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CUHI'VJAPABIK KO3I'OJTI'OH TEHAEMEJEPANH YEUYNMJAEPUHUH BUPUHYN
KO3I'0OJIBOI'OH TERAEMEHNH YEUYNMHNHEH BAIIIKACBIHA OTYYCY

byn ocymymma  uzunoeenyrn npedmemu  O0AYN  KOMWIEKCHUK 00adcmmazbl  K032016020H
MeHOeMEeCUHUH KU YeUUMU DOI20H CUHSYAAPOBIK KO320120H KAOUMKU OugpepeHyuandvik meyoeme 60ayn
cananam. H3un0eenyn maxcamol 60AYNR CUHZYAAPOYY KO320120H MEHOCMEHUH HYeYUMUHUH FKUHYUCUHE
OMYYy MYMKYHUYAYSYH —MYUYHOYPYY, CUHSYAAPOYY KO320N20H — MeHOeMenepoOuH  YequmMoOepuHuH
KO3207120HO020H MeHOEMEHUH YeYUMOepUHe mapmuliyy aiMaKmapbiHblH 0Ap IKEHOULUH OANUI006 HCAHA
anapowvin bailianviuivin my3yy. Kowonean maxcammapovl sHcanad MuiOemmepou uuike aulblpyy yuyH
ougpgeperyuanovix  menyOeme  UHMESPAIObIK — MeHOeMenepee  AIMAULMBIPBLIAM, — SAPMOHULIBIK
DYHRYUATAPObIH OeH2III CHI3bIEHIH KOJOOHYY MEHEH KAPAIbIN HCAMKAH QilMaK Oup Heve 6ONYKKe DOIYHOM.
AHOan apvi QYHKYUANAPOLIH GHATUMUKANBIK IKEHOUSUH ICKe NYY MeHeH UHMEeSpanooo Hcoaoopy
MAHOANBIN ALBIHAM HCAHA ACUMIIMOMUKAIBIK MEMO0000POY KONOOHYY MEHEH YeHduM YUyH ap oup benykme
ACUMPMOMUKATBIK KOPYHyuimep aneivam. Kapanvin scamian 661ykmepoyH ap 6upu cuneyiapoyy
KO320/120H MEHOEMEHUH HeYUMUHUH KO32010020H MeHOeMeHUH Oup ueuumuHe mMapmoliyy O00aACHIbL
bonoopy OanunoenzeH. AMOHOMOYY CUHZYAAPOYY KO320120H MeHOeMenepOUH MeOopUiCbIHOd Hesu3eu
2#c00010pOYH  Oupu Ooayn penaxcayus mepmenryyrepy camaram. Penaxcayusnvik mepmenyynep
ABMOHOMOYY CUHEYIAPOYY KO320120H MeHOeMeNePOUH Ye YUMOEPUHUH MYDYKIMYYVILYZYH HCOSOMKOH OUp meH
CanMaKmyyayk abanviHan Oauika mypykmyy meH CAaiMakmyyViyk aOaniviHd OMYULYHYH bipaammyy
AIMAULYyCcy MeHeH nauoa 6010m. AnviHean HAMbBLIXCANAP CUHYAAPOYY KO320120H MeHOeMeNepOUH KeHUPU
KAACCHL YUY H KOJIOOHYLYYea 6OI0m.

Hezuzeu co30ep: cumeynapOwvik  KO3201YY;, 2APMOHUKANLIK — (DYHKYUA, OeH2IN  Cul3blebl;
UHMe2PANO00 HCONO0PY,; ACUMNIMOMUKANBIK DAANIO0, PelaKcayus MepmMeryycy.
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NEPEXO/I PEHIEHUI CHHI'YJIAPHO BO3MYIIIEHHBIX YPABHEHHUI OT
OJHOT'O PEHIEHUA HEBOSMYIIEHHOI'O YPABHEHUA K APYTOMY

B oannoii pabome npedmemon uccie0o8anus A611emes CUHEYIAPHO 803MYUEHHOE 00bIKHOBEHHOE
oughepenyuanvroe ypagHeHue 8 KOMNIEKCHOU OOIACMU, HEBO3MYUJEHHOE YPAGHEeHlUe KOMOPOil umeem
o8yx peutenutl. Ilenv uccne008anus GulACHEHUE GO3MONCHOCMU NEPEX00d pPeuLeHus CUHYIAPHO
BO3MYUJEHHO2O YPABHEHUS K OpYeOMY, OOKA3AMENbCME0 CYUecmeosanus obaacmeil NpumaiceHul
peuteHuti CUHSYIAPHO BO3MYUE HHBIX YPAGHEHUTI K PeULeHUSAM HEBO3ZMYUJeHHO20 YPAGHEHU U YCIMAHOGNC HUS
ux eszoumocessu. Jlna peanuzayuu NOCMAHOGIEHHBIX yenel U 3a0ay OughepeHyudanivHoe ypasHeHue
3amMeHsemest UHMeSPATbHBIMU NPUMEHEHUeM JTUHUY YPOGHET 2APMOHUHECKUX PYHKYUT paccMampueaemds
obnacme pazoensemcs HA HECKObKO yacmel. Jlanee yuumuléas aHarumuyHOCMs QYHKYUT blOUpaOmMcs
nymu  UHMESPUPOBAHUA U C NPUMEHEHUeM ACUMIMOMUYECKUX MemOoO008 Ol peuteHus NOJyYeHbl
acumMnmomuyeckue npeoCmasieHus 8 Kaxcoom u3 yacmeil. JJoxasano, 4mo kaxcoas u3 paccmampueaemix
yacmeti a61aemcs 001ACbIO NPUMANCEHUS PeULeHUs CUHSYISAPHO 803MYUEHHO20 YPAGHEHUS K OOHOMY
PeULeHUI0 HeBO3MYUeHHO20 YPAGHeHUs. B meopuu aemoHOMHbBIX CUHSYIAPHO BOZMYUJEHHBIX YPAGHEHUI
OOHUM OCHOBHBIX MNONONCEHUN AGNAEMCS Perarcayuonuvie Kkonebanus. Penaxcayuonnvie roneGaHus
npoUCX00am Npu  NOCIeO08AMENbHOM HepeOOBAHU Nepexo0d peuleHUti aeMOHOMHBIX CUHEYIAPHO
BO3MYUJCHHBIX YDAGHEHUTI OM OOHO20 NOJOMCEHUS PAGHOBECUs, KOMOPOs mepsem YCMOU4U8OCHb, K
Opy2oMy YCMOUHUBOMY NOIONHCEHUIO pasHosecus. TlonyuenHbie pe3yibmamsl MONCHO UCHOIb308AMb Ol
UUPOKO2O KAACCA CUHEYNAPHO 803MYUJEHHBIX YPAGHEHU.

Knrwouesvie criosa: cuneyiiproe 603myujenue; 2APMOHUYECKOe (DYHKYUA, TUHUA VPOGHS, Nymi
UHMeSPUPOBAHUS; ACUMMOMUYECKAS OYEHKA, PeNAKCAYUOHHOe KoaeOaHue.

TRANSITION OF SOLUTIONS OF SINGULARLY PERTURBED EQUATIONS FROM
ONE SOLUTION OF THE UNPERTURBED EQUATION TO ANOTHER

The object of study is a singularly perturbed ordinary differential equation in a complex domain,
the unperturbed equation of which has two solutions. The subject of the study is to elucidate the possibility
of passing the solution of a singularly perturbed equation to another one. The purpose of the study is to
prove the existence of areas of attraction of solutions of singularly perturbed equations to solutions of an
unperturbed equation and to establish their relationship. To implement the goals and objectives sef, the
differential equation is replaced by integral ones, using the level line of harmonic functions, the area under
consideration is divided into several parts. Further, taking into account the analyticity of the functions,
integration paths are chosen and, using asymptotic methods, asymptotic representations in each of the parts
are obtained for the solution. It is proved that each of the considered parts is the domain of attraction of a
solution of a singularly perturbed equation to one solution of an unperturbed equation. In the theory of
autonomous singularly perturbed equations, one of the main provisions is relaxation oscillations.
Relaxation oscillations occur with successive alternation of the transition of solutions of autonomous
singularly perturbed equations from one equilibrium position, which loses stability, to another stable
equilibrium position. The results obtained can be used for a wide class of singularly perturbed equations.

Key words: singular perturbation; harmonic function; level lines, integration paths, asymptotic

estimate; relaxation oscillation.

IlocTanoBKa 3aga4u.
[Tyctb paccMaTpuBaeTCsi ypaBHEHUE
ex'(t, &) = 2(t + Dx(t, &) — x%(t, €) (1)
C Ha4YaJbHBIM YCIIOBHEM
x(—1,¢&) =x°, (2)
rne 0 < & — MaJblil BEIIECTBEHHBIN MapaMeTp;
t € C- MHOKECTBO KOMILIEKCHBIX YHCEJ.
B (1) nonoras € = 0 mony4yuM He BO3MYIIEHHOE YPaBHEHHE
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HYTb (l) COCTOMT: (fh)[(—L 0),Z1], (pl)[zllzz]: (qZ)[Zzlzg]l (pz)[23124]: (Qs)[z4125],
(p3)[ZSJZ6]J (Q4)[Z6:Z7]: (p4)[Z7:ZB]-

2. AHAIMTHYECKAA YACTD.

Uccnenyem acummnrorideckoe nosenenus gpyukiwu (5) mo nytu (1) mpu e — 0. Jlanee 6ymem
CUMTATh, YTO JIMHUU (pj)(j =1,..,4) HEe NPOXOIAT Hepe3 MANY0 OKPECTHOCTH (3aBHCALINX
OT &) quuuu  ypoBHS (pg). Acumroruueckoe moBeneHue (ynkuum (5) ompenmensiercs
byHKIIAMU:

+ )2 t (t+10)?

, Ji(te) = f exp
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dr.

Jo(t, g) = exp (

1. Tlycte t € p1(p; < 0).

t+i)? +2it,t
Jist tEpl:exp%:exppl—g112

o (t410)? 2t (T 41)?
dt = f exp
-1

=o(e"),n €EN.

(t+10)?

t
Ji(t, &) :f exp dt +f exp
-1 z1

(K KaKIOMY UHTerpajy NPUMEHHM HHTETPUPOBAHHE MO YaCThsIM)

dt
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t 1 )2
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Iput € (py), exp - O0npue—0,aJ;;,(t,e) =0(¢)
B mocnenHoM J1erko MoxHO yoenuTest mpuMensist K J11 (t, £) MHTErPUPOBAHUS O YACThSIM.
Takum 00pa3oM B CHIIy TPOBEAEHHBIX BHIYMCIEHUM MOYKHO CHENaTh BBIBOI:
vVt € p; (x(t,e) > 0=¢E,(t) mo &).
2. Ilycte t € p,.
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Pemenue x (¢, €) npencraBuM B BUIE

—(t+i)?-2i £

[ = 0 +x0=(— — X

x(t, &) = ex®/(eexp . x 2( —
—(t+i)?-2i 1 t 1 (T+1)2—(t+0)?

X exp oot S, ez P . dr)).

Vvt € (py) (exp (ps>0)—>0mpue—->0w

—(t+i)? +2it1(to+1)
- — expp4 ; 2

N2 _(r1 N2
ft 1 exp (t+i) 8(t+1) dr = O(S)).

z7 (7+i)?

Torpa
Vt € (py) (x(t,e) = 2(t+i)moe).

BoiBoabI:

1. IIpoBeneHHbIE UCCNEAOBAHSAN TOKA3bIBAIOT, YTO PACCMATPHUBAEMBIE YaCTH SIBIISIFOTCS
00JacTbsIMU TIPUTSDKEHUH  pelleHui CYHTYJSIPHO BO3MYINEHHOTO VpPaBHEHHS] K OOHOMY W3
peleHuii HeBO3MYIIEHHOTO ypaBHeHUs. OONacTH MPUTSIKEHUS YEPeAYIOTCS U XapaKTepU3YIOT
Mepexo OT OJHOTO PEIICHUSI HEBO3MYLIIEHHOTO YPABHEHHSI K JPYTOMY;

2. OTO SIBIIGHHUE TMEPEeXo[a PELICHHUs] CUHTYJISPHO BO3MYIIEHHOTO YPaBHEHHE OT OHOTO
PELICHUs] HEeBO3MYLIEHHOHN 3a/auu K APYrOMy MMEET HEKOTOPOE CXOJCTBO C pelaKCalOHHBIM
KoJie0aHNEM B TEOPUU ABTOHOMHBIX CHHTYJISIPHO BO3MYIIIEHHOTO YPaBHEHUE,

3. Uccnenosanue mepexona mMpoOBEACHO O€3 HMCMOJIb3aBaHUS YCTOHYMBOCTH TOJIOKEHUS
PaBHOBECHSI.
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