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H3WIJOOHYH XAJIIbLI MYHO3AOMOCY

JAuccepraumsinbi - TEMACBLINBIN  AKTyaaayyayry.  Bemymrypyaren
CCTeManapAsl ONTHMANALIK GalKapyyHyH Xaimbl TEOpHACs! Ken sxbuigap Goio
M3WIICHUN  KeNeT KaHna (MIMKAHBIH, MCXAHHKAHLIH, JKOHOMHKAHBIH TYpPAYY
TAPMAKTapPLIHLIH NPOUCCCTEPHH CYPOTTOroH GenywTypynreH cHcTeManapiblH ap
TYPAYYNYTYHOH yaaM akTyanayyayryH KOrorTnoit Kexer.

Tupxemenepae Gonyurrypyaro cucremanap yuyH ommumanasik Gawkapyy
TEOPHACLIHBLIH METOJA0PY MCHEH M3HIAeere MyMKyH OoiroH, skeke TyyHAynapaa
HHTerpo-audGepeHImManbIK TeHAEMENep MEHEH MYHO3ONTOH KOIIOHMO Macenenep
Kesfemwer. Yyl OMrekTe THIMIKbI TaacHp OTyy ¢yHxumacsl Gamkapyyuy
napameTpiepre Kapara Chi3bIKTYYy 3mec GonroH yuypaa @pearosnbM HHTEIPANLIbIK
onepaTtopyHyH Huverpo-audpdepeHIMATABIK TeHAeMenepH MEHEeH MYHO3e/reH
TepMenyy npoueccTepuH Galukapyy Macesierepn kapanar. Msingait Macenenep
COLIFLIKINYY HMeEC onmusmaioaumuipyy Maceiesepu pen aranar. Hsunipeenep
Oawkapyy4y napamerpaepre yekreenop 60aroH ydypna Kkyprysynay.

Boayurrypy/iren napamerpaepre 33 CHCTEMaNap MeEHEH MYHO3NeJreH
Gawkapbinyy 1y npoueccTepAHH KONl H3unAeHre HiHe Kapabactan, Mbinait macenenep
a3 M3WIJEHIeH JKaHAa anapabl BIrapyyHyH KOHCTPYKTHBAYY METOLAOPY HILTENHN
ypixKaH 3Mec. OMOHAYKTAH ONTHMANNAWTHIPYYHYH CBI3BIKTYY IMEC MAcesIe/IepHHHH
YLITAPLUIBIIGIH H3WIAE0 7KaHA anapfpl YhIrapyyHyH KOHCTPYKTHBOYY METOLIOPYH
uurTen 4siryy OonymTypyiareH napaMerpiepre 33 CHCTeManapabl ONTHMAIABIK
GalKapyy TeOpHACHIHBIH aKTyanayy MacenesnepHHuH 6upn 6onyn casanar.

 Byn Garprrra Gamkapsuryydy napaMerpiaepre uexree koionGarax cusbmyy
IMEC ONTHMAUIAALITLIPYYHYH MacenenepuH msunneenep O. CeiiakMaT Kbl3bIHBIH
muccepraupsacsinga  (2016) xyprysynren. Aunna BonpTepaMn  HHTCTrPALABIK
onepatopyHys HHTerpo-anddepeHuBaNLIK  TEHACMENEPH KeKe TYyHOyJapaa
Gepuiren KbUlyynyK npoueccrepn usmwinchres. A. Kepumbekosayn xaua 3. @.
A6apinaaesansid (2015), V. 3. Hyiimenanuesansin (2016) unumnii MaxananaperHaa
dpearoabMayH — MHTCIPALALIK  OMEPATOPYHYH  MHTErpo-aupdepesumannsix
TEH/IEME/ICPHHNH JKeKe TyyHaynapaa Gepwinmiun MeHeH MYHO3NONNoH TepMenyy
TIPOLECCTEPH mwmenremxﬁ 3 :
; JAnccepraunsnb muul :mrumla upu l.nnnll inumoo
nborpauumpu (ponﬁoopmpy) HAHA HETHITH lnuuni-nuumo unnepu Menen
Gaiislanpuunl, .lhcccepmmm ﬁonou-m mwmoonop l& KP-OS (uamm'mx
KaTTOOHYH . HOMepH Ne 0006988) «Snelnp euopm m:muwum Kana
OHUYPYINTYK Tonypau JKAHA OCYMAYK cmeumnpum 6onyn muu :mepnu-
Maccabik anmaumyyny Gauvikapyy nponeccTepHH mum:anux xamchzoon KP
BHM, Ne KP-03 (MaMmjexkeTTHK KaTTOOHYH “HOMepH Ne' 0007436) «OnTuMankHoe
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ynpameaue uexe.namwuun KOJ'ICGMHHMM HPOIIOOC&\IK. lOSHIlKNOHlMMM B

THHBAX. nepenaq» ummuﬁ nonﬁoopnopyu)m A/IKArBHAA xyprysynmn v

3111000y H MAKCATTAPLI KAHA MIJUIETTEPH. H3100HYH MaKCATH TYPAYY
Ty3ympery Gawkapyyra 93 TepMenyy NpOLECCTCDHH  CHIBBIKTYY — 3MecC
ONTHMANNAWTLIPYY MACE/JCNEPHHHH YbIMAphUILINIGIH M3WINA00 JKAHA TOMOHKY
ydypIapAa ONTHMALAALITHIPYY MaceneNepHHHR UbTapsUILIUbLIHEIH Gap GomymyRyH
KETHWITYY WAPTTaphiH %aHa GupankTyyayrys Genrunee 60ayn casanar:

—  Teunxs! GynaxTein Gamkapyy Goionta (GyHKUMACH CHI3LIKTYY IMeC xaHa Gup
Typae. b.a. Gamkapyy MeiikiHmirn [u(r,x)} #aHa GamkapsUTyydy NpOLecCTEpPANH
abanuubll MeHKHHIMMHHAH {V (l.x)} 3IeMEHTTEPHHUMH OpTOCYHAa 3 apa Omp
MaaHwyy inaiikemTik 6051c0;

— Thimks! GysakTeid Gavikapyy Goionua (YHKIMACH! ChI3BIKTYY IMEC Kana 6np
‘Typayy 3mec. B.a. Gawkapyy meixmumrn {u(f,x)} xama Gamxapsutyyuy
npougccrepauH abanbiHbIH MEHKHHANTHHUH {V(r,x)} JNIeMEHTTepHHIH OPTOCYHAa 63
apa 6up Maanunyy maiikemrx maptel Gy3ynras. Byn yuypaa Gawkapyy MefikHHIMIi
(tenuxsr  GynaxTein (yHKIMACHIHBIH OenriviepHne Kapara) 4eKTell Kiaccrapra
Genyner. B.a. e3 apa keciummneren XenTyk (akropy Tysynot {u,(¢,x)}, i=12,3,....
Ap Gup xentyx ¢axkropy Gamkapsutyydy npoueccTiH 6up abanni raxa asbIKTait
Typresin Genrmnedi kerenn V(1,x), O.a. Oyn yuypaa e3 apa GHp MaaHWwIYy

majikemTHK abannapapiH MeiiKHHAMIH {l’ @, x)} MeHeH Oaukapyy MeiiKHHANIHHIH

d)mopynyu {i#(r,x)} anemenTTepHIIH OPTOCYHAA TY3YAOT.
CHI3BIKTYY 3MEC ONTHMAIAWITEIPYYHYH TOMOHKY Macese/nepi HLIFAPBUIAbL:

— Tepmenyy mpoueccH (pearoNsMAyH MHTEIPANABK ONEPATOPYHYH MHTETpPO-
AnddepeHIBANIEIK TCHACMENEpH MeHCH OEpIINCH OKMHUH TOPTHATErH JKeke
TYyYHOY7ap MEHEH MYHO3NeNreH yuypaapia Galukapsinyydy NpOLECCTHH HEKTHK
Mace/IeNepHHHH KANTBUIANIAN YbIrAPEUILILTAPLIN KAkl AHLIKTAMAHBIH HETHIHHIAC
TY3YY; ‘

— oNTHMANABIK OalKApYyHYH CBI3LIKTYY O3MeC HHTETPANblK TEeHACMECHH
usirapyy xaHa msnenred “onmmmananik” OGamxapyywyn Gap oKeHmury kaHa
AKNIs134birsl 6010HYA MaCEICHH H3WINO0;

— CHLI3BIKTYY OMEC ONTHMALAAWTHIPYY MACENCCHHHH TONYK YBITapLUILILILIH
TY3YY. : : '

Hanmuii Kanpinsirst.

— Bawmkapyyna yexreesnop GOAroH yuypaa ChI3LIKTYY 9MeC ONTHMAIAAWTHIPYY

MaceleCHHAe IBACAreH ONTHMANALIK Gawkapyy OGupunum Typaery ®pedronsm

CBI3BIKTYY 3MEC MHTETPAMBIK TCHACMEJICPHHHH MCKCH3 OITOMAYY CHCTEMAaCHLIHLIH
YBITaphUIBILIBI KaTaphl AHBIKTAITAHb! Gerunexan; s

— DBupunun  Typoery (pearonsMAyH — CHI3LIKTYY 3MEC  HMHTETpaIAbIK
TEHACMENICPHHIH CHCTCMACHIHBIH YbIFaPUTBIIITAPbIHLIH 6ap SKEHIHIHHKH KETHIOTYY
WapTTaph! TaOLUIALI *KaHA aHBIH YBITAPYYHYH QUITOPHTMH HINTENHIT YbIKTHI;

— BynakTein cu3BIKTYY 3Mec GyHKUMsCH QyHKUHORANAYy amMamyyydy Golonua
Gup Typae Gonyn canaIrad yuypaa chI3bIKTYY 9MeC ONTHMANAAITHIPYY MaceicepiH
TONYK YbIFapyyHYH QnrOPHTMH HIUTCAHIT YbIKTLI;

— Bynaktei chIBBIKTYY aMec (ynkumscs ¢yHKUMOHANAYY anmamyydy Goionda
Gup Typae smec Gomyn camanrau ywypaa (xemtyk ¢axTopy madiza Gonrod yuyp)
CBI3LIKTYY 2MEC ONTHMANIAWITHIPYY Macenencpnn -ronyu YLITAPYYHYH aNrOpPHTMH
MIITENMUIT YBIKTSI;

ANBIHran  KBILINTBLIKTAPALIH  TCOPHAJIBIK  KaHA NPAKTHKAIBIK
Gaanyynyry., VYioyn OMrek O KaNMBICHIHAH TEOPHANBIK MYHO3re 3. AHBIH
KBITBIHTLIKTapH! OITHMANALIK GalKkapyy TCOpHACH, HHTErpo-aHdQepeHInanabik
TeHueMeNep, MaTeMaTHKAILIK Qu3uKka Tewaemenep 6oioHYa MLIHAAH KMHHHKH
mwunteonepne xama KP KOXmopy: XK. Bamacarmm ar. KVV, Poccus
Deaepamisceusi Gupniun npesugentd b. H. Emsim ar. KPCY, Y. Passaxos ar.
KI'TY MaTeMaTHKa aflHCTHKTEPIHMHHH CTYACHTTEPH YYYH aTaiislH KypCTapabl HIuTen
UBITYY/A2 KONIOHYTYILTY MYMKYH.

JuccepTauHsaHBIH KOProoro CyHYIITAINAH Hern3ri xoboopy.

—  ONTHMANJAMTHIPYYHYH CBI3BIKTYY 3MeC Maceneciufie Gaumapyyra uexreo 6ap
Gonron yuypaa ommMManApik Gamkapyy Gupusan Typaery @pearonbMayH
CBI3LIKTYY OMEC WHTCTPANALIK TCHACMENCPHHHH  9EKCH3  OmIeMAyy
CHCTEMACHIHBIH YHIFAPBUILIIIBL KaTaphl aHBIKTANTAHBIHEIH NANHITH;

— OupwhHuu  Typaery (®pearonbMAayH  CHISBIKTYY 3MeC  MHTErpaiiblk
TEHJACMENICPRHIMH  CHCTCMACHIHLIH  THITADUIBIIBLIHBIH - 6ap  SKCHIHTHHHH
WETHIITYY WAPTTAPLI KaHa aHbl YLITAPYYHYH aIrOPHTMH HIUTEHIT WhIKK2H;

— GynaKTHIH CHISBIKTYY 3Mec QyHKIMACH dyHKIponanayy anmauryyyy Goiowria
6up Typae Gomyn camanrai yuypAa ONTHMAINATHIPYYHYH ChLI3BIKTYY 3MeC
MACEJECHHHH TONYK YbITapLUTBILBIHBIH 6ap SKeHAHTHHEH SN,

— GYNaKTBIN CRI3BIKTYY IMeC (YHKIDIACH QyHKuMOnaILyy amMaulyydy Goionda
Gup Typae amec (konTyk dakTopy naiia Goron yuyp) Gonyn cananraH yuypaa
ONTHMAIAAIITHIPYYHYH ChI3BIKTYY IMec MacenecHHHH TONMyK
YLIrapLUILILBIHEIH 0ap SKEHIUIHE ALTHIN00;

H3genyyuynyn e3AyK caibiMbl. JIHCCEPTAUUANBIK IMTEKTE MACENCHH KOOy
XaHa anblHraH AKLILIHTHIKTAPAL! TANKYyNOO MMM JKETCKYHHHH TY3IOH-TY3

KATBILIYYCYHR KYPry3ynay.



H3wieonyH KbULITHIKTAPLIHLIH CHIHOOROH oTKopyaywy. H3ineenyn
wuliibHTekTapsl  KP Vayrryk  wmMmacp  axkajeMmmschiibii  Maremamika
UHCTHTYTyHYH ceMmumapnapuiaa (xerekyn — akageMuk A.A. Bepybaes) ana
TOMOHKY TUTHMEIt KoH(pepeRmIANapaa GasHaanjsl ’KaHa TalKyyNnaHas!:

— KPCVHyH TysynymyRyH |5 >Keiamrsiia apHanrad “Balmapyy,
TOMONOIHA XaHa ONEPaTOpAYK TEHHEMeNep TCOPHACHHLIH AKTYAIAYY Macenesepir”
JieN aTanral 3N aparbik MaapakeaHK Mt kondepenipin - Buukex, 2008-x.

—~ «JluHAMMKanbIK  cHCTeManap, ONTHMALIK  Oawkapyy — &aHa
MaTCMATHKAIEIK MOMENAO00» 31 apaibik CHMIO3MyMy, 7-11-oktabper, 2019-x.,
Hpxyrek m., Poccns.

— ©Ouop xail THpKeMeNepHH Gamkapyy kafa ONTHMANTAAMTLHIPYY GoloHua
1-On apanbik kondepenuns, Baxy 2020. (COIA 2020), 26-28-asrycr, 2020-%., Baky
m., AzepGaitkan PecryGnuxacst (omnaiin).

—  “MnuM xaHa TeXHIKAAArs! mosaumap” 3J1 apANBIK KOH)ePERINACHI,
KPCYV, 25-roa6ps, 2020-x., Bumkex n1.

Omounoli one KPCYHyH KONMJIOHMO MaTeMaTHKa waHa wHopMaTHka

KadepackIHbI WIMMHIT CCMHHAPNAPALIH Y3TYATYKCY3 TAIKYYra aTbiHraH (HuunMuil
xetekunt npod. A. Kepinmbexon).

JuccepTauMaubll  KLBIHTLIKTAPLIHGIN  GacklIManapaa  Tonyk
HarbUIALIPLUILIILL JIHCCEPTAUMANBIK H3IUIA0OHYH ‘HEIH3IH KbIibIHTBIKTapsl 12
wiaMuit Makanapa [1]-[12] xapuisnanran. Anap KapbiUTaHraH .IMrEKTEPAHH
TsMernupe 6epunren. [11],[12] makana Web of Science maansimarrap 6asaceina
kuper, [3]-[6], [8])-[10] wmakanamap PHHI] wmaanmimatrap 6azackiHa Kuper.
Buprenewmken HImTepe MaceNeNepaH KOOy HANMHI KeTeKuure TaaHAbIK, ANbIHraH
HETH3rH KBIBIHTRIKTap XaHa 6aanoonop TaNanTaHyydyra TaaHJIbiK.

Anccepranusubin  Ty3yaywry kama  wesmemy.  [Jlucceprauyis
KBICKapTyyNapAuH XkaHa GenruieenepyH TH3IMCIHHEH, KHPHUIYYAeH, y4 Ganran,
KOPYTYHAyNap/iaH, KONAOHyAraH anabuarrapApi 72 aTamuimTars! THIMECHHEH
Typat. Berrymaep yu can MeHen Genrnnenren: GHPHHYH cal — GaITLIH HOMCEPH,
SKHHYH CaH — GOMYMJIYH HOMEPHH, YIYHUY CaH — naparpaTarst Katap HoMepau
kepceteT. Minmin xenemy 94 6apaktau Typar.

JIHCCEPTAIIHHHHH HETM3TH MABMYHY
“AJABWATTAPZIBIH CEPEBH” nen aranran Gupurum Ganta umrerpo-
mupEpEHIMANIBIK TCHACMENED MEHEH MYHO3JONIeH MaceleNepiAWH MHCAIIaphl

chnm'eu aHa Ma3MyHy G0IOHYa AHCCEPTAUMAIBIK HINTHH TeMachiHa GailnanLimryy
6ONTOH IMIEKTEPAHH KbiCKaua TYHIYHAYPMONOpY KacanraH.

“WBWIIIOOHYH MATEPHAJIBI XXAHA METOJJIOPY” nen aranran
oKuMuM GamTa M3WINGeHYH OGBLEKTH KaHa NpEOMETH, KOIONraH Macenenepau
Yplrapyya KOJIOHYJIraH METOAAOP CYPOTTOITOH.

“UHTErPO-JUPOEPEHUVAJIOBLIK TEHIEMEJIEP JXAHA JXEKE
TYYHAYJIAPBATBI TEHAEMEJIEP MEHEH MYHO3/IOJI'OH TEPMEJIYY
NPOLECCTEPHMH  CBI3BIKTYY OMEC OITHMAJIJAIUTBIPYYHVH
MACEJIEJIEPHH YBICAPYY™ pen aramran yuyHdy Oamra Thimxst OynaKTeiH
¢ynkunscel Gawxapyydy napameTpriepre Kapata CHISHIKTYY 3Mec GOMrOH kaua
Gawkapyyra uexroo Gap Gosnros yaypaa @pearonsMayH HHTerpanfibik ONepaTopyHyH
unTerpo-andpepenimanabik  TeHAEMENCPH MCHEH  MYHO3NOATOH  TepMenyy
NPOUECCTEPHH CHI3LIKTYY IMEC ONTHMALAAUTHIPYYHYH MacereNepy H3HIICHIeH.

3.1-6enymue Gawxapsulyyuy NpOLECCTHH YEKTHK MaceleCHHHH KaMbUIaHTaH
YBIrAPbUILILGIH TY3YY Ko/-k000Ccy keHupH Gepiuiren.

V(t,x) $pyHKLACH TepMENYY NPONECCHHHMH abaIbIH CYPOTTOIHT xKaua
=(0,1)x (0,7 ) aliMarsiHAa YeKTHK MaCeIeHH KaHAATTAHABIPCHIH

o 1 § g

V, =V +A[K@eW (e, x)dr + f[xu(1x)], 0<x<),0<e<T, ()
0 A
V(0,x)=y,(x), V,(0,x)=y,(x), 0O<x<I, )
V(1,00=0, V,(t,D+a¥(,)=0, 0<s<T. 3)

Msinza K(t,7) - Gepwrent dynxims, an D=(0,7)x(0,T) aliMarsiana aHsIKTaNs,
TOMOHKY INAPTTHI xmmarmmupa'r Az | :

Ko=[[K@odrdi<e; A @

v, (x)e H,(0.1),y,(x)e H(0,))  Gepunren dyHKmIAnAp,  (yHKUMOHALBIK
aMamyywy — Goiomua  chisbikryy amec u(L,x)e H(Q)  dymxumacm
f [l,x,u(l,x)]e H(Q),@=(0,1)x(0,T) Genrunyy, 4 - mapamerpn H,(0,) -

Gupsuun TapTmrery CoGones meiikinauri, T — y6axuITTai Gearuienrex yaypy.
H3unaeonop 4YCKTHK MACENCHHH KAIMLUIAHIAH 'mrapwmumu KONAOHYY

MEHEH JXYPry3yaay.
Ausikrama, (1)«(3) 4eKTHK MaceeHHR KANMBUIAHIAH YbIraphUTHILIL ACT a1

mluxeuecmmnapmm 6apm-m IKepAae xnnaamnnuprau V(t,x)e H(Q) dynxumsacst '
aTanat. AJi coAryH Maanuze Ganrrankst map‘mlpn,u KanaaTTammeipar, 6.a.
@,(x) e H(Q),®(x)e H(Q) xaanaran QyHKUNACH YIYH ‘TomeHKy GapaGapasikTap

QOpYH aaT:



lim (x)ofe)de= (o)

lim IV (6x)P(x)dx = Ic//, (x)¢,(x)d\',
Kana Qypse xoa(qunuempn . .
AGE jy(r,;)z,(x)ax ‘ e ®)

SKMHM ~ TypAery - pearonsMayH - CHISHIKTYY —~MHTErPUIAbIK  TEHACMECHH
KAHAATTAHOBIPAT ' ' A

r , . . .
Vn(')='1'I‘Kn(l’s)yn(sw+qn(')‘ s g (6)

Muna 1 z, (x) Qymkwmcss h %
2t 4+ Alz,=0,2 (0) 0 zi(D+az,(1)=0 )

YEKTHK MaceNeCHHHH qm'apunumu AaHa H(0, l) ueﬁm}uulmune TONYK
OpTOHOpPMANAYY e:myx ;

2(/13 +a’)
Avai+a
¢yBEIANap CHCTEMACHIH TY30T. AJl 3MH AN1apra THeLWeAYY emyx MaaHHNepH

Ay S Ay lim2, =co0 J(n-1)rx<2, <--(2n 1),n=123,...(8)

Lz (x)= cosAx, n=123,...,

maapmpun KaHaaTaHmblpran AIgA = @ TPaHCUEHACHTTHK TCHACMEHUH
YBITAPBUIBLIIL! KATAPh! AHBIKTANAT.

K.(’os)=%Isin2,,(t—r)l(ﬁ,s)dr, : i.1<,(0,.s')=0 ; ' . ®
. o j
GYHKIHMACH AAPO, AT IMH -

q,()= w,,,cosz’l,,r-i-%" smﬂ,,t-i——jsm)l,,(t r)f [r u]dz' ~(10)

(pym\umlcm HHTErPAALIK TCHAEMEHHH SpKsH Myuocy Gonyn cananar.
Anpan xuiun ¥, (1) @ypse xo3¢uupenrrepi (6) TeHACMERHH YEIraPLUIHILILL
KaTapsl TOMOHKY ¢opmy”na GoioHva anbIKTANAT:

1= 4[R50, 5K +0,0). s

MbIHia Kaltrananyywyy K

Msinna R, (1,5,A) HHTErpanabIK TeHIEMECHHI PEIONLBERTAcH ap Gup GenrivieHren
n=1,2,3,... ne ToMouKy popMmyna Goioka aHEIKTANAT:

R(65.2)= 34K, (05), n=123s (15)

ia] .
W (,5) oaex‘rep (12) xarap

(!3)

INAPTHIR KaHAATTaHALIpran A napamerpnepuinH GennuiepH yuyH raHa aGcomoTTyk
TYPA® AbIHATYYUYNyry aNMIQCHICH,

Omentun, (1)-(3) YeKTHK MaceNeCHHMH XANTbUIAHTAH YHITAPLUTHIIILIE TOMOHKY
¢opmyna Gororda TaGaber3:

V(t,x)= Z[w, (l 4)4- I: (tmA) 1, ['I,N]d')}: ), (14)

|1I<

MblHAA

sind, (- )+2jR,,(ts,1)sm).,,(s r))ds 0$q<t,

e,,(t,r],l)-uAIR_(ls,l)smﬂ,,(s n)ds, tsp<T.

| opu (= r;, £, (l,l,l)-uc_npgpuaua. ,

.

¥a (t, )= q),n [cos /L',t + Jj R,,“(r,s, )l)cos l,,sds‘] +
%[sin Al+ /1.7[ R, (r.5,2)sin J,,Sds'] 3

.ﬁ["“];j‘f [hx:u(t,x)]z, (x)dx.

V(t,x) aGansiubii yHKUMACH! KaHA XaHLIH XAMMBUIAHTAH V,(1,x) Tyynaycy
H(O) ¢ynxummapuﬂuﬂ KBQJIPAaTTHIK CyMMaNlaHTaH mm.ﬁcp’r MeIKHHIHT HRHH
3IeMEHTTEPH IKSHIHIH AATHIJECHIN.

OwenTnn, 3.1-GeNyMIO XaIMBUIAHTaH YHITAPBUTBIUITEIH XaHbl AHBLIKTAMACH
KONAOHYNAY KaHa A napaMmeTpiHuH GenruiepHHuH e3repyy umepnanu YUYH
JANTHI3 KANMBUTAHTAH USIFAPLUTLIIEIH Kamaumb! GejriIeH .

3.2-Gemymnae TeImKs! GynakThin GyHKIACH GomyHToH Kana 6upacit GonyHToR
GamiKkapyynapra Kapara ChI3LIKTYY 3Mec 6oiroH yuypiia 6amkapyycynaa 4eKToenop
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Gonron mHTerpo-auddepeHuNANALIK TEHACMENCP MEHEH MYHOINONTrOH TEpMETyy
NPOLECCTEPHHAH CBHI3BIKTYY 9MeEC ONTHMANIATHIPEUTYYCYHYH MaceneiepuHitH
YCHITHIIK H3IHIACHICH.

1. CLBLIKTYY 3MeC ONTHMANAAWTLIPYYHYH *KAHA W3JCATCH ONTHMANALIK
GawkapyyRyH TeHIeMeIepRHHH Macesle/iepHH KoloY.

J [u(l,x)] = Hp[t,.r,u(t,x)]dxdt, (15)
q;ymlmonannu MHIHHMALIAUITBIPraH 6amxapyyny
; V(T.x)=£&(x), . (16)

mapTemga Talyy Tanan KLUTLINIAH CHISLIKTYY IMec ONTHMANAAITHPYYHY xapan
Kopelys.

Mumna V(t,x) =V [1.x,u((,x)) (1-3) YEKTHK MACENTEHNH KANTEUIAHTAN BITapLUTBIIIAL
Gosyn cananat, Gepunren gynkums &£(x)e H(0,1).

Byn wmacenege usnenres OGawkapyyny V({,x) 6amxapwryyqy npoleccH
V(0,x) =y,(x) Gamrranreiy aGaneinan T akeipkbl yOakmiTka ugelium (16) axwbIpku!
aGansina eTe Typraugait - aGanpa talyy  Kepek. Meuaa
wi(x)e H0.1),y,(x)e HO,D), p[t,x.u(t,x)]e H(Q) xana f[1,xu(1,x)]e H(Q)
dynkunsnaput Gepunren xana f|,x,u(t,x)] ®ana p[1,x,u(r,x)] dynxupmanaps

Gamxapyy $yHKUMACEIHAH CLI3LIKTYY 3Mec K03 KapaHzsl 60J10T.
Angan xufin (16) wapTTH TOMOHKY O TYpAIO Ka3abbi3:

@ 4
V(T,x)=2[zj R.(T,s,z)q.(s)de+q.m]z,(x)=

(17)
=Y e =20, &, I £(x)z, (x)dx,

n=1
XKaHa MBLIHAAH {., (x)} KeKe (QYHKUMANApABIH CHCTEMACHIHGIH CHI3LIKTYY K03
KapaHJBICHI3/ILITEIH 3CKE WIBII, TOMOHKY TEHIEMENep CHCTEMackiHa 33 6onobya:

- _
AI R,(T,5,0)q,(s)ds +4,(T)=£,, n=1,23,.. (19)

Byn temnemenepam (10) ocke anrampga, TaTaan 3mec xcmmnepnen xumm
TOMOHKYRoit wpno :xasaﬁus

! ! G,(t,x, %) f[r,;,u(:,x)]wzdxfh,(;.), n=123,.. (19

MEIHAQ
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G, (1,x,A) = "";" ){sm},,(T r)-wljR,,(T 5,A)— 7 snn/l,(s r)ds},n-.l 2, 3 ,. (0)

h(2)=¢& -, {cos AT + ﬂIK,(T,s,A)cosﬂ,,sds} -
0
vy

T 5
_.y_;&'.{sinﬂ,,T-i-lIR,(T,s,A)sinl,srb},n;l,2,3,....
‘n 0
OuwenTan, l-NyHKTTa W3jenred ONTEMANALK Oamkapyyny Ompuuum TypRery
MpenronbMAyH ChHI3BIKTYY 3MeC HHTCrPAALIK TCHAEMENCPHHHH YEKCH3 ONYoMAYY
CHCTEManapbiHbIH MbIrapbUIbILIB! KaTapbt Tabyy kepek (19).

2. OnepaTopayK TeHAEMEHHH YBITAPLUILILIBLIN H31AA00 (19).
JKoropyna Genrwenrenzeii m3senren onTuMmanasik Gamkapyy OGupunam Typaery
DpearonbMIyH CLI3LIKTYY 9MeC HHTETPAUIBIK TCHACMESICPHHHMH YEKCH3 OMIOMAYY
CHCTEMACHIHBIH “BLIFApLUILILIG!  KaTaphl aHBIKTANaT. Mumaall cucTemanapanin
YBIrapLUILLNLIH H3HIAE0 YUyH ONepaTopayK MeToady KonnonoGys. Yiryn makcarra
(19) cucremacuin onepatopayk $popmana Kassill YLIra0bI3

ﬂ'G(z,.r,z) Tt utt,0))dsde = h(2), n=1,2,3,... 22)
00 : : :
MBIHJA " ’ R
G(t,x,A)={G,(t,x,A),...G,(t,x,4),...}, , ; (23)
| H(A) = {1 (2)o-s (2),-. e
Benruuu Kupruse6is , ;
Stxu(,x)]=v(t,x) go fu]w (25)
xana (22) onepaTopyk TeHACMCHH TOMOHKY el Typae ka3abu3
Tl
G[v]= [ [G(e.x,Awe, x)ddudt = h(2). (26)

AHaaH KHITHH TOMOBKYJIOP AVTHIICH/IH:
Jlemma 1. k(1) Bexropy
£, ={a=(a,,a;, 4,

MelKHHIHIHHIE 2neMeHTH Goyn cananar.
Jlemma 2. G[v]: H(@) > £;.,1e. G [v] oneparopy Gapmeix v(1,x) e H(Q)

ma £, meiixunaury 6onyn cananar.

)IZa,<uo}

R T T LA L O T T LI R |
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: Omemm, AUTWIAEHIeH JeMManapabii  HEerHsuHAe (26) oneparopayk
'neuneuecml €, MellkuHANHIAe Kapaiibpis.
AHBIM YBIraPLUILIITBIH TOMOHKYAOIT TYpHe i3neiibns:

v{t,x) = f;c;,, (LxA)a, +7=G txNa+y, @7

Mt @ ={@),.. 4, } MEKRHAMKTHH Genrncus Bextopy £, 7 - IpKUH TYPYKTYY.
(27) ay (26) re xolon -re\aemqneﬁ KATHIILIKA 33 6on06y3

j j G(t,x, )G @,x)a +y Wxdt =h(2), @8)
Ly ; Bl
[f6ex 16" (. x, A)dxdt -a = WA) - r[[Gt.x, Ayt 29
Benrunn xupniseis ‘ : .
o Fa T g o 2
M(2)=[[G@,x, )G W,x, A)dxdt, h(Ay)=h(2)- rhG(:, xA)dedt  (30)
kana (29) TerIeMecHH TOMOHKYA®H TYPAO onepampayx ¢opmana xa3bin Ibirabhis
Mla]l=M@A)-a=h(Ay), - . @D

MBIHIa M (A) 9eKcH3 emueMAYY CHMMETPHSUTYY TYPYKTYY MatpHua, hi(A,y) uekcus

e/TIOMAYY TYPYKTYY BEKTOP. :
ToMoHKY neMManap NanuaeHI:
Jlemma 3. h(2,y) sexropy Gapapix GenrunenreH y.ne ¢, MeHXHHIMIMHHH

3s1eMeHTH Goyn caHanar. -

Jlemma 4. M[a] onepatopy. esynme. ¢, Meiixummurun warnnsipar, 6.a.
Vael, = Malet.. .

Jlemma 5. M [a] onepatTopy OH MaaHHAE AHBIKTA/raH jen jcentener, 0.a.
(a,Ma)l’ 20, ansmu (a, Ma)l’ =0 xavas raua « = 0 = (0,..,,0...) 6onronzo Gonor.
3 xama d4-nemmanapra BUAMBIK  ONEPATOPAYK TEHACME (anreﬁpa.nux) s
MeiiKiHANTHHAE KapanaT. 5-neMMara sutaiiblk OH MaaHHAe aHBIKTAaR oneparopayH
KACHETTEDIH KONIOHYY Metier M [a]onepatopy N Teckepu uextenren oneparopyHa
33 3KCHANHIHH TaCTLIKTaii0b13

a=Nh(A,y)= N(h(ﬂ.) yj jo(: x,/l)dxdl) ' (32)

#aHa [|[NA(A, 7)H4 SN, [Aa, y)ﬂ const N, >0.

Omu TabputraH (38) birapbUILIITHE (33 )Ke Kolon TeMeHKY dyHKuMAnL anabsis:
12

vit,x) =G (1,x, A)N(h( 2)- yfjc(:,x, 1')dxd:) +y (33)

An Onpwiuir Typaery ®peAronsMIYH HHTETPAABIK TEHACMEICPHHHH HEKCH3
eMYOMAYY CHCTEMACHIHBIH YBIrapsutsimbl Gonyn cananat (26). y mapaMeTpHHNH

TYpAYY Oenrwrepimne (26) TeHAeMeCHHHH TYPAYY 4birapbUibIITaphkina 33 Gono
TypramsiGsrasl kepyyre Gonor, 6.a. (26) TewaeMecH 9eKCH3 KONl YHITapHUILIITAPra
33. Augar apst arep (33)ry (25)re xoe Typran Goncok, TeMeHKY ¢yHKiAra 33
Gonobys: o

f[l,'x, u(t,x)]=G'(t,x, A)N(h(z) a rjEJ,'G(r,x; lW!J s G4

Byn (22) oneparopayk TeHaeMeHNH SbITapbUILILIL GOy caHanart.
OwenTim, 3KUHYH NYHKTTa H3NENTEH ONTHMANAbK Gamkapyy (34).wapThii
KaHAATTaHABIPraH YeKCH3 KOl HhiFaphLIBIITapra 33 (22) CLI3LIKTYY 3MEC ONCPaTOpAYK
TCHAEMEHIH YbIrapbUILILUTAPBIHBIH APACHIH/IA IKCHIANIH GearineHH

3. f[t.xu(,x)]. dynkunsics: Gup Typae Gonron yuypaa GyHKUNORALILI

MHHEMATIAIITHIPYY.
OleHTun, H3geAreH ormmannuk ﬁamapyyny (34) KATHIMBIHG  BUAlBIK
Tabyyra Gonor. f[r,x alr, x)]e HQ) Gynumace “u(t,x)  GyFKumOHATIBIK

anmauryydy Goronya 6up Typae 60nroluxyxyua 6annamam1yy
L[6xu(tx)]=0, V@xeQ i (3%

IIAPTHI aTKapbuiaT. OLIOHIO TaK Mec GyHKUHANAP KOHYHI® TeopeMara sinaitsik (34)
KaThilmb! u(f,X) anMauryy4yra kapata 6np maannze uednner, 6.a. ap 6up 6enrunenren

y Genrucunze ¢(-) pymxumsce Gap
. : g 1% Tl ; )i ‘
u(l,x)=¢(G'(t,x,i)N(h(1)f rf] G(:.x,/t)‘zrd:]+rJ;u(:,x,y). ED

Omu Tabbinran u(f,x,y) gpynkuuscein (15) dyRKkunonansina KnpruseOus xana
cKanspabIK (yHkunara 33 60106y3

‘J [u(l,x, r)] = Ij‘p[f,;;u(t,x, y) |dxdi=@(y), 37

MuHIa ¥ € R. Aupan xuiin @(y) QyRKumscen SKCTpeMyMra KapaTta H3miieliGns.
By’ MaceneHIH HbITapbUIBIMIBIH TOMOHKY KaThINITaH Tafabsr3:
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®'(r)=Bf [p.[t.xu(t,x,7) Ju, (t.%.7)dvdt =0,

A0 =ﬂﬁ(p.., [t.xu(t,x,7)](w, (8%, )+ | ‘ (38)

" +p, [l,x‘u(t_. %, y)] u,, (1,%,y)dxdt > 0.

(38) macene Gup e Gap Hewe YRrapLUILILKA 33 Gomyury MYMKYH
1-yayp: (38) Macene Xanrsiz y = y°GLrapEULIIBHA 33 Jen scemrelinn. Anpa (36)

bUnaiteik wsgesren «° (1, x) GaurkapyyHy ToMOHKY tbopuyna Goron1a Taﬁaﬁm
u°(t,x) = u(l x,y ) ; (39)

A7 pyHKuHOHAN MEHHMANIBIK Genrure 33 GonroH xanrsi3 6awkapyy 6oy caHanar,
6a..

J [u° (!,x)] =J [u(t,x. y°)],$ J [u(t,x, r)], VyeR. (40)
Byn yuypna m;ie:m:ﬂ u° (t,x) 6amkapyy OHp oM MEHEH raHa AHLIKTANAT kaha
onmHManayy 6omyn cananar.
2-yuyp: (38) Macene GHp Heue 7, ,...,¥s, UHTapLUILINTAPTa 33 eN acenTeliny, MLHAA
M HaTypanablk cad. Byn y'qyp;m 6up Hewe Gamkapyyra 33 Gono6ys :
u (1,x)= u(t xh ), sl 2(t,x)= u(t,x y_) (C3))
u(t,x, 7;‘) Gamkapyycyna malikemt xenren (15) (bylmmonaxmmm 6em'ncuﬂ
aHBIKTaHObI3
: J[uf (t,x)]=J[u(t,x,rf)], k=1,..m . . (42)
Anpan xuituy ' .
J[#° (t,x)]=min{s [uf (t,x)],...,J [u: (6x)] 43)
MaceleCHHWH WHIrapbUIBIAHAN u°(r,x) Tababu3. Byn yuypna u°(f,x) ONTHMANABIK
Gaurkapyy Gomyn camanar. drep J[u(t,x,7,)] TYPAYY Maammnepre 3o Gonco an
*anrei3 Gomymy mymkys. Ax oM J [ u(s,x,7, )] Gynkusonanst Gup ane Maanure 33
6onco 6up newe Gawkapyy onramanyy Gomyury MymkyH, 6.a.
J[w (t.x)] = [ (tx)], i=L2..rsm. (44)
Xoropysia Genrnnenrenre kapan, arep f|¢,x,u(z.x)] ¢ymxumscs (38) Macenemim

9brapLUILIBL G1peo Golco, anjia mnenren onmUManLK Gawkapyy (39) dopmyna
Goronua aubikTanar. Jrep (38) MaceneHHH ULIrapLUILILIB! Gupee GonGoron yuypna
H3AEAreH ONTHMANIBIK Gawkapyy (43) KaThllKa BUIaiibIK AaHLIKTANAT.
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Owentin f [t,x,u(r,x)] dynxscs 6up Typae GonroH yuypna isaeired 6amkapyy
Gup 0N MCHEH raHa aHBIKTANAT, AHTKCHH 3KH YYp TeH Gipi GHpHH YeTke Karar.

5. sl xu(t, x)]. dymcumiic,t  6mp  Typne GonGorom  yuypua
$ynKUNOHANALIH MUHRMAIAILYYCY. . '
Slaxu(t,x)] e H(Q) dymamsacst u(s,x) q)yrmmona:mmc anmamyy4y Goromrta 6up
TYpae GonGoronyha Gaiinausimuryy, (37) mapTs! aTkapsUiGaiiT KaHa TOMOHKY KaThlll
OOpYH anar:

f.[hxu(tx)]=0. e -
Byn yuypna (36) TeHxeMe Oup Heve HbIraphUILl wKa 33 Gonymy MYMKYH
u (t,x)=u,(t,x,y) k=L23,..,r,y€R, (46)

MBIH/Ia » KaaNaraH HaTYPaNJisiK CaH.
Omu Tabbutran u,(1,x,7) d)yuxmmcuﬂ (15) d)ym\lmouanm hocﬁys *aHa

CKanapABIK yHKuHANapra 33 6onobys R
X T ¥
" [u, (t.x, r)] = ”p[(, x,u (1,x, 7)] dxdt=®,(7), » “n

Metgga k=12,.m.. Augan xuiine &, (7) GyHKIMACKIH IKCTPEMyMTa KapaTa
wsinaeiitns. DxtpeMymra OHp 4EKWTTe xe Gup Hewe 9EKWITe KETKeH ydypnap
Gomymy Mymxym. f[¢,x,u(z,x)]dymxmiscsr 6up Typre Gonron yuypaa Gepiurex
«ONTHMAMNIKY  GamkapyyHy aHHIKTOO MeTommkack  Gorowda wtxr0)
«onTHMANBIK» GawkapyyHy TaGaGbrs.

Amnnan i w3genren »°(¢,x)onTHManabIK GanIkapyyHy TOMOHKY mapTTan
Tababui3: : B0 :
> [u° (t,x)] =min{J [uf (l,x)],...,.l [uf (r,x)]} y 48)
Owenim, arep S t:x.u(z,x)] dymxunscs Gip Typno Gonboco, anna (36) TeraeMecH
Gup Heue YbIrapLUTLIKa 33 Gomyury MYMKYH. Ap GHP 9bITapbUTbIITa Gup Typaeryaeit
ane wsmenren  u°(t,x) ommmMammk  GamkapyyWwy — TaGaGe. Orep
J [uf (t,x)]......l[uf (t.x)]} caunapsmsin  GapaGapnapsl xkok Gonco, an kajirsss
Gonor. Byn Genymme owloHpoii ane THImKE OyNaKTeH yHKUHACK Gupaeit
Genywrypynren Gamikapyyra KapaTa CBISHIKTYY 3MeC GonroH y4yyp yuyH xaHa

famkapyyra Gomron vexTaee abamklii MYHe3N0eTy QYHKIMAHBL JKAHA AHBIH
KQITBLTAHTAH TYYHIYCYH KAMTITaH H3MII00N0PAYH XBIHLIHTLIKTaps! Geprumrer.

Hnurerpanibik (yHKIHORAT ;
2P
J[u]=fp [l,u(t)] dr, 49
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TOMOHKY HEKTHK MaCC/ICHIH KONTYTYHYH MbIrapulkIIbiiga . - - _
. { 3 b
Vo =V + A[ KO0V (r,2)d5 + g(1,5) fnu()], 0<x<1, 0<<T,
B g . |
V(0,x)=y, ¥,(0,x)=yp,, 0<x<l, - . (50)
Y (10)=0, ¥, (t))+aV(,1)=0, 0<t<T, 2
3H MHHNMAILYy' Maanure 33 Gono Ttypram u° (r.x) omrumanzyy Gawkapyymy

x’ammnanmn YbIMapLUNBLIIITHIH

VIx)=4(). % (Tx)=4(x) (1)

TONYKTOO IEKTOOCY AeM aTanraH WAapTTapHIA KaHAATAHBIPranAalt KELTBUT Tabyy
MacesecH Kapanras.
YexTik Macenenmy YBITApEUTLILE! TOMOHKY it

- ¥
V(r,x)=z[zjk.(r, 5,2)q,(s)ds +q, (r)]:.(x)_ , (52)

q.()=y,,cos At + 222 "::‘ sind t + —fsm At - 7)g, (r) S [t,u(r)]dr

u° (1 x) onTHManyy Gauncapyy yqyn (51) 6apa6apnum an:apwlcuu nenut. Auna

(52) HerBHHze DpearomMIyH ChIBLIKTYY 2Mec HHTCIpaNablk TeHmeMeNnepHHHH
HCKCH3 OIIOMIYY cuc'rcmacunun anaGbi3

j D@)f[tu (t)]d: =H (53)
ﬁhlma
b@)={p, .00, D, 0. } D,(t)={4,t),8,»)}

H@)={H,,H,,...H,.}, H,={H,,H,}, D,(0)= (;;:,;) ”-"’{Z-ngg

A, =I[sm 1_(T—l)+lIR.(T,s, A)sin )l,,(s-t)ds]g,.
: o g goes” FEAT (54)
B (0 =(cosﬂ,. (T-l)+lfR,’,, (T,s,l)zsin /I,(s—t)ds))g_
. 'A : d r
H,TN)=¢, -y, [cos AT+ /II R, (T,s,2) cos)l_sds]-

‘/;’" [sm AT+ AIR,,(T s, A)sin ﬂ,,sds']
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H, (T)=¢&, -y, [-,1,, sm,;r+zfx; (T,s,A)cos J,,sds]-—
i oy
¥ +i/:;—"[cosﬂ..T +A[R; (T,s,l)sin),,sds].
AJ TOMOHOTY YbITAPEUIBIIKA 37 o
fLuw)=0 (){c'H ~C(N}+r =D ()G H -1 (O +r.  (56)
S [t.u(®)] dysxumscaimsin monoToumnyy Gonrox yuypaa, 6.a S
Lltu@]=o, veefor] - (6D
(56) GapaGapawirsinan u(f) Gamxapyy 6up MaaHIeL ‘Gonyn aupixTanar (ap 6up
¢uxcupnesren 7 Maaumpepi yuyn), 6.a. : _
u(t) = o[ D" (1)GH - D* O +r]=utyy ~(59)
(58) atxapsuta Typrannait ¢(-) QyHKUMACH XammaiiT. '
Anomu f[t,u(r)] dpynxomansm uduomuizyy amec Gonron yaypna, 6.a.

Llnu@]=0, vieo, T] > (59)
(56) anre6panbik Tenaemeck Gup nee o Weipe” o RS
w@=u07), k=123, - ' WL AT g

YpIrapbUIbINKA 33 Gonor. A "

Hemex, (51) waprut arxkapsuta Typram wexcus enuemayy {u(t)} Gamkapyynyu
JKalliaib 'almrra:um Xoropyna . KepcoTyaren  cxemamnm _Hermsumpe,
dynkunonanpt MHHHMANJAWITHIDYY MAcenecH M3IULACHTeH JKAHA . H3NE/reH
ONTHMANAGIK GawnkapyyRy TaGyy anropuTMu TYPry3y/ran.

3.3-Gonymno ThULKL GynaKThIH (YHKUMACH GonywrTypynron 6amxapyyra

Kama Gupaeii Gonymrypynren Gauxapyyra Kapara CbI3bIKTYy 3mec 6onyn casanran
KaHa Gamxapyyra KOIOJIraH eKToo abanapii yHKUMACHLIH rana KAMTBIraH yuypnap

YUYH ONTHMANAAUITLIDYYHYH KOHOKOI: CBISHIKTYY IMEC MAce/leNlepuH H3IWIIO0HYH
KbILUNBIKTAPE! Gepunren.
Hurerpanapix $yuxiponan

J[u(z,x)]=fjp[r,x,§(r,x)]¢rd:, s (61)

TOMOHKY YCKTHK MaCeJIeHHH KONTYTYHYH YbIrapbUILIIBIHAA |
Ve=Vat ftxu(t,2)], 0<x<1l,0<r<T,
VOD=p(), KOx)=yy(x), 0<x<l,  (62)
V,(,0)=0, V(.D+aV(tD)=0,  0<r<T.
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5H MMEFMULy Maamure 3> Goso Typran u°(¢,x) ontumannyy Gawkapyyuy

KQNIBUIARIAH THrapEUIHIITHIH
V(t,x)= i[”’in cos At + W—z:'-sm At+ i—jsin AU=-1)f, [r,u]dr]z,,(x) (63)
n=} 0

4eKTOeHY MAPTEIH ;
: ' v(T.x)=¢(x). ' (64)
KaHAATAHILIPraH/All KeUthin Tabyy MacesecH Kapanra.
3.4-Gonymae Tonuxel Gynaxremi Gymxugscsl GeaywrTypynron Gamkapyyra
*aua 6upaeii GenmymTypynreH 6amKkapyyra Kapata ChI3bIKTYY IMeC Gonyn casanran
kaua GamKapyyra KOIONraH 9eKTee abWLABIH KUIMLUIAWTHIPLUINAH TYYHZY
GyuKupacHIH TaHa KamTwiran ydypaap YH4YH omuuannam’mpyynyn KOHOKOIH
CHI3BIKTYY 3MEC MaceneJiepHH munneouyu xuﬁummpu 6epunreu

KOPYTYHAY

DMrexTe THULKL GynaxToi QyHKUpACH Gawkapyydy napaMeTpaepre xapara
chI3LIKTYY oMec Gonrom xana Gamkapyyra yexTeo Goaron yuypaa ®pearonsMayH
HHTEIPUUGIK  ONEpaTopyHYH HMHTErpo-iddepeHuManisik TEHIEMECH MCHEH
MYHe316JIToH TepMeyy NPONECCTEPHHUH CHI3BIKTYY amec
ONTHMAIIAITHIPEUTYYCY Hy H MaCeNneepH H3HIICHH:

— ONTHMAUIAITLIPYYHYH CBHI3LIKTYY 3MEC MAacenecHHAC Gamxapyyra YeKT00

GoNroH YYpyAa M3AENIeH ONTHMANNMK Oawxapyy Ompuudm TYpAery

* QpeNroMLMAYH CHI3BIKTYY OMEC HHTETPAUIBIK TEHACIMENCPHHHH 4eKCi

@MMeMAYY CHCTEMACHIHEIH TLITAPSUILIMIL KATaphi AHLIKTANTaHb! Genrena;

- Gupumuym Typaery DpearonsMayH CBI3BIKTYY OMEC  HMHTerpanasik
' TeHmeMe/epHHIH CHCTEMACHIHbIH YHIFAPLUILIIIL Gap SKEHIMIHNMH KCTHIITYY
mapTTapsl GenruneHnn KaHa aHLH !mrapwlumuu 'rysyyuyn aNnropUTMH

WITE/IMIT YBIKTHI;

— THIKBI GYNAKTHIH CHI3BIKTYY 9MeC QYHKUMACH aiMamyyuy (yHKusOHaI

Golonya Gup Typae 6oyn caHalIral yaypAa ONTHMANIALITEIPYYHYH CHI3LIKTYY

IMeC MacesesepiH TOMYK YbIraphUIbImbl Oap KeHINrH AanWIAeHAN;

| — TemKe! GYNAKTHIN CHI3BIKTYY MeC (YHKUMsCH anMawyywy (yHKUHOHAN
Gotonya Omp Typme OGonyn cananGaran yuypaa ONTHMAIAAIITLIPYYHYH
CHI3BIKTYY IMEC Macene/iepHH TOMYK YbIrapUIbILIE 6ap SKCHAHTH NAMUTACHIN;
AZbIHraH KBILIHTHIKTAp AKAHBUILIK GOMyN caHanar xaHa ONTHMAABIK Gaukapyy
TEOPIACHIHBIH CHI3BIKTYY 3MEC MACENENCPHH qurapyynyn Kaibl METOAJOPYH HIUITEN
uLiryyna naiganyy Gonymry MyMKYH. .
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Joyabexosa Canranar Baiivizbexopnanvin  01.01.02 - jauddepenunanawix
TenaeMesiep, AHMAMHKAJIBIK CHCTEMANAP XAHA ONTHMAAALIK Gamxapyy aaucrnrn
Golonua GUIBKA-MATEMATHRR MAHMACPMHHH KAHAMIATHI WINMHIT OKYMYWMITYYAyK
Aapazaceii anyy y4yn “@akvopH3auMA METOAY MCHCH CEPINAIHY TepMmeayyaopay
CLIBLIKTYY 7MEC ONTHMAANAWTLIPYY MACENECHH 4LINAPYY™ TeMacCLIMAR Ka3bLIFAH
OHCCEPTAUMAALIK HUIHHHM

PE3IOMECH .

Herwsrn cosnop: TepMenyy NpoueceH, Kannuuiauran qurapwlsuu, $ynxupona,
ONTHMaNALIK (almKapyy, ChI3BIKTYY SMEC HHTCTPAABIK TERACME, OMEPATOPAYK TeHACMe,
Kulifnanyyuynyx.

Hsuanee obnexTn: 0pcmuswxyn mnexpo-nquenmmmuK 'reuneuencpu MeHeH
MYHO3/10TOH, Gawkapsulyy'dy TEPMENYY NPOLECCTEPH.

Hannnoo npeamern: Bamkapyy Qynxumuscuisa qelcmo.nop KoK ytrypna
OpearonbMIyH HMTErPANAMK ONCPATOPY MEHCH JKeKe TyYHAYNapaa mrrerpo-
ApdepeRIMANIBK TeHACMENED MEHCH MYHOINO/INOH TEPMEYY NPOLECCTEPHI ChIILIKTYY
IMEC ONTHMANIAUTHIPYY MACCICNCPHHNH YBIrAPEUISULEHEIH LITOPHTMMH HIITENL YHITYY,

Haungeenyn maxcarm: bamkapyycynaa uexroonopy 6ap Tepmesnyy npoueccrepuu
CLILIKTYY 2Mec ONTHMAN AAIITLIPYYHY MacenenepHIMH QBIFapLIGIMLIH U006 %aHa Gap
GoNylynyH JKCTHINTYY IUAPTTAPLIN XaHA ONTHMANNATLIPYY MAacenecHHHH ,mnms
asirapsuisi Gap sxenaurn 6enrnioe Gonyn cananar.

‘Hannnoenys ycyasapei: OnTHMAnmRK Gamnxapyy 'mopuxcuuun. oncpmpwx
TEIACMENEPIH TCOPHACHIHAIH JKaHa BAPHALMANHIK 93CENTOOHYH METOLOPY.

Hwrun wanvnii xanpuisirs::

- Bamxapyyna HEKTO0N0p Gonron yuypaa ONTHMANAAUITHIPY Y HYH CLIILIKTYY 3MeC
MACEJCCHIAC M3NEATEH  ONTHMANIBIK Ganmcapyy Gupwnun  Typrery ®pearonsmayn
CBILIKTYY OMEC HHTErpAIABIK TCHACMENCPHHHH YCKCH3 OM4OMAYY CHCTCMAChIMBIH
YBIraphUIBILILE KATAPL) BHRKTANTAHSL Gcnmncu,m,
—  Bupmmn Typaery ®pearonsM CHIBIKTYY IMEC nu-rerpmmmc TEHACMCIEPUHIH
CHCTEMACKIHLI YBICAPLUIBINSE (AP SKCHTUTHHMH XKETHIITYY WAPTTApk! mﬁww.u XaHa aNsl
SLIFAPYYHYH QITOPUTMH HIUTEAUN YBIKTH;
- Bynaxtii CBILIKTYY IMeC QyHKUUACH anMauryyTy GyRKUROHAT Gowoma Oup Typne
*aha Gup Typao sMec Goaron yuypna ONTHMANAAITLIPYYHYH CHI3LIKTYY IMEC MACEACCHH
TOJIYK HBIApyyHRYH QAFOPHTMH HIITCHIE YbIKTLI; . FIS
Hananoouyn npaxtukansik maanncy. bawkapyy cymm yexroenepy 6ap Tepmenyy
NPOUCCCTEPHI CHILIKTYY IMEC ONTHMALAMITLIPYYHYH MACECACPHH YBUrapyyHyH HUITEHI
HLIKKAH QITOPHTMI THPKEMCJICPAE TepMeaYYy npoucccrepun Gamkapyyra Gaitnanuiutyy
NPAKTHKAIBIK MACENCACPAH HLIFAPYY AR KOMOHYNYLTY MYMKYH. )
Koanomyy  aiimarst. Onmumanmeik  Gauxapyy 'xcopmlcu. HHTCTpo-
anddepeHUMAIILIK TCHACMENEP, MATEMATHKANAIK (HINKAHBI TCHACMECH. e



PE3IOME
auccepraumme Joyn6exosoii Cantanar DBaiibisfexoBnet na vemy «Pemenne
3aaaun meJmueiinoil ONTHMHIAUNH yRpyrux meﬁnnﬁ mMeroaom (GaKTOpMIAUMI»
npeACTABICHNOIl HA CONCKANNE yHeHoii CTENenn KAHANAATE PHINKO-MATEMATHICCKNX
HayX N0 CHCLUANLROCTH 01.01.02 — auddepenunansunie yphbushun, Anllapnlq‘ecx.e
CHCTEMBI M ONTHMA/ILHOE YTIpaBacHHe, :

Kmouessie caosa: xoncGaTenbustii npouecc, o6o0mennoe pewmenne, Gpynxuonan,
ONTHMATEHOE ymNpasicHie, HEAMuelinoe HMHTCrpANLHOC YPABHCHHC, OINCPATOPHOE
yPaBICHHE, CXORUMOCT., ,

O6LexT mccaenosanun: YNpasasceMble xoneGareabHLIC NPOUCCCH, ONHCLIBACMbLIC
riTerpo-audQepeHUnansHLMH (PEArONBMOBEIM ypanuemuun._ :

Tpeamer mccaenopanus: [IpeMCTOM  HCCHCAOBANMA  ABAMOTCH paspaorxa
anropuT™a NOCTPOEHHA PCUICHAA  30AAYH HETHHEIHOM ONTHMA3AUMN  KONCGATEALHBIX
NPOLZCCOB, OMUCHBACMBIC MHTErPO-ARGOEPEHMANLILIMN  YPABHCHIAMI B UaCTHLIX
NPOM3BOAMBIX ¢ HHTErPANLHBIM onepatopos PpearonLma, Npi HATOKCHIAX orpaniicHnii
12 Gy HKIHIO YNPaBICHIA.

lens paGorni: HCCICAOBAHME DPAPEILNMOCTH 3anay HeMMHEHROoM  ONTHMH3ALNH
XONeGaTELHBIX NPOLECCOB C OTPANNYCHHAMM }a YNPABICHIA H YCTAHOBACHHE AOCTATOUHBIX
ycnonmii CyiecTsoBanys i ¢ANHCTBCHHOCTH PeIlCHIA 3a2a9H ONTHMH3ALMH,

Meroau mecaenosaumu: MeTons! TCOPHH ONTHMWILHOTO YNPABICHHS, MCTOALI
TEOPHH ONEPATOPHBIX YPABHEHHMIT 1 MCTOL BAPHAIMOMNOIO HCHHCACHH.

TlonyHuennsie pe3yAbTATLI H MX HOBU3HAS 2

~ YCTaHORNENO, 4TO B HEAHACHHOE 3A1a4¢ ONTHMMAINMIN TIPH HANMYIHK OTPALITYCHIN
H1 YNPABICHHE NCKOMOS ONTHMATHHOE YNpaBICHHE ONPEACNACTCA KAK  PeuicKne
GeckoneyHOMEpHOTi CHCTEMSI HEMIHEHHbIX HHTSTPANBHEIX ypasHeHHit DPearonsma nepeoro
poaa;

- Haitaens J0CTATOMHME YCIOBHA CYWECTBOBAHMA PECIICHHA CHCTEMBI HCMNUCHNGIX
HHTCTPAILHEIX ypasiennii Ppenronsma nepsoro pona M paspaboran aropHT™ NOCTPOCHNA
€C peinenus;

~ ~ Paspaloran anroputd noctpoenus mnoNoro pewenus uenuneiinof 3ana4K
OITIHMHIAIMH B CAyae, KOTAL HEAIsHEHiHAS By NKILIA ICTOHIKA AB/SETCH MOHOTOMIOH 1t HE
MOHOTOHHOI N0 YyHKUHORANLHOH NepeMeHHOii; '

Pexomennanun mno mccnesosammo. PaspaGoranuetii anropur™ NOCTPOCHIA
pelueHis 3aAa9H HEAKRCHHON OMTHMMU3AMMN KONECGATEABHLIX NPOUCCCOB C OTPANMNCHIAMH
HA ynpaBnenin MOXeT OLITE HCNOME30BaH B NPMIOKCHUAX NPH PELUICHMI NPAKTHHCCKHX
3a4aY, CBA3AHMAIX C YOPaBNCHHEM KOeGaTe 1bHLIX NPOLIECCOB.

_O6nacte  npumenmenmns. Teopis ONTHMANLHOTO  YNpaBACHitA, — MUTErpo-
middiepenuanBiLE ypaBleHHs, yPABHERHE MATEMATHYECKOT PH3IKN. '

SUMMARY
Dissertations “Solving the problem of nonlinear optimization of elastic
oscillations by the factorization method” by Doulbekova Saltanat Bayzbekovna is
submitted for the scientific degree of physical-mathematical sciences candidate,
specialty 01,01.02 - differential equations, dynamical systems and optimal control.

Keywords: oscillatory process, generalized solution, functional, optimal
control, nonlinear integral equation, operator equation, convergence.

Object of research controlled oscillatory processes described by Fredholm
integro-differential equations.

Subject of research the subject of the research is the development of an
algorithm for constructing a solution to the problem of nonlinear optimization of
oscillatory processes, described by partial integro-differential equations with an
integral Fredholm operator, when imposing restrictions on the control function.

Aim of research the aim of the work is to study the solvability of problems of
nonlinear optimality of oscillatory processes with restrictions on control and the
establishment of sufficient conditions for execution and unique solutions to the
problems.

Research methods methods of the theory of optimal control, methods of the
theory of operator equations and methods of the calculus of variations.

The scientific results and their novelty:

— It has been established that in a nonlinear optimization problem in the presence
of a control constraint, the desired optimal control is defined as a solution to an infinite-
dimensional system of nonlinear Fredholm integral equations of the first kind;

—  Sufficient conditions for the existence of a solution to a system of nonlinear
Fredholm integral equations of the first kind are found and an algorithm for
constructing its solution is developed;

~  An algorithm has been developed for constructing a complete solution to a
nonlinear optimization problem in the case when the nonlinear source function is
monotonic and not monotonic in a functional variable; »

Recommendations on using. The developed algorithm for constructing a
solution to the problem of nonlinear optimization of oscillatory processes with
restrictions on controls can be used in applications for solving practical problems
related to the control of oscillatory processes. v . _

Field of applications. Theory of optimal control, integro-differential equations,
equation of mathematical physics.
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