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OBIIASA XAPAKTEPUCTHUKA PABOTbBI

B nuccepraunonHOil paboTe paccMaTpUBAIOTCSd CMELIAHHBIE 3aJadydl Ul
HEJITUHEHHBIX PYHKIIMOHANBHO-TU(PEepeHIINaTBHBIX YPAaBHEHUN B YACTHBIX TPOU3BOAHBIX
4yeTBepToro mopsaka. M3ydaercs o00OIIeHHAs pPa3peliuMOCTh IOCTaBICHHOW B
JMCCepTallMi CMEIIaHHbIX 3a]1a4 U IOCTPOEHUs UX pelIeHui B Buie psaga Oypee.

AKTYyaJIbHOCTBH TeMbl auccepranuu. Teopus nuddepeHuanbHbIX YpaBHEHUN B
YaCTHBIX MPOU3BOJHBIX BO3HUKIA M pa3BHBajlach Ha OCHOBE W3Y4Y€HHUs 3a]a4
MaTeMaTH4Yeckoil ¢Gu3uKu. IDTO 0O0BsACHAETCS TeM (HaKTOM, YTO MHOTHE 3a/layu
MaTeMaTH4eCKON (U3UKU MPUBOAATCA K IU(depeHInaIbHbIM YPaBHEHUSAM B YaCTHBIX
npou3BOJHbIX. OCHOBHBIE YpPaBHEHUS MaTeMaTHYeCKOW (U3UKH — 3TO YpaBHEHMS:
BOJIHOBOE€, TeIUIonpoBogHocTH u Jlammaca. OHM HMMEIOT MHOTO MNPUIIOKEHUH B
MaTemaTuueckoil Qusuke. Crofa OTHOCATCS SIBICHMS, U3y4aeMble B THUAPOJAMHAMHUKE,
TEOPUHU YIPYTOCTH, JIEKTPOJIUHAMUKE U T.J.

3amaum s quddepeHuanbHbIX ypaBHEHUH B YaCTHBIX MPOU3BOJHBIX, KOTOPHIE
10 OJTHOM MepeMeHHOM (10 BpeMEHHU) SIBIISIOTCS HAYaIbHBIMU, a TI0 IPYTUM MEePEMEHHBIM
(MO MPOCTPaHCTBEHHBIM IEPEMEHHBIM) - TPAHUYHBIMHU, YaCTO HA3BIBAIOTCS CMEIIAHHBIMHU.

CMemaHHble 33/1a4d B TEOPUM YIPYIOCTH BO3HHMKAIOT MPH pacyeTe pa3InyHBIX
JieTajgeil MalliH M 3JE€MEHTOB KOHCTPYKIUN, HAXOASUIMXCS BO B3aMMOJIEUCTBUH, IMPHU
pacuere (yHIaMEHTOB U OCHOBAHUN COOPY>KEHUH.

CMemaHHbIMM  33Jla4aMH  TaK)Ke SBJSIOTCA MHOTME 33Jauyd  KOHIEHTpaluu
HalpSOKEHU B OKPECTHOCTH BCEBO3MOXHBIX TpPEIIMH, HWHOPOJHBIX BKIIOYEHUH,
MOJIKPETUISIONIUX CTPUHTEPOB U HakiaaoK. CMelaHHbie 3aja4ll YaCcTO BCTPEUAlOTCS U B
TUAPOJIMHAMUKE. DTO W HEJMHEHHBbIE 3a]a4d TEOPUH KpbLIa U TJIMCCUPOBAHUS, TEOPUS
CTpYHHBIX TEUEHHUH, TEOpPUU KauKu Kopaldyid M yAapa Tel O MOBEPXHOCTh JKUIKOCTH,
dbunbTpanuu, TEOPUU B3PBIBA, P 3amad ruppoymnpyroctu. [lpeacraBnsioT OonbIiioi
UHTEPEC C TOYKHU 3peHHs (pU3MUecKuxX mpuiiokeHuil auddepeHInaibHbple YpaBHEHUS B
YACTHBIX MPOU3BOJIHBIX YETBEPTOTO M BHICOKUX TOPSIIKOB.

JuddepeHnaibabie YpaBHEHUS C OTKIOHSIOIIMMCS apTyMEHTOM UCTIONB3YIOTCS B
TEOPUU aBTOMATUYECKOTO YIPABICHUS W aBTOKOJEOATENBHBIX CHCTEM, NMPU H3YyUYCHUU
SBJICHUN B TEXHUYECKHUX, IKOHOMUYECKUX M IKOJIOTUYECKUX CHCTEMAX.

VYpaBHeHHUs € 3ama3iblBalOIIMM apryMEHTOM MOSBISIOTCA B Ciydyae, Korja B
paccMaTpuBaeMo (U3MYECKON WM TEXHHUYECKOM 3ajJade CHiia, JCWCTBYIOINAs Ha
MaTepUaIbHYI0 TOYKY, 3aBHCUT OT CKOPOCTHM U TOJIOKEHUS 3TOW TOYKH HE TOJBKO B
JTAHHBI MOMEHT, HO U B HEKOTOPBI MOMEHT, MPEAIIECTBYOIINN JaHHbIN.

Bonpmioit Bkmanm B pasBuTHe Teopur (DyHKIHOHAIBHO-TU(BdEepeHITnaTbHBIX
ypaBaenwnii BHeciu H. B. AzGenos, b. 1. Ananses, JI. A. bexnapsn, C. A. bpsikaios, A.
. bynrakos, 1O. A. Benp, B. b. Konmanosckuii, H. H. Kpacosckuii, A. B. KpspkumMckuid,
A. b. Kypxanckuii, M. U. Mmananmues, B. II. MakcumoB, A. A. MapteHiok, I'. H.
Mapuyk, 1O. A. Mutpononsckuii, A. JI. Meimkuc, C. b. Hopkun, B. P. Hocos, B. T
[Tumenos, JI. @. Paxmarymnuna, B. I1. Pybanuk, A. M. Camoiinenko, J[x. Xeiin, B. H.
[lTeseno, JI. 3. Dapcronbu, M. I'. FOMarynoB u MHOTHE Apyrue y4eHbIE.

B mocnename 35 ner Hawanu wW3ydaTh TaKk Ha3biBaeMmble AH(PEpEeHIIHATBHBIC
YPaBHEHHSI C OTPAXKAIOIIUM apTYMEHTOM, B IIPABOM YAaCTH KOTOPHIX HEM3BECTHAS () YHKITUS
3aBUCHT OT « - t ». Takue ypaBHeHHs paccmaTpuBaiuch B paborax A.P. Asrabuzaze, FO.K.
Xsawur, JIx. Baiinep, FO.A. Benp, M.T. MaTpauMoBa u apyrux.



B nmanHO#W nuccepTallMOHHON paboTe W3y4yaloTCs CMENIAaHHBIC 3aJadd IS
HEJIMHEWHBIX (QYHKIMOHANBHO-AU(GEpEHIINAIbHBIX YPABHEHUN B YaCTHBIX MPOU3BOIHBIX
YETBEPTOrO MOPSAAKA, COACPIKAIINE HETUHEUHBIE OTKJIOHEHHS.

Ieab1o AuccepranioHHON padOThI SBISIETCSA U3YUYEHUE CIEAYIOMUX BOIPOCOB:

1. VYcranoBuTh JocTaTOYHblE KOA(PUIMEHTHBIE YCIOBHS  OJIHO3HAYHOU
pa3pemrMOCTH CMEIIAaHHOW 3a7jauu 1Jisl HeMHEHHBIX nuddepeHnaibHbIX YpaBHEHUH,
COJIepKalUX CYIMEPHO3UINI0 MapabOIUYECKOro U THNEpOOTMYECKOTO OMEepaTopoB M
HEJIMHENHbBIE OTKIOHEHUS;

2. VYcraHOBUTH JOCTaTO4Hble KOA(M(UIMEHTHbIE YCIOBUS  OJHO3HAYHOU
pa3pelUIMMOCTH CMEIIAaHHOM 3ajauyu Il HEJIMHEHHBIX HHTErpo-nuddepeHuaibHbIX
yYpaBHEHUN, COAEpXKAIIUX KBagpaT NapabOJUYECKOro oreparopa W HEIUHEHHbIE
OTKJIOHEHMS;

3. VYcraHoBUTH JOCTaTOYHblE KOA(PQUIMEHTHBIE YCJIOBHS  OJIHO3HAYHOU
pPa3peIIMMOCTA CMEIIAHHOM 3aJayd U1 HEJIWHEHMHBIX YpaBHEHUH, COJEpKAIINX
CYNEpHO3UIMI0 MapaboINuecKoro W AIUTUOTHYECKOTO0 ONEpaTopoB W  HEJIMHEWHBIE
OTPa)KaroIINe OTKIOHEHHUS.

4. Pa3paboTaTh JHOCTATOYHBIC YCIOBUS PA3pEIIMMOCTH CMEIIAHHOMW 3aJaud JJjis
HEJIMHEHHOTO ypaBHEHHS, COJEp)Kallhe TMapaboJuYecKrue W TUMEepOOTIUUYECKUe
ONEPATOPHI.

5. BBISIBUTH JOCTATOYHBIE YCIOBUS PAa3pEIIMMOCTH KpaeBoil 3aa4u sl ypaBHEHUS
CMEIIAHHOTO AJUTMITHKO-TUIEPOOTNIECKOTO THTIA.

6. Pa3paboTaTh JOCTAaTOYHBIE YCIOBHUSI Pa3pEHIMMOCTH CMEIIAHHOW 3amaud s
JUHEHOTO ypaBHEHHS, COJepsKalliue napadoiIndecKkue, TUIepOOINIecKre OrnepaTopsl U
OnepaTopbl CMEMIAHHOTO THUIIA.

3amaum AuccepTaluOHHON PadoThI:

1. Jloka3zaTb OJTHO3HAYHOW Pa3pPEIIMMOCTH CMEIIAHHOM 3adauM ISl HEJTMHEWHBIX
mubdepeHITMaNbHBIX  YPaBHEHUH, COAEpKAIIMX CYNEePHO3UIUI0 MapaboInyecKkoro u
TUTIEPOOTUYECKOTO ONEPATOPOB U HETMHEWHBIC OTKIIOHEHUS;

2. OmpepenuTh AOCTATOYHBIE KOYPQPUIIMEHTHBIC YCIOBUS  OJHO3HAYHOU
pa3pelmruMOCTH CMEIIAHHOW 3a1adyul IS HEJIMHEWHBIX WHTErpo-auddepeHinanbHbIX
yYpaBHEHUM, COAEPKAIMUX KBaapaT NapabOJUYEcKOro oreparopa W HeJIWHEHHbIe
OTKJIOHCHHS;

3. Haxomute gocrarounble  KOX(P(GUIMEHTHbIE  YCJIOBHS  OJIHO3HAYHOU
pa3pelIMMOCTH CMEIIAHHOW 3aJjauyd Uil HEJIMHEWHBIX YPaBHEHUM, COJEpKAIIUX
CYMNEPIO3UIMI0 MapadOoIMYeCKOTO W JJUIUITHYECKOTO ONEPaTOpOB U HEIMHEHHBIE
OTpakaroIIUE OTKIIOHCHUS.

4. BpIsIBUTH pa3pelIMMOCTh CMEUIAHHOM 3aJa4yMl I HEJIMHEHHOTO ypaBHEHUS,
cojieprKaiue napadoJuyecKre U TUnepooIMIecKue OnepaTopsl.

5. YcTaHOBUTH pa3pelIuMOCTh KpPAaeBOM 3adadyu JJisl YPaBHEHHS CMEIIAHHOTO
AIITUNTUKO-TUTIEPOOTHYECKOTO TUTIA.

6. OG0CHOBATh pa3peHIMMOCTh CMEIIAaHHOW 3aJaud IS JIMHEHHOTO YpaBHEHWSI,
cojieprkalue napaboauyeckue, TuepooInYecKre OnepaTopsl U ONEPaTOPbl CMEIIAHHOTO
THUIIA.

MeTtoanka HCCJIeIOBAHUS. Hcnonb3oBansl: OCHOBHBIE TEOPEMBI
MaTeMaTUYECKOr0 aHalin3a, HEpPaBEeHCTBO ['enbaepa, HepaBEHCTBO MMHKOBCKOTO U
HEpaBEHCTBO beccens, MeTon MOcCHe0oBaTEIbHBIX NPHOIMKEHU B 0aHaXOBOM
MPOCTPAHCTBE U METO/Ibl MHTETPAJIbHBIX HEPABEHCTB.



Hayuynasn HoBu3HAa. BrepBele wu3ywaioTcss oaHO3Ha4yHas  00O0OIIeHHAs
pa3peluMoCcTh CMEIIAHHBIX 3ajad Uil HEeJMHEWHbIX Iu(@epeHIuanbHbIX YpaBHEHUM,
COZIEpXKAILIMX CYNEPIO3ULHIO MMAapadOINYECKOr0 U THUIEPOOIUYECKOr0 ONEPATOPOB U
HEJMHEWHbIE OTKJIOHEHMS; JUIsl HEJIMHEHHBIX MHTErpo-Au(depeHIINaIbHBIX YPAaBHEHUH,
coJiepKallluX KBaJpaT MapaboJMYEecKoro oIeparopa U HEJUHEHHbIE OTKIOHEHMS; AJIS
HEJIMHEHHBIX ~ ypaBHEHUH, COJIEpXKallMX  CYNEPIO3UIHUI0  MapaboJUyecKkoro U
AITUNTUYECKOTO ONEPATOPOB U HEJIMHENHBIE OTPAKAIOUINE OTKIOHEHUS.

J10CTOBEPHOCTH M 000CHOBAHHOCTD IOJYYEHHBIX PE3yJIbTaTOB 00ECIEUUBACTCS
KOPPEKTHOM IOCTaHOBKOM 3a7ay, NPUMEHEHHUEM CTPOTMX MaTeMaTHYeCKUX METOOB,
MOJIHBIMM MaTEMAaTHYECKUMHU JJOKA3aTEIbCTBAMHU.

Teopernueckasi 3HAYMMOCTH AUCCEPTANMM. B TEOpETHYECKOM OTHOILIECHUU
pe3yabTaThl JaHHOW JHCCEPTAMOHHOM PalbOThI SABISAIOTCS OCHOBAMU PA3BUTHUS TEOPHUU
HeJIMHEHHbIX MU hepeHInaIbHbIX U HHTErpo-1ud hepeHInanbHbIX YPAaBHEHNUH B YaCTHBIX
IIPOU3BOJIHBIX YETBEPTOIO NOPSIKA.

IIpakTHyeckass 3HAYUMOCTH  JauccepramuM. Jloka3areiabCcTBa  TEOpeM
KOHCTPYKTHBHBI M TIO3BOJISIIOT IOCTPOMTH QJITOPUTMBI TPH YHUCIEHHBIX pacuyeTax
NpUKIAIHBIX 3a7ad. llomydeHHble pe3ynbTaThl MOTYT HAWTH NPUMEHEHHE B TEOPUHU
HEJIMHEWHBIX KOJIEOAHUI U aBTOMAaTHYECKOTO PEryIUpOBaHUS.

ITosHOTa OTpakeHUs pe3yJbTATOB JMCCePTANUM B MyOauKanusax. Pe3yabTarel
JiccepTaliy OIMyOJUKOBAIUCh B 11 cTaThsiX B pelieH3UPYEeMbIX HAayUHBIX XKypHajax U3
nepeunss BAK KP, BAK P®, BAK Vkpaunsl 1 BAK PecnyOnukn Y36ekuctan u B 5
JIOKJIaax B COOpHUKAaX MaTepUaloB MEXKIYHAapOAHBIX HAYYHBIX KOH(epeHIHH.
[Tyonukanuu [3-5, 7-14] BxoasT B nepeyers PUHII.

Anpofanusi  pe3yJabTaToB  aMccepranMud.  Marepuanel  auccepTanuu
JOKJIaJIbIBAIMCH Ha pa3HbIX HayuyHbIX KOoH(pepenuusax: KI'TIY umenu Apabaesa (bumikek,
2002 r.); Oml'Y (Om, 2001-2003 rr.); batl'y (Kenbsut-Kus, 2001-2017 rr.) u @epl’yY
(deprana, 2001 r.). HexoTopple MOJOXKEHUS IUCCEPTALMH OOCYKIATUCh TaKkKe Ha
CEMHUHapax: M0 YpaBHEHUSM B YaCTHBIX MPou3BOAHBIX pu Oml'Y (r. Om, 2012-2019 rr.,
PYKOBOJUTENIb CEeMHHapa - JOKTOp (u3.-mar. Hayk, mpodeccop A. ComyeB); Ha
MEXBY30BCKOM  HAay4yHOM  CEMHHAape [0  akKTyaJbHbIM  BOIpPOCAaM  TEOpPUU
mubdepenmanbabix  ypaBHeHud npu Oml'Y (r.0m, 2012-2019 rr., pyKOBOAMTENb
cemuHapa - wieH-kopp. HAH KP K. AnsiMkynoB); Ha cemuHape 1o auddepeHnrantbHbIM
ypaBaenusim nipu JKAIL'Y (r. XKanan-Aban, 2013-2019 rr., pykoBoauTe b ceMUHapa -
JTOKTOp  ¢u3.-mar. Hayk, npodeccop K. C. AmnpibacB); Ha CceMHHaApe IO
i depeHIMaNIbHBIM YPABHEHUSIM MEXaHUKU CIUIOMHbIX cped npu Cubl'yY um. M. ©.
Pemetnena (r. Kpacnosipck, 2011 r., pykoBoaAHTENs CEMHHApA - AOKTOP (pu3.-MatT. HAYK,
npodeccop C. U. Cenaion).

JInunblii BKIag couckaTesisi. Bo Bcex myOnuKalusx B COAaBTOPCTBE, BKIIOYEHHBIX
B JIICCEpPTALIMIO, Pealn3allysl MOCTAaBICHHBIX 3a]a4 PUHAAJICKUT IUCCEPTAHTY.

CrpykTypa M 00beM auccepranmu. Jluccepranusi COCTOMT W3 BBEACHMS, ISITH
rnaB, pa3ouTeix Ha 24 maparpadoB, BBIBOJOB U Ombnuorpaduu nu3 172 HauMeHOBaHUIA.
O6nem aucceptaruu 129 ctpanuir.

OcHOBHbBIE M0J10:KEHUS JUCCEPTALMHU, BBIHOCHMbIE HA 3aIINUTY:

1. VYcraHoBiaeHue OCTATOYHBIX KOI(PPHUIMEHTHBIX YCIOBUHA OIHO3HAYHON
0000111eHHOI Pa3pelIMMOCTH CMEIIAHHOM 3a/1auul JJi1 HeMHEHHBIX TuddepeHnanbHbIX
YpaBHEHM, COJEpKAUIUX CYNEPHO3ULHUI0 MapadOJUYecKoro W TrunepOoIMYecKoro
OIIepaTOpPOB U HEJIMHENHBIE OTKJIOHEHHUS,;



2. VYcraHOBIEHUE JOCTATOYHBIX KOA(P(UIMEHTHBIX YCIOBUM OJHO3HAYHOU
000OIIEHHON  pa3pelmMMOCTH CMEIIAHHOW 3aJauyd JJii  HEJIMHEHHBIX MHTEerpo-
muddepeHIMaNbHBIX YPaBHEHUH, COAEpKAIIMX KBaApaT NapaboIMuecKoro oneparopa u
HEJMHEWHbIE OTKIIOHEHUS;

3. VYcraHoBieHHME [OCTATOYHBIX KOI(PPUIMEHTHBIX YCIOBUH OJAHO3HAYHOMN
00O0OIIEHHOM pa3peluMoCTd CMEIIAHHOW 3aJadyd Uil HEeJIWHEHWHBIX YpaBHEHUH,
COJIEpPXKAILMX CYMNEPIO3ULNI0 MapaboNIMYecKoro M AJUIMITUYECKOTO ONEPATOPOB U
HEJIMHEWHBIE OTPAXKAIOIINE OTKIOHEHHUS.

4. OmpeneneHUe NTOCTaTOYHBIX YCIOBHMM pa3peliMMOCTH CMEIIAHHOM 3ajauu yis
HEJIMHEMHOIO  ypaBHEHHS, CoOJep)Kallue mapaboiuyeckue M TUIepOOIMYEeCcKUe
OIEPATOPHI.

5. BbIsiBI€HME JOCTATOYHBIX YCJIOBMM pa3pelIMMOCTH KpaeBOM 3ajayd s
YPaBHEHUS CMEIIAHHOT'O 3JUIMIITUKO-TUIIEPOOINYECKOI0 THIIA.

6. /loka3aTenmbCTBO CYIIECTBOBAHHUS JIOCTATOYHBIX YCJIOBHH pa3pemImMOCTH
CMEIIAHHOW 3ajaud A JIMHEHHOro ypaBHEHMs, CoOJEepKallue mapabojanyecKue,
rurnepOoIndecKre OnepaTopbl U ONEPaTOPbl CMEIIAHHOTO THUIIA.

[Tonp3ysicb  cimydaeM, S BblpaXkaro OJIarOJapHOCTh CBOEMY HAy4YHOMY
pykoBoautento aoueHty T.K. FOnnmameBy 3a mocTaHOBKY 3a7a4 U IOCTOSIHHBIN HHTEPEC K
naHHoi pabote. S mpusHatenen Takxe npodeccopy C.U. CenamoBy u nomnenty K.X.
[ITabanuKoBy 3a MOJIE3HbIE COBETHI IIPU OOCYKACHUN MOEH AUCCEPTALMOHHON pabOTHI.

OcHOBHoOE coep:xkaHue padoThI

Bo BBeneHnn 060cHOBaHA aKTyalbHOCTH TEMBI, CHOPMYIHPOBAHA I1eJIb PAOOTHI U
OTMEYCHa HayyHas HOBH3HA padOTHl, a TaKKe KpPAaTKO H3JIOKEHO COJECp)KAHHE TIJIaB
JIUCCEPTAIUU.

[TepBas rmaBa cocTouT U3 ueThipex naparpadoB. § 1.1 HOCUT BCIOMOTaTeNbHBIH
XapakTep MW COJAEPKUT OCHOBHBIE OOO3HAUCHWs, OmNpefeieHuss U (DaKThl U3
(GYHKIIMOHAIBHOTO aHAJIN3a U TEOPUU YPaBHEHH MaTeMaTUYeCKOU (PU3UKH.

B § 1.2 npuBoauTcs kpatkuii 0030p IUTEpaTyphl 1Mo Teme auccepranuu. B § 1.3
MPUBOJIUTCS KPATKU 0030p pe3yJbTaTOB AUCCEPTAMU U CPOPMYIUPOBAHBI IOCTAHOBKU
CMeIIaHHbIX 3a7a4. B § 1.4 npuBoauTcs 3akintodeHue no riase 1.

B rmaBe 2 B o6nactu D paccmarpuBaeTcsi ypaBHEHUE

2 2 2
%_sz gtr;xz u(t,x)=f(tx,u(t,x),u@.x.x) (1)

C HaYaJIbHO-TPAHUYHBIMH yCIOBUSIMHU
Ut X) o) =@ (8X), U, X)) ., =0,
U (%), =0, (0, U (6.X) L, =9, (X),
Ut X) | xoo =U (6 X) xop = U xx(tsX) [z = U xx(t,X) |y =0, 3)
rie f(t,x,u8)eC(DxR?), 0;(x)eCH(Dy), i(X)|x0=®i(X¥) =
= 07 (%) | xo0= @} () |,=0, 1=1,3, D=D; xD;, Dy =[0,T ], D, =[0,1],
O0<l<o0,0<T <00, d(t,x) #t.
Pemenne nanHou 3agaun paspickuBaetcs B Buze psaga Oypoe:

(2)



utx)=3 a, ()b, (x), (t.X)eD, 4)
n=1

rue bn(x)z\/lzsinknx , A =¥, n=12,...

Onpenenenne 1. Ecnmu ¢pyuaxmus u(t,X) eV\723(D), YIOBJIETBOPSIET CIEAYIOMIEMY
I/IHTerpaJILHOMy TOXIECTBY
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=—{¢1 — a @j 2 ——®| dy+
0 oy’ oy* 1ico
[ |
+I(Pz{ q)} dy—,[(Pa[CD]t:od
0 t=0 0
st modoro @ (t,x) e C 3, 4 TO OHA Ha3BIBAETCS 000OIIEHHBIM PEIIEHHEM CMEIAHHOM

3agaum (1)-(3).
CornacHo omnpenenenuto pemieaune 3amaun (1)-(3) pasnmaraercs B psag Dypbe 1o
2

co0cTBeHHBIM (PyHKIUAM AuddHepeHInaIBHOTO oiepaTopa —m noutu Juia Beex t € Dy
, IpU4YeM eIUHCTBEHHBIM oOpasoM. Ecim U (t,X) sBisiercs 00OOMICHHBIM pPEIICHUEM
cMemanHoi 3amaun (1)-(3), To uMmeeT Mecto paznoxenue (4) moutu npu Bcex te DB

CMBICIIE L,(D) u a, (t)=}u(t,y)bn(y)dy, bn(x)z\/lgsinxnx,
0

A =¥, n=12,...

Teopema 1. [TycTh BBIMOTHSAIOTCS CHASAYIOIINE YCIOBUS:
1. fQ:B,(T) —» L,(D)uenpepsien;
|
2. u(t,x) sBisercs pemieHneM cMerannoi 3anauu (1)-(3) u a,, (t) = ju (t,y)b,(y)dy.
0
Torna koaddunuenter dypbe perrenus cmemtannoi 3agaun (1)-(3) mo coOCTBEHHBIM
Gynkmmsam b, (X) yIOBIETBOPSIOT CIEAYIOIIYIO CYETHYIO CHCTEMY HEIHHEHHBIX

uHTerpanbHbix ypaBHeHuit (CCHUY):

1t _ _
an (D=v, O+5—[ [ 1(5,Y,Q4(9).QaE(. )b (NC,(t)dyds, ()
nooO
rae
}“z(Pln TQ3n )24 kén‘r(Pln —Q3p
v, () =—" e Mty COSA .t +
" AZ4nd AZ+nd §
A2 +(@A+A12 +
+ nPin (3 n)s(PZn (P3nsinknt,
Ap+A,



2 ) 1
G, (t,s) :Mn[e‘k"(t‘s) +ASinA (t—s)—cosxn(t—s)}, = [k I (1+7»ﬁ)]
Teopema 2. I1ycThb BEIIOIHAIOTCS CAEAYIOIIUE YCIOBUSL:

1. max } |1 (s,x,QéO(S),Qéo(S(s,x,Qé’O(s))))HLZ(DI) ds<A<oo;

teD 0

t
f(t,x,u,9)e LipiFl(t,x)‘u,S}, rie tm%)T(I” Fl(s,x)||L2(Dl)ds<oo;
YT o

t
3. S(t,x,u)eLipin(t,x)‘u}, rIe tmg>T<j|| Fz(s,x)||L2(Dl)ds<oo;
FTo

4. v B,y <%
Torna CCHUY (5) umeet eauHcTBeHHOE petenue B npoctpancte B, (T). Kpome Toro,

HUMECT MECTO OLICHKA
k
6
H —»k+l(t)—é_'k(t)HB - [male: (s)d s} exp{és maij (s)d s}
2

rae F(S):2||F1(S,X)||L2(DI)+AHF1(S,X)F2(S,X)H d; u &, - HEKOTOpbIC

Lo(Dy)’
MOJIOKUTENBbHBIE TIOCTOSHHBIE.

[Moncransas CCHUY (5) B psaa (4), momyduMm GpopMalibHOE PEIICHHE CMEIIaHHOM
samaun (1)-(3):
u(t,x)=3b (x)[w, ©)+
. (6)
2,

n

f(s,y,Qd(s),Qa(s(s,y,Qa(sN))b,(¥)G,(t,s)d yds

+

[ S———
o t— —

Teopema 3. Ilycte BbimonHstoTcss ycioBusi Teopembl 2. Ecim d(t) € B,(T)

saBisieTcs enuHCTBeHHBIM pemenueM CCHUY (5), To psg (6) Oynmer pemieHHeM
cMmemanHoi 3aaaqn (1)-(3).
Cwmemannas 3aia4a (1)-(3) u3ydyeHa u B cirydae OTKIOHCHUS

8:6(t,x,}K(t,s)Qé(s)d sj u 8:6(t,x,}K(t,s,Qé(s))d sj.
0 0

Metomom cymMmupoBaHusi Ue3apo M3ydaeTcs CyIIeCTBOBaHHE CIabOro permieHus
cvemanHor 3amaum  (1)-(3). Kak wu3BectHo, 4TO 4YacTWyHble CyMMbl Yesapo
TPUTOHOMETPUICCKOTO Psija JUIsl T000M HEMPEPHIBHOM () YHKIIUHA pAaBHOMEPHO CXOJIATCS K
Heit. [loaTomy mpeacTaBisier HHTepec uckath ciadoe perrenue 3aaauu (1)-(3) B Bume

u(t,x)= I|m Z (1—Tj (t) b, (x), (7)

k—o0 g

bn(x):ﬁsinxnx,xn:¥.

[Moacrasnss psag (7) B ypaBHenue (1), monyuum cienyronryro CCHUY:
a, ()=y,(t)+



Ll . v-1 . v-1
+[[f|s,y,lim > 11-—=la,(s)b,(y), im > |1-—=|a,(8(s,y))b,(y) |x
00 k=01 k k—>o 1 k
x by (y)-Gy(t,s)d yds,

o1 + @30 -1 2t M ®1n — @30

A2ant o TRz

n n n n
+7“ﬁ(|)1n +(1+7"ﬁ)(P2n + Q3
xﬁ+xﬁ

5 = —xﬁ(t—s) .
ts)=p,le + A SinA , (t—s)—cosh ,(t—s) |,

COSA t+

Wn (t) =

sinA,t,

i =[2a+a2) [ b, (0= \fsm XA, _T n=12,..
Otcrona nonyIH/IM

u(t,x)= I|m Z (1—%1]a t)b,(x) = I|m Z(l—ij (x)[w, )+

k—oo g k—oopn'—g

tl _ —
+Hf[s,y,knm z(l—VTl)av(s)bv(y),knm z(l—VTjav(S(s,y»bv(y)Jx
00 ~®v=l TPyl
xb, ()G, (t,s)d yds .

Teopema 4. IycThb BBITIOIHSIOTCS CAEAYIOIINE YCIOBHSL:
1. f(t,x,u,9)npu cdukcupoannom te D;HenpepriBHa 1o (X,U,3) e D; xR, mo X

YIOBJIETBOPSIET yCiaoBHUIO ['enbaepa;
t
2. f(t,x,u,S)eLipih(t)‘uysf, rae [h(s)ds < o;
0
3. Hf(t,x,uo(t,x),uo(8(t,x),x))H <h(t);
n-1
4. 36, €CHD) e yy(t,X) = fim > (1—7% ()b, ().

k—o0n 1

Torna ypaBHeHue

u(t,x)=\|/1(t,x)+ilim ﬁ (1-%) f.(u)b,(X)G,(t,s)ds,

rie f ff s,y,u(t,y),u(s(t,y), y))b (y)ds, umeeT eIMHCTBEHHOE pEIICHHE B
nacce C* (D).

B rnaBe 3 B o0nactu D paccmaTpuBaercsi ypaBHEHHE

2 t
(i—aa—zzj u(t,x)= f(t,x,u(t,x),jK(t,s)u(8(s,x),x)dsj (8)
X 0

ot
CO CMENIAHHBIMH YCIOBHSIMH
U %) te(on0] = @1 (6 ), UL X) i efr o) =05 U (6X) 0 = 02 (%), 9)



U(t,X) 30 =U (LX) xeg = U xx(6X) o0 = U u(ts X) oy =0,
(10)
rae f(t,x,u8)eC(DxR?), ¢;(x)eC(D,), 0<K(t,s)eC(D?),

Qi (X)\x:o:(P i (X)\lez@';(x)\xzo: (P';(X)\lezo’ i=12, D= D xDy, Dy E[O’T ]’
D,=[0,1],0<l<o0,0<T <o, §(t,x) #t.
PemieHne qaHHOM 3a1a4u TOXe pa3bICKUBaeTCs B Buje psaaa Oyproe (4).
Onpenenenne 2. Ecin dynakmus U (t, X) eV\?ZZ(D), yIOBIIETBOPSET CIACAYIOIIEMY
HUHTETPATBHOMY TOXKICCTBY

TI 82 83 64
[[qut.y)| —5H+2 sH+——H |-fH dydt=
00 ot otoy ay

| 0 |
=I(P1{EH} dy-[e,[H]_,dy
0 t=0 0

Uit m00oi npobHoit pynkmmu H (t, X) €C2’4(D),T0 OHa Ha3bIBaeTCsI 00O0OIIEHHBIM

pelnreHreM cMeranHou 3aaayn (8)-(10).
Teopema 5. [1ycTh BBINOJTHAIOTCS CEYIOUINE YCIOBHUS:
1. fQ:B,(T) —> L,(D) nempepsiben;

2. U(t,x) siBisercs perieHreM cMmelanHou 3aaaun (8)-(10) u

|
an (t):_[u(t’y)bn (y)dy.
0

Torna ko3 dunmentsr @yprbe perienus cmemanHoi 3anadyn (8)-(10) mo codbcTBEeHHBIM
¢Gyukumsam b, (X) ymoBieTBOpsieT CHEOYIONIYIO CYETHYK) CHCTEMY HEJMHEHHBIX

uHTerpanbHbIx ypaBHenuit (CCHUY):
an(t):wn(t)+”f(s,y,Qé(S),jK(s,e)Qé(d(G,y))dejx
xb (y)P (t,s)dyds, teD.,

(11)

52 22 (t-s)
e Wy (0 =01y +t(A 201 +05, ) €0, P(t,9)=(t-5)-e .
Teopema 6. [1ycTh BBINOTHAIOTCA CAEAYIOLIUE YCIOBUS:

f [s,x,QaO(s),fK(s,e)Qa’O(S(e,x,QaO 0))d eJ
0

ds<A<ow;

t
1. maxj
0 Lo(Dy)

teDy

2. f(t,x,u,S)eLipiH(t,x)‘u;Fl(t,x)‘S},
rze [H X, =01 >0, [Fi@x] [ =a:®>0;

3.8(t,x,u) e Lip{Fa(t, %),

rie =04 (t)>0;

Lo(Dy)

Fl(t,x)}K(t,s)Fz(s,x)d S
0

4. |we)| B, =%

10



Torma CCHUY (11) nmeer eanHcTBEHHOE perenue B mpocrpanctse B, (T).

[Moncrasmas CCHUY (11) B psax (4), momydum popManbHOE pPELICHHE CMEIIaHHOM
3agaun (8)-(10):

u(t,x)=3b, (x) [w, )+
" (12)
+

[ S———

Jf(s y,Qd(s),Q*"a(s(s,y,Qa(s)))) b, (y)P,(t,s)dy ds

Teopema 7. Ilycts BemonHstoTcss ycnoBust teopembl 6. Ecim a(t) € B,(T)

apisieTcs enquHcTBeHHbIM pemenuemM CCHUY (11), Tto psa (12) Oynmer peuieHuem
cMmemanHoi 3agaun (8)-(10).
Cwmerrannas 3amada (8)-(10) u3ydeHa u B ciiydae OTKIOHEHHE

Szé(t,x,}K(t,s)Qé(s)d SJ.
0

B rnase 4 paccmaTtpuBaroTCs CMEIIaHHBIC 3a7a4M U1l YpaBHEHUMU, COACPIKALTUX
CyNEpHo3ULMI0 MapaboINMYecKoro M AIUIMOTHYECKOTO0 ONEpaTOpOB U  HEJIMHEWHbIE
OTpaXKarolre OTKIOHCHHS.

Cnauana paccMaTpUBaIOTCs JIMHEHHbIE HHTETPAJIbHbIE HEPABEHCTBA C OTPAKEHUEM
aprymenrta. [lanee B obnactu D paccmaTtpuBaercs ypaBHEHHE

2 2 2
oo G 2 e = s st 000) @)

C Ha4YaJIbHbIMH

U(X) ey =0, U0, X) =p,(x), UX) ;. =0,
U (%) o =2, (%), U (6X) L =0, (%),

nu FpaHI/I‘{HBIMI/I YCHOBI/ISIMI/I
u(t’x)\x:o :u(t’x)\x:l =u xx(tix)\x:O =u xx(t1x)\x:l :O’ (15)

rre f(t,x,u8)eC(DxR?), ¢,(x)eC* (D), 0(9) o= (¥) 4=
= ¢ (%) |,20= 97 () |4 =0, 1=1,3, D=D;xD;, D; =[-T,T], D, =[0,1],

O0<l<o0,0<T <00, 8(t,X) #t.
Pemienvie nanHoM 3a1a4un pa3bicKuBaeTcs B Bujie psaga Oypee (4).

(14)

Omnpenenenne 3. Ecmu Gpyakuus U (t,X) eV\723(D), YIOBJICTBOPSIET CICIYIOMICMY

I/IHTGFpaJII)HOMy TOXAECTBY

3 2 2 2 4
jju(ty) C5-0 1 5|-2 C F|- |- tdldydt=
ot ot°\oy ot ay oy’
| 2 2 2
:—j@ 8—c1>+§ 8—(1) 0 —®| dy+
ot? 6y 6y o

I o 8% _ | B
+J.(P{—CD+—2CD} dy—j(p3[(l>]t:ody
t=0 0

11



a5 mo6oro @ (t,x) e C 3,4 (D), TO OHA Ha3bIBAETCS 0OOOIIEHHBIM PEIICHUEM CMEITaHHOM
3agaun (13)-(15).

Teopema 8. [1ycTb BEIIOTHSIOTCS CIEAYIOUINE YCIOBUS:
1. fQ:B,(T) —» L,(D)uenpepsiBen;

2. U(t,x) sBisercs perieHreM cMmerrannoi 3agaun (13)-(15) u

|
a, (t)=Ju(t,y)b,(y)dy.
0

Torna xoaddunmentsl Pypre perienus cmenranton 3agaun (13)-(15) mo coOcTBEeHHBIM
52

¢ynkmmsam b, (X) omeparopa o7 YIAOBIIETBOPSIET CIICIYIONIYIO CUYETHYIO CHCTEMY
X

HEJIMHEUHBIX I/IHTeI‘paJIBHBIX ypaBHeHHﬁ (CCHINY):
a,(t)=o, (t)+—Hf 5,Y,Qa(s),Qa(5(s,y,Qa(-9))))x 5)
xb (y)G,(t,s)dyds, teD.,

rue

o @1n —Pap e—k%t_’_}\‘ﬁ@ln +AA+A )90, + @3 ehnt
L2(1—-n2) 2021+ )
_xﬁ@ln _xn(l_xn)(PZn TP3p e—knt
202 (1= ) ’
G 1 2
n(t,s)——[ e +2(chxn(t—s)—knshkn(t—s))}.

n

mn(t):

+

My =20, (L-2.2),

Teopema 9. [1ycTh BBIMOJTHSIOTCS CIEAYIOUINE YCIOBHS:

<A<oo;

IHf(s,x,Q °(5),.Qa° (s, x,Qa°(-))|  ds

teD
Lo(Dy)

t
2. £(t,x,u,9) e Lipihy(t,x)), o ) e [ hl(s,x)HLz(Dl)ds<oo;
0

t
3. 8(t,x,u) e Lip{h,(t,x) , J, e [[h2s.%)] L3S
0

4. |a() |||32(T) < .
Torga CCHUY (16) umeeT eauHCcTBEHHOE pelieHue B mpocTpanctee B, (T).
[ToacraBnsss CCHUY (16) B psan (4), monydum GpopManbHOE pellieHrue CMEIIaHHON
3anaun (13)-(15):
Ut ) =3 b,09 [@, O+

1 (17)

ﬂ

n

[ S——

[(s,y.Qa(),Qa(5(s,y.Qa(-5))b,(y)G,(t.5)d yds

12



Teopema 10. Ilyctp BbImodHsIOTCS ychoBus Teopembl 9. Ecim @(t) € B,(T)

apisieTcs enquHcTBeHHbIM pemenuemM CCHUY (16), to psa (17) Oyner peuieHuem
cMmemanHoi 3agaun (13)-(15).

B rmaBe 5 paccmaTpuBaroTCs CMEIIaHHbBIE 3a7a4d JJI1 YPaBHEHUM, COJep Kallux
CyNEepHo3uLuI0 NapaboJIMYecKoro, TrUnepOOIMYEcKOro oIrepaTopa M ONEPaTOpPbI
CMEIIAHHOTO THUIIA.

B paznene 5.1 obnactu D pacecmarpuBaercs ypaBHenue

o° (o o*) o> o°
ax2(5¥__8x2j(8t2__aXZ]UG’X)_.f(LX’UG’X)) GB)

C YCIIOBUSIMU
U (L, X) o=@, (%), U, (6, X) | o=@, (%), U (t, X) |, o= @, (), (19)
UCE, X)) g =U(E X)) =U L, (1,X) 0 =U (X)), =0=
= U oo (£,X), g = U o (.X), . =0,
rre f(t,x,u(t,x)) e C(DxR), ¢, (x)eC(Q,),
9.0, 0=0 ()] =0/ (], =0] ()|, .= (¥ ], ,=
=p™(x)],,=0,i=13 D=Q xQ,Q. =(0T),Q =(01), i=1,3,
O<l<o, 0<T <o

Pemenne nanHou 3agaun uieM B BUAE pana Oypwe:

(20)

o0

ut,x)=> a_ (t)b,(x), (t,x)eD, (21)

n=1

2 . n
rae Gyskmun b, (X) z\/I:SInkn X, A :Tn, N=1,2, ... yIOBIETBOPSIOT

IPaHUYHBLIM YCIOBUSIM
b (0)=b, (1)=b"(0)=b" (N=b™ ©)=b™()=0.
Torma u3 (21) mma @, (t), N=12,... mony4um CIEAYIOLIYI0 CYCTHYIO CHCTEMY

HEJMHEWHBIX U epeHnanbHbIX ypaBHEHUH:

a,' (t) + Ay (t)+ Ana, (1) + 4, () =

_ %j £,% Y, (t)-b, (x)b, (x)dx 22)

rae a (t) =|Iu(t,x)bn(x)dx, n=12,...

Pemass cucremy (1.3.22) MeromoM Bapualuu MPOU3BOJBHBIX TOCTOSTHHBIX,
MOJIYYUM  CIICAYIOIIYI0 CUCTHYK) CHUCTEMY HEJIMHCWHBIX HWHTETPAIBHBIX YpaBHECHUH

(CCHIY):

an(t)=wn(t>+7ﬁjj (5%, 2a,(5)-b, (X)), (X)G, (t.5)dxds, te2;, (23)

n
rae

Wrak, nzydeHnue pazpemumocty cMenrannoi 3amaun (18)-(20) cBenu k u3ydeHuto
onHo3HauHOM paspemumoctd CCHUY (1.3.23).

Teopema 11. [1ycTb BBINIONHSIOTCS CIEYIOIINE YCIOBUS:

13



L H l/7(t) HBP(T) <0
2. j f(s,x,iwv(s)-bv(x)%
0 v=l Lp(D1)

3. f(t,x,u) e Lip{g(t, x)|,

ds =A< x;

e
L@ ds < oo, Hq(s, X)

[t =l

Torma CCHNY (23) umeeT eIMHCTBEHHOE PEIICHUE B TPOCTPAHCTBE Bp (™).

Teopema 10Ka3bIBAETCS METOOM OCIIEI0BATENBHBIX TPUOTHKEHHIA.
Teopema 12. Ilycts d(t) smusercs pemennem CCHUY (23). Torma

IOCIJIE0BATEILHOCTD (DYHKIIHIA {u (t, X)} = {Q a- (t)} K QyHKIMU u(t,x)=Q4&(t), KoTopas
ABJIAETCS €MHCTBEHHBIM PENIEHHEM cMelanHoi 3anaun (18)-(20).

I[0K333T8J1LCTBO TCOPCMEIL CICOAyCT n3 CIIpaBCIJINBOCTHU CJICOYIOIICTO
COOTHOLICHUA

o0

<3

n=1

u*(t,x) - u(t, x)

al(t)—a,(t)

b, (X)|<

<M, -[a"(t)-a()

B pazzaene 5.2 8 oonactu D = D, x D, paccmarpuBaercs ypaBHeHHE

Bp(T)"

O:{um(t,x)+u LX), (t,x)eD,, on
u,.(t,x)—u,tx), (tx)eDb,
C YCIIOBUAMHU
u(t,x) =@ (%), u(t,x) = o, (x), u (t,x) = e, (x), (25)
u(t,x)|,_,=u,x)|,,=u(,x)[,,=0, (26)

rie D, =E; xE,, D,=E xE, E =(-T,0) E; =(0,T) E,=(-11),
0,(x)eC*(E,). o(x),y =0(X), 4 =0(x),,, =0, i=13.

3anauy (24)-(25) Oyaem u3ydathb Ipu CICIYIOIMUX YCIOBHIX CKICHBAHHUS:
U(+ 0, }(): U(—O, Z)’ ut(+ 0, /1/): ut(—O, Z)’ utt(+ 0, Z): utt(_o’ Z) (27)
[ox pemenueM ypasHenus (24) B obnactu D 6ymem nonumars gpynkuumo U(t, X)
u3 kmacca C(D)NC(D), xotopas B obmactax D, m D, sBmsercs peryaspHBIM

pCIICHHEM COOTBETCTBYIOIICTO YPaBHEHHsS W YIOBIETBOPSET ycioBusM (25)-(27).
PeryisipHOCTh O3HAYaeT HEMPEPHIBHOCT, B D  BCEX MNPOU3BOIHBIX, BXOSIIMX B
yYpaBHEHHE.

Pemenue nanHoM 3a1a4n UIlEM B BUJE CIEAYIOLIETO psiaa Pypobe:

u(t, x) = za (t)-b, (x). (28)

OCHOBHBIE PE3yIILTATOM JTOTO pa3fiela ABISETCS CiIeLyroIas
Teopema 1.3.13. ®yukuus U(t,X), onpenensemas psgom (28), umeer

HENPEPBHIBHBIC MPOU3BOAHBIC IO apryMeHTaM {, X 4eTBEpTOro mopsijka u yI0BICTBOPSET
ypaBHeHUO (24) u ycnoBusm  (25)-(27). Ilpu 5>TOM BO3MOXHO MOWICHHOE

14



nuddeperiupopanue psagom (28) mo aprymentam [, X W momydeHHBIE pPsiabBl OyayT
CXOJUTHCS a0COTIOTHO U PABHOMEPHO.
B pasznene 5.3 B oonactu D = D, x D, paccmaTpuBaetcs ypaBHeHHe

o* (0 o* \ o 0°
ﬁ[a_‘ga_][atz +S|gnt—ju(t x)=0 (29)
C YCIIOBASIMU
u(t, ), =), u(t,x),_, = @,(x),u, (6, %), = @;(x), (30)

U(t, X) |X:0: U(t, X) |x:l = uxx (t’ X) |x:0: uxx (t’ X) |X:I = (31)
= uxxxx (tl X) |x:0: uxxxx (t, X) |x:0: O, te Er’

rie

% (X) e C’ (Eo)1¢i (X) |x:O: ®; (X) |x:| = (Di"(x) |x:O: ¢)i”(x) |x:| =

=" ()= 0" (%) ,=0, =13,

D, =E"xE,,D,=E_xE,,

E =(-z,0), E'=(0,7),E,=(0,1),0<l <o, 0<7 <0,

0 < & - masblii mapamerp.
3amauy (29)-(31) Oyaem uzyyaTh MpH CIEAYIOMIMX YCIOBUSIX CKICUBAHUS
u(+0, x) =u(-0,x), u, (+0,x) =u,(-0,x), u,(+0,x)=u,(-0,Xx), (32)
npu stoMm npeanonoxum U(+0;0)=u(-0;0) = u(+0; I) =u(-0; ) =0.

o pemennem ypasuenus (29) B o6nactu D 6ynem nonnmats pynxrmio U (T, X)
m3 wiacca C(D)NC*(D), xoropas B obmactax D, m D,smusercs peryaspHbIM

peIICHHEM COOTBETCTBYIOIICTO ypaBHEHHS W yaoBieTBopsieT yciousMm (30)-(32).
PerysasipHOCT O3HAYaeT HempephiBHOCT B D BceX MPOM3BOAHBIX, BXOMAIINX B

ypaBHeHue (29).
Pemienne nanHo# 3a7a4u UIIEM B BUAE Clieayroero psaaa Oypoe
u(t,x) =>a,(t)-b,(x), (t,x)eD, (33)
n=1

2
rae oynkunn b (X) = \/lg sin \/Tnx,in = (nl—ﬂ) N=12,... y10BIETBOPSIOT
IPaHUYHBIM YCIOBHAM:
b,(0)=b,(1)=b7(0)=b;(1)=b;""(0)=b;""(1)=0.
[Toacrasnss psaa (33) B ypaBHeHue (29), monyyum clieayromme QyHKIuu
a,(t)=Ae ™ + A e + A e xeEr, (34)
a,(t)=B,e " +B,,cos[4t +B,,sin \/—t xeE’, (35)

[Tocne ompenenenus Kkoddouumenros A, u 1,3 momyunm cremyronme

1n’

MIpeACTaBICHUS:

u(t, x) = \[Z[Al e 4 A el H A er‘] sin /2, X; (36)
u(t, x) = \[I_i [Blne‘“”t +B,, cos,/A t+B,, sin \/Tt] sin /A, x. (37)
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Teopema 14. Oyukums U(t,X), ompenmemsiemas psgamu (36) u (37), umeer

HeTpepbIBHBIE TPOHM3BOJHBIE MO 1 Tperhero mopsaka W MO X MIECTOrO TOPSIKA,
ynoBieTBopsieT ypaBaeHuto (29) u ycnosusim (30)-(32). [1pu 3T0M BO3MOYKHO TIOUWICHHOE
muddepeniuponanue psaaoB (36) u (37) mo t Tpu pasa u mo X miects pa3 ¥ MOTYUCHHBIC
psiabl OyIyT CXOAUTHCSA A0COMIOTHO i PABHOMEPHO.

BbiBOABI

B naHHOM aMccepTallMOHHOM HCCIIEJOBaHHMU c(opMylIHpoBaHa M JOKa3aHa
OJIHO3HA4YHasi O0O0O0OIIeHHasT Pa3pelIMMOCTh CMEIIaHHBIX 3aJad: JUIsli HEJIMHEHHBIX
i depeHMaNbHBIX YPABHEHUH, COAEpKAIIMX CYNEPHO3ULUI0 MapaboIMdecKoro u
runepO0JINYecKOro OnepaTopoB U HEMMHENHbIE OTKIOHEHHUST; ISl HEIMHEHHBIX HHTEIPO—
b depeHIMaNbHBIX YPAaBHEHNH, COAEpKAIIMX KBAaApaT NapaboJInyecKoro oreparopa u
HEJIMHEWHbIE OTKJIOHEHHUsS; JJI1 HEJIMHEHHBIX YpaBHEHHWH, cojAepKallluxX KBajapaT
napaboIMYecKOro ornepaTopa U HeJIMHEHHbIE OTKIIOHEHNUS; ISl HEeJIMHEHHBIX ypaBHEHUH,
COJIepKaIllUX CYMEPIO3ULHI0 NapaboIMYecKOro M JIUIUITHUYECKOTO OINEepaTopoB U
HEJIMHEWHbIE OTPAXKAIOIINE OTKJIOHEHHUS.

B TeopernueckoM OTHOIIEHMM pe3yibTaTbl JAaHHOW JUCCEPTALMOHHOW pabOThI
BHECET BKJAJ IS Pa3BUTHUSA TEOPUU HETUHEHHBIX Au(QepeHIaTIbHbIX U HHTErpo-
b depeHIMaNbHBIX YPaBHEHUH B 4aCThIX IPOU3BOJIHBIX YETBEPTOIO MOPSIIKA.

Jloka3aTenbCTBO TEOPEM KOHCTPYKTHUBHBI M ITO3BOJISIOT IOCTPOUTH AJITOPUTMBI IIPU
YHUCJIEHHBIX pacueTax NpPHUKIAIHBIX 3aj1ad. IlosydyeHHbBIE pe3yabTaTbl MOTYT HaWTH
IpUMEHEHHE B TEOPUHN HETMHEHHBIX KOJIeOaHUH U aBTOMAaTHUYECKOTO PEryJIMPOBAHHUS.

B pabore nonyueHsl cneayroiye HayuyHble pe3ybTaThl:

1. VYcraHoBieHsl pgocTaTOyHble KOA(Q(UIMEHTHBIE YCIOBUS OJHO3HAYHOMU
0000IIEeHHOM pa3penMOCTH CMEUIaHHOM 3a7auu Uil HEIMHEWHBIX JU(depeHIuaIbHbIX
YPaBHEHM, COJEpKALIUX CYNEPHO3ULUI0 MapadOJUYEecCKOro U TrUnepOoIMYEcKOro
OIEepaTOPOB U HEJIMHENWHBIE OTKJIOHEHHUS.

2. OrmpeneneHbl  JA0CTaTo4Hble KO3()(UIMEHTHBIE YCIOBHS  OJHO3HAYHOU
00O0OIIEHHON pa3pelMMOCTH CMEIIAHHOW 3ajauyd Uil HEJWHEHHBIX HMHTEerpo-
nuddepeHIuanbHbIX YPaBHEHUM, COAEpKAMMUX KBaapaT mapaboandecKkoro oneparopa u
HEJIMHEWHbIE OTKIIOHEHUSI.

3. HalineHnsl qocTaTOYHBIE YCJIOBHS OJHO3HAYHON OOOOINEHHOW pPa3pelImMOCTH
CMEIIAHHOM 3aJaud Uil HEJIWHEWHBIX YPAaBHEHUW, COAEPXKAIIMX CYNEPHO3ULIHIO
napaboJIMYecKOro M AJUIMITUYECKOTO ONEpaTOpOB W HEIMHEHHBbIE OTpaKarolue
OTKJIOHEHHUSI.

4. O0ocHOBaHa Pa3peUIMMOCTh CMEIIAHHON 3a/1a4Hl JJIs HEJTMHEWHOTO ypaBHEHMS,
cojieprKaliue napadoJuyecKre U TUnepooIMIecKue OnepaTophl.

5. YcraHOBIIeHa Pa3pelIMMOCTh KpaeBOW 3ajlauyd JJI YPaBHEHHSI CMEIIAaHHOTO
AIUTUIITUKO-TUNIEPOOTMYECKOTO THIIA.

6. JlokazaHa pa3pelIuMOCTh CMEIIAHHOW 3aJayd Jjsl JIMHEWHOTO YypaBHEHUS,
coJieprkaliue napadoinyeckre, THInepooInYecKUe OrepaTopsl U OMEePaToOPbl CMEIIAHHOTO
THUIA.
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OIIepaTopiOp, MHTETPANJBIK TEHAEME, CHI3BIKTYYy 3MEC HHTErPajAblK TEHJEMEIepIuH
CaHAKTBIK CUCTEMAChI, YEUMMAMH KaJTbI3bITbl, YEUHM/IUH JKalIallbl.

N3unneenyH o0bekTu: TopTyHUY TapTUNITEr U TapabOIaIbIK )KaHa TUIEPOOIIaIbIK
OIepaTOpPJIOPAYH CYNEpPHO3ULUSACHIH KapMaraH TEHJEMeNep YUYYH apajall Macelelnep,
napaboJanblK OnepaToOpAyH KBaJIpaThl, HapadoJaliblK KaHa AIIUIICTUK ONepaTopIopAyH
CYIEPIIO3ULUSCHI.

N3unneenyn npeameru: IlapaGonanbik »kaHa runepOO0JIablK ONEPATOPIOPAYH
CyNEpHO3ULHUACHIH, MapabojalbIK OMNEepaTOpIyH KBaJApaThblH, MapaboJalblK »KaHa
SJUTMIICTUK ONEPaTOPJIOPAYH CYNEPIO3ULUSACHIH KapMmaln TypraH TOPTYHUY TapTUITETH
TEHJEeMeJIep YUYH apajall MaceselepAnH YeUMMIEPUHHH JKalllalllblH KaHa *Ka3TbI3AbIIbIH
U3UIITI06.

M3uianeenyn makcarbl: [lapabonanslk jkaHa runepOosajblk ONEpaToOpIIOpIyH
CYINEpIO3ULUACHIH, Napaboiajgblk OMNepaTOpAyH KBajApaTblH, MapaloylalblK >KaHa
AITUIICTUK ONEPATOPIOPAYH CYNEPIO3ULUIACHIH KapMal TypraH TOPTYHUY TapTUIITETH
TEHJEeMeJlep YUYYH apajall MacejieliepAuH OUp MaaHWJyy 4Yedumjepre 33 OONyUIyHYH
KO3 PUIMEHTTHK KETUIITYY apTTapAbIH TYPry3yy.

N3naneenyn Meromaopy: WMsungeene uHTerpaiablk OapabapcChI3IbIKTap,
yJaajanl *akbIHAATHIPYY METOAY, QYHKIIMOHAIABIK aHATU3/IbIH KaHa ChI3BIKTYY IMeEC
MHTETPAJJIbIK TEHAEMEIIEP TEOPUACBIHBIH METOLA0PY KOJAOHYIIY.

N3ui11060HYH WIMMMI KaHBIYBLABITBE: [lapaGonanbik kaHa runepOosaibIK
OINepaTOPIOPAYH CYNEPHO3UIUSICHIH KaHa ChI3BIKTYY dMEC YeTTeeJopAy KapMman TypraH
CBI3BIKTYY 5Mec auddepeHuuaniblk TeHAeMelep Y4YH, Mapabojaliblk OneparopayH
KBaJpaThIH KapMal TYpPraH CBI3BIKTYY 5MeC HHTErpo-auddepeHnnaiiblK TeHIeMenep
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N3un110016pPAYH  TEOPHSAJIBIK  7KAHA  NPAKTHKAJBIK  MaaHWJIYYJYIY:
Juccepranusagarsl  alblHTaH JKbIMBIHTBIKTAP CBHI3BIKTYY AMEC TOPTYHUY TapTHUITEru
KEekede — TYyyHAylnyy  AuddepeHIuanibplk — KaHa  HWHTErpo-AudQepeHInanabK
TEHJeMeJIepANH TEOPUSICBIH OHYKTYPYYTO CaJIbIM KOIIOT.

TeopemanapablH Janui10e16py KOHCTPYKTUBIYY *KaHa MPUKIAAIbIK MacelepauH
CaHJIbIK 3CENTOOIOPYHAOTY aITOPUTMICPINH TY3YYTre 606ere TY3eT.

AJBIHTaH SKBIMBIHTBIKTApP CBI3BIKTYY 3MEC TEpPMENYYJep TEOPHIChIHIA KaHa
aBTOMATTBIK OallIKapbIN-TY300J16p/16 KOJIJOHYIAT.
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uccepranuonnoii padorsl /lpliikanoBa I'amapa AckapoBuuya Ha Temy: "O
pPa3pelmIdMOCTH  CMENIAHHBIX 33/1a4  UIS  HeJUHeHHbIX (QYHKIUOHAJIBLHO-
nudpdepeHIUAIBHBIX YPABHEHHH B YaCTHBIX NMPOM3BOJAHBIX YeTBEPTOro mopsaka'
HA COMCKAHHE Y4YeHOH CTeNmeHUW KAHAMAATA (PU3UKO-MATEMATHYECKHMX HAYK IO
cnennajgbHoct  01.01.02 - guddepenunanbHble yYpaBHeHHMs, JAHMHAMHYECKHE
CHCTEeMbI 1 ONITUMAJILHOE YIIPABJIeHUE

KiroueBbie ciaoBa: CMElIaHHBIE 3a/aud, HadaJbHBIE M TI'PAaHUYHBIE YCIIOBUS,
000011IeHHass pa3pelIuMOCTh, TUNEPOOTNYECKUM, MapabOIMUYeCKuil U AIUIUNTUYECKUE
OIepaTopbl, UHTETPAIbHBIE YPAaBHEHUS, CUETHBIE CHCTEMbBI HEJIMHENHBIX MHTETPAIBHBIX
YPaBHEHMM, €MHCTBEHHOCTD PEIICHHUS, CYILIECTBOBAHNE PEILICHNUS.

O0bexkT wuccaenoBanms: CMmemiaHHble 3a7ayd I YPaBHEHHM YETBEPTOrO
NOpSAJKA, COJEPXKAIUX CYNEPIO3UIMIO MApadOJUYECKOr0 U TUIEpOOTUYECKOTO
OIIepaTopoB, KBaJpaT NapaboIMYECcKOro ONeparopa, CyNepro3uus napadboInyeckoro u
IIMITUYECKOTO ONIEPATOPOB.

IIpeamer mcciaenoBanms: lcciaenoBaHus CyIIECTBOBAHMS M €IMHCTBEHHOCTH
pelleHHs CMENIaHHBbIX 3a7ad /I YpaBHEHUW YETBEPTOTrO MOPSAKA, COAEpIKAIIMX
CYNEpIO3ULUI0  NapaboJU4YecKoro M TUNepOOJUYECKOro  ONepaTopoB,  KBajpar
napaboJIMYecKOro OMepaTropa M CYNEPHO3ULHI0 MAPAOOIUYECKOr0 M SJUIMITUYECKOTO
OIIepaTOPOB.

Heap uccaenoBanusi: YCTaHOBJICHHUE JTOCTATOYHBIX KO3((UIMEHTHBIX YCIOBUMN
OJIHO3HAYHOW OOOOLICHHON pa3peliMMOCTH CMELIAaHHBIX 3ajad s ypaBHEHHUH
YETBEPTOro  MOpSAAKA,  COJAEp)KalUlMX  CYHEpPHO3ULIMI0  MapaboJM4ecKkoro  u
rUNepOOoINYECKOTO ONEepaTOPOB, KBAaApaT MapaboINUYeCcKOro oneparopa u Cynepro3uifo
napaboIMYeCcKOro U ATUITUYECKOTO OIIepaTOPOB.

Mertoabl ucciaenoBanusi: Ilpu wuccrneqoBaHuM ObUIM HMCTONB30BAHBI METOJIbI
UHTETpalbHBIX HEPAaBEHCTB, METOJA MOCJIEAOBATEIbHBIX NPUOIMKEHUM, METO/AbI
(YHKIIMOHATIBHOTO aHAIM3a U TEOPHH HETMHEWHBIX HHTEIPAIbHBIX YPaBHEHUI.

Hay4ynast HOBM3HA HCCJIEI0OBAHUSA:

BrniepBbie nzyuarorcst 0JHO3HauHasi 0000IIEHHAS Pa3peIIMMOCTh CMEIIAHHbBIX 33/1a4
JUIsl  HeNMHEWHbIX Jud@epeHunanbHblX YpaBHEHHUM, coAepKaluX CyNEepHo3UIUI0
napaboIMYecKOro M TUNEepOOINYECKOro ONEepaTOPOB M HEIMHEWHbIE OTKJIOHEHUS; IS
HEJIMHEWHBIX ~ HMHTErpo-AudQepeHlnanbHblX  ypaBHEHUH, COJEp)KalluX  KBajapaT
napaboJUYECKOro orneparopa U HEMMHEHHbIE OTKIOHEHUS; 1JI1 HETMHEHHBIX YpaBHEHUH,
COJIEpKAIIUX CYMEPIO3ULHI0 MapaboIUYecKoro M JIUTUITHYECKOTO OINEepaTopoB U
HEJIMHEWHBIE OTPAXKAIOIINE OTKIOHEHHUS.

TeopeTnueckoe M NpaKTHYECKOe 3HAYEHUS] MCCile0BaHuA: B TeopeTnueckom
OTHOLIEHUM pe3yNIbTaThl JAHHOM JMCCEPTAMOHHONW pabOThl BHECET BKIJIAJl B pa3BUTHE
TEOPUH HEMUHEHHBIX MU depeHInanbHbIX U HHTErpo-aud hepeHnatbHbIX YPAaBHEHUH B
YACTHBIX MPOU3BOAHBIX UETBEPTOTO MOPSIIKA.

JlokazaTenbCcTBa TEOpPEeM KOHCTPYKTHUBHBI M TO3BOJISIFOT MMOCTPOUTH AJITOPUTMBI IIPU
YHMCJIEHHBIX pacueTax NpUKIAAHbIX 3a4a4.

IlonyuyeHHble pe3ynbTaThl MOTYT HAWTH NPUMEHEHUE B TEOPUU HEIMHEMHBIX
KoJieO0aHU U aBTOMATHYECKOTO PETYIHMPOBAHUS.
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SUMMARY

DYIKANOV GAPAR ASKAROVICH

The dissertation work of Dyikanov Gapar Askarovich on the topic: "On
solvability of mixed problems for nonlinear fourth-order functional differential
equations in partial derivatives' for the degree of Candidate of Physical and
Mathematical Sciences in the specialty 01.01.02 - Differential Equations,
Dynamical Systems and Optimal Control

Keywords: Mixed problems, initial and boundary conditions, generalized
solvability, hyperbolic, parabolic and elliptic operators, integral equations,
countable systems of nonlinear integral equations, uniqueness of a solution,
existence of a solution.

Object of research: Mixed problems for fourth-order equations containing a
superposition of parabolic and hyperbolic operators, the square of a parabolic
operator, the superposition of parabolic and elliptic operators.

Subject of research: Studies on the existence and uniqueness of the solution
of mixed problems for fourth-order equations containing a superposition of
parabolic and hyperbolic operators, the square of a parabolic operator, and a
superposition of parabolic and elliptic operators.

Aim of research: To establish sufficient coefficient conditions for the
unambiguous generalized solvability of mixed problems for equations of the fourth
order containing a superposition of parabolic and hyperbolic operators, a square of
a parabolic operator, and a superposition of parabolic and elliptic operators.

Methods of research: The study used the methods of integral inequalities,
the method of successive approximations, the methods of functional analysis and the
theory of nonlinear integral equations.

Scientific novelty. The unique generalized solvability of mixed problems for
nonlinear differential equations containing the superposition of parabolic and
hyperbolic operators and nonlinear deviations are studied for the first time; for
nonlinear integro-differential equations containing the square of a parabolic operator
and nonlinear deviations; for nonlinear equations containing a superposition of
parabolic and elliptic operators and nonlinear reflecting deviations.

Theoretical and practical implications of the study: Theoretically, the
results of this dissertation will make a definite contribution to the development of
the theory of nonlinear differential and integro-differential equations in partial
derivatives of the fourth order.

The proofs of the theorems are constructive and allow us to construct
algorithms for the numerical calculations of applied problems.

The results obtained can be applied in the theory of nonlinear oscillations and
automatic control.
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