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NIITHUH KAJIIBI MYHO3/IOMOCY

TemMaHbIH aKTyaaayyayry. JKekeue TtyyHayiayy auddepeHIuanibK
TCHJAEMENEep JKaHa »JKeKede TyyHAYIyY AudQepeHIHaIIbIK TEHICMEIep
cucTeMayiapbl KOOYHU® Y3TYIATYKCY3 YeHpeyiop MEXaHHUKAchl, OHMOMEXaHUKa
MaceJieJIepUH/Ie JKaHa (U3MKAHBIH ap KaHJald TapMaKTapblHIa OCNTHITYY
Y3TYJITYKCY3 YOUPOHY MOJCIICIITUPUITEH YUyp/ia Ke3/CIIeT.

XKekeue Tyyuaynyy auddepeHpanibik TeHIeMeIep CUCTEMAaTaPbH YeUYY
YUYYH ajap ajiereHjie OMpUHYM K€ SKUHYU TAPTHUIITETH TCHICMETe JKe TCHIeMeep
CHCTEMAacChlHA KEJITUPWICT, aHJaH KUHUH KiIacCH(DUKAIMIIAHAT jKaHa ap KaHman
TUNTETH TCHJEMENICp YYYH MINTEIUN YbIKKaH alpbiM METOIOp KOJAOHYJIAT.
OILIEHTHII, YbIrapPbUIBIIITH TA0YY KbIWbIH XKaHa JalbIMa HUHTHIMKTYY OOJI0O0MT.

ABBIpKBI  ydypJa OKekede TyyHIylayy auddepeHIuanIplKk TeHaeMenep
CHCTEMAJIAPBIHBIH YBITAPBUIBIIITAPBIH Ta0Yy YUYH KOIIyMuYa apryMEHT KUHHPYY
yCyly KOJIJIOHYJAaT. AHBIH KapJaMblHIa KaHIAHIblp OUp CHUCTEMaHbIH TaK
YBITAPBUIBIIIBIH Ta0yyra 00JIoT.

Korrymua apryMeHT KMHHPYY YCYJIYH OHYKTYPYYT® OIYTTYY CallbiM KOIIKOH
okymymryyiaap — M.M. Mmanamue (1989-2015), I0.A. Benp (1989, 1994),
C.H. Aunekceenko (1992-2001), I1.C. ITamkoB (1995-2003), T.M. HNmanaiuen
(1991-2001), A.K. Ammp6aesa (1993-2022), 3.A. MamasusieBa (2012-2022), K. 1.
Mawmb6etoB (2013-2022) x.0.

T.M. Hmanamue (1999-2000) komrymua apryMeHT KUHUPYY VYCYIIVH,
aliereHyie, “KeKede TYYHAYIYY ChI3BIKTYY IuepeHIUaNIbIK TEHAEMEIep
crcTeMachlHa KOJAOHTOH. AHBIH SMI€KTEPUHIE OHPUHYM TApPTUOTETH KEKeUue
TYYHIYTyy KBa3HUCBI3BIKTYY Au(depeHraniblk TeHIEMeIep CHCTEeMAachiHa
KOIIlyMYa apryMEHT KHHUPYY YCYJIy KOJIOHYY KapaJraH.

M.N. Umananues xana C.H. Anekceenko (1992, 2001) TapaObiHan OupuHYH
TAPTUITETH KEeKeue TYYHAYIYY, ChI3bIKTYY 3Mec nudHepeHInanIblK TCHIeMeIep
CHCTEMAChl KapaJiraH jkaHa KOIllyM4a apryMeHT KHHHPYY YCYJIYH KOJJIOHYY MEHEH
KOIOJITaH ~ MACEIICHHWH  YBITAPBUIBIIIBIHBIH  JKAIIAlbl  JKaHA  JKAJTBI3IBITBI
JATAIICHTCH.

AX. Aummpbaea, X.M. Mambero (2013-2018) skekeue TyyHAYIYY
nudQepeHIManIbIK TeHISMeIep CUCTEMAChIHBIH JKaHbl KJIACcCTapblHA KOIIyMdYa
apryMEHT KMHHPYY YCYJIYH KalbLITYy OOIOHYA UIITEPIN JKYPrY3YIIKOH.

ABBIpKBI  yuyp/a ChI3BIKTYY 5Mec auddepeHnuanaplk jkaHa HHTErpo-
muddepeHranabiK TCHAEMENIep CHUCTEMAChIHBIH JKaHbl KJIACChIHA KOIIymYa
apryMeHT KMHHPYY YCYIIYH KaWbUITYY KYMYIITYH aKTyaJlyyJIyT'yH aHBIKTauT.



JluccepTauMsiHBIH ~ TeMACBIHBIH  OKYY “KaHa  WINMHI  MeKeMmeep
TapadbIHAH KYPry3yJyy4dy Herusru WIMMHH-U3WI100 HWIITEPH MeHeH
Oailnanbibl. [uccepranusuiblk u3mwigee Ol MaMJIEKETTUK YHUBEPCUTCTHHHUH
“MareMaTuKaJIbIK aHanu3” KadeapacblHaa OekuTwiareH <«OKekede TyyHIyIyy
CBIBBIKTYY SMeC HHTETpo-IudPpepeHInanapKk TEeHAEMEIep CHCTeMachl YYYH
KOITyM4Ya apryMEHT KHUHPYY YCYJIyH OHYKTYPYY» TEMacChIHBIH aJKarbIH/A
KYPry3YJITreH.

M3nianeenyn makcarbl. JKyMyIITyH Makcatbl TOMOHKYIOH Macenenepau
Yyeuyy YUYH KOoIlllyM4a apryMEHT KUHUPYY YCYJIYH OHYKTYpYY OOJIyn caHanar:

1) bup newe Oenrucus (QyHKUMsUIapJaH Ke3 KapaHabl OOJroH Ouppaeit
KOOOMTYYydyCy MEHEH IKeKeue TYYHIYJIyy CbI3BIKTYY OMEC HHTErpo-
nuddepeHIUaNIbIK TEHAEMEIEp CUCTEMachl YYYH OalllTamKbl MaceselepIuH
YBITAPBUIBIIITAPEIHBIH  JKAIIAMIBIHBIH ~ JKaHa  JKaJITBI3IBITBIHBIH  JKETHUIITYY
apTTAPBIH ATTYY;

2) bup Heue Genrucus GyHKIMsUIIApIAH KO3 KapaHIbl 00JITOH OUpJei dMec
KOOOUTYYUYyJIepy MEHEH KEeKeue TYYHIYNIYyy ChI3BIKTYY OMEC HHTErpo-
mudepeHnnanaplk TEHIAEMENEep CHCTeMAachl YYYH OallTanmkbl MacesenepIuH
YBIFapbUIBIIITAPBIHBIH  JKAIIAIIBIHBIH ~ JKaHA  KAITBI3JBITBIHBIH  KETUIITYY
apTTAPBIH ATYY;

3) buppeit xana Oupaeil sMec KOOOUTYYUYyJIOpY MEHEH OKHU KeEKeue
TYYHAYAYY  CBI3BIKTYY  3MeC  UHTerpo-mudgdepeHuraiiblk  TEeHIEeMeNep
CHUCTEMaJIapbIHBIH YbITAPBUIBIIITAPEIH TYPTY3YY;

4) OpPKYHIOTYJIeH KOIyMya apryMEHT KHHHPYY yCYJIy MCHEH ajIbIHTaH
KBIMBIHTBIKTAPIbI KO MEUKHUHAUKTUK ©3ropMeJiop YUypy YUYH JKaJIbLIOO.

AJIBIHIaH HATBIMKAJIAPABbIH WIMMHUH KAHBLIBITBI.

TeMeHKYy HaTbIKaJIap AJIBIH]IBL:
— Oup Heye Oenrucus QyHKIUSIIApJaH KO3 KapaHabl O0JTOH Oupaeit keOoOUTyydycy
MEHEH JKeKe4Ye TYYHAYJYY CBI3BIKTYY 53MeC HHTErpo-auddepeHuanibiK
TEHJIeMeJIep CHCTeMachl Y4YH OalllTanKbl MaceeJepArH YbIrapbUIbIIITaPbIHBIH
YKAIIAIIBIHBIH JKaHa KT hI3bITBIHBIH KETUIITYY IIAPTTAPhl ATBIHTaH;
—Oup Hewe Oenrucu3 GyHKOMsUIApAaH K63 KapaHIel OONTOH Oupjeit smec
KOOOUTYYUYJIOpy MEHEH KeKeue TYYHIYJIYyy ChI3BIKTYY OMEC HHTETpO-
mudepeHnnanapiK TEHIAEMENep CHUCTeMAachl YYYH OallTamkbl MacemenepaIuH
YBITaPBLIBIIITAPBIHBIH YKaIAIIBIHBIH )KaHa KaJTbI3bITbIHBIH )KETHUILTYY IIapTTaphl
aJIBIHTaH;
—Oupaeit >xkaHa Ouplel sMec KOOOUTYYUyJepy MEHEH JKH JKeKeue TYYHAYIyY
CBI3BIKTYY 53MeC HUHTerpo-audPepeHnnanapik TEeHIEMeNIep CHUCTeMallapbIHBIH
YBITAPBUIBIIITAPBI TYPTY3YJITaH;



— OPKYHAOTYJIeH KOLIyM4Ya AapryMeHT KHUHpPYY YCYJdy MEHEH ajlbIHIaH
KBIMBIHTBIKTAP KOII MEMKUHIUKTUK ©3ropMeJIep yuypy YUYH JKaJIbUIaHTaH.

AJIBIHTaH HATBIKATAPABIH NPAKTHKAJBIK MAaaHHJYYJIYTY.
Jluccepranmsiia >KaHbl JKbIMBIHTBIKTAP aJbIHIAH, ajap TaK JaJWINeesep MEHEH
OeKeMJIENTeH kKaHa JKeKeue TYyHyJyy WHTerpo-nuddepeHuanabik TeHIeMenep
cUCTEMaJapbl TEOPUSACHIHA OENTHIIYY OUp CAJIBIMBIH CYHYII KbLJIaT.

WNmrte anblHraH >KbIABIHTBIKTap OOIOHYAa KOHKPETTYY MacelselepanH
YBIFapbUIBIILITAPBl Typry3yJrad. MIITeaun 4blKKaH jKeKe4Ye TYYHAYIYY ChI3BIKTYY
IMEC HUHTErpo-Au(epeHINANABIK TEHAEMENEp CHCTEMaJapblH 4YbITapyy Y4YYH,
KOIIyM4Ya apryMEHT KUHHPYY YCYJIyH KOJIJOHYY CXeMachlH Oallka KiaccTaparsl
CBI3BIKTYY doMec  auddepeHIMaNIblK  KaHa  HUHTErpo-nudQepeHuanibk
TEHJEMEJIEp CUCTEMAJIAPbIH YbITapyy YUYH J1a KOJAOHYYyra 0OJIOT.

JluccepTanMsiHBIH KOProoro ajblll YbIIbLIYY4YY HerM3ru s000J10py.

1. bup Hede Oenrucus3 QyHKUUATIApPAAH K63 KapaHAbl OOJIroH Oupneu
KO0OMTYydyCy MEHEH IKEeKeue TYYHIYJIyy CbI3BIKTYY OMEC HHTErpo-
muddepeHInaNAbIK TEHIEMENIep CHCTeMachl Y4YYH OallTanksl MacenenepInH
YBIrapbUIBIIITAPBIHBIH JKAIIOOCY KaHa >KAJITbI3ABITBl TEOPEMAJIAPBIH JATWIIIe8;

2. bup Heue Oenrucu3 QyHKIUAIAPAAH KO3 KapaHIbl OOJITOH Oupjei sMec
KOO0OUTYYUyJIepy MEHEH IKEeKeue TYYHIYIyy CbI3BIKTYY 5MEC HHTErpo-
muddepeHuranaplK TeHAEMeNlep CUCTeMalapbl YU4yH OallTankbl MacenenepauH
YBITapbUIBIIITAPBIHBIH KAIIOOCY aHa KaJITbI3JbITbl TEOPEMATAPbIH 1ATUII160;

3. bupneii >xana Oupaeil sMec KOOOUTYYUYIOpPY MEHEH OJKH JKEKede
TYYHAYIYY  CBI3BIKTYY  3MeC  HHTerpo-nupdepeHuanaplk  TeHIeMelep
CUCTEMAJIAPBIHBIH YbITapbUIBIILITAPBIH TYPry3yy;

4. OpKYHAOTYJT6H KOLIyM4a apryMeHT KUHUPYY YCYIy Kol MEUKUHIUKTHK
©3repMeIlyy, >KeKeue TYYHIYJyY CBI3BIKTYY 3MeC HHTerpo-nud@epeHnuanibik
TEHJIEMEJIEP CUCTEMAIapbIHA KOJIIOHYJITaH.

N3aeHyyUyHYH 3KeKe cajbIMbl. buprenemmun apbisjlaraH 3MIeKTep]ie
[1; 3; 7-9] macenenepauH Korourymy wimMuil xerekuure A.JK. AmmpOaeBara,
aJIbIHTaH HETU3THU KBIMBIHTBIKTAP JKaHa 0aari00JI0p U3IEHYYIYTe TaaHIbIK.

N3nineenyn HATBIKAJIAPbIH anpooanusiIoo. Kymymryn
KBIMBIHTBHIKTAPHI OastHIAJTaH KaHa TaJIKyyJIaHTaH:

— Koipreiz  PecnyOnukachlHbIH ~ YIYTTYK WIMMIEP aKaJeMHSICHIHBIH
Matematuka UHCTUTYTYHYH 35 xbuinbirbiHa apHanrad “III bepy0Oaes okyynapsr”
91 apaliblk uauMui koHbepenuusiceinaa (bumkex ., mait, 2019-x., Te3uc Kapbik
KOPI'oH);

— akagemMuk A.A. bepybaepaun 70 KpIIOBITBIHA apHalTaH «3amaHOar
MaTE€MaTUKaHbIH MacelyleJIEpy >KaHa aHbIH KOJIIOHYJYIIY» 31 apajblK WIMMUN



koH(epenuusacoigaa (bumkek mr., byman-Cororrty aiibuibl, utonb, 2021-x., Te3uc
JKapbIsJIaHTaH);

— mnpodeccop Axbuidoek KepuMOexkoBIyH 75 JKbUIABITBIHA — JKaHA WJIMMHIA-
NeJarorukagblk UIMMEpAYYJIYTYHYH S50 KbpUIAbITbIHA apHaliraH «Ontumaniyy
Oamikapyy, [IMHAMHKaJIbIK CUCTEMajap »JKaHa OIEpaTOpAyK TEHIEMeEJep
TEOPUSUIAPBIHBIH  aKTyanayy  Macenenepw» IV sn  apaiblk  WIMMUAN
koHpepeHnusachiaaa (bumkek 1., noub, 2022-x.);

—aHaJIM3 KaHa KOJJIOHMO MaTeMaThuka 00IOHYA aITBIHYBI 3J1 apajibiKk KOH(MEpEHITHs
(ICAAM 2022), (Aurtanus 1., Typkust, oKTa0pb, 2022-K., TS3UC KapbisjJaHIaH);
—“XKoropky okyy xalnmapaarbl WINM H3WII00JOpIYH (DyHIaMEHTaIIbIK >KaHa
KOJIJIOHMO MAaaHWIYYJYTY  ataiblbiHaarsl konpepennusaa (Kanan-Adax m1., 12-
HOSI0pb, 2022-K.);

— K. AnbIMKynOB aTeiHAarel «MaTeMaTUKaHbIH aKTyallJlyy MacelielIeph »KaHa
aJlap/ibl KOJJIOHYY» alMaKTBIK HiIUMUi ceMuHapsI (2018-2022-xx.).

JluccepTauMsHbIH HATHIHKATAPBIHBIH 0AChLIBIN YbITAPbLILINIbI. MITHH
HETM3TH JKBIMBIHTRIKTApHI [1; 3-4; 6-9] makanamapeinga, omonmoi e [2; 5;10]
JTOKJIaapAblH TE3UCTEPHU KAPBIK KOPIOH.

JluccepTauMsHbIH  TY3YJYLLy KaHa  KeJiemy. Jluccepranusiibik
CUMBOJIJIOPJIOH, KUPHIIl CO30H, TOPT OamnrtaH, 18 GemymueH, KOpyTyHIaydaH, 86
aTaJBIIITArbl a7abusITTap TU3MECHHEH, Oapapirel 6oy 91 Gapak KOMIBIOTEPAUK
TEKCTTEru OETTEH Typar.

JANCCEPTAIMAHBIH HET'U3I'I MASMYHY

JuccepTanMsiHbIH MaTepuaiiapbl TOMOHKY BIPAATTyyIyKTa OepuiIeT.

Kupumyyae TeMaHBIH akTyallyyJdyTyYHYH HETH3JEMECH, WIITHH KaJIlbl
MYHO316MOCY, M3WIIO00HYH MaKcaThl XaHa MWIACTTCPH, WIMMHH KaHBUIBITHI,
MIPaKTUKAJIBIK MAaaHWCH, OIIIOHJION 3JIe KOPTOOTO AJIBIN YbITYydy HETH3TH K000JI0p
OepuIIreH.

bupuuu 6an “AJIABUATTAPI'A OB30OP” nen aramar xana Oyn Oamta
JUCCEPTAIMSHBIH TeMachl OOloHYa Oalika aBTOPJIOPAYH IMTEKTEPHHHH 0030py
KapajiraH jkaHa U3WIAee YIYH Mypja dyeqriOereH Macenesnep 00roHYa KOPYTYHITY
KEJITUPHUIITEH.

banTa xentupuiaren o030pA0H, Oallka aBTOPJIOPAYH HIITEPUHJIE, K33 Oup
KeKede TYYHAYJIyy HHTEerpo-auddepeHmanaplk TeHAEMeIep cucTeMaliaphbl
KOITyMYa apryMEHT KHHWHPYY YCYJIy MEHeH KapanraH. JKekeue TYyHIYIyy
CBIBBIKTYY dOMeC HMHTErpo-nuddepeHIuanIblk  TEeHAEMeNIep KalmblJIaHTaH
CHUCTEMalapbl KapajiraH J3Mec. bamika ycyagap MeEHEH Ja KajllblUIaHTaH

TCHACMCIICP CUCTCMACHI KapaJiradH 5MCC.
6



Oxkunun  Oan  “MUSWIIJIOGOHYH  METOHOJIOTUACHI KAHA
METOAAOPY” nen atanblll, KOIOJTaH Maceyeyepad YeuyyAe KOJIIOHYJTraH
MaTepHaiapbl )KaHa yCyJaapbl KOPCOTYJITOH.

OkuHun Oan Oem OenymueH TypaT. MbIHAQ HW3WIAOOHYH OOBEKTUCH,
IpEeIMETH jKaHa Macelielepy aHbIKTAJTaH.

M3uianee o0bekTHCH: DKM JKaHa KONl e3repMmentyy, Oup Heue Oenrucus
byHKIHsUIapAaH Ko3 KapaHabl 00JITOH OMp/iel kaHa Oupaei aMec KoOeuTyyayaepy
MEHEH JKEKede TYYHAYJIYY CBI3BIKTYY OMeC HHTErpo-audQepeHIIraiIbK
TEHJIEMEJIEP/IMH CUCTEMACHI.

N3unanee mnpeameru: Kapanpinm ’xaTkaH cucTeMaigap Y4YyH OalllTanksbl
MaceJeHUH YEUMMHHHH JKAIAIIbIHBIH KaHa SKAITBI3BITBIHBIH  KETUIITYY
apTTaphl, AaHPBIM YIypJIapJarsl ajdbIHTaH YbITAPBUTBIIITAP.

HN3uiapee meroanopy: Komrymuya apryMeHT KMWHMPYY YCYILy ©HYKTYPYJIOT
YKaHa TOMOHKYJIOp KOJJIOHYJIAT: KbICYydy YarbUITYyJapAblH MPUHITUON, yaaasiart
YKAKBIHIAIITHIPYY YCYITY.

Kemekuy nemmanap kentupwiren. Koimrymya aprymMeHT KUMHpYY YCYiy
OOIOHYA KbhICKaya MaajpiMaT OepuireH. JluccepTalusHbIH KbICKaya Ma3MyHY
OastHAAIBIN, SKUHYH Oar 00I0HYA KOPYTYHYy O€pUIITEH.

Yuynuy ©Oan “OKWM O3I6PMOJIYY, XEKEYUE TYVYHIAVIIYVY
CbI3BIKTYY OMEC HWHTEI'PO-JIUDDPEPEHIIMAJIJIBIK TEHIEMEJIEP
CUCTEMACBIH UYBITAPYY” nen aranat. MeiHga Oup Hede Oenrucus
dbyHKIUsAIapAaH Ke3 KapaHabl 00JITOH Oupieil xkaHa Oupje sMmec KoOeHuTyyuyaepy
MEHEH JKEKe4e TYYHAYIYY CBI3BIKTYY OMeC HHTErpo-auddepeHnnanbk
TEHJEMEJIep CHUCTeMAachl YUyH OalllTankbl MaceleJep/IuH YbIrapbUIbIIITAPbIHBIH
YKAIIOOCY >KaHa KAITHI3IBITBl TEOpEMaIaphbl JaTUJIICHT €H.

TeopemanapabiH TaTuIIeecy jKaHa KeKeue TYYHAYIYY ChI3BIKTYY 9MEC UHTErpO-
mudpepeHInanapIK TEHAEMENEP CHCTEMAJIAPBIHBIH YbITAPBUIBIIITAPEI TYPry3yy
KOIITyMYa apTyMEHT KHHUHPYY YCYJy MEHEH JKYPTY3YJITOH.

3.1 GenymyHIe »Kekeue TYYHIYJIYy CBI3BIKTYY sMec auddepeHiranibk

TEHJEMEJIep CUCTeMaJIaphl YUYH OalITanKbl Macelie KapajraH:

M) Lot 3, 608X w600, (63,0, X)) (L)
(t,x) e Q. (T),
u,(0,x)=p (x), xeR, i=12...n. (2)

Temenpaeryaeit TeopeMa anuigeHTEH.



3.1.1-TEOPEMA. Orepne 1=1,2,..,n YUYH,
»,(xX) e C*(R) nLip(L,), L, >0-const,

fi(t,x,u;,u,,...u,) € CP(Q(T)xR") N Lip(M,|,,M;

i

. ) M| >0—const,

a(t,x,u,,..u,) e CYQ,(T)xR") N Lip(N,| N,

N,

o, )y N >0—const

ug e

00110, aH/a (5 DQ,(T )))n Merkuauruse (1) sxekeue TyyHIYIyY ChI3BIKTYY DMEC
mudepeHIIanIbIK TeHIEMENIep CUCTEMACHI (2) OalITanKel MapThl MEHEH JKAJThI3
ypIrapbLIbIKa 33 0oso typragmaii, 0<T. <T canbl xamaiir.

3.2 0eYMYHI® OPKYHIOTYJIOH KOIIyMYa apryMEHT KUHUPYY yCyiayH (2)
OamTankel MIApTBI MEHEH TOMOHKYAOH MKeKede TYYHIYIYy ChI3BIKTYY 3Mec

UHTETpo-nuddhepeHInaIIbIK TeHAEMENEP CUCTEMACHl YUYH KOJIIOHYY KapaJiraH:

ou, (6% + a(t,x,ul(t,x),..un(t,x))—aui (t.)

+F(t,xu,(s,8),...U,(s,8):1s,8),  (t,x) e Q(T), (3)
1=12,...n.

= f. (t, x,u (t,x),u, (t,x),...,u, (t,x)) +

(3) TeHAEMECUHAETH OTIEPATOPIIOP TOMOHKY TYPIAOPYHYH OUpPHHE 33 00Ty, anap
YYYH KOITyMua IapTTapAblH aTKapbUIBIIIBIH Tajlal KbIA0kI3.

(U5, ), 5,8 15,) = | K (6,5,6,Uy(5,E) ., (5, E) s,

0 0

Rt x50, (5,8) 0, (5,9)5,) = T, (6%, [K, (&), (t,E)dE)

(6 xi0,(5,8). 0, (5,6)15,8) = | Jexp(-&7 —x2)uy (5, £)déds 1 5.6,

3.2.1-TEOPEMA. Orepae 3.1.1 -teopemanblH OapABIK MIapTTaphI
KaHaaTTaHJIbIphLUICA JKaHa:
F1) Fi oneparopiopy OMpHHYH KaHa SKUHYNA ©3repMesiopy OOIOHYA Y3rYITYKCY3

F2) kaanaranmaii T«<T yayd Hi>0 cansI xarmarm:

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

<> H, |Jui(t,x) —u?(t,x) llo,r.) BomcoO, aHz[a(a DQ,(T )))n Medkuauruage  (3)

i1
KEKeUe TYYHIYINYYy CBI3BIKTYY 3MeC HHTerpo-auddepeHunanabik TeHAeMeNep
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cucremachl (2) Oamranmkbl MApTHI MEHEH JKAITBI3 YBITAPBUIBIIIKA 33 00J0

typraggaii, 0<T,<T caupl )Kamrair.

KonkperTyy mucain kapaisl.
3.2.1-MUCAJIL. Temennerynei

ou, (t, x) ou, (t, x)
ot

+ (u, (t, X) +u, (t,x)) :jul(t,s)ds+ f, (1),

au,(t,x) ou (t X) (4)

+(uy (t, X) + U, (t, X)) = f,(1),
tx)eQ (T), fi()eCR,,R), (k=1,2),

CHUCTCMACHI.

u@O0,x)=a, +px, «,p R, xeR, 1=12 5)

+

OarTankel MapTTapbl MCHEH Kapasiar.
(4)-(5) macenecu TOMOHIOTYIOM HHTETPAIBIK TCHIEMEIEP CHCTEMAaChIHA

KEJITUPUIIET:
X — ast B Y
u,(t,x)) =a, + ﬁ{“ﬂgt 1+ A1) j( s)ju (v,&)d&dvds T ﬂ f,(v)d vds} +
+ jjl'ul(s,g)dgds +j f.(s)ds, (6)
X — ot 1 %
UZ(t’X):“”ﬁszgt e Ay }
+j f,(s)ds, (7)

MBIH/IA!
AG=oy+a,, Pi=p+p6, f{M)="1@)+f,(1)
(6) YuyH yIaanaii *KakblHIAIITHIPYY YCYIYH KOJJOHOOY3.
XKexkeue yuypna, (6), (7) TenaemenepruHeH OUp TEKTYY TeHaeMeHuH (3)
IIAPTHIH KaHAaTaHIBIPTaH YbITapPbUIBIIIBIH alyyra 00JIoT:

W)=+
0 (LX) =a, + 4, I;;f-

3.3 OemymMyHI® TOMOHAOIYIAeW >KeKedue TYYHAYIYY CBI3BIKTYY OMEC
OINepaToOpayK TeHAEMEJEep CUCTEMAChl KapaJlraH:
9



D[a, (t, x,u,,...,u )u,(t,x) =a,(t, x,u,,...,u, ) +F,(t;u,)

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

(8)
D[as(t’ x,ul,uz,ug)]us(t,x) = Fs (t, X;ul’UZ’us)
|D[a, (t, X,Uy,....,u)Ju, (t,x) = F (t,x;u,,...,u; )
(8) cucremacsr
u,(0,x) = x,
{ux (0,x)= ¢K—1(X)’ K=2, ...,n. )

OarmTanksl mapTTaphl MEHEH KapaJar.
Temenaeryaeit TeopeMa anuigeHTEH.

3.3.1-TEOPEMA. Aiirasr:
Do (x)e 6(1)(R) A Lip(L), 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) F1 oneparopy OupuHUM ©3repMe OOIOHYA Y3TYJITYKCY3 jkaHa an Jlummuig
IIAPTHIH KaHAaTTaHABIpaT: Kaanaranjaai T«<T yuayn K;1>0 cansl xaman:

I F(tuy) = FEU,) llg )< Ky [[uy (6,X) =, (6. X) [l ir,
3) F(t,x;u,u,,....u), i=1...,n omepaTopiaopy Y3rYATYKCY3 QpYHKIUSIIAPIbI
Y3TYATYKCY3 (PYHKIMsIIapra 4arblIAbIpaT JKaHa

F (t,X;u,,U,,...u;) € Lip(P], K

) PLK—const, i=2..n.

AHpa (5 DQ,(T. )))n MEHKUHIUTHHIIC (8)-(9) MacelecH YKaJITBI3
YpIrapblIbIIKa 33 6oso Typrapgaii, 0<T.<T canbl xkamaiir.

3.4 66IYMYH® CBI3BIKTYY 3MEC UHTETPO-TudpepeHInanabik TeHIeMenep
CUCTEMACBHIHBIH YCUUMHUH TYPTY3yy KapaJraH:

LX) ) X 3+ [ u, (s £)deds +F 1)

ot OX 00 (10)
ou, (t, x) ou,(t,x)

p +u, (t,X) PR a(t, x,u, (t, x)).
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u,(0,X)=x, U,(0X)=0(x), xeR,, (t,X)eQ.
(11)

(10)-(11) macenmecunae KapairaH (QYHKIMSUIAD JKETHUIICPJIMK >KbUIMAaKai
byukIusnap, 6.a.

o() eC(R.). gt.xu)eC?(QxR).

Koronran (10)-(11) MacenecuHUH YbITapbUIBIIIBI ATa0bI3:

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

Ot— + Oy

u, (t,X) = @(p(0,t,x))+ | g(s, p(s,t,X), p(s,t, x) + (1+ 2b)s +j f (v)dv)ds,

MBIH/Ia
b= ][} f()dvdeds,
000

p(s,t,X)- ymaanami >kakbIHIAIITHIPYY YCYIY KOJJOHYIYYdy TOMOHKY HHTETPAIIBIK
TE€HJIEMEHUH YbITapbUIBIIIbIL:

t 14 t _
p(s,t,X) =X — j{(u 2b)y + [ f (T)dz}dv —[p(v,t,x)dv, (s,t,) €Q,. (12)
S 0 S
XKekeue yuaypna, srepae (10) cucremacsl TOMOHKYI0H KOPYHYIITO Oepuiice:
ou,(t,x) U, (t,%) au, (t, x) U, (6X)
; ; x (13)
Mwl(t, ) 28X 1y 6 s)ds gt x, U, (t, ).
0

arna (12) uHTErpaNablK TEHIEMUCHHUH YbITapbUIBIIIB TOMOHKY10H OOIOT:
p(s,t,x) =xe .
Anna (13)-(11) macenecHHUH YbITapbUIBIIIBI TOMOHKY/IOH aHBIKTAJIAT:

u, (t,x) =x,
t t
u2 (t1 X) = E + (D(Xe_t) + J g (S, Xe_(t_s) ’ Xe_(t_S))dS.
0
bupneit keOelTyyuyaepy MEHEH JKH JKEKeue TYYHIYJIYY CBI3BIKTYY 3MeEC

UHTETpO-Au(pdepeHnaIIbIK  TEHIEMeNep CHCTEMAChIHbIH  YbITapbUIBIIIBIH
TYprysyy 3.5 6eayMyHe KapajiraH:
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ou,(t, ou, (t, 0
%wla, X) ”; X) HK(t, &) u(zé)déd (D)

(14)

5“26(:” U, (t,%) =g(txu,(tx), (txeQ

cucrema (11) mapTel MEHEH KapaJiraH.

au, (t, X)

(14), (11) macelleCHHUH YbITapBLIBIIILI TOMOHKY (hopMajia aibIHAT:

(60 =X~ b+ I T K(p,5,0) = dass + g(o)ldpedn +

00 0-o

+j [ﬁ K(P1S’§)md§d5+g(p)}dp.

U, (t,X) = o(P(0,t, X))+ [ 95, P(S,t, X),us (5, P(S,t, X))ds,

MbIagars! P(S,t, X) —TOMOHKY MHTErpaiblK TEHAEMUHUH YBITaPbIIBIIIBL:

p(s,t,X)=x— jul(v, p(v,t,x))dv.

Teprynuy 6anm “KOII MEMKHWHIUK ©3IO6PMOJIYY, JXEKEUE
TYYHAVIIYY CbIBBIKTYY OMEC HWHTEI'PO-IUODEPEHIIMAJIIBIK
TEHAEMEJIEP CUCTEMACBIH UYbII'APYY” nen aranar. byn Oanra
OPKYHIOTYJATOH KOIIyMYa apryMEeHT KHWHPYY VYCYJdy KOl MEHKWHIUKTHK
©3repMeOJTYY, KEKeue TYYHIYIYy CBI3BIKTYy AMeC HHTErpo-auddepeHimaiibik
TEHAEMeIep CUCTEMaapblHa KOIIOHYY KapaJraH.

4.1 GenyMyH/I© TOMOHKYAOW OWUPUHYM TAPTUIITETH KEKEUe TYYHIYIYY
CBI3BIKTYY SMeC HHTErpo-IuPepeHInanabK TEeHIEMeIep CUCTEMAChl Y4YyH
OarTanksl Macesiere KollymM4a apryMEeHT KUHUPYY YCYJIyH OHYKTYPYY KapajiraH:

ou,(t,x,,...X,) ou, (t, X,,...X,
a}[ Zak(t XpseesXy Uy, Uy 'un) ( 8)(1k ):
= £ (6 X X0 Uy (8 XX ) U (6 X X ), U (6 XX ), (15)

i=12,..n, (tx,...x.)eQ/(T),
U, (0,%,...X.) =@ (X,..,.X,), 1=12,...n, (X,...X,)eR", 26)
4.1.1-TEOPEMA . Aiiranst ¢, (X,,...,X,) € C*(R"),

01..11..1

a, (t, X, X, Up Uy U ), (X XU U, U ) € ™ (QF(T) x R™),
iI=1,2,..,n.
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Anna ((_f D@Q"(T *)))n meiikunauruage  (15)-(16)  macenecu KaJITbI3
YpIrapbLIBIIIKA 33 00510 Typrangaii, oepunrenaepacH ansikranrad 0 < T, <T canpr
JKaIllanT.

OpKYHIOTYJITOH KOIIyMYa apTr'yMEHT KHHUPYY ycyayH (16) OamTanksl IrapTel

MEHEH TOMOHKYJeW KeKedue TYYHAYJIYyy  CbI3BIKTYy O3MEC  HMHTErpo-
muddepeHuuanplik TEHJIEMEeNIep CUCTEMAchl YYYH KOJJOHYY 4.2.-0eiyMyHe

KapaJirat:
ou(t, X, X,) & ou. (t,X,,..,X,)
' =4+ a, (X, XU, Uy, U ) — ==
8t é k( 1 112 ) an
= f.(t, X, X, U, Uy, U ) + B (X, XU Uy U 28,8008 ), @7

i=12,...n, (t,%,..,.X,)eQ;(T).
4.2.1-TEOPEMA. Orepne 4.1.1- teopemachlHbIH OapJbIK IIapTTaAPhI
KaHAaTTaHJIBIPBLICA JKaHa

F1) Fi oneparopiopy OwpuH4Yu n+1 e3repmesiepy OOroHYA Y3TYJITYKCY3 KaHa
F e Lip(H; Xl,Hg 5, 1 Ho

) Hy >0—const,i=12,..n;

F2) kaanaranmaii T«<T yayn H;>0 cansI xammarm:

HFi (t X X U (8, 6), Up (5,)) 18,6408 ) —

_Fi(t,x,...,xn;uf(s,f),...,unz(s,.;’f)):s,z,i,...,gn)an(ms
<3 H I Ky ) ~ U7 %) g,
i1
Anna ((_? D@Q"(T *)))n meiikunauruage  (17)-(16)  macenecu KaJIrbI3

YbIrapbUIBIIIKa 93 0010 Typrangai, 6epuirenaepaen ansikraarad 0<T, <T cansl

JKALLIANT.

4.3 OenymyHme N+1 Kke3 KapaHHIBICKI3 ©3r6pMeNyy, Oupaeit smec
KOOOUTYYUYyJIOpY MEHEH IKEeKeue TYYHIYIYy ChI3BIKTYY OMEC HHTETpo-
mudpepeHInanIbIK TeHAEMeNep CUCTEMaIapblH YbITapyy KapajraH:

Dla,, (t,x,u,,...,u,),....a,, (t,X,uy,....u, )Ju, (t, X) :Zn:alk (t,x,ug,....u,) + f(t)

D[am(t’Xl1u1’u2),a22’---!aZn]uz(tiX) = Fl(t’X;’ul’uz)
(18)

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

Dla,, (t,x,u,,...,u,),....a,, (t, x,u;,....u )u, (t,x)=F, _, (t,x;u;,...,u,)
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X= (% X, ), (6X) €QI(T).

(18) cucremachr
u, (0,x) = Zxk ’
k=1

u (0,x)=¢ (x), xeR", xk=2,...n
OalTankel MapTTapbl MEHEH Kapanart.
byn macenenun yedyy y4yH KolllyM4a apryMEHT KHMUPYY YCYIy KOJJIOHYJIAT.

KoHkpeTTyy Mucai kapaussl.
4.3.1-MUCAJL

(19)

Dlay, (t, X, Y,Uy,U,), 8, (8, X, Y,Uy, Uy ) Uy (t, X, ) = galk (t.X, y,up,u,) + [ Ju(t,&,m)d&dn

D[aZl(t’ X! y1u1’u2)’a22 (t’ X’ y1u1’u2)]u2(t’ X! y) = b(t’ X’ y’ul’u2)’ (20)

(t.x,y)€Q’(T)=[0,T]xR?.
(20) cucremachin
u,(0,x,y)=x+y,
u,(0,%,y) = 9(x,y), (x,y)eRZ.

OallTankel WIAPTHl MEHEH KapanobI3.

(21)

bepunren  dyHKUMAIap  KETUIIEPIUK  JKbUIMakad  (QyHKIUsIAp:
o(X,y)) e cY (Rf)’ a; (t, X, y,up,U,) € 6(1)612 (T) x Rz)’

b(t, X, y,u,,u,) € CP(Q2(T)xR?),i, j =1,2.

Komymua apryMeHT KulHpYY YCYJIYHYH >KapJaMmblHIA CHCTEMaHbIH
OMpUHYM TEHAEMECHUH MHTETPAIJbIK TEHAEMEre KeJITUpeOu3, HWHTETrpaabIK
TEHJIEMETe yaaanall >aKbIHIAIITBIPYY YCYJy KOJIIOHYY MEHEH TOMOHKYIeu
YBIFaPbUIBIIITHI aJa0bI3:

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

Tabbuiran (yHKIUSHBI CHCTEMAaHBbIH SKHMHYM TeHaeMecuHe Koror, Up(t,X)
oenrucu3 (GyHKIMICHIHA KapaTa OalnTamkbl MacelieHW ana0bi3. barmranksl
Macejere KOIIymM4Ya apryMEHT KHHHPYY YCYJIYH KOJJIOHYY MEHEH HHTETPaNIbIK
TEHJIEMEJIEp CHCTEMachblHa KEITUPWITEH JKaHa WHTETPAIBIK TEHIACMENep
CHUCTEMAaChIHA KbICYYYY YarbUITYYJIAPAbIH IPUHITUON KOJTOHYJITaH.
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KyOynran saponyy, Kekede TYyyHAYJIYy CBI3BIKTYY 5MEC HHTEerpo-
mudepeHnnanapik TEHIEMENIep CHUCTEMAChIHbIH YbITapbUIbIIIBIH TYpry3yy 4.3
O6IYMYH© KapaJiraH:

ou,(t,x,y) +U, (X, ) ou, (t, x, y) U (tXY) ou, (t, x, y) U (txy)+
ot OX
%)+ [ THOK (5. £ i
—Ouz(;,tx, Y) +U,(t,X, y) u, ((;x Y) +”u (t,&,md&dn —aUZ(;’yX’ Y) _
mHz(t)Kz(S,é,n)uz(S,cf,n)dédnds 22)
u (0% y)=x+y, i=12 (t,xYy)eQ? (23)

OaITanKel HIapTbl MCHCH.

Kymymra (22) xkekede TYYHAYIAYY CBI3BIKTYY OMeC  HMHTErpo-
mupepeHInanapiK TEHAEMENEep CUCTEMAChIHbIH (23) OamTanksl MAapThl MEHEH

YBITAPBUIBIIIBI TOMOHKYAOU KOPYHYIITO AJIBIHTAH:

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

xt D | 1 L
u, (t, X, y):m+q2(o,t,x, y)(l_t)+EMHZ(V)dV_mﬂHZ(V)dVdS}

MBIHIA
111

A=[[[K,(s,.&,7)(n +E)d&dnds,

os]
I

K, (s,&,mH,(s)d&dnds =1,

Kz(s,f,n)(%+qz(o,s,é,n)(l—s))dédnds,

m
I

Il
Ot Ot O——r O
Ot Ot O~ O
Ot——F Ot} O+ O

S 1 ST
KZ(S,f,n)M H,(v)dv - m_{[{ Hz(v)dvdr}dfdnds # -1,

G (st %, Y) =y — [[[(£+n+ f(s))d&dnds.

s00
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by ©Oamnra epKyHAOTYJITreH KOIIyMYa apryMeHT KHHHPYY YCyJIy Kel
MCHKUHIMKTUK ©3repMeJyy, JKEeKeue TYYHAYJIYY CBhI3bIKTYy 3MeC HMHTEIrpo-
nudepeHIMaIIbIK TCHISMEep CUCTeMaTapbiHa KOJJIOHYIITaH.

Komrymua apryMeHT KHHUPYY YCYJIYH KOJJIOHYY MEHEH Y4 MEHKHUHIUKTUK
e3repMellyy  HMHTErpo-mudGepeHnuanaplik  TeHIEeMeIep CUCTEMAaCHIHBIH
YBIraPBUIBIIIEI TYPry3YJ/TaH.

KOPYTYHIY

Juccepranusiia KolrymM4ya apryMeHT KUUHUPYY YCYJIy MEHEH Oup Hede
oenrucu3 QyHKIMUIApJAH KO3 KapaH bl OOJTOH Ouplel KoOeUTyydyaepy MeHEeH
KEKeUe TYYHIYJIYY CBI3BIKTYY A3MeC HHTerpo-muddepeHnnanaplk TeHACMENep
CHUCTEMaJIaphbl YIYH OaIlTanKbl MaceseIepIuH YbITapbLUILIIITAPBIHBIH JKAITAITBIHBIH
JKaHa YKANTHI3BITEIHBIH JKETUINTYY IApTTaphl alblHTaH. bup Hede Oenrumcu3
byHKIUsATapAaH Ke3 KapaHabl OO0JITOH Oupnei sMec KoOeHTyydylepy MEHEH
KEKeUe TYYHIIYJIYy CBI3BIKTYY AMeC HHTErpo-auddepeHnnanibik TeHAeMeNep
cUCTEMaIapbl YUyH OaITanKkbl MaceseIepAuH YbITapbUIbIIITAPHIHBIH KaIlalIbIHBIH
YKaHa YKAJITBI3bITBIHBIH KETUIITYY IIapTTaphl aJIbIHTaH.

bupneii sxana Oupjeil sMec KoOOUTYYUYJIOpy MEHEH KU JKeKeue TYYHIYIYY
CBI3BIKTYY 53MeC HWHTerpo-aTudPepeHInanaplk TEeHIESMEeIep CHUCTeMallapbIHBIH
YBITAPBUIBIIITAPEI TYPTy3yJITaH.

OpKYHAOTYJITOH KOIIyMYa apryMEHT KHHUPYY YCYIy MEHEH aJbIHTaH
KBIMBIHTBIKTAP KON MEHKUHIIUKTUK ©3ropMeJiop YUypy YUYH JKaJIblUIaHTaH.

JluccepTalysiHbIH KbIMBIHTBIKTAPBI TaK TATUIII00JI0D MEHEH OCKeM IeNITeH.

JuccepTanusiia >kaHbl )KbIMBIHTHIKTAP aJIBIHTAH KaHa ajap jKeKede TYYHAYIYY
UHTErpo-au(depeHITUANIIBIK TeHAEMEeNep TEOPHUSIChIHA OeNTmiyy Oup caiabIMbIH
CYHYIII KbIJIAT.

Nmrenun dbIkKaH JKEKe4Ye TYYHAYJAYY CBI3BIKTYY 53MeC HHTETpo-
mudpepeHInanapIK TeHASMEIEPAUNH CUCTEMaapblH YbIrapyy YYYyH KoIIym4a
apryMEHT KUHUPYY YCYJIyH KOJJOHYY CXeMaChIH Oallka KJiacCTapAarbl ChI3BIKTYY
aMeC UHTETPO-TUDPEpEeHINATIIBIK TCHISMEIEPANH CUCTEMAIAPbIH YbITapyy YUYH
KOJIJIOHYyTa 00JI0T.

ABTOp ©3YHYH WIMMHUNA KeTeKyucu ¢.-M.u.1., npodeccop ArmmpOaeBa
AiixapkbiH JKopoOekoBHara n3niee KeMreiyH Kowon OepreHanry kaHa UIlike ap
JaiibIM KeHYJ OyprauabIrbl YUYH TEPEH bIpaa3blubLIbITBIH OUIAUPET.
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CanpikoBa I'yabxan KypOanOexkoBanbiH <« Kekeue TYyHOYJIYy
CBI3BIKTYY 3MeC HHTerpo-auddepeHuHaNIbIK TeHAEMeJICPAUH CHCTEMACHI
YUYYH KOLIYMYa apryMeHT KMUHMPYY YCYJdy OHYKTYpPYY» AereH remanaa 01.01.02
— nuddepeHnUAIIBIK TeHAeMeJep, AHMHAMMKAJIBIK CHCTEMAJap JKaHa
ONTUMAJABLIK  Oamikapyy  aguMcTuru  0OHYa  (U3MKaA-MAaTeMaTHKA
WINM/IEPUHUH KAHIUAATHI OKYMYIITYYJYK JapPaKacblH M3JAEHHUII aJIyy Y4YYH
JKA3bLITaH M CCEePTANUSICHIHBIH

PE3IOMECH

Herusru ce3nep: sxekeue TyyHAylNyy auddepeHIUaNIbK TeHIEMeep
CHUCTEMAChl, CBI3BIKTYY JMEC TEHJAEME, WHTerpo-auddepeHInaiIbK TEeHIEME,
KOITymM4Ya apryMeHT KHUHpyy ycyny, KommHMH Macenecn, KbICyydy
JarbUITYYJIapbIH IPUHITUON.

N3unnee o0beKkTHCH: DKM JKaHa KOIl ©3repMellyy, Oup Hede Oenrucus
byHKIMsIIapAaH Ko3 KapaHabl 00JITOH Oup/iei kaHa Oup e aMec KoOoUTyyayIepy
MEHEH JKEKe4e TYYHAYJIYY CBI3BIKTYY OMeC HHTErpo-audQepeHIraiibK
TEHJEMEJIEP/IMH CUCTEMACHI.

N3uanee mnpeameru: Kapanpinm jxaTkaH cucTeManap Y4YyH OallTanksl
MaceJCHUH YCUMMHHHMH JKAIAlIbIHBIH KaHa > KAITBI3JBITBIHBIH  KETHUIITYY
IapTTaphl, alPBIM YUypJIapaars! ajdbIHTaH YbITapbUIBIIITAP.

Nmrun makcarbl: Komymya aprymMeHT KMWMPYY YCYJIy MEHEH JKEKeue
TYYHIYJIyy CBI3BIKTYY AMeC HWHTerpo-auddepeHnuanapik jXaHa OIMepaToOpayK

TCHACMCIICPAUH CUCTCMACBIHBIH YCUYNMMHWH U3UJII006.
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HN3uiapee meroanopy: KomrymMuya apryMeHT KUHHMPYY YCYILy ©HYKTYPYJIOT
’KaHa TOMOHKYJIOp KOJJIOHYJIAT: KbICYy4y 4YarbUITyyJap/IblH NPUHIIMOU, ylaasanl
KAKbIHAAIITHIPYY YCYIIy.

N3ua1060HYH WIIMMUIA AKAHBLIBITBI: DKU )KaHa Kell e3repMenyy, Oup Heue
oenrucus (QyHKIUSAIApAaH Ko3 KapaHabl OOJNTOH Oupaeil jkaHa Oupaei smec
KOOOUTYYUYJIOpy MEHEH KeKeue TYYHIYJIYy CBI3BIKTYY OMEC HWHTETPO-
mudpepeHInanapIK  TEHACMEICPIUH CHUCTEMAChIHBIH KEHUPH KIACChl YYYH
KapanraH  OamiTankel ~ MaceJIeHWH  YCYMMHHUH  JKAIIAlIBIHBIH  KaHa
KQJITBI3JBITBIHBIH JKETUILTYY IIapTTapbl ajabliHrad. Komrymya aprymMeHT KUHUPYY
ycyiy 00IOHYA alipbIM TEHJEMEJEP CUCTEMACHIHBIH YbITapPbUIBIIIBI TYPIYy3YJTaH.

AJIBIHTAH KbIWBIHTBIKTAPAbIH TEOPHUSJIBIK KAHA MNPAKTHKAJBIK
MaaHWJIYyayry: JluccepTanusHbIH SKBIMBIHTBIKTAPHl TaK TalMII0eop MEHEH
oexemaenreH. MTe anpIHTaH )KBIMBIHTBIKTap 00IOHYA KOHKPETTYY MaceleaepauH
YBITAPBUIBIIITAPEI Typry3yiarad. MImTeaun YbIkKaH jKeKede TYYHIYIIYY CBI3BIKTYY
sMec HHTErpo-TudPepeHInaANIBIK TeHAEMEIEp CUCTEMaapblH YbITapyy YYYH,
KOITyMYa apryMEHT KMMHPYY YCYJIYH KOJIJIOHYY CXEMAachlH Oallka KiaccTapaars
CBI3BIKTYY 9Mec  auddepeHIUaNIbIK  JKaHa  HMHTETpo-AudPepeHITHaIbIK
TEHJEMEJIEP/IMH CUCTEMAJIapbIH YbITapyy YUYH Jia KOJIIOHYyyTra 00JI0T.

PE3IOME

auccepranuu CaapikoBoii I'yibxan Kyp0anOekoBHBI HA TeMy:
“Pa3BuTHe MeTOAA JOMOJHUTEIHLHOI0 APryMeHTAa JAJIfl CHCTEMbI HeJIUHEHHBIX
HHTEerpo-auddepeHIHATbHBIX YPABHEHHH B YACTHBIX MPOU3BOIHBIX” HA
COMCKAHME YYCHOH CTeNneHH KAHANAATa PU3NKO-MATeMATHYeCKUX HAYK 110
cnenuaabHocTu 01.01.02 - nuddepenunanbHble ypaBHEeHH S, JUHAMHYECKHE
CUCTEMbI U ONITUMAJILHOE YIIPpaBJIeHUE

KiroueBrblie cioBa: Cuctema nud@epeHralbHbIX YpaBHEHUN B YACTHBIX
IPOM3BOHBIX, HEIMHEWHOE ypaBHEHHE, HHTETpo—uppepeHInaibHoe ypaBHEHNUE,
METOJI JTONOJIHUTEIBHOIO aprymMeHTa, 3agadya Komm, NpUHOUI CHKUMAFOIIUX
OTOOpaKEHUM.

Oo0BexT HCCJICIOBAHMS: Cucrema HEJIMHENHBIX VUHTETPO-
nudepeHnanbHbIX YpaBHEHUH B YAaCTHBIX MPOU3BOJHBIM C OJUHAKOBBIM U
HEOJMHAKOBBIMU COMHOKUTENSIMU, C JIByMS M MHOTHMMH TE€PEMEHHBIMH, TJ€
COMHOYKUTEJH 3aBUCSIT OT HECKOJIBKUX HEM3BECTHBIX (PYHKIUH.

IIpeamer wuccaenoBaHusi: JlocTtaTouyHble YyCIOBUS CYLIECTBOBAHUA U
€AMHCTBEHHOCTH PELICHUs HayalbHOW 3aJauyd JJIsl PacCMaTPUBAEMBIX CHCTEM,

MOJIy4YCHHE PCIICHNE B KOHKPETHOM CJIydyae
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Hear wuccaenoBanus: lccienoBanue pemeHUNd CHCTEM HEIUHEHWHBIX
UHTETPO-AU(pPEepeHINaIbHbIX W ONEPAaTOPHBIX YpPaBHEHUHI B  YaCTHBIX
IIPOU3BOJIHBIX C HUCIIOJIB30BAHUEM METOA IONOJIHUTEIBHOTO apryMEHTa.

Metoasl ucciaenoBanus: PazpuBaeTcss METO TONOJHUTEIBHOTO ApIyMEHTa
Y HCTOJIB3YIOTCS: IPUHLHUII CKUMAIOIINX OTPAXEHUN, METOJ IOCIEA0BATEIbHBIX
IPUOTMKEHU .

Hayynasi HoBu3Ha wucciaeaoBaHus: [lomydeHsl nOCTaTOYHBIE YCIIOBHS
CyIIECTBOBAHMS WM E€IMHCTBEHHOCTH PEIICHUS HAYaJIbHOM 334a4d JUI1 CHUCTEM
IMIMPOKUX KJIACCOB HEJIMHEHHBIX HHTErpo-auepeHIalbHbIX YpaBHEHUN B
YACTHBIX MPOU3BOAHBIM C OJMHAKOBBIM M HEOAMHAKOBBIMU COMHOXKHUTEIISIMH, C
JIBYMsI U MHOTMMH I[I€PEMEHHBIMHU, I/I€ COMHOMKMTEJIM 3aBUCAT OT HECKOJIBKHUX
HEU3BECTHBIX (DYHKIIMM.

Teopernyeckass W NPAaKTHYeCKas  3HAYMMOCTb  IOJIyYEHHbIX
pesyabTaroB:  PesynbraTel  OuccepTanMud  HOATBEPXKAECHBI  CTPOTHMH
nokazaresbcTBamMu. 1o mosydeHHbIM pe3ysibTaTaM padOThl MOCTPOCHBI PELICHUS
KOHKPETHbIX  3a1ad.  Pa3paboTaHHyl0  cxeMy  NPHUMEHEHUs  MeToja
JOTIIOJIHUTENIBHOIO apryMeHTa Ul PELICHUs CUCTEM HEJIMHEHHBIX YpaBHEHUU B
YaCTHBIX IIPOU3BOJHBIX MOXKHO UCIIOIb30BATh IIPU PELICHUN CUCTEM HEJIMHEUHBIX

i pepeHIrnanbHbIX U UHTETPO-au(dPpepeHInaNbHbIX YPABHEHUM JPYTUX 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.
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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
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.

INAPTTYY BEJT'NMJIOOJIOPAYH TUSMECH

R-4BIHBITEI CaHIAP/IBIH KOTITYTY;

R+:[0100)’ R++:(O1OO);

R" (n eN)— ueHeMTyY YbIHBITHI €BKIIMIIUK MEHKUHINK KaHa aJap IbIH
X=(X1, X2, ...,Xn) YEKUTTEPH;

||- || — HOpMa; y3ryntykcy3 (’kaHa Y4eKTeNreH, arep/e aHbIKTalyy 00J1acThI
yekTenoeren 0051co) QpyHKUuAIAp YYYH (YHKUUSHBIH MOAYJIYHYH MakCUMYMYH
TYLIYHOOY3;

TeR++,m, neN — xkannaiinpip Oup GEeKeMIEITeH CaH;

Qn (M) ={(t, t, t5,. 1, )| 0<t, <t, <t, <..<t <T,xeR}

Qn(T) ={(t, t, g, 1, )OS, <t, <t <..<t, <T,xeR"}

Qn ={(t,,t, .t 1, 0)[0<t, <t, <t, <..<t <o, xeR};

Qn ={(t,, bty 1, X) O, <t, <t <. <t <00, xR}

Orepae >Koropyaarbl MEUKHHIUKTEpAE ‘“~” Oenrucu Korojiaradn 00Jico,
MBIHJArbl X€R: merenau OuiIauper;

- R" eBKIIMAIUK MEHKUHIUTHHAH KOITYKYOJIOPY;

C(£2),CHW(£), C2#)(Q) —(Mna aHbIKTANTaH KAHA Y3TYITYKCY3
(tmemenyy Typme K-ubl TapTHIIKe YEHHH jKeKedue TYyHIyJapbl MEHEH Oupre;
tremenyy typae i-um (i=1,...,n) aprymeHTH OOIOHYA, TAPTHOMHE YECHHUHKH

KEKeue TYyHIyJIapbl MeHeH Oupre) QyHKIMSIIAPIbIH MCHKUHIUTH;
C,C ) —KOIITyMYa YeKTeNyy MmapThl Oap (Tuemnienyy Typae KepcoTyJIreH
TYYHIyJIAp YIYH Ja) QyHKIHSIIAPIBIH MEHKIHIUTH;
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Lip(N[y,M|y,...) —u , vesrepyimecy Ooronda M K03 PUITMCHTH MEHEH,. ..
Jlvmmuiy mapThiH KaHaaTaHABIPTraH QYHKIMSIIAPIABIH KIIACChl; OUp ©3repyaMenyy
(GYHKIUS YIYH WHICKC aJIBIHBII CAJIBIHAT;

Huddepennumanapik onepaTopsop:

0 0 0 < 0
Dlo]=—+o—, D [w,0,,..01=—+> &, —
at ax n[ 11721 ' n] at é k an !
OyHkuusaaapapl  GyHKIUAIapra aIaHaplpyydyy OIepaTtopiaop OUpHHYH
TOJYK JKa3blIaT: KalcChl (DYHKIUSHBIH ©3ropMesiepy ajibiHaT; (KUMHUH *;” Oenrn):

orepaTop Kaichl GyHKIusTa (ke Oup Heue PyHKIMIra) xaHa KaiChl ©3ropMesiepre
Taacup 3TeT; Oyn QyHKUMAIATbl OaiTaHbBIIIKaH 63repMesiep (MHTErpajibl xKa3zyyra
OKIIIOIII), KOIII YeKUT MEHEH OOeJyHToH. Jrepie ka3zyy e3repyycy3 KailTanaHca,
OIIepaTopJIop Ja KbICKaya >ka3bliar.

Mucan: G(t;u(s, &) :s,&) =G(t;u) ZﬁK(t,s,f) ou(s,$)

o déds+g(t), (t,x)eQ,

(omepaTop 3ku e3repMenyy (GyHKLIMSHBI OMp e3repMmenyy (QyHKUusra anjgaHTar,
MBIH/Ia ONEPAHIIBIK PYHKIMSHBIH MAAHWIEPUH ap KaHAail YeKUTTEPAE KOJIJAOHOT);

H(u(s,gl,..gn):s,gl,..gn):H(u)=jT...Tuz(s,gl,..gn)dgl...dgnds(arep HHTErpa

KbIHANICA);

BupauKTYYIIyK YIYH TaMraiapJblH MaaHWJIEpUH OeNruieinons:
u(t,x)— 6enrucus QyHKIMS;
v(7,t,X)— Oup KorrymM4a e3repMestyy Oeiarucu3 GyHKIus;

p(z.t,%V(p,t, %) p) =X — [V(p,t,X)dp - kemekuy onepatop.
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