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A. P~ Koeaae~cmafl (I/IH-T rlpHKJI. ~are~arazH ~ MeXaHHKH HAH YKpaaHe, ~onelgz) 

Y C P E ~ E H I / I E  I t H T E r P A J I ~ H H X  @ Y H K L I ~ I O H A 2 I O B ,  
C B ~ I 3 A H H I a I X  C O B J I A C T R M H  I I E P H O ~ H q E C K O H  
C T P Y K T Y P I ~ I  K A P K A C H O r O  T H I I A  
C T O H K H M H  K A H A J I A M H  

We establish F-convergence of a sequence of integral ftmctionals related to domains of framework-type 
periodic structure with thin channels. We obtain a representation for integrand of F-limit functional. 

Beraao~eao F-36ia~aic~ nocaLaosaocTi iHrerpa.asaax qbyaKuioaa.ais, nos'aaanax a O6~lacTaMa 
nepiozla,moi C'rpyKTypa KapKacnoro ~any a TOILKHMI'I Kal~anasm. Oaepx~aao ao6pamenlLa/1~a iaTe- 
rpaaTa F-rpamgqaoro qbyHg~ioHana. 

B pa6oTe yCTaHa~HBa~TC~ F-CXO~HMOCTb noc.qe/~oBaTe~hHOCTrl RltTerpa~hnbIX 
qbynKuaoaa-aos, cBa3a.max c 06aaCTaMH nepaoaa~ecKo~ cTpyKTypbl KapKacaoro 
THrla C TOHKHMH KaHa~aMH. 

I'-CX0~aHMOCTb - -  3TO oco6hn~ s a ~  CXO~HMOCTH ~yHKUHOHa~OB, c o n p o s o m a a m -  
umltca Be MaOrax Ba~H~X cnyaazx  C• petaemI~ BapaatmOaH~X 3a/~aq 
/~$1Jl 3THX ~yHKI~HOHa2IOB. ~2I~I 06mHx dpyHKRHOHa210B C eRHHO~ o6Jmcrbm onpe~e-  
~eHHa nOHaTr~e F-CXO~aMOCTa aae~eHo B [1], r~e TaK~e BrlepBble 6b[2irl OrlHCaHbI 
o6mHe CBOI~CTBa ~TOFO BI~a CXO/~HMOCTH ~yHK1UAOHa2IOB H/laHhl e r e  rtpH~o~KeHas~ K 
BapaaaaoHrmIM aa~aaaM. Bor~pocaM F-CXO~HblOCTH rmTeFpa~bab~X qbyHKL~OHaS~o8 
C e/~HHO~ 0621aCTb~O onpe/ae~eHHg nOCBgmeHb~ pa6OTh~ MHOFHX HTadlb~HCKHX MaTe- 
MaTHKOa (C~., aanpa~ep, [ 2 - 5 ] ) ,  a TaK~e pa6oT~ B. B. )KaKoaa [ 6 - 9 ] .  OTMeT.M, 
tlTO O/~HHM H30CHOBHbIX /~OCTH~eHHR 3THX pa6oT J/B2IHIOTC$/ TeOpeMh~ O F-KOMrIa- 
KTHOCTH/~J/Jt rlOCYle/~OBaTeYlbHOCTel~ f~yHKRHOHa210B BapHaRHOHHOFO HCqHC21eHHR I4 
aHTel"pa.rlbHOM Ilpe/~CTaBdIeHarI HX l~-rlpeRe.rloB. 

~ a a  qbyn~tmo.a~o~ c nepeMe.HO~t 06~aCTbm onpeaemHaa H COOT~eTCT~y~omHx 
nepeMeHHh~X BapHaa140HH~aX 3a/~aq (BO3H~IKa~oLt~14X, nanp14Mep, a p a  paccMoTpeHHH 
Kpaem, tx 3a~taq/~la BapaaL~aOHHhlX ypaBaeHr~t 8 nepqbop14po~aHHmX o6~acTax)  no-  
8aT~e F-CXO~aMOCT, paccMaTpaBa~ocb S [10--16]. B qaCTHOC'ra, S pa6oTax [ 1 2 -  
14, 16] no~yaeH~i Heo6xo/la~h~e ~ Z~ocTaTOaH~Ie yCZOS14Z F-cxozm~ocTr~ nocsxe~ao- 
BaTe21bHOCTeR I4HTel'pa~bHbIX qbyHKRHOHa21oB, onpe~eyleHnblx Ha npOCTpaHcTBaX 

qbyHg~m~ W k'm (f2s) , ~g ~'m (f~s), i~ .8Terpa.nb8~M qbyHKIm0Ha-naM, 3a/IaHHblM CO- 

OT~eTCTSeHHo 8a w~'m(f2s) ~ ~fk,m (f~), f~s c f~ c l~n, s = 1, 2 . . . . .  B [15] yCTa- 

HOBJ'IeH pe3y2IhTaT 0 B~6ope 143 rlOC.rle/~OBaTe:IbHOCTtt 14HTeFpaJIbHbIX f.~yHKRtIOIta- 

~os, onpeae~enH~aX Ha csm6o c~a3aHm,~x npocTpa14cTBaX W k'm (~'~s), IIO~FIOCdIe~O- 

8aTe~IbHOCTH, F-cxo~J~et tcJ~ K ~HTerpa~r, HoMy dpyHKtI140Ha~y, onpe~e~ermoMy aa  

( W ~ , "  ( n ) )  ~" 
OTMeTHM, HTO paHee Borlpocbl CXO~HMOCTH pemeHr~l Bapvlai~Hom~x 3a~aq B rle- 

pe~eI~max o6.naCTaX acc.ne~aosa.nrmb, HarlprtMep, s pa6oTax [17-21] .  B [ ! 7 - 1 9 ]  no- 
./lyHeHH He06XO~HM/:,Ie H ROCTaTOHHble ycJIOBH..q CXORHMOCTH petueH141t dIHHeI:IHbIX Ba- 
pHat~tIOHHiaX 3a/~aq ~14pHxJIe H HeRMaHa B rIepeMeHH~X o6aacT~x C~IO~KHOia c~pyK- 
Typra, B [20] H a ~ e m a  ~OCTaTOqHhle ycJIO814.,q CXO,/~14MOCTI.l pemeHHIt KBa3H..'II.'IHel~tlt:,IX 
BapHattHOHm,IX 3a~aq ,/~ripHx.rle B nepeMeHm,tx o6.nacT.qx, a B [21] ycTaHo~.ne ,~  ~O- 
CTaTOqHbIe yCJ"IOBH..q CXO,E[HMOCT14 pelLIeHI,'II~l BapHaLI140HHbIX 3a~aq HeRMaHa ~SlZ HH- 
Tel"paJIbHHX qbyHKI.IHOHa./'IOB, Ollpe~eJleHHl:,ix Ha cJla6o CB~t3aHHI:,IX IIpOCTpaHCTBaX 

W 1 ,m (~s)" O~HaKO pe3ynbTaTOB 0 F-CX0~14MOCTrI 14, B qaCTHOCT14, F-KOMrlaKTHO- 

CTI, I qbyHK~mOHa.nOB a ~TrlX pa6oTax HeT. 
I l e p e ~ e M  K olI14CaHrlio O6SlacTeit f2 s. 
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YCPEHHEHHE P, HTEI]:'AJIbHHX ~YHKHMOHAJIOB ... 617 

Bae~e~ O6OZHaqeHHJI: Q = {X �9 ~3 : I~ I< 1 /2 ,  i = 1, 2, 3} ,  eC~H y �9 R 3, t �9 

e N ,  T o  Q t ( Y )  = y+t -XQ;  eeaH j � 9  { 1 , 2 , 3 } ,  To K i = { x � 9  R3: V i ; ~ j ,  Ix~lg 

< 1 / 2 } ;  K = K ~ I J K Z U K  3. 
I l o a o a o ~  f l  = 2Q a nyc r~ / tna  mo6oro  s r N 

Z s = { z � 9  f~: s z i - 1 / 2 ~  Z ,  i =  1 , 2 , 3 } .  

H e ' r p y ~ o  y6e~HT~a  n ro~ ,  qTO ,a.a.a J~xo6oro s e N 

npeB, no~eHRa 

V s � 9  

Z s ;~ ~ H cnpaBe/g~IHBH 

U O,(z)= ~, 
z e Z  s 

z ~  y,  QAz) fq Q,(y) = ~ .  V s e  H, Vz ,  y e Z s ,  

l'IycTb eme 0 < (Z < ~ < 1 H ~a.,a .nm6oro s e N 

no) ) = int U (z + : l ( a ~  n ~)), 
z c Z s  

n~ 2) = n \ U (~ + :1(fro n ~)). 
z E Z  s 

M n o m e c r ~  ~(s 1), t2(s 2) $[BII$IIOTC.,q o6.nac'rar~a s R 3, rlMelOml4MH nepHojaH~eezym 
c'rpyKTypy KapKac.oro Tana. Onpe~aezmd MHo)zecrsa, c noMott~tO ZOTOp~ax eoe/m- 
rm~ a ' r .  o6.nac'm. IlycTs 

8 >  32' 0 < p <  m i n ( c c , ~ - - ~ ) ,  1 _12 -~(13+p) < r <  ( l - p ) .  

~ a  ~m6oro s �9 N n o n o ~  

A~ = x � 9  -~<x~ < l x ~ l < - - T - ,  I x 3 - ' / l <  �9 
2 -  - ' 2 ' 

pS 1-5 (X < X2 ~ Ix31 < �9 ~ = x � 9  I x l - ~ l  < 2 ' 2 ' 2 ' 

A~ = x � 9  Ixml < - - T - "  Ix2-~'1 < - T - '  2 - 

As = AlsUA2sUA3' Hs = U (7. + $ - l i s ) .  
zeZ~ 

Mnomeerna  H s rtpe~cTal~bamT co6oJt O6"I,e/~HHeHH)I KaHaJIOB (napa.aJie,aenHne~xos) 

g + $ - l l V s  , i  Z � 9  Zs, i = 1, 2, 3, coearmmomax OS.rlaCTH f)(1) H ~'2~ 2) Teneps / I .na  - - $  �9 

J1m6oro s e N no~o)zr~ 

a, = n~) U n~ U n7 ). 

MHo)xec'rBa f2 s HBJI~/OTCSI o6,nacTJtMH B R 3, CO]ICp)KaUI~MrIC~ B [~. OTMCTHM, 
qTO aTa o6.qacTrt Jmaxmovcz qac'meM c.ny~aeM o6Jaac'relt, paccMa'rpHnasmHxea n [18, 
19, 21], a ~aTeM n [15]. 

FIoao)XHM m = 2 ( 8 - 1 ) ,  V = 2 ( ~ - C Z )  -1, ~ z a  .nm6oro s � 9  N d s = 

= dist (o0)~..s , --s~ Tor~aa~aza nz(ooro s �9 N d s = (vs )  -1 ; ~a.rt~ . .m6oro OTXprz- 

Toro r~Homeeraa E c f2 c rues 3E = 0 
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618 A.A. KOBAJIEBCKI41~ 

limsup d~ m mes(E n Ha) ~ v m-! mesE (1) 
$--@~ 

H, c~e~osaTeJi],HO, paccMaTpHaaeM~e O6JIaCTH yROSJ~eTsopsIOT yC~OSHSM n.  1 Ha 
[15]. HOaTOMy n ~aHHOfl cm'ymam MO)KHO pea.nHaoaaTs ace onpene~enH~ • peay.ub- 

TaTU pa6oTU [15] ~na npocTpaHCTS W~'m(/2s), (W~'m(/2)) 2 H aajIaHHSLX Ha XHX 
qbynKtmOH~Oe. 

O6OaHatlHM HJIJI mo6oro u e (Wl'm(/2)) 2 qepea ~ (u) MHO3KeCTBO aceX 110- 

CJIe~OB,~.Tp~rIbHOCTC~ ,[Us) TaKHX, "-ITO ~JIs J]]O~OI'O $ E N ,  U s E w l ' m ( ~ s ) ,  

sup llu~llw,,-cta,) < **, 
$ 

s ---> .0 l.l(s2 ) 

f l -- 0 $]._)inl 

C~r onpe~e~eHHe ~eTea pea~H3auHeR o6mero onpe~e~eHH~ r-CXO- 
~OCrH Ha [15]. 

1,m 
OnpeaeaenMe 1. Ilycmb O~ JuoSo:O S ~ N 3 s --~y~UO~n ~ W (/2s), 

J ~ ~i)yliK14ldOl.la/l Ida ( w l ' m ( / 2 ) )  2. B y a e ~  eooopumb, ~mo noc,aeOoeame,abnocmb 

{Js} F-cxoOumc~z r dpy~act4uona,ay J, ec.~u: 

1) O.:ta .a~o6oeo u e (wl 'm(/2))  2 cyujecmoyem noc.aeOooame.abnocmb { ws } e 

~ ( u ) mar, a~, ,~mo 

~im J~(w~) --. J ( u ) ;  
$ ---). o~, 

2) tgn~ n~oSozo u e (w l 'm( /2 ) )  2 u n/oSot ' /  nocneOoeamenbnocmu { Us} e 
~ ( u )  

liminf Js(us) >_ J(u) .  
$ --.) oa 

Ilepelt/Iebi K onHcaHmo HHTeI'paJIbHblX CIDyHKLIHOHaJIOB , CBJI3aHHblX C O6J~aCT~- 
MH ~')s, 

rIyeTt,  c >_ 1, IJ. - -  Hey6tanaaottlax Henpepbll~Hanl ~ HyJIe cl3yllKllrlJl Ha [ 0 ,  0~), 

~t(0) = 0 ,  h ~ cl:)yHKIIHX Ha ~ • R3 TaKaJl, ~tTO ]IJl.~ J'llO6blX X, X '  e /2 ,  11, T I ' 

e~ ~3,  r e  [0 ,1] ,  

~-~ I n l "  - ~ <_hCx, rl) < ~(1+ l a l " ) ,  (2) 

IhCx,~l) - h(x; 'q) l  -< ~ ( Ix ' -~ ' l )  (1 + Irt I ' ) ,  (3) 

h(x ,  ( 1 - r ) r l  + rrl') < ( 1 - r ) h ( x ,  rl) + rh(x ,  rl'). (4) 

3adibHKCHpyeM ettte (13ynKllan f(1 ), .f(2), KOTOpble rlMelOT TaKne )Ke cnoflcTsa, KaK n 
(13yHK~HJI h. 

Onpe~e.aeHrie 2. Ec.au s r N,  mo fs ~ dpynr~u.~ na /2 x R 3 maxa~, ~mo 

On~ nu~6oa nap~ (x, rl) ~ /2 x ~3 
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YCPE/IHEHHE HHTEFPAI[SHSIX OYHKIIHOHAJ'IOB ... 619 

.-.(i). �9 I '(1)(x, 11), ecnu x ~ ~ s  �9 

0(2) f s (X,  TI ) = f(2)(X,~l) , ec.au x E . .  s , 

h(x, n), ecnu x-g  s U s 

TaKHM o6paaoM,/X.na .nu~6taX s H N H T I ~ R 3 dpyHKII;HR f s  ( ' ,  1"1 ) HaMepHMa Ha 

[2; ~aa  .qIo6ux s H N rI x ~ s qbynKtU4a [ , ( x , .  ) smnyKaa Ha R3;  ~taa m o 6 u x  

s ~  N,  xH f~, r l H R  3 

: 1  irll m _ c < L ( x ,  rl) <- c ( l  + I~ I~). (5) 

Onpeaeaerme 3. Ecnu s H N ,  mo I s dpynmluonan na w l ' m ( ~ s ) m a x o a ,  

~mo On~ nu96oa ~ynr t~uu u H W l 'm (s 

I,(u) = ~ L(x ,  V u ) e x .  

3a~aqa ycpe/Inemia dpyaKRttOHa.HOB I s COCTOHT B /Ioga.aaTezscTne HX F - c x o / m -  

MOCTH H aC~qbeKTHBHOM BblqHCJIeHHH nHTer'paHTa COOTBeTCTBy~otuero F-npe/Ie.na. 
OTMeTHM, qTO B [22] 6r:,i.na yCTaHOB.neHa G-CXO/IHMOCTb HeSIHHeltHraX a.n.aHnTm.lee- 

KHX onepaTopo~ A s : W 1 'm(s ( W 1 'm(s ) *. O•naro yc.noaHa Ha HHTerpaBTU 

c13yHKUHOHa.HOB I s TaKOBhl, qTO I"-CXOI~HMOCTb noc.ae/IOBaTe.nbaOCTa { I s } ,  s o o 6 m e  
roaopa,  He MO~eT 6UTb no.rtyqena, HCXO~a Ha OCHORHOrO peay.nr~TaTa pa6oTU [22]. 
YcTanaB.nnnae,',,t F-cxo~am, mCTt, rioc.ne]ioBaTe.nr~HOCTU { [ s }, HCXO/Ia Ha TeopeMra o 

F-KOMnaXTHOCTH, aoKaaannott B [15].  
IIycTb 

H 1 = i n t ( c t K N Q ) ,  H E = Q \ ~ K ,  

~.na lH { 1 , 2 } ,  iH { 1 , 2 , 3 }  

1-1 l'i = {xH 0I 'I/ :  x i = - 1 / 2 ] - ,  

]I.na IH { 1 , 2 }  w " m ( ]  "[l'~ w l ' m f f ' I  l) �9 "per , - - . ,  ~ 3aMbIKanHe a MHO~KeCTBa BCeX qbynKRHl:l 

u e C 1 (Fit) ,  yZoB.neTBopat.omvtx yc.noBmo: ~.na .mo6ux i a { 1, 2, 3}  H X e I'I l ' i  

U(X) = U(X + el) .  

Onpe~e~e rme  4. E c n u  l ~ { 1, 2} ,  TO ~(l) ~ dpynr~u.~ na s x R 3 m a x a &  

qmo an~ n~o6o~ napb~ (y,  T1) ~ [2 X R 3 

} (1 ) (Y 'n )  = gra I f f ( 1 ) ( Y ' n +  inf Vu) dx. 
u ~ w~ (It) fit 

Ha onpe/Ie.rIeHrla qbyHKi~H~ }(O H CBOI~CTB cIgyHKI.[HR f (1)  BkrreKaeT, trro ~ 

a to6ux  l ~ { 1, 2 }, y, y" ~ s 1"1,1"1' H R 3 I.IMeeM 

- c  _< }m(y,n) _< c ( l + l n l m ) ,  (6) 

I}(/)(y, 1"1) - }(1)(y ' ,  1~)i .--< 6C2~ ( lY-Y ' [ )  (1 + Irl Im), (7) 

If(t)(y,  rl) - f ( 0 ( y , ~ ' ) l  <-zm+~c(~+l~l+l~'l)m-al~-q'l. (8) 
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620 A.A. KOBAJIEBCKH~ 

IIpe~mooaoz~aM, wro B u n o a ~ r c a  cae~aoume yc.qoBg$1: 

~1  ) cymec~y~r dpym~tm~ /, : ~ • R -o R ~ a ~ ,  ,fro ~aa ~ o 6 u x  y e ~ ,  ~ 

r  

3 
l i r a  •-m ~ h(y, ~ e  i) = /~(y, ~); 

i=l  

H 2) cymc~'-fny~yr q b y n z ~ H  b i : f l  x R  --> R ,  i = 1, 2, 3, Tazae, 'r  ]Tjla JIIo6ux 

ie {1,2,3}, ye ~, ~e R, Tie R 3 

h(y,~e~+~)- h(y,~e j) > b~(Y,~)qv 
Ha yc~nonHa Y/1 ) ~ COOTHOmeHH~ (2)--(4) nlaTezaeT, ~rl-o/IJIS JIlO61aX y.  y ' e  ~ ,  

~,~ '~ ~ 

3c-11~1 m -< h(y,~5 < 3c1~1 m, (9) 

lhf.v, ~) -- h0",~)l < 3~t(ly-y'l)I~I", 0o) 

lh~, ~) - hfY, ~')I < Y~+Ic(l~l + I~'I) m-~ I~-UI. 01) 

H3 yC~OSHa Y-(2) H (25, (45 c~e~ycr, ,~vo ~aa alO6~x i e { I, 2, 3 }, y e f~, [ 
e~ 

Ibi(y,~)] <- 2~+~c (1 + I~l) ~-~. (12) 

FIycT~ Teneps f ~ ~yHKt~Ha. 3aaaHHaa Ha fl  X R X R 3 x R 3 . TaKaa. ~ro Aaa 

a~Ooro aae~eHTa (y,  ~, q ,  11') r ~ x R x R 3 x R 3 

] ( y , ~ , ~ , )  = ]o)(y,~) + ~2)~ ,~ , )  + p2vm-~(y,~).  

Hyc~, HaKOHeI~, ] -- cI~yHKRHOHaJI Ha ( W I ,m(~-~))2 TaKoi~, qTo ]~.qa ZlIO6Oro 

u e (W1''(~)) ~. 

i(u) = ~ ~(x, u ~) - u ~), Vu o), Vu~2))dx. 

Teope~a. Hoc~eOo~ameab~wcmb {Is} r-cxoSumca ~ dpy~r.z4uoua.ay I . 
/~]~oga3ame~bcmao. BBe~eM 0603HaqCHHR: eCYlH t e N,  TO 

E0t = { y r  R3: tYi~Z, i = 1 , 2 , 3 ;  Qt(Y) N ~ ~ ~}}; 

ecsm t,s ~ N ~ y ~ l~~ , TO 

{ , 
v , : O , )  -~ u e w ~'~' ( a , ) :  ~ I~i ~',~ _ t -~-~m" /~'~-~ ; 

eCJIl4 S e N,  TO ~/s ~ clDYHKI~H#I, 3a~aI-IHag Ha ~s  H TaKa~I, wro 

Ws = 0 Ha ~0) (s2 s W s =  1 Ha ~ ),  

( ~ ~ ( x )  = vs x i - z ~ - ~  lla~ xr  z+s-lAi~,  z cZ~ ,  i e { 1 , 2 , 3 } .  
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Y C P ~  HHTIE?A/Ib~ ~YHKImOI-IAJIOB ... 621 

W 1,m(Q ~ 0 < Vs < 1, IVw, l v s  Ha f~s.  ~ . q  JIm6oro s ~ N )~eeM Vs ~ ~ s,, 

O'rcm~a H H3 (1) BtaTeKaeT, qTO noe.rtettosaTe~SHOerl, {Vs} y~oe, neTeopaeT yC~O- 

SHaM (20)--(22) Ha [15] (IIOCYle/II-IHM/]Bybl C k = 1; IlpH aTOM H = vm-1). 

Bee~teMemeTaKaeo6o3HaqesHm ec.nH s ~  N, ~ R, 11,11'~ R 3, TO a.(~,11, 
11') - -  OTO6pa3KeHHe f2 s n R 3 TaKOe, trro/~ylJl ~Ilo6oro x e f~s 

as(~,11,11")(x ) = ( 1 - ~ s ( x ) ) 1 1  + ~sCx)11" + ~VV's(X); 

eca .  t .  s ~ N, y ~ E~ ~ ~ R, 11, r i '~  R 3, To 

Ft, s(y,~,11,11" ) = t 3 i n f  J A(x,a,(~,rl,11') + Vu)dx .  
. e  V,,Ay) Q,~)n~, 

~ ~m6oro t a N nosm~K.M 

= {yeY,~ Q , ( y ) c a } .  

Ha/~oKa,3aTe.rlt,m-ea TeopeMu 1 H3 [15], ytirlTlana.,,t HepaBeHCTea ( 6 ) -  (11), BI'JBO~HM, 

qTO/UL.q gOKa3aTeAbel'Ba I"-CXO/]HMOCTH IIOC.rle/~OBaTe,rlI, HOCTH { I  s } K dpyHKRHOHa- 

my ] ~OCraTOqHO yCTaHOBHTh CrlpaBe,R.rlHBOCTl, rlpe/uIO3KeHHJl: 

~ )  cytReCTByeT HOCJle,/J.OBaTeJIbHOCTb I10.FIOTKHTeJIbHhIX qHCeJl H t ---)0 TaKa$l, 

~ o z z a  zlo6ux t~  1% y a  ~ ,  ~ R, 11,11'~ R 3 

l imsuplFt, ,fy,~rl,  r l ' ) -  )7(Y,~,11,11')1 -< H, ( I  + + I111 + I11'1) m. (13) 

IIOKm'KeM, wro aTO npe~tsm~eHue/iettcT~a're~bHo m~eeT r, xecro. 

3aqbrmcHpyer~ npoa3noJ~bHtae t ~ N,  y ~ ~ ,  ~ ~ R ,  11,11' e N 3. I l y c r b  v (1) 

1,m 1 17(2) 1,m Wp~ r (I-I), ~ Wp% r (1-I2), .pa,~e~ 

+ = (14) 
rl ~ 

f(2)(y, 11, + Vv(2))dx = ~(2)(y, 11,). (15) 
FI 2 

HO.rlO3KrlM ~.rls a lo6oro  s ~ N H s = H 1 !.J A s LI I"I 2. He'rpy,aHO rlOKa3aTb, trro cy-  

IKeCTByeT rlO~dle~OBaTe.,rlbHOCTb /)8 ~ w l  'm(Hs)  Ta.Kasl, qTO 

V s ~  N vs]rp = v 0), Vslri2 = v (2), (16) 

lira I {IVv, l" + Ivs[m}dx = O. (17) $ ---> e. 
As 

Hycrb Tenep~, ~aa ~o6oro s ~ N w, - -  dpyHKWaS, aazarmas Ha f~s rI "ra~aa, ~rro 

Ws(X ) = s - l V s ( S ( X - Z ) )  rlprt x e z + s - l I ' l s ,  z e  Z s. 

l,m 1 (2) B CHJIy rlpHaa~Yle:KllOCTI4 V (1) IIpOCTpaHCTBy Wl~er ( H ) ,  V npocTpaHcT~y 

w ; m ( F I  2) r~ee.~, wro ~na  ~ro6oro s e  N w s e w l ' m ( f 2 s ) .  H c n o m ~ y a  (16), (17), 

noJ~yqae~ 
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622 A.A. KOBAffIEBCKH~ 

lim Ilw, llL-c~,) = 0. (18) 
$- - -1 ,  t o  

r lO~O~M ~J1a ~m6oro s ~ N 

r s = t 3 ~ fs(x ,  as(~,'q,'q') + V w s ) d x .  
Qt (y) ft fh 

I/Icnoab3ys (1 ) - (6 ) ,  (14) - (17)  H ycaoeHe .7/ 1), ycTaHat~armaeM, qTO 

I t s -  f ( y ,  ~ rb rl')l <- 3c2vm g ( 2 ) ( 1 +  I~]+  Ir l[+ [rl'D m. (19) l imsup 

Tor•a, y~ma~.maa, wro n cnay  (18) npH/IOCTaTOqHO 6o:IsmHx s w S ~ Vt.s(y), noay-  
qaeM 

lim sup Ft, s (y, ~, rl, rl') < 3 ~ (y, ~, ~, rl') + M ,  (20) 
$ ....> ~ 

r~ae M - -  npaBaH aacTb HepaBeHcTBa (19). 
l'loJ'IyqHM TeIIepb OI.[eHKy CHH3y /~JI$I HHXKHeFO npe/le~a rIOCYle~OBaTeJIBHOCTH 

{Ft,$0~,~,rl,rl')}. rlycrszaHm:ooro s z  N use Vt,,fy) H 

fs(X, as(~,~,Tl') + Vus)dx < [Ft , s~ ,~ , 'q , 'q"  ) + t - 1 ] t  -3. (21) 

Qt (y ) fl ~s 

IIoao~a~M ZlaH ~ 6 o r o  s ~ N 

yJl) = t 3 f { f ( l ) (y ,n  + VUs) - fCl)(y,n + V w s ) } d x ,  
Q,(y)nn~' 

Js  (2) = t 3 j" {f(2)(y, T I' + Vus) - f(2)(y,T I" + VWs)}dx ,  
Q, 0,) fl n~ z) 

Js = t3 ~ {h(Y,~V~ls + VUs) - h(Y ,~V~is)}dx"  
Q,(y)NH, 

HcnoasayH ( 1 ) - ( 6 ) ,  (14) - (17) ,  (19), (21), Haxo/mM 

lim inf Ft, $ (y, ~, 11, rl') > 
$ - - )  e a  

> 3;(y,~,~,r l '  ) - 3m+lM + liminf J j  1) + l iminfJ~ 2) + l iminf J$.  (22) 
$ .-r  oo  $ - - r  o~  $ --.-> o o  

OI~eHHM CHrt3y noc.ne/~Hee c.naraeMoe n rlpaBoA qaCTH 3TOrO HepaBeHCTBa. l'IycTb Cp 

~qbyHKtmaK~acca  CI(IR 3) TaKaz, qTO 0 < q) < 1 Ha ]R 3, ~p = 1 Ha Qt+I(Y),  

~p=0 Ha R 3 \ Q t f y ) ,  IVy01 ___ 12t  2 Ha ~3.  FIoaom~M % =q~u s a.~a z io6oro  s 

H .  Hcno.m~3yz nK.mO'-mHHa U s ~ Vt,s(y ) a Hepa~encT~a (1), (2), (4), (5), (21), no- 
~iy~aeM 

limsup II~$11L.<n,) _< t -3/m-3m/(m-1 ), (23) 
$ - - ~  o e  

lhnsupll~$11w,,.(n.) ~ 2 1 v c 2 ( 1  + I~1 + Irll + Ir~'l), (24) 
$ - - - >  o o  

~imsup f {h~y,~Vv, + v~,)  - h ~ , ~ v v $  + V~$)}d~ _< 
s-coo Qt(y)riH s 

< 36mc3vm( I + I~1 + I~1 + II]'1) mt-4. (25) 
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I I o ~ o ~ M  ~ mofioro s e N 

", : - ' E  I 
s E Z  s i - - I  z + s - l A i s  

H c n o a s s y a  HepaseHca~a (23), (24),  aHa~orHqno ZeM~e 7 H3 [23] ye rana~nrmae~ ,  
qTO 

l imsup As < Co(1 + I~1 + Illi + I~ ' l )  t-3-3(m-') lm~, (26) 
$ -,--1. ~ 

r~e c o HOJIO;KHTOJIbHa~nocTO~tHHa~,3aBHcJtlIIaJITO,rlI~KOOT a ,  I~, p ,  m ,  c .  B 

erlJiy yc.rlOBH~l .9tc2) rl (12) ~ mo6oro  s ~ N H~eeM 

{hCr,~Vv$ + v~$) - hCy,~Vv$)}d~ = 
Q, O,) N H~ 

3 

= ~--~ Z ~ {h(y,  v s ~ e i +  V % ) - h ( y ,  v s ~ e i ) } d x  > 

$~Z s i=1 z+s-IA~s 

3 

-> E E 
$eZ s i=1 z + s-I A/s 

Orem~a  rI Ha (25), (26) aaxo~nM 

OicPsdx >- -2mVmC(1  + I~1) ' - '  as. 

liminf Js > -CoCV8m( 1 + 141 + Inl + In ' l)  mt~m-l)/m~. (27) 
$---.> oo 

OIXeHHM Cnrl3y HHYgd-IHIt npe~ae.n noc.rle/~oBaTe,rlbHOCTH (Js(1)}. H c n o . n ~ y ~  CBOttCTma 

qbyHK~HH f(1) ,  (1) ,  (5), (21) H nKmOqeHHa U s r Vt ,s(y) ,  yeraHas.rmnaeM: c y m e -  

c 'myeT noc.ae~osare.m,HOCrS qbyHKttHtt gs e C ~ (R 3) TaKaJ1, qTO ~a.nz .mo6oro s r 

e Ig gs=O Ha R 3 \ Q t ( y )  rI 

l imsup j" {f(1)(y,T I + Vgs) - f(1)(y,T I + V u s ) } d r  < 
s - - , -  Q, 0,) A a(,u 

-< c3v7m 0 + I~l + Illl + In'l)mt -4. (28) 

ECJIH 8 E N ,  TO 0603HaqHM 

Z" s = { z ~  Zs: Q s ( z ) N O t ( y )  ~ 0 } ,  

Z s' = { z  e Zs: Qs(z) c Qt (Y)} ,  

n s ~ , ~ c a o  ~,/IOMeHTOB MHO.,~KeCTBa Z s , m s ~ ,~Hc~o ~3IOMeHTOB MHO~KecrrBa 

Z; \ Z;'. rlMeeM 

lira s-3ms ~ = 0. (29) 
$ - - >  oo 

3aqbrlKCHpyeM rrporl31~o.qbrlOe s e N.  HyCTb g s -  ~yaKl/fflJl Ha H 1 raKa.,l, trro 

g ~ a  ~m6oro  x e I I  1 

~s(x) = s ~ g, (z+s- lx) .  
ns zeZ'~ 
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Herpytmo y 6 e ~ a  B TOM, ~rro gs e W~[ n (1-II). Tor/m, yqnrunaa (14) x onpe~te- 
~e~me 4, no~yqae~ 

I fO)O"1] + Vws)dx ~ s-ans]fll(Y'1]) + cs-ams < 

< :3 n, [ :)0', ~ + V~,),~ + ~s -3 ms. (3O) 
III 

B ctmy m,myK.aoc'rH dpyn~m~/1)fy,. ) nueeM 

j" :)0,, ~ + v~,)~ </1;x :E j"/1)0', n + vg,<~ + s-~x)),~ - 
[i I " zeZ; ilt 

= $3 n~-I ~, .[ f(1) (y, I] + Vga) dx _< 

zez~ Q, Lv) Sn~u 

< 83/1;1 j" /(1)(.y, 1] + Vg,)ax + cO + I1]l)mm, n7 ' .  
Q, ~v) N nl I~ 

OTCIOB.a H H3 (30) cne/IyeT 

j" f0)(y,1] + V%)dx __. 
Q, r N nl ~ 

<_ ; 1 '")fy, 1] + vg,)dx + 2 c 0  + I1]1)" : 3  ms . 

FIa aroro nepaneH~rsa H (28), (29) .oay.ae. 

liminf J~ 1) -> --C3v7m( 1 + I~l + I111 + { 1 ] ' l ) ' t - ' .  01) 
$--) oo 

TaKas ~Ke Ot~eHKa nepsa H ~aa llH)KHerO rlpe~eaa rlocae~oaaTeal, llOCTH {./(2)}. 
YqHThlBas aTO, 14a (22), (27) H (31) nonyqacM 

lira in~ F,,$ (y, % ~ 113 
$--) oo 

F~e C 1 --HO.rlO~HTeJlbHa~l IIOCTO$1HHaJI, 3aBHC~IIIIa2 TOJII~KO OT 0[~ ~ p ,  m~ c .  

Ha (20) a (32) no.ayaaeM .epanencT~o (13), ~ KOrOpO, {~t} onpezenaeTca pa- 
B~HCTBOM 

S t =  c o n s t [ ~ t ( 2 ) +  ,-(m-1)/"~]. 

3naqnT, npe/I.rlo~KeaHe ~ )  cnpane~rmso. Toraa noc~le/IosaTe.rtl, nocTb {Is} F -  

cxomvrca K dpyHK~HOna.ay I .  TeopeMa ~oKaaaHa, 
OrMeTHM, wro yczom~e ~ ) aunoaH.ileTeSl, HarlpHMep, eCJIH/Iris .rllO6UX y r ~"~, 

1] ~ R 3, ~, ~ ~,+ 

h(y ,  k1]) = ~.mh(y,1]). 

YC.rlOBHe Y{2) BHIIO.rIH~IeTCJt, ec, nn z,a~t ns~6oro y r fl h (y , . )  r C 1 (R3) H naa 

,am6ux i , j~  {1 ,2 ,3} ,  i # j ,  y ~  f~, ~ R 
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O~hCy,.)(~e ~) = O. 

I I p o c ' r ~ t ~  npHMepOM qbynKttm~ h ,  y a o a ~ e T ~ o p a m t a e l t  y e n o a a a M  H I  ) ,  

Hepa.aeacTBaM ( 2 ) -  (4) ,  a a n J ~ e r c a  q b y a K u a a ,  onpe~Ie.aaeMa,q p a a e a c ' r a o M  

h(y ,  aq) = Inl m, n x R  3. 
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