Espasus uzundeenepy aubik xypHabl, 2025, 3(3), 66. 33-40 e u

doi: 10.65469/eijournal.2025.3.3.4 ‘ :

eijournal.ilimbilim.kg eBpa3udg
H3UII06160PY
a 4 bl K KYPHAaIBD

MATEMATHKA / MATHEMATICS
VIK

BUp TEeKTYYy 3Mec 06emyry MHAUKATOPAVK (VHKIUS 00IroH
yuypjia CHUHTYJISIPABIK KO3TOJIrOH MAaceJleHUH 4YeYMMHWH
U3UJII00

AKMaTOB AOMIa3n3 AlTMeBUY
yAyk okymyyuy, Ow mamaekemmuk yHueepcumemu, Kelpzbtacman, aakmatov@oshsu.kg
https://orcid.org/0009-0004-6756-4262

MamapskaHoBa KensiMmryn MamaToBHa
okymyyuy, Ow mamiekemmuk yHueepcumemu, Keipebl3cmat, kylymm.oi@gmail.com
https://orcid.org/0009-0009-3525-9438

ApuraHoBa Cyparié SImruHOBHA
MmazucmpaHm, Ow mamaekemmuk yHueepcumemu, Ketpzoiacmat, adilzhanovaiggo@mail.ru
https://orcid.org/0009-0006-7642-2818

AGIBIKAIBIK KbI3bI KakipbiHca
MazucmpaHm, Ow mamaekemmuk yHusepcumemu, Kvlpebl3cman, kairynsa2ooo@gmail.com
https://orcid.org/0009-0001-2787-020/

MamMmapusipoBa ANTOIKYH MaHac6eKOBHa
MmazucmpaHm, Ow mamaekemmuk yHusepcumemu, Kelpzbi3cmax, mamadiarova.aitolkun@gmail.com
https://orcid.org/0009-0004-4108-1537

TamaHT yyiay bekTyp
MazucmpaHm, Ow mamiekemmuk yHueepcumemu, Kolpebiscma, bekturtalantuulu@gmail.com
https://orcid.org/0009-0009-8457-7344

AHHOTaLMA

JKymyIiTa TYPYKTYYAYK IIapThl ©3TOPI6H yuypha CUHTYISPObIK KO3TOJITOH OMPUMHUYM TapTUITETU
KafguMKU nuddepeHIINaNgbIK TeHAeMee ChIPTKbBl TaacUp 3TYY4dY Kyd HUHAWKATOPAYK (YHKIMS
KaTapsl 6epUireH e, TYPYKTYYAYKTYH KOTONYIIYHYH Y3apThUIBIII KyOyTYIITy OPYH ajlapbl KOEPCOTY/ITOH.
UeunM UYBIHBITHI CaHAAP TalaachblHJA W3WIJEHTeH. V3WIneene CUHIYISPABIK KO3TOITOH >KaHa
KO3roJI00TOH MaceyiefIepauH YeUYMMIEPUHUH >KAKbIHJBITBI KUYWHE MapaMeTPAWH YbIHBITBI OH,
JapaKajlapbl MeHEH, 63OYK MaaHWIepAWH HOeNNepYHYH TapTubM 3CKe aabIHBIN aHBIKTAJITaH.
TYPYKTYYAYKTYH J>KOTONYYCYHYH V3apTBUIBIII KyOYIAyIly OpYH auyycy YYYH >KallbUIAaHTAH
dyHKRIUSTApaH MakgaTaHyy MyMKYH 9K€HIUTY JKYMYIIITa KOPCOTYIITOH.
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Kupumyy

K93 6up ydypnapaa uHXeHepAUK Macesenepan U3HIAee/1e TY3YJIreH MaTeMaTUKAIIbIK MOJIEIIb
TYYHZy aJJbIHAa KHYUHE TapaMeTpIu KapMarad KaAUMK1 OUpUHYM TapTUITEru 1 dhepeHInaIbIK
TEHJIEMEJIEPIMH KapAaMblHIA ka3puiar. byn auddepeHumanmplk TeHIEMeNnep TY3YJIreH
MaTeMAaTUKAJIBIK MOJIENTe Kapallia ChI3BIKTYY OHp TEKTYY 9MEC e CBI3BIKTYY dMeC OOIyIl KayycCy

MYMKYH. DKM y4ypAa T€H CBIPTKbl Taacup 3Tyydy KyuTy TyroHnaypran f(t) karerimar. bupok

KONUYJIYK yIIyJ OareITTarbl )KyMylITapsia MaTpuua (QyHKIHUSHBIH ©31yK MAaaHHUCUHUH OeIrucuHe

Kapata TYpyKTyy jKaHa TypyKCY3 apajbIKTapibl aHbIKTOO MeHeH, f(f) (yHKuMACHIH KbuUiMakan

KaKIIbl (QYHKIUS JIEN 5CENTee MEHEH M3WINOOHY XKYPry3yUmKkeH. JKyMyIITyH MakcaThl CHIPTKBI
Kydury TyoHaypyyuyy f(t) OQyHKUMACBIHBIH TYpPYKTYYJIyKTYH >KOTOJIYIIYHYH Yy3apThUIBIII
KyOymnylllyHa TUWTH3T€H TaaCUPHUH M3WIAee Oonym caHanar. M3uinneeHyH akTyalayyiyry MbIHA
YIIyJ SKeple jkataT. AHJaH ChIpTKapsl Oyn auddepeHnuanIblk TEeHAEME KOHKPETTYY Oup
WH)KEHEPIUK ke (PU3UKAIBIK MaceJICHMH MaTeMaTHKAIIBIK MOJEITH OOJyIl caHajar.

AnaousTrapra cepen. Maremarukansik mMojenau [1] tasHyy meHeH Ty3yyre 0oiot. Byn bikma
MOJIENTh TY3YYHYH OUp 3JIe bIKMAachl, Oalikayva K0JI MEHEH J1a Ty3yyre 0oJIorT.

AN 5MH MaTeMaTUKaJdblK MOJENb OONym 3cenTenreH AudQepeHIraniblK TeHaeMeIepau
4yeuyy bIkManapsl [2,3] aMrekrepe KeHUpU OepuireH.

CUHTYJISPABIK KO3TOJITOH MAaCEICHNH YeUUMH U3WIJICHYYYY aliMaKTa ajl ailMaKThl aHBIKTaraH
¢byHKIuATa Kapata TypyKTyy, OMpOK aHJaH ajlblHIaH TYyHAyra KapaTa TypyKTyyZa TypyKcy3 na
O0onynm KanraH aWMakTapAbl KamThica , aHAa Oyl ydypla TYpPYKTYYIYKTYH KOTONYIIYHYH
y3apThUIBIII KyOYJIyIlly OpPYH alJbl JIeTl 3cenTeier. byn ydypaa TypykTyy ailMakTaH TypyKcCy3
aiiMakka Oapyydy HMHTETPaJZ00 KONy OaiibiMa KeMyydy OoJl0 TypraHmaid >KOJAY TaHAAIl amyy
MaceJIeCH KEJIHIT UbIraT. Y IIyJI MaceaeHH YeayYHYH Oup ycyny [4] aMrexte kepcoTyireH. A ycyira
bUTAHBIK aliMaKThl aHbIKTaraH (PyHKUIUS TYpyKTyy OOJTOH KepJe NaibiMa 4eK apaiblk KaTMapra
neiipe KeMyy4dy OOJIrOH MHTErpajio0 5KOJIyH TaHI00T0 MYMKYH SKEHIUTH KOPCOTYIITOH.

K95 Gup e31yK MaaHuIep TypyKTyy KaHa TYpyKCy3 apalIbIKTap/Abl aHBIKTAIl, OUPOK all ©31yK
MaaHWIEpACH aJlbIHIaH aHBbIK MHTErpall aHbIKTaraH apajblkTa TYPYKTYYJIYKTYH >KOTOJIYIIYHYH
y3apThUIBIII KyOymylry opyH anbait. MeiHIai ydypaa OamTankbl YeKUTTH TYPYKTYYIYK HIapThI
aJIMaIlIKaH YCKUTTECH TaHJ00 MCHEH DKH JKaKTyy TYPYKTYYJIYKTy aHBIKTAIl u3minee [5] sxymyiira
KapaJiraH.

CoeipTKBbl KYuTy TyroHAypyydy f(t) dyHKIUMsACH KuumHE mapameTrp & KoOOMTYJICO aHbI
KAYHMHE KO3rOojyy el aTo0 MEHEH M3WIIee KYPry3yy [6] skymymira atkapsuiran. XKymyinra Oyt
ydyplia ©31yK MaaHWHUH TaOWUAThIHA KO3 KapaHAbl 0OJOOCTOH TYpPYKTYYIYKTYH >KOTOJNYIIYHYH

y3apTBUIBIIIBI KyOyIIyIly OpYH ajlapbl KOpcoTYJIreH. byl o3 yaypyH/ia CHIpTKBI KYYTYH TaOHSTHIHA
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Kapama TYpyKTYYJyKTYH JKOTOJYIIYHYH Y3apThUIBIIIBI KyOyJymly OpyH alyyCyHa THWTH3TE€H
Taacupu OaiikanraH. Omon cebenTyy OyJl Makajazna CBIPTKBI TaaCHp ATYY4YY KYY JKall e3repyydy
aMIUTUTY/a JKaHa ©Te YXOTOPKY JKBIIITHIKKA 33 OOJTOH y4dypla TYPYKTYYJIYKTYH KOTOJYYCYHYH
y3apTHUTBIII KyOYyTyIly OPYH aJIapblH JAIAJII06re OarbITTalraH.

bupuaun TaptunTern KaauMku auddepeHIHaNIBK TEHJIEME HHKCHEPIUK Macelelepan
YeUyyylle MaTeMaTUKaJblK MOJENb KaTapbl KOJIAOHYJraH y4yp [7] KyMymTa kapajiraH. AHIa
Ooudypkamus KyOoyayIry maiaa 60ym, CHIPTKBI KYY JKbUIMaKai aMec (QyHKIUs TYPYHAO OCpUiTeH.
Mpeingaii nuddepeHIanaplk TeHASMEeIepAn Yeuyy YYYH e3rede bIKMa Tallall KbUIbIHAT. byl
BIKMAHBIH KOJJIOHYJYIITY YKaHa TeHIEMEHH YedYY JKOJII0PY aTalraH )XyMyIlTa KeHUPH OasHIaITaH.

ChIpTKBI Taacup OTYYYy KYY KbUIMakaid (YHKOWS KaTapbl Kapajblll, TyPyKTYYJTyKTYH
YKOTOJYIIYHYH y3apThUIBIII KYyOYJTyIly aHBIKTAITaH aifMaKThIH aKbIPKbl YCKUTH KPUTHKAIBIK YEKHUT
Karapbl aJIblHTAaH M3WIIee [8] skymymura kapairaH. Yek apayiblk aHa TYpyKTYyy aiMaKTap.bIH
Oupresienked ydypiapbl TaJlJaHbIl, CHHTYISPIYY KO3Toilyyra 33 OOJroH auddepeHInanIbK
TCHJIEMEHHH YE€YUMH TYPYKTYYJIyK [IapThl ©3repreH I[mapTTa W3WIACHTeH. YeunManH
ACHIMIITOTHUKACHI TYPTy3yJITaH.

Kymymra [9] choekTpanablk TYypyKTYyJdyK IIapThl Oy3yJraH CHHTYJSPAYY KO3TOJITOH
muddepernmanapik TeHaemene Komm macenenepun perynsipusanusuioo 6otonua C. A. JlomoBayH
BIKMAChl OPKYHIOTYJOT. bamrTankel Me3rwiae e30YK MaaHWIep <OKYNTAIBI» KaliraH «aJChI3
OypyJIyll YeKHTHHE 33 OOJTOH yuyp Kapanar. MbIHIail CHEKTPaIIblK ©3re4YeIyKTop TEOPHUSIIBIK
¢usukana sxaHa nuddepeHMANIBIK TeHAeMenepae Oenrmnyy ©Oo0ico 1a, peryispu3anus
BIKMACBIHBIH ~aJIKarblHAa MypJa W3WIISHTeH 5Mec. Makamaga Oyn OOIITYK TOJXYKTAJBIIL,
perysipu3anusiioouy (QyHKIUSUIApIbl KHPTU3YY IKOJIOPY, AITOPUTMIUH HETH3IEMECH >KaHa
KHYMHE TapaMeTp 00I0HYa aCHMITTOTUKAIBIK YeYHMIU KYPYy KOPCOTYIIOT.

Byn xymymira [10] cunryasipayy Oy3ynyyra 33 O0JroH MapaOOIMKaabIK THIITETH SKUHYH
TapTUnTeru IuddepeHIuaniabplKk TeHIeMe Y4YYH THK Oypurykra OepuireH OMpPHHYM YEKTHK
MaceJIeHMH YeYMMUHE KWYHMHE IapaMerp OOroHYa OMp TEKTYY ACHMIITOTHUKAJIBIK >KAKBIHIOOCY
Typry3yJiraH. MaceleHHH TaTaaJlbITbl XKbUTYYJYK OTKOPYMAYYIYK ONEpaTOPyHYH aJIbIHIA KHIHHE
napaMeTprH OOJTyIITy jKaHa THK OYPUYTYKTYH bUIIBIMKBI OypUTapbIHA YEKTUK KaTMapJiap/IbIH Maiia
Oomymy scenrtener. Bummk—JIIoCTEpHUK BIKMAChl KOJIJOHYJYI, YE€YMM TBHIMIKBI KaHAa YEKTHK
KaTMapIbIK OOIYKTOPIOH TY3YJITeH (OpPMaIIyy jKaKbIHI00 TYPYH/I© allbIHAT. AH/IaH KHHWH KaJIIBIK
Myuere 0aa OEpHWIIHII, aTbIHTaH KAKBIHA0O0 THK OYPUTYKTYH OYTYH/I0H aiiMarsiHa aCHMITTOTUKAIIBIK
9KEHW JamiiieHreH. Karmapaplk deunMaep TUK OYpUTYKTYH KanTalJapbiHa jKaHa OypuTapblHA

KaKblH aliMakTapAa raHa MaaHWwIyy OOJyI, aJapJblH TaaCHpH ailMaKkTaH ajibIiCTaraH CaiblH
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IKCTIIOHCHIMAJILYY TYP/® a3ast. By kymyr skekeue TyyHaynyy auddepeHimanpik TeHaeMenepe
KHYMHE TTapaMeTp KaThIIIKaH yuyp U3WIICHTCH.
Macenennn kowurymy. CHHTYJSIPIBIK KO3roJyyra 33 OOJrOH KaJUMKH OMPHHYU TapPTHIITETH
muddepeHIMaNAbIK TCHAEMEHH Kapaiibl
X'(t,e) = a(t)x(t, &) + & (b)), 1)
X(to, €) = X, (£),[% (£)| = O(e) )
MbiHaa a(t)=t-1, 0<¢ - kuumHe mapamerp, t € T - dekTyy ke YeKCH3 KECHHIHU, ajl MU OUp
TEKTYy OMec OONYKTY aHbBIKTOOYy (YHKIUS HHIUKATOPAYK (YHKIUS, TakTan aWTKaH/aa
f@)=H(@)-H({t-1), mpmama H(t), H(t—1) -Xesucaiigapin t=0 jxama t=1 yexurrepunae
aHBIKTAITaH (QYHKIUSIIAPEL.
®opmannyy typae &=0 ngen amyy meneH kosroiboron a(t)X(t,0)=0 anreGpambix
TEHIEMECHHE 33 60J100y3. AJl KO3roI00roH MaceaeHuH yeunmu X (1) = 0.
O31yKk MaaHWHU HeJre Oapabapiiam TeHIEME KaTaphbl 4euyy MEeHeH — oo <t <1 apajbIrbIHBIH
TYpyKCy3, al MU 1<t < +00 apanbIrblH TYpPYKTYyy, OIIOHIOH 3¢ t =1 YekuTu TypyKCy3IyKTaH

TYPYKTYYJIyKKa ©TYY4Y TYPYKTYYJIyK LIapThl aIMAIlIKaH YEKUT OOJIOPYH aHBIKTAHObI3.

Orepae ko3rouroH (1), (2) macenennn yeunmu X(t, &) Oosco, aHma HETM3THU Macene 0oy,

KO3T'OJITOH KaHa KO3r0JIOOTOH MaceJIeHUH YeUUMIEPH YUYH

limx(t, &) = X(1), 3)
MpeACIIUK OTYY KaHaail 1 ydyH OpyH aJlapblH JajIuiiee caHaar.

HN3unapnee ycynaapsl. XKoropky (3) 6apadapasik t € [0; 2] KECUHANCUH/IC OPYH aJlapblH JAJIHIII00

kepek. An yuyH (1), (2) macenenu ara TeH KyuTYY UHTETPAJbIK MaceJie MEHEeH alMallThIpaObI3:
1 t t 1 t
X(t, &) = X, (¢) exp[— j a(s)dsj + j f(z) exp(— j a(s)dsjdr . ()
2 0 0 2 T

Kosronboron macenenns ueunmu X (t) = 0. Omony meHen Gupre Gamrranksl yekut t, =0

00Ty TYpYKTYY apajbIKTaH TaHAAJbII aJIbIHTaH.
O31yK MaaHUJEH UHTETpal ajblll, aHbIH TepC OOJITOH apaibIlblH TYpYKTYY apajblK Jel

amaobI3. AHna
t 2
u(t) = Reja(s)ds = w
0

MeHnan Tylok H, = {t ‘te [0;2]} kecuHaucuH ananel. Jlemek, (1), (2) maceneHuH OUp TEKTYY

6enymyne man keiren ueunm U(t) <0 Gonrommo
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=0(e).

X, (€) exp[ij a(s)dsJ
& 0

Macerne YbIHBITBI CaHAAp TalaachblHAA W3WIICHTCHIUKTEH HHTErPAIo0 JKOuy OHp raHa
KommoH Ttypar. OmoHy MeHeH Oupre an wuHTerpainmoo xoiy U(t)—u(r) <0 mapteiH

KaHaaTTaHABIPYYyCy KepeK. MbiHna (4) GapabapAbIkTaH OMp TEKTYY dMec OOIyKKe Jal Kelnyydy
YEUUM/IUH KOLTYJIyy4yCyH

1(t,¢) = j f(2) exp(%ja(s)ds}dr , (5)

mbiHaa f(t)=H({t)-H(t-1), meraga H(t), H(t —1) - XeBucaiin pyHkuuscol. MaceneHU YbIHBITHI
CaHIap TajaachlHAA YedYY YYYH XKOTOPKY HHTETpajbl dcenteinn. bup Textyy smec QyHKmms
te [0;1) apajibIrbiHIa Oupre 6apabap 6010T. bupok Oyi apaiblk TypyKTYy apajblk OOJITOHIYKTaH

TYPYKTYYJIYKTYH HIapTBIHBIH HETU3MH/IE 0aaj00 & TapTUOMHJIE allbIHAT.

Anomu te [1;2] apaJbITbIHIA UHANKATOPAYK (PyHKIUs Heyre Oapabap Oomyr, OUp TEKTYY
OeIIyKKe ai Keayydy 0aamoo OpyH ajar.

Hemexk, (5) 6apabapAbIKTHIH a0CATIOTTYK YOHAYTYH ajcaK

|I (t, g)| =0(e).
JKanme! anranga OMpUHYM KaKeIHAAIYY YIYH H, apansireinaa |Xl (t, 8)| = O(s)

TeMeHky TeopeMa OpyH anart:

Teopema. H, apanarsiaga (1), (2) MmaceneHUH 4Ye4HMHU YIYH |X(t, 8)| = O(s) Oaanoocy Tyypa
00J10T.

Kopyrynay. bup Textyy smec OenyK HHIUKATOPAYK (QYHKOUS OO0JICO, TYpPYKTYYJIyK IIapThI
aJIMaIIKaH y9ypAa CHHTYJISIPAYY KO3TOJITOH KaJuMKH qrddepeHraiIpk TeHIEMEHUH YeUUMH YIYH
TYPYKTYYJIYKTYH JKOTONYLIYHYH Y3apThUIBILBI KyOylnylry OpyH ajapbl >KyMyIITa KepCOTYJIy.
AHIaH CBIPTKaphl M3WI66, KOMIUIEKCTYY TETU3IUKKE KOUIOCTOH YbIHBITBI CAHJAp TalaachIHAA
aTKapbULABL. Bys anblHTaH KBIMBIHTHIK, TEOPHATA IATbl 1a CAJIBIM KOIIYTI, aHBIH OHYTYYCYHO CallbIM

Kouryy Ooustyn acentener. byn yayp KOHKpeTTYy HH)KEHEpIUK Macesesiepan Yeuer.
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AHHOTaUAa

B c/lyuae cMeHbI YCII0BUS YCTOMYMBOCTHU B TIpoIfecce paboTh, KOT/Ia BHENTHSIS BO3/IEMCTBYIONIAS CHla B
CHUHTYISIPDHOM BO3MYVIIIEHHOM OOBIKHOBEHHOM U (depeHIINaTbHOM YpaBHEHUU IIEPBOTO MOpPSigKa
3afjaéTcd B BUEe WHOWKATOPHONM GYHKINUM, TeMOHCTPUPYETCSl SIBIIeHMEe 3aTSITMBaHUS I[0TepU
YCTOMYMBOCTH. PellieH1e UCCeloBalIoCh B 0071aCTH JeCTBUTENbHBIX YKCENL. B rcceqoBaHnY 6IM30CTh
peIleHNI CHUHTYISIPHBIX BO3MVIIEHHBIX U HEBO3MYIIEHHBIX 3aflau OMpefensiach C Y4ETOM
IIOJIO’KUTENBHBIX CTelleHel MaJoro IapaMeTpa U MOpsiAKa Hyjlel cOOCTBEHHBIX 3HaueHUU. B pabote
MOKa3aHa BO3MO’KHOCTb IPUMEHEHUS O0000MEHHBIX (DYHKIMU [JIsT ONMMCAaHUS BO3HWKHOBEHWUS
SIBTIEHUSI 3aTSATUBAHUS ITOTEPU YCTONUMBOCTHL.

KiroueBble CI0Ba: BO3MyllleHUWe, I[1apaMeTp, pellleHue, YCTOMUYMBOCTGL, 0000mieHHass (QyHKINSA,
IuddepeHIIMaTbHble YPaBHEHNS
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Abstract

In the case of a change in the stability condition during operation, when the external acting force in a
singularly perturbed first-order ordinary differential equation is given in the form of an indicator function,
the phenomenon of delayed loss of stability is demonstrated. The solution was studied in the field of real
numbers. In the study, the closeness of the solutions of singularly perturbed and unperturbed problems
was determined taking into account positive powers of a small parameter and the order of zeros of the
eigenvalues. The work shows the possibility of using generalized functions to describe the occurrence of
the phenomenon of delayed loss of stability.

Keywords: perturbation, parameter, solution, stability, generalized function, differential equations
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