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C MCrob30BaHMEM MOJIEIU CBSI3aHHOM TEPMOYITPYTOCTH, PellieHbl KpaeBble 3a1a4 TrHa-
MUKW TEPMOYITPYTOTo MOJIyIIPOCTPAHCTBA B YCJIOBHUSIX TJIOCKOI AedopMaliu Mpu Mepuo-
MMYECKUX TOBEPXHOCTHBIX CWJIOBBIX U TETUIOBBIX BO3IEHCTBUSIX, CBI3aHHBIX C UICKOMBIMU
rpaHUYHBIMU (DYHKIUAMU JIMHEWHBIMU alreOpanvyecKMMu COOTHOLIeHUsIMU. st 1mo-
CTaBJIEHHBIX KpaeBbIX 3a7ay MOCTPOEHbI TeH30pbl [pUHA, UCTIONb3Ysl UX CBOMCTBA, MOJY-
YeHBbI aHAJIUTUYECKUE PElIeHUs 3TUX 3amad. I ux pemreHnsT NCIoib30Bajics METOM He-
MOJTHOTO pa3iesieHus IepeMeHHbIX, peodpa3oBanue Pypbe u cBoiicTBa (hyHIaMEeHTab-
HbIX pelueHui. [IpenacTaBieHHbI aJropuT™M [aeT pelleHMe KIJIaCCUYEeCKMX YeTbIpex
KpaeBbIX 3a/1a4 TEPMOYIIPYTOCTH, a TaKKe HEKJTACCUYECKUX CO CBSI3aHHBIMU TETUIOBBIMU 1
CWJIOBBIMM XapaKTEPUCTUKAMM Ha TPAHULIE TMTOJYTIJIOCKOCTH.

Kntouegole croea: cBsi3aHHasi TEPMOYIIPYTOCTh, TEPMOHATIPSIKEHHOE COCTOSIHUE, TIEPUOIM -
YyecKue KpaeBble 3aauM, JTUHEHHO-CBSI3aHHbIe KPaeBble YCJIOBUSI, aHATUTUYECKOE pellie-
HUE
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1. Benenue. Cpenu CylIeCTBYIOIIUX TEOPUIl TEPMOYIIPYTOCTH HauboJiee pa3BUTbIMU IS
MPUJIOXKEHUM SIBJISTIOTCSI TEOpUsI TeMITepaTypHBIX HaIpsDKeHUM (HecBsi3aHHasi TePMOYIIPY-
rocTh) U Teopus cBsizaHHOM TepMoyripyroctu (CTY), koTopeie HauboJiee pa3paboTaHbl B
tpynax Hosaukoro B. [1, 2]. B atux teopusix cucrema nuddepeHINaIbHBIX YpaBHEHUIHA,
OIMKMCHIBAIONIAs TUHAMUKY TePMOYIIPYTOM Cpelbl, SABJISIETCS CMENIaHHOM CUCTEMOM Tumep-
60J10-TTapadoIMIECKOTO THUTIA. B CBSI3M CO CIIOXKHOCTBIO TTOCTPOSHUS PEIIEHUI TaKOM CUCTe-
Mbl, OOBIYHO YPaBHEHMUSI YIIPOIIAIOT, IpeHeOperas BO3AeCTBUEM YIIpyrux nedopmanuit Ha
TeMIiepaTypHoe ITojie cpeabl (HecBsi3aHHasi TEPMOYIIPYrocTh). JIJIst Takoil Monesiv, KoTopast
Molyyusia Ha3BaHKWe Teopuu TeMIiepaTypHbiXx HanpsikeHuii (TTH), BHavane onpenensiercst
TeMmIiepaTypHoe TIojie, pellas nmapabojMyecKoe ypaBHEHHME TETUIONPOBOMHOCTU, a 3aTeM
MOKHO OIPENEeTUTD TIepeMeIIeHUST MU CKOPOCTH TOYEK CPeIbl, UCTIONb3YS KIIaCCUYECKUe
ypaBHEHUST TMHAMUKHU YIIPYTroTro Tejia, B KOTOPbIE IPaIMeHT TeMITepaTypHOTO TOJIST BXOIUT
Kak MaccoBas cuiaa. OTMETUM, YTO Ha OCHOBE 3TOi TEOPUH MPOBOMSITCS pacueThl TeMIlepa-
TYPHBIX HAMIPSDKEHU I TIPY TPOSKTUPOBAHUU PA3IMYHBIX COOPYKEHUI M KOHCTPYKIIMIA € UC-
MOJIb30BAaHUEM KaK aHAJIMTUYECKUX, TaK U BIYMCIUTEIbHBIX PA3HOCTHBIX U KOHEUHO-3JIe-
MEHTHBIX METOJIOB.



90 AJIEKCEEBA, AJIMITIOBA

B cinyuae cBsizanHoii Tepmoynpyroctu (CTY) He ToJbKO TeMmIiepaTypa BAUSeT Ha HaIpsi-
>KEHHOE COCTOSIHUE Cpe/ibl, HO U AedopMaliu Cpeibl MEHSIIOT €€ TeMIIepaTypHOe MoJie, YTO
XapaKTepHO UIs1 peajibHbIX MaTepUuajoB IPU BBICOKOUYACTOTHBIX JAedopManusx. DTo aeaaet
TEOPUIO TeMITePaTypPHBIX HATIPSIKEHW I HEMTPUTOIHOM JUISI U3yUYEeHUST BBICOKOYACTOTHBIX TepP-
MOJIMHAMMYECKUX MTPOLIECCOB B TeJIaX U cpefax 1 TpedyeT pa3padboTku 3¢h¢heKTUBHBIX METO-
JIOB U aJITOPUTMOB PEILIeHUS Pa3JIMYHbIX KPaeBbIX 33/1a4 CBSI3aHHOI TEPMOYIIPYTOCTH.

B paborax HoBaukoro B. n ap. mocTpoeHs! yacTHbIe pemieHus ypaBHeHuii CTY, omuchr-
BalolIre TJIOCKUE, HWJIMHAPUYECKUE U chepruueckre TeEpMOYTIpyTre BOJTHbBI U Psii KPAaeBbIX
3ama4d. B paborax Kynpanze B./l. u npyrux [3], Ha oCHOBe Teopuu MOTEeHIIMajla pa3padoTaH
METOJ TPaHWYHBIX MHTETPAIbHBIX ypaBHeHU (MI'MY) mis pemeHust KpaeBbIX 3aaad CBSI-
3aHHOU TepMOYNPYIOCTU B MPOCTPAHCTBE MpeoOpa3oBaHus Jlamaaca mo Bpemenu. MI'MY
IUJTSI peIIeHs TIJIOCKMX KPaeBbIX 3a/1au CBSI3aHHOI TepMOYIPYrocTy paspaboraH B [4, 5], a
Takke aBTopamu B [6, 7]. Kitacc aHamuTHIeCKM pellleHHbIX KpaeBhIX 3a1a4 CBSI3aHHOM TepMO-
YIIPYTOCTU HEBENUK U pa3paboTka 3((HEeKTUBHBIX METOJIOB MX PEILIEHUS BECbMa aKTyaJlbHa.

B pa6ote [7] aBTOpaMu ITOCTpOeHBI (DyHIAMEHTAJIbHBIC M 0000IIeHHBIE PEIICHUs yYpaB-
HEHUI ABVXXEHUS TEPMOYIIPYTOi TTOJYTIJIOCKOCTA CO CBOOOMAHOM OT HAMNpPSLKeHUI U TeTIo-
BBIX NTOTOKOB I'paHMlIeli. 3n1ech pa3paboTaH eAUHbI AJITOPUTM AJIs1 pEIIEHUSs psila KpaeBbIX
3amay (K3) nmHaMuKu TepMOyIpyroro IoJjylpOoCTpaHCTBA MpU ASMCTBUM IMPOU3BOJIBHBIX
MEePUOIUYECKUX MO BDEMEHHU CUJIaX M TEIJIOBBIX ITOTOKAX Ha €ro MOBEPXHOCTU, B TOM YMCJIE
CUHTYJISIDHBIX U3 KJlacca 000011eHHbIX (hyHKIINUI MemieHHOoro pocTa. [TocraHoBKa KpaeBoit
3a7a4u, IPU COOTBETCTBYIOIIEM BbIOOpE KOA(MDDUIIMEHTOB B TpPaHUYHBIX YCJIOBUSIX, BKJIIOYa-
eT B ce0s1 U3BECTHBIE YEThIPE KpaeBble 3aa4yl TEPMOYIIPYTOCTU, KOTA U3 YEThIpEX XapaKTe-
PUCTHUK Mpoliecca Ha MOBEPXHOCTU: MepeMeLIeHNs, HAMTPSIKEH U, TeMIIepaTypa U TeIJI0BOM
MOTOK — 3aJaHbl IB€, OJHA U3 KOTOPbIX — TeIioBas. JIJIsl TaKUX KpaeBbIX 3aa4 paHee HaMU
JIOKa3aHbl TEOPEMbI EIUMHCTBEHHOCTH, B TOM YHCJIE C YUETOM yIAPHBIX TEPMOYIPYTUX BOJIH
[9—10]. 3nech MocTpoeHO pelleHue sl IMPOKOTO KJlacca KpaeBbIX YCIOBUIA, TMHEIHO CBSI-
3bIBAIOIIIMX OTU YEThIPE XapaKTePUCTUKH TMPOIIecca Ha TpaHUlLIe.

2. YpaBHeHuUs JBUXKEHHUS TePMOYNpPYroi cpeapl. Mi3oTpornHasi TepMoyIipyrasi cpefa Xapak-
TepU3YyeTCs] KOHEUHBIM UYMCJIOM TIOJOXHUTEbHBIX TEPMOJAMHAMUYECKUX MapamMeTpoB [4]:
MAacCOBOii TUIOTHOCTBIO P, YIIPYTMMU [TOCTOSTHHBIMU JlaMe A 1 L, a Takxke TepMOYIIPYTUMHU
KOHCTaHTaMHU ¥, N U K. YpaBHEHUS IBUKEHUSI U TEMIIEPATYPHOTO MOJIsl TEPMOYIIPYIoi cpe-
bl B I€KapTOBOM CHUCTEME KOOPAMHAT OINMMUCHIBAETCS CUCTEMOI rumnepooso-napabdonunye-
CKMX ypaBHeHUIi Buaa [1, 2]:

(M +w)u; i+ ; —v6,; + F; = o

—14 . -1
AO—% O0-mu;;+« Q=0 2.1)
3nech u;, G; — KOMIIOHEHTBI BEKTOPA CMEIUEHUH U TEH30pa HATPSKEHUH TepMOYyNpyron
cpensl, uy,; = 0 — remneparypa: 6 =T — T, , tne T, — TemnepaTypa CBOOOIHOIO COCTOSI-
HUS Cpelbl, TIPU KOTOPOil OTIpeNesieHbI ee TTapaMeTphl; F; — KOMITOHEHTHI MaCCOBOM CYUTHI,
(O — MONIHOCTbH TEIJIOBOTO UCTOYHUKA. 31eCh U Tajiee IO MOBTOPSIOIINMCS MHAeKCaM IO/ -

pa3yMeBaeTcs CyMMUpOBaHMe (TeH30pHasI cBepTka) oT 1 o N. I[Ipu mnockoit nedpopmanm
N=2, Bob6uem ciaydae N = 3. TeH30p TepMOYIPYIUX HATIPSDKEHUH Gj; CBSI3aH C MepeMeliie-

HUEM u U TeMIiepaTypoit 6 3akoHoM [lroamens—Helimana:
05 = (Mg —v0) Oy + Wy ; +u;,) 2.2)
Besne cumBosiom Ti0ciie 3amnsAToit 0003HAUYEHBI YACTHBIC MPOM3BOMHBIE 10 KOOPAMHATAM:

u; ; = du;/0x;, a TOUKOi Hal CUMBOJIOM — nuddepeHIMpPoBaHUe 10 BPEMEHMU: & =0Ju/ot,

9, — cumBon KpoHekepa. 37iech paccMOTpUM clydaii rmiockoit iedpopmaruu (N = 2). Tanee

ucronbp3yeM 0003HaueHUs:: ¢; = /(A +2u) /p, ¢; = JU/p — 9TO CKOPOCTU PacIpOCTpaHe-
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HUs JUJIaTallUOHHbBIX U CABUTIOBbLIX BOJIH B ynpyrof/’l cpene TOI € IJIOTHOCTU M C TEMU Xe
napamerpamu Jlame, ¥ = y/p.
3. IlocTanoBKa CTAIMOHAPHBIX KPaeBbIX 3aJa4 JIS TEPMOYNPYroi moJymiockocTu. Pac-

- 2

CMaTpUBAETCSI TEPMOYIIPYrast MONYILIOCKOCTh S~ = {(x,x,) = x € R™ :x < 0}, n(x,) = (1,

0) — BHewIHsIsI HOpMaJb K TpaHUIIE TOJyILUIocKOCcTU. O003HAaYMM NEeHCTBYIOIIME Ha €€ Ipa-
S S

aune S = {(0,x;) :|x,| < oo} Hanpsixenust F~ (x,t) u TeruioBble mMoToku Q° (x,f), KOTOPbIE

WMEIOT BUIL:

FS (xq,1) = oj,(x,t)| e; = p;(x1)e;

x=0
s 20
0 (x,t) = n— = q(x,,1) (3.1)
9y, g
MaccoBble CUIIBI M BHYTPEHHME TEIUIOBBIE UICTOYHUKU OTCYTCTBYIOT:
F(xf)=0, i=12 Q(xf)=0 (3.2)

Cpenu IeMCTBYIOIIMX HArpy30K U TEIIOBBIX ITOTOKOB OCOOEHHO pacIpOCTpaHEeHbI TTepuo-
JIMYECKHUE TI0 BPEMEHU, KOTOPhIE MOXHO Pa3/IOXWUTh B KOHEYHBIC WIIM OECKOHEYHBIC PSIIbI
Dypoe:

p;(x2,1) = Zaj,,pjn (xz)e_i‘””t, q(x,1) = anqn (xz)e_iw”' 3.3)

[Mepuon xonebanus 7, = 27/, KakXnoil rapMOHUKHN KpPAaTeH OCHOBHOMY TEpHOay Koyeba-
Hus 7. I1pu nepuoaruecKux BO3ACHCTBUSIX pellleHue 3a1a4u (MepeMelIeHus U TeMIiepary-
pa) TpeACcTaBUMEBI B BUIE aHAJIOTUYHOTO psina Dypre:

u; (x,1) = Y Cpthy; () e, 0(x,1) = >d0,(x) e (3.4)

TpebyeTcst mOCTpOUTH pellieHue ypaBHeHUit (2.1), ymoBieTBopsitolee JUHEIHO CBSI3aHHBIM
rPaHUYHBIM YCJIOBUSM BUIA:

it + 030 + By p; + Brzg = fi (x2,1), k=12 (3.5)

3nech f (x,,7) — peryasipHasi nepuoxdeckast o BpeMeH! (GYHKLVSI C TeM Xe IIepHOIOM
T. Ipennonaraercsi, YTO KOMIUIEKCHBIE aMIJIUTYAbl TAPMOHUK psila U3 Kiacca 0000IIeH-
HBIX (YHKUMI MemTeHHoro pocta [11]. Takke MTOJKHBI BBITTOTHSTLCS YCIOBUST 3aTyXaHMS

peleHus: Ha 66CKOHEYHOCTH: IIPH ||x|| — oo
u(x,1) >0, i=12 6(x1)—>0 3.6)

OTMeTHM, YTO T'PaHUIHBIC YCIOBUS (3.5) BKITIOYAIOT B ce0ST IIOCTAHOBKY YEThIPEX KIIaCCH -
YecKMX KpaeBhixX 3amad (K3) TepMoynpyroct cooTBETCTBYIOIINM BEIOOPOM KO3 GUIIECH-
TOB MaTpuil O, §. B yacTHOCTH, HEeHyJIeBble KOMITOHEHTHI IJTsT HUX OYIyT UMETh CJCAYIOIIN i
BUIL:

K3 1: 3anansl nepemeltenus u; (x,t) v Temneparypa 0 (x,t) Ha rpaHule, Tora

Q=0 =033 =1
K3 2: 3anaHbl HanpsikeHUs p; (X,1) U TETUIOBOI MOTOK ¢ (x,7) Ha rpaHUIIE:
Bii =P = B33 =1
K3 3: 3ananbl nepemelteHust u; (x,t) ¥ TeIUIOBOI MOTOK ¢ (x,1) HA rpaHMLE:
ajp=ayn =1 Py =1

K3 4: 3amanb! HanpsikeHus p; (X, 1) 1 Temmnepatypa 6 (x,7) Ha rpaHule:
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Bii=Bpn=1 a3=1

OueBUIHO, YTO BapbUpoBaHUe KoadduiimeHToB MaTpuil (3.5) 1aeT BO3MOXHOCTb CTPO-
WUTh pEIICHUS MHOTMX HEKJIACCUYECKMX KPaeBhIX 3a/1a4. 311eCh Mbl pACCMOTPUM OOIIUIA CiTy-
yaii T paHUYHBIX YCJIOBUA BUaa (3.5).

4. l'pmonunyeckue Kojedanus. [ToctanoBKa 3ana4 4151 KOMILIEKCHBIX aMILIUTYA. B cuy -
HEMHOCTU ypaBHEHUII pellleHre KpaeBoii 3a1auy MOXXHO CTpouTh B Buje psiaa @ypwe (3.4),
€CJIM U3BECTHO pellIeHUe MePUOINIEeCKO KpaeBoil 3a1aun Ijisl KaXKI0M rapMOHUKU PsSiga C
KpaeBbIMU YCIIOBUSIMU:

—iot

Qt; + 00 + Bp; +Biaqg = fi (x2)e npu x; =0 4.1)
TIpEAIIONIOKNM 3/ECh, UTO TIPH |X,| —> oo
fi() ~o(x[ ™), k=123 4.2)

PelieHue 3anaun A5t Kax10il rapMOHUKU psia OyIeM MCKaTh B AaHAJIOTMYHOM BUIIE:
—imt —imt
u(x,t) =u(x,x)e™, 0(x,1)=0(x,x;)e

TpeOyroTcst onpenenuTh KOMIUIEKCHBIE aMIUTATYIbI IEPEMEIIEHUI U TeMIepaTyphl u(x), 0(x),
KOTOpBI€ 3aTyXaloT Ha OECKOHEYHOCTH:

mpu x| > e g(x) >0 i=1L2 6(x) >0 4.3)

U YIOBJIETBOPSIOT OTpPeIeSIeHHbIM YCJIOBUSIM U3JTyUYeHUSI, O KOTOPBIX MbI cKaxeM Huke. [1o-
CTPOMM pELICHUE 3TOM 3a1a4u.

5. Ten3op I'puHa KpaeBoii 3a1a4u 1A TEPMOYIPYTOii MOJYILIOCKOCTH. JIJ1s1 peleHus1 3Toi
3a/la4v MOCTPOUM TeH30p [prHa [J1s1 TEpMOYIPYroii MOJIYyIIJIOCKOCTU

VE (1) = V¥ (31,3,) exp (<ioor)

k
Ero xomrutekcHast aMrmuTyna Vo (x) 1OoaXHa yIOBJIETBOPSATh OMHOPOIHBIM CTallMOHAPHBIM
YpaBHEHUSIM TEPMOYIIPYTOCTH:

Ly (01,02) V] (x1,%) = 0
Ly (01,0,) V) (x1, %) = 0 (5.1)
L (3,00)Vf (x,%) =0, i=12 j k=123
rae nuddepeHIaTbHbIe OlepaTophl, Kak ciaeayeT u3 (2.1), UMeIoT BUA:
L (91,92) = (A +1) 9,0, + (nA — pw®) 8 — 18,39,

(5.2)

J

Ly (91,02) = (A +iwx )85+ iom (1-85) 9,

3aech A — onepatop Jlarutaca. O603HaYMM ZZ-’ — TEH30p HaNPSKEHUH, TIOPOXKIAeMbIil TEH-
30poM V, KoTopslii onpenensieTcss 3akoHoM [dioamensi—HeilimaHa:
m m m m m .

35 (30, 50) = MVdy = W3Sy +u (Vi + V), =1, 2 (5.3)

CoOOTBETCTBYIOIINE €My HAMIPSIKEHUS B TOYKE X Ha TUIOMIAIKE C HOPMAJIBIO #(X) BBIYUCIISIIOT-

cs 110 opMyIIe:

r;n (xlaxz,”) = ZZ?”/‘ = Dy (nral’a2)Vkm
Dik (n,al,az) = ?\n,ﬁjkaj - 'Yni63k + Hnjéklaj + anai

COOTBETCTBYIOLINIA TEIUIOBOM ITOTOK Ha IUIOLIAIKE
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ry (n,x1,%y) = %nk6j3aijm

Ha cBo6onnoit moBepxHoctH # = (1, 0) 3TOT TeH30p MOPOKIAET TEPMOYIIPYTHe HATIPSIKSHUS
U TETIJIOBOM MOTOK C aMITJIUTYIaMMU:

21”11 (ns 0’ x2) = (}\'Vkm’k _YI/3m) 6l'l + H(I/imsl +I/1m’[) = r:" (n’ 0’ x2) (54)
an m
%j =T73 (n,x,x,) (5.5
1

Tenzop I'puna, cormacHo (3.5), OyaeT ynoBIEeTBOPSTH CASAYIONIAM YCIOBUSIM Ha MOBEPXHO-
CTH TIOJTYTIJIOCKOCTH:

oV (0,7) + oxVs" (0,x7) + BT} (x2) + Brsl's (x2) = 87 (x,)
By; (n,01,0,) V" = 8.8(x,)

(Quy + 03dsj + By Dy (1,041,02) + B3d ;301 ) V)" = 88 (x,)
k,j.m =123 (5.6)

3nech By, (n,01,07) = oy + 04303, + By Dy (1,01,0;) + By3d 30, Tensop I'puna Taxcke mosn-
KEH YIOBJIETBOPATH YCIOBUSAM 3aTyXaHUsl HA GECKOHEUHOCTH:

V" (x) =0 mpu x| - e (5.7)

M OMpenesIeHHbIM YCIOBUSIM U3TYYeHUSsI, OMMCHIBAIOIIAM BOJHBI, UCXOASIINE OT TPAHUIILI
MOJIYTUIOCKOCTH, KOTOPbIE ITPUBENEM Jajiee.

6. IocTpoenue Tensopa I'puna KpaeBoii 3agauu. J1jis1 moctpoeHust TeH3opa [pruHa UCnob-
3yeM npeoOpaszoBaHne Dypbe MO0 TOPU3OHTATBHON KoopawHarte (X, <> E) B ypaBHEHUSIX
(5.3)—(5.4). Mockonbky npu npeobpazoBaHn Dypbe MPOU3BOAHBIX d/dXx, <> —iE [12], B
pe3yJibTaTe MOJYYUM CUCTEMY OOBIKHOBEHHBIX UM epeHIInaTbHbIX yPaBHEHUI IJIsI TpPAHC-
dopmaHT Pypbe aMIUTUTYT KOJIEOaHWIA:

dxl dxl

{(x + 2u)d—22 —ug? + pwz}zk +iE(M +9u) =0

X ) (6.1)
i+ u)%EzW + {—(x )€ +uds+ pwz}Vz" —WEVA =0
1 X1

pr— pr— 2 7 pr—
inu)iVlk + noEly + d—2+@— =0
dx, dx; ™~
I'pannyHbie ycnoBust (5.6) mpumyT BUIL: TIpH x; = 0
By (0,,—i€) V" (x,E) = 8" I,m,j =123 (6.2)
e ij (x;,€) — TpancdhopmanTa Dypbe 10 X, TEH30pa ij (x1,X,) IpH HGUKCUPOBAHHOM 1.

Hnst perynsipHbIX f (X, X, ) OHM CBSI3aHBI COOTHOIIECHUSIMMU:

f(’ﬁa%) = J-f(xl’xz)eXP(isz)dxz

S (0,2) = o [ 7 (5B exploimBae 6.3)
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Kak u3BeCcTHO, YaCTHBIE PEIIEHNST OMHOPOIHOM cUCcTeMBI (6.1) MOKHO MCKATh B BUIE:

V" (x,€) = v™ (k) exp(kx;) (6.4)

rae kK — KopeHb XapaKTePUCTUUYECKOTO YpaBHEHUS 3TOM cucteMbl. [Tomcrasnss (6.4) B (6.1),
MOJIYYUM OTHOPOMHYIO CHCTEMY JIMHEIHBIX aJireOpandecKX ypaBHEHUI IJIs1 ONpenesIeHUs

HeusBecTHBIX v (k):

Ak’ + 0’ -8 i - 3)Ek —Jk v (k)
il —c)ek o - + ok’ —iYE x| vy (k)| =0 (6.5)
ionk Nt K — € +ion! vy (k)

XapakTeprucTUIecKoe ypaBHEHUEe CUCTEMbI UMEET BUJI aJire0pandecKoro ypaBHeHUsI IS [ie-
TepMMHAHTa MATPHULILI CUCTEMBI (6.5):

det (§) = det[Ly; (k,—iE)] =0 (6.6)

2 2_00_2 2_0)_2 2w\ _ =2ime| _
i i A

2o k= o

3mechk € = yn»/ (A + 2u). OTclona moiy4aeM OBa AeCTBUTEIbHBIX KOPHS XapaKTepUCTUYC-

CKOI'0 YpaBHEHU S
2
ki (&) =+ /§2 -2 (6.7)
(&)

3aTeM BBIUMCIISIEM YEThIPEC KOMIIJICKCHBIX KOPpHA 6I/IKBaI[paTHOFO YpaBHCHMUA:

[zz—“’—jj(tz—";“’)—""’icz =0

C ~

IIPUBOJIUTCA K BUOY:

KBaapaTbl KOTOPbIX UMCIOT BU:

2
2 io(l+ 2 o(l+ i
kzzzféz—l %.{.M.}. 0‘)_2+I(D( 8) —410‘)2 (68)
2| ¢ % ¢ % ey
- . : >
@ogo Lo folre) (w_j#“’(”s)] - dio (6.9)
C] b C‘l n KC]

B cuity omHOpORHOCTH cHCTeMa YPaBHEHHI UMECT HEHYJICBbIC PCLICHUS JIUIIb MIPU k = k;.
[1pu 3TOM TIpU BEIOGOPE KOpHEiT HEOOXOIMMO, YTOOBI

IlepBoe ycnoBue oGecrneunBaeT 3aTyxaHUME PELIEHMs M0 IIyOMHE MpU X; — —eo. BTOpoe
YCJIOBHME OMUCHIBACT BOJHBI, IBVKYIIIMECS OT TPAHULIBI, BOJITHOBOI BEKTOP KOTOPBIX TOJKEH
10 ocu X; UMEeTh OTPUIIATEIIbHYIO COCTaBISIONIYIO. YcinoBus (6.10) SBISIOTCS yCIOBUSIMU
U3TYYeHUS IS IOCTaBJICHHOM KpaeBoii 3a1auH.

PaccMoTpuM pelieHus TUHEWHO OMHOPOIHOM CUCTEMbI ypaBHEHUI (6.6) Tipu k = k;:
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ki + o — 38 i(e] — ¢3)Ek; Tk, " (k;)
i(cf - )k,  © € +ak; —iVE x| v3' (k;)| =0
ionk;; NwE ka- - & +ion! vy (k;)

B cuny nuHeliHO# 3aBUCUMOCTU YpaBHEHU, TOCTATOYHO PACCMOTPETH 1Ba MEPBBIX ypaBHE-
Hust, nonarast vs (k;) = 1:

ki + 0’ —GE i — 3)Ek; y v (kj) _ ij}
i(c|2 — c;)?gkj N c,2§2 + cikf vy (kj) ivg

Ee pemenue, cornacHo npasuity Kpamepa, uMeeT BUA:

m w)) = V w M
%] (kj( > )) 104) (E ) Aj(E,(D)
v (k; (B w)) = vy, (B w) = %

22 2 2.2 02
il —))Ek; o —q§ +ak;

Sk . 2_ 2 k.
Ay (Ew)=det| " lz(cl 2022)2 7,
ivE W —¢§ +ck;

2,2 2 2.2 o
ck; +ow —c k
Aj2 (E,U)) :det 1 .12 , ZE ’YW/
i) — & )Ekj v
B pesynbrare nmojiyaum Tpu JMHEMHO-HE3aBUCUMBbIX PEIIICHUS:

_, Ao
1) = %CXP(M (& w))

I7m Aj2 (an)

2,2 2 2.2 L2 2
ki + o — & i(ef —c))Ek;
A,-(‘é,(o)=de{1 / 2 L

2(j) — Aj(E,(D)
Vil = exp(xik; (E o), j =123

CiieioBaresIbHO, pelleHre ypaBHeHui (6.1), yIoBIeTBOPSIOLIEe, YCIOBUSIM U3JIy4eHUsT Ha
OGECKOHEYHOCTH, UMEET BHI:

exp(xk; (E w)) (6.11)

Vil (31,5 ) ZA[’" Vit (B o)exp(ik,x), k=123 (6.12)

3nech AE’"] — IIPOM3BOJIbHBIE BEJIMYMHBI (110 MHAEKCY B KBaApPaTHBIX CKOOKaX HET TeH30PHOM

cBepTKHM). JI1st uX onpeneseHusl UMeeM TpY TPaHUYHBIX YCJIIOBUSI HA CBOOOIHOM TTOBEPXHO-
ctu (6.2). IToacrapnsig B HUX (6.12), MOJyYUM JTUHEUHYIO CUCTEMY U3 TPEX YPaBHEHMIA JJIst
[m]

onpeneneHus A; - npu GUKCUPOBaHHOM m:

3 3
S A By (ko) Vil (E0) = 8", Lm =123
i=1 k=1

O6o3HaYNM
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b () = ZB,k ~iE)vi;) (€ ©) (6.13)

Torna cucrema ypaBHeHnﬁ (6.13) u ee peleHNE UMEIOT CASAYIOLINIA BUI;

Zb,j go)A™ =8, 1j=123 (6.14)
A (& ) = _ detlg"]
P det[sf" (g, 0)]

Marpuisl [a,Em]] MOJTy4aeM M3 MAaTPULIbI [b,y"] (& )] 3aMeHoit j-ro cTosbLa Ha o, 87, oM.
Takyio NpoLeaypy CeayeT CAeaTh st Kaxaoro m = 1, 2, 3.

Takum obGpazom, /isl BRIYMCIeHUST TpaHCchOpMaHThI TeH3opa [puHa 17]'" MOCTaBJIeHHOM!

KpaeBoil 3amayu Bce MCKOMBble (DYHKIIMU HalineHbl. [lepexoast K ero opuruHaiy, moayIuM
HMCKOMBIN TeH30p [puHa 11 TEpMOYNPYToro moJynpoCTPaHCTBA:

3 o
m [m m . ]
v (xi, %, 0 Z] [ A" (& 0)vi{j) (& ) exp (ik; (& w) x; — iEx,) dE (6.15)
j —oo
7. Pemenne KpaeBbIX 3a1a4 JJIsl TEPMOYNPYroii nmojymiockoctu. CBoiicTBO TeH3opa [puHa
MTO3BOJISIET TTOCTPOUTH peIlleHWe 3aJady CTAllMOHAPHBIX KOJeOaHWil TpU MPOM3BOJILHBIX
Ji (32) B XpaeBbIX ycnoBusx (4.1), yIOBIETBOPSIOIINX YCI0BUSIM (4.2). OHO UMeeT BUJL TeH-
30pHO-DYHKIIMOHAIBHOI CBEPTKU

”i(xl’x2):Vi (xbxz) Fk( ) Vi3(x1=x2):2QS(X2)
0(x,x) =V (x],xz):z F(x)+V5 (xl,x2):2QS (x,), k=12 (7.1)

3nmech 6epeTcst TCH30pHasI CBEPTKA IT0 ITOBTOPSIOIIMMCS MHIeKCcaM 1 HEeOJIHask CBepTKa 1o
X,, KOTOpasi UMeeT CIeAyIolliee MHTErPaJbHOE NPEeACTaBlIeHUE:!

f(xl,x2):2g(x2) = [/ (% —y)g(y)dy (7.2)

Ipu CUHTYISIPHBIX BO3IEHMCTBUAX Ha THEBHOUM MOBEPXHOCTU CBEPTKU OEpyTCsS COMIACHO
OIpeIeJICHNIO CBEPTKU B IPOCTPAHCTBE 0000IMIeHHBIX yHKLIM [13].

CBepTKa 3TOro TeH30pa ¢ paclpeneJieHHbIMU WJIM COCPENOTOYEHHBIMU MCTOYHUKAMU
pa3JIMYHOrO TUIA TO3BOJISIET MCCIEA0BATh MPOLIECCHl PACIIPOCTPAHEHUS] TEPMOYMIPYTUX
BOJIH TIPU PA3JIMYHBIX TUHAMUUYECKUX BO3JICUCTBUSIX B TEPMOYIIPYTOM MOJIYTIPOCTPAHCTBE.

8. 3akmouenne. ®opmysbl (7.1) NO3BOJISIOT MOACIUMPOBATh TUHAMUKY TEPMOYIIPYTOro
MOJIYMPOCTPAHCTBA MPU TUIOCKOM nechopMaIiu AJIsl IIMPOKOTO KJacca CUIOBBIX M TETJIOBBIX
BO3IIEMCTBUIT Ha ero rmoBepxHOCTU. OmnepaTopHBId METOM pellleH!s] KpaeBbIX 3a/1a4, KOTO-
DBl 31€Ch CTIONTB30BAJICS], 3HAYUTENIHHO YIIPOIIAET MPOIIECC AITOPUTMU3AIIU U TIPOTpaM-
MUPOBaHMS KpaeBBIX 3a/1a4 [JIsT TIPOBENCHUSI KOMITBIOTEPHBIX 9KCTIEPUMEHTOB.

Pa3paboTaHHBII aNTOPUTM JaeT pellleHre M HeCcTallMOHApHBIX KpaeBbIX 3alay TepMO-
YIPYroii MONYIJIOCKOCTU. B 3TOM ciiydae MOCTpOeHHOE pellieHUe SIBISIeTCS IpeoOpa3oBaHU -
eMm Dyphbe 1Mo BpeMeHN HecTallMOHApHOI KpaeBoi 3a1aur C HyJIeBbIMU HAaYaJIbHBIMU YCJIO-
BUSIMU Y TIPOM3BOJILHBIMU HECTAIIMOHAPHBIMU BO3MYIIIEHUSIMU Ha TPaHUIIE TTOTYITPOCTPaH-
cTBa (HOITyCKAaIOIIUMK Takoe IipeobOpaszoBaHue). OOpaTHOoe mpeobpazoBanue Dypbe mo
BPEMEHM MTOCTPOSHHOTO PEIIeHUs aeT pellleHUe HeCTallMOHApHOM 3a1a4n.

[TosrydeHHBIE pellIeHUsT TIO3BOJISTIOT UCCIIEIOBATh TEPMOHAMNPSIXKEHHOE COCTOSIHUE MAaCCH -
Ba TIPU IEMCTBUU UCTOYHUKOB CEICMUUECKUX BOJIH €CTECTBEHHOTO U UCKYCCTBEHHOTO MPO-
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VCXOXIEHUST KaK Ha TTOBEPXHOCTU, TaK U BHYTPpU MaccuBa. [Ipy BHYTPEHHUX MCTOYHUKAX
BO3MYILIEHUI HY>KHO CHavajia peluTh 3anayy Koliu njist tepMoyIpyroro npocTpaHcTBa, uc-
noJib3yst TeH3op [puHa ypaBHeHuUit cBsizaHHOI TepMoytipyroctu [10]. A 3arem uckarthb pele-
HUe VICXOMTHOM 3aladyi B BUIIE CYMMBI 3TOTO PEIICHUS C TIOCTPOSHHBIM B 3TOM CTaThe, TIPU
3aJaHHBIX TPAHUYHBIX YCIOBUSIX C Y4€TOM MOOGABKM OT pellieHus 3amadu Koru.

Jns MonenmmpoBaHUs CECMUYECKUX TTPOLIECCOB MPU 3EMJIETPSICEHUSIX, HAa3eMHBIX U TTO/I-
3eMHBIX B3pbIBaX ITOJE3HO MCMOJIb30BaTh aImapaT TeoOpruu 000OIIeHHBIX (GYHKIINI, ¢ UC-
MOJIb30BaHNWEM MOJieieii UMIYJIBCHBIX U COCPENOTOUEHHBIX UICTOYHUKOB B TeJIax U cpeaax,
npencrasieHHbIX B [13]. [loaToMy pa3paboTaHHbIE B 3TUX JABYX CTaThsIX aJTOPUTMBI pellie-
HUS JOJDKHBI HAWTH MHXXKEHEpHbIe MPUIOXKEeHUs B 3aJadyax reousuku U ceiicMOCTOMKOTO
CTPOMTEBCTBA ITPU MPOSKTUPOBAHMU HA3€MHBIX U TTOA3EMHBIX COOPY>KEHUIA.
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