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ri. oci 

Es wird die Existenz und die Eindeutigkeitder Losung der Anfngswertaufgabe u'(t) 
+ A(t) u(t) + (Mu) (t) = /(t), u(0) u 0 , betrachtet, wobei A(t) eine Schar linearer Operatoren 
und M ein Operator vom lokalen Typ ist. A(t) reprasentiert den üblichen Hauptteil para-
bolischer Gleichungen und M stcht in den Anwendungen insbesondere für ein'nacheilendes 
Argument oder für einen Integraloperaior. Es .werden Rume von Anfangsdaten und Rhume 

',von Losungen beschrieben, zwischen denen das Problem jeweils 'einen Isoniorphismus her-
steilt. ' Zuni Konvergenzbeweis , der entsprechonden' Galerkinverfahren werden zwcisçitige 
Abschätzungen in starken Nórmcn, die die A'bleitungen nach £ enthalten, hergeleitet. Es wird 
die Frage' beantwortet, wie sich Fehier bei der Koeffizientenberechnung im Galerkinverfahren 
auf die Stabilitht des Verfahrens auswirken: die Differenz zwischen den LOsungen der gestorten 
und der cigentlichen Galerkin'aufgabe wird zweiseitig gegen die Storung abgeschiitzt, und zwar 
in denselben Nornien, in denen die Konvergenz bewiesen ist.	 ,S 

I43yaeTcn CyIIeCTBOBaHIIe n eu41lcTneILI1ocmpeuIeHIIH3aJaIL Kowu u'(t) --. A(t)u(t) + (Mu)'' 
X (t) /(t). u(0) = u0 ,'rJe A(t) - ceMeflcTnoJIHaeHaIxonepaTopon - npecTa13JrneTeo6ot3 
o6wiiyio rnanayio 'iacm napa6oiia'ieci-uix ypanneii1fl, a M HBJUIOTCH onepaopot 1oFcaJIb-
HOFO THHa, WO B flfJIOHCHilHX COO13TCTBT, B 4aeTlIocTM, ypanhieHrnIM C 3ana3aI-. 
BBIOEUHM apryMeHToM HJILI HHTF3ThHLJM onepa'ropoM. OnncaHH npocTpancTna BXOJHMX 

aHHhl:x H peWeHFltl, mewgy }OTOhIMH 3agaia ocyIueCTB.nHeT H3oMop(aiaM. HpM H3HHB 
MeTwLa FaJIepKflhIa )JIH OTHX aaa'i YCTaHaBJIHBaeTCH u3yCTopoHErne oIeHRH CXOIHMOCTH B 
cwmuux HopMax, coepea,uuix fl0M3B0Hh10 no t. PeluaeTcH npo6aeMa ycTottqHBocTH 

• cocTaBJIeRFrn npn6IHeHuott 3aB.M MeToa PaJIepKMHa oTHodnTe.rIbHo nOrpemHoCTet, 
u03HI1xaI0uMx np}1 -BaI qHcJIeHaH iioa44HiAHe11T0B B npH6JIneeRnof 3aaqe Haic caiapiiux 
npon3aeeHntt: oTKoHeHHe pemeHMlI B03MyEIeHH0t .3aa4II OT pewen11u1 3aa'4g raJIepKHHa 

BCTOOHHO o[eHHBaeTcR 4epe3 ai'u I1OHOCTH B nopMax, B ROT0pIJX goKa3atia CXOJH -, 
BOOTh MTO).  

The existence and the uniqueness of solution are investigated for the Cauchy problem u'(t) 
+ A(t) u(t) ±. (Mu) (t) = 1(t), u(0) = uo, with a family of linear operators A(t) and a local 
typo operator M. In the applications M represents, in particular, the retardation of the argu- 
ment or an integral operator. It is shown that . this Caüchy problem produces an isomorphism 
between some natural spaces 'of given data and solutions. The convergence of the Galerkin 
method takes place in strong norms containing derivatives by t. The rate' of convergence is 
characterized by two-sided estimates. The influence of perturbations, arising in the course 
of calculating the coefficients of the approximate problem as scalar products, on the approxi-
mate solutions is given also by two-sided estimates in the same norms in which the convergence 
is proved.  

BBOCHRO  

061qH 'oO uapaôoJII-iveccoe ypaauelille u'(t) +. (t) u(t) = 1(t) no cBoef upipoe 
HMT JIOHa3I1,HbI xapalcTep, HO MHOrHe ripHHjiagHi4e rlpo6.neMbI CB0HTCR R ypan-
HeHHRM, re ptMeeTcaene j0n031HuTejIbHhIi1 onepaopi qjreii (Mu) (t), aisaqelillo
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KOTOPOO B He}cOTopoi To q He t MoaeT aaBliceTb oT.noBe)eHun (!)y1lHLHH U He TOJIbHO 
B 01-CCCTH0CTH t, HO 11 BHe cc. Cioja OTHOCRTC$T, liaflpllMep, ypaBHeHHFI C 3Fl3hI-
Bai6iriuM no t apryMeBroM, a Tamie ypaBHCHMfl C HhiTeI'paJlbliblMIl OIlepaTOpaMH. 
Lrni COOTBeTCTByIOIIU4X 3a;Aaq Fowri u'(t) + A(t) u(t) + (Mu) (t) = /(t), u(0) = 

• ayiea Cyl1eCTBOBaHHe II eJWIICTBeHHOCTb PC11IHHH [1-4], BMeeTeH peyJIbTaTb1 O 
CXOJHMOCTH 11 CHOOCTH CXO.LDIMOCTH MeToa Faeprii-ia [5-8], a Tai?+ce oG yCTOfi-
'IHBOCTH Mero)la FaJIepHnHa [9]. Oaiiaio, arm pe3yJlbTaThI HBHhIM o6pa3oM He 1WIOT 
CTOJIL HOJIHOI'O npe1cTaBJ1eHHn 0 cBo1cTBax aajiaq H MeTOa Fariepiciiiia MX peiue-
HHH, KaKoHo ecTb A.Jlfl 3a)a'i 6e gOno.nHuTeJibHOrO onepaopa M [10-15]. 3T0 H 
rzo6yMJIo iiac HOBCTH HacTonu1ee HCCJlegOBaIIHe, Koropoe CJIeyeT CBOUMI4 MeTo-
JWML4 H i1eBMI4 pa6oTaM [12, 14, 15].	 V 

§ 1. Pa3pownMocm3aa'rn hoiiiii 

1. flyCrb V ti H — CeIIapaSeJIbHbIe BeuecTBeHHbIe rIlrlh6epTonhl HpocTpaHcTHa, npn-
qeM V HeHpepbJBHO BJ1oneHo B Ii m lIJIOTHO B 11CM. OTO?JeCTB.ThHH H c cr0 BOHCT-
BCHH11M npocTpaHcTEioM H o6o3Ha'{aH epea V' rIpOCTpaHCTB	iicT O, JRoBeII1Ioe K V, 
noiyae V c Hc V', i'je Ka?Hoe flOCTHCTBO rijiorno m nocJleJyloiieM. Ecii 
/ E V' it V E V, TO (/, v) o603HaqaeT aHaqeHl4e )yiiictoHaa / H V H comnaaer Co 
CIJIHHhIM	 B H jjia / E H. ECJIi4 DTO He Bbi3bImaeT HeJOpa3yMeH11H, 

JIH HpOCTpHCTB LP(0, T; X) (p = 2, o) H .C([0, T]; X), re X - I'nJIbGeproBo 
npocTpai-lcTBo, HClOJIh3CM CoKpa11dHHy10 3anllcb LP(X), C(X).	V 

flycrb 3a)aHo CeMeIICTRO JIHHeliHhlX IICHCb1HHhlX oneparopoB A(t) E 2'(V, V'), 
t E, [0, T], CO C13Oi1CTBaMH (cm., liallpweep, [It]): 
Vu, v E V YHHiU1fl t —> (A(t)u, v) 1.liieepwoã ii • • V	 •	 V 

(A(t), u, v) 5 a IuIIv IvlIv	Vu, v E V;	 (1.1) 

CyueCTByCT Cc > 0 TaHoe, qTo 

(4(t) v, v) [VJ! v Vv E V.' • (1.2) 

flycTb 3aJaH eEIe onepaop M E.i'(L(0,T; H), L° 6(0,T; H)), yJOBJIeTBopFlIOIIk11Ik 
CJ1OB}1IO

[rtMv[Loo(or;,f)	/u IItI[Lo0 (0,T;H )	V v € L°°(0, T; H), t € (0, '1'),	(1.3) 

re r1 oiiaqaer ,,cpea}cy" Ha'niHan C t:	 - 

(rtV)(s)	
IV(S) [I.B.Jifl 0<$<t,	- 

=

	

0	11.B.JI1i t<s<T. 

OnepaTopiI, yJoBJIeTBop1iI01uHe yeJioBillo (1.3), IIa3MBaloTcH oneparnopaa .'Iohadtb-
uoao muna uJin coJbmeppocblMu oaepamopaMu, H}OTObIC np1lr1ep1I M0Hll0 ilaiTI1 

V	

n[2].	 V	
V 

V	 PaCc1oTpmie 3aiLay 

u'(t) H-. A(t) u(t) + (Mu) (t) = /(t),	u(0) = ,	 (1.4) 

rge 
V	

/ € L2(0, T; V') n € H - 3I1M, 1IpoH3Bowylo u' ( t) UOHHMM B CMLJCJIe 
pacIIpee.meIlIln.	

V
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2. ioi6,cet, nmo .peitteitue u3aaatu (1.4), eciut ono cyuecmeyem u u E L2(0, T V), 
u' € L2(0, T; V'), yOoeierneopiem o1enKe 

c i (Il.II,i 2 f Lf!IL'(o.T;v'))	(IJUIIio,r;v	f IIUIiV(O.T;v))' 

^ c2 ( I4:IJ,, 2 + IfIIo,r ;V) ) I12 ,	 (1 5)

aôe (noiw1cumedzb,mie) nocmoannue C 1 U C2 ne 3aeuC.rn om / U 4:. 

3ameHOii IleuaBecTHoti 4yHFcLwI-t u(t) = eA w(t) , 2 > O,'aaaqa (1.4) npeo6pa3ye'rca 
H BIIy	 .	S 

•	 e1tw'(t) + 2e 1 w(t) -3- eA(t) w(t) + (M(e htw)) (1) .= /(t), w(0) = 4:, 
OT HOTOPOti EIObJIC ymHoHHefflffl ypaaeiiiin Ha e	I!oJ1yaeM 3 aiay (HoBylo HCH3-

BCCTHIO yH}il4uI0 0603Haq HM OIlllTb 40pe3 u(t), 11OBbIrf CBO6O1HhI1i 4Jieif iepe 1(t)) 

•	u'(t) + A(t) u(t) ± e 21 (M(e2tu)) (t) + ;at) = f(t),	u(0) = 4:.	(1.6) 

fI01111TII0, qTo ecjii MbI AoRaMeM HepaBeHeTBo (1.5)	3aja	(1.6), oiio 6yJeT

jOH3HO TaH?+e gan 3ajaqu (1.4) (BoaIoHo, C £pyrHMI4, IIOCTOHHHhIMI-1 c 1 it 
PaBeHc'rBo 

W(t), u(t)) -i-. (A(e) u(t), u(t)) H-. A(u(t), u(t)) -3- (111 (eu) (t), CO1tU(t)). 

= O( u(t)) 
yaeiiocjie HHTerpHpoBaHhIH B itpejeiax OT 0 AO £ 

1Iu(t)II,2 + f 
(Au, u) dt + A	(u, u) dl	

S 

2 	f 
I4:i[112 

+ / (/, u) dl - f (M(eu), e htu) dl.	 •	
0 

• BO3bMeM cJleBa Ha OTC3HC [0, T] cynpe1yre or ilepBou cilaraeMotl, a 3aTeM OT 
- pyriix IBYX (0111! MOHOTOHHbI no I) BMeCTe, B IfTore - 

	

JUj () +/Au u) dl ± /	dt 

^ 2	i yz f Ilv , JUj [v dt + sup (-f(M ( eA' ?i), e'u) dl ! 2	• 
\	 o	 - 	o	 - 

OLeHI-iM cHaqaJia OTJeJ1bi-iO r1ocJTeHi4ii 'IJIeH elipaBu, IIycTh BCMCHHO e 1 u(t)	v(l).

l4MeeM 

•	 •	

Sup(- 
f (M(eu), ehtu)	f j(Mv) (1)3!,, e' Iiv-(t)II,, di. • 

ojT	0	 0	 -•	0 

r!epBoro MH0?+cI4TeJIa no,Et UHTCI'paJIOM flOJiyl-tM OiCHFC	- 

•	j(21v) ( r )II,,	Ijr,1}JvjjLco(,,)	 I Jr,V3 oo	= U IIr,(eu)!!Lo(u) 
/2e2t Jr,ujOo(ff)	e' IIUIIL(,,).
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I4TaK,
.	 -	 . 

sup (-f (M(eu), e2(u) dt)	u V' 1 II U IIL OO(Th ll-'ilL'(II) 
OtT\ o	 . 

Tdneph ocRoslioe HepaselIc'rBo . flPI1HHMT BHJ	 . S 

	

lloo	+	llulliv +	llll(H)	. 

^ 
2 (-- 

I ft2	 U') ±	l/ll	±	IIUJLH) 1	IILll%(J1))) 

npH jito6 bix é> 0 ii 77 >0. Ecjim MhI BMSnpaeM € H TaH, qTo	n 2 
< 1/2, a TaK?lce.2	2a 1/ 127, TO flO311IM oieiy	 . 

lkll(lf) -+- lfrL ll'(V)	= Il/Il	 . .	 (1.7) 

(epea C ó yL eM o6o3Haqài'b P3J1HUHEIC noclonHHble). Lajiee, 113 paBeuc'rBa u' = / 
— Au - Au — e'M(e1tu) noiymi (3ecb d — Hopa BJIo?KenLln V c H) 

•	 S	 -	 S	 T'	 1/2. 

•	 .	

llullv'	ltllL(fr + a llu lILV) + Ad 2 IJU IIL2W) ± (s —2t lM(e 2 'u)l}. dt) 

fldnoJ1bay1 yae noJ1y'e1IHy10 o1e11Ky A aR IJM ( e2tu)IJ,,, ilMeeM 

llM (e2u) (t)lJv'	d ljM(e'u) (t)1, ;5 tid lIT ell llu llLH	- 

aHaqwr,.	•	 S	 ..	 S	 • 

	

T	 1/2	 - 

( i e22t IM(e A(u)JJv! (it)	^ zd 3/T l!uiILoH. 

o 

TaI-CHM o6pa3oM, MM flOJIYtD4jiII oLeHHy gJIH ITpOH3BOJHOi 

	

• lIllL'(')	ll/Ilvu" + c( l ju lJ%(V) + lUJl( fi)112 

huH	 S 

lu' 1L(V') ^ c( lll1H2 •-I-- l/llL'(V'))' . -	 S 

OKoH qaTejhIii'o goiw4u OqeHua 

I U lft	+ lJ UlJV) + IIU IIL'U") :5 c(J	+ ll/lliV)),, .	. S	 • 

oHa Cw?4U4T B ce6e (nepBylo HOpMyc.meBa MonHoonycTwrb) ii oieiicy (1.5) cBepxy. 
LoKaneMoLeHHy (1.5) CH113Y ARH peuleHnH saga (1.4). B 3TOM cJlyae, Ta1 HaK 

lI Mu llLv'	zd 1 ' lIuI1LH,	-	S	 -	 • S 

TO 	-	 •	 • 

•	 Lfllvv -5 . I1u 1lrtv> + a IIu lLLV) + d .3'	[ulLL(H). 

Hapnjy C 3THM IEI[,1^ JuIJz,00 ( y ) ,S3Haq IhT,	S.	 -	 •	 S 

llil u2 + ll/lv ;;5 C (I1Ul[i(H) + lHlvc I') + Ju llL9)) .	 - 

(I)aK'rH qecKhl U € C([0,T]; H)' noaToy nepsaK Hopma cnpasa oieHnBaeTcn qepe3 
Jpy1'14e ABe [11 cp. 33) OTHM 3anepruaeTccl LOKa3aTe.HbCTBO HepaBeHCTBa(1.5) I
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3aMe4aHHe1,: B1ecTo HepaueHcTBa (1.2) ionuio Tpe6oBam (B 3TOM nyf-lire II B 
aJ1bHeu1eM) OT ceMei1c'ua A(t), 'iTo 9JIR HCKOTOphIx x >-O HA . Bb1noJIHReTcH Hepa-

BeHeTno,	 S 

(A(t) v, v)-j- A0 liViIH2	iivl1v	Vv € V. 
• B TaK0M cJiy'iae gan ceMeücTBa A(t) + 2I BbInoJlH,leTcH (1.2), a B TO?Be peg 

( qT06M HO n3MeHHTI, 3aa'iy (1.4)) ouepaop M — AI oc'raeTca onepaopoi .noKaJIh-. 
H0J'O Tuna B 1Ip0CTpaHCTBO L(O, T; H), JIHLUb II0CTOHHHaH /L B HOBOHCTB (1.3) 
aaMeHneTc Ha /L + A. 

• 3a1eqHue 2: F1apnyy c onepaTopaMu A if M ionuio B ypaBHeHue (1.4) 13141110-
'11Th .mio600nepaTop B € 18(L2(0, T; V), L2(0, T; H)), nopoaJeHHb1i ceMeIicTBoM 
B(t) € 2'( V, H), I € [0, T], HOTOpoe . YAOBJIeTBopkeT yCThDBHHM : 

Vu, v € V yniiiisi t -- (B(t), u, v) 113MepuMa if 

(B(t) u, v) :5-- b Ijullf, iiv ilii	Vu, V E V. 

jecTB1lTeJ1J,IIo, Tora 

((-4 (t) + B(t) + A01) v, v)	a iLviiv2 b Mv JjvJj j + A0 ilV ilj, 2	•	• 

S	 Ia	b2	 a 

	

ilv Itv 2 — (.	JvJIv2 + — I1VIIH2 
/ 
I + A0 ilviii, 2 ^ — 11v11v2, 
 2 

• ecJni ).o	b2/(2cc), 3Ha qnT, ceMelieTBo A(t),+ B(t) + AI yjwujieopnc yCJIOBI'no

(1.2) C Hu?BHeh rpaHblo a12. 
3. flycm B rLpocTpaHcTBe V 3aaHa noJIHan J1HReHo HeaaBHcuMaH cucreMa 
c.Jie)oBaTeJI,no, oHa no.nua raiae B ripoc-rpancTBax II H F. JIHneiiHhIe o6oJIo'iKH 
CHCTCM (Wk ) 1", cHa6neHIn,1e nopMaMH 113 V H H, o603Ha'rnn 'iepea V if H, a ecui 
6yeM PCCMaTpHBarh HX Bali HpOCTpaHcTBa, 1iBO1CTBeHHHe B V,,, — 'iepe3 Va '. HTa, 

IIvJiv,,' =	sup	(v, w) ^ sup (v, t) = ilvilv'	Vi' € V,
WEV,,WflyS=1 

•	 WEV.11WIIvl 

• Hycrb F,, — opTonpoeBrop B H, npoe}cT11pyIonnhi Ha H,,. OnepaTop P orpan14eH 
eJ uHHLeit H HaK oneparop 143 V' B V,,'. PacuillpeHue P. no Henpepiuocr Ha V' 
6ygeM TaRnce oôoaHa'iaTn qepe3 F,,, TIPPI 3TOM iIP li,,, ^ 1.	•	 • 

•	PaccruoTpuM cnpoeBTllpoBanHylo aaJay	•	 5 

u,,'(t) + P,,A(t) u,,(t) + P,,(.Tfu,,) (t) =r P/(t),	u,,(0) = P,,.	 (1.8)


CnpoecTupoBaIIHaH 3aa'ia, cooTBeTcrBy1ouaH 3aa4e (1.6), HMeeT BHJ 

u'(t) + P,,A(t) u,,() + e 1 tP,,M(eAtu ,,) (t) + Au,,(t) = P,,/(t), u,,(0) = P,,. 
- • Toq oaiurni me paccyaenuniit, Kali Mh! JoHa3aJrn oieHiy (1.5), JoBaahrBaeTcn, 

'iTO pemenue u,, aaaqit (1.8), ec.nM 0110 Cyn.eCTByeT H u,, € L2(0, T; V,,), u,,' € L 2(0, T; 
Y1OBJ!TB0PHT OLeHKe 

c 1(ii P,,II11 2 +_ 1IPn111 ( v,, ) hl'2 <_ (iiunh1vv -I- iJ UflhJL(V,,))"	 •	 • 

•	 ^ c0(jP,,[,,2 + IJP,,hlJj.w))1I2,  

fl11'iM nocTonHHh!e c1 if c2 -Te me caie, 'iTO H B (1.5) CocpeJoTo'iHM Ha MHHyrRy 
name B1-1I4MHH na KpHTI4'iecicne MOMOHTbI B 1oKa8aTeJ1bcTBe. Ce1e1IcTBo P,,A(t) 

'yoBJ1eTBopneT ycJioBuriM (1.1) it (1.2) 6 npocrpancTBax V,,, H,,, V,,' c reii me rioc-
TOHHHhIMH a if a. OnepaTop P.M B npocTpancTne L(H,,) yoBmeTBopaeT . TeM me 

3 Ana l ysis Bd. 1, Heft 5 (1082)	 S
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yCJ1OBHM, 4TO H M n L°°(H). HopMa BJIoenLlH V. c: H o HC npeHhlivaeT d.Haioiiei, 
HopMa lI U llc oIe1LIIBaeTcn epe (l[u,llI,v + !lun'lli'(v,,)"2 FIOCTOFIHftOrl,-ROTOpa fl

 3aBI4caT TOJIbO OT HOMbI BJ1OieHnn V c H,, ii T. 
HepaBeHcTBo (1.9) MO?KHO aamlcaTb 11 B gpyro,-,l B1le, HMeHHO, jJ11I J106OfO 

v,, E L2( V,,),.ecui v,' E L2( V,,'), BhmoJlHaeTcH HCBHCTBO 

Vc(IIv(o)lI!,2. + liv,,' + P,,Av,, + P,,lITv,,vw.))'I°- ^ (v,,Itv ± ilvnlivw)". 
•	 ^ c (iiv (0)I i	+ Ilv ' ± P,,Av,, + PnMv,i lIav)h/2 .	 (1.10) 

.4. L'o,aa:ce.iu, 'ono cnpoernupoeai1-wV..c aaa'a (1.8) uAteem eauiicrnoeunoe peutenue 
u € L2 ( V,,),u ,i € L2(V,,').  

,LIna 3TorO HM noHao611Tcn.pJIeJyIoELan JIeMMa.	 V 

V	

JIe11Ma,1: P!Hme2pabHoe ypa8neHuè
 

u(t) = f (Ku) (r) dT + g(t), 

	

ôe g € C([0, T]; X), K E it(L(0, T; X), L(0, T; X)), IX	2uJb6epmoeo npocm-' 
pancmco-, u.teem e npocmpancmee C([0, T; X) eOuncmeei-uwepeuseiiue. 

)l,olcaaaTeJlbcTBo: BBeeM onepaop T UOV 4opM3 'TIe (Tit) (t) = f (Ku) (r) dr, 

oEipeeJu1M TaIe (HernnIeflHJr1) onepaop 0 coo'rHomeIllIeM Gu = -Tu + g. 1'oia 
}lHTerpa3lbHoe ypaBHeHH aanHChIBaeTCfl B BHYC U = Tu + g, it.iui u = Gu, i'. e. 
Mb! 1LOJfli}ib uoKa3aTb, 'ITO G mmeeT e)isHcTBeHhIyIo H1I OJ BI4?RHIO TO'!Iy B C(X. 

. Heuocpecme1!Ho upoBepneTcH, iTO T, cjIeoBaTeJIbHo, a 0, oTo6paaaeT npoci-
pa °Hc'rBo C(X)B ce6n. lloIcaneM, 'ITO HKOTOH .creneH! 0 nhiJrneTcn crn1Ma1oue. 
flO iiHyiciut' JoKa3bIBa1oT,. 'ITO Gnu = T"u + T' 1g ' .;. + Tg +,g, oicyja 

•	(j"u - Gov = T(u - v) jici u, v € C(X)., Terlepb,, 0603Ha'rnB qepe3 It .HopMy one-
paTopa K B L(X), noayioIerny 

IIG"u - Gv!Ic ( x ) =	KJK(u - v) de	dIM 

•	 ,.	 .	 -	

:5-, max f ... /4 f /L [U	V llC(X) dl . . :. dl 
oTo •	 .	 . 

•	 • 

V	 •	 •	 = —i-- [U - VllC(X) .	 :.	 •• 

Ecni vicio , n )0cTaToH0 BJIHR0, TO /LT/(n!) < 1, 3Ha'U1T, 
Go ,iine'rcn c,fdHMa-

• !OIIHM. C.rieonaTeJmHo, 0 neeT e1HCTBeHBy1O HenoB1rncHyIoTo'IKynC(X). ,TIeMMa 
joia3afia I	.	• 

CnpoeKTnpoBaHnan aaava (1.8) paBHOCH.JIbHa IIHTeI'pa.ThbHoMy ypaneiiiiio	
• V 

	

V u,,(t)	
- /(P,,AUn + P,,Mu,,) dl +1 P,,/ di, .	

• 

peuieiine IcoToporo J1LICTCH B npOcTpaHeTBe C(H,,). '4TO6hI flI1M1IMTb J1MM 1, • 

OflCJIHM onepa'rop K ciejyionn o6pa3oM:	 V	 - V 

Ku = —(P,,Au + P,,Mu),	u€ L(H,).	 0 

V	

V	
V
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110cOJ1Mcy HpOCTpBHCTBa V, H H V' KoHe'flloMepHhi, jarn Bbi6paHHo['o n 01111 
HMeIOTBKBIIBaJIeHTHhJe HOpMhI H, TaEHM o6paoi, ouepa"rop K onpeeieii Ha L0o(H), 
a TaK?Ke K € .'(L(H), Lc (H)) . BHaqecTBe CBO60gH0I'o q neHa g BO3MeM 

g(t)P±fP/dt.	 S 

'CtjJIY 3}BHBaJ1eHTHOCTM 110PM B npocTpallc'rbax H H V,1 ' iiee Pj E L2(H), 3Ha-
HT, H gE L2 (H,,). C pyrofi cTopoHhi,:g ' = P/ € L2(H), cJ1e)oBaTeJthHo, g€ C(H). 

OnupaacbH.a.TIeMMy 1, Mo?lcHo Teneph cKaaam, q ro 3aga xia (1.8) HpH JHO60M n HMeeT 
eguHcTBeHHoe pewee u,, € L2( Vs ), npii qeia U,,' € L2( V'), H BHflOJIHHeTCH Hepa-

-BeHCTBO  

5. Upucmynlut,,v t3o,ca3amejbcmee eôuncrneeknoü pa3peu2u.Mocmu3aaa1u(1.4) 


	

PaccMoTpiiu JnIHe1HIJe 060J104}H- C{C'FM {}1°	i- eae ai- noJuIpocTpaHc'rBa F. 
B emly HX KOHe gHOMepHOCrI! cynecTByfoT IIOCTOflHIIhle k,, (nycrb OHII 5yJyT MHHH-
MaJIbHbIMH) TaIilie,'{To	 S 

lfv Ilv'	Ic,, ft1. iiv,,	Vv € V,,	n = 1 2	 (1 11) 

Bix6epei renepb HOJ1H1O B V H00)HHTH1O CHCTMy -{u} Tayio, wro nocieo-
BaTeJIbHocTb IC orpanlfqeHn, ripit 3a)anHb1xrIpocTpaHcTBax Vc: I! 3T0 BCF) BOB-. 
M07RHO. (CM. [161). FIa HepaBeHcTB iiPnIii, lJllm liPnhli V v )' . iI/ll L'( v ) it OIH11H 
(1.9) BbITeHaeT, qTO nocJ1eJoBaTeJu,HocTJ, llUnhJ 2v(v) + IlUn'Ii(v' ( rje u,, —pememle 
aajaq (1.8), orpaH11ena. 3Ha4IIT,-npIl BbI6paHHofi ROOPAIlHaTHOrf cIac'reMe U,, orpa-
uHqeHa a (rHJ1b6epToBoe)II0CTBHCTB E = {v: v € L2( V), v' E L2( V')}, eCJIH B E 
HCROJIbBOBaTb HopMy	 S 

I v I[E = (liv li (V) -+- JJv IlL (V 

CaIeoBaTeJ1hHo, .HeKOTOpaH n0RnocJIe)o6aTeJ1bnocTb u,,, fl € N'	N (epe3 N'

0603HaarI MHO?11ecTBO 11HCKC0H noguocJ1eoBaTeJIbHocTH), cjia6o a E CXOJLHTCH 
H IleKoTopoMy ieMeTy u € E.	 S	

-.	 S 

Ia?fcoMy BJIeMeHTy W EU L2( V,,) IIOCTaBHM B 000TBCTCTBIIe HHeIHbI 4)yHK-
LHoHaJI 99, -no (popMyJIe  

q(v)=(v',w)-i-(Av,w) +(Mv,w),	yE E; 

C1106}CH TT oaHa qa poT ABOflCTBeHHi OCTb MeaynpocTpaHcTBaMH L2(Vç) H L2(V), oiia 
coBnaaeT CO c}caJIflpHhIM 13P0118BegeHHeM B L2(JJ), ecin o6a BJIeMeHThI npBHaJ1e,RaT 


	

• B L(H). HpoBepHMorparnl qenHocTbaTHx yHIwH0HaJIoB-:	-:	 .- - 

n- liv IIL'(V ) liW liL (V)	a ilv iiL I (V) li-1II'(V)+ fL •1/q' IiV lILoou, li(V IIL (H), 
HOCKOJIbRy liv IJL(H( = lv Ilc(H) OLeHHBaeTCH qepeB [VilE, TO U0Jl1IM HepaBèHCTBO •	(v) ^5 c J1VIIE Vv CE, i'e C He BaBlidilT or v. TaHHM o6paaoM, .p(u,,) --q,(u), 

co 
n € N'. Jiin BbI5pa11H01'0 q,,, (T. e. ARR BbIôpaHHoI'o w € U L2( V,,)) HH oCTaT0qH0 
66JIbHIHX n € N' HMeeM  

•	(u,,', w) -± (Au,, w) ± (Ma,,, w)	 -	S	 S 

-	

= (u,,,,w) + (P,,Au,,,w) + (P,,Mu,,,w)	(P./, w) = (f,w).	- 
C JPYL'011 CTOpOHbI, (u) (u' . + Au+ Mu, w), 8HaHT,(u +4u + Mu w)	(7, w) - 

C;o	 00 

V w €LJL (V,,) HOCcoJJbKy MHO?KeCTBO UL2( V,,) BCIO	UJIO'THO H L2( V)-, TO 

3 *	-	 S	 --	 •	-
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u' + Au + Mu= / (paBeHcTBoB rlpocrpal-IcTne I 2(V')), T. e. u}IBJDIeTcaperneHI4eM 
Ji11d4epeHII4aJIbHoro ypaBHeHI4H B 3aa4e 

14'ro6hl dnpaBHTbCH C Ha'iaJibHhiM yciloRHeM, nocTaBliM Ha?}cJoMy aileMeliry 
co 

w E 	jT, B cooTBeTcTBMeJ111HeiHbIe 4yI1}WHoHaJIb1 ciejyioiuu o6pa3oM: 

ip(v)=(v(0),w),	vEE,	 . 

cKo6Icll TT oaiia qaior cKa.rlflpHoe npo143Be)eHI1e B H. f1oxaeMorpaI1MeHHocm 
4yHILuaoHaJ1oB:  

Iv(v)	Ilv (0)IEn I!wJIH ;5 IIWIIH IvI[c ( ,I )	Vv E E, 

uo IIIC(H) oieHuBaeTcn 'epea j!V IIE . 3Haqrl'r, u	(u) ->	(u), ii E N'. Taiae jjiq 
BbI6paHHoro.np H JOCTTOHO 6OJIbIIIZIX n E N' ilMeeM v(u)-=	w) = (, w), 

a Taii icai	(u) = (u(0), w), TO (u(0), w) = (, w)	V w E U V. MHO?KeCTBO U V 
BCIOAY JIJIOTHO B H, aHa'fliT, u(0) = .	 -	 n==1 

14Ta1, MM noHaaaJrn, 'ITO IL HBJUIeTCR peinee 3aJaH(1.4). EJUIHCTBeHHOCTb 
He pelileHi-IM Bb1TeIaer 113 HepBBeHCTBa (1.5). IiOMTOaI4M OCHOBHOiI P3YJlbTT 
aroro naparpa4a. 

TeopeMa 1: Tlycmb eunoilnen& (1.1)—(1.3). Toöa aaaa'a (1.4) ocyiqecmeiuiem 
u30.Mopg5u3M MeacOy npocmpancm60.4 ucxoö!tbtx )anw,x L2(0, 11 ; V') x H IL npocm-
pancmoo.4 peuienuü E = {u: u E L2(0, T; T7 ), u' E L2(0, T; V')} c uopoü IIUJIE 

,	2	 '2	\I/2 = ) U L'(O.T;V)	U L'(o.T;V'))	 - 

3ai1e q aiIHe 3: TeopeMa 1, a TaI*Ice oieiia (1.10) (caeoBaTeJ1bHo, H 'FOPMb1 
• 2 n 6) dnpaBeJIIIBb1 11 B ripeltrioironieHuF1; 'iTO M E YPA T; H), L(0, T; V')) 

H RhIUOJIBBeTcH auajior ycJloBun (1.3). flpi-i 3TQM HHHO flOBCTM AOnOJIHHTCJIbHble 
paCCy?KLeHHH, 1OTOpMe MM rIpeuIo qHTaeM pa3BHTI, B cJiy'iae ypaBHeHHH C CaMO-
COIIH?HlIH hIM I'JIaBHbIM onepaopo A (HyHRTM 5-7 B 

§ 3)0, 
IIOCKOJIbKy TaM 

nonBjIcIIoTcH HCHOTOpue Texllll qecicue TpyJHOCTH, OTCTCTBIOIIIiC 3ecb. 

§ 2. CX0AI0I0CTl16 ,,steT0Aa ra1epKItna 

CxoIlMocTb H CXOpOCTb CXO)HMOCTH MeToa I'aJIepKHHa B CMTYIU4M § 1 xapaH-
TCfl3CTCR cJIegy1oIJnM o6pa3OM. 

TeopeMa 2: I7ycmb.6noizneI-u (1.1)—(1.3). Toôa aAA pezaei!ui U u u, aaaat 
(1.4) u (1.8) uteiom Atecmo cxol3uMocmu	 0 

JUn — UjJL(oT;v) —> 0,	 - 

IIu '-- PflU I1L(0	—>0,	 -.	 -	(2.1) 

-	IIn - U IJc([O TJH)  

C oqemKa,4tu 

-e ,(u)	(IJu — UJj,s(rj;y) + HUn' — Pnu JJ 'i(o.r;v,)) hIZ 15 cë,(u),	(2.2) 

hun	uJ[	T111) ;5 cën(u),	 (2.3) 

oOe
= •inf (IIv —'Uh1'i'(0,T;v) + I! v ' — Pfl'11)o 

VEE,
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n(U) = nit (flv - U11(o7. ;v) + 11 V.'- u11L(O.T;V))h12, 
vEE, 

{v8 : V. € L2(0, T; V), v,' € L2(0, T; V')},	- 

C. o603na'aem pa3itu'n&e nocmo.J-u-bw. Eciiu nocJleOoeamejbnocmb k c flepaeeflcm6e 
(I .11) o pa,ut e,a, mo aonoj umej,,jo uteem .;tecnw cxot9u.Mocmb 

hUn - U h j L'(OTV') —> 0	 -	(2.4) 

C ozeioü	 - 

ë(u) ( 117t.	U 112
coT;V) + llu - it I! L(O,T ; V) ) 112 ^ cë(u).	 (2.5) 

L6Ka3aTej1bCTB0: llocxoJIbHy lIP,Jv'_,	1,To e(v) ^5 ë,(v) Vv € F. Teopeia

oy)e'r . JoKa3ana, ec.RH MU nOHanef, 'iTO ë(v) - 0 V V E F H cnpaBe)J1IIàbI oieHFm 
(2.2), (2.3) H (2.5). 

IlyCTh Q — 0TOJ10KTOB V,Hpoe}TllpyloLrH1Ha V. BcwiynoJHomtcIIcTertii 
(Wk)B V iee ihIv — Q vhl --. O . Vv€ 
ilMeeM

ë(v) liv - Q flVE ^ (liv - QV II .(V) + d3 lv' __Qflv'Jj(y))1I2 -^ 0 

(3ecb, icaK it pa}Ibule, d = liIli,1) . Ho Mionceco EV BCIOAY UJIOTHO B - E (CM. 
[11 cTp. 24]), 311a'iHT, en(V) *0	Vv E E. - 

OILeHKH (2.2) H (2.5) CHMSY BbITeIaIOT 113 onpeyeJ1eHHHBeJIn qHiI e(u) i 
JOJc%ceM o1eHIcy (2.2) cBepxy. HyCTb	—opTor'oHaJlbHaH IipOCHUHR B HpOCTpaHCTRe 
F pemeiau 3aja'iui (1.4) Ha nojwpocTpaHcTBo E. Tor)a e(u) = Ju - UJIH. 143 
HepaBeIicTB	 - 

IIU. — U lJL( V)	l'U	UfljJ L(V) + J IU .. — UilV(),. 

P flu 'l!L.(v . )	lu' — U jlL.(V') + bUn,	PnUIIL(V') 

-	 hin' - U iL(V) + lun._	
r 

JIOJIy'iaeM - 

JU	uhiL.w) + bun'	PflUIIL.V,,.)	 - 

^ 2(ë 2(u) + J IU. 
_ U nll L'(V ) + bun - U hlw)) -	. 

Y4HTHBaH, 'ITO u,(0) =	= Pu(0) i-i u,' -- PAU + PMu = P,j = P,,,!
+ PAu + PMu, oI.enI4M JABe nocJIeHI1e HOpMLI • CrlpaBa UH llOM011H HepaBeHcTBa 

bun — Ufl,ji(I')	
111t.,- Ufl,iJ(V')	- 

c2 (u(0) --- u,(0)j,1 2 ± bbu ' ± PAu + PMu— u , -, 

Pfl i3'fu flj1% . ( v . ) )	 -. 

= c22(IIP,j (u(0)	un,(0))11 11 2 + iiPn(it' - U' .) + PA(u - un,) 
+ PM (u - ufl,)113.(v.)) 

- ;5 c .. ( I u(0) - u ,( 0)1111 2 -4- (1k - UnJJL'(V') 

	

± a Ilu - unJbL.w+ 1IM(u -	V,)) 2).
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3yeci 171(0) - u,(0)IJ,i	lu - unJ[c(H), anociieju-rnn oueI-LuBaeTcnxiepe3 ë,a(u). I4MeeM 
TaHme

JIM(U - ufl,)IIL I(v')	d J JtI(u — u fl)lIL(H) ^ d 1/?i4 Ilu - UnjIC(u), 
BlIa44T, H 3TOT '1Jleli OIOHHBa3TC$l xiCpe3 ë(u); 3mM 3aBepuiaeTCfl JoKaaaTeJIbCTBo 
o1enFcn (2.2) cBepxy.	 S 

Lajiee, B HBCHCTB 

jun — Ujjc )	jU - Un,lJC (H) + l!Un. - uljc(H) 

HOPMLI ciipaa yne OIOHCHb1 epe n(U) 11, TaI-UIM o6pa3oM, JoIcaaaHa H ote}1Ha (2.3). 
flpn CTMOBJIHHH OLWHJcH (2.5) cepxy HHO aiFlum 3aMeTIlTb,11TO 

lu' --.'u'lj,(v')	hun ' - U,0jji(') -+- hlu . — U'1jL(y5) 
<z k jju .- Ufl011j'(v0') + ju, — UhlL(V), 

a ocTaJibnoe paccycjee flOBOUTCfl iaic B AoHa3aTejibCTBe oIeiIiu1 (2.2) cBepxy. 
Teope1aJoIca3aHa I 

§ 3. 3aaqa e eaoconpsiaenHh!M rIannhIM . onepaTopoM 

B 3.TON1 riaparpa(()e.MbI HJ1OHHM u a ceMeikcTBo A(t) 5oiee cTpol'ne orpaiiieiiu ii 
noicaacev, qTo aaaqa Korna (1.4) ocyLIeCTBJllIeT H30MOH13M memgy 6oiee yBHnMH 
IIOCTPHCTHMH penieHuft H HCXOHhIX jaHHbix. LoIcafieM Tame CXO)HMoCTb 
MeToAa raJlepHHHa C 1BYCTOPOHHHMH oeEIKaMH B 6o1ee CMJ[bllhlx HopMax. 

1. ,HpenoJIo2+u4M, '1T0, Bo6aBo1 CJIOBHRIi (1.1)11 (1.2), onepaop A(t), t € [0,T], 

— caMoconpn?EeH, roJIofdHTe1b}10 onpe1e.T1eH B H c o611acTbIO onpeeJIeHHnD(A(t)) 
(onycIaeTcn ee JaBHCHMOCTb OT 0, giia jiio5wx U, V € V 4yHKIH t—> (A (t) u, v) 
gH44epei-nu.IpyeNa B cMbIcJle pacrIpe?ea1eHHfl, eé HO113DOIIH 113MHM H 

• .11eTBopneT oIwH}e	S	

S 

(A'(t) , v) ;5 b 11v11v 2	V v € V, t € [0, T].	 S	
(3.1) 

B 3aá4e (1.4) onycTHM, 'ITO / € L2(0, T; H) ii € V. 13 § 1 MbL noi;aaarrn, x1TO- : 
3aa'Ia (1.4) MMeeT eIiHcTBclIHoe pemeinie u € L2(0, T; V), u' € L2(0, T; V'). 

2. ,Llo?caalceM cetJ'iac, 'imo pelueuue 3aôa'uL (1.4), OA.Ft vomigpoeo u', 4u € L2(0, T; H) 
(e ceiaiut&x npeanoiiosceuu.vc u3 amoco czeayem, 'Imo °u ,E C([0, T] ; . - V)) yäoeiiem-

• copaem oiene	 S -

	 • 

C 1 (jjIjv2 +hh/hj ,(o.T;H) ) hhl2	S	 S 

(h!u'hhro,r;ii + hAUhh (o .T ; H +. IklhLC(O.T;V))'12 ^ C2 (jJjjy2 +' 1 1/112 (o.T;H))h1'2, 

-	 -	(3.2) 

(nouiocume.I buue) nocmoanuue c 1 ii c2 ne 3a6UCam om /	 -


I-ca R It B § 1, 3aAleH Olk I1e113BecTHo 4)yHRunH OT 3aa'iI1 (1.4) nepehei ii paBHocilJlb-
iioi aaaqe (1.6). OIeHKa (3.2) cHilay HerrocpegcTBel-IHo ycTaHaBHHBaeTcH yi.nn 
• peluemin aaTta q j,j (1.4); iii lipHoTyrniM ii TXoiia3aTe,1bCTBY OICHRH (3.2) 

peiueti aaiii (1.6).	 S	 - 

3aIIHineM HiapaT iiopMi OT o6eiix qaCTeA ypaBHeHH- (1.6) B ciey1oI1eM B}Ie: 

S 11/11n2 
= 

ju' 	+ jjAujJ 11 2 + jje'M(e tu) + uj[11 2 + 2(u', A)	 S 

S	

•	
+ 2(u', etM(e1tu)) ± 2.(u', u) -+ 2(Au, e131(e1tu)) ± 22(Au, u).
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Bojny cTopoHyco6epeM q jIe1Lil	 -	 S 

	

• ••	
lJ 11112 -1- hAul!,,2 -I- hl e ' ..TJ'I( e"u) -I-- lu ll11 2 + 2(u', Au) + 2)(u', u) 

+22(Au,u),	 S 

TyCyMMy 6y)leM OUeHIIBaTb BHU3, a oeTaJIbHhIe q IeHbF, HyHaIouuCCR B OLeHKe •	cBepxy, B Apyryio c'ropoiiy. Fhieei	 -	S 

2(u'(t), A(t)u(t)) = (A(t)u(t) , u(t)), -. (4,(t) u(t), u(t))	• 
•	 2^ (A(t), u(t), u(t))'	b lU(t)hbv2, 

aTaK?He	 55 

2;.(A(t) u(;) ' 	> 2AOC Ilu ( t )l[v2 ,	 S 

14 JII• HOOBJ1eHnfl oTplluaTeJlbuoro nieHa —b I!u(t)11v2 uen0JIb3yeM BOJIH'{HRy 
2Lx hJU( t )h1v2 ; aTOBo3MOaHO, eciim 1 AOCTaTO9110 BeJIHH0. )aiee, HHTeI'pllpyeM pace-
MaTpHBaeMOe pBHCTBO B npegeJIax OT 0 go. 1, 6eperi cyupey rio t Ha OTpe3He 
[0, TJ (BilecTe OT MOHOTOUHO HO t Bo3pacTa1ouux, OTJJIbHO OT 'pyrMX - BTO 
HacaeTcH qileHoB. o1eHHBaeMnIx BH113) 11 noiymi 

•h!u'hl,, + IIAu IIL. 11 + hJ e ' M(e1tu) + 1UIJ.(H )	 - 

•	sup (A(t) u(t), u(t)) +1 hJulIoo(H) 
•	 S 

3 (hLfhl H + (A(0) u(0) u(0)) + / hlu(0)hhii2) 

•	 ± 2 sup (- f (e'u', M(e l 'u)) dl)	 S 

•	otcr	0 •	

5. 

+ 2 sup 
(_ f 

(e'Au M(e tu)) dl)	 (33) 
otr	o	 5, 

B. § 1 YCTaHoBjieHa oIeHHa	0	 •	

0	 •	 •	

0 

IM(eu) (r)II I, < /AC IIUIILOO(H),	 • 
3IIaq ItT, nocJIeIu-lHe cJlarãeMfde cnpaa oueHeHr''iepe	 0	 -	

0 

21 j/T (jfu IJV( m -J- hIAu Jl L (H)) IJ U IJLCO ( H) 

S	 •	^ u-/	(	u hJ(,f)+ j h A.u h j.(ff ( ) +	lIu(Jfl).	
S	 •	 -

LOO 

onycTHM, 4T0 MM BH6paJIII E Tai;, 4TO .n fT e < 1, a 2> G/L VT/e. Ta1HaH 
iiopmy CJLeBa C onepaTopoM M MOHHO onycTiam, a (A(0) u(0), u(0)) ^5 a 11v2 l l . 
hlu( 0)11n ^5 d hJlv, TO 01HH (3.2) cBepxy ycrariosjiena. OTMeTHM, 'ITO HOPMY hlUilLoo(v) 

• B (.2) 10HI-LO 14 ollycTuTh (c BO3MO?HHhIM H3MHHHCM HOCTOHHHOIi c 1 ), onaoieH-

saeicn 'Iepe3 (llu 'L1 2tsw) •+ lAuhl, ( ,I) ) 1I2 I	

•	

5	

0 

3. Hawn paHbrne,3ayauiMcn flOJ1H0i B V Hoop1HHaT116i CiICTCMOÜ {Wk}. &iecro (1.8) 
paccMorpHM T11Cb cieyiomyio CrlpOelcrIIpOBaH}TylO 3aa'Iy •	 •	 S	

• 

	

• •

	
u,(t) + PA(t) u(l) + P(Mu) (I) =P/(t), u(0)	 (3.4) 

rite Q, r-opTOIlpOeKTOp B V, npOeFcTLIpyIoIIHi4 H a V,. Bü6op ripoercropa Q, B H'IJ1b-	• 

IbM ycJIOBI4H,BMecTO P,, onpaBJu2BaeTcH TeM, 'ITO B ciyae npoewropa P, jjis pemeuHii
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ii u aagaq (1.8) H (1.4) cooTBeTcTBeHHo BbJIIOJIHneTCH oLkel-Ilca 

-	JIn IIH	In - U I1C(Jf)	c( IIu - U I j L(V) 
+ IIU.,

T U IIL.( V')) 

•	H Heabwi O?11HgaTh oIeHoK CX011MOCTH B €oiee C14Jth111IX HopMax qeM B § 2. 
Tax KR JIOCTHCTBB H il V,,', CJeg0BaTeibHO, H L2(Hn) H L2(V') coriagaio 

11 nMelo'r 3}cBHBaJIeHTHK!e (HepaBHoMepHo . no n) HOpMbi, TO gim penleilila u,, 3agaqu 
•	(3.4) (a 1 iioaaao, WO 0110 cynecTByer, eklHHC.TBCHHO Hun € L2(V), Un ' € L2(V')) 

HMIOT MecTo BKJuoeHIlaPAu,u8 ' E L2 (H,,). TaKHMH me BiicjiagKaMH, HR 11fll 

ycTaHoB.neHaHOLeHHn (3.2), noJIyHM oEeHRy - 

	

Il p. /11 2 (Jf))l/2	

2	1/2 
• 

_5 (1 1U., 11 2 L' ( H n -I-- II P flAuflJL .(H.) _+_ JJUnIILOO(V,,)) 
•	 ^ c2(Qi	II P tII11)'	 .	(3.5) 

C TeMH we BOCTOHHIIbIMU C l H c2 . HepaBeHcTna (3.5) goiiycaio elle ôiegyoIuyIo 
3anucb: gJin auoöoro v, 'raRoro, qTo P,Av,, v,' E L2(H), 11r1eeT MeCTO 

i(IIvnOII. ± iIVn' + PAv. + PflMvn11(H))1I2 

(I1Vn'Itii ± jPflAvfl 11 2 I(H) ± lvnIi_(V.))1 /2
• 

•	
;5 c2(v(0)	+ IJv + PAv. + P flMvfl hJ.(H) ) I/2 .	 (3.6) 

flocRoJIbLy aHepre'ruqecRHM npocTpaHcTBoM onepaTopa P8A(t), geicTnylowero B 
•	H,,, IIBJIHeTCH V,, (c TOqHOCTbIO go paBHOMepHOii ITO t H U 3RBBBaJIeHTHOCTH 110pM), 

•	 2), 1oaHo3jecb on	u	I! ycTTb opiy ILvflhJL(v . TO, KaR Ii B }lepaneHcTBe (3.  

4. Tax Ic'aK !Pfl/I1L.(,,,)	I/IIL.(H) H iIQnllv,,	TO H3 oLeHHlI (3.5) cnepxy BbITC-




HaeT, uro noc.megoa'reimHoci' pemeiinh 3aga q (3.4) u,, orpanea B'npoCTpaHcTBe 
F	{v: v E L2 ( V), v' € L2(H)}. c Hbp1ofl IIV IIF = (IIv i.(v ) + VL . (H)) ' 2. BMgeJIHM 
nogIlocJTegoBaTeJtbl-!ocm Un, U € N', cxogaiuyioca c.na6o B F H )JTeMeHTy U € F. 
I1oKaneM,- q-ro U ecTb pemeiie agaqn (1.4). ToHo TaIc?Ice,. icai B § 1.5, go1a3hi-
naeTcn, MTO U yJOBJIeTBopaeT g1T4MepeHtHaJ1bH0My ypaBHeH1110 aga qu (1.4). '-ITO6bT 
ycTaHoBuTh BbrnoJlHeHHocTb Ha qaJThHOrO ycJIoBHn, BBegeM, HN 11 paHbme, y11K-

IHoHaJ1blJ,0 , COOTBCTCTByIOIUHe aJIeMeHTaM w € U V,,: (v) = (v(0), w), v € F. Hpi 

IlpoBepHe lix lIellpepbIBliOCTH Ha F HHRO JIHWb golToJlHI4TeJLbH0 OUeHHTI, IvlJc(if) 
qepe3l[vJJF.TaHuMo6pa3oM,	(u,,) --'(u),n E N', T. e. (U.( 0), W) -- (u(0), w), n € N'. 
Ho u,,(0) = Q. -	B V, 3Haq HT, H B B, cJTegoBaTeJlbHo, (u,,(0), w) = (, w). Ucl'aJlb-




Hoe HCHO. 
mi'l rlolca3aJIu, 'iTO B gaHHoMcJIy'iae peuleHlIe U 3agaqH (1.4) cojepirnTca u F, 

BIIaUHT, u' € L2(H). Torga Au € L2 (H) H IlMeeT MCC'rO (3.2). I'ITaH, HaMII goaaana 
•	

• cJiegylouan TeopeMa.	 • • • 

•	 •.TeopeMa 3: Ecjtu cinojueiu yc.'Tooui (1.1), (1.2), onepamop A(t), t E [0, Ti, 
- co-HoconpAoiceit U flOiIOd%CUiibflO onpeae.en c H, uteem .itecmo (3.1), mo 

•	 (1.4). ocyuecmciiiem 1130J1top0113M .eicOy - npocmpqucmeost ucxoOn&x Oau,mix 
L2(0, T; H) x V u npocmpancmcoM peuienuu E A = (u: u', Au € L2(0, T; II)) c 

•	 JUlIE;	(IiU 'IJt(o,r;Jf) -f IlAUI,t(o.T;u))hI2.
 - 

• 5. llpenooaiir ceiiqac, qTo A(t), I € [0, T] - caMocorrpaaeH, rIoJIo?HnTeJIbno 
onpege.neu B H c o6iacmio onpegejieiia D(A), ne 3aBllCHhJeii OT t. flycm A(I) 
CIIJTUHO HCHPCPbIBHO gH44epeHunpyeM no I Ha D(A). BHepreTIi'ieCKHM npocTpaHcT-

•	Bore H4 onepa'ropa A(t) s1BJIHeTcH V (To'iHee, V_Raii MHo?}cecTuo coBnagae'r c HA(S),



Ô MTOJC 'raJIepxHHa aiIfl napa6oiiiieciux ypall l-feimtk -	41 

/ 

lix HOpMhI paoepno no t 3KBHBaJIeHTHbI) H BhIIIOJ1HHIOTCH yCJI0BHH (1.1) it (1.2) 
(cm. [14]). MoiiO Tax?14e noica3aT, qTo 1IpOH3BOl1ag A'(t) ygoBJieTiiopneT yCJIOBHIO 
(CM. [14])	 .	 - 

v; v) ;Sb iJv iJv2	Vv E D(A).  

floClcoJmKy onepaTophi A(t) A'(0) 14 A(0) A(t) paBHoMepHo no t orparn4qeHbIB H 
(cm .. [14]), TO HOPMbl JJA(t) Vi!H, v € D(A), paBiloMepHo no t 3KHHBaJICEITHhI, 31-1aTwr, 

a iJ A (t) V IJH	iJA (0) v ii,,	a2 IIA(t) V IIH	Vv € D(A).	 (3.7)


Hyëm rerrepi M € 2(L(O, T; V), L0o(O, T; H)) H BbinoJHeHo ycilolilie  

iiTgMV iiL O (OT;H)	/ ifrtt'iiLOO(O • g;V )	Vv € L(O,'T; V), t € (0, T).	(3.8) 

Honpo6yeM ycTaHonliTh 'oueHKy (3.2) Ran pelnelma U aaJa'n1 (1.4), ecjiii 
Au € L2(H). Biecro O U H}CH (3.3) BalinmeM 

Ii) ± iiAU iL . H)	 L(V) =<	 ii! ilL'(H) + II II 11 4(0) + A iii1H2 
2	+iIuii2	

2( 
:2 

+ 2 sup (_f (C'u', M(e tu)) dt)  
OtT	'0 

	

•	 ' + 2 sup( j (e-Au, J}I(e'u)) di)); 
oiT	0 

	

•	MhI onycTujil! cJIeBa nopriy C onepaopoie M H He oueHH jIii cyripeAtym OT A iiu(t)iI,,2. 
Raic H B § 1, noJIyHM aec, WO iiM(eu) (T)II I,	,ieu iiiiiLootv, a noc.mee Ba

cynpeya cnpaa OUHMM epea

 
-'	2	(iiu'iiL H) ± IAUIILOH) jJUijL(v) 

_j_ (i[u 'iIY'ui _l- iiAuILtH) ± 6u 2T lUiiico(V). 

Toi'ja Ha opeaice [0, T0],' rje x > 121u21 10 , oueuca (3.2) ycraiioneiia. AHaJIOrMqHo 
oHa2ieM Ha [0, T0 ] ;tan peweiia u,, aa)aqH (3.4) oienicy (3.5), flPHCM nocTollrnmie 

Cl ii C2 OIIHTb Te KC caMbIe, q ro H B OIeHKe peuleHHH HCXOJHOfi 3aaq14. 

G. 110 rpeJnonoHeHHIo, j.rth no6oro v € D(A) (f)yH}cl,U4H I A'(t) v' HenpepblBH a 
113 [0, T] B H. 143 3T01'O BbxTeKaeT, iTo nu Jllo6oM x € H HOMB iiA'(t) A(0) xii,, 
orpainiea Ha [0, T] H, B Cllay npHHLH !'ia paBHomepito g orpaHH qeHHocTM, onepa-
TOphi A'(t) A-'(0) panoepo no I OrpaHllleHw u H; lTycTbJJA'(i) vu,,	b 1i[A (0) vii,,:

Vv€D(A). (DyHI'CnHH I -^ (A(t) u, v) npii n106bIx u € D(A), v € H HenpeplABHO 144)-
)epeH4l4pyeMa, 3HaHr, (A(t) u, v) -. (A(0) u, v)	t(A'(0) u, v), rje 0 € (0,1) (0 aauH-




6I1TOTUHV). Ho  

•iiA ( i ) u, - A(0) uli,, = sup I(A(t) u, v) - (A(0) u, v)I 
11 0'lIfl=l	 -	•	 •	 • 

^51b 1 iiA ( 0) -uii,j Vu € D(A). 

BMepes1 renepb KOOpUiH&THyIO CWCTMy . {zv} IloJiHylo n D(A) raiyio, 'ITO 

ilPA (0) vIi, ^7A(0) vii,, VvEH. (CM. [16]). Torja Ha ' •oTpe3Ke [O T0 

I
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•	l4MeeM,	•	 -.	 •	 • 

II AuIIv0	lIPA(0) U I!L'(1I ) - jPAu —PA(0) Ufl IIL I(Jf,,)	 • 

	

JA(0) UflJL'(ff) - T0b1 II A (0) UnPILt1r) 

^(-- -
	a1 JAuflhjLfl; 

• ollycTHM, 'flO Mb! BbI6paJIH T0 yae CTOJIF, MaJIoe, q'ro T < 1/(2b 1 ), jui yo6cTBa 
H8JIOnceHHH c4HTaeM TaKKe, 'iTO TIT, = m '- 1e.rIoe qHcJIo. TaIdHM o6pa3oM, 113 
oieuuu (3.5) cJIeyeT, 'rro uocJre)oBaTeJIbHocm pemeHlIrl U. aaya'i (3.4) orpaIiI4-
qeiia B npoCTpaHCTBe. EA[O, T0] = {v: v', Av, € L2(0, T0 ; H)} c FioPNIOft 11vi1E4o.T01 
= (IV' 1OT;H) + IIAvIIs (o T ;n ) ) h I 2 . BHaqIIT, HHOTOpau ee riognocJIeoBaTeJmHocm 
u(n € -N') CXOIiTCH cj1660 B EA[O, T0] K 3JIeMeHTy u' E EA [O, T0]. Kau 1'! B flflKT 4, 
IwHaab!BaeTcg , • 'iTO U1 flBJ1RTC lUH1ICM 3aaqI1 (1.4) i-ia [0, TO] MM jOJflKHbl 
J1Ilillb, 'iT06b1 riHMCHHTb orrepaop M, npoyOJ1a-1Imu' iiyie Ha BCb oTpe3oK. 
I4TaIc, HMH ycTaHoBJleHa cyI1ecTBoBa1I1Ie pemeuun Ha OTpe3He [0, T0]. Ohuuluell 
npouecc npooJIaeH1IH peuiei-iii Ha Becb oTpeox [0, T]. 3aa'ie 

u'(t) + A(t) u(t) + (Vu) (1)	1(t)	(Mu') (1), t E [TO, 2T01, u(T0 )	.u1(T0) 
(3.9)-

noCTpoHM peluelirue u2 E EAT, 2T0], npu'iere 4JIH npeeiuoro nepexoja HHJTGH 
BbI6paTb JIO.flHylO B - D(A) icoopuiHarHyio ClICTeMy TaKylo, 'ITO IJ PA ( TO) vJ11. 

?	IIA ( T0) vjj,, V v E H. ToraJ.rIfl peLuel-Iffli npFl0Jiiu*ceHHbIx aaa'i noJy'iuuie OUCHIcy 

IIPnAunIivui>	
(	

Tobi) JA(T0) 1tnI!'(H) ^ (- - Tob i) — rl!Auflhjv(H); 

a '.)TO 1`103BOJiHe'r ycTaHoDIlTb orpaHn'IeHHocTb U,, BE,1 [T,2T0], 3Ha4DT, u-cy[LecT- 
HoBaHile cc c.iia6o1 npeeJ1bHou ro qKIl u2 - peineuriri aajaqu (3.9). AHa.mórriqHo 
noapiaem pellieHile u3 € EA[2T0, 37'] aaTtaqti 

u'(t) -f. A(t) u(t) -I-(Mu) (t) 

- (Mu') (t) - (Mu2) (t),t € [2T0, 3T0], u(2T0) = u2(27'0), 

H T.., noica 'iepe3 m inaroo yofijeM go icouia oTpealca [0, '1']. PeluleHuelu 3aAwim (1 .4) 
Ha BceM orpe3fce [0, T) uBJlneTcn u = U'- + u"; MbI c'iHTae1, 'ITO peweuii 
u(i = 1, . ..,m) npoJoJ?KeHb! HyileM flue CBOei ecTecTeeHRoi o6.riacTul onpe)eJ1euIHfl. 
EJWHCTBeHHOCTJ, kcC pomeHl4Fl BbITeKaeT 113 OLe1IRH (3.2) cBepxy, KoTopan nouca 
yanoaiiea ua flOOT3KX J1IHHOh T0. 

HOcicOJibicy oLeHuca (3.2) cuay yCTaHOBJIeHa Ha BceM oTpeauce [0, T], a cy1LecTBo-
Bauhle ii e)uHcTHeHHocTb peweuuiun 11 EA[O, T] ouca3aI-lM upiu Jno6bix / E L2 ( 0;T; II), 
it -E V, TO, rio eopee BaHaxa, IIMCCT -MecTo 11 oieHrca (3.2) cepxy (Bo311oiuio, 
c'Ipyro1 rIocTOuHHoii c 2 , '1CM OHa 6buJlayCraHOBJleHa )JIH OTpe3Ica J1HHOii T0 ). B 
nTOre goucaaaHa: • •	 •	 •	

0 •	 • •	 • 

Teoperea 4: Ilycmb onepamop A(t), t E [0, T], - cz.uoconp.'iascen, noJiolcume./ib1-w 
onpeöeiiei-t e J-I.c o6./lacmb,0 onpeôeirenui D(4), ne 3acucweu om t. llycm A(t) 
euuibno nenpepuiw au f.epenrujiye no t ma D(A), a onepamop M E S9(L(O, T; V), 
L(O, T; IJ)) y0oauieineop.em Y. CA06UIO (3.8). Toôa 3aaa'ia (1.4) ocyufecineuruzem 
U3oJ.iop6u3.0 .4t;c0y npocmpancmeatu, y anbscu - e meope.te 3. 

3aMè'iall ie 4: B npeJnoJi6,ceul1IHx §3 (Teopereb! 3-5, HyHIcT 7) TatiHie ruoacno 
B ypauueiie (1.4) BicJuO'iøTb oneparop B, on"callIlblit B 3aMe4aHilH 2. Tora,npu 
ycTaHouJieHilu oueuiicu (3.2) cBepxy, nepeHocuM quieu-i Bu B I1BB!O qacTb ypaBueuuiuul. 

0•	 /	 .	 0 

6
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(1.6), BaTeM IlMeeM 

IL — BUI .(H) :_5 2(IJ/IJH) + b2 ju')'	 - 

11 j jia uogaBJleHHfl HopMhI 2b2 IJuIIc y i nCnoJIb3yeM qac'rb 113 2Aoc IJuII9v). 

7. B nperIoJIoMeHuHx nyji[iTa 5 ghfl peIneHHfl'un 3aga q u (3.4) oiea (3.5) CHHB 
3TCTaHOBaeHa Ha BCM OTPC3HO [0, T], a cepxy iioia Ha oe3Iax ARKHori T. PaB- - 
J1OIHM u, ua cyiiy u = u' +	+ u,"', rje U, COBflaaCT C U, Ha oTpe3Ke 
[(i — 1) T0; iT0] MBtH HJIb1O Bile ero. 

FIaorpe3He [0,. T) oieiiia (3.5) cepxy AoHa3aHa, fiaITnec1fl1 ilMeeM 

(IIuu"II(u) + IPflAufl 1 l} (H) + IJUn'!I(v))"	- 

<C2(Q1	+ IIPn1I1O,T;H) 12 .	 (3.10).


TaH icai 

•	u2'(t) + PA(t) u 2(t) + P(Afu 2) (1) 

P,,/(t) — P(Mu') (t),	t E [T0 , 2T01, u 2(T0) = u,(T0), 
TO, npil1el-lnn aec (3.5) Ha oTpe3Ie [T0, 2T0] H (3.10), uMeeM 

(IJu n 2 II2( y ± !PAun2Il.() + iIunIL oo v)	 .	. 
•	c2(IJun'(To)II	-f-- JP.(/ — Si3fun 1 )I1i (0 , 2 T. ; !fn) ) 11' 2 . 

^ c22( Q, v2+ 

C22--- nocToAHila)!. AHaJlorll q llo OUHUM ii nocieyioiwie U,' Ha CooTBeTCTByloIIHX 
oTpe3lcax; npocyMMupoBaB arM oieuici-i, noJly tlflM (3.5) (a aie (3.6)) Cilepxy Ha 
BCM oTpeae [0, T} (c HeKoTopofi ilOCToHHHO1 C2 , oTJlH qHoh OT lIcrIoJ1b3oBaHHol B 

•	3TOM nyHKTe, H iie 3aBh4cHueü OT n,/14 ).	 - 

8. YCTaHOBIIM eiie CXOgHM0CTB MeToJa FaJICpKHHa. - 

Teopeia 5: Tlycmb 6unoAuemu npeanoiceiwt mepe.M& 3, npu'iem - 1$(A(t)) ne 
•	3aeucum om t u, uAteem ecmo (3.7), aiia we 6unMitemu npeno4ofcenu.'it meopeu 4. -. 

flycrnb e aaOa'e (1.4) / C L2(0, T; H), E V H icoopaunamua.i- cucmeMa {wk} ho.ma è 
D(A). Toaôa O.zi peuteiWIN a u 3aôa'L (1.4) a (3.4) asteFom-ecmocxoOuAtocma 

•	- !PAu — Au IIJ'(O . jI; – 

— U IIL'(O.T;il)	.0,	-	
5	

0	 --	

5 

•	 Ju. —	lC(tO.TJ;V) —> 0.  

CnpaeeOiuea (9oymopohmss otenia cxoOit.iiiocnitt  

- - c j(IfP / — /I!L l(o.Tn) -.. IIQ—v + IlPM — MUIILi(oT;H) + e(u)) 

-. - ^ (pu,,' — u IIL'(O.T;iI) + lIPAu --	TI!) + t!Un — UI(IorJ.v) 

--S	• + I IPn MUd — MUbi(0T ; H) ) h/2	 . •, 

.	-^5 c2 (JP8/ — /ILL'o.r;11) + IIQ — !iv -1- ILPMu — MUjLl(O TH) + e(u)) 
•	

.	

:	

(3.11) 

/	•	 •	 -
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e(u)	inf (IIVn '	U, 11 2
L*(o.T;Jl) ± 1PAv - AuI!%,(OV,l) 

vEE	 - 

+ J IV. - U11 2	;V))112, C(10,Tl  

= {v: v,, v,,' € L2(0, T; H'}, 

C 1 ,	- )iecomopbLe (noosc neJhnie) nocmoiinie.	V	 . 

)OIa3aTeJIbCTBo:I1ocEojIhHy e(v) —>0 npit-iio6oi1 V TIOII, 'iTo v', Av € L2(H) .	.
 

'(um. [14], c y'iero (3.7)), TO )ocTaTo qHo JoKa3aTb oueHy (3.11). OieHia (3.11) 
CHM3Y uipoBepHeTca HeflOcpeJcTBeHHo, a ee AoHa3aTeZbCTBO cepxy OnHpaeTCFI Ha 
oIeH}cy (3.6) cBepxy; 0110 no cyu.ec'rBy npegeo B [8] ii Jillifib B ACTaJIFIX OTJI11--
'iaeTCH OT aiiaiioriiquioro goim3aTejllCTBa 11 [14] yn cJiy'iaa M = 0 I 

§ 4. Yc'roi qrniocm M0TOL I'aJIepKIfHa 

1. 4T06bI riocTaBrITi, npo€IJIeMy 06 ycTot1HBocTH MeToa i'aJiepiciiiia, rIpeJwoJioK,HM, 
WO orlepaTop Al € 2'(L°°(0, '1'; H), L(0, T; H)) ygoBJIeTBopHeTcJIeyIo1IeMy yCJIO-. 
111110:	 . 

-.'	 Ha YHKIIV BRX BIIL3 u(t) = c(t) u0 , u0 € H, oneparop Ill 
V	 JetcTByeTno IIBI4JI (Mu) (t) =(M0c) (1) M 1 (t) u0 ,	 . ( 4.1) 

rje M0 €	(L°°(0, T; It), L(0, T; R)),'M 1 (t) € 2'(H, H).	
V 

Pemei-iiie ajaq i (1.8), HMeIoaee npecTaBJIeHle	
-	V 

u(t)	VL'4k(t) Wk 

oupe1e.1rneTcH 113 paBH0cI1Jibnoi1 K (1.8) 8aJa'i[f	. 

	

(wi, 

w1) cflk(t) Vk=1 (A(t) Wk , w1 ) cflk(t +.	( M 1 (t) Wk, w1) (Mocflk).(t)	
V 

= (1( t), vi),	 .	
V	

(4.2) 

w1) c flk(0) = (, wi),	i = 1, ..., n. 

B, BHAY TOI'O, qTO upH HcJ1eHHoi1 peaJIH3aLnn 3aa'iu (4.2) iorninemi ii ueii, 
Ka . K cKaJ1nprnIe npon3Bee1nh51, BhI'WCJIHIOTCII n0H6JIH?EeHH6, pelnaeTccl B03My-
iLeHHafl saaqa	 V	

V V 

E ((Wk, w 1 )+ ytk) b k( t ) + E((A(t) Wk w) + a ik( t )) bflk(t) 

V 

+ ' ,E ( ( MM) Wk, w) ± thk( t )) (Mobflk ) ( 1) = (1( t ), w) ±. 9 1 (t),	(43 

w1 )	yi) bflk (0) = (, w1) + 776, i = 1, ..., n.	 V
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30aeii (4.3) onpeIeJrfleTca BO3MYlAeHHoe up116Ju1aeH11oe pemeHue 

v,,(t) =	b,,k (t) Wk:  

IlocTaBuM ITpO6JLeMy 0 3aBHCH5IOCTII V,, - U,, OT BO3MytueHH *fi B CHCTeMe .(4.3). 

2. BBeeI 0003Uaq eHllH )JI}1 MaTpHE 

.1',,	{yik},	A,,(t) = { cx Ik(t)}, B,,(t) = {Ik(t) 

It BeIcTopoB-Bo31%IylleHIh	 - 

g,,(t) = {9,,1(t)}	= {,i,,} , 
a TaKmie

A. = (Ti ,{ 	Wk)}, ill',, = {(w1 , Wk)V,,'}, N,, = {(w1 , Wk)V} .	-	 S 

ITIycm 4, 'u,,, v,, HauMeHbwHe CO6c'rBeHH1Ie 3Ha'IeHIIB MTPHU A,,, Mn, N,, COOT-, 
BeTCTBeHHO. OTMeTBM, 'ITO yc.noiiie inf /4,, > 0 BJIe'{eT Iim2,, > 0, a 143 noCJ1eHePO, B 
CBOLO o'Iepeb, cJiejIyeT, q'ro urn v,, > 0. ECTeCTBeHHO npewoiaram, 'ITO MTllIh1 
1',, - cIlMMeTpIlqHbI, a A n( t) ii B,,(t) - H3MHMhI no t. Hopru& BKTOM 14 MaTpH- 
uaM npHrlIIlueM tai oaemeHTam H BKTOM 3BIU1HOBa upoCTpaI-IcTBa R. 

1' eoperia 6: Ilycmb 6&nozne14uyci 6uil(1.1)—(1.3) u(4.1). Hycmb/ E L2(0, T; V'), 
H. 

10 Ecijil jJF,,j < n 1 min 	2,,}, sup JA,,(1)II	r2v,,, sup JjB,,(t)II ^5 r	eOe 
-,	 -,	OtT 
ii 73 - neiomop&e noJI001cumeJIbi-14e nocmo.cnimie, 1120 3a0a'Ia (4.3) oo!u1taw-u 

paapeuua U 

fflv,,	= (iIv,,- n!I'(o.T;v) +1 1 '

V,, - UflJJLt(OT;V'))'1 

^ (I!Un'IJtor;v	jr,, + h1U,,o';	sup JA,,(t)II 
\	u,,v,,	 Vn	otT 

•	S	
IJUnIJC((O.fl;Jl,,) 5	

1 
+	-	sup IB,,(t)II +	IJUnhIL'(o.T;R") 

•	 1/2,,v,,	OiT	 JIv,, 

	

-I-	 IfI -+- -= J2,II J	'	
(44) 

S n	 V1t8	J 
C - eomopai nocmoin,,xu. 

2° Cyiqecmeyiom te 3aucuue om n noJtoscumeJbibie nocmoiuuue C 1 , ..., C6 mwcue, 
'Imo:	 -	 - 

1. ec.'u A) = 0, B,,(t) = 0, g,,(t) = 0, 77. = 0, mo cyuecmoyiorn I', + 0 (co CKOJIb 
y2o0no Ataitoa ,iopitott) uu,, == 0 mwcue, mo 

	

- ,,	Ci Ufl	
Ir,,	 (4.5) 

2. ecija I = 0, B,,(t).= 0, g,,(t) = 0, 77n = 0, mo cyqecmcyiom A n (t)	0 (co C)COdib 
yoOiw Atadiou iiop.iito(t) it u,, r= 0 maiue, lano  

I iv,, - U.) 	JA,,(t);	 (4.6) 
'S.' .	 •	

•	 vn	0T
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3. eciu I',,	0, A n(t) = 0, g(t) = 0, h= 0, mo cyzqecmaylom B(t) == 0 (Co çKOJb 
y2oano .'taijoü nop.oi) u	0 ma,cue, 'rno 

ft 
ii	-	

nhICUO.TJ ;H)	
IIB(t)iI;	 (4.7) 

•	 i.v	OtT	 * 

4. eca A(t) = 0, B(t) = 0, on(t) = 0, 17,, = 0, mo. cyuecmeyiom I',,	0(co ChO4b 
yéoôno .ta.,otL nop.5toa) a un 0. 0 maue, 'mo 

!I vn —uffl	c !u,,(0)II	jf,, ;	:	 () 

5. ec.iia I',, = 0, A,,() = 0,B,,(t) = 0, ij,, = 0, mo cyuecmayem g(t)	0 maicoti, 
t Mw	 .. 

. IU v,	UIH	7	JgnIIL'(O.T;R);	
S	

- 

VVn 

: 6. ecw F. = 0, .A,,(t) = O,.B,,(t) = 0, g,,(t) = 0,•mo cyujecmcycm 27 n + 0 rna,coui, 

	

nw .	•.	

.5 

-	 IIftfl - tflJ  CG
 Ill.	

-	 -:	 • 

30 
B otejcax (4.5) a (4.6) x6feno 1 1 17in Il l 3aeuumb aew,'LunOti (IIIIo.r;v') ± iIIIH2), 

a a (4.7) U (4.8) H.OpMbi IIUnIIC(LOTJ;H) U IIu (0 )II	eeiu'unoti R11H, Me / u -. iceo-
•	r,wpue aAeAenmbc a (1.4) (3aeuc.uue om n), conwp&i. coomaemcnwyem u,, 6 (1.8) u.0 

	

• (4.2).	 .	S 

JoKaaaTeJIbcTBo oniipaeTCfl Ha OLffK (1.10)11 H)HO He OTJH48eTCL OT npRe-
%eHHoro B [15) jjin cJIy.aR M-=0.	 • 

Merog raJiep111Ha. (1.8) 6yieM Haabrnam YCM0Ut(U6btAf a iiope JI• ifi, onpeJee-




HO B (4.4), eCJ111 CUCTBIOT r!oJlonHTeJ1bHb1e nocTonHHhIe C, p, P2 11 p3, He 3aB-
cflEHe 01' n 11 I2CXOJHhIX gaHHbIX IF 11 , TaKile, WO npu 1 1F,,11	p , II A ,,( t )I! ^5 P2 Ei 

B,,(4)I1	p3 saaqa (4.3) OgHO3Ha qHO paapelunMa II JJIfl peLueHHfi U,, H V,,, onpejieJleu-
rnAx M3 aaa (4.2) 11 (4.3) 000TBeTcTBeHHo, Bb1noJlHHeTcR ouena	 0 

MI v,, --un H	q(IIrII +sup IA(t)II + supIIB,,(t)II 
•	 Ot.T	 S 

2	 21/2	- •	.	 X (IIIIIL'(o.r;v') + IkIfH )	+ [YnIIL(O.T;R") + II17II . 

• - VIa Teopembi .6 Ci1eJyeT, 'iTO geo6xo7MMb1M H JocTaTo qHbIM yCJIOBHeM JJIH ycro-
'1MBOCT11 MeToa I'aJleplrnHa B TOJIB0 'iTO IIpHBeJJeHH0M cMbIcJle JTBJIHeTCR orpaHFi-

• 'ieHHoCm U,, CI-43y nojlo?KuTeiIbHhlM- qHciIoM. VIa eopemi 6 BHgHO TaI*fce, 'iTO ecji'n 
cRajifipHbie flO113BCHHu1 (Wt ,.Wk) BhI'IHCJIRIOTCH T04HO, TO HeO6xoJHMbIM i jo-
cTaTOqHhIM ycJtoBueM ycTof9nBoCTH Meoa (1.8) B HOPMC 113(4.4) gBJIHeTCII lirn2,, >0, 
T. C. cHJtbnaH MRHHMaJU.H pcTb CHC'MIJ {w} B H.	 S 

•	OTMeTHM, 'iTO yCTOii'iIIBOCTb m eToAa lTaJIepIdHHa B PUCCMTP11B11CM0! CMbICJIe He 
xapa}cTepll3yer BCCT0OHHC CI'O qllCJL	 JI eHHyIO peaH3aLIi4lo, a JIHUIb lTpaIiTH'lecKoe 
cocTaaJleHi4e 3aaqu1 Howit (4.2); 0 npoHcx0ncee1-u1HaTOro BOHHTIIH cr. [17]. 

3. Peiueirne aaa'iui (3.4) oupeJeJ1fleTcH 113 aHaJIorH qHo (4.2) 3aJa'i11, rIo-ypvroMy 
• •
	 BbIrJIHJflIT TOJIbRO HaqajlbHoe ycJioBHe:	-	S 

0	

•	 'E (Wk, w)v Cflk(0) = ( w )v; ••	 • • .	

.
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a B B03My[1eHHo aaqe Tuna (4.3) iiriee	 S 

k	
' 11)V + &k) b(0) = &, W)v + 77. i .	 S	 (4.9) 

06031IaquMeue4 = {6jk} - crlMMeTpI{q!-iaa MaTpFua. 

Teopeia 7: Hycmb •cunozuenot npeônoi ceiw meopeMo 3, onepanwp 
M € 2'(L°°(O, T; H), L(O, T; H)) yOoeiienwop.czem ,cuioeu,o (4.1) uzu 
ipeOnódwd1cenuJ meope.Mb 4, a onepamop M € .1'(L°'(O, T; V), L(O, T; B))yOoezém-

eopem coomeemcmey1ou1ety a,ia.'toy (4.1). llycnib / € L2(O, T; H) u € V. 
10 Ecjiu I[,I ;5r,,, sup J1A ( t )II	23'fl, sup JIB ( t )II ;5 r	 JL	 S r4v,' -	S	 OtT	 OtT	 S 

2ôe r 1 - 74 !telcornopbie no./io;cumeJibJuge ndcmonnnue, mo cucme.taypacneKIü u3 (4.3)- 
C na'fazbju.4u yc40euiu4u (4.9) oôno3ia i opaajieuua a	 S 

	

IHv - U.111 = (Ilv' - Ufl ' I(O TH ) + JJPA(v.	U,i)I(OT;H) 

+' JJVn	nhIC(CO.TI;V,))uI2  

C 
•  

	JJUnPIL(O.T;V) sup 148(t)IJ 

	

•	 S.	 O1T	
•: 

	

IJ UflIIC([OTJ; y )	 I 
+	-	sup IIB (t )Il ±	gnhIL'(o.T;Rn) 

AnVn 
• S	 ocr	A. . 

IIU (0)IIv.	 1	\	- 
•	 S	 +	 1JUn11 +	I1?7nll i	 •  vn	 (.4i0) _	 I 

C - ne?comopa.a nocmoRnnaJi.	S	 S	 -


2° Cyüecmeijiom ,e 3aa.acjzu4ue om n no1zocumeizbuue nocmo.u&e C 1 , ..., C6 maK&e, 
•	'mo:	-	 S S 

1. npu A(t) = 0, B() =0, A .= 0, g,(t) _• 0, ,,,	0 cjzqecmayiom r. + 0 (co 
- CcAMb y2o3no Ma.iioü nopAoi) a u,	0 ma,cue, 'rno	 -	•.	 - 

•	
lIIn - 2tIII	

Ci IflhII II
F II;	•.	 S	 (4.11) 

2. hpu I' = 0, B(t) = 0, A n	0, g(t) = 0, ii,, = 0 CzJufecmepm A n( t )	0 (o 
CFcO.&b yaoôno azoü JLopAwü) If U,,	0 ma,cue, mo 

Il .I Vn - 
U.111^ Co'IIlunIII sup IIA ,,( t )IJ;	 (4.12) -	S

	
0 :5 i;g T	 S S 

•

	

	3. npu r,, = 0, An( l) = 0, A n = 0, ,,(t) = 0, 
,,= P cyqècmy,om B,,(t)	0 (co


C?COAb yaoano AtaAotz iwpiou) i U,, + 0 maiue, 'mo 

I'l IV-	
CJJUJ	TJV) sup JJB,,(t)JJ;	 - (4.13) nVn

S	-.	 oir	 S	 • 

• -
	 4. npu F,, = 0, A,,(t) = 0, B,,(t)	0,g,,(t) =0, 27,, = 0 cyqécmeyiom 4 + 0 (Oo 

	

CcOJlb y203n0 MaIio( nopMbü) a u,, rJ= 0 macue, timo.	 •	 S 

-	 t•	S 

	

•	 C4 llu.(0)Il v,,	 . li v,, - u,,JJJ  
	

Ik1ii;	•	5,	 (4.14)
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5 npu f',, = 0, A(t) = 0, B(t) = 0, J. ='0, 77 ,, = 0 it neomopot g,,(l)	0 

lIVfl UflhIi	 '5TI!UnhjL(OTR) 

•	 V6 zpu F,, = 0, A,,(t) = 0, B(t) = 0, J. = 0, g,,(t) = 0 u neKomopou j,,	0 

C6	-	 - 
IIk'n - Uflj	-	V	 - •	 vn 

30 B oieuax (4.1i) u (4.12) toicJio Iu,,ffl aa-.4tenumh eejiu'tn,w ii. (!J/1%oT-H 
• + 1I1v2 ) 1 " 2, a IUnIIC(IorJ;v,,) U Iu,,(0)IIv , 6 (4.13) U (4.14) ,wp4toi [lv, Oe I U 

lcomopbie, ucxo3t&e ôaitimze e (1.4) (3aeucRuue om m), ?COObL3t coomcerncm8yem u,, 6 
(34).	

V	 V 

3Jecb oEa3aTeJIbcTBo onlIpaeTca Ha OE6HH (3.6) ii Jilluib B AeTajiFix oTJIHqaeTcH. 
•	OT c.i1yaRM = 0, u3J1oHeHHor'o B [14]. 

YCTOh q HBOCTH Me-roa Fa.nepInHa (3.4) $ HOM fl fl; 0npeciieiiii01i B (4.10), 
UPHAaeM TaHyK me CMhICJIb, qTO 11 B nylliCTe 2. Tora m3'i -reoperIi 7 cJIeye-r, 'ITO 

M6TOJ (3.4) .ycToll'IHB B HOM6 III III u3 (4.10) Torja 11 TOJthKO Tora, iorya cBcTeMa 
{Wk} dHJIbHoMHHHMaJibHa B H. 

§ 5. Bu6moL'pa4'IecHlio 3ameqaiiiaa ii ico'uien'rapnn	-	V •	 -, 

1 B [2] joiaai-ia, 'rro 3aja'ia (1.4) 11MeeT-eFIHcTBeHHoe pemee iipu yCJIOBHIIX 

(1.3), / € L2(0, T; V'), E HV, HO flI1 gOrIoJlHtITeJIbHblx orpaHllqeHllHx: 

-	BJIo1ceHMe	H HoMnaFcTIIo,	 (5.1) 

V	 113 U. —i-u H. B.Ha [0, T] cJIeyeT, 'ITO Mu,, - Mu ii. B. Ha [0, T]. • (5.2) 

/.,

 

0co6e6 orpal-uI'IuTeJmHhIM HyHHO c quTaTi 143 1114x (5.2), 0110 HC BbrnoJIHHeTcH, 
Ifanp}IMep, yiJ1a oneparopa, onpee.11eI1Horo coorHOIIIeHUeM	

0	 V 

(Mu) (t) = f u(s) ds,	u E L(0, T; H), 

H 3T0 npaxTH'Iecicn HcRJno'IaJIo B03MO?KHOCTb B3HTb B HdqeCTBe M }lHTeI'pa.mbHbIe 
oneparophl. HpaB)a, aHana oIa3aTej1bcTB B [2J noaaiBaer, 'iro jocTaTo'IHo, 

- ecJUl (5.2) BbInoJIHHeTcg JJ1fl OFHH'IHHb1X B L(0, T; H) nocJieg0BaTeJ1IH0cTe1, 
V 

- a 3T0 yne CYLUOCTBHHOO ocJIa6JIeI-IHe OrpaHII'TeHHÜ Ha 3agaqy (1.4). Tam me ycTaHo-
S BjieHa oIeHFIa (1.7) H, Ta}dHM oSpaaoM, goHaaaHa HenpepblBHafl 3aBHdnMocrb peme-

• HHuI B HOPMX HOCTHCTB L2(0, T; V) 14 C([O, T]; H) OT HCXOJHhIX AaHHblX 
fE L2(0, T; V'), € H. TeopeMoll 1 II36aBJIrn0TCR or (5.1), (5.2)14 yKa3bIBaeTcrr, B 
HRI4X HOMX 3aAaRa (1.4) ocyiiecrjier H3oMopIfn3M. Teoperiy 1 B ciyae M = 0 
MOHHO ye Ha3BaTb Hjlacdn qecicoh (cm. [10, 11]).	 - 

2. Ljia 3aJaq Il (1.4) c M €	(L00(0, T; V), L(O, T; H)) ii / E L2(0, T; H), 
E D(A(0)) B [2] ralo11e yc-raHOBJIeHa eIIHCTBeIIHaH pa3peiuHMOCTb, 110 0HflTb-TaK14 

upu orpallu'IeHlIHx (5.1) ii (5.2). flpii 3TOM Ha ceMeiicrBo A(t) HaJIaraloTcn ycJloBIIH 
eopei 3. TeppeMOü 4 nOKa3aHo, 'ITO H 38Cb OT (5.1)11(5.2) MOBHO OCBO60U4TbCH, 

Mo?IcHo gOHyCTIITI, E. V, 33T0 HHHO 60JIbUle -rpe6oBam OT ceMellcTBa A(t).TeopeMa - 
3 Ann M = 0 HMeeTCH B [14].-	•	

•	 V	 -
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3. Teopeia 2o CXOUIMOCTH H cHOOcTU CX OJ 11M OCTH meTojja FaJIep1uHa jum ciya 
M = 0 flUBJHO B [12]. 

4. Cxoitniocm MeToga (314) JJIH 3aJa q u (1.4) C caMoconpaeHHhIM rJIaBHLIM onepa-
ropoiA(t) ll3yqeHa B [8], ornipaici 11B pe3y.BbTaThI paóOTbI [2], TM caMhiii H flII 
Tex me orpa qenx, yIa3aFfImIx B ny1iiTe 2. HperIoJiaraeTcH ic Tae,To D(A(t)) 
He 3BHCI1T OT t, H0MhI B H&IX PBH0MHO no t aKBHBaJIeHTHM H HOI43BOH	A'(t) 

• Henojlo?fcuTejibna: (A'(t) v, v) 0 Vv € V. Cxoi11ocT11, flpHBeeHHhIe B Teo peMe5, 
JJoHa3aHI.i Ha oTpe3lce [0, T0], rje > 2Tu2, HHBJHhi TaIHe oLeHHH CXOgHMOCTII 
cBepxy it CHI13y qepe3 paaHhle Be.rIH qHHbx. TeopeMoi:5 I436aBjuIIoTc g OT (5.1), (5.2), 
HeuoJlo?HUTeJIbH0cTM A'(t) woI'paHI4 qeHIlfl x> 2Tu Ronyc}caeTcn E V if ycra-
HaBJInBaeTcg jBYCTOPOHHne oIeHIH CX0HMOCTH.	S	 - 

5. YcroWinocm MeToa (3.4) npti Tex ?KeycJloBHax, HaJlo?ieHHIx Ha 3aay (1.4), 
•

 
WO H B [8], H3yqeHa B [9]. lloKa3aHo, 1T0 MCTOJ ycToiiHB B HOpMe rJpocTpaHCl'Ba 
C([0, T]; H) Ha opeae [0, T0] (3)ecb x> cT0 u2, C - HeIOTOpaa II0CT0HHHaH), 
ecru Koop)HHaTHaH dllcTeMa CHJIbHO MHHHMaJIbHa B H. TeopeMa 7 rIoHa3hiBaeT, 

•	 14T0 CHJIbHa6 MHHUMaJIbH0CTb EOOp)MHaTHO cHCTeMbI B H I1eo6xoHMo H JwcTaToqHo 
J1H ycToüHBocTH MeToja (3.4) B Gojiee cn jitH'mx MopMa-x. 

6. B [4] pacciarpaerc ayaqa	 .	. . 

u"(t) + A(t) u'(t) + (M0u) (t) + (M 1u') (1) = 1(t),--"	
. 5 

U(0) = u0 ,	u'(0) = u 1 ,	 • 0

	 • 

rje A(t) = A He aaiiucwr Or 1, BhInoJIHelIht (1.1) If (1.2), A careocoiipiieii B H. 
OnepaTopH M0 E £°(L°°(0, T; V), L(0, T; H)) ii M 1 E 2'(L°°(O, T; H); L(0, T;H)) 
y)oBJIeTBopH1oT yCnOBHHM (3.8) vi (1:3) cooTBeTcTBeIIHo, a / E L2(0, T; H), u0 € V, 
u1 Eli. [1 pww.iIaraeTcn, 'rro ubuIoJilLeilo (5. 1), a MO 11 M1y1oBxeTñopaIoTycJ1oBHIo 
rtina(5.2). YcaaaHo, q ro 3aaa(5 .3)theeeTe)HHcTBeHHoepemefifle -u € C([0, T]; V), -. 

- • u' € C([0, T]; H). •	 • 
IIycTb w(t) = {u(t), u'(t)}; TorJaypaBHeHHe aa)aH (5.3) 3anncbIBaeTcn B BHJ 

	

•	•	w'(t) +(	
A(t)) w(t) + (	

?)Iv(t) = o, /(t)},	 •: 

Him; JIRJIIO6OrOHCJIaA> 0, -	 -	- S. •	 - 

w 
(t) + (' A(t)	

)W +	i) w(t) +	w(t) = (0 /(t)!111 0 M,) 

	

•	 -	 .	 S	 •	 S	 -	 S	 •	

5(54) 

cnaqaJlbl-ihiM yc.rioiiuei w(0) ={u0 , u1}. 3aaq.yS(5.4) paccMoTpiiM BTpOfiHe floCT-•	• paHcm  

V x Vc V x Hc V x:V'-,	 .0	 (5.5) 

BBJM TaKe o6o3HaqeH1In	.	 .	 •• 

•	 /2J 0 I—Al —I \	 •

 (MO

0 .0 

0 A(t) + Al' 13 = 0	
i1l 

	M1 

Ec.mi-i orlepaTop A(t) yOBJreTBopaeT yCJIOBI4HM (1.1) H (l.?),Tb 3T0 me Bh![IOJIHIIeTCH 
-H jiin C(t) B IIpOCTPaHCTBaX (5.5). HenocpecTBeRHo ripoBepHeTcH, JTO B E ( V x 

	

•	VxJi), M € .4T.i(0, Tç V .x H), L(0, T; V x H)) 11 M • yoBJ1eTBopaeT allaJiory 

	

•	yCThoBIln (1.3). Y4HmIBaII aaMeqaHue 2, ioio Terleph •yTBep?IcJaTb, 4T0 aaaqa - 

4 Analysis Bd.1, Heft 5(1982)	 S	• •	 •	-



50	Fl. Oil 

(5.3) cBejen 'a H 3ajae (1.4) B npocTpaucTBax (5.5), aHaiIiT, 11HMCHi1bI Bce	3JIb-




T3TbI §1-4. B 4aCTHOCT1I, 113 § I BblTelcae'r, 'ITO, eCJIH ceMeticTao A(t) yoBJIeT-
BopHeT yCJIOBIIIIM (1.1) if (1.2),f € L2(0, T; V'), u0 E V H U 1 € H, TO aajaqa (5.3) neeT 
eJw I-lcTBeHHoe peuieiiiie TaT-toe, 'ITO u€ C([0, T]; V), u' € L2(0, T; V) nC([0, T]; H), 
U" E L2(0, T; V'). OTMeTHM, HaHo1IeL, 'iTo, ecJlI4 A(t) YAOBJICTBOP,9CT CJIOBHJIM Teopem 
3 IIJ1II 4, TO TaKIIM ?Ke oxaabIBaeTcn 11 ceMeficTno C(t). 

7. 3a)a'a Roiiiii u' ± Au = I, u(0) = C HCJIHHeIthBIM BoJibTeppoBbiM onepaopoi 
A noypo6Ho I13yeHa B [IS], cat. TaH?Kc HMeIOnI1ecJI TaM 6ii6.nnorpa11'iecc110 aaMe-
qaHI4lI. UpllBeeHh1 CJ1OBI1B eI4HcTBeHHofi pa3peffl10CT11 T3KHX 3aa q , TtoHa3ana 
CXOJUIMOCTb MeToI Ua.3eplcMIIa .BTH peayJIbTaTbi npMJIo;IIIMh! K aia qe (1.4) Jimiul, 
B cJIy'Iae, icorja Al nBJIcIeTcn ,,L2 -peryJlnpHM1%I" T. e. ME 2(L2(0, T; V), L2 (0, T; H)) 
.rin6o Al € 2(L2(0, T; H), L2(0,-T; V')). O)1IaIo, ollepaTop Al a paccMaTplluaeMblx 
HaMli ycJIoBHHx HC JOJUKH 6bITb oupaIIIl'IeIufbIM ae 143 L2(0, T; V) a L2 (0, T; V'). 
Cty'iaft ,,L2 -peryJlnpHoro" onepàTopa M0T.rIn q aeTeH or c.ny'ian M= 0 HecyuecT-
Belillo (To oTMeqellO ye n [2]), HOCKQJlbKy B TaROM cily'Iae cTaHapTHOcf3aMeHOii 
Iieu3BecTHoii ))yHKL14IL.noJIy4aIoT ypa 'rnIeluIe c ojiepaTopoM, • HMeIollulM TaI4He 'ice 
cl3OfiCTBa KK ,,rJIaBHhlii" onepaTopa A. 
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