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01.01.02 — nuddepenimanbHbie ypaBHEHUS, JTHHAMHUYECKUE CUCTEMBI U
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ABTOpedepar
JUCCEPTALIMM HA COMCKAHUE YUYEHOM CTEeNeHH KaHAauaaTa (pu3nko-
MaTeMaTHYECKUX HAYK

Om — 2022



Pabora BeimosHeHa Ha kadeape MareMaTuueckoro aHaiansza Ouckoro
rOCYJapCTBEHHOTO YHUBEPCUTETA

HayuHblii pyKOBOIUTEIb Kapumos Canbl, 10KTOp PU3NKO-MAaTEeMaTUYECKUX
HaykK, rpodeccop, mpodeccop kadeapol
mateMatuyeckoro ananuza Oml'Y. (Keiprei3cras,
r.Om)

OduunanbHbie onnmoHeHThI: AOnadexoB bakTbi0ait CanapbexkoBuy,
TOKTOP (PU3UKO- MATEMAaTHYECKIX HAYK,
npodeccop, nmpodeccop kadheapsl TPUKIATHON
MaTEeMaTHKH, HTHPOPMATHKH ¥ KOMITBIOTEPHBIX
texHnonoruii KHY nm XK.banacareina (Keiprei3cran,
r. bunikex).

AmupoaeBa AilzkapkbiH JKopoOekoBHA, IOKTOP
bu3NKO- MaTeMaTHUYECKUX HAYK, TPOQeccop, 3aB.
kadenpoit npuxinaanoi matematuku OmTY umenu
M.M. Anpiiea (Keipreizceran, r.Om).

Benyumas opranuzanus: Keipreizcko-Poccuiickuit CriaBsHCKUN YHUBEPCUTET
umenu b. H. Enbiiuna, kadenpa MaremMaTH4eCcKux
OCHOB Jn3aitHa u apxuTekTypsl. 720000,
Ksipreizckas PecniyOnuka, r. buikek, yin. AHkapa
2A, ayn.307

3amura coctoutcsa 10-deBpans 2022-roma B 13:00 wacoB Ha 3acemaHuu
nucceprarnronnoro cosera K 01.19.599 mo 3amure auccepraniuu Ha COMCKaHUE
YUYEHOW CTenmeHW KaHaujata (U3NKO-MaTeMaTHYeCKUX Hayk mnpu OIickoM
roCy1apCTBEHHOM YHUBEPCUTETE, Kanan-Abanckom roCy1apCTBEHHOM
yHuBepcutete U MHctutyTte mpupogHbeix pecypcoB FOxnoro otnenenus HAH
Keipreisckoit Pecnyonuku mo agpecy: 723500, r. Om yn. Jlenuna, 331, ayn.
N neHTudukaimoHHbIN KO OHJIAMH TPAHCIISIIIUN 3aIUThI JUCCEPTALIUH:
http://vc.vak/b/k01-wvo-bll-2Im.

C nuccepranueit MoxHO o3HakoMuTcs B LlenTpanbHoil Onbauorexe Ockoro
rOCyJapCTBEHHOTO YHUBEPCHUTETA M HA CTPAHUYKE JUCCEPTALlMOHHOTO COBETa
caiita: WWw.0shsu.kg.

ABTtopedepat pazocnan «6» ssaBapst 2022 rona.

YueHslil cekpeTapb 7

JUCCEPTAIMOHHOTO COBETA, K.().-M.H., TOLEHT /’
/-

bekemos T.O.


https://www.krsu.edu.kg/
https://www.krsu.edu.kg/
http://vc.vak/b/k01-wvo-bll-2lm
http://www.oshsu.kg/

OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTBH T€MbI IMCCePTALMHU.

[lpy omucanum neicTBHE peaTbHOTO OOBEKTa WM TEUEHHE peabHOrO
Ipolecca paccMaTpUBAeTCsl HX MOJEIb. JTO 4YacTO BBIpAXaeTcs B BHJIE
nudQepeHanbHbIX YpaBHEHUH, B OOJBIIMHCTBO CIIydasiX OHHU COJEpKAT MaJblii
napameTp. B cBsi3u ¢ 3TUM BO MHOTHUX MaT€MaTHYECKUX MOJIENAX HUCCIOIb3YIOTCS
YPaBHEHMsI COZIEpIKalllie MaJblii mapaMeTp. 3/1eCh, OCHOBHOW BOMIPOC 3aKJII0YAETCS
B MOJHOTE OTOOpaXKeHUsI peasibHO Mpoucxojsmierocs. C MaTreMaTH4ecKol TOUYKU
3peHHs 3TO CBOAMT K PAaCCMOTPEHHIO BOIpPOCA O 3aBUCUMOCTH pELICHUS
nuddepeHIMaTbHBIX YPaBHEHUHM OT MaJIbIX TapaMeTpPOB.

[Tyctb nansl cuctemsl AudGepeHInaTbHbIX YPaBHEHHIA:

ex ()= 1 (x(t).y(1),
y'(t)=g(x(t). y(t)), (a)

ex'(t)=f(x(t),y(t).t),
y'(t)=g(x(t), y(t).t), (b)

rae £ >0 — manwiit mapametp, x(t,£) e R, y(t,)eR", te[tO,T]c R.

CucremMbl Takoro THUIIA BCTPEYAIOTCS BO MHOTMX IPUKIAIHBIX 3ajadax.
Hampumep, B  KBaHTOBOM  MEXaHHMKE, TEOpUM  KOJeOaHUN, TEOpUH
PATUOTEXHUYCCKUX TMPUOOPOB, TEOPUM ABTOMATHYECKOTO PETYJIUPOBAHUS,
TUJPOJAMHAMMKE, DJICKTPOTEXHUKE U APYTUX SBJICHUAX. Takue cCUCTeMbl ypaBHEHUM
Ha3bIBAIOTCS] CUHTYJISIPHO BO3MYIIICHHBIMH.

Hauunas ¢ 50-x rogoB, Ha4YaJaWCh CUCTEMaTUUYCCKHE MCCIICJOBAHUS CHUCTEM
Buna (), (b).

Eciu B (a) popmanbHo cuntath, € = 0, To momydaercs cucremMa

f(x(t),y(t))=0,
y'(t)=g(x(t).y(t)). ()

Cucrema (C) Ha3bIBaETCS BHIPOKIECHHBIM UK IIPEIeIbHBIM. [Ipeanonaraercs,
9TO BHIpOKIEHHas cuctema (C) B obmactu T (teT') umeer pemenne X (t), Y (t).

501041

OtHocutenpHo cuctembl (8), (D) paccMaTpuBaiMch pa3iuyHbIC 3a7addl U
npo0JeMbl. MbI paCCMOTPUM HAaYalIbHYIO 33a4y .

[Tycts X(t,g), y(t,&‘) — penieHus 3a1a4u (@), yAOBICTBOPSIOT HAYaIbHBIM
YCIIOBHSIM
X(ty,€) =X,
y(to’g ) = Yo-
CraBurcsa BOIIPOC: I KaKHUX 3HaueHuM { mMeeT MecTo npcacjaIbHOC
PaBEHCTBO

limx(t,e)=x(t), limy(t,z) =y (t)?

e—0



OT0 3a/1aya BOEPBbIE B OTPAHHUYEHHOW OOJACTH MPH HAJIOKEHUHU ONpPEAeTIEeHHBIX
yCJIOBUH Ha HEBO3MYIIIEHHHOM cucteme perieHa A. H. TuxonoBwiM. B padotax A.b.
BacunweBor, @. byry3oBa W JApyrux HCCIECAOBAIMCH Cilydad, KOrja
HEBO3MYIIIEHHAs cucTeMa (C) UMEEeT HECKOJIBKO pelICHUH.

JI.C. IlonTpsarun, E.®. MUILIEHKO W UX YYEHUKH UCCIIEIOBAIN CUHTYJISIPHO
BO3MYILICHHBIE aBTOHOMHBIE YPAaBHEHMSI, ONPEIEINUIN MPOLECC PeIaKCalMOHHBIX
KOJIeOaHMIA.

A.b.BacwibeBa, M.M.MMmananueB NOCTPOMIIM pPA3JIOKEHHUE PELICHUS IO
MajoMmy mnapamerpy. B 3Tux paborax wucciegoBaHHE NPOBOAUTCS MPUMEHEHUEM
ITOJIO’KEHMS] PABHOBECHS yCTOUYHUBOCTH.

IlepBas paboTra B ciydae TI/i€ HApylIIaeTcs YCJIOBHE YCTONYMBOCTH
npuHaiuexur M.A. IlumkoBoil. B 3Toil paboTe wHcCleIOBaHO YpaBHEHUE C
IIOMOIIBI0 AHAJUTUYECKOTO MPOJOJDKEHHSI HA HEKOTOPYI0 4YacTh KOMIUIEKCHOM
IIJIOCKOCTH.

[Tomy4yenHsie pe3ynbTaThl pa3BUTHI U 0000manuch B padbotax C.Kapumona,
["."M. Anap6aesoii, K.C. AnsibaeBa, [I.A. TypcynoBa, M.A. AzumbaeBa.

B pa6orax K.b. TamnarapoBa u A.b. Myp3abaeBoii CHHTYISAPHO
BO3MYILIEHHOE YPAaBHEHUE UCCIEA0BAIOCH HE UCIIOb3Ys YCI0BUE YCTOMYUBOCTH.

B Bhime ykazaHHbIX paboTax HCCIEIOBaHBl YpPaBHEHUS B OTPAHUYCHHOMN
00JacTH M KOrjaa Marpuia-kodGOUIMEeHTOB NMpu JTUHEHHON HEM3BECTHOU BEKTOP-
(GYyHKIMM HMEET MPOCTO€ (HEKpAaTHOE) COOCTBEHHOE 3HAYEHUE, OMPEEISIOIIee
CMEHBI YCTOWYHUBOCTH.

AHanu3 pe3ynbTaTOB M3BECTHBIX padOT IMOKa3bIBa€T, YTO 3aJada B
OeCKOHEUHOM 00J1acTH, B Ciydyae Korja COOCTBEHHBIC 3HAYEHUS SIBISIOTCS
KpaTHbIMU He paccMoTpeHo. CrenoBarenbHO, HCCIAEAOBAaHHE ATOM MPOOIEeMbl
SBJIIETCS] AKTYAJbHBIM U COCTABIISIET OCHOBHOE COJIEPYKAHUE JAHHOU PabOTHI.

CBs13b TEMBbI IUCCEPTANNH C HAYYHO-MCCJIEI0BATEILCKUMH TEMAMH.
JuccepTanusi BBIMOJHEHA MO TEMAaTHUKE HAYYHO-HCCIEIOBATEIbCKUX padoT
Kadeapbl MaTeMaTH4ecKoro aHanu3a OIICKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA.

Heabs wucciaenoBanusi. lccienoBarb aCUMNTOTUKY PELIEHUM CHHTYJISIPHO
BO3MYIIICHHOW CHUCTEMBI HEIMHEWHBIX AU(dEepEeHITNaTbHBIX YPAaBHEHUH B OCOOBIX
Cy4asx.

3aga4M HCCae0BAHUSA:
1. HUccnenoBarb  aCUMOTOTHKY ~ PEIICHHUS]  CHUHTYJSIPHO  BO3MYIIEHHOTO
nudpepeHnanbHOTO YPAaBHEHHS U CUCTEMbl HETMHEMHBIX AU depeHIInanbHbIX
ypaBHEHUH, Korga COOCTBEHHBbIE€ 3HAYEHUSA, OMNPEACNAIONINE  CMEHBI
YCTOMYMBOCTH, MATPHUIIBI KOA(DOUIIMEHTOB NP JIMHEWHOW HEN3BECTHOM BEKTOP-
(GYHKIIUM IPOCTHIE U KpaTHBIE.
[TocTpouTh acCUMOTOTHYECKOE Pa3I0KEHHE B OECKOHEUHOM MoJIoCe.
3. IIpoBepuTh aCUMOTOTHYECKYIO OJU30CTh PEIICHUN CUHTYJISPHO BO3MYIIIECHHON
Y HEBO3MYIIECHHOM 3a/1a4.

no



HayuyHnasi HoBu3Ha padoThbI.

1. [loxa3biBaeTcsi acUMIITOTHYECKass OJIM30CTh PEHICHUH CHUHTYJISPHO
BO3MYIIECHHOM 1 HEBO3MYILIEHHOM 3a/1ayu B OECKOHEYHOM T0JIOCE.

2. HWccnenoBaHo acHUMNTOTHYECKOE M3MEHEHUE PEIICHUH CHHTYJISIPHO
BO3MYIIEHHOM CHUCTEMBbl HEJIMHEUHBIX Au(GdepeHuaIbHbIX ypaBHEHUN B
OeckoHe4OoH MoJIoce, KOT/ia COOCTBEHHbIEC 3HAUECHHUSI IPOCTHIE.

3. IloaydyeHO acHMNOTOTHYECKOE pAa3I0KEHUE PEIICHUS ISl CHHTYSIPHO
BO3MYLIEHHOU CHUCTEMBI 4X HEJIMHEWHBIX YPABHEHUI B OECKOHEUHOM 10JI0Ce, KOT1a
COOCTBEHHbIE 3HAUEHHUS ONPEACIIAIONINE YCIOBUS YCTOMYMBOCTH KpaTHBIE.

IIpakTH4yeckass 3HAYMMOCTb NOJYYEHHBIX pe3yJbTaToB. Pabora HOCHT
TEOPETHUYECKUI XapakTep, €€ pe3yJbTaTbl MOTYT CIYKUTb Pa3BUTHEM TEOPHH
CUHTYJISIPHO BO3MYILECHHBIX 3a/ad WM MPUMEHEHbl [JISl PEIICHUS pa3InYHbIX
NPUKIAAHBIX 33/4a4. Pe3ynbrarel paboThl TaKke MOTYT OBITh MCIOJIB30BAHBI MPU
YTEHUM JIEKIUU CIELHUAIBbHOIO Kypca MO TEOPHHM BO3MYILECHHMHM NHPHU MOATOTOBKE
0axaaBpoOB U MarucTpoOB.

OCHOBHBIE I10JIOKEHUS JUCCEPTALNH, BBIHOCMMbIE HA 3aLIUTY.

— IlonyyeHo acUMOTOTHKA ISl CUHTYJISIPHO BO3MYILIEHHOTO TU(depeHINATBHOTO
ypaBHEHUs B OECKOHEUHOM IoJIoCe.

— ITlosly4eHO acHMITOTHYECKOE PpA3JIOKEHUE I CHHIYJSIPHO BO3MYILICHHOU
CUCTEMbI HEJIMHEHHBIX Tu(depeHIalbHbIX YpaBHEHUN B O€CKOHEYHOU IOJIOCE,
KOr/la cOOCTBEHHbIE 3HAYEHUS ONPEACIISIONINE YCIOBUS YCTOMYMBOCTH MPOCTHIE.
JlaHbl ACUMIOTOTUYECKHUE OLEHKH MOTYYEHHBIX Pa3JIOKEHHI,

— TlonydeHO aCUMITOTHUYECKOE PA3JIOKEHUE PEIIEHWM HAYAJIbHOM 3a1add IS
CUHTYSPHO BO3MYILIEHHOW CUCTEMBbI 4X HEJIMHEWHBIX YpaBHEHUN B OECKOHEHYHOMU
10JIOCE, KOrjJa COOCTBEHHBIE 3HAUEHHS OINPEAEISIIOUIME YCIOBHUS YCTOMYHMBOCTU
KpaTHBIE.

Jluynblid BkJax aBtropa. IlocraHoBKa 3amauv NPUHALJIEKUT HAYYHOMY
pykoBoautento npodeccopy C. KapumoBy, a mosryueHue OCHOBHBIX Pe3yJIbTaTOB
OCYLIECTBJIEHO aBTOPOM.

B coBmectHbix pabotax ¢ I'. AmnapOaeBoit [6, 8, 12], eii npuHamICHKUT
00CY>KJIeHHE PE3yJIbTaTOB, @ OCHOBHBIE PE3YyJIbTAThI ITOJIYyYE€HbI AaBTOPOM.

AnpoGanust padorbl. PesynpTaThl paboOThl PETyIspHO JOKIABIBATUCH H
00CYKTaTUCh:

- Ha cemMuHapax Kadeapbl MareMarhyeckoro aHamuza  Omickoro
roCyIapCTBEHHOTO YHUBEpPCUTETa MOJ Ha3BaHWeM «CHHIYJISPHO BO3MYIICHHbBIC
muddepeHnranbable ypaBHEHU» (PYKOBOAUTENb ceMUHapa 1. ¢. - M. H., mpod.
C.KapumoB);

- Ha |1l koHrpecce MmaremaTukoB TrOpkckoro mupa (Kazaxcran
r.Anma-Ata - 2009r.);

-Ha PErMOHAJIbBHOM HAay4YHOM CEMHHape MaTeMaTUKOB fora Kelpreiscrana
“AxTyanpHble TpOOJNIEMBI MaTeMaTHKU u uxX npumeHeHus” (2019-2021r.r.)
(pyxoBoauTtenb: uieH — kopp. HAH KP., npodeccop Anbimkymnos K.A.).

ITostHOTa OTpakeHHMs pe3yabTaTOB AuccepTanvu. OCHOBHBIE PE3yIbTaThI
TUccepTanuy omyOauKOBaHBI B 12 cTaThsiX, 8 cTarel OmyOJIMKOBAaHBI B CHCTEME



PUHII, B pexomennoBanubix HAK npu [Ipesunente KP m3manmsax — 3, 1 crates
onyOJUMKOBaHA B MaTepuajie MEXKIyHapoaHOU KoHdepeHuu. O01ee KoJInuecTBO
6ayutoB cocTtasisgeT — 206.

Crpykrypa u 00beM padoThI.

PaboTa cocTouT U3 OryIaBieHUs, CIIUCKA YCIOBHBIX 0003HAYEHUN U
OTIpeIeJICHUH, MPUHATHIX B pab0Te, BBEICHMS, YEThIPEX TJIaB, pa30MThHIX Ha 11
naparpacdoB, BEIBOJIA, TPEX PUCYHKOB U CITMCKA UCIIOIb30BAaHHOM JINTEPATYPHI,
cozepkaiiero 54 HauMeHoBaHUU. B KOHIIE KaX 01 rIaBbl U3JI0KEHBI BHIBOIBI.
Hywmepanus maparpados, hopMyir, TeoOpeM - TpoiiHas: mepBas mudpa ykazbBaeT
HOMED TJIaBbI, BTOpas — HOMEp maparpada, TpeTui ee mopsaKkoBeiii Homep. O0bemM
Tekcrta coctapiseT 90 cTpaHmil.

OCHOBHOE COAEP XAHHUE JUCCEPTALIMHU

Bo BBemeHMHM 1aHa KpaTkas INPEABICTOPHs H3y4aeMOM 3aJadyd W aHaJu3
IOJIyYEHHBIX PE3YyJIbTATOB OTACJIBHBIX PA0OT MO CHUHTYJSIPHO BO3MYUICHHBIM
ypaBHEeHUsAM. (OOOCHOBBIBAIOTCSI ~ AaKTyaJlbHOCTh TE€MbI, LE€Jdb U  3aJaud
UCCJIEIOBAHMS, HAay4yHas HOBHU3HA, IIPAKTHYECKas 3HAYUMOCTb, OCHOBHBIE
MI0JIO’KEHUSI BHIHOCUMBIE Ha 3alIUTY U 00IIast XapaKTepUCTHKA paOOTHI.

IlepBas ranasa «Ob30P PE3VYJIbTATOB 110 TEOPUN CHUHI VJIAPHO
BO3MVYIIIEHHBIX YPABHEHMUI» coctout u3 IBYX maparpados.

B § 1.1. “O0wmuii 0630p pe3yabTaTOB MO TEOPUU CUHTYISIPHO BO3MYIIEHHBIX
ypaBHEHUI’ AaeTcst KpaTKUi 001U 0030p CUHTYJISIPHO BO3MYILEHHBIX 3a/1a4.

B § 1.2. “Pe3ynbTaThl Apyrux uccienoBareneii, Hanbonee OJU3KHe K TaHHOM
paboTre” MpUBEIEHBI pe3yibTaThl IPYTUX HccienoBaTeneil, Haubonee OIM3KUE K
JlaHHOM paboTe.

Bropas raaa “ACHUMIITOTHMKA  PENIEHMI  JIMHEMHOM
YPABHEHUU I[TEPBOI'O ITOPSIJIKA” cocrourt u3 Tpex nmaparpados.
B maparpade 2.1 chopmynrpoBaHa mocTaHOBKA 3a/1a4u:
ex'(t,e)=a(t)x(t,&) + h(z), (1)
X(ty, £) = % (&) . (2)
Hy={teC, t,<t, <T,, —0<t, <+x},
TpeOyeTcs HaliTH acHMNTOTHKY pemienuit 3agaqn (1)- (2) B odmactu H,.

[1yCTh BBINOJHSIIOTCS CIIELYIOIIHE YCIIOBHUS
11 2.1. Rea(t) <0 B monoce {t, <t <a, A—o<t, <+w}, a; e(t,,T,),

Rea(t) =0 mHa npsamoii {t1 =g, A—oo<t, < +oo} ,
Rea(t)>0 B nonoce {ao <t <T, A—o<t, <+oo}.
[1.2.2. Vt, e H,, a(t),h(t) e ©(H,) A Ima(t) > 0.

1
1 2.3. h(t):W,k >1 npu t — oo.



t
OGosuaunm u(t, t,) = Re [a(s)ds.
)
Bo Bropom nmaparpade noj HazBanuem “OcoOEHHOCTH 3a7a4u’’, pacc-
MaTpPUBAIOTCS IPUMEPHI, KOTOPHIE YKa3bIBAIOT 0COOEHHOCTH paccMaTpuBae-

MOU 3aJ1a4H.
[Tpumep 1. ITycts a(t) =2(t+1i),tC.

t
Omnpenenum ¢pynkuuo A(t) = ZI (r+1)d7 = (t + i)2 . Pacemotpum nuann

yposHs ReA(t) =t> - (t2 +1)2 =c. Jluaus ypoBHs ReA(t)=0 B Touke (0,—1)

JICTUT TIOBEPXHOCTh Ha 4 4acTh (Sl, S,, S5, S 4)( pPUCYHOK 1).

t2

S1

-1 1 1

Sa S2
AN

Pucynok 1. BerBu nuHun ypoBHs

Hmeet mecTo
te(S,US;):ReA(t)<0, te(S,US,): ReA(t)=0.
Torna st ypaBHeHUE
exX'(t,e) = +1)x(t, &) + ep(t),
C HAYaJIbHBIM YCIIOBHUEM
x(-1&)=x°,



TpeOyeTCsl UCCIeN0BaTh ACUMIITOTHYECKOE U3MEHEHUE pelieHus 3a1aun mo & . 13
pe3yJIbTaTOB pPaHHUX MCCICAOBAaHUN clieAayeT, uTo pemcHue X(t,£) Ha oTpeske
[—1,1] OTPaHUYCHHO.

Bo Bcex paboTax MOCBSIIECHHBIX UCCIICIOBAHUIO YPABHCHHH, T/Ie HApYIIacTCs
YCIIOBHE€ YCTOHYMBOCTH, pPAacCCMOTPEH Ciy4ail, KOrja CYIISCTBYIOT BETBHU

(mepecekaromye) TMHUU YPOBHS COCAMHSIONTNE KOHITBI OTpe3Ka. B aTuX cirydasx He
OBLJIO HEOOXOAUMOCTH pacMaTpUBaTh OECKOHEUHYIO 00JIaCTh.

Tpumep 2. Mycts a(t)=—e™". a(t)=—cost+isint, paccMoTpum oTpe3oK
0<t<xz (PucyHok 2).

/A
o /7NN |7 ®

Pucynok 2. Jlunun yposus (C >0).
Ipumep 3. Iycrs a(t)=—€". Homyuaem a(t)=—cost—isint. Rea(t) na
orpeske 0<t<x MeHseT CBOI 3HAK OT OTPHUIATEIILHOTO HA TMOJIOKUTEIHHBIA U

Rea(zJ:O.
2

Ipumep 4. Ecim a(t) =€", 1o a(t)=cost +isint. 3xecs 3nax Realt)
MEHSIETCS Ha [72',272'].

Torma A(t) == je"dr - %(eit —e")= %(eit +1).

Eciu t =t, +it,, Torna Re A(t) = Re]f(e‘t2 (cost, —isint,) +1) =esint,,

u(t,t,) =e"sint,.
JIuHun ypoBHS (C) OyIyT B BUJE pUCYHKA 3.



W/
S

Pucynok 3. Jlunnn ypoeus (C <0).

B nmpumepax 2-4 Touka mepeceueHus JUHUN YPOBHS COCIUHSIONINE KOHIIBI
OTpe3Ka, B cIIy4ae CMEHbI ycTOWYMBOCTH Ut pyHKuuu U(t,t,), Oyaer 6eckoHeYHO

yAQJIEHHON TOUKOM nepeBaja OECKOHEUHOT0 MOpsiIKa.

J11st TOJTy9IeHHS aCHMITTOTHYECKOM OIIEHKHU BOJTM3H Ha TIPABBIX KOHIIAX OTPE3Ka
MPUXOIAUTCS PACCMOTPETh OECKOHEYHYIO 00JacTh. JTa OJHA U3 OCOOEHHOCTEU
3aJlayu JAaHHOU paboTHI.

Tpernii naparpad Ha3eiBaetcs “PemieHnue 3agaun’”.
3anaua (1)-(2) Oynet paBHOCHIIBHO HHTETPAIbHOMY YPaBHEHHUIO:

X(t,&) = E(t,t,, €)%, (&) + j E(t,z,e)h(z)dz,

fo

roe E(t,t,,s) :exp{lja(s)ds} E(t,z,¢) :exp[%j‘a(s)dsj.
gto T

JIOKa3bIBAFOTCS CIIEAYFOIIUE JIEMMBI:

Jlemma 2.3.1. Ilycts Beimonssitorcs yciosust LI 2.1-11 2.2.Torma nuHuuM
YPOBHS

(C)={teH,, u(t,t,) =c—const.},
TOJIHOCTBIO MOKPBIBAIOT T10J10Cy H .

Jlemma 2.3.2. Ilycts BoimosHstorces ycnoBus Jlemmbr 2.3.1. Torama
cymectBytor: munns yposus (C,) coemumstomas touxn (ty,,0), (T,,0), nunns
ypous (C,) coemuusomast toukn (ty,,0),(T,,0) n ynkums t, =4(t,)
(t, <t, <T,).

Oynkuus t, = ¢(t,) onpenensiercs, KaKk pelIeHNe ypaBHEHHs

u(t,t,)=at +b,
rae a= Cl_CZ b= C2t01—C1T1 )
t01 _Tl t01 _T1
Kpusyto, onpenemsrontyto dyHkimo t, = ¢(t,) o6osnaumm depes K.

1). B ciydae xoraa kpuBas K onpezeneHa cieyrOmuMi JTHHASIMA YPOBHS .
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1
C,==¢lng, C,=¢lng,
2
obnacth 0003HauuM 4yepe3 H, — H;. H, Oyzner HeorpaHu4eHHOM.

2). Ilycts C, = —15 ,C,=-6, rne o —const, 0< o <<1, To 061aCcTH 0003HAYAETCS
1 2 2

gyepe3 H, = H,. B aTom ciryuae 001acTh Takke HEOrpaHUYEHA.

1 1
3). Iycrs mocrosHuble C, = —58 ,C, = —58 °, tne 0<p<1, 3mech oOmacTh

obosnayaem uyepe3 H; € Hy u o6macts H, takke HeorpanuueHa.
Mycts K=AUK, e A={(t,,t,):t, <t <t,,,t, =0},
Korza Toukn (t,,t,) mexar va K, TO IyTh HHTEIPUPOBAHMUS ONPEACIACTCS
3
tak: |=Ul,, tae |, —orpesox npsmoii, coenuusionmit Touky (ty,0) ¢ Toukoii
k=1
(tm,O), |, —oTpesox kpuBO#, coeIMHAIOMUIA TOUKY (tm,O) C TOYKOU

(Ti,t; :;Z(ti,g)), I?El)—OTpe30K IPSIMOM, COCOUHSAIOIINNA TOYKY (tl,t;) C TOYKOU

(’[1,'[2 ) 3/1eCh CYILIECTBYET SMHCTBEHHAS TOUKA (tl,t; = ¢(t1)) JUTSL t, .

[TomyueHa acUMNOTOTHYECKas OLEHKA PEUICHUs IOCTaBJICHHON 3ajauu U
JIOKa3aHbl CIEAYIOIINE TEOPEMBI:
Teopema 2.1.1. ITycts BemmoaHens! ycnosus LI 2.1-111 2.3. Torna pemenue

samaun (1)- (2)Ha K =AU H, cymecTByer, eJMHCTBEHHO U CIIpaBEAJINBA OLICHKA

1
|X(t,8)| < Ca)(é‘)m,
rae o,(¢e) = e

1 , a)(g):\/;.
ne

Teopema 2.1.2. ITycts Bemmonnens! ycnosust LI 2.1-111 2.3. Torna pemenue
3amaun (1)- (2) nHa K=AUH , CYILECTBYET, €IUHCTBEHHO M CIIPaBEJINBA
OLICHKA

|x(t, &)| < care),
rae w(e) = Je .

Teopema 2.1.3. ITyctb BeinonHens! ycnosus LI 2.1-110 2.3. Toraa peuienue
3agauu (1)- (2) Ha K=AuU H, cymecTByeT, eIMHCTBEHHO U CIIPaBEJIMBA OLICHKA

x(t,&)| < cve.

I'maBa 3 mnox Ha3BaHWeM ‘“ACHUMIITOTHKA PEIIEHUH CHUCTEM H3 JBYX

ypaBHEHUI’, COCTOUT U3 Tpex naparpados.
B §3.1 “TlocTanoBka 3a1aun’” paccMaTpuBaeTCs 3aja4a

ex'(t,e)=D(t)x(t,e)+ e[ p(t)+B(t)x(t,&) ]+ f (t.x(t,£)), 3)
X(t,£)=X°(£) , [X(t,.€)|=0(&), (4)

10



rae teH,={teC,t, <t <T,, —o<t, <+o0}, D(t)=diag (4 (t), 4,(t)),
B(t):(bkj (t))j, ﬂl(t):m. Eciu t Bemectsennoe, Torma 4 (t) =4, (t).

[1yCTh BBINOJHSIOTCS CIEAYIOIINE YCIOBUS:
[I3.1. VteH,, D(t)e®(H,), B(t) e ®(H,) A|B(t)|=O(1)mpu t —co.
I 3.2. f(t,x)eA(t,x)={t, € Hy,|x| < & — const -ne 3aBucur or ¢ }.

Onpenenum dpynkiun E (t T, 5) exp— J.ﬂk dS k=12.

Ecnu 0603Haumm U(t,t,) Rejﬂ,l s)ds, rora u(t,— Rejﬂ2

[lycts QyHKUIUN Reﬂl( ), ( t, 2) B obOmactu H, yAOBIETBOPAIOT
CIIyACIOIIUM YCIOBUSIM:
111 3.3. Re 4, <0 na nonoce te Hy, ={teH, t; <t <a,, —oo<t, <+x},
Re4,(a, +10) =0 na npsmoit p={teH, t,=a,, —oo<t, <+owo},
Re A, >0. na nonoce teH, = {teHO,a0<'[1 , —o0<t, <4oo}.
I 3.4. vteH,, ImA(t) >0.

Ortcroza crneyer, YTo yCTOHYMBOCTh MOJIOKEHNS PABHOBECHS CHCTEMEI (3) Ha
nnrepsane (8,,T,]| He coxpansercs.
I 3.5. TTycrs Ha mpsiMbIx t, =t t, =T, (—o0 <t, <+o0) pyHKIHS u(tl,tz) =0.

Jlemma 3.1.1. Eciu Bemonnstotes ycenosus 1 3.3-111 3.5, Toraa nonoca H,
OyJeT MOJHOCTBIO MOKPBITA IMHUAMH YPOBHS

(C)={teH,,u(t,t,)=C—const}.

[Tpu mocTaBIEHHBIX YCIOBHUIX CTABUTCS 3a/1a4a UCCIICAOBAHUS aCHMIITOTHKH
pemenus 3agaun (3)-(4).

§3.2 “OcobeHHOCTH UCCASAOBAHUS .

3amenum 3amauy (3)-(4) Ha 5KBUBAJICHTHOE UHTErPaIbHOE YPaBHEHHUE!

X(t,g):E(t,to,g)xo(g)+jE(t,z',g)[B(z') T,& +(0 :|d2'+

+%J‘E(t,z',8)g(z',x(z',g))dz', (5)

t

. E(t,r,g):exp%_:[D(s)ds
o (53) o2
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f,(t.x(t.))
f, (t, X(t,g))

E.(t,7,¢) :exp_%j‘ﬂk (s)ds | (k=12).

f(t.x(t,e))=

[Tepernmmem (5) B ckasipHOM BHIE:

X (t,&)= X (€)E(t.ty )+ j E, (t,r,g):(pk (7)+P, (7,8)]dr +

fy

X (6)
+EE[E“ (t,z,¢) f (7,¢)dr,

rac

P, (t,e)=b,(t)x (t.&)+b,(t)x,(t,e), k=12

Cucremy (6) Oyaem periaTh METOIOM IIOC/IEI0BATCIBHBIX TPUOIHKECHHT.
OcHOBHOM 3ajaueil 371eCh SBJISICTCSA JIOKA3aTEJIbCTBO CYIIIECTBOBAHUS
peleHnii BO3MYIIEHHON 3a7aud U OIleHKa OJM30CTH PEIICHHH BO3MYIICHHOW M

HEBO3MYIICHHOW 3amad mnpu &-—>0 Ha MPOMEKYTKE [tO,T0 -0 (8)] e
HernpepbiBHast GyHkuus o () >0 npu O<e<g, u Iirrg) o(g)=0.
&>
HauwnHast co Broporo npuOIMKeHUs yTH HMHTETPUPOBAHKS BHIOUPAIOTCS W3

obmactu H,. I[lyTu nHTErpupoBaHus COCTOSAT U3 OTPE3KOB INIAJKUX KPUBBIX WM

YaCTUYHO TJIAJIKHX KPUBBIX.
§3.3 “AcUMNTOTHYECKOE PA3JIOKEHUE PEIICHUI CUHTYJIIPHO BO3MYIIIEHHON
cucTeMbl TudPpepeHInanbHbIX YpaBHEHUN .
JUJIst OLIEHKHU MOCIEN0BATENbHBIX IPUOIMKEHUH HCIIOIb3yeM 4-teMmy?.
Ilycts C, = (&), C, =2a(g), Torna o01acTb MOKPHITOM KpuBbiMU K

o6o3HayuM uepes K, e H.

Iycte C,=-¢",C,=-2¢", tne 0<p<l. B atom ciydae o0nacth
00o3HaumMM uyepes H, < H,.

Ilycts C, =¢ln¢g, C, =2¢Ing, Toraa obnacts 0603Hauum uepes H, c H,.

[lyctb K=AUK, TtI€ A:{(tl,tz):toStlétm,tz:O}. Ouenka x(t,¢)

IIPOBOAUTCS IS Toukk obnactu K. 3xeck myTh mHTerpupoBanus | 3aBucur ot
TOT0, KAKOMY MHOXECTBY TpHHAUIeKAT To4KH (1,1,).

1 Anbi6aes, K.C. MeToy nuHMS ypOBHSI HCCIIENOBAHHMS CHHIYJISIPHO BO3MYIIEHHBIX YPABHEHHMil IIpH
HapyueHuu ycioBus ycroitunoctu. [Texcr] / K.C. Anbibaes // Qucc. ... n-pa ¢us. - mat. Hayk: 01.01.02.

— bumkek, 2001. — 204 c.
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Bri6epem nytu unrerpupoBanus. [lycTs kpuBasi koTopas (tl,tz) e K cocrour

ns3 | = Ulk , TIIe |1 - OTPE30K MPSIMO, COSAUHSIOIINI TOUKY (tO,O) C TOYKOH (t01,0),
k=1

, - oTpe3ox KpuBO#H, coemMHAIOMMUIA TOUKH (ty,0)m (ti,t; :(IZ(tl)) , h- oTpesox
IPSMOM, COCAMHSIONUN TOUYKY (tl,t;) C TOYKOH (tl,tz). 3aMeTHM, 4YTO €CJIM

(ti,tz)e K, To Ha kpuBoii K,, mpu mro0om { Haiinercs eIMHCTBEHHas TOYKa

(bt =4()).

JloKa3aHsbl CIeyIOIUe TEOPEMBI:
Teopema 3.3.1. [IycTh BBINOJHEHBI yCJ’IOBI/IH I 3.1-III 3.5. Torna pemienue

3amaun (3)-(4) mpeacTtaBUMOE B BHUJE X ZX Ha K cCylllecTByeT,

CANMHCTBCHHO N CHpaBe,HHI/IBa OIICHKAa
(n) . n
‘X (t,g)‘S(C 5) :

Teopema 3.3.2. [Iycts BeimonHeHs! yenoBus L 3.1-11 3.5. Torga pemenue
3amgaun (3)-(4) mpeacraBUMoOe B BHUJC X(t,g):ZX(k) (t,g) Ha H, cymecrtsyer,

CIMHCTBEHHO W CIIPaBE/INBA OIICHKA
n
‘X(”) (t,g)‘s<c-gl_p) .
Teopema 3.3.3. Ilycts Bemosaens! ycnoBus 11 3.1-1I 3.5. Torma pemenue

3amaun (3)-(4) mpencraBUMoOE B BUJIC X ZX Ha H., cymecrtByer,

CANHCTBCHHO U CIIpaBCJIMBa OIICHKA

P (t2)ls(e-a()-
1
rre0<c—const, 5,(¢)=——.
0( ) ||n8|
YerBeprass rjaBa  “ACHUMNOTOTHKAa  PEIICHHS  CHCTEMBI  YEThIpEX
OOBIKHOBEHHBIX JHU(DPEpEeHIINAIBHBIX YpPaBHEHUI, TOCBSIIEHA CIydYalr, KOTJa
COOCTBEHHBIC 3HAUCHUS, OTIPEICTISIONINE CMEHY YCTOWYMBOCTH KPaTHbIC.
YeTBepTast riaBa COCTOUT U3 TpeX maparpados.
B § 4.1. IlpuBoasrcss BBOJHBIC 3aMedaHUs, IOCTAHOBKA 3aJaud U
bhopMyIHPOBKAa OCHOBHON TEOPEMBI.
Paccmarpusaercs 3agaya
eX'(t,e)=D(t)x(t,e)+&f (t,x(t,£)), (7)
X(ty, &) =x’, (8)
rae X' —const, D(t) — 3aganHas Matpuua pasmepa 4x4,
f (t,x(t, &) =colon(f,(t,x(t,&)), f,(t,x(t,¢)), f,(t, x(t, &), f,(t, X, &)))— ussecr-
Has BEJTMYHMHA.
13



[TyCTh BBIMIOTHSIOTCS CIICTYIOIINE YCIOBUSI:
oI 4.1. vteH,, D(t) umeeT cobctBeHHble 3HadeHus A, (t), k=12,34 u

xopnanosy dopmy D(t)={D,(t),D,(t),D,(t),D,(t)} ( D(t)e ®(H,)).
mr4.2. f (t, X) S d)(A(t, X)), A(t, X) = {to S HO,||X|| < —Const He 3aBHCHT OT & }.

143, 2, (1) e ®(Ho) 2 (t)=A(t), 4 ()= A4(t) A () = A4 (1)

Oyuxumn Re 4 (t),u(t,t,) B obmactm H, ymOBIETBOPSIOT ClemyiomUM
YCIOBUSIM:
I 4.4. Re 4, <0 na monoce te Hy, ={teH,, t, <t <a,, —oo<t, <400},

Re 4 (a, +10) =0 Ha npsimoit p :{t eH, t =a, —o<t, <+oo},

Re A, >0 na nonoce te H, :{t eH,, a, <t <T,, —0o<t, <+oo}
H14.5. VteH,, ImA(t)>0.
1T 4.6. u(tl,tz) =0 Hanpsmeix t =t,u t, =T, —o<t, <+,

TpeOyeTcs HalTH acCHMOTOTHKY petieHus 3aaa4uu (7)- (8) mpu BhIMOIHEHUH
3TUX YCIOBHM.

Jloka3piBaeTcs cienyromias Teopema:
Teopema 4.1.1. [Tycts BeimoiaHeHs! yemoBus L 4.1-111 4.6. Torna mis 3agaun (7)-
(8) mpm t,<t<T,-— 5 () cymecTByeT €AMHCTBEHHOE pEIICHHUE W JJII HEro
CTIpaBe]IBa OICHKA

[x(t,¢)|<ce,

rie ¢>0 — mocrossHHOE He 3aBHcsmiee OT t U OT &£, HenmpepblBHas (QyHKUUsSA
5(£)=0 mpu0<ée<g, n Liinog(g)zo.

3anauy (7), (8) cBomMM K MHTETpAIbHOMY YpaBHEHHIO U OyleM METOJIOM
NIOCJIeIOBATEIbHBIX IPUOIMKEHNH TIPOBOIUTH OIICHUBAHUE.
B § 4.2 npuBOoAUTCS OIEHKH MEPBBIX MPUOIMKEHHM.

Jlna (t,t,) € K mosnydena onenka
X9(t,2)|=0(e),

rae X" (t,2) = colon(x! (t,2), 5" (t,£), " (), X" (t,) ).

3
Ecmu (t,t,)eK, 1o |y = UIS), rie 1Y — otpesok mpsMoit, coemuHsONiA
k=1
TOYKY ('[0 ,0) ¢ Touxoit (t, +,(¢),0) | gl) — OTPE30K KPUBOM (C ), COCIMHSFOLINI
Touky (ty +7,(£)0) ¢ TouKoif (tl, t; = (5(t1,5)), |§1) —OTPE30K IPSIMOM,
[V * (V)

COCIUHSAOLINN TOUYKY (tl,tz) C TOYKOM (tl,t2)

§4.3. “CxoaumocTh Mocaea0BaTeIbHbIX NPUOIHKEHUN .

TocnenoBarenbhple npuémwKeHus X' (t,£) ¢ HavanbHBIM yCnOBHEM
(3.1.2*%) onpenensrorcs:
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X" (t,e)=D()x" (t,&)+&f (tx"V(t,2)) (0=12,...),

X (t,,6) =X (&), x?(&)—const, k =14.
CkamsipHast popMa 3TOM CHCTEMBI UMEET BU]T

ex™M =2 (t)x" + &t (t x{" 1))

X =nx" + 4, ()" + & f2( x(”‘l))
gx'g") =nx + A (t)xg" + &f, (t, " )
ex'V =nx{" + 4, ()" + &f, (t, X" )
Jlnst n=2 crpaBeaiuBa OLIEHKU

‘xi ‘<c e(1+ce),
‘Xz (t,g)—xgl)(t,g) <(ce)’.

AHaJIIOTUYHO
X (t,6) -3 (1,2)| < (ea)’,

X2 )(t £)—X X (t,e) < (ce)’.

OcTranbHbIC HpI/I6J'II/I)KCHI/ISI OoIpcACiIAIOTCA ¢ IPUMCHCHHCM MCTOIA
MaTEeMaTHUUYECKOM HWHAYKIHUH.

Taxum o6pasoM Ha otpeske t, <t <T, — (&)

Hx” )H Ce, ¢—const.

Teopema 4.1.1 moJIHOCTHIO JOKA3aHa.
BBIBO/IbI

B nucceprammonHoir paboTre Ha OECKOHEYHOM IMOJOCE€ MOCTPOEHO
ACUINITOTUYECKOE  pA3JIOKEHHE  PEIICHUS  CUHTYJISIPHO  BO3MYULIEHHOIO
OOBIKHOBEHHOTO U PEepeHIIMAIBHOTO YpaBHEHHUS TIEPBOTO MOPSIKA, HEIIMHEWHBIX
CUCTEM M3 JBYX YPAaBHEHHI MEPBOTO MOPSIKA U CUCTEM YEThIPEX OOBIKHOBEHHBIX
nuddepeHnanbHbBIX YPaBHEHHH, KOTJja MaTpUIlbl KOADPUIIMEHTOB TPU JTUHEHHOM
HEU3BECTHOM BEKTOP-(QYHKIIMU HMEIOT KpaTHBIX COOCTBEHHBIX 3HaueHWU. JlJs
ACUMIITOTUYECKOTO  PA3JI0KEHHUSI COOTBETCTBEHHO TIOJIY4YEHO PaBHOMEpPHBIC
ACHMITTOTUYECKHUE OICHKH.

B npumepax nokazanbl 0COOEHHOCTb 3a4a4HU.

OTMeEUY€eHO, YTO TOUYKA MEePEeCCUCHUs TUHUN YPOBHS COSIUHSIONINE KOHIIBI
OTpe3Ka B Cllydae CMEHBI ycTOWYMBOCTH Ut pyHKuuu U(t,t,), Oyaer OeckoHeduHO

yIaJICHHON TOYKOM TiepeBaga 0ECKOHEUHOTO TOpsIKa
Korma coOcTBeHHBIE 3HAYEHUS MATPHIIBI D(t) HE HMMEIT HYyJIeW Ha

OeCKOHEUHOMH O6J'IaCTI/I, PEIICHUN OOCHUM C ITIOMOIIBIO METO/JIa ITOCJICTOBATCIIbHBIX

npubmkeHnit. OTMeueHo, yTo npu u3MeHeHuu t coOCTBEHHBIE 3HAUECHUSI MEHSIOT
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CBOW  3HAaK, TOT/MAa TOSBISAETCS  TPYJAHOCTH  JOKa3aTh  CXOAMMOCTb
OCJIeI0BATEILHOCTH {X(”) (t, g)} .

OnpeneneHo, 4YTO OLIEHKA TMOCIEAOBATENIbHBIX MNPUOIMKEHUM CBSI3aHO C
BBIOOPOM ITYTH UHTETPUPOBAHUS.
C BblllI€ U3J0KEHHBIMU OCOOCHHOCTSIM JI0Ka3aHO €AMHCTBEHHOCTh PEILICHUS
U TIOCTPOEHA aCUMIITOTHKA.
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PE3IOME
auccepranuu A0auiIa3u30Boi AkbOepmer AOAMKAJTUIOBHBI HA TEMY:
«ACHMIITOTHKA PEelICHUI CUHTYJIAPHO BO3MYILIEHHOI CHCTEMbI
nuddepeHINAIBHBIX YPABHEHUN B CJIy4yae CMEHbI YCTOMYUBOCTH» HA
COMCKAHME YYCHOH CTeNneHN KAHANAATa PU3NKO-MaTeMATHYeCKUX HAYK 110
cnenuagabHocT 01.01.02 — nuddepenunabHble yPABHEHUS, JTUHAMUAYECKHE
CHCTEeMbI H ONITHMAJIbHOE YIIPpABJICHHE

KiaroueBble c¢jioBa: Malblii MapameTp, ACUMIOTOTHYECKOE Pa3JIOKEHUE,
CUHTYJIIPHO BO3MYIICHHOE YypaBHEHHE W CHCTEMa YpaBHEHHUH, COOCTBEHHBIC
3HA4YCHUS, HEOTPAHUYECHHAsl 00JIaCTh, JIMHUS YPOBHS, ACUMIITOTUKA PEIICHUH.

OO0beKT nccjieJ0BaHUsI: CUHTYJISIPHO BO3MYIIEHHOE JIMHEHHOE YPaBHEHUE U
CUCTEMBbl HEJIMHEWHBIX Au((depeHInaIbHbIX YpaBHEHUH, Korga COOCTBEHHbBIE
3HAUEHUA ONpPENENSIOINEe CMEHbl YCTOMYMBOCTH TMPOCTbIE U  KpaTHbIE,
HEorpaHUYeHHasi 00J1acThb.

Hear padorel. HccnenoBarb AaCUMITOTUKY PEMIEHUS  CHUHTYJISIPHO
BO3MYIIECHHBIX cucTeM audepeHnanbHbIX YpaBHEHUN B OCOOBIX CIyYasX.

MCTOI[I)I HCCJIeA0OBAHUA: aCHMHTOTHqCCKHﬁ, IIOCJIICAOBATCIBHBIC
HpI/I6JII/I)KeHI/IH, JIJUHUHW YPOBHA, HHTCIPUPOBAHHA II0 4YACTAM M MATCMATHYCCKaAA
HHAYKIHA.

IlosryyeHnHble pe3yibTaTbl U UX HOBH3HA. J[OKa3aHO acMMITOTHYECKAas
OJIM30CTh PELICHUS CHUHTYJISIPHO BO3MYIIEHHOW M HEBO3MYLIEHHOW 3a/layu B
OECKOHEYHOM TI0JIOCE, MOJYYEHO AaCUMOTOTHYECKHE OLEHKH [Jis pPEelleHUs
CUHTYJSIPHO  BO3MYIIEHHOW  CHCTEMbl  HEIMHEWHBIX  Au(depeHIInaTbHbIX
ypaBHEHUH, Korja coOCTBEHHbIE 3HayeHus (Marpuua - KO3(Q(UIMEHTOB NpH
JMHENHBIX HEU3BECTHBIX (DYHKLMSIX) IPOCTHIE U KPATHBIE.

CreneHb HCHOJB30BAHUS WJIH PEKOMEHIANUHM 10 HCIO0Jb30BAHUIO.
Pe3ynbTaThl MOTYT OBITH IPUMEHEHBI [T PEIICHUS PA3TUYHBIX MPUKIAIHBIX 33024,
TaK)kK€ MOTYT OBITh MCIOJB30BaHbl NIPU YTCHUU JIEKIIMOHHBIX KYPCOB MO TEOPUH
CUHTYJISIPHBIX BO3MYIIICHUH U CIIEIUATIBHOTO Kypca MpHU MOATOTOBKE OaKaaaBpoB U
MAarucTpoB.
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A0mmniaa3u3zoBa AxOepmer AOAMKAINIOBHAHBIH « TypyKTYy/IyK IIapThI
Oy3yJiraH yuyp/aa CMHIYJSIPJABIK KO3roJroH 1uddepeHunaiabIKk TeHaeMesep
CHCTEMACHLIHBIH YeUYMMHUHHUH aCHMITOTUKACHLD) AereH tremaaars! 01.01.02 -
auddepeHINATIBIK TeHIeMeNep, TMHAMUKAJIBIK CHCTEMAaJIap sKaHa
ONTUMAJIIBIK 0AIIKAPYY aAMCTUTH 00I0HYA (PU3HKA-MaTeMaTHKA
WIMMIEPUHUH KAHAUAATHI OKYMYIITYYJYK JapaskacblH U3A€HHUIT aJIyy YUYH
JKa3bLITaH JUCCePTANMUSICHIHBIH

PE3IOMECH
YPpYHTTYy cO310p: KUYMHE MapaMeTp, ACUMOTOTHKAIBIK aXbIPaThUIbIII,
CUHTYJIAPJBIK KO3IOJITOH TEHAEMENEP JKaHa TEHAEMENEP CHCTEMAChl, O3AYK
MaaHUJIEP, YEKTEIOCTeH aliMaK, IEHIIAJT ChI3bIK, YCUNM/INH aCUMITTOTHKACHI.

M3ni160HYyH 00BEKTHCH: CHUHTYJSPIBIK KO3TOJTOH CBI3BIKTYY TEHIEME
’KaHa CBI3BIKTYY HMEC TEHJIIEMENEPIUH CHUCTEMAlapbl TYPYKTYYJIyK IIapThIH
aHBIKTOOUY (Oenrucus CBI3BIKTYY BEKTOP-(YHKIMUSIHBIH MaTpuIa-
KO3 PUITMEHTUHIH) 03K MaaHUJIEPH )KOHOKOH jKaHa 3CeNyY, YEKTeT0eTreH aiimax.

Kymymryn wmakcarbl. CHHTYISPIBIK KO3TONITrOH JuddepeHnnanibik
TEHJIEMEJIEp CUCTEMACHIHBIH YEUUMIECPUHUH aCUMIITOTUKACHIH ©3reue ydypiap/a
U3UIII00.

N3ni11660HYH XKaJINbl BIKMAJIAPbI: ACUMIITOTUKANIBIK, YaaJall )KaKbIH/1a-
1IyyJap, I€HI3J1 ChI3bIKTap, 06JIYKTON UHTETPA 00, MATEMATUKAIBIK HHAYKIIHS.

NruH naumui sKaHbLIBITbI: CUHTYJISIPABIK KO3TOJITOH daHa KO3roJ00roH
MaceseNnepauH YEUYUMIEPUHUH aCUMITOTUKAIIBIK >KaKbIHABITBl YEKCU3 TUIIKEIE
JANWIAEHIN, CHHIYISPIBIK KO3TOJITOH CBI3BIKTYY 5Mec Iu(QepeHIranibK
TEHJEMEJIEP CUCTEMACBIHBIH TYPYKTYYIYK IIAPTHIH aHBIKTOOUY ©31YK MaaHUJIepu
(Oenrucu3 ChI3BIKTYY BEKTOP-(QYHKUHUSHBIH MaTpULa-Ko3(p(UUUEHTH) >KOHOKOH
’KaHa 3cenyy OOJITOH yuypiapJa YeYMMINH aCUMITOTUKAIIBIK 0aa100Cy aJlbIH/IbI.

AJIBIHTaH HATBIKAJIAPAbIH NMPAKTHKAJIBIK MaaHWIYYJIYry.
JlucceprauusiHbIH  JKBIMBIHTBIKTAPBl TYPAYY KOJJOHMO Macejaepayd Yeuyyae
KOJIIOHYJIYIYy MYMKYH. M3WII06HYH KBIMBIHTBIKTAPBIH MAarucTpJiIepand >KaHa
OakanaBpiapApl JasipIOOHYH aTablH KypCTApbIH/A, CHHTYJSIPIBIK KO3TOJIyyJap
TEOPUsICHl OOFOHYA JISKITUSIIAP/IBI OKYY 1a KOJIJJOHCO OOJIOT.
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SUMMARY
dissertation by Abdilazizova Akbermet Abdizhalilovna on topic:
""Asymptotics of a singularly perturbed system solutions of differential
equations in case of change in stability"" for degree of candidate in physical —
mathematical sciences, specialty 01.01.02 - differential equations, dynamical
systems and optimal control.

Keywords: small parameter, asymptotic expansion, singularly perturbed
equation and system of equations, eigenvalues, unbounded domain, level line,
solution asymptotics.

Research object: a singularly perturbed linear equation and systems of
nonlinear differential equations, when the eigenvalues determining the changes in
stability are simple and multiple, an unbounded domain.

Research purpose: Investigate the asymptotics of the solution of singularly
perturbed systems of differential equations in special cases.

Research methods: asymptotic, successive approximations, level lines,
integration by parts and mathematical induction.

Research results and their novelty. The asymptotic proximity of a singularly
perturbed solution and unperturbed problem in infinite strip is proved, asymptotic
estimates are obtained for a singularly perturbed system solution in nonlinear
differential equations, when eigenvalues (coefficients matrix at linear unknown
functions) are simple and multiple.

Application level or recommendations for use. Results can be used in
solving of various applied problems, and can also be used in lecturing courses on the
singular perturbations theory and in a special course for preparation of bachelors and
masters.
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O0o3HaueHns, onpeae/ieHUs] M COKPAILleHHbIE 3aMUCH
V —KBaHTOp OOILIHOCTH;
7 — KBaHTOp CyIIECTBOBAHUS;
€ — 3HaK IPUHAJICKHOCTH; & — 3HAK HE IPHUHAJICKHOCTH;
C — 3HaK BJIOXKEHMS; \U — 3HaK OObEIMHEHUS; N - 3HAK [IEPECCUCHHS,
V — CBSI3Ka WM, A— CBS3KA U.
Z, R, C- COOTBETCTBEHHO MHOKECTBA LIEJbIX, JECHCTBUTEIBHBIX M KOMILJIEKCHBIX
YHCEIL.
& — Manbli napametp, €>0.

t — mHesaBucumas mepemenHas, eciu teC, To t=t+it,, rme t,t,

JIeHCTBUTEIBHBIC IEPEMEHHBIE, | =/—1.
diag (4 (t), 4,(t)) — mwmaromameHas marpuua;colon( f,(t), f,(t)) — Bexrop
CTOJIOeII.
[t, T] — oTpesok neiicTBuTenBHOM OCH, t, <T,.
@(H,) — npoCTpaHCTBO aHAIUTHYECKUX pyHkuuun Ha H,, H, = C.

Omnpenenenue 1. Eciiu B CUHTYJISIPHO BO3MYIIEHHOM OOBIKHOBEHHOM YpaBHEHHUU
(cucteme), GyHknus (MaTpUIBl KOAPGHUIIMEHTOB) MPH JUHEWHON HEM3BECTHOW
byHKIMHN (BEKTOP-(QDYHKIIMN) UMEIOT MPOCTHIE U KPAaTHBIE COOCTBEHHBIC 3HAYCHHS,
y KOTOPBIX JIEHCTBHUTENIbHAs YacTh MEHIET 3HAKM C OTPUIATCIHHBIX Ha
MOJIOKHUTENIBHBIC W paccMaTpuBaeMasi 00JIacTh HEOTpaHWYCHA, TO TaKWE CIydau
HA30BEM OCOOBIMHU.

Omnpenenenne 2. Ecim ReA(t) <0 (A(t) — coOcTBeHHOE 3HAYCHUE (PYHKIIMH MU

! !/ (V)
MaTpHIlbl) B UHTEPBAJIE [to, T ),Tor):[a HMHTEPBAJI [tO, T ) Ha3bIBAETCS yCTOUYNBBIM,
ecii ReA(t) >0 Ha wuHTepBasye (T',TO], TO HWHTEpBAI (T',TO] Ha3bIBACTCS

HEYCTOWYHBBIM.
CHUHTYJISIpHO BO3MYILIEHHOE YpaBHEHHUE (CUCTEMA) COKPAIIEHHO MUIIIEM YpaBHEHUE
(cucrema).
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