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N3NJIA6OHYH KAJIIBI MYHO310MOCY

Temanbin _akTyaaayyry. bearwiyy, Boawsreppa Typynnery (BT) unTerpo-
muddepentmangsik  TeHAeMenep (MJT) maTtemaTukanblk MOACH KaTaphl, apakeTTeH
KUHAWHKY ap TYPAYY IpoueccTepau ka3puiaT. OmoayKTaH, ajl TeHAEMEJIEPIUH a3bIp-
Kbl JKaJMbl >KaHa CamaTThIK TEOPUSICHI OCYIIYHO TOMOHKY OEITHIYY OKYyMYIITYY-
JapablH UIITepuHae ectypyiny: B. Boasreppa, S.B. beikoB, M.M. Mmananues,
I0.A. Benp, A.W. borames, P. bemnman, K.JI. Kyk, J.J.Levin, J.A. Nohel, C.
Corduneanu, A.JI. Memmkuc, H.H. Kpacosckuii, E.A. bap6amun, A.M. CamoiiieHko,
B.P. Bunokypos, K. Kakumos, K. Ansivkynos, I1.C. IlankoB, A. Caanabaes, I'.
Paxanos, 3. IlaxeipoB, A. AcanoB, A.b. baiizakoB, K.A. KackimoB, M.K.
Haysnb6aes, B.b. Konmanosckwuii, B.P. Hocos, [Ix. Xeitnb, b.C. Pazymuxuna, A.A.
Mapteiaiok, B. Jlakmumukaaram, C. Jluna, H.B. Az6enes, B.I1. Makcumos, JI.O.
Paxmarymnuna, M.E. [paxmun, IO.N. [Hdommuiak, JI.M. bepe3anckuii, A.H.
HNomomraunkuii, I[1.M. CumonoB, T.A. Burton, R.P. Agarwal, E. Braverman, G.
Gripenberg, S.-O. Londen, O. Staffans k. 0., aHma >XaHsl yCyJIgap HIITEI
YBITapBULIBI KaHa WITUMUAKN U3WJII06JI60pIYH KaHbl OarbITTaphl KacalJibl.

H.B. AsGenes, 3.b. Hamok (1964) xa3pimtsl: «TeHaemenepauH canmaTThIK
TEOPUSACHIHBIH ~ CYPOOJIOPYH M3WIJIOOA6TY AHAIUTHUKAJIBIK BIKMAJIAPJIbIH HETU3TH
MaceJIeCH TEHJIEMEJIEPIMH YbITaphUIBIIITAPBIH 0aajJo0 Maceilecu OOJIYIl ICEHTEIST
Tetl.

Anabuit Ttanmoo BTUJTTUH YbIrapbUIbIUTAPBIHBIH KAPHIM-OKTO  BUIIBINA
KarblHaH 0aaJOOHYH KeWIreillyH Hauyap W3WIAeeHY aHa ajl KeWreuWay dedyy
TOMOHKY MEHEH OalIaHBIILITHI KOPCOTOT:

I) (JIsmynoB MaanwcuHze ke JlarpaHk MaaHWUCHHIIE) YBITAPBUIBIIITAPIBIH TYPYK-
cyznyry; Il) usrapsutbirapaeia aiikanyycy; |1) S1.B. BeikoB (1957) Maanucune
©3reue YeKUTTEePUuH 06071000.

), IT), IIT) GarbITTap GOrOHYA M3HUIIAEOJIOP OIIOHIOH 3J1¢ aKTyaldyy.

byn nauccepranusuiblk Wil OMPUHYM, SKUHYHM, YYYHYY >KaHa TOPTYHUY
tapruntern  BTU/ITThH XapbIM-OKTO YBITapbUIBIIITAPBIH  BUIABIM  YKarblHAH
0aaJIoOHYH KeWreilyHe jkaHa maiiia 00JTOH KbIUBIHTHIKTapAsH MeHeH ), I1), III)
OarbITTap IbIH OAWIAHBIIIBIH U3WI00Te apHaJTaH.

JuccepTanusHbIH TeMAChIHbIH MIMMHI M3u1100 umrepu (MUN) meHeH
0alJIaHBIIIbL.

Nm  KP VYHMA Teopusiblk kaHa KOJJIOHMO MaTE€MAaTHKAa WHCTUTYTYHYH
teMeHky MU nonGoopnopyHyH:

«KomnploTepaK MOJENIe6HY, AaCHUMNTOTUKAIBIK JKaHAa AaHAJIUTHKAJIBIK
yCyJaapabl eHYKTYPYY *aHa JTUHAMUKAJIBIK CUCTEMAHbIH TEOPUSICHIHIA KOJIOHYY»
(2011-2013), mamueketuk kartoo HOMepu Ne 0006227, «KoMmmbproTepauk Mojed-
NOOHY, TUHAMUKAIBIK CHUCTEMaHbIH TEOPUACHIHIarbl ACUMITOTUKAJIBIK KaHA aHaJU-
TUKAJBIK YCYJIAapabl, TECKEPH KaHa ONTHMH3ALMSIHBIH SKOHOMHUKAJBIK Macemesep-
WH JKaHa XEep THUTUPOOHY BbIKYaM OWIYyAery reodu3nKaiblk OepuiareHIepanH
TaIJJOOCYH OpUYTYY KaHa KoJaoHyy» (2012-2014), mamneketnk kaTTo0 HOMEepU No
0005756, «KomnproTepauk MOAENIO6HY, THHAMHUKAIBIK CHCTEMAaHBIH TYPYKTYYJIyK
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TEOPHSICHIHJIArBl ACUMITOTUKAJBIK TOIMOJIOTHSUIBIK KaHa aHAJIUTHKAJIBIK YCYJIapshl,
TECKepU MacesesepAruH, SKOHOMUKAIBIK JKaHa Teo(HU3UMKaAIIbIK MPOLECCTEPAUH Ye-
YYYHY OpuyTYY *KaHa KoJljgoHyy»  (2015-2017), mamiekeTuk KaTTtoo HomMepHu Ne
0007125, XbIMBIHTBHIKTAp OTYETTOPYHA OUIAUPYYIOPYHO KOITYJITaH.

N31/1160HYH MAKCATHI JKAHA MaceJieJepH.

KP YHMA MMHHaa cyHywItTaliraH bIKMajapAbl KOJJOHYY »aHa OHYKTYPYY
apKbUTyy, OWUPHHYM, JKHWHYM, Y4YYHUY kaHa TepTyHuy TtapTtunteru BTUITTun
YbIrapbUIBIIITAPBIHBIH BULIBIA arblHaH (aHIaH COH: >KapbIM-OKTO) 0aalloOCyHYH
KaHa YEKCH3IUKKE YMTYJIYyCYHYH (aHOaH COH: t—c0 KYpreHae) >KETHUILEPIIHUK
mapTTapblH aiyy. BoabTeppa TypyHIOOry HHTErpaiiblKk MYYeJIOpAYH ara Tyypa
kenred auddepennuanabik Tegaemenepau ([T) dbirapbuiblTapbIHBIH YEKTOOCYHO
TUHTH3IeH TaaCMPUH aHbIKT00. [laiina 60aroH keiiibIHTRIKTapAbIH MeHeH 1), 1), 111)
OarbITTap/IbIH OalIaHBIIIBIH U3UJII06.

N311100 BIKMAJIAPbI.

B. Bonbreppa cyHymTanraH TEHIEMENIEPAU ©3repTyYy BIKMAachl, OUpPUHYU
TapTUINTETH CBI3BIKTYY JITTHH YbIrapblIblIITAPBIH UHTETPAIIABIK KOPCOTYY OWIep-
Jlarpanx bikmacel, KP YMA MHMHpa umren 4eirapbuiraH ailkblH 3MeC OMPUHYH
taptunreru MJ{Ttu alikeid xxykTyy M/ITke KenTupyy BIKMACHI, KYKTYK KaHa KECYY
(GyHKUMSUIIap BIKMACHI, O6JYKTOI KECYY BIKMAChl, CHCTEMAara KeITUPYYHYH CTaHIapT-
TYY 3MEC BIKMAChI, YbITAPBUIBIIITAP/IbI bUIABIN jKarblHaH 0aalo0 YYYH MHTErPAIIBIK
xaHa nuddepeHnnanabik 6apadapchI3AbIKTaApIbIH bIKMAJIAPhl, HHTETPAJJIBIK KOPCO-
TYY/Z® YbITapbUIbIILITAP/Ibl MEHEH TYYHAYJIAPbIH bULIIBIN jKarblHaH 0aajao0 bIKMACHI.

NiTuH MIMMHA KAHBLIBIKTAPbI.

TeMmeHKyIop TEHIEMENEPAUH TPUBUAIYY 3MEC YbIIapbUIBIIITAPBIHBIH BLUIBINI
KarblHaH 0aajoo0 jkKaHa YEKCU3JUKKE YMTYJIYyCy Y4YYH >KETHUIUEPJIUK LIapTTap
TaOBUIIBI: OUPUHYN TAPTUIITETH alKbIH dMec, Oup TekTyy sMmec chizbiktyy BTUT;
oup Textyy, cei3bikTyy BTUAT, an BTUATTHH ublrapbuibIITaphl YIYH OUpP TEKTYY
OCYYy WIapThl aTKapraHbl y4dypyHJa; OupuHuM Taptunteru cbieiktyy BTUT;
oupunun taptunterd cbi3blkTyy BTUJT dyHKIMOHAan MeHEeH; S5KMHYM TapTUITErH
CBI3BIKTYY kaHa CbhI3bIKTYYy cbiMan BTU/T; ydyHuy tapTunTern ChI3BIKTYY KaHa
cei3bIkTYy cbiMant BTU/T, (;xana anmapasiH OMpUHYM, SKMHYU, YIYHUY TYYHIYyJaphl-
HbIH) TOPTYHUY Taptunrteru cbi3biktyy BTU/T. UHTerpanaplk My4eHYH THEIIENTYY
OMPUHYM TAPTUIITETH CHI3BIKTYY, OUp TEKTYY ’KaHa OMp TEKTYY AMec, (OIIOHIO0M 3J1e
oenrucu3 GyHKUUSHBIH K03 duimentu Hosre 0oyiroH) JTnepaun >kana QyHKIUO-
HanablK [ TnepauH ublrapbUIbIIITAPBIHBIH YEKTEITEHAUTHHE TAACUPH aHBIKTAJIJIbI.

2.3-2.6-0enykTopae >kaHa 3-067IyMIle aHBIKTaJITaH OallTanmKbl OENTUIYYJep-
IYH Kol TYpAYYJyTryHeH anbiHran Komm Gamranksl Genruinyyiiepy Y4yH yblrapbl-
JIBIILITAPABIH U3/I€IT€H aCUMITOTUKAJIBIK KACUETTEPUHUH aTKapyyCy KOpCOTYIy.

Bapapik Jkepje dYbIrapbUIBIILITAPIbIH BUIIBIM JKarblHaH 0aalloOCYyHYH >KaHa
YEKCHU3IUKKE YMTYJIYyCYHYH MeHeH JISnyHOB MaaHHCHHJAE YbITapbUIbIITAP.IbIH
TYpYKCY3AYT'YHYH, uaiikanboocynyH, S.B.beikoB (1957) wmaanucunge e3reue
YEeKUTTEPAUH OOJOOOHYH, >KapbIM apaiblKTarbl KaanaraH dekurre Komm wmace-
JIECUHUH YbITapyyUuyIYTYHYH TEOPUSCHIHBIH OaliJIaHbIIIbI U3CHET.

W3nenren macenenep THELIEAYY YUYHUY KaHa TOPTYHUY CBHI3BIKTYY >KaHa
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ChI3BIKTYY chiMan T ydyH OIoHaoM 351€ *KaHBbl.

TeopusiblK KaHA TNPAKTHKAJIBIK 02aJYVJYK.

Byn v TeopeTHMKaNbIK MYHO31© >Ka3bUITAaH >KaHA aHbIH JKbIABIHTBIKTAPHI
BTUATauH 4blrapbUlblITAPBIHBIH  ACUMIITOTUKAJIBIK TEOPUACHIHIA; a’po JKaHa
KOCMOJIMHAMHUKAHbBIH, OWOJIOTUSIHBIH, MEIUIIMHAHBIH, SKOJOTUSHBIH K33 OuUp Mpo-
LECCTEPUH CaNaTThIK U3WIIO6460 KOJJOHYJIYIly MYMKYH.

NiuTHH KOProoro CyHyImTaaraH Herm3ru ;k000J10py.

TeMmeHKyNIop TEHJIEMENEPAHH TPUBHAIIYY 3MEC YbIapbUIBIIITAPBIHBIH (3KaHA
’KOTOPKY TapTUNTETH TEHJEME yYypyHIa TYYHAApPBIHBIH) BULIBIA KarblHaH 0aajoo
KaHa YEKCU3JIUKKE YMTYJYYCY YUYH >KETHILEPJIHK IIapTTapabl Ta0yy:

- OMpUHYM TapTUIITETH alKbIH 3Mec, Oup TekTyy 3mec chi3bikTyy BTU/T, THemenyy
OMpPUHYM TAPTUNTETH CHI3BIKTYY JITTHH YbIrapbUIBIIIBI YEKTENTeH 00Iyy y4ypyHaa
’KaHa KPUTUKAIBIK (OIIOHIOW 37e Oenrucu3 (QpyHKUUSAHBIH KOIPPUIIMEHTH HOITo
0OJITOH) yuyp/ia;

- Oup textyy, cei3pikTyy BTU/T, an BTUATTuH ubirapbuiblinTapbl Y4yH OUp TEKTYY
©CYY LIAPThI aTKapraHbl YUypyH/A;

- oupunuu Taptunteru cbi3biktyy BTU/T, Mpinaa 6enrucus GyHKuusHbIH K03 hdu-
LIUEHTH HOJIre OOJIIOH, 3H >KOHOKeU Oup TEeKTYY sMec, ChI3bIKTYy JTTHUH uyblrapbl-
JBIITAPBIHBIH YEKTEITEHUTUHE UHTETPAIIbIK MYUOHYH TaaCUPU AHBIKTAJIbL;

- Oupunuu Taptunteru cbi3blkTyy BTUAT (yHkmonan meHeH, MbIHAA OEITHUCH3
GYyHKUMSIHBIH KO3(QQUUKEHTH Henre OOJIrOH, HH JXKOHOKell Oup TEeKTyy 3Mec,
chI3bIKTYY JTTHH xaHa (yHKUMOHANABIK-/[TTHH YbIrapbUIBIIITAPBIHBIH YEKTEITeH-
JUTUHE UHTETPaIbIK MYYOHYH TaaCUPU aHBIKTAJIJIbL;

- SKMHYM TapTUOTETH ChI3BIKTYY Oup TekTyy smec BTU/T;

- DKMHYM TapTUITErH ChI3BIKTYY chimMan BTU/IT;

- YUYYHUYY TapTUIITETH CBI3BIKTYY aHa ChI3bIKTYY cbiMan BTU/T;

- TopTyHuy Taptunteru coi3blkTyy BTUT.

N3un11609YHYH cajbiMbl. J(nccepTalusHbIH TeMaiapbl 00I0HYa Macesenepan
unumuit xxerekun C. MckanmapoB xoiroH. /uccepranusira Kouryyiran 6apJsik MaTe-
pUaIIap aBTOPro TUMEIIENYY.

Nty _anpo0auusnoeo.

N3unneeHyH KbIMBIHTBIKTAPHI 00IOHYA TOMOHIOTYIOH OasHIaMaap *Kacajbl:

- akagemuru M.U. UmananueBnud 80-KbpU1IbITbIHA apHaiTraH "MaTeMaTuKaaa acuM-
NTOTUKAJIBIK, TOMNOJIOTHSUIBIK aHa KommbloTepAauk ycyiaapel" |V On apanbik
wimmMuii  koHdepermmsachl (2011 x. 13-16-cenrt., bumkek maapbr - blceik-Ken
00:1ycy, bo3repu aibuib);

- Typk nyiHeCYHYH MaTeMaTUKTepUHUH V Kypynrtaiisl (2014 x. 5-7-utony, blcbik-
Kein o6iycy, bynan-CereTTy aiiblib);

- «kKPCVY narst Unum xymara-2015» apnanran, «JKoropky MmaremaTtuka» kaden-pa-
CBIHBIH TIPO(}).—OKyTYydyJIap/IbIH KypaMbIHbIH KOH(pepeHusacs (2015-x. 22 anp.,
bumikek maapsi);

- blcbik-Ken maremaTukabik D1 apajibik hopymy (2015 k. 24-27 urony, blcbik-Ken
obnycy, bo3trepu aiibLibi);




- [TepMb MamiteKeTTHK YIIyTTYK M3UIA06 YHUBEPCUTETHHUH 100-KbUIIBITEIHA ap-
HanraH “Jluddepenimanapik TeHaemenep”’ cumnozuymy (2016 x. 18-maiisl, Opycus,
ITepmp mraapsti);

- akagemMuk M.U. MmananueBaud 85-KbUIAbITBIHA apHaAiTaH "MaTeMaTukana acum-
NTOTUKAJBIK, TOTMOJOTUSJIBIK JKaHa KOMIBIOTEPAUK ycyiaapbl" V Dn apaliblk WiH-
muii koHpepeHuusicel (2016 x. 13-ceHt., bumikek mraapsr).

AucceprannsiHbIH TeMAChl 00KOHYA NYOJIMKANUAIAD.
JluccepTallMsiHBIH HETU3TU SKBIMBIHTBHIKTAphl OOIOHYa aBTOpedepaTThiH asrbIHAA
TH3uareH 12 um xapeisianrad. buprenemken [1-4,6, 8-12] umrepne: macenenepau
Kooy unuMmuii sxerekyn C. VMckaHIapoBro, >KbIMBIHTBHIKTAPbI TAIKYJI00 >KapJaMybl
aBTOPJIOPro, TEeOpeMaiapJbl NaNWiee, HaThlKamap >KaHa MUcANIApAbl TY3YY
aBTOPIo TUUHILTYY.

JuccepTanMsgHBIH TY3YJIYIIY KAHA KOJOMY.

JluccepTansuibIKk M KUPUIIYYAOH, 16 OGOmyKTy KamThiraH yd4 OemymieH,
KOpYTYHIyJapaaH jxana konmoHyiaran 90 OymaktapAaslH TU3MECHWHEH Typart. bap-
neirel 108 Get. Jluccepranusna kagumku J{T sxana BTUT kapainar.

JuccepTauysuiblk UIITHH OOJYMAOPYHYH OOIYKTOPYHI® YYTYK HOMYPIIOO
KaObT anbpiHTaH. Mucansl, 2.2.1-reopema geren 2-6eayMayH 2-0edyryHIery
OupuHun TeopeManbl Owmupet; (3.1.4) - 3-6eaymayH l1-OGemyryHmery TepTYHUY
¢dopMmynanbl Omnauper. Onon 31ae HOMypJ00 aBTopedeparra KoJioHyar.

JuccepTauMsHbIH KbICKA4Ya MA3MYHY.

Tept OenykTeH Typran 1-0emaymue, AHUCCEpPTAIMSHBIH TeMachlHA >KaKbIH,
BTU/TTHH yblrapbUIbIIITAPBIH BULIBIN JKarblHAH 0aaioo, yailkaboocy >kaHa TypyK-
Cy31yry OoroHya Oalllka aBTOPJIOPAYH UIITEPUHE YKaJIbl KOPYHYII OCpUIIIU, UHTE-
IpaNbIK ©3repTYYJIep KeHYHIe JieMMajap, UHTerpaiiblk 0apaOapcChI3bIKTap Ke-
HYH/Ie JleMMaJap *aHa KOpyTyHIy Oepuiiau.

Cerus 0eYKTOH TypraH 2-06J1yM ChI3bIKTYY KaHa ChI3BIKTYY ChIMall OUPUHYU
xaHa >kuH4YM Taptunteru BTUTtun menen Komm Oamrranksl mapTrap yblrapbl-
JBILITAPBIH BUIABIA KarblHaH Oaanmoosopro »xaHa usuiaeeHyH I), II), III) GarsiTTa-
PBIHBIH MEHEH TNaia O0JITOH KbIMBIHTHIKTAP IbIH OalbUIAHBIIIBIH KAPOOTO apHAJITaH.

2.1-6enykTe

X’(t)+a(t)x(t)+j[Qo(t,r)x(z')+Q1(t,r)x’(r)]dr:O, t=t, (2.1.1)

OMPUHYN TAPTUINITETH CBHI3BIKTYY OMp TekTyy aikbiH smec BTU/Tunun kaanmaran
TPUBHAJIYY SMEC YbITAPbUIBIIIBIH BUIABINA JKarblHaH 0AaJIOOHYH jKaHAa YEKCU3IUKKE
YMTYJIYYCYHYH MY4YOJIOpY a3 dMEC JKEHIWIW TYPYHI® >KETHUILEPJIUK IIapTTapbl
TaOBLITaH,
X'(t)+a(t)x(t)=0, t=t, (2.1.1))
TUenenyy oup Texktyy oupunuu taptunrteru I TTHH Kaanaran 4slrapbUIbIILIbI YEKTE-
I'eH SKEHH YUypyH/a, xkaHa a(t)=0 (@) yaypyHaa.

Byn 0eyKTYH HETU3TH KBIUBIHTBIKTAPbIH Al Tabl.

Benrmeitmn: b(t)=a(t)+Q,(tt), K(t,z)=Q,(t,7)-QL(t 7).

C.Uckanmgapos (2002) 6oronua, 0 < ¢(t) - KaHAAWABIP OUpP KYK QYHKIHUSCHI,
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K(t,r) ZK tr (K)
w; (t)(i=1..n)- kanpaiaBIp OUp Kecyydy GyHKUuUsIAP,

R(t7)=o(t)K (t2)(w (v (2)) " (i=1.n);
A(t) = 20(t)e(t) - (1),

A)=4,1)+4,0) A1)<0,  A,(t)<0. (a)
2.1.1-TEOPEMA. Dreppe: 1) ¢(t)>0, (K), (A) mapTrapsl aTKkapbuica;

2) R(t,t,)<0, R/ (t,t,)>0, R (t,z)<0, R/ (t,z)>0 (i=1.n);

3)'[ let)\A \ )| ds<o(ty). Q)

603co, anna (2.1.1) BTU/TTun xaanarad yslrapbUIbIIIbl YUYH

1 t i
[x(0)]=C. (o(t)) zexr{zf A2 (s)|(2(s)) ldS} (2.17)
C. {gp(to) j( (s)Q(sty) ) A, ( )‘_lds}(x(to))z < .
to
MaMIJICICIITHTH (BUIABIN JKarblHaH 0aa00) aTKapbLIaT.
2.1.1 HATBIMXXA. Orepae 2.1.1 TeopemanblH Oap/IbIK IIApTTAPhI aTKapblica

KaHa

t

!Lrg {((ﬁ(t))l exp(”A2 (S)‘ ((p(s))’l ds}] = o0, (a,)
ty

oouico, anna (2.1.1) BTUATTuH kaanarad TpHBHAIIYY SMEC YbITapbLIBIIIBI YCKCH3-

JIUKKE yMTYJar.

2.1.2 HATBINXKA. Drepae

1) b(t) =by(t)+b,(t). by(t)<0, b,(t=<0) (b)
2) K(t,t,)<0, K/(t,t,)>0, K.(t,7)<0, K/(t,)>0;
3) q= Ilet b (s)| s <1, (a)

mrapTTapsl atkapeuica, anna (2.1.1) BTU/ITTun kaanaran 4bIrapbUIbIIbl YIyH
t

Ix(t) = \/a|x(t0]exp(j|b2 (s]ds} (2.1.9)
to

BULJIBIN KarblHaH O0aaioocy 0ap sKeH. Jrepje, arsl,
[Ib, (s)ds = o, (b,)
t

rapThel atkapeiica, anaa (2.1.1) BTU/ITTuH kaanarad TpUBHAILYY 3MEC YbITaphl-
Bk X(t) Yekcu3aukke ymrynar. by cyitnem 2.1.1 Teopemanan oft)=1,
Alt)=b(t)=b,(t)+Db,(t,), A (t)=b(t). A,t)=h,(t), n=1, K,(t,7)=K(t,7)y,(t)=1 6onrormo
YbIrapblIaT jkKaHa KOropy/ia KOKJIraH Keireiiny yeuyyHyH KO3 GUIUEHTTHK KbIIIa-
Hackl 0ap.



2.1.1 MUCAII.
X(t)— exp (5t)x(t)+j‘{ exp (7) _102exp (t+7)sintsinz X(2)-

2Jop (@) +op)-en ()  (E+1)-r+1)
— Joxp (20)+ exp () - exp (r) X(¢)jdr =0, >0
BTUATu y4ayH ¢(t)=t+1060JT0OHI0 TEOPEMaHbIH MIAPTTAPHI ATKAPHLIAT.
n=1y, =exp(t)sint, MbIHa t, =0, b(t)=—exp(5t)—exp(t),

K(t5)= - EOREEENG, g ¢y 22 ()= —2(e+2fo 5+ o 0]

A (t)=-2(t+Dexp (5t), A,(t)=-2(t+Dexp (t)-1 ¢(0)=

< - < 1 2 -1

,[( (5)Q(s:1,) ) A(S) 1ds:.[(s+ )(exp(2s)+exp(s) )ds:1861<1.

! ! 2exp(5s) 7200

Omonnykrad, 6yn BTUTTuH kaanarad 4bIlrapbUIbIIIbl YUYH

\/5339
x(t)]= 02 |x(0)[exp(2exp(t)-2). (2.1.7,)
BUIJIBIN JKarblHaH 0aajg00Ccy aTKaphbLiaT.
2.1.2 MUCAJL.

t ’

R (O)+ (1) x(t)- [{| L 2cosdteosde |y XE) L g 150
5 (t—7+1) t—7+1 t—7+1

BTUATu ¢(t)=Ln=Ly(t=cos4t,) mpiHIA t, =0,b(t)=-14,(t)=-1,
50cos 4t cos 4z
K(t,7)= R, (t,
(.7)= - 20BAOSIT g )
oonronno 2.1.1 TeopemanblH xaHa 2.1.2 HaThI>KaHBIH OapAbIK [IAPTTAPHIH KaHAAT-
tanapipar. Omonaykrad, 0yn BTU/TTuH kaanaran 4plrapbulblIIbl  YYYH BUIIBIA
karbiHaH |x(t) > |x(0)je Gaanmoocy arkapsuiar: MbiHAaH Vx(0)#0 GOJNTOHIO YbIrapbi-

(t,0)=0 ((Q,) mrapThI aTKapbLUIaT)

JBII  YEKCU3JUKKE yMTyJaTr. bupok, X'(t) + (t —l) X(t) =0, t>0 ATunun

2
x(t) =cexp (t - t_j (c - Vconst) YBITaPbUIBIIILI YEKTEIT€H.
2

MUCAJI 2.1.3.
x’(t)—j t+1  25cos4tcosdr ((c)+ X' (7) dr—0.t>0
2 || (t=7+1)° t-7+1 t-7+1 T

BTUTu yuyn 2.1.1 teopemanbiH xaHa 2.1.2 HaThIHKaHBIH OapJIbIK IIAPTTAPHIH
KaHaaTTaHabIpat, MbiHAa a(t)=0 ((a)maprel arkapsiiat), Oamka GyHkiusuap 2.1.2
Mucaarsiapra 6apabap, A(t)=-t=A,(t) Omonxykran, 6yn BTUTTiH kaanarad
TPUBHAJLYYy OMEC YBITapbUIBIIGIX(t) YEKCH3AWKKE YMTyJIaT. BHpOK, THemenyy
x'(t)=0 ATunun x(t)=c (c—Vconst) YbIrapbUIBIIIG YEKTESITCH.

2.2 OOIIYKTO

t
X (t)+at)x(t)+ [ K(t,o)x(r)dz =0, t=tg (2.2.1)
ty



OMpUHYM TApPTUNTETH CHI3BIKTYY Oup Tekryy BTU/TunuH kaamaran TpuBuaniayy
amec Ooup Tektyy ecyyudy (b.C. Pasymuxunmun (1988) monorpadusiceinga Oup
TEKTYY 6CYYUYJIYK KaCUETUHE OKILIOII) YbITapbhUIBIIIBIH bUIIbINA KarblHAH 0aaJOOHYH
’KaHa UYEKCU3JIMKKE YMTYJIYYCYHYH MYYeJepy a3 »HMeC DOKEHIUTH TYPYHIO
KETUIICPIUK MIAPTTAPhl TAOBUITaH.

2.3 0eIyKTe

t
X'(t) +a(t)x(t) + I K, 7)x(r)dz = f(t), t>tg (2.3.1)
t
OMpPUHYM TapTUNTETH ChI3BIKTYY Oup TekTyy BTUJTuHuH KaanaraH 4bIrapbUIBbIIIBIH
BUIABIA JKarblHaH 0aaJloOHYH aHa YEKCU3JUKKE YMTYIYYCYHYH IKETHILIEPIIUK
IapTTapbl TAOBUITaH.
HHTerpanaplk My4OHYH dH )KOHOKOU CBI3BIKTYY
X({t)=f(t), t=tg (2.3.19)
JTUHUH YbIrapbUIBIITAPBIHBIH YEKTEJITEHAUTHHE TAACUPUH aHBIKTOO. Jrepae
t

o0
[|f®)|dt <o (f,) mrapTsr aTkapsinca, anma X'(t)+ [ K(t,7)x(r)dz = f(1), t>tg
t t
BTU/TvHUH YbIrapbUIbIIIbI AHBIKTAJITAH OAIITAINIKbI OENTUIYYASOpAYH KOl TYpayY-
JYTYHOH YEKCU3JUKKE YMTYIIarT.
2.4 6enyKTe

t
X (t)+at)x(t)+ [ K(t,o)x(r)dz = f (1) + F(t;x), t=tg (2.4.2)
b
(yHKUHMOHAIBI OOJITOH, OMPUHYM TapTUITErH ChI3BIKTYY Oup Tektyy BTUATunun
KaajlaraH YbITapbUIbIIIBIH  bUIABIM JKarblHAaH OaaloOHYH JKaHa YEKCU3IUKKE
YMTYJIYYCYHYH JKE€TUIIEPIHNK IIapTTaphl TaObLITaH, Arepie

xF(t;x) >0 (F)
mapThl arkapeuica. MHTErpanaplk My4oHYH dH )KOHOKOH CBI3BIKTYY

X'(t)=f(), t=t (24.1)
JITUHYH YbIrapbUIBIIITAPBIHBIH KaHa

X'(t)=F(;x), t>tg, (2.4.1,)

O/ TUHUH YbITapbUIBIIITAPBIHBIH YEKTEITEHAUTUHE TAACUPHUH aHBIKTO00. b.a., KOrom-
ran macene (2.4.1;) ATtun xana (2.4.1,) ®ATTHH YblrapbUIbIIITAPbI YEKTEITEH K-
€HJUTH y4yp/ia Yblrapbliar.

2.5 OemykTe

X"(t) +a, (t)x'(t) +a, (t)x(t) +jK(t, )X (r)dz = f(t), t>t,. (2.5.1)

OKWHYU TAPTHUITETHU ChI3BIKTYY Oup TekTyy aMec BTU/ITuHUH YbIrapbLIbIIIBIHBIH
BUIJIBIN JKarblHAH 0aaJT00HYH JKaHa YEKCU3AUKKE YMTYIIYYCYHYH KETHIIECPIIHK I1apT-
Tapbl TaOBLITaH.

2.6 6enyk
x"(t) +a, (D)x'(t) + ay (O)x(t) +



+j;D[QU(t. r)x(1) + Q. (t,)x'(r)]dr = f(t), t = t,. (2.6.1)

skuHYM TapTunTerd BTUJITUHMH 4YbIrapbUIbIIIBIH BUIABIM KarbiHaH 0aajJOOHYH Ka-
Ha YEKCU3JIUKKE YMTYJIYYCYHYH >KETUIIEPIJIUK IIApTTapblH Ta0yyra apHajraH.

2.7 GOIIYKTO YCTAaHOBJIECHBI )KETHUILEPIHUK APTTapbl bULIBIN *KarblHaH 0aanoo u
YEKCU3JIUKKE YMTYIYYCY PEUICHUN Bpma:

x"" (1) + a, (Dx"(8) + a, (Dx () + f[Qu(t Dx(7) + Qy (t, D)x"(D)]dt = f(1) +

+F (t,x(8), %' (D), [SHGEn (@), x (r)]dr). t>t,,

SKWHYM TAPTUIITETH BTI/II[THHHH YBITapBUIBIIIBIH BUIJIBIN JKarblHaH 0aaloOOHYH JKa-
Ha YEKCU3JIUKKE YMTYJIYYCYHYH >KETUILIEPIIUK IapTTapbl TaObUIran. MbIHaa
F(t,x,y,2), H(t,z,X,y) byHKIIHATApHI

IF(t,x,y,2)| = go (@) x|+ g, @Dyl + g, Dz, |[HE, T, 2, )| = ho (&, D x| +
+hy(t, DIy, (F,H)
Tepe amec Go(t), g,(t),g,(t),hy(t,7),h,(t,T) MeHeH Hauap CHI3BIKTYY SMECTHIUH
mapThIHA KAHAATTaHABIPAT.

2.8 6enykTe 2 66IYMIIYH KbIMBIHTBIKTAPBIH TAJIJI00 6TKOPYIIIY.

Tept G6enykTeH TypraH 3-06JIyM CBHI3BIKTYY aHa ChI3BIKTYY ChIMaJl YUyHUY U
topryHuy Ttaptunteru BTUATtun menen Komm kaamaran OamTamnkbl IIapTrap
YBITapPBUIBIIITAPBIH BULABIA JKarblHaH Oaanooiopro sxaHa wmwigeenyH ), 1), 111)
OarbITTapbIHBIH MEHEH Taija OOJTrOH >KbIMBIHTHIKTAPLIH OallbUIAHBIIIBIH KapOOro
apHaJIraH.

3.1 6enykTe
X"(t)+a,(t)x"(t)+a, (t)X'(t)+a,(t)x(t)+

+j[Qo(t,r)x(r)+Ql(t,r)x'(f)+Q2(t,f)x"(r)] dr=f(t),t>t,. (3.1.1)
to

yuyHuy Taptunteru Cbi3blkTyy BTU/[TvHMH dblrapbuIbIIBIH BUIIBIA KArbIHAH
0aaJIoOHYH KaHa YEKCU3JIUKKE YMTYIYYCYHYH JKETUIIEPJIUK IIapTTapbl TAObIITaH.
3.2 GenyKTo

X"(t)+a (1)X"(t)+a (1)x'(t)+a(t)x(t)+
+j‘[Q0 (t,7)x(7) + Q,(t, 7)X'(7) + Q,(t, T)X”(T)] dr=f (t) +

t

+F(t,x(t),x’(t),x”(t),jH(t,r, X(7),X'(7),X"(z))d7), t=>t, (3.2.1)
ty

BTU/ITvuHUH YBITapbUIBIIIBIH BUIABINA KArblHAaH O0AaJIOOHYH J>KaHa YEKCHU3IUKKE

YMTYJIYYCYHYH KE€TUIICPJIUK apTTaphl TaObUIraH. MblHAa
F(,x, vy, z,u), H{,z,X Yy, 2)

[F(t.x, y, 2, u)| < g (V)| + 9, (®)|y]+ 9. ©)|2] + gs (D) |u].
|H(t,7,%, Y, 2)| <hy (t, 7) [X| + hy(t, 2)|y| + o (t, 7) |2] (N)
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tepc amec g, (t), h.(t,7) (k=0,1,2,3; r=0,1,2). pyHKuusAIapbl MEHEH Hauap ChI3bIK-
Tyy SMECTHTHH IIapThIHA KaHAATTaHbIPAT.
3.3 GenykTe

x4 () +ag(t)x" () + a,(£)x"(¢) + a,(t)x'(¢) + ay (¢)x(¢) + Jt‘[Q0 (¢,7)x(7) +

+Q,(t, 7)X'(7) + Q, (t, 7)X"(7) + Qs (t, 7)X"(7)|d 7 = f (1), t=>t, (3.3.1)
TOPTYHUY TapTUOTETH ChI3BIKTYY BTU/ITvHMH 4YbIrapbuUIbIIbIH KaHA YYYHUY Tap-
TUIIKE Jeipe TYyyHAYJapblH bUIABIA jKarblHAH 0AaJlOOHYH KaHA YEKCU3JIUKKE YMTY-
JYYCYHYH KETUIIEPIUK MAPTTapbl TAObUITaH.

3.4 6eityk 3 GOIIYMIIYH KBIMBIHTBIKTAPBIH TAJIIO0TO apHAJITaH.

C.Uckannapos (2006) 6oronua, (3.1.1) BTU/Tte

X (t) = Sx(t) +W (1) y(t), (3.1.2)
aNIMaIlTBIPYYyCYH aTkapaibl. MpiHIa 0<S - KaHAAWIbIp OMp KapJlaMybl IMapamMerp,
O<W(t) - KaHTaWabIp OUp KYK (PYHKUHUSICHI, y(t)- *KaHbl Oenarucu3 QpyHKuus. AHIa
(3.1.1) BTUAT >KBUBAJICHTTYY
X'(t) = ox(t) +W (1) y(t),

Y'(0)+b, (1)y'(®) +b, () Y(1) + by )XV + [ [Py (&, 2)x(7) + (3.1.6)

+R(,7)y(7) + K(t, 7)y'(z)ldz = F (1),

CUCTCMACBhIHA KCIITHUPHUIICT. MBIHI[a

b, () =a,(t) + 5+ 2W (M) (W (1)) ", by (t) = a, () +a, (W, (1) (W (1)) " +5” +Wt) (W (D))
by (t) =[ ay(t) + 5a,(t) + 5”8, (1) +5° (W (D) . Ry(t,7) =(W (1) [Qy(t. D)+,

+5Q(t,7) +8°Q(t, )], R(t.7)=(W(D)) [Q (. oW (r) +Q,(t, W, (7)],

W, (1) =W'(t) +SW (1), K(t,7)=(W() Q,t7)W(z), F(t)=fEOW®) .

Anerenne (3.1.6) cuctemMaHbIH KaanaraH YblTapbUIBIIIBIH ©1/16 JKarblHaH 0aa-
JIOOHY ©TKOpPOy.
C.Uckanpnapos (2002) 60ronya,

K(t,r)=iZ:;Ki (t.7), (K)
F (O :25 () (F)

w,(t) (i=1.n) - kKaHOaWaeIp OUp Kecyyuy pyHKIusIap,

R(t7) =Kt 2)(wiOwi ()", EQ=F®(w(®)" (=1.n),

R(tt)=A®+B () (i=1.n) (R)
¢ (t) (i=1.n) - kapmaapp Oup GyHKIHUSIAD,

HIapPTTapbIH jKaHa OEITUICIITEPUH KUPIU3EIIH.
3.1.1TTEOPEMA. Orepae 1) 6>0, W(t) >0, (K),(F), (R) maprraps! arkapsii-

ca; 2)b,(t)>0; 3) b(t)>0, b/ (t) <b ()b, (t) b (t)>0 GyHKIUICH *KaIlraca;
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4)A@t)>0, B(t)>0, B'(t)<0, R (t,r)>0,
AD<ADAWD ’(Efk’(t))2 <BY () (), Ry (t,7) <R (R (t,7) (i=1.n;k=0,1).

MaMWIETICIITePUH KaHAaTTaHABIPYdy A (1) >0, ¢ (t), R (t) >0, dyHKIMAIApHI XKaraca,
anya (3.1.6) cuctemansin (X(t), y(t)) kaanaran 9bIrapbUTBIITBE YIYH

(XO) +(YOF +2[B6) (YO ds+BO(YO) + DA M tL)) <

< {\/a+j.|F0 (s)|exp(—§s +3t, —iGl(r)d r]ds} exp£25t —26t, + Zj'Gl(s)dsJ , (3.1.8)

to t f

ly®)| < (b)) [J_ +I|F(s)|exp( ~55+ 5t jG (r)drjds}exp(&t St +jG (s)ds} (3.1.9)

O O

Gaanoosopy 6ap skeH. MeiHzaa G, (t) EW(t)(bl(t))*E +5b1* (t) +EZ[A*(t) +R(t) |+

| {|P0(t,r)|+|P1(t,z')|(bl(z'))_; +|K0(t,r)|}dr |

3.1.1 BDCKEPTME. (3.1.8)aeu (3.1.8)tun oH OGemyry »ana (3.1.8)TuH coi
OeJIyTYHYH ap 6Hp KOIIYJIyydy YIYH OKIIOII 6aaio0 4bIraphLiaT:

(x®)", (y®) Ib(S) y'(s)) ds, AM(Yi(tt)) <ZA(t)Y(tt)) (i=1.n)

(3.1.2) I[T,uaH Komm-Jlarpask pIkMachkl MEHEH
x(t) :exp(é(t—to)){x(to)+jexp(—5(s—to))W (s)y(s)ds} (3.1.10)

HUHTETPAIBIK KOPCOTYYCYH YbITapbIll MYMKYH.
(3.1.10)mon FO.A.Bean (1965) bIkMachI CBIIKTYY

Ix(t)| = exp(5(t-t )){ Iexp (s—t,))W (s)‘y(s)‘ds} (3.1.11)
BUIABIN KarbIHAH 6aanoocy ypirapbsuiat. (3.1.9)ay naitganansii,

t

[x(0)] = exp(s(t—t))[x(t,) |- W (s)exp(j0 Gl(r)drj{\/a+ (3.1.12)

b
+j||: |exp( ~57+5t, J.G danr}ds}
t )

0aanoocy yblrapbuiar.
3.1.2 TEOPEMA. Orepae 1) 3.1.1 TeopeMaHbIH OapbIK IIApTTaphl aTKAphLIICa,;

2) M(X(ty), X'(t,), X"(t,) ) =|x(t, )| -
—TW(s)eprG er{\/_+J'|F r]expL 57+ 6t —_[G dryjdr}ds>0 (3.1.13)
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anma (3.1.13) ke TypayynyryHen Oamrranksl MaaneiMaT MeHeH (3.1.1) BTUATtun
KaaJjlaraH YbIrapbUIbIIIbI YUYH BUIIBIN jKarblHAH TOMOHKY 0aalioo:
X()]= M(x(to), Xt ) x"(to Jexp (5Tt —t,)- (3.1.14)
3.1.2 TeopemanbH aiitkaHbl (3.1.12) 6Gaamoo10H YbIraphbLIaT.
HATBIMKA 3.1.1. Drepae 3.1.2 TeopeMaHbIH Gap/IbIK ITApTTaphl aTKaphlica,
anjga Oamrtankel MaanbiMaT MeHeH (3.1.1) BTU/ITTuH kaanaraH 4YbITapbUIbIIIbI

YEKCU3IUKKE YMTYJaT.
3.1.2 OCKEPTME.

C. = (X)) + (Y'0)) +B,8) (Yt + D6 )

X'(t)) = 0x(t)) +W (t,) y(t,), X"(t) = 52X(to) + [W (t,) + W (t,) ] y(t,) +W(t,)y'(t,)
mammtenemrepuHer (3.1.13) M (x(t,), X'(t), X"(t,))>0 Kem TYpAYY/Iyry aHBIKTamar.

Maeiagait, (3.1.13) xen TypayyJayryHeH Oarmrankbl MaanbiMaT meHen (3.1.1)
BTUATTuH kaanarad 4bIrapbUIbIIIBIHBIH YeKCU3IUKKE YMTYIYY Haluiiaead, 0.a. ai
JIsmyHoB maaHcuHe Typykcy3. Ockeprenu, (3.1.1) BTUTTun MbiHaail ysirapbl-
JpIITapbl J JKapbIM-apajibITbIHAA HOJJepre 33 3Mmec, 0. a. yalikamabaiit. [larsi,
(3.1.13) xen TypayyayryHeH Oamrankbsl MaanbeiMat MeHeH (3.1.1) BTUITrep A.B.
brikoB (1957) maanucuHie 63re4e YeKUTTEPTE 33 IMEC.

3.1.1 MUCAJL x"(t) +

X"(t)+ [10+ exp( t(sint) “5)]X [—100+t%1}x’(t)—[1000+t1T01 +exp(—19t)+100exp (t(sint)“S)}*

j{ [mqlu 41000, (t 7)+ Lmﬂx(r)ml(t,f)x'(f)mz(t,r)x"(f)}df=

(t+7+4)
1/3

1 . exp (—10t)
=— exp (=10t +t*(sin2t)"°) + ————7
(2270 sin2t) (t+22)

yuyHuy taptunreru BTUTu, Mmbiana
Ql( ) exp ( 10t+107) ,Qz(t,T)E eXp(—lOt +10T)><

(t+ z'+3)5\/2'?l
Qz(t,r)sexp(—10t+107){{exp(3in|n(t+1))+t : Zo}exp(tz(sinZt)“?’+72(sin2r)“3)— (t+Tl+10)3}’

6onroHmo, 3.1.2 TeopemanbIH jxkaHa 3.1.1 HaThIKaHBIH OapABIK MIAPTTAPHI

atkapbuaT, Mbizaa t, =0, b,(t)= exp( (S|nt)“5) b,(t)= t%l by (t)=0, b,(t)=—exp(-9t),

t=>0,

n=1 wl(t)zexp( (sm2t)“3) Rl(t,r)zexp(sinln(t+1))+t T1+ ,

-7+20
)= 1 i E_exp(—10t+t2(sin2t)”3) - (1)= 1
(t+7+20) t+27 (t+22)
Al)=ep(Einin(t+1), A (t)=— R'(1)=0, B,(t)=—— E (t)=- —=—, ¢, (t)=—
t+1 t+20 t+27 t+20
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= I
Pl(t’r):(t+f+3)5\/f_+1’ Raltie)=- (t+r+4)"
eprG drj ) exp@[exp(_lor)m+ 2(Tl+1) rep(-9r)+ 3(2’14)3 ’ 4(2’13)4 '
1 1)
+2(f+1o) ]df<‘/STe)<p(9 20 96+324j
M(x(0)x(0)x'(0)) = x(0) - I &xp(-10s S+1exp( "o tas 3;4j{\/c_* 9] (rfﬁ)z}dsZ

|"(‘/—+_j (9 2_10+916+3;4)
o = (KO)F +(x'0)-200x0)F +(x(0)-10x0)f +2_10} )
<[x(0)] + x'(0)~10x(0)| + 2_10;
M (x(0), x'(0), x"(0)) = |x(0 )|——(| x(0) x”(O)—lOOx(O)|+|x’(o)_1ox(o)|+2_10j*

[2 1 1 1 j
*ep| —+—+—+—|>0

x"(0)—100x(0)

9 20 96 324
mucansl, X (0)=10“x(0) (k =1, 2) 6onrouzo,

1 1 1 1
|X(0)|—§(|X(O)|+—)exp(9 % %4‘@) > 0.

Kemn TeopemMa jxaHa HaTBIIKA YUYH KOPCOTYYUY MHUCAIAAP TY3YIAY.

2, 3 Oenmymiaepae, OapAbIK KEpA€ YbITapbUIBIIITAPABIH bUIBIA JKarblHAH
0aaJIoOCYHYH jKaHa YEKCU3JIMKKE YMTYJIyYCYHYH MeHeH JISmyHOB MaaHUCHHIC
YBITAPBUIBIIITAPABIH TYPYKCY3NYTYHYH, YaiikanooocynyH, S1.B.beikoB (1957) maanu-
CUHJE ©3reue YEKUTTEpJAUH OOJIOO0OHYH, >KapbhIM apajblKTarbl KaajaraH YeKUTTe

Korm macenecuHuH YbIrapyydynyryHYH TEOPUSCHIHBIH OalIaHbIIIbI U3/CHET.
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PE3IOME
Xamuaosa I'yokan TammoJsioTroBHa
“BoJbTeppa THOMHAETH HHTErPo-Au(depeHInATABIK TeHAeMeIePaAuH
YBITAPbUIBIIITAPBIH bLUIAbIN KarbIHAH 0aanoo0s0p” neren temaaa 01.01.02-
auddepeHunAIIBIK TeHAEMeJIEP, JUHAMHUKAJIBIK CHCTEMAJIAP KaHA
ONTUMAJIIBIK 0AIIKAPYY JereH AJUCTUK 00I0HYA (PU3UKA-MATEMATUKAJIBIK
WIMMIEPANH KAHAUJATHI OKYMYIITYYJYK JapPa’KaChIH aJyy YUYH AUCCEPTANUSA
CYHYLITAJITaH

Ypyurryy ce3aep: Bonbreppa tubungeru (BT) unrterpo-muddepeHumnanabk
tenaemenep (MJT), suinplii skarbiHaH 0aanooiop, ampuopayK 0aa, YeKCu3re
YMTYIYY, UHTETPAIBIK MY4OJI6pIyH TaaCUPH.

N3unpneenyn o0bexkTMCcH: bHpUHYM, SKHHYM, YYYHUY JKaHa TOPTYHUY
UHTETpO-AU(PPepeHLInaIbIK TEHAEMETED.

N3unneenyn makcarbl: Bonbreppa THOMHAErn OMpPUHYM, SKUHYU, YIYHUY
’KaHa  TOPTYHUY TapTUITETH  UHTETpO-AU(PPEpeHUUaNIbIK  TEHIEMEIEepAUH
YBITApPbUIBIIITAPBIH ~ BUIABIA  JKarblHAaH YEKTEJITEHAWIWH, AapryMEHT YEKCH3Ie
YMTYJTaHJa YeKCHU3re YMTYJIapblH KaMChI3[I004Yy JKETKHIIMKTYY LIapTTap/ibl Ta0yy.

Bonbreppa THOMHAETM UMHTETpaAbIK MYUYOJOpAYH THELIENyy OWpUHYU
taptunTeryu [JJTnepaus dslrapbulbIIITAPbIHBIH YEKTEITEHAUTUHE TAACUPUH aHBIKTOO.

MN3uiapeenyn ycyiapapsl. Tenaemenepau kaiipa e3repTyn Ty3yy Boibrep-
paHbIlH bIKMachl, aWkelH sMec BTU/ATnepam aiikein typmery xykryy BTU/Tre
KEJITUPYY, CAJIMaKTBhIK *aHa Kecyydy (yHKUMsUIap, jKeKede Kecyydy (yHKuusiap,
TEHJIEMEHU CHCTEMara CTaHAAPTTBIK AMEC KENTUPYY, YbITapPbUIBIIITAPABI BUIIBIA
arelHaH 0aaja004y MHTErPANIBIK KaHa AuddepeHiuanablk 6apadapch3abIKTap, Oup
TEeKTYy 3Mec OupuHuM Taptunteru [THuH ubirapbuibiiibil Komwm—Jlarpanx ycyny
MEHEH MHTETpaJJblK KOpPCOTYIYI, YbIrapbUIBIIITAPABI BULABIA KarblHAH 0aanoo
yCyJiaapsl KOJIIOHYJIAT.

N3u1660HYH WIMMHN KAHBUIBITbI. TOMOHKY TEHIEMEICPINH TPUBHAIILYY
HMEC YbITapbUIBIIITAPBIHBIH BUIABIN KarblHaH 0aajloo jkaHa YEKCU3IUKKE YMTYIYyCy
YUYYH JKETHIIEPIUK IIApTTap TaOBUIALI: OWPUHYHM TAapTUNTETW aWKbIH IMEC, Oup
TekTyy amec cei3bikTyy BTUJT; Oup Texryy, coi3bikryy BTUIAT, an BTUATTun
YBIFapbUIBIILITAPb] YIYH OUp KaJIbINTa ©CYY LIApThl aTKAPBUITaH yUypyH/a; OMpUHYU
taptuntern  cbi3biktyy BTUIAT; Oupunum Ttaptuntern cbizbiktyy BTUAT
(yHKLIMOHAT MEHEH; SKMUHYM TAPTUIITETH CBhI3BIKTYY aHa ChI3bIKTYY chiMasl BTU/IT;
YUYHUY TApTUITETH CBI3BIKTYY >kaHa CbI3bIKTYy chiManl BTUT, (xana anapasin
OMpUHYM, DKUHYM, YUYHUY TYYHIYJApPbIHbIH) TOPTYHUY TApTHUITETU CHI3bIKTYY
BTUAT. UuTerpanaplk MY4eHYH THEIIENYyY OMPUHYM TAPTUIITETH CBI3BIKTYY, OUp
KaJIBINTarbl >kKaHa OWp KaJblITarkl 3Mec, (OMIOHAOW 3ye Oenrucus (QyHKUHUSHBIH
koo durmentn Homre OonroH) JTnepmun >xana Qyskmonanaeik JTnepaun
YbIFapbUIBIILITAPBIHBIH YEKTEITCHAUTMHE TAACUPH aHBIKTAJIIbI.
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PE3IOME
Xamuaosa I'ymkan TammosioToBHa
Juccepranust Ha TeMy: «OleHKH CHU3Y pellieHnil HHTerpo-auddepeHuaibHbIX
ypaBHeHud TUna BosbTeppa» npeacraBjieHa HA COUCKAHME YYCHOU CTEeNeHH
KaHauaaTa GUu3nKo-MaTeMaTHYeCKUX HAYK 1o cnenuaasHocTu 01.01.02-
au(ppepeHINATBbHbIC YPABHEHHS, JHHAMHYECKHE CUCTEMbI H ONITHMAJIbHOE
ylpaBJeHUe

KitoueBble cjioBa: uHTErpo-auddepeHnnaibHoe ypaBHeHue Tumna Bosb-
Teppa, bULABIN XKarblHaH 0aan00, apHOPHbIE OLIEHKH, CTPEMJIEHUE K OECKOHEYHOCTH,
BIIMSTHUE UHTETPAJIbHBIX YJIEHOB.

Oo0bexkT uccaenosanus: M{YTB nepBoro, BTOporo, TpeTbero U 4€TBEPTOTO
ITOPSKOB.

Hear padorel: I[lomyunTh AOCTATOYHBIE YCIOBHUS JUIsI OLEHKH CHU3Y H
CTpeMJIeHHsI K OECKOHEYHOCTH pEIICHUH TpU HEOTPAaHUYEHHOM BO3pACTaHUU
HE3aBUCUMOM IiepeMeHHorM  pemennit MJIYTB niepBoro, BTOpPOro, TPEThETO U
YETBEPTOTO IOPSAAKOB. BBIABUTH BIMSHHUE HWHTETPAIIBHBIX BO3MYILUECHUW  THUIIA
BonbsTeppa Ha orpaHUYEeHHOCTh PEIIEHUH  COOTBETCTBYIOMUX U PEepeHIIMATbHBIX
ypaBHeHuit (JY).

Metoauka ucciaenoBanus. [Ipumenstorcs metoj npeoOpa3oBaHusl ypaBHE-
Hui B. Boubreppa, Meron cBeneHus HessBHOTO MY mepBoro mopsiika K sSIBHOMY
N1V c Harpy3koi, METO/ BECOBBIX U CPE3bIBAIOIIUX (PYHKIUH, METOJI YACTUYHOIO
CPE3bIBAHMS, HECTAHIAPTHBIE METOABl CBEIACHUS K CHUCTEME, METOJbI MHTErpalb-
HBIX U TU(PepeHIINaTbHBIX HEPABEHCTB ISl OLIEHKU CHU3Y PELICHUIA, MeTo ] Diiepa
-JIarpanxa MHTErpaJIbHOTO MPEACTABICHUS PEIICHUH JIMHEWHOTO HEOJIHOPOIHOIO
JIY mnepBoro mnopsnaka, METOJX OLEHKH CHH3Yy pPEIIEHWA W HUX IPOU3BOJIHBIX B
MHTETPAJIbHBIX MPEICTABICHUAX.

HayuyHast HOBM3HA: Y CTaHOBIIEHBI JOCTATOYHBIE YCIOBUS JJIsl OLIEHKU CHU3Y
U CTPEMJICHUS K OECKOHEYHOCTH HETPUBUAIBHBIX PELICHUN JTUHEHHOTO OTHOPOAHOTO
HesisHOro MJIYTB nepBoro nopsiaka; nuHeHoro ogHopoaHoro MAYTB B ciyuae
BBINOJIHEHUS YCIOBUSI «MOHOTOHHOCTW» s peumeHur storo MY TB; nuueiinoro
HeopHoponHoro MJIYTB nepBoro nopsiaka; muaeriHoro 1Y TB nepsBoro nmopsiaka ¢
dbyHKUIMOHANIOM; TUHEHHOTO HeoaHopoaHoro MY TB Broporo mopsiika; TMHEHHOTO
u cinabo HenuuenHoro MJIYTB BTroporo mopsiaka; pemeHuil JWHEWHOTO M clabo
HenuHeHoro MJIYTB tperbero mopsnaka; U MX MPOU3BOAHBIX BIUIOTh IO TPETHETO
nopsiaka nuaeiHoro 1Y TB verBepToro nopsiaka. [Ipu 3TOM BBISBIISIETCS BIWSHUE
MHTETPAJIBHOTO YWIEHA HAa OTPAHUYECHHOCTHh PEUIEHWN COOTBETCTBYIOIIMX JUHEWHBIX
OIHOPOAHBIX W HEOMHOPOAHBIX JIY mepBOoro mopsaka, B TOM YHCIE C HYJIEBBIM
KO3 PUIIMeHTOM HCKOMOM (DYHKIIMH, a TAKXKe - pelieHnid (QyHKIMoHanbHo-Y.
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SUMMARY
on the dissertation ""Lower bounds for solutions of integro-differential equations
of Volterra type™ by Khalilova Gulzhan Tashpolotovna for the degree of
candidate of physical and mathematical sciences, specialty 01.01.02-differential
equations, dynamical systems and optimal control

Keywords: Integro-differential equation of Volterra type (IDEVT), lower
estimates, a priori estimates, tending to infinity, influence of integral members.

Object of research: IDETV of first, second, third and fourth orders.

Aim of research: Obtain sufficient conditions for estimating from below on
the half-axis and the tendency to infinity of solutions for an unbounded increase in
the independent variable of IDETV solutions of the first, second, third, and fourth
orders. Detect influence of Volterra-type integral perturbations on the boundedness of
solutions of the corresponding differential equations (DE).

Methods of research: Apply Volterra conversion method of equations, the
method of reducing the implicit IDEVT of the first order to the explicit IDEVT with
load, the method of weight and cutoff functions, the method of partial truncation,
nonstandard methods of reduction to the system, the methods of integral and
differential inequalities for estimating from below solutions, the Cauchy-Lagrange
method of the integral representation of solutions of a linear inhomogeneous DE of
the first order, a method for estimating from below solutions and their derivatives in
integral representations.

Scientific novelty: Sufficient conditions for estimating from below and the
tendency to infinity for non-trivial solutions are established for: linear homogeneous
implicit IDEVT of the first order; nonzero solutions of a linear homogeneous IDEVT
if the condition "monotonicity" is satisfied for the solutions of this IDETV; of a linear
inhomogeneous IDEVT of the first order; of a linear IDEVT of the first order with a
functional; a linear non-homogeneous IDEVT of the second order; of a linear and
weakly nonlinear second-order IDEVT; of a linear and weakly nonlinear IDEVT of
the third order; and their derivatives up to third order of a linear fourth-order IDEVT.
In this case, the influence of the integral term on the boundedness of the solutions of
the corresponding linear homogeneous and inhomogeneous DE of the first order,
including the zero coefficient of the desired function, and also on the solutions of the
functional-DE is revealed.
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