Jougouooooooonod

ogd oo

20240 30 70

goooooooobooooOooooOooOOoOooObocOobOboOooOoboOobooOobO. obocoboooooboooooo
oobooobooooooooobooboboooboobo. obooooooboooobobooooboOooooooooon
ubobooboooooobocooboobobOo. coobobobOooOoobooboOoboOooboOobOoDbOooOOoon
ooooooooooooo.

1 00000000 bO0o0obOooooooobooog
11 DOD0OO0O0OO0ODOO0

gogboogoooboooboo

OH
OH
s 2

0000. 00000 ¢0p00000. 00 (=000)0000000000000000000O00OO0
goo.ogoobooboooobootboobooboobooboooboobooboboob. bobobooboo
goboobbooboobboobooboboobo.

gboob ¢ 0b0booo p, 00000

000.000 ¢, p03NOO0O0O0O0OO:

q=(q1, q2, .-, pan)" 4)
p=(p1, p2s - -, P3n)" (5)
0000,000000000000
A R (6)
U ar
0000.00,J0 6N x6NO00
/(0 1
J<—1 0> (7)

000000.000,103Nx3N00000000. 00 0H/0T00000000O0O0OOOO0O0OO H
ooooO0o0. 100000000 JO000000O0O0O0ODODOOOO0SDO000000O0O0O0OODOOO
ooooo. booooboooobo,0b00o0o0oobO0oboobOooboOobOooboOoDoooOooboooon
ooooooobO. cooboooobooooooOooOoobOboOoOoobooOooboooooobooOoon.



12 0O0O0OODOODOOOOO

000, 000000000000 Y00, 000000000D00000D0OD0. YO TOOODOOODO
goooooooo,roooooooobooo

OH

O
=7

(8)

ooooo. Yorooo I‘/(I‘)DDDDD,DDDDDDDDDDDDDDD,DDDDDD I’oooo
oo:

N/ 3F;
NS = ZMWPJ = Z MlJJJk 8F
j= 1 jk=1
6N 6N
oI, oH oH
= 2 Mulugrgr = 2 MiTiMugn

Gk, l=1 Gk, l=1

030000 400000ooroogoooooooooo0. 00 MO M, ODOODO. ODOOOO

oooooo,
oH

or’
oo0.00,00MOTOOIYOODOOODODODOODODODOODOOO,O0O0 (,j)00D0

= MJM! (9)

or’
Aﬂjgfarj (10)

000000.0(8) 00 (9)oooooa,
MJM'=J (11)

00o00O000o00. 0 (11)00oo00ob00000O00U00O00000O0LOO0DO,0000D0DO0OOOOO
ooooo.

2 0J0000O0ODOOoDoDbOOoOobDOon

0000 ¢+00000000 ¢(t), 00000 p()000000D00OD0OODOOODOODOO,D00 AtD
00000 gq(t+At), pt+At)D00000C0O. DO0ODODOOODOD

o]~ i) 12

00000.00 (¢(t),pt)) 0000, (g(t+ At),p(t+At) 0000,0000000000000000
0000000000,000000000000.00000000,00000000000000000
000000000,00000000000000000000000,000000000000000
00 (11)0000000. 000000000000000000000000000000000000
0,00000000000000000000000,000000000000000000000000
0. 00000000000000000000000000000000000000000000000
ooo.



21 ODO0OO0OOODOOOODObDOObOODOD

00 qO000p0000000O0O0O0OOOOOODOD A(g,p)000000D0ODOOODOOOO:

dA X (0A. DA,
i =2 (uie 3o) (1)
_3ZN: DAOH  OAOH (14)
a P 9q; Op;  Op; Oq;
3N
OH 0 OH 0
B l; (52%‘ d¢;  0Oqi 31%)] Ala.p) (15)
000,0000000 Dy O
3N
OH O OH 0
Dy = — 1
" ; <8pi 0q; 0q; 5]%‘) ( 6)
000000,000 A(g,p)000000
dA
— =DyA (17)
0000.00000000000
At + At) = ePHALA(1) (18)

gbobobooooo.
ggoogooboobboooooobboooo,oooooobbooooobobbbooooobbo. bog
OO00000 Koooooooouoo

H(g,p) = K(p) +U(q) (19)

oooooooooooboo.oooo,bcooobooooo

3N 3N
OH 0 oOH O
D=2 Gy o0~ 2= 0, o 20)

i=1
=Dk + Dy (21)

gooooboooooo. opob,0obbboooooobbbboooobbbbooooobbbboooo
go

3N

 Pon o
Dic = ; Ipi 9q; (22)
3N
L WNoan o
bu=- ; 9q; Opi (23)

gpoooo.
000000oDooooooooooooooooDo0n0 by 00000000000 D, Dy0O000O,0

o
At At
eD'H eDU > eDKAteDU > (24)

000000000000, D00000000000000000, P»000000000000000
0000000,00000 ePv3elPxAteDvS Qo000 000000O0O0OOOOD. 0000,000



00000000000000000000000000.
ePxAtoOp LrAtOQQpO00 KOOOOUOOOOOOO0O0O00000000000000000
00,00000000000000000000 (11)0000.0000,00000000000000
00000000000000,0000000000000000000000000000000000
00000000. 000000000000000000000000, ePvielPxAteDuvs npoooon
00000000000000000. 000,00 (24)00000000000000000000000
0000O000O00. 0000,0000000000000000000000000000000000

ooooo.oooo,
e~ Dnit Dyt _ Dyt ,—Dylt _ q (25)

ooooo.
000 Dk, Dy 000000 (22),(23)000,¢0 pO00000O0OOOOO:

0K

Digi= 5=, D%q;i =0, Dyg; =0 (26)
'Di
oU

Dypi = “oa Dpi =0, Dgp; =0 (27)

000 Dg0 2000 000000000000, Dy 02000 p,0000000000000000
00.000000000000000 ePxAtg PvdtnQQp ¢ pO00000000O0O0O0OOOOO:

K
Dbty — g+ 01 At (28)
P A = p;i (29)
Pty = g; (30)
ou
Pty — p, — 8—th (31)
(32)
000000000000,0000000 PAt0
1
ePA =14+ DAt + 5DQ(At)2 . (33)
000000000000,
004000 000000 p, 00000000000
N o2
p;
H ;mﬁ (r) (34)

0000O000000. 0 (4) 0000000000000 DO0000, 00 0000 p; 000000,

n+ 1 At

p, P=pi+ anj (35)
n+%
ritl = P Ay (36)
mg
nti At
prtl=pi e 4 FinJrl7 (37)

000.000,000n0n00000000000O00O0O0DOOOOOO. O (33370000000
oooobooooooocoodooooooooobooooboooobo. ooog,b00o00000a0
ooboooooobooooooobooooobobo. oo,00booo0ooboooooOoboOoobooOoooobobobDOoDon



00000000000 0000000000000.
000,00 (24)00000 M4t 0

At At
eD’H — BDK Pl eDUAteDK 2 (38)

goboobboob,booobo

i =T (39)
1

R R (40)
n+1

n4+1 n+i D; At

rit = "‘7;% > (41)

000.00000000000000.00000000,0000000000 (At/2)0000000.
0ooooooo N N
2

P(t) = % (; %(t) + ; F;- n) (42)
0000,000,000000000000000000000000000 (0000000,00000
00000000)00000000000000. 0000000000000000000000000
oooooo,opt'oo et 000000,n-3000000R+4+0000000000000000
00000 ,00000000000000000000.0000000000000,00000000
00000o000o000oooo.

211 O0DO0OOOOOOOOOOO:0DOOOO
m(J0oo0ooboobooboooboobb oboobbooboobbooboo

At At
Q= q;(t) (44)
gooo,ooood (10)|:|
9 99 1 0
M = gj gj = | oF:i(¥) At 1 (45)
9¢ 9p 0qi(t) 2
goooood. oogoouoododgod (II)DDDDDDDDDDDDD,
MJM! = OF; (1) A < > 9qi(t) 2 (46)
<3qi(t) ?t 1 -1 0 0 1
0 1 1 9Fi(t) At
= X aq’i(t) 2 (47)
OF;(t) A
<_1 3%‘,((15)) 2t> <0 1
0 1 (48)
1 —m®2 Tam
0 1
_ <_1 0) (49)
—J (50)

oobO,00000000000c00b0oco0ooboooooooon.



s00000000000000000000 OCOoOobOOoOoooooooooooon

P =pi(t) (51)
= qilt+ A= ait) + —pi 1+ 20 A 52
Q=alt+an=a+ i1+ 5) (52)
O00O0. 00000 (10) 0
2Q  0Q 1 At]_
(g )5 %) (53)
3¢ op 0 1

000000. 00000000000 (11)0000000000000,
At
1 0 1 1 0
0o 1 )(—1 0) (At1 1) (54)
ty 1 0
) ()

01 0) (56)

MJM' =

;
(&
S

gogbo,bogobodbbooboobboobuoobbooooog.

3 DO000oooooooooooooboooo

0000000000000 00000O00O00O0DO0O0O, D (2900000000000 O0DOOO
oobooooooooobooooood

_ At At
eDHAt = eDU > eDKAteDU 2~ eDHAt (58)

0oooo0.0000000000000000D0000000000, D0 Dk, Dy 000000, OO

0 A B,C,000
eftel = ¢ (59)

O0oO0ooo0oooo,000cop0g A, BOUOoOO

C=A+B+- [A B]+E [A,[A, B)] + [|[A, B], B]} + ... (60)

000000.000,([A,B]0 A, BOOOOO
[A,B] = AB — BA (61)

o0oo0oo.0oooo,Co0 A, BOODODODODOOODOODODOOODODODOOOODODOOOO.ODOODODOODOO
0(60)J00000000000000O00O00DO0ODOUO. ODO0DO,O (80000

A
GC:€2€B€

VES

(62)

o3b0ooboooooboooooo 1obooooooo,obogbooooooooooobooobOoobooo 2
O0o0o0o0ooooo0oo. bo0oo0ooUooooUooooooooooo Co

C’:A+B7i[A,[A,B]]+1—12[[A,B],B]+... (63)



00000000000. 000000000000 (B8)DoDoDoOo
DﬁAt: Dy At + D At (64)

i4 (2([DuAt, D At], D At] — [DyAt, [DyAt, D At]]}
ooooo,
Dy = Dy + D + 5= {2(1Dv. Dic). Dic] ~ (Do [Dy. DilJ} (A1)? (65)

00D0. 000000000000000000000D0000000000000000. 000000 2
000,00 (22),0 (23)00

OH 0 OH 0
DKJFDU_DH_Z@M 9qi Zafh op ~ Lo (66)
000000. Dy0 DgOO00000000
OH OH
[DUaDK]:_{ Zaqv ap} (67)
3N 3N
OH O*H OH
Dy, Dy, Dkl = : i 68
[Du, [Du, Dk]| ;;aqjapjapjaqi (68)
3N 3N
OH O°H OH
[Dv, Dk, Dk] = D DD D e v (69)

= “= 9pj 94;04; Op;

000000.0000000O000000000D. 00D0DOU0O0D0DD0U0OD0ODO (B5)DUODOoo,

on *H oH N o *H oH
Dy={ H}+ , § § § § A2 4+... (70
n=tH < 0q; Op;Op; dgi = < Op; 0q;0q; Op;i (89) (70)

000.0000 Dy 00000000D0000D000O0O00. 00000,0000000 (2490000
ooobDoooooooooon

3N 3N 3N 3N

OH O*H OH OH O*H OH
H= H+— — - — At)? + .. 71
Z Z < 0q; Op;Op; 9 2 z::l 9p; 9q;0q; Op; (B9 )

0000000000000 000000000000000000. 00 AHOOODOOOOOOOOOO.
ooboooooboooooobooooooooo,ooooooooooobooooooo. bbooo,0b0ob00oon
goooo0o0ooOo0oOoUoUL0UUUUU. D000 UL0UDULODUL0 HOoDODODDODOOODOODOOO
ooo (At)QDEJEI[IEJEI[I.EI[I,DDDDDDDDDDDDDDDDDD[I[I,’FLEIDDEI[IDD[IDDD
oooo,000000000000o0o000oooc0oobooooobooooboooooo0ooooboOooonn.



4 0O0O:00000
41 00O0O0ODOODOO0OO0OO00O0OO0OOODOOOO00030000000000

0(62),0 (63)000000,000000000000D0OODO (BCH)DOODODDO,00000O0O
J00oooo

0l0000oooooboboobo.oobo

0000000 bDOoDOOODO. BCHOOOOOOOO

1 1 1
D= A+ B+ (A B+ (A [AB]| + 5[4, B, B]

1
4 48 24

goood. ggo

O0O00,0000 BCHODOOOOOO

A 1 1 1
C=D+—=+-[D,Al+ —=[D,[D,A]]| + =

5 71 2 sl Al Al

oobo.oooooooooocooon.

D, A] = %A+B+3[A,B]+i[A,[A,B]]+ A,B]B), A

1
48 2l
= S AL+ (B, AL+ A, BL A+ 1A, [4, B]L A+ o [[14, B, B, A

1 1 1
=B, Al + 714, B, Al + £ [l4,[A4, Bll, A + [[[4, B], B], 4]

D.[D, Al = |54+ B+ 1[4 B]+ (A [4 B + 5;[[4, B B,
(B, A+ 1114, B], A] + < [A,[4, B}, 4] + 5_[[[4, B], Bl, 4]
= A1, Al + B,[B, A] + 1[4, BL, B, A]
1 1
+ 4—8[[A, [A, B]], B, A]] + ﬂ[[[A, B],B],[B,A]] + ...
(D, A4}, A] = {18, 4]+ 1[4, Bl, A + 1[4, [4, B, 4] + 5 [[[4, B), B, 4] A



000000 [4,B)=-[B,A|0000,00000000000

D,4]  =-[A,B] - ;[A[4,B]

(D, [D, Al = ~ 5[4, [A, B + [[4,B]. B] + ...
D, 4], D] = [4,[4, B] +

gogboodgobo.obooon

C:%D+§—%[D Al + 52D, [D, AL+ 11D, 4], A
1 1

— v B+ B LD DAY+ (DAL A
+%A

1 1
sp{-am-aam

D

+ L {—;[A, 4, B]] + [|A, B], B] +}

4—4%8 [A,[A,B]]+...}

—A+B- im, 4, B]) + %[[A,B],B] 4

oobooooooon ) )
=A+B-—[A|AB —I[[4,B],B] + ...

gobooooboog.

42 Dy0 DxD0OO0DO0D0O0O0

0000,Dy0 Dxk0O0OO0D000 (67), (68), (69)0000000000. 00000000000000
0000.0000,00000000000000000. 0000000000 4§,00000000. 0

oo000ooooO Dy, Dk 0OOOO

OH 0
= 0, HO,,
Z apl 5’(]1 PzH qi

oOH O
Z dq; Opi 00y,

ooboo.0ooooooboboooooooboooooooon:

OF 0G  0OF 0G
15 G = Z: (8% Op;  Opi aqi) = 00l Op G = 0y F 00 G

{ ) G} - ap::Gaqqz - 8(17‘,G8p71




ggbooboboobuoobbooboobooooboooboo:

3N
OH OH
[DUv-DK] = _{ s } :_{ 78%7{8171‘%}
~ 0q; Opi
3N 3N
OH O*H OH
[DU’[DUPDK]]_ { ’ ;;%Waq?}_ { 78%'7'[8171'17]‘%8%%}

3N 3N

oH O*H OH
([Dv, Dk], Dk = { : ZZ%M%-}: {0, Hy g, 1O,y H}
J J J ?

i=1 j=1

421 [Dy,Dg]0O0O

[Du, Dk]= [_aqz"Hapi’aijHaqj]
= (_aQiHapi)(aijan> - (aijalb')(_a‘IiHapi)
= =04, HOp,p, HOy; + 0p, HOy, 4, HOp,
= =04, HOp,p, HOy, + Op, HOy; ¢, HOp,
= —0p, (0, HOp, H)0y, + 0y, (0q;HOp, H)0p,
= { 78%7-[81)]‘%}

oo3000040000 10004 j000000000000.

422 [Dy,|Dy,Dg]]000

[DU, [DUvDKH = [_8qu8pkv (_841'7-[8171')(817]'%8(]3') - (aijOQj)(_aQiHapi)]
= (_8%%8;%) [(_8%'%8171')(8173'%8%) - (8173'%8(1;')(_8%%6171)]
- [(_8%%8%)(61);'%8%) - (aijan)<_aq1H6pi)] (_6QkH6Pk)

oooooo.ooooooo,

0100 = (8qxcH8pk)(aquap )(aijan) :(a(IiHaPi)(a(IjHapj)(aPkHan)
0200 = _(aquapk)(aijaqj)(8qu8pi): _(8qu8pi)(8ij6qj)(8qu8pk)
0300 = _(aqz'Hap )(aijan)(a‘H Hapk): _(aquapi)(aija‘Ij)(anHapk)
0400 = (81717'[8%)(6q17'[api)(aqk%6pk) :(8piH6qi)(aquapj)(aquapk)

oo0.0oooo0o0o0ooooo00,000000 e, j,k0000000000DOO0O000ODOOOOO, O
ooooooooooboob. bob 20000 300000000 0O0O00OO0. ODO,0000D000O
ooooo.

10



m0100

(0, HOp, ) (0, HOp, ) (Op, MOy, ) = (g, HOp, ) (0, HOp, p, 1Oy, )
= 04, HOy; HOp, (Op,p H) Oy,
= 04, HOq; HOp,p,p, HOq,
= g, HOq; HOp, Op,p, HOy,
= Op, [0q, HOp,p, HOq, M| g,

00,000000000 0,40 9,,H000000000,HO0OOO p;, pj,pe 00000000000
0oOo00o0o00oooooo.

m] 200

*(847‘,7{6:01:)(aijaq;')(aqxcHapk) = - (6117‘,7{61’1‘)(aij6Qj‘1kHaPk)

- = aQ'iHapipj HanQkHapk - 8%‘%6173' Ha‘ZijHapipk
B an [6qi7'[6p¢pj Ha‘lj H] 6pk + 6‘1k‘1i7—[apipj Han- Hapk
- aQiHapj Haij%HapiPk

20000 30000000,200 1000 ¢;0000000000000O00,00000000000
ooooocooboooobo.ooooon

0200 10 = —08y, [0g, HOp,p, HOg, H] Oy,
020020 = 8‘1inHapiijaquapk
0200 30 =—0y,H0p,;HOy;q, HOp,p,

ooooo.
w300

_(3111'%8171')(aijaq]')(a%Hapk) = - (aQiHapi)(aij8QJQkHapk)
= = 8111‘%6:01'173' Ha‘]ijHapk - 8(11‘7_[8;0]' Ha‘]j‘]k%apipk

gogb.obooooboooboo

030010 = _aquapipj Haq,i%Hapk
0300 20 = =8, Hdy, Hdy,q. HOpupy

ooo.o0300100+:0j000000000000,

0300 10 = —8,, HOp.p, HOy g HOp,
= —0q;HOp,p,H0q,q, MOp,  (i0 j000)
= _8QinH8PrinHaq;'Hapk
=-020020

0b0obO0o0 3001000 200200000000000000.
w400

(8171-7'[8%)(aquapj)(aquapk) = (apiHGQi>(anH8(JkHapjpk)
= Op, HOy;q; HOq HOp,p,, + Op; HOg; MOy q, HOp

11



gob.boooboooobgo

040010 =8, Hyq,HOg, Hp,p,
0400 20 =y, HOy,Hq,q, HOp,p,

ooo0.0oo00,0200300¢4 4000000

020030

— 0y Hy, MOy, g Hpp,
— 0y, MOy HOyyqu MOy p (10 jOOD0)
— — 0, MOy, HOyyq MOy,

=-0400 20

0000 2003000400 200000000000000.00,03002004, 0000000
j,k000000

030020 = —04,HOp,HOy,q, HOp,p,
= —0q;HOp, HOg,q, HOp,p, (10 jO0D0)
= =04, HOp,HOy,q;HOp,p, (70 kO DODO)
= —0p,M0q,q, Mg, HOp, p,
=-0400 10

oooo 3002000400 100000000000000.

» [Dy,[Dy,Dg]]00000000 OO00O0D00O0D00O0D000,010000200100000000

[DUa [DU’ DK]] 8pk [aQiHapipj /Haqg' H] 8% - 8% [anHapkpj Haqj /H} 81%
8Pk [8qu8piij8qu] BQk B 8% I:aquapiijafbH} apk

{ ) 3‘1;‘ Hapipj Ha(h‘ H}

Oo0000. 10000 2000000000,2000000000 4, k000000.

423 |[[Dy,Dx),Dk) 000
[DU,[DU,DK]][II:JI:I[II:JI:I[IDDDDDDDDDDDDDDDDDDD.

12



