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_ Paccivia'i'p’unaio'l:c;i TpexMepHble yPaBHEHNUs PABHOBECHS YIIPYTOMIACTHIECKO CPEAbI
'c paccenHbeMn noapexneﬂmmu npH ycrosuu miacrudHocTr Tpecka u accounupOBaH—

" HbIM C HEM 3aKOHOM TeueHus. HanpspkeHHOE cOCTOSHIE MOXET COOTBETCTBOBATS KaK
rpaHy, rax U pebpy NOBEPXHOCTH TeKyuécTH. PacnpenencHue noBpesxeHnit B cpefie
MPENCTABISAETCH C NOMOIUBIO TEH30pa MOBPEXASHHOCTH BTOPOrO paHra, rnaBHble OCH '

."KOTOPOTO MpEANonararoTcsi KOOPHEHTHPOBAaHHBEIMHU TTaBHBIM OCSAM: HanpspkeHuit, Tomy- -

... -U€eHa 3aMKHyTas CHCTEMa CTATHYECKHX ! KHHEMATHYECKHUX YPABHEHMI TEOPHH CBSI3aHHOM

TUTACTUYHOCTH H NMOBPEXAECHHOCTH. IIpH.ycnoBuM PacCIOEHHOCTH MONS COOCTBEHHBIX

.BEKTOPOB TEH30DPA HAMPSKEHWH, OTBEUAOIUX HaHGONbuIeMy (1iTH Hanmenbmemy) -
‘,rnaanomy HANPAXEHHIO, Hanneﬂbx Takue KaHOHH‘IeCKMe KpnBonnHeﬁbee KOOPAHHATBI, .
pu npeo6paaoBaHHn K KOTOprM YPaBHEHHs pasuosecm, cq)opmynnposaﬂnme pns’
pebpa nonepxuocm 'requec'm OpUBOAATCS K’ TPEM ypaBHeHPlﬂM AOMyCKaOUWUM MpH
HeKOTople orpanleHnﬂx TOUHBIE umerpanm Haiiensr MHBApHAHTHI, COXPaHsIoLLe

" :cBOM3HAUEHHUS NMPY TIDOJBIKEHUH BHONL JIMHUH IaBHLIX HANpSXKEHUR B cpefe ¢

" - IOBPEXJEeHUAMA. Bbilenetbl KIACCh NPOCTPAHCTBEHHBIX 3ajiay paABHOBECHS YNpPyro--

' TUTaCTHUECKHUX T, JUIsl KOTOPBIX MOJIS HANPSKEHHH SBIAIOTCS paccaoeHHbIMH. Tlo-
CTPOEHLI KAHOHMUECKNE KOOPAMHATDI MIOCKOM 3ajiauit H HaliieHbl HHBAPHAHTHbIE OTHO-
HIeHHd, YCTaHaBIMBAaloIne GalaHC IIaBHbIX HANPSDKEHUI, nonpex(neunu U Kpusmu -
HH TIaBHBIX Hanpsm(euml e P e A e

[

1. Ocuomn,le ypannemm Mone.nn ynpyron.nac'mllecxoro 're.na ¢ yc.nonneM n.nacmqnocm
Tpecxa Ypannemm IIpOCTpaHCTBeHHOPI 3amavyn Teoplm AneanbHOM nnacmtmocm BnepBble
6r>um nonyqem;l Jlesn [l] I'Ipoc'rpanc'rBeHHaa 3amava TEOPHH nJIacquoc'm npn ycroBHm,
Tequecm Mnaeca CTATHYECKU HEOUPEEINMa, H KPOMe TOTO, coo'rBeTCTBylomaﬁ KpaeBas
3ajaya mmae’rcx 3Jmnnmqecxon [2], uro B NpuHIMIE He, IIO3BONAET 06061[IPITL METOfBI
nm*erpnposannﬂ pasam‘ble s rmocxou sagaun [2, 3, 4]. SaMeTnM, 9TO ypaBHEHUs IIOC-
KO 3ajjayu NpUHAJJIEXAT K mnepﬁonntlecxomy THILY, 9TO MO3BOJISET BBECTU npencq'aB-

'JIeHne O CHCTeME CKONILXEHUsL KaK MEXaHU3ME nnacmqécxoro TedYeHusI, cornacy}omeecsl c
MHoroqncneHHbmn axcnepnmemanbnbmn [AQHHBIMU 11O T€OMETPHY, INIACTHYECKOTO Teue-
HUSL Me'ramron. Hpmmnnuanbﬂo HHAs CHTyalust Ha6monae'rca B IIpOCTpaHC’I‘BeHHOH 3ajave,

BECHs B PANlE BAKHBIX CNIYIach CTaﬂoaaTca mnepﬁonnqecxnmu [13] ,

I/Iccnenonanmo 'ypaBHEHHH ocechMeTpanOM u. HpOCTpaHCTBeHHOH 3a,uatm Teoplm
nnacmtmocm IIOCBAIIEHBI. pa60TbI [5-12]. - Lo

CMBICJI rnno'ream HOJTHOH IJIACTHYHOCTH [6], KaK Taxoro Hanp;DKemroro coc*rom-msl
nnac'mqecxon cpemﬂ, Ipu KOTOPOM n306pa>xalomaa Hanmeem«m B HpOCTpaHCTBe
I‘JIaBHBIX Hanpﬂxcennn TOYKa pacnonarae'rca Ha pebpe IIpPIBMbI TpeCKa, )34 YCTaHOBJICH B
[71. ‘OcecHMMeTpHYHAs KeCTKOIUTACTAYECKAs 3a/ja4a C chonbaonaﬂﬂeM'runo'resm MONHON
IITACTHIHOCTH I/ICCJ’Ie]IOBaJIaCL B paGore [8], rae Obl0 nOKaaaHo ITO ypaBHeHHﬂ ‘CTaTHKH
npHHajIeXaT K THNepGOTHIECKOMY THITY, HAHIEHBT XapaKTEPHCTHKY H npennoxen YHCIIEH-
HBIH METOJ| HHTCrPUPOBAHMS STHX ypaBHEHHUI. e .

B’[13] nokasaHo, YTO NPH YCIOBHM ILTaCTHIHOCTH TpeCKa npocrpaHCTBeHHaa 3ajaga
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CTaTHYECKH ONPEJICNUMA, €CIIU HANPSKEHHOE COCTOSHHE COOTBETCTBYET peGpy IpH3MbI
Tpecka, CHCTEMa ypaBHEHHH [IACTHYECKOTO PABHOBECHS NPUHAIEKAT. K runepooidec-
KOMY THILy H HOPMAJIM K XapaKTEPHCTHYECKHUM IIOBEPXHOCTSIM COBIAJAIOT C HOPMAISAMHU K
IUTOINAKaM MaKCHMalbHbIX KaCaTEIbHBIX HaNpsDKeHUH (ITOmaaKaM cKoiabkenns). OTMe-
THM TaK¥Xe, YTO BONPOCH! NOCTPOEHUS TEOPHH H[EATbHOH IIACTUYHOCTH IPH YCIOBUH
COOTBETCTBUSL HANPSIKEHHOrO COCTOsAHMS peOpy npH3Mbl Tpecka paccMaTpHBauCh B IHKIIE
pab6or [13-15].

ACCOUMUPOBAaHHBIA 3aKOH TeUeHNA A1 peGpa npusmbl Tpecka He (PUKCHPYET HamMpas-
JIEHAE BEKTOPa, NPEACTABISIIOLIETO NPUPAIIEHIE TEH30pa MIIacTuYeckol fedopmanuu {16]:
IToaToMy NOSIBISAETCS JOMONHHUTENbHAs (PYHKLHS — YrolN, ONpefessIOmMi NONO0XKEHIE
BEKTOpA NMPUPAINEHHUS IUTACTAYECKOH flepOpMalii MEXY HOPMAJISIMA K TPAHSIM IPH3MBbI, —
KOTOpOM MOXKHO BOCHOJNb30BAaThCs IS MOCTPOCHHS COTNACOBAHHOIO IO CKOPOCTEIL.
Wmenno nostomy Ha peGpe npusmbl Tpecka JacTO MOXKHO OTBICKATH PENIEHHs PUKIIAL-
HBIX 337124 O TEUCHHH IUTACTHICCKUX TeJl.

HeoGxopumo Tak:Ke OTMETUTb TO OGCTOSATENBCTBO, YTO peIleHns ypaBHEHUH CTaTHKH,
[OJIYYEHHbBIE B U3BECTHBLIX pa60Tax [51, [8], cooTBETCTBYIOT MMEHHO pebpy npm3Mbl Tpecka,
TaK KaK YCIOBHE IJIaCTUYHOCTH MH3eca B COUETaHHH ¢ ycnoBueMm Xaapa—KapMana ocTas-
JSIET TOIBKO TE HANPSKEHHBIE COCTOSHES, KOTOPhIE COOTBETCTBYIOT IIPSIMBIM, IO KOTOPBIM
nepecexaeTces NWIMHAP Museca ¥ BIMCaHHas B HeTo npu3Ma Tpecka.

IIpvHIMNIMATEHO BaXKHBIM TaKXe SBISIETCS TOT (PakT, YTO COOTHOIIEHUS IPOCTPAHCT-
BEHHOJ U OCECHUMMETPHYHOM 33124 BfIOJTb XaPaKTEPHCTHK SIBISIOTCS HEMHTEIPHPYEMbIMH
B OTIHYHE OT CNydyas IIOCKOH mmacrtmueckol aedopmanuu. KoHeuHble COOTHOLIEHHS
MOXHO TIONYYHTh, KaK GyfeT MOKa3aHO HUKE, TONBKO BROJD JINHHUM [ABHLIX HANDSKEHHH.
[T0oaTOMY OTIMUMTENBHON YEPTOH IPEAIAraeMOro NOAXONA SABIAETCA TO, UTO YPABHEHUS
NPOCTPAHCTBEHHOM 3aaul BCCIERYIOTCS HE METOAOM XapaKTePUCTHK, a C IOMOIIBIO KaHO-
HHYECKHUX npeoGpasonamm €CTECTBEHHO ONpEJEsieMbIX C IOMOMIBIO CETKH JIMHAN Tias-
HBIX HanpsoxeHnit, [TociefoBaTeIbHOE IPOBENEHNE TAKOTO HMOX0O[a MOAPa3yMeBaeT Npef-
CTaBJIEHHE BCEX YDPaBHEHMH B KPHMBONHMHEHHOH CeTKEe NHWHHUE INaBHBIX HANPSIKEHHH
(#30cTar). ScHO, YTO M30CTATHI HCKITIOUUTENBHO YIOGHBI NPH aHANN3Ee CTATHYECKUX YPaAB-~
HEHUH, HO NepedOpMYINPOBKa yPaBHEHUA KUHEMATUKH B H30CTAaTHIECKHE KOOpJII/IHaTbI
COMpPSKEHA CO 3HAYUTEIBbHBIMY TPYAHOCTSIMH.

Cssi3aHHas NOCTAaHOBKA 3aJayM, KOrja MIACTHUECKOE TEUEHHE HCKAXKAETCI MOJNIEM
IOBPEKACHUH U OJHOBPEMEHHO NOBPEXIEHNS BO3PACTAIOT B MPOIeCCce HAKOILIEHNS ITac-
THIECKHUX neq)opmaunu BOOGIIe He NOABEPraNach aHaNM3y C TOYKH 3PEHHs OOIMX CBOICTB
ypaBHEHWUI, BOSMOXHBIX IOCTAHOBOK 3aj1a¥ I BO3MOXXHBIX IOAXOJOB K UHTETPHPOBAHUIO
bonee CIOXHBIX, IO CPaBHEHHIO C TPaJUIIOHHBIME YPABHEHUSIMA TEOPUH IIACTHYHOCTH,
CBSI3aHHBIX ypaBHeHI/II/I Heckonpko cnoB HEOGXOAMMO CKa3aTh O BHIGODE MPEACTaBIEHHS
aHU30TPOINHONI TOBPEXAEHHOCTH. Hcnonb3yeTcst MOJIENb, IPEATNOKEHHAS B [17] C TEH30pOM
3¢ exTHBHBIX Hanmeemm ITIOCTPOEHHBLIM KaK IPOM3BEJEHUE TEH30pa HaIpPSIKEHUH
Kommm u coocHOro emy TeH30pa nospemnem—xocna BTOPOI'O paHra. ITO yCIOBHE COOCHOCTH,
Kak ObIJIO ycTaHOBNEHO B [17], HefiCTBUTENHHO BBINONHIETCS TOJIBKO ECIH B npouecce
HArPYKEHUs BIUSHUEM YIPYron neQJopMauym Ha COCTOSIHUE MOBPEXIEHHOCTH MOKHO
npeHeGpedb. 3aMeTHM, YTO AOCTATOYHO NOJHOE M3JOXKEHHE COBPEMEHHON MEXaHUKH
IIOBPEXEHHOCTH MOXKET OBITEL Halieno B [18]. ‘

Pacemorpum, cnepys [13], YPaBHEHHs PaBHOBECHS YIPYrOIIACTAYECKOrO TENa, NOAUHd-
HSIOLETOCS YCIIOBHIO IIACTHYHOCTH Tpecxa IIycTh B XKECTKOIIACTAIECKOM Tele, MaTe-
pHan KOTOPOTO XapaKTepH3yeTCsl KOHCTAHTOM k — IpefieioM TeKy9eCTH NPH YHCTOM CI[BHTE,
OCYIECTBIsAETCS HaNpSKEHHOE COCTOSHHE, COOTBETCTBYIOIEE pe6py HPH3MBI Tpecka.
OGo3nauum 4epes C;; TEH30p Hanpmkem/m, l;, my, n; — OpTOHopMI/IpOBaHI{BII/I 6asuc u3 oo-
CTBCHHI:IX BEKTOPOB TE€H30pa HANPSKEHUN; G, Gy, O3 — COOTBETCTBYIONIHE COGCTBEHHBIE
3HayYeHus (TTaBHbBIE HaNpsDKEHAS).

CrekTpanbHOe pas3ioXeHHe TeH30pa HalpssKeHu uMeer cne,uy}omlm lem

Gl/ = Gllilj +02m,mj +03niﬂj . .’ (1'1)
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B NpOCTpaKCTBe IIaBHBIX HAIPSDKEHUH ycnosue TekywecTH Tpecka mist Tema Ge3
HOBPEXAECHAN NPEACTABNACTCS IPABMIIBHON [IECTUTPAHHOM IPU3MOIL C pe6paMH 0'1 + 2k =
_02-—(73,6]——-0'2+2k 03,0 = 02—(53"'2]( o

. L FaHHOTO HANPSKEHHOTO COCTOSIHMUS, COOTBETCTBYIOMETO PEOPY MPH3MEI TpeCKa
Bcerua MOXHO IIEPEHyMEpOBaTh [JIaBHbIC OCH TEH30PA HAMPSKEHMI TakK, YTOOBI BBINOIN-
HAJIOCE PABEHCTBO O; = G, = O3 + 2k. :

ITocnepnee ycnoede 03HAYAET,.ITO [IABHOE HANPSKEHHWE O3 ABIICTCS Jm6o Hau-
MEHBIIIM, TH00 HARGOIBIIIM ITIABHBIM HODMAaJbHBIM HANPSKEHHEM.

ITockonnbKy 6asmuc I, m;, n; HPERIOTAraeTCsi OpPTOHOPMEPOBAHHBLIM, TO

-5~- =ll; +m~m~‘+n~h o : : - (1.2)

YuutbiBas ypasrenus (1. 1) n (1. 2) a Takxe ypaBHEHHE pera NpU3MBI O = O, =
=03 2k, no.nyan

Taxum 06pa3oM, HANPSKEHHS B HEIMOBPEXNEHHOM KECTKONNACTHIECKOM TeNle OIlpe-
AEINSIIOTCS CKAJISIPHBIM NONEM O3 A €[UHUIHBIM BEKTOPHBIM MONEM 7;. Ce
TpapuuronHoe ypaBHEHUE paBHOBECHs 00;/0x; = 0 IOCIE IOACTAHOBKA B HELO pa3J10-
“xenns (1.3) MoxeT ObITh HpenCTaBJIeHo B Cle/lyromell MHBapHaHTHOH hopme
grad o3 F2kdiv(n®n) =0 : L N € )
" CrepioBaTeNbHO, 3afaua o PaBHOBECHH 3XECTKOIIACTHUECKOTO Teja hog pe6pa TIPU3MBI
Tpecka cratudecku onpefenuma (IOCKONBKY MMEETCSl POBHO TPH YPaBHEHHs JJIS ONpe-
[eNeHns1 TPEX HEM3BECTHBIX: COOCTBEHHOIO 3HAUEHUs O3 H, HallpMMep; ABYX' YIJIOB, 3a1ai0-
IUX OPHEHTAUHIO SAMHIUIHOTO BEKTOPA 11;), €CNIM TPAHMUHBIC YCIOBHUS 3ajlaHbl B HANpS-
KEHUSX. YPaBHEHUS PABHOBECHA MOTYT GBbITh PACCMOTPEHBI HE3ABHCHMO OT KHMHEMATH-
YECKNX ypaBHEHH.
Beopgs o6o3naueHue E 03/(*2k), ypaBHeHUE (1 4) npuBemUTCS K BHLY

gradX+divin®n) = (1.5)

B nexapToBbIx KooanHaTax ypaBHen#ue (1.5) 9KBHBaNEHTHO CACTEME YPABHEHMM:
ox on; on
— 4+ —£=0 (,k=12,3) _ C(L6)
;L ox, ox, , ‘
Cucrema ypapHenuii (1.6) IpUHAJJIEXHT K THIEPOOIUIECKOMY THITY, TaK KK B KaskKAOi
TOUYKE CYH[ECTBYEeT TP XaPaKTCPUCTHYECKHX HAIPaBIEHHS (HOPDMANH K.XapaKTEPHC-
THYECKUM NOBepXHOCTAM). Ecim oGosnawuts yepes n), n®, n® egunmunsie Hopmamm K
XapakTEPUCTHIECKHUM IIOBEPXHOCTSIM B JAHHOM TOUKE, TO
1 1 : .
n“)-n=—, n(2)-n=——, n®.n=0 (L.7)
3aMeTHM, YTO XapaKTePHCTHKAMH SBJISIFOTCS, HE TOJNBHKO IIOBEPXHOCTH CKOJNBKEHHs1, HO K
IOBEPXHOCTH COCTABJIEHHbIE U3 MHTETPANbHbIX JIMHUI BEKTOPHOI'O 1104 N.
OTMETHM TaKXe ele OfHy HHBapUaHTHYIO (opMy ypaBHerHs (1.5): |

V I+ V)n+n(V n)=0 R ‘ ) (1.8)

OTMGTI/IM qTO ypam{eﬂnﬂ CTaTI/IKH IIJIOCKOI/I IIJIaCTI/I‘IeCKOI/I ue@opmamm (CM Hanpn~
Mmep, [4]): .

ap -2k sm298——co 2(-)ﬁ =0

a.X| axl ax2
P 4ok 052022 1 5in209% | = 0 L ‘ w9
ox, ox, ox, ) ‘
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e p = ! l (Oy + ©3), 0 — yrom HakJIOHA TaBHOrO HANpPABJIEHHs, COOTBETCTBYIOIIErO
HaHGONBITEMY COBCTBEHHOMY 3HAYEHHUIO 01 K OCH X1, TIO opMe SABIAIOTCA ABYMEPHDBIM
aHajyioroM ypasHeHui (1.6).

HeiicTBUTENBLHO, BBOASL O0O3HAUECHHS X = p/(2k) U ONpefessisi eNUHIYHOE ITOCKOoe
BEKTOPHOE OJIE N C IIOMOIIbIO COOTHOIIEHHH 1) = COS 9 ny = sin 0, CI/ICTeMy (1.9) MoxHO
NpeACTaBHTH B ¢dopme (1.6). :

‘B manbHefinmieM oco6yi0 podb GYAYT UrpaTh PaccIOCHHBIC BEKTOPHLIE IONs n. Bek-
TOPHOE IOJIe, ONPENeeHHOe B HEKOTOPO# 06JIACTH POCTPAHCTBA, Ha3bIBAETCs PACCIOEH-
HBIM, €CITH CYIIECTBYET CeMefICTBO MOBEPXHOCTEH, 3aIONHAIONIUX 3Ty 00IacTh, TAKOE, YTO
BEKTOPHOE TI0JIe eANHUYHBIX HOpMaell K NOBEPXHOCTAM CEMENCTBA COBIAfAET C IIONeM N.

Il TOro 4ro6GBl BEKTOPHOE IOME N GBIIO PAacCIOEHHBIM B HEKOTOPOH 0ONacTH npo-
CTpaHCcTBa HEOGXONUMO M JIOCTATOYHO, YTOOBI BC}O’;iy ‘B 3TOM OGJACTH BBINOJHSIOCH
COOTHOIICHHE ,

n-rotn=0 C (1.10)

CTou BEKTOPHOTO MOJISL N COCTABISIIOTCS U3 BEKTOPHBIX JIMHHI MO rot N CIEYHOIEM
06pa30M: CHavaa BHIONPAETCs IOBEPXHOCTD, TAK YTOOLI BEKTOPHI N KACAJINCH €€ B KaXKOH
TOYKE, 3aTE€M Ha 9TOH IIOBEPXHOCTH CTPOHTCS CEMEHCTBO TPAaE€KTOPHH, OPTOrOHANBHBIX
BEKTOpaM N, ¥ U3 KaX[O# TOUKH OPTOTOHANBHOM TPAEKTOPUH anycxaro'rcyl BEKTOpHbI€E
JIAHMY 10JIs rot n, 00pa3ys CIOH BEKTOPHOTrO MOJIA M. :

Tt efMHIYHOTO BEKTOPHOLO IONS N BBEREM YIIbl U, W, ONPERENsIOmye ero OpueH-
TAIIO B IPOCTPAHCTBE: L A .

n = sin  sin ¥i—cos-y sin 9j + cos ¥k . ! A (1.11)

Torpa ycnosue paccnoex-moc'm noJs Hanmeeva cnenylomee i3 (1.10), MOXHO nOJNy-
YUTh'B BUAE ‘

coswaa—f?+51 waa—lz—-;—smh‘}smwgz
+ Lin2ocosy X ssin? 0¥ =0 . S o (L12)
2 ax2 ax3

" 3aMeTHM, YTO T1060€ IIOCKOE M OCECMMMETPMUHOE BEKTOPHOE INOJNE SIBJISETCS pac-
CTOCHHBIM.

* TakuM 00pa3oM, AJisl HANpPSKEHHOI'O COCTOAHMS COOTBeTCTByfomero pe6py IpU3MBbI
Tpecka, KOTOpOe, KpOME TOTO, ABJISETCs paccnoem{bm B HEKOTOpOIH 06J1aCTH POCTPAHCT-
Ba, TIONE COOCTBEHHBIX BEKTOPOB TEH30pa HANPSKEHHI ¢ HAaUOONLIIHM (MU Haumenbmnm)
COGCTBEHHBIM 3HAYEHHUEM N JOJKHO YIOBIETBOPATH YPABHEHHAM: . '

rotdiv(n®n)=0, n-rotn=0, n-n=1 o (1.13)

Bekropuoe ypaBreHue (1.5) mmeeT MHBapnaHTHylo (popMy, UCKTIOYHTETBHO ynoﬁﬂy}o
uist npeoGpa3oBaHyst K KpHBOMTHHEHHBIM KoopauHaTaM. IIpeoGpasyem ero x KpHBOJII/IHeP[-
HpIM KooppuHaTam &', &2, 3. KoBapHaHTHBIE KOMIIOHEHTBI BEKTODHOFO nona div (n ® n)
OnpefeNstOTcs KaKk cnenye'r Hxe (cM., Hanpumep, [19]): .

—\/?gk,a—gﬁ(\/—nk "y (s, - | - (“1.14)‘

Ife g — KOMIIOHEHTbl METPHYECKOro TeHsopa, g = det g, [rs, 1 =T — CHMBOJBI
Kpucrogdenst nepsoro poaa, uepes n™ 0603HAUEHBI KOHTpaBapnaHTHme KOMIIOHEHTBI
BEKTOPHOTO IO M.

Hcnonb3ya Q)opmyny (1.14), npegcrasuM ypasHenue (1. 5) B KOBAPMAHTHON cpopme

agl \/E kl agm

(div(in®mn)), =

Jen*n™y+n"nrs,11=0 e (1.15)
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Huxe Bocnonbayemca TIOCNE[IHIM ypaBHEHUEM JiIsl IPeoCpa30Banusl ypaBHeHuit nyiac-
THYECKOTO PaBHOBECHS K CHEelUabHBIM- o6pa3om- nono6pa}mbm KpnBonHHenHmM KOOp-
[MHATaM. :

Hna TPaHU NPU3MEI Tpecxa sanaBaeMOH ypaBHeHHeM 01-0, = 2k, TCHSOp Hal'lpﬂ}KeHI(IH

HMEET BUJ

G, = 0,8, — (0, - 63)nn + 2k, K IR (1.16)°

YpaBHeHnﬂ‘paBHoBecm 103 TOMY, noNyaroTes B Bufe (cp! (1.5)): © BRI,
gradX, +div(l®l)+(23 Ez)dlv(n®n)+ T ¢ B )
o+ [n'grad()j; -Z,)ln=0 ' ' | ' Ty
22-0'2/(2k) S=0,/2k) . 1 T T
AHaJIOI‘OM BEKTOPHOTO ypasnenus (1.8) 6y11eT BBICTYNATh ypaBHeHue o A
| ;vz2+(1 A l)+()33 2‘.2)[(n V)n+n(V n)]+_j e i

L a N
an . . - . R . St ‘
Bexropnoe ypasuenne (1.8) npenCTaBnM TaKx(e B q)opme npoexunn Ha xapaKTepHme
OpHEHTALH, CBA3AHHBIC C NOMEM Hanpﬂxefmn npoeKTnpyﬂ Ha HaIIpaBJIeHPIe 1, HaXOIM

0x/on+V n= (UN B . o _ L (119)

- IPOEKTHUpYs Ha MOGOE OPTOTOHATIBHOE BeKTopy n HanpaBneHne (sanaBaemoe OpTOM T),

NOTYIHM : B S S B :
9X/9t+7[(nV)n]=0 - B 20)
TIpoexTupys BeKTopHoe ypaBHeHne (1 18) Ha. rnaBHme ocu 'reﬂsopa Hanpmxemm, .

HaxonuMm g )
HanpaBJIeHHE N

9% /In+mn-[(I V)1]+(>:3 22)(v n) 0 . R ‘,,“',,(:1.21)
HanpaBJle}mel : S

9, 131+(V. 1)+(>:3—>:2){1 [(n V)n]} 0 e

“u
v

HalnpasJieHue m: - . - T | R S Cpen e
022/8m+m [(l Vl+ (25 -2,){m- [(n V)n]} 0 T """‘,_r"": ‘(‘1‘2:3)

OGpaTumMcst Tenepb K COOTHOUIEHHAM, CBﬂ3b]Bai0H.IP]M npnpame}mﬂ Hanpsuxexmn u
necbopman;nn H3BecTHO, 4TO ONHMM M3 BaXKHEHIIMX NPEUMYIIECTB ‘KYCOYHO-JIHHEAHBIX
YCTOBUI NTACTHYHOCTH (K KOTOPBIM OTHOCHTCS ¥ YCIIOBHE IIACTHYHOCTH Tpecka) sBrsiercs
BO3MOXKHOCTE JUIsl HANPSKEHHBIX COCTOAHMH, COOTBeTCTBleIJ.lI/IX rpaHu’ nonepxnoc'm TEKY-
4YECTH, BLIpaBHTb NpupaieHns TNaBHBIX TIaCTHYECKHX netpopmauun de! wepes nonunie
npupautenys “de;. 3hech ¥ B nanbielieM IUTPHXOM 0603HatlaeTCﬂ JieBHaTOP ‘TeH30pa .
BTOPOTO paHra. SIcno, YTO, NPHHIMNMATIBHO HHasl CUTyanus B crydae, Korja Hanpsuxenﬂoe
‘COCTOSIHIE COOTBETCTBYET PeGpy: MpHPAIEHHe IIaCTHYECKOM necpopmauml 3]€Ch NPHH-
UUNAATBEHO ONPEAENTh HENb35 HUL IO BEJINUUHE, HA [I0 HAUPABIEHAI), - .-,

- MckomBie cooTHOMmIeHys! (Kak [JIs IpaHel, Tak u AjIs peGep npu3Mbl Tpecxa) 6e3 prna

BblBOJIﬂTCﬂ C HOMOIIIBEO paanomemm npupamenus II.TIaCTl/I‘IeCKOPI ne(bopMaumI Ha TpHU
JacTu -

Cde] = el w el el L




KaxX/1as 3 KOTOPbIX COOTBETCTBYET Of{HON M3 TPeX (PYHKIMH TEKYdeCTH
79(0,,6,,03) =16, — 6,1 -2k | -
f?(6,,0,,03)=l0, - 03l 2k (125)

£®(0,,0,,05) =103 -0}l -2k

COCTABJISIIOIHX YCIIOBUE MIIACTHIHOCTH TpeCKa, H ACCOUUMPOBAHHOI'O 3aKOHA TEYICHUA

P af(U')
ds,-j(o‘)=0, P <0 wm fP=0mn —EFdGij<0
I 26

(o)

ij if

(@)
dg{;(“):_aafc A, f@ =0 g

SIcHO TakXe, YTO JOCTATOYHO MONYYUTH TOIBKO TPH COOTHOINEHMS, CBSI3bIBAOLIUX
NpUpAIIEeHAs TIaBHBIX HANPSDKEHN 1 nedopMaluil, MOCKOIbKY aCCOLMIPOBAHHBIA 3aKOH
TeYeHHs YCTAHABJIMBAET JIAWL COOCHOCTh NPHPAINECHUS TEH30Pa INTACTHIECKUX Aedopma-
Wit ¥ TEH30pa HANPSKEHUH 1 HEe AeT HUKAKAX JONONHUTENBHBIX COOTHOIICHU flIst Onpe-
[ienerns opuenTanwmil 1, m, n B npocrpancrse! .

Onyckas AeTaiu BLIBOJA, IPABEAEM HTOTOBBIE COOTHOIIEHHS

do] =2GA[(4 -2y ~ 29

_ ,Y(l),y(?)

+ (2y® £y Oy@

0y @) _ Dy ) Dy Byt g
+y Dy _yOy®yger 4

_ ,Y(Z),Y(3) _ 7(1)7(3))0'8;]

+ @y

doy = 2GAI2Y® —y Oy 4y @ _yOyOye; +
T+ (4=2y® 22y £y Dy@ _y@y® Oy e 1.27)
+ @ ZyOy@ _y@y® 4y DyG)yer]

— YOy ® Ly Dy Pyger

+ (2,\{(2) “Y(l)'Y_(Q) _,Y(2),Y(3) +'Y(1)'Y(3))d5§ +

doy =2GA[(2y® +yVy®

+ (4= 27(2) _ 27(3) _ 7(1)7(2) + Y(Z)Y(S) _ ,Y(l),Y(3) )dﬁ%]

rae G — yupyruii MOfyib CABUTa

m 1, IG] '—02|=2k u dG] ——dGz =.0 ‘
¥ o, l6, —~6,l<2k mm 16, —Gyl=2k u (do, —do,)sgn(c; —0,) <0
’Y(g) - 1 102 —63|=_2k b d02 —d0'3 =0 ‘
0, 16,—0,<2k mmu 10, —05l=2k u (do, —do;)sgn(c, —03)<0
¥ 0, 16, -05l<2k wm |6, —04l=2k u (do| —db;)sgn(c; —03)<0
A=(4- 'Y(I)Y@) _ Y(Z)Y(a) m (3))—1

-7y

! HanomuuM, YTO BEKTOpbI, 3a/JalOL{Me OPMEHTALMIO TJIABHBIX OCEH TEH30pa HANPSLKEHMH, IPHUCYTCTBYIOT B
ypaBeHusix paBHoBecus 15l pedpa (1.5) u rpanu (1.17), ¥ HEM3GEKHO NOSBISIOTCS B KHHEMATHUECKHX ypaBHe-
HUSIX — YPABHEHHUSIX COBMECTHOCTH J1Isi IPHPALLEHMH ONHOI fepopMaLiu.
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W3 nony4eHAbIX COOTHOLIEHNH, B YaCTHOCTH, AJISI HArPY:KEHHH BIOIbL pebpa Mpu3Mbl
Tpecka, KOTOpOE ONPENEIALTCS YCIOBUEM

£9(0,,6,,63) =l 6, -0, 12k =0
?(6,,6,,05) =16, -0, 1-2k=0 - (1.28)
£9(6,,6,,05) =16, - 05 12k <0
do, —do, =0, d6, —do; =0
HAXONUM
do] =0, do;=0, do3=0 . (1.29)

HJIH Harpyxemm COOTBETCTBYIOIIHX CMEIICHHAIO 1/1306})8.}1(3}011_[61/1 HaNpsAXKEeHus1 TOUKH
BJOJIb TpaHU NPU3MBI . . ‘

9(0,,6,,63) =16, -0, 1-2k=0
f?(0,,6,,05) =16, —0; -2k <0 : ‘ (1.30)

£9(6,,6,,65) =16, -0, 1-2k <0
do, —do, =0
IOTYYMM MOJTHBIE COOTHONIEHHS B (hopMe
do| = dcy = G(de| + dey), doy =2Gde; : (1.31)

K ypaBHEHHAM paBHOBECHs H ONpEJENSIOMNM YPaBHEHNSIM, OYEBIAHO, HEOOXOMO HpH-
COEJMHUTD ellle KHHEMaTHYeCKHe ypaBHEeHus. B KauecTBe TaKOBBIX BMECTO YPaBHEHUN ISt
CKOpOCTe# NepeMeIeHy, TPafHIMOHHO HCIONB3YIOMUXCs B TEOPHH INIACTHIHOCTH,
HCKIHOYHUTENTBHO YIOOHBIMY OKa3bIBAIOTCSA YPAaBHEHMs CIIOMIHOCTH ISt npnpamennn non-
HBIX IJIaBHBIX jedopManuil, cOpMyIHpOBaHHbIE B H30CTATHYECKOH KPHUBONHUHEHHOM
ceTKe. YPaBHEHHs KHHEMAaTHKH OylyT pacCMOTPEHbI HECKOIBKO HIXKE.

2. KaHoHHYecKne HHBAPMAHTHI YPaBHEHMH IIACTHYECKOro paBHOBecus. PacCMOTpHM
KJIaCC HANPSKEHHBIX COCTOSIHUM € PAaCCIOEHHBIME NONAMA N. Kak GBIIO OTMEUEHO BBILIE
BCE INIOCKHE W OCCCHMMETPHYHbIE IUTACTHYECKHE IO HANPSKEHHH 3aBENIOMO BXOJAT B
3TOT KJacc.

Bocnomns3yemcst peAnoNOKeHneM O PaCCIOSHHOCTH BEKTOPHOrO I0Nsi N U BbIGEpeM
KPHBOJIMHEHHbIE KOOpAUHATHI £™ cenuanbHpIM 06pa3oM: noBepxHocTd &3 = const ecTh
cirod ot M, a nosepxuHoctu &! = const, 2 = const — MHTETPaJbHbIE NOBEPXHOCTH BEKTOP-
HOTO IIOJIA N, :

Ilpu TakoMm BeIGOpE KpnBonnHeﬁﬂblx KOOpAUHAT uMeeM g3 =0, g,3=0,n1 =0, n2 =0,
YTO NO3BOJISET CYLIECTBEHHO ynpocm'rb ypaBHeHus (1.15):

0X 1 390833 _ 20833 _

—_— - =0, —5—— 2.1
3t 2( %) Fa agl ( %) F , @20
ox 1 .0 0
,a§_3 + ) (n3)? 233 _aE_.3 In(g338) + 833 _853 (n*)?
Taxk kak (n%)2 = 1/g33, TO NOCHEHUE YPABHEHNS SKBUBANEHTHBI CIEYIOUIIM

0 1 d (o 1 .
S?(Z—E]ng”):O, g(z—glngn):O (22)

d 1 1
—X—-=Ingy; +=Ing[=0
a&%( 2 833 ) g)

2 Mexaunuxa Teepaoro tena, Ne § 33



YpaBHeHnns (2.2) HHTETPUPYIOTCA BROAL JHHUU IJIaBHBIX HANpSIKCHUH: HHBapHaHT
I, =Y -In./g;; COXpaHseT CBOE 3HAUEHHE HA KaXKJOM M3 CIOEB NOJNs N, AHBAPUAHT

I; =% -1n,/g33 +In,/g He u3MeHsAETCA BLOIb BEKTOPHON JIMHAK MO N,

OTMeTnM, YTO IPOCTPAHCTBEHHAS 3aja4a I XKECTKOMIACTHIECKOU CPEbI C KpUTEPUEM
rTeKyuecTn Museca uccnefosanack B [20] B KOOpJHHATHOH CEeTKe JIMHUA IIaBHBIX Hampsi-
KeHui. Oc‘ecumme’rpntmaa JKECTKOIJIAaCTHYEeCKas 3ajada TaKXKe aHaNM3UpoBaliach IpH
[OMOINY KPHBOJIMHEHHON CETKH MTMHUM TIaBHBIX Hanpsxkenuwd B [21-23]. I/IHBapHaHTbI
NPOCTPAHCTBEHHBIX YPAaBHEHUI TEOPHH ILIACTHYHOCTH ObINU nonydensl B [24]. B aToi xe
pabore Oblila yCTaHOBJIECHA CBA3b MEX/y NPe0Gpa3oBaHueM O6NacTH IITACTHIECKOTO Teqe-
HEA ¢ noMolpio KooppuHat &!, €2, &3 u KaHOHRUECKMMH NPeoGPa3OBaHUAMY, H3yJaBIIy-
mucs B coe BpeMs A. ITyankape [25, 26] (cM. Taxxe [27]). Kanonnueckue npeoSpa3oBaHus
MOXHO 9(¢eKTHBHO aHAJNU3MPOBATh C IIOMONBIO NPOoM3BOAAmEX (dynkmmi. Kak Ob1m0
noxa3saso B [24, 28], ypasHenus A IpOUM3BOAAMAX (PYHKUMHA, KOTOPbIE NOAJIEXKAT OHpe-
JENEHHIO B IUIOCKUX B OCECHMMETPHUUHBIX 3aatdax TEOPUH INTAaCTHYHOCTH, O6NalafoT BaX-
HBIMH CBOMCTBaMH HHBAPHAHTHOCTH OTHOCHTEJIbHO peoOpasosanmii Jlexannpa n AMnepa.

Heo6xoguMoe '@ JOCTATOYHOE YCIOBHE HHTETPHPYEMOCTH CHCTEMBI (2.2) COCTOMT
B BO3MOXKHOCTH Pa3iOXKEHUs [eTepMHHAHTa g Ha npou3BeneHne BYX TMOJOXHUTETHHBIX

(hyHKIHI: .
g=G(E)G,(E"E%) . T 3)

Ypasuenue (2.3) ABIsAETCI OFHOBPEMEHHO M OOLIIM uHTerpaioM ypasrenmit (1.13): ecinn
3afaThca KPUBOJNHHEHHbIME KooppuHaTamu &, €2, €3 rtak, urobel gi3 =0, 8,3 =0 m
BBIIIONHSUIOCH ypaBHEHHE (2.3), TO BEKTOPHOE noiue

n=grad&®/ | grad&* |

Gyne'r TOXJECTBEHHO YAOBJIETBOPATh YpaBHEHHAM (1. 13)

B kauecTBe NPUMEPOB PACCIOCHHOTO HONA HanpsKeHUH MOKHO IPUBECTH OCECHMMET-

pHuHYyIO 3324y ® 3ajady O INIOCKOH AedopManyn. [edCTBATENbHO, T060E OCeCuMMET-
pHUYHOE ¥ ITOCKOE BEKTOPHOE MOJIE SBNAETCS PACCIOEHHbIM. ECi BBECTH MITHHAPHIECKHE
KOOPJMHATEI I', ), Z, TO CIOSMH OCECHMMETPHYHOTO MO N GyAyT MOBEPXHOCTH, 06pa3o-
BaHHBIE BpAlleHUEM BOKDPYT OCH CHMMETDHH OPTOTOHAJbHBIX HOJIO It TPAEKTOPHI, pacno-
JOXEHHBIX B IITockKocTH @ = 0. CIIOSMH ITOCKOTO BEKTOPHOTO IO SBJISIOTCA IMITHHPU-
YyecKue NOBEPXHOCTH Haj{ OPTOTOHAIBHBIMA JTMHASMH IO 1.
- Cucrema ypaBHe}mn (2.1) MoxeT ObITh TakXe BbIBEA€HA M3 H3BECTHBIX ypaBHeHnn
Jlame — ypaBHEHUil PaBHOBECHS, NPEJICTABIEHHBIX B OPTOrOHANLHON KPUBOIMHEIHOM CeTKe
n3ocrar?. M3ocraThl OTHION, HE BCErjla o6pa3yloT CETKy, KOTOpas AOIYyCKaeT IORGOp
KPUBONUHEHHBIX KoOpAuHar §!, £2,.& Tak, 4ro6p! H30CTaThbI COBHAJAN¥ C KOOPAHHATHEIMA
smausMu. Ho ecimi Takasi BO3MOXXHOCTD CYIIECTBYET, TO YPABHEHHUsI PABHOBECHS CBOAATCA K
TPEM COOTHOLIEHHSIM BJIOJIb H30CTAT: ' ‘ 8

do, ©,-0C Cy—
1, 01 2, %1
dL, hi2 i3

(6}
PRy =

do 6,—C; O0,—C
2,52-03 0 1
dL, I3 )
do, 0,-06; O©3—-0C
3,93 1,03-07
dL, | £Y)

rae Ly, Ly, Ly — HaTypanpHbie NapaMeTphl, H3MEPSEMbIE BIOIL B3aUMHO OPTOrOHANBHBIX

+pFg =0 . ‘ e

2 HanoMHHM, YTO M30CTaTON (WM JMHMEH TJaBHOTO HANDSKEHHs) Ha3bIBaeTCA KpHMBas, KacaTeJlbHas K
KOTOPOIi HANpaB/ieHa BAOJIb [IaBHON OCH TEH30Pa HATIPSKEHMA.
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H30CTAaT, F<1),F(2),Q3) — (pu3HYecKre KOMIIOHEHTHI II0JIS1 MACCOBBIX CHJI IO OTHOIUEHHIO K
JIOKAMBHOMY OPTOHOPMHPOBZHHOMY Ga3HCy, CBI3aHHOMY C M30CTATaMH, ’
1 1 0 - 1

1 )
=———In,g3, —=——=—=—5In.g
8 82’;] » N3 82 agz B
1 /833 9&3 e By 4833 3533 2

1_1 39 1

1 0 ’
=———7In,gyn, —=———3In.g, ;=r;)
«[8;35' 2 hy 8 ‘952 ﬂ o

CnenyeT OTMETHTb, ITO H30CTATHIECKHE CETKH, HCIIONb30BAHHBIE /IS (hOPMYIUPOBKH
ypasHeHui (2.2) u (2.4), pasnuyHbl IOCKONEKY B IIEPBOM Ciiydyae gy, # 0, a BO BTOPOM —
HEJIHaroOHANbHbIE KOMIIOHEHThI METPHYECKOTO TEH30pa PaBHBI HYJIKO.

Koaduunenrs! 1/r;; B ypaBHenusx (2.4) MOTYT GbITb BBIPAXKEHBI Yepe3 KPUBHU3HBI
H30CTaT B COOTBETCTBYIOUIUX NOKANBHBIX KOOPIMHATHBIX IIOCKOCTAX. JleHCTBHTENLHO,
npeobpasys ypaBHEHHE PaBHOBECHS :

V-(1®lo, +m®mo, +n®nc;)=0

@2.5)

K BUIY
l%+ aacz +n ao% +0'1[l(V l)+(l V)l]+02[m(v m)+(m V)m]+
m

+03[n(V ‘n)+(n- V)n]

¥ YYHTBIBAs, YTO

V‘l=%32+%23, V'm=%|3+%3|, V'n=%]2+%21

I [(m V)m] = —)(v23, | ’[(n‘ V)n] = —")632

m-[(1- V)I] = —%;, m:[(n- V)n]=—x;,

n-[(1- V)] = %5, n-[(m- V)m]=—x,,
Tle %; €CThb KPMBH3HA M30CTaTbl C HOMEPOM i B JIOKAIbHOM KOOPAUHATHOM IIOCKQCTH
NEePHEHIAKYISIPHON HAPABJICHUIO J, HAXOUM

(. 1 1 | 1. .
TSNz, T E N3 T U, T =%, T =Nz, T = Ky
2 o) hs3 31 3 I -

Jyist HANPSKEHHBIX COCTOsHME Ha pe6pe mpu3Mbl Tpecka ¢ MaKCHMAIbHBIM TPETHUM
COOCTBEHHBIM 3HAYUCHUEM U B CIIy4ae OTCYTCTBHS MacCOBBIX CHII ypaBHeHHs Jlame npuo6-
PETAIOT BECbMa IPOCTOH BHA;

doy 2k _, 4oy 2k _, (2.6)

dL, n; dL, ry
do; 2k 2k
e

dly ry

YT0Gs! IpeobpasoBath ypasHerus (2.6) Kk hopMe (2.2) FOCTATOUHO BOCIONB30BAThCs (2.5).
B nBymepHOM ciyyae ananorom ypasHenmit (2.4) siBISIOTCs ypaBHeHus Jlame—Maxkcsenna:
do, + 91702 -0, do, +c, O,

=0 a N
dL, P2 dL, Py @D
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A€ P1, P2 — PAAAYCHI KPUBHU3HBI IUHMI I'IAaBHBIX HANPSXKEHHH, NpHIEM OTH BEIHIMHDI
CUHTAIOTCS NOJIOXKUTEIHHBIME, €CIIA C BO3PACTAaHHEM HATYpPaJdbHOIO Mapamerpa BJOJIb
KpHMBOH KacaTesbHas BPaijaeTcs IPOTHB XOAa JaCOBOI CTPEIKH, IPH 3TOM MOJIOKUTENBHOE
HanpaBlieHHe BRONb NEPBOH TPAEKTOPHH BLIOMPAETCS IPOU3BOIBHHO, & HOJOXHUTEIBHOE
HalpaBJeHUe BJONb BTOPOIl TPaeKTOPHH OIPEAETAETCS BPAICHUEM POTHB XOJa YaCOBOM
CTPEJIKH [I0JIOXKUTENBLHOrO HANPaBJIEHHA IEPBOH TPACKTOPHH.

SIcHO, YTO B CIyYae ILIOCKOM NIIAaCTHIecKOl fecopMalun O~ O, = 2k u ypasHeHms (2.7)
OprOGPETAIOT BUJ COOTHOMIEHHUH

@ 2k -0 dcl 2k

L, p, sz P

' 3aMeTHM TakXe, UTO JiByMepHbie AudepeHuansHble YPaBHEHNs PABHOBECHS BOJIb
TUHUN HauOONBIIHEX KACATEIbHBIX HANPSDKEHAN UMEOT BHJ, .

d(oy+0;) _d(61-0)) , 2A01=03) ' -

=0 ‘ (2.8)

0 . ‘ 2.9
- ds ds, R . @2
d(o,+03) _d(0,-0,) 2(0,=0y) _,
ds, ds, R,

riae §;, §, — HaTypanbHble IApaMETPbl, H3MEPsieMbIE BONL JHHANA HamOONLLIMX Kaca-
TeNbHBIX HANPKEHUH, Ry, Ry — paaRychl KPUBU3HBI, IPUYEM CUMTAETCS yCTaHOBJIeHHI)IM
CchOpMYTHPOBAHHOE BRILIE NPABUIO BBIGOpA 3HAKOB KPHBH3H.

SIcHO, UTO B CTydYae IJIOCKOM IacTHIecKol fedopManuu o,— 0, = 2k u ypapHenus (2.9)
CYIIECTBEHHO YIPOIIAOTCS

d(c, +0,) 4k _, d(0,+0y) 4k _, - (2.10)
ds R ds, R, :
M HENOCPECTBEHHO NPHBOJAT K pHTerpanam TeHKH BOb THHAN CKONbKEHH.

O6paTEMCst TeNepb K ypaBHEHMsM KuHeMaTukd. Kak Gbuio nonqepKHyTo BBIIIE B
KaJecTBE TAKOBBIX YOOHO B3STh YPABHEHMSI COBMECTHOCTH NPHPAIIEHNH IOIHBIX ITaBHBIX
nedopMalmit, NpefCTaBIeHHbIE B U30CTATHYECKOH KPHBOIMHEHHON CETKe. Bymem npe-
HeGperaTh NpUpAIIEHAAME yNpyrux Aedopmanmi. M3-3a BIMAHHS MOBPEXIEHHOCTH
IIACTHYECKOE TEYCHHE CTAHOBHTCA CXXMMAEMBIM, UTO TaKXKe Heo6xonnM0 Y4ECTh NPH
BBIBOJIC YCIIOBHII COBMECTHOCTH. :

C uesbio BHIBOAA OTHX YPaBHEHHIH PACCMOTPUM CHAAJA UHBAPHAHTHOE NPECTaBIEHAC
ypaBHEHUH CIUIOUIHOCTH [JIsI IPHpALIEHEH TTTaBHBIX JieOopMalmii:

.V x(V ><(l®lde,+m®md€2+n®nd£3))r=0 o , (2.11)
3amevast, 4YTo

V x(V18lde;) =[(V de,) x1]® 1+

+ —I—(Fﬁn®1—rﬁlm®l)-Lr§n®m+—l—rﬁ3m®n de,
V8 822 V833

a TaK>Ke IBa aHAJIOTHYHBIX BbIPAXKEHHUA
V x(m®mde,) =[(V de)) xm]@m+

+

1 1 3 I o 1 -3
(—F22n®m+rzzl®m)+ F21n®l——l—‘23l®n dEZ
82 N8t V833
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Vxm®nde;)=[(V de;)xn]@n+

+ L(r;3m®n-r323l®n) 1 — T m®I+—=T51® mde,
R VAT V8 82
MaTpHILy TEH30pa '
=(V x(1®1de, +m ® mde, +n ® nde,))”

B I''TABHBIX OCIX Hal'[pﬂ)KeHI/Iﬁ MOXHO NOJYYHUTH B BULC

0 dyde, +——(de, - dey)  —dyde, + - (de, — de,)
: 1) ']‘21

'1‘32 . ‘ - 4r3

6%, i3

3paeck d; 0603HaUaeT NpOU3BOJHYO (IO k He CYMMUpPOBATh, k = 1, 2, 3).

41 9 . @13)
L, 8w & :
Taxmm 06pa3oM, ypaBHEHHs COBMecTHOCTH ecTh V X P = 0, riae Buxpb Tenszopa P B ras-
HBIX OCAX TeH30pa Haﬂpﬂ)KeHI/If;I HpeJICTaBJISIETCﬂ Ma_TpPIIIefI, KOTOpasa HpHBOHHTCH HIDKE.

. 1 ‘ 1 I
By —d3Py +— P - APy +— (B + P3)+  —d3Py—— (P + Py)—
6%} 3 : By
1 1 1 1 . ) 1
Py t—Py-—h, +—Ph —— By
2 1’31 ha T2 : h3 .
—d\By —— (P + R3)~ &3P, —diPp+—PR, - d3B3+— (B3 + Py)+
i3 . ) 33
1 1 | ‘ | 1 ..
-—h ——Py+—P-—AB; +—RhR,.
o) | i3 ]21 3 C I3 |
APy +—(Py+By)+  —dyBy——(Py+Py)~ diPy—-dyRy+— Py~
ha N 12_
1 1 ‘ 1 1’ 1
+—Py ——1I3 { -—PR3+—PR, —— B
13 B3y B i RREY) ]l

(2.14)

B cnyuae miockoi miacraieckoil pedopmanuu MaTpuua Tensopa P B riasmbix ocsx
Hanpmenm €CTb (3[1ECh MBI HE UCKIIOYAEM BO3MOXHYIO CXUMAaeMOCTD TeueHns H3-3a
BIMSHUS IOBPEKCHHOCTH):

)

0 0 —dyde, +—(de, —dey)| |
—dyde, +—(de, —dey)
"211 . , ,
0 0 +dde, +-r—(a’ss2 —de)) PR (2.15)
i2

00 0
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YpaBHEeHHE COBMECTHOCTH B IIPUPAIIEHUAX MONHBIX [IABHBIX AedopManuii, HOITOMY,
HONYYarOTCs KaK

. 1 1 .
diPy3 —dyR3+—P3——H;=0 o (2.16)
ha hy
HITH
1 1 | B ‘
dzdzdel + dld]d82 + (d82 dSI) d| - d2 T - _2' + (2.17)
ybl hy  hy . h : :

+—l—d,(2da2 —da,)+—1—d2(2d:3l —de,)=0
4] N I

Y4uTBIBAs, UTO Iy = Pos Fop = —P1, MOMYIAM TAKKE

‘dydyde; +d,d,de, +(de, - l)[dl 1 +d, L + L - i) + (2,18)
‘ P2 piop; P

P2 : Pi '

JIs. HATPYKEHMIT KECTKOIIACTHYECKOTO Tesia Boib rpand (1.30) umeem des = 0, dg; +
+ de, = 0, ciegoBarenbHO MaTpuna (2.12) npuoGpeTaeT BUA

0 dyde, +2upde, —dyde, — 2de,
d3d€1 + 2%21d€] 0 +dld82 - 2%23(18] (2. 19)
' %31(181 ’K32d€] 0

B ciiyyae miocKo#i HECXKMMAeMOH INACTHIECKOM fedopMalun Npy npeHeGpex:aMo
MaJbIX yOpyrux aecopmanusx MaTpuua (2.15) u ypaBHEHHE COBMECTHOCTH neQ)opMaum}[
(2.18) cOOTBETCTBEHHO NIPHOGPETAIOT hOpMY

0-0 v—d2d£]—2%|3d€l

0 0 +dide, —2upde, | ' (2.20)
00 0 ‘ ‘
(dzdz d]dl )del 2d€| (d|%2 + dz%] + %2 %12) — 3%2d1d8] —_ 3%|d2d£1 =0 (2.21)

3. Yuer anuzoTponnoii nospexnennoctu. Ilo-npexxaeMy OyfeM paccMaTpHBATh YIPYyro-
IJIACTHIECKOE TEJIO, HOAUMHAOMEECs KpUTEPHIO TEKyUeCcTH Tpecka, HO IPEAMETOM HCCIe-
MOBaHUs GYHET SIBIATHCS YIET aHU3OTPOIHOI'O PACNpEAeEHIs NOBPEXIEHHOCTH B OCHOB~
HBIX ypaBHEHMsX. OrpaHHYEMCS NPOCTEHINNM BaPHAHTOM: NMOBPEXAEHHOCTh NPEACTaB-
JETCH CAMMETPHYHBIM TEH30POM IIOBPEKACHHOCTH BTOporo panra D, rmasHble ocH KOTO-
POTO CUMTAKTCA KOOPHEHTUPOBAHHBIMY [IABHBIM OCSIM TE€H30pa HANpPSIKCHUI

KirouyeBoii NpuHIHN, NO3BONAIOMUE c(hOpMYyINPOBATh OCHOBHBIE YDAaBHEHHUS MOJIENH,
COCTOHT B MCNOJNB30BAHAY TEH30pa 9()(DEKTHBHBIX HANPSKEHMI BMECTO TEH30Da HCTHHHBIX
HaNPSKEHAH BO BCEX OIPEMCIIAIOMNX 3aBUCHMOCTSX. h

Curauana GyJeM CUHTaTh, 4TO 3(P(PEeKTHBHbIE HANPAKEHUA HAXONATCES HA peOpe INPU3MbI
Tpecka u 3aHyMepyeM IJIaBHbIE OCH TaK, YTOOBI TPEThe IlaBHOE 3(pdeKTHBHOE HAanpsi-
XKeHue GBUIO MAKCHMALHBIM (MITM MHHUMAJIBHBIM), a ABA PYIUX TIaBHBIX s(p(peKTnBme
HaNpPsKEHUs IPUHUMAIOTCA PABHBIMHU IPYT APYTY

o, __0, _ O3
1-D, 1-D, 1-D,
' P

+2k 3.1
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NpAYeM. TIIaBHbIe IlOBpe)KJIEHHOCTI/I Dl, D, Takxe cYMTAIOTCH PaBHbIMH (ux o6m;ee 3Haue-

HHEe 0003HAYNM Yepes D).
Tensop HanpskeHnH TOra NpenCcTaBIiseTCs B (bopMe (cp. (1. 3))

[ o4 e 1= D : o
oij—(l_D3iZk](1 D)5U+K1 — ]63+2k(1 D)}nn (3.2)

YpaBHeHue paBHOBecus uMeeT Bug (cp. (1.5)):

grad{(l—f))['—l+l ZD ]:|+( Z~— z +1J(1—5)div(n®n)+ (>3.3)
3

T ) = A
-{-n{n- grad{(m—l_Da +1](1—D)]}—0

I7ie NO-MpeXHEMY HCHONb3yeTcsa O003HaUeHne X = O3/(+ 2k).
IIpoekTmpys nociegHee ypaBHEHHE COOTBETCTBEHHO Ha HaNpaBlIEHWE NI M HAa HaNpaB-
JeHKE T, OPTOTOHAIBHOE BEKTOPY N, HAXOAHAM:

oz (z P>

=4 —
on D 1-D,
z

J sl (= = L

Bonee IIPOCTHIE€ COOTHOIIEHMS NOJTYJYalOTCA B TOM cnytxaé, eciu HOBPEXINEHHOCTD, COOT-
BETCTBYIOIasl OpUEHTALHAAM lum HpeHere}KHMO mana. Ha ocHoBaHNM

+1](1—D)(V~ n)=0 | (3-4)

O3

-3

NONYYHM CIeAYIolIee HpefcTaBjeHne HanpsIKeHui:

7’ YpaBHEHNE paBHOBECHA

ID J):div(ﬁ®n)+ ' . (3.7)

grad
] — s

z +div(n®n)+(l -
D, 1

ool

~ TIpoekTupys nocnegHee ypaBHEHHE COOTBETCTBEHHO Ha HANPABJIEHHE N M HA HANPAB-
JieHHe T, OPTOTOHANBHOE BEKTOPY N, HAXONUM:

P 1 Yoo lo o . "
= [[1_1_03)2f1](v'")‘0 o 68

2z [ 1 |
gl_l%+[(1—1_D3]E+1]~r-[(n-V)n]—O.
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Hakosen, #30TPONHOE {10 OPHEHTAUUAM paclpefelieHne NOBPEXIEHHOCTH, IOApasy-
MEBAET COOTHOIIEHHE .

KOTOpO€ HpﬁBOJIPIT K TéHBOpy Hanp}I}KeHI/Iﬁ BHIA
6, = (03 £ 2k(1- D)8 F 2k(1- Dym;n, _ (3.10)

¥ ypaBHEHAIO PAaBHOBECHS
grad(Z - (1- D))+ (1- D)divin®n) +n[n- grad(1- D)] =0 , 3.1

HpOCKTpr;[ ocinegHee ypapHEHME COOTBETCTBCHHO Ha HanpaBJteHne n ¥ Ha Hanpas-
JICHUC T, OPTOTOHAIBHOE BEKTOPY N, HAXOJUM:

3%/ 3n+(1—-D)(V m)=0 | (.12)
aa—z(z_(l_D))J’(] — Dyr-[(n V)n] =0

PaCCMOTpI/IM Tenepb OCHOBHBIC COOTHOIUICHUS NI Hanpmxem—xoro COCTOsIHUSL, COOTBETCT-
BYIOIIETO Ipand npu3Msl Tpecka, ypaBHEHHE KOTOPO B TEPMUHAX 3q)q>exmnnoro Hanps-
SKeHWs1 HIMEET BH ,

0, P

-2 =2k . 3.13
1-D, 1-D, (3.13)

TeH30p HaNpsDKEHUH B 9TOM ClTydae NPeACTaBuM B (hopme

G, = 0,8 +2k(1- D)l +U: D

- 1](521,-1 ;i +(03 =Cy)nn; : (3.14)
b .

YPaBHeHI/Ie PaBHOBECHS, CIIENOBATCIILHO, MOXKET OBbITh IOJIY4YE€HO KaK
V 2, +(Z5 - Z,)[( V)n+n(V n)]+nn V (£; - %,)]+ : (3.15)

D, -D, D,-D,
+[<1_D,)+ 2 DZ‘zz}m-V>l+1<V-l>]+l{l-V[(l—D,>+ 3 Dlzz]}=0

-

IIpoexTupys nociegHee ypaBHeHAE COOTBETCTBEHHO Ha HalpaBJIeHud N, 1, m, Haxonum

az‘+(z3 _E)(V n)+[(1—DI)+ —D, zz}n [A- VI =0 (3.16)
2
a§2+(£3 )1 [(m V)n]+|:(1 Dl)+ D‘ 22](V 1+ ' (3.17)
2
-D

(-p)y+2 'z} 0

+2la-m+ 2P,
?M(zg z,m [ V)n]+[(1 D+ DDI Zz]m [ V)I]=0 (3.18)
."

W3 nonyYeHHBbIX COOTHOUIEHMI /Uisi rpaHy Ipu3Mbl Tpecka HEMOCPEACTBEHHO MOTYT
6bITh BBIBEIEHBI OCHOBHBIE YpaBHEHUs IITACTHYECKOTO INIOCKOTO AehOPMUPOBAHHOTO CO-
CTOAHHA, HA KOTOpPOE HAKJIaJbIBAETCsl HOIE PACCESHHOH NOBPEXACHHOCTH. Y CIOBHE
IUTACTHYHOCTH BbIpaxkaeTcst ypasHeHueM (3.13). '
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Omnyckas feTanu BEIBOJA, IPUBEJEM YDaBHEHHE paBHOBecm{ B CIy4ae IIOCKOTO neq)op-
MHPOBaHHOT'O COCTOSHUAS

o1 V)l+l(V DI+ V (x)]+22[(m Vim+m(V m)]+ mm- V Z,1=0 (3.19)
_ 1- _0y |
1-D + 22, o= %

SIcHO, 4TO C MOMOHIBIO 3TOTO YPaBHEHHMSI, HMEIOIIEr0 MHBAPHAHTHYIO (hopMy, Ge3 Tpyna
MOTYT OBITH ONYYEHbI NEPe(POPMYIUPOBKH [IIs1 MIOGOH HY:XKHOR KOOPIUHATHOR CHCTEMBI.

HauGonsmmil maTepec npefcraBnsaeT ypasHeHue (3. 19) 3allICaHHOE B KPWBOJMHEHHOH
KOOpAMHATHOM! ceTke u3ocrat. C 3TOH LEehio cnpoeKTnpyeM ypasaenue (3.19) coorseTcr-
BEHHO Ha IIaBHble HanpasneHus 1, m:

00/dl+o(V 1)+ Z,1-[(m- V)m] =0 : . (3.20)
3%, /dm+Z,(V -m)+om-[(1 V)I]=0 ' |
ITonw3ysack 3aTeM reOMETPUIECKUME COOTHOIECHUSMH
%, =V -m, %,=V-1 o ' (3.21)
= =m-[(I: V)], =%, =1-[(m- V)m] ' N
rAe %], %y — KPUBU3HBI COOTBETCTBEHHO NEPBOTO M BTOPOTO CEMENCTBA M30CTATUIECKUX
Tpaexropuit, ypasHeHus (3.20) nmpeacraBuM B ¢dopMe, KOTOpas SBIAETCS 000OLeHTEM

ypaBHeHui# (2.8) Ha cyJail IaCTHIECKOR Cpefbl C pacCesHHBIMHU NMoBpexaeHusmu (L, L, —
HaTypajbHbIE TapaMeTphbl BIOJb H30CTATHYECKUX TPAEKTOPHI):

dm
dL,

SIcHO TaksKe, YTO KPUBU3HBI H30CTATHUECKUX TPAEKTOPHUI %, %, BHIPAXKAIOTCA (C yIETOM
chopMyITHPOBAHHOTO NIPABHIIA 3HAKOB) Uepe3 KPUBU3HBI P1, Py HO hopMymam:

dz :
—(Z, —@)x, =0, dLj +(Z, —w)n, =0 (322

%l =—1/p], %2 =1/p2 ' (323)
OTMeTHM TakXe CIeRyIoIue (bbpMynm:
1 2
—1-=d2 lnﬂ, L=—dl lngi
P dL, = p, dL,

Hawm ocranock eue paccMOTPETH COOTHOINEHHS! ACCOUMHPOBAHHOrO 3aKOHA TEYEHHs ATl
TeNa C PACCESHHBIMU NOBPEIKCHUIMI. .
Haunem c¢ cooTHomenn# pis rpasm (3. 13) Accounnposam{bm 3aKOH TEYEHHS 3[eCh
uMeeT POpMY ABYX COOTHOIIEHUIA
def =———, def =- dh , def =0 o (324)
1- D, 1-D, . o

MHOXHUTENb dA onpefienseTcs U3 YCIOBUS HENPEPHIBHOCTH

d(& __o ] 0

1-D, 1-D,

KOTOpOE B PE3YIbTATE npeo6pazoBaHnn U C yYETOM YpaBHEHUI poCcTa HOBpexneHI«m KOTO-
pBIe IpHMEM B JOCTATOUHO o61uen ¢dopme: .

de = F}((Gl,62,03,‘8] ,82 ,83 ’DI’DZ’ D3)dPY (k = l, 2, 3) . . ) (3.25)
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rae Y — AIEHA TPAeKTOPHH MIACTHIECKOrO Ne()OPMHUPOBAHUA

v=] \de]de? - (3.26)

. MIPUBOJHUT K COOTHOHICHHIO
(1-D)(1-D,) (- Dy)do, —(1- D,)do,
= D)? +(1- D,)? 2F —01F, +2K(1 - DR +(1- D)F,]

dA =

SICHO, 9TO C IOMOILBIO NOCIEAHETO COOTHOHIEHHS! YDABHEHHUS ACCONUMMPOBAHHOTO 3aKOHA
TeUYeHus i rpanu (3.24) MOryT ObITh IIpEACTaBIEHbI B (hOpME -

(1-D))del +(1-D,)def =0 :

del = _1-D, (1-D )dcz-(l—Pz)dcl
\](I—D,)2 +(1-D,)* 0201 =0,/ +2k(1-Dy)K +(1-D)F]

def =0 ' '

(3.27)

Takum 0O6pa3oM NpUpaIeHns MIaCTHIECKOH fe)OpManuy OHO3HAYUHO ONPEEIIEHbI.
PacemoTpuM cooTHOmenus Ha pebpe. IIpeanonoxuM, 9To peGpo oGpasoBaHO nepece-
JEHHEM IpaHeit ,

OL_ 95 _gf, T2 % g - (3.28)
1-D, 1-D, 1-D, 1-D, |

Ilpupamenne noaHOR rIaBHOM fedopMaIMi B COOTBETCTBHM C HyMepauuell (yHKImH
rekydyectn (1.25) torga ectb -

de? = deP® 4 deP®

TAe COrjlaCHO aCCOMUMUPOBAHHOMY 3aKOHY TEUEHUA

(1-D,)des™® +(1- Dy)def® =0
J(=D,)? +(1-D,)* O3Fs 023 +2k((1~ Dy)F, +(1- Dy)F] ,
\der(z) = 0
(1-D,)de’® + (1~ D;)def® =0 ‘
(=D, +(1-D,)? O3F —0\F; +2k[(1- Dy)F +(1- Dy)F]
(de; P =0 '

COOTHOIEHAS! ACCOUMUPOBAHHOTO 3aKOHa TEYEHMs OJHO3HAYHO ONPENENsOT BCe TPH
NpHpAIICHUs de,P s deg R a’e_f . JelcTBUTENHHO,

1-D 1-D
- def =def®, deb =deb®, —def = ——ZLdef® 4+ "2 4ef®
1-Dy 1-'D;
P(3) P(2)
r7e npupaieHus de| -, de, " B CBOIO OuepeAb OAHO3HAYHO ompefeneHsl (3.29), (3.30).

‘B 1ByMEpHOM cliy4ae [10JIHasi CHCT€MA YPaBHEHHH INTOCKOMH IIacTHYECKOH AedopManyu
BKJIIOYAET [Ba ypaBHEHHs paBHOBecHs: (3.22), ycnosue nuactudHocTH (3.13), ypaBHEHHE
copMecTHOCTH (2.18), 1Ba COOTHOMIEHHUS aCCOMAPOBAHHOTO 3aKoHa TeueHus (3.27) u iBa
ypaBHeHus (cM. (3.25)), onpepensiomux U3MEHEHNE TNIaBHBIX NOBpexXaeHHocTel Dy, D, ¢
BO3pacTaHMeM IUIacCTHUYEeCKUX fedopManuil. Bcero uMeercss BOCEMDb YpaBHEHUIH It OIIpe-
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JEJECHAS BOCLMH HEM3BECTHBIX BEJIMYWH: [BYX INIaBHbIX HaNpsDKEHUH Oj, O, ABYX NpHUpa-
WeHnit de;, de,, NBYX INIaBHBIX noppexnaennocreit Dy, D,, ¥ IBYX YPABHEHHH ONPESISIOTX
npeoGpa3oBaHue JeKapTOBbIX KOOPAMHAT B H30CTATHYECKUE KOOPIMHATHI. SICHO, YTO Onpe-
JeIEHAe HANPSAKEHNA He MOXKET ObITh IPOBEACHO HE3ABHCAMO OT NMOBPEXNAECHHOCTH U MO
nedopmanmit. ITnockas 3aaya B IPUHIKIE CTATAYECKH HEONPEennma.

YxaxeM flaee Ciydad, KOrja COOTHOWEHNs BRONb H30CTAT MOTYT ObITh TOYHO IIPOMH-
TerpupOBaHbI. ~

4. VIHBapNaHTHI IJIOCKOH M HPOCTPAHCTBEHHON CBA3AHHOM (nJlaCTﬂ'lHOCTb — IOBpex-
AEHHOCTH) 3agaud. Hyke NpUBOASTCS MHBAPHAHTHI INTOCKOM 1 IPOCTPAHCTBEHHON CBA3aH-
HOM 3ajjaun, COXPAHSIONIE CBOM 3HAUEHNs BLONb IMHMI [IaBHbIX HANpsoKeHuil, Bee nHBa-
PUAHTDLI HENOCPEJCTBEHHO HAXOAATCA U3 ypaBHEeHmit paBHOBecus (3.4), (3.8), (3.12) u (3.22),
cpOpMyTUPOBAHHBIX B NPOCSKIUSX HA TABHbIE OCH HANPSDKEHUH, IIPA YCIOBUH ([l TPeX-
MEpHBIX YpaBHEHHUI) PACCTOCHHOCTH BEKTOPHOTO OIS B.

1. IMpocmpancmeennan 3adaua (pe6po (3.1), 06e pasauuHbIX 2AAEHbBIX NOBPEHOEHHO-

cmu). TIpn ycnosun, uro Z, D, D; He H3MEHSIOTCA Ha CII0€ BEKTOPHOTO NOJIS N, BEINIMHA
de? ' o
I=Z-In,/g3 =Z+In—— 4.1)
dlLy ‘ ’
SIBIISIETCSL HHBAPHAHTOM Ha YKa3aHHOM CJIO€.
Bjonb BEeKTOPHOI THHAH II0JI N KIMEEM COOTHOUIEHHAE

dX =Td,|1 nd‘5 +In—=— dz” . , 4.2)
dlL, dL, :
r={ = __Z (1-D)
1-D 1-D,

2. IIpocmpancmeennan 3adaua (pebpo (3.5), o0Hoocnan nospexdennocme). Ilpu yc-
JOBHH, 4TO X, D5 He U3MEHSIOTCI Ha CJIOE€ BEKTOPHOTO NOJA N, BejqudmHa (4.1) aBusercs
HMHBAPHAHTOM HA YKa34HHOM CIIO€.

Bosib BEKTOPHOI MTMHAK NOXNS N MMEEM COOTHOIIEHHE (4.2), B KOTOPOM CIIE[[yeT CUNTATh

5 .

-3

I'=X- +1

3. Ipocmpancmeennasn 3ada4a (pebpo (3. 9), U30mMpOnHAA noepexcdennocmo). Ilpu ycmo-
BHH, ITO NOBPEXJCHHOCTh D He U3MEHSETCS Ha CIO€ BEKTOPHOI'O 1OJIst N, BEIMIMHA

[=—2_+mé o | . (4.3)

ABISETCA HHBAPHAHTOM Ha YKA3aHHOM CIIOE.
Bponb BeKTOPHOM TMHUH MO B IMEEM COOTHOLICHWE

3 d&l &2 .
dyX = (1- D)d,| In—=— L, +In—— i _ | (4.4)

4. Iaockan naacmuueckasn Oepopmayus (ycaosue naacmusnocmu (3.13), odsymepHoe
pacnpedenenue nospexcoennocmu). B cnyqae KOTIJia Xy HEe U3MEHSETCs BRONb U30CTaT Nep-
BOTO ceMeiicTBa OTHOIIEHHE

w-%,
dEZ7dL,

HE N3MCHsETCA BJIOJIb U30CTAT NEPBOTO CEMENCTBa.

1= 4.5)
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B ClIy4ae, Korjga 0 HE U3MEHSETCA BOOJIb U30CTaT BTOPOTO ceMencTBa OTHOIIEHUE v
0w-Z, ‘
de' 1 dl,

HE U3MEHSETCs! BJIONb N30CTAaT BTOPOTO ceMeicTRa.
‘W B mepsom 1 Bo Bropom ciyuae &!, &2 ecTb aHaNOrM KAHOHMYECKUX NEPEMEHHBIX,
BBEJICHHbIX B [28] mocpencrBom mpeoGpasosammst x1 = x1(§!, £2), x, = x,(El, £2) o6macru

MIaCTHYECKOrO TEUCHHS, HE N3MEHSAIONIETO IJIOINAfu MFO6Or0 3JIEMEHTA IUIACTHIECKOM 30-
HEI.

O6IIII/IC COOTHOIIEHUS BIOJNb JIUHUH IIaBHBIX Hanpﬂxemm Jiue:, HepBbIX U3 TpEX nepe-
YMCIICHHBIX BBILIE CIIYYa€B MIMEKOT CJICIIleIIKI/IH BHUQI:

3 Z+T(d By +dydy) =0 . : @

2 = (4.6)

3meck ¥, — yron Mexny KacaTelThHOR K IPOSKIHA H30CTATHI ¢ HOMEPOM i Ha IIOCKOCTD,
HOPMAIIbHYIO H30CTaTe C HOMEPOM &, H (PUKCHPOBaHHBIM HAIPABICHHEM B 9TOH IITOCKOCTHL.

[ns HaNpAXEHHOTO COCTOSHHS, COOTBETCTBYIOLIETO rpanu (3.13) o6mme cooTHOMIEHUS
BIOJIb JIMHUH ITTaBHBIX HANPSIKEHUM €CTh.

333+ (23— Z,)(dOy, +dy¥y) ~Td 9, =0

A (T +2))~(Z3 - Zy)dyO3 + T(dyDy; +dyByy) =0 ' - @48
Xy — (23 - Zy)ds By ~Tdy B3 =0
F=1-D+ D, -D -2 13,
-D,
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