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B.B. CKOIIELIKAA, O.A. MAPYEHKO, T.A. CAMOMJIEHKO

YJIK 532.546:539.3 MNOCTPOEHHUE JUCKPETHOI'O NNPUBJIMWKEHHOI'O
PEIIEHUS HEJUHEWHONW CUCTEMBI TUHAMHWUKH
JABYX®A3HBIX I'PYHTOBBIX CPEJ]

KuaroueBble ciioBa: Henuuelinas cucmemd, ouggeperyuanvias mooeib OUHAMUKU
08YXhasnvix epyHmoguix cped, 060bujeHnoe peuteHue, Memoo KOHEeUHLIX DNeMEeHmOs,
OYeHKa OUCKPemHO20 NO 6peMeHU NPUOIUNCeHHO20 0D0OUEHHO20 Deuenus.

Hacrosimas ctates sSBIAeTCS MPOIODKEHHEM TEeMbI, MOJMy4HBIIEH pa3BuTHe B [1], Tae
JUIA HEeTHMHEHHOW mudQepeHnnaIbHoil  MOIeNH IWHAMHUKH JABYX(a3HBIX TPYHTOBBIX
cpell Ha OCHOBaHWMHU Merona [amepkwHa CHOPMYITHPOBAHO OOOOIICHHOE pEIICHUE U
MOJTyYeHa OIEHKA IOTPEIIHOCTH HEMPEPBIBHOTO IO BPEMCHH MPUOIMKEHHOTO 0000-
meHHOro peuieHus. Jlanee MpeanokeHbl TOCTPOCHHUE M MCCIEIOBAHHME IOJIHOCTHIO
JUCKPETHOTO TMPHOIMKCHHOTO O00OOIIEHHOrO PEIICHUS paccMaTpUBacMOW Havallb-
HO-KpaeBoi 3amaun [1, 2]. Cuctema ypaBHEHMI 3alvcaHa B BHIE

2

P (1-m) a; +P(w> O =) = (A Yowey )=

—MBl_Tm[(l—m)grad div we, +mgrad div w, ] = F}, &y

+P(w) ( Wex + Wy ) =M P[(1-m) grad div wg,, + mgrad div w, ] =F),
)

rne WCK(x y:t)z(uCK(x yvt) UCK(x yat))T’ WB(x,y,t)=(uB(x,y,t),vB(x,y,t))T,
(X, »,t)€Qq, Qp =Qx(0,T], Uy, Vo — TOPU3OHTANBHAS U BEPTUKAJbHAs COCTaB-
JISIFOIIME BEKTOpa CMEIICHHH JUIst cxeneTa IPYHTA; Uy, UV, — COOTBETCTBYIOIIUE CO-
CTaBILSIIONIME BEKTOPA CMEIICHHH SKHIKOCTH; P, P — IUIOTHOCTH MUHEPATbHBIX
YacTHUIl CKeJIeTa TPyHTa U MOPOBOM >KUIKOCTH COOTBETCTBEHHO (IJIOTHOCTH BOJOHACHI-
IEHHOTO TPyHTA P = P (1—m)+ pym); m — mopucrocts, M® — Momynb ynpyroctu
KuakocTH. Matpuna P(w) UMeeT BHI

Py

w) 0
P(w)=pyem’* ‘bg NS (3)

PR
rae K b, x> K by — K03(GUIMEHTH! (UIBTPAIMK B HANpPaBICHUH OCEH X U y COOTBE-

TCTBEHHO, 3aBUCSIIME OT BEKTOP-OYHKUUH W(X, ,1) = (W (X, ,1), Wy (x, y,t)) A —
orepaTop TEOPUH YIPYTOCTH ; ;
—0, + Ty,
ox )
(AWCK)(WCK): ay > (xoyat)EQTa
—T,., + —O
ax % 7
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rae
u Jv u
Oy = A (Wex ) 4 —K |+ 2u(wey ) x,
ox ay ox
Ju v v Jdu Jv
o, =A(w I S+ 2u(w L v, =ulw K4 K

koadunmentsr Jlame A (Wyy ), U (Wy, ) 3aBHCAT OT MPOM3BOAHBIX KOMIIOHEHT BEKTOP-
byHkuun Wi (X, y,¢) IO NPOCTPAHCTBEHHBIM IIEPEMEHHBIM M HMEIOT BUJ

ow
A (WCK ) = bl (xs y)K X, yaiﬂ
0x ay

IWeye

ow aw
j’ Iu(WCK )=b2 (x’y)K(x,y’CK’CK]; (4)
ox dy

T T
Fl(x,y,t)=(F11(x,y,t),Flz(x,y,t)) > F2(x7y7t)=(F21(x’yat)aFZZ(xayat)) >

rae Fy, i,j=12, — 3ananHbie GbyHKIHM.

HavanbHble ycioBus:

0 ow 1 o
Weg (X, 1,0) =W (x, y), ?CK(X:J’,O):WCK (x, ), (x,y)eQ,

Wy (5700 = (9. (1 3,0) =W (1 9), (1 3) €. ©
Kpaessle ycnoBus:
Wegn (6 1,0) =0, weye (x, 1,1)=0, (x,,1) €Ty x(0,T], (6)
0,=850y1), 1,=T(x,y,t), (x,y,t)el’y x(0,T], @)
MmB [(1-m)div we +mdiv wy ]=Y(x, »,1), (x,y,t)€dQx(0,T], ®)
rae Iy UTy =05 Wy, We s — HOPMANbHAs M KacaTelbHAas COCTABISIONIME BEKTO-

pa CMeLIEeHHUH CKeleTa IpyHTa W 0, T, — COOTBETCTBYIOUIUE COCTABIIAIONIUE BEK-
TOpa HaNpPsLKEHUH.

IIpennonaraem, 4ro rpanuia d€2, a tTakxe GyHkmuu K ;x (w), K <b_@1y (w), F, ij (x, y,1),

o OWee OW 0 0 1 1
bi (xy y)n laJ=1,2, K(xs y’(:);K’a;KJ, WCK (xs y)a WB (x9 y)’ WCK (xa y)) WB (xa y)v
S, p,t), T(x,y,t), Y(x,y,t) obmagarT ITOCTAaTOYHOH TIaAKOCThEO [1].

[MonmoxuM Z — MHOXECTBO BeKTOP-QYHKIUH w(x,y,t)= Wy (X, ¥,1),
T T
WB(X,J/J)) = (Wl(x’y>t)a WZ(x’yat)) :(Wll(X,y,t), WIZ(xay:t)>W21(x’yst)a
Wos (X, y,t))T , YIAOBJIETBOPSIONINX TIABHOMY KpaeBOMY YCIOBHIO (6), KOMIIOHEHTHI KO-

TOPBIX TPHUHAJIEKAT MPOCTPAHCTBY W21 (Q) Vte(0,7T], nx mpou3BOAHBIE IO BPEMEHH
2

—= (1), ,j=12, Vte(0,T],
atz ot

(x,»,0), i,j=12, Bmecre ¢ w;y(x,,0),

2 2 2

axot  otax  dyot

i,j =12, npuHamiexar W21 (QQ), cmemaHHbIE MPOU3BOJHBIE

2
" wy;
= Talj, i,j=1,2, «mouty Bcrogy» u mpuHagexat L, (). [Ipeamonaraercst Takxke, 4To
tdy

BekTop-¢yHKnu u3 Z V¢ €(0,7] He ylOBIETBOPSIOT YCIOBHUIO

wy =0, divw, =0, (x,y)eQ. Q)
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MHoxecTBy Z HpHUHAUIeXAT BeKTOp-QyHKIUU ¢(x, y)=(q;(x,y),qo (X, y))T =

=(q11 (%, ) 912 (%, ), 421 (X, ¥), 422 (X,J/))T, KOTOpbIE YAOBJICTBOPAIOT OAHOPOLHOMY
TJIABHOMY KpaeBOMY YcJOBHIO (6), a WX KOMIIOHCHTHI HPWHAIJICKAT MPOCTPAHCTBY
W21 (©2) u He ynoBueTBOpsIOT ycioBuio (9).

Cornacuo [1] 0000IIeHHBIM pellICHHEM HadaibHO-KpaeBoi 3amaun (1), (2), (5)-(8)
SIBJISICTCSL BEKTOP-QYHKIWMS W(X, y,1) € Z, yIOBIETBOPSIOIIAS CIEIYIONIAM HHTErPajib-
HBIM COOTHOIIICHHUSIM:

2
m| S g e[ w2 g +a(wi;w.q)=(F.q) VqeZy, Vie(0T], (10)
at? at

(0. 3200.q(x. ) = (7 (5.2). (5. ) ¥ g €20 an

<(j;: (x,»,0),4(x, y)> =<VI71 (x, ¥),q(x, y)> VgeZ,. (12)

31ech 2 2 2
0°w J“w J9°w
m[zanz.”‘|:pCK(l_m)£ 21 JQI]+me[ 22 5q2]]dgs (13)
ot Q t

d Jat
_ ow d
m(w; = [[ P00 w201 =g [, (14)
Jt O Jt
a(wi;w,q)=Wi(wi;wi,q1)+Wa(w,q), (15)
W, owrwag) =[] 20w) owiy | Owip \fdq11 9912 |,
P Yoo g ax 0

0 0 0 0 d 0 0 0
+2u(wy) W11 9911 + W12 9912 +u(w) W11 n w12 q11 n q12 dQ, (16)
Jx  0x Jddy ay 0x ay 0x

N2
W, (w,q) =MB” {(ln’?)div wy div ¢ + (1-m)div w, div ¢ +
Q

+(1=m)div wy div ¢, +mdiv w, div ¢, } dQ,

WO (x, )= (W (e, ), W2 (e, )T, W, )= (W (6 0), W (e, p))T, (D)

&,q) =” (§,9)dQY — ckamsipHOe TPOM3BEACHHE B MPOCTpAaHCTBE Ly (QU).
Q
Jns cymecrBoBanust uaTerpanos B (10)—(12) mocratouno, uyToObl (QYHKIUH TPH-
HaJUIekKAIU CIEAYIOIUM TpocTpaHcTBaM [3]:

1 —1 ..
Kq),x(w): K(b,y(w)’ Fz/ (X, Vs t)ELoo (Q)’ 2¥) :1,2;

OWee IWeg
, K

b;(x,y), K(x,y, JGWZI(Q), i=12;
ox

S,y t), T(x,y,t) €Ly (Iy); Y(x,y,t)el, (0QQ) Vte(0,T];
WO (x, ). W' (x.y) €L, Q).

ISSN 0023-1274. KubepreTnka 1 cucteMHbIi aHamus, 2009, Ne 4 71



ITpubnmxennoe o6od6menHoe pemenne 3aaadn (10)—(12) HAXOAUTCS METOJIOM KO-
HEYHBIX 3JIEMEHTOB B KOHEYHO-U3MEPUMOM NPOCTPAHCTBE Z Nez [l] Jus aToro 00-

macth () pa30OUBacTCS HA TPEYrOJbHBIC 3JIEMCHTHI E,-:(QzU e;Ne; =0,

N

i#j, i,j=11). JlioGyw Bekrop-pyukumo w' e ZV moxno MIPEACTaBUTh B BUJE

N!
wh (x,2,0)= Y a; (O; (x, ), (18)

i=1

rne N' — KojuuecTBO 0a3MCHBIX (DYHKIMM, OTBEYAIOIIMX BCEM Y3JIOBBIM TOYKAM

B pasbuenun obmactu Q; a;(t), i=1,N', — QyHKIMH, HHTETPHPYEMblE BMECTE €O
BTOpO#i mpounsBoaHoi Ha [0,71]; {ch.}?V . 0a3mc mpoCTpaHCTBA ZtN , TIOJy9aeMoro w3
1=

zN ¢uxcupoBanuem V¢ €[0,7].

Basuc moampocTpaHcTBa Zév C Z coBnagaer ¢ 6azucom {(I)i}N | TIPOCTpaHCTBa
1=

ZtN , T.¢. JTF00ast BeKTOP-OyHKIHSA ¢ N (x,y)eZ év MOJKET OBITH TPE/ICTaBICHA B BUIC

N!
g™ (. 3)=) B ®;(x, ), (19)
i=1
rae 3; — KOHCTAHTHI.

[pubnmxennoe ob6obIeHHOe perienue 3anaun (10)—(12) wVe zVN YIIOBJICTBOPSI-
€T CJEAYIONIAM HHTETPATbHBIM COOTHOIICHHUSIM:

2N N _
m| S0 g e | w2 N +a(wlN;wN,qN)=<F,qN>,
atz Jat
w¥ (e, ezN, v gV (xy)ez), VieT], (20)
(" 2.0 )= (70 o3)g™ ) Vg ez, @

<3WN(x,y,0) gV

; >:<VI71(x,y),qN> VqN(x,y)EZév. (22)

Jast BexTop-hyHKIMHU Buaa v =(V,V, )T =(V11,V12,V21,V2 )T OIIPEICTUM Clle-
JYIOIIHE HOPMBI U IIOIYHOPMBIL:

dQ = =
0117 ) = jj(vv) =lvrll g, 1027,y 1010 o =01 o 21
0117 ) = jj[v +v7,1dQ,
2 2 2 2
[|lv ,|| —” avll + Vi + Wiz + Wiz dQ, i=12;
Hy(©) ay 0x ay
2, =IOl g ol sl g =il
w3 (Q) L©) Hy@Q)’ w3 (Q) L©)’
HU H Q = sup lj s l’_]=152a
Lo (@) (x.7)<0
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2 a, 2 a a\a|v
I, = 2 1Dl o D= al=a; +ay,
2 () ler|<lk| Z(Q) ox lay 2

k, a;, ap — HeoTpHULATENbHBIC IEIbIC YHCHA; ||V || p v ||
Lo (0.7 (Q)) [0 T] AN

B [1] momy4eHo OIeHKY MOTPENTHOCTH HETPEPHIBHOTO IO BPEMEHH MPUOIIKEHHOTO
0000IIEHHOTO peIIeHUs

T w0 -w (x,3.0)) ¥
ot L (0,T: W, (Q))

k
) weei-w ()| <cnt,
L (0.7, ()

rie 4 — MaKCHMalbHas JUIMHA CTOPOH TPEYrONbHUKOB pasbmenms Q, k=123 —
CTETIeHh MHOTOYICHOB METO/Ja KOHEYHBIX SJIEMEHTOB.

JIsl OLIEHKHW JHUCKPETHOTO TI0 BPEMEHU MPHUOIMKEHHOTO O0OO0OIIEHHOTO PEIIeHUs
ncnoip3yeM cxemy Kpamka—Huxoncona [3].

HyCTB T=Jt z[n;{ Hekoroporo nenoro J >1. bynem uckartb HOCHGHOB&TCHBHOCTL
{W](x y)} , TaKylo, YTOOBI w/ aIMIPOKCUMHUPOBAIIO w e ZV onrumansro

B W2 Q). OHpC}ICJ‘II/IM CIIeIyIONIe COOTHOLICHHUS:
Y pi+t _pi
aTP :7(P -P )s
T

pir12 :%(Pj” +P7), j=0J-1. (23)

Cxema Kpanka—Hukoncona mist 3amaun Komu (20)—~(22) MoxkeT ObITh 3ammcaHa
B BHE ~
wO.q™y=’.q") V¥ ez, (24)
©°.¢")=07".q") vq" .3z, (25)
m(a.[ ej’qN )+m(Wj+1/2;0j+1/2’qN )+a(VV]j+l/2;Wj+l/2’qN ):

=FM2 Ny v ez, (26)

witl =w i 1 107tV2 =07 1. (27)

31ech N’

Wit (x, y)= Zaf“cp (), 67 (x, ) de“cb (x,»), j=0,J—1. (28)
i=1 i=1

duy o
K x,y,ﬂ,ﬂ <k,
ox dy

<k Zzz{aull avll ‘61/{11 avll }

HYCTB BBITNIOJHAIOTCA CICAYIOMINUC YCJIOBUS:

0<By <Ib;(x, )<Y, i=12% 0<kg <

nyaul,aﬂ _nyavl 61)1
T ox ay 7 ox ay

T e
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, aul 8u1 , aul aul
K| x,y,——| K|l x,y,—> el,(Qr),
x[ S ayJ y( Y ax oy w (7))

71 -~
‘Kq)’x(u)‘sk,

71 -~
Kq)’y(u)‘ <k,

-1 . -1 < _ -1 _ -1 < — 29
K, ) Kq),x(v)‘_yl\u ol, [k ) ch,y(v)‘_yzw v YueZ, Yvez(29)

Torma crpaBemnBa Teopema.
Teopema. Ilycts w(x, y,t) — o06o6mennoe pemenne 3amgaun (10)—(12) u

{Wj(x,y)}j:() c Z,N — pemenue 3anauu (24)—(27). Ilpenmonoxum, dYTO
we Wzk *l (). Torma cymectByer kouctanta C =C(7') > 0, He 3aBHucAIIas OT A, T U Ta-

Kas, 4To

<Cc(h* +1?).

max | W/ —w/
OSjSJH HWQI(Q)

JokasarenbcrBo. 3amuiuem ypashenue (10) npu 7,1, =(j+1/2)T B BURC
J . ) . . .
m[ar(aw] +p-],qNJ+m(w-l+l/2 +0750,w/ +07, ¢ )+

+a(w1j+1/2+6{;wj+1/2+(5j,qN ):(1‘71.4’1/2 +yj,qN) VqN eZév,jzo,J—l,@O)

p! =0@?), 8/ =0(x?), o/ =0@?), y/ =0(?). 31)
BBeL[eM cJIeayromue 0003HaYEHUS:
J i i £ i i i —gi (Y
n! =wl & =w ], pl =0/ | TE ) (32)

3necy W/ ez YJIOBIIETBOPSIET yCIIOBHIO

W, (wljﬂ/2 +(§1j;w1j+1/2 +(3{,q1N )+W(w1j+1/2 +(§1j;w§+1/2 +5£,qév )+
ox 1 1 ay 1 1

_ i+1/2 i~ j+1/2 i N SV j+1/2 i~ j+1/2 i N

=W (w{"7 +00 w48 g ) AW 405w 48,5 )+

+ﬁo<1<(x,y,ax(w{*”2 +o] )l o] )J(w’*”2 +¢/ >,qN>

‘v’qN € Zév , j=0,J-1, (33)
B KOTOPOM ,

¢/ =0@?), (34)

— ow, ow

W(Wl;Wz"]2)=”K X, Yy | x
ox dy
Q
o 021 9921 9w 9Gp1 9wy 9q2) Wy 0qn) e (35)
ox Ox dy dy ox  ox ay dy

W, umeer Bua (16), B, =min {,3}), g,ko}.
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VYauteiBasg o6o3HaueHus (32) u coorHomenus (26), (30), (15), (33), moxxeM 3amm-
caThb:
m(8, p], qN )+m(Wj+l/2;at g/) qN )+a(W1]+1/2; 5_1-%—1/2’ qN ):

~N\J . . . .
_m(ar(tzvtv) ’qN]_m(W]Jrl/Z;aT W gV )_a(W1]+1/2;WJ+1/2’qN )=

B N, - »
:(FJ+1/2 sqN )_m{at(al‘j > qN ]_m(WJ+1/2;aT W]’ qN )_
. . j 5
_a(pl/l]+1/2;v~vj+l/2’qN ):m[ar(tzw) + ol gV J+
t

+ﬁ(wj+1/2 +5j;61wj +0j, qN )+a(wlj+1/2 +6{;wj+1/2 +(§j,qN )—

—oﬂ;qN)—m{%(z?y,qNJ—nwwﬂ+“%aIWKqN)—
i+1/2, ~j+1/2 N amY ;i ow
—a(W/T 5w T g )=m{6r[l”} +plq ]+
+m(w/ V2 167 0,07 07, gV yrmw TV 070, w7, ¢V )
—ﬁ(WjH/z;a, vT/j,qN )+W1(le+1/2+5{;W1j+1/2+€1j,qlN )_
_Wl(le+1/2;v~V1j+1/2’q1N)+W2(nj+1/2+aj,q1v)_

NN, T2 J. 12 Jj_s=j ,Ny_
W(Wl +6]5’72 +62 Czaqz )

—ﬁ0<K[an’»;x(W{+”2+5{):£}(W{+]/2+5{)](’7j+]/2+5'/ _Cj)’qN>_(yj’qN)

vqVez), j=0J-1 (36)

B cootHomennn (36) BBeaeM 00O3HAYEHUS:

D(wj,Wj,ij,qN)=ﬁ(wj+1/2+6j;6177j,qN )+W(wj+1/2+6j;6,v~vj,qN )—
i+1/2. ~j+1/2 N i+1/2 NN s j+1/2 i j+1/2 N
_Wl(le+ ’le"' sql )+W2(77]+ » q )_W(le+ +6{5’7£+ 9q2 )_
d i+1/2 i\ 0 i+1/2 i i+1/2
-Bo( K x,y,—(wlﬁ/ +0{ ),—(le+/ +6/) n/ V2 N,
0x ay
d(p’, 07,0767, " y=m(p’ . ¢" )+mw/ 1 16707, ¢N )+
i+1/2  sj.sj N i N o/ jtlU2  Sj.sj i N
W (w/ T 40058 g )+ WL (07, ¢ ) =W T 167509 -85, 9, )
d i+1/2 iy 0 i+1/2 j j i\ N i N
—Bo( K x,y,*(wlﬁr +5{ ),*(Wl]+ +5{) (07 =¢7).q7 )=’ q™)
0x ay
vq¥ez), j=0J-1. (37
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Torma (36) ¢ yderom (37) mepenumeTcs CISAYIOIIUM 00pa3oM:

J . o
=m{a(2’3j ,qN]+D(wf,Wf,rvf,qN)+

+d(p’,67,07,67, ") vgV ez}, j=07-1 (38)

N3 cootnomenuit (23), (27), (32) cnemyer

o pj+12 ~j _jrl12 i _(9m Jrz j
9,57 =60 —d,w =p +d.n’ — -k’

at
rie . a2 -
t
Torga . an 1/2
0 0 0 0 0
0.5 =p +Earp +d.7 _((‘)tj -k,
) - ) i—1 ) P j+1/2 ) -
0,87 =p%+29, p/ +r§:8,pk+61ﬂj —(77) -/, j=1LJ-1  (40)
2 = ot

Pacemorpum Gysximn ¢’ (x, ), i =0,.J, KOTOpbIe ONPEACICHbI CICAYIOUM 00pa-

30M: _ i1
P (6 1) =0, 9l () =7 3 EF2 (), =10 (41)
k=0
Torna -
. . . . R
o2 2551/2, P12 :§§]+1/2+T i&k”/z, ) 42)
k=0

VYunteBas cootHomenust (40), (38), (42) u paBeHCTBO
0 ~\0 0
0o _(9n N 0o _(ow an N
m -l =1, =m0 - — | -|—|, =
[p (arJ ! J [ (ar) (arj ! }
ow 0
=m 90—((%) ,qN =O‘v’quZév, (43)

feent 0 /2, £1/2 /2, 1/2
N — N N
m@.E", g7 )+m W' E g7 )ra(W ) S50 g7 )=

0 00771/2 0o N |, 7 AN,
:m{p +0d,m _[atj -K~,q J+2 m[ar(m) , q ]-ﬁ-
+D(W0, WO, 1/T}O’qN )+d(p0,60,00,§0,qN )_ ﬁ(W”z;a,EO,qN )_
_a(Wll/Z;gl/Z,qN ):|+m(W1/2;§]/2,qN )+a(W11/2;<p]/2,qN )=
=m(@,n° —k" g™ ) rm w280 ¢ )+
+%(D(w0, w0, 50, N )+d(p?,0%0°.c% ¢N ) VeV ezl

B ob6mem cinygae u3 hopmyn (38), (40), (42), (43) ¢ y4eTOM MOCIETHETO COOTHOIIIC-
HUSA II0JIy4aeM
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j — j+1/2 i+1/2 N i+1/2 j+1/2
m(atgj’qN)+m(W_]+/ ’E]-F/ .q )+a(W1-]+/ ;(p_]+/ ’qN):

) P j+1/2 ) B )
:m[p0+a’n]_((;tyj _KJ’qN Jr,n(pVﬁl/z;‘So,qzv)Jr

T j — j+1/2 j j+1/2 j+1/2
+5[m(81p’,qN)+m(W“/ 10,87 gV a2 ETTE g Ny

-1
— i+1/2 i+1/2 1/2
+Tt[m(azpk,qN)+m(W’+/ 10,85 N ) rar TV ERTZ gV )=
k=0

=m(ar77] _Kj,qN )+E(W1+1/2’§O’qN )+
+§[D<wf, w5, g V+d(p’, 07 07,87, ¢ N+

. ,
+r§[D(w", wh kg Y+ d(p, 0 of ek g e m w250, 8 N )~
k=0
—ﬁ(Wk+1/2;6T§k,qN )+a(VV1j+1/2;§k+l/2,qN )—a(VVlk+1/2;§k+1/2,qN )]
vqVez), j=0J-1 (44)

g7TV2 | j=0,7—1. Torna (44) ¢ yuerom (23) 1 cum-

[Tonoxum B (44) qN =a,¢f =
MerpuyHocTd GopMm a(u;v,v), m(v,v) HEeperumeTcs: CIeAYINIM 00pa3oM:
1
n

U2 g 12 g )2 o V2N 12 0 g 12
(WS ETT S TS =m0 ! BT e m (W R ST )¢

[m(ETH L ET Y —m(ET ET Y+ a2 07 oty —aw TR T T ]+

+§[D(wf, Wi, Wl gV rd(p?, 67, 07,87, ETH 2]+

—1 . .
+r§[D(w’2 wk, @k e V2 Lapk, o, ok, gk g2 )y
k=0

+ﬁ(Wj+1/2;GT§k,§j+l/2 )—m(W"“”;a,&",&/”/z )+a(le+1/2;§k+1/2’§j+l/2 )—
_a(W1k+1/2;§k+1/2’§j+1/2 ) ]=m (45)
OneHnM TpaByrO0 4YacTh paBeHCTBa (45) ¢ yderom (29). Umeem
m@en! - £ <P 1o, 7 o) 1E7 1),
172 i+1/2 j+1/2
T2 T <Py E ) 187 ),

i—1 ) ) .
t @20 ER £V k29 gk g7TV2 ) <

k=0

. i—1
<22, 17211, 0 S 119,811, @,
k=0

i—1

i+1/2 . =k+1/2 i+1/2 k+1/2 . k+1/2 i+1/2
S @tV g2 g2 ka2 ghe 2 g2 ))
k=0

<

i—1
J+1/2 t k+1/2
k=0
rae Py =max{p. (1-m),p m}, P, :2pBgmzl;, a P3 3aBHCHT OT kj, ﬂi, ﬂlz, m, MP®.
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Hanee, ucxons u3 (37), (14), (16), (32), (35), oueaum D u d. Iomyuum

— o j+1/2 j i g j+12 j j+1/2
\m(wf*” +6750,.07, V) <Py o0 0 1E7? I,@)
‘ﬁ(wﬁl/z+6j;arwj,é_.j+1/2)_m(Wjﬂ/z;aij’gjﬂ/z)‘S
j j+1/2 j+1/2 j+1/2
SP4(||af||lQ<g)+||nf“ —g/ ||12(Q)j||§f” @)

i+1/2 i~ j+1/2 i+1/2 j+1/2, ~j+1/2 i+1/2
Wi o] T - R ] <

Sps(mj V2 _g i1z

j+1/2
a7 H(;(Q)jns laicy

J+12 gj+1/2 Jj+1/2 Jj+1/2
Wa @728 < P T ) 18T g

W, T2 Jo J+H1/2 £ j+1/2 < j+1/2 J+1/2
‘W(Wl +61,”2 sgz ) —k1||77 HH&(Q) ||§ HH(}(Q)’

<K(x,y,aax(wlj+l/2 +5{),;—y(W{+l/2 +5{)j77j+1/2,§j*1/2> <

<k 17" @) 1E7 11,
mip? &7 <P e 1187 Iy 0,
w2 460107, £ <Py o7 |y 187 N e,

JHV2 L sjed gj+12 J J*12
‘Wl(Wl +07:67 € )‘£P7|IC iy 187 M)

‘W2 (6]7 §j+1/2 )‘ SPG H(SJ HHOI(Q) ||§J+l/2 ||H(}(Q)’

B V4 j+1/2 Vi j j+1/2
‘W(wlf +87,00 -84, &) )‘s

< J J J+1/2
<t 167y 18 1y 0 JIE7* gy
Klxn S0/ w0 ]), 2 2 0] ) |07 —¢ 7). ) <
ox ay
j j j+1/2
skl(l6’|[2(Q)+IIC’|IL2(Q))IE“ L, @)
0787 <l iy 187 @) J=0.7 -1, (47)
2 TR . .
e Py =2p,gm max{yl 107w/, =0, W3, HLQC(Q)’ Yo llopw), —a, W), HLOO(Q)} , KOH-
awj+1/2 awj-*—l/z
cranta Ps 3aBHCHT OT kj, /3}, [312, a TaKKe HOpPM |——— e S— ,
dx dy
L, (@) L, (Q)

i=12, Pg — ot m M", P; — o1 ky, B}, Br.
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Takum oOpazom, u3 omneHok (47) u HepaBeHCTBa ab S%(a2 +b2) MOJTyYUM

Dw!, Wi, Wl E VY a(p/ 67,07, 87, 87V <o |ETHV2)2
W, ()
2

AL®)

J? J
1y T 190 17 g +ea 107

+ey llm
+es 17112 Al 12 o rer o712 oy tes o7 117 o, F=0,0 =1, (48)
> i) 0 L@ "7 L©) "8 LQ)’ T

rae ¢;, i=18, BbIpaxatoTcest yepes f .k, Py, I1=1,7.

AHaNOru4HO OIlleHKe (48) 3amuchiBacTCs OIEHKA

J=1 ) )
S Dk, Wk R e vk, oF ok gk et <
k=0

= ,
< P J+1/2),2 4z k+1/2 2 te k+1/2,2 tealld k2 N
kzilné By AIET 0 o re2 I 2L, o weslloen® o
+eq |65 112 +es 1EF)1? FPSETIV JT--ASRTIN ST A
410111y Ps I I Fes 175N, g er P71 g
*eglo* 12 ), j=1d -1 (49)

L,(Q)

VYuureiBas B cOOTHOWEHHH (45) IOJOKUTENBHYIO ONPENeIEHHOCTh (OPMBI
a(u;v,v), HEOTPULIATENBHYIO OTpeneaeHHOCTh m (u;v,v) [1], a Takke HepaBeHCTBA (46),
(48), (49), momygaem

i—1
i+1 i+1 j j 02 k2 112
m(gj s§] )—m(gj,é&])ﬁzf(aoﬂg ||LZ(Q)+GII§)H8‘[§ ||LZ(Q)+GZ||KJ||L2(Q)+

k+1/2 2 k2 k+1/2 2 k
+i[a3n5+ 12, o +aalldent ] o rea 212 L ey 116K

2
wl(©Q) Wy () Wl(Q)+
k=0 2 2 2

+es LA 0 s VAU o +er oIl o +es |ak||j2(Q)D, j=0.J -1 (50)
[Tpocymmupyem 00e 4acTu MOJTydeHHOro HepaBeHCTBa 1o j oT 0 o /-1, 1</<J,
U ydTeM OLEHKH m(V,V)=min {p (l—m),me}||v||il(Q), \|uj+1/2||2 Sl/Z(||uj||2+
120 lopud 112 <e@)lu? [P+ 1w/ 1% ). Mveen
/

IEN2 < |10 +51<T>rz(|§f|2 i |12 j+

L©) L,(Q) = W,y Q) W, (Q)

-1
+a,T 872 +)|E7 )2 N2 el E o+
) ,Zo(' (e L T 2 S

+|xf|i(g)+|af||i(g)j, 1<1<J. (51)
2 2

OueBugHo, uto 3 const L; =L;(7)>0, amst KOTOpoH cHpaBeUIMBO HEPABEHCTBO

! .
||§l ||2 L <Lt Z I|E/ ||2 , . Mcnons3oBaB 51oT akT u npumenus k (51) nuckper-
Hy(Q) =0 Hy(Q)

HBIA aHajnor yiemmsl ['ponyosna—bennmana [4], momy4yum
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/ /-1
2 <elag V> +a@ (T)r 712 +51(6-72 +
18151 ( 0IE°1} g +a( )jgonn I * @ ]ZO 1671151

+j2 +j2 +j2 +Kj2 +gj2 , 1<I<J. (52
1€ ||W21(Q) Iy HLZ(Q) llp ||L2(Q) I ||L2(Q) | HLz(Q) (52)

CormacHo [5] mnms 1 cupaBeIIMBBI OICHKH

< k+1
71l ) OSSIHIWI

(),

1,1 ) O SS 2RIy ) (1) V2 €OT],

H(Q) Wy
rae Sy, S, — KOHCTaHThl. Torma MMET MECTO U OLEHKH

J < k+1 J
1971, gy <SS I N

711, o <S2RE w11 0<j<J. (53)

Hj(Q) @)’

W3 coornomennit (32), (11), (24), (53) crmemyet

<[w0 —w° <|w° - +||w? -

0 ~0 <
w HLZ(Q) w HLZ(Q)_

0
11, ) @)

0 k+1 0
< < 54
—H’? HLZ(Q)_Slh ||W ||W2k+1(Q)' ( )

Torma B HepaBeHcTBe (52) ¢ yuerom ouenok (39), (31), (53), (54) Oynem nmerts

I
12 ~ 4y, > 272(k+1) | @232k Ny,7 112
< 2 <I<
113 HWZI(Q)_COTO(T )+c1Tj:0(S1 h +85h7)lIw ||W2k+l(g)’ 1</<J.

W3 mocnenneir oneHku u (32) momydum

I ! !
| —w ||W21(Q)S||§ HW2](Q)+||’7 HW;(Q)S

<eoNT O )+ (S D 452 52Ky | +

/
w
Wl
; 1/2
+e T | Y (SF R 152 2k )|\wf||§V,(+1 o | 11
j=0 » Q) (55)
W3 ouenku (55) crmemyer cnpaBemIMBOCTh TEOPEMEL.
Takum 00pa3oM, ISl MOJHOCTHIO AUCKPETHOTO MPUOIMKEHHOTO 0000IIEHHOTO pe-
menns 3anaun (1), (2), (5)—(8) momydeHa omeHKa ero CKOPOCTH CXOTUMOCTH B IIPOCTpa-
HCTBE W21 () K cooTBeTCTByIOLIEMY OOOOIICHHOMY PEIICHHIO.
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