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NB3NJIIOOHYH KAJIIIBI MYHO3/1I0OMOCY

JucceprauMsiHbIH TEMACBIHBIH aKTYyaJayyJayry. ChIpTKbl TaacHupiep
ME3TUJIAYY OOJTOH KONTereH IMpOIEeCCTepUH MaTeMaTUKAIbIK MOJIEIACPUHIE
KOMITOHEHTTEPH KaHIAWABIp OWp KETUIIPIMK YOH HHTEpBajaa OenTriepuH
©3rOpTKOH, Oalrkada aWTKaHma TepMenyydy GYHKOMsUIap Ke3Aemer. YIrys
CBISIKTYY TEPMENYYJIOP KONTOTOH OalTKaphUTyydy MpoIleccTepae aa maiaa 6010T.

ABBIpKBI ydypaa OenymTypyJreH mHapaMmeTpilyy ONTUMAaAyy Oamkapyy
TEOPUSACBIHBIH METOJIOPY WJIMM MEHEH TEXHHKaHbIH ap KaHJal TapMaKTapblHAa
ylaMm CYHryn kupyyne. Yumyn cebentyy Opearonsm xana BombsTeppa
MHTETPAJIBIK OIMEepaTopy MEHEH >KeKeue TyyHaylapiarsl IudQepeHimaiibik
TEHJIeMeJIep K€ HWHTerpo-auddepeHunaIblKk TeHAEMEIEep MEHEH MYHO3/10JToH
MaTeMaTUKAJIBIK MOJENIEPAN H3UIAee akTyannayy. bupok ®@penronsmayH
UHTETpOo-TuPdepeHINAIIBIK TEHAEMEIEPH MEHEH MYHO3J0JIT6H TEePMEIyydy
npoleccTepre OainaHbITYy Macenenep a3 wusuwiaeHred, A.KoBaneBckuiiaux
(2011), A K. Xypmyasuasia (2014) 5xx.6. a3 canmarsl SMrekrepu oap.

Huccepranmsina @pearonbM HHTETPo- TUDPEpEeHIHATIBIK TEHAEMEIepU
MEHEH CYPOTTOJITOH CEPIUITHUTYY TEPMENYYIOPAYH CBHI3BIKTYY AMEC Maceyesepu
OMp YEKUTTUH KbIUMBLUIAYY OYyJIarbIHBIHBIH TaaCUPH acThIHJA Maiiga OO0JITOH *kKaHa
TBHIIIKBI apaKeT Oup HEeYe TYPYKTYY UEKUTTEPJE TONTOITOH yuypJapaa U3UIICHET.
M3unnee yuyypyHIa MbIHJAW CBI3BIKTYY SMEC MaceleliepiuH Oup >KaHa Kol
YEKUTTYY THIIKBI Taacupyiep OOJTOH ydypaa OuUp MaaHWIYy YCUWIIUIIU YUYH
JKETUILTYY IIAPTTAP AHBIKTAJITaH.

JAucceprauMsiHbIH  TeMACBIHBIH HMPH  WIHMHMHA  NporpamMmmajiap
(10J1000pJIOP) KAHA WIMMHH MeKeMeJsiep TApAObIHAH ATKAPBLIYYYY HEru3ru
H3WJI1660 HUINTEpHM MeHeH Oaijanbibl. Jluccepramus bumum — Gepyy
muHUCTpauruauH  NeKP 05 (mam.kattoo Homepu Ne 0007207) <« Kekeue
TyyHAYyJAapAarsl UHTErpo-auddepeHnanaplk TeHAEMEIep MEHEH CYPOTTOJToH
TEXHOJIOTHUSJIBIK ~ TPOIECCTEPAN  ONTUMAIYy  YEKUTTHK  OalllkapyyHyH
MaTeMaTUKaIbIK bIkManapbDy (2016-2017x0k.) niauMuii 10J000pYHYH alikarbiHia
aTKapbUITaH.

M3niieeHyH MakcarTapbl KaHa MWAeTTepH. J(rccepTalusiblK UIITUH
Makcatel ~®DpenaronbM  wHTETpO-IUPPEpEHIMANIBIK  TEHAESMENIEpPH  MEHEH
MYHO3/I6JITOH YEKUTTHK KBIMMBUILYY OYJIaKTAphIHBIH TaacUpPH acThIHIA Taiia
OOJITOH CEePIUITHYTYY TEPMENYYIOPY ChI3BIKTYY 3MEC ONTUMAAyy Oalikapyy
MaceJieJIepuH U3WII06 KaHa ajl MACEeJICHUH YbITapbUIbIIITAPBIHBIH KaIIAIIbl dKaHa
YKATBI3IBITHI YUYH JKETUINTYY IIapTTapabl anyy O0JyIl caHamar.

N3ungeenyH MIILIETTEPHU:



-0amKappuyyuy TEpMEIyY IIPOLIECCU ®penronpm MHTETPO-
i depeHINaNABIK TEHAEMECH MEHEH MYHO3[0JII6H yuypAa YEKTUK MaceJIeHHH
YKAJIMBLIAHTaH YbITapBbUIBIIIBIH TYPry3yy;

- TYUYHIO1I YEKTHK MACEJICHUH JKAJBUIAHTaH YbITapbUIBIIIBIH TYPry3yYy;

- KBIUMBUIAYY YEKUTTHK Oallkapyy YYYH ONTHUMAJAyy IIapTTapibl KaHa
OalKapbUTyydy HpPOLIECCTMH HETW3IM aHa TYWUYHIOIl YEKTHK MaceJeJepUHUH
OMp MaaHWUJTYY YEUHUJIUIIN YUYH IAPTTapbl anyy;

- YEKUTTHK  OallKapyyHyH  CBI3BIKTYY 5MEC  ONTUMAJJAIITBHIPYy
MAacCEJIECUHUH YbITapbUIBIIIBIH TYPry3yy >KaHa alapAblH ONTUMAJIJIBIK Oalikapyy,
ONTUMAJBIK Tpolecc XKaHa (yHKUMOHAN OOIOHYA YKAKbIHIALIYyJapbIHbIH
KBIMHATYYUYYJIYT'YH JaIHIIe8;

- QJIBIHTaH TEOPHSIBIK HAThIMKanapIbl bIpacTaral CaHAbIK MUCAJ KEJITHPYY.

N3ni100HYH WIIMMHMH KaHbLIBITBI. buprnHun xony ®penronbm MHTETPO-
mupdepeHInanaplKk  TEHAEMENepU  MEHEH  MYHO3[eJIeH  CEepIUITHUTYY
TEPMEIYYHYH UYEKUTTHK OalllKapyyCyHYH MHCAJBIHAA ONTUMAJAAMTHIPYYHYH
CBI3BIKTYY aMec MaceJIECUHUH YBIraPbLIbIIIBIHBIH KaHa aHBbIH
YKAKbIH/IalTyyJIapbIHbIH AJITOPUTMHU UIITEIUN YbIKKaH. JKbIMBIHTBIKTAp OUpPUHYM
KOJIy aJbIHTaH J>KaHa ajap OeJyIITYpYylIreH mapaMeTpilyy CHCTeMallap.ibl
ONTUMAITYY OalKapyy TEOPUSCbIHBIH METOIOPYH aHAaH apbl OHYKTYPYY KaTapbl
MyHoe3neneT. YekuTrtuk Oamkapyyna PpearoiabM uHTErpo-auddepeHnnaiibK
TEHJEMeJepU TapaOblHAH MYHO3J0JITOH TEPMEINYY MPOLIECCTEPUH ChI3bIKTYY 3MEC
ONTUMAJIJAIITHIPYY MACEJIECUHUH OHp MAaaHWJYY YEUYWIHIIM YYYH KETUIITYY
HIapTTap TaObUIraH >KaHa ChI3BIKTYY 3MEC ONTHUMAJJAIIThIPYy MaceleCUHUH
YKAKBIHJATBUITaH YbITapbUIBIIIBIH TYPry3yyHYH QJITOPUTMH UIITENINIT YBIKTHI JKaHa
allapblH ONTUMAJJBIK Oalllkapyy, ONTHMAJAyy Ipolecc »*aHa (YHKIMOHAM
OOIOHYA JKBIMHATYYUyIyTy JaIUIACH N,

TeopusiibIK KaHA NPAKTHKAJBIK Oaanyyayry. Jlucceprauusana anblHTaH
YEKUTTUK OalikapyyJa ChI3bIKTYY 5MEC ONTHUMAIJAIITBIPYy MAaceJeCUHUH
JKaKbIHAATBUITAH  YbITAPBUIBIIITAPBIH ~ TYpry3yy  Y4yH  QITOPUTMIEPAHH
IPaKTUKAJIBIK MAaHHCH, ajaplabl TEepMENyydy CHCTeMalapAa KbIMMbUIAYY
OalKapblIyydy apakeTTepIu KOJJIOHIOH TapMaKTap/a ’kaHa ap KaHjail 3amanOan
TEXHOJOTHSUIBIK TPOIIECCTEPAE  KOJJOHCO OOJIOT. AJIBIHTaH KBbIMBIHTBIKTAp
KbIAMBUIYy Oallkapyy »3J€MEHTTEpH MEHEH OeNyIITYpYJreH mapaMeTpiayy
CUCTEMAJIAP/bI CHI3BIKTYY AMEC ONTHUMAIAIITHIPYY MaceeNIepUH YEUYYHYH KaHbI
CaraTThIK ’KaHa KOHCTPYKTHBAYY BIKMaJapblH UINTEN YbITYY YUYH Ja TEOPHSIIBIK
MaaHUTe 2.

JluccepranisiHbIH KOProoro KoWJIyy4y Heru3ry ;x000510py.

— TBHIIKBI OyJNaKTap KbIMMBUIYY YEKUTTUK JKaHAa KOI YEKUTTYY TYPYKTYY

oonrongory @penrosbM ~ HHTETpPalIbIK  ONEpPaTOPYH KapMaraH HWHTErpo-
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mubdepeHIMaNABIK ~ TEHAEMEIEPH MEHEH MYHO3eJIeH ChI3BIKTYYy 3MecC
ONTUMAIIAIITBHIPYY MacCeNeCUHE U3ASAYYdy ONTUMAAbIK Oallkapyy THEIETYY
TypZle crnenu@UKanblK TYPAOTY ChI3BIKTYY AMEC HHTETPAIbIK TEHIEMECHHUH
KaHa  aJapJblH  CHCTEMACBhIHBIH  YbITapbUIBIIIBI  TYPYHI®  aHBIKTaJaaphbl
JATWIIECHH;

— 3KMHYM  Typaery  ®pearonbMm  ChI3BIKTYYy  3MEC  MHTErPalIbIK
TEHJICMECUHUH >KaHa aJlapJIbIH CUCTEMACHIHBIH YbITAPbUIBIIIBIHBIH JKallallbl YIYH
KETHUIITYY MIApTTaPhl TAOBUIIBL;

— TBHIMKBI Oynak (QyHKUMACH  (QYHKIHOHAIJIBIK e3repmMe  OoroHYA
MOHOTOH/TYY OOJITOH y4ypJAarbl ChI3bIKTYY 3MEC ONTUMAIAIITHIPYY MaceIeCUHUH
TOJIYK YBITaPBUIBIIIBIHBIH JKaIAIIbl JaTHIICHIN,

— KBaJPATThIK CyMMallaHyy4yy (QyHKUusuiapAabiH ['uiap0epT MEMKUHIUTUHUH
HOPMACBIHJA ONTUMAJABIK OallKapyyHyH >KaKbIHIAIIYyJIapbIHbIH, ONTHMAJIIbIK
IPOLIECCTUH XKaHa (QPYHKUMOHAIJIbIH MHHHMAJIJYy MAaaHHUCHHHH Y4 TYpIery
YKAKBIHAITYYJIAPbIHBIH KbIMHATYYUYIIYyTY JaTWIICHIN;

— KapaJIblll ’KaTKaH ONTHUMAJIJIAIUITHIPYYHYH CBI3BIKTYY 3MEC MaCEJIECHHUH
YBIFAPbUIBIIITAPBIH ~ TYPry3yyra HMHTETPAIJIBIK  KOUIYJIYY4yHYH  THUWTHU3TeH
TaaCUPUHUH CHEIU(UKAIBIK 03r0UeTYKTOPY aHBIKTAJIIBI;

— aJIBIHTaH TEOPUSUIBIK KOPYTYHyJIapAbl bIpACTaraH CaHAbIK 3CENTOo
KYPry3yJiay.

N3aeHyyuyyHYH 031YK cajbIMbl. buprenemmun >xapblsulaHraH 3MIeKTep/e
MaceJIEHUH KOIOJYIIY, KbIMBIHTBIKTAPbIH TANKYYJI00 UIMMUHN )KETEeKUYUTe TaaH IbIK,
al SMHM HETU3TU KBIMBIHTHIKTAP: KAIMbBUIAHTAH YBITAPBUIBIIITHL  TYpPry3yy,
ONTUMAJAYyy IIApTThl alyy, CBI3BIKTYY 5MEC MHTErpAIAbIK TEHIAEMEHUH
YEUMMHWHHUH Kallallbl YIYH JKETUILITYY MIAPTTapIbIH aJbIHBIIIBI, CHI3BIKTYY AMEC
ONTUMAJIIAIITHIPYY MAaCEJIeCHHUH TaK >KaHa >KAKbIHAATHUITaH YbITaPbUIBIIITAPHIH
Typry3yy ajlroOpuTMH, OIIOHAOW 3Ji¢ KAKbIHAATHUITAH YbIapbUIBIIITAPbIHBIH
YKAKBIHJAIIYYJIAPbIHBIH  KbIMHAIYYUyJIyTyH JajWilee ChIAKTYy HaTblixKaiap
U3JIEHYY4YY TapaObIHAH AJIbIH/IbI.

JnccepTanMsiHbIH KbIHBIHTHIKTAPBIH aNpo0auusioo. /{uccepraunsiHbIH
Hatbixkanapsl Keiprei3-Opyc CriaBsiH YHUBEPCUTETHHUH KOJJOHMO MaTe€MaTHKa
»aHa nHpopmaTrKa KadeapachlHbIH WINMHN CeMUHapIapbiHaa (KETEeKIUCH Tpod.
KepumbexoB A.) xana Keipreiz PecnyOnukacblHbIH — YIYTTYK — WJIMMIED
aKaJIeMUsICBIHBIH MaTeMaTika HHCTUTYTYHYH CeMUHapbIHIa (MJIMMHM JKETEKUYHUCU
akanemuk A.A. bepy0aeB) »xaHa TOMOHKY »dJ1 apajblk KoH(epeHIusIapaa
TaJIKyyJIaHTaH:

— “bamkapyy  TEOpHUSCBHIHBIH, TOIOJOTHUSHBIH JKaHa  ONEPaTOPIYK
TeHAeMenepauH aktyanayy macenenepu” Il Oa apanbik kondepenuusicel, Mcpik-
Kem, Yonmon-Ara, 19-22 uronn, 2017,



— Typx THiInyy e/KenepAyH MareMaTHMKalblKk KOOMyHYH VI koHrpeccw,
Acrana, Kazaxcran, 2-5 okts6ps, 2017;

— “MaremaTukanblKk  aHanu3, Au@depeHuaNIblK TEHIEMENep JKaHa
anapJibIH KOJIOHYIylry” 8-311 apanbik koHpepenuusicel, MADEA-8, Yonmon-Ara,
Keipreizcran, 17-23 urons, 2018;

— “OnTumanayy OamkapyyHyH, AUHAMUKAIBIK CHCTEeMaJapAbIH KaHa
ONEepaTOPIyK TEHJAEMEJEPANH TEOpUsUIapbIHAArel akTyanayy macenenep” IV an
apa’blKk UTUMUI KoH(epeHuscel, bumkek, 23-25-utonp, 2022-x.
JuccepranusiHbIH KBIHBIHTBIKTAPIHBIH dacbhlIMasapaa TOJIYK
YarbUIABIPBLIBLIIIBL. J{UCCepTalMsSHBIH HETU3TH JKBIMBIHTBHIKTAPHI JKApbIsUIAHTAH
IMIEKTEPIUH TU3MECHH/IC KSATUPUITCH 7 MIMMHUI Makananaa [1-7] xapblk KOpreH.
[7] makama Web of Science, [6] Makanma Scopus maanbiMaT 0a3acbiHa, [2-5]
makasanap PUHI] maaneimaT 6a3achiHa KUPTU3UITEH.

JuccepraunsiibIH TY3YJYILIY *KaHa KeJeMY. /(rccepTalusiibiK UIll KUPHUIIT
CO3/I6H, TOpPT OanTaH, KOPYTYHAyJaH, &85 KOJJIOHYJIraH aaaOusiTTapAblH
TU3MECUHEH, 12 Tabnunanan Typat. JuccepTalusuibK UIITHH Kalmbl kejgemy 106
Oapak TEKCTTU KaMTHIUT.

ANCCEPTAIIUAHBIH HETU3T'U MASMYHY

Nnumuidc  u3niieenepiyH  HaThIKalapbl TOMOHKY  bIpaaTTyyJIyKTa
OepuIIreH:

Kupunryyne TeMaHbIH akTyalayyJdyryHYH HETH3JEMECH, HWIITHUH >KaJIIbl
MYHO3/I6MOCY, U3WIJAOOHYH MaKcaThl KaHa MWIJIETTEPU, WIMMHUN >KaHBUIBITHI,
TEOPUSUIBIK JKaHA TPAKTUKAIBIK MaaHHCH >KaHa KOPTrooro KOWJIYy4dy HETU3TH
#000J10p OEpUTEH.

«AJABUATTAPTI'A OB30OP» arryy [ Oanta ®pearonbm HUHTErpo-
mudepeHnnanapiKk TeHAeMelIepd MEHEH CYPOTTOITroH KOJJIOHMO MaceleepIuH
MUCIJIAPbl  KEATUPWININ, TUCCEPTALMSIHBIH TeMachblHa OalJIaHBIIITYy MYPYHKY
U3WIeeJepre Kbickaya OasHaama kacaiabl. OIIOHIOM 3¢  KaTeropusiap
TEOPUSCHIHAH  MaaJlbiIMaT  OEpWiIuIl, OMIEKT€  KOJIJOHYJTaH  TEHJEeMe

KaTCropruACbIHbIH KaMTBIIT'aH KAaTCTOpHUAIapPhl YUYH 6GHFI/IHGGHGP KHUPIrU3nJIrcH.

«WMBUWJIA66HYH MATEPUAJIBI XXAHA METOJAOPY» arryy Il
OanTa M3WIAOOHYH OOBEKTH KaHa MPEIMETH, W3WIJICHUIl >KaTKaH maceseiepiu
Yeuyy YUyH KOJJIOHYJITaH bIKMajap OasHmanat. JluccepTanusuiblK UINTE U3UII00
oowektrcu 6omyn dpenronsm UHTErpo-auQhEepeHITHANIBIK TEHAECMEIepU MEHEH
MYHO36JITOH CePIIITHUTYY TEPMENYYI0p dCENTEINHET.

N3unneenyn mpeameru 6omyn DpenrosiibM UHTErpo-audhepeHITuanIbK
TEHJEMEJIEpU MEHEH MYHO3/eJIIOH CEepHWITHYTYY TepMelyyliepay Oaikapyy
YEKUTTUH KbIUMbUIAYY OylarbIHbIH TaaCUPU ACThIH/A ’aHa ThIIIKbI TaaCUPJIEPIUH
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(UKCHUpPIIEHTeH YEKUTTEPAE, ajl SMHU THILIKbI TAaCUPANH (PYHKIHMACH OaliKapyyaaH
CBI3BIKTYY 5M€C K63 KapaHAbl OOJroH yuypjapja ONTHUMAJAyy Oalkapyy
MAaceJIECHH YeUYYHYH aJTOPUTMUH UIITEN YbITYY CaHajart.

«®PEAI'OJIBM HHTEI'PO-AN®PEPEHIIMAJI/IBIK TEHJAEMEJIEPU
MEHEH MYHO36JI'6H KbIMMBUIAYY UEKWTTUK BAIIKAPYYHVH
CBI3BIKTYY OMEC MACEJIECMH YEYYY» arryy III Ganta YeKUTTHK
KBIUMBUILYy OyJlarblHBIH apakeTd acThIHAa TMaijga OOJroH CeprmuirHuTYY
TEPMENYYJAepAy ONTUMANAyy OallKapyyHyH CBI3BIKTYY O3MEC MacelecH
U3UJIICHTEH.

3.1-6esrymM16 THIMIKBI apakeT (YHKIUACH ONTUMANIYy OalmkapyyaaH
CBI3BIKTYY SM€C Ke3 KapaHiapl OOJIIOH KaHa WHTETPAIJbIK KBaJIpaTThIK
(GYHKIIMOHAT MHUHUMYMra KEITHPWITEH ydypjapia TEepMeNnyy MpoLecCTepruH
CBI3BIKTYY AMEC ONTUMAIAIITHIPYY MAaCEICCHHUH YSUNIIUIIN U3NJIICHTeH.

WuTerpaniplk JKanmblIaHTaH —KBAaAPATTHIK  (YHKIUSHBIH MUHUMAIIYY
MaaHUCHH Ta0yy CBI3BIKTYY AMEC MacelleCH Kapasar:

1 T
[u]= [[v(T.x)=&(x)] dx+ [ p*[tu(t)]dt, B>0. (1)
0 0
TOMGHKY YCKTUK MAaCCIICHHUH IILIrapLIJIbIHITapLIHLIH KGHTYFYHI[O

vtt:vXX+AT[K(t,r) v(z,x)dz+5(x—x, ) f[tu(t)], (tx)eQ (2)

v(0,X)=w,(X), v(0,x)=w,(x), 0<x<1 (3)
v, (1,0)=0, v, (t1)+av(t1)=0, 0<t<T. (4)
MBIHIIA K(t,r) — D={0<t<10<7r <1} obnacteiHAarsl OepwireH (yHKIUS KaHa

aJI TOMOHKY IIapTThI KaHaaTTaHI[BIpaT:

”K dZ'dt—K < o0, (5)

0.a. K(,7)eH(D), g“(x) eH(01), w(x)eH(0,1)-6epunrer  dyHkuUAIAD;
f[t,u(t)]eH(O,T)- u(t)e H(O,T) Gamkapyy pyHKIIUSACBIHAH CBI3BIKTYY dMEC KO3
KapaHbl OOJITOH THIIIKBI OyIIak (QYHKIUACH, TOMOHKY IIAPTTHl KaHAaTTaHIbIPAT

f [t,ut)]=0, Vte(0,T); (6)
X,(t)-0 men 1 yeliMHKM MaaHWIEpAW KaObUI amyydy jKaHa THIMIKBI Kyd Taacup

ATKEH YEKUTTUH KbIMBUIBIHBIH 3aKOHYH MYHO3/1004y OepHIIreH (pyHKIIHS,
A - mapamertp, T - pukcupieHren yoakeit, @ >0 TypakTyy 4OHIYK.
Wsunneene (2)-(5) uexktuk wmacenecunud v(t,X) e H(Q) xanmpuianran

YBIFAPbUIBIIIBI TYIIYHYTYH KOJIOHOOY3.



Anvikmama. (2)-(5) 4eKTHK MaceIeCHHUH YKaIbUTAHTaH YbITapbUIBIIIBI JISTT
Vt, xana t, (0<t <t,<T) xaHa V¢(t,x)eC"*(Q) GYHKIUICH Y4YH ©3YHYH
v, (t,X) KaIIMBUIAHTaH TYYHIYCY MEHCH TOMOHIOTY MHTETPAJIBIK TEHICIITHKTH

kanaartauapiprad v(t,X) € H(Q) ¢yHkuusceia Tymyne0ys:

j(v¢ V)2 dx = ”{(@X v (t.x) (in(t,r)v(r,x)dr+5(x—x0)f[t,u(t)]jqﬁ(t,x)}dxdu

+f[—v(t,1)(a¢(t,1) +4,(t,1)+v(t,0)¢,(t,0)]dt

AJ 5Mu OallTankbl jkaHa YEKTHK InaprTapra kaamarangail ¢,(x) e H(0,1)
xaHa ¢ (t)eH(0,T) ¢dynkuuanapsl ydyH ajichl3 (MHTETpajblk)  MaaHUNE

KaHaaTTaHJbIparT, 0.a.
1 1
tILrgjv(t,x)% x)dx = Iz//l (x)dx, ILT_[ (t,x) ¢ ( )dx:jz//l(x)qﬁl(x)dx,
0 0

u(t) e H(0,T) bamkapyy (yHKIUSCBIHA Tyypa KEJIreH YeKTHUK MaceICHUH

JKaIITBI3 YbIFapbUIBIIIBI  O0ap Jenm Oomkoagoo MeHeH (1) (yHKIIMOHAJIBIHBIH
©CYHYCY ICENTEINHIEH.

Al ( J{I& (X =%, (1)) o (t, x)dx[ f (t,u+Au)—f (t,u)]dt+

+_[,8[p2(t,u +Au)— pz(t,u)]dt+_l[Av2 (T,x)dx = _]'AH(.,U)dHJl'AVZ (T,x)dx (7)

MbIHAA [TOHTpsATHH THOMHAETH PYHKIUS TOMOHKY TYPre 33:
1

[1(u)= [8(x=x,0)(tx)dx- f (tu(t)) - Bp°[tu(t) |=o(t,0) F[tu(t)|- Bo°[tu(t)]. (8)

o(t,X)eH(Q)- u(t)eH(0,T) 6Gamkapyycyna Tyypa Kelyydy TOMOHKY

TYﬁYHI[GH.I YCKTHUK MACCJICCUHHUH KaJII'bI3 KAJIIIbIIAHT'aH YbIT'aPbLIbIIIBI

wn—wXX:iT[K(r,t)co(f,x)dz’, O<x<l O0<t<T, (9)
o(T,x)=0, &[T, x]=2[v(T,x)-&(x)], 0<x<Z (10)
w,(1,0)=0, o, (t,1)+aw(t,x)=0, 0<t<T. (11)

Makcumym npuHIMOM mamwigeHad. kKapanyydy (1)-(6) wmacenecunae
u’(t) e H(O,T) 6amkapyycy onTumanayy GoIynry yays
II(t, w°(t,x),v°(t, x),u’(t)) (=) supll(t,w’(t,x),v°(t,x),u),

uez



kareimbl [0, T] KEeCHHIMCHHWUH II3pJIHMK OapIblK YCKUTTEPHUHJE ATKAPBLIBIIILI
3apbuT JKaHa KeTHITYy, MbiHIa Z — t €[0,T] kecuHAMCHHUH ap OMp YEKUTHH]IC
U(t) pyHKLIUACHIHBIH 0N GepUIreH MaaHUIEPHHUH KONITYTY.

MakcumMyM  TPUHIIMOMHWUH  TaK  dSMeC  JAIWIACHUIIA  TOMOHKY
OapabapcChI3IBIKTaH KEJIUIT YbITaapblH OCITHIIeH KETEIu:
ATl (t, w(t, x), v(t, x),u(t)) = H(t, -, u(t) + Au(t)) — I(t, -, u(t)) < 0.
(8) re bUIAMBIK MakCHMyM MPUHIIMOWHWH HATBHIM)KAChl KaTaphl TOMOHKYIOH
KaTBIITAp aJbIHAT:

I1,(~u)=o(t,x®) f,[ t.u(t) |-28p[tu(t)] p,[t.u(t)]=0;

(1)1, (~u) =o(t, % ®) f,,[tu(t)]-28(p*[tu(t) ]+ p[tu(t) ] p,[tu(t)])<0
(13)

»KaHa OyJap >KaJIbICBIHAH ONTUMAJIYYJTYK APTTaphI JIET aTaar.
OnTuManablk OalIkapyy TOMOHKY KaThIIITAaH aHBIKTAIAT:

pltult)] p[tu)]
- t, X, (t))- 14
f[tu :I a)( Xo()) (14)
MBIH]IA
.
Za) 2,(% ) —ZZG (T.t.2)| =0+ [E,(T.7.2) f [u(n) n | (15)
0
Macenenu U3WI0OHYH KYPYIIYHIO TOMOHKY TeopemMa
dbopMyIUpOBKaTaH/IbI:

Teopema. Meitmu  (2)-(5) uexktuk  wmacemecunme  K(t,7) e H(D),
E(X)eH(0,1), g(x)eH(0,1), w,(x)eH(0,1) Gepmiren pynxuusnapsl I 'unsdept
MeUkuHAUrMHUH, an MUy, (X)€H,(0,1) Oupunun tapruntern CoOoseB
MEHKUHIUTUHUH JJieMeHTTepu OosicyH. Orepne  f[t,u(t)] temker Oymak
¢ynkuusacel  ap Oup  ¢ukcupnenren  U(t)e H(0,T) y4yH KBajpaTThIK

CyMMaJaHyy4y QYHKIUsUIApAbIH [WIbOePT MEWKWHIUTUHHH SJIEMEHTH 00JICOo
xaHa U(t) QyHKIMOHAIIBIK ©3repMeOCYHO Kapara MOHOTOHAYYJYK INapThIH

KaHaaTTaHabIpca, 0.a. (6) mapTel aTkapbuica, anaa (2)-(5) yektuk macenecu H(Q)
KBaJpPATTBIK CyMMallaHyydy (YHKLIMATIAp MEHKUHAWTHHIE V, (t, X) KaJblUIaHTaH
TYYHJIyTa 33 00Tyydy v(t, X) KAJThI3 KANMbIJIAHTaH YbITAPBUIBIIIBIHA 33 0O0JIOT.

(14), (15) 6apabapapikTapbina blIaibik FINt-Equa-Func kareropusceiHan
TOMOHKY TYPAOTIY ChI3BIKTYY dMEC MHTETPAIABIK TCHAEME aIbIH/IbI:



ﬂq“TFmﬁf )] 26111{

o'—.—i

E,(T,z,A)f [r,u(r)]dr} (16)

MbIHAA

T T
h =& -y, {cos/inT +/1j R (T,s,i)cos/lnsds}%{sin AT +/1j R,(T,s,4)sin /1nsds],
0

n 0

G,(T.t,4)= W{sin A, (T—-t)+ ﬁ} P (t,s,A)sinA, (T - s)ds},

n 0

En(T,n,i):%e (T 2)z, (%)),

n
R, (t,s,4), P,(t,s,A) —Herusru xaHa TYWYHIOII YEKTUK Maceyelepau
yplrapyyAa ajblHTaH pe30JbBEHTAaJap, anap TOMOHKY 0aanoonopay
KaHaaTTaHJIbIPAT:

P?(s,t,4)ds < Kol

n (/”tn—|i|«/K0T2)2.

)
IRf(t,s,l)dsg

O ey —

KT |
KT
pltu(t)]p[tu)]
AT I
u(t)=o[ta(t). 5],

7)
KaTBIIITAPBIH 3CKe anyy MeHeH (16) Tenuemecu

- nZ::Gn (T,t,/l){hn —l‘En (T,z‘,l) f [T,¢(T,q(f)’ﬁ):|df:|_

(18)
TYPAOTY TEHIEMECHHE KEITUPHIIET e aHbl TOMOHOTY 101 onepaTopayk gopmana
*azyyra 00JIoT:

a=G[a(t)]=h-G,[a].
(19)

MBIHIa

h=ht)=>G, (T L), (20)

G,[q] = iGn(T e A[E(Ted) f[ro(ra(c).f)|dr. @)
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[ [tu@]- (0], = BlRO-000,  fo>0

e:90.8] 023081, .., <0 (P[0T, 02(8)>0

~ APK,T? 1,1
| i e

HIapTTapblHBIH  aTkapbUibiibiHaa  FInt-Equa-Func  kareropusiceinan  (18)
teHaeMecn H (Q) MeHKUHAUTUH IE )KaNThI3 YbITaPBUIBIIIKA 33 0OJIOT KaHa aJ YIyH
TOM

[a° () =& (O], 0., =[S [a°®] -G [a, O], ., = ?{HK

=[h=Gs[a®® ]-h+G,[a,®)]| =[Go[ a°®) ]~ Go[a, )] 6aa

H (O, T)
J0O0

< 17:—7/||G [a®] - ®],, o, = 17:—y||h ~Go [ ]~ 8 ®], o7, Py

H

ajJ1aapbl JAJIAIACHICH:

mbaaa  Q°(t) = limq, (t) — (18) TeHmeMeCHHUH TaK YBIrAPHLIBIIIEL.
n—o0

q°(t) uBIrapeTBIIBIH  KONJIOHYy MeHeH (16) 6Hp TeKTyy 3Mec

TCHIACMCCUHUH IIBIl“8,II)I>IJ'IBII_H]'::I KaTapBI OIITUMAJIABIK 6aHJKapyyHy aHBIKTaﬁ6BI3.
0 0
t)=p[t,q°(t), ]

u(t) onrumanapIk GamkapyycyHa Tyypa keayydy (9) 4eKTUK MaceleCHHHH
YbIrapbUIBIIIB TOMOHKYAOU TYPTre 33:

o0

Vo(t, ) ZL/IJ'R t,s,A)a, (s )ds+aﬁ(t)}zn(x), (22)

n=1

MBIHIA
0 1 1. 0
al(t) =, COS Ayt + W/ SIN At +/1—J'sm 2 (t=7)z, (%(2)) f [ 7,u°(z) |d .
n n o

OntuManasik Oammkapyy *aHa ONTHMAJJIBIK TporeccTd Owinyy meHeH (1)
(GYHKIIMOHAJIBIHBIH MUHUMAJI1Yy MAaHUCH TOMOHKY (POpMyJsia apKbUlyy TaObLIaT:

11



= [V (Tx) =] + B[ p*[t.u° (1) Jat
TaOwu1ran (Uo(t),VO(t,X),I(uo)) — (146) commixtyy  onec

ONTUMAJAAIITBHIPYY MACEIECUHUH TOIMYK YbITaPbUIBIIIBIH AHBIKTANT.
Ontumannyy OamkapyyHyH K-KakbeIHIAIIyycy
u () =9¢lt,q @).5,  k=123..

g, (t) xama q°(t) TeMeHKY 0aao0Hy KaHaaTTaHIBIPHIIIAT:

Hq (t) - qk()H —Go, y <1, Go —const

H(0,T)

|u*®) —u, @) suw[t,q ). Bl-olt.a. ). 51|, . <2(B)]a°®) -a.)

H(0,T) H(0,T) H(OT)
Y =
<@y(B)—Go———0,
1-y
KaTbIIIbI aJIbIHAT JKaHa MBIHAAaH OIITUMAJIABIK 6aIHKap}IYHYH

YKAKBIHAITYYJIaPbIHBIH KBIMHATYYUYIIYTY KEJIUIT YbITaT.
TemeHKY KaTbIlITap/1aH

||V°(t,x)—Vkm'r(t,x)”H(Q) ||v (t,x) -V "(t, x)||H(Q)
V@0 -V, o+ M0 -V ), O

Ver',  mkr—  okakeimpamyycynyn  VO(t,x)  omTumanayy — mpoieccuHe

H(Q)

KBIMHATYYUYIIyTY KEJIHIT YbITaT.

Mpeinnaa V™ (t,x) —onTUManmyy TPOIECCTHH pPE30JbBEHTa OOIOHYA
KaKbIHAANIyynapel, an smu V'(t,X) — ONTUMAJILYy MPOLECCTHH PE30JbBEHTA
YKaHa ONTUMAIITYY Oamkapyy OOrOHYA KaKbIHIAITYYJIaphl.

TeMeHKy KaTbllITapAaH

1 (®) = 15, U, )] <1 @) — 1, )]+
1 U0 = 1 (U )]+ 1, (U (©) = 17, (U ()| 0,

m K T
11 (g (£)) mKk,r— sxakemagamyycynyn [(u®(t)) QyHKIMOHAIIBIH MUHUMAILYY
MaaHUCHHE KbIMHATYYUyJIyTY KEJIHI YbITaT.

OmroHA0H 371e MOACIINK MHCAIAa ajJbIHTaH TEOPHUSIIBIK KBIMBIHTHIKTAPIbI
pIpacTaraH CaHbIK ACENTOOOPAYH HAThIHKaNaphbl KENTUPUIITEH.

«KOIT YHEKUTTYY BAIIKAPYY BYJIAKTAPbI MEHEH CEPITMJII'MY
TEPMEJIYYJIOPAY CBI3BIKTYY ODMEC OIITUMAJIJALUTBIPY VY artyy IV
OanTa THIIKBI KY9TOPIYH KON YEKUTTYY Taacupu acThiHna DpenroibM WHTETPO-
nudQepeHIranabK TeHIeMECH MEHEH MYHO3/I0JITOH CEPIHITUYTYY TEPMEIyYIep
Mmacenecu u3wiaeHreH. Kapanpinm jkaTkaH macene YYYH MaKCHUMyM IPHHLIUAOH

12



(bopMyIMpOBKaIaHBI, ONTHUMAIITYYITYK IapTTapsl g depeHInanabK
OapabapabIKTap KaHa 6apadapChI3bIKTAP TYPYH/O aJIbIHIbI.

4.1 GenmyMyHI® TOMOHKY YEKTHK Macelie MEHEH MYHO3[eJI'éH TOJKYH
TIPOIIECCH M3HIIJICHTCH:
T

Vie = Ve + 1 | KOV 0T+ ) 908G = 1 filt, ue (0],
0 k=1

V(O, X) = l/)l(X), Vt(OJ X) = lpz(x)'o <x< 1:

V.(t,0) =0,V (t, 1)+ aV(t,1) =0,0< t <T,
(23)
mbiHAa V (t,X) QyHKIUMACH y3yHIyry Oupre 6apadap ceprmnruuryy xuntu (0,1)
MHTEPBAJBIHBIH ~ THEWIENYY X, Xy, X5,..., X, HYKA UEKUTTEPHHE TONTOJIOH
9k O frlt, ur ()], k =1,2,3,...,m, THIIKB TOJKYHAOOYY KYYITOPAYH TaacUpH
acThIH/IA TEPMETYY abasbiH CYPOTTOMT;

v, () € H 0D, w,(0eHOD, g,()eHOD,

f [t,u (t)]e H(O,T)— Gepunren ¢pynkuusnap xana f, [t,u, (t)] — ceI3bIKTYY 3Mec
xkaHa U, (t) dyHKOMOHAIABIK  e3repMecy OOIOHYAa  MOHOTOHAYy  0.a.
of [t,u()]

ou, (1)

aHBIKTAJITaH *KaHa H(D) MEHKUHIUTUHIH DJIEMEHTH, 0.a.

#0,vte[0,T]; K(t,7)ssmpocy D={0<t<T,0<7<T} obnacteiHma

TT
”Kz(t,r)dz-dt:Ko<oo;
00

g,(X) o¢ynknusmapsr Oapaeik K =1,2,3,...,m ydyH y3rynTykcy3 skaHa g, (X)
Y3TYATYKCY3 TyyHAaynapra 33 xaHa g (1) =0; X, e(O,l); - (UKCHpPJICHICH

yOaKbIT MOMEHTH, @ - OH MAaaHHUJCTH TYPaKTyy, A - mapamerp.

Omonmo#t 7€, xoropyaarsl cxema 0oroH4Ya (3.1- MyHKTY) Oamkapbutyydy
MPOIIECCTUH YEKTHUK MACEJICCHHHH  KAIMBUIAHTAH YbITAPBUIBIIIBEI  TOMOHKY
dbopmyra MeHeH TabbLIaT:

V(t,x) = i[z] R (t,s,A)a (s)ds+a. (t)Jzn(x) -

—Z{wn t,A)+ %fg (t.7,4) ng(x )z, (%) flm,u (n)]dn} 2 (X);
(24)

MBIHA
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T T
v, (tA)=w,, cos/lnt+/1'|‘Rn(t,s,/1)cos/1nsds}+%{sinﬂnt+/1J'Rn(t,s,;t)sin/1nsds ; (25)
0 0

n

:
sin 4, (t—n)+ﬂjRn(t,s,A)sinin(s —n)ds, 0<n<t;
0

& (L A)=1 .
ﬂJRn(t,s,/l)sin/in(s—n)ds, t<n<T;

.

4.2-0enymae Kem UYEKUTTYYy Oalikapyyiaapbl MEHEH CepHIITHYTYY
TEPMEIYYJIOPAY ChI3BIKTYY dMEC ONTHUMANAIITHIPYY Macelecu W3mwiaeHeT. (23)

YCKTUK MACCIICCHMHUH YbIIapblIbIINTAPBIHBIH KOIITYT'YHIO
1

J[ul(t),...,um(t)]:j{[( X) £ 00T +[V, (T, x)-¢ }dx+ﬁj pk[tu )]dt, #>0,

0
(26)
KaIMbUIAHTaH KBAAPATTHIK (PYHKIUSIHBI MUHUMAJIAIITHIPYY TaJlal KbLUIbIHAT.
MOHOTOHAYYTYK IAapThIHA bUTANBIK ap OUp u(t) = {ul(t),...,um (t)} BEKTOP-
Gamkapyy GyHKUMACH kanrbi3 Typae V (t,X) (GyHKUMACHIH aHBIKTAiT. By

)I(aFI[aﬁﬂbl 9CKE aJIyy MCHCH q)yHKHI/IOHaJ'II[BIH GCYHI[YCY ACCIITCIIMHI'CH .
A[u®)]= jAH (LV (t, ), @(t, ), u(t))dt+j [AVZ(T,X) + AV2(T, X)}dx,

MBIHIA

ATI(t,-u(t)) =TI(t,- u(t) + Au(t)) - TI(t,-u(t)),

[1(t,V (¢, %), @(t, X),u(t)) = kzr;:gk (% )o(t.x ) [t.u (t)]- ﬂkzr:l: pF[t.u,(t)]

(27)
am omu  @(t,X) GYHKOIHACHI TOMOHKY TYHYHAOII UYEKTUK MACElICCHHHUH

JKaJIMblIJIAHTaH YbITapbIIIGIIIBI

0 =0, + A[K(@.0a(r,x)dr, 0<x <1 0<t <T,

(T, x) = _2[\/t (T, x) =&, (X)),
o (T, %) =2V (T, %) - &(X)],
o, (1,0)=0, o,(t1)+awn(t,1)=0.
Kapaisill kaTKaH CBI3BIKTYYy 5MEC ONTHMAIJAIITEIPYy MacelecH Y4YyH
MaKCUMYM IPUHIIHON TOMOHKYAOH (OPMYITHPOBKAIAH/IBI:

(23), (26) chI3BIKTYY IMEC ONTUMAIIAIITHIPYY MacelleCuHIe OamKapyyHyH
ONTUMAIAYY OOJYIIy YUYH
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[1(6, V(t,x), w(t, %), u’(®)) = sup[1E, V(¢ x), w(t, x),u).
U€EF

KaThIIIBIHBIH F ko Oepriiren MaanunepuHuH oonacteiabH [0, T] kecunaucuume
JPOPJIMK aTKAPBUIBIIIBI 3aphUT JKaHA JKETUINTYY. F o0macTel ayblk KONTYK
GomronnykTas, U, (t),...,u, (t) onTHMamIEIK GamKapyyaaphl Y4YH MaKCHMYM

HpI/IHHI/I6I/IHI/IH HATBINKACHI KaTapbl TOMOHKY OIITUMAJIIBIK HIAPTTAPLI AJIBIHBI:

2p P [tu;kff)[]t?]k:k(t[;]uk (t)] =g, (xk)a)(t,xk )

(28)

o oA oo
(29)

MpreHga

fio, [t (1) ]_M' b, [t (t)]= op, [ .U, (t)]

ou,
(28) mapTeiHa BUTABIK u® (t)OHTI/IMaJ'II[BIK OalKkapyycyHa KapaTa TOMOHKY

CBI3BIKTYY OMCC HHTCTPAJIABIK TCHACMCIICPANH CUCTCMACHI aJIbIHAT:

p [t (1) [P [tu (V)] <
B fku[tu 0] +ng( )2, (% )Gy Tt/le (T,7,2)- -

ng ) f[7.u,(2)]dr = ng (% )G, (T,t,A)h,, k=1..,m.

TeMeHKy KaTsllITapAaH

Py [t’uk (t)] Pr, [t’“k (t)] =0 (t), k=123..,m

fiu, LEU ()]

) =g [t.o (t).8], k=L..m

(31)

(32)
(30) cucremacel TOMOHKY TYpre KGJ’ITI/IpI/IJ'IeT

+§K“[ KX G TMIE TMZK (X, ] [20(5,0(7), B) | =

=iKn[x1, 2% Gr (T, A)h,, k=1..,m,
Mbr;z[a
a(t)={0y(t).-0n (1)},
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Ko [ %o X | =490 (%) 20 (%) 10Oy (%) 24 (%)}
00,51 ~{[tn )51t om0,

f[to(to).8)]={f[te(to.(t).8) ] fu[ ton(ton(t).8) ]}

TOMGHKY mapTTapAblH aTKaPbUIBIIIBIHIA
\ f [ty (t)]- T [t.0, (t)]‘ < frolu (1) =0, (1), foo >0,
‘(Dk |:t’0k (t)’ﬂ:l — O [tv5k (t)’ﬂ:” < Go (IB)|Gk (t) — 0y (t)|’ Dro (ﬂ) >0.

d 1 1 2K, T?
=8TY §2| = += 1,
Eg“’(ﬂf +6] (AT | HlAs

MbIHTA f, :max(flo ..... fmo), ¢o(ﬂ)=maX((Dlo(,3) ----- Pro (ﬂ)),

o=K[o]+h oneparopayk termemecu H"(0,T)MeHKMHANTHEAE KANTBI3

YBITaPBUIBIIIKA 3.
H™(0,T) wmeiikunmuruane o =K[o]+h oneparopayk Ttennemecunun

YbITaPpBIIBIIIBI yAaajiaml JKaKbIHJAAITBIPpYYJIap MCTOAY MCHCH TaOBIIAT:
=K[o,,]+h n=123,.

MbIHAa 0,- H™(0,T) MEHKUHIUTUHHUH 3PKTYY JIEMEHTH

o, (t)=limo, ().

N—o0
JKakpIHnamyynap MEHEH TaK YbITapbUIBIIITBIH OPTOCYHJa TOMOHKY KaTbIII
OpYyH aJjar:

”O-(t) ~ O, (t)

H™ (OT) HK[GO :|+h O-O(t)

Tabburan o (t):(al (t),..on (t)) YBIrapbUIBIIIBIH (32) Te KOy MEHEH

H™OT)

ONTUMAJJIBIK YbITAPBIIBIIIT u,f (t) =@, [t,o]? (t), ﬂ}, k=12,3,...,m typyHme,

aHIIaH KUMWH ONTUMAaJIIBIK Hpouecc

VO(t,x)= Z{yxn(t )+ _[ t,z,1) ng ) f [ 7.ul(r )}dr}zn(x),

=1

JKaHa q)YHKHI/IOHaH)IBIH MHHUMAJIABIK MaaHHUCHU TGMGH)IGFYJIGP'I JCCITCIIMHET

J[uo(t)]:j{[ *(T) =00 ] +[VO (T X) -4 00] }dx+ﬁjzpk [Lue®]dt, #>0.
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(uo (t), VO (t, X), J [uo (t)]) TaOBUITAH  YBITAPBUIBIIITAPABIH  YUTYTY

CBI3BIKTYY AMEC ONTHUMAJJAIITHIPYy MACEJIECHHUH TOJIYK YbITapbUIbIIIBI OOy
caHaJar.

Kapanein >xarkan (23) yektuk Maceneae PpenrojsibM HHTETPaIbIK
OlepaTOpyHyH  TeHjaeMene Oap  Oonymly — ONTHUMANABIK  MPOIECCTUH
KAKbIHJIALIyyJIapblHbIH ~ JKaHAa ara bUIAHBIK  (QYHKUMSHBIH  MHUHUMAJAYY
MaaHUCUHMH >KaKbIHJANIYYyJapblHBIH Y4 TYPYH AaHBIKTOOIO aJiblll KejeT, 0.a.
ONTHUMAJIJBIK  IPOLECCTUH  JKAKBIHJAUIYYJIAPbIHBIH TOMOHKYIOH TypJepyH
aXbIpaTaObI3:

1) «pe3onbBeHTa» OoroH4Ya N- maKLIHz[amyycy

VON(t, x) = Z{Wn t /1 I t nvﬂ‘)igk(xk)zn(xk) fk[ﬁ,uok(ﬂ)]dﬁ}zn(x);

2) Oamkapyy 6oronua N, i- xcaKLIHz[amyycy

V (t,x) = Z{Wn t /1 I t U,ﬂ)zgk(xk)zn(xk)fk[U,U(i)k(U)]dﬂ}Zn(X);
nh 0 k=1

3) N,i,I- 4eKTHK e TYOMIyy maKLIHzLamyycy

VN "(t,x) = Z{l//n L, ﬂ' ,[ t n’ﬂ)znj:gk(xk)zn(xk) fk[ﬂ,u(i)k(ﬂ)]dﬂ}zn(x)i

n o

’KaHa ONTHUMAJIJBIK MPOIECCTUH JKAaKbIHIAIIYYJapblHA bUIAKBIK THEHICTYY TYPIO
(GYHKIIMOHAIIBIH MUHMMAJITYy MaaHWJICPHHUH >KaKbIHIAIIYYJIapbIHBIH TOMOHKY
TYpPJIOPYH KapanobI3:
1)  «pe3onbBeHTa» O00roHYA N-)KaKbIHIAMTYYCY

1 T m
I [uo(t)] :j{[VO'N (T,x)—gl(x)]z +|:VtO'N (T, x)=&,(X) }dx+ﬁjz D; t u (t) dt, 5>0

0 0 k=1
2)  Oamkapyy 6oroHua N,i- )KaKeIHAAMYYCY

. 1 2 Tm
1M u®(1)] =j{[viN (TX)=-&00 ] +[V (T, %)=& ()] }dx+ﬂjz p[tuf @) ]dt, B>0
0 0 k=1

3)  N,i,r- 4eKTHK ©JTYOMIYY KAKBIHIAITYYCY

3 [0 (0] = [ (T.x)= 00T+ (T.x)-£,00T o 83 2 [t 0 Jek, 50

0 0 k=1

KOPYTYHAY

JuccepTauusuiblk MIITe OUP KBIMMBUILYY YEKUTTUH Xe OUp Hede TYPYKTYy
OynakTapAblH Taacupu Oamikapyy (YHKIMICBIHAH CBI3BIKTYY 3Mec (yHKUIUsIIAP

MEHEH MyHe31edreH yuypnaarsl @pearonbMm  UHTErpo-AuddepeHInanabK
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TEHJAEMEIIEPU MEHEH MYHO3/I6JI6H CEPINUITHUYTYY TEPMENYYJIOPIAYH CBI3BIKTYY
AMEC ONTUMAIAIITHIPYY MaceselepruH Oup MaaHWIYy YSUUITUIIMHIUH Macesenepu
W3WIJICHTEH.

WNurterpanapik  KBaApaTTHIK  (YHKIUOHAIABI  MHUHUMUMAIIAIITHIPYYAQ
YEKUTTUK ONTHUMAIIBIK OaIlKkapyy ChI3BIKTYY SMEC HMHTETPAIIBIK TEHIEMEIep
JKaHa ajapJblH cucTeMachid, AuddepeHmanaplk 0apadapchi3bIK JKaHa alapAblH
CUCTEMACHI TYPYHIOTY KOIIIyMYa IIapTThl KaHAaTTaHbIpaaphbl OCITUIICHTEH.

CbBBIKTYY 5MEC ONTUMAJJAIITBIPYYy MACEJIECUHUH OWp MaaHWIYy
YEUWJIMIIM ~ Y4YYH  OKeTUITYyy  Imaptrap  TaObuiabl.  CBI3BIKTYYy — AMec
ONTUMAJAAIITBIPYY MaceJIECUHUH KAKbIH/IAThIJITaH YBITAPbUIBIILITAPBIH
Typry3yyHyH aiTOPUTMHU HIITENIUIl YBITHIN, alapAblH Oalikapyy, ONTUMAIIYY
npoiiecc *aHa (QyHKIIMOHAT OOIOHYA KBIMHATYYUYIyTY JaTUIACHIN.

KpliiMbUITyy UYEKUTTUK KaHa (PUKCUPJICHIEH KON YEKUTTHK THIIIKbI
OynakTapAblH KaTBIIIYyCyHAA TEPMETYYdy MPOILECCTEPAN ChI3BIKTYYy 3MEC
ONTUMAJAIITEIPYY  MAacCEJIECMH 4Ye4yy Y4YYH HINTEJIHWN YBIKKAH  BIKMa
KOHCTPYKTUBAYY *aHa @penronsM xe BonbTeppa THOMHAETH MapabojaiblK ke
TUNEpOONANIBIK  TUOTETH  MHTETPO-IUDPEepeHIMANIBIK  TEHAEMENep MEHEH
MYHO3IOJII6H  MPOLECCTEpAd  ONTUMAJJAIITBIPYYHYH  CBI3BIKTYY  DMEC
MaceJIeJIEPUH YeUYYIe KOIJIOHYIYIy MyMKYH.

AJBIHTaH HaThIXKajgap TEOPUSUIBIK MaaHHWIe 923 jkKaHa OeJIyIITYpPYJreH
MapaMeTpiayy CcucTeManapibl ChI3BIKTYY SMEC ONTUMAAAIITHIPYY MacelelepruH
M3UJIJI06 YUYH KbI3BITYYHY JKapaTar.
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IIPOLIECCOB.

SUMMARY
Dissertation of Duishenaliyeva Urumkan Ermekovna on the topic
"Point control of oscillatory processes described by Fredholm integro-
differential equations', submitted for the degree of candidate of physical and
mathematical sciences in the specialty 01.01.02 - differential equations,
dynamical systems and optimal control.
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Object of research: controlled elastic oscillations described by Fredholm
integro-differential equations.

Subject of research: development of an algorithm for constructing a
solution to the problem of nonlinear optimization by elastic oscillations described
by Fredholm integro-differential equations with point controls.

The purpose of the research: to study the unique solvability of the problem
of nonlinear optimization by elastic oscillations described by Fredholm integro-
differential equations in the case when oscillations occur under the action of point
sources, and to obtain sufficient conditions for the existence and uniqueness of the
solution of the nonlinear optimization problem.

Research methods: the methods of the theory of differential equations,
mathematical physics, the theory of integral equations, functional analysis, the
theory of optimal control of systems with distributed parameters, the theory of
operator equations and the calculus of variations were used in the study.

The obtained results and novelty: it is established that the optimal control
can be defined as a solution to a nonlinear integral equation of a specific type (two-
fold nonlinearity) that satisfies an additional condition in the form of an inequality
with respect to the external source function and the quality criterion function;
sufficient conditions for the unique solvability of the problem of nonlinear
optimization by elastic vibrations are found; an algorithm for constructing an
approximate solution to a nonlinear optimization problem was developed and their
convergence in terms of optimal control, optimal process, and functional was
proved.

Practical significance of the research: the developed algorithm for
constructing a solution to the problem of nonlinear optimization of oscillatory
processes with point control can be used in applications for solving applied
problems related to the control of oscillatory processes.

bYJI HIITE KOJIIOHYJITAH IHAPTTYY BEJTNJIOOJIOP ) KAHA
TYIIYHYKTOP
1. u,(...,z,...) — Z e3repmecy OoroHYa U (YHKIHMSICHIHBIH >KEKeue
TyyHIyTapsi;
2. Q=(0,1)x (0, T) — Oxt reru3guruHuH 00JIaCTHI;
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4. H(Y) - Y xenTyryHze aHbIKTaIraH KBaJIpaTThIK CyMMananyydy [ mis0ept
MEUKHUHIIUTH,

5. Hi(Y) - Y kenryryHae aHbIKTairaH (QyHKIUSUIAPABIH OUPHHYN
taptunteru Co00JieB MEMKUHIUTH;

6. <. ->— H I'mip0epT MEMKUHIUTHHICTH CKATSIPABIK KOOOUTYHY;

7. l'ly —H T'unpbepT MEHKMHIUTHHACTH 3JIEMEHTTUH HOPMACHI,
8. C**(Q) — Q oOmacTeiHIa aHBIKTAJTaH jkaHa t e3repmMecyHe Kapara

OWpUHYYN TApTHUITETH TYYHIyTa )KaHa X ©3ropPMOCYHO KapaTa dKWHYU TapTHITETH
TyyHzyra 33 6onron V(t,X) y3ryarykcy3 QyHKIUIIAPAbIH MEHKUHINATH;

9. 6(X) - upakThiH AeabTa-QYHKIUICHI,

10. Equa-Func - pyHKIIHsAIAp YIYH TEHIEMEEp KaTeTOPHSICHI;

11. Equa-Par - napametpayy TeHAEMEJIEepAUH KaTEerOpHUsChl, aHbIH HYUHJE
arepAe TmapaMmerp Oamkapyy Karapel Kapainca Equa-Contr sxana osrepae
TEHJEMEHHUH aHBIKTaMachblHa OaIlIkapyy O0IOHYa ONTUMANIAIITHIPYY KepeK O0JIrOH
aHBIK MaaHWIYy GyHKIUACH KamThuica Equa-Opt;

12. Ord-Equa-Func — Oup ckansapaslk e3repmesyy (QyHKIUsIap Y4YYH
TeHJAeMeNep Kareropuschbl  (aHbIH WYMHAC — KaauMku auddepeHInan bk
TEHAEMeEIIED);

13. Part-Equa-Func — BekTopayk esrepmeiyy *e Oup Hede CKaIAPABIK
e3repMesyy (QYHKIHUSUIAp YIYH TCHIEMENEp KaTeropusichl (aHbIH WYHMHC KEKEUe
TyyHAyAapaars! JuddepeHuanibk TeHIeMenep);

14. Diff-Equa-Func — Oenrucu3 GyHKIMSOAH TYYHOIyJap KaTbIIIKaH
TEHJIEMEJIEp KaTeTOPHSICHI;

15. Int-Equa-Func — Oenrucus QyHKIUSAaH HHTETpaiIap KaThIIIKaH
TEHJEMEJIEp KaTeTOPHSICHI;

16. FInt-Equa-Func— OGenrucuz Qynkuusapia  OpearoabM THOWHIETH
MHTETPAJIJIAPbIH (6benruneHrex apaJibIKTA) KaMTbITaH TeHAEMEJICPIUH
KaTEeTOPHSICHI,

17. VInt-Equa-Func — apryMeHTTHH MypyHKY MaaHHUJICPUHCH (aHBIH HUMH/IC
UHTErPaIbIK OCITUCH acThiHAa) Oenrncu3 (YHKIMSHBIH MaaHWJICPUHEH TypraH
TEHJEMEJIEP/INH KaTeTOPUSICHI.
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