










































































0P = — €20% - (20,95 + 0Pxx - 20,9y + OPyy) - €1 (Ore — OPS +
+ Dyy — 09)- .

Pemenne OyfeM HCKaTh B Buje PsAfa M0 MaloOMy HapaMeTpy &, XapakKTe-
pU3YOIIEMY OTKIOHCHUE C; OT KPWTHUIECKOTO 3HAYCHHA Cy, NPH KOTOPOM
pemenue (1.5) Tepsier ycTOHIMBOCTD:

o =1+ ery (@ y) + e (@, y) + & @ p) F - -

@ = (—Cy + ¢,&8 + §o8" + @g&® + .. )] 4 eay (z,9) + (5.6)
+ &, (2, y) + . .

Cy = Cy -+ 8 + 0,82+ wze® 4 ..., @¢;, ®; = const,

IToncrasum gopmy:ist (5.6) B ypapHeHHR (5.5) M DpHpaBHSeM YJICHH NPH
OTUIAKOBHX CTENENfX €. JTO AACT CHCTEMH YPaBHEHHI AN HOCHENOBa-
TeJALHOTO ompepelneHus r, (r,y), a, (z, y). B HyneBom mopsagke 1mo e
ypaBHEeHUS YIOBIETBOPAIOTCA TOMAECTBeHHO. B mepBoM mnopsAmke ux
MO/XHO HPUBECTH K BAIY

Ary + Ery = ¢; (@1 + o))/(1 + cf),
Aa, = 2Lr, + (9, + o)/(1 + &), (5.7)

rae k2 = —2 (1 4+ ¢,5)/(1 +&); L = (G — e))/(1 + e
CrpykTypa ypaBHeHH#l n-To HOPAfKa aHAJOTHYNA: I, U @, BXOASAT
B HOX TAaK jKe, Kak r; 1 @, B dopmyan (D.7), HO IpaBLie 4acTH TOpPaso
cioHee.
W3 rpaumunsix yeaosuii sagaam (5.1) clegyiOT pPaBeHCTEA
or da N - o
n w0, Bl o (59

oz 9z |xemo,1 Ty ly 0,1

ar, da

2

x=0,0 0y |y—o, 1

Momuo nponeputn, uto 3agava (9.7), (0.8) paspemnMa IpH YCIOBHM
¢; + ®, = 0. Ee pemenne nveer pmp

ri= 2 Ay, cos(uma/l) cos (nnyjl), (5.9)

a; = —2Lry/k* + const, n? (m® 4 n?)/I* = k®

(m, n — nensie uyucaa). U3z dopmynn mas k? caenyer, 410 B TOuKe lep-
Boil Gmdypraiun m = 0, n =1 au6o m =1, n — 0. B panvueimenm
6ynem cumratek, uto k == s/l, r; ¥ d{ EMeIOT BHJ -

ri = A cos kx + B cos ky, a; = —2Lr,/k*> 4 const. (5.10)

YpapHenus BHICHIAX TOPAXKOB GYyT paspelinMEl, e€C.JH HX IIpaBbie
YacTH OPTOTOHAJIBOHEL KO BCEM HeTPHBHANBHEIM peINCHUAM COOTBCTCT-
BYIOIAX OfHOPONUEIX ypanHenmii (dastepHatusa @Dpegroanva). Pac-
CMaTpHBas YCJOBUA PA3PEIIRMOCTH JJA YPaBHEHUN BTOPOTO W TPETLETO
HOPAAKOB, MO;RHO ompefe;uTth 3uaveHua 4 u B. Maxwiit napaverp &
PaHee GnlI ompefenell ¢ TOUNOCThI A0 MHokutenas. [lazee My Gymes
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Puc. 26. ameHeHue KOMIOHEHTH u (r, Y, 1) B DeUNIeHHH, NOKAa3aHHOM
ma puc. 25

Ecan pemenme samaum (5.1) aBTomMomenbHo, To R® = u? + v? He 3a-
BucuT oT ppemenu. Ha puc. 24 LoOKa3aHH JUHAM YPOBHA H BH/OBbHIE
npoexnuu ¢yurmmE R (z, y) AnA CAMMETPHYIHOTO XM HECHMMETPHUHOTO
aBTOMOJEJbLHHX pemeHuil. TwOWYHELIE DpONECC BHXORA Ha TaKOe peme-
HUe mokasaH Ha pmc. 25. OYHKIUM Py, (£) CTPEMATCA K IOCTOSHHEIM
SHAUEHNAM IIPH {— 00, IPHYEM P 7= Pyp B DTOM pacuere.

@OyExnum © @ v B aBTOMOJENHHOM DEIeHHH MEHAIOTCA J0CTATOYHO
ciaoxuo, mpmieM u (z,y, t) = v (z, y, ¢ + T/4). OBomonusa KoMmoHeH-
TH u (z, y,' t) DokasaHa Ha pmc. 26. .
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JIlByMepHE® pacueTHl B 3Toil paboTe NPOBOAWIHCH C WCHOJIBH30BAHHEM
MeTOla mepeMeHHnXx Hampasienuit [37]. Illarm mo Bpemedm T m mo mpo-
CTPAHCTBY A YKasaHH Ha PUCYHKAX, OHH ONPeAeTANNCH IOC]e NPOBefe-
gUA TEeCTOBHX pacueros. B Tex ciaywasx, KoThda B [BYMepHOH 3amade
aCHMIOTOTHKA ONpPEeJAeTCA ONHOMEDHEIM PpeImeHweM, NocjlefHee NpaK-
THYECKH COBIAJaeT C perieHmeM, MOCTPOEHHEIM IO APYrod MeTORMEe A
omHOMepHO# Bagaum [24].

5. PaccmoTpuM Taxwe penieHus 3a0aY¥ B YACTHHIX IPOH3BOJHHIX,

.. y KOTOpHX QyHKuui R U a HepyuofudHsl no BpeMenn. MoxHo yOeAnTnCs,
qTO B DTOM CJIY4Yae 0., (f) Taxske HEePHONMUHBL Q. (£) = Pma (¢ + T),

O () =0, ¢+ 1) + 27ppn, Pmn =0, +1, +£2,... Taxnme pe-
ImeHHA ABIAITCA aHAJOTAaMH HpefesbHBIX IHKJIOB B cucreme ¢ N = 2,
OrMeTEM, 9T0 (VHKIUY U ¥ U HE ABIAKTCHA NepUONUIECKAME — B CHCTe-
Me GyaeT HaOMOMaTLCA YCTaHOBHBINHACA NBYXuacCToTHHIA pesuM. Takas
JKe CHTYaI[UsA MMejia MeCTO B YIPOHMIEHHOH MOJENH.

Jaa Toro uro0H BHIACHHTE XapaKTep Kad4eCTBEHHOH IEPECTPOHKH
TePHOFEUECKUX peinenmii, yAo0HO paccMOTPeTh KX NPOEKIYE HA IIOC-
KOCThb {Py9) Po;} ¥ rpadmem QyBEKOUE p,n () TPE pasHHIX 3HAYEHUAX
mapameTpos (pmc. 27). :

IlepBoe pemenue (puc. 27, @) meaUKOM TPOEKTUPYETCA HA KDUBYIO,
JIeKAINYI0 BHIIE [HATOHAIH Dy, = Pg,. B Te9eHue Bcero mepmofia Hampas-
JIeHHA I ¥ Y «HepaBHOOpaBHb. llpyromy pemenumio (pmc. 27, 6) cooT-
BETCTBYeT 3aMKHYTas KpHBas, KOTOPasA JEMKHT Mo 06e CTOPOHBL OT JMa-
TOHAJAW. JTa JUHAA THOYTE CUMMETDHYHA OTHOCHTEIBHO NPAMOHA Py =
= p,o- HlanpasieHus x ¥ y uepes BpeMs, npuMepHo pasHoe I/2, «MeHA-
orca Mectamm: R (z, y, ¢t + T/2) = R (y, z, t). Bynem HaoeBaTHL Takoe
pemenne pemenneM tana I B o1auyne oT mepsoro, KoTOpoe oTHECEM K TH-
oyl.

Baskro mopuepkHyTs, uTo pemenna 1 m II kagecTBemHO oTIHHANTCH
apyr ot Apyra. Ilpm MajloM msMeHeHnWd mapaMeTpa ¢, NePHOJ peINeHUA
yBeIMYUBAETCA NPUMEPHO B 2 pasa, QYHKIUMA Py, (1) GausKa K Poo (¢ +
=+ T/2) (em. puc. 27). OgHakro poy, (t) ® pio () BemyT ce6a wWhawe: 9acTh
nepuona QyHKIHA Py, (t) Ha puc. 27, 6 (pemerue Tuna 1) noBropsger xox
P10 () ma puc. 27, a; ocraBmylOCA 9acTs — Xof QYHKIUE Qo (¢). IIpm
DPEGIWREHAN K TOYKe Hepexofa ¢, MepHOf PelieHnil pesko BO3pacTaer.

Habmomaesyio KapTeHYy MOMKHO OGBACHHTH TeM, UTO OJNHOBDEMEHHO
¢ pemennem Tuna I (omo mokasano ma pmc. 27, @) cymecTByeT M YCTOii-
YMBO CHMMETPUYNOE €My OTHOCHTENBHO ILIOCKOCTH Po1 = P;o DeIleHwme.
C ymeHbmenuweMm ¢, mX aMIIATY[a pacTeT, M LUKJH IpuGImKAOTCA K
ILIOCKOCTH CMMMETPHE ¥ APYT K APYTY, HOAXOAA K CHUMMETPHYHOMY pe-
MEeHAN C Ppy = Pppy. DB KOHETHOMEPHOH MOJENH OHO COOTBETCTBYET 0CO-
60ﬁ*'r01me. Jdro mpEBOXHT K pocry mx mepuona. [locae mepexoma (¢, <<
<< ¢3) B pacueTax HabmofaeTcs pemenne tuna Il (em. pue. 27, 6) u cmnm-
MeTpmyHoe emy pemenme. CiefoBaTennHo, VCI0:KHEHNE MOKRET W JAJBINE
HTH 110 9TOMY NYTH, CYMECTBEHHO CBA3AHHOMY C CHMMeTpUeH 3afadwi.
—

F}’?ME: 27. ll)pmlepu pemcHuil 3a7agu (b.1) ¢ nepunomnyeckoii Gyurnuei
Zy, Y, t
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IIpe nanbHefimieM yMeHbIUEHNH IapameTpa c, B JIByMepHoil 3ajaue
[OABIAIOTCA DemeHHs, B KOTODHIX 3a BPeMA pacuerToB He ynaercsa o6Ha-
PYHUTH HHAKAKOHX YIOPAROIEHHOCTH. AsyMepubie Hem2puiIddecKae pe-
meHHA W Tepexoff K HuM TPeGYIT OTAeJbHOr0 aHAIH3A.

6. Ilposenennsle mcciemoBaHUs HMOKA3aldM, 4TO IOC.1e MOTepU yCTOii-
q@ABOCTH OfHOpPORHOTo pemedus W = exp (—ic,{) B mByMepHoil sajade
BOBHAKAIOT aBTOMOJE/JbHEE DeNIenus, KOTOPhie MOTyT OLITH CHMMCTPHU-
ge man ogHoMepunt, Mopmyaa (5.16) moxaseisacr, uro B 60.IBMOM HHa-
HasoHe INApaMEeTPOB OJHOMCPHEIC PeIIeHMA YCTOWYHBbI, T. €. PelleHHsd
gagad (9.1) = (2.1) cosnapaior.

IIpn manspHeiimeM yMeHLIIEHHH rMapaMeTpa ¢, aCUMOTOTHRY JByMep-
‘{OH 3aJaYd ONpefeJdioT ABYXYAaCTOTHHE pelmeHus. 3To 06CTOATETHCTBO
ABIAercA odeHb BaKHEIM. 1llupoxo pacmpocTpaHeHo mpencTaBjieHHe o
TOM, 9TO OCHOBHEIMH (OPMAMH YOODPANOYEHHOCTH B AKTHBHHX HCIWHEH-
HHX Cpefax ABIAIOTCHA BeJyIIue IMEeHTPH U CHUpaJbHBE BOJIHE. B 3apgage
(5.1) oHE ABAAIOTCH 4ACTHEIM CJIydaeM /(ByMEPHOTO aBTOMOMENBHOTO pe-
IMeHHA, B KOTOPOM eme pa3 pasmenunack nepemexnble. M meiicTBHTENBLHO,
B ONpPEeJeHHOM JMana30He NapaMeTpoB MMEHHO aBTOMOMEJBHEIC pelle-
HAA OHpefeNAlT acuMOTOTURY mponecca. OpgHako B Gompmo# oGmactu
¢y, C; M | OHE HeycTOHunBH. 37ech BOBHHKAET GoJiee CIO:KHAA ymOPANO-
9eHHOCTh. e ONMCHBAIOT pemeHms C TepuoxudccKnMa QyHumuava R
u a. EcTecTBerHo 0MMOATL, 94TO TaKMe pemeHHA OYAYyT HAGJIIONATHCA BO
MHOTHX OTKPHITHIX JHCCHNATHBHHIX CHCTeMaX BOJu3M Toukm Gudypxa-
IHN.

BaskHo oTMeTHTB, 94TO B JBYMepHO# 3ajavye, TaK jKe KaK B OHOMEP-
HOM cllyyae, OKAa3bIBAETCA MHOJE3HHM AaHAMH3 KOHeUHOMEPHOH Mojend.
PaccMorpennian ympomennas cucreMa ¢ [N = 2 He TOJBKO HPaBHABLHO
mepejaeT MHOTHE KAa1eCTBEHHHI® 4epPThl W3ydaeMmoil cCHCTEeMH, HO H XOpo-

IO NPEeACKassBAeT KOJMYECTBOHHHE XapPaKTeDHCTHKH INPOCTeHINHX pe-
menui 3agaun (5.1).

6. Taaxsueiimee mcciegosamme ypasaenusa Kypamoro — Nysykm
u ero 0600uenus

OcranopuMCcsi Ha NEPCOEKTHBAX HCCAEJOBAHHA [BYXKOMIOHEHTHHIX CH-
CTeM B OKPECTHOCTH TOYKW OM(YypKAIHM ¥ HA HEKOTODPHX HePEMeHHBIX
safayax.

1. TlonyduenHble K HACTOAINEMY BPEMEHH PE3yJAbTATHl B OCHOBHOM OT-
HOCATCA K YCTAaHOBUBIIHMCS mpoleccaM B HeOodbpmux obmacrax. Bammuo
Ob110 6B BHIACHWTL, YTO MPOMCXOOUT ¢ pemeHueM 3amaqu (2.1) npm yse-
amyennu pouabi obaactd [. Ilpm I = n ynpomenHnas cucreMa Tpex OOBIK-
HOBEHHBIX JnPPepeHUuaNTbNEX YPAaBHEHHMII XOPOIIO HepefaeT CBOMCTBA
ucxonHoil safauyd. [Ipm ypenwwenuu ! ecrecTBeHHO OKMOATHL, YTO B COOT-
BETCTBYIOMIEH YUIPOWIEHHOR MoOJesim YUCIQ0 YPaBHCHUHA TaK:ke OYyHeT yBe-
amanBathcsa. Beraer sompoc o sasmcumoctu NV (I). OH GaAusok K BOIpoOCY
0 TOM, KaK MEHJeTCH PasMepPHOCTb aTTPaKTOpPa B TUAPONUHAMHKE C yBe-
AngenueM uymcna Peimonsnca [43]. Amanua sroit saBucumocTH OnL1 OBl

ooJe3eH He TOJBKO AJA aHANHTMYECKOT0, HO M JJA YUCJIEeHHOIo HMCCIeno-
BaHUA TaKWX CHCTEM.
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MOIKHO OLpPEleaHnTh ¢ HOMOMPIO &ITOPHTMOB TEOPHH I'PYNLOBEIX CBOMCTB
grddepeHuanbHEX ypapHenuii [4, 5].

ABTOMOfI@IBHBE PeIeHnss MOTYT UrPATH CYMECTBEHHYI0 POIb HE TOJ b-
KO0 B aHaJH3e OTACIbHHX K8YeCTBEHHHIX CTOPOH ABJIEHMIT, HO U B HCCie-
AOBAHMAX UPUHIUNHMAIHFHOTO XapaKTepa, HO3BOAAIMUX YCTAHOBUTE 06-
Iue 38KOHOMEPHOCTH IPOLECcCoB Ha onpefeleHHON CTaMUU UX pa3BHTAA.
Boabmoe TeopeTHYeckoe H HMpaKTHYECKoe 3HAYCHHE HMeJio, HampuMep,
pelieHne KiacCHYecKoil 3aja4l 0 CHJBHOM ToYedHoOM Baphise (2, 3, 6, 7].
JTo peilleHHe OUHCHBAET ABJEHHS, NMEOIMUE MECTO TPH B3PbiBaX 3aps-
JioB Manoro oGbeMa m Beca, HO oGiaagaomux Goabpmoil sueprmeit. He-
€MOTPA Ha HEKOTOPYIO HALAJHM3AIHNI0, IPUHATYI0 NPH NOCTAHOBKE 3ajad,
TEOpHA TOYEeYHOTO B3PHBA, OCHOBAHHAA HA& ABTOMOJEJNBHEIX DelleHUAX,
AaeT BO3MOKHOCTH MOJYYaTh He TOJABKO Ka4eCTBEHHbe, HO H C A0CTATOY-
HOH [7151 UPAKTHKA TOYHOCTHIO MHOTHEe KOJHYECTBeHHHEE JaHHbE 0 XapaK-
Tepe BOBHUKAIOMEro NpPH B3PHBAX HEYyCTAHOBHBIIETOCH ABIKEHUSA Cpe-
mH. JTa TEOpHsA HCHOAB3YETCA TaKMe B 3a/a98X OGTEKAHNS TOHKHUX 3a-
TYIJIEHHLIX TeJd HOTOKOM rasa ¢ Goipmoll ¢BepX3BYKOBOH CKOPOCTHIO:
[8], B samavax pacupoctpaneHEs yRapHHX BOJH IPH dJeKTPHICCKAX Pas-—
pARax u ap.

Boapmioit uurtepec mpefcraBiaAioT aBToMOJelpHEE PENEHHS ACHMI-
TOTHYECKOTO THIA, OUUCHBaoNHe aABieHHa Kymyasmuz [9], 1. e. mpo-
feCCH, B KOTOPHX B KAKOM-TO BHJe IPOMCXOAUT KOHIEHTPAIAS JHEPTHH,
B OPHTOM HEOTPAHUYEHHO CHUAbHO. H TAKUM pemeHUAM OTHOCHTCH, Ha-
IpUMeD, pemeHHe 3a0aY¥ O ABIKEHHM YNAPHOH BOJHH K LEHTPY M OCH
CEMMeTpPHH, 0 TE€YeHHHM ra3a Hof felicTBHeM KpaTKOBPEMEHHOTO yhapa
a ap. [10—14). Ilpuknaguoii HETepeC yNOMAHYTHX BHINE 33189 CBA3AH
€ CymecTBeHHO# HeoGXOAMMOCTHIO AJH COBPEeMEHHON HAYKH M TeXHUKH
PeaNu3aIMH «YKCTPeMAJbHHX COCTOAHMI» BemecTsa (JOCTIKeHHA BH-
COKHX JlaBAEHMii, TeMuepaTyp, NJoTHocTel).

ABToMofie1bHEIE peeHAS TO3BOJAIOT AETaJbHO HCCJAENOBATH PAN
CBOJCTB ABJEHUHA, KOTOPHE OPOABIAIOTCA U B OGIEM «HEaBTOMONEJIHHOM»
ciryuae. Tak, aHaiu3 aBTOMOACIBHHX pelleHHH O ABWMKEHNI rasa mepefn,
OOpIHeM B YCJIOBHAX afuafaTwdHOCTH IOKA3aJ] Pa3iHYHHA KadecTBeH-
HHHA XapakTep TeYeHHH B 3aBHCUMOCTH OT CKOPOCTH NOPHIHS ¢ HAYalb-
HOTO pacnpefienenus wiotnoetn [3, 15—20]. B paborax {18—20] 6rno
OOKa3aHO, YTO CYHIECTBEHHOEe BIHAHKE Ha pacupefeleHue I'iIPoRUHAMA-
9eCKUX BeJHYMH OKA3HBACT M3MEHEHHe CO BpeMeHeM GYHKIMH SHTPONHH
Ha QpoHTE yJapHOH BO.HBI, ABM/KYMEHRCA Iepej mOpIIHEM.

Mlupoxruii Kaacc aBToMONENIbHBX 3884 IOCBAMEH aHANN3Y cuenudu-
9@CKHX CBOMCTB pacnpoCTpaHeBMs TCINIOBHIX BO3MYINEHNH# UpH HeaH-
HefiHoM KoddpPunuente TemnonponogmoctE. B paGorax [21—25] (eM.
Tax:xe [13]) nceaenosancs npolece mepeHoca Tena b HeNOABHKHON mep-
BOHAY&APHO XOJOLHOH cpefie ¢ KOYPOHUEMEHTOM TEHJIONPOBOAHOCTH X,
BaBHCAINUM OT TeMuepaTyp I Io cTemeHHOMY 3aKoHY (x = %,I'®, rae
g, @ — HocTOAHHKNE). Buuio ycTamosieno, 4T0 HenmHeRHBA Ko3gpdu-
OUEHT TeMJIONPOBOJHOCTH CYMECTBeHHNM 06pasoM MeHsAeT XapaKTep Tel-
JiomepeHoca.

MaBectro, uTo ecam koapduiment TEeNJOOPOBOAHOCTE HOCTOAHEH
(@ = 0), 1o BHECEHHOE B CPEAY TeIIoBOe BOBMYNIeHHe MTHOBEHHO pac-
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B paGorax [53, 54] npoBeneH aHa1M3 aBTOMONCABHHX PeMeHUil ypas-
HEHHIl ra30Bofl MUHAMUKHM ¢ Yy4eTOM /1a3ePHOr0 M3J1YICHMA B TIPERI0I0-
sKeHHN, 910 KOdPOUIMHEHT mOTTOIMEeHUA FABIACTCA CTEImeHHOoN (Gymnrimnei
HE TOJDbKO TePMOTUHAMUYIECKHX BeJIUYUH, HO M INIOTHOCTU IOTOKA U3AY-
qenud. llocaennee ofycnoBieno HaauumeM B paspeKeHHOH miasMe
Pa3IMYHKX BHIOB HapaMeTPUICCKUX HeycrToiumsocreit [55, 56]. Anaams
MOKAa3aJl, 9TO yYeT 3aBHCHMOCTU KOd(dui[HeHTa NOTTOmeHds 0T H3Iyde-
HHA TPUBOANT K CYMECTBEHHHM U3MEHCHUAM XapaKTePUCTMK IL1a3MBbI.
I'nyGuna nporpesa BemecTBa H3IYICHUCM OKA3HIBAETCH MEHbINE, TEMIe-
pPaTypa B TeIJIo0BOHl BOoJNHE BHINE, 8 IJIOTHOCTh M HaBJeHHe HUKe, 4eM
B caydae, Korja KoagpunyeHT OOTJIOMEHMA 3aBHCUT TO1BKO OT TeMuepa-
TYPH ¥ ILIOTHOCTH.

C moMompI0 YIOMAHYTHX BBHIIIIE ABTOMOACJABHHX 3afad O IOpIIHe
U padiieTe ILIasMH B BaKyyM ORUTH MCCHEOBAHHL JB& KAad4eCTBCHHO pas-
JUYHHX PEKEMA PACOPOCTPAHEHHs Temya B ARIKyIeRcs cpefe. Xapak-
TEPHEIM CBOWCTBOM OJHOTO 3 PeKUMOB ABIAETCS CBEPX3BYKOBOH NPOrpes
BCINECTBA YIPH OTHOCHTEJBHO NeOONBIIMX HM3MCHEHHMAX TUAPOAVHAMH-
9eCKHX BeJMYMH no3agu ppoHTa TeMmeparypuoil poauu. [Ipu pacmpocer-
paHeHWH Temia B APYroM peskume smepeau gponta TB nBmkercsa cHIb--
Had ylaphuas BoqHa. TeMumepaTypHas BoJHA, PPOHT KOTOPOil BEAENACTCA
HOTOKOM TeIljla, PaBHHEM HYJI0, ABIKETCH C JO03BYKOBOM CKOPOCTHIO.

CymecTBoBaHMe ABYX TUIOB TEeIOBHX BOJIH oTMedsioch B [25, 57,
391 (cM. Tarsme [13]). B pa6orax [36, 38, 40, 43, 58, 59] 6bian geranpHO:
HCCIEeOBAHK OCHOBHHE CBOHUCTBE PA3JIMIHHX PEKUMOB TeIL1OmepPeHoca
B ABIKyme#icsa cpefie, YCTAHOBJIE€HA 3aBUCHMOCTH CYIECTBOBAHHA Kask-
JOT0 U3 pe;RMMOB OT mapaMmerpos sausun. B paGorax [36, 38] pemumu
CBEPX3BYKOBOro nepeHoca Termia GHJIY Has3BaHH TEMIEPATyPHHIMHI BOJ-
HaMmu nepsoro popa (TB-I), a pemumsl qosBykoBoro mporpesa, B KOTO-
PHX Tas0fHHAMHAYECKOe JIBM}KeHWe HrpaeT CYHIECTBEHHYIO POJb,— TeM-
MmepaTypHEMHU BoaHaMu Broporo pogxa (TB-II).

Peskxumu TB-1 1 TB-11 urpaor cymectsenayo poas B maasme. Onm
OHpeNeNfAioT, HaIpUMep, PA3IMYHHIN XapaxkTep CKATHA 1 Harpesa Ja-
3epHoii mnasmu [60—62], mnasmel, cosmaBaeMoil pelITHBHCTCKUMY JIEKT-
poHHEIME Tyukamu [63, 64], cunpHOTOUHEIME paspagamu [65, 66], cuab-
HEIM B3pPHIBOM C Y9€TOM TEIIONPOBONHOCTH M IiepeHoca U3JIyYeHus
[67—72].

YooMsanyTHe BHIIe aBTOMOJC;IbHBIE PelleHHs YPABHEHUN ra3oBoH JH--
HAMHKH ¢ YIeTOM TeIJIONPOBOXHOCTU CYIUECTBYIOT IPH onipefe/leHHLX Or-
PaHMYeHHAX Ha mapaverpu 3anadun. OOHAKO TeopeTHYeCKuld aHAIHM3 M
U YHCJEHAbC YKCIePEMeHTH noKasmBaioT (cM. [40, 73, 74] n 6ubamorpa-
¢uro B sTux paborax), 9To ¥ OPH OTCYTCTBUM TAKMX OTPAHNYCHHUIl Ha CTa--
aunm pexuma TB-1I B oGaacty Mekay GpoOHTOM TeMIEpaTyPHOIl BOJHH
H rpaHurneil rasa ¢ BAKYyMoM pelliecHUe ¢ TeIeHHCM BPEMCHH BRIXONMT Ha
HEKOTOPHIH AaCHMIITOTUYECKHMI AaBTOMOJENBHHI peKUM, MOAydaeMblil
B NIpefmoJ0sKeHUH, 9T0 NI0THOCTH Ha Pponte TB Benuka mo cpasmenuio
C IJIOTHOCTBIO BHYTPH mporperodi oGaactu (msBecTHoe «IpuUOIHsKeHHEe
Po = 00»).

Pemenue 3anaun o pasiere TeIONMpPOBOJHOTO Ta3a B BAKYyM B Ipefi-
TOJIOKeHHH P, = OO ABJACTCHA aBTOMOJEJBHHM UPH NPOHM3BOJBHOM CTE-
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TernJioiepeHoca B ABMIKYIHeiicA cpeme — cBepx3ByKoBod pemum TB-I
g no3Bykosoit pesxnyd TB-II. Ompenenserca sasmcumocTh oGiactu cy-
MeCcTBOBAaHMA Ka;KIOT0 U3 PEKMMOB OT MapaMeTpoB 3anaun. [lokasnsaeT-
e, 4TO B IByXTeMIepaTypHoM caydae B pe:xume TB-1 umeer mecro cy-
MECTBeHHOEe HECOBNANleHMe 3JTeKTPOHHOR 7 uouHoil teMmeparyp. Ilpm
pacIpoCTPAHEHMH Telja B JO3BYKOBOM pe:kuMe B 00JacTH ynapHOR BoJ-
HH H Ha QpoHTe Tew10Bo#l BoJHH mo3anu Hee mMeeM T, ~ T,.

[IpuBonATCcA YMCIeHHEEE NPHMEpPH, HATIOCTPHDYIOMUe IepevHuc]eH-
HEIC BHIIIC CBOMCTBA aBTOMOJENbHHX pemeRuii. 3aMeTHM, 9T0 YHUCIO Tpa-
HUYHHX YCJIOBUi, NPA KOTOPHX pellaeTcs COOTBETCTBYHOMAs CHCTEMA
o6HKHOBeTHHX Au(PepeHNUanbHHNX YPaBHeHU IePBOr0 MOPANKA, OKa-
sHBaerca Goapme, 9eM 9ucio ypapHeuuii. «[lepeonpenenennocrs» dagad
ycTpansercs noAlopoM HEKOTODHX 3apanee HEW3BeCTHHX IapaMerpoB
(coGcTBenHbIX 3HAYeHHNE 3a7a9M), KOTOPHE OMPEeasd0TCSA BMeCTe ¢ pe-
MEeHHeM 3489 ¢ LIOMONIBIO «IpHCTPeaxuy, TakuMu napaMeTpaMu MOTYT
6HITH KOOPAMHATH NOJNOKeHUus PpoHTa TeMmepaTypHOHd BOJHH, QPOHTa
paspeiBa ¥ 1Ap. B ormensmmuix caydasx (3amava o 8aKpemleHHON CTeHK®
¢ 3aJaHHHM TEIJIOBHM pe)KEMoM, 06 afnabaTHYECKOM NOpPIMHE — MOpI-
He, Ha KOTOPOM MOTOKH TelJa PaBHH HYJI0) MpUcTpeika obxeriaercs my-
TeM HCmodp3oBaHuA npeolfpasopamuil nomolua MacmTaboB H3MEpeHHS
BEJTMYHH. :

B o6mem cayuae mpu T, 5= T'; (I', = 0) B coOOTBeTCTBYIOMYIO CHCTe-
My OOHIKHOBEHHHX qupdepeHIHATPHHX YpaBHCHUI BXONAT IBa He3aBH-
cuMbiX GeapaaMepIHX mapaMerpa: 6espasMepHas moCTOAHHAA B Koapdm-

HHeHTe DJIEKTPONHON TemIonpoBOTHOCTH (X9) M GeapasMepHas KOHCTAHTA
B CIaraeMoM, BHIPa:KaloINeM 3JIeKTpoHHo-HoHHHI obmen (Q,). Oxmaxo
AJA mapaMeTpoR IOJHOCTHIO HOBM30BaHHOH mmasmu (Popmyna Cmmrire-
pa Ans xosdpdmiuenra remnomposonsoctu [83] m dopmyna Jlammay—
Cnutiepa nnsa o6MeHHoro wiena [83, 89]) umeer mecTo 3aBHCHMOCTH
00~(R2)—1, T. €. B 3THX CIy4adX 3ajJa4ya CBONHUTCA K ogHOIapaMeTpHye-
CKO#.

B saknouenne pasgena 3 IPUBOJATCA NPUMEPH PA3THIHHX PEKUMOB
TEIJIONePeNoca B HEaBTOMONEABLHOM ciaydae. ¥ CJAOBHE CYIECTBOBANHUSA
THX PEKUMOB U MOMEHT BPeMCHHM HMEpexofa OfHOTO pesKaMa B Apyroi
MO}KHO OIleHWTH, HCTIOJAb3YS YOOMAHYTOE BHIIE NpubIM;KeHHOEe aBTOMO-
JelpHOe PelieHHe THOA D, = oO.

Ananvz moxasbiBaeT, YTO B 38BHCUMOCTH OT H3MEHEHHMs MOIMHOCTH
DOTOKA TeIJa, 3aJ[AHHOTO HA rpanune, pe;xuMel TB-II cymecrsyioT 1160
Ha HAYaJAbHOM, M0G0 Ha ACHMITOTHYECKON cTAgMH 10 BPEMEHH.

_ Amazormunas cATyaiMs HMeeT MeCTo, HAIIPHUMep, B JasepHoil maasMe.
Tak, npu BosgeficTBEE MOIHHX IOTOKOB JIa3epHOTO M3TyIeHHA Ha che-
PHYECKY0 MHUINEHL B HAYaJbHOR CTAJdAH Iponecca o6pasyoTca BHEMHAA
Paspeskennad 4acth (TAK HA3HBacMasd «KOPoHa»), 0XBa4YeHHAA TemI0BOR
BOJIHOM, U BOJIHA CWJIBHOIO CiKATHA, NBIKyMasca suependa ¢ponra TB
K IeHTPY MUOICHH. ITO 03HAYAET, YTO HA HAYAJbHON CTATHH HMeeT Mec-
10 Tunuunsi peskuM TB-11. B naasmeiiimeM KavecTreHHAsT KAPTHHA B3ad-
MOIERCTBUSA TEILIOBHX M rasoJAHAMUYCCKMX BCJIUYMH 3aBHCHT OT MOII-
HOCTH IOTOKA& Ja3ePHOr0 MMOYJbca H KOHCTPYKIMH MUImeHD (cM., Ha-
npumep, [61, 92, 95] u Gubnmorpaduio B sTEX paborax). Tax, IpH BO3-
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W= — %,0r90T ,Jom, W,= — »;prvdT ;/0m, (1.4)
Re== Kngpbv w = %?T?pb’
Qie=QoT %% (T; —T,). (1.5)

3meck m — MaccoBasA JiarpamsKeBa NepeMeHHas; [ — BpeMs, IPOU3BOJ-
Hag [0 BpeMeHHW — JIarpaH:keBa; I — viliepoBa nepeMeHHas; U — CKO-
POCTh; €, H £; — yAelbIlbie BHYTpPCHHHME DHEPTHUH 3JEeKTPOHHON u MOH-
HO# KOMIIOHEHT; P, M p; — MABJICHHS IEKTPOHHON ¥ HOHHOH KOMIIOHEHT;
T, u T; — coOTBETCTBERHO 3/MEKTPOHHAA M HOHHAS TEeMIEPATYpPH; p ==
= p; — wiothocTs; W, m W; — Temnoskme moToKH, 0GyCAOBIeHHBIE
BJeKTPOHHOH ¥ HOHHOM TEemIonpoBORHOCTHIO; (;, — CKoOpocTh 00MeHa
9HEPTHell Me;KAY d7eKTpoHaMu U MoHamu; Q — sHeprosmwfeleHwme; a, b,
as, by, ®2, %2, Qo — womcranTH; v = 0, 1, 2 cooTBeTCTBeHHO ANA CIY-
qas II0CKOoH, oceBoll u cPepudecKodt cuMMeTpuu.

Bynem cuntath, uTO CupaBeAJHBH YPaBHEHHA COCTOSHHA HAEAIbLHOTO
rasa

pi=RooT;, p.= RozpT,, e, = T—=1 p

roe Ry, — rasoBasA mocTosgHHANA; Z M Y — MOCTOAHHEE 3HAYEHHA 3apAfa
HOHOB M OTHOIIEHHUA YAeJBHHX TemaoeMxocteli. Hak oTMedanoch BhIe,
cBOfCTBA ABTOMOJENBHEIX DPEKHMOB B Ta30BOd AMHAMEKE YacTo HccJe-
AYIOTCA ¢ MOMOMBI0 pemeHMs 3ajad O ABW;KEHMH rasa Iepej MOpITHEM
A pasiere rasa B BaKyyM.

3afada o mOpINHE B OJHOMEPHOM ILIOCKOM caykae (opMyampyercs
caenywomuM ofpasoM. OnHOpORHHN noKosmuiics ra3 3aHHEMaeT HOJIY-
npoctpancTBo m > 0, orpanmuennce caesa (m = 0) miockoCThIO —
nopmueM. IIpu ¢ > 0 mopmens mox jgeficTBHeM BHEIIHMX CHJ HaYMHAET
JBHTATHCA CO CKOPOCTBIO, 3AKOH M3MEHEHHS KOTOPOHl Bo BpeMenH (v =
= v (0, t)) saman. Ilpu yueTe B cpefe TeIioNPOBOANOCTH HA IIODIIHE
JoJ:KeH GHITH 3aJaH TaK)Ke 3aKOH N3MEHEHHs! CO BpeMeHeM TeMIepaTypH
m1u nmoroka Temaa. Hapagy ¢ miockuMm paccMmaTpuBaercA MEIUHApWYE-
CKHUii MOpmeHb, PACMMPAIOMUNACA 0T 0CH CHMMETPHH, HIH cPepHIecKHR
OpHIeHb, JABUTAOMHUACH OT HEHTPa CEMMETpUH.

Bmecto nopmas npu v = O miockocts m = 0 MosKeT IpencTaBiIATh
co6oii rpaHMIY Taza ¢ BAKYYMOM C 3aIaHHKM Ha Heli 3aKOHOM H3MeHeHA A
€O BpeMeHeM TeMIIepaTypH MU HOToKa Temua. Ilonomnm caavana Q = 0.
I'panuansie ycnosmsa Ha MmopilHE MOKHO 3alKCATh B BHJE

v (0, 8) = vot05m, W, (0, 1)=Wote, W, (0, t)= Wi (1.7)
Ha rpanune niasMH ¢, BAKYyMOM 33J8I0TCA YCIOBHA

0(0,8) =0, W,(0,18 =Wy, W; (0,1t =W (1.8)

Bynem npeanosnarars, 970 3aloJHAKINUA IMOAYIpocTpancTso m > 0
ras npu ¢ = ( mokouTCA, EMeeT HYJIEBYIO TeMIeparypy H B olmem
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BosMoxHO Takske YCIOBHE Ha TPaHUIle Ta3a ¢ MOPIIHEM (MM BAKYyMOM)
BUIA

T, (0, ) = 0. (1.15")

Cucrema ypasmenuit (1.1)—(1.6), (1.12)—(1.14) nonyckaeT aBTOMOENB-
HEle PelleHus, YAOBICTBODAION(YE I'PANUYHHIM H HAYANBHBLIM YCIOBUAM
(1.8), (1.9), (1.15) npm pumosmenun (1.10), (1.11) n monmoNHUTEILHEIX
COOTHOIIEHMHIl BHOA

Ilv+1+05n,(v+ 7] —3n, =0, (a;— 3by) ng=1,
(ag 4+ ¢ -+ 3by — 4) ny == 1. (1.16)
Nz (1.10), (1.16) umeem g = 4,5ny; ny 5% 0; 5= 0. Ilpu Bunoanenun

VKa3aHOBX BEIIEC YCJIOBAHM aBTOMOJENDLHOCTH He3apHCHUMble IepeMenHEIe
m ¥ [ ¥ HCKOMEIC (YHKIUN MOYKHO NPENCTABUTEH B CJIEAYIONECM BHE:

i1,2- - -1 -1y20
m =S‘(W§ lpg ‘V)eotn, Te, i,r— fe. i, rﬁol (Wé [Pol) e,
v == (WiTpph)0t0om, =8 (03 0™, (1.17)
We i r=c, i, Wott, r=Dh(pg W5 )eosn1,
rae fe.i,r = fe,i,r (S)’ X = a (3)7 6=25 (3)7 We i r= We,ir (.S'), A=A (8) -
COOTBETCTRYIOIME (YHKIuU Oe3pa3MepHOil NepeMeHHOH s;

1

v ED 051 (vEDY(
= = 3—@2—w)1’

1—1 P
11, ne>—2.
Ucnonpsys sameny mepemennux pupa (1.17), cucremy ypapuenni (1.1)—

(1.6), (1.12)—(1.14) moxxHO cBecTm K caenylomteil cucreMe oGHKHOBEH-
HHEX Au@depeHINaTbHEX ypapHeHUH NepBOTO NMOpAAKA:

n

2a — 1) >0’ B0 —

— nl -} ns8’ =82 (A", (1.18)
0,5nm00 — nset’ = — AV [8'f - f'8 4+ sGo (f7)'], F=[i + 2fer (1.19)
g f T s 8 (W) - [ (o, + )] =1, (1.20)

0 fi— S ofe 8 () - () -

+ Qofe"8% (f; — ) =0, (1.21)
W == — e8NS, w; = — w16V AV, (1.22)
Go [n0f+/8 — ns (f2/8)' ] + /s Gofs[(MWer) + (AWVw,) + g =0, (1.23)
g=01f%"0% ([, —[.), ©,=—FTfSW N, (1.24)
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Husxe, B pasnenax 2—4, IpopoauTCA KaleCTBeHHMH aHalN3 yKA3aH-
HO# cHCTeMBl ypaBHEHWH B aBTOMOJEJBHEIX NepPeMeHHHX, NO3BOJA0MuA
BHABUTH PAJ XaPAKTePHHX CBOMCTB ABWKEHUs BHICOKOTeMIEpaTypHOR
nnasmsl. [Ipu sToM paccmarpusaercd caydait v (0, £) > 0 (nopimens cxa-
Maet ras) u n, > 0, T. e. cKOpoCcTH TOPWIHA I TeMmepaTypa Ha TMOPIIHEe
W Ha rpapuile IJIAa3MH ¢ BAKYYMOM He YOHBAIOT cO BpeMeHeM.

2. CrpykTypa aBTOMOJEIBHOTO pEeIIEHEA
B cayvae Q@ =0, o= 0
Ilposeaem aHann3 cTPYKTYPH paccMATPUBAEMHIX aBTOMOMEIBHEIX Pelle-
HUH [N Ciydasn, Koraa coOCTBeHHOe M3NydeHne TIa3MH NipeHebpe:xuMo

maizo. {ag storo monosmm Gy = 0, 0, = 0, %2 = 0.

2.1. AcmunroTuYecKee [eleHue
B ORPECTHOCTH «HAYAIbHOTO (oHa»
(PponTa TeMmepaTypHOii BOJNHDI)

PaccMotpum cmeremy ypapuenmit (1.18)—(1.26) nmpm 6o = @, = % =
= ( B OKpecTHOCTE HEKOTOPOH TOUKH, XapakTepH3yeMoli KoopAHHATOR
5 (0 < s < o0), B KoTopoil BHIONHANTCA YCI0BHA HaIadbHOro (oma
(1.29), (1.29'). 9rta Touxa ApnsfercA ocoGofi Touko#t cmcreMu. Ilonaras
8§ =5 1+8)+..., rne § — manaa seauunHa, moAYINM MoCHe Tpe-
o0pasopanmil CACAYOIIYI0 CHCTeMY, OTOpacHBAasA 9ieHH BHCOKOTO Iio-

PAAKaA MajroCcTH MO dm APYTEM NCKOMEIM BeJINIMHaM!:

§ = (W/n22a-D) [W (f + Is7Y) + (0,5n0 + v (0,5n, +

+ 1) as T+ .., (2.1)
a' = (1/ns-1) WY (7 + 1Y) + 0,5n,0871 + . . o, (2.2)
nof — nsf’ + (v — 1) Wo, + Moy) + ... =0, (2.3)
nofy — nsfy 4+ (v — 1) Qos?ife™ (f; — fo) -+ (v — 1) s'f; (M) +
+ (v — 1) (W) +...=0, (2.4)
0, = — R AV L, (2.5)
Wy == — AWONVEf L, (2.6)
1 _
roe }\t=(-—0"57:_-l_—131'l)v+1+--0, 0,5n':—}-1 =\;—f_—;1 f=fi+zfe'

1. Hyers 0;=0 (% = 0). Torna MokHO cuHTaTh BONM3W HadYalb-

moro (oma (1.29), (1.29') f; <<€ f., ®, CiemoBATEILHO, € TOTHOCTHIO /10
IJaBHHX WIeHoB [ = zf, + . . . ¥YpasHeHud (2.3), (2.5) MoxHO paccMaT-

pUBATh He3aBHCUMO OT OCTAIBHHX ypasHeHmH cucteMH (2.1)—(2.6).
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Pne. 1, Xo1 nHTerpanbHHX KPHBHIX ypaBHeHns (2.8) B momymiockocts (z > 0, )

IIYHKTHPHBIE JTUHUAA — U3OKIMHBI GecKoHeuHocTelt (kpusaa OA) wu Hyxeli (kpuBaa OB), cTpei=
KaMH YHasaHo HampasjcHme YOHIBAHUA ICPEMCHHOM s. ACHMIOTOTAYECKOMY DEIeHUIO B OKPCCTHO=
CTH KOHeuHoTo ¢poHTa TB cooTBeTcTBYET KpuBag OC BOmman x = 0, y = 0

Raiee B 3paMeHatene (2.9) rmapmblc Yremsl, AIMeeM IOC/Ie NHTeTPAPOBAHAA
s =sgexp (—z%/Bya) + ... =5,(1 —2"/Bya) + .. ., (2.13)
e s, > 0 — nocroannas. Hcmoaways (2.13) m (2.10), momywaem u3

(2.7) cnepyromye BHpaskeAna nag ¢ynknumit f = f(s) m 0 = o (s) B6a@-
3m s = 5 — O:

1 B
fo=—- {;(.}‘;“) (S0 —s)V/e & ...,
(1 \_71’_1 141
nz 1— V+1
(OOZY—.:_—/I' (m) SO fe + .o . (2-14)

Oyurnuu (2.14) ynoBieTBOPAT YCIOBEAM HadanabHOro ¢oma f, = 0,
0, = 0 Opy HeKOTOPOM KOHEYHOM 3HAdYeHHH § = 55 > 0.

Ioncrasum Temeps mpm n, > 0 raasawmil wieH pasnoxkenns (2.11) B
ypasuenue (2.9). Ilocie cOOTBETCTBYIOMETO WHTEIPEPOBAHUA IONYIHM
s = C,x™"%, rme C, — mocroamnaa. Orcopa cienyer, 9to npu z = 0
mepeMerHaA § = oo, Mcmoansya (2.7), nonydaem, 9o BOA¥SHA S = 00 PYHK-
Ous TeMmeparypsH wuMeeT BUp f, = Cs™/™ 4 . .. ®, ClefoBaTelbHO,
fe (00) = oo. AHasormuHEM 06pa3oM moydnM, 4to npu n, = 0 cemeficT-
BY KpuBHx (2.12), Bxopamux B Touky z = 0, y = 0, B mrockoctx (s, f,)
COOTBEeTCTBYIT KpHUBHE f, = f, (s), BXOfAmMUue B TOUKY § = 00, fe =
= const. TaxuM 06GpasoM, HCKOMOe pellleHAe B OKPECTHOCTH HAYAIBHOTO
goma f, = 0, 0, = 0 onpenenserca pasino:xenmeMm pupa (2.14) , coort-
BeTCTBYWOIUM B IilocKocTd (z, y) Kpusoil suma (2.10).

Wcuonbsysa (2.14), na ypasrenmi (2.1), (2.2) monydaem ciaegywomue
acEMNTOTUYeCKAe BHIDAOKEeHHUSA [iIfA (QYHKOUH CKOPOCTHA & = o (s) H
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2. Ilpn ®; 5= 0 (%) = 0) amanus morasmsaer [47, 101], uto B6IM3H
HavaibpHoro Qoma (1.29), (1.29') dopMansHO BO3MOMKHE pasIUYHbE BA-
JAH ACUMOTOTHYeCKHX pemmeHmHA cucreMu (2.1)—(2.6) B 3aBucumocta ot
BEJWINHb OTHOMEHHS Kod((UNAEHTOB TEeNmNONPOBORHOCTH %;/%.. Jlia
HOTHOCTHIO MOHM30BaHHOM mIa3ME mMeeM %) << xJ [82]. B atoM cayuae
¢usmgecKoMy CMBICIY OTBEYAET PABJIOKeIHHe, MOAYyIaeMoe IPH YCAOBUAX
%y << %o. ToTma 0oGe KOMIOHEHTH TeMIEPATyPH, IOTOK B3JeKTPOHHOM
TeINIONPOBOMHOCTE ¥ THAPOAWHAMAYeCKHEe BeJWIHHH BOIH3EM s = 5, €
TOYHOCTBIO 10 T1aBHHIX WieHOB ompefeiaorca opmynamn (2.14)-—(2.16),
a mOTOK Temla, 00ycioBIeHHHA HOHAOU TeNI0MPOBOAHOCTRIO, NMEET BUJL
1+(a+1)(a-a,)

(So—s) @ +... (2.19)

rie F, — mocToAHAbN MHOKUTenb B dopmyie (2.16).

~0 {(b+1D)a N 4 1 a— a
O)iz—M?‘SO( l)AOFg 1'—————+ 2 1

2.2, Apaim3 pemeHus BOIM3YM IPAHMIBI Iaza
¢ Bakyymom (v=>0)

Ilycre koopamuata s = () xapakTepu3yeT TPAHHIY Ta3a ¢ BAKyyMoOM,

. T. e. BolnodHANLTCA yeaosusa (1.28). Ilpu Hanmanw B cpefe TemIompoBofi-
HOCTH 3aJaHHHH Ha TIDAaHANE BAKYYyM-—Ta3 TeIJIoBOll pPe:KWM CO3JaeT
3[leCh TeMIepPaTypy, OTAHIHYI0 oT HyAsd. [[09TOMY ecTecTBeHHO CUHTATH
fe (0) 5= 0. llpn o; 5= 0 6ymem mmetp Tarske f; (0) == 0.

Hccaenyem xapakrep pemeHns cucteMsl (1.18)—(1.22) s6nnsu s = 0,
6(0) =0, f(0) =/fo5% 0. Nonosxum f = fo (1 + f), rae f — manas
BeanmuuHa. Or6pacHBas WIeHH BHCOKOr0 HOPAAKA Magoctd mo & u f,
moayiaem u3 ypasHemmit (1.18), (1.19) mpm v =0, 6, =0

—nlb - nsé’" = 8%’, _ (2.20)
0,5n00 — nsa” = —f,8" — 67" + ... o (2.29)

IIp:goonoskaM, 9To BTOpOE claraemoe B mpaBoii gacru (2.21) mpemeGpe-
#KUMO Manb, T. e. BHIOIHAercA yciosme BEAA lim6f'/6'= 0. Tlpm
s—0

f' =0 cuctema (2.20), (2.21) Gymer ommcHBaTH TAK Ha3EHBaEMOe TOMO-
TepMuuecKoe Asm:KeHue rasa [3, 102], T.e. gpumenme mpm ycxosum
T (m, t) = Tyt (remmepaTypa HOCTOSHHA OO NPOCTPAaHCTBY). I'omo-
TepMHUYECKOe TeUeHWEe MOKHIO PAacCMATPHMBATH KAK Ipefe/IbHH caydail
GeckoHeuHO GOXBMOro KOPPUIMeHTa TEMIOTPOBOJHOCTH.

Hycrs ny > 0. Mcmons3ys 3aMeHy mepeMeHHEX BHJA

z = nsl(Y Fod), (2.22)

Bm6npaﬂ 3a He3aBHCHMYW mnepeMenHyio z u3 (2.20) m (2.21) upm
f’ ~Y, moaydaeMm CraefyHOMmMy0 cuUcTeMy ypaBHeHHUI:

~ 20 + Byl .
x =Vf° Bil(l—Da2?—1]—za ' (2.23)
dd a + By
.Tx-:- B,_[‘\l—l)zz_il]_xa 1) (2.24)
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L —lf)_B‘r_'" ]l/f" >0; € > 0 — npouspoabHEag NOCTOSAHHAA.
S (1 —

Nz (2.26) uveem 6§ (0) = 0, T. e. BHIOTHSAETCA yclIoBMe pasieTa
B BaKyyM. MoKHO HOKa3aTh, 9YT0 HH IPY ONHOM KOHEYHOM & YCJIOBHUe
8§ (0) = 0 me mmmoanserca. eiicteurenbno, mousarasa o (0) = a4 7%
== =+ oo, u3 (2.24) moayYuM ¢ TOYHOCTRIO [0 TAABHEIX WieHoB dO/dx =
= — (24/By) 6 4. .. 1, caenosarensno, 8 = const-exp [(—a,/B,) ] +...

M3 (2.25), (2.26) monyumM opumbim;keHHHEe QOPMYJH, OIpede.IAio-
muye ¢ TOYHOCTBIO 710 TIABHHX WIeHoB QYHKmuM oo = « (s) m § == & (s)
B6ausn s = 0 opm ny > 0:

6:3[01—— —n—rﬂ)—(;—oilns:,'l/2 + ...,

azz__jza[Cl___ﬁmﬁizﬂllns]%.+,,., (2.27)

g fo

roe ko=

rie C, — DOCTOSAHHASA.

ITpu ny = 0 cucrema ypasmennit (2.20), (2.21) (6e3 Broporo ciarae-
Moro B mpaBoii yactu (2.21)) murerpupyercs. Pemenue, yaoBretsopsio-
mee YCJIOBHIO BAKyyMa, mMeeT BUJ

8=V —Dlfons+ ..., a =Vf (I —11In Cs, (2.28)
rge C > (0 — mpousBogabHAs HOCTOSHHASA.

Ilposeas BuIKIAJKH, AHAJOTMYHLIE PACCMOTPEHHHM BHIIIE, MOJKIIO
OpHu ONpee;IeHHHX YCA0BUAX MOJYYATH COOTBETCTBYIOMMUE ACHMITOTH-
decKIlC BHpasKeHUs IJA TeINIOBHIX BeAMYIUH. Ilpu aTOM HeTpymHO yGe-
puthess, uto yeaosue lim (8f'/8')=0, mpm roTopoM GHLIM HOJYYCHE

S~

BupaskeHus (2.25)—(2.28), peificrButeabHo BmDoxHAeTcA. ([logpobuee
06 3toM cM. B paboTax [39, 41, 45].)

Sasyermy, aro ud (2.25) m (2.27), (2.28) ciegyer, 9T0 IpH HAIHUAN
B Cpejie TeMJI0NPOBOANOCTH CKOPOCTh PasieTa ra3a B BaKyyM (aHamornu-
o n3orepmuyueckonmy ciayuaw [103]) Geckoneuna. BeckomeuHoe 3Hauve-
HMe CKOPOCTH pasiera rasa B BaAKyyM IpPH TeMIeparype, OTIHYHOW OT
HYJIA, BHTEKAET U3 MATCMATHYECKON uicalm3ainuu, COCTOAMmEd B Ipea-
MOJIOSKEHNN, 9T0 B OKPECTHOCTH TPAHUIIH ra3a ¢ BAKYYMOM CIPaBeIIUBH
YpapHeHus TazofuHaMuKu. Ha caMoM gene TOYHHN aHATN3 TEYEHUA CUIb-
HO paspe;ReHHoro rasa BOJKBM TPAHUILI ¢ BAKYYMOM Tpe0yeT mpuBiede-
Hus anmuapaTa KuHetmueckwmx ypapHenwil. Tako#l aHaiu3 mpoBejeH, Ha-
npumep, B pabote [104]. B a10oii paGore mayden mepexos or cBoGOmHO-
MOJIEKYJISIPHOTO PesKUMa PACMIMPeHUs ra3a B BAKYYM K PEKAMY TBUIKE-
HUA CILIOIHOW CPeABl W HailleHO BpeMs BHIX0/a TeYeHUs HA mpefeJlbHHR
PEeKUM, HPU KOTOPOM ABU;KeHUWE OCHOBHOM MAaCCh ra3a OOWCHIBAETCS
YPaBHEHUSAMY Ta30BO# [UHAMUKH.
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YpasHeHue A1A DIEKTPOHHOY KOMIOHEHTH YHTPONHH WMEET BHJ
T.dS./dt = —ad (WW,)om + Q. (2.38)

OGosnaunm mHAeKcoM 1 BenwmunmHH BOepen” ¢poHTA paspHBa, & uH-
gexcoM 2 — mo3amu paspmsa. Ilycrs Dy — «MaccoBasg» CKOPOCTh pas-
puBa. Hurterpupys (2.38) B okpecTHocTH pa3phBa OPHW yCAOBUH Hempe-
PHIBHOCTH 3JEKTPOHHOH KoMmOHeRTH Temueparypu 1., = T, moayda-
€M caefyooiiee COOTHOMEHHE!

DMTﬂSeQ + (’vWe,\2 = DMTelSel + (ere)l- (239)

IlpuBeneM OKOHYATEABHEI BAN COOTHOMEHU HA (POHTE YHOMAHYTHX
BHIIIE M303JICKTPORHO-TepMudecKoro (o; = 0) u maotepMudeckoro (w; %=
= () pasprniBoB B asroMoficnbubX mepemeHHHX (1.17). OGosHaumm de-
pes d, = ns,/8,A) GespasMepHYIo JarpansKeBy CKOPOCTh BIepeAnm GpoHTa
paspriBa.

IIpn ®; = 0 cooTHOmEHRUA Ha pa3pHBe MOKHO 3ANUCATEH B CIeAyIO-
meM BHIe:

fez = felv Ay = 0y + dl (1 - e)v Wop = Vg1 T d1Zf8161 In 6,

fio ="Fu + 0112 (1—6)®—(fu + zfel)/d%)’ ! (2-40)

rge ckagok maotHocreit 6 = §,/8, ompenenserca us ypasHenmus
(A4, —8)(1 —06)=—B,1nbH,
‘\7 —1 + 2‘\7 fq'l + zfel
y+1 0 v+t &

2(v—1) 4,
(v+1)d?

Ilpu ®; = 0 cooTHOmeHUA, aHagoruuyHue ycaosuaM I'IOroHuo, umMeT
33001

feo = fers fio = firy %a = oy + dy (1 — 8),
Wey = Wgy -1~ d12f18, 10 0, 6 = (f;; + zfel)/div (2.42)
©j = 05 — dy2f8, In 0 — 1/,d28, (1 — 62).

» BI=

(2.41)

4=

3. Pazinunnie [eXHMBI PacOpoCTpaHeRusA TeIia

3.1. ApremopeibHble [eI:eHHA,
onmcoirawmpe pesxumsl TB-I u TB-I1

AHEU]I/!B 1 YHCJICHHEIE PpacueTrbl NOKa3bBalOT, 4YTO B 3aBHCHAMOCTH OT
W3MeHeHUsA MapaMeTpoB 3afiauM MOIYT CYHIECTBOBATH ABA KAa4eCTBEHHO
Pas;IMuUHBIX PERUMA TeIIomePeHOCa B ABMKYIIEHcA cpefie, O CBOHCTBAX
KOTOPHX YHOMUHAIOCH B0 BBeneHum, OpmH u3 pesxudMos (TB-1) onuch-
BaeT CBEPX3BYKOBOM mporpes cpefsl. I'mapomiumaMudecKue BeTuImHEI
B rayGune ¢porta TB B pesxume TB-I mensatorcs carabo. [Ipyroit pemun
(TB-11) onuceiBaeT M03BYKOBOI NpPOrpes BelmecTsa. TeMuepaTypHad BOJI-
Ha pacnpoctpaHserca no ¢omny, HaseJeHHOMY yiAapHoil Boamoi. J[laa
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Puc. 3. Paciipesesenue npodiiieil rasoMHaMMYeCKIX W TCILIO-
BuX BeXMINH, XaparTepHoe jis peamva TB-1 n TB-II

IlyHLETIpOM 0003HAaYPH DPA3PHIB T'UAPOAMHAMUYCCKUX BEINYMUH, CIIOLIHOM
Junuell — f(s), KpymKaMH — 0§ (s), KpeCTHKaMH — o (S), TDCYIOIbHH-
Kamu — B (s)

Garuueckoit. CKopoCcTH BUKeHUS TPAHMIl dTOil 00MacTu BeJMKU, & Tel-
JOBLIC IOTOKH B Heﬁ, KaK OpaBujo, 3HAYUTEJABHO MeHbOle 1o a6CO.TIlOT—
HOHI BeTnumMHe, 9eM B 00JaCTH MeKIY nopLIHeM u GPOHTOM TeMIlepaTyp-
Hoit BoaHN (o6aacte A Ha puc. 3, 6). IT0 corTIacyeTCsa € YIOMAHYTHIM
BRIIC YTBEP:;KACHUEM, UTO OTpHUIATEJbHbIE 3HAUYEHUA INOTOKOB @y 34
¢pOHTOM HU3OTePMHUCCKOH YAAPHOH BOJHHI HE MOTLYT OBITH CIHIIKOM
BEJIURI. )

l‘_[llCJIOIIHLIe pacueTsl CHUCTEMBl B &@BTOMOJCJIBHLIX INCPEMEHHBLIX M HC-
XOIIHOﬁ CHUCTEMbI B YACTHEIX IPOU3BOAHBIX, ONUCHBAKOIONE OIPOIECC yCTa-
HOBJEHA aBTOMOJACJIBHOIO PCKUMA, ITOKA&3LIBAKOT, YTO pa;’s:mqnb[e PeuUMBbI
TEILTONEePEHOCA IPH AHAJOIMYHHX YCJIOBUAX CYIECTBYIOT M B 06IEM C1y-
qae 7, == T;. Ilpn ~k2>;2* umeeT Mecto pesxuM TB-I, a B nporusonono:x-

HOoM ciayuae — pesxuM TB-11. CoorBercTByiomue 9YucIeHHBIE TPUMEPHI
OpuBofATCs HuKe (cM. pme. 4, 5).

3.2, HekxoTopsie cBoiicTEa aBTOMOJEINBHMX PeIICHHI.
Yuncnenasle npamepsi

1. @opyyan suma (1.17) D03BOAAIT ¢ TOYHOCTHIO 0 Ge3pasMepPHLIX
KOHCTAHT YCTAHOBHTH 33BHCHMOCTH XAaPAKTEPHHX BEIWUYMH 0T OOpejle-
JAAIONIX MapaMeTpos 3ajauu m Bpemenu . Tak, cpeHue mo Macce 3Ha-
genusn teMmeparyp T, u 7; u 3aKoH [BuwskeHHA QPOHTA TeMIePATyPHHIX
BOIH m = n,y (f) MOJKHO caeqynomuM oGpasoM BHPA3HTH Yepe3 HOTOR
Tema, 3agaHuHil Ha rparuue W, (0, t) = W,

Teo,i="Fe,i(s) Bo"0a™ [W, (0, t)[2a-D8ug2(v+1)16,

2-v)0,

mo (£) =300y [ W, (0, £)] 08303408, (3.12)

Jeri() = fors(5)ds, Bo=1/13— 2 —w)1].
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Puc. 4. Ipoduan OespazmepHnx $yHKumil Temmeparyp fo =
= fo (), fi = fi (s) m mmorHocTH & = § (s), ommMCHIBalOIIne pe-
IMeHHe 3afadu o 3akpendeHHoii crenke (a (0) = 0) ¢ 3afaHHHM
Ha Hejl TemaoBeM peskuMoM (o (0) = 1) npu 0; =0, ¢ =0

ITpuBemeM dwclieHHEE OPEMEPH ABTOMOMENBHEIX PeNICHHH, HIJIIOCT-
pupylomue O0CHOBHHe cBolicTBa JBm:KeHusd TemirompoBoamoro rasa. Ha
puc. 4, 5 npeAcTaBIEHH Pe3YJIBTATH YUCJIEHHOTO PEILICHUA 3a8YH O da-
KpemleHHoi creHKe (YacTHHI ciyuail mOpImHs) ¢ 3aNaHHLHM Ha Heil Ten-
aoseM peskumoM (o (0) = 0, o, (0) = 1) gng gByXTeMmepaTypHOTO CIY-
9aa opu ©; = 0, ¢ = 0, 6, =0. Paccmarpupanuchy 3Hauenus mapaMer-
POB 2iIeKTPOoHHOH TemaompoBofHocTu (@ = 3/,, b = 0) m cropoctu 06-
MeHa DHeprueil Me;KIy 9aeKTpoHaMu u moHamu (a, = %/,, b, = 1) ans Bo-
IOopomonomo6HOTO raaa.

Ha puc. 4 npusefenst npodunnu Ge3pasMepHHX QYHKIui TeMmepaTyp
fe =17, (s), /i = fi (s) mw nnorrocTH 8 = & (5) ms %% = 50 u §J, = 0,086.
Pemenwme, moctpoenHoe ducnennsM mHTErpUpoBanmeM cucrems (1.18)—
(1.22) meronom Pynre—Hyrra (cosommsie JuEAM ¥ nyHKTHD, 03HAYAI0-
muil paspHB rAMPOIMHAMAIECKNX BEAWYMH), CDABHIBAETCA ¢ PENICHUEM,
TMOJY9eHHHM OYTeM YCTAHOBICHUS COOTBETCTBYIIIAX A&BTOMOMEJbHEIX
PeKMMOB ¢ HOMOIIBIO PA3HOCTHHIX pelmeHuil cmeTeMel ypasHEHHI raso-
Boit muaamMuKH (1.1)—(1.5) mpu MCXOMHHIX TAHHEIX, y[0BIETBOPAIIIIX
ycaoBuAM aBTOMOMeIbHOCTH (MapKepH Ha puc. 4). PasnocTHhe pemenns
CTPOUIHCH METOMaMu, u3jokenauMu B paborax [107—111). Bugnro xo-
pomee coBmajgenue Pe3yibTATOB «TOYHOI'0» &BTOMOICJIBHOrO H Pa3HOCT-
HoTo pemenuil. YucneHHbI mpuMep MOKA3HBAET, 9TO OT 3aKpPEmIeHHON
crenku (s = 0) pacmpocTpansercs TeMneparypHas soasa tuma TB-I,
a csanu ee (GpoHTA HAXOMUTCA M30DAEKTPONHO-TEPMUYECKUH PA3pPHIB.
Hanuune paspeBa ruapofuHaMu9ecKuX BeJUYHH M MOTOKA TEIAa B DTOM
cayyae obycmosneno He pamsnuem mopmua (v (0, t) = 0), a uckaoun-
TeJbHO B3AUMOMEHCTBHEM TEIJNOBHX H TAAPOJMHAMHUYIECKHX HPOIECCOB
mepeHoca.

Ha pmc. 5 msoGpayxens mpodmau f, = f, (s), f; = f; (s), 6 = & (s)
H (GeapasMepHO# CKOPOCTH « = o, (S)' OPH PA3IHYHHX 3HAUYCHHAX MO-
CTOAHHOM %), 0G03HAUCHHEIX nudppamu HA KPHUBHX, m mocroaHmod J,,

CBABAHHOM ¢ %9 popmynoir (3.15). ABTOMOMENIBHEE PeIIEHHS CTPOUAKCH
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nmeparypuyo u asmkercs 6ucrpee TB. 3a ¢pourom TB muotrocTh Me-
HAETCA PEesKO: PeHieHue BHIXOAUT Ha peskuM remIonepenoca TB-I1. IIpn
atoM otHomenue T,./T; B paiione ¢poHTa Pa3phBa ¢ POCTOM ¢ CTPEMHTCH
K eIdHHAIE.

AHaIn3 DOKasHBaeT, 910 B ciaydae, Korga pesrnd TB-1I cymectsyer,
HA ACHUMOTOTHYECKO# cTaguu B 06IacTH, OXBAUYGHHON JO3BYKOBOX TEILIO-
BOI BOJIHOM, peleHme paccMaTpusaeMoi 3aaan ¢ TedeHueM BpeMeHH BbI-
XOMIUT Ha aBTOMOJIIbHBIA PEyKAM, HOJNYIaeMHA B YOIOMAHYTOM BO BBeje-
HUN OpaGIMKeHAR P, = 60. Y CTAHOBJIEHAE acCHMIOTOTHIECKOTO aBTOMO-
[eJIBHOTO pPe;iMMa B OPHBEJEHHOM BHINe mpuMepe i ciaydad g = O

(em. puc. 7) naaocerpupyer puc. 8, Ha KOTOPOM IpeJicTaBleHH OpPopuIn
COOTBETCTBYIOIMEX OeapasMepHbXx (yHKMmil Temmeparyp f, =f, (s) n
fi = f: (s) m nnorHOCTH 8 = 0§ (s). YKasaHHad 3ajaua B HeJOM HE ABIA-
erca aproMofieapHo. OnHako, Kak cieqyer u3 puc. 8, 8 paiione TeMuepa-
TYPHOH BoJHEI, pacopocTpansiomeiica B pemmie TB-11 (o6aacre 4,
0 < s < 84, Ha puc. 8), co BpeMeHeM yCTaHABIMBAETCH aBTOMOMAEJBHBIT
PeRAM THOA Py = 00.

DusuaecKui CMBICI YKAa3aHHOTO ABTOMONEIBHOTO PEKHAMA MOKHO
TOACHATH caefylomaM o6pasom [40, 73, 74]. B cayuae, rorna mMeer Mec-
ro pe;umm TB-11, muorHocTs rasa B o0aacTu, HaxXoaAMeRcsA M03aau PpPOHTA
TEeMIePATYPHOR BOJHH U pasjieTalmmeiics B BAKYYM, 3HAYUTENLHO MEeHb-
me mioTHocT rasa soepemn ¢pouta TB. Tloatomy, paccmarpusas peime-
HAe 3apadn B o6nacra 0 < m < my, vae m; = m, (t) — QpoHT TeMmepa-
TypHO# BoumHH B pemmme TB-1I (W (m,, t) = 0), MoskHO npemmoso-
KATH, 9T0 OPH M = m,; WIOTHOCTL GecKoHedHa, T.e. p (my, 1) = .
HKpowme toro, Mosuo npene6peds 3HadeHHeM CKOpOCTH rasa BGan3u ¢poH-
ra TB Do cpaBHeHMIO €O CKOPOCTHI0 BOJIM3A IPAaHHIL Ta3d € BAKYYMOM
(8 rasogumammieckoM npmbamkenma v (0, ) = — x) m cuHTarh
v(my, t) = 0. lIpap, = oo 1 T, = T; paccmarpusaemas 3agada (1.1)—
(1.6), (1.8), (1.9) aBaserca aBTOMOREIHHOE HPH HPOHM3BOAHLHOM 3Hade-
HAW napaMetpos a, g u b, llpu T, T;, a, = %/, ykazannasa s3agaua
fymer ABIATHCHA ABTOMOMEIBHOR, €CM BHIOOJHAIOTCH YCIOBAS BUAA

glb,(2a —5) —3( —b—0b) +22—5+3(1—0b—b)=0.
(3.17)

Ycaosue (3.17) TomALCTBEHHO BHIOJIHAETCA OPT HPOH3BOJBHOM &, eC.Ju
a =5/, b+ b =1. Iogpobuniii aHamE3 aBTOMOJECNLHHX peIIeHU
THANa P, = oo mpoBefieH B paGorax [40, 73, 74]. B srnx ;xe paGorax mo-
Jy9eHa ONEHKAa BPEeMeHHM CMeHH PAasjIMIHHIX PEe:RHMOB TeNI0mepeHoca
B 3ABHCHMOCTH OT H3MCHEHHS HOKA3aTeld g B TPAHUIHOM YCIOBHHU
W (0, t) = Wytf u npyraux napaMerpoB 3ajgaqn. MoyeHT BpeMenu cMe-
HBl Pe/RUAMOB ompepaeisercd npuOamKeHHOH GopMy:10i

t=t, ~x™, (3.18)

rae ng = [2 (@ — 1) g — 31/po; Yo = 2a + 1 — 3£ 0;

2y 0,5 i Y, o Tr7-2(a— o
o= '/( fnl’z%‘ o[RS ()3 W50 e/ e, (3.19)
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B cayuyae n, = 0 (1. e. opnm ycunoruu (3.16)) sagaqa mmeer paccMoT-
PeHHOe paHee (TOYHOE» aBTOMOfeAbHOe pemeHne. CMeHA PesRAMOB OI-
penenseTca YCIOBHAEM ¥, ~> 1, KoTOpoe cBOAATCA K yCTAHOBICHHOMY H3
aHaJ W32 TOYHHIX ABTOMOJIGIBHHIX PEUIEHW YCI0BIO CYIMECTBOBAHNSA
peskuma TB-I1. Ilpu a =%/, b = 0, I = 0, v = 0 aro ycaosue umeer
BU]T

%2 = WOWo/(R{*0%) < %, (3.20)

Ife MOCTOSHHAA X, ONPedeldscTCA M3 COOTBETCTBYIONIIX aBTOMOMEIHHEIX.
penieHwuii.

3aMernyM, uTo pPeay:IHTaThl YMCASHHEIX DACIeTOB YIOBJIETBODHTEIBHO
COTIIACYIOTCA € PE3yAbTaTaMM, HOJIYYEHHHIMM M3 AHAIU3A ACAMHOTOTHIE-
CKOTO aBTOMOMCILHOTO PEeNIeHUsA TUIA P, = oo. Tak, 13 IPUBEJCHHOTO
BHIIe 9dcIeHHoro mpumepa puas g = 0 (em. puc. 7) mmeem ¢, ~ 3. Ilo
dopmyae (3.18), (3.19) moayauM, uro pesxum TB-IT Bosnukaer mpu ¢ =

= {, ~ 2,

4. ABTOMOJENbHBIC PENICHHA YPaBHEHMit
TEEeXTEMITEPATYPHOil rasonMHAMHKI

B wmacrosumenm paspese ¢ moMOIBI0 aBTOMOGEILHBIX DPCIISHAA CHCTEMBbE
ypaBHeHNit TtpexteMmeparypHoit rasommuanmurn (1.1)—(1.6), (1.12)—
(1.14) ncenesyercs BausHEe HA TPOLECCH, NPOMCXOAAMME B BHICOKOTEM-
HmepaTypHoil miasme, cobcTreHnoro Temmosoro na.1y4ennusa. Hak 18 pasye-
ae 2.3, KavecTBeHHbe 0COGEHHOCTH PCHICHHA BHIACHHMM IIyTeM auajinsa
COOTBETCTBYIOIEH CACTCME! B AaBTOMONETbHEIX HEPEMEHHBIX B OKPECTHOCTII
ee TOUYEK, BBHIACIEHHHX KaKAM-:u00 XapakTepHHM cBoiicTBoM (dpoHT
TeMOepaTypPHOil BOJHH, PPOHT paspsiBa u Ap.). ITpu 5ToM orpaHUdIMCs!
3ajiadeil o ABW:kenmu rasza mepej mopmHeMm (rpaHudnne yeaosusg (1.7),
51.15)011 coorBerctenHo (1.27), (1.30)) mas caydas naocko#l cHMMeTpHIE
v = U).

4.1. AcuMoroTnyeckoe pemeHue B OKpecTHOCTH (POHTA
razogMHaMMyYecKoii TeMmepaTypHO BOIHBI

M mokasieM BO3MOKHOCTD CYIECTBOBAHAA B TPeXTeMIepaTypHo raso-
OVHAMHKE TCILTOBHIX BOJH KOHEIHOH CKOPOCTH, €C;II HOCTPOMM AacHMII-
ToTHICCKOe pemennme cucreMsl (1.18)—(1.24) B okpecTocTn § = 5, 5= o,
YIoBJICTBOPAIOMEe YCIOBAAM «HAYANBHOTO PoHa»:

& (8o) = fe (s0) = fi (S0) = £r (50) = @, (39) = ©;(s0) = @, (s50) = O,

8 (sy) = sh. (4.1)

Moaomu & = s — 5, 6 = & — 8g, 8o = sf], raez m & — Maname Be-
auaueb. Pacewmorpmm cmcremy ypapaemmit (1.18)—(1.24) npu v = 0

BO.I1BY TOYKH ¢ KOODPAMHATOR § = §, (x == 0), oTGpackBas WieHbl BHCO-
KOoro mopfnka Mamoct#. YacTh ypaBHCHUI CHCTeMbI HHTETPHPYeETCH.
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Puc. 10. Tpodpuwmam f, = fo (s), fr=1Ffr(s) m
7k (4 6 = 8 (s) Bcayuae, Koria KOHCTAHTH MEHANTCH

¢ pocToM ';,g o gopmymam (4.23)

3HaueHusa ug Te jKe, YTO M Ha puc. 9, 6

7,5

AN
g g2 I,J q6 S

Ha puc. 9, 6 nzoGpaskenn npopuan f. = f, (s) m 6 = 6 (s) mpu pas-
AMYHHX 3HAQYeHMAX NOCTOAHHOH %,. Ocrambmme mapamerps QUECHpO-
BaHH. BuiHo, 4To ¢ pocToM % ocymecTBiaseTcs nepexon pesxnma TB-II
B pesknM TB-1. B paccmorpenHoM mpnMepe oToHHasn TemmepaTypa Ipak-
THYECKH COBIIAZAET ¢ DJICKTPOHHOM.

Ha pnc. 10 opencrasaens npodunn yssnui f,, f, n 6 qaa pasand-
HEIX 3HaueHuil X5 M npounx 3HaYeHNsAX Ge3pasMePHHIX MOCTOAHHLIX, M3Me-
HAWOIAXCA ¢ PocToM %, 1o popmyaam (4.23). Iludpamu 06o3HaUeHE Te ke
3HAUeHMA Xy, YTO M B npelsAymeM mpuMepe. BmmHo, u4to ¢ pocroM )
pesuM TB-11 mepexomur B TB-I, npuueM B coorsetcTBun ¢ dopMymaMu
(4.23) porounaa TeMumepaTypa f, B 061aCTH nmporpesa CTAHOBATCA CYIIe-
CTBEHHO MEHLILIE DJIEKTPOHHOH fo.
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VIR 517.9561532.59
MATEMATUYECKUE 3AJAYA JUHAMUKRHU
CTPATHOUIIIPOBAHHON JKUTKOCTU

C. A.Tlaboe, A.TI.Cecunuros

Bsenenne

B macTosimee Bpemsa B ceA3u ¢ mpoOaeMaMu reo(H3uKd, OKeaHOJOTHH,
$usukm arMmocdeprl, NCIOIH30BAHNEM KPHOTeHHHIX ;KHAKOCTEH B TexXHH-
Ke H pAJoM ApyruX npoGieM 3HAYNTEJNBHO BO3POC MHTEPEC K M3YUYEHHIO-
JMHaMHKYE PA3JUYHEIX HEOJHOPONHHX, ¥ B YACTHOCTH CTpaTHGUIMpPO-
BaHHLIX, uAKocTeit. Komeuno, misa meranbHoro ommcanus sforo Kpy-
ra jusuueckux ABJIeHUN HeoOXOANMO MCXORMTE U3 LOCTATOYHO PABBHTHIX
MaTeMaTHYeCKUX Mojeseil, KoTopHe, KaK ONPaBUJI0, OKA3HBAIOTCA BECh-
Ma CIOKHBIMH, HeJMHEHHHIMH, MHOTOIIaDAMEeTPHYECKIIME ¥ A X IOoJ-
HOTO HccaeqoBanua >PPeKTHBHE JIUMb YUCHAeHHbIe METOAE, OCHOBAHHEE
Ha HCOOJB30BAHMHM COBPEMEHHHX OJIeKTDOHHO-BRHUACIMTEABHEIX Ma-
"mun. OnHako B pAfe cayyaes nepBoHayYadbHOe KadecTBeHHOe MpefcTaB—
JeHue 00 M3Yy4aeMOM Kpyre MABJIEHMH MOKHO NOJYYHTh M Ha OCHOBE
GoJlee IPOCTHX JINHEAHEIX Mofieslell M aHAIATHUECKNX METONIOB MX HcCie~
nopaHuA. OKaspiBaercs, YTO B 3TOM OTHONEHMM BechbMa XapaKTePHbLE
aallauM AMHAMMEN cTpaTHQUIpoBaHHOH kuaKocTH. [laxke B paMKax Jau-
HEeHHEIX MoOJeJieil UX MaTeMaTHieCKas HOCTAHOBKA OKa3hBaeTcA OYeHb
cBoeo0pasHO# U HPMBOANT K HECTAHHAPTHRIM HAYaJbHO-KPaeBBIM 3afla—
gaM, He MMEIOMUM aHAJOr0B B KJIAaCCHUYECKOH MaTeMaTHyeCKo#l ¢usmke.
9To ompefelnsAeT W CAMOCTOATENbHHI MareMaTHYeCKUl MHTepec K JTHM
3aflagaM,

ITox crparuduInpoBaHHOMN JKUIKOCTIO IPUHATO NOHUMATD HUTKOCTS,
JuandYecKe XapaKTePUCTUKHA KOTOPOH, Takye, KaK IOTHOCTD, TEII0eM-—
KOCTE, MWHAMMYECKAd BASKOCTH HM ApP., B CTAUMOHApHOM YCTOMIHBOM
COCTOAHMU MEHAIOTCA JUNIb BIOJb HEKOTOPOTO BHIEJIEHHOTO HAalpaBie-
HUA (4aCT0 — HampaBieHHA CHUAH TsaykecTH). Mmade rosops, B cranuo-
HapHOM COCTOAHMF (U3UYECKUE XAPAKTEPUCTHKE ;KUIKOCTH OKA3HIBAIOT-
¢A 3aBUCAMUMH JUIMIL OT OIHONl OPOCTPAHCTBEHHOH KOOPAHHATEHL.

CrpatTnduranmus UIKOCTH MOKeT OHTH BHBBAHA PAa3NMIHBIMM (HU3H-
9eCKHMH OpHYMHAMA; Haubosee dacTo BCTpedalomelica U3 HAX ABJIAETCE
CIIa TAMKECTH. JTA CHJIA, HAIPUMEP, CO3JAeT B ;KMIKOCTH TaKoe pacupe-
JejieHVe ee YaCTHUIl, PACTBOPEHHHX B Heil cojeil # B3BeNmeHHHX CyCHeH-
30, IpU KOTOPOM BO3HMKAET HEOJHOPOAHOCTH ILIOTHOCTH KHIKOCTID
BJIOJIb HANPABIEHHUA TPABUTANMOHHOTO D0JiA. TakaA HEOLHOPOLHOCTh Ha-
3BIBaeTCA ILIOTHOCTHOM cTpaTmduranued. Ita cTparuduxanusa mIOTHO-
CTY, KaK NpaBHjo, OKaspiBaeT HauGoJee cymecTBeHHoe BINgHME (DO
CPaBHEHHIO ¢ JPYTWMH BUAAMHA cTpatuduKanuya) Ha TUHAMAYECKHE CBOM-
CTBa JKUJKOCTH, Ha IPOIECCH PACHpPOCTpaHeHWA B Heil BOJHOBHIX JBH--
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HeHNe BHYTpeHHuX Bo;iH. Hpome Toro, paccMOTpeHsl aHajnoTH JBYX IIO-

cIeIHUX YypasHenMi B Tak HaswBaemoMm npubimreduun Byccunecka.
Bo Bropom pasgeile Ha OCHOBe IpoueAypHl cBelleHuA K abCTPAKTHOM

sagate Homn B GaHAXOBOM HPOCTPANCTBE PACCMOTPEHbI BOIPOCHL 0606-

[MIeHHOi paspeunvMocTH B mpocTpanctse Wi (Q) OCHOBHEIX HadaJbHO-
KpaeBbIX 3ajay [JIA ypaBHeHWl, BEIBeIEHHLX B pasf. 1.

Tpernil pasfes mOCRANEH H3;I0KEHUIO HA TIPUMepe YpaBHeHUs BHYT-
peHHIX BOJH B mpubmixennu DByccnmecka Teopuyu AMHAMHIECKHX IO-
TEHI[MAIOB H JI0Ka3aTe;1bCTBY Ha ee OCHOBE TeOPeM o KJaccHieCKoil pas-
PemIMOCTH OCHOBHMIX HAYajbHO-KpaeBHX 3afad [IA yKas3aHHOTO ypas-
menus. JlaHbBl Takie YKasaHHA Ha BO3MOMKHBIE I YK€ IPOBEJeHHbie
060o0menna MeToAa TOTEeHI[HaI0B.

B uerBepTOoM pasmere AaHBI HEKOTOPbiC HIPUMepPbI 3a%ay JUHAMUKH
CcTPaTHGHUINPOBAHHON JKUIKOCTH, TONYCKAIOIMAX IOCTPOEIe ABHLIX pe-
menuii. Jro 3amaya Woum miad TpexMepHOro ypaBHeHUS TPABUTAIMOH-
HO-TUPOCKOMUMYIECKHX BOJH M HECTal(MOHApHAfA JABYMepHAA 3ajaya O BHI-
HY;KIEHHBIX OCHWLIANMAX NpAMoJdHefiHOTO OoTpe3ka, HaxoAmEerocs
B JRHAKOCTH, KOTOpasd OIMCHBAETCA JBYMEPHHIM aHAJOTOM YpaBHEHHUA
rpaBUTAllHOHHO-THPOCKOnNMYeckuX BogH. Ilocmemmas 3amaua  Mosker
paccMaTpUBATHCA KaK aHaJ 0l KiaccmiecKoil 3amaum claspentbesa 06
o0TexaHnu Oyry IOTOKOM ;KUAKOCTU. [Ipu uayueHun 3amad 3TOro pasme-
Ia yneiasercs 60Jbiloe BHUMAHNE UCCJACNOBAHUIO NOBEeHA MX PelleHnil
mpu GobLIIMX BpeMeHax, T. e. BOIpOCaM CTaOMIMBAanUyM PpelieHMid.

PaccyoTpeHuIo OCHOBHRIX THUNOB YPABHeHMH I aMIJIATYRHBIX
¢yHKuil ycTaHORMBIIMXCH KojebaHUilB cTpaTuduimporanHoil Bpamao-
meica 0 CRUMaeMOH JKUMKOCTY MOCBAMEN WAThi pasnesn. B Hem moka-
3aHO, YTO HAPAAY C [IOBEPXHOCTHHIMU M aKYCTUIECKUMHU BOJHAMHU B pac-
CMAaTPUBAEMOil JKUKOCTH MOTYT CYMECTBOBATh BHYTPEHHNE BOJIHEl, KOTO-
pole Opiin Haspawbl runepGoIndeckuMu. ITH TunepOoaUIeCKUE BOTHE
MOTYyT GBITB, B CBOIO OUepelb, IOAPa3felieHk Ha [[Ba TUIla BOJH, Pasiu-
YalomMUXCA XapaktepoM moBepxHocTell paBHbIX (a3 (rpebuedl BOJH).
JuHaMuKa DTHX BOJIH ONUCHBAETCA YPABHEHUAMU TuIilepGOANIecKOTO
TUIa, 9T0 NPHBOAUT K HEoOXOAMMOCTH M3yYeHWA HOBOrO, paHee He pac-
CcMaTpUBABIIEroCA KJacca 3adad — KpaeBbIX 3aJa1 mis runepGoiude-
cknx ypasuenuil. HekxoTopeie ocoGenHocTu 3Toro Kiacca 3agad MOTYT
ObiTh TPOUIIIOCTPUPOBAHEL Ha IpUMepe KpaeBHIX 3ajad Teopud audpak-
muH Tunep6oINIeCKAX BOIH,

B mectom paspese Ha TpuMepe COOTBETCTBYIOMEro aHAjorTa 3ajgadu
A. 3ommepdenbga o TUPpPAKIUI HA MONYILTOCKOCTH PAaCCMOTPEHH HEKO-
TOPHE BOIPOCH], CBA3aHHBE ¢ IOCTAHOBKOM 3ajmau gudpakuyuu Oias TH-
mep060.1M9eCKUX YPABHEHHI, NMPETI0KeH aHAJIOT IPHHNUIA NpeaelIbHOTo
DOTJIOWEHNA [JiA YAOBIETBOPEHHUA YCIOBMA M3aydeHusa u chopMmy.Tu-
POBAHBI yCJIOBUs Ha pebpe MOJYIIOCKOCTH M XapaKTePUCTHKAaX, ONPOXo-
Iamux Tepe3d 310 pebpo. Kpoye Toro,jano ssHoe peileHUe paccMaTp-
BaeMoil 3a/1a9M M IPOBegeHO eT0 ACMMOTOTHYECKOe HCCIelOBaHUe, II0-
3BOJIAIONIEE OTUCATH BO3HHKAWIIYI0 AUPPAKIMOHNIYI0 KAPTHHY.
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CHIBaeMoil ypapHeHHeM Ty = 1 (Z;, T;), I — BEKTODP HOPMaJad K 39TOU IoO-
" pepxHocTH. Beanunua ¢ onmnceiBaer PPeKTUBHYIO CHIY TAKECTH HA CBO-
607HOI TOBEPXHOCTH H ONPe/e; deTcs TPABUTAIIMOHHBIMA M IeHTpole:k-
HeMa camamu [2].

Hu:xe 6ymem npefgnoaarats, 970 BedYMHA CKOPOCTH 3BYKAa ¢ SABIA-
€TCsI TIOCTOSIHHOM, 9TO OKA3BIBAETCH CNPAaBeIHBBIM JJIA N30T€PMUIECKHX
mponeccoB B arMocdepe M JRUAKOCTAX NMPH nocTosmHo# saTponum. Kpo-
Me Toro, OymeM pAaccMaTpUBATDH DKCIOHEHI[HAJIBHO-CTPATHGHUHPOBAH-
HYIO RUAKOCTb C INIOTHOCTBIO 04 (z3) = A exp {—2fz;}, B > 0, orse-
qajomeil 6oAbIMAHOBCKOMY paclpefieleHN0 B OXHOPOJHOM ToJe CHJ Ts-
mecti. B stoMm cayuae

2
wy — 2fg — g%c* >0
ABJISAETCS TOCTOSHHOM,

2. B cuay BexrtopHoro xapakrtepa cuctemnl (1.1) ee pacemorpenue B
ofmeM caydae NPeACTABIAET [AOCTATOYHO CIOMKHYI 334ady, W IOBTOMY
ecTecTBEHHO IONBITATHCA peayuuposats cucremy (1.1) B wactHoM cay-
qae TOCTOAHHBIX BEJINIHH (g U ¢ K OJHOMY CKAISAPHOMY YPaBHEHHIO.
3aMeTHM, UT0 QYHKUMA D, JETKO MoKeT ObITh HCKII0UeHA W3 CHCTEME
(1.1). IlosTomy B panbHedimenm nop pemenuem cucremsl (1.1) GymeM mo-
HIMAaTh COBOKYIHOCTh QyHRUHUH V U p.

Ilpennonoxum, aro pemenne (v, p) cucremst (1.1) ymornerropser yc-
OBHAM

av av a . v
T ralf B ry el Vp, WVPELz‘(Q),

, (1.5)
2 pE Ly(),

e npou3BOJHble TIOHUMAITCA B 0606]I[GHHOM CMBICJIE.

Copasegnusa

Teopema 1. Jwboe pewenue (v, p) cucmemsr (1.1) 6 ozparuyen-
Kol obaacmu Q ¢ 2aadroli 2panuyeii, ydosaemeopsiowee ycaosusm (1.5),
6 cayuae py (x5) = A exp (—2pr,;), P > 0, npedcmasumo npu oy # o
@ gude

p=—(5 + ) (5 + %),

po (e2) v =z + 0%} { 57 VO — [ko, YOI} +
RN AR PSP A SR

20e gynkyus O (x, 1) asasemes pewenuem Juddepernyuaivrozo ypashe-
HUR

s[gt—cb}s[_____‘_Lo—Ll]%cD=o, (1.7)
Lo = A, + 2p6/oz, — a¥/e?,
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Hcnoanzopanne npnbiamrenns ByccuHecka aius cucremn (1.1) B
paccMaTpUBAEMOM HaMI clIydae NPHUBOAUT K TOMY, 9TC B oUepaTopax
Ky nm K, ypapuennst (1.8) ncuesaor wieHbl, UponopuHOHAlbHLE P2
a ypasHeHnue (1.10) npunmmaer Buy

My [u] = == Mgt -+ 03 4 0ty e, = O (1.11)

H Ha3LIBAeTCA YPABHEHMEeM TPaBUTALNOHHO-THPOCKOUIYECKUX BOJH B
npub.mwennn ByccuHecka.

PaccyoTpenne Hec:knmaeMoil cTparudunuposaHHofl SKIIKOCTH B 0T~
CyTCTBHME Bpamenns (T. e. 0pu ¢ = oo U @ = () NPNUBOAKUT K ypaBHEHUIO

. 92 ras 2
N[u]l= 57 [2s — P u + wodou = 0, (1.12)

Ha3BIBAEMOMY ypaBHEHIIeM BHYTDEHHHMX BOIH, M €ro aHa’iory B npubim-
weuut Byccunecka

No [u] = 7; A:;’L ('JOA)LL =0, (113)

111 ypaBHeHus: no:ydatoress u3 ypasnenuin (1.10), (1.11) npm a = O.

Kak ysxe ormedatoch, rpaHmuHbie ycaoBus fas ypabHenuis (1.8),
(1.10)—(1.13) uwoayuarorcst uaz ycnosuin (1.2)—(1.4) ¢ yverom dopyya
(1.6), ompeneienuss ¢pyHruum u (x, t) ¥ npeauONOKEHNH OTHOCHTEIbLHO
BEIMYHH ¢ 0 . KpoMe rpanmuueix yc.ioBmil, 70:3kHBI OLITH TOCTABJEHB
TaK;ke HavYalbHble ycIoBHA U B caydae ypasuenui (1.10)—(1.13), pac-
CMaTPUBAEMbIX B HEOTPaHUYEHHBIX 00JaCTHAX, COOTBETCTBYIONNE YCIOBUA
Ha OeckoHeyHocTl. NOHKpeTHbie MPHUMEPH HTHX JOUOJHHTEIBHHX YCJO-
Buil GyyT paccMOTPeHbl B IOCIENYIIIIIX pasgeaax.

2. CywecrBoBanne 0GOCIEHHBIX pemennii

O6cymiiM HeKoTOpHIE BONPOCH, CBH3AHHHE € CyIecTBoBanueM obolmen-
HBIX PCUIEHUHi OCHOBHBIX HAYaJLHO-KPaeBLX 3aAad IAs YypaBHeHU#d
(1.8), (1.10)—(1.13).

1. HaudeM Haumnr paccMOTpPeHMA ¢ U3YYeHWs pas3pellMMOCTH IIepPBoi
HadaabHO-Kpaesoir 3ajaun p1a ypaeuenus (1.8), npudem B mopagke
obobmieHss paccyMoTpuM Oosiee obmuil nuddepennuaaapuplii omeparop.

Urak, paccmorpuy cuaelyomyo 3ajgagy:

. e
S(r, D= [ S5 — Lo (&, D)u| —La(z, Dyu=f(2,1),
ulp=0, —u(r,0)=0, m=0,1,2,3, (2.1)

2€QC RS, 1€l0, T), T>0.
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Hany caezyromee
Omnpe TeneHHe. Pewenue sadauu (2.3), npunadaexcauee
c¥ 10, T; Wk ()] npu p > 3, 6ydem nasvisamv 0606wennbiM peuienuem
3a0altu (2 1).

OrHocutenbno 3azaun (2.1) oxkasslBaeTca CpaBefIuBON CAeLYIONIAs

Teopexa 2. Jun awboi gynkyuu f (z, £ty ¢ CO [0, T; W (Q)]
cyuecmeyem eduncmeennoe o06o06wennoe pewenue 3adawu (2.1),npuuen
amo pewenue npunadaexcum CS [0, T; Wi (Q)].

CpoiicTra TAATKOCTH 110 ¢ NoJy4eHHOTo 00600MeHHOre pemeHna YToI-
HAIOTCH caefyomell TeopeMoil: .

Teopexa 3. Ecau f(z, t) € CIV [0, T; Wi (Q)], mo o6o6uen-
noe pewenue sadauu (2.1) npunadsexcum CID[0, T, Wi (Q)].

HorazareabcTBo TeopeMm 2 ¥ 3 0CHOBaHO Ha M3YYeHUM CBOUCTB omepa-
topos R, . u U (t) B npocrpancrsax C5" [0, T W3 (Q)], a nvenno yua-
eTcs NOKA3aTh OrpaHIYeHHOCTD MAHHBIX ONEPATOPOB B COOTBETCTBYHODIMX
NPOCTPAHCTBAX, & 3aTeM HCIOAb30BaTh Teopuio abcTpakTHHX nuddepen-
LHAJTbHLIX YyPaBHEHIH.

Takum o6pasodM, JorazaHo cCymecTBoBaHHE 000OMEHHHIX pelmenuit
nepsoit Kpaesoil 3agaunt 7as ypasuenns (1.8). WUccaejobanue 0606men-
Ho#l paspeuriMocTH BTOPOIl I Tperbell KpaeBHX 3ajad [ DTOrO ypas-
HeHNA npexcTasiser cofoit gocratodHo TPyIHYIO 3ajgady, 410 06ycCi10B-
JeHO CJHOKHEIM XapakTepoM TPAONYHBIX YCIOBHH, colepsRalliX Ipou3-
BOJIHbIE TIC BPEMEHH.

2. OGpatuMca K pacCMOTPEHHUK) HAYAIBHO- KDaeBHIX 3a71ad JUIA ypas-

wenait (1.10)—(1.13). Haunex ¢ nepsoii Kpaenon 3amavn ONA ypaBHeHUsd
(1.10 )

I {u] = f (2, 1),
u(z, 0) = uy (@), 1y (x, 0) = u, (x), (2.4)
ulp =0, 2€Q, tel0, TL
HpennonaraeTc;i, ato ug. Uy € WE(Q) u f(z, 8) ¢ CV 10, T; Wl (Q)],

TIe W2 (Q) = (Wi (8)]* — mpoctpaHcTBO, ABOMCTBCHHOE NPOCTPAHCT-

BY Wg () oTHOCHTEIBHO CRATAPHOro npoussenenus B L, () [4].

Beenesm B paccmorpennie oneparop I'puna G mnepsoit KpaeBoﬁ 3aj1a9H
nas oneparopa Jlannaca. Ilpumenss ero x ypasuenuio (2.4), mepemu-
meM 3agaqy (2.4) B caepylomeM Buje:

e Tu— B*6u] - w (A1 -+ Ay)u + 02 A — 032G = GF,
u(z, 0) = u, (2), w(z, 0) = u, (), (2.5)
u (" t) € W; (Q)v

e onepaTops Ay onpejeieHsl gopmyaamu A, = G (8%dzs). UssectHo,
4To omeparopsl Ay IOCIe COOTBETCTBYIONETO PACIIMPEHUA ABIAIOTCSH
OTPAHMYEHHHIMH CAMOCOMPSKeHHHIMHE omepatopamm B W; (Q) [5]. He-
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Jdexva 3. Ecau T € ALY, a p(z, 1) € CP 10, co; CO (T)], mo
umerom mecmo ¢hopmyan '

t
By [n](e,t)=F 3 (S @ —n@ v +

+ B[] (r,t) €CP[0,00; CO(T)], =zl (3.3)

MHemma 4 Ecau T € ALY, a p(z, t) € CPL0, s0; CO (D)1, mo
mozda
4

Ve [l (@) = F 0 (o, ) F 5 (S (00 ¢ — ) (2 1) dr—

1
4alz—y

7}
—\hw o4 - AT, +

r
i
+ § w (Y, T) Nt 0 (z — 4, t — 1) dT, dv € CP [0, 50; CO(T)].
i~
’ (3.4)

Ilpun dopmyaupoBke jgemv 3 B 4 GBI HMCOOJNB30BAHE CIEAYOIHE
obosnavenns. WHgeKcH «+» 1 «—» 0003HaYaI0T npefebHble 3HAYCHUA
B Touke € I' npu crpemienny k Hell o HopMaJx M3HYTpH H u3BHe 00-
aactu Q coorsercrBenHo. DyHKNEA S (pl) ompenensieTcd PaBeHCTBOM
) gt i

4 o
S () =\ Jo(0) -
0
rae J, (o) — dyuruns Beccenss HyneBoro mopspxa.

2. IlpuvenuM BBe/IeHHbIE NOTEHIMABI IS HCCIEXOBAHUS HATAIbHO-
KpaeBbix 3ana4 fgasg ypasHenns (1.13).

PaccmoTpuyM caenymomue samadu:

Nolul =0, u(z, 0) =u (z, 0)=0, z¢€Q,

2) (S
ulp =9 t)€Cy [0, o0; CO ()], z¢T;
Nolul =0, u(z, 0) =u; (z, 0) =0, z¢Q, .
Nt lo =0z 0eCP0, o5 COM], z¢T, (52

M #Xx BHemHue aHamorm S; m S3, paccMarpuBaemile B 2%\ Q. Ilpu mo-

CTaHOBKe BHOIIHHUX 337a1 S; . GyJdeM JODOIHATeNLHO TPeGOBATH BHINOJ-
HEHHsA YCIOBHH peryisipHocTH Ha 0eCKOHETHOCTH:

- ¥ A, () * B_(t)
a k 4 k
o < <
o ¢, 0 (3-5)
WDxle]u <—|;—|3— y k= 0, 1, 2.
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A. Omeparop £ — A ofparnM B mpocrpauctse H. Torma, ymHOMUB
ypasuenue (3.10) ma (£ — A)~! u mpuMeHUB MeTO[ LOC.Ief0BATEJbHEIX
npubnixenuit, nerko yGemurses, uro npiu aoboit ¢ (z, )¢ C [0, T; Hl
ypaBHeHHe 0fHO3HAUHO paspemrmMo B mpocrpamctse Cyd [0, T; H] mus

ao6oro T >> 0. Jra curyauns BosHUKaer B caydae sagad Sy 4 S;.
. Omeparop E — A mneoGparum B upocrpancrse H, Ho of:acts 3Ha-
i

yenuil omeparopa B(f)xp(t) = S B(t —t)u(r)dt comepsmurca B 006-

0 .
Jacrd 3HadveHu# omeparopa E — A, 1.e. R(B(f)*)C R(E — A).
B aroM caygae, ecan ¢ (z, t) ¢ R (E — A) npn aio6om ¢t > 0, To MeToR
noc;egoBaTeabHEX Opub.iusKeHU# Mosker OHTH NpUMEHEH Ha COOTBET-
CTBYIOIIEM HOALPOCTPAHCTBe HpocTpaHcTsa H, Ha KOTOpPOM omepaTop
E — A oxaspiBaercda oGpaTiMbIM, H TEM CaMbIM JOKA3aHA Pa3pPeNIHMOCTH
ypasuenns (3.10) B cayqae ¢ (z, t) ¢ R (E — A). 3aMerny, 4ro B Cay-
wae 3amaun Sy» Iie BOSHMKAET DTa CHTYaIMA, omepaTop A sBiAcrca
BIIOZIHE HempepwsHeIM 1 gomonuenue I} (E — A) mo Bcero mpocTpascT-
Ba H okasHBacerTcsa OHHOMEPHEIM, a yciosue ¢ (z, t) ¢ R (E — A) dopmy-
JUpyeTcA B TEPMHHAX yC€.I0BUA opToroHaxbHocTH (1, @)r,my =0 Vi > 0.
B. Omeparop E — A wHeobpatum m o061acTh 3HauYeHUI omepaTopa
B (t) * ue unpuuagneskur R (E — A). OpHako B caydyae samauud Sy
(ypaBuenue (3.8) ¢ HW/KHMMH 3HAKaMH), B KOTOPOH BO3HHKAeT 3Ta CH-
Tyalusa, ypasuenue, compsskennoe ypasuenuio (3.10) B mpocrpancrae
L, [0, T; L, ()], oxassisaercss ypaBHeHWEM, yAOBIETBOPAIOIUM YCJIO-
BHAM MPETHYIEro CAy4as, YTo Mo3BoJIAeT H3YIUTh BOIIPOC O ero paspe-
HIAMOCTH B B HTOTE MCCJeToBaTh paspemuMoctd ypasHenus (3.10).
OxasuBaercd, 910 ypasucuue (3.10) B caywae s3agaum Sy (1. e. ypas-
Henme (3.8) ¢ HIDKHUMH 3HAaKaMu) Pas3pelInMo JMIIb IPH BHIOJHEHHN
YCIOBHA OPTOrOHAJBHOCTH MNpaBofl dacrta ¢ (r, f) HCKOTOPO# BHmoJIHE
onpemeseHHON yHRIUU W, (z, {) B L, [0, T; Ly (I')]. Ognaro o1o ycao-
BHe He ABJIAETCH HEoGXoMNMbIM ;1 paspemrmMocti 3agauu S; 1 o6ycios-
JIEHO JIUIND CHEeIIMANBHBIM BHOM NpeCTaBJIeINA PEIleHfsd B BIHAe IOTeH-
nnaaos (3.6). Mcunoissys smecro (3.6) mpemcrasiaenuc
i
u(.r,t)::B[p](x,t)—A[p](.z,t)—f—Sc(r)w(w—a,t—r)dr,
0
rme a ¢ Q u ¢ (t) € C® [0, oo), upumem BMecto ypasHenns suga (3.10)
K YPaBHEHHIO
4 t
p-—Ap—{—SB(t—-r)p(r)dr ;—Sc(r)w(x—-a,t—-—r)dr: p(x,t).
0 0
(3.11)
(Omeparopu A, B (t) ompemeasiioress ypasHenieM (3.8) ¢ HKHuMH 3HA-
kami.) OKaseiBaerca, 4ro 3a c4eT BbIGopa PYHKIME ¢ (f) MOKHO KOOGHTH-
¢ YAOBJIETBOPEHHS OTMEYEHHOTO BHIIE YCIOBHA OPTOFOHAIBHOCTH H
cienars ypasuenne (3.11) fesycioBHO paspemmMbM mpu X060H PyHK-
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3amernM, 4ro, mepexogA K Lpefely mpu w, — 0 B mepsoit CTpoke
gopmyast (4.1), MBI monydmM wm3BecTHoe (YHIAMEHTAJLHOE peleHne
ypasuenns C. JI. CoGonesa [11], a mpm o — 0 — PyunaMenrTansuoe
pemenne ypasHennsa (1.13). Ormernm Tarke, 910 u3 popMmyas (4.1) ciae-
Ayer, 4T0 B PAacCMATPHBAEMOHM MOMEIH FKHAKOCTH HMMeeT MeCTo AalbHo-
JeAcTBHe, T. €. BO3MYMICHHS OT TOYOIHOTO HCTOYHHKA PACHPOCTPAHAIOT-
Cs1 MTHOBEHHO.

HanomunM, 910 ¢ ¢usmdeckofl TouKM 3peHmA (yHIAMEHTAILHOE pe-
HIeHHe OMHCHIBAET BO3MYLIGHWE, BHI3BAHHOE MTHOBEHHBIM eHCTBHEM TO-
9e9IHOT0 HMCTOIHHKA. llodTOMY H3ydeHHE aCHMOTOTHIECKOTO IOBEJEHHA
npu ¢t — o0 gyHmaMeHTaIbHOro peimeHmsa (4.1) mpexcraBiasger He Todb-
KO MaTeMaTHIeCKMil MHTepec, HO M HO:Te3HO ¢ (PuamIeckoll TOUKU SpeHUsd.

Paccyorpuym BHawane caydait, kKorma |A — w, | >0 >0. Ecam
BBECTH B PACCMOTPeHHE cPepHIecKyI CHCTEMY KOOPINHAT, OGHYHHIM 006-
pa3oM CBASAHHYI0 C [EKAPTOBOH CHCTEMOH (Z;, Zp, Z3), T0 A = | x|/
/| z | oxaseBaerca pasmoit L = (a?sin?0 + w; cos? 6)1'2 m ycaosuio
|A — 0y | > 6 >0 momuo npmaate ¢opmy TtpeGoBanus 6 ¢ [§, n —
— 6], rme 6, > 0 u ompegeaserca BemmumHoi 0.

Ucnonbays cramgaptebie acaMmorotmaeckme Metomsl [12, 13], mas
dyugayenTansaoro pemenns (4.1) npum oyt > 1 MoikHo 3anncaTh GopMyay

E(z,t)=— / RO sin (At — m/4) .
] 2k | @} —az| 21| z|sin 0wt
sin (wyt — n/4) A (| z], wot) 4.2
‘/ 2| wl —oc[ 212 z|sin 0 Y 0.k T 2] (wt) (4.2)

cupasefauBy0 mpa |A — o | > 8 > 0. B (4.2) Bexnunma A Tarosa,
aro | A (Jz |, o) | < C (8), rae C (8), Boobme rosops, HeorpaHHIeHA
npa & — 0.

O6cyaam dopmyay (4.2). OHa mokassiBaer, 9To IPH JOCTATOIHO GOTB-
mnx BpeMeHax (QyHpameHTanbHoe pemenne E (z, f), T. e. Bo3MyumeHMe
OT TOYeYHOTO0 WCTOYHHMKA, yOniBaeT B ofmactd |A — wy | > 8 (wmm 6 ¢
€ [8,, m — 6,1 ) co BpemeneM Kak (wof) '/ U COCTOHT M3 BO3MYIEHHI
AByX TtEOOB. IlepBoe M3 HHX OIHCHBAETCA BTOPHIM ciaraeMuiM B (4.2);
0HO mpefcTraBisger cofoll CrosgIme KodeGaHHA, oCLIIIMpyOmUe € dac-
ToToHl ®, u y6HBalomue co BpeMeHeM. Bropoe BoamymeHwe ommcrBaert-
¢a IepBBIM CJATAaGMHM H IpefcraBider coGoff cBoeo6pasHHIN BONHOBOM
npomnecc. IloBepxnocTH paBHo#t (asn aTmX BodH (rpeGHH) OMHCHIBAIOTCA
cootHomenmeM A = (a?sin® 0 -+ w, cos 20)/: = const-#"! m mpexcras-
A910T Co060H KOHHYEeCKHE HNOBEPXHOCTH BPalleHHA € BEePHIMHON B TOYKE
z = 0 u ocvio Oxs.

Ecam 3amomcats (asoBoe COOTHoIIeHAle HpA  ®, > O B BHIE
[a? 4 (05 — @?) cos® 0]Y: = const-#™,' a B caygae; wy < & — B BHMOE
[of + (2® — wp) sin? 6] = , YTO HMEeT MecTo
cleAylomas KapTHHA JBOJOWINT (Ha30BHiX KOHPYECKHX NOBEPXHOCTEH.
Ilpm ©, > o atn moBepxHocTH 3aposkmaiorcA y ocu Ozg, a 3aTeM, €O
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3) ecnm (x,23) €K 1 23>0, 1. 23>alz, |, To Y =9, @
alxz, | = —ir,shy, 23 = —ir, chy, npmuem P, nNonoxurenbHa un
cthp, = 25/ (a | 2, |);

4) m, makomew, ecau (ry, x3) €K, z3 <0, 10 ¥ =, + in, BesnumHa
Y, orpunateapHa u cthy, =a3/(a ]z, |), a Tamme alz,|=
= —ir, sh, x3 = —iry ch .

OrMeTmM, 9TO HCHIOJb30BAHHHEE 3[eCh BEIAYAHH (ry,YP) HOCAT Ha3-
BaHUE NCEBROLOJAPHHX KOOPAWHAT.

Hanwane mpencrasinenus (6.7) pemeHus 3afaum gYepes Xopomio usy-
genHbie unterpaisl Openens nossosaser Ges ocoboro Tpyma M3yuUMThL ero
OoBEeleHNe B OKPECTHOCTH pefpa M XapaKTepHCTMK, B dYacTHOCTH yG6e-
OUTHhCA B CHOPABENIMBOCTH oHeHKH (6.4).

Has ypoGerBa pajpHeAmNX PaccMOTpeHHA BBefeM HOJAPHEE KOOp-
guHATH (r, 0) ¢ nentpom Ha peGpe (0, 0), npmHEMas 3a HomApHYH OCH
HanpasieHme ocd Oz;. ¥Yroax 0 GymeM OTCIWTHBATH HPOTHB YaCOBOI

CTpenKH, TOTHa &3 = rcos®, —z; =rsinB, 6¢[—n, nl. Beegem
yras 6, u 6, ompegensemiie cooTHomeHmsAME ctg 6, = a m ctg 0, =
= a?k/p. ¥Yron O, paBeH yriy, KOTOPHH XapaKTePUCTHKA I3 = =+ az,

cocTaBasAioT ¢ ockio Oxs. Beamunna yraa 6, B cBoio ogepenn, pasHa ab-
COMIOTHOU BeJdm4mHe YIiaa, KOTOPHIE COCTaBIsAeT BEKTOP TIPYHNHOBOR
CKOpOCTH V, mafaiomieit BOJHH u, ¢ ochio Oz;. Bes obmdacts BomHOBOTO-
mons R*\ T mosxer OniTh pasbura Ha AgBe moR0GIacTd: «OCBEIEHHAS
nogobmacTe», oupefeaseMas HepaseHcTsaMu — 0, << 0 <{m, U «30Ha
TeHN», oTBeYAlOmaa yraaM —i < 0 << — 0,.

Jins monHOro BOJHOBOTO HONA U CHpPAaBENIMBH ciaexyomue ¢op-

myau. B «ocsemenHo#» o6nacrm

ud, 6 € (— 80, —8.) J (0, 60),
ud, 0 €(—8,,0,),
M=ot ud’ + w1, ¢ (6, n—6,), ©5
uf + w, B€((x—8,),xl,
B «30HE TEHN» '
[ud, 0 €(—(m—0.), —0o) 6.9)

u _—
= (2) -
(1@, 8e[—m,—(n—6y)),
({ 2
roe QyEKmmE ui’ 7 ul ONECHBAIOTCA ACHMOTOTHYECKEMI dopMyaaMm

@ _ {B(k4ip)[cos8—ip O}/ 1
ud’ = T (8) — B cos 0 V mpr *

X exp [iﬁrjlp(e)——i%] [1 —{—0(—51,.—” ’

@ {Bk+ip)[cosB @] -1
e kg (0) +iB cos® l/ Tmpr X

X exp [—ﬁr(p(e) —{—i—z—] [1 —{—0(6—1,_-)] )
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MOKHO pacCcMaTpHBaTh KaK ypasmenue Auddysuu Temia B CIUIOWIHONA
cpefie ¢ KoadpunmernToM TemaompoBoAanoctr k£ = |Vu | > 0, 3aBmea-
MmuM OT rpajmeHta temmeparypul u = u (¢, ) >> 0. Ilpn srom B cpeme
nMeeTca o0'beMHOE SHEPTOBHjieJeHHe, MOMHOCTh MCTOYHMKA Temia
Q = uP > 0 B KOKIOM TOYKE HPOCTPAHCTBA OmpelenseTcA BelWumHOIM
TEMIIEPATYPHI.

Haa (1.1) paccmarpuBaercs 3amada Howm, T. e. mpollecc TopeHms
BHNOUUDYETCS 3aJaHueM HAYaJbHOTO TEMIOEPATYPHOTO BO3MYMICHUA

n(0,2) =ug(@) >0, z€ RY;  u,¢ Wi (RV). (1.2)

Xopomo w®3BECTHO, 9YTO 3a CY€T HHTEHCUBHOIO DYHEPrOBHJIEICHHUA
(P > 1) mpomecc ropeHnsT MOKET HPOUCXOAUTH B TaK HA3HBACMOM PEKH-
Me ¢ oboctperneM. J[pyrumu caoBamu, 3agaua Howwu (1.1), (1.2) me ume-
eT IJ00aJIbHOr0 HO BPEMEHH DEIIEHNS U B HEKOTOPHH MOMEHT BPeMEHHI
t =T,<< + oo (MoMeHT oﬁocheHuﬂ) aMIJIUTY/a pellleHuA CTAHOBUTCA
GeckoHeuHO GoNbIIOH:

sup u(t,z)— l-o00, t—T, (1.3)

x<=R*

(c. [1,2] u npuBemeHHHA TaM CHHMCOK AuTepaTyphr). Ilpu 5TOM BIIOTH
ao mMoMenTa obocrpenus mpu Beex 0 << ¢ << Ty HeoTpHIaTeNbHOE He-
OpepHBHOE peuleHne 3afaddl OFpaHUYeHO M, BOoOmE TOBOPHA, ABISETCA
0606mernanM. OHO MOMET He UMeTh BCeX HPOM3BOMHHIX, BXOAAMHX B
(1.1), onmarko ¢ymkmua |Vu (¢, x) | HenpepuBra nBcrogy B (0, Ty) X
X RV (cM. mo aromy mosogy [19]). C dusuueckoit TouKkn 3penns 910 03-
HavaeT HeOPEePRIBHOCTh TEHAOBOTO HOTOKA, pasHOro W = —| Vi [V,

Yenosua rno6aabHOM PaspeliEMOCTH M HEPA3PEUIHMOCTH B IIEJA0OM
sagaun Kowwm mas (1.1) monydensr 8 [20] (cMm. Taxske mpmeefeEAyI0 TaM
6ubaumorpadumo), rme moxasano, 4ro mpum mwbnx 1 <P <<o 41+
-+ (o -+ 2)/N Bce HeTpUBHANBHEE PEeIEHHUS 3ala9M ABJAATCA HEOTpa-
HudeHHHIME B cMmbicae (1.3). Ecam e > o +1 + (0 + 2)/N, 1o B
3aBHCHMOCTH OT BeIHYMHE HAYAJBHOTO BO3MYMEHUA BO3MOMKHE Kawg
raoGanbuele (ompefeneiisie mpu Bcex ¢ > (), Tak M HeOTPAHHWYCHHEIE
penieHns.

Caenywoiuuii 5Tam WCCASNOBAHUSA COCTOSAN B H3YYEHHH HEKOTOPHIX
o0mux cBOMCTB HEOTPaHMYEHHHX pewmenmii samagu Komml!, » wacTHoCTH
cBoficrea Jokanamsamus. HeorpammuyeHHOe pelleHHe HAa3HIBAETCHA JIOKAIH-

30BAHHKIM, €CJIM OHO BoO3pacraer o OeckoHedmocts npu t— Ty (¢ =
== Ty — MoMeHT oGoCTpeHUs1) B 0061aCTH OrpaHMYEHHHIX PA3MEPOB.
H maobopor, ecnu u (£, £) > oo unpu t— T, sciomy B RN, 10 nowa-
nmsanua orcytersyer. B [20] ycramosmneno, uro mas (1.1) mocnenmee

1 3ro UCC/IefOBAHUE BO MHOIOM HOBTOPSET aHAJU3 CBOICTB HeOrpAHUYEHHAX pelic-
HUH HeAnHEHHOTO NapaloAHYeCKOro ypaBHEHHA ¢ MEHIM,eM B (1.1), XapaxTepom
HeIMHEeHHOCTH ¢

ug = V (u°Vu) + b, 0>0, P> 1. (1.4)

OcHoBHEE pTamu ucciaenoBaHus (1.4) oTpaskeHH B KpaTKO\l o063ope, moMémEHHOM
B pabGore [1] (cM. 06 aroM HuUEe).
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AgpToMOJieNbHBIE pemIeHH .
OcHoBHBIE pe3yIbTATHI

Ypasuenue (1.1) momyckaer mocrpoeniie (moka Ha GOPMAIBHOM YpPOB-
He) HeoTDAHMYEHHEX AaBTOMOMENBHHIX pellenuil BUAa

1 _ _Bo+y) N
ug(t,z)=(To—1t) B10(M), N==a(To—t) @G ¢R", (1.5}
rae Ty > 0 — mocrosimHas (BpeMs cymecTBoBamusa pemenus). DyEr-
nua (1.5) meorpammuenno Bospactraer mpu {—- Ty ecim, Hampumep,
0 (0)> 0, 10 us (¢, 0)— oo, t > T;. llogcranoska Bupaskenns (1.5)

B ypasHeHue (1.1) pmaer pas ¢ymrumu 6 () > 0 caegyomee KBasmain—
HefiHOe 3JIIMOTNYECKOE yPaBHEHHE:

(51
V(| 940 1o ¥40) — L0 E D vy0m —

371_—19 +0%—0, neRY.

. (1.6y

B coorsercTBUE ¢ mOCTaHOBKOM MCXOAHOM 3amaumM Hac GYAYT MHTEPeCO-
Barb HerpuBmaibHee (0 == 0) HeoTpHpaTeabHble PpENICHUS ypaBHeHNS
(1.6), ynosaeTsopANIIHE CAELYIOMEMY YCAOBHIO B GECKOHEYHO Y[aJeH-
HBIX TOYKAX:

6m—=0, Inlj—> +oo. (1.7}

Pemrenve 3amaum (1.6), (1.7) ompeneaser KOHKPETHHH BHI ABTOMO-
meapHoro peurenus (1.5) 1 B KOHEUHOM UTOTe [AET HPEACTABJICHUE O Xa—
paKTepe 3BOJIONUHA TEMJOBOTO BOBMYHIGHUS B pacCMaTPUBAaeMOil Head-
Hefinoit cpege. TarkmM oGpasoM, HoaydeHHAd DAJNNTHIESCKAA 3ajada
N03BO/151eT BRICTUTh MHOT006pasme TemIoBHX CTPYKTYP, CBOMCTBEHHRIX
3TOM Cpefe, M [IETATbHO OMUCATH UX NPOCTPANCTBEHHYIO reoMeTprIo («ap-
xutekTypy» B TepMumoioruu (2, 10]). B wacrmoctu, us (1.5) summo,
uro up® ff > 0 4 1 mpouecc TopeHNA T0KaiU30BaH, dQPeKTUBHAA MU~
puHa obpasylouleficas TeMIOBOH CTPYKTYPH COKPAMIAETCH €O BPEMEHeM:

B-(0+1)
|52 (&) | ~ (To— ) ®B6D 0 npu ¢t — T.

Onmmako mccaeqoBaHHEe BCeTo MHOT00GPasus penieHUH JaHHON He-
andeiinoil ssaannTHyeckodl 3amaun B RN B o6melt mocTaHoOBKe BpAX JH
BO3MOSKHO, HECMOTPA Ha 3HAUMTE]bHHE YCIEXN TEOPHH 3IJIHITUICCKUX
3a/lay, JOCTUTHYTHE B moCie[Hee Bpema. B ¢Bs3M ¢ 3THM 0TMETHM, 9TO
HOCIeJHIE OCHOBHLI NPOJBUKEHWS TEOPHH CBA3AHH ¢ BAPMANMOHHEIME
Metomamn (cM., Hampumep, [22—31] n 6ubanorpaduio B a1ux paborax);
4to kacaerca 3agaun (1.6), (1.7), To 0Ha He JOMyCKaeT 3KBUBAJEHTHOM
BapualuoHHO# GopMyanposku. BaskHo Tak;ke oTMeTHTH, yTo (1.6), (1.7)
mpefcraBiaserT co0of HeaWHeHHYI0 JMAHOTHYECKYIO 3amaay B RN, T.e.
B HeorpaHWYeHHO# oGaactu. B HacTosmee BpeMsa KaKMX-TO oGmuX mof-
XOf[0B K HCCICOBAHUIO TAKMX HEBAPHAIMOUHKIX 3afad HE CYIECTBYeT
(cM. 0630p B [27]). OT™MeTnM, 9TO B yKa3saHHOM ¢aydae aHAIN3 JOKaldb-
HOTO U T100a7bHOTO mOBe[eHUsS pelneHuil (0e3 J0Ka3aTe bCTBA CYMIECT-
BOBAHWS) HpeCTaBIAAET cobol NOCTATOUHO caokHyIo 3amady (em. [32]).
Houcrpyxkrusnsiii Meton cdepuyeckoro paccaoenus B suge [26], mo-su-
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- rhe 7 (z) — HeKoTopas CpefHAS [0 OTHOMEHWIO K U, U, (yHKIHA.
HNanee,
|P @) — P (3) le < {5

1 N-1 0+2

S BN cB o L 6—1H 9oL B o x
o+l [}

X [(mN +2(B—1))0¥-1]y © § 071 | v, — v, |,

e

1, N<o+42,
BN,0=[ N-(0+2)
6 o1 | N>g¢g-2.

Onepatop P c:ruMaomuii, ecan

1 1 N9 (B—1 (N-1)(G-2) _ o+2 ..
6/{6-61- [5+1BN B~ 0?1+m —I—G—lff; )9 o1 R o+1]} .
(2.28)

Takum oOpasoM, mpu Beuonluenum yciaomit (2.27), (2.28) mo teo-
peme bamaxa cymecTByer emmHCTBeHHOe pemeHue & (z) € Xs, ¢ 3agaunm
(2.24), (2.25), wortopoe, Kak Bumuo u3 (2.26), cTporo BO3pacTacT mpH
. 2 €10, 6]. Caemoparennrno, nHa wuHTtepsaze (1, 6) cymecTsyeT pemenue
z =2z (E) €10, 8] samaam (2.4), (2.22). Pasnosxenne (2.23) mpamo cie-
nyer u3 (2.26).

daMeuaHwune. lIlppm HokasaTeabcTBe eIWHCTBEHHOCTH DeMEHHS
sagaum (2.4), (2.22) miaa upamoin pyHKmum 2z (§) 3HATUTENBHO ClOKHEe
BEIOpAaTh MHOKeCTBO (QYHKI(UH, HA KOTOPHIX CJefiyeT ONpeHeIuTh WH-
TerpajibHH OmeparTop, UT0 CBA3AHO C CYLECTBOBAHHEM TPUBHAJBHOTO
pemchusa z = 0 (oHo He JOIKHO IpWHANAEKATH JAHHOMY MHOKECTBY).

I'106aneabIe cBoiicTBa pelneHnii
JIMHEAPH30BAHHOTO YPABHEeHHSA

TnaBHag menas 9Toro monpasigelna — MOKA3aTh, 9TO BCE PEMIEHHS M3
CeMeliCTB, yKa3aHHHX B IpeTokeHHA 1, GeCKOHeTHO OCOUIIUPYIOT IpH
E— 4 oo.

YpasHeHune nepsoro mnopsapka. Ilonowmum

z () = §@®/% (y), n =Ing§, (2.29)
a 3aTeM BBeleM HOBYIO (YHKLMUIO ‘
P = d¢/dn. (2.30)
- Torma P = P (¢) ymoBACTBOpAET ypaBHEHHIO HEPBOTO MOPAAKA
P 1 [ ay@—mP \ .
g T T GFDP 1|s+tz s "b‘PJrCP}’ (2.31)
|t ?
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Pnc. 1. MasoBmii noprper ypaBesns (2.31) mpu =1, =3, N =1 (a, > 0)

@ — TPAeKTOPHMA BHe TNPENeJbHOTO LMKIA, 6 — BHYTPH LIMKIA
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Ecin G — rpamuiia cMa30uHOTO CJIOfA ¢ OKPYHAOMNM BOSKYXOM B
mpolecc ABIAETCA YCTAHOBUBNIUMCH, TO

p/cc = Parmy
TAe pam — aTMocepHoe nasieHye.

B paGote [30] upusenenn HexoTophbie uacTHBe aHANUTHYECKHE pemie-
Hns ypasHenus (1.63) B craumonapunosm caygae. o craumonapuoro cay-
gasg paspaGoTaHbl TaKKe aJTOPUTMBl WWUCIEGHHOTO peIieHHsA ypaBHe-
aus (1.63) [31]. IIpu wmecramumonapHowm . peskume paGorTpl HOAMUIEAKA
ypasaenue (1.63) pemmaercs coBMECTHO ¢ ypaBHEHUAMH [BIDKEUUA POTOPa.

2. CMa3ka mepoxoBaThiX HOEEPXHOCTEH
NPy pPeoIMHAMKYECKOM TPeHHM

2.1, Tuppo pupaMuseckan ¢MazKa ILHEPOXOEATHIX MOEEPXHOCTEI]

Bonpocy o BawaEMM IEpoXoBaTOCTH Ha THAPOAMHAMUYECKYIO CMA3KY
HOBEPXHOCTH B MmOCHEAHHC TOAH yHAehsercda Goublioe BHMMaHue [32—
37]. K macrosmemy spemenn HauGolibilice MPNSHAHWE MOAYYMJ BEPOAT-
HOCTHBIH HMOAXO0J] K pPeIleHUI0 3ajlaun, IpU KOTOPOM TOJIIMHA CMa304HOTO
cl10f B TWONIIUNHUKE 3ajlaeTcsA ciayuaiiHoii ¢ymkiueii. PaccMorpum (cm.
36, 37]) Tewenue TOHKOro Cn0A JKMAKOCTH, PA3NEIAIOMETo JABe ABMKY-
mpecs LiepoxosaTthie mosepxHoctu S; u S, (puc. 4), xorTopvie 3ajmagum
cayaaiinpimu pyuxnusaMu. Cuctembl KpunojnHeiimbXx xooppmuat O g'n'g'
B 0,E'"L" mectro cvasauws ¢ Tenamu | w 1. YpasHenna mopepXHOCTEi
S, n S, samneym B nupe

U=10+ef@E, n, o) ' ==0+efE, ", o)

rae & m & — ogHopojHbie B INUPOKOM CMBICAe CJayuaiiHpie (GyHKOHY,
uMelomue HyJesble  cpegHume sHaueHus; (o = E[C']; o= E [¢'];
E [-] — martemaTtuaeckoe omnnaﬁne ®;, ®, — dJeMeHTapHEE COOHTH
¥3 HEKOTOPHIX HpocTpaHcTs (2; u €. Ha;}cnoﬁ Hape ®; 1 ®y COOTBETCT-
BYIOT BIOJHE OUPeRelieHHbIe (bynmum ef(E,n), ef E,n") — peannaa—
mun moxeit ef (€', 1, @), ¥ (£", ", m,). Honepxnocm ' = ul =
= {; oGosHaunM S§ u S9, a 06nacTh, 3aHUMAEMyI0 CMa30YHBIM CI0EM, —
Q. Ilposegem B Q moBepXHOCTH S, Je;KAMYI0 Ha PABHEIX PACCTOAHUAX T
! m S, u BBeeM CHCTeMy OpPTOTOHAJNBHBIX KPHBOJIMHEHHHX KOODPAHMHAT
Ozyz tak, utoGsl moBepxHOoCcTs 2 = O comana ¢ S.
Hycrs kg (z, y, ) — 3a30p Mempy mosepxmocTaMu S; u ST, a h (z,
y, t) — 3azop Mesrny wuosepxHocTaAMu S; m S,. llo ycamoruio, ko > 0.
Dyaxnua - MoykeT TPVHUMATb KaK MOAO/KUTEJIbHbE, TAK H OTPUNATENb-
HEle 3HaueHusd, mpuueM eciau i < 0, To Ipyu KOHTAKTHOM B3amMofeiicTBEuU
Tel NoBepxHocTH [JedopMupylores u ¢ yderom jedopmanuii k2 > 0.
Ecau cpenmexsanparudeckue oTKIOHEHMS 0¥ 0, PyHKIMEA £Ff m &f Maan
IO CPaBHEHWIO C A, TO peailusanv, A KoTophX h < 0 B cRoJIB-HU-
Oynp 3HauuTeNBHOH 00NacTH, MaJOBEPOATHH M HX BRIaJ B CpPefHHE Be-
amauusl Man. Ilyers (o1/hg)? << 1, (02/he)2 << 1 v miofbie peanmsanmm
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Iloncrasasna (2.3) 8 (1.25), momywaem

div [(r3/12p) grad p — Uhk] = 0he/dt + U,grad &, 4+ U, grad e,.
(2.4)
Taxuy o6pasom, ®; u @, coorBercTByeT PyHKUUA p (2, Y, {) — peme-
Hve ypasinenusa (2.4) ups COOTBETCTBYIOIIMX YCIOBHAX Ha TpaHume 0w
obaactn o. Hamnayro napy (o,, ©,) MOKHO paccMaTpuBaTh KaK dieMeH-
TapHOe COOHTHE © = (®©;, ®,). Korma ®; mpoGeraet Q;, a 0w, — Q,, o
npoberaer nNpocTpaHCTBO DiIeMeHTapHHX cobuituii . Dymxkuuio p Momk-
HO paccMaTpuBaThb Kak caydaiinylo ¢(GyHKOWIO, 3aJJaHHYI0 Ha IPOCTPAH-
cree Q' saeMentapHmix coGuTHE . PaccMorpum sapgauy ompefenenus
caydgaiiHoit pyHKImM p (2, y, £, ®') u3 ypasHenus (2.4). Pemenue ypas-
HeHuA (2.4) IPU HEKOTOPHIX peaNv3anuAX € H &, MOMeT IPUHUMATH OTPH-
1arenbHbIe 3HAYEHHUsI. JTO 03HAYAET, 4TO NPUHATOE TOUNYINEHUE O 3aIL0J]-
HeHUM CMAa304HBIM cjJoeM 0e3 pa3phlBOB ONHOCRA3HON 06JacTH () HE BhI-

nonuserca. Oanaxo ecau p (x, y, ¢, '] ynosaersopsaer yciaosuio

El(p — E [pl2l << (E [pl)?, E [pl >0, (2.5)

TO pealusaluu p, UPUHAMAIOMME B CKOJb -HUOYAb 3HAUMTENbHOH 00.1ac-
TH OTpULiaTe]bHble 3HaUeHUsI, MAJIOBEPOATHH U X BRJAJ B CPelHUE Beau-
qUHBl Madl.

Taxum ofpasoM, mpu BeIOIHeHMH ycloBuMil o;/hy < 1, h/h; <1
u (2.5) Aas ompenedeHus JaBIEHHA B CMa30THOM CI0€ MUKAY Mepoxc-
BaTHIMU IOBEPXHOCTAMM MOMKHO HCOOJAB30BaThL ypasHeHue (2.4). OTme-
THM, 9TO OPH YyueTe AedopMamuii mepoxoBaThiX MOBEPXHOCTeH 00.;aCTh
HpM\IeHI/IMOCTI/I ypasHenusa (2.4) GymeT orpaHuderna TOABKO YCJIOBHAMM

ho/h; £ 1 u (2.5), a yciaosus a,/h0<1 JIPH DTOM CHUMAIOTCA.

Tax xar caysaitnple GYHKUUYU € U €5 OMHOPOJAHBI B IMUPOKOM CMBI-
cje, To MOMEHTHI

‘ Ki =Elei(z, y, t, o) e; @+ %, ¥y + 1 1, 0l, i =1,2,

He 3asucAr ot t, 1. e. K; = K, (1, 1,). B nanemeitiiem Gynem cuurats,
970 & W &, MABIAIOTCA TayCCOBHIMH CIYYalHBIMH (GVHKIHAMHE Tepe-

MEHHBIX & ¥ y. BBemem wMaxsiii mapamerp o = g/A, o = ¢ + o5
A=uin {k,(x, y,1)}.

X,y
O6o3nauum

po =Epl, Ko, (x, y; 21, yo) = E e (z, y) Op (z, y1)).
rne € =& + &; 8p — p —poy; Ky, y5 2, 1) =
=E[bp (z,y) Op(zi, y); Kepp (2, y5 21, y1) = E le; (2, y) Op (24, yy)].
PasiiosuM HeusBeCTHEIE (byHmmn B pAL o o

Do = Deo - XPor = %*Pgz =i~ + «
Keip =Ksi7,.‘.‘ oKy, e Ks

ile 7T
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OpuHUMAaeT BU]

hy d2po/da? = 12y dh/dt, (2.15)
a? 00 d d —
Ry SRR 4 30 @ ” 3 & [ — Koy, (1, m)]x,__x 0. (2.16)
o d -
13- Km(rl, )_3/1.53;[K(rx) 5;"}, (2.17)
K (71, 7) = ‘3h21[K (x, 11) "”"0] (2.18)
0 5.2 d 2 1,]r., 1 e 50 €l U =g | .

Poo (— @) = pgo (@) = 0, Poz (— @) = pg, (@) =0,
Kep, (71, 0) = K¢y, (21, — a) =0, Ky, (r1, —a) =K, (01, 8) = 0.
(2.19)

Pemenue cncremm ypasmenuin (2.15)—(2.18) upm yciosuax (2.19)
AMeeT BUJI

6p dh ;
poo = — g (@2 =, (2.20)
36p Sap dho[ (o (
Poa = — _)H 10(2 ,2)_113(1:2 d_tO[SdnS TK(T]——T)dT——
0 — —u
{'l‘ a
x
- ;aa \ dn S TK(M—r1) dr], (2.21)
—u —a
36u dhy [ [ L
K,y (o, ) = hg“ Lo [ § e, (v, andr — L2 \ 1Ko (v, ey dr |
(2.22)
26w dhy [\ ca
Koy, (21, 7) = 'hf‘ ({“0 [ 5 K (21 —1)dt — .r;;a STK(Il—T)dTJ.
0

— —a

(2.23)

Ilyere K (xr) = o® exp (— P%2?), mpuuem Pa> 1, 1. e. Ha moaoce
— a < = < a pacnoJjaraetcd Gospnioe YHNCJ0 MUKPOHEPOBHOCTEIA.
l‘orna u3 (2.21)—(2.23) caenyet

P (%) = poo = &2pos = poo [1 + (0/ho)2 (6 — 9 V 71/2N)], (2.2%)
Kopp, (2, £) == (6 Y 7 /N) (6/ho)? (poo, m}? [(w/a)® — 2 (x/a)*] |- 1], (2.25)
rne N = Ba; poo,m = — (Bpa2/hd) (dh/dt).

N3 (2.235) caenyer, uTo cpegHeKkBajpaTHUeCKOe OTKJIOHEHNEC [aB1CHUA
npomopimoHantpHo 1/N. 910 o3mawaer, wro mpu Gospmux /N 3HaveHHe
#aBideHnsa p (r) ¢ BePOATHOCTLIO, 6AN3KOM K efUHUNE, PABHO 3HAUEHUIO,
ompepneasieMoMy u3 (2.24), oTkyna caegyer, 4to p (z) pacter ¢ pocrom NN
U C POCTOM G.

2. C6auacenue naockux nosepxrocmeti. IIpodoavras weporosamocmme.
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Ha (2.29) caexyer, uto p ~ poo [1—3 (0/2)?] npn Goapmux N. Taxum
o0pa3oM, IPI HAJWIHIT MPOJOTLHOR MEePOXOBATOCTH ¢ POCTOM ¢ HECyImas
CHOCOOHOCTh CMa304HOrO CJos TafiaeT. JT0 OOBACHAETCA TeM, uT O IMpPo-
AO;IbHASA MEPOXOBATOCTh CIOCOGCTBYET BHITEKAHMI0 CMAa3KH 13 3a30pa
gepe3 TOPI(HL.

3. Croavocenue HAKAOHHOU — RAGCMUHB N0 NOAYRPOCIPAHCIEY
(puc. 6). PaccMorpuM cayuwaii monmepedHoil 1IepOXOBATOCTH, KOTAA € =
= g (). OcHoBHEIC ypaBHEHHs TNPUHHUMAIOT BUL

(420 32 22
e (16 )an <'o"”‘°> T e |} =0
2.31)

[ho P Ky, (21, "’):l 5 [th( x) oL :l ==

9K oK
60 [m2 ;x(rx) o ;,(5 x) ]

nmoc ypaBHeEnAa aasa K, Kotopble He noTpebyorca. OTMeTHM TodbKO,
970 Upu GosibImoOM WHCJEe BONH MHUKDPOHEPOBHOCTEH Ha MHpHEHEe IIACTHHEL
(amcao N) K, ~ ¢*/N. B ypasmemuax (2.31), (2.32) m; = oi/(oi +
+ 6}), m; = 0, ecan i-A1 mOBepXHOCTh TNafKaf, B KauecTse A B3ATO
(hy + hy)/2, rie hy 1 hy — TOJIMMHBEI CMa309HOTO CJIOA COOTBETCTBEHHO HA
BXOfle W BHXofe, a ko = hy + (x + a) (hy — hy)/L, L = 2a — mupuna
mosaockl. MaTterpupysa (2.30)—(2.32) u mepexonsa k 6e3pasuepmﬂ\4 nepe-
MeHHBIM, ompefelseMbM mo dopMmytaMm p, = poA*/(2u0L), ke = h/A,
6, = g;/A, Z = (x + a)/l, nonysaem upu K; = o; exp (— ﬁ 22

0o =akB2 — 1)z (1 — )k — (k — 1) 212, k = hi/h,,

poo_g{(ml +3mz)[ W7 — 2 ()] —

(2.32)

T
— 2(my 4 mo) L[ 1) — 2D 1 ()] -
i F6m . L@ 6w 9 3
L) g k3 () m () § kg () dn}’ (2.55)
rie
1
_ ( exp[—=N2(n—1)?] 3 L1
G() = k2 () [2m2 - (ma + m2)< Fo (1) 1:(1) ” an.
0
¢ d - 2
1;,(.7):5 zg?m’ N=BL, Fo(@) =7 lk—(k—1)z]
0

Cpenmee 3smauenve CuJIB TPEHMA

Fig = (HU/ZA) Fior
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¢1. B pesyanpTaTe moayuaem, 4TO JOHNOJIUTEIbLHOE JaBICHUE, BO3HH-
KaloImee 113-3a CABJIMBAHHA WM PacTHKEHUs TLUIeHKH, YaCTHYHO KOMIIeH-
CUpYyeT 10MoJHUTeINbHOe JaBJeHMe, BOSHUKAlOMee M3-3a M3MeHeHus Qop-
MBI 3a30pa, 00yCI0BICHHOrO MEPOX0BATOCTBIO. JTO W TIPHBOMMT K TOMY,
9TO B IEPBOM CIy4ae AasJeHHe p pacTeT GHICTPeE € POCTOM G, 9M BO BTOPOM.

Ha puc. 8 npusenenst 3aBucnMocta £ ot 0 npu & — 1,25 u pasnpix
3HaueHuAx m; u /N. Buago, uTo ec:im m1acTuHA NEpPoXoBaTad, a HOJYOpPoO-
CTpaHCTBO TIafgkoe, To Fy, ¢ poctoM G mapmact, a | Fy, | pacrer. Ecau
JHe IEepoXoBaTofl ABIAETCH nonepmocu H0.1yTIPOCTPAHCTBA, A ILIACTH-
Ha TaaJKas, To ¢ pocToM & F, pacrer, a | Fp, | Damaer. 10 moBefeHue
F;o ¢ pocToM G ofbacHseTcsa Tak. B mepsoM ciayuae dk/dt = 0, ¢ poctom
¢ h mapaer, a dp/dx pacrer TakuMm oGpasoy, uro E [hdp/dz] taxke pac-
ter. Tak wak wien hdp/dx yvensmaer Fy, u yseamumsaet |Fy,|, Tu
F.y ¢ pocrom G magaer, a | Fy, | pacter. Bo BTOpOoM ciydae m3-8a s¢-
$eKTOB clapiuBaEMA ILIeHKHM dp/dz ¢ POCTOM & pactTeT He TaK GuicTpo,
Kak B IepBoM ciydae, B pesyiabrate wero E [hdp/dx] ¢ pocrom G mapaer,
a 9T0 W IPUBOAHT K ToMy, uto |Fay | yMeHbmaercs, a F, yBeAmdmBaeTcs.

2.2, T'asoBast cmMa3Ka WIEPOXOBATHIX HOBEpPXHOCTE(l

Ucnonbaysa usnojeHHHIH NOXom B ciAydae Ta3oBOi CMa3Ku Ipm ® = 1,
MOKHO IOJY4MTh CJIeAYIOINYI0 CHCTeMY ypaBHEHNil OTHOCUTEJIBHO paHee
ONpefC;IeHHBX HEH3BECTHBIX:

div [Kpeograd pog — 12 upoekoV1 = 12 p d(poohe)/at, (2.35)

a? div [ Ay grad (poopee)| + div {25 [grad K, ,, (7, ¥; &1, Y1) |eyma} —
=y

— 3div[25Ke,, (¢, ¥ £, y) grad peo] —
— 3div {hopoo [grad Koy, (71, 15 7, Y)lx—x} |- 302div(Ropoograd peo) =
hWoy

=120 {— div [K,,, (€, y; 7, y) V] — 0Ky, (2, y; 2, y) /0t +
+ Ui [grad K3, (2, ¥; 21, Y1) o=« + Uz [grad K, (¢, y; 21, J1)]31r1=x},
" (.36)
div {5 grad [pooK ¢;, (*1,y1; 7, ]} — 3 div [AgpeoK (T T,) grad poo] =
= 12p{div [hV Ky, (21, Y1; &, y) — poo VK (21, Y15 2, )] +
+ 0 [hoKep, (1, Y15 7, Y)[/08 — K (11, Y1; %, y) Opeo/0t |-
+ pooUigrad Ky (21, y1; 7, y) + pooUs grad K» (1y1; #, y)},  (2.37)

div {#) grad [pooK ,;, (21, y1; 7, )] —
— 3div [h?JPO()KPlo (£, y; 71, y1) grad poo]} —
= 12 {div [V K,,, (21, y1; 7, y) — pooV Kep, (%, ¥; 71, 11)] +
+a [0k pp, (71, 15 , y)]/ot — Kep, (%, y; 21, Y1) dpoo/Ot +

+ PooUrgrad Ko, (r, y; 71, 1) + pooUz grad Ke,p, (%, ¥; %1 Y1)}y
(2.38)
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