

















R2

O(N?)



O(N 3:2)

O(N)



(C *A)

(C 'A)= O(1)

































r (a(x)r u(x))= f(x) x2
u= 0 X2 p;

(@axX)ru(x)) n= 0 x2 n;

u(x)
RO d=2;3 f(x)2Ly()
a(x)

c G

ckvk?  vTa(x)v  ckvk® 8v 2 RY;8x 2

f 2L () u2v



Vh

P:(€)

A(u;v) = E(v) 8v2V,
A(u;v) = a(x)r u(x) r v(x)dx;
Z
F(v) = f (x) v(x) dx;
V = HL() f v2H?Y): v=0 b0
V
e
Th
e
h := maXer, he he
Vh
()
= fv:vie2P,(e) 8e2Tyg;
= fw:w r eg 8e2Ty;
Vi H () Vi CO():
Vv
Uh2Vh

An(un;vh) = Fn(vh) 8vh 2 Vi,

An(;

) Fa()



Un

Z

M h m Ll

)
Fn(vh) F (vn

' Vh) =
Un;
A(u

) ia = A(v,;
hv; wi

A(:)

V
h
kU

P1

= = = 2 D
0 x
C 2Pi(e) 8e2Th;v(x)
hs
j l()
% Vie
()
=fv2
Vh Vh .

Vh

Vh
Vh

a(Xx

f (X) vh(x) dx:

Vi V
Vh
Un
8v, 2 Vy;
Vh
u
\%
u Vg
Vh 2 Vi



Vi 6 C()

An(;)
Z
An(Un;vh) = a(e)r up(x) r vy(x)dx:
e2Th e
a(e)
a(x)
e Th
1 Z
a(e) = — a(x)dx 8e2Ty:
19 .
Th
wTa(x)w,> 0 7z W60
X2 e wTa(ew = in a(x)dx w = i wla(x)wdx > 0
1€ e 19 e

a(e)

An(u;vh) = Fn(vn) 8vy 2V

Py

Vh = VER == fv2L,(): Vie2P; 8e2Ty;
\Y; 8e2 Ty

\Y 09



f 1 20000 NG
P
iN=1uiI
X
i=1

u=fugl, 2 RN

An( s Dui=Fna( ) =120 N;

Au

I
o

q:Fh(j) 1 J N:

P 2
A=fagli_, 2R N

a =An(i; ) 1 i) N

o(1)

Vh

b=fhg', 2 R



An(;)

X X

VTAV = ViAh( i j)Vj = Ah( Vi i,

ihj =1 i=1

An(Vh;vh) > 0 8v 6 O:

An(;)
A

max(A) _

— 2y.
()= min (A) o 5

X
(R ] V] ])
j=1
A
Th



AXx=Db
1+ Th.
(x)= =xTAx x'b:
2
(x) 1bTA b
x=A1b
X(n 1)
rmp=b AXp np=T1  (Xn 1)
Xy = X pt ol N=1;23:00
n Xtn p* nfen 1)

T

n — T .
Fn Al 1

r(n 1) X(I’l 1)



X(n)

4
2 2 .
kX(n) XkA k X(n 1) XkA 1 >+ (A)+1: (A) )

k:kA
kxgy XKi = HXmy X)i(X@my X)ia = (Xm X)TAX@  X):

by PG)ia = WGy ARGy = PGARG) =0 i 6 j.

n=0;, rg=b AXq);

n=n+1
(n=1)
Paw = No

i 1P pia

n 1:P;m pia
Pny=Trm nt+ nPn 1

n-—

_ e pire ol

oMy Pyl a
Xy = X(m 1t nPn)

r(n) =b AX(n)




= spanfr);Are;:: ;A" rog
triyirgyi = 0 i6j; 0 ijj n 1
WGy PGHia = 0 i6j 1 ij n
ey =0 AX(ny = b
n N N
r(n) n 0
N

it() %p (A)In(2=)+1;

it() .

X(n)



kx  xmk, kx X@gk,; 8xq 2 R":

o"m 2= o’N)

1

B=C IAC z:R=Cizx B-=




CZ(n) =TIm
n=n+1

n 1= IT(n 1)s Z(n 1)i

(n=1)
Pa = Zo)
— n 1
n =
n 2

Pr) = Zmn nt nPm 1)

Ay = AP(n)
- _ ni1
Xy = X(m 1t nPn)

n

rm =T 1 )

zpy = C Mreny

(8)= Je"Re B

AX =D C lAx=C b

= (C 1A)

I'(n)



N(C *x) N (A )

CA)

N(C x) = O(N) (C !A) = O(1) N



Cl]

f mp gn=1 12500

Pn)

Pin) = Zn 1

Xl

j=n

m

hz; 1) Apg)i

- gy Apg) P



n= O; r(o) =b AX(O);

Zgy = C rm]

n=n+1
Py = Z(n 1)
An) = AP(n)

j=n m, n 1

_ Mm;Pg)

J
Pm) = Pm) Pa)
) = Qn) ag)

n = P Cl(n)i‘
_ ayipmi
o= T Pml

n
Xy = Xm 1t nPm)

Fny = Ttn nd(n)

ci=c?



C 1] RV RN b X
RY oy X

Cl] Ax = b n
kC 1[r(n)] C lr(n)kc < 1
kC 1r(n)kc
S
kx X(n+1) kA 1 4 (1 I’l)2
kx X(n)k/_\ ( + %( 1) + (1 n)2)2
= (C A)
A
" #
Ay A
A — 11 12 '
A21 A22
All
g #" oo
A 1 A;7A
A= 11 1 11 MM12 ;
Ay S I

S S= A22 A21A111A12;



X1

X2

X;SXp =min X' AX:

A A
[vi;0"]"g W, = fv=[0";v]]'g

X1

vi2V,i=1;2 W;=fv=



vi2V, 1=1;2

1=2
jVIA]_ngj V-]I_—A]_]_V]_ V-2rA22V2
A=A}
W,
A
1
n #
1 w = Vi 2 ker(A) Vo 62Ker(Ay)
Va2
" #
1 w= ' 2 ker(A) vy 2 ker(As)
V2
V1T Apv; _
= su =
vi2Vinker(£i);i:1;2 (ViTA11v1 V2TARV))
A

V2TA21A111A12V2_
2= sup ;

=
v22Vonker(A2) Vol AV,




fOg

<1

Vo2 Von ker(Azz)

2
E

V,T Sv
1 2 27 oy
V2A22V2
X X
A= Ag; vV = VE;
E2E E2E
Ae
n # " #
_ A Aer _  VEa
AE - ’ E —
Ae21 Ae2 VE:2
Ae E 2 E
Vei 1=1;2
Ae
max g <1
E2E
Ag

sup
VE 22 VE 2nker(Ag :22)

T 1
Ve AE21AE 11 AE12VE 2.

VE ;2AE 22VE:2

ker(Aq,) 6

VE



Cr

A
CA =
#"
A
Axr Ay
Ca
Az
C,'A
C-'A
Cu
C/_\ = 0
#ll
Ci O
) Ay Cyp
Cu1

Cr

A11;A2; S
Ca



E
DAY . |
T .
Th
Vo
Vh
Nhg
2’ 1
" k=1
Ty Vi o
H TH
1:2 ,NHg W §
Th (9.1 = 1.
Ty .
Th
Nn



feik=1;2 iNng=f {  Tuglf (¥ TanTug,

A
Ap '&h
" #
_ Au Az ONpy |
Ah - ’
Axi Az 9Ny
" # " #
& _ &11 /le _ All '&12 gNhnH i
b= = :
) A Ay ONy
" #
I O
Jn = .
Jor |
An
&h = JhAJJ

S= Ay A21A111A12 = Ky &21&111&12 =8

E 2Ty, E 2Ty,

Ae

mnN
1
[ERN

1,



Seveo = A Ve VE:2 6 C;
c’ =(c;c; ;0
To T 1 T
To
No <N;<:i:<N- c®
AR
k To 0 k ) A&K)
k
J®

£ = 3R AR (JR)T,

(€O “A0) = o)



) K
cO) AO = A,
0
cO@® .= AO:
k 1 ck?D c k

" #" #
ch o ¥ () &Y

C(k) = ( ](k)) 1
k Z k

(@30) T

§(k)
1 1
z& D .— Ak 1) P k(C(k D “ak 1)) :
k

P,0)=1:

zk D t= cky g (A% Dk D Y

Q.. k 1

1 P,

Q.= "—

cO) cO !



&
I

=N

vT &Ny

=
Il

vicy @+ W AWy,
=2 G G
l .
1 2+ (1 2)

=1:1 k <

k <

cy

V.

Q1(y) = o+ ary

1+ + 2 2



()
C:11

Cc® A0y @+ =1

(k 1) Tak 1)

z01]
Z(k 1)[]
Z(k 1)[]

2):

ALY

A
ct 1[]
(k 1)
c Il

C(k)[] k
RN« RN«

Z(k l)[]

k=1 k 1>0:
k>1 k 1>0

1



1
¢ P bl = x(

Ak Dy = p
C(k 1)[] X©) = 0

k= > 11 k









r (a(x)r u(x))
u(x)
(a(x)r u(x)) n

@ . .
@%J(x,t) r(a(x)r u(x;t))
u(x; 0)
u(x;t)
(a(x)r u(x;t)) n

f(x) x2

0 x2 p;
0 x2 n;

fo;t) (xt) 2
Uo(X) X2
0 x2 p;
0 X2 n;

[0; T];



R2f 2 L2() n
@= p[ n~ ax) = fa (X 2t 1:29

aj (x)
— [ @
ux)2v="Ffv2HX(): v=0 bd
v(x) 2 V;
Z Z
a(x)r u(x) r v(x)dx = f(x)v(x)dx;
u(x;t) 2V . HO; T] u(x;0) =
Uo
Z Z Z
gt ux;tv(x)dx +  a(x)r u(x;t) r v(x)dx = f(x;t)v(x)dx;
v(x) 2V
T

To To

a(x)

e2 Ty a(x) = a(e)
To
a(x)
To
a(x)
Vv

Vh:V}S:R



Un(X) 2 Vi

x £ x £
a(e)r up(x) r vp(x)dx = f (X)Vh(X)dx 8vh(X) 2 Vp:
e2T, © e2T, ©
Ku=f
K
un(x;t) 2 WV,
X @Z x Z
—  Up(X;tvp(x)dx  + a(e)r up(x;tr vy(x)dx
e2T @t SET YA
= f (X;t)vp(x)dx:
e2T *©
th 2 [0; T]
n=0;1::nt to=0;t, =t, 1+ t
t
u" = u(x;ty);n=1;2:nyt
un un 1
M Tt KuTH KT = )it T
0 1M K
u®=up(x) f"="f(x;t)
(M+ t1 HK)u"=g"
g"=(M+ tK)u" 1+ t[@x Hf"+ "1

unl



e2Vye

e2 VSR



JMy1 k

E 2 Tk
Ione
2 3
1
1
1
1 1
‘]I(DIX;E = 1 1
1 1
1 1 1
1 1 1
1 1 1

Vi



E
K
gt ek E
V(K — K) ~N (k)
=1 g Jpa
(K (k) \Nx — (K) v (k (K)
epa = FEA0 = Jpa' €pa ~
V(K)o LK) _ ek N¢ N
epa-1l ©pa 2 epaa = F&0A0 © !
(K)o (k) N
€pa2 = f €A gL
o e

X
(k) — q(k) k k — k k k .
IeDA - ‘JDAK( )(‘JI(DA))T - Jl(JA);EKE( )(Jl(JA);E)T-
E 2Ty

0
IeDA



3)

(k) (k) (k)
PeDA;11 IeDA;12 PeDA;13 o (K)

2
el = B e e e® AL
DA ~ DA ;21 DA ;22 DA ;23 ’

(k) (k) (k) el
DA 31 oA 32 DA 33 9 ©oa

K k 1).
@DA;33_4K( )

[ @(k)
k) _— k) k k (k) 1 DA ;13
SDA;K - IeDA;33 |eEJA);31 lelg/gsz (IeDA;ll) r@“"
DA ;23

2 (k) (k) (k) .
(1 DA;K)IeDA ;33 SDA;K IeDA ;337

@ 2yak®n &, akkD:

B A
Vv vi(B AV 0



3% 3% Jégl

FR1 FR2
2 3
1
1
1
1 1
kK
JERyE T 11
1 1
1 1
1 1
1 1
(k)
I‘eFRl
0 — 30 (300 \T Z X 30 300 .
FR; FR, ( FRl) - FRy,E'™MNE ( FRl;E)'
E2Ty
2 3)
(k) (k) (k)
Ker1r KRz KER,as N0
e (0 e (9 e (9 e (0 FRu1
FRl FR121 FR1;22 FR1;23 )
(k) (k) (k) o)
IeFR1;31 PeFRl;32 IeFR1;33 9 Crri2
(k)
IeFRl;ll
(k)
IQFR;L

“?éﬁ% | e (0 ie () h I
1:22 FR1;23 FRy1;21 (k) 1 (k) (k)
4 S 4 5( ) IeFRl 12 IQFRl 13

FR1;11
(k) (k) (k)
IeFRl ;32 I‘eFR133 I‘eFR131



(k)
leFRl

(k)
JFRl

(k) _
IeFR1;11 = Ku

2 3

Ki O
k k k — .
Jlgnglel(zlgl(Jlgng)T =4 5’

0O B
2 3

| 0 0
(k) _ k .
JrR, = E e, 12 Kutt | 0 Z

(k) 1
IeFR1;13K11 0 |

(K) — gk (k) .
Jer = Jrr, JeRy s

2

k k k
12 = 3 T = 4

(k)
|€FR;33

FR

2
3 K11 0 0
K11 OS:E 0 e®  e® z
FR;22 FR;23 !
0O B

) (k)
0 I‘eFR;32 IeFR;33



(k) (k)
oA 111 oA 112

(k) (k)
IeDA 21 IeDA ;22

(k)
oA 111

(k) (k) (k) Le®) k)
IcDA;22 IcDA;Zl(IeDA;ll) IcDA;lZ_ PeFR;22-



(1

r

7. ek
1_5)@!(:%;22

(k)
€22

a; 60,i6]

T\ o
(1+ 1—5)P©£F3;22;



T
M1, FKEgeor,
Tk
k
M K = M I(Ek); K (k) = K (k)
E2T, E2T,
A®) 0 k

AK = MK 4+ t(1 )K(k):

M

X
k) — 7(k) K)rq(KNT — (k) (k) rq(k) NT.
|t/l()_"]DAI\/I()(‘JDA) - JDA;EME (JDA;E) .
E 2Ty

2 3)
(k) (k) (k)
Mll It/|12 It/ll3 'e(k)
gmm £109 100 DAL
21 22 23 ’

14 (K)
s’ g Mg 9 Conz

100 =



(k)
f 33

O Y (1M
SM = M33 lt/lél) Méz) (Mll) 1 M(k) .
23
M
$e2T1,
jej
M {9 —
jej e | 3



0 = 3f0Me )T

2 2

2 3
k k k
- ) 0o MG 0,
100 = jej > _ E 10 o f® )
E — - 21E 22.E 23E ’

2 (k) (k) (k)
M 31E M 32E M 33E

(k)
brg

(k)
M 33E

(k) — (k) .
SueWw = MSS;EW’

SM;E
E 2Ty

=N
NI



2 3

1
4je("’j§ Z je Y] .
e IR A
1

(9 = Mtk .

(1 I\ZII)M(k 1) §|E/|k) Mk D-

A
(k) (k) 3 2 (k) (k)
mﬁ) -4 Mll Ml? 5. Ibﬁ) _4 Koar Koa
(k) kK (k) (k)
M 21 M 22 IeDA 21 fDA 22
h i i
) — o1 (KNT — K K. ) — dp(ONT — K K .
M = (M )" = Miz) M£3) ' |b12 _(Ib21 )" = IeéJA) 112 lelg/g;m '

() — g (K). (k) — alk). K — ) . (K) — e(k) .
Mz = Mssl QM = 8y'; Ib22 - leDA;33' QK - SDA;K-

RO = 3R ARAENT = IEMBQEEDT+ t@ )IGKOAE)T;
" /b(k) /Q(k)# ) (k) }b(k) (k) }b(k)#
11 17 Mg+t )Ry M+t )Ry

R = -
Y RY  mE e @ RE mP+ @ )RY

IMe oy (@ )ak® ) g9 MK D+ @ )ak® Dy

4
k) _ k (k) k) 1 (k)
Q;(A) - IQ(ZZ) 'IQZI /bll /b12



k k k) Jo(k) 1 p(k K K
Q/(-\) = /b(zz) "Q(zl)/b(n) "Q(lz) Méz) + t(1 )Ibéz)
= M& D+ (1 )4K (& D

g
Q/&k) QIE/Ik)-'- t(1 )Q}((k)
CR
80 minf( 23 ZoMK Y+ ot )akk ).
K M
]

Lakn g0 gk 0.
2

M (kD)

g 4k b

!
89 @ MEDH@ {) @ )aK® D minfZ@ F)i@ {)gak v

k
Q(ﬂ )
(k 1)

A — M(k l)+4‘ k+1 t(l



K kD
c®

~k 1, T

z6 D=&* D pkck v AR Y)

Ak D

zk D= Ak D | pk(clk NG D)
k

Ak D



}bE = JDA;EKE(JDA;E)T

2 3.

K:E 4’
ME = JDA;EME(JDA;E)T

, _1

M E 2

/bE = JDA;EAE(JDA;E)T = Mg+ |bE

n # n # n #
_ pE;ll pE;lZ _ ME;ll ME;lZ IbE;ll IbE;lZ i
Re = -

/QE;ZI /QE;ZZ ME;ZI ME;ZZ IbE;21 IbE;ZZ -

AE

012
T . T T
Vq /QE;12V21 AE Vg ME;11V1 vV, /bE;22V2
T ) T T .
Jvl"bEﬂZVZJ Vi Mﬁ;ﬂVZJ + )V, |bE;12V21 N o
1=2 1=2
T T T T
M ;E VlmE;nVleME;szz + kE Vlle;nVle}bE;szz
n 01=2
. T T
maxf m.e; k.9 V1|9|E;11V1V2|9|E;22V2
01
+ VI@E;nVlV;'bE;szz
n 01=2

maxf m.e; k&0 VI( Me.qq + |bE;22)V1V;—( Mg .o+ IbE;22)V2



AE

maxf M:E: K:EQ

DAA —

>N

MW



>N

AE:

Mg + Kg

DA A

jel
CR
DA E



( 1, 2; 3)=(60°60;60)

(15 20 3)
(15 2
2= 1( )% ( 6Re)5( FRe)?d
I 1=
g h2 h
e
CR
FR:E
I(E: I(D:AR;E

IC]

, 3)



(1 25 3)=(45°45;90()

M+ t(1 )HKlu=g;

u g= Au



(15 2 3)=(6°6%168)

1=90; ,= 3=45
1=156; ,= 3=12
1=177; ,=2; 3=1 "

a(x) =

=[0 ;1P



f(x;t) =1 p @
Ug Up = 1
0:4 (0:5,05) up=0









98688

irmiiEirol

10

I'(n)

n






HSL MI 20



il

10 ©

IrmliFir ol

10 ¢









u+rp = f x2 ;
rr-v =0 x2 ;
un =0 x2@,;
R* f = (fif,)
u = (ug;Uup)



f2 (L)) * (u;p) 2 (V;Q)
(u;v)+(p;r v) = (f;v) 8v2v;
(r u;9 = 0 8g2Q;
V=1fv2(LY) %r v2L%() v n=0 @g;
Q=fqg2L?();
Th
h (un; pn)
Vi = f vih 2 (L2()) % Vhje 2 (P1(€)2 882 Th;
Vh 8e2 Ty;
vhb n=0 @ g;
Qn=fh2 L) ;Ghje2 Po(e);8e2Ty; ¢ =0g;
(Un;vi) + (Pt Vi) = (fhivn) 8vih 2 Vi,
(r un;h) = 0 8ay2 Qn:
ingiN=1 feo-,
pir=1;::0 N
(X)) = i,
Gok=1;:000n
Th

k(y)= sy 2 a:



X

Up = (UgnsUzn) =( Ugng 3 Uzng );
i=1 i=1
xXo
Pn = Pri;k Gk -
k=1
(Un; V) +(pn:r Vh) = (fhivi) Vi 2 Vi

8vh=( i;0) 8v,=(0; i);i=1;:::N

Upn = fUpng ng:1 Uzn = fUzn; ng:1 Ph = fPhkOi=;

N A x £ s f |
Uhj i Phik Ok —= = thy j i 1=1;00N
i=1 k=1 @x j=1
Uzihij i Phik Ok —= = onj i 1=1;00N
J'Z=1 k:JZ @x j=1
X j X @; y
Ugh;j — Gk Uohj —=-0G =0; =1::::n
=1 @x” @y
Pwp = b; W;1r = fu-lr;h;u-zr;h;p?;g
P
3
M B,
P = M B>
Bl BJ
Z
— fm. N - - 2. o DA
M - fm” gl,j =1» mII - i m” —O | 6 J
B: B N n
Z
B1 = fhy gi,?}’rll; b = 6';
Ze @X
B, = fly; gi';“j”ll; b = =L



€.6

A=B/M 'B;+B,M !By

A=fa;g-;a

X

D1 i D1k N .k 2

3K );

Mk Mk

Un

Ph = fPhkOi-1



€1, €2, €3
il

€1

A =

a13

Ay =

ai

cot? ,+1
“cot ,+cot ;
3(cot ,+cot 3);

3 cot? 3+1
cot ,+cot 3
(212 + a3 + awa):

€1



X bl;klbl;kZ + bz;klbz;kZ

A = (

@ sle) - @ sle). @ i) - @ sje),

@x @x ' @y @y
Z Z
A = & @XZ o @y
2 3
€1
0Z 1, 0Z 1 0Z 1, 02 1
o @1 o @1 o @2, o @2
13 = A @X7 A @y CIVES = @X7 A Qy ;
2 2 2 3
e €1
0 z 7 1
@« 2+ @ °
X @x @y
a1 = - Z = = (a2t a3+ ags):
k=1 2 2
€1
A:B:C
e 1, 27 3

ABC e



e 1 2 3

r = jJOAj] s=jOBj q= jOCj

g

cot , = —; cot SZF;

slo

cot ,cot 3 1 r? sq.

cot ; = cot + = - _
! (2% %) cot ,+cot 3  r(s+ q)

. X @ 1 @._,.
T @ex o @y
_ax+r(@ y), @_ 9 | @2_ 1
rs+q ' @x r(s+q’ @y s+q
_sx+r(sty) @; _ s @ @3 _ 1

7 Tr(s+q = @x r(s+q @y s+q:

. _r(s+ 0
jg= 1=4—

e

=2r(s+ Q);



k=1:2:3

2
2= Tr(s+
f=gsta
a2
0Z 1, 0Z 1
@ @Az @ @Az
a - e1 @X7 e1 @y — 3r2(S+ q)2 SZ + 1
12 2 2 r(S+ q) r2(S+ q)2 (S+ q)2
e1 3
— Sz+r2 - 3 s? + r
r(s+q r(s+q (s+0
1 a2
r
S+q_ cot ,+cot 3 Q13 aiq =
G n
f‘il'gir?j=1
8
3 ded i); i=]
ij = 2 1; i@j | ]
. O;
A
€ 1



Te 1 Tk

-1
AN
4
_ A
A
X
A =" AW
"2E

"2 E



—
N
[y

—
=



w
—-
~+
=
—_
=
—

1 = =
e 2 Ty
E2Ty 1
e E
t 2 (0;1) ker(A'")
AR 2 E;
J{

2 3
1 q dq
1 9 s q
1 g q s
300 = 15qq;
1 g s q
1 q9q q s
rr r r



n #
k) )
&"211 '&"212

T
£ = JWAK 00T =
(k) (k)
Ko Ko

£, 2 2 RO =
&K
"2E
" #
k k
RK) = &(11) &(12)
k k
Ry Ay
P
&Y = Ak D r= 2
2
(i5j) A,
7
(K) 1.1y = (2 (K) fi-;
Aol 1) =1 AF(i])
ihj =1
(K) (1.9} — 2X4><8 (K) (i3
AY,1,2) =1 AR(i; )
i=1 j=5

X8
Rp22)=r" ANG))

ij =5
(k) X X .
&5,(2;1) = r? AR ):
i=5 j=1
" #
k k .
&‘(‘:2)2 = &'(';IEI:ZZ = r2 !
" #

N N DN
NN N A

(k) _— g@k)
Rigy = Ric,,= 17



q

o
Ny

(k) — (k)
§" = &":22

05t=05

(k) (k)
'Q“;H 22 &";0:22

ker(&),)

(=1

sy = &% v; v 6 const;

R, (RY),) A1,
(s;q;9)

2 maxt ¢4, ecg=0:73

g= 01 t=0:75

2 maxt ¢4, ecg=0:58



To T 1 T

=1;:000
(sia)
n n
f i;biginzl; 0< 1 n
ct H!? C
C =P (H) P 2P
(C 'H)
P(x)2P O<m P (X)x
X S [ 5 o] S
mv'v Vv'P(HHv mv'v;8v2R"
bi;i=1;:::;n
Hmbi: -mbi

P (H)b =P ()b



P (X)x
X2S

[ min max]

1

0;+1)

VIP (H)Hv

X2S

1 x<P (X)x< 1+ x;

S:[ min max]

1 max <P (X)x< 1+

1+ _
(P (H)H) < ™

Rn

jP (x)

8x 2S:

H min i

max -

P(XXx>0

max

max

H P (H)H |.
1=xj <
max;1 = 1700050
x2S P (H)H
P (x)
=E():



_ 1 2( )
P(x)—; 1+( 1)2R+1(2x a) ;
_ 1 . a= max T min —a+ @ 1
max min max min
Ra(X)= T a()+2T (x)+ T 1(X);
T(X) 2P
E()
8
P (x)
1+ )
Po(H) = =21, PyH)=  —— A+ I
Peer(H) = [+ ) AJP(H) Py (H)+ I
p P
- _n 4n . - n Max n min
(P max T v min)Z, v max t v min
k k
&Y =AY,
'2E
k
&'('::21
(k) X (k) (k)
viv=v & v= v/ &Y v max (& )v.Iv.:
"2E "2E

<C emaxfmax (&%4)g;

)2

P (H)



Ce

P (x)

P (x) 1=x
+2

f2;3;49

> minfmin (&%))g:
o .
&
P (&) P (x)
S = [ min max]
&
S
k - 1; - ;
S =[1:3;10:55]
212,349
Ly
P(x) 1=x
P (x)
1 E() mx P (ANAY 1+E() ma:

min

max



1+E max
VIEDY  (L+E() ma VT (P (BY) v El EE ; max; VT RYY:

CH =1+ E() ma)(P (BY)) *

(k)
&11

:(1+ E( ) max):(l E( ) max) 1

AX = b;

=0 ;1) (0;1)

iirmiiEirol F(n)

ho = 1=16 no = 512

n=4 1 2048
ns = 524288



(s;0) =4 | =
10 3
(1; 0:5)|10°
10 °
(1, 01) 10°
10 ©
10 °

(s

0:1)

In(1=)

est

0:5)

est



(s;0); 2 =1 |"=2|"=3|"=4|"=5
10 3
(1; 0:5); 0:73| 10 °©
10 °
10 3
(1; 0:1); 0:58| 10 ©
10 °
0
8fY = odiag(AL)
D vIENy  vTeYv;8v

=4:67 (p=1;9= 05) =6:2
(p=1;9= 01)



(s;0); 2 =1 |("=2|"=3|"=4
10 3
(1; 05); 0:73|10 ©
10 °
10 3
(1; 0:1); 0:58| 10 ©
10 °

(p=1;9= 05

2. =0:73

est

24 =0:73
(p=1;9= 05)
(p=1;9= 01) 24 =0:58



K = )
Cll - &11

10 3
10 ©
10 °

0 = g
Cll - lgll

10 3
10 ©
10 °

(s=1;qg=

s=1;q9=

0:5;

0:1

2 =
est

- 2
1 est

0:58)

=0:58

Ireli = 1o
jjr(n)jjA = rErn)Ar(n)



(k)
Cll

= 9:166

2| 9:166

10 3
10 ©
10 °

3| 1:303

10 3
10 ©
10 °

4 | 0467

103
10 ©
10 °

(k)
'&11






103
1:303| 10 ©
10 °

103
0:467| 10 ©
10 °

(&) *

10 3

10 °

10 3

10 °

10 3

10 °

K
=0 &(11)



10 3
10 ©
10 °

10 3
10 ©
10 °

=0 (&) *









p+
r
u

(x;1)
( 2
();;t)Z
(X;t)2
1) 2

R2

o;T
o T);
(0; T));

Re



L2

Th
h
\

Vi = f Vi 2 (L2()) % Vhje 2 (P1(€)2 82 Th;

Vh

Qn="Ffh 2 L%(): hje 2 Po(€) 82 Th;

up 2 Vn po2 Qn

0O0m T=1t

z

Qn

8e2Thg

¢ = 0g



bt 2 (Vh)? Vh 2 (Vh)?

bm+l m 1
hituh;Vh HCUR 1 OUR Vel oo (r BT Vi) (PR va)=0

um™t 2 (V)2 pMtt 2 Qy

upttooapttive = (PPt pRr Vi) 8vin 2 (W)

(r uf™;oh)=0; 82 Qs

fxigh,
f k= Th gl
(X)) = 5 fokORa
Th a(y)= iy 28



m+l _ m+1l.m+1l _ X\I m+1 X\I m+1
bh - b1;h ’bz;h - bl;h;j i b2;h;j i
j=1 j=1 |
m+l _ m+l. m+l1 _ X\I m+1 X\l m+1 .
Up = = U s Uy = Uhj i Uohgj i
i=1 i=1
m+1 X m+1 .
P~ = Pk~
k=1
Vh 2 Vi
8vh=( ;00 8vh,=(0; j);i=1;:::N
Z Z
1 X . 1 X .
Tt br11r;h;1'l jit Re br1T?h;i1r iroi
i=1 j=1
Z Z
— 1 )(\I m + X m @i
R ULhj i Pk Ck@x
i k=1 |
Z : Z !
X Ulhs s UTh'@ i . X UZhs s UTh'@ i
his hij his hij
s=1 @X j=1 s=1 @y
vh =(0; §);i=1;:::N
Z Z
1 X\I m+1 X\l m+1
1 B2ng i Re 02ng T T
i=1 j=1
Z Z
— 1 )(\I m + X m @i
B Uhj i P Ck@
i k=1 y |
Z : Z !
X Ulhs s Ugh'@ i . X Upps s Ugh'@ i
s hij s hij
s=1 @X j=1 s=1 @y



m+l _— m+1 . m+l _— m+1
Aot = b ALt = b

bt = fofial, bR =

fb?;%gwl
1 1
A, = _tM ReK
M K
bT+1 b5n+1
Un Pn
vh=( ;0);i=1;:::N
Z Z
* UT;} joi X prkn+1q(@
j=1 o k=1 @x
X2z x Z
=7 Ao
j=1 k=1
vh—(O, i);i_l, N
Z Z
* Urznt:jl joi X prkn+1q(@
j=1 - k=1 @y
X 2z x 2
= b3 i P« C’k@g
j=1 k=1 y
G k=1;:::n
Z Z
X um+1 @J X um+1 @J 0:
1;h;j @Xq< 2;h;j @yq< '



(w

h

m+1\T — f(u

m+1
bp

m+1
bh

To

m+1\T.

1;h

(U

To

m+l _ m+1.
Pwy™ = by

m+1
2:h

T (p

M

Bi

hm+1 Tg;pﬂwl - fp
3
B

M Bzé:
B;

m+1
h;k

n
Ok=1



A,=B{M 'B;+B;M !By

Qn

Qh
Pn



Pn Pn
Pn
Z Z Z
0= Pn = (Br+ ) = Bnt Co:
Co
R
Bn.
C = R_l
T
To AuM;By1;Bo Ap; Cy;
Co
m=0; up o opr;
m T=1t
bT+1 br2n+1
Cy
A b7t = b
A.bZpt = bt
bm]-':l bm;l
p; p;
m+1.

Bl =B{M 'bpit+B;M ‘b

p;2



CP
&pﬁhmﬂ - ngl;
S AR G :
uT;r:-l =M 1bg1;1-1 M 1Blphm+1;
ugw;r:-l =M 1bg1;;-1 M 1szhm+1;

m=m+1;

O(N)

=[0 ;1P

up=0; u,=0; ((x;t)2 1 (0;T);
up=1; u,=0; (x;t)2 » (0;T);

1= fFOy);y 2 (0;)g[f (L;y)y2 (0;)g[f (x;0);x 2 (0;1)gg 2 =

f(x;1);x 2 (0;1)g

Ug = 0:



Re =100 Re=400 Re=1000

IT(by) 1T(bz) 1T (p)

Re =100



IT(by) 1T(bx)  IT(p)

Re =400

IT (o) 1T(by) 1T (p)

Re = 1000

ho = 1=16
T =1:;234
N-
N; = 3136;N, = 12416, N3 = 49408 N, = 197120



Re = 400

A ~\

[ o N

LE S S s e

[N TS TS T3 ey \.YV//W////
1 M\\ \Wuu:ﬂ“ﬂuu;ﬂﬁ/u//ﬂ/dm/ﬂn/&/% F//A// \
e N
e b R N N
PN
’ \:\\m.\“xW/M/MMW I\ n”,/ M/ /////
\g\ - N

750 NN WY
G
/7 va/\y \{

i

Nt 2
W W e

Ne=ary/ 1/ x

f

«W/N#//«,rffl i
NSESIEEEEEEE LSS N

f
=
SEESTEEE ST A AN p YN \ kw
e = “V.NY«.‘\\W\\‘%\\%\%\\\\\\\ Y/

|
{
t
S EEEEEETEET A sl f YA, \%

WET ST A
K o mmmem e e e A Y4
I Tk et ot 27
=4 N\
A S S
= ® ®© &~ © w s o o < o
g 2 35 ¢ 2 5 g & 3

L2 SN
Aiiiif’fﬁf&“\%ﬂfﬁﬁ/ﬂ
e e )
/7 T Tl TR R oSy

Avmmmummmrmmnﬂhnzymmw@@muow,b
7R TR
e A A RN V//u//d//ﬁ
77NN R NN /”
s 7////2,
?\MZ N f”//%////, N
N IR
W2 “‘ \ \

Iy
Y

S=A

/Kr\k&\&x\\
N

== 20

NS
N v
A Y
SEEEFEEEEEZ LAL IO AN
S TE RS L L L Y
EEEEEEE ZE S AAN Y \ i
e a2
e e T s i P \\\\\\

i
? G E e e e G 2 A
1

f
f
/

TS e e Y
= S5

\\\\w\nﬂ.ntb\.ﬁqm“.nvh\ﬂ.ﬂﬂt\\.ﬂ\ 2L Yy

04 05 06 07 08 09
t=10

03

0.2

0.1

T SR S
- @ * ~ @ @w < o o < o
S 8 6 S o o o o o

vvvvvvvvvvvvv Rl A

e

SNINSSEEEEE L YA
SN IESEEEE e S Y

T 2 Y \k\

Fy A A\

B MUH;UHUHUNHVH;H&U;N?WQ\WH#//%/

T Tl Ted Ted Sea A AN
[ R R R ﬁﬂ

AT SRR N
\\\W”HANWHMJ/%W///////V//// N,
i \xW‘WiN/YW///ﬂ//Vf//JZ//////

ZZnnhnE
P NN NN
Y7 N NN Nl
\\Nﬂﬂt/ NN ﬁy/w///éﬁ :,,/i
2NN B Wik ,ﬂ,
i NN W;,f,,f/fé
R
/ﬁ a ,V/ﬁ\\\/ \5 i
X ,/,:,/,/ﬂu\\v !

N

Z/ﬂ}//wﬁhw\u«\\\\\t /

WA =Ty “\i\ /
NSeoEZZ !
NN

S B AN
R L YU

EE SR AL YA
TS 2 |

g N

L L L L
Al il @ ~
=} =) =

L
@
=}

L
w0
o

L
=
o

L
«@
o

L
o
=

— o
o

BN

=~ N\

7

Vo EEEa T s
1 5 = e

S SN NN

N
EER NN

4T I TS TS T

e

TE sos Ses e e A
s SN
S SN

f
4

LR\
WW%//N/MIVV\‘N\\: 7,
/,/I,Wl//ﬂfrrvmﬂk\
STy
D= z

01,77 .

—X

== /
N—r

e

RN

\\

IR W
17730
e
n 54? Y

N
\

Wil

A1y

W
\

/,,/Z,

~ N
u/a./ﬂ/wVw/V////ﬂ
N

AT

N
”

X\xxxww\g
x<¥\x\§\s

NN
SR
RN /7 \ //Z

U
AR

.\\\\\\\\\\\\\

ELL Y YW

TIEEZ AL N
\\\N\\\&\\\\\\\\\\\\\\\\\

\.&\\\\

= N\
=220

)
N

N

!

04 05 _06 07 08 09
t=20

03

0.2

0.1

Pl Al A )
T et o 1
L o~
. , , . , , , , , . ,
- @ o ~ © v ¥ o o < o
3 8 s s & S S8 s o



Re=400 t =20

10 °

Re=100 Re=400 Re=1000 Re = 1000

IT(by) 1T (b2)

b, by



0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Re=400 t =20

1T (p)

N > 1:5n



Re =400

t=5
t=10
t=15 t=20
t=20






X

1




































