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HHTErPAJILHOrO YPABHEHHJI B BAHAXOBOM flPOCTPAHCTBE 

1 . n o c T a H Q B K a 

IJejtfcio paÖOTH H B J i s e t c h HCcj ie f lOBaHHe H e i c o T O p o r o H H i e r p a a i . -

H o r o y p a B H e H H a b ÖaHaxOBOM n p o c T p a H C T B e . HocjieflyiOTQH c y m e c T B O -

b b h h s h eflHHCTBeHHOCTB e r o p e m e H H a , e Taicace e r o oi^eHKH h b 

CBH3H C 9TUM OrpaHHtjeHHOCTB, CTpeiUieHHe K HyjliO 3T0T0 pemeHHH 

H BOnpOCH, CBHSaHHHe o e r o yCTOä^HBOCTBlO. 

nycTB I = < 0 , o o } , £ = { ( t , s ) e I 2 : s 4 t } , ( B , IMI ) -

- ß a n a x o B O n p 0 C T p a H C T B 0 . n p e j u o x H M , ^ t o AaHH HeKOTOpno $ y H K -

qHH p e C ( I * B , B ) , ü e C ( ß * B , B j h n y c T b u Q e B HBJii ieTCa 

n a p a u e x p o M . 

P a c c M a T p H B a e i C H c j ie f lymi i iee H H T e r p a j i B H o e y p a B H e m i e 

B n e p B O i i q a d H paÖOTH b b o ^ t c h c ie^yromHe n p e f l n o j i o x e H H a : c y -

i ? e c T B y e T H e K O T O p o e noeTOHHHOe k > 0 h HeKOTCpne iyHKijHH 

( 1 ) 

t 

I i ( t ) = p ( t , u 0 ) + J U ( t , s , u ( s ) ) d s . 

0 

V, % » 
E 1 . lf»e C ( I , I ) , ( ¥ t G l ) V ( t ) > o » 

E2. %eC(I,I), 
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2 J.Mu-Szyriski 

E3. ( V t e I) ( V u e B) Il p{t,u)||<V(t) H a H, 

S4. ( ¥ ( t , a ) 6Ä ) ( V u e B) | | ü ( t , s , a ) | | < H ^ 1 » 

U BtinojizíaaT na 2. * B jioicajitHoe ycjiOBHe JlHnnuma OTHOCiiTejiB-

HO nocjieflHero apryMeHTa. 
nocjie^Hee npeOTOjioacemie o6o3Ha^aei| *ito äjih Kax^oro MHOsce-

CTBa D C ß * B , orpaHHqeHHOro b HaTypaatHOfl TonoaorHH npoH3Be-
fleHHH R*R*B, -cymecTByeT Taicas nocTOSHHafl > |6, ito fljia 
jiioÖhx (t,s)€B h u,v e B TaKHx, íto (t,s,u) , (t,s,v) e D 

(2) II U(t,s,u)-U(t,s,v)|| < L d I a-v||. 

BO BTOpofi rçaCTH, OTHOCHieñCH K BOnpOCaM yCTOÍtqHBOCTH yCH-
jiHBaiOTCa npe^nojioaceHHH 33, B4 - npe^nojiaraeica, hto 

B3'. ( V t 6 I)(V u,v € B) II p(t,u)-p(t,v}|| « V(t) ||a-v||; 
(V t e l)p(t,0) = 0, 

E4'. (Vt,s)€fi)(Vu,v€B) I U(t,s,a)-U(t,s,v)||< 

< ^ [ Ì } x ( s ) [max(l|a||,|lv||)]k II a-v||; (V (t,s) e fi)U(t,s,0) =0. 

0*ieBHflHO, *ITO H3 yCJlOBHÖ B1 , E 2 , 33', 3 4 ' , B£IT6KaK)T y c a o -

bhä 31-34. ycaOBHS p(t,0) = 0, U(t,s,0) = 0 rapaHTHpyioT, 
ito ypaBHeHHe ( j|) npn uQ = 0 hm66t HyjieBoe pemeHHe, onpe^e-
jieHHoe Ha I . H3 - 3 a ototo ypaBHeHHe ( 1 ) Ha3UBaeu "0,nH0p0fl-
hhm"í c a y n a a , KOrfla He ÖyseT npe^noaaraTt othä ycjiOBHñ Oyaei 
npeßMeTOM flpyroft ctstbh. paÖOTa aBJiaenca npo^oj ixenHeu h 0 6 0 6 -

neHHeM CTaTeS [ 5 ] H [Ô]. 
üpexueT Harnero HccjieaoBaHHa - ypaBHeHHe ( 1 ) - tbcho caa3ad 

c HeKOTOpoñ 3aflaqeñ Konm ajih oötncHOBeHHOro ÄH$(fepeHtoHajii>Horo 
ypaBHShha, HaBSHH 3TOñ 3afla^eS h ee QÖoÖnsei. OCiachhm sto 
npexÄQj nepefifleM k HenocTpexcTBeHHOuy HCCjieAOBaHHio. 
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HcojiejOBaHHfl HHTerpajibHoro ypasHema 3_ 

2« 3aflaqa KomH flfla oCuKHOBeHHOro ypaBHema 
nycTb {A(t):t e i} asaaeTca ceMeäcTBOM jumeftmoc, He o6a3a-

TejiBHO orpaHHqeHHHX onepaiopOB, .neñcTByiomHX B npocTpaHCTBe B 

h tskkx, xito ceMeftCTBO onepaTOpOB {e( t : ( t ,a ) e fi} e L(B) 

He::pepb!3HHX no (t,s) € Ä onpexeaaei onepâTOp Konm fljta ypaB-
HeHHa 

(3) V = A(t)v 

(cm. HanpHMep [3]). IlyciB flaHa $yHKiçaa f e C(I*B,B), pac-

CMOspHu BM&CTe c ypaBHeHHBM (3) ypaBHeHHe 

(4) a' = A(t)u + f(tja)» 

Jlioöoe pemeHHe 3Toro ypaBHeHHa c HaiianiHHM ycjiOBHeu (uQeB) 

(5) u(0) * u 

HBJiaeTCH pemeHHeu HHTerpaaibHoro ypaBHeHHa 

t 

(6) u(t) = R(t,0)u o + J H(t,s)f(s,u(B')}ds. 

0 

ypaBHeiine (6) HBJiaeTca yacTHUM cjiyqaeM ypaBHeHHa (l), npnqeM 

(7) p(t,u) = R( t, 0 ) Ii, ü(t,s,u) = ri(t,s)f(s,u). 

nooTCMy HCCjieflOBaHHa pemeHHit ypaBHeHHa ( 1) OTHOcaica b 
qacTHOCTH K pemeHHaM ypaBHeHHa ( 6) H cjieaoBaTejiBHO K Tax H33H-
BaeMHM cjiaÖHM pememiaM 3a,nâH (4), (5) (cm. [3], HCCjiej;oBaHHa 
Kor.ua 9TH cjiaône pemenna aBJiaioTCa peméHHaMH mokho npoBeoiH 
n0fl06H0 Ka k b ipiTHpOBaHHoM n03HUHH JiHTepaTypn). 

CHHiaa, ito ypaBHeHHe (3) -iBJiaeTCa "HeB036yacfleHHHM", a 
ypaBHeHHe (4) "BoaôyacfleHHHM", wacTO CTaBHTCa BOnpoc Kaxze 
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4 J.MuBzynski 

CBOñcTBa peureHHä ypaBHeHHs (3) nepeHOCHTca Ha pemeHHH ypaBHe-

hhh (4). ^iacTO HccaeflyeMoii 3aflaieft SBnaeTC.. cjiaflyiomaa: nyciB 
H3B6CTH0, t u o pemeHHH ypaBHeHHH ( 3 ) C T p e M E ï C a K H y j i K , 6 y ^ e i 

jxH TSK ÄJia pememiö ypaBHeHHH ( 4 ) (npa cooTBecTByromHX npeflno-
jioaeHHHx othochtqjibho íyHKiiHH f }? OÖuqHO 3jecb npe^nojiara-
eiCÄ, ITO pemeHHH ypaBHeHHH ( 3 ) CTpeitKTCH K Hyjuo oKcnOHeH-
iraajibHO (HanpHMep, bo mhotox HCcjieflOBaHHHX B [ l ] npe^nojiara-
eTca, tjTO ||H(t,s)|| < N e " " ^ " 8 ^ js^e HeicoTOpHX N > 0 h -^>0) , 
npeflnojiaraeTCH oÖimho, *ito (fyHKî HH f no^jiKHeftaa (flan hbro-
TOPHX (fyHKipiñ o<.,|3 HM66M || f ( t , u)|| < oi("fi ) || u || + | ì ( t ) j . Pac-
cMOTpnM Ôojiee oßmaft cjiyqaS (npa Hamnx npeflnojioxeHHHX 06 "o^-
HOpOflHOCTH1' 3 a ^ a t I H ) , a HMeHHO 

(8) (3 c > 0) ( H<¡o e C ( I , ( 0 , o o ) ) ) ( V ( t , s ) € Ä ) Il R(t,s)||< c 

H 

(9 ) ( 3 k » 0 ) ( 3 { > € C ( I , I ) ) ( V t e l l ( V t t É B ) || f ( t ,u)|| < Q ( t )||u||k+1. 

BTopoe ycjiOBHe o6o3HaqaeT, m o paccMaTpHBaeMan "HejiHHeÖHOCTB" 
HMSST "thi i " ||u||k:+*'. üpe^nojioateHHe ( 8 ) o6o6rçaeT pacciiOTpeHHOei 
Bünne npn c=L£ h (p=e . 

B cayqae, Kor^a A € C ( I , « £ (B ) ) , BHCTynaœnyïo b ycjiOBHH ( 8 ) 
$yHKi(Hio (p UOXHO HaflTH no A 6iaroiapH cseflymmeMy npefljio-
JfeHHBD (npH 3TOM C = 1 ) . 

I I p e f l j i o x e H H e . JJFIJI JIJQÖO ft íyHKqHH ç e C ( I , R ) 
HM66M 

(10) ( V ( t , s ) « f l ) ||H(t,ajJ|< , 

r^e 

t 

(11) <p( t) = exp J [||a(u) + ç ( * ) l|| - chi. 
o 
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H c c j e f l O B a H H g H H T e r p a j i B H O r o y p a B H e H H g 5 

J J O K a s a T Q J I B C T B O • n y C T B V 6 C ( I , B ) a B J I f l e T -

c j i pemeHHeM y p a B H e H H g v ' = A ( t ) v , BHÖepeM h $HKCHpyeM j u o 6 o e 

s e I ; B B e f l e M i y H K i p i H - y e c ( I , R ) , w e C ( < s , o o ) , b ) , o n p e -

AeJ ieHHHe f o p u y j i a M H ( n o c j i e ^ H a H ä j i h t > s ) 

t 

( 12 ) * ( t ) = e x p | J ç ( s ) d s j , w ( t ) = - ¿ [ f j y ( t ) . 

B t o p a a « t y H K n o a g B J d g e T C g pemeHHeM y p a B H e H H g w ' = [ A ( t ) + ç ( t ) l ] w . 

n p H i e M w ( s ) = v ( s ) , a n o o c o u y ¿yig n e e w ( t ) = v ( s ) + 
t 

+ / [ A ( T ) + ç ( t ) i ] w ( * ) d * . OTCiof la B H T e K a e i , i t o || w ( t ) | | < | | v ( s ) | | + 
s 

+ t I A ( * ) + p ( f ) l | | I I w f f )|| drr H n o J i e i m e r p o H y o j U g - E e j u i M a H a 

8 t 
||w(t)||<| v(a)¡I exp I H + || dir. n09T0My 

( 1 4 ) Il R ( t , s ) v ( s ) y = | | v ( t ) | j = l [ | j | | w ( t ) | | < 

t 

< i í f f e X p J l | A ( ^ ^ ( t ) l | | d < r . | | v ( s ) | | = J j l f ||v (s )|| 
s 

H O T C B Ä a | | R ( t , s ) | | > 

H 3 3 T o r o n p e f l J i o x e H H a B H T S K a e T H e p a B e H C T B O | | R ( t , s ) | | ^ , 

r ^ e 

« p ( t ) = e C ( A ( t » , u ( A ) = l i m " h A + ; i l - 1 

r h — 0 n 

( T a K Ha3HBaeMa.H j i o r a p H $ M H q e c K a g H o p u s o n e p a T O p a A) h 3 [ 3 ] » 

c i p . 1 5 3 . 
E c j i h BHnoj iHeHH n p e ^ n o j i o a c e H H a ( 8 ) h ( 9 ) h $yHKi(Hg f a o -

KajifcHO j i H n m H i p i e B a , t o $yHicqHH p , U o n p e ^ e j i e H H u e $ o p M y j i o ß 

( 7 ) BHnOjüHÄBT yCJIOBHH B 1 - E 4 0 t f > ( t ) = C > % ( " & ) = c g ( t ) . 

y c j i O B H e E 3 ' T a K x e B i m o j i H e H O , A u g Bimoj iHeHHH y c j i O B H « ¿ 4 ' 
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J.MüBzynaki 

TpeÖyeiCÄ, ^toöh $yHKi*H« f BHnojiHHJia ycjtOBHe rapa ¡ | f ( t , u ) -

- f(t ,v)| |4í ^(t)[max( ||a||,||v||)] k | |u-v| | . Taicoe ycaOBHe B B « H 
BHII0JIHH8T HanpHHep ÍJTHKipiH f ( t , u) = % ( t ) 1 . IIpH H3IBHZ HC — 

cjieAOBaHHHX (fljia k > 0 ) U H JOJJXHH cqHTaTBCH co cjieayiomefl 
npoöjteitoö : rjm h6K0topm u q € B pememji ypaBHeHHa ( i ) iioryT 
ÖHTB ONPEAEJIEHH aa qejioii j t a A M aeKoropnz U q "sax He 6 y -

Ä e i . HanpHMep CKaaapHoe HHierpajtBHOe ypaBHeHHe u(») = e~^u0 + 

+ ^ e e _ t u 2 ( « ) d s , OKBHBaaeHTHOe 3a;naqe Koma u' = - u + u 2 , 

u(0)i=u HU66I pemeHH« bhäs u ( t ) = - T onpe^eaeHHHe 
0 ^ - ( U o - U e * 

Ha I ecjiH u Q < 1 z Ha HeKOTOpux HHTepBaxax <0,( i ) ajm 
uQ > 1 (npa 3T0M u(t) —'•<» Korfla t — j i ~ ) . 

npnwepOM npHMeHeHHÄ Hanmx HCcjie^OBaHHfi uoxer ÖHTB CecKO-
He^Han CHCieua cKajinpHEOC ypaBHeaafi 

( 15) x j j - — ^ 2 x
n

 + x n + 1 » n = 1 , 2 , . . . 
1 

C Hatia^BHHM yCJIOBHei.1 x
n ( ° ) = , c

n HOKOTOpHX C R 6 R , 

n = 1 , 2 , . . . ) . 3to KOHetiHOCTpoHHa«, ho He TpeyrojtBHaa, cncieita 
no onpe¿ejieHHJo h3 [ 2 ] , r a . 6» 3 i a CHCTeua sKBHBajieHTHa CHCxe-

ue HHTcrpajibHiix ypaBHeHHÖ 

c t 2 
(16) 1: (t) = + f V 1 ^ ^ 8 ^ 8 ' n-1,2,... . 

1 + t c ^ t"+1 

BCÄH BBe^eM npocTpaHCTBO BaHaxa i ° ° ÖecKOHeiHHx nocjieflOBa-
TejiBHOCTea x = ( x . , x 0 , . . . ) c HopMoft II x|| = sup I x J , to ory 

1 - ktli K 

CHCTeMy MOSCHO 3anHcaTB KaK 

( 1 7 ) x ( t ) ». 
1+t< 

c + f - 4 ± i - f ( x ( . ß ) ) d s , 
l t ¿ + i 
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HccaejoaaHHa HHTerpa.uí.H0r0 ypaBHeHHa 7 

rfle X = ( x ^ j X g , . . . ) , f ( x j = ( x ^ x ^ , . . . ) , c = ( c ^ . O g , . . . ) . 

jlerKO NOKA3ATB> *ITO f E C { 1 ° ° ,1°° ) H I T O KB.Ü jnoöoro x e 1 

HM66M I f (x)|| < II ypaBHeHHe (17) aBJiaeTCa qacTHM cjiytjaeM 
YPABHGHHH ( 1 ) ( B B = 1 ° ° ) Q 

2 
p(t,u) =—S-5-U, U( t , s ,u) = 4 ± i f ( u ) , 

1+t ¿ t ¿ +1 

fljia KOTOporo BHUOJIHÖHH E1-E4 c k = 1, V( t ) = — — , %{t) = 1 
1+ t ¿ 

( BHIIOJIHEHH 3flecb Tatcxe ycjiOBHa S3 7 , B4-', B nocjiesneM HyacHO 
B3HTB % ( t ) = 2 ) . 

3 . TeopeMa o cpaBHerara penremä 
B 3T0M nyHKxe paccuOTpau abs HHT6rpajibHHX ypaBjieHHa, OflHO 

B (5aHax0B0M npocTpaHCTBe B, BTOpoe B R H cpaBHHM STH pe-
meinia. HHxeflOKa3aHHy» TeopeMy ÖyfleM cxiHTaTt no r̂oTOBHTejiBHOä 
Teopeuoft B Hameä sanale h3 l . 

T e o p e M a 1. IlyosB HeKOTOpne «JyHKijHH p e C ( I * B , B ) , 
üeC(fl«B,B), q € C ( I * I , I ) , WeC(fixI»I) Tarae, TITO Aita Kax-
aoro t e l (fyHKipia q ( t , • ) CTporo padynaa Ha I , flaa 
Kaafloro ( t , s ) 6 fi .íyHKiiza W(t ,s f ») pacTymaa Ha I , íyHK-
HHa U jioKaabHO jLHmrHiçieBa no nocjieflHeMy apryiteHTy Ha fi*B. 
nyCTi 

(18) ( V t e I ) ( v a e B) I p(t,u)|| <q(t,||u||) 

E 

(19) ( V ( t , s ) e f i ) ( ¥ u e B ) ||u(t,a,u)|| < W{t,s,||u||). 

npeaaoacHM, i t o U 0 6 B , vQ G I Taicne napaMOTpH, I T O ||U0||<V0» 
Tor*a ecjiH ypaBHeHHe 

t 
(20) w(t) = q(t ,w 0 ) + J W(t,s,w(s))ds 

0 
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8 J,Muaz?nski 

HM6ÖT pemQHHe w Ha HeieoTOpOM HHTepBajie J (rfle J = < 0,a>, 
< 0,a) ajiH jse <0,°°)), TO ypaBHemia 

t 
(21) u(t) = p(t,u0) + J U(t,s,u(s))ds 

0 

BM66T TaKxe pemeHHe u, onpeaeaeHHOe Ha 3som HHTepB&ne J, 
Kaatfloe .npyroe peíneme aloro nocaê Hero ypaBHeima paBHO stony 
pemeHHK) Ha o6qeu HHTepfiajie zx oppeAezeazsi H 

(22) (Vt e J) I u(t)|| < w(t). 

A O K a s a x e x b C T B O . nycTB T > 0 ßy^ei JIK>6HM, 
TaKHM, ITO ij, s= <0,T> c J. BBefleM B paccMOTpeHHe MHOXSCTBO 

(23) Dt := {(t,s,u):t eIT, 3 e <0,t> , ||u||<w(e)} 

(i.e. TpoftKa (t,s,u)€DT ecjin te I T , s €<0,t> h U€B 
TaKOe, ito y u||^w(s), r^e w pemeHHe ypaBHenna (20), a 
w(s) ero BejiHWHa fljia BufipaHHoro s). OieBĤ HO, t̂o D̂ , HB-
jiiieTCH orpaHHyeHHHM nofiMHOsecTBOu MHOxecTBa A*B h nooTOity 
cymecTByeT raicaa nocTOJiHHaa L n (Öy^eM ee 0Ô03HaqaTi> iepe3 

T 

L,j,), ITO flJIH JtlOÖHX (t,S,u), (t,S,V) e Dj HMeeM 

(24) II U(t,s,u) - U(t,s,v)|| ^Lj ||a-v||. 

PaCCMOTpHM TenepB MHOXeCTBO $yHKipift 

(25) CT : = { u e C (I t ;B) : ( V t e I T ) || u( t )|| sg w( t )} . 

OieBHÄHO, mo STO 3auKHyTOe nô MHOxecTBO ÖaHaxOBOro npocrpaH-
CTBB C(I,p,B) (c HopMOft max), nooTOMy fymcnHH 
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HccaeflOBaHHH HHTerpajrtHoro ypaBHeiraa 9 

(26 ) q U , v ) = max | | u ( t ) - v ( t ) | | t e I T 

aBJiaeica b m h o x s c t b s C ^ Meipmcofi h ( C i n , ç ) aBJiaeica i i o j i h h m 
MeTpHUeCKHM npOCTpaHCTBOM. 

B B e f l e M b 3 t o m npocTpaHCTBe onepaTOp K , TaKofi m t o ecjiE 
u e CT, t o 

t 
( 2 7 ) ( K u ) ( t ) = p ( t , u 0 ) + J U(t,s,u(s)jds. 

0 

O i e B H Ä H O , T I T O K:CT — • C ( I T , B ) . f l O K a x e M , x i t o ecjiH u e CT

t o Ka € C T . H M e e M ( j j i a Jiroßoro t 6 I T ) 

t 
( 2 8 ) I (Ku)(t)||<!| p ( t , u 0 ) | | + J||U(t,s,u(s))||ds< 

0 
t 

< q ( M u 0 l | ) + J w ( t , s , | | u ( s ) | | ) d s , 
0 

(BBHfly npeflnojioxeHHñ ( 1 8 ) , ( 1 9 ) ) , a TaK KaK ||u0|| < v Q , 
| | u ( s ) | | < w ( s ) ( a e C ^ , ) t o B B H j ; y m o h o t o h h h x c b o ü c t b í y H K H H ñ q 

H W H M e e M 
t 

( 2 9 ) I I ( K u ) ( t ) | | < q ( t , v 0 ) + J W ( t , s , w ( s ) ) d s = w ( , t ) , 
0 

TaK KaK w HBJIH6TCH pemeHHeM ypaBHeHHa ( 2 0 ) « Haun ÄOKa3aHO, 
TJTO Ä M JiKÖoro U e CT H t € I T 

( 3 0 ) I I ( K u ) ( t ) | | < w ( t ) 

H nooTOMy o^eBHÄHO, ITO KsCrn-^Cn, (cm. onpe^ejieHHe ( 2 5 ) ) . 
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10 J.MaszyÚBkl 

s** 

3aM&xHH TenepB, qio bcjih u,v e CT , to ftfia. jidÖbpc t 6 I j , 
S € < 0 , t > HM66M J u(s)H < w ( s ) , II v(s)|| < w ( s ) , OTCBfla 
( t , s , u ( a ) ) , ( t , s , v ( s ) ) e D t h noaroiiy 

(31) II U ( t f s f u ( s ) ) - U ( t , s , v ( s ) ) | | ^ I ^ | | u ( s ) ~ v ( s ) | | . 

HcxoAfl H3 3TOro H8psB8HCTB& h onpe,nejieima (27) nojiyriaeii, tito 

fljiH jiroÖHx u,v e CT 

(32) ||(Ku)(t)-(Kv)(t)||$|| J [ U ( t , 8 , a ( s ) ) - U ( t , s , v ( s ) ) J d s | | < 
0 

t 

CUp J l l u(s) —v(s)|| ds < c>(u,v)t. 

0 

UexOAOM uaieuaTB^ecKOS hhatkqhh serico .noKasaiB» i t o .hjlh |Be>6o-
ro n 6 N HM66M B 3T0U cayqae 

(33) ||(K n u)(t) - ( K ^ ) ( t ) | | 4 (>(u,v) 

H OTCKfla 

n n (línT)11 

(34) ^ ( A , ^ ) < — ç ( u , v ) . 

laK icaK (I»j,T)n:n! — 0 npn n — t o oioro^a BUTesae*, 

uto oynéCTByeT TaKoe n e N, i t o K n JiBJiJieTCw onepaiopoM 

CXaTBH B QOABOU UeTpHtieCKOM UpOCTpñHCTB6 C j (CM. CU» 

CTp.79) H noöTOity cymecTByeT OÄHH H tojibko O¿EH sJteueBT 
neiîfjj T8K0Ô, i t o Ka = u, t . e . cjnecTByeT e^HHCTBeHHaa (flywc-? 

Uhä u e C j Taxa«, q i o ajih t € I T 

t 

u ( t ) = p ( t , u 0 ) + I U ( t , a , u ( s ) ) d e . 
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HocaeaoBàHHg HHTerpaatHoro ypaBHQHHH 1 1 

ÖTO paBeacTBO o6o3HaqaeT, i t o (JyHKnaa u aBaaeica peme-
B H 6 M YPABHEHHA ( 2 1 ) « H S S K U H Ä O K A S A A H , WTO Y P A B H B H H E ( 2 1 ) » 

paccuaTpHBaeMoe Run t ELJ auees pemeHHe A 0npe,neJieHH0e HS 
I j , npHHafljaeacaiiiee K C ,̂, a Tax KSK kim Hero a = Ku, TO aaa 
3TT>ro pemeHHH BBHfly HepaBeHCiBa (3C) BunqjiHeHO HepaBeHCxBO 

(36) ( V t e IT) ||a(t)|| < v ( t ) . 

flOKaaceM, MO STO pemeHHe - e£BHC?BeHKOe iiaKCHMantHoe pe-
meHHe ypaBHeHHH ( 21) > epjiH orpaHHiHBaTtca t € IlycTB 
ypaBHeime (21) HMeei pemeHHe v , t e I . , , r j e 0 € H I^C i t 

H yaw o flOKa3aTB, i t o ( V t e l . , ) v ( t ) = u ( t ) . PaccMOTpHM Henpe-
pHBHy» iyHKipio -j, 3 ( t ) = w( t ) - | | v ( t ) | | .BBHfly Hanmx npeanojioxe-
HHft Hueeii 

(37) ^ ( 0 ) = w<0]- |v(0) | | = q ( 0 , w 0 ) - | p ( 0 , u 0 ) | | > 

>q (C ,w o ) -q (0 , | | u o | | ) > q (0,wQ)-c (0,wo) = 0. 

jjOKaateii, WTO tf(t) > 0 W t e L . ECJIH 6 H TSK He 6 H H O , 
' I 

TO cymecTBOBajio 6H Taxoe I 6 »ITO -jffT^) = 0 H Tf(t) > 0 
FLAA T E < 0 , T ^ ) . NOBTOPJUI N P O B E S E H H O E BHME FL0KA39IEJIBCTB0 

ÄHÄ T = T I NPHXOFLHM K BHBOFLY, WTO B I , , , cymecTByei TOJIMCO 1 1 1 A J I 
OflHO pemeHHe, npHHafljiexamee K CM , HO K 9 TOMy npocipaHCTBy 

I I
 1 

npHHafljieaaT H u L H v T . IlooTOMy u( t ) = v ( t ) asm 
I 1 A 1 

t ELJ H v(T^ ) = a (T^) ; MH npnmJiH K npo,THBope<iHio, TaK KAK 

BBH^y HepaBeHOTBa (36) HMEEM ]| u( T1 ) jj < w( T1 ) H = 

= v/(T1 )-|Iv(T1 )|| = vv(T1 )-[fii(T1 )j| = 0. E i a x ff(t) > 0 í j ih t e l . , . 
B03BMeM JiBÖoe € h npOBe^eM noAOÖHOe KaK BHme paccyx-
^ E H H E M A T = T „ . ,H0KA3LIBAETCÄ, WTO \ | T = U L H N 0 3 T 0 M Y 

¿ I •'•ni I •ifi 1 2 X 
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12 J.MuszyiSski 

v(T2) = u(T2),a BBHfly Toro mto Tg 9to npH3B0jEBHaa loqxa E3 

OTCBfla BNT6K36T» i t o v( t) = u(t) Ha , qTO Tpe6oBaaoci» 

iOKa3aib. 

npHcrynaeM TenepB k OKOHqaaaB flOKa3a;rejiBCTBa. Ecjih 
J = < 0,a^> , to bshb T= a bh^hm, qTO Te3HCH aameft Teopeua 

^oKa3aHH. Bcaa J = < 0.,a) hjih J = <i 0,c>o)t to BHOapaeM pa-

CTymyio noejteflOBaTejiBHOCTB (Tn) c J , Taicy» qTO ^a b nep-

bom cjiyqae (npa n — o o ) h T n — o o bo btopom. Onpefleaa-

eM $yHicmiio u,t e J , cjiefljnomHM o6pasoM. BtJfiepeM nio6oe t € J , 

cymecTByeT Torfla Taicoe Tn> mo t e<(o,T n^, Ha 0Tpe3Ke 

<( ksk mh 3HaeM cymecTByeT pemeHHe ypaBHeHaa (21) 

(h TaKoe, qTO || u (t} | | < w ( t ) fljia t e ( 0 , I f l ) ) . "303BMeu 
a ( t ) = u n ( t ) . JlerKO floicasaTB, qTO .onpefleaeHHaa tskhm 06pa30M 

Ha J $yHKî BH a xopomo onpeaejieHa (ecjia ^ e H 

T < T , to BBHfly npeflBwymero aHann3a HMeeu u_ I = n m I < 0, 
= H HOSTOMy u f f l ( t ) = u ^ f t ) ) , HBjraeTca pemeHHQM ypaBHeHBH 
(21) (rax. xaK juoCaa u f l HBJiaeTca pemeaaeM) a bhiiojihhst He-

paB6HCTB0 (36) (jnoCaa BunojiH&eT 3TO B6paBeHCTB0). 3TO 

3aicaHqHBaeT flOKSBaiejiBCTBO» 

JOKa3aHHaH TeopeMa oflofinraeT b HeKOTopou CMHCae nofloOHoro 

Tana TeopeuH k3B6Ctbu6 B3 jTHiepaiypH (cm« aanpaiiep [4])« 

4* OoHQBHag TeopeMa 

T e o p e u a 2. IlycxB BunoaaeaH ycjiOBHH B1-E4, npe,n-

nojioaraM, qTO HHTerpaji 

OO 

/ V k(s)% (38) I V*(s) %(s)ds 

cxoflHTca. 06o3HaqBM 
e» 1 

(39) N = j V t s ) x ( a ) d S , U = ^ k > 0). 

Tor.ua flJiH Kaac^oro aQ 6 B b cayqae k = 0 b Kaxaoro uQ fe B, 
TaKoro qTO || u || < ft b cjiyqae k > 0, 
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Hccje^OBaHEH HHTerpaaiBHoro ypasHema 13 

1) ypaBHeHHe ( 1) HueeT ej,iiHCTBeHHOe mskchmsjibhos pemeHHe a, 
2) pemeHHe sto onpeflejieHO Ha I, 
3) cynecTByeT Taicaa hoctojihh£UI P > 0 , ITO 

o 

(40) (Vt el) ||u(t)||«P \v(t). 
o 

J o K a 3 a i e i i c i B o • IlycrB uQ e fl BunoaaaeT 
ycjiOBHA TeopeMH. B03Bueu jhoCoç £ > 0 m a k = 0 h a»6oe 
£>0, T a i c o e ito H a U +e < T I w k > 0. 0 Ö O 3 H a i H « w „ = » 1 0 0 
= II aj+t í paccMOTpnu HHTerpajiBHoe ypaBHerae 

t 
(41) w(t ) = V(t)w0 + J X(s)wk+1(a)ds. 

0 

Cimali, ITO 3T0 ypaBH6HHe (20) c 

q(t,w) = V(t)w, W(t,s,w) =$|j- X(8)w k + 1 

npOBepaeM, ^to BBHfly npê nojioaeHHft E1-E4 BunojiHeHH Bee npefl-
nojxoseHHji TeopeMH 1 hht6rpaji bhhx ypaBHemit (21) (i.e. ( 1) ) 
h (20) (i.e. (41)) h n03T0uy BunojiHeHH oooTBeiOTByiomHe T83HCH 
DTOfi TeopeuH. flax A0K83a!reji&CTBa Hameft TeopeMH Hyacao flOKa3aii>, 
ITO ypaBHeHHe ( 1) Hite e t ejpHHCTBeHHOe uaKCHuajiBHOe pemeHHe u, 
OHO onpe^ejieHO Ha I, a Kpoue OTOro, tiio BunojiHeH Teano 3). 

BBefleu HOBys HCBOuym iyHicijHro u, CBH3aHHyœ c hckomoö W, 
CBÄ3BD 

(42) 

Tor^a (fyHKHHH z flOjiacHa 6htb pemeHHeM HHTerpasBHoro ypaBHe-
HHH 
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14 J.Muazyúaki 

C 43) z ( t ) = w 0 + Jyk(s)x(s)zk+1(s)ds, 

HJiH ace aaxaqa KomH 

(44) = Vk(t)%(t)zk+1, z(0) = w . 

nocjteAHAH 3aflama atieeT pemerae 
t 

(45) z(t) = w 0 exp j X(s)ds 
0 

Baa k = 0, a «xa k > 0 

(46) z(t) 
/ Ñ l P 
Í1 - k w k f Vk(s)x(s)da)k 

* 0 
PemeHHeM ( e^HHCTBeHHMi ) ypaBHeHHH (41) «Binerca w( t) = 

= z(t)<Ji(t) , TO eCTS 

(47) w(t) = < 
w Q exp J 

wQv(t) 

1-k w k f vk(a)x(s)ds 
1 k 

u m k = 0, 

AJIä k > 0. 

üerKO ÄOKaaaTB, mto $jthkhhh w naxaeTOH pemeaneu ypaBHe-
HKA (41) AJLS Bcex t e l , ¡¡fin KOTOpHX OHa onpe,nejieHa. IIpH 
1: = 0 OHa onpejxeaeHa Ha If fljiH k > 0 bbhjqt Toro, *ito 
kN = -̂-rr , TO 

n 
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HccaeflOBamg gHTerpaa&Horo ypáBHeam 15 

X co 

(48) 1 - k wk J v k ( s ) X ( s ) d s » 1 - k J l | ) k ( s ) X ( s ) d s = 

= 1 - k 
- t e i -

Tax KaK wQ*< 71, to 1 - [w0:R] >D h (fyHKipui w h3 fop-
MyjiH (47) a m k > 0 TaK ze onpe^eJteHa a s « t e I . 3thm 3a-
KaH îHBaeiCA flOKa3aiejibCTBO ts3hcob 1) k 2)« 3auexHi(, i t o h3 
$opMyaH (47)» HepaBeHcma (48) h toi-O, i t o Wq = || u0|¡+ e 
sue eu 

(49) w ( t K < 

e N ( | | u o l l + £ ) ^ t ) k = 

y ( t ) äjiä k > 0. l ü o l l + £ 

1-1 n 
k\k 

Depeñjeii k npexeay npa £ - * o , Tor ja 

(50) 

r * e 

(51) 

w(t ) < P V ( t ) , 
o 

eNl| u_ 

1 
(i-klï||u0||k) î 

AAH k = 0 , 

WW k > 0 . 

(yqHTHBas, hto H k = 1 ^ ) . Ia* RaK n0 reopeae 1 || u(t)|| < w ( t ) 
äjie t e I , TO H3 HepaBeHCTBa (SO) BHTeKaei nocjieíHHñ T63hc 
Teopeim. 
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16 J.MuszyÚBki 

3 a M e q a H H A . flOKa3aHHOä leopeMH "H6JIB3H yjiyqniHTb" 
B TOM CMHCJie, ITO eCJIH yCJIOBHÄ TOOpeMH He BHIIOJIHeHH, T.e. HJIIÏ oo 
HHTerpaji /^ ( s )%(s )ds pacxoflHTca hjih ace (b cjiytiae k, > 0) 

0 
Il uol ^fô» T0 moäho yKa3aTB npauep b KOTopoM He BHnojmeHH Te3H-
CH TeopeMH 2. Tskhm npHuepou Moxet 6ht£ cooTBeiCTBymmee cica-
jiHpHOe ypaBHeHHd rana ( 41), cqHTaeMoe ksk ypaBHOHHe ( 1). Ero 
pernera« onpefleaeHH $opuyjiofi (47). yicaaceM cooTBeTCTBymmne upn-
MepH. HaiHeM co cayqaa k > 0, Ô ieBHflHO, ^to ecjia cooTBeiCTBy-
romañ HHTerpaji pacxo^zTcn, to ajih Bcex wQ ¿ 0 Bee pemeHHH 
ypaBHeHHH (41) He onpê eaeHH Ha BceM I (cm. $opMyjiy (47)) . 
nycTB Tenepb HHTerpaji cxo^htch. PaccMOipaM ypaBHSHHS 

b 
(52) w(t) = e"2tw0 + J e~2tesw2(s)ds 

0 

HBJwnomeecH ypabhohh6m (41) c ip(t) = e~2t, %(t) = k = 1. 
Ero pemeHEH hmceit bea 

3w0et 

(53) w(t) = 0 3 t . 
wo+ ( 3-wo , a 

Ô eBHflHO, qio OHH onpeflejxeHH Ha I ecjtH wQ < 3, xx* wQ > 3 
ohe onpeaejieHH He Ha bcom I . C flpyroft CTopoHH HHTerpaji 

°° 7 
(54) J V ( s ) x ( s ) d s = /e" 3 s ds = ± 

cxoflHTca, li = -j , 71= 3. Un bĥ hm» i to JSJLSÍ wq < H pemema 
ypaBHeHHA ( 52) onpexeaeHH Ha bcsm I h 
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HocaejosaHHg HHTerpaafcHoro ypaBHeagg 17 

(55) w ( t ) « 5 Ti-e = t x 2 - - e 2 t < 
w o + ( 3 " w o , s w o e + (3-w 0 ) 

3 wo „ -2t ^ o 

T . E . BHnoxBeBH T63HCH TeopeuH £. ASA W Q = E = 3 pemeHHeu 
ypaBHQHHH (52) HBjiaeTca tgyHKipux w ( t ) = 3 e t , onpejeaeHHaa na 
Bceu I . HO SA8C& HE BUNOAHEHO YCJTOBHE W ( T ) < P E ~ 2 T = 

wo 
- PW T4>(T) (AAA ÄBÖOFT NOCTOÄHHOA PW ) . YCSOBBS |¡ U0 || <71 

"Hanisa yjiynnHTt" • 
TaKOñ se 8$$eicx HaOjiroflaeií B cajpiae k = O, ecjxs EHTerpas Co 

<f%(s)cis paCXO^HTCH, TO XOTH BC6 peneHHA COOTBeTCTByUHerO 
o 
YPABHEHHA onpeaejieHH HA I , HO HS BHHOJIHBHO YCAOBHE W ( T ) ^ 

<PW v ( t ) ( c u . fopuyay (47) AXJX k = 0 ) . 3 *6 « . HaCaB^aeiCH 3$$eKT 
™o 

HecKOjtbKO «npyroro po.ua, qeu B caytiae k > 0 - CXO^HMOCTB H H -

Terpajia ne TpeCyeica xjw cymecTBOBaraa pemeHna Ha Been I , 
a TOjiBKO fixa cyneciBOBaHHa cooTseTCTByBmeft oqeHKH. 

OqeBHAHH cjieflyiDmHe cjie^CTBHa H3 TeopeitH 2: 
C a e f l C T B H e 1« ECJIH BHnOüHeHH Bce ycjiOBHH Teo-

peuH 2 H $yHKEpm ^ orpara^eHa, to BOB paccMaTpHBaexue peme-
HHH ypaBHeHHH ( 1) (|| u.0II < H flux k > 0) orpaHHieHHj ecjan 
l im i ^ ( t ) = 0 , T O Bce 3TH pemeHHS cipeiuxTca K Hyjn» npn t — » - O O . 

3aiáeTHu, M O 3xect> He HapymaeTca NOPHFLOK CXOAHMOCTH: ecjni 
V ( t ) ~ e " * t , Y > 0, TO H ||u(t)|| ~ e " * * ( npH < t — ® o ) . 

BBeaeu cae,nyjonHe onpefleaeHH«. Ilycii. u , t e I , HBUxetcji pe-
meHHeu ypaBHôHHa ( 1 ) c $HKCHpOBaHHHM napaueipOM uQ. Byxen 
H3IIEHATB 9TOT napaueip, BBOAH HOBHS napaueip e B H ypaB-
H6HH6 

(56) U v ( t ) = p(t,u0+-J) + j* U ( t , s , u v ( s ) ) d s . 
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18 J.Maszynakl 

B fopMyjiupOBKax, KOTopne n a m u Hzxe» npe^nojiaraeTCH, «to npn 
Bcex paccMaTpuBaeMHX 3HaieHHJix napaMeipa "0, ypaBHeHHe (56) 
HueeT E ^ H H C T B E H H O E MaKCHMajitHOe pemeHHe u^ H OHO onpe^ejieHO 
Ha BceM I. 

Pememie u,t e I, ypaBHeHHH (1) Ha3HBaeTCK yetoít^mbhu¡ 
ecaH fljia Kaxfloro e > 0 cyuecTByei Tasoe d > 0 , ITO ajih Bcex 
"0 € B, TaKHX, «TO || || < <$, coOTBeTOTByKiUHe pemeHHH 
xaKOBH, qTO fljiA Bcex t 6 I HMeeu || u^(t)-u(t)|| < £. To se pe-
meHHe Ha3HB8eTCH aCHMnTPTHieCKH yCTOftilHBHU) eCüH OHO yCTOÜTIH-
BO H cymecTByeT Taicoe Y > 0, I T O FÍXX Bcex *) e B TaKHX, «to 
ll̂ ll <-j¡ fljm c00TBeT0TByKHHX pemeHHtt u^,t € I, ypaBHemiñ (56) 
HMeeM || u^(t)-u(t)||0 upa t — • o ' . 

C J i e ^ C T B H e 2. ECJIH BHIIOJIH6HH ycjiOB&fi E1-E4, 
HHTerpaji (38) CXOAHTCH H fyHKipiff ip orpaHHqeHa, TO pemeHHe 
u = 0, t e I, ypaBHeHHff (1) c uq = 0 ycTOftqHBO, ecaH \j>(t)-*ü 
npH t—^•cx', pemeHHe acHMiiTOTímecKH ycTOfiiHBO• 

floicaxeM 9 T O . HAQHEM c yeTOITQHBOCTH• IlycTi (fyHKHHa orpa-
HHieHa H CX= sup lp(t). B03BMeM JIK)6pe £ > 0 H nOJI£3yflC£ 

tel 
0603HaneHHHUH (39) BHÓepeM 

( 5 7 ) <J -

nycTt V e Bt TaKoe, ITO || ^ || ̂  ó. OqeBHflHO, tiTO B cjryriae 
k = 0 ypÓBHeHHe ( 56) flJifl uQ = 0 HMeeT ejpiHCTBeHHOe MaKCHMajib-
Hoe pemeHHe u , t e l (Teopeiia 2) > M S k > 0 HMeeM 

1 
| | V || < T I H n03T0My H B DTOM CAY^ae YPABHEHHE ( 5 6 ) 

HMeeT TaKoe ate pemeHHe u^, t e I (ia ate TeopeMa). no Teope-
Me 2 flJiH 3THX pemeHHñ || uv(t)|| ̂  P̂ ipít') «a* t e I, r^e (CM. 
$opMyoiy (51)) 

e_lí|- MH k = 0, 

í-lj min abh k > 0. 
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HcofleflQBaHgg HHTerpajBHoro ypaBgeHHg 1-9 

( 5 8 ) 

N 
9 II v I 

j d . 

flaa k = 0 , 

ÌUia k > 0 . 

( 1-kK|| v|| ) 

JL 
i 

flia k = 0 H ll^ll « tf HMeeM || u v ( t ) | | ^ t ) eN6ot= e 
AJUI t e i , pememie a = 0 ycTOfitiHBO. 1_ 

Ilyci k > 0 , Torfla BBHfly Toro, u t o ||^|| ^ S < t o 

l-kli | |V| |k > 1-kN l l k = (mi. $opMyjiy (39 ) ) e 

ì *t 1 ^ 

p 
noaTOMy || u v ( t ) | | < ^[V|>(t) flaa t e Pemeime u = 0 yCTOfi-
1HBO • 

flaa flOKasaiejiBCTBa acHMiiTOTHqecKOii ycTOiitiHBOCTH CepeM 
jiio6oe y > 0 flaa k = 0 h am6oe "Jf 6 ( 0 , % ) « ih k > 0 . 
Tor.ua BBHfly t o r o , t i to || uv( t )|| ^ Pvy( t ) flora t e I h tj>(t) — 0 
npn t — H M e e M | | u ( t ) | | — 0 npa t — ^ t o Tpefio-
BajnocB flOKa3aTb. 

5« BonpocH yCTQfluHBOCTH pemeHHii ypaBHeHHa ( l ) 
T e o p e m a 3 . Ecjih BunojiHeHH ycjiOBHa B1, 32, E 3 / , oe 

S 4 ' , HHTerpajj / ipk( s )%(s )ds oxo^htch h (JiyHKmiH orpaHime-

Ha Ha I , t o fljia jn>6oro aQ € B b cjiy^cae k = 0 a juo6oro 
uQ e B TaKoro i t o | |u 0 | | < fa b cayqae k > 0 , pemeòHe u , t e I» 
ypaBHeHHa ( 1) ycTOfiqHBO. Ecjih V ( t ) — n p H t — t o 
3to pemeHHe acHMOTOTHqecKH ycTO0tiHBO. 

j O K a 3 a T e j i b C T B O . IlycTB uQ 6 B 6y.neT tbkhm 
KaK b (JopMyjHpOBKe TeopeMH, BuCepeM jiiofioe £ > 0 . 
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20 J.Maszyóski 

BBeflBM odo3HatieHne 

(59) P : = n 

k = 0 , 

k > 0 , 

H nycTB 

{ 6 0 ) 5 : = 

min 

k = 0 r 

k > 0 , 

r^e ot = s u p t p ( t ) . B03Bueii av6oe V e B* laicoe, ^to || 
t e i 

Torfla AJLH k > 0 Hiieeu 

= f (n+||u0||) <n 

a no Teopeue E ypaBHeme (56) HMeeT peíneme u^, t e l . j o xe 
oriemsBO HMeeT TaKJce M6CT0 h B cayiiae k = 0 . 

PaccMOipHu BHTeKasnyio H3 teopeim 2 oijeHKy pemeHHH 
B cjiyqae k > 0 . no oioä TeopeMe ||uv(t)|| <P ( 1 + # i V ( t ) , r j e 
(cm. $opiiyjiy ( 5 1 ) ) 0 

( 6 2 ) v ^ i 

d-kïï||uû+M||k) i ' 
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HccjieflOBaHHfl HHTerpajbHoro ypaBHeaak 21 

XflX Boex 6 B, TBKHX *TO || V || < 6 (h B 18CTH0CTH fljUfl = 0) 
EMeeu (Hc'noj[&3yeu 3fleci> ijiopuyjui (60) h (39)) 

(63) 1-kN||u0+4||k >1-kN(||u0||+|h||)k^ 

>1-kK(||a0|| + 6)k > l-kïï(||a0||+ \ W-||u0||))k = 

e BBBAy fopiiyji (62), (59) e HepaBeHCTB (61) e (63) zueex 

(64) Pu +-i ^ 0 
ft = p. 

n03T0My äjih Bcex V'6 B, tskhx» i to HMeeu jifia, k > o 
H t e l 

(65) Ud i t i l i < * V(t), 

paccMOTpHM pa3H0CTb HccjieflyeMOro perneras u,t e l , ypaB-
HeHaff (1) h pemeraft u v , t € I ||V|<6) ypaBHeHHö ( 56) • 

JpLH HH2C ( jsjlr t e l ) 

(66) ||uv(t)-a(t)||< 

t 

< J] p(t,a0+V) - J?(t,u0)|| + J ||u(t,8,av(s))-u(t,s,u(s))||ds 

h no npejnojioxeHHaii B3 ' , B4' 
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22 J.MaszyÁBki 

(67)11 uy(t)-u(t)||< 

t 

o 

H3 np0B6A6HB0r0 Bums aHanH3a B cjiyqae k> O, BBHsy HepaBOH-
ciBa (65) BepHOro Taxxe ¿ym penerai« u (íjih *) = 0) nue eu 
II V s , l l < P V(s), II u(s)|| < P Y ( S ) H NO3TOMY max(||uv(s)|| ,|fu(s)J)< 
^ P (f>(s). ŷ iHTHBaa OTO B (Jopiiyae (67) noayqaeii 

t 
(68) II uv(t)-u(t)|| ^r,»(t)|v|+V(t) J /"1(a)x(8)Pk||uv(s)-u(s)||ds, 

0 
HJIH 

II u^(t)-u(t)|| \ . . lliuÍBÍ-aísJII 

o 

3aM6THM, ITO HepaseHCTBO STO Be pa o E B cjiyqae k = 0. lio 
jieioie rpoHyojijiH OTCiofla 

t 
(70) |K(t)-u(t)||< H V|| íexp Pk J v

k(B)x(s)ds W(t) 
0 

H no aamHu npê nojioaceHHSM o CXO^HMOCTH HHTerpana, $opMyjxaM 
(60), (59) H Toro, TITO H ^II ^ á 

PkN 
•(71) II uv(t)-u(t)|| $ ó e K»(t) 4 | v ( t ) . 

B cxytae, Korfla ip orpaHHqeHO (^j(t)<ot) nojiŷ aeM OTcro.ua 
II Uv(t )-u(t)|| < e W t e l , **e. ycToâ HBOCTi. pemeHHH u; 
Kor̂ a ty(t) —»0 npH t —oo otcbäb but6KS6z, ito 
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HccjieflOBSHBH HHTerpajibHOro ypaBHeHHH 23 

|| u v ( t )-u( t )|| — n p a t — 0 0 1 T .e . acHMHTOTH^ecKas ycioft-
tJHBOCTB (KaK tf MOXHO B3«TB \ u

0 | | ) ) • 3 t 0 3aK8H1H-
BaeT A0Ka3aTejibCTB0. 

FaccuoipHM b Ka^ecTBe npHMepa cucieMy flH$$epeHUHajiBHHX 
ypaBHeHHô ( 1 5 ) « C i H i a a , i t o OHa sKBHBajieHTBa b npocrpaHCTBe 
1°° HHTerpajiBHOMy ypaBUSHHK (17) h Tax kbk HHTerpaji 

oo <x> 

J V
k ( 8 ) x ( 8 ) d 8 = f - 4 - d S = f 

0 0 1 + 8 

CXOAHTCA, T0 H3 TQOpeitH 2 BHT6K88T> *£T0, eCJIH || c || < ^ t
 T ° 

Bee pemeHHji CHCTeuu (15) c x
n ( 0 ) = c R onpejeaeHH Ha I h 

0Q6HHB8DT0A ycjiOBHeu rana || x ( t )|| < P —^75-, H3 Teopeim 3 
1+t 

BHTeKaeT» *ito pemeiraa c || c || < ^ acHMiiTOTHiecKH' yciofitjHBH« 
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