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IIHTerpaJILHbie l\IHomeCTBa 1rna31m11tteiiHhIX 

Hl\IIIYJibCHbIX CHCTel\I 

YKa3aHbl .UOCTaTOlJHbJe YCJIOIJHH cyu1ecTIJOllaHHH lllITe rpa JibHbIX MHOlKeCTB CJia60HeJIHHe 1i1-1oi\ CH

CTe Mbl .umj>qiepcmmaJJbHbl X y paB11e m -1H C HMn yJi bCHbJM B03J\e fiCTJ3HeM Ha nonepx110CTHX. J.1cc.1e,!I.O

B a1-10 aCHMnTOTH'ICCi(OC noBCl!CII IIC pewe1111il, Ha 1JJHJa1ow:11xcH l!3 HHTCfj)3JibllblX MIIOJ-KeCTBax H B 

OK p ecTHOCTH 3THX MIIO)KeCTB. 

BKa3aH i ,!I.OCTaTJri YMOBH i CHYfl31!l!51 i1ne rpaJib!!HX MHOll<HH CJia6011e,1i11i{11mx CHCTeM 11.mpep e 11-

ui a ,1b11H X pis:rn1-1 1, 3 iMnyJi bC l! HM 3 6ype 1-11rnM 11 a noBepx,rnx . lloc.iji lllKCIIO 3CHMnTOTH4 HY llOBe11.i11-

KY p03B '51 3K ifl , HKi ll04Hll310TbCH Ha i1-1 r e rpam,11 11 x MHOlKHHax j B OKO.~ i UHX MHOlKHH. 

l lJrn HCCJJe,U0BallHH ll\WYJ1bCHb! X CH CTeM 6 oJJbWOe 3 1-1a1-1e1rne HMeeT MeT0,U IHITe

rpaJJbl-lblX MIIOroo6p a 3 HH, cyu..1,eCTBeHI·lbll0! BKJia,U B pa3BHTHe K0Toporo BHeCJJ H 

H. H. 6oro, 110L,.:,B, IO. A. 1v\11TponoJ1bcKm':\ [!]. Oc1-10B1-1b1e pe3y J1bTaTbI, no.~yIJeH

Hbie B 3T0M Ha npaBJJel-lHH, H3JJO)Ke!·lbl B [2]. 
B H3CTOH[UeH pa6oTe C TI0M0[Ub!0 MeT0,UHKH, pa3pa60Tam1011 B [3], HCCJ1e.uy

IOTC5l .umjx j:lepeHUH3Jlbll bi e CBOHCTBa HI-ITerpaJJbllb!X MHmKeCTB CJJa6m1eJJl!l-I eH I1blX 

CHCTeM ,UHCj:lq)epe1-1u11aJJbHblX ypaB1-1e1rni':\ C HMTIYJJbCHblM B03,UeHCTBHeM Ha TI0Be px

H0CTHX. 

By.ueM paccMaTpHB3Tb CHCTeMy ,UHCj:lq)epeHuHaJJbHb!X ypaBHeHHH C HMTIYJlbC

Hb!M B03,UeHCTBHeM Ha TIOBepXH0CTHX, HMe1omy10 BH,U 

dx!dt = A (t) x + f (t , x), t =I= t 1 + t 1 (x), ~x lt=t ;+ t;Cx> = B 1x + 11 (x), (1) 

B KOTopoJ':\ xERn, MaTplll.I.bI A(t), tER, H B;, iEZ(Z-MHO)KeCTBO ueJJblX 

1111ceJI) pa3Mepa n x n, A (t) HenpepbrnHa np11 Bcex t ER, MaTpHUbI (£ + B 1), 

i E Z, HeBbip0)K,UeHHbre, 

sup IIA(t)II+ sup !!B 1 1l = N< + oo. 
-oo<t<+oo -oo<i<+oo 

Tipe.unoJJaraeTCH, '!TO paBH0MepHo ornocttTeJibH0 t ER, i E Z .UJJH JJI06bi:x 

x, 1/ ER" cnpase.umrno 11epaseHCTBO 

llf (t. x)-f (t, y)II + 11 I ; (x)- I; (Y)II +It; (x)- t; (y)I ~ l II x -y II, 

a T3K)Ke ycJI0BHe f (t, 0) = I; (0) = 0. 
6yneM Cl!HTaTh, l!T0 nosepxHoCTH pa3pbrna TaKtte, 1IT0 ,UJIH JII06bIX x E Rn, 

i E Z Bhmo.n1-15IIOTC5l 1-1epaBeHCTBa 

t; + ! 1 (x) < !;+1 + t;+1 (x), It; (x)I < l, 

t; (x + B 1x + 11 (x)) ~ t 1 (x) (2) 

11, 3aqmKc11poBaB neikTBHTe.nbHbie noJJmK11TeJJbH b1e LIHCJJa h H H, CBH3aHHbre 

coornowe1meM H = h-1 ( I + /) exp (2 (N + l) l), npe.u noJJo,1rn1v1 rn1OKe, 4T0 

l 2H < I. n ocJJe,1n1ee HepaBeHCTB0 B C0B0KYTIH0CTH C C00TH0WeHHeM (2) HCKmoIJa

eT B03MQ)KH0CTb «611e1rnH>> pewe1rni1 CHCTeMbl (1), npHHHM3 l0[UHX 3 Ha4e lHl5l B 06-

JJaCTH \\xii ~ H, 0 TI0BepXI-IOCTH pa3 pb1B3 [2]. (TTonpo61rne HCCJJ e,UoBa 1rne B0npo
ca 06 ycJJ0BHHX • . HCKJII0'l 3 10W.HX «611e1-rne» pewe HHH HMTIYJJbCHblX CHCTeM' !1Me

eTC5l B [4].) 
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B )laJibHeHWeM 6yJJ.YT HCil0Jlb30B3HbI CJie)].yJOW.He onpe.neJieHHH (CM . 15-9]). 
TTycTh xi (t), j = 1, 2, - peweHHH CHCTeMbl ( 1 ), ti - TOlJKH pa3pb1Ba 3THX 

peweHHH. By.neM roBOpHTb, lJTO peweHHe X1 (t) HaXO)],HTCH B e-OKpeCTI-IOCTH pe

rneHH H X2 (t), ecJIH: 1) Mepa CHMMeTpHlJeCKOH pa3HOCTH o6JJaC'reH cymecrnoBaHHH 

9TIIX pew eHHH He 6oJibme qeM e,; 2) llJIH scex i BbinOJIHHeTCH HepaseHCTBO I t,' -
- t; /< e,; 3) J.J.JIH acex t, ynoaJieTBopHIOIUHX ycJioa1uo / t - t7J > e, cnpaBe.UJIH• 

BO HepaaeHCTBO /lx1 (t) - X2 (t)// < e. 
T onOJIOrI-i!O, onpe,ueJieHHYIO C noMOIUbIO e-oKpecTHOCTett, 6y }leM H33b!BaTb 

B-TOITOJIOrtteH. 0Ha HBJIHeTCH xayc.uopcj)OBOH Hee MO}l(l-10 f!OCTpOHTb H B TOM CJIY· 
qae, Kor.ua perneHHH onpe.ueJieHbl Ha noJiyOCH HJIH BCeH BerueCTBeHI-IOH npHMOH. 

5y.neM fOBOpHTb , 4TO KYCOlJHO-HenpepbIBHaH cj)yHKUHH Uj (t) HBJlHeTCH B-
npOH3B0,UHOH pemeHHH x(t)=x(t. to, Xo) CHCTeMbI(l) no ¥6, i= T,n, Xo = 
= (x6, ... • Xb, ... ' Xa), eCJIH cj)yHKUIIH ~Uj (t) HaXOJ].HTCH B 8-oKpecTHOCTH pa3-

HOCTH X j (t) - X (t), r.ne X J (t) - peme1-111e CHCTeMbl (I) C Ha4aJihHblM ycJIOBHeM 

Xj(to)=(xi • ... ,xl+t .. . ,xi) H 0-0 npH s-+0. KpoMe TOro. J.J.JIH BCex t, 
.new:aru1-IX BHe 0-oKpecTHOCTei'I TOlJeK pa3pbrna pernemrn x (t), cnpase.n:JrnBo He

pase1-1crno llx1 (t )- x(t)-sui(t )ll <01 , r.ne 81 =0(£) . 
HanoMHHM Ta IOKe, lJTO peweHHH HMnyJibCHbIX CHCTeM npe.unoJia r alOTCH He

npephIBHh!MH CJieBa B Kam.uo?i T04Ke H3 06J1aCTH cyruecTBOB3HHH 12]. 
1. 0 c Ho B Ha H JI e MM a. Jl e MM a I. llycmb cucmeAta (I) yooeAem

eopR.em yKa.SaHHbt.M Bbtute ycAOBUfl..M. To2oa cyw,ecmey10m omo6pG.J1ceHufl. J i (y) : 
: Rn -+ Rn ma,we, ttmo: I) J i (0) = 0; 2) OAR A106ow peuteHUfl. x (t) cucm.e.Mbt 
(1 ) , yooeAemeopR10w,ew ycAoeu10 llx (t) II ~ h, ypaeHeHwz 

dyldt = A (t) y + f (t, y), t =j=. ti, ~y lt=li = Biy + J;(y) (3) 

iJonyCK.a1om peweHue y (t), II y (t)II ~ H, Komopoe yooeAemeopflem ycAoeu10 
x(, i) = x(,i, ti , y(ti)), 2.oe x(t, t1, y(t;))- peu,eHue cucme.Mbt 

dxldt-A(t) x+ f(t,x), (4) 

a , 1 - mottKU pa3pbtea peweHUfl x(t) maKue, ttmo •; = t; + f ; (x(,i)); 3) {jJyHK• 
quu J;(y) paBHO.MepHo onmocumeAbHO x. y f: Rn, 1/xl/~ H, IIYll ~ H. i EZ 
yooeAemeopR10m npu BbtnOAHeHuu !JCMBUfl l (N + l) H < I HepadeHcmey 
fl Jlx)- J i (y)JI ~ lk ([)II x - y II , zae fl ( l ) - 02.paHwteHH.afl (j)y1-1.Kt{ufl; 4) ecAu 
<j)y1-1.Kquu Ii (x), f (t, x), f; (x) HenpepbWHO oucpd,epeH.t.1upyeMbt no x u npu 
.AJ06blx i u x, II x II ~ H, abtnOAHflemcn coomHowuwe 

I - (oti (x)l ox, A (t) x + f (t, x)),t= 0, (5) 

2oe ( , ) o3H.attaem cKaAR.pHoe npouaeeoeHue e Rn, mo omo6pa:JJCeHUfl J; (x), 
i E Z , HenpepbteHo ou(jJcpepeH.l{upye.Mbl no x, II x II < H. 

lloKa3aTeJibCTBO. TT ycTb x(t , t 1, x), x 1 (t, x)=x(t, '" x(1.i+, t;, 
x) )- pemeHHH CHCTeMbl (4), r.ue 't; - MOMeHThl BCTpeq11 pemeHHH x(t, ti , x) C 

DOBepXHOCTblO t =ti+ t; (x ). (llJIH npOCTOTbl, He HapymaH o6ruHOCTH, 6yJJ.eM 
DOJiaraTb , lJTO nptt JII066IX X H i cnpaBeJ].JIHBO HepaBeHCTBO ti (x);;:,, 0 H, 
CJJe)I.OBaTeJibHO, ti~ • 1- ) TTOJIO)KHM, lJTO 

1; 

Ji (x) = (E + B;) .\' (A(,) x (i: , t;, x) + f ('r, x (-r, t1, x)) d-r + 
t; 

+ 11 (x (-ri , ti, x)) + S (A (-r) x1 (-r, x) + f (,, x1 (-r, x)) d-r. (6) 

llJIH onpe.neJieHHhlX TaKHM o6pa3oM orn6pame1-1 H ii J 1 (x) , i E Z, npoaepKa 
cnpaBe.llJIHBOCTH YTBepm.neHHH 1-3 JieMMhl ocymecrn:rneTC51 TaK )Ke, KaK H .uo
Ka 3aTeJibCTBO JieMMbl 1. 1 H3 [51. 1lo1<ameM yrnepm,ae~rne 4 . <l>HhCHpyeM j paB
HblM o.n:HoMy 113 3HalJeHHH I, 2, .. . n. 06o3Ha4HM ei = (0, ... , 0, I, 0, .. . , 0), 

j 

0; - TOlJI<H p a3phrna pemeHHH x (t, ti, x + µei), µ E R. He HapywaH 06ru1-1ocT11, 
6y.ueM C4HTaTb, lJTO 8; ;;,, 'i· 1'13 )'CJIOBHH JieMMhl, cornac1-10 TeopeMe 3 [8 J, Bhl
TeKaeT, 4TO peweime CHCTeMhl (I) HMeeT B-npoH3B0.llHble no Ha43J1bHhl M .uaHHblM 
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Ha K a M.LlOM KOHeqHoM rrpoMemyTKe H3 R. TTycTb u (t) ecTb B-rrpoH3BO,ll.HaH perne

HH H X (t, ti, x) ITO Xj, KOTOpaH Herrpepb!BI-lb! M B B-TOITOJIOrHH o6pa30M 3aBHCHT OT 

x [8]. Tor.na 

X (0i + , t i , X + µej) - X (0; +, t; , x) = u (0;) p. + 01 (µ), (7) 

r .ne 0 1 (µ) = o (µ). 
TTy cTb y (t, 0;, z) - pernem1e CHCTeMbI ( 4) . Jle rno n poBepttTb , HCnOJib3YH 

onpe.neJre1rne (6), tJTO J ; (x) = y (t,, 0; , x (0; +, t;, x)), J; (x + µej} = y (t ; . 0;, 
x (0; +, t;, x + µei)). TTo3TOMY B CHJI Y m rqxjiep e 11u11pyeMocrn p e w e HttH rnc Te

MbI ( 4) no H3l!aJlbllblM ll3H HhlM !-Ja lUle M ' lJTO cyw,eCTByeT a e n peph!B l-1351 MaTpll

ua cl), (x) TaKaH, LITO J ; (x + µei) - J ; (x) = (]); (x) [u (0;) µ + 0 1 (~t)] + 02 (µ)= 
=<D;(x ) u (0;)µ + o3 (µ) , rne 02 (µ) =0 (µ ), o3 (µ)= o (µ). JleMMa n 0Ka3a 1-1a. 

2. TT p H B O ,ll Ii M O C T h I( 6 JI O lJ H O - ,ll H a r O I-I a JI h I-I O M y B H • 

.ll. y . Cy Ille c TB o Ba H He H HT e r pa JI b 1-1 hi x no B e p x Hoc Te H. 

TTp11 HCCJIC.D.OBamrn m,my.'lhCHhl X CHCTCM 13cl )!<H hlM 5l BJIHeTC5l CBOllCTBO «p a3pC)!{CH

HOCTH» MHomecrna TOlJCK pa3pb!Ba {t;} . Ero MO)KHO Bhl[)33 HTh B BH,'l.e .ll.BYX CJle

.ll.YlOlllHX ycJioB11tt: A) rrocJ1eJ1.0BaTeJ1bHOCTb {t ;+1 - t;} OTAeJie Ha OT HYJIH, T. e . 

/;+1 - t; ;;;,,, 0 > 0, i E Z; B) .nmr J1106oro BeLu,ecrne 1u1oro LIHCJ1a a > 0 11a1r
.neTCH 1-1eoTp11uaTeJihHoe LfHCJIO v TaKoe , LfTO np11 Jno6oM f, E R O'rp e3oK (f, , f:\ + 
+ a) co.ne p)!rnT He 6om, we tJeM v TOLieK n oure.noBaTeJlhI-IOCTH {t;} . 

B naJ1 1,1-1e 11weM 6yneM c,rnTaTb, LfTO Bhmo m -rneTCH y u 10s11e A) . Ho Bee npo

BOJlHMhle B pa6oTe pac c y ,KI LCI111H C HeOOJibUJHMH H3MCIICI-1115lMH MO)!{HO neper-1ec

T H 11 11a CJ1y<iai1 B). KpoMe Toro, H3 yc.1os 1rn, LITO noc-roHHI-IaH l MO)!{CT 6bITb JlO

c -raTolIHO M3JlOH, CJie.nyeT, l!TO npH HCCJ1C.ll.OB3HHH nonpoc a 06 orpaHHLJCHHbIX pe

W CHHHX HJIH 06 YCT011L!HBOCTH pewem1 H MO)!{J-10 yc.110BH5l (2) H (5) 3 3MCHHTb co

OTJIOW eHII5lMH 

sup max {f; (x + B;x) - ti (x)} < 0, 
i ll x ll ~ f-/ 

inf inf min \ 1 - ( ata, (x) , A (t) x)I > 0. 
t i ll x!J ~ /-1 X 

TiyCTb JTHHCHl-1351 O,ll.HOp0llH35l CHCTeMa 

dx 
cif = A (t) x, t ==I= f;, l\x lt=tt = B;x, (8) 

COOTBCTCTBYIOlll35l ypaBHCHHHM (I), 9KCITOl·!eHUH3Jibl-lO ,ll.HXOTOMHLJHa (3 . Jl. ) 

[5] H pa3Mep1-IOCTH rnnep11.110CKOCTeH X + H x_, HCl10,1Jb3 YCMhI X npH orrpe.neJie

H HH, paBI·l bl m H n - 111 COOTBCTCTBe m-10. Torna cymeCTsyeT KYCOLJHO-Henpepb!B· 

l-IOe rrpeo6pa30B3HHe J1HnyHOBa [5], KOTOpoe npHBO.D.HT CHCTeMy (3) I( BH.ll.Y 

d1;/dt = P 1 (t) 1; (t) + /1 (t, z), t =I= t;, l\ 1; \t=ti = Q\1; + J\ (z), (9) 

d1j/dt = P 2 (t) 11 + /2 (t, z), t ==I= f ; , l\11 lt=tt = Q;11 + l ; (z), (10) 

r.ne z = (1;. TJ), 1; ER"', TJ E Rn-m, z = L (t) y . 
Yl!HTbIBaH cBottcrna MaTpHUbI L (t), He 1-iapyrnaH o6w,HOCTH, 6y,11eM noJia

r a Tb. tITO , vrn rj) y 1-11<11Hf1 fi, .Jt j = l , 2. T a i< >J<e, 1<aK H D.JIH cpyHKUHH f H J , 
cnpaBellJIHBbl yKa3aHHblC Bb!We ycJIOBH5l C TeMH )!{C ITOCT051H!-lb!MH Af H [ H 

cpyHKUHett /? (l). M.o)!{HO npoBepHTb , qTQ f i (t, 0) = J~ (0) = 0 . LlJIH MaTp11u 
Kow11 X 1 (t, s) H X 2 (t, s) coorneTcTBeHJ-IO c11cTeM (9) 11 (10) cyw,ecrny10T 

nOCTOHHHb!e a H Y, .D.JI5l l<OTOpbIX 

II x, (t, s)II ~ ae-vU-s), f > s, II x2 (t, s)\I ~ aey(l-s), f ~ s. 

B 15] .ll.OK333 HO, qTQ CHCTeMa (9)' (I 0) HMCCT npH JlOCTaTOlJHO M3JIOM t 1rnre
r paJibHy10 noBepXHOCTb <D+, 33)].aBaeMyio y p aBHCHHHMH 

1; (t 0 , ! 0 , c) = c, 'T] (t0 , t0 , c) = 
00 

= 5 X 2 (t0 , u) f 2 (u, z (u)) du - ~ X 2 (t0 , fz) J~ (z (t1)) 

to 'o~t i 

(11) 
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TaKyIO, tJTO p ewe1-rne z = (s, 11) c HatJaJThHbIMH 3HatJeH H51 MH t0 , ~o, So , y,noBJieT

Bopmow.HMH ypaBHeHJ.rnM (11), )lJT51 npOH3B0 JlbHblX e > 0 II CT, 0 < (J < e, npH 
Jl.OCTaTOl.JHO M3JJOM f YJJ.OBJICTBO p 51eT 1Iepane 11crny 

II 2 (t)II ~ (a + t:)11 C II e-o(l-lo) ( 12) 

paBHOMepHo no t > to. Bb1pa)Ke1rne (11) MO)KJIO 3311HC3Tb B BH)le y p aBHeHJrn 

1] = m Uo, c) H npoBepHTb, '1T0 cl>YI·IKUHfl )H Uo, c) y,non.TJernopHeT n o C ycJJOBHIO 

J1mn.u11ua H m (t , 0) = 0 npH t E R. 
PacnpocTpairn 51 noJJyLJeHHbI H pe3yJJhTaT Ha cttcTeMy (I ), 3aMeirn H t Ha - t, 

YLJHTb!Ba51 HenpepbIBHYIO B B-TOilOJIOrHH 33BHCHMOCTb perneHHll CHCTeMbl ( [) OT 

H3 LJ3Jl bHblX )l3 HHblX, J-13H)leM , LITO CHCTeMa (I) HMeeT )lJI 5! mo6oro ,nei"lCTBHTeJlh

HOro cmcJia h > 0 npn .ll.OCTaTOLJHO MaJJoM l )lBe H1nerpa.'lbHb1e n onep xno CTH 

qr+ 11 qr- , pacnoJIO)Ke 1-mb1e n 0 6J1acrn { (x, t) I l!xll ~ h, t ;;), t0} H { (x , t)l l!xl! ~ 
~ h, t ~ t0} cooTBeTCTBeHHO H Ta1rne, cno 1-1 yJ1enoe pewe,-rne 3TOH cHcTeMhl B 
acnMnTOTHLJeCKH YCTOHLJHBO OTHOCJJT('JlbIIO MIIOroo6pa 3H 51 l (I + • a pewe 1rne X (t), 
HatJ1rnmow.eec51 Ha '.I'- , c-rpeMHTC51 I< HaLJa:1y Koop)lm rnT npH t -+ - oo H It; -
- t;(O) - • ; I -+ 0 rrpn i -+ - oo . 3necb • ; - TOLJI<H p a3pbrna perne1-1n51 x (t). 

3. p e HI e H J-1 51 , H a l.J H II a IO Ill. H e C 51 B H e n O Be p X H OC T e H 
qr+ H qr _ _ n e pei't.ueM K H3ytJ e 1rn10 noBe..'.(eIIHH perne m1A, pacno.TJmKe1-1ab1x BHe no

nepx,wcTett 1¥ + 11 lff __ 
T aI< ,Ke, I<aK H :rnaJJOI'WIH351 TeopeMa H3 [31, C 110MOUJ.h!O MeTO,llHKH , p a 3pa-

60Ta HIIOH B [5], .llOK33b!BaeTC51 c.1e,r1.y101.Uafr! TCO J)eM 3. 
1• Teo p e Ma 1. Ilycmb cucnwAw (I) y80011emeopRem yKil3aHHbt.M. y c11oauJLM, 

COOtneemcm ay1oiqafl eii Jl t.lHCUHGfl oaHopoaHafl cuctneAW (8) B. 0., 110CJ1e8oaameflb
flOCtnb {t;} yooa11emaopflem o8HoMy us ycAoauii A) u11u B), u cucmeAw (1) 1rneem 
mpuaua/lbHOe peweHtte. 

"' T o2iJa Ollfl Ato6020 peweflllfl x (t) = x (t, t0 , x 0), llxo]I ~ h, HatmHatotl{ecOCfl. 
Bfle noaep.rnocmu qr+ (qr_), cyu{ecm ey em m o•1Ka {; , ~ < + oo ( ~ > - oo) ma
Kafl, •trno 1/x ({;)II > h. 

n ycTh Tenepb IlOCT051HHbie Q H [ .uono.TJHHTeJJb!-10 K YK333HHblM BbIWe ycJio

BHHM Y.ll.OBJieTBOpHIOT HepaBeI-ICTBaM 

a>l, (1 + 2alk(l))lk(l)a3 < I (13) 
H 0003H3'-!HM 

<l )= (1 + 2alk(l))( l + lk(l)a) _ 
p ' a I - ( I + 2alk (/)) lll (l) a3 ' 

q (l , a, y) = y-a2 (I + a2 p(l, a)) l- 0-1 In (1 + k(l) la (a2p (i, a)+ 1)). 

By.ueM Cl.JHT3Tb TaK.tKe , l.JTO 

q (l, a, y) > 0. (14) 

T eo p e Ma 2. Ilycmb cucme.Ma (9), (10) yooe11emeopH.em yKasaHH.btM yc-
11oeu. flAt u , Kpo,ue mo20 , 6btnOAHR1omcfl yc11oaufl (13), (14) u z0 =I= 0 11z0/I ~ H. 
1111011 > IIGoll- To2oa cyU{ecrneyern mo•tKa ~. s < + 00 maKafl , 'Imo: 1) I z m11 ~ 
¾ H; 2) npu ecex t , t0 ~ t < s, cnpaeeo11uebt HepaeeHcrnea II z (t)/1 ~ H u 

II (t)I '::::;;. 11 ri o II e g(/, a ,y)(l-lo). (15) 
11 ! =- a(l+(a2p(l , a)+ I) afl (l) ' 

3) cyU{ecmayem oeiicm eumeAbHoe <1uc110 8 > 0 maKoe, ,1mo OAR acex t E (~, ~ + 
+ 6) cn paeeo11ueo coomHoiueHue llz (t)II > H . 

JI. 0 I< a 3 a T e JI h CT B 0 . TTpeJJ.nOJIOl!mM, lJTO BhIIIOJIH5110TC51 Bee YCJIOBH H 

TeopeMhI 1-1 nm1 scex t > t0 cnpaseJJ.j JHBO He pase1-1CTBO l!z (t) II ,s:;:; H . n oKa)KeM, 

LJTO B 3TOM cJJyqae }I.JI51 ncex t > to BblIIOJI H 51eTCH 1-1 e p aBeHCTBO (15). Il.TJ51 3Toro 

y6enHMCH , n peH{ ll.e ncero, '-ITO ecJI H \l£oll ~ llri ol l, TO np11 scex t ;;), t0 cnpanenJIH
no Hep aae11c-rao 

II£ (t)II ~ a2p u. a)II ri (t)II- (1 6) 

ECJIH npeJJ.nO,TJO)l{HTh IIpOTHBHoe, TO cyw.ecTBY lOT TOl.JKH t1, t2, to ~ ti < t2 , 
TaKHe, '-ITO B TOtJKe f1 BnepBbi e , Hi.ll.JHH35l C MOMeHTa t =to, BhinOJIH51eTCfl Hepa-

8 ISSN 0041-6053. YKp. MaT, xypn., 1992, T, 44, M I 



BeHCTBO 

II 11 (t1)ll ~ II s (t1)II ~ a2p (l , a)fl ri (t1)'1, (17) 

a t2 - TO'!Ka, B KOTOpOH BrrepBb!e BblIJOJIHHeTCH COOTHOllleHHe 

( 18) 

,lleiicTBHTeJJbHO, 3TO HeB03MO)KHO JlHlllb B CJiyqae, Kor.na cyl.I.I,eCTayeT TOl!Ka 
p a 3pb!Ba t;, .!l,Jl5l KOTOp Otl crrp aBe.LIJIHBbl HepaBeHCTBa 

lls(t;)ll<ll11 (t; )i1 , lls(t; +)ll>a2p(t, a)l111(t; +)II- ( 19) 

IloKa:>KeM, l!TO 3TO rrpe.nrro.TJO)Ke1rne He rrpHae,n.eT K rrpoTHBopetimo. 1'fa pa
BeHCTB 

H (19) Hatt~M 

11 

s (t; +) = s (t;) + X1 (t; + , t1) Jf (z (t;)), 

11 (t; +) = !1 (t ; ) + x2 (t; + , t;) J; (z (t;)) 

II s (t , +)II ~ 1111 (t; )II + 2alll (l)II 11 (t,)II, 
II n (t, +)II > 1111 (tJII - 2alli (!)II 11 (t; )II 

II 11 (t ;) 11 (1 + 2alk (!)) ~ a2p (l, a) ( l - 2al/.: (l)) II 11 (t;)IJ. 

IlocJie.D,Hee HepaBeHCTBO np1rne.neT K COOTHOllleHHIO a ~ 1, KOTOpoe npOTH
Bopel!IIT Bb!6opy a > 1. 

T e nepb, IJOJlb3YHCb HI-ITerpaJibl-IblMH rrpe,n.cTaBJieI-IJH!MH .LIJIH s (t) H 11 (t) 
[2], aHa.TJoroM JieMMbI r po11yoJIJia-6eJIJIMaHa H Hepase 1-1cTBaMH ( 17), ( 18), no

JIYllHM 

II s (t2)II ~ a (I + 2alli (l)) II s (t1)II exp (-('y - 2al -

- 0-1 In ( l + 2/l (l) la)) (t2 - ti)), 

II !1 (t1)II ~ a (1 + a2 (1 + all(!) l (l + a2 p(l, a)))II 11 (t2)II X 

x exp(-q(l, a, y) (t2 -t1)) 

H OTCIOll.a lls (t2)II < a2p (l, a) 1111 (t2) II, l!TO npornaopel! IIT Bb16opy TO'IKH f2 . 

CJie,n.oBaTeJibHO, COOTHOUieHHe ( 16) c npaBe,UJIHBO . 

HcnoJih3YH HHTerpaJibHOe rrpe,UCTaBJieHHe peUiemrn 11 (t) Cl-iCTeMbl (9), (10), 
H aHaJior JieMMbl fpoHyOJIJia-6eJIJIMaHa, HaXO.D,HM 

II 11 Uo)U ~ eq(t ,a.y)(t.-tl II 11 (t)II a (I + (a2p (l, a)+ 1) ak (l) 

H, cJie.nosaTeJibHO, HepaseHCTBO (15) cnpase.ummo .UJIH t > t0 rrpH llz (t)I] ~ H. 
TaKIIM o6pa30M, ITOJIYl!eHO npOTHBopetme H, CJie,UOBaTeJihHO, MHO)KeCTBO TOl!eK 

t, y,n.osJiernopmou.i:Hx ycJIOBHHM t > t0 H II z (t)II > H Henycrn. 

JlerKO npoaepHTh, 4TO IH!)KH5151 T04H 3 5l rpa!-!b 3Toro MHO)KeCTBa HBJIHeTCH 

HCKOMOH TOl!KOH cp. T eoper..rn .uoKa3aHa. 
Yrsep,1<;i e1-rne , a1-raJion-1<iHoe reopeMe 2, Mon<Ho A0Ka3aTb 1-1 AJifl cJJy'-laH 

t ~ to, ilsoll > !1110II-
nycTb Tenepb 2 = (s, 11), llzoll ~ H,- pellleHHe, H3l!HH3 IOUI.eecH Bl-le rr o 

BepXHOCTH (D+, Ii BblI10JlH51IOTC51 ycJIOBHH TeopeMbl 2. EcJIH il'lloll > ll sol l, TO crrpa
Be)lJilIBO He paBe HCTBO ( 15). vlcnOJib3YH paccy )KJleHHH II3 [3], MO>l<I-IO IJOK333Tb , 

'!TO H B npoTHBHOM cJiyqae ll soll > 1111011, llzojl ~ H pewe1rne 2 (t) rrpmmM aeT 
rrpH HeKOTOpblX t, t ;;;,, to, 3HatJ e im51 B 06JiaCTl1 1/zj j > H H3 -3 a p ocra no MOJlYJIIO 

3Hal!eHHH COCT3BJ!HIOULeH 11 (t) npH yseJIHllemm t. 
4. 1l 11 cp cp e p e 1-1 u 11 a JI b 1-1 bl e C B O H CT B a H H Te r p a JI b I-I bl X 

no Be p x 1-1 o c T e 11. T eo p e M a 3. Dycmb cucmeMa (1) yiJoBAemBopRem 
ycAOBUH,,H nn. 2, 3 u, KpoMe mow, cpyl-lKU,UU l (t, x), I; (x), t; (x) 1-lenpepblBl-lO iJu¢
q1epeH4upyeMbt no x u cnpaBeaAuBo coom/-lotuel-ltte (5). ToziJa pewel-lue x (t, t0, 
c), 1-la'lul-laiou.1,eecfl Ha noBepxHocmu qr+• onpeiJeAel-ll-lOU ypaBl-le/-luflAtu (11), uMeem 

B-npou38oal-lble no c;, j = l, m, Ha npo.MeJ1C ymKe R+ = [t0 , +=). 
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.il o Ka 3 a T e JI b c TB o. MmKHO npoBepHTb, l.!T0 npeo6pa3oBaHHe JIHnyHo

sa C MaTpHueii L (t) coxpam1eT HenpepbIBHYI0 .umpcpepeHUHpyeMOCTb cpyHKUHH 
Ii, J{, j = I , 2. Kpo\.fe Toro , 011eBH.UH0, l.!T0 3TH cpy HKUHH y ,uoBJJeTBop H!OT yc-

JJ0Bl1 IO JlHnwima . Mo)KHO c1111TaTb, l.!T0 

II of i~!· z) II ¾ l , I/ oJtz) II ¾ k (!) l , 

ec.rrn II z \I ¾ Mh 11 l )J.0CTaT0 Y.H0 MaJJo, r .ue M = sup II L (t)! I- IToKa)KeM, •n o 
I 

p em e~rne z (t, 10 , c) y p aBHeH11H (9), (10), r )J.e c orrpe,ueJieHo 113 (11), HMeeT B-rrpo -

H3B0)J.Hbie no Cj, j = 1, m . T aKHM o 6 p a30M, Ha 0 CH0BaHl111 JieMMbl l 6y)J.eT )J.0Ka-

3aHa Teop eMa. 
CornaCHO (51, Z (l, t0 , c) = (S (l), T) (t)) 51BJIHeTC51 T3K)Ke p ellleHHeM Cl1CTeMbl 

t 

s(l) = X1(t,to) c+S X1(t,u)f1(u, z (u))du + L X1(t,t;)J}(z(ti)), (20) 
t0 t0 ,,;;_ t, <t 

00 

11(1) = - S X 2 (l, u)f2 (u , z (u))du - L X 2 (l, t ;)J7(z(ti)). 
t t ,;;t, 

ITycTb z (t, to C + µ ej) - perneHHe ypaBHeHHH (20), B K0T0p0M BeKT0p c 
3aMeHeH BeKT0p0M C + µej. O6o3H3'-I.HM qepe3 (I) (t, lo, c) = (u, v) perneHHe CH
CTeMbl 

t 

U (t) = X 1 (l, t0) ei + S X 1 (t , -r) f l z (-t) W (-r) d,: + L X 1 (t, ti) J}zw (t,), 
10 t0 ,s;;_ti< t 

00 

v(t)= - S X 2 (l, -r)f2z('t)ffi(-r)d1:- L X 2 (l, l;)J~2w(t1), (21) 
t t<t, 

B K0T0p0H 

j = 1, 2. 

Paccy)K)J.a51 aHaJJ0rH'-1.H0 T0MY, KaK 3T0 )J.eJiaJI0Cb .UJJH CHCTeMbl (13), npoBe
BepHM, '-I.TO y p aBHeHHH (21) HMelOT e)J.HHCTBeHH0e orpatt1111em10e rrpH t >= to 
pememre w0 (t). 

IToKa}!{eM, l.!T0 cpyHKUHH Wo (t) eCTb B-npOH3B0)J.Ha51 peweHHH Z (t, to, c) 
no c1. )lJIH 3Toro .n.ocTaT0Y.H0 y6e)J.HTbCH, l.!T0 npH Bcex t E R+ crrpaBe.D.JIHB0 co
-0rnornettHe v (t) = o (µ), r)J.e 

v (t) = z (t, t0 , c + µei) - z (t , t0 , c) - µw 0 (l). 

HcrrOJib3YH YCJI0BHH TeopeMbl, HaX0)J.11M, l.!T0 cpyHKUHH V (l) = (<p, ,P}. ecTb 
-0rpaHHl.!eHH0e peweHHe CHCTeMbl 

I 

<p (t) = S X1 (t, u) [f1z (u) v (u) + o1 (v (u) + µw 0 (u))l du + 
lo 

+ L X1 (t, t,)[J izv (t1) + 0 2 (v (/1) + µw 0 (/1))], 

t 0~ t, <t 

00 

,i, (t) = - S X2 (t, u) [f 22 (u) v (u) + o3 (v (u) + µffi0 (u))J du -
t 

- L X 2 (t, t1) [J7,v(t1) + o4 (v(t1) + µffi0 (t 1))l. 
t<t, 

B 3THX ypaBHeHHHX Bbipa)KeHl151 o,._ ( •. • ), k = T,4, y.uoBJieTB0pH!OT oueHKaM 

II o,._ ( ... )II~ e (µ)I µ I e-o(l-lo)' e (µ) = 0 (µ) . 
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IT03TOMY 
t 

11 v (t)\\ ~ S ae-v(l-u) [l \Iv (u)]I + 0 (µ)\ µ \ e-a<u-t.)] du+ 
lo 

00 

+ S aev(l- u) ll 11 v (u)II + 0 (µ)\µI e-a(u-t•>1 du + 
t 

+ L ae-vU-ti> [k (/) l II v (t;)II + 0 (~t) Iµ I e-au,-to>J + 
t0~t;< t 

+ L ae vu-t ,> [/< (l) l \I '\' (t;)II + 0 (~t)I µ I e-a(l,-to>]. 
t<t; 

OTc10,na, 06031-ia4HB B = su p ii v (t)lt, noJ1ytmM 
i 

2a(J_ +----) y 1 - e- ve 
f3 ~ ---'----(-1 - --1,-z-'--- e ( ~l) I µ 1. 

1 - 2al y + 1 _:_ (e~vo ) 

TeopeMa nm<a3aHa. 

3aMeHHB B npoBe.D,eHHb!X BbIW e paccy:H<}leHJHIX t Ha -t, y6e,!IJlMC51' l!T0 no

BepxH0CTh ,y _ o6JJa,naeT .nmpcjiepenu1-1a.1bHb!MH CBO}lCTBaMH, aI-IaJJOrH11HbIMH .IlJJH 
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