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A. A. KopeHoBckuii
Onecckuit nanmonasbHbI yuuepcuter nmenu . V. Meunukosa

CYIIECTBOBAHUE PEIIEHUN IN®®EPEHIINAJIbHBIX
YPABHEHU B OCOBHIX CJIVYAIX

Kopenoscbhkuii A. O. IcuyBaHHs1 po3B’sa3KiB audepeHIliajibHUX PIBHAHBb B OCO-
OJIMBUX BMOAAKaX. Po3mIganaeTbes cucreMa KBa3lIHIAHUX JudepeHIiaabHuX PiBHIHDb
3 3HUKAIOYUMU IIpHU ¢ — +00 MHOXKHUKAMH B mpasiii vactuni. Haseneni ymoBu, npu Buko-
HaHHI gKuX g cuctema Mae O-po3B’sizku nipu ¢ — +00. OTpuMaHa OIIHKA T BKA3aHUX
O-po3B’s13KiB.

Kirouosi ciioBa: cucrema audepeHiaabHUX PIBHAHD 3 0COO/IMBICTIO, TeOpeMa iCHyBaHHSI,
METO/I TTOC/TiJOBHUX HAOINKEHb, aCUMIITOTHYHI OI[IHKH.

Kopenosckuii A. A. CymecrBoBaHue penieHuii auddepeHnmalbHbIX ypaBHe-
HUH B O0COOBIX ciydasix. PaccmaTpuBaercs CUCTeMa KBa3WJIMHEHHBIX auddepeHnnalib-
HBIX YPaBHEHUIl C UCUE3AIOMUMHE DU { — +00 MHOXKUTE/ISIMHU B IIPaBoil yactu. IIpuseneHs
YCJIOBUS, IIPU BBIITOJIHEHUU KOTOPBIX 3Ta cucTeMa nMeer O-pemenus npu t — +oo. Ilomyde-
Ha, OIIEHKA JJTsl YKa3aHHbIX (O-pelreHuii.

KimroueBble ciioBa: cucrema guddepeHnuaabHbIX yPaBHEHHI ¢ 0COOEHHOCTHIO, TeOpeMa
CYUIECTBOBAHUS, METOJ] [TOC/Ie/I0BATE/IHbHBIX IPUO/IMKEHNH, ACUMITOTHICCKAE OLEHKH.

Korenovskyi A. A. Existenece of solutions of differential equations in special
cases. The system of quasilinear differential equations is considered with vanishing at
t — +oo multipliers in the right part. Conditions are given under which the system has
O-solutions at t — +oo. Estimate for this solutions is derived.

Key words: the system of differential equations with a singularity, the existence theorem,
the method of successive approximations, the asymptotic estimates.

BBEJEHUE. CynecTBOBAHUIO U ACUMITOTUICCKUM PA3JIOKEHUAM PereHnii qud-
depeHImaNbHBIX yPaBHEHUIE B OCOOBIX CIydasx IOCBSAIIEHa OOMIMPHAA JTUTEPATYPa
(cMm. 6ubsmorpaduio o sromy Bompocy B kuurax B. Bazosa [1], H. I. Ie Bpeiina [2],
®. Ozsepa [3], JI. Yezapu [4]).

Hacrosimas cratbsi, B KOTOPOA paccMOTPEH TOIBKO BONPOC CymecTBoBanusa O-
pelenuii, sijsieTcsi IpojozKerneM u passutueM pador A. B. Kocruna [5, 6], a Tak-
ke paboThl [8]. AcHMITOTHYECKHE PA3IOKEHUS TAKUX PereHnii Oy 1yT MPOBEAEHbI B
JasnbreiimeM. M3y4aercs caygait a(t) — 0, Bx(t) = 0 (¢t = +oo0, k = 1,n3) (cMm.
cucremy (1)), KOTOpBIii siBJIsieTCs1 OCOOBIM € TOYKHU 3PEHUs Meroa pador [5, 6].

OCHOBHBIE PE3VJIbTATHI.
Paccmorpum B Hekoropoii obmmactn G = A x V, A = {t: to <t < +o0},

V = {¢: colon (&,&,&3),
& = colon (&1, - - -, &o,n,) € C™,
52 = colon (E{)’nl-i-ly R 50,7114'"2) € CnQ’

53 = colon (507n1+n2+17 RN} €0,n1+n2+n3) € (anﬁ
€]l < ¢, ¢ = const >0, ny,ng,n3 € N}

@ A. A. Kopenosckuit, 2012
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m n

(3meck n masee ucnonbsyercs oboznadenue ||A|| = Y. > |aik|, rme A = (a;) —mXn-
i=1k=1

marpuna, n,m € N) cucremy muddepennpanbHbIX ypaBHEHM

& = Q1(t) + B11(t)& + Bi2(t)é + Bis(t)és + Fi(t,€),
& = a(t) [Qa2(t) + B21 ()61 + B2a(t)&2 + Bas(t)&s + Fu(t,€)], (1)
& = B(t) [Q3(t) + Bs1(t)&y + Bsa(t)&e + Bss(t)&s + F(t,§)]

(3mech u masiee moj npoussegeHueM Bekropa () Ha marpuily 6yJeM noapasyMeBarhb
B(t)B = (B(t) bi;), rne B = (bg;) — m X n-marpuna, m = nz, n € N), B KOTopoii Bce
BEJIMIVHBI, UCKJIIOYas ¢, ABJSAIOTCA B OOIIEM CTydae KOMIIEKCHBIMA U BBIIOTHAIOTCSI
TAKHME YCIOBUSL:

1) B(t) = colon (B1(t), .., Bns(t)),
Bi(t) (k=T1,n3), a(t) - crkansapusre dyHKumH,

alt) £0. 5u0) £0 (€ ), [ la(0]de = +oc,

() =0,

lim «
t—+o0

! +m
lim 28— [ |8,(t)| dt =y < +oo (I = const) (k=T,n3),
to

t=+oo )
. Bir(t) _ T
Jim G =0, (k=Tns),
. Bs(t) _ _ _
t_l)lgloo =0 (s>k, k=T,n3—1, s =2,n3),
B . (e wB®) ey
t—lginoo a = U t—lgr-noo Br(t) =0 (k=T n);
2) Ql(t) = colon (ql (t)> <oy lny (t))a QQ(t) = colon (QRH-I(t): <5 4ni4ne (t))a Q3(t) =
= colon (Qn1+n2+1(t)7 <5 qni+notng (t))7

qr(t) € Ca, t—lg-nooqk(t) =0 (k =1,n1 + no +n3);

3) By, i(t) — marpunpl coorsercrByolieil pasmepuoctu, By, ;(t) € Ca u CyliecrByior
upenensl By, ;(+00) = Bo i (k,i = 1,3), rae By i — NOCTOAHHBIC MATPHUIIBI;
KOPHHU A, (k = 1,n1) ypaBHEHUST

det (B0711 — /\E) =0
(E — equuudHast ny X 1p-MaTpuia) obIaJanT CBOCTBOM

|Re Ax| > 7, v = const > 0,

KOPHH Yp,+% (k= 1,n2) ypasrenus
det (30,22 — By 21 (Bo,u)_l Boy,12 — )\E) =0
(E — equHu4Has Ny X No-MaTPUIA) O0JIAJAI0T CBOCTBOM
[Re ((t)yni+)| = vla(®)] (¢t € A);

4) BekTOp-QpyHKIUS

F(t,f) = colon (Fl(tvf)aFQ(ta€)>F3(t7£))
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(Fl(t7€) = colon (fl(t7£)a RN fn1 (t,f)) )
FZ(t’ 6) = colon (f"1+1(ta 6)7 IERE} fn1+n2 (t’ 5)) ;
F3(ta 5) = colon (fn1+n2+1 (t7 f)a ) fn1+ﬂ2+ﬂ3 (t’ é)))
yaoBjeTBopsieT B objactu G ycmouio Jlummuna mo €
[F(t.€0) = F (t:6@) || < L[€0) — €@

rJe HOCTOAHHYI0 L MOXKHO ¢esaTh CKOMb YTOJHO MAJOH yMeHbIICHHEM YHCIa
¢, onpezesioniero obsnacts G, a takxke yciosuto F(¢,0) = 0.

, L = L(c) = const,

W3y 4mum BOIpoC 0 CyIIeCTBOBAHNY U OIIEHKE YaCTHBIX pelieHuii cucreMsl (1), crpe-
MSIIUXCS K HYJO 11pu t — +00. IIpumenum k cucreme (1) npeobpaszoBanue

& = A1 Xy,
& = a(t)Cr1 A1 X + pAs X, (2)
63 = M2X37

rae X;(t) (z =1, 3) — CTONOIBI HOBBIX HEM3BECTHBIX (DYHKIIHIA,
-1

C21 = Bo21(Bo,11) , p = const ZOCTATOUHO MaJasi;

Ay, Ay — IOCTOSIHHBIE MATPUIIBI TAKUE, 9TO

AT'Boa1Ar = Vou1 = (vo,is) (i,j =T,n1),

Ai, ecnu j =1,
Vo,ij = l;, ecnm j=1i+1,
0, ectu j #£i,i+1,

rie
_ 0, ecm )\k 75 )\k+1 T\ .
lk - { l, ecIu >\k; — >\k:+1 9 (k = 17”1 ].) )
Ayt [Bo,zz — Boa1(Boi1)” " Bog 2} As = V20 = (v0,i5)
(Zaj =Ny + lanl +n2) )
Yi, €cau j =1,
V0,ij = S, ecimmm j =1+ 1,
0, ecmt j #i,i+ 1,
rie

Sk:{ 0, ecmm Vi # Vi1 . (k=mi+Tni+ny—1).

I, ecmm v = Yg41
3amernm, 4ro Takue MaTpunbl A, As BCerga CymecTByIOT B CUILY YCIOBUS 3), IPUIEM
KOHCTAHTY | MOXKHO CYUTATH CKOJIb YTOIHO MAJIOH. YUYUTHIBas, 9TO

Byi(t) = Boki+ Hii(t), |[Hpi(+o0)|=0 (k,i=1,3), (3)
IOJTyYuM

X1 =Ui(t) + (Vo1 + Ri(t) X1 + Via(t) Xo + Vis(t) Xz + Wi(t, X),

X1 = at) [Us(t) + Var () X1 4 "
+ (V0,22 + Rl(t)) Xg + ‘/23(t)X3 + Wg(t,X)],

Xz = B(t) [Us(t) + Va1 (t) X1 + Vao(t) Xo + Va3(t) X3 + Ws(t, X)],
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(UL(1) = AT Qu(t),  Ua(t) = ™" A" (Qa2(1) — C21Qu (1))
Us(t) = n™2Qs(t), Vi2(t) = pAy ' Bia()Az = (vri(t)),
|k i (t)| < po = const (k =1Lny,i=n+1,n +ny),
Vis(t) = A7 Bus(t) = (va(t)
|k i (t)| < po = const (k =Lny,i=n1+ny+1,n +n2+n3),
Vas(t) = pAy " [Bas(t) — Co1Bis(t)] = (vki(t))
|vg i ()] < po = const (k =n1+1,n +ny,i=n1+ng+ 1,0 +ny+ns3),

IJie flo TOCTATOYHO MaJIo BMecTe C [, i, t € A;
Vor = p A3 [Boy(t) + at) Bao(t)Ca1 — Co1 By (t) — %021—
—a(t)C21By2(t)Ca1]A1 = (vki(t))  (k=n1+1L,ni +n2, i =1,n),
Va1 (t) = p=? [Bs1(t) + a(t)Bsa(t)Ca1] Ay =
= (vki(t)) (k=ni+na+1,n1 +ns+nsi=1n),
Vaa(t) = p~ ' Bya(t) Ay =
= (vg4(2)) (k =ny+ne+1,n +ny+ng,t=n1+1,n; +n2) ,

Va3(t) = Bys(t) = (v i(t)) (ki =n1+na+ 1,ng +ny+ng);
Ri(t) = AT [Hi1(t) + a(t)B12(t)Co1] A = (res(t)  (kyi = T,ma),
Ry(t) = Ag_l [Hyo(t) — Co1Hio(t)] Ar = (1r4(t)) (kai = m) ;
Wi (t, X) = AT Fi(t,€) = colon (w1 (¢, X), ..., wn, (t, X)),
Wa(t, X) = p~t A7 [Fa(t,€) — Cor Fr(1,€)] =
= colon (wp, +1(t, X), .., Wny4n, (£, X)),
Ws(t, X) = p~ 2 F3(t,€) = colon (wn, 4ny41(t, X), - -+, Wy nytns (X)),
(¢ onpenensiercs u3 (2));
W (t, X) = colon (wy(t, X), ..., Wn,+notns (£, X))

yaoBjeTBopsieT B obnactu G ycmosuto Jlummua mo X

[W (t, X)) =W (t, X2)) | < Lo | Xy — X2

Lo = Lo(c) = const,

)

IJe TOCTOSTHHYI0 Lg MOXKHO C/IeaTh CKOMb YIOJZHO MAJIOH yMEHBITEeHWEeM YHCIa C,
ompegesitoiiero oosactb G. O4YeBUIHO, YTO BBINOIHEHBI CBONCTBA:

[B1(+00)[| =0,  [[Ra(+00)[[ =0, [[V2,1(+00)] = 0).

Crpemsiiuecs K HyJIIO PElIeHus CUCTeMbl (4) MOKHO MCKATh C MOMOIIbIO CIIEIH-
AJBHOIO METOJA MOCJIeJ0BATEIbHBIX TPHOJIKEHUIT [7], pABHOMEPHO OrpaHMYEHHBIX
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npu t > ty, rae t; jocTatouno BemmKo. CXOAMMOCTD 3THX TpUbGIHKenuit Gy1eT pas-
HOMepHO{l B mosycermente [¢1, +ool, ecan || Xy (t1)]| (k = 1,3) mocrarouno mana.

TTokazkeM, KaK ONEHUTD CTPEMAIIAECs K HyJIi0 PellieH s cucTeMbl (4) B n3yqaeMoM
Hamu ciaydae. JIJIs 9TOTO BBEIEM BCIOMOTATENbHBIE TIOCTEI0BATEILHOCTH

{zo,r (1)} (k:l,m + ng + ngs, 1/=1,2,3,...)
(Xo0,1,(t) = colon (zg,15(t), ..., %00, v(t)),

X072 V(t) = colon (w07"1+1 V(t)7 <oy L0,n1+ne V(t)) )

X0,3 V(t) = colon ($0,n1+n2+1 V(t)7 -+ L0, +notns V(t)))

TaK, 9TO0BI BBIMOJIHSIIOCH yciaoBue

|2k (t)] < o,k (t) (k =1,n +ns+n3g, v= 1,2,...) , (5)

rue xy , (t) — nociaenosaresbuble npubanKeHus. 110m0KuM

zok1(t) =0, t>t; (k=T1,ni +ns+ns),

To k(1) = exp (—exyt) {|ek| + Ek/A [Jur(T)] +

ni ni+nz+nsg
+Z7’0,kj$o,j v—1+ Ho Z 20,jv—1 + lkTo k+1v—1+
j:l j:n1+1
ni+nz+nsg
+Lo Y l|woju-1llexp(exyr) dr}
i=1

_ _ | t1, ecmm Re A\ < —y,
<k = lanla $0,n1+1 v—1 — 01 Ak - { +OO, ecin Re/\k > 77

o= 4 TH (t1), ecmu Ay = t, _ 1, ecim Ay = tq, _
F=Y 0, ecn Ay = 400, F=1 =1, ecn 4, = +00 )7

t

saeolt) = e (~ev1 [ laolar) {jal+ [ ' Ja(r)lx

Ap
ni ni+ns
X[lu(m)] + D vokioju-1+ D TokjTogu-1+
j=1 j=ni1+1
ni+ns+ng ni+nz+nsg
+SkTo,k+1v—1 + Mo E Zo,jv—1 + Lo E |Z0,j v—1]]x
j=ni+na+1 J=1

X exp <5k7 /t: |a(2)] dt) dT}

<k =n1+ 1,n1 +n2, To,nytnotiv—1 =0,
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Ao — { t1, ecm Re (at)yx) <0
g =

+00, ecu Re (at)y:) >0 b=t

|z (t1), ecm A =4, S 1, ecim Ay, = tq, )
%= 0, ecn Ay = +00, 7 =1, ecm Ay = 400 )7

t ni+nz2+nsg
To(t) = / B (M [+ S ok sosv 1+

+o0 =1
ni+nz2+ns
+Lg Z |.’L‘0,j ,,_1” dr (k =n1+ns+1,n1 +ne+ 77,3) ;
Jj=1

(U:2’37'-'7 ln1 = Sni+ng =0,

vokj = sup |vg;(t)| (k=n+T,m +ns, j=Tni;
kg [t1,+00[ J k=mn1+mn9+1,n1 +no + ng, j=1,n1+n2+n3),

rok; = sup |rg;(t)] (k,j =1,n; k,j=n+1,m +TL2) .
[t1,+00[

OmpeneneHHble TaK Zo () OyAyT 3aBEOMO yIOBJIETBOPSTH HEPABEHCTBY (D) ISt
Bcex k,v.
Jasiee 3ameTum, 4TO

Xox(t) = Vh_{go Xosxv() (k=T1,3)

YAOBJIETBOPAIOT cucreMe nuddepeHnuaabHbIX YPaBHEHUI

ny
(1) = ex(Jur(t)] — ywor + Y (rok; + Lo) o+

i=1
ni+n2+ns
Hrzorr+ . (po+Lo)zo,), k=T,
j=ni1+1

ni
20, (1) = ekla(®)|(lue(t)] = 2ok + Y (o j + Lo) @o,;+

=1
ni+na ni+nz+nsg

+ Z (ro,xj + Lo)xo,; + SkTok+1 + Z (o + Lo) zo,5),
Jj=ni1+1 Jj=ni+na2+1

k=mni+1,n1 +no,

ni+nz2+ns

20,4 (1) = Bk —ns O] (lux (@) + Y~ (w05 + Lo) @o,5),
j=1

k=mny+ns+1,n1 +ns + ng,
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Wi, B BEKTOPHO# ¢dhopMe, cucreme

Xo1=Uoa(t) + Pr1Xo1 + PraXoo + Pr3Xos,
Xo2 = |a@®)][Uoz2(t) + P21Xo,1 + P2aXo2 + P23Xo,3], (6)
Xo3 = B[ [Uo,3(t) + Ps1Xo,1 + P32Xo2 + P33X0,3],

MPUYEM 3JTEMEHThI MOCTOSHHBIX MATPHUIl Py o, P; 3, P 1, Po3 1OCTATOYHO MaJIbI IO CpaB-
HEHUIO C KOPHAMU XapaKTePUCTHIECKUX YPABHEHUIT MOCTOAHHBIX MaTpull Py 1, Pao, n
KOHCTAHTHI t1, To ki, Lo, Vo ki BCETJA MOXKHO BBIODATh TAK, ITOOBI 3TH KOPHHU OBIIH
MPOCTBIMU, BEIIECTBEHHBIMU U yIOBJIETBOPSIJIU YCIOBHIO

Mokl >7v—e, sl >v—e (k=T,n,s=n+1,n +na),

T7e € = const CKOTb YTOAHO MaJias.

He orpannyuBas OOIIHOCTH pacCyKaeHuM, MaTpuiibl Py, Pys MOXHO CINTATDH
JUArOHAJbHBIMU, TaK KaK JOCTUTHYTH TOTO BCETJA MOYKHO IPH TOMOIIH JTUHEHHBIX
Ipeobpa3oBaHmii U3 COOCTBEHHBIX BEKTOPOB MaTpull Py 1, Pso, BAUSIONINX TOJIHLKO Ha
TOCTOSAHHBI MHOYKUTEJIb B UCKOMOW OII€HKE.

HpI/IBe,H,eM HEKOTOPbIE BCIIOMOIraTEJIbHBIC YTBEP2KIACHUA.

JIlemma 1. Ecau p(t), q(t) — sewecmeennvie GynKkyuu, Henpepuiense ha npome-
aorcymee [T, +00[, npuvem

+o0 too
/ p(t)dt = k < +oo, / q(t)dt = ¢ < +o0,
T T

mo umeem Mmecmmo cxzedymu;ee acumnmomuveckoe ceolicmeo

oo “+ oo
— [ p(rydr [T (t)dt oo
e { ? / q(r)eff g dr N/ q(t)dr, (t = +00).
t t

Jlemma 2. Ecau 6 obaacmu Gy, = Ay X V1,
Ay ={t:ty<t<+oo},
Vi ={Y:Y =colon(yi,...,yn), ||Y] < ¢, c=const >0}
oas cucmemol, Judppepenyuarsvrux ypasreruti
V= B@1) Q) + BMY + &(t,Y)], (7)

6 Komopoti ece geaununsl, uckamonant u B(t), aeaaomesn 6 obuem caywae Komnaexc-
HOLMU, BBINOAHREHD, CACIYOULUE YCAOBUA:

a) B(t) = colon (B1(t),...,Bn(t)), Bi(t) — sewecmeennve dynryuu, nenpepuieHbLe

na npomestcymee [T, +00[, npuwem

/+OO 1Bi(t)| dt =k < 400 (i =1,N),

to
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6) Q(t) = colon (q1(t),---,qn(t)), qr(t) € Ca,,

lim ¢(t)=0 (k=1,N);

t—-+o00

B) B(t) - N x N-mampuya, B(t) € Ca,, saemenmo, mampuyse B(t) ozpanuwerol
nput € Ay;
r) eexmop-pynxuyua ®(t,Y) ydosaremsopaem 6 obaacmu Gy ycaosuro Junwuya

@ (t.Y)) = @ (& Vi) || < L2 [Yi) = Vi) ||, L2 = La(c) = const,

2de nocmoarnyro Lo M0ootcHO cdeaambv CKkoab Yy200Ho MAAOT YMEHLULEHUCM YUC-
aa ¢, onpedeasrousezo obaacme G,

mo y amotli cucmemvr cyusecmeyem nenpepuieroe na npomescymse [T, +oo[, T > to,
CMPEMAWEECA K HYA0 NPU t —> +00 YACTIHOE PeWeHUE, JAA KOTNOPOLO UMEEIT, MECTO

ouenka 8uda
t

Y @Il < Ay/ 1B - 1Q(7)]| dr, (8)
+o0
20e Ay = Ay (T') = const.

HoxkazarenbcrBo. U3 (7) ciemyer crupaBeyinBOCTh CJIELYIOMIEr0 HHTETPATIHLHOTO
HEPABEHCTBA!

t

Y@l < Al/ B -NQEI + 1A IB(T) + LEN Y ]]) dr <

“+oo

t

SAl/ 18I IIQ(T)IIdT+A2/ BB () - IV [l dr <

+oo +oo

<A / 18 - Q)] dr+

+o0o

o [N O A [ 15O 1Q@) o +...

+oo +oo
(A1, As — koucranrel, B*(1) = B(7) + Lo E, rne E — exunuvHas MaTpuna).
Tak Kak mpaBast 9aCTh 9TOTO HEPABEHCTBA IIPEJICTABIAET COOOI Pa3JIOKeHHe CTpe-
MSIIIErocsd K HYJIO IIPH ¢ — +00 pPellleHus CKAJIAPHOIO ypaBHEHUS

YOI =180 - UQI + 1B - Y]],

a K HeMy [PUMeHuMa JieMMa 1, To oueHka (8) BepHa.
ITpumenum k cucreme (6) npeobpazoBaHue:

Xo1 = 21,
X072 = Agl(t)Zl + Zz, (9)
Xo,3 = Az1(t)yZ1 + Az2(t) Z2 + Zs,

rae Ao (t), As1(t), As2(t) — Heonpenenenubie MOKa MATPUIBl KO3 UIueHTOB 1pe-
obpa3oBanus, a Zy, Zo, L3 — CTOJOIBI HOBBIX HEM3BECTHBIX (DYHKIIUNA.
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Toncrasmsisa (9) B (6), mosyunm cucremy audHepeHIraIbHBIX YPABHEHHIA:
Z1 =Upa(t) + (Pi1+ PioAsi(t) + PigAs1(t) Zi + (Pra + Pi3Asa(t) Zo + Pi3Zs,

~ An(t) Ay ()
|a(t)] |a(t)]

(Pr1+ Pi2As1(t) + Pi3sAsq(t)) + PaoAsq(t) + P23A31(t)} Z+

Zy = |a(t)] {Uoz(t) Uo,(t) + [P21

A (®)
la ()]

Asq(2)

+ <P22 + Py3Aza(t) — (P12 + P13A32(t))> Zy+

As1(t)
()]

ﬂmm*mmmwm(%ﬂw

Z&ﬂmm{%ao— Una (6)—

_ A2 1 (t)
|a(t)]

# | [Par + Practas (0+ Pradan(0) = 3O 45,00 = 1501 s ()
X (P11 +P12A21(t) + P13A31(t))] —
—1B@®)| " a(t)|As2(t) <Pz1 + PyyAsyq(t) + PagAsq(t) —

As(®)
la ()]

+Fn+%wmw—wwr%@w—wwrmmmx

x (Pra + Prgdsa(t) — [B()] 7 a(t)| Asa (1) x

Uo,l(t)> +

A5, (1)
|a(t)]

(Pi1+ PiaAsq(t) + P13A31(t))>] Zy +

X <P22 + Py3Asa(t) + ?;zt()? (Pio+ P 3A32(t))>} Zy +
+ [ng —1B(t)| "t A5 1 (t)Prs — |B()]| 7 eu(t)| As2(2) <P23 - %&)Hsﬂ 23}

(18017 = colon (|81 () .- 18 ()] ).

Bribepem renepnb Ao (t), As1(t) u Aso(t) Tak, 4robbl B 1OCHEAHElH cucreme aud-
(bepeHIMATLHBIX yPABHEHWH BbIDAYXKEHUs, CTOANINE B KBAPATHBIX CKOOKaxX, obpaTu-
uch B Hys1b. C 3TOMH HEIbI0 MOT0KUM

Ax1(t) = |a(t)| P21 Py + Aop1(t),  Asi(t) = [B(1)|Ps1 Py + Aosi(t),
Aso(t) = |B(t)| " a(t)|Po + Ao s2(1),

—1 —1 -1
(Py = (P32 — P3P P 2) (ng — PP P 2) , Mmatpuna Py cymecTByer, Tak Kaxk
ssieMeHTbl MaTpull Py u Pjo JOCTATOYHO MaJibl, 8 MATpuna Pso HEBBIPOXKIEHA), TIe
Ap21(t), Aoz1(t), Ao,32(t) — HOBDIE HEM3BECTHDLIE MATPHIIBL.
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OrHOCUTE/IBHO HOBBIX HEM3BECTHBIX IOy UMM CUCTEMY UM (EepEeHIIUAIBHBIX YPaB-
HEeHUI:

Aoy () = =)' P21 Py + |a(t)|? [Pa2 — Pa1 Py Pra] Py P+

+Ha@®)||B(t)| [Pas — Por Py Pis] Ps1 Py +
+A021(t) [~Pi1 + |a(t)|ProPoy Py — |B(8)|PraPs Py | +
+ [la()| P2 — |a(t)|Pa1 Py Pra] Ao (t)+
+at)| [Pes — P21 P'] Aoz (t)—
—Ap21(t)Pr2Ao21(t) — Ao21(t)Pri3Aosi(t),
Ab g1 (t) = —1B8(t)|' Ps1 Py + |B(t)||c(t)| [P32 — P31 Py  Pro] Poy Py +
+|8(t)|? [P35 — P31 Pi" Pis] P31 P+
+|B(t)| [P32 — P31 P{7 Pi2] Ao21(t) + |B(1)| [Pss — Ps1 P  Prs] Aos1(t)+
+4031(t) [-Pi1 — |a(t)|PraP21 Py — |B(t)|PisPs1 Py +
+ (=Aoz1(H)Pr2do21(t) — Aoz1(t)Pr3Aosi(t)), (11)
A 5o (t) = — (1B®)] - [a(t)|7*) Po + a(t)| "M 18)|* [Pss — P31 P Prs—
—PyPys — PoPa1 P[{' P3| Po + |B(t)] - |a(t)| " Ao21(t) x
X [=Py2 — |a(t)|7HB(E)|PrsPo] + Aoz (t) [-Pr2 — [B()] - |a(t)| " PrsPo] +
+|B@t)| [Ps3 — P31 P{' P — PoPas — PoPy1 P Pi3] Ao32(t)+
+A0,32(t) [—|a(t)|Paz — |B(t)|PasPo — |a(t)| P21 Py Pra — |B(t)| P21 Py PrsPo] —
—Ao31(t)Pr3Aoza(t) — a(t)|Aoz2(t) Pz Ao za(t)—
~Ao2(t)Ao21(t)Pra — [B(t)] - ()] Aoz 2(t) Ao 21 (1) PraPo—
—|B@®)] - |a(t)| " PoAo21(t)Pr3Ao,32(t) — |a(t)| o2 () Po1 Py PraAosa(t)—
—Ao32(t)Ao21(t)Pr3Ao32(t)

BLOl s (t)|>
()] 77 Je(®)]

(18@)]-la(®)] )" = colon <<|@1(%>||> ('fﬁ?&fﬁ)') ) ,

EAQTREN O]
@ @] )

<|5(t)| -|a(t)| ™! = colon <

(&)~ B —colon<

(1“22, s=1,1=1,n9, k=1 ny;
A()rs(t):(aék(t)) r=3,s=114i=1n3 k=1ni;
r:3,s:2,i:1,n3,k:1,n2)
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Iepsbie aBa "ypaBuenus” cucremsl (11) mpeacraBisgioT cobOl CAMOCTOSATENBHYIO
cucremy muddepeHnraabHbIX YPABHEHNU, IjIs KOTOPOil CIIPABEIJINBA OIEHKA, MOJIY-
4geHHas B pabote [5]. VI3 910ii oneHKH ciie/yer, 9To nepBble 1Ba "ypaBHeHHst CHCTEMbI
(11) mmeror penienusi, 06/IaJAIOUIME CBOCTBOM

140,21 (B[] = o(|a(®)]);  [[Ao,31 (D) = o(lIB@I]),

a tperbe "ypaBHenue” cucremsl (11), B cuny aemmbr 1.1 u3 [8], nmeer peruenue, obsa-
JlaroIiee CBOMCTBOM

|4032()| = o (| B)a"' ®)])

Ntak, CymecTByOT MaTpPUIIHI
Az1(t) = |a(®)[Por P + of|a(t))),
Az1(t) = [B®)|Ps1 P+ o([1BM)ID,
Az (t) = |a(t)| "1 |B()| (P32 — P31 P Prs) (Pas — Py1 P Prs) " +

+o ([[le®) 1B

TaKWe, 9TO MOCJIe IPUMeHeHns K cucreMe aud depennuanbabix ypasHenuit (6) mpeob-
pasoBanus (9) mocsenHsis CTaHeT "BepXHEil TPeyroIbHON”.

Teopema 1. Ilpu swnoanenuu yeaosutd 1) — 4) y cucmemwr (1) cywecmeyrom
YACTHBIE PEWEHUA, CMPEMAUUECA K HYao npu t — +0o, u 0as 4106020 MaKo20
DPeWEHUA, HENPEPLIEHO20 6 hewomopom npomesicymue [T, +ool, T > to umeem mecmo
ouenxa

1€ (] < Ag, 11 (1),
@) < A@ (Sa2(t) + [a(B)] 1 (1), (12)
1€l < Agy (J(t) +IB@I1(2) + o~ (O)BE)|| J(2)

2de

J3(t) = AJg/ 1B -1Q(T)]] dr,

+0oo

J(t) = Ay, [exp (—% /T ja(7)| dr) +exp (—% /| o) dr) x

< [ a1l + 1) + (e exp ([ la@)]a0) ar
+ex (3 /T a@ldr) [ laIUREN + Qa0 + o)
xexp (— [ la@las) ar] (13)
30) = A, [exp(-7e0) +

+exp (-, )/ IQ1(D) + J2(7) + J3(7)) exp (1.7) d7+
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+oo
T exp (1.1) / (IQ: (P + Jo(r) + Jo(7)) exp (—o7) dr| |

t>T, v =v—¢, A, Aey, Ay, Ay, Agy, Agy, v, € — KOnCIaRBL, NPUYEM Y
onpedeasemcs Ycaosuem 3), KOHCMAHMY E MONCHO CHUMAMD CKOAL Y200HO MaA0T,
Ay, Agy, Agg, 3asucam om T, € u om paccmampusaemozo peweHus.

3AKJIIOYEHUE. Ilosnyyena Teopema, B KOTOPOil IPUBEIEHBI JOCTATOYHBIE YCJIO-

BUsl CYILIECTBOBaHUA y cucTeMbl auddepennpanbupix ypasaennit (1) O-pemienuii npu
t — 400, & TaKKe OLIEHKA JIJId TAKUX PEIIeHUi. ,HaHHaH OLICHKA MOXKET ObITH UCIIOJIb-
30BaHa B JAJIbHEMIIeM INpU MMOCTPOEHUN ACAMITOTUYECKHUX PA3JIOXKEHHWI yKa3aHHBIX
pelIeHunii.
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