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1.I. Kopoanb

ViKropoachKuil HATIOHAIBHUI YHIBEPCUTET

IIPO PO3B’A3HICTD KPAVIOBUX 3AIAY 11 BUPOIXKEHIX
JNO®EPEHITTAJIBHX CUCTEM 3 IMITVJIbCHOIO JI€XO

OzeprkaHo KPHUTepiit icHyBaHHs PO3B’SI3KiB HETEPOBOI KpaioBol 3a1a4l IJIs BUPO/RKEHNX [IH-
pepeHIiaTbHIX CHCTEM 3 IMIIYILCHOIO €I 3arajbHOTO BUIIALY Y TIPUITYTIEHH], 110 BUPOIKEHA
nudepentiaTbHa CHCTeMA 3BOUTHCS J0 IEHTPATbHOI KaHOHITHOI (opMHL.

We obtain a criterion for existence of solutions of Noetherian boundary value problem for
a degenerate system of ordinary differential equations with impulse effect of general form in case
when degenerate system of differential equations can be reduced to central canonical form.

Po3rsHeMO NHTaHHS ICHYBaHHS DO3B 43-
KiB BHPOIZKEHO! JIHIHOI HeOJHOPLIHOI CHCTe-
MH JudepeHIiaIbHIX DIBHSIHD 3 IMITyJIbCHHM
BILTABOM:

B = Awe()+ 7@, € la,b\7 (1)

M;x(7; + 0) + Niz(r; — 0) = o, (2)

AK1 3a10BOJIbHSIOTH KPailoBy YMOBY

(3)

e p=a<T7 <-<Tp<b=Tp — dirco-
Bani MoMenTn uacy; A(t), B(t) — (n x n)-
BUMIpHI MaTpuii 3 JifiCHIMH HelepepBHUMU
Ha [a,b] xommomenTamu, detB(t) =0; f(t) -
n-BUMipHA HellepepBHa Ha [a, b dyukuis; £ —
Mo -BUMIDHEI JIiHIMHWE BeKTOP-DYHKIIOHAT,
¢ C'a,b] — R™; ay — mo-BUMipHMit Jiii-
cHmit crasmit BekTop; N;, M; — IpsAMOKyTHL
(m;xn)-BuMipHi gificai marpuii, 1 <m; <n.

Crocosro cucremu (1) mpHITycKaemo, IO
BOHA 33 JOIOMOTI'0I0 HEBHPO/ZKEHOTO JIIHIIHOTO
IepeTBOPEeHHsT MOKe GyTH TIpUBejeHa 10 IeH-
TpaJbHOT KaHoHiYHOI bopmu [1].

ITix poss’sskom 3amadi (1)-(3) Gyaemo po-
3yMITH KYCKOBO HENepepBHO AuQepeHniioBHy
ma [a,b)\{r}, i =1,p dyskuio

- ﬂfo(t),
- { (),

3 pO3pUBAMHU TIEPIIOr0 POAY B TOYKAX 1
7;, SKa 3aJ0BObHAE cucremy (1), iMmysb-

£z () =g,

te [’7'0, Tl],

t € (Tiy Tiy1)s
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cui ymoBm (2) Ta kpaiiosi ymosu (3). By-
nemo BBaxkaTH dyHKIii z;(t) BH3HAYEHH-
MH 1 HemepepBHHMHM HA BLANOBLAHHX 3a-
MKHeHHX imTeppamax z;(t) € C[rj,Tj41],
J 0,p, =z;(7y) zj(t; + 0)

- hrni oL (), i 1m0 PO3B’A30K € HeepePBHUM
=T

371iBa, TOOTO

z(r;) =2 (1 =0) =21 (1) = lim z;1(t), i=Tp.

3rigno [1] 3aragpH#il po3B'A30K CHHTYJIAP-
HOI cucreMu (1) Mae BUIVIST

z(t, cp) = To(t, o) = Xn—s(t)co+

- f Xoos(t)Y,r_(0) f(0)do— (4)

0 (&,

=

kd%Rm) (1) £(0),

ae X, s(t) ta Y, s(t) — dbyErameHTanIbHi
(n x (n—s)) -BUMIpHI MaTPHILi, CTOBII AKHX €
PO3B’I3KaM¥ BiIIOBLIHO OHOPIIHOI BUPOJIZKe-
HO1 CHCTEMH

d
B(t) 7 = AW)a(), (5)
Ta CIpsAZKeHol 10 (5) cucTeMu
d
_B* T * t 5
9 B (t)y = ~A"(0)y

cg — (n — s)-BuMipHHil BEKTOP-CTOBIIYHK
=1

JoBiabHEX crasmx; R(t) = (\P*(t)L(t)(P(t))
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L .’;:A(t)—B(t)%

L: (C'a,b],R"™)

— JIiIHIHAR omepaTop:
— (C'[a, b}, R");

rankB(t) = n — ¢ = const Vt € [a, b] ; maTpu-
= B(t) mae moBHuUit XKopaHiB HaGIp BEKTOPIB
si1HOCHO omeparopa L(t), gKuil CKJIaJaeTh-
©2 3 ¢ JIAHIJOXKKIB 3aBJIOBXKKH S;, j = 1,q,
¢ =maxs;; ®(t), ¥(t) — n x s-BuMipHi MaT-
puill, 9K CKJIQJAIOThCA 3 BEKTOPIB, IO YTBO-
PIOIOTH JKODJIAHOBL HAOOPU BiIOBITHO MaTpH-
mi B(t) BimHocHo omeparopa L(t) i TpaHcmo-
uoBaHo'i MaTpuni B*(t) BLAHOCHO omepaTopa
L*(t), L*(t) = A"+ £B*y:

() = [¢0®), -, A @ e 8), -

R Sl S ORI SUO

v(t) = [w@), - O ),
iy 582)(t), (1)(t)’ ) (SSQ)( )j| 2

[Ticng ail iMmysabcHOrO 30YpEeHHS B TOYIN
f = 71 IPOTOBXKHUMO PO3B’a30K Z(t) = zo(t, o)
surisiy (4) 3 inrepsany t € 19, 71) Ha (n—s)-
napaMeTpHYHU PO3B’si30K X1 (t):

xl(t) = a:l(t, Cl) =

5(0)f(o)do—

Xn_s (t)C1 +
t
+ [ Xn—s()Y,r

1

_a(t )<ZI &R ))‘I/*(t)f(t), cleRn-f(G)

AKUil BU3HAYeHHUiT Ha iHTepBasi |11, 7). 3B'8-
30K MK HHMH BH3HAYA€THCS YMOBOIO (2) mpu
i =1. Bepyuu 0 yBarum HemepepBHICTH (DYH-
Kl z1(t) = x1(t,¢1) B TOUm t = 77, MOXKEMO
3anucaTd yMoBy (2) B Iiif TOYIl HACTYITHAM
THHOM:

Myz1(7) + Nizo(T3) = 0. (7)

[Mincrasistioun (4), (6) B (7), onepxkumo AiHif-
HEe HEOIHODI/[He MATPUYHE DIBHAHHS

Micy + Nico = on + My — N1 F,
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Je yepe3 M;, N; njis koxHoro i = 1,p Gyne-
MO HO3Ha4YaTH (Mm; X (n—S$))-BUMIpHI MaTpHIIi,
a 4yepe3 F;, 7; — m-BUMIpHI BEKTOPH:

M = MiX'n.—S(Ti), N; = N‘an—S(Ti)’

(7 kadtk () ¥ (73) f(73),

i / Xo-s(1:)Y_o(0) f(0)do — .

OckinbKM Ha KOXKHOMY 3 IHTepBaJiB t €
(Tis Ti+1] DO3B’SI30K BH3HAYAETHCA 33 (POPMY-
JI010 '
e {f) ' Frmlh n) s Xk
t

" /Xn_sa)x:_s(a)f(a)do—

T

sz R(t)\lf*(t) f@t), c;eR™*

TO aHAJOTIYHUM YHHOM OIEPIKHMO, IO B KO-
JKHil Touni iMmyabcy ¢ = 7; Biamosigmi (n —
S) -BUMIPHI BEKTOPU JOBLIBHAX CTaJIHX Ci_1,
C; TIOBUHHI 33JJ0BOJIbHATH DPiBHSHHS

s(t)ci+

(®)

Mici + Nici_1 = a; + My = NI, (9)

3 aJIUTUBHOCTI JHHIKHOTO (QYHKILOHATLY
BUILTHBAE, IO

p
o() =) 4zl ¢),
=0
ne
boz () : Cmp, 1] — R™,
Lz () : CY (7, Tia] = R™, i =T,p.

Taxum 4yuHOM, KpaffoBy yMOBY (2) MOXKEMO 3a-
MHCATU Y BUIVISIL

p
ZEjLEj(', Cj) =10
Jj=0

[Mincrapisoun po3s’s3ku z;(t) Buriagy (4),
(8) y kpaitoBy ymoBy (10), omepkumo:

(10)

G000+...+Gpcp=a0—

47




p

_Zgj

7=0

/ Xos( VY y(0)f(0)do—  (11)

gl k
~a() (Z I’“%;R(-)) \I’*(-)f(')),

e Gj=4£;X, (), j= 0, p. O6’emmyioun
(11) 3 (9) mpu Beix @ = 1,p, OAEPKAMO CHCTe-
My MATPHYHUX a/jreOpalIHuX PiBHAHD

4

Goco + ...+ Gpep = ap—
b ([ X (Wit sl0)F (0)do-

j=0 5

~20) (£ IR0 ()

Nico + Micy = oy + Myys — N1 Fy,

[ Npp-1 + Mpcp = ap + Mypyp — NpFyp,
SKY MOZKeMO 3alliCATH Y BUIIAM]

Dc=a+p, (12)

ae D — (mx(p+1)(n—s)) -pumipna MaTpuI,
p

= Z m;,a ¢, a i [} — m-BEMIpHI CTOBIIIL:

7=0
Go Gi Gp - Gpa Gy
Ny My B0 perac G0 100
D—_— 0 ]’% ]% $E.° 0 0 5
\0 g1 N, M,
Co Qg
o f g 206 al )
p ayp

—f: Z (an—s(‘)YJ_s(U)f(O)dU —\

Jj=0 7j

2() (£ 1+4R0)) w050

®
1

Ml’)’l — NPy

\ Myyp — NpFp )

Brigmo [2], HEOOXITHOIO i OCTATHBOIO YMO-
BOI0 CYMICHOCTI JIHIHHOI HEOJHOPILIHOI ajre-
Gpaiunoi cucremu (12) € ymMoBa OPTOrOHAJIB-

HOCT1
Pp;(a+ ) =0, (13)

1y BUMQJKY 11 BUKOHAHHS PO3B’SI3KN CHCTEMHM
(12) maioTh BULTIAL

¢ =c'(€) =Ppé+D"(at+h), R

ne c* = col(cy(€) - cp(6)) € RPHD(=5) 3 ge-
pes Pp, mosmauero ((p + 1)(n — s) X u)-
puMipHY Marpumo, u = (p+1)(n —8) — 1,
r = rankD < min((p + 1)(n — s),m), Axa
CKIQJIAE€ThCA 3 JIHIHHO HE3aJTeKHIX CTOBIIIIIB
((p+1)(n—s)x (p+1)(n— 5)) -BEMIHOI MaT-
puni Pp, siKa € OPTOIPOEKTOPOM 3 IPOCTOPY
RP+1)(=5) gy myas mpocrip Ker(D) marpumi
D
Pp: Re)(=9) —, Ker(D),

Ker(D)=PpR®* D9,

mpuyoMmy crobmii marpuni Pp, YTBOPIOOTH
nosuuit 6azuc agpa Ker(D). Yepes Pps Gy-
71eMO TIo3Ha4YaTh (v X M)-BAMIPHY MAaTDPHILO,
v = m — 7, paAKaMA gKOI € JiHIfHO He3ase-
KHi panku Matpuni Pps, gKa, B CBOIO 9epry,
€ OPTOIPOEKTOpPOM 3 mpocTopy R™ Ha HYyJIb
upoctip Ker(D*) marpumi D”:

Pp-:R™— Ker(D*),
Ker(D*)=Pp-R™,

IpUUOMY PAAKA MATpuii Pp: yTBOPIOOTE
roBHUIt Gasuc aapa marpuni D*.

TakuM YHHOM, MOXKeMO CchOpMy/IIOBATE
OCHOBHHU pe3yJabTaT.
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Teopema 1. Pose’asku eupodocenoi ii-
uitinoi cucmemuy (1) 3 imnyavcroro dieto (2),
#x1 30$00604bHANOMY Kpatiosy ymosy (3), icny-
omb modi i MIALKY MOodi, KOAU BUKOHYEMNb-
ca ymosa (13). ITpu yvomy 3adava (1)-(3) mae
U ~NAPAMEMPUYHY CIM 10 NHITHO HESANCHCHUT
p036°A3%K16

-’L'o(t, C(*)(ﬁ)),
zi(t, ¢ (£)),

t € [, 71,
z(t) = z(t,€) =

t.€ (Tia Ti+1]7

de i=1,p, cj()€ER™*, £€R*, j=0,p,
:Bj(t,f) = Xn—s(t)c;(g)_'—

t

X YL@ @de-

=10 (g Ikg;ER(t)) U () £(b).

SIKImo BHpOIKeHa iMITy/IbcHa KpaifoBa 3a-
1aga (1)-(3) He mMae poO3B’sI3KiB, TO 3a JIOIO-
MOTOI0 KepYBaHHA IMITYJIbCAMH Ta KPaloBIMHI
YMOBaMH 11 3aBKIU MOYKHA 3POOHUTH PO3B -
31010. HacTymHe TBepIzKeHHs BKa3ye 3HaUeH-
He (, IpH AKX BHPOJKEHa KpailoBa 3ajJada
(1)-(3) mpu Gynp-sixux f(t) Gyae po3B’sI3HOI.

Teopema 2. /as dosiavroi dynruii f(t) €
Cla,b] eupodorcena wpatiosa 3adaua (1)-(3),
byde po3e’aznoto modi i miavku modi, Koau

a=Q"Qp,

de Q =2 Dy -
JloBemeHHS MOKHA TIPOBECTH IOIIOHO 10
noBesieH s TeopeMu 2 [3].

BayBakenHs 1. Y HekputuuHOMYy [2] BU-
najgky — koan Pp~ = 0, T00TO BiAmoBizHA
omHOpimHA KpafioBa 3amaua (mpu f(t) = 0,
a = 0)) Mae TLIbKH TpUBIAJbHHIT PO3B’sd-
30K, TOJl TpPH JOBLIbHUX 3HadeHHsAX f(t),
aj, j 0,p xpaiioBa 3amada (1)-(3) mae
U -TapaMeTPUYIHy CiM'I0 JIIHIRHO He3aJeXKHHUX
po3B’s13KiB BurisaLy (14).

3ayBackeHHd 2. AHaJIOTIUHI 3a7a4l poO3-
TVISTAJINCS B Ipalgax 6ararsox aBropis. Ilopis-
HIEMO OJIepPZKaHl Pe3y/IbTaTh 3 JesIKUMU paHi-
e #oMuMu.
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Tak, ana BHPOAZKEHO! AubepeHIiaIbLHOL
CHCTeMH Y BHIIQJKY BIICYTHOCTI iMIYJIbCHHX
36ypenb mMaemo, mo D = (X, () € (my X

p

(n — s))-BumipHoto Marpuueo: D = > G; i
j=0
OTPHMYEMO De3YJIbTAT, OJepKaHuii B [3].

IIpu B(t) = E OTpEMYeEMO CHCTEMY 3BH-
JalHuX audepeHiaIbHuX PiBHIHL HOPpMaJib-
HOTO BUIVISLAY 3 IMITYJTBCHOIO JTi€10, fKa Oy/1a 1ne-
TaJIbHO PO3IVIAHYTa B 6araTbox poborax. 30K-
peMa, B [4-6] mocsimkeni iMmysbcHl cucTemMu
ko M; € m-BUMIDHUMH OIMHWIHMMH MaT-
puigivu, a N; — HeBUPOzKeHi MaTpui, B [7] —
JIiHITHA TBOTOYKOBA KpailoBa 33/1a9a 3 OJHUM
IMITYTbCOM, SIKHU 3aJa€THCS HEBUPOIKEHUMHU
MarpunsMu, B [8] — kosm marpuni N; € Bupo-
jexennvu. Hapemrri, onepxkani B Janiit pobdori
Pe3yJIbTATH aHAJIOTIYHI J10 ofepKanux B [9)].
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