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IIPWCJlOBHE 

BBe;iteH.llle JU!YXCOTMB1IbllllX 0KOHOMB'l9CIWX SOH BliHYlltlUl0T pa6onpouacno
:eae opraHB38QIUl MHOrHX CTpaH qiopcRipoBa'l'b oc:eoeHHe HOEI.iX paiOHOl'! nOBa 
B O'l'KpliTOI '!SCTH OKeaHa. rnaBHaM o6paaOM B o6naCT.RX c .RPKO Bapalltelf
HHMH MO.Pil>OMeTpH'!0CKHMRI oco6eHHOOT.RMH pen&eqia ltHa TBIIB IlOJU!OltHliX BOS
BameHHOOTel, xpe6TOB H 0Tlt0llbHHX rop. HHTepeo OKeaaonoroB K 38ROHOMep
HOC'1'.RM IPOINBPOBSHB.R rHnponorm'!ecxoro peEBMa B yxasaHH.liX paloaax nepe
cTaeT 6aTb TOJibRO 8Ra.llBMH'!0CKHM. 

Jl:eRillt8HRle BOlt MHpo:eoro oxeaaa npOlllOXO~T BO BpaDISlllJlelo.R OHOTeMe, 
OXBSTa:eaeT 'l'OHKYll oqiepB'!eOKYll 0601IO'l:KY H npoTeKaeT B OTpaTlll!PHUZpOBaH
HOI cpe;ite. 3'1'.111 npBSHaKH xapaxTepaa .lllIR reol>HSB'!eOitOI rRiltPO~HaMlllK.111, 

xoTopyll A.C.MOH.lllH onpe;itenaeT RaK "MexaHHKY nos:eyxo:eax Te'!eHml :epa111a
D11elo.R 6apO!tlI.lllHHOI OTpaTB1Pf4Q.111poB8HHOI llt.lllltltOOTH" £5';;/. IloaTOMY pasnen 
reQfJB3.111'!90KOI rlllltPO~HaM.l!!I<.111 t lllSY'l:alllllBi B1I.l!!.RH.1119 aepOBHOOTel IIO;IJ,OT.lllna
llUlel IIo:eepxHOOTH Ha JU!BllteH.llle :epamellll!elo.R OTpaT.lllcpHUJl,lpOB8HHOI ZllltitOOTH, 
lt88T TeopeTB'!00ItYll OOHOBY ltlI.R IIOH.l!IMSHHS MexaHH8MOE BOSH.lllitHOE8HlUI H 
pilSBHTB.R pa3lI.lll'!IUIX OTPYRTYPHHX o6paso:eaHHI TOIIorpaipH'!eCitOI DPBPO.llli B 
pean&ROM OKe&He, BK1lll'l:a.R EHXpH B M08HltPJi. 

06oyirxae.Ma.R npo6neMa B OOOTB0TOTBYDll!ll0 TeopeTB'!ecitHe pesyn&TSTli 
eine He D071Y'!BnB Clt01IbKO-H.1116Yltb nonaoro OTpalleHB.R B OYDl00TBYIDCl91 MOHO
rpaipBqecxol B y'!e6eol 1I.111TepaType. 3To o6oTO.RTen&cT:eo nenaeT, Ha earn 
:esrn.R;ll, BII01!H9 ODpaBlQHHOI BOSfltYll IIOIIHTKY e~H006pasaoro B31!0ll9H.H.R 
OOHOBRSX pesyn&T8TOB, paooe.RHRliX :e llYPHallbHOI 1J'.H'1'9paType B OTHOOSlllHXC.R 
It HOOll0,llOB8H.lllll B1I.lll.RHB.R pen&e~ ltHa Ha ll,BHlleH.llle Bp&DIS8llll0IO.R OTpaTBqiBI41-
po:eaHHol :IUQKOOTB. Ilep:eal TaRol ODliT COCTS'.EJIB!il'l.R CHCT9M8TB'!0CitOi! C'.EOltKB 

oo:epeMeHHHX npe;itOTSBneH.1111 8BT0p IIpJI06pen Ilpl!I 'l:T91Dll! OII9UltYPC8 CTy;iteH
TBM JlBI'Y, HSlQHHOro 88T8M B BBlt9 Y'!96Horo D0006BSJ L2QJ. CYDl9CT'.E9HHO 
IIepepa60TSBHlil H 3Ha'!BTen&HO paclllHpeHHHI MaTepBan aTBX neRUJl,ll ner B 
OCHOBY H80TOSD1el ItHBrH, 38ltYM8HHOI Kalt 06D1ee BBe:itemie B npe;B.MeT B 06-
sop 11BT9p&TYPJi· 

MY ee OT8BH1DI OBOel uen&ll OXB8TBTb :eoe pasB.lllBaeMHe HaIIp:IBneBB.R BC• 
011e:ito:eawdl: H orpaHH'lHDO& HSnozeHBeM 1l!llm& JU!YX MO:itenel - ItBasBreooTpo
~eoxol (HB9Pl4HOBHO-B.RSKOI) ltn.R OIIB08B1!Sf .RBJieH.1111 CHHODTHqeoxoro H 
oy6CHBOIITH'l90ItOro MSOmTa6o:e H reocTPOiPH'!eOKOI, npBrOltHOI ltn.R HSY'!0HB.R 
B11.lilSHHl ItPYJIHOMaCmTS6HliX TOIIorpaq1H'!eCIWX :eoaneiCTBBI. Boe paCOMaTpH
Baewe salla'IH pemallTOSJ aHa1lJllTHqeoruwm cpe;ir.cT:eaMB o lllBPOKHM IIp.H:ene-qe
HHeM 80HMIITOTB'l9CKOro aeamasa, aToro rlJBBBoro opy~.a IIp.lllK118ltHOI MaTe
MaTHKlll HHeemeero oToJieTH.R. HeKOTO'PJie Hoc11e;ir.o:eaH.111.R oxealiorpaqiaqeoxoro 
xapaxTepa H pil60Tli DO na6opaTOPHOMY MOlt9JIBpo:eamtll YIIOMBBallTO.R 1I.lllm& :e 
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TOI Mepe, E RaROI aTO npe;ncTaEJIReTCR uenecoo6paaHRM llIR Hll1IllOTpaUJilH 
TeopeTHqecKHX El:ilBOlOB. 

B nepEoii rnaEe, B paMKaX NOl91IH aecUMaeMOI H90lHOPOlHOI DlUtOOTH, 
np.l!l!Ol.l!TCB HCXOlHaB NaT9NSTHqecRaB 4lOPMY1DIPOERa pacct.taTpHBaeNax 3BlQ'i, 
ROTOpaB saTeM c DOMOlllEllO SC.HMDTOTH'i9CKOrO asamrna, OCHOESHHoro Ha Ma

JIOCT.I! 'iHCna Pocc6H-KB6ens, DOlBepraeTCB CHCTeMaTH'ieCKOMY yDpollleHHJO 
oT;neni:.ao lnB reocTpC>qi.eqecKBX lUlHEeHBI nepEoro H EToporo THIIa. B pe
ayni:.TaTe YCTaHaE1IHESllTCB OCHOEHHe l1IR l91I&Helmero ypaEH9HllSI coxpaHeHHR 
IlOT9Hlll!S1I&HOro EHXPff o;nHOPOlHOI .I! CTpaTHIP.l!lll!POESHHOI EBlROCTH c COOT
EBTCTEYllllUIMH rpaHB'ilil>IMH YC1IOEHBMH. 

HaH6onee H3Y'i9HHOMY 07IY''i8JO OlHOPOlHOI XHlROOTH DOCERlll9Ha ETOpas 
rnaEa. 3l90& DPHEOlHTOB HMelOlll.l!e CBMOOTOBTen&Hlili HHTepec HeKOTOpse TO'i
HSa pemeims ypaEHaHHB 6apoTponeoro noTaHlll!8n&soro E.liIXPff, paccMaTPBBa
llTcs npocTe:Wliea MOlen&HHa SSlB'iH o cTon6ax Teano:i;e .e o EoneoEax poo-
06.eeEcKilX CJialSX aa DOlBOlHf:iMH npeIIJJTCTBHBMH H OOTpoEaMH. PawaeTCB 
PBl saAQ'li o 6apoTpODH.lil Ta'ieHHBx E xasanax, a Tana HccneJtYmcs aecm
waoaap1me ~eKTH. 

B TpaT&ei rnaEe HayqaeTCB EIIW'JHHe nnOTHOCTHOI H90lHOPOlHOCTH, ERJID
lSB npa;nen&HHe 07IY''qSB 01JB60ii Irl CirlJibH02 OTpaTHIP.l!Kalll!Irl. OCHOEEIOe EH.HMa
iUle y;nanaeTCB oco6aHHOCTBM TpeXMapHOI CTPYKTYp!i TOnorpalP.l!qacKBX E03NYw 
111aaml DOTOKa Hal HSOJIBpOESHHliMH DOlBOlHHNH rope.Ml! RI 6aoKOH9'iHHMH 
xpe6TaNB. 

B nocna;naal, qaTBepTol rnaBe, OTlen&so pacoua'fpHBaroTcs reooTpo<pB
'!!BCKHa lBirfEBHWI BTOporo THIIa. 3;neo& H3Y'iallTOB oco6eHHOOT.l'I KPYDHOMSO
mTa6aoro Bsa.11111Horo npH0Irooo6ne1UU1 nonel nnoTHOOTH H Ta'ieH.111 K pen&~ 
lHa Irl npennaraeTCB Pffl acHMDTOTH'i80KHX anropJITMOE, Il03B01IRIOlllBX lilCCJie
;nOEaT& Bos;ne:AoTEHe Ha 3811,aH.HliB 30Ha 1Il)H99 DOTOK!il npOHSBOJil)H.blX TODorpa
IP.l!'iBOK.l!X B03MY1119HHI. 

KH.llrY saBepmaeT H9601l&WOe 38KJil7'1eHHe, B ROTOPOM KJlSTKO xapaKTepH-
3YllTOR TeopeTH'iaoKHe peaynoTaTH, Ha aama,JUllHe OTpa:&eHHR E HaCTORlllBI MO
sorpa~, H YRBSW!8JOTOR BOSMOllHHB sanpaBJIBHHR JI.a JilaHBlm.l!X HOCJIBlOl:lS.HHI. 

Ilp.e:ee;neaH!iil CIIRIOOK IIHTBpaTYpi:l He RB1IR9TCR HO'iepDW!aOllHM, OlHlUtO, 
RaK HaM Kall9TO.ff, OH BKJil7'189T .aaH6onee cy111eOTBaHH!i8 pa60TH c OKBaH0110-
rHqacKOI aanpaBnaeeoo'f1>1>, ony61D1ROBSBHHa ;no I980 r. 

!BTOP 6narOl9PHT penaasaHTOB lORTOpa IP.l!SBR<>-NaTeNaTB'i8CKJllX HaYK 
r.K.KopoTaeBa H lOKTOpa raorpa~Hq&cKlilX HaYK K.T.BorlSBOEa sa BX TpyJt, 
a Taiata npo"ll!TaBmaro pyxoimoL noxTOpa IP.l!sH~aTBMaTHqecKHX H8YK 
JO.A.KEaeoEa, saMeqaSHB ROToporo 6H1IH Bac&Ma nonaaHH. Ooo6ym npHaaa
Ten&aooT& xoqaTos :espasHT& HBY'iHOMY pelQKTOPY npe>qiacoopy A.C.CapKHosay. 
Ueaayo n0Mo111& oxasa1IH CTYlBHTH OTl~lleHJlls npHK11BJtHOI MaTaMaTBRH llBI'1 
A. JO.KypaKHH, II.ID. Can&HillKOB, T .H. CiiipoBnoxa.a B M.B. "ieIIHKOBa, BWI01IH.l!ll ... 
ll1.lrfe Pfflt HJI1IllCTpalll!OHHHX paoqaTOB. IlpMTHO Tana OTMBTHTD aTMOo~epy 
Jt06po:&em1TenEoHOCT.B H llOMapgKH, OJIOlKHBlilYllC.ff B Jia6opaTOPll» BOJIHOl:lwt 
nponacoOB TmcooxeaHoxoro oKeaaonoraqeoKoro meoTHTYTa .ronm AH CCCP, 
r;ne 6sna Bli1D011H9Ha HaOTO.fflllSR pa6oTa. 
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Ente "leTEepT& Be:Ka aasa.n cpe:ztH oxeaHonorOB npeo6na:itano MHeH.l!e, "!TO 

B rny6HHfiliX cnoax OKeSHa BOltH!.18 MSOCH 1IpaKTH"l8CKI!! aeno;zr;eHEHll .l!I "ITO 

;zr;eHEeH.1!8M OXBS"l8H nHmb :eepxmdt, 6apoitnHHHHI cnol. KorJta B ltO~e 50-x 

H HS'QSne 60-x ro,noB 61i11IH BanonHeH!l nepBae HaMepeJill!JI rny6oxoBOltHYX Te

"10HHA c IlOMOm&ll TOllbKO "!TO IlOSBHBlllHXC.ff 6ye:e aelTpan&HOI 1Ill8BY"l80TH, 

o6aapyunoc&, "!TO IlOTOK HHEB rnairnoro T9pllOKIIHHa 3Ha'IJ.i!Ten&HO M8HIJ8TO.ff 

B npocTpaHOTBe .l!I BO BpeMeH.I! 0 xapaKTeplOOll'I MaCmT86aMI4 COOTB9TOTB8HHO 

B aecxon&KO ll9CffTKOB Kl!IROMBTPOB H H8CKOH&lt0 H0ll81b ~53.l. 3TI4 H3Mepe

HH.ff II03BOnHnH YOTBHOB.l!ITb ae TOH&KO CSM qsKT ltB.l!IE9Jill!JI rny6HHHWC BOlt, HO 

H ero :eeciaMS onollHHI xapaxTep. 

Haxo11neH.l!e aKC11ep111MeaTan&lioro MSTepHS718 H ero o6pa6oTxa IIIlOltODBDT

cs H B HaOTosmee :epeMB (nporpaMMH IlonBroa-70, IlonHMo.ne H lP·). AHS nHs 

JtaHHHX IIPBMHX H KOCBeRHWC .l!ISMepeHHA T8"10HHI IIp.HBOlHT It BliBO;lly t "!TO 

6on&mas "ISCT& aaepr.1!11! MS n<>MacmTa6HIU: .l!I BHCOKO"ISCTOTHWC <PnmtTYSQlll sa

ltllll'!8Ha B paloaax 0 aepoB!WM ll.HOM. 3TO Il0Ka3Wl89T, "!TO OlHOi IIJS BOS

MOEHIDC IIpH"IJ!H 11pocTpaHCTB8HHO-BpeM8HHOI HSM8H"IBBOCTIIJ rny6.l!IHRHX T8"10HHI 

MOEeT 6aT& pea~ 11epeMBHHHX cpe.nHBX Teqelil!A Ha BOSMymeHHs pen&~ 

lHa. 

HaH6onee spxo Tonorpa1PHqecKBe :eos.nelcTBHS npo.aB1111DTcs 11pa cpoPMJ!po

:eaHIIJB BHxpeA .I! B MeaHll,pHpoBaHB.l!I IIOTOKOB. 06a"IHO B OKeaHonorH.I! IIOlt B.l!IX

P.ffMH no.npasyue:eamo.a OTPYKTYPH!le 06paso:ea1U1.11, xapaxTepasyD11Hecs Ha nH

"IHeM BaMKHYTHX m!HHI TORS. CneKTP 0Ite8HH"l00KHX :em:pel OXB8TliB88T umpo

DI lt.1!18Ila80H npocTpaHCTB8HHHX .l!I BpeMeHHWC MacmTa60B, OT I<BSSHCTalllfO

aapasx lllfPKY1111QllOHHHX 1t0ne14 n:naaempaoro paaMepa .no itopoTKODBYDIHX 

M.l!IKpOBRX:pel, peanHSYDllHX BRSKYll l14CCHIIaQllll aaeprll.l!I. IlpH"IIIJHH BI4Xpeo6pa-

30BSJill!JI Taue MOrYT 6aT& CSMJ:IM.11 pa31llll"IHWl.l!I. 06'.eKTOM HSmero BHHMamu:J 

6Y'lJ.YT TOll&KO Te BRX:pB, ltOTOpHe lPOPM.l!IPYllTOR B OR88H.1!"18CKBX IIOTOBaX IIOl 

']J.01oTBB8M nOKallHSOBSHHHX oco6eHHOOTel pen&~ lHa THna IlO:IU!O'lJ.HHX rop 

Billi B08BHm8HHOCT81, xpe6TOB H aeno60B H T.n. 

IIpoueccs BHxpeo6pasOBaHH.R, Kalt npa:e.11no, COIIPOBO&lSIOTCR M8SHll.PHPOBa

HB9M IlOTOKOB, npa KOTOPOM 1IBHRJH TORS 3H8"1JllT81lbHO .l!IOltP.llB1IffllTOR, npao6-

peTaR BOJIHOBOI xapaKTep; npH onpe.neneHHHX ycnOB.l!IRX .1!13 OT']J.en&HYX M98Hl

poB McryT o6pa80B8TbOR HS01lHpOBSHHH8 :eaxpa. 

TeopeTH"!eoKHe Hccne'lJ.OBaHBR Tonorpa<PH"!ecxoro QHKnoreaesa H MBSHll.PH

pOBaHH.ff .Ill COOTB8TCTBYllUIH8 :na6opaTOPH!.18 aKCnepHM9HTlil 3Ha"IIIJT8llbff0 onepe

lilalOT llp0Q000 HaKOIIneHH.R penpeseHTaTHBHHX ll,BHHHX HaTYP.llilX Ha61llllt8HHH B 

pean&HOM OKeaHe. BosHBKHOEBHHe OTOn6oo6pa3HHX BHxpeBHX B03MYlll9HHI B 

IIOTO:Ke OlHOPOlHOI 6acrpo :epamalOOIBitCR l!H']J.KOOTH Hall M8l1lBHHO nepeuemao-
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lllBMCs no lt~ npellRTCTl!HeM TeopeTHqeo1t11 6sno npeltcRasaHo e~e l! Ha'Ulne 
BeKB Ilp:ty;ll,MeHO.M h.52] H l!OKOpe nonyquo IIOltTl!ePJOteHHe l! na6opaTOPH!iX 
aKCIIBpHMeHTax .lbt.Tainopa /'167]. Iloone H9CK01I&KHX lt8CSTH1I8THI sa6l!eHllS 
l!HBMaHHB K aTOMY <I>eHOMeH,V BHOB& npnneK Xatm [i03}, YKa88l!lllHi Ha l!OS
MOEHl:iB reo<I>HssqecK111e npBnOEBHJUI 06HaPYEBHRHX a<I><I>eKTOl!; OH ze l!l!en l! 
YIIOTpe6neaee T9IJMHH "cTon6 (xonoHHa) Tainope" (Taylor column) IlpocToe 
aHaJIHT.l!'I9CKOe pememie OT814HOHapHOI 30M"ll1 lt'111 11pe1IBTCTl!M l! <I>oPMe He
DHCOKoro ups.Moro KpyroBoro t:UlnBHltpa nooTpomn Harepoonn .ltI-tl; B pao
CMOTPBHHOM HM onyqae noqesalllll!e Manoi l!SSROCTB CT01I6 Tsinopa Bspo:iga-
0TOS l! saoToiHyv 06JiaOT&. YonOl!HS BOSHJ!IRHOBBHBS To11orpa<1>H'ieoK11X BRIX
pei Halt OOBOHMMeTpmqHl:lMJI BOSMYmeHMMH pen&eqe ltH8 6snB llpClaHanBSHpO
BaHli ltJlli OltHOPOltHOI H CTpaTH@!lnHPOBaHHOI llHltROOTH XaIIIIepTOM Lirol. 
B11H.SHH0 OTpe THQJHI\1U~HB lt9Ta 1IliHO l!OO 1I9ll0l!01I Xorr /J.001, KOTOpsi IIORa-
sa n, qTo B onyqae llpOCTelmero pao11pelteneHB.a 11llOTHOCTH IIO EepTHRallll c 
IIOCTOSHHOI 'UlCTOTOi IIllal!YqeoTH BHxpeEOe BOaMymeHJ!le llpHKIUISBT KOH,V0006-
pasayv <l>O.PMY ("Roil.Ye Tainopa"). Ilpon;ecc cilOIWBPOBaHB.S Tonorpaq,sqecKOro 
BBXpa H COIIYTOTBYlllQero BMY OB060ltHOro BBXpa B CTP8TBQJHnHPOB8HHOM 110-
TORe. BOSHBRSlllQBM HS OOCTOSHHJJ IIOROB B saTeM OTanHOHHPYllllllBM. 0 110Mom1iv 
qncneHHOi B cxeMaTBqecROI SHanBTHqeoxoi MOlt0nB 6sn BayqeH Xan11epTOM B 
BpaieHOM L!I!l. CTSWl!OHapHlie KOHQ)HrypaWlfB Tonorpa<l>H'ieoKOro H Ol!060lt
HOro l!BXpei B OltHOPOltHOI ZHltROOTB paOOMOTpeHS lbtOHOOHOM Ll.2Ql Ha 00-
HOBe O<l>O.PMYJIHPOBSHHOfO HM BSPHanHOHHOro 11PBHW!IIS; qBoneHH.He pesyn&Ta
TS, nonyqeaase :e npocTebeM onyqae nonoltHoro npellRTOTB.BJJ B <I>oPMe llpff
Moro RpyroBoro nHIIBHllpa. 6s:rm TalOle 110ltTB0PJOt9Hli lt1Iff ltOO'l'aTO'IHO OB8-
6sx Ha6erallUIBX IIOTOROB 8HallllTB'IBOIUIM aoHM11TOTnqecRl!M pemeHHeM; o6o6me
mrn HS OIJyqai OTpaTH@!lnHPOllSHHWC ope:zt MHO B !I.247. BII.WIHBB RpB:BBSHB 
SBMHOI 110BBpxHOOTB ("6eTa-aq,cpeKT"), OOIIpOBOJUtalllliBBCR o6paSOl!8HHBM IIOlt
l!BTPBHHliX poco6mel!oRHX Bond, msyqanoo& Max-KapTHB Ll3fJ/ B lbtoaooHOM 
f!23, 127]. 

IIepeqnoneaHSe BWIIB pa6oTa, XOTS ORB MHBRO He BoqepnaBSllT 11epeqeH!> 
OOllPBMBHH!iX HOOHBltOl!SHBI 110 Tonorpa<I>nqeoROMY naxnoreaesy l! OReaHe, 
l!ORpa:Ea~T OOHOBHOI MBXSHHSM reaepanaH BHXpel Halt IIOltBOlliliMH ropaMB, 
UOHOBaHHSI HS saKoae ooxpaHBHJUI 'l'aR HSSSBaeMoro 110T8HOBS1I&HOro BHXpa. 

Hl{eHTH~Hltaql!JJ TOnorpaq,sqecRHx l!HXpeA H M8SHllPO:S B pean&HOM OKeaHe 
oonpazeHa 0 orpoMHSMB TPYltHOCTHMB, KOTOpse o6yonOBneas H00R01I&RHMB 
npH'IBHSMH: HeOTal4HOHaPH.HM xapaxTepoM yitasaHHHX pean&HYX OTPYKTYPHHX 
o6pasoBaHBi, OTOYTOTBB8M aeo6xo;tU1Moro R011JllqecTBa OBHXPOHHYX llpffMHX BS
uepeHHi nona TeqeHBI l! HCC1IBltY0MOM p:iloae, B08ltBiOTl!H8M MHOrilX nooo~
Hlil <l>SKTOpOB. 

KaR npal!HHO. no pasnH'IH!iM ROOBBHH.lil.M npHSHSRSM. a TalOle 0 IIOMOUlliD 
CTSHASPTHYX ltRHSMJllqeoRHX paoqeTOB, Halt IIOltBOlHSMH rope.MB H B BX OR
peOTHOOT.lf BiiRBHSllTOR BeO&Ma 01IOlltH!i9 B.lfXpeBse OTPYRTyps. Ilp.llBe,JJ.eM He
ROTOpae 143 Ha.H6onee HSBBOTHl:lX npHMepoE. Bmunme lIORall&llHX BOSMYlllBIDli 
pen&eq,a ltHS HS IIOBB:ll,eHHe r11y6HRH!iX 'iiqeID!i OTMeqan Jl$HT !871 Halt 
nolUJOilHOI ropoi A11&TaHp, ~rnHoTep f95l - Hal ropol Ken&BHHS, MelHKe 
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/I3W - su ropoA Bon&mol MeTeop, BacTaHO 11 Yoppee 11.707 - Hall ropoA 
ATnaHTBc-II. 06aapyEeHH BHTepecHHe Cl!HSB MellltY pacnpe:iteneHHeM llHHaMB
qecKl!lx BHCOT .e aepOBsocTnMB Tonorpa<PJI.111 :itHa E IO.ltacr.i oRSaHe L38, 80, 9W. 

HsrB6H KOHTBHSHTan&Horo CRnoea, OCTpo:ea, raAOTH MOlltHO pacCM0TPlllll0Tb 
B!IR Rpail:fme ~Jlo!S npOH:eneHM E03MYll!eHB! pen&eqe llHa. B p:i:Hoaax c MOP
woueTpB'IBCRJ!MB OC066HHOCTHMB YKa30HHOrO Tllllla T0Kl!l6 norpaHH'IH!iS Te'ie
HJIJI, B!IR ronf4lCTpBM JllnB KypOCBO, IIO;llBSp&eHS CIIJRbHOMY M60Hll.pHpOB0HH>, 
ROTOpoe MOZST conpo:e~TbCH o6pa30B8Hl!l6M MOll!HSX EHxpe:H. 

Ha:ite:araoe aKcnepmaeaTan&HOe E~eneHBe BBXPBB.l:IX CTPYKTYP B03MOlltHO 
Dill& c nOMOll!&ll IIPJ!MSX ea61.!Il:iteHBI Ha:it nonBM 01topo0Tz. IloaTOMY TPYllHO 
ae cornaoBTbOH c MHSHBSM BaoTaao B YoppeHa /j?Q], KOTOPQS OTMB'ialDT, 
'!TO" ••• IIO-EBllHMOMY, 8lMHCTB8HHSM YllOBIIElTBOpBTen&HliM MSTOllOM o6aapy
aeHBH pean&soro oTon6a TaAnopa E OKeaae n:ellfleTca aa6nlllleHBe aa rpyn
no! llO;llBO;llHHX llpB<PTepo:e. ROTOpae c ne;llYllT sa TpeXMepHSM llOTOKOM B Ta RHM 
o6p:isOM onpe;ll8181DT (f/aKTH'i8CKB8 TpaeitTOPHB D;zuwx aneMeHTOB". K COJKa ne
Hllll, ea6111>;1l8HBH c IIJCll011&30B8HB8M 6yeB H8ATpa11&HOI nna:eyqeOT.l!I e111e Cl!Bm
ROM pasp03H8HHS. 

06S'IHO <PJfKCI1JpyeMse :enpe:ese CTPYETYPH ae yxnarumaEToH B npocTse 
TeOpeTB'IBCR.1!18 CXBMH. 3TO o6CTOHTen&eTBO nopo!t;llaeT MHOroo6pa3B8 pa3nB'i
RYX BHTepupeTaUHI Ha6111llt88MSX BBxpe:ewc CBCTSM. O:itHH aBTOps ;llOCT8TO'IHO 
oupe:iteneaso ro:eopaT o oToJI6ax Talnopa RaK o saXBa'leHHSX Tonorpa<PH'!ec
RlllX BBXPffX, ;1tpyr2e o6oy!t;llalD'l' a<P<PeKTa cseceaHSX c rop Tennsx c:eo6o:itiwx 
BBxpel, TpeT&H CBH3SB81lT B.l!lxpeo6paso:eaHHe c :eepTHKall&HSM C;llBHrOM CRO
POCTB B npBlllll!HSX T8'18Hl'IHX BnB c ~elcTBHeM aTMOc<PepHSX B03MYlllBHBI. 

lo HB;llaBHero :epeMeHB ;llOCTOBBpH!iX aa6n/Oll,eHBA, CBB;ll8T811bCTBYIXIU1IX 0 
cy•ecTBOBaHHB oTon6o:e Talnopa :e oKeaae, ae HMenoc&. H nBlll& :e uoone:it
HHe rOJ.H UOHB.111108 Pffll uy6mU<aUHA, B ROTOpax npBBeiteHJ.I y6e;llBT811&HSe 
lflaRTH, ;ll0I<a3SE8llllllil8 pean&HOCTb CTOn6o:e Talnopa B rB:itpoc¢epe 3eM1lll. 
3:itec& upeq,e :ecero cne:ityeT OTMSTHT& Hccne:ito:eamm a~e f90J B paiose 
Xan&Tea-6aHIW aa Hopse:1101tON menf4le, aea1IP.1s rB:itponorB'l{BORBX aa6nlllleHHA 
B paAoae UO;llBO;llHOI ropa BHCOTOI 400 Mc ueHTPOM B TO'l{R8 36° c.m., 
550 3.;ll •• BHII011H8HHHA OyaHCOM B XorrOM /1457. a Tatolte rny6HHHHI TOUO
rpaqJB'IBCKBB aKCnepBMSHT Hall BHTHHYTOl ropol 20 x 5 x 0,5 BM ea rny6B
H8 5340 M B palOHa I40 9,JJ,., 410 c.m., OUBCaBHHI ron:itOM, XeH;llpH 14 Xan
nepTOM /jr:IJ}. HeT OOMHBHBH, '!TO HS sacTaBBT ce6n ~Tb HOBSe CBHJJ,eTe-
11&CTBa. 

TaKHM oCSpasoM, TonorpaqJB'l{ecKBii UHKnoreaes B 01teaae nepecTan 6aT& 
TOn&KO TeopeTB'iecRol npo6neMol; no-BHllBMOMY, B CSJIH11aAmee JJ,ecnTHneTHe 
3Ha'!BTen&HO YCBJlllTCH ero npaKTI4'1{8CKHI aoneKT, '!TO, B OBOll O'iepeJJ.&, 
nocnyEBT HOBSM CTHMY1IOM K ;ll811&Bei\mBM TeopeTB'i80KHM BCCISJJ,OESIUUIM. 

Ilpenapan 6onee cTporBe nocrpoeHM :e uoona;llYDIU!X rna:eax KHBrB, Ma 
DOllilTaeMCH B HaCTOH~8M BB8;1l8HBB c llOMO~b~ aneMBHTaPH.WC cpe11,C~B UOSHa
KOMBT& 'IHTaTeJIR c C0Ep8M8HHIDAB npeJJ.oTaBneHBHMJll 06 OCHOBHHX M8XBHHSMax 
TOnorpaqJH'ISCKOro UHKnoreaesa H MeaH;llpBpOEaHHH ~'li3~. 3TO ll03BOnBT HaM 
T8Rll8 ycnOBBT&CH 0 llpMM8HH8MOI TSJlllHHOROrBH. 
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KaR ye YRasHBanoc& BWIIB, npoueco.1:i1 ipopMmpo:safll'IJI a a:sonl)[ll'IH Tonorpa

ipmqeoRHx BHxpel MOryT 6.l:ilTb OIIl!OSH.l:il 0 IIOMom&ro OCHOBHOro COOTHOWBHl!l8 

reoipmsmqecKOI rH.ll.PO.ll.HHaMHKB - BaROH8 ooxpaHSIU!H IIOTBHWIS 11bHOro BHXp.I!. 

911BMBHTapHHI BHBO.ll. ROTOporo MOaHO IIOIIYq.llT& Ha OCHOBe .lllSBeOTHOI Teope

M.l:il MBX8Hl!IKB 06 BSMBHBH.l/JH RBHBTHqeoROrO MOMBHTa OHCTeM.l:il. 

Cpell,H88 r11Y6.IUl8 ORSSHa COCTaB7meT 1IHWb MSIIYIO ll.01111 (Meaee I/IOOO) 

opell.Hero pa;IU!yca 3e.M1114. 8To noSB0118BT paccMaTpHBaT& rmll.pocipepy RaK 

O'IBHb TOHR.Yll B Cll860 .llORPHB11eHHYIO lUlll.RYIO 060IIO'IIcy 88 :spamaromBM08 wape. 

Yxasaaaas reOMeTpmqecRas oco6eHHOCT& npOJ'JB118eTos B Rl11HeMaTmqeoRHx 

OBOIOTl!SX lBJIEBH.lll8 ORSSHl!l'IBOKHX BO.ll., B qao'fHOCTH. ropI4SOHTS11bHliB OKO

poOTH IIO BBIIHUHe ORSSHBallT08 H8 HBCROIIbRO IIOps:!ll.ROB 6on&me BepT.l'IRS1l&

HfilX. IloaTOMY OKeaH Yll.06HO IIPB.ll.OTaB JIIJT& RaK llllll.R.Yro MBXSHH'iBCRYD CHCTB

MY, COCTORtn.Yro BS OT.ll.BllbHHX TOHRl1IX noqTz rOpI4SOHTan&HHX onoe:s, OR011&

S8UlZX Oll..l'IH OTHOCHTBIIbHO lf.pyroro. 

K 

w 

z1r -p 

g 

J_ 
!iH 

T 

P .l'I c. I. K sneMeHTapaoMy B.l:ilBo

ll.Y SSKOHa coxpaHBHl!l8 IIOTemvian&

aoro :smxp.a 

BH.ll.81IHM MHC118HHO B TaROM RBa

SHrOpHSOHTS11bHOM cnoe 6ecxoaeq

HO Manal llti!ll.KHI sneMSHT B <POPMB 

nps:iMoro RpyroBoro Ui11Il1f~pa :saoo

Ta tiH H pall.HYCS tir (p.ao.I). 3a 
6ecxoaeqao r.aanoe :speMs tit aTOT 

"61114H" B npoueoce :ABBEeHBH 

nepeaiteT B HOBOe II0110E0Hl!IB. IIPB
qeM ero pesyn&THpyDitee nepeMeme

rme CRIJElll.f:ilBaBT08 HS Tpex 811BMBHTSPHHX :ABHEBHl!ll: nocTynaTen&Horo, Bpa

maTen&aoro .I'! ll.e<POpMaUilOHHoro. BpamaTen&ao-:u.e<PopMaUilOHHOe :ABBEeHl!le sne

MeHTa OTHOC.l'!Ten&HO ero QBHTpa Maco OIIBOHBaeT08 HSBBCTlWM BS KJISCQHqeo

KOI MBXSH.l'JRH /"QJ BaROHOM HSMBHBHH8 Kl'IHBTH'qBQKOro MOMBHTa (MOMBHTa KO

IIB'qBOTBS lBHEeHBH). Hs-sa oymeoT:seaaoro npeo6JJa;ll.aHl!IB ropmsoHTan&HaX 

xownoaeaT :seRTop imaeTmqecxoro MOMeKTa K npaKTH'iecim mrnpa:s neH no BBP

THRa 1lll, II09TOMy B ORa7mpHOI ipopMe STOT saROH NOEHO 38Il.l'JCSTb B llBll.e 

dK/dt = M • rll.e M - rna:saal M<Xl!BKT llCBX BHBllIHl!IX OHII OTHOC.HTBIIbHO BeP

THKSIIbHOI OCH, npoxo;zuJmel qepes QBHTP NSCO sneMeHTS. Ilpeae6pera8 s<p-. 
~eRTSMH B8SKOOTH (RaCaTB1IbH.HB BHYTPBHHl!IB HSIIps:!EBHH8, eclIH S11BMBHT 

BHYTPBHHHI, B HaDps:JEBHl!IR BeTpa 14 IIPH.ll.OHHOB TpeHHe - 001IH aneMeHT IIO

:sepxaocTHHI HJJH IIPBltOHHHI)' NH A01IltHH BKII.l)'q.ll!Tb B 1rncno BH0WHHX TOIIDRO 

CHJI!i rnpO;ll,HHSMHqeoKoro ASB110HB8' :u.elOTBYDll.lllB IIO HOpMa 1IH K no:eepxHOOTH 

sneM0HTa, JI :sepT.lllKa11bHYD OHIIY TRE00TH. Ho KaR BH.ll.HO HS pHc.I, KaEll.88 

BS aTHX 0.11111 pacnonozeaa B 0;11.HOI IIIIOCROOTRI 0 :sepTR!KallLD, 6JJal'OMp.1! 

'tfBMY HX MOMBHTS paBHH Hj'1Ill. Ta:tmM o6paSOM, B np.l!HffTOM npH61IHJleHl!IIll 

M = D H MH no11Y11aeM saxoe ooxpaaeHHH RJ11HeTmqeoxoro MOMeHTa K = con st. 

8 



IlpeHe6perag ne~Op.!SUHOHHOA qaoT&ll ll,EillZBHHR, MOZHO paOOM8TPillE8T& TOllb

KO Mrao:eeaaoe :epa111eHJ11e aneMeHTa Kalt T:eepnoro Tena. Ec7IH w - ero a600-
n1>THaH MrHOllBHHaR yrnOllaH oKOpooT& :epa111eHH.R OTHOOHT0ll&HO :eepTillRa1lll, TO, 

Ralt IllSl! eoTHO HS MBXSHillltlll, K = J w • rne J - oce:eoa M0!.10HT HHBPUHZ. xa

paKTBpHSYDllRIA paonpeneneHl!e MSCO. MOMBHT BHBPUl'IB nponopUHOHall9H Maooe 

l\m aneMBHTa B KB8ltP8TY pa;iu!yca (tir)2 IllllH llpj!MO npOIIOpr:tBOHa119H 06'.&eM.Y 

l\ '[ .lll o6paTHO IIpOIIOPilHOHallBH T01I1IU'IH0 LI H • MopCRaJJ BO:ita oCSna:itaeT 

oqea& ona6oi! olUMaeMooT&ro, npeae6peraa KOTopo!, Mli np.lllXOlI/IM It ooxpa

HBHillll 06'.&eMa 1:>. T ; pasyMeeTca, coxpaHHeToa 111 Mecca tim aneMeHTa. Cne

Jto:ilaTen&ao, ltnR Raznoro DltRoro 011eMeHTa T01I11U'1Hli ·tJ. H :e npo~ecoe ltBB~ 
zaHHR coxpaMeTcH :eenBqmaa w/ 1:>. H. 

B:ee;neM IIORalI&HYll ltBRapTOBY C.HCT9MY KOOpltiJHaT x, y • z • 001'.I ROTopoA 

aanpa:e.HM COOTBBTC'l'B9HHO Ha BOCTOR, Ha ce:eep .H no :eepTillRa1lil :e:eepx OT 

HeBOSMYlllBHHOA IIO.BepxHOCT.B OK98Ha. TaR RaK CE838HHS8 c :epaQUX!lelo.a 3eM

nel C.HCT9Ma OTcqeTa He .ff.BllHBTCH HHBPUl!Sll&HOI, a6COllllTHa8 MrHOB9HHS8 

yrno:ea.R CROpOCTD Bpalll9HH8 w CRJialtliB89TC8 BS nepeHOCHOA BBPTillRall&HOI 

KOMllOHBHT!i yrno:eoa CROpOCTH BPBlllBH.BH 3eMJIB ~/2 .H OTHOOillT91l&HOit yrno

EOI oRopocT.e :epameRHa DltKOro s11eMeHTa C; I 2 , rite Q - o6a"tJH!il napa

MBTP KopillOllHOS. nponopUHOHa JI&HliA CBHYCY umpOT.bl, a l; - BBPTHRS ll&Ha.R 

OOOTSBllHl.QJI BHXPH OKO.POOTRI, t; = dtr/a:r - Clu/c3y • (3n,eo& T9pYZH 

.EBxp&" .14CII0ll&SY9TC.R B rB;ztpOM9X8HJ4qeoKOM OM.blCne, RSK pOTOp BBRTOPHOro 

Il01la CROPOCTB; B91ll'l'tlBHY c:; !\Iii qacTO CSy;neM HaS!iBST& IIPOCTO SSBBXPBHHO

OTbll). Y'tlBT!iBS.R CRSSSHHOB, OKOH'tJSTBll&HO nonyq.llM saROH coxpaHBHH.R KlllHB

TB'tJBCKOro MOM9HT8 .B BBltB 

Sl + c; 
~=canst, 

r:ne IIOCTOJIHHaJI, paSYMB8TC8, c:eoa ltIDI xaznoro U11;ROro aneMBHTa. 

(I) 

Tenep& YCTSHOBBM ESZHliB CIIBltOTBJll.ff, BliTBKallllllBB BS COOTHOmeHH.R (I). 
OxeaaonoraM xopomo Hs:eeoTHO, 'tJTO :e OReaae 0 EliCOROii CT9II9Holl TOqHOOTill 

cnpa.eennH:ea Tax aas.lll!aeMae reooTp~BqecRHe cooTaomeHBa Ill ycno:eBe rB:zt

pooTa TBqHOCTB 

u = - _1_ ie_, 
pg, a Y 

tr= _1_ ~. 
p9. ax 

I/IS KOTOP!iX cnen,yeT COOTHOWBHP.18 "TBJlMilfqeoRoro B9Tpa" 

au _ _!L 8p 
az - p~ ay' 

(2) 

(3) 

sieo& p - nno'.t'aocT& MopoRol :eona, p - na:eneHBe, a u B t.r - ropB

aoaTan&Hlie KOMIIOHBHT!i OKOPOCTB. EcJIIll OK98H OltHOPOl9H (p = const) • I/IS 

(3) nonyqaeM TeopeMy Talnopa-IIpayltMBHa au I a 'Z. = dlY/o'l:. 0 • corn:ac

BO KOTOpoii ropHSOHTSn&HOB ltBBEeHI/le He aa:aBCBT OT rny6I/IH!i. Ho TOrltS 
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T8KHM ze CBOICT:BOM o6na~eT sa:e.expeHHOCTD c, .Ill .llJS (I) cne:ztyeT 

Q + c 
H =canst (4) 

ltJIR ltS]QorO BepT.llllt811&HOro CT0116.HI<a DJU«)CT.l!I, r:zte H - ero ll01IHa.a EH-

COTa OT no:eepxHOCT.111 :ztO :ztHa E ~HHOM M6CTe. 8TO COOTHOWeH.llle .llJSEeCTHO 

DOJl HaSBaHBeM saROHa C0Xp:IH6HH.a llOTeimean&Horo E.llxp.a E 6apOTpOllHOM lOlt

HOpO:ztHOM) oxeaae. 

JlM 6apoR1I.lllHHol (aeo:ztaopo:ztao~) D:ztKOCTB TeopeMa Tsiiinop:i-Ilp:iy.:ztt,1eaa 

HB .lllMB0T M0CT8 .Ill MH DOCTYIJJllM 110 :ztpyrOMY. O~OSH811.llJM qepes 11p llp.llp:lllle

H.llJB llJIOTHOCT.111 110 BBpT.111Ra1I.llJ B npe:ztenax D:zt1t0ro 87IBMBHTa; 0118B.ll:ztHO, llp.111 

YCTOitl.HBOI CTp:IT.ll~RaQ.111.111 OHO HB MBHBBTC.S B nponecce :ztEBllBH.H.a. YMHOJl8$1 

(I} HS .6j) I! nepexolR R npe:zte11Y 11p.111 t.H~o, 11071Y11.111M saKOH coxpaaeH.lllSf 

IIOTBHWllSl&Horo B.llJXp.a 

(!12 +C) ~ = const 
82. 

(5) 

Jl.Jiff IralQOi QJlKOI 118CT.llU!i B 6apOR1I.lllHHOM cny-qae. CTO.SlllYI> B 11BBOI 'liSOT.11 

B61lll'liBHY 'l'aKZB BaSHB81>T ll0'1'BHQ.111811&HHM B.lllXPBM, 

COOTHOWBH.llBM.111 (4) .Ill (5) Y:zto6HO 11011&30B8T&C.S B cnyoqae, Kor~ .1118 

xaRBX-JIIa60 coo6p:izeH.11JI .llJSBBCTHl:l SH8110HB.a llOCTO.SHllllX B llp:IBOI 11SOT.llJ p:i

B0H0'1'B8 (ROTOp!ilB B 061110M cnyoqae p:ISDl'liHl:l ll.JlR p:ISHYX 'li8CTBU B7l.llJ OT07l6B

KOE). OT 8TOI HBOllpBll.0110HHOCT.lll H0TPY:ztHO .111s6aB.llT&e.a, san.11cHBa.a (4) B 
(5) B ll.BqqlBpBH[tllall&BOI ~O!)IB 

d(~+l;) 
dt H = O ' 

(6) 

(?) 

r:zte BBBll.BH :zt.111qxpepeHQ.11JanLHHI onepaTop nonHoro lU'l~epeHQ.11JpOBaID!.ff no Bpe

MeH.11 d/dt = a/ot + ua/a:r + tra/ay , llp.llt!BM Y'li'1'0Ha MaJlOCTL BepT11-

K81UtHOI 8ltB BRQ.111.H. 

IIon:aras H = H 0 - h , h <.<. H 0 , .11 Eononsys np.1116DzeH.11Je 6eTa-m100-

KOOT.ll Q = !12o+J3y 'MOlltHO saIJJllcaTL (Q +C)/H - Qo/Ho = 
= (fty + c; + h!l2o/Ho)/ Ho • II08TOMY BS (6) CJIB:ztYBT 

:t ( C: + _fJy + Q 0 h/H 0 ) = 0. 
(8) 

TaR RaR B cny reocTp$'1iBOR,IX COOTHOmeH.llJI (2) MOEHO 01ll'ITSTL c; = 
= (a2p/a:r2 + CJ 2p/ay2)/ _pQ • (8) llPBll.CT8Il1IR6T YfeBHBH.llJe, Ollp0JlB1IBKllBB 

~BneHHe B 6apoTpOIIHOM 110TOKe HaJl HBPOBHHM JlHOM. 

Aea11orB11HHM o6pasOM No:imo 11peo6p:isOBaT& 11 YfeBHBH.llJB (?). Ilpe;itoTS:eo 

none llllOTHOOT.11 B BB:zte p = p1°1(z) + p' • r:zte CTS.HlUlPTHOe p:icnpe:neneHBe 
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p< 0 l MOlltHO CB.asaTb c 'UlCTOTOI nnaBy'leCTll N(:z.) ll8BeCTlililM COOTHOIJleHHeM 
N2(z) = (g./p0 )(d/0l/ dz) • TaK KSK 

.?2__ dp'O) ~)( _i& ap') 
(R + <'.;) 87.- - Qo dz .,., dz. c; + py + p0N2 az. ' 

BMBCTO (?) HSXOJUIM 

d ( -1.&_ ~) dt t; + J3Y + p* N2(z) az, = O. ( 9) 

Bonee UOCJI9lt0B9T91I&HO ll CTporo ypaBHBHHff THna (8) H (9) BMBOTB 0 
OOOTB9TOTBYDllHMI rpaHHllHYMJll YOJIOBHSJMII 6YltYT B.Yl39ltBH.bl B nepBOI rnaBe II 
OOOTSBSJT OOHOBHOI llP9nM9T ll.a1IbHei!mero llOCJIBltOBaH.H.a. 3neo& MH orpaHB'l.l!IM
OB 9Ha1IHSOM H9KOTOPHJC BalltHHX C1I9ltOTBBI, B.blT9KalXIUIX BS SSKOHa coxpaae
HBS 6apoTponaoro noTeHU,l!an&aoro BBXPSJ E ~opMe (4). ln.a npocToTw 6yneM 
npennonaraT&, 'ITO xapaKTepHHe rop11soaTaJI&HHe MaomTa6H BosMy~eHl'IA pen&
e~ ltHB l nopsltxa IO RM (B ltan&aei!m&t nop.anoK EBJm'lBHH X 6yneM o6os
H9'19T& 0 ( x) ), 'ITO DOSBOH.aeT npHH.aTb Q = con st • PaooMOTJll™ ltBB 
npooTei!mHe sana'lH o uexnoreaese. 

3 a lt a 'l a I /lirl. Ilyon B oiteaae o pOEHHM ltHOM rJIY6111Hll H paono
JIO:ateHa DOltBOltHaB ropa llHOOTH h • npB'lBM lltHltROCTb nepllOHa'UlJibHO nOKOB~
OB (pmo.2). B Ha'l81IbHWI MOMBHT BP9MBHH Beel Maooe BOltH 000611189TOB noo
'l'OJJHHSSJ CROPOOTb 1T E HaIIJEB1IBHHH OCH x. liepes H9KO'l'Opoe Bp9MSJ noone 
aa11ana ltBBllteHM paononozeeHHi Halt ropol lltHltitHA O'l'OJI6BK B nepexoltBT ll 
nonollteHHe B' ,a ero MeoTo saIDIMaeT oTon6mx A, 06osaaqe1umi B HOBOM 
ll0110llt9HBB 'lepes A1 • c DOMOm&ro (4) nerxo EH'lHC1ISJIDTOSJ 88llBxpeHHOOTH 
CTOJI6HKOl! A' H B' • KOTOpse OKSSHBalDTC.R pallHWm 

h 
'C,A' = - ~H < o, (IO) 

TuKHM o6paSOM. ll nOTORe llOSHl'IKJlll ltBB o6naCTH SBllHXPBHHOOTH - aHTH
Ul!K1IOHH'l90Ra.R A' Halt ropoA H uex110ID1'leoKaB B1 BHHs no Te'leHHro, EcJIH 
A' noRHHeT ropy, ero saEexpeaaooT& OHOl!a oTaHeT paBHol aynro HOH no
'l'epseT CBOID HHltBBlllltYS1IbHOCTb, a ea ero MBC'l'O npmneT HOEHi CTOJI6BK, np:e
o6peTB TY Ee S8llilXPBHHOC'l'b c, A' • CneltOBaT91IbHO t M.bl MOlltBM C'lHTaT&, 'ITO 
saEBxpeHHOCTb t; A' OOTaBTO.R saXBS'lBHHO! Halt ropol; HaSOBBM ee 'l'OllOrpa
~H'lBOKOI SSllJ!IXP8HHOOTbfD. li'l'O npOHOXO:ztHT nan&me? 

CTOJI6BKH A' B 61 o6pasym napy lll~xpett, HHTBHOBBHOOTH RO'l'Oplil pallHH 
DO BBJIB'lHHe, eo npoTHEononozH.bl no saaxy. Ilon nelcTBHeM A' cTon6RK B1 

Ha'lHBT ltllllllt9HH8 no 'laCOEOI CTpenite llOitpyr rops R OltHOllpBMBHHO 6yneT 
OHOCJllTbOB DOTOROM EID.IS no TeqeHJlllO. Ecrut OKOPOOT& 1T noTORa 11.0CTaTO'lHO 
B8JIZKa, oaeceHHSB CB060~.Ha.R UBKJIOHJll'lBOKa.R saEHXpBHHOOTb yllteT B KOHne 
ttoHqOB ll 6eoROHB'lHOCTb [[187. Ill MH Il01I.V'll11M OTaUBOHaPHYID KaPTHHY. ll KO
Topo! aHTHUBKJIOHH'lecKa.a sa:eHxpeRHOOTb 6yl{eT saXBa'leHa Halt ropol. MH11.Y-
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Q/2 

x 

u 

P .e c. 2. K o6~acHeH.ero UHKnoreHeaa B noToKe 
01lHOponHoa JWnKOCT.l'l Han .l'l30nHpOBSHHOM 
Il0~01lHOI BOSBWileHHOCTLIO 

Ul!IPYeMOe aTOI 39B.l'lxpeHHOCTLIO none CKOpOCT.l'l, OKllanIDlSBC& c noneM CKO
pOCT.l'l Ha6era1D1llero IlOTOKa, MOEeT npHl!eCT.l'l K 1lBYM KaqecTBBHHO paan.l'JqJililM 
peayn&TaTaM: ecn.e BHcoTa ropH nocTaToqHo Mana, Beane 6yneT npeo6nanaTL 
Ha6eralDlllHa IlOTOK, qTo np.eBe:n;eT nHmL K HBKOTOPOMY .l'lCKpHEneHHIO (MeaHnPH
pOEaH.l'lJO) miHHI TOKa c yc.rrneHHeM Teqe1ma cneBa OT rophl .l'l c ocna6neH.eeM 
cnpaBa OT Hee no OTHoweH.Bro K HanpaBnemrn HS6eraKll!lero noToI<a. EonH Ee 
BHCOTa roPH nooTSToqHo Ben.eKa .e, cnenoBaTen&Ho, nocTaToqHo BBnHKa aa
B.lllXpeHHOOTL c; A' • onpaBa OT Bepm.l'lHbl ropa MOEeT B03H.l'JRHYTL o6nacTL 38MK
HYThlX II.l'JH.l'll TOKa - aTO .l'l BCTL Tonorpa~qeoKHI BHXpL. TaK KaK B aameM 
CIIYqae Teqea.ee He 38B.l'JC.l'JT OT BBPTHRalILHOl KOOPnBHSThl, 39HRTSB TOllori:e
~qeoK.l'JM B.l'lXPeM o6naoTD HMeeT !POPMY llpaMoro UHnHHnpa - OTCIOM H83BSHlle 
11 CTOn6 ( KOIIOHHS) Tai no pa". 

B llpOoTeimleM MO:n;enLHOM Cii<'qae, KOrM ropa HMBeT !POPMY IlJlRMOro KPY
ro:eoro UHnHHnpa J:enHyoa a .l'l BhlCOTH h • nerRO YCTSHOE.l'JTD KO~eOTBBlt
Hhll xp.eTep.l'll o6pasoBaH!llJl' oTon6a Talnopa. Tax RaR npeIIRTCTB.ee HMeeT 
pOBHhll :eepx, cornaoao (IO) sa:e.expeaaocTL B npenenax Kpyra pan.eyca a 
BBIIRBTCH llOOTOHHHOii Ill paBHOii - S'2 ~ • a BHB Rpyra TOEneoTBBHHO paBHa 

e.vmo. MH:n;yu.ep.yeMoe none cKopooTe'tt n,o1llltao o6nanaTL ooe:eol CHMMeTp11ea 
(p.l'lo.3), V = V(r). IlpHMeHRH TeopeM.Y CTOKoa K npo.eaBOIILHOM.Y xpyry pa-
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p H o. 3. Ilone OROpOoTea, HHllYWIPYBMOe llOOTOnHHOa 
B Kpyre :i;e;o;Hyoa a saEHXPBHHOCTLIO c 

y 

6 u 

0 x 

p H o. 4. ~OPMEPOBaHHB nonepe~Horo C;o;EEra CRO
pOCTE B RaHane c HepOEHHM :O:HOM 
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n.111yca T' c UBHTpOM Ha 00.111 wurna::zuia' MH 1l07Illli.El np.111paB1ISJTI> lllJPK.YllR!llJil 

CKOpOCTH 2 '.Trr v ( r) E1l01Il> orpaH.llI"lHEalOOleH OKPYlltHOCT.111 .III .llIHTerpan OT sa

llBXPBHHOCT.111 no nnomazt.llI Rpyra, paElililg z; S ("r) , rne S(r) - nnomaD.I> 

TOf.i "l0CT.1'1 Kpyra. B KOTOpoii c; =t= 0 • OTOil;D.a nerKO HaXO)U!M pacnpeneneli.llle 

CKOpOCT.111 /5I/ 

V(r) = _f_{r, r<a, 
2 a2 /r-, r >a , 

np.111tieM mr-ax IVI =IC! a./2 . Ha aTo none cRopocTe:l! HaKna;zumaeTc.R K.HHe

MaT.111tiecK.H Oil,HOPO:D.H.Elti a:a6eralll0l.lllt'l: IIOTOK l! a:anpaBJieH.111.111 QC.III x . Heo6xo;11,.111-

MHM YCJIOE.1110M E03H.l'IKHOl!01i.111.R o6nacTJll 80MKHYTHX JI.lllli.lllii TORa l! peayJII>T.lllpy

lllOl0M TetieH.111.111 .RllllRBTC.R c.vmecTBOBa1me no Kpa!Hef.i Mepe OlJ,HO! KP.llIT.111'10CKOA 

T0'1K.llI, B KOTOpO! CKOpOCTI> o6pamaeTC.R l! HY1II>. OtieEJll:D.HO, il.IIR BTOro aeo6-
XO;lJ,.llIMO ll.ElIIOJIH0HJlle HepaEeHCTEa l~la/2 > v .llIJI.111 Qha/2H > v 'OTK.YnB 

OKOHtiaTBJII>HO cnenyeT 

lIIJ 

TaiwM o6paaoM, cymecTEyeT aeKoTopoe Kp.111T.111tiecKoe 3HatieH.llle 6 KP TO

norpaq>z"lecKoro napaMeTpa 6 , npeEameH.111e KOTOporo np.llIEOzt.llIT K o6paaoEa

H.llID CTOJI60E Tat'l:nopa; llllR KpyroEoro lllJJI.llIH1lP8 0TO 3H0'10H.1116 paBHO 2. uue

H.llIM no ¢0PMYJIB lIIJ 3HlH6li.llIB 6 :D.IIR pea1IbHHX .xapaKTepH&X 3Ha"lBHHii on-

penellRlllOlHX napaMeTpOE. Ilonara.R Q = ro-40-1, H = 4 KM, a= IU RM, 

V = IO CM/C .III h = 800 M, E TO'IHOCTH IIOJI.YtJ.llIM 6 = 6Kp = 2. 3TO IIOKa-

3.ElEaeT, tJTO IIO KPaliHefi Mepe :e cna6o CTp0THqJ.llllllJPOE8HHHX pat'l:OHaX M.lllpOEO

ro OK60Ha HlUI, IIOllBOiI.HHM.111 ropaM.111 ;nam:e cpaEHJIJT67IbHO H6607IblliO:l! BHCOT.El 

EIIOJIHB Bepo.RTHO ~OpMM!pOEaH.llle CTOJI60E Ta:l!nopa. 

3 a lJ, a q a 2. Ilpo:ii.eMOHCTpJ11pyeM npJIJMBHBH.1110 30KOHa coxpaHBH.111.R IIOTeH

!ll18 JibHOro EJl!Xp.R Ha IIp.llIMepe )l.pyroli CT0UH0HapHO! aa;na-q.111' 30.llIMCTEOEBHHO:l! 

l'l3 /II3, I65/. IlyCTb :e 6eCKOHB"!HOM Kalia1I6 IIOCTO.RHHO! lll.lllp.llIH.El l rny6.111aa 

MBHRBTC.R E HBKOTOpoii nepeXOlJ,HOH 06JiaCT.llI OT IIOCTO.RHHOro 3H0'10H.llI.R H no 

nocTO.RHHoro sHa"!eHJIJ.R H - h tpJ1Jc. 4). Ms 6onee rJI.y6oKof.i "l8CT.llI Ha6eraeT 

IIOTOK c IlOCTO.RHHOf.i CKO.POCTbil 1J. Ilpenno7!0lltl'!M, '!TO l!IW3 no TB"IBH.llID, Ha 

HBKOTOpOM y;naneH.111.111 OT nepexOlJ,HOH 30H.E.I, OH nepecTpa.llIE80TC.R E HOEH:l! IIO

TOK c npononI>HOH CKOpOCTblO u (y) • .non.ycKfrn' 'ITO ECe JI.llIH.llIJIJ TOKa 6epyT 

Ha"lSJIO E:eepx no T0'1BH.llIKJ, npJIJMBHl1M CHOBa saKOH t4). TaK KaK EEepx no 

Te'l:eHRHO c; = 0 ' a EH.1113 TIO TB"!BHJIJIO r; = - u' (y) ' JIJMBBM paEBHCTEO Q/H = 
(SG - u'( y)) / ( H - h) • 0TCJO.D;a cJie.D;yeT, 'ITO Tiep:eoHai:raJI:bHO paBHOMep

Hl:lii TIOTOK TiepexOll.llIT BH.1113 TIO TB"IBH.lllil E TIOTOK c TIOCTO.RHH!:lM CJlEZrOM OKO

.POCT.111 u'( y) = S2 h/H • HHTerp.llI.IJY.R noc nenHee COOTHOlllBH.llie H .IWII01Ib3Y.R sa

KOH coxpaa:ea.111.R Mace.El 1JHL. = [u(O)+u(ll](H-h)L. / 2, OKOH'laTeJI:bHO nony-

'H'IM 

.R.h[ VH 2 l] 
u(y) = H Qh(H-h) + Y - 2 · 

(I2) 
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CKopooTEi u (y) y6HBaeT oneEa HarrpaEo rrorrepeK KaHana, ITIJHH.v!MaR M.l'!!li!Mano
Hoe saat1eID1e 

Q h [ 1fH 2 l ] 
u(D) = -H-l r2h(H-h) - 2 . 

Eolll'J u (0) > 0 • OKOpOOTJJ EH.113 no TBtIBHHIO HHrne He MBHRBT 3HaKa. B ne
pexonaold 30He IlpOHOXO:ztHT rrepeoTpOliKa ITOTOKa, B pe3Y7IEiTaTe KOTOpoa 7IH
lil'IM TOI<a IlOltltfIMS!O'J.'0.fJ K 7IBEOMY Kpa!O KaH67IS. Eo7IH nonyoTMTb, '!TO OOOTHO
meHMB tI2J onpaEBl7IHEO npM 7IKJ6.EilX 3HatIBHM.fJX OTipene7I.fJIOU!MX rrapaMeTpOE, TO 
IlpH YO 7IOEMH 

1f< Qh(H-h)l/2H 2 (13) 

y TipaEOld OTBHKJ! KaHa7IS ITO.fJEIIRBTO.R o6naoTE. B03EpaTH.EilX TB"!Blil'lti. B nepe
xonaoa 067IaOTM E HBKOTOPOM MBOTe npOHOXOlMT OTPWl Ha6eralDl!lero ITOTOKa 
OT CTBHKH. On.11oaaiwe aC{xPeKTH .fJE7I.fJIOTO.fJ ponoTBBHHQMH OT07I6aM TaAnop:i .113 
aana"rn I. YlHTepecao OTMBTHTE., '!TO TIP.ff h <.< H Y07IOBHB (l3) TIO OYUlBOTE.Y 
3KBHB67IBHTHO (II), B07IH l 36MBHMTE. Ha a /1I2J. 

PaooMOTPBH!We BHWB npMMepg OTHOCH7ll'IOE. K npooTeillileMY C~VtISIO 6apoTpon
H.EilX HBER3KMX IlOTOKOE Han E03MYUlBHH.fJMH penEie<Pa naa cpaEHMTB7IEiHO H0607Ib
woro M~lliTa6a. Pa3EHE6.fJ 37IBMBHTapHyIO TBOPHIO, Tonorpa@HtJBCKOro UMK7IOre
H93a' MH Tipeae6per7ll'I E7IH.fJHHBM PRM ~KTOpOB. HaH6011ee BSltHI:lMH H3 KOTO
p.Ei!X .fJE7I.fJIOTOJJ: Il7IOTHOCTHa.fJ CTpaTH~ll'BUMR TIOTOKOE. H3M9!19HHB rrap:iMeTpa 
KopH07IHOS 0 urnpOTOA, EBTep Ha noBepxHOCTH H Tp0HH9 Ha nae, qiopMa H MSO
mTa6H TOTiorpactiHtIBOKMX E03MYUl9HHld, TiepexonHHe l'I TIBPHOlMtIBOKHe peUMH, 
EBPTHKa7IE.HHld H ropH30HT67IE.HHA Cll,lll'lrH OKOPOCTH Ha6eralOUIHX ITOTOKOE. 

B TOA H7IH HHOH Mepe EOB 8TH Tip067IBMl:il o6oy~KJTO.fJ Ha npocTHX MOlB7Ib
HHX npHMepax E OOT67IEi!IOld tJSOTM aTO! KHHrH, KOTOpa.fJ ITOOB.fJUlBHa H37IOEB!ml0 
OOBpeMBHHOro COCTORHMR HBKOTOP.EilX pasnenOB TeOpHH TorrorpactiHtISCKOro rzy!K-

110reHeaa M MBSEllPHPOESHH.fJ E oxeaae. 
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r11aEaI 

OCOOB.Hb!E YPABHEHWI l1 IPOPMYJlllIPUBKA 3A.llA"<I 

I.I. licxo:n;H.ble ypaEHeml.R H rpaHH'IEil:le YC1IOB.Pl.R no BepTHKallll 

YpaEHeHH.R ZJ;HHaMHRi! OKeaHa onHCHEalOT ;!U!HllteHHe HeROTOPOH MO:n;en&HOI 
crrnomaoa cpe;zu,i c onpe:n;eneHHHMH c:aoAcTBaMH. B HaCTO.Rmea REmre npHHHMa
eTc.R MO:n;e11& aeCJWMaeMOH HeOZJ;HOpOZJ;HOH B.RSKOI llWZJ;ROCTH, san01IHRIDUIBI 
OReaH, ROTOPHH pacnonollteH Ha Epama1D111eiC.R 3eM11e H HaXOZJ;HTC.R non :n;eicT
EHeM noCTO.RHHOH CH1IH T.RlltBCTlll 9- H sa:n;aHH!iX Ha noBepxHOOTH BeTpOB!iX 
HanIJRllteHHI H aTMoc~epaoro :n;a:aneHH.R. KpHBHSHa seMHOI noBepxaocTH Y'llllTH
EaeTo.R c rroMom&D HSBeOTHOro npH611HllteHH.R 6eTa-nnocROCTH (CM., HanpHMep, 
/I?]J, Karna napaMeTp Kop.eonHoa S'G anrrpoROHMHpyeTo.R lll!HelHott ~YHRQ.Hel 
MepH:n;HOHa1l&HOH KOOpZJ;HHaTl:l 

Q = SG* + py . (I.I.IJ 

oKE9TOpHa1l&Ha.R o6n:aoT& HOK1ll()q90TO.R HS paooMOTpeHH.R, noaTOMY Boer:n;a 
rrpe:n;nonaraeTO.R Q =J:. o. 

IlpH oonocTaBneHHH pesyn&TaTOE TeopeTH'leORHX H001lenoBaHHR c ZJ;aHH!:lMB 
RaTYPH.b!X Ha6nv:n;eHHH BalltHOe SHa'leHHe HMeeT npHHRTa.R HHTepnpeTaUIDJ xapaK
Tep.lllCTHK Oil110illHOil opeJJ.l:l, HanpHMep, non CKOpOCT&D B ~HKOHPOB9HHOI TO'IKe 
oReaHa no cymeoTBY rro:n;pasyMeBaeTo.R pesyn&TaT :n;eloTBH.R aeRoToporo onepa
Topa lpeanHsyeMoro E BH:n;e npH6opa, onooo6a 'lHoneaaoro :n;H~epeawipo:aa
HH.R H T.rr.), ooymeoTB7!ADUlero npooTpaHOTBBHHO-BpeMeaaoe oope:n;aeH!le c 
onpe:n;eneHHl:lMH MacmTa6aMH. IlepeHOC HMnyn&oa OTPYRTypaMH MeH&IllliX MaomTa-
60B napaMeTpHSYBTC.R 0 nOMOUlbD KOaqqmwieHTOB Typ6y11eHTHOI B.RSKOCTH, KO
TOpl:le He .RBIIRllTO.R ~HSH'l00!U'IMH KOHOT8HT8MH H He :n;onyoKalOT TO'IHOro ~01IH

qecTBeHHOro onpe:n;eneHM.R. Typ6yneHTHOOT& npe:n;cTaBn.ReT oo6oii npo.RBneRHe 
HenHHe:tiHl:lX B38HMO:n;elcTEHH B cnnomHO~ ope:n;e. TIOOK01l&KY B paooMaTpHBaeMl:lX 
HHllte MOZJ;elIRx HB1l.lllHeliH.ble OEOHCTBa, XOT.R H He B nonHoi Mepe, Y'IHTHE910TO.R, 
Ml:l npe1u1on:araeM :n;n.R npocTOTl:l MenRoMaomTa6HYD Typ6yneHTHOCT& o:n;aopo::n;aoii 
H H30TpOrrHol H OIIP.IOl:lEaeM ee c TIOMOUlbD o:n;aoro nooTO.RHHoro KOS~UHeHTa 
TYP6Y118HTHOH E.R3KOOTH Jl ' KOTOpl:li no EenH'IHHe 3Ha'IHTe1l&HO 6011&me ROalf>
~HW!BHTa M01IBKY11RPHOH E.R3KOOTH Ifullte 6y:n;eT TIOKa3aHO, 'ITO OCHOBHl:le Bl:l
BOZJ;l:l TBOpk!H npaKTkl'IBOKH HB S~HO.RT OT IlpHHHMaeMoro E pa3.YMHl:lX npe:n;enax 
'IH01leHHOro 3HS'leHH.R .f.. ' H aTO .RE 71RBTOR 06Ha;neuBalOU!HM 06CTO.aTe1l&OTBOM. 
KaK OTMe'la eT IIe:nnocKH /I48/' ". • • 1ID6a.R ZJ;HHaM.lf1ieCKa.R TeOp.Pl.R' KOTOpa.R 
pemaDUU™ o6pasOM 3aBHCHT OT KOHKPBTHOro 3Ha'IBHH.R KOS~UHeHTa Typ6y
neHTHOH E.RSROCTH, Ha caMOM :n;ene ;D;07Illl':Ha paccMaTpHEaT&C.R KBR HMBDma.R 
maTKOe OCHOBaHHe". 
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C uen&v nan&He!lnHx ynpomeHJll! MH nonHocT&D npeHe6peraeM Typ6yneHTHHM 
o6MeHOM MaOCH, JllCKllDtUl.fl TBM C0MHM E03MOEHHe TennOEHe E03J.t9MCTEJllR Ha 

rpaHMuax. 
IloMel!la.fl Haqano neEOEJllHTOEO~ OillOTBMH llOHallbHHX DPRMOyron&irnx KOOP~

H0T Ha HBE03MY!UeHHoM: noEepxHOCTill oxeaaa Ill aanpaEnR.fl ocJll Ox , Dy Ill 

0 'Z.. OOOTE9TCTE9HHO Ha EOOTOK, Ha ceBep Jll no EBPTJllRa 1Il'l E HRl3. 30ImmeM 
JllOXOJ.tHYD OJllCTeMy ypaBHeHPJ~ lUlJllEBHJllR, HepaspHEHOOTJll Ill HBOEMMaeMOOTill E 
cne:ztYl!lUlBM EPJ;!!e: 

p(Du/Dt - ~tr)= - Px +ff. V2u, 

p(Dlr/Dt + Slu) = - py +JI- 'i/21J' , 

pDu.r/Dt = - Pz + ~p + Jl 'il21JY, 

Dp I Dt = 0. 

U.I.2) 

(I.I.3) 

(I.I.4) 

(I.I.5) 

tI.I.6) 

3l90b IllCil07Ib30EaHH 0603HaqeHill.fl J.tllR onepaTOpOE nonHoro J.tillqxpepeHUHPOEaHPl.fl 

Df/Dt =ft+ uf:x: + lYfy -t w-fz. Ill Jiamraoa V2f = f:x:x+ fyy + fu ; IllH:zteRobl 
EH.113Y o603HaqavT qacTHble npOill3EOJ.tHHe no YKB30HHblM H930EillCHMblM nepe
MBHHblM. 

COOTHOlliBHill.fl (I.I.2) - (I.I.6) npe:ztcTaEnRKlT saMKHYTYD CillCTeMy J.tillqxpe
peHuzanbHblX ypaEHeHillM J.tnR DRTill IllCKOM.lilX <PYHKtll'IM - Tpex KOMllOHeHT BeKTOpa 

CKOpOCTill u. ' IY ' u:r ' :ztaBneH.ll.fl p Ill nnOTHOOTJll p ' KBE:zta.fl Ill3 KOTOPHX 30-
EillCillT OT Tpex npocTpaHCTEBHHWc KOOp~HaT :I , y ' z. Ill EpeMeHJll t . 

CcpopMy1rnpyeM rpairnqHHe ycnoEillR no EepTillRa1IIll. EcTeCTEeHHHMll rpaHMUS
M.ll E STOM HanpaEneHill.ll .f!EIIRDTC.fl E03M.YlU9HHa.fl noEepxHOCTb OKeaHa 'L = 
- ri_(x,y ,z) Ill TEep;n.oe nao 'Z.= D(:r,y) (plllc.5J. KmHeMaTJl!'iecmrn JI! zurna

MJllqecKille rpaHJl!qHse ycnOEJllR Ha DOEBPXHOCTJll 30llilllli9M E EJll:zte 

w= -D'l./Dt, z.=-'1, (I.I.7) 

p = p (Oll ( :r, y 't ) ' z. = - rt ' (I. I. 8) 

JlUz = -T(X)(:r,y,t)' jKiYz= -rM(:x:,y,t), z.= -'1.' (I.I.9) 

r:ne pca.l Ill T(x,y) cyT& sa:naaase E03MYlllBHne aTMocqiepttoro :ztaEneH.l'l.fl .Ill KB

oaTen&Hoe HanpaEea.11e EeTpa. 
Ha nae 'Z. = D(:c,y) IIOTpe6yeM EHIIOJIHBH.l'l.fl YCJIOE.l'IM npillmmaHillR 

U.=tr=O, z.=D, 

ur=O, z.=D. 

3JK J24 

(I.I.IO) 

(I.I.II) 
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I T 1 
HtHt t ! 

==~~;;~==~~O~======~~(~x,1y~,t~)====:x 
d ------- -----------------r--

H* IJ(x, Y) 

z 

P H c. 5. 1{ rloPMYJWPOBHe rpaHH'IHHX ycJIOBH:ii 
no B0pTW<aJIH 

!OllOll!lliTenbHHe rpaIDl'IHHe YC1IOBH.fl no ropPJSOHT871H H H8'181IbHH0 YC1IOBH.fl 
6y"ll,yT C~J'.NY71HPOE8HH Hlllllte )I.HR OT"ll,01lbHHX KHaCCOE SS'IUl'I. 

B "11,0CTaToqao 6HCTpO :epamallJt!IZXC.fl CHCTeMax, K RaKOBHM OTHOCHTC.fl H 
rH"ll,poo~pa 3eMnH, c EHCOKOI CTeneH&D TO'IHOCTH onpa:e;zuraaeTC.fl TaK HEISH
BaeMoe reocTpo¢>HqecKoe rrpH6nHllt01lli9, :eapal!a1J!n90C.fl E paBHOB0CHH BHYTP9H
Hl'JX cnaraeMHX E ypaEH0Hill.flX ll.I.2) H (I.I.3J. no cy~eCTEY :eoe TeOpHH 
ope"ll,He- H KPYilHOMaoruTa6HHX ;n:HHaMH'l0CKHX rrpouecoo:e E OKeaHe HOXOJ!;RT HS 
reooTpo<pH-qecKoro np0611J1JllteHH.fl; pasnHqH.f! oocTORT T01IbKO :e onooo6ax onpe
;n:eneHKR noJIR rz;n:ponHHaMHqeoRoro 1UlE110HH.fl. 06aqao pas71H'laDT lU!a THrra 
reooTpo<pmqeoKmx lU!HlKemiit /J.7, ISW :e saBROMMOCTH OT onpe11;enRD11ero ropH
SOHTan&aoro M8CUITa6a' per.YZIHPYlllll0ro 6anaac OT"/l,9JI&HHX qJieHOE B ypa:eHaHHH 
BHXPff, KOTopoe rronyqaeTO.fl HS tI.I.2J H lI.I.3) nyTeM HCK1IKRBHH.fl ~:ene
Hl'l.fl. B npocTeilmeM 011.yqae H0BRSKOI (JW.=O) H 0"11,HOpOll;HO! (p:. Const) u;n:
ROOTH aTO yp:i:eHelille c Yll9TOM (I.I.IJ H (I.I.5) npHHHMaeT EH;n: 

(I.I.12) 

r;n:e t; = "'x. - ulj npe"ll,OTSEJ1R0T :eepTHRaJI&H.YD KOMllOH9HTY EHXPR CKOPOOTH. 
060SH8'18.fl qepes !..*, H *' t t= C"/lJ'", 1J .. , w*. Q* xapaKT0pHHe MacmTa6a 

ropHSOHTaJI&HOI H :eepTHKSIIbHOI npOT.fllltBHHOOTH, BpeMeID'!, ropHSOHTaJI&HOI 
B :eepTHR81I&HOI OKOPOOTH H napaMeTpa KopB011HOa OOOTE0TCTB9HHO, nerKO 
nonyqaeM oueHKH llOP.flll;KOB :ee1!HqHa 

~/Q -f;, (ur1 L1z - W'yUz.)/urz Q - t, 
rite napaMeTp 8 = lf"' / l.,.. Q* << 1 llnR reocTpop.HqeoKHx ll;BHllt9HPJI. Cne:zto:ea-
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T97IbHO, ypa:EH9HH9 (I.I.I2) yrrpomaeTCSI K PHlY 

D~ / Dt - W'zQ + j!JIY = 0. (l.I.13) 

oTO COOTHOW9fU'l0 MOlKHO nepemrnaTb B cPOpMe D (t; + S2) /Dt = W'z.Q ' l0IIYC
Kal00l9A 0"19Hb npocToe cPH3i'fqecKoe i1CTOJIKOE0Hile: H3MBH9HHe a6COJIBJTHOro 
:enxpJJ t; + S"2 RalKJloro XW7J,Koro aneMeHTa nponopUl'JOHa JibHO ero 11.ecPOpMaUl'JH 
l pa OTJJJEe H,PIBJ I! JIH Ollla Tl!BJ) E E epTi!Ka IIbHOM Hanpa:e Jie HHl'I. 

no orrpenoneHHBJ, 11.IIJl reocTpo<PHqecK.ilx 7J.EillK9ID!I rrepEoro Tilrra :ece qne
H!i E ypaEH9HH.l'l (l.I.13) ilM9BJT OUH0K0Ebli1 Il0PJJ7J,OK 1 T,e. ( 1J* / l * )2 = 

=W*SG*/H*-p1!* 10Ttey7J,a cnenyeT W*= E.lf*H*/l*, l*~lw= (1J*/p)11: 
A1Iil THnilqHHX :e OKeaae ropH30HTa7IbliblX cKopocTe~ IIOPJl7J.Ka IO CM/c :eeJIH"!il
Ha lw ilMeeT IIOµRll,OK 100 KM. UTCklll,0, E tJSCTffOCTil, 01I0ll,Y9T, "!TO HM9Kllllil9 
YRBS8HH.lil MacwTa6 Oi1HOIITiltJ9CKi10 ll,Billlt9Hi!SI OTHOCJJTOJJ K KJiaCCY reocTpop.l'l
"190KilX ll.BilllteHH~ nepBoro Tilrra [53~. 

AJIS! reocTpoqinqeoKHX ll,BHJKeHna ETOporo TilIIa E ypaEHeimn ll.I.13) HMe
eT MeOTO HHOI 6amrnc "IJI0HOll, rrpil KOTOpOM (lf* I l *)2 « w* Q*/H*- pv*. 
B aToM onyqae l*2 »L.~ , ii l* yllte npi167Iilllt9eTcJJ K rrnaHeTapHOMY MaowTa6y, 
T&K "!TO Q*-pl/' ii ll03TOMY MOJKHO np.l'lWJTb w*= H*lf*/l*. TaKHM o6pa30M, 
reOOTpopi!"l90Ki10 ll,BHJK0fll!R nepBoro H BToporo Tilrra xap:JKT9PH3YBJTOJl TaKlte 
pasnHqf!!iMH onooo6aMv.r MaOmTa6.KpoBaHHR BepTH:KalibH.lix ll,BHllteHill. MY oymeoT
BSHHO il0ll07Ib3Y9M 3TOT <PaKT HHllt0 npm npHEe7J,0HMil HCXOll,liblX ypaBH91illA K 
6esp!f3MBPHOMY EH7J,y. 

I.2. MaomTa6v.rpoBaHv.re 

reoOTPO<Pi!tteOKH! xapaKTep 1U!Hllt0H.l'lSI OllPBlBIIJlBTOSI M07IOOTbBJ 603p:l8Mep
HOrO nap:iMeTpa s . KOTOPN! MOlltHO HOilOJII.80B0Tb lIDI IlOOTpOeHHR 00.l'lMilTO
THqecK.l'lX pemeama sall,0"1.l'l. AJIS! aToa ue11.I! Y7J.06Ho npHBeCT.l'l HOXOJJ.HWe ypaE
H&HWI H rpall!qff!ie yc7IOE.l!J! K oeapaaMepHOMY EillY, aall,aEmi!Ob onpe)J.07IBHHbl
MH xapaKTepHHMH MSOmTa6aM.l'l JJ.JISI Eoex HOKOMiilX ~YHKUl'Ja H H938ll.l'IOHMblX nepe
MSHHliX. <R<lpMattt.HO aTO MOlltHO O~BJiaT& MHOrilMH onoco6aMH, OJJ.HaKO KOppeKT
HHM 6y!;eT mimt. T0K08 MaOWTa6HpOBaime, npH KOTOpOM Boe 6espaaMepH!ie 
~YHltUHH ii HX npOH3EOlH!i9 HM0DT IIOPJJJJ.OK 0)!.HH.l'lQU. UTHOOHT07II.Hail pOJib OT
l0l&HHX clll!lraeMiiIX E nony"!eHHHX oooTaomeffl11!x onpeleJIReTcR Terna qiloneH
HblMH 3ttaqeH.lllSJM.l'l IIOJJEHEWHXCR npH HHX 6espa3MepHblX K03q¢HUl'l9HTO~. Pac
CMOTp.l'lM 0Tl97Il>HO OIIY"!Sil reocTpoc'f>zqeoKHX lEillKSHHft nepEoro ii BTOporo 
THIIOB. 

I'eOOTpgfmqeOKl!B lW.l'lllta~R llOp.BQrO TMna• IlpH OTOYTCTBHH BC0X BHBWHHX 
E03l0!0TEH! (T(:X,~)= 0, pea;;; 0) 0Ke8H HaXOlilTOR E COOTORH.l'l.l'l OTHOC.l'lTB7Ib
HOrO paEHOBSOHR u(O) = i.r(O):=. w-<0>::o, 1'010 H .xapaKT8pi13.VBTCR HBKOTOpblM 
YCTOfttiHBHM EBp'r.l'lKaJibHblM pacnpe7J,eJie!UleM IIJIOTHOOTH p'0J(z)' KOTOpOMY OT
EB'!SBT JJ.SEIISHJll0 p<0l(z). rpaH.HtJHlie YC110EM (l.I.7) - (I.I.II) H ypaEHe
HHR (I.I.2), (I.I.3), (I.I.5), (I.I.6) npH 3TOM YJJ.OEIIBTBOpJJVTOR TO~eoT
BSHHO, a .1'13 (I.I.4) cnenyeT p(~J= gp'01 • OTK.Vlt8 c TO'IHOCTDBJ )J.0 HeoymecT
EBHHOft 0JJ.JJ..l'lTHEHO~ ITOOTORHHOI HQXOlHM 

z 
pCO) "' g. J p(O} dz • 

0 
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BepTm<a l!bHhlii IlpOQ.l.llllb Ill!OTHOCT.ll E COCTOSiHl1.ll .YCTO"Wl.llEOro paEHOEBCIHl 

(p<;! 1 ~ 0) Y7l.Oc5HO OilHChlE8Tb c IlOMOUlbll 'lBCTOThl IlllaEY'lBCT.ll 

- (--2:_ ~)1/2 
N(2) - col d . .P 2 

XBpaKTBpHhlB :3Ha'lBH.l'l.fJ ct>YHKUHlii / 0Yz) B N (z) 0603H8'iHM COOTEBTCTEBHHO "iB

pes p* M N*. BE8ll,BM TaKllte xapaRTBPHhlB MaCIIJTadH EHBIIJH.l'IX E03ll,B:BCTEHM -

p<al* ll.11.fJ EOSM.VlllBH.l'IR aTMOCQ)epHoro n.aEneHM .l'I T* UIS! aanpa:eneHM EeTpa. 

JIORallbH.YIO r11yc5MHY OKeaaa npell,CT8EMM E EMll,B D(:t,y)=H*- h(x,y) 'me 

Q.JYHKW!S! h(:t,y) onpell,811.fJBT EOSM.YlllBEil!IB pen&e(fla ll,Ha c xapaKTBPIWM EBPTH

Ra llbH.lilM MaC111Ta60M h"'. 
c IlOMOUlbll EEBll,BHHHX Eh!lllB MOZHO CKOHCTpy.Hpo:eaT& eme P.fJll, HOEHX IIHHB!ii-

. 1/2 
llhlx Mac111Ta6o:e LM, I4W: EaewHH!ii pan.MYO n.eiPopMalJ,1'1.1'1 le=(gH*) /.sr; 
EHYTPBHHHt! pa21;.Hyc 11,eqiopMalJ,l'IH 6 i. = N*H* / ~*; TOIIll!HHa aKMa HOEOKoro 011o.R 

Tp8HRR d = (jt / p* Q*) 112 • 

Cpell,H IIPOHSEOll,HhlX MaOWTa60E EPBMBEU!I OTMBTHM TaK Ha3h!E88MOB EPBMS! 

"OII.l'IHaIIa" /IO/ 

t** = H*(p*/Jl<S'l*)112 = H*/Q*d. tI.2.I) 

Ilepe'lHOIIHM Tenep& OOHOEH.E.18 6espaSMBPHh18 napaMeTpH 3811,a'l.l'I. 3TO -

"IHOIIO Pooo6H (K.ll6ell.fJ) E. = v*/ l* Q*, 'IH07!0 8RM0Ha E =j<./ p*Q* H *2 = (d/H~f. 
"i.Hono Eyprepa B = Hil-N* / l* 5?.* = LiJ l"' , nnatteTapHhllii napaMeTp 6= .f3Li*2/lf*= 
=(l*/lw) 2, TP.l'I reoMeTp.l'l"IBOIWX napaMeTpa {J=H*/L . .*, T=h*/H*, cl..=l*/le, 
EBTPOEO!ii napaMeTp 'I'=T*t.*/p*H*1f*2, 6ap.Hqeq~ napaMeTp a=p(al*/p*St'l*V~ 

UTMBT.l'IM TaKllte HCII07Ib3YBMhlB HHorn.a 'l.H07IO-"Talii11opa Ta= l/E llJ napaMeTp 

OTpaT.l'lqi.HKalJ,l'IH s = B2• 

IlpaB8ll;BM "iHC7IBHHhlB oneHK.ll ll;II.fJ EEBll,BHHhlX IIaf:MeTpOE. IlonaraSJ 

v~ IO OM/O, H* = 4 KM, l* = IOO KM, st*= ro- 0-I' p* = I r/oM 3 ' 

g_= IO M/o2 , N* = 2·I0-3o-I, jJ = 2.ro-13oM-~o-I, jf.. = ra2 r/OM°C, h* = 
= IOU M, T* = I 21;H/0M2 , p<al• = IO M6ap, II07!Y'IBM l..e = 2000 KM, l'i. = 80 RM, 

lw = 70 RM, d = IU M, i* = ro6 o .... I2 oyT, t** = 4·I06 0 ""' I,5 MBO. 

EespasMepHae napaMeTpH npBHHMaJOT saa'leHHR E. = ro-2 , E = u,s.ro-5 , 

B = O,~. 5 = 2, i§ = 4·ro-2 , T = 2,5·ro-2 , cf... = 5·I0-2 , 'r = 0,25 z a= I. 
IlepeAll,eM K OTMB"IBHHHM mTpH:xaMH 6espa3MBPHhlM nepeMBHHhlM 0 IIOMOlllbD 00-

0THOIDBHHlii {l47} 
x,y=l*x',y'; z=H*z'; t=l*t'/1f*; u,ir=1f•u',!J''; w=ESlf*LO''; 
P = p<ol(z) + Q*lf*l*p'Ol(z)p'; p<o>= p*pcol'; P = prol(z){f +E,rJ.2p' ); 
p<O) = p*9H*pCoJ'; h = h*h'; Q= Sl*(1+£6y'); T(:x,y)=T*T (:t',Y'); p<aJ= p<a>*p<al; ~=-Stlf*/.~'~. 
OIIyORa.fJ E l!JlllbHe:lan!eM ll,11.fJ npOOTOThl mTpHXH, EMACTO (I.I.2) - (I.I.6) 

IIOIIYqffM CHCTBM.Y ypaEHBHHa 

p<0l{(1 + E.J..2p)[E.(du/dt + f.<.C'Uz.) -

-(f+E.5y)cr]+p1 } = E(C5 2 Au + Uzz), (I.2.2) 

p(Ol[(1 + f.clp)[f.(do-/dt + f,itTlJ-z) + 

+(1 +fi6y)u] + py} = E(~2Ao-+~zz), (I.2.3) 
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p101 [(1 +f,J..2.p)E.2c5 2(dUJ-/dt +lW-U)"z.) + 

+ Pz. -p +ol..2B2Np)= U\2E(<12tiw- + W'zz.)' 

Ux + ()-y + f, u,-z. = 0 , 

dp/cit + E,w-pz. + w-(1 +&J..2p)B2N2 =0, 

(I.2.4) 

(I.2.5) 

(I.2.6) 

rZle d/d+. Ji.I ti COOT.E8TCT.E8HHO 0603HaT.JaIOT ropH30HTa1I&Hae onepaTOPl:l non

HO~ npOl'.13.EOZlHO~ Ji.I Jiarrnaca. 

rpaHl'.IT.JH.ble YC1IO.El'.l.R (I.I.7) - (I.I.II) npl'.IMYT .El'.lll,: 

w- = -J..2ct1.,/ ct+, z = - u ... 2 1. , 
fz 

(t;J..2 r Jp<Oldz -t _p'D)p = a p(a}' z = - f,~21_ ' 
0 

Uz.=-('r8/E)T(xJ, !J"z.=-('LE./E)T(Yl, z=-ed.2 ~, 

u = \J' = o, z = 1 - Th , 
LO' = o, z = 1 - rh . 

(I.2.7) 

(I.2.8) 

( I.2. 9) 

(I.2.IO) 

(I.2.II) 

IlonyT.J8HHli0 .EliW0 COOTHOW8ErnR 0 llOMOU!bD aCMMilTOTHT.J0CROrO aHa1IH3a 6y

ZlYT ITOZl.EeprHYTli CHCT8MaTHT.J801WM ynpomeirn.RM .E 01I8ll.Ylllll8M naparpacpe. 

l)ooTpO!@T.J0CM0 lll!MJeHl'J.R ETOporo Tl.ma. Korns xapaRT0pH.b1A ropHSOH

T81Iblild~ MacwTa6 npH61Il'.ll"a0TC.R R mmeeTapHOMY (pa;ztHyo 30M1Il'.I). BepTHRa1Ib

HYD CROpOCTb cnenyeT MaCWT86HpO.EaTb llO-HHOMY, T.J0M STO 6ano Cll,01ISHO .El:l

we. KpOMe Toro, yno6Ho Hcnon&aa:eaT& 6onee npocTae <PoPMY1lli nepexona R 

6eapa3M0PHHM ll1IOTHOCTl'.I H Zl8B1I0RPID. IlonolltHM 

ur = ou-*u:r' ; p = p*( 1 + ec1.2p'); 
p = p*(g:z +Q'"'V*L.*p'); Q = Q*Q'; D = H*D', 

a Boe OCTa1IbH.bl0 .E01Il'.IT.Jl'.IH.bl npl'.l.EOMTC.R R 6eapa3M0PHOMY .EHll.Y TOT.JHO TaR l!0, 

RaR z .E npena:z1.ymeM onyT.Jae. l1oxomme ypa.EHeHH.R z rpaHB'IH.ble yona:eH.R no 

.EepT.l'IRanH Tenepb npBH.l'IMSllT BHll. 

(I + J.2 E. p )(e Du/Dt - 2~) = - P:x. + E ( 82/lu + Uzz) , 

( 1 + ol.2e p)(eD"'/Dt + S'l.u) = - py + E (<1 2M· + lJ"z.z.)' 

(1 +J..2&p )M2 l>~/Dt = -pz. + p + Et\2(<32 /lut + Ll>"zz), 

U.x. + ~y + W-z. = 0 ' 

Dp/Dt = 0, 

L& = - E.J..2 d.1./dt, z = - BJ..2 'l, 

(ec1.2r1z. -t p = ap(Cl)' z = - 8J..2'l' 

(I.2.I2) 

(I.2.I3} 

(I.2.I4} 

(I.2. I5) 

(I.2.I6) 

(I.2.17) 

(I.2.I8} 
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Uz = - (TE./E)T{:x), lJ'z = - (Tl/E)T (YI, Z = - f,d..2 ~ , 

u=tJ=O, z=D, 

w=O, z=D 

(I .2. I9) 

(I.2.20) 

(I.2.21) 

Ilpl'l L"'= IOOO KM l'l npa.:H111x q.ecJieHH!iX sHaq01i.e.Rx ooTSJI&Hfil napaM0TpOB 
MY T0nep& l'lMe0M 0= ru-3 , d...= 0,5, c5= 4•ICJ3 , a= O,I 111 '[ = 2,5. 

I.3. MeTozr, E03MYW0!Wii (aazr,aql'J nepEoro Tl'lna) 
CcpopMympollaHHY0 E npe~zr,yw0M naparpacpe B 6eapaaMepHOM E.Bzr,0 iuie sa

zr,aql'J cozr,epiRaT H0CKOJI&KO, EOo6we rOEOp.<J, HesaBHCl'JMYX MaJIYX napaM0TpOE • 
.1171.R ynpow0irn.R zr,an&aeftillero aaamrna l'IX yzr,o6ao OB.RBST& Me~y co6oii c 
llOMOWb~ H0KOTOPYX nepexOZl,H.lilX MHOl!rnTenea, l'JM0f0Ull'JX nop.HZl,OK eZl,JllHHUY. B 
Ka'llBOTE0 OOHOEHOrO M8JIOrO napaMBTpa np111MeM '1111101!0 Pocc6.lil f,, KaK Mli BH-
.D;8Jlll. Blilll8, Zl,71.R reooTpoc{ll'l'l80Kl'IX 11.El'llK0!Wii nepEoro Tl'llla G • r . J... • cs l1l 
E112 l'IM0!0T np.l'lMepao OZl,l'lHaKOBYii nop.qzr,oK ManooTM. IIonol!rnM 

E=2k2e2 , r=6&, J.='lc, o=<H?l, tr.3.I) 

rzr,e 6espaSMepHYe MHOJtHTelIH 

- l"' ~j( Q 1E I - h * [. * Q * 
k - H*V'* 2 p* ' 6 - H*V* ' 

Tenep& HMe~T nop.HZl,OK ezr,l'IHHUY. 

L.*2Qit-2 

~ = (~H*)1/21f* ' 

B OB.RSl'l c TPYZl,HOCT~Ml'l p0me!W.R HBJil'JH0IH!iX ypaBH0HHI (I.2.12) -
tI.2.I6) EOe nozr,xozr.li K 1113yqaeMOI npo6neM0 no H006XOZU!IMOOTH .RBJia!OTO.R 
npH6m1JKeHHYMH. Ha Jil'l'lHe E aazr,aqe Ma JIYX napaMeTpOB nosBOII.ReT HCll01Ib80-
E8Tb MHOroqHcJieHHY0 MeTO~ EOSMYW0HHI, HS ROTOPHX HaH6onee ynoTpe6M
T01IbHY~ B r00cpHsHqecKOH rHzr,pOZl,HHSMHKB OB.ff38H c pasJIOlK0HH.RMH no cTen~ 
HRM qzcna Pocc6.e Lfi3]. 

~71.R nocTpOeHl'J.ff np.e6JIHE0HHOro p0weHH.R MY EOcnon&syeMO.ff M0TOZl,OM c:i;:e
llll!Ea eMYX acHMllTOTl'l'leCKHX pasnox0HHii 139, 507. IIpezr,cTaEHM Kaxzr..yD HS 
l'JOKOMYX tti.YHKW'IH u • rt ' w-. p ' p E EHZl,0 acHMnTOTH'leOKOro pJ!Zl,S 

f=f'0'(:x,y,2,t) + E.f\x:,y,r,t)+.... tI.3.2J 

Y'l111THES.R (I.3.IJ H nozr.cTSEJI.R.R TaKHe pas11ox0HH.R B tI.2.2) - (I.2.6J, 
nonyqzM ypaEH0HH.R HYJI0:eoro 

_ (J-(O) + p(O) = Q 
x. ' 

u(o) + p(ol = 0 
y ' 

p~) - p'D) =- 0' 

U (0) + lJ'(O} = Q 
.1: y , 

dp(O) I dt + B2 N2 00-(0) = 0 

H nepEoro nop.HZl,KOE ctu'01/dt - lJ(i)_ 6y!J(O) + p~) = 0' 
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~I.3.3) 

(I.3.4) 

(I.3.5) 

(I.3.6) 

(I.3. 7) 

(I.3.8) 



lI.3. 9) 

u~ -t ,_,.~il + w-~l = 0. (I.3.IO) 

Ws OOOTHOWBHl!!i nep:eoro llOp.R7lKS MH BHllHOa1ll'I TOn&KO ypaBHBHH.R ropH30H
Tan&Horo ~HlltBHHR .Pl Hepasps:EHOOT.PI, TaK KaK OCTan&H.blB B ~n&HB:IIDIBM He 
.P!Cll0ll&3YIDTC.R. 

Ws (1.3.3) H (1.3.4) OllB7lYIDT .Pl3EBCTH.b1B reocTpO<li.PJ'CJBOKi!B OOOTHOWBH.BJJ 
U(O) = _ p(Ol ~(O) = p(O} 

y ' :t ' 
(I.3.II) 

KOTOP.blB llOKa3.blBallT, 'CJTO B ayneBOM npB6n.PllltBH.PIH p(OJ(x,y,z ,t) Ha KSllt7lOM 
ropB30HTB npell,CTaB MBT cI>.YHKW'Jll TOKa rop.P130HTa n&aoro 7lERllltBH.M. 113 (I .3. 5) 
nonyqaeM E.blpalltBHHB 11,nR E03MYmBHRl.R nnoTHOCTRI 

(I.3.!2) 

npencTaEMIJlllBB 06.bl'CJHOB ycnOE.PIB rB:n.pooTaT.PIKH. 
YpaBHBHHe aepasp&EHOOTRI (I.3.6) ynoBnBTEOPffBTC.R TOllt7lBCTEBHHO, a 

(I.3.7) 0 YtJBTOM (I.3.1!) RI (I.3.12) MOlltHO nepeII.PIOaT& B B.Pl7lB 

pi~ + J ( p101 ' p'~') + B2 N2 w-' 01 = 0' (I.3.13) 

rne EBB7lBHO 060SHa'CJBIUIB 1l1I.R cI>YHKUHOHan&Horo onpe:n,en.PITBnR 

I ( f1, fz) = f u:f2y - f1y f 2:r. · 
COOTHOWBHRl.R (I.3.II) - lI.3.I3) BB o6pasyllT 8aMKHYTO! O.PICTBMS ypaBHe
H.PI! OTHOO.PITen&HO llRTRI RICKOMSX <I>YHKUH! ayneBoro np.P161!HlltBHHR, H B 8TOM 
OM.blcne reocTpo<I>.PJ'CJBCKOB npH61ll'llltBHRIB REMBTO.R B.blp0llt7lBHHHM /I48/. IloaTOMY 
M.bl 7lOnlltH.bl o6paTlllTbC.R K COOTHO,WBHHRM nepEoro llOp.Rll,Ka (I.3.8) - \I.3.IOJ, 
HCKnll'CJa.R HS KOTOPSX p11' .Pl u~' + !)-~) ' nonytJHM ypaBHBID'IB nna BHXp.R r;c01 

4~l + J(p<ol,z;<oJ) + s~<ol - ur~l = 0, 

rne oornaoao \I.3.lI) 

,o(O) = p(O) + p(O) = A p(O) 
"1' xx yy - u • (I.3. 14) 

YtJBT.blBaR pal!eHCTEO et<oJ = p~l = J(p10: y) I'! (I .3. 14), OKoHtJaTen&HO HaXOlU!M 

A p~J + J ( p 10', A p 10' + 6y) - u.>-~ 1 = 0. (1.3. !5) 

YpaBHBHRIR (1.3.!3) H (I.3.!5) o6pasya:JT saMKHYTYIO OHCTBMY 11,M onpenene
HRR 7lEYX ifl.YHKUHM ayneBoro np.PJ61ll'!llte!IBR - :n.aEnBH.PJR p101 H EepTHKBJI&Ho! 
OKOpOOTH ur<0l. 

HeTPY7lHO y6en.PJT&OR, tJTO c noMom&ID pasnollteHHa EBna (I.3.2) 7l1IR ropH
soaTan&H.blx OKOpOoTea Hen&SR Y7lOEJIBTEOPHTb rpaH.Pl'CJHI:lM YCJIOB.PIRM (I.2.9) .Pl 
(I.2.IO). oTO 03Ha'CJSBT, t!TO YKS3aHH.blB pa8JIOlltBHM HB RBMIOTOR paBHOMBp
HO npHrOll,HhlM.Pl OTHOCHTen&HO EepT.P!KallbHO! KOOPlU!HaT.bl l .Pl 11,0JilltH.bl 6.blT& EH
ll,OH3MBHBH.bl E npenenax TOHKl'IX IlOEBPXHOOTHOro H npl'l7lOHHOro IK>rpaH.PJ'CJHHX 
onoeE. BHe 8THX CJIOBE Ollµ:IEB7lnl'IE.bl npe:n,oTaEnBHHR (I.3.2), KOTOP.blB Ha3.bl
EaTOTC.R "BHBWHHM.Pl 11 pasnOlltBHl'l.RM.PI. B norpaHi!'CJH.blX onO.RX M.bl nooTpO.PIM TaK 
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Hasl:lllaeMue ":eayTpeaHHe" pas11olKeHJ11H, KOTopue saTeM "cpacT.111M" c ":eaem

a.111M.111~ 

PaOOMOTp.lllM no:eepxaoCTHHA Ill npJll;itOBHlii norpaa.111qHHe C4vlll (p.1110.5), TOJI

llU'IH8 KOTOplil, KaK Jierxo IIOKaSST&, HMeeT nopa;itOK f,. 

BEo:ztR :e :eepxHeM c11oe norpaacnoitayro nepeueaayro ~ = (z + 8J..2.1) / e, 
npe;itCTSBJllM :ece JllOKOMlie IIOJlff E Elll;ite EHYTpeHHJllX aOlllMIITOTJllqeoltl!lx pasJIOllte

IUJA 

f = t(o)(x,y .~ ,t) + t:j<1'(x, Y·C t) + ... 

YMHOlllll:B npe~ap111TeJI&Ho (I.2.2) 111 (I.2.3) Ha e , IIOJIY'llllM ll ay11eEOM 

No) = 0 (I.3.I6) 

111 :e nep:eoM np11161IJ11lKeH111HX 

p(Ol(o)(-tJ-CO) + p~l) = 2k2 rr~~l ' 

p<o>(o)(rr<o) + -p<s> l = z k2 iJ.W , 

U~) + (;'.-~) + UJ-~O) = Q ' 

{1.3.I7) 

(I.3.18) 

(1.3.19) 

l<aK Ill Blillle. E nep:eOM I1p.B61IJ11llteHHJll E.lilIIHOSHl:l JIHW& Te ypa:eaerura. KOTopae 

6y;ityT JllCIIOJI&SOEST&OH ;!lSJI&me. 

I'paHJllqlf.lile YOJIOEJll.S Ha no:eepxHOCTJll OOOTB8TOTE8HHO lUilOT 

U)-(ol(x,y ,0,i) = 0 1 (I.3.20) 

(1.3.21) 

-(o) )--_!__ (XJ ~<ol( )- __!__ (yl u~ (x,y,O,t - 2k2 T , et~ :r,y,0,1: -- 2k2 T . (I.3.22) 

Hs (I.3.I6) cne;ayeT j5(al= p<0l(x,y,i) , T.e. :e ay11el!OM IIp1116JI.UeHJ11I4 

's;itpo;it.l4HSM111qeoxoe ;aa:e11eHJ11e ae MeHReTcH nonepex norpaHHqaoro 0110.s. Ypa:e

aeHlilB (I.3.17) H (I.3.I8) y;ao6HO o6'!.ezuaHI4T& ~ KOMIIJI0KCHOA ~OpMe 

2~z (u<ol + i.i3-tol )H - i. ( u:<ol + i. (}col) = P~l + i..pl~l ' (I .3.23) 

r;ae 0603Ha'l0HO q, =4p101 (0)'/2k. IlOCKOJil>KY ll II071Y'l8HHOM ypa:eaeIU'IJll 38B.140111-

MOCT& OT l: • lJ • t napaMeTp.14'q0QKa.R. ero MOlltHO paccMaTplllllST& RaK o6ax

HOB8HHOe no OTHOmeHHro K :eepTHRaJI&HOA ROOP;itHH8T8 y ; o6me9 :i,.emeHJlle .14Me

eT EH;!l 

a<0 > + i.(y(O) = i.(p~1 + i.p ~1 ) + c ~exp[~ (1 + i)~] + C2 e:rp[-q,(1 + i.)~] . {I.3.24) 

JlJIH onpe;ae JieH.14.R IIPOI43llo11&Hlil "IIOCTOJ1H.IWX" HHTerpHpo:ea HM C1 111 C z 

eeo6xO;itl4MO BOCII01I&30BST&C.S rpaffH'qHf:lM.14 YCJIOBJll.RMJll (I.3.22) Ill yqecT& IIO

rpaHCJIOAHl:lA X8p:IKTep pemeHH.R (I.3.24). Hs (I.3.22) HSXO;!l.14M 

(ac0i + i. i3-'01 ) = - __!__ (rl:r.l + 1 r<YJ ) " = o • ~ 2k2. ' 1 (I.3.25) 
Tpe6y.s orpaHHt1eaaocTH pemeHi!.a npB ~- 00 , nonyqaeM C1 = O. Tor;!la (I.3.25) 
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onpe11,Bll.RBT ETOPYE llOCTORHHYE C2 ' H (I.3.24) OKOH'UlTB7I&HO IIPBHHMSBT 
B.311, 

U(o) + i.&(o) = L(p~ + Lp~')+ T~~;;) (T(xl+ i. T(yJ )e:x:p[-(1+ L)q~], (I.3.26) 

oTRY11.8 nocne pasneneH.lllR :eemecTBeHHOI z MH.lllMOi "laCTei z nocnenyD11ero 
11.zqxpepeHUHPOESHl!R nerKO aaxonHM ropZ30HT87I&HYE 11.2:eepreHUHV 

Li~l + lJ~1 = 4~4 e-q,~ [('r~' + r~')(cos~'- sinq.f) + 

+(T~'- T'~')(cos q\ + sin q,V)] . (I.3.27) 
3aMBTHM, '!TO :e :e.1i1paeHJ11H (I.3.26) nepaoe cnaraeMoe cnpa:ea npencra:eJI.ReT 
06.lil'!HYE reocTpolJB'!BCKYV CKOPOCT&, a ETopoe - norpaHCHOIHYV nonpa:BKY E 
:ezne H3EBCTHOI CilllpaU 3RMSH8 /9u. 

l1HTerpspyR (I.3.19) no EepTHKanH npH YC7IOEBB (I.3.20), nony'!HM 

w-<oJ = - fol(~ + t;-(S') d '° , 
0 

OTKYna, 0 llOMOlll&E (I.3.27), HMBBM 

u;.(o) = p<~(O) [(r~' -T(~J)(e-q,{cos H -1 )-( rC:J+ T~)) e-<ifsinq.~]. (I.3.2.8) 

B.lilpallteHHR (I.3.26) H (I.3.28) onpeneJI.RVT none CKOPOCTBI E no:eepxHOCT
HOM norpaHl!'!HOM cnoe. 

Tenep& M.lil 11.0HEH.lil cornaoOEaT& ":eaemaee" z "EHYTpeeuee" pasnozeHBB. 
3To 11.ocT.eraeTcR c nOMOlll&E npon:enypg cpaUU'IEaHHR L39, 567, KOTOpaR :e ua
meN cnyqae 11,JI.R HYHBB.lilX npB67IHlltBHJlll HMBBT EB1!. paEBHOTES f(O}(:r,y,0,-!:)= 
=J<0'(:x:,y, 00 ,t). Ills aToro yonOBHR aaxoitHM p<0'(x,y,t)=p'0l(:r,y,D,-f:), .e 
TOr1J,8 E c.eny (I.3.26) 8ETOM8TH'!!BCKB o6ecne~uimaeTOR cpa111BBaHJ11e ropBSOH
T87I&HliX CKOpOoTel. c nOMOlll&E (I.3.2.8) 11.IIR :eepTHK87IbHOI CKOpOOTB HMBBM 

(OJ ( ) _ '[ / (y) (X) ) 
~ x,y,O,t - - p'o'(D) ~Tx -Ty . (I.3.29) 

TaKHM o6pa30M, no OTHOWBHBE K EHYTPBHHJllM 07IORM OKeaaa MBXSHB'!!BOROe 
11,eiOTEHe 8TMOC~ep.1i1 CEOnHTOR K HR1!.YUHPOE8HHE noJI.R :eepTBKSH&HOI cxopoo
TH (I.3.29) H8 HJllZHBI rpauzn:e no:eepxHOOTHOro C7IOR TpeHHs. 3Ta TaR aa
S.lilB8BM8R "am.taHOECKaR :eepTillRa7I&H8R OROPOCT&" [67] nponOPUHOH81l&H8 38-
:ewcpaHHOCTH IIOJI.R HallpslltBHJllR :eeTpa. npB'!!BM 8TMOC~epHOMY UHK110HY OTEB'QEl
BT :eocxonsmee 11,EBlltBH.l!IB ("aRMSHOECKBI no11.coc"), a SHTHIJ;HRHOay - HlllOXO
ns111ee 11.EBllteHze. IlpsMoe nelcTBHe aTMOo~epaoro 11.SBnelll'IS n:PB aTOM npos:e
IIR8TCR 7IBW& :e :ezne nonpaBRB K :eos:emneu.1rn c:eo6011,aol no:eepxaocTB (saxoa 
"o6paTHOro 6apoMeTpa")' KOTOpaR cornacao (I.3.2I) .llMBBT :ezn 

ti - (O)( Qt) a (Cl) 
L - P '.I, Y • ' - _p(O} Q p ' 
06palll8HC& K npH~OHHOMY norpaHllllHOMY 07101>, EBOUM HOEYll norpaacnoA

HYll :eepT.l!K81lbffYll KOOPnBHSTY ~ = { 1-68h-z)jE; H BlllBM COOTBBTCTEYlllllBB 
"BHYTPBHHHB" P837IOlltBlillH :ecex ~YHKUHa cuo:ea :e EBAB 

f - -f(O) + -co - (x,y,~,-f:) E.f (x,y.~,t)+ ... (I.3.30) 
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Ilo•O'l'&HOBB8 B OBOT8MY (I.2.2) - (I.2.6) :.88T :e HYIEIBON 

p(o) = 0 

B B II8JlBOM 1IpB61Jll&8HJ/l.SX 

p<o>(1H- c;.co) +p~i - 6hxNol) = 2kz u~~ , 

p!o>(1)(a'ol+p~> - 6hyf5tl) = 2kz0:~~' 

il~1 + t;~1 - 6u~>h1 - 6lf\01 h~ - W.~1 = o. 

Hs rpeHBqHYX YCIOBBI (I.2.10) B (I.2.11) one~e'l' 

-coir o t) - - coi ( ) -u x,y, , - IJ' .t,y,O,t - 0, 

(1.3.31) 

(I.3.32) 

(I.3.33) 

(I.3.34) 

(1.3.35) 

u;.<ol(:x:,y, O,t) = 0. (1.3.36) 

Ilo181'8.S q. == ~p10l( 1) f 2k B Y11BTW!8.S (1.3.31), .13 (I.3.32) .I (I.3.33) 
IIOIYUM :e KOMIJ7181tCHOI ~PMS YJllBBeHBe TOqHO T81toro ae B.Qa, Kalt .I 

(1.3.23). Y:itOB18TBOp&D11ee rJllHB11HIUI YOIOl!JISM (I.3.35) pemeoe DorJll.H

c101Horo T.llDa BMeeT Bll:it 

a<oJ + i.0-coi = l(p~> + i.p~1 ){ I- exp(-( 1 + L)q,~J} , (I.3.37) 

OTK.YJUI DOCl9 Jll8l818&11J! B8.80TBBBHOI B MIUIMOI qaoTel H8XO;JUIM 

u<0l=-p<~le-cilsin(ci;)-p~1 [1-e-ciVcos(ci,)], (1.3.38) 

'5-(ol = p~'[1-e-q.~cos(q,0]-p~01 e-q.f si.n(q~). (I.3.39) 

HaTerpBpy.s YJllBHeHBe CI.3.34) c yqeTOM rJllHl'llHHX yc10BKI (I.3.35) 1 

(1.3.36), DOIY1111M 

~o) = fru.c~l +0-~l)d~ - 6(h3:'[icol+ hyt;-<oJ). (1.3.40) 
n 

C DOllO•&m (I.3.38) I (1.3.39) H8XOllHM 

U~)+ (;_(~): - ~(O)e-q.lSi.n(q.~)' 

OTK.YJUI 

~ e<oJ { } !(ai:> + t;.~ 1 ) d~ = ~ e-iir [sin (q~) + cos (q.~)]-1 . (1.3.41) 

Yc11oue ope111Da&11S rna:aRlll ·ueeOB aaBMDTO'l'neo1t1x Jll31IO&BHBI .111e

n T8D8p& :eJll f 10)(:x,y,1,t) = t' 0 '(:x:,y,"",t). c yqeTOM (I.3.31) DOIY'1188M 

p(0l(:x:,y,t)= p< 0l(x,y,1,t), T.e. nonepex IIJIQOHBoro uorJllHB11HOro 01os 

:.a:eneue Taue He M8HS8TO.S :e HYIBBOY DpB61lllUHlll. Corll'8CHO (I.3.37) 
OJlllllllB&HBe ropu30HT81UtlUIX OKOPOC'1'81 Ilpo.ICXO;JUIT 8BTOMaTiilUCK.I, a "'IS 

B8pT.llt&l&BOI OKOPOCTB .IS (1.3.40) .I (1.3.41) DOIY'q88Y 

l.l)"(O)(X y 1 t) : - _f_ 1"'(0) + 6(h p(O) - h p(O) ) ' , ' 2q. .. x y y :i: 

.ID 
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w-C0 l(:x:,y,1,i:)=-~pio\iJ, .1pC0>-oJ(p10l,h). (I.3.42) 

llooneltaee oooTaomeffllle JJOKaSNBaeT, 'iTO :emunme lHa :a:pos:e11SE1To.a :e none 

:eepTIKaJl&BOI CROPOOTB Ba :eepxael rpaHBue IIPRJlOHHoro norp:iHH'iHOro 01lOR 

no111t0: TPBffllle M8T BltJUUI., DpOIIOpuBOH81l&H!il :e.expl> rop.lr!SOHT81l&HOI CKO

pOOT.l'I B 0Kp80THOOTB :u;aa. a ll08M11118HJl8 pen:&$ :u;aa IIpOIIOplll1!0Ha 1l&HO :ee

II.lrl'IBHe CRaDHpHoro npo.1r1s:ee:u;eH.1r1.R ropHSOHTSJl&HOI CKOPOCTB H rp:llt.lrl8HT8 

ny6B.HH, IIOOJ!t01l&R.Y .llMBHBO Ta:itol CMlolCJl .BN88T SltOCIJJaB J(p<0 >, h) • Hnpy;it

HO ll.l'l;lt8T&, uo ~ltlLOHJl'iEIC:itaB sa:e.wxpeHBOCT& ( z; ca» 0 ll oe:eepHOM IIOJIY

maplB) B OPRJ9HT81U1ff B8KT0p:i Dplll;ltOHHOI OltOpOCTB B CTOpoay BOSBH1119Hi1B 

pen• :u;aa DPBBOUT K IIO;lt'!i9MY ( U}(O) <. 0) npB;llOH.HHX BO;ll B paOONaTplll

:eaeMOM MEICTe; B DPOTHBHOM CJIY'l88 JIM99T N90TO OllYClt8HJ18 :ee:u;. 

laJUIM :e 88RJlllll81U18 OllOlKY 110JIY'l8HHHX pesynr.TaTOB. ()nyoKa.a IIQElltC y 

BEID:Jil'IBH HYne:eoro IIp.l'ICIJDlll8HllJi BR9Wft111X pasnoaeaxl, nepeIIllW9N COOTHOD18HBB 

(I.3.I3) .1r1 (I.3,!5) :e :e1:u;e 

Pzt+J(p.pz.)+82 N2(z)to-"' 0, (I.3.43) 

Ap-1:+J(p,Ap+6y)- u.r;z; =O. (I.3.44) 

Ks JU!YX CSe3pa8M8PIUIX DOOTOHIUIX p10'(o) H p!01(1) 1l00YI> MOSHO IIplllHSTli 

pa11aol e:u;BBHllBi JlYCTD, H&npBNep, pC0>(o) • I. B:it7.!IJ1ias ~ p<0> (1) ' :e oupe

:u;ueue uapu18T19 k , T. e. nonaras 

- l.* ~~.R*' 
k - H*V* 2pD ' 

r:u;e PD - uooTORHHoe sea'lea1e HEIBOSMYlll8HHOI unoTaocTH Ha lHe, BN&OTO 

(I.3.29) I (I.3.42) IIOIY'llM r1&HH'IHH8 ycno:e.as 

W" = -T(T~Yl - T1:'), z = 0, (I.3.45) 

LO-+ k.£\p + 6J(p,h} =O, != 1. (I.3.46) 

Jlns BOSllHlllBHU o:eoCSO;itROI IIOB8pxHOOTII IN&eM 

Y[= p(:r,y,o,t)-ap<a>. (I.3.47) 

Ycno.BBllOJI ll UJIDH9b811 ypaBH8HU (I.3.43), (I.4.44) II rp:ifflll'IHH8 yo
IOBIUI (I.3.45), (I.3.46) .IM8HOB8Tli ·OOHOBH.YllJI OOOTHOmeH.MM.111 ltl!8SBreooT

P*1180KOI NOll,811, EoJill llBl9HJl8 p II :eepTIBal&Hasr CROpOOTD U} H&beRit, 

rOp1180HT81lliHlil8 OROPOOTB I BOSNY~EIHBB D1lOTHOOTH 011pe1enallTOB Bs(I.3.II) 

I yp:i:eaeH.M r.llltpOCT&T.lr!Klll (I.3.I2): 

u == - P1J , ~ = Px , 

p = Pz.. 

(I.3.48) 

(I.3.49) 

Ilp1 eeoCSxo:u;BNOOTI IIOilp:!BlUI R CKOPOOTSM B 11orp:1111qHHJC CIOSX NOZHO HBl
TI no woP1191&11 (I.3.26), (I.3.28), (I.3.37) • (I.3.39). 

I'puorume I 11!11181lt.HS8 YOJlOBJIJ! CIYUT *IJMYUP0!!8HS IlpJf paOONOTPEIHH.l'I 

KOHRPHWIX 88JUl11. 
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Ilpe;n;oTaBneHHl:ll BWII0 EHBO:rt OOHOElillX OOOTHOWBHHI 6Hn BSDOllHBH :e npe;u,

DOllOZBHHH, 'llTO lEH;ll.KOOTb H00lEHMa0Ma. STO Bnonae onpa:e:n:a_Ho ;11.llR OK00HOllO

rH'll00Rl!X llpHllOEBHHI, 0;11.HaKO ;11.llff STMOOifleps aqqJBKTS OJEHMaBMOOTB MoryT 

yze Hrpan 38M0THYll pon&. KaK nomrnan IIHOBHil ll.'241. Y'liBT OlUIMSBMOOTH 

HBOKOllbKO BH;D;OHSM0HJJBT ypa:eae!llle llOTBHilBSllbHOrO BBXPffi npHMep DpHMeHe

HHR llOOTpOeHHOI BM SHalllllTB'liBOKOi MO:rtellH K pean&HSM ropHYM OHOT8MSM B 

STMOOiflepe ;II.SH :e pa6oTe !J..ff3]. 
Bonee cmn&HSM orpaHB'iaHHeM .flBllRBTO.fl npe;n;nonozeHHe o MallOOTH napa

MeTpa r , DOSBOnBBmee OOYlllBOTBBTb CHOO rpaH~'?HSX Y0710Bl!ll Ha ll,He Ha HB

BOSMYlll0HffYll no:eepxHOOTb z = I. B KESSHr000TpoqJB'li00KOI MO:rtenB MS DpB

HHMS8M aTO ;n;onymeHHe B Il01lRX ynpomeRllS MST8MSTH'li80KOI llOOTSHOBRl! sa;u,a

'liH. TeM He MeHee, :rtaze npH aT.ilx yonOB.l!.flX, RaK noirasHBallT na6opaToplllie 

axonepBM0HTH il.?l/, llOOTp00HHa.fl :rtllff deOKOH9'iHO MS71HX TODOrpaiflB'i90KHX 

BOSMYlllBHllll TBOPHR MOZBT 6.r.tTb XOPOlllHM llpB6llllllK9llllBM ;11.llff KOH9'1BHX TODO

rpaipmi. 

CHOTBMS ypaBHBHil (I.3.43) H (I.3.44), H90MOTps Ha OBOI SOBMDTOTB

'IBOKBH xapaxTep, !PBSH'IBORH BOB eme :eeo&Ma 00;11.epmuenea H IDHPOKO HO

non&syeTO.fl B reoqJHSH'iBOKOI rH:rtPOllHHaMHKe ltllR HOOllB;ll.OBSRllS MHOrHx Ba:iri

H!;ilX Bonpooo:e: 6apOK!IHHHOi HBYOTOitl:HBOOTH, OHHODTH'IBOKOI HSMBH'i.IBOCTB, 

pa3nB'iHl>IX BOllHOBHX npoueooOB, iflpOHTOreHesa .I! ;n;p. /J.591. llpe;itMBTCW Ra

mero paooMOTpeHH.fl 6ynyT TonorpaiflB'ieoRHI UBRnoreaes B MBaH;ll.pHpOBaHHe. 

KBas11reooTpoiflB'llaOR28 sa:rta'li.111 Y:rto6HO RnaooH@BUBPOBSTll DO OT9ll9HH OT!lt

THiflBKaUBH DOllR llllOTHOOTH. Ilerxo yoTaaa:eim:eaeTO.fl OBSISb 

N 2 = N2 + :2.. Pz. ' (I.3. 50) 

rite N eoT& 'iSOTOTa nna:eyqeoTB :eosuy111eaaoro oooToaHH.fl, llpl'i8M O(N) = 
=O(N)=f. 

F.olllll B2<< e, , TO B Yp:IBH9HHB (I.3.43) MOZHO npeae6peq& 'ill9HOM :eep-

THKallbHOi a:rt:eeKUHB, a HS (I.3. 50) one~eT, '!TO TOr;ll.S .Pz - B2 /e '.< 1 • STO 

onyqal o'ieH& ona6oi oTpaTHiflBRan:a.11, KOTopsl :e npe;n;ene B = 0 (pz. = 0 ) ne

pexo:rtHT B npooTelmyll sa;u,aqy lt1lff O:rtHOPOJ.fiOI Zlll:ztKOOTH. llp.111 B2 - c B 

{I.3.43) no-npelltHeMy npeae6pelKP!Mo MallliM .flB1lff9TC.fl noone:rtaee onaraeuoe, 

o~HaEO Teuep& Ft-1 , B Me ;n;o1IEH.r.t Y'q.IJTHBaT& saBl!IClllMOOT& BOSMYlllBHlllJI 

llllOTHOOTB OT BepTBXSl&HOi ROOplt.IIHaTH (C1l86a.fl OflJITliflHKailHSI). llp.11 B2-1 
HMeeM yMepeHHYW OTpaTl!iPHRaUBW, KOr:rta ypa:eaeHHe (I.3.43) yae He ;n;onyc

xaeT ynpo111eHHI. Haxoaeu, DpB OBllbHOI CTpaTB!PHKaUBH HM08M B2»1 ' H HO 

noxasHBaeT, '!TO B ypaBH0HHB (I.3.41) ll,01DltHli 6.r.tTb O.llll&HS norpaHH'iHH8 

a®eRTa, ROTOpse TaKZB MOllHO HSY'IH'!'b MBTO:rtOM cpa111H:eaeusx 80.llMIITOT.11180-

RHX pasnoaeHBi llYTBM BB9:zt0HH.fl HOBoro B8JlT.IRaJ[bHOro M8CWTa6a f/ B. 

I.4. MeTO:rt B03MYBl8HHi (38;11.S'IB BTOporo THDa) 

KaR oxe;iureT BS OU8HOE, DpBB9~8HHliX B ltOHU8 § I.2, :e cnyqae reooTpl

iflB'!ieCKHX :rtB.ll:&eHHi BTOporo TJ!IIa no-npeime.MY MOXHO HOllOlll:.30B8Tb 88BHC.l

MOOTH E = 2k2&2., ~ =- ce.8 , r:zte aaps:zty o d..., a. 111 T napaueirpu k .1 ae 

HMBll'l' uops:rtOK Blt.IIHH~. AOHMllTOTB~eOKHM M8TO~OM .113 (I.2.!2) - (I.2.I6) 
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nonyqaeM, 'ITO lfYll8BH8 npl!l6JI!llZ8lil1JI BH8WHi1X pasnoze1ml Tenepr. Yll.OBll8TBO

PJillT COOTHOWBHllJIM 

_ Sl~(Ol = _ p(O) 
x ' 

U(O) + r!"(O) + ~(O) = Q 
Jt y z ' 

(I.4.I) 

(I. 4.2) 

(I.4.3) 

(I.4.4) 

(I.4.5) 

o6pa3YDllBM 38Ml'tHYTYD C.l!ICT8MY ypaBH81UII ll.7IR llHT.l!I 4>YHRnBI u(O). cr< 0'. 

c.o-<o), pcoi 11 p10)0 

B UOB8pxHOCTBOM norpaHBqHOM cnoe B3 (I.2.I2) - (I.2.I6) ll.1IR rna:e-

HKX qneuo:e l!HYTPBHHllY- pa3110:EBHHI HSXOJUl.M 

u;.<01 u~~ - si o-c01 = - p~' -o1..2r<;'ti.x + 2k2 u~~ , <r.4.6) 

&5-(o)~~l + Qu(O) = -p<~l - J.2p ~) ~9 + 2k2.<J-~~ , (I.4. 7) 

n1 = o • (I.4.8) 

m-\0) = 0 (1.4.9) 

I'paanHSe YC110BBSI (1.2.I7) - (1.2.19) MllT 

u;.co> = 0 l = 0 
' 'i , 

(1.4.IO) 

-~+p'01 = ap<~l, ~=0, (1.4.II) 

u<;'= - (1'/2k2.)r<x', <;Y'=-(T/2k2 )Tc~i, f"'O. (I.4.12) 

Ms ypal!HBHBS (I.4.9) c yqeTOM rpaHBqaoro Y0110BBSI (1.4.10) one:iureT 

o,<o) = 0 ; IIpBHllM8JI l!O BHllM8Hl8 8TOT pesynr.TaT .l!I (I.4.8), .1!18 (1.4.6) lr'f 
(I.4.7) nplr'f rpaHB'IHHX Y0110BHJIX (1.4.12) HaXOJUIM, KaK JIB § 1.3, 

a<o) ;. i.5-Co) = ~ (p~l + i.p<:l )+ q.t( 1-i.)('T'Cx>+ i.TCY))e:rp(-(1+ i.)q_~], (I. 4.13) 

ru q, =IQ' /2K • Tax KaK HS Y0110BBSI Op&llllU!SHBJI 011Bll.YB'l' p<0l(x,y,t) = 
p<01 (x,y,0 ,t). TO l! 000Tl!9TOTEH.l!I c (I.4.1). (1.4.2) .l!I (I.4.13) OpalllS

BSRBB rop.asoaTa nr.HHX oxopooTel npo.acxoll.HT a:eT0MauqecIU1, a 1l.7IR BepT.lll

xa11r.uol CltOpoOT.I HM88M w-< 0l (x, y '0 't) = 0. 
B Up,1;11.0HBON norpaHJl'IHOM 01108 BBO;IU!M norpaHcnolayD nepeMBHHYD ~ = 

=(D-z)/& .I nepe:ir. UOJl,OTaHOl!KOI pasnozeaHI EJ!M (1.3.30) npenapH

TBl&HO YMHOll88M ypallH8WIJI (1.2.12) - (1.2.I3) Ha f;. TOrM B lfYleBOM 

IIP.1!161.1!1ze.HB.l!I nonyqaer. p ~01 = O, 

29 



Ucol] - ij-(oJD + u,<oJ = 0 - l 1'. ~ lf ~ , 

(-u(oJDx.- iJ<olDlf + u:r<ol)p<.;> = 0. 

Hs rJ13H11'11HHX ycnOBBI (I.2.20) - (I.2.2I) BM08M 

'iJ.(O) = t;-CO) = Q ' v = Q ' 

u,.<o) = 0, ~ = 0 . 

(I.4 • .14) 

U.4.I5) 

(I.4.I6) 

(!.4.I7) 

Hs:TerpBpys (I.4.I4} no BepTBB&IJll IIpll Y-OIOllBSX (I.4.IS) B (I.4.I7}, 
BaXOllBM 

°"Co)= U(o)Dx. + (;'.(o)])IJ , 

• TOr:zta (I.4.I5) YlOB118TBOpseTca TOZJl,eOTB&Wlo. 
B II8}lBOM npa61JllK8flltl/I IS uaaunecux YJIJBH9Hlll lIOlfll89M 

a<t( W(o) - u< 0 lDx. - &(o)Dy )- Q.'-'(oJ =-p~J + p~iJDx + 2k2 UV0~ , 

&\o' l u,.<ol _ u<o'Dx - 13-(oJDy) + Q a<oJ = -p'~l + f5'tDy + 2k2 a:ir ' 
-<1> -Co) 0 
-p~ -t p = • 

{I.4.IB) 

(I.4.!9) 

(I.4.20) 

(I.4.2I) 

IIpeinonOUM, '!!TO p~0Jao, T.e. p<0'=p'0'(:x:,y,i). Tor:zta o Y'll&TOM 
(I.4.2I) B (I.4.I8) YP8BH9BllS (I.4.I9) B {I.4.20) IIPBBOlUITOa K BllY 

2 ~2 (u' 0 ' T Lt;.<0 > )H - Q l ( u '0' + i.(;<0') = p ~i + q.;~' -p<0i (Dx + LDy l 
c pemeHBeM norpaacno!Horo TBI18 

u' 0 ' + Lo-' 0 ' = + [ cri·~i + tp<~') -

-p'0'(Dx-ti.Dy)]{1-exp[-(1+ i.)q,~J}, <r. 4•22> 
KOTopoe, O'll&BHlHO, YlOBneTBopseT r113RB'llH.IW yonOBWiN {I.4.I6). YonoBme 
opa111BEaH111a f (o) ( x, y , ]) , t ) = f (Ol(:x: ,y ,00,t) lUl8'l' p (ol(:x, y ;f:) = p<0 l (:x, y, D, t) 
111 p'0l(x,y,D,t)= p<0l(:r,4,t). Ho TOrlUI p~'(.x,y,t) = p~>(:r,y,D,t) + 
+ p<~> (:x:,y,1>,t )Dx = p'~' (x. y, D, t) + p'0 l (x, y , D ,t) D.x. .a aauor11uo P'y'(x,y,t)= 
= p~' (x, y ,D, -1:) + p'0 ' (x, y, D, t) Dy RI -CI.4.22) o6eone'l!DaeT OJIJlllB!&H.lle 
ropBSOHT81ILHYX CKOpOOTel. Tenep& HS (I.4.18) B pesyn&TaTe OJIJlllBBSBIS 
nony'llaeM 

~roJ = u< 0 'Dx + o-( 0 'Dy , z = D. (I.4.23) 

Co6epeM E!MBOTe :eoe nony'l!eHaae pesyJI&T&Ts, onyomu1 •mteKOH Wll :ee
mABBaMll HY1l8BOro np1116JIHBHWi BHemHBX JIJSJ10l!BRBI. Sa•• C!OUTOS K 
nocTp08H1110 pemeima OBCT8NH YJIJEHBH1111 
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-Q" =-p:i:, 

Qu=-py, 

p = Pz. , 

{1.4.24) 

(I.4.25) 

(I.4.26) 



Ux + lJy + W'z = 0 , 

Pt + upx. + upx. + o-py + °"Pz = 0 

np.111 rpamrqaHx yo110Blll.ffx no :eepTHKa1Illl 

°'=O, z =O, 

~= uDx + o-Dy, z=]). 

Ha (I.4.II} HSXOJUIM BOSBWllBHllle OB060llHOI IIOBBpxHOOT.111 

~ = p(.x,y,O,t)- ap<a>(x,y,t). 

(I.4.27) 

(I.4.28) 

(I.4.29) 

(I.4.30) 

(I.4.3I) 

COOTHOmeHlll.ff (I.4.24) - (I.4.28) IIpHBO:UTC.a x OBO'l'B.Me lU!YX ypaBHBH.1111 

OTHOOJllT81I&HO MB 1IBHJll.ff p Ill BepT.lllK81I&HOA CKOpOOT.111 CU- : 

1 
Pzt + g I (p, Pz.) + °'Pzz = D , (I.4.32) 
1 
g2 J(p,Q )- utz = 0. (I.4.33) 

I'paHJllqru.te Y01IOBJll.ff (I.4.29) - (I.4.30) MOlltHO nepeIUICaT& B BQB 

w-=0, z=O, (I.4.34) 

1 c.o-= g-I(p,D), z =D (I.4.35) 

Fmm p H W' HabeHll, rop.11190HT81I&HHe CKopoo'l'B B BOSMYlllBHillB II1IOTHOCTJll 

OIJP8ll8 l.ffll'l'C.ff IIO qiOPMY D'S.II 

1 
u=-npy, 

p = Pz. . 

(I.4.36) 

(I.4.37) 

YonOBBMC.a B M1I&HelmeM IIOll reocTpoqi.HqecKOI MOllB1ILE IIOHBMST& ypaBHB

RJll.ff (I.4.32), (I.4.33) Ill rpaH.lllqHS:e YC1IOBJll.ff (I.4.34) Ill (I.4.35). 
HHTepecao COIIOC'l'8B.lllT& ypaBHBH.R.ff (I.4.32) Ill (I.4.33) 0 8Ha1IOrJllqlfHMJll 

ypasaeH.111JtMJ11 (I.3.43) Ill (I.3.44) ll1I.ff KEaa.111reooTpocpJ11qec1tol 110J.e1I.111. HMe

mc.a TpJI paa1IJ11q.111.a: I) B reocTporf>JABCKOI MOllBJJlil He yq.11TSBSBTOJI BllXp& 

rOpJ190HT81I&HOI CKOpOCTill; 2) B RBS911I'80CTpoqiBqecxol MOll81Illl qneH BBpTB

B81lt.HOI 8llB8RQHJll B ypaBH&Hill.111 HBCZBMSeMOCTJll (I.3.43) 7DIH88pJ190B8H OTHO

CBTB1I&HO BBpTBK81I&HOro rpaJtHBHTa HeBOSMYlllBHHOro IIOIVJ IJKOTHOCT.111; 3} B, 

H&KOHBQ, B xeaaJ11reocTpocp.111qec1tol MOllBJlJll 111a11eaeHH.a napaMBTpa Kop.Houca 

YUTSBSETC.ff TOn&KO IIPJll ero ltB~epeHQDpOBSfWJ ( fiy B ypaBHBHlll.111 U.3.44)). 
0'l'MBTlllM TS:US. 'llTO B reocTporf>.11111ec1tol MOll81Illl OTCYTCTBYll'l' K8ltllB-1Illl60 

~KTH Typ6yneHTHOrO TPBRlll.ff, TOrM xax E xeasBreocTpocpeqeoxol M0ll81IJIJ 

OHJIJ .IJBHO BXOltST E rpaHlll'llHOe YC1IOB.He Ha llHB (I.3.46) Ill HB.aBHO - qepea 

IIOcpeJ.OTEO K808T81I&HOro HaIIPRZBHlll.ff BeTpa. 

31 



rna:ea2 

OllHOro.llHllli OKF.A.H 

2.I. EapoTpOnHHe nOTOKH H HeKOTOp!ie HX OBOIOTBS 

B oooT.BeTOTBHH o np.lilHRTOl E rmi:ee I Kmooe@!:Kanzel :eoe sa:ita'li'I :e pau

RBX KEasereooTpo@!qeoRoro npe6neEeHBJJ pas6HJ:allTOB aa qeTape Knaooa. 

IlpooTeimllll .Iii aaz6onee esyqeaHUl onyqal - aTo Monen& onaoponaol lltl!JtROO

TH, nns ROTOpol B=O Ill p=D. KaR onenYeT .lilS OOOTHOmelll!B (I.3.49),np.111 

yxasaHHOM Y07IOBHH none naBneHBJJ p =- p (x, IJ, t) He SSB.1110.lllT OT :eepTHRal!D

HOii ROOP.lUIHaTH, Iii TOr:ita ypaBHeHIIIe (I.3.43) YlO:BneTBO.[lSBTOB TOU,eoTBeH

HO. HHTerp.111pys ypaBaea.111e (I.3.44) no :eepTHRan.111 npe YOIOBHBX (I.3.45) Iii 

(I.3.46), nonyqJilM OOHOBHOe OOOTHOmeHJile KBSSHreooTpOIPHqeoROI 6apoTpon

HOI MOlB 1lll 

Apt+J(p,Llp+6h+6y)+kllp=T(T~Yl_T(:l). (2.I.I) 

F.c: lllI :BBeOTH nOTB~a nLHHi B.lilXpb n = fip + 6y+- 6 h , ypaBH&HHe (2, I. I) MOllt

HO nepeDHOSTb B BHne 

(2.I.2) 

TaK REIK B npHHS!TOM np.lil61IHlltBIDUI OTOBl!Ulii cne:ea onepaTOp osaaqaeT nonaoe 

.lUI®>epe~poBaHR!e BltOIL TpaeRTOpHI MlKHX 0'1'01!0.WKOB. nocne1J;HB0 COO'fHO

meHHe yxasa:eaeT Ha HCTO'IJH.lilKH H C'fOKH nOTBHWJ87ILHOro BHxpB. Ec1ll!I SSB.lilX

peHHOCTL aanpsiteHHB BBTpa JllBHa HY1II> Iii B CHCT9MB O'fCY'fCTBYeT .lUICCKDa

~ ( k = 0 ) • noTe~anbHHI B.lilXpb ;lllJB RaEnOro unROro CTOn6HKa COXJll

HSIBTCB B nponecce 1J;BHllt0HHB. 

Hs CTPYRTYIJli ypaBHeHHB (2.I.I) BHXHO, 'IJTO Tonorpa~JilqecKHI Iii n7J8HB

TapHal ~KTOp!i B np.l'IHRTOM npH61IJillteHH.llf neiCTBYll'f SU.l'IT.lllBHO B B.llf;D;e ROM-

6.llfHanE!.llf ~= 6y +6h • npa;llOTSBIDJBllllel HeROTOPYBl 38llSHHYll ~YHKnzll rop.111soa

T87IbHWC KOOp.lUIHaT. 3TO 06CTOBTB7IDC~BO W.lllpOKO .111cnon&SYB'fCB npH na6opa

TOpHOM MO;!J.B1ll!lpOBaHHH nmiHBTapHWC B1IHBH.HI ( T8R HaSaBaeMoro 6e'fa-aqxpeR

Ta) HS :epamallllUl!XCB YC'faHOBKaX c nouom&ll COOTBBTCTBYllllUIM o6paSOM nono6-

paaaoro pen&$ naa /J.72J. 
YcTaHOBHM HBKOTOpae nonesHLJe aaepreTeqecKHe COOTHOWBHHB, BH'f9Rarl!IHB 

HS YJllBHBHHB (2.I.I). c BTOI uen&ll paCCMOTPHM B nnOOKOCTH 1J;B.lillltBHBJJ or

pam1qeHHYID onHOCBBSHYll o6nac'fb L: c rpaHHuel r H BHBWHBI HOpManLll n ; 

sneM&HT nYrH :enon& r o6osaaqm.a qepes de . llM nll6wc o:itHossa'IJHWC ~YHK

nzi f1 .Iii f2 0 IIOMOm&ID TBOPBMhl CTOROS YOTaHaBnillBSBTCB HHTBrpa7ILHOB TOllt

;llBOTBO 

JI ( f ) _ ,r, a fz _ .+- af 1 
I f1 2 dE - 'ff1 ae- de - -jf2 ae dE 

z: r 
(2. I.3) 
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HHTBrpJilpy.s ypal!ReHBe (2.I.I) IIO odnaCTH r: H Y'iBTSBa.a (2.I.3), II07l.9"'UIM 

cf Pntdf -f (Ap + 9-)Pedf + kpp .. di = 1:pTceJcle. (2.I.4) 
r r r r 

,l[anee, YMHOlll8.a (2.I.I) ea p Jl1 OHO.I!& Jl1HTerpJ11py.a IIO 1:: • H8XOJUW 

u pA PtdZ + U J (p2/2 , Ap +~)dI: +If pllpdE =- Tap('T'~1-Tc:J)dL: • 
YqBTSl!8.S reOOTPOIPH"leCKBe OOOTHOlll8HB.s (r.3.48) 111 BHII01ll!IJ.a 81l8M8HT8PHH8 
npeo6pa30B8HB.a. 0 IIONOIQLll Teope.MH CTORC8 IIOJlY''C!88M 

1 
T fJ ( u2 + " 2 )t d!: = ~PPnt de -cp(Ap+CJ)Ppede + kpppnde-

l: r r r 

-kff(u2 +u-2 )dE-'LcfpT(f)df+t"ff(u7'<x1+ O"T(iJ))dE. (2.I.5) 
r r r 

IIo OB08MY ~BSB'C!80KOMY 00l8Plll8HHll - 8TO Teope.Ma 06 BSM8H8HHB KBH8'l'Jl1"180• 

ItOA aeepr.u. 'CITO xopomo BB;ltHO B 'C!SOTHCW 01l,Y'C!88. KOr:ita r OOBil8;1t88T 0 

DIHBel TOKS. ea KOTOpol Pe= 0 • BHHOO.a p HS-IIOlt 3H8KOB ltpJilBOJll!Helma 

111rrerpa noB , no JlY'"ll!N 

-2
1 II (u2 + o-2 )t d~ = p ( PPntde + kcf> Pnde - td>T (tide)-

E r r ~ 
- k If ( u2 + <'2 ) d!: + T fr (u r<1 l + "'T <11l)c:U:: , 

so oordoao (2.I.4) nepBci omraeuoe onpaBa 06pa1QSeTo.s B HY1ll>, IIO&TOMY 

-1 ff(u2 + <'2)tdI> - kJf(u2+<'2)dI! +tJf(urcx>+ <'TC'll )dI:. 
2 :r.: :r.: :r.: 

F.o1111 f - H8IIO:it.I!.DH8JJ 11111HB.a TOKa (H8IIpJil.1118p, TBepu.s rpaHBna)' IIOOl8lH99 

OOOTSOmeHHe nepeIIJIOHB88TO.a B BB:ite 

Et= - 2kE + rJf(uTlZl+ tJT(lj) )dI: ' 
r 

r:ite BBe:iteea KBH8TBqeoKa.s aaeprB.s 

f 
E = 2 u ( u2 + "2) d !: . 

(2.I.6) 

B ypaBHeHBB (2.I.6) nepBoe onaraeMoe onpaBa onpeJle1l.ReT uooBIIBitllll 

KBH8TBqeoitol aseprEB. IIO:it ;itelOTBBe IIpJ;ltOHBOro TpeHB.a, a BTOpoe - pa60TY 

OBI BeTpa. Ha SToro OOOTBOmeHB.a 01l8l,Y8T, 'CITO IIPB O'l'OYTCTBIB B8Tpa B 

Kalt yro:itHO M81lOM OT1lJllqeCJN OT RY1l.s Tp8Hll.11 B paOCM8'l'pm!88.lllOI 061J80TB 

E = E 0 e-2kt - o np11 t - 00 , T. e. B KOHile KOHUOB uxzeHBe Bo'C!esa eT. 

BpllM.R OTSW'IOHBpOBaHB.a IM88T IIOpUOK O(i:} = O(k-1) = O(f.E-112 ), qTo B 

paSMepma nepeMeHHHX OOOTB8TCTBYIT MaCmTS6y "oIIllH8II8" i;**. onpe;iten:se-

MO.lllY IIO ~!WYl8 (I.2. I) II COOT8BISDl!8MY BBlill"IBBY IIOPff~Ka H80K01lr.lt.llX 

.11180.RQ8B, 

B OT8Itll0HBPHOM oeyqae l1l.R 1111601 88MKfIY'l'OI lillHBH TORS HS (2.I.4) 
01l8JlY8T 

k<.f>pndf = 'tcf>T(e)df , (2.I.7) 
r r 

T.e. W'IP:KYIRlllUJ CKOpOCTB B;ltOJIL r D,POIIOproi!IOH8JlLH8 Q111pley11.sn.llH eanpaaeeu 

BeTpa. 101lOBBe (2.I.7) OCT88TO.R CIIp&B8l1lllBHM m:ae lt1l.R MHOrOO!!.RSBilX 

o6naoTel H HCIIOILSY8TCH lt1l.R BY;Jt81l8HHH e•HHCTBeeeoro pemeHB.a sa:itaq1Lr2. 

16, 97J. 
3 3aic. 324 
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PaooMOTP.l!M eme OltHO JllHTepeoaoe oneltOTBJlle ypaBHBHJll.R (2.I.2), KOTOpoe 

B 'ISOTHOM Cll.V'!ae k =T= 0 IIpllllil!MSBT Eiflt SSKOHa coxpaHBHJll.R nt+J(p,n)= 
= 0. YMHOEa.R BTO ypaBHBH.1!10 Ha n Ill HHTerplllpy.R pesyn&TST IIO 7IKX50fil o6nac

TH. orpaaneaaott HBIIOJUlHlltHOfil JmHHefil TORa. HalmeM 

Qt= 0, (2.I.8) 
rlte BBBltBHa nonaa.a SHCTPoi>H.R 

a=J...Jfn 2 d!: 
2 r ' 

KOTOpa.R oornaoso (2.I.8) ooxpaH.ReTo.a B npoo;eoce JUJHBH.Wi. EcJm :e c.111-

oTeue JllMBBTC.a TPBHHe, TO IIp.I!: IIOOTBIIBHHOM saTyxaHHH JUl.llllltBH.111.R, 0'!9BHltHO, 

1 a.- 0 0 = 2U</dL: >/O, 

B o6meM OIIY'!Se lt7I.R pemeH.H.R ypaBHBHH.a (2.I.I) HB06XOlt.l!IMO Oij)op.tylll!lpo

:eaT& rpaHH'!Hlie H Ha'!a 7I&HLIB ycnOE.111.R. IIpocTe•.a IIOOTSHOERa sa':zta'i.I!: II01IY

't!89TO.a lt7I.R saMKHYTOro orpalilI'!BHHOro EOltOeMa L: 0 rpaHHo;efil r • KOTopas 

ltODHa 6.blT& OltHOBpeMeHHO nHIDiefil TORa. Tor:zta rpaHH'!HOe yono:e.Be MOlltHO 

san.BoaT& B B.1:1:ite 

p=O Ha r. (2.I.9) 

3a:zta:ea.a OOOTo.aH.He B MOM9HT :epeMeH.B t = 0 ' IIOIIY't!.BM Ha'la n&Hoe ycnOERB 

p= Po(x,y) , t = 0' (2.I.IO) 

r:ite !IJYHRUWI Po , pasyMeeTc.a, oornaoo:eaaa o (2.I. 9) 
TaRWI o6pa30M, Bee O:BOlUlTO.a K HHTBrpHpo:eaHJi!ID ypaEHBH.111.R (2.I.I) IIp.B 

yono:e.B.RX (2.I.9) H (2.I.IO) H sa:ztaHRlilX g. =-5y+ 6h , T H nooTo.aHIWX 

napaMeTpax k H 't . BOSMOlltHLI Ill ,ltpyrRe IIOOTQHOEKJll 38lta'i. HaIIPHMep, lt7I.R 

Heorpaim'!eHHLIX o6nacTefil, c nep.l!IO;zul'!9CRHMH rpaH.H'!HliM.lrl ycnOEHSMH .l!I T.;tt.; 

0 ROHRpeT!WMJll IIP.l!IMepaMlll ML! eme ECTpeT.l!IMO.R B HaOTO.RlllBfil rna:ee. 

B 061llBM OJIY'!ae peweaze OqJOpi\IYIDIPOllSHHOfil :e.1i1we 3alta'i.I!: MOllteT 6aT& II0-

1IY'i9HO T01I&KO '!Jll01IBHIWMJll MBTOltaM.l!I. 3neo& Ma KpaTRO OOT8HOB.IU40.a Ha IIp.B

M9HBHHH MBTOlta ranepKl!Ha, ROrlta B Ra'!BCT:Be KOOp;!UlHaTH.blX qiyHR014f;l IIpHllll

MallTO.R 0060T:eeaase WYHKIJ;HH aeKoTopott oneKTpan&Hoi sa:ita'!.I!:. YoTaHo:e.l!IM 

0Hlii'!81l8 BOIIOMOI'aTen&HOe TOU&CT:BO. ]]yoT& QJYHRUWI 't'(:x,y) YltOBneT:eopae'l' 

rpaHH'!HHM ycnOlllil.RM (2.I.9). YMHOEa.a (2.I.I) Ha 't' Jll JllH'l'BI'p.Bpy.a pesynr.

Ta'l' no o6nacTH 'i: , nocne aeonolltHWC npeo6pasOEaHlll:I!: IIOIIY'!HM 

JJ(pt + kp) ~'t' dr'.- Jf (~p T CJ) I (p,'t')dI: = 1 f[(T1i' -T'~' )'fd~ . 
r E r 

(2.I.II) 

06os.aalll!M '!epes 't' m .l!I Am oo6oT:eeaHLie cliYHRIJ;HZ Ill 0060T:eea1We "q.H01.la oneR-

Tpa 7I&H014 32 lta '!Jll 

/:J.'t'+.At=O :e L:, 

f=O sa r. (2.I.12) 

HSlleCTHO [4"IJ, '!TO :eoe ). m no11ollt.l!ITBJI&lill .l!I aeorpaH.1!1'!9HHO :eospilcTam o 
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HOMBPOM m • a ~YHKl.U'IH '/'(ml_ B3SHMHO OpToroaan&EW. HOIJM.HPYR BX, 6YABM 
cq.llTSTb BNil01IH8HHHM YC7IOBH8 

Jr <il UJ dI: - o . . - 1 2 
r 'J.' '/' - tj ' L 'J - ' '... ' 

rue ~lj - c.HMBon KpoaeKepa. II0110JU1M 

p(:t,y,t) = ~1pm(t)'fl(ml(x,y)' 9(x,y)=m~1~m'f<ml(x,y) 
TIY) -1'<-x.l = i: Z (t)w<mJ (x y) 

:r. ~ m:f m r ' ' 

rJl,e, oqeBB:itHo, 

Pm (t) =JI P'fl<mlcn:: • 9-m =ff itt<rnJ ct.I: ' 
:E :i: 

(2.l.13) 

Zm(t) =Jf(T~t-1'<:>)'/'<mlct!:, (2.1.14) 
:c 

IloJJBra.s 'l'BIIBpb B (2.I.IIJ o/ ='!'(ml. m = 1, 2, ... .II Y'llIITl:ll!8.S COO'l'HOmeHl!R 

{2.I.12J - (2.1.14), IJonyq.llM 6ecROH8'11HY~ C.llO'l'BMY o6&KROBBHJWX Jl,BqXtlepea

UllS7I&HSX YP8BHBHJ!I 

Pm= - kpm + -!---{.~ ~ ().-LPi - C}i)P/"-l~ - 'tzm}' (2.I.I5J 
Jim L-1 J-1 

rJl,e 

o(~~ = Jf'!_,lil J('f'fil,'f'(ml)d~ ' i.,j 'm_= 1,2, ... • 
:c 

IloO'l'ORHllH8 cl.. 1:::. SSHC.ST T07ILKO OT reOM&Tp.11.11 06180'1'.ll ~ II Yll.OBJIBTBOpgll'l' 

uerxo npOBep.seMSM ycnoB.ISM 

,. CLl + o( H) = Q °'" jm mi • 

O'l'JC.Y~, B WJCTHOCTI, 

Jf,1111 O.llOT8NH (2.I.I5J 

.,(~LI + o((j) = Q 
Jm lm • 

( i) (ll (l) 
0118Jf,Y8T .,(jj = 0, c:llj =.,(ji = 0. 
D01!Y1J811TC.S .119 l2.l,9J: 

Pm(O) = p<~ = JI Po (x, Y )'/'<ml d I: • 
%: 

(2.I.16J 

Ha'llS II&RHe ye JIOBllJ!" 

06PSJ!H pas11o&eH.11.S l2.l.I3J II C.llCT9MY (2.l.l5J IIPJI H8ROTOPOM m= M. 
IIOJIYUM KOH811HOMBPHYll BIIIIPORC.llM8Ullll pacouaTplll!a8MOB sall,aq.e. MCTYIIH.VKl 
Jl,IR UOJ18HHOro aaausa c IIOMOUII.ll a. 3aMBT.llM, 'llTO E cu:y OBOAOTB 

(2.I.16) llS M OTBIJBHel OB060IY TOII&KO fM(M-1XM-2) K08<lXPHU118HTOB cl .. s;;, 
~KTl'IBCRB OTD"llHO 0'1' HYM. IlooTpoeHHHI KOH8'11HOM8PllHA aea1or OTHOOJITO.S 

K "llJIOJIY Tait H83l:ll!8MIHX OBC'l'811 r.11J1,po;iunmu•qeo1toro TBIJ8 f56, 59], BHTBH-

0.UHO JI SY"QS DllllXCJI :e IIOO JIB]tH.118 roll,H. 

C DOllOlll&ll IIPBl.OT8B18HJll (2.I.13) II01lY'1181lTO.S BHpa&BHB.11 Jll.S ltlH&T.11"1180-

ltOI 9H8Jll'llB, II07IHOI 8BO'l'po!pH Ill UllPlf.YMUll.11 El.OJI& rpaHBIJ,ii r : 
1 1 1 GO 

E = -2 If (ti p)2dZ = - -2 If pl\pd.E = -;;- ~ .Amp~ , 
z: r ~ m-1 

(2.I.I7) 

(2.I.18) 
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rxe Om = ff 'jJ tml d E • 
:z: 

(2.I.I9) 

Ilocxon&RY Hamel r118BHOI uen&ll J!BnReTOa .ISY'll8Hl8 BIIHJ!EWI 1IOB8JillSOB8H-

Hlil BOSMYB18Hlll pen&e@ lHa. aa.160JI&lllJdl .lllTepeo IIP8ll.CTaB1IRll'l' S8M'lll llIR 
eeorpaH.l'lleHHWC o6118oTel. IIomtTae11oa o IIOMODl&ll ypa:eaeH.IB (2.I.I) npoone

l.IT& 88 IIP01l8000M :ewcpeo6pasoBaRH.ll B IIOTORe, MrHOB8HHO BOSHBB1118M B 6es

rpaHB'llHOM OR88H8 Jl8 COOTOJ!llJl.ff IIOKOJ!. Aaa norB'llRaa no OB08MY IP.iSB'l80KONY 

OOl8Pl8HBll sa~una S8 Ra'll80TB8HHOM YPOBH8 o6oyuuao& BO l!B8lt8HBI. 
llpeae6peraa l1IR IlpOOTOTH l8loTJ3.18M BBTpa • IIPllOHHOro TpeHll.ff, nepe

IIBlllBll ypaBH8HllB (2.I.I) B BBll.B 

L'lpt + J(p, ~p +q) = 0. (2.I.20) 

IIycT& B S811811DHHI MOllBHT Bp8M8HI 008;Jt88TCS BH8111R88 none ;u:eneEWJ. KO

TOpoe S8T8M IIOll.l8Plllll!88TCa no 88ROHY 

Po= - U(tly + V(t):x: . (2.I.2I) 

Cor118CHO (I.3.48) &TO COOTB8TCTBY8T 6esBJxpeBOMY IIOnll CKOPOOTI Uo =lf(!), 
lYo = V(-!:). Ilol xelCTB.18M Il118H8T8PHO-TOIIOrpa~'ll8CKOro 8®>8RT8 B IIOTOxe 

1Hll.YllllPY8TOB B.llXpeBoe IIOJie. BHSYBIJlUl88 BOSMYB18HB8 OCHOBRoro IIOTOB& 
(2.I.2I). llp8lOT8BJW pesyn&T.IPYDll88 pemeHBe B B.lll.8 

P = Po + P'l + Ps • (2.I.22) 

rlte p9 {x,y) eoT& oT&llllORapHoe n1.1aHeTapHo-Tonorpaw.1qeoxoe none. YlOBneT

BOPffllll&e ypaBH8HHl 

Ap'i- = - 9-. (2.I.23) 

llOlOTaBIISS (2.I.22) B (2.I.20) .I Y'llITSB&a (2.I.23)' uonyq.111 nporaoo

TJl'q80ROe ypaBH8H18 

(2.I.24) 

1l1IS OBo60lHOI 88BIXPBHHOOT.I 11ps • Ha'll81l&H09 yonOBH l1IS ypaBH8IDIS 

(2.I.24)·1M88T B.ll 

Ps = - P9- i = o. (2.I.25) 

TaUM o6pasOM, oyMMapHoe no1e MBlllUS oRnaJ.YBaeTOa BS sauH11oro 

BaemHero nona p0 • OTaillOHapHoro nona I1118He'l'8pHo-Tonorpa~eoR1X BU

pel P'i-, onpe;uueuoro BS ypaBH8H.IB (2.I.23), .1 nona oBo6oxma :e.1xpel 

Ps , KOTopoe lODHO RaXOUT&ca IIYTSM peme.HU 88lUl'll.I (2.I.24) - (.2.I.25). 

llp11B8lt8HH8S Bame B.IXP8B8Ji .IHT8pnp8'1'8IllS Oll8SYB89TOJ! ooo6euo U018S

HOI Up.I .ISY'll8H.l.I TOnorpa~eoRoro IllKIOreaesa Up.I OTOY'l'OTBI.I 6eTa-aiP
W8KT8. B sTOM onyue ct= t?h(x,y) npeJtoT&BJISBT Q}llHHHYI> @'Dllllll, • p8111e-
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a 5 

p • o. 6. none Po - Pt lVlll IlptIIRTOTB.1$1 B lf>oiwe I!pRMoro KPYrOBoro 
Qll111Hltpa ltM 6 = I (a) B 6 = 4 (6) 

HH ypaBH9HU (2.I.23) MO&HO upe;ir;OT&HT& B BB;ir;e norap11qwB'q8C1t0ro IIOT9H

Qll81JB f4J] 
6 

pi=- - rn0en1'Th(~!1)dfd'1, 

r;ir;e l'T/=-~(x-~)2 +(y- 11.)2 '• BHT1trp.1p0Baen paoupooTpauero.11 uo o6naoT• 
T, B looropol h(:r,y) OT111A&a OT eye. AeanornHHM o6pasOM, 

1 
Ps = 211 ~enr5 '1p5 ('~,'1.t)d~d.'1, 

r;ir;e 0Bo6o;ir;B1.s saBnpeeeooT& Ap5 nuep& oupe;ir;euno.11 13 1HT111rpo-~e

peHtllf81&eoro ypaBeelUl.ff (2.I.24). 
Paoo110'1'pJ1M B Ka'q90'1'B8 IIPJIM9pa onyoqat IIO;ir;BOJtHOI BOSBHIDBHHOCTB B lf>op

MB IIPffMOro IqlYrOBoro Qll1111Hltpa euffB'qsoro pa~oa, ;ir;M xoToporo h(x,y) = 
= I IIP1f 1' = ~:t 2 + y2 ' < 1 11 h =: O up11 1' > 1 • Tor:.a, Heuoope;ir;oTBeHHo 11e

'l'&rpJ1py.11 (2.I.23), HaXOJUlfM 

6 { 1' 2 ' l" (. 1 ' 
PCJ = - 4 1 + 2 fnr , 1' > 1 • 

CB060lllf8.S sa'BmcpeHHOOTii 6y;ir;e'1' 8B07IllUIOHBPOB8T& BO BH8mH8M IIO OTHO

meH1111 R Hel IIOUI p0 + Pc; , Jll!HllJI TOKa 1t0Toporo JtlI.!I pas11Jl'qHHX ES Jiso6pa

aeRH Ha PJIO. 6; :a:ns upoo'l'OTH IIPJIWl'l'O 1f= 1 , V=-0 , T.e. Po =-y. Ilp11 

6<. 2 ·BOe 1111Hllll TOKa uoe p0 + p9' JIMBllT 88'18110 • xoseQ ea 6ecitoseoqaoc
·'1'B; 8'1'0 08Ha'q88'1', 'q'l'O CBo6o:iuml BllXp& Ilpll t .... 00 6y;ir;e'1' yseces IIOTOitOM 

.ea 6eOKOHnHOC'l'Ii B YCT8HOB.llTO.ff KaP'l'll.118 '1'8'q9RJII' 11sodpaaesaa.11 ea p11a.6,a. 
IlpJI 6>2 B II0719 p0 +p9 IIORB1Il11l'l'O.!I 38MltHY'l'S9 11JIHJilll 'l'OKa (p.10.6,6); MOS

HO ODUT&, 'ITO IIJlll 8TOM IIO xpalHel uepe '180'1'& OB06o:a:aol saBBxpeesoo-
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TB ORalleTO.R aana'IBHHOI B OltpBOTHOOTB npeIJSTO'l'BH.R. Hoao, 'ITO OKOIA8-

T8l&H08 peonpe:ztene!Ule BBXpel B OKPBOTHOOTB llOlU!OlHOI BOSBHlllBHHOOTB 6y
l8'l' saBB08'l'& OT 88ltOBB 0'1'8nBOIU!POl!8HB.R ea6eraDl(ero llO'l'OBa. 

2.2. Cl!o601uwe 6apoTponHHe BOJIHS Pooo614 

Ilp0l01JJ18B BSY'18T& 06111148 OBOIO'l'B8 H81JBH8lijoro Y.P8BH8HBB (2.I.I), B 

8'l'OM naparpelJ]e MH llOOTPOBM H80KO!&RO ero TOtlHWC '180THWC pemelilll llM 

6esrpaHB'IH.Oro OR88H8 B npe:ztnonoUH.IB, 'ITO B8'l'pOBae B08l8IO'l'BB.R OTOY'l'O'l'

BYl>T. !OTB OHll 6Y'AYT DO!Y'l8HH 'AlIR OlI,Y'l8.R DllOOltOro lll!S' Boe 9TB pemeHM 

llP8ll0'1'8Bl!Rll'l' 08MOOTO.RT811&HHI ljJBSB'l801tlll BHT8peo 14 llOSBOJI.RllT rny6ae no
HJ!T& M8X8HB8MH li!SY'l89MHX nponeooOl!. 

CB0601pe IIJIBHeTSp§e BOW Poog6m. PaooMOTPHM oHattana OllY'lal rop

sOHTanitHoro 1um. IIonarH 6 = 't = 0 , 1Iepe1IJ1meM ypeBH&IUle (2.I.I) B 
4IOJ1o18 

L'ipt+J(p,t.p+ 6y)+kt.p =O (2.2.I) 

14 6Y'J.9M .llOKST& ero '180'l'HH8 pemeHB.R. BHM p = e-l<tljJ(:t,y,t). IIO'J,OT8HOl!B8 

B (2.2.I) npBBO'J,14T lt OOO'l'HODl&lil'lm 

L'io/t + So/:r. + e-1<t J('f', L'i'V) = 0, 

KOTOpoe 6Yl9T 38B9lOMO BHll0lH9HO, 9011J! OllHOBpeMBHHO C!IpeB9lllDIBH ypaB

H9HU 

Li'Vt + 6\f':x: = 0' (2.'2.2) 

J (o/' L\o/) = 0. (2.2.3) 

Berylll8~ B01IH8 '+' = F(x-lft,y) YlOB1I9'l'BOPff8T Y01IOBRRM (2.2.2) B (2.2.3)' 
eon11 il>YHKUB.R F(~ ,rl) eoTD 111l6oe pemeHBe ypaBHeHB.R 

6 
ti F - V F = 0. (2.2.4) 

Orpa!Ul'l9HH!i8 Ha 6eOltOH9'1HOOTH pemeHHR Y.P8BH8Hll.R renLMronliD,8 (2.2.4) 
lllr.181)'1' M80TO nllm& npl! 1f <. 0 .II B D07!RPHWC KOOPUH8'1'8X BHpaJlellTOJI ttepes 

IJJYHKnBB BeooeM In • IIpm s'rOM !Ione ll8B1I8HBJI !IpBHJJMae'l' ~B:zi; 

p = e-1<t f Anin(C1€r)cos.(ne +oCn); (2.2.5) 
n~o 

r:zi;e An B .J.. n - 1Ip011SB011&Hli8 !IOOTO.RHHHe, 

3€ = ~- 6/lf I ' 

B 

v = ::t-lft = 1"COS8, ri = y = 'l"sinB. 

(2.2.6) 

K 00181l8H.llm, pemeH.He (2.2.5) He IIOSBOIIB9T Yl0l!1l8Tl!Op14T& np0BSB01l&HHM 

H8'181l&HHM ll8HHHM. 3TO MO&HO Oll9lla'l'& 1llllll& Jl.11R 1ll!H88PJ180B8HHorO B8pH8H'1'8 

YpaBHBH.14.R (2.2.I), OfMMl'IPYR tl80THH9 pemeHB.a BBlta (2.2.5) Up! pasnBtl!l:tiC 

ae o nouoDt&m HHTerpana ~ypi.e-BeooeM; TaKol no:itXOll .11onon&s0Ban lnepn .6fJl 
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npB M011971111pOBaHHH pHHrOB ronblf>oTpBMa. TaR I<aR J8SHSM ~ OTB8tmBJT pas

HH9 ORO{lOOT.lrf paonpooTpaH9HH.R 1f • Ha'IJSJI&HHe BOSMYIIIBHH.S IlOllR ;llSBJI9HWJ 

npOHSB01l&HOI ~OPMH npi!I OB08M paonpooTpaH9HHB Ha sanan 6y;n:yT no:it:eepxeHH 

lU!Onepo.HB. 

3aM9TBM, qTo 1lllHeapBS8nH.R YJ8BH9HHS (2.2.I), OBO~lllSSOJ! R OT6pao.u

BSHIUl onaraeMoro J(p,llp). 8KBHB8719HTHa ltOilYlll9HHI), qTo YOJIOB.1!9 (2.2.3) 
B.IUI01llUl8TCJ! TO:.llt90TB9HHO ltllR 711>6.HX pemelillA YJ8BH91ilU! (2.2.2), ROTOpoe 

npe:itCTaB7IR8T BSB8CTH08 YJ8BH8HH9 1IHH8IHOI T90pi!B 6apoTpOnlWX BOJIH Poo

oCSB [i7]. 
B 11exapTOBWC ROOPll!HaTax YJ8BHeHHe (2.2.4) nonyoxaeT t1aOTHl:le peme

HHS BHM 

G(C'l) = A0 cosefcosm1, 

r11e, KSK H B (2.2.6), BOJIHOBOI B9KTOp (e,m) YlOB719TBOpsJ9T YOJIOBHBJ 

2 2 6 ae2 = e + m = - - • 
lJ 

(2.2.7) 

Ilona JtaBJieH.Hs npe;n:oTa:ellReT 6ery111Yil Boney 

p = A0 e-kt. cose(x-Vt)cos my (2.2.8) 

c DllXMEITIWM J8CilOJIOZ9HH9M nHRJIOHB'l9CKHX H aHT.lrf!lHRJIOHH'l8CKHX BBxpel, 

J8BM8pri ROTOpriX IIO 00.RM COOTB9TOTE8HHO pa:SH.LI dx.=Tf./e H d~='Ji/m (pzc.7). 
IIpooToe pemeHHe (2.2.8) MOZHO HOIIOJibSOBST& lllR HHTepnpeTa!lHH OHHOIITB-

118CIUIX ~npel OTRpriTOro oxeaaa. IlyoT&, HaIIpi!IMep, SOHa JILHHI pasMep OT

l81ILHOr~ BHX!lSJ :s;n::eoe 6onr.me Mepi!l;n:Boaanr.eoro !401. IIomras d:x. = 2dy = 2d, 
HS (2.,2. 7) II07IY'llHM 1f =- - 46d2 /5112• IlpH d= 1 H 6 = 2 9T8 ~OPMY11B MST 

V~ - 0,16, 'llTO :S J8SM9pHWC nep8M8HHWC COOTB8TOTBY8'1' 607IDWCMY :n:BSMBTPY 

BHXps 200 l\'M H lliaaOBOi OKOpOCTH 1.6 cM/o. IlpH OOO'l'B8TCTBYDll8M B.H6ope 

aMIIDTY:llROro MHOD'l'e 1IR A 0 Mozao no7IY11BTL Kaltlle yro;n:eo B811H'llBH.LI op6.1-

Ta 11r.HWC OKOPOCTel B BBxpe. BpeM.a nepeM81119!DIS B.lllXPff ea paooTO.aHHe, paB

HOe ero 607IDWOMY ;n:HSM8TpY. OOCTaBllR9'1' 2d/IVI = 5TI2/26d ~ 12,3, 'ITO co

OT8BllR8T npHMepHO 5 M8C.R08B. HeoMOTps Ha SHa'll.lllT81l&HYll OX8M8THS8Ill111> .RB-

718HBS, npi!Be;n:eaaa.a ooeHKa xopomo oormcyeTc.a c MHIWMB aa611o;n:eiml /40, 
53J. 

BnaroMpsJ nepBOJUf'llHOOTH pemeHH.a (2.2.8) no npooTpaacT:eeHRHM xoopJUt-

HaTaM onpaB8l1IBB.H COOTROW9HH.ff 

1'.0 +2do: «J0 +2dy 

f 1JdX = Judy= 0, 
lo Ya 

T.e. B paoCM8Tpi!IB89MOM BOJIROBOM npooecoe OTOYTOTl!YBT pesyn&THPYDllHI 

BRTerpanr.H.HA nepeeoo Maco. Hmite MH BSY'llHM ;n:pyrol TBIJ pemeHHI, rle Ta

KOi nepeHOC .lllM99T M9CTO. 

YeuaeaHSe IOllK!i Pocc6B •. IIonODM k = 0 B 6YlteM BORST& pemeHBS YlllB

HeHlls (2.2.I) B BBlt9 6ery111el BOmn.t p ='j1(:x:.-1Jt,y). I!Oll;O'l'SHOBKS &Toro 
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40 

y 

PB c. 7. Ilona l!SBneeIDJ, onpenen.aeMoe ~OPMYnol (2.2.8) nps Au<O 
(Monenb OBHOllTBqecKoro BBXpR) 

y 

P B o. 8. Ilone naBneHRIR, onpenen.aeMoe ~OPMYHOI (2.2.20) 
(Monenb consToea Pooo6s) 



BHp&U!Ulff B (2.2.I) B IIpOCTHe npeo6pasOBalWJ npBBOMT K OOOTHOWBHl'lll 

J(V~ +'fl, L\'f-'+6'1.) = 0, (2.2.9) 

rJte .1nco6.maa paco.MaTp.HBaeTo.11 :e nepeMeHawc ~ = :x:-Vt , '1 = y • 
Bc.sxoe ypaBHeHBe J(f1 (t'l) , f 2 (~, 'l)) = 0 reOMeTpnec:u OSHa'llBH Da-

pa1111enHooT1> BBitTOpOB Vf1 B Vf2 • 1•.e. OOBDa;iteH.He HSOJIIHBI noel f1 
.I f2 • KaQOI 1!.llDUI f1(~ .'l)= cons-!: OTBetmeT HBKOTOpilJI m!H.IR f2(~. 'l) = 
=const ,H aao6opoT. O!olDlta 07IBJ(yBT, "ITO f 1 ii fa 1(01.IZRH 6HTI> CB.llS8HH 

WYHQOS81JDBOI S8B.il!O.llMOCTl>ll B.1111(8 F(f1 ,f2)=0 • ROTOpilSf MODT .ill B8 Jt0-
JI1CK8'1'& OUOSH811HOI paspell!HMOO'l'.11! OTH00.11!'1'91Jl>HO f 1 B7I.I f2 • llns IIp.lllO

UH.11 npe;itOTaBJISeT BRTepeo on:ytml, itOrM WYllltU.IR F npe;itOTaB.llMa B :ene 

F(f1,f2)= fl FL (f1, h) , npneu uuoe .111a ypa:eHeHHI Fi(f1,f2)=0 yze 
\.&1 

OUOSH811HO paspelllllMO OTH00ll'1'81l&HO O)lHoro .IS apr,VM&H'l'OB. FDll!I DpB STOY 

OYIUBC'l'BYl>T '1'8ltll8 TO'llK.I (oCi ,fti), 11'1'0 Fi(~i ,~d = FL+1(J.i,/.>i}=O, i.:1, ... , 
N-1, TO MOZHO B n11ooxocTB nepeueHHHX f 1 , f2 B y:sasaaHHX 'l'O"IK8X OOHP

W.il!T& Henpep&l!HHI nepexox OT O;itHOI B8TBB K ;itpyrol. IlosCHBM 8TO JIB IJpBMe-

pe. llyon F= F1F2, r:ite F1(f1,f2)=f1- Cif2 H F2(f1'f2) = f1-C2f2 
np• nooTORBHHX C 1 JI C 2 • Ka:uoe BS ypaBHeHBI FL= O, i: 1 , 2 , ouos11&11-

ao paspelllllMO OTHOC.111'fH&HO f1 • DpB'l{BU nepeXOlt OT O;JtHOI BeTBH It ;itpyrol 

OOYlllBC'l'BIR8'1'0JI B TOUe (0,0) nepece11eH.111J1 DPffMHX f1 = Cd2 JI f1 = C2f2. 
Eom D1JOCKOCT& ( ~ ''l) UHHJIMH f 1 ( ~, 'l) = f2 (~ ''l} = 0 pas6BB88TCSf JIB ps;it 

06JIBCTBI, TO nepexo:it BS O;ltHOI o6JJBCTB B C008;JtHllll UOZBT conpOBOQST&OSf 

nepexOltOM c O;llHOI B9TBB IP.YBRQHOS81l&HOI CBJIS.111 ueJQY f1 .ill f2 It xpyrol. 

BepHeuc.11 x ypa:eHeHB1> (2.2. 9) 111 sam1meu ue HTH ero .ll!HTerpaJJB B B.11J

;ite JmHelH.Hx OOOTHOmeHHI 

A'fl + 6ti_ = - ~2 (1PI. +'t') , l' « 1 I (2.2.IO) 

(2.2.II) 

ItO'rOPJiB OOOTB8TOT:eBBHO O'l'HOCJITOSf lt ,YKasaBHYU o6JJBC'f.llM nJ!OCROOT.11! (V' 'l)' 
r:ite I" :;. ~ v 2 + '1. 2. ' , a ~ .ill ae - H8ItOTOPJi8 DOC'l'OJIHBllB. llepexolt c OJtBOl 

B8'1'B.il! H8 ;itpyryll npoBOXOJl,l!T HS OitPYJtHOO'l'.11! ,.. :::.1 ' r;ite, O'l&BBJtHO, JtOJIJtBll 

BllII01!HRTl>OJI YOIOEl.la 

A'f' + 61 = 1Pl + 'fl = D , r = 1 • (2.2.!2) 

KpOMe Toro, H8 8TOI OKPYZHOOT.11! noTpe6yeM H8IIp8paBHOC'1'11J IIpOBSBOJtHOl no 

HOJ*81lH a-.y /ar : HenpepaBHOCT& \fl B B.11JX.PSf Ao/ 01l9JtY8T .il!S (2.2.I2). 
llpB :eemeoTBeHHCll v 1Jll6oe orpaBH11esaoe pemeHHe ypa:eHeRBSf (2.2.IO) 

11JM98T BU 

1.11=-(v+ 61)rsina+i::Jn(~r)(a.ncosn6+6nsinne), 
T ~ n:O 

rJte dn • 6n - IIpOBSB01ll>HHB nOCTORHHH8. BHe eUHB11BOro 1tpyra 6,Y.Jl.8M BO

KaT& pemeHH.11, a1t0noseHUH& n&ao 1cnsalllllJlle Ha 6eoxoee11HOCTB. Torxa 1s 
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(2.2.II) OIIeJU'eT 1J= 6/af.2>0, IIpJll'lleN 08.MO pemeHRJe HMee'! BH;n; 

'JI= EKn(aer)(.J.ncosne +J.>n5Lnn9), 
n•O 

r;n;e K'n - fPYHI<IlBB M:iQOBalIJ>M /46/, a .J.n Ill ftn - IIpoH5B01II.HYe IIOOTOBH
H&e. Hs (2.2.12) B YOIIOB.11.ff H8IIpepW3ROOTB pa;n;1!81II.HOI IIPOB5BO;D;HOI IIOJIYtm-

9M OIOTBMY ypaBH8HBI 

In(~)6n= Kn(ae)J.>n=-0, n =I= 1; 

6 6 
- ~ + I1(~)61 =- ae2 + K1(at)ft1 =O; 

'iJ~(~)an =- <>eK~(ae}..C.n, n ~O; 

~J~(v)6n= aeK~(at)f.>n, n=t=1; 

-(!2 + !2)+ ~J;(v)61 = ~K~(ae).f.> 1 
Ha (2.2.15) S&XOJ.llM BHpaDHB.S 

6 6 
61 = v2 J1 (i) P1 = - ae2K1(~) ' 

DOl.O'l'lllOBR8 KOTO}lHX :e (2.2.18) Dp.HBOUIT It ,YpaBH8HJlll 

G(~)e 11(~) _ Ki(Cle) 
~ J1 ( i) - - ~ Kht) . 

(2.2.13) 

(2.2.14) 

(2.2.15) 

(2.2.16) 

(2.2.17) 

(2.2.18) 

(2.2.19) 

iyllKQl!f.I G(~) IM88T IIpoOTYe IIODICY Jl-1,m' m >,.1, ltOTOpYe SBJISll'rOJI IIO

IODTHt.HYMB ROPHSMll ypaBH8Hllff J,(~) = 0; DpB uepexo11.e 11epes 8TB II01D>

OH G(i) M8Wl8T 3H8!t 0 IID>Oa Ha MBHYO, IIpJll118M Ba DU.OM IIpOM8Z.VTRe 

l'-t.m4~<.p1,111•1 osa o6pa1QaeTo.11 B HYlt. B T011Re p 2,,.,.,, 1t0Topa.11 OOBIIaM8T o oo

OTB8'IOTBJlllll!M II0110DT811I>HYM KOpHeM YPBBH8HIS 12(~) =- 0. IlpJll 1Dl6oM :t>O 
:eoeru K2(~)/~Khe)>O, II08TOMY YJllBH9HB8 (2.2.19) 11M88T 0119TH09 MHO
D~TBO pemeHBA Vm, r;n;e ,JK1,m'-~m<.Jll2,m ; xopea1i vm oTpeMHTO.s x neBOMY 

IIpe11,9Q, 801llll 'itf - 0 , B It IIp:IBOMY IIpl 'ilt ~ 00 • 

II001to111i:s:y IIpH II011o:aTe111iHHX sea11eHB.Sx apryMeHTS Boer;u Kn>O , BS 

YI:8BH8HBI (2.2.13) B (2.2.14) B8XOUJM d...n= 0 , n~O B .fon=O , n :#1. 
Tax K&Jt Inlv) BMeeT upoome KOpHll •· on:itol!aTU1iao, He odpalQlileTO.S B 
HYJH. 01.HOBp8118HHO C ]~(~) H.11 IIpJll 01.HOM v> 0 , BS (2.2.16) B (2.2.17) 
011811..feT an=D ,n~0.1 Sn=O,n=Ff. 

Cod.Bpas :eoe uoJIY"qeHBHe pesyKI.TSTa, 01toHtmTe11&ao sa1I.l!llleu 

{
ti [J1 l'~mr) ] . 
va J (-J) -.,. stnB, l"t.f, m= 1,2, ... , 

'f1 + lf'l = m 1 m 
15 [ K1 ( ae r) ] . 

ae2 K1 (ae) -1' !HnB' 1' >1 ' 

{2.2.20) 

r;n;e ae = ~6/lf '. 
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PemeH.M llJIJJ.a (2.2.20) 6H1l.H nooTpoeHH JiapJ1'tiBllW1 JI PeBHllROM JI eaBllaHH 

ye;IJ..llHBHHHMH BOIIHaMH (OOII.li1TOH8MH) Pooo6.1i1 145, 697. c].iyHKUBSl' p ( x, y 't) = 
= 't'l.:x.-lft,y) onpe;n.e1meT paonpooTpaW11DU1eeM Ha BOOTOR (lr> 0) llORa7mao

BaBBOe BOSMYDIBH.li18, ROTOpoe 8KOllOH8HUH81l&HO 38Tyx80T Ha 6eOKOH8'qBOOTB. 

CyMMa 'jl({, 'l )+ v~ IIPB11.0T8B llflBT tPYHKIUUl TORS B OHOTBMB ROOP:IUIHaT, JtBH-.Y

Dt9IO.R BMBOTe 0 007mTOHOM. XepaxTep 1IlilBHI TOK.a IIPRI 'II= \11 .li1306pazeH Ha 

pHO. 8; BHYTp.H 9;1J,.11HllllHO! OKP.Yl!HOOTH 38R1Ill"l9Ha O.llMM8TpH'lH8.R ll.BYXB.HXpe

BS.R OTPYKTYIJlil, OOOTO.Rlll8.R HS IU!R1IOH8 B :eepxael llOIIOBHHe H 8HTHIU!Rll0Ha -

B IUIZHBI. Paoo.MOTp.9HHldt npHMep llOR83H:B80T, 'qTO, llO-B.ll;IJ,.IAMOMY, 1m6a.R 110-

R87lli130B8HH8.R OTSQHOHapHa.B OTPYKTypa Ha 6eTa-ll1IOOROOTJll ;ltODHa .BMeT& o6s-
58T81I&HO no Rpalael Mepe unon&HHA xapaRTep Hllli1 npe;n.OTa:BlmT& ROMllOSBUHll 

OT;IJ,81I&HHX ;IJ,.llll01Iel. c 8TOI TOllRRI ape!m.R nll6oe H8ll81l&H08 110RanH50B8HH09 

BHxpe:eoe BOSMYlllBH.lle OltHOro 3H8Ra He MOlltBT OO'l'8B8T&O.B OTaQHOHapHYM H 

ll8'qff9T .eanyoqaT& BOIIHS pooo6He:eoxoro THIJS B ORPYllBIOUl99 npOOTpaHOTBO; 8TO 

05f18'q88T, uo OHHOllTH'ti90R8.R .llSMBH'qBBOOT& oxeaHa ltODHa npO.RB7IaT& oe6.a B 

8;IJ,.llHOTB8 XBYX qJOPM - OT;lt911DHWC MODllWX BHXP9BWC o6paaOBaHHI .e nopouae

MOro RIMll BOIHO:eoro ipoaa /36, 37]. 
PaOOMOTp.IW HHTepeoH!il 'qQCTHH! ony-qal, xor:u.a v 4- 0. cliYHRWtff (2.2.20) 

Ilp.HH.llMS 9T B.811. 

..,2 1 ( ) - l' sLn8, 1"~ 1, m-1,2, ... , 
{ 
_6 [ 11 ()<2,m 1') ] . ~ _ 

\fl = ;--2,m f f"2,m (2.2.2I) 

0 ' 1" ) 1 • 

STz pemeHl!.ff 6H11.11 nooTpoeHa CTepJIOM /J.6§/ Iii aaaBaHa .HM MOltOHBMRJ. CTpyx

Typa MOltOHa 11.llff nepBoro KOPHR )<1,2 R8'ti90TB9HHO T8Ba.R ll9, RaK BffYTp.H e:u..e

/WJ'qHOI oxpyzHooTlil Ha pmc. 8; :e~ ee JtBDerme OTOYTOTBYeT. BH'q.H01lllM 

aaepr.1111> H llOllHYll 8HOTp04>lilll aToro OTSW'IOHaPBOrO BlilXpeBoro o6pa30l!8HH.ff. 

Tax R8R B paOOM8TpHB89MOM cnyqae n = L\\jl +6y = -_JK~,rn\f' , TO 

Q =_!__If n2 d!:=.!_1I62 J [ 11 (J<2 m'l11) - r]2.rdr = l_ 1152 ' 
2 I 2 o J1 (}2,rnJ 8 

T.e. llORHS.R 8HCTP~li!.ff He 38lllilOlilT OT HOMepa M011.0Ha. c y-qeTOM (2.2.IO) 
11.u a.aepr.11.1 noQ11aeM BHpazeHHe 

1 ff 1£62 J1 [ I1 ()12 ml') 1 11(}<2 mT') -' _ Ji 62 
E=-- 'f'A\j/d~=-2- • -r · l'!Al"--2-, 

2 i: 2~2.m o I1 (f2,m) Id}2,m) 4 !2.m 
OTRY:ita B.l;ltHO, 'qTO 0 pocrrOM HOMepa aaeprlil.R MO;IJ;OHOll y6YBaeT. 

B oneJlYlllllBM naparieqi& 6YlYT np.P!BBllBHH ooo6pazealil.R, yxaalilllallUIRe, uo 

MOltO!lli .Pl CORHTOHH .REllltllTOB, llO-Elll)UlMOMY, aeyoTOl<l:i'!BliMH o6paaOB8Hlil.RMlil, 

np11qeM c pOOTOM HOMBpa m CTBllBH& BX HBYOTOl<l:lilBOOT.111 paoTeT. HMe.a B Blil1lY 

8TO 38M9ll8HBB, paOOMOTPJllM 071yqal, xorna MOlOH!i OllilHaRO:eOro paaMepa Ill 

o;n.eoro a<J11epa nnoTao ynaKOBaHH B 6esrpaHlllqBoM oxeaae. Tor:u.a aeTpy:ii;ao 

:eH'qJilOnlilT& cpe;n.a~ll aaeprlil~ 7lBlilZBHlll.R, OTHeoeaay~ R e11.111HHne n11oue;11;2 E = 
= E/2..f3'. Cpe11aeKESl1J8Ti'l'tiH8.R oRopooT& csaonTH'tieoxoro "myMa", ooanaBae-
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Moro HBBSal!MOJl;eAcT:eyllX!lHMI! OJl;HOTl!llHiiMI! MOlOHaMI!, pa:eHa v = ~ = 
= 6.ffi' / .f2.m2.@. Ilpe11;no11ouM, 'ITO :e pesynr:.TaTe HBYO'rOltiH:eocTH npol!cxo-

11.HT nepexo11; OT OlHOro Tl!IJa MO~OHOB K 11;pyr0My, M8Hee H8YCTOlti.Hl!OMY, npl!

'leM npl! OTCYTCTEl!I! 1ll!COl!IJaQHI! coxpaf!Ji8TCS CP81lf!Ji8 IlJIOTHOCT& aeeprl!I! H, 

C11BlOB8TB11&HO, v. TaIUIM o6pa30M, 1l11.R H8l!M9H99 HBYOTOA'll!:eoa M01lOHHOi! 

OTPYKTYPl:l npl! m=I l!MeeM 6 = }L..*2/lf*::. 2~.f<2,1V/1L = ?,62?V. OTKYM 

l i' = 2, 762 ~ ~· I JV • (2.2.22) 

Ilpl!M8M :e Ka'l9CTB8 MaCWTe6a V* OPUHBRll8lpaTl!'llHYll OKOpOOT& IlOIUI Ol!

HOllTl!'l9CMX :el!xpeit, KOTOpaa no OUBHKaM !401 COCT8!!11RBT Dpi!MBPHO IO c~.
TorlQ V=1, fll ms (2.2,22) nonyqaeM lM pa1u1yca MOJtOHa l"' = 195 KM, 

'ITO BD01IHB cornacye'l'ca c H8611K>la9Ml:lMI! pasMepaM.lrl Cl!HODT.lrl'l90Kl!X :a.Bxpea. 

TonorpaWl!'1190K.lrl9 I CMBDJaHfillB :E!OJIHH Pocc6H. Boe BUDOJIHBHH99 l!9W9 DO

CTPOBHHSJ OTHOOl!Jll!CL K Cny'laK> rop1!30HT811&Horo lHa, DO&TOMY o6uapyzeHH!il9 

a'1JP9K'l'l>i HM8111! Dlla H9T8PHYK> Dpi!p02J.Y. lIOKaE8M T9D9pL, I<IU019 l!l!1l0l!SM9H9HJJJJ 

l!HOCl!T Y'lBT TonorpaQ)HI!. PaCCMOTPl!M npooTelmHA CJIY'llaA DJlOCKOro HaKJlOH

Horo lHa, EOSBl>IWBHl!e KOTOporo :e 6eapaSM9pHl:lX nepeMeHHHX ODP9l911R8'l'OJJ 

DO 4JOPMY119 

h= rxx +yyy +ho I 

r11;e 1x 1 11J I! ho - DOCTOSHH.l>i9. B:e91l9M HO:El.l>i9 OCH KOOpll,HHaT :X', y' T8K 1 

'llT061>1 ocr:. Oy' oo:ena11;ana no eanpaB11eH.11JJO o rpall.HBHTOM nnaHeTapHo-Tono

rpa~-qeoKol 4JYHKlll!ll g. = 5y+6h. :3TO SK!HBaneHTHO npeo6paso:eaHJUl :r. = 
= x'sln..C + y'cosaC, y == - :x.'co5cL + y' sLn ~ , ue cosJ. = 6'lx / ~(<STIJ +6)2+ (6rx?" 

H Si.no(= (6fy + 6)/~(l5ly+ 6)2 + (6 'lx )2'. B HOBl:lX nepeMBHHl>IX ~ = gY',, + ho • 
r11;e B:eeiee "a(fxpeRTl!EHHI" DllaHBTapHO-TODOrpa~-qeoKHA napaM8Tp 6 = 
=~(61:i)2 +(6Ty+g)2 '. TaK I<aK onepa'l'op1>1 Jlannaoa A 11 HK06.l'I J .i'IHBePHaHT

Hl:l 0THOC.lrlT811LHO no:eopoTa KOOP1U!HaTHOI O.i'IOT9Ml>I, ypaBHBHHe (2.2.I) :e HO-
/>. 

:Sl:lX nepeMBHHl:lX coxpaRSBT npellHRIA BHl, HO c saMBHOA 8 Ha 6 . 3TO OSHa-

'laBT, 'ITO Bee nony'llBHH99 :e1>1me pemaHRIS ypa:eaeH.HSJ (2.2.I) nepeHOCSTCS Ha 

onyqal KBPOBHOro Jl;Ka l!Hita (2.2.23) DYTBM DpOCTOA 38MBKl>i Ii Ha 6 • OlHa

KO Tenepr:. ponr:. MBPHUOHa JlLKOro i!rpaeT Hanpa:e neKHe rpall;HBHTa Q/YHKilli!.111 ~ • 

Ilp.r& li=O MU non.yqaey & = 6~1& + 1~ ', I! COOTEBTCTE.YlllllHB pemeH.HSJ HaSl:l

BBK>TOS TonorpaQ)z-qeoKHMH :eonHaMRI P~oc6z. B o6meM c11.yt1ae ( II> 0 .r& 6+ 0 ) 
HMBIOT MBOTO CMBDJaHHHB DllaH9T8PKO-TOilOrpa~qecue EOnH.l>i Pooo6R1. Ilpz 

67~=-6 H t:x.=O penLeQ) 1lHa KOMDBHOHPY9T 6eTa-a(fxlieKT, DOOROnLKY '1'9-

nepL II= 0. 
TaKHM o6pa30M, noooe peweaze saita'l.r& o nmrneTapawc Boneax np.i'I 6~ 0 

Boerne MOZ9T 61>1TL HHTepnpeTHpOBaHO :e nnaHeTapHO-TODOrpa~'l90KOM DnaHe, 

H Ha060poT. Mli EHll.HM. 'lTO B sa:eHCHMOOTH OT 7l0Ka n&HOA TODOrpa(flH.111 Jl:Ha 

CBOOOlHl:l9 BOJlHl:l Pocc6111 paCCMOTPBKHliX :e1>1me THilOE MOryT pacnpoo'rpaHSIT&

ca :e nll61:lX Ha·DpaE7IBHH.RX. Hanp.1r1Mep, i!S aa611~eHHI HSEBCTHO f5J. 'i'l'O 

pHHrH Kypoc.1110 MHrp!'lpyK>T npeHMYlllBCTBBHHO :e MBp.lllJl;HOHanLKOM eanpaP718HHH. 

Ha OOHOEB CKaSSHHOro Bl:llllB STO MOEHO o6'LaoHHTL OH7l&HOA MBPHlHOHallLHOA 

pacqneHBHHOOTLO penr:.e(le 11;.Ha K EOCTOKY OT HDOHHRI. 
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2.3. CTaitHOHaplille saJta"IB 111 :eapRJSllf/.IOHHHe IIPBHQBIIY 

MaTeNaTB'Q80ltH8 TPYJtHOOTH IIOOTp08Hll8 pemeHBA OOHOBHOro YJ:8BH8HlllJI 6a
poTpOIIHOI MoneJIH (2.I.I) :e nep:eym oqepen& 06yono:eneH1i1 ero aen111ae1Hoo

T&ll. lloaTONY 6on&moA BHTepeo npenoTa:e1111eT B.YlteneHBe 1iaOTaax onyqae:e, :e 

ROTOPHX y;11aeT08 nepelTB 1t 11BH91HlilM 88Jt8'Q8M, JtOIIYOKIUllUIM saTeM npBMeae

HB8 ~RTHBHHX M8TOJtOB ltll800H'!leOKOro aHanH38. 0JtBH BS IJyTel B YRaS8H

HOM Han:i;e:eneH.1111 OOOTOBT B IIOny'!leHBB HBKOTOJIBX 11111HelHHX BHTer:i;eno:e y:i;e:e

H9Hlll.R (2.I.I) Bnlll 8NY aKBBBaneaTHoro (2.I.2). HanpHMep, aTO MOZHO one

DST& n1111 :ea:uoro xnaooa OTaUHOHaPHHX 38:ita'll np.11 nononHHTen&HCJA npenno

nozeHJIB, 'QTO B8Tep H TpeHHe B O.llOT8Me OTOYTOTBYllT ( T = k = 0 ) • IlpH 

YilOM.ffHYTHX yono:eBax ypa:eHeHZe (2.I.2) IIpJIHBNa8T ~PMY J (p. n) = 0 H 

:AOIIYOKB 8T .llHTer:i;e n 

n = ~p + 6y + 6h = F(p). (2.3.I) 

~YHKI\B.R F(p) sa:e.aoiliT OT IIp8lUiOTOpBB npcmeooa. KOTOplill IIp.BBen 1t :i;eo

ON8TpJIB88MOl\fY OTaUHOHapeOMy OOOT08HBll. Ee BH:A :A07.IDH, OTporo ro:eops, 

onpe;it81111T&O.ff HS 81181111138 OOOTB8TOTBYDllBI H80T8WlfOHapHOI S8:AEl"IB 6es Tpe

llllff npB t -u:> Cn1111 aeor:i;e1U1naH1i1X o6naoTel) .1111111 e o y'lleTOM aqrpeRTOB 

TpeHU Ill 0 IIOOJl8:itYlllllHM npenen&H.YM nepexonOM llpH k ... 0. llaOTO F(p) Y:AEl-

8TO.ff aalTH HS r:i;eH.ll'llHHX yono:e.111. MOl!HO, aao6opoT, 38ltQBIDllO& BBJtOM aTOI 

<P.YHKWl!B, YOT8HOBHT&, KBKBM YOJIOB.HJW Ha 6eoROH8'QHOOTB JtODHO IIpH aTOM 

yno:eneTBOPffT& pemeHJie .II HaOROILltO 8TB YOIOB.llS IIpH8Ml8111il, 

PaooMOTpl!N B K8tl80TBe IIpHMepa 6esrpaHBt1Hlill oxeaa 0 nOKB11BSOB8HHlilM 

BOSNYlll8HBEIM penoerpa naa (!PYHRWll.ff h(x,y) rpzHBTHa). npennonaraa' tlTO DO 

RpalHel Mepe B O:itHOM BS H8DpaBn81DII lxl ..... pemean p(~.y) OTP8MBTO.ff 1t 

npenen&HONY SHatl81Ulll P(y) • IlepeXOltR B .llH'l'8rpane (2.3.I) 1t OOOTB8TOT

BYDQ8MY npeneny' IIOnyt!BN ypaBB8HB8 

P"(y) + 5y = F(P}. (2.3.2) 

ROTopoe III>JI 38naaaol rpyHI<IVIJI F onpue1111eT :eoSMOJtHYe paonpenue.BHH 

.-.a:enelllll8 ea 6eo1t0HeqaooTB. Ilonaraa 

p = P(y) + 6'fl (:x:, y) (2.3..3) 

B YtUIT.YB88 (2.3.2) • .118 (2.3.I) BBXOJtBN ypaBHeHBe 

A'f' + h = tf f F(P+GIJI) - F(P)j (2.3.4.) 

Jt1lff BOJ:l'BPOBSHSOrO BOSMYDl81l1118 D01lff lt8B181U18 'f • o6yono:en8HSOro neloT

BB8M pen&e({la :itsa. 

COOTHOW8HBll (2.3.2) MoaHO MTL seo1t0nL1t0 BHYll BHT8pIIp8T8nJ111. Ilpe;it

IIOJIOUM' tlTO IIPlrJ OTOYTCTBH BOSMfll8Hlll pen&e({la naa (h = D) IIOTOR 8B 1lff-

8TCS 'QIIOTO so.san&Hlilll .11 oDBoHBaeTC.R :i;eonpenue1DieM w11eH.11S P(y) , :itlB 

KOTOporo ODpaB8]tJ!HB JIHTerpa11 (2.3.I) 0 TOI ae 08MOI rpy~el F(p). 
Toriui, O'QaBJl:itBO, P( y) IIO-np81tH8MY Y:itOBJI8'1'BOPff8T YJ:8BB8BBll (2.3.2) • 
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IlpJI T8KOM DO;ltXOl8 ae Tp86Y8TOS CYlll8C'll!OB8BB8 l'tOBBqaoro upexena y ~yim.
QH p(:x,y} DP.II !xi-+"°, 

Jlru:J JillB8IBOI ~BRJll.11 

F(p)=Cp+D (2.3.5) 

YJBBH8IUIJ! (2.3.2) I (2.3.4) T8KZ8 OT8BOBSTOB JIIB81HflMH: 

P"(y) + 6y = CP + D. 

A'fl + h = C'fl • 

PemeB.llS ypaBHeHBS (2.3.6) .llMerrr BBJt 

1 
P(y} = Achafy + Bshaey + - 2 (6y-D), C = oe2 >0, 

~ 

D 6 
P(y)=-Ay+Ty2 -6y3 , C=O, 

P(y)=Acosvy+ Bsin'lly + ~2 (D-Oy), C=-'112 <.0 

0 COOTB8TCTBYlllll.llM.ll up~lil'IM.11 CKOpOCT.11 

ti 
lf(y}=-~(Ash-aey + Bch~y)- 2, C""Cl(2 >0, ae 

6 
lf(y) =-A - Dy + 2 y2 , C = 0, 

. 6 2 lf(y)= 'll(AsLn'lly - Bcos'lly)+ ~2 , C= - -J <O. 

(2.3.6) 

(2.3.7) 

Kau.d .113 9T.llX aa6erallUIHX DOTOROB MOEHO Ta:De HCII01l&3o.B8T& lllS pe
meBBB sa:n.aq B 0611BCTSX c xoaeqaol M8pBll,HOH81l&ROI llp0TSE8HBOCT&lll THD8 

30Hall&HSX KaH81lOB, 

B 6e s6p8EHOM 0Re8 He 110 ne CKOpOC TH 6y;u,eT orpa Hlqe HH!iM 1Dlm& II.PJI c * 0 ' 
upB"l&M .E cnyqae C > 0 aeo6xo~o npHHRT& A= B = 0 • F.cJIH C = - 6/1!0 
H A= B = D , Ha 6ecxoaeqaoCTH IIOJlY'll88M IUIH8M8TIJ"l8CD OMOPOlRYI (6ea 
DODepeqeoro Cll,Bilra) SOHalI&!Wft IIOTOR c IIOOTOSHHOI OROpOOT&IO U(y) = 1fo, 

DpB118M 

P(y}=-1f0 y, (2.3.8) 

r;u,e oT6pome.Ha aecy111e0Tl!eaaas a:iuu1THBsa11 1100TOSRHH - DIC • Jlerxo BB

l8T&, 'llTO {2.3.8) MOEHO T8D8 IIOCTpO.BT& II Dp.11 6 = 0. 
3aM8TJllM, 11TO ll.1Il'I NS llllX 6 MOEHO BHIIOIIHRT& 1lHR88p.1138Q.l'llll YPBBH8Wl.ff 

(2.3.4) npB DPOBSBOll&RHX F(p). Y11.11'l'flll8ff, 'liTO - P'(y) = lf{y) eon OltO

pooT& IlOTOKa ea 6eCltOH811HOCT.ll .II .llOIIOII&SYB BHT8R81lUlB0 .113 (2.3.2) T0llt

ll,8CTBO lf"(y)-6 = F'(P)ll , nonyqHu 

1 ( I/) ll\f' + 1f f; - lJ 'fl = - h . 
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JlJl!Heibfa.s 38E.BC.l!MOOT& DOT9HUH& JI&Horo l!HXp.s OT :zta:e neHH.R (2.3. 5) CB.ssa

aa 0 onpe;zi:eneHHHMH 9KCTP8M81I&H.l:IMH CBOacTBaM.il IIOTOKa, ROTO:p!ie IIpo111e Boe

ro ;n;eMOHOTPJIPYllTO.fl .E! onyqae. ROr;zi:a Ol'teaH SSHHMaeT orp:IHH'll8HH,YI) o61.18CT& 

r! 0 HenpOHHQa9MO:A rp:IHBUBil r . 
Hsy'lleHJae noBe;n;eHH.R aHoTpoqi.ra.ra B ;zi:ByNepao:A Typ6yneHTHOCTH f7ll IIp.raBeno 

1t <l>OPMY11HPOBK8 BapJISQHOHHOro IIPHHUl!IIa NHHBNa JI&HOi! 9HOTpo<f>.ra.ra /!?61. l'tOTO

psl DOJIY'llHJI OlIPB;ll81I8HHOe DO;llTBepz;zi:eH.rae B 'll.14CJI8HHSX 8l'tOII8p.l!MeHTax. llpe;zi:

DOJIOUM, 'llTO IIP.I! sa:ztaHHSX RHHeT.liJ11eoKoA HeprlU! E .ra UlllPR.Y1IBUlllH C B 

<f>aRTH'll8Cl'tOM YCTSHOB.l!Bmeuc.s ;zi:B.raaewm IIOJIHa.R 9HOTpo<f>Ja.R Q npHHHMaeT CTS

WifOl:laPHOB 8Ha'll8HJae. HcIIOJI&SYB NBTO;ll H80IIpe;zi:eneHHSX NHOZHT&Jiei! Jiarp:iHlla, 

p:iocMoTpHM <I>YHRilHOHSJI I= Q- .H-.fc. Tor;zi:a IIpBHUl!II CTatUllOHSpHol aeoTpo

<f>u M&T t\I = 0 • B!lC!:JIOJIJIM BSPHSW!H dQ , ~E JI oC • ll.vCT& ~p - Bap.raa

UIB p • y;n;OBJI8Tl!Op.sllllB.S 8CT8CTB8HHOMY IUIH8MaTH1i80l'tOMY rp:iHB1iHOMY yono

Bl!I) <5 p = D ea r . ()'qeBH;llHO. 

~c = <f>opnde. 
r 

Tax Ral't 

0 (Vp)2 = Vp. V(op) = V· (~p Vp)- ti pop, 
2. 

nerxo aaxolUlll 

aE = - Jf apopd!: . 
% 

lIOORO 1l&R.\' 
n2 

o 2 = n~n = no5Ap = V·(nVl:'lp)-v·(opvn)+ Anop, 

HM88M 

dQ =cf> nopnde +JI ~nopctI:. 
r ::c 

Co6Hpa.R pesyn&TaTS, ;llJIB OTaWifOHaPH.l:IX YCIIOEHA IIOJIY'qaeM 

oI = Jf(An +Hp)opd~ +~(n-1dopndf= o, 
::c r 

OTR.\'M B CHJIY IIpoHSB01l&HOCTH op H opn HaXOJlHM 

A(n+>ip)=o B r;, n-r=o aa r. 

IlocnelH88 YCJIOBH8 MOJtHO IIepeIIHCST& B BH;lle 

n+.>ip=JK aa r, 

(2.3.9) 

(2.3.IO) 

Tait RSK Ha 71HHHH TORS r IIPllRHMS8TC.fl YC1l0BJl8 p = 0 • HS (2.3. 9) B 

(2.3. IO) 6naro;zi:ap.s e;zi:.raaoTBeaaooTH pemeHH.B BffYTpeHHeA 38M1iH JlHpnne 

IIOJIY1i88M 

n = ,. - .>.p B E • (2.3.II) 

p=O Har, (2.3.!2) 
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rlB IIOOTORHRH8 ).. H jll :U.ODHH oupe:n.e11:11T&O.S no sa:n.aHHHM c H E • Cp.urne
HHB (2.3.I) H (2.3.II) nOBaS!ll!88T, 'ITO B paOOMEITpHBSBMOM Oll.\11188 F(p) ::: 
= - ).p+J< .SB7I.fJBTO.S lIHHelHOI !I>YHR!Vl81 p. 

Y6e;n.HMo.s, 'ITO Ha pemeHJIIH sa:n.a11H (2.3.II) H (2.3.I2) :U.OOTHraeTO.S MH
HHMYM <IJYHRQHOHa7J8 Q • B 08MOM :n.e11e, 

G(p+ap)- Q(p) = J_ JJ[tn +~n)2 - n2 ]ctE = 
2 :E: 

=Jfn~ndI: + 21 JJ(on)2ct~=.§a+..!..ff(on)2ctE > o, 
% % 2 % 

TSK BaR oQ = 0. 
Aaa11orn11HHM 06Jl!SOM noRas!ll!aeTo.s, 11To upH sa:n.aaHHX Q .l'I C Ha peme 

H.l'JH sa:n.a'lll (2.3.II) H (2.3.I2) :U.OOTHraeTO.S MHH.l'JMYM RHH8T.l'J'l80ROI 8H8!>"' 

ru E. 
HeTPY:U.HO IIOOTPOHT& qJOp.ta 1I&HOB pemeHHe npn sa:n.aHRHX Q H c 0 IIOMO .. ;..ll 

BBe:n.eaHWC B upeJlliAYl!IBM naparpaqie oo6o'l'I!eHRHX !l>YHRIU!I 'f'1mJ, Houon&sy.a 

upe:n.oTaBnBHRR (2.I.I3), HS (2.3.II) HaXO:n.HM 

Pm= <Jm-,V.Gm. (2.3.I3) 
Jim-Ji 

Tor:n.a BHp:iZBHWJ (2.I.I7) - (2.I.19) M03.HO uepeIIHOST& B BH:U.6 
2. 

E = G0 (J1)- JK'P~(A) - -f-cp'(.>.), (2.3.I4) 

C=-'Po(.A)+p<'P(>.), (2,3.I5) 

(2.3.I6) 

r:n.e 

q:>(J.) = t; >.m 6~ , 
m=1 .Am-). 

H WTJJ.WX.l'I 06osaa11am ,JUiiixpepeHlUlpOBaHJIIe no .J. • 
Hoone:n.yeM BOupoo 0 p:!SpelllHMOOTH OHOT8MH YJliBHBH.l'JI (2.3.I4) -(2.3.I5) 

OTHOOHT61I&HO A H jll , Jly'OT& 0Ha'l811S 9=. 0 , H MH OOOTBBTOTBBHHO HMBBM 
2 

E == £cp'(J..) (2.3,I7) z ' 
C =pt. cp (.>.), (2,3.IS) 

(2.3.I9) 

r:n.e 10 = £16~= 'P(O). IIpe;zuI01IODM :n.na IIpoOTOTH, 'IJTO Boe l.mpaSlil!l"iBH; 

He YM87m.S 06111HOOTH MO:EHO O'IHTST&, 'ITO 6m~ 0 :n.na Boex m~f. B KalQOI 

TO'IR8 ~m !l>YHKQH.S CJ>().) BMeeT npooTOI IIOIIllO .iI nepexO:n.HT OT IIOJ[ODIT61I&HWC 

SHB'l8HBI R OTPHQ8T87I&HHM. KpOMe Toro, ~lm[-Nl'().)]=-t1 , r:n.e ps:n. 11::: 
= E .Am6~ oxo:n.HTo.s B oBey 06111Hx 0BoloTi-0060T:BeHHHX 'IBCBJI B oo6oTBea ... 

m1 !I>YHKU.l'JI CIIBKTp:i1I&HOI S8:D.a'i.l'I /4"J}. IlpOCTHB HYIIH al.'m '1JYHKU.l'J.l'I cp 0) 
recupe:n.eneHH TaK, 'ITO ..>.m<~m"- Am+!. Ilpm C = 0 HS (2.3, IS) one:n.yeT .llll.60 
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G(.il) 

ll/ 

P B c. 9. Ka'lecT.seHHoe no.se,IJ;eHHe !J>yHRIUUI GO.) 
C<tioPMYJia (2.3.20)) 

p=O, u6o ).= 'aem· B II9pEOM C1l.Y'l89 E=O 'uo OTB91189T COCTOBHBll 

IIOKOB p =. 0 ' a BO BTOP<* - Jll = ± ~ 2 E/'P' (3em) ' llpJA&N Q = E [ ~ m + 
+ ( 1 o + I::)/q>'(aem)], BRR IIOX8SHBS 8'1' X81i9CTB &RHSI &Ha US, BB 11ff9TC.R NOHOTOH-

110 B08p&CTSDll91 ~~el '*'m· Ilpll 'C# 0 ' BCKJWm.R Jll HS (2.3.I7) JI 
(2.3.IS), IIOn:yt1KM 

2 E ( 1 )' er= - cp =GO). (2.3.20) 

KnecTB8HH09 DOB9UHH9 i{>yBKQBB G ().) BS06paEBHO ea PHO. 9. 3aN9THN' 

uo G(-'"') = 1/T1 , GCAm) = 1/.Am6~ H G(aem) = 00 • Xopomo BBJ.HO, uo IIpB 

2 E/ C2< 1 /1 f SSJ,8118 B006Di9 He HN89T pemeHHI (B Kll8009 1lHH81mtx i{>yffKWll 

F(p) ) • Ilp11 1/Am6~ (, 2E/C2 (, 1/.Am+1o;.f HN99TC.R pOBHO 2m-1 pemeHHI ypa.B

HeHH.R (2.3.20). IlepeDHCHB8.R BapaaeKHe (2.3.I9) B BHX8 

c2 [ 1 1 ] Q().) = T cp- + cp2 (ro+E)+ .)G(>.) , 

NOZBO noxasan, 11'1'0 Q(- 00 )= Q(aem)= oo , QOm) = C2/26~. 0To~ cn:e

~eT, 11TO ea X8QOI BBTBB ~HKQllJI G(}.) 9HCTpopH.R IIpllHIM89'1' B H9KOTOpOI 

TO'iKe NHHBNH&Hoe sHa11eHBe; ium RaQoro i{>HROHpOBaaaoro-- 2 E/C2 > 1I11 
RSI4M8H&mee SH8'19HB8 Q XOCTBra'eTO.R ea CSMOI 1I9BOI B9TBB G (}.). 

PaccNoTpHM, eaKoeeu, c11Yqal, KOrJ.& .A-+ lm ; npH KOR&'IHHX C H E 
a To osea'IUIBT, 11'1'0 ft ... 0 • Ilonaras /A= - ~().m-}.) , J..t 0 JI nepexox.s It npe

ltBll.Y IIPJI }.-+ lm, II01l.Y'IBM HS (2.3.I3) p5 = J.~sm , q'fo IIpll npOBSBOn&ROM 

"'- COOTB8TCTBY8'1' pemeHBll p = c('l'(m). X1Iff KOTOporo c = -cC..>.m6m' E = t.t.2 .Am• 
Q=tJ.}.~ H II09TOMY 2E/C 2 = G()lm), 

B cny-qae g.= 0 no11Yqa1JTcs aeanorH'lRHB pesy11&Ta'l'a, nplil'!IBN ). onpe-

xel!Re'l'cs 11.1s ypaBRBRH.R 

E = G0 - + [ ( c; 'Pa) ]' = G (.>., C). 
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MOEHO IIOR838TD, "CJTO Tenep& G(- 00 ,C) = c2/2r1. G(.>.m,C)=-"", G(a-em,C)=-oo. 
(j{yaKnl'JJI GO.cl RatJecTEeaao Ee:iteT ce6JI Tax e, KaR H G().) aa pHc. 9, c 

TBM 7lllm& 0'1'7lll'lH9M. '!TO ltl!YRP8TlillB llOnllCY Tenep& COiln&:ztall'l' c TO"CJRSMH 

.Am JI a€m. 
TaKHM o6pasOM, ec111!1 E aexoTopol orpaR.Hqeaaol o6nacTH E saMHHHe 

KHH9Tlll'IBCK8JI saeprHJI E H IllllPK.YllRIJ,Pl.lI c Ell;On& aenpoHH~9MOI rpaHlllIJ;li r 
YlOEneT.eopJI11T ycno:B11111 2 E /C 2 > 1/r1 , npBHlU'III MHH.lllMa ni:.aol aacTpOIJ?HH npH

Eo;zr.zT CT8IlJllOHapHYll 6apOTp0IIHYll SS:zta"CJY IIpH OTCYTCTil.l!.l! BHBWHHX Il03l9ICT

BBI H TpBHBJI K 7IHHBIHOMY ypaEH91H!ll (2.3.II). IlpH H/C2 t.. G*, rite G*> 1/r1 
ecT& aexoTopoe xpBTH"CJecxoe saatJeaHe, nonyqeaaoe ypal!HeR.He onpe:itenrr ~CR 

Oll;H03HS'lHO H HM99T UHHCTB9HH09 pemeaee. B onyqae 2E/C2 >G"' ocyu( T

EYBT KOH9'1HOB '!Beno ypaEH9Rl'll IlHlt8 (2.3.II) c pa31lH'IRHMH 3R8'19~ A 
napaM9TPOE .A H f ' Bll.ZHCTB9HHH9 pemeHHJI ItOTOPJiX (npH Cf= 0 ) t .!H'IS

llTCJI B97IH"CJBHOI nonaol 8HCTpopHH' KOTOpaJI Ml'IHHM81IDH8 npm ). '- .A 1. 113 <PB-
3Bti:9CKBX coo6pazeH.HI cne:21;yeT :ee6111paT& BM9HHO 8TOT onyqal. MOl!HO IIOR8-

38T& £2, IIJ, '!TO IIPH F'(p) > 0 ypaBH9HH9 (2.3.I) OIIP91l9M9T YCTOltlB

EYB no .JisJnyaoBy pemeHHn; ll;1IR nHHe:ibmx ~YHRIUll F(p) aTo 8Kil.lll!aneHTHO 

ye nOB.1111 .>. < 0 • Ilo-BHUMOMY, npm .A '- ) 1 M.H nony'laeM aeycToltlnee peme

HBH 38lt8ll.il. 

~3 IIPHHlU'III8 MHHHM8ll&HOI nonaol 8HOTP0<PBB Cll9:ll;Y9T, "CjTO paCCMOTp9HHY9 

E npB:ll;YltYlll9M naparpa~e MOltOHbl CTepaa ll;Olll!Hbl o6nalt8T& onpe:it9119Hl!YMJll MH

H111M8ll&H.HMH OBOICTB8MH. Cnpall9~11HBO C1191lYDllB9 YTBBpl!l9rute: opelH Bcex 

pemeHHI ypa:BHBHJIJI J('f, l'1\j/+6y)=O Il Bll!mtl!HOM xpyre E IIPB 38:UHHiX 

IllllPRYMil!llB c = 0 H aaepr.il.lll E = '.II62 /4,P<~.m H rparutl!HOM yonOBHH 'fl= 0 
H8 r , MOltOH (2.2.2!) .ilM99T MHHPIM&n&ayll IIOllHYll 8HOT~Hll Q = 31i:62/8. 
Tax RaK tti.m npelOT8Il1IRllT 006cTBea1me q.1ona onexTpanr.aol sa;uq.1 (2.I.!2), 
MOlOHY H COJIHTOHY .RE JIJillTCJI, IlO-BBllHMOMY, HBYOTOltlHB.HMRI o6pa30B8Hl!.RNH, 

npHqey c pOCTOM HOMepa rn ~TBil9H& HBYCTOlllBBOCTH paCT9T, ~KT HBYCTO:lt

l!Jll!OCTH IIOlTBBPl!ltSBTCJI T8KJt9 TBM, "CjTO :ll;M M01lOHOB cnpaB92t1DIBO paBBHOT

BO F(p) = - JK~.mP, T.e. F'(p} = - f~.m '- O. 
IIpueneHHYe BYme paoCMOTpBHH.R BBOMT B apyr BOIIpOOOB. xapaRT9PHY.l 

lM OTail!llOHapHWC 38;!Ulll Ilpi! OTOYTCTBHB TBPHH.R: npeQe Boero, aTO npo6-
neMY BlHHCTBBHHOOTH H YCTOlli.l!BOCTH pemeHHI. B H80TOJilll8i rnalle MH BCTpe

T.l!MC.R 0 np111Mepa.MR1, B ROTOPYX .l!M9ET MBOTO H HBB1UIRCTB9HHOCT&, B HBYOTOl

l!HEOCTL. ~.l!3J4tj9CKHI CMHOJI T8R.l!X pemeJl.l!I .II BX OTHOW91U18 R lBICTBBTU&

HOCTB RaJgtYI pas 6Y:ll;YT 06CYJE1tEIT&C.R OTlBll&HO. 

2.4. CTOJI6.H Talnopa 

B 8TOM H nocnenYDllBM naparpa({ex 1180TOSlll8R rnaBH 6y:21;yT paOCMOTpem.t 

pa37llltj!IH9 KOHRP9THHB 38.ltSllH TODOrpa~ll9CKOro BHxpeo6paSOB8HH.R B M88Hll.

papOB8JWI E 6apoTpOIIHYX IIOTOKSX. MY 118"Cjff9M c npocTelmero OJIYll8JI noxa

JIH30E8HHOro B03MY1119HH.R penr.e({e ll.118 B BBltB IIOlU!OlHOI BOSB.liDl9HROOTB Hlll'J 

KOTJIOBHHH B 6esrpaHB'IHOM OiteaHe, npBlDOJJBras nEB•eHHe &.llUtOOTB YO'l.'&llO

IlBElllHMCJI B npeae6perB.R 6eTa-acli<I>eKTOM. a T8RJlB 21;elCTl!llJBM B9Tpa B npm

ll.OHHOro TpBHH.R. 
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IlyCTb pacnpexeneHRJe MBneH.l!l.S B H9B08MY~9HHOM nOTOKe OllJllClill89TO.R ~op
Mynoa (2.3.8). TaK BSK no ycnoB.ffll &= O , BS (2.3.6) cne~eT c = o , 
noaTOMY ypaBHe!Ule (2.3.?) npBHRJMSeT npocTeitmHI BB~ 

aljl = - h (2.4.I) 
B ltODHO IIJHTerpHpOBSTbC.R np.H ecTeOTBeHHOM ycnOB.lll/4 Llljl-> 0 npH l' _, 00. 

~OPMSIIbHOe pemeHRJe sa.aqIIJ MOlltHO sanscaTb c IlOMO~bE ~YHKU'!B rpHHa lt1IR 
ypaBHeHH.R Ilyaccoea (2.4.I) 

aO 

'V (:x,yl =ff G (x-v.y-tt) h(~.rt)d~dti, _.. 1 

ru G(x,y) =- - 2n en~:x:.2+y2'. 

JlJill IlOltBOltHLlX npeIIJ!TCTBIIJI oceCHMM8TpBqHol ~OPMLI h = h (r) pemeHI/Je 
npo~e nonyqHTb aenocpexcTBeHHO HS (2.4.I), TSK KaK none BOSMy~eHB.a .a:e
neHIIJ.R \fl 61ISro.ap.a 8UHCTB8HHOCTB pemeHB.R sa.aqB Taltlle 061ISM8T OCBBOI 
OHMM8TpBel B nerxo HaXO;IUITC.R. OHO BMeBT BI/Jlt 

r Q (T'') 
lj' (T') = - J -,- ctr'+ const , (2.4.2) 

0 T' 
T' 

rxe Q(r) = !l''h(T' 1 )dT''. 

CornacHO (2.3.3) B (2.3.8) xn.a OYMMSpHoro Il01IR MBneHH.a B Il01IRPHLIX 
ltOOPlUIHBTSX (T'.~) nonyqaeM npe;JtCTaBl8HB8 

p = -1fol'Si.Mlf + cllf' (l'). (2.4.3) 

PaocMOTPHM Bonpoc o6 o6paSOB8HHB B none TeqeHH.a saMKffYTLIX 1ll!IHBI TO
xa. X8J8KT8pHLIX lJIR BBxpeBLIX OTPYKTYP· .IlJIR BTOro HB06XOXBMO DO.RB neHBe 
IIO KpalHel Mepe OltHOI KpBTB'l80KOI TOqxe. B KOTOpol CKOpOOT& 06p:llQB8TOJI 
B KYn&, T.e. Pr = p., = 0 • 8TB ycnon.a np.BBOMT It ypaBHBHl!SM 

1f0 si.nljl + ~ Q(r) = 0 , lf0 rcosip = 0. 

Hs BTOporo OOOTHOmeHM onexyeT lJ = ±-¥-. HO T8K Kalt lt1IR llO.lU!OltHOI BOS
.BHmBHHOCTJ! h(rh 0 B Q(l') > 0 npB T' > 0 • TO nepBoe YJ8BH8HH .llJM88T KO

pear. um& npB If=- 'Jl/2, np.1qeM 
6 l' 
lfo = '.t(r) = Q("r) • (2.4.4) 

Hccne;JtyeM aTo ypaBHeHBe. lJIR M8111lX B 6on&lllBX r nono1111Ten&Ha.a ~HK-
~ J(r) BMeeT aoBMUTOT111qecxoe noBexeBBe 

:F(r)- ;~~O) {
- 2 - , T' - 0, h(O) > 0 , 

-y• r-+ 00 ,V)O, 

ue v = 21lQ ( "°) onpele1I.ReT 6eap:iBMepHL1I o6ir.BM npeMTOTBB.R. 3To osaa-
11aeT, 'lTO np.H H8KOTOPOM l'c ~YHKllB.R T(r) npBHBlll88T OBOS MllUIM81&H09 
8Ha'l9HB9 ~min• IloaTOMY yonOBB8 llO.RBIIBHB.R ltpl!TB'l80ltlllX ToqeK BM99T BB~ 

(2.4. 5) 
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XannepT LIIQ/ paccNOTpen eecxon&xo npocTHX MOAen&RYx npeIIRT.aTBBI, nllS 

KOTOPliX IIOCTPOl!ln rpaqil!IRI!! qiyH:IQHI ~(1') l!I BHql!lcnBn COOTB8TOTBYlllllll8 sHaqe

RM l'c H 'fmi.n ; IlpH 3TOM BOSNYlll8RllJI pn&eqe lH8 ROpNl!lpOEa nBC& ycnOEl!l8M 

h(O) = 1. B Ta6n. I npHl!OltffTc.a aHanorJr'lqRYe l!I eexoTopHe npyrme npHMeps, 

OlRBKO IlpH T8KOM ycnol!HH HOJlMBPOBRI!!. KOrll& qil!IKOl!lpyeTc.a 06'.beM v = 21i • 
'llTO BKEHBaneaTeo Tpe60E8Rl!IE 0(00 )= 1. Besne no• 8(i:) noApasyMeBaeTc.a 

eABRJllqRB.a qiyRKOJll.a XeBBcaba 

S(t)={1,t)O, 
0' t ~ 0. 

T!i6nBo;a I 
3Ha<JeRJll.a l'c B '.fmi.n = 1(-rc) n1lR pasnBqRJiX M01l6Il&RliX npeIIRTCTl!l!IA 

~OpM8 npen.aTCTBl!IB YpaBReHlr'le qiopM.1i1 npen.aTcT:eM lC T"''" 
IJapa6onoB1l Bpa111ee.111.a h(r) =48(1-r)(1-,..2) 0,816 0,9I9 
Ilonycqiepa h(r) = 38 (1-r)(1-r2 ) 112 0,93I 0,979 
Ilp.aMOI xpyrOBOI UHnBH1lP h(r)=20(1-r) I I 
Ilp.aMOI xpyrOE'ol KOHYC h(r)= 60(1-rlU-r) 0,750 0,889 
IloB e pXHOO T & ll pa 1118 Hl!l.ff 
rayccosol qiopM.1i1 h(r) = 2e_,.z I,I2I I,567 
IloBepxHOCT& Bpa111eHJ11.a a 

h(r)= e-1' I,795 3,353 OCTplr'leM 

I!OBepxROCT& l!pa111eR.111.a 
KonoKonoo6paseol qio.i;N.lil h(r) =(1-t-1"2)-3/2 I,272 3,330 

Bo l!cex nplr'll!81leHRYX BYD!e IIJllr'IMepax, Re88Blr'!Olr'IMO OT CT8Il8HB rDalKOCTl!I 

IIOBepxHOOTB h (r) • qJYRKOJllB 1(1") Ka'lleCTB6RHO l!6llYT oe6.a 0JlBH8ltOBO 

(pHc. ·ro), a :eaqJJoneeH.lile l'c B '.fmi.n OKasHBamc.a :eeoq1umMJJ o:zi.eoro no

p.a:zi.KB. IlpB 6/Vo >'frnin ypaBH8HH6 (2.4.4) JJMeeT :II.BB KOpR.a l'1 B l'z , IlpB

'116M 0<-T'1<rc<l'2-' 00 • HeTpy:zi,eo IIOK888T&, qTo oo6cTl!eHHHB 'llBcna MSTPBIUI 

II~~ ~::II :e sTJJx TO'llKBX pa:eHli .>.w= -6/2'f(r) B ).,!2'=6'F'/'52 • Tax KBK 
:f>O. '.f 1 (1'1)~0 l!I 'f'(l'z) >O • IIP.I! l' = l'1 o6a co6cTl!8HH.litX qiJcna OTpl!ID,8-

Ten&HH B CB.ff88HH8~ a NBTpBo;el KB8;ll,paTB'llH8.ff qJopNB .ffB11R6TC.ff OTpl!ID,8Ten&HO 

onpeieneRHOI, 'llTO COOTll8TCTl!Y8T N8ltCBMYMY :zi.a:eneHB.a; npB r = r2. co6cT

lleHH.lile qzcna JllM81)T pa SH.lite 8H8KB. B COOTBBTCTl!YDllB.ff KBanpaTl!lqff8.a qJOpY8 

OKBS.lilBaeTc.a eeonpe:zi.eneeeol, qTo xapaKTepeo :zi.119 ce:zi.nollol TO'llKB B none 

:zi,al!neHB.a. IlpB 6/1J0 ='.fmin nonyqaey cnBBHBe itopeel, npneM Tenep& A<2'=0. 
TaKBM o6pasO.M, np.11 c:eepx1tpl!IT,necx0.M peuye 6/1J0 > 'fmin cnpil!a OT o;eHT

pa npeIIRTCTl!H.a. ecnB CMOTpeT& BHB3 no Teqemrn, IlOJ!BllRBTC.a o6nacT& 38Nlto

HYT.lil nBHBI TOKa. 3TOT pesyn&TST qilr!snecRI!! IIOR.a'l'BH, T8R KSK Ilpil h ~ 0 
lr'IHnYIJ;BPY&M.litl npeIJHTCTEB6M B.l!Xp& Il0119 B03MYlllBHH.a ~"' = -h~O .aB11ReTc.a ae

THo;BKnOHBqecK.l'IM. 'llTO Ill IlPW30.lUIT IIpB B88ilMO;ll,eicTBH a O;!UIOpo;ll,H.litM sa6e

rallUIHM IlOTOKOM K IIOffEHBHl!lll 06118C'l'H 88MKHYTHX JIIHill TORS. B onyqae no~

:eo~RO! ROTHOB.HH.lil ( h ~ 0 ) BBXp& B none EOSMYllleHB.a BBIIRBTC.a QBKHOHB'tfec-
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P H o. IO. IIIYHKUHB J(r) (2.4.4) 

ll.1IR IJpeIJBTOTEBI pa3nB'<!HOI 

ipopMLI 

I - napa6onoH21, :epa111eau, 

2 - nonyoipepa, 3 - IIPffMOI 

Kpyro:eol UHRHH;ll.p, 4 - IIPffMOI 

Kpyro:eol KOflYC, 5 - IIOBepx

HOCT& :epa111eH11B rayocOBOI 

ipopyLI, 6 - UOBepxHOOT& :epa-

111eH.WJ :eB;zi.a h(r) = e-:r , 7 -
no:eepXHOCT& KOnOKOnoo6paa

HOI ipop.tLJ. h ( r) = ( I + rZ r 312 

UM. B o6JiaCT& 88MKHYTLIX nm
HBI TORa IIORl31IR8TCJ'J IIO ne:ey11 

OTOPO.llY OT U8HTpa KOTROl3HHLI. 

Blmie ML! l3Bll.8nll, '<!TO KOHK

peTHaB qiopMa npeIIBTCTl3H.ff Ra

'<!80Tl38HHO HE l3RH.ff8T Ha no:ee

;zi.eHHe llOTORa. PacCMOTPHM IIO

STOMY 6onee IJO;ll.p06HO IIPOOTel

lllRll cnyqal QHn11H;11.pB'<!8CKOro 

4 

2 

0 2 r 

npeIJBTCTBH.ff h(r) = 9( 1-r) • CornaCHO (2.4.2) H (2.4.3) pemeHHe B IIO-

llllPHLIX ROOP:zU'JHSTaX HMeeT l3B;ll. 

{ 

1 
- (1- l'2 ) r ~ 1 
4 ' ' 

p = - 1f0rsLn1f + 6 1 
2 enl' ' r ~ 1, 

(2.4.6) 

r;u.e H3 ooo6pallteHHI Yll.060Tl38 Heoy111e0Tl38HH8JJ UOOTORHHaB l3 (2,4. 2) IIPHHff

Ta paBHol·I/4. Jierxo y6ell,HT&OS'l, '!TO np.H 6/1Jo<2 E llOTORe H8T KPBTB'<!8C 

KHX TO'l8K, a npB 6/Vo>2 BX ll0B.B1IR8TCJJ ;II.Be: (0, -21!a/6) B (0,-6/2Vo). 
IlepBYll TO'<!Icy t paononOEBHHYll Ha;ll. npeIIBTOTlll!leM. OKPY:BallT S8MRHYTLl.8 nBHJ.111 

ro:m :e EHll.e KOHUeHTpB'<!eoRHx oKpyaHocTel :x.2 + ( y + 2V0 / 6 )2 "' a2 , O"a" 
~1-2Vo/6=a.c. Ha PHO. 6, a, 6 H306pallteHLl. nl!HH.111 TORa OOOTE8TOTB8RHO lt1IR 

ll.OKPBTB'leCKOrO (6/lfo<2) z CBepxRpBTB'l80KOrO (o/Vo>2) peDMOB. 

AHanBTB'l80ROe pemefnle MOEHO IJOOTPOPIT& Taue E ony-qae, ROl'll.8 npellflTC'llo 

He BMeeT !PO?AY llPffMOro 31InBUTH'<!80ROro QH1Il!IH;ll.pa 0 nonyOOBMll a H 8 t 

B npe;zi.el.l8X ROTOporo M.lil np.HMeM h == 1. Onpe;zi.eneHHe !PYHRIUUI ~ B3 ypa:e

HelmB (2.4.I) 3Rl3.l'IB8RBHTHO Ilpl'l STOM l3Ll.'IBOR8Hl!!ll !PYHKUHH TOBa ll01IR ORO

pOCTB t BHll.YUHPYeMOro l3BXP8M Kl!pxrof$1 /44/. B:eell,eM HOBLJ.e ;zi.eKapTOllLI KO

Opll,HHaTLI :x.', y1 TaR, uo oo& Ox.' oooTa:eJIBeT yron ~* o 00&11 Ox B 021.

HOBpeMeHHO no HaIIpal3 nemrn OOBII8ll.8 BT 0 6on&WBM 21.HaMeTpOM s nnBIIOS. BHe 

3RnHII08 Yll.06HO HOIIOR&30l38T& snnl!IITB'<!80RB8 ROOp;ll.JIHaTl:i ~, 'l t Ol3B88HHLl.9 

o ;u.exapTOBYMJIJ oooTaomeimsus x' = cch ~cos'l, y'= csh~sLn ~ ,r;zi.e c =fo2-ei2' 
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B 91lJIJIIICY OTBt1'188T OTP880It ~=Vo. 0~'1"211 'IIpB'll8N th~o=6/a.Tor
lt8 pemeHBe ypaBH8HHJ'J (2.4.I) 88nBCHB89TCS B BBll.8 

{
_1_ (6.x'2 + ay'2} (:x.'/a)2 + (y'/f5)2" 1 
2(a+ll) ' ' 

't' = - a II ( a6 -2-
-2- ~-fo) + 4(1+e 'cos2~). lx'/a)2 +(y'/6)2 ~1. 

BHt111c11elUllie c IIOMOllllil> nzx Q}op.1y11 1lBHBB TOK& pesyn&TBPYDllero no1111 

p=-y+6'fl IIPB c:eepXRp.HTB'IBCKOM 8.1!8'19Hl'.IB 6= 5 II l.J'*=O (a), '.Ti./4(6), 

'Jl/2 (:e), 31i/4 (r) 11so6paaeHH 118 pJJc. II; Hsll.e xopomo EBJU11i1. o6JJBCTB 

CT01160B Ts1tnopa. 
PaCCMOTpeHHS.9 cxew IIOTOltOB He JUl1lffl>'rCS 9lUIHC'l'll9HHO BOSMOZHSMJI. Katt 

6111110 IIORa88HO B § 2.I, H81lll'IH8 Kalt yrOll.HO Ma1lOro OTJUfCIHOro OT HY1111 IIJll
ll.OHHOro TpeHaR IIpJJEOlUIT R o6paso:e&HBI> B 06118CTSX c SBMitHYTHMB JIJIHBSMB 

TORa sacTOIHHx SOR, B ltOTOptil lBBJteHBe O'l'CYTCTBYBT. 3TO 08118'1188'1', 'ITO 

npJJ k. - 0 ll.ODBH CYlllBC'l'EOBa'f& npe;iten&HJdt C'l'an&OHapH.lil pellUllM' B ltOTOPO.M 

p = const :e ee1t0Topol o6mcTB E • B &TOM C1IY'IJSB ea ee rpamu:(e r ;itozm... 

eo :ermomtancs ycnoBBe Ap= 0 o coxpaaeHJJeM e:enpepHBHOOTB p B Pn. Tax 

BBR oormoHO (2.4.I) IIOT8HIVl8111itH.lil B.HXp& Bll,011& KaQOI 1lBHBB 'l'OKS oox

paHReT IIOCTORHH08 8Ha'l8HB8, OTCllll.a C1l8ll,Y8T, 'ITO rpaHBQa r SBOTOIHOI 

o6nac'l'B co:enall&eT o mso6aTol h = const • Jln.a xpyro:eoro n&IDIHll.pa HHPYll.

ao nooTpOl11T& peweH.He paoOMaTpJJ:eaeMoro TBna. B Kpyre E paXJ!!yca Cle ina 
pememu1 (2.4.6) BM89M Ap=-6; IIOSTOMY ec11l'l It STONY pemeHBI> IIpJJ68BBT& 

pemeHBe ypa:eHeHl'!s 

t:.'-{6 :e z:. 
P - O :eae I: , 

llpJIHBMBDll99 IIOOTOSHH09 8H8'18HB9 Ha rpaHBU9 r l'I Yll.OB119TBOPffDll89 Y01l0-

:Bl'ISM Vp'-+ 0 Ha 6eoxoanaocTB, TO cyMMa 6yxeT YlO:e11eT:BOPffT& yp:i:eaeHBll 

A( p + p'} = 0 B r: B rpaHB'IH<*Y YC1l0Eilll p + p' = const H8 r . B Cl'l11Y 

9lBHO'l'll9HB'.OCTl'I pemeH.HR 88lt&'IB JlBpBxne l1lS ypa:eaeHBa Jiannaca STO 6YJl.YT 

08H8'18T& p + p' = const :eesie B l: • ~YHitlllBS c YK88811HSMl'I CBOICTE8MB oy-

111eoTBYBT B .l!M88T :BBl, 8fl8110rB'IHHI BTOPOMY cnaraeMOMY :e (2.4.6) 

{ f(a~-1"'2 ), r'~ac, 
p' = - 6 1 l'' 

- - en - , 1" 1 > Cle ' 
2 ac 

rll,e l''=[:x2 +(y+2lfo/6) 2 ]112 - paOCTORHBe ll.0 'i'O'IIG! (0.-2lfo/6) (pHc.I2). 

IlpJJ6aB11SS STO pemeHHe It (2.4.6), II071Y'l.llIM 

+(1-r2)- f (a~ -r'2J, r'> Cle, 

1 1 1'1 

p=-1f0l'sin~+cS 4 (1-r 2 )+ 2 enae' r~1,r'>ac 
(2.4.7) 

1 1 1' 1 - - en r + - en - ' r > 1 • 
2 2 Oc 

JlerKO npollepH&, 'ITO B E lt&:B1l9Hl'le IIOCTOSHHO ( p = 1fo = consi) 111 ll,lll'l-

&eH.He ll.BIC'l'llHTeH&BO OTOYTOTBY8T, PemeHBe (2.4.7), Bso6pa&eHB09 B B.Hle 

54 



7mHH1il: Toxa sa p.rao. 13, 6, 6y110 nooTpoeHo HHl'epoo11110M LII47; OHO onpa

B9ll1IHBO B OBepXRpBTB'll90KOM 01IY"l89 6/lfo ') 2(ac> 0) • 3aMBTBM, 'llTO ,ll;1lfl 

(2.4.7) IPYHKQM f(p) B (2.3.I) He .11B1lf!eTo.11 o.ir;HossaqHo1il: z aHa1Ii'ITHqeo

xol IP.YHKlll!lel; np.ra p = V 0 OHS .ir;onyoxaeT na saaqeHJ11.11 - o .ra 6 • 
BOSH.llKae'r :eonpoo. KaKOI .es .ir;:eyx paccMOTp9HHYX peJE.HMOB T8'q8HJlIJi RB 1lfl-

8TOS H8B6onee :eeposTHYM :e np.rapoxe. Cor7l8cHo np.ra:ee.ir;eHHYM 13 § 2.I oueH

KBM. BpeMS OT8UHOHillpOBaH.HR np.ra H81IB'llHB 13S8ltOCTH HMeeT UOPJ'I,ll;OK BpeMeID! 

OUBHana t**. F.c7Ill BS3ROCTL O'tleHL M81l8. TO npouecc CT8UHOimp0138IDIS B 

o61J8C'l'B 88.MRHYTYX 1lllHJlll TOKB 6yJ;eT IIpOTeltB'l'L O'tleHJ> Me.ir;neHHO. Tor.ir;a pe

meRHe ypa:eRe.HWJ (2.3.I) :zum cny'tlas, Kor.ir;a DOTeHQPJanJ>HY1il: :enp& F(p) on

pexeMeTcs .:eesJ;e ycnOBMNi'I H8 6eOKOHe'llHOO'l'i'I, BR1111'18.R B 06JiaCTH 38.MKH.Y

TSX 1IBHJlll TORS. MOZHO paCCM8Tp.HB8TL Kalt pemeHJlle KB83BYCT8HOB.H.Bmeitc.R 

38ll8'11H. DpBI'OllHOB Ha npOMeayTRe BpeMeJm, KOTO:pHI ropa SJ;O MBHDllle 13per.te

HB, Tpe6y.EIMoro ,ll;1IS U01IHOro BC'tleSHOBeHBS ;llBB&eHB.fl 13 88CT01il:H01il: 06l!SCTB, 

HO 6on&me Bpe.MeHB KB83BOT8a;20HBPOB8HM [i36]. c Te'llBHJllBM BpBMBfil'l .ir;BB

aeoe l! o6naoTB 38.MKHYTYX 1lllHJlll 'l'ORa 6y:neT 38Me:n1lf!T&c.R, noxa :e npe:nene 

ae o6pasyeTo.R saoTolaaa o6naoT&, OlllloYBaeMas pemeHBer.t Harepoonna(2.4.1). 

HHTepeoHO OTMBTBT&, 'llTO 8TO pemeHBe OCTaeTCS cnpa:ee:n1Ii'IBYM, ec1Ii'I B HeM 

38.MBHJll'l'Et ac H8 nll6oe a~ Oc ; 8'1'0'1' pesyn&TaT MOZHO BOT01IKOB8TD KaK He

ROTOPHI DPONBZYTO'llHlili sTan 8B01Il>a;2B OT pemeH.Hs (2.4.6) R pemeW!1~(2.4.?1 
TaKHM o6p:isoM, pemeW!le 0'1'8IlHOH8PHOI 38ll8'11B IIpH OTOYTOTBHR.! TpeHJll.R .RBM-

8'1'0.R OBHrY1IBPHHM B TOM OMSone, '11'1'0 H87DltUJe R81t yro.ir;ao Manoi B.RSROOTH 

MODT oyD1eoTBeHHO BHltOH3MeHBTEt ero ft.Oii. 
Ilep:eoe reOIPBSH'llBOROe npB1IOlleHBe OT0116013 TsAnop:i 6.Y1IO OB.RS8HO 0 T8K 

sasimaeNSM Bon&lllBM xpaoH.YM IIRTHOM .Dnl!ITepa (EKIID) - KBaSBO'l'8IlHOHapIWM 

BBXPBM B o:nsoi BS 30H8 n&HSX nonoc 8TM001Peps IOnHTep:i. 08MOi 60JIDlll01il: IDJB

H&TS ConHe'QHOI OHOTBMY. Xelll /irJ.37 :esoxasa n ri!DOTesy. 'llTO 8'1'0 saraxoq

HOB o6pasOBaHBe, B 3 p:isa npeBOOXO:n.RD1ee DO pasMepaM 3eMn~. MOZeT 6.liTJ> 

OTOll,60M Tslnopa. BOSHJllRlllHM B pesyn&TaTe BOSJ;BIO'l'BB.ff Ha aTMOOIPepHSe no

TORH RepoBHOI UOJ;OTH7l8DllBii no:eepXHOO'l'B. Hs ooo6paeHHI TBOpBH paSMBP

HOOTel OH I101lYtlBII B.lipalleHBe :nn.a KPBTR.!t1eo1t0I 13.1100'1'.lit npeIIRTOTBB.R 

(2.4.8) 

rJ;e V* - xapaRTepHa.R OKOpOOTD 138Tpa. l"" - xapaKTepHHI ropH30HT8111>

HHA pasMep npeIIRTOTBB.R. LO" - yr7I0138.ff OROPOOTJ) Bpa111eHP1.a U7l8HeTJi, H* -
B.1100'1'8 8TMOOC{lepu, cl.. - HeKOTO:pH:lt 6espast.1epH.1iti napa.MeTp. JlerKO 13IrUteT&, 

t1To :e ~espaSMepHHX nepeMeHHSX eToT xp.raTep.ral nepexo:n.raT 13 13.litTBRalOOlee np.ra 

V0 = lf* BS (2.4.5) yono:e.111e 61<p = '.t(rcl = J.. • Ilp.111 l* = 25000 KM, H* = 
= 12000 RM, lf*= 2 M/O 14 w- = r,s.ro-40-1 HS (2.4.8) UOJ!Ytl8BM he= 
= 6 KN. Xeln B H66eTOOH fI047 OTM0tlSllB, tlTO ri!UOTesa 0 np.rapoJ;e EKilil 
eoTL He 6onee RaK 130SMOEH!il DB.i;iB!il mar K COSJtalillJ'.D T00pBill. 

r111nOTBSS Xelita B.litS138Jia OlUl:eneHHY~ HaYtlHY~ nHCKYCCH~ Ill CTillMY1Ii'IPOE8ll8 

UO.RBJieHHe pgna BHTepecHSx TeopeTHtleCKillX Ill aKonep.HMBHTSJILHiiX BOcneno:ea

H.lll cTon6o.E Talnopa L86, 104, II4, II6, r'667. IIony'leHHHe aeita:eHo c no-
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a 

e 
p B c. II. JfHHBB TORS pesyn&THPYllUIBro TeqeHH.S Ha~ Ql!lnB~pBqecRBM 

IijlBII.ffTCTEHeM snnHnTBqecxoro ceqeHHB (mTpBxOBas nHHBS) 

c nonyocsMB a = 2, t5 = I/2 np11 pasnsqHHX no1oaeH11Sx 
llB1lHH~pa 

y 

x 

PH c. I2. K sune Herepco111ia 



a 

P .111 o. I3. .ll.HH.111.111 TORS .B sallQ'lle Harepoonna tiI41 
a • 6 = 2 .Ill 6 - 6 = 4. 3aOTOIHa.ff 

o6DaOT& samTp.IXOB&Ha 

P .H o. I4. C'l'&ttl/IOBaPHa.ff 1toH4J.111ry
p&UJIJI' Tonorpa@ll'lleoxoro .111 o.Bo6o~

aoro {samTp.111xOEaH) .BBXpel np.111 
6 = 4 (no ltEOHOOHY /i2Ql) 

P .111 o. IS. CxeMaT.111qecKoe .111so6pa
aesH TODorpa~.111'1190ROrO ( T ) .Ill OB0-
60ll.HOro ( 5 ) :eupel 

y 

(x,y) 

x 
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MOIUblO MeEIInaHeTH!lX CT8Hill!li "BORAlltep-I" H "BORAllep-2" HOElie 2UIHH.ble 0 
CTPYKType EKilD, l3 qacTHOCTH, ll0Ka38Jll!, qTo EHYTPH llHTHa HMeeTCR aKTHE
HaR IlHPKYJIRQM, a CKOPOCTb EPEllUSHHH raaoE l3 CT0116e TeM MSH&me, qeM 6o-
1lbllle EliCOTa. 3TO MOEeT Cl3BAeTe1l&CTJ30l3aT& 0 E8lltHOCTB TaKHX a<W>eKTOl3. KaK 
CTpaTHfPHRaQM H 01PepzqHOCTb, Ha qTo YI<a3lil381l V1Hrepco1111 fII41. ViMelOTOR 
z npyrze 06'!.RoHeHKR npoHcxolltneHHR EKI!Kl, Hanp.l'lMep, cyiuecTJ3eHHo zcno110-
sy10111Be HalIHqHe nonepeqeoro OAEHra oKopocTH E Ha6era101UeM noToKe !'12, 
I33, 134/. 

Eo1IH opaEHBTe1I&HO aenaEHO nooTOJ3epHOCTb cymeoTEOEaHHR CT01I60E Tai
nopa E OKea He E.blSl:ill!a na onpene 1IBHH.ble COMHSHHR. TO E H0CTOH1Uee EPSMR 
oxeaHOIIOrBR pacnonaraeT Yllte y6enzTe1I&H.blMH OEHAeTe1l&CTE0MH pean&HOCTH 
STBX E.1'1.Xpei, c yqeTOM Tex H3MSHeHBi E .llX CTPYKType, KOTOpae npHEHOCRT
CB CTpaTH~.llRaUBei H CAEBraMH CKOPOCTH E Ha6era1DU1eM IlOTOKe /90, IOO, I4.§l 

2.5. CTaUl!OHSpH.ble ROH~Hrypaill!IH TOnorpa~Hqecxoro H CE060AHOro EBxpei 

Ilo coEpeMeRH.lilM npencTaEneHHBM onHoi za :eosMOXH.lilX npzqza wopMBpo:ea
HHB E oxeaae :ezxpel czeonTzqecKoro z cy6czaonTHqecxoro MacmTa60E HaPR
ltY c 6apoTpOilHOi H 6apOR1IHHROi HSYCTOiqHEOCTblO BEJIReTCB pen&e~ AHa. 
llaHHlili :eo BEenemrn aneMeHTSpaai aHanza Tonorpa~zqecxoro IJ,I1JK11oreHeaa 
llORaSl:U!aeT, qTO E paiOHe llOAEOAH.blX rop MOryT cymecTEOESTb ycTaHOEHE-
1mrecB TeqeffHB. EK1Ill'IEllOlllH8 HBKOTOp.ble CTSUl!OHapH.ble KOH!PHrypauzz TOnorpa
!pzqeCRHX B CHeceHH.blX :emcpel. IlpHMep AJ1R npenHTCTBHB E Bzne RpyroBoro 
WJIIHHltpa ROBeqHOI Bl:l.COTl:l. 61i111 llOCTpOeH .lllltOHCOHOM /j2§]. 

B HaCTMlllBM naparpa~e Ml:l. c 6011ee :eacoxoi TOqHOCT&ll nocTpO.llM aoHMn
TOTHqeoxoe peme1We cTaIJ,IlloHapRol 6apoTponaoi sa,naqz lt11R EOSMBlllYHHB pe11&
eqe nae E wofNe llJlRMoro WJ7Il'IHitPa, HO npoeaEon&eoro nonepeqeoro ceqeHHH 
[2(1. MOllHO npencTaEHTb ce6e TaKOi 3SKOH OTSIJ,IIJOHHPOESHHB Ha6eralllllero 
llOTORa, npz ROTOpoM T01IbKO qacT& IJ,IIJK1IOHHqecRoi SSBHxpeHHOCTH YHOCHTCB 
l3 68CKOH8qHOCT&, a OCTSBlllaBOR SSHHMSBT CTSUl!OHapHOe ll01IOlltBHHe B OKpecT
HOCTH rop1i1; aTo 06cTORTe11&cTEO yqzTl:l.BaeTCB npz WOpMYIIHPOEKe aanaqz, 
rnaEHOi Hamel qe11&10 6yneT onpeneneHHe WOPM.ll B ll01IOlltBHHH !lflK7IOHHqeoKOro 
EHXPR, KOTOplii E Aa1I&He~eM l3 OTIIHqHe OT TOnorpa~gqecKoro HaSl:U!SBTCR 
CB060ltH.llM i I<apTBHa 1ll'IHHi TOKa TOll01IOrHqecKRI HMeeT TSKYIO Ee CTPYKTYPY. 
RaK B E /f26/ (pzc. I4). 

IIonaraR 6 = 2/.:1... ll01IY'CJHM AIIR llOTeHUBa 1IbHOro BHXJlR Bl:l.p:tllteH.ee 

2 
n =tip+ 7h(:r,y), (2.5.I) 

rite J..<.<. I ecTD OCHOEHOI Ma1I.lli napaMeTp sa;n.a'CJH. llYCTb T H s COOTEeTCT
E0HHO 0603Ha'CJSllT l!.BB RenepeoeRaD!IHBCR 061IaOTH, 30HST.lle TOnorpa~H'CJ0CKBM 
ii CEO(jonHaM BHXJlRMHi oqeBBltHO, h = I E T H h = 0 BHe T • Pacnpene-
11eHBe OTHOOli'JTenao! sa:ezxpeHHOOTB tip nerxo HSXOltHTCB BS 3SKOHa coxpa
HBHHJ! llOTeHU1!01l&HOro EllPR (2.5.I) A7IR RalltltOA lltH;ll.KOi 'CJSOTBUl:l. (CT01!6BKa) 
E npouecce CTSill!IOHHpo:eaHHB as Haqan&aoro cocTORHBB noKon, xor:n.a Besne 
lip= 0. TaK KBR E KOHe'CJHOM OOCTOREmil T COCTOHT .1!3 'CJSCTHn, nepBOHa'CJa1ID
HO HaXOltHBWHXOR E 061IaCT.ll c pOEH.blM ;II.HOM h = 0 • a 5 - H3 'CJSCTH qaOT.BU, 
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pacnonollteHHhlX npH t = O Ha;n. npe11.RTOTBHeM T' , non.yqaeM ( 11 p ),. = - 2/o( < o 
Ji! (llp)5 =- 2/./.. >O. MHZJ;YUl'JPY6Mble STHMH 3aEHXP6HHOOT.RMJi! Il07I.R ;n.aB7I6HKR Ebl

palltallTO.R o noMOlllbll norapH!PMH'!ecKHx noTeHuzanoB. HanpaB7I.R.R oob Ox E;D.07Ib 

Ha6eravmero IlOTOKa, OKOH'l0T67IbHO ll01IY'IHM (0603H0'16HH.R CM. Ha PHO. I5) 

CYMMapaoe none ;n.aBneHH.R B Bzzi;e p = p0 + pT + p5 , r21.e Po= - y RI 

1 
pT= - cl1i. qenrrdfd'l., 

Ps = r:I.~ {fen r 5df d1,' . (2.5.2) 

IlpH CT0tlJi!OHapHOM reocTpopHqecKOM ;D,EJi!llt6Hl!lH rpaHHua 'dS o6nacTVJ s ;11,0lllt

Ha 6b1Tb lmHHei TOKa, T.e. H306apli!qecKOH 7ll'lHHei 

p/ = const. 
35 

(2.5.3) 

Bbi6Hpa.R COOTE6TCTl!YDlllHM o6pa30M Mac111Ta6 l4'. 6y;n.eM C'qJi!TaTb, lITP noo-

1110;11,b npen.RTCTEH.R T pal!Ha TI • YqHT.!:ll!a.R, lITO E o6meM cn.yqae l! 5 nonazla

eT 7ll'llllb qacT& caeceaaoi c T saE.expeaaocTH, npHMeM 

fJ df d~' = '1'.Ti , D ~ '1'-1. 
5 

(2.5.4) 

IlpH '1 = I EC.ff tlJi!R7IOHl!l'q00Ka.R 30E.lrlxpeHHOCTb !POJlll.lrlpyeT s , a np.1!1 '1 = 0 
OHa EC.ff YHOC.l!ITC.R E 6ecKOH0"qH0CTb. ~KTH'q0CKOe 3HalJ6HHe '1 onpe;u,e7I.ReTC.R 

30ROHOM OT8tlJi!OIDipOEaHH.R V{t) ~ v"' CKOpOCTl!l aa6era1Dmero IlOTOKa .l!I .Rl!1I.R

eTC.R napaMeTpOM npell,blCTOPHH KOHeqaoro CTatlJi!OHapaoro COCTORHRR. 

TaKl'lM o6pa30M. sa;naqa CEOll,HTC.R K onpe;n.eneHHIO cPoJlltbl H Il07IOllt0HH.R s 
H3 YC7IOl!l!l.R (2.5.3) C Y'l0TOM (2.5.4). 

IloMeoTHM aaqano KOOp;D,HHaT E reoMeTpRJqeciwi ueHTp T.Rllt0CTH TOnorpa~H

qecKoro l!HXP.ff H IlYCTb r = RT (1.f) BCTb ypaEHBHHe rpaHl!lULI aT E Il01I.RPHWC 

KOOpZJ;HHaTax. YqHT.!:ll!a.R COOTHOillBHHe l'r = r[I +(p/r)2 - 2(p/r)C05(1j1-1f)] 112 

(pHc. I5) H .l!ISEeoTHOe pa37IOlltBHHe 21.ruI pan;HKana (/8/,c.55),npHr.>ma:xRrllJ ., 
MOlltHO 38UHC8Tb 

enr = enr - B (.i._)k cosk (ljl - tp). 
T k;1 T' k 

B1i1no7IH.R.R E E1>1paxteHHH 21.M PT KEa:n.paTypy no p , nony'IHM 

p0+pT = _!_[-cirsin1f-fnr+f:-k1 k(Akcosklf + Bksinklfl], 
~ ~2 r 

(2. 5. 5) 

r21.e l!l!e;D.eHH xapaKTepl'ICTHKH ~OpMl>I npe11.RTOTEH.R 

{ Ak} = -'-2J1i Rk+2 ( ) {C~Skljl} d k ~ 2. 
Bk '.Ti(k+2) 0 T 'f' smklfl 'I' ' 

Haii21.eM RpHTHlJ0CKYID TOlIKY <ra,lfo) Il07I.R (2.5.5), E KOTopoa (po+Prl,.. = 
= (p0 + Prl 'f = O. STa CHoTeMa ypaEHeHl!l:H HMeeT pe111eaHe 7ll'lmb npH r:I. "-ct.KP, 
KOTopoe saEHCl'IT oT !POIJMH T • HanpHMep, E cn.yqae Kpyra, RT(lf) = 1, HMeEM 
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r:/.. KP"" I • IIpeltCT&B 1laR pemea.11e :e B.lllte IJHltOB no cTeneHRN nai:eMeTpa rJ.. , 
U01IY'IBM 

f 2 (5 2 2 ) 3 ( ) 4 ( 5) r 0 = ":J: -A2J..+B3 oC. + 2B2 -2A 2 +ALJ J.: + 6B2A3 +5A 2 B3 -B 5 rl.. + 0 cl.. , 

'.JI 2 3 ( ) 4 ( ) 5 ) lfo=-2-B2o(-A3o( + 84-5A2B2c/.. + As+6B2B3 -6A2A 3 J.. +0(o( 6 

IJm, B lt8KapTOBlilX ROOp;llJIHSTSX, 

l'.o = T'oCOSlfo = - B2J -A3J2 +( 84 - 4A2B2)o(3 + 
+(As+ 5B2B3 - 5A2A3 )rl..4 + O(J..5 ), (2.5.6) 

Yo= rosinlJo == - ~ + A2J..-B3,J..2+ (2A~ -2B~ -ALJ)oC.3 +(B5-5A382-5A2B3}J4+0(J.5). 

J11IS M 1ll>HeAmero y;u.o6HO nepelTB R UOllRPHliN KOOPlt.HH8T8M ( R, 8) OTHOCB

TB1Il>HO nonooa (:x 0 , y0 ) • Y'IBTHBa.11 O'leBB;ll.lll:ile COOTHomeHB.ff T'COS!f = x 0 + Rcos8, 
T'Si.n'f'=Yo t Rsin 8 B B.HUOllllR.11 :e (2.5.5) nepei:esnollteHBe, UOllY'IBM c TO'l

HOOTl>E ltO Heoy.eoTBeHHOI S:iut.HTllU!HOI UOOTO.llHHOI 

I { R2 2 R3 3 . [ R~ 1 2( . )J,,, , ,s)} 
p0+pr = J -2J. cos29-3J: srn3B + 4cos4B- 2R A2cos2B-B2sw2Bj +01"- • c2•5• ?) 

!Iyon R = R 5 (6) ecT1> ypa:eaeHBe as • BauonHR.a :e (2. 5.2) OltHY KBalt

JeTYPY' B HOBlilX uepeueHH.HX nonyqHM 

1 2J[ 

p5 (R,8)= U1i !G(R,8;1j1)d1j1, 

ru G(R,8;"'1) == f [R~('l')-R2cos2(yi-8l]en(R~(..,,)+R2 - 2RRs(.,.,)cos(YJ-e)] + 

I [ Rs(ljJ}-Rcos(ljl-8) 
+2R2Jsin(..,..-8) cos(ljl-0) a'lct9 Rlsin(4J-BJI + a'Zct~ 

- RR5 (1.j1)cos (ljl-8). 

Honon1>sy.11 npeltCTa:e1eHBe 
4 . 

R5 (8) = d t ?;) rl..Lfl(8) + O(oC5), 

.uozHo san.111can 
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r;11.e Ci - UOOTORHHHe, ;ll.1111 onpe;11.e11eBM RO'l'Opb!X OIIYElllT ,VOIIOJ!He (2.5.4), 
UpHHlllMa 11118 e B.llll. 

1 2.Ji 

2bR';(8)d8 =tt1L 

0TClllt8 C UOMOUl&D' pa81IOZ8H.llJ! (2.5.8) IIOIIY'ISBM 

21i k 

:fo(sl= ct =W, J ~ft<sifk-i.(eJcte=o. k = t.2,3,4. 
0 L-0 

0U,VCR8J! HeCJIOZHSe, HO rpOMOSJtlUle BYR118:1llUI IIO BH1:JlllCl8HHll Cjk(e) • 00-

TSHOJ!lllMCJ! Ha 06meA CTpyKType OOOTHOmeHHI (2.5.IO). Boe OH.II .IJM81D'l' BB;ll. 

HHTerpaJI&HYX ypaBH8HBI ~peJ,rOJI&Ma BTOporo pO;ll,8 

f(e) + ~ [i ('f'len (2 /si.n 111 ~ 8 I) d'I' = g(e), (2.5.II) 

rlle f(S) - O;ll.Ha l!lS li'ICROMHX 4>YHRQllll fl(e) • a 9(8) - li'ISB80THY8 upa:eye 

'ISOTB' oupeitell'JleMSe Z::OCJI8;11,0B8T8JI&HO. HeTpy;D,HO IIOB8S8Tli, 1:1'1'0 YCIOB1!18M 

pasp81111!lMOOTB ypaBH8Hl!lJ! (2.5.II) J!Bm18TOJ! opTorOHalI&HOOT& upaBOI 1:J80T.lr'I 

R 4>.vHKWIJ!M sin8 l!I cose Ha OTP88R8 [0,21i] • llpH BHIIOJIH8HHB &Toro 10110-

BBJ! g(e) NOlltHO pasJIOlltlr'ITD B PJ!;ll. ~yp&e: 

9(8) = J... 0 + ~2 (oCkcosk9 + .f!iksin k8), 

ll 'l'OrJl.8 peme1me BMeeT Bll;D, 

... k f (8) = oCo +a cos e +6sin e + L: - (c(kcos k 9 + ftksln k e) 
k=2 k-1 

c IIpoH3BOJI&HYMl!I IIOCTOJ!HHYMH a H 6 • llpH pemelUIB DOOJieltOBaT81&HOOTll 

ypaBH8HHA (2.5.IO) STB IIOOTOSHHY8 Ka:IWll pas OK8SHB81D'l'CJ! pa:elWl.B HYJlll 

B OB71Y YIIOMJ!HYTOro CBOIOTB8 OpTOrOH8Jl&HOOTll. llpHB8:1l8M OltOH118T81&HS1l 

p&SYlll'1'8T 3 

R5(8l=.J1!{1+J:2cos28 +; Vlsin3e+[(i -fri.)cos49-

-t +A2cos2fl-B2sln2B]l'} + O(J.5). 
(2.5.I2) 

&opuym (2.5.6) B (2.5.12), OIJp8Jt8JISDllB8 IIOJIOZ8HJ18 JI 4Jop.ty OB060Jt

HOro B.lllXPJ!. Jl,811T pemeHl!e paCOM8TpJIB88MOI 88:.S'IH 0 OD1B61t0I O(J...5) • B 
1:JSOTHOM 0111'18e gpyrnoro upeDJ!TOTBlllJ! RT(lf) = 1 up yo1oe111a nouoro 

S8XB8T8 ~KJIOHl!l'Cl80KOI S8BBXP8HHOOTl!I ( ~ = 1) II 0 ODU161t0I 0 {J..4) T8K08 

80.IMDTOT.1111180K08 pemeHlle .lllOIIOl&80B8100& B t12Q/ ll1UI T80TlilpoB8HllJI 1:JBC1JBH

eoro 11 eTOJl.8 • 

CoorreomeHBJ! (2.5.6) uoKasHBam, 1:JTO ~PMS upeIIR'l'OTBU, OT 1t0Topol 

SSBBCJ!T KOs(pp.111~8H'l'H A k ' Bk ' k ~ 2 ' yae :e uep:eOM IIOPff;ll,R8 OTROCJIT8 l&

HO DapaMeTpa r:J.. B1IM8T H8 DOJIOZ8Hlll8 CB06o•eoro B.lllXPJ!. B TO Jt8 BpeMJ! 

OOOTB8TOTBYDll88 BIMHll8 H8 ere 4>0PMY (2. 5. 12) Iijl08'Bllff8'1'CJI npes DOOPl\ll-

OTBO A2 a B7 um& B '!leTBepTOM uopa;11.lt8. O'l'olWI CUltYeT, 'CITO DpilHff-

TaJ! B /126} T01:JROCT& 0680D81:JIB88T BOOiijlOBSB8l8Hl!l8 llllll& TOI 1:J8CTB ~JN.Ii 
OBo60JtH'OI'O BHXPJ!, ltOTOp&JI H8 88BlilCJllT OT 4Jop.tii Dp8IIRTCTBBJ! • 
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3aM8THM, uo pemesBB (2.5.I2) ODp:IB8JtDJllBO IBlllJ. JtlJS d.."-J..*<. cl1ep ' rJte 

cl..<! • 88E.110Jllll88 OT (lopua Dp8DS'l'OTBllJI JI D8p&M8Tpa '1 • 8CTD H8B6011amee 

SH8118HB9 r:I.. • IIpll ROTOPOM e111e H8 DPOHOXOltBT D8P808118HllSf 061180'1'81 T .IJ s . 
PaOOMOTPJllll B K8118C'l'B8 DPllM8p:i DOJtBOJtR08 Dp8Ilff'l'OTBB8 B qioJ118 upa11oro 

811DJllD'l'JIUOKOro IU!D~p:I 0 DOIYOOSllB a JI 1/o. ; 60JIDlllOI ;u&M8'l'p 8111lBDOa 

oocT&BIJleT yro11 lf* c oci.1> O:x: • B aTOM 01Y118e 

a IT 1 
Rr(lf) = ~ 1+a4 ' ~1-9cos2(1f-1f"") 1 

a4 -1 
rJte 0 ~ 11 1 =q<-1. BH11BOII8SBSf MID'l' Az.m+i = B2m+i = 0 , m ~ 0 (.11s-sa 

uoleol ~m:MeTpBB 91Illl!Dca) .11 { Azm} = 2<2m-il'! (0 2_ .!_)m{cos 2 mlf*} m~f 
1 1 B2m {2m+2}!! \ a2 si.n 2 m If""' ' • 

Ilonaras ~=1 H ~ = 4 (a2- ai) , BS (2.5.6) B (2.5.12) D01IY1iBM 

1 
Xo=-Qo£.Si.n2lf~+ O(oL5), Yo::. - - +cSo(cos2lf* + O(J.5), 

cl- (2.5.I3) 

R5(B} = 1 +r:l..2cos2B + .!._J.3s"tn3B + rocos2(8+1f*)- .!.._ + i_cos4B]cl4 + O(o£.5). 
2 L' 4 12 

AH81IllS 9'l'BX BHJ;llZEIHBI DORaSWl88'1', 11'1'0 DpJI HSM8H8HllH lf* OT 0 ltO JI 
TO'IHa (:x:o' Yol ODHCHB88'1' 61IBSR11l K oxpylKSOO'l'H Pil:JUIYC8 oJ... 88MRHY'l'Yll 

KPBBYll 0 ll8HTPOM (0,-1/J..). u11rasci. DO 'ISCOBOI O'l'p8mte BS 'l'O'llRll co. 
-1/J.. + oJ. ) • ~INS CE060ltHOrO BBXPff DpB 9'1'<11 OCTa 8TC:.fl Dp:IKTH'l80KB H8BS

M8HHOI 6narOJtSPR MUOMY MROlUT81Jll J... 4 B (2. 5. I3). 
Ha pBO. I6 DOK888HH BSaHMHH8 OTalU!O&apHHe DOIIOUHBSf 'l'ODorp:iipqeoxo

ro (D,YHKTMp) H OB060ltHOro (sam'l'pi!XOBSH) EHxpel ltJI.fl 118'1'Hpex 3H8118HBI 

lf*=O. 'Ji./4. 'Ji./2. 3'Ii./4 Ill Dap:IM8TpOE rl...=1/2. a=./Z (a) Ill rl..=1/4. 
a.= 4 ( 6). B D8pBOM 01I.Y1188 OE06oll.Bl:ll B.lllXpb 111188'1' TY :ae "6aH8H0061&Sll.Yll" 

IPOIUY, 11To B :e fi26], Bo BTopOM C:IIY'l88, xor;ita upeDRTO'l'B.He BMeeT OTH0-

11eHBe D01I.YOOel C(: 6 = I6 B OKOpee MOJl81lllPY8T llOJtBOltHHI xpe6eT, H8K81IB 

OTJ,81bHYll ropy, ~OPNS OB006ltHOro BBXPR 0'18Hb 61BSHa K 811IBD'l'H'l8CKOI c: 
He601Ib111111M SKC(.l8HTpBOH'1'8'l'OM. 

PacqeT Donel ;llaBl8RHSf, 0Dp8A81J18MHX HHTerpaJiaMB BB;lla (2.5.2), B 

o6meM.01lY1188 MOZHO ocymecTl!.lllTb TOlbKO 11BOH8HHHMB M8TO;lt8M.lll. 0DHW8M 
Kp:ITRO O;ltHY BS BOSMOZHHX .Eeq1011BT8llbHHX llpoll8ltYP· Dyen :x: = :x:(e} • 
y = y(e) • D ~ e~ N - Dap:ill8TpB1180Kll8 ypaBH8RU KOHTYI& as Ill Tpe6yeT

C:JI BHqHOllllTD Ps B llp0.1!13BOllbHOI TO'IR8 (i,y). IlpHHHM8.fl 9'1',Y TO'IKY 38 

DOIIllC, nepebeM K DOIIRPHHM ltOOPJtJIHaT8M T's B ""= arct9 [M-y)/(f-.'.i)]. 
BlmOHHSJI KB8ApaTypy DO rs • Il'llIY1iHM BM80'1'0 (2.5.2) 

p5 {x,y) = 4:'.II pR2(2fnR-1)d\jl, 

rlte o6oseaqeHo R=~(:x:-'.t)2 +(y-y)2 '. Talt BBlt d'l'=(K/R2)df ,rAe K(:i,y,f}= 
= q(x-x)-x(y-ij), OKOH'IBT81&HO DOJI.Y118811 

p5 (:l:,y) = ~ jK(x,y,e)(2fnR-1)df. 
4J..Jl 0 
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P 1 o. 16. BH111011eaHHe cT1uuioaapHHe xoH1PBrn:euu a1111BDTB11eo1t0ro 
TODOrpa~BllBOKOrO (mTpBXOll8S IJIHWI) JiJ CB060llHOro BHX

pel (samTpBXOBBBH~ B Cny118SX J.. = I/2, a = .J"T(a) JiJ 

cl..= I/4, a = 4 (6) 

F.omt DPB HBKOTOpOM e HNBBN R=O (TO'IJRa (i,y) paononoaeHa Haas), 

no;u,tHTerpaHhHaJ'I q)yHKUHs DPB aTON ssa"IBHBliJ uapaNeTpa 06pa111BeTcs B HYB&, 

T.K. fei~1J 1<(2fnR-1)=0. 
llOJ1Y'IBBHlile HRTerpana BB'IBOJD'll)TCS c DOMOUl&D Tex JiJ11JiJ .IUIHX q>opwyn 'IJiJC

neR!lliX Kea;llpa'l'yp. IJapaMBTpH'IJBCKHe ypa:eHeHBSI KOHT.Y}E Yll06HO C'l'POl!T& c 

DOMOlll&D D8p.HOJUIJ'18CKHX Icy6JiJ'i8CRBX cmmlHOB Iii. liJHTBpn011.l!IPYDlllBX KOHTYP 

DO N 88ll8HHSN ODOpRHM 'TO'IRBM. 
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a 

P II 0. 17. JlBHHB TOK& :itDB 0'1'8QHOHapHYX KOIII>lll'YPSOBI TOIIorJll~

qeoKoro l!I Ol!060:.eoro El!lxpel l! 0Kp80THOOTB SllDIIITl!l

qeoKoro IIP&IIRTCTllHS o nonyOC.flMB a = 2, 5 = I/2 np.a 

cf..= I/5 B JllSUqHBX ero op.11eeT&tlil.flX 

a - it= O, 6 -1l/4, E -Ji./2 , r -31i/4 

OII.aoaHH.lilM MeTO:itOM 6aJIB JllCoqBT&HH pesynr.T.apyDQBe DOlIR :.&El&Hil.fl :it:n:R 

CTaOBOH&peol KOBPBrYJllOBB TOIIorJllw.aqecKOrO B Ol!060lHOrO Hxpel 11.IR 

npeIIRTOT.BM 81IJIBIITBqeoKol wo111.1i1 o nonyoC.flNB a = 2, 6 = I/2 npx cl.. =J/5 
B 8H8110iWJX If*= 0, 1i/4\. 1C/2 lll 31f/4. COOTE8TOTl!Yllllllll8 JIBHBB TOK& 

IIP8Jl.0'1'8l!l8HB Ha p!IO. I7. Xopomo BQHO, uo TODOIOr.aqeoRas OTPYK'l'YP8 
T0118Hlll TSRSJI e, KSK .l!I B sa:.aqe JlEoeooea (CM. p!IO. I4). 06pallf:lBT ea 

oe6s BHBMaHBe llJllKT.neo:m.s H&BSBBHHOOT& lf>OJ*Y. Ol!06o;a;eoro l!BxpB IJilll Jll8-

1IB11HLIX 11010K8Hll.SX 811DJDTBqeoKoro upeIIRTOTBHS. 

HeTepeoHBM .SBJl:R8T08 BOIIPOO 06 yoTolq}!BocTJll ptBROB8CB.s uonyqeeHBX 

Kolf>BryptOBI. F.ou TODOrpt~1!80KBI H CB060JUUIA BBXPH M~eJIHpoB8Tr. Tl)qetl

IUIMB, HBYCTOiqBEOOT& YOT8Hal!IHB80TOJI 810M0HTapeo HS 81181D188 JIHHlll TORS 
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":eaeJUHero" nou Po+ Pr (OM, § 2, I), :e ROTOpOM omuaosapmu1 TO'IK& a:eu

eTca C8;JtJIOM. B OJIY118U BBJ:p8BHX o6paSOl!8HJIJI KOH8'1BOI IIPOTJIUHHOOTJIJ TP8-
6yeTOJI 60188 lt8T81&H08 paOOMO'l'p8HJ18; Dp061ille 'IJIJOJ18HllH8 SROD8p.BM8HTH DO 

8BOIQUU! OB060lHOro BJIXPJI. ODJIJOHB&eMoro IP<>JNYJIOI (2. 5. 13). DOK8SHB8H 

ero H8YOTOl'llBOOT&. 

TaK K8K DpoQeoo paOI18ll,8 OT8QllJOH8pHHX KOJ$ll'ypaQJIJI IIpoJIJOXOll!IT ltOOT8-

TO'IHO M8l18HBO, paOOMOTp8HB8B BHDIB MOlBJI& OBHl9T9JI&OTBYBT 0 BOSMOZHOO

TB o6sapyzefDUI B OK88B8 Be TOl&KO 38XB8'18HHHX TOIIorpacl>B11eoK111X BBXpel 

B8l DOUOllRHMJI ropaMJJ, HO I QBKIOHJIJ'IBOKJIJX BOSMYU18HBI, KB8SBOT8QBOHB

PYDllllX I! 01J860M DOTOKe CDpaB8 OT Dp8IIJITCTllJIJJI, JlzOBOOH /i26}, H8DJlBM8p, 

YIIOMJJBa8T 1J860paTOp&e 8KCD8PBM8HTH XaIIDepT& H Max-MBeH&. KOTO:pHe xo

pomo oornaoyllToa c IIOJIY'IBBllllMB .BM pesy1&TaTaMH. 

2.6. Pooo6ae:eoKHI :eo1Ho:eol 01e:it 

Jlo OHX DOP O'l!8QJIJOH8PHY8 6apoTpODllH8 38ll,8'1H 0 TODOrpa@!11eo:ux: :BHXPJIX 

M.li pa00M8Tp1Ul8J1H B Jip8lUI01lO:UHB.1, 'ITO 6eT&-9'W>81tTOM llOUO IIpeHe6pe11& 

( 6 = 0 ) • IIpa 8TOM. 80TBOTBBBBO. 18 IIOllff speBJIJJI BIUl&ll.8 J1H BHT8peOHS8 .s:s-

1l8HB.s, O!SS8Hlilil8 0 fl>O}lllHPOBSHJIEIM OT8QBOH8PHHX B01lH Pooo6.1. By:iteM T8D9p& 

npeino1J8raT&, uo 6 > 0 , uo-npezaeyy :apeae6pera.s TpeHBeN • BeTPQM.Ilpe1-

0TaBMJJ pemeue B Bllt8 (2.3.3)' ne B8B08Mf1118HHHI IlOTOlt OIIP8l81lff8TOJI 

no IP<>PMYne (2.3.8), :e11e0To (2,3. 7) DOJIY'IBM ypa:eaeHJile 

6 
tiljl- 1foLp=-h(x,y), (2,6.I) 

ltO'lapoe :.onao 1urrerpapOl!8'1'liOJJ npa yo1o:e:u lv'l'I~ O npa l" = fa2+y2'...,. 00 • 

B OJIY1188 npoJJSBOJI&BOI clJBBl'l'HOI WJHKQllB h(:x:,y) pemeHJle ypaBB8RIJJI 

(2.6,!) Yl06HO Dp8lOT8BBT& B BB;Jt8 

\fl(:x,y)=flG(x,y; f ,tt; t)h({.'l)d~d1, 
r:ite WYHiaXIUI l'p.HH&, :e o:eo11 oqepe1&, YllOHeT:eopaeT ypaBH8HJlll 

6 
AG+ Vo G = -o(x-n~(y-rtl. c2.6.2) 

B YOJIOB.lrlll jVGI ... 0 IIpJI r ~"" • 31eo1i cS - O.llMBOJI ll81l&T8~HmVI• 
,llHpaKa. 

XapaRT8p WfHJtQHB I'p.IHB OfUl80TB8BHO 38BBOBT OT 811888 CKOpoOT.H HeBOS

M11118HHOrO IIOTOK& 1fo • Jlllff 38118,Jl,HOro IIOTOI<B c Vo< 0 ) pemeBBe ypaBH8HBJI 

(2.6.2) Dp.111 88ll,8HB.l:il Y01IOBJIJJIX H8 6eoKOB8'1BOOTH OIIp8;Jt81lff8TOJI O;llHOSH8'1BO 

JIJ BM88T EJll;ll 

1 
G(R) = -- K (~R) 

2'.IT 0 ' 

r:.e K0 - clJYHKUHJI MaKJtOB8JI&ll8 /46/, R = ~ (x -V )2 + (y-ti)2' B 

IIpa V0 > 0 :eoeM YOJio.BHJIM yio:eneTBopaeT IPYBKilllB 

I .. ) 
G = - 4 Y0 (~R) +.,(0 J0 (vR)+ ,f:1(J.ncosn0-+ finsinn0 Jn(~R), 

5 3aK J2d 

(2.6.3) 

ae = ~-6/lf~. 

(2.6.4) 
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rJ.te J..., H fan - np0Hs:eo11&HYB nocTOJJHHae, Y n , Jn - qiya~ EeocelIR 

IJOllffllKa n .Ill pemeHHe S81JHCBHO B DOIIl'fPH.liX KOOp)U!HaTaX R • 8 • upRJ'IBM 
x= V +Rease , y =ti+ Rsln8 RJ 'l = ~6/V0 '. 

Ta!G!M 06p:ISOM. 11,IIR BOCTO'IHOro IJOTOKB ii>YHI<uWJ I'p.HH8 (.111, OJIBltOBBTBIID

HO, pemeHBe SSJl,El'IB) OllPBX81Il'f8T08 HBOJ,tHOSHaqao. JIIR BJ,l,llBl8HHR 8l!IBOT

B8HflOI'O pemeH.lfR HB06XOUMO oiI>OJltlYIIHPOllBT& JlODOIIHBTHI.llYB Y01IOBM"Hsny

qemu:.r". CHa'IBII8 YOTBHOBJIM SC.lWIJTOTBqeoK.HI xap:iKTep IJQBBXBIU!.H (2.6.4) 
upB 6011l>llllllx R • IIo~oTaBIIRa :e (2.6.4) ss:eeoTHHe ao11NnToTHqecR11e upex-

0TSB11eau [4§/ J (z.) = j 2 'cos (z- nTI. _TI ) + 0 (z -3/2) 
n Ti.z 2 4 ' 

Y (z.) = J 2 'sln (z - n1i - .1L) + 0 (z-312 ) noeyqH!ll G =- j 2 'x 
n 1iz 2 4 ' '.ll-JR 

xfcp1(8)5Ln("R- ~) + cp2(8)cos(-JR- ~)] + O(R-312 ), 

rxe <p1 (8) = - t + ff;0 (-1im [J2m•f cos(2m+1)8 + f>2m._ 1!Hn (2m+1 )8] , 

cp2 (6) =J..0 + f: (-f)rn(o(zmCOS2m8 + f>2mSin2m0 ), 
rn=1 

~B8JllqecKJll BOTBCTBBHHYM 8BIIJJ8TCJI Tp8601l8HBB, qT06Y BBepx no TB'l8Kl40 

<lJYHI\tUIH G y6HBa118 6YoTpee, qeM BRBs no T&ll&Hllll. 3To osaa'IB&T, qTo 

IIpJJ 1!./2 ' 8 < 3 Ji./2 • (2.G.5) 

Tait KBR o.ac•N!Ma ipya:KQ.BI 1,cos2e, si.n20, ... ,cos2k8, si.n2kB, •.•. D011H8 

aa IIPOMBzYTKB ['Ji/2' 31i/2]' yoJfoH.A (2.6.5) np.UOll.ST lt OOOTHOlll8HBRM 

J~:(e){c~s 2 k 8 }cts=o. k=0,1, ... , i=1,2. 
JI/Z SLn 2k8 

(2.6.6) 

BY1UCIIR8 HHTerp:i1IY, DOII.Y'q.BM 6ecKOHeqHJie O.IOT8M.li ypa!!ReHHI 

~ (2m+1 )o(2m+! ( )k J[ ( )k+l k 
~o4k2-( 2m+t)2= -1 ffioko, o(2k=-1 ol.oGko, )0, 

f:. fi2m+1 = O 
m=o 4k2 -(2m+1) 2 ' 

(2.6.7) 
f:J2k = 0 ' k ~ 1 ' 

OTK.YAa c 118lY8T fan= 0 1118 :ecex n .I! <i2m-= 0, m ~ 0 . Koa/W>H~8HTY 
ol.2m+1 ;ll01lJUiY ODpe;aelIRTDOH BS OHOTeMH (2.6. 7). Ola&KO npo111e .IX HalTJI 

JJ1/2 
0 DClolOIQI.ll OUBQHYX COOTHOWBBHI r cp1 ( 8) COS ( 2 k + 1) 9 d 9 = 0 , k ~ Q 

~2 ' 

KOTOpye AallT o(2k+1 = - Ji ( 2~+1) ' k ~ 0 • llpOI!epitol MOUO y68l!ITD

oa, qTo 9TO 80T& pemeHBe CHOTIM.li (2.6,7). 
B:eelleM 06os11aqeH11e 

00 I2n+1 (p)cos (2 n+1) 8 
S(p,8) = :C 

n=-O 
(2.6.8) 

211 + 1 
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TOr;zta OROH'iaT87I&HO BHputeHBe .11.1111 @'HKUHB I'pJJlfa .B .BOC'l'O"qHOM DOTOKe npz

HIIMa8T Bii.ii. 

1 1 
G=-4Yo(vR)- J[ S(vR,8). (2.6.9) 

IlpBBe.n.eHH.lilA BI:Ulle M8TO.ll. BH.11.0118Hl!B 00!.HHCTBeHHoro pemeHHB, Hcnon&SYD

!llll:it 8CHMDTOT.llKH UHJLIUfll.PH'!IBCltHX iPYHKUH:it 11.1111 60II&DIBX 8Ha'l8HH:it apryMeHTa. 

Bl!epBae. no-B.H:IU™OMY. 6a11 npHMeHeH Max-KapTHH II3Q/. KOTopa:it, :a 'tlaCT

HOCTH, BBen H iPYHKUHll s . Jlpyro:it M8TO.ll. l!OOTpoeHHB G • OOHOBSHHI:>l:it Ha 

H.n.ee oTa[lHoHJJpOBaHHS pewelfJIR JlBHeapBsOBaHHO:it sa;zta'IH, npz:ae.n.eH B LI237; 
nony'tleHHae o6oHMH cnoco6aMB pesyn&TaTH co:ana;ztall'l', 

C nOMo~&ll npeo6pasoBaHHB ~yp&e, npHMeHeHHoro K ypa:aeeHBll (2.6.2), 
MOlltHO ll011Y'tl.llT& HHTerpanl>HOe npe.n.cTSBJieHHB .ll.1IJ! (2.6. 9). B HHOM KOHTeKOTe, 

.11.1111 JlHH8ilHO!'O BBXPff c ropJJSOH'l'SII&HOA OC&ll B OTpn.1(p11u::~.Hpo:eaHHOA DlKOC

TH, sTo 6ano c.n.emRo iIROB.Hr.x&M LIIW. 3.n.ec& Ma YMDN .n.pyroe JIHTerpan&

Hoe npe;11.0TaB1leHHe )J.1ll! iPYHRU.11.11 S • Hs (2.6.8) BMeSM 

85 "" 1 
- 8 =- ~ J2n+1(plsln(2n+1)8=--2 sin(psin8). 
a n-0 'Ji/2 

0TOll.lta o y'leTOM S ( p, Ji/2) =- D nonyqaeM S (p, B) = + f sln (_p sin If) d yi. 
e 

.ilerxo npOBepaeTOB CBOICTBO 5 (p, '.THJ) = - s (p, 8) • ITO nooTpOBHBll, npH 

jB-TI j< Ji./2 rmrneae qneHa aom.t11TOTH'tl8CKHX pasnoeHBi 060.11x c1JE1raeMwc B 

(2.6. 9) Esa.wMao yfmqTo:saMcs, Ho, 011001.oEaTen&Ho, nPJI j e I.:. TI/2 0HJ1 YJ.

:aal4BS1>Tcs. HHHMB onoBaMH, npB 6onDlllHx R 

G= 
-i.j. 2 1 sin(..JR- '.TI)+o(R-312 ) 1s1.:.2l.. 

2 '.TL-.J R 4 ' 2 

{
D(R-312 ), IB-TII~ ~ • 

JlM CpaBHBHHB SSMe'l'JIJM, 'ITO npa Vo ( 0 iPYHRIUIH I'pJIJHa (2.6.3) HM88T Ilp.1!! 

6on&WHX R acHMnToT.rnecitoe npe.n.cTane1UJe G = e-aeR /2~1l~ R '. IlpH B-+0 
(2.6.3) H (2,6.9) nepexo.n..aT :e il>YHRilHll I'pzaa :itM ypa:aaeen.R Jlammca 

(OM. § 2,4). 
IIocTpoeHHHe il>YHRUBH noSl!OllBllT B l!lll.D.e RBa:itpaTyp :emmoaT& pemeH.Be lM 

npOHSE!OJl&HOro il>HHBTHOro BOSM.YlllBHPIR pen!.$ lH8. O:itHBKO Yllt8 :e.u; OSMHX 

iPYHitttHl fpJJHa no3BOJI.A:eT YR&SST& Ra'l80TB8HRHe pasllIAM B ony-qasx V0>0 
11 V0< 0 • B sanaJ.HOM noToKe Toqeqaoe l!OSNYlllEIKllB pen1>e<Pa npl!ll!O;ll..HT K 

OOBCHMMeTpH'IHOMY BOSMY1118Hlllll Il011R JlEIB119Hl!IB npm 11ll6wr B~ 0 • B BOCTO'!IHOM 

IIOTOR8 npJJ B > D aT.B BOSMYlll8HBB CTaHOJJBTOS H00.IMM8Tplll'IHHM.B OTHOClf.L'en&-

HO MBPHlHSHa, npOXO.ll.Rlll8rO qepea TO'IRY BOSMYlllBHHSt OKnalUilBaRO& HS oce

CHMMBTPB'IHOl H KOOOCBMMBTPH'IHOI OTHOOHTBII&RO yxasaHHOro MBPHllJl&lfa '180-

Tei\. B nlo60M cnyqae siWJeRT "6eTa" CB0.11.HTOR K 110Ra1D13al1Hli! BOSMY1118HHi!. 

Boane UBHTpa BOSMYlll8HH8 pen&e<Pa, llplll'!IBM TBM CHII&Hee, 'IBM 6on&we BBJm

'lllBa B , 0.11.HBKO np.B V0<0 none BOSMYlllBHBA ii:allnemi.a saTyxaeT sKCIIOHeH

!.U'IS n&HO, a nplll Vo> 0 STO npoHCXOJUIT JIRIW& a 1Il'e6paB'IBCKl'J. XOTB Ill 6HOT
pee, 'leM B cnyqae B = a • 
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x 

PH c. IB. KapTH.BB 1IJIHJd4 TOI<St 
onpe;D.B7IRBM8H llOlIBM 1!,8BJI8HlUI p = 
= - y +6G(x,y) npH B = I 111 6 = 9,38. 

~YHKUPJ,ff I'p.ura Bl>l'I.l!CM8'1'0.fl IIO 

~OpMyne (2.6.9) (no HHOBHllY 

lnw> 

llT06.bl IlOH.RT& qi.1'13.l'.l'IBCicylO C,Ylll

HOCTL B03HlilKHOBBHH.fl 8CJIMM9TpHH 

B c IIY'Ja e 1fo > 0 • J.OOTa TO'IHO 

BCilOMHlilT&, qTo 6apoTpOilH09 ypa:e

HBHHe IlOTefltVla7ILHOro BBXpii ll.0-

nyoRaeT pemeHE.fl THDa 6eryllli!x 

Ha sanall. :eona (nnaaeTapH.!ile BOIIH.!il Pocc6m). EclIIll Tenep& Bcea cmoTe-

Me 0006111MT& IlOCTOJiHHYll CKOpOCT& :e BOCTOqH()M HallJl'IB nelilUI. Jl'IBHYll OltO

pOOTH B07IH.bl, MH nonyqmM CTSQ.l!OHaPHYIO KaPTHHY. BOSMYllliHlilB pen&$ ll.Ha 
ll,etacTByeT Kalt l!CTOqlJHlt B03HlilltHOB8Rl!S! TSKllX BOIIH B BOCToqaoi1 IlOTOK8, 

Il00TOMY sa npeJJHTOTBflBM MOlltBT CQJOIJMl!POBaTLOR CTaueoaapH.blii B011HOBO! 

cnell,. B sanall.HOM noTolte eTo He npoHoxoll,HT, TaK Kalt BOIIH.!il 6uoTpo yao

O.ffTOR TeqeHEeM Ha 6eOKOHeqaocTL, TaKllM 06Jl'ISOM, 80flMM9TpRR qiyHKUHH 

I'pHHa B BOOTOqHoM llOTOKe o6yono:eneaa OHOOOM B07IH Pooo6111 BHHS no Teqe

HBIO (OM, pmo. I8). 3a oqeT a~oa ac.HNMeTpHH B03HflK89T B011HOB08 oonpo

T.lilll7I8HH8, TaK KaK aaeprlllfI llOTOKa Jl'IOX0ll,y8TC.fl Ha reH8PJllPOBaame llOll.BBT

peHHHX B07IR fl2J}, 
PaccMOTPJllM Tenep& :e xaqeoTBe npBMepa sall,aqy 06 o6TeRSHH ooeo11MMeT

plf'qHOii Boa:eHmeHHOCTH H;zi;a h = h (r) • PemeHJ11e MOllHO nonyq111T& c nOMOUi&ll 

nooTpOeHH.blX QJYHKQ.l!ta TpHHa (2.6.3) BIIH (2.6.9) B 38BHOHMOOTH OT HallJl'IB-

1I8H.llR aa6era8llllero noTo:Ka, Kalt aTo oll,eJiaao B /I'Z3/. Ma ms6epeM Sll.eo& 

ll,pyroa, 6onee npgMota nyT&. 

3 a n a :n H Ii a n 0 T 0 K. !lycT& CH81'81Ja lfo~ 0 • Hs OBOtaOTB fi>YHK

ues I'pHHa (2.6.3) one;zi;yeT, qTQ BOSMYl!l8HH8 ll.8B1I9HH.fl '+' ll.ODHO 06118;zJ;aTL 

009BOtt OHMMeTpmea, IJOSTOMY YJl'IBH9Hlil9 (2.6.I) MOEHO nepeII.llloaT& B BHJ,B 

'+'"(r)+ ~ lfl'(r)-ae.21j1(1")=-h(r). Ero orpalillqeaaoe pemeHEe nooTpo.IM M8TOll.OM 

B8PWIPOB8HH.fl ilp0H3BOJILIWX IlOCTOJiHHWC. Ilonara.ff 

(2,6.IO) 

JI Y'<IHT/iBaSf, 'liTO BpOHOKHaH w = Io(z)K~(2) -I~(z)Ko(z) =-1/z • ner

KO nonyqHM 

C/=-rh(r)K0 (an), C~=rh(r)J0 (an). (2.6.II) 

TaR KaR npH Ma 1I.!ilX ,. norapH<IJMneoit.Yll oco6eHHOOTD HMeeT Ko lan) , a npB 

6on&D!llx r aKOnouea~an&ao Jl'IOTeT I 0 (aer) , lllIR B.!Ul81IBHH.R orpaHEtteH-
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aoro pemeH.BR npHMeM ycnoBH.R C1( 00 ) = C2(0) =- D, npR KoTopmc Rs (2.6.II) 
KB8JJJ8TYpaM.lll onpe;zi.en.aeM qJyHKOHl!I C1 H C2 H EM&CTO (2.6.IO) OKOJAa
Te 1I&HO HSXOl!;I.!M 

oo r 

lfl(r) = Io ('aer) J h(t)tK 0 ('dt!t)dt + K 0 (~rlf h(t)tI0 (aet) dt. 
r o 

JlM nHJIZHllPBllecKoro npeIIRTCTE.H.R h (r) = 8 ( 1-r) nocne EH'!Hcne.lll!l.R HHTer

pa no:e llOllYUM pemeHHe MaK-KapT.lll!I [i3QJ 

() 1{J_-K1(ae)I0 (-ae1'), r<-1, lJ'r =- ~ 
~ 

I1 (ae) K0 (\lel') , l' > 1. 
CRe:e~ao, ycnoBRe nO.R:eneHB.R KPHTH'IBCKHX TO'ISK .11AteeT :eB;zi. 

6 > --,1-~ 
llfol m~n: llJJ'(rll · 

TaK KSK B HaW&M cnyqae 

'(T')=-{K1 (ae)I1 (()er), r<1, 
If' I1 ('ae) K1 ('Mr) r' 1 

H «iYHKW!l!I I 1 .a K1 MOHOTOHHH H nonouTen&HH, max l4J'(r) I= 11 (~) K1 (a;e) 
.111 :a:ocTBraeTc.R np.111 1'c = 1 • OTKYM cne;zi.yBT _L > 1 == 'F (()e) 

!Vol K1 (~) I1 ((}{) - • 
ll>YHKW!.R 'J'(')f) .RBJVIBTC.R MOHOTOHHO BOSpaOTIUJlllBi qlyHRllJllBI o:eoero ap-

ryNBHTa, llpll'IBM SCBNIITOT.l'IBCKH '.F(~)-2 np.14 ~<<.1 .Ill '.F(~)~2ae np.14 ~»1 • 
3TO 05Ha'i88T, '!TO llpll cpaBHBHllll co CJlY'i88M 6 = 0 6em-aqiqieKT y:ee1ll'J'IH

B88T saa'ieH.111e KPHTl!l'iBCKoro lISpaMeTpa 6 / IV0 I , np11 KOTopOM npo.l!loxo;11.11T 

qiopumpo:eaR.l!le CTOJI6a TaAnopa. l<apT.BHa JUl.lll!ll TOKS npll STOM Ra'iBCTllBHHO 

TSI<.aSI lit&, KSK .l'J E CJIY'i&B 6 = Q. 

B 0 C T 0 q H Ii A II 0 T 0 K. 06paT.llMC.R K 601188 HHTBpBCHOMY CllY'i8~ 

U0)0 H nocTpOBM CHa'iana orpamtliBHHoe 'iSCTHOe pemeH.Be aeo;zi.eopo;zi.aoro 

ypa:eHeBBS (2.6.I). 1Io11ara.s %= l.jlo(r) , IIOJIYUM ~~(r) + ~ 'tJ~(r)+~2'1'0 (l')= 
= - h (r) • llelcTllYSI TalU!M 118 o6pa SOM' Kalt H BHWB. HaXO;ll.llN 

n r ~ 

% (r) = - - ( Y 0 (~r) J U 0 ( vt) h(t)dt + J0 (vr)Jt Y0 (vt) h(t)dt). (2.6. 12) 
2 o r 

K aToA «iYH!CUHH MOlltHO IIpH6all.lllT& 06111ee pemeH.Be o:a:aopo;zi.aoro ypa:eHeHB.R 

(2.6.I). CTPYKTY.PS (2.6.9) IIOXCRaSW!aeT, '!TO :e CHJIY CHMMBTPHRI IIpBIIRTCT

EH.R MH ;11.0JilltHH orpaHHlUIT&OSI 1ll'JW& 'i1IBH8MB c cos n 8 • HC'i8a&DllHMJI Ha 6eORO

HB'iROOTJI, H MOEHO np.i!lf.RT& 

ljJ(r,8) = 'J'o(r) + i: an Jn (~r)cos n 8. (2.6.!3) 
n=O 

Ilpe:a:nouM, uo «iYHI<lllllS h(l') @IHBTea, T.e. h= 0 IIpH T'> 1. Tori.a 

:eae llpBIIRTCTEBSI (2.6.!3) IIPBNBT EBX 

~(r,9) = M)'0 (-Jl')+ Eanin(~t)cosn8, (2.6.!4) 
n=O 
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( '.Jl \ i 
r:zr.e M = - Tlf!:Jo ('-.lt) h(t )dt • BHJe&BIUte (2.6.I4) c011epmeHRO aHanor.e'l-

s:o !liYH.KlllUI (2.6.4). IlocTyna.a l1lH onpe;n.eJielUJ.a llOCTO.IIHBHX an TaRHM EB 

o6pascw, KaK .1 :eH111e, noey"q.BM 
~ 4M 
L: an Tn (..Jr) cos n 8 = qr- S (\lr, B) , 
n=O Jl 

OT!cy;Jl.Q OKOH11aTBJI&HO 
4M 

1.j.1(r.0) = 1I scvr, e) + 

+{- ~ [ Y0 (-.lr)JtJ0 (-Jt)h(t)dt + J0(vr)JtY0 (vl:)h(t)dt], -r< 1, 

MY0 ('Vr) , r > 1 • 

(2.6. I5) 

Bocroqao-sana11.aa.a ac.BMMBTPIJ.II pemeim.a onpe11.eJIReTc.a mmr& nep:eHM cnarae

Mlill c !liYHKU..Bel S(vr,8) , OTBBTcT:eeaHHM sa ~OIJM.Bpo:eaH.Be :eonaOBoro cne

:n.a. EcJI.B illYHKU,l!l.II h(r) T8KOB8, 'ITO M=O, BOSMYlllBH.Be ll01IH ;Jl.QBIIBH.B.II BHB 

npenl!TCTBM HcqesaeT. a 11811. npell.IITCTBJIBM OHO CT8 HOB.B'l'C.II pa11,.HQ JIDHO CHM

MBTpH"IHl:lM. PacOMOTpHM s'l'OT o:eoeo6pasHE.11 cnytial "pesoHaaca" ;nJIB npe

II.IITC'l'BM 1t11IllRll.pJ1'lecKol ~JNH LI3Q/. Ilocne npooTHX npeo6paso:eaHBi HS 

(2.6.15) IlOJIYtJBM 

If' ( r 8) = - (1-) J (-.l) 5 ( vr e) -{ (I lfl + ('Ji I 2V) Y1 ( v l I 0 hlr l , r <. 1 , 
' v 1 ' ('.ll/2'l)J1(-J)Yol'lr) , r>I. 

PesoHa&o JJMeeT MeoTo l1Ul :ecex ~ , co:ena;n.aDQHX c 01.tHBM .Hs xopaetd: ~ -l' 
ypaBHBIWI J1 (~) = 0. B STOM C1l.YtI88 

'-!' = ~0 ('r) = - ( 'V-r.-2 + (Jl/2~*) Y1 ('l'")J0(--l*r)] B ( 1- r) 

.l'I y;n.aeTC.II pelll.IT& :eonpoc 0 RPZTBtJ80KCtd: BHOOTe npell.IITOTBWI. Ollp8].t81If.!8MOia 

YC110BBBM 

6 
-> 
1fo max l't'o (rl I · 

l' 

(2.6.16) 

B aameM C1l.YtJS9 

~ ~ ("r) =- - ~ Y 1 ( v ~ l J ~ ( vi1-r) = ~ '.1 ( v "') J 1 ( ~ ""r) . 
060SHll'UIM TOU,y IIepBoro M8KOllMYM8 illYHKtlllll.I J 1 qepes JI< ' TOr;n.a l'c = 

=f!V'", a yonaue (2.6.I6) I!p.llHJIMaeT B.!4A _Q__ > 2 • 
Uo TI.J1(]'{JIY1l-J")I 

ller.Ko llOI<a5aT&, 'iTO Ilp.11 Y1 (-Ji) 0 :ecer:n.a ec = 'Ji./2 • a Ilpil Y1 l-J") ( 0 
cooT:eeTo'l'BeHHO BllteeM Be = -'Ji/2 , T.e. KPHT.l'ltiecRa.a T~Ka MOllteT no.a:e-

1!RTDC.FI IIO o6e ClTOPOlill OT IIpeIIRTCTEWJ. 

BwnonaeHHHit r.tltt-.KapTHH [!36] .11.eTU&mlli aHaJD.13 paccMOTpeHRHX 38.itatJ 

IIOR8SJill!88T, "!TO B o6~BM 01yqae oceCBMMBTPl'ltJHOrO npeID!TOTBWJ B 381la].t

IWX IIOTOKaX Blll!JUU!e nap;weTpa 6 COCTOl1T p orpaHeqeHBl'I pall,.l'l81I&Hoi 

IIpOT.RllteHHOCTH POSM.Y~eH.l'li OCHOl!HOro 30Ha1I&Horo TeqeH.B.ff, Oll,HQKO KapTl'IHQ 

lliIHlrlA TOI<lil :ace e111e CHMMeTpm11aa :e:Bepx .11 BH.B3 no TetieH.BIO, RBK e npm B= 0 
B BOCTO'iHHX IIOTOKaX BH.1'13 IIO TB'IBH.l'llO OT npeil.IITCTB.H.II B03HH.K80T lllBPOKl1lA 

M08H1lpHP.YDl!Pltd: 07IB].t, KOTOp.rd l3HB3 IIO TetJeHBIO saTyxaeT 7Ildlllb 81II'96Je.l'l

tJBCICll, KQK 1'-i/2.. c: NaPTMHOtd: Mea~p0l3 MoryT 6HT& CB838Iill BZXPI'I - UHK
JlOHJAecKHe Ha IlpJIII<>llRPHOil OTOpoHe RI aHTl'IUHK7IOHP.1'18CMe aa npHsKBaT0-
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p .l'I o. I9. Jii!HHH TORa E 01!Yqae EOO

Toqaoro llOTOKa Hal I.U!lll!lffi!p.l'lqeoxoa 
ropoA npz v =I (no Max-KapTHH Li36]) 

a - 6 = 4 t 6 - 8 B .B - I6 

Y a 
5 

p H o. 20. Kpyr7llil OOTPOJ3 .B EOCTOqHOI~ DOTOKB (DO YalTY Lf?a/) 
a - v =v'6/1f01 == 2 .I'! l'.'i - 3. BEJJlY C.HMJllBTP.1'1.1'1 

no:ta:1saHS Ton&xo EepxaaR nonynnooxooT& 
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pillan&HOI IIO;!Ule'l'P8HHOI OTOPOHe. Ha p.1110. 19 .111306paateHY 1Il!IJUUl TOKS 100-
TO"IHOrO IIOTOKa ea;u. U.l/llll'IHJJ..PlJ"l&OKllM IIPBllRTOTB.llleM h(r) = e( 1'""r) lJpJI lfo ""I 
Ill 6 = 2, 4, 6 L'i$]. 

Kax yze OTMB"ISllOC& B KOtme § 2.2. 6eT&-aqxpeKT B .il3BBOTHOM OM.HOJIB 

8KBJJB81lBHT8H a@leRTY H8K1lOHHOro ;!I.Ha. P.R:zt 38lt8"1 0 pooo6.11E1BoK.111X BOJIHOB.YX 

one:ztax 38 JIOKalI&IWMJI BOSMYlllBH.l!BMH HaKJIOHRorO ;ztHa p&OOMOTpee B pa60TSX 

fBlJ R fJ.2Q}. 

2.7. Kpyrmdi: OOTpOll B SOH81l&HOM IIOTORe 

HaH6onee spxo BOnHOBOI poco6B8BOKl!I 0118;!1. B BOOTO"IHOM DOTOK8 IIPORB• 

nBBTOB B 38;!1.8"18 06 06T8I<aRU OOTpOBa. BepTil1I<a1I&H.H8 60KOB.H8 rpaHB~ I! 

T80p8TH'q8QKBX MO;ll.8JIBX MOIWO paoOM8Tp.lllBST& KBR xpalHllll ~op.iy UpW!Bll8~ 

ooodeHHOOTel pen&eqw;i JI.Ha. c SH81Il!ITil1'q80KOI TO'qKlil speHBB YJJ.06HOI ~PNOI 

OOTpOlla BBIJ.ff8TOB DPffMOI xpyro:eol U.1/11IllHJJ.P 8lUJHill'qHOro pa;!Ulyoa. 

'filK I<aK B 38HRTOI IlOTOKOM 061IaOTH T' > 1 ll88ll8 h = 0 , ll ~JlMfll8 

(2.3.3) Dap&M8TPOM 6 NH M01t8M paOilOPffltBT&OB IIO o:eoeMY YOMOTpewrn. Ho

DOll&SYB (2.3.8) H Donaras 6 = V0 , IlOJIYqny 

p=-lfoy +Va'I', (2.7.I) 

r1e ~HKUllB 'I' no-npe:ZHBMY Y:ztOllJI8TBOPff8T ypallHBH.llll (2.3. 7)' ROTopoe 0 

Y'llBTOM oKasaaaoro nepexouT :e !::. \jl + ( 60/lfol't' = 0. I'pilHH'llH.He ycnOBHB aa 
6ecxoeeqaocTill .Ill ea 60KOBOI no:eepxHOCTH OCTpo:ea :e IIOIIffPH.HX KOOPJU!HBTSX 

COO'l'l!8TCTB8HHO HM81lT llJlll l'i7IJll ~ 0 II.PB I" - oO .Ill % = cos0 npH r = 1. 
Ilpencm:eJIBs pemel:Ule l! BH;u.e pane ~yp&e 

lfl(r,e) = Ao(r) + E [An(r)cosn8 + Bn(r)si.n n s]' 
n:f 

(2.7.2) 

HSXOJUJM, qTo xo•uaeHT.H An H B n y;u.o:e IIBTBOPJ!IDT OJJ.HOTHDH.HM YPBBH&
HRRM 

q j I ( 6 n2) ( (2 3) Z0 (r) + -:;Zn(r) + 1J;;- - f2 Zn r) = 0 .7 • 

.B rpaHHqHJiM YCllOllHBM 

z~ (r) -o 1 f -><JO, 

(2.7.4) 

AnUl=O, Bn(1)=~n 1 , n~f, 
rie On 1 - cHMBon Kpoeexepa. 

IlpeQe qey nepexOJUJT& x nooTpoeHBll pemeHHB, l!.H'll.BC 1IllM cum, ;u.eicT

BYlllllllB Ha OC'l'pOB CO CTOpOH.H DJJ.KOCT.11. Jl1Iff npOeKUHI H8 KOOIWJHSTH.H8 OC.B 

COOTB8TOTB8HHO HM88M 

2Tl 2Tt 

X=- f p(1,e)cosede. Y=-fp(1,e)slnBde, 
0 0 

OTKYJJ.8 o IIONOUl&ll(2.7.I) Ill (2.7.2) HaXO.ll.llM X =-111f0A0(1), Y= -1llf0[B1(1J-1), 
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HOB OHny r19HJ1"llWX Y0110Bl'lit (2.7.4) OKOH'tf8TB11LHO ll01!Y'tf8BM X=Y= 0. 3a
MBTHM. "ITO l4l'IPltY1ISUIUI OKOpOOTJ! B;!tOlIL riaHHOY OOTpOBa IliBHa 

21l 2Tt ii tll r = I Va de = f ~ d 8 = 21i lfo A~ (I) 
o 0 or l"=i 

(2.7.5} 

H B OdlllBM 01lY'tJSB OT7Dl'!Ha OT HYllR. Taruw odpasOM, HBCMOTPff Ha Ha1Il'l"ll'IB 

I.UJPKYlmJ4l'll'I, B reooTpcxpmqecKOM llOTOKe TeopeNa ltYKOBCKOro RB HMBBT MBOTa. 

~To6s nony"IHTL aeo6xoJU1Mse nonpaBRH, cne;ityeT yttecTr:. areooTpcxpl!ttecKHe 

~9KTY /37/. 
Tenepr:. OTJ,en&HO I9CONOTpHM cnyttaH sananaoro H BOOTOt!HOro llOTOKOB. 

3 a u a ;a; H s A n o T o x. IlpH 1f0 < O nonaraeM ae = ~ -6/lfo ; Tor-

1UI YlOB neT.BOPffllQll!le Yll IJO.BMM ea 6eoKOHe'llHOCT111 pemeHH.s y19BHeH111tt (2. 7. 3) 
J!¥9a>'l' .BJ!Jt An(r) = CXnKn(aer) , Bn(r) = 6nKnfon). Ilp0111SB01I&HYe UOCTO.SHHYB 

On JI t'>n ODPIJ.Blmll'l'C.S BS r19HHtIHYX Y01IOBJllA (2. 7 .4), BS KOTOpax HaX011,HM 

an=O. n~1. 61 =f/K1(~) H 6n=O,n~2. TaRHM o6pasOM, 

( ) ( ) Kt(;ier) . B 
"41 r,lJ = a0 K0 a<r + K1 (ae) stn . 

IloCTO.SHHYll ao MO&HO C.B.SSSTL c I.UJPKYJiaJ4l'lel CKOpOCTH no nep.HMBTPY OCT

PQ.Ba. Hs (2.7.5) HM8BM r=-2'.1ilfoOoafK1(ae), OTKYM CXo=-r/27llfoaeK1<ae)vi 

OKOHliaTBll&HO 

r K0 (aer) K1 (~r)· . 
41{'r,8)= - 27llfo ~K1 (ae) + K1 (ae) Stn8. (2.7.6} 

Ilpa 6-0(~-+0) .B upexene 0 TOtIHOOT&ll ;a;o aecy111ecTBeHHOA a;n11,HTl4EHOit 

UOOTORHHOti nonyqaey 
( 8) r 1 . B 

'Pr, ~ - 2'.Tllfo~.fr + -:;- stn • 

"ITO COOTBBTOT.BYBT KllaCCJ/ltIBCKOMY pemeHHll 88,'ll,a'lll 0 Ul4PKYlmUJJOHHOM OdTe

KafUUI xpyroEoro IVI1IBHJ1.pa. IlpH· 3!»1 , YttJllTW!a.s aoBMUTOTHKY Kn(z) , 11MeeM 

( ) re-ie(T'-IJ 1 -ae(T'-1) . 

"/' r,B ""' - 21ilfoae.Jt' + rr e Stn8. 

Ilocnenaee COOTHOWBHHB llOKaSW!aeT, t!TO deTa-a/lXIJeKT cnocodcTBYBT lIOKaIDI-

88J4l'll'I BOSMYlllBHHi :eosne OCTpOBa. c Y.'ll.aJIBHHBM OT KOTOporo OHH saTyxam 

DO 9KCllOH8Hn:BaJI&HOMY saxoey. 

Boo To -q H s A no To x. B cny-qae 1f0>0 o6osaa'!HM ~=~B/lf0 1 

(Tax aasW!aeMoe "ocTpo.aaoe 'IBcno" {i7Ffl). TorJta Bcttesalll!IHe Ha 6eoxo

ae'llHOCTH pemeHlll! BMellT .BH;n 

Hs rpaHHttHYX ycnOBHl (2,7.4) cneAyeT 

anYn(v)+oCnin(v)=O, n~1. (2.7.7) 

(2.7.8) 
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3alt8E8Ji. Kalt H Eame. UHPK.Y llRUHIO r • llOJIY11.1!1M eme O;n;HO C00THOW91il!l9 

r 
aoY1('1) +ol:oJi(-J) = - -- • (2,7.9) 

2111!0'1 
B OTID!qJlle or sana;n;,aoro noroKa nonyqeaHHX ypaEHefU!a ae;n;,ocraroqao n1lR 
onpeneneHHa Ecex nocTORHHHX • .llna Ea;n;,eneHKR e;n;,HHCTBeaaoro pemeltl!la Eoc

nou.syeMca Ta:KHM Jte ycnoBHeM HSJIYqeHM, RaR H E npelUiJlY111e111 IIaparpaqie 

/143/. IlpH 6011b!IlHX l" a CHMllTOTJllqecM HMS BM 

lf'(l',B) =Jn~r'[cp1 (0lcos(~r-~)+cp2 (e)sin(·h·- ~ )j+o(-r-512 ), 

r.I(e 

YcnoE11e 6onee 6acTporo saryxalil!la E03MY1110HHa BBepx no TeqeHHro osaaqaeT 

'P1(8) = 0' 'Ji./2 {,,_ 8 "3'.Ti/2' L = 1,2' OTK.YnB nony-qaeM cne:zt.YIOlllYll CJlCTBMY 

ypaEHBH.l!ft: 

1l , ~ CXzm+f _ D -o..o + L.- -
2 m:O 2m+1 ' 

(2.7.IO) 

Ji. 00 2m+1 
4"'2k +Ea (2m+1)2-41<2 a2m•1 = o. k ;i: i, (2.7.II) 

.!.ao - E o(2m+1 =- 0' 
2 m=O 2m+1 

(2.7.12) 

1l "" 2m+1 
4 a2k - ~ (2rn+1)2-4k2 c(2m+1 = 0, k ~ 1' (2.7.I3) 

1l + "" t12m+1 
Bk f.>2k E (2m+ 1)2-4k2 = O ' K ~ 1' (2,7.14) 

11 "" f32m+1 Bk 621< - ,E (2m+l)2-4k2 = 0, k ~ 1, (2. 7. I5) 

YpaEHBH.l!R (2.7.7), (2.7.11) .Ill (2.7.I3) o6pasyll'l' O:ztHOpO:ztHYIO CHCTBl\IY 

OTHOC.llTBDbHO d..n ' an • n ~ 1 • Il03TOMY d..n = CXn = 0 llp.1! n >,. 1. Ho TOrltB 
Jl3 (2.7.IO), (2,7.12) H (2.7.9) CllBJtYBT do= ao= r= 0 t T.e. :ztE.l!l!e

Hl'Je lODHO 61i1Tb 6eoumpK.YMUHOHHliM • .llDR onpenenelUl.a llOOTORHHHX fin H 6n 
011.Ylll!T CJICTeMa ypaBHelil!la (2.7.8), {2,7,14) .Ill (2.7.15). 3aMBTI4M, 'iTO 

BMBCTO (2.7.14) H (2.7.15) MOEHO Jl!Cll011b30l!8Tb aKBl!BaneHTH!ile JllM ypaEHB

lil!l.H, ROTOpae llOJIY'iSIDTO.B .HS O'iBEJ!;ll.HliX OOOTHOmeHJJI 1'2'Pd8)sLn(2k+1)Bd0:0, 

i. = 1,2, k >.- 0 .I HMBlO'l' BillP, 
1i/2 

Tl .. m 
B 621<+1 + ~1 -(2_k_+_j....,.)2 ___ 4_rn~2~.fl2m = 0 ' k ~ 0 ' {2.7.16) 
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Jl oo m 
S f.i2k+1 + Ei _4_m_L_(2-k-... 1-)2 IS2m = 0 ' k} 0. (2.7.I7) 

Tenep& nerKo IlOIIY'i.HT& C.HCTeMH ypaBHe!Gla TOJI&KO .11.M f3n .HID! tin. licK

JID'ia.a c IIOMOlil&IO (2.7.8), (2.7.I5) H (2.7.I6) llOCTO.ffHH!le tin. HaXO.lUIM 

8 00 m 
I2k+1 lv)J>n•1 + TI Y2k ... 1 (v l E1 4 m2-(2k+J)2 f32m = tS2k•1,1 , k ~ 0, 

8k 00 1 
I21<('l)_hk + Ji Y21< (-l) fo (2m+1)-4k2 ./32m+1 = 0, k ~ 1. 

(2.7.I8) 

AHaJIOrH'iH!lM o6pa3CX\I, HCilOJI&3Y.ff (2. 7.I4) l1I (2. 7.I7) H l11CKJIJl)qa.ff fan. IIO-

IIOJI,y'ia eM 

8 "" m 
Y2k+1(vl62k•1 + ;;-J2k•1(vlL: (~k 112 4 2 62m =021<+11, k~O. 

Jl m•1 '- + - m ' 
(2. 7.19) 

Sk "" 1 
Y2k(v)621< +Tl T2k(v) 5-4-k-2_-(2-m-... - 1-)2 62m+1 =0, k~1. 

!ocTaTottao pem.HT& JIID6yro .Ha cHcTeM (2.7.18), (2.7.I9). B nepBoM cey

ttae 6n HaX0.11..ffTC.ff c IIOMOll!&ID ypa:eaea.11a (2. 7 .15) H (2. 7. 16)' a BO BTO

pOM - c llOMO!ll&ll (2.7.14) .I'! (2.7.17) onpe;zten:aeM /.>n• Ha npaKTHKe Kalt.ll.a.ff 

H3 YRa30HHHX CHCT9M pemaeTC.ff MeTO.ll.OM ycetteHRR, KOr:zta BCe 6ecKOH9'i!WB 

OYMM.hl 3SM9H.RIOTC.ff Ha KOHB'iH.!il9. PacCMOTpMM npocTemA cey-cra~. npe.11.nona

ra.a' 'iTO MOlltHO npeae6peq& .EC9MH fan H 6n IIPH n > 2 • Tor:zta CHCTeMa 

(2.7.I8) npHJmMaeT .El11.ll. 

c pemeaPJeM fi1 =- J2(v) I ti, j3 2 = 8Y2(v)/3Ti.t., r.11.e tJ = Ji(vlJ2(-.J) + 
+(8/3TL)2Y1 (v)Y2 (v). C IIOMOl!l&ID {2.7.5) .H (2.7.16) nocne ycetteHH.a no-

11yqa eM 61 = ( 8 / 311) 2 Y 2 ( v l I ti , 62 = - ( 8 I 3 Ti.) J2 ( v) I 6 • 
Ec7IH 3a OCHO.Ey BMT& ycetteHHYID CHCT9MY (2. 7. 19). IIOIIY'iHM ypa.EH9Hl11.ff 

8 8 
Y1 ('vl61- 31l J1(v)62 =1, 311 J2 (vl61 + Y2(vlB2 = o 

c pemeHJ11eM 61 =Y2(v)/t,*, 62 =- 8J2 (vl/3TI6"', npztteM Tenep& t:,,* = 
= Y1(.Y)Y2(-.J)+(8/3'.Ti)2 T1(-l)h(-n. 113 (2.7.4) H {2.7.14) HaXO:!UIM fa1 = 
= (8/31l)2 J2 (vl/ll.*, faz= (8/3TI)Y2 (-il/t,*. 

MY Eii.ll.HM' 'iTO IIOCTpOBHH.hlB .11..EYM.ff cnoco6aMl11 pemeH.11.ff HB COl!IIa.ll.alDT; aTO 

peayJI&TaT yceqeHJ11.a 6ecKOHB'iHhlX CHCTBM. !n:a ynpomeflllll! IIOIIY'iBHHHX ~OJNY1I 
np11MeM npH6mui:eaao 8/3'.Jl'-"'1. Tor:zta l\. = ll.* = J1 (-1)r2(-i)+ Y1(-J)Y2(v) PI 

fo1= -62::. J2(-l)/ti, J3z = 61 = Y2(v)/ti, IIpl1!'IBM II01IY'i9HHhle o60BMJ11 cno-

co6aMB pesyR&TaTH COEDa;ztalDT. c npiiH.aTOa TOqHQCTblD pemeH.Be aa;!Ui'lll m.ie

eT .EH.II. /178/ 

p(r,B) = t.~~) {[Y2(v)Y1 (vr) + J2 (v)J1 (vr)-rll(v)]sLn8 + 

+ [ Y2 (-1) J2 (-Jl') - I 2 (-J)Y2 (-Jr)]s°Ln 28}. 

(2.7.20) 
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TaR KaK none (2.7.20) .REJIReTC.R KOCOC.IIMMeTpHttecR.llM OTHOCHT91ILHO Ba
npa:e neHMR na6eraD11eI'O IlOTORa' RaPTJJHa IIl!llUd~ TOKa C).BMMeTpJJttH8 OTHOC.1-

TelILHO OCH Ox ' H IIOSTOMY IIOCTpOeHHOe pemeHJJe Oll.HO:epeMeHHO .R:SIIRBTC.11 pe

meimeM 58ll.8tt.lil 0 :SOSMymeHHH SOHalILHOI'O IIOTORa nonyocTpO:SOM :e ~pMe nony

Kpyra. IIpHneraD11HM K Ilp.RMOII.l!HelHOMY 6epery y = 0. 3TOT :S.lmOll. He SSBHORIT 

OT npHHRTOI'O npHOIIl!lllt9HH.R JJ .REIIRBTC.11 OOlllJJM. IlpHMep!i pemeH.l'l.ff ananorJJqfWX 

sa:itaq ll.JIR nonyocTpo:eo:e HHOI CfJoJJAl>I c IIOMOmLD nonyoopaTHl:il.X MeTOll.O:S MOlltHO 

HdT.H :e D4r7 (CM. Taiate nso, I8ll). 
PaccMOTpi!M TenepL :eonpoc 0 RpHTnecKJJX ToqRax, :e KOTOPl:il.X OOpalllfleTC.11 

:e HY n& BeKTop cKopocTH, T. e. p.,. = Pe= 0. 3TH ypa:eaeHM JJMellT oqe:ez;iuwe 

pemeHH.R r = 1, 8 = 0, 1i. , oT:ee'llaDIU!!e nepell,Hel 111 sa:itHel ToqKe na rpaHJ1ue 

OCTpo:ea. JlpyrHe BOSMOlltHHS KOPHRI B .llBHOM BHll.8 HaiTi! He Yll.SSTC.11, Il09TOMY 

ML! orpaHRlttl!MC.11 J<aqecTEeHH.liM 8H81IJJSO~. PacCMOTPHM JISMBHeHHe "30Ha1U1HOI 

CKOpOCTJI B;ll,01Ib OC.H 0 y • Ks (2. 7 .20) RIMBBM u ( 0, y ) = - Va ('r, ~)::. 

= - ~~ (r. ~) = v0 {1- :(-J) [Y2 (-.i)Y1'(vl") + J2 (-.J)J;C-v-r)J}. 

JlJIR :D;ocTaTO'llHO oon&llli'lx 'II ac.HMIITOTHttecK.H nonyqaeM u(O,r)/150 -1 + 
+ (2-.J 2/3Jr°)cosv(l1-1). B TO'IKSX Yn = rn = 1 + (2n-1)'.Ji/~. n.?-1 .lil.MeeM 

u (0, l"n)/Vo ~ 1 - 2v 2H /.H-J+ (2n-1)'.lr. BBell.BM 1:1e11oe H90Tp.HUQT91lE>H09 'llHCRO 

N = E [ + { ;L (( 2~2 r- j) +1}] ~ E [ 2; ( 23'V2 r]' 
r;11.e E [ z J osaaqaeT 1:1e11yll qacTL z • Tor:11S u ( 0, l"n) < 0 np.z 1 ~ n f: N , 
T. e • .B YR838HHHX TO'llRSX IM81lTCJ'I llOBBpaTHl>IB TeqeH.ruJ' KOTOp!iB MOI'YT 

npell.CT8.Bll.llTL BBTEH S&IKHYT.blX EHXPBBWC UHPRYJIRUMii. 0119E.Bll.HO, Heooxou

MHM ycnOEHBM IIO.RBRBHM T8K.14X EMxpel .RBIIRSTC.R HBpaBeHCTBO 'V > (91l/2)1151't 

.,., 1,7 ; pasMB.PJi :eosHHKaDI!HX :eupeii :e nonepettHOM aanpa:eneHl!H mem nop.a

;11.oK 2'Ji./-L 
TaKMM OOpasOM, C YMBHLWBHHBM CKOpOCTH Ha08I'8Dll8I'O IIOTOKa Ilp.H HBKO

TOpOM ~ Kp no o6e CTOpOHl>I OT OCTpo:ea IIO.llE JIReTOR nep:ea.R :uapa Kp.HTH'IBO

KHX TOtlBR, BOKpyr KOTOPl:il.X npH l181ILHeitmeM y:eenH1'18HRIH 'V lfJOIJMHPYll'l'CR 

;II.Ba BHXp.11 npoTHEOIIonoEHHX :epameHJJI. C pocToM i '!Meno :eHxpei paoTeT, 

npHtieM O:Z:.HOBpBMBHHO YCHruIBaeTCR Mea.H;ll.pHpOBaHHB llOTORS 58 OOTpo:eoM (Bon-
HOBOI poccoseEOKHii one;11.). KapTHHa JIBIW! TOKa IIPH 'I= 2 .H -.J =3 .zso6-

pallt8H8 HS pHC. 20. 

IlOCKOllbKY pacxo;zJ.H H, cnell,OBaTenLHO, cpe:zi.tme OROpOCTH POOTO'IHHX Te

qeHHI B pean&Hl:il.X OKBSH8X KOJI80lll!lTOR B lllHpOKl!X IIpBll.8118X O~HOBpBMBHHO 0 

HSMeHeHHeM HHTBHCID!HOCTJJ OKeaHJlqecRl'IX cy6TpOn.HqeoKHx ROllB[\, BHxpeo6-

paso:eaHHe H MB8.H;ll.p.Hp0B8HHB TOnorpalfJHqecKOI IIPHPO;zJ.Lt MOlltHO paCC.MaTpH.BaT& 

RaK peaK[IHBJ Ha KOne6aH.H.R OKeaHHqeoROi Ul'IPKYlI.llW!H rno6anLHOI'O M8CWT86a. 

2.8. EapoTpOIIHl>IB Teqelill.11 B 6ecKOHeqHOM RaHane 

B reo!{!HsHqeoKO! rM;zJ.POll.HHaMH:Ke lllHPOK08 paonpocTpaHeHHe IIOnyqHna MO

:zi.enLHaR sa:ita'IS 0 TB'llBHBRX E RaHane. 061i1qHo paOCM8TpHB81lTCR 111400 oeo-
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KOH8ll:Jildt K8Ha1l, Kor:zi.a sanaBaeAlae .B.Bepx RI .BHH3 IIO T8"18HHI> rpaHB"IHl:il8 yc-

110.BH.R H838.BJllC.1Mli, 7JH60 K8Ha1I KOH8"1HOt.1 ;!J.mtHli, 1t0r:zi.a .EBepx Jll .EIUl3 IIO no

TOR,y ~OPMY1IHPYIOTC.R YC1IOBH.ll nepHO~"IHOCTB. B HaCTo.ameM naparpa~e Mli 

paCCMOTpBM OTSUHORBPH.YIO QSM"IY 0 T8"18HH.RX B 6ecKOH8"1HOM :KBHB 118 0 i.. y '-1 • 
Ix I'-"" , Ha npHMepe KOTOpoii, .:e qacTHOCTH, H3Y"IHM .:e IDl.RHHe pacnpe;ae11eHH.R 

DOT8HlJ,H81ILHOro ~JllXP.ff B aa6erablleM IIOTOK0. 

By;aeM npe;ano1IaraTL, "ITO pacnpe;aeneHRJe noTeHUHa11&aoro .:emxps:i xapaKTe
p111syeTc.R 1IJ1Het.tao! ~YHKUHd F(p)= Cp+D; Tor:zi.a, KaK noI<asaao :e § 2.3, 
none :zi.a.:e11eHR1.a onpe;ae1I.lleTc.a no ~OPMY1le p = P(y)+ 6'1' Cx,y) , r;ae IJ.I (x,y) 

y;ao.:e11eTBOP.ff8T ypa:eHeHH> 

&\jl - c~ = - h(:r,yl, 

KOTOpoe TenepL ;!J.OllltHO HHTerpHpOESTLO.R IIPH YC1IOBllRX Ll38_7 

y.i(:x:,O) =\jl(:x:,1)=0. -oo<:x:«'°; 
~ __. 0 :e.:eepx no Tti"leHBro, 

'l' orpaH111"18HO BHil3 no T8"10IDllD. 

(2.8.I) 

(2.8.2) 

BOSMOEHl:ile np~H1IB OKOpOCTH Ha6eralOlllilX IIOTOKOB npm.:ee;aeHl:il B § 2.3; npH 

STOM npe;ano1IaraeTC.R, "ITO lf(y) HB M8HR8T S.HBKa, KOTOpai onpe11.e11R8TO.ll 

H8llp&B110HJll8M IIOTO:Ka. 

PemeW1e ypaBHeHH.ll (2.8.I) mmeM .:e BH;ae ps:i:zi.a ~ypLe 

lfl(:x:,y) = f::IJ.ln(:x:)'Yn(Y), (2.8.3) 
n:1 

rne Yn ( y) = '12 si.n n'.Jiy' n = 1,2... o6pasyllT IIOIIH.YIO H op',l'OH2JlMBPOB8H

H.YIO CHCT8MY ~YHKUHi Ha OTpesKe Q.:: y< 1. llonara.a h(x,yi = L: hn(:x:))'n(y), 
1 n:1 

r;ae, Otl8BZAHO, hn(x,y) = fh(x,ylYn(y)dy, il3 (2.8.I) - (2.8.2) IIOIIY-
0 

qaeM IIOC118;!J.0.BST81ILHOCTL oOaKHOB8HHliX 11,11qxpepeHUH81ILHliX ypaEH8HBi 

(2.8.4) 

npm Y01IOBRRX 4'n...., 0 :e:eepx no Te"leH>lll H 'I' n orpaHB"l8HO EHB3 no T8"10HBKl. 

PemeHBs c~OJlMY1IBPOESHHliX sneMeHTapaax sanaq 11erKo cTpo.aTc.a CTaH:zi.aPTIWllll: 

MeTO;zJ.aMH. BBe;aeM 06osHSt1eHPJ.a Wn=~-C-Jin'npH C+fin'-0 H ISn=~c+:Xn' 
npm c + )in> 0. Tor;aa A11R EOCTO"IHl:ilX noTOKOB 

1 x 
4Jn(:x:l = - -I h"(~ l sin c.on(.x-Vldf, c +.An.:: o, °'" -CO 

(2.8.5) 

'fln(:X:) = 2i- j hn(~)e-~nl:c-fl df, C +An> 0. 
n _.., 

(2.8.6) 

.ll11R 38II81J.HLIX nOTOKOB E {2.8. 5) HBJIBHii npe11.e11 B HHTerpane c11e;ayeT sa

M8HllTL Ha + 00 • .Ila nee Mli 6y]J.8M paccMaTpHBSTL ruus6011ee BHTepecHble BOC-

TO"IHL!e IIOTOKPI. llyCTL N eCTL H81™0HLlllee o;enoe '11.l'!CJIO, lU!fl KOTOporo eme 
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cnpaESllllliBO HepaEeHcT:eo G + .An<O. Onpe:n,enPIM <PYHKUl'IJI 9n(:x) no cpopMynaM 

{
_Sl:x.)slnu.'rn:X:, n=1,2, ... ,N, 

9n (:X:) = Wn 
_1_ e-{lnlxl n > N. 
2on ' 

(2.8.?) 

Tor:n,a peweime saZlSqll MOlltHO npencTaBHTb c IIOMOmhll <PYHKUl'IH I'pJIHa 

(2.8.8) 

l! Bl!ll,e 
00 1 

'fl(:x:,yJ = J fG(x-r.y;~)h(r.~Jd~d~. (2.8.9) 
-00 0 

Hs npm!en,eHHHX :e&pallteHHi! cnen;yeT, qTo :e none l!OSM.YllleHHI! np.11cyTcTBY

eT po:eHo N :eoJIHOB&x MOll c lJ,JIHHaMll :eonH En=-21i/wn• npi!qeM c pooTOM 

HOMepa MOll!i 11,llliHa BOJIH!i paoTeT. YoJIOBHe ll0.REII9Hl11.R BOJIHOB!iX MOlJ, N > 1 
oaHat1aeT, qTo C<:.-'.112 , npHqeM ql'Jcno aTHX Mon; N B ToqHocTH pa:eHo uenoll 

qacTH q.llJC na JC' /11 . BOSHHKHOBeirne EOIIHOE!iX B03MYlllBHHtt, IIO-EH11,HMOMY. 

CB.R3a RO c H8YCTOttqi!EOCTbll aa6eraJJU1ero IIOTOKa. TSK KSK npH 3TOM F'(p) = 
= C< 0 (CM. § 2.3). Enaro:n,ap,R Harumrn E07IHOB!iX KOMDOH0HT B peweHHH, 

B IIOTOKe BH.lll3 DO TeqeH.llll OT o6naCT.lll B03MY1118HH.R penbecpa lJ,Ha lll'!Hi!H TORS 

npHHHMSllT KOJie0aT01IbH!i~ xapaKTep (MeaH11,PHPYllT) H 11,allte MoryT o6pa30B!i

:eaTh OT11,87IbH!ie H301IHPOESHHHe BHXpll. 

IlpH c =-.An. n= 1,2, ... , (2.8,8) KaK <PYHKUll.R napaMBTpa c TBPDHT 

pasplill; 11,JI.R aTHX 3Ha~ieHHI! c He cy111ecTE,yeT orpaHH'l0HH!ix BHH3 no TB'lB

HHll pemeHHI! - HaCTynaeT c:eoeo6paaH&ll "pesoHaHc". 

PaccMOTpHM B Ka'lBCTEe Dpl'!Mepa "Tpi!rOHOMBTPH'lBCKHH" npo<llHJib CKOpOCTH 

Hs § 2.3 V(y) = -.J (Asin'Vy - Bcos~y)+B/-.J2 , C = - -.J 2 < 0. Ilonara.R anecb 

A=- B = 0 111 6 /-.J 2 = 1!0 > 0 , nony'lHM K.ll:HBMBTll'!BoK.ll: 011,Hopon,H&ll :eocTO'lH&ll 

noTOK, np111qeM P(y) = -1J0y H C = - 6 /'lfo. Ye no:e.11e no.RBJIBHil.R :eonHOEYX Mon; 

HMBBT BHlJ, 6/1lo>112 • T. e. CKOpOCTb 1l07IlKH8 6&Tb MBHbme KpHT.ll'lBCKOro 3Ha

'?9Hl!R VKp = 6/1i.2 • 3ananHM perrheill nHa :e npocToii !fiopMe 

1 h(:r:,y) = J2'8(:x.)Y1(y)= 8(:x:)sLn1Iy. 

3Ta cpyHKUH.R M011,81!HpyeT nonyOeCKOHB'lH!iii 30Ha1IhH!i~ xpeOeT, pacnOJIOlKBHHHH 

CllMMBTPH'lHO OTHOCHT91IbHO 00111 KaHana. PeweHHe (2.8.9) npl!HHMaeT EHlJ, 
oO 

'f (:x,y) = J 91(:x:-~)dV sLn1iy. 
0 

V!cnonh3Y.fl (2.8. ?) • lJ,JI.R pesyJibTHPYIDIUBrO 1101li! na:erreHIHI non:yql!M OKOHqaTe-

JibHO p = - lf0 y + ()cp(:r:) SLnJiy, rne 
2 (.O:j '.( 

28(:x:)si.n -~- • 1fa<.. VKp 

'.l'...:. 0 ' 

1 -
1 -01 :x 2 e , :x '0, 1!0 ' VKp , 

c'i1 =- '.JI~J-(VKp/VoJ'· 



Ilpl'I V0 <. VKp Ha6era1>oud! noTOK "He qy:ecT:eyeT" npenRTCTEl'l.R :e:eepx no 

TBqBRl'lll OT xpe6Ta; EHH3 no TeqeHHll none B03MYlllBHH.R ltBEnBHKI! 6y; HMBBT 

BHll WIKnoHHqecKHX no:eTOP.RlllllHXC.R EHxpelii c 30Ha nb!IHM llHaMeTpOM d = 2'.Ji /61. 
IlpOlOnbH8.R CYMMapRa.R CKOpOCTb pa:eaa 

( ) _ _ V 26s[n2 (61 :r./2)cosTiy 
LI :r.,y - - Py - o + '.TI(VKp/Vo-1) . 

Xopomo BHltHO, qTo Hall npHsI<EaTOpHal!bHblM CK~OHOM xpe6Ta rrpOHOXOllHT yca

neaee rroTOKa, a Halt npenonspH.lilM - aaMenneaee. ITpn ycno:een 

(2.8,IO) 

l! TOqKax :x: m :::: 1i. (2 m-1) /61 ' y =. 1' m = 1,2,... H B HBKOTOpoii HX OKpeoT

HOOTH u <. 0 • qTo OEHllBTenbcT:eyeT 0 DO.RE IIBHHH :e pesy llbTHPYlllllBM none ll2K

IIOHH'tl0CKHX 1rnxpea, CMBlllBHHHX R npHIIOlI.RPHOlii CTOpOHB Ka Ha II0. IlpH 1f 0 <. 

ClJKp-26/JiEHxpelii HBT H rrpOHOXOztHT fil!Wb M08H;l~pHpo:eamie IIOTORa c ltlll!HO"il EOJI

HH e1=2'Ji./61. 
IIpM Vo> lfKp :eoaMYl!lB!il1.R OT xpe6Ta pacupocTpaH.RIOTO.R :e:eepx no Te'tleHlui, 

sacTaBII.R.R Ha6era1>au;ilii IlOTOK IlOCTBilBHHO CMB1118Tb0.R K npHIIOII.RPHO:il: CTOPOHB 

( y = 1 ) Ka Hana. 3To cMel!leHHe np011,01I1t0eTcn H BHH3 no TeqeErnIO, H npn noc

TaToqao 60llbWHX :r. IlpH61IH~BHHO nonyqaeM 

6 . ) 6cos'.Tiy 
p.,.._-V0 y + JI2 (l-1fKp/1fol SLn'.Jly, u(:r,y ~vo-1[(1-lfKp/Vo)' IJ"(:r,y)"'O. 

·3TH COOTHOWBHHS! onpe21,e1I.R1DT 30HallbH.lil:il: IIOTOK, YCl'IJIBEalOllU'lliiCS! Ha npznoll.Rp

HOi OTO po He H 38MBztlI.RIOllU'l:il:O.R Ha rrpHsKEa TOpJlla llbHOlii. B qa CT HOO TH' npn 

V Kp < V0 <. 1J KP+ 6/ Ji. Ha rrpHaKBaTopHa IIbHOii cTopoHe :eosH.MRaBT npoTH:eo

TB'IBHHe. 

Bee CRa38HHOe HIIIIIOOTpHpyeT pHc. 21, Ha KOTOpOM rrpeztCT8EIIBH.lil lll'IHHH 

TORS ltll.R 'IBTblpex 3Ha'CiBHHii CKOPOCTH Ha6erakJUjero IIOTORa Vo ' 38KIIID'IBHHOlii 

cooT:eeTcT:eeaao :e npoMelKYTRax: (O, VKp- 26/Jl), (VKp-26/51,UKp), ( UKp, VKp + 
+6/.1l) H (lfKp+6/.1l, 00 ). IlpH pacqeTax npPJHHMal!OCb UKp"'1 l'I 6=1. 

OueHHM Tenepb onpeztell.RIOl!U'IB napaMeTpbl ltll.R YCIIOEHlii, 61IH3lrnX K BCTBCT

EBHHblM, npHMBHHTBllbHO K AHTapKT.HqeCKOMY UHPK.'/MilOJI.RpHOMY Te'!eHklKJ (AUT) 
E THXOORB8HCKOM CBKTOpe Mi'lpoEoro OKeaHa, rne OHO Ha CEOBM nyTH BCTpe

qaeT IIO'tlTPI 30H8JTbHOB KllKHO-TklXOOKB8HCKOB IlOztHRTPIB. lliHPHHY MOltBII&Horo 

Raaana npHMBM pa:eHoit l"' = IOOO KM (npHMepHoe paccTO.RHHe Me~y Ho:eoae

naHltCKHM nnaTo H AHTapKTHltOiri) c oobKJ Ha 60°10.w. ITpklHHMa.R H* = 4 RM Pl 

pacxon AUT paEHHM 2 x rn8 M3 /c' IIOII,Y'IHM CPBltHIDID CKOpOCTb lf* = 5 cw'c ; 

npn h* = l KM arc naer 6eapa sMepa.1i1e napaMeTpa V0 =l, U"Kp~ 23 H 26/'Ji""- 401. 
3TO 03H8'18BT, qTO EblllOIIHeH!il YCIIOEM.R (2.8.10), ztlIR KOTOpmc: Halt npHilOlI.RP

HblM CKIIOHOM xpe6Ta 21,0lllKHbl B03HHR8T& 38MKHYTlilB BHXPBBb19 o6paso:eaHH.Fl c 

30H91lbHblM pa3MBpOM l10p,RztKa e1 = 0,425, qTQ COOTEBTCTEYBT 425 KM. He

CMOTP.Fl Ha Pl3EBCTHYKJ YCIIOEHOCTb EblIIOJTHBHHmt ou:eHOK (napaMeTp.l:t 5 kl 6 
OKa3blEalOTC.Fl ropa3ll.0 60JTblllB 8D;HHHU:b1)' OHH Ilplll!Ozt.RT K pe3.Yll&TaTaM' KOTO

p1:i1e RaqecTEeHHOe cor1I0C,YIDTC.Fl c itaHHUMM H861IKJ~BHH~ [136/. 
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-7 

-1 

0 
8 

0 

e 

0 1 h 

x 

x 

p Jll c. 21. JillHHJll TOKa B rornarre ZIJIR qeTblpex 3HaqeHJllM CKOpOCTJll 

Ha6era 101uero noTORa 
a - 0<-1fo<:1fKp-26/'.Tl. a- VKp~26/.'JI<:Uo"-1f1<p, 

1' - UKp "- V0 < lJKp + 6/Ji. r. r - 1J1<p + 6/'Jt <. lf0 < ""· 

IlpJ11 pacqeTax npvmJllMa noc 1i: lJKp = 1, 6 = 1 111 a -
1J0 = 0,349, 6 - 0,682, E - I,159, r - I,636. 
lliTpJllXOEaE IIHHVUT OTMeqaeT H8'!81IO norry6eCKOHB'!HOro 

so Ha JibHoro xpe6Ta 



B S8K1Ill'l81ll'I8 OTMBTHM HHTepeOHYll pa60TY MaK-I.fHT&Apa [i37/. B :KOTopo! 

pemaeTO.R mrneapHSOB&HHa.R 38ll8'18 Ha YOT8HOBII8HH8 B SOHSII&HOM KaH9118; 

TSROA IlOll,XOll, Il03BOII.R8T O[l8HHTb CKOpOCTb CTS[lHOlll'IpOBSHH.R H Oll,HOBp8MBHHO 

YOTpaH.ReT TPYll.HOCTH. CE.R38HHH8 c Q)OPMYIIHPOBKO'A rpalll'I"IHHX YCIIOBHA Ha 

6ecROH8'lHOCTH. 

2.9. BeTpOENe T8'18HH.R B S&MRHYTOM SOHalI&HOM KaHa118 

~o CHX nop npa pemeHHH ROHKPBTHHX 38Jta'q MN npeHe6peralIH ll,8IOTEH8M 

BeTpa H npHll,OHHOro TpeEm.R. B &TOM naparpaQ)e paOCMaTPHB88TC.R SSJta'la 0 

CTS[lHOHapHHX l!8TpOB.liX T8'18HH.RX B SOHalI&HOM KaH8118 KOH8'1HOit ltlIHHH /., C 

nepHOll,H'l8CRHMH YClIOl!H.RMH Ha ROHUSX. 06nacT& T8'18HH.R .Rl!II.R8TC.R no oy~eOT

BY ltBYXOB.RSHOI, TSR KaK ee MOlltHO p:IOCMaTpHBST& l! BH;lte saMKliYTOro KaHS

lIB Ha cQ)epe. 321,ec& Ma HM08M npHM8p CHOTeMa, :e KOTOpol YCIIOBH.R :e:eepx no 

T8'18HHE H0 onpe21,eneH1i1. MaTaMaTH'l8CKa.R llOCTSBOBRa SS:zta'lH CII8ll.YIJUla.R /"84, 
85, IOrJ. 

B 061I8CTH o~x<i., • O< y< 1 Tpe6yeTO.R pellIHT& ypa:eH8HH8 IlOT8H[lHSII&-

1oro BHXP.ff 

J ( p, A p + 6 h + 5 y) + k tip = 'f ( T'~l - T' (~J ) , (2.9.I) 

rne T M h - saztaeHae nooTaTO'lHO rm21,KHe nepHOll.H'lecKHe no x o nepilo

llOM [., Q)YHK[lHH. 30!iSlI&HH8 HenporuauaeMae rpaHHua KaHa1I8 ll,OIIlltHH 6NT& 1ll!

H.111.RMH TORS., nosTOMY MOlltHO npHH.RT& 

p(:r,O)=Q, 

p (x, 1) = 0, 

(2.9.2) 

(2.9.3) 

rll,8 onpell,811.RE~.R C,YMMapHld~ reooTpoiI>HtteoR.HI :p:ioxoir. IlOCTO.RHHS.R Q HSXO

ll,HTC.R HS ll0Il0lIHHT81I&HOro YCIIOBH.R (2.I.7), IlpHMeHeHHoro K Oll,HOA HS so-

Hall&Hax r:p:iHHU KaH8118, HailPHMep 
I. /, 

- kf pyd'.I = T [r<-x.Jd:r, y = 0. 
0 0 

Onpe21,e1IHM soHan&Hoe ocpe21,HaHHe no Q)OPMYIIB 

I.. 

f =(1/L.)ffdx, 
0 

pyll K (2.9.I) - (2.9.3) c Y'IBTOM YCIIOBHI nepHOll,H'IHOOTH, 

[ Px (A p + 6h)]':i + kpyy = - T Tif'X1, 

p(O)=Q, 

p(1) = 0. 

Ycnol!He (2.9.4) nepenHmeTo.R .E EHir,e 

(2.9.4) 

Ilp.HM8H.R.R KOTO

IlOII.Y'iHM /IO:r.7 

(2.9.5) 

(2.9.6) 

(2.9.7) 

-kpy(O) = y'f<Xl(O). (2.9.8) 

llHTerpmpys (2.9.5) H Y'iHTHEa.R (2.9.6) H (2.9.8), HaXOlUJM 

p = Q - -1 [T f f":x:>ct7+1 P:r. (tip+ 6h)d~], 
k 0 0 
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OTiey:ltS 0 IIOMOUl&ll (2. 9. 7) OKOWIST911&HO noay'l!aBM YJeBHBHHe 

I [ 1 1 ] 
Q = - r ff 1x1cty + J P:t (Llp + 6h)d~ , 

k 0 0 
(2.9.9) 

KOTOpoe B :ltS 11E.Heiml9M 6yi.teT CIJYUTD ltlIR 0Ilp9ll9119Hl'IH IIOCTOHHHOA 0. • 3a
M9T.lil.M. 'l!TO :e &TOM COOTHOW91Ul.l'I l! C.l'lllY rJllHJll'l{HOro YCJIOBWI (2. 9.2) p sa

l!.l'ICHT OT Q ; OJl;HOEpeMeHHO xopowo l!HltHO, '!{TO cpen.HHI 30HaJIEiHSA nepe

HOC S8BHC.l'IT OT peJI&eilJa Illa. 
Ilpe;itcTal!HM l!OSMYlll&HHe pe111>$ :n;HS l! BHlle h (:x:, y) = ii ( y) + e. h ( :x, y ) , 

rAe npe;u,nonaraeTCJI O< f. << 1 z h = O ; TOrJtQ, O'l{e:BlmHO, h ( :x, y) = ii (y ). 
HcII0111>3YJI IIPJIMOI M9TO;ll B03MY1118HHI no MQJIOMY Il8JllM9TPY & ' ll011Br88M 

p =Po +&p1 +e2.p2.+ ..• , 11 = Qo+f.U1+l 2Q2+... • Iloll,CTQHOBRQ 8TllX 1Xl31IO

ll&HHI l! (2.9.l) - (2.9.3) H (2.9.9) npHl!OAHT K IIOCJI9J,t0l!QT81&HOOTH m!

HBIH.liX 88lU!'I! 

J(po,l\po+6y+6h(yl)+kl\p0 = 'L(T~ 1 -T<,f1 ), 

J (Po, ll P1 + 6 h) + I ( P1, ll Po + 6 y + 6 ii) + k ll P1 = 0, 

Pi(x,O) = Cli , i = 0,1, ... 

Pi.(:x:,1l = o, l= 0,1, ... 

(2.9.10) 

(2. 9.II) 

(2.9.12) 

(2.9.13) 

(2.9.14) 

(2.9.15) 

(2.9.!6) 

JlyOT& Jl;IIR npocTOTH T(X)= T(y) H rCYl: 0 ('llHOTO 80Ha1I&HHI l!8Tep), 

Tor:n;a Po= Po (y) H ypa:eHeHHe (2. 9.IO) npRJHBM88T BH:n; 

kp 0 == - 'tT 1 , (2.9.17) 

a (2.9.14) nepeXO:U.HT B 

'[ 1 

Qo = k [T(y)dy. (2.9.18) 

HHTerpJ1pyJ1 (2.9.17) npH YOJIOl!WIX (2.9.12) H (2.9.13), nonyqaey 

'['[1 ~ J Poly)= k f T('t)d't - f T('l)d~ . 
0 0 

(2. 9.19) 

Hyne:eoe npH6m!D11.11e (2. 9. I9) onpe:iteMe'l' 'llBCTO soH&n&aoe Te'l{eHH o 

CYMMSPHHM JllOXOltOM (2.9.18) H He 88l!BCHT HH OT 6eTS-~8RTa, HH OT 
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pen&eqia nHa. TaK KaK p 0 He aaBHCHT OT 

(2, 9.16) IlpPIHHMBIDT EHlt Q.1 = 0 U 

X , COOTHOWBHRR (2.9.15) Pl 

1 1 ~ 
Q2 =kl P1x(llP1 +6h)dy, (2.9.20) 

me p1 YltOEneT:eopaeT nzHeitHOMY .vpa:eHeHmo (2.9.II) 

- p~ ( ll P1 + 6 ii l:x: + ( p~ + 6 + 6 h') Pix+ k ll p1 = 0, (2.9.21) 

KOTOpoe ltOIIlltHO HHTerpHpOBBTbCR npH rpaaHqlillx YCIIOBHRX (2.9.12) H 

(2.9.13) 

P1 (:x:,o) = pi(:x:,1J = 0. (2.9.22) 

Hcnon&ayR ne~HOltHqHocTb h no :x: , npBMeM 

h = f: [an(y)cOSWn:X: + 5n(y)sinW"n:r], 
n=1 

(2.9.23) 

r:ne UJ-n = 21In I I.. , n = 1,2, ..• , npzqeM BBTOMBTBqecKH :e1i1no11HeHo yono:eBe 

h = 0 • IIpeitcTaBIISlR pemeHHe B BH;D.e 8H81IOrHqHoro pJfltS 

p1 (x,y) = f:. [oln(y)cos u,-n:x: + }3n(y)sin (.l)n:X], 
n=1 

(2.9.24) 

HS (2.9.21) HBXOlU!M 

k (cl.'~ - 00-~ dn) - WnP~ (.f.J~ - OJ~fon+ 66n) + (p~' + 6 +6h 1)UJ'nf3n = 0, 

k(j3~ - w~finl - 00-n pi, (ol'~ - °'~ itn +6an)- (p~ + 5+6 h'lwnd.n = 0, ' 2• 9•25 > 

c E!iTBKalll!HMH HS (2, 9.22) rp:rnzqHJiMH YCIIOEHRMH 

cl n ( 0) = cl. n (1) = .f3 n ( 0) = ftn ( 1) = 0 , n = 1, 2, ... • (2.9.26) 

IlOltCTBEIIRR (2.9.23) H (2.9.24) :e (2.9.20), nonyqHM nonpa:eR.Y K paCXOltY 

:eo BTOPOM npz611n:eHHH 

6 "" 1 
Q2=-2k L:wnJ(ctnftn-6nJ.n)dy. (2.9.27) 

n=1 0 
/\ ,.. 

IlpH T=const, h=h(:x:) H h::O aaltBqa (2.9.25) - (2.9.26) pema-

eTCR :e sneMeHTaPIWX IPYHKURRX, nocxon&R.Y E aTOM cnyttae On , 6n H p~ = 
=. -'[T/k CYTb IlOCTORHHiie BB1IH'1HH!i, PemeHHe HMeeT l!Hlt 

cl.n(y)=JnH~n.~n;y)-ftn'J(~n,'ten;y), (2.9.28) 

ftn(y) =cLng(vn,IHn;y) + ft·nf(vn.~n; y). 

3itec& :e:eeitelill c11e:nyD11He 06osHBtteH.1U1: 

" 6 vn6n+[f-1n(1+o~)Jan 
oln =- c.o~ o~+[1-Yn(1+o~)]2 

6 (1-'tn(1+~~)]5n-dnan 
f.in = w~ o~+[1-Yn(1+o~)J2 

(2.9.29) 

(2.9.30) 

(2.9.31) 
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f ('l :1e; ) = 1 _ ch'l(1-y) cos<1ey + ch-vycos ~ (1-y), 
' Y chv + cosae 

( ) shv(1-y)sLnl*'y + shvysLna((1-y) 
0 -I~· y = ' 
O' ' ' C h"\l + COS '#e (2.9.32) 

~n = w hn-1+~1)2 +o~ r~ ' 

'In::~ si.9n 6~~(rn-1) 2 + o~ r~· + 1-"/n1 
' (2.9.33) 

T'rl3k k2 

'tn = k4 + w~ T2T'2 ' dn = Wn'tT' 

BlipaMeHl'le (2.9.27) c IlOMOmLIO (2.9.28) - (2.9.3I) MOEHO npeo6pasoBaT& 

K El'lltY 

- - 62 "" a~ + 5~ { f 2 f } 

Cl2- 2kE (Aln{~~+[l-fn(1+~~)]2} dnlfndy-[1-l'n(1+on)]J9ndY 

1'171Jll, nocne E~IlOJIH6Hl'IR KEa:ztpaTyp 

62 "" ( a2 + ti 2 ) R Q _ ........, n n n 
2 - - - L.., {.t2 [ ( 2JJ2} ' k nd <.On on+ 1-Tn 1+dn 

(2.9.34) 

rite R _" [ 1 a£n si.n aen+ vnshvn J 
n - n 2 - w~~lrn-1)2+d~y~· (chvn+cosae,,) + 

[1-'t,,( I +6~)J(vnsi.na£n - (}fnsh-.Jn) 

+ w-~~lrn-1)2+o~1~ (ch~n+cosae,,) 
PacCMOTpl'IM B :r<aqecTBe IlpZMepa npocTOA cnyqaA h = - COS!C1X ; IIpJIMBM 

Tarute 6 = T' = T = 1, I..= 2.11 • Tor:zta e:itP1HCTBe1UWMH onpe:itellRll!U'IMllf napa-

MeTpaMl'I RE1IRIOTCR k fl 5. TaK RaR Tenep& UJ1=1, ~1= k2 .I! r1=tik/(1+k"), 
peweHHe npHHHMaeT EH:it 

P = ~ (1-y)- ~k4+~l-l3k)z' [f1 cos(x·tl.l)+ g1 si.n(:r+9)], (2.9.36) 

r~e C;ltBHr <IJa3H 9 onpe:zteHRBTCR COOTHOWBHIDJMJIJ 

• 1< 2 1-6k 
SLn 8 = ~k4+(1-5k)2' ' COS 8 = ~k"+(1-13k)2' 

B npe:zteJie npH 5-+ 0 HS (2.9.32) H (2.9.33) IlOJIY"laBM de1=0 .Ill -lf'" 1 ' a 

(2.9.35) nepexOZJJIJT E 
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1 E. [ ch(1-y)+chyJ 
p = k(1-y) -~ 1 - J+chl cos(:x:+ J: 0 ), 

'JI 
0 ~:Io<. -

2 
. k2. 

5 Ln :X:o = ~ 1 + k4 ' • 



a 

0 :n/2 :n 3.1!/2 2.fl x 

~KG•AK•t~ 

p 14 o. 22. BeTpOBble Te'!elil'ISI B 38MKHYTOM KaHBIIB Ha;n. 

HepOB!illM JtHOM 

a-k=1,E=2 ii 6-k=l,t:=4 

B STOM OIIY'!Se BOSMYIJl9Hile Il01ISI Te'IBHRISI OmIOblBS9TO.R BTOPHM OIIaraeMHM, 

KoTopoe :e npen.e1Iax nepHo;n.a no :l'- npe:n:oTaBJl'J!leT OBOTeMy D:B'/X :enxpel pas-

HblX BpalllelfHit, npH'IBM SHTl'.IUHK710H OMBIJIBH Ba paOOTOSIHHe :x:.o BBepx no 

T9ll9R:Mll OT rpe6H.R xpe6Ta ( x:. 1i. ). ~aKHM o6pasOM' pesylibTBPYllllll'll IIOTOK 

YOl'.11IMBS9TOSI y npaBOI OTBHRl'.I KaHa118 Ha mrneTp9BHOI OTOpOHe xpe6Ta J/I .'/ 

119BOI - Ha IlOJl,BeTpeHHOI OTOPOHe. IlpH Bblll01IH9HHH YOIIOBB.R f, > ..fi+k'i'(1 + 

+ch1)/ksh1=2,164~1+k41/k B llOTORe BOSHBKallT SSMKHYT.b!B UHPK.V1ISIUH.I! 

B08118 OT9HOK KaHalI0, llpMBOMIJli'le K BOTpe'!HblM T8'19HI4JIM. Ha pl'.10. 22 np.1!

Een.eH.bl KapT.l!H.bl IIHHRlit TOKa llp.1! k = 1 E 0 IIYllSSIX f, = 2 H £ = 4. Y'IB'l.' 6eTa

~KTa npH 6=1 01.1a60 B.l!D:OHSMBHSl9T KaPTHH.V TB'leBHSI. 

C11e:n:yeT SSMBTHTb, '!TO npHH.HMa.R npH paoti:eTe YKaSSHHble SHa'leHHSI na

paMaTpa E. , Ms TeM oa.MSM aapymaeM cn.emaeoe B.blme npen.no11ollte~:.Be o ero 

Ma 710CTH. Onpa:e:n.aHHeM MOllBT CIIYUTD xopomo HSEeCTlilll qeKT' '!TO ~9Bb 

'ISCTO npe]telI.bl np.BN9HllMOCTB 8CHMllTOTHll9CKHX M9T021.0B 0Ka9bll381lTCSI WHpe 

T9X, ROTOpse 21.HKTYllTCSI ~PM81ILHSMH KPBT9PBSIM.I!. 

~JllY11B (2. 9.34) B ~CCMOTpeBHOM CJIY'l88 Jl89T 
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(1-6k)(~1s.'1ae1- ~1shae1) 
+ ~(r1-1)2+<:'i~rr (ch-J,+cos~1) • OTKY:zta, B 'ISOTHOOTH, npH 6-+0 0119llY8T 

Q k ( 1 Sh1 ) 
~ = - 2(f+k4) 2 - 1+ch1 <O, T,e, no:zr. :zr.el:CTBHeM pe11r.$ ll.Ha BMeeTC.R 

pesylI&THPYlllll80 TOpMozeime IlOTORa, KOTOpoe MSKCHMSII&HO IlPH k =- 1/~. 
B saKIIll"leime OTM8THM. '!TO Bee np.11Be:zr,eH1me B.llllle ~p.tYJI.li OCTH)TC.R 

cnpaBe:zr,11HBHMH H npH h'(yl = const , cne:zr.yeT II.Rm& Bes:zr.e napaueTp 6 sa

MeimT& Ha 15 t 6 h'. 
2. IO. Eec1t0He'IH1i1A RaHa 11 nepeMeHHoro ce'!eHH.R 

B.Llwe M.bl paccMaTpPIBSIIR sa:zr.aqH 0 IIOTORaX B RaHaliax llOCTORHHOI mRpHHfi 

0 llIJ.RMOIIRHelHWIH 60ROB.LIMH CT8HI<aMPI. 3:zr.ecr, npe:zr.yeTOM HSY'l9Hl!l.R 6Yll.YT 

CTSUHOHaPH.ble HHepUl'IOHHlile Te'!eHH.R B 6eCKOH8'CJHOM RaHalie, 60ROB.ble rpaffHllli 

ltOTOpOrO ro H r1 MOryT 61i1Tb RpHB011PIH8l!WMl!I, JlpeHe6pera.R :zr.elOTBl!l8M 

B0TJll, llPHll.OHHOrO TpeH.H.R H pe.m>$ II.Ha ('r = k = 6 = 0) • npe:zr.no11araeM 

11HH8AHoe pacnpe:zr.e11eime IIOTBHUl'l811bHOro BHXP.R IIO 1l111H.14.RM TORa. F (p) =. Ap + 
+By= Cp + D • BEepx no Te'CfeHHll np.11 'X 4 - 00 BOsMozuee p:icnpe:zr.e11e

HH.R :zr.aB 118HM P( y) B H86eralll!leM BOCTO'!HOM IIO'l.'ORB np.11Be11eHH B § 2.3; HX 

Yll.06RO yCJIOBHO pasll.BIIRTJ> Ha TpH THIJS - "Tplll'OHOMBTPH'CJBClUie" ( c <. 0)' 
"nap:1601I1I'leoue" ( C = 0) H "rHnep60m!'!ecue" ( C > 0) • Ilpe11no11oze1me o 

TOM, 'CJTO BBepx no TB'lBHHll HSBeCTHO paonpen.eneHl!e IlOT8Htlil81l&HOrO BHXIJ.R, 

COOTSBJI.RBT oyTb TaK HaS.blBSBMOH rHIIOTesa ~OHI'S Ll3I, 142, I6~. 
Ilpe:zr.cTaBJI.RR pemeaHe SSll.S'lH B BH:zte p = P(y) + 't'(:x,y) ll.1!.R BOSMYUl8HRIR 

ll.8BII9HRIR nonyqaeM ypaBHeHR!e (CM. § 2.3) 

fl'+' - c't' = o. (2.IO.I) 

II.ycTb y = s 0,1 ( :x) COOTBeTCTBeHHO npe:zr.cTaB JI.Rll'l' ypaBR9HHR 60KOB.lil rp:iRHu 

xaHa Ila, npH'CfeM S0,1 (- 00) = 0,1 H 50,1 (00 ) = f 0,1 • Tor:zr.a rp:11mqaae ycnoBWI sa

nHmyTCR B BHle 

'+' (:r, 50 (.:x:)) = P(O) - P (5 0 (xl), - "° < x <. "", 

'Jl(X,51 (.:x:)) = P(f) - P(S 1 (xl), - 00 <x< oo, 

'!'(-ca, Y) 

'f'(oo,y) 

=O, O<y<-1, 

orpaRH'l8HO, eo < Y < f1 • 

(2.I0.2) 

(2.I0.3) 

(2.ID.4) 

(2.ID.5) 

KOHRpeTHliA BHll. pemeHHR saBHCHT OT onpe:zr.eJI.RIJlllel THII npoiPJ!lllR IIOCTORR

HOI C l!I OT lfiopMa 601t0Bex rpalll'lu (!lJYHKUHI 501(:xl). MH paccMOTPHM .11.Be 

sa:zr.a'!H. B nepBol HS imx ipopya 60KOBHX rp:iHHu cna6o OTIIRYS8TCR OT IIP.R

MOIIHHelHOI, a BO BTOpOI oea Mea.aeTCR CRa'IKOM KOH8'!HOI Be11.B'llmHlil B ce

'!81il!H :x: = 0 • OCTaEaRCl> CTporo IIP.RMOIIHHelffol np.1!! l'. * 0. 
3 a n. a '! a H o H r a. IlycT& Banonaeaa ye JIOB.IUI I 50 (xl I«· 1 H 

l1-51('Xll«1 ; Torn.a (2.I0.2), (2.l0.3) H (2.I0.5) MOJtRO llHHeapHSQ->o 

86 



.alaT&, OCY1119CTEPIB CHOO rpaHJl'iHHX yc110.a.ldl Ha H9BOSM.Ylll9HHY9 npgM01IHHBIHY9 

rpaHHUH y = 0 H y = 1 (r.ieTOJl JloHra Li307): 

ljJ(X,0) = - P'(0)50 (:t) = V(O)So(:x.), (2.I0.6) 

\fl (x,1) = - P1l1)(5i(:x.)-1) = V(1)(51 (:x:.J-1), (2.I0.7) 

\f'(co,y) orpa!!H'!BHO, O<y<1. 
co 

Pewea.11& lllllBM B BHJl9 \fl (x,y) = L: 'Vn (x} Yn (y) , 'in = H sin n '.Ti 11 , 
n=f J 

rne. O'i9BliI;llHO. 
1 

\fin (x) = f"!'(:x,y)Yn(y)dy. {2.I0.8) 
0 

Ypa:eHeHza ua KoaqxpznaeKTOB \fl n HaXO:IVITCB no M&TOlY I'pBH6epra [9}. 
fMHOllaB {2.IO.I) Ha 'in H HHTerpspya pesyn&TaT no y :e npe;llenax OT 0 
lO I, 0 Y'!BTOM (2.I0.6) - (2.I0.8) nOIIY'iJIM 

\jl~-(C+An)o/n = ~2>.~ [HJ"1l(1)(51(:x:)-1)-1T(0)5 0 (:x.)J, (2.I0.9) 

'!Jn(- 00)=0, %(00) orpaHH'iBHO, .An=(n'.11) 2 • 

YpaBH9HHB (2.I0.9) co:eepmeHHO aHanors'iKO ypa:eaeas~ (2.8.4) H l07IJt

ao HHTerpspo:eaT&CB npH TBX ae rpaHH'iHYX YCllOBHBX. Hcnon&sya (2.8.5) H 

(2.8.6), nocne HBCllOEHHX npeo6pasOBaHHI OKOH"18T811&HO MOEHO 38IIllC8T& 
00 .. 

If' (x,y) = 1r(O) J G'l (x-{, Y; O)So({l d~ + lf (1lf G11 (:r- l, y; 1)[1-s1(n]df , (2. IO. IO) 
-~ -~ 

r1,e (f>YHRUHS G(x,y; ti.) ODPBlBllBBTCB no qJOPMYllB (2.8.8) B EHlB PBlS, 
KOTOpidi CYMMMPYBTCB B "180THOM cnyqae c = 0 I.BJ: 

G(xy·l1}=-1-en ch'.llx.-cos1i(y+ti.l, C=O. 
' 'l 81i ch'.fl:x.- cos1I(y-ril 

B 06111eM on:yqae pemeHHe {2.IO.IO) BKJIKl'!SBT N = [.r-c' /1i] B01lHOBiil MOl, 

ye none noa:en&HM KOTOPHX HMBBT EH:zt c 4. -Ti.2• 

PaccMOTpHM :e Ra'!BCTBB npHMepa sa;n;aqy 0 BOCTO'!HOM Kl'.IHBMSTH'!BCKM OJl

HOPOlHOM HBBOSMYl!leffHOM DOTOKe P(y)= - lioY B KaHallB, Ha npaBol CT8Hlt8 

KOTOporo HM89TCB H960n&woa llOKSllHSOBSHH!il BHCTyn. IlpHBB;llBHHJ:l.I npopan& 

OTHOOHTCB K T~my TpHrOHOMBTPH'!BCRHX, npneM c = -6/lfo< 0 ; B HaID8M cny-

'!8951(x)=1 z V(0)=1f(1)=1f0 >0. Pesyn&THPYllUIBe none lSBJISHHB 

HM89T Bill 

p(x,y) =-V0 (-y + jG11.(:x:-~.y;0)5 0 ({}d~], 
-oo 

(2.IO.II) 

rle .. 
G11. (:x,y; 0) = 2'JI ~ n9n (:x) sin n 1i.y {2.I0.12) 
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~-.. a 
-2 0 2 4 x 

y 

-2 0 2 

p H 0. 23. llilHJ!H TOI<a B 5S:zta'ie Jlo.Hra B 

011.Y'iSB ~enhT006pa3HOro B03MYm8HH.R rpaH.1!1-

[lfi (no .llpa3HffY H Mypy £88]) 
a - 5/lf0 -= 'fi2 /2 , 6 - 2.TL2. 11 B - 121i2 

H 9n(X) onpenB7IBDTC.R no ~OJ;MY1.ISM (2.8.7). 
Pan (2.IO.I2) OXO~TC.R 11,00TSTO'iHO M811,1IBH

HO, noaTOMY 11.718 paoqeTOB ero y11,06ao npe

o6pasoBaT& K nprroA ~J;Me. TaK KBR 11,1111 

nooTSTO'iHO 60IIb'll.l!X n lfMBBM gn (:r.} = 
e-c5n l:xl e-nT!l:xl 

~ H 
26n 21i n 

"° -n1ll:t.I sin Tty 
~ e 5 ln n 11 Y = -2..,...( c_h_'.1i_1 :x:---c=--o-sTt-t y-} ' 

BMBOTO (2.I0.I2) MOlltHO 3Sil.l!OSTb ) St111i.y 
Gti(:x,y; D = 2(ch'Jix-cos'Jiy) 

+ f:. [ 2n7i9n(:t) - e-nTi.l~I ]si.nn1iy, 
n=-1 

rne PR11. yze oxonHTO.R 11,ooTaTO'iHO 6aoTpo. 

Eo1Jll So(:r.)= a~(:x), rne a - aMil1ll!TY11.HaA MHODT81Ib, a c - 11,BJI&Te

~YHRilH.R .IlBpaKa, HS (2.IO.II) 011enyeT p(:r,y) =Vo[-y+aG't.('.[,y;O)J. 
Ha PHO. 23 DOKaSSHa KapTHHa JIHHHATOI<a JtJ.18 aToro T81i8HJl1.R np.1! a=Jl 

H 6/lfo= 'Ji2/2, 21i2 RI 12Tt 2 t KOrna 'llHOJIO B056Ylltll.8HHaX BOlIHOBax M011, 

OOOTBBTOTBBHHO paBHO 0, I H 3 /88}. 
IlYOTb Tenep& npaBa.R OTBHKa KaHaJIS HMBBT BliOTYil B ~JMB 

5 (:x:) =a { sin2 .1i:r., D< x.:. 1, 
0 D , x<.O :r>1. 

(2.IO.I3) 

l1HTerpam B (2.IO.II) nerKO B;i1t1H07I81lTO.R. IlpH 1fo=1, 5=(1,41f)2 (011,Ha 

BOlIHOBa.R M011,a) RI a:::; 0,2 KaPTRIHa JIHHJIA TOK.a npe11,0TSBlIBHa Ha PHO. 24,a; 
xopowo BHnHO DOBBIIBH.i!B nopeTpeHHaX B01IH c .lt11RIHOA 2Ti/UJ1 = 2,04I. 

Y01IOlltHBIW9 BOSMYmBID'l.R rpaHH[lfi sa O'i9T 11,06aB1I8H.1!8 HOBax BliOTYilOB MO

lltBT 3Ha'iHTB1IbHO BH11,0HSMBHJJTb SMil1IHTY11.Y UO,ltBBTpeHHax BOIIH, npHBOztg R HX 

yo.eneHPllO HID! oona6m .. HBKJ. PacOMOTpHM CXBMSTH'iBCRB STO .RBIIBH.Be, nonara.R 

So(x) = a~(:x:) +a() (x-:x:0), :r0>0. Pewee.He {2.IO.II) npHHBMaeT H11. 

p(:r,y):: 1T0 { -y + ~ ( G.i(x,y, 0) + Gtt ( :r- :ro, y; O)J}. 

Ilpe11,nonol!WM, 'iTO B IlOTOKB BOS6YlltltSBTO.R TOn&KO 011,Ha BOIIHOBS.R MO:zta, T.e. 

Ji2..c_ 8/1J0 .t. 4'Ji2. Cornacao (2. IO. I2) oooTBBTCTBYKJlllS.R KOMnoeeaTa pemellil.R 

nponopcyioHalI&Ha 91fX)+91(X-l:o);npH 'X>Xo :e COOTBBTOTB.lilH c (2.8.7) 
aTa OYM11ta, B OBOIO oqepe~&, nponopQHOHalI&HS sinut1 x + si.nw1(x-J: 0) = 
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0 

> 

P B o. 24. HHTej)pepeHUH.R noneTpeHH.liX Bone (no HHoya LII5/) 
a - OlUIH IIOl.YOOTpOE! :e iarnane, 6 - ua II011.Y-

00Tpo:ea E! ony-qae YOHn8HH.R ii B - OOJJa61l8HJll.R E!01JH 

E!H.1!3 IIO T8'1181UUJ 

=2stnc.oh:-xo/2)cos¥~ 0TOID2t8 one;!lYeT, no IIPJll x = {2k+1).1I/w1 = 
= (2k+1) ~(6/'12 lfo)-1 " k ~ D' I!pOJllOXO;!U1T II01lHOe rameH.He noneTp8HHOI 

EonHH, a npm x=2k1i/w1 =2k/~(ti/1l21foH ',k~O,HSo6opoT, maeeTMeo

TO yo.11neHHe ee SMII1li1TYll:l E!UOe. ::lTO .RE!1l8HJll8 npOB1I1lllOTp.llpOBSHO HS 

p.110. 24,6, B, ru nooTpOeHH IBHHZ TOKS lln.R OJlY'llSS! 21.BYJC 021.BHaKOBYX :eac

TYIIOB EHlla (2.I0.13), MaKoBMan&HHe aMIIDTYll:l ROTopax paononolleHY ooor

:eeTCTEBHHO E! TO'IRaX x~1' = 1 /2 ii X~21 = 1/2 + :X:o. no npee:iteHHHM BHIDB 

OUBHK8M npz Xo=- 21i/UJ1 = 2,042 11;01IllHO npoBCXOll.BT& MSKOHM81l&HOe YC.11119HJll8 

IIOll.BBTpBHIWX E!O/IH H HX II01lHOB rameHllB npH Xo=- 3'Jl/OJ1 = 3,063. Ilp:iKT.11-

'IBCK.ll 9TO MH • Ha61lllll88M HS pzo. 24,6, :e, IIOOTpOBHH.liX OOOTB8TOTB8HHO 

lln.R Xo=2. .H Xo=3 ; IIYHKTBpOM IIOK838Ha nllHHR TOR.a, OTB8'1181l118.R 011.Y'l!Sll 

onaoro E!HCTYIIS HS CTBHKB KSHSna (op. 0 pzo. 24,a). TaR.llM o6p:i30M,at.m-

1lBTYll8 no:u.:eeTpeHHOI B01lHH CTSHOE!BTC.R MSKOBM81l&HOI, Kor:u.a Bepllll!Ha E!TO

poro BHCTYIIS paononoaeHS E!031lB aeno6a IIOll.B8TpeHHOI EOIIHY Xo =2k'fi./w, • 
oosnaBaeMOI IIBpEHM EHCTYIIOM /1.I5l. 

BlI.l!.RHHB EOSMYDISHBI rpaHJllUli KOHB'IHOI SMIIllllTYllH 'IHOneHHO HCOll8llOES

noc& :s iIIW. Cpenz 8H81IJllTH'IBCIGIX IIOJ1X011;0B K pemeHHll ll0ll.06Horo THIIS 

aa:u.a'll OTMBTHM 1umepcBOHHHI MBTOll, COOTO.Rll!Hii I! IIOll.60pe IIO:U.XOll.RlllBro pac

npe:neneHB.R oco6eHHOCTeA Tlma BBxpeA RI llCTO'IHJllKOB llp.1! y = D c uen&ll II0-

1l.Y'llBHM lltBJiaBMOI cpopMH npeII.RTCTBH.R fl2W. 
Ilp.l!Be;u.eeaae npocT.ae np.11MepH noxasa:ea llT, 'ITO IIp.ll'IHBOI MeaHltpzpo:ea

HBR TB'IBH.l!I B SOHSn&H.liX :KSBaDaX MOryT 6HT& He TOl&KO EOSMYUIBHll.R pen&

$ :u.sa (CM. § 2.8)' HO .H qioPMS 6°0KOEHX rp:IHllU, IIPll'IBM BHB3 no TB'llBHlll> 

CYMMapR!il aqiqieKT onpe;u.en.RBTO.R XSp:IKTipoN 6eperoEOI qepTH H8 BOBM IJYTH 

01l9ll0B8H.14.R IIOTOR8 :u.o J;llOCMSTPBBSBMOrO MBCTa. 
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Ooo6eHHO .apxo l! JIMH.He qiopaH rpa Hin~ l!RilHO l! c IIBll:Ylll!lBM npHMepe. 

Kaaan co c'Ka11xoo6pasHHM .11sMeaea.11eM 

o e "! e a JI .a. BepaeMo.a K o6mel nooTaHOl!KB s&U"IJI (2.10.I) - (2.I0.5) JI 

J:llOOMOTpBM K8H81l, IDBPJIHB KOTOporo MBllfJHO.ff OKa'qKOM OT I lO e > f B OB"IB

IUIJI x=O (B nepBOM IijlJJ6JUIJt8HllJI T&RYll OXBM8TJJ38QJl!ll MOJtHO, H8Iijl.l!MBP, Iij)JI-

B11Tlt JtM 111ttosa KypooBo It 11ry OT .flnORllB). B &TOM CQ"!ae S0 (x):: 0 B 

51 (x) "'" 1 + e (x)(f -1). fpeHJABHB yc110H.a nep&IIllllllYTO.ff B BJJU 

'fl(:X:,0)=0, -oo<.,X<.co, (2.IO.I4) 

\fl (x, 1) = O, - co.:. :x .:. c:o, (2.IO.I5) 

1j1(x,e) = P(1) - P(f), O< x< ""• (2.I0.16) 

1j1 (O,y) = P(f)- P(y), 1 < y< e, (2.IO.I7) 

\f(-oo,y)=D, O<y.:.f, (2.IO.I8) 

141 ( "°' y) or111aneao, 0 <. y< e. (2.IO.I9) 

MaTBMaTB"l80K8.ff it>OPMYIIJJPOBKEI sun.11 aaanorJI1Ul8 fl2BJ' ru J:llOOMBTP.11-

B&ICS BOSJtYmHHI nOTOlt Hal ycirynOM; BOCnOl&SYBMC.ff TaKllM D M8TOJtOM pe-

1!,BR.KS, Ralt B l! WITBpOl!&HHOI pa60T9. IloMKMO. Y0 (y) BB9l9N T8RZ8 if>YHKlllll 

Ym(IJ) =..f2'7f""'sin(m1i.y/e), m= 1,2, ••• , 06111syDU1e nony1> opToao.i;r .. pol!aa

liYll OJICTBMY H8 OTpestte 0 <. 1J <. f . Ilo710UM 

si.n .fC'y 
stn.f-C'e. C<O .f-Ye,i:.k1i, 

'f(y) = y /e , c = a, 
sh-IC'y 0 

!';<" ' C> 
sh"" e 

Ma 1c1t111J1U1BM 1s 111ocu0Tpe11BS cny'Ul1 Re= k11 np• uelfll k , u.a 

ItOTOpr,IX He cymecTByeT BC'IBS81l111HX BBepx no TB"IBHBll pemeHll. 0608118~ 

N -= {l 7 J ' C < O • 
o , c ~a; 

{[ e .J-C'] , c , o • 
M = 1I 

O. C)O; 

(2.I0.20) 

Urm:~-C-(m1i/el2', m£M; (im=~C+(m1l/f)2', m"M·t-1. 
0'1BBIJtHP. l!ClrJta M ~ N • T8lt B8lt no np&llIOIODB.11) e ~ 1. YlOB JI9TBOPff• 

1111119 YOIOl!IJIM (2.I0.14) - (2.10.16), (2.I0.18) • (2.I0.19) pemeHJl.a 

Yia:BHHIJI (2.IO.I) llM&ll'l HJ. 

(2.I0.21) 
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1.jJ(:t.,y) =if'(:x,y)= [P(1)-P(e))y(y)+i::(BmCOSWmX + 
m•l (2..I0.22) 

+ Cm sln Wmx)Ym(y)+i; Bm e-&mr Ym(y) ' 
m=M+1 

x.,. 0, 

rite npoHsEOJiblil:le nocTORHHHe A" , Bm , Cm J.l07mlil:I onpe;itellffT&c.a HS ycno-

EH.a HenpePH:BHOro COllp.ffEBHH.a '41 H 'P:x: E C61i9Hi!J11 l'. = 0, O< y<. 1 ' a TIU~ 

Ee HS rpaH.111'UtOro .YCJIOEH.ff (2.I0.17). 3TJll Tpe6o:eaHH.a llpllO}.l.ffT K OOOTHO
W6HJ11.ffM 

~ (0 ) = { lj.l (0, y) • 0.(. y< 1, 
'P 'y P ( 1 ) - P( y) , 1 <- y < e, (2.I0.23) 

\jJ x lO, y) = ljJ 1 ( 0, y) , 0 < y <. 1 • (2.I0.24) 

YMHOEa.ff (2. I0.23) Ha y k H saTet.t lllHTerpapy.a pesyn&TBT no y BB OT-

pes:ice ( 0,f ), C YliBTON (2.10.21) ii (2.10.22) llOJIY"iRIM ypa:eHeHH.a 

.. 
Bk = ~ A n 0 kn + R k , k = I , 2, . .. , 

n=N•1 
f 

rne akn= f'1n9 ... cty, k= 1,2, ... ; n=N+I,. ... 
e 0 e 

R"' = J[P(1l- P(yJJ9 ... dy-[P(1) - P(e)Jf '1Ykdy, k = 1,2 , ... 
1 0 

(2.I0.25) 

IlocTyna.a aaanorH'liHHM o6pasOM c (2.I0.24), HO YE9 no OTHOmeHBll K <PYHK-

UllBM 'is Ha OTpesxe (O,I), nony'i.HM 

(2.I0.26) 

c nOMOlllLll (2.I0.25) MOEHO JllCKllll'lilT& Bk , n011,0TaBJI.ff.ff KOTOpse E (;Z.I0.26) 
Hal.7.l9M 

S= 1,2, .... 
EecKOHB'iHYll CJ11CTBMY ypa:eaeKJll! (2.10.27) pewaeM M9T0ll.OM yceqefflll.ff, 

nonara.a An= 0 ltllff :eoex n >I..~ N + 1. 06111ee TU!CIIO Heas:eeoTlil:IX npa aTOM 

paBHO K =- l + M- N B cxnazumaeTc.a 111a M RO~BIUJBHTOE C1 , C 2 .... , 

CM 111 L..- M Ko~111IUJeHTo:e AN+1 , A,02 ,. • ., A 1... • Cneno:eaTen&Ho, xn.a aa-

M.w<aH.l'l.ff i!S OBCTBMH (2.I0.27) aeo6xO.!U!MO Y11.BpJlaT& K nep:ewc ypa.BHBHllll, 

s = I,2, ••• , K, KOTOptie S8T8M pemallTO.ff KIUUIM-IIH60 OTaHnapTHHM M8TO}.l<JI, 

Korna xoa~HIUJBHT!i Cm 111 An aalJ.leHli, B1c. onpe;zr.en.a11To.a no <POPMY1.IBM 

(2.I0.25). 
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Koaqxfl1.tuaeHTY R k aaEHC.RT OT IIp$1JJI H9E03MY019HHOro IIOTOKS. onpe21enae

MOrO !l>YHRIU1et P(y) , ROTopa.11 Yl10EJieTEOPJ!eT ypa:eee!llrn P"(y) -t 6y = 
= CP+ D (cM. § 2.3). BcerM MOZHO npRIHHT& P(O)= O , noeTOMY pacxo21 

Teqeam.11 pa:eea Q=-P(1). IIpm C# -(n:Tl)2, n=l,2, ..• , EOSMOlEH.Ye npo-

fl>Rillll H9EOSMYIIIBHHOro IIOTOK8 MOZHO npeltCTSEllJT& ll lllril16 P(y)::. - Q shJC'y/shi+ • 
+fG(y.tc)(D-6'1)d~,r21e EE9l19H8 lf!YHKURR I'pHHa 

0 

G-- 1 { sh[.fC'(1-1l]sh[ft'y], O<-y<-'1, 
- .Jf sh.JC' sh[.JC''l] sh[ .ff(1-y)] , 1<- y<-1 • 

B "peaOHaHCKOM" cn:yqae c :: - ( nTL )2 pacxo:zt He MOlteT 6aT& auaa IIPOHS-

:eonr.so a onpenenanc.11 lf!OIJMY110I Q={D[(-1}n-1]+15}/(n1i.) 2 , a oaMo 

pemeHHe JrIMeeT EHll Ply)= asi.nnriy - ~cos n1iy + ]) - 11 ~ 
(n'.Ji) (n!Jt) 

rzte a. - HOllS.11 DpOHSll01I&Ha.R DOCTOJIHH8.R. IIpm c =F -(n1i)2 Yl106HO EEeOTH 

01IBl1Yllll!B9 CTSH"AapTHae !l>YHKlU'IH: 

J_( _si.n-FC'y) C<-0 
C Y si.n.f-C' ' ' 

P0 (y)= +y(1-y2 ), C=O, 

_1 ( _ sh(JC'y)) C> O 
c Y sh-IC' ' ' 

1f0(y) = - P~(y), P1(y) = CP0(y)-y, P2(y) = - Poly) - P0( 1- y ), 

lf1 (y) = C1J0(y) + 1 , 1f2 ( y) = lf0 ( 1- y) - 1fo ( y) • 

Tor"Aa 'AalllIBHHB B CKOPOCT& E HBEOSMYIIIBHHOM DOTOK8 onpenelJJIDTO.R DO 

lf!OPMYDaM 

P(y) = llP0(y) + QP1(y) t DP2 (y ), 

1f(y) = 61fo(Y) + QUi(y) + D1f2(y). 

JIM Y1t01!1IBTEOPJ!DllBX ycnOllBD 1f(y) = Ul1-y)' O<-y<.1 ' CHMM8Tp.B11Hlil 

npe$1nel HMBBM D= 1/2 (ll+QC). Ilp.1! c = - (n1i.)2 

lf(y) =- an1icosnf1y - n~ sln n.'Jiy + (~'.Ti) 2 • 
llpB118M l11lff CBMMBTpHl!HaX npo;pznel D = (n'.fi)2 t9(n1i./2). 
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Koa®JB~eHTH R" BMBIJTEBA Rk=BE~1 +aE':'+ D~1 • k=l,2, ... , 

r11.e E<~1 =jjt<.((e/k1i)2 stn(k1i./e)-r"'+(-l)k(e/kfl)(e-1J], 

E~' = - fi1<. [sin( kTt/e) + Ctk), 

E<:' = fa1<.[T"- 1f(O)si.n(kft./e)J. 

ft,,_ =~21e'/ [c +(k1i/e) 2 ], 

rl<. = lfo(f )stn ( k1l/f) + (e/k1i)[cos(k'.1I/e)-(-1)k]. 

0TM8TBN HBKOTOp!i8 06111Jae o:eoftcT:ea DOCTp08HHOro pemeHl!IH. HaB60JI&mB! 

BHTepec DPBACT0BMBT D0BBABHl!l8 p(:x, y) EHBS DO T8'1BHl!lll :e pacm.l'lpeHHOI 

'10CTB Raffa na, Ilp.l'I .X.-> 00 C DOMOlll&ll (2. 10.22) 00.l!MDTOTB'IBCIW BM8BM 

p(:x:,y) ""p..,(x,y) = P(y)+ [P(1)-P(e)]Y(y)+ 

{2.I0.28) 

Mea1111,pmpo:eafll!e H EHxpeo6p:isOE0HHB onpell,BMBTCH BOlIHOB.liMH MO~MH DOCJIBA

HB! CYMNbl :e (2.I0.28). CornacHO (2.I0.20) YOJIOBH8 DOHEJI8Hl!IH STHX cnarae

Mlil BN68T EHJI, 

(2.I0.29) 

TaXHM o6pasOM, ll,M DOHBJI8HHH EOJIHOB!il MOll, HB06X011,HMO, 'IT06H DPoiPHJI& 

DpHHall,JIBlllall K TpHrOHOMeTpH'IBCKONY THny. c 11,pyrol CTOpOHH, ll,OCTaTO'IHHM 

YCJIOEHBM OTCYTCTE.B.R EOJIHOB!il MOll, HEJI.R8TCH npHHall,JIBEHOCT& npapeJI.R K na

pa607llt'IBCKONY H1Il!I rHnep607llt'IBCKOMY THny. Ec1I1!1 EOJIHOBH8 MOll,H OTCYTCT

BYllT t EMBCTO (2. I0.28) HNBBM :ll.7IH. 60JI&lllI4X :r 

p(x,y) ""p<Xl(y) = P(y)+[Pl1)- P(f)j'i(y), 
T.e. 'IHCTO SOH0ll&HOB TB'IBHl!IB. MOEBT oxasaT&CH, 'ITO E HBKOTOPOI 'laCTH 

I<aHa na p'co (y) > 0 ; STO COOTBBTCTEYBT DOHEJI8fll!Bl BOSEpaTHHX T8'18Hl!ll. 

B 6011ee 00111eM C1l.Y'laa (2.I0.28) np.111 M ~ 1 xapTHHa 6y11,eT ocJIOEHRT&c.R 

H81I.lll'IHBM OTll,BJI&HHX B.lllxpel, o6paSYlllllli!X KE0S.llID8p.l'IO;ll,.11!'18CKYll CTPYKTypy. 

Pa37llt'IHH8 :eapzaHT.bl DOTOKOE. pacC'llilTaHHHB no DP.llIB8;11,BHHHM l!Hme ~p

MYJiaM, DpOBIIJillCTplilpOE8HH Ha pKC. 25 11,JI.ff C7!Y'l8.ff Q/6= 1/112 H e= 1,7 Dp.111 

pasJIH'IHlil SH8'18HH.RX C/1i21291. Ha :ecex pHOYHKaX cne:ea DOKa38H COOTBBT

CTEYlllllli!I npoqliin& CKOpoCTB HBEOSMYlllBRHOro DOTOKa. 

Ha PHO. 25,a. 6 npall,CT8EJIBHH ranep60JIH'IBCIWI H napa60JIH'IBCIWI ony

'18.1!1 c :eorayTBM np()(fJHJieM oxopocTH ae:eosMy111ea11oro noTOKa; snec& M = N = 0, 
BOJIHOB.blB MOll,.bl OTCYTCTBYBlT. B m.l'lpOKOI traCTH KaHa7m EBZl,HH BOSBpaTHHB TB

'IBHlil.ff, npH'IBM E nepBOM cnyqae OHl!I sax:eaT.blBBl>T 1Il!IW& ~eaTpall&llYll '18CT&, 

a :eo BTOpON - Hl!IEHOO nono:ezay 06118CTH. 
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.. 

p i'l c. 25. Blilti:BC1I9HHH9 RaPTMHH IIBHB! TORS IlpB 88MHHOM pacxolte 

Q/8 = 1/'JL2 , e= 1,7 H paSIIH'lHHX !l>OPM8X CHMM9TpB'l-

HOrO npO!PHJIR H9EOSMYOl9HHOro IIOTORa 

a - .c/112 = 4i 6 - Oi E - -0,5i r - -Ii 
~ - -I,4i e - -I,8 

Ha p.IIC. 25,:e-e .aso6i:eJteHH RaPTH~ Teti:eHBI :n:JIR TpMrOHOM9Tpi'lti:9CMX 

Ilp*ne:I, M9R.fllXllBXC.R OT BOrHYTlil :n:o B.1myRma:. B ST.BX 01IY'l8.RX COOTE9T

CTE8HHO N = 0, M =I (B}, N =M =I (r} .a N =I, M = 2 (:n:,e}. Jb:!E-
1I9Hi'l9 E01IHOE.liX MOll nenaeT none Teti:elll'IA 6onee 01I0l!H.WA i'l npMEO:ztMT K BOS

H.BKHOE8H.Bll EBxpeB.liX o6pasOEaHMA. 

YC1IOE.Bll IIO.RE1I8Hi'l.R E01IHOE.liX MO:U: (2.10.29) MOEHO Ilp.HltSTo HHO! EB'lt. 

Hs Yi:eEHeHM P"(y) + IS y = c P + D ltB@lepeHUBpoEaHMeM HSxo;zuw ToiuecT-

:eo -lf"(y)+6=-Clf(y) c IIOMOOloll ROTOporo EM9CTO (2.I0.29) II01IY'l89M 

(lf"-6)/V '° (TI/e)2 • (2.I0.30) 

3To sei:eBeHCTl!O MOEHO HHTepIIpeTHpOB8TD RaR YC1IOEHe H9YCTO!ti:MEOCT.H 

fY. 6narOMP.R KOTOpol EOSHll1:89'1' nponecc M98HllPH.POE8Hlll.R H B.axpeo6paso-
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EaHWI. YMHOESR (2.I0.30) aa V(y) 111 BHTerp111pya peayn&TaT no DIHpaae 

K8H8JIB Ellepx IIO Teqeimll, IIOnyiraeM "cMJ:lrqeHHOe" YC1IOElll8 noaEJI8HHR Bon

HOBHX MOlt 

(2.I0.31) 

YcnoE.Ba (2.I0.30) 111 (2.I0.31) BKEHEaneHT!ill ltllR 6ecc;IU!111roEHX Teqe-

1ml, ltllR KOTOpwc OHH EcerM BWIOJIH8lili. 

PacCMOTpeH!ille npBMepH IlOR83HB8DT, qTo 1Ill6He IlOIIHTKB nporHOSBpOBa

HHa no:ee;iteHRS Tellelilll THD8 ron&c{lCTpmM, KypOCHO HM AUT ltOUHH OOHOEH

B8T&OS ea BsyqeffHB ee TOJI&KO BSMeHeBHS .llX p:tCXOM Q f HO (11TO, IIO-BB

;lt.BMOMY, 6onee Ba&HO) TSK&e Ha 8H8JIB3e nonepe11aol CTPYKTYPH EBepx no 

IIOTOKY OT p:tCCM8TPHE8eMOro palOHa. 

2.II. ToHitl!le BHepUBOHHHe CTPYH 

llo CBX nop paCCMaTpHEaJIBc& np.HMep.y, KOrM aa6era1J111HI llOTOK 011860 

111eHR1IC.li E nonepe11HOM Hanp:tEneHBH BJIB npOCTO nplll.RBManca KBH8M8TB11eCRli1 

O;ltHOpO;!tlillM. B BTOM naparpa<Pe MH BSJIODM npOOTYll MO;iten& CT8UBOH8PHOI 

pea~B TOHKOI BHBPUBOHHOI CTPYB H8 IlpOB3E01I&HOe BOSMy~eime pen&eqe 

ABS aa 6eTa-nnocKocTB, npHHRE aa oceo:ey aaKoa coxpaae1ma noTeHtlHan&eo

ro BBXps (2.3.I) B EH;ne 

Ap+g=F(p), (2.II.I) 

r:ite BB eneea nna HeTapao-Tonorpa~qecKSH tPYHKilBR g = 6 h + 6 y . 
.IIyoT& DapaMeTpHqeoue ypaBH8HHH eeKOTopol JIBHBH TORS p = p"' =canst 

B ropHSOHT8 n&HOI nnooKOCTH Hl\lellT EBlt x = )\ (s) , ':/ = ':/ ( s) , rne s - lt1Dl

H8 ;ttyrH. OTCUTHB88M8H OT tPHKOHpQI!SHHOI TO'UU! s = 0 B .llBIIp:tB neHBB lU!H

E8HHR, HanpaEMllllHe KOOHHYCH f ::. X H m = '1 Yll.Oll neTI!OPffllT O"l8l!lll;itHOMY 
• 2 • 2 

YOIIOBHll x + 'j = 1. BBBltBM e~e OltHY KOOp;nBHSTY t • KOTOpaH OTO"U!TH-

ll88TO.li IJO B0ph181lll I!llpal!O OT nHH.14111 TOKB. TorM Ka&ltOA TOqKe (:x,y) l! He

KOTOpol OKpeCTHOCTH BTOI lllUil'IH MO&HO Il0CT8l!HT& B COOTB8TOTl!He napy D8-

paMeTpo:e (1: ,s), Cll.R38HHHX c KOOp;!tBH8T8MH :r:,y OOOTHOWBHHRMH (p.140. 26). 

x =- X(s) +tY(s). y = 'i(s)-t X(x). (2.II.2) 

F.cnH llBBOTH KplllBHSHY JIHHHH TOK8 ads)= x'1-'1x, TO np.B It I~ R(s) = 
== 1/ jae(s)I 38l!Blt0l\10 rapaHTHpyeTC.R B38HMH8.R O;ltHOSHaqaocT& npeo6p:1so

ll8HHR (2.II.2). MH 6y:ite111 ~nee npennonaraT&, qTo lllBPBHB p:1cc.MaTpHEae-

111ol CTPYH ropaazr.o Mein.me ee p:1wca KPHEHSllH R • 
KaK 1113ll8CTHO [W f ll opToroaa n&HHX KpHllOJIBHelHHX KOOPltHHa Tax nan

naCHaH 38IllllCHI!8BTCH ll Bllllt8 

1 ( H<s> ) ( Hit> ) ] 
.!lp = H(t) H(S) H(-t) Pt T. + H(Sl pc; 5 ' {2.II.3) 
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0 

p II c. 26. K BHBO.D;y COOTHomeHHi (2.II.2) 

p a c. 27. ~OpMa IdH6pUHOHHOi CTpya npa pa3JIH'IHHX 3H8'116HH!'IX Ha'llaJil>
HOro yrn.a 0'"0 

a - ~o = 30°, 6 - 60°, B - 90° 

rne 1toaq$UlBBHTa JiaMe Hl!.l =~(xt)2 + (ytY' z H(51 =~(x 5r~ + (y 5) 20 ' 

l3 aameM C11.Yt1ae nerKO E.li'llBOJIJJll'l'OB: H l+-> = 1 , 1-1<5> = 1 + -f: -ae (s). Ha p;.o-

OMaTpldEaeMoA Jm!IBJIJ TOKEI no onpe:ztenewu> t = 0, p5 = Pss = 0, noaTOMY 

c Y'llBTOM {2.II.3) COOTHOmelll!e {2.II.I) nepeXOll.HT B 

Vt + a-e V + q. = F ( p*) , (2.II.4) 

rJJ.e :e:ee:zteaa reocTpcxfl.B'llecRas citopocT& V = Pt. Ilp11 saztaHHHX cKopocTH V , 
ee nonepe'tHOM Cll,Eln'6 V-t II E61ll'l'IHHB IIOT6HllJll81ILHOro E.BXPB F(p") COOT

HOWBHHe (2. II.4) onpell,ellf.leT Rpl'!EirI3HY JIHHHH TORa' EH;ll, ROTOpOA HaXO;ztl!'l'CB 

llYTBM HHTerpmpo:eaHHR CHCT6MH 'l6T.lipex 06HRHOl36HH.liX ;ztB~epeHllJllaJILH.liX 

Yp;tEHBHHi 

x=e ' (2.II.5) 

)' = m, (2.II.6) 

e=-afm, (2.II.7) 

m = aee (2.II.8) 

IlpH H8'110 JILH.liX zta HHWC 

:x = :x 0 , y = y0 , e '= f 0 , m = m0 , S= 0, (2.II.9) 

IIp.B'lB!irl, o'l!eEBJl,HO, e~ + m~ = 1. YpaEHeHRR (2. II. 7) 11 (2.II.8) nonytJ.eHH 

n.vTeM u~epeHllJllpo:eaHHs no s ToueoTE e = cost'S H m =si.nc:'), rJJ.e ~ -

yron 1t0caTe1IbHO:l! c oc&w O:r. , np.e'leM \le= dS/ds. 
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B 061l!B.M 011.Y'ISB pac!IpeneneH.l'le \J H V.t E;llOJI& JIHHU TOKa HBH3BBCTHO, 

Ir! MH D;07IJtHH 1IpH6erHYT& K ;llOIIOJIHHTBJI&HHM !Ipe:ztDOJIOEBHH.aM. IlycT& ypaEHeHHe 

p = p-11. onpe:zteJIReT OC& CHJI&HOro RIHBPUHOHHOro TB'llBHHR. Ha KOTOpoi Vt'-< 0 
RI V ~ Vo= const. Ilp.l'IMBM TaKEe, 'llTO E TO'llKe (:x: 0 , y0 ) sa;n.aea KPJr!E.l'lsea 

eTol ooz. Tor:n.a .1'13 (2.II.4) cnenyeT 

1 
9e = Vo ( Fo - 9-)' (2.II.IO) 

rite F0 = a€0 1J0 +g 0 • TeJiepr. O.l'IOTBMa (2.II.5) - (2.II.8) 30.MKHYTa, Ol-

HSKO ee pemeHir!e !IP.Ir! 1Ip0.1'13EOJI&HOI TOJIOrpaqJ.1'1.1'1 lHa MOEBT 6HT& aatmeao 

TOII&KO 'llHOJIBHHO. Mlil orpaH.l'l'llJllMCR npOOTelmHM MOMJI&H.l:lM cnyqaeM, xor:.a 

y:.geTOR IIOOTpOHT& aHSJI.l'ITH'IBOKOe pemeHir!e 3alS'llH. IlPJr!MBM lJIR npOOTOTY 

ae0 = 0 JI annpOKCHMRIPYBM peneqi naa l! oxpeoTHOOTlll TO'llKH (Xo, y0 ) JIJl!Hel-

HOI qJYHKltlllBI EH:ita (2.2.31) h = ho+ tx(:X: -Xo )+ 1y ( y- Yo). Torna EMBOTO 

(2.II.IO) HMBBM 3e=-[6;t'x('l-70)+(6+6))'~){y-y 0))/Uo. IIepeb&M K HOE!iM 

KOOPlJl!HaTaM ~ .ri. DO qJOPMY1lBM :r-Xo= ~Si.no(+ '1.cosJ., y-Yo=-~cos<i+ 
+ '1.si.noC, r;11,e J.. - yron MBEJlY vq Ill OO&ll Ox. (OM. § 2.2). B HOBYX 

Jiepe.MeHHlil ~ = - h/Uo, r:zte 6 = ~ (61:i) 2 + ( 6 + 61!1 )2'. IIpe:ztOTSBllfJJi HOKO-

MYll JIJllHHll TORS E ER!lB 'J. = '1 r t JIOnyqaeM )l.JIR ee OJipeneJIBHHR 06YRHO-

BBHH08 lJl!qxpepeHW1anr.eoe ypa:eeeHHe 

(2.II.II) 

pemeHHB KOTOporo BepazaeTCB qepes 9JI1WllTH'llBCltl!B qJYHKIUIB. Ilponop~OHalil>

HOCT& MBllJlY KPJr!EHSHOI RI Jiepe.MBlllBHHBM JI.l'IH.1'1.1'1 TOKa YR831il!08T Ha ee KOJie6a

TBJI&HHI xapaKTep; B OS.MOM lBJIB. IIPPI '1. ") 0 TpaBKTOpHR OTpy.a HMBBT 0Tp.a

U8TB1I&!f.Yll (aHTHW!KJIOHJ!l'leCKYKl) KPJr!BHSHY t a !Ip.B ri. <. 0 - II01IODTBJI&ffYll 

(W!KJIOHH'IBCKYll) KPJr!BHSHy. 

IlpHCOBl.l'IHHM K ypaBHBH.l'IKl (2.II.II) Ha'l01I&HYB YCJIOB.HB 

'1(0) = o, rf(o)::;: tg.d 0 , 

r;ite :zt1IR JipocTOTY npHMeM l~o l ~ 1i. I 2 • C y11eTOM Ha'la JI&HYX lSHHHX .as 

(2.II.II) CJIB;ltYBT .l'IHTerpan 

2 [cos~o - ( 1 + '1.12r 112] + (6/110 ) tJ.2 = o, (2.II.I2) 

OTKY:zta nerxo oJipe:u;e1IReTcR aMnJI.l'ITYlUI BOJIHY a= max I'll :e saEHO.BMOCTH OT 

Ha'ISn&Horo HaJipaBneHM ~o • IlonaraR '1' = 0, HaXOlJllM a =·2si.n(oo/2)foo/8'. 
Ha (2.II.12) II01l.Y'i0eM B npe:u;enax ll9pl!Oi tieTBepTH EOIIHH 

_ . Jti. 1 - 6 ( a2 - 112 l I 2 'lfo d ; 
~-stgntio ~1-[ 1-B(at-'l.2)/2Uo]2' ~. O<-~~). 4. 

0 
3aMeaa nepeMeH!lliX 

. tio a rT 
k = SLn - 2- = 2~ Vo (2.II.13) 
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np.lll:BOlUIT 9TOT .lllHTerpan K BH;n;y 

_ ~ _!&' f'I' f - 2 k2 + k2 sin2 tp ffi [ v- ~ o (1-k2si.n2tf1312 d!f=rf- 2E(tp,k)-

2 (2.II.I4) 
k si. n 2 4' ] 

-F(Lf,k)- ~1-k2 sln21.J' ' 

rJle F(yi,k) H E (Lf,k) oyn anMnTH'!BOKHe HHTerpa7IH nep:eoro H :eToporo 
po;na /8]. 0TOllll,8 Jl1.l.fJ ll,1!.HHH E07!HH nonyqa BM EHpa!:BHHB 

A = 4w [ 2E ( ~ • k )- F ( ~ , k)] . {2.II.I5) 

.111.l.fl Mamx k , .eonon&sy.fI nep1me lUla 'lneaa paanollteHHI nomw.x an1mnTH
'lBOK.111x .lllHTerpano:e, HM00M 

).. = 2TL~ ~o 1 

[ 1 - : k2 + O(k4 )], (2.II.I6) 

rJle ll0pl300 onaraeMoe OOOT:BeTOTEYBT pemeHHll 1I.lllHelHOil: sa;na'l.111, KOTOpoe 
nerxo HaXOl(HTO.fI, 001IH ma:aeap.111sOBaT& ypaBHBH.1110 (2.II.II): 

(2.II.I7) 

Ha p.1110. 27 noRasaHH ~o~H .111aepIU10HHO! oTpy.e, onpe;n;ell!ieMHe napaMeTpH
'lBOIU!IMH ypaBHBH.111.fIM.lll {2.II.I3) .Ill (2.II.14) ll.1.l.fl ~o = 30, 60 .Ill 90°; WTpB
XOEa.fI lilil:H.lllJJ OT:eeqaeT IIHHBIHOMY pemeHHll (2.II.I7) np.111 Oo = 30°. Ha 
pBO. 28 npell,CTSE7!0H8 saB.1110.lllMOOT& (2.II.I5) ;n;ma:HS B01IHbl OT ee aMll1I.lllTY2Ul; 
WTpBXOBOI 1I.lllH.1110I nORa8aHO np.11161IHllt0H.1110 {2.II.I6). 

MoEHo no KB sa T& LI 6Ql, '!TO npH ;n;a n&aeAmeM y:s e 7IJll'q e H.il.111 yr na o 0 pa cno
nozeaHHe aa oo.K O ~ TO'lKH nepen16o:e TpaexTop.111H :ece Teoaee npHDMallTO.fI 
npyr K ;n;pyry, H np.e KpHTH'leoROM saa'leHHH ~Kp = II7,5° npo.1110.xo;n;HT Raoa
HHe n:eyx cooe;n;HHX MBaHll,pOE O;n;HHaKOEOA KPHE.1113HH. 3TO MOJtHO .lllCT01IKOl!aT& 
KaK Ha'lano OT;n;eneHHR pHHrOE OT MeaHll.PHPYlOlllBA OTpy.111. IlpH :nan&aelmeM y:ee-
1IH'l0H.111.lll yrna o0 Ha'lHHaeTO.fI oaMonepeoe'!eH.llle oTpy.111, .111 pemeHHe TBIJRBT 
~S.lll'lBOK.lllil: CMblO 1!. 

AnnpoxoHMHPY.fI npo.111ru:on&Hblil: pen&~ ;n;aa xyoo'!ao-ma:aeAHoil: ~YHKLU'!eft, 
MOZHO .lllOll07!&30EaT& pemeHH.fI BH;n;a (2.II.I3) - (2.II.I4) Jl1.l.fl pac'leTa TJ;llBK
TOpH.111 OTpy.111; T8Ra.fI .lllll,8.fI 6Hna pea1I.1113o:eaaa YoppeHOM [i77.J ll,1.l.fl ron~OTpH
Ma. O;n;HaKO npome npHM0H.fIT& 'l.11101IBHH.llB M0T0Jlbl .lllHTerpHpOBaH.111.fI CHOT8MH 
{2.II.5) - (2.IJ.8) np.111 Ha'lan&EWX yonOE.111.fIX (2.II.9). IlpHM0pH pemeH.111.fI 
YKa3aHHHM onoco6oM MO;IJ;07!&HHX 3S;D;a'l B 6apoTpOUHOM .Ill 6apOK1I.lllHHOM OKeaaax, 
a TaKJte paC'l0TOE B ROHKpBTEWX ~.1113.lllKO-reorpa~'l0CK.lllX Y01IOB.l!.fIX MOJtHO Ha .. 

TH B pa6oTax Lfa, 20, 68, 98, I44, I56, I5'Z7; TOHRHM aecTSLU'IOHaPHHM 
CTPY.fIM noc:esmeHH .111oone;n;o:eaali!.fI ["""96, I54, I5Q7. 

B saRnmeH.llle o;n;enaeM e11te o~o aaNB'laH.lllB Ra'lBOTBeaaoro xapaRTepa, 
OTHOC.fimeeos K o6~eMy o~v~a~ CHOTeMH (2.II.5) - (2.II.8). l:n:sJ Toro 'lT0-
6H BOSMymeaaa.fI pen&~OM Jlfill OTPY.fI HMBna K07IB6aT01I&HHI xapaxTep, Heo6-
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0,25 0,50 k 

p RI c. 28. ll1I.1!Ha EOllHbl M8aHnPHPYBlllBA CTPYH l\BK ¢/YHRUHJJ 

napa.MBTpa I<= Si.n l~o/2), IlpO!lOpURlOHall&HOro 
8Mll1I.l!TYlB (mTpHXOl!OI llHHHB! Il0Ka88Ha 38EHOH
MOOT& (2.II.I6)} 

-5 0 5 

P u o. 29. none illYHKtl,l'JH q ( '.l, y , 1, o) E 11epeMeRHHX A, y 
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99 



XO;n.m.to. qT06lil Kp.HEBSHa (2.II.IO) E;llOJlb TpaBKTOpHH CTPYH nonepeMeHHO 

M8HH11S SHSK. Tor:zta ypa:e H8HRl8 g:::. F 0 OnpUBllRBT H8KOTOPYll cpe;ztHllll 1Dl-

Emll, OTHOCHTBJlbHO KOTOpOI llpOHCXO.lU'IT MeaH;ztpHpo:eaH.llle. 3THM, :e qacTHOCTB, 

onpe;zte1ISeTCB :eagI:JaB pon& HSOnBHl'll ll11SH8T8PHO-T01IOrpaqimqecKol <PYHKWU! 

g. :e lU!HaM.ll!Ke OReaHa. 

2.12. HecTaQeOHaPHaJ! peaKQeil 80HaJlbHOro 1IOTOK8 Ha 01186oe EOSMYlllB

HZe penI>eqe ;ztHa 

B H8CTOillll8M H B JU!YX 1IOCJ181lYIOllU1X naparpaqex yg paccMOTpBM HBCKOJlb

KO HBCT!ilUHOHaPHHX sa;ztaq T01IOrpa~'l8CKOro UHKJIOreaesa .Ill MeaH;ztPJllpoBSHBB. 

XoT.R 6apoTponHHM :eonaau Pocc6m noc:eS1111eea o6DJBpBBil uTepaTypa, :e no;zta.e

JI.RIXllBM 6onI>IWIRcTBe cnyqae:e paccMaTpz:eaeTc.a: u6o r&!*OllHqeo:sa.R sal!.11011-

MOCTb peweH.l/lil OT :epeueHJt, JlB60 C'l'SUHOH8PHHI lIOTOK. MateeTCil oqear:. Mano 

.lllCCJ18lJ,OB&Hill, B KOTopgx 6lil 8Ra7m3HpOB8Jllo!ICb nepexO;ztHJile PBDMH. CB.S38H

HH8 c <IJOPMHpOB&HHeN BOJlHOBOro one;zta .Ill 88Xl!aqeuHHx To110rpa<IJB118CKllX B.IX

pel. 3a:zta11H no;zto6uoro THna, EallH.!le ca.Mil no ce6e, oKaslilB&llTc.s Taue no

nesHlilMH npH il3Y'l8HRIH CTSUHOHaPHHX pelll!MOE, KOr:zta 8lJ,HHOTB8HHOOT& peme

HH.S MO&eT OTCYTCTEOB&Tb ii ROHequoe COCTOJ!H.lll8 38BHCIT OT 38K0Ha CTaUl!IO

HRlpOBSHilil. 

Mu uaqueM c npocTelmeA sa;ztaqJll, Ror;zta Eosuy111eHHe penr:.eqxa ltBEI lJ.QOTa

To11uo Mano H ;ztOnyCTHMa JlHH88pilsaQllff OOHOBHOro ypaBHBHJl.R {2.1.1), ROTlr-

poe lIPiI OTCYTCTBiIH BeTpa ('f = 0 ) HMeeT llHlJ, 

A P-t: + J ( p, !\ p + 6 y + 6 h) + k ~ p = D • 

Ilpe;ztcTaB.lllM pemeHHe :e qio~e 

p= - V(!)y + 61j1 (x.y,t). 

(2.12.I) 

(2.12.2) 

Ilo;ztCTaB JI.RSI (2.12.2) B (2. !2. I) ii OT6paoHBa.s ueHH IIOp.slJ,Ka 62 ' uonyqu 

JlJllHBIHOe ypaBH8HB8 

fl'IJ-1: + V(t.) i\ljJ:r. + li'!J:x. + kllljl = -V(i) hx, (2.12.3) 

ROTOpoe 6y;zteM HHTerpilpOBSTb lIPJ/l l!Y118BOM saqaJlbHOM YC110BHH. TaK&s lIOCTa

HOEKa 38;1.l8'!UI COOTEBTCTByeT CJIY'llSll, ROr1UI l3 RHHBMaTnecu OlJ,HOPOlHOM so

HSJI&HO.M lIOTORe V(!) :e Ha'llSJlbHlill NOM8HT :epeMeHB urao:eeHHO l303HBI<88T 

BOSMYlllBH.lll8 TOnorpaqiu ;ztHa h ( x,y). Tpe6yeTOil BSY'IUITD SBOll~I) lIOIR Te

'llBHHJ!. Ilo106HaJ! OHTY8Itl!l.R B pean&HOM OKeaHe MOZBT, BBIIpJDlep, llM8T& MEIC
TO B pesyJibTaTe EHSEIHHOI IlOlU!OlHHM 38MJ18Tp.s08Hlll8M ue60JI&lllOI B8PTBK81Jr 

HOA lIOJU!.l/lZXll lJ.Ha. 
nn.R IlOCTpOBIUl.ff <IJopuaJI&HOrO pemBIDIB 381Ul'IUI BOOlIOJl&SYBNCJJ JU!OIHHM 

npeo6paSOl38HB8M ~ypbe no npocTpaHCTBBHHHM ROO~HaT&M /j,g] 

iii (J.,ft,+.) = 2~ n\j-'(:X,y,t)exp[i(J.:t+ .f.iy))dxciy, 

100 



npm.eHBHJl8 KOToporo K (2.I2.3) ASBT 

_ + [ i.d.6 + k- l.cCV(tl]- = _ loChV(t). 
lf't oC2+p2 't' .J.2 + ./J2 

Pemeime eToro o6HRHOl!eaeoro lUlqqiepeHUHan&eoro ypaaee!UIJI npH ayneBOM 
HB118RbHOM ycnOBMH HMeeT BB~ 

- icih (cl j'J) Jt {· [ J ( i.o<:6 ) } ~ = - .1..2 + fi~ 
0 

lf('t) e:xp Lt:A S(t)- S('t) - J.2+ j'J2 + k (t-t) dT, 

i: 
rxe s ( i) = f 1f ('t) d 'r. 

0 

HCIIOXD3YH '1ioI>MY1IY 06p&1118lillH H TBOP8MY 0 c:sepTRSX [bQ], ORQHqaT8XDH0 
nony11HM 

~ 

1J1 ( x , y , t ) = Jf h ( ~ , ~) G ( :x - f , y- '1 , t) d~ d '1, --rxe ~YHKUllSI I'pHHa HMeeT npexcTaaneHHe 

t 

G(x,y,t) = JQ:l!(~,y.t,T)U('ndT, 
0 

e-k (t-T) .. ~ j r iJ.5 } 
Q = ff-exp iJ.[S(t)-S('tl-1}-i"y--(t-'t) dJ.dA. (2.I2.4) 

Hi 2 -~ J..2+ Ji J' J.2+ ,/J2 .r' 

Au -.a1&aelmero npeo6pa30BSHJJJI ~yma:~IIH Q BBeleM 06os111111eHJ1J1 A = 
= :x: - S ( t) + s('r) , 'T' = t - 't H Q = e-k'I' q. 11 uepebeM K JJHTerp11poaa-
HHll B llOMPIUil KOOPUHaT&X 0 IIOMOllibll OOOTHODl8BJll J.. = pcos 'I' }=psin.,. 
TorAS BMBOTO (2.I2.4) IIOll,)''lllilN 

1 00 do 3l. 
q(:x,y,t,'t) = 2-r.2 J ~ J cos(zsLnlJ')dlJ', 

Jl 0 p 0 

rxe z = J (py)2+ (Ap + BPT r 
H3B6CTHO HHTBrpaJIDH08 npe~CT8l3J18lW! ifJ.yHR.qJl.11 Eeccem [BJ J 0 ( z) = 

= ~ lcos(zsimy)dl/, IIOBTOMY q. =2~ I jsJoCJcp~f+(Ap+tjf)dj-
IIonaraJ1 p = .J&T'(s+~s2 +f)/ (A2+y2. )114, OKOJAaTH&HO nonyuM 

__ 1 ""J J0 (a~) q..- 1i 0 ~ ds, 

c2 = _21 (1 + A )· 
~A2+ y2 • 

101 



B 0611eM ceyqae @'HKD;Bll q. Y1'88TOH Blil'i•oun To1u.1to np.1 y = o , 
xor• a= 2 ~ 6T I A I ' 1 c2 = (1/2X 1 + A/JAi). Tax R&K /8/ 

""J Ia (aw-:;:J) d =_I!_ I(~)~(~) a> o, 
0 w+T' s 2°2 °2' 

""J lo (as)ds _ (a) (ex) 
0 ~ - I0 2 K0 T , a > 0, 

.ll.M99M 

{
-'Ji1 I 0 (~-5TA')K 0 (~-6TA'), A.:O, 

) -kT l 
Q(:x,O,t,'t = e 

-+J0 (~6T'A ')Yo(HTA'), A>O. 

OTOl>lUi nerKo aaxo:ztRTos aom.nTOTBKB 

e-kT (..f6'f1AI') ( 6T A) a(:x:,o,t,T) = --n en ,-2- 1- - 4-, IAl6i'<<.1, 

Q. ( 0 t T) - e - kT { 1 ' A < 0 ' 
x, ' ' - 2'.Jl~8ilAI' cos(2~6'T'A'), A>O, IAIS1'»1. 

Hsomuuu 4>YHKD;B.I Q ( x' y 't ,'[ ), DOOTP08HHli8 q)IQJlSHHO DpB k = T = 0, 
5 :::: t :::: Vo :::: 1 ' IIORasaHH Ha p.140. 29' I!p.14'18M B K8'180TB 8 H888B.IC.1Mlil 

uep81118HHlil np•HBTS A= :r.-t .11 y • HeTpy11;so noR&san, uo Q .IMeeT 

OMYCJI 4>YHKD;BB I'p.11sa 21.1.R 88:Jla'q 0 BOs6y&21,eHllJI BOSYYDl8HBI B OReaHe c POB

HHY 21.HOM IlOJ; ielCTBB8M MrHOBBHHO Ilp.IJIOZBHHOrO BBXPR HlllpsiZ8HBB B8'l'J8 

npB YCIOBJIB 't2 l.< 1 fI.3aJ. &yHICIVlff QX R8"180TB8HRO BM88T TSKOI Z8 

l!Bl, 'CITO lil a. • BOCTO'iHO-sana1uraa 8CBMM8TpBJI o6yCJIOll718H8 6eTa-acPP81t

TOM .I OOIIYTCTBYlllltllM.I l!OJIHaMJI Pooc6JJ. Xopomo B.121.81! pas111111HSI :xJilp&KTep 

BOSMYDl8HHI l!Bepx II BHlllS no T8"18H.ll). 

Pem8HZ8 881'8'1.ll SH8'UIT8Jll>HO YDPOUISBTCS IlpB OTOYTCTB.114 6eTa-e®>eKT&. 

PesynLT&T ner"le Ecero nony'IBTI> Henocpe21,0TB8BHO .1s ypaBaeHBS (2.I2.3), 
KOTOpoe npH f) = 0 II8P8X01U!T l! 

t:-i, + V(t:)z;1 +kl;= - U(t) h1 , 

rie EBeJ;eHo o6osaa'ieHBe ll.R :e111xpa l; =- LlllJ • PeweH111e OTPOBTCS MeTOlOM 

X8p&KT8pBOTJIR Ill .lllM88T Bllll 

t 
<'.; ( X, y , t ) = - J e -k ( t-T l 1J ( T) h :r. (:x. + S ('r) - S (-i: ) , y ) c('[. 

0 
none BOSMYDIBHBS ;D,lll!Jl8BHS Tenep& BOCCTaB8BJl.IB89TOS c IIOMOlllLll 06pa111e1W1 

onepaTopa Jrannaca 

f tf J""J -k(t-'tl [ :r- ~ +S(T)-S(t)}dfd'l 
'V l :x, y,-1:) = - 2rt 0 1J(t)dr_..., e h(~,ri) [:x:-~ +S('t)-S(tl]2+(y-~? · 
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If.I = - 2~ Jle-k(t-'t) en~ [ :r.-y+ 5 (-r)-5(1: lJ2+(y- ~ )21 lJ(tJhr(~.'l)dfd~df. (2. 12. 5) 

Ilp1 OTCYTCT1!.MH TpeHHH ( k = 0 ) 1!0SMOlltHbl na 1I&Reme ynpomeHHH. TaK 
KaK V('r)dt:: d A , HRTerp.HpoEaHHe no :epeMeHH np.HEOztZT x npeztcTa1rnemrn 

"' ( :x o y t t ) : \fl 0 ( :t, y ) - 410 ( x - s ( i ), y ) t (2.12.6) 

1 00 

r;zi;e l.jJ 0 ( :x, y ) = - -21i. J J h (~.in en ~ ( x - n2 + ( y - 'l) 2 1d f d ~ . 
l -oo 

Ba.i;:ezeHHe (2.12.6) IlOS1!07lR8T IIOHHT&, KaK IlpoHCXOztZT npouecc ~OIJMH
poBSW!H Tonor.i;:ecpaqecxoro EHXP.ff ea;zi; oqea& Ma 1liiM npeIIHTCTBHeM. Kaa.itoe 

HS c JJara eMax npe)lCT8B 7lR9T BHxpeEoe 1!0SMYU18HH8' np1qeM nepBoe HS HIX' 

\jJ 0 (:x, y) ' HE71R8TCH CTSUHOHaPEiliM I J;eCil0110Z8HO aenocpe;u.cTB8HHO Hazt BOS

MYUl8Hl8M pen&eqe ;zi;aa, a BTOpoe, -41o(:x-S(il,y)' HM8.ff HHT8HClll!HOCT& 

IlpOTBBOil01IOZROro SHSKa, CMSDISBTCH BMBCTB c IIOTOKOM BB.PIS IIO Teqee11>. 

B J;e.MKSX lll!HelHoA sa;u,aqm 8TH EOSMYDIBHM HHKaK HB B 11MM :zr.pyr Ra ,llpyra. 

C yEe1llfqeRHe.M Tonor.i;:e~Hqecxoro napaMeT.i;:e 6 Eos;zi;eAcTBHe sax:eaqeaaoro 

BHXPH \l'o Ha CB060zt!U:lii CTSHOllHTC.R cymecT.:eeHHaM H IIPHE011.HT K HSMeHBHJlll 

TJ;eBKTOpHH nocne;zi;eero. STa KSPTHH8 KaqecTB9HHO OHJJS OllHCSHa B §§ 2.1 
H 2.5. 

l11R OC8CHMM8TpHqeax npeIIRTCTEHA pemeHHe (2.12.5) MOZHO npeoopaso

E8T& K 6onee y;u.ooeol !PopMe. Ilonara.a h(x,y) = h(rl, l' =~:x2 + y2 ', 

A= RcosQ, y= Rsi.nO., R=~A2 + y2. ' H nepexozt.a c IIOMOlll&ll cooTeomeHBA 

\ = pcos~' ~::psi nip K HRTerpRlpOllaHHll E Il07lRPRaX KOOpztHHaTSX, Il01zy1'1RIM 

t co 

\jJ =--1 fll(t)e-k(t-'tl fh(p)pdpI(R,p,Q)df, 
21i 0 0 

rzte EHYTpeHHHI HHTerpan Ea'qHC7lR8TCH /.f3.l 
2J3t Rcose-pcostp d•o=2flcos9 {1,p<R, 

I= 0 R2 + p2 -2Rpcos(1f-0) .,. R D. p > R, 

H C IIOMOUl&ll 38M8HH f = S(t)- S('t) Nii HM88M 

S(tl -k(i:-Tl ( ~·) JiZ-?M2' 
J e :r-, J ( l d d ' 

qi = - 0 (:x:- fl2 + y2 0 h fl p p ~ . (2.12.7) 

PaccMOTpHM E KaqecTBe IlpHMe.i;:e "K01IOK01IOOOJ;eSH08" np9IIHTCTEH8 BRl11.8 

h ( t) .= 1 / ( 1 + r 2 ) 312 • Tor;u.a npRI OTCYTCTEHH TpeHZJ!, EaDOIIHRH :e (2. I2. 7) 
KEalpaTypa, 0Koff'iaTe11&HO no11YqJ11M pemeeze E ~opMe (2.I2.6), rle Tenep& 

\f'o (X, 1J) = - en ( 1+J1 + r2. '). Hd:iteM KpHTHqeciwe TOqM IlOT01(8 H YCTaHOHM 

YC1IOEWI BX CY11i90TBOllSH.14.ff. Ilp.HpaEHBllSJ! HY1Ill IUIOTHli8 npo.i!SBO,llHae OT 

(2.12.2), IlO~VqHM CHCT9MY ypaER8HHI 
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:r-5lt) x =O y y V(t) 
es(j+fsl foU+fo) fs(f+esl fo(1+eo) = -6-. 

rue ltllS RpaTKOCTH 060SH8'18HO Eo = ~1+ x 2 +y2'' es =~r-:1-+"""[-x--"'"'S(,.,..t"'""'l],..-2_+_y-=2....,'. 

Jl1.IR llOOTaTOqeo 6on&UIHX MOM8HTO.B llp9M9HH HM98M f5 >) 1 , IJOSTOMY IJBpe.liMH 

cnaraeM.lilMH E nonyqeHHHX ypa.BHBHHRx MOEHO npeee6peq&, OTKY11.8 cne;ityeT 

:t=O HOOO'l'EBTCTllBHHO cply)=f(1/~1+y2.'-1)=1f/6. IlpH V(t)>O 
S'l'O ypa.BHBHHe HMBB'l' lt]la OTpHQSTBlbHHX ROPH.fJ lIHW& IJPH yonOBHH maxcp(y)> 
>V/6.MaKOHMYM 'P(y) ;11,ocTHraeTc.s npH Ye= -~(1+{!1 )/2 ' = -I,272, no

STOMY YOIOBHB cymecTEOllaHH.S RpHTHqecl!CBX ToqeR IlpHH.lilM89'1' EH;ll, 

_6_ )I _1_ _ 3+-IS' r 1 +IT 
V(t) 7 cp(qc) - -2 - ~ 2 ::. 3,330. (2.I2.8) 

B cTawaoHSpHOM cnyqae V(t) = 1f0= canst aTo ycnOBBe co:enuaeT c.ycTB-

HOB IBHH.lilM E § 2, 4. 
F.cnm CltOpOC'l'b Ha6erallll!ero DOTOita V(t) IIY11DCBPYB'l' BO :BpBMBHH TaIWI 

OOpaSOM, qTo ycnO.BHB (2.12.8) EWIOIHSIB'l'C.S lIBWb UpH llOCTa'l'O'IHO MaDHX 

V( t) > D , s&MRHY'l'Se IHHH 'l'OKa :e pesyn&THPYlllll&M TeqeHHH 6y113T uouepe

MBHHO JIO'IBSSTb H IJOB:BJUl'l'bC.S .BHOE&. 

IlpH ytieTe 6eTa-aqxpeaTa pacc110TpeHHa.s upoc'l'a.s cxeMa llBitnoreeesa c'l'a

HOBBTc.s 6onee OIOEHOI :e pesynbTSTe ~PMHpOB8Hl.S pooc61eEORoro 018;11,8 88 

npeU.S'l'OTBHBM'H OllHO.BpeMeHHOrO HSny118HH.s BOIH Pocc6B ceeceHH.YM llBRIOHH

qeoitHM EHxpeM. Y11eT HBIHHBIHHX ES8HM0ll8ICTBHI DpHEOllHT R Jtan&Heillm!M yo

IOEHBHJIJ.SM 88;11,811H, 

2.I3 •. HecTaUHOHSpHHI SOH81bH.lll DOTOR Hall 6eOROHB'qffHNH xpe6T8MB 

B H8CTOBmeN uaparpaq>e MH paCCMOTPHM OllHY HS HBMHOrO'IHOIBHHHX HBCTa

llBOHSpHH.X 8811.8'1. llOllYOitallllll!X TO'IHOB pemelUle DpH npOli!SEOl&HOI 8MillIH'l'Y

llB BOSMYmBHH.S pen&eqe llH8 HS HBROToporo ~HRCHpO.B8HHOrO Rnacca .BOSMOE

HHX qiop,M. HMellTO.S .B EIII:itY llB1IilH;itpHqecR.11Ie :BOSMymefll'!.s h = h (0 • r;11.e f = 
= :x cos cl - y s L n .L !.8-:Y, npJitieM .L npeJtcTa:e 71JiBT yron MBJlllY naps 111e n&

HHMH HS06aT8MH ~=-canst H MBPIIIllH8HOM, a ltOOPllHH8Ta f HMBBT CMHCI 

paocTOBHJIJ.IJ. HSMBJlflBMOro nepneHitHKYJISPHO HS06a'l'a.M. Ey;ite.M upe11.uonaraTD, 

tiTO j.,( I <.'.Ji/ 2 • Ilpe:n.cTaE 71Ji.IJ pemeHIIIe :e n:n.e p = - lr( t) y + 6 '!-' l ~, t) , HS 

(2.I2.I) uonyqJIIM 1D1He!Hoe YJe.BHBHHB 

(2.I3.I) 

3aMeTHM, 'ITO TOE;ll.90TB8HHOe o6pameHHe .B HYlb ItOM6HHaUHH He1IHH0IHHX 

1119HOB 9CTb 019JlCT:BHe cnewaqiJl!tieCROI OTPYKTYp!il pemeHJI.IJ, 88.BHOSJmero DO 

oymeoT:ey lll!W& OT OllHOI npooTpaHOT.BBHHOI ltOOPlHH8TH. 

Ms 11syq.11y zuie 88:itati.llI Jtn.s uonytieauoro YJe!!H9HllR - c HY ne:eHMH aatia 11&

HHMB ;ll,8HHSMJI (S8;11.811a KomH) H c yonOEJl.ffMJI nep.llOl.IAHOOTJI no :epeMBHJI sa

;ll,8HHOI OROPOOTIII 11( t) III HOKOMOro pemeHIII.IJ. 

3a:zta'!Ja RolllR! 1237. Ilyon E Ha'!Jan&HR! MOMeRT :epeMeHB y.i= 0 , T.e. no 

1a4 



CBOBMY $1311'1BCROMY COltB:pESHllll SSM118 OTHOCHTCSJ R TBIIY, p&CCMOTpBHHOMy 

B DPBllH~lll8M naparpacpe. IlpBMBKR.R npeo6paso:saHBe lyp&e 

iji =: fa~ I 7 'Vt\ t t l e'"'~ d~ ' 
-00 

B npocTp&HCTBe 11806JXi&eH.11 DOIIY'IBM 3&1M'IY Kom.11 

- [ .(8 ) ] i. -41-t + k+L\;--vW' cos.£ iji=-~Vhcoscl., IJl=O, i=D 

c pemeHHeM 

- t 

qi=- i~osoC. jv('r)exp{Lw[s(t)-s(rcl]cos.L-(k+ i.~osol)(t-t)}ctt. 
t 0 

S(i) = f lf(T) df. 
0 

HoIIOn&sys T80p8My 0 OB8PTR8X, MO&HO 88DllC&~o 

"" 'l'l~,t) = J G(~-f,t)h(fldT', (2.I3.2) 

t 

r11:e Gltt) = - coscL fvl'r)e-1.¢-'tl<j(~.t,'r)d't'. {2.13.3) 
0 

1 "" . ~ B) dw = ;;,- f ~iln Aur+ - -, npB'leM A= f +( S(t)- S(tJ)cosJ, B = 6(t-T)cosc£. 
JL 0 ur U] 

-d-jsln (Aw+!.) dUi = B0lJ0 (2-17\B' ), 
Jl 0 CJ] w B > 0, (2.I3.4) 

IIOJIY"llEl8M 

g({,t,'f) = 8(A)J0 (2~6(t-t)Acot.i). (2.13.5) 

IOPMYJIH (2.13.2) - (2.13.5) llO'IBpIIH.Bal>T cl>OJN81l&H08 pemeHBe 5811,8'1.B. 

B :itall&H8itm8M MH orpaHB'l.llMO.ff 8H81!H80M IIOB8lt8HBS TOII&RO cpyHK[lHB rp&Ha 
(2. !3.3)' ROTOpol MOEIO MT& Cll8JlYDl!.Yll aarl!R:itHYll HHT8pIIp8Tarl}lll. Ilpll 

o(.=0 ypaBH8HB8 IIllHH TOIIB, ac.HMIITOTH'l80Rlil npB6llllllSlllllBICSJ Mll8RO 

BBSPX no TB'IUWl K OC.I!. Ox, .l!.MBBT BHll -1f( t) y + 6'1' (:x,t l = 0 ' OTit.YM y = 

= v1-l:J 'JI (X,i) . Jlll.R ll81l&T006pa8HOrO B08M,Yll(8HH.R penr.&qe llHS ( h ( :X) = 
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=c1lxl) JllM99M y= U~t). G(x,t). TaKBM 06p:1sOM, rpacPJllx itJYHKrlHH I'pBHa no-

1106ea l!BHJISM TOKa B Kalll:JUIA MOM9HT Ep8M9HB • 

.llJUI BOOTO'IHOro noTOBa. Kor~ lf( t) ) 0 t B911l!'l.111H8 A sa:eeJJ,OMO OTpH-

~T81I&Ha np.111 { < 0. C11eJJ.OBaTe11r.ao 1 G = 0 npB f <. 0 , T. e, Ha6erallllU11 

IIOTOX "He 'IYBOT:eyeT" npenaTOTBHR, Tor~ KSK BHJ113 no T9'19HJ111l npB 71DdOM 

l > 0 BOSMYIIl9HB9 MrHOBBHHO B03HJ11Ra9T np.i! t ': 0. OTOT BHTepecHHA aqi.. 

W9KT JllNeeT MecTo 6111ro~PR JllHTePl!9PBHnH.i! BOSMYIIIBHHi, Bos6yllltaeMsx oT

JJ.H&HYM.111 Y'UIOTKaMI!! IUI1ll.IBJlp.111'180KOro penr.$ ;D;HS. KaK M.lil BBJJ.971If B npe1'.lil

JJ.Ylll8M na111rpaqie, JI0Ka11J1130B8HH08 B03MYUl8HJll8 penr.eqs npHEOlUtT x DOJIB~e
Hllll B03MYlll9BBil IIOJUI ~B119HWf KaK nepe;u;, TSK l! 30 npeDHTOTBll8M. 

llp.111 DOCTO.SHHOi OKOpOOT.il H8B03MY1119HHOro DOTOK8 lf= 1 li!M89M A::. l -
- ( t-T}cos~, noeTOMY (2. I3.3) 111111 O ~ f .(. t cos~ np.1uuwaeT BHJl Ge= - I, 
r;u;e BHTerpa n 

1 r =I e-k-r/cosJ.. 10 (2~ 6t(~-tr )d't' 
0 

Yll.88TO.S BH'IB011HTr.. HCII07lp3y.s CHOE& npeJJ.CT8B119Hil8 (2.I3.4~BHDOJIHR.S 
KB&ll,paTypy DO '[" l! BaT9M BBOltff HOBYIO nepeMeHHYll JllHT8l'p.111poB&HBJf l = 
= 600-1/l.IT 1 D011Y'IBM 

_ ~dJJ DZ { k ( -k~/COSoC) . ('{ ~) (f ) 
1- 1i o [(k/cosd:)2+z2J~z2+4&' cosJ. 1-e srn 2"z·+46 cos 2z + 

+z (1 + e-kHcos.c) SLn(: ~z2 +46')stn(! z). 
H3B8CTHO, 'ITO (/"al. c. 486) 

""si.n(ph2 +a2') :ri. e-..&csln(p~a2 -c 1 ') f cos P.z dz = - ' o (z2+c2)~z2+a2' r 2c ~a2-c2 ' 
OTRYll.8 u@lepeHnffpoBSHJ119M no napa.MeTpy .P H&XOlUtM B'l'Opoi BHT9P9CYDll.lll 

HSC IHT81',IXi111. TalUIM o6pa30M. 

1 = e-kH2rosJ.. Si.nl~H-(k/2cos~.)Z'). 
~ 6- (k/2 cos.£.)2 ' 

Co61111.s uony'leHHHe pesy11LTSTH, OKOH'ISTenLHO JIJM&eM 

{ 
o. ~ ~ 0' 
-kf/2cos.c SLn(~..fR') 0 , t J.. 

GE(~;I:)= e {R' , "", ~ cos , 

cosJ. J e-k't J 0 (2~ 6t(~ - teas.() cosJ.') d'l", 
0 

rJ.e R = 6 - { k / 2 cos .L )2. 

(2.I3.6) 

pt cos.!, 

Iopomo B.BllHO, 'ITd npB O ~ '{ ~ t cos~ p9meHBe ae MBHBeTc.s co :epeMe-

11911. ()qeBBJl.HO. no TO np&Jl.911&Hoe sea'leHBe. K KO'l'OPONY CTpeMllTo.s G E 

DpB t • 00 • 'l'.9. C'l'aQBO.llI:lpHoe pem9H.1119 /j.5J]. llp.111 111l6011 cpaROBpoll8HHOU l 
BHJJS no '1'8'19JIHJ l!03MYl18Hllle. l!03HJllKHYl! :e Ha'UI JI&H.lill MOMS HT BP9N9HB. CT8-

Illl0HIP18T lipB t = ~ /cosrJ..., OOTSBa.sor. A87199 H9J118M8HHWit. B 7lll6ol ~RO.lil.PC>-
106 



EaHH.bll MOMBHT :epeMeH.111 t > 0 np.111 0 .( ~" t cos J._ y:m:e O(f>oJ;NHpo:eanacL OTa-

UlllOHaPHa.R Eonaa Pocc0.111, a np.111 ~ > t cosJ. oaa e111e HaXOJU!TO.R :e cTaJU!H 

qiopMHpo:eaHH.R. Ilp.111 t ~ 00 npouecc ycTaHSE nHEaeTc.R Ees:ite, H Tor.na cpe:itHSR 

oTpoRa E (2.13.6) onpeiteJIReT qiyHRUHro I'p.111aa CTaUlllOaapaoi saita'iH 11:51, 
17~. Hs (2.13.6) cneztyeT, tlTO np.111 '> 0 

{ 

si.n (~fR') R o 
r-=i '>, 

G (" oo) = _ -kt/2.cosoC 'IJ R 
E ~. e sh(~H) 

tt , R.:.O. 

ST.Ill COOTHOW6HWI noKas.b!EallT, tlTO npH ztOCTaTO'tlHO 6Jll'JSKOM K ± '.Ti/2 sea

'tl61UIH yrna J... (IIOTOR IlO'iTJll "CROnLSJllT" l3ztOnL .lllS06aT) pemelUle nepecoraeT 

6HTL RoneOaTenLHlilll. 0TMeTHM Taltllte JllHTepeoHHI qacTHlili cnyqal, 1t0rita 6=0, 
T.e. 111ottesaeT MexaHHSM Eona Pocc6H. Tor:ita HS (2.13.6) nonyq~eM 

{ 
0, ~,Q, 

GE(~.t)=- c~sJ 1-e-kUcosJ;, oq~tcos..C, 
1-e-kt, tcosc£. < ~ , 

(2.13.7) 

OTRY:ita l3HztHO' 'tlTO :e CTaUJllO.HapHOM COOTO.RH.lllH nHHRJJll TORS E HHS no 

T8'tl8HHll IIOnyttallT CMBlll6HHe -(6/k)cosc£. /73-7Q]. 
06p;iTHMC.R TenepL K sana:itHOMY noTORY V(t) < o • B STOM c nyqae :eelll!tt111-

Ha A.:. o npH ~~s(t)cosc£., T.e. qipoHT :eosMYlllBHJll.R paonpocTp;iH.ReTc.R 

B:itOnL 00111 o, co CKOPOCTLll V(t)cosJ:" 0 • IIpH'tl8M l30SMYlllBH.lll8 OXE8Ta:ea-

8T Ta101te 061l8CTL Ill :e:eepx no TB'tl8HHll. B 't18CTHOCTlll, np.111 nOCTO.RHHOR CRO

poCTH V=-1 (2.13.3) npHH.lllMaeT BHll 

0, ~" -tcosJ. 
t-

Gw l~ .t)= cosd.. J
1 

e-kT J0 (2~6r(~+tcosJ:.)cosi)dt, -tcosJ.:.f~O, (2•13•8) 
-1 cos~ 

t 

J e-kTJ0 (2~6t(~+TcosJ:..)cosi)d't, '>O. 
0 

B OTIDl'tl.1118 OT cny'tla.R BOCTO'tlHorO noTORa (2.13.6) s:zi.ecL npH Ke:QOM 381laH

HOM ~ nponecc YCTaao:eneIDLR llll!ITO.R 6ecKOHB'tlHO :itonro. Ilp.111 t = "" HHTer

p;ln.bl E (2.13.8) E.bl"i.lllCJISll'l'C.R, eclll!I yqecTL, 'tlTO (/8], o.724) 

j e-pzJ0 (.f.>h2 +2tr')dz = ~ 2
1 p, e:xp[1(p-~)]. 

0 p + 
B pesynr.TaTe M.bl nonyqaeM cTaW!OHapHoe pemeHHe 

"° _ _ 1_ { e 52 ~ , ~ ~ O, 
Gw ( \ ' ) - 2 D e 51 ~ , \ > 0 , 

(2.13.9) 

rlte D=~6+(k/2cos..C)2 ', s1 =-k/2cosJ:.-D, s2.=k/2cos~+D. 

Hs (2.13.9) BHJlHO, qTO CTaUHOHapH08 pemeHHe Ecer.na l!MeeT HBKOne6aTenL

H!iR XSp;IKTep, np.111qeM npH HanH'q.111111 TpeHJll.R (k>O) :aims IIO Te'tlBHHIO ( ~~ 
- - oO ) OHO saTyxaeT 6.blCTpee' qeM :e:eepx no T0'iBHHll ( ~ - + 00 ) • 
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X/.1l 

G 
(J 

X=.fl/2 0,4 

O~-.-_,,_~---J2:--~~3:-

-0,4 

t = .1l/2 

t=n 

t=3.11/2 

-1 1"712 
I 

I 
I 

I 
-1' 

G 

0,1 ,? 

2 X/R 

e 
x= -.n;2 

OL...-...1.-~~~~~-

t/n 

p B c. 30. GIO,PM.l'lpo:eaHHe EOlIHl:l Pocc0.1'1 Halt OBCKOBBtlHWI MBp.i!]lHOH81lf.

H.blM xpeOTOM B BOOTOtlHQll (a. B) B 38DalBOM (6, r) no.. 

TOKSX 

a. 6 - ~KO.l'lpo:ea HHl:lB MOMBHTl:il :epet.teHH. :et r - lPHKOirf-

poBa HHl:ile no lIOlltB HWI Ha OCH 0 :x 

B Cn,v'iae B= 0 .1'13 (2.I3.8) BSXO;iutM 

{ 
0 ' ~ ~ - i cos J. 

Gw(~,t)=C05.k ekf/cos.t:_e-kt, -tcosJ.<..~(:0, 
k 1 -kt l: 0 -e , ~>. 

(2.I3.IO) 



IlpH OTCYTCTE.lrn 6eTa-aiw>eKT8 IIOHRTH.R "EOCTO'IHHI" B "saIIall,HHI" TB:pRllT 

CMHCII, IIOaTOMY (2.13.7) H (2.13.10) npell,CT8EnRllT IIO cymecTBY ;zr.Ba pas

ni!'IHHX pemeHBR OllHOro H Toro Ee ypaEH9HHR, IlpH'leM llllR uep:Eoro BS H.l'IX 

EOSMYmeHHe saTyxaeT EEepx llO Te'IeHHll, HO OCTaeTCR ni!W& orpaHB'IBHHH.M 

EHHS IIO Te'!emrn, a llnR .ETOporo HMeeT MBCTO o6paTH8R RapTHHa. 

B paCCMOTpeHHO! EHWe sa:zta'Ie HaB6onee BHTepecHHM RBllReTOR oaM upoueco 

CT8UHOH.l'IPOBaHHR, npe:ztCTaEIIewte 0 KOTOpOM :ztaBT pzc. 30. Bo BCBX cny'IaRX 

llpi!EB:ztellli rpatpHKH BH'IHCIIeHHOI llO iPOPMYIIe (2.13.3) c llOMOlll&ll 'IBCIIeHHHX 

I<Ea:ztpaTyp WYHRWIH fpBHa G upRI V= ± 1 , 6 = z , k = o , .l = o 1251. 
PHc. 30,a llORaSHEaeT, RBK {pOJNHpyeTCR BOIIH8 Pocc6.l'I B BOCTO'iHOM IIOTO-

Ke v = 1 llOll :zteil:CTl!11!9M E03MYlllBHM pen&$ llHa; IIYHKTBP 0Tll,BllR9T 06-
llaCT& 0 (. :X.£ t ' r:zte BOIIH8 Yllte CTaUBOHHpOBa 118' OT 06naCT.l'I t "-'.JC~ 00 • r:zte 

upouecc YCTSHOBnBHHR eme npo:ztOIIEa9TCR. 

Ha pi!C. 30,l! IIORasaH npouecc CTSUBOH.l'lpOBSH.l'IR E Tpex iPHKC.l'IPOB8HHHX 

TO'IRaX sa upeURTCTBllleM; IIYHKTHP YKaSHBaeT MOM0HT YCTSHOl!neHM t = :r. • 
TaKHM o6paSOM, llPH RaEltOM sa:ztaHHOM x nepexOll,HOA pelltHM llmtTOR pOBHO 

CTOII&KO Ep9M0H.l'I, CKOII&RO Tpe6yeTCR OCHOEHOMY IIOTORY lllIR npeo:ztoneHH.R 

paCCTORHBR X • 

Ha pzc. 30,6 npe:ztoTaBneHH rpatpHKH iPYHRUH.l'I I'pHHa G (:x, t) lllIR sana:zt-

Horo IIOTORa V= -1 l! Te ze MOM9HTH BpeMeH.l'I, 'ITO H Ha PHO. 30,a. Xo-
pomo BB;ll,BH R8'IBCTBBHHO paSIIH'IHld! xapaxTep iPOPlfBPOB8HHR CTaUBOHapHoro 

l!OSMYlll9H.l'IR llOIIR :ztaEIIBHHR. Ha p.ec. 30,r paSBepayTO BO EpeMeH.l'I IIOEe;IJ.eHHe 

pemeima B TO'IRBX :t :. ± 'Ji./2 COOTEBTOTB9HHO upa:eee Ill neEee upeIIBTCTBHR 

(l!l!epx RI l!HBS llO TB'iBHH); nep1110;11. xone6aHBI l! 6espa3M9PHYX nepeMBHHYX 

61IHSOR K 31i./5. 
Kax YRa8HB81IOO& l!Wlle • .Bso6pallteHH&19 Ha p.HC. 30,a. 6 RPBEHB MOZHO i10-

T01JKOB8T& RaK !POPMY JIHHR!I TORa BOSMYlllBHHOro soaan&eoro Te'lieHM. HaDB'li.lil8 

BSnOMOB H8 rpaciii!RaX CEB88HO c TBM' 'llTO iPYHKIUtR I'p111aa Oll.111CHB89T peaKUHll 

IIOTORa H8 BOSMYlllBH.1118 pen&Ellfe llHa cueuziPH'li8CKOI iPOPNH B BBll8 xen&T8-cliYHK

UBJ! • .lb.IR rDUKBX !POJN pen&$ peme1me 'f' TSRD 6y;iteT rna;IJ.KOI iPYHKUHel. 

AHanorB'tlHHM o6pasOM MOZBT 6HT& pemeea 88llll'l8 0 'liBC'l'O BeTpOBOM BOSMY

Bi8HHB "UlllIHHllpi!'tl8CKOro" TllIIa r<xl::.T(Xl(~ 1t), 'f'llJ)=T(y)("l.,t) t '1.= 
= :x:cosj.>-ysi.nJ.> ' MOll91IBPYllllleM 8TMOCtpepH&ll tppOHT, opB8HTBpO:BaHHHI llO;ll, 

yrnON j'J K M8pi!llil8HY ~-
B1IBSR8B x 1900MoTpeHaol 0111e1118HH8J1 sua'li8 6una msy-qeaa B pa6on Li54J 

(CM. Tane f91Q/). 
IlepzOllil'liBCKBI peZBM. PaccMOTpl!M Tenep& 88:zta'IY 0 M98Hlij)BpOB8Hilil ny11i:.

CBPYD118ro soea 1I&HorO DOTOB8' KOr:zta v ( t) Jll! IIRBTCR D8pi!OllB'I8CKOI seaxo

llOCTORHHOI iPYHKllBBI :epeMeH.111 c uep.BOllOM 'T' • Ba6epeM Cll8Ull81I&HYM o6pa
SOM MacmT86H ll1.IBIUI J!l l!p8M8Hil, II0118r8JI i..*= 4v~z~· H t'= 21it/T. TaK KaK 

T8D8p& 6= 1 ' ypaBHeHile (2.I3.I) up.BMeT l!illl 

(2.I3.II) 

r:n;e r='Il/'f'cosJ., ~= k/2cosJ..' J!l ;ltlIR upOCTOTH OIIYlllBH mTp.l'IX Hall BpeMeH-
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aol xoop;zuiaaTol. Ms 6y;11.eM HsyqaTo T01loKO nepHo;zuiqec1t111e pemelUIJ! aToro 
ypa:e aelfl!JI n.PH ye no:e.111 V ( t + 21i) = VU:). 

TaK KQK nplrl H8 JIHqHH TpeHB.a JI ®IHHTHYX h ( {) BOSMYlll&HM u:e 7l8HBJI Ha 

6ecROH8qaocTH l01IEHH 38TyX8To, O,llHOKp&THOe HHTerpHpOl!aHBe {2.I3.II):itaeT 

2{'('1't-t + '+' + U(t)"+'H+ 2aef~ = - V(t)h(~~ 

none BOSMYlllBIWI '1' no-npe:llHBMY llP8lCT8BHMO :e .Bl:'IJl.9 {2.I3.2). r;11.e <liYHB
lllS I'pHaa YlO:eneT:eopaeT ypa:eae1m~ 

2f<G~t+G +V(t)Gn +2~Gy=-V(t)on), 

OTRYJta UR WYPoe-o6pasa G no7l.YqaeM 

- f [ ( 1 )}- 0

L 1f ( t) 
Gt+ 2ft 2 ae + i. ~ -V(t)u:r G-::::: - N2ii ~°' 

lle.PHO;ll.HqecKoe pemeHBe nOC7l8lHero ypa:eHeHM HMBBT BHJI. /.3w 

- f { 2 'ae + l/w [ 1 ZJTL t ] } 
G = 2mlf<W2 E(t) 1-E(21i) 0 E(t)dt-!E(t)d't" +zr • 

(2.13.12) 

r;11.e E (t) = exp { 21/( [ 2 aet + i. ( ~ .. w-5 ( t))]}. II DPH J3W!Ol8 BOll07loSOl!SHO 

nerKo npo:eepaeuoe TOllJl.BCTBO 

fV(t)E('r)d'r'= ~ [21"-E(tl-(2~+ ~ )JE('t)dt ]. 

B 06111eu onyqae no HS06pa:UHH {2.I3.I2) He YJl.89TOSI J3 o6ospBMOI ~op-

1(9 BOCCT8HOBHTD op.HrHHa JI. IlOaTOMY MH BOOU01lo8YBMOSI upH67llf:llEIHH.liM M8TO-

lOM, nomras V(t)=V0 +Bf(U , r;11.e Tf(t)dt=O , O<&«f a V0 = 
0 

= ± 1 OOOTB9TOTB8E!HO ;11;71R BOOTOqHoro H 88IJ8lHOro UOTOKOB. Tor:ita S(t) = 
t ' 

= lf0 i + & ;\(t) , \(t) = J f ('r)dt , npaqeM X. (0) = i\(21i): 0 , • Kcno1111sys 

pasnoaeH.He 8KCUOE!BHTH B PRJI. no CTBUBRRM M87lOrO D8p&M8TJl8 E , nonyqHM 

G = ~ (~)m Gm ' { ) 
m=-0 2f- m! 2.I3.I3 

r:ir.e 
- 1 j 
G = - -------· 

0 ml w2 + 2 L une/U0 - f/Uo 

G- = c- Lc.0r-~u- nwael [ 1 TE ('t') [:x.cr)-~(t)l~t+ <2.rs.14> 
m 2 .ffii' ft E 0 ( t) E0 (21i)-1 0 ° 'J 

+ho('t'l[x<tl -x.(tl]mct'f], m~ 1, 
0 
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H E0 (t)=ex.p{ 2~ [2ae+i ( ~ -uru0))}. HHTerpane B (2.13.14) nerito B.1i1-

'qHCJm1>Tc.a npH f(t)=cost ''qTO COOTBBTCTBYBT 7\.(-l:)=sint • Tax KaK l! 

aTOM C DY'q8 e 

fE 0 ('tl(sln'r-sint)mdt=- E0 (Tll_fm('f,t), m~1. 

r:zte Bcerll.8 If m ('r + 21l, t) =- lfm ('r, t), TO, KaK ne.rxo npoBepHT&, 

Gm= (-i.w)m-3(f-2ic.oae) (t t) m~l. 
2hn""'r-<- 4'm ' ' 

B "18CTHOCTH, npz m = 1 nonyqaeM 

G =-J:.L (1-2iunel[(1-w2 V0 -2i.une)cost-2tuo·isi.nt] 
i BL ( 1-c.o21f0 - 2°Lw~)[( f-U) 2V0 -2ic.oae) 2 - 4 jl<2 to 2] 

OrpaHHllllll!8.RC& TOD&KO nepB.lilMH ;11.EYM.ff 'qD0H8MH paanozeHH.a (2.13.13) H 

BOSEP8111B.RC & lt opBrBH81J8M. IIOny"IBM 

G(~.t)=G 0 l~)+ 2~ G 1 (~,t)+o(( 2f.1J2). (2.13.15) 

r:zte Gm nerxo l!OcoTaHBEJIHBaeTc.a no C{>opMyne 06pa111e1U1.a o npueHeHIIeM 

Jl8MM.lil :atop:zurna H T80pl!H E.lil'q8TOE [4.S]. B.r.till!meM cpaay peayn&TST.bl, OT:zteD&-

HO nu.a BOOTO'qHOro H aana•Horo IIOTOKOB. 

I. B o c T o 'q H a ii II o T o K, Uo = 1. 

=-S(~)e-:ieysin"/t, 
r 

G 1 (~,t)=8({){e-:ief(cosn-; sinrv)si.nt + 

+ +- e-(-M-~H [ Acos(t-(~+~)l) +(B-1)si.n(t-(1'-+fii)T)J

-+ e-(1f+il!)'f [A cos (t +(ft- f<.)1) +( B + 1)si.n (t + (11- fil)T)] ' 
- ;tae - f'(ae - f<.t.J. +atie 

rne IIPHHBTS 0603H8'qBHH.ff; A=-=r-=-z' B= -z 2 , r=~1-llZ', 
y.+ae [1<.+'af 

fit =:. ~ + [ ~ ( f + p< L ae2 )2 + 4 µ2 ae2.' + ( f + J1'<2. - at2) r ' 
~ =J f [ H l+pt2-af.il2 + 4 ,_2r'- u +r-<2-(}f.2)] ', 

llpl!'qBM Beer~ l!HIIODHBH!il YCDOEB.a p. >fl. H 'de~ it H SHEIK pal!eHOTEa no-

CTHraeTC.ff npH ~ = ie = 0. 
2. 3 a n a n H a I n o T o x, Vo= - f. 

G0 (~)= 2~ eac{-&l~I, G-1(J.t)=-f(: ±1)e(3f±'~Hsint--i-e(~±atllp:cos(t+ 
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r,D;e ~ - - -
A='Jf.pA-+JW."H, B= fltp.i..-aeae., o=~1+at21 

'f-2.+ ae2. f.2 + fe2 , 

'fa. = ~ r [ H 1 + 3'2.- J1<2 )2 + 4 JL<.2 ae2 • + ( ~ 2 _ ~2 _ 1 ) • 

ae =~+[~U+ae.2-j1<2)z+ 4pt2 3/ _ (f'<2_~2_ 1 ), 
npRrqeM :1e ~ ~ .e }< ~ p: . 

B 'ISOTHOM oeyqae, xor:ir.a OTCYTOTBYBT TPBHBB (ae: 0) • npHBBll,BHHHB 

BHme qJOPMY 1Il:l npHHHM8 llT 01IB11Yl.ll!IHA B.Hl(: 

I. V0 = 1. 

G0 (V) =- B(~)sin~, 

G1(tt) 1 8(~) [sLntcosf-cos(ft~)sin(i-~V)-; sln(}t~)cos(t-p~)J. 

r:ir.e TenepL fa{. = ~ > fK· 
2. 1fo = -1. 

Go(~)=} e-m ' 

G1 (t -!:) = + T [ e-ltlsLnt-(1 + f )sin(t+ (pc± fa)O] , T ~ 0, 

np.e _fl->1, f. = ~ '- ('< 

G1 l~.1:)=+ +{e- 1~ 1 sint-e-3e 111 [si.n(t+j1<~)+ ~ cos(t+,,w~)]}, ~'o 

npm J<'-1,~=~. 
B 1lll60M onyqae ffY1IBBOe npm6JIJ1IaeHHe G0 (~) npe:ir.0TaB1111eT pemeH111e co

OTBBTCTBYBllllBA CT8ll.HOH8PHOA S8ll.8"1H. B BOCTO"IHOM nOTOKB onpe:ir.e1111eMOB no

npaBKoi ( f./2ft) G1 (tt) l!OSMYlllBHHB Bcer:ir.a OTCYTCTBY9T BBepx no TB"l9HHI>, 

a BR.HS no T9"19HHI> OHO CK118ztHE89TCR HS COBOKYnHOCT.H CTOR"l.HX H MOlf.YlilllPO

B8HHHX 6erylll.HX BOJIH. B S8IJall,HOM nOTOKB BOSMYll!BHHR IIp.HCYTCTBYl>T Bame H 

HHe npenRTOTBM, npzqeM np.e a-e = 0 m fl-1 aMIIlIJIITYll.El G1 (' ,t) eeorpa

HH"leaao BOspaoT8BT (pesoaaao). 

c TO"IKH spelil!R Ilp.111IOZBH.Hi Ha.H6011ee HHTepeoeH C1lY"18A BOCTO"IHOro IIO

TORa Uo = 1 . IlOCK011EoKY YC1IOB.ilR np.l!Melil!MOCT.il MBTOll.8 BOSMYlllBHHA Tpe6ym 

~«2tt • a C1IY"ISA C1IHmKOM M81I!iX f, M81IOHHTepeoeH, C118lf.YBT C"IHT8TL, "ITO 

no KpalaeA Mepe }O 0(1). B pa3MBPHHX nepeMeHHWC SHa'!iBHHB }< = 1 COOT

EBTCTByeT nep.eo:ir.y BOSMYlllBID'IR OKOPOCTH T'"' = TL jl1J'"f'J1COSd..' "ITO np.e J...= 0, 
v" = IO CM/C .H .fJ = 2. rcr13oM-~c-1 lf.80T 6lIJIISROB K CHHOIITB"IBCKOMY 3H8-
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'i9H.H9 OK07!0 25 OYT. BHII07IHBHHH:lt llpJI d..= o. JK:. 1 B f:= 1/2 pacqeT 

liJYHKUHH Tp.111Ha (2.I3.I5) 110R88.lil!SBT, 'iTO JtaZ9 llpJI ;llOCTBTO'iHO 601I&WOM 

llpBHJ!TOM 8H8"1BHJl.111 f, OT1LIA.M OT OTSQl!IOHapaoro 8118'i91D!JJ opaP.HBT91I&HO 

HBE97IBIGI. 3TO 08B8"1SBT, 'iTO llp14 J..= 0 1114H.M TOBS 1lp.11167Ill&eHHO RIM99T:B.ll;ll 

6 69(x)si.nx > 
y I'<. V(t) Go(x) = - V(t) ' )'It,.., 0(1) • (2.I3.I6) 

T. e. SM117IBTYJta llpaltTB'iBOKJI OTOJ'J'iBI B07!Hli MBH89TOJI o6paTBO 1lpOilOpQl!IO

H81I&HO OKOpOOTH Hel!OSMYDlBHHOro llOTORa. 

B onyqae f- » 1 (;ll7IBBBOil8pBO;llHHB POSMYDlBID!JJ OKOpOOT.H) 11pJ1167IBZ9BHOB 

pemeHJlle MOZHO 1101IY'iJllT& Henoope;llOTB9HHO HS (2.I3.II), OT6paOJill8JI nep:eHI 

MSJIHI 'i7IBB. PemeHB.a 

G ==-8(~)fo(tfsLn(~/~V(-t:)'), V>O, 

G=+~-lf(Hexp{-1{1 /~-u(t)'}, V<O. 

BMBllT lflop.taJI&HO TSROI ze BB;ll, KaK .I'! p onyqae OTaQl!IOB&pHOI SSJta'iH v = 
= Const • HO 0 napaMBTpJl'i901tOI SSBJllOJllMOOT&ll OT :epeMBH.l'I. 0TOl)M llpJI 

J...= 0 lllIJ'l POOTO'iHOro llOTOR& v > 0 nonyqaeu ypa:eHeH.He 7IBJWI TOBS p 

:en;e 

68(x) 
y11t:- .J1ITTf' sln(x./~V(tl'), ft<-<1. (2.I3.I7) 

CpaBH9HBB (2.I3.I6) .I'! (2.I3.I7) llOB88HE8BT xapaKTBp B7!.l'IJIHlllS OPRSSHHOro 

0 napaMeTpOM ~ 11ep.1o:ita P03MYDl8HM Ha 7IBHJII4 TORS. 

PaOOMOTP9HHaR MO;ll911& MOZ9T 0Ka8ST&CR ll07!98HOI 1l118 81181!1488 ooo6eH

HOOTe:lr!: :epeMBHHOI BSMBH'iBEOOTH no:it:eeTp8HHYX :eonH Pooo6.B. KOTOp.HB lflop.tB

PYll'l'CR :e MODlflliX aoaanr.HHX noTOBax, nepeceRSDIUIX aa c:eoeM llYT.l'I 11ouo:it

HHe xpe6Ts H zeno6a. Knacc.aqecR.l'IM npJ11Mepo1i1 Taxoro llOTORS RB1Il'leTcs AUT. 
laHHlie aa6nll;lleHBI noRasHE81lT, 'iTO citopooTH AUT 11011HT.lil!Sll'1' :epeMeHHHe 

KOne6aH.M paaJIJll'iHHX MSOlllT860B (OT HBC1t01I&K.l'IX :itHe:lr!: llO HBOKOJI&ltlllX 7!8T), 

o:ztaaxo OHlll, KaK npa:eH1Io, ae:eem11t11. 8To onpa:e;llBll8eT 111ononr.so:e8HJ11e y11po

meHJ1A, OOHOB&HHHX 118 npeJ1,0T8E1IBHJIB V(t)=Vo+fif(t). 

2.14. BeTpOBHe TB'ieH.M Hall aH.HaoTponHHM penr.eifJOM :itHa 

B llPBlllillYIUBM naparpa!fle 23yqa naor. p98IW,ll.R SSMHHOro RRIHBMSTRl'iBCR.H 

o:itaopo:itaoro aoHanr.aoro noToKS V(t) Ha one!lllqillqeoRoe :eosMymeH.He pe11r.

eqe llH8 B BB;lle 6eoROHB'iHHX xpe6TOB. ll97I060B RI T.11. TaKOI "Illll1IBfQtpJl'IBO

KlilA" xapaKTep Tonorpa<Pu npHBO:ztH7! K BHPOllllBHllll HB7IHHelHOro ypa:eaeHBS 

(2.I.I) :e nHHelaoe, 'iTO oymecT:eeaao o6ner'i87IO nooTpoeHBe pemeH.M sa

Jta'iH. BOSH.llKaDllHB np.l'I aTOM BOSMYlllBH.l'IS TB'iBH.M He OR88HB81Ill B1I.l'l.SIUU! B8 

EHBWHHA sa:ztaHHH:lt llOTOK. Tenepr. MH np.i!MBM 6onee npaB;ll0110;1l06HOB npe:ztno-

1IOll9HJ4e 0 TOM, 'iTO llO;llBO;ztHHB xpe6TH rutellT KOHB'iHYll npOTRllBHHOOT&, XOTR 

Poe eme CH1I&HO BHTRHYTH p 1lpO;ll07I&HOM aanpaB7IBHJIH (aHJ1180Tp011H.R penr.eqe 

:ztHa). l1IR npOOTOTH 6y:iteN C'iHTaT&, '!TO xpe6TH (H7IH ll87I06a) opRIBHTHpOBa-
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Hhl oTporo B MepM;n.lloHa Jib.HOM HaTipaB neHlrn M o6pasym neplloZU!qeoKYBJ no x 
oTpyKTYPY o Tiep;io;n.oM f, • 

Yope:n.HRR ypaEHBHl'!e (2.I. I) TIO x (oM. § 2. 9), noeyq:llM 

Pyyt + [ P:x. (pyy + 6hJ]~ + kpyy = -'[T <y-1. 

r:zi:e Tipe:zi;nonaraeTCR nepl'lo;nnqsocTb no '.t noJIR ;naEneHIDJ p c TeM JKe ne-

p:llOll.OM [, • OztHOKpaTHOe MHTerp;ipoEaH:lle TIOJiyqeattoro .)'paEHBH:llSl no y ;naeT 

pyt + Px (pyy+6h) + kpy = -TT(:x:l_k1f0 (t)-1f~(t), (2.I4.I) 

rne qiy HKIJ,llSl 1f 0 ( t) l1MeeT CMl:lG JI HBKOTOporo cpe:naero 30Ha JlbHOl'O llOTOKa. 

E 'leM nerKo y6eZI::llTbc.H, rrnnaraR 't"= 6 = 0 M p = - lJ0 (tJy. 
llYCTb peJibeitJ ll,Ha l1 HallpSllKBH.lde EeTpa RB7IHiJTC.fl MBll.J18HHO M8H.fllOO!MM:llCSl 

itiYHKIJ.ll.flMl1 KOopnirnaTl:l y ' T. e. h = h (x' '1)' T:. f (:r,"l)' r.ne 'l = e y kl 

f, = bz //., y l1MeeT CMIWJI OTROillBH:ll.fl xapaKTepHl:lX 30Ha JibHOro ll MepJll.l(:llOHa Jlb

Horo MacrnTa6oE, Ha ROTOPl:lX npOMCXO.l(:llT 38MBTH08 Jll3MeHeHMe 3TJllX iliYHKUH~. 

(IIpoTMEononolKHl:lH c nyqali l...y I lx t..<. 1 paccMoTpea, aanp.11Mep, E Ll6W.) .11s 

(2.14.1) one:nyeT, 'lTO Py= 0(1) , noaTOM.Y p11 =0(1/c). 3To no;n.cRasu-

Ea ST c:rpyK'.rypy aGMMIITOTJrlqecKoro pa 3JIOlKBHIDl ;Zl,11fl perneH!rlSl 

1 p = - 4" ( 'l , t l + IV 1 ( ~, t) + ... + yi ( :r ,"l, t) + elf 1 ( x ,t'l, t) + ... , 
f, 

IIOll.CTBEllR.fl KOTOpoe B (2.1.I), IIOJIY'll1M COOTEeTCTESHHO np:ll 'lJieHax c 

f, 0 kl ~;1. 

(2.I4.2) 

(2.I4.3) 

r;n.e 1J (tt) =-IJJ"L o6ossaqaeT rlI8EHl:lli <mes paanollteHMsi cpe;naeli soaanb

rrnli GKOpOCTJ1, a o-( l'., ti ,i) = lf :x: - MepHJJ,.t10Ha JlbHOM CKOpOCTl1. Ilp.11 Eblll.BJie

fill~ ~OTO_ 30Ha JlhHOM_ qaoTJ/I ilOllR ztaE JieHl1Sl ecTeCTEBHHO C~MT8Tb. 'lTO g 
= 4'1 - ... - 0 • TaK KaR 1f'l(lfxx:x:+6hx)-lPx(lfxx~+6h'l.)- [(1.fx:r.+6h)~'lh 
- [tpx(lf':x:x+6h)]'l, ocpe;n.ttemie (2.14.3) no nepI'!Oll..Y naeT 

- -(xl 
1f'lt - 6 (ohh + k lJ'l = 'rT 'l . 

.l1HTerp11py.fl 8TO ypa:;rneHI'!e TIO vi. • OKOHqaTBJibHO IIOJI.Y'llrlM 

(2.14.4) 

r;n.e 11o(t) 6CTb 3B;Zl,8HHJ:lll 30HaJibHfiii IIOTOK. O'leB!rlll,HO, aTO ypaEReIDJe MOlK-

HO 61rno Henocpen;cTEBHHO IIOJiyql1Tb l13 (2.I4.I). . 
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COOTHOWeHJ.l.fl (2.I4.2) H (2.I4.4) 00pa3.YIOT saMRHYTYIO CY!ICTeMy ypaEHe
Hl'!H OTHOCHTe1IbHO tliYHKUZZ v ( 1 I -1:) z o-( x, 1 ;!: ) IIpl'!'leM 3aEHCl'!MOCTb OT Me
PM!lHOHa nbHOH Roopn>iHaTbl 1 Eesne .flE1I.fleTC.fl napaMeTpH'lecRoli. 

I<aR 11 E § 2. 9, rrpencTaE11M penoew nHa c rroMOll\blO P.flll8 <l?ypbe 

co 
h = CXo(1) + L:: [c.tn(1)coSWn '.l+ 15n(~)sLnWnXJ, 

n=1 
(2.14.5) 

rne Wn = 2'.lin/L.., n = 1,2,... • AHanor111:rnblM o6pasoM rronaraeM 

T 1y1= A0 ('1,t)+i: [An(tf)coswnX+Bn(tt)sLnWnX} 
n=1 

(2.I4.6) 

00 

(} =ol' 0 (~,t) t E [dn (~,!)cos C.CnX + ~n(1,t) stn UYnxJ. 
n=1 

(2.14.7) 

3aMeTHM, '!TO 

- 1 oO 

O"h = J.oao + 2 ~ (dn On+ fan 6n). 

IloncTaE1I.fl.fl (2.I4.5) - (2.14.7) E ypaEHSHHe (2.14.2), II01I.Y'll'!M EMecTe c 
(2.14.4) 6eCKOHeqHylO Cl'!CTeMy 06blKHOBeH!WX n>i<IxlJepeHUJ481IbHblX ypaEHeHl'!H 

J. 0 =0, cl..'n= koln+(wnV- ~Jf>n=-6anV+'rAn, 

I 6 cO - (X) I ( 
1J +kV-- D(oCnOn+fln611 )=TT +Vo -l:)+k1fo(t), n~1. 

2 n=1 

(2.14.8) 

R ROTOPOH Heo6xonzMo np>icoenzHHTb Ha'lanbHble ycnoE11.fl. Ecnl'! aTa sanaqa 
pemeHa' qJYHKlUUI If I'! " HaXOll.flTCR no !flOPMY naM 

It. 

qi (~,t) =- Jvl1,t)ct1, 
0 

MCR1IIO'l8R 1'13 CJ4CTeMbl (2.14.6) qneHH c napaMeTpOM 6 ' IIO~)''IZM aHepre
TJ4'19CKOe COOTHOWeHl'!e 

rne EBeneH1i1 cp_enHHe no nepHOllY L KI4HeT>i'leaKaR aHeprHR 

E = J_ ( 152 + "2) = J_ [ 152 + J_ f, (.L~ + }3~) J 
2 2 2 n=1 

14 pa6oTa c.r.rn EeTpa 

T ( r 1xi U + T 1Y1 lJ) = 'r [ T !Xlv + __!__ £:. (J..n An + f.in Bn )j. 
2 n=1 

(2.14.9) 
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IlpR OTCYTCTE.11!.lll EeTpa R BH8WHero IlOTOKa RS (2.14.9) IlOQyqaeM RHTerpan 
E:: foe-Zki: ' KOTOp!i:l1 E C.lllCTeMe des TpSHR.fJ (k=O) nepeXOZl,RT E 06.bl'lHblil 
saKoH coxpaHeH.lllR ruiHeT.lllqecKoa sHepr.11!.lll. TaK.lllM o6pasoM, c.lllcTeMa (2.14.8) 
c KEall,paT.lllqHJ,IM.lll H97lliH0HHOCT.fJM.lll, ZJ,OnycK.alOlllEl.fJ Up.Ill onpeneneHH.blX ycnoB.11!.fJX 
KEall,paT.lllqH.blB .lllHTerpan.bl, OTHOC.lllTC.fJ K Knaccy He1IRH0HFW.X C.ll!CTSM r.lllll,pOZl,.ll!Ha
M.lll'lBCKOro T.lllna L56J. 

Ee M pen&e!iJ ZJ,Ha Ill Mep.lllll,.lllOHa n&Hoe Hanpm1teH.llle EeTpa .ll!MS[()T npocTe~y10 
HesoHan&HY[() CTPYKTYPY tin= On+1 = Bn = An+1 = 0, n ~ 0, TO C.lllCTeMa 
(2.14.8) cymecTBSHHO ynpo~eTCR Ill CEOll,.lllTCR n.ll!Wb K TpeM 061'1KHOE0HlililM 
Zl,.lllqxpepeHU.lllanbH.blM ypaEHSHIDIM 

J.. 1 + kJ.. +(lf-5)~ = - a1J+ A, 

j!J'+ kj3-(1J-B)J.. =- 0, 

V 1 +kV'- J_J.o = T + V~(t) + k1J0 (t) 
2 

(2.14.IO) 

ZJ,M Tpex !lJ.YHKU.ll!H d... = J.. 1, f.l = fl1, 1l • rne Rcno11&s0Eaali o6osHaqeH.lllR 
a.=6a 1 , A ='rA 1 , T='rT(:itJ Ill sa O'leT Ea6opa soHall&Horo n.ll!He!Horo Mao
rnTa6a I.. np.lllHRTO or1:: 2'Ji./ l "'1 • IlpH oToyTOTB.lllH EeTpa (A "' T = 0) H no
CTORHHOM EH0lllH0M Te'leH.ll!H (lfoti:) = 1) 3T8 O.lllCTeMa 6bl.na npoatta7m3MpOB8Ha 
np.lllMSH.ll!TellbHO K aTMocqiepHHM IlOTOKaM XapTOM LJ:o~. YlHTepecHO OTMBT.ll!Tb, 
'ITO COOTHOW0HHR (2.14.10) aHalIOr.lll'lHbl. ypaEHeHHRM, KOTOpae MOEHO nony
qJ!Tb B sanaqe 0 EeTpOEbl.X Te'leHPJ.aX E 38MKHYTOM KaHalle 0 IlOMOmblO KOHe'l
HOMepHoro ra11epKP.1HOKoro npP.16n.ll!EBHKR Oll.lll00HHHM E § 2.1 cnoco6oM (OM. 
182, 17Q/). 

Snee& Mbl. orpaH.lll'l.lllMOR paOOMOTpeH.lllBM onyqa.a, Kor.na EHSWH.llla IlOTOK OT

CYTOTEyeT Pl .ll!MeeTOR IlOOTORHH.blH 30H01IbHbl.H EeTep, T,e, npHM0M A:. 0, 
V0(i) = 0, T= const • .U1IR .na11&Hei1lliero aHanzsa yIJ,o6Ho nepezTPJ K HOEHM 

nepeMBHHHM Ill napaM0TpaM c IlOMOmbD COOTHOW0HHH 

Torna c.llloTeMa (2.14.10) npzMeT E.lllZJ, 

x' = - x - ( z - z 0 l '1 I c - tt z I c , 
(2, 14. II) 

'i' = - ':J + ( z - z 0 l x I c. z' = - z + J< x I c + 1 . 

HanOMHHM, qTo E03Zl,0 coxpaHRBTO.fJ napaMeTpzqeoKaR 38E.lllC.lllMOCTb OT "M0Zl,-
110HHOH" M0pHZ1,HOH01lbHOH KOOpll,HHaTbl. tJ.: E. y. 

Hsyq.ll!M omiqa na E03MOEHb1e cTaU.llloHapHble peweHi'l.a saZJ,aqi'J. Ilpi'lpaEH!t!BaR 
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Jie:eee '10CTH ypaEH8Hl'IM HYIIIO H l'ICKII8J'l0.R saTeM x RI '1 • IlOJIY'H'IM ll.II.fi z 
a III'e6paH'!8CKOe ,ypa:e HeHHe 

f- 2 = f ( z<"'1) = ( 1 I z(S) -1 l[ c2 + (Z 15'-Zo)2 ]' (2.14.12) 

IIP.1'1'18M 

{2.14.13) 

B 30E.l'IC.l'IMOCTl'l OT COOTHOWBH.l'l.R napaMeTpo:e f'< ' c l'l z 0 Yp;IEHBHl'!B 

(2.14.12) l'!MBBT Oll,l'!H .l'IJil'l Tpl'l :ee111ecTE8HRHX KOpH.R, 011,HaKO :e JII060M CJIY'lae 
QLZ(S)"-1. 

ldecne;n;yeM IIOEBll,eHl'!e <i>YHKUHl'l f (Z) Ha OTpesKe (0, 1 ). B OKpeCTHOCTl'l 

KOHUOE SC.l'IMIITOTH'!Be!U! .l'IMBBM 

f (Z) - ( 1- Z) [ c2 + { f - l 0 )2] , Z 4 1 - 0 . 

TaK KaK f'(Z)=-g(Z)/Z2 , r;n;e ~(Z)=G(Z)+c2 , G(Z)= (2Z2-Z-Zo)(Z-Zal, 
ll,II.R 06Hapyllteffl'l.R JIOKa JlbHHX 3KCTPBMYMOE tl>YHKUB.l'I f (Z) ;n;oeTaTO'IHO HaiTPI 

KOPH.l'I ypa:eHBHl'lfl g(Z) = 0 • H8 IIP.PIE8ll,BHHHX EHWB SC.PIMIITOTHK eJie;n;yeT, '!TO 

aTO ypaEHeHl'le Ha OTPB8Ke (0' 1) HMBBT 0 HID! 2 :eemecTEBHHHX KOpHfl; 

E IIOelIBll,HBM enyqae MH HX 0608HS'l.l'IM '!epe8 zl1l H z<2.l , IIpH'1BM Q L z<1l L 

L. z '21 "' 1. B nep:eOM cny-qae 1 (Z) npe:zr.cTaEII.RBT MOHOTOHHO y6.liE81llllYIO <l>YHK-

Ul'JIO, H ypa:eHeHHB (2.14.12) npH 'JII060M 80ll,SHHOM f- HMeeT Bll,l'!HeTEBHHHA 

KOp8Hb. Bo ETOpOM e11yqae HS OTpB8Ke (Z 11 >, Z121 ) <f>YHKQHfl f(Z) f!EII.ReTef! 

E08~eTa IOllleA H' ene:zr.o:eaTBJibHO' npl'l ye JIOE.l'IH f (z<•>) L jt<2 l. f ( z (2)) yp:i:e-

Heime (2. 14. I2) HMBBT TpH EBll!BCTEBHHHX KOpH.R Zi , Z 2. , Z 3 , IIpH'IBM enp;i-

EBll,IIBEH Hep:i:eeHeT:ea O"-Zit...Z'11 t..Z2<Z( 2't...Z3"-1. Ilpl'I j.< 2 '- f( z"'» 
OeTaeTe.fl IIBWb KOpeHb Z3 ' a IIPH {'< 2 > f(Z 121 ) - KOPBHb Z1. 

HaH601Ibllll!A HHTepec npe;n;eTSEII.ReT Ta o6nacTb M8MBHBHH.fl IIap;IMBTpo:e c .I'! 

Zo ' :e KOTOpoA npH YEBJI.l'l'IBHHH ~2 E08M0llt8H nepexo:zr. OT Oll,HOro K TpeM 

KOPH.RM ypaEHBHW! (2.I4.I2). Ilpe:n,eJibHHM 8ll,Beb JiEII.RBTCfl enyqaA, ROr:zta 

nplr! HBKOTOPOM z HM88M g(Z) = g'(Z) = 0 (TO'IKH zW H z< 21 CJIHESllT-

es). rroeKOIIbKY 91 (Z) = 2Z{ 3Z-1-2Zo) ' .1'18 e({>OpMYJIHPOESHHOro .YCJIOEH.fl 

HSX011,RIM Z=(1+2Zo)/3 H c 2 =(1-Zol 2(1+8Zo)/27. Hae .l'IHTepecyeT eny-

qal, KOrM Ha2ll.eHHHi! KOpeH& HaXOlUITCJi Ha OTp08K0 (0, I)' II08TCNY 1'18 

IIOIIYllBl!HHX EHp;lll8Hl'li! cne:n,yeT orpaHH'l8HJle -1/8 L. z 0;:::, I. 3aNBTMM, '!TO 

:e cnyqae C71HESDQ.l'!Xef! KOpeeA MSKC.l'!MalI&HOe 8Ha'1BHH0 c 2 = I/I6 ll,OCT.l'lraeT

e.fl IIpPI Z0 = I/4. 
Ha p.l'le. 3I IIORS80HH 8SEI4C.l'IMOCTH µ2 = f (Z) • IIOCTpOeHHble ll.II.R lo = I/4 

H c 2 = i/32, i = 0,1, 2, 3, 4. IlpH c 2 ") 1/I6 <PYHRUHH f (Z) MOHOTOHHO 

y6.liESllT, a II.PM c 2 "' 1/16 OHZ MMel'JT ll.E0 710Ka71&HHX BKCTPBMYMS. Xopbwo 

:ePJzr,ao, tiTo npPI c 2 > I/16 ypaEHeHHe (2.14.12) ll,IIR 11B>6oro f- 2 HMeeT 
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TOIIbRO Oll,HO pememrn, a rrp.e c 2 .::. 1/16 .l'IX ORa3tiEaeTC.R TpJIJ Zl,1IR RalKZl.Oro ;u2 

.es o6JiacT.e f (Z ' 11 ).:. JM.2 L f (zc 21 ). 

IIpmrnM Terrepb 11.II.R orrpe11.eneHHOCT.PJ 0.:. Z0 .:.1 (sarran.libl~ EeTep) .e, .ec-

rronbsy.R MarrocTb napaMeTpa c 2 , 6y11.eM .iICKaTb ROPHJIJ ypa:eHeHH.R (2.14.12) 
E EHll,e acHMilTOT.l'lqecRJIJx pa37IOllteH.iJH 

lIOll,CTaHOERa E ypa:eHeHHe :naeT 

r< 2 = F c r o i = c 1 / r o -1 H 1 o - z o i2• 

't1 [(1o-Zo)2 +jl<2 +2(1o-Zo)(1o-1)] = 1-fo 

(2.14.14) 

(2.14.15) 

(2.I4.I6) 

~YHRUHR F(Zl l'!MeeT TaRon lite E.iIZI., '!TO .ra f(Z) Ha p.110. 31 rrp11 c 2 =0 
( KPHES.ll 0 ) • 0Ha .iJMeeT f!:y JieEOH MHHHMYM np.iI z (fl= l 0 H IIOKa IIbH!il~ MSRCl'l

MYM Ilp.11 z<21 =(1d1+8Zo')/4 >Z0 , zC1'l'l zcv .llE1l.lllOTC.F! KOpH.llMl'l ypaEHeH.l'l.ll 

G(Z)=O. CJieZl,OEaTeJibHO, rrpH QC.ji<2LF(z<21 ) YPSEHeHHe (2.14.15) HMSeT 

TpH ESlUeCTEeHH!ilX KOpH.ll r 01, f 02 , "/ o~ , rrpH'lSM 0 "- f 01 <. z<ll <'.. f 02 <'.. Z 12~ 
t... }"03<1 . IIp>i f-2 > F (z<21 ) .1-lMeeTC.ll TOIIbKO OZ1,.11H KOpeHb 'f 01 rrpM'leM 0 (. "loi'
<'.. z (1) = z 0 • 

V!CK7llO'l0.ll E (2.14.16) rrapaMeTp "'2 c IlOMOl!lblll (2.14.15). llOJIY'lk!M 

11 = ro(1- Yo) I G (Yo). JlerKO y6e;nHTbC.R E crrpa:ee:nrurnocTM HepaEeHCTE 

G (Yo1) > 0' G ( Yo2 )c. 0 H G (Yo3) > o, Il03TOMY Ecerzr.a r10 > 0 , 120 (. 0 
H f 30 > 0, E Il07IHOM COOTEeTOTEHH 0 pil!O. 31. 

IlpoaHa lli'l3MpyeM Tenepb YCTOiNHEOOTb OT0WIOHapH!ilX perneHHfi, rrorraraR E 

E03M.Ylll9HHOM COOTO.RHZH 

(2.14.17) 

z= zls'+ zexp[o-n1]. 

II011,cTaHOEKa sT.ex E.blpaJKeHl'lfi B (2. 14. II) H rroc rre:zr.y10maR mrneapl'lsawi.R OTHO-

Cl'!TeJibHO 0Mll1Il!T.YZI, E03MY!ileHHfi x , ~ .Pl z :naeT O:ZlHOpO:ZlHY!O OHOTSMY' 

.YOIIOEHe paspelIIZMOCTZ KOTOpOH nptiEOll;.liT R xapaRTSpl'ICT.llqeoROMY ypaEHeHI1!0 

(2. 14.18) 

Y'lHT.blE0.R pasJIO~eHl'JR (2.14.14), Oll,HH il3 KOptteil 3TOro ypaEHeHHR MO~HO 

xioF.aTb E :euzr,e ). = .A 0 + O(c 2 ), rll.e c noMOIJlblO (2.14.18) .e (2.14.15) ner-

KO H8XOll,HM 
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P M C. 31. I'pa<PHIGI tPYHKUHfi µ 2 

f 2 = .f(Z) npH Z0 = I/4 H 
paslllil'IHHX SHa'IBHMX 32 c2 0,75 

llBa ll,pyrmx KOPHB RM8VT 

npell,OTa:eJieHBR .A= .::i 0 /c + 0(1), 

r:zi;e ~o =: i. H'¥o- lo Hn-zoVio'· 
3aMBT!M, 'ITO :ecer:zi;a Z0< 

"-.fl;;< zC 2) • Tenepi; nerxo 

npo:eep.HBTO.H YOTOl'JHBOOTEi 

CTSIUIOHaPH.blX pemeHHi! • .Il7IR 
RpaAHHX KOpHei! Z~5'"' 'toi H 

zl~l"' l 0"3 HaXOll,HM J.01 "- 1 H 

Re ~01 = 0. .IlM npoMBllVToq Horo 
(S) 'V 

KOPHB Z 2 "'do2 E cnyqae Z0 "-

L.. 102 <-JZ;, Il01I.V'18 BM )\ 0 "' 1 .If 

Im~01 = O, a npH JZ'0.:: "(02 "-ZC2l 

HMBBM .ho> 1 H Rdo1=0. 3TO 

OSHa'laeT, 'ITO no Kpai!HBE 

Mepe Zl;7IR ll,OCTSTO'IHO Ma JiblX 

c 2 npH z<S) =Z~' opezui KOPHBA 

ypaBHBHHR (2.14.!8) HMBBTCR 

:eoerll,8 OZl;HH, y KOTOporo 

Re). > 1 , 'ITO E CHII.Y (2.I4.I7) 

0,5 

0,25 

0 1 z 

onpell,BJIRBT HBYCTOl'JHEOCTEi COOTEBTCTBVVmero CTaIUIOHapHoro pemeHIDJ. KpaA

H.He pemeHR!R Z ~l H Z(~J Ecerll,8 .VC TOii:qHBhl j a Ha 7IOrHqHOB YTEBplltl(BHHe crrpa:ee:zi;-

7IMEO H E C1I.ytISB Oll.HOrO pemeHJ'!R z<t 
IlVTBM 6onee 11,BT81IEiHOro aHanHsa ,ypaEHBHH.H (2.I4.I8) MOlKHO Il0Ra38T'&, 

'ITO noJiyqeHHhlB BhlB011,hl OOTa~TO.H BBPHhlMH npH nlX5hlX 3ffa'ljBRKHX napaMeTpo:e 

.f<· c H Zo 'a HMBRRO: BCJIH ypa:eHeHHe (2.I4.I2) HMBST T07IEiRO 011,HH Be

mecTEBHRhlE KOpeHEi, TO OH :ecer11.a YCTonq.e:e; B07IH T8KHX KOpHei! TPH H OHH 

pa37IB'ilili, Kpai!HHB peWSHH.H Z~5)H zC;l YCTO!'l.HEH, a npOMBll.YTO'iHOB pemeHHB 

Z~' HB.YOTO!'IHEO, B cnyqae C7IH.HHH.H 11.B.YX R17IH ECBX Tpex KOpHei! COOTEBTCT

EYIOOIHB CTSIUIOHapHhle pemeHHR HBETpa7IEiHO YCTOEqHEhl. 

PaccMoTpHM :e :Ka'lecT:ee np.eMepa peni:.e<P naa, IlfeKTH'iecRE He s~EHC.Htl!Hii: 
(5)/ k OT Mepm1;H0887I'&HOV. KOOpJJ.R.!HaThl. Torll,8 '\! =-Pl z • H Mhl nonyqaeM none 

p=(T/k)[-yZ'51+-!2'(X(S1si.nx- y-< 5 'cos l:)] 'OTR.Y11.8 C7IB11..YBT ypaBHBHJll8 

1IHHHH TORa 

(2.I4.I9) 

HanoMHllM, 'ITO peni;eq, .ll.lla llM88T EH]J. h = (.f2'T/k6)JlCOST. BhlµlllteHJll8 
(2.I4.I9) MOlKHO npencTaPHTEi E <PopMe 

y = Rcos(:r- ::t 0 ), (2.I4.20) 
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rne 0 yqeTOM OOOTHOIDSH.l'IH (2.I4.I2) .I'! (2.I4.I3) aMillillTYna JI.l'IH.1'1.1'1 TOKa 

r:aEHa 

R = ~2(1-z< 5 >J/ z< 5 >' (2,14.21) 

a qa3a :x: 0 onpeneJI.ReTc.R .1'13 ypaBHBH.l'l.R 

(2.I4.22) 

np>1qeM O< :x: 0 <.TI rrpl'l C/jl<<. 0 l1 '.Ti£. X0 <:. 2'.Ti rr:p>:i C/[K > 0. IlyoTb l:tn.R 

orrpen:.eneHHOCTl:I j«.< 0 , T.e. rpe6eH& Mep>in;.l'IOHaJibHOro xpe6Ta paCITOJIOJKSH 

llp.l'I x:::: 11 . EcJlli EHBU!H.l'le napaMeTpH 30n;a'l.l'I TaKOEH, '!TO ypaEH8Hl'!e(2.I4.I2) 

HM98T OD:.l1H E8l!lBCTE8HHbltii KOpBHb z(sJ , JIJ1HHH TOKa l1MBKJT tPOPMY (2.14.20), 

rne M0KCl'!Ma JibHOe OM81l\8H.l'le Ha oeEep Eblql'!c JIRSTC.R 110 ipopMyJie (2. 14. 21) .I! 

llOCT.HraeTC.R Ecerna HS "HaEBTpeHHO:lti" CTOPOEie. B CJiy"lae Tpex BBl!lBCTEBH

H.blX KOpHetii KalKnOMY .1'13 H.l'IX OTEe'!aeT CEO.fl lillH.l'l.R TOKS, OitHaKO cpen;HR.R 

ll,OmKHa 6HTb OT6pollleHa KaK HB.YCTO:ia'!l1E0.R • .IlEe OCTa JlbHHe • .l'IMS.R IlO-IlpelKHe

M.Y El'lll (2.14.20). OTJI.l'l'ISIDTC.R Jil'!ll!f, 8Ml17lliT.Yll0Ml'l H <Pa30MH, rrp!:!'ISM IIp.il 

Z1 £. Z3 Ecerna R1 > R; , T. e. MeH&ll!etii cpeztaetii 30Ha JI&Hoil cKopocu OTBe'la-

eT 607Iblll0.R SMITlIHTYna Mea HnpoE. OoTaEaRC b E paMKSX CT0ll,llOHapHOtii 3Sn;a'lll, 

Mb! He MOJKeM OTES'l'Wl'b Ha EOnpoc' KaKOtii lKS l'l3 7IJ:JYX .YCTOWIHEHX pel!U1MOE 

6.yneT 00.Yl!lBC'l'E JIRTbC.R Ha CSMOM nene. AHa JIOr.11'1HSR HSBllllHCTESHHOCTb CTa

Ul'JOHapHHX perneHlltii OTMS'ISSTC.R E pa6oTax /102, 17Q/ .I'! CER3HE08TO.R c a{fl

ttieKTSM.l'I 6JIOitilpOEaH.l'IR. 

PacCMOTp.l'IM Tenepb 3anaqy Kolll.l'I ztJIR C.l'IOTSMH (2.14.Il) .I'! ITOITHTaeMOR 

npeztCTaEl'!Th ITOE8;!1,8H.l'le pemeHl'JR E 30El'ICl'!MOCTl'l OT rrapaMeTpa jl< • :113 

(2.I4.II) cnen:.yeT dE/dt= 1/4-X 2 -'f'l-(z-1/2)'l, rne E=-(X2.+'i'l+ 
+ Z2)/2 = 1' 2/2. C ITOMOl!lbKJ aTOrO COOTHOWBHl'lR nerKO YC'l'0 HaE 7Il'JE88TCR, 'l'l'O 

Bee TpaeKTOpl'll'l He EHXOD:.RT HapyJKY 113 cttiepbl 1" =men ( 1, r 0), r:zte r 0 orrpene

JIReTCR aaqarr&lili.~.l'I naHHblMl'l. B qacTHOCTH, TIP.l'J HYJIBEhlx Ha'laJI&HHx naHHHX 

TO'IKS (X, 'f, z) E ~30EOM IIpOCTpaHCTEe Ecerna 3SKJIKJ'leHa EHYTPH cttiePH 

en.l'!Hl'l'!Horo pa;nHyca. 

KaqecTESHH0.R TeOp.1'1.R n.l'IHaM.l'l'lSCK.l'IX C.l'ICTSM paCCMaTp.l'IEaeMoro T.l'!Ila II03EO

JIR8T npOESCT.l'I KJiaCCl1W.1'1KaU.l'IKJ E03MOJKHHX peweH.l'ltii [57]. OD:.HSKO OHa eme IIOKa 

HS l!,BBT MSTO.Zl,OE, KOTOpb!e !103EOJIJ47I.l'I 6H no npaEHM '10CTRM ypaEHBHF.lid(Z.I4.I] 

Ol\H03H0'lHO 11neHT.111:p.PIUllPOE9Tb COOTESTCTE.YIDlll.l'IB TpaeKTOp.1'1.1'1. l{ COJKa7I8Hl1IO, l!,a

llt8 'l.Pl01ISHH~e aKcrrep.HMSHTH HS llMSIDT nOKa3STB7IhHO~ Cl'JJIH, IloaTOMY MH M0llt8M 

EHCKa38Th lll!lwh caMHe o61IU!e coo6pallte!llla. 

EoJil'l IIpH JII06HX f-2 ypaEHSEI.He (2.I4.I2) .l'IMBeT TOJibKO 0;11,HO :ae111ecT-

E8HHOe peweH.He, BCTSCTEBHHO OlKl'1naT&(l'J aTO IlOD:.TEeplK®BTCR '1.l'ICJIBHHHMYJ 

aKcnep.HMSHTaM.PJ), qTo x' 'i, l CTpBMilTCR Ilp.l'I i - 00 K COOTE BTCTE YIOlllBMY 

811,.HHCTESHHOMY l'l IlOaTCMY YCTO~.HEOMY CT0Ul10HapHOM.Y peweHHID ')( <Sl, "J1s', z<s: 
C.1'1 Tya U.l'IR 00 1IOlltH.RSTC.R ' Kor;n,a cymec TEY eT .H HTepEa JI (JI<~ ' JI< i ) li3M e HBH.HR 

napaM8Tpa Jl'-2. , E KOTOpOM HMSSTCR TpH CT8U.l'IOH8pHHX 3H8'18H.HR z<SJ, IlpYJ 

fA t.. JI-<~ .HJIH ft'2. > jl(~ ' IIO-E..Hn;.l'IMOMY. IlO-npelKHSMY npO.l'ICXOll,HT ycTaHOEJie-

H.1'18 R en.l'IHCTESHHOMY GTaWJOHapHOMY peweH..HKJ, B cnyqae ft~ t.. y.2 <. JK~ CTa-
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ImOHHPO.E0H.l!.fl z K cpeii,HBMY KOpHro z'~l CllilTb He MOlKeT .EEHil.V ero HBYOTOH
'lRIEOGTl1. 1.tiloJieHRHe aKcriep.HMeHTH noRas.blllavT, 'ITO np.a yKasaHHHX pA.2 Ecer
ii.a Ilp0!10X0il.HT CT0Ul!OHHPOE0HH8 K OilHOMY H3 YCTOM'i.HEHX pemeHHH. Bo ECRKOM 
GJIY'lae ROHO, 'ITO E paCCMOTpeHHO~ CHTY0UHH ae oy~eoTPyeT Henpep.blllH.HX IIO 
napaMeTpy )It cTaIU!OHapHHX peweazH, z sanaqa TpeClyeT CloJiee ii,eTal!bHoro 
HGCll8IlOE0HHR IlOilOClHO TOMY, KaK aTO cii.enaao E li.?61. 

B 30KllBJtl8HHe Mlil paOGMOTJillM IIOlleii,egze OEOClOilHO! OHOTBMlil [146] ('T'= O) 
IlpH OTOYTCTEH Tp8HHR ( k:: 0) 

J., 1 =-(V-6)f.>-cxV, jJ' = (V-li)~, lJ'=J...a/2, (2.14.23) 

sanaEaR Ha'lal!bH.He yoJIOEHR E EHZ~e J..=d.. 0 , j'J =/.Jo, V = lf0 , i = 0. Peme
a.11e ypaEHeHl1a (2.14.23) MOlKHO OE8CT!1 K KEaiI.paTypaM. ~CKllll'lSR H3 ;zuiyx 
IIOOll8IlHHX ypaEH8Hl1H J... H HHTerpmpyR IlOJIY'lBHHOe GOOTHOWeHze 0 y'leTOM 
Ha '10 ll b HlilX iI.0 HHHX 1 Ha XOilHM 

(2.14.24) 

~HTerpan aHepr.HH E paocMaTpHEaeMOM CJIY'lae HM88T El1Il 

11 212 + (J 2 + f})/4 = u;;2 + (oe~ + f>~)/4, 
OTKYil0 

d..2 = Q(~)' (2.14.25) 
a 

rne Q ( u) = .,(~ a2 + 2 a2 ( V~ - u2 ) - 2fl0 Q ( u - V0 )( u + Vo - 2 Ii) -
-(u- V0 ) 2 ( u+ Vo-26) 2• 

Y'lHT.bll30R nooneii.Hee !13 ypaEHBHHH (2.14.23), OKOH'l8T8llbHO HSXOilHM 

t=±2J du. ' 
Vo .JQTUf 

(2.14.26) 

rzr.e E1i16op 3H0Ka IlOlllKBH CllilTb cornacoEaH G H8'l0l!bHRMH IlSHHHMl1. 06palll0R 
8TOT HHTerparr, H0XOil.HM 1J(t.) • a 30T8M onpezr.enReM cf._ l1 fi IIO <lJOIJMYll0M 
(2.14.25) H (2.14.24). 

B 'l0CTHOM GJI.Y'lae d..o=/Jo=li=O HM88M Q(u)=(V~-u2)(u 2 +2a2 -
-V~}. He YMal!RR o6ma.ocTz MOJKHO C'lmTaTEi V0 > 0 ; np11MeM Ill!R onpeii.errea.
HOCT!1 V~ '- 2c.t 2• Torii,a (2.14.26) Ilp.HHHM08T EHil ({8}, C,259) 

t=- (J2'/lcxl)F(arccos(V/Vo),V0/42'1cxl ), 
rzr.e F ( l.f, k) - a rrrrHnTE'lecruiili l'lHTerpa rr nep.eoro poii.a, o6palll0R KOTopua, 
a.axozr.11M pemeH111-e E El!Ile WYHKUHlll HR06t1 V= 1J0 en (at/.J2',~) , rii.e at>. 

=Vo/.f2'1al.0Tcllna rrerxo IlOJIY'l08M E 37lllHilT.l!'l8CKHX !f!YHKUHRX 

J... = -.f2 V0 sh (a.t/"2', -;i.e) dn (ctt/-12', 'de.), jJ = VaC. 

Ilep1rnn xorre6aa.ztl: cVJcTeMH pa.eea. T = 4"2' K/I cd, rii.e K = F ( 1l/2, ~ ). 
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rnaEa 3 

CTPA TM<Ill1U~lPOBAHHbl'l ORF.AH 

3. I. Cna6a.fl cTpaT11¢11KBUH.fl 

011,HOpo;n;Ha.fl l!WZl,KOCTb .f!E ll.fl6TC.fl 11,0CTBTO'IHO rpy6h!M Tipl161rnlKBHl18M K EO;zJ;aM 

peanbHOrO OKeaHa, KOTOphIM Ecerzr.a E TOH 11lll1 HHOM CT8Il8Hl1 CTpaT11~11u.zpo

EaH E 3BEl1Cl1MOCTl1 OT paccMaTpl1EaeMoro paMOHa. B HaCTO.flmeli 11 cne;n;yKXUeii 

rmrne Mhl 6y-neM l13.Y'lBTb npouecch! E11xpeo6pa30EaHl1.fl 11 MeaH;n;pHpoEaHJll.fl E 

CTpaTl1~HU.ZpOPBHHh!X TIOTOKaX llill;ll;KOCTl1 Ha11, H8pOEHhlM 11,HOM, nll.fl OT11,8llbHhlX 

TJl!IlOE nnoTHOCTHhlX CTPYKTYP 'lac To y11,a eTc.fl E1:i1rronHl1Tb HeK0Top1:i1e ynpomeHZ.fl 

E o6meii IlOCT8HOEKe HCXO;zJ;HOH 3811,a'lll; Mb! Ha'lHeM c paCCMOTp6Hl1.fl KpaiiHl1X 

CllY'laeE cna6oii l1 Cl1llbHOH CTpaTl1~HKBIJ.ZH. 

CornacHO Ilpl1H.flTOH B KOHue § I.3 KllaCC!1@11KBUHH cna6a.fl CTpaTHtl>ZKBU.Z.fl 

xapaKTep.PrnyeTc.fl ycnoEHeM B2 "' f, <<-1 , tJTO rro3EOll.fleT npeHe6pe'Ib E .ypaEHe

HHH a11,EeKQHH IlllOTHOCTH (I.3.43) Il0Cll611,Hl1M cnaraeMlilM 

Pzt + J ( P, Pz. ) = D • (3.I.I) 

BepTHKBllbHB.fl CKOpOCTb onpeZJ,ell.fleTC.fl H3 ypaEH6HH.fl El1XP.fl (I.3.44), HHTer

p.epy.fl KOTOpoe np.e ycnOEillH {I.3.45) t IlOll.Y'l.KM 
z 

ur = - r ( 'T' ~J - T 'J>) + J[ Ll Pt + J ( p, ll p + 6y l] dz . 
0 

rpaHH'lHOe YClIOEHe Ha 11,HB (l.3,46) IlpHBOZJ,IT K 11,0ilOlIHHT9l~HGMy 

lll6H//1Kl 

1 

J[ il Pt+ J ( p, ll p. + By)} dz + [ 6J ( p, h) + Hp ]z_1 = T ( r~l -'T' ':'). 
0 -

(3.I.2) 

COOT HO-

(3.I.3) 

TaKHM o6pa30M, 2azr.atia CEOZU1':'C.fl K l1H'l'erp.epoBaHl1Kl ypaEHBHM (3.I.I) 
np.e 11,0ilOlIHllTBllbHOM orpaHJ1'18HJ111 (3.I.3), a TBKlKe IlpH onpe11,eneHHh!X H8'18llb

Hh!X 11 rpaHH'lHhlX ye Jl0EJ1BX. no Haiizr.eHHOMY IlOllKl 11,BEllBHll.fl ropl130HTa llbHble 

CKOpOCTH no-npelKHBM.Y HaXOl!JlTC.fl 113 reocTpcxpH'l6CKlU COOTHomeHHii (I.3.48) t 
IllIOTHOCTb - 113 (I.3.49), a EBpTHKBllbH8.f! CKOpOCTb Ehl'lHCll.fl6TC.fl .33 (3,I.2). 
~OpMBllbHO E ypaEH6HJl!e (3.I.I) 11 YClIOE!1e (3.I.3) He EXOl!JlT HHKBID'le Ilp.3-

3HaKZ CTpaT.liCpHKBU.Zli; STO 11,0ID!tHO 6hlTb OTpalK6HO E HB'lB llbHhlX ~HHblX 

p = Po ( :x, y , z ) , t = 0 (3.I.4) 

MI B rpaHI4'lHH.X .YClIOEH.f!X no roplll30HTBlll1. 0T6pacHEamie E ypaBHemu1 (I.3.43) 
qneHa B2N2(z)w- rrpHBO.ll.HT K QJHllbTpauirn 'laCTH EOsMymelllitl, CE.H38HHhlX c 6a
poKlI//IHHHMH EOlIHaMH Pocc6H (cM. § 3.3). IToaTOMY cqiopMynHpoBaHHYKl E1:i1rue 

M011,6llb MOlKHO paCCMaTpHEBTb KBK rrepEOe IlpH6ll//llK6HHe K CTpaT.eqi.eu.zpoEaHHOM 
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cpene,rrpl'! 1rnr'opo11 sanaHH.ble E03MYlll6Hl!H ITJIOTHOCTl'I nepeHOC.flTCH CSapoTpon

Hb!Ml! EOJIH8MJ/l Pocc6111. 

B 061!leM c 11y11ae pelllemre HBJil'IHBfiHO:i\ l'I HBCT8Ul'lOHapHoti sana11;1 (3. I. I), 
(3.I.3) I'! (3.I.4) Ece 81Jl8 COilp,8lKBHO c OOJiblllliMl! M8T8M8Tl!'lBCKl'IMl'I Tp.yll,HOC

THMl'I; E paMKaX TaKOti MOllBJIV! IlOTI.blTKa I1pl'IMBH8Hl'l.8 a C.llMITTOTV!'lBCK.llX p.flll,OE ITO 

cTerreH.flM E peMeHHOil. KOopnirnaThl :zr.llH a Ha mlJ3a Ha'la JibHoro a Tana aEomou1rn vrso

nvrpo.ea 1rnoro E11xpe.e oro B03MY!UBHl1.fl B c JI.ytJae po.e Horo :zr.Ha omra rrpen,np.11 HR Ta 

E paOOTB {3'?,J. I'Op83ll,O OOJibllll18 E03M0lKHOCT.ll 11,JIR ITOCTpOBHV!.fl 8H8JI.llTl1'18CKIDC 

pellleH11ti npen,cTaEJIRer cTaUl'JOHapHa.fl sazr.aqa, Korn.a (3.I.I) ynpomaeTC.fl K 

.e1111,y J ( p, pz.) = 0 l'l n.orrycKaeT 11HTerpa 11 

p = G (If' (:r,yl, 2), (3. I. 5) 

rn.e G vr 1.1J - rrpo11JSBOnbH!:le ilJYHKIJ.1111 c.eo11x apryMeHTOB. Bl'l:zr. qiyHKUl'll'l G , 
onpe;zr,e1IHIOUlei°l .eepTVJKaJibHYIO cTpaT11qmKaU1'110, llOJIJKeH Ol:lTb sanaH. Hs (3.I.5) 
c nenyeT 'i7 p = G'I' (ljJ, z) V'ljJ • OTKyn,a Bl'lllHO. tJTO reocTpoqiM11ecKl'.le CKOpOCTM 

Ha KalKZl,Oti. EepTl'IKaTJJI pacrroJIOllteH!:l B Oll;HOii IlJIOCKOCTl'l, a 'f'(X,y) MOlKHO pac

CM8Tpl1E8Tb K8K qiyHKUl'llO TOKa ropl130HT81IbHOro ;nEl1llteHl'l.fl. Ms (I.3.49) rrony

qaeM '17p = G'fl, 'il'f' , 'l'.e. aKcTpeMyMaM qi.YHKUl'l.l'I y; OT.eeqam aKcTpeMYM!:l 

E none llJIOTHOCT.11. YpaEHeHl'Je 11,IIH 't' H8XOll,l'JTC.fl J.13 ycnOBl'l.fl (3.I.3), KOTO

poe '.lllIH cTaUl'IOHapHoro noToKa naeT 
j 1 d 1 1 

Il'I' J Ay; I G! dz+ - (V'l')2 d- r G~ dz 4 Sy I G.ydz + 6 G'i'('l',1)h) + 
, o 2 '+'o o 

+ [ G'l't ('!', 1)('i7'!')2 + G't' ('f',1) 6'1') = T(1'~> - T~x> ). 
(3.I.6) 

Ilo CBOeii CTPYKType 3TO ypaEHeHMe aHaJIOrl'ltJHO CT8Ul'lOHapHOM.Y EaplllaHTY 

OCHOEHOro ypaEHeHM.fl CSapoTpOilHOH sana'll'l. IIoaTOMY CJIY'laii CJia60ii CTpaTl'l

tlJMKaUl'll'l MOlKHO l'IHTeprrpeTl'lpOE8Tb KaK HeKOTOpylO 8KEl'JE87!eHTHYIO 6apoTpOIIIIYIO 

Mo:zr.enb. Oco6eHHO .flCHO a To El'IZl,HO, Kor:na G nonycKaeT qiaKTOpl'lsaUl'llll /136/. 

G = A(z)'f', (3.I. 7) 

'lTO 03HaqaeT nono6l'le BepTl'lKallbHhIX npoqil'!neii CKOpOCTl'I l'l IlJIOTHOCTl'I Ha Ecex 

.eepTlllKalIHX. HopMl'IPY.fl ilJYHKUl'llO A(z) .vcnoEl'leM fA2 (z)dz=1 11 noJiara.fl 

S = J' A (z) dz , nonyqzM EM ea To (3. I. 6) ypa.eHeHH~ 
0 

J(lf',6'!1 -+Sy+6h)-+kfio/ ='r(T~'-T(~'), (3.I.8) 

co:ena:zr.a 10l1lee no ipopMe co cTaUl'loHapHhIM :eapzaHTOM (2. I. I). Snee b :e.eeneHhl 

aqiqieKTl'IEH!:le 3Ha'l8Hl'IR IlJiaHeTapHoro, TOIJOrpailJM'leCKoro l'l qipl'IKUl'IOHHOro na

paMeTpOE 

" /\ " 6=56, 6=A(1)6, k=A(1)k. (3. I. 9) 

Cne~oEaTeJibHO, peweHl'le nl06oli cTau~oHapttoli 6apoTporrttoii sa:zr.a11M MOJKeT 6h!Tb 

~CTOJIKOE8HO KaK peweHl'JB HeKOTOpOit! 6apOKJI.llHHOH sa:zr.aql'J E CJI.y'lae CJia60~ 

CTpaTl'lqiZKaUl'IZ. 06paTHO, '.lllIR peweHl'lR ypaEHeHl1.fl (3.I.8) MOlKHO ~CITOJib30-

E8Tb MBTOllhl, pa3EllTHB E rJia:ee 2. 
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He .YM871RJ'I 06WHOCTl'l' Ecern.a MOlKHO C't!llT8Th 5 ~ 0 ' npl'l't!BM 3H8K paEeH

CTPa OTEeqaeT T848HllKl c HYIIBEL>IM IlOIIHb!M IlOTOKOM. Erraron.aPB HOpMll:f:OEKe 

A(z) Jl!Mee'.1 S ~ 1 , 11 paEeHCTEO n,ocTv.raeTcB TonhKO P oapoTponHorr. crryqae 

A(z); 1 . KaK crren,yeT 113 (3.I.5) 11 (3.I.7), san.aHHa.H ilJ.YHKUX!B A(z) on

pen,eJIReT EeprnKa llbH.YIO CTpywrypy ropl'l30HTa JihHOtl CKOpOCTl1, a A1 (z.) -
pacnpen,errettv.e P03MYIU8Hll.fl IlJIOTHOCTJ4 no E8pTJ1KaJill. ¢YHKU.Vlfl \.jJ = s..., ecTb 

qi.YHKUXl.fl IlOIIHblX IlOTOI<OE reocTpOcpil't!8CKilX TeqeHllil. 

COOTH0ill8Hll.fl (3.I.9) Il03E07IRIOT C1l,81l8Tb H8KOT0p.ble KaqeOTBeHHbl8 Ebl.E01l,bl. 

TaK KaK 6" 6 , cTpaT!4cp!4KaUJ4B Ecerzi;a ocrraOJI.HeT 6eTa-a~eKT, np11J4eM np11 

H.YJIBEOM IlOJIHOM IlOTOKe OH IlOJIHOCThlO llJC'lesaeT (E none ropl'l30HTa JihHOM CKO

pOCTl!). IJapaMeTp A ( 1) nponopUJ40Ha rreH npMn,OFIHOii cKopocTl'l M MOJKeT npnHn

MaTh KaK nonolKJl!TenhHble, TaK l'l oTpl'lu,aTen&able saaqeaVl.fl. B qacTaocTn, ec1Ul 

np.l'.lnOHH9Sl CKOpOC'l'h paE Ha HY JIIO, pe Jibe({J n,aa ll llPIHl.OHHOe Tpemrn nepecTa IDT 

oKasb!EaTh EJillJBHlle Ha Teqemie. B saE.l'.ICMMOCTll OT saaKa A(1) a~eKTI-JEHble 
sHa'leHnR Tonorpa(flnqecKoro l'l qipnKUXIOHaoro napaMeTpOE MoryT OblTb KaK no

JIOlitl'lTe JibHblMll. TaK ll OTp.Hu,aTe JihHblMll' 'I'. e. xapa KTep E JI"1.fH;!llSl TOnorpa({lil.1'.1 l'l 

npl'l1l,OHHOrO TpeHJrn Ha llHTerpaJibHYlO Ul'lPK'f7IRUJ410 C.YUIBGTESHHO 38E.VlCl'lT OT no

:een,eml.fl IlplLZJ,OHHOll CKOpOCTl'.l. 

ITp~epbl np>!M8H8Hl'lfl GT8UJ40HapHOll M01l,8Jil'l cna6o CTpaTl'lcpl'lUJ4pOEaHHOll lKl'ln

KOCTl'l Ilpil YCJIOEl'll'l (3.I.7) paCCMOTpeHH E pa60T9X /29, 30, 106, 107, 136}. 
Sn.ecb Mhl YKalK8M Oll,MH npOCTO::i onyqai-i, Karna nerKO H9XOZl,MTOJ'I TQ'tjHOe 

cTaUl'lOHapHoe peweHne ypaEHeHnli (3.I.I) l'l (3.I.3). Ilpennonolitl!M, qTO peno

e(fl Zl,Ha l'l Hanp.RlK8Hll8 EeTpa RE 1I.f!!OTCR cp.y HKUXIRMM'I T01IbKO pa1l,M'!a 1IbHOtl ROOpZ!,M

Ha T.bl, h=h(r) n ~=T(l'). rronara.R p=- P(T',z), Mhl y:noEneTEOpM'IM ypaE

HeHl'llO (3.I.I) T0ll(JJ.80TE8HHO, a (3.I.2) E IlOJI.RpHblX KOOp1l,l'lHaTax l',9 n,aeT 

T d. z. 
w-=- --(r1')+6cosef P dz rdr 0 1'' 

r~e T(l") = 1'(91 (1") 8CTI> 83M'IMYT8JibH8Sl COCTaE1I.fJIOlll8Sl HailPflllt0HHSl EeTpa. 

EcnH Terrepb IlPl'lH.flTb ~Oil01IHHT87IbHO 

P,.(r,1) = 1tT/k, 

1 

J P,.(r,z)dz = 0, 
0 

(3.I.IO) 

(3.I.II) 

TO 6y:JJ,eT EJ:lil01IH8HO yonOBM'!e (3.I.3). COOTHOill0HHe (3.I.IO) onpe~eJI.ReT 

rrpHll,OHHYIO reocTpoqJM'!qecK'flO CKOpOCTb, a (3.I.II) IlOKa3NEaeT, 'tjTQ Il01IHHH 

noToK rrpl'l aToM paEeH HYJIKl. IlpocTeii.Jnei!: ns paocMoTpeaHblX OTPYKTYP REJIR

eTc.R "ll.EYXC1IOHHblli" E.llXpb, l'lM8lOUll'lH pa3Hbl0 Epa111emrn E ClIORX. CBM'!~eTeJibCT

:ea o oymecTEOEattm:i TaKMx E.llxpeli E pean1>HOM OKeatte np.llEOllRTO.R E L62, I6.r/. 
Ecllll EeTep ll TpeHne OTCYTOTBYIOT ('r= k = D ), 01l,.llHCTE0HHHM orpaHl'l'le-

HZ8M Ha ~YHKUJ41D P(T',z.) .RBIIR6TC.R (3.1.ll). 
E111e On!'IH .llHTepecHblli TIOllX01l. K nooTpoeHHIO rrpH671.llllteHHblX peweHHl cTaUl'lo

HapHb!X sana"ll co cna6oli CTpaTl'lcp.llKaWl6H MOlltHO llOJIYqHTI>, M'ICXOllR .1'13 o6mero 

cnyqajj B > 0' KOr~a Cl'lOTeMa (I.3.43). (I.3.44) CEOnl'lTC.R TOIIbKO K 01l,HOMY 
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ypaBHeHHID OTHOCHTenbHO naBneHH.R, B caMOM nene, HCKnlD'la.R H3 STHX COOT
HOilleHH~ EepTHKanbHYID CKOpOCTb, nony'iHM OCHOEHOe ypaBHeHHe nlIR CTpaTH~H
UHPOEaHHO~ ~HnKOCTH 

nt+J(p,nl=o, (3.I.12) 

(3. I. 13) 

rpaHM'!Hble .VCnOEHR (I.3.45) M (I.3.46) TaKllte nerKO Eblp0lK0IDTC.R TOnbKO 
'!epes naBnem~e: 

(pz./B2N2}t + J(p, pz/B2N2) ""T('T'~l - Tcy'l) , z = 0, 

(pz./B2N2-6h)t + J(p, pz/B2 N2 -6h)-kl'.p = 0 z = f. 

(3.1.14) 

(3.1.15) 

n11.R 50BepmeHH.R M0TBM0TH'i9CKO~ ITOCT0HOEKM sana'lH He06XOZU!MO no6aBHTb 
Ha'lanblrae H rpaHH'!Hble ycnOBH.R no ropHSOHT07IH. Hile Mbl e111e EepH9MC.R K 
STOMY 06111eMy cny'laID, a snecb orpaHH'lHMC.R paCCMOTpeHHBM CT8UZOHapHOro 
peltl'IMa B 6esrpaHH'lHOM OKeaHe. IlpennonOlltHM nnR npOCTOTbl, '!TO BeTep H 
npHnOHHOB TpeHHe OTCYTCTEYIDT, E03MYlllBHIDI penoeqe nae qizHHTHbl H Ha· 6ec
KOH9'!HOCTH HMBBTC.R SOHanbHbla llOTOK 6es nonepe'!HOro CnEHra CKOpOCTH 
P= -V(z)y. YpaBHBHHe (3.I.12) H rpaHH'lHhle ycnoBM.R (3.1.14) H (3.I.15) 
no1.1ycKam HHTerpa n 

t.p+ (pz/B2N2)z + 6y"' F(p,z), 

Pz /B2 N2 -= Fo(p), z = 0, 

Pz/B 2N2 - 6h = F1 (pl , z = 1. 

(3.1.16) 

(3. I. l?) 

(3.1.18) 

E.vneM C'lHTaT&, 'lTO 'iJYHKllilH F , F0 H F1 nonHocT&[) onpene1IRMC.R yc
noBHRMH Ha 6eCKOH9'lHOCTH. Ilepexon.R B (3.1.16) - (3.1.18) K npeneny npH 
p_. p , ITOIIY'!HM qJYHKUilOHanbHhlB ypaBHBHH.R 

OTKYna HaXOlU!TC.R F , F 0 H F 1 • IlpencTaBHM, KaK 06.1:i1'lHO, peweHze :e EHne 
p = - V(z)y + oljl ( x,y,z). Torna nlIR Tonorpa'iJz'lecRoro l!OSMYWBHH.R no1I.R :zurn
neazs t nonyqaeTc.R 1ll'!Heattas sana'la 

A'f' + ( '-Vz. I B2N2)z + r 5-(V'/82 N2 J']lj! Iv ::: 0, 

1.jJz = - U~ /U = 0, z = 0, 

'f'z -U~/V = B2N2h, z= 1, 

(3. I. 19) 

(3.1.20) 

(3.1.21) 

(3.1.22) 
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Eo1ll'I V'= 0 , T.e. Ha6eraDUBA noToK He BMeeT :eepTBKalI&Horo c:zurnra 
CKOPOCTB. ypa:e HeHBe (3. I. 19) n.onycKaeT n.a II&Heme ynpowefilil.R 

(3.I.23) 

B aTOM cny'<!ae pememte y11,06Ho npe11,0Ta:BBT& :e EkHi;e I.fl = l.J.IM ( x, y) + 
+ l.j.lp (x,y ,z.) • r11.e He 3aEBC.RUla.R OT :eepTBKalI&HOA KOOpll,JaHaTH 6apOTPOilHa.R 
'<!8CT& B03MYUleHH.R onpen,eJI.ReTC.R KaK 

~ 

1.f!M(x,y) =J'4J(X,y,z)dz. 
0 

Torn.a, O'<!eEHlHO, 6apOK1lllHHa.R '<laCT& E03MYUleHB.R YlOEIIeTEOpaeT YOIIOEHV 
1 

J \f'pl:t,y,z.)dz = 0. (3.I.24) 
0 

MHTerpzpy.R (3.I.23) no :eepTBKalIB H Y'<!HTW!B.R rpaHH'<lfW.e YCIIOBH.R (3.I.20) 
M (3.I.2I) c y'<!eTOM Toro, '<!TO 1f= 1!0= canst , nony'<!HM 

(3.I.25) 

T.e. 06h!'<!HOe .ypaEHeHBe CTBUl'JOHBPHOit 6apoTpOilHO~ 3011.B'<IH (2.6.I). JlJI.R 
6apOKIIBHHOit '<!BOTH B03MYUl8filll.R nonyqaeM 

{3.I.26) 

l.jJ pz = 0 , z = 0, (3.I.27) 

lJI pz. = B 2 N2 ( 1) h , z = 1 (3.I.28) 

npH 11.0ilOIIHMTeJI&HOM YCIIOEHH (3.I.24). TaKMM o6p830M, B paCCM8TpME88MOM 
cnyqae npoHcxo11.mT nonHoe pacmenneH.rae 3811.a'<!m Ha 11.Be He3a:ezcHMHX - 6apo
TponHy~ H 6apOKIIHHHYD. Ilo llOBOll.Y COOTHOllieHH.R Mez11,y 6apoTpOilHOit H 6apo
KIIMHHOit '<!SCT&D pemeHH.R E o6meM CIIY'<!88 CM. 16!/. 

KaK noKa3an ilHOEMU [I2Q], np.ra B2<<1 6apoKnBHH8.R 3811.8'<18 pemaeTc.R :e 
38MKHYTO~ ~opMe. MmeM acHMnTOTH'<lecKoe pemeH.rae 

l.flp = B2'¥(:x,y,z) + B4 lfl1 (x,y,z.)+ ... (~.I.29) 

Ilo11.cT8BIIR.R (3.I.29) :e (3.I.26) - (3.I.28), 11.II.R rna:sHoro '<!neHa pa3noze
H.l!ff nony'<!MM 

(1f'z. I N2 )l = h; 'Vz. :::: 0 ' z :::: 0 ; 1.Vz. = N2 (1) h' z = 1; 

OTKY.n.a cpa3y cne11,yeT 1.Vz. = N2(z)zh(x,y). MaTerpzpy.R eme pa3 M onpe11.e-
1I.R.R npOH3EOII&HYD ~YHKUl'JD HHTerpHpOB8HH.R c IlOMOUif>D YCIIOBH.R (3.I.24), 
OKOH'<!aTelI&HO H8X011.HM 

1JI = M(z) h(:x,y), (3.I.30) 
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z. i 

rne o6osaa'1etto M(z.)= f N2(z)zdz - JN2(z)z(1-z)dz. 
0 0 

3aMBTPIM, '1TO 
i 1 

M(O)= -J N2(z)z(1-z)dz<. 0, M(1) = J N2(z)z2dz >D. 
0 0 

Pl' c llBll;OEaTell&HO. Ha HBKOTOpOM npOMBEYTOlJHOM rop.1130HTe D ( z "-1 ll011Y-

'1aeM M(z)=O (Hanp.11Mep, np.1! N::ccon~d: HMeeM z= 1/IT = 0,58). 11s 

(3.I.30) BP!ll.HO, '1TO 6apOKIIPIHHa.R qaoT& B03MYlll8HPl.R IlOIIR ll.8E118H.11.R U8IDiKOM 

ooope;110To'1eaa Hall EOsMy111eH.11eM pen&$ nHa, npPI"!BM llljJp ~ 82 M (z.)ah , T. e 

saEPlxpeHHOOTb nponopUPIOHalI&Ha nanna0.11aHY OT pen&eqa, a IIPIHPIPI TOKa 6a
pOKIIPIHHI:iX TB'1BHPIH Ha OT•en&HHX ropPJ30HTax COEnaJ.aDT 0 Pl306aTaMH. Cor-

11BOHO (3.1.30) Ha:zt rrpeD.RTOTEHeM, ll.IIR KOTOporo ~h~O (HarrpPIMep, ;1111.R 

napa6ollit!lJeoKoro K.Ynona h(l')=8(1-r)l1- r 2 ) .11MeeM fih= -49(1-r)) 
E :eepxHJllX c IIO.RX ( 0 < z. < z ) pa 3BHBa eTC.R UPIKIIOHPl"!BOKa.R aa:eHxpeHHOCTb' a 

E HHlltHPIX ( z < z < 1 ) - 8HTPIUPIKIIOHPl"!80Ka.R' rrpPI"!BM OMeHa SHaKa UPIPKY-

11.RUHPI npOPIOXO;llBT llpH z = z. F.cll.I! rrpeHe6pe% 6eTa-aq.qieKTOM ( 6 = 0) ' TO 

Pl3 (3.1.25) CIIBll.Y8T alj.'M =-h, T. e. 6apoTpOilH8.R UPIPKYII.RUPl.R Hall npeII.RTCT

EHBM ( h > 0) Ecer:zta 8HTHUPIKIIOHPl"!8CKa.R. oTO 03H8"!8BT, '<!TO B OYMMapHOM 

none BOSMYlllSHPIH B :eepxHeM cnoe 6apOKIIPIHHOOTb ocna61IReT 38BHXPBHHOCT&, 

a E HPllltH8M - YCPIIIJllB88T, T.e. CDOC060TBY8T KOHU8HTpaUPIPI B03MYlllBHHH He

nocpe;110TB8HHO Hall npell.RTCTBPieM. Oco6eHHO saMeTHO aTo ll.OIIlltHO 6HT& :espa

llteao :e OPllI&HO CTpaTPiiPPIUPIPOEaHHOi! cpei1e ( 82 »1) ' HO 3TOT oneuHSII&HHii 

OIIY"18ft MH paOOMOTpPIM HP!llte OTZJ,BIIbHO. 

3.2. CHIIbHa.R OTpaTP!<lJHKaUPJ.R 

Ynpo111eHH.R E PIOXOllHOH nooTaHOBRe saZJ,a"!PI EOSMOlltHH Pl B :ztpyrOM npene11n-

HOM 011.y-qae - o"!eHb OHII&Hoi! cTpaTHiPPIKaUPIH, ROrll.8 B2»1. B Ka"!eaT:ee 

PICXOZJ,HHX npHMBM COOTHOmeH.11.R (3.1.19) - (3.1.22). F.cIDi B ypaBH8HPIH 

(3. 1. 19) cpopMa ll&Ho nonouT& 82 = o0 , MH nony'<!HM .6\f' <oi + ( 6 /U(z ))'1'10' = O 
0 napaMeTpPl"!SCKOi! saEHCHMOCTbD pemeH.11.R OT EepTHKalibHOi! KOOp;llBHaTH. 

oTOMY ypaEH8HHD H He saEHC.RlllPIM OT 82 r};laHPl'1HHM YCIIOE.11.RM (3.1.20) H 

(3.I.22) YZJ.OEIIeTBOIJ.RBT TPPIE.ean&Hoe pemeHPJe \j.lcoJ= D • TaK KaK np.PI sTOM 

rpaHH"!HOM YCIIOEHe Ha ZJ,He (3.1.21) He EHllOIIH.RSTC.R, MH ll.OIIlltHH ll,OilYCTPITb 

oy111eoTEOE8H.Ple npPill,OHHOrO norpaHHlJHOro OIIO.R, E KOTOpOM npOPICXOll..RT sa

M8THHe Pl3M8H8HPl.R pemeHPI.R. nlIR aHa1rn38 8TOrO rrorpaHPl"!HOrO CIIO.R YlJ.06HO 

nepei!TPI K HOEO:tl OTOlJPITHBaer.toii EEepx EepTPIKalibHOii KOOPZlPIHaTe ~=BN(1)(1-
- z ) Pl K HOEO:tl aaEPicPIMOii nepeMeHHOi! 'V = \jJ / B N(1 ). YpaEHeHPle (3. 1. I9) 
Pl rpaHPl'<!HOe YCIIOEP!e (3.I.2I) npPIMYT EHZl 

11 'V + [ N2~;~1~ ~~(1))] + --&- [ 6-(U'/ B2 N2(z) l'] 1V =a' 

1V'l + V'(1)1V I BN (1)U(1) = -h' YL= 0. 
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IIepexo;zr.R s:n:.ecc K npe:n:.e11y B-+ 00 npil ilJi!KCilpoEaHHOM '1 , OKOH'laTellcHO 

IlOIIY'lilM 

tJ. o/ + 1V 'l i + 6o/Ilf(1) = o , (3.2.I) 

1fltt_=-h, it=O. (3.2.2) 

YCIIOEilB C,Pa!UHESHHR ii (3.I.22) COOTEBTCTEBHHO ll,0DT 

1jf ... 0 '!--""· } 
1.fl -+ 0 : Y' = fa:2 + y2 I --+ 00 • (3.2.3) 

lllR IlOCTpOBHilR peweHilR y;n:.o6HO EOCllOIIIJ30EaT&CR KOCilHYC-npeo6pa30E8-

HPl6M ~.ypbe f66} 

lV(x,y Ir) =If jo/(x, y I ~)cos 'f ~d'l 
0 

c ~OPMYIIO~ o6pameHHR 

o/(:x:,y, ~) = Jf}¥ (x,y ,rlcos t~d~, (3.2.4) · 

llpilMBHRR KOTOpoe K (3.2.I) c yqeTOM YCIIOEil~ (3.2.2) ii (3.2.3), llOIIYqifM 

A iV + ( 6I1f ( 1) - 12 ) '4r = -j ~ I h ( x 'y ) , 1jf .... 0 ; l1 .... "° . 

3a21,aqa aToro Eilll,8 llOll,p06HO 8H81IH3IllPOB8118CIJ E § 2.6, ll03TOMY MH BOCllOIIIJ-

3yeMCR roTOE.lilM peweHilBM 

ifr =~fl G (x,y; x', y') h(:r',y') dx'dy', 
~ft -oO 

,.. { 2 ~ Ko(l"~tLB/1!(1)'), y2-6/1J(1)>0, 
r:n:.e G= -+ Y0 (r~6/V(1)-f 2 )- ~ 5(1"~6/1!(1}-621,8), 72-6/1J(1)<-0 

H 1"-::. ~ (:r. - X.' ) 2 + (y- Y' )2 ; npH'I6M \l>YHKW!R s onpeztel!RBTCR \l>OPMYlIO~ 
(2.6.II). 

la nee paCCMOTpilM 0Tl61IbHO CJI.yt-Ialll EOCTQqKoro ( 1J(l)> 0) H 38II8ll,HOro 

(V(L)<O) IlOTOKOB. 

B 0 c T 0 q H H a n 0 T 0 K. ~CllOIIJJSYR \l>OPMYIIY o6pameHHR (3.2.4), 
llOIIY'IHM 

«l 

o/(x,y,tl.) =If G(:x,y; :x',y°)h(:x'y')d:r'dy', 
{3.2.5) 

-00 
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J8/lf(1J' 

- !,1 J S(rH/V(1)-r2 ', B)cos't'ldt. 
Jl 0 

HsEecTHO, qTo (/8/, c.486) 

1 1"° 1-ro: 
2'.IIR cos(.ffi'R) = ft2 j/o (r~)cosndr- 2fl l Y0 (r~a-r2')cosndt, 

ue R = fr 2 + 11,Z' =- ~ (x- x' )2. + ( y-y•)2. + ~1 '. TaIWM o6pasOM, oKofftlaTe1llifo 

1 2 Wviii' ~~~-
G = 21iR cos ( R~6/lr(1)') - ri.t ! s ('r~s111cn-r·. s )cosn df. (3.2.6) 

HH08 npencTaEn8HH8 l1lR aTofi qiyffRill!!H rpHHa lSHO JlzOHCOHOM [t~. 
3 anal H H fi no To K. B aTOM cnyqae BcerM a'L6/V(1) >D, 

noaTOMY qiyHKU14R I'pHHa HMeeT BHl 

1 "' 
G = m2. I Ko (r~ r2- 6/U(1)°) cos tti di. 

Jl 0 

HHTerpa n YKaSaHHOro THna BHqHC1lR8TCR (/8/. c. 750) 
.,. n 
[Ko(,..~)cos(f'lld1 =2~,.. 2 +'12.' e:i:p(-d-r2 +tt2 '), 

noaTOMY OKOHqaTen&HO 

G = - 1- exp'-~-6/V(1l'R). 
2'1R \ 

(3.2.7) 

COOTHOmeHHR (3.2.5) - (3.2.7) HCqepnHBallT qioPMan&HOe pemeHl!le aaJtaqH 

nPH nll6.lil V( 1) H nll60N 4JHHHTHOM :eosMYlllBHD pen&$ lHB. F.olll! OTCYTCT
ByeT 6eTa-aifxl>eKT (6 = 0) 4JYH~ rp.r.rna (3.2.6) H (3.2. 7) nepexOUT B 

Go=-1/21iR; DIJBMBP np.BMeHeHHR TaKoro pemeHM l411R HHTepnpeTauHH lSHHHX 

aa6nDl8HHfi npHEOlHTCR E pa6oTe flCXJJ. 
Bo MHOrHx cny'laRX pemeHM HHTepeCHlilX 3all,IH MO:ltHO nonyqHT'& .l'JHHMH f\fe

TOJtaMB, cpenH KOTOPHX MH OTM8THM pacnpocTpaHeHHHI no~yo6paTHlilA M8TOl, 

COCTURlll.l'Ifi E cnBlYIW!BM. IlycT& o/ - HBKOTopoe pemeHHe ypaEHBHM (3.2.I), 
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YlOB11eTEOPJJD11ee rpalil!qH.lilM ycnoBHsM Ha 6ecRoHeqHocTH, ER7l1Jt1as ycnoBHe 

Hsnyqelil!s. Tor:n.a COOTHOWelille h(:r,y)::::-1.fT.,_(:x:,y,O) onpele7!HeT COOT

B8TCTEYDIU!il: pen&e<P ium, o6eoneqHBaDllJll BHil071HeHHe YC110B.111Jl: (3.2.2). IlpH

Be:n.eti llPBMep, saHMOTEOESHHHil: 83 pa60TH f77] H OTHOCSl!lHil:OS K onyqafD 6=0 
(OM. TaRllte fI63]). YpaBHBHHID Jlannaca A 1V + o/ 'l.'l = 0 H BOBM YC110BMM Ha 

6ecRoaeqeocTH YlOE718TEOPJJeT ~YH~MeHTan&Hoe pemeHHe 

(3.2.8) 

c IlOMOlll&ID KOTOporo nonyqaeM oceClilMMBTPJilqHoe BOSMYlllBHHe pen&eqe lHa ItO

nOK07l006pasHOil: ~.PMH h (7, lJ) :::: ( 1 + 72 + y2 r 3/ 2 • 

AHanoraqHHM o6pasoM MOZHO llOOTpOBT& pemeHHe ll7100KOI sa:n.aqH 06 o6Te

KSH.118 xpe6T8. IlpBHHMSS o/ (:I, lJ) :::: - en~ 72 + ( '[ + 1)2 1, llOJIY11.HM h (X):::: 1/(1+x1). 
Honon&sys (3.2.8), OYMMapHoe none lSB118HBJI MOZHO Tenep& npelOTSBBT& 

B llHlli!Hll.pHqeoRBx KOOPlUIHaTax B EBlB 

p = - V(z) r sLn 9 + 6 B {"r2 + ( ( 1- z.) B + 1]2f1 12, 

rle lnB npocTOTH npmJUJTo N ( 1) = 1. 

KpBTl1180K8e TOqKH llOTOKa paouonaralDTCS B nonyll1100ROOTR e = -'Ji/2 Ha 

pBOOTOSIHHH l'c l z) OT 00.1'1 no;r.BOlHOI BOSBHWBHHOOT.l'I t rle l'c 8CT& KOPBH& 

YJeEHBHM lf(z)/6 = Bl" { r 2 + ( ( 1- z.) B + f ) 2 r512 • 

IlpOCTOi aHaJilils IlOK83HB88T, qTo yr.no:sae CYJll80TBOBaH.l'IJI B6~8CTB8HHHX 

pememra .llMeer Bl!,Il; 

V(z)/B6< 2{3 512 [1+ B(1-z)] 2t. (3.2.9) 

Eco IlPJil H8KOTOpOM z OHO Blilll01IH8HO, cy111eoTBYllT ne Iql.llJT.llqeoRHe Toq

~ t OlHa HS ROTOpsx, 61IP.1zai!mas R OOH 1' = 0 ' OTB81188T D,8HTPY 38MRHYTO

ro Elilxpe:eoro o6paso.eaeM, a Jtpyras, 601ee Ylaneanes, paononoaeHa ea 

rpaHJJo.e aToro BHXPJJ. B npocTei!meM cnyqae noTOKa 6es BepT.l'IR81l&Horo C:zt.BB

ra cxopocTH, V(z) = 1 , yc110B.111e (3.2. 9) B.!ln0111UJeTcs 1l.l'llll& npa 6 :> 6 Kp= 
:3312/2B. IlpH z = 1- 3 31"~26 /B' ycnoEHe (3.2.9) saBeJtOMO He B.!lIIOJI

HeHo, r.e. E.!lllle YR83SHHOro ropH30HT8 saMKHYT.!lX Jil'.!Hllil: TORa HBT. 

TaKHM o6pasOM, IlpHE8:zt8HHHe OD,8HKH IlOK83.!lB81DT, qTO np• CJ11l&HOI CTpa

TB~Ra[J,BB npoacxo:n.aT KOHUBHTpallHS cos:n.aBaeusx pen&~M BOSMYlllBHBI no
TOKS Boane JtHS. B OT7Iill1He OT 6apoTponeoro cnyqas o6moT& 38MRHYT.!lX JIJ/l

Hlli TORS npelCTSBMBT TpeXMepHOe 06j:eSOE8H.118, BOSHBRHOB8HH ltO'l!Oporo 

npoBOXOJtBT npa MeH&WeM KPHTHqeOKOM 3H8'118R.llB TODorpa~~ecRoro IIapaNeTpa 

6 (op. c § 2.4). Eo11B 6>6kP• ara o6nacn, ROTOPYID no anen:orn co 

OTOn60M Talnopa NOZHO YCIIOEHO H83B8TL KOHYCOM Talnopa, cocpelOTO~eHa 

B cnoe Tonuaol nopalRa s- 112 • 

B 88R1IIJll8HH OTNeTHM. 'ITO E ony~ae 5 = 0 H np.1!1 YC710l!llH KOHeqHOOTB 

npeaera V'(1)/BN(1)U(1) npl! 5 .... 00 (CB1ILH.!li :eepTBRan&H.lil O:n.B.l!r) 8H8-

11or1All88 38Qqa pemeea B ffl}. 
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3.3. HeKOTOpse o6m.ee CEOACTEa OTpaT.e~u.epo:eaHHHX IlOTOKOE 

KaK 61rno noKasatto E § 3.I, npH 0 <. B ~ co ypaEttelille zr.1lfl noTeHUHanr,
Horo EHXPJ! n = tip t (Pt I B2 N2)z +6y HMeeT E.1!11, 38KOHa coxpaHeHH.fl 

n-1:+J(p,n)=O (3.3.I) 

H l01IEHO HHTerp.epo:eaTbC.fl DpM rpaHzqHfix ycnOBH.flX DO :eepTHKalIH 

0-1:+J(p,Q)='r(T\i'-T'~'), z=O. 

Qt +J(p,Q-6h)-ktip=O, z=1, 

(3.3.2) 

(3.3.3) 

rzr.e Zl.n.fl KpaTKOCT.I! 38IT.PICH BEezr.etta TSK Ha3HB86M8.fl llOTeHUHanbH8.fl nna:ey
qacTb Q= Pz /B2 N2 /124/. B 06111eM on.yt1ae cneztYT raue sazr.an rpaHRI'Hllile 
yonOBKR no ropH30HTanH H Hal!01IbHOO OOCTO.flfille. 

3aztaqa ll01IHOCTblD pewaeTC.fl, BCIW y11,aeTC.fl KSKPIM-1lll60 cnoco60M HaiiTH 

pacnpe11,eneHHB llOT6HUll81IbHOro BHXPJ! B OKeaHe M llOT6HUKS1IbHOA nna:eyqecT.e 
Ha DOBBPXHOCTM a Ha 11,He. IlyCTb 

~p+(pz/B2 N2 )z+5y = n(:x,y,z,t), 

Pz /B 2N2 = at0> (:x,y, t) 7 z:. 0, 

pz/82 N2 = ac11 (x,y,t}, z=1, 

(3.3.4) 

(3.3.5) 

(3.3.6) 
rzr.e OTORlllH6 onpaBa ~YHKllHH npenDonaralDTC.fl H3BBCTH!IMH. PaocMOTPHM :ecno
MOraTB1IbffYID cneKTpa1IbHYID 39zr.aqy 

(Z'/N 2 )'~-.n, Q..::z41; Z'=O,z=0,1. 

01'.SoattaqHM t1epes .An H Zn 0060Tl3BH1ilie qHcna .e cooTlleTCTBYIDllU!B co6cT
:eeuuse ~YHRUHH, o6pasylll!Ze ll01IHYID opTOHOJ;lMHpo:eaHHYID CHOTBMY [47J. Qqe
E.PIZl,HO, ). 0 = 0 .e Z0{z) = 1, a :ece ocTa 1Io!U:ie co6cT:eeuase qHcna aeorpaHH
qeuao l!OspaCTSIDT c .YE61lli!l!B!UlBM HOMepa. Ilpe11,CTSBHM peme1me l3 l3H.l{e 

00 

P = ~ Pn(:x,y,t)Zn(z), (3.3.7) 
n=O 

rne 1 

Pn = f pZndz, n~ o. (3.3.8) 
0 

YpaBH8HB.fl Zl,}lfl ROaqxpHUHBHTOE Pn nerKO HSXOztaTC.fl no MBTO.l{Y I'pHH6ep-
ra 191; YMHOl!S.fl (3.3.4) H8 Zn H HHTerpHpy.fl pesyn&TST DO :eepTHKSJlll, 0 
yqeToM rpaHzqHHx ycnoE.eA (3.3.5), (3.3.6) nonyt1.eM 

fipn - .Anpn/82 = nn+Zn(O)a'0)-Zn(1)[t)-6n8'=1 =fn I (3.3. 9) 

1 I 

rzr.e nn=fnz 11 dz, 6n=JZndZ. 
0 0 
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EcnH G n - cp.VHRW!.R rp11aa, peIDBIOlUB.R (3.3. 9) npH COOTEeTCT:eymmx rpaHH'l
HliX ycno:e~.RX, OKOHttaTen&HO HaxonHM 

"" 00 

p = JI L:: Gn (x,y, :t', y')f n ( x.', y', t) dx'd.y' · Zn (z). 
-ao n=O 

(3.3.IO) 

EcnH IIOT0HU11Bn&Hli0 ~YHRUHH H0H3E6CTHbl, TO COOTHOWBHH.a (3.3.I) -
( 3 .3. 3) • KOTOpliM OHH C00Tl38TCTE8HHO .vno:e neTEOIJRIOT. npen.cTal! IIRIOT c .vtte
TOM (3.3.IO) CHCT0MY HHTerpo-11.11qxpepeHU1:1an&HWC ypal!HeHH:li OTHOCMTen&HO 
n , QtOI 11 Q111 • B 06llleM Cnyttae pemeHHe TaKO:li Cl1CT0Mli MOlKHO nOil.V'IHT& 
TOn&KO 'IMC neHHO. 

PaccMOTPHM Tenep& ttaCTHli:li cnyttafi, Korn.a EeTep, TpeHHe H 6eTa-~eKT 
OTCYTCTEYIOT H K 6esrpaID!'!HOMY no ropl130HT8Ill1 OKeaHy :e Hattan&Hblfi MOMeHT 
:epeM0Hl1 npHKna11..b1E80TC.R EH0WHee none n.a:eneHH.R, KOTOpoe 21.Bnee non.n.epllU'IES
eTa.R no 38KOH.V po=--lf(t)y. IlpM t=O nOTBHW!Sn&HliB 4JYHRUHH n , Q10'.111 

a<1> TOllt11.BCTE0HHO paEHbl HYnll, COOTHOfilBHH.R (3.3.I) - (3.3.2) HMellT EH11. 
38KOHOE coxpaHeHM.R :en.on& TpaeKTOpH:li ropHSOHTan&HOro 11.EHlltBHH.R, noaTOMY 
n Pl 010' OCTSKlTC.R TOlKll,BCTE0HHO paEHHMH aynll E nro6oi\ nocnen.Ykll!U'l:li MOMBHT 
EPBMBID!. BenHttHHa Q!O - 6h TalOKe COXµ:IH.RBTC.R 11.IIR Kallt11.0:li EH11.KOH 'ISCTHU!i 
Ha 11.He. co:enan.a.R E Hatta n&Hh!:li MOMBHT c ~YHKUHe:li -6 h • IIonoimM Q (1) = 

=Q~>(:x,y)+Qt~>(:x,y,t), rn.e Qc~>=6h(:x,y) H Q 1~(:r,y,0)= -6h(x,y) H CO
OTEBTCTEBHHO pacmenHM none n.a:eneHH.R: 

p=-po+ph(x,y,z)+p 5 (:x,y,z,t), i~D. 
~YHRUH.R Po san.aHB. a p11 npen.cTaE1IReT CTaUliOHapaoe pacnpen.enea.He 
n.a:eneHH.R H .REil.R0TC.R pemeHHBM san.aqz 

Phz./B2N2 = 6h(x,y l, Z = 1, Ph .... 0, l" = h 2 +y2 '_. 00 , 0.£.Z•'-1. 

(1) 
HHn.yuepyeMoe "c:eoelon.Hoil:" nna:eyttecT&Kl Ha n.He Q5 n.a:eneaHe Ps xapaR-
Tep11syeT H0CTSUHOHBPHYIO '!SCT& IIOIIR H yn.o:eneTEOIJR0T COOTHOW0HH.RM 

I 2. 2 (1) 
Psz B N = Q s , z = 1 , p~-+ 0, 1" - 00 , 0 < z < 1. 

1T Q (51) AM onpen.eneHH.s cnyllt.HT rpaHH'!HOe ycnOllHB (3.3.3), HS KOToporo 
cnen.yeT 

Q~~ +J(p,Q<~>) =O. (3.3.II) 
(1) 

3TO ypa:EHBHliB Olli'ICliBSBT a:eomouzro CB00011.HO:li nna:eyttecTH Q s HS 11.HB. B 
OTnH'!He OT sax:eatteHHO:li CTSUHOHBpHOil! nna:eytteCTH QC~=. 6h, KOTOµ:l.R IlOil
ffOCT&lll onpen.en.ReTC.R pen&eepOM 11.HS. 
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PemeHHe ruutll.Oi! l'ls 38ll8'1 um ph H Ps MOEHO npe21cTaEHT& I! :eue 
{3.3.IOJ. rne o Y'IBTOM o~OPMYllllpo:eaHH.lilX rpaHl'l'IHHx ycnoEHa tcM.t2.6.7J) 

1 1 ({J;) RIMBBM Go=- 2'Tt enr, Gn=2Ko -r-B- , n~1. 

0603H8'1RM 

f 1 oO ( -IT:) G(l',z)=- 2Tl enr + 2'Ji E Ko,.. T Zn(flZn(z). 

00 

Tor219 ph= 6Jf G(R,z)h(x',y')d:r'dy', 

rll.e R = ~ (:x- :x:' )2 + ( y- Y' l 2'. AHS norH'IHHM o6p:isOM ~pMaJI&Ho HMBBM 

"' 
Ps =JIG (R,z) Q~ 1 (:r',y',t) dx'dy', 

rll.e Q(~> E OI!Oll oqepell,& .Yll.OI!1IeTEopseT YP'lEHBHRllD (3.3.IIJ. TaKBM 06-
paacw. I! J.ll00M8TPRIE8BMOM OJIY'l8B I!OB OI!OlU'ITOS K onpell,BJIBHR!ll 38KOHa H3MB
BBIUIS OI!OOOll.HOI 07.laEY'IBOTH Qc;l • Ka'IBOTI!BHHOB 0Illl08KHB ~O:pMHpOI!8HHS H 
OOOJIBll.YllUIBrO pa3EHTl'JS EHXpBI!oro 001IS MOltHO ll.8TL no oymeoTEY TaKOB ze, 
KSK B I! 9§ 2.1 l'J 2.5. rll.B J.llOOM8TpHB81IOS npOOTB-1 6apoTpOOHHH OJIY"qSI. 
F.oJIRI V( t) -v0 npH t ~"" • peayn&THpyDQ,Ss xolfCPHrypauss 0Eo6021eoa 2 
38Xl!8'1BHHOI llJiaEY'IBCTH HS ll.HB 0Yll.BT 38I!HOBTL OT 38KOH8 OTaUBOKHpOI!8HHS. 
B '180THOOTH, npH ll.OCTaTO'IHO 6on&woi oxopocTH Ha6eraDQero noTOKa npoH
aolll.eT CHOO CI!OOOll.HOi UJiaBY'IBCTH I! OBOKOHB'IHOCTL, H TOrJUI none 218E1IBHRIS 
6YD.BT CTSD,HOHHpOBS TL K p = - U0 y + p h, 

PacOMOTPHM npOCTBimHI llpRIMBp, 381UIBSS 21en&T006p:i3HOB B03MYmBHPIB 
pen&$ 2188 BRIJUI h(:x,y) = S(x.)~(y) • Torll.8 ph-=6G(-r,z), a oBo6oiums n118-
EyqecT& E CHJl.Y (3.3.IIJ ll.OJIJt88 6eTL ll,en&Too6paaHol ~YHKIJ;Hel c HOCHTeneu 
I! HBKOTOpol TO'IKB c KOOpll,i!HaTSMH x ( t.) • 'i ( t ). c Y'IBTOM 88'18 n&HHX ye JIO

EHA Q(~1 =-6ti(x-X(tl)Hy-)'(t.)), noaTOMY p5 =-6G(R,z), r;11,e R-= 
==. ~ (:x:- X(tJF + (y-'9(tl)2'. B1I8r011,8ps OC8EOI CHMMBT.PHH UOJIH Ps CI!060ll.-
88S llOT8HUBS1ID88S llJISBY'IBCT& CSMS H8 ce6s BB BDJIBTt noaTOMY ;11,I!H!tBHHB 
TO'IRlll (lt.,':l') UOJIHOCT&ll onpe;11,e11ReTcs "EaemHHM" noneM p0 +ph=-V0 (t)y+ 
+ 6 G (r, z) npH z = f. Yp:1EaeHHs :11.EB!tBHHs MOJIHO aanmcaTD B EHll.B 

x = v(tl - 6Gl' (f, n 'i 1-r. (3.3.12) 

':/ = 6 Gl' (1\ 1) X/f, (3.3.13J 

f [ f f ao ""' {.~.J4) 2 )] 
r:11.e -r=~x2+':l2 'm G.,.(f,f)=-21i F +Bn~"l"K1\r6 Zn(1 • 

~T06H H36e.aT& HBOnpell,eneHHOCTH I! UJ.llI!HX 'ISCTSX ~3.3.12) B (3.3.13) I! 
H&'ISne KOO.PJU!HaT, 88'18n&H08 IIOnOEBHHB 07I81lYBT 38lt8TL I! HBKOTOpOI OTJIIA• 
HO! OT t0,0) TO'IKB (Xo. 'fo), rll,e ~xg +':{~I HMBBT nops;itOK J.ll3.M8pa TO
norpa~qecKoro I!03MymeHlUI, KOTopoe M01l81IHPYBTCS ASnbT006pasIWM. TaKSS 
221es 6sna mcnon&aOI!a88 E p:iooTe xanuepTa .e Bpaleaa LIIIl. 
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~To6a nyqme u03HaKOMHTbCS! c HBKOTOPliMH Cl!OICTl!SMB sanaqB l3.3.IJ -
1.3.3.3). l! saRnDqeHHB aToro naparpa~ Ma paCOMOTpHM ua np~epa. B KO
TOpax COOTl!BTCTl!YDllHB peweliBJl Y:itaBTCSI nocTpOBTb l! 3aMKHYTOI ~opye. B 
060HX cnyqaax 6yneM npennonaraT&, qTo l!BTep B npBll:OHHOB TPBHBB OTOYTCT
EYDT ('!"= k= o), a ll:HO - po:eeoe (6=0). 

Il p a M e p 1. Ypal!HeHHe l3.3.IJ MOllHO nepenecaT& l! l!Bne 
A ~ 

nt+J(p,n)+ fipx=O, 

rne n = e. p + ( Pz / B2N2)z. Bocnon&s.YeMCB H:n;eel pac11len11eHKR e 6yneM ac
KaT& peweHBH aToro ypal!HBRHB, KOTOpse Oll:HOBpeMeBHO YnOl!118TEOPBIOT COOT
HOIDBWlRM (op. C § 2.2J 

(3.3.14) 

J(p,n)=O. (3.3.15) 

Hpe 110001 nocTOBHHOI C ycno:ee11 (3.3.l5J y;ir.o:e11eTl!opaeT ~HKD.HB n = c p • noncTaHOl!Rl:I KOTOPOJI! l! (3.3.14) npHl!O;ll.HT K ypa:BHBHBll c Pt.+ lip.x=O 
c 06111BM. pemee.eeM p =- '+'( x - 6t IC , y ,z ), r;11e 4' - npo.esEon&HaB <PYHKilKB 
Cl!OBX apryMeHTOl!. Ilonaraa c =ti/Vo, OKOIAaTe11&HO nony"<tBM 

p = ljJ ( x- V0 t, y, z), 

r:n:e ljl ecT& noooe pemeaHe ypal!HBHBH 

l'i.'-IJ + (l.f'z/82 N2lz-tiqi/1fo=O. 

(3.3.16J 

(3.3.I7J 

~YHKOWI \3.3.l6J npenCTal!ID!BT 6ery~yll l!011HY, KOTOpaS! pacnpocTpaH.119TCSI 
co cKopocT&D 110 l! Hanpal!neHBH ocH Ox. Ilpe cnenaeHYx :esme npe:n:nono
lltBHHBX rpasHqHHe .vcnol!HB 1.3.3.lJ B (3.3.2J 6YnYT .vnoEneTBopeiw, ecnB 
npBH.llTb 

4Jz / N2 "' 0, Z = 0,1. (3.3.18) 

06mee peweHBe sa:n;a'<tB \3.3.l7J - \3.3.18) nerKO BaXOnBTCB MBTOUOM ~yp&e. 
Hcnon&sya npencTal!neHBe l!Bna (3.3.7), nonyq.ey 

"" 
lj.' = ~ '\'n (:r,y) Zn(Z ), 

n:O 

rne 
l'i.4Jn-On/B2 -t6/1Jo)l!Jn=O, h~O. 

IlocnenHee ypaBHBHHB HMeeT,HeTpHBHall&HHe H orpaHBqeaHYe Ha l!Oei ll1IOCKOC
TH (r,y) pemeHHSI TOl.lbKO npPI YCIIOl!PlPl (CM. ~ 2.6) 

An /8 2 +6/1J0 1... 0. (3.3.19) 

I.lye TD '\l n = ~ - ( 6 I lf0 + ft n I B2) H N ecT& HaPI6on.rnee as n , ll:IL'J. 

ROTopsx BsnonHeHo (3.3.I9). Terna orpaHPJqeHHse pemeHHSJ sa;ir.aqe {3.3.17)-
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(3.3.IB) B u;l1l11HBllPHqecK.Hx ROOp;1uui:aTax MOZHO 

N 

1.j1= 2=4Jn(r,8;~n)Zn(z.), 
n=O 

BamICaT& B BHle 

r:ir.e ,.., .., 
l.jJ n ( l', 8, ·n = 0 no Jo ( h) + L ( CX n m COS m 8 + 6 n m 5 i. n m 9 ) J m ( 'l l') 

m=O ' ' 

(3.3.20) 

IIpl! IIpOllSBOJI&Hfil IIOCTOJ!HH.lilX <Xn,m H 6n,m. IlOCROJI&R,Y (3, 3.20) COll,epzHT 

TOJI&RO JtOHequoe qJICJIO CJiaraeM.lilX (6apOR1Il!IHH.lilX MOl), M.lil He MOZ8M Yll.OBJIBT

BOpl!T& llpOH8BOJI&H.lilM eaqaJI&II.lilM lSHIWM. TeM HB Menee, IIOCTpOeHHHB pemeHJIB 

II08BOJIBIJT MOl81IHpOBST& lOCTaToqeo lllJllpoKHI KJiaCC 6apORJIHHH.lilX B08MYWBHHA, 

pacnpocTpaH.RIJllU'JXCB Ha aanu (Vo< 0) c IIOCTOJ1HHOI CKOPOCT&ll, EclllJ aa

@llKCJlpOBaT& HOMep MO;nl H napaMeTp ~ ' nerxo CTpOHTCB pemeese BHla p = 
= \j}n(:x:-V0 t,y)Zn(Z), lJIB KOTOporo 1f0 =-6/(-l 2 +>.n/B2). OTcllla cne11eT, 

qoro c POCTON HOMepa MOl.lil HJDJ c YMBH&ll!BHJleM IIapaMeTpa CTpaTH!l>HiaUUUI CKO

pOCT& pacnpocTpaReHHJ1 YMBH&DJaBTOJ1. B qacTHOM OJI.Y1!8B 6apOTPOIIHOro BOBMY

WBHJIB ( n = 0, ),0 = 0) CKOpOCT& Vo=- 6 /~2 B IIOJIHOM COOTBBTOTBHJI c § 2.6. 

Il pH Me p 2 SaHMCTBOBSH H8 {fl, IlpBlIIOJIOUM, 'qTO N2(z):: 1 Z 

BBBl8M HOBYll BepTHRaJI&HYll KOOP:UHaTY r:; = B ( z - z0 ) , rle 0 ~ z 0 .r. 1. 
B.YlBM HCRaT& pemelll'!a Bua 6erywel BOJIH.lil p = '-!' ("~, '1,4) , r:ir.e ~ = x - V0 1:, 
rt= y. IlOlCTSHOBKa aTOro B.lilpazeHHJ1 B (3.3.I) IIpHBOlJ!T K ypaBHBHJlll 

J(1.j1+1Io 1l., A3\jl +6'1)=0, (3.3.2I) 

rle BBeleH Tpe.IMepaHI onepaTop JJan11Soa ~~=a2/a,2 +a2/;:J~2 + a2/ar;2 , a 

J1K06BaH B.lilqHCJIBBTOB IIO nepeMeHHHM ~ ' ~ • 3amnneM ;ue BBTBH qacTHOro 

JIHTerpum ,ypaBH8HJVI (3.3.2I) B BBlB 1IJIH81HHx COO'rHODIBHlll (op. c § 2.2) 

63\jl + 6~ =- 'l 2 (IJ!+1J0 ~), p ~ 1, (3.3.22) 

ti 31!' + 6~ = ocZ(qi +V0'1,), p~ 1, (3.3.23) 

rle p=(f+~2 +t; 2 ) 1/ 2 ' a ~ H ~ - IIOJIOUTBJI&H.lile IIOOTMHIWB. IIepe-

XOl c Oll.HOii BeTB.I! Ha lpyryll npOHCXOUIT Ha oqiepe p = 1 ' Ha KOTOpol B 

OlilJI.Y HenpepW!HOCTH ll3\j) ll.OlDKH.lil E!iIIOJIW!T&CB Y01IOBHJ1 

!1341 + 611. = 'I' + 1I0 VI,= 0 , p = 1 . (3.3.24) 

Kpo~e Toro, IIOTpe6yeM nenpepHBHOCTH llp0.1!8EO~HOI IIO HOPMSllH K c~pe 

a~/apl =a4'/apl 
_p=1-0 p=1+0. 

(3.3.25) 

YonoEBe ecqesnoBeHHs BOsMymeHH~ aa 6eoxoaeqHocTH c .Y11eTOM (3,3,23)t.aeT 

'de2 :: Ii/Vo • Ilepexol!J K c<Iiep2qeoKHM KOOPJ.HRaTaM 0 IIOMOW&ll OOOTHOmeHHI 

1=_psLn8cos\f, ~= psi.n 9sin lf, r; = pcose, HtlleM pemeHHa .vpa.suenHA 
(3.3,22) H (3,3,23) E EH~e 

l.jl =[F(vp)/fj)-(ti+v21f0)pN]sLn9si.nlf, .r~1, IJ!=[G(aep)/fp']sLn8stnlf, p>1. 
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1 [ a ( 2 a"') 1 a ( . a"') 1 a2"'] 
Yt1111T/:U!a.a, '!To t.3\jl = Jl2 ap p ap + p2si..na ae SLn8ae + p2sl..n2e 81f2. , 

llIJl F( t) Ill G ( t) no11yt1aeM ypa:e1mru tlH7IHHlP.111'18CR.l!X <f!YHKI.l.1111 Z" + Z'/t
- [ (3/2)2/t2 +1 Jz = 0 ,r;zr.e :eepxH.1111 SHSK OTHOC.lllTC.ff RF ta H.lllllH.lf:A - K 

G • Tpe6y.a orpaHJI'leHHOCT.111 pemeHllla, oxoHt1aTe111>ao no11yt1.111M 

If' :: p {[:0 J312 (vp)- 6 ~:2Vo r]sin8si.nlp, p<1, 

Ji K312 (aep)si.n8si.n1f, p>1. 
l3.3.26) 

JlM onpe;zr.e11eHM Tpex nocTO.RHHHX A , B JI ~ .111Me1>To.a Tp.111 yc11o:e.111.a 

(3.3.24), (3.3.25J, .1113 KOTOpex 11er1<0 HSX071,.lllM 

1~12 (-J) 5 3 K~;2 (ae) 
H~12(vl - 2v2 = 2af2 - -at K312(~l 

llocne;itHee COOTHOID8H.1118 MOZHO nepell.ll!CaT& B 8ICI!lllB87l8HTHOa <f!OJllt8 lcp. c 

~ 2.2) 

f ( v) = _ Is12 (-l) = Ks12 ( ael = (~). 
-JJ312(...J) 3fK312(~) 9 l3.3.27) 

TaK RSK IJ..llllll'l~pJ1It1ecK.111e !PYHKUHJII nonya;enoro nop.a71,xa EHpaEllTc.a qepes 

aneMeHTapHHe, H8Tpy7!,HO no11yqJ1IT& 

_, _ si.n.., 3 3 1 
f(v) - -, a(~)=-+--. 

- si.n~ -vcos'J v2 a ae2 1+&e 

IIpocToii 9Halll'IS noKase:eaeT, 'ITO np111 JIISMeHeH.111.PJ V0 OT 0 11,0 + oo 

WYHKUWJ g(~) MOHOTOHHO MeHFl8TCR OT 0 71,0 +oo, a at - OT 00 71,0 o. llp.111 

n1160M 897!,9HHOM 'at, 0<:."M.£00' ypa:eHeH.PJe (3.3.27) .PJMeeT 6ect1.PJC7leHH08 

MHOZ8CTEO KOpHea VK, k = 1,2, ••• , KOTOp!ie COOTBeTCTB8HHO CTp8MRTCR 

K H.YMM <PYHKUHM 1312 (...Jl npM Vo-"" .111 R HYMM <f!YHRUIUI J512(..J) up.a Vo .... O. 
Ilp.PJ Vo > 0 DOCTpOeHHlie pemeHM E TO'IHOCTB He y71,o:eneTBOp.fflDT rpaH.111q-

HliM YC7IOE.HRM Ha no:eepxHOCT.111 .Ill Ha 71,He, 071,HSKO HeE.ff3Ba T8M M8Hl>ID8, qeM 

M8H&me a6co111JTHliH pasMep Rlpa lo6nacT& .P < 1 B.lllXpe:eoro o6paso:eaHM 

(3.3.26), nocxonbI<Y EHe ero pemeH.111e saryxaeT a1<cnoHeHURan&Ho. Ilp.PJ v0~0 
l3.3.26) nepexo11,.111r :e 

( 
[ 

J312 (-l"'p) ] . . 
=-6- J (~*)-p 5Ln8sLn<.y,p<1, 

\jJ ...J*2 3/2 
0, p>1, 

r11,e -J* - 7Ill60l Il07IOZ.lllT87l&HHl KopeH& yp:tBH8H..lllJI 1512 (...J) =. 0. ST.Ill pe-

meH.111.ff aH87IOr.111qHJi MOll.OHaM CTepaa l2.2.21), c T8M OT7l.l/l'l.1118M, 'ITO Tenep& 

OH.Ill npe;zr.cra:e MllT .1/1307IHpOBaHH!iB CTaUROHap!We TpeXMepaee Bll1Xp8Bli8 o6pa-
30ESHB.R. I'paH.lll'IHHB ycno:e.wi Ha no:eepxHOCTH H Ha nae l3.3.IJ H ~3.3.2) 

y;zr.o:eneTEOp.fflDTCR 8ETOM8TH'l8CK.lll, ec1I111 BYil07IH.R8TCR onao .1113 HepaBeHCT:e: 
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I) 1/Bi.z 0 ~1-1/B·, 2) z 0 =0, 1/86'1; 3) z 0 =1, 1/B~1. Bnep-

EOM ceyqae MOll,OH B !lJOif.18 anrumCOH:zta Bpalll8HH.R Il81lllKOM norpyea B OKeaa; 

B 21.BYX OCT81I&H.YX OH 8SHJ1IMS8T T01IbKO nonOEHHY 06'.beMa TaKoro 911ll!UCOH:zta 

H CBOei ropHSOHT81IbHOA rpaHblO npHMl:lR8BT 1lll60 K UOBBPXHOCTH lceyqai 2), 
1lll60 RO l1HY lC1I.Y'iSH 3). OneH.li!M MaKCHM81IbHIUt ropHSOHTa1IbHllH pasMep Tpex

Mepaoro MOlJ.OHB, nonaocT&IO norpyzeaaoro E oKeaa. QqeBHllHO, l111R eToro 

X07DltHO 61lT& l'I ~ 2, T.e. L.."" ~ H"N""/2Q*; npm H* = 4 RM, N"' = 2·I0-3c-I 

H Q* = IU-1c-I UOJI.yqaeM E RaqecTEe MaKCHM81IbHOro saaqeHJ1IR l111R 601Iblll0A 

IIOJI.VOCH 81Il1l'IDCOH;ita l;;,~x = 40 KM. B c11yqae np1mo:eepxHOCTHoro H1IB IIpH

;itOHHOro BHXPR 8T8 0U8HRa B,ll,l!Oe 6on&me. 

ll.BYXMBPHll8 H TP8XMBpH.ble COIHTOH.li IIP8l1CT8BllRllT CYll!BCTEBHHO H81ll1Hea-

H.bl8 o6pasOBaHH.R HB 6eTa-rrnocKocTH: IIpH 6 = 0 Taruse pemeHHR ae cy11tecT-

l!YllT /3, 4/. 
CTpYKTypa TpeXMepaoro BHXPR onpe11e11RBTC.R HOMepoM KOPHR ~~ • B npoc

TelmeM c11yqae Ha.HM8H&mero II01IOlltHT81IbHOro KOPHR C01IHTOH COCTOHT HS l1EYX 

BHxpe:A pasH.YX SHSKOB Ha R.aUOM HS ropHSOHTOB. nepeceRSIOOIHX ero .R;itpo. 

PaCOMOTP8HHll9 B.Hme npHMepll IIORaS.EU!SllT, 'iTO B CTpaTH<IJHUHPOBSHRO~ cpe

l18, KaK H B Ol1HOPOl1HOI, BOSMOEH.bl pemeHH.R Time 6ery111P1x B01IH, pacopocTpa

H.RIOOIHXCR RBK Ha sanall, (np.ru.rnp I). TaK .Pl Ha BOC TOK lnp.HMep 2). O;!tHaRO 

OOBepmeHHO pasJIH'iHOI CTPYKTYp.H. Bonpoc 06 YCTOl'iHEOOTH T8KHX o6paso:ea

HHI OCTaeTC.R DOR& OTKp.HTblM. 

3.4. CTSUHOHapH.lol9 6apOK1lllKH.bl8 IIOTOKl'I 

B HaCTO.RlllBM naparpa<Pe Mil HS1IOUM 0611!YIO oxeMy pemeErn.R CTaUHOHaPH.b!X 

6apOK1IHHH!lX sa:ztaq B 6esrpaHHqffOM oxeaae IIPH OTCYTCTBHH B8Tpa H IlPHllOK

HOro TPBHH.R. HO ll11R npoBSBOJibHHX E8PTHR81IbH!lX OTpaTH<IJ.l'IRaUIHi .3 <IJ.BHHTHOM 

pen&e<Pe llHa. IlpH YRSSSHH.b!X l10IIY11!8HH.RX HCX0l1Hll8 ypaBH9fil'l.R l3.3.IJ -

l3.3.3) .BMBllT HHTerpan 

~p+(pz./B2 N 2 )z+tiy= F(p,z), 

Pz/B2N2 = Fo{Pl, z= D, 

Pz/B2N2 -6h = F1(p), z=1, 

(3.4.IJ 

(3.4.2) 

rne <IJYHKUHH F(p,z) , F0 (p) .PI F1 (p) npel1nonara10Tc.R Ol1Hosaaqff!iMH. Kax 

yze HeO;itHOKpaTHO OTMeqanocb BW!le, BHll TSKHX <l>YHKUHa onpe;itenRBTC.R xapaK

TepoM CT8UHOHHPOB8HJ11.R. ~T061l HM8Tb EOSMOEHOCTb npHM8HHTb M8TO;!tll 1lllH8Pl

HOro a HS nHSa' Mil 6y11.eM paccMaTpHE8Tb TOJibKO <PYHKUHH EH:zta 

F(p,z) = C(z)p + D(z), (3.4.4) 

Fo,1(p) = Co,1P + Do,1, l3.4.5) 

r11e C(z:) H D(z) saBl'ICRT TOJI&Ko OT :eepTHRalI&HoJ.:I :rwoplll!RaTll, a Co.1 H 

Do,1 - H8KOTOpble IIOCTO.RHHble. YcTaHOBl'IM Tenep&, I<a.EU!e EOSMOlltHble THII!l Eep-
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TBKan&HYX .Ill uouep&'IHf:IX.UPOfP.111181 H86erallUIHX UOTOROl! OOBM80TJIMH Ol3.4.IJ

(3.4.5), O"lllTaJJ Up.I &TOM, 'ITO Ha 680ltOHnHOOTlll ( X-+oo Hn.111 :x-.-"° ) 
OltOpOOTb H86&ralJlllero UOTORa B88X8 OOXpaH$.18T 8H8lt, U:p11'18M B OOOTB8TOTBY

Dll8M upe;lue P"""* P(y,z). c Y'l8TOM (3.4.4.) - (3.4.5) 1118 OOOTHOmeau 

(3.4.I) - (3.4.3) BaXOXJIM 

Pyy+(Pz/B2N2)z. + 6y = C(z)P+ D(z), 

Pz/B2 N2 =CoP+Do, z=O, 

Pz/B2 N2 =C1P+D1, z:1, 

(3.4.6) 

(3.4.7) 

(3.4.8) 

Ilp.1 2uaaH1i1X C 111 D eTa 2axaqa nerxo pemaeToa M&TOXOM ~yp&e aaa-

1or.11'lao Ttwy, KBlt &TO OIIBC8HO B § 3.3. IJyoT& >-n B Zn - 0060'l'l!8HJIH8 

'qJIOD& .Ill ~YHKQll.ll OU8KTpan&HOI Ba;ltB'l.lll 

(Z'/N2)' - s2c(z)z"' - n, (3.4.~) 

(3.4.IOJ 

Hs 06lll81 T80p.ll f47J YOT8H8BUB88TOJI OpTOHOJlttllpOB&HHOOTli C06CTB8IUUIX 

~YID'alJll .Ill aeorpaHBUHH08 BOapaOTBH.1118 oo6CTB8HRHX U08ll, .1118 ltOTOPHX H8-

DOIO&llT81&HSX MOK8T 6HT& l.lllm& KOH8'11H08 '1.11010. Ha l3.4.9) l11S DpOISBOlb

BOrO n HBTPYlHO U01l.Y'l.lllT& uone2aoe T0Jr;Jl,80TBO 

1 1 Z'"' [ J .>.n=B2 fC(z)Z~dz+f-N2 dz+B2 C0 Z~(O)-C1Z~(1), 
0 0 

IS KOTOporo 018JtYBT, 'llTO IlpB c ~ 0' Co:;;, 0, C1 ~ 0 Boer;ltB .An~ o. 
Ilonaras 

P(y,z) = :L Pn(ylZn(z), {3.4.II) 

.1118 (3.4,6) - (3.4.10) OT8Hlt8PTllHM M8TOlOM DOIY'll.lllM 

P: = .>tnPn/82 = 1n-6n6y, 

ru 0602eaqeao 

f 1 

1n = Dn+ D0 ZnCO)- D1Zn(1), 6n = JZndZ, Dn = f D(z)Zndz. 
0 0 

(3.4.12) 

O<Sue pemelUIS 06SltHOB8HRHX ~8P8BllBU&IUIX ypaBH8Hll (3.4.12) BaXOJUJT

CJI OTBHltBPTllHMJI MeTOl&MB. TaUll 06pasaa1, up.1 JIIXSHX sa;uaBHX C .111 D 
paoup8:l8Jl9RJl8 ;IUIBl8.HBS l! S868r&IJlll8M IIOTOKe Oup8X91lfJ8TCJI IIO W0lllfl8 

(3.4.II). C IIOYOll&I> reooTpocpneoxoro oooTaomea.lllJI V( y,z) = - P1:1 eaxo-

:lBM UP0tPBI& OKOpOOT.111, 
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ltH(WlepeHIJ;Hpy.a (3.4.6) - (3.4.8) no y , MOZHO aenocpe:11.cTEBHHQ nony
'!IHT& sa:ir.aqy :ll.1lSI 1f : 

lf11y + ( lfz /B2 N2)z - 6 = C(z.) 1f, (3.4.13) 

Vz /B2 N2 = Co,-t U, z = 0,1. (3.4.14) 

3TB OOOTHOmeHJIR DOKaSHBSDT, tJTO CTPYKTypa Ha6eralllllero DOTOKa ea 38EH

OBT OT EHAS tl>YHl<Illl.I D {z) H nocTORHHYX D 0 .11 D1 , noaTOMY E AS JI&Hel-

111eM MH 6yiteM non:aran D = Do = D1 = 0. Eo7ll!I, eanpmaep, paonpelte11eH11e 

OEOPOOTH :e sa6er&lllllBN nOTOlt8 38EllOHT TOJILKO OT z ' T.e. v = 1f(z) • 1113 

(3.4.I3) JI (3.4.14) opasy O:ll.HOSHatJHO onpeite11.111>Ton ({lYHRilllB C(z.) H nooTo

SHHHB Co .111 C1 : 

C(z) = [(V'/62 N2)'-6] /lf, 

Co= U'(D)/62N2(0)1f(O), C1 = 1f'(1)/B2N2(1)1f(1). 

(3.4.I5) 

(3.4.16) 

3a111&TI4N, tJTO npa 6 = D V(z) EoerAS SEIJIBTos oo6cTBeHHOI ({lYHKtllllel 

OD8KTp&1lLHOI 38lUl'tUI (3.4.9) - (3.4.IO), ltOTOpol OOOTBBTCTEYBT eyneEOB 

coCSO'l'l!BBHOe 1!110110 .Ao= o. 
BepaeMos R nooTpoeHHD pemeH11s sa;uq.111 (3.4.I) - (3.4.3). Ilonara.a 

p= P(y,z)+61j1(:!,y,z) II ytJ.lllTHB&S (3.4.4) B (3.4.5), DOJIYtJBM ll:U TO

norpa({l.lllncxoro E OSMYll!BHillS Il071ff ASE 118BHS 38lt8'1Y 

4Jz/B2 N2 -C1'!J =h(x,y), Z=1, 

pemeBBe ROTOpOI '1'8R&e y:ir.o6ao BCK&TL E E.lllllB (3.4.II): 

'JI (x,y,z) = L;lj.ln(:t,y) Zn(z). 

lns l!t09iPP1W18HTOB pasnoseHHS HBXOXllM 

"""- 0 
Ha 6BCKOBB'IBOOTB, 

uo OOBIIBlt&BT co CT&BUPTHOI 38lt8tJBI :I.IS 6&pofPODeoro 011JtJ8S. Kalt B B 

DP8lHlYlllBM naparpa({le, OROH118TBILHO IlOJIYtJ88M 
DO 

lj.I = JI G (:I- l ' y - ~; z) h (~ ' ti) d l d 'l ' 
-oo 

ru' eanpoep' lllff E OCTO'IHOrO DOTORa 

{ 
1 (..fr" ) \ 

2'.l1K 0 5r, .11n>D, 

9n(X,y)= 1 ~-).~ f Hn -- y (-r)- -5 (-1" a) .An< O 
4 °B n B '' 
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np.a:11eM :t=-rcos8, y=l'sin0 • 3Tll!M aaBepmaeTo.s lf>o:pMa11r.aoe uooTpoe
a.me pemeHHS. 

MH Blllt81lll BSlllB, llTO OOHOBB8.S TPYltHOOT& np.11 pemefllH 381'811 paoouaTpB

Baeuoro K1I8008 OB.saasa 0 DOOTp08HB8M 0060TB8HHHX lf>YHKtl.111 H onpe:.e11e.B.111-

eu OOOTBBTOTBYllUIHX 0060TB8HHILX: 11.110811 BOIIOMoraTe1I&HOI OII8KTJ81I&HOI S8lt8-

'!!B (3.4.9) - (3.4.10). OrpaH.HtaBBasor. ;ua npooTora 011yqaeu, xoru 

lJ:: ll(z) • YKEIDM YOIIOBH.ff, IIP.11 ltOTOPJ:IX ypaBHeHBe (3.4.9) 8BB8lt0MO BH

T8rP.1JpyeTO.S B 818N8HTSPH.lll cliYHitWISIX. Y11.1tT.YBa.s (3.4.I5) B (3.4.IS). ne
peDBmeu 8Blt811Y (3.4.9) - (3.4.IO) B B.llll.8 

{ Z'/N2)'+{[ B26 -( v'/N2 )'] /v +A} z = 0, (3.4.17) 

z' - v'z / v = o , z = o; 1. (3.4.!8) 

PaoOMOTPBU K1ISOO OTpa'l'BclJHSlll!I N2(z) = ( 1 + rzr2, 

r:.e 1 - H8XOTOpwl IIOCTO.SaHHI B80Tp.l!Q8T87I&RSI IJ8ili!M8Tp. MOZRO IIOKa88T&, 
11TO B 6espaSMepllllX nepeM&HHHX T&ROI SSKOH OTB81188T B8B08MYD18HHONY pac

IIP8l81I8HBE DIIO~BOOTI BIM 

(3.4. 19) 

TaK KEIR J..2 « 1 (OM. § l. 2). ll.Jlff yuepeBBHX O'l'pa 'l'l@llf&lll!I 0 BlrlOOKOI '1'011-

BOCT&E BNeBM jJ 101 (z) = p ... - 6 o I ( 1+1z) , r:ite .Poo = 1 + B2J..211 H o 0 = 
:. B2J.2(1+7llr • 3TO - TSK HSSHBaeuas rBnep601llA80Ka.S M0lt91I& IIIIOTBOCTB 

ttw; Slt80& p.... IM88T CMHCI 8C.IMII'l'OTB1180KOro SB8UHB.S II7IOTHOCTB B8 

60BDlllBX rny6.111aax, a 60 80'1'& B0SMYD18BH IIIO'l'HOCTJIJ B8 DOBepxaooTB. IlpJil 
t= 0 BS (3.4.!9) 07I8ll.Y8T 8XODOH8BllBSJl&HSI S&KOH paoIIp8lt818HB.s IIIOT

HOCTB, ;11,JJS KOTOporo N2 =1. 
llyoT& .anee C(z)= c !: const. 3TO IIOPOU88T KIBOO IIp~lllieil oKOpoo-

TI aa6era1X11ero DOTOKS, KOTOpse ltOIZRH oupe:.ei.sT&O.S IS ypaBH8HB.S 

(V'/N2)' - CB2V = 6 B2• 

06Dtee pemeHBe .111MeeT BBlt 

U=-A1 lf+fz)111 + A2 {1+tz)"2-6/C, (3.4.20) 

rxe A1 B A2 - 11po1sE011&RSe nooTosaue, a /'(1 B /( 2 - xopHB ypaB-
aeau J-<2 + y.-CB2/'f2 = 0. IIP.11 C=O II07IY1188M 

U=(6B2172)en(1+1z)+ A1 + Ad(1+tz). (3.4.2!) 

06paT.lllMO.S 'l'enepr. R DOCTP08HBE Co60TB8HHHX cliYBKttll. YpaEH8B.1118 

(3.4.!7) nepexouT B [l1+fz)2Z']'+ ()-CB2 )Z = O. Ero o6Dtee peme

B.llle .llN88T Bllt 

Z(z) = c:x1 (1+ tz) 51 + a2 (1+ tz)52 , (3.4.22) 

r~e 51,i oyn ltOPIDI ypal!HelDIJI 52+ S + (.A - C B2 ) 11::. 0. Jlns oIIpe:ite-
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neau co6cTBeHllHX qaoen B DOO'l'Cl.l'IHHHX <X1 B a2 c TOtiHOO'l'lill ;llO DpOBs

:eon&Horo DOOTQRHHOro MHOUT&IIS OJIYll8T rpaHllltiHHe YOIOBBB (3.4. !8). RC>

'l'OpYe DpBBOlUIT :e 06111eu onyqae R 1'00T8TO'IHO rpONOS;uJIM ypaBH&HB.SM • .PIH 
paOOMOTplW ltB8 ROHRp&TllHX DpBMepa, ROr:ita T8ROI paoqeT opaBHlllT&1lliHO 

npooT. 

II p l!I M e p I. llyc'fr. B (3.4.20) A1 = A2 = 0, C=-6/Vo, T.e. OROpOOTli 

ea6eraD11ero DOTOB8 DOOTOSHH8. V= Uo • B HON onyqae 

S1 = -f -+~ 1-4(.>. + 6B2/uc¥12'. Si= - ~ + ~ ~1-4(.>.+ 6B2/uo>/r2', 

~e @U<Cl!IPYBTO.R :ee'l'B& ROPHJI c H80'l'p.llli;ITHliHOI Belll80'1'B8HHOI '180Tlill. 

IIOAOT8B11.R.R (3.4.22) B rpaHlll'IHH8 f0110Bl!l.R (3.4.!8), DOllf'llM OlHOpOAHYI> 

OBOTBMY S1a1+S2a2=0, S1(1+t)51 a1+S2(1+f) 52 a2=0. 

YcnOE.ae cy111ecTBOB&HB.R aeTp.1Baa1lliRBX pemeol ueT xapaxTepaoTneoxoe 

ypaBR&HBe 51 52 [ ( 1 + 'l )5r 51 -1] = 0, r;ite :eoer:IUI 51 * 0. Eco S2 = 0, 
TO ). = 1 0 = - 6B2 /1f0 , npauM B &TON onyue a 1 = 0, 51 = -1 5 l!I Z= <12 = 
=const, 'ITO OOOTB8TOTBY&T 6apoTp6DHOI MOU. EoJIB ( 1 + f }92 - 1 :. 1, TO 

52 -51 =- 2 nni/fn(1+t); npa n = 0 aue&M 51 = 52 = -1/2, a1 + a2 = O l!I 

z = 0 HI .RB MeTC.R 0060TB8HHOI ~RlUllel. TaRl!IM 06pas<111, n ~ 1, Dp.ltiBM 

51 =-1/2-n'.fti/fn(1+t), 52 =--1/2.+n9i.i./fn(1+ 'f) • a 1 =aS2,a2= 
=-as,, rle a - npo11s:eo11t.Ha.a noo'l'Qffe11&.a. Ho:pMBpys oo6oTBeHRHe WY.HmUI•. 
OKOH118THliRO DOllftilW. 

+~ncos [onfnl1+tz)], 
(3.4.23) 

6n=n1i/fn(1+t), n=1,2, ... , .>in=-6B2Vo+1 2 (1/4+c§~). 

IlpB 1::. 0 , paOKpeB8.R H80DpBle1l&BHOCTll, BBXO;uM 

Zn lzl =ff cosnrt.z, n = 1,2,. .. , .An=- 682/ Vo +(n3l)2• 

II p B M e p 2. IIyoTr. c = 0 B 6 = 0: T&K' KBR B 8TOM c:cy'l&e U(z) 
.Boeru .RBJIReTos oo6cTBeseol ~HlCllJllel, ee Ylo6RO npoeopYBpol!aTr. (aTo 

BOSMOZRO sa OUT BH60pa M801DT86a u~)' B NH DOJIY'l88M BS (3.4.2!) 

r,11;e 
A~ +(2A1A2/r}en(1+'() + A~/(1+t)=f. 
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Boe OOT8U.HH8 oo60TB8HHH8 qiy~.111 onpell,ensmo.11 IIO tli<>JlilU8 (3.4.22). 
rll.e Tenep& 

51 = - ~ - ~ 4 1 - 4 A/12 ' , 52 = - ~ + ~ i 1- 4 :>./t2' • 

Hs rpaH.l'llBSX Y07IOJ!BI (3.4.!8) H8TPfll.BO IIOOTPOIT& TpaHOQ8Bll.8RTH08 xapax
T8pBOTB'q8Q1t08 YJllEHeH11e ll.1l.ll 011peJ1,e1eH.1.11 oo6oT.BeHHBX 'qBOe1. 3ll,eo& MY 

orpisn11111CB 'ISOTBBN 011qaeN, 1torJ1,S HO YJll.BReHBe YIIPOlll88To.11, B ero xop
HB BaXOll,BT0.11 l! .II.BROM l!Bll,8. IlpBN8M A1 = 0; TOrJta A2 =.f1"+'f1 B rpaHB11-t 

HH8 YOJIOBB.11 (3.4. !8) ll.BIDT Oll.BOPOll.Hfll 11BH81Hfll OBOT8MY 

(S1+1) Cl1 + (52 +1)C12:::0' (51+1 )(1+ t) 51 <l1 .... (Sz + 1)( 1 + t )52a2 = 0 

0 xapa1tT8pBOTB'll80KIN ypa.BH8HB8N (S1+1)ls2+1)[(1+y)5r 51 -1] = o. 

Tu 'KSR 011qal J.. = O ye paco.1i10Tpe11, TeIIep& (51 +1)(s2+1) * D, IIO&To-

MY 52 -51 =2n!Tl.i/fn(1+'t),h~1 1 a1=a{52+1>, a 2=-a(s1+1), rll.e 

IIOOTORHBa.11 Cl OI!p8ll,81l.118TC.ll BS YO IOBB.11 HOlMJ!po.BDI. 0KOB'18T8Jl&HO D0111'1fBM 

Zn(z.)=- (1/4 +!J)en(1Tr> ~ {0 11 cos[onfn(1+7z.)}

- ~ s1n[~nen(1+1z)J} • .>.n =-t2 (1/4+c5n), n=1,2,. .. , 

rxe on 110-11pezaeMy onpell,eMeTos tf>opi1ynol (3.4.23). 
B IIp8;it87I&HOM Olfqae 'f: 0 HBXOJl,BN 

Z0 =lf=1, .A 0 =0, Zn=.J2'cosn:ITz, h=-1,2, ... , ~n=(n1L)2, 

qTo oo.BIIBll.BBT o pesyn&TBTBM.111 npBMepa I npB 6 = O. 
OTMeTBM, '!!TO, eou l! (3.4.2!) npBHRT& 6=A~11 B2 , A1 + A2 = A11 B 

38T8M IIepelTB It npe:zr.eny IIpB r- 0, MS IIOlf'lBM 7IllHBlerd np*1l& OltO

poOTB 1f(z.)=A1+ A12Z o yonO.BBBM HDpMBPOl!ltB A'~+A1A~ +A'f/3=1. 
Co60T.BBHHYe ti>YHI<llHB ll.7Iff T81tOI 38ll,S'llil IIOOTp08HH .l! padoTe ti.061, npJI 

&TOM ll,JIS onpeieneHB.11 oo60T.B8HHJ:.IX qHOll IIOlftl88TOB TJllHOQ811:l8RTH08 

YJlll!H8HBe. 
Ha p110. 32 l7IR BJilllOTJllWUI DpBl!8J(8HS rpatf>llltil D8pl!SX meCTB ( n"' 0, 1, 

... '5) 118 IIOOTpOBHHYX l!SlllB .B IIpJllMepe 2 oodoTBBHHHX ti>YHKtUll JI.JUI 8811'118-

HBI napaM8Tpa r = O,I, I B IO. 

3.5. •KoHYOH" '1'8110111-Xorra 
Bame 0&118 paSB11Ta o611Ji1B cxeNa pemeRBB oTa~OH&PHHX sun J:M dep01't-

7mRHsx IIOTOROl!' l! ROTOJlSX DOTeHtlHa 7IEiHHI l!BXP& BJ! 11J'18T0$1 mmelHol ~YHlt
~el ll,8B1I8HBB Ha RSD.OM ropBSOHT9~ HOROMOB none ll,8.BneHBB IIP8ll.OT8.B 7Iff-
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z 
a 

P 1 c. 32. Co6cTBBHHYB 
WYHXUH• C n = o,r, .•. ,5) 
OJI8llTp&lt.HOI S8M'l.B .B8 ll}lll

uepa 2 <§ 3.4) ll.1111 p:isu11HHX 
SH811BHBI Dap:i1118Tp:I "f 

a - 1 = O,I, 6 - I, 
:e - IO 

-1 

-1 

0 

1 

2 

0 

0 1 2 ln 

z 
5 

1 2 Zn 
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7100& B BllIX8 Pff:!Ui no 88BHOStlli1M OT BepTHR87I&HOI KOOPXHHBTH oo6oTB8HHHM 

~YHKllHRN H8KOTopol l!OnOMoraTeu.aol oneKTpa7I&HOI 88]UJ'IH. TaKHe Pff;llH 
o6H'IRO aey;1106HH ;ll1lff H00718XOE8HH.I! Hs-aa M8X718HROI OXO;IUINOOTH (ooo6eHHO 

:eosne lU!a z = I). Il08TOMY npe;llOTa1!7lR8T HHTepeo paOOMOTpeHHe HeKOTOpsx 

'l&OTHHX onyqae:e, KOr:ita ~YHRQHf.I rpHHa :eapazaeTO.I! B KOH8'1ROM l!H;lle. O;llHH 

HS !Ip.P!Mepo:e YRSS&HHOro THIIa npHBO;ll.PITO.I! HHllte. 

lll!HaeHHe npexnonaraeTos YOT8HOBHBtlli1MO.I!, ;11eloTBH9M BeTpa H IlpHXOHHO

ro TpeHHs npeae6peraeM, 6eTa-s<PPeKT ae y'qJ[Tlil!aeTos. IlepeIIHmeM HHTerpa

JIH (3.4.I) - (3.4.2) B :euxe 

Ap+(pz/B2 N2 )z = F(p,z), (3.5.I) 

Pz/B2 N2 = Fo(p), z=O, 

pz/B2 N2 =6h+F1 (p), z=1. 

(3.5.2) 

(3.5.3) 

IIyou :e aa6eraD11eM noToKe II.PB Ix I ... 00 paonpexene!U!e Jta1!718HH.I! HMeeT 

BH;ll P(y,z) = - V'(zHtoY + 11 y2/2)' KOTOpOMY II.PH npOHSB07I&HSX IIOOTO.ffH-

HHX to H 1-1 OTB9'188T npoi{>H7I& OKOpOCTl'I V(y,z)=V(z){fo+1°1Y) 0 

npOH8B07I&HlilM BBPTHR87I&HHM H 7IHH81HHM nonepe'IHHM C;IUl!rOM. Ilpi!MBM, 'ITO 

BllI:it ~Y!!P:Ql!ll F , F0 H F1 nonaocT&~ onpexe11ReTO.ff yono:e!.ffMllI Ha 6eoROHe'l

HOcTH •• Ilepexo;ll.ff :e (3.5.I) - (3.5.3) K npexeny, ll071Yl!HM ~Y~OHa7I&RS9 
ypaBR9H.ltf.I, paspema.ff KOTopae. RabBM 

F(t,z.) =-V(z)'t1 +(V'/B2 N2)'(t/V), (3.5.4) 

F01 (t)='lf't/B2N2 V, z=0;1. (3.5.5) , 

Ilonara.ff, RSK o6&'1HO, p= P(y,z)+6'f'(X,y,z) H Yl!HTHES.ff (3.5.4) .Pl 

(3.5.5), IIPllIXOXHM R OTaimapTHOI sa.naqe 

Al.jJ + (4Jz/B2 N2 )z -(V'/N2 )'l'f'/B21f)=O, (3.5.6) 

lpz-1f'(O)lp/1f(O)=O, z =O, (3.5.7) 

l.jlz -U'(1)1J1/1f(1) = B2 N2 h(x,y), z = 1, (3.5.8) 

l.jJ ._. Q' "f' :d J:2. +y2 I ._. 00 • 

B" ;ll87I&HeBlneM Mli orpaRHl!HMOS onyqaeM ooeoll!MM9TpH'IHHX npeIIR:TO'l'BHA 

l!l!l;lla h = h (,.). Tor.na l.jJ = l.jJ (1",Z) H :D.71.ff IIOOTpoeHl!l.ff pemeHM y;1106HO EOO

II071&80B8T&CS llIHTerpan&HHM npeo6pasOBaH.l'leM ~yp&e-Beo~ena 1667 
~ ~ 

\j:I( t,z) = J\jl(-r,Z)T'J0 (t,. )dl', \jl (T', z) = J .:ji(t,z)i:Jo("rt}dt. 
O D 

1MHOlK8S (3.5.6) - (3.5.8) Ra l'J0 (tr) l!I HHTerpmpy.fl pesyn&TaTa no 1" :e 

npenenax OT 0 'l!;O 00 1 o yt1eToM cBoloT:e qiyffRWllB BecceM nonyqim 

(4iz/N2)z -[(v'/N2)'/u + B2t 2 ]\ii= D, (3.5.9) 
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iii i. - U''(o llji I 1f( Ol = o, z = o, 

(jii. - 1f' ( 1 )qi I 1f ( 1) = B2 N2 ( 1) ii , z = f. 

(3.5.IO) 

(3.5.II) 

STS 88JU1qa sa:ee:D;OMO JIMeeT BlHHCTBeHHOe pemeH1e, BOID l!Hil071HeHli YCIOBIJI 
1f'(1)/V(1)~o. 1f'(O)/lr(O)~O. (V'/N 1 )'/11'~0. HanpBMep, TSR 6y11;eT BCBrM npB 
1f=-Uo=const; He YM8JlffJI 06utHOCTll!, MOKHO npJIHRT& Vo=f. ~ID! R TONY 

KB N2 ( z) ::. ( f+ 't zY2 , pemeHJie BHilJllOHB88TOH :e HBHOM BJI:zte 

\jj =- ii(tl g(z,-1:)/t2, (3.5.!2) 

r11;e 1 
( t) 1 ooch[t0fn(1+rzlJ+2 sh[ccen(f+tz)] 

9 z, ~(1+7l(1+fz)' sh["'en(1+'fl) (3.5.!3) 

11 oo=~1/4+8:tt2/r2 '>O. BqaoTHoM011.yt1ae t=O (N2:1) ma 
(3.5.!3) noryqaeM 

9(z,t) = BtchBtz/shBt. 

IIo ~IJMYIB 06pa111ea.11s 

41(-r,z) = j 'l ~,t) 10 ("rt) ii (tldt. 
0 

(3.5.!4) 

(3.5.!5) 

MOKRO Il0R888T&, UO (3.5.!3) YlOB718TllOpseT np.11 BOBX 1 ~ 0 Y0710Blll 

9z ~ 0 , upneM paBeROTBO J;OCT.llraeTOJI TOl&KO IlpB z = 0. STO OSHSqaeT, 
qTO B oxpeOTHOOTB lfl8 BJDUIHJie perr:.eqe 01!88HB88TOJI fl8JI601ee OJl7l&HO, qTO 
Bll071H8 80T80Tl!8HHO. 

IIpBMeM Tenepr:. lllff npoOTOTH "I 0 =-1, r i = D ( OTOY'l'OTByeT nonepeqHHI 
OJ;BBI' OROPOOTB l! Ha6erallll!BM UOTORB) I p&OOMOTPJIM :eoupoo 0 KPJITJiqeoKl!X 
TOql!Bx pesy7l&THPYllll!8rQ TeqeHJIJll p: -y + 6..µ ('11,z). KaK B l! § 2.4, :ztM 
npoms:eo11&Horo ropHSOHTS z noryqaey yo10E1e cy111eoTE0EaHBJ1 KPJITHqeo!tllx 
Toqex 

J-f 6>[m~x/f ... I = minf(l',z), 

r11;e oorllSoHo (3.5.I5) 

g:{l',Z) = [ j ~ (z,t) Jf (T't) h(i)citf. 
0 

(3.5.!6) 

(3.5.!7) 

Tax KBR 9- p&OT8'1' 0 rry6.BHOI, 

6 > 6Kp = min ~("r, 1), 

11;1111 BHU071H8HJIH (3.5.!6) H806XOJUIMO 

(3.5.!8) 
r 

rie 0 yqeTOM (3.5.!7) JIM88M 

'.f(-r,1) = 1/I(T',1), (3.5.!9) 
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J(l', 11 = 1: 1 I I [ + + u.>-cth(wfn(1+fl)] h (t) J,{t-r)dt I· (3.5.20) 

B "ISO'THOOTJI. npH r = 0 HaXOlUfM :espalltBHBe 

"" 
I (l', 1) = B pr (t:) Jdtl')i:cth Btdt, 

ycTaao:eneHHOe XannepTOM /IIO/. Hs (3.5.I9) cne11.yeT, qTo c pocTOM nap:1-

MeTpa B I!allHqHHa 1(,..,1) y6.YEaeT, T.e. youreaHe cTp:1T.1jpHxawrn cno-

oo6cT:eyeT 6onee paHHBMY BOSHHKHOEBHJIO KPBTl'J'qBORJl!X TQ'qBK. IlocKOnbKY 

min 1"(l', l) c YMBHbillBHHBM rey6RJHii I!OSpaCTSBT. MOJEe'l' cnyqJITbC.S TaR, WO ,.. 
:ewne .BB.KOTOporo rop.esORTa z* sacTOfH.l:il TO'qBR yze RBT. 3TO 08Ha"f88T. 

q~O TPBXMBPHa.S 06718CTE. SSMKHYTSX llHHHI 'l'OKa llPBlOTaElMBT K07lOK07l006-

pasflYO ll07IOCTE., HBCK07lbKO CMemeHHYE I!UpaI!O no OTHOillBHHO K npeU.STCTl!HO, 

ecmt CMOTPBTD I! Hanpa:eneaHH aa6eraD11ero UOTOKa (TaK RSSQE!SBMHI "KOHYC" 

Talnopa-Xorra). YCJIOB.Pie. np.PI KOTOPOM 9T0 06718CTE. I!HXOUT Ha UOI!epx

HOCTL, BMBBT I!H;tt 6 >min 'f (r,O). 
l' 

BepHeMc.s K BHTerpaey (3.5.20) H Riccne;ttYeM ero no:ee:ir.elille :e sa:eHcH-

MOCTB OT CTBUBHH rlJUKOOTB iI!YHKUH.l!I h(l"). IlOll.HHTerpantiHS.a «iYHRnWI 

f ( t):: re 1 + rrf [ 1 /2 + wcth(<efn ( 1+'fl)] ii (ti Jdtr) 

IlPH MSJI!iX H 607lb!lll!IX SHa'qBHJ!.SX apryMBHTa JIMBBT acm.tnTOTJI'qBQKOe npe11.

C'f8E 7l8HlllB 

{
2(;+'f) [1~cth(ten(1+r>)]ti(O) t; -.o, t-.o, 

f (t)--- Bt -
1+r h (tlJ, (tl') ' t ... co. 

311.eo& M.bl HOUO!lb30ESM TOT ~KT, 'qTO UpJ! Mam.tx t np1161lHJt8HRO ii(i) ~ 
00 

~ li ( 0):. J h( 't') l" J 0 ( 0) dl'= v /2'Jl, r11.e v - ROHB'qH.!il o6J,eM npen.aTCTEH.FI. 
0 

TaRRM o6pa80M, Zl7l.FI .YCT0HOE7l8HM OXOll,HMOCTB JIHTBr,PEIJJa {3.5.20) 11.0CTa-

TOllHO Hsyql'fT& UOI!Bll,BHJIB h ( t) np.e 6on&IIlHX SH8119HH.FIX apryMeHTa. Ilpe;n;

no110~. l!TO h(r) :e HBKOTOpoA TOt!KB l"o>D HMBeT paspa:e (npeII.FITCTEBB 

0 B8PTHKanbHOA CT8HKOI), E OKpeCTHOCTH KOTOporo cnpa:eell,1IJllEO npe~CTa:e

neHJie 

'l'o oo 

IlolJBra.s h(t) =J h("r)Jol"rt)l"dr + J h(,.)Jo(rt)rdr, :eocnon&syeMC.FJ 
0 ~o 

CI!OitCTI!OM Jo(l't) = (1/rt) d (l1J1(1"l:l)/dT'. HHTerpgpy.FJ IIO qaCT.l!M,DOJI.Yt!>l'M 

- l1o [ ] 1 "°r h(t) = T Jdrotl h.(r0l-h+ (r0 ) -T l"Jt(l't)h'(l")dr. 
0 

Uocne~ama HHTerpan cxo:ir.HTc.FJ, Tax RSK 
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11- -1 ] 
h'trl={O[(r-rol _1 , l"-ro-D. 

0 [ (r-1"0 )1'+ ] , l'-+ r 0 + 0 

BMeeT PHrTerpl'lpyeMY!O ooo6eHHOOTb. TaKHM o6pasoM, 

f( t l ~ B r 0 (1 + rr1 J1 (l'ot) [ h_ ( l"o) - h+ (rol] I1 (rt) , t ~ 00 • 

c noMOW&!O aciwnTOTllJqeoRHx npe:ncTaEnea11Ja :n71R UH1IHH:np11JqecKJ11x ~YHRIJ,HA npE 

6o7I&lllHX saaqeHllJJIX apryMeHTa (oM. § 2.6) llJMeeM 

J1 ( r0 t l Jdrt) .... ('.llt ~rr~ f 1 [cos ( r- ro) t + s Ln (r + roH J , t - "", 

OTRY:na. E qacTHOCTllJ, one:nyeT J~(l'otl~(1+SLn2rotl/'.JHra,T.e. !{T',1) 
paOXOlU'JTOJI II.PB l"'= l"o 6naro:naPR Me:nneHHOM')" 38Tyxamrn IJOll,&HTerpa 1IbHOA 

4JYHKI:(HllJ Ha 6ecKolfeqaocTH. Ho aTo osHaqaeT, qTo 61<p=J:(r0 ,1):0 H 

ye 7IOEJ11e (3. 5. I8) E1i1nonHeHo np.H mo6oM 6 > O. MH rrpMm7IllJ K E!iEOltY [trQJ, 
'lTO npH !fa7!11JqJllllJ y nom:iOlHoro npeIIRTCTEllJJI EepTHR87IbHHX CTSHOR KPllJTllJ'lSO

KHS TOqKllJ H8 ·:nHe DORE 71R!OTCJI npE 7!000'.A EHOOTe rrpeIIRTOTEllJJl. KaKO:A 6H Ma-

7IO:A OHS HH 61i1na. B aTOM OOCTOHT npMHU,HIIH8,7IbH09 OT1Iil'lM9 6apOK7IHHHOro 

cnyqa.a OT 6apoTpOnHoro, r:ne :nallte :n1lR nH7IHH:npa 6Kp> 0 • ~l'l311J'leoKoe 00&
JICHeHHe YOTaHOE7!9HHOro 4>8KT8 COOTOHT E TOM, qTQ E OTpaTHqJMUHpOESHHOM 

IIOTORe IIORE1J:fJ9TO.R xapaKTepmd~ :eepTHRa7IbHH:A M8ClllTa6 e Q* IN.,. EIIRHHMJI 

H3M8H8HHA p9JI&e4Ja 1lHa Ha ropBSOHTS JibHOA npOTJlllt9HHOCTH e , KOTOpHi! CTpe-

MitTC.R K HYJill IIpH e - 0 lirol . 
.llM Henpep&EHHX R8E03paCT8Bl!UfX H 4>llJHllITHHX qJ,YHKI:(Hit h(l") JIIHTerpaJIH 

I("r,1) CXOllJJTOJI H mi.n'f{-r,1)>0. IIpm~e:neM HBOKOJibKO IIpHMepo:e h(t) :nJIJI 
1' 

npocTex MO:neJI&BWt IIPBIIRTCTEHA HS qzcna paOOMOTp9HRHX E § 2.4, HO HOp-

MJl1pOB8HHSX YC7IOl!l'I8M h ( 0):: 1. Boe HHTerpaJIH ~yp&e-Eecce1l.ff IIPH 0TOM 

EeqH01lRDTo.R E KORe'lHOM EHle (CM. t:FJJ. o.696, ?26, ?31, ?54) H rrpe:noTaE

JI8RH :e Ta67I, 2. 

Ta6nmua 2 

Ilpeo6paso:eaHHJI ~yp&e-EecoeJIH :nJIJI HBKOTopex npooreimrnx 4Joi:r.t ocecHM

M9TpHqa1i1x noiuio:n!Wx npeIIRTOTEH:A 

~OJl.!a npeWJTCTEHJI h ( l") h ( t) 
Ilapa6onoli'l:n :epamemrn 9(1-r)(1-r2 ) ;2 J2 (t} 
Ilonyc~pa 8 l 1- l" )( 1-1'2 ) 112 1 /{:2. (SLnt/t - cost) 

IIo:eepxHOC'?b BpameHllIJI -1"2 1 -t2/4 
rayooo:eoa 4JOJlM!i e -e 

2. 

IloBernHOOTb Epame!WJl 
c oc p.lile.M 

e-T' (1+t2.)-3/2 

llo:eepxHOCTb :epaieHJIJI 
k07IOKOJI006pa3HO ~OpMU 

(1+1"zr3'2 e-t 
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0 2 4 B 

P JlJ c. 33, 3aEHC!t!MOCTb 6Kp OT 
T.JJllcna Eyprepa B E cny-qae oce
CJl!MMeTpJl!T.Jm.tx rrpeIIRTOTEBfi (rro 
XarrrrepTy LIIQ]) 

I - rrapa6onomr, EpameHH.R, 
2 - nonyo~epa, 3 - rroEepxHOOTb 
EpameID'l.R rayoooEOM ~op.1& 

Z=O 

P .I'! c. 34. CTpyKTypa KOH.Yea Tai!nopa-Xorra rrp.l'I Nz = 1, B = 6 = 2 Jll 

)!Jl!HeiHOM EepT.l'!KailbHOM np~zne OKOPOCTJll ~1lfl Uff)!JlJH~PJl!T.Ieo

KOro rrperr.RTOTE.l'l.R (no Xorry /108/) 



B Rallt;D;OM PIS 0T.l'IX 011.Y'~ae:e cl>.YHRIUBI :nl',1) MOl!tHO HaATPI c llOMOlllblO 
tJ.1'10116HHHX KEa;npaTyp Pl. :e tJ0CTHOCTPI' orrpe;neJIRJTb 01<p = mJn icr,1) :e sa:eH
OHMOCTP! OT napaMeTpOE B Pl 't , IlpP! 1= 0 :e 07I.VtJ0RX napa601!0Pl;D;a :epame
HHR Pl no:eepxHOCTP! :epameHHR raycco:eoA cpOJMl:l STO 6H1IO c;n;e7IaHO xannepTOM 
.Lilal; COOTESTCTE.YIOlllH6 pe3.Y1IbT0Tli npell,CT0E116llli Ha pP!c. 33, KOTOpaA IIO
KaSHEaeT, KaK 6acTpO y6a:eaeT RPHT.l'ltJecxoe 3HatJSH.11e 6 c pOCTOM C'!Jill'll-
4>HR0W!I!. 

B paMRaX paccMaTpH:eaeMoro MSTOll.0 HSTP.Yll.HO .YtJ6CTb :eepTP!Ra11bllliA O;nE.l'Ir 
cRopocT.l'I aa6era10U1ero noTORa. II.ycTb, aarrp.l'!Mep, Vlz)= A0 + A17.., r;n;e A0">0, 
Ao+ A1 "> 0 (cRopocTb He MeAAeT sHaxa no rn.Y6HHe), npP!tJeM A~ + A1 Ao+ 
+A~/3=1 (ycno:ePJe HOPM.l'lpO:eR.1'1 1JV2(z.)dz=1 ). Tor;n;a sa;natJa (3.5.9) -

0 

(3.5.II) TaKllte HMeeT ezr.PIHCTEeHHOe pewe!Illle ~ =/((tlh(tl/t, 

r.zte ( )- (Ao+A 1)B2t(A0 BtchBtz+A1shBtz) 
?(. t - A~BtchBt+[Ao(Ao+Ai)B2l2-A~)shBt. 

B tJacTHOM ClI.Y<Jae Te"tJ:eH.l'IR 6es c;n:eua, Ror:na A0=-1, A1=0, OTcro;n;a II01IY
tJaeM J((t.)= BchBtz/shBt :e nonaoM .cooT:eeTCTE.l'IH c (3.5.12) H (3.5.14). 

PesynI>TP!P.YIOlllee pemeaHe HMeeT EHll. 

p=-(A0 +A1z)(toy- ; 1 y2)+611\(t)h(t)Jo("rt)dt 

H IIOSE01!ReT MO;n;eJmpOE8Tb ll.OCT0TOtJHO WPlpOR.l'IA Rnacc HHTepecaax CPITY0[(Pll 
E ORIJ9CTHOCT.l'l pa311.l'ltJHliX OC6CHMM6TpH'!Hl:lX IIO:nEOll.HliX rop. IlpPl ro=-1, 'fi'=O 
ll.nR C1!Yq0R npeIIJJTCTE.l'lR Il.1'111.l'!Hll.P.l'ltJ9CKOA cpopMl:l pemeHHe T0KOA sa;n;aqPJ, npe:n
CT0E116HHOe E :ePJ;ne PRll.0 ~.Ypbe, 6ano IIOCTpoeao XorroM lf.067. Ha PHO. 34 
rrpH:ee;neaa pacctJHTaaaae HM Lf08_] RaPTHHH 11.l'IHHA TORa Ha oT;n;enI>Hax ropz-
10HTax, ROTOpl:le ;naIDT npe;ncTa:eneHPJe 0 npocTpaHCTEeHHOA CTPYRType ROHY00 
Talnopa-Xorra. Bli11.l'l np.l'IHRTH 011e;nylO!llHe saa11eHHR orrpe:itenRD!lHX napaMeTpo:e: 
l:l = 6 = 2, A0 = 1,54 H A1 = -1,20. KaR E.l'lll.HO HS pmcyHRa, Ha ;n;He Halt 
JpeIIJJTOTE.l'leM o6pa so:ea nae b 38MRH.VT0R a HTH[(PIR1101i!'JtJeCKaR llHPKY 11R[(PIR. Ii:! 
rop.l'ISOHTe z = O, 75 "Koayo" npaKTHtJecRM yllte ae Ha611ro;naeTCR, Oll.HaKO Ha 

rro:eepxHOOTP! z = 0 eme tJy:eoT:e.veTCR E IIRIRH.l'le rron:eo;n;Horo EOSMYO!SHHR. 
Pemeime sa;n;a11PJ o EHxpe TaAnopa :e noTORe c r:11rrep6011HqeoRoA cTpaTHcpH

Rail.l'lel H o yqeToM 6eTa-acpcpeRTa ;n;aHo :e pa6oTe lf.41. 
3.6. Pooc6HeEOKHA E01IHOEOA one:n E CTpaT.l'lcp.l'l[(PlpOEaHHOM IIOTORe 

HexoTopl:le npoR:eneirn:R 6eTa-acpcpeKTa :e cTar(HoHapHOM 6apoTponHOM noToxe 
61vm paocMoTpell!i :e §§ 2. 6, 2. 7. Ha IDI'!He ;nallte cpaBHHTenI>HO ae6011I>moro 
no;n:eo;naoro npeIIRTOTEli!R EliH.Ylltll.0BT IIOTOK MBaH;np.l'lpOE0Tb Ha "no;n:eeTpeHHOA" 
oTopoae. Ooo6eHHO xopomo aTo EHll.HO :e 011y11ae o6TeRaHHR Rpyrnoro ooTpo:ea, 
KOrJl,a KaPTli!Ha 11.BHHA ~ORa. IIOMHMO MB0Hll.pOE, MOlltBT EK111l'10Tb TaKllte OHCT6MY 
BHXpei, o6pasylOOIHXCR no o6e CTOpOllli OT ooe:eoA IIRIHHH. B H00TORmeM rrapa-
rpa~e Ml:l HOC1leJ1,yeM H3M0HBHHR, KOTOpae IIp.l'lEHOCRTOR OTpaTH4>.l!Rail.1'19~. np.w
'IBM Zl.11R llOOTpOeHHR cpo{JManI>HliX pemeH.l'ltt 6yJ1,eM .l'lOIIOnb30E0Tb pesynbT0TH 
§ 3.4. PaOOMOTPHM 0Tll,011&HO c~yqa.w llOll,EOJl,HOro npell.RTOTEHR H Kpyrnoro 
OOTpo:ea. 
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I. II 0 n: E <) ll. H a R r 0 p a. IlYOTb ru!HeMa TH'ISOKZ on;HOPOll.lilli'i 30-

Ha JIEiH!d! IlOTOK v = Vo=const BOTpe'laeT Ha OB09M II.YTH tPHHJllTHOe B03M.Yme

H!lle peni;ecp:i ll.HB h (x,y ); n;JIH npooTOTH 3;n:eoi; npen:noJiaraeTo.R NZ(z) =- 1. 
Torn:a, KaK one;zi;yeT Jll3 npJ11Mepa I E § 3.4 n;JI.R "I= O • oo6oTEBHHHe i{lyH:r-anrn 

Ill oo6oTEBHHHB 'IHC71a BOilOMOraTBJIEiHOI cneKTpaJIEiHOI 3a1!,S'IJll nerKo HaXOltRTCn: 

Zo(z.):::1, Znlz.l=Hcosn'Jiz, n= 1,2, .. ., .Xn=-6B2/U0 -t(n'.1l)2 , n=O;f, ... · 

Tenepi; pellBlill9 MOlltHO npen:oTaBJllTEi E OTaH11,apTHOI i{lopMB p = -VoY + 6'1J(X,y,z), 
rn:e 00311,aEaBMOB no;n:EOll.HHM npen.RTOTBJllBM HOPMlllPOBaHHOB E03Mymea111e Il07IR 

naBJISHJll.H BHpalKaBTO.H '1epe3 i{JYHKUJll~ I'pJllHa B EJllll.B 
oO 

Y'"" ff G(J:-t y-11,z) h(f,'1.)dTd7, (3.6.I) 
-Co 

r~e "" 
G(:x:,y,z) = E9n(:r,y)Zn(1)Zn(z), 

a 9 n npJ11Ee;n:eHH E § 3.4. B sanan;HOM noTOKB Vo= -1 Eoer;IU3 .>.n<D, noaTO

M.Y 9n(x,y)= 21.yl K0 (J<n1"l, r:n;e Jfn=~B+(n1i/B) 2 1 111 1"=~x2+y2.;J11 MH 

JllMBBM 

1 [ "" " ] G (:x,y,z) = 21i K0 (JKotl + 2 ~ K0 (~nr)(-1) cosn!Ti.z • (3.6.2) 

IlpJll z '> 0 i{l.YHK!ll'l.R Ko (z.) RE7IRBTC.H MOHOTOHHO .Y6HBa llJfIIBI 0 aKOilOHBHUJllaJI&

HOI aoJ11MnTOTl'!KOI Ko (z.)~~1i/2z 'e-z npM 6oJicllll'lx 3Ha'leHHSJX apryMeHTa. OT

MBTJllM O'ISElll.ll.HlilB CEO:liCTEa cii.YHKWU'I G : OHa oceoHMMSTpJll'IHa. 9KOilOHSHW!alIEi

HO 3aTyxaeT c pocToM ,.. , G(:x,y, O)~ G(:r,y, 1 ), T.e • .EIIPI.RH.llle pem;ecp:i c 

r1I.Y6.lllHOI paoTeT. 

P.Hn: (3.6.2) MOlltHO npooyMMJ11poEaTEi J11 rrpe;n:oTaBJllTEi pesylIEiTaT E BM:n:e 111R

Terpa1Ia. ~7IR 9TOI ~elIJll BOOilOJIEi3yeMCR npeo6pa30B0HJllBM ~ypi;e-Eecce7IR 
"" .. 

G(t,z) =JG(1",z.)J0 (1"tlrd1". TaK KaK Cl&, c.686) f K0 (ft<l')Jo(l•t)"rd1"= 
0 0 

::: 1/(i2 + y.2), 1'!3 (3.6.2) OIIen;yeT 

- 1 [ 1 ~ Hl"cosn'.Tiz.] G-- --+2L....> 2 
- 2'.Jl t 2+ JK2 n=i t 2 + J<n ' 

c ;n:pyroA CTOPOHH, H3BBCTHO, 'ITO (/8/, c.54) 

.,,, (-ii.,cosn'.Tiz. n chcl'.liz 1 
2: = - 2 12 , lz I ' 1 , 
n:f J...2 + n2. 2d-. shJ1i ~ 

- B ch (BH2.+ 5 'z) 
IlO'"'TOMY G = OT""Y"0 no "-opM.YIIe o6pame-

"' 21dt 2 +6 sh(BH 2 +6') """"' '*' "' 
HJllH OKOH'laTelIEiHO H0X011,HM 

B ""sh(BH 2 +o'z.) 
G (1", z.) = 2'.Jl ! sh ( B..ftT+6') 

J0 (l'tltdt 
~·t2+b I 

(3.6.3) 

06paTHMOH Terrepo K 6onee HHTepecaoMy cnyqa~ .EOCTO'IHoro ITOTOKa V0=1, 
Koma cpe11,J11 ~n = - 6B24 (n'.Ji.)2 ' n::: 0,1, ... ' MOlKBT 6HTEi KOHO'IHOe 'l.l'ICJIO 
oTpHuaTeJIEiH!ilx co6cTESHHhlX 3Ha'leHH:l1. IlYOTb M - HaH601Icmee ms n , n:IDJ 
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ROTOJlliX .>.n <. 0. Torii;a. nepeXOM K DOJIRPHBM KOOpil;l'IHaTaM c DOMO!ll&fO COOT-

[f0lll9H.HI X. = l"COS 8, y =rsln 8, .l'IM99M 

-{ 2~ K0 (~n 1 l'), n:)M+1, 
~n(:t,y)- 1 1 

-4Y0 (6n1"l-.1i 5(6n1',0), n~M. 

ue afn=~-6+(n.1i/8f ',n:ioM+1 .I'! 6n=H-(n9'i./B)2 1,n~M. <li.VHKIIH.R 

rpHHa npl'IHl'IMaeT El'lll, G (x, y' z) = G tr,z) + ~(:r,y ,z), rii;e Eblil;eneao OC9Cl'IM-

M8TPl'lqHoe cnaraeMoe 

" f 1 M n f o0 n 
G(r,z)=--4 Yo[6o-rl--2 L::Yol6nrX-1)cosnftz+;;-L:: 1< 0 (~nr)(-l)cosn'.7iz (3.6.4) 

n=1 Jl n=l'f+1 

II KOCOCRIMM9TpHqecKa.R (OTHOCHT97I&HO M9PHlU'laHa J: = 0 ) qacT& 

g(x,y,z) = - ~ [ 5(6or, e) + 2 ~ 5 (6n l', e )(-1)"cos nrtz]. (3.6. 5) 

~.YH~Rl G(1',z.) TSK!te MO!:HO npe:n;cTaEl!T& :e El'llle l'IHTerpana 

Gf-r )=!_ ""J ch(B.JtT=B'z) J0(rt)tdt 
'- ,z. 21i o sh (B W:s') ~ (3.6.6) 

KOTOpbll ene~yeT IIOHHMST& E CM.Ernne rna:eaoro 3HaqeaRR no Kom111. B OT7I.l'lqHe 

OT (3.6.3) .HHTerpan (3.6.6) npell,cTaEJIReT OC[lM711IBPYllllllYfO ~YHKD;l'!Rl pa1l,l'IA7I&

ROI KOOp:n;HHaTbl, qTo oco6eHHO xopomo El'l1l,HO 1'13 pa3710!:9Hl'IR (3.6.4). 3TO -

cTawsoaapaae :eonHbl Pocc6H; npl'I 8<11..W :ecerii:a M = 0 H :e (3.6.4) npH

cyTcT:eyeT TOn&KO 011,HO OC[lM711IBPYIOOl99 cnaraeMoe, OT:eeqaromee 6apoTpOllHOI 

MOll,e. B o6meM cayqae qHcno :eos6y:m:ll,eHHHx 6apOK7Il'IHHHx MO:n; pa:eao nenol 

qacTI'! 'lUIC1IS a'B/Tt H pacTeT c y:eeJIBqea.HeM napaMeTpa CTpaTH~HKSUMH. Ko
aeqRS.R CYMMS (3.6.5) HelTpanH3Y9T E071Hbl nepe:n; npeII.RTCTEH9M H .VCH7IHEaeT 

HX 0 no:n;:eeTpeRROI CTOpORH, ~OpMHPY.R EOnHOEOI 071911,, Hanl'Jql'Je KOTOporo 

coa~eT conpoTHEnBRHe, :n;elcTE.Vromee Ha npeII.RTCTE.He. MoEHO noKa::iaT& /l2?], 
qTo TIPH 6~4 E CTpaTB~UMPOESHHblX IlOTOKaX npl'ICYTCTEY9T ropa31l,O 6onee 

CH7I&H!ill C).718;11,, qeM E npocTO 6apoTpODHblX. 

B onyqae ocecHMMeTpJ11qaax npenaTCTEJlll h = h(r) JllRTerpan (3.6.I) :n;M 

l!OCTOqHoro IIOTORa E TIOIIRpHblX KOOpZJ;HHSTSX l', 8 MOlltHO npeo6pa30E0T& R l!H1t.Y 

J""- ch(Bw:6'z) 
'iJlr,6,z)= B

0 
h(t) sh(B~) Jo('rt)tdt - 2[s(6 r 9)h(6 )+ 

H2-6 I 0 ' 0 

+ 2 B (-1 )"cos n Tt z 5 ( 6n r, 9) h (6 n )] , 
n=1 .,. 

r:zi;e h (t) = J h(r) J0 (rt )rcfr. 
0 

2. UH 11 I'! H :zi; p JI.I q e c K JI.I ~ a c T p o :e. no aaanorHH c § 2.7 
paCCMOTpl'tM Tenep& 3011,aqy 0 E03M.Y!U9HHl'I 30Ha 7I&Roro CTpaT.mIJPlnHPO:BaHHOro 

3RaKOITOCTOJJHHOro ITOTORa V(z) C03ZJ;0ES9MOro OCTpO:BOM E ~OPM9 IlpJJMOro 

Kpyro:eoro UMJIHH:npa e:n.l'IHHqHoro pa:zi;.l'lyca. Ilpe~cTaEJIR.ll pemeHHe :a :aJ11:n;e 

p = - U'(z)y +1f.1(r,8,z)=-1J(z)rsi.n9 + ~ ~nCr,8)Zn(z), (3.6.7) 
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IIOJI.Y'H™ Al.Jln-.>.nlf'n/B2 =0, 1"'-r<o0,0""B~21i.. Sneer, .An M Z11 -co6cT
EeHHHe qgc11:a m ~YHRtlllH cneKTpaJI&Hoa sanaqm (3.4.17) - (3.4.IB). Ycno
EHMCB paccMaTpHEaTr, TOJIT>KO TaKZe sanan!We IIOTOKZ, ll;JIR KOTOPHX co6cTEeH
HI:le q.l'IQJia EOer;IUi CTporo IIOJIOlltl!TeJI&HH (TaK, HSI!pP.!Mep, 6yneT IIPH lfo = -:1'. 
Ha IIOEepxHOCTH UZJIP.!Hll;pa r= 1 l(OJiltHS o6palll!ITbCB E HY1Ib pauanbHaJ'J CKO
pocTL vl' =- Pe /r, T. e. \j-19 = lJ (z )cos 8 I!pH ,., = 1, OTK.Yna cnenyeT ycno
E.l'le ~ = 1f(z)sinB+Q(z) npl'I r=1 c np0.1'13E01ILHO!<iJYHKUZett Q(z).Yql'ITHESJ'J 
pa31IOEeHHe (3.6.7), II01IY'!HM 1.j.1 11 =Unsin6+q.n I!p.l'I 1'=1 ll;JIR Ecex n;.O, 

1 1 

rzr.e Un= f V(z)Zn(z)dz, q. 11 = J Q(z)Zn(z)dz. 
0 0 

Ha 6eCKOHeqaocTH .YCJIOE.l'IJI npl'IHl'IM0DT cne:itYD!ll'lii E.l'lll;: 'l'n~o I!pH ,., ... ""' n~ 0. 
PaccMOTpHM Tenepi:. CTSHl(SpTHYD RpaeEYD 30;1U3'!Y 

td- Af I B2 = 0 ' l' > 1, (3.6.8) 

f = usi.n8 +q,, 1"=1, (3.6.9) 

f-o. r-"", (3.6.IO) 

rii.e .A , 6 , u , 4 - HeKOTOpHe saii.an~e nocTOBHHHe, .I! 6y:iteM .ecRaTb ee 

pemeHHe E E.111ii,e PBna ~ypi:.e f=A0 {"r)+~ [Am(-r)cosme+Bm(l')Slnm9]. 
Iloii,cTaHOEKS 3TOI <iJYHKUZ!oI f B (3.6.8J - (3.6.IO) I!pl'IBO:ztl'IT K Oll.HOTHIIKW.I 
ypaEHBHHBM :nJIB Am!!! Bm EHii,a F;;, +F~/r-(J../B2 + m2/1'2)Fm 2 0 H c11eii.yro
!!U!M rpaamqHHM YCIIOEHJIM: 

(3.6.II) 

(3.6.12) 

Ilpenrronara>1 l(JIB npocTOTH, '!TO Ece co6cTEBHHHB q.l'lcna OTJIHqHJ:l OT HYJIB, 
0Tl91ILHO paccMOTPHM lES c~yqaJJ. 

C n .Y q a it 1 () < 0 ). Ilonara>1 ~ = ..f:X /B, rronyq.eM 

Amlr)= CX.m 'im('n) + tl..m Jm(~r), m~O. Bmfr)=6m't'm(~1')+.f.>m1m6lr), m)1, 

np.eqeM ycnoE.l'IB Ha 6ecKoaeqaocT.l'I (3.6.12) ynoBneTEopeHH TOEnecTBBHHO. 
rpaa.w'!HHe ycnOEHJ'J aa rroEepxaocT.l'I W!1IHHnpa (3.6.lI) ii.aDT 

am YmC~) +clmJm(v) =Omo q., m) 0, 

8 m Y m ( v ) + J> m Im ( --l) = 6 m1 q, , m ~ 1. 

(3.6.13) 

(3.6.14) 

3THX COOTHOlliBHHE H9l10CT0TO'!HO 1.1,JIB onpeii.eneH.l'lJI ECBX rrpO.l'l3E01IbHHX IlOCTO

BHHHX, IT03TOMY, KBR .l'I E 6apOTpOITHOM cnyqae, MI:l l1011EHbl EOCil01IL30ESTLCB 
YCJIOE.l'!BM .l'IS~yqeHHB. 3TO rropOlltll;SBT lf.Oll011H.l'!TB1ILHYD 6BCKOHeqay10 C.l'ICTBMY 
(2.7.10) - (2.7.15), COEMBCTHHE aHSJI.1'13 KOTOpoA c (3.6.13) npHE01!,HT K 
3SK1Il0'!9HHD, '!TO clm=-Om=O 1.1,JIB ECBX m;. 0. I!p.l'lqeM q_= 0. ~JIB OI1pe11ene
H.l!B OCTSJibHHX ITOCTOBHHblX 6m,f>m CJI.VllrBT ypaEHBH.l'IJ'J (2.7.14), (2.7.15) .I'! 

(3.6.14) .l!Jl!oI .l'!M aKE.l'IBS11BRTHblB (cM. § 2.7). 
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TaKHM o6pasoM, yn;oEneTEOIJRKll!lee ycnOEHll zsnyqeHMR pemeHHe sa11;9qz 
{3.6.8) - (3.6.IO) mMeeT E.Hll f("r,8) = ~ f6mYml~r)+.f.>mYm(-J.,.)]sinmB. 

C 11 .v q a a 2 (>. > 0). IIonara.R ~ = $/B nony•rnM c yqeToM rpaHHq
HhlX .YC1lOEHa (3.6.I2) 

Am("r)= CXmKm(-aer), m>O, Bm(,..)=6mKm(-ae-r), m~ 1. 

Hs rpammwx YC7IOEHi! (3.6. II) HaXOZU!M am= c'lrno q. /Km(ae), 6 rn = dm1 u/Kml-ae~ 
m<JO. TaKHM o6pasoM, f(1",B)=q.K0 (~r)/K 0 (ae)+usin6K 1 (3fl')/K 1 (-ai!). Ha 

OOOOpallteEmi! OHMM9TpHH W'IPRYJIRUHOHHYll qacT& pemeHH.R MH ;ll01IEHbl OTOpOOHT&, 

T. e. Il07IOlKHTb q.. = Q. Torn;a ORoaqaTe1l&HO f ( l' I B) =us in e Ki (3tt) I Ki ( 3f). 
Tenepb nerRo nocTpOHT& oomee pemeame sa;zi;aqH. B:een;eM cTaan;apTlible 

!f>YHRW'IH 

1.j!(r,8,~) = ~J6mYm(~1')+.f.>mJm(~r)]slnm8, 

'P(r,8,~) = si.n0· K1(-aer)/K1(~). 

rie RoacM>HW'!eHThl fom(~) H 6m( ~) :nM Ralltn;oro aan;aeHoro ~ onpen;e11a1>TCH 
HS 6eoKOHeqaoa OHOT9Mbl ypaEHBHHI EH,llS (OM. § 2.?) 

fl oO 1 
Bk .f.i2k + 'frj -(2-5-+-1)--=-2_-4-k-2 li2s+1 = 0, k ~ 1, 

9i. "" 1 Bk 62k - ~ -(2-5-+-1)_2 __ 4-k-2 fo2s+1 = 0, k <J 1 

Him el 8KEHE81l9HTHOi!. IIyoT& q.ffcno OTpHuaTen&HblX co6CTE0HHblX q.Hcen 

cneitTpan&aol san;aqB (3.4.I?) - (3.4.I8) p:IEHO M+ 1. Torn;a pesyn&THPY• 

ill!09 pemeHHe san;aqH HM09T EHZJ; 

M ~ 

p = -1f(z)rsin 9 + .L: Um 1.f'(r,8, ~m)Zm(z) + L: Um'P(r,0,'M'm)Zm(z), (3.6.I5) 
m:O m=M+f 

rn;e ~n=ITn/B, n=O,M .I'! C!fn=Wn/8, n;:sM+1. 
KapTHHa 11.HHHI TORa 6yn;eT OHMMeTpHqHa OTHOCHT97I&HO OCJll Ox, IlOSTOMY 

(3.6.I5) on;aOEpeMeHHO pemaeT san;aqy 06 o6TeRaHHH nonyocTpoEa. B sanan;

HOM IlOTOKe E OOOTEBTCTEHH co on;enaHHhlM npen;nonollteHHeM 0 xapaRTepe qi1HR

W'!I V(z) H N (z) EOllHOEHe MO:nH Eoerna OTOYTOTEYllT. B EOOTO'iHOM noToRe, 

E saEPICHMOcTPJ oT napaMeTpa oTp:iTHqimRawrn B , MOlKeT npHOYTOTEOEaTD KO

HeqHoe q.ffcno B07IHOEHX MO:n, nopOlltlla!OlllHX E07IHOEO! one:n sa OCTPOEOM Ir! npH

EO:itamHx npH onpen;eneHHblX YC7IOB.l'IJ'.IX R DOJ'.IB1l0HHD E!r!xpeA no o6e OTOPOR!i OT 

OCTpOEa, 

F.c:nPJ V(z)= 1, To, RaR neno y6en;.11TbC.R, ~ 0 =-682 H Z0(z) = 1 • Ho 

TOrn;a uh=t\no ZllI.R EOBX n • l1I (3.6.I5) npHHHMaeT El'!Jl p=-y+o/(r,B,.f6), 
qTo COOTE9TCTEY9T 6apoTpOilHOMY n;EHlKBH.illl. TaKHM o6paSOM, lllI.R EOS0Yllt1l9-

H.l'l.R 6apOK71PIHHHX MO:n H000XOZU!MO Ha 11Hqife E0pTHIW 1l&Horo On;Elr!ra E Ha6era

!OOIBM llOTORe. Eonm paCOMOTpeTb OCTpOE, XOTJ'.1 6H cna6o OTlmqalOOIHAO.R no 

qiopMe OT DIJRMOro UH1llr!Hn;pa (RaR aTo, mmpPIMep, on;enan Xorr /f.067 n;II.R 

.vceqeeHoro ROHyca). n;allte npl11 OTCYTOTE.lllH E9PTHRa1lbHOro CJ1]3Hra 0Yl1YT EOS-

6ylKn;aT&C.R ECe 6apORMHHbl9 MOZJ;H. 
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PaCCMOTpeHH.ble EHrue npMMepH IlOK03HE8HYr, qTQ E 6apOKIIBHHHX IlOTOKaX 

CTPYKTypa E03MymeHHOro IlOJIH TeqeH.l'lft .f!EJIHeTCR cymeoTEeHHO TpeXMepHott. 

HaIDl'tJHe napaMeTpa 5 nopoamaeT E EOOTQqHOM IlOTOKe pooc6HeECKe9 EOJIHH, 

QTEgTQTE8HH.ble 38 o6paso:eaHHe TIO'/U'BTpeHHOro M90HZJ;PHP.Y!Omero c11en;a 38 npe

IIRTCTEHBM. 

3.7. HecTaUl'lottapa~a 30Ha7IbHHH noToK Han 6ecKoHeGHb!MH xpe6TaMH 

KaK Mb! Yllte EH7J,87IH E § 2.13, npJl U07I.l'JHZJ;p.l'l'tJ9CKOii ipop.ie E03M.Vnt8HHR pe7Ib-

eqia ZJ;Ha h::: h(~) =- h(:x:cosaC-ysLnJ.) 6apoTpOilHOe .Yp0EH8H//le IlOTeHUP167Ib-

HOro ElllXPR CEOZJ;HTCR R mrne!HOM.Y' qTO IJ03E07IR9T a<IxI>eKTHEHO npHM8HRTJ; ZJ;IIH 

ero peweH.l'lR cpen;cTEa K:rr.acczqecKOro 6HalIB38. Attanor.l'l'tJHSR CHTY8UlllR HM00T 

M0CTO H E 6apOK7I.l'lHHOM cn.yqae, XOTR COOTE0TCTE.YI00!00 ypaEH9HZ0 CT8HOE.l'JTCR 

6onee C7IOEH.blM 6narozt8PR 30E//IG.l'lMOCT.l'l OT EepT.l'lRa7IJ;HOH KOOpZJ;.l'lR8TH. PaCCMOT

pHM aTOT :eorrpoc non;po61rne c l\01Ibl0 .l'l3.V'10H.l'l.f! oco6eHHOCTeii, KOTOp1-.1e EHOC.l'IT 

E 36ZJ;a'tJY Y'tJ0T CTpaTH~.l'lKaUHH. 

IIonar8R p=-1f(f:)y+6~(Cz,t) H 'r=O (EeTep OTCYTCTE.'f0T), H3 

(3.3.I) - (3.3.3) IlOJIY'tJHM 

D ['!J-n +(41z/B2N2)z] + Bcosoc'. ""l'l = 0, 

D("Vz/B2 N2) = 0, z = 0, 

D (-pz / B2 N2) - k'!'n· =Uh' cos<:( , z = 1 , 

(3.7.I) 

(3.7.2) 

(3.7.3) 

r:ne P:eelelJ lH~epeHnHall&H.lill orrepaTop a~eIOJKH D = CJ/<H: + lfcas..C a/:1 f. 
IIo nepeMeRHOI ~ yn;o6Ho zcnoni;sOP8T& rrpeo6paso;eaFme ~ypi;e 

- I ) 1 "°r ( ) LWf \IJ\1.0,Z,t = hfi.'_00~ ~.z.-1: e d~, 

npHM9H0H.l'l9 KOTOporo K (3.7.I) - (3.7.3) npIIBOZJ;JlT R sanatJe 

D[(~z/B2 N2 )z - w2 q:t] - tw5cos.C.·\ji = 0, 

f> (qiz/B2 N2 ) == 0, z= 0, 

D ( ijiz I B 2 N ~) + k c.c2ijJ = - 'u.o 1f h co s ct. , z ::.1 , 

(3.7.4) 

(3.7.5} 

(3.7.6) 

r:zte Tenepb D =- 'd/'dt - iwlfcosJ: . .llanottefun.l'l~ xoJJ, peweHHR orrpene7meTC.fl ;n,o
noJIHHTenMfblMH rrpennonoJKeHl'!.RMPI o xapaRTepe sa:IUl'i.H, onHa·Ko :e mo6oM c7I.y'!Be 

uenecoo6pasHo Eblpas111T& perneID'!e tJepes ~YHKn:mo I'p1:rna E E.Hne ... 
41(tz,i) = J G(~-f,z,t)h(f)df', 

-00 

rir.e ~p&e-o6pa3 G-(w ,z,t) .VztOE7I9TEOPR0T CHCTeMe (3. 7.4) - (3. 7.6) c 

saMeHo~ ti Ha 1 I illt. 
MY OTZJ;97l&HO paccMOTp.HM CTau,aoHapHYI pel!WM .l'l 30Zl;B'tJY c Ha'tJ87IJ;H.lilMJl 

naHH.blM.H. 
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CT a LL 111 o Hap Ha R s a 1l. a'! a. IIycTL V=V0 =const, rrpl'l'rnM 

pacc~•aTywpaeTcR ycTaHOEl'!Ell!eecR ZJ.El'llltett11e. IIp11 aTOM, O'leEflZJ,Ho, D = 
= - i.wVo cosJ;. IIpnMeM rrpooTetlmyro cT_paTl'lcpmrau1rn, ZJ,IIR IWTapoi.1 N2 = 1. 
IIo718raR F (3.7.4) - (3.7.6) q:i = G 11 h= 1/~21C 11 pewaR KpaeEyro sa

ll,aqy ZJ.IIR o6h!RHoE ::i1a1oro n;HqxpepeHUllla JI&Horo ypa:s Hemm, Haxo1l,l'JM G , a sa

TeM ITO cflOPMY 718 o6pameHllJ'l TIOJiyqa SM 

B "" e- itel ch B R z d w 
G(~,z)= 2'.JlL RshBR+ LwkB ch BR ' (3.7.7) 

VoCOSJ 

rne R = ~c.oLB/1!0 '. 
8TO'I l!HTerpaJI B 06lUt:lM CJiyqae MOlKHO Ebl'll'JCIDlTI> c IIOMOU!&IO Teomrn Eb!tJe

TOE l'l rrpen;cTaEl'lTb pesyJII>TaT E El'Jll,e 6eCKOH8tJHOro pilll,8. HeTpyll,HO IIOKa

saT&' tJTO 1l, 1IR Ma IIb!X k rrpOCTb18 IIOIIIOCb! IIOlU:IHTerpa II&HOi1. cpym<r.~111'1 pacnono

lK8Hbl E TO'lKaX 

~~ = ± tHn'.Ti/B)2 -6/1f0 1 -tBk/lf0 cosJ+O(k2 ), n=0,1, .••• (3.7.8) 

8Tl'l EblpalKBH;JJj IIOSI:OIIRIOT npaEl'llI&HO Eb16paT& KOHT.YP }lHTerpl-lpOE8HliR E 

rrpezr.eJioHOM CII.Y488 HC'l838!0lU8rO Tp8HMR ( k ... 0 ), 9H8JIH30M KOToporo Mb! orpa

Hl'l'IHMCR. Ilpl'l k = 0 <P.YHKUM I'pHHa ( 3. 7. 7) rrpll! Hl'!Ma BT El'lll, 

G(~ z) = ~ j e-°Lw1chBRz.dW-' 
' 2~JLoo RshBR 

(3. 7. 9) 

rrpHqeM Terre pi; w ~ = ! l ~~(-n~9l~/'""B)2=----=-5 /..,..,lJ.....,,o....,, , n = 0, 1, .... 
.llJIR 38II8lJ,HOT'O IIOTORa Va= -i ECe IIOJIIOCbl pacIIOIIOll\'8Hbl Ha MHHMO~ OCl'l 

IIIIOCKOCTl'J KOMTIJI8KCHOro rrepeMSHHOro U) • IlpHM8HRJ'l JI8MM.Y JKopnaHa l'l Teope

M.Y 0 Ebl'l8Tax, IIOJI.Y'lliM 

. e--16'1~1 "° 
Gw ( ~ , z) = 2.-!6' + ~ 

exp(-l~l~(n1L/B)2+6') ( )" 9i 
~(n~i/B)2 +g, -1 cosn tz. (3.7.IO) 

IlepEoe crraraeMoe npe:n.cTaE11ReT 6apoTpOTIHYIO MOll.Y, a Bee ocTaJI&Hble -

6apOK1IBHHble. ~.YHRW!R I'p!llHa .REIDl8TOR qeTHOf. <PYHKUl'l8~ ~ ; OHa 8RCIIOHeH

UB811I>HO y6bl:eaeT c pocTOM I~ I, rrp1111eM 6blcTpee Bcero .YM8H&lll8IOTC.fl 6apo

R7WHHble cocTaE1IRIOU!He; c yMeHEdlleHHeM B EKJia:n. 6apoK7WHHblX MOll. .YOb!EaeT, 

a c r~y6HHO~ EIDl.RHHe oapORJIHHHOCTH :pacTeT. IlpH lJ,OOT8TOtJHO cna6o~ CTpa

Tl'l<PlilKaUIU!, ROrll.a B<.< '.Ti./.J6', pan,M:i<a 7Ibl MOlKHO np1161Ik!xteHHO saMe~n Ha n'Ji./B. 
TaR KaK (fB], c.55). 

.. cl"cosnx 1 L =--en(1-2.l.cos:x+.,£2) , 1.,(1~1, 
n:i n 2 

C.YMMlllPY.fl E (3,7.IO) p.Rn,, IlO~Yl:!lilM 

G (~ z) = - 1 - e-.rs'l'€I __ B_ En 1 i + 2e-ilJlcosTtz + e-~Jll). (3. 7 .II) 
w ,, 2-IE 2.1i \. 

B pacc·~oTpeHHOM rrpell,eJII>HO'I! OII.Y'188 6eTa-atppeRT I'! OTpaTl'lqJl'!KaUl'lR ne~OTE'/!OT 

annHTHEHO, 
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I3 crry'lae EOCTO'moro IJOTORB Vo =-1 l'.l~.rneTCJJ 2(M-t1) E8Ul8CTE8HHblX no-
7IlOCOE. paCI10710llt8HHhlX Cl'.lMM8Tp!1qHo OTHOCl'.lT87IbHO J.Jaqal!a ROOpZl,l'.lHaT. 3Zl,8Cb 

M ecTo HaM6orroUiee h , Z\ILR KoToporo eme BhlHOJIHeHo .vcnoEl'.le 6 ~(n.1i/B)2;np.11 
6< (1Ji./B)2 :ecerZT,a M=O. Ilpl'.l n > M Ece ocTarroHhle rrorrrocbl JJEJIH!OTOJJ 'l:J.l'lcTo 

MH.l'IMhlM.l'I. 

Ms Ehlpallt9H.l'IW (3.7.8) C718Zl..V8T, 'l:JTO E MHTerpane (3.7.9) ECe EemecTEeH

Rble IlOJilOChl Zl,OJilltHbl 06XOZl,MTbCR OEepxy, T.e. OHM 6YZ\YT Zl,aEaTb EK718Zl, E MH

TerpaJI T07IbKO Ilp.l'I \ > 0 (E07IHOEHe MOD.bl, IlOJJE1LRfOl.!UrnCJJ sa nperuJTCTEM8M). 

~YHRW'IR rpl'.!Ha E aTOM c71yqae npMHMMaeT El'.!Zl, 

G (~ )=- 9W . (.J1r)- 2B("J)_f si.n(l46-(nfl/B)2 ') 
E ,,z E SLn ' I n=1 ~ 6 -(nrt:/B )2 ' 

+i:: exp(-l~l~(nrt/8)2 - 6')( 1),, tr: 

n=-M+1 ~(nTL/6)2-6' - coSnJLZ. 

(-1)cosn'.iiz + 
(3.7.12) 

n npeZT,erre 6-> 0 oTCIDZ\8 norryqaeM 

B - :Ji /f I Ji ll I GE(~,z)=-8(1H- 2'Jien(1+2e 6 cos'.liz+e )== 

=-+{~+: en(2(ch(Ji~/B)+cos9i.z)J}. (3.7.13) 

I1HTepecHO OTMSTl'.!Tb, 'l:JTO E sanaZJ,HOM IJOTOKe aHa)IOrJ~qHoro KOH8'1HOro npeZl,e

na He c.v111ecTEyeT, KaK 9TO El'.lllHO .1'13 (3.7.IO). 
TaRl'.lM o6pa30M' E EOCTO'l:JHOM IlOTOKe c .VCl'.l718Hl'.l8M C'l'paTl'.lQil'.lKaUl'.1'1 ql'.JC7IO 

E07IHOEhlX MOZI, pacTeT; 6apOK7Il'.lHHhl8 E07IH0Eble MOZl,hl IlOJJE71.RRlTCJJ 7IMIDb np.l'I .YC-

7IOEl'.ll'l B>Tt/W :e npoTMEHOM crryqae MMeeTcJJ TOJioKO 6a.PoTponHaJJ EOJIHOEaJJ 

MOZl,a. Mb! E.l'IZl,MM. '!TO CTpaTl'.ltlJl'.lKauPIJJ orroco6cTE.V8T M88HZ1,p!1pOBaHl'.llll 6apOK7IBH

HOro noTORa, 3aMeTMM, '!TO G~(,,z) Tepnu pasphl.B npl'l B::: n.'.Ti/.fE, n;;. 1, 
npH'l8M npenen onpa:ea no napaMeTpy B ocTaeTcJJ KOHe'l:JHl:lM, a cne:ea OH pa

BeH 6ecKOH9'1HOOTH. 3TO - pe30HSHOH.bl8 OJI.V'18H, KOr:zta orpaHl'.l'l:J9HHbJX EHH3 no 

Te'!eHl'.l!O pewelill~ He cy111ecTBYeT. 

3 a Zl, a q a K 0 UI l'.l. T1;:iepb l'.13.y !i'.M CJI.V'IB~. KOrZl,a B CHOT9Me OTOYTOT-

E.VST TpeHl-18 (k =- 0), v ( t) - np0!13BOJibH&.q 3HaROilOCTORHHaJJ c'fJYHRUl'IJJ .l'I npL! 

t = 0 noTOK He:eosM.YUleH. Tpe6yeTcJJ JllSV'l:Jl'.!To aB07I!OuPJ!O TeqeHJllJJ npJ11 t .,. 0 . 
.lllIJJ peweHJllJJ 38Zl,8'1Jll EOCIJ07Ib3.Y9MCJJ U1'1CT8MJ~ r.06CTE8HHhlX tP.VHKUl'l:I\ {z n (z)}, 

yzr,o:eneTBOPJllllllll'lX ,ypaBH8HliH!M (Z~ /N2)' == ~, '? n i.i rpaHM'!HhlM .VC7IOEHJJM Z~= 0 
npJ11 z = O,I. HanOMHl'lM (CM.§ 3.3), 'ITO 3'{c:c& Ecern,a Z0=1 • ..A 0 =0 JI! ..A,,>0 
llpH n~ 1. IIpeZl,cTaE71.RJJ t1Jyp:&e-o6pas lPYHKuPl.1 rpl'.!Ha E El'.!Zl,9 p.RZl,a G(w,z,t): 
= ~ G.,(c..o, t) Z., (z) , Haxoll,l'.!M, 'l:JTO KOaqitlJMUJlleHThl pa37IOJK8HJllJJ .v:no:eneTEOp.RlOT 

06b!KHOE e HHblM Zi,M(fxpepeHmia JibHhlM y paP. H9HJllJJM 

- , . [ 5 1- i.c.ocos.CZ11(1)1J(t) 
Gn + u.ocos~ .An/B+c.a2 -V(t) G,, = - ~ 2TL'(.>.ti/B2+c.o2) 

c H.VJieEhlMl'.l HS'l:JS7IbHhlMl'.l Zl,E:HHhlMl'.l, 11HTerpi.ipyJJ aTl-I ypaEHeHl'.lJJ. IJOJI.V'IJllM 
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TIO iIJopMY JiaM 06pau1emrn \Dypbe H8XOZl,11M 

G = £:. G,, (~, t) Z 11 (z), 
n=O 

(3.7.I5) 
r.ne t 

G n = b U( 't) 9,., ( t t , 'r) d '[, 

np11qeM Tenepr, 

( 't:)- icosJZh( 1) ""J urdU)' [ . ( Cw- )1 9-n ~It J - - 2.1i _.,.. w2-1-An/B2 exp e A(J}-1- ()}2+ Jn/B2 (3. 7. I6) 

11 EEezr.e11bl o6osHa'leHria A= ft [S('r)-S(t)]cosaC, C = 6(t-t)cosoC . 
.llM 6apoTpOTIHO:l1 MO;!Uil n = 0 TIOC7Ie E.blqlrn7IeHl1R Il07IyqaeM (CM. § 2.I3): 

90(~ 1 t ,'!) = - cosJ · 9( A)J0 (2./AC ). (3.7.I7) 

B cnyqae 6apoRJ1l'JHH.blX MOzr, (n>->1) E (3.7.I6) .vzr.o6Ho nepe:l1TB K .HOEO:l1 
nepeMeHHO:l1 JllHTerpzpo:r.a H.HR o- no qiopMy ne w = .u;;;'c>/B. Tor:n.a 

9 11 (~ 1 t,'r)=-cos.C·Zn(1)F(~ A, ~), (3.7.I8) 

r:n.e 1 ""r c>dlr ( ro- ) F(q.,r) = 1f f+o-2 Sin qo + i+lJ2. • 
0 

Mcno7Ibsya a Ha JIHTH'iHOCTb aToro l'IHTerpa na no napaMeTpy 't' , npe:n.cTaEHM 
ero E Ezzr.e 

(3. 7.I9) 

1 °"( \1' )2m•2 Cm(q,)=;;;-J - 2 cosq.odlJ' 
Jl 0 1 .. 0 

E.blp:!JKa!OTCR 'lepes Il07Il'IHOMbl p 11 0 YRa30HH.blX HJll~e CTerreHe:l1 no 

iPO.PM.Y7IaM Sm(q,) = e-"'P2rn(q.), Cm(q.)= e-IJ.02,,,+1 (~). 

B 'i0CTHOCTH, S0 (q,)=+e-t, C0 (q) =- ! (1-q)e-t. 

2m 1 -2m-2 
Cnpa:ee:n,7Il'IE.bl oueHKl'I 1S,,.I~2- -, jC,,.,1-" 2 • noa•roMy p.Hltli E (3.7.I9) 

CXOll,.HTC.H paEHOMepHO OTHOCl'IT97IbHO cy H r !! mo6o:l1 067I8CTl1 D ~ q,. ~ 00 , 

0 ~ 1'-E ro <. 00. Ilpezr,cTaE7IeHJ.'leM (3. 7.I9) .Y:zt06HO nOJib30E0TbCR l!,JIR M07I.blX t; 
OHO noRas.bl!!aeT, 'ITO 6eTa-s!fxlleKT Ha Ha'l87IbHOM aTane pasEl1Tl1.H npouecca 
:n.aeT EK7Ia:n, :e G 7Il1Illb EToporo nopR:n.Ka ManocTJll no EpeMeIDl. v.!HTepecHo 
noaTOM.Y paCCMOTpeTb npe:n,97IbH.bl:l1 CJIY'lai-1 5 = 0' Korn.a /r!C'i9389T M9XBHl'l3M 
E07IH Pocc6H. IlpM aT11x ycno:e11ax C = 0 11 cpopMyJI.bl (3.7.I?) 11 (3.7.I8) 

1 _rr;:'IAl/B 
zr.aIDT 'Jo=- 9(A)cos.,(, q.n = - 2 zn(1)si.9nA·e cos.I., 
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a ~YHKUH.fl rpVIHB rrpliHHMaeT Elill, 
! 

G( 01( ~. z, t) = - cosJJ 1J('r) [s (A) + -2
1 si.9 n A~ Zn ( 1) Z,., (z) e-,/J;, IAl/B]d'r. 

0 h-1 

B tJacTHOM cnytJae N2 = 1 HMeeM ). 11 = (n1i)2, Zn(z)=HcosnJiz, 
rroaTOM.Y P.flll. c,YMMHpyeTc.fl. YtJHTNEaR, tJTo (/8/, c. 54) 

f!:. a<:"cosnx =-2
1 [ l-J2 J2 -1] 1.Cl<-1, 

n=1 1-2.Ccosx+ ' 

Il07I,Y'tll'IM i:; Z,,(1)Z"(z)e-1'11i.IAl/S = sh(rtlAl/B)[ch(TLIAl/B)+cosJizr-1. 

t 
OTKYll.0 G(O)(~,z,i)=- easel J11(t)[1+ Sh(TLA/B) ]dr. 

2 0 ch(1iA/8)+cosrr.z 

TaK KBR d A = V(t) cos cl d'f" , EblIT07IHmi KEa;zr.paTypy, OKOH'IaTen&Ho iraJmeM 

Gl01 (tz,t)= )\(~-S(t)cosaC,z)- Xl\.z), (3.7.20) 

1'11,e EEeJl,eHa cp,YHKUl'J.fl ,X_ ( l, z) = -1 { ~ + ! en[ 2(ch(.'ft ~ /B) + cos.Ttz)J}. 
2 .1l 

CooTHOIDSHJie (3.7.20) IlOK03blE09T, tJTO E03HliRlIJ9e E Ha'tl07I&Hblfi MOMSHT 

:epeMSHJll E03MY!UeHVJe pacrra11,aeTC.fl Ha CTBIJ,VIOHBIJHY!O '!BCT& -Xltz) 30XE8'tJ9H

HYRl Torrorpaqrnei\, vi 6erym.y!O E07IH.Y X (' -S(t)cos.J, z) , T. e. rrepeHocviMoe rro

TOKOM E03M,YIU8HVl9 oopaTHOl'O 3HBK0 (cp. c (2.12.6)). TaI< KBK rrpli I~ I>) 1 

acHMITTOTl'l'?SCI<li )\(~,z)-J(l,l+O ll;)!H EOCTOqHoro IIOTOKB Vo=1 11PVI t-- 00 

1107!,YtJa SM iPYHKIJ,VI[() rp1rna CT01.J,V!OHnpHOtl: aall,BqJi G <:' ( (, z, "") = - x ( ~. z)' co:s-

rra11,a[()IJl.yRJ c (3. 7.13) Ii KOTOpa.fl 11pl1 ~ .... 00 HeorpaHl1'iBHIIO paCTST 110 a6co-

7I!OTHO~ E87Il~'tll'IH0, oTO cnen;CTEVIB OTCYTCTEVl.H E CVICT8M9 Jl,l'ICCV!Il8TJl(EEillX rtiaK-

TOpOE. J!M sa11a:zr.Horo IIOTORa (Vo= - 1) rrpl'I 607Ibl!lVIX 3H8'tl8HJll.flX t rrpVJ67Ili-

llt9HHO i!MeeM G<;'(lz,i)r,;: ~ +tcos.C-X(lz), OTRY7l.a cne7J,.yeT, 'lTO rrpl'I 

RalKJl.OM clil'IKC!ip0E0HHOM ~ 11071.Y'IBHHOB peweHJiB HeorpaHJll'!BHHO pacTeT co 

EpeMeHeM. IlocI\07I&K.Y np!ll OTCYTCTEl1Vl 6eTa-3cpitJeKTa 110H.flTli.fl "EOCTOtJHH£l" H 

"aanan:HHtt" Tep.RRJT CMH07I, ilJYHKWH'I (3. 7 .20) np11 v:: lfo pa3HHX 3HBKOE 

rrpe1!,CT0E M!OT Jl,Ea pememrn' 011,HO 1'13 HOTOpblX CTPSMl'ITC!l K HeorpaHHtJBHHO 

paCTYIUBMY EHl'l3 no T9'!8Hk'llO CT8U110HapHOMY EHJJ.Y' a npyroe :eea21.e HeorpaHH

'lBHHO paCTST co EpeMeHeM. 021,HBRO HepaEHOMepHO OTHOCVIT97IbHO 'f. 
BepHBMC.fl Tenepb K C7I.Y'!0[() 15 > 0 H E upen:rroJIOlKBHl'IH v = 1fo = con st 

li3YtJHM 110E87J,8Hl18 pemeHH.fl.IlPl'I 6on&Wl'IX t. T.e. rrpouecc ,YCT0HOE7IBHH.fl. 

TaK RaK 5(i)=1fot' E (3.7.14) MOJKHO EHil01IHl1T& KE021,p0T.YP.Y 110 EpeMBHl'I: 

(3. 7 .2I) 

IlpM H07IlitJJllJll PemecTE9HHHX II07I[Q(JOE OHH o6xOllllTC.fl c:eepxy. 
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V!HTerpa 1W In (~ 1 0) n;IDI 6apoTporrnotl: ( n = O) .l'l 6apOK1I.l'lHHOtl: ( n ;i. 1) 
MOD; COOTEBTCTEBHHO paEHl:l 

{ 

1 j 

_ - 2 ~-B!lfo' exp(-~-6/Vo 111). V0 <D, 
Iol~.o)- S(O . 

tt7ifo' SLn(H/lfo'f) , V0 >0; 

{ 

1 e:i:p(-l~H>.n/B2 -6/Vo'), >.n>B26/ll0 , 
I (~ D)= 2~ )\n/B2 - 6/Vo' 
"· aw . (, / >.; t) 2 

~S/Vo-:X,.,/B2 ' SLn~"lilfo- n 8, .). 11 <B8/V0 • 

Yl3.Y'H!M Tenepb n0Een;ea.11e .l'!HTerpana Io(tt:) np.l'l 6011&lilllx s!faqeH.l'lRX t: 

1 '"'J dw { . [ 6t cos cl]} I0 l~,t) = 2fL_ .. B/Vo-W-2 exp -L <.0(~-Votcoscl)+ w . 

I!pl'I V0 > 0 (EOCTOqHHii noTOK) KOHT.YP .l'!HTerp.l'lpo:eaH.l'!R MOlKHO zte(jiopMl'lpo-

EaT& :e npgM.Yto t0 = ~· i. 'i nptiJ npotiJ3E01IbHOM no1101Kli1Te11&HOM i . Torzta 

( 6trcos.l) 
_ 1 7(l-Votcos.C) ""J exp - <' 2 -t3° 2 { 2 2 ri( 

Io(~,i:)- TL e (6/lfo-t12-~)2+4y202 (6/lfo-o +1)cosi1f-
o (3. 7 .22) 

6focos.{J . [( 6tocos.!]} -V'otcos.£)0+ 2 2 -1-21ostn ~-1fotcosJ)(}- 2 2 diJ. 
o +r o +r 

TlpVJ i 2 > 6/U0 Tt!MBBM OUBHKY 

oP 

I I 2 r(~- lfotcos.L) J d I)" 
lo(lt) '~ e H1'2-t 8/lfo-o2)2 + 412 ()2 I ~ 

0 

2 a'({-lfotcos.£) ""J d~ t({-V"otcosJ:) 
"TLe o'tz-8/1Jo+a2 ~y2-6/1fo'e ' 

OTKYzta zt1IR ~ - lf0t cos~<. 0 c neztyeT 10 ( t t) = 0. 8To osaaqaeT, qTo E 

.YKa3aHHotl: o6nacT.l'l .1'!3Meae:mr. nepeMeHHl:lX l t cpyHI{U!iJ.ll G,, He saE.l'lCl'IT 

OT EpBMBH.l'l, T,e. oo:enaztaeT co OTSU.l'!OHapHl:lM perneH!ilBM. 
Ilpvi V0 <- 0 (saIJaztfll:l~ noToK) E (3. 7.22) MOlKHO npMH..llT& Y= 0, noaToMy 

1 r cfo [ 6tcosJ..J Io(lt) =-;;,- J ohr _ 2 CO!i ('- VotcosJ)<.r - . 
Jl 0 QUO (} I} 

(3.7.23) 

ITptiJ \ - V0 t cosJ ~ O aToT MHTerpa 11 E1:1q.ec1I.ReTcR 011e~Y10UIMM o6pasoM ([8}, 
c.484): 
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OTKYn.a cne21,yeT G0 =0. IIp11 ~-lf0tcosJ.>O acMMilTOTMKa lllHTerpana 

(3.7.23) nerKO YCT8HaE1IlllEaeTCR c IlOMOmhID MBT021,0 CT0Ul'lOHapHO~ ~031:.1 /60.l: 

Jol~,t) ~ +( fl~t ~-lf0/6'f2sln r~-6/ll0 1 (~ -2lfoCOS.i·t)- : ]. 

TaKl'iM o6pa30M, np11 V0 "= 0 :ecer21,a I0(tt) .... O npYI t...a 00 , T.e. 6apo-
TponHaq MOD;a CTpeMMTCR K CEOBMY CT8WJOHapHOMY 3Ha'IBHI1ID, onpe21,el!ReMOMY 

no qiopM.YIJe G0(t 00 ) =-Io(~ 1 0). 
Ac11MnTOTVI'IecK11e rrpen.cTa:eneHHR :n;llR 6apOK1IlllHHl:.IX M021. yno6Ho rrony'IMTh 

MBT07J,OM nepe:eana f4q/; COOTEBTCTP,YID!ll0B Eblpa~eHMR IlOCTpOBHH E IJ860Te 

/347 . .l1x aHa7rn::i noRas1:.1:eaeT, 'ITO np11 V0 /J.n/682 ~1,-1/8 np11 t .... .., HMeeM 

J11 (tt) - 0. T.e. :ece 6apoKnHHHble MO;zr.H cTpeM.flTC.fl K CEOHM npe;zr,enhHHM 

CT8UJolOHapHblM 3Ha'IBHI1.flM. c IlOMOmhID (3.7.I5) I1 (3.7.2I) Teneph nerKO EH

nMCHEaeTC.fl ~YHKUR.fl rp11Ha CT8UI10RapHOH 3821,S'Illl. KaK I1 :emue, :e:ee:n;eM uenoe 

'!Hano M ~ 0 , pa:eHoe HOMep.y n nocne:n.Hett 6apOK1IHHHOli Mo21,1:.1, 11,l!R KOTO-

pot. eme :e1i1rronHeHo ycno:eze 682 > V0A,,. TorJJ.a :zr,ll.fl :eocTO'IHoro noToKa 

(Vo :> 0) nonyqaeM 

GE (tz,oo) =- ~96~:'. SLn(~~8/lf~)- f a('OZ.,(1)Zn(z) x 
v0 n-=1 ~6/lfo-).,/82 ' 

l () () (3.7.24) 
"5i.n(~~6/llo-)ri/B2 ') + tn~+l 4 ;.,~B~:S~Vo , e:xp(-l~H.)n/BL 6/1J0 '). 

Ycno:e11e OTC.'/TCTEH.fl E07IHOEHX M07J, EHI13 no TB'IBHMID HMeeT EI121. V0 > 682/>.h 
r21,e ).1 - nep:eoe 6apoK7lliHHOe co6cTEeHHOe '!Meno. PerueHM.fl EHZJ,a (3. 7 .24) 
npl'! .'/Ra38HHOM ye 1IOE.lrn 61>11II1 nOll.'/'IBHbl HHOEk'IUBM /J.20] • 

.Ull.fl 30Il8ll,HblX noTOKOE lVo<.O) E07IH0Eble M021,bl :ecer:zr.a OTC.YTCTEy!OT, 

Il08TOMY CT8Ul'lOHapHOe pemeHv.e npMHV.MaeT EY,7J, 

(3.7.25) 

Ilpk! N2:.1 11 "\10 =±1 ipopMyllbl (3.7.24) H (3.7.25) nepex021..FlT cOOTEeTcT-

:eeHHO E (3,7.I2) I1 (3,7.IO). 
B 38K1ID'IBHI1e OTMBTMM, 'ITO no aHanorHH c § 2.I3 MO~HO Ta~e peIDMTh 

3a:zr.aqy 0 nepM021,H'IBCKI1X E03MymeHM.flX, HHP.Yill'lPYBMblX 6eCKOHeqHHM xpe6TOM 

:e nepeo:zr.VI'IBCKOM noTORe V( t). 
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fJiaBa 4 
KPYllliOMACillTAE.ffiE rroCTPQilWINJKME .ll.BIDKEHVIB 

4. I. Baa.l'IMHOe np.l'lcnoco6neHirn noneti: Mace .I'! TetieH.l'l:il: K pen&eqiy D.Ha B 
6a JlOKMHHOM OKea He 

B npenHD.YlUl'IX D.BYX rnaBax .1'18.Y'tia nae& CTaBllJa.H yJKe Knacc.l'ltiecKo:il: ~aaz
re-ocTpoqiH'tiecKa.H MOlJ,e71&, npHrOlJ,Ha.H D.7IR OilHCaHH.H D.HHaMMtJBCKHX npoueccoE 
c xapaKTepHl:lMH rop11soHTa n&Hl:lMH MaclllTa6aM.l'I IIOJl.HD.Ka l* = IOO KM (reocT
poqi11ttecKMe D.B.l'lllteiurn nepBoro THIIa). IlpH TaKMx ye 1IOBHRX E ypaEHeH.1'11'1 no
T0HUMa 7I&Horo BHXPR EK7IaD.R OTHOCHTe7I&HO:il: H nnaHeTapHO:il: aaEHXPBHHOCTe:il: 
COH8MSPHM!:l. Ec7IH ropl'I80HTa7I&Ha.H rrpOT.HllteHHOCT& oco6eHHOCTe:il: pen&eqia 
:naa aHB'tiHTen&Ho 6o7I&llle, np.1'16Mma.Hc& K nnaHeTapHo:il: ( l* .... IOOO RM H 60-
11ee)' pOJI& l'IHD..YUHPYSMO:il: OTHOCl1Te7I&HO:il: aam'!xpeHHOCTH CTaHOEHTCJ? MaJIO:il:· 
H Ha nepBOe MeCTO E qio~HPOEaHHH 11,HHaMli"<ieCKoro peXIBMa El:lCT.ynaIOT rrna
HeTapHO-TOilOrpaqiHtiecKHe qiaKTOpl:l (reocTpoqiHqecKHe ,ltEHlltBHH.H BTOporo Tl'l
na). TaKo:il: pelltHM Ml:l ycnoEl'l7Il'IC& H03l:lBaT& npocTo reocTpoqil'IqecKMM. 

0CHOEH!:l6 COOTHOll!BHH.H reocTpoqiH'iBCKO:il: M011,BM, ,YCT0HOB7IBHH!:le aCl'IMilTO
THi:teCKl'JM MBTOD.OM, D.aH!:l B § I.4. 3TO - ypaBHeH.l'l.H alJ,EBKUHH Il1IOTHOCTH 
(I.4.32) li Hepaspl:lEHOCTH (I.4.33). rop.1'130HTa7I&Hl:le CKOpOCTH H E03M,Yme
HHe IlJIOT HOOT.I'! onpe11,e 716 Hl:l no qiop.4.Y 7IaM (I. 4. 36) li (I. 4. 37) • 

r7IY6HHH!:le EOD.l:l, KaK li3EBCTHO, OTM"<i0IOTC.H 607I&ll!O:il: OD.HOpOD.HOCT&lO. 
IIoaTOMY, ec1I11 He oroEopeHo npoTHEHoe, Ml:l 6y.neM .nanee npezr.nonaraT&,qTo 
D.HO .HEJI.HeTC.H OD.HOEpeMSHHO H30IlHKHHtiecKO:il: IlOBepxHOCT&lO, Ha KOTOpo:il: E03-
MYl!l6Hlie nnoTHOCTH npHHHMaeTCR paEH!:lM H.Y1Il0, T.e. 

Pz = 0 , z = D. (4. I.I) 

Bc.R HaCTO.HUJaR rnaEa 6y.neT nocE.HmeHa HaytieHHlO aazr.a 1:rn (I.4.32) -
(I.4.35), (4.I.I), 11,0il07IH0HHOa E saEHCl'IMOCTli OT 06CTO.HT87I&CTE TBMH 
HID! liHl:lMH rpaHli"!Hl:lMli li Ha"<ia1I&Hl:lMli D.aHH!:lMH. 

Ma Ha'iHeM c aaa ID'l3a HeKOTOPHX 06Ul.l'IX CEOiiCTB CTaUl'IOHapHoro E3aIWHOrO 
npHcnoco6neHHR none:il: nnoTHOCTH H TetieHH:il: K pen&eqiy 11.Ha, onHc.l:lBaeMl:lX 
CHCTSMO:il: (I.4.32) - (I.4.35), (4.I.I), npHGeM E li37IOllt8H.l'lli MaTepHana 
6.Y11.6M B OCHOBHOM npH:zi;eplKl'IEaT&C.H pa60T!:l f2Il. 

KaK .I'! B ~asHreocTpoqiHqecKO:il: MOD,e7I.l'I, B KaGSCTBe rnaEHO:il: .l'IGKOMO:il: 
qiyHKURJH !Ip.l'!MeM aHOM01IlilO lJ,aEJIBH.l'l.R p • l1CK7Il0Ga.H li8 (I.4.32) .I'! (I.4.33) 
BepTHKa7I&Hy~ CKOpOCT&, Il07IY'iHM OCHOEHOe ypaBHeH.l'le reocTpoqiH"tJeCKO:il: 
MOlJ,BJU'I 

(4.I.2) 
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rpalil'l''lHhlB YChOE.111.R Ha IlOEBpXHOCTH .111 Ha :zrne (I.4.34) H (I.4.35) nepexo

ll.RT E COOTHOmBHH.R 

J(p, Pz) + Q Pzt = 0, Z = 0, (4.I.3) 

PzzJ(p,D) • J(p,pz) + Q Pzt:: 0, Z = D. (4.I.4) 

B CTSUHOHapHOM cnyqae (4.I.2) - (4.I.4) ynpOl!lallTC.R: 

PzzJ(p,Q Pzz )-Q Pzz J(p,pzz) = 0, (4.I.5) 

J ( p, Pz) :: 0, Z = 0, (4.I.6) 

PzzJ(p,D)+J(p,pz)=O, z=D. (4.I.7) 

B CTSUHOHapHOi Teop.111.111 o6meA OKBaff.l11qecKOA IUfPKYn.RU.111.111 BSl!HOB sHaqe1rne 

HMBDT Tp.111 ECilOMOraTBII&Hhle <PYHKIUf.111 - IIOEepxHOCTHOB naBIIBHHB (Hn.0 np.111B8-

neHHhll ypoBeH&) pc0 > (:x:,y) = p( :x, Y, O), np.111noaaoe JJ,SBneHHe p<DJ ( x, y) = 
= p(:x,y,D) .111 HHTerpan&Ha.R <PYHRUH.ff TOKS (<l>YHKIUf.R IlOIIHHX IlOTOKOE) 'l'{x,y). 
3T.H IP,vHKUHH • .RB l!Jl.RC& HHTerpa II&HhlM.111 n.HH8MJ11qecK.HMH xapaKTBpHCT.111RaMH, CB.R

saHH MBEnY co6oA .e IlOIIBM IllIOTHOCTH p.anoM COOTHOWBHHi. KOTOpae Mli ceA

'iSC ycTaHOE.ldM. 

BBeneM E paCCMOTPBH.1118 ;!Ule HHTerpan&HHe xapaKT8p.111CT.111KH non.ff nnOTHOC

T.111 - IlOTBHUHan&ayll 9Hepr.1111l CTOn6a xmnROCT.111 

]) l> 

n =- J pzdz:: I pdz - p(DlD 

0 0 

.111 "neif>.111UHT M8CCOC071;8pll!SH.111.R" 
]) 

(4.I.8) 

.X=-Jpdz=pCol_p(Dl. (4.I.9) 
0 

IlpoaHTerpHpyeM ypaEHBH.111e (I.4.33) no BepT.111Ra7I.111 c yqeToM rpaH.111qHJiX yc-

noE.1111 (I •. 4.34) .111 (I.4.35). Tax KSK B C'//J.ny (4.I.I) (Vp)z=D:: Vp(I>~ nocne 

npocTax npeo6pasoEaH.111A nonyq.111M 

J(D IQ, p<I>l) + J ( 1 I S2, n) = O. (4.I.IO) 

C IlOMOll!&ll (4.I. 9) OTCl)1J;a HaXOn.ilM 

J(D/52,p<0')+J(1/Q,n)-J(D/Q,'X_)=O. (4.I.I'.J:) 

[ (~ ] 
COOTHOmBH.1119 (4.I.IO) MOlKHO nepenHcaT& B B.11171;9 (Dp':I + n':l)/Q :x -
-( (Dp~1 + nx )/Q]y :: Q. 0TCllJl,S cnenyeT OYll!BCTBOBaHHB Ta ROA <l>YHlUlHH 

'¥ (x,y), qTo 

( (Dl ) 
lVx"' Dp:x + nx /9., (4.I.I2) 

Jlerxo y6e~T&C.R. 'iTO '¥ BOT[, HHTerpa II&Ha.R <P.YHRUH.ff TOKS. CE.RSSHHa.R c 

IIOIIIWMH IlOTOI<aMH reocTpo<P.111qecKOA CKOPOCTH ( I.4.36) COOTHOmeH.111.RM.111 5<:x)= 
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'D 'D 

=-ludz=-lf'y, s<Y>= J 1>dz = ll'":r. 
11,a~JieHHe pC»l, IT01I.Y'IHM0 

HCKJIIO'Ja.R HS (4.I.I2) rrpH11,0HHOe 

J(Q /D, 1.IT) - J ( 1 ID, n) = 0. (4.I.I3) 

B COOTHOIDeHH.RX (4.1.10), (4.1.11) .Pl (4.1.13) Blll'l.RH.Ple 6apOK7Il'IHHOCT.PI 

orwcaBaeTc.R IIocne:n;H.PIMH 'lJIBHaM.l'I. TaK KaK J( D/Q, "X) =DJ ( 1 /Q ,-X) + J(D.~)/'2, 
Bes11,e cpyHKUl!.PI 6apOK7Il'IHHOCT.PI n .Pl ")( 11,e~CTBYDT COBMeCTHO :rm6o C H3MBHe

H.Pl0M rJI.y6>!HH oKeaHa (coEMeCTHH~ scW?eKT 6apoKlll'!HHOCTH H pen&~a = C3H1P 
/}J4/), JJ.Pl60 c HSMBHBH.PleM rrapaMeTpa Kop>!OIIBCa (6apOK7Il'IHHH~ 6eTa-sqxpeKT 

BB3 /6fi/). TaK.ilM o6pasoM, pacIIpe:n;eneaHe IIPHlOHHoro ;zi,aBIIBHH.R E ocHOBHOM 

onpe:n;ellReTC.R BB3 (ypaEHeID'!e (4.1.10)), ciiYHRU.PIH ITOJIH.blX ITOTOKOB - C3EVIP 
{ypa:eHemie (4.I.13)) H noEepxHOCTHoro ;zi,aBneHH.R - BB3 .PI C3BI1P (.ypaEae

ame (4.I.II)). 
BepHeMc.R K ypaBaeamv (4.1.5) H nonHTaeMc.R :es:n;e1Il'!T& Knacca ero 'l8CT

Hsx pemeHH~, y11,0BneTBOp.RIOOIHX rpaHH'lHHM YCIIOBH.RM (4.1.6), (4.1.7) .Pl 

(4.I.l) H o6pamaa:xumc E HYII& noc11e11,aHe 'lJieH.bl :e 011,HOM lll3 ypaEHeHH~ 
{4.l.IO), (4.I.II) H7Il'I (4.1.13), ao npH npoH3E011&HOM pen&~e JJ.Ha D(x,y). 
OT11,en&Ho paccMOTpHM TPH :eosH.l'IKalOOl.Ple sa;zi,a'lH. 

3 a .11. a 'l a I. Hcc11e11,yeM CHa'l81l8 YCIIOB.Pl.R HC'l83HOBeH.Pl.R EE3 B .YpaE

HeHlllH 11,JL<! np.H11,0HHOro 11,8ElleHH.R (4.l.IO), Hs Tpe6o:eaH.Pl.R J(1/Q,n): 0 Ha

XOl.PIM lllHTerpa JI n = G(Q) IIp.H npO.H3BOII&HOt1 cilYHKUFl.PI G • 3TO COOTHOIIIeH.Pie 

6y:n;eT .HMeT& MeCTO IIP.PI npOH3BOII&HO MBH.f!KXUe~c.R rTI.y6.PIHe OKeaHa, ecID'J no11e 

11,a:eneHRI.R .PIMeeT CTPYKT.YPY p =- R(Q,z/D)/D+ B(7,y). II011,0TaHOBK8 noone.11,He

ro BHpa:ateHKR E (4.l.5) ;zi,aeT 11,ll.R cii.YHRUHH R(Q,4) ypaBHeH.He 

{ QR~ [ (l: R)z;]-r; R1 + D2J(Q, B){i+[QRi:;SJ.] }-QDJ(D,B~(l:R~~l = O. {4• I. 14) 
Ri;~ R sz t; 4 J( Q, D) Ri:;t; ]r; J(Q ,]) ) [ R-c;i; Jt; 

0'leB.H11,HO, 11,0llltHO 6.blT& 

DJ(D,B) = (Q) 
J(Q D) a , 

' 

D2J(Q,B) = 5(Q) 
J (Q,J)) . 

(4.I.15) 

HeTpy11,ao noKasaT&, 'ITO e:n;HHCTBeHHa.R liJYHKUFl.R B , 011,HoBpeMeaHo y11,oEJieT

:eop.RBlma.R o6oHM yonoBH.RM (4.1.15), .PIMeeT :eH11, B=-6(Q)/D+1. r.11,e "I -
IlOOTOJJHHa.R, a - Cj. = f:l,'(Q).Ho B T8KOM B.P111,e STa cii.YHKUFl.R MOllteT 6b1T& BKJID'le

Ha :e R , nosTOMY :n;an&me MOlKHO C'lHT8T& B=< 0. YpaEHeH>!e (4.I.14) np.llIH.H

MaeT BH11, 

{ QR~ [ (t:R)t;l -r::R} = O. 
Ri;i; Rsi. ]t; i; 

TpaHH'lHOe YCIIOBHe (4.l.7) :n;aeT 

[ CC R)i:; ] _ Ri;>; = O, z:; = 1 • 
RR ~ Rn 

TaK KaR Tenep& 

pc:oi ""R(Q,1)/D, 

(4.I.I6) 

(4. I. 17) 

(4.I.!8) 
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Il01lOT8HOEKa aToro E!ipalKBIDlR E (4.I.IO) IIPKEO;IUIT K YOIIOEHID ~2R,si - R = 0 
npH C,. = I, OTKY1l8 

R= kQ, £; =1, (4.I.I9) 

r;11.e k - HBKOTOpa.R IIOOTORHHa.R. 
HHTerpzpy.R (4.I.!6) IlpH YOJIOE.PI.RX (4.I.I?) H (4.I.I9), nonyqHM 

QR~ [ (<'.;R)~] - z; R = O. (4.I.20) 
R~~ Rsi. ~ 

Ms rpaHHqHliX YOJIOB.Pift (4.I.6) H (4.I.I) 07IB1lYBT 

RI; = O , l; = 1, (4.I.2I) 

( Rn/R)~ = 0, C =O. (4.I.22) 

TaKHM o6pa30M' onpe:zteneH.PIB qiy~.PI R( Q l,') H IIOOTO.RHHOi k CBBJIOOL 
K perueH.PIIO ypaEHBH.PI.R (4.I.20) IIp.PI YCIIOE.PIRX (4.I.I9), (4.I.2I) .PI (4.I.2~; 
YCIIOE.PIB (4.I.I?) np.PI aTOM BHIIOJIH.RBTC.R aETOMaT.PiqecK.PI. 3aM0T.PIM, qTo HH
Tepeo Ilp0;11.CT8EruJIDT TOIILKO H0Tp.IU!.PI81ILHH0 pemeH.PI.R' ;l.tlUl KOTOPWC Ri;t; > 0 
(ycToiqHB8.R OTpaTHil>HRaUH.R). Ilo1I8ra.R E ypaBHBH.PIH (4.I.20) c; =I .PI .PIO
TI07IL3Y.R ycnoEHe (4. I. 19), nonyqHM oooTHomeH.Pie 2k R-c; -(Rt,+ kQ) Rni;=Onp.PI 
4 = I, KOTopoe npe:ztOT8B7IR'0T 06!iKHOB0HHOe ;11..PiqxpepeHUH87ILHOB ypaEHBH.Pie 
OTHOCHT01ILHO R~(Q,1) H HM00T HHTerpan E.PI1l8 

kQ. /.J-R( + ~-Ri::'::: c • C = 1. (4.I.23) 

OTO OOOTHOIJJBH.PI0 cornacyeTC.R c .Y07IOEH0M (4.I.2I) 1llIIDL npm k = c = 0. 
noaTOMY (4.I.I9) npHH.PIM80T EH;ll. 

(4.I.24). 

IloKaEeM, qTo ypaBHeH.Pie (4.I.20) .PIMeeT aeTpmBmani;ruie pemeim.R, y;zi:,oB
neTBOPRBlllHB YOIIOEH.RM (4.I.2I), (4.I.22) H (4.I.24), T.e. ~pMY1llIPO
BaHHa.R sa;ttaqa .RE7IR'0TO.R M8T0M8THqeoKH OOll.0.PJIST07ILHOi. Boononi;syeMO.R Me
TO:ztOM pas;tteneRru:i nepeMeHHliX .PI 6y;tteM HCKaTL qaaTRHe pemeim.R B.PI:ita R = 
= F(S?.)<F(t'). ITo:itoTaHOBKa E (4.I.20) npHBO:IUIT K ll.EYM o6sKHOEBH!lilM :iuiqxpe

peHUHalILH.YM ypaBHBH.PI.RM 

QF' cp (z:cp') 
-F-: f- ' ~· q;-- -~ =O, 

r;zi:,e J- - nooTO.RHHa.R pas:zteneHH.R. ib.YHRnM F HMeeT BHll F,. A gP , rite 
A - HOES.fl IIPOH3B01ILH8.R IIOOTO.RHHa.R. rpaH.PiqHOB YOIIOE.Pie (4.I.22) Yll0E7I0T
BOPR0TO.R TOE1l00TBBHHO, a .1'13 yOlIOBHii (4.I.2I) 14 (4.I.24) OJie;ttyeT 'P(1)= 
= Cf'' ( 1 )= O.OqeB.Pill,HO, B OHJIY 0;11.Hopo;zi:,HoaT.PI ypaBHeH.PI.R H rpaH.PiqHWC yono
EH~ il>YHKUH.R q:> orrpe:ztelUleTC.R 0 TOqHOCTLID 1l0 llp0.PI3EOJILHOro TIOOTORHHOrO 
MHOEHTBruJ. He .YM87I.R.R 061I1HOCTJll, MOlltHO IIpHH.aTL cp(o) =1. 
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IIepen.1i101i1EaR ypaEHeHMe ll.IIR cp E EHll,e (_J1<-1)'1'"/cp' + )< ( 1 /C - Cf''/ 'P) = O, 
MH aaMeqaeM, qTo H anecb npoHcxonHT paaneneHHa nepeMeHHblX, npHEOllRmee 
K oCSmeMy pemeH1rn 'P = Cd1 + C2411"')"', rne m = 1 I ( 1- JK ). Yno:e neTEOPRR 
l!CeM rpaHH'lHblM YC710l!MRM, nonyqHM <t>(C)=(1-Ci1"')"'. rne m>f' T.e. 
0 </( < 1. 

Co6Mpaa peay11bTaT1i1, aarrzmeM OKOH'laTenbHO 

R =-AQ 1-il"'(1-4 1fm)m, m >1, 

OTKYlla cnenyeT IR~l-ao rrplil z; ... 0, T.e. :eoaMymeHHe rrnoTHOOTlil Heorpa
HH'leHHO EOapaoTaeT 0 Ilpi!67IMZeHJileM K ITOEepXHOOTH; E 'l0M Ji! OOOTOHT "He
<Pma.i!qHOOTb" ITOOTpOeHHOro pemeHJil.R. 

F.c7IM ll,OITYCTHT& oymeoTEOEafil'Je ll,pyrHX pemeHHI ypa:EH0H.i!.R (4.I.20) 0 
orpaHi!'lBHHblMH rrpoHaEOll,HblMlil, TO HHTepeOHO YCTBHOEl'!T& COOTEBTOTEYIOIIU'IB 
OlIBll,CTB.i!.R. 

Ha (4.I.18) H (4.I.24) HBXOll,l'!M p(Dl= 0, a Ha (4.I.9) ll07IY'l80M B 9TOM 
onyqae za:eeoTHYKJ rpOIJMY7IY II.C.JlHKemKa ll.1IR no:eepxHoOTHoro na:e11eHRR 4:1.IB
:eeneHHoro ypoEH.R) [4'Q] 

D 

p(o) = ~"' - J pdz. (4.I.25) 
0 

TaKHM oopaaoM, HC'leaHoEeHHe EES rrpHEOll.i!T K oopameH.i!KJ :s ayn& npmnoa
aoro na:eneHM.R .1i1 nenaeT crrpa:eell,nHEol ~opMyny (4.I.25). B 'lHCTa aoaan&
aol aanaqe EEO :ecerna pa:eeH HYnKJ, H, cneno:eaTen&Ho, no:eepxaocTaoe na:s
neaze orrpene1IReTc.R rpopt.tynoi (4.I.25); eTOT rpaKT 6an yoTaHo:snea :s paoo
Te /63/. 

0TMBTHM eme Oll,HH HHTepecHbll peayn&TBT, KOTOpHI cnell,YBT ma YP8BH9fil'l.R 
(4.I.20) Illlf c = o. llMeeM 2R17Rg,-RR51.r;=O, ~=O, OTKY:n;a HHTerpHpO
l!BHHeM nerKo HBXOll.HM cooTaomeaze mi Ri; + R2 = D, 4 = D , rll.e m - HeKo
TOp:l.R nono~Ten&Ha.R ITOCTO.RHHa.R. Il07IY'lBHHbll peayn&TST MOZHO rrepenHOST& 
E ~.PMe p<01 = m~-_p<01 '. JIIIR :n;aHHaro Knacca pemefil'll aTa rpopMyna :n;aeT rrpoo
Toe BHpazefil'Je ll,IIR npHl!Bll,eHHOro YPOBH.R qepea EOaMymeHHe nnOTHOOTH Ha 
ITOl!9pXHOCTH. 

3 a ll, a q a 2. Ha.Y'JHM Terrep& EOllpOO 0 cy111ecTBOl!BHHH TBKHX pacnpell,e-
7IBHEI ll7IOTHOCTH, npH KOTOpblX E cnyqae npo.1i1a:eon&Horo pen&erpa ll,Ha E ypa:s
H9HHH (4.I.13) TOZll.0CTBBHHO JilC'l9aaeT CoEHP, T.e. J(D, n):O. Ha nocnell,
Hero ypaEHBFU!.R cnenyeT 

p = Q(D,z) + B(x,y). 

IloncTaEIIR.R 3TO OOOTH0lll0HH0 B (4.I.5), Il07IY'lHM 

QJ(D,B)( Qz.1>) + J(Q,B) +QD:O. 
J{Q,D) Ou z J(Q ,D) 

(4.I.26) 

(4.I.27) 

HOHO, qTo 00ll,9pll!BllU!0 .RK00Ji18HH KOa<pqJHW!0HTH ll,01IlltHH aal!li!C9T& T07I&KO OT 

D: QJ(D,B) =cx(D) J(g,B) = 6(D). (4.I.28) 
J( ~.D) ' J(Q.,D) 
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Ha EToporo COOTHOIDBHHR cnenyeT 

B == M(D) + N (Q), (4.I.29) 

r;a.e M H N - npo.lilaE07IbHHe <iJYHKUl!H CEOHX apr.yMeHTOE, npHtJeM Terrepb 
6=-M'(D) H MOJKHO ctJnaT& M::O. IIoncTaEJI.RR (4.1.29) :a rrep:aoe Ha co
OTHomeH.lilli (4.1.28), II07I.YtJHM -SilN'(Q)= Cl(D), OTKYlm C TO'tJHOCTblO ;a.o 
HecymecTEBHHOH a:nlU'ITHEHOH IIOCTORHHOH 

B =-a en Q , a= const. (4. I.30) 

Ha (4.1.26), (4.1.27) H (4.1.30) Tenepb cne~eT 

p = Q ( D, z) - a en Q. , (4.I.31) 

r;lle Q y;a,OEneTEOPf!eT ypaEHBH.lilJO 

a ( Ozn) + QD = 0. (4.I.32) 
Ozz z 

IlpH a= 0 Ha (4.I.31) H (4.I.32) II07I.Y'la0M p = Q(z ), 'tJTO COOTEeTCT
ByeT COCTORHHIO IIOKOR; IIpH a:# 0 <ti.YHKUl!R Q(D ,z) npe;a.cTaBJI.ReT rronpaEKY 
K tJHCTO aoaa n&HOMY ~HJKeHHJO co cxopocT&JO u = a Q y / Q 2. 

CWC>IJMYlmPYeM rpaHlil'lHlie .l/CIIOI!.lilJJ AJI.IJ ypaEH0HH.R (4. 1.32). Ha (4.I.l). 
(4.1.6) H (4.1.7) cne~eT 

QzD = 0, Z = Q, 

Uz.= 0, z=D, 

Gzz. + QzD = D , Z = D 

(aaM0THM, tJTO (4.1.35) .REJI.R0TCR one;a.cTEHeM (4.1.34)). 

(4.I.33) 

(4.1.34) 

(4.1.35) 

IlocTpoeHl'!e aeTpHBHalI&Horo pemeHHR ypaEHeHM (4.1.32) rrpH yonoBHRX 
(4.I.33) H (4.I.34) ilpe;a.oTaEJI.ReT lilHTepec 0 TO'tJR.lil apenIDJ YOTaHOEIIeHH.R 
E0PT.lilKa7IbHOH OTPYKTYp!il IIOIDi IIIIOTHOCT.lil. ~lIR HaO 6onee EalltH.blM .REJI.ReTC.R 
ElipaEeHHliH YOIIOEHeM (4.I.33) {paKT IIOOTO.RHOTEa IIIIOTHOCTH Ha IIOE0PXHOCT.lil. 
B CSMOM :nene, M3 3Toro COOTHOllleHH.R CIIBllYeT pC01 = const. IlO:KalK0M, 'tJTO 
IIOOTO.RRHa.R TOEnecTE0HHO paBRa RYIIJO. 

HHTerpklpy.R (4.I.32) IIO z OT 0 no D H YtJ.lilTliBa.R rpaR.liltJHlie YOIIOE.lil.R 
(4.I.33) .lil (4.1.35), IIOIIY'tJHM COOTHOme!U'le j"°aDdz-a=O. KOTOpoe ;a.ou-

0 
HO 6HTb no rrpennonoJKeHHIO orrpa:ae;a.7IJilEliM npH 7Iro6wc D • HO 3TO E OEOIO 
oqepe:n& oaaatJaeT Q =- a'P(t;), C = z/D. TaK KaK Tenepr, Oz= acp/D H Ozv"' 
a:o-(cp'+i:;cp'')/D 2 • H3 YCIIOEH.R (4.I.33) cne~eT 'P'(O)=O, HO Terna 
p'01 = 'P'lO)/D ::. 0' tJTO 3KEHEa7IeHTHO H0YOTOatJHEOCTPI CTpaTH<iJ.lilKaUJilH. 

CyMMHPY.R nonytJeHHHe peayn&TaTli, MOERO YTEepJKnaTb, 'tJTO E MaOlIITa6ax 
oxea HJilqecKOH IDIPKY lIRUIDl C3EIIIP rrpa KTHtJ eoKH "HBHCTpe6HM"; E 6a pOKJilllHHOM 
OKeaHe OH MOlKBT HO'ieaayTb 11.lillllb E aepea7IbHHX C7IytJa.Rx ropHaOHTa7IbHOro 
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l'.l.Ha .l'lnH rop.l'l30RT01IhHOH 07.tHOPOl'.l.HOCT.l'l IllIOTHOCT.l'l Ra noBepxHOCT.l'l, np.l'l'leM 
np.l'l H6YCTO~.l'JBOI CTp0T.l'lil!.l'JKaIJ,l'l.l'l no BepT.l'lKanH. 

3 a It a q a 3. 06paT.l'JMCR' HaKOHeu, K cnyqa10, KOrzta B ypaBHeH.l'l.l'l ,zt7Ill' 

noBepxHOCTHOro .ztaBneH.l'lR (4.I.II) .l'lc-iesaeT CYMMapHoe nelicTB.l'le BB3 z 

C3Bl1P. JlerKO IIOKa30Tb crrpaBennHBOCTb paBeHCTBa J( 1/Q 'n) - I( D/~ , I()= 

= J11 J( (D-z)/S'2 ,p)dz. Tpe6yR, qTo6u aToT .l'lHTerpa n o6pall!8 no.R B HY nh npz 
0 

npOI43BOIIhHOM D ' IIOJIVq.l'JM J((D-z)/Q,p)== 0, OTKVzta c yqeTOM (I.4.37) 

HaX0.7.t.PJM p=- Qf((D-z)/Q)+ B(x,y), rne F .l'l B - rrpozsBOJihime rVYHKr.itrn 

CEO.l'JX apr.VM6HTOB. HerrocpeztCTB6HHOH rrpo:eepKOH MOlKHO .Y66ll,.l'JThC.R' qTQ 

(4.I.36) yno:eneTEOp.ReT ypaEHBH.l'JIO (4.I.7) .l'l YCIIOB.l'JIO (4.I.35) rrp.l'l rrp0.1'13-

EOIIhHOM D (:x,y). 11T06hl 6hlno EhlIIOJIHeHo (4. I.I), Heo6x07.t.l'JMO rrp.l'lH.RTh F'(O)= o. 
Hs ycno:el'!.R (4.I.6) rronyqaeM B"' - SH(D/Q)+ G(D/Q), rzr.e G - rrpous:eonh

aa.R qiyHRU,111.R CE oero apryMSHTa. TaKl'IM o6pa SOM' OKOH'laTe IIhHO HaXOzt.l'JM 

p = ~H ( D ~ z )- Q F ( ~ ) + G ( ~ ) . ( 4. I. 36) 

He yMa7Ill'.R 06tUHOCTl'I, MOlKHO cqJ.IT0Th F(O),= 0. CornacHo (I.4.37) pac

rrpeneneHlle IIIIOTHOCT.l'l .l'JM66T B.l'J,zt 

( D-z) p=-F' Q. (4.I.37) 

IlpH ycnoBH.l'l ycToliq.1-rnoli cTpaTllqi.l'lKaIJ.l'l.l'l ;n.ODHO OhlTh F" > 0, HO TaK 

KBR F(O)= F'(O)=O, TO F'("~.):>O, FCO>O. Ms (4.I.37) cne;n.yeT,'ITO 

Ha IIOBepxHOCT.l'l 

(4.I.38) 

T.e • .l'l30II.l'JKH.l'l'l6CKee JI.l'JH.l'l.l'l co:erra;n.aIOT c J.130JI.l'JHJ.l.RM.l'l rrnaHeTapHO-TOIIOrpaqi.l'l

tieCKOH Q)YHKW!.l'l DI Q. • F.c m1 I V (DI Q) I H.l'l :e O.ztHOli TO'!Ke He 06pa111a eTc.R :e 
HYIIh, TO E COOTBeTCTB.l'l.l'l c (4.I.38) rop.l'l30HTaJihHOe pacrrpe11,eneHlle IllIOT

HOOT.l'l Ha rro:eepxHOOTJ.I llM66T MOHOTORHhlH xapaKTep. KaK IIOKa3hlE06T (4.I.37), 

H30II.l'JKffi'lqeo:itee IIOEepxHOCT.l'l p = const H0KJIOH6Hhl E OTOPOHY aKBaTOpa. 

Harrp.l'lMep, E T.l'lXOM OKeaHe KaqecTBSHHO TaK.VIO C.l'JT.Y0l.l.l'JIO Mhl Ha6moztaeM E 

paioHax K oe:eepy OT 25-3000.rn • .l'l K 10ry OT 300 10.rn. /J]. B.l'lll. qiYHRU,111.l'l F 
6yzteT orrpeneneH, eolI.l'l sanaTh oornaoo:eaaHoe c saKOHOM (4.I.37) paorrpe

:n.eneiwe IIIIOTHOCT.l'l Ha IIOBepxHOCT.l'l .l'l Ha ,ztalihHei OT aKBaTopa OOKOBOH KBa-

3H30HalihHOli OTSHKe. 3TOT qiaKT H0BOll,.l'JT Ha MhlCIIb 0 TOM, qTo qiOJloA.l'lpOBaH.l'le 

oxeaHHqeoKoro TBpMOKIIHRa o6ycnOBneHo npoueccaMH, npozoxozt.R!llHM.l'l :s no

:eepxaooTHOM onoe .l'l :s cy6no1IRpfWx :eo.ztax. 

BhltiHCJI.l'JM J.IHTerpaJihHYIO qiYHRU,11110 TOKa. ]13 OOOTHOlliSH.l'JH (4.I.I2) HaXOzt.l'JM 

dlfl"= (Ddpc0>+d.n)/U . TaR RaK oornaoHo (4.I.8) n== U2 t' 12 F(~)d~, no-
o 

nyqaeM do/= (D/Q)G'(D/Q)d(D/Q)+ d(QM(D/m), rne o603Ha'l6HO M(') = 

:= 2J~ F('~)d~- { F(~). BEO,zt.R e111e 07.tH.Y qiyHRU,llllO 0 IlOMOl!lhlO COOTHOil!S!rn.R cp'(V= 
= ~G'(~). OKOHqaTSIIhHO IIOIIY'l.l'JM 0 TOqHOCTb~ 71,0 aeoymeoTESHHOH a,ztlJ,.l'JT.l'JE

HOH IlOOTO.RHHOH 

¥= QM(D/Q)+.g:>(D/Q). (4.I.39) 

167 



WyHiazyIIO cp E (4.I.39) MOlltHO onpeneJIHTh, paccMaTpHE8R 6esrpaaBqHI:lA 
oKeaa c sanaa!lliM pacnpeneneaBeM noneoro noTOKa aa 6ecKoaeqaocTB 
(:r .. :!: 00). rne D=-Do=const. IlpHMBM n71R IlpOCTOT.bl Q = 1+J.>y M IlYCTh 
E HBEOSMYU!BHHOM 30H8IlhHOM Ha6erafOUIBM IlOTOKe "4'"='4'"o(y)' npzqeM o/~(y) 
HB MeHReT seaKa. Torna Ha 6ecKOHB'IHOCTl'I (4.I.39) npHEOnl'IT K !PYHKUHO
aan&HOMY ypaEHBHHIO o/o(y)= QM(Do/Q)+ q>(Do/Q), pemeHPJB KOTOporo 
HMeeT Elin cp( 0 = o/0 [ (Do/\- i) I J.> ] - D0 M (0 /V. TaKl'IM o6pa SOM, 

o/ = '4'o(yJ+ Q(1-Do/D){ M(D/Q) + o/0 [(D0~ [~--~:~ro[CQ-t)/foJJ, (4.I.40) 

rne ETopoe crraraeMoe cnpaEa npencTaEJIIJBT EOSMYIUBIDIB !PYHKtUIH nomwx no
TOROE, C03n8E88M08 HBPOEHOCTRMH naa. 

Hcno11hsYR CER3h Melltny q> H G , HMBBM 

G (~) = CJ''(T)/{ = (2Do/Y 5)( f Fdj-F) + (Do/{)F' -(Do/f>T3 )'f'~ [ (Do/f-1 J /ft J, 
0 

OTKSna HHTerpMpOE8HHBM no 'IaCTRM nonyqaeM 

Gl~)=(D0 /~2)(~F -I F(T)df)-(Do/fa)lo/~ [(Dofti-1)/ft] ~; · 

Go6HpaR pesyn&TSTH, 38Il.lfWBM OKOHqaTBJihHO EHpalltBHHB n71R naEnBHKR 

OTKJ'na, E qacTHOCTl'I, Ha 6eCROH8qHOCTH HMBBM 

IlpRJ'IBM CKOpOCTh Ha6eraromero IlOTOKa 

U(y,i.)=-~=- _ .!_ 'f'~(y)+ J>f 1. J/~(~)df +..!_ [ Do-z f'(Do-z)-F(Do-z)- F( Do)]}. 
Q Do Do D 2 ~ Q n Q 

BTopoe crraraeMoe E nocnenaeM cooTeomeruiz onpeneJI1JeT aexoTopoe C1l.ERro
Eoe TeqeHHe c ayneEHM noJIHHM noTOKOM. 

IlonyqeHHHB !POPMYnH MOlltHO HCilOilLSOESTL n71R 8HanH38 pasmqHWC Mone11&

HHX sanaq 0 1l.EHllt8IDl.l'I CTpaT.l'l!f!HUHPOBSHHOI unKOCTH ean HBPEOHHM naoM. 
PacCMOTp.l'IM 1!,Ea npOCTHX npHMBpa. 

IlyCTL caa-qana '+'"o= 0. 'liTO COOTEBTCTEYBT q.l'lcTO TBJNOX8nHHHOil UBPKS-
71RUBH. ~OPMY1IH (4.I.40) H (4.I.41) ynpOlJlSIOTCR: 

'¥"= ~(1- ~0)M(~), (4.I.42) 

p = n [ F ( D~ z)- F( ~ )(1- ~0))- D;~2 r~(T)dT. (4.I.43) 
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Jl7IR no:eepXHOCTHOro H npHllOHHoro ztaE1IBHi'l.R COOTEBTCTEBHHO HM99M: 

( D ) D0 !i2 ( D ) Do 522 1>/n 
p<ol=B a =-D F n --D2 Jo F(~)d~. a• aL (4.I.44) 

pCt>)= - Q (1- DDo) F( ~ )- DD0~2 jonF(~)df. 
a~ ( 4. I.45) 

IlpH l > 0 nerKo YOTaHaE7ll'l:eamcSJ cnezt.Vlll!IINIB cBo!cTEa ifJYHRUH! M H B : 
M"- 0, M '~ 0, M" "'- 0 H B > 0 , B' > 0. Tenep1> KBTPYllHO noeyqn1> 

npeztoTaBneaHe o RaqecT:eeKHOM xapaKTepe Teqeaa!. 

TaK !UlK M.c:O Hs (4.I.42) oneztyeT, qTo Hall KOT1IOBHKoo6pasliliM 

ztKOM (D,. D0 ) pasBHBaeTcSJ Ul!K1IOJD!qecRa.a HHTerpan1>11a.a llHPKYJIIUli'l.R. Ha
o6opoT, eonH :ltHO npeztcTaBMBT IlO:ltBOlUfYll BOSBHWBHHOCTI> ('D <.Do) llHPKY

llffW!l.R BM99T aHTHUl!KllOH.lfqecRHI XSpilKTep. B cnyqae ropzsOHTan1>aoro 1.lHa 
(D =Do) HHTerpanl>HaS! Ul!PKYMUH.R HcqesaeT; B 8TCN OMHOne T9J:NOXS7ll'IH

HH9 Teqeaz.a npeztCTaB1IS!llT "BHYTpeHHllll" cpopMy ZlB.l!lltBH.lfS! f67]. c llOMOm1>11 

(4.I.42} MOEHO 1IORasaTI>, qTo Ha RallnOM yqaoTKe c ropBsOHT81Il>Hl:lM ztHOM 

HM99M qHQTO SOHalll>HOe BHTerpanl>HOe 1tl!Bllt9HBe, Hallpi!Bneaaoe Ha sanazt, 

ecJIJI D > Do B Ha BOCTOK - eonz D <. ])0 • B paocMOTpeHHOM npBMepe OT

oyTcT:eyeT sanaztHaSJ BHTBHCH{flBRaW!l.R TeqeffHH sa cqeT 6eTa-aqxpeKTa; 8TO -

pesyn1>T8T CDBU.lf01ll>HOro npHcnoco6neKB.R 1I01IS! nnOTHOCTH. KaK BHllHO HS 

(4.I.42}. BHTBHCH{flHKaUH.R y nll6oro KPYTOro CK1IOH8 MOEBT HMBTI> MBCTO 

6naro:.apSJ oco6eHHOOT.RM pen1>eqe. 

IIoBezteaze noBepxaooTHYX Teqemd! on.11cYBaeT <liYHKU.lf.R pCo>. Hs (4.I.44} 
cnexyeT, qTo no:eepxHOCTH!i9 rpaztHBHTH TeqeH.H.R Ha1Ipill!II91W Ell01ll> .lfSOlll'IHHI 

nnaHeTapBO-Tonorpacp.11qecKo! <liYHKU.lf.K D/52. TaK KBR B' > 0, Zll!H&eWte 

Ha1IpaB1l9HO BJI9l!O no OTHOWBHHll K HanpaBneH.lfll l!03p:ICT8Hi'l.R aTO! <liYH~H. 

KapTBHli 1IOl!epxHOCTHliX rpa;iuaeHTHHX TeqeHH! H HHTerpaJil>HOI UHPKYMtlBB 

cymecT:eeHHO OTJIHqalJTC.R ztpyr OT ztpyra. Oco6eHHO S!PKO aTO BHztHO :e OKeaHe 

c ropHsOHTalil>HliM llliOM, KOrzta '41"= a. B nocneztHBM 011.Y"iae q.(IJQTO SOHal!D

HOro ;IU!Hllt9HJIJ.R Mli cp:isy npHXOZU!M K l!liBOZlY 0 Ha 11.lf't!H.lf H81IpilB119HHliX Ha sa

nazt rey6HHHHX TB"iBHHI, 'qTQ MOlltHO HenocpeztCTBBH!iO nony't!HTI> BS (4.I.45} 
np.11 D = D0 • 

HHTepeoao ycTaHOEHTI> YCIIOBHR, npH KOTOPHX no:eepXHOOTH08 ;ll.aB118HJIJ9 

6yzteT 1IOCTO.RHHHM, qTo 8Kl!HB8119HTHO HQ'q8SHOB8HHll no:eepxHOOTH!iX rp:i,ll,H

eHTHliX TB't!BHHI. Ilonara.a :e ( 4. I.44) p(O) = p* = cons t ' noeyqJaM TOQBCT

EeHHO p*~2/Do=P(f)-JfF(~)dT' OTKYzta uqxpepeffWipOBaHHBM HaXOllHM 

F'(O= 2p*/D0 • 3To os0aaqaeT oztaopoztaocT1> no7I.ff nnoTHOCTH, T.e. 6apo
TponHocT1> cpeztH-. Ta:rwM o6pasOM, B saMKHYTOM oxeaae c npoHsB0111>HliM pe111>

ecpoM llHa nkl6a.a HBOllHOPOZlHOCTI> Il01IS! lllIOTHOCTH, BepTHKa1ll>HB.R H1111 ropHsoa

T81Il>Ha1J. :ecerzta EliSHEaeT no:eepxHOCTHHB rp:iueHTH!i9 Te't!eHM. 

Tenep1> paCCMOTpHM ztpyrol npHMep, KOrzta l! H9B03MymeHHOM 30Ha1ll>HOM 
aa6era11meM noToKe '4'0 =-1J0 ] 0 y, rzte V 0 - cpeztH.R.R no rn.y6HHe cKopocT:&. 

OrpaHH~HMCS! aHalIHSOM BHTerpanl>HO! ~YHKUHH TOKa (4.I.40}, KOTOpa.R Te

nep1> npHHHMaeT BHll 

'4' =-Vo D0 y + ~( 1-Do/D)( M (D/~) + 1fo1>o/.fJ]. (4.I.46} 
12 3a1< 324 
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TaK KaK M .c. 0' TO E aarran;HOM IlOTOKe (Vo"' 0) Ha;ll E03BHWeHHOOTDIO 

:eoer;zi:a B03HHKaeT aHTH!UIK)lOHHqecKoe E03MYll!eHHe HHTerpa7IbHOH UMPKYJIBUl'IH, 
a aa;zi: K0T)l0EHHOH - lJ,HK)lOH.eqecKoe. B EOCTOqHOM IlOTOKe OHTYaIJ;WI 6onee 

c 7IOlltHaSl'. Il.yCTb 1 min= min (D/Q) H 1 men.= max (D/Sl) E 067IaOTH E03EH!lleH

HOOTH. EcJm M({mi~).,-U0 D0 /j> (cKopocTb ;z(OcTaToqHo :eenmta), TO xaqeoT

:eeHHhlil xapaKTEp peaKwrn HHTerpa 7IbHOH UMPKYlIRUl'lH Ta KOH lite. KaK H E sa

naii;HOM noTOKe. Ec7IH M l~ma~)-' - V0 D0 / jJ, HMeeT MeCTO o6paTHaSl' KaPTHHa, 

KOrlta Ha;zi: E03EblWel:!HOCTb!D E03HHK88T U,HKJIOHH'J8CKaSl' HHTerpanbHaSl' Ul'IPKYJia

Ul!Sl' E none B03MYll!BHHA. Ha:ttoHeu, rrpH N(~max.)"--1J0D0 /.f.>0 .c. M (~ mi. 11 ) 

CTPYKTypa E03MY11!8HM l:!OOHT CMBIDal:!HHA xapaKT8p. 

HHTepecao oTMeTHT&, qTo npa v0 .... 0 EhlpalKeHHe (4.I.46) ~eT HBKOTO

poe OCTaTOqHoe T81:J8HHe, o6gsaHHOe CEOHM npo.ecxollt;lleHHeM TOJibKO pen&e(py 

;llHa H ITJIOTHOOTHOli CTpetTH({JHKaUHH. 

Bhlme c llOMOll!blO Ebll!;87IeHHblX K7IBOOOE TO'JH.blX peweHHH 6blJm paCCMOTpel:!hl 

pasJmqHble CJIY'JSH E30HMHOro np.eonoco6neHKR Teqea.ea H Il01I!i ITJIOTHOCTH K 

npo.es:eon&HOMY pen&e~y ii;aa oxeaaa. CyMMHPYBM nonyqeHl:!hle pesyn&TaTH: 

I) E cn.yqae Hcqesao:eeHHR EB3 H E03M.YntBH£'1Sl' ITJIOTHOOTH Ha ;zi:He no:eepx

HOCTHOe n:a:enea.ee onpeii;eJIBeTcR ({JopMynoH (4.I.24), ROTOpaR sa:ee;zi:oMo :eep

Ha B o6nacTRX c q.ecTO 30Ha7Ibl:!hlMH xapaKTBpHOTHKaMH 6apOK7IHHHOOTH H 

pen&$ :n;Ha; 

2) E pean&HOM OReaHe c HepOEHhlM }.(HOM H ropH30HT07IbHOH H80ll;HOPOll:

HOCTb!O ll7IOTHOCTH Ha no:eepXHOCTH C3EHP :eoer~ 0T7IH'J8H OT HYJI.fl .e, cne;zi:o

EaTe 7IbHO' Bbl3llllaBT HHTerpa )lbHYD Ul'IPKY 1IliUHD TepMOxa IDIHHOA rrpHpOl(bl; 

3) 6apOK7lliHHOOTb OKeaaa npe;zi:oTaE1I!i8T ;llOOTaTO'JHOB ycno:e.ee B03HHKHO

EeHHSl' IlOEBPXHOCTHblX rpa;zi:.eeHTHhlX TB'JeHHA; 

4) EO :ecex paOCMOTpeHHHX cnyqagx KapTHl:!hl HHTerpaJibHOH UHPR.YJIBUMH .l'l 

rro:eepxHOCTHHX rpa;zi:.eeHTHblX TeqeHHH np.eHUHrmanbHO OTIDJqaJOTCSl' ;zi:pyr OT 

;zi:pyra. 

TaKHM o6pa30M, Ealltl:!0Sl' pOJib OOEMBCTHOro aqi:peKTa 6apOK7IHHHOOTH .e 

Jl8Jibe({Ja :n;Ha E KP.YITHOMaCWTa6HOM Ul'lKnoreHese He Ebl3b1EaeT COMHBHHA. 

4.2. HeKOTOphle aCHMITTOTH'JecKHe pemeHHR 

Ilpa:ee;zi:eHHblB E npe;llblltYnteM rraparpa({Je llOOTpOBHHSl' 6bl7IH Eb1Il07IlleHH npH 

;ll0llOJIHHT8JibHOM npe;zi:nonollteHHH 06 HcqesHOEeHHH C3EHP, EE3 H)l£'1 HBKOTopoli 

HJC KOM6HHaUHH. ffiillltB pa3BHBa eTOR SCHMIITOTH'JBCKHH MBTOlt pelllBHH.R. c:eo6o:zi;

HHI -,T YKS3aHH.blX orpaHH'JeHHli f.2Zl. 
II :pettlteM K HOEblM HesaEHOHMblM nepeMBHHblM 0 IlOMOll!bKl OOOTHOll!eHHii 

"(=- en'D(:x,y), ~= fnst(y), z;; .. z/D(x,y). (4.2.I) 

B mo6oa o6nacTH, r;z(e D.x.-:/; a' .RK06HH ac~.'1.z;)/a(x,y,z.) = Dx Qy /QD 2 

OTi'lli'Jeff OT HY1Ili. Pl ll03TOMY snecb npeo6paso:eaHH8 .flB1I!ieTO.R :esaPIMHO O;llH0-

3Ha'JHblilf" Ii no11e ME JIBIDIJ-l MOlKHO npe,llCTaBHTb B BI4ll,8 

p= Q(~,'l.7.f,i). (4.2.2) 
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MH 6yneM oTpOPITb peweaH.R YR.aaaaaoro K1I.aooa, rrpennonara.a, '!TO OH.ii Eepahl 

nll.R n106oro peni:,e<pa naa. 

BEeneM :aonoMoraTeni:,ay10 cpymu.urn 

i; 

5 = f ( Ql- z; Gi;) di;, (4.2.3) 
0 

ynoE7I0TEOIJRIO!ll.YIO 0"!0EHnHOMY ycnomrn 

5 = 0 ' z; = 0 . (4.2.4) 

Hs COOTHOll!0HHI (I.4.24) - (I.4.26) HMeeM 

o- = Si; D~ I D n , 

p = Oi;/D. 

(4.2.5) 

(4.2.6) 

(4.2.7) 

TaK KaK ropHaOHT01Ibaa.a uEepreawm cKopooTH U.:x.+ O-y = - "°Sly/'2=-~yD,x~/~ 
HHTerpzpy.a (I.4.27) no EepTHKallil npH YCIIOEPIH (I.4.29) Pl Yt!HThlEa.a 

(4.2.4), rronyqHM 

ut=Dx~yS/f.?2 • (4.2.8) 

Hs (4.2.5) - (4.2.8) cnenyeT, '!TO n1l.R paccMaTpHEaeMoro Knacca peme

HHI aa noooM Y"ISCTKe c aoaa1IbHhlM peni:,ecpoM naa (Dx: 0) Te"!eHHe TaIDKe 

REM9TCR "IHCTO 30Ha1IbHhlM (I>"= W = 0 ). 
IToncTSHOEKa Ehlpallteazl (4.2.5) - (4.2.8) E (I.4.28) c Y"IBTOM OOOTHO

meHHI (4.2.3) naeT 

Gr;t = a('~,it) l. (G ,S), 

rne cx(t~) = D.:x.'2y/DG2, 

Hs (I.4.29) .ii (I.4.30) II01IY"l8BM rpaH.il"IHblB YC1IOEHB 

S=-G11., l;=1, 

a.., = o , 'If = 1. 

(4.2.9) 

(4.2.IO) 

(4.2.II) 

TaKHM o6pa30M, sana"la CE02U'ITCB K IIOCTpOeHHIO pemeHH~ CHCT0Mhl ypaEHe

HHI (4.2.3) ii (4.2.9) npz YCIIOEHRX (4.2.4), (4.2.IO) Pl (4.2.II) • .Pas.y

MBBTC.a' 9Tl'I COOTHOIDBH.il.fJ eme He rapa HTHP.YIOT enHHCTE0HHOCTb pellieHH.fJ; no

IIOlIHPJTe 1IbHhl9 YClIOEPl.fJ 6yn.YT YCTSHOE 7IBHbl H.illKB. 

~OPM.Y7lli (4.2.5) Pl (4.2.6) Il03E01l.RIOT IlOH.RTb pa31I1tl"IH.YIO TOnorpacpHt!BO

KYIO peaKUMIO reocTpocpzqecRoro CTpaTH<{l.i!UPIPOESHHOro IlOTOKa E SSEHCPIMOCTPI 

OT ero aanpaE nemm. Ma O'l'PYKTYPhl 3THX EhlpalKBHPI~ cnenyeT' lJTO ropP!30H

T81IbHOe n:ezlltBHPIB CKl!BnhlESBTC.fJ PIS nEYX KOMIIOHBHT: TipOTIOPUPIOH07IbHOrO 

~y=-.f.> II1I.aHBTapaoro 30HallbHOrO n:eHem1.a.H rrponopUMOH87IbHOrO H0K7IOH.Y 
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ZJ,Ha rorrorpaqiviqec:irnro zurnJK8H.l'l.fl EZJ.01Ib .l'l306ar, rrpl'lqeM rrocnezr,Hee rrpl11 Si;> O 
.flE1I.fl8TC.fl Ul'JK1IOH.l'l'18CKJ1.IM Ha'D, E03Eblll!8HHOCT.flMH H aHTHUl'lK1IOHH'18CKl'JM Hall, KO'l"

JIOEHHaMltl. Ilpl'l cMeHe a Ha Ka Si; aarrpaE neH.l'le rorrorpacIJ.l'l11ecKoro 'l1.E.l'llKeHH.fl M&

H.fl8TC.fl Ha IIpOTHEOIT01IOlKHOe. IIpezr,II01IOllWM, 'ITO s l'l Q CYTb MOHOTOHHble 

cVYHKUHLI Ecex cEol'lx apryMeHTOE. Torzr,a ZJ,1I.fl sarra'D,Horo aa6eralO!llero noToRa 

Q'l.>O .111 6Jiarozr,a.P.fl (4.2.IO) LI (4.2.4) Mb! J11MeeM Si;< 0, T.e. Tonorpa

qiz11ecKoe 'l1,El'lJK8H.lll8 Hall, B03Ebllll8HHOCTblO 6,YZl,ST aHTl'lULIK1IOHl'l'18CKJ1.IM E COOT

E8TCT:EHHI c EHEOZl,0Ml'l KEasueocTpo<p.11111ecRoltl TeopLILI. TaK RaK npl'l aTOM S<O, 
E8pTl'lK01IbHbl8 ll,El'llK8HLl.fl Ha HaEeTp8HHOH CTOpOHe (D:x > 0) - EOCXOZJ..flll\HB, a 

Ha IIOZl,E8Tp8HHOM (Dx <. 0) - HHCXOZl..flllll!8. B EOCTO'iHOM IlOTOKe Q'l < 0, noa

TOMY Lis (4.2.4) LI (4.2.IO) crreZ1,yeT S> 0 l'l Si;> 0, T,e. To11orpaclJl'l11ec

KOe Zl,El'JJKSH.l'le Hall, E03Ebllll8HHOCTblO 6yzr,eT Ul'JK1IOH.l'l'18CK.l'JM E npOT.l'lEOIT01IOJKHOCTb 

pesyrrbTaTaM KEa 3.l'lreocTpoqi.l'l'18CKOltl TeOp.l'lH' npH'18M C!fOEa HS HSE8Tp8!fHOltl 

CTOpOHe npoHCXOll,.l'lT IIOZl,'.b8M, a Ha IJO'l1,E8Tp8HHOH - OllYCRaHHe. F.cma Si; Me

H.fl8T 3H0K no rny6.1rne' KaPTHHa CT0HOE.l'JTC.fl 6onee 01IOJKHOltl. 

3aMeTHM, 11To E 6apoTporrHoM noTOKe U.;=- 0 , T.e. Q = Q(~, ti, t ). Ho 

TOrZJ.a HS (4.2.9) Up.Pl YC1IOEMX (4.2.4) .l'l (4,2.II) HaXOll..l'lM S -=- Q'l.4, a 

COOTHOlll8HH8 (4.2.3) zr,aeT ypaEH8H.l'l8 01 + Q.._ = 0 c pemeaHeM Q:: Qo(~-r.t ), 
rZJ,e Q0 ( 'I., t.) xapaKTBp.l'lsyeT aa6eral0Ul.l'lli aeB03MYlll8HHHH noTOK. B 11acTHoc

TH, zr,1I.fl soaanbaoro noTORa co cKopocTbro V(t) z np.l'l ycno:e.l'l.I! Qy=J3=const 
HM88M Go(IJ.,t) =-1J(t)e2'1/2jJ, OTK,yZl,8 OKOH'18T81IbHO 

V( t.) V(t) ( S?. )2 
Q =- - exp[2Crt-O] =- - -

2ft 2.fJ D . (4.2.12) 

3TO COOTHOWBHHe, E qacTHOCTH, llORa3blE08T, 'ITO mYH.l'l.flMl'l TORa .flEJlRIOTC.fl 

HS01I.l'lHHH IIJiaHeTapHo-Torrorpacii>111ecKoltl clJYHKUHl'l Q. ID. 
Aarree E 5TOM naparpaqie Mb! 6yZ1,eM paccMaTpHE8Tb T01IbKO CT0UHOHSPHb18 

pemeH.l'l.fl ypa:eHeHH.fl (4.2. 9), npHHHM8lO!llero 6orree rrpocTYIO cpopMY UQ,SJ=O. 
IIpeZl,IJ01IOJIWM, 'ITO OHO Zl,OnycKaeT 8H01I.l'lTHqecK.l'l8 pemeHH.fl, KOTOpb[8 MOJKHO 

npell,cTaEHTb E EHll,8 cTeneHHblX p.ilZl,OE no OTHOlll8Hl'llO K OZl,HOltl .l'l3 H838El'lCl'lM.blX 

rrepeMeHHblX, PaccMOTp.l'lM Tp.l'l COOTE8TCTE.Yl0llll!8 sazr,a'iH c .YC7IOEHblMH H83B8H.l'l.fl

MH " ~ ", " 'l" .l'l " Cf " • 
3 a ZJ, a q a " ~ ". Mll!eM pemeaHe :e E.llll.e 

"" ,, 
Q = L::: Qh ('l.4)' . 

11=0 
IlOZl,CT8E1I.fl.fl 3TO pasnOlK8H.l'le E (4.2.9) l'l (4.2.3), Il07I,Yq.l'JM 

l ( Q 0 , 5 ~) = G h , n = 0, 1 ,. .. 

rne 
; "~ 

s 11 =J[Cn+t)Q 11 +1 -~0 11i;]ctz;, G11 =--L:l(Q 11_,,,,S,.,,). 
o m:O 

rpaH.l'JqHble YC7IOEH.fl (4.2.4), (4.2.10) .l'l (4.2.Il) na~T 

Sh =-0, 4 =O; S,, =-Qh'I., l; = f; 

Q '1°1; = 0 ' z:; :. f . 
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(4.2.13) 

(4.2.14) 

(4.2.15) 

(4.2.16) 

(4.2.I?) 



Ms (4.2.15) cneztye'l' 

1 
Gn+l = ~(S11r; + 40,,i:;). (4.2.18) 

Tenep& a nrop.i!TM Ehl'!.i!C 1IBH.il.R KOaqxp.i!UHBHTOE Q" MOlKHO OII.i!Ca T& c 1IBJlYID

lllHM o6pasOM, SaiuieTCR lflYHKUHR Go('l.,t;), Y1l:OB1IBTEOP.fIKllll8R ycno:eHro Q0 'l:t=O • 
.lI1IR Kalltll,Oro 11 OHa onpen;en;ReT KOS(Wl.i!UHBHTB ypaEHBH.il.R (4.2. 14). npa:aa.R 

qacT& KOToporo saEHCHT MW& OT Go, Qi> ... , Q" • Pewa.R nocneno:eaTen&ao 

ypal3H9HMR (4.2.14) OTHOC.llT91I&HO 5 11 TIP.II YC1IOE.i!J'JX (4.2.16), 38T9M IIO 

tPopMY1I9 (4.2. 18) HaXOJl.i!M Q 11 + i. rpaHM'!HOB .YC1IOEHB (4.2. 17) 6yn;eT IIpH 

a TOM ytto:eneT:eopeao aETOMaTM'iBCKH, ecnH IIPMHRT& Q0 "1; = 0 npz z:; = 1. B ca

MOM ne11e, zs (4.2.9) - (4.2.II) s11eayeT .YCIIOBHe Sz;t;-+ Qi;i;= 0 np1d;=1, 
OTKYJlS nonyqaeM S11i;r;+ Q ni:i; = 0 npz l; = 1. YtiPIThlEas nocnen;aee cooTHowe

H.149 H l!;H(WlepBHUHPYR (4.2.I8) no l;. y6ellll,aeMCJ'J, '!TO YC1IOEHJ'J (4.2.17) 
EHII01IHBHB JllIH ECBX n • 

Tpe60ESHHB a O't ;J:. 0 03Ha'!SBT. '!TO HS 6eCKOH0'!HOCTH. rne IIPBJlII01IS

raeTCR D-.1 .ii IIOTOK CTpBMRITCJ'J K '!HCTO 30Ha1I&HOMy, CKOpOCT& lf=-2y0ori/~~ 
':/= o, T.e. OTCYTCTE.YfOT TSK Ha3hlESBMhlB KPPITRl'!BCKHB OIIOM. TaKHM o6pa30M, 

lJlR paocMSTPPIE8BMOrO Knaoca pemeaMi BOTBCTEBHHhlM Jl0Il01IHHT91I&Hl:lM Kpae

EhlM Y01IOEHBM RE1IRBTOR 

(4.2.19) 

rle qiyflKIUIR Cf>( 'l ,t;) onpe11.e1IReT CTP.YKT.YPY nonei II1IOTHOOTRI H OKOpOCTli 

50HS1I&Horo IIOTORa HS 6eOKOHB'IHOOTH. 

IlpencTaEHM peweaze ypa:eaeaHs (4.2.14) qepes lflYHKUHro rpmua. l]ycT& 

M('l,4) .I'! N('t.,l;)- 'ISCTHHe pemeHH.R OlHOPOll.Horo .YpaBHBHHR (4.2.14), 
.Yll.OE 1IBTEOp.RDil.i10 KpaBEhlM .YOlIOEHRM M (tt, 0) = 0' M ( 11, i) = i; N ( ri. I 0) = 1, 
N(tt,i) = 0. Onpe11:e11HM !l>.Y~HIO rp11aa 

( ') 1 { M(ll,l:;) N('l,t:.'), l:; ~ C'. 
K tt.t;;r; = W('t,t;) M(l1.,~')N(ti_,t;),4~4', 

r:n:e EE0l0HO 0603Ha'IBHM0 JllIR onpe11,elI.l'!TBIIR BpOHCKOrO w(~,t;)= MN~-Mz;N. 
Torla pemeHMe san;aq~ (4.2.14), (4.2.16) sanHweTCR :a :a.11n;e 

• 
5.,(t2;)=-antt('1,1)M('l,4)+ J K(tt,t;;z;') QG,, ('l,7;')dr;'. (4.2.20) 

O O't 

TaK KaK G0 = 0 H3 (4.2.20) c11en;yeT 50 =-Q0'l(V)M('I. ,r;), a (4.2.18) 
ll,SBT 01=l;Ooe-Oott('l,i)Mt';('l,4). 3TH EBpalKBHHR MOlltHO l!IOIIO!Ib30E8T& E 

Ka'!ecT:ee nep:eoro npH6lI.l'lllt0HHR K pemeaHro san;a'!B. He npen;o'l'aE1I.ReT TPYll.S 

EB'IHC110HP!B .ilHTerpa IIl>H.!lX .xapaKTepHOTHK IIOTOKa; aanpMMep, Zl.Jlff HHTerpa 111 .... 

HOi ~YHK!l.T4.il TOKa HMeeM 

(4.2.21) 
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e-'l n 1 
.II <f'n+1C'l)=---1 L:1Qn-m,'1.{'L,f), n~O. 

n + rn=O m. 

3 a 11, a 'l a " It. ". lipe:zr.oTal!BM pemeID1e B BH11.B 

"" " Q. = E QnC'C4)'t. .,:o (4.2.22) 
lIO;ll.OTSHOl!Ka l! (4.2.9) npJ!l!Oll,HT K CHCTeMe ypal!HeHHa 

( 0 11 • 1 /S 0 z; )i:; = G,..1 • n::: 0, f, •.• , (4.2.23) 

rl{e np.11 eoTeCTl!BRHOM orpaHill'lBHHB 50i; '* 0 o6osHa'lBHO 

i:; 

s,. = J(Q"~ -40ni;) dl;. 
0 

I'paHH'lHOB YC7IOl!He (4.2.IO) 11.aeT 

(4.2.24) 

MHTerpmpyR (4.2.23) npH ycnoBHH (4.2.24), nony'lHM pesynbTST E 

KEa11,paTypax 

On.1 ( ~ ,r;) = - So-c: (,,i;) [ J G,..1 dt: + (!:1\l:~V.i)] . (4.2.25) 

IlpH ll.aHHOM llO;ltXOll,e 11.0llOilHHTenbH.l:iM yonOl!HeM, BHll,eIDJIDlllHM 811,J!HCTBeHHOe 

perneHHe, RE1IRBTCR 

(4.2.26) 

Ms (4.2.II) cne:zr,yeT, 'ITO Q0~ = 0 nps 1;:. f ; MOlltHO noKasaTb, 'ITO 

nps 8TOM yonOEHB {4.2.II) 6y11.eT BHll07IHBHO npH nf060M n. 3a11.aB8R ~YHK

UHkl F • MH TBM OSMHM onpe;ll.eIDJeM nnoTHOCTb, B8pTHKa7IbHYll RI Mep.11111,HOHa7Ib

liYll CKOPOCTb Ha WHPOTe' r11,e n = f. YcnOBHB Soi;* 0 08Ba'laeT. 'ITO B 8TCN 

CB'l9HHH MepHlHOH8llbliaR CKOpOCTb imr:zr,e KB MeH.ReT 8HSK8. 

3 a 11, a q a " r: ". IIpsMeM Tenepb 

n=i:a"("(.rt)c~ (4.2.2?> 
ri=O 

11011,oTaBJIRR aTo pasnoa:eirae B (4.2. ~), noc ne aecnolltHHX npeo6pasoBaHHa 

nony'lHM ypal!HBHHe 

J(exp[-(n+i)~+n'1.)Q 11 .. 1, Q0 )=Gn+1•n=0, 1, ... • (4.2.28) 

r11.e 1 0603H8'l8 eT ~YKKUHOHa 7IbH!ia onpe:zr,e 7IHTB lib no nepeMBH!lliM ~ ' ti. H 

e:xpf{n+1)~+ n~] " f(n-m+f){n-m) ] _ 
Gn+1 = L:(Qmt- mQm) 1 Qn-m+1+(n-2m+f)Qn-m+1,~ , n-0, 1, .• • 

n -t f "'sf m + 

174 



HeTpy;n.Ho noKa3aTI>, '!TO 06111ee pemeHvie .vpa:eHemm (4.2.28) VJMeeT :evi11; 

Qn+f =- e:x:pf (n-+ 0,) ~ e-ktt Pn+1,1c (Go), (4.2.29) 

rne Pn+i,n - npoH3EOJI&HHe qi.YHKI.Urn o:eoero apryMeHTa, a 00Tan&mi1e P11 .. 1,k 

npM 0~ kE. n- f onpeZJ;el!RIOTO.R 0 IlOMOII!&IO peI{yppeHTHHX OOOTHOmefl.llii 

n m-1 1 [ (n-m+l}(n-m)J 
Pn+i,k=L:L:; ( l)( k) (k-sXn-2m+f)- 1 p'msPn-m•1k·S• k=O,. .. ,n-1. 

m=f !>=o n+ n- m + ' ' 

BHll. Ci>YHKQH:ia Pn,n-1 YCTaHa:erurnaeTC.R c nOMOIIl&ID Kpae:eHx yano:e.1iit 

(4.2.19) HlllI (4.2.26). B nepBOM G7I.Y'lae :e CHJIY aHalllITH'leCKOro xapaKTepa 

pemeirn.R RIMeeM q>(~.4) = £:: 1j1,,('l.)l;.,. Ms (4.2.27) cnen.yeT 
1'1=0 

Q.,(O,t{) = lfnC'l), n::: O,f, ... , (4.2.30) 

OTRYZJ;a c llOMOIIl&ID (4.2.29) HMeeM 

n-i k .1 
L: e- 'lpnk [Qo(0,'1)1 = lf,,('l). 
k=O 

(4.2.31) 

IIycT& 41~('1.) ;;#: 0 ; 0603Ha"IPIM '!Bpes '1 = lf-'(t) QJYHKUHIO, o6paTHYIO no OTHOll!e

HMIO R t = lfo(Y!.). Terna HS (4.2.31) HSXOZl;MM 

Pl'l,n- 1lt) = exp[(n-i)\l'(t)]lfl'l[l/l(t)]-E exp[(n-k-1)41(t)J Pn,1< (t). 

F.cllB EOCllOII&SOEST&C.R YCIIOBRIBM (4.2.26), To,no11ara.R F(~,4)==,,~Jnln4~ 
HSXOll.HM 

On(tO)=fn(~), n= 0,1,.... (4.2.32) 
~ n-1 

Ms (4.2.29) HaXOZl;MM e11 L; P.,k (Q0(t0))=:fn( 1) , OTKYZJ;a, OKOH'laTell&HO 
k=O 

[ ] -trx.(i) n-2 
Pn,n-i(!)=f., )\_(t) e -~Pn)<.(t), 

rne ~ = x ( i) - o6paTHa.fl no OTHomeaPIID K t =f0 (~) qiyH:KtlVl.ff (npe;n.norrara

eTcs, "ITO f~ (l) io) . 
.ll1IR onpene11eHRl.fl Q0 (l,l'l) Hcno11&syeM rpaHH'IHOB yc11o:eHe (4.2.IO), ROTO

poe c llOMOII!&ID (4.2.27) ZJ;aBT 

~ [a.,'l +(Q"°'- nGn}/(n+1)] = 0. 

Iloll,cTaEJI.R.fl :e 8'1'0 COOTHOWBHHB EHpalKBHVl.R (4.2.29). nonyqHM 

A(~ .'I., Qo) Go~+ B(t '!,Go)Oott. + C(l /l, Go)= 0, (4.2.33) 

r:n.e KoaqiqiHlJ.HBHTH A , B , C qiopMall&Ho EHpalBalOTC.R qepes "npo.11sBoll..Rm.Y1D" 

ilJY HKD,HIO 

L.(~.~ 1 G 0)=~~ e:x:p~~;n~-H] Pti,k(Oo) 
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no ilJO.PMYJiaM A = la0 , B::. Liao'\ , C = L.v1.. YpaEHeHR1e nepEoro nop!l:ZUa3 
(4.2.33) HeOOXO.lU'IMO HHTerpHpOEaT& rrp.11 KpaeEOM yCIIOERrn EHzta (4.2.30) Hmi 

(4.2.32) E 88E.11CHMOCTH OT Toro, KaKOro THna aaztaqy Mb! pewaeM. 

Borrpoc 0 CXOitRIMOCTH p!litOE (4.2.13), (4.2.21) H (4.2.27) E Kalltnoi HS 

paCCMOTpeHHblX aaztaq OCTaeTC.R OTKPHT1™ H Tpe6yeT cne[llilall&HOro HCClleno:aa

H.llR. onHaKO Mb! :acerzta MOllteM 3T.11 paslIOllteH.11.R TpaKTOEaT& RaK 80.liIMilTOTH

qecKHe. 

B 88KlIKJ'ieHHB aaMBTHM, '!TO nlIR pa8E.11T.UX Elilllle 81I!'Op.11TMOE YCIIOEHe 

(4.2.11) He .REIIRBTC.R 06.RaaTell&HaM, IlOCKOll&~y OHO EblllOIIH.ReTC.R aBTOMaTH

qecK.11, ecnH B Ha6eralOUleM IlOTOKe IllIOTHOCT& Ha itHe IlOCTO.RHHa. 

4.3. BnH.RHHe pen&eipa ntta aa reocTpe>qJHqecKMe cTpaTMqJHUHpo:aaaHae 

Te'1BHH.R 

c ToqKH apeHH.R HHTepecyK1111ea HaC npo611eMa 06TeKaHH.R .1180ID!pOBaHHblX 

EOSMYllleHHtt pen&eqs itHa 80Ha1!&HHM Ha 6eCKOHe'iHOCTH IlOTOKOM HaH6011ee Il()lt

xo~mea .RE 11.RBTC.R aazta'<ia "' "' 6011ee neTa ll&HOMY paCCMOTpemrn KOTOpott 

IlOCE.RlllBH HaCTO.RlllHtt naparpaqi. 

B YCIIOEMH (4.2,19) npHMBM 

e2'l 
0o('l,4)='P('1.,4)=- 2.fJ U0 +c5R(t;), (4.3.1) 

rite ~ > 0 .11 V0 - HeK0Top1:i1e rrooTO.RHHble, jJ= Q9= canst, R'('z;) ~ D, rrpH-

11eM B OOOTEeTOTBf!IH 0 (4.2.II) rrpeitnonaraeTO.R R1(1) = 0. CMb!Cll IIOOTO.RH-

HblX ~ , 1f0 .11 qiyHK[llilH R (r;) nerKo yoTaHaEID!EaeTo.R Ha oooTHomelil'ltt 

(4.2.5) - (4.2.8)' KOTOpae Ha 6eoKOHeqHOCTB OOOTEeTCTEBHHO nam u :.1fo, 

o- = D, w = 0, p = o R' ( z), T. e. cTpaTHqJHUHpoEaHHblii soHan&Hail rroToK oo 

oKopooT&Kl V0 • QqeEH:ztHo, rrapaMeTp 6 OJI.Yl!WT Mepoil oTpaTB!fJHKaWrn. 

PaOOMOTPMM 011y"<1ali, KOrita qiyH:ztaMBHTall&Ha.R OHOTeMa pemeHHH ypaEHBElli.R 

(4.2.14) MOllteT 6HTb EapallteHa '<iepes aneMeHTapHae qJYH~H. [yCTb 

1 1 (1+f) 
R(t;)= 2~ Tz; - T en(1+ fl;), (4.3.2) 

rite f - HeKOTOpstt HeOTpHuaTe1!&Hbiil rrapaMeTp. PacnpeiteneHMe aHOMa1IMH 

IllIOTHOOTH E HeE03MymeHHOM IIOTOKB HMBeT "r.11nep60IDl'<IBCKHH" EHn p = 
=o(z::;-1)/(1+rz:n, rrpH'iBM Ha nHep=O H Ha IIOEBPXHOOTH p=-S. OnHo

ponHoe ypaEHBHHe (4.2. 13) nepexo:ztHT E ypaEHBHHe THna 3ilnepa Si:; 11 + 
+(1+1)k2S/(f+f4)2= 0, rite 06oaHa11eHo k = e- 11 ~~.f.>/Vo ' 

~YHn8MBHTall&Ha.R OHOTBMa pemeHHH B EPOHOKHaH OOOTEBTOTEBHHO HMBKIT 

EHn f33J 

M (~ :4) =-(1+ ti;)"12 sin[ooen (f+ ft;)] , (4.3.3) 
1 1 + f si.n [ oo f11 ( 1 + f)] 

N('l,t;)=(i-t "{"t;)"/2 sin[coen(C1tf)/(h74))] (4.3.4) 
Sltl [cof11(1+ l')J 
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w(vt,i:;) =- (1-tT)it2!~[oofn(1-t'Y)J' 

me ur = -f- I k2 ( H· 'f) - 12 I 41 112 • 

(4.3.5) 

(4.3.6) 

IIpH k2< y2/4(1-tf) E tlJOpM.Y7!.9X (4.3.3) - (4.3.5) 01I91J,YBT saMe!rnTb 

Kpyro:eue OHHYCH Ha r.1mep601ll!qecK11e. IIpocToit aHalIHs noKasl:U!aeT, qTo 

(4.3.3) - (4.3.5) RBll.RIOTOR HenpepliBHHMH WYHKW!RMH napaMeTpa k2 , sa 

UJCKJI!OqBH.llBM ToqeK, B KOTOpliX W" fn ( 1+ f)= nTt 1 n·~ f 1 H pBIIIBHHB He CYlllBOT

B,YeT. MOlltHO OU1J,aTb, 'lTO Tpe6o:eaHM!O git~ 0 (KoeqxfJHWteHT npH CTapwea 

npOH3B01J,HOa :e ypa:eHeHMH (4.2. 9))" 6y-a,.YT y;n;o:eneTBOIJRTb JIRIIIIb pemeHHR. no-

7IY'lBHHJi9 11,11.R - 00 <k2<:!2(1+ft1[1/4 +fr.2[ en ( f -t f)J-2. }-i 12 • Ilp.e i .... 0 9TO 

yono:eze nepexo;n;HT :e - 00 < k2 < 1t 2 , KOTopoe :e KEasHreocTpcxpMqecKoM npH6-

7IlllltB!rnH HCKJI!OqaeT no;n;:eeTp9HHJi9 EOllHH Pocc6H (CM., HailPHMep, § 3.7). 
JlJIR JIHHe:liHO! CTpaTHcpHKaW'IH ( 'f-> 0) COOTHOIII0HMR (4,3,2) - (4,3,5) 

C00TE9TCTE9HHO nepeX01!,RT B 

R(r;)=.!._(4'-f)2 M= s~nk/; 1 N= sLn_k(1-l;) 1 

2 ' Slt) k SLM k 
k W=---. 

si.n k 
B eToM 011.yqae no tIJopM.YJiaM (4.2.18) .e (4.2.20) 
EHX 'llIBHa pasrrOllt0HMR (4.2.13), 

6HJIH Hallr.eHH qeTupe nep-

I 2 3) Q=-k2(qo+q.1~-tq21 +q5~ • (4.3.7) 
r;n;e :e:ee;n;eHH cne11,yrol!lPle o6osHaqeHRR: 

q. 0 = f [k2(t;-1)2-1], q. 1 = k21; (r;-1)+ c , q2 = k2C(4-1/2)-a2/2-k2l;s +(1/2-6)c, 

q3 = k2C(21;/3-1/6)+ a26- a2/2+ k2(6-1)l;S + [(ae.+62)/2 + 1/6-a]c- k2i:;2c/2 , 

Cl= _k_, 6 = kcosk , 5 = si.nk4 , c = kcoskz; . 
si.nk sink si.nk si.nk 

B npe1J,en&HOM crryqae oapoTponHoro oKeaaa (cS .... O(k--0)) Hs (4.3.7) 
nonyqaeM Q=(Q2 1l0/.fo)(-1/2+~-~2 +213 /3 ), qTo co:ena21aeT c oooTBeTcT

BYllllllI4MH qneHaMH pa31IOllt0HHR Toqaoro peweHHR (4.2.12). 
\PopMyna (4.3. 7) nos:eoJIReT :egqHCJIHTb :ece xapaKTepHCTHKPI llOTOKa npH 

npoHs:eon&HOM sa;n;aHHOM pen&eqie :zr.Ha J)( :x, y ). B qacTHOCTH, ll.JIR BToporo 

cnaraeMoro u. 30HallbH,OH CKOPOCTH (4.3.5), He saBHCRlllBrO OT JIOKallb!WX 

HaKHOHOE pen&elPa 11,Ha' a TaKllte ltll.R BepTHKallbHOa CKOpOCTkl (4.2.8) HMeeM 

r.14e 

O./Uo = Uio + W-1 ~ + W-2 ,2 + W5 \ 3' 

ur I 1fo Dx = Jl<.o + }<11 + J<2 ~2 , 

(4.3.8) 

(4.3.9) 
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W-3 = [3 (a.2. + 52)/2-{ 5a2 + -:/) 5/2 - (1+ li)/6} c + k2G s [36-3(a2+ s2)/2-1/~+3k2£;2c(s

-1)72 + k443s/2 + a26(2-36)-k2a, .fa::. s, p. 1 = L;(c-a2)-21is, 

J<. 2 = [ 3 ( a 2 + 62 ) / 2 - ti] s + ( 112 - 2 6 )r; c - k2r,2 s/2 + 3 a2 ( 6-1 /2 )r;. 
Ilpe21.cTaE1LilR 1/D = e-1 E BHZJ.e p.HZJ.a M .\7Zl.8plKl1EaR qJieHbl ll:O f 3 :2KJ!lO-

q.11TeJibHO, HS (4.2. 7) I107l.\7'1MM 

r21.e ~0 =1-t;, ~1 =s-t;, 3€ 2 =(1/2-6)s+I;(c-i/2), 

-ae 3 = [ ( a 2 + 62 ) I 2 + 1I6- ti] s + c 4( 1- Ii) - Z:/ s - k 2 t; 2 s I 2. 

(4.3.IO) 

Bee npHEell.eHH!iJe Ehlllle ipopM.YJ!bl ocraroTCH crrpaEe:zJ.JIHEJ:tMH H npH V0 <. O 
(saIIa.llHhlii IlOTOK)' He06XOll:HMO JIH!llb Eesne saMeHHTb k2 Ha - k* 2 , r,lle 

k*= e- 11 ~-SJ>/lfo '. IlPH'leM Terrepb 

k* k.,. chkl' sh k"t; k"ch k*l'.; 
a=shk.,,, &= shk ... ' s= shk'"' c= shk* · 
Ha pHc. 35 npHEe~eHhl rpa!PHKH 6espasMepHhlX WYHKUl'li1 (4.3.8) - (4.3.IO) 

E 38E.l!CHMOCTM OT 6espa 3MepHOi1 rrry6mrn z; = z /D 7 IlOCTpoeHHhle IlpH k:; k4= 
='li./2 ZJ;JIH ~ = O; 0,2 H -0,2 E CJiyGaHX 1fo;.O VI lfo<O. H.Vlllte npeZJ;CT8EJI8Hhl 

M8RC.l!MaJibHhle a6CQTI[()THble SHatieHHH KOSiWJMUl'ISHTOE E illOIJMYJiaX (4.3.8) -

(4.3.IO). 

'aeo ~ ~2 ~3 

U0 >0 I,00 0,21 0,67 1,25 

U0<0 I,00 U,13 0,27 0,25 

W"o UY1 W-2 UT3 fo f<1 

1,00 2,47 3,09 12,50 I,00 2,47 

1,00 2,18 2,19 2,27 I,00 2,18 

/K2 
1,23 

I,30 

!13 pHC. 35 EHZJ;eH KaGBCTE9HHO pa37l.l!G!fhli1 xapaRTSp peaKUl'IH 30H87IbHOro 

CTpaTH!llHUl'lPOFa HHOro TIOTOKa Ha E03MymeHI1H perr&e<I:a ZJ.Ha :e 38EI10I1MOOTI1 OT 

aarrpa:e7!eH.l'IR H9E03MYUl8HHOro TBGSHHR - EOOTOGHoro 1!7IH 38Il8)1,HOro. Ooo6eH

HO saMeTHhl 3T.I! pa3Jil!G.l!H E IlOESZJ.8Hl!I1 :eepTl!I<aJ!bHhlX npcxpHJieil Il7IOTHOOT.I! H 

EepTHKaJ!bHOH CKOpOCT.11. 

IlocTpOeHHhlS Ehlille ~YHKUl'll! 6blJI.I! np.l!MSH9Hbl Zl.1Lil MOZl.9JlbHOro pen&eilla ZJ.Ha 

J)(x,y) = 1- 9(1-1') h( 1 - T' 2 ) 2. ' rn:e l' = ~ :t2+ y 2. I .II h - HSKOTOphlil 

8Mil7I.l!T.Yll.HhlH napaMeTp. IlpH h,. 0 .l!M89M oceOHMMeTpH'lHY[() IlOJ{EOll,H,Y[() E03-

Eblill9HHOOTb c MaKC1'1Ma JlbHOlil EhlOOTOH h ' a IIpI1 h < 0 - IlOll,EOZJ;H.YlO R'.OTJ!O

E1'1HY o nonHo:ii rey61r1Hoi:i B ueaTpe D = 1- h. l1nrrrooTpaTRIEHhle pacGeThl 6hl7IH 

EHTIOJIHeHhl npH sHatieHHHX napaMeTpo:e tg ... = 30°, H .. = 4 KM, h = 0,025, 

~~J.>/IVo\ '=!ft/2, qTo npM l"' = 1000 KM Tri V" =IO OM/c COOTE9TCTBY9T 

EOSM.'/lll9Hl'1l!l TIJIOTHOCTfrl ~.,. = l,66·10-3 H tifrlCJI.Y Pocc6H 6 = O,I37·IO - 2• 
Ha PHO. 36,a npM:eeneHH EH'lfrl07I8HHhl9 JII1HMfrl TORa (Hso6aphl) ropM30HT8Jlb

HOro .llEHllteH.l!JJ Ha rop>isoHTax z/H'" = O; 0,6 M 1-h ZJ;7IR ae:eosM.YllleHHoro 

EOCTQqHoro IlOTORa (Vo.,. 0), npH'lSM E CHJI.Y CHMMeTpH1'1 RaPTHH TIORasaHa 

Jil'lillb npanaR TIOJIOEHHa Il07IR ll,8EJ!8HHR. Xoporno :eHnHo, tJTO EOSMymea1r1e peJib

e~ c117I&Hee :ecero npOREJIHeTC.fl Ha no:eepxHocT1'1 .vi otieH& cna6o Ha ypoBHe 
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p Ii C. 35. fpaWliKH E8pTMR81IbHOrO pacnpe~81I8HMR 6e3pa3M8pHHX 
ITIIOTHOCTM - 9/.!i (CITIIOlllHbl8 KpMEH8), 30H8 IIhHOH CKOpOCTli 

il/V (IIITpliXOEaR IIliHl!R) M EepTMKallbHOti CKOpOCTM w/D.:x:V 
(rnTpliX-Il.YHKTHp) Z(illl f = 0, 0,2 M -0,2 (uli!l'flpb! .Y KpliEH.x) 
B Cii.Yqagx V> 0 (a) Ii v.:: 0 (6) 

179 



Yt.. ,. Yt-._ ,. 

~. , ....... ,. t< )lo 

a 

p .[iJ c. 36. HHHlllil TORa EOCTOqHoro (a) .lil sarranttoro (6) ITOTO

KOE Han oceCMMMeTpHqHOH ITOnE02!,HO~ E03Eh!lli8HHOCTbID 

Eh!COThl h Ha pas7rnqH1i1x 6eapaaMepHhlX ropHsOHTax 

I - z = 0, 2 - z = 0,6 ll 3 - z = 1-h 

EeprnMHhl rronB02!,HOil E03Eh!llieHHOCTM. Hon ceEepHh!M CRIIOHOM IP<>.IJMHpyeTC.R u;l'IR

IIOH.[IJ'ieCKOe EHxpeEoe o6paaoEaHMe, ocJia6eEa!Olllee c r11y6HHOil H Hcqesa!Olllee 

Ha HBROTOPOM rrpoMelK.YTOqHOM ropH30HTe z (z/H*>0,6 ). Ilo aHa1!0rH.[IJ co CT01I-

60M Tail11opa E KE83llreocTpoI;HqeCRHX Moneliflx T8KYID CTpYKTYP.Y MOlltHO H.83-

EaTb "qameil Tatl11opa", rrpHqeM Otta pacrro718raeTc.R E EepxHHx 0110.Rx. 

Ha pHC. 36,6 Tip82!,CT8EIIeHh! RapTllH.bl .H306ap Ha Tex lite ropH30HTax E 

c11yqae sarran.Horo TIOTOKa (Vo<O). 321,ec& EJI.[11.RHZB p81lbB~ z CTpaTHqlHKaQ>rn 

KaqecTE8HHO .>IMBIDT T8KOil lite xapaKTep, KaK .[II E KE83HreocTpoI;.viqecRoil M0-

21,811.lil, AHTHUF!KJIOHH'i8CKHH EHXpb Ha2!, C8E8pHh!M CK710HOM .>IM8eT M8KCHM81l&HOe 

pa3B.>ITH8 y 21,Ha H, IlOCT8IleHHO ocna6eEa.R R ITOEepxHOCTH, .[iJQqeaaeT ITpH 

z/H"«: 0, 4. 
XapaRTep ZHTerpaJibHOH lU1PKY71.RUlrn, Oilp82!,871.ReMOii' if>OpM.YIIOH (4.2.2I), 

E o60HX CJIY'i8.RX 67IH30K K COOTB8TCTEYIOO\l'IM KapTHHaM ropH30HT91lbHh!X Teqe

H.VJH Ha rrpoMeJKyToqHoM ropM30HTe z/ HJ<. = 0,6. 

KaKITO.Ka3blE88TpHC.35, IlpH ~<O(D<i) .[iJ Vo>O E87IB'i.VJHa s~ TIO
JIOlKHT81lbHa .[II y6h!E98T c rn.y6MHOil, a Ilp.lil Vo"- 0 OHa CTBHOBHTG.R OTpHua-

T81lbHOH J/f no a6C07IIDTHOil: E8fill'ili!H8 c rJI.y61i!HOH E03paCT98T. 3TO 03Ha'i88T, 

qTo .[IJHT8HC.lilEHOCT& TOnorpa~HqecKoro 'lU'lillKBH.lil.R E EOCTO'iHOM Ha6era1001eM no

TOKe c rny6.~rnoil OG7Ia6BEaBT, a E 39Il92!,HOM - .YCH7lliE8BTC.R. IlpO.REJIBHH8 
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STOro s~eKTS p GYMMSPHOM none TeqeHHH Mhl .ll Ha6n£OztaeM HS p.110. 36. Ha
TIOl\IHHM' qTo E KE83ZreocTpO:VzqecKl'.IX MOZJ;e1Iflx H838PHGHMO OT HSTipaP nemu1 

TIOTOKa GTpSTHcp;maU.l'IR OOJia6rurnT E03MY!llSHH.fl 0 y11;aneH.ll8M OT ZJ;Ha. 

TaKMM o6pa30M, E pesy7!bT8Te Eosnei1oTEH.fl noKanbHOro E03MYmeHH.fl rny6.11-

HJ,I E reocTpO<{i.11qecKOM YOTOiift1HEO OTpaTWpHn£!pOE8HHOM TIOTOKe MOryT E03H.ll

KaTb Tpe~MepHJ,Ie EHXp8BJ,!8 o6pa30B8HH.fl, .llHTSHC.llEHOCTb KOTOpHX OGJia6eBaeT 

(.yO.ll7!HE89TC.fl) c rny6.llHO:ti Z(lli! EOGTOqHoro (sarra1(HOro) Ha6eraromero TIOTOKS. 

PaooMoTpeHHfftt Bm11e np.11611HJKeHHHi1 MeTo;zr, peUJemm (sanaqa "~ ") .11cnonb-

3yeT E KSqeoTBS OOHOEHOrO Manora ITapaMeTpa ~=-en] H TIO GY!ll8CTBY 67!H-
30K K aHaJIOrflqHQM.Y TI011,XOD,.Y' Karna Ma llliM napaMBTpOM RE 1Ifl9TG.fl OTHOOHTenb

HOe E03EHIIJeHHe peJibecpa 11,Ha i-D11:.-~ .8Ql. 011,HSKO TipHMeHBH.lle nepeMeH

HOi! i npe11,GT8E1IfleTC.8 6onee y;zr,o6HUM EEHZ(y 6onee MenneHHOro pOCTS nora

p.11'1JM.11qecKOi1 WYHKU.ll.ll. TeM He MeHee c pOCTOM r Tpe6yeTC.f! yqeT 60Jibrnero 

q.llcJia 'lJISHOE E pasnOlKSHURX 11,llil no71yqemm .Y21.0BJieTEOP.llT8J!bHO~ TQqHQCT.ll, 

TI08TOMY OOOTPe'l'OTB.Yrom.lle EhlPSlKSH.1'1.8 CTSHOE.HTG.8 ECe 6onee rpOM0321,Kl'IMH • .ll7!.fl 

CJI86Hx GTP8T.ll{flHKSUH~ MOlKHO npeZJ;JIOJK.llTb 6onee 3~8KTHEHHH npH67!HJKeHHhli! 

MeT011,' OGHOES HH@i1 HS 80.llMTITOTume no napaMeTpy 6 H Ilp.llE011.R!ll.lli1 R 6onee 

o6o3p.llMHM pesyJibTaTSM (OM, § 4.4). 
IIp.llEelJ,eHHbJe EHme Ilp.llMSpb! OTHOOlilJI.llGb R OJiyqa£O :eeObMS OT.ll7!H30E8HHOro 

TIO R.llHeMaT.llKe Ha6eraromeilO IIOTOKa 0 IIOOTO.f!HHOH OKOPOOTblO • .llJIR !P.VH~H 

cp(~,4) 6onee o6mero E.lllta H806X011,HMO .llGTI07!b30EaTb q.110JI8HHH8 M8T011,H pe

memrn 381(8'l!tl, HeKOTOpHe pe3.YJibT8Thl B 3TOM HSIIjJSBJieH.llH MOlKHO HaHT.ll B 

pa60T8X flB, 3lJ. 
4.4. KE83.llOT8UMOH8pHHe CJia6o CTpaTH!PHU.llpOE8HHh18 IIOTOKE 

B 3TOM naparpawe MH :eepHSMG.8 R paCCMOTpeH.lllO HeOT8uPJOH8PHOH saztaqn, 

0Ill'!CHE88MO:ff ypaEHSHHSM (4.2.9). KaK .ll E CTaU.l'JOHSJlHOM OJIY'l:ae, sana;zr.HM 

n:orrona11Te nbHOe Kpa eEoe ye noE ;ie ( 0111. ( 4. 2. I9)) 

(4.4.I) 

onpe11,e7!.flromee Ha6eralO!ll.llH IlOTOK E 06JiaCT.ll 0 pOEHHM .ztHOM (D= 1). 3.zteob 

noKa wopManbHO :e:ee;zr.ea aeROTOpHi1 MS7!Hi1 rrapaMeTp 6 , !PnsHqecIWi1 CMHCn 

ROToporo onpe1(81Ifl8TC.8 oco6eHHOCT.8M.ll TOtt HJ!H HHO:ti ROHKpeTHOtt sanaq.11, 

Mb! He 6y1(eM !POPMY7!.llPOE8Tc HaqaJibHile ycJIOBHR, npennoJiaraR, qTO npo

uecc .ztlil'!Tca 6ecKoaeqHo nonro. 

CTporO' roEopa. pa3EHB8BMHH HHllte SCHMTITOTHqecIWii a rrrop.llTM cymecTBeH

HO onHpaeTca aa npennonoJKea1t1e, qTo D:x* 0 :e paco111aTpH:eaeMoz qacTI'! W.l'l

s.11qecRoi1 nnOCKOCTH ( :r,y ) • 01(H8RO, RSK 6y21,eT !lOR838HO, IlOCTpOBHHOe 

rrplil6JI.lllKeHHOe perneaHe REHO He 38BHCHT OT Dx (ToqHee, KosiPl)HU.l'l9HTa 

a.(t~) ),'lTO Il03E07!.fleT pacnpOCTpaHI1Tb ero Ha 071yqa:ti rrpOl'l3EOnbHOrO peJib

ecpa 21,HS, 

MTaR, TpeoyeTca nocTpOHTb pemeHHB ypa:eHea.11.a (4.2.9), y;zr,o:eneTBoparomee 

ycnOBHRM (4.2.IO) 1il (4.4.I). EcJil'I ZJ;JI.fl ~YHKU.l'l.ll 'P EH!lOnHRBTC.8 (4.2.II), 
TO 3TOMY ycnOEHID 6y1(eT TaKlKe yl(OEneTEOJl.f!Tb pemeHHe Q(t tt,r;, t ). 
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llCIIOJib3.VR npe:n;cTaEJIBHMB (4.4.I), 6.Yll;BM HCKaTb acMMIITOTM"<i0CK08 pemeHHe 

Q = f:. tS"On({.'l,C:,t), 5 = E~"Sn(~,'l,4,1: ), (4,4.2) 
n=O n=O 

r:ne, Otl BEHll;HO' 
e 

Sn= J (Qn1 - I:; Oni; )de;. (4,4,3) 
0 

Ilo:n;cTaEJIRJ'I pa3JIOllt0HMJ'I (4.4.2) B ypa:eHeHMe (4.2.9) M rpaHM"<iHhle YCJIO
EHJ'I (4.2.IO) M (4.4.I), IIOJIY"IMM IlOCJIBll;OEaTeJibHOCTb sa:n;aq 

(4.4.4) 

np.eqeM 

Sn+Qntt.=O, '1:;=1, n=0,1, ... , (4.4.5) 

Qn=-'Pn(rl.,t;,t), 1=0, n=0,1, ... (4.4.6) 

EcJIM HaH60JI88 Tpy:n;HaJ'I sa;n,aqa H.VJIBEOro npH6JIMllt8Hl'JR (n=O) KaKMM-JIM60 
o6pa30M perneHa, TO ypaEHBHMR (4.4.4) CTaHOERTCR 7IMH8HH!:lMli c He saEMCR
UU'IMM OT 11 K03tlxPMUMBHTaMM H OTJIMqaIOTCR T07IbKO c:eooo:n;Hmdll \11I9HaMH. 
llMBHHO E 3TOM rrpeHM.YII!BCTEB COCTOMT uenecoo6pasHOCTb npMMBH0H.11R paccMaT
p.e:eaeMoro MBTOll;a B03MYII!9HHH. 

OnHcaHHH~ :eume-anropHTM oco6eHHO npocTo :eurJIRZUIT :e cnyqae, Korna 
sa:n;aqa HYlIBEOro npH61IMllt8HHR REJIJ'IBTCR 6apoTp0IIHOH /2?]. IlonaraB, KaK .11 
rrpelltn.e, Q = 1+.foy, npHMBM no aHanor.11.e c (4,3.I) 

e2't 
'P('l,4,t;.S)=-ZftV(t)+t5R(4), (4.4.7) 

rne ZJ;IIR orrpeneneaaocTH R1(1} = O l'l R'(O)=- t. B paccMaTp11:eaeMOM cny-qae 

'Pa=- e2'lu(t.)/2fa, 'P1 = R l'I 'Pn= 0 npl'I n ~ 2. JierRO npo:eep.11Tb (OM, 
(4.2.12)), "<iTO pewea.ee san;a-qz tt.vne:eoro np.e61Il'lllteHHR ZMeeT :e.1111; 

Q0 =-lf(t)exp[2('l-1)]/2ft, 

50 = 4 V(t.) e:rp [2('!-1)] / fo, 
II03TOMY EMBCTO (4.4.4) I107I.Y"<iaeM ypaEHBHHR 

U(i) ] 
Qn~i=--6-[an1t:+0.,11i;-Oni:; +cxGn, 

g = fiexp [2('l-~)) /ex= ]) 3 /D:r, 

n ~ 1 , 

KOTOphle .llJHTerp.epy~TCR MBTOZl;OM xapaKTBpHCTHK /42]. 
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,llM!WJepeHUl'la1!IiHU0 ypaEHBHH.fl xapaKTepl'!OTHK drt/d~:: 1, dt/df = 6(~,'l)/V(t) 
l'JM8IOT l'IHTerpaJihl 

t ~ 

IJ.-~ = C1' ci.(~,tt,t) =I V(t')dt'- I sn', ~, + ~ - ~) cH':: C2. 
0 0 

YpaEHeHHe (4.4.9) Ell,01!Ii KaEll;O~ xapaKT0pl'ICTHKi'I MOEHO 38ITHC8Tii E EPJll,e 

d (e-lQ )- __!:_ el-2'lG ("' n.,.. t) (4.4.IO) 
d~ hi; - V"(i) " ~,·L,"1, • 

IlyoTii V(t) - sHaKorrocTO.flHHa.fl IPYHKUH.fl; Tor~ oymecTE.YeT e11,HHOTEeHHoe 

pernemrn t='r(~,C1,C2) ypaEHBHH.fl 

J V(t')dt' - ] sl'', ~I+ C1)dr :: C2 . 
0 0 

HHTerpHpy.fl ypaEH0HHe (4,4.IO) Ell,O)!Ii xapaKTepHOTHKl'I Pl saTeM eme pas no 

rrepeMeHHO~ 4 ' OKOA"1aTe1!IiHO IT01!.Y'lHM o6mee pemeH.l'le 

(4.4. II) 

rne H3EBOTHa.fl !PYHKUl'!.fl 

Nn = }>e3f-2'l j r e-1' Gn( ~'. ~'+ ~-l, z:;t 'T( ti, 'l- r I .,C)) d4' d. r 
01 V('rCLtt-\,.Ll) 

(4.4.I2) 

rrpe11,cTa:e 7!.RBT .vnoE neTEOP.f110U1ee oqe:eHnHHM yo TIOEM.flM N n ( 0, ti , I; , i) = 
Nn(~ 1 1t,1,t) = 0 qaoTHOe peuremie Heo11,1iopo11,Horo ypa:eHeHH!'l (4.4.9), a 

F n H "4'n - np0.1'13E01!IiHUe cp.YHKUl'!H o:eoHx apr.YMBHTOE. 

rpaHl'l'lHOe Y01!0El'Je (4.4.6) ~eT cpYHKIU!OHa1!IiHOe ypa:eHeHMe 

'Pn('l,4,t.) = Fn(l'l.,6(t)r;) +-y.r11 (0.~.t), (4.4.I3) 
r~e t 

6(t)= c((0,11.,t) = fv(t.')dt' 
0 

0 o6paTHO~ cpYHKUHeit t = 'T'(c5). !fa (4.4.I3) H8X021,HM 

F,,(1,6,~)= 'P 11 (~,4 ,'T'(6)}-1+1"n(0,11,T(c))), 

n pemeane (4.4.II) MO*HO nepeIIIlcaTii E :eHne 

G.n = Kn(~ 1 It , Z:, i) + M" (~/I, i), 

rne 

K,, = e1'Pn('l-Y ,4 ,1'(6)) + Nn (,, 11,t:; ,i) 

H EEC;zr,eHa HOE8.fl H0H3E0CTH8.fl cpyHKUH.fl 

Mn = 1..11" n ( t 11, i) - e h1r n (0, '1.- t, T (..C.)), 

y11,o:eneTEOP.f!Klll8B rpaHH'lHOM.Y ycn01imo 

Mn=O, ~=O. 

(4.4.I4) 

(4.4.I5) 

(4.4.I6) 
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.ll7lfl onpe21.enemu1 3TOH <PYHRUVIR EOCIJOJib3,Y6MC.FI rpaHR'lH11M YCJIOBVl6M 
(4.4.5), via ROToporo cne21.yeT 

1 

An(V1,t)=--J(Kni-4Kn~)dC:, n~1. 
0 

PerueHRe ypaEHeH.liI.R (4.4.17) npvi .YCJIOEVIR (4.4.16) VIMeeT ERll. 
~ 

(4.4.17) 

(4.4.18) 

MnC~.'1.,t) = J An(f.~'+'l-~)d1'. (4.4.I9) 
0 

~OPMYJilrl (4.4.14), (4.4.I5), (4.4.12), (4.4.I8) R (4.4.I9) onpell.87!.RIOT 
pemeHR.R ypaEHBHR:A (4.4. 9) npR Ecex n'-' 1, Yll.OEJIBTBOp.RIO!URB ycnoER.RM(4.4.5) 
R (4.4.6). c l1X IJOMO!Ub!O IJOC7I8ll.OE8T87IbHO HaXOll..RTC.R On, n ~ 1. 

'l'aR RaK G1= 0 R, crre21.o:eaTeTibHO, N1:. 0, M3 (4.4.I5) onpe:zteTI.ReM 
K1=- e~ R('C), a Ma (4.4.I8) crre21.yeT A1=- a.eel, r21.e :eEell.eHa nocTO.RHHa.R 

1 

a-e = I ( R - t; R' ) d r. . (4.4.20) 
0 

C TIOMO!Ub!O (4.4.14), (4.4.18) 11 (4,4.I9) OKOH'l8T87IbHO tffiXOll.MM 

Q1 = e~R(~) + ~( 1- el), 

51 = el 9 ( i: ) ' 

i; 

q(C)= f (R-iR')dC-atr;. 
0 

TaKRM o6paaoM, <PYHKUMR Q1 

(4.4.2I) 

(4.4.22) 

H8 38ERC.RT HI'! OT t , HR OT I'{ • 
i; 

Lf(Z'.;) = f R''(~)q(Z:) dt;,, 
0 

M <PopMYJihl (4.4.15) VI (4.4.12) lJ.BIOT 

_ _ 3f-2'1[ J J~ ef a~' 
Ki= N2- pe y{1)-(f(C) 0 V('fn'.'1-LJ)). 

BH'll'!CJrnM rrocrrell.HRit MHTerparr npl161Il'!JK8HHO, IlycTb V(t) = 1f0 + f, f ( t ), 
r21.e V0 = const 11 o~ f.= OUS). MmKHO aanRcaTD Y(f.)=1J('tH'.'1.-'f,J(f,'1;flP= 
=-Y(O)+O(E.), HO V{O)=-V0 =V(t)-tO(c), rrosTOM.Y 1/V(f.)=1/lf(t)+O(f.) 
R c Ollll16Ko:A OU)) rroTI.y'laeM 

Kz.= ~t) e3T-~'l[1.f(4)-1f(11)(1-e~). 
IlOll.CTBETI.R.R llOC7I8ll.H86 COOTH01Il8HR8 E (4.4.18), C IlOMO!UblO (4.4.I9) 

OKOH'laTeTibHO HBXOll.RM 
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(4.4.23) 

~ ~ 

rne ~(' ,4) = e{ [ 4 J yi(?;)d4-(3.A + tyO;)) 4 )- e 2t [ 5 J lf(4 )dl;-(4i+ lf(r;»c;J + 
0 0 

f 

~::: 4I1.j1(4)clC-3tj(1), 
0 

TaKl'IM o6pasoM, 

p = Q. 0 + OQ 1 + o2 Q2. + O(S?i), (4.4.24) 

r11;e !PYHKurn1 Ot, i. = O,I, 2,cooTEeTCTEeHHO onpe11,e7IH10TC.F1 no WOPMY7ISM 

(4.4.8), (4.4.2I) Jll (4.4.23). c npHR.FJTOft TQqHOCTl'>!O Jll npJll YCJIOEJllJll u'(i.)= 
:: 0(~ ), IlOCTpOeHHOe IlpP167IJ11llteHHOe pemeHPJe 1IJl!llil'> nap:iMeTpJll'lSCP'J1 3BEJllCJllT 

OT CKOpOCTJll Ha6era10111ero IIOTOKa V(t) Pl npPJrOZl;HO J.t7IH rrl06oro peJII>e<Iia 11,Ha. 

PemeHPJe (4,4.24) MOlKl!O JllCil01Il'>30ESTD KEIR Zl7IH aHa1IJll38 p:l31IJllqH!iX MO].te7II>H.llX 

CPITYSUH~. TaR Pl './.t1I.FI Henocpe11;0TEeHHOro pacqeTa norreft CROPOCTJll Pl IllIOTHOC

TJll no naHH!lM o pem,eipe 11,Ha, E3.FJT.uM HenocpencTEeHHO PI3 Ha6m1:memi:ft. 3zr.ecI> 

MI:l orpaHPI'lJllMC.FI Ka'leCTEeHHHM aHaIDl30M pemeHJll.FI, IlPJll'leM 11,7IH npOCTOT!:l E 

EI:lp:llKeHPJ.FIX J.t7IH 6apOR1IHHHI:lX COCTSEJIRIOll!JllX 6yneM Y'lJllT!:lBaTD 'l7Ie!W T07Il'>RO 

nepBoro ITOp.FIZl;Ra OTHOCJllTS7Il'>HO 0 . B TaKOM rrpJ116ID1JKeHJllJll YKa3BHHOe BI:lllle 

orpaH.Pl'leHPJe Ha nop.FJ:i.tOK npoPisEOZJ.HO~ U' Cl:) CHHMaeTc.FJ. 

BosEpama.FJcI> K iflJ113.l'JqecKJ11M nepeMeHHHM, sanJ11rneM E&pallteHJll.FJ ZlJI.FJ no71e~ 

naE 719HJll.FI' E epTJllKalil'>HO~ CKOPOCTl1 Jil E03MYll!9HJll.FI Il7IOTHOCTH E BH:i.te 

p = p<0)(:x:,y,t) + pcs\:r.,y ,-z:,t.), w= w<0 )(:x:,y,z,t) +w<S)(:t,y ,z:,t), 

p-::. r(S) ( :t, y I z) ? rne EelIH'lJilHI:l c HYlIBEI:lM HH11,9KCOM 

(ol = - U(t) ( _g_)i 
p 2).> \. D ' 

(4.4.25) 

co)_ Ult) Dx. _!:.__ 
w - ])i D (4.4.26) 

OTHOC.FITC.FI K 6apoTpOilHO~ 'lSCTH Zl;EJilllt9HH.FI, a 6apOK7IJllHHYIO onpe11;e1I.F110T He 

3BEHC.FJll!Jll9 OT Bp9M9HJil Bl:lpalKSHJll.FI 

p C&l = ¢ [ D R ~ ~ ) + ae l 1-D)] , (4.4.27) 

(4.4.28) 

(4.4.29) 
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EapoTporrH1:1e TeqefIBE orrpen,eIDJfilTCE WYHKILl!EMH (4,4.25) H (4.4.26). TaK 

KaK \lp(O)=-(V(t)/f.>)(Q/D)V(!il/D) = (V/fo)(Sl/D)3V(D/~n, llllID!il TOKB 6apo
TpOITHOit ·UHPKYIDJUHH COEITaJ.J.SfilT c J130JrnHMEMH rrnaHeTapHo-TonorpawuqacROtl 

IPYHRUHH D/ fJ. , rrpHqeM E EOCTOqHoM rroToKe ( V > O) Z!,.l3HllteHHe HanpaE 1Ieao 

E7IBBO E ce:eepHOM ll07IY!ll8PHI1 no OTHOU1BHJ1Kl K EBKTOPY 'iJ(D/Q. ), a E 38ll811,HOM 

(V < D ) - EllpaEO. HanpHMep, E HBROTOpOtl 067I8CTH Han, J.J.OCT8TOqHO EJ:WOKOtl 

ocec.HMMeTpf!qHotl P03EHrneHHOCT&fil 1130Jrnmrn· nolI.fl D/ Q no11,06ao 11so6aTaM, 

EE11HfilTCE 38MKHYThlMH, npuqeM RX ueHTp H8CK07I&RO CMemeH E npHITOIIEPHYID 

CTOpOHY OT ESplliHHl:il E03El:llliBHHOCTH. IT03TOMY E T8KOtl o6nacTH E EOCTOqHOM 

noTORe 6~poTponHaE UHPKYIIEILl!R RBIDJeTCR ILl!K7IOH11qecKotl, a P sana11,HOM -

8HTHUHK7IOHHqecKOtl. 3iraK :sepTHKa7I&HOtl CKOpOCTH, KOTOpaE 7IHH8HHO M8HE

eTCE c rn.y61rnot1, onpe;zr,e1IEeTCR sHaKOM npoMs:ee11.eH!'lR D:r.V; E rrro6oM C7IY

qae Ha "HaEeTpeHHOtl" cTopoHe ( D:c lf < D ) HMeeT Mee To no11,'.&eM, a Ha "rro;zr,

EeTpeHaotl" - orrycKaHHe. 

c llOMOmbID aaanorf!qHHx peccylltJ.J.eimtl nerKO COCTaEHT& rrpe11,CT8E7I8HHe 0 

xapaKTepe 6apOTpOnHHX TeqeHHtl H811, MBPH11.HOH87I&HHM IT011,E011,HHM xpe6TOM. 

Ilp08H87IH3HPYeM none TeqeHf!tl, OITf!Cl:ilBaeMoe ~YHRUHetl (4.4.27). lli!HHJil 

TOKa 9TOtl IllIOTHOCTHOtl UI1PKY1IEUHH napa7I7I67I&Hl:l H306aTaM, npRqeM Vp(Sl= 
= c\q'Cz/D)VD. TaK KBR cornacHO (4.4.20) .I! (4.4.2I) q(O) = g(1) = o. 
nona1:di noTOR 6apOK7IHHHOtl UHPKYJIRt~H paEeH HY7IID. Ilp.11 HeKoTopoM npoMBllt.Y-

TOqHOM" saaqeHHH ~ HMeeM I <i (~) = 0. .llllfl .YCT~t\qHEOtl CTpaTPJWMKaUH~ 9" = 
=-CR"- 0, rroaTOM.Y CJ(Z'.;)>0 TIP"!_ 0!.r'.;<L; H g'(!;)<O rrpH t:<4~1. 
Cneno:eaTe n&ao, :e1:1rue no:eepxHocTH z = z:; D Tept.1oxa nHHHHe TeqeHHR :ecerna 

iranpa:eneHl:l :e:n,on& H3o6aT TaKl'IM o6pa30M, qTo rny6HHa pacTeT c ne:ea aarrpa

:so no OTHOlli6HHID R aanpa:e 7I6H.lrIID ;zr,EH!teHIDJ; HH!te no:eepXHOCTH z = z; J) 

Hanpa:eneHHe Z!,.l3H!t8HRR M8HR6TCR H8 npOTV~Oil07IO!tHOe. 0TCID;1J,8 ECHO, qTO 

Ha;zr, nl06otl H307II1pOE8HHOtl TIOZ!,.l3011,HOtl E03El:llli8HHOCTbID TI7IOTHOCTHaR UHPKYIIR

UHE E EepxHMx CJIORX EEIDJeTC.fl Ul!K7IOHKqecKOH, a E HHl!tHil - aHTI1Ul1K1IOH.l!

qecKOii; HaZJ, 6eCI\OHeqHJ:ilM xpe6TOM JilJil1 l!t87I060M ;!J,OmKHa cymecTEOE8Tb ;zJ,BYXi>

RPYCHaR oHcTeMa rrnoTHOCTHl:ilx TeqeH11fi, npoTHEononoJKHo Harrpa:e1IeHH1:1x no 

pa3HH6 CTOPOHl:il OT rpe6HR I1 Ha pa3Hl:ilX .flpycax. 3TH EREO;!J,l:l TI07IHOCTbID 

cornac.vmcR c pe3y7I&TaTaMH HHOE.l!ua/I2Q.7, KOTOpb!e Ml:l o6oyllt11,a7Il! B paM

KaX KEasueocTpcw.11qeoKoro npz67If!l!t8!IB.fl B § 3.I l(lIR cna6o CTpaTI1i]JHU!1PO

:eaHHl:lX TIOTOKOE Hall, Ma 7lliMlil E03MY!ll8HID!Ml'l peJibe~ 11,Ha. 

TaK Ka:K CJ.(4) ~ 0, 0~ t; ~ i (paEeHCTEO 11,00T.l!raeTCR 7If!ll!b Ha KOHuaX 

OTpe3Ka), 3HaK E6pTHK87IbHOtl C:KOpOCTH (4.4.28) IT7IOTHOCTHOfi UHPKYIIEUHH 

COEna~eT CO 3H8KOM ]x, T,e, Ha sana11,HhlX CK7IOH8X E03El:illlJBHHOCT.I! Ecer

~a HMeeT M6CTO ITOJ.J.i>BM, a Ha EOCTOqH!ilx - OTIYCKaH.l!e, npHqeM M8KC.l!Ma7I&Hble 

no Be7If!q1rne CKOpOCTl'l 11,0CT.l!raIDTCE Ha rop.H30HTe z :. t;D. 
Bo3MymeH.l'le no1IE TI7IOTHOCTH :e npHH.F.JTOM npH67IHl!teHMlil HMeeT a:eTOMon,eno

HHtl xapaKTep (4.4.29). 

Tenep& nel'Eo no11.yq11T & npe11,0Ta:e 11e!llie o KaqeoT:e eHHOM xapaKTepe pesy 110-

THp.yromero :n.El'll!teH~.!l' • .llnR onpen,eneHHOCTl'I 6711,eM paccMaTpnEaTEi ocecl'!M'AeT

p.11qHyD IlOJ.J.EOJ.J.HYID B03El:llli6HHOCTb c MOHOT0°HHO H3MBHJJromefiCR BHCOTOit. lfa 
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x 

P n a. 37. M3oOaTH (a) n n30-

7Ul1rnn (6,E) IlJiaHeTap!:!O-TOil0-

rpacplii118CKOM cpyHmurn DI Q 
11.IIB IlOZ\EOZl.HOfi E03EHm8HHOCTM 

E <PorMe napa6orroi;ina EpameHn.a 

6 - h "- h I< p , B - h '> h KP. 

IlYHKTH.POM Il0Ka38[·Ja rpam21ua 

rrpeIIRTCTEH.H 

y 

y 

x 

y 

fj 

CKa39HHOro .HCHO, qTQ E EOCTO'!HOM IlOTOKe l.i,VlK7IOHH'18CK08 BHxpeEoe o6pa30-

E8H.lle Han npen.HTCTEH8M .YCHMEaeTC.H E E8.PXHMX 07!0.HX " ocrra6e:eaeT E H1D!'

irnx, a E sanaZJ.HOM ITOTOKe, Ha060pOT, aHTHUHK7IOHEqecKMfi EHXpb ocna6eEa

eT Ha E8.PXHHX ropH30HTaX H .YC.31IHE88TC.H Ha HH~HMX, qTO xapaKT8.PHO Zl.llil 

"KOH.YCOE T::ittrropa-Xorra" E KEas.P1reocTpo<P.P1qecKoM npH67IZ~emrn. B EocT011-

HOM IT OTO Ke pe3y 7lbTH.P.Y IOU!e e none E epTHKa 7lbHOH CKOIJOCT.1'1 YC.l'lJIHEa 8TC.R no 

cpaEHemrn c q11cTo 6apoTpoIIHh!M cJI.yqaeM, a :e sarra11.HOM - ocrra6e:eaeT. 

Ilorryq eHHbl8 p83.Y1lbT8Tb! 06'b.RCH.FHOT oco6e HHOCT.l'I E epTHKa 7lbHHX CTP.YKT.YP 

H rOflll30HT87IbHb!X noneM, pacoqnTaHHNX 11.IIB MOZl,87lbHb!X npzMepOE E §§ 4.2 
M 4,3 HHhlMH M9TOZ1.9MH. 
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J1JIR 1!7I7I!OCTpao;.l'll'l IIpl'IM8M IIpOOTVto IIOll.EOI\HYto E03Ebllll8HH00Tb D cpOpMe na

pa601IOl'l:n.a EpameH.l'l.fl, Kor:n.a penbe~ ll.Ha E IIOllilpHHX KOOpll..l'JHaTax 3a:n.aeTO.fl 

TIO ~OpMY7I8 D=-1- h(1-l' 2)9(f-r)' rne h - aMIIID'IT.V2U!Hi! MHOlltl'JT8Jib. 

Kapnrna l'l306aT l'l ooeEoe ce'!eH.l'le 'lepe3 E03EblUJ8HBOOTb .l'l306paJKeHbl Ha 

p.l'lo. 37 ,a. Ilpl'l Q =-1 +}by .l'l301I.l'!Hl'l.flMl'l IIOl.til IIJiaHeTapHO-TOIIOrpa~R'!BCKO~ 

<!>YHKUl'll'l D/ ~ Ha:n. npeII.flTCTE.l'lBM .flB1I.fltoTO.fl :n.yrl'l OKPYlKHOOTe~ x 2+(y-y,)2 = 
= l'~, r:n.e Yc.=Cj.>/2h, l",=-[1+y~-(1-C)/h]i/2. .l'l C ecTb 3Ha'le-

m>Ie D/Q Ba COOTEBTOTEYtomB:ii 1'1307!.l'lHl'll'l, IIpl'l'!BM 1/(1+fo)=Cmln!!i:CE:C,,,ax= 
= 1/(1-ft). HeTpyZJ,HO y6eZJ,YITbO.fl, '!TO rrpvr h "'- hKp= jJ/2(1+.f.l) none D/~ 
He .l'lMeeT JIOR87IbHblX 3ROTpeMYMOE, .l'l Tor:n.a KapT.l'lHa .l'l301I.l'lH.l'li! l'IMeeT E.l'lZJ,, 

.1'!306pal!!.eHHH:ii Ha pl'lc. 37, 6, rne ;nJIR onpe:neneHHOoTr-i npl'IH.flTO jJ = 0,2 
(npz l* = IOOO KM 3TO cooTEeToTEyeT nrnpoTe lf = 38° E Ha'l!ane ROOPll.l'l

HaT) 11 h = I/20 <- I/I2 =- h1<p. Ilp.l'l h > hKp E none ftl.YHKU.l'll'l D/~ l'!Me

eTc.fl JIORa7IbHH:ii MRHl'IM.YM E TO'!Ke (O,y*) (32!,BCb y* =-{ [ f+ J.>2(1-h)/h]2-
-f} / fo), E HeKoTopo~ OKpecTHOOTl'l ROTopott 1'130Jll'IHl'll1 npe:n.cTaE 7!.fltoT 3aMKHY

THe 3KCo;eHTPVI'!9CK.l'le OKpylKHOCTI-1; 3TOT oay'!a:ii IIOK830H Ha p.l'lc. 37,E npvr 

h = 3/IO > I/12 = h1<p. PY10. 37,6,E ZJ,alOT npe:n.0TaEnea11e o xapaKTepe 

6apOTpOI!HHX Te'l8Hl'l:ii E ZJ,0- .l'l CEBpXKpHTl'l'!eOKOM pelltl'IM8X OOOTEBTOTEeHHO, 

Tor:n.a RaR p11c. 37,a onpeneJIHeT reoMeTp.l'lto 6apOKJI.l'lHHblX Te'l!eH.l'l~. 

PaccMOTpBHHa.fl MOZJ,eJib 6mra OOHOBaHa Ha rrpe2!,IIOJIOJK8Hlil.l'l, '1TO c')«.1. :i<aK 

.l'l3EeCTHO, rrpe:n.eJIH Ilp.l'lM9H.l'lMOCTl'l acRMITTOTl'l'lBOIU!X MBTOll.Oll 'laOTO Oita3!il!a

lOT0.fl 6onee UJl'lpOKlllM.l'l, '1eM Te, KOTOpble ll..l'lKTYtoTO.fl <PopM81IbHblM.l'l Kpl'!Tep.l'l.flMl'l. 

MOlKHO Olltl'Jll.0Tb, '!TO IIOCTpOBHHOB EHme np.l'l6Jll'll!!.9HH09 pemeH.l'le (4.4.24) npM

roZJ,HO .l'l np.l'l Mettee lK80TR.l'lX orpaHM'lBH.l'l.flX H8 xapaKTBP OTpaT.l'l<l>l'lKat:(RIR. 06 
3TOM, E qaoTHOCTR, OE.l'lZJ,9~97IbCTBYtoT aaanor.l'l'1HH9 pe3y7IbTaTH, nonyqeaHHe 

E §§ 4.2 z 4.3 npz YMepeaaott cTpaT.l'l<!>HKat:(Rl.l'l tta6eratomero noToKa. C :n.py

rott OTOpOHH, 1'13B80THO 14~1. '!TO naJKe 0'18Hb cna6a.fl OTpaTH<PRKat:(Rl.fl rny-

6Y.HH!:DC EOll. oymecTE8HHO E.l'lll.OH3MeH!leT xapaKTep 06TBK8H.l'l.fl pen&eqe :n.ira. 
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PaOOMOTp8HHH8 E HSOTORl!lel RHHre MHOroq.l'loJieHHHe llpHMepH llORS3liESl'.lT, 
qTo E paMRSX llp.l'IHRTHX MOAenen Yl88TOR peWHTb PHA .l'IHTepeoHHX SSlSq 0 
EIWRH.1'1.1'1 openae- .l'I RPYllHOMSOWTaOHHX 00008HHOOT8H pen&ecpa naa Ha OAHO
POAHHH .l'I OTpSTJdqJHUZPOESHHHli IIOTORH EP8tll!llOlll820R lltH'ltROOTJd. B rnaBHHX 
qepTax YOT8HaEnHE88TOR p01Ib OeTa-aqxpeRTa, OTpaTHqJldllli{lZH, EHOOTH npe
llRTOTB.l'IR, HaIIpaE118HHR HaOera1001ero IIOTORS H apyrldx qJaRTOpOE. 

CTpeMneaHe Houon&30ESTb aHanHTHqeoltl!e MeTOltH uooneaoEaHHR 380TSBnR
eT oopamaT&OR R Eeo&Ma 0Tld1lld30ESHHHM 0.14TYSUZRM. ;;!TO BII01IH9 OIIpaElSHO 
HS uepBOM aTaIIe Jd3yqeHHR pa3nHqffHX onOlltHHX IIPHPO'ltHHX RBnemrn. HaIIpHMep, 
H3EeoTHHI oneuzalllloT no reOCJ.lld3HqeoKoA rHlPOZU!HSMHRe nEo38qJ rrennooKH 
IIHW8T /148]: "HHRemaee OOOTORHlde HSYKH TSROEO, qTo IIOHHMSH.1'18 nnaHeTap
HHX AEHE9HHM TpeoyeT .1'13yqeH.HR OROpee OTaen&HHX 3aaaq, R8EeJIH paSBHTldR 
08MHX o6mmx TeopHM!. Tu111e Eoero aTO E EHOl!leii OTeIIeHH HD;eSllld3.l'lpOB8HHHe 
MOlen&Hae aanaqz". 

Boupooa B03AelOTEldR HepOEHOOTei IIOD;OTJdJISQllei llOBepXHOOTH HS IIOTORH 
E03D;YWHHX M800 OTSnH npeAMeTOM .l'IHT8RO.l'IEHOro HsyqeHHR E AHHaMBqeoRoA 
MeTeoponorHH saaqHTen&Ho paH&me, qeM aaanor.l'lqHHe upo6neMa E nHHSMHRe 
OKeaHa £89/. HMeonaRCR 06lllHpHaR nHTepaTypa HaoqnHBaeT OOTHH HSSBSHH:ill, 
:e.KnDqag MHOrHe o6sopHae pa6oTa; cpeam HeaaEHHx H HSHoonee nonHHX 0030-
poE OTMeT.l'IM /j.64). IloOR07lbR.Y ORea H H STMOO!IJepa upenoTSB IJ.RllT ROHRp8Tlill8 
pean.1'1381ll!.l'I 0.l'IOT8M, HsyqaeMHX E reOqJ.1'13.l'lqeoROK rHAPOAHHSM.l'IRe, 061I1HOOTb 
OOHOEH!iX 38ROHOE (B qaoTHOOTH, 38ROH8 ooxpaH8H.l'IR IIOT8ffUPl81lbHOro B.l'IXPR) 
IIOSBOIJ.R8T aqxpeKTHEHO paspa60T8HHH8 B ltBBaMHqeoROA MeTeoponorHH M8T011;H 
uepeHOO.l'ITb E ORe8HOHOrHD. 3TH BOSMOEHOOTH aaaqmTen&HO paOlll.l'IPJllUTOR ona
ronapg .l'IM8Qll8fiOR ~OIJMS1lbHOA aKEHE8H8HTHOOTH MSTeMaTHqeoR.l'IX ypaBH8HHfi, 
OIIHOHE8DIIIHX pasnHqffble IIO OEOeMy ~.1'13.l'lqeoKOMY 0011;epiKBH.l'ID npoueooa E ST
MOO!flepe H OReaHe. HaIIpHMep, ,yEe ASEHO IIOAMeqeaa aaMeqaTen&HaR aaanorHR 
M8E'ltY lEH~eHHeM yOTOi!tiHEO OTpaTH~HllZPOBSHHOM aeEpalll8Dl!lijfiOR llt.l'ID;KOOT.l'I B 
BepTHKS1l&R02 nnoOKOCT.l'I .l'I 1U!HE8H.1'18M OAHOponHoA BpamalOllleioR lltHlKOOT.l'I E 
ropH30HTan&Hol nnooKooTH lOapoTponaaR aaASqa) /J.73-I7fJ}. YKasaHaoe 
00CTORT81I&OT.l:l0 ID.lpOKO HOIIOJI&SOESnOob up.I'! pemeH.1'1.1'1 MHOrHx sanaq B rnaEe 2. 

B HHTepeoax norHqeoKOI 38MKHYTOOT.l'I E HSOTORl!lea RHHre HoonenoES1IHO& 
nHm& ABB MOlelll!; REaazreocTpopHqeoKaR :ztJIR EOSM.YllleHit!i!: pen&$ lHS Mano~ 
EHCOTH .l'I reocTpopBqeoKaR lllff on,yqag RPYIIHOMSCIDTS6HHX upellRTOTEf4~. 3Tf4 
aanpaEneHH~ naneKo ae HcqepnliEaDT Boero MHOroo6pa3HR nonxonOE K peme
HH~ sanaq 0 BOSD;eaoTB.1'1.1'1 pasJll!qHHx qJOpM pen&eqa D;HS Ha sa:naHHHe IIOTOIW. 
YKalleM Ha HBROTOpae npyrn paoIIpOcTpaHeHHHB M8TOAH. Ilpeue Boero ODlS 
OTHOOHTOR He f40IIOn&SYIXIU'IA npennonoaeHHR 0 reooTpoepzqffOOTH MeTO'lt E03MY-
1118HHR no MSJIOMY napaMeTpy, upe~OTSBnR~llleMy OTHOmeH.1'18 xapaRTepHO~ EH00-
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TH npeII.RTCTEZR Ha nae R cpenHel rny6HHe oKeaaa lt5, 79, II2, II3, I53/. 
IlpH ll.OCTaToqao 60llblllHX B03MYmeHRRX pen&eqa HHorna ORa3/ilE8BTCR Oonee 
yno6HHM nepexon K HOBRM HB30BHCHMllM nepeMeHEWM, Kor;zr.a EMBCTO 06HqHoA 
BepTHKallbHOi ROopnHHaTH BBOZl,HTOR IlllOTHOCTb HllH TBMllBpaTypa /92, II?, 
I53.l,7IH6o KaRoa-H.1'16Yll.b HHOi anHa6aTzqeoruil HHEapHaHT, B nocne:ir.Hze ronH 
IlORBHllCR pgn HCCllBnOEaHHa, OCHOB0HHHX Ha TaK Ha3/ilE0BMOM reocTpcxpHqecKOM 
npH6nHXBHHH KonzqeCTBa ztEHEBHRfl B nHHaMHqecKHx ypaBHBHHRX /IU9, 140/. 
l!.lic11eHEWe MeTo~ aHanHaa npHMBH.RllHCb B pa6oTax /10, III, II8, I?I, I?We 

He HCqepnaHH no KOHua B03MOJtHOCTJ4 H caMoa KE03HreocTpcxpHqecKOM MOll.B
Jli!, B qaCTHOCTH, npe:ir.cTaBMKlT HHTepec Mano HCCllB;llOBaHHHB aa;zr.aqH 0 peaK
UHH HBCT0UHOHapHHX nomoKOB C BepTHKallbHHM H ropH30HT01lbHHM CztEHrOM CKO
pOCTH Ha aa;zr.aHH!ile B03MYmeHHR pellbBqla ;llHa. PaCCMOTpeHH9 peJKHMOE CTaUHO
HHpOBaHHR OC06BHHO EaEHO nnR pemeHHR npo611BMH 9ll,HHCTBBHHOCTJ4 B03MOEHHX 
ycTaHOEHBlllHXCR COCTORHHI. IlOHHMafflile OCHOBHHX 38KOHOMBPHOCTBH TOnorpa~H
qeoKoro UHKlloreHeaa MOEBT TaKEe ORa30TbCR ll01lB3HlilM npH HCC119;1lOB0ID'IH CH
HOllTHqecIUlJI. Bfili:pel OTKPHTOro orceaHa' llOCK01lbRY llOCllBll.HHe xapaKTBPH3YKlT
CR 110Ka1lbEWMH :ir.ewoPMaUHRMH H30llHKHHqecKHx llOBepxHOCTei, KOTOpHe npe:it
CTaEMfOT CEOeoopaamite E03MymeHHR noncTH118l!lllB"i1 no:eepxHOCTJ4 llllR BH1lle11e
JlalilMX C 7IOBE, 

Bec&Ma aKTyan&HHM cne:ityeT npzaHaTb nocTpoeHHe TeopHH H paapaOOTRY 
aqxpeRTHEHHX MBTOll.OE pemeHHR aa:itaq B c~yqae IlOZlEO;llHWC npeII.RTCTBHA KOHeq
HOE EHCOTH. AH87IH3 HBKOTOPHX pemeHH~ nllR KOHeqHHX Tonorpa~H"ii llPJ4BOnHTCR 
E HB)¥3EHO ony611HKOE0HHHX paOoTax /?U, 78, ~~. 3anaqH nono6Horo po;zr.a 
BaEHH ll.llR J43YYBHHR YCllOEH~ $0PMHPOBaHHR 6zo11orzqecKOI nponyKTHEHOCTH 
Hait EHCOKH.MH IlOll.EOll.HHMH ropaMH (razoTaMH) B OTKpHTOM OKeaHe. CpaEHH
T97IbHO aedOllburne ropH30HT01lbHHe pa3M9fJH raHOTOE H OTHOCHTBllbHaR KPY
TH3Ha 60KOEHX CKllOHOE ;llBllall'l' HeOOXOnHMHM yqeT areocTpcxpHtiecIUIX aqxpeK
TOB. CBR30HHHX He TOllbKO c YCHllBHHBM ponz HBIIHHBHHHX tillBHOB' HO H c 
IlPORBllBHHRMH 60ROBoro TypdyrreHTHOrO 06MeHa. 

3aEepwaE cnenaHHHB EHillB saMeYaHHH, e~e pas non.qepRHBM, t!TO BHilOnHBH
HHM c IlOMOU!bll a Ha 7IHTHtieCKHX IlOCT poeHH:l'l aHa IIH<; MO;lle llbHHX 3!i;llaq. ECKPH
EaR rrraBHHe M8Xl:iHJ43M~ z3yqaeMoro RBITBHHE, onHOBpeMeHHO 00<;,!J,l:leT Hall.BE
RY~ OCHOBy nllH IlOCIT6ll.YKXUBrO npHMeHeHHE YHCllBHH!lX MBTO;llOB ~llR Oorree 
pearrbHHX 06'beKTOB H YCllOEMiL 
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