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nosyAoBA PO3B’A3KIB CUCTEMU AUDPEPEHUIAJIbHUX PIBHAHD 3
IMNYNIbCHOIO AIE0 B HEPIKCOBAHI MOMEHTU YACY HA NJIOLLIUHI

HdocnipxeHo npouec BRAUBY iMNYAbCHOI Ail Ha cucremy
3BUYAMHUX AudepeHuianbHuX PpiBHAHb Ha naowuMHi. lMobyaoBaHo
PO3B'A3KM CUCTEeMM 3BUMYAWHUX AudepeHUiasibHUX PiBHAHb 3
iMNynbcHOW Ai€l0 B HediKCOBaHi MOMEHTU Yacy ANA BUNAAKY AINCHUX
Pi3HUX BAIaCHUX 3HA4YeHb MaTpULi CUCTEMM.

KnruoBi cnoBa: pudepeHuianbHi pIiBHAHHA; iMNynbCcHa AiN;
no6ynoBa po3B’'A3KiB.

Bctyn. Cepepn icHylounx isvyHUX, TEXHIYHUX, XIMIYHUX Ta iHWMKX
NMpoueciB € npouecu 3 KOPOTKOTPMBANUMKU 30ypeHHsIMM abo sKi
nNignaratoTe BMAJMBOBI 30BHILUHIX CWU, TPMBANICTHO AOii KOTPUX MOXKHa
3HeXTyBaTU NpPU CKAAAAHHI BIANOBIAHMX MaTeMaTUYHUX MOAenewn.
3py4HO MAaTEMATUYHOK MOLEIJTHO TAKUX NPOLECIB € IMNYJIbCHI CUCTEMMU.
Pe3synbTat ans iMnynbCHUX cucTeM nigcymMoBaHi B MoHorpadii [1].
MNpopoBXeHHA pocnigKeHb AndepeHuianbHUX PIiBHAHb 3 IMMYAbCHOM
Ai€0 MOXHa 3HaWTK, 30KpeMa, B poboTtax [2-6]. [laHa poboTa Aocnigxye
npouec BNAUBY iMNYAbCHOI Ail HA CUCTEMY 3BUYANHUX AndepeHuianbHUX
PiBHSIHb HA NAOLWMHI B HEeQIKCOBaHI MOMEHTU Yacy Ana BUNagKy AiNCHUX
Pi3HUX BNACHUX 3HAa4Ye€Hb MaTpULi CUCTEMM.

MocraHoBka 3apauvi. Po3rngHeMo Ha nNAOWMHI  cuctemy
AndepeHuianbHNX PiBHAHb 3 iIMNYJIbCHUM BMJIMBOM

%:Ay(t),te[to,—l-oo). (1)
y(to):yo (2)
y(t+0)—y(t—0):g.K0nM y(t—O)eDO (3)
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ne DO:{(yl,yz)eRZ:blyl+b2y2=cl} - npsma, ¢, >0 . Mpama D,

po36uBaE NAOLWMHY Ha ABi NIBNAOLWMHM
D, = {(yl,yz)eRz by, +by, >C1}-

D = {(y1>yz) eR’ thy, +byy, < cl}'

npuyomy {O} eD .

Mpwn Takin nocTaHoBLi, po3B'A3kK 3apaudi (1)-(3) MoxHa noginuTu
Ha oBa TUNU:
1) Taki, Wo He 3a3HalOTb IMNYNbLCHOI Ail — iHTerpanbHa KpUMBa CUCTEMMU
(1)-(3) He nepetnHae npamy D ;

2) TaKi, Wo 3a3HalTb iIMNYNbCHOI Ail — iHTerpanbHa Kpuea cuctemu (1)-
(3) nepetunae npsmy D, . Y uboMy BMNaaKy nosefiHKa po3B'a3KiB 3apaui

(1)-(3) BMBUEHa NuLLe A9 YaCTKOBUX BUMAOKIB.
Hexan G(A) cnekTp MaTpuui 4. IHTerpansHa kpua cuctemn (1)-

3) nepetnHae npsamy D, sKLo:

(
(A1): nonoxeHHs piBHoBaru cuctemu (1) (NoyaTok KOOPAUHAT) € CTIMKUM
(

T06TO max {Re 4,,Re 4,| 4,4, € o(4)} <0, abo
(22| sy € 0(4), 4 =4, = +if,a=0)7a y, e DD, .

(B1): nonoxkeHHa piBHoBarM cuctemu (1) (NoyaTok KoopAuHaT) €
Hectiikum  (T06T0  min{Re4,Re4,|4,4, €0 (4)}>0 ,  abo

(2| €0 (A), =4 =a+ifa=0) ) Ta y,eD|JD.
Mo3Haummo
2. —
Dg :{(yl 812 +g2) eR '(yl’yZ) EDO’bl(yl +g1)+bz(J’2 +g2)—cl}-
3ayBaXuMo, WO npsiMa Dg - ue napanenbHun 3cye npsmoi D, Ha
BEKTOP g | MOXJIMBUM € BMMA[0K, KON Pi3HUM BEKTopaM g BiAnosifae
ogHa i Ta npama D, .
[na 3niNCHEHHNA iMNynbCHOT Ail Binbwe ogHOro pa3y Ans BUMMNAaAKy
(A1) HeobXxigHO, W6 NpsMa Dg 3Haxogunaca s D, , 10670
cos(n,g)>0,
ans sunagky (B1) HeobxigHo, Wwo6 npsama Dg 3Haxogmnaca B D , To6To
cos(n,g)<0,
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ne n =(b1,b2) — BEKTOp 30BHiWHbOT HOpMari nisnnowmHn D .
3ayBaxuMOo, o yMoBa cos (7, g ) >0 eKBiBaneHTHa CNIBBIOHOWEHHAM
(Awn): bg +b,g,+¢c,=c,, ¢,>¢ >0,
(Bu): bg, +b,g, +c,=c, ¢ >c,>0.

MepetvH npsamoi D, iHTerpaneHow Kpueoi 3apadi  (1)-(3)
Moxnueuin, konu y, € D ana sunaaky (A1) (y, € D, ansa sunapky (B4))

Ta BRacHi 3HayeHHs MaTpuui cuctemu (1) KomnnekcHi, abo AiNCHI 3
anrebpaiyHol KpaTHICTIO 2 Ta reoMeTpUYHO0 KpaTHicTio 1 [7].
Akwo y, € D B ymosi (2) i iHTerpanbHa kpusa 3apaui (1)-(3) He

nepetnHae D,, To 3apaya (1)-(3) He 3a3HaBaTMMe iMMyNIbCHOrO BM/MBY.
Akwo x y,€D B ymosi (2) i inTerpanbHa kpuea 3apaui (1)-(3)
nepetnHae D,, To 3apaya (1)-(3) 3asHaBaTMMe iMNynbCHOro BMMBY,

Binbwe TOro, nicns noTpanasaHHA Ha npamy [ Touka (t,y(t))
3aNULAETLCS B DOUD+ npu BUKOHaHHI (Aq1) ons Bunagky (A Ta B
DOUD_ npu BuKOHaHHI (B1) ansa Bunaagky (Bi). ToMy obBMexumocs
yMOBOIO ), eDOUD+ Asi CTINKOrO MOJIOXeHHs piBHoBarn cuctemu (1)

Ta YMOBOW yoeDOUD_ ONA  HEeCTINKOro MOJIOXKEHHS piBHOBAru

cuctemu (1).

3ynuHuMocs Ha Bunaaky (A;) 3 ymosow (A1), Bunapok (B1) 3
ymoBoto (B11) po3rnagaetbcs aHanorivyHo.

MNo6ypoBa po3B’a3kiB. Mobyayemo po3B'sasku 3agadi (1)-(3) Ta
3HaNAeMO PIBHAHHA N8 BiglWyKaHHS 4acOBOro MOMEHTY iMMNYNbCHOI gil.
[nsa uboro 3seaemo MatTpuuo A [0 opaaHoBoi GpopMu

J=B"'4B,
ne B - matpuus nepexopny Bif 6asucy x,,x, A0 V,,V,-
Topi, 3apaya (1)-(3) B 6a3uci x,,x, Habyne Burnagy

%:Jx(t),te[to,+oo). (4)
x(ty)=2x,, (5)
x(t+0)—x(¢—-0)=h, konu x(-0) e S,, (6)

ne S, :{(xl,xz)eIR2 L ax, + bx, :Cl} - npsma, h=B"'g,
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S, :{(xl,xz)eR2 sax, + bx, >C1}- S :{(xl,xz)eR2 sax, +bx, <C1}-
Sy = {(xl + s X, + hz) eR’ :(xl’xz) €3S, a(xl + h1)+b(x2 + hz) = Cz}
npuvomy {0} e S_, S, €S,, h=(h,h,) n,=B"'n, n,=(a,b) - sexrop
30BHilWHbLOT HopMani S, n:(bl,bz) — BEKTOpP 30BHiWHbOI HopMani D ,

MaE MicLe piBHICTb
ah +bh, +c, =c,,

X, € S+U S, -
Ha nnowuHi MaTpuus HabyBae ogHe 3 YOTUPbLOX 306paXKeHb:

A R R S 20 S IR R A S
0 A 0 A 0 A

4)J:(a_i’8 0 j
0 a+if

ne A, A, L,a,weR , A4 #4,.
Nema 1. Pose'sizok x(¢)= (xl(t),x2 (t)) 3apaui 3 iMNYNAbCHOK Ai€to
(4)-(6) Ans te[t.t,)(k=0,12,...) , Kosu

0
J:(/z)l ; j (4.4, €R, 4,4, <0) mae surnap
2

k
X, (t) =X, (t)eﬂi(’_"’) + hZZeﬂQ<l_[j),
j=1

BU3HAYaOTbCS 3 PIBHAHHSA

k
a(xm (t)efll(’lm—’o) + hlze’ul’ﬁl_lj)J +
j=1

a MOMeHTM Yacy ¢, ,
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HoBeneHHs. Po3B's30k 3anauvi (4)-(6) pna t e [to,tl) Ma€e BUrNAA
X, (t) = X,, (t)eﬂl(’_"’),

X, (t) = X,, (t)e%(’_"’).
MoMeHT nepworo nonagaHHA TOYKM x(t) Ha npsmy S,, To6TO
MOMEHT £, , 3HaX0ANMO 3 PIBHAHHSA
ax,, (t)el‘(”_"’) +bx,, (t)eﬂi(”_"’) =c,. (9)
IcHyBaHHA po3B'A3KYy piBHAHHA (9) cnigye 3 TOro, WO pPyXx TOYKMK
(xl(t),xz(t)) ANA [aHOro BMNAAKy 3AIMCHIOETbCA B3O0BX (a30BuUX

KpUBUX BUTNALY

{(xl,xz)e R*:x, = C‘x1

7’7:/12/11}

[0 MOYaTKy KOOpAWHAT. HeMOX/IMBO NOTPanuTX 3 TOYKM X, €S+US0 B

NoYaTOK KOOPAWHAT, He NepeTHyBWK S.
3 ypaxyBaHHAM YMoBM (6) po3B’'a3yeMo (4) 3 NoYaTKOBUMU JaHUMU

x (1) =x, (t)el‘(”_"’) +h,
%, (1) =xy, (t)e%(”_"’) +h,
Ta 0[epP>KYEMO PO3B'A30K 3adavi (4)-(6) ana ¢ € [tl,tz) :
3y (£) = (3 (1)) 4 4y ) 0 =
= 3y, (1)) 4 et
x, () = (3, (1)) 1 )01 =
= 2, (1)) 4 e,

HacTynHun MOMeHT uyacy tz(t2 >t1) — MOMEHT nonagaHHa TOYKMU

x(t) Ha NpsMy S, — 3Hax0ANMO 3 PiBHSAHHS
a3 () 4 B 4 B (O 4 ) g, 10

OcKinbku (xl(t),xz(t))eSth+, a 3 §, HeMOX/IMBO nOTpanuTV Ao

Hyns, He nepeTHyBWM S, To piBHAHHSA (10) Ma€ po3B’'sA30K.
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Tomi, ans te[t, t;) poss'asok 3amaui (4)-(6) sammwemo 3a
A0MOMOroo CMiBBiQHOLWEHb

2
%, (£) = x5 (£) €™ 41, 37,
j=1

a PIBHAHHSA ON19 3HAXOAXKEHHA ¢, 3anulieMo y Burnagi

2 2
"(xowt)e“’f’“+}azﬂ’f”)}”(xm(t)ewf’o)+@2J“"”J=q.
J=1 Jj=1

lMpoooBXKyUYM MipKyBaHHA p[ani, NepeKoHyeMocs Yy CcnpaBeasiMBOCTI
dopmyn (7) Ta (8).
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CONSTRUCTION OF THE DIFFERENTIAL EQUATIONS SYSTEM
SOLUTIONS WITH IMPULSE ACTION
AT NON-FIXED TIME MOMENTS ON THE PLANE

With the development of modern science and technology, there
is a need to study differential equations with impulse action, which are
a convenient mathematical model for processes with short-term
changes, or processes that are affected by external forces, the
duration of which can be neglected. Problems of this type are found in
thermophysics, mechanics, biology, chemical technologies, control
theory and other fields of science and technology. The investigated
systems contain differential equations, equations describing
discontinuities of the 1st kind at moments of impulse action and
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conditions of impulse action. The presence of the condition of impulse
action (impulse influence) changes and complicates the behavior of
the trajectories of such problems even for relatively simple
differential equations. With the development of nonlinear mechanics,
the study of differential equations with impulse action began and the
possibility of realistically describing processes in nonlinear systems
attracted the attention of many researchers. Despite the large number
of works devoted to various issues of the differential equation’s
theory with impulse action, a significant range of problems of the
qualitative theory of such equations remains open for many cases.
A distinction is made between the impact of impulse action in fixed
and non-fixed moments of time. In this work, the process of impact of
impulse action on the system of ordinary differential equations on the
plane is investigated. The solutions of the system of ordinary
differential equations with impulse action at non-fixed instants of time
for the case of real different eigenvalues of the system matrix are
constructed.

Keywords: differential equations; impulse action; construction of
solutions.
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