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0000 =01, H=35r,000.
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Ea(p) = — |k — Ko |p9|d¢9—i——/ (——1) |gs| dO (3.5)
2 Jo 2 Jo |qe|
k 2 ks 2r 2

Fal) = 2 [Tl ol o+ S [ (BL-1) i )
2 Jo 2 Jo |q9’

000, ky:=kh, k,:=kh®/12000.0000,00000

1 2 p— 2pn—1 +pn—2 2
Ja(p) = Fhoro / | (A2 | Xp2>0 A0 + Eei(p) + Ep(p),
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1 2 -9 n71_|_ n—2|2
Bp) = ghor [ EZH P+ Bale) + E)
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40 OO0

00000,0000000 (she)DODOO,0000000,000000D0D0DOO
oooooboobooobboobooo. bo,0bbooboo,0obooboboobbo
obooboobooboooboooboobooboobUob0 “ob"OobooboobOoobo
ooobobooooboboboobobobuoobo.boboboooobobog
0000 Lagrangian 0000 OO (action integral) 0000, 00000000000
000000, 00000000000 (D000OO0)0o000. 00,0000 (action
integral) 00 00000000,00000000 (she)DODOODOOOOODOOOO
0000000000000 0000000o0oO0 (boooo0)oooo.oopooooo
Lagrange multiplier 0 00000000 D0OO0OO0OODOOODOD. O0OOOoO0ODDbDOOO
obobooobgoobobooboob,boboboobobbobooboobobg
O,0bob0bo0booboobooboboobo0booboboobobuobobOobo
O(@0O0,Rethe 000000000 O0)0000O0. 000D, 0000000000
ooobogoobobooboboobobob.ob,obobooboboboobooo,
obobgoboboobobooboboo,gbooboboobobuobbobo
oobooobooobooboobooboobooboo.boobooboo,oobo
oboogobobgobbooobboobbooobooobbuoobbooobobo
ooobobooooboboobooobob.oboboobobobooobooboobo
oooogo,bobobobobo.bob,bo,0boboboooooooboooa,
oboobooobobooobobooobobobooobobouo.booboboooboboog
O,gbooboboboobuoobobooboboboboboobuobboboobo
Ooo0o0oO0ooOoOoOoOOoOoO. 00000, 0000000000 (DODOODODOOOO
00)00o000000ooooooooDooO. 0000000, 0o00(b000oooo
0,0000000000000)0000000O, 0000000000000 O0ODOO
oboobo,0boobobooboobob,0obobooboooboboooboboa,
oooboboooboboooobobouoobobob.obo,obobooo,2000
gboogoobobobooboobooboobooboon.
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50 OO

ADOO0O0OO(@OD)

000000000000000000.00000000Q0000000 QCR™
0000.000,00 Dirichlet 00 0000000000000. 000000000
up € HA(Q), 0000 vpe HY(NOOD.000,0000000000000:

up(t,z) = Au(t,z) in (0,7) x Q =: Qr, (5.1)
u(t,z) = 0 on (0,7) x 09, (5.2)
uw(0,z) = wup(x) in €, (5.3)

u(0,2) = wo(z) in €. (5.4)

00,000 N>0000,0000A=T/NOODODO. u_i(z) = up(z) — hvg(z) O O
0. 00wuwO00¢=0000000000,00w,000¢t=-A00000000
00.00¢t=nh(n=1,2,---,N)0OOOO« 0000000 HYQ) OO minimizer

ooooo.
U — 21 + Un_o|

|
Q 2h?
0000000200 AMQ) 00000000000 00000,0100 L*(Q)00
goobD.dodob,dbgdbobobboooobbbidd minimizer HOODODODOO.
00, {u,}Y__, 0 minimizer 00000000,000 @0 «"00000 (0 5.10
0):

In(u) = dx + %/ |Vul? dx. (5.5)
Q

ﬂh A uhu
un u2
Ul o—e u3 %1 u3
ug —® O—8 "4 g, “o 4 us
o—e S, S u_1
U_10 o— o/
I ——+—+— > | —t—1t—1+— >
—n % K 2h 3h 4h 5h t —hO| h 2hn 3h 4h 5h t

O 5.1: Minimizers 0 O O

a"(t,x) = wun(zx),t € ((n—1)h,nh], n=0,...,N, (5.6)
t—(n—1)h nh—t

ul(t,x) = Tun(x)jL .

Up—1(z), te ((n—1)h,nhl,n=0,...,N.
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up O J, O minimizer 000, v, 00 J,0000000000. 00000,000
pe H(Q)OOOO,

d o Ia(uy ) — T, (u,
0 = d—gJ n(tn + £¢)]e=0 = lim ( i) (1)
— hm |U7Z+8Q0_2un 1+ Up— 2| _|un_2un 1+ Up— 2|2 dx
e—0 ¢ 2]12

1
+ lim —/ (|Vun + eVl — |Vun|2) dx
2¢e Q

= lim ) 572 dx+l1_r>r(1)§ ) (2Vu, - Vo +¢|Vo|?) do
Up — 2un—l + Up—2
= I edr+ | Vu, - -Vedz. (5.7)
Q Q

@"0«"000 (5.6)0000,0000000000000000

h h
— —h
/Q [Ut (t) Zt (t )go + Vah(t) . ch] drx =0 for a.e. t € (0,T) Vo € H&(Q)-

000 ¢ec(o,7)000000,00000000000000000. 00000,
(0,7)000000 (pp0000 ¢z, t)000),

/T / it = Z?@ VitV drdt =0 Vpe OTHIQ) (59

oooobO. 0o hAO0O0DbO0ODO0ODL,0b000ODODODDODDOODDOODbO
g.0bobuoogobbouoogoon.

00 1Q000000000000000000. J,,n=12...,NO (55000
000000, 0000000 H(Q)ODOO minimizer 0000. 00 @0 w0
(5.6)00000.000,A,<100000.0000,0000000000:

||u?(t)||L2(Q) + ||V7jh(t)||Lz(Q) < Cp for a.e. t € (0,T). (5.9)
Ood,00 cg0noooon H1DDDDDDDD,hDDDDDDD.

Proof. 100000000, 00000000000000000000000000
000000,000 5.7)0 ¢:=u, —u,—1 € H(Q)OOOOODODOOO.

Uy — 2Up_1 + Up—
/Q hgl = (un - un—l) dx + /Q(Vun — vun_l)Vun dr =0

gooo.oog,oonoon

at b
7—§§(a—b)a Va,b € R (5.10)
goodd,n=12,.., NOOOUOOODODODODODOoOoooooaQg.

_ 2 — 2
/ un7M1 _<%i?ﬁt%4HV%F—W%4ﬂdx§O
Q

et [ [ ) ] i
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OO00dbOnrn=100000000 k<NOOOOoooQ,

LIy s wwfar < [[(055) 4 9] ar
= /Q[(vo)?—I—|Vu0|2] dx

< Muollz (@) + lvollZze)

IN

0oo.
w@yzﬂigﬁi for t € (k — Dh,kh), k=0,1,...,N
Doooo, (5.900000. 0

00 2@ 0«0 (5.6)00000. 0000000000000

@ (t) — uh(t)HLz(Q) < hHu?(t)HL2(Q) for a.e. t € (0,7, (5.11)
i h
||Uh||%2(QT) < ||Uh||%2(QT) + 5”“0”%2(9)7 (5.12)
_ h
HVU}LH%?(QT) < ||Vuh||%2(QT) + §||Vu0||i2(9)- (5.13)

Proof. (5.9)00000000, Q) 00000000vO000000000 {Va" } ey
000000000. 0000000000000000, {u"henO L2(Qy) 0000
0000U00000000000.0000000000,000000000000.

va" — v i (L*(Qp)", (5.14)
ul' = U in L*(Qp). (5.15)

0000, L2(Q) 0000 v=Vul U=40000 uve LX0,T;HX(Q)000000
0000000000000000.000000,0000000000000000
000.00,te((n—1)hnh)0000

l@(t) — u (1) 2oy = / (@ — uh)? de
t— —1h h—t 2
B TS
Q

_ lz;<nhé_t>2@m——unﬂ2dx
gl&ww%mmzm/wwm
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