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AKTyaabHOCTH TeMBbI. B mocjiejinne j1ecaTuieTus BeJIeTCs aKTHBHOE UCCTIeI0Ba-

HUE CUHTYJISIPHO BO3MYIIEHHBIX 33/1a4 ACUMIITOTUICCKIMHU METOJIAMU. IDTO BHI3BAHO
MOTPEOHOCTSIMU (PUBNKU, XUMUHU, OUOJIOTUN U IPDYTUX HAYK, C OJIHOI CTOPOHBI, U BHYT-
PEHHUMU TTOTPEOHOCTSMU PA3BUTHS HEJUHEHHON Teopun JnddepeHinajibHbIX ypaB-
nenuii ¢ jgpyroit. [Tocsie ocHoBonosaraionux pador akajgemuka A.H. Tuxonosa [1-3]
v nocsiesloBaBimx 3a Humu pabor A.B. Bacuibesoit [4] cunrysnsipao BosMyIeHHbie
33191 WHTEHCHBHO M3ydaioTcs. B paMkax 3Toro HaydHOTO HAIMPABIEHUS B TTOCTE]-
HUE TOJIbl CTABUTCA M PENIaeTcs psijl 3ajad, CBI3aHHbIX C MOCTPOEHUEM aCUMIITOTUK
pereHnit MeTo0M MOTPAHUIHBIX (DYHKITHI, U, B YaCTHOCTH, PACCMATPUBAIOTCS 3a,1a-
a1, T7ie HapymaoTcs yeaosust Teopembl A H. TuxonoBa 06 #301MpOBAHHOCTH KOPHSI
BBIPOKICHHOTO YPABHEHUSI.

B kadecrBe mpumepa 1mMepBOro THIA 3a/a9 MOXKHO yKas3aTh, HAIPUMED, CUCTEMY
JIBYX ypaBHeHuil u3 crarbu [5], B OJIHOM M3 KOTOPBIX MaJiblii MapaMerp & BXOJUT
MHOYKUTEJIEM TIPW TTPOU3BOIHON O BPEeMeHU, a B JAPYTOM MO MPOCTPAHCTBEHHOM TTe-
pemenHoit. [Ipr HEKOTOPBIX yCJIOBUAX B YKa3aHHON paboTe MOCTPOEHa aCUMIITOTHKA
TPOU3BOJILHOTO MOPSIJIKA, COJlepXKalliasi HApsly ¢ PEeryJsapHOil YacThio JiBa, THIIA TO-
rpaHnvHbIX GyHKIHi. JIpyruM mpuMepoM MOKeT CJIyKUTh 3ajada u3 crarbu [10],
ACUMIITOTHKA PEIICHUsT KOTOPO# 00J1a1aeT psijyiloM 0COOEHHOCTEN, B YaCTHOCTH, IJIaB-
HBIH 9JIeH PerysIsipHON 9aCTu aCUMIITOTHKHI OIUCHIBACTCS YPABHEHUEM, OTJUIHBIM OT
BBIPOYK JIEHHOTO.

[Ipobaema, cBsizanHasi ¢ 3ajladaMu BTOPOr'O THIIA, COCTOUT B TOM, 9TO HE BbI-
moJiHeHo oxHo u3 Tpedoannii Teopembl A H. Tuxonosa. Ilosgcaum 310 Ha npuMepe

HavYaJIbHOM 3ala4i B CKaJIAAPDHOM CJIy4dae:

d
gd—;‘ = Flu,t,e), 0<t<T, u(0)=1u". (1)

[TycTh KOpHU BBIPOXKJIEHHOI'O yPaBHEHU S
F(u,t,0) =0 (2)

HEM30JIUPOBAHBI, HAIIpUMEp, KOopHeil jBa (u = ¢1(t) u u = p9(t)), u rpaduku ux
MepeceKalnTCsl BO BHYTPEHHEH Touke paccmarpuBaemoro orpeska [0, 7). Kpowme to-

ro, IIyCThb IO IIPpOXOXKJEHWM TOYKH IlepeccueHud KOpHeﬁ OHHN MEHAIOTCA POJISAMHU B
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OTHOIIIEHUN YCTOMYUBOCTU (HpOI/ICXOZLI/IT CcMeHa 3HaKa Ipou3BOAHON [, B3dTOIl Ha
KaKJIOM U3 KOPHeli, Wi, KaK TOBOPSIT, TIPOMCXOIUT CMeHa ycroituuBocTn). Bosnuka-
eT BOTPOC: Kak Oyjier BecTu cebsi perenue Harmeii 3aaun mpu € — 07 B pabore [6],
a 3arem B pabore |7 jyisi THXOHOBCKOH CUCTEMbI JIOKA3aHA [IPU OLPEJIEJEHHbIX YCJIO0-
BUSIX TeopeMa O TpejesbHoM mepexojie pu € — 0 oT perenust UCXOHON 3a7a91 K
PEIIeHUIO BBIPOXKJICHHOW 3a/1a4i, KOTOPOE CTPOUTCs C UCIOJB30BaHUEM YCTONYNBOTIO
COCTABHOTO (BOOOINE TOBOPsI, HETVIAJIKOTO) KOPHSI BBIPDOXKJCHHOTO ypaBHeHwsi. Jlis
JIOKA3aTeIbCTBA CYMECTBOBAHUS PEIICHUS U MPEJICTBHOTO TTepexoia B pabore |7] Obwu
IpUMeHeH MeTo]l JuddepeHnajbHbIX HepaBeHCTB. B mociienyiomnye rojibl STOT Me-
TOJI UCIIOJIb30BAJICA JIJIA 1EJI0r0 pdAjia JIPYTUX CUHTYIAPHO BO3MYIIEHHHBIX 3a/1a4, B
TOM 4YHCJIE 3889 CO CMEHON yCTOMYUBOCTH.

B nocJsiejinee BpeMsi BO3HUK €llle OJIMH 110J[X0/ K MCCJIe/IOBAHUIO YPAaBHEHU I ¢ Ma-
JIBIM I1IapaMeTpOoM IIpU [POU3BOJHON B cilyvyae rnepecevyeHus KOpHei BhIPOXKIEHHOT'O
ypaprenusi. CyTh €ro COCTOUT B TOM, 9TO BMECTO HETJIaIKOTO COCTABHOTO KOPHS Oe-
percd TIaJKUi KOpeHb TaK Ha3bIBAECMOI'O PEryadpUu30BaHHOTIO BbIPOXKICHHOT'O ypaB-

HEHUsT, UMEIOTero Jyist 3ajadu (1) Bug
F(u,t,0) 4+ eF.(u,t,0) = 0. (3)

Eciu dbyuknus F. takoa, uro ypaBHenue (3) umeer perienue (Tajkoe, B OTIHINE
OT COCTABHOTO YCTOIYHBOrO KOPHS ypaBHEHHU: (2)), TO €ro MOXKHO HMCIOJIb30BATH B
KadeCcTBE HYIEBOTO MPUOIMKEHNsT PeNeHnst 3a1a4qn. Takoil moIxo ObLT MpeuozKeH
B crarbsx [8], |9].

IHeas paboTwl. McciejioBanue acUMIITOTHYECKOIO TTOBEJICHU S PEIIeHUi Psijla CUH-

IyJapHO BO3MYIIEHHBIX 3a/ia4 JIJid YPaBHEHUI B YaCTHBIX MPOU3BOJIHBIX TIEPBOrO TO-
psijiKa, B TOM YHCJIE 3aJ1a9 C PA3HOMACIITAOHBIMU MTOT'PAHUIHBIMU CJIOSIMU U 3aJ1a4 C
BHYTPEHHUMHU CJIOAMU, OOYCJOBJICHHBIMY IIepecedenneM KOpHeil BRIPOXK IEHHOI'O YpaB-
HEHUA.

MeTtoapl nccyiegoBaHusd. B nuccepranum K paccMaTpuBaeMbIM 3aa9aM IIpUIMe-

HSIETCS METOJT TOrPAHUYHBIX (DYHKITMI TEOPUN CUHTYJISIPHBIX BO3MYITCHUN ; HCTIOTH3Y-

I0TCA METO/Ibl U PE3YJIbTaThl TCOPUU YPABHEHUI C YACTHBIMU 1IPOU3BOJIHBIMUA, TCOPUUN
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UHTErpaJibHbIX yPaBHEHU; JJId JIOKA3aTeJIbCTBA TEOPEM CYIEeCTBOBAHUS MMPUMEHS-
eTCs aCUMIITOTUUECKU MeTo1 JuddepeHnnaabHbIX HepaBeHCTB.

Hay4ynas HoBu3Ha. B pabore mosydeHbl HOBbIE PE3YIbTATHI 00 aCUMIITOTHYE-

CKOM IIOBEJICHUM PELIeHUit psijia 3a/a49 JJisl CUHHTIYJISPHO BO3MYIIEHHBIX YpPaBHEHUI U
CUCTEM B YaCTHBIX MPOU3BOAHBIX MEPBOTO MOPSIKA, B YaCTHOCTH, HEKOTOPHIX 3aj1ad
B cjydae cMeHbl ycroitunpocru. Cpepu HUX CJIEIYyeT BbIJIEINTH HAYAJILHYIO 3a/1a9y
n3 §3 1. 2, rje paccMoTpeH caydaii (He nmetonit anasora jist O/Y), korma jauHws
nepecedennst KOpHeil BHIPOXKIEHHOT'O YpaBHEHUs BBIXOJIUT Ha HadaJbHBINM OTPE30K.

IIpakTnyeckas 3HAYNMOCTDb. OCHOBHBIE PE3YJILTATHI JIUCCEPTAIMOHHON pabo-

Thl UMEIOT TE€OPETUIECCKOE 3HaYCHUE. Onn MOI'YyT CJIY2KHUTb OCHOBOI JUJIA IIOCTPOEHU A
ACUMIITOTUK peHleHI/Iﬁ IIPOU3BOJILHOI'O IOPAJKa B PaCCMaTPUBACMbIX 3a/la49aX.

Anpobaius paborbl. OCHOBHBIE PE3yJIbTaThl JOKJIAbIBAJIUCH U 00CYXKIAJTUCH

Ha naTHaAnaTbix Maremarndeckux urenusix PICY (Pysa, 2006 r.), Mexgyrapo-
roit kondepennnn "Tuxonos u coBpemennas maremaruka', mocssimennoit 100-1eTnio
co jmus poxkienns akagemuka A.H. Tuxonosa (Mocksa, 2006 r.), 60-it robuseiinoit
koudepennun FOYpl'Y (Henabuuck, 2008 r.), Ha HAYIHO-HCCIETOBATEIECKOM CEMHE-
Hape Kadepbl BLIUACIUTEIBHON MaTeMaTHKI MaTeMaTHIeCKoro (pakyabrera desis-
OMHCKOIO TOCYIAPCTBEHHOIO yHUBepcurera (pykosojureib akajemuk A.M. Wibun),
ceMUHApe 10 aCUMIITOTHYECKUM MeTojaM Kadepbl MaTeMaTuku (pusnieckoro da-
kyJjbrera MI'Y.

ITy6aukamumu. OcHoBHBIE pe3yJbTaThl JUCCEPTAINN OMyOJMKOBaHBI B paboTax

|10-17|, cnmcok KOTOpPBIX MpUBOAUTCH B KOHIE aBropedepara. IlocranoBku 3amad
npuHajJex)kar HayaaoMmy pykoojutesio B.D. ByTysosy.

CrpykTypa m oobeM paboThwl. [luccepTaliisg COCTOUT U3 BBEJEHUsI, TPEX IVIaB

U CIUCKa JuTepaTypbl. Pabota comep:xut 117 crpanull, BKIOYasg OubInorpadmie-
CKUI CIIMCOK M3 D7 HAaMMEHOBaHMUII.

Conepxkaane paboTswl. [uccepraliys MOCBIIEHA U3YUYEHUIO CUHTYJISIPHO BO3MY-

IIEHHBIX YPaBHEHNI 1 CUCTEM yPaBHEHUI B YACTHBIX MPOU3BOAHbBIX IEPBOTO MOPAIKA,
PerieHunst KOTOPhIX 00JIa Iaf0T MOTPAHUIYHBIMUA U BHYTPEHHUMHU CJIOSIMHU.

Bo BBemeHHUM cojiepxKaTcs IOCTAHOBKM 3ajiad, 0OOCHOBaHUE UX AaKTyaJIbHOCTH,



clieJlaH KpaTKuii 0030p pe3ysibTaToB, HOJYUCHHBIX JPYIUMHA aBTOpAMU B JIAHHOM 00-
nactu. V3paraiorca oCHOBHBIE Pe3yJIbTATHl JUCCEPTAIMU M JTAeTCA UX CPaBHEHHE C
U3BECTHBIMU pPe3yJIbTaTaMU.

B mepBoii rimaBe 1ocrpoeHa aCUMIITOTUKA PEIIEHUsI CUCTEMbI JIBYX yPaBHEHUI B
YaCTHBIX TIPOU3BOJIHBIX MEPBOT'O MOPHAJIKA, COJIEPXKAIINX PA3JIMYHbIEe CTEIIEHU MaJlOro

napamMerpa € > (0 pu TPOU3BOJIHBIX:

0 0

828_,: + 5[)1(1‘)8—2 = all(x, t)u + alg(ff, t)?) + fl(xa t: 8)7
) 0

58_: + 52b2(fv)a_:; = an(z, t)u + azn(z,t)v + fo(z,t,€).

Cucrema pemaercs B obmacn G = (0 < < X)x (0 < t < T) ¢ nHagasbHO-
KPAEBbIMU YCJIOBUSAMU
ul =ul =wvl =wv =0
t=0 =0 t=0 =0
OcobGeHHOCTSIMI ACUMIITOTHKY DEIIeHUsT STON 3a/[adu sIBJISTIOTCS Y€ThIPE TUTTA OObIK-
HOBEHHbBIX U TPU THIIA YIJIOBbIX IIOIPAHUYHBIX (DYHKIMI € PasHbIMU MacinTabamMu pac-
TSIHYTHIX [IEDEMEHHBIX. YCTAHOBJIEHO, YTO CTAHJIAPTHBII IPOIECC TTOCTPOCHUS ACHMII-
TOTHKHU NMPEPLIBAETCsT Ha ATOM 1iare. J[Jist mosydeHust OlEeHKN OCTaTOYHOTO 1JIeHa
O(e B
nopsijika O(g°) BBOAMTCsT MOAMUIIMPOBAHHAST YIJIOBas NOTPAHUIHASA (DYHKIIHSI.
MEJIOM 3aJ1a9a PEIIaeTCs [yTeM MPUMEHEHHsT U3BECTHBIX MOrPAHCIORHBIX METOJIOB,
P JIOKA3ATEIbCTBE OMEHKH OCTATOYHOTO WJIeHA UCIIOIb3YeTCs TPUHITAI MAKCHMYMa.

Ilepshiit maparpad HaurHAETCs ¢ MIOCTAHOBKU 33JaUi U (DOPMYJIUPOBKH YCJIO-

BHﬁ, JAO0CTATOYHBIX JIJIA CYIIECTBOBAHUA KJIACCUYIECKOI'O PEIIEHNW A U IIOCTPOECHW A aCUMII-
TOTHUKH JJO 9€TBEPTOI'O IMOPAAKA BKJIIIOYUTEIILHO.

Bo BTOpOoM maparpade 1nipuBojiuTcst BUJ aCUMIITOTUKYI PEIIEHUsT 3a/1a49U, BKJIFO-

JaloMell peryjispHyto U NOTrPAHCIIONHBIE YaCTU, U CTPOATCA €€ TJIaBHbIe YJICHBI.

B tperbem nmaparpadye mnocrpoenre aCUMITOTHKH 3aBEPIIACTCA. 3JIeCh Hapsi-

Jly € IIOCTAHOBKAMU 33124 JIJIs IIOIPAHUIHBIX (PYHKIUN U [TOJIyYeHUEM PelIeHN STUX
3aJlad Mbl TIPUBOJIUM JIOKA3ATEJILCTBO HEKOTOPBIX coorHommenuii (Jlemma 1.1), cBs-

3LIBAIOIIUX [TOIPAHNYHBIE (DYHKIUU, C TeM, YTOObI HCIOJb30BATh UX IIPHU IIPOBEPKE
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YCJIOBHIL COMTACOBAHMS KPAEBBIX JAHHLIX. JlJIst yTBEpK/IeHnsT 00 S9KCIOHEHIHATBHDIX
OTIEHKAX YTJIOBBIX MOTPAHTIHBIX DYHKIHI TAKKe TOTPEO0BAIOCH 0COD0E TOKA3ATEb-
crBo (Jlemma 1.2).

B gerBepTOoM maparpade jokazaHa Teopema 006 OCTATOYHOM 4JIEHE, JIAIOIIast

00OCHOBaHUE TIOCTPOCHHOI'O PA3JIOKEHUS.
Bropas rmaBa nocesiieHa paccMOTPEHUIO Tpex 3ajad Ko B ciaydae CMeHbI
YCTOUYINBOCTH.

B mepBoM maparpade jjaercs onpejiesieHne HuXKHEro 1 BEpXHEero peileHnii cKa-

JISIPHOI HaYaJIbHOM 3a/1a4u, (DOPMYJIMPYETCs U JIOKA3bIBaeTCsl TeopeMa o aud hepen-
ITIAJIBLHBIX HEPABEHCTBAX JIJI YPaBHEHM B YACTHBIX IIPOU3BOJIHBIX IIEPBOIO IMOPSIIKA.

[Tycrh paccmarpuBaercsi ypaBHeHue

[ Ou ou
€ <E +A(l‘,t)%> = f(u,x,t,¢e), (4)
C HAYAJIBHBIM YCJIOBHEM
u(z,0,¢) =u'(z), 0<ax<l, (5)

e >0, r > 0. Pemenue umercsa B odbactu

IA

D ={(z,t) : zo(t) < x < x1(t),0 <t < T}, (6)

rie x = xo(t) u x = z1(t) — XapaKTEepUCTUKHU, BLIXOJSAIIME COOTBETCTBEHHO U3 TOYEK
(0,0) u (1,0) u onpejieisieMble ypaBHEeHUEM le—zf = A(z,t). (cauraem, uro A(z,t) —
riaajiKas (YHKIINS U BCE XapAKTEPUCTUKH, BLIXOJAIIAE U3 TOUEK HAYaIbLHOTO OTPE3KA,
{t=0,0<x <1} cymecrsytor nmpu 0 <t <T).

Onpegaenenne 2.1. Oyuxmuu U(x,t,¢) u U(x,t,€) HA3BIBAIOTCS HUNCHUM U 6€PI-

num perenusiMu 3a1a49u (4), (5), ecan BBITOTHEHB HEPABEHCTBA

ou ou —
1. L.U=¢" (a—; + A(x,t)a—_) — fU,x,t,e) <0< L(U), (z,t) € D;
T
20 U(z,0,¢) <u'(z) < U(x,0,e), 0<ax<1.
Huxree u BepxHee perieHnst HA3bIBAIOTCS YIIOPSIJIOUEHHBIME, €CJIH

U(x,t,e) <U(x,te), (v,t)€D.
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JloKkaspIBaeTcst CeLyoniee yTBep K IeHre:
Teopema 2.1. Ecau cywecmeyiom ynopadouennvie nusicree u eeprnee peuwsernud U
u U sadawu (4), (5), mo ama 3adava umeem pewenue u(x,t, ), ydosremsopaouee

HEPABEHCTNEAM
U(x,t,e) <u(w te) <U(x,te), (z,t)€D.

Bo BTOopoMm maparpade nsyuaercs 3ajaua

5(% + A(w,t)%) = f(u,x,t,¢), (7)
u(z,0,¢) =u’(x), 0< <1, (8)

Permrenne 3amaun (7), (8) umercsa B obmactn suja (6). OcHOBHOE yCJIOBHE, HAKJIATbI-

Ba€MO€ Ha BXOIHbIC JIaHHBIC 3a/a491, TaKOBO:

Ycaosue Bs. Ilycts ypaBuenne
flu,z,t,0) =0 9)

MMEET OTHOCUTEJILHO U JIBa KOPHst U = 1 (2, 1), u = pa(x,t), yJIOBIETBOPSIIOIINX

COOTHOITEHUSIM
Qpl($7t) :SOQ(xvt) pu t:w('x)a
re () — ragkas dyuxiust, 0 < ¥(x) < T
e1(x,t) > @o(x,t) mpu 0 <t <(z);
o1(x,t) < oz, t) mpu P(z) <t <T.
1 nyctn
fulpi(x,t),2,t,0) <0 fu(po(x,t),2,¢t,0) >0 mpu 0 <t <P(x),
fulpi(z,t),2,t,0) >0 fu(po(x,t),2,¢t,0) <0 mpu P(x) <t <T.

C mcnosib30BaHUEM KOPHEH (01 M (9 ONPEJIETSIeTCs COCTABHOW YCTOWYMBBIN KOPEHb

BBIPOXKJICHHOIO ypaBHeHust (9):

i) = { pr(z,1). 0<t < ()



B6/13u HavyabHOro OTpe3Ka aCUMIITOTUKA PelleHus UIeTCs B BUJIE!
u(z,t,e) = u(x, t) + Ho(z, 7) + O(e), (10)

rie u(z,t) — dyuxms perynspHoit gactu acumnroruku, [ly(x,7) — norpanudnas

byuknus, 7 = — — morpancioiiHas nepementas. IIpu VenoBuu By, a TakxKe npu
€

HEKOTOPBIX JIOTOJHUTEJLHBIX YCJIOBUSX, B MAaJIOl OKPECTHOCTH KpuBoil t = 1(x)

CTPOSITCA HUKHEE U BEPXHEE PEIleHUA:
U =1u(z,t) — Ae, U =u(x,t)+ Aye, (11)

nocrosnaas A BuIOMpaeTcss J0CTATOIHO OOJIBINOI.

B pesysbrare Jlokasana Cieyonast
Teopema 2.2. Ilpu docmamouno marvix € cyuecmsyem eOUHCMGEHHOE PEULeHUE
u(z,t,e) sadavu (7), (8), ydosaremeoparowee npedesvomy pasencmey

lir% u(z,t,e) = u(x,t)
E—

onn scex (x,t) € D, xpome navarvnozo ompeska {t = 0,0 < x < 1}.

D70 yTBEPXKIEHHE OCHOBBIBAETCS HA TEOPEME, KOTOPYIO MOXKHO JIOKA3aTh, HCXOJsI
n3 nipescrapiennii (10) u (11):
Teopema 2.3. [Ipu docmamouno maavz € 3adava (7), (8) umeem eduncmeennmnoe

pewenue u(x,t,€), u A He2o cNPaBedAUBo aACUMNMOTMUYECKOE NPEICTNABACHUE
u(z,t,e) = u(z, t) + Ho(x,t/e) + w(x, t, e),

2de ly(x, ) — noepanuunas gynkyus, w(x,t,e) = O(\/€) 6 Mmaroi J-oxpecmmocmu
kpueot t = Y(x), w(x,t,e) = O(e) 6 ocmarvnot wacmu obaacmu D.

B tperbem nmaparpade paccMarpuBaeTcs ypaBHEHHE

eP (% + A(z, t)%) = f(u,xz,t,¢), (12)

¢ HaYaJbHBIM ycioBueM (8), rjae p = 1+ ¢, ¢ > 0. Pemenue umercs B obaacru D

Bu/a (6) mpu craeayromux TpebOBaHUSIX



Yeaosue D;. Oyukius f(u, x,t, ) nMmeer BuJ
flu,z,t,e) = —k(x,t) (u — p1(x, 1)) (u— po(x,t)) + efi(u, z,t,€),
YeaoBue Dy. Kopuu @1 u @y ypasaenus (9) ylIoBIETBOPSIOT COOTHOIICHUSIM
o1(z,t) = po(x,t) mpu x =), 0<t<T,
rie Y (t) — raagkast Gynkumst, ro(t) < ¥(t) < x1(t) mpu 0 <t < T}

p1(2,t) > @a(,t)  wpn  m(t) <w <P(t), 0<t<T;
pi(z,t) <gpolz,t)  upn  P(t) <z <m(t), 0<t<T.

D70 ycsioBre o3HavYAeT, YTo rpaduKu KOPHEH BBHIPOXKJIEHHOrO ypaHeHus (9) me-

peceKaroTcs, HO, B OTJIMUYUE OT CJIydas, pACCMOTPEHHOI'O B IIPEJIbLIyINeM Haparpade,

r7ie IPOEKIHsl JIUHUN TIepecevIeHrst KOpHel Ha TIOCKOCTD (1, 1) JiexKaJa MeJIMKOM Bbi-

I1e HavaJbHOTO OTPe3Ka, B JAHHOM Caydae IpoeKIiusd [’ naun nepecedenunss KopHeit

BbIXO/JUT Ha HavaJlbHbIIA OTPE30K. D10 [IpUBOJUT K TOMY, 4YTO KJIaCCHUYECKadAd TEO-

pusda 34€Chb HE IIPUMEHUMa J1a2Ke B MaJIoi OKPECTHOCTHU HAYaJIbHOI'O OTPE3Ka. Bwmecro

ypasHerus (9) paccMarpuBaeM PeryJssipu30BaHHOE BBIPOXKJIEHHOE YDABHEHHE
fu,z,t,0) + ef-(u,z,t,0) =0,
KOTOPOE B JIAHHOM CJIy4ae UMEeT BH/L

—k(x,t) (u—p1(x,t)) (u— oz, 1)) + € f1(u, x,t,0) =0,
Ycaosue Ds.
fila(x,t),z,t,0) >0 npu (z,t) €T,

rie
- {901(33715)7 zo(t) < < P(t), 0<t < T,
a(x,t) = 1
@a(x,t), Y(t) <z <wx(t), 0<t<T.

[Ipu srom yenosuu ypasrenue (13) umeer jiBa riaJKux KOpHs ¢ U @, npudem

o(x,t,e) = a(z,t) + V/g(u(x,t),z,t) - e+ O(e), (x,t) €T,
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ox(z,t,e) = a(x, t) — /gl ) vVe+O(e), (x,t) €T,
rie g(u, x,t) = k™ (x,t) fi(u, z,t,0);

o(z,t,e) = u(z,t) + O(We), px(z,t,e) = iz, t) + O(Ve), (z,t) € T,

o(x,t,e) =u(x,t) + O(e), px(z,t,e) = u(x,t) + O(e), (x,t) € D\Is,

rie I'5 — ckosib yrogHo MaJasi, HO He 3aBUCAIIAs OT €, 0—OKPECTHOCTh KpuBoit I,

A1) = po(x,t), zo(t) <ax <P(t), 0<t<T;
O pilant), vt) <z <m(t), 0<t<T.

Yeaosue Dy. u®(x) > d(x,0) npu 0 < z < 1.

HoxazaHa,
Teopema 2.4. Ecau evinoanenn, yerosus Dy — Dy, mo das docmamouno mMasvx €
cywecmeyem eduncmeennoe pewenue u(x,t,e) 3adavu (12), (8) u das nezo umeem

MECTNO ACUMNIMOMUYECKOE NPEICMAGACHUE
t
u(z,t,e) = p(x,t,e) + y(z, — e) +w(x,t,e), (14)
£

6 Komopom ocmamounoil wien w(x, t, ) umeem caedyrousue aCUMNMOMUYECKUE OUEH-
Ku npu € — 0:
_ 3
1) ecaup=1-+gq <3, mo
w(z,t,e) = O(€7) 6 d—okpecmuocmu xpusot x = Y(t), 2de 6 Kauecmee y
MOACHO G3AND A1000€ YUCAO U3 UHMEPEAA 5<7<3 +q,ad>0 - croav y2odno
manoe, 1o gurcuposannoe npu € — 0 wucao;
2) ecau p > 57 Mo
w(z,t,e) = O(e) pasnomepro 6 obaacmu D.

Qurypupytomas B (14) norpanuunast Gyukius y(x, 7, €) umeer ornenkn:
To(z,7,¢)| < Cexp(—mn/eT), |v—m0|<d, T>0,
Iy(x,7,¢)] < Cexp(—er), ,|lr—x09/>6, 7=>0,
rie xg = ¥(0), C, m, & — TONOKUTELHBIE YUCTIA.
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B gerBepToM maparpade cHosa paccMaTpuBAETCA CAydail, KOIJa IPOEKIUs

JIMHAW Tiepecetdennst Kopreil ypasuenns (9) (kopuu obosnatum ¢(z,t) u x(x,t)) Je-
JKUT BBIIIE HAYAJILHOIO OTPE3Ka, HO MOBEJCHUE PEIICHNs OTJINIACTCS OT OMUCAHHOIO
B § 2. YcTaHOBJIEHbBI YCJIOBUS, IPU KOTOPBIX perienue 3aiaqu (7), (8) npursiruBaercs
K yCTOWIMBOMY KOPHIO (X, 1) n ocraercss BOJM3M HEIO HE TOJBKO B 00JIACTU HUKE
KpuBoit I', HO W ToOCsIE MPOXOXKIEHUsT ITON KPUBOIL, T/l KOPEHD gp(x,t) CTaHOBUTCHA
HEYCTOWUIMBBIM, M JIMIIH CIYCTS HEKOTOPBIH (KOHeYHBIH npn € — () MpoMesKyToK
Bpemenu (t —(x) > 0 > 0) npoucxoauT OBICTPLI Mepexo]| PEIIeHnsT B OKPECTHOCTh
kopHst x(x,t), ycroituuBoro mpu t > (x). okaszaHna Teopema O CyIeCTBOBAHUY U
ACUMIITOTHUKE 3TOTO PEIICHUS.

B Tperbeii riiaBe Mbl IEPEXOJUM K UCCICJO0BAHMIO CUHIYJISAPHO BO3MYIICHHBIX
CUCTEM YPaBHEHUU B Cjy4dae CMEHbI yCTOMYINBOCTH.

B mepBoM maparpade jaercs TeopeMa 0 HUXKHEM W BEPXHEM PEIICHUsIX MPH-

MEHUTEJIbHO K CUCTEME JIBYX ypaBHeHI/Iﬁ B 9aCTHBIX IMTPOU3BOJHLIX IMMEPBOI'O MOPsAJIKA.

Bo BTOpoM maparpade paccmarpubaercs cucTreMa ObICTPOIO 1 MEJIJIEHHOI'O yPaB-

HEHUU: 5 5
€ —u—i—Al(;c,t)—u = g(u,v,x,t,¢),
v v
o + Ag(l',t)% = f(u,v,x,t,e), (x,t)€ D,

C HAYAJBHBIME YCJIOBUSME
u(z,0,¢) = u’(x), wv(x,0,e) =0"x) npu 0<x < 1. (16)

[Tycrs Ay > Ag. Obsacts D umeer sug (6), tae x = xo(t) u x = x1(t) — xapak-
TEPUCTUKHU, BbIXOJsIue coorBercrBenno u3 touek (0,0) u (1,0) u onpejessiembie
COOTBETCTBEHHO YPAaBHECHUAMU Ccil_i = A;(x,t), i = 1,2. KopHu BBIDOXKJICHHOIO ypaB-
HEeHWsI

g(u,v,2,¢,0) =0 (17)

u = @i1(v,x,t) 1 u = ps(v, x,t) TEPECEKAIOTCS IO HEKOTOPOi MOBEPXHOCTH, MTPOCK-
IUst KOTOPOil B MPOCTPAHCTBO (v, X, ) OMUCHIBaeTCs ypaBHernueM v = S(x,t). 3Hak

MIPOU3BOIHON ¢, B3ATON Ha KaXKJOM M3 KOPHEil, U3MEHAETCA Ha MPOTUBOIMOJIOXKHDBIIA
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pH Tepexo/ie depes noBepxuocth v = S(x,t). B ¢Ba3um ¢ 91UM yCaoBreM BBOJUTCS

COCTABHOMW yCTOWIMBBIN KOpeHb ypasHenus (17)

4,01(1),3?,15), USS(CC,t)
@(’Uaxat) —
902(U7x7t)7 UZS(SC,t)

DTOT  KOPEHb  MOJCTaB/sieM BO  BTOpoe ypaBHeHnue cucrembl (15)  mpw

e =0
%+A2(x t)8 f( (’U,.fC,t),'U,CC,t,O) (18)

Ypasuenue (18) peraercst ¢ HaYAJIbHBIM YCJIOBUEM U |t:0 = v%(z), koropoe nojunHsI-
em cienyiomemy Tpebosannio: v0(x) < S(x,0). Iycrs pemenne 9(x, t) aroit 3agaun
nepecekaer MmoBepxHocTh v = S(x,t) Mo KPUBOii, MPOEKIHsi KOTOPOH Ha TIOCKOCTH
(x,t) mpescraisier coboil TIaAKy0 KpUBYIO t = (), JeXKalyIo BhIIe HA9aJIbHOTO
orpeska {t = 0,0 < z < 1}. Takum 06pazom, MbI TIOJYUIMIN PEIIIEHUE BHIPOXK ICHHOI
sagaun: (u(x,t),0(x,t)), one u(x,t) = p(0(z,t), x,t).
B pesynbraTe JOKa3bIBaeTCs CIEAYIONA
Teopema 3.2. Ilpu docmamouno marvx € 3adawa (15), (16) umeem pewenue, u

0AA He20 CﬂpdGGdJLUGO acumnmomu4vecroe npedcmae,/w%ue:

u(x,t,s)—{ a(z,t) + o(z, t/2) + Oe), 0<t<p(z)—
w(z,t,e) + O0(e), v(x)—v<t<T.
U(xtg):{v(a:,t,z—:)wLO(s), 0<t<op(z)—

o bz, t,e) + O(VE), v(x)—v<t<T,

2de v >0 — docmamounro MAAOE, HE 3a6ucAUee 0N € YUCAO.

Tpernii naparpad 1nocBsIeH aHAJIU3Y OBEJICHUs PEIIICHNS CUCTEMbI JIBYX ObICT-

PBIX YpaBHEHUI:

(24 M )2 = gu vt e),
ov ov
p[ 2~ -
(5 Male 05 ) = flw v te), (@0) €D,

¢ HauaJbHBIMU ycsoBusiMu (16), Te p — KAKOe-TO UHCJIO0, YIOBJIETBOPSIOIIee Hepa-

BeHcTBaM 1 < p < 2. Obsacth D onpejyensgercs, Kak B § 2.

13



[Ipennonaraem, aro ypasuenue g(u, v, x,t,0) = 0 uMeeT H30JUPOBAHHBINA KOPEHD
u = (v, z,t), Koropsrit ycroiiuus (g,(p(v, x,t),v,x,t,0) < 0). [locre nogcranoBKu

€ro BO BTOPOE BBIPOXKJICHHOE YPABHEHUE CHCTEMbI TIOJYIACM YPaBHEHHE
h(v,z,t) = f(o(v,z,t),v,2,t,0) = 0.
Kopru nocsesmero v = vy (x,t) n v = vy(x, t) yIOBIETBOPSAIOT YCIOBUIO

vo(z,t) mpm 0 <t <y(x),
o(x,t) mpu Y(x) <t <T,
vi(z,t) = vo(x,t) mpu t=1(x),

<

rie t = (x) — raajkas KpuBasi, He MEPECEKAolas HavaJbHblil oTpe3ok {t = 0,
0<z<1}.

CocraBHOE yCTONUINBOE PEIIeHre BLIPOXKJIEHHONR CUCTEMbl UMEET BU/I:

~ Ul(xnt)a 0
v(x,t) =
( ) { UQ(xat)a ¢(

| /\

)< i; Wz, t) = p(0(z,t), z,1).

HoxazaHa,
Teopema 3.3. [Ipu docmamouno marvix € cyuecmeyem u eJUHCTNEEHHO PEUEHUE
sadawu (19), (16), u daa nezo cnpasedauso caedyousee acuMNMOMUYECKOE Nped-

cmasacrue.”

u(z,t,e) = a(x,t) + Pou(z, ) + Hou(z, 7) + > CP) {Pl(i)u(x, )+
(2j;f)1i<1

-I-Hgi)u(x, )| + e [ua(z, t) + Pou(x, ) + ou(x, 7)] + wi(z,t,€),
v(x,t,e) = 0(z,t) + Pz, 0) + > P [Pl(i>v(x, 0) + Hgi)v(x, 7')} +

(2—p)i<i

+e [Ua(x,t) + Pov(x,0) + yv(x, 7)] + wa(x, t,€).

t

ede O = 8— = no2paruyHble PYHKUUL UMEIOM IKCTOHEHUUAAOHDLE OUEHKL, O

o(e) npu 0 <t <Y(x)—
wi(xatvg) - O(\/g) npu w(fﬁ) -9 <t< w(x) +9
O(e)  npu Y(z)+6<t<T,
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ede i =1,2,0 >0 — cxoav y2odno manroe, He 3a6ucAULELE OM € YUCAO.

B zak/rouenue, aBTop BhIpaXkaeT rIyOoKyIo OJ1aro/lapHOCTh CBOEMY HAYUYHOMY Y-
KoBosiuTesto npodeccopy B.@. ByTy30By 3a mocTaHOBKY 3aJ1ad U TIOMOIIL B paboTe.
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