 2awdudw — 2vwdvdw=0. (31.44)
910 cooTHOmEHHE MOXHO 3anucaTh B BHIE:
(aldV 2= .dV)? (31.45)

Tie anddepennuans Gepyrcs BAOAbL KpuBOH [, npuuén V2 == 42 | 02 | 2,
llpeskne Bcero orciona caenyer, uTo ABWIKEHHE DPACCMATPUBACMOrO THNA
Gyzer oGsisatenbto ceepxaByKoBuM. JeHicTBuTe 10, cooTHomenue (31.45)
MHBADUAHTHO MO OTHOUIEHMIO K HANPABACHWIO OCel #, U, @ (U,, Uy, V).
Bosbmim Kakyw-aubo Touky M kpuso#i ! m HanpaBuM OCb 4 TNO Kaca-
TeabHO#t x I B Touke M; Torma B 9TOH TOuKe dv==dw =0 u Mt Oylem
WMeTs (a2 — 4 du? =0 u, Tax Kak du #+ 0, 10 #2==a2%, T. ¢, BeJHYHHA
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ApOEKIM CKOPOCTH HAa HANpasiexde [ paBHA cxopocTd 3Byxa. OTciona
ClefyeT, uTO paccMaTpHBaeMOe JBUXKEeHHe MOxKeT OBITh TOJbKO CBEPX=
3BYKOBHIM,

[Maockue Oe3BMXpeBhle [BMKEHHR, KOTOpBIE MBI H3YyYajiu paHee,
ABJASIOTCA YACTHBHIM CJAYYaeM pacCMaTpHBaeMbX ceffyac IBHKEHRH: OHH
noayyarcs B caywae, koraa kpusas [ —nmjockas kpnpad. Ilpu atowm,
KaK Mbl 3HAeM, roaorpadoMm cxopoctn OyAYT Te WM MHBIE SNHUUKIOUAEL.
Ypapueuns 9TUX SNHUILUKIOHIL HAHAYTCS Cpasy e u3 ypasuenus (31.44),
ecai NONOKHTL TaM dw == (.

Ypasuenue (31.45) moxno Gyrer e 3anucaTe B Buie

ds? = (—;’- dV)2, (31.46)

rhe ds-—3jeMeHT AYrM BAOAbL JAUHHM [ B npoctpaHcrBe (4, v, w). Tak
KaK CKOPOCTb 3BYKA @ ecTb OYHKIMS ONHOTO Toabko Moayas V, sro
ypaBHeHHE HHTETPUPYeTCHi B KBAaApaTypax; OHO AaéT TY Ke 3aBHCHMOCTh
LJHHEL AYyTH § oT V, Kaxas CBS3HBAaJAA B ¢/yuyde SMHUMKJIOHL COOTBET-
CTBYIOLLHE Be/JHYUHE HA IVIOCKOCTH.

Ecnu npoBectu npaMoauHefinbie Ayud uYepe3 HEKOTOPYID TOUKY KpH-~
so#t I 1 yepes Hauano O cucrems! (¢, ¥, W), MB MNOJYYUM KOHHYECKYIO
PasBEPTHIBAIOULYIOCH NOBEPXHOCTb. Pa3BepHyB eé B NJAOCKOCTh, YBHIUM,
yro kpusas [ obparurcs B SHHUMKAOUXY. B caMoM Zese, paccrosHus V
TOueK KpHBOH [ oT Toukn O, a TakKe DJEMEHTb AJAMHLL LYyTH NPH HTOM
He U3MeHATCd u NOSToMY ypasrenue (31.46) Oyner yAoBaeTBOPATHCS U
s MJIOCKOCTH; HO Ha IWIOCKOCTH ypaBHeHume (31.46) ectp ypasuenue
INMUUNKIONL,

D10 coobpaxenHe NO3BOJAET HalTU BCE MHTErPa/bHbBE KPHBbLIE ypaB-
nennsa (31.44). Jlas ux noaydenus AOCTATOYHO B3ATh M0OYI0 KOHHYECKYIO
NOBEPXHOCTb, Da3BepHYTh €8 HA IVIOCKOCTH, HAHECTH HA Hel nBa ceMed~
CTBA SIULHKJAOHL U 3aTeM CHOBZ BOCCTAHOBHTL HCXOAHYIO NOBEPXHOCTS.
Hanec8HHble HAMH SOHULMKJOMAB NepefiyT B cucremy L

Boaee noapoGHO BONPOCH TeOMETPUM ABHIKEHUH, OTBEHAIOUINX CAYYa0
uanuuus I, Gulaum pacecmortpedsl B paborax A. A. Hukoseckoro, C. B. Ba-
aangepa u# IT. XKepmen.

§ 32. Ocecummerpuunoe ofTexanue ¢ oToweawed yaapao#
posHoH. [lpn oOTexauuu TYNOrO OCECHMMETPHUYHOIO TeNd CBEePX3BYKOBLIM
NOTOKOM (CKOPOCTh N0 OeCKOHEYHOCTH HANPABAEHA BAOJL OCU CHMMETpuyl
Tesna) o0pasyercs OCeCHMMETDUYHAR YAADHAR BOJIHA, OTXOAAIAf OT NO-
BEPXHOCTH Tes1a. 3ajaya OnpejesieHus (QOPMB YAApHOA BOJHBL M BHXpe-
BOrO [BHXKEHH MeXIY I[OBEPXHOCTHI0 pPAa3phiBa U TOBEPXHOCTHIO Tend
pewaercs uyucnenso. Cxema pemwenns Omaa nana O. M, BesouepkoscxkuM
# peannsOBaHA HAa 3JEKTPOHHOM OLICTPOJeHCTBYIOUIEH BbidKCIMTEbHOR
mamuue. TaK e Kax ¥ B AHAAOTHMHOM NJAOCKOM cayuae (§ 22), saece
Out/l BpUMeHEH MeTod [lOPOAHMIBING, NO3BOJAIOWUA penuTy 3a4ady B 104~



§ 32 OCECMMMETPHYHOE OBTEKAHME C OTOLUEJILEF VIAPHOM BOJHOM 391

HOH TOCTaHOBKE M C HYXHOH crenenbio TouHoctd. IlyTh peluenus sakio-
4aeTCs B CACAYIOUIEM.

Beonarcs cdepuyeckde koopauHats (r, 8, ) (ocv 6 — Baoas noroka).
B cuay OCeBOH CHMMETDHW JABHXKEHWE HE B3aBUCHT OT A M COCTaBAsoO-
pas ¥, CKOPOCTH pAaBHA HY/IO. YDAaBHEHHS ABMKEHUS TPHUMYT BHIL:

dv, vy Oy, v 1 dp
e @21
Ovy vy Ouy Uy 1 dp
Yo v T =T (32.2)
Mcnoab3ys ypaBHeHUe HePaspEIBHOCTH
) . @ .
3 (r%pw, sin 6) 55 (rpvy sin 8) =0, (32.3)
peefdM Qyskuuo Toka W Takyo, yro
r¥pu, sin f = — %l{l;— ,  rpvgsinf = %‘é— . (32.4)
[Tpu srom
4w , dR .
g = Rpsinf (vg . Rv,) ) (32.5)

ecin npdepenitupoBaHuE IPOBOAHTCE BAOAb HEKOTOPOH annun r = R (6).
Ypasnenune (32.5) ecte auanor ypassesus (22.10) naockoro cayuas.
KomOunnpya (32.2) u (32.3), noayuum amanor ypasuenus (22.8):

% r¥sin 0 (p-4-pv?)+ 505 (r sin Opvyv ) == r (2p-pu})sin b. (32.6)

o
CooTnomenns, Bhlpawaomue p U p uyepes V2= v?, 6ynyT umers

TOT Xe BHA, 4TO M B IUIOCKOM ciayuae {(cM. (22.11) u (22.12)). Heua-
BECTHHIMU  yHKUUAMM ABAMIOTC ¥y, ¥, ¥ u ¥. B kavecrBe Kpaeshx
YCaoBult umeem Ha rtese:
- . Yy drg
r—.l’e(@), ‘U,u——«?—;m-*,
npuuem snauenwe 9§ (0) magrtcs popmyaont (22.21). Ha YAApHOH BOJHE
r==ro—e(8), rae e(0) — pyukuns or §, noaiexaumas OnpereieHHIO,
HMEeM BHOBL coornomenns (22.13) — (22.15), cBasbiBaoiue Uy, U, U @
(¢ — yroa uaxnoua HOPDMaJIH K TIOBEDPXHOCTH PasphiBa K OCH CHMMETDHH);
KPOMe TOro, umeeM OueBHIHOE COOTHOLUEHHE
de
S =— g tE O +9) (32.8)

T aHAKOT cootHowenus (22.18). Haxoueu, no (32.4) 1oMKHH MMeTh Ha
YAapHo# BoaHe:

T=0, §=9(0), (32.7)

Pocl o ! %\
Y=(ry—te)? 5 s1n26:~§(r0+s)290<1 — v°°> v, sin28. (32.9)

2
max

21 Teopetuyeckan PHAPOMexanuka, 4, 11



322 TEOPETMYECKUE OCHOBbBI TA30BO¥ JAUHAMUKU ra. 1

[Tpouecc pemwenus 3ajaud, KaK U B IJIOCKOM CJydae, 3aK/IOYaeTcst B pas-
OueHun 00JaCTH MHTErPMPOBAHMA MEX1Y TEJOM M TOB2PXHOCTbIO pa3phiBa
Ha N obJjactefi NyTEM NpOBeLeHHS JUBHR
=ro®—+te®), me =+ (1,2 ..., N)

C TNOCJAeSYIOIMM HHTerpupoBaHueM ypaBHeHuit (32.3) u (32.6) Bnoan
AuHu# 0 =const. OT KOHTypa Tesa LO IpaHHLBl KaxXIOH W3 MOJOC u
C 3UM2HOR TOABIHTErPANbHBIX GYHKLUH MHTEPNOJALHOHHBIMA TTIOTHHOMAaMH,
“lckoMbiMM  QyHKUUAMH OYAYT 3HaueHHs (YHKUMHE Ha TPaHMLEX TOJOC,
'panuyHBIe YCJIOBUS BBIIOMHAIOTCA TOYHO. 3alJaya CBOAUTCA K UHCJIEHHOMY
MHTErpUPOBAHHIO CHCTEMH OOBIKHOBEHHHIX AMddepeHUnanbHEX YpaBHeHu#H
no 6, npuuéM uacTh KpaeBHIX yCJAOBHH 3aJaeTcs HAa OCH CHMMETPHUM:

npu 0=0 (vy);=0, ¥;=0, %, ®)=19, ¢=0,

a octaibHble Ha ocoboi aunuu. HebGosbmoe oTaMuKMe OT IJIOCKOTO CIy-
yasi 3aKJI04aeTCs B TOM, YTO Teflepb, KpoMme /N NMOABHXKHHIX OCOOBIX TOYEK,
Mbl OydeM KaxAbH pas uMeTb M/ HEKOTOPHIX YpaBHeHHH CHCTEMHI
0COGEHHOCTH BIOJb OCH CHMMETPUH. DTU NociaeiHne 0coOkie TOUKH OyAyT,
0IHAKO, (pﬂKCHpOBaHHbIMH peryaspHbIMHU 0COOLIMU TOYKAMH; KaK ¥ B ILIJIO=
CKOM C/yyde, M 8JeCb NPUAETCA MMETb JeJ0 ¢ pALaMu 1Mo creneHsM 0,

3aech (KaKk M B IJIOCKOM cayyae Ha crp. 191) npeanonaranoce, uro
rpaHMba Tesa npeicTaBiseT cofofi raankuit koHTyp. [lo paccMoTpeHHOH
MeTONNKe MOXHO NMPOBOIAUTHL PacuéT Tes, o0pasywouias KOTOPHX B 06.a-
CTH BJMSHMS MMeeT H3/10M (B 3TOM ciayyae OAMH M3 NapaMeTpoB oOIlpe-
JeNsieTcss M3 YCJOBUS TOrO, YTO B TOYKe WU3JOMa NO/KHZ OblTh 3BYKOBas
(KOpOCTb), @ TakKxe pacyéT <«KOMOMHHUPOBAHHLIX» Tea (Cdepa — KOHYC
i ap.). Meron Moxer ObiTh 0600MIEH HA cayyall CBepX3BYKOBOTO 00Te-
KaHUA 3aTYILUICHHBIX Tes NOTOKOM peajbHOrO rasa (C yu&éToM AMCCOLHAIUU
i uoHusauuu). Ecau 3azaTbCs LeJbl0 CO3[aThb eIMHYIO NpPOTPaMMYy IJd
OBLICTPOACHCTBYIOIUX 3/IEKTPOHHBIX CYETHHIX MALIMH, NPHTOIHYIO AJs pac-
YETOB KaK MAOCKMX, TaK ¥ OCeCHMMETPUYHBIX Tel pa3HooOpasHoit (opMbl
(raiKuX, CWIbHO 3aTYIMJEHHHIX, C H3JIOMOM oOpasyiouweH, «KOMOHHHPO-
BaHHBIX») TIPH pAa3/JHYHBIX 3HAYEHUAX TIOKasaTens aamabaThl B M uucen
Maxa Ha6eraiowero nortoxa (I << Me < 00), T0 BecbMa yLOOHO 3a He-
3aBHCHMble MepeMeHHble B3ATb § U n (§ — LJIHHA IYrd BAOJbL Teld, OT-
CYUTHIBaEMAas OT KPUTHYECKOH TOUKM, A -— HOpMaJdb K TeJy).

[IpuBen&éM HEKOTOpHIE pe3y/abTaThl PAaCUETOB OCECUMMeTpPHYECKUX Tel,
nonyuennsie O. M. DBesouepkosckuM ),

Ha puc. 128, 129, 130 npencraBaenbl KapTHHb OOTeKaHHs 3JJUIM-
coulos Bpauenus (8=0,5; 1,56) u cdepn (8 ==1,0) npu pasIuyHHIX
sHauenusx M., (3 — orHoweHHe BePTMKA/JbHOH OCH 3JAMNCOMIA K TOpH-

) Beaouepkosckuii O. M., O pacuére o6TekaHus ocecCHMMETpHYE-
CKHUX Tex ¢ OoTowenlueil yiapHOH BOJHOH Ha 9JECKTPOHHOH CYETHOH MaIUUHE,
MMM, 1. XX1V, o 3, 1960.



§ 32 OCECHUMMETPHYHOE OBTEKAHME C OTOLIIEAMEN YIAPHOM BOJNHOM 323

i L y L
72 i ¥ a5 Q512840 45
1837 {59 175 [543

Puc. 128. Puc. 129.

145

VT 75
158 119 :

Puc. 130.

2l%



324

TEOPETHYECKHE OCHOBBI TI'A30BOM

JUHAMPKHN

{ra, 1

& ]
20 \ #7350
N 40
(4 - /]
96 §=45 -
- &, l ‘ oo —
0'4 't i i ) i i 1 ‘ i
a2 04 a6 a4 e
Puc. 131,
&
y/
/]
i M=4,0;8=10 j
\
o Ve
\d=/
\\
A s
\\\§‘§_%g;mmﬁmmmd
492 ] I '"1}’”/
at \;\\\«.‘ =[5
— é\;’}? V—“t} Jnmuncoud
0 1
2 4 § & gV o«np, %0 45 7
Puc. 132. Puc. 133.
pe "% ; ;
aﬂ o ‘\K ”;z ——
- U\\l N Jxenep. { .
C o M=4 ‘; NS
m: ~\\
e e e N
i N
=1 -
3 i i i i i 1 i
a 44 7 72 é




$ 33] OIHOPASMEPHBIE ABVWKEHHSA. OBIHME YPABHEHUY 325

sontansiott). Ha puc. 131 nano pacnpenedenuwe JAaBaeHus pfp,==
= p(re, /p(ry, 0) BROAL moBepxHOCTH saaunconsa ¢ §==05. Ha
puc. 132 MOKasaHo, KaK MEHATCH DACCTOAHHE OT Tela A0 NOBEPXHOCTH
a3peiBa BAOMb OCH CHMMETPHH.

Puc. 133 u 134 HATOCTPHPYIOT CXOAMMOCT> Mertoda npu N==1, 2,
Mo==4; Ha puc. 133 npupexeHa yAapHas BOJHA, 3BYKOBas JAUHUSA H
xapaxrepuctukn [ wm /I cemeftcts; na puc. 134 nanm pacnpesesnenus
HaBACHUA BIOJb TeJa H TMOBEPXHOCTH DA3pHBA.

B zax/iioyeHHe CJeAyeT OTMETHTb, UTO METOA HHTErpa/bHEIX COOT-
HOLIEHHH € YCMeXOM TPHUMEHAJCA W AafA pelleHHs APYTHX 3alad rasoBoi
IuHaMUKY ¥ npukaagxoft Marematukd, Tax, I1, M. Yymxuseim!) Swiao
pacecMOTpeHo O0TeKaHue NPOU3BOJALHONO Tesa B AO3BYKOBOM H 3BYKOBOM
NOTOKE rasa, a TaKxe N03BYKOBOe ofTexauue IJAMNCOB € HUPKYAsLHeft.

I'. HEYCTAHOBUBIIHECH ABHXKEHHS

§ 83. OxnopasmepHsie ApHweHHs. OOiHe ypaBHeHHs. Xapakre-
pucTHku, [lycTe ras ABHKETCS BAOAL OCH X TaK, 4YTO BCE 3JI( MEHTH
IBHIKEHUR U, P, p ABASIOTCH QYHKUUAMH OLHOTO TONBKO X M BPeMEHH £,
Takum obpasom,

v,=v,=0; wv,=o.(x, 8); p=px ), p=p(x b
[peanonaras, u4TO BHELIHMX CHJA M CHJ BA3KOCTH HET, Mbl MOMEM Halu-
carh ypaBHEHHe ABHKEHHS B BUIE

I op U, du,

T ox T ot T Yrax
YpaBueHue e HepaspHIBHOCTH 1acT:

op douy
"(‘3_;.*_ ox =0.

Hpubasum ewe yciuopue a1uabaTHYHOCTH ABUIKEHHA

9 p 0 p
'a?'gg“{—vxé}“—?';-—O.

Ml nMeeM Takum 00pasoM TP ypaBHeHHS AJs ONpelsesfeHUs TPEX (GYHK-
wa: v, p, p. Kak u npexie, BBeNeM BeJHUMHY ¥, NPOCTO CBA3AHHYIO
C 9HTpONHeH, H3 yCIOBHS ‘

p=t(x, t)p~. (33.1)

') Hymknu I M, Obrexanne SMHMNCOB U SMIATCOHAOB JO3BYKOBHIM
IoToxoMm rasa, Beiw. mar., 2 (1957); Pacuér HexOTOpHX 3BYKOBEIX TeueHHH rasa,
[IMM, 1. XX, 8. 3, 1957; Pacuét obrexanus MpoH3BOALHOIO HpodHaa ¥ Teha
BDAmenns B 103BYKOBOM NHOTOKe rasa, Boiu. Mat., 3 (1958); losByxoBoe ofTexa-
HHe samuncos ¢ uupkyaanmed, JAH CCCP, 125 (1959), Ne 4.
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Torna P 09
5 Tz =0 (33.2)

YpasHenne (33.2) mNOKasbiBaeT, YTO B C/ydae HeNpPepBIBHOCTH LBMXKe-
uus & coxpaunserca B uyactuue. Bmecto ¢dynkuuit v,, p, p ynobHo Gy-
neT BeecTd vU,, a (cxopocth 3Byka) u %, Tak kak

x—1

ag_—_-‘/.-‘;l_—_;xf)"p*"lzxf)p—*-, TO IHPZX_Q_

1
Tlna — T 1n (x§%).

TakuMm 00pa3oM, ypaBHeHHe HepasPLIBHOCTH MNACT MOCJe MPOCTHIX Npe-
o6pasoBanuit:

2 dlna dlna 1 0 o 9 . d‘f-'x____
vv—l( ot + v, )——7«-1 (d_tm“() +“Ux5;clnuﬁ> v 0,

yTo, BCaeAcTBHE (33.2), MoxeT OBITb 3aNHCAHO B BHIE:

% —1 duv
—5—a "—+~0t+ X—B}—_O (33.3)
YpaBHeHHEe IBHXEHUS HACT
0vx+ __polp ___f}i( 2 dlna  w 0]nx%)
Ux 0x p Ox + \xr—1 ox »—1 odx J'
YTO MOXeT ObITb NMpPECTaBIEHO B CJAEAVIOIEM BHUIE:
ov ov a a? ¥
G G e g = T (33.4)

Mbl yXe YNOMSHYJMH O TOM, 4TO i COXpaHseTCs B UYACTHIE; pacrpe-
nenenne § OT YaCTHUB K 4YacTHLe cJaeayeT CYWTATh NOITOMY B 3alavax
ragoBOH IMHAMMKH Kak OBl HAaya/JbHBIM YCJIOBUEM M JAHHOH (ynKuuelt
[Hanono6ue TOro, KaK B IJIOCKOK CTALMOHAPHOH 3ajave MBI CUHTAIH
u3BecTHOR Qynxumio & =13 ()] or narpankeBoft koopAuHaT (Mbl OyneM
0o0o3HauaTh €€ B 3TOH riaBe OYKBOH £):

AHanOrMYHO TOMY, KaK B IIOCKOM C/yyde Mbl BBOAMJH BCNOMOTAaTesbHYIO
dynkumio ¢ OT X M y, BBeAEM Temepb BCIOMOTATENbHYIO BEJHUHHY §—
JarpaHKeBy KOOPIMHATY — QYHKUHIO OT X W f:

E=E&(x, 1)
PYHKUUIO 3TY MBI NOJYYHM, €CAH PEluuM ypaBHEHHe
x=x(, 1)

OTHOCUTEJIbHO &.
C npyro#t CTOPOHbI, ypaBHEHHE Hepa3PLIBHOCTH TO3BOJ/SET 3aKIIQUHTD
0 cyuwectsoBanun ¢ynkuuu A (x, £), Takoi, uyro

0A 0A
P=gx TPU=gr-
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VpasreHue (33.2) 3acraBaser HAC CYMTaTh, 4TO A 3aBUCHT Julb OT &,
HoJee TOro, BBOAA MJAOTHOCTb p, B HeKHH HCXOIHBIH MOMEHT Kak byHK-
wo £ pp(5), Mbl MONeM Hafith cBasb Mexny A u £ B camom neue,
HanuiueM TOXAEeCTBO

=5(xGE 00
u npoauddepennnpyeM ero ofe 4acTd no & MNOJyunM

| — 05 (x, t) 0x (& 1)
T dx a9

HO BCAeNCTBUE YpaBHeHWd Hepa3PEIBHOCTH, HanucaHHoro B ¢opme Jla-
rpaH:ka, AAs Halero OJHOPA3MEPHOrO IBHKEHHd HMeeM:

Ox (8.
02~ o 7
3HAYHT,
98 __ o
ox ~ po '
TaK 4TO
A== | p(®) di.

Taxum oOpasoM, &(x, f) L0MKHA YLOBAETBOPATL OAHOMY U3 JIBYX ypas-
HeHUH’

08 e, O puy
0x ‘—"’P-o“: of _— T. (33.5)

3amerum, urto, 3amaB H(§) u py(f), Ml MOKeM onpeleuTb U py(§) u
a,(%) (naBneHne ¥ CKOPOCTb 3BYKA B MUCXOAHHIH MOMeHT). B camom zese:

ao= ("5 )% po=H"pi.

Mu moxeMm Temepb sanucath (33.4) B Bule

ov v 2 Oa a? dind
vxﬁ+#+x—law=x~1% ai (33.6)
rune
2 2
p=q*1 (19-4)’ 1 (33.7)

Taxuym o6pasoMm Mpl 107kHH onpeneduTs Ase Gyuxkuuu: v, (x, ¢),
a(x, t), yaosaersopsioune AuddepeulualbHEM ypapHenusM (33.3) u
(33.6), npuuém B mocaeanee ypaBHeHHe BXOAUT €L TpeTbs (QyHKUUA
(X, ¢), HO yXKe He MOA 3HAKAMH aubbepedinalos; 9Ta QyHKUUA § A0.1KHA
YACHIeTBOPATL OAHOMY M3 ypasueHuft (33.5). 3anaua Haiua npeacTaBJseT
dHal1oruio ¢ nAOCKOH BUXpeBOH 3anauel, paccMoTpenHoft Buime (§ 9):
TaM peus wra 06 onpeneneHun pyuxuui v, v, u3 ypapHenu#t (9.1),
(9.2), npuuém dopuyaa (9.1) cosepwana ewd Pynkuuio $, KaKosas
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1OoMKHA Oblja VAOBAETBOPATb ONHOMY U3 AuddepeHlunansHLIX ypasHe-
Huf (9.6).

O6pamasce K cucteme (33.3), (33.6), OyaeM uckarb Aaf Heé xapak-
TepHCTHYECKHE MHOTOOOPa3Hs B BHAE

x == x ().
Broab 3TtHX auHu
dv, _ 0Ov, ov, , ~da __ da oa . di ok 2x
at =0 T X @ T a T a=a Tt

Haxons otciona dv, /ot w dafof w BCcrasass ux B ypasuenua (33.3),
(33.6), noayuum:

% —1

au, N da
T 0 T X gr ="
L
ov 2a oa P dind dv
JE— n2-x . ol 