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Huccepranusniblk um K. TeiabicTanoB  atbiHAarsl  blceik-Ken MamiekeTTuk
YHUBEPCUTETUHUH MaTeMaTHKa jkKaHa MaalbIMATThIK TEXHOJIOTHsNAp KadeapachiHaa
aTKapbUITaH.

Nnumuii  kerexkuu: AuabiMO0aeB Acanrya TemupkynoBuu, ¢u3nKa-mMaTeMaTUKa
WIMMJIEPIUH JTOKTOpY, noueHT, M.ApabaeB atbiHgarsl Kbiprei3
MaMJIEKETTUK  YHUBEPCUTETUHHUH  KaHbl  MH(POPMALUSIBIK
TEXHOJIOTUSAJIAP HWHCTUTYTYHYH TNpPOPECCOPyHYH MUIACTHH

aTKapyyuy.

Pacmuii onnoHentrep: AOgabexoB bakrtnioaii CanapOexoBu4, (u3uka-maTeMaTHKa
WIMMJIEPUHUH AO0KTOpY, npodeccop, XK. bamacarsin atbiHaarsl
KbIpre3  yiayTTyK YHUBEPCUTETMHUH KOJJOHMO MaTeMaTHKa,
uH(popMaTHKa KaHa KOMIIBIOTEPIUK TEXHOJIOTUsJIap
KadepaceHbIH podeccopy.
Jrembepanen llaiibiMmbex AMaHTYypoBUY (U3MKa-MaTEeMaTHKA

WIMMJEPUHUH KaHAWAaThl, JomeHT, W.ApaGaeB aTbIHIArbI
Keiprei3 Mamnekertuk yHuBepcuretuHuH M.P.  Paxumosa
ateiHgaarel  KKBBU  Taburbiii-mareMaTUKaJIBIK JAUCITUTIIMHATIAD
KadepachIHbIH JIOIEHTH.

KerexToouy mexkeme: M.M.AnpimeB ateiHAarsl Ol TEXHOJIOTUSIIBIK YHUBEPCUTCTHHUH
KOJJIOHMO MaTeMaTHKa jkaHa uHpopmaTrka kadeapacsl, Kelprs3
Pecniy6nukacer, 723500, O maapel, MicanoB keuecy, 81.

Huccepranusasl  koproo  Keipreiz  PecnyOnukaceiHBIH — YAYTTYK — WIMMIEP
aKaIeMUSICBIHBIH MaTeMaTUKa MHCTUTYTyHYH *aHa JK. Bbanacarein ateiHmarsl Keiprei3
YIYTTYK yHUBEpcUTeTUHUH anabiHaarsl J[ 01.24.701 nuccepranusiibik keHemuHuH 2025-
k. 16-mapteiama, caatr 14:00me, 720001, Keipreiz PecnyOnmkacel, bumikexk 1.,
AOGapIMOMYHOB Keuecy 328, 126-0enMe naperuHie oTe TypraH OTypyMyHAa OOJIOT.
JluccepraniusiHpl ~ KOPrOOHYH  BUJCOKOH(MEPEHIUSACHIHA  KHPYY YYYH  IIHJITEME:
https://vcl.vak.kg/b/d_0-gxu-6yv-biz

Huccepranus  MeneH  Keiprez  PecnyOnukacbiHbiH —~ YIYTTYK — WIUMIED
axkaneMuscoiHbiH (720071, bumkek maapsl, Uyl npocnektu 265-a) sxana JX. bamacarsin
aTeiHaarsl Keipreiz ynyttyk yauBepcuteTunuH (720033, bumkek maapel, pyH3e keuecy
547) kuTenkaHalapblHaH aHa YIYTTyK AaTTECTAlUUsUIBIK KOMHUCCUSHBIH CaWTbhIHAH
TaaHpIryyra 6osot: _https://stepen.vak.kg/diss_sovety/d-01-24-701/

JluccepTallMsyIbIK ~ KEHEIITHH  OKYMYIITYYy  KaTybiChl,  (pU3MKa-MaTeMaTHKa
WJIMMJIEPUHVH KaHIUAAThI, JOLEHT [Mapmembuena ©. K.
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NB3NJIIOOHYH KAJIIIbBI MYHO3/1IOMOCY

JucceprauMsiHbIH ~ TeMACBIHBIH  aKkTyaaayyayry. Kenrteren  dusukanbik
Macenenepau usuiagee Aud@epeHIuangblK >KaHa YEKTYYy JK€ YEKCH3 TaacCUpJICHTeH
UHTErpo-audpepeHnanIbK TEHJIeMeJIepIUH CUCTEMaJIapbIHBIH ME3TUIIINK
YBITapPBUIBIIITAPBIH OKYII-YUPOHYYT® KEITUPHUIIET.

Byn TennemenepauH ME3TWIIMK YbITapbUIBIIITAPLIH U3mwigee YuyH A. Ilyankape
(1879-1912 x.), H.M. Kpsutor (1912-1955 x.), H.H. Boromo6os (1934-1991 x.), }0.A.
Mutpononbsckuii (1951-2006 x.), A.M. Cawmoiinenko (1973-1976 »x.) »xana Oamika
aBTOPJIOp TapaOblHAH TY3YJATOH CamaTThlK, AaHAJIUTUKAIBIK >KaHa aCHUMITOTHKAJIBIK
bBIKMaJIap 0ap. ArtanraH bIKMaJap KUYMHE TMapamMeTpAud KapMaraH, ChI3BIKTYY
IMECTYYJIYKTYH 3P deKxTucu xaii Oalkaiaran TeHAEMeEJep CUCTEeMallap Y4YYH WUUTHUIUKTYY
KOJIIOHYJAT. BUPOK, JKanmbl TypAery ChI3BIKTYY dMeC TeHIEeMENepIu U3UIII06/10 allapAblH
KOJIJIOHYJTYIIIY YEKTYY CaHJarbl TeHAEMEIEPINH KIacCTapbl MCHEH YEKTENET.

Byn skargaiira putaiiblk a3bIpKbl YyUypJla Kbl TYPAOTY CHI3BIKTYY SMECTYYIYTY
KY4TYY TeHAeMeNep YUYYH KOJAOHYJIYYydy BIKMajaplbl HIITEN YbITYy aHa KOJJIOHYY
MaaHWJIYY, OLIOHOM 3JIe aKTyaJlIyy MacesenepAuH Oupu OOyl dcernTener.

JluccepTalisyIbIK WINTE IKUHYMA TAPTUITETH KBA3UCBI3BIKTYY U] hepeHIInaiIbIK,
UHTErpo-audPepeHIIUaNIbIK kKaHa aBTOHOMIYK KacHEeTKE 233, KHYMHE MapameTpau
KapMaraH UHTerpo-auddepeHInaiIbIK TEHIeMEIePINH ME3TIIIUK YbITapbUIbIIITAPbIHBIH
KalllalllblH ~ M3WIee SJKaHa Typrysyy Macenecu kapainradH. WMswineene [Manepkun
METOJIYHYH HJEsAJapblH KaHa yJaanail *aKbIHAATYy BIKMACBHIH aWKaJbIIITHIPYy MEHEH
POEKIMSUIBIK-UTEPAIUSIIBIK bIKMa KOJITOHYJAT ’aHa Heruszener. byn cypoonopay ueuyy
UIITUH aKTYaJayylyryH aHbIKTaHT.

JluccepTauMsiHbIH TeMACBIHbIH OKYY JKaHa WJIMMHMI MeKeMejep TapaOblHAH
JKYPry3y/Jdyy4y Heru3ru M3ujijaee MiTepu MeHeH 0ailiaHbIIbI.

HuccepranusapiH Temachl OoroH4a u3mwigee umTepu K.TbIHBICTAaHOB aThIHIATHI
blcbik-Kenm MamiIeKkeTTMK YHUBEPCHUTCTHHHUH OKYMYIITYyJIap KEHENIW TapaOblHaH
ocxutuinred «Bombreppa THOMHAETHM UWHTErpo-IuddepeHIHIIBIK  TEeHIAESMEeIepAuH
ME3TWJIIYY YbITAPbUIBIIITAPBIH HW3WIJOOHYH MPOCKIUSIBIK-UTEPALMSIIBIK METOII0PY»
JIEr€H TEMaHbIH aJKarbiHaa Kypry3yiaay. [Ipotokon Ne2, 02.11.2021 x.

M3uianeeHyH MakcaThbl KaHa KOKWJITaH macedesep. JluccepTalusiablK WIITUH
MakcaThl , SKHHYM TapTUNTETH KBA3HCHI3BIKTYY AU(PHEPEHITUANIBIK )KaHA YEKTYY, YEKCHU3
KEUUTHUI TAACHPJIEHTeH HHTETPO-Iu(PepeHINaANIBIK TeHASMEIEePANH, OIIOHION 3Iie
ABTOHOMJIYK KaCHETKE 33, KMUMHE MapaMeTp/d KapMaraH OMpPUHYM TapTUNTETH MUHTETPO-
muddepeHnuanaplk  TeHIEMEIEPAUH CUCTEMAChIHBIH ME3TWINK YbITapbUIBIIITAPbIH
M3WI1J166/16 MPOEKIUSIIBIK-UTEPAUSIIBIK METOIIYH KOJIJAOHYYIIYH HETU3/00.

NmtuH MakcaTbiHa KETYY YUYH TOMOHJIOTY101 Maceesiep YeUNIIIN:

1. Taxk Me3TWIAMK YBITAPBUIBIIITHIH alMarbiHAa [ alepKuHANH >KaKbIHIAITYYCYHYH
KAIlallblH ~ JaluWjiee  JKaHa  OKAKBIHAAIMNTHIPBUITAH  KaHa  TaK  ME3THIIIUK
YBITAPBUTBIIITAP IBIH aBIPMACHIHBIH KaTaChIH 0aajoo;



2. Teckepucunue ['allepkMHIMH KAKbIHOAUIYYCYHYH aliMarblHAa TaK ME3THIIUK
YbIrapbUIBILITHIH JKallallblH JAIUIIA06 KaHa alapAblH albIpMACBIHBIH KaTachlH 0aanoo;
3. T'apmoHuKkanblk OamaHc bIKMacblHbIH HerusuHae Ban-nep-IlonbayHn uektyy

TaaCUpPJEHIeH HHTETpo-audepeHInaNIbIK TeHAeMeNIep cucTeMachinbit, [oddunraun

KEUMKKEH apryMEeHTTYy OUpUHYM TapTunteru AuddepeHuuaniblk TEHAEMECUHUH >KaHa

Ban-nep-IlonpayH SKMHYM TapTUNTErH KEYMKKEH apryMEHTTYY TEHAEMECHHUH ME3THIIINK

YbIFAPbUIBIIITAPbIH ~ OMPUHYM  KAKBIHAAWITHIpYYAa Typry3yy. JKakbIHAAIITHIPBUITaH

ME3TWIIUK  YbITapbUIBIIITBIH ~ AMIUIMTYJA-KBIIITBIK ~ MYHO3JOMOCYHO  KEUYUTYY

MapaMETPUHHUH TAaCUPUHUH YOHAYTYH aHBIKTOO;

N3nin16060HYH WIMMHI KAHBLIBITBI.

— DSKUMHYM TApTUNTETH KBAa3UCBI3BIKTYY JU(PEpeHIHANIbIK >KaHa YEeKTYY, YEKCHU3
TaacCUpJIereH UHTErpo-1udepeHIan bk TEHJEMEJIEpAH ME3THIIUK
YbIFapbUIBIITAPBIHBIH  JKAIIAlIbIH H3WIAO616 aHa >KaKbIHAAIITBHIPHIT Typry3yyzaa
IPOCKUMUSIIBIK-UTEPALMSIIBIK METOAAYH KOJIIOHYJIYIIYH HETU3/106;

— ©3 apa TeCKEPH ThISTHAKTAp JNAJWIJICHIeH: SKUHUM TapTUNTeru IudpepeHaibK KaHa
UHTETpo-TuPepeHINAIBIK TEHAEMENEep YYYH TaK ME3TWIIUK YbITapbUIBIIITHIH
aiiMarpiHaa ['anepKuHAWMH JKaKbIHAAIIYYCYHYH JKalllalllbl JKaHa ["anepkuHAMH
KAKBIHJAIYyCYHYH aliMarblH/Ia TaK ME3TMJIAUK YbITapbUIBIIITHIH Kallallbl Tyypalyy
TeopeMaIap JAIWIICHIEH;

— KMYMHE NapaMeTpAM KapMaraH, YeKTYY TaaCHUpJIEHI'€H MHTerpo-audQepeHnnanibk
TEHJAEMEIIEPAUH  CUCTEMACBIHBIH  ME3TMIJUK  YbITApbUIBIIBIH  TYPry3yy Y4YYyH
IPOEKIUSIIBIK-UTEPALUSAIBIK METOAIYH KOJAOHYIYIIYHYH HETHU3/1e6cy OepuIIreH;

— TapMOHHUKaJIbIK OajlaHC BIKMAChIHBIH HErM3MHJE YEKTYY TaacupiieHreH Ban-nep-
[lonpayH wuHTErpOo-AUQGepeHInaNIbIK TeHIeMenep cucreMachlubd, Joddunrann
KEUMKKEH apryMEeHTTYY AudQepeHuuaniblk TeHAEeMECUHUH >xaHa Ban-nep-Ilonbayn
KEUMKKEH apryMeHTTYY OJKHUHYM TapTUNTerd aud@epeHnuangplk TEHIEMECUHHUH,
ME3TWIUK YbITapbUIBIIITAPbIHBIH OUPUHYM KAKbIHIAUIYYCYH TYpry3yy MacejiecH
Kapajras KaHa aHaJIM3/ICHICH.

AJIBIHTaH HATBIMKAJAPABIH TEOPHAJIBIK JKAaHA NPAKTHKAJIBIK MaaHHCH.
Juccepranysana ajblHMAH WIMMHUK JKBIMBIHTBIKTAP TEOPHUAJBIK JKaHA KOJIJAOHMO MYHO3Io
93. JluccepTULMAIBIK HMIINTHH >KbIMBIHTBIKTAPBIH JKaHbl KJaccTarsl AU(QepeHIuanibIk,
UHTETpo-Au(PepeHInanIblK TeHIEMEIEPANH ME3TWIANK YbITapbUIBIILITAPBIH H3UJI166/10
KonJoHyyra ©Oojor. WMmrenun 4YblKKaH BIKMaJApAbIH QJITOPUTMIEPH KOHKPETTYY
MOJIETIIUK TeHEMENIEepANH YbIrapbUIbIIITaPhIH TaA0yyra MyMKYHIYK O€peT, WIMM/IMH jKaHa
TEXHUKaHBIH ap KaHAal o0nacTTapbIHarsl Maceaeaepan N3nI1eere bUIbIHbIKTAIIThIPYYTra
00J10T.

JuccepraMsiHbIH KOProoro ajbll YbIIbLIYY4Y HETM3TH 5K00010pYy.
— TanepkuHANH TPOCKIMSUTBIK BIKMAChl MEHEH dKWHYHM TapTUNTETH TudQepeHIHaIbIK
’KaHa YEeKTYY, YeKCU3 TaaCUPIICHITeH UHTETPO-au(dHepeHITUANIBIK TEHAEMEIEPIUH TaK



ME3TWIJIUK YbITAPbUIBIIITAPBIHBIH ~ aiMarblHJa O KaKbIHAAIITBIPUITAH  ME3TWIIUK
YBITAPBUIBIIIBIHBIH  KAIIAIIBIH  JTATTUAJI0e. KakplHIAMITHIPBUITAH JKaHA Tak
YBITaPBUIBIIITAPIbIH aWbIPMACHIHBIH KaTACHIHBIH ©TYOMYH 0aaJ00HY KOPCOTYY;

— I'puH QyHKUMSICHIHBIH HETU3UH/IE, yAaalalll >KaKbIHAAMITHIPYY METOJly MEHEH YKUHYU
tapTunTeru auddepeHanabplK >kKaHa YeKTYY, YE€KCH3 TAaaCUPJICHTeH HWHTErpo-
muddepeHManaplKk  TEHIEMEIEePAUH  TaK  ME3TWIAMK  YbITapbUIBIIITAPbIHBIH
lanepkuHIMH >KaKbIHIAINIYYCYHYH alMarbiHia KallallblH JaIWinee. AJiapJbiH
allbIpMaapbIHbIH KaTaChlHBIH YOHAYT'YH 062aj100;

— KHYMHE  MapaMmeTpilyy, UYeKTYY  TaacUpJICHIeH  MHTETrpo-auddepeHIraiibik
TeHJEeMeepauH CUCTEMACBHIHBIH  ME3TWIJIUK  YbITapbUIBIIIBIH 1716370 91 (150 ()
MPOCKIUSIIBIK-UTEPALUSIIBIK METOIY KOJIJIOHYyTa 00JI0 TYpraH IbIThl;

— TapMOHMKAJBIK OallaHC BIKMACBIHBIH HETHU3MHJE YEKTYY TaacupieHreH Bau-mep-
[Tonbayn wunTerpo-nuddepeHunanablk TeHAeMenep cucTeMachinbiH, [oddunraux
KEUMKKEH apryMeHTTYY IuddepeHnnanablk TeHaeMecuHuH xaHa Bau-nep-Ilonbayn
DKMHYM TapPTUIITETH KEUYMKKEH apryMeHTTYy auddepeHuaniplk TEeHISMECUHUH
ME3TWJIJIUK  YBITAPBUIBIIITAPBIHBIH ~ OMPUHYM  >KAKBIHAAIITHIPYYJIAPBIH  aHBIKTOO.
JKakpiHIAITHIPBUITAH ME3THIIINK YBITapPBUIBIITHIH aMILTUTYAQ-KBIIITHIK
MYHO3/I0MOCYHO KEUHUTYY NTapaMeTPUHUH TaaCUPUHUH YOHAYTYH KOPCOTYY.

M3uaneenyn Meromaopy. I[IpoeKIMsIIBIK-UTEPAIUSIIBIK METOJY HETHU3/106]10
KOJIIOHYJITaH bIkManap: ['alepKuHANH METOy, yAaallalll )KaKbIHAAIITEIPYY bIKMAckl, [ puH
(GyKIUACH, aBTOHOMIYK CHCTEMaHbl aBTOHOMIYK 3MEC CHUCTeMara KeJITUPYY BIKMAChI
xaHa OypbeHUH TPUTOHOMETPHUSIIIBIK KaTaphl.

N3nenyydyHYyH :Keke cajbIMbl. J{MccepTalUsIbK H3WIIOOHYH HaThIIbDKalaphl
U3JIEHYY4YY TapaOblHaH ajblHraH.MaceleHHH KOMJIYIIy aHa aHbIH KbIMBIHTHIKTAPBIH
aHanmuzgee wunuMui oketekuncu A.T. AnpiMOaeBAMH JKETEKUYWIMIM MEHEH HIIKE
alIbIpbIITaH. AHBIH JKETEKUYMJIUTH MEHEH W3WIJOOHYH HEru3rd OarbIThl aHBIKTAJBII,
HETM3TH METOJOJIOTHSUIBIK bIKMaJIap WIITENIUI YbIKKaH. TeopemManapbH AaluiIICHUIINH,
aHBIH THITHAKTAPBIH aHBIKTOO KaHa WLTIOCTPATUBIMK MaTepuaaapbl TY3YY U3EHYYUYTo
TUEIICINYY. W3nenyydy W3WINOOHYH O KBIUBIHTBIKTAPBIH 371  apajblk  WIJIWMHIA-
NPAKTUKAIBIK KOH(EpeHIMsUIapia anpoOanusaooro akTUBAYY KaTBIIIBIN, JOKJIAAAapibl
TaJIKYyJIOOJIOPAOH OH MUKHP KaHA U3WIAO6HY YIAHTYY Tyypalyy CYHYIITap/ibl ajdraH.

JuccepTauMsHbIH KbIHBIHTHIKTAPbIH aNpo0anuaa00. MIITHH KBIMBIHTBHITEL 371
apalblk JKaHa pecnmyOJWKalnblK WIMMHA KoH(epeHmusiapaa OasHmadraH KaHa

TaJKyyJIaHTaH:

—«CCCP  moopy: wmesrmiare ©Oaa  Oepyy» On-apaiblK  WIMMHA-TIPAKTHKAIIBIK
koH(pepentuscel. K. TeapicTaHOB aThiHAarsl bIMY, 14-15-0kTs16ps 2021-%. Kapakon
—IIpodeccop ToporempameBa K.M. 70-xpuinpik roOuieitnHe >kana «MaremaTtnka j>kaHa
aHbl OKYTYYHYH TEXHOJOTHsUIapbl» KadenpackiHbiH 70- IKBUABITBIHA —apHAITaH
«CaHapunTelITUpYy IIapThiHAA TAOWTbId MAaTEeMaTUKAIBIK WIUMAEPAH OKYTYY
TEXHOJIOTUSUUIAPbIHBIH MAacesieliepyd JKaHa KeJederu» arryy JJ-apalblK WIMMHA -



MpakTUKAIbIK KoHpepeHuusicel. M. ApabaeB arbiHgarsl KMV, 21-22-mait 2022-x.
bumxkex .

—«KpIprei3cTanibli  ©HYTYYCYHIOry Kapakon miaapblHbIH #TapbIXblid - arapTyy4dyiayk
MaaHuCKH»  ON-apajblK WIUMUN-TIpAKTUKAIBIK  KOH(pepeHuusicbl. K. ThIHbICTAaHOB
ateigaarsl bIMY, 10-11-urons 2022-x. Kapaxot .

—KP GaaThippl, MaMJIEKETTHK jkaHa KooMmayk uimMep A.MacamueBnun 90- KbUIIbITbIHA
KapaTa «AajaMIalThpyy JTOOPYHAA KOOMAY, OMJIMM OEepyYHY >KaHA WIUMAN TYPYKTYY
OHYKTYPYYHYH 3aMaHOar, caHapulTUK TpaHCHOpMalMsIIapbl: ©TKOHIYH TaXpbliOachl,
YUYpIAYH MYMKYHUYJIYKTOpPY, KEJICHYEKTHUH CTpaTerusuiapbl» O-apaliblKk HUIUMUN-
NpakTUKaIbIK KoHpepeHuuscol. batMV, 28-29 anpenb 2023-x. barken 1.

— KP YHAHbIH apaaktyy akagemuru, KP YU AHbBIH KOppecnioHaeHT-My4ecy, ¢.-M. . 1.,
npodeccop Kennubait AnpiMkynoBayH 80-KbULIbITbIHA apHaiIraH «MaTtemaThka >kaHa
OwirM OepyYHYH aKTyajayy Macenenepu» Oi-apaiblK WIMMHA KOH(EpPEHIHUSACHI.
OmMY, 12-13-mait, 2023-x.0mr 1.

—KP DOn wmyranumu, Wnum >xaHa TeXHMKa XKaaThIHAArbl MaMJIEKETTHUK CHIMIBIKTBHIH
naypeatsl, KP YMA HbH wmyue-kopp., KBBA HbIH akagemuru, m.u.jg., mpod.
N.bexboepre apHanran “M.bexOoeBAWK anThIHYBI OKYyJapbl: OWInM OepyyHYH
3amMaHOan MOJEIIMHUH KOWTeWsepy: akTyalayy Maceleep, *KETUIIKEHIUKTEp >KaHa
MHHOBaIUsIap” WIMMHA-TIpAaKTUKANBIK KOoH(epeHuusacsl. TanMVY, 8-9 utons 2023-x.
Tanac .

— KP YUA#nbIH 70- xbuigbirbiHa xxaHa KP Y AHbIH MaremaTuka MHCTUTYTYHYH 40 -
KbUIBITbIHA apHanraH “V bepy0aeB okyynapbl” 3i-apajblk WIMMUN KOH(QEPEHLUSACH.
KP YUA MU, 20-21-uronn, 2024-x. bunikex .

JluccepTauMsAHbIH  HATBIKATAPBIHBIH  KAPBIAIAHBIMBI.  JlMccepTanusHbIH
HErM3ru Ma3MyHy 15 winmuii Makanara >kapblisuIaHbIl, aHbIH HUMHEeH 4 makana PUHI] tun
WINMUN 0a3achlHa KUPreH WIMMHUHN KypHaJlJap[a apblsulaHraH, ajl 3MH 2 MaKaJaHbIH
umnakt-pakropy 0,1men >xoropy. Makananapasin Oupu Web of Science maanbiMar
0a3achIH/Ia KaphIsSIaHTaH.

JlucceprauMsiHbIH  CTPYKTYypachl JKaHa KeJsiemy. Jlucceprauusiabplk WU
KbICKapTyyJIap/blH jKaHa OeNruieeaepAyH TU3METUHEH, Kupuiyy, 12 6enymay kaMThrad
TOPT IJIaBaJaH, KOPYTYHAyAaH, 73 caHAarbl KOJJIOHYJIraH OylakTapJblH THU3MECHUHEH
TypaT.KoMmbroTepauk TekcTTe Oachuiran OapakTapabH canbl 112 .

JAUCCEPTALIUSHBIH HETU3I'U MASMYHY

Kupumyyae wimtu W3WIA0OHYH MaKcaThl j>KaHA Maceseliepyd YarbUABIPBUITaH,
TEMaHbIH aKTYaJIyyJIyry HETH3[C/ITeH, WIAMANA JKaHBUIBITHL, TPAKTHUKAJIBIK JKaHa
TEOPHUSIIBIK OaaTyylIyTy Kapajras.

bupunun rnaBaga  Bompreppa  TuOmHmerm — wHTErpo-auddepeHInanIbK
TEHACMENEPIUH ME3THWIIUK YbITAPBUIBIIITAPEIH MPOCKIUSIIBIK-UTEPAIUSIIBIK BIKMa MCHECH
M3WI00Te apHaIraH jKaHa IUCCEePTAIMSIIBIK HWINTE Kapaayydy Maceseiepre >KaKblH
0OJITOH WJIMMUHN UINTEPANH KbICKa4a 0030py OepuireH.



[amepkrHAMH TPOEKUHUAIBIK BIKMAChIHBIH Herusaepu B.Purth, b.I'.I'anepkunnun,
JL.B. KanropoBuurun, M.B. Kengeintun, W.B. Csupckuiinun, H.H.I[lonsckuiinun
.0.aBTOPJIOPIYH SMIEKTEPUH/IE TYIITOIYI TY3YJITOH.

ABTOHOMJlyy >XaHa aBTOHOMJYy 3Mec IuddepeHIranblK TeHIEMENEepIUH XKaHa
KEUUKKEH apryMEHTTYY JudpepeHuanabiKk TeHIeMeIepIuH CUCTeMalapblHbIH, ap KaHaai
KJIaccTarbl MHTErpo-auddepeHnanablk TeHASMEIEPAUH ME3TWIIUK YbITapbUIbIIITAPbIH
Typry3yyHyH macenenepu M.Ypabe, A.M. Camoitnenko, O./.Hypxanos, b. ByiitoBuuy,
A.T. AneimbaeB, A.b. KubGenko, Il.I1.3a6peiiko, C.O. Ctpeirun, A.Stokes, Yamomoto
Noro k.0. aBTOPJOPIYH AIMIEKTEPUH]IC YarbUIIbIPbLITaH.

IMapmonukanbeik 6anaHc bIKMAchl ["aJepKUHANMH BIKMACHIHBIH KJIACChIHA KUPHII, aHbI
Heruzgen umren ysiryy macenecu H.M.KpoutoB sxana H.H. boromo0oB TapaObiHan uiike
ampIpbuiran. [ apMOHUKANIBIK OanaHC BIKMAChlH OHYKTYPYY, Koimonyy E.H.Po3enBaccep,
J.Uezapu, JIx.Xeln CBHIIKTYy aBTOpJjop TapaOblHaH jAarbl  KapairaH.[ apMOHHMKabIK
O0ananc MeToayHyH 3(h(EeKTUBAYY BapHaHTTapAbIH OUPU CHI3BIKTYY AMEC AUHAMUKAJIBIK
cUCTeMaJapAblH MaTEMATUKAJIBIK MOJICIICPUHUH TPEACIIUK LUKIJCPUH aHBIKTOO YYYH
A.A.KongpartbseBa, S.Zebik, B.Delamotte TapaObiHaH UIITEIUN YBITHIIN, CYHYIITAITaH.

HNuddepeHnuanapik TEHIEMEIepIUH CUCTEMAachiHa KapaTa ['aJepKUHIUH BIKMAChIH
KOJIJIOHYYHY HEru3[ee maceliecuHe apHajiraH M.YpaOeHHH 3>MrervHe e3re4e KOHYI
Oypyyra 60JI0T

dx(t
d(t ) = X(t,x()), (1)
mbiaga X (t, x)- t 6010HYA 27T ME3THIIAYY BEKTOP-() yHKIIHS.

M.Vpabe eo3ynyH owmrerunae [anepkuHauH wmetony OOlOHUYAa Tak JKaHa
KAKBIHAAIMITHIPBUITAH  YBITAPBUIBIILITAPABIH  OPTOCYHJArbl  OalJaHBIILITAPABIH  KAJIIbI
TEOpEMAaChIH JalWIereH. AJ KaKbIHAAIITHIPHUITAH ME3THIIIUK YbITapPbUIBIIITRIH Oap
SKEHJWTH KOHYHIOry maprrairyyaaH, (1) cucreMaHblH TaK ME3TWIIAUK YbITapbUIbIIIbI
00J00pYH, TECKEPUCUHYE TaK ME3THIIUK YbIrapbUIBIIITHIH aliMarbIHaa
KAKBIHJAIITHIPBIITaH ME3TWIANK YbITapbUIBIIITHIH  JKAIlllalllbl  TYypallyy bIPaCTOOHY
JATUIIJIETEH.

JKUHYH TJIaBA KBAa3UCHI3BIKTYY JKHHYHM TapTUNTErH MudPepeHInanblK YeKTYYy
KaHa YEKCU3 TaaCUPJICHTeH HWHTErpo-auddepeHnaiaplk TeHIEMEIEPAUH ME3THIIUK
YbITapBUIBIIITAPBIH  U3WIAOOHYH METOAOJOTHS JKaHa METTOAJOpYHa apHanraH. 2.1
MYHKTTa W3WIIO0HYH OOBEKTHUCH, MPEAMETH >KaHa MaceJeCHd aHbIKTalIraH. 2.2 MyHKTTa
SKUHYU TapTUNTETH AUQPPEpEeHIIUANIBIK KaHA YEeKTYY, YeKCU3 TAaaCHUPIJICHT€H WHTErpo-
muddepeHnuanaplk  TEHASMENEPAUH  ME3TWIAUK  YbITAPBUIBIINIBIH  MPOCKIIUSIIBIK-
UTEPANFSUTBIK bIKMa OOIOHYA Typry3yyra jkaHa HETH3/eere MYMKYHIYK Oepe Typrad
3apbUl anmnapaTrap Kapairas.

OkuHYH TapTUnTeru qudPepeHnnanabk TCHISMEHH Kapaibl

dZ
kO ©)




mbiHga f(t) — 2m- mesrmayy, OypbeHHH TPUTOHOMETPHSIIBIK KaTapblHA aXbIpaayydy
byHKIMSA

f(t) =co+ \/EZ(ckcoskt + dysinkt). (3)
Mesrunauk QyHKIMsIapI6IH KOITYTYH/I0 ?‘m oreparopy KapaiaT

Smf(@) =co+ \/Ez (cxcoskt + dysinkt).
(3) TyroHTMaHBI 3CKe anbir, (2) TeHAEMEHH TOMOHJIOTYIOU TYP/16 Ka3a0bI3:

d?x(t
dt(z ) =y + \/EZ(ckcoskt + dysinkt) (4)
k=1

Teopema 1. X = x(t) (4) TeHAeMEHMH 2T-ME3THWJAYY YBITAPBUILIIIEI OOJCYH

nennu. Jrepae
dx(0
co =0, x(0) = —\/—zkz, ()——\/_z

dt

aHga 2m-mesrmnayy X = x(t) qblrapmnmmm
A~ \/— C 1 .
x(t) = V2 z =) (—cicoskt + djsinkt)
k=1

(dopMynacel apKbUTyy aHBIKTAJIAT.

Teopema 2. Xx(t) —X,,(t)  alipIpMacBHIHBIH  YOHAYTY  TOMOHIOIYAOi
OapabapchI3ABIKTap apKbITYy OaaaHat

1%(t) = X (D)o < a(m)Iflo,
12(@) = 2 Ollo < a1 M)If o,
MBIHJIA
2 2 7 V2
mr D Tmar Tl M=
Temennmerymeii anreOpaiblk TEHISMEICPANH CUCTEMACHIHBIH YCUWIIAIITUHUH

KpPUTEPUIH Kapajat

o(m) =

Da+F(a) =0, (5)
OF© _ .

Teopema 3. (5) cucTeMaHbIH >KaKbIHIAIITBHIPBUITAH Q = @ YBITAPBUIBIIIEI Oap
6omym, 6 > 0,7 > 0 xana 0 < y < 1 y4yYH TOMOHKY16} IIAPTTAP ATKAPBIICHIH:
1. As={a:|la — al|| < 6} c A
_ _ _ oF _
2. IDMF@l+al<n |52 <L m=1pY

3.L<5
—X

D — ubiHbIrbl MaTpuna, detD # 0, F(0) =0 , xana



anma, As ooOnacteiHga (5) cHCTeMAachIHBIH KaJTbl3 @ = @ YbIFAPBUIBIINIBI OOJIOT KaHa
|@ — @|| < & 6aanoocy opyH anar.
AnreOpanblK TEHIEMENEPIUH CUCTEMAChIH Kapaubl
Da + F,(a) + F,(a,e) =0, (6)
MbIHIA @, F;, F,- Oupnaeit emdyemaery BeKTop-(yHKIUsIAP.

F;, F, — A oGnacTteiHa Y3TYATYKCY3 auddepeHnupienyydy (QyHKUIusiap, OUIOHAOW 3Jie
0F;(0)

F;(0) = F,(a,0) =0, F,(0,6) #0 xana — 7 0, D- 4ypHbirel, detD # 0

MaTpuIla, € — YeKCH3 KHYMHE TapaMeTp.
Teopema 4. (6) cucTeMaHbIH JKaKbIHAAIITHIPBIITAaH @ = @(€) YbITapPbUIBIIIBI Oap
ooncyn npeiimm, meiaaa @(0) = 0. Ommongoit sme § > 0,1 > 0,& > 0 Typakryymnapsl 6ap
6omyn xxaHa 0 < y < 1 y4yH TOMOHAOTYI0M MapTTap aTKAPBLICHIH:
1. As={a:||la — al|| < 6} c A
2. IDTF(@) + E@a)] +al <7 |
3. <3,
1-x
anna (6) cucrema Ag ob6aacTeIHIA KaArel3 @ = (&) yblrapblIbiibHa 35 6ogoT &(0) = 0

0F,(a) , 0F(a,¢)
da + da

X _
<L m=|p7

KaHa ||@(e) — a(e)|| < 17—){ 6aanoocy opyH anar.

YuyH4y rJjaBajJa dSKUHYM TApTUNTETH KBA3HUCBI3BIKTYY IUDPEepeHIHATIbIK KaHa
YEeKTYY, YEKCU3 TaacCUpPJIEHITeH HMHTETpo-IudpepeHIHalIbIK TeHIeMEIepAUH Me3TUIIUK
YBIFAPBUIBIIITAPBIH  MPOCKUUIIBIK-UTEPAIIUSIIBIK  BIKMA  apKblIyy TaOyyra MYMKYH
AKEH/IUTHH HETU306 MACEJIECH KapairaH

d?x(t)
7 = Ax + f(t,x) t (7)
2
ddxt(zt) =Ax + f | t, x(t), fcp(t, s,x(s))ds (8)
t=t
t
2
ddxt(zt) =Ax + f | t,x(t), ]go(t, s,x(s))ds ) (9)

(7) TeHIEeMEHUH 27T-ME3THIAYY YbITapbUIBITIIBI

m
() =Ty +V2 Z(dkcoskt + bysinkt), (10)
TYPYHI© U3JIETET KaHa Koa(b(bHuHeHTkTelpH
d°%m () _
T = Axm(t) + Smf(t, Xm(t))
xKe
DMg+ FM(g) =0 (11)



(m) _
A =~ 0 0 4o o

o = e L@ | a=(a
0 . 0 A+ k2 ™ b
k=1m
4™ __1 an(t ) dt, A = 1 znf(tf ) cosktdt
0 2V2m Jg o , o 22 o '
B™ =) £(t, %,,) sinktdt

TYpIOry aJireOpaliblk TCHACMENICPANH CUCTEMAaChbIHAH aHBIKTaJaT.

3.1 nynkrra (11) TEeHIEMEHMH YEUYWIUINN >KaHA X, (t) YBIrapBUILILIEI M — 0O
yuypaa (7) TeHIeMeHUH 27T-Me3rmiayy X (t) Tak dblrapblIbIIIbIHA YMTYIaaphl KOPCOTYIOT
0.a. 2m-mesrmaayy X(t) Tak  YBITAPBUIBINTHIH  aiiMarelHga  27T-ME3THIAYY
’KaKbIHIAIITHIPBUITaH YbITaPBLIBIIITHIH JKallaaphl JaIHIICHET.

Teopema 5. (7) mubdepeHUManABIK TEHACME, TOMOHIOTYAOH IIapTTApP.IbI
KaHaraTTaH/IBIPCHIH:

1. DeR = (—o0; +00) obaacTeiHga 27T-Me3TWIAYY X (t) Tak YbIrapbUIBIII KAIIACKIH;
2. Teopema 4 mrapTrapbl aTKapbLUICHIH;

3. [|a+ [p™] " Fr@)|| < cutmKIfLlfle K =[]
||6F (a)

”_—,0<X<L

aHga, My — 9H YOH CaHbl TaOBUIBII, OapabIK M = m, Y4yH, (/) TEHAEMEHUH 2T-
ME3THWIAYY X, (t), JKaKbIHAAMITHIPBUITAH YBITAPBUIBIIIBI  JKAllaWT JKaHa M — 00
yMTyJlranjaa, x = X(t)  Tak 4YbIrapbUIbIIKa OWp KaJbIlITa KbIMHANIAT, TakK jKaHa
’KaKBIHJAIITHIPHUITAaH YbITaPBUIBIIITAPABIH OPTOCYHIATbl alBIPMaHbIH YOHIYTY

V2Iflo(1 + 1f11)
m?(1 — x)

1%(t) = X (D)o <

OapabapChI3IBIKTHIH 6196MY MCHEH aHBIKTAJIaT.
3.2 myHKTTa TOMeHAerynei auddepeHmaniabplk TeHIeMe Kapaar.
x""(t) —Ax(t) =0, A > 0 reHneMeHUH

(——e\/_(s B, —o<t<s,

G(as)=={ 2{_ (12)

e VA=) s<t< +oo.
\"2va’

Gt,t—0)—-G(tt+0)=0 G (t,t—0)— G',(t,t+0)=1. (13)
kacuetke 33 6onroH (12) I'pur dyukumsce apkeutyy, (7) nuddepeHnuanapk TeHIeMEeHH,
WHTETPAJIBIK TCHIEMETe KenTupeons

10



+ oo

x(6) = j Gt 5)f (s, x(s))ds. (14)
—00
TeopeMa 5 TeCKepH BIPACTOOCy MaMWaeHIu 0.a. (7) TEHACMEHHMH >KaKbIHIAIITHIPBUITaH
27-ME3TUIAYY Xy, (t) YBITApBUIBINIBIHBIH afMarsiHaa, aHblH 27T-Me3Tmwiayy Tak X(t)
YBITAPBUIBIIIBI 0OJI00PY AATUIICHIH.
Teopema 6. x = x(t) ¢yHkuuscel (7) TEHICMEHUH YbITapbUIBINIBI OOJCYH KaHa
(13) kacuetke 33 OosroH (12) I'punH QyHKIUACH KamackiH. AHAa X = x(t) GYHKIUACHI

(14) aTerpanabKk TCHISMEHUH 1arbl YbITapbUIBIIIBI 00JIO aJiaT.

2M-|fly
A

arkapeiica, anaa (14) HHTErpaiablK TEHIAEMEHUH 2T-ME3TUIAYY X = X(t) YBIrapbUIbIIIbI

(7) nuddepeHIMAIIBIK TSHASMEHUH Jarbl ME3THIAUK YbITapbLIBIIILI 000 ajaT »KaHa
x(t) — X,,(t) aiielpMacel Y4yH TOMOHIOIYA0M 0aaa00 OpyH ajar

N _ 2V2M|f |,
|2(t) — X (B)]o < m2(1—q)

3.4, 3.5, 3.6 nynkTTapjaa 3.2 MyHKTa aJbIHTaH JKBIUBIHTHIKTAP TOMOHJIOTYIOW HHTETPO-
muddepeHnnanablK TeHIeMere KanblUIThLIIaT

d?x(t)
dt?

A>0, f(t,x,u),p(ts x)— ysryarykcys-nudpdepeHuupiaenyydy, t,s OoroHua 27-
Mesrwinyy GyHkusap, T = const > 0,

Teopema 7. Teopema 6 maprrapsl OpyH aJChiH. Jrepae q = <1 mmapte

t
= Ax(t) + f(t, x(t), ] o(t,s,x(s)ds) (15)
t=t

t
d?x(t)
2 = Ax(®) + £ x (D), f o(t — 5,x(s))ds) (16)
Mbmna, ¢@(t—s,x(s))— t,s OGoioHua  Y3ryNTyKCy3 KaHa X  OOMOHYA
mudepeHupIeHyYuy
oy (t — s,x(s))|0 < Kpe Y9, npu t,s € R, Ky, >0,y > 0. (17

0apabapChi3ABITBIH KaHATATTAHABIPYYYY (YHKIIUA.
(15), (16) TenmeMenepAMH ME3THIIIUK YbIrapbLILIIITAPIH
m

X, (t) = ay + \/EZ(dkcoskt + bysinkt). (18)
k=1
TYpJe U3aeous.
(18) xaTapmsr (15) korom

d* % (t)

t
7z = A () + Sf | 6T (D), f(p(t,s,fm(s))ds ,

t—7
MBIHJaH

11



DMag+ F™ (@) =0 (19)

(m) _

A - 0 0 Aq \ a,

(m) _ - e cee (m) _ . = _ _:
D A+ K2 0 ,FU (a) A}({m) ) a @
0 . 0 A+ k2 ™ b

2T
m __1 .
Ag _2\/771! f(t, % (1), ur (1) )dt,

27
1
(m) =
A = t,x,,(t), u,,(t))cosktdt,

t

2T
1
B = —— f f(t, B (O, (8) )sinktdt, 1, (1) = f o(t, s, %n())ds, k =1.2,.
2\/5710 .
-7

Teopema 8. (15) wuHTerpo-nuddepeHuanaplKk TEHASMEHUH 27T —  ME3THIAYY
X (t)ubIrapbuIbInIsL 6ap OOJICYH )KaHa ajl TOMOHIOTY IapTTapAbl KAaHAraTTaHIbIPCHIH |
a) Teopema 2 Tajantapbl OPYH aJChIH;

6) [|a + (™) Fm@)| < e mKIFolf 1 + lliD);

o[ <z o<x<r <

aama (19) anreOpanblk  TeHIEME @ = (ﬁo, ay, by, A, bm) TYpAOry  JKajrbi3
YBITapBUILIIIKA 33 00I0T, X (t) Tak *aHa X, (t) *KaKeIHAAMTHIPLUINaH YbITaPBLUIBIIITAPIBIH
OPTOCYH/IArsl aifbipMa YUyH

V2Iflo[1 + KIf11 (1 + |p]1D)]
m?(1 - x) '

12(t) — X (D)o <

0aasoocy OpyH anar.
(18) xarapaer (16) Ternemere koror, Oy teHaeme yayH (19) anreOpansik TeHIeMe
CBIKTYY alreOpaliblk TCHICMEHH ala0bl3
DMa + FM (@) =0 (20)

MBIHIA
t

U, (t) = f(p(t —5,x(s)) ds.
(16) termeme yuyH (17) maptel opyH ajica, aHma TeopeMa 6 CBISKTYY JKBIHBIHTBIKTBI
amyyra 60710t kana X(t) — X, (t) aiieipMa y4ayH

12



N _ V2|flol1 + If 11 (K +¥)]
1£(0) = B (Dl < = 578 Y moow

0aanoocyH KepcoeTyyre 00JOT.

3.6.MyHKT (15) uHTerpo-auddepeHnan bk TEHJIEMECHUH ME3TUIIAUK
YBITAPBUIBIIIBIH ~ U3WIAOOHYH TPOCKUIUSIIBIK-UTEPAUSIIBIK  BIKMAChIHBIH — Jarbl  Oup
BapUAHTHIHA apHAIBIN, ME3TWIAMK X (t) YBIrapbUIBII MEHEH JKAKBIHAAIITHIPBUINaH
YBITAPBUIBIIITEIH  X{'(t) OpTOCYHIArbl ailblpManapiblH KATAChIHBIH YOHJAYLY Y4YYH

TOMOHIOTY101 0aaIO0OHYH aTKAPBUIBIIILI KOPCOTYITY
i

A
lx () — x™()]o < 24D [(1+ym))Iflo + 241x0(O)lo], i=0,12,..(21)

TepTyHUYy ri1aBa KUUMHE MapaMeTpPIlyy, aBTOHOMIYK KaCHETKE 33 OOJTOH MHTErpo-
muddepeHnranablKk TeHIAEMEeIEpAUH CUCTEMAChIHBIH ME3THWIIIMK YbITaPbUIBIIIBIH U3UII/160

MaceJIeCMHE apHaiaT
t+Ty

dx _
— = X(x) + f (x, j P(t —s,x(s)ds, €), (22)

t
2T
ayyiayknereH (¢ = 0) cucTeMaHblH — ME3THIAYY X = Xo(wot) YbIrapbUIbIIIbl OOJCYH,
Wo

JIETeH IIapT aTKapbLICHIH.
4.1 myHKTTa 63repMeOHY aJIMallIThIPyy MEHEH

x(¢) = xo(@) + B(p)h, (23)

meiaga B(@) — n X (n — 1)-emueMayy 2m-mesrwiaayy Matpuiia, (22) cucrema, 27-
ME3THIITYY cUcTeMara KeITHPHIIET:

dh G1(p, h)

- 1
W wo+Filo, ) + i (o, U T P (@, 91, h(@2))d s, €)
1
91 (90» h»w_of(;erwOTo P1(§0r P1, h(<P1))d€01» 5)

1 Pt+woTy '
wo + F1le, h) + f1 (qo, h e J, Pi(p, 01, h(p1))dos, 8)
Mucan karapel Hiodbduaraua wuaTErpo-auddepeHnranaplk TEeHIASEMECHH, aBTOHOMIIYK
AMeEC TEHJEMeNep CUCTEMAachiHa KeNTUPYY Maceliecu KapajiraH:
t+T,
d?x 5 f (5)d
=—x—&x° +¢ x(s)ds,
dt? !
t
MBIH/IA £ — KETUIIPIPIUK KHUMHE CaH, € —KWUYHUHE mapametp, Ty > 0.
4.2 nynkTTa (24) cucteMaHbl

+

+

(24)

p+woTy
dh 1
rr =C(p)h+ F(p,h) + H| o, h’w_ f Pi(¢, 01, h(9,))de,, e | (25)
0
@

13



TYPYH/I© *ka3blll alyy MeHeH (25) cuCTeMaHbIH ME3THIIUK YbIrapbUIBIIIBIH U300 YIYH
MPOCKIMSUTBIK-UTEPAIUSUIBIK BIKMaHBI KOJJIOHYyra 0OJI0 TypraHIbITbl KOpCOTYITeH. (25)
CUCTEMAHBIH ME3TUJIIVK YbITapbUIBIIIBI TpI/IFOHOMeTpI/IﬂJIBIK ITOJIMHOM TYPYHA® U3ENET

h, (@) =ay + \/—Z(ancosmp + b, sinng) . (26)

DM + F(m)(a) + F(m)(a ) =0, (27)
Ay, A1, e, Ay, by, oo, by, KOIDPUIIEHTTEPHH (27) aNreOpaablK TCHACMEIEP CHCTEMAChIHAH
AHBIKTAUObI3.
G (¢, T) cUMBOIY apKbLIYy
a) G(t+0,7)—G(t—0,7) = E, E —Oupauk MaTpuIia;
6) 1G(p, DIl < Moe™%l?77, @, T €R,
KacueTTepre 33 OOJITOH JKaHa

dh(e)
—— = C(p)h(p), 28
P (@)h(e) (28)
CHCTEMaHbl KaHaraTTaHpIpran [ puH QyHKIUSACHIH OeITuieinons.
Teopema 9. (28) cucremansin a), 0) kacuerrepuhe 33 Ooaron G(¢,t) I'pun

dynxrmscs Gap Goneyn, anna detD (™ = 0 xana (27) cucreMaHsl
a= —(D(m))_1 (Fl(m) (a) + Fl(m)(a, e)), (29)
TYpZle ka3yyra 0oJIoT.
(29) cucremaHbl yaanamni >KaKbIHAANITHIPYY METOY MEHEH YbIrapaObi3
— _(pmY) (m) _
@ = -(0™) " [ @) + E™ (o), k=012..  (30)
Teopema 10. (28) cucremannin , RXE, E =[0,&,], R = (—o0, +0)

obmacTeiHna ¢ OoroHya 27m-Mesrunayy h(@, &) dsirapeuiblmbl Gap OOJICYH jKaHa
TOMOHIOTYO1 MapTTapsl KAHATaTTaH IBIPCHIH

a) ﬁm(go, £) = Smﬁ(go, g)=ady+ \/fZﬁﬂ(dncosngo + aninmp);

ap<m> @ , K@) _ x = |[(p@ !
5) BB <X g<y<1, M= ™)
5) dh((p) = C(p)h(p) coBbikTyy cuctema G (@, T) I'pun QyHKIMsICHIHA 33 60Ty,

d
TOMGHI[:FYﬂeﬁ IIapTTapasl KaHAraTTaHIbIPCHIH:
1) G(t+0,7)—G(t—0,7) = E; E — 6UpAWK MaTpPUIa;
2) |1G(p,1)|| < Moe_’lol‘/’_fl, @, T€ER, @ # 1, w™MbIHIAa My, Ay —OH MaaHUICTH
TYpaKTyyJiap;
3) IIT";( < §,upu aels={a:||a — a|| < &},
Nm = oi(m)MK|Ch+F + H|y, K=|Cllo+I|Fl,+[H|, (1 + To)|P1_|1)
augma h(@,e) TaK YBTAPBUILILTHIH  aiiMareiaga  Lanepkudaud  h,, (@, €)
JKAKBIHIAIITBIPBLITAH YbIrapbUTbIIb Kamait |h(@, €) — by, (@, €) , AHBIPMACBl YUYH

TOMOHJIOTY1011 0aas00 OpyH aar:
14



|ﬁ(<p,s)—ﬁm(<p,s)|osg(1 )ICh+IF+H|0, m — oo,

4.3 nyHkTTta TeopemMa 9 Teckepu ThISHArbl JanuifeHeT. [arepKuHAuH
KAKBIHJAMyyCyHyH hp, (@, &) aiiMarsmEga  (25) CHCTEMaHBIH TaK ME3THIIUK
YbIFAPbUIBIIIBIHBIH KAIlIAlllbl JAJTAJIICHET.

Teopema 11. (25) wunTerpo-audhepeHINATABIK TCHACMEICPIUH CHCTEMACh
TOMOHIOTYA6 apTTap/Abl KAHATATTAHABIPCHIH :

a) m = mg, caHblHbIH OapAblK MaaHwjepu yuyH , D oOnacteiHga [ anepkuHanH

h,,, (@, €) *KaKEIHAAIITHIPELITAH ME3THIANK YbITAPBUILIIITAPE 6ap GONCYH;

n V2m+1MK
1-x

0) Z—’; = C(g)h ceBBIKTYY cucteMachl 9 TeopeMaHbIH 1), 2) KaCHETTEPUHE 33 OOJITOH
G (¢, 1) T'pun QpyHkumsacer 6ap 60ICYH;

B) x =52 (F L+ 1Hl (L +To)IP ) <1,
anna (25) cucrema anepkuHIuH Ay, (@, €) KAKBIHAAMITHIPHUITAH YbITAPbUTBIIIBIHBIH

afiMarbiHga 27m-Me3rwiayy Tak h(¢@, ) dbIrapbUIbIIIBIHEIHA 33 OOJIOT KaHa |h(<p, €) —
hy (@, €) |0 aliplpMackl YUYH TOMOHIOTY1011 0aanoo opyH ajiart.

- _ 2My(|Ch|{ + |F|{ + |H|1)
A(g,&) — hu(p, )|, < ——— - -

Ao(1 = x)
4.4 nyHKTTA
e Ban-/lep-Ilonpayn unrerpo-aud pepeHnnanibik TeHIeMenep CUCTEMacChbIHbIH

o(m), 0<y<1.

(4 _
I dt - y:
t+
dy 2 f 3D
IKE =—x—Ax* -1y + /'lf x(s)ds.
t
o Keuukken aprymentryy Hrodduarnun OupuHun TapTunrterd auddepeHInaiabiK
TCHIEMECUHUH
dx(t)

P —x(t) — g x3(t) + Ax(t — 1), (32)

MBIH/IA £; — KHYMHE MapaMeTp, A - CAHIbIK ITapaMeTp, T — KEUUTYY YOHAYTY ,
e Ban-aep-IlonpayH KeUHMKKEH apryMEHTTYY SKUHUN TapTUIITETH
mudepeHITUaIIBIK TeHISMECHHIH

d?x(t) 5 .
772 +Ax“(t) - Dx't) +x(t—1) =0, (33)

MbIHAa A > 0, T — KEUUTyYy apaMeTpH.

OMPUHYHN KAKbIHAAIITHIPYYAarbl ME3TWIAMK YbIFapbUIBIIITAPBIH TYpPry3yy Macelecu

KapaJras.

(31) cuctemMaHbIH ME3TWIAMK YbITapJbIlibl OMPUHYM JKAKBIHAAIITHIPYYAa TOMOHIOIY 10k

TYPJI® U3JICIIeT

x(t) = ay + a; cos wt + by sin wt,
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y(t) = dy + dy cos wt + ¢4 sin wt,

MBIHAA @ —  TEPMENYY OKBIITBITBL,  Qg, A1, b1, dy, dq, €4 TaHOANBIT  ANBIHYYYY
ko3 punmeHTrep.
DcenTeeHyH KeIMbIHTBHITEIHAA Ay = 0, dg =0, dy =0, by =0, ¢; = —wa, xanHa
1+ At
o 142 '
6

1+ At
73 t
1+?
1+ At 2 / 1+/1T\
y(t) = -2 = 1—751n = | t.
1+? 1+?/

(x,y) dazanpik teru3aukTe (31) crCTeMaHbIH ME3THIIAUK YbITAPBUIBIIITAPHI AILTUICTHK
CBI3bIKTApbIH KONITYTYH CYPOTTOUT

x2(t) N y2(t)

=1.
2 2
4(1_7) 4(1_1)1+/'l§
2 2 T
1+%

JMiobdunrana  (32) TEHASMECHHMH  ME3TWJIAMK — YBITAPBUIBIIIBI  OMPUHYH
’KaKBIHIAIITHIPYYa TOMOHAOTYAOU TYP/Ie U3JeIeT
x(t) = ay + a,coswt + bysinwt
DcenTeenepiyH HETH3WHIE « KBIITHITBIHBIH XaHa g, Aq,b; KOIPDHUIUESHTTEPUHUH
MaaHWJICPH aJIbIHIIbI

(481 +DA+5+1

NG 36
(1)=T, 21/1_;_3<0, b1=0, ag =

81_6

bupurun xakprHaamTeipyyaa (32) TeHIeMEHUH ME3THIIIUK YbITapbUTBIIIBI TOMOHIOTY 101
TYPAO Ka3blIa TYPraHAbITbl KOPCOTYIITOH

7/1—%—1 (4el+1)/1+%+1 V6
x(t) = — 4 U - cos —t.
81_6 81_6 T

Ban-nep-TTomayn (33) TeHIEMeECH Kapalibill, aHBIH JKAKBIHIAIITHIPBUITaH ME3THIIINK
YBIrAPBUTBIIIEI
x(t) = ay + a;, cos wt + by sin wt,
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TYPA© U3JEIET.
@ KBIIUTHIKTHI )KaHa Qg, A1, by KO3PPULIUEHTTEPUH 3CENTOOHYH HETU3UH]IE:

[T , 2
ap, =0, b =0, a, == + 1 H w=+=+ > ¥ 2 7=>0

M€3FI/IJ'II[I/IK YbIr'apbLIbIII 6I/IpI/IH‘II/I JKaKbIHJAITBIPpYYJda TGMGHHGFYI{Gﬁ TYIOHTMA TYPYHOO

»Ka3bIIaT:
T 2
x(t) =2 /1 +zcos /Z-I—_th'

MpriHnan

. Ty . 2

x(t) = -2 m(l +E)sm 712 t
(x, x) (a3amblK TETU3TUTHH/C CHI3BIKTHIH TOMOHIOTY101 TECHIEMECHH ala0bl3:

x?(t) x2(¢)

2 1+% 2 2\/#(1+%)>2

Byn tenaeme (x,X) TETU3IUTHHJC JUIUIICTTHK CHI3BIKTAPABIH KOIITYTYH CYPOTTOMT.

KOPYTYHAY

JluccepTanusibIK UINTE SKUHYM TAPTUOTETH KBAa3UCBHI3BIKTYY IUDPEpeHIIHaIIBIK
’KaHa YEKTYY, YEeKCU3 TaaCHUPJICHTeH HHTErpo-au@epeHuaniblk TeHIEeMeIepIuH >KaHa
aBTOHOMJIYK KacHETKe 33, KMYMHE MNapaMeTpAu KapMmaraH OWPHHYM TAPTUIITETH YEKTYY
TAaCUPJICHITEeH HMHTETpo-IudPepeHINaANIbIK TeHAEMEIEePANH CUCTEMAChIHBIH ME3TUIANK
YbIrapbUIBIIITAPBIHBIH JKAIIAIIBIH U3WIIJI66 KaHa Typry3yy macesjecu KapairaH. M3unneene
lanepkuH METOAYHYH HAEsJIapblH jKaHa  yZJaajall JKaKbIHAAIITBIPYY  BIKMAchIH
alKaJIBIIITBIPYy MEHEH MPOEKIUSIBIK-UTEPALMSIIBIK BIKMAHBIH KOJJOHYIYITY HETU3/ETIET.

TeMeHnery1ei >KbINbIHTBIKTAP AJIbIH/IbL:

1. DKuHYM TapTUNTETH KBAa3UCBHI3BIKTYY IU(DPEpPEHIHANIBIK KaHa YEKTYY, YEKCHU3
TaacupJiereH HMHTErpo-audPepeHnnanapik TeHIEMEeIEPAUH, OIIOHIAOW 3JI€ aBTOHOMIYK
KAaCHETKE 73 KMYWHE MapaMeTpilyy OMpUHYU TApTHNTETH YEKTYY TAaaCHUPJICHTE€H WHTErpo-
muddepeHnuanablKk TeHIEMEIEePANH CHCTEMACHIHBIH ME3TWIINK YbITapbUIBIITAPBIHBIH
YKaIIAIIbIH U3WII0616 MPOCKUMIBIK-UTEPALNSIIBIK METOIIYH KOJIIOHYJIYITY HETU3ACIIIN.

2. Tak ME3TWJIIWK YBITAPBUIBIIITHEIH alMarbiHAa [ anepKuHAWH JKaKbIHAANTYYCYHYH
Kallambel Tyypajlyy TeopeMa JNaIWIICHAM JKaHa JKAKBIHIAIITBHIPBUITAH JKaHa Tak
ME3TWIIUK YbITAPbUIBIIITAP/IbIH abIPMAChIHBIH KaTachl OaajlaH]Ibl.

3. Teckepucunue [ajlepkUHAWNH IKAKBIHAANIYYCYHYH aWMarbiHAa TakK ME3THIIUK
YBITapBUIBIIITHIH JKAIlIAIIbl JATWIICHUI KaHa ajJapAblH ailblpMaChIHbIH KaTachl OaaaaHibl.
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4. TapmoHMKanblk  OajaHC  BIKMAachlHbIH  Herusuuae Bau-gep-lTloapayn — yekrtyy
TaaCUPJIEHIeH HHTErpo-audepeHInaNIbIK TeHAEeMEeNep cucTeMachinbid, o dunrauua
KEUMKKEH apryMEeHTTYy OUpUHYM TapTunTeru AuddepeHuuaniblk TEHAEMECUHUH >KaHa
Ban-nep-IlonpayH 5KkMHYM TapTUNTErH KEUMKKEH apTyMEHTTYY TEHAEMECHHUH ME3THIIINK
YbIrapbUIBIIITAPbl  OMPUHYM SKAKbIHAAUITHIpYYJAa TYypry3yiaay. JKakbIHAAIITHIPBUITaH
ME3TWIIUK  YbITAPBUIBIIITBIH  AMIUIMTYJA-KBIIITBIK ~ MYHO3JOMOCYHO  KEUYUTYY
MapaMETPUHUH TAaCUPH KaHa YOHIYTY aHBIKTAJJIbL.

JuccepTauusHbIH KBbIMBIHTBIKTAPbl TaK JAIUIII06J6p MEHEH OepHIIreH.

ITPAKTUKAJIBIK CYHYILITAP

Huccepranusna anblHraH OapAblK HaThIMKamap >KaHbl JKaHa TEOPHUSUIBIK >KaKTaH
MaaHWIyy. bByn OKbldbIHTBIKTap JuddepeHunanablk >KaHa HHTErpo-auddepeHunanibik
TEHJAEMEJIEPAUH >KaHbl KJIACCTAPBIHBIH ME3TWIAYY YbIFapbUIBIIITAPBIH Tajg00 Y4YYH
KOJJOHYJyIly MYMKYH. W3WiIneeHyH ankarblHAa ajblHTaH WIMMHA KOPYTYHJIyJap
KOHKPETTYY MOJEIAUK TEHAEMEIEPANH YEUUMIECPUH U3UII1660 YUYH KOJJAOHYJIAT KaHa UIIUM
MEHEH TEXHHMKaHbIH ap KaHAall TapMaKTapblHIa KOJJOHYYra bUIaHbIKTAIIThIPbUIBIIIBI
MYMKYH.

JUCCEPTAIUSAHBIH TEMACBI BOIOHYA KAPBISAJIAHI'AH
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bana kb13bl AliHypaHbiH «Bosbreppa THOMHACrH HHTErpo-aud depeHuInATABIK
TeHAEMEJEePAUH ME3rWJIAMK YbITapbLIBIUTAPBIH H3WIA66HYH NPOCKUMSAJIbIK-
UTepalUsVIbIK  bIKMaJapbD> JAereH Ttemaza 01.01.02 - jauddepenuuanabik
TeHjeMeJiep, THHAMMKAJIBIK CHCTEMAJIap KaHa ONTHMAJIBIK OalIKapyy aAuCTUIH
000HYa  (PU3HMKA-MATEMATHKAa  WJIMMACPMHMH  KAaHAMAATBI  OKYMYLITYYJYK
AAPa’achbIH AJIYy YYYH Ka3blITaH JUCCEPTANUACBIHBIH

PE3IOMECH

Herusru ce3nep. Me3rwiauK YbIrapbulbIl, KBa3HCBI3BIKTYY SKHHYM TapTUITETH
muddepeHManaplk  kKaHa ~ UHTErpo-auddepeHunanblk  TEeHIEeMelep, aBTOHOMIYK
KacHeTKe 33 KMYMHE MapaMmeTpiayy UHTerpo-aud@epeHnnanibik TeHIeMeNep CUCTEMACHI,
IPOEKUUSIIBIK-UTEPALMSIBIK BIKMA, Yaaall )KaKbIHAATYy BIKMAcChI.

N3unnee odobexkTHcu. KBa3HCHI3BIKTYY SKMHUM TapTUOTErH AUQdepeHInanIbK
*aHa Bonbreppa TMOMHAErH UHTErpO-AudhepeHnanablK TeHIeMeNep KaHa aBTOHOMIIYK
KacHeTKe 93, KHUYMHE NapameTpiayy HUHTerpo-augdepeHuaniblk TeHIeMeIepIuH
CUCTEMACHI. YIYH ME3TMWIIAYY YEKTUK Maceseep.

N3uinneenyH npeaMeTH. KBa3uCBI3BIKTYY HKUHYHU TapTUNTETU
muddepenumanaplk  kaHa — Bombreppa  THOMHIErH — MHTErpo-au@depeHIuan bk
TEeHAEeMeNep, OUPUHYM TAPTUIITETH ABTOHOMJIYK KACHETKE 973, KHUYMHE MapameTpiyy
UHTETpO-TuPepeHIINAIIBIK TEHIEMENEPIUH CHUCTEMAChl YYYH UYEKTHK MacelseJepauH
YBITapbUIBIIITAPBIHBIH YEUMWIIUIINH KaHa TYPry3yyHY U3UIIIe.

Nmrun makcarbl. KBa3UCBHIBBIKTYY SKMHYM TapTunteru auddepeHunuanibik,
YEeKTYY, YEKCHU3 TaacHpJEHTeH HHTerpo-qudepeHnnaniaplk TeHAEeMeIepAuH >KaHa
ABTOHOMJIYK  KacHeTKe 93, KHUYMHE TMapaMeTpilyy HHTerpo-auddepeHIuaiibk
TEHJAEMEJIEPAUH  CHUCTEMACBIHBIH ME3TWJIAYY  YbITapbUIBIIITAPBIH  WU3WJIA66  YYYH
IPOEKUUSIIBIK-UTEPALMSIIBIK BIKMAHBIH KOJIIOHYJIYITYH HETH3/106.

N3unnee bikManapbl. [IpoeKIUsIIBIK-UTEPALUSAIBIK BIKMAHBIH KOJJOHYJIYIIYH
HEru3/106/106 TOMOHKY bIKMalap KOJAOHYJTraH: ['aliepkuH METOay, yAaanall XKaKbIHIATYyy
BIKMAcChI jkaHa ['puH QyHKITUSICHI.

AJIBIHTAQH KBIMBIHTBIKTAP KAHA AHBIH KAHBLIBITbI. KBa3UCBI3BIKTYYy SKHHYH
tapTunTeru auddepeHmanaplKk kaHa HHTErpo-AudepeHmanaplk  TeHaemMenep
OMpUHYM TApTUOTETH KWYMHE TMapaMmeTpilyy >KaHa YEKTYY TaaCHpJIEHIeH HHTErpo-
audepeHnnanibK TeHIEMEIEPAUH CUCTEMAaNIapbl YIYH 63 apa TECKepU bIPACTOOJIOP: TaK
ME3TWIIMK YbITaPbUIBIIITHIH aiMarbiHaa ["allepKUHANH JKaKbIHAAIITHIPYYJIAPbIHBIH KaHa
TeCKepucuHYe, ['alepKuHIWH >KaKbIHAAIITHIPYYJIapbIHbIH aliMarblHAa TaK ME3THIIUK
YBIFapbUIBIIITHIH JKallallbl TYypajlyy TeOpemManap JaluIJeHI€H.

Koigonyy OorwHuya cyHymrap. MIITHH KBIMBIHTBIKTAPBIH 3KWUHYM TAPTUIITETH
KBa3UCBI3bIKTYy YEKTYY-alblpMaJarbl TEHJEMEIEPAUH ME3TWIAUK YbIrapbUIbIIITAPbIH
M3WIJ106Te KAUBUITYYHY CYHYIITAObI3.

Konnonyy aiimarsl. [IpoekuusibIK-uTEpalUsIIbIK BIKMaHbIH aITOPUTMIEPUH (PU3HKA,
MEXaHWKa, MaTeMaTUKaJblK (U3MKa >kKaHa OWp OJ4eMIYY IKBIIITHIKTYY TEpMENyY
TEOPUSACHIHBIH MaceJIeJIEPUH/IE KOJAOHYYyra 00JIOT.
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PE3IOME
aucceprauun bama kbi3pl AliHypbl Ha Temy : “lIpoeKnHOHHO-UTEpALlHOHHBIE
METOABbI HCCIAEAOBAHMSA IEPHOAMYECCKHUX PpelleHUuid HHTerpo-auddepeHuaIbHbIX
ypaBHeHMid THIIa BosabTeppa” Ha couckaHuMe Y4€HOH cTenmeHM KaHauaara (Gpu3nko-

MareMaTH4eckux Hayk mo cnemuaabHoctu 01.01.02 - guddepeHuunaibHbIe
YPaBHEHHS, JUHAMHYECKHE CUCTEMbI H ONITUMAJIbHOE YIIPABJICHHE
KiaroueBbie cJIOBA. [Tepnonnueckue pelieHus, KBa3WJIMHEHWHbBIC

muddepeHuranbHble M MHTErpo-IudpepeHranbible  YpaBHEHUS BTOPOro MOpsJIKa,
cucrteMa UHTETrpo-audGepeHInanbHbIX YPaBHEHUN ¢ MaJIbIM MTapaMeTpoM, MPOEKIIMOHHO-
UTEPAIMOHHBIN METO/I, METO]T MOCIE0BATEIBHBIX MPUOTUKESHUMN.

O0bexT wuccaenopanus. llepuognueckass kpaeBas 3ajgaya Uil KBa3WJIMHEHWHBIX
muddepeHManbHbIX U UHTErpo-auddepeHnanbHbpIX YPAaBHEHUN BTOPOTO TOPSIAKA THUIA
Bonbreppa, cuctembl uHTErpo-auddepeHIuaIbHbIX YpaBHEHUN MEPBOro MOpsKa C
MaJIbIM MapameTpoM, o0Jaaronel CBOMCTBOM aBTOHOMHOCTH.

IIpeamer ucciaenoBanusi. VMccnegoBanue pa3penimMoCTd U MOCTPOCHHUE PEIICHUM
NEePUOMYECKON KpaeBOM 3ajauu sl KBa3WIMHEHHBIX AU((EpeHIINaTbHBIX U UHTETPO-
nuddepeHIuanbHbIX YpaBHEHH BTOPOTo mopsjaka Tumna Bombreppa, a Takke CHUCTEMBI
UHTErpO-AudPepeHIIUaTbHBIX YPAaBHEHUN TIEPBOTO TMOPSJAKA C MaJlbIM TapamMeTpoM,
oOJtaaroreil CBOMCTBOM aBTOHOMHOCTH.

Hean padorsl. OOGOCHOBaHHE NPUMEHHUMOCTH MPOEKIMOHHO-UTEPALMOHHOTO
Meroaa JUISL UCCIIEIOBAHMS NEPUOIUYECKUX peneHni KBa3WJIMHEIHBIX
muddepeHnnaIbHbIX U HUHTETpo-TudPepeHInalbHBIX YPABHEHUI BTOPOTO TMOpPSAKA C
KOHEYHbIM U  OECKOHEYHBIM  TIOCNE[EHCTBMEM, a TaKKe CHCTEeMbl HHTErpo-
muddepeHnnaIbHbIX YPaBHEHUN MEPBOTO MOPSIKAa C MaJbIM MapaMeTpoMm, oOJianaromei
CBOMCTBOM aBTOHOMHOCTH.

Metoabl ucciie0BaHMS W anmapatrypa. npu OOOCHOBAaHHUU TPOEKIIMOHHO-
UTEPAlMOHHOTO METoJa MpPUMEHEHBbI: MeTon ['anepkuHa, MeToA MOCIENOBATEIbHBIX
npubmkeHni, pyakuus ['puna.

Ilonyyennnbie pe3yiabTaThl W HMX HOBM3HA. J[OKazaHbl B3aUMMOOOpaTHBIC
YTBEPKJEHUS: TeOopeMa O CYIIECTBOBAHWUU MpuOImKeHud [anepkuHa B OKPECTHOCTH
TOYHOTO IEPUOJUYECKOIO pPEIHIEHHs, a TaKXe TEeopeMa O CYIIECTBOBAHMHM TOYHOIO
MEPUONYECKOTO PEIICHHS B OKPECTHOCTH MpUOIKeHni ["anepkuHa 11 KBa3WIMHEHHBIX
muddepeHnuanbHbIX U HHTETPO-TudPEepeHIINATbHBIX YPaBHEHUNW BTOPOTO TMOPSJKa, a
TaK)KE€ CHUCTEMBl WMHTErpo-AuddepeHInaTbHbIX YpaBHEHUN TEPBOTO MOPSAJKA C MajbIM
MapaMeTpoOM U KOHEUHBIM MOCJIEAECHCTBHEM.

PexoMeHIanum mo HMCNOJb30BAHMIO. PekOMeHIyeTCs pacrnpoCTpaHsITh pPe3yJbTaThl
JAHHOM pabOThI AJI UCCIAEAOBAHUS MEPUOJUUYECKUX PEIICHUN KBA3WJIMHEHUHBIX KOHEYHO-
Pa3HOCTHBIX YPAaBHEHUW BTOPOTO MOPSIKA.

Ob0sacTh mpuMeHeHHMs. AJNTOPUTMBI MPOEKIIMOHHO-UTEPALMOHHOIO METOAA MOTYT
OBITh TIPUMEHEHBI B 3a7adax (DU3UKH, MEXAaHWKH, MATEeMAaTHUECKOW (PU3MKH W TEOpPUHU
OJIHOYACTOTHBIX KOJIEOaHU.
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RESUME
of the dissertation by Bapa kyzy Ainura on the topic: “Projection-iteration methods
for studying periodic solutions of integro-differential equations of Volterra type” for
the degree of candidate of physical and mathematical sciences in specialty 01.01.02 -
differential equations, dynamical systems and optimal control

Key words. Periodic solution, quasilinear differential and integro-differential
equations of the second order, system of integro-differential equations with a small
parameter, projection-iteration method, method of successive approximations.

Object of research. Periodic boundary value problem for quasilinear differential
and integro-differential equations of the second order of the Volterra type, a system of
integro-differential equations of the first order with a small parameter, possessing the
property of autonomy.

Subject of research. Study of solvability and construction of solutions of periodic
boundary value problems for quasilinear differential and integro-differential equations of
the second order of Volterra type, as well as a system of integro-differential equations of
the first order with a small parameter, possessing the property of autonomy.

Objectives of the work. Justification of the applicability of the projection-iteration
method for studying periodic solutions of quasilinear differential and integro-differential
equations of the second order with finite and infinite aftereffect, as well as a system of
integro-differential equations of the first order with a small parameter, possessing the
property of autonomy.

Research methods and equipment. The following were used to substantiate the
projection-iteration method: Galerkin's method, the method of successive approximations,
and Green's function.

The results obtained and their novelty. The following inverse statements are
proven: the theorem on the existence of Galerkin approximations in the neighborhood of
an exact periodic solution, as well as the theorem on the existence of an exact periodic
solution in the neighborhood of Galerkin approximations for quasilinear differential and
integro-differential equations of the second order, as well as systems of integro-differential
equations of the first order with a small parameter and finite aftereffect.

Recommendations for use. It is recommended to extend the results of this work
for the study of periodic solutions of quasilinear finite-difference equations of the second
order.

Scope of application. Algorithms of the projection-iteration method can be
applied in problems of physics, mechanics, mathematical physics and the theory of single-
frequency oscillations.
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9.

IMAPTTYY BEJTI'MJIEPIUH ’KAHA CUMBOJIAOPAYH TUSMECH

C[0,2m] — [0,2m] xecunamcuHae Y3TYITYKCY3 OoiroH |x|y = téﬂ)ar}]lx(t)l
21T

HOpMara 55 QYHKIMAIAPABIH MEMKUHIUTH.

C"(FXDXDXE)—(t,x,u,e) EF XD XD XE Kapata T KOJIy Y3IYJITYKCY3
muddepentmprenyydy, t Goronua 27 mesrmwinyy f(t, x, u, €) QyHKUMATAPBHIHBIH
melikuaauru. , F = [0,21], D uekrenren, Tomnok obmact R = (—o0, +o), € € R.

Ifl = Max IDVf |, — muddepeHIma bk HopMa.
VST

1flo = Txrgggxslf (t, x,u, ).

Qs € D, Qs = {a: |a — a| < 6}.

colon(xy, x5, ..., X,;) — MaMbIua MaTPHIIA .

C2.(D) — x € D ra Kapara KM KONy Y3TyaTykcy3 auddepenuupienyydy X (x)
(QYHKIMSTIAPBIHBIH MEAKUH/TUTH.

C,'Cy(T XD X D) —(x,y) € (D XD) xapara Y3ryaTykcy3 auddepeHIupIeHyydy
f(x,y,€) QyHKISIAPBIHBIH KOIITYTY.

X(t) — Tak ME3TWIINK YBITapBUIKIILL.

10. X,,,(t) — *aKpIHAATHLITaH ME3THIIINK YBITapPBUIKIILL.
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