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M. A. BeJiHeB, H. 7J. Maneaos 

yCTOÖHHBOCTb PEIIIEHHß ABCTPAKTHHX ÄM4>EPEHU,HAJIi.HHX 
yPABHEHHÖ B rHJLBEPTOBOM nPOCTPAHCTBE, I . 

IlycTB H BemecTBeHHoe rnjiBôepTOBO npocipaHCTBO. ^lepes 
A ^ ( t ) ( i = 0 , 1 f 2 ) o6o3Ha*iHM JiHHeitHHe HenpepuBHue Ha [ 0 , T , ] c a -
MOconpHsceHHHe onepaTopH, oÖJiacTH onpe^ejieHHH kotophx He 3 a -
BHcht OT t . 06o3HaqHM Hx qepe3 D(A^) ( i = 0 , 1 , 2 ) . 

HycTB F ( t , x ) ( 0 ¿ t ¿ T , x e. H) HejiHHeiÌHHei ÄH$fepeHimpye-
MH3 no T a l o (JiyHKiíHOHajiH, t . e . 

( P ( t , x ) , h ) = l i m g ( t , x + A h ) - g ( t , x > . 
À 

HeJtHHeÄHHß onepaTop P ( t , x ) H83NBai0T nOTeHUHajiLHHM onepaTO-
poM iyHKAHOHajia, P ( t , x ) . 

B 3T0Ö p a ô o i e HCCJie^yMTCH HeKOTopue cboHctbb pememifi 
ypaBHSHHñ 

( 1 ) A 1 ( t ) x ' + A 2 ( t ) x + P ( t , x ) = 0 , 

( 2 ) A 0 ( t ) x " + A 1 ( t ) x ' + A 2 ( t ) x + P ( t , x ) = 0 , 

r ^ e onepaTopH A ^ ( t ) ( i = 0 , 1 , 2 ) y^OBJieTBopHioT ycJiOBHHM 

( A i ( t ) x f x ) » ||x||2, ( a i = c o n s t , x e D ( A j ) ) , 

npnqeM npn paccMOTperaiH ypaBHeHHa ( 1 ) npeflnojiaraeTCH, -«ITO 
a^j > 0 , a 2 > 0 , a ypaBHeHHH ( 2 ) a Q > 0 , a^ » 0 , a 2 > 0 . 

B y a c í a I I 3TOÜ cTaifcH, nyôJiHKyeMoft OT^e^BHO, H3yiaeT0H 
Bonpoo ycToitiHbooth MeTO^a EyÔHOBa-raJiepKHHa ajih s t z x ypaBHe-
HHÜ. 
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2 M.A. BeJiHeB, H.J],. MaweflOB 

B paÖOTe cymecTBeHHO nojiB3jnoTCH pe3yjibTaTaMH paCoT [ l ] -
- [_3] • BonpocH cymecTBOBaHHH pememiK 3a^aqH Komn ,S;JI.H ypaBHe-
HHÄ ( L ) , ( 2 ) HE paccMaTpuBaioTCJi. NO;I;O6HNE Bonpocn ÄJIH ^pyrax 
KJiaccoB YPABHEHHH Hccjie^OBaHH, Hanpiraep, B paßoiax M , [jf] • 

1. yoToflqHBQCTB pemeagü "adcTpaKTHHX napa6ojiHqecKHx" ypaB-
H6HHÑ 

B 3TOM naparpa$e SyaeM HccjieflOBaTt pemeime ypaBHeHHa ( l ) , 
YFLOBJIETBOPFLIOINEE HA^IAJIBHOMY YCJIOBHIO 

(3) x (0) = x 0 . 

1.1. OrpaHĤ ieHHOOTB pemeimft. HMeeT MecTO 
T e o p e M a 1. ÜycTB cymecTByei A ! 2 ( T ) H 

(4) ( A 2 ( t ) x , x ] 4 b 2 ( A 2 ( t ) ï , z ) , (b2 = const » 0,xe d(a|)) . 

ÜycTB, Aajiee, cyiqecTByeT —'— H 

( 5 ) Ò ¥ % ' X ) < . B 2 P ( T T X ? , X E D ( E ) = D ( A | ) . 

IiycTB, HaKOHeii, xQe d(a|) . 

Top^a cnpaBefljiHBa oyeioca 
t 

2/11 Â  (s)x' (s)||2exp{t2(t-s)}ds + || a| (t)x(t)||2 + 
o 

+ 2 I - [ t , x ( t ) ] ^ [ I I 4 ( 0 ) x j 2 + 2P(0,x o ) ]exp{b2t } , 

rae x ( t ) - np0H3B0JiBH0e pememie salami (1)» (3 ) . 
, f l 0 K a 3 a T e j i L C T B 0 . yMHOacan (1) CKaJiHpHO Ha 

x' ( t ) , noJiyiHM 

(A1 ( t )x ' ,x' ) + (A2 ( t )x,x ' ) + ( P ( t f x ) , x ' ) = 0 . 

HMGH BBHfly, *JTO 

(A2 ( t )x,x ' ) = J ^ ( A 2 ( t ) x , x ) - J u 2 ( t ) x , x ) 
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ycToftqHBocTb pemeHHft 3 

h y iHTHBaa, qTO P ( t , x ) noTeHi^HaJitHuii onepaTop, noJiyiHM 

II ( t ) x f + } ^ 1 4 - i ( A 2 ( t ) x , x ) + 

+ P ( t , x ) - JÇ P ( t , x ) = 0. 

OTcioita, B CHJiy ycJiOBHH (5) i nojiyniM 

2¡\A* (t) x t f * A f « ) x f t?F(t,x)] hi (t) x f * 2F (t, x )] . 

npHMeHHH TeopeMy o ÄH$$epeHiiHajibHHX HepaBeHCTBax, nojiyqaeia y -

TBepÄfleHHe TeopeMH 1. 

C J i e ^ C T B H e . ECJIH aonoJiHHTejiBHO npeflno^araTB, WTO 

F ( t , x ) > 0, t fctPjüJ»* £ H, t o H3 yTBepxfleHHH TeopeMH 1 c j ie-

flyeT orpaHHqeHHOCTB BeJiHtiHH 

t 
||A| ( t ) x ( t ) | | , / | | 4 (s )x ' (s)||2exp {-~b2sj d s , t e [O ,T]. 

o 
Tenept 3aiiMeMCJi orpamtweHHOCTBio pememiñ B03MymeHH0ö s a -

catín : 

[ ^ ( t ) + ^ ( t j j y + [ A 2 ( t ) + r 2 ( t j y + P ( t , y ) = S ( t , y ) , 

( 6 ) 

y (o ) = y 0 , 

r^e Tj_(t) (i=1.,2)- HenpepHBHNe Ha [ o » t ] j JiHHeßHHe orpaHHiieH-

HNe onepaTopH, aetcTByiomHe B npocTpaHCTBe HJ HeJiHHeiÍHoe BO3-

MymeHHe cf(t,y.) ^eMcTByeT Ha Tonojiorn^iecKOM npoH3BeÄeHHH 

[ 0 , T ] X H. 

IIpejinoJiomM, HTO cymecTByei noüoxHTeJiBHOe qncjio r Q Ta-

Koe, MTO Ha MHOBcecTBe [ o , t ] *S 0 , i\u;e SQ = j y :||A2(t)y|| < r Q J , 

onepa iop bo3Mymehhh i ( t , y ) yflOBJieTBOpjieT ycjiOBzio 

(7) l|<?(t,y)|| 4 ( f 0 K ( t t r 0 ) , 
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4 M.A. BejineB, fl.J. MaMeflOB 

rae if noJiOÄHTeJXBHoe ^hcjio, a K(t fr Q) HenpepHBHaa noaoaai-
T e j i B H a a C K a J i n p H a s ifyHKHHJif onpeaeJieHHas H a O T p e s i c e [ 0 , T ] . 

3aMeTHM, qTO ycJiOBue Ha $yHKiiHio K(t,r Q) mojkho ocjiböhtb, t.e. 
MOXHO K(t fr 0) B3HTB H3 I^QOjTJ. 

T e o p e M a 2. IlycTB BHnojiHeHH ycJiOBHS (4), (5), 
(7) H 

(8) ti redoli + \ ||r2(t)|| < J y 1a 1, 0 < 3 - 1 < 1 . , te[0,T]. 

IlycTB, KpoMe Toro y tD^A^). 
T o r ^ a HM6 8T Me CTO H e p a B e H G T B O 

(1-3i)/||A* (s)y'(s)H2exp{y3(t-s)}ds+||Aj ( t)y(t)|| 2 + 2F [t ,y( t)] • 

(9) 

4 (0)yoir + + — ^ m a x ^ ' ' o * exp { ß -t} , 

r ^ e y ( t ) j i i o öoe p e m e m i e s a c a t í n ( 6 ) ß = \ > 2 + 

, H 0 K a 3 a T e j i B C T B 0 . yMHoacHM ypaBHeHHe (6) Ha 
y ' ( t ) : 

(A^tjy'.y1) + I ¿ (A2(t)y,y) - J (A^(t)y.y) + ¿ F(t,y) -

-A-PCt.y) + (r,(t)y' ,y') +(r2(t)y,y>) = {fi (t ,y) ,y' ). 

y^iHTHBan cJieÄyiomHe o^eBHAHtie oiiemcH 

icr^tjy'.y')!^ -^ll^Ct)!! ¡ ^ (t)y'H 2 , 

I < > I * 2-i-.llr2(t)||-||A? (t)yf + ^ I l r2(t)||• IIa* doy||2, 

l(tf(t,y),y')| ̂  _l-||tf(tfy)|| 2 + 1. ||A* ( t ) y >11 2 

- 314 -



ycToft^HBOCTi» pemeifHH 

noJiŷ iHM 

Jo-*,) K (t)y'll2 + II 2 + 2P(t,y)J^ 

I I a ! 2T2 F 2 ( t ) | | - | | A | (t)y||2 + b2P(t,y) + ||tf(t ,y) ]| 2 . 

a 
3aMeHHH B npaBoM ^acm bg ôojibmHM ^HCJIOM /3 = "b̂  + g a » 

nojijruHM flH$$epeHD;HajiBHoe HepaBeHCTBO 

(1-fc, )||AÜ¡ (t)y'||2 + A [H 4 (t)y||2 + 2F(t,y)]é 

d 2 

[I 4 (t)y||2 + 2F(t,y)J K2(t,r0). 

IIojiB3yHCi> TeopeMoä o fluche pe HiíHajiBHHx HepaBeHCTBax noJiyqaeM 

t 

^ - h r f II 4 (s)||2 exp j/3( t-s)| ds +II4 (t)y(t) || 
0 

+ 2p[t,y(t)]^[|| a| (o)yj2 + 2P(0,yo)] exp { fit} + 

2 + 

'S ' + — a. „ 
O 

C. f. 

— /ïC2(s,r )exp{£(t-s)}ds 
1 J0 

BuHecK max K 2(t fr Q) h3 ho,î HHierpajia nocjie.nHero cjiaraeMoro 
b npaBoft qacTH h bìpihcjihh HHTerpaji 

t 

i exp I ß(t-s)}ds , 
Jo 

npnxoÄHM k TpeôyeMOMy HepaBeHCTBy (9). 
C a e f l C T B H e . B qaoTHOCTH, ecjiH E(t,y)»0, te[o,T], 

y 6 H, to H3 HepaBeHCTBa (9) cJiê yioT oiieœcn BH^a 

t 

(10) J H A^ (s)y' (s)||2 exp{- /3sjds é C ^ t e [o,t], 
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6 M.A. BeJiKeB, H.J3,. MaMe^OB 

(11) II a | (t)y(t)|| < C 2 , t e [ 0 , T ] , 

r^e 

C - - 1 
H - 1 -h 

â 2 

C 2 = C 1 e x p j ^ T j . 

1.2. ycToftguBocTB pemeHHft. CnpaBeflJiHBa 

T e o p e m a 3. IlycTb b h i i o j i h ô h h ycJiOBHH TeopeMH 1,2. 

nycTB onepaTop P(t,x) y^OBJieTBopaeT .nonoJiHHTeJiBHOMy ycjiOBn» 

(P(t,x) - P(t ,y ) ,x-y ) » p II A^ (t)(x-y)||2 , 

( 1 2 ) t e[0,T], x,y e S 1 = &,n S 0 , 

= { x î ||a| (t)x|| ̂  r 1 } , p = const . 

nycTB, HaKOHen,» np0H3B0ÄHan A^(t) cymecTByeT h 

(13) (¿ 1(t)x,x)4b 1(A 1(t)x,x), b 1 = const > 0 , x e d(a^ ) . 

Tor.na, ecJiH F(t,x) > 0 , to 

||A^(t)[y(t)-x(t)]||2^ [||A^(0)(yo-xo)||
2
+C5 max H ̂  (t )|| 2 + 

( 14 ) 
+ C 6 max II r2(t)||

2 + C 7 < J Q J exp {qtj , 

r a e q = b,, + 2 ^ - 2 p , 'C^, C 6 , C ? ü o c t o h h h h © . 

, H o K a 3 a T e J i b C T B O . Jiflx pa3H0CTH Z(t)=y (t)-x(t) 

HM96M 

k^(t)z' + r,c-t)z* + A 2 ( t ) z + r 2 ( t ) z = - r 1 ( t ) x ' (t) -

- r 2(t)x(t) - [p(t,y) - p(t,x)] + tf(t,y), Z(0) = y Q-x 0 . 
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ypTOÎt^HBOCTB pemeHHft 

3TO y paBHeHHe cicaj iHpHO yMHOacas Ha Z ( t ) H j n iHTHBaa cnpaBe^J iH-

BOCTB CJieflyiOmHX COOTHOmeHHÖ 

( A 1 ( t ) Z * , Z ) = \ ^ ( J L j i t J Z . Z ) - J ( ^ ( t J Z . Z ) , 

| ( r , ( t ) z ' , z ) | * h ^ ( t ) z ' i i 2 + i | i 4 ( t ) z i i 2 , 

| ( r 2 ( t ) z , z ) | < a-1 H ( t ) z i l 2 , 

l ( r , ( t ) x ' ( t ) , z ) i n r ^ t j z ' ( t ) i i 2
 + I J | A | ( t ) z H 2 , 

l ( r 2 ( t ) x ( t ) , z ) i * ± \ \ r 2 ( t ) x ( t ) \ \ 2
 + l H 4 ( t ) z K 2 , 

| ( t f ( t / y ) , z ) | ^ | | i ( t , y ) | | 2
 + ( t ) z | | 2 

noa jn iHM 

J â K ( t ) z | | 2 ^ J b , I l i » ( t ) z | | 2
 + y i | | l » . ( t ) Z | | 2

 + 

+ « r . o o z ' H 2 - p | | A ^ ( t ) z i i 2
 + J - n r ^ t j x ' o o l l 2

 + 

+ ^ l i r 2 ( t ) x ( t ) | | 2
 + ^ - | | i ( t f y ) | | 2

l 

TO eCTB HepaBeHCTBO 

( t ) z | | 2 ^ q | | A ^ ( t ) Z II 2
 + < P ( t ) , 

r f l e 

0 ( t ) 
2 

l | r 2 ( t ) x ( t ) | | 2 + | | r 1 ( tOx , ( t ) . | | 2 + | | r 1 ( t ) z ' ( t ) I I 2
 + | | ¿ ( t , y ) | | 2 ] . 
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8 M . A . B e a n e B , fl.J. M a M e j O B 

B o c n o j i b 3 y H C & T e o p e M o ä o flH$$epeHii;Hajii>HHX H e p a B e H C T B a x H M e e M 
í 

( 1 5 ) | | A * ( t ) Z ( t ) II II A * ( 0 ) Z ( 0 ) I I 2 e x p { q t } + f * ( s ) e x p { q ( t - s ) } d s . 
o 

O i i e H H M B T o p o M u e H B n p a B O Í t q a c i z H e p a B e H C T B a ( 1 5 ) . T a K K a n 
Z ' ( t ) = y ' ( t ) - x ' ( t ) , t o 

( 1 6 ) | | r , ( t ) z ' ( t ) Il z , 6 J - | | r t ( t ) | | 2 ( | | a * ( t ) x ' ( t ) II 2 + I I A ^ ( t ) y ' ( t ) | | 2 ) . 

T a K K a K F ( t , x ) > 0, t t [ 0 , t ] , x e H , t o h 3 y T B e p a c f l e m i H 
T e o p e M H 1 c j i e a y i o T o i í © h k h 

t 
( 1 7 ) ^ II A ^ ( s ) x ' ( s ) II 2 e x p { - - b 2 s } d s ^ C 3 , 

( 1 8 ) 1 1 4 ( t ) x ( t ) | | * 

r a e 

C - 1 ~ 2 ) a | ( 0 ) x o II 2 + 2 P ( 0 , x o ) ] , 

C 2 = 2 C 3 e x p { b 2 T } . . 

O w e B H f l H O , I T O 
< ; 

f <p{ s ) e x p { - q s j d s ^ q^j <p(s)às, q1 = e x p { | q | T } . 
0 0 

y ^ i H T H B a ü o i ^ e h k h ( 1 7 ) , ( 1 6 ) , ( 1 8 ) , n o J i y t i H M 
t ^ 

r 2 ( t ) I I 2 + 

t 

+ - ¿ - m a x \ \ ^ ( t ) \ \ 2 II Í \ ( s ) x ' ( s ) | | 2 d s + 

t 

+ 2 / 1 1 ^ ( s ) y ' ( s ) | | 2 d s ) + ¿ 2 T m a x K 2 ( t ) • 
o 
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y C T O H H H B O C T B p e m e H H ñ 9 

C Â p y r o Ë o T o p o H H , 3 CHJiy 0u;eH0K ( 1 0 ) h ( 1 7 ) » H u e e M 

t t 
f\\ (B)X' ( S)||

2d S<exp|b 2Tji|(A
,f (s)x'(s)||2 e x p j - ^ s j d s ^ C 3 e x p j b ^ } , 

0 0 t t 
J I I A * (s)y'(s)|| 2dB<exp{^!P}y||A* (s)y' (s)||2 exp\-ßa}is ^ C^ exp{;3T}. 

0 
C J i e ^ O B a T e j b H O 

t 
j<p{s) e x p { - q s j d s 4 - ^ ( 3 C 3 e x p { t 2 T j + exp{fif}) m a x || fyt) || 2 + 

q„ C2 T 
( 1 9 ) + _ L _ á _ m a X J] r 2(t) O

 2 + 6 Z
o T q t max K ^ t . r , ) . 

noflCTaBJiHH OIIEHKY ( 1 9 ) B H e p a B e H C T B e ( 1 5 ) H O6O3HAIAFI QEPE3 

2 q ^ T 2 q 
C 5 C 6 = (3 C 3 e x p { V } + 

2 

2 q T 
+ 2 CL, e x p { ¿ T } ) , C? = jjl-max K ? ( t , r 0 ) f 

f 2 ^ 

noJiyTiHM H e p a B 6 H C T B 0 ( 1 4 ) . T e o p e M a ^ 0 K a 3 a H a . 

C J i e f l c T B H e . Ü 3 TeopeMH 3 c j i e a y e T , q T O n p n s o c T a -

T O ^ H O MaJIHX 

m a x H ^ O O H 2 , 1 = 1 , 2 , tfot \ \ J § ( 0 ) ( y o - x o ) | | 

flOcTaioiHO M a a o || A^j ( t ) [ y ( t ) - x ( t ) ] || > cJiesoBaiejiBHO, ^ o c T a -

TOIHO Majia H o p M 3 II y (t ) - x ( t )||> T . e . ecjin c y n e c T B y e i pemeHHe 

3AFLA^H ( 1 ) , ( 3 ) , TO OHO YCTOÜQHBO O THO CU TE JIB HO MAJIHX N3MEHE-

h h 8 K 0 3 ( J $ H i y i e H T 0 B , n p a B H X ^ a c T e ä h H a i a J i B H H X flaHHHx. 
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10 M.A. BeJineB, fl.fl. MaMejOB 

2 . ycTOfiqHBOOTfc pemeHHft "aCcTpaKTHHx rnnep6ojnmecKnx" 

'ypaBHS HHS 

Hccae^yeM TenepB pemeHHH ypaBHeHHs ( 2 ) iipn ycj ioBunx 

(20) x ( 0 ) = x Q f x ' ( 0 ) = x±. 

2 . 1 . OrpaHHqeHHOCTE peine hhh. CHaqaJia noKaaceM o r p a m m e H -

h o c t b pememia HeB03MymeHH0ft samara ( 2 ) , ( 2 0 ) . 

T e o p e m a 4 . IlycTB cymecTByioT np0H3B0flHHe A ^ ( t ) 

( 1 = 0 , 2 ) H OHH yflOBJieTBOpaiOT yCJIOBHHM 

( 2 1 ) ( A ' i ( t ) x , x ) ^ b i ( A i ( t ) x , x ) , 

b i = c o n s t > 0 , x c d ( a | ) , t e [ O f T ] . 

I lycTB, flajiee, cymecTByeT np0H3B0flHaH H 

( 2 8 ) ^ b F ( t , x ) , b = c o n s t > 0 , x e D(F) = d ( a | ) . 

I lycTB, HaKOHeu;, onepaTop A ^ ( t ) HeoipniiaTejieH h 

x 0 e D(a| ( o ) ) , X l e D(AJ (0)) . 

Tor^a HMeeT MecTO oiieHKa 

" J a J ( t ) x ' ( t ) II 2 + | | a | ( t ) x ( t ) | | 2 + 2 F [ t , x ( t ) ] ^ 

(23) 

^ [ | | Ao ( 0 ) x l H 2 + II 4 ( 0 ) x o l 2 + 2 P ( 0 , x o ) ] e x p { b 3 t } , 

rf le x ( t ) Jiio6oe pemeime 3a,na*iH ( 2 ) , ( 2 0 ) , b^ = max ( b , b 0 , b 2 ) . 
J l ' 0 K a 3 a T e j i B C T B 0 . yMHOacaa ypaBHeHHe ( 2 ) Ha 

x ' ( t ) , nojiy^HM 

I d t ( A o ( t ) x ' »*' ( A : 0 ( t ) x ' ' x ' 5 + ( V t ) x ' . x ' ) + 

+ 2 d t ( A 2 ( t ) x , x ) - \ ( a ! 2 ( t ) x , x ) + ^ F ( t , x ) - - ^ - P C t . x ) = 0 . 
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yCTOftlHBOCTB pemeroiB 11 

B CHJIY ycjiOBHÍi TeopeMH HM© e M 

¿T[||A| (t)x'|| 2 + ||A| (t)x||2 + 2F(t,x)]< 

<ç b 3 [||A| (t)x'll2 + ||A| (t)x II 2 + 2P(t,x)] . 

nojiB3yHci> TeopeMoñ o ,HH$$epeHipiaJiLHHx HepaBeHCTBax, nojiyiHM 
y T Bepacke HH e TeopeMH. 

C j i e Ä C T B u e . Us TeopeMH 4 cjie^yeT orpannieiiHOCTi, 
(JyHKD,H0Hajia P(t,x ) F ecjin flonoJiHuiejiBHO npeflnoJiaraTi., HTO 

F(t,x) > 0, TO H3 yTBepscfleHHH 3TO8 ace TeopeMH noJiy^iaeM oueH-
Ky BHfla 

(24) Il AQ (t)x' (t)|| 2 (t)x(t) Il 2 ^ Cg , 

rfle 

c 8 = A * (0)X1 II 2 + IL A | ( 0 ) X O | | 2 + 2F(0,x o)] e x p { B 3 T } . 

^OKaaceM TenepB o r p a œ m e H H O C T B pemeHHH B03MymeHH0ñ 3aaatiH 

[A 0(t) + r 0(t)]y" + [ ^ ( f ) + ^ O O j y ' + [ A 2 ( t ) ' + ^ ( t f l y + 

+ P(t,y) = i(t,y), y(0) = y Q , y' (0) = y^ , 

i\ne r^(t) (i=0,1,2) - JiHHeüHHe o r p a m m e H H H e onepaTopn, fleft-
CTBYIOINHE B npocTpaHCTBe H> npimeM onepaTop ^ ( t ) caMOco-
npasceHj HeJiHHeiiHoe B03MymeHHe i(t,y) onpefleJieHO Ha TOHOJIO-

rawecKOM npoH3Be^emiH [0,ïQ «Ii a y Q f y^ 3a,naHHHe DJieMeH-
TH H3 npOCTpaHCTBa H . 

ByseM npe^noJiaraTb, m o cymecTByeT map S^ = j y s || A 2 (t )y|| é r 2 ) 
TaKoft, I T O Ha MHoacecTBe [0»T3 x onepaTop B03MymeHHH <f(t,y) 
yjtoBJieTBOpHei ycJiOBHK 

(25) • ll<?(tfy)|| 4 â 2 K 2 ( t , r 2 ) f 
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12 M.A. BeaneB, H.J. MaMejOB 

i\ne ig noaoacHTejiBHan nocTOHHHaa, a K 2 ( t , r 2 ) noJioacHTejiBHafl 

CKajmpHaÄ (fynKiyiH Ha 0Tpe3Ke [0,tJ TaicaH,qTO / Kgís.rp )ds<+°°. 
o 

T e o p e m a 5. IlycTB buiiojih@hh. ycjiOBHH (21) , (22) , 
(25 ) . IlycTB onepaiop f ~ ( t ) HMeeT nepByio np0H3B0flHjra ^ ( t ) , 
npH îeM 

(26) ( r o ( t ) x , x ) ^ 0, t e [0,T] 

h BHnojiHeHO ycjiOBHe 

(27) lir0(t)|t + 2 II r, (t )|[ + il r2 ( t )||^ v a 0 , 

(0 <• V < 1, t e [0,T] ) . 

IlycTB, HaKOHeii, onepaiop A^ ( t ) HeoTpni(aTeJii>HNfi h 

y0 £ d-(a2 ^ e D ( 4 ( 0 ) ) . 

Tor^a flJiH JiiDÖoro pemeHHÄ y ( t ) B03MymeHH0ñ 3a,naiH cnpa-
Bê JiHBa OQeHKa 

K ( t ) y ' (t)||2 +114 (t )y (t )||2 + 2 F [ t , y ( t ) ] ^ 

* (0)yi||2 + H 4 (0)yo||2 + 2F (0 ,y o ) + 

T 

+ ( r o ( 0 ) y 1 , y 1 ) + y "k| ( s , r 2 ) d s ] e x p ^ ^ ^ -

r a e b 4 = max {b, t>2 + tf, b 0 + 2 i ) , + 1 / a 0 j ' 

J , 0 K a 3 a T e J i t c T B 0 . yMHO ân BO3MymeHH0e ypaB-
HeHHe cKaJinpHO Ha y' ( t ) h ytiHTHBaa: ycjiOBHe (21) , noJiyiHM 

2 IIa* (t)y'||2 + ( t ) y f +||a| (t)y||2 + ( T ^ y ' , y' ) +2F(t,y)] ^ 

é 2 ^ P ( t . y ) + b j A * (t)y'H2 + b,, || A|(t)y||2 + ( ^ ( t ) y ' , y ' ) -

- 2(r , ( t )y ' , y ' ) -2 (r2 ( t )y , y ' ) + 2 tf(t,y) ,y ' ) . 
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flagee, no npeiinojioxeHHio ( f ^ ( t ) y ' , y') é 0. H03T0iiy 

2 II i» ( t ) y ' | r + ¿ [ l l í (t)y' | | 2 + IIAg ( t ) y | | 2 • ( r ( t ) y ' , y' ) • 

+ 2P(t,y)] 4 2bP.(t,y) + bo O aJ ( t )y ' | | 2 + bg jj aJ ( t)y || 2 + 

+ 2 | ( r i ( t ) y , y ) | + 2 | ( r 2 ( t ) y , y ) | + 2 | ( < f ( t , y ) , y ) | . 

CnpaBê JiHBH cjie^vioiuHe oqeHKH 

1) s U r ^ t î y , y ) U ^ II Aq ( t ) r I I 2 , 

2) 2 | ( . r 2 ( t ) ? f y ( t ) y | | 2 + vIIaJ ( t ) y | | 2 , 

3) 2 | ( < f ( t , y ) , y ) | é | | í ( t , y ) l ^ 2 + II ¿o ( t )y ' l l 2 . o 

Cjiê OBaTeJiBHO, noJitayjicB dthmh oqsHKauH h HeoTpnqaTeJiB-
HOCTBK onepaiopa A^(t) noayiaeM HepasfeHCTBO BH*a 

(28) ¿ - [ ^ ( t ) + ( . r 0 ( t ) y ' , y ' ) ] + | | < r ( t f y ) | | . 2
t 

rfle 

* ( t ) = II i j (t)y'H 2 + | | j g ( t )y II 2
 + 2 F ( t , y J . 

UpoHHTerpHpya HspaBSHCTBO (28) ot 0 ao t xueeM 

< W + ( r 0 ( t ) y , y + ( r o ( 0 ) y 1 t y i ) + 
t t 

+ b 4 ^ ( s ) d s + ̂ | | < U s , y ) || 2 ds . 

ytîHTHBaa HepaBÖHCTBO 

• | ( r 0 ( t ) y , y ) | é i l l 4 (t)y'll 2 
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H3 OQEBHAHORO H E P A B E H C T B A 

0 ( T ) + C R 0 ( t ) y ' , y ' ) > ( W ) * ( T ) , 

n p H x o j H M K H H T e r p a J i B H O M y H e p a B e H C T B y 

T -. 

#(0) + ( r o ( 0 ) y 1 t y i ) + f\\âis,y)\\ 2âs + 

^ J 

/ 
+ I # ( S ) D S . 

IIoj iB3yHCB TeopeMoft 06 HHT6 rpa j iBHHx H e p a B e H C T B a x , JT^HTHBELH y -

c j iOBue ( 2 5 ) H n e p e x o f l H K NPEACHHM 0 Ô 0 3 H a i e H H H M , nojiy^iHM T p e -

ÔyeMyio o i î e H K y . 

C J I E F L C T B H E . BCJIH ,B I S C T H O C T H $ y HK IJH O H a JI F ( t f y ) > 0 > 

TO H3 yTBepscfleHHH T e o p e M H 5 B H T e K a e T PABHOMEPHAA OT HOCH Te JIB HO 

T OIIEHKA 

( 2 9 ) 

R^E 

C 9 = 

( t ) y ' ( t ) | | 2 + | | A | ( t ) y ( t ) | | 2 ^ C 9 , 

A j ( 0 ) y i | | 2
 + ||j| ( 0 ) y j | 2

 + 2 P ( 0 , y o ) + 

T . 

+ ( r ^ ( 0 > y 1 , y 1 ) + í | f K ¡ ( s , r 2 ) d s ] e x p ' t } . 
Û J 

2 . 2 . y c T O f l q H B O C T B PEMEHHH. P a c c M O T p n M 3 a f l a i y ÄJOI p a 3 H 0 C T H 

Z ( t ) = y ( t ) - x ( t ) . OHa HMesT b h ä 

[ A o ( t ) + r o ( t ) ] z " + [ A ^ t ) + r ^ t f l z ' + [ A 2 ( t ) + r 2 ( t ) ] z = 

= - [ p ( t , y ) r p ( t , x ) ] + < f ( t , y ) - [ r n ( t ) - r o ( t ) Ä ^ ( t ) A . , ( t ) ] x ' ( t ) -
( 3 0 ) 

- [ r 2 ( t ) - r ( t ) A ^ ( t ) A 2 ( t ) ] x ( t ) * r 0 ( t ) A ^ ( t ) r ( t , x ) , 

Z ( O ) = Y O - X Q , Z' (O ) = Y I - X L . 
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T e o p e m a 6 . I l ycTB bhüojíhshu ycjiOBHH TeopeM 4 , 5 . 

||P(t ,y) - P ( t , x ) | | ^ p0|| a| ( t ) ( y - x ) II , 

||a* ( t ) z ' ( t ) | | 2 + ||a* ( t ) z ( t ) II ^ ^ [ C M I I * * Co)z' Co) H 2 + 

+ II a'| (0)z(0)||2 + ( s ) [ r i ( s ) . s ) s ) Â  ( s)J A^ ( s ) I I 2 dS + 

T 

+ f H [ r 2 ( s ) * r o ( s ) A ; C s ) A 2 ( s ) ] A f ' ( s ) If 2 ds + 

+ X - ( p o C 8 H P ( t » 0 ) 'I 2 ) I' 2 d S + 
n * ^n 

r f le b 5 = max (3 + 2 pQ + b Q , t>2 + P 0 / a Q ) « 

^ 0 K a 3 à T e j i B C T B 0 . yMHoacaa ypaBHeHHe ( 3 0 ) CKa-
JIHPHO Ha Z' ( t ) h y iHTHBaH ycJiOBHH TeopeMH öyfleM hmstb 

. ¿ - h ( t ) + r o ( t ) Z ' ,Z ' ) ] ^ ||A¿ ( t ) z ' II 2 + 

+ b2 II 4 ( t ) z | | 2 + 2 | ( P ( t , y ) - P ( t , x ) , Z ' ) | + 

+ 2 l ( [ r i ^ ) - r c t j A ^ t j A ^ t d x ' C t j . z ' ) ! + 2 | ( [ r 2 ( t y -

- r o ( t ) A ^ ( t ) A 2 ( t ) ] x ( t ) , z ' ) | + 2 | ( r o ( t ) A ; ( t ) p ( t , x ) , z ' ) | + 

+ 2 | ( i ( t t y ) , z ' )|, 
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W 

(32) ^ ( t ) = | | A | ( t ) Z ' ( t ) H 2 + ||a* ( t ) Z ( t ) | 2 . 

C nOMOUBK ycJXOBHH (31) 

(33) | ( P ( t , y ) - P ( t , x ) f Z ' 2^-||a| (t)z||2 + (t)z'|| 2 . 

ia j i ee , o^e BH^HH OÎ SHKH 

I ( C r ^ ( t ) _ r o ( t > a ¿ ( t ( t ) J ac' ( t ) . z ' ( t ) [ r 1 ( t ) -

(34) 

- ^ ( t i Â ^ t j A ^ t ) ] ^ (t)||2-||A^ ( t ) x ' (t)||24||A^ (t )Z '||2 , 

I ( [ r 2 ( t ) - r 0 ( t ) A ^ t ) A 2 ( t ) ] x ( t ) f Z ' )| ^ 2 F I I [ r 2 ( t ) -
o 

(35) 

- r 0 ( t ) A " ; ( t ) A 2 ( t ) ] A | ( t ) i i 2 - il 4 ( t ) x ( t )ii2 + g- il AQ (t)z'|[2, 

k r ( t ) A ; ( t ) p ( t , x ) , z ) | * ¿ - i l r 0 ( t ) A ^ ( t ) i i 2 ( p j 4 ( t ) x ( t ) i i 2 + 
o 

(36) 

+ f l |p ( t ,0 )|| 2 ) + -^-||a* ( t ) z ' l l 2 , 

(37) I ( « f ( t f y ) f Z ' )| ^ 2 V o ||i(t,y)|| 2 + j-||A* ( t ) z ' || 2 . 

noflCTaBJLHH oiieHKH (33) - (37) B Hepa Be HCT Be (32) h jniHTHBaa 
HeoTpimaTeJiBHOCTB onepaTopa A,|(t), noJiymiM 

(38) . tt [ ^ ( t ) + ( T 0 ( t ) z ' ( t ) . z ' ( t ) ) ] 4 b 5 ^ ( t ) + vit), 

rae 

¥ ( t ) =||AJ ( t ) [ r 1 ( t ) - r 0 ( t ) A " ; ( t ) A 1 ( t ) ] Ä | (t)|2.||A^ ( t ) x ' (t)||2+ 
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+ i r l l [ r 2 ( t ) - r 0 ( t ) A " ; ( t ) A 2 ( t ) a | (t)||2- | | a | ( t ) x ( t ) | | 2 + 
o 

+ i-fo^K^\\2ho\\4 ( t ) * ( t ) | | 2
+ f l | P ( t , 0 ) ¡ | 2 ) +±-\\s(t,y)\\

2. 
o \ ' o 

npoHHTerpapya nepaBeHCTBO ( 3 8 ) o t 0 fio t nojij^iHM 

^ ( t ) + ( r o ( t ) z ( t ) , z ; ( t ) ) < ^ ( o ) + ( r 0 ( o ) z ( o ) , z ' ( o ) ) + 

t t 

+ b^ f ^ ( s j d s + J <j)(s)ds . 
o o 

B CHJiy ycjiOBHH ( 2 7 ) hm@6m 

| ( r o ( t ) z ' , z ' ) | ^ ^ il a J ( t ) z ' | | 2 . 

OTCIOfla 

^ ( t ) + ( r 0 ( t ) z ' ( t ) , z ' ( t ) ) > d - ^ ) ^ ( t ) . 

Torf la 

b T 

+ ( r o ( o ) z * ( O ) . Z ' ( 0 ) ) J < p ^ ( s ) d s + 

0 

T 

o 

noJH>3y£ci> TeopeMoM oO HHTerpajibiMx HepaBeHCTBax, nojiytiHM 

r 

< M t } ^ w [ V 0 ) + ( r o ( 0 ) z ' ( 0 ) ' Z ' ( 0 ) + f ^ ( s ) d s 

O i d o r a , c nOMOiUBK) oiieHKH ( 2 4 ) , a Taicsce ycjiOBHH ( 2 5 ) uphxoähm 

K TpeÖyeMOMy HepaBencTBy. Teopei ia 6 A0Ka3aHa. 

Z3 3T0Ä TeopeMH CJieÄyeT, h t o ecJiH ßOCTaTcmHO Majiu B e -

JIHHHHH 
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T 

/ Il Ào ( s ) [ r i ( s ) - ^ ( s U ^ s H ^ s ) ] À * ( s ) | | 2 d s , 
0 

T T 

/ l l [ r 2 ( s ) - r 0 ( s ) A ; ( s ) A 2 ( s ) ] A | ( s ) | | 2 d s , / II r 0 ( s ) A ¿ C s ) |j 2 d s , 
o 0 

s 2 , Il A * ( o ) Z ' ( 0 ) | | , Il 4 ( o ) z ( o ) I l , 

TO ÄOCTaTOqHO M3JIH TaKXe HOPMH 

| | A J ( T ) [ Y ( t ) - x ' ( T ) ] | | , I L 4 ( t ) [ y ( t ) - x ( t ) ] | | 

npH JIIOÔOM t 6 [ O , T ] , CJIEFLOBATEJIBHO, FLOCTATOWHO MajiH H Hopioi 

Il y * ( t ) - x ' ( t ) | | , Il y ( t ) - x ( t ) | | T . E . Jiœ6ole p e m e i m e s a m a r a ( 2 ) , 

( 2 0 ) , a TaicHce e r o n e p B a a np0H3B0f lHaa ycToMiHBH OTHOCHTejitHO 

MajIHX H3MeHeHH0 K03$(|)HItHeHT0B, HpaBHX l a C T e Ë H Ha^ajIBHHX 3 H a -
weHHft• 

JIHTEPATyPA 

[ l j fl.^. M a M e j o B : 0 HeKOTopnx CBOËCTBax pemeHHË He JIH — 

HefiHHx ypaBHeHHË n a p a 6 o J i H * i e c K o r o T n n a B RNJIBÔEPTOBOM n p o -

c T p a H C T B e . D o k l . A k a d . N a u k S S S E 1 6 1 ( 1 9 6 5 ) 1 0 1 1 - 1 0 1 4 . 

[ 2 3 H . Ä « M a M e A o B : 0 HeKOTopux OBOÔCTBax pemeHHË He JIH — 

HeßHHx ypaBHeHHß r n n e p Ô o j i H t i e c K o r o i n n a B rHJiBÔepiOBOM n p o -

c T p a H C T B e . D o k l . A k a d . N a u k S S S E 1 5 8 ( 1 9 6 4 ) 4 5 - 4 8 . 

[ 3 ] M . A . B e Ji H e B , H . ß . M a M e r 0 B : Y C T O Ë ^ H B O O T B p e -
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