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1. O6mas XapakTepuCcTHKA JUCCEPTALNH

AKTYyaJIbHOCTh padoThbI. 3agaun OIIPEAECITICHUS k03 HUIIEHTOB
rUNepOOIMYECKUX YPaBHEHMM U CHCTEM IO HEKOTOPOW JIOMOJIHUTEIbHON
uHpopMmaluu 00 HUX pEHIeHMHM HMEIOT OOJIbIIOE MPAKTUUYECKOE 3HAuYCHUE.
HckombiMu  kod(duimeHTaMy, Kak TMPaBUIO, SIBISIOTCS TAaKWE Ba)KHBIE
XapaKTepUCTUKUA HUCCIEAYyEMbIX Cpell Kak mapameTpbl JlaMe W TJIOTHOCTH - B
ciydae OOpaTHOW 3aJadyd TEOPUU YIPYTOCTH;, TEH30PHI JUAJICKTPUYECKON W
MarHUTHOW MPOHUIIAEMOCTH ¥ TEH30P MPOBOJUMOCTH - B CIIydae oOpaTHOU 3a1a9u
ANEKTPOAMHAMUKH; CKOPOCTh PAaCHpPOCTPAHEHUSI BOJIH B CpPEJ€ U IUIOTHOCTh - B
cilyyae oOpaTHOM 3a7ja4u aKyCTUKH U T. 1.

OOpatrHble 3a/1ayu ONpeeIeHUs Spa UHTETPAIBHOIO ONepaTopa B MHTETPO-
mudepeHnanbHbIX YpPaBHEHUAX THNEPOOIMYECKOr0 THUIMA -  CPaBHUTEIBHO
MOJIOJIO€ HAIpaBJIEHWE B TEOPUHU OOpaTHBIX 3aj]lay, BO3HUKIIEEe B KOHIE 80 - ThIX
roJIoOB Mpouuioro croyuetuss. Ilpu ompenesleHHBIX YCIOBUAX B YpPaBHEHUS
pacmpocTpaHeHus: YIPYrux W (WJIM) DIIEKTPOMAarHUTHBIX BOJH JTOOABIISIIOTCS
BOJITEPPOBBI ~ ONEpPATOPhl THUNA CBEPTKA KOTOPHIE OMNHUCHIBAIOT  SIBJICHUS
"3ana3apiBaHUA" wim  namsatd.  Hampumep, B OBICTpONEpEMEHHBIX
AIIEKTPOMArHUTHBIX TMOJSX, YACTOThI KOTOPHIX HE OTPAHUYEHBI YCIOBUEM MaJIOCTH
M0 CPAaBHEHUIO C YaCTOTaMH, XapaKTEPHBIMU JIJII YCTAHOBJICHUS AJICKTPUUECKON U
MarHUTHOW TOJISIPU3ALIMK BEIIECTBA HAPYIIAETCA OJHO3HAYHAS 3aBUCUMOCTh D u
B (MHOIyKIMM »SIEKTPUYECKOTO W MArHUTHOTO TIOJIEM COOTBETCTBEHHO) OT
3HaueHud E u H ( Hamps»KeHHOCTH COOTBETCTBYIOIIMX IOJICH) B TOT K€ MOMEHT
BpeMmeHHu. OkaspiBaeTcs, 4To 3HaueHuss D u B B gaHHBII MOMEHT BpeMeHU
3aBUCAT HE TOJIbKO OT E m H , HO 1 OT Bcell mpenbIcTOpuu IeMCTBUS 3TUX MOJEH
(Takyro cpeay Ha3bIBAIOT CpPENON C TOCIENEHCTBHEM). DTO OOCTOATEIHCTBO
ABJISIETCA BBIPAXKEHHEM TOTO, YTO YCTAHOBJIEHUE DJIEKTPUUYECKON M MArHUTHOU
NOJISIpU3allMM  BEIIeCTBA  HE  YCIEBaeT  CleloBaTh 3a  M3MEHEHUEM
aJIeKTpOMarauTHoro mnoss. Hambosmee oOmuii BUa TUHEHHOW 3aBUCHUMOCTH MEXTY
D(x,t), B(x,t) u coorBercTBytomumu 3HaueHussMu ¢pyakmii E(x,t), H(x,t) Bo
BCE MPEAbIIYIIIME MOMEHThI BPEMEHHU MOKET OBITh HAMKMCAaH B BUJI€ MHTEIPATbHBIX
COOTHOILIEHHUN

D(x,t) = ¢E + J.Ot(p(t _DE(x, 7)dr, B(xt)= uH + jotw(t D) H(x,7)d7,  (0.1)
E= (E17 E,, Es)l H= (Hl’ H,, Ha)’ D= (D1’ D,, Da)’ B :(81’ B,, Bs)’ X :(X1’ X5 Xs)v
o(t) = diag (gol, @, ¢3), w(t) = diag (l//l, l//z,l//3) - JIMaroHaJILHbIC MAaTPUIHBIC

(GYHKIHHU, MPEACTABISIOMINE MaMITh. ITH (QYHKIIMH KOHEYHBI PH BCEX 3HAUCHUSIX

CBOETO apryMeHTa M cTpemsTcs npu t — oo k Hymo. [locneanee 00CTOATEIBCTBO
SIBIIICTCS BBIpaKeHHEM Toro (akTa, 4yto Ha 3HadeHus D(X,t), B(X,t) B maHHbIi

MOMEHT BPEMEHHM HE MOT'YT 3aMETHO BiMATH 3HaueHus E(X,t), H(Xx,t) B oueHs

JaBHUE MOMEHTHl. DU3NUECKMH MEXaHU3M, JIEKAIUMH B OCHOBE HHTEIPAIIBHBIX
3aucumocteil Bujpa (0.1), 3akimroyaeTcs B MpoLECCaX YCTAHOBJIEHHUS 3JEKTPO-
MarHuTHOM mnossipuzanuu. [loaromy uHTEpBan 3HayeHUM, B KOTOPOM (PYHKIUHU



o(t), w(t) 3amMeTHO OTIMYAIOTCS OT HYJSA, - TOPSAIKA BEIWMYMHBI BPEMCEHH

penakcanuu, XapakTepu3yrIEro CKOpOCTh 3TUX MTPOLIECCOB.

Jlpyroe nprMeHEHHE YpPaBHEHHW C MaMSIThIO BO3HUKAET B reO(pU3HKE, KOrnaa
CBOWCTBA CpEIbl MCCIEAYIOTCS MPHU MOMOIIM CEMCMHYECKHX BOJH. DaKTUYECKU
COTJIACHO TMPEIIIOIOKEHUEM O TJIAJKOCTH CHCTEMA YPABHEHHM I HEYyIpPYromn
Mozenu bonblmana (oHON HamOoliee OOMIMX Ui JINHEWHOM HEYNpPYroil cpejbl)
CBOJMTCS K YPABHEHHIO

u, (x,t) =u_(x,t) + o (X)o’' (X)u, (X, 1) +
ra(x)[ Ot k(t—7) (U, (x2) + 07 (0 (U, (x,7))dz,  (x) eRx[0,T]. (0.2)

OyHKIIMKE 0 W ®, B 3TOM ypaBHEHWH, CBs3aHBl C MapameTpamu Jlame wu
IUIOTHOCTBIO paccMarpuBaeMoi cpenbl. [lonaras ¢ U ® mocTosHHBIME (@ =1),

ypaBHeHue (0.2) MOXKHO NMPUBECTU K BULY
U (D) = U, (x 1)+ c:k(t —)u(x7)dz, (xt)eRx[0,T]. (0.3)

VYpasuenue Buaa (0.3) ¢ HHTErpaabHBIM YWICHOM THIIA CBEPTKH, B JIajbHEHIIIEM
Ha3bIBa€TCAd ypaBHEHHEM ¢ mnamaTero. Cpema, B KOTOpPOW  IPOTEKAET
COOTBETCTBYIOIIMK BOJHOBOW MPOILIECC MPUHATO HA3BaTh CPEAOM C MOCIEHAECHCT-
BUEM WM ¢ mnamiatbio. lccnenoBanne oOpaTHBIX 3a7ad OMNpEACNICHUs sipa
UHTErpaibHbIX oneparopoB B paBeHcTBax (0.1) m (0.2) mo HekoTopoil MH(Op-
Mallii O BOJIHOBOM TI0JIE WIPaeT BaXHYI pPOJIb MPU HU3YYCHUU CTPOCHUS U
CBOMCTBa cpeiibl. B MpunokeHusx BakKHBI 3a]]a4u C JIeJIbTa — OOpa3HbIMU UCTOY-
HUKaMU COCPEIOTOYEHHBIMU B OKPECTHOCTU (DUKCUPOBAHHOM TOYKM WM Ha
rpanuie obsactu. VIMEHHO TakWe 3aJadyd M pacCMaTpUBAIOTCS B 3TOMU
JTMCCEePTAIMOHHONW padoTe.

CreneHb M3y4eHHOCTH NMPodaeMbl. OOpaTHbIE 3a/1a4u JUIsl TUTIEPOOINYECKUX
ypaBHEHUN OTHOCATCS K HEKOPPEKTHBIM 3aJauaM MaTeMaTH4YeCKOW (DU3HUKHU.
OOmumii MOAX0Jl K PEIICHUI0 HEKOPPEKTHBIX 3amad Obul chopmynupoBan A. H.
TuxoHoBbIM U pa3ButT B padotax A. H. Tuxonoa, M. M. JlaBpentrena, B. K.
NBaHoBa, B. Sl Apcenuna, B. I'. Pomanosa, 1O. E. Auukonosa, B. A Mopo3osa, A.
. Tlpunenko, A. JI. UckennepoBa, A. JI. byxreiima, C. . Kabanuxuna, B. T.
SIxHO M np.

[To Tuny nononaHuTEILHON MH(MOPMALIMK, 3a]aBA€MOM OTHOCUTEILHO PEIICHUS
npsIMOM 3a/aud, OOpaTHBIC 3aJaud JJjIsl TUMNEPOOTUYECKUX YpPaBHEHUM MOXKHO
pa3feNUuTh Ha TPU OCHOBHBIC TPYIIbI: KHHEMATHYECKUE, CIEKTPaJbHbIC W
nuHaMudeckue. B kuHemaTMdeckux OOpaTHBIX 3ajadax B KayeCTBE JOMOJIb-
HUTETHOW MH(POPMAIIUU 33JAI0TCS BpEeMEHA MPUX0/1a BO3MYIIICHUI OT HICTOYHUKOB
K MOBEPXHOCTHU HccieayeMon cpeabl. [Ipu 3ToM u3MepeHus: MOTyT HPOBOJIUTHCS
KakK Ha BCEM MOBEPXHOCTH, TAK U HA HEKOTOPOM €€ YaCTU; UCTOYHUKHA BO3MYILICHUN
MOTYT TIpoOeraTh BCIO MOBEPXHOCTHh JIMOO PACTONIOTAaThCA BHYTPU HCCIETYEeMOM
cpenbl. OmHomepHass oOpaTHas KWHEMaThyeckas 3amada Obuta pemieHa [
['eprioTiieM B Havane mpomuioro Beka. Hauwmnas ¢ paboter I'. I'eprioriia u B.
Buxepra oOpaTHble KMHEMATHYECKHE 3a/ladyd CTadl OOBEKTOM HCCIOAOBAHUS
MHOTHX aBTOpPOB. Pa3jnuHble TOCTAaHOBKM OOpaTHBIX KUHEMATHYECKHX 3ajad
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opn  chopmynupoBanel W ucciaenaoBansl M. M. JlaBpentseBbiM, B. T.
PomanossiMm, 1O. E. AuukonoBsiM, A. JI. ByxreitmowMm, P. I'. MyxomeroBsim, M. JI.
I'epepoMm u B. M. MapkyuieBuuem, A. X. AMUPOBBIM U JIp.

B cnektpanpHBIX O0OpaTHBIX 3aJadaX B  KadyecTBE JIOMOJHHUTEIbHON
uHbopMauu 3a1Ar0TCS COOCTBEHHBIE 3HAYCHUS COOTBETCTBYIOIIUX
muddepeHnanbHbIX  ONMEpaTOpOB U KBajpaTbl HOPM  COOTBETCTBYIOIIMX
cobctBeHHbIX (yHKIUA. B padotax U. M. I'enbdanna u b. M. JleBurana, M. T.
Kpeitna, B. A. Mapuenko, JI. JI. ®agneeBa u JIpyrux aBTOPOB HUCCIEIOBaH
HIMPOKUNA  KJIacC CHEKTPaJIbHBIX OOpaTHBIX 3a7ad, TMOJY4YEHbl TEOPEMBbI
CYILIECTBOBAHMUSI M E€IUHCTBEHHOCTU pemieHus. K crnekTpaibHbIM MOCTaHOBKAM
MOXHO OTHECTH M TakuWe OOpaTHpIe 3aJadd, B KOTOPBIX B KadeCTBE
JOTIOHUTENbHOU HH(pOpMaIuy 3amaercs npeodbpazoBanre Oypre MO0 BpeMEHH OT
pEIICHHS] COOTBETCTBYIOIIEH MTPSMOM 3a7a9d JIJIs1 TUIIEPOOINIECKOTO YPaBHCHHUS.

B nuHamuueckux OOpaTHBIX 3ajjayaXx B KadyeCTBE JIOMOJHHUTEIHLHOMN
uH(bOpMaIUU 3aJaeTCs CJEeA PEeUICHUS COOTBETCTBYIOIIEH MNpAMOW 3aladyd Ha
HEKOTOpPOH, KaK MPaBUJIO BPEMEHUIIOA00HOM, moBepxHocTU. [lepBble TOCTaHOBKHU
JTUHAMUAYECKUX OOpaTHBIX 3a7ad JUisi TUNepOOIMYEeCKUX YpaBHEHUH U CUCTEM
Optn  chopmynupoBaHbl M ucciaegoBanbl M. M. JlaBpentheBeiM u B. T
PomanoBeiM, A. C. bnaropemenckum, A. C AnekceeBbIM. CHCTeMaTHUECKOE
UCCJIEIOBAHNE TUHAMUYECKUX OOpaTHBIX 3a7a4 JJisi TUIIEPOOTUYECKUX YpaBHEHUN
u cucteM Obulo mpoBeneHo B. I'. PomanoBeiM. MeToauka moka3zaTesibCcTBa
JIOKAJIbHBIX TEOPEM CYIIECTBOBAHUS M €JAMHCTBEHHOCTH PEIICHUSI OOpaTHBIX
JWHAMUYECKUX 3aJa4, a TakXKe TEeOopeM EIUHCTBEHHOCTH U  YCIOBHOMU
ycroiunBoctd "B uenom", passuras B. I'. PoMaHOBbIM, Oblla IpUMEHEHa B
UCCleIOBaHUM MHUPOKoro kpyra obparneix 3amau C. 1. benunckum, B. T'. SIxHo,
C. WM. KabGanuxunsiM, T. II. IlyxnauéBoii. Pa3symeercs, mnpuBeneHHas
KJaccudukaiys He SBISETCS BCCOOBEMIIIONIEH W B U3BECTHOW CTETEHH YCIIOBHA,
MOCKOJIbKY BO MHOTHX IyOJMKAIMAX HCIHOJB3YIOTCS pa3iudyHble KOMOWHAIUU
JWHAMUYECKUX TOCTAHOBOK CO CIIEKTPAJIbHBIMM W KHHEMaThueckuMu. MHoraa
UCIIOJIB3YIOT KJIAcCU(UKAIIMI0O OOpaTHBIX 3a7ad MO HUCKOMBIM (PYHKIUSM WITU
paccMaTpUBaE€MbIM YPaBHEHHSIM.

CBsi3p 0OpaTHBIX 3a7a4 C ypaBHEHHUsIMU BoibTeppa MCIOJIb30Baach B CaMbIX
paHHUX padoTax Mo Teopur oOpaTHBIX 3a1a4. C OCHOBHBIMHU pe3yjIbTaTaMHu B 3TOU
00JJaCTH MO’KHO TO3HAaKOMUThCA B MoHorpadusx M. M. JlaBpentbeBa, B. T’
PomanoBa, A. JI. Byxreiima, C.1. KaGanuxuna. OcHOBHasI ujesi MeToja orepa-
TOPHBIX ypaBHeHUU Boibreppa B HpUMEHEHHMM K OOpPaTHBIM JUHAMHYECKUM
3a/1auaM JJI TUIIEPOOIMUECKUX YpaBHEHUN 3aKJIFOYAeTCs B TOM, YTO JJII MHOTHUX
rUNepOoIMUeCKUX YPaBHEHUN U3BECTHBI MHTETPAIbHBIC MPEICTABICHUS PEIICHUN
B BHJIC HHTETPAJIbHBIX YPaBHEHHH BOJIbTEppPOBCKOTro THNA. Mcmonw3ys 3Tu
MIPE/ICTABIICHUSI, & TAaK)Ke JOTOJbHUTEIbHYI0 MH(POPMAIMIO O PEIICHUU MPSIMOU
3a/1aud, MOXHO TOJYYHUTh OINEPATOPHOE ypaBHEHUE BoibTeppa OTHOCUTEIHBHO
HUCKOMBIX KO3(DPUITUEHTOB.

B pa6otax M.I'paccenu, A.Jlopentm, C.1. Kabannxuna, A.Jl. Byxreitbma, B
OCHOBHOM, HCCIIEJIOBAIMCH OJHOMEPHBIE OOpaTHBIC 3aJadydl OMpEIETCHUs sapa
WHTETPALHOTO YJieHa B HHTETPoAu(PPEpeHIIMAIBHBIX  THUMEPOOIMUECKUX |
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napaboMYeCKUX YpPaBHEHUSX C PACIpPENeICHHBIMU MCTOYHUKAMH BO3MYILECHUS.
W3ydyeHne Takux 3aaad AJid JMHEWHBIX MHTErpoau(depeHuanbHbIX ypaBHEHUN
TUNEepOOIMYECKOr0 THUIA  C COCPEJOTOYEHHBIMH  (eabTa — OOpa3HBIMM)
UCTOYHUKAMU JIOKAJIM30BaHHBIMUA B OKPECTHOCTH (PMKCHPOBAHHON TOYKE WIM Ha
HOBEPXHOCTHU paccMaTpUBaeMoi 001acTy IPOBEJEHO B HACTOALIEH padoTe.

PaccmaTpuBaemble B 3TOH paboTe NAMHAMUYECKUE OOpaTHbIE 3adaud Ui
T depeHIIMATBHBIX YPAaBHEHUN COCTOST B ONPECIIEHNN (DYHKIMU NaMSATH CPE/Ibl
0 HEKOTOpOoil mHOpMaIu 00 000OIIECHHBIX PEHICHUAX ITHX ypaBHEHUH. 37eCh
NOCPEICTBOM OOOOIICHHBIX PEIIEHUN OMUCHIBAIOTCA MPOLIECCHl PACIPOCTPAHEHUS
YOPYIUX WM 3JEKTPOMATHUTHBIX BOJIH, BO3HUKAIOIIUMX OT HCTOYHHKOB THUIIA
UMITYJIbCHBIX HampaBlIeHHbIX "ynapoB" mwian "B3pbIBoB". PaccMarpuBaeMbie 0000-
IICHHbIE pelieHus: audQepeHnalbHbIX YpaBHEHUH, KaK MPaBHIIO, SBISIOTCS
byHIaMEHTaIbHBIMU PEIICHUSIMH.

3amaya BOCCTAHOBJICHUS CBOWCTB CpeApl IO JAHHBIM, IIOJyYCHHBIM B
pe3yibTaTe U3MEPEHUs CBOMCTB PACCESIHHOTO M3JIyYEHMS Ha I'PAHMIIEC, BO3HUKAET
BO MHOIHMX pa3jieflax eCTECTBEHHOW Hayku. B mocnennee Bpemst HaOmronaercs
IOBBILICHHBIN MHTEPEC K 3a/ladyaM ONPEIEICHUS IIPEABICTOPUN CPEABI, B KOTOPOH
IIPOTEKAET TOT WJIM WHOM BOJHOBOW mporecc. [lo-BHauMOMy, 3TO BBI3BAHO C
Oosee TOYHON CTENEHW MOJEIUPOBAHUEM KaKUX-THOO (PU3NUYECKUX IOJIEH,
IPOLECCOB, WM SIBICHUH (PJIEKTPOMAarHUTHBIX, aKyCTHUYECKUX, CEHCMHYECKHX,
TEIUIOBBIX U T.1I.). 3yueHue oOpaTHBIX 3a4ad Jyisl BHOBb BOZHUKIINX YpPaBHEHUI
TpeOyeT HOBBIE MOCTAHOBKHU 3a/1a4 U METOJIbI UX UCCIEIOBAHUIL.

CBs3p auccepTalMOHHOM PpadoThl ¢ TeMaruyeckumu mianamu H U P.
Tema nuccepranmonnoi padotsl dypauesa J[.K. «OOpaTHbie 3amaun 11t cpen C
MOCJEACHUCTBUEM) YTBEpPKJICHA Ha YYEHOM coBeTe byxapckoro rocynaap-
CTBEHHOTO YHHMBEPCUTETa M BBINOJIHEHA C IUJIAHOBOM TEeMaTUKOW Kadeapsl
«nddepennranbapie ypaBHEHHSD.

Hear wuccaegoBanuss. OCHOBHOM I1IE€JIbI0 HACTOSIIEH JUCCEPTALIMOHHON
paboThl ABJISETCS MOCTPOCHUE METOJOB PEIICHUS OJHOMEPHBIX U MHOTOMEPHBIX
OOpaTHBIX JWHAMUYECKUX 3aJau JUIsl TMNEepOOJIMYECKUX YpaBHEHHUU B Cpelax C
NOCJIEICHCTBUEM, a TakKK€ HCCIEIOBAHNE E€IUHCTBEHHOCTH, YCTOMYHMBOCTU U
CYLIECTBOBAHMSI PEIICHUS 3TUX 0OpaTHBIX 3a/1a4.

Jlnsa 1ocTHKeHNA MOCTABJIEHHOM LEeJIN:

-IloctaBiieHbl U UCCIEIOBaHbI MPsIMbIE U OOpaTHBIEC 3aa4yM ISl UHTErpoaud-
(bepeHIanbHbIX YpaBHEHUH BTOPOTO MOPSAIKA C TUIEPOOTMUYECKUM ONIEPATOPOM B
IJIABHOW YaCTH.

-M3ydenbl oOpaTHbIE 3a7]a4K ONpEIeTICHUs sApa MaMsITH U3 CUCTEMbI ypaBHE-
HUW TEPMOYIIPYTOCTU B BEPTUKAIBHO — HEOJHOPOAHON HECBSI3HOM Cpele ¢ Iam-
ATBIO.

-UccnenoBanbl MHOTOMEpPHBIE OOpaTHBIE 3aJauyd OMNPEICNICHUs SApa MaMsATh
Cpellbl aHAIMTUYECKOE IO YaCTH NPOCTPAHCTBEHHBIX KOOPAMHAT M IJIAJKOE IO
BPEMEHHOW NIEPEMEHHOM.

-[locTaBiensl U U3ydeHbl OOpaTHbIE 3aJaud OJHOBPEMEHHOIO OIpeAeNeHUs
JIBYX HEM3BECTHBIX (YHKIMI U3 TUNEpOOIMYECKOr0 YpaBHEHHsI BTOPOTO MOpsIKa



B cpeane ¢ mnamsaTeio. MccrnenoBaHel oOpaTHbIE 3aladydl O HAXOXACHUU
HECTAllMOHAPHBIX XapaKTEPUCTOK CPEIbI.

3agaum ucciaegoBanusi. OCHOBHBIMH 33/1a4aMU UCCIIEOBAHUS SIBIISIOTCA:

-MI3yuenue oJHO3HAUYHOM pa3pemmMocTH 00o00meHHoN 3agaun Komm s
TUNEepOOINYECKOr0 HMHTETrpOAN(PPEpEHINANbHOIO YPAaBHEHUSI C IOCTOSHHOU
IJIABHOM 4YacTbl0 M € MEPEMEHHbIMU KOIPPUIMEHTAMH TpU  MIIAJIIMX
npou3BOAHbIX. MccienoBanue oOpaTHOW 3aauM HaXOXACHUS Spa HUHTErpallb-
HOT'O YWIEHA [0 U3BECTHOMY B TOYKE X =0 PEHICHHUIO IPSIMOil 3aJa4H.

-HccnenoBanne HavyalbHO-KPAacBOWM  3aJayd Ui CUCTEMBl  YPaBHEHUH
TEPMOYIIPYTOCTH B BEPTHUKAIbHO-HEOJAHOPOIHON HECBS3HOM Cpelle C MaMSThIO.
Pemenne oOpaTHOI 3amadu ompenesneHus sapa NaMaTh MO 33JaHHOMY B TOYKE
X =0 PELICHUIO NPAMOU 3aauH.

-M3yuenne HayalbHO-KpaeBOW 3afaud i HMHTErpoaAudQepeHnaibHOro
MHOTOMEPHOTO BOJHOBOI'O YPAaBHEHMs C MMITYJIbCHOM (yHKIMEH 10 t W aHau-
THYECKOM 1o xeR" ycioBuem HeiliMaHa Ha rpaHuue MOJYIIPOCTPAHCTBA.
HccnenoBanue npsMoi M oOpaTHOW 3a4ay B MPOCTPAHCTBE (PyHKUMN aHAIUTH-
YECKUX 110 IPOCTPAHCTBEHHBIM IIEPEMEHHBIM H TJIAJKUX 10 BPEMEHHOM ITEPEMEH -
HOW. M3ydyeHue BpIlIE 33a4 C yYpaBHEHHMEM, KOIJA NAMATh YMHOXKEHA Ha
BTOPYIO IPOU3BOAHYIO 0 BPEMEHU U AUPPEpeHLUaNbHbIN ONepaTop MEPBOTo
HopsZKa MO MEePEeMEHHOM X, KOA(p(UUUEHTHl KOTOPOTO SBIAIOTCS JEHCTBUTEIb-
HbIMHM aHAIUTUYECKUMH QyHKusiMH. UccnenoBanue nuddepeHinanbHbIX CBOMCTB
perieHus npsaMor 1 00paTHOM 3aaad.

- IlocraHoBka M uccienoBanue 0000mEeHHON 3amaun Komwm ais nByMepHOM
CUCTEMbI ypaBHEHUN MakcBelia ¢ MaMsAThlo, a TAK)XKE U3yuyeHUue 0OpaTHOU 3a1auu
HAXOXKJEHUS JBYMEPHOIO sipa NaMATH CpPedbl IO M3BECTHOMY Ha IUIOCKOCTH
X; =0 OJHOMY M3 KOMIIOHEHTOB 3JIEKTPUYECKOTO TOJIS.

-MccnenoBanue rinadoibHONW pa3pelIMMOCTH MPSMBIX U OOpaTHBIX 3a1ay IS
OIHOMEPHBIX M MHOTOMEPHBIX BOJHOBBIX YPAaBHEHHM C COCPEIOTOYEHHBIMHU
MCTOYHUKAMU BO3MYILICHUS.

-M3ydeHne oOpaTHbBIX 337a4 OJHOBPEMEHHOIO OMPENENIEHUS IBYX HEM3BECTHBIX
B HAYAJIbHO-KPA€BOM 3ajJade [JIsi BOJHOBOIO YPaBHEHUS C MTHOBEHHO
JEUCTBYIOIIUM UMITYJIbCHBIM UCTOYHUKOM.

- HccnenoBanue MpsSiMBIX UM OOPATHBIX 3a/lad HAXOXKJICHUS HECTallMOHAPHBIX
XapaKTEPUCTOK CPe/Ibl U3 TUIIEPOOIMUECKOTO YPaBHEHHUS BTOPOTO MOP-5IKa.

O0bekT U mnpeaMer wucciaeaoBaHuss: OOBEKTOM HMCCIICIOBAHUS SIBIISIOTCS
OJIHOMEPHBIC U MHOTOMEPHBIE TpPSIMbIE W OOpaTHBIC 3aJaud I UHTETpOoaud-
dbepeHIMaNbHBIX ~ YPaBHEHUN THUIEPOOIUYECKOTO THUIIA BTOPOTO TMOpSAKA H
CHUCTEMBbI ypaBHEHUN MakcBea ¢ MaMsThiO.

Metoabl ucciaenoBanus: OIHO3HAYHAS pPA3pEUIMMOCTh MNPSIMBIX 3a4ad J0-
Ka3aHa 3aMEHOM 3alaud C WHTErpajbHBIM ypaBHEHHEM BTOpPOTro poaa Boib-
TEPOBCKOTO THUINA M MOCIEAYIOIIUM INPUMEHEHUEM METOJA IOCIEA0BATEIbHBIX
npuOmkeHui. JlokazareabCTBO JOKAIBHON pa3pelIMMOCTH 00paTHBIX 3a/1a4 Mpo-
BOJMTCSI HA OCHOBE METOJ]a CKUMAIOIIUX OTOOpPaKEHUI MPUMEHEHHOTO K CUCTEME
WHTETpaJbHBIX YPaBHCHUIN 3KBUBaJIEHTHOW 0OpaTHOU 3amadyu. OIEHKH yCTOW4YH-



BOCTH YCTAaHABJIMBAIOTCS METOJOM OLEHOK HMHTETPAJIbHBIX YPAaBHEHUH W IOCIIE-
OYIOIIMM TNpUMEHEeHHeM HepaBeHCcTBa ['ponyosuta. A Takke B paboTe HCIOJb-
30BaHbl JPYrM€ METOJbl MAaTEMATUYECKOrO aHAIN3a U YPABHEHUN MaTeMaThyec-
KOU (PpU3HKHU.

OCHOBHBIC M0JI0’KE€HNSI, BBIHOCHUMbIE HA 3ALINUTY.

- Pesynbrarel mo auddepeHnranbHbIM CBOWCTBAM pelieHus 0000IeHHON
3amaun Komm miis unTerpoanddepeHnaibsHoro  ypaBHEHHUs TUIIEPOOIMYECKOTO
THANIA BTOPOTO TNOPSIAKA C BOJHOBBIM ONEPATOPOM B TJIABHOM 4YacTU U C
NEePEMEHHBIMU KO3 (PUIMEHTaMU TpU  MIAAIMIMX I[POU3BOAHBIX. Teopembl
CYIIECTBOBAHMS, €IUHCTBEHHOCTH U YCIOBHOW YCTOWYMBOCTH OOpaTHOM 3a/1adyu
ONpPEEIICHUS SApa NaMsATH.

- JlokanbpHast ofHO3HAYHASA PA3pPEIIMMOCTh U OIIEHKA yCTOMYMBOCTH OOpaTHOM
3a/1a4M ONPENEIICHUs SA/Ipa MaMATH W3 CUCTEMBl YPAaBHEHUN TEPMOYIPYTOCTH B
BEPTUKAIBHO — HEOAHOPOIHOW HECBA3HOM Cpele.

- JlokanpHas OAHO3HAYHAs PA3PEIIMMOCTh M OLICHKA YCTOWYMBOCTU MHOTIO-
MEpPHBIX OOpaTHBIX 3ajad OINpeNeIeHUs AApa MaMsITH CPeIbl, AHATTUTHUYECKUX 10
YaCcTH POCTPAHCTBEHHBIX KOOPAUHAT U IJIaJKUX I10 BPEMEHHON NIEPEMEHHOM.

- 'moGanpHas paspemuMocTh 3agauy 00 ONpeAesieHUd OJHOMEPHOIro  sijipa
NaMATH CpEelbl U3 BOJHOBBIX YPAaBHEHHWM pa3HOW pa3sMEPHOCTH IS IOJIyIpOC-
TPaHCTBA W MPOCTPAHCTBA B Kiacce (PyHKUUN C SKCIIOHEHIIUAIBHBIM BECOM.

- TeopeMsl JOKaJIbHOM U TI00aIbHON OJHO3HAYHON Pa3pelIMMOCTA U OLIEHKH
YCTOMYMBOCTH 3a1a4  OJTHOBPEMEHHOTO OIPENEICHUs] JBYX HEHW3BECTHBIX
K03(PUIIMEHTOB.

- Pesynprarhl mo JIOKaJIbHOM pPa3pelIMMOCTH OLIEHKM YCTOWYHMBOCTHM 33134
ONpEENCHUS] HECTALIMOHAPHBIX XapaKTEPUCTUK CpPEIbl W3 TUIEPOOTUUECKUX
YPaBHEHUM BTOPOTO MOpAAKA. TeopeMbl €AIMHCTBEHHOCTH B LIEJIOM.

HayuyHnast HoBU3HA.

- HccnenoBansl nuddepeHiaibHbple CBOMCTBA PEIIeHUs Ha4allbHO — KpaeBOn
3aJja4uM JJIl TPEXMEPHOro MHTErpoaudHepeHIMaTIbHOr0 BOJIHOBOTO YpaBHEHUS B

noynpocTpaHcTBe R° ¢ HyJIeBBIM yCIOBHEM Ha IPaHHUIE C COCPENOTOYEHHBIM

MCTOYHUKOM BO3MYyIleHUs. JJOKa3aHbl TEOPEMBI CYIIECTBOBAHMS, €IUHCTBEHHOCTH
U YCJIOBHOM YCTOMYMBOCTH OOpaTHOM 3ajauu OMNpeaeeHUs siApa MamsTh IO
W3BECTHOMY B TOUKE X =0 PEHICHUIO NPSIMOM 3a]1a4u.

- UccnenoBana o6o0menHas 3anaya Komm mist uarerpogud pepeHunanbHoro
ypaBHEHHUS TUNEPOOTNUECKOr0 TUIIA BTOPOTO MOPSIIKA C BOJTHOBBIM OIEPaTOpoM B
TJIABHOW YacCTH M C IEPEMEHHBIMU KOd(DPUITMEHTAMU TIPH MITAIIITUX MPOU3BOTHBIX.
IIpy 5TOM BO3MYLIEHHs CPEAbl UCXOAUT OT MIHOBEHHOIO TOYEYHOI'0 MCTOYHMKA,
pacmojoXEeHHOro B Havaje KoopauHaT. B oOparHoit 3amaue Tpebyercs
ONPENENNUTh SAPO MAMSITH CPENbl MO 33JaHHOMY B TOYKE X =0 peleHus npsaMoun
3agaun. JlokasaHbl TEOpPEMbl JIOKAIBHOW OJHO3HAYHOM pPa3pelIMMOCTH U
YCTaHOBJICHA OIIEHKA YCJIOBHOM YCTOMUYMBOCTH OOpaTHOM 3a/1auHu.

- JlokazaHbl TeOpeMbl OJHO3HAYHOM pa3pelIMMOCTH OOpaTHOM 3aj1auu
ONpENENICHNUs s/pa NaMATH W3 CUCTEMBl  ypaBHEHHUW TEPMOYNPYrOCTH B
BEPTUKAIIBHO — HEOJHOPOAHOMU HECBS3HOU cpene 3aMOJIHAIOIIEN



HOJYIIPOCTPAHCTBA R’ ¢ MTHOBEHHBIM HCTOYHMKOM Ha TpaHHIE. Y CTAaHOBICHA

OIICHKA YCJIOBHOM YCTOMYMBOCTH OOpaTHOM 3a/a4H.

- [lomydensl TeOpeMBI JIOKAJIBHOW OJHO3HAYHOM Pa3pelMMOCTH MHOTOMEPHBIX
OOpaTHBIX 3aa4 OMpECNICHUs SApa MaMsITH CPEAbl, aHATUTHYECKHX M0 YacTh
IIPOCTPAHCTBEHHBIX KOOPAMHAT M TIAJKUX MO BPEMEHHOU mnepemeHHou. [Ipsamyro
3alayy TMpEeACTaBIsIET HadalbHO — KpaeBas 3amada jiui1 N+l - mepHoro
uHTEerpo AU HepeHIMaTFHOTO BOJIHOBOTO YPAaBHEHHUSI C MTHOBEHHO JCHCTBYIOLIUM
MCTOYHMKOM HA TpPAaHUIEC. YCTAaHOBJICHBI OLEHKH  YCIIOBHOM YCTOMYMBOCTH
oOpaTHBIX 3aJad. A TakKe HCCIEeNI0BaHbl BOIPOCH JIOKAJTBHOW OJHO3HAYHOU
pa3pelIMMOCTH HAXOXKJICHHS sIpa IMaMsITH, CTOSIIEH MpU NEPBOM, BTOPOM
MPOU3BOJIHBIX 10 BPEMEHHOW NIEPEMEHHOW OT PEHIEHUs NpsAMOM 3aJayud B
BOJJHOBOM ypaBHEHHMH. JlokazaHa Teopema JIOKAJIbHOW  OJHO3HAYHOU
pa3pelIuMOCT TOJOOHOM 3aJayM ¢ ypaBHEHHEM KOTJla sIIpO YMHOXKEHO Ha
mudepeHIManbHbld  omepaTop MEPBOrO  MOpsIKa IO  MEPEMEHHOM X,
KOO (PUIIMEHTBI  KOTOPOTO  SIBJISIIOTCA ~ JIEUCTBUTENbHBIMU  aHATUTHYECKUMU
(YHKIUAMMU.

- HccnenoBanbl BOMPOCH! INIO0ANBHONW Pa3pelIMMOCTH 3a/1ady 00 omnpeeeHun
ONHOMEPHOIO  siApa MaMATH  CpPedbl M3 BOJIHOBBIX YPaBHEHHW pa3HOMN
pPa3MEpHOCTH ISl MOJYIPOCTPAHCTBA U NPOCTPAHCTBAa B Kiacce (DYHKIMM ¢
DKCHOHEHIMAJIBbHBIM BecOM. (C BBEIEHHMEM OKBHUBAJICHTHBIX BECOBBIX HOPM
JIOKa3aHbl TEOPEMbl TJIOOAIBHOW pa3pelIMMOCTH OOpaTHBIX 3adad. A Takxke
BBIITACAHBI OLIEHKU YCIIOBHOM YCTOWYUBOCTH.

- JloxazaHbl TeOpeMbl JOKAJIBHOW U II100aJIbHOM OJHO3HAYHOHN pa3peuIMMOCTH
3aJ]a4d OJJHOBPEMEHHOTO OIPENETICHUS ABYX HEU3BECTHBIX KO3()(PUIIMEHTOB, OJTUH
U3 KOTOPBIX TPEACTABISECT SAPO  MaMsITH B HHTErpoauddepeHnaibHOM
YPaBHEHUU BTOPOro TMOpsSAKa TUIEpOOJUYECKOro THMa, a APYroil ompenenser
CKOPOCTbh pacHpOCTpaHEHHUsl 3ByKa. A TakKe HccieloBaHa MOAOOHas 3ajaya C
HEU3BECTHBIM MCTOYHUKOM  BO3MylleHUsA. llomydyeHbl OLIEHKM  yCIIOBHOM
YCTOMYHUBOCTH .

- HccnenoBanbl BONPOCHI JIOKAJIBHOW Pa3pelIMMOCTH 3a0ad  ONPEIEIICHUS
HECTAallMOHAPHBIX XapaKTEPUCTUK CpeAbl M3 TUNEPOOIMYECKHX  YpaBHEHUU
BTOPOro nopsika. JlokazaHel TeOpeMbI I100ANTBHONW €JUHCTBEHHOCTH U YCJIOBHOM
YCTOMYHUBOCTH.

Hayynassi W mnpakruyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJICI0BAHMS.
Pe3ynpTaTel, NOJMy4YEeHHBIE B AMCCEPTALNN, HOCAT TEOPETUUECKUI xapakrTep. OHu
MOTYT OBITh HWCIIOJIb30BaHBI IS JAJIBHEUIIETO Pa3BUTHS TEOPUU OOPATHBIX U
HEKOPPEKTHBIX 33]1a4 JIJIsl ypaBHEHUN MaTEMaTHYECKON (PU3HUKH.

Peasmzanus pe3yabTaToB. PaboTra HOCHT TEOPETUYECKUN XapakTep.
[Tomy4yeHHbIe pe3yiabTaThl MOTYT OBITh PEKOMEHJOBAHBI JUISI HMCIOJb30BAHUS
CHEIUAINCTaM 10 OOpaTHBIM W HEKOPPEKTHBIM 3ajjayaM MaTeMaTHU4eCKOn
buzukm.

AnpofGanusi HaAy4YHBIX Pe3yJabTATOB aAuccepramuv. OCHOBHBIE PE3yIbTAThl
JUCCEPTALIMU TOKIABIBAIUCH U 00CY X AAINCH
Ha cemuHape kadenapsl BbicHied Marematnku HoBocuOupckoro — rocypap-
CTBEHHOTO yHUBepcuTeTa ( pyKoBoauTeNb: Wi. kKopp. B.I.PomaHoB); Ha ceMunape
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«OOpatHpie  3agaun reodyiektpukn» (Muctutyr Marematuku CO  PAH,
pykoBoautenu: wi. kopp. PAH B.I'. Pomanos, npodeccop C.1. Kabanuxun); Ha
cemuHape saboparopun «BomHoBbix mporeccoBy (Mucturyr Maremaruku CO
PAH, pykoBonutens: uia. kopp. PAH B.I'. PomaHoB); Ha ropojckoM ceMuHape
«CoBpeMeHHbIEe MPOOJIEMbI TEOPUU YPABHEHUI B YaCTHBIX MPOU3BOAHBIX» ( MHC-
TUTYT MaremaTukun u WHGOPMAIMOHHBIX TexHojoru, AH PY3, pykoBoautensb:
akageMuk AH PY3 M.C. CanaxutaunoB); Ha cemuHape «CoBpeMEHHBIE METOJIbI
MaTteMatnueckor gusukm» (HarmonanbHbIN yHUBEpCUTET Y30€KHCTaHA, PYKOBO-
nutenb: akaaemMuk AH PY3 IIILA. AnumoB); Ha cemunape xadenps! «uddepen-
nuagbHble ypaBHeHUsD» (byxapckuil rocygapCTBEHHBI YHHUBEPCHUTET, PYKOBOJIU-
tenb: poneHT X.X. AxmenoB); Ha PecnmyOnukaHckoil HaydHON KOHGEpEeHLUU
«HoBbie Teopembl Mononbix mateMatukoB» (Hamanran, 1994 r, 2003 r.); Ha
MexayHapoaHoi koHpepeHimn «luddepenimanbapie ypaBHEHHS B YaCTHBIX
MPOU3BOJIHBIX W POACTBEHHBIE TpoOiembl aHanmuza» (Tamkent, 2004 r.); Ha
MeXIyHapoaHOH KoH(pepeHunn «COBpeMEHHbIE MPOOJIeMbl MaTeMaTHUECKON
¢busuku 1 nHGOopMaIMOHHBIX TexHoJoruiy (Tamkent, 2005 r.); Ha MEXITYHAPOI-
HOM KoH(pepeHn «Maremaruueckas ¢pusuka u ee npuioxenus» (Camapa, 2008
r.); Ha MexayHapoJHol KoHbepeHuu «Juddepenimansasie ypapHeHus:, OyHK-
[IMOHAJIbHBIE TTPOCTpaHCTBa, Teopus nmpubamxenuit» (HoBocubupck, 2008 r.).

Ony0/MKOBaAaHHOCTH  pe3yJbTaTOB. Bce  pe3ynbrarel  AHMcCCEpTAIUU
omyONMKOBaHbl B paboTtax [144-173] B BUAC XypHAJbHBIX CTaTe W TE3UCOB
KOH(epeHU .

Crpykrypa u 00beM guccepranmu. J(uccepranusi COCTOUT U3 BBEICHUSA, MATH
IJ1aB, 3aKJIFOUEHHUA U CIIHCKA UCIOJb30BaHHOU nuTeparypsl. Kaxknas riiaBa pa3oura
Ha maparpadel. OObem pauccepraumu 249 crTpaHull, BKIOYas 6 CTpaHUIL
MUTHPOBAHHOW JuTepaTyphl. CIIUCOK JIUTEPATYpPHI COACPKUT 173 HauMEHOBAHHIA.
Hywmepamus popmyn nBoiinas: nepBas mudpa yka3plBaeT Ha HOMED TJIaBbl, BTOpas
- Ha HOMep (OPMYJIBI B HEH.

2. OCHOBHOe€ coaepKaHHue TUCCePTALUMN

Bo BBegeHnn OOOCHOBBIBACTCS aKTyaJlbHOCTh TEMBI JAWUCCEPTAllUU,  JIaH
KpaTKUil aHanmu3 ucciaeAyeMbix Tmpobnem. OmnpeneneHbl Iend W 3aJa4yu
WCCJICIOBAHNM, OTJINYEHA Hay4YyHAass HOBU3HA U MPAKTUYHAs 3HAYUMOCThH pabOThl U
0030p JUTEPATYPHBIX HICTOYHUKOB 10 TEME JUCCEPTALIH.

B nmepBoii rnaBe paccMaTpuBarOTCs OOpaTHBIE 3aJadud O HAXOXKICHUU
OJTHOMEPHBIX fANIep TaMSITH CpPEIbl, BXONIAIIMX B WHTETPAIbHBIC HJICHBI
rUNepOOIMUECKNX ypaBHEHH BTOpOTo mopsiaka. [IpoBeneHHbIE HCCIEIOBAHUS
MOCBSINAIOTCS TOTYYCHHIO TEOpeM 00 OJHO3HAYHOW Pa3peluMOCTH U OICHKaM
HENPEPBHIBHON 3aBUCUMOCTH U3MEHEHHsI peIIeHHs] 0OpaTHOM 3a1auu OT H3MEHEHHSI
uH(bopManuu.

PaccmatpuBaetcs 0600mieHHas 3aga4a Ko
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U, —Lu= ;k(z')u(x, t—7)dr +S5(x1),
Ul=0, (1)

re teR, xeR?, L - nruddepeHnanbHbIA OnepaTop, UMEIOIIUN BUT

3 2 2 2
Lu:Au+Zb,(x)a—u+c(x)u, Au:(52+82+52];
i=1 OoX; oX; OX, Ox,

o(x,t)- nmempra Qynkuusa Jwupaka, b(x)(i=123), c(X) - 3amaHHBIC TJAJIKHUC

(YHKIIMU CBOUX apTyMEHTOB.
OOparHast 3ajgaua 3akiarodaercss B onpeneneHnn ¢yakmun K(t), t>0, mo

H3BEeCTHOMY B Touke X =0 o0obmeHHOoMYy pemteHuro 3aaaun Komm (1)
u(©,t)=f(), t>0. (2)
Onpenenenne. Oynuxrus K(t) eC[O, oo) (M3 KJ1acca HEMpephIBHBIX (DYHKITHN)
Ha3bIBaeTCA pelieHueM oOpaTHou 3amaun (1), (2), ecim COOTBETCTBYMOIIEE ei
pemrenne 3amaunm (1) u(xt) e D'(R“) (u3 xmacca OOOOIICHHBIX (DYHKIINI)

yroBierBopsier paserctBy (2) mpu  f(t) e D'[0,0),b(X) € D'(R?’), i=12,3,
c(x) e D’(R3).

OxasbIBaeTcs, 4To pemieHue 3aaaud (1) COCTOMT U3 CyMMBI CHHTYJISDHOH M
perynspHoii QpyHkumii. [Ipy 5TOM perynspHas 4acTh PELICHUS SABIAETCA TJIAJKOM

(bYHKI.[HCI?I, CCJIM JaHHBIC 3aJa4 JOCTAaTOYHO I'NIaAKH.

B nepBom maparpade rnassl 1 3amaua (1), (2) usyueHa B MOJyIpOCTpPaHCTBE
R’ = {(xl, X,,%;) € R | %, > O} ¢ HyJIeBbIM ycnoBreM Heiimana na rpanune oR° npu
L=A. OgHuM U3 BaXXHBIX PE3yJIbTAaTOB 37ECh SBISICTCS TEOpEMa O JIOKAJTBHOM
paspermmumocTu ooparHou 3anaqu (1), (2).

Teopema 1.1. ITycts f(t)eC'(0,T] u f(+0)=0. Torna maiizerca T <(0,T],
takoe, uro Ha (0,T"] cymiecTByeT eIMHCTBEHHOE HEMPEPHIBHOC pEIICHHE
oOpatHoii 3amauu (1), (2).

Bo BTOpoM maparpade BTOpOIi IIaBbl McclieoBaHa oOpaTHas 3amada (1), (2)
IpU OTJIMYHBIX OT HyJs QyHKmud b (x) (i =1,2,3), c(x). AHasiorom Teopemsl 1.1

340CCh ABJIISACTCA cicaymomada TCopeMa CYHCCTBOBAHHUA WM CAMHCTBCHHOCTH B
MaJIOM:

Teopema 1.4. Ilycte b (X) eC3[GT], 1=1,2,3, c(x) eCl[GT], f(t)eC'0,T],

G, ={x: ‘X‘ <T}, T >0} u BeINONHEHO YCIOBHE COTJIACOBAHUS
3
c(0) + ZE b?(0) - 20, (0)} =8rxf(+0). 3)
i=1

Tornma Haiimercs T (0, T], takoe, uto Ha (0,T"] perenue obpaTHOi 3anaun
(1), (2) cymectByer u k(t) eC(0,T].

[IpuBeneM OLEHKY YCJIOBHOW YCTOMYMBOCTU pelieHusi oopatHoi 3amauum (1),
(2). dns storo onpenenum MHOkecTBO D(7',¢,) ans manHbX ¢yHkmmid (b, c, f)
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oOpaTHO# 3amaum, JUIE KOTOPBIX b(x) e Cs[GT], 1=1,2,3, ¢c(X) e Cl[GT],

f(t) eCY0,T], max{H bHC3[ } <c, W BBINOJHEHO COOTHOUIEHHUE (3).

SN LS
Beenem wmuoxectBo K(T,k,)  pemenmii oOpartHol 3amaum, Ui KOTOPBIX
KO €C(0.T] 1 [k, <k

Teopema 1.6. Tlycrs {(b',c', f'), (%, % f))} e D(T,;). Torma mus

cootBercTBytomux pemenuit k'(t), k*(t) e K(T,k,) obpatuoii 3amaun (1), (2)
UMEET MECTO OICHKA
1 2 1 2
e © -], <d{lb b
rae d =d(T,c,,k,) =const.
B tperhem maparpade riaBel 1 HccieqoBaHa OJHO3HAYHAS Pa3pEIIMMOCTh

oOpaTHOM 3alayu Il CUCTEMBbl YpaBHEHHI TEPMOYIPYTrOCTH B BEPTUKAIBHO-
HEOJHOPOJHOM HECBSI3HOU CpeJE C MaMSTHIO.

Tl x=(X,X%,%X)eR®’,teR,x,>0 paccmarpuBaetcs cucrtema auddepen-

Jescion 16 = ety *1 1= Fllesn
c3[6()] cliem c'oT]

OHUaJIbHBIX ypaBHeHI/Iﬁ HECBSI3HOM III/IHaMI/I‘IGCKOI\/'I TCPMOYIIPYI'OCTHU C IIAMATBIO

ou _ 0oy gt .
p—-=>» —L+| h(r)u(xt—7)dr, 1=1,2,3, 4)
ot ,Z:;‘ ox; 70
%H = KAH, (5)

rone H(x,t) - mpupamenue Temmnepatypsl, A - oneparop Jlamiaca mo mepemex-
HBIM (X, X,,%;), a  u(X,t) = (u,(xt), u,(x,t), u,(x,t)) - BexTop cmemenuii, h(t) -
cKaysipHast (QYHKIMS, XapaKTepU3yIoIlas MaMiTh CPElIbl, O
KOTOPBIX COIIACHO 3aKOHY I'yKa UMEET MECTO MpeACTaBICHUE

o .
o, = ﬂ£%+i]+5.. | adivu - 32+ 20) "y |
i OX 1 0

j i

- HAIIPSOKCHUA, TJIA

3neck o - cumBon Kpouekopa, divu = Zis:l@uiléxi. B cucremy nuddepennmann-
HBIX ypaBHeHUH (4), (5) BxomaT K - koahduIMeHT TeMnepaTypanpoBOAHOCTH, O
- IUIOTHOCTH cpenbl, A,y - mapamerpsl Jlame, o - ko3ddUIMEHT TErmIoBOTO
pacmupenust  cpensl.  [lamee  cumraercs, uro K>0  mOCTOSHHOIA;
p=p(%), u=pu(X), A=A(X)- OyHKOHAMH OXHOH  TEpPEeMEHHOH X,
YIOBJIETBOPSIOMIMMHE YCIOBHAM p0(X;) >0, 1(X,) > 0, A(X;) +21(x,) > 0.

Cucrema ypaBHenuii (4), (5) paccMaTpuBaeTcs CO CASAYIONMMHI HAaYaJIbHBIMU U
I'PaHUYHBIMU YCIIOBUSMH:

U]=0, =123, (6)
Hl|..,=0, (7)
Ty lym0=v8'(t), v=colon(0,0,1), j=1,23, (8)
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[Z—H—yH] =y (T,-T,)4,(0), ©)
X x3:+0

rne T, T,,y - mocrosHubele, T,>T,,¥»>0; @(t)=to(t), O(t)=1, mpu t=>0,
O(t) =0, mpu t<0; o'(t) - npousBoaHas aAenbTa - pynkuuu Jupaka. B obpaTHOi

3ajaue TpeOyeTrcs HaWTH (PYHKIIHIO h(t), te[0,T], T >0, Bxoasmym B
ypaBHeHHE (4) 110 U3BECTHOMY pereHuto 3anaqn (4)- (9):
u,(0,t) = g(t), te[0,T]. (10)
Ilpu »stom dysxmmn  a(y), p(X;), A(X;), 1(X;) u  mocrosHusle K, y, Ty, T,
CUHTAIOTCS 33 JAHHBIMH.
[Tpenmonaraercs, uto pyHkmus ¢(t) mMeeT ClIeayoIIyIo CTPYKTYpyY:

g(t) =-a(0)s(t) + g, (oY),  rme
a(y) = {[ﬂ,(r‘l(y)) +2u(c (V) | (Y] 2. % =7 (y) - byman o6patHa k

_ _ (M +2u)
=0=] 5 V("&)J oD

Teopema 1.7. [Tycth g,(t) eCZ[O,T],p(Z) eC® [0, r‘l(l'/2)],
M2)eC®[0,774(T12) |, u(z)eC®0,77(T/2) |, a(y) C[0, Y],
Y = R(T/2,T/2) = 0(t)(T, - T,)

t z 2 z
xjo {erfc(zﬂj —exp(yz+y kr)erfc( e + 7Mﬂdr
erfc(z) =1—erf (z),erf (z) = (Z/J;)jozexp(—fz)df, Z=X,

KpOMe TOI'O, BBIIIOJHCHBI YCJIIOBHA COIJIACOBAHUA
29,(0)=2/(0), 29,(0)a(0) —agy(0) = —a*(0)| $'(0) —2(S'(0))* |,

a(y)
S(y) = 20)°

Torna naiinercs T €(0,T] rakoe, uro Ha otpeske [0,7] cymecrsyer

rac

eIMHCTBEHHOE perreHuss obparnoit 3amaum (4) — (10) h(t)eC[O,T*:'. B stom
naparpade Takxe MmojiydeH aHajaor Teopemsl 1.6.

Bropas rmaBa moOCBsIEHAa H3YyYCHHWIO MHOTOMEPHBIX OOpaTHBIX —3aaad.
BBoaurcs mikana 6amaxoBo npoctpanctBo A(r), s>0, ¢yukimit ¢(x), xeR",

AHAJIUTUYCCKHUX B OKPCCTHOCTH HA4YaJIO0 KOOpAWHAT, AJIA KOTOPLBIX CIIPaBCAJIMBO
COOTHOIICHUC

lol, = SUPZ

IX<r|g=0 &

D“co(x)\ <o,
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3mece r>0, s>0u

o
D* = a—a
OXL..oX"

PaCCManI/IBaGTCH Ha4daJIbHO-KpACBasA 3aJgayda
U, —u,, —AU = _[; k(z,x)Mu(x,z,t—7)dz, (x,t)eR™, z>0, (11)

Ulo=0, U |_=58@®+h(xt)et), xt)eR™, (12)

rie A - omeparop Jlamnaca mo mepeMeHHBIM (X, X,,...,X,) =X, M - HeKoTopoii

L a= (), ld=aq+.+a, a=al.al

mudepeanbHblii  ONepaTop, BHI KOTOPOTO MPHUBOJUTCS TPHU KOHKPETHBIX
3aJlayax, pACCMOTPEHHBIX B IEPBOM U BTOPOM Maparpadax 3Tou IJI1aBbl.

B o6patHoii 3agaue Tpebyercs onpenenuth Gyrkmmo K(t,x),t >0, xeR", eciu
pemenue 3agaun (11), (12) uzBectHo nist 2 =0:

ul,=F(x,t), (xt)eR™. (13)

[Mpu srom ¢yukmus h(x,t) cuurtaercs wus3BecTHOM. IlokaswiBaeTcs, 4TO IS

pazpemmmMocT oOpatHoi 3amaun ¢yHkmus F(X,t) momkHa UMETh CIIeTyIONIyIo

CTPYKTYDY:
F(x,t)=-5(t) + f(x,1)0(t),

rae f(X,t)- u3BectHas perymsapHas GyHKIUS. MeTO HCCICIOBAHUS MTO3BOJISCT
OJHOBpeMeHHO Haiith ¢yHkmmu U(X,z,t), k(t,X). Iloatomy B nanbHeirem

oOpaTHyl0 3ajayy YyJ0OHO TpaKTOBaTh Kak 3ajadya omnpeneseHus QyHKIUH
u(x,z,t), Kk(t,x) u3 coornommenuii (11)-(13).

[Tycts D, =G; xR",G; ={(2,t)|0<z<t<T -2z}, T>0. UYepes
Con (GT, ASO) 0003HaYMM KJIacC (PYHKIUH, HENPEPHIBHBIX 10 MEPEMEHHBIM (Z,t)
B oOnactu G; €O 3HaUYEHUSAMMU B Ago. [Tpu puxcupoBanubix (z,t) HOpMY GYHKIMH
g(x,z,t) B A%O Oynem o0o3HadaTh dYepes ||g||S (z,t). Hopma ¢yukiuu g B
C(m(GT; A, ) OIIPEENSETCS PAaBEHCTBOM
= Su X,1).
90 orng ) = S92 Tk, O

B mepBom maparpade rnaBel 2 obpartHas 3amauda (11)-(13) wuccnemyercs B
ciydae Korga omeparop M coBmamaeT ¢ TOXKIECTBEHHBIM OTEPATOPOM.
OCHOBHBIM pE3yJIbTaTOM 3TOTO Taparpada sBIiseTCs

Teopema 2.1. Ilycte f(x,40)=0, f (x,+0)=-h(x,+0). Kpome Toro,

(F o1, h(xb), f (1), h(xb), (1)) eC, ([O,T]; Ago),
1], @ max(1.3 I, @11, 0} <5
max{u 0l IR, (t)}s% te[0,T], R>0,
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Torma Hailimercs Takoe ae(O,T/Z), yro g moboro se(0,S,) B obmactu
I =D;] {(x,zt)|0<z<a(s,—S)} cyuecIByeT IMHCTBEHHOEC pCLICHHE

obparHoii 3amgauu (11)-(13), mms koToporo

(u(x,z,t),v(x,2,1)) ec(z,t)(PsT; A%O)
k(t.x) €C,(I0,a(s, ~S)T A, ). Pr =Gl {(z.0)]0<2<a(s, )},

npu4em

lu - UOHS (zt) <R, |k- kOHS (z) <

vl @< @ter;,

(s, —8)*’ S, —S

e V(X,z,t) =u,(x,z,t), uo(x,z,t):%[f(x,t+z)+f(t—z)]+%.[::h(x,r)dr,

Ko (%, 2) =8[ f (x,t) + h, (X, 1) ] =, Vo (X, Z,t) = (6/ot)u, (X, Z,t).

Bo BTopom maparpade rmaBsl 2 oOparnas 3anaya (11)-(13) uccnenoBana aiis
2

cnydas M E%. Yepes C,(A,G) 0603Haunm Kiace (yHKUHii, HEIPEPHIBHO -

mudQepeHIpyeMbIX | - pa3 1Mo MEePeMEHHOW Z W HENpephIBHBIX Mo { B oOyacTu
G, co 3HaueHUsAMHU B A, .

HpI/IBeI[CM TCOPCMY JIOKAJILHOU OHHOBHaqHOﬁ Pa3pCInMOCTH.
Teopema 2.4. Ilyets f(x,0), f.(xt)|o, f, (x,0),i =1,...,n, Af (x,0),9(x,0)

IPUHAJICKAT Ago, s,>0, a f(xt), f(xt), f,(x1t),g(xt), g,(x,t) npuHamiexkar

C(A,.[0.T]). u
max [0l @], 2 Jn D], @, k], |= R

JUTSI
(z,t) e G, ={(z,1)|0<t<z<T}.

Torma ans npousBonsHOTrO Y >0 Haiigercs gucno a=af(s,,T,R,n), as, <T Takoe,

gro ayst modoro S € (0,S,) cymecTByeT eanHCTBeHHOE pemenue 3agaqun (11) - (13)

9(x,2,t) € Ci(ASO, DS), K(x,t) ecf(Aso, [0,a(s, —s)]),
rne D, ={(z,t)|0<t<z<a(s,—S)}, u s pemiecHuEe UMEIOT MECTO CJIEIYIOIIHE
HepaBeHCTBA

|- 9. @<z [k-K (2) < X
° (So - S)
me Wy (% 2) = (U2) f.(x, 1) |._, +(1/2)expl—k, ()29 (x,1),
hO(Xl Z) =2f (Xv O) exp[_f (Xv O)Z]g (X, Z) - ZeXp[_f (X’ O) Z]gt(X,t) |t=z +
+(1/2)Af (x,0) — H(x,2) f (x,2) — Af (x,2) —2z(VF (x,0), Vf (x,2)) -

20, () ke, +HDYF2(X,0),
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9 =f(x2), K'=k,(X)+zk,, (z,t)eD,.

B osrom maparpade Ttakke wucciemnoBanbl oOpartHbie 3amaunm  (11)-(13) ¢

orepaTopamu E% u M EZ:bi (X)ai+c(x), rre b(x),1=12,3,c(x)-
i=1 Xi

3aJlaHHbIC aHAMTUYECKUE (PYHKIIUU JIEUCTBUTENIBHBIX MepeMEHHbIX X . [lomydeHs
JIOKaJIbHBIE TEOPEMBI CYILECTBOBAHHUS, TEOPEMBbl EOUHCTBEHHOCTHM B LEJIOM H
OLICHKH YCIIOBHOM YCTOMYUBOCTH.

B Ttperbem mnaparpade BTOpOH TIJIaBbl pacCMOTpEHa OOpaTHas 3adada Juis
cUCTeMBbI HHTETPO U PepeHIInanbHBIX ypaBHEHUH MakcBeia

VxH =(alot)D(x,t) + cE + j, VxE=—(a/ot)B(x,t), (x,t) eR*, (14)
rae D(x,t) = £E + [ ;go(t ~DE(X7)dr,  B(xt)=uH +| ;z//(t —)H(x,7)dr,
E=(E,E, E),H=(H,H,,H,),D=(D,D,,D,),

B=(B,B,B,), Xx=(X,X,,X,),
o(t,X), w(t,x) - ckamsapHble (YHKIHU, XapaKTEPUIYIOIIUE TaMsTh, CTOPOHHBIN
TOK | MMeEET BUJ
1= 1°9(x)(x)3(),  J°=(0,10).
Cucrema ypaBHenuii (14) paccmoTpena ¢ 00001eHHbIME yelioBusAMU Kot
Elw=0, H[,=0. (15)
[Ipeanonaraercs, uro B ypaBHeHuUsiX (14) dyHkuuu &, ¢, o, @, i HE 3aBUCAT
OT KOOpIuHaTHl X,. Toraa pemenue 3agaun Komm (14) - (15) Taxxe He 3aBUCHUT OT
X, 1 E =E;=H,. OOparnas 3agaua 3aximo4aercs B ONpEACICHUN (DYHKIUH
@=@(t,x), ecmu oTHOcWTeNbHO pemenus 3amaun (14) - (15) wu3BectHa
uH(popmarus
E|X3=0: f(t,x), t>0, x eR". (16)

[IpuHUMaeTCs, 9T0 &, M - TIOCTOSHHBIE B R° M O - KyCOYHO-TIOCTOSIHHA:
c=0, nmpu X =0; o=0 mpu X,<0 u w =0(oTCcyTcTBME MarHUTHON
npensicropun cpeanbl). [Ipu Takux mpeanoaoKeHusx MoKa3bIBaeTCsl, 9YTO oOpaTHas
3agayva (14)-(16) cBoauTcs K 3aja4ue pacCMOTPEHHOH B MpeAbIayIeM maparpade.

B uyerBepTroM maparpade rnaBbl 2 u3ydeHsl AuQdepeHIuanbHbie CBONCTBA
pemieHuss oOpaTHOW 3a7adud O HAXOXACHUHM JBYMEPHOTO spa MaMsATd. 3agada
3akiouaercss B onpeaeneHun Gyakmun K(t,x),t>0,xe R wu3 ypaBuenus (11),

ecnu  oTHocuTenbHO perienne 3amaud (11), (12) (¢ h(x,t)=0) wussectHa

uHpopmanust (13). Cnenyromas Teopema IMOKa3bIBa€T, UYTO pEIICHUE 3aJayuu
o0nalaeT HEKOTOPOW CTEMEeHU TJIAJKOCTH €CITH TAaKOBBIMU SIBIISIOTCA JaHHBIC
3aJjauH.

Teopema 2.8. IIpeanosoxum, uro s t €[0,T]
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{@f o f agfz}EC(Asoi[O’T])’ i=01,2;

ot' 'ox*’ 0zox
2 2 3
masc ], |5 82 S22 ] Ler fenn = X029 g
82 oz°|.  |ox . 0Z0X ot

u y<(0,s,) - mpousBoibHOE (UKCHpOBaHHOE uKcio. Torna g yiodoro y >0
Haiperca mosoxkurensHas mnoctosHHat C=C(R,s,, T, y) Ttakas, uro mud
se(0,s,—7) pemrenne  oOparHo  3amaum  (11)-(13)  HempepbIBHO
nuddepeHIrpyeMo 1o nepeMeHHbiM (Z,t) B obmacTu

G, =G,(R,s, T, z,8)={(z,;t)|0<t<z<a(s,—y—9)},

H IS HCTO CIIPaBCAJIMBBI OLICHKHA

A (2,8 <&, max {
s V4

iz <e, = } <
} E ma{

|J3 o } e
01 ||
maxH (z t)} <—,(z,1) €G,.
7

B Tperbeli TiaBe M3ydaroTCs BOMPOCHI II100aIbHON pa3pelnMOCTH 00paTHBIX
3a/1a4 OIpEAENeHUs OQHOMEPHBIX sIep MaMATH. /[ MOCTaBIEHHBIX B 3TOMU IJ1aBe
3a/lad J0Ka3aHbl TEOPEMBbI TJ00aJbHOTO CYLIECTBOBAHMUS M €IMHCTBEHHOCTH,
IIOJIyY€HBI OLICHKU YCTOUYUBOCTH.

B nepBom maparpade rnaBbl 3 paccMOTpeHa HadallbHO-KpaeBas 3ajaya Jist
OJIHOMEPHOI'0 BOJIHOBOI'O YPaBHEHUS

U, U, — [ k(@Du(xt-7)dz =0, (xt)R?, (16)

Ulo=0, Uy l=0 )+ f®)o), (17)
B KoTOpoit R? = {(X,t) eR?*|x> O}..

[Tokazano, uyto pemenue 3agauu (16), (17) B OKpPECTHOCTHM XapaKTEPUCTH-

YECKOM IPSAMON t = X UMEET CIEAYIOLIYIO CTPYKTYPY:
u(x,t) =—=o(t —x) + 6(t — x)v(x,t).

OOGpaTHas 3aaya 3akjIr04yaeTcsl B omnpenesieHuu (yHKIUo K(t), BXOMISIIYIO B
uHTerpan ypasHeHus (16) mo undopmaium o peryaspHON 4acTH pelieHus 3aJadyu
(16), (17) B n1r000¥ MOMEHT BpeMeHH t >0 B Touke X =0:

v(0,t) =F(t), t>0. (18)

Teopema 3.1. Ilycts f(t) eCY0,T], F(t)eC?[0,T] u BBIMONHEHO yCIOBHE
COIJIaCOBaHUS

UDHW(H
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f (0) =—F'(0).

Torma oOpatHas 3amada (16) - (18) wuMeeT eOMHCTBEHHOE pEIICHUE
k(t) C[0,T],T >0.
O06o3HaUnM yepes A(k,) MHOECTBO byHKIMII k(t) eC[O,T],
YAOBJIETBOPSIOMIUX ITpU HEKOTOpoMm T >0 ycioBuio
” k ||C[O,T] = kO

C IIOCTOSIHHOM K, > 0.

Teopema 3.2. Ilycts k® e A(k,), i=1,2 pemenus o6paTHoii 3amaun (16) -
(18) ¢ maHHBIMHU f(i)(t), F(i)(t), 1=1,2, coorBercTBeHHO. Torma Haiinercs
[F*]

HOJIOXKHUTEIbHAs ocTossHHas C, 3aBucsmias ot T, k,, Hf“’” 4yTO

clpTy c?pTy’

BBIITOJIHACTCA OLICHKA

k(l)_k(Z) COTSC f(l)(t)_f(Z)(t) + |:(1)_|:(2)
[0T]

clor] coT] )

Bo Bropom maparpade TiaBel 3 pe3ynbTaThl Mpeaplayliero naparpadga
NepeHeceHbl Ha ciay4yal N+1 - MepHOro BOJHOBOro ypaBHeHus. Paccmorpum n -
MEpPHOE BOJITHOBOE YPABHEHUE C ITAMSTHIO

u, —u_—Au —I;k(r)u(x, y,t—7)dr =0, (y,t)eR™, x>0,
(19)
B KoTopoM A - omeparop Jlamnaca mo mepemennoit Y = (Y,,...,¥,), €O cleayo-
IMMH HAYaJIbHBIMU U TPAaHUYHBIMHA YCJIOBUSAMHA

ULo=0, U l,e=8 ®)S(y) + F(OOM)S(Y). (20)
O6o3naunm uepes Wx, 4,t), A =(4,...,4,) obpa3z ®ypre pynkmmm u(X,y,t):

$x, A1) = IRu(x, y,t)e'*Vdx, (4, y) =AY, +..+AY,.
[ToctaBum oOpatHy 3amauy: onpeneiautb K(t), t>0 mo 3amanHO# peryssipHOi
gactu oOpaza Dypwe pemenus 3amaum (19), (20) ma mpsamort X =0, mis
¢ukcupoBanHoro A =4, eR" ut<T,T >0, 1. e.
v(0,4,,t) = F(), 4 eR", t<T. (21)

3ametuM, uTo oOpaTHas 3axa4a (19) - (21) mpu A =0 coBmanmaer ¢ 3amaye, uccie-
JIOBAaHHOU B MpeAbIAyIIeM naparpade.

[IpuBeneM TeopeMy OJHO3HAYHOM TII00aIbHOM pa3pelIMMOCTH ISl 0OpaTHOM
sagaunm (19) - (21).

Teopema 3.5. Ilycts f(t)eC'0,T], F(t)eC?0,T] u BbImONHEHO yCIOBUE
COTJIaCOBAHUS

F(4,0)=0, f()= %— F'(0).

Torma oOparnas 3amada (19) - (21) wuMeeT €IMHCTBEHHOE pEIICHHE
k(t)eC[O,T], T >0.

B Tperbem maparpade riaBsl 3 paccMOoTpeHa cieayromas 0000IeHHas 3a1a4da
Kommn:
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U, —Au+cu + I:k(t —7)u(x,7)dz = vo(x,t), (22)

Ul=0, (23)
roe c=diag(c,¢c,,c;)=const, v =(v,,V,,V,)-enuHN4HBIl BekTop, V; %0,
1=1,2,3, O(x,t) - nenpra-dpynkuus Jupaka, K(t)=diag(k, K,, k,) - HensBecr-

HOE SI7IpO.
ITokazano, uto pemenue 3anauu Komm (22), (23) umeer Bua

u(xt) = Iff% S(t—|x]) +v(x,t),

rae V(X,t) mpeacraBiiseT co00i pacCeSTHHYHO BOHYIO.

[TocraBum oOpatHylo 3amady: ompenenuts ¢ynkmmo K(t) =diag(k, k,, k,),
BXOJISIIYI0O B MHTETpaN ypaBHeHHS (22) mo wH(OOpPMAIMU O PACCESHHOW BOJIHE
v(X,t) B 0001 MomeHT Bpemenu t >0 B Touke X =0:

v, =f(), f{)=(f, f, f). (24)
OCHOBHBIM PE3yJIBTATOM 3TOTO MHaparpada sBISCTCS CAeIyIOmas
Teopema 3.7. Ilycts f(t) € C'[0,T] u BHINOIHEHO YCIIOBUE COTNIACOBAHKE
cv

JORERS

Torma oOparnHas 3amada (22) - (24) wuMeeT ©IWHCTBEHHOE pEIICHHE
k(t)eC[O,T], T >0.

B derBepToM maparpade riaBel 3 HcCieayeTcs rI00ambHAsS Pa3perImMOCTb
3aJjauM OIPEJICICHHS JBYX HEU3BECTHBIX B OOpaTHOH 3ajave il MHTErpoaud-
(epeHIaTFHOTO BOJTHOBOTO YPaBHEHHUSI.

PaccmarpuBaeTcst HauaIbHO - KpaeBas 3ajada

U, U, —Au— ;k(r)Au(x, y,t—7)dz =0,(x,t) e R™, y >0, (25)
Ulo=0, Uy ],-o=8"(1)8(x) + f (OAV)S(x), (26)
B KoTOpoii A - omeparop Jlammaca mo mepemenHoit X=(X,...,X,). IlycTs

gl y,t), A =(A4,...,A4) obpaz dypre ¢ynkmmm Uu(X,y,t) mo mepeMeHHOH  X.
[ToctaBuM oOpaTHytO 3a1ady: onpeaenuts yukmuu K(t), f(t), t>0, Bxomgsamme

B ypaBHeHus (25), (26) mo uHdopmanuu o peryinsapHoil dactu oOpaza Dypne
pemieHus 3aaa4n (25), (26) na npssmoit Yy =0, i [T IBYX pa3iMyHbIX 3HAUCHUI

napamerpa mpeoopa3oBaHUsL:
v(1',0,t)=F(1',t), t>0,i=1,2 (27)
Teopema 3.8. ycts F(4',t) eC'[0,T], i=12,
F (14, 2%1) = F(4',t) = F(1%1) €C'[0,T] u BbIMOIHEHBI YCIOBHS COTIACOBAHMS
F(4',0)=0,i=1,2, ' # A%
Torma oOpatHas 3amada (25) - (27) wMeeT CIWHCTBEHHOE pCIICHHE
( f (1), k(t)) e C[0,T], ans moGoro T > 0.
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B d4erBeprOol INIaBe€ UCCIEAYIOTCA BOIPOCHI YCIOBHOM YCTOMYMBOCTH B
OoOpaTHbIX 3ajadyax o0 OJHOBPEMEHHOM OIPEAEICHUM JBYX HEU3BECTHBIX.
OCHOBHBIMM  pe3ylbTaTaMHu SIBJISIFOTCA  OLICHKM YCTOMYMBOCTH U TEOPEMBI
€IMHCTBEHHOCTH PACCMaTPUBAEMBbIX 3a4ad.

PaccmarpuBaercst HauanpHO-KpaeBas 3a/1a4da il ypaBHEHUSA

U, —(azux)X —(azuy)y —j;k(r)uxx(x, y,t—7)dr=0,(x,y,t) eR?xR, (28)

IIPU yCIIOBUSIX

Ulo=0, Uyl,-=(X)5"(t) + F(1)S() (1), (29)
B KOTOpBIX R’ = {(X, y)eR?*|y> O}. B stux ypaBHeHmsx xoddduruent a = a(y)

ABJAEeTCA TIONOKHUTENbHOH (yHkumeil kmacca C? (R,),R. = {y eR|y> O}, a
k(t), f (t) - HenpepsiBHBIC QyHKIMH, t€R.

B mepBom naparpade riaBel 4 u3ydeHa cieAyromas oopaTHas 3ajada; onpee-
mute ¢yakmun - a(y), k(), y>0,t>0, Bxomsmue B ypaBHeHHe (28), eciu

OTHOCUTEJIBHO pElIeHUs HaudajdbHO-KpaeBou 3amauu (28) — (29)  u3BeCTHHI
uHbopMaIuu

l%/l,,y,t)‘yzo=F(ﬂ,|,t),i=1,2,ﬂ1¢ﬂ,2,t>0, (30)
rae 9o, y,t)- mpeobpasoBanre dypre dynkmmu U(X,Y,t) Mo mepeMeHHONW X.
JloKa3bIBaeTCs, YTO JUIA Pa3peIIUMOCTH 00paTHO# 3amaun pyHkus F(A,t)
JI0JDKHA MMETh CIICAYIOIIYIO CTPYKTYPY:
F(A,t)=-5(t) + F,(4,1)0t), (4t)eR?, (31)
OGosnaunm uepe3  A(Cy,Cq, K,) MHOKECTBO nap dyskmmit  {c(y), k(t)},
yIOBJICTBOPSIONIMX MPU HEKOTOPOM T >0 CIEIyIOIUM YCIOBHSIM:

0< Coo < C(Z)' Hc(y)H CZ[O,TIZ]S Co> Hk(t)H C[o,T]S ko-

[Mycts pyukuus F(A,t) wumeer ctpykrypy (31) u FO(/l,t)ecl[O,T]
mpu  QukcuposanHoM A, F(t)=F(4,t)-F,(4,t) € C*[0,T]. Kpome Toro,
MPEANOIOKNAM, HYTO F:(1,0) sBusercs Bo3pacTatomeil (yHKIMEH 10
A,  AeR. OrHocutenvHo ¢yukuuu f(t)  Oymem cuuTaTh BBIMOJIHEHHBIM
yCIIOBHE
[FOllcory = fo
B koTopoM  f, - m3BecTHOE "MCIO.

CrpaBeyiiBa TeopeMa YCTOMYUBOCTH.

Teopema 4.1. Tlycts (cP, kW) e A(c,,cp k), (€?,k?) e A(c,,cop ky)
peuieHus oOpaTHoi 3a/1a4u (28) - (30), c JAHHBIMU
(FO(A0, 190), (FPA4u0, f@(1), j=1,2,  coorsercrsenno.  Torma
HalimeTcs monokutenbHas nocrostHHas C, 3aBucsmias ot A, A, T, Cy, Cys Ky, Ty,
YTO BBITIOJTHICTCS OI[CHKA
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Hk(l) _ k(Z)H cort Hc(l) _ C(Z)H
B KoTopom h(z) = Jozc(é)dé,
2
H= ZHFo(l) (/11' 1) — I:0(2) (/,Lj ’t)H
=1
ABTOp  BBIpaKaeT TIyOOKYI0  IPHU3HATEIBHOCTH CBOEMY  HAydHOMY

KOHCYJIbTAHTY wWieHy - koppecnoHaeHty PAH B.I. PomaHoBy 3a mocraHoBKy
3a/1a4 U MOJIE3HbIE 00CYKICHUS U3JI0KEHHBIX B TUCCEPTALIUU PE3YIbTATOB.

+[h®=n®| ;  <Cu,

c2[07/2] 3121

W _ @ O @
cl[o,T]—i_HFO0 Foo HCZ[O,T]—'_Hf f HC[O'T]'

3. 3ak/I04eHue

B nuccepraumu wmccinenoBaHbl BONPOCHI KOPPEKTHOCTH OAHOMEPHBIX U
MHOTOMEPHBIX AUHAMUYECKHUX OOpaTHBIX 3a]a4 ONPECIICHUS Apa HHTErPaTbHOIO
YjieHa B UHTErpoaudpepeHnanbHbIX ypaBHEHUH runepoonnueckoro tumna. [omy-
YeHbl METO/bI, MIO3BOJISIONINE CBECTU OOpaTHYIO 3adauy Uil JuddepeHaibHbIX
YPaBHEHUN B YaCTHBIX IPOM3BOJHBIX K PEUNIEHUIO CHUCTEMBl HHTETPAJIbHBIX
ypaBHEHHUI BTOporo mopsiaika BosbTepoBckoro tumna. PaccMoTpeHsl oOpaTHBIE
3alayd I IIUPOKOro Kilacca TMHepOOIMYecKHX MHTerpoAuddepeHInaIbHbIX
YpaBHEHUM C UHTETPAIbHBIM ONIEPATOPOM B IMPABOM YaCTH THUIIA CBEPTKH.

- MccnenoBanbsl  CBOMCTBA pENIEHUE NPSMOM 3aayd, KOTOPYIO IPEACTABIISIET
HayaJlbHO — KpaeBas 3ajaya JJisi TPEXMEpPHOro MHTerpoauddepeHunanbHOro

BOJIHOBOI'O YpPAaBHCHHS B IIOJYIIPOCTPAHCTBC R3 C HUMIIYJIBCHBIM HCTOYHHKOM

+

BO3MYyIIleHUs. JlokazaHa yclIOBHasi KOPPEKTHOCTh OOpAaTHOM 3a7auul ONpeieTIeHuUs
A]lpa UHTETPaJIbHOTO ONEpaTopa MO U3BECTHOMY B TOUKE X =0 PEIICHUIO MPSIMOI
3a1a4H.

- N3yuena o06o6menHas 3amaya Kowmm mis uHTerpoauddepeHunanbHoro
ypaBHEHUS TUNIEPOOIUYECKOTO TUTIA BTOPOTO MOPSIKA C BOJTHOBBIM OMEPATOPOM B
TJIABHOM YacTH U € MTEPEMEHHBIMHU KOA(DPUIIMEHTaAaMU TTPU MJIAIIINX MPOU3BOIHBIX.
N3yuensl auddepeHimaibuble CBOMCTBA pelieHus mpsMor 3anaud. JlokazaHsl
TEOPEMBbI JIOKAJIbHOW OJHO3HAYHOM Pa3pelIMMOCTH M YCTAaHOBJICHA OLICHKA
YCIIOBHOW  yCTOMYMBOCTH oOpaTHOM 3amaud. FcciaenoBana omHO3HAYHAS
pa3permmrMocTh OOpaTHOW 3a7auyd OMpENECHHS sApa MaMsITH U3 CHCTEMbI
YpPaBHEHUI TEPMOYIPYTOCTH B BEPTUKAIBHO — HEOJHOPOJHOW HECBA3HOUN Cpene
3aIOJTHSIONICH MOJYIPOCTPAaHCTBA R® ¢ MIHOBEHHBIM MCTOYHHKOM Ha IPaHHUIIE.

VYcraHoBeHa OlleHKA YCIOBHON yCTOMYMBOCTH OOpaTHOM 3a/1a4H.

- HccnenoBaHa — jOKajibHas OJHO3HAYHAs pPa3pelIMMOCTh MHOTOMEPHBIX
oOpaTHBIX 3aJa4 OIpEACNICHUs s/ipa MaMsATH Cpelbl, AaHATIMTUYECKUX MO YacTH
IIPOCTPAHCTBEHHBIX KOOPAMHAT U I'JIAJKUX 10 BPEMEHHOM INepemMeHHOU. [Ipsamyro
3a7a4y  MPEACTABIIET  HAYaJdbHO — KpaeBas 3ajaya Uil  UHTErpo-
muddepeHIMaTbHOTO  BOJHOBOTO ypPaBHEHUST C€ MIHOBEHHO JEHCTBYIOIIKUM
MCTOYHMKOM Ha TpAaHUIE. YCTAaHOBJICHbl OLEHKH  YCIIOBHOM YCTOWYMBOCTU
oOpaTHBIX 3a1a4.
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- W3ydyeHsl BOMPOCH TI00aTbHOM  Pa3pemmMOCTH 3adad 00 OINpeeICHUH
OIHOMEPHOIO  sipa NaMATH  CpPEIbl HM3 BOJHOBOTO YPaBHEHUS B Kjacce
HEMpPEepbIBHBIX  (PYHKIMI ¢ SKCIOHEHUUaNbHBIM BecoM. C  BBeACHUEM
HKBUBAJICHTHBIX BECOBBIX HOPM JOKa3aHbl TEOPEMbI TJ100albHON pa3pemuMoCTi
oOpaTHBIX 33J]a4. A TaKk)Ke BBIUCAHBI OLICHKU YCIOBHON YCTOMYMBOCTH.

- HccnenoBana OIHO3HA4YHasg pPa3peuIMMOCTh 3aJladyd OJJHOBPEMEHHOTO
ONpENENeHUs] JBYX HEU3BECTHBIX KOAI(DPUIIMEHTOB, OJIUH M3 KOTOPBIX
NPEACTABIET AP0 NaMATH B  HHTErpoau(PpepeHIMaIbHOM  YpaBHEHHH, a
JIPYroil ONpeAenseT CKOPOCTh PacHpOCTpaHEHUs 3BYKa. A TakKe HCCIeIOBaHa
noo0Has 3aja4a ¢ HEM3BECTHBIM MCTOYHHMKAM BO3MYIICHHs. M3ydeHbl BOPOCHI
JIOKQJIbHOW OAHO3HAYHOM Pa3pellMMOCTH 3aJa4 OIPEIEIICHUs HECTAlMOHAPHBIX
XapaKTEPUCTUK Cpelbl M3 THUNEPOOJIMYECKHX  YPAaBHEHHMH BTOPOro MOPSIKA.
JlokxazaHbl TEOpEMBI TTT00ATBHON €IMHCTBEHHOCTH U YCIIOBHOW yCTOWYUBOCTH.

[IpencraBneHHbIE B 3TOM AMCCEPTALIMU PE3YIbTAThl MOTYT OBITh UCIOJIb30BaHbI
JUIsL JalIbHEHIIEro pPa3BUTUSL TEOPUM OOpaTHBIX M HEKOPPEKTHBIX 3aj1ad Jyis
nuddepeHnanbHbIX YpaBHEHUH.
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duznka-matemMaTuka QaHgapu JOKTOPU UMUK mapaxacura Ttamabrop Jypauen
Hypaumypon Kamanmaposuunuar 01.01.02 — guddepeniman TeHraamanap
HUXTUCOCIIUTH OYinda «O0paTHble 3a1a4M ISl Cpel C MOCJeleicTBHEN))
MaB3yCUJAru AUCCEPTAUUICUHUHT

PE3IOMECH

Kaaur cy3aap: rumepOoguMK TEHIJIaMa, TECKapyd Macaja, CYUMHHUHT
MaBXKY/JJINTH, AITOHAJIMK, IIAPTIA TYPFYHJIUK, AebTa (QyHKIWSA, HHTETpal XaJHHHT
SAPOCH, AHATTUTUK (PYHKITHS, TI100a1 UUITUIL, HOCTAIlMOHAP TOTEHIHAIL.

TaagKMKOT 00bEKTH: WKKWHYM TAapTUONM TUNEpOOIMK TUIAArd HHTErpo-
muddepeHan TeHrIaMaiap Ba XOoTHpalid MakcBeul TeHrJamanap CHUCTeMacu
y4yH OHMp Ba Ky YIYOBIU TYFPH Ba TECKApU Macaajap.

NmauHar maxkcagu: OHUNM MaHOAIM TUNEPOOIMK THUIJArM HHTErpoaud-
depeHIMan TEHTJIaMaJlapHUHT WHTErpajd XaJuJard sAPOHU aHUKJIAll Y4YyH
KyHunaran Oup Ba KYI VYIIUOBIM JMHAMHK TECKapyW MacajalapHUHT €YUMUHU
OepyBUM YCyJUIApHU SIpaTUIl, UIYHUHTJEK, Oy Macanajap e4MMJIapUHUHT
ATOHAJIUTH, TYPFYHJIUTY Ba MaBKYJINTH MyaMMOJIADUHH YPraHuIl.

TagkukoTr ycyam: xycycuidl xocuwinanu auddepeHunan TeHrjgamaizap Ba
MHTETpaJl TEHIIamMasap Ha3apusCUHUHT 3aMOHAaBUN ycyiutapuaad GoiiaaaHuiam.

OJMHrad HaTHXKAJIap Ba YJIAPHUHI SIHTWJIMIM: XYCYCHM XOCHJIAJIU
muddepeHnran TeHraamajgap ydyH TecKapu Macalanu BoabTepp TuUnuaarua
MHTErpajl TEHIJlaMajap CcHcTeMacura oJu0 KellyBuM ycyiiap osuHrad. Kyiin
Xa[Ulapu oJiguAaru Kod3(pQuUUUEHTIapu y3rapyB4yaH OYIraH MKKHMHYM TapTHOJIN
runepOoNIMK TypAaru TeHIJIaMaiad Oup YI4OBIM SAPOHU aHUKJIAII YYYH KYyHUIran
TECKapu Macaja €4MMHU XAaKWJard MapXyJJIMK, ATOHAJIUK Ba IIAPTIN TYypPFYyHIUK
TeopeMasiapu ucootnanrad. Pa3oBuil KOOpAUHATATAPUHUHT OUPOP KUCMU OYitnua
AHATMTUK Ba BaKT Y3rapyBuHMcH Oyinua CWUIMK OYJIraH HHTErpall XaJHWUHT
AIPOCUHM aHMKJIAIl Y49yH KYWHITaH KYN YIIYOBIM TECKapH MAacCaJlaHUHT OHp
KUAMAaTIM €YWIMIIM Ba TYPFYHJIMK 0axocu YpHATWUITaH. DKCHOHEHIMAl Ba3HIU
byakuusiap cuHpuaa Oup VYIUOBIM SAPOHU AaHUKJIAII MacalaCHHUHT Oup
KUMMATJIM €YUJIMIINA MyaMMOJIapy YPraHUJITaH.

AManuii axaMHMSITH: JUcCepTalMs Ha3apuil xapakrepra odra. Takinud
KWIMHAETTaH Ha3apUSHUHT MYXUMJIMTH IIyHJaH HWOOpaTKH, OJIMHTaH Oapua
HaTWXKanap KOHCTPYKTHB Wyn OunaH HCOOTJIAHraH, sIbHM Yyiap €paamuaa
TaKpuOUM eYMMIIAPHU KyPHII MyMKHH.

Tar0uK 3THII gapakacM Ba HKTHCOAUN CaMapaJoOpJIMIH. IHCCEPTALUs
MaB3ycu byxopo nasiart yausepcutetu UTU pexacura KUpUuTwiIras.

Kyasanum coxacu: oJMHIaH HaTHXKalap MaTeMaTUK (PU3MKAHUHT TECKapU Ba
HOKOPPEKT Macajiajapyd coXacu MyTaxaccuciapura (oigamaHuIl y4yH TaBCHS
STUIUIIN MyMKHH.
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PE3IOME

mucceptranuu ypnuesa lypaumypata Kanangaposuua Ha TemMy «OQOpaTHble
3a/1a4d VIS Cpell ¢ MocJeleiicTBHeM)» HAa COMCKaHUE YYEHOW CTENEeHH JOKTOpa
dbuznKo-MaTeMaTHuecKuX Hayk 1o creruaibHocty 01.01.02- nuddepennuanbabie
ypaBHEHUSI.

KaloueBble ciioBa: rumepboinueckoe ypaBHEHHE, oOpaTHas 3ajada,
CyILIECTBOBAHHWE PEIICHUs, E€IMHCTBEHHOCTb, YCJIOBHAs YCTOMYUBOCTB, IEIbTa
GYHKIUSA, SIAPO HHTETPATbHOTO 4IEHA, aHaTUTHUecKas (PyHKuusA, rioOambHas
pPa3pelInMOCTb, HECTAIMOHAPHBIN OTEHIMAI.

OO0beKkT wuHccaeI0BAHMSA: OJHOMEPHbIE U MHOTOMEPHBIE NPSIMbIE U OOpaTHBIE
3amaun Ui “HTerpoauddepeHuanbHbIX  YpaBHEHUN TUNEpOOIMYecKOro TUIa
BTOPOTO MOPSIAKA U CUCTEMBI YpaBHEHUN MakcBeiia ¢ IaMAThIO.

Hean padorei: [locTpoeHne METOOB pEMIEHUS OJHOMEPHBIX U MHOTOMEPHBIX
JUHAMUYECKUX OOpaTHBIX 3aJay OMpEJEICHUsl sJipa WHTErPabHOTO 4YJeHa B
uHTerpoanuddepeHMaibHbIX  YPaBHEHUSX  TUMEPOOJUYECKOTO  THUMA  C
COCPEIOTOYCHHBIMU HMCTOYHMKAMM BO3MYILECHHUA, a TaKXkKe HCCIECI0BAHUE
BOIIPOCOB €JAVUHCTBEHHOCTH, YCTOMYMBOCTU M CYIIECTBOBAHUS PELICHUS DJTHUX
oOpaTHBIX 3aj1a4.

Metoa ucciaea0BaHMs: OCHOBAaH HA WCIIOJIb30BAaHWHA COBPEMEHHBIX METOJIOB
Teopun IU(pPepeHINATBbHBIX YPABHEHU C YACTHBIMH IPOW3BOJHBIMU U TEOpPUU
WHTETPaJIbHBIX YPaBHCHUI.

IHony4yeHHbIe pe3yabTaThl H MX HOBU3HA: TOJYYEHBI METO/IBI, TO3BOJIIOIINE
CBECTH OOpaTHyl 3azaudy sl Jud@epeHlranbHbIX YpaBHEHU B YaCTHBIX
MPOU3BOJIHBIX K PELICHUIO CUCTEMbI MHTETPalbHBIX ypaBHEHUI Tuna BoabsTeppa.
Jloka3zaHbl T€OpEMBI CYIIECTBOBAHUS, €AMHCTBEHHOCTU U YCIIOBHOM YCTOMYMBOCTH
oOpaTHON 3amayu OMNpeAesieHUus OJHOMEPHOro  sjpa NaMmsATH W3 ypaBHEHUs
TUNEpOOIMYECKOT0 THUMA BTOPOTO MOPSAKAa C MEePEeMEHHBIMU Kod(dduimeHTamu
Py MIIAJIIIUX MPOU3BOJHBIX . YCTAaHOBJEHBI OJIHO3HAYHAsl Pa3pelIuMOCTb U
OLIEHKA YCTOMYMBOCTM MHOTOMEpPHBIX OOpaTHBIX 3aJad OMNpEICNICHUs sjapa
MHTETPAJIbHOTO YIEHA, AaHAIMTUYECKUX IO YaCTH MPOCTPAHCTBEHHBIX KOOPAUHAT U
INIaJKUX TI0 BPEMEHHOW TiepeMeHHOW. M3ydeHbl BONPOCH  TJIOOAIBHOMN
pa3penMMocCTy 3a7a4 00 ONpeeeHu OJHOMEPHOrO s/ipa B Kiacce PyHKUUU ¢
DKCIOHEHIIMAJIHBIM BECOM.

IIpakTHyeckas 3HAYUMOCTb: JUCCEPTALHSI HOCUT TEOPETUUECKUN XapaKTep.
Ba)XHOCTh TEOpUM 3aKIIFOYAETCA B TOM, YTO JIOKA3aTEJIbCTBA BCEX IMOJYyYECHHBIX
pe3yJbTaTOB MPOBOJATCS KOHCTPYKTHMBHO: C HMX IOMOLIBKO MOYKHO HOCTPOHUTH
NPUOJIMKEHHBIE PEIICHUS.

CreneHbr BHeApeHMsT W JKOHOMHMYecKasi 3((eKTHBHOCTB: TEMaTUKA
nuccepraioHHoil pabotsl Bxoawna B HUP Byxapckoro rocymapcTtBeHHOTO
YHUBEPCUTETA.

O6siacTb  NMpPUMEHEHHUsl:  TOJYYEHHBIE  pE3yJNbTaThl  MOTYT  OBITh
PEKOMEHJIOBAHBI JIJIi WCIOJIB30BAHUS CHEIHAINCTAM TIO0 OOpAaTHBIM M HEKOP-
PEKTHBIM 3aJla4aM MaTEeMaTUIECKON (U3HKH.
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RESUME

Thesis of Durdiev Durdimurat Kalandarovich on the scientific degree competition
of the doctor of sciences in physic-mathematical speciality 01.01.02 — differential
equations, subject: «Inverse problems for a medium with aftereffect».

Key words: hyperbolic equations, inverse problem, existence of solution,
uniqueness, conditional stability, delta function, kernel of integral member,
analytical function, global solvability non-stationary potential.

Subjects of the inquiry: one-dimensional and multi-dimensional and inverse
problems for hyperbolic type integrodifferential equations of direct second order
and Maxwell equation systems with memory

Purpose of work: construction of methods of solving the one-dimensional and
multi-dimensional inverse dynamic problems of determining the kernel of integral
member in integrodifferential equations of hyperbolic type with impulse sources of
disturbance, as well as research of questions of uniqueness, stability and existence
of solutions of these inverse problems.

Methods of research: based on using contemporary methods of differential
equations with particular derivatives and theory of integral equations.

The results achieved and their novelty: methods that make it possible to
deliver the inverse problem for differential equations in particular derivatives to
solving the system of integral equations of Volter-type are obtained. Theorems of
existence, uniqueness and conditional stability of an inverse problem of
determining a one-dimensional memory kernel from a hyperbolic-type equation of
second order with variable coefficients in small derivatives are proved. Unique
solvability and evaluation of stability of multi-dimensional inverse problems of
determining the kernel of integral member, analytical along space coordinates and
smooth along temporal variable are defined. Issues of global solvability of
problems related to determining one-dimensional kernel in the class of functions
with exponential weight are analyzed.

Practical value: dissertation possesses a theoretical character. The significance
of the theory is concluded in the fact that the proofs of all obtained results are
conducted constructively: with their help it is possible to obtain approximate
solutions.

Degree of embed and economic effectivity: the theme of dissertation was
included into the Scientific Research Project of Bukhara State University.

Field of application: obtained results can be recommended for use by the
specialists of inverse and incorrect problems of mathematical physics.
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