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PabGora BbITOJIHEHA B J1Ta00OpaTOpUU TEOPUM HHTETPO-IuddepeHInaTbHbIX
ypaBHeHu MHcTUTyTa MaTemaTtukn HanmonaneHOW akajgemMun HayK KbeIprei3ckoit
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UH(POPMaATUKU KbIpreI3ckoro HAIlMOHAJIBHOTO
yHuBepcuteTta uMenu JK. banacarsina.
Benymas OpPraHM3alus: kapeapa  MHDOPMALMOHHBIX  CUCTEM  H

nporpaMmMupoBaHusi  (akyJbTeTa  MaTeMaTHUKd U
UH(OPMAITMOHHBIX TE€XHOJIOTUI Omckoro
roCyJapCTBEHHOIO0 YHHBeEpcuTeTa, KbvIprei3cTaH, ropoa
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3ammra coctoutcs 10 suBaps 2024 roma B 14:00 na 3acemanuu
nucceprauronHoro cosera I 01.22.647 no 3ammuTe auccepTaluii HA COMCKaHHE
y4EHON CTeneHu JokTopa (KaHaujata) (U3MKO-MATEMATHUYECKUX HayK MpH
Nuctutyre marematuku HamumonaneHOW — akagemun  Hayk — KeIpreizckoi
PecnyOmnuku 1 KbIprel3ckoM HallMoHanbHOM yHUBepcuTeTe uMeHu JK. banacarsina
no agpecy: Keipreizckas PecryOmmka, 720071, r. bumkek, nmpocnekt Uyt 265-a,
kabuner 374.

Nnentudukarop 3ammutel — hitps://vel.vak.kg/b/012-Itf-b7j-Igy.

C nuccepramueii MOXXHO O3HAKOMHTBHCA B OuOamoTekax HammoHanmbpHOM
akagemun Hayk Ksiproisckoit PecniyOmuku (720071, r. bumkek, npocnekt Yyi,
265a), u KbIpreizckoMm HanuoHanbHOM YHuBepcutere umeHu JK. banacareina,
(720033, r. bumkek, yia. ®pynse, 547) u Ha caiite www.math.kg; www.vak.kg.

ABtopedepat pazocnan 9 nexabps 2023 r.

YdeHbIl CEKpeTaph AUCCEPTALMOHHOTO COBETA
KaHIuJaT (U3UKO-MAaTEeMAaTHIECKUX HAYK, TOTICHT [Tapmemonena ®. K.
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OBIIAA XAPAKTEPUCTUKA NCCJUIEJJOBAHUA

AKTYaJbHOCTh TeMbl auccepranuu. Kak ormedueHo B monorpadum C.
Wckanngaposa [4, c. 5], B konne XIX - nagame XX Beka BO MHOIOM OJarojaps
BEJIMKOMY HTaJIbsIHCKOMY MartemaTuky B. Bosbreppa mnosBuiuch paboThl, B
KOTOPBIX HW3y4YeHbl OOLIME M KAYEeCTBEHHbIE CBOMCTBA PEHICHUH WHTErpo-
muddepeHranbHbIX YPAaBHEHHM, COJEpKalllie HHTETpalibl C TEePEMEHHBIMU
BEPXHUMH TIpelellaMd HHTETPHPOBaHUA. B TOCIeNCTBMM Takue ypaBHEHHS
noyyrsii - Ha3BaHusa:  «MHTerpo-muddepeHnmanbHple  ypaBHEHHS ~— TUIA
BonbsTeppa» B 3Hak mpusHaHus 3aciayr B. Bombereppa. OTMeTum, 4yTo MHOTHE
uccnenoBanusi B. BonbTreppa mpoBeeHbI B CBSI3U ¢ U3yYEHUEM OMOJIOTHYECKUX U
MEXaHUYECKUX TMPOILIECCOB C YUETOM HUX MPEABICTOPUU (SBJICHUS TIOCTIEACHCTBUSA).
Onu oTpaxkeHsl B ero MoHorpadusx [5, 60] n okazaim O61aroTBOpHOE BIUSHUE HA
dbopMupoBaHUE COBpEMEHHOM o00mer u kadecTBeHHOM Teopuun BUIY
(BOJIBTEPPOBBIX UHTETPO-TU(DPEepeHIINATBHBIX YPAaBHEHUH ).

B cBsi3u ¢ MpakTUYECKUMU U TEOPETUYECKUMHU MOTPEOHOCTSIMU YCUITUSIMU
OTEUECTBEHHBIX M 3apyOEKHBIX YYEHBIX CO3/laHa COBpPEMEHHas o0mas u
kayecTtBeHHas Teopust BUJ[Y. B cTtaHOBIIeHMN 3TOM TEOPUM 3HAYMTEIIbHBIN BKIIA]L
BHECJIM Takue yueHble, kak: B. BompTeppa (1881-1940 rr.), 5. B. BrikoB (1951-
1957 rr.), M. U. NUmananue (1956-2015 rr.), 0. A. Benp (1960-2006 r1T.),
A. . borame (1962-1998 rr.), JI. E. KpuBomeunn (1962 r.), E. A. Bap6ammun
(1957-1967 rr.), H. B. A36ener (1979-2001 rr.), A. 1. Mermukwuc (1949-1977, 2003
rr.), H. H. KpacoBckuit (1956-1959 rr.), A.M. Camoiinenko (1973-1976 rr.),
B. P. Bunokypos (1967 r.), P. bemiman (1967 r.), K. P. Kyk (1967 1.), J. J. Levin
(1963-1968 rr.), J. A. Nohel (1964-1971 rr.), C. Corduneanu (1963-1973 rr.),
K. A. KaceimoB (1968-2004 rr.), K. Anmsivkyos (1972-1992), K. Kakumios (1973-
1991 rr.), A. Caagabae (1982-2009 rr.), M. K. Jlaysmbae (1979-2023 rr.),
I1. C. [TankoB (1971-1992 rr.), I'. Paxamnor (1965-1973 rr.), 3. Ilaxeipos (1971-
2017 rr.), C. UckanmapoB (1978-2023 rr.), A. Acanor (1977-2023 rr.), A.
baiizakos (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. Makcumos (1982-1991 rr.), JI. ®. Paxmatymiuna (1978-
1991 rr.), M. E. Jlpaxiuu (1986 r.), JI. M. Bepesanckuii (1982-2012 rr.), A. U.
Howmorraunkuii (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 padoTtax pa3pabOTaHbl HOBbIC METO/IbI
Y CO37aHbl HOBBIC HAMPABIICHUS HAYYHBIX MCCIICIOBAHU.

Kak wu3BecTHO, U3y4YeHHE YCTOMYMBOCTH HEKOTOPBIX TIPOIECCOB C
MPEABICTOpUEH TPUBOAUT K HEOOXOJMMOCTH Pa3BUTHS TCOPUU YCTOWYMBOCTH
pemenniit BUJY. [Ins pa3Butus Takoil TeOpuH pa3paboTaHbl MOIIIHBIE METOIbI



UCCIIEOBAHUM PA3JUYHBIX aBTOPOB, KOTOpPHIE OTPa)X€Hbl BO BBEIACHUU U B
conepxanuu MoHorpaduu C. Mckanmaposa [C. Uckanmapos, 2002]. B mociennee
BpeMs B pabortax C. MckaHmapoBa M €ro YYEHHUKOB MOSBUIUCH €IIE APYyrHe
METO/IbI, TAKHE KaK: METO/] MOJIyYEeHHUs CTIeIU(PUIECKUX TPU3HAKOB YCTONYMBOCTH
u AY (acMMOTOTHYECKOH YCTOMYMBOCTH) PEHICHWH JIMHEWHBIX OJHOPOIHBIX
BU/IY mnepBoro, BTOPOro W J0 MIECTOTO MOPSAKOB BKIKOYUTEIBHO; METO]
WCCIICIOBAHUSI BJIMSHMUSL MHTETPAJbHBIX BO3MYyLIEHHM Tuna Boaereppa Ha
MOBEJICHUE PELICHUN TUHENWHBIX Y BTOPOro, TpEThEro M YETBEPTOrO MOPSAKOB C
NpPUMEHEHUEM JIEeMMbl 00 UWHTErpajbHOM HEPABEHCTBE IEPBOrO  poOja;
HECTAHJAPTHBIE  METOJbl  CBEICHHUS K  CHCTEME Uil  HCCIEJOBaHUsA
ACUMIITOTUYECKUX CBOWCTB pewieHut BUJIY BBICOKMX MOPSAKOB € IOMOIIBIO
HECTAHJIAPTHBIX 3aMEH, COAEpKAIlle HEKOTOPhIE BCIIOMOTaTEIbHbBIE TapaMeTPhl U
BecoBbIe QYHKIIMU; TPUMEHeHue JemMMbl Jltoctepuuka-Cobosena.

AHaM3 pe3yJIbTaTOB, MOJYYEHHBIX dTUMH METOAAMH, MOKA3bIBAET, YTO UX
JaJbHEWIIEE pPa3BUTUE W NPUMEHEHHE B COYETAHWH C JAPYTHMH XOpOUIO
WU3BECTHBIMH METOJAMH, JAeT BO3MOXHOCTb HCCIIEIOBATh ACUMIITOTHYECKUE
CBOMCTBAa peleHnid HOBBbIX KiaccoB BUJ/[Y BTOporo, Tperbero, 4eTBepToro M
IIATOrO MOPSAIKOB HA MOJYOCH, YTO MOATBEPKAAET AKTYAJIbHOCTh TEMbI HACTOSIIEN
JIMCCEPTAIMOHHON PaOOTHI.

CBsi3b TeMbl JUCCEPTALUM ¢ KPYNHBIMM HAYYHBIMH MPOEKTAMH U
OCHOBHBIMHM HAY4YHO-HCCJIe0BaTeILCKUMU padoramu. PaGorta BbINOJIHEHA B
pamkax mnpoektoB HUP HWuctutyra marematuku HAH KP: «Pa3zButue u
IIPUJIOKEHUS KOMIIBIOTEPHOIO MOJEIIMPOBAHUS, ACUMIITOTUYECKHX,
TONOJIOTUYECKUX U  AHAUIMTUYECKUX METONOB B TEOPUU  yCTOMYMBOCTH
JTUHAMUAYECKUX CHUCTEM, Pa3pelIMMOCTU OOpaTHBIX 3a7a4, SKOHOMHUYECKUX U
reodpuzndeckux ImporeccoB» (2015-2017), momep roc. peructparuu 0007125;
«Pa3BUTHE ACMMNOTOTUYECKUX, TOIMOJOTMYECKUX W aAHAJUTHUYECKUX METOJIOB B
TEOPUH PABHOMEPHBIX TOIMOJOTMYECKUX M KHUHEMATUYECKUX MPOCTPAHCTB,
DBOJIOLMOHHBIX ~ CHUCTEM,  ONTUMH3ALUMOHHBIX  JKOHOMMYECKHX  3ajad,
MaTeMaTtudeckoM MoxenupoBanum» (2018-2019), HOMEp TOC. perucTparyu
0007664, 1 BkItOYEHA B COOTBETCTBYIOIIUE OTUYETHI 10 ITUM MTPOEKTAM.

Iesn u 3axa4u uccienoBanus. PazButueM u npruMeHEHNEM Ka4ECTBEHHBIX
MeTonoB, paspaboranHbix B UM HAH KP, u3yuuTh BiIusiHME€ WHTErpajbHBIX
BO3MYILCHUM TuIla BonpTeppa Ha NMOBEACHHE PEIIEHUWHW COOTBETCTBYHOIIMX JIY
BTOPOI'0, TPETHETO U YETBEPTOIO MOPSAKOB Ha MOJyOCH; YCTAHOBUTH JOCTATOYHBIE
YCIIOBHSI YCTOMYMBOCTM pemeHni jauHerHslx BUJY derBeproro u mnsToro
MOPSJIKOB HA IOJYOCH; ACUMIITOTUYECKOW YCTOMYMBOCTH PELICHHM JMHEUHOTO
onHoponHoro  BUMJIY  derBeproro  mopsaka OpU  HEMOJOXUTEIbHOCTH
kod(ddurrenTa TpeTbel MPOU3BOAHON HEU3BECTHON (YHKIIMH, aCUMITOTHYECKON
YCTOWYHUBOCTH peleHun auHenbix BUJY nsaroro nopsaka Ha 1ojyocu.



Hayynasi HoBu3Ha pa0orbl. B rnaBe 3 yCTaHOBIEHBI JOCTAaTOYHbBIC
YCIOBUSL OTPAaHMYECHHOCTHM HAa TMOJYOCM M CTPEMIICHHS K HYJIIO IpH
HEOIPAHUYEHHOM pOCTE€ apryMeHTa BCEX PELICHUN JMHEWHOIO OIHOPOIHOTO
BU/IY BTOpOro u TpEThEro MOPSAKOB, B CiIy4dae, KOrJa COOTBETCTBYIOIIHE
JUHEHHBIE OJJHOPOIHBIE /Y MOTYT UMETh perieHus, He 001a1atone n3y4yaeMbIMU
CBOMCTBaMU. Y CTAaHOBJIEHBI TAKXE€ JIOCTAaTOYHBIE YCJIOBUS OTPAaHWUYECHHOCTH Ha
noinyocn Bcex pemennd BUJIY derBeproro mopsiaka B caydae, Korna
COOTBETCTBYIOIINE JIMHEHMHBIE OJHOPOAHBIE M HEOAHOpoAHbIE JIY uerBepTOro
nopsiJika MOTYT UMETh HEOTPAaHWYEHHBIE Ha TMOJYOCH perieHus. Takum oOpas3om,
M3YUYCHO BJIUSHHE HMHTETPAJIbHBIX BO3MYyLIEHUU Tura Boibreppa Ha moBencHUE
peleHnii TMHEeWHbIX J[Y BTOPOro, TPETHEro0 U YETBEPTOIO MOPSAKOB HA MOJTYOCH.
OTMeTuM, 4YTO MPUMEHEHHUE JIEMMbI 00 MHTErPaIbHOM HEPABEHCTBE MEPBOTO poja
NI0Ka3aj0, YTO HEKOTOpBIE CPE3bIBAIOLINE (PYHKIMH UTPAIOT TJIABHYIO POJIb JUIs
pelIeHns NOCTABJIEHHBIX HAMHU 331a4, T. €. OHM IOMOTAIOT MCCIEN0BATh BIHUSHUE
WHTETPAJIbHBIX BO3MYIIEHWM ThIa BoibTeppa Ha NOBEOECHHE PEIMICHUHM HOBBIX
xiraccob  BUJIY Ha mnomyocu. Takxke OTMETHM, YTO TPHUMEHEHHE ITpaBHIIA
Jlonutana B ¢opme IlTonblia MOMOINIO YCTAHOBUTH CTPEMJICHUE K HYJIO MpU
HEOIPAHUYEHHOM POCTE apryMEHTa BCEX PEUIEHUH PAacCMaTPUBAEMBIX JIMHEWMHBIX
BUJ1Y BTOPOro M TPETHETO MOPSAAKOB Ha TOJIYOCH.

B rnase 4 pazBuTueM nepBOro BapuaHTa METOAA HECTAHAAPTHOTO CBEACHUS
K CHCTEME YCTaHOBJICHBI JIOCTaTOYHBIE YCJIOBUA YCTOMYMBOCTH pPELICHUU
auHenHblx  BUJIY dyerBeproro W IATOrO MOPSAKOB B ciydae, Korjaa
kodhdummentsr U gnpa stux BUIAY moryt ObiTh HenuddepeHIpyeMbIMU B
HEKOTOPBIX TOYKAX ITOIYOCH.

OtMeuaercsi, 4YTO MOJYyYEHHBIE pE3yNbTaThl SBIAIOTCA HOBBIMU U IS
COOTBETCTBYIOLIMX JMHEUHBIX JIY 4YeTBEpTOro M MATOr0 MOPSAKOB C MajbIMU
CBOOOIHBIMH YJICHAMH.

Haitnensl nocrarouneie ycinoBust AY pelIeHUH JUHEUHOTO OJHOPOIHOTO
BUJIY yerBepToro mopsiika mpu HEMOJOXKUTEIBHOCTH KO3(dUIMeHTa TpeThel
MIPOU3BOJHONM HEM3BECTHOM (DYHKIMHU, T. €. B Ciyyae, Korja Jiro0oe HEHyJEeBOe
peleHrne COOTBETCTBYIOIIETO JIMHEMHOTO OJHOpoaHOro 1Y werBeproro mopsaka
He sBisieTcss AY, uto moaTBepxaaeTcs Gopmyisont Octporpaackoro - JlnyBusis.
OTH  pe3ydbTaThl yAAIOCh JOCTUTHYThb, TIJaBHbIM 00pa3oM, pa3BUTHEM
HECTAHJAPTHOI'O METOJla CBEIACHUs K CUCTEME, METOJa BO3BEIACHUs YPABHECHUU B
KBaJIpaT U METOJA YAaCTUYHOTO CPE3bIBAHUS.

PazButneM HecTaHZApTHOIO METOJA CBEACHUSA K CHCTEME, METOoJa
BO3BE/JICHUs YPABHEHUM B KBAJpaT, METOJIa YACTUYHOT'O CPE3BIBAHUSA YCTAHOBIICHBI
noctaTounble ycioBusit AY pemenuit BUJY nstoro mopsaka. 3ameyeHo, 4TO
IIOJIyYEHHBIE PE3yJbTaThl SBIAKOTCA HOBBIMM M U1  COOTBETCTBYIOLIETO
auHelHoro J[Y msaToro mopsijika ¢ MajibiIM CBOOOJHBIM YJICHOM.



IIpakTHyeckasi 3HAYMMOCTH MOJIYYEHHBIX pe3yabTaToB. Hacrosmas
paboTa HOCUT TEOPETHYECKHMI XapakTep U €€ pe3yJbTaThl MOLYT HaWTh
IIPUMEHEHHUE B aCUMNTOTHYECKOM Teopun BU/IY BBICOKHMX MOPSAIKOB HA MOJIyOCH;
IIPU  UCCIECNOBAHUM YCTOMYMBOCTH HEKOTOPBIX NPOLIECCOB, NPOUCXOIALIIMX B
CIUIOIIHBIX CpeNax C MaMAThIO, HAIPUMEpP, B a’pO0 M KOCMOJMHAMHUKE; IIPU
pa3paboTKe CHENKYpCOB AJii MaruCTpaHTOB U JOKTOPAHTOB — MAaTeMaTHKOB U
MEXaHHUKOB.

OcCHOBHBIE M0JIO’KEHH S JUCCEPTALMH, BBIHOCUMbIC HA 3AIINUTY:

VY CcTaHOBIIEHUE NOCTATOYHBIX YCIOBUA:

— OTPAaHMYECHHOCTH Ha TOJIyOCH M CTPEMJICHUS K HYJIO NPU HEOTPAaHUYEHHOM
pocCTe apryMeHTa BCeX PELICHMH JUHEUHOro ogHopoxHoro BUY Broporo u
TPETHETO MOPSAKOB B CIy4Yae, KOI/1a COOTBETCTBYIOIINE JIMHENHBIE OHOPOIHBIC
JY MOryT UMeTh pelieHus1, He 001ajatoie n3y4yaeMbIMU CBOMCTBAMH;

— OTPAaHMYECHHOCTH Ha MOJyocu Bcex pemeHud BUJLY uerBeproro mopsnka B
ClIydae, KOrJla COOTBETCTBYIOLINE JIMHEWUHBIE OJJHOPOIHBIE U HEOTHOPOAHbIE /(Y
YETBEPTOIO MOPSAIKAa MOTYT UMETh HEOTPAHUYEHHBIE HA ITOJYOCH PELICHNS;

— YCTOMYMBOCTHM pelIeHUM JIMHEMHbIX BUJIY derBepTOoro u msaToro mopsakoB B
ciydae, korga koadduuuentst u  saapa stux  BUJIY  moryt  ObITh
HeauphepeHuMpyeMbIMH B HEKOTOPBIX TOYKAX IMOJYOCH, Pa3BUTHEM IEPBOrO
BApHUAHTA METO/A HECTAHJAPTHOTO CBEJCHUS K CUCTEME;

— AY pemennii 1uHeitHOTO ogHOponHoro BU/IY weTBeproro mopsiika B ciydae,
Korja Jio00€  HEHYJIEBOE  PEIIEHHWE  COOTBETCTBYIOLIETO  JIMHEWHOTO
onHopoaHoro JIY uyerBeproro mopsiAKka HE ABIAETCS ACUMITOTHYECKU
YCTOWYHBBIM, PA3BUTHEM METO/IA YACTUYHOI'O CPE3bIBAHUS;

— AY pewmennii BUY nsToro nopsiika, pa3BUTUEM HECTAHIAPTHOIO METOAA
CBEIICHUS K CHCTEME C BBEICHUEM HEKOTOPBIX YETBIPEX BCIIOMOIaTEIbHBIX
napaMeTpoB M OJIHOM BECOBOM (PYHKIIMM, METOJa BO3BEACHUS YpPaBHCHUN B
KBaJpaT, METO/IA YACTUYHOI'O CPE3bIBAHNUS.

JInuyHblii  BKJAA coMckareas. llenm wm 3amaud uccleIOBaHUS
JICCEPTALIMOHHON paboThI ITOCTABJICHBI Hay4YHBbIM PYKOBOJIUTENIEM
C. UckanmapoBeiM. B mgucceprannio  BKIIIOYEHBI  MaTEpUalbl, KOTOPBIE
MIPUHAJIEKAT aBTOPY.

Anpobanus pe3yJibTAaTOB HccJael0BaHuil. Pe3ynbTaTel HacTOsIIEH PabOTHI
OBLIIN TOJI0’KEHBI U 00CY>K/IEHBI Ha:

— MexayHapoHON  HAYYHO-TIPAKTHYECKOM  KOH(EepeHIMH  «AKTyaJabHbIC
npo6sieMbl MaTEMaTHUKU U MHPOPMATHKWY, MOCB. 80-JIETUIO CO JTHSA POXKIECHUS
axkamemuka HAH PK KaceimoBa K. A. (r. Anmatel, KasHY um. anb-®apabdwu, 21-
23 nmek., 2015 1.);

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



— MexayHapolHO  HAyYHO-TIPAaKTUYECKOM  KOH(epeHIHH  «AKTyaJbHbIC
npo0OJieMbl TEOPETUYECKONW M MPHUKIAJIHON MaTeMaTHKu», mocB. 100-metuio co
JHS POKICHHS KPYMHEHIIEro y4eHoro u mejarora, npodeccopa Kpusomenna
Jleonnna EBrenneBuua (r. bumkek, KHY um. K. banacarsina, 18 okt. 2019 1.);

— Becennem cemecTpe ceMuHapa 1Mo KaueCTBEHHOW Teopun nuddepeHInaibHbIX
ypaBHeHu# (r. Mocksa, MI'Y um. M. B. JlomonocoBa, 19 anp., 2019 r);

— Mexnynapoanoii HayyHou koHpepenmun «lll bopybaeBckue yrtenus», mocs.
35-netuto co aHsA obpazoBanus Mucrturyra matematuku HAH KP (r. bumikek,
UM HAH KP, 24 mas 2019 1);

— Hayunom cemunape kadenpsl «Beicmias wmartematuka» KPCY wum. b, H.
Enbiuna (Hayy. pyk. — K.¢.-M.H., JI. I'. JleneBkuna) (r. bumkek, KPCY, 26 amp.,
2021 r., 12 anp., 2023 r.);

— MexayHapoHOW Hay4YHO-TIpaKTUYeCKOl KoHpepeHunn «IlHHOBalMu B HayKe U
TEXHHUKE», IMOCB. maMsTH TepBoro jaekana ET® mpodeccopa IOpukosa B.A. (T.
bumkek, KPCVY, 20-21 anp., 2022 1.);

— Hayunom cemunape Wucturyra matematuku HAH KP (mayu. pyk. — axkapn.
bopy0baeB A. A.) (r. bumukek, UM HAH KP, 27 utons, 2023 r.).

[TonHOTa OTpakeHUs Pe3yabTaTOB AUCCEPTALMH B MyOnukanusx. OCHOBHOE
collepyKaHUe JHCcepTanuu omyOonukoBaHo B crarhsax [1, 3-10] m B aHHOTaruu
nokiaga B MI'Y um. M. B. JlomonocoBa [2]. B coBMecTHBIX paboTtax [2, 4-7, 9,
10] moctaHoBka 3amay U OOCYXIEHHE pEe3yJbTaTOB MPUHAIICKUT HAYUYHOMY
pykoBoauremo C. HckaHoapoBy, [OKa3aTelIbCTBO TEOPEM, CIEACTBUU U
IIOCTPOEHUE WLTIOCTPATUBHBIX IIPUMEPOB — ABTOPY.

Crpykrypa u 00beM auccepraiuu. JuccepranmonHas paboTa COCTOUT U3
NepeyHsl COKpalleHui 1 0003HaYeHU, BBEJCHUS, YETHIPEX IJ1aB, cojepkaumx 14
pa3zeoB, 3aKJIFOUYECHHS], IPAKTUYECKUX PEKOMEHAAIMI U CIIHCKA UCITOJIb30BAaHHBIX
UCTOYHUKOB U3 75 HaMMEeHOBaHWH, 98 CTp. KOMIIBIOTEPHOTO TEKCTA.

B aBropedepare wucnonb3oBaHa M COXpaHEHAa CHCTEMa HyMepaluu,
NpUHATAs B JUCCEPTALMK: IBOMHAs CKBO3HAs HyMepalusi BHYTPHU KaXIOH TJIaBbl.
Hanpumep, dopmyna (4.2) — ato Bropas ¢opmyna riasel 4, Teopema 3.5 — 310
IATasi TeopemMa riaasbl 3, npumep 3.4 — 3TO YETBEPTHIN NPUMED TIIaBbI 3.

OCHOBHOE COAEPXAHHUE JUCCEPTALINU

B nepBoii rnaBe «OB30P JIMTEPATYPLI» npuBonutcs Kpatkuil 0030p
HAy4YHOM JTUTEpaTyphl, OJU3KOM MO CONEPKAHUIO, K PEIIaeMbIM 3aJa4aM B JTAaHHOMN
JIMCCEePTAIMOHHON padoTe.

B rmmae 2 «METOAOJIOTHUA MW METOAbI WHCCIIEJOBAHHMA»
ompeniesieHbl O0BEKT, MpeaMeT, 3aaauu sl ucciuenoBanuil. Ilpogenan kpaTkuit
0030p HEKOTOPBIX METOJIOB PEIICHUN 3ajad HaCTOAIICH JAUCCEPTAIMOHHOMN
pabotel. M310%KeHa METO/IMKa UCCIEAOBaHM, T. €. U3JI0KEHa CYyTh MPUMEHSIEMBIX
Y Pa3BUBAEMBIX KOHKPETHBIX METO0B, II03BOJIAIOIIUX PELIUTH IIOCTaBJICHHbIE



Hamu 3agaud. [IpuBeneHsl 2 1eMMbl 00 MHTETpaIbHBIX HEPABEHCTBAX; JIEMMBI O
npeo0pa3oBaHUAX [BOWHBIX HMHTETPAJIOB M TPEOOPa30BaHUAX, CBSI3BIBAIOIINX
WHTETpajbHbIE WICHBI CO CBOOOAHBIMU WieHaMu paccMmaTpuBaeMbix BUJLY nHa
MOJIyOCH; TaKKe MPUBENEHHI JieMMa O mpaBwmie Jlomurans B dopme IllTombia u
nemmMa Jlroctepauka-CoOoieBa.

[lepexoaumM K  UBJIOKEHUIO KPATKOTO  COJIEpXKaHUS  COOCTBEHHBIX
pE3yJbTAaTOB aBTOPA, KOTOPBIE MOJYUYEHBI B T1aBax 3, 4.

B nanHo# AuiccepTaliioHHOM paboTe paccMaTpUBAIOTCS JIMHEWMHbIE HHTErPO-
muddepennnanbubie ypaBHeHus tuna BonsTeppa Buaa:

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

a UIMEHHO: BTOporo nopsaka (N=2, m=1, f(t)=0); tperbero mopsaka (N=3,
m=2, f(t)=0); gerBeproro nopsinka (N=4, m=3, f(t)#0 ToXAeCTBEHHO M
f(t)=0); msroro mopsinka (n=5, m=4), rre a(t), Q. (t,7) (k=01234),
f(t) sBusorcst HempepwiBHBIMEH Tipu t2>t,, t=72>t,. Peur Oymer untm o
pemenusax BUOY (2.1) x(t)eC" (J : R) (n=2,3,4,5) c a100bIMH HaYaIbHBIMH

TAaHHBIMHA x(k)(to) (k=01,..,n-1n=234,5). Kaxkmoe Takoe peIIcHue
CYILIECTBYET U €AMHCTBEHHO.

I'maBa 3, cocrosimiasg u3 4 pa3nesioB, MOCBSIIEHA MCCIECIOBAHUIO BIIUSHUS
WHTErpaJibHbIX BO3MYIIEHWM Tuna Bosbreppa Ha mNOBeAEHUE peUICHUI
COOTBETCTBYIOIIUX J[Y BTOPOro, TpETHEro U YETBEPTOrO MOPSIAKOB Ha MOIYOCH.

B pasgene 3.1 ycraHOBIEHBI IOCTATOYHBIE YCIOBHS OTPAaHUYEHHOCTH HA
NOJIyuHTepBaie J W CTpeMJIEHHS K HYJIIO Mpu t —> oo BCeX pelIeHU JIMHEHHOTO
oaHoposHoro BUJIY BToporo nopsiaka:

X"(t) + a, (t)X'(t) + a, (V) X(t) + j[Q0 (t,2)X(2) +Q(t, D)X (1) [dr =0, t>t,  (3.1)

B Clly4ae, KOT/ia COOTBETCTBYIONIEE JUHEMHOE 0HOpOoIHOE V!
X"(t) +a,(t)x'(t) + a, (t)x(t) =0, t>t, (3.10)
MOXET UMETh PEIICHUS, He 00JIaIaloInue N3y4aeMbIMU CBOMCTBAMHU, T.€. U3YUUTh
BIIUSTHAC WHTETPATBHBIX BO3MYIIICHUH THa BoibTeppa Ha orpaHUYeHHOCTH HA J
U CTpeMJICHHE K HYJItO ipu t — oo pemernii 1Y (3.1o).
IIpuBenem OCHOBHbIE pe3ynbTaThl 3TOro pazgena. B BUIAY (3.1),
ananoruuno C. Mckanmaposy (2006 r.), caenaem HECTaHIAPTHYIO 3aMEHY

X' (1) + A2X(t) =W (1) y(t), (3.2)
rae A - HeKOTOpbId BcromoraresibHblil mapametp, 0 <W (t) - HexoTopas BecoBas

byukius, Y= Yy(t) - HoBas HemsBecTHas ¢yHkiwsa. Torma BUJY (3.1) cBoguTcs k

skBHUBaJieHTHOU cucteme u3 Y (3.2) mia X(t) u BUAY mepBoro mopsaka as

y(t):



y'(t) + b () y(t) + by () x(t) + j[P(t, D)X(r) + K(t,7)y(r)]dc =0, t=>t,

e b =a®)-A+WOWE),  bt)=[al)-a )+ A W),
Pt =(W() [Qt7)-AQt0)] Kt =(W(1) QLW ().

B nmuccepramum Takas cuctema obOosHaueHa uepe3 (3.3). /lamee, aHanmOrMm4HO
moHorpaduu C. Uckanmgaposa (2002 T.), BBOAATCS yCIOBUS K 0003HAUCHHUS:

K(t,7)= Z K.(t,7), (K); w,(t) (i =1..n) - HEKOTOPBIE CPe3bIBAIOINNE (PYHKIINH,
i—0

0003HAYNM Ri(t,Z')EKi(t,T)(l//i(t)l//i(T))_l (i=1.n), u k cucreme (3.3)

pa3BUBAIOTCS METOJ TpeoOpa3oBaHusi ypaBHeHuit B. Bombreppa, mpumensercs
npeobpaszoBanue (1.13) nemmbr 1.4 u3 aBTopedepara JOKTOPCKOM AMCCEpTaIMH
C. UckannmapoBa (2003 r.), 3ateM npumeHsiercss jJemma 2.1 auccepranuul WUid
nemma 1 o6 unrerpansHoM HepaBeHCTBE FO. A. Benp, 3. ITaxeipoBa (1973 1.) u B
pe3yJbTare J0Ka3bIBacTCs

TEOPEMA 3.1. Ilycte 1) A=0; 2) R(t,t,)>0, R (t,7) >0, cymecrByior
byHKITUH R'(t)>0, R°(t)>0  Takme, uTO R (t,t,) <R (DR (t,t,),
R (t,7) <RT()R.(t,z) (i=1.n). Torma ams moboro pemenus (X(t),y(t))

cuctemsl (3.3) cpaBeJivBa OlEHKa:
t

(x(t))" +222 j (x(s))’ ds+(y(t))’ +iRi L) (Y (L) <cM, (1),  (3.5)

ty

rae Ml(t)=exp{J{Zn:[Ri*(s)+ Ri**(s)]+‘a1(s)+W’(s)(W(s))—1

+

t, Li=l

+Hag(8)|(W(s) "+ | [(w 5)) Q. 7)] +\K0(s,r)\]dr}ds}

Hycts, kpome toro, 3) R;(t,t)>0, w,;({t)>0, w;(t)>=0, qg;(t.c.)=0,
q,(t.c.)20, g tc)(y,®) el(,R) (A<j<n); 4) W()el'(J,R), rae

1 1 t
qj.(t,c*)z\/a(Rj (t,to)) 2(M,(t))2. Torma jy(s)ds =0(1) u moboe pelieHHE
t
BUAY (3.1) x(t)=0().
TEOPEMA 3.2. ITycte 1) A #0; 2) BeimomnHsieTcs yciioBue 2) Teopemsl 3.1.
Torma mist m00OT0 pericHUs (X(t), y(t)) cuctembl (3.3) crpaBemiMBa OIICHKA

(3.5), rme B paBoit yactu BMecto GyHkmuu M, (t) crout



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

ty i=1
[Tycth, kpome TOTO, 3) BBIOJHSECTCSA ycinoBue 3) TeopeMbl 3.1, rae B QpyHKINU
q,(t,c.) Bmecto M, (t) crour M,(t); 4) W®(t) >0 nmpu t > (k=0,1). Torna

t
Iy(s)ds =0(1) u moboe pemenne BUY (3.1) x(t) > 0 npu t — .
t

B o0eux Teopemax u3 COOTBETCTBYIOIIEH OIIEHKH (3.5) clieyeT oleHKa:

R,-(t,to)(fw,-(n)y(n)dnJ <acM, () (@A<j<nr=12),

f

t _1 1
13 KOTOPOI UMeeM jo (m)y(m)dn|< \/E(Rj (t,to)) 2(M,(1))z. (3.6)
ty
K wuHTerpampHOMYy HepaBeHCTBY ImepBoro poaa (3.6) mpumensem
caenyromgyro temmy C. HMckammaposa (2002, 2017): myers w(t) >0, w'(t) >0,

q(t,c) >0, q'(t,c)>0, 0<c=const, t >t,. Toraa u3 MHTErPaJLHOrO HEPABEHCTBA

j w(s)Z'(s)ds

t

2] <|2t)]+ (v () " a(te,€) + [a(s,0) (w(s)) “ds.

TIEPBOTO pojia <q(t,C) BeITEKAET OLIEHKA

t
B pesyabrare u3 (3.6) nmonydaem j y(s)ds=0(1) . Ha ocHoBaHuM 3TOrO M3

t0
3ameHbl (3.2) mpu A =0 BeITekaeT yTBepkaeHue Teopembl 3.1. Jlamee mmsa
JIOKa3aTelIbcTBa yTBEpXKIAeHU TeopeMbl 3.2, T. e. mpu A =0 mepexomum K
n3BectHor (popmyne Komm (H. M. MarseeB, 1967 r.) nis 1100010 HavaabHOTO

t
smauenus X(f,) w3 samensr (3.2): X(t):eiz(tt"){x(to)ntj.e’lz(st°)VV(S)y(S)dS:l,H
)

HUHTETPUPYS 110 YACTSIM, HMECM:
t t S
(ORCEEN {X&o) L W) yndn eV [2W(S) +vv'(s)][f oL ﬂJdS}
t t )

Jlarmee B 3TOM paBEHCTBE C YYETOM YCIJIOBHH T€OpPEMbI 3.2 MEPEXOIUM K Mpeaety
npu t—oo, mpu 3ToM npuMmeHsem npasuio Jlonutans B ¢dopme Iltonbua
(JTanmay 3., 1948; lemunosuu b. I1., 1967). Torna nmonydaem: limx(t) =0.

t—o0

[IpuBenem npocrenmmii
I[TPUMEP 3.1. Jlna BU/LY BTOpOTO Nopsiaka
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t  —t+r+25(t2+72)
x%0—7a+nlxayu2a+32Mo+je t “;T+D
+T+

0
t>0 BemonHs0TCA Bee ycnous teopeM 3.1, 3.2 mpu A=0 u A1=1, W(t)=e™

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

2 t+7+1
t =0, P(tz)=0, n=1, t)=e™", t,7)= ,
srecn 1 & 20 Rt =
* 1 *k
)l=—-——, t)=0 u modroMy I Jro0oro pemenus storo MY
R, (t) (D2 R, (t) y I p |

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

yTBepxKAeHuss Teopem 3.1, 3.2 He cmpaBemMBBHI IS JIOOBIX MX HEHYJEBBIX
pelieHuii, YTO  MOATBEp)KHaercs  oOumMm  pemeHueM  3toro [V
X(t) = [Cl + (t +1)4C2](t +1)® (C,, C, - IPOU3BOJIbHBIE HOCTOSHHBIE).

Takum ob6pazom, Ham yaanocs Haité kinacc BUAY (3.1), mias koTtoporo
3ayaya 3.1 peaema.

Paznen 3.2 mocsmieH 3anade 3.2 yCTaHOBJIEHHSI JOCTAaTOYHBIX YCIOBUU

OTPaHUYECHHOCTH Ha J W CTpPEeMJICHMs K HYyJIO Tipu t — oo Bcex pemenuit BULY
TPETHETO MOPSIAKA BUIA:

x”’(t)+22: ak(t)x(k)(t)+ij(t,T)X(k)(r)dr =0, t>t, (3.11)

B Clly4ae, KOT/1a COOTBETCTBYIOIIEE JMHEUHOE ONHOPOAHOE Y TpeThero nopsiaka
2
X"(t)+ > a )x“(t)=0, txt, (3.11)
k=0

MOXET UMETh PEIICHUsI, HE 00JIaJa0Ie H3y9aeMbIMU CBOMCTBAMU.
st pemenust stoit 3agaun B BUAY (3.11), ananornyno C. MckannapoBy
(2010 r.), n;enmarorcs HecraHmaptHbie 3ameHbl:  X'(t) + A X(t) =W, (t) y(t),

y'(t) + 4, y(t) =W, (t)u(t), tme A, A, - HEKOTOpBIE BCIIOMOTATENbHBIC TApaMETPBI,
0 <W,(t),W,(t) - HekoTopbie BecoBbie (yHkmuu, Y(t),u(t) - HOBbIC HEM3BECTHBIC
¢byukuu. Torma BUAY (3.11) cBoaurtcs k skBuBajieHTHOH cucteme (3.14) us
nByx 1Y nepBoro nopsaka mis X(t), y(t) u ogHoro BUJLY mepBoro nmopsaka s
u(t). Jamee metomauka u3 pasmena 3.1 pasBuBaercs kK cucreme (3.14), yto
MPUBOIUT K PEIICHHIO 3a1a49u 3.2, MPUBOIUTCS WILIFOCTPATUBHBIN IPUMED.

B paznmene 3.3 pemenHa 3agaya yCTAHOBJICHHSI JOCTAaTOYHBIX YCJIOBUU
OTPaHMYCHHOCTH Ha moayuHtepBaie J Bcex pemenuit BUJIY uerBeproro
nopsiKa BUa:
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t
x(4)(t)+i a, ()™ (1) + j Q(t,r)xN(r)dr |= f(t), t>t, (3.23)
k=0 to

B CJIy4ae, KOr/la COOTBETCTBYIOIINE JTHHEWHbIE /Y deTBepTOro mopsaka:
L(t,x) =x¥(t) + ag(t)x"(t) +a, ()x"(t) + a () X'(t) + a5 (t)x(t) =0, t=>ty, (3.230)
L(t,x)=f(t), t>t;, (3.231) ™oryr umMeTh HeOrpaHWYEHHbIEC Ha J peIICHNS.

Kak Ham n3BecTHO, Takas 3aja4a paHee HE U3ydaiach.
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 - HEKOTOPBIA
BcrioMoratenbHbiidi mapametrp, A€ R; 0<W(t) - Hekoropas BecoBas (yHKIWHS,
y(t) - Hexoropas HemsBecTHas GyHkimsA. Uro cBeger BUY uerBepToro mopsaka
(3.23) x skBuBaneHTHOU cucteme (3.25), cocrosuieit u3 ogunoro JAY mua x(t) u
omnoro BUJY mns y(t). danee x cucreme (3.25) cHavajga IPUMEHSETCS METO/
npeoOpa3oBanusi ypaBHeHuit B. Bombreppa (st m1000ro penieHuss CUCTEMbI
(X(t), y(t)) ee nepoe ypasHenue - 1Y ymHOxaetcst Ha X'(t), Bropoe ypaBHEHHE -
BUJIY ymHoxaeTcs Ha Y'(t)), 3aTeM MPUMEHSECTCS METOJ CPE3bIBAFOIIMX
¢yHkumi, npu 3ToM BBoaATcs. yciosue (K) pazmena 3.1, ycnosue (F ):

F(t) = Zn: F(t); w;t), (i=1.n) — HekoTropsle cpe3pIBaONIHE (YHKIHH,
i=0

EM=ROWO) RE)=KE(yiOwE) yenoBme (R):

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

npuMeHnsitorcst iemmbl 1.4, 1.5 u3 aBTopedepara goktopckon aucceprauuu C.
Uckannapona (2003 r.). [Tocne npumeHeHus geMMbl 2.1 quccepTaiuy Uid JIEMMbI
1 06 unTerpasibHoM HepaBeHCTBe FO.A. Benp, 3. I1axwiposa (1973 1.) 1 teMmbl 00
uHTErpaIbHOM HepaBeHCcTBe C. MckanmapoBa u3 paszzaena 3.1 ycraHaBimmBaeTrcs
OIICHKA JIJISI ‘y(t)‘ cuctemsl (3.25). Toraa orpaHrueHHOCTD JitoOoro pemeHus X(t)

3amanHoro BUJIY uerBeproro mnopsiaka (3.23) BbITEKAaeT W3 HWHTETPAJIbHOTO
npeacrasienus 3agauu Komu (H. M. Matsees, 1967 1):

t
X(t) = x(ty)cos A(t —ty) + %x'(to)sin At —ty) + %J.[sin At - s)]W (s)y(s)ds
)

U3 HECTaHAAPTHOW 3aMeHsbl (3.24) mist mo0bIx HavanbHbIX 3HaueHHd X(tp), X'(ty)

Ha ocHoBanuu ycioBus W (t) € Ll(J,R . \{0}). [MpuBoasTCS 4 HMUTIOCTPATUBHBIX
npuMepa.
B paznene 3.4. npoBeaeH aHanu3 pe3yJbTaTOB HUCCIIEI0BAaHUMN TJIaBHI 3.
I'maBa 4 comepkuT 5 pa3aeiaoB U MOCBSIIEHA YCTAHOBICHHUIO JIOCTATOYHBIX
YCIOBHM YCTOMYMBOCTH pelieHuid JuHerHbix BUJLY uerBeproro u mnsToro
MOPSIIKOB  HAa TOJYOCH; CHEMU(PUISCKON aCUMITOTHYECKOW YCTOWYUBOCTH
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peeHuin JIMHEHUHOTO OIHOPOJHOTO BUY YETBEPTOrO MOPAJIKA,;
ACUMIITOTHYECKON YCTOMYMBOCTH pemieHui auHernslx BUJIY nsaroro nopsiaka Ha
MTOJTyOCH.

Paznen 4.1 nocesinieH pemieHuio 3aaadu 4.1 yCTaHOBIIEHHSI JOCTATOYHBIX
YCIIOBHM YCTOMYMBOCTH pemieHnui tnHernHoro BUJ/1Y detBeproro nopsiaka Buja:

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, r)x”’(r)]dr =f(t), tx>t,. (4.1)
[IpuBeneM OCHOBHOHM pe3ynbTaT 3TOTO paszjiena. AHAJOTUYHO CIEys
Uckannapory C. (2009 r.), B BUY (4.1) nenatorcs cineayromue HeCTaHIapTHHIE
zamensl X'(t) =W (t)y(t), Y'(t) =W, (t)z(t), Z'(t) =W5(t)u(t), rme 0<W,(t)
(k =1, 2,3) - HEKOTOpbIC BCIIOMOTraTelbHbIC BecoBble (QyHkuuu, Y(t), z(t),u(t) -

HOBble Heu3BecTHble (GyHkiuu. Torma BUIY (4.1) cBoautcs k criemayrouien
SKBUBAJICHTHOM CHCTEME:

X (0 =W (O)y(®), y'()=Wo()z(t), z'(t) =W(t)u(D),
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(zr) + Py (t,7)2(7) + K(t, 2)u(z) [dz = F(t), t>t,, (4.9)
)

rie W (£) =W, (W, (W, (1),
by (1) = a5 (1) + (W (1)) {[vvl’ (OW,(0) + (W OW(0) o) +W '(t)},

!

b, (1) = (W (1)) {vvl” (OW,(0)+ W W) + (W, | +

+a3(t)[ ! (OW, (1) + (W, (W, (1)) }az (t)wl(t)vvz(t)},

by(8) = (W ()™ (W5 (1) + 2 OWL” (1) + 2, (O () + & WA 1)

by (t) = (W( ) Q(t), Rt )= (W(t))_ Qo (t,7),
(L) = (W (0) QU M) + QW (1) + Qs WL (7)),

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

Jlns uccnenoBanusi cuctembl (4.9) pa3BuBaeM MeToH MpeoOpa3oBaHUs
ypaBHeHuil B. Bonbreppa (mis mo6oro pemeHHﬂ(X(t), y(t), Z(t),u(t)) YMHOXaeM
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nepoe 1V cucremsnl (4.9) na X(t), Bropoe Y - Ha y(t), tperbe Y - Ha z(t),
gerBeproe BUY - Ha u(t)) 3aTem mpemmnosiaras BBITOJHEHHBIMH yciaoBHS (K)
pazmena 3.1, ycnosue (F) pasmena 3.3, BBoas o¢ynkuum w;(t) (i=1.n) -

HEKOTOphIe cpe3biBatomiue GyHkmu, odo3HaueHnus R;(t,7) = K; (t, Z')(l//i Oy; () )_1

, E(t) =R ) (v (t))‘l, yenosue (R): Ri(t,ty) = A (t) + B;(t) (i=1..n); ¢;(t) (i=1..n)

- HEKOTOpbIe (PYHKIIUU, UCTIOJNB3YS JIeMMy 2.2 auccepTaluu uid JeMmsl 1.4, 1.5 u3
aBTopedepara mokropckout nuccepranuu C. Uckanmaposa (2003 r.), u npuMeHsis
aemmy 2.1 auccepranuu uiam jemmy 1 06 uaterpanbHoM HepaBeHcTse HO.A. Benp,
3. [MaxwipoBa (1973 r.) noka3pIBaeTCs CiemyIomas

TEOPEMA 4.1. Ilycte 1) W, (t)>0 (k =1 2,3); BBIMOJIHSIOTCS YCIIOBHUS

(K, F), R) 2) by()=0; 3) A®=0, B(®)>0, B/®)<0, R,(t,z)>0,
CYIIECTBYIOT (DYHKIIUH Ai*(t)eLl(J,R+), c(t), Ri* (t)eLl(J,R+) Takue, 4YTO

AO<AOAD. (EX0) <BOOR® (k=01), Rt <R OR, )
(i=1.n; k=01);

t t
4) W) +[o O] +[Fo)]+ [|Rt.Dld7 + [[Ko(t. o)z e Li(3,R, MO} (=12
) )
k=012); 5) dymamm W;(t) (j=123), W/'); W (t); (WOW,())
orpanuueHsl Ha noiyuHTepBaie J. Torma moGoe pemrenue X(t) BUAY (4.1)

YCTOWYHBO.
Yenosus 1) - 4) teopembr 4.1 obGecrmeunBator X(t) =0(1), y(t)=0(),

z(t)=0(). B cuny W (t)=0(@1) wu3 (4.2) umeem X'(t)=0(1). U3 cooTHOIIECHHS
(4.5) ua ocuosanmu W, (1) =0(1), W, (t) =O(1) momyuaem, uto X"(t)=O(l). Tax

kak W;(t)=0(1) (j=123), W (1)=0(), (W, (OW, (1)) =O0@Q), To wm3
coornomenus (4.6) cuenyer, uro X"(t)=0(1). (Bmecr X(t) - moGoe pemeHue
BUAY (4.1)). CnenoBarenbho, ans mroboro pemenus X(t) BUIAY derseproro
nopsiaka (4.1) crnpaBeUTHBHI: X(k)(t):O(l) (k:0,1,2,3), YTO DKBUBAJIECHTHO
ycrorunBoctu X(t) BUIY (4.1).

I[TPUMEP 4.1. JIna BU/IY yeTBepToro nopsiaka

e—2t

(t+1)°

X (1) +[6+eﬁ }x’”(t) +[11+ 3t —e‘zt}x”(t) +{6+ et _g 2t X(t) -
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1
o] e ¥ (sint) et e

e—3t '
T [ R

2 1
e" (sin3t)s e

t—7+8 _(t+2)2’

=3t

+{3Q3(t, T)— 5 } X"(7) + Qs(t, T)X"’(Z')}dl’ = t>0,

(t+7+1)

1
1 =3t =
th7+0 L }etz”z (sin3tsin3¢)§——e (cost)3

+
t+7+7 t—7+5

rae Qs(t,7) = g 33t {

t?+7+1
BBITIOJTHSIIOTCS BCE YCI0BUS TeopeMsbl 4.1 npu W- (t) =e ( j=1 2,3). 3nech ty =0,

— \/t_ = _ -t — —_ 1

b3(t)_e ' bZ(t)— e, b_]_() (t 1)21 bo(t)— t2+\/t_:+1’
1
_ (sint)7 o7 o2t

P(tr)z=——2_ PHt7)z=—— P(tr)=——— . n=1,
b(17) (t+r+4)5 1(t.7) (t+2r+3)4 2(17) (t+r+1)2 "

i e _t+7+6 1 t+6 _ 1
pi(t)=e" (sin3t)s, Rl(t,z')_t+7+7+t_f+5, 1(t)_—, Bl(t)_—t+5,
Aoy RO=Y 0=y SO

1

-3 3
Ko(t,r)=— SO iy

217+1  ° (t+2)

npusenernoro BUJ1Y ycroiiunBo npu t e R, .

5. CienosaresnibHo, J1000€  pelieHue

OTMeTuM, 4TO, KaK MOKa3bIBAET WILTIOCTPATUBHBIN MpUMeEp, KO3 OUIIMEHTbHI
u sapa BUJAY  yerBeproro mopsiaka Buaa  (4.1)  moryt  ObITh
HeauphepeHIupyeMbIMUA B HEKOTOPBIX TOYKAX MOJIyUHTEpBaia J .

3AMEYAHUE 4.1. U3 Tteopemsr 4.1 mpu Q,(t,7)=0 (k=0,12,3),

f(t) = f,(t) BBITEKarOT NOCTaTOYHBIC YCIOBHUSI ACUMITOTUYECKOW YCTOMYMBOCTH

pPELICHUN COOTBETCTBYIOUIETO JIMHEWHOro HeoaHopoaHoro JIY derBeproro
NOpsJiIKa, HACKOJIBKO HaM M3BECTHO, 3TU pe3yibTaThl st Takoro Y Oyayt
HOBBIMH U HE OXBaThIBAIOTCS pe3ysibraTamu u3 MoHorpadwuii JI. Uesapu (1964 r.),
. T. Kurypamze, T. A. Uantypus (1990 1.).

B paznene 4.2 pemena 3agada 4.2 00 yCTaHOBJICHHH JOCTATOYHBIX YCIOBHIMA
ACUMIITOTHYECKON YCTOMYMBOCTU PELICHUM JMHEWHOro oxHopoxHoro BUIAY
YETBEPTOrO MOPSAKA BUJA:

X (t) —a, (1)X"(t) +a, () x"(t) +a, (1)X'(t) +a, (t)x(t) +j Q,(t, 7)x(7) +
+Q,(t, )X (7) + Q,(t, 7)X"(7) + Qs(t, r)X'"(z')]dT 0, txt,, (4.11)
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IIPU YCIOBUU
ay() 20, (as)

T. €. B ClIy4ae, Korja Jitoboe HEHYJIEBOE PEIICHHE COOTBETCTBYIONIETO JIMHEUHOTO
OJTHOPOJHOTO AU(PhEepEeHIINATBHOTO YpaBHEHUS YETBEPTOTO MOPsAKa

X (1) —a, (1)X"(t) + &, (t)x"(t) +a, (t)X'(t) + a,()x(t) =0, t>t, (4.11)

HE SBJIICTCS ACUMITOTHYECKH YCTOWYMBBIM, YTO MOATBEPKIaeTCs (Gopmyoi

Octporpagckoro — JluyBuiis. [lns pemieHuss 3TOW  3aaud, aHAJIOTHUYHO
C. Uckannapory (2007 r.), B BULY (4.11) nenaercs HecTaHgapTHAsI 3aMEHA:
X"(t) + px'(t) + gx(t) =W () y(t), (4.12)

rae P, J - HEKOTOpbIe BCIOMOTaTeibHBIC MapameTpbl, npudyem p>0, q>0;
0<W (t) - mexoropas BecoBass pyHkmus; Y(t) - HOBas Hew3BecTHas (QYHKIHS U

BUAY dyerBeproro mopsiaka (4.11) cBomuTcst kK SkBHBajicHTHOM cucteme (4.13),
coctosimieit u3 JIY Broporo nopsinka mis X(t) u uz BUJY BTOporo mopsiaka as

y(t). JdampHeiimue mpeoOpa3oBaHus JCIAIOTCS CHavaja OTACIBHO JUIS KaKJIOTO
ypaBHeHusi cuctemsl (4.13), anamoruuno C. MckannapoBy (2012 r.), 3aTemM OHHU
CKJIAJBIBAIOTCA. A HWMEHHO, IS TPOU3BOJIBLHO (UKCHPOBAHHOTO PEIICHHUS
(X(t),y(t)) nepBoe ypaBHenue, T. €. Y (4.12), cucremsl (4.13) Bo3BOIUTCS B
xBazapat (Uckangapos C., 1981 r.), naTerpupyercs B npenenax ot t, 1o t, B Tom

YHCJIe MO 4YacTsAM, U TOJy4daercs ToxiaectBo (4.14); BTopoe ypaBHEHUE, T. €.
BUAY mns y(t), uccinemyercs pa3BUTHEM METOJa NpeoOpa3oBaHUs ypaBHCHHIA

B. BoneTeppa, mMerogom  uyactuuHoro  cpesbiBanus  (Mckanmapos  C.,
[MTa6manos 1. H., 2004 r.), 9to npuBeaet K ToxaecTBy (4.16); B cuity yciaoBus (as)
u yciaoBuss W'(t)<0 B ToxmectBe (4.16) NMPUCYTCTBYET HEIOJIOKHUTEIHHBIN

WHTETPaIbHbIN YICH
t
1(t) =2 j b,(s)(Y'(s))" ds, (4.17)
ty

KOTOPBIM HE TO3BOJIICT MPUMEHHUTH Jiemmy 2.1 muccepranmu uid jemmy 1 o0
WHTErpajbHOM HepaBeHcTBe u3 ctathu HO. A. Bens, 3. Ilaxsiposa (1973 r.). OToT
UHTErpaj mpeodpasyercs BBEJICHUEM HEKOTOpOW cpesbiBaroiiel pyHkuuu vy (t) u

WHTETPUPOBAHUEM II0 YaCTsIM, aHAJIOTMYHO mnpeoOpaszoBanusMm (Mckangapos C.,
2002 r.) wiu npeoOpazoanusm (Mmananues M. U., Uckannapos C., 2009 r.), npu
sToM QyHKIUsA (1) BBOAUTCSA CIEIYIOIIMM 00pa3oMm:

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

= 2a(t)Y ()Y (t,t,) + Zj[a’(s) y(s)+a(s)y"(9)]Y (s.t,)ds,  (4.18)

e a(t)zb3(t)(l//(t))_l, 4TO SBIAETCA aHAJIOroM mpeobOpasoBanus (3.108)

(Uckanmapoe C., 2002 r.) win mnpeodpasoBanus (9) (Mmanammes M. U.,
Wckanmapos C., 2009 r.), u B 3ToM npeoOpa3zoBanuu Y'(S) 3aMeHseTCs Ha ee
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BBIPDAXKEHHE W3 BTOPOro YypaBHEHUs cucTembl (4.13); mocie 3Toro nenarorcs
ananoru npeodpaszosanuii (3.109)-(3.113) (Uckangapos C., 2002 T.) wim aHajIoTu
npeobpazoBanuii (10)-(12) (Mmanamme M. W., Uckangapo C., 2009 1.) u
noJrydaeTcsi ToxaecTBo (4.23). Crnoxxenue Toxaects (4.14) u (4.23) npuseaer
OKOHYATEeNIbHOMY  TOXjaecTBy (4.24), KoTOpoe TMO3BOJSCT TEPEUTH K
WHTETPaJIbHOMY HEPABEHCTBY ISl MPUMEHEHUs JeMMbl 2.1 auccepranuuv Wid
aemMMbl 1 00 mHTerpanpHOM HepaBeHCTBe U3 ctaThu [O. A. Benp, 3. IlaxsipoBa
(1973 1.).

Pazpnen 4.3 nocesiiieH penieHuto 3a1a4n 4.3 00 yCTaHOBJICHUH JOCTATOYHBIX
YCIOBUM yCTOMYMBOCTH Jr0Ooro pemienus auHerHoro BUJIY msToro mopsika
BUJIA:

x® (t) + lez[ak t)x™ (t) + ij t,72)x¥(r)dr] = f (1), t>t, (4.27)

JInst perieHrs 3TOM 3aJaddl Pa3BUBACTCS METOIMKA HCCICIOBAHMS 3a1adH
4.1. B BUIAY (4.27), anamormuHo pazneny 4.1, nenamTcs CleayIOIIue
HecranmaptHeie 3ameHbl: X (f) =W (t)y,(t), (4.28); vy, (t)=W,(t)y,(t), (4.29);

V() =W, (®) Y, (1), (4.30); Y4(t) =W, 1)y, (1), (4.31), rae O<W, (t) (k=12,3,4) -
HekoTopbie BecoBble GyHkmumu, VY, () (k=12,3,4) - HOBbIe HEH3BECTHBIC

¢ynkuuu. Torma BUJY mnstoro mopsaxka (4.27) cBOOUTCA K SKBUBAJEHTHOU
cucreme (4.32), cocrosmieir u3 verbipex Y (4.28)-(4.31) u omnoro BUJIY ms
Y, ().

K cucreme (4.32) pasBuBaeTcs MeETOJ MNpeoOpa3oBaHUs YypaBHEHUU
B. BonbTeppa, Meton cpesbiBaromux (pynkuuii (C. Mckanmapos, 2002 r.), npu
3TOM Ui MPOU3BOJIBHO (prukcupoBaHHOrO pemeHus (X(t),y,(t), y,(t), y;(), y,(t))
cuctembl (4.32) ee mepBoe ypaBHeHHE yMHOXaeTcs Ha X(t), Bropoe - Ha Y, (t),
Tpetee - Ha VY, (1), yerBeproe - Ha Y,(t), maroe MY - na y,(t), 3atem 311
COOTHOILIEHUS! CKJIAIbIBAIOTCS, TPOBOAUTCS MHTETPUPOBAHUE B Ipeaenax ot t, 1mo
t, u anajgoruuHo paszaeny 4.1 BBoastcs ycinosus (K), (Q), cpesbiBaromue QyHKIHHA
wi(t), dymxumn R (t,7), E(t), c(t) (i=1.n), npumenstorcs nemma 2.2
avuccepranmu wind jgemMMbl 1.4, 1.5 u3 aBTropedepara JOKTOPCKOM AUCCEpTAIldN
C. Uckanmapona (2003 1.), u ucroas3yercs Jiemma 2.1 quccepraiuy Wi jiemma 1
00 naTerpansHoM HepaBeHcTBe 10. A. Benp, 3. ITaxwsipoBa (1973 1.).

B paznene 4.4 pemaercsa 3amada 4.4 0 MOJy4eHHH AOCTATOYHBIX YCIOBUH
AY pemenunit BUIY nigaroro nopsiaka ciaeayromero Buaa:

x®)(t) + Z‘l“[ak ®)x ) + ij (t,7)x¥(r)dz] = f (1), t=>t,. (4.37)

JIns perieHus 3ToW 3aJja4u pa3BUBAETCSL METOJT MccienoBaHusi AY penieHui
muHeitnoro BUJIY  derBepToro mopsaka Ha o TMOJYOCH, pa3pabOTaHHBIN
C. UckanpmapoBeiMm (2014 r1.), a uWMEHHO, CHayajna JelaeTcs CileAyrouas
HECTaHJapTHAS 3aMEHA:
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X (1) + X" (1) + pX"() + pX'(1) + pox(1) =W (1) Y (1), (4.38)

r7Ie P, - HEKOTOpBIe BCIoOMorarensHble mapamerpsl, npudem p, >0 (k=0,1,2,3);
0<W (t) - mexotopas BecoBas (yukuus, Y(t) - HoBas Hew3BecTHass (YHKIIUA,

kotopas npuBeaer BUJY mnsaroro mopsaka (4.37) K SKBUBaJEHTHOM cUCTEME
(4.39), cocrosimeit uz ognoro Y uerBeproro mopsaka (4.38) u ognoro BUJY
nepBoro mopsiaka ais Y(t). g kaxmoro ypaBHeHHs cucteMbl (4.39) nemarores

OTJIeJIbHBIE TIPEOOPA30BaHUs, T. €. MPUMEHSIOTCS OTACIbHBIE METO/IbI, PE3YJIbTAThI
npeoOpa3oBaHui JJi KaKJIOTO YPABHEHUS CIOXKATCS, U OCYIIECTBIIIETCS MMEPEX0]]
K UWHTErpajJbHOMY HEpPaBEHCTBY, K KOTOpOMY THpuMeHseTcs Jjemma 2.1
avccepranMu wid jJemMMma 1 o0 uHTerpainbHoM HepaBeHcTBe HO. A. Bens, 3.
[TaxwipoBa (1973 r.), npu 3TOM K nnepBoMy ypaBHeHHIO - K /1Y (4.38) npumensiercs
MeTOJ] Bo3Be/ieHus ypaBHeHu B kBajpat (C. Uckangapos, 1981 r.), a ko BTopoMy
ypaBHeHuio - k BUAY mns y(t) - pasBuBarorcst meTon mnpeoOpasoBanHus B.

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

B pasnene 4.5 cnenan aHanu3 pe3yJsIbTaTOB UCCIEAOBaHUIM I1aBbl 4.

Ha Bce TeopeMbl M Ha HEKOTOpBIE CIHEACTBUS TiaB 3, 4 IpPUBEICHBI
WUIFOCTPATUBHBIE TNPUMEPBI, TMOKA3bIBAIOIINE ECTECTBEHHOCTh IOJYYEHHBIX
YCIIOBUM.

Teopemsbl u cieactBus raaB 3, 4 cogepKaT HEKOTOPHIE BCIOMOIATENIbHbBIE
napameTpbl, BEeCOBble M cpe3biBatoniue ¢GyHKkuud. Ecam ux Oyaem BbIOHMpaTh
KOHKPETHO, TO MOXHO MOJY4YUTh KO3(P(QUUUEHTHbIE MPU3HAKK  JUIS
ACUMIITOTHUYECKUX CBOMCTB DPEIIEHWHA pPacCMaTpUBAEMbIX ypaBHEHHHU. B
NOCTPOEHHBIX  WUIIOCTPAaTUBHBIX  NpHUMEpax  I[OKa3aH  BBIOOp  3TUX
BCIIOMOTaTEJIbHBIX [TapaMeTPOB U (PYHKIUH.

BbIBO/IbI

B nanHO# nuccepTaumoHHOM padoTe:

1. YcraHoBieHbl JOCTAaTOYHBIE YCJIOBUSI OIPAHMYEHHOCTH Ha TOJYyOCH H
CTPEMJIEHUS K HYJIIO NIPU HEOTPAHWUYEHHOM POCTE apryMEHTa BCEX PEIICHMM
JUMHEHOro oaHopoaHoro BU/IY BTOpOro u Tperbero mopsiAkoB B Cilydae, KOraa
COOTBETCTBYIOIIUE JIMHEWHBIE OMHOPOAHBIE JIY MOryT HMMETh peEleHus, He
o0Jiaarore n3y4aeMbIMUA CBOMCTBAMU.

2. YCTaHOBJIEHBI TAK)K€ JOCTAaTOYHBIC YCJIOBHSI OTPAaHMUYEHHOCTHU Ha IOIyOCH
Bcex pemeHunid BUJIY yerBepToro mnopsiaka B ciaydae, KOrjJa COOTBETCTBYIOIINE
JIMHENHBIE OJHOPOAHBIE U HEOAHOPOJHbIE J[Y 4eTBEpTOro mopsaka MOTryT UMETh
HEOI'PAHUYEHHBIE HA TIOJIyOCH PEIICHUS.

3. Pa3ButueM nepBoro BapuaHTa METOJa HECTAHJAPTHOTO CBEACHUS K CUCTEME
YCTaHOBJICHBI JOCTATOYHBIE YCIIOBHS YCTOMYMBOCTH pemieHur JauHenHbix BUJY
YEeTBEPTOrO0 M MATOr0 MOPSAJAKOB B ciydae, Korjga Kod(GGUIMEHTbl U SApa 3THX
BUJY Moryt O6bITh HeM(DPepeHIMPYEMBIMU B HEKOTOPBIX TOUKAX MOIYOCH.

4. HaiineHsl 10CTaTOYHBIC YCIOBUS ACUMIITOTHYECKONW YCTOMYMBOCTH
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pemennii JMHEWHOro oxHopogHoro BUJLY derBeproro mopsaka B ciyyae
HEMOJIOKUTENBHOCTH  KO3(PPHUIIMEHTa TpeTbel MPOU3BOJHOM  HEU3BECTHOMN
byHKIIMH, T. €. B Clly4ae, KOrja Jito00e HEHYJIEBOE PEIICHHE COOTBETCTBYIOIIETO
JIMHEWHOTO OJHOPOIHOro /Y 4uerBepToro mopsjka He SBISIETCA aCUMIITOTUYECKH
YCTOWYHBBIM.

5. Pa3BuTueM HECTaHAAPTHOTO METOJa CBEIAEHUS K CHUCTEME C BBEICHUEM
HEKOTOPBIX YETHIPEX BCIIOMOTATENbHBIX MMapaMeTpOB M OJHON BECOBOM (PyHKIIWH,
METOJa BO3BEICHHUS YpPAaBHECHUM B KBaJpaT, METOJAa YAaCTUYHOIO CpE3bIBAaHUS
YCTaHOBJICHBI JOCTATOYHBIE YCIIOBHSI aCUMITOTUYECKON YCTOMYMBOCTH PEUICHUN
BUJ1Y nisToro nopsiaka.

OTMeTuM, 4YTO TIEpPEUMCICHHbIE HaMHU pe3yjibTaThl ObUIM TOJyYEHbI
pa3BUTHEM M TPUMEHEHHEM pA3JIUYHBIX BApPHAHTOB HECTAHIAPTHOIO METOJa
CBEJICHUS K CUCTEME, MeToJla MpeoOpa3oBaHus ypaBHeHuil B. Bonbreppa, meTona
BO3BEJCHHS YpPAaBHEHHMI B KBaJpaT, METOJAa CpEe3bIBAIOIIMX (PYHKIUH, METona
YaCTUYHOI'O CpE3bIBaHMS, NIPUMEHEHUEM JIEMMbl 00 MHTErpajbHOM HEPABEHCTBE
nepBoro pona, npaswia Jlonutans B ¢opme Llronsia, nemmel JlrocTepHUKa-
Cob6omeBa. Taxkxke oTMeTHM, 4YTO TakKasd METOJWKA WCCIeAOBaHUKA Oblia
pa3paborana B Mucturyre matematukn HAH Keipreizckoi Pecny0nuku.

HPAKTUYECKHUE PEKOMEHJIALIMHU

JuccepranoHHas paboTa HOCUT TEOPETHUECKUI XapaKTep U €€ pe3yJIbTaThl
MOT'YT HalTH IPUMEHEHUE B aCUMITOTHYECKON Teopun BIJ1Y BBICOKHX MOPSAIKOB
Ha IIOJlyOCM MW IIPU HCCIEAOBAHUM YCTOMYMBOCTH HEKOTOPBIX IPOLIECCOB,
MPOMCXOJAIINX B CIUIOIIHBIX Cpedax C IaMsATbi, HAampuMep, B aj’po U
KOCMOJMHAMHUKE, a TaKkKe MpHU pa3pabOTKe CHEIKYpPCOB JUIsi MaruCTPaHTOB U
JIOKTOPAHTOB - MATEMAaTUKOB U MEXaHUKOB.
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KomapuoBa Enena AusexceeBHanbiH 01.01.02 — nuddepenunangpik TeHaemeep,
AMHAMHUKAJIBIK CHCTEMAJap :KaHa ONTHMAJABIK OalIKapyy aJMcTHIH O00I0HYA
¢pu3nKa-MaTeMaTHKa WIMMAEPHHHH KAHAMIATBI OKYMYIITYYJIYK /AapakacbhlH
u3deHun aayy yuyH «Koropky tapTunTeru cbI3bIKTYy BoJsibTeppa THOMHAErn

HHTerpo-1udpepeHunanibik TeH/ieMeJIepAnH YBITAPBLIBIIITAPbIHBIH
TYPYMAYYJIYTYHYH AKETHIITYY HAPTTAPbI» TeMachbIH/AA JKa3bLITaH
AUCCEPTALUSICHIHBIH

PE3IOMECH

YpyHTyy ce3nep: Bosbreppa THOMHAETM HHTErpo-Au(epeHIualIblK TeHIeMe
(BTUAT), wuHTErpangblk MY4YeJOpAYH TaacHUpU, YEKTEITEeHIUK, HOJIre yMTYIyy,
TYPYMIYYJIyK, aCUMITOTHKAJIBIK TYPYMAYYJIYK, ClIEHU(UKATIBIK O€NrH.

N3unneenyn odbexkTHcu: BonbTeppa THOMHIETW 3KUHYM, YUYHUY, TOPTYHUY
JKaHa OermMHYM TapTUnTeru chi3bikTyy U Tiep.

N3uaneenyH npeametu: 2-, 3- xaHa 4- Taptunteru cei3bikryy BTUTnepaun
OapAbIK YBITapbUIBIIITAPBIHBIH KapbIM OKTO YEKTEITCHIUTH KaHA HOJre yMTYIyycy; 4-
’)kaHa S5- taprtunteru cbi3bikTyy BTU/ITinepauH 4sirapbUlbIIITaAPBIHBIH KapbIM OKTOTY
TypyMayyJyry xaHa AT-ry.

N3unneenyn Makcatrbl: 2-, 3- JkaHa 4- TapTHNTETH  CBI3BIKTYY
muddepenmanbik TeHaeMenepaut (JT) ublrapbuiblITapbIHBIH a0aliblHa UHTETPAJIIbIK
MY4eJOpIyH TaacupuH um3winee; 4- oxaHa  S-tapruntern  BTUTnepaun
YbITaPbUIBIITAPBIHBIH JKAPBIM OKTOTY TYpPYyMAYYJIyTyH jkaHa AT-TyHyH JKETHIUTYY
HIapTTapbIH Talyy.

HN3unapeenyn Meroaaopy: Tennemenepau cucTemara CTaHIAPTTBIK 3OMeEC
KeITupyy wmerony, B. DBousbreppanblH TeHIeMmenepau ©3repTyIll  TY3YY METONY,
TEHJEeMeJIepAN KBaJpaTka KeTepyy MeTony, Kecyydy (yHKUMsuiap MeToNy, >KeKeue
KECYY METOJy, HHTErpajlabik Oapabapcei3abikTap meroay, llTonbi dopmaceiHmars:
Jlonurans spexecu xana JlroctepHuk-CoO0IeBANH JIEMMACHI.

NmTnH nauMmui KaHbUIBITBL: 2-, 3- TapTUNTETH ChI3BIKTYY Oup TekTyy (CBT)
BTUATnepaun OapaplK YbIrapbUIBIIITAPBIHBIH JKAPBIM OKTO YEKTEJT€HJAUTMHUH KaHa
HoNTe  yMTyinyycyHyH oxaHa 4- Ttaprunrteru CBT BTUAT-uun  Gapasix
YBITaPbUIBIIITAPBIHBIH KapbIM OKTO YEKTEJITeHAMTMHUH JKETUINTYY IIapTTapbl, Oyl
TeHaemenepre tuenenyy JTnepauH dprapbuibliTaphl aTaliral Kacuerrepre 33 60100
KaJlyyCy MYMKYH YuypyHJa, anbiHibl. CeI3bIKTYY 4- skaHa 5- taptunteru BTUTnepaun
YbITAPbUIBIIITAPBIHBIH TYPYMIYYJIYTYHYH KETHINTYY LIapTTaphl Oynl TeHJAeMeIepIuH
KO3 PHUIHMEHTTEPH KaHa SAAPOJIOPY K33 Oup uekurrepae auddepeHnupiaenoenn MyMKYH
6onron yuypaa ansiaibl. 4- Taptunteru CbT BTUATHun ybirapbutsintapbiHbid AT-Ty
oyn tennemere tuemenyy CbBT ATaun AT smec yuypynaa taObuiael. TeHaemenepau
cUCTeMara CTaHJAPTTBIK dMEC KEITUPYY METOAYH OHYKTYPYY apKbUlyy S- TapTUIITETH
cb13bIkTyy BTU/ITHUH ublrapbuiblliTapblHbIH AT-TyHYH )KETUIITYY LIAPTTaPhl aJIbIH/IbL.

AJIBIHTaH  KBIMBIHTBIKTAPABIH  TEOPHAJIBIK  KaHA  NPAKTHKAJIBIK
MaaHWJIYYayry. MmTuH KeIMBIHTBIKTAphl )KOropKy Taprunreru BTHUYnepaun xana
K33 Oup 5c TyTymMy Oap ueilpemery MNpolecCTepAuH TYPyMAYYJIYK TEOPHUIChIHIA
KOJIZIOHYJIYIIly MYMKYH.
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PE3IOME
aucceprauuu  Komapuosoit EJsenbl AJsiekceeBHbI Ha TeMy «J/locTtaTouHbie
YCJOBHSI YCTOMYMBOCTH PpelIeHUl JIMHEHHBIX BOJbLTEPPOBBIX HHTEIPO-
AupPepeHINATBHBIX yYPABHEHHII BBICOKHX MOPHAIAKOB», MPEJACTABJICHHOH HAa
CONCKAHME Y4YEHOH CTemeHWM KAHAWAATA (PU3HKO-MATEMATHYECKMX HAYK 110
cnennaabHoctu 01.01.02 — npuddepenunanbible ypaBHeHHs, THHAMUYECKHE
CHCTEMbI U ONITUMAJILHOE YIIPpaBJIeHHE

KuaroueBble ciaoBa:  uHTerpo-nud@epeHualbHble  ypaBHEHHMs — THIIA
BonbTreppa, BIMsSHME MHTETPAIbHBIX BO3MYILEHHUN, OIPAaHUYEHHOCTD, CTPEMIICHHE K
HYJIIO, yCTOMYHUBOCTh, ACUMIITOTUYECKAsl yCTOMYUBOCTD, CIELIU(PUUECKUN TPU3HAK.

O0bekT ncciaenoBanusi: JInHelnble HHTErpo-AU(depeHIInaIbHbIC YPaBHEHUS
tura BoapTeppa BTOPOro, TpETHETO, YETBEPTOTO U MATOTO MOPSAIKOB.

IIpeamer wucciaegoBanus: I3ydeHue OrpaHMYEeHHOCTM Ha  IOJIyOCH,
CTPEMJIEHUS K HYJIO BceX pemieHni JnHerHblXx BU/Y 2-ro, 3-T10 1 4-10 MOpsAaKoB;
ycTonuuBoCcTr U AY pemennii tnHeHbIX BUY 4-10 1 5-10 OPSIAKOB HA MOJTYOCH.

Hear padorpl. PasBuTEM W NOpPUMEHEHHEM KAayeCTBEHHBIX METOOB,
pa3zpaborannbix B UM HAH KP, u3yuuTs BIusiHHE MHTETPaJbHBIX BO3MYLIEHUN Ha
IIOBEJICHNE peleHni JuHeWHbIX Y 2-ro, 3-r0 M 4-r0 HOpSAIKOB Ha MOJIyOCH;
YCTaHOBHUTB JOCTATOYHBIE YCIOBUS YCTOMUUBOCTH U AY pemenunt muHeHsix BU/Y
4-ro 1 5-TO NOPSAJIKOB HA MOIYOCH.

Metoasl ucciaenoBaHus M annaparypa. HecraHnapTHbIl METO/ CBEICHUS K
cucTeMme, MeToj IpeoOpa3oBaHus ypaBHeHuil B. Bonbreppa, meron Bo3BeneHuUs
YpaBHEHHUH B KBaJpaT, METOJ Cpe3bIBaloUMX (YHKIUN, METOJ YacTUYHOTO
Cpe3blBaHUsl, METOJ MHTErpaJibHbIX HEpaBeHCTB, mnpaBwio JlomuTans B ¢opme
[ronsia u nemma Jltocrepuuka - Coborena.

IlonydyeHHble pe3yJbTaTbl M MX HOBH3HA: YCTaHOBJEHBI: JOCTaTOYHbIE
YCJIOBUSI OTPAHUYEHHOCTH Ha IOJYOCH M CTPEMJIEHMS K HYJIO Bcex pemeHuit JIO
(muueitHoro omHopoanoro) BUJY 2-ro, 3-ro MOpSAKOB W OTPAaHUYEHHOCTH BCEX
pemrennit BUY 4-ro nopsiaka B ciydae, korma coorBerctByromue JIO Y moryr
UMETh pelIeHUus, He O00JaJalllie H3y4aeMbIMU CBOMCTBaAMHU. Y CTAHOBJICHBI
JOCTAaTOYHBIE YCJIOBHUS YCTOMYMBOCTH pemeHud muHeitHeix BUJY 4-ro u 5-ro
NOPSIKOB B cllydae, korna kodgduuuentsl u siapa 3tux BUIAY moryT ObITH
HeaudepeHuMpyeMbIMH B HEKOTOPBIX TOYKax Moyiyocu. HalieHbsl 1ocTaTouHbIE
ycnoBust AY pemennii JIO BULY 4-ro mopsizka B citydae, Korja Jt000€ HEHYJIEBOE
pemienue cootBercTBytomiero JIO 1Y 4-ro mopsnaka He sBisierca AY. Pazputuem
HECTAHJAPTHOI'O METOJA CBEIECHHUs K CHCTEME YCTAHOBJIEHBI JOCTATOYHBIE YCIIOBHUS
AY pemenuit BUJY 5-To nopska.

Teopernyeckass 1 NPaKTHYECKAA 3HAYMMOCTb MOJY4YEHHBIX Pe3yJIbTATOB:
Pe3ynbTrarel MOTyT OBITH HCIIOJIB30BAaHBI B Teopuu ycroitunBoctd BUJY BbicOKHX
MOPSAKOB U HEKOTOPBIX MPOLIECCOB, MPOUCXOASANIMX B CIUIOIIHBIX CPEAAX 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 VIDESs 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 VIDESs 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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MNEPEYEHB YCJIOBHBIX OBO3HAUYEHUWI, CUMBOJIOB, EJIUHUI],
THPMHHOB, COKPAILIEHUI
BBenem 0003HaUCHUS: BCE MIEPEMEHHBIC U MIOCTOSTHHBIC BEIMYUHBI SIBIISFOTCSI
JNCHCTBUTEIIHBIMU; ~ «00)»  O3HAYAaeT «+400», CHUMBOJI «E»  O3HAYaeT
«OpUHAIISKHUT»; R =(—00,00) - wumcmoBas och, R, =[0,0) - momyocs;
J=[ty,®),t, €R - OGeckoHeuHbIil MOTyHHTEpBa; 3amuck t>1) o3nadaer teJ,
C(J,R) - mpocrpaHCTBO (YHKIMH, OINPENEICHHBIX W HENPEPHIBHBIX Ha
noiayuHTepBaie J co 3HaueHusmMu B R, T. e. X(t)€eC(J,R) o3nHagaer, uto
¢ynakuus X(t) ompeneneHa u HenpepbiBHA NIpU t € J W MPUHUMAET 3HaYeHHs U3 R
; C"(J,R) - mpocTpaHCTBO (PYHKIIHIA, OIPEICICHHBIX U N pa3 HENPEPHIBHO
mudepeHIpyeMbpIX Ha MoJdyuHTepBaie J co 3Hauenusmu w3 R; L'(J,R)) -
POCTPAHCTBO HEOTPUIIATEIBHBIX (DYHKIIHIA, MHTETPUPYEMBIX Ha TIOJTyUHTEpBAIC J
T. e X(t)el'(J,R,) < x(t) >0, _[x(t)dt<w; L’(J,R) - mpocTpaHCTBO
t

(GyHKIMI, MHTETPUPYEMBIX C KBAJPATOM Ha MOJyWHTEpBaneJ co 3HayeHneM B R

T. e X{t)el’(J,R)< Ixz(t)dt<oo; BUJLY - BOIBTEPPOBO  UHTEIPO-
tO
muddepeHnranbHoe ypaBHEHUE, T. €. HMHTErpo-nuddepeHinraibHoe ypaBHEHHE
tunia Bonwsreppa; Y - nuddepennmanbHoe ypaBHEHHE, TOBOPST, YTO (PYHKIUS
X(t) orpannyeHa Ha OECKOHEUHOM MoJyuHTepBajie J, ecnu 3 constM >0 Takas,
4TO |X(t)|£ M wu obo3nagaror X(t)=O(1),t€J; moa yCTOWYHUBOCTBIO pEIICHHUI
amuaenHoro BUJIY  n-ro nmnopsaka TNOHMMAaeTcss  OrPaHUYECHHOCTh  Ha
NOJyHHTEepBaie J BCEX €ro PelieHWH W UX MPOM3BOAHBIX a0 (N—1)-ro mopsaka
BKJIFOUMTENBHO; TMOJI ACUMIITOTUYECKOW YCTOMYMBOCTHIO PEUICHUWA JMHEHUHOTO
BULY N -ro nopsiaka NMOHMMAETCs CTPEMIIEHHE K HYJIO NpU t —> o0 BCeEX €ro
pelieHH W WX MNPOM3BOAHBIX 10 (N—1)-ro mopsaka BKIFOYUTEIBHO, IO/
CTpEMJICHUEM K HYJIO TOHUMAaETCs CTpeMJIeHWe K HyJo npu t—oo ) mon
«HECTaHJAPTHBIE METOJbl CBEJICHHS K CHUCTEME» MOHUMAETCS «HECTaHIAPTHBIE

MeToanl cBeneHuss BUJIY BBICOKHX MOPSJIKOB K CHCTEME»; BCE (PUTYpHUPYIOIINE
byakun ot t, (t,7) SBIASIOTCS HEMPEPHIBHBIMH M COOTHOIIEHHS HMEIOT MECTO

nmpu t=>1{,,t=>72>t,.

24



