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Y cpe]];HeHHe HMIIYJibCHblX 3BOJIIO~HOHHbIX CHCTeM 

.Llm1 HMilYJibCHOH 3BOJI!OUHOHHOH CHCTeMbl 

dx/dt +Ax= f (rot, x), t =I= ro-\ (x), 

'1x I = ro- 11 (x) 
l=w-lt;(x) ' ' 

rite A - CCKTOpH3JlbHblH onepaTOp B 6attaXOBOM npocTpaHCTBe X, OOOCHOBaH npum.1,un ycpe,!l• 
HeHHS! . 

.llJIH iMilYJibCHOI CBOJIIOUiiiHOl CHCTeMH 

dx/dt + Ax= f (rot, x), t =I= ro-\ (x), 

llxl 1 =ro- 1/.(x), 
t=w- t;(z) , 

Jle A - CCKTOpiaJibl!HH oneparnp y 6attaXOBOMY npocTopi X, o6rpyHTOB3HO npHHUHil ycepe11-
HCHHS! . 

l •faaecTHO, 4T0 MeT0ll ycpenHeHH51 [ 1-3) 51BJ151eTC51 3<jxpeKTHBHh!M MeT0ll0M HC

CJ!ell0B3HHH HeJll•!HeHHb!X Ko.ne6aTeJibHblX CHCTeM, B TOM 4HCJ!e H 3KTHBH0 H3Y· 

qaeMblX B nocJie11Hee BpeM51 nmp<j:>epeHUH3JlbHb!X ypaBHeHHH C HMnyJibCHblM 

B03,/leHCTBHeM (3-51. B H3CTOHmeH pa6oTe npHB0.llHTCH o6oCHOB3 HHe npHHUH

na ycpenHeHH51 H. H. 6oroJ1106oaa llJIH HeJIHHeHHblX 3B0JIIOUH0HHbIX CHCTeM C 

6bICTpo OCUHJIJIHPY!Omei\ npasoi\ lJ3CTblO H M3Jlb!M HMnyJibCHb!M B03MymeHHeM Ha 

rttnep nosepXH0CTHX. O6ocHOB3HHIO MeT0lla ycpe111-1eHHH llJIH a6cTpaKTHhIX na

pa6oJIHlJ eCKHX ypaBHeHHH 6e3 ytJeTa HMnyJibCHoro B03lleHCTBH51 n0C!3511UeHa 
pa6oTa [6]. 

PacCMOTpHM HMilYJibCHYIO 3B0JIIOUH0HHYIO CHCTeMy (J.13C) 

dxldt+Ax=f(wt. x), t=;i=cu- 1t;(x), (I) 

/).x lt=w- lt;<x> = w- 1/; (X), 

r.zte t > 0, ro > 0, A - ceKTOpHaJihHhlH oneparnp a 6aHaXOBOM npoCTpaHCTBe 

X [7], Re o (A)>'\'> 0, a cJie.noaaTeJihHo, .llJIH a:> 0 onpe.neJieHhI 11po6Hh1e 
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nenem1 oneparnpa Aa H npocTpaHcrna Xa=D (Aa) c HOpMoi-'1 Ix \xa=\x \x+ 

+\Aax/x; OT06pa)KeI-IH5! f:IR+xu-x, 'i·u-xa, (.:V--+IR, iE~, on

peneJieHbl H Herrpepb!BHbl no CBOHM nepeMeHHbIM B COOTBeTCTBYIOlll.HX 06.1ac

THX, V = {xEXa:lxlxa~P}-
0 n p e 11 e JI e H He. noo oetueHUeM 3GOG'lU Kowu X (0) = Xo OAR H3C 

(]) Ha UHmepaaAe 10, s) 6yce.M nOHUMCl!llb KljC01tHO-Henpepbt6HYFO C pa3pbt6Cl
.Mll nepaow pooa cpyHKl(UFO x0 , (t); x : [0, ,-) X (w,:, + oo) ·->- X maKyto, 'lmo 
011106paJ1CeHue f (wt, x,,, (t)) : [0, ws) __,,.. X 1-1en pepbt6HO, Xw (t) E D (A) OAR npou3-
60Abl-lOZo w E (w 0,+oo) u x,,,(t) yooriAenwopRem npu t=;i=cu-·1t,(x) nepaoMy 
yparmeHwo e (I), a npu t = w-·1t;(x) - amopoMy ypaaHeHuto. 

5yneM npennoJiaraTb, tJTO l19C ( I) 51BJI HeTC51 onHoy.napHoi-i, T. e. HH

T e rpaJJbHaH KpHB35! ITJ)OH3B0JlbHOro pemeHHH l19C (I) nepeceKaeTC51 C 

Ka n<noi-i H3 nmepnoBepx1-1ocTei-i t=w-1t; (x) He 6oJJee o,nHoro pa3 a (rrpttMe, 

pbl on1rny napIIb!X CHCTeM H ycJJOBH51, 06ecnec11rna1omue OllHOY napHOCTb, 

CM. B [8, 9]). 
flyCTb ,llJI51 l13C (I) BblllOJIHeHbl CJle,llyIOIUHe npe.nnOJIQ)l{eHHH: 

1) OT06pa)l{eHHe f reJJb.llepOBO not H paBHOMepHO Ct-rJJa,.'l.KO no XEU; 
2) OT06pa)KeHHe f ; paBHOMep I·IO C1-rJia J!KO 110 XEU ,llJJ5! npOH3B0Jlh

HOro HaTypaJibHOro i; 
3) OT06pa)KeHH51 !; T3KOBbI, lJTO .!I_Jl5! npOH3 B0J1bHOro HaTypaJihHOro i 

BhlITOJJHeHbl ycJJOBH51 

0 < 0 1 ~ inf ti+1 (x) - sup ti (x) ~ 0 2 < + oo; 
xEV xEV 

4) paBHOMepHO no XEV cymecrny10T npe)].eJlhl 

N 

Jim j N-1 \ f (t, x) dt - f O (x) j , = 0, 
N+-oo O X 

3 a Me lJ a H He 1. 113 YCJIOBHi-i I H 2 CJJe)].yeT, lJTO OTo6pa)l{eHHH f H ,, 

Y.llOBJJeTBOJ)HIOT ycJJOBl-i!O J1HITllll·l1J:3 no rrepeMeHHOH X C ITOCTOHHHhlMH N H 
K u orpaHHtJeHhI nocTOHHHhIMH M H L coorneTCTBeI-IHO. HeTpy.uHo y6e.n.HTh

CH B TOM, lJTO aHaJIOf'lil!HhlMH CBOHCTB3Mli 6yn_yT o6Jia}l3Th li OTo6pa)KeHHH 

f O li ] O· 

3 a M e tJ a H II e 2. ilJJH rHnepnoBepxHocTei:i KJJacca C1 oueHKa cBepxy 

B YCJJOBHH 3 MO)l{eT 661Tb noJJytJeJ-Ia Henocpe,llCTBeHHO H3 ycJJOBHH OT)leJJH

MOCTH rnrrepnoBepxHOCTeH. 

ConocTaBHM l1.3C (I) cttcTeMy (6yJleM Ha3h1B3Th ee ycpeJJ.HeHHOH) 

dzldt + Az = fo (z) + 10 (z) (2) 

li TIOKa)!{eM 6JJH30CTh pellleHHH l1.3C ( 1) H ycpeJlHeHHOH CHCTeMbl (2) Ha 

0Tpe3Ke [O, Q], r.ne Q - TIOJIO)!{HTeJlbHaH 110CT05JHH351, KOTOpaH MO)I<eT 6blTh 

Bb16pa1-ia KaK yro.n.Ho 60JJhlllOH . 
T e o p e M a I. n ycmb BbtnoAHeHbt npeiJnoAoJ1Ce1-tuR I -4. T ozoa ecAu pe

w.eHue 1aoa'tU Kowu z (0) = Xo OAR ycpeoHeliH,Ofi cucmeMbt (2) z = z (t) V I pe-
aeAeHO IAR 11cex t > 0 u pacnoAoJJCe1-to (1 o6Aacmu U BM.ecme c He,wmopou 
ceoe ; -nKoecmt-tocmb,o, mo aAR npou3aOAb1-lbtX e > 0 u Q > 0 HatloemcR 
maKoe w., > 0, 'lmo npu w > (J)0 u t E (0, QI 6yiJern cnpaaeiJAueo HepaaeHcmeo 
I Xw (!) - ? (t) I xa ~ e. 

ll O K a 1 a T e Jl h CT B 0. Ey neM HenocpencTBeHHO oueHHBaTb yKJJOHe
HHe peLUeHH5! Xro(l) l13C (l) OT pememrn z(t) ycpe11HeHHOf1 CHCTeMbl (2) 
Ha 0Tpe11<e !E [O, Q]' 3aMeHHB CHCTeMbl (I) H (2) HHTerpaJJbHhlMH ypaBHeHH

HMH. no aHaJJOrHH C (8) HaXO)!{}leHHe peweHHH 3a}lalJH KomH X (0) =Xo l!JIH 

l13C (I) paBHOCHJlbHO H3XO)l{,lleHHIO pellleHHH HHTerpaJibHOro ypaBHeHHSl 
I 

(t , 1, <2, <P>) -A, + r -A<t-·t)t < ( o> <2> <Pl)) d + X,o , y , y , ... y = e x0 } e W't, x,,, 't, y , y , ... , y 't 
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(3 ) 

r .ue cjmKcHpoBaHHbie 3Jre1v1eHTb1 yUJ EU, i = ~ , nonfo1pa10 TCH TaK, 4T06hr 

Bb!TIOJIHHJIHCb COOTH011Jemrn 

ct) f ( (i)) -1 ( (i )) (I) (2) (p)) Y + ; !/ = Xw(W f ;lj ,y ,y , ... ,y , i = l,p. 

a p - '-IHCJIO rHn epnoBepxHocTei'i t = w- 1 t; (x), nona.uaiom,Hx n HI-nep n aJI 
(0 , Q). 

BBe.11.eM o6o3 Ha '-lemrn 

<I J) to t ( c2J o ( <Pl) to ti (y = 1, 2 y ) = t 2, . . . , tp Y = o, 
IlpH 3TOM 

0 = w- 1tg < w- 1t~ < ffi- 1t~ < ... < w- 1t~ < w- 11~+1 = Q 

H Tor.ua ypanHeHHe (3) nepe1rnmeTCH B mine 

I 

Xw(t) =e-A 1x 0 + \ e-A(t-,Jf(ffiT,Xw(T))dT + 

0 

+ w-1 
-A(t-c,,-lt~) 

e l;(Xro(ffi- 1t~)), t E [0,Q]. (4) 

B TO :>Ke npeMH pewe1rne 33Jl34H Koum z (0) = x0 JlJIH ycpem-1eHHoi'i CHCTeMhl 
(2) YJlOBJieTBop HeT HHTerpaJibHOMY ypaBHeHH!O [7] 

I 

z (t) = e-Arx0 + S e-Au-, i [/0 (z (i:)) + /0 (z (i:))J di:, 
() 

t E [O, QJ. 

(5) 

H eTpyn1-10 3aMeTHTh , LJTO npu npmrnThIX npennono:>Kemrnx ypamremrn (4) H 

(5) 6yJlyT HMeTb eJUil-lCTBeHHOe peme1rne. 
B Jl3JlbHeflmeM H3M !10H3Jl0051TC51 cneny1011.u1e BCI10MOraTeJibl-Ible y-rnep>K

)leHml. 

JI e M M a I . l7ycmb A - ceKmopua,1bNbtLL onepamop B X , Re o (A ) > 
> y > 0. Toeaa cyu1ecnw y ,om mo•mbie aepxr1ue epaHu 

su p \ e-A<t-,J I a = F, 
t-,;;;,'11>0 X 
l,'tE[O,!l] 

sup 1e- 11u- ,> Ix= G, 
/ - T;:: 11> U 
l ,T E [0,Q7 

sup I e-A<t-"t> - EI ·a = H. 
t- ,;;;,'11>0 X 
t , ,E[O ,ffl 

,UoKa3aTeJibCTBO JieMMbl HeCJIO:>KHO H npOBO)lHTCH C HCl10Jlb30B3HHeM CJie-
.ll.Y!OllI,HX oueHOK, cnpaBe)lJIHBb!X npH t > 0 (7]: 

I -At I --- C -vt I Aa -At I --- C 1- a - vt 
e x"""' e , e x"""' a e , 

I - At E l C a I Aa (e - ) Xix~ a I- at Xix, 

rne C, Ca, CI-a - HeK0 Topb1e noJIO:>KHTeJibHbre nocToHHHbre , npH4eM Ca or
pa1rn<1eHa no Cl Ha l<alli).1.OM KOMilaKTHOM HHTepBaJJe, JJe}I<am,eM B (0, + 00 ). 

Jl e MM a 2. Ilycmb Xw (f)- pewer1ue sa8a'iu l(owu x (0) = x 0 8Afl 113C 
( l ), z (t) - peweHue sa8a•w l(owu z (0) = xll 8 //fl ycpeiJ1-1eHHOU cucmeMbt (2) . 

Toe8a (/JyHKU,Ufl Z (t) 6y8em A0KG/1.bH0 eeAb8ep08Q U3 (0, Q) 8 X a_ a r/Jy HK

l {Ufl Xw(f ) -AOKQJlbHO eCAb8ep06Q U3 (ffi - 1t? , (l)-lf~+1 )8 X a 8Afl acex i =0 ,p, 
m. e. cyw,ecmey,om maKue no110:J1Cume11bHbte nocmoRHHbte Q u R, 'imo 

I z (t + h) - z (t) lxa ~ Qh6', 0 < <'>1 < 1 - a., 

I x6) (t + h) - xw (t) lxa ~ Rh6' , O < 62 ~ 1. 
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TTepBaH qacrh yrBep,Kii_emrn JieMMhl 2 06oc1-10Bmia B xone noKa3areJihCTB3' 

JieMMbl 3.3.2 [71, a BTOpaH qacTb ycraHaBJIHBaeTCH c nOMOI..UblO reopeMhl 3.5. 2" 
H3 [7] aHaJiornqHo noKa3aTeJibCTBY JJeMMbl 3. 1 H3 pa60Tbl [8 ]. 

BepHeMCH r enepb K .l(OKa3aTeJJbCTBY reopeMbl 1. CorJiaCI-10 npHHHTbIM 

npennoJJO)KeHHHM orpe30K [0, Q] H3MeHeHHH t pa3farnaeTCH TO'-!KaMH (J)-lt~ Ha 

1 ( -ltO -ltO ) . Q-p + orpe3KOB ffi i , (I} i+I , £ = , p, )].JIHHa l{a)K,TJ:Oro 113 I{QTOpblX H 

npeBbIWaer ro- 10 2. TTocKOJibKY BropaH qacrb yrBep)K.11.emrn JJeMMhI 2 Bepi-i a 

TO.'IbKO Ha 111-!TepBaJiaX HenpepbIBI-IOCTH pewe1-111H Xw (t) l13C (1 ), 6y .n.eM Y llH-
,h ( -ltO -ltO ) . Q-ThIBaTh 3TOT 't-'aKT, Bb!IlOJIHHH OIJ,eHKl1 I-Ia 11HTepBaJiax ,ro -i, (I} i+ I , £= ,p. 

PaccMorp11M rerreph pa3HOCTh pewem1if I xw (t) - z (t) lxa' rrpe.11.craBHB ee-

B CJie.11.y10w,eM 811)1.e: 
l 

I x6) (t)- z (t) lxa ~I f e-A<t--r> [f (ro. , Xw ('t)) - f O (xw (<r))] d-r \xa-t 
0 

t +If e-A<t--r> Uo (x.., (-r)) - f o (z (-r)}] d-r lxa + I ro - 1 L 
0 O<w-ltO < t 

' 
I ( ( -1/0)) -1 ~ e-Aet- ,> J,. (xw (<_,-110,·)) I + X t Xw (I} i - (I} L,. u 

O< w-ltO<t xa 
' 

I 

+ I ro-1 L e-A(t--r>J; (xw (ro-It~))- S e-A<t-,> lo (z (ro- Jt~)) d-r: lxa + 
O< w-ltO<t 0 

' t 5 

+ I f e-A<t--r> II o (z (ro-lt~)) - I o (z (-r)) j d-r lxa = L Si 
o /=I 

H OIJ,e Hl1M Ka)K)I.Qe 113 CJiaraeMhlX B OT)l.eJihHOCTl1. 

llm1 nepBOfO CJiarae~10ro 11MeeM 

"'-110 
µ k+I 

+ L I f e-Act--r> [f (ro't', Xro (ro-1ti)) - fo (xro (ro-1ti))] d-u + 
k= O "'-It¾ 

w-110 
p k+I 

+ L / S e-A<t-,;) lfo (xw (ro-1ti)) - fo (Xro ('t))l d't \xa· \7) 
k=O ,,)-ltZ 

TTepBoe 11 rperbe CJiaraeMble 113 (7) C llOMOlll,blO JieMMbl 2 oue1mBaIOTCl'I CJie,uyIO

W.HM o6pasoM (p0 = p + 1): 

"'-11¾+1 
P I 0 LI S 8-Aet-i:> [/ (ro1;, Xro (-V))-f (ro1;, Xw (ro- tk))] d-r: \xa ~ 

k=O ,,,-11 
/! 

'\""' -1to) I -1 (tu to) _ FNI·:; , -1,:) ) 1-1-0, < L.FN!x00 (<11)-x00 (ro k xaro k+i- k """ \ Po W C 2 , 

k=O 
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- X,u (,:) lxaW-l ui+1 - ti ) ~ FN Rpo (w- 102/+o,_ 

UJHI 0I.I,eHKH BT0p0r0 CJiar aeM0ro B0C TT0Jlb3yeMC51 CJie,Uyl0W,HM np eo6pa30• 
Ba1-1HeM: 

B c1rny ycJI0BH5! 4 MQ)l{HQ noCTp 0HTb TaKy10 M0H0T0HH0 y6bIBaIOW.YIO <iJYHKI.I,HIO 
g (t) , CTp eMHI1Ly1ocH K 1-1 ymo n pH t -+ + = , '-!TO npH Bcex x E U 

I+ (r c. , x)d. -fo(x)I +/+ L l ;(x) - fo(x)I ~ g (t), 
0 xa O<t,- <t xa 

no:=noMy BTopoe cJiaraeMoe B (7) on eHHBaeTCH TaK: 

~ [ ti I O t% O ] . ~ ' F _+_ g (tk+ 1) + - g( t k) ~ 2fl2p 0w- 1g (Q) . 
..:..i (t) (I) 
k = O 

T aKHM o6pa30M, ,n:JIH rrepsoro c.rraraeMor o S1 HMeeM o u e1-1Ky 

S 1 ~ 2Fp0 [N R (w- 10 2)1+0 • + Qw- 1g (Q)]. 

O u e1rna ,D,JIH S2 oqem1,n:Ha: 
I 

s2 ~ FN s I Xw (.) - Z (.) lxad • . 
0 

O u eH HM Terrepb T])eTbe CJiaraeMoe: 

p 

~w- 1 L L 'JHL ~ GHL p/ 2J2w-2• 

k=O tZ<t9 <ti+ 1 

O eperineM K oueHKe 'leTBeprnro c.na r aeMoro: 

I 

(8) 

(9) 

(10) 

S4 ~ 1w-i. ~ e-A(l - ·cJ1,(xw (w - 't~)) - se-A(t- ·t) , o (Xw(W-lt~))d., a+ 
O<. w-l10<1 0 X 

' 

+ j S e-AU-·c> [/ 0 (xw (w- 1t~)) - I O (z (w- 1t~))l d. j . 
o x a 

( 11) 
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nepBoe CJiaraeMoe B npaBOH GaCTH ( 11) oueHHBaeTCH TaK: 

~(t)- 1Gf {ti+1lf- ~ f;(x"'(ffi-)t~))-lo(Xw(W- )t~))I a+ 
k=O k+I O<lo <,o X 

i k+ I 

+ t~ I t~ ~ I; (xw {ffi- 1t~)) - / 0 (x"' (ffi- 1t~)) I J ~ ro- 1Gp0 [ti+1g (ti+1) + 
O<t~<ti X 

+ t%g (ti)] ~ 2(J)- 1Gp 0Qg(Q). 

BTopoe cJiaraeMoe B ( 11 ) oueHJrnaeTCH otieBHJHlhIM o6pa3oM: 

I ' 

I S -A(l-i;) [/ ( - ltO)) I - I 0)) d I GK 1· ) --e 0 (Xw (J) i - 0 1 Z((J) t; ] TX°' ~ • lxw(• -z(.)lxau;.., 
0 0 

TaKHM o6pa30M, .UJIH S4 HMeeM cJie,[(y1ow.y10 0ueHKy: 

I 

S 4 ~ 2(J)- 1Gp 0Qg (Q) + GK SI x"' (,)- z (•) lxad't. 
0 

( 12) 

I1, HaKOHeu, oueHKa .UJIH S5 JierKO noJiytiaeTCH C IlOMOW.blO JieMMhl 2: 

06ne.UHHHH oueHKH (8) - ( 11 ), (13), nOJiytiaeM 

lxw(t)-z(t)lxa ~ 2FNRpo(ffi-1e2>1+0,+ GKQpo((J)-102)1+0, + 
t 

+ 2p0(J)- 1 (F + G) Qg (Q) + (F N + GK) I I x6) (T) - z (T) lxad• + GH Lp/32(1)-2. 
0 

( 14) 

Bo3hMeM Tenepb npoH3B0.flhHO Ma.'IOe e > 0 H BbI6epeM (J)o > 0 CTOJlb 60JiblllHM, 
lJT06bI BblnOJIHHJIHCb HepaBeHCTBa 

2F N Rpo ((J)-182) i+o, < : e-<FN+GK>'2, 

GHLpo82(J)-2 < : e-<FN+GI<>D. 

ToF.na ,n:JISI ro > © 0 oueHKa (14) npttMeT BH.11 

' Ix~ (t)- z (t) 'X°' < ee-(FN+GK)Q + (FN + GK) r I x6) (T)- z (Trlxa., 
0 

OTKy.11a B CHJJY HepaBeHCTBa fpoHyOJJJJa - 6eJJJIMaHa noJiyqaeM CJJe)l.yIOW.Yte 

ISSN 0041-6053. Y,w Mar. J1Cyp1t. , 1992, r. 44, .N!! I 6-1-812 81 



ou.eHKY npH t E [O, QI: 

I Xro (t) - z (t) lxa < ee-<FN+GK)Oe 

'!TO H 3aBeprnaeT ,IlOKa3aTeJibCTBO TeopeMbl I. 

0 
.f (FN+GK)th 
0 

=8, 

nepett.!l.eM K 06ocHOBam110 MeToJJ.a ycpenttemHl Ha 6eCKOHet:iHOM BpeMeHHOM 
HHTepnaJie H ycTaHOBHM CB513b Memny ycTO}ltfHBOCTb!O CTaU.HOHapHblX pememm 
ycpem1eHHOH CHCTeMbl (2) H y cTO}!lJH!30CTb!O COOTBeTCTBYIOlll.HX nepH0.!1.Ht:ieCKHX 
perne1rn11 l19C (I) ,IlJIH 6oJibWHX ::iHa'lem111 w. ,llJI5T 3Toro HaM noTpefiyeTcH n.o
noJIHHTeJibHO cJienyiou~ee yc.r1osHe: 5) l13C (I) HBJIHeTcH T-nepH0.!1.Ht:iecKoH, 
T. e. ,IlJI.51 HeKOToporo T > 0 cymec-rnyeT HaTypaJibHOe 'IHCJIO q TaKoe, tfTO 

t;+q(X)=t;(x)+T, f(t+T,x) = f(t,x), It+q(x)=l i(x). 

0 n p e n e JI e H H e. Ec11.u Ollfl KaJ1Cooc0 x 0 us 1-te1comopoc0 MHOJICeCmetJ 
U1 C U C xa onpeoe.lleHO eouHcmeeHHOe peweHue Xco (t, Xo) 3aoattu Kowu 
x (0) = Xo OJI.,</ H.9C (I), mo onepamop Vt (Xo, ffi) = Xco (t, Xo), onpeoelleHflbla 
OJI.fl npOU380.llbHOZO f E ro, Q] U cmaBflW,UU (J coomeemcmeue KGJICOOMY Xo 31-latte
HUe ljKa3GHHozo peweHufl 3aoattu Kowu e mottKe t (npu HeKomopoM ffi > 0), 6y
oeM HG3bteamb onepamopoM coeuza no mpaeKmopuRM H.9C (!), UllU coKpaw,eHHO 
onepamopoM coauza (cp. c [10, 11]). 

Teo p e M a 2. flycmb - ollfl H.9C BbtnO.llHeHbt npeono.lloJ1CeHUfl 1-3, 5. 
Tozoa 

I) cmatfUOHapHOMY peweHUIO Zo ycpeoHeHHOU cucmeMbl (2) npu 60AbUlUX 
ttacmomax ffi coomeemcmeyem eou1-tcmee1-t1-toe ffi-1 T-nepuoouttecKoe pewexue 
H.9C (!), m. e. 1-tatloymcfl maKue nocmoflHHbte e > 0 u 0>8 > 0, ttmo OJI.fl ecex 
fl'l > ffie cyw,ecmeyem eoUHCmBeHHOe peweHue Xro (t) H.9C (1), nepuooutteCKOe c 
nepuoooM (jJ~1r U maKDe, ttmo lxro (t) - Z (t)lxa < e; 

2) ec.llu eecb cneKmp onepamopa 'A = A-D x (f0+I,,) (20) pacnollOJ/CeH cmpo
zo e npaeou noAynAocKocmu, mo yKa3aH1-toe w-1T-nepuoouttec1we pewe1-tue H.9C 
(1) acuMnmomuttecKu ycmot1ttU(JO npu 6oAbwux 3HatteHuflx w, m. e. cyw,ecmey,om 
maKue w0 > We, C > 0, e1 > 0, ttmo npu ffi > w0 Ollfl npou3BO/lbHbtX 1-ta<ta/lbHbtx 
oaHHbtX x* maKux, ttmo \z0 - x* lxa < e1 , pewe1-tue x (t) H3C (I) cyw,ecmeyem 
xa 6ecKOHettHOM epeMeHHOM uwnepaaAe u cnpaeeoAuea 04e1-tKa 

IX (t)- Xro (t) lxa < ce- 13' Ix. - Xo lxa' 

eoe f3 = min Re;i..>O. 
1-.Eo(A) 

1l o Ka 3 a Te JI h c TB o. TTycTb 20 - ycT0111I:rnaH crnu.uo1-1ap1-1aH TOtH<a yc
pe.1rneHHOH CHCTeMbl (2). Bb16epeM (i) l > 0 H P1 > 0 TaK, 'ITOObl npH (J) > (t)l 

H x 0 ESP, = { ~ E Xa: Ix- 20 I xa < p1} cymecrnosaJJo pewem-ie 3a;.ia4;i Ko1m1 

x(O) =x0 llJIH 113C (I), coorneTCTBYIOll.lee peU1e1rnlO 20 ycpem-1e11Hm\ cIIcTeMhl 
(2) (3TO MO:a<HO C,ll.eJJaTb B Cl-lJIY reopeMbl 1). 0 6031-la'IHM yKa3a HHOe pe we1-rne 
l!epe3 Xro (t, x 0) H BBe.n.eM orrepaTop cnsttra W (x0 , w, t) = x 00 (t, x 0 ). OpH npH• 
Hf!ThIX rrpenrroJio:a<eHHHX 3TOT onepaTop ocymecTBJIHeT corJiacI-ro [JO , 11 1 1Ie
npepbrn1-IOe no BceM rrepeMeHHbIM H nerrpephIBHo-1m tj)t!JereHUHpye:1-10e no xi) 

OTo6pam:eHHe w : S p, X ( ffi1, + 00) X (0, Q] - xa' npu LJe .\1 13 CHJlY ycJIOBHll 
TeopeM1>I cneKTP orrepaTOpa Dx. W (x0, + oo, t) (rrpu w = + oo) COCTOHT H3 
ttyJIH n 'IHce.TJ BHD.a e"1, rne "'Ea (A). TiocKOJibKY O t er (A), TO em1mrna tte 
6y neT np11 Ha,IlJiem:aTh cneKTPY onepaTopa D x. W (x0 , + oo , t ). Tor na B cttny 
TeopeMbl O He51BHOH <PYHKU.HH Haii.II.YTCH TilKHe P2 > 0 H ffi2 > Wi, lJTO rrpH 
0) > 0)2 ypaBHeHHe 

( 15) 

6y,neT HMeTh rrpH t E (0, Q) e,!{HHCTBeHHoe HenpepbIBHoe perneHHe xg> (t) B w ape 

Sp . = {x E x 'Z : IX - z, lxa < P2} TaKoe, l!TO xg1 (0) = Xo- TaKHM o6pa3m1. yc

TaHOBJieHo, 'ITO npH 60JibIIIHX 'I3CTOTaX {t) 6yneT cym.eCTBOB3Tb elIHHCTBe~!Hoe 
ffi- IT-nepHOJ{Hl!ecKoe perneHne HOC (1 ), Hat:iaJibHbie naHHbie KOToporo 011pe11.e-
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JJHIOTCH H3 ypaBHemrn (15). CT pH 9TOM B CHJIY TeopeMbl 1 6y,ueT . cnpaBe,UJIHBa 

ouer-ma I Xw (t) - z (t) lxa ~ e, t.ITo 11 3aBeprnaeT rrepByIO YaCTb ,uoKa3aTeJibCT-

Ba TeopeMbl 2. 
BTopaH 'l3CTb YTBepm,uemu1 TeopeMbl 2 OCHOBb!BaeTCH Ha TOM, 'lTO ycJJOBHB 

TeopeMbl o6ecrretrnBalOT B03MO>KHOCTb rrpHMeHeHHH K H3C (1) pe3yJJ bT3T08 
§ 3 pa60Tbl [8], 06ecne1rnBal01IJ.HX aCHMITTOTHqecKyJO ycTOHqHBOCTb (J)- 1T-rrep110-

.IlH'leCKoro perneHHH Xw (t) H3C (1) 11 Heo6xo,UHMYJO oueHKy. TeopeMa ,uoKa3aHa. 
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