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Pabota BbImosiHEHA B J1a0OpaTOPUU TEOPUU HHTETrpo-aubdepeHInantbHbIX
ypaBHeHU MHCcTUTYTa MaTeMaTuku HanmonanbHOM akajgemMun Hayk KbeIprei3ckoit
PecnyOnukmu.

Hayunblii pykoBogutennb: WckanmapoB Camanpap, J0KTop  (PU3HKO-
MaTeMaTUYECKUX  HayK, Ipodeccop, 3aBeAyIOLIHil
naboparopueli  TEOPUM  HMHTETPO-AUPPEpEeHINATBHBIX
ypaBHeHuld HMHctutyra wmarematuku HanmonanbHOU
akagemun Hayk Koipreizckoit Pecryonuku.

O¢puumnanbubie onmoHeHThl: /[laybli0aes Myparxan Kypaiibeprenosuy,

JIOKTOp (U3MKO-MaTeMaTHUECKUX Hayk, mpodeccop,
npodeccop kadenpsl audpdepeHInanbHbIX YpaBHEHUN U
TEeOpUu yIpaBJICHUS MEXaHUKO-MaTeMaTHYECKOTO
dakynpTeTa Kazaxckoro HalMOHaJIbHOTO YHHUBEPCHUTETA
uMeHu anb-Dapadu.

BbaparaauneB Kepum baparanueBuu, nokrtop Qusuko-
MaTeMaTUYeCKNX HayK, JOLEHT, mnpodeccop Kadeapbl
MaTeMaTU4YeCcKOro aHaiau3a (paKyJabTeTa MaTeMaTUKU U
nH()OpMaATUKH KpIpreizckoro HAIlMOHAJIBHOTO
yHuBepcurera uMeHu JK. banacarsina.

Benymas OpPraHM3aIus: kKageapa  WHOOPMAIMOHHBIX  CHUCTEM W
nporpaMMupoBanus  ¢akyiabTeTa  MaTEeMaTUKH |
UH(OPMAITMOHHBIX TEXHOJIOT U Omnickoro
rocyJapCTBEHHOr0 YHHUBepcuteTa, KbuIprei3cTaH, ropon
Omw, ynuua Jlenuna, 331.

3ammra coctoutcs 10 smBaps 2024 roma B 14:00 mHa 3acemaHum
nuccepraunoHHoro cosera J[ 01.22.647 mo 3ammure AuccepTalui Ha COMCKaHHUE
YYCHOW CTemeHu JoKTopa (KaHmumata) (QU3NKO-MAaTEeMaTHYECKUX HAyK TpU
Nuctutyre Marematuku HanumonaneHonm — akanemuum  Hayk — KbIpreI3ckon
Pecny6iuku u KbIpre13zckoM HarimoHansHOM yHUBEpcuTeTe nMeHu JK. banmacarsina
no anpecy: Keipreizckas Pecriyonuka, 720071, r. bumkek, npocnekt Yyit 265-a,
kabunet 374.

Unentudukatop 3ammthl — https://vel.vak.kg/b/012-1tf-b7j-Igy.

C nuccepranueii MOXXHO O3HAaKOMHUThCS B OubamoTekax HamuoHanbHOM

akamemun Hayk Ksipreickoit PecryOmuku (720071, r. bumkek, mpocmekt UYyid,

265a), u KbIprel3ckoM HalMOHAJIbHOM YyHUBepcutere uMeHu JK. bamacarbina,

(720033, r. bumikek, yi. ®pynse, 547) u Ha caiite Www.math.kg; www.vak.kg.
ABtopedepat pazocnan 9 nexadbps 2023 r.

VYueHblll cekpeTapb TUCCEPTAIIMOHHOTO COBETA
KaHAuAaT GU3UKO-MaTeMaTHYECKUX HAYK, IOIEHT [HTapmembuera @. K.
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OBIIAA XAPAKTEPUCTUKA UCCIIEJOBAHUA

AKTYyaJIbHOCTh TeMbl auccepraumu. Kak ormedeno B monorpaduu C.
Hckannaposa [4, c. 5], B xonmne XIX - Hawame XX Beka BO MHOTOM OJiarojaps
BEIIUKOMY WTAJIBSIHCKOMY MateMmaTtuky B. Bombreppa mosBmwimch paboOTh, B
KOTOPBIX W3Yy4eHBbI OONME ¥ KAYCeCTBCHHBIC CBOMCTBA pENICHUH WMHTETPO-
mudpepeHInanbHbIX  YPAaBHCHHM, COJEp)KAINe WHTETPAIBl C TEPEMECHHBIMU
BEPXHMMHU TIpeleJlaMi HMHTETPUPOBAaHUA. B TMOCIENCTBUU Takue ypaBHEHUS
nonyunnn  Ha3BaHus:  «MHTerpo-muddepeHaNbHbBIe YpaBHEHHS — THIIA
Bonbreppa» B 3Hak mpusHaHus 3acayr B. Bompreppa. OTMETHM, YTO MHOTHE
uccienoBanusi B. BoabTeppa mpoBeneHHI B CBSI3U C U3YyYCHUEM OMOJIOTHYCCKUX U
MEXaHUYECKUX MPOIECCOB C YYETOM UX MPEIBICTOPUU (SIBJICHUS MOCIEACHCTBUA).
Onu oTpakeHbl B ero MoHorpadusx [5, 60] u okazanu 0JaroTBOpHOE BIHMSHUEC Ha
dbopMUpOBaHHE COBpEMEHHOM o0Omel u kadecTBeHHOW Teopuun BUIY
(BOJIBTEPPOBBIX UHTETPO-IU(DPEepEeHIINATIBHBIX YPABHEHUN ).

B cBs3M ¢ PaKTHYECKUMU W TECOPETUICCKUMH MOTPEOHOCTSIMHU YCHIUSIMH
OTCUECTBEHHBIX M 3apyOC)KHBIX YYCHBIX CO3/IlaHa COBPEMCHHAs oO0Immas u
kauecTtBeHHas Teopust BUJ[Y. B cTaHOBIIeHUM 3TON TEOpUY 3HAYMTEIBbHBIN BKIIA]
BHEC/IM Takue ydeHble, kak: B. Bombreppa (1881-1940 rr.), . B. brikoB (1951-
1957 rr.), M. U. NUmanamuer (1956-2015 rr.), FO. A. Bear (1960-2006 rr.),
A. W. boramep (1962-1998 rr.), JI. E. KpuBomeun (1962 r.), E. A. Bap6amun
(1957-1967 rr.), H. B. As6enes (1979-2001 rr.), A. 1. Msikuc (1949-1977, 2003
rr.), H. H. Kpacosckuii (1956-1959 rr.), A.M. Camoitnenko (1973-1976 rr.),
B. P. Bunokypos (1967 r.), P. beruiman (1967 t.), K. P. Kyk (1967 r.), J. J. Levin
(1963-1968 rr.), J. A. Nohel (1964-1971 rr.), C. Corduneanu (1963-1973 rr.),
K. A. KaceimoB (1968-2004 rr.), K. Ansimkyios (1972-1992), K. Kakumios (1973-
1991 rr.), A. Caanabaer (1982-2009 rr.), M. K. Jlaysuibaes (1979-2023 rr.),
I1. C. IMTankoB (1971-1992 rr.), I'. Paxamnos (1965-1973 rr.), 3. [laxeipoB (1971-
2017 rr.), C. UckanmapoB (1978-2023 rr.), A. AcanoB (1977-2023 rr.), A.
baiizakor (2003-2023 rr.), A. T. Xamunos (1994-2023 rr.), 3. A. XKanaposa (2009-
2014, 2022 rr.), B. Jlakmmukantam u C. JIuna (1969-2007 rr.), A. A. MapThIHIOK
(1985-1991 rr.), B. I1. MakcumoB (1982-1991 rr.), JI. ®@. Paxmarysmna (1978-
1991 rr.), M. E. Jlpaxnun (1986 1.), JI. M. bepesanckuii (1982-2012 rr.), A. .
Jomormanukwuii (2012 r.), I1. M. Cumonos (1991-2001 rr.), B. C. Ceprees (1986-
2000 rr.), T. A. Burton (1978-2005 rr.), R. P. Agarwal (1982-2012 rr), G.
Gripenberg, S.-O. Londen u O. Staffans (1979-1990 rr.), C. Tun¢ (2016-2022 rr.),
F. Alahmadi (2018 r.) u ap. Bo MHOrHX ux pabortax pa3paboTaHbl HOBbIE METO/IbI
Y CO3JIaHbl HOBBIC HAIIPABJICHUS HAYYHBIX UCCIICIOBAHU.

Kak w3BecTHO, wu3y4yeHHE YCTOMYMBOCTUM HEKOTOPBIX IIPOLIECCOB C
MPEABICTOPUEH TMPUBOAUT K HEOOXOAMMOCTH Pa3BUTHS TEOPUU YCTOWYUBOCTH
pemennit BUJLY. s pa3BuTHst Takoil TEOpUU pa3padOTaHbl MOIIIHBIE METOIbI



VCCIICOBAHUM PA3JIUYHBIX AaBTOPOB, KOTOpPHIE OTPaXEHbl BO BBEJACHUU WU B
conepxanun MoHorpadpuu C. Uckangaposa [C. Mckanmapos, 2002]. B nocnennee
BpeMs B pabortax C. MckaHmapoBa M €ro y4Y€HHUKOB MOSBUIUCH €IIE JPYrue
METO/Ibl, TAKHE KaK: METO/ MOTYYEHUs CIEIU(PUIECKUX TPU3HAKOB YCTOUUYUBOCTH
u AY (acCHMOTOTHYCCKOM YCTOWYHMBOCTH) PEIICHUN JIMHEHHBIX OJHOPOIHBIX
BU/IY mnepBoro, BTOPOro M OO0 IIECTOrO MOPSAKOB BKIKOYUTEIBHO; METO]
WCCIICOBAHUS BIIMSIHUS HMHTETPAJIBHBIX BO3MylLIEeHUWK THna BonbTeppa Ha
IIOBEJICHUE PELICHNN JTUHENUHBIX [[Y BTOPOro, TPEThEro M YETBEPTOIO MOPSAKOB C
NPUMEHEHUEM JIEMMBl 00 HWHTErpajJbHOM HEPABEHCTBE IEPBOrO  POAa;
HECTAHJAPTHBIE  METOAbl  CBEICHHS K  CHCTEME Ul MCCIENOBaHUsA
ACUMIITOTHUYECKUX CBOWCTB pemeHnit BU/[Y BBICOKMX NOPSAKOB C IOMOIIBIO
HECTAHJAPTHBIX 3aMEH, COAEPKAIINE HEKOTOPHIE BCIIOMOTaTEIbHbBIE TapaMeTPhl U
BECOBbIE (DYHKUMU; IPUMEHeHnE JeMMbl JItocrepHuka-Cobosesa.

AHaln3 pe3ysbTaToB, MOJTYYEHHBIX 3TUMH METOJAMHU, TTOKA3bIBAET, YTO MX
JaJbHEHIlee pa3BUTUE W NPUMEHEHHE B COYETAHUU C JAPYTMMH XOpOILIO
U3BECTHBIMA METOAAMH, JaeT BO3MOXXHOCTb HCCIIEN0BATh ACUMITOTHYECKUE
CBOMCTBA pelIeHu HOBbIX kiaccoB BUJIY BrToporo, tperpero, 4erBeproro u
IIATOrO MOPAJKOB HA IOJYOCH, YTO ITOATBEPKAACT aKTYaJIbHOCTh TEMbI HACTOSIIEH
JUCCEPTALMOHHOM pabOTHI.

CBs3b TeMbl JUCCEPTALMM C KPYNHBIMH HAaYYHbIMH IPOEKTAMH H
OCHOBHBIMHM HAY4YHO-HCCJIeJ0BaTeJbCKUMU padoramu. PaGora BbINONHEHA B
pamkax mpoekroB HHWNP MHucruryra maremarukn HAH KP: «PasButne n
MIPUIIOKEHUS KOMITBIOTEPHOTO MOJENUPOBAHUS, ACHMITOTHYECKUX,
TOIOJIOTUYECKUX M  AHAIWTHYECKUX METOJOB B TEOPUUM  YCTOMYHMBOCTH
JTUHAMUYECKUX CHUCTEM, pPa3peliMMOCTH OOpaTHBIX 337ad, SKOHOMUYECKHUX U
reousnyeckux npoueccoB» (2015-2017), nomep roc. peructparuu 0007125;
«Pa3BuTHE aCUMNOTOTUYECKUX, TOIOJOTMYECKUX W AHAJUTHUYECKUX METOJIOB B
TEOPUH PABHOMEPHBIX TOIOJOIMYECKUX H KUHEMATUYECKUX MPOCTPAHCTB,
DBOJIOLIMOHHBIX ~ CHUCTEM,  ONTUMHU3ALMOHHBIX  DKOHOMMYECKHX  3aj1ad,
MaTeMaTu4deckoM MoaeaupoBanunm» (2018-2019), HOmMep TOC. perucTparyu
0007664, u BkIIt0OUEHa B COOTBETCTBYIOLINE OTUYETHI 10 ITUM MTPOEKTAM.

eau u 3axa4u ucciaeaoBanus. Pa3zButrem U MpUMEHEHUEM KauyE€CTBEHHBIX
MeTonoB, paspaboranueix B UM HAH KP, u3yunTh BiausiHHE WHTErpagbHBIX
BO3MYILLIECHUN TUIla BonpTeppa Ha MOBEACHHUE PEIICHUNW COOTBETCTBYHOIUX [[Y
BTOPOTO, TPETHETO U YETBEPTOTO MOPSAAKOB HA MOJIYOCH; YCTAHOBUTH JOCTATOYHBIE
YCIIOBUSA YCTOMUYMBOCTH pelieHui JuHenuHblx BUJLY dyerBeproro u mnsAToro
IIOPSAKOB Ha IIOJYyOCH; ACUMIITOTUYECKOW YCTOMYMBOCTH PELICHUN JMHEUHOIO
ogHopomHoro BHUJY  uyerBeproro mopsaka IPA  HEHOJIOXKUTEIBHOCTH
kod(pdunreHTa TpeThel MPOU3BOIHON HEU3BECTHOW (DYHKIIMHU; aCUMITOTHYECKON
YCTOMYHUBOCTH perieHui auHeHbix BIUJ1Y naroro nmopsiaka Ha moyocu.



Hayuynass HoBu3Ha pa0orbl. B rnaBe 3 yCTaHOBIJIEHBI J1OCTAaTOYHBIE
YCIOBUSL OTPAHUYEHHOCTHM Ha TIIOJYOCM U CTPEMIIEHUS K HYJIO [pU
HEOTPAaHUYEHHOM pPOCTE apryMeHTa BCEX PELICHUW JIMHEMHOIO0 OJHOPOIHOIO
BU/IY BTOpOro M TpeThEro MOPSAKOB, B Ciydae, KOrJa COOTBETCTBYIOLIUE
JHENHbIe oHOpoAHbIEe 1Y MOTyT UMETh pelieHus1, He 00J1a1aroNre H3y4aeMbIMU
CBOVWCTBAMU. Y CTAaHOBJIEHBl TAKXKE JIOCTATOYHBIE YCJIOBHS OIrPAaHMYEHHOCTH HA
noinyocu Bceex pewmenud BUJLY dyerBeproro mnopsaka B - ciydae, Korza
COOTBETCTBYIOIIME JIMHEHHBIE OJHOPOAHBIE W HEOAHOPOAHBIE Y wyerBepTOro
MopsiIKa MOTYT UMETh HEOTPAaHUUYECHHBIC HA TMOJYOCH pelleHus. Takum oOpaszom,
M3yYECHO BJIMSHUE WHTETPAIBbHBIX BO3MYIICHUM TUIAa BonpTeppa Ha mnoBeacHUe
peneHnid TuHENHbIX J[Y BTOpPOTO, TPETHErO U YETBEPTOTO MOPSIAKOB HA ITOIYOCH.
OTMeTHM, YTO MPUMEHEHUE JIEMMbI 00 UHTETPaJIbHOM HEPaBEHCTBE MEPBOTO poja
MOKAa3aJI0, YTO HEKOTOpbIE cpe3blBatonIe (YHKLIHMH UIPAIOT TJIABHYIO pOJib IS
pelIeHUs MIOCTABJIEHHBIX HAMH 3a1a4, T. €. OHU [IOMOTal0T UCCIIEI0BATh BIIUSHUE
MHTETPAIBHBIX BO3MYLICHUM TUIla BoJsbTeppa Ha IOBEAEHUME PELICHUM HOBBIX
xiaccos BUJIY na nomyocu. Takxke OTMETMM, YTO IIPUMEHEHHME IPaBHIIA
Jlonutana B ¢opme IlTonblla MOMOINIO YCTAHOBUTH CTPEMJICHHE K HYJIO TpHU
HEOTPAaHUUYEHHOM POCTE apryMeHTa BCEX PELICHUM PACCMAaTPUBAEMBIX JIMHEHHBIX
BU/IY BTOpOro u TpeThero NopsiAKOB Ha MTOIYOCH.

B rnaBe 4 pazBuTueM nepBOro BapuaHTa METOAA HECTAHAAPTHOTO CBEACHUS
K CHUCTEME YCTAaHOBJICHbl JOCTAaTOYHBIE YCJIOBUS YCTOMYMBOCTH PEIICHUMN
nuHeHelx  BUJIY dyerBepTroro ®W mATOrO MOPSAKOB B cloydae, Korjaa
koahdumentsl U gnpa 3tux BUIAY Moryr ObiTh HemuddepeHIUupyeMbIMU B
HEKOTOPBIX TOYKAX MOJIYOCH.

Otmeuaercsi, 4YTO TMOJYYEHHBIC pE3yJbTaThl SBIAIOTCS HOBBIMU W IS
COOTBETCTBYIOIIUX JUHENHBIX J[Y 4YeTBepTOro M MmATOro MOPSAKOB C MajbIMU
CBOOOTHBIMH YJICHAMH.

Haiinensl noctaTtounble ycioBUsi AY penieHuid JUHEWHOrO0 OJHOPOIHOIO
BUJIY yeTrBepTOro mopsiika MpU HEMOJOXKUTEIHHOCTH KOd(hHIMeHTa TpeThei
MPOU3BOJIHONM HEM3BECTHOM (DYHKIIMHU, T. €. B Ciy4ae, Korja Jiro0oe HEHYJIEBOE
pPEILICHUE COOTBETCTBYIOLIETO JTUHEWHOTO OJAHOPOJIHOro /Y yerBepToro mopsaka
He sBisercss AY, uto noaTBepxkaaercs Gopmynoir Octporpaackoro - JlnyBumis.
OTH  pe3ynbTaThl yIajdoCch JIOCTUTHYTh, TJIABHBIM 00pa3oM, pa3BUTHEM
HECTaHJAPTHOIO METOJAa CBEICHUS K CHUCTEME, METOJIa BO3BEACHUS YPAaBHEHUU B
KBaJIpaT U METOa YACTUYHOTO CPE3bIBAHUSI.

Pa3zBuTHeM HECTaHIAPTHOTO METOJA CBEICHUS K CHUCTEME, METoa
BO3BE/ICHUS YPAaBHEHU B KBaJpaT, METO/Ia YACTUYHOTO CPE3bIBAHUSL YCTAHOBIICHBI
nocrarounbie ycioBus AY pemenudt BUIY nstoro mopsinka. 3amMedeHO, 4TO
MOJyYCHHBIC PE3YyJIbTAaThl SBJISIOTCA HOBBIMU M IS  COOTBETCTBYIOUIETO
auHeHoro J[Y maToro mopsiika ¢ MaJibiM CBOOOHBIM YJICHOM.



IIpakTHyeckasi 3HAYMMOCTH IMOJYYEHHBIX Ppe3yiabTaToB. Hacrosmas
paboTa HOCUT TEOPETHUYECKHMH XapakTep W €€ pe3yJbTaThl MOTYyT HaWTu
IIPUMEHEHUE B aCUMIITOTUYECKOU Teopur BUJY BbICOKMX ITOPSAAKOB HaA IOJYOCH;
IIPU UCCIECOOBAHUM YCTOMYMBOCTH HEKOTOPBIX IPOLIECCOB, MPOUCXOIAIIUX B
CIUIOIIHBIX Cpellax C MaMAThIO, HAIPUMEpP, B a’p0 M KOCMOAMHAMHUKE; TIPH
pa3paboTKe CHEUKYpPCOB JUIsi MaruCTPaHTOB U JOKTOPAHTOB — MAaTEMAaTHUKOB H
MEXaHHUKOB.

OcCHOBHBIE M0JI0KEHUS JUCCEPTAIUMU, BBIHOCMMbIE HA 3aIIUTY:

Y cTaHOBIIEHUE JOCTATOYHBIX YCIOBUU:

— OrPaHWYCHHOCTH HA MOJYOCH M CTPEMIICHUS K HYJIO MPU HEOTPAHUYEHHOM
pOCTE apryMeHTa BCEX PEUICHHM JMHEWHOro omHopoaHoro BUJLY Broporo mn
TPETHETO MOPSIAKOB B CIIy4ae, KOrJa COOTBETCTBYIOIINE JTUHEUHBIE OJHOPOIHBIC
JY MoryT UMeTh pelieHus1, He 00J1a/1atoNIue N3y4aeMbIMU CBOMICTBAMU,

— OrPaHMYCHHOCTM HA moiiyocu Bcex pewmenuit BUJIY uerBeproro mopsiaka B
ClIy4dae, KOrja COOTBETCTBYIOLINE JIMHEWUHBIE OJHOPOIHBIE U HEOAHOPOAHbIE /Y
YETBEPTOTO MOPSAIKA MOTYT UMETh HEOTPAHUUECHHBIE HA IOJIyOCU PELLICHHUS;

— YCTOMYHMBOCTH pemieHur JuHEHHbIX BUJIY yerBepTOro M msATOr0 mMOpsSAKOB B
ciydyae, kKorja kodddumuentet u  sapa oatux BUAY  moryt  ObITh
HeubepeHIMpyeMbIMU B HEKOTOPBIX TOYKAX IMOJYOCH, Pa3BUTHEM IEPBOTO
BAPUAHTA METOJA HECTAHJAPTHOI'O CBEICHUS K CUCTEME;

— AY pemennit nuHeiHoro ogHopogHoro BMJIY werBepToro mopsnka B ciydae,
Korjga Jiro0o€  HEHYJEBOE  pElIeHHWe  COOTBETCTBYIOIIETO  JIMHEHHOIO
oaHopojgHoro JIY dyeTBepTOoro mopsiaika HE SBISIETCA ACHUMIITOTAYECKHU
YCTOWYHBBIM, PA3BUTHEM METOJA YACTUYHOT'O CPE3bIBAHUS;

— AY pemennt BU/IY nsToro mopsiaka, pa3BUTHEM HECTAHIAPTHOIO MeETOAA
CBEJICHUS K CHCTEME C BBEJICHMEM HEKOTOPBIX YETHIPEX BCIIOMOTATEJIbHBIX
napamMeTpoB U OJHOM BECOBOM (DYHKIIMH, METOJa BO3BEICHUS YPaBHEHUU B
KBaJIpaT, METOAA YaCTUYHOT'O CPE3bIBAHUS.

JIvuHbIi  BKJAA coMckareas. llenm w 3amaum mccieIOBaHUS
JTACCEPTALUOHHON paboTHI [TOCTABJICHBI HAayYHBIM PYKOBOAUTEIIEM
C. UckannmapoBeiM. B nguccepranuio  BKJIIOYEHBl — MaTepUaibl, KOTOpHIE
MIPUHAJIEKAT aBTOPY.

AnpobGauus pe3yabTaTOB HcCIeI0BaHuil. Pe3yabTaThl HacTosEeH paboThI
OBLIN JI0JIOXKEHBI U 00CYXK/IEHbI Ha!

— MexayHapolHO  HAyYHO-NIPAKTUYECKOM  KOH(PEpEeHIHH  «AKTyaJbHbIC
npoOJjieMbl MaTeMaTUKU U UHOOPMATUKK», TTOCB. 80-JIETUIO CO JHS POXKICHUS
akanemuka HAH PK KacbimoBa K. A. (r. Anmatel, KasHY um. anp-®apabdu, 21-
23 nek., 2015 1.);

— |l bopy6aeBckux urenusix (KHY um. XK. banacareina, UM HAH KP, 1 mapra,
2018 1.);



— MexayHapoaHoi — HAYYHO-TIPAKTHYECKOW  KOH(EepeHIUH  «AKTyalbHBIC
poOIeMbl TEOPETUYECKON M MPUKIATHON MaTteMaTuku», mocs. 100-metuto co
JTHSL pOXKJICHHS KPYITHEHIIIEro YY4eHOTo M menarora, npodeccopa Kpusomienna
Jleonuaa EBrenneBuya (1. bumkek, KHY um. XK. Banacarsina, 18 okt. 2019 1.);

— Becennem cemecTpe ceMuHapa Mo KaueCTBEHHOW Teopuu AuddepeHnaabHbIX
ypaBHeHuit (r. MockBa, MI'Y um. M. B. JlomoHocoBa, 19 amp., 2019 r);

— MexnaynapoaHoir HaydHo koHpepeniuu «lll bopyOaeBckue yTeHus», MOCB.
35-neturo co mHS obpazoBanus Muacturyra marematuku HAH KP (r. bumkek,
UM HAH KP, 24 mas 2019 r);

— HayunoM cemuHape kadeapsl «Beicmiags marematuka» KPCY wmm. b, H.
Enbuuna (Hayd. pyk. — K.¢.-M.H., JI. I'. JleneBkuna) (r. bumkek, KPCVY, 26 amp.,
2021 1., 12 anp., 2023 r.);

— MexyHapoaHOW Hay4yHO-MIpaKTHYeCKor KoH(pepeHiu « THHOBaIuu B HayKe U
TEXHUKE», MOCB. maMatu nepBoro aekana ET® npodeccopa FOpukosa B.A. (r.
bumkek, KPCY, 20-21 anp., 2022 1.);

— Hayunom cemunape Wuctutyra marematuku HAH KP (mayud. pyk. — axan.
bopy6aeB A. A.) (r. bumkek, UM HAH KP, 27 utons, 2023 r.).

[TonHOTa OTpakeHUs pe3yabTaTOB qUCCEpTAMK B myOnukamnusx. OCHOBHOE
coJiep)KaHHe JuccepTanuu onyonukoBaHo B crarhsx [1, 3-10] u B anHHOTaIuu
nokiana B MI'Y um. M. B. JlomonocoBa [2]. B coBmecTHBIX pabotax [2, 4-7, 9,
10] moctaHoBka 3amady W OOCYXIEHHE PE3YyIbTaTOB MPUHAMJC)KUT HAYIHOMY
pykoBoautento C. VckaHmapoBy, JOKa3aTeNbCTBO TEOPEM, CIEACTBUN W
MOCTPOCHUE WILTFOCTPATUBHBIX TPUMEPOB — aBTODPY.

Crpyktypa u o0beM nuccepranuu. [ucceprannonHas pabdoTra COCTOUT U3
NepeyHsi COKpalleHui U 0003HAYEHUM, BBEICHUS, YETHIPEX IJ1aB, cojaepkamux 14
pa3nesioB, 3aKIIOYEHUS, MPAKTUUECKUX PEKOMEH 1AM 1 CIIMCKA UCIIOJIb30BAHHBIX
MCTOYHUKOB U3 75 HaMMEHOBaHMM, 97 CTP. KOMIIBIOTEPHOTO TEKCTA.

B aBropedepare wucnonpzoBaHa M COXpaHEHAa CHCTEMa HyMepaluu,
MPUHATAS. B JUCCEPTALMM: JBOIHAS CKBO3HAs HyMepalus BHYTPH Ka)KJ0#l IJIaBbl.
Hanpumep, dpopmyna (4.2) — ato Bropas popmyna riaBel 4, Teopema 3.5 — 310
nATasi TeopeMa riasbl 3, npumep 3.4 — 3T0 YETBEPTHIN NpUMED TI1aBbI 3.

OCHOBHOE COIEP KXAHUE IUCCEPTALIMHU

B mepBoit rmaBe «OB30P JIMTEPATYPHI» nmpuBomutcst kpatkuit 0030p
HAyYHOUW JTUTEPATypPhl, OJU3KOM MO COMIEP)KAHMIO, K PEIIaeMbIM 3a7a4aM B JTAHHOMN
JMCCEePTAIMOHHON padoTe.

B rmmae 2 «METOAOJIOTUA U METOAbI HCCIEJOBAHUA»
ompesieieHbl 00BEKT, MPEeaMET, 3aJauu i uccienoBanuid. [Ipogeman kpaTkwii
0030p HEKOTOPBIX METOJIOB PEIICHUH 3a7ad HACTOSAIMICH JUCCEPTAIMOHHOMN
paboThl. M3510%KeHa METOIMKa UCCIIEI0OBAHUH, T. €. U3JI0KEHA CYyTh MPUMEHSIEMbIX
Y Pa3BUBAEMbBIX KOHKPETHBIX METO/IOB, MO3BOJISIIOIINX PEIIUTh TOCTABIICHHbBIE



Hamu 3anayd. [IpuBenensl 2 neMmbl 00 MHTErpajbHBIX HEPABEHCTBAX; JIEMMBI O
npeoOpa3oBaHUAX JIBOMHBIX HHTETPAJOB M IPEOOpPA30BAHMAX, CBSI3BIBAIOIINX
UHTETPAJIbHBIE YJIEHBl CO CBOOOJHBIMU WjieHaMu paccMaTpuBaemblx BUJY Ha
NOJIyOCH; TaKke NpuBeAeHbl JemMMa o npaBuwie Jlonurans B ¢opme llronbua u
nemma Jlrocrepauka-Co0OoieBa.

[lepexogyM K  H3JI0KEHUIO KPaTKOrO  COJIEpKaHUs  COOCTBEHHBIX
pe3yIbTaTOB aBTOPA, KOTOPBIE MOTYYESHBI B I71aBax 3, 4.

B nanHO# quccepTaliioHHOM paboTe paccMaTpUBAIOTCS JIMHEWHBIE HHTETPO-
muddepeHnanpable ypaBHeHus Tuna BonsTeppa Buaa:

x(”)(t)+zm: ak(t)x(k)(t)+ij(t,r)X(k)(r)dr =f(t), tx>t,, (2.1)

a uMeHHo: Broporo mopsaka (n=2, m=1, f(t)=0); tpersero nopsaka (n=3,
m=2, f(t)=0); uerBeproro nopsaka (n=4, m=3, f(t)=0 Toxnecrsenno u
f(t)=0); msroro mopsinka (n=5, m=4), ree a,(t), Q. (t,z) (k=01234),
f(t) ssmsrorcss wenpepsiBHbIMH Tpu t2>1,, t=72>t,. Peur Oymer umte o
pemennsax BUJIY (2.1) x(t)eC" (J : R) (n=2,3,4,5 ¢ a00bIMH HaYaJILHLIMU

JTAHHBIMU X(k)(to) (k=0,1..,n-1;n=2,3/4,5). Kaxnoe Takoe peLIeHUE
CYILLIECTBYET U €UHCTBEHHO.

I'maBa 3, cocrosmas u3 4 pas3nesoB, NOCBSALIEHA WCCIEAOBAHUIO BIIVSHHUS
VHTETPAIBHBIX BO3MYIIEHUMM THUnNa Bojpreppa Ha TMOBEACHHUE PELICHUU
COOTBETCTBYIOIIMX /Y BTOPOTO, TPETHEr0 U YETBEPTOrO MOPSAIKOB Ha ITOIYOCH.

B pasgene 3.1 ycraHOBIEHBI IOCTATOYHBIE YCIOBHS OTPAaHUYEHHOCTH HA
NOJIyUHTEpBaie J W CTpeMJIEHHS K HYIIO MpU t —> o0 BCeX pElIeHUH JTMHEWHOTO
oaHoposHoro BU/IY BToporo nopsiaka:

X"(t) +a, ()x'(t) +a, (1) x(1) + j[Qo t7)X(7) + Q)X () [dr =0, t2t,  (3.1)

B Clly4ae, KOI1a COOTBETCTBYIOLIEE JUHEUHOE oqHOpoaHoe 1Y
X"(t) +a, (t)x'(t) + a,(t)x(t) =0, t>t, (3.10)
MOJKET UMETh PEIICHHs, He 00JaJarolne U3y9aeMbIMU CBOMCTBAMH, T.€. H3yUUTh
BJIMSTHUE WHTETPATbHBIX BO3MYIIEHUH THa BoabpTeppa Ha OrpaHUYeHHOCTh HA J
U CTpeMJICHHE K HYJII0 ipu t — oo pemenwmii 1Y (3.1o).
[IpuBeneM OCHOBHBIC pe3ynbTaThl 3TOTO pazgena. B BUIAY (3.1),
ananornyHo C. Mckangaposy (2006 r.), cienaemM HeCTaHIAPTHYIO 3aMEHY

X'(t) + A°x(t) =W (1) y (1), (3.2)
rae A - HEeKOTOpbIi BermoMorarelnbHblii mapamerp, 0 <W (t) - mekoropas BecoBas

¢yukuums, Y =Y(t) - noBas nenssectnas pynkuus. Torqa BUY (3.1) cBoauTes K

skBuBajieHTHOU cucteme u3 Y (3.2) mns X(t) u BUJIY mepsoro mopsaka s

y(t):



y'(t) + b, (1) y(t) + by () x(t) + j[P(t,r)x(r) +K(t,7)y(z)]dzr =0, t=>t,,

me  BH=a®-2+WOWEO),  b®)=]aM)-am+4 W),
PL.7)=(W() [ Q) -2°Q(t,7) |, Kt.)=(W () Qt.7)W(z).

B nauccepramum Takas cuctemMa obOo3HaueHa uepe3 (3.3). [lamee, aHamorndHO
moHorpaduu C. Uckanmaposa (2002 r.), BBOAATCS yCIOBUS U 0003HAUCHHUS:

K(,7)= Z K (t,7), (K); w,(t) (i :l..n) - HEKOTOPBIE Cpe3bIBAIOINNE (PYHKIINH,
i—0

oboznaunm R (t,7) = K (t,7) (v; (D), (T))_l (i=1.n), u x cucreme (3.3)
pa3BUBAIOTCS METOJ INpeoOpa3zoBaHus ypaBHeHuil B. BombTeppa, mpumensiercs
npeoOpaszoBanue (1.13) nemmbr 1.4 u3 aBTOpedepara JOKTOPCKOM AuCCEpTaIH
C. Uckannmaposa (2003 r.), 3aTteM npumeHsiercss jJemma 2.1 auccepranuu Wiv
gemMma 1 06 unTerpansHoMm HepaBeHCcTBe FO. A. Bens, 3. IlaxsipoBa (1973 r.) u B
pe3yabTaTe J0Ka3bIBaeTCs

TEOPEMA 3.1. Iycts 1) 1=0; 2) R(t,t,)>0, R (t,7) >0, cymecryror
dynxiuu R () >0, R7(t)>0  rtakme, 4TO R/ (t,t,) <R (DR (t,t,),
Ry (t,7) <RT()R.(t,z) (i=1.n). Torma ams moboro pemenus (X(t),y(t))

itz
cuctemsl (3.3) cpaBeIMBa OICHKA!
t

(xOY +222[(x(9))’ ds +(y(O)) +iRi L)Y seM, ),  (35)

t

rie M,(t) =exp[J{zn:[Ri*(s)+ R (5) ] +[a,(s) + W () (W (s)) | +

t, Li=l

+Ha (&)W (s)" + [ (W (s))1\Qo(s,r)\+\Ko(s,r)ﬂdr}ds}

[ycts, kpome Toro, 3) R;(tt)>0, w,;(t)>0, yi(t)=0, q;(t.c.)=0,
g)(t.c.) =0, q’j(t,c*)(y/j(t))_leLl(J,R+) 1<j<n); 4) W'(t)el’)(J,R), rume

qj(t,c*)E\/E(Rj(t,to))_;(Ml(t));. Torna Jt‘y(s)dS:O(l) ¥ 1000e pelieHue

ty
BUY (3.1) x(t)=0().
TEOPEMA 3.2. Ilycte 1) A #0; 2) BeimomnHsieTcs yciioBue 2) Teopemsl 3.1.
Torma st J1000TO peHICHUS (X(t), y(t)) cuctembl (3.3) cmpaBenMBa OICHKA

(3.5), rue B mpagoii wactu BMecto pynkiuu M, (t) crour



Mz(t)zexp[j{zn:[Ri*(s)+Rf*(s)]+|bl(s)|+|b0(s)|+j[|P(s,r)|+|KO(S,r)|]dr}d J

to i=1
[Tycth, kpoMe TOro, 3) BHINOJHACTCS ycinoBue 3) TeopeMbl 3.1, rae B (yHKIHH
g;(t,c.) BmMecto M,(t) crour M,(t); 4) W®(t) >0 mpu t > (k=0,1). Torna

t
Iy(s)ds =0(1) u moboe pemrenre BUY (3.1) x(t) > 0 mpu t — oo.
t

B 06eux Teopemax n3 COOTBETCTBYIOIIEH OIEHKH (3.5) cleayeT OIeHKa:

to

R,-(t,to)[j l//,-(ﬂ)Y(ﬂ)dﬂJ <cM, () @<j<n r=12),

13 KOTOPOM UMeeM J.l//j (n)y(n)dn|< \/E(RJ. (t,to))_E(M r(t)); : (3.6)

t

K wunrerpanmsHOMy HEpaBeHCTBY IepBoro pozaa (3.6) mpumeHsem
crnenyromyto nemmy C. Mckangaposa (2002, 2017): nyers w(t) >0, w'(t)>0,
q(t,c)>0, q'(t,c) >0, 0<c=const, t >t,. Torga U3 UHTErpPaILHOTrO HEPABEHCTBA

j w(s)Z'(s)ds

fy

2] <[2(t,)|+ (w (&) " a(t.c) + [a'(s,c) (w(s)) " ds.

TIEPBOTO poja <q(t,c) BBITEKAET OICHKA

t
B pesynbrare u3 (3.6) noixydaem I y(s)ds=0(1) . Ha ocHoBaHnuu 3TOrO U3

)
3amenbl (3.2) mpu A =0 BbITekaeT yTBepkiaeHue Teopembl 3.1. Jlamee nnsa
JIOKa3aTelbCcTBa yTBEpKIeHUs TeopeMbl 3.2, T. e. mpu A =0 mnepexomum K
u3zBectHou (popmyne Komm (H. M. Martees, 1967 r.) mist m000T0 Ha4aaIbHOTO

t
smauenns X(I,) wm3 3amensr (3.2): X('[)—eﬂz(tt°)|:X(tO)+J‘e/12(StO)VV(S)y(S)ds:l,I/I
)

UHTETPHUPYS 110 YaCTAM, UMEEM:
t t S

X(t) _ e7/12(tfto) {X(to) n eiz(tfto)vv (t)_[ y(n)dn_J‘eg?(sfto) [12\/\/ (S) +W'(S):|[J‘ y(ﬂ)dﬂ]ds}
t t ty

Jlajiee B 3TOM paBEHCTBE C YYCTOM YCIIOBHH TEOpEeMBI 3.2 TIEPEeX0IuM K IMpeaeiy
npu t—oo, mpu 3ToM npuMmeHsem npaBwio Jlomutans B ¢opme IlTomabia
(JTagmay 3., 1948; Jlemunosuu b. I1., 1967). Torma momydgaem: limx(t) =0.

t—wo
[IpuBenem npocrenmmii
ITPUMEP 3.1. Ins BUY BTOpOro nopsiaka
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t  —t+r+25(t2+72)
X'(1) = 7(t+1) X (1) +12(t +1) 2x(t) + € t “2*”1)
+T+

0
t>0 BemonnsIOTCA Bee ycnous teopeM 3.1, 32 mpu 1=0 u A=1, W(t)=e™

[X(z) + X'(z)]dz =0,

2 t+7+1
t,=0, P(tz7)=0, n=1, t)=e*", t,r)=
srec 1, (t.7) 20 R(tr) =
Rf(t)zm, R7(t)=0 u nosromy muns mroboro pemenus storo MJIY
+D(t+

BepHBI yTBepxkaeHus teopeM 3.1, 3.2. Onmnako st cooTBercTByromero Y
Diinepa:
X"(t) =7t +1) X' (t) +12(t +1) °x(t) =0, t>0

yrBepkaenuss teopem 3.1, 3.2 He chpaBemyuBBI IS JIFOOBIX HMX HEHYJEBBIX
pelieHuid, YTO  MOATBEp)KAaercs  oOummM  pemeHuem  storo  JV:
X(t) = [Cl +(t +1)402](t +1)? (C,, C, - NPOM3BOJIBHEIE IOCTOSHHBIE).

Takum ob6pazom, Ham yganock Haitu kinacc BUIAY (3.1), mis koTtoporo
3amaya 3.1 pemaema.

Paznen 3.2 mocesimieH 3amade 3.2 yCTAHOBJIECHHS JIOCTATOYHBIX YCIOBUU

OTpaHUYEHHOCTU Ha J W CTpEMJIEHHs K HYyI0 Ipu t — oo Bcex pemenuit BUAY
TPETHETO MOPAJIKA BUJIA:

x"'(t)+22: ak(t)x(k)(t)+ij(t,r)X(k)(r)dr =0, t>t, (3.11)

B Clly4ae, KOT/ia COOTBETCTBYIOIIEE JIMHEMHOE OJHOPOIHOE 1Y TpeThero nopsiaka
2
X"(t)+ > a, t)x“(t)=0, t=t, (3.110)
k=0

MOKET UMETh pEeUIeHUs], HE 001a1atoIie U3y4YaeMbIMU CBOMCTBAMH.
Jlnst pemenust stoit 3amaun B BUJY (3.11), ananornuno C. MckannapoBy
(2010 r.), pmenmarorcs HectaHmapTHble 3ameHbl: X (t) + A X(t) =W, (t) y(t),

y'(t) + 4Ly (t) =W, (t)u(t), rme A, A, - HEKOTOpbIE BCIIOMOTATEIbHBIE MAPAMETPHI,
0 <W,(t),W,(t) - mexotopbie Becobie QyHkimu, Y(t),U(t) - HOBbIe HeM3BeCTHBIE

¢yukuuu. Torma BUJY (3.11) cBomutcs k sxBuBaieHTHOHM cucteme (3.14) us
aByx 1Y nepsoro nopsaka mis X(t), y(t) u omaoro BUIY mepBoro mopsiaka ajist

u(t). Mdamnee meromuka u3 pasugena 3.1 pasBuBaercs k cucreme (3.14), uro
IPUBOIUT K PELICHUIO 3a1a4u 3.2, IPUBOAMTCS WILTIOCTPATUBHEIN IIPUMED.

B pasgene 3.3 pemeHa 3ajada yCTAHOBJICHUS JOCTAaTOYHBIX YCJIOBHM
OrpaHMYEHHOCTH Ha mnoayuHtepBaie J Bceex pewmenud BU/IY derBeproro
NOpsAKA BUAA:
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t
x<4>(t)+23: a, (O)x® () + j Q(t,r)xN(r)dr |= F (1), t>t, (3.23)
k=0 to

B ClIy4ae, KOT/1a COOTBETCTBYIOIINE JIUHEWHBIE J[Y 4eTBepTOro nopsaka:
L(t,x) = x¥(t) + ag(t)x"(t) +a, ()x"(t) + g (1) X'(t) + a5 (t)x(t) =0, t=>ty, (3.230)
L(t,x)=f(t), t>t;, (3.231) ™oryr umMeTh HeOTrpaHWYEHHbIEC Ha J peEIICHNS.

Kak Ham n3BecTHO, Takas 3a7a4ya paHee HE U3yJaiach.
Jlns pemenus 3anaun 3.3, ananoruvdo C. MckanmapoBy (2006 r.), nenaercs

HecTaHzapTHas 3amena (3.24): X'(t) + A2x(t) =W (t) y(t), rme 0% A - HEKOTOPBIHA
scromorarenbueiii mapamerp, A€ R; O0<W(t) - mexoropas BecoBas (yHKIMI,
y(t) - mHexoropas HensBectHas GpyHkuus. Uro ceener BUJY uerBepToro mopsaka
(3.23) k skBuBaneHtHol cucreMe (3.25), cocrosmein uz oguoro MY mia X(t) u
ogroro BUY mna Y(t). Hanee x cucreme (3.25) cHavanga MPUMEHSETCS METOL
npeoOpa3oBanusi ypaBHeHuit B. Bombreppa (msi m000ro penieHuss CUCTEMBbI
(X(t), y(t)) ee nepsoe ypasrenue - IV ymuoxaercst Ha X (t), Bropoe ypaBHEHHE -
BUJY ymHoxaercs Ha Y'(t)), 3areM NpPUMEHSICTCS METOA CPE3bIBAIOIINX
byHkuii, npu stom BBOAATcA: yciaowe (K) pasmena 3.1, ycmosme (F ):

F(t) = Zn: F(); w;t), (i=1.n) — wHekoropsie cpe3piBarone (QYHKIUH,
i=0

EO=ROWO)  REI=KELIOwE),  yoome ()

Ri(t,t)) = A(t) + B;(t) (i=1..n), Ci(t)i=1.n) — HekoTopble  (YHKIHH,

npuMeHnsitorcst iemmbl 1.4, 1.5 u3 aBTopedepara goktopckod aucceprauuu C.
Uckannaposa (2003 r.). [Tocne npumeHeHus geMMbl 2.1 quccepTaiuyl Uid JIEMMbI
1 06 unrerpanibioM HepaBeHcTBe FO.A. Bens, 3. [laxsipoBa (1973 1.) u nemmsbl 00
uHTerpainbHoM HepaBeHcTBe C. MckanmapoBa u3 paszpena 3.1 ycTaHaBiMBaeTcs
ouenka st |Y(t)| cucremsr (3.25). Toraa orpanudeHHOCTb 10600 penenus X(t)

3amanHoro BUJIY uerBeproro mopsiaka (3.23) BBITEKAaeT W3 HWHTETPaIbHOTO
npeactasienus 3agauu Komu (H. M. Matsees, 1967 1):

t
X(t) = X(ty) cos A(t —tq) + %x'(to)sin Alt—ty) + %I[sin At —3)|W(s)y(s)ds
L)

W3 HECTaHAAPTHOW 3ameHsI (3.24) mis moObIX HavanbHBIX 3HaYeHud X(ty), X'(ty)

Ha ocHoBanuu ycioBus W (t) € Ll(J,R . \{0}). [TpuBoasATCS 4 WILTIOCTPATUBHBIX
npuMepa.
B paznene 3.4. npoBeneH aHanu3 pe3yJabTaTOB UCCIEI0BAHUH TJIaBhI 3.
I'maBa 4 comepkuT 5 pa3aeiaoB U MOCBSIIEHA YCTAHOBICHHUIO JIOCTATOYHBIX
YCIIOBUHA YCTOMYMBOCTH pelIeHUM JIMHEWHbIX BUJ/Y derBepTroro u maroro
NOPSIIKOB  HAa TMOJYOCH; CHEHM(PUUYECKONM aCUMITOTUYECKOW YCTOMYMBOCTH
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pemieHnid  auHEHHOro  oaHopoxmHoro  BUJIY  dyerBeproro - mopsiaka;
ACHUMIITOTUYECKOM YCTOMYMBOCTH pelieHud JuHenHslx BUJIY nsatoro nopsaka Ha
MOJIYOCH.

Paznen 4.1 mocBsimieH pemieHuto 3aaadd 4.1 yCTaHOBIEHHS TOCTaTOYHBIX
YCJIOBUM YCTOMYMBOCTH perieHui imHernHoro BUJ/1Y uerBeproro nopsaka suaa:

t
XU () + a5 (t) X" (1) + 3 (t)X"(t) + ay ()X(t) + ag ()x(t) + [ [Qu(t, 7)x(z) +

)
+Q,(t, )X (r) + Q, (t,7)X"(7) + Qs(t, T)X"'(T)]dz' =f(t), tx>t,. (4.1)

[IpuBemeM OCHOBHOM pE3yJbTaT 3TOr0 pasnesia. AHAIOTMYHO ClEeays
Uckanngapory C. (2009 r.), 8 BUJLY (4.1) aenatorcs clieayromiue HeCTaHAApTHBIC

zamensl X (t) =W (t)y(t), Vy'(t)=W (t)z(t Z'(t)=W (t)u(t roe 0<W,(t)
(k :1,2,3) - HEKOTOpBIE BcroMorareibHbie BecoBble Qynkimu, Y(t), z(t), u(t) -

HOBble Hem3BecTHbICe (GyHkiuu. Torma BUIY (4.1) cBoautcs K crhemayromiein
SKBUBAJICHTHOM CUCTEME:

X(©) =W, (O y(®), y®)=W()z(t), 2'(t) =W3(®u(t),
u'(t) + by (Ou(t) + b, (1) (1) + by (D) y (1) + by () x(t) +

t
+I[P0(t,r)x(r) +R(t,7)y(r) + R(t, 7)z(7) + KI(t, r)u(r)]dr =F(t), t>t,, (4.9)
)
rae W (t) =W, ()W, ()Ws(t),
by (1) = ag (1) + (W (1)) {[vvl’ (OW,(0) + (W OW(0) o) +W '(t)},
5o (0) = (W 0) " W) [ W O, 0)+ (W 0 | +
o 1) W (OW, 1)+ (WoOW, ) | + 2 O (OW, (t)},
by(8) = (W () {W5" (1) + O (1) + (O () + &, OWA 1)}

o (®)=(W(O) " a0(t). Ro(t,7) =(W ()" Qo(t.7),
A7) =(WO) QU W) + QoW () + Q6 W ()],

Py (t,7) = (W (1)) {Qz (6 MG, () + Q62| W (W () + (vvl(r>wz(r>)'}},
K(t,7) =(W (1)) " Qs(t, W (), F(t)=(W(t))™" f(t).

Jns uccnenoBanusi cuctembl (4.9) pa3BuBaeM MeTon MpeoOpazoBaHUs
ypaBHeHuil B. Bonbreppa (st ro6oro pemeHHﬂ(X(t), y(t), Z(t),u(t)) YMHOXKaeM
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nepsoe Y cucrems (4.9) na X(t), sropoe AY - va Y(t), tperse AY - na z(t),
yerseproe BUJIY - ma U(t)) 3arem mpennonaras BhIIONHEHHBIMU ycioBus (K)
pazmena 3.1, ycnoBue (F) pasmema 3.3, BBoas o¢ynkuum w;(t) (i=1.n) -
HEKOTOpbIE CpEe3bIBAIOLINE byHKINH, 0003HaYEHUS
RED=KtDWOwi@) . EO=ROWW®)",  yoosme (R
Ri(t,t;) =A )+ B;(t) (i=1..n); ¢(t) (i=1..n) - HEKOTOpBIE (PYHKIIMU, UCIIONB3YS
aemMMmy 2.2 auccepraumu win Jemmbl 1.4, 1.5 u3 aBTOopedepara JOKTOPCKOU
mucceptanuu C. Mckannaposa (2003 r.), u npuMensis jemmy 2.1 quccepTaiiuu wid
aemmy 1 00 unrterpamibHoM HepaBeHcTBe HO.A. Beaw, 3. IlaxsipoBa (1973 r1.)

JIOKa3bIBAETCS CIIEAYIOLIAst
TEOPEMA 4.1. Tlycts 1) W, (t)>0 (k =1, 2,3); BBIIOJIHAIOTCS  YCIIOBHS

(K), (F), (R); 2) by(t)=0; 3) A(t)>0, Bi(t)=0, B/(t)<0, R (t,z)>0,
CYIIECTBYIOT (YHKIIHH A*(t)eLl(J,R+), c(t), Ri*(t)eLl(J,RJr) Takue, 49TO

AD<AOAD, (E#”(t))zsBf“(t)cf“(t) (k=0.1), Ry (t.7) <R (DR, (t.7)
(i=1.n; k=01);

t t
4) W)+ o O] +[Fo)]+ [|Rt.d7 + [[Ko(t. o)Az e Li(3,R, M0} (=12
to to
k=012); 5) dymxmm W;t) (j=123), W/({t); W' (1); (W, (W, (1))
orpanuueHsl Ha monyuHrepsane J. Torma moGoe pemenne X(t) BUAY (4.1)

YCTOMYUBO.
Venosust 1) - 4) teopembr 4.1 ob6ecnieunsaror X(t) =0(1), y(t)=0(@),

z(t)=0(). B cuny Wy(t)=0() wu3 (4.2) umeem X'(t)=0O(1). U3 cooTHOmEHNUS
(4.5) na ocuosarnn W, (t) =O(1), W, (t) =O(1) nomyuaem, uto X'(t)=0(1). Tax

kak W;(t)=0(1) (j=123), W'0)=00), (W(tW,@1)=0@), 10 us
coornomenus (4.6) cnexyer, uro X' (1)=0(1). (3mecs X(t) - moboe pemenue
BUAY (4.1)). CnenoBarensho, mis aroboro pemrenus X(t) BUJLY yerseproro
nopsnka (4.1) cnpasemmuser: X (t)=0(1) (k=0,1,2,3), uTo SKBHBANEHTHO
ycroiuusoctu X(t) BUAY (4.1).
[TPUMEP 4.1. JIna BUY yeTBepToro nopsiaka
€

2t
XA () + [6 + e*ﬁ} X" (t) + [11+ eVt _ g2t } X"(t) + {6 +oet _e2ty W} X'(t) —
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1
e Ll e (sint)7 o3t ot
o - . —_—— 2 T)— '
€+Wﬁ+1“0+£ “+T+4fX@0+{(%ar) a+r+D2+a+21+$4x(ﬂ+
3t t2 3t( )1 3t
e " . _ € 7 (sin3t)s B e
+{3Q3(t’r)_(t+’[+1)2:|x (T)+Q3(t’r)x (T)}df— t—7+8 (t+2)2’ t=0,

t+7+6 1

1
. L e ¥(cost)s
t+z+7 t—-7+5

}etz“z (sin3tsin3z)5 —

e Qg(t,f) = e—3t+3r{

t? +7+1
BBINONHSIOTCS. Bee ycnous Teopembl 4.1 mpu W, (t)y=e™ (j=12,3). 3aecs

t=0 bm=el, bo=—?, Q(t)zﬁ, bo(t)s—m,
1
PO(t,r)E—(Sin—t)?S, Pl(t,z')sLLl, Pz(t,r)s—iz, n=1,
(t+7+4) (t+27+3) (t+7+1)
vi(0) =" (sin3t)s, Rl(t,r)ztiz_—:$+t_:+5, Al(t)z%, Bl(t)z%,
Af(t>s(t+6)1(t+7), RO=0,  EM=——,  c®=—7,
1
Ko(t,r)z—e_gr(c¢t)3 ot)y=- 5. CrnenosatensHo, Jr000€  pelIeHue

t?+r4+1 (t+2)
npusegenHoro BUY ycroituuso npu t € R, .

OTMeTHnM, 4TO, KaK MOKa3bIBACT WILTIOCTPATUBHBIN MpUMeEp, KO PUITUEHTHI
u sapa  BUJAY  yerBeproro mopsaka Buga  (4.1)  moryr  ObITh
HeaubdepeHIMpyeMbIMU B HEKOTOPBIX TOUKAX MOJIyMHTEpBaia J .

3AMEYAHUE 4.1. U3 rteopemsr 4.1 nmpu Q,(t,z)=0 (k=0,12,3),
f(t) = f,(t) BBITEeKarOT MOCTaTOYHBIC YCIOBHSI ACUMITOTHYECKOW YCTOMYMBOCTH
pEIIEHU COOTBETCTBYIOLIETO JIMHEMHOrO HeoaHopoaHoro Y derBepToro
NopsiJiIKa, HACKOJIBKO HaM H3BECTHO, 3TU pe3ynbTarbl st Takoro Y Oyayt
HOBBIMH U HE OXBaThIBAIOTCS pe3ysbraTamu u3 MoHorpadwuit JI. Uesapu (1964 r.),
. T. Kurypamze, T. A. Uantypus (1990 r.).

B paznene 4.2 pemena 3agada 4.2 00 yCTaHOBJICHHH JOCTATOYHBIX YCIOBHIA
ACUMIITOTHYECKOM YCTOMYMBOCTM PEIICHWW JMHEHHOro oxHoponHoro BUIY
YETBEPTOIO MOPsIKA BUA!

X (1) = 3, (X" (1) + 2, (1)X" (1) + &, ()X (1) + 2 (Dx(t) + j[Qo (t,7)x(7) +
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+Q, (6, 7)X'(7) + Q, (1, 2)X"(7) + Qu(t, 7)X"(7)|dz =0, t=>t,, (4.11)
IIPU YCIOBUU
a,(1)=0, (as)

T. €. B ClIy4ae, Korja Jito0oe HEHYJIEBOE PEIICHHE COOTBETCTBYIONIETO JIMHEUHOTO
OJTHOPOJHOTO AU(PhEepPEeHIINATBHOTO YpaBHEHUS YETBEPTOTO MOPSAKa

X (1) —a, (1)X"(t) + &, (t)X"(t) +a, ()X (t) + a,()x(t) =0, t>t, (4.110)

HE SBJIICTCSI ACUMITOTHYECKH YCTOWYMBBIM, YTO MOATBEP)KIAeTCs (hopmyoit

Octporpaackoro — JlmyBuwis. [lns pemieHuss 3TOW  3aadd, aHAJIOTHUYHO
C. UckannapoBy (2007 r.), B BULY (4.11) nenaercs HecTaHAapTHAs 3aMEHA:
X"(t) + px'(t) + gx(t) =W (t) y(t), (4.12)

rae P, J - HEKOTOpble BCIOMOraTteibHbIC Mapamerpbl, mpudem P >0, q>0;
0<W(t) - mexoropas BecoBast Gpyukuus; Y(t) - HOBas Hew3BecTHas QYHKIHSA W

BUY dyerBeproro mopsiaka (4.11) cBomuTcst kK SkBHBajeHTHOM cucteme (4.13),
cocrosieit uz JIY Broporo nopsaka i X(t) u uz BUIY Broporo mopsaka s

y(t). danbHeiimue npeoOpa3oBaHus JENAKOTCS CHayYala OTACIBHO JUIS KaXI0ro
ypaBHeHus1 cucteMbl (4.13), anamoruuno C. MckannmapoBy (2012 r.), 3aTeM oHHU
CKJaAbIBAlOTCA. A HMMEHHO, Il TNPOU3BOJIBHO (PUKCUPOBAHHOTO PELICHUS
(X(t),y(t)) nepBoe ypaBHenme, T. €. JY (4.12), cucremsr (4.13) Bo3BOIUTCS B
kBazpat (Mckangapos C., 1981 r.), narerpupyercs B npexnenax ot t, 1o t, B Tom

qucje IO YacTsiM, W IoJydaercs ToxaecTBo (4.14); BTopoe ypaBHEHHE, T. €.
BUJY mis Y(t), uccioenyercss pasBUTHEM METOJAA IPEOOPa3OBaHUS ypaBHEHHI

B. BonbTeppa, mMerogom  uyactuuHoro  cpesbiBanus  (Mckampapos  C.,
[a6manos 1. H., 2004 r.), uyto npuBeaeT K ToxaecTBy (4.16); B cuity ycinoBus (as)
u ycinoBus W'(t)<0 B ToxmectBe (4.16) NMPUCYTCTBYET HEIMOJIOKHUTEIBHBIN

WHTETPaIbHbIN YICH
t
1(t) =—2[lo,(s)(Y'(s))  ds, (4.17)
ty

KOTOPBIH HE TO3BOJISICT NMPUMEHUTH jemmy 2.1 nmuccepranmuu win jiemMmy 1 o0
HHTErpaIbHOM HepaBeHCTBe U3 ctaThu 10. A. Benp, 3. ITaxeiposa (1973 r.). 10T
MHTETPaI Ipeodpa3yercss BBEIEHUEM HEKOTOPOM cpesbiBaromieii hyukiuu () u

WHTETPUPOBAHUEM II0 YaCTSIM, aHAJIOTM4YHO mnpeoOpaszoBanusM (Mckangapos C.,
2002 r.) i npeoOpazoanusam (Mmananuer M. U., Uckannapos C., 2009 r.), npu
stoM pyukuus (t) BBogUTCS caenyromuM o6pazom:

10 =-2[b,(8) ((9) Y SW(S)Y(S)ds =-2[ ()Y (5)d.Y (s.t,) =

=2a(t)y'(t)Y (t,t,) + Zj[a’(s) y'(s)+a(s)y"(s)]Y(s.t,)ds,  (4.18)

t
rze a(t)Ebs(t)(t//(t))fl, 4TO SIBJISIETCS aHayjorom mnpeoOpasoBanus (3.108)

(Uckanmapo C., 2002 r.) wmam mpeoOpazoBanus (9) (Mmananmes M. M.,
16



Hckanmapos C., 2009 1.), 1 B 3TOM mpeoOpa3oBanuu Y"(S) 3aMeHseTcs Ha ee

BBIpQXKEHHWE W3 BTOPOIrO YypaBHEHHUs cucTeMbl (4.13); mocie 3Toro aenaroTcs
aHanoru npeodpaszosanuii (3.109)-(3.113) (Uckangapos C., 2002 T.) wim aHajIoru
npeobpazoBanuii (10)-(12) (Mmanamme M. W., Uckangapo C., 2009 1.) u
noJjrydaeTcsi ToxecTBo (4.23). Crnoxxenue ToxiaectB (4.14) u (4.23) npuseaer K
OKOHYATEeNIbHOMY  TOXaecTBy (4.24), KoTOpoe TMO3BOJSCT TEPEUTH K
WHTETPaJIbHOMY HEPABEHCTBY JUIsl MPUMEHEHUs JeMMbl 2.1 aucceprauuu Wid
neMMbl 1 00 umHTerpanbHOM HepaBeHCTBe W3 ctathu 0. A. Benp, 3. IlaxsipoBa
(1973 r.).

Paznen 4.3 mocesiieH perieHuo 3aaauu 4.3 00 yCTaHOBJIEHUH TOCTaTOYHBIX
YCIOBUH yCTOMYMBOCTH Jro0oro pemienus auHeriHoro BUJIY msToro mopsaka
BUJIA:

X(S)(t)+z4:[ak (t)X(k)(t)+ij(t,T)X(k)(r)dr]: f(t), t>t,.  (4.27)

JIst pemeHust 9TOM 3a7adMl pa3BUBACTCS METOJMKA MCCIECIOBAHUS 3a7aqu
4.1. B BUIAY (4.27), anamormuHo pazneny 4.1, nenamTcs ClEAyIOIINe
HecranmaptHeie 3ameHbl:  X'(t) =W, (t)y,(t), (4.28); vy (t)=W,(t)y,(t), (4.29);
V3(t) =W, ()Y, (t), (4.30); y5(t) =W, ()Y, (1), (431), e 0<W, (1) (k=12,3,4) -
Hekortopbie BecoBeie ¢QyHkmmu, Y, (t) (k=12,3,4) - HOBblc HeusBeCcTHbIE
bynkuuu. Torma BUAY mnstoro mopsinka (4.27) cBOAUTCS K SKBUBAJIECHTHOU
cucreme (4.32), cocrosmieit u3 verbipex Y (4.28)-(4.31) u omgnoro BUJIY mns
Ya(0).

K cucreme (4.32) pas3BuBaercs MeTOA TpeoOpa3oBaHUs YpPaBHEHHM

B. Bonbsreppa, meton cpessiBatomux (pynkiuit (C. Mckangapos, 2002 r.), npu
3TOM I TPOH3BOIBHO (ukcupoBanHoro pemenus (X(t), Y, (t), v, (1), y;(), y,(t))
cucremsl (4.32) ee mepBoe ypaBHenue ymuoxkaetrcs Ha X(t), Bropoe - Ha (1),
Tpetbe - Ha Y,(t), yerBeproe - Ha VY,(t), maroe UAY - nHa y,(t), 3atem 3Tn
COOTHOILIEHUSI CKJIA/IbIBAIOTCS, IPOBOJIUTCS MHTETPUPOBAHUE B Ipenenax oT t, 1o
t, u ananornyno pazzaeny 4.1 Beogstes ycnosus (K), (Q), cpesbiBaroriye GyHKIHH
78 (t) ¢ynkunn R (t,z'), E, (t) C, (t) (i :1..n), MPUMEHAIOTCS JemMa 2.2
auccepranmuu Wi jJemMMbl 1.4, 1.5 u3 aBTropedepara JOKTOPCKOM AUCCEpTaIldN
C. Uckannaposa (2003 r.), u ucnons3zyercs Jiemma 2.1 qucceprauuu uinu jemma 1
00 uaTerpansHoM HepaBeHCcTBe F0. A. Benp, 3. ITaxsipoBa (1973 1.).

B paznene 4.4 pemaercs 3agada 4.4 0 MOJIy4EHUH JOCTATOYHBIX YCJIOBHIA
AY pemennit BUJLY nsitoro nopsiika ciaeAayroniero Buaa:

x® (t) + Zzll[ak t)x™ (t) + ij t,7)xM(2)dz] = f (1), t>t,. (4.37)

J{ns pelieHus 3TOM 3aa4u pa3BUBACTCS METOJ UCCeAoBaHusl AY pelieHui
nuneiiHoro BUJIY deTrBepTroro mopsiaka Ha - MOJIYOCH, pa3pabOTaHHBIN
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C. UckannmapoBeiMm (2014 r1.), a uUMEHHO, CHayajna JenaeTcs cieayronas
HECTaH/IapTHas 3aMeHa:

X (0) + X" (1) + pX"() + PX (1) + poX(1) =W (1) y (1), (4.38)

r7e P, - HEKOTOpbIC BCIIOMOTaTeNbHbIe mapameTpsl, puaem p, >0 (k=0,1,2,3);
O0<W(t) - mexoropas BecoBas ¢yukuus, Y(I) - HOBas HeusBecTHas QYHKIHA,

kotopas npuBeaer BUJY mnsaroro nopsiaka (4.37) K SKBUBaJEHTHOM cUCTEME
(4.39), cocrosimeit u3 ognoro 1Y uyerBeproro mnopsiaka (4.38) u ognoro BUIAY
nepBoro mopsiaka s Y(t). s kaxmoro ypaBHeHust cuctemsl (4.39) nemarorcs

OTJIEJbHBIE IPEOOPA30BaHUs, T. €. IPUMEHSIOTCSA OTIAEIbHBIE METO/IbI, PE3YJIbTATHI
npeoOpa3zoBaHuil JAJId KaKJIOTO YPAaBHEHHUS CIOXKATCA, U OCYIIECTBIIETCS MEPEXO]
K UWHTErpaJbHOMY HEpPaBEHCTBY, K KOTOpOMY MHpuUMeHseTcs Jemma 2.1
auccepraiu uiau jemma 1 o0 uHTerpanbHoMm HepaBeHcTBe HO. A. Benp, 3.
[TaxsipoBa (1973 r.), npu 3TOM K nnepBomy ypaBHeHHIO - K /Y (4.38) nmpumensiercs
MeTOJ] Bo3Be/ieHus ypaBHeHu B kBajpat (C. Uckangapos, 1981 r.), a ko BTopoMy
ypaBHenno - Kk BUJY s Yy(t) - passuBarorcs Mmeron mnpeoGpasoBaHus B.

BonbsTeppa u meron cpesbiBaromux ¢pynkumii (C. Uckangapos, 1980 r.).

B paznene 4.5 cnenan ananu3 pe3ynbTaTOB UCCIIEIOBAHUN TJ1aBbI 4.

Ha Bce TeopeMbl M Ha HEKOTOpPBIE CIEACTBHS TJaB 3, 4 IIPUBEICHBI
WUTIOCTPATUBHBIE TMPUMEPBI, TMOKA3bIBAIOIINE E€CTECTBEHHOCTh IMOJIYYEHHBIX
YCJIOBHIA.

Teopembl u cieactBus raaB 3, 4 comep:KaT HEKOTOPHIE BCIOMOTATEIbHbBIE
napameTpbl, BeCOBble M cpe3biBatoniue ¢GyHkuud. Ecam ux Oynem BbIOMpaTh
KOHKPETHO, TO MOXHO  TMOJYy4YdUTh KOAP(UIMEHTHbIE NpPHU3HAKU IS
ACUMIITOTUYECKAX CBOMCTB pEIICHUMHA paccMaTpuBaeMbIX ypaBHeHH. B
NOCTPOCHHBIX  WJUIIOCTPAaTUBHBIX  TpUMepax  IMOKa3aH  BBIOOp  3THUX
BCIIOMOTaTeNIbHBIX apaMeTpOB U (QYHKIIHIA.

3AK/IIOYEHHUE

B nannoit nuccepraimonHoit padore:

1. VYcraHOBIEHBI JIOCTaTOYHBIE YCJIOBUS OTPAHUUYCHHOCTH Ha TOIYyOCH U
CTPEMJICHUSI K HYJII0 NPU HEOrPAHUYECHHOM POCTE apryMeHTa BCEX PELICHUU
JMHEeHOro oaHopoaHoro BUJIY BTOpOro m Tpersero mopsiagkoB B ciydae, KOraa
COOTBETCTBYIOIIME JIMHEWHBbIE OAHOpOAHBIE Y MOryr uMeETh pelieHus, He
o0Jaaronre n3y4aeMbIMA CBOMCTBAMH.

2. YCTaHOBJICHBI TaK)Ke JOCTATOYHBIE YCJIOBHUS OTPAHMYECHHOCTH Ha TOIYOCH
Bcex pemeHnii BUJIY werBepToro mopsaka B ciaydae, KOrja COOTBETCTBYIOIIHE
JIMHEWHBIE OJTHOPOJIHBIE U HEOTHOPOHBIE [[Y YeTBepTOoro mopsaka MOryT UMETh
HEOTPAaHUYECHHBIE HA I10JIyOCH PEILLICHUS.

3. Pa3BuTueM nepBoro BapMaHTa METOa HECTAaHAAPTHOTO CBEJICHUS K CUCTEME
YCTaHOBJIEHBI JIOCTATOYHBIE YCIIOBUA YCTOMYMBOCTHU pelieHUM JuHEMHbIX BUY
YETBEPTOIO U MATOTO MOPSIIKOB B Ciiydae, Korjaa KodhPUIIMEeHTHI U Sapa 3TUX
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BU/Y moryT 6b1Th HenupPpepeHupyeMbIMA B HEKOTOPBIX TOUKAX MOTYOCH.

4. HailineHsl 1OCTaTOYHBIE YCIOBHS aCUMITOTUYECKONW YCTOUYUBOCTH
pelieHur JIMHEHHOro oaHopogHoro BUJ/IY derBeproro mopsaka B ciydae
HEMOJIOKUTEIIBHOCTH ~ KO3(PpUIMEHTa TpeThell MPOU3BOJHONM  HEU3BECTHOM
dbyHKIMH, T. €. B cIy4yae, Korja Jr00e HEHYJEBOE PEIICHHUE COOTBETCTBYIOIIETO
JMHEWHOTO OJHOPOAHOro J[Y 4eTBepToro mopsjaka He SBJISIETCS aCUHMITOTHYECKU
YCTOUYUBBIM.

5. Pa3BuTHEM HECTaHIAPTHOTO METOJIa CBEJCHUSI K CHCTEME C BBEICHUEM
HEKOTOPBIX YETHIPEX BCIIOMOTATEIbHBIX IMApaMETPOB M OJHON BECOBOU (PYHKITUH,
METOJIa BO3BEACHUS YPaBHEHUWW B KBaJpaT, METOJIa YaCTUYHOTO CpPE3bIBAaHUA
YCTAHOBJIEHBI JOCTATOYHBIC YCIOBUSI aCUMITOTUYECKON YCTOMYMBOCTH PELICHUI
BU/IY nsToro nopsaka.

OTMeTuM, 4YTO TMEPEUUCIICHHbIE HaMU pe3yJibTaThl OBbUIM TOJYYEHBI
pa3sBUTUEM U IIPUMEHECHUEM pPa3JIMYHbIX BAPUAHTOB HECTAHIAPTHOTO METOAA
CBEJICHUS K cUCTeMe, MeTojia IIpeoOpa3oBanus ypaBHeHuil B. Bonbreppa, metona
BO3BEJICHUSI YpPaBHEHMI B KBaJpaT, METOJa Cpe3bIBalOUX (PYHKIUH, MeTona
YaCTUYHOTO CPE3bIBaHUSI, PUMEHEHUEM JIEMMbl 00 MHTETpaJIbHOM HEPABEHCTBE
nepBoro pona, npaswia Jlonutans B ¢dopme Llronbia, nemmer JlrocTepHHUKa-
Cob6oneBa. Takke OTMETHM, YTO Takas METOAMKA HCCIEAOBaHUM Oblia
paspaborana B Macturyre mareMatuku HAH Keipreizckoit PeciyOnuku.

HPAKTUYECKHUE PEKOMEHJIALINHU

HuccepranioHHas pad0Ta HOCUT TEOPETHUECKUN XapaKTep U €€ pe3ybTaThl
MOT'YT HAUTH ITPUMEHEHHUE B acCUMIITOTHYECKOU Teopun BU/[Y BbICOKMX MOPAIKOB
Ha TIOJIyOCM MW TPH HCCIEIOBAHUM YCTOWYMBOCTH HEKOTOPBIX IPOLECCOB,
MPOUCXOIAIINX B CIUIONIHBIX Cpejax ¢ MaMATb, HAIpuMep, B aj’po H
KOCMOJMHAMHUKE, a TaKXe MpU pa3padOTKe CHEIKYpCOB JIsi MaruCTPaHTOB M
JOKTOPAHTOB - MAaTEMATUKOB U MEXAHUKOB.
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KomapuoBa Ejena AuexceeBHanbiH 01.01.02 — nuddepeHumnanabik TeHaemesep,
AUHAMHUKAJIBIK CHCTEMAJIAP ’KaHA ONTUMAJIBIK 0AlIKapyy afucTUIru 00I0HYA (PU3NKa-
MATEeMAaTHKAa WIMMICPHHHUH KAHAUAATHI OKYMYMITYYJYK AAPasKAChIH M3ACHHUII aJIyy
YiyH <«ZKoropky Ttaprunrern ChbI3bIKTYy BoabTreppa THOMHIErMm HMHTErpo-
AupdepeHIHAIAbIK  TeHAeMeJIepAMH  YbIrapblLILIIITAPLIHBIH  TYPYMAYYJIYITYHYH
JKeTHIITYY IAPTTAPbD» TEMACBIHAA Ka3bLJITaH M CCEPTALMACHIHBIH

PE3IOMECH

Ypynryy ce3nep: BoabTeppa THOMHAETH HHTErpo-AuddepeHuanIblK TEeHIEME
(BTUAT), wuHTErpaygblk MYYeJIOpAYH TaacUpH, YEKTEINeHAUK, HOIre yMTYIyy,
TYPYMIYYIYK, aCUMITOTHKAJIBIK TYPYMAYYIYK, ClIeHU(UKAIBIK OSJITH.

N3uingeenyn od0bexkTHcH: Bonbreppa THOMHAETH 3KMHYM, YUYHUY, TOPTYHUY XKaHa
OemmHYM TapTunTeru cei3biktyy M Tnep.

N3uaneenyn mpeameru: 2-, 3- xaHa 4- taptunteru coibikTyy BTU/Tnepaun
OapAbIK YbITAPbUIBIIITAPBIHBIH JKaphIM OKTO YEKTEITCHJIUTH KaHa HeJre yMTYylyycy; 4-
)kaHa S5- taprunterd cbi3bIkTYy BTU/ITnepanH 4YplrapbulbIIITAPBIHBIH KapbIM OKTOTY
TypymMAayyiyry xana AT-ry.

M3uingeenyn Makcatbl: 2-, 3- aHa 4- TAPTUNTETH CHI3BIKTYY Au(QepeHITHaIabIK
teHaeMenepauH ([T) ubirapbuiblITapblHBIH a0aJIbIHA MHTETPANIIbIK MYUY6JI6pAYH TaaCUPHH
muinee; 4- xana S-raprunteru BTU/ITnepauH YblrapbUIbIIITAPBIHBIH KAPbIM OKTOTY
TYPYMAYYJIYT'YH kaHa AT-ryHyH jKeTUIITYY IIapTTapbiH Talyy.

H3unianeenyn meroaaopy: Tenaemenepau cucremara CTaHIAPTTBIK YMEC KEITUPYY
Merony, B. BoubTeppaHblH TeHAEMENEpPAM ©3rOpPTYI TY3Yy METOAY, TEHIEMEIEpan
KBaJlpaTKa KeTepyy MeTOoAy, Kecyydy (QyHKUMsIap METOJy, JKeKeue Kecyy METOAy,
UHTETpabik 6apabapcei3apikTap Metony, Lltonsir gopmaceimarsr Jlomurans spexkecu
»kaHa Jlroctepuuk-Co00sIeBANH JIEeMMACHI.

NmTuH MIMMUil KaHBUIBITBI: 2-, 3- TapTunteru cbi3bikTyy Oup Tektyy (CBT)
BTU/Tnepaun OGaplblK YbITapbUIBIIITAPHIHBIH JKaphIM OKTO YEKTEJITCHIUTHHUH KaHa
HeNlre  yMTylyycyHyH kaHa 4- taprunteru CBT  BTU/AT-uun  Oapabik
YBITapPBUIBIIITAPBIHBIH  JKAPBIM OKTO YEKTEITeHAWTMHUH SKETUINTYY IIapTTapbl, Oyl
teHaemenepre tuemenyy ATnepauH dyblrapbulbllITaphl aTairal Kacuerrepre 33 00a0oi
KaJlyyCy MYMKYH Y4ypyH[a, anbiHabl. ChI3bIKTYy 4- kaHa 5- taprunteru BTU/Tnepaun
YBITapPBUIBIIITAPBIHBIH - TYPYMIYYJIYTYHYH JKETHINTYY IIApTTapel Oyna TeHJEMENepaAnH
KOA((ULMEHTTEPH kKaHa SIAPOJIOpY K33 Oup dekuTreple nuddepenunpieHOemin MyMKYH
6onron yuypaa ansiaabl. 4- tTaptunteru CbT BTU/THuH ubirapsuibiiutapsiibid AT-ry Oy
tegaemere tuemenyy CbT ATuun AT smec yaypynna ta0buiasl. Tennemenepau cucremara
CTAaHJAPTTBIK 3MEC KENTHPYY METOJAYH OHYKTYPYY apKbulyy 5- TapTHUOTETH CBI3BIKTYY
BTU/ITuun ubirapsuisiiuTapbiHblH AT-ryHyH )KETUIITYY IIAPTTAaphl AJIBIHIBL.

AJIBIHTaH KBIMBIHTBIKTAPABIH TEOPHUSJIBIK KAHA MPAKTHKAJIBIK MAaHUJYYJIYTY.
JKbIAbIHTRIKTApBl KOTOpKY Taptunteru BTUYnepaun skaHa k33 Oup 3¢ TyTymy Oap
4eupeery nNpouecCTepAuH TYPYMAYYJIYK TEOPUACHIHIAA KOIJAOHYIYIY MYMKYH.
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PE3IOME
auccepranuu  Komapuosoii EJsenbl AJiekceeBHbI Ha TeMy «/locTtaTounbie
YCJIOBUSL YCTOMYMBOCTH PeEUICHHWH JIMHEHHBbIX BOJBTEPPOBBIX HHTErPoO-
nuddepeHINAIBHBIX YPABHEHHMH BBICOKMX MOPSAAKOB», IMPEICTABJIECHHON HAa
COMCKAHME YYEHOH CTeNeHW KAHANAATA (PU3HKO-MATEMATHYECKHMX HAyK 110
cnenuagabuoctu 01.01.02 — nuddepeHnuaibHbie YpaBHEeHUsI, TMHAMHYECKHE
CHCTEeMbI U ONITHMAJIbHOE YIIPpABJICHHE

KirwoueBble ciaoBa:  wHTETpo-mudPepeHIMATLHbIE  ypaBHEHUS  THUIIA
BousbTeppa, BIMsSHHE WHTETPAIBHBIX BO3MYILICHUN, OTPAHUYEHHOCTh, CTPEMIICHUE K
HYJII0, YCTOMYHUBOCTh, aCUMIITOTUYECKAsl yCTONYUBOCTD, CTIEIIM(PHUUECKUN TPU3HAK.

OO0bekT uccaenoBanms: JInHeitHbie HHTETPO-IUDPepeHIINATBHBIE YPaBHEHUS
tuna BosbTeppa BTOPOTo, TPETHETO, YETBEPTOTO U MSATOTO MOPSIAKOB.

Ipeamer wucciaegoBanus: I3ydeHue OrpaHMYEeHHOCTH Ha  IMOJIYOCH,
CTpPEMJIEHUS K HYJIIO BceX pemieHui JuHerHbix BU/Y 2-ro, 3-Tr0 1 4-TO NOPSAIKOB;
ycToitunBocTy U AY pemenunii tnHerHbiXx BUY 4-ro u 5-r0 nopsiAKOB Ha MOJTYOCH.

Hear padorpl. Pa3zBuTeM W NOpPUMEHEHHEM KayeCTBEHHBIX METOOB,
paspaboranubix B UM HAH KP, u3yunth BiusHHE UHTETPATbHBIX BO3MYIIICHUN Ha
MOBEJICHNE peleHuid JuHenHbIX Y 2-ro, 3-r0 U 4-ro HOpsAIKOB Ha MOJIyOCH;
YCTAHOBHUTH JOCTATOUHBIE YCIOBUSA YCTOMUUBOCTH U AY pemieHuit nuHeHsix BUY
4-10 1 5-TO OPSAJIKOB HA MOIYOCH.

MeToabl uccjieoBanus U annaparypa. HecrangapTHeiii MeTON CBEICHUS K
cucTteMme, MeToJi mpeoOpa3oBaHus ypaBHeHHil B. BoabTeppa, MeTon BO3BeIEHUS
ypaBHEHM B KBaJpaT, METOJ Cpe3blBatoluX (YHKIUNA, METOJ] YacCTUYHOTO
Cpe3bIBaHMS, METOJI HMHTETPaJbHBIX HEPAaBEHCTB, MpaBwio Jlonurtans B Qopme
[lITonbua u nemma Jlroctepuuka - Codosena.

ITosryyeHHbIe pe3yabTaTbl M MX HOBHM3HA. YCTAHOBJIEHBI. JOCTATOYHBIE
YCJIOBUSI OTPAaHUYEHHOCTH Ha IMOJYOCH W CTPEMJIEHUS K HYIIO Bcex peuieHuit JIO
(mmuuetinoro omHopogHoro) BUY 2-ro, 3-ro mopsiikoB M OTpaHMYEHHOCTH BCEX
pemenuid BULY 4-ro nopsiaka B ciydae, koraa coorBercrBytomue JIO JIY moryr
UMETh pelIeHus, He O00JalalIie HN3y4aeMbIMU CBOMCTBAMHU. Y CTAHOBJICHBI
JIOCTATOYHBIE YCIOBUSI YCTOMYMBOCTH pelieHud nuHerHsix BUIY 4-ro u 5-ro
MOPSIIKOB B ciilydae, korma kodddunmentsl u sapa stux BUJIY moryt ObITH
HeubdepeHIMpyeMbIME B HEKOTOPBIX TOYKaX MOJyocu. HaljmeHwsl mocTaTouHbIC
ycinoBust AY pemenuit JIO BUJLY 4-ro nopsinka B ciaydae, Korja Jiro0o€ HeHYJIEBOE
pemenue cooteTcTBytomero JIO JIY 4-ro nopsinka He siBisercss AY. PasButuem
HECTAH/IAPTHOIO METOJAa CBEICHHUS K CHCTEME YCTAHOBJIEHBI JOCTATOYHBIE YCIOBUS
AY pemennit BUJLY 5-ro nopsiaka.

Teopernueckasi M NpakTHYECKAs] 3HAYUMOCTD MOJYYEHHBIX Pe3yJbTATOB:
Pe3ynbTaThl MOTYT OBITH HMCMOJB30BaHbI B Teopuu yctonunBoct BUJIY BbICOKHX
MOPSJIKOB ¥ 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 VIDESs 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.
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NEPEYEHDB YCJOBHBIX OBO3HAUYEHUH, CUMBOJIOB, EJIUHULI,
TEPMUHOB, COKPAIIIEHUI

BBCI[CM 0003HaUYCHHS: BCC MNCPCMCHHBIC U ITOCTOAHHBIC BCIINYHUHDBI ABJISAIOTCA
ﬂCﬁCTBHTCHBHBIMH; «o0» O3Ha4acT « 400 »; CHUMBOJI «ern O3Ha4acT

«puHamIeRuT»; R=(—0,0) - wumcmoBas ock; R, =[0,©) - mnomyocs;
J= [to,oo), t,€R - OeckoHeuHbIH MoXyHHTEepBad; 3anmuch =1, o3Hagaer teJ,
C(J,R) - mpocrpanctBo (yHKIMIA, ONPENECICHHLIX U HENPEPHIBHBIX Ha
nonyunrepsaie J co 3HauenmsamMu B R, T. e. X(t)€C(J,R) osmauaer, uro
Gyukuus X(t) ompeneneHa u HenpepblBHA Npu t € J M NPUHUMAET 3HAUCHWS W3
R; C"(J,R) - mpocrtpancTBo (pyHKIMH, ONPEAETIEHHBIX U N pa3 HENPePLIBHO
nmupdepeHIMpyeMbIX Ha HoJyMHTepBane J co 3Hadenusmu u3 R; L'(J,R)) -
MIPOCTPAHCTBO HEOTPUIIATEIBHBIX (DYHKITNI, HHTETPUPYEMBIX HA MIOTyHWHTEpBAIIC J
T. e X(t)el'(J,R,) < x(t) >0, _[x(t)dt<w; L?’(J,R) - mpocTpaHCTBO
ty

(pyHKIMI, MHTETPUPYEMBIX C KBaJPAaTOM Ha MOJyMHTEpBase]) co 3Ha4eHneM B R

T. e x{t)el’(J,R)< Ixz(t) dt <oo; BUAY - BOJBTEpPPOBO HHTErPO-
t

muddepeHnnanbHoe ypaBHEHUE, T. €. MHTErpo-nuddepeHinraibHoe ypaBHEHUE

tunia Bonwsreppa; Y - nuddepennuanibnoe ypaBHEHHE, TOBOPST, YTO (PYHKIUS

X(t) orpannyena Ha GeckoHe4HOM mosyuHTEpBajie J, ecom 3 CONStM >0 rakas,

aro |X(t)| <M u oGosnauaror X(t)=O(l), teJ; mox ycroiiunBocTbio pelreHuit

auHenHoro BUJIY  n-ro mnopsaka NOHUMAETCs  OIPAaHUYEHHOCTh  Ha
HOJIyHHTEpBaje J BCEX €ro pelieHuil u ux mpou3BoaHbiXx 10 (N—1)-ro mopsaka

BKJIFOUMTENBHO; TMOJI ACUMIITOTUYECKOW YCTOWYMBOCTBIO PEIICHUNA JMHEHUHOTO
BULY N -ro nopsiaka NMOHMMAETCs CTPEMIIEHHE K HYJIO MpU t —> o0 BCEX €ro

pemieHuii W ux npousBogHbIX 10 (N—1)-ro mopsaka BKIIOYMTENLHO, IO
CTPEMJICHUEM K HYJIIO MOHUMAETCA CTPEMJICHHME K HYJIIO TpU t-—>oo ; moja

«HECTAaHIAPTHBICE METOAbl CBEICHUS K CUCTEME» ITIOHUMAETCS «HECTAHIAPTHBIE
MeToabl cBeneHus BUJIY BbICOKMX TOPSIKOB K CHCTEME»; Bce (pUTypHpyromme
¢Gynkumu ot t, (t,7) ABIAOTCS HENPEPHLIBHBIMH U COOTHOLIEHHS WUMEIOT MECTO

mpu t=>t,,t=>7 21,
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