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N3UNJIIOOHYH XKAJIIIbI MYHO31OMOCY

JuccepranMsiHbIH  TeMaChbIHbIH akTyaaayyiayry. C. VckanmapoBayH
MoHorpadusiceinga Oenrunenrenaert [4, 56.] XIX KbuibIMabIH adrel - XX
KbUIBIMJIBIH ~ OalllblHJa MTAIMSUIBIK ~ ynyy MateMatuk B. Boubreppanbin
AMTEKTEPHUH/IE KOTOPKY YETH e3repyiMe 0ap MHTerpaiapAbl KaMThITraH HHTETPO-
muddepeHInanaplk  TEHAEMEJIEPIMH  YbITapbUIBIIITAPBIHBIH ~ KaIMbl  JKaHa
camaTThIK KaCUETTEPU aHBIKTAJITaH AMIeKkTep naijga 0onron. Harterixkana MeIHaai
tenaemenep B. BonbreppanbiH amrerun 0aanoo karapsl «Boisbreppa THOMHAETH
UHTETpO-Au(depeHInaIAbIK TeHIeMeIepy» AeTeH aTajbliKka 33 0onroH. benrunei
Kercek, B. BonpTeppaHblH KeNTereH H3WII06J6pPY OHOJOTHSUIBIK JKaHa
MEXAHHUKAIIBIK TPOLECCTepaN U3WINeere OalIaHBIIITYy, aldapiblH TapbIXbIH
(KMAMHKM KyOynylmITapAbl) 3CKE alyy MEHEH JKYPIry3YJIreH. AJjap aHbIH
MoHOrpadusnapbliaa 4varsuiabipbuiran [5, 60] sxama BU/TuHun (BoabsTeppa
UHTETpO-Au(depeHInaIAbIK TeHIEMEIEpANH) a3bIpKbl KaJIbl KaHa CanaTThIK
TEOPUSICHIHBIH KaJIBINTAHBIIIBIHA KATbIMIyy TAACUPUH THHTU3TEH.

[IpakTuKanblKk KaHAa TEOPHUSUIBIK MYKTKIbIKTapra OailIaHbIIITYy arta
MEKEHJUK jKaHa YeT MK OKYyMYIITYyyJapiblH Kyd-apaketu MeHeH BUJTuun
a3bIpKbl JKaJIbl j>KaHAa CalaTThIK TEOPHSCHl TY3YJAy, Oyl TEOpPUSHBI HIITEN
YbIIyy/la TOMOHKY OKYyMYLITYyyJap OJYyTTyy calibiM Kowmymrty: B. BombTeppa
(1881-1940-x.), 4. B. beiko (1951-1957-x.), M. 1. MUmananues (1956-2015-x.),
1O. A. Benp (1960-2006-x.), A. U. borames (1962-1998-x.), JI. E. Kpuomenn
(1962-x.), E. A. bapbammn (1957-1967-x.), H. B. Asbener (1979-2001-x.),
A. 1. Meimkuce  (1949-1977, 2003-xk.), H. H. Kpacosckuit (1956-1959-x.),
A. M. Camoiinenko (1973-1976-xk.), B. P. Bunokypor (1967-x.), P. bemnman
(1967-x.), K. P. Kyk (1967-x.), J. J. Levin (1963-1968-x.), J. A. Nohel (1964-
1971-x.), C. Corduneanu (1963-1973-x.), K. A. KacemmoB (1968-2004-x.),
K. AnpimkynoB (1972-1992), K. Kakumos (1973-1991-x.), A. CaagabaeB (1982-
2009-x.), M. K. JaysubaeB (1979-2022-x.), II. C. IlankoB (1971-1992-x.),
I'. PaxxanioB (1965-1973-x.), 3. ITaxeipoB (1971-2017-x.), C. Uckangapos (1978-
2023-x.), A. AcanoB (1977-2023-x.), A. b. baizakoB (2003-2023-x.),
A.T. XamunoB (1994-2023-x.), 3. A. Xamaposa (2009-2014, 2022-x.),
B. JlakmmukanTam xkana C. Jluma (1969-2007-x.), A. A. Mapteiarok (1985-1991-
x.), B. II. Makcumos (1982-1991-x.), JI. ®. Paxmarymmuna (1978-1991-x.),
M. E. Jlpaxnaun (1986-x.), JL. M. bepezanckuit (1982-2012-x.),
A. N. Homomnunkuit (2012-x.), I[1. M. Cumonos (1991-2001-x.), B. C. Ceprees
(1986-2000-x.), T. A. Burton (1978-2005-x.), R. P. Agarwal (1982 — 2012-x.),
G. Gripenberg, S.-O. Londen xana O. Staffans (1979-1990-x.), C. Tun¢ (2016-
2022-x.), F. Alahmadi (2018-.) k. 6. AJapAblH KONTOreH dMICKTCPHH/IC JKaHBI
METOJIFIOP MILTENIT YBITHIT, HIIMMUN U3WII06J0PAYH KaHbI OarbITTaphl TY3YJITOH.



benrunyy Oonronmoi, Tappixka YEMMHKH K33 Oup mpoleccTepanH
TYPYKTYyJIyryH wu3wigee BUJITHBIH YbIrapbUIbIIITAPBIHBIH TYPYKTYYJIYTYHYH
TEOPUSCBIH OPKYHAOTYY 3apbUIUBUIBITBIHA aJblll KeJIeT. MBIHIAal TeOpHUsHbI
OPKYHAOTYY YUYH ap KaHJal aBTOPJIOPAYH KYUTYY U3HIJI66 METOANOPY HILTEIIUIL
ybikkaH, anap C. VckanpapoBayH MOHOTpadUsCHIHBIH KUPHILI CO3YHIO >KaHa
MasMyHyHAa darbuiaeipsuirad [C. HMckanmapos, 2002]. Axbipkel mesrunge C.
HckannapoBAyH >kaHa aHbIH NIAKUPTTEPUHUH SMIEKTEpUHJE Jarbl Oallka
pIKMaNap maiga OOy, MHUCANBL: TYPYKTYYJIYKTYH CHEHU(UKAIBIK OeIruiepuH
’aHa OWPHHYM, SKUHUM >KaHA AITHIHYBl TApTUOTEPre YEHUHKU CBI3BIKTYY OUD
tektyy BUJTHuH AT (acuMOTOTanblK TYPYKTYYJIYK) YbITapbUIBIIITAPBIH AYY
BIKMAacChl; OMpPUHYM TYpPAOry HHTErpaiablk OapaOapChI3JbIK XOHYHIO JIEMMAaHbI
KOJJIOHYY MEHEH OJKHWHYM, YYYHUY >KaHa TOPTYHUY TAPTUNTETH CBI3BIKTYY
mupepeHInanablK TEHAEMEJIEPANH YbITapbUIBIITAPBIHBIH  KYPYM-TYpyMYHA
Bonbreppa THOMHIErM MHTETpaJIblK KO3TOJNyYyJapJblH TAaCUPUH U3UJI/I00
BIKMAChI; K33 OMp >KapAamybl MapamMeTpiiepau >KaHa CaTIMaKTBIK (PYyHKIUSIAPIbI
KaMTBhITaH CTaHAAPTTYy 5MEC aJIMalIThIPYyJapAblH »apAaMbl MEHEH KOTOPKY
taptunterdn BUJ/ITHUH YbIrapbUIBIITAPBIHBIH ~ ACUMIOTOTAIBIK  KACUETTEPUH
U3UJI166 CHUCTEMAachlHa CTaHAAPTTYY 3Mec Meronnopy; Jlrocrepuuk-CoboneBauH
JIEMMACBIH KOJIJIOHYY.

Byn pikmaiap MEHEH albIHTaH HAThIKAJIApAbIH TAJIJI00CY KOPCOTKOHJIOU,
anmaplbl aHJIaH apbl OPKYHAOTYY »>KaHa Oaiika Oenrwiyy bIKMaJap MEHEH
AlKaNBIITHIPBINT KOJJOHYY >KapblM OKTO SKHHYM, Y4YYHUYy, TOPTYHUY KaHa
oemmnun taptuntern BUJITHHUH >kaHbl KiaccTapbIHAArbl YbITapbUIBIIITAPBIHBIH
ACUMIITOTAJILIK KaCHUETTEPUH H3WIIe6Te MYMKYHAYK Oeper, Oyn 0oJico yurysn
JMCCEPTALMSHBIH TEMACBIHBIH AKTYaJyyIyT'yH TaCTBIKTAMNT.

JucceprauMsiHbIH TEMACBIHBIH HJIMMHH J0J000pJIOp KAHA HEru3rH
WIMMHUI-U3UJ1100 uurep MEHEH OailJIaHBIIIBI. Omrexk  KbIpreiz
PecniyOnukaceiHbIH ~ YJIYTTYK — WIUMIEP — aKaJeMUSCHIHBIH  MaremaTtuka
UHCTUTYTYHYH WJIMM-U3WUJI166 JIOJIOOOPJIOPYHYH — alKarblHAAa KYpPry3yJay:
«/luHAMUKaNbIK CHUCTEMaJapAblH TYPYKTYYJIYTYHYH, TECKEPH Macelesep/IvH,
HKOHOMUKAJIBIK ’KaHa re0(U3UKaNbIK TPOLECCTEPIUH YSHHIINITMHUH TEOPUSACHIH A
KOMIBIOTEPJIUK MOJIENA06, ACUMITOTAIbIK, TOMOJOTHSJIBIK KaHA aHAJTUTUKAJIBIK
metoamopay epkyuaetyy» (2015-2017), mamnekeTtuk kartoo Homepu 0007125;
«bUpAUKTYY  TOMOJOTHSAJBIK  KaHAa  KUHEMATHKaJIblK  MEHKUHIUKTEpPUH,
HBOJIIOLUSIIBIK ~ CHUCTEMalaplblH,  ONTHUMAJIJAIITBIPBUITAaH  AKOHOMUKAIBIK
MaceseNnepauH, MaTeMaTUKaIbIK MOJCN06HYH TEOPUAChIHAA aCHUMITOTAJBIK,
TOMOJIOTHSUIBIK JKaHa aHAJIMTHUKAIBIK METOAJOpAy epkyHmetyy» (2018-2019),
MaMJICKeTTUK KaTtroo HoMepu 0007664 sxana ymryn gosi00opiiop OoroHUa
TUEUIENYY OTYETTOPAO KaMThUITaH.



N3nianeenyn MaKcaTTapbl JKaHa MUJIAETTEPH. Keipre3
PecnyOnukacelHbIH ~ YIYTTYK — WIMMIEP  aKaJeMUSICBIHBIH  MaremaThka
UHCTUTYTYHJA HINTEIUI YbIKKAH CalaTTBIK METOMIOPAY OpPKYHAOTYY KaHa
KOJIJIOHYy MeHeH BomnbTeppa THOMHIErM MHTETpayIIblK Oy3yilyyJapAblH >KapbIM
OKTOI'Y JKHMHYM, YYYHUy JKaHa TOpPTYHUY Taprunreru tuemenyy JTHuH
YbITapbUIBIITAPBIHBIH KYPYM-TYPYMYHa THUMIM3IE€H TAaaCUPUH HU3WILOO; >KapbIM
OKTOTY TOPTYHUY JKaHa O€mMuHYM TapTunTern  cbi3blkTyy BUJITHUH
YBITAPBUIBIIITAPBIHBEIH ~ TYPYKTYYJIYTYHYH; Oenrucu3 (QyHKUMSHBIH — YUYHUY
TYYHAYCYHYH KO3((ULIMEHTH OH 3Mec OONTOHAO0 TOPTYHUY TAPTUNTETU CHI3BIKTYY
oup Tekryy BU/ITHUH YblrapbUIbIIITAPbIHBIH ACUMITOTAIBIK TYPYKTYYJIYTYHYH;
YKapbIM OKTOTY OCIIMHYU TapTUNTErH ChI3bIKTYy BU/ITHUH YblrapbulbIIITAPBIHBIH
ACUMIITOTAJIBIK TYPYKTYYJIYTYHYH KE€THINTYY IIAPTTAPBIH TY3YY.

N3unieeHyH WIMMHII  KaHBUIBITBI.  3-THaBaja JKapbIM  OKTOTY
YEeKTYYJIYKTYH JKaHa 3KUMHYM KaHa YYYHUY TApTUOTETU CBI3BIKTYY OUp TEKTYY
BU/ITHbIH OapAblK YbIrapbUIBIIITAPBIHBIH  ApTYMEHTTEPUHUH YEKCH3 ©OCYIIY
MEHEH HOJIr® YMTYJIYYHYH JKETUIUTYY IIApPTTapbl OCNTUIICHIEH, STepAe TUELIeTYY
ChI3BIKTYY Oup Textyy ATnapna wu3ungeHun >kaTkaH KacHUETTEpre 233 3Mec
YbITapbUIBIILTAP OOMYHIy MYMKYH. TOpPTYHUY TapTUIITEIH THEIIENTYY CHI3BIKTYY
Oup TeKTyY >kaHa Oup TekTyy aMec /[Tnap xapbIM OKTO UYEKTEIOEreH Yednumaepre
73 Ooyynry MYMKYH OOJroH yudypnaa TeptyHuy Taptunteru BUJTHun Gapmbik
YBITAPBUIBIIITAPBIHBIH JKAPBIM OTYHJA YEKTENYYJYKTYH MXETHUINTYY IIapTTaphl
oenrunenred. OmeHTtun, BonpTeppa THOMHIErM MHTErpaiAblK Oy3ynyynapbIH
JKappIM OKTOTY DJKHMHYH, Y4YYHYY JKaHa TOPTYHUY TAPTUNTETH CBHI3BIKTYY
muddepeHInanaplK  TEHAEMENIEPANH YbITApbUIBIIITAPBIHBIH  KYPYM-TYpyMYHA
TaaCUpu U3WIJAEHTeH. BUpHHUM Typlery MHTErpaafblk 0apadapChi3bIK KOHYHIO
JEMMaHbl KOJJIOHYY OM3AMH Macenenepau uelrapyyia K33 Oup Kecyydy
GbyHKUUSIIap YOH POJIb OWHOM TypraHIBITBIH KOPCOTTY, Oalllkaya alTKaHAa, ajiap
BonbTeppa THOMHIETH MHTETpaNIbIK Oy3yiyynapabiH kapsiM oktory BUTHuH
JKaHbl KJIACCTArbl YbITapbUIBIIITAPBIHBIH KYPYM-TYpyMyHa THUHIHM3IE€H TaaCUPHUH
uzungeere kapaam Oeper. Ilronbu  Qopmaceinaarsl Jlonurtans 3pexecuH
KOJIIOHYY KapblM OKTOTY JKMHYM jKaHa YYYHYY TAPTUNTETW Kapajblll >KaTKaH
ce3eIkTYy BUJITHUH OapabIK YbITapbUIBLIIITAPBIHBIH APTYMEHTTEPUHUH YEKCH3
OCyllly MEHEH Hedre YyMTYIyycyH Oeiruiaeere sxapiam OepreHIuruH Ja
oenrunenous.

4-rnaBaja cucTteMara CTaHAApTTYy 3MEC KeITUPYY METOAYHYH OWpUHYH
BApUAHTBIH OpKYHIeTYy MeHeH yumyn BWJTuun xosdduumentrepu xaHa
AJIPOJIOPY KapbIM OKTYH K33 Oup 4yekurrepunae auddepeHnuaniandai Kaiblibl
MYMKYH OOJTOH ydypAa TOPTYHUY >KaHa OCUIMHYM TAPTUIITETH CBI3BIKTYY
BU/ITHUH 4bIrapbUIBIIUTAPBIHBIH  TYPYKTYYJYIYHYH JKETHUIUTYY IIapTTaphbl
OENTHUIICHTEH.



AJBIHT@H HaThIDKAIAp KUYMHE OO0m Mydesepy Oap TOpPTYHUY jKaHa
OCIIMHYY TapTUNTETH TUEIIENYY ChI3BIKTYY TudPepeHInaIIbIK TeHIEeMENep YUYH
J1a >KaHbl SKEHU OeJTUIICHET.

benrucus QyHKUUSHBIH Y4YYHUYY TYYHAYCYHYH KOA(h(UIIMEHTH OH 3Mec
00aTOH0, 0.2. TOPTYHUY TAPTUITETH THUEIIENYY ChI3BIKTYY Oup Tektyy JATHbIH ap
KaHJlail HeNIYyK sMec ublrappuibiiibl AT Oonyn caHanOaraH ywyypja TOPTYHUY
TapTUIITETH ChI3BIKTYY Oup Tektyy BUJITHuH ubirapeiisiimrapbiibid ATCHIHBIH
KETHUILTYY apTTapsl Tadsuiat, Oyn Octporpaackuii-JInyBumn ¢popmynacsl MEHEH
pIpacTayrad. byl HaTeli>KaJlap HETU3MHEH CUCTEMAra CTaHIAPTTyy dMEC KEITUPYY
METOAYH, TEHIEMEJIEpAN KBaJApaTKa KOTOPYY METOIYH JKaHa YKapbIM-KapThUIAW
KECYY METOJYH OPKYHAOTYY apKbUIYy KETHUIIUIIIN.

Cucremara CTaHOApTTyy OMEC KEITHPYY METOAYH, TEHIEMEJEepan
KBaJpaTKa KOTOPYY METOIYH, >KapbIM-KApTbUIall KECYY METOAYH OPKYHIOTYY
MeHeH OemHun Taptuntern BUJITHunH ubirapbuibliiTapblHbiH AT SKeTHIITYY
mapTTapel OCNTUJICHTeH. AJIBIHTAH HaTblKajgap KUYMHE Ooll Mydecy Oap
OCIIMHYY TapTUNTETH TUEIIENYY ChI3BIKTYY TudPepeHInanIbIK TeHIEeMENep YUYH
J1a KaHbl SKEHU OCNTUIICHET.

[IpakTuKaJbIK MaaHUCU. Dyl HII TEOPUSUIBIK MYHO3r® 33 aHA aHbIH
HaTbli>Kanapbl JKapbIM OKTO »KOropky Ttaprunreru BU/ITHuH acummnrorasibik
TEOPUSACHIH/IA KOJIJIOHYIYIIY MYMKYH; 3C TyTyMy Oap y3ryJTYKCY3 ueiipeae 0oy
YKaTKaH alpbIM MPOLIECCTEPANH TYPYKTYYJYI'YH M3WIAO66, MUACAIBI, a3p0 KaHa
KOCMOCTYK JWHAMHKaJa; MAruCTpPAaHTTap jkKaHa IJOKTOPAHTTAp — MAaTEMaTUKTEP
YKaHAa MEXAHUKTEP YUYH aTalbIH KypCTap/bl UIITEN YbITYY/IA.

Juccepranmsiibl KOProoAao YbIrapbuIyy4y Heru3ru s;o000.0p:

Kerumryy maprtrapasl Ty3Yy:

— THeleNnyy cbi3bIkTyy Oup TekTyy AT u3mnaeHun katkaH KacHeTTepre 33
00J00TOH YBITAPBUIBIIIBI OOMYITy MYMKYH OOJTOH ydypjaa >KapbIM OKTO
YEKTYYJYK JKaHa DKMHYM KaHA YUYHUY TAPTUIITETH CHI3BIKTYY OUpP TEKTYY
BUJITaur OGapablk YbITapbUIBIIITAPBIHBIH apPTYMEHTUHUH YEKCU3 OCYIIY
MEHEH HOJIT'® YMTYIIYY;

— THEWENYY CBbI3BIKTYY OHp TEKTYY ’kaHa Oup TEKTYy SMeC TepTYHUY
taptunteru J[T >kapblM OKTO 4YEKTENOETreH YbIrapbUIBIIITApra 33 O0Iylry
MYMKYH ©Oo0nroH yuypna TtepTyHuy taptuntern BUTaHuH Oapapik
YBITapbUIBIIITAPBIHBIH KAPbIM OKTO YEKTEITCHIUTH;

— TOPTYHUYy kaHa  OemMH4YM  Taptunterd  Ccoi3blkTyy — BUJTHuH
YBITapbUIBIIITAPBIHBIH TYPYKTYYIYTY, arepue Oyn BU/Tuun
ko3 PULIMEHTTepU KaHa SAPOJIOPY KAPHIM OKTYH K33 OUp YEKUTTEPUHE
muddepenumanganbail  Kanblibl MYMKYH OOJITOH yd4ypAa, cucTeMmara
CTaHAApPTTYy dMEC MaajabiMaT METOAYHYH OMPUHYM BapUAHTBIH OPKYHAOTYY
MEHEH;



— THENIENYY ChI3BIKTYY OUp TEKTYY TepTyHuYy Taptunteru JTHbIH ap kaHman

HOJIIYK YEYMMH AaCHUMITOTAJBIK »aKTaH TYpPYKTyy O00JIOOTOH yuypna
CBI3BIKTYY oup TEKTYY TOPTYHUY TAPTUIITETH BUJITauH
YbIrapbUIBIIITAPBIHBIH ATHI KapbIM-KapThUIal KECYY METOAYH OPKYHIOTYY
MEHEH,;

oemmuun Taptuntery BUJITHuH upirapeuibimnTapblHbiH ATBICH, K33 OHp
TOPT >KapJaMdbl TIApaMETPAN KaHa OUP CAIMaKTHIK (PYHKITUSHBI KUPTU3YY
MEHEH CHCTeEMara MaallbIMaTTapAblH CTaHJAPTTYy SMEC METOAVH,
TEHJAEMEIIEP/IN KBaJIpaTka KOeTepyy METOAYH, KapbIM-KApThbUIal KeECyy
METOJIYH OPKYHIAOTYY MEHEH.

N3neHyy4yHYH :Keke cajbIMbl. JlHCCEepTalMsIBIK MINTHH U3WIHA0O

MakcaTTapbl kaHa MuWiaerrepu unuMmui sxkerekun C. MckangapoB TapaObIHAH
KOouIrad. /luccepranysga aBTOpro TaaHIbIK MaTepraiap KaMTbUITaH.

JluccepTanMsiHbIH  KbIABIHTBHIKTAPBIH anpofdanusyioo. byn wumTuH

HaTBIﬁH(aJIapBI TOMOHKY HII-YapaJjapda 6aHHI[aJIFaH JKaHa TAJIKYYJIaHI'aH!:

Kazakcran PecnybnukaceiaeiH YU AceHBIH akagemuru K. A. KaceiMoBayH
80 KbUIABITBIHA apHalraH «MaTemMaTUKaHbIH KaHa WH(OPMATUKAHBIH
aKTyanayy npo0iemManapb» e)) apajibIK WINMHUN-TIPAKTUKAJIBIK
koH(pepenuusacel (AnMartbl 11, Anb-®apabu ateiHgarsl KasMVy, 2015-
XKBUTIBIH 2 1-23-n1exalbphi);

IT bepy0aes okyymnapel (K. banacarsin ateiHaarsl KYY, KP YUA MU, 1-
Mapt, 2018-xb10);

Upun oxymymtyy xaHa mnexparor, mnpodeccop Kpuomenn Jleonun
EBrenbeBrutH 100 XKbuiabITbIHA apHaNraH «TeOpHsUIbIK KaHAa KOJIIOHMO
MaT€MaTUKaHblH aKTyajayy MnpoOieManapbd» 311  apaiblK  HWIMMHMA-
npakTukaibik KoHpepenmusicel (bumkek mi., XK. banacarsin ateianarst KYY,
18-okTs16pb, 2019-xb11);

Juddepenumanapik  TEHASMEIEPANH  CalMaTThIK  TEOPHSCHl  OOIOHYA
CeMMHap/bIH ka3rbl ceMecTpu (MockBa 1., M. B. JIoMOHOCOB aTbhIH1arbl
MMY, 19-anpens, 2019-xb101);

KP YU A#uwH 35 xbinasireina apHairan «I11 bepy6aes okyymapbi» 311 apaibik
nnumuit koHpepenmusicel (bumkek mr., KP YUA MU, 24-maii, 2019-xb11);

b. H. Enbuun ateinaarst KPCYnyH «Koropky matematuka» kadeIpachbiHbIH
WIMMHUN ceMuHapbl (WIMMHHA keTekuucu — ¢.-m.u.K., JI. T'. JleneBkuna)
(Bumkek 1., KPCVY, 26-anpens, 2021-xbu1, 12-anpenb, 2023-Kb11);

ET®tun 6upunun nexansl, npodeccop B. A. KOpukoBayH snecune apHairan
«MnmuMaern >kaHa TEXHUKAAarbl HWHHOBAIMSUIap» O  apajiblKk  WJIMMUMA-
npakTukaiblk KoHpepeHuusacel (bumkek m., KPCY, 20-21-anpens, 2022-
JKbL);



— KP YUAHBIH MaTemMaThka UHCTUTYTYHYH WJIMMHA CEMUHApbIHIA (MIMMHMA
*)erekuncu — akaa. bopybaes A. A.) (bumkek m., KP YUA MU, 27-utonp,
2023-x.).

JucceprannsiHbIH KBIMBIHTBIKTAPbIHbIH O0acbuIMasapaa
YarbLUIABIPbUIBIIIBIHBIH TOJYKTYTY. JlUCcCcepTalMsaHbIH HETU3rd Ma3sMyHy [1, 3 -
10] makamanapaa >xana M. B. JlomoHocoB ateiHgarsl MMVYga OasHaaMaHbIH
aHHOTAIMACHIHIA JKapbisuianran [2]. buprenemken smrekrepae [2, 4-7, 9, 10]
MaceleNiepau KOy >KaHa >KbIMBIHTBIKTAPABl TAJIKYYJIOO0 WIMMHUNA JKETEKYUCU
C. Mckannmaposro, TeopeManapisl, HaTbI>Kanapasl a0 KaHa
WJUTIOCTPALIUSIIBIK MUCAIAAPIbl TY3YY aBTOPrO TaaHbIK.

JAuccepraunsiHbIH CTPYKTYPAChI KaHA KeJoeMYy. JluccepTanusiibik WU
KBICKApPTyyJapAblH >KaHa O€NTUIeeJepJyH TU3MErMHEH, KUpHUII Co31eH, 14
Oemymly  KamThiraH  TOPT  TJaBajaH,  KOPYTYHAYyJaH,  MPaKTHKAIbIK
CyHyHITamMajapJaH >kaHa 75 aTaibllITarbl KOJJOHYJATaH  OyJakTapJbIH
TU3MECHHEH, 98 6apak KOMIBIOTEPANK TEKCTTEH Typar.

ABTtopedepaTTa nuccepranusga KaObUT ajblHTAaH HOMEPJIOO® CHUCTEMACHI
KOJJIOHYJIAaT »aHa CakTalraH: ap Oup TIJaBaHbIH HMYMHIE KOLI Y3TYJITYKCY3
HOoMepiiee. Mucainbl, dopmyna (4.2) 4-rmaBaHblH SKUHYM dopmynacel, 3.5-
TeopeMma 3-TJIaBaHbIH OCHIMHYMA Teopemachl, 3.4-mucan 3-TJIaBaHbIH TOPTYHUY
MUCAJTBI.

JAUNCCEPTAIUSAHBIH HETU3T'U MASMYHY

«AJABUATTAPT'A CEPEIl» neren OupuHuuM Ti1aBaja mMa3MyHy OOroHUa
VIIyJd AUCCEPTALMSUIBIK WINTE YEUWJININ J>KaTKaH MaceJeepre KakblH OOJTOH
WIMMHUHN aaduarTapra Kbickaya ceper Oepuier.

«WBUIIO6HYH METOHOJIOTUACHI X)KAHA METOAAOPY» neren 2-
rJiaBaja M3WIIOOHYH OOBEKTUCH, MPEAMETH, MUJIJACTTEPU aHbIKTaidrad. byn
JIUCCEePTALMSUIBIK WINTHH MACEJICJIEPUH YbITApYYHYH K33 OHp METOAJI0pYHA
KbICKaya OasHaMa xacanjbpl. VM3uingeeHyH MeTOauKachl OasHAairaH, Oarikauda
aliTkaHaa, OW3 ajuJplra KOWIOH Macelelepau 4Yedyyre MYMKYHIYK Oepyydy
KOJIIOHYJIyydy J>KaHa OpPKYHIOTYJYY4Y KOHKPETTYY METOMJIOPAYH MaHbI3bI
KopcoTysireH. MuTerpanabik  0apabapChI3IbIK JKOHYHIA® 2 JieMMa; KOII
WHTErpalAapbl e3repTyysiep *kaHa xapbiM okto BUJIT TapaGpinan kapamyyudy,
WHTETPAIABIK MY4eJIopay OoIl My4desiop MEHEH OalaHBIIITHIPTaH ©3repTyYiep
JKOHYHIe JeMMaiiap OepuireH; omonoi e IlTonbn Gpopmaceimars! Jlonuranb
APEKECH KOHYHIO JieMMa kaHa JltocTepHuK-Co00IeBINH JIEMMAChI KEITHPUIITCH

3, 4-rmaBanapia aJbIHTaH aBTOPJAYH ©3 IKBIMBIHTHIKTAPBHIHBIH KbICKaua
Ma3MyHYHYH OasiHIaMacbhlHA OTOY.

byn nmuccepranusibik WINTE TOMOHKY Typaery Boinbreppa trOuHIern
CBI3BIKTYY UHTErpo-auddhepeHInanibIk TEHIeMENep Kapaar:

x(“)(t)+i ak(t)x(k)(t)+ij(t,r)x(k)(r)dr =f(), t>t, (2.1)



aran aitcak: skuHuM Tapruntern (N=2, m=1, f(t)=0); yuynuy taprunreru
(n=3,m=2, f(t)=0); reprynuy Taptunrern (n=4, m=3, f(t)=0 Tenmem
kana f(t)=0); Geuwmnun taprunrern (N=5, m=4), mega a (t), Q(t,7)
(k=0,,2,3,4), f(t) neren t>t,, t>r>t, OoaroHmo Y3ryaTykcy3 Oomym
cananar. Cez x® (ty) (k=01..,n-Ln=2345) ap xaumgaii OarITamKs
MaanbiMartapsl 6ap BUJATaua (2.1) x(t)eC"(J,R) (n=2,3,4,5) ueunmuepn

XKOHYH/e 0070T. Ap Oup MbIHIAl yeunM Oap >KaHa jKarajaH >Kairbl3.

4 OemymaeH Typran 3-rnaBa Bosbreppa THOMHIETM WHTETPaIbIK
Oy3yJyynapIblH KapblM OKTOTY 3KHHYM, YIYHUYY JKaHa TOPTYHUY TapTHUIITETH
tuemenyy JTHBIH YeYUMACPUHUH KYPYM-TYpyMyHa THUWUTH3rE€H TaacUPUH
U3UJI166re apHaJIraH.

3.1-06eayM16 SKUHYM TAPTUOTETU ChI3BIKTYY Oup TekTyy BUJITHBIH Gapabik
YeuuMIEpUHUH { — 00 GOJNTOHIOTY J KapbhiM HMHTEPBAJIBIHAATE YEKTEIYYIYKTYH
YKETUIITYY IIAPTTaphl )KaHa HOJITO YMTYJYy OCJITUIICHT €H:

X"(t) +a, ()X'(t) + a, ()X (t) + j[Q0 (t,O)X() + Q. )X(D)dr =0, t=t,  (3.1)

TUENIENYY ChI3bIKTYY Oup TekTyy AT Temenkyzaei 601ron yuaypua:
X"(t) +a (t)x'(t) +a,(t)x(t) =0, t>t, (3.10)
M3WIICHYYYY KacHeTKe 73 00JI00TOH ueunmMiepu 0oyiry MyMKYH, 0.a. Bonbteppa
TUOWHIETH UWHTETrpanAblk Oy3ynyynapabiH [ THeH deunmaepuHuH t— oo
OonTrOHAO0ry J KapbIM MHTEpBaJbIHIATBl YEKTENYYIYKKO KaHa HOJIre yMTylyyra
tTaacupuH u3minee (3.1 o).
byn GenyMayH Herusru XbulMbIHTBIKTapblH Oepenu. C. HckanmaapoBayky
(2008) cwiaxTyy oame BUATae (3.1) cramgaptryy O5Mec amMalIThIpyyHY

KYpryzeoys X'(t)+A°x(t) =W (t)y(t), (3.2) mpiHma A - K33 OWp KapaaMubl
napametp, 0 <W (t) - x93 Oup canmakteik ¢yakims, Y =Y(t) - xaHpl Oenrucus
¢yukumsa. Amga BUAT (3.1) x(t) yuyn ATnman sxama Y(t): yuyn Oupuxum
taptunreru BUJITaan skBUBaneHTTYy cucTteMara Kejer.

y'(t) + by (t) y(t) + by (t) x(t) +j[P(t,r)x(f) +K(t,7)y(r)]dr =0, txt,
memza byt =a,(t) - 22 +W QW) by(t)=]a(t) - Aa,M) +A* (W),

Pt,r)=(W() [ Q(t.0) - Q) ], Kt.))=(W() QtoW(7).

Huccepranmsina MbiHAah cucrema (3.3) MeHeH OenruiieHeT. AHJAH —apbl
C. UckannmapoBayn (2002) MoHorpadusicblHIareliaii ImapTrap >kaHa Oenruiiep

KAPTU3UITEH: K(t,r)=ZKi(t,r), (K); w(t) (i=1.n) - x93 6up kecyyuy

i=0

dynkumsap, R (t,7) = K (t,7) (w; (), (7) )_1 (i=1.n) nen OGenrmieiiGu3 xaHa
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(3.3) cucremacsina B. BosbTeppaHblH TEHAEMENEPUH ©3rOPTYY METOAY WIUTENHI
ypirat, C. HWckangapoayn (2003-k.) JOKTOpAYK  JUCCEpTaIUsICHIHBIH
aBTopedeparbiHan 1.4-nemmanbid (1.13) e3repTyycy KoOJIOHYyNAT, aHAaH KUHUH
nuccepranusHbiH 2.1-memMacel ke 0. A. Bemnun, 3. Ilaxeipopayn (1973-xk.)
UHTErpalbIK 0apaldapcChi3IbIK JKOHYHAO® 1-71emMMachl KOJJIOHYJAT, HaThlibkana
TOMOHKYJIOP JTaJTUIIJICHET:

3.1-TEOPEMA. 1) 41=0; 2) R(t,t)>0, R (t,r)>0, 6onco R'(t)>0,
R7(t)>0 QyHKIMATApHI 60I0T, anap R (t,t,) <R (DR (t,t,),
R-II

Iitr

(t,7) <RT(MR (t,7) (i =1..n). Anpa (3.3) cucTeMachIHBIH ap KaHAal 9YeUUMHU

YIYH (X(t), y(t)) TOMOHKYIol Oaa Oepyy aauieTTyy:

t

(XOY +222[(x(9))’ ds+(y(O)) +Zn:Ri L)Yt <eM®),  (3.5)

f

mbiHaa M, (t) = exp(j{

ty

+

Zn:[R'*(S) * Riﬂ(s)] + ‘al(s) +W'(s) (W (S))—l

i=1

+ay(®)|(W(S) "+ [(w (s))1‘Q0(s,r)‘+‘K0(S,r)ﬂdr}ds}

Mempan  teimkape;, 3) R (t,t) >0, v, (t)>0, vy (t)>0, q;(,c.)=0,
q;(t,.c.) =0, q;(t,c*)(v//j(t))_leLl(J,R+) @< j<n); 4) W'(t)e }(J,R), Mbiuma

1 1 F
qj(t,C*)E\/a(Rj(t,to)) 2(M,(t))2. Anpma Iy(s)ds =0(1) xama BUATHuH ap
t
kangait yeunmu (3.1) x(t) =0(1).
3.2-TEOPEMA. Meitnu 1) A#0 6oncyn; 2) 3.1-teopemanblH 2) mapThl
aTkapputat. Auga (3.3) cucTeMaHbIH (X(t),y(t)) ap kaHmad yeuumu yuyH (3.5)
JereH 0aa amwieTTyy, MbiHIa oH OemyryHne M, (t) byHKIusCHIHBIH OpayHIa

TOMOHKY TypaT
t

M, (t) Eexp[ j {i[Rf(s) +R7(s) |+ o,(3)] +|bo ()] + j [|P(S,r)|+|K0(S,r)|]dz'}d ]

"

Meinaan Teinkapei, 3) 3.1-teopemanbin 3) mapTel atkapeuiat, Mbiga d;(t,c.)

dynxmmsaceEma M, (t) opaysma t — oo (k=0,1) 6onronmo M, (t); 4) W (t) -0
t

Typar. AHJa Iy(s)dS:O(l) kaHa t—oo.0omronno BU/TuuH ap kanpmaii

f

YCUYHMH.

10



Oku teopemana TeH (3.5) Tuemenyy 06aamooloH TOMOHKyeW 0Oaa Tyypa

t

Gomot: R, (t,to)(jwj (M) y@mdn)? <cM, (1) @L< j<n; r=12), annan TeMeHKYI0H
t

001101

<& (R () 2 (M, () (36)

[v)y@mydn

bupunun typaery (3.6) unrerpanabik 6apadbapceizabikka C. MckanaapoBayH
(2002, 2017) TemeHKky JeMMachiH KoOImOHOOY3: Mmeian w(t)>0, w'(t)>0,

t
q(t,c)>0, q'(t,c)>0, 0<c=const, t>t,. Anna | j w(s)Z'(s)ds |< q(t,c) Gupumum
)

TYpPJOTY UHTErpaAblk 0apabapChI3AbIKTaH TOMOHKY/101 0aa ybIrar:

20| <|2)]+ (w (&))" a(ty,¢)+ [a'(s,c) (w(s)) " ds.

to

t
Hateribkanga (3.6)man jy(s)ds:O(l) anabei3. MyHyH Hermsunae A =0

ty
o6onronno (3.2) anMamThIpyycyHaH 3.1-TeOopeMaHBIH BIPACTOOCY KEJHWII YbITar.
AHnan apel 3.2-TeopeMaHbIH BIPACTOOCYH AQIUIAO6 Y4yH, 0.a., A #0 Oonronmao
(3.2) ammamrteipyycyHan X(t,) kaamaraH OamTankbel MaaHu Y4yH KommHux

(H.M.Martsees, 1967-x.) oenruiyy dbopmynaceiHa eTo0Y3:

t
x(t)=e* CO[x(t,) + I e* W (s)y(s)ds], skama GesyKTen MHTErpajaramia,
)

TOMOHKYTO 33 007100Y3:
X(t) =€ COx(t) + €W () [ y(r)d — [ [ AW (5) +W () ] ([ y(7)dm)dis}

AHnan apbl 3.2-TeopeMaHbIH IIAPTTApbIH 3CKE allyy MeHeH Oyn OapalapiapIkTa
t > oo OGonrongory uekke oTeOy3, MbiHAa IlTombi dopmaceiHgarer Jlomurans
apexkecuH KoiaaoHoOy3 (Jlammay 3., 1948; Hemumouu b. II., 1967). Anna
TOMOHKYHY aj1a0bI3: !I_[E x(t) =0.

Kenexkeii 3.1-MUCAJI kentupenu.

t _—t+r+25(t2+72)
X'(t) = 7(t+1) X (1) +12(t +1) 2x(t) + | ° (t+r+])
t+7+2

0
t >0 skunun Taptuntery BUJT yuyn 1 =0 xana A=1, W(t)=e™ Gonronmo 3.1,

[X(r) + X'(z')]dr =0,

3.2-TeopeManapabiH Oapabik maprrapsl atkapeuiat, Meiama t,=0, P(t,7)=0,

2 =t+r+1 *oey _ 1
=1 pO=e", RUD=r—rm RO=e2

R7(t)=0 xana
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omwonaykrad ymyia WMJTHuH ap kanpmaid yeuumu yuyH 3.1, 3.2-TeopemasiapablH
BIPACTOOJIOpY Tyypa 00s10T. bupok Diinepaun tuemenyy JATcel yayH:

X'(t) = 7(t+1) X' () +12(t +1)*x(t) =0, t>0
3.1, 3.2-teopeManapablH BIPACTOOJIOPY aapAblH ap KaHJald HeIIYK 3Mec
YeuMMIEpU YUYH aawiercus, Oy yuryn JITHBIH sKalllbl 4e4MMU MEHEH blpacTaliar:

X(t) =[ ¢, + (t+1)"c, |(t+1)* (c,, ¢, — Gom TypaxTyynap).

Omentun, 6m3 BU/Taun (3.1) xiraccein Tabyyra »KETHUINTHK, al yayH 3.1
MaceJe 4Yeuuer.

3.2-6esiyM TeMeHKyIel Typaery yuyHuy taptuntern BUJITHun Oapabik

YeuuMJIepUHUH t—>o00  OONrOHAOry HeJre yMTYJIYyyCyHYH JkaHa Jra
YEKTETYYIYKTYH KETUIITYY IIAPTTapbIH OCITUI06HYH 3.2-MacelleCUHE apHaJTaH:

x'"(t)+§2: ak(t)x(k)(t)+ij(t,r)x(k)(r)dr =0, txt, (3.11)

YUYHUYY TapTUITETH TUEUIENYY ChI3BIKTYY Oup Tektyy AT Temenkynmeit GoiroH

2
yaypaa X" (t) + Zak Ox @) =0, t>t, (3.110) W3HJIICHHIT JKaTKaH
k=0
KacueTTepre 33 00J100roH yeuumaep 00IyIy MYMKYH.
byn macenenu ueuyy yuyn BUATxaa (3.11) C. Uckangaposayky (2010-x.)
CBISIKTYY CTaHAAPTTYy Imec aJIMAIITHIPYYJIap KYPry3yJioT:
X(1) + X0 =W, O Y1), Y1) +LY0) =W,u(t), mbmra 4, 4 - Kk Gup
xapaamubl napametpiep, 0<W,(t), W,(t) - k33 Oup caiMakThik (QyHKIUsIIAP,
y(t), u(t) - xampr Genrucus Qyukwmsiap. Auga BUIAT (3.11) x(t), y(t) yuyn
oupurun Taptuntern 5k JTnan skama U(t) ydayH OupuHYM TapTuUOTErd OUp

BUJITnan skBuBaneHTTyy cucremara (3.14) kemer. Auman apsl 3.1-0esymuery
meroauka (3.14) cucremara 4YEeWHH WINTEIWN dbIraT, Oyn 3.2-MaceleHuH
YEUWJIMIINHE aJIbII KEJIET, WITIOCTPALUSIIBIK MUCAT KENTHUPUIIET.

3.3-0enmymae TemeHkyAed Typaery TteptyHuy Taptuntern BUJTubH
OapJIbIK YEUUMIACPUHUH J >KapbIM MUHTEPBAIBIHJATE YEKTEIYYJIYKTYH JKETUIITYY
IapTTApPbIH OEITUII06 MACENECH YeUUJIeT:

3 t
XD )+ > [a, )xM @)+ j Q(t,7)x¥(r)dr = (1), t>t, (3.23)
k=0 to

TOPTYHUY TAPTUNTETU TUELIENYY CbI3bIKTYY T TeMeHKynel 00IroH yuyp/a:
L(t,x) = x4 (t) + ag () X" (t) + a, (£)X"(t) + &, (1) X'(t) + 35 ()x(1) =0, t>ty, (3.230)
L(t,x)=f(t), t>t,, (3.231) J yeunmuepre yekcus OOIYITY MYMKYH.
busre 6enrunyy 0oaroH 1o, 6y Macesie Mypa U3WIJICHTeH dMeC.

3.3-macenenn yeuyy yuyH C. MHckanmapoBayky (2006-k.) CBISKTYY

CTaHZApTTYy sMec anMawrsipyy (3.24) xyprysymer: X'(t) + A2x(t) =W (t) y(t),
meiga O# A - k99 Oup kapmamubl mapamerp, A€R; O<W(t) - ko Oup
canMakThik Qyukius, Y(t)- sxauer 6enrucus ¢yukums. Byn X(t) yayn 6up ATaan
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xana Y(t) yuyn oup BUATnan typran teprynuy taprunteru BUATHbr (3.23)
AKBUBAJICHTTYY cucTtemara (3.25) anein kenet. Augan apsel (3.25) cucremara anrad
B.BosibsTeppaHbiH TeHIEMeNepan 63repTyy METOLY (X(t), y(t)) CUCTEMAaCHIHBIH ap

KaHJail dYedyy Y4YYH) KOJIJIOHYyJaT, aHblH OupuHum Ttexaemecu - JT X'(t)
ke0eitTyneT, skuHun TeHaeme - BUJT Y'(t)) xebeiryner, aHmaH COH KeCyydy
GyHKIMAIAp METOAY KOJJIOHYJAT, MbIHIAA TOMOHKYJIep Kupruswietr: 3.1-

n
oenymayun (K) mapter, (F) mapter: F(t) =ZFi t); w;(t)(i=1.n) - x> Oup
i=0
kecyydy Qymxmmsmap,  R;(t,7) = K;(t,7) (v (Ow (T))_la E®)=FR®O(w (t))_l'
(R):R;(t,ty) = A(t) + B;(t) (1=1..n), mapter C;(t) (i=1..n) - x5 6up PyHKIMATAD,
C. UckangapoBayH (2003-x.) TOKTOPIAYK IUCCEPTALUSACHIHBIH aBTOpedepaTbiHaH
1.4, 1.5-nemmanap xongonynat. 0. A. Bemmun, 3. Ilaxeipoayn (1973-x.)
JIICCEePTALUSICHIHBIH 2.1 -IeMMAaChIH K€ HHTETPaJIbIK OapadapchI3AbIK koHyH 1o 1-
JE€MMAaChIH KaHa 3.1-6enymuaery C. UckannapoBayH UHTETPAJIIBIK
OapabapchI3bIK KOHYHIO JIEMMAChlH KOJIOHTOHIOH KuiinH (3.25) crucTeMaHbIH
\y(t)\ yuayH Oaa OemrmimeHer. Anma (3.23) TepTyHUy TapTHUNTETH OCpHITCH

BUTuun X(t) ap xanmgaii yeunmuuuH udektenrenauru Komm (H. M. Marsees,

1967-)1() MaCCJICCHHUH MHTCTPAJIABIK YaI'bJIABIPBIIBIIIBIHAH KCJIUII YbIT'aT:
t

X(t) = X(ty) 08 At —t,) +%x’(to)sin At —ty) +% [[sin At =)W (s)y(s)ds
L)

W(t) e Ll(J,RJr \{0}) mapteiHbH HernsuHne X(t;), X'(ty) ap kanmail OamTamkel
MaaHujep YuyH (3.24) cranmapTTyy 3Mec aaMaluThIpyyJaH. 4 WILTIOCTPALUSIIBIK
MHCAJT KEATUPUIIET.

3.4-0emymae 3-TiaBajgarbl  M3WINOONOPAYH HATBIKAIapblHA — TalJI00
KYPTY3YIay.

4-rmaBa 5 Oenymay KaMTBIUT >KaHa >KapbIM OKTOrYy TOpPTYHUY >KaHa
OemHun TapTunterd cbi3bikTyy BUJTHUH uyeuuMaepuHUH TYpyKTYYJIyTYHYH
KETHUILTYY IMIApTTapblH TY3YYr® apHajiraH; CbI3BIKTYY OUp TEKTYYy TOpPTYHUY
taptuntern  BUJ[THur  dyeunmuaepuHuH  CHENMUUKAIBIK  ACUMIITOTANIBIK
TYPYKTYYJIYTY; >KapblM OKTOTY ChI3bIKTYy OemmHuu Taptunteru BUW/Taun
YEYUM/ICPUHHUH ACUMIITOTAJBIK TYPYKTYYIYTY.

4.1-6emyM TOMOHKY TYPAOTY TOPTYHUY TapTunterd Chi3bikTyy BUJTHUH
YEUMMACPUHUH TYpPYKTYYJyTyHYH JKETHUINTYY IIapTTapelH Ty3yYHYH 4.1
MaceJIECHH YeuyYT'® apHajraH:

t
x® (t) +ag(t)x"(t) +a, () x"(t) + a (1) x'(t) + ag (t)x(t) + “QO (t,7)x(7) +
t
+Q (t,7)X'(7) + Q, (t, 7)X"(7) + Qs(t, T)X"'(Z')]d’[ =f(t), txt,. (4.1)

byn OenyMayH HETHM3TH IKBIMBIHTBITBIH Oepenu. YIIyJd CBIAKTYY DJIIe,
Uckanmapos C. (2009-x.) 6otonua BUJ[Tna (4.1) ToMeHKYI0# CTaHIAPTTYy dMEC
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aJIMaIITBIPYyJIap KYPry3yJeT: X'(t) =W (t) y(t), y'(t) =W, (t)z(t),
Z'(t) =Ws(t)u(t), merrma 0<W, (t) (k =12, 3) - K23 OMp XKapaamubl CaIMaKTBIK
byukuusaap, Y(t), z(t),u(t) - xamer 6enrucus dyakmusiap. Aaga BUAT (4.1)
TOMOHKY/I01 SKBUBAIICHTTYY CUCTEMAra KeleT:

X(O) =W, Oy, y({)=Wo()z(t), z'(t) =W5(t)u(t),
u'(t) + by (t)u (t) + b, (1) z(t) + oy (1) y(t) + by (1) x(t) +

t
+I[Po(t,r)x(r) +PR(t,7)y() + Ry (t,7)2(7) + K(t, D)u(r) [dz = F(t), t=t,,
t

mbiHaa W (t) =W, (H)W, (1)Ws (1),

bs(t) = a5(t) + (W (t) )_1{[\/\/1' ()W, (t) + (Wi ()W, (t)),]Ws ) +W't)},

by (£) = (W (1)) (6O (£) + I (6O (1) + (Wy (W, ) T+

+ag ()W (W, (1) + (W ()W, (1)) T+ 2, (WL (W, (D)3,

by (t) =(W (t))_l{Wlm (t) +ag (DWW, (1) + a5 (DOW, (1) + & (W, (1)},

b (1) = (W (1)) 89 (1), Py(t,7) =(W (1) " Qo(t. 7).

Rt 7) = (W () {Qu(t. Wy(2) + Qy (L, 2IW, (2) + Qq(t, W (1)},

Py(t,7)=(W (t))_l{Qz (t, W (DWW, () + Qg (t, 7)WL ()W, (7) + (Wi ()W, (7)) T3
K(t,7)=(W(t)) " Qs(t,7)W (z), F(t)=(W ()™ f(t).

(4.9) cucremansl u3wigee YuyH B. BonbreppanbiH TeHAEMENEepaN 03ropTyyY
MeTOIyH opKyHzeTeOys, (X(t),y(t),z(t),u(t)) ap xammaii weunm yuyn (4.9)

(4.9)

cucremanbin Oupurun ITceein X(t) ra, skunum JTcen - Y(t) ra, yayauy ATceiH -
z(t) ra, roprynuy BUITcein - U(t) ra kebeiite0y3), anaan coH 3.1-6exymayH (K)
maptrapsl, 3.3-0enymayH (F) mapTsl aTkapbUIraHIbITBIH 00KOMOJIION, TOMOHKY
¢ynkmusmapaer - w;(t) (i=1.n) - k33 Omp  kecyydwy — QyHKOmsIap,
Ri(t,D) =K. 7)(wi Owi(2)) ", E®)=F®)(pi(t))" - Genrucun, Tomonky
dyukmmsmapasr - R):Ri(t,ty) = A(t) +B;(t) (i=1..n); ¢ (t)(@{=1.n)- k3 Owup
bynkuusuiapast kuprusun, C. UckangaposayH (2003-x.) auccepTauusiChIHbIH 2.2-
JEMMAacChIH € JOKTOPAYK AMCCEpTalMsICHIHBIH aBTopedeparbiHaarsl 1.4, 1.5-
nemmanapbid xaHa FO. A. Begnun, 3. [TaxeipoBayn (1973-x.) nuccepTainusiCbIHbIH

2.1-neMMachlH K€ MHTErpajiblk 0Oapaldapchi3bIK KOHYHIe l-leMMmachiH
KOJIIOHYII, TOMOHKYJIOp AAJIUIIJICHET:

4.1-TEOPEMA. 1) W, (t)>0 (k:1,2,3) ooacyn; (K), (F), (R) maprrapsl
arkapeuichie; 2) by(t)>0; 3) A()=0, B;(t)=0, Bi'(t)SO, R;T(t,T)ZO,
AB<ADAD, (E#k)(t))z <BMcM (M) (k=01), Ry (t.7)<ROR,(t7)
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(i =1..n; k= 0,1) CBISKTYY A*(t) e L}, R, ¢(), Ri*(t) e L}(J, R.,)

t t
Gynxumsiap 6ap;  4) W () +|b (O)] +|Fo ()] + j|Pk(t,r)|dr+ j|K0(t,r)|dre
ty ty

el (R0} (i=12k=012); 5) W;(t) (j=123), W/(t); W'(t);

(WL (E)W, (t))' dyHKOMsAIapel  J  JKapbIM  MHTEPBAIBIHIA YEKTENTeH. AHIA
BU/Tusix (4.1) ap kaugait veunmu X(t) BUIAT TypykTyy.

4.1-teopemanbid 1) - 4) maprraper X(t)=0(@Q), y({t)=0(@Q), z(t)=0()
kamchbi3 kbuiat. Wi (t) =O(1) mnarteiibkaceiana (4.2)men X'(t) =O(1) mu amadbi3.
W, (t) =0(1), W,(t)=0() nermsmmme (4.5) xartemueman X'(t)=O(1) meremmm

ana6bs.  W;(1)=0@)  (j=123), W '(t)=0@1), (W(tW,(t)) =0(Q)
oonronaykrad, (4.6) karpimeiHad X"(t) =O(1) kemun ueirat. (Memma X(t) —
BU/ITubia ap kanmaii yeunmu (4.1)). Hemek, TopryHuy taptunteru BUJTubia
(4.1) ap xaumail uweunmu yuyH X(t) Temenxymep ammrerryy: X (t)=O0(1)
(k =0,1, 2,3) , 0y X(t) BUATubH (4.1) TypyKTyyayryHa SKBHBAICHTTYY.

4.1 - MUCAJL
X (t) +[6+ eV Ix"(0) + [12+ 36V —e 2 ]x"(t) +[6 + 26" —e 2 1 &2 /(1 + )X (t) -

1
3t t -3t =3t
e *(sint)7 e e
————X(t) + ————————Xr-+2Q t,7)— + X'(7) +
¥+wﬁ+l() g{ (t+7+4) )+ 20 (07) (t+7+1)° U+2T+$4]()
1
-3t t2=3t (cin 2t \e -3t
e e" (sin3t)s e
+H304(t,7) — X"(7) +Qq(t, 2)X" () ¥ 7 = - . t>0,
[3Qs(t,7) O )2] (7) + Qs(t, 7)x"(7)} (Cre8 (tr2?
TOPTYHUY TapTUIITETU BUAT YYYH, MBbIHA
1
. t+7+6 1 2,2, 1 e(cost)s
tJ-Ee3”%{ + }é*f sin3tsin3z)s — ————— qyH
Qs(t.7) t+7+7 t—7+5 ( ) t2+7+1 b

W; (t)=e™ (j=12,3) 4.1-reopemanbiH GapAbIK LIAPTTAapbl aTKapbuIaT. MblHa

=0, b®=et, bM)=—et, BO)=1/E+D?, byt)=-Y(t*+t+1),

1

sint)7 - 2t
Po(t,r)z—('—)75, Rlt)=————, PRytr)=————, n=1,
ﬁ+r+4) @+2r+3) U+r+1)
2, 1 t+7+6 1 t+6
(t)=e' (sin3t)s, R,(t,7)= + , —,
WK) ( ) K ) t17+7 t_745 K) K) - 5

A ®)=Y(t+6)(t+7), R, (t)=0, El(t)=],/(t+8), c,(t) =1/(t+5),
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1
-3r Q
e >’ (cost)3
2( ) ’FO(t)E_ 2"
t°+7+1 (t+2)

yeuynM t € R, 6onronno typykryy.

Kot,7)=—

Hemex, BU/IT kentupren ap kangau

NnmrocTpauysuiblk MUcall KepceTyn Typranjai, (4.1) Typaery TepTyHUY
taptuniterdu  BUATHbeH kodpdunueHntrepn kaHa sSapojopy J  KapbIM
MHTEPBAJIBIHBIH K33 Oup dekuTTepuniae AuddepenHnmanianOai Kaabllllbl MYMKYH
AKEHJAUTHH OCNITuIeH KeTeIH.

4.1-OCKEPTYY. 4.1-teopemanan Q,(t,7)=0 (k=0,1,2,3), f(t)=f,(t)
OONTOHJI0 TOPTYHUY TAPTUIITETH THEIIETYY CBI3BIKTYY Oup TekTyy 3mec JITHbIH
YEUUMJEPUHUH ACUMIITOTAJbIK TYPYKTYYJIYTYHYH JKETHUINTYY IMIAPTTaphbl KEJUII
ypIraT, Oyi >KbIUBIHTBIKTap yiryHaa AT yuyH sxansl 6onoT sxana JI. YesapuHuH
(1964-x.), N. T. Kurypaa3eHus, T. A. YaHTypusiHbIH (1990-x.)
MoOHoTpadusIapblHaH aJIbIHTaH KbIMBIHTHIKTApP/1a KAMTHIIIOAMT.

4.2-6enymie TOMOHKY TYpIOTy TOPTYHUY TAPTUIITETH CHI3BIKTYY OHp
TekTyY BU/ITHBIH 4eUyMMIEpUHUH aCUMITOTAIBIK TYPYKTYYJIYTYHYH >KETHUIITYY
mapTTapblH Oenruiee xkeHYHIe 4.2-Macelle YeUnJITeH:

X () — 8, (1) X" (1) + &, (1) X" (1) + a, () X'(t) + & () X(t) + j[Qo (t,7)x(z) +

+Q, (1, 7)X(7) + Q, (1, 2)X"(r) + Qs (t, 7)X" () [dz =0, t>t,, (4.11)
ToMOHKynei maptra (as): a,(t)>0, 6. a., TePTYHUy TAPTUNTETH THUEIIEITYY

CBI3BIKTYY Oup TekTYY AuddepeHImaiabik TeHIEeMEHUH HOJIJIoH Oalika ap KaHjal
yeyuMu OOJITOH yuypia

X (1) —a, ()X (t) +a,()x"(t) +a, ()X (t) +a,(t)x(t) =0, t>t, (4.11p)
ACUMIITOTAJIBIK TYPYKTYYJIyK O0ayn caHanoat, 6yn Octporpaackuid-JInyBruiuianH
dbopmyrnacel MeHeH blpacTtanar. byn macenenu yeuyy yuyH C. HMcanpmapoBayky
(2007-x.) ceisixtyy 2me BUATna cranaapTTyy aMec aliMaliTeIpyy )Kypry3yJieT:

X"(t) + px'(t) + gx(t) =W (t) y(t), (4.12)
MBIHIA P, - K93 Oup Kapaamubl mapametpiep, anga P>0, q>0; 0<W (t) - ka»
oup camMakTeik GyHkiws; Y(t) - sxaHel Oenrwcu3 (YHKIMS jKaHA TOPTYHUY
taptunrerd BUAT (4.11) X(t) yuyn sxunun taptunrtera ITaan sxana Y(t) yuyn

skuHuM Taprunreru BU/[Tnan typraH sKBHBaJEHTTYYy CUCTEMara Tyypa KeJeT.
Anman apkel  e3repryynep C. HWcanmapoBayky (2012-%.) CBIAKTYY 2Ji€
cucteMaHbIH (4.13) ap Oup TeHIEeMecH YUYH ajirad ©3-03yHYe KacaiaT, aHJaH COH

aylap Komrysar. Atam aiTcak, (X(t), y(t)) 03 aJJIbiHYa OCITUJICHIeH YeYUM YUYH

oupuHun TexHaeme, 0. a. AT (4.12), cucremanap (4.13) xBaapaTtka KeTOpYJOT
(C. Uckanpapos, 1981-x.), t,naHre tdyeilMH MHTerpauusiaHaT, aHbIH WYHUHJE

0emyk-06eyry MEHEH jkaHa TeHIEMTHK (4.14) ke ubiraT; SKUHYY TEHAEME, 0. a.
y(t) yuya BUIT sxapeiM-kapTeutaii kecyy meromy menen (C. Vckanmapos,

. H. Ila6nanoB, 2004-x.) B. BonbreppanbiH TeHIEeMeENEepAN ©3ropTyy METOAYH
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OHYKTYPYY apKbUTyy H3WIIEHET, Oyn TeHaemTukke (4.16) ampm kenet; (as)
mapTeiHbH kaHa W'(t) <0 mapTeiHblH apkackiHaH (4.16) TEHACHITUKTE OH 3MeC

t
UHTETpaIbIK My4de Oosot (4.17): 1(t)=-2 I b3(s)(y’(s))2 ds ax 1O. A. Bequn, 3.
)
[TaxbipoBayH (1973-x.) auccepTalMsAChIHBIH 2.1-TeMMAachIH K€ MaKajaChIHarbl
WHTETPAIABIK 0apabapChi3AbIK XKOHYHIO 1-JIeMMachlH KOJIOHYyra MYMKYHIYK
Oep6eiit. By uaterpan w(t) ko3 6up Kecyyuy QyHKIHsIApA6l KAPIU3TeHIE jKaHa
esreptyyiepre (C. Uckanmapos, 2002-x.) ke e3repryynepre (M. U. mananues,
C. Uckanmapos, 2009-x.) okmom Oeiyk-O0eiaykTep OOHOHYA HHTETPAIUsIo0
MEHEH e3repTyJeT , MbiHaa W () GYHKIUSACH TOMOHKYAOH TYp/e Ka3bliar:

1(t) =—2[by(s)(w(5)) " Y () (5)Y'(s)ds =—2[ a(s)y'(S)d.Y (s.t,) =

=—a(t)y'(t)Y (t,t,) + 2“0{'(8) y'(s) +a(s)y"(s)]Y (s.t,)ds, (4.18)

meiaaa o(t) = b3(t)(l//(t))_1, oy (3.108) e3repryycynyH (C. Mckannapos, 2002-k.)

xe (9) esrepryycynyn (M. U. Mmananuer, C. Uckanmapos, 2009-x.) aHanory
Oonyn canaiar jkaHa Oym Yy'(S) esrepryycyuze (4.13) cHMCTeMaCBIHBIH SKHHYH

TEHJEMECHHEH aHBIH TYIOHTMACblHA aJIMAIITHIpbUIAT, MbIHAaH kuituH (3.109)-
(3.113) e3repryynepynyH (C. HUckanmapos, 2002-x.) ananormopy ke (10)-(12)
e3repTyysiepynyH (M. WM. Nmananue, C. HckanmapoB, 2009-x.) aHanormopy
»acanat kaHa (4.23) TeHnemTuk anbiHart. (4.14) xana (4.23) TeHACIITUKTEPUHUH
komrynymy (4.24) akbIpkbl TEHACIHITUKKE amibim kener, an HO. A. Bennun,
3. IaxsipoBayH (1973-k.) nuccepTanmsChIHBIH 2.1 -I€MMAaChIH K€ MaKaJlaChIHIarbl
UHTETpaNAbIK 0apadapchi3AblK KOHYHII® 1-JIeMMachlH KOJIIOHYyra MYMKYHIYK
oeper.

4.3-06e1yM TOMOHKY TYpAOTY OCIMHYM TapTUNTErH ChI3bIkTyy BU/ITHUH ap
KaHJall YEYMMUHUH TYPYKTYYJIYTYHYH JKETHIITYY MIAPTTApPbIH TY3YY >KOHYHIO
4.3-MacesieH! YeuyyTe apHajraH:

x®) () + i[ak Ox®(t) + ij t,7)x¥(r)dr] = f (1), t>t,. (4.27)

byn wmacenenn deuyy yuyH 4.1-macenenepay HU3WII6O METOIHMKACHI
epkyHaeTynert. (4.27) BUATna 4.1-6esyM ChISIKTYY 3ji€ TOMOHKYIOU CTaHIAPTTYY
3Mec aJaMaruThipyynap kyprysyiet: X'(t) =W (t)y,(t), (4.28); y,(t) =W, (t)y,(t),
(4.29); y,(t) =W, (t)y,(t), (4.30); y;(t)=W,(t)y,(t), (4.31), mpirma O<W,(t)
(k=12,3,4) - k33 Oup canmakteik ¢yukiwsap, Y, (t) (k=12,3,4) - xansl
oenrucu3 QyHkusuiap. Auma (4.27) Oemmnaun taptuntern BUAT (4.28)-(4.31)
topt JTnman xanma Y,(t) yuyn Oup BUJITnman typran (4.32) SKBUBAJICHTTYY
crcremMara Tyypa Keler.
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(4.32) cucremacbiHna B. BonbreppaHblH TeHAEMENEPAU ©3r6pTYY METOAY,
kecyyuy ¢yukiusiap metony(C. Mckanmapos, 2002-5x.) epKyHIOTYJIOT, MbIH/A
(4.32) cucremacebiH  (X(t), Y, (1), Y, (), Y,(t), y,(t)) @3 annmeiHua OenruneHreH
YeYMMHU YUYH aHbiH OupuHun Tengaemecu X(t)ra, skunuwmcu - Y, (t)ra, yayHaycy -
Y, (t) ra, Teprynuycy - Y,(t)ra, 6emmunun UAT - vy, (t) ra kebeiityner, annan coH
OyJ KaThIIITAp KOWIyNaT, {,1eH t,ra YeHUHKU YEKTe MUHTErPalusaIo0 Kypry3yJaer
xaHa 4.1-6exymneryzeii ane (K), (q) maprrapsl, v, (t) Kecyyuy QyHKOusiap,

R, (t,r), E, (t), C. (t) (i:1..n) bynknusaapel kupruswier, C. MckanmgapoBayH

I
(2003-x.) muccepTalUsAChIHBIH 2.2-TeMMAcChl K€ JOKTOPAYK JUCCEPTAIUSACHIHBIH
aBropedeparbinan 1.4, 1.5-nemmanap sxkana 1O. A. Bemaun, 3. IlaxeipoBayH
(1973-k.) auccepTansAChIHBIH 2.1-IeMMachl e HHTErPaIbIK OapabapChi3abIK
KOHYH[I® 1-71eMMachl KOJJOHYIAT.
4.4-6enyme TeMeHKyAell Typaery OemmHun Taptunteru BUJ/THbIH
yeunMmaepuHUH ATCBIHBIH JKETHINTYY MIAPTTapblH anyy eHyHme 4.4-macene

gegnner: X® (t) + i[ak t)x®(t) + ij t,7)x©(r)dz]= f (t), t>t,. (4.37)

byn macenenn ueuyy yuyH C. UckangapoB (2014-x.) TapaOblHaH UIITEIIUI
YbIKKAaH JKapblM OKTOTY TOPTYHYY TapTunreru cbi3bIkTyy BUW/ITHbIH
yeyuMJIepuHUH ATCBIH M3MI00 METOAY OpPKYHIOTYJIOT, aran aWTKaHAa, ajarad
TOMOHKY CTAHIAPTTYY 3MEC AIMAIITHIPYY )KYPIry3YJIorT:

XD () + pX"(1) + X" (1) + PX' () + PoX(t) =W (D) Y (1), (4.38)
MBIHIa P, - K33 Oup »xapmamuel mapamerpiep, amga P, >0 (k=0,1,23);
0<W(t) - ko9 Oup cammakTeik ¢GyHkius, Y(t) - sxaHpl Oenrvcu3 (QyHKIUS, al

(4.37) 6emmnun taptunteru B/ THer (4.38) TepryHuy Taptunrteru Oup dTnan
xkana Y(t) yuyn Owpunum Ttaptunreru Oup BUTman Ttypran (4.39)

HKBUBAJICHTTYY CHUCTemara aibin kenet. (4.39) cucreMachbiHbIH ap OMp TEHIEMECH
YUYH ©3YHU® ©3repTyyJiep KYpry3yJiet, 0. a. e3yHUe METOAI0p KOJAOHYJAT, ap
Oup TEeHIeMe YYYH O3repTYYJAepAYH IKBIMBIHTBIKTAPHl KOIIYJAT >KaHa
WHTETpaNABIK OapabapchI3IbIKKa OTYY JKYpry3ynayi, ara kapata HO. A. Bempnun,
3. IaxsipoBayH (1973-xk.) auccepTalUsChIHBIH 2.1-JIeMMachl XK€ WHTErPaJiJIbIK
OapabapchI3IbIK KOHYHAO l-lieMMachl KOJAOHYJAT, MbIHAA OMPUHYM TEHIEME -
(4.38) JITra rennemenepau kBajapaTka ketepyy meroay (C. Uckangapos,1981-x.),
an omu dkuHYK Tergeme - Y(t) yayn BUITra B. BansTeppanbin €3repTyy METOLY

*aHa kecyyuy ¢ynkuusuiap metony (C. Mckangapos, 1980-x.) opKYHIOTYIIOT.
4.5-6enymue 4-rnaBajarbl HM3WIAOOJOPIYH KBIMBIHTBIKTAPBIHA TaJI00
KYPry3YJieT.

3 xaHa 4-rnaBamapAblH OapAbIK TeopeManapblHa JKaHa K33 Oup
HaThI>KalapblHa aJIbIHTAH MIAPTTAP/AbIH TAOUTBIAIBITBIH KOPCOTKOH
WJUTIOCTPALMSIIBIK MUACATIAAP KEJITUPUIITEH.

3 kaHa 4-TnaBaJiapblH TeOpeMallapbl JKaHa HAThIKalIapbl K33 OUp
’KapJlaMubl MapaMeTpiiepd, CAIMaKThIK kKaHa Kecyydy QyHKUUsIIapAbl KaMTBIUT.
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Orepae amapAbl KOHKPETTYYy TYplAe TaHAal ajicak, aHJa Kapajbll >KaTKaH
TEeHJeMEJIepIMH YeUNMICpUHUH ACUMITOTAJIBIK KacUETTEepHU Y4YH
kodhumeHTTuk Oenrwiepan aixyyra 0osoT. Ty3yJdreH WUTIOCTPALUSIIBIK
Mucanaapjaa Oyn sKapJaMubl TapaMeTpiepau >kaHa QYHKUIUIApAbl TaHA00
KOPCOTYJITOH.

KOPYTYHAOY

Byn nucceprauusuibik viTe:

1. Tuemenyy chI3bIKTYy Oup TekTyy A Tnapnaa u3uigeHun xaTkaH KacueTTepre
73 00100r0OH Yeunmyep OOyly MYMKYH OOJITOH y4dypJa SKMHYM KaHa YUYHUY
TapTUIITETH CBhI3BIKTYYy Oup Tektyy BUIATHUH Oapaplk 4YeuynMJICpUHHUH
AprYMEHTHUHUH YEKCU3 OCYUIYH/O apblM OKTO YEKTEJITECHIUKTHUH »KaHAa HOJre
YMTYJYYHYH KETHIITYY MIApTTapbl OCITHUICHTEH.

2. Tuemenyy CbI3BIKTYYy OHp TEKTYY >KaHa OUp TEKTYy 3MEC TOpTYHUY
taptuntern JTnapna xapbIM OKTO 4YeKTelnOereH yeunmiaep OoJIylly MYMKYH
0onroH yuypna teptyHuy Taptunterd BU/THUH Oaplblk YeUnMIEpPUHUH KapbIM
OKTO YEKTEJT€HAUTMHUH KETUIITYY IIAPTTapbl OCITUICHTEH.

3. Cuctemara MaanpIMaTTapJblH CTaHAAPTTYy 5MEC METOAYHYH OHpUHYH
BapUaHTBhIH ©pKYHIeTYy MeHeH ymya BUJT xoadpdunmentrepu xaHa s1posiopy
XKapbIM OKTYH K33 Oup udekuTTepuHie aAuddepeHuuanzandamsl MyMKYH OOJITOH
ydypaa TepTYHUYy KaHa OemmHud TapTunteru  cbi3biktyy  BUJITHbIH
YEUUMJICPUHUH TYPYKTYYJIYyTYHYH KETUILITYY MIAPTTaphl OCITHIICHTEH.

4. benrucus (QYHKIUSHBIH YYYHYY TYYHAYCYHYH KOI(P(OUIIMEHTH OH 3MEC
O0onroH yuypna, 6. a. TOPTYHUY TapTUITETH THEIIENYY CBI3BIKTYY OUpP TEKTYY
JATHBIH ap KaHIal HOIJIYK SMEC YEYUMHU ACUMIITOTAIBIK TYPYKTYy 3Mec OOmyI
cCaHaJIraH ydypJa TOPTYHUY TAapTUIITETH ChI3BIKTYYy Oup Ttektyy BU/THbIH
YEUUMJECPUHUH  ACUMITOTAIBIK  TYPYKTYYJAYTYHYH JKETHINTYY  IIApTTapbl
TaObLIraH.

5. K93 Oup TepT xapaamubl mapaMeTpau KaHa OUp CaaMaKThIK (DYHKLMSHBI,
TEHJIEMENIEpIN KBaJpaTKa KOTOPYY METOAYH, >KapbIM-KapThbUIal KECYy METOAYH
KUPTrU3YY AapKbUIyy CHUCTEMara maajbIMaTTapAblH CTAHAAPTTYy 3MEC METOAYH
OpKYHAOTYY MeHeH OemuHuyu  Taptunteru BUWJITHeiH  deunmaepuHuH
ACUMITOTAJIBIK TYPYKTYYJIYTYHYH JKETHUILTYY IIAPTTapbl OCNTUIICHTEH.

benruneit  kercek, Ou3 caHam OTKOH  HATBIKajIap  CcUCTeMara
MaaJlbIMaTTapJblH  CTAHAAPTTYYy OMEC METOAYHYH TYPAYY BapUaHTTapbIH,
B. BonbTeppanslH TeHAEMENEpAN ©3TOPTYY METOAYH, TEHIEMEJEpAU KBaapaTKa
KOTOPYY METOAYH, Kecyydyy (yHKIUsiIap METOIYH, >XapbIM-KapThUlal Kecyy
METOAYH OpKYHAOTYY JKaHa KOJAOHYYy, OWpWUHYU TYPIOTY HHTETPAIIBIK
Oapabapce3nplk  keHyHIe JeMmMmanbl, IlTombn QopmaceiHmarer  Jlonuranb
spexecut, JlroctepHuk-CoOONEBIMH JIEeMMAachlH KOJIJOHYY MEHEH aJIbIH/IBL.
Mpeinpaii u3nnee meroaukackl Keipreiz PecryOiukachHbIH YIIYTTYK WIUMIED
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aKaJeMUsACHIHBIH ~ MaremaThka WHCTUTYTYHJA  MINTEIUIN  YBIKKAHBIH  Ja
Oenrnineinouns.
INPAKTHUKAJIBIK CYHYUHITAMAJIAP

JluccepTalMsUIBIK UII TEOPHSUIBIK MYHO3Te 33 jKaHa aHbIH HaThIHKalaphl
JKapbeIM OKTO >KOropky Taprunrepaern BUJITHBIH aCHMITOTAIBIK TEOPHSICHIH/IA
KaHa 3C TYTyMy Oap Y3TYJTYKCY3 4eipene O0ayydy K33 OUp MPOIECCTEPAHH
TYPYKTYYJIYT'YH H3WIIJIOO]16, MUCAJIbBI, a3p0 jkKaHa KOCMOJIMHAMHKAaa, OIIOHJION 3J1e
MarucTpaHTTap JKaHa JOKTOPAHTTAp - MaTEeMATHUKTEp >KaHa MEXaHWKTEp YUYH
aTallbIH KypCTapIbl TSI YBITYY/a KOJJAOHYIYITY MyMKYH.
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KomapuoBa Ejena AjsexceeBHanbiH 01.01.02 — nuddepeHuuajabik TeHIeMeep,
AUHAMHUKAJIBIK CHCTEMAJAP *KaHA ONTHMAJIBIK OalIKapyy aaucTUIH O0OOHYA
¢pu3nKa-MaTeMaTHKa WIHMMAEPHHUH KAHAUAATBI OKYMYIITYYJIYK JapaKacbIH
W3IeHuN aayy Y4yH <«Koropky tapTunTerd ChI3bIKTYy BojabTeppa THOMHAErH

HHTerpo-1udpepeHunanIbIk TeH/ieMeJIepAnH YbITAPbLIBIIITAPbIHBIH
TYPYMAYYJIYTYHYH KETHINTYY APTTAPbD) TeMachbIH/Aa JKa3bLITaH
AUCCePTANUSACHIHBIH

PE3IOMECH

YpyHTyy ce3nep: Bosbreppa THOMHAErHM HHTErpo-Au(epeHIualIblK TeHIEMe
(BTUAT), wuHTErpalfblk MYYeJOpAYH TaacHpH, UYEKTECITeHIUK, HOJIre YMTYIYY,
TYPYMAYYJIYK, aCUMITOTHKAIBIK TYPYMAYYIYK, ClIEHU(UKAIIBIK OEJIrH.

M3ungeenyn oobexkTHcu: Bonbreppa THOMHIErM SKMHYM, YYYHYY, TOPTYHUY
*aHa OemMHYM TapTUnTeru cei3blkTyy U] Taep.

N3unneenyn mpeameru: 2-, 3- xxana 4- taprunteru cbi3eikTyy BTUATnepann
Oap/bIK YbIrapbUIBIIITAPBIHBIH KAPhIM OKTO YEKTEITE€HIUIU jKaHa HejlIre ymTyiyycy; 4-
aHa 5- taprunteru cbi3blkTyy BTU/ITinepaus yplrappulblITapbIHBIH KapblM OKTOTY
TypymMayyiyry xana AT-ry.

M3ungeenyn  makcatrbl: 2-, 3- kaHa 4-  TapTUOTETH  CBHI3BIKTYY
muddepenmanapik TeHaemenepaut (JT) ubrappuibliiTapblHbIH a0aiblHa UHTETPAJIIbIK
MY4eJIopayH TaacupuH wu3uigee; 4- oxana  S-taprunteru  BTU/Tnepaun
YBIFAPbUIBIIITAPBIHBIH KApbIM OKTOTY TYpPYMAYYJIyryH >kaHa AT-ryHyH KeTHIUTYY
HIapTTapblH Tadyy.

Nsuniapeenyn Meropaaopy: TenmeMenepau cucremara CTaHAApTTBIK — 3MeC
KenTupyy wmeroany, B. BousbreppanHblH TeHIeMenepAau ©3repTyl Ty3yy METONY,
TEHJEMENIEepAN KBaJpaTKa KeTepyy MeTody, Kecyydy O(QYHKIMsIap METONy, XKeKede
KEeCYY METOJy, HMHTErpaljblk Oapabapchi3nbiktap Metony, llTomeir dopmacsiHgarst
Jlonurans spexecu xaHa JlrocrepHuk-CoO0IeBANH JIEMMACHI.

NmTuH WIMMHi KaHbUIBITBL: 2-, 3- TapTUNTETH ChI3BIKTYY Oup Tektyy (CBT)
BTU/Tnepaun GapIbIK YBITapbUIBIIITAPBIHBIH JKAPBIM OKTO YEKTEJTCHJAUTHHUH JKaHa
Holre  yMTynyycyHyH okaHa 4- Ttaprunteru CBT BTUAT-uun  Gapasix
YBITapBUIBIIITAPBIHBIH JKAPBIM OKTO UEKTEITeHAWTHHUH JKETUIITYY IIapTTapel, Oy
TeHaemernepre tuemenyy JdTaepauH dblrapbUIbIITaphl aTajraH KacueTTepre 33 0oa6oi
KaJIyyCy MYMKYH y4ypyH[a, ainblHbl. ChI3BIKTYY 4- kaHa 5- taprunteru BTU/Tnepaun
YBITapPBUIBIIITAPBIHBIH TYPYMAYYJIYTYHYH SKETHINTYY IIApTTapbl Oyl TeHAeMelepauH
K03 (ULIMEHTTEPH JKaHa SAPOIOPY K33 Oup yekutrepae auddepeHupaeHoenn MyMKyH
0onron yuypaa anslHibl. 4- taptunteru CbT BTU/ITHuH usirapsuibimrapeiabld AT-ry
oyn teanemere tuemenyy CbT JTuun AT smec yuypyHna taOsuiabl. Tenaemenepau
cHUCTEeMara CTaHJApPTTBIK dMEC KEITUPYY METOAYH OHYKTYPYY apKbUIyy S5- TapTUIITETH
ce3bIkTYy BTU/ITHHMH ublrapbuibiiuTapblHbIH AT-TYHYH KE€TUIITYY IIApTTaphl aJIbIH/bI.

AJIBIHTaH  KBIMBIHTBIKTAPABIH  TEOPHUSJIBIK  KaHAa  NPAKTHKAJIBIK
MAaaHWJIYYJayry. MIITuH KbIMBIHTBIKTApbI KOTOpKY Taptunteru BTUYnepaun xana
K33 Oup 3¢ TyrymMy Oap dYeipemery MpOLECCTePANH TYPYMAYYIyK TEOPHICHIHAA
KOJIJIOHYJTyIIly MYMKYH.
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PE3IOME
auccepranuu  Komapuosoii EJsenbl AJiekceeBHbI Ha TeMy «/locTtaTouHbie
YCJIOBUSL YCTOMYMBOCTH PeEUICHHWH JIMHEHHBbIX BOJBTEPPOBBIX HHTErPoO-
nuddepeHINAIBHBIX YPABHEHHMH BBICOKMX MOPSAAKOB», IMPEICTABJCHHON HA
COMCKAHME YYEHOH CTeNeHN KAHAWAATA (PU3HKO-MATEeMATHYECKHMX HAyK 110
cnenuanabuoctu 01.01.02 — nuddepeHnuaibHbie YpaBHEHUsI, TMHAMHYECKHE
CHCTEeMbI U ONITHMAJIbHOE YIIPpABJICHHE

KiroueBble ciaoBa:  uHTErpo-audPepeHIHaTbHbIE  ypaBHEHUS  THIIA
Bosereppa, BIHMsSHUE UHTErPAIBHBIX BO3MYIIECHUN, OTPAHUYEHHOCTh, CTPEMIIEHUE K
HYJII0, YCTOMYHUBOCTh, ACUMIITOTUYECKAsI YCTOUYMUBOCTD, CHENU(UYECKUN TPU3HAK.

OO0bekT uccaenoBanms: JInHeitHbie HHTErpo-au(dPepeHINATIbHBIE YPABHEHUS
trna BonsTeppa BTOPOro, TPETHETO, YETBEPTOT'O U MATOTO MOPSIAKOB.

IIpeamer wucciaenoBanusi: l3ydyeHue OIrpaHMYEHHOCTH HA  IIOJYOCH,
CTPEMJIEHUS K HYJIO BceX pemeHuil JTnHeHbsix BU/Y 2-ro, 3-Tr0 U 4-ro nopsiaKoB;
ycToitunBocTy U AY pemenunii inHeHbIX BUY 4-ro u 5-r0 nopsiAKOB Ha MOJTYOCH.

Hear padorpl. Pa3zBuTeM W NOpPUMEHEHHEM KayeCTBEHHBIX METOOB,
paspaboranubix B UM HAH KP, u3yunth BivsHHE UHTETPATbHBIX BO3MYIIICHUN Ha
MOBEJICHHE peleHnid auHerHbIX Y 2-ro, 3-r0 U 4-ro HOpsAIKOB Ha MOJIyOCH;
YCTAHOBHUTH JOCTATOUHBIE YCIOBUSA YCTOMUUBOCTU U AY pemenuit nuHeHsix BUY
4-ro 1 5-TO NOPSAJIKOB HA MOIYOCH.

Metoabl ucciaenoBanus. HectanmapTHbI METOJ CBEICHUSI K CUCTEME, METO/T
npeoOpa3zoBanus ypaBHeHuil B. BonbpTeppa, MeTon BO3BeIEHUS YpaBHEHHU B
KBaJpaT, METOJ CPe3bIBAIOIINX (YHKUUNA, METOJ YaCTUYHOTO CpE3bIBAHMS, METOJ]
MHTErpajibHbIX HepaBeHCTB, mnpaBwio Jlonutans B ¢dopme lronbuma u nemma
Jlroctepuuka - Cobosena.

Hayynass HoOBHM3HA pa0doThl: YCTaHOBJEHBI. JIOCTATOYHBIE  YCIIOBHS
OTPaHUYECHHOCTH Ha TMOJYOCH M CTpeMJIEHUs K HyJto Bcex perieHuit JIO (imHeiHoro
onnopoauoro) BUIY 2-ro, 3-Tro mopsiakoB U OrpaHMuE€HHOCTH Beex pemienuit BUJY
4-ro mopsiaka B ciydae, korga cootBerctBytoue JIO /1Y moryt uMerh perieHus, He
oOnagarone W3y4aeMbIMH CBOWCTBAMH. YCTaHOBJICHBI JIOCTATOYHBIC YCIOBUSA
ycToiuuBOCTH pemieHuid JuHeHsix BU/Y 4-ro u 5-ro mopsakoB B ciy4ae, Korja
koddurmenter u sapa stux BUJY wMoryr ObiTh HemudbdepeHmpyemMbiMu B
HEKOTOPBIX TOUYKax mnonyocu. HalngeHnel nocratounsle ycioBus AY pemenui JIO
BUJLY 4-ro nopska B ciyyae, Korjaa jit000e HEHYJIEBOE PEIIEHHE COOTBETCTBYIOLIETO
JIO Y 4-ro nopsiaka He sBisieTcsa AY. PazButuem HecTaHAApPTHOTO METO/a CBEICHUS
K CUCTEME YCTaHOBJICHBI J0cTaTouHble ycnoBus AY pemennit BUY 5-ro nopsiaka.

Teopernyeckasi 1 NPAKTHYECKAA 3HAYUMOCTD MOJYYCHHBIX Pe3yJbTAaTOB:
Pe3ynbTaThl MOTYT OBITH MCMOJIB30BaHbI B Teopuu ycrounBoctd BUJIY BbrIcOKHX
MOPSJIKOB U HEKOTOPBIX MPOLIECCOB, MPOUCXOIAIIMNX B CIUIOIIHBIX CPENAX C MAMSTHIO.
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SUMMARY
of the thesis of Elena Alekseevna Komartsova on *'Sufficient conditions for the

stability of linear Volterra integro-differential equations of high orders
solutions™, submitted for the degree of candidate of physical and mathematical
sciences in the specialty 01.01.02 - differential equations, dynamical systems
and optimal control

Keywords: integro-differential equations of Volterra type, influence of
integral perturbations, boundedness, tending to zero, stability, asymptotic stability,
specific attribute.

Object of investigation: Linear integro-differential equations of the Volterra
type of the second, third, fourth and fifth orders.

Subject of investigation: Study of boundedness on the semiaxis, tending to
zero of all solutions of linear VIDEs of the 2nd, 3rd and 4th orders; stability and AS
solutions of linear VIDEs of the 4th and 5th orders on the semiaxis.

Purpose of the work. To study the influence of integral perturbations on the
behavior of the 2nd, 3rd and 4th orders linear DE solutions on the semiaxis by
developing and applying qualitative methods developed at the Institute of
Mathematics of the National Academy of Sciences of the Kyrgyz Republic;
establish sufficient conditions for stability and AS of solutions of linear 4th and 5th
order VIDEs on the semiaxis.

Investigation methods. Non-standard method of reduction to a system, W.
Volterra's equation transformation method, equation squaring method, cutting
function method, partial cutting method, integral inequalities method, L'Hopital's
rule in the Stolz form and Lyusternik-Sobolev's lemma.

Scientific novelty of the work: Sufficient conditions for boundedness on the
semi-axis and tending to zero for all solutions of LH (linear homogeneous) VIDEs
of the 2nd, 3rd orders and boundedness of all solutions for the VIDEs of 4th order in
the case when the corresponding LH DE can have solutions, which do not have the
studied properties are established. Sufficient conditions for the stability of linear 4th
and 5th order VIDEs solutions are established in the case when the coefficients and
kernels of these VIDEs can be non-differentiable at some points of the semiaxis.
Sufficient conditions for the AS of 4th order LH VIDEs solutions are found in the
case when any nonzero solution of the corresponding LH DE of the 4th order is not
an AS. Sufficient conditions for the AS of 5th order VIDESs solutions are established
by developing a non-standard method of reduction to a system.

Theoretical and practical significance of the results obtained: The results
of the work can be used in the theory of stability of high-order VIDEs and some
processes occurring in continuums with memory.

24



bYJI MIITE KOJAOHYJII'AH HTAPTTYY BEJII'NJIOOJIOP " KAHA
TYIHYHYKTOP

benrunepnn kupruzenu: OapIbIK ©3repMesiep JXKaHa TypaKTyy UYOHIYKTap
aHBIK OOJTYIT CaHaJaT; «00» «+400%» JNEereHAN OWITUPET; « €» CUMBOIY «TAAHIBIK»
aerenan Ownaumper; R=(-o0,0) - can ory; R, =[0,0) - xapbiMm OK;
J :[to,oo),t0 €R - 4ekcu3 xapslM uHTepBay; t>t, xa3yycy telJ nerenmu
ouwnguper, C(J,R) - R Maanmnepune J skapbIM HHTEpPBAIIBIHIA aHBIKTAITAH jKaHa
y3rynrykeys GyHkmmsiapasin  Mmedkupaurd, 0.a. X(t) € C(J,R)  merem  X(t)
byuKuscH t € J 1a aHBIKTaIraH )KaHa y3ryJITYKCY3 *aHa R aeH MaaHuHH KaObLT
anmar geredau Ownguper; C"(J,R) - Rpuen Mmaanunepu MeHeH J KapbM
WHTEPBAJIbIH/A aHBIKTANTAH )aHa N KONy Y3TYITYKCy3 AuddepeHmanianyyqay
yskuusnapaen  meiikumaurn;  L'(J,R) - ] kapelM  MHTepBalbIHIa
UHTETpAlUSsIIaHyydy TECKepH 5dMec (PYHKUUAJIApAbIH MeWKUHAuru, 0.a.

x(t) e L'(J,R,) < x(t) >0, Ix(t) dt <oo; L*(J,R) - Rmaanunepunme J kapbiM
to

WHTEpBAJbIHIA  KBaJpaT  MEHEH  HWHTErpaldsiiaHyydyy  (QYHKIUSIAPAbIH

Melikuaaury, 6. a. x(t) € L(J,R) < J.X2 (t)dt <oo; BUAT — Bonbreppa unrerpo-
to
mubdepeHnuanapik  TeHaeme, 0.a.  Bombreppa  THOMHAETM ~— MHTETPO-
maddepennmanaeik  TeHneme; AT -  muddepeHnmanmblk TEHAEME; drepje
3 constM >0 neren |X(t)| <M 6omuco xana X(t)=0(1),t €J nerenau Gungupce,
X(t) byHKIMACH J YeKcH3 jKapbiM WHTEPBANIBIHIA YSKTEITCH JeM aifThiIatT; N -uu
TapTunteru CbI3bIKTYy BUJITHUH YeuyuMIEpMHHH TYpPYKTYYyJIyry €l AaHbIH
(n—1) TapTiOMH  KOIIO anraHgarsl OapAbIK YCUUMICPUHHH JKaHA aHBIH
TYYHIYJIapbIHBIH J apbIM HMHTEPBAJBIHAATBl YEKTYYIYTYy TYLIYHYJOT; N - 4H
TapTunteru coi3blkTyy BUJ/ITHUH yedyuMaepuHUH acUMIITOTAIBIK TYPYKTYYJIyTY
aem aubiH (N —1) TapTHOWH KOIIO anraHaarsl OapablK YeUMMIACPUHHH JKaHa aHBIH
TYYHIYJIapbIHBIH t —> 00 OOJATOHJOTY HOJIre YMTYIYyCy TYILIYHYJOT, HOJre
YMTYJ1yy Jiell t-—>oo OONTOHIO HeNre yMTYJIyy TYHIYHYJIOT; «CUCTeMara
CTaHAAPTTYY dMEC KENTHPYY METOAJOPY» eI «CHUcTemara >KOropKy TapTUIITETH
BU/ITHUH MaanpIMaTTapblHBIH CTAHIAPTTYYy SMEC METOANOpPY» TYLIyHYydeT; t,
(t,7) Gamranran 6apasik maiiga 60JroH QYHKIMSIAP Y3IYATYKCY3 OOMyI caHajaar

kaHa t >t, ,t>7 >t,.001ronn0 Karelmka 33 60JIO0T.
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