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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTyajdbHOCTHh TeMbl. [lubdepeHumansHpie ypaBHEHHS B YacCTHBIX
NPOM3BOIHBIX M CHUCTeMbl JIU(EpEeHIMATbHBIX YPAaBHEHHH B  YaCTHBIX
NPOM3BOJIHBIX YacTO BCTPEUYAIOTCS B 3ajadyaX MEXaHUKH CIUIOIIHBIX Cpel,
OMOMEXaHMKE U B PA3IUYHBIX 00JIACTAX (DPU3UKH, TJIE POUCXOAIT MOJICITUPOBAHUEC
HEKOTOPOW CIUIOUIHOW CPEIBI.

Jna  pemenus cucteM auddepeHHaIbHbIX YPaBHEHHH B YaCTHBIX
IPOM3BOIHBIX CHAYaja UX CBOJAT K YPABHEHHIO HIIH CHCTEME YPaBHCHHIA TIEPBOTO-
BTOPOTO IMOPS/IKA, 3aT€M €€ KIACCH(PHUIUPYIOT U MPUMEHSIOT OJUH K3 METOJIOB,
pa3pabOTaHHBIX /I YPaBHEHUH pa3aHdHbIX TUIOB. HaxoxaeHHe peleHus, TakKuM
00pa3oM, TPYAHO M BCErJia 3TO HE yIaeTCs.

B HacTosiee Bpems 171 HaX0XKICHHS PEIIeHUs CUCTeM TU( G epeHITMaTbHBIX
yYpaBHCHHWI B YaCTHBIX IMPOU3BOJHBIX HCIIOJIB3YETCS METOJ JIOTIOJHUTEILHOTO
aprymenTa. C ero moMoIib MOKHO HAaHTH TOYHOE PEIICHHE HEKOTOPOU CHCTEMBI.

B pasBuTHe MeTo[a IOMOJHUTEILHOTO apryMeHTa BECOMBIA BKJIAJ BHECIH
yuenbie M.M. HMmanammeB (1989-2015), HO.A. Beap (1989, 1994),
C.H. Anekceenko (1992-2001), II.C. ITamkoB (1995-2003), T.M. Nmananues
(1991-2001), A.K. Ammupbaesa (1993-2022), 3.A. MamasuaeBa (2012-2022),
K.HN. (Mamb6eros 2013-2022) u ap.

T. M. HmanamueB (1999-2000) mnpuMeHWT METOJ IOMOJHUTEILHOTO
apryMeHTa CHaJajla K CHCTEeMe JIMHEHHBIX auddepeHinaIbHbIX ypaBHEHUH B
YaCTHBIX MPOU3BOAHBIX. B ero paborax pacCMOTpEHO NpPHUMEHEHHE METOMa
JOMOJHUTEIBHOTO apryMEHTa K CHCTEME KBa3sHWJIMHEHHBIX TU(hepeHIIHaTIbHBIX
yYpaBHCHHI B YaCTHBIX MMPOU3BOIHBIX IIEPBOTO MOPSIKA.

M. U. Umanamuessiv 1 C. H. Anexceenko (1992, 2001) paccmotpena
crcTeMa HEJIMHEHHBIX TU((HEpEHIMATbHBIX YPAaBHCHUH B YACTHBIX MPOM3BOIHBIX
MICPBOTO MOPSKA U C TOMOIIBIO METOA JAOMOJHUTEIBHOTO apryMeHTa JOKa3aHbl
CYIIIECTBOBAHKE U €IUHCTBEHHOCTD PEIICHHUS MTOCTABICHHOW 3a1auu.

A. XK. Ammpb6aesa, K. 1. Mamb6etoB (2013-2018) mposenu paboty mo
pacmpoCTpaHEHHI0  METoJAa  JOMOJHHWTEIBHOIO  apryMeHTa Ui  CHCTEM
nuddepeHIMaIbHbIX YPaBHEHHI B YaCTHBIX MPOM3BOIHBIX HOBOI'O Kiacca.

B HacTosiee Bpemst pacmpoCTpaHEHHE METOAa AOIOJHHTEIHHOIO
aprymMeHTa Ui CHUCTEM HEIMHEHHBIX Iu(G(EpEeHIIHaTbHBIX W HHTETPO-
nudQepeHIMaTbHbIX YPaBHEHHH HOBOIO Kjacca OMNpeieseT aKTyalbHOCTb
JAaHHOW PaOOTEHI.

CBs13b TeMbI IHCCEPTANMH ¢ OCHOBHBIMH HAYYHO-HCCI€I0BATEIbCKUMHU
padoTaMu, MPOBOAMMBIMH 00pPa30BaTEIbHBIMH H HAYYHBIMH YUPeKIeHUAMH.
HccnenoBanue 1Mo TeMe IUCCEPTALMU MPOBOIMIOCH B paMKaxX YTBEPIKICHHOU
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TemaTukn «Pa3BuTe MeroAa JAOMOJHUTENBLHOIO aprymMeHTa Jyisi CHUCTEMBbI
HEJIMHEHHBIX UHTETPO-Iu(PPepeHIIMATIbHBIX YPABHEHUN B YaCTHBIX MMPOU3BOTHBIX)
Kadeapbl MaTeMaThuyeckoro anaynsza OIICKOro ToCy1apCTBEH-HOTO YHUBEPCUTETA.

eanb uccaenoBanus.

[enr Hactosmend pabOThl COCTOUT B PA3BUTHUH METOJAA JOMOIHUTEIBHOIO
aprymMeHTa JJisl PeIIeHHs CIEAYIOMMX 3a/1ay:

1) MONy4nuTH MOCTATOYHBIC YCJIOBUS CYHICCTBOBAHHMS W EIMHCTBEHHOCTH
pelleHHs HayaJdbHBIX 3a7ad JUIsl CUCTEM HEJIMHEWHBIX HMHTETpo-
¢ depeHINaIbHBIX YPABHEHUN B YACTHBIX MPOU3BOJHBIX C OJIMHAKOBBIM
COMHOYKUTEJIEM, II€ COMHOKUTEIb 3aBUCUTh OT HECKOJIBKMX HEU3BECTHBIX
byHKIUH;

2) TOJYYHTh JOCTATOYHBIC YCIOBHS CYIIECTBOBAHUS W CIMHCTBEHHOCTH
peuieHus HayalbHBIX 3aJad I CUCTEM HEIMHEHHBIX HMHTErpo-
mupdepeHInanbHbIX  YpaBHEHWH B~ YAaCTHBIX  IPOU3BOAHBIX €
HEOJMHAKOBBIMM  COMHOXXMTEJIIMH, TJ€ COMHOXHUTEIH 3aBUCAT OT
HECKOJIbKMX HEU3BECTHBIX (DYHKIUH;

3) MOCTPOUTh  pEUICHUST  CHCTEeM  JBYX  HEJIWHEHHBIX  HMHTETpPO-
nu(pepeHInanbHbIX YPABHEHUH B YACTHBIX IPOU3BOIHBIX C OJJUHAKOBBIM U
C HEOJIMHAKOBBIMUA COMHOXKHTEIISIMH;

4) 0000IIUTh MOIYYCHHBIC PE3Y/IbTAThl ¢ UCIOIL30BAHUEM PA3BUTOIO METO/A
JOTIOJTHUTENBHOTO APIYMEHTA JIJI1 MHOTOMEPHOTO CITy4as.

HayuyHasi HOBM3HA NOJIyYeHHBIX pe3yJbTaroB. IllosydeHs! cienyronme
PE3yNbTATHI:

— HaWJeHbl JOCTAaTOYHBIE YCJIOBHS CYIIECTBOBAaHUS W €IWHCTBEHHOCTU
pelieHusl  HaydaJdbHBIX  3a4a4  JUISI  CHCTEM  HEJIMHEMHBIX  MHTErpo-
mupepeHInanbHbIX YpaBHEHUM B YacTHBIX MPOM3BOAHBIX C OJUHAKOBBIM
COMHOXHUTEJIEM, TJ€ COMHOXXHUTENb 3aBUCUT OT HECKOJBbKUX HEU3BECTHBIX
byHKIUH;

— HaWJIeHbl JOCTAaTOYHbBIE YCJIOBHS CYIIECTBOBAaHUS W €IWHCTBEHHOCTU
pelmieHuss  HaydaJdbHBIX  3a7a4  JUISl  CHCTEM  HEJIMHEMHBIX  MHTErpo-
muddepeHIMaTbHbIX YPAaBHEHUH B YaCTHBIX IMPOU3BOJIHBIX C HEOJMHAKOBBIMHU
COMHOKUTEJSIMU, T[I€ COMHOXHUTEIH 3aBUCAT OT HECKOJBKUX HEH3BECTHBIX
byHKIUH;

—  TOCTPOEHBbl  PELICHUS CHUCTEM  JBYX  HEJIMHEHHBIX  WHTErpo-
nudepeHnanbHbIX YPABHEHUN B YacCTHBIX MPOU3BOJHBIX C OJUHAKOBBIM M C
HEOJIMHAKOBBIMU COMHOXHUTEISIMU;

— TOJyYEHHBIE pEe3yJbTaThl C HCIOJb30BAHUEM PA3BUTOrO0 METOAA

JOTIOJTHUTEIHPHOTO apryMeHTa 000O0IIEHBI SIS MHOTOMEPHOTO CITydasl.
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IpakTnyeckasi 3HAYMMOCTD MOJY4YEHHBIX Pe3yJIbTATOB.

B nuccepranum mosydeHbl HOBBIE pPe3yJbTaThl, KOTOPbIC MOATBEPKICHBI
CTPOTMMH JIOKa3aTEIbCTBAMU UM BHOCST OIPEICICHHBIA BKJIAJ B TEOPHUIO
HEJIMHEHHBIX UHTErpo-Au(depeHIInaTbHbIX YPABHEHUHN B YaCTHBIX MPOU3BOHBIX.

[To momydeHHBIM pe3yibTaTaM PabOThI MOCTPOCHBI PEIIEHUS KOHKPETHBIX
3asa4. Pa3paboTaHHyro cxeMy NpUMEHEHUSI METOJA JOMOJHUTEIBHOIO apryMeHTa
JUTSL PEIICHUsI CUCTEM HEJTMHEHHBIX HHTErpo-aud(epeHInanbHbIX YPaBHCHUA B
YACTHBIX MTPOU3BOJIHBIX MOYHO HCIIOJIb30BaTh MPU PEIICHUN CUCTEM HEJIMHEUHBIX
nuddepeHnanbHbIX ¥ UHTETPO-audpepeHInaNbHbIX YpaBHEHUH IPYTUX KIIaCCOB.

OcCHOBHBIE M0JIOKEHUS JUCCEPTANNH, BBIHOCUMbIE HA 3alIUTY.

1. Jloka3aTenbCTBO TEOPEM CYIIECTBOBAHHMS U E€AUHCTBEHHOCTH PELICHUS
HayaJbHBIX 3aJa4 IS CHUCTEM HEJIMHEHHBIX UHTErpo-auddepeHnaibHbIX
YpaBHEHHII B YaCTHBIX MPOU3BOAHBIX C OJMHAKOBBIM COMHOXHUTEIEM, TJIe
COMHOKHUTEh 3aBUCUT OT HECKOJIbKUX HEU3BECTHBIX (hYHKITUH;

2. Jloka3zaTenbCTBO TEOPEM CYIIECTBOBAHUS W E€AWHCTBEHHOCTH PEIICHUS
HAYaJIbHBIX 3a/lay JJIsl CHUCTEM HEJIMHEWHBIX WHTErpo-auddepeHInaibHbIX
YPaBHEHUI B YACTHBIX IMPOU3BOJHBIX C HEOJUHAKOBBIMU COMHOXXHUTEISIMHU, TJIE
COMHOYHUTEJH 3aBUCAT OT HECKOJIBKUX HEM3BECTHBIX (PYHKITUH;

3. IloctpoeHne pemieHHss CHUCTEM JABYX HEJIMHEHHBIX  HWHTErpoO-
nuddepeHInaNbHbIX YPABHEHUN B YACTHBIX MPOU3BOJHBIX C HEOJUHAKOBBIMU U C
OJIMHAKOBBIM COMHOXUTEIISIMH,

4. OcyHiecTBJICHO MPUMEHEHUs] PA3BUTOTO METOAAa JOMOJHUTEIHHOTO
aprymMeHTa JJi CUCTeM HEJIIMHEWHBIX UHTETpo-IudpepeHIalbHbIX YPaBHEHU B
YaCTHBIX MPOU3BOAHBIX CO MHOTMMU MTPOCTPAHCTBEHHBIMU MEPEMEHHBIMU.

JInunblii BKJIaJ conckaTeas. B coBmecTHbIX pabdorax [1; 3; 7-9] mocTanoBka
3a/lay MPUHAJICKUT HaydHOMY pykoBoauTento A.JK. AmmpOaeBoi, moydeHHbIe
OCHOBHBIE PE3YJIbTATHI U OLIEHKH - COUCKATEIIO.

Anpodanuu pe3yJbTaTOB Jauccepranvu. Pe3ynbraTel HCClIeAOBaHUI
JTOJIO’KEHBI U 00CYK/IEHBI Ha!

— wMexayHaponHod HayuHod koHpepenuuu "III bopyGaeBckue urenms",
nocBsieHHoi 35-netuto Mucturyra marematuku HAH KP (bumkek, mait, 2019,
OIyOJIMKOBAHBI TE3UCHI);

—  MeXAyHaponHOW HayuyHOU KoHbepeHiuu «IIpoOiemMbl  COBpeMEHHOMU
MaTeMaTUKU U €€ TPUJIOKEHUs», mocBsieHHon [0-meTturo akamemuika A.A.
Bbopy6aeBa (r. bumikek, ¢. Bynan-Cororty, uroHb, 2021, omyOJIMKOBaHbBI TE3UCHI);
— IV MexayHapogHOi HaydyHOU KOH(EepeHIHH «AKTyallbHblEe MPOOJIEeMbl TEOpUi
ONTUMAJILHOTO YIPABICHUS, JUHAMUYECKUX CUCTEM U ONEPATOPHBIX YPAaBHEHUI»,
npuypoudeHHas 50 -JIeTHI0 HayYHO-Ne1arornyecKon NesATeIbHOCTH U 75 -JIETHEMY

1oowmtero nmpodeccopa Axputdbeka KepumoOekona (r. buiikek, uroas, 2022);
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— IIECTOW MEeXTyHAPOIHOU KOH(DEPEHIINN IO aHATTU3Y U MMPUKIIATHON MaTEeMaTHKE
(ICAAM 2022) (r. Autanus, Typiwus, oktsOpb, 2022, onmyOJIMKOBaHbBI TE3KCHI);

— KoH(pepeHUIUU “Koropky oOKyy Kaillapaarbl HWIUM H3WIIO6JIOPIAYH
byHIaMEHTAIJIBIK KaHa KOJJOHMO MaaHWiayyayry’ (r. XKamamn-AGan, HOSODS,
2022 r.);

— pEruoHaJlbHOM Hay4YHOM cemuHape uMmeHu K. ANbIMKyoBa «AKTyalbHBIC
pOo0OJIEMbl MAaTEMaTUKH W X IpuMeHeHus» (2018- 2022 rr.).

ITostHOTa oOTpaskeHUsi Pe3yJbTATOB [IUCCEPTANMM B MNYyOJIHKALMSAX.
OcCHOBHBIC Pe3yNbTaThl PabOTHI OMyOIMKOBaHbI B cTaThiax [1; 3-4; 6-9], a Takxke
OIyOJIMKOBaHbI T€3HCHI T0KIa10B [2; 5;10].

Ctpykrypa m o0bem auccepramum. Jluccepramusi COCTOUT W3 TMEPEUHS
COKpallleHnid 1 0003Ha4YeHUM, BBEACHUS, YEThIpeX I1aB, 18 pa3nenoB, BHIBOIOB,
CIIMCKA HCIOJb30BAaHHBIX HMCTOYHUKOB 86 HamMeHOBaHUU, Bcero 91 crpanuna
KOMITBFOTEPHOT'O TEKCTA.

OCHOBHOE COIEP KXAHUE PABOTHBI

Martepuaibl AuccepTalliy U3JI0KEHBI B CISAYIOINIEH MOCIEeI0BaTEIbHOCTH.

Bo BBegeHum gaHO OOOCHOBaHUE AaKTyaJlbHOCTH TEMBI, 0OIIas
XapakTepucThKa paboThl, 1EIb W 3aJa4ud HCCICJAOBaHUS, HaydHas HOBH3HA,
MpaKTUYeCKass 3HAYUMOCTh, @ TaK)KE€ OCHOBHBIC ITOJIOKEHUS, BBIHOCUMBIC Ha
3aIUTY.

B nepsoii rnase «OB30P JIMTEPATYPbI» nmaercs 0630p paboT apyrux
aBTOPOB MO TE€ME JHMCCEepPTallMd M 3aKII0YeHUe, TIE OMpeaesieHbl HepelIeHHbIC
paHee 3a7a4u 7151 UCCIIeIOBAHUM.

N3 o630pa, mpous3BeeHHOTO B 3TOM TJaBe, CIeayeT, YTO paHee B paboTax
JPYTUX aBTOPOB pacCMaTPUBAIUCh C TMOMOIINBID METO/AA JIOMOJIHUTEIHLHOIO
apryMeHTa HEKOTOpPBIE CHCTEMBl HHTETPO-AudpepeHIInanbHbIX YpaBHCHUH B
YaCTHBIX TMPOM3BOAHBIX. boyee 00IME CUCTEMBl HEIMHEHHBIX HMHTETPO-
nudpepeHnnanbHbIX YPaBHEHU B YaCTHBIX MPOU3BOJIHBIX HE PacCMATPUBAIUCH.
Jpyrumu  mMetogamMu Takue Ooisiee OOIME CHUCTEMBl YpaBHEHUW TOXE HE
paccMaTpHUBAIIHCH.

Bo BTopoii rnaBe «<METOJOJIOT' A U METOAbI UCCJIIEAOBAHU S1»

MPEJICTABICHBI MAaTEPUAIIBI U METOIbl, UCTIOJIb3YEMbBIE B PELICHUU MTOCTABIECHHBIX
3a/1a4.

Bropas rnaBa coctout u3 5 pasnenos. B Heit onpeaenens 00beKT, MpeaMeT
Y 33J]a4¥1 UCCIIEOBAHUM U TTOCTABJIEHBI 3a1a4M JJIs1 UCCIICIOBAHUM.



O0bexT HCCIEeA0BAHMSA: Cucrema HEJIMHEWHBIX UHTETPO-
nudepeHnanbHbIX YpaBHEHUN B YACTHBIX MPOU3BOJHBIM C OJUHAKOBBIM U
HEOJMHAKOBBIMU COMHOYKUTEIIIMU, C JIBYyMSI U MHOTHMHU IE€PEMEHHBIMU, TIE
COMHOYKUTEJH 3aBUCSIT OT HECKOJIBKUX HEM3BECTHBIX (PYHKIUH.

IIpeamer wucciaenoBanusi: JlocTarouyHble YCIOBUS CYIIECTBOBAHMS U
€MHCTBEHHOCTH PELICHUS HayaJlbHOW 3aJauyd Il PacCMaTpUBAEMBIX CHCTEM,
MOJIyYEHHE PEIIEHUE B KOHKPETHOM CIIy4ae

Metoasbl ucciaenoBanms: PazpuBaeTcs METO TONOJHUTEILHOTO APIryMEHTA
Y HCTOJIB3YIOTCA: TPUHLHUII COKUMAIOIIMX OTPAXEHUM, METOJI MOCIIEI0BATEIbHBIX
MPUOIMKEHUH.

[IpuBenensl BcrioMoraTeabHble pe3yiabTaThl. J[aHa kpaTkas uHpOpMalus o
METO/IE€  JIONOJIHUTEIBHOTrO aprymeHTta. llpuBegeHbl OCHOBHBIE  JIEMMBI,
UCIIOJIb3yeMble B 3TOM Meroje. Takke mpencraBieHa Kpartkas uHdpopmaius oo
OCHOBHBIX pe€3yJIbTaTax, MOJIYYEHHBIX B JUCCEPTALIMOHHON padoTe.

B tperneii riaBe «PEIIIEHUE CYCTEM HEJIMHEMHBIX MHTEIPO-
JIMOPEPEHIIMAJIBHBIX YPABHEHWI C YACTHBIMHU ITPOU3BOIHBIMU
B JBYMEPHOM CJIYUAE» pPaccMOTPEHO JI0KA3aTeNbCTBO  TEOPEM
CYILLIECTBOBAHMSI M E€IUHCTBEHHOCTH PEIICHMsS HAYAJIBHBIX 3a4a4 I CUCTEM
HEJIMHEHHBIX UHTErpo-Au(depeHInaNbHbIX YPABHEHUI B YACTHBIX MPOU3BOJAHBIX
C OZIMHAKOBBIMU UM C HEOJJMHAKOBBIMU COMHOKUTEISIMU, TJI€ COMHOKUTENIN 3aBUCST
OT HECKOJIbKMX HEU3BECTHBhIX (DyHKIMI. J[oka3aTenbcTBa TEOPEM U MOCTPOEHUE
pELIeHUs] CUCTEM JIBYX HEJIMHEHHBIX MHTErpo-IudPepeHnanbHbIX YPAaBHEHU B
YACTHBIX IPOU3BOIHBIX IPOBOAATCS METOJAOM JIONIOJIHUTEIBHOTO apryMEHTA.

B 3.1. paccmartpuBaeTcs HaualbHas 3ajadya [Jisi CHUCTEMbl HEIMHEWHBIX
nudepeHnanbHbIX YpaBHEHUH B YACTHBIX TIPOU3BOIHBIX

M+a(t,x,ul(t,x),..un(t,x))%;[(’x)= f. (L, %, Uy (L, X),u, (t,X),...u, (t,x)) (1)
(t,x) e Q(T),
u,(0,X)=p (x), xeR, i=12...n. (2)

JlokasaHa cieayrolas Teopema:
TEOPEMA 3.1.1. Ecau ming 1=1,2,..,n:

@, (x) e C'(R)~Lip(L,), L, >0-const,

f,(t, X, U, Uy,...u,) € CO(QT) X R™) N Lip(M|, M|, ..M}

. ), M| >0—const,

up!?

a(t,x,uy,..u,) € CY(QT)xR") N Lip(N|,,N, N

.. )» N; >0—const.

ugree

Torna cymectByer Takoe 0<T, <T,uT0 crcTeMa HETMHEHHBIX



nudpepeHnnanbHbIX ypaBHEHUH B YACTHBIX MPOU3BOIHBIX (1) ¢ HaYaIBbHBIM
— n
ycinoBueM (2) IMEET  €IMHCTBEHHOE pEICHHE B (C( "(Q(T *))) :
B 3.2. paccMOTpeHO HCIOIB30BaHUE PA3BUTOTO METOA JOTOTHUTEIHHOTO
apryMeHTa JJIsl CUCTEMbI HETMHEHHBIX HHTErpo-TuphepeHInaTbHBIX YpaBHEHUI B

YAaCTHBIX IIPONU3BOJHBIX BHUIA:

AR a0 60, 0 P = (60, 00,000, (000 +
+F (6, %U,(5,8),...u,(5,8):5,8), (t,X)eQ/(T), i=1,2,...n, (3)

C HaYaJIbHBIM yciIoBHEM (2).
Omnepatopsl B (3), rae 1 =1,2,...,n UMEIOT OJIUH U3 CICIYIONIUX BUIOB:

t «©

F (G (s,8).-,(8,6):8,8) = | [Ki(t,5,6,u,(8,8),...u, (5,£))dds,

0 0

F (600, (5,8). 1 (5,6)15,6) = F,(6X, [K, (6 O, (t,£)dE).

F (LU, (5. ), (5.6):5,8) = [ [exp(—€2 — x 2)u, (s, E)déds nm.z,

¥ TpeOyeM BBITIOJTHEHUS JJIsl HUX TIOTIOTHUTEIBHBIX YCIOBHM.
TEOPEMA 3.2.1. IlycTh BBITIOHSIOTCS BCE YOBUS TeopeMbl 3.1.1 u
F1) omeparopst Fi— HenmpepbiBHbIE 1O NEPBOM MU BTOPOM NEPEMEHHOW U

F e Lip(H,|,);
F2) cymectByeT Takue Hi>0, uto mms mrodoro T+<T

IF (6 X5 Ur (8, ), 0 (5,6))18,8) — Rt XUy (5,6, U7 (5,€)) 18,8) llgy ) <

n
1 2
S_le H; [[u; (t,X) - u; (t’X)”Ql(T*) -
i=
Torma cymectByer Takoe O<T, <T,d4ro cucTemMa HEJIMHEWHBIX WHTETPO-
nuddepeHanbHbIX ypaBHEHHH B YacTHBIX MPOM3BOAHBIX (3) C HaYaIbHBIM

ycnoBueM (2) UMEET  €AMHCTBECHHOE PEIICHHUE B (5 DQ (T *)))n :

PaccMoTpeH KOHKPETHBIN PUMED.
HNPUMEP 3.2.1:
Paccmorpena cucrema Buaa:



M) )+, (60) 28X Ty e s)ds + 1,0,
ou, (t, x) ou, (t,x)
o W) x) 0 = (),
(4)
(tx)eQ (T), fi)eC(R,,R), (k=12),
C HHHGP'IHBIM HadYaJIbHBIM YCJ'IOBI/ICM:
u@O,x)=a +px, «,p R, xeR, i1=12 5)

3anaua (4)-(5) METOIOM JIOTIOJIHUTEIHLHOTO apIyMEHTa CBEJICHA K CUCTEME

WHTErPaJbHBIX YPaBHEHUI:

_ 3t 1 ts
u,(t,x)) =, +ﬂ{)1(+;3t 1+ A1) j( —s)ju (v, f)dfdvds— ,Bgtﬂ fs(v)dwls}+
+jjl'u1(s,§)d§ds +j f,(s)ds, (6)
X — ot 1 %
X0 e +ﬁ{1+ﬂ3t 1+ Bty T }
+ j f,(s)ds, (7)

rac
a=o,t+a,, Py=p+p5, ft)="10+f(Q1).

st (6) mpuMeHsieTcs METO/T MOCIEI0BATEIbHBIX MPUOIMKEHUIA.
B vactHocTH, U3 (6), (7) MOKHO MOTYYUTh PELIEHUE OJTHOPOIHON CUCTEMBI
¢ ycioBueM (5) B Buje:

X—a.t
u,(t,x))=a, + iy
(LX) =a, ﬂ11+ﬁ3t

X — .t
u,(t,x)=a, + iy

B 3.3. paccmarpuBaeTcsi = cuUCTEMa  HEJIMHEHHBIX  ONEPATOPHO-
nudepeHnnanbHbIX ypaBHEHUH B YaCTHBIX IPOW3BOIHBIX BUJIA:



Dla, (t,x,u,,...,u )u,(t,x) = a,(t, x,u,,...,u. ) +F.(t;u,)
Dla, (t, x,,u;,u,)Ju,(t, ) = F,(t, X;u;,u,)
Dla, (t, X, Uy, Uy, Us)Jus(t, X) = F5 (8, XU, U, Us)

Dla, (t,x,u,,...,u)Ju,(t,x) = F, (t,X;u,,...,u,)

(8)
(t,x) € Q (T).
Cucrema (8) paccMaTpuBaeTcsi ¢ HAYaJIbHBIM YCIIOBUEM:
U, (0,Xx) =x,
0.9 | o
u(0,x)=¢.,(x), x=2,..n

HOKaBaHa ciacayromiada TcopcMma.

TEOPEMA 3.3.1. [TycTs:
1o, (x)eCY(R)NLipL), k=1..n-1

a;(t,x,uy,...u,) e CPQT)x R") N Lip(M,],,N,

. )» M, >0—const,

N, >0-const,i=2,...,n;

2) onepatop Fi1— HempephIBHBIN 10 TIEPBOIA IEPEMEHHOMN U OH
yIoBJIeTBOpsET ycnoButo Jlunmma: cymectByet Takoe K1>0, uto mist mo6oro

T« <T:
” Fl(t;ul) - Fl(t;uz) ”Ql(T*)S Kl ” ul(tv X) —u, (t’ X) ||Q1(T*)’

3) onepatops! F, (t, X;u,,U,,...,u.), 1=1...,n oTOOpaxaiOT HENpPEPHIBHbIC
(GYHKIIUM B HETIPEPHIBHBIC U

F.(t, X;u,,U,,...u;) € Lip(P] . K,

), P,K—const, i=2..n.

Torga mpu 0<T, <T 3agmaua (8)-(9) umeer pewenne B (5 D(Q (T*)))n.

B paznene 3.4 . npoBoAUTCS MOCTPOCHUE PEIICHHS HAYaIbHOM 3a1a4u JIJIs
CUCTEMBI HEJTMHEWHBIX UHTETPO-Au((DepeHIInaTbHBIX YPaBHEHUIN B YACTHBIX
MTPOM3BOJHBIX BUJIA:

10



ou,(t, x) ou,(t,x) o
po +U,(t,X) ~ _uz(t,x)+££ul(s,§)d<§ds+f(t) 0
o, (t,X) +u,(t, x)M = g(t, x,u, (t, x)).
OX
u,(0,X)=x, u,(0,X)=¢(x), xeR,, (tx)eQ, (11)

Oyukuuu, npuseaeHnsie B 3amade (10) - (11), mocTaTouHo riaaakue, T.¢.

p(x)eC(R,), 9(t,xu,)eC?Q, xR).

Pemenne nmocrapiennoit 3amaaun (10)-(11) umeet Bu:

u, (t,x) =x+ 1+ 2b)t+| f(s)ds,

u2 (t’ X) = (0( p(O,t, X)) +

Ot—— + Oy

(s, p(s,t, x), p(s,t,x) + (1+2b)s +j f (v)dv)ds,
rac
b= ﬁj f(v)dvddds,

p(S,t,X)-penienue caenyroero HHTErpaIbHOTO YPaBHEHUS, JI1 KOTOPOTO MOYKHO
MPUMEHSITh METOJ] TIOCJICI0BATEIHHBIX TPUOIMKEHUH:

p(s,t,X)=Xx— j{(ﬂ 2b)v + f f (T)dz}d V- j p(v,t,x)dv, (s,t,X) e (52 : (12)
B wactHocTH, eciin cuctema (10) umeer Bu:
ou, (t,x) ou, (t,x)
+U, (t, x) ™ u, (t, x) 1)
%wl(t,x) () _ 1y (t,)ds gt x, Uy (1, X).

TO PEUICHUE UHTETPAIBHOTO ypaBHeHUs (12) mpuHUMaeT BUI:
p(s,t,x) =xe .
Torna monyuaem penienne 3aaaqun (13)-(11) B Buze:

u, (t, x) = x,

t
u2 (t1 X) = %"‘ (D(Xe_t) + J g(S, Xe_(t_s) ’ Xe_(t‘s))ds.
0

11



[TocTpoenue pemeHnst CHCTeMbl HETMHEWHBIX HHTETPO-TU(PepeHITMATEHBIX
YpaBHCHUH B YaCTHBIX MTPOU3BOAHBIX C OJMHAKOBBIM COMHOYKUTEIIEM PACCMOTPEHO
B pazjene 3.5:

5U1(t,X) 5U (t X) 8U1(S,§)
2,00 HK(t, HT P deds 1) »
%JFW(LX)M:g(t,X,ul(t,x)), (t.x) <O.
c (11).

[Tonydeno peHICHI/Ie sagaun (14), (11) B BHJIC:

(60 =x- [t e+ 1] [ K(pis,0) - deds+ g o) ldatd+

00 0—

TG ds+ g(p)}dp.

u, (t,x) = p(p(O,t, X))+j9(8, P(s,1,X),uy (S, p(S,t, x))ds

rae oyakoust P(S,1, X) —perienune ciieIyromero HHTErpaJbHOr0 ypaBHEHUS:

p(s,t,x)=x— jul(v, p(v,t,x))dv.

B uerBepToii rnase «PEITEHUE CUCTEM HEJIMHEMHBIX UHTEI PO-
JINODEPEHIIMAJIBHBIX YPABHEHII B YACTHBIX ITPOU3BOIHBIX B
MHOI'OMEPHOM CJIYHAE» npuMeHeHre pa3BUTOTO METOAA IOTIOTHUTEIBHOTO
apryMeHTa MPOBOAMTCA JUIsI CUCTEM HEJIMHEWHBIX MHTErpo-auddepeHInanbHbIX
YPaBHEHUM B YaCTHBIX IPOU3BOAHBIX CO MHOTMMM IPOCTPAHCTBEHHBIMU
IIEPEMEHHBIMHU.

B 4.1. paccmoTpeHO pa3BUTHE METOAA JOIMOJHUTEIBHOIO apryMEHTa JJist
HAaYaJIbHOM 3a/layd CUCTEMbl HEJIMHEWHBIX IU(PepeHIMalbHbBIX YPAaBHEHUH B
YaCTHBIX MPOU3BOAHBIX MIEPBOTO MOPSIKA:

ou. (t,x;,...X,) ou, (t, X, X, ) _
ot +zak(t Xpyeens Xy Uy, Uy, ’un) 8Xk -
= f.(t, X, X, U (6 X0 X ), Uy (8, X0, X ), U (8 X0 X)), (15)
i=12..0, (tX...%,) €Q(T),
U, (0,X,...X.) =@ (X,--,X,), 1=12,..n, (X,...X,)eR". (16)

Jloka3zaHa cieayromnas reopema.
12



TEOPEMA 4.1.1. Ilycrs dynkmun @, (X,,....x.) e C*(R"),
a (t’Xli""Xn’ul’UZ""’un)’ fi (tixl""’xn’u1’u2""’un) eC "o (an(T) X Rn)’
i=1,2,..n.

Torma  3amawa (15), (16) wWMeeT €IMHCTBEHHOE PEIIICHUE

B (5 Q' (T*)))n ,rae T« (0<T. <T) ompenensiercs U3 HCXOJHBIX JaHHBIX.

Hcnons30BaHWe pa3sBUTYI0 METOJMKY JIISl  CJCAYIONICH  CHCTEMBI
HEJTMHEHHBIX UHTErPO-aud(hepeHIMaTbHBIX YPABHCHUN B YaCTHBIX MPOU3BOIHBIX
¢ ycioBueM (16) paccmorpeHo B 4.2:

ou,(t,X,...X,) & ou. (t,X,..,X,)
' 4 a, (XX, U, Uy, U ) — =
= fi(t’X1"-’Xn’u1’u2’---aun)+ Fi(t’Xl""’xn;ulfuZ""’un 13151’---141)’ (17)

i=12,...n, (t,X,..,x,)eQ,;(T).

JlokazaHa ciaeayrouas TeopemMa O CylleCTBOBAaHUE U €IMHCTBEHHOCTH.
TEOPEMA 4.2.1. TlycTb BBIIIOHSIOTCS BCE YIOBHS TeopeMbl 4.1.1 u

F1) omnepatopsl F— HenpepsiBHBIE 1O mepBbIM N+1 mnepeMeHHbIM H

F eLip(H;|, .Hsl,,.-Ho |, ) Hp >0—const,i=12,...n;

F2) cymectByer Takue Hi>0, uro mist mo6oro T«<T
Rt X X (5.€), e (5:6)) 8,61 ) -
—F (t, Xy X U2 (S, E), U2 (S,6)) 08,6y )

<
Q' (T)

<3 H )~ () g

Torma 3amawa (17), (16) wWMeeT €IMHCTBEHHOE PEIIICHUE
— n
B (C ( )(an (l' *))) , e T+ (O <T. <T) olpenensiercs U3 UCXOAHBIX JTaHHBIX.
B 4.3. paccMoTpeHO pelieHHe CUCTEMbl HEJIMHEHMHBIX  HHTErpo-
nuddepeHInaTbHBIX YPaBHEHUN B YACTHBIX TMPOU3BOAHBIX C HEOJMHAKOBBHIMU

COMHOKHUTEISIMHU U ¢ N+1 HE3aBUCHLIMHU MMEPEMCHHBIMU.
PaCCManI/IBaeTCSI CUCTCMA C HAYAJIbHBIM YCJIOBUCM:

u,(0,X) => x,,
k=1

u (0,x)=¢ (x), xeR", x=2,...n
13
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DLy (€, X, U )y By (6 XUy 1, Ty (6 X) = 3 (6 X, Uy 1) + F )

D[a’21(t7X"u17u2)7a22""’a2n]u2(t’X) = Fl(t’X;’ul’UZ)
(19)

Dla,, (t, X,u,,u,,U,),...,.8,, (t, X,u,,u,,u,)Ju,(t, X) = F, (t, x;u,,u,,u,)

Dla,, (t, X, u,,...,u,),....a,, & X, u,....u )u,t,x)=F _,(t,x;u,,...,u,)

X= (X, Xy,--%, ), (£,X) € Q) (T).

Jlnga  pelieHus JaHHOM 3aJayd MCIOJBb30BAH METOJ[ JIOMOJHUTEIBLHOTO
apryMeHTa.

PaccmoTtpen cnenyronuii mpumep.

IMPUMEP 4.3.1.

DLy (t, X, YUy, Uy, @y (6 X, Uy Uy, (6 X, Y) =za (%, Y., U,) + [ Jut, &, m)ded

Dla,, (1%, Y, Uss Us ), 85 (8 X, Y5 Uy, U ) U, (8, X, y) = (L X, y, Uy, U,), (20)

(t,x,y) €Q(T)=[0,T]xR?.

Cucremy (20) paccMOTpUM C HA9aJIbHBIMU YCITOBUSIMH .

u,(0,x,y)=x+y,
UZ(O’ X’ y) = ¢(X1 y)! (X’ y) € R+2

3aaHHBIE GyHKIUM JIOCTaTOYHO ITIaKHe;
(X, Y)) € c® (Rf), a;; (t,xy,u,U,) € 6(1)Q12 (T)x R2)1

b(t, X, y,u,,u,) € C®(Q2(T)xR?),i, j =1,2.
C IIOMOIIIBKO MECTOJAa AOINIOJIHUTCIBHOI'O apryMeHTa CBOJIUM HepBOG

(21)

YPaBHEHHUE CHUCTEMBI K HHTETPAIBHOMY YPAaBHEHHIO, IJISI KOTOPOTO IPUMEHSA
METO/I TTOCJIeIOBATEIBHBIX MPUOTUKEHUN MOJTydaeM:

u (t,x,y)=x+y+e -1,

Jlanee mojacTaBiisasl HalIGHHYIO (YHKIIMIO BO BTOPOE YPaBHEHUE CUCTEMBI,
moJiydaeM 3aJa4y OTHOCHTEIbHO HeHM3BeCTHOW (GyHKIuU Uy(t,X), KoTopas ¢
MOMOIIBI0 METOJAa JIOMOJIHUTEIBLHOTO apryMEHTa CBOJUTCA K  CHUCTEME
WHTETPANbHBIX ypPAaBHEHWM W I CHUCTEMbl HHTETPAIBHBIX  ypaBHEHUU
MPUMEHSIETCS TPUHITUI CKATHIX OTOOpaKEHUM.

B 4.3. paccMOTpeHO pElIeHHME CHUCTEMbl HEJIMHEWHBIX HHTErpo-
nudepeHnanbHbIX YpaBHEHUN B YACTHBIX MPOU3BOJIHBIX C BHIPOKIEHHBIM
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SAPOM BUJIA:

ou, (t, X, ou, (t, X,
%-ﬁ-ul(t,x,y) M

=u,(t,x,y)+

ou, (t,x,y)
——= 177 1, (t, X,
(LX)

+U, (6%, Y) + [ [ [H QK (5, & m)uy (s, 7)d éd mds,

ou (t, ,y) 8u2(t,x,y) _
OX

oy
= [[[H,OK,(s.&1m)u,(s, & m)dédnds (22)

000

+HU (t.g,mdcdn

aUZ(t’tX’y) +U, (L X, y)———

C yCJIOBHEM
u0,x,y)=x+y, i=12, (X, y)eéf. (23)

B pabote nocTpoeHo pelieHne CUCTeMbl HETUHEHHBIX UHTErpo-
mudepeHIaTbHBIX YPAaBHEHHUA B YACTHBIX MPOU3BOAHBIX (22) ¢ HAYaIBHBIM

yciaoBueM (23) B BHIE:

u,(t,x,y)=x+y+H,(t)A/(1-B),

xt D [t 1 L3
u, (t, X, y):m+q2(0,t,x, y)(l—t)+E{!Hz(v)dv—mﬂHz(v)dVds}

rac
A=[[[K,(s,&7)(n +E)dEdnds,
B=[[[K,(s,&n)H,(s)d&dnds =1,
D= [[TK, (5.6, + 0, (0,5, £,)(L- 5))dcles,
111 S 1 ST
E :M!Kz(s,f,n)MHz(v)dv—miin(v)dVdr}dg&dUds:&—L

t1l1

Go(stxy) =y~ [[[(E+7+ F(5))dédrds.

s00
B nganHoM riaBe OCYHICCTBJICHO IIPHUMCHCHHUS  PA3BUTOI0  METOAA
JOITIOJIHUTCIBHOTO AprymMcHrTa JJIA CHCTEM HEJIMHEHHBIX HHTCTPO-
I[I/I(b(bepeHHI/IaHLHBIX ypaBHeHI/Iﬁ B YaCTHBIX IIPOU3BOAHBIX CO MHOI'HMH
MMPOCTPAHCTBCHHBIMU IICPCMCHHBIMU.
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C nomomipl0 MeToJa JIOMOJHUTEIBHOTO apryMEHTa IMOCTPOCHO PEIICHUE
OJIHOM  cuCTeMbl  HHTErpo-guddepeHnanbHbIX  ypaBHEHUH C  Tpems
HE3aBUCUMBIMbI IEPEMEHHBIMU.

BbIBO/1bI

B nucceprauyu  METOAOM  JONOJHUTENBHOTO apryMEHTa IOJIyYEHbI
JIOCTaTOYHBIE YCJIOBHS CYIIECTBOBAHMS M €AMHCTBEHHOCTH PEUICHHS Ha4aJbHBIX
3alay JUI1 CHUCTEM HEJTWHEHWHBIX HWHTErpo-auddepeHuaibHblX ypaBHEHUN B
YaCTHBIX MPOU3BOJHBIX C OJIMHAKOBBIMH COMHOXKHUTEISIMH, TJI€ COMHOXKUTEIU
3aBHUCST OT HECKOJIBKUX HEM3BECTHBIX (pyHKuM. HaliieHsl 1oCcTaTOYHbIE YCIOBUS
CYIIECTBOBAHMS M €IWHCTBEHHOCTH pEIICHUS HAYalbHBIX 3a/1ad /s CHUCTEM
HEJIMHEWHBIX UHTETPO-Au(PEpeHIINaTbHBIX YPAaBHEHUI B YaCTHBIX TPOU3BOTHBIX
C HEOJIMHAKOBBIMH COMHOXXHTEISIMHU, TJI€ COMHOKUTEIH 3aBUCAT OT HECKOJIBKHUX
HEU3BECTHBIX (DYHKIIMM.

[ToctpoeHbl  pemieHHss ~ CUCTEM  JIBYX  HEIMHEHHBIX  HHTErpo-
G depeHINaTbHBIX YPaBHEHUM B YAaCTHBIX MPOU3BOJHBIX C HEOJWHAKOBBIMHU U
OJIMHAKOBBIM COMHOXHUTEJISIMHU.

[lomydyeHHble  pe3ynbTaTbl C  HCIOJIB30BAHMEM  Pa3BUTOTO  METOJA
JOTIOJTHUTENBHOTO apryMeHTa 0000UIEHBI JJIs MHOTOMEPHOIO CIyYas.

Pe3ynbTaThl 1uccepTauy NOATBEPKACHBI CTPOTUMHU JJOKA3aTEIbCTBAMH.

B nmuccepranmmu  momydeHbl HOBBIE Pe3yJdbTaThl, KOTOpPBIE BHOCST
ONpENENeHHbI BKJIaJ B TEOPUIO HEIMHEHHBIX WHTErpo-auddepeHInanbHbIX
YPaBHEHUH B YACTHBIX IPOU3BOIHBIX.

[TocTpoeHHbIe cXeMbl NMPUMEHEHHUsI METOJa JOIMOJIHUTEIBHOIO apryMeHTa
JUISL pEUIeHHs] CUCTEM HETMHEMHBIX MHTErpo-Au(QepeHInanbHbIX YpaBHEHUN B
YaCTHBIX MPOU3BOJIHBIX MOYKHO HMCIIOJIB30BATh MPHU PEIICHUU CUCTEM HEITMHEWHBIX
YPaBHEHUM APYTUX KIIACCOB.

ABTOp  BbIpaXkaeT rJIyOOKyl0  OJIarogapHOCTh  CBOEMY  Hay4HOMY
pykoBoautento A.¢.-M.H., mpodeccopy AmmupbaeBoii Aixapkeia JKopoOekoBHE 3a
MIOCTaHOBKY MPOOJIEMBbI UCCIIEIOBAHUS U MOCTOSIHHOE BHUMAaHUE K padoTe.
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10. Sadykova, G. Solving of system partial operator equations of the first
order by the method of additional argument. [Tekct] / A. Ashirbaeva, G. Sadykova
/I Abstract book of the conference ICAAM 2022. October 31-November 6, 2022,
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CagpikoBa I'yabxan KypOanOexkoBanbiH <«/Kekede TYYHAYJIYYy
CBI3BIKTYY 3MeC HHTerpo-AuddepeHuHaNIbIK TeHAEMeJIEePAUH CHCTEMAChI
YUYYH KOLIYMYa apryMeHT KMUMPYY YCYJy OHYKTYpPYY» AereH remana 01.01.02
— aup@epeHUMANABIK TeHAeMelep, AMHAMHUKAJIBIK CHCTEeMaJlap KaHa
ONTUMAJABLIK  Oamikapyy agucTuru  O0oHYa  (QU3MKaA-MAaTeMaTHKA
WIMM/ICPUHUH KaHIUAAThl OKYMYIITYYJYK JapaacblH M3ACHHUII AJ1yy YYYH
7KA3bLITaH QM CCEePTANUSICBIHBIH

PE3IOMECH

Herm3ru ce3nep: >xekede TyyHAydyy auddepeHIuangbik TeHIEMelIep
CHUCTEMACHhI, CBI3BIKTYY 3MeC TEHJEME, HHTErpo-auddepeHnaniblK TeHAeME,
KOITyM4Ya apryMeHT Kuiupyy ycyiny, KommHMH Macenecn, KbICyydy
YarbUITYyJIapbIH IPUHITUOU.

N3unnee o0beKkTHCH: DKM JKaHA KOIl ©3repMmesyy, Oup Hede Oenrucus
byHKUIMsIIapaaH Ko3 KapaH bl 00JITOH OUp/ieH KaHa Oup el aMec KoOOUTYyuynepy
MEHEH »JKEKede TYYHAYJAYY CBI3BIKTYY dMeC HHTErpo-audepeHInanabk
TEHJEMEJIEP/IMH CUCTEMACHI.

N3uanee mnpeameru: Kapanpinm >kaTkaH cucTeManap Y4YyH OallTanksl
MaceJeHUH YCUMMHWHHWH JKAIANIbIHBIH jKaHa > KAJITBI3ABITBIHBIH  KETHUIITYY
IapTTaphl, aWPbIM yUypJIapJarsl ajdbIHTaH YbITAPbUIBIIITAP.

Nmrun makcarbl: Komymya aprymeHT KMWMPYY YCYJIy MEHEH JKEKeue
TYYHIYJIYy CBI3BIKTYY dMeC HWHTerpo-auddepeHmaiiblk KaHa OIMepaTopayK
TEHJEMEJICPINH CUCTEMACHIHBIH YCUHMMHUH H3UJII00.

N3ungee merommaopy: Komymya aprymMeHT KUHHUpPYY YCYJly ©HYKTYPYJIOT
JKaHa TOMOHKYJIOP KOJIJIOHYJIAT: KbICYyUy YarbLITyyJapAblH MPUHITMOU, Yaasail
YKAKBIHIAIITBIPYY YCYIIy.

N3ua100HYH WIIMMUIA KAHBLIBITBI: DKUY KaHa KOIl ©3repMenyy, Oup Hede
oenrucus (QyHKIUSIApAaH KO3 KapaHAbl OOJTOH Oupae >kaHa Oupaer sMec
KOOOUTYYUYJIOpy MEHEH KeKeue TYYHIYJIyy ChI3BIKTYY OMEC HHTETPO-
mudpepeHInanabIK  TCHACMEICPIUH CHCTEMAChIHBIH KEHUPH KJIACcChl  YYYH
Kapajnran  OaliTankel ~ MaceJe€HUH  UYEYMMHHUH  JKAlllallbIHBIH  KaHa
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YKAITBI3BITBIHBIH JKETHILTYY IIAPTTapbl ajnblHraH. Kolrymya apryMeHT KUHUpPYY
ycyiy 00IOHYA alipbIM TEHJEMEJEP CUCTEMACHIHBIH YbITapPbUIBIIIBI TYPTIYy3YJTaH.
AJIBIHTaH  KBIMBIHTBIKTAPABIH TEOPUSUIBIK KAHA MNPAKTHKAJIBIK
MaaHWIYYJayry: /[lucceprallMsiHbIH KBIMBIHTBIKTApbl TaK JANWIIO6JIOp MEHEH
oexemaenreH. Mmre anpIHraH KBINBIHTHIKTap OOIOHYA KOHKPETTYY MaceleIepIuH
YBIFapbUIBIILITAPBI Typry3yirad. MIITeaun YblKKaH jKeKe4e TYYHIYIYYy ChI3BIKTYY
aMec UHTErpo-auddepeHInaNAbIK TeHIAEMENep CHCTEMaJapblH YbITapyy YYYH,
KOLIyMYa apryMEHT KHMHMPYY YCYJyH KOJIIOHYY CXEMachlH Oallka KiaccTapaarbl
CBIBBIKTYY 9Mec  auddepeHuuanablk  KaHa  HUHTETrpo-TudPepeHIranibik
TEeHJEMEJIEP/IMH CUCTEMAJIapblH YbITapyy YUYH Jia KOJII0Hyyra 00JI0T.

PE3IOME

aucceprauuu  CaapikoBoii ['yabxan KypOanOekoBHBI Ha Temy:
“Pa3BuTHe MeTOa JTONMOJHUTEILHOI0 APryMeHTA ISl CUCTeMbI HeJIMHEHHBIX
UHTEerpo-auddepeHUAIbHBIX yYPABHEHHH B 4YACTHBIX MNPOU3BOAHBIX” Ha
COMCKAHME Y4YEeHOH CTeNeHH KaHAUAATa (PU3HUKO-MATEMATHYECKHX HAyK IO
cnenuanabHocTH 01.01.02 - nuddepenunanbHbie ypaBHEeHH S, JUHAMUYECKHE
CHCTEMbI U ONITUMAJIbHOE YIIPpaBJIeHHe

Kurouessble cioBa: Cucrema nudpepeHnnanbHbIX YpaBHEHUN B YACTHBIX
MPOU3BO/IHBIX, HEJIMHENHOE YpaBHEHHE, MHTErpo—AuQ dhepeHnaibHoe
YpaBHEHUE, METOJI JOIIOJIHUTEIBHOIO apryMeHTa, 3a1a4ya Komm, mpuHuun
CKUMAFOITUX OTOOPaKCHUH.

O0BeKT HCCJIe10BAHUA: Cucrema HEJIMHENHBIX HUHTETPO-
muddepeHIMaIbHBIX YpaBHEHU B YaCTHBIX IPOU3BOJHBIM C OJUHAKOBBIM U
HEOJMHAKOBBIMU COMHOXKUTEISIMU, C JBYMSI U MHOTMMHU IEPEMEHHBIMU, TIJI€
COMHOYKUTEJH 3aBUCAT OT HECKOJIBKUX HEM3BECTHBIX (DYHKIUH.

IIpeamer wuccaenoBanus: JloCTaTOYHBIE YCIOBUS CYILIECTBOBAaHUS U
€IMHCTBEHHOCTH PELIEHUs HA4yajJbHOM 3aJayu U1 pacCMaTPUBAEMBIX CHCTEM,
MOJIyYEHHE PELIEHUE B KOHKPETHOM CIIydae

Heabs wuccaenoBanusi: lccinenoBaHue pemIeHUHM CUCTEM HEJIMHEMHBIX
UHTETpo-Au(pdepeHInaIbHbIX W ONEPAaTOPHBIX  YpPaBHEHHH B  YaCTHBIX
MPOU3BOIHBIX C UCITOIB30BAHUEM METOA IOMOJHUTEILHOTO apTryMEHTA.

Metoasbl ucciaenoBanms: PazpuBaeTcss METOJ TONOJHUTEILHOTO APIryMEHTa
U UCIOJIb3YIOTCS: MPUHLHUIT C)KUMAIOIIMX OTPAKEHUN, METOJ MOCIEA0BaTEIbHbBIX
IPUOITNKEHUH.

Hay4ynasi HoBM3Ha wucciaeaoBaHus: I[lomydeHsl nOCTaTOYHBIE YCIIOBHS

CymeCTBOBaHUA M CAWMHCTBCHHOCTHU PCIICHUSA HayaJabHOM 3agadyn Ojid CHCTCEM
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IMIMPOKUX KJIACCOB HEJIMHEHHBIX HWHTErpo-auddepeHnanbHbIX YpaBHEHUN B
YACTHBIX NPOU3BOAHBIM C OJMHAKOBBIM M HEOAMHAKOBBIMU COMHOXKHUTEIISIMH, C
JIBYMSI U MHOTMMH IIEPEMEHHBIMM, I'/IE COMHOXKMTENIN 3aBUCAT OT HECKOJIBKHX
HEU3BECTHBIX (QYHKIUH.

Teopernyeckass ¥  NpakTHYecKas  3HAYMMOCTH  MOJIyYeHHBIX
pe3yabTaTroB:  Pe3ynbrarel  AMCCEpTallMd  NOATBEPKAEHBI  CTPOTMMHU
nokazarenbeTBamMu. 110 mosydeHHbIM pe3ysibTaTaM padoThl MOCTPOCHBI PELICHUS
KOHKPETHBIX  3amady.  Pa3paboTaHHyi0  cXxeMy  NpPHUMEHEHUS  MeToja
JOTIOJIHUTENBHOTO apryMeHTa JJI1 PEUICHUS CHCTEM HEJIIMHEWHBIX YPAaBHEHHU B
YACTHBIX ITPOU3BOAHBIX MOKHO HMCIIOJIB30BATh MPU PELICHUN CUCTEM HEJIMHEHWHBIX
TG depeHIMATBHBIX U UHTETPO-AU(PPepeHInaIbHbIX YPAaBHEHNUHN IPYTUX KIACCOB.

SUMMARY

of dissertation «Development of the method of additional argument for a
system of non-linear partial integro-differential equations» of Sadykova
Gulkhan Kurbanbekova is submitted for the scientific degree of candidate of
physical-mathematical sciences by the specialty 01.01.02 -—differential
equations, dynamical systems and optimal control

Key words: system of partial differential equations, non-linear equation,
integro-differential equation, method of additional argument, Cauchy problem,
contracting mappings principle.

Object of research: A system of nonlinear integro-differential partial
differential equations with same and unequal multipliers, with two and many
variables, where the multipliers depend on several unknown functions.

Subject of research: Sufficient conditions for the existence and uniqueness
of the solution of the initial problem for the systems under consideration, obtaining
a solution in a specific case

Purpose of the study: Investigation of solutions of systems of nonlinear
integro-differential and operator partial differential equations using the additional
argument method.

Research methods: The method of additional argument developed and the
following are used: contracting mappings principle, the method of successive
approximations.

Scientific novelty of the research: Sufficient conditions are obtained for the
existence and uniqueness of the solution of the initial problem for systems of wide
classes of nonlinear integro-differential partial differential equations with the same
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and unequal multipliers, with two and many variables, where the multipliers depend
on several unknown functions.

Theoretical and practical significance of the results obtained:

The results of the dissertation are confirmed by rigorous evidence. There are
constructed solutions to specific tasks based on the results of the work. The
developed scheme of application of the additional argument method for solving
systems of nonlinear partial differential equations can be used in solving systems of
nonlinear differential and integro-differential equations of other classes.

MNEPEYEHDb YCJIOBHBIX OGO3HAUYEHUM

R —MHOK€CTBO BEILIECTBEHHBIX YHCET;

R+=[0,0), R++=(0,);

R" (n eN) — n-MepHOE BeIeCTBEHHOE EBKIIUIOBO IPOCTPAHCTBO U €r0 TOYKH
X=(X1, X2, ..., Xn);

|I- I - Hopma;

JUTSl HEIPEPBIBHBIX (M OTPaHUYEHHBIX, €CJIM 00JIaCTh ONPEEICHUS HE OTPaHUYEHA)
byHKuMiA Oynem noapazymeBaTb MAKCUMYM MOJYJIA (DYHKIIUY;

T eR++,m,n eN- HexoTOpbIe PUKCHPOBAHHBIC YUCIIA,

Qn(T) :{(tl,tz,t3,..,tm,x)| 0<t <t,<t,<..<t, <T,xeR}
Qr?w(T) :{(t1!t21t3!--1tm’X)‘Ogtl StZ St.?; <. Stm ST’ Xe Rn}’
Qu ={(t, .ty t;,.. 1, X0t <t, <t <...<t, <o, xeR};

Qn ={(t, b, ty,. 1, X)| O, <t, <t <. <t <00, xR}

(Y24

Ecu B BBIIEYKAa3aHHBIX IPOCTPAHCTBAX OTMEYEHO 3HAK “‘~”, 5TO 03HaJaeT, XeRy;
(2 - MOIMHOKECTBA €BKJIMI0BA MpocTpaHcTBa R";

C(£2),CW(£), Cl*2#)(Q) — ppoctparcTBa (GYHKLHIA, ONPEIEICHHBIX U HEeIpe-
PBIBHBIX (COOTBETCTBEHHO BMECTE CO BCEMM CBOMMH ITPOU3BOAHBIMU JI0 MOPsAKa K;
COOTBETCTBEHHO BMECTE€ CO CBOMMH HPOM3BOJHBIMM IO HOPSAAKA ¢ MO i-My

aprymenry (i=1,...,n)) Ha 2,

C_:, C™ . MPOCTPaHCTBA (PYHKITUI C TIOMOJTHUTEITLHBIM YCIIOBUEM
OTPaHUYCHHOCTH (COOTBETCTBCHHO U IS YKa3aHHBIX MTPOU3BOIHBIX);
Lip(N[,,M|y,...) — xmacc QyHKIMIA, yIOBICTBOPSIONIMX YCIOBHIO JIMmmumna o
nepeMeHHo U ¢ koaddunmentom N, o nepemeHHoi V ¢ koddpduimentom M,...;
TUTst QYHKITUW OJTHOM TIEPEMEHHOM MHIEKC OyIeM OIMyCKaTh;
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HuddepenunanbHbie onepaTopLI:
0 0
Dlw] = —+0)—, D, [, o =—+ @
A Do o= 5 S
Omneparopsl, npeodpasyromue GyHKIUH B (QyHKIUH, OyJaeM 3aIluchbiBaTh
CHayaJia B MOJIHOM BHJIe: (DYHKIIMS KaKMX MEPEMEHHBIX MoydaeTcs; (rocie
3HaKa ;): Ha KaKkyroo (YHKIUIO (MM HECKOJIBKO (PYHKIIMI) M KaKHX MEPEMEHHBIX
NEUCTBYET OMNEpaTOp; CBA3aHHBIC NEPEMEHHbIE B 3TOM (yHKIMH (MO aHAJIOTHH C
3alUChI0  HMHTErpajioB), uepe3 JBoeTouue. B nanpHelilieMm, e€clyd 3amuch
MOBTOpSIETCS 0€3 U3MEHEHHUH, OTepaToOphl OyJIeM 3alUChIBATh U B KPATKOM BHJIC.
Hamnpumep:

G(t;u(s,&):s,&) =G(t;u) = ”K(t s,&)——=22d&ds + g(t), (t,x)eQ,

(omepatrop mpeodpazyeT cpyHKumo JIByX TIEPEMEHHBIX B (YHKIHUIO OJHOMN
MIEPEMEHHOM, TIPHU 3TOM HCTIOIB3YIOTCS 3HaUCHUS QYHKIIUU-OTIEPAH/IA B PA3TUIHBIX

ou(s,&)
0g

TOYKaXx);

HU(S &0 £)) 8,60 ) = H(U) = [ [ JUP(5. &0 £,)0E,.. OE,ds (ecnn mrmerpan

CXOJUTCS);
Jist enuHoOOpasus 3adUKCUpyeM 3HaUCHUS OYKB:
u(t,x) — Hem3BeCcTHAsT QYHKIIHS;
V(7t,X) — Hem3BecTHas (YHKIUSA C OJHOU JOOABICHHOHN MEPEMEHHOMM;

p(z,t,x;v(p,t,X): p) =x— j'v(p,t, X)dp

- BCIIOMOTaTENbHBIN ONEPATOP.
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