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KiaroueBbie ciaoBa. JluddepeHuuanbHble ypaBHEHUSI C  UMITYJIbCHBIM
BO3JCMCTBUEM, METOJ YCPEAHEHHWs, KBA3WJIMHEWHBIE YPAaBHEHUS, NOPOKIAIOIIAS
CUCTeMa, IEPUOANYECKHUE PEIICHNS, TPUOTIKEHHBIE PEIICHNUS.

AnHOTamusi: B naHHOW paboTe paccMmarpuBaeTcs MOpOXAarouiasi cucTema
ABJISIIOUIEHCS. JIMHEWHBIM U depeHManbHbIM YPAaBHEHUEM BTOPOTO MOPSAKA C
UMITyJIbCHBIM BO3ACHCTBHEM B (UKCUPOBAaHHBIE MOMEHTHI BpEMEHH. 3ajaua
CyIIECTBOBAHUSA JIBYXITAPAMETPUYECKOIO CEMEMCTBA NEPUOJAMYECKHUX PEIICHUM B
TaKUX TMOPOXKAAIOIIUX CHCTEMax MpH (PUKCHPOBAHHBIX BEIMYMHAX HMITYJIHCHOTO
BO3JICHCTBUSI pellieHa B paHHUX paborax aBTopa [4,5] W pe3yapTaThl 3TUX padoT
NPUMEHEHbl aBTOPOM JUJIsl TOCTPOEHHS aHAJUTHYECKOTO BHUAA NPUOIMIKEHHBIX
pPEUIEHUMM  KBAa3WJIMHEHWHBIX YpPaBHEHHWH BTOPOTO TMOpsAKA C  WMITYJIbCHBIM
BO3JCHCTBMEM B  (DUKCHPOBAHHBIE  MOMEHTHl  BPEMEHH TMpPU  TOMOIIU
ACUMIITOTUYECKUX METOJ0B HEIMHEWHOW MEXaHUuKW. B kauecTBe nNpuUMEpPOB
MOCTPOEHBI MPUONMKEHHBIC PEIIeHNs KBa3uIuHEHHOTO ypaBHeHus: Ban-nep Ilons ¢
UMITYJBCHBIM BO3/J€HCTBMEM B (DUKCUPOBAHHBIE MOMEHTHl BPEMEHM, a TaKkKe
ypaBHeHue [{roduHra ¢ UMIyabCHBIM BO3JIEHCTBUEM B (PUKCUPOBAHHBIE MOMEHTHI
BpeMeHU. B aHHOM cTaThe pacCCMOTpPEHA 3ajja4a O NPUMEHEHUU METO/a yCPEIHEHNUS
JUISL WCCIIEJOBAHUS KBA3WJIMHEHHBIX YPAaBHEHHWI BTOPOrO IMOPSAKA C HWMITYJIbCHBIM
BO3/CCTBEM B (UKCUpPOBaHHbIE MOMEHTHl BpemeHH. C MOMOIBI0 MeToja
ycpenHenus B cmbicne Ban-gep Ilons mnoctpoena ananuTHueckas —Qpopma
IpUOIMKEHHOTO PELICHUsT KBa3WIMHEUHOTO CBA3aHHOTO ypaBHeHus Ban-nep I[lomns-
Jioddunra c UMy IbCHBIM BO3JCHCTBUEM B (PUKCHPOBAHHBIE MOMEHThI BpEMEHHU.

CONSTRUCTION OF ASYMPTOTIC SOLUTIONS OF THE QUASILINEAR
COUPLED VAN DER POL-DUFFING EQUATION

Summary: In this paper, we consider a generating system that is linear
differential equation of the second order with impulse action at fixed times. The
problem of the existence of a two-parameter family of periodic solutions in such
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generating systems for fixed values of impulse action was solved in the author’s early
works and the results of these works were used by the author to construct an
analytical form for approximate solutions of second-order quasilinear equations with
impulse action at fixed times using asymptotic methods of nonlinear mechanics. As
examples, approximate solutions of the quasilinear Van der Pol equation with
impulse action at fixed times, as well as the Duffing equation with impulse action at
fixed times, are constructed. This article considers the problem of using the averaging
method to study second-order quasi-linear equations with impulse action at fixed
times.

Key words. Differential equations with impulse action, averaging method,
quasilinear equations, generating system, periodic solutions, approximate solutions.

Paccmotpena 3anaya noctpoenus npu nomoiu metonaa Kpeuiosa-boromtobosa
ACUMIITOTUYECKOrO PEIICHHs] KBa3WJIMHEHHOTO CBSI3aHHOIO ypaBHEHUs BaHn-aep
[Tons-droddunra ¢ UMIYyJILCHBIM BO3JCHUCTBUEM B (PUKCUPOBAHHBIE MOMEHTHI
BPEMEHHU.

PaccMoTpuM kBazunuHeliHoe nuddepeHmanbHoe ypaBHEHUE BTOPOTO MOPsIIKa
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PaccmoTpuM 3amady MOCTpOEHHUs aHAIUTUYECKOW (OpME acUMITOTHYECKOTO
pemenus: cuctemsl Buaa (1), (2) ¢ momompsto metona KpeuioBa-boromto6osa [1,2] u
3a7layy pELICHUs KBa3WIMHEWHOTO CBSA3aHHOrO ypaBHeHus Ban-nep Ilois-
Hioddunra ¢ UMy 15CHBIM BO3/ICHCTBHEM B (PKCHPOBAHHBIE MOMEHTHI BpeMeHH [3].

[1ycTh BBINOJHEHBI YCIOBUSL:

1 z,,=7,+T,1,,=1, nua HEKOTOPOro NeHCTBUTENBHOrO umcaa 1 >0,

HCKOTOPOI'oO HATYpPaJIbHOT'O 771 X1 BCCX LCJIbIX D .

2) EIMEIOT MECTO PABEHCTBA
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lep coswt, = lep coswt, =0.
pP= pP=

Torma cormacHo pesyiapTaram paboTel [4] HeBo3MyIlleHHas 3ajaya,
cootBeTcTBYOIIas cucreme (1), (2), nmpu & =0 umeer pelieHue, ya0BICTBOPSIOINICE
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dx(1,)
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BrimonuuB 3ameny mnepeMeHHbIXx x =u(t)+z(f), rtoe u=u(f) — HOBad

HeusBecTHass QyHkius, a GyHkuus z(¢) ompenensercs dhopmyioit (3), OT cucTembl

(1), (2) nepeiinem Kk ypaBHEHHIO
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[Ipu &=0 mopoknaroriee ypaBHEHHE COOTBETCTBYIOIEE YPaBHEHUIO (4) UMEET

. 2 .
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(0]

u=acosy, Y =ot+¢, rIe B KayecTBE MapaMeTPOB BCTYyMaeT MPOU3BOJIbHbBIC
du ) da
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dy _
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IIpn &£#0 mapameTpsl a U ¢ HAYMHAECT MEHATHCSA B 3aBUCHUMOCTH OT f, T.C€.

.

umeeM QyHkIu a =a(t), ¢ =@(t).
B Hepe3zoHaHCHOM cilyyae npuBesieM ypaBHeHHE (4) K CTaHAapTHOMY BUAY IpH
MOMOUIH 3aMEHbI

u = a(t)cos(wt + @(t)), % = —a(t)sin(wt + ¢(t)). (5)

Torma u3 (4) u (5), 0603HauuB Y (1) = wt + @(t), NOIyIUM:
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MEHSIOMMMHUCS (PYHKITUSMHU, TaK KaK MEePBbIC YaCTU CUCTEMBI (6) MPOTOPIIMOHATHHBI
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B Hepe3oHaHCHOM ciyuyae ycpeaHss CTaHIApPTHYIO (OopMy paccMaTpuBaeMoro

YpaBHCHUA, l'IOJIyLII/IM CUCTCMY
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['paduk M3MEHEHUST aMIUTUTYIbl OT BPEMEHHU MIPUBEJIEH Ha puc. 1.
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['paduk 3aBucumMocTy (has3pl KoeOaHusI OT BpEMEHH MPUBEJICH HA PHC. 2.

[Toncrapnsiss HaliieHHbIE COOTHONICHMS IOJy4YaeM BbIpakeHue Jisi u =u(t) B

SIBHOM BHJC




Talqin va tadqiqotlar ilmiy-uslubiy jurnali
Impact Factor: 8.2 | 2181-3035 | Ne 6(64)

\/2T—12(27r+1) [ZT—12(2ﬂ+1) }
a, exXp &t

2T AT
u(t)z 2 2 2 X
M-IQa+D)_af ) 2T-ICr+)
2T 4 2T

3
XCcos| t+ @, —Eln

a, )2 2T -2z +1) AT =517 -1
— | | exp et |—1|+
2 2T ar |

1,0

0,5 4

I:I T T T T 1
J 2 4 a = 10
| f
-0,5
-1,0 -

CrnenoBaTenbHO, PEIICHUEM CBSI3aHHOTO KBa3WJIMHEWHOIo ypaBHeHUs BaH-aep

[Tonsa —roddunra (8) c UMIyIbCHBIM BO3AEHCTBUEM (9) €cTh (HyHKIIUS
x=u(t)+z().

rae yHkius z(¢) u u(t) onpeaenensl cootHoreHuem (10).
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