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- On the stability of acting force of the systenis of differential equation with time fags.
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MeeM cHoreMy aufdeperHisassHEX YPABHEHHNA © 3alaspmBalo-

X =Flx{thx(t—7)) (1.1)
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" F R — R — nempepunnan BEKTOP-DYHKILHS, YACBABTBODSIO-
YCAOBHAM CYNSCTBOBAHHA M eAMHCTBEHHOCTM peIISHWH CHCTeMA!
:31) B KOMAGKTHOM MHOMECTRE
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y BeKTOp-bynxiMn X(T) MomHO BEIOpPATE PazAMYHEME cnocofamm, Lle-
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BM CABAYIDIUYE) TEODEMY, aHANOTHYIYID Teopeme BapfauniHa-Kpaconc-
0 00 YCTOAIHBOCTH B HEAOM AASL CHCTEM OBHIKHOBeHHLIX AHdepe-
i apHernn [2]:
g . Ecml Ans cucremin (1.1) cymecTeyer unpmﬁnemm TTOACHKH-
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TeAbHBIH yHKuuonan V(x(')), omperereHHmlt Ha dynkumn x(1) € M, ans
KOTOPOTO

2l V(x()) = (1.3)
[ X, >
dv(x,(t-1))
6) mnpousBoAHas ——d~t——— ([1}, c. 141) BAOABL HHTerparbHBIX

KPUBBIX CHCTEMEL (1.1) HEMOAOXMTEeAbHA, IPUTOM He CyLeCTBYeT HU OAHa lie-
dv(x,(t-1)) _o
dt

X, (t =) —pemenue cucremn (1.1), ompepeAsieMOe Ha4aABLHOM BEeKTOpP-PyHK-

umedt Y =y(t); ¢, ——h'_<_t<t0),

Aas moAyTpaekropus (KpoMe x = (), BAOAB KOTOpOH (rae

To pemenre X =0 cucreMmsl (1.1) acCHMITOMaTUYECKH YCTOMYUBO B LIEAOM.

AokazateabcTBo. Tak Kak And pemeHus X =0 cucremsl (1.1) umeror
MeCTO BCe YCAOBHUS TeopeMbl 06 ycrowumsocTH ([1] c.141), To 3To pemenue

ycronyuso. IlycTte x = X, (t —1T) —TaKoe pellleHHe cucTeMs! (1.1), KOTOpOe OIl-
PEAEAsIeTCSl  HEKOTOPOW  HavaAbHOM  BeKTOp-byHKuuedt W = Wy(f), rae
VY = (t) —HenpepsiBHas dynkuus mpu t€t, —h; t,].

O6o3Haunm vepes K, C M HeKOTOpEI# KOMIAKT, COAEPXKAUIMI 4acTb

TPAeKTOPHUH x, (1) npu t=ty; x,(ek,cM, % nycThb
A= sup V(x,()).
X, (1)ek,,

Tak kak V(x,()) —HempepLIBHEIA (YHKUHOHAA, a K, —xomnakrHoe
MHOXeCTBO, TO A <o0. CAeAOBaTEABHO, COrAACHO ycAoBHMIO (1.3), CymecTByeT
acro H >0 raxoe, wro V(x()) < 4 npu |x()| <H u K, c ﬁ}x(-){jh < H}
Ipyn sTuX ycroBUAX aast cucTeMHl (1.1) nMeeT MecTo Teopema KpacoBckoro o6
aCUMIITOTHYECKOH ycroymsocty ([3], c.181), T.e. }Hg“x()}lh =(0.0T1kypa u
CAeAYeT aCHMMINTOTHYECKasi YCTOMYMBOCTL B HeAoM pemenusi x =0 cucreMsl
(1.1).

TakuM obpa3oM, BhIIIEYKa3aHHAS TeopeMa AOKa3aHa.
2. CHOBa paccMOTpUM cHcTeMy (1) U cucTemy

x = F(x(t=17), x(t)) + ¢(¢) (2.1)

rae @(t) yAOBAETBODSIET BCEM YCAOBHSIM, YKa3aHHBIM B [4};

1
213

a) f Tj‘cpi(t)dt <

=1\ g

6) o(t)=0 npu t2>T
3pece T > I, + h —3apaHHEIA MOMEHT BpEMEHHU.

Omnpeaerenue 1. Pemenne x =0 cucremn (1.1) Ha3oBeM yCTOMYMBEIM TO

ACHUCTBYIOLIEW CHAe, €CAH AASL AroGoro uncaa € >0 cywecrsyer uncro & > 0
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: - pewennit x (f—1) cacremm (2.1 ||:Jci:};|{,| <E npu
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lwely <5 |3 fouwar| | <s.

'; «Eenlmme x=0 cucrems (1.1) Hasomem amnm&rmecxn
SACTBYIOMEN CHAR, €CAH AAA KAXAOFO DelleHus x, (t=1)

. YAOBAETHODRETCH  YCAOBME liIl'L”.a:,',,I {)“ =0 mpu Bcex
LR =" Wil 1 i ] Tk

|
F

SITEDORCT Ol s (7 t
X Hamaassex dynxuimax (1) u npy Z Jﬁp,(t}a’r <8,
. =i ty
M CHCTeMY AMHeHHEX AMddbepeHIMarLHEY VpaBHeHuA
3DbHIMeTAMMI ¢ 3aNa3ARIBAIONINM APTYMEHTOM
R . E=dx+ Bx{t-1) (2.2

N XN - OOCTOSHHEE MaTpuIe, a X € R°,
KHM, HTO BCS KODHH XaPaKTepHCTHYECKOrO YpapHeHHA
UATEABHEIE BEIECTBEHHEE TACTH,

KEM, 4TO B 9TOM CAYYae CHCTeMa [2.2] acumoToTHYIECKH yeTONYMES 10
S W= [;
ouieH cHae. AsficTsureanHo, HpH BHIIUEYXASAHHEIY VOCAOBHAX ANR

: = Ax (2.4)
peme AanyHosba ([5], c. 106 CYLIECTEYET ONpeASAEHHO-TIGADHH-
ApaTHUHas dopMa

V= % Z:c:rﬁrjrf;vc.Jr

b j=1

dV 2 4
o Nt s .
ﬂrf (2.4} ;ﬂ: [l

MBI (2.2) B KawecTie hyRKIHM ASnyHOBa BLISHpaem:

F.’[_x{»}}z % Zﬂ:ﬂtﬂ,x,.xj +ia; I:rf{v:)dr (2.5)

I fel inl

. NPOM3IBOAHYIO thyHKIMoHAND V) {x()) BAGAL pelIEHHE CHCOTeMb
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dyixlt—1))

dt

an= imuxj {r}{anx, (N +..+a,x (r)}+

iyl

+ i%"'; (OB x, (t =)+ b, (0 -1)) +ia‘.[.rf () —x (1 —1:}): (2.6}

1=l i=l

=—i{{l —g )xl ()~ i:t;ntﬂlibﬂacJ (rj._rI (t=1)+x (t—1)]
i=| 4

=
Uapectro ([3], © 196), uwre ecAM '||BHD:]33‘?{:I hlE"u:m!aKZlbﬁq
LY I}

AOCTATOYHO MaA0e MHCAC, TO BEAMUHHEl €, MOXHO nopofpaTs Tak, 49TohR

pOHIBOAHAR [2.6) ORLAG nnpe;genemm-wpuuamnoﬁ [HATIpHMED,
1 s

g, =2—,1=1,.,.1n}_ CAeACBATEABHO, AAS CMCTeMul (2.2) HMEIOT MeCTo BCE
n

yoAopHA TeopeMbl |, OTEYAR CABAYET, HTO cucresa (2.2) acHMOTOTHIECKH
YCToHEHMBA B I1BAOM. CAPAOBATEARHD, COTAACHO ONpeAgheHHI0 2, OHA
ACHMITTOTHYECKE YoTofuiBa ¥ M0 ABHCTEYECUIER CHAS.

4 [TpeANCACKHM Teneps, 410 B choreme (2.2) B=ud (|-rocrarTodHo

MarGE WHCAD| M KODHW  ypaBHeHMR (2.3) YACBASTRODPAICT CASATIOURMM
YVOADTHHAM

al A, =0 (i=12,.,k) npuron rangd =n—k {k <n);
6) Rek, < 0 {f=k+1..,%) 3.1

Ecan kopH#R ypasHeaHs (2.3) Takossl, 970 CYIlecTeyeT XOTH Bul OAMH KOPEHE C
HeoTpHIaTEARHOH ABACTHMTEALHOM MacThiy, HOTOPHA He YAOBABTBODHET
yeaoauam (3.1], TO croreMa (2.4] GyaeT HeYCTORYHBOH 0O ASHCTBYIOMEH CHAR
|6), CasaoBaTeALHD, CHoTeMA [2.2) Tarske GyAeT HeyCTORMMBOH 1O ACHCTBYIO-
et cHAe,

AOKAIKEM CASAYIONIYIO TEODEMY!

Teopema 2. EcaM KOpH# XapakTepHCTHHECKOTO ypasHead {2.3) cmcrenbl
(2.2) VAOBAETBODAIOT YCAOBHAM [3.1), To cucrema (2.1) VCTOHYHMBA  TIO
ASHCTEYIOWER CHAE.

AoEasareabcTso.  MapecrHo,  uTO 8CAM KOpPHH ypabHeHHA [2.3)
yAOBAETBOPEIOT yoaomusim (3.1), ([6], c.141), 'TO CymecTRyeT Takah MaTDHIA

(' (detC#0), uro
(0 00l Dsoned )
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=CpAC™ =pCAC™ =4,
npeofpasoranie y=0Cx, cucremy (2.2) mMoxHD
1y BHAY!

(3.2}
’ﬁih. +ti'hyn{: 1), j=k+1..,n
- Ke npeoGpasopanie y = CX OTHOCHTeABHO CHCTEME!
%= Ax+ Bx(t - )+ ¢(t)
(3.3)

(j=k+1..n) (34

 Eh]

2
[e, (r]dr) <8,

fn

v(t)=Cot) u e Z[

FEIES
' ] <[t +8=8, snaums

142

<8 u i[fu{:}cﬁ] <b,

{mk+]

YR CHCTeMY (3.2) OTAGABHO, HOAYIHM

r(f- )=y, [2:1, -1)+ jv (B)dE (il k)

Rit=1)=,(1, -1:}+Iv (t)dt nprn ¢ =T+ h,
l. s
= (f;"u —T) — HasarsHaA DYHKINMA, CASADBATEARHD,
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ﬁ""ﬂ"hm = ”F (ts — 'T')“a.{n [ j (t }ﬂ'f] <d+8 = % (3.5)
. i=1
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yepes i,",y{-]|!lh.{m] ofo3HadeHa HODMAa m-MEPHOTO (hyHRIHOHAARHOTO NPOCT-

paHCTEa.
Tak Kak BOe KODHH XdPAKTEPHCTHYECKOTo VPaBHeHHA CHCTeMEl

Y =dp Ve totduy, (j=k+1,..,n) (3.6)
HMEHT OTPHIATEADHELE BEINeCTEeHHBIC 4aCcTH, TO; COPAACHO TEeope Me
.-'"nﬂri}"HOBd (15], ©. 106-108), CYMIECTBYET ONPEACARHHO-MOAOMMUTEARHAR (DOPMa

Vi== th Vi)Y, TaKasm, 9TO

2|' J=k+
f]- “= Z}’- (3.7}
Tnk 4]
DAA cHCTEMEL |:3.'2] B KagecTBe (DYHKIIHOHAM .."'Lanyl-mna BOSBMEM |
V{y{ﬂ}—— Z oY ¥y + ZE: Iyr (E)E (3.8)
ru_,l k=1 i=k 4+ =t
rae €20 (i=k+1,..,n) —AcCTarouHO MaAbie YHCAA, a
yl-l-'l {IJ
yr}=
Yo()
OueBMAHO, 4TO QYHRIMOHAA VI[;(-}'} OMNpEASAEHHO-TIOAOMHTEASH W
lim V()=
i —pi

BLSHCANM MPOH3IBOAHYIO (DYHKUMOHAAR V{;(-)} BACAB PEIIEHMI cHeTeMul (3.2)

%{i_ﬂ) EES Zuv-}’J{”(dr& Vi @ idon ))&

i jmk+]

D O (N gV (D) + o dyy, (- +

i imkel

e Y e MO Y D) == > i+

jmkal f=k+l

! Za Y O Yt =) +d,y, (E =T+ Za () —~it-1)=

I =k+l f=k+]
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‘s @%ﬁﬁﬂﬂfiﬁih (t=1)+ yi (t =) 38
‘3’2] VAOBABTEODRIOT YCACRHAM

_-I'{i_'*_ ___"'-I-Mdjn:;-# =0 Hq
{rm=k}

- w 3
. .
L M =22 )
M%WI o oy .;; ;
arEaEan  dopMa (3.9) OpH MAAMX | GYAST ONpPEARASHMO-
eABHOR ([3], ¢ 196), To ects, coraacHo Teopeme 1, ang PEMIEHHR
{3.2) Gyper umeTs MecTo VoAGBHE

(3,10

HmJ ye-nl =0
f-t_i_u. . :’&I:h_kj
OBATEARHO, CYIECTBYeT TaKkol MoMenT Bpemeny f, 2 T+, 410
' |
F{r —1:}| {E;npu E>1, 3.1
hin-k) 2

coraacHo (3.5) u (3.11), pAn AmGoro dincas € >0 CYINECTBYET HIHCAD
>0 u moment spesenw £, =T +h raxne, uro vz - L <E mpu >t

i, ~7), <& n i Jﬁrpl.{r}dr <d.
=l

n
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