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C.I'. IATMHAH

YCTOUYUBOCTh CUCTEM C 3AMA3ILIBAIONUM
API'YMEHTOM I1PU MHTEI'PAJIBHO-MAJIbIX BO3MYIEHHMAX

PaccmaTpiBaeTcs 3amavua YCTOHUHBOCTH CHCTEM HestHHEHHBX mucdpepeHmmab-
HbIX ypaBHEHHH C 3ana3fbiBAlOLIMM APryMEHTOM, KOrJa Ha CHCTeMY Ha KOHEUHOM
HHTEPBaJ1e BpEMEHH AefiCTBYIOT RHTErPasIbHO-MasIbie BO3MYINAOLIHE CHITHI.

TonyyeHb BOCTATOUHBIE YCJIOBAS, MPH KOTOPbIX TaKHe CHCTEMH YCTOHUMBH N0
AecTeyrolneit crne.

1. ITycts HMeeM cucteMy muddepeHUHaIbHbIX YPaBHEHHH C 3anma3abIBaio-
ILMM apryMEHTOM
x = F(x(1);x(t=17)), 0))

rae xe R"; F:R*™ - R"- HempepbBHaA BeKTOP-PYHKUMS, YAOBJIETBOPSAIOUIAs
BCEM YCJIOBHAM CYIUIECTBOBaHHA H €IHMHCTBEHHOCTH pewenuit cucremsl (1) ([1],
cTp. 31) B KOMNaKTHOM MHOXECTBE

M = {e(r): x|, < =i 7 [0k h >0}, Q)
H F(0)=0.
HopMy BekTop-(pyHKuMH X(7) MOXHO BbIOpaTh pa3/IMUHLIMH CIIOCOOaMH,
3qech Lesrecoo6pa3Ho B BUAE

*
ﬂx(.)“k = I:fh éxf (t)d‘r]z. (3)

HokaxeM crieqylouyl0 TeOpeMy aHaJIorHyHo Teopeme bapGaumna-Kpa-
COBCKOro 00 acCHMNITOTHYECKOH YCTOHYHMBOCTH B LieJIoM [2].

Teopema 1. Ecrm gns cucreMb! (1) cyliecTByeT OnmpefesIeHHO-TI0JI0XKH-
TeJIbHbIH pyHKunoHan V(x(-)), onpenmeneHHbit Ha 6ase Kiacca (yHKUMH

x(t)€ M , s xoTOpOro
lim V(x(-) = os, s , 4)
a) m_ (x())

"x(~)
dV(,wcW (t-1))
dt

6) nmpou3BoaHast ([1], c. 141) Boonb HHTErpasIbHbIX KPHMBbIX

cucreMbl (1) HenosioXuTesbHA, NPHUEM HE CYIUECTBYET HH OJIHA LeJias noJy-

dv(x,(t-1))
dt

pewenue cucteMul (1), onpenesiieMoe HauasbHOH BexTOp-PyHKIHMER Y =y/(f);

TpaekTopusi (kpome x =0), BOosb KOTOpOH =0 (rme x, (t-7) -
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to—h<t<ty), To peienne x =0 cucrempl (1) aCHMITOTHUECKH YCTONYHBO B Le-
JIOM.
Jfoxazamenscmeo. Tak Kak g pewenns x =0 cucremsl (1) umeror MecTo
BCe YCJIOBHS TeopeMbl 06 yCTOHYHBOCTH [3], TO 3TO peluexue ycroHumuso. Ilycrs
x=x,(1—T) —TaKkoe peleHHe CHCTEMBI (1), xoTopoe onpenessieTcsi HEKOTOPOH
HavyasibHOM BeKTOp-pyHKUMER YW =y/(1), rae ¥ =y(t) — HenpepbiBHAasA PYHKUHUSA
npH t€ [t —h; 1,]. OGo3naunm uepe3 K, € M HEKOTOPHI KOMMAKT, coAepXa-
wMi  yactb TpaekTopuH X, (f,-7) (x,(,,-7T)e K, cM), ®n mycTs
A= sup V(x,()). Tak xak V(x,(-)) ~ HenpepbmHbifi pyHKUHOHaN, a K -
xy (JeKy
KOMIIaKTHOE MHOXECTBO, TO A < oo, C/iIeq0BaTeIbHO, COrJIacHO ycJsioBHio (4), cy-
mecreyer uucio H >0 Takoe, uto V(x())<A npu ||x(-)"h <H

!
K, c{|x0)|, sH}.
IMpu atax ycsioBusAx ang cucteMsl (1) uMeeT Mecto Teopema KpacoBckoro
06 acumnToTH4eckoi ycrofiuusoctH ([4], ¢. 181), T.e.

limfx, ()] =0.
1—yosl V() h

OTKyna ¥ crneqyeT acUMNTOTHYECKAS YCTOWYHMBOCTL B LEJIOM peLUeHUS
x =0 cucremsi (1).

Takum 06pa3oM BblLICyKa3aHHAs TeOpeMa JA0Ka3aHa.
2. PaccmoTpuM cHoBa cucteMy (1) i cuctemy

x=F(x(8); x(t-7))+9(2), (5)
rae ¢(tf) yOoBJIETBOPSIET BCEM YCJIOBHSAM, yKa3aHHbIM B [5]:
1
n 2
a) [2‘1([,: o; (t)dt)z] <o,

6) o(t)=0 npu t 2T .
3necy T >ty +h — 3agaHHOE YHCJIO.

Onpedenenue 1. Pewenne x=0 cucrembl (1) Ha30BeM YCTOHUHBLIM MO
nelicTBytowei cune, ecom g ymoboro uucaa € >0 cyuectByer uucsao 8 >0

TaKoe, YTO IS BCeX pelucHuit X, (¢ —7) cucremsl (5) le,‘,(-)",l <enpu t2T+h,

1
H ecJi IIVI(T)"h <6 u [i([,:(pi(t)dt)z]z <85.
i=l

Onpedenenue 2. Pewenve x=0 cucrembl (1) HazoBeM acMMNTOTHYECKH
yCTORUMBbIM MO AelCTBYIOWIEH CHyie, ecCoM AJIA KaXOOro peilleHus xv(t—'t)

CHCTEMDI (5) yAOBJIETBOPSETCSA YCJIOBHE limuxv (-)“'l =0 npy BCEX HENpEpbIBHBIX
ool

1
HayaJIbHbIX PYHKUMAX u}(t) (1] nnpu [2":("7 0 (t)dt)z]2 <6.
: i=t 0

[Mycrs nns cucremst (1) cymwectByeT kXn NOCTOAHHAs MaTpuua
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A=|-——- | Takad,yrorang A=k<n u

( jga,.ij (x(t),x(t—‘t)))so (i=1,..k) 6)

[ToxaxeMm,9T0 B 3TOM CJiyuae CyLIECTBYET HEBbIpOXAeHHas Marpuua C
Takasi, IpH KOTOPO# C MOMOLLBIO JIHHEHHOro npeobpa3oBalus y = C - x CHCTEMY

(1) MOXHO NpUBECTH K BUAY
y;=0 (i=1..,k), NG
¥ =0;(crne Ve s ya Oy € =)y, (= 7)) G=k+1,0m). ()
ITycts matpuua C nMeer BHO

( al‘ -.caln \
akl.--ah
C= , %)
bk+ll"'bk+ln
(BB

npuueM detC=n (3TO Bcerma BO3MOXHO, Tak Kak rangA=k). Torma nocJie
npeoGpa3oBanns y=Cx cucreMa (1) npumer Bua

Vi =00 (s ya €} 1=}y, b-7)) G=1,0k). (10)
W3 (6) u (9) cneqyerT, yTO
0=0,(y () y, (} =7}y, -7)) =1,k
ans mobbix y, (th....y, () » -T)hny,(t-1).
CnenoBaTeJsibHO ,

6,1 (O)sya @) 1 =7)sy, G -7)=0 (i=1...k)
T.C. IJIA Yy,..., Y NONYuUnm y; =0, (i =1,...k)
Mycts w=vy (), 1€ [t, — h;2,] — HexoTopas HauambHas BexTOp-DyHKIMA.
O6o3naunm uepe3 u(t)=C’y () Torna
y(t-1)=u,(t;)=c, =const mpu 121, (i=1,..,k)

(310 peleHre MOXHO NOJY4HTb, HaNp., ¢ TOMOLIbIo MeToza “waros” ([11, ¢. 17).
Takum o6pa3zom cucrema (10) npumert Bua (7)~8). Nocsie npeoGpa3oBanus

y = C - x cucrema (5) GyneT BbIr/1sa€eTh TaK:
yi=v () G=1..k) (11)
3 =0t Veat O 7 O Y € =Ty, 0 =) 49, () G =k +1,..m),(12)

rae sextop v(t)=Co (1), necm
12

2 1/2 2
[i(}‘ﬂ(’)dt} jl <d, 10 [i[?v.(f)dt] :' <"C"o 8=8,
=\ 1 i=1| g
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TaK KaK C — OCTOAHHast MaTpuua ("C"O = max EICUI)‘
i

i ()’m )

O6osnaunm vepe3 y=| [; y=

Yk

Ya )
JloxaxeM cJieayroLLy O TeopeMy.
Teopema 2. Ecnu gna cucrembl (1) cywecTByer kXn nOCTOSHHAs

marpuua A (rangA =k < n) TaKas, YT0 BBINOJIHSIOTCA YcJsioBHs (6), a A1 CHCTe-

Mbl (8) CYILIECTBYET OMpeENe/IEHHO-TIOJIOXHTEbHBI MO y(T) YHKUHOHA

V(§(~)) paBHOMepHO 1O ¢; (i =1,...,k), L1 KOTOPOro
a) _ lim V(?(-)): oo,

“-V(') |“n_“—»-

6) npoussomnas V(5()) oM MHTerpanbHLIX KPUBBIX y,(f—T) CHCTEMBI
(8) paBHOMEpHO HenoJIOXHTEIbHA MO ¢; (i=1,...,k):
av(s, (I—T))SO,
dt ‘ —-—
npyYeM He CyLUEeCTBYET HH OfHa LieJ1ast mostytpaexTopus (xpome y =0), BIosb
av (i (t-1))

dt
BYyloLLe# cuJe.

3aech yepes " y(-)"

KOTOpO#H =0, 1o pewenne x =0 cucremni (1) ycroituuso no aekcr-

Am) o6o3nauena HopMa (3) B mpoctpaHcTse R™.

Hoxazamenscmeo. Iyctb ans cuctemsl (1) cymecTByeT k Xn NOCTOSHHas
maTpHua A Takas, 4TO rangA =k <n ¥ BbNOsHAIOTCA ycsioBus (6). Kak moka-

3aHO BBILIE, B 3TOM CJIydae cucteMy (8) MoxHo npusectH Kk Buay (11)—(12).
HuTerpupys cucremy (11), nosryunm

Fu(t=1)=piso) + [ 7 (§)dE

wim Yit=T)=c;+ [ v(Ndt npu 12T +h (i=1,..k).
OlieHHM BEJTMUNHY []i(-)"h(k) npu t2T +h:
1
- k 2
Hy(’)llm) <Jue, )Hhm + [)__“;([:)v, (t)dt)z] <4, +8,=26,. (13)

CorslacHO ycJ10BHSIM TeOpeMbl 2 U1 CHCTeMb! (8) MMeeT MecTo Teopema 1
paBHOMeEpHO no C; . Cie10BaTe/IbHO, 4151 peluenuit cucrembl (12) mosryunm

yi(t=1)>0npu t >e, 7€ [-h0] (i=k+1,..,n). (14)
Toraa, cornacuo (13) u (14), pns moboro £ >0 cywecTByioT yncsio 6 >0 u
MOMEHT BpeMeHH ¢, > T + h Takue, 4TO lly# (-)ﬂh <E MpH t 21, ecJH ||u(1)ﬂll <.
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Taxum o6pa3oM Teopema 2 10Ka3aHa.
Astop 6sarogaput npod. M.C. I'abprensHa 3a NOCTOSIHHOE BHHMaHHE K
paboTe H MOJIE3HbiE COBETHI.

Kaghedpa meopemuuecxoi mexanuxu Hocmynuna 13.07.2000
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U.q. cwihu3uvy

nrcusn uranrutLSNA UUUYUNGBrh UUSNRMLARME3NMLE
onee husvaruiLushv arannruusrh 126Mentbu

Udthnphnd

Thnwpyymd t mpwgny wpgmikimny ny gdwjhG nhdptiptGghwy hwjwuwpnud-
Gtph hwiwlwpgliph Yu)niGnipjub hwpgbpp, pp hwdwywpgh Yypw dwiwbGuyh Yep-
wynp dhowljwypmd wgnmu GG thnpp hGntigpuywhl qpgnnn mdtp:

Uwnwgywd b6 puwjupup wywjdwGitp, npnGg ghiypmyd winuihuh hwdwiywnpgtipp
YuyniG GG puwnn wqnnn mdh:

S.G. SHAHINYAN

STABILITY OF SYSTEMS WITH RETARDATION IN THE CASE OF
SMALL INTEGRAL PERTURBATIONS

Summary

The paper considers the problem of stability of nonlinear differential equations
systems with retardation when small integral perturbations effect the system in
finite interval of time. Sufficient conditions are obtained under which such systems
are stable according to the acting force.



