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1.2 JOodooboood

0003000000 #1,20,2s 0000000000000000 30000 1, 2,43 O
sin(y;) = ysin(x;), =1, 2, 3 (1.2.1)

oooooboooboybOO0OO0O0O0O0O0O00DO0O0O0 0, £1 00000000000 DOOCODOOOOOODOOOOn
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obooobOobooobooboooobOoboooobooboooonoo

[cos(y1 — ya) — cos(x1 — x2)][cos(y2 — y3) — cos(w2 — x3)][cos(y3 — y1) — cos(w3 — x1)]

O00ooooo X [sin(yr + y2 + y3) — ysin(x1 + z2 + x3)]

— [cos(yr + y2) — cos(z1 + z2)][cos(y2 — y3) — cos(xa — x3)][cos(ys + y1) — cos(xz + x1)]
ooooooooo X [sin(—y1 + y2 + y3) — ysin(—z1 + z2 + x3)]

— [cos(yr + y2) — cos(x1 + z2)][cos(y2 + y3) — cos(xza + x3)][cos(ys — y1) — cos(xz — x1)]
oooooon X [sin(y1 — y2 + y3) — ysin(zy — 22 + 23)]

— [cos(yr — y2) — cos(x1 — x2)][cos(y2 + y3) — cos(xza + x3)][cos(ys + y1) — cos(x3 + x1)]
00oooooo X [sin(y1 + y2 — y3) — ysin(zy + 22 — 23)] = 0. (1.2.3)

goooboboooobbooobbbboooobbooooobLbboooub bbb booboo
oooooOobo0ooboOoboo0 280000000D0O0OOODODOOO1I000DUOOOODODOOO
oooooooboooa
4000000000000 0D0O0Db0O021,20,23, 24 0 40000000000000O0OODO 4000
0 y1,92,93,94 0000000

sin(y;) = ysin(z;), =1, 2, 3, 4 (1.2.4)

doboodddooboboodoooobooooooo b oo bO b0 ooooooboono
O = cos(y; £ y) —cos(z; £2;), i, j=1,2 3,4 0oooo (1.2.5)
gdoboodouooooouoooo
Cl 0 el el Ol ) [eos(yr + o + s + ya) — cos(wr +wa + g + )
—cF ooy el el O leos(—y1 + vz + s + ya) — cos(—z1 + x2 + x5 + 24)]
—C’S)Cg)Cﬂ)C’g)CQ(I)CP()Z)[cos(y1 — Yo + Y3 + ya) — cos(x1 — T2 + 3 + T4)]
—01, 1 O 05 €57 €5 eos(yn + ya — ys + ya) — cos(ar + 23 — 25+ @4)] .
—01 Ol P08 C5Y 5 [cos(yn + 2 + ys — ya) — cos(ay + xa + 353 — 24)] )
—i—Cl(;)C’S)CS)CS)C%I)C&)[cos(y1 + Yo —ys — ya) — cos(z1 + o — T3 — T4)]
JrCS)C’fg)C’fI)Cg)CéZ)C’s(,jf) [cos(y1 — y2 + y3 — ya) — cos(x1 — @2 + 23 — x4)]
+C PPy o Ol feos(un — o — ys + ) — cos(ar — w5 — w5+ 24)] = 0

obOoo0ooooooooboooobOonoobOobobOobonon s2428800000000D000O0ODOOO
goooobooooboobooobooogoboobooooboooooboobooboobooboobbobobobo
b0 ~rO000000O0O0OOODOOOOODOODOOOOODOOOOOOODOOO0OO
00000000000 Maple 10000000000 0O0OO3000000 (1.23)000000000O
0000000000000000000000000000004000000 (1.26) 000000000
gooobobo0ooboobooooooboooobobbooooboooooboooo
oooooooobooos0b0b0oobODObObObOOoDbO0O N-DDODODODOOOooooooOOoOoDbObOooo
OO000000ODO0O0O000s50000000000 MapleOOODOOOOOOODODODOOOOOOOO



goboboboooobooooooOooboOoooobooobooooooooooooooooOoboOoobbooobooo

oboooboooobooboboooboooooboooooboooobobooboobobobobooooOooDo

ooooooboooooooooon
gbobooboboooooboooobooboooobooooboOoboooobooboooobooono

1.3 O0oOOoon

00000000000 00000 modified Korteweg deVries (mKdV) 0000 3-0000000000
000000000000 0OO0OooUoo [2,3,4,5\00000000000000000O0OO

1.3.1 000000

oobo20000000 0, jOODODODO ¢,; D000O0O0OOOOOOOOOODODOOO
A Tan™ (¢ ;) = A Tan ™! (6,,5) (1.3.1)

DoooooooooAl? 000000000AYf; = (fj+1—f;-1)/2000000000000 2000
000000000000 », j00000000000000000000000000000000000
000,y 000000000000000 000000000000000000+10000000000
0000000000000 v#£0, 410000000000y >100000440000 ¢00000
00r0 ;0000000000000 |4<1000000000000000000000000 (1.2.2)
000

0<y <1 (1.3.2)

obooooooooogo
Obo00oooo0o0oboOooooo0ooon0og,; 00 f,; 000000

Tan ™! (Yon,;) = 2A§C)Tan*1(fn,j) (1.3.3)

0000oooooooooo (1.3.1) 0

() c
A fnj B Agz)fn,j Y
=7 _7¢n7j (134)
1+ fojsifni— 1+ fag1,fn—1; 2
goooooo
0000000000000 000000000 00000000 Ty

cosf - fpj —sinf

1.3.
sin@ - fp j + cosf (1.3.5)

In,j = To(fn.j)
0000000000000f,; 0000000000000 g,; 0000000000 7,000000
To,To, = Tp,10,, To=1, T, ' =Ty (1.3.6)

gboooboooobooon



1.3.2 0O-00000

000 (1.34) 00000000 f,,=Z=explkn+wj+46)00000000000000O0O0ODOO
sinh(w) = ysinh(k) (1.3.7)
OO00o0D000 mKdv OO 1-00000D0
¢n,; = sinh(k)sech(kn + wj + 6) (1.3.8)

0000000000k w, §000030000000000001/k000000000000-w/k0O
0000-§/k000000000000000004000000000000000000000000
000 w/kDO (1.37) 0000000000 Ow/k=Sinh™![ysinh(k)]/k 0000k 00000000000
000000000000k D000000000000000000000000000 00000000
0000000000000000000000000000000000000

1.3.3 0U0o0OoOouoodogoboo

000 (1.34)0 f,; 00000 fo; = F;/Gn,; 000000 F, 41 =exp(+£;)F,, 00000000

gooooo
sinh(D;)F -G B sinh(D,,)F - G (1.3.9)
cosh(D;)(F-F+G-Q) _Wcosh(Dn)(F~F+G~G) o

ooooooooooop;, 00000000400

sinh(D;)F - G = Fsinh(9; — 9,)G (1.3.10)

ooooooooooD 10000 f,; 020000 F,;, G,; 00000000000000000000
000000000000000000000 (1.3.9) 0

sinh(D;)F - G = ysinh(D,,)F - G

(1.3.11)
cosh(D;)(F - F + G -G) =cosh(D,)(F-F+G - Q)
20000bbobboooooobobbooo
O000F=Z=explkn+wj+J), G=1000000000 1-00000000000O
1.3.4 2-00000
2000000000000000 (1.3.11) 00
F:Z1+ZQ, G:1+A122122 (1312)

O0000000Z; =explkint+wij+9d;), (i=1,2)00004,,020000000000000000
00000000 (1.3.1)000ooooooooo

sinh(w;) = vysinh(k;), i=1, 2 (1.3.13)

goooao
cosh(w; — wy) — cosh(ky — ko)

Ag = —
12 cosh(w; + wy) — cosh(ky + ko)

(1.3.14)

good



1.3.5 3-000dn

-0000b0obcoboooobd2-boboboboooboooobooboboboooboo2-0000000o
oboocobOoboooobobooobOoboooobobooooboobooooboboooo

F=7142Zy+4 Zs 4+ A12321 7273, G =1+ A1921Zy + As3Z5Z5 + A31 7237, (1.3.15)

00000000 Z; =exp(kn+wj+6;), (i=1,2,3) 0000 Ara, Ags, A5 0000002000000
D00000A, 03000000000000000F0 Z0OOOOOOOOGO Z0oO0OooooOoo
0000000000000000 (1.311)00000000000000000

sinh(w;) = vsinh(k;), (i=1, 2, 3) (1.3.16)
goobooooooboooooon

Ar23Py — A1aP3 — Aoz Py — A1 P, =0 (1.3.17)
gooooooooon

Py =sinh(w; + wa + w3) — ysinh(ky + ko + k3)

( ) (
Py =sinh(ws + w3 — wq) — ysinh(ky + k3 — Ky
( ) (
(

k1)
(1.3.18)
P, =sinh(ws + wy — we —’ysinh k‘3+k‘1—k‘2)
P3 :sinh(wl —+ wo — (.A}3) — ’)/SiIlh kl + kg — kg)
obooobOobooobooboob 2000003-00000000000
s _ cosh(w; —wj) — cosh(k; — kj)
" cosh(w; + w;) — cosh(k; + kj)’ (13.19)

A123 = A12 A23A31

00000000 3-00000000000000 (1.317) 000000000000 000000w; =
v=1ly;, ki=+v-1lz;, (:1=1,2 3)0000000000000000000000O000O00OOO0O
000000000000 00o0o0oooUo0ooUo (1.23)00000

1.3.6 4-00000
do000odoo 400000000000 bbobooooobobooooooa
F =27+ 2Zy+ Z3 + Zy + A12321Z2 23 + Ag34 227374 + Aza1 Z3 2471 + An12Z4Z1 23,
G=1+A12175 + A1321 73 + A14Z1 74 + An3ZoZ3 + Aoy Zo Zy + AzaZ3Z4 (1.3.20)
0000000000000 00000D000000000 4 A93421422324,

00000000000Z% =exphin+wj+6), (i=1,2 3, 4000000 (1.311) 00000000
0000000000000000

sinh(w;) = vsinh(k;), (i=1, 2, 3, 4) (1.3.21)

gobobOooboooooobobooooboooboooooooboooooooboooboooooboOoooos
00000000 (1.3.17) 000000008 U00U0O00UO0DUOO0ODLODOOUOOUUDOOUOODOO
obooooboobooooboobooobooboboooobs3-obooobo4-0b00bOobOoOoOobOobooboon

Aoz = A19As3A31,  Agzy = AxzAsgAsa, Asqr = Agg Ay Arz,  Agip = Ag1AipAgy, (1.3.22)



An23s = A12A13A14 423 A24 A3a (1.3.23)
0o00000002-000000000 4,;0 (1319 00000000000000000 (1.3.11) O
20000000000

A1234Q0 + A123Q4 + A234Q1 + A341Q2 + As12Q3 + A12A34Q12 + A13A24Q13 + A14A23Q14 =0 (1.3.24)
oo00oooooooooo
Qo = cosh(§2) — cosh(K),
Q; = cosh(f2 — 2w;) — cosh(K — 2k;),
Qi,; = cosh(f2 — 2w; — 2w;) — cosh(K — 2k; — 2k;),
2= Z?:l Wi, K= Z?:l ki,
0000000000 -000000000000w; =v—-1y;, ki=+V-1x, (i:1,2,3,4)|:]|]|:|[]

0000000000000 0000000000000000000UO00D0O0O0O0oDoOO (1.26)00
goo

(1.3.25)

14 N-OOOODODOOOOO

oooooo0o0o0oD N-ODOOOODOOoOoOoDoooOooobooo F, GO

= Z Z Ai17127"'7i22—1Zi1Zi "'Zigg,l

2U—1<N l (1,2, ,N)
=1 (31,42, +120—1)

(1.4.1)

G =1+ Z Z Ai17i27"'7i22Zi1Z’i2 o Lig,

2(<N [ (1,2,--,N)
=1 L (i1,d2, ,i20)

000000000001000000000 4, 001-0000000000000000000 4 =10
00000000000000 2 0000000Z; =explhintwij+6;), (i=1,2,---N)00O000O00
000000000000000000 (i,4,--,i) 000000 (1,2,---N)O0O00 20—10000
0000000000000000000000000000000000000000

00 F, GOO (1.4.1) 0000 (1.311) 00000000000000000000 200000000
0 A;; 000000 (1.3.16), (1.3.19) 0000000000000 03- 000000000000000
oooooo0oo

£—1
Aiy iz, ie = |:HAik;i£:|Ai1;i27"';iZ—l’ (0=34,-- 7N) (1'4'2)
k=1

ooo0ooooo0oo0o0oo0n0A;,,,,.;, 000000000000000 200000000000
gbooobooboobobbooboobooboobobboobooboo

1.4.1 0O0OO0OO0OO0OO

00000000000000000000000000000000003-000000000(1.3.11)0

0000 %4%,7Z;00000000000000004000000000(1.311) 00000 212,732, O
000000000000 00000000000000000000000 N-OOOOOOOOONODO
0000000000000000000(1.311) 000000000 4,%,---Zy 00000000000
0DO00o00oooon
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O0o00ooooOooN=2n-1, (n>2)0000(14.1)0 F, GOOOO (1.3.11) 000000000
Z1Zy--- oy, OO0O0O00O0O0O0O00OODO

n—1 (1,2, ,2n—1)
Avz, on-1Py =) > Ai g, sines AT ige s i vinen | = 0 (1.4.3)

£=1 L (41,12, ize—1)
oood
Py = sinh(£2) — v sinh(K)

Py, =sinh(2 — 2w;; — 2wy, - - — 2w;,, ;) — ysinh(K — 2k, — 2k;, -+ — 2k4y, ) (1.4.4)

8201
Q=" K=Yk
000000000A0000000 4,49, 421 00000 (1,2,---,2n~-1) 00000000 (iy,42,- - ,i20_1)
000000000000000Ay=A423..2n-1, Ayg=As4.. 2.1 00000
(14.3)00 (1.41)00 FOOODDOO ¢000000D0D0DOO0OO0OGO ¢000000 ZOOOOOOO
717+ Zopy 0000000000000 0O0ODOO GOOO 0000000000

(1,2, 2n—1)

Z AMAZ&JQ’“.’i2£Pi171'2)...’1'2[‘| =0 (145)

(31,42, ,i2e)

n—1

A2 on—1FPo +
)

=1

000000000000 (143)00000000000000000000O000O00O0O0O((1.4.3)00 (1.4.5)
goooo 200000

| =2 (1,2, ,2n—1)
Avg o1 FPo + 5 Z (=) l Z Airyig, i AT Pin o, ,u] =0 (1.4.6)
=1 (1,32, ,ig)

00000000000000000000000000O0¢=n—p, (p=1,2,---n—1)000 £=n+p—1
000000000000000000000000

n—1 (1,2, ,2n—-1)
A12f~2n—1fb4-§:(—?£[ > fhhuf~JzAh¢%n,uf%hwy~¢4 =0 (1.4.7)
=1

(31,02, ,i¢)
gddooooooooobooobooooodobooooooooooboooooobooobooooon
odoooooon

143 NUOOOODOO

000000000000000000N=2n, (n>2)0000(141)0 F, GO (1.311) 00000
00000Z1 %%, 00000000000

2n—1 [ (1,2,+,2n)

1
A, Qo + 5 > > Aiis i A Qinin e | =0 (1.4.8)

£=1 L (i1,i2,,ig)
gooooooo
Qo =cosh(£2) — cosh(K)
Qi g, iy =C0sh(£2 — 2w, — 2w, - -+ — 2w;, ) — cosh(K — 2k;, — 2k;, -+ - — 2k;,) (1.4.9)

Q = 21221 Wi, K = Zle ]i)z
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00000000 (148)00000000000¢6=n—p, (p=1,2,---,n—1)000 £=n+p0000
00000000¢=n0000000000000 (41,d2,-+ ,4,) 000000 (31,42, ,i,) 00000
O0000000000000000

(1,2,--,2

QnQO + E E Au i2," Azl,ZQ, . ’”Qzl [P )

(31,02, ,ir)

(1,2, 2n)

+ > Ay g sin A Qi iy = 0 (1.4.10)
(21,82, 40 ) Z (11,82, 4in)
oooo
(14700 n=20000000000000000000 300000000000 (1.3.17) 00000
D0O0(14.10)00 n=2000000000 400000000 (1.3.24)00000000000000
00(147) 00 n=10000 1-000000000000000000(14.10000 »=1000000
0ooooooo

1.5 0UOO0O4dd

0000000 mKdvOOOOOOOOOOOOOODOOOODOOOODOOOODOOOOODOO
ooboooboooooooooooo 3,4000b0oooooooooOooooooDooooooooon
gboboobooobooobooooboooobooobooooboobooboooobooboooboOoobo
obooobooooobooobooooboboobooboobooboooboobOOobobooboooOobooOoOoDbn
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[1] Maple is the registered trademark of Waterloo Maple Inc. (Canada).
[2] R. Hirota: Discrete Analogue of a Generalized Toda Equation, J. Phys. Soc. Jpn. 50,(1981), 3785.
[3] R. Hirota: Direct Method in Soliton Theory, (Iwanami Shoten, Tokyo, 1992) [in Japanese].

[4] R. Hirota: Nonlinear Partial Difference Equation I-V, J.Phys.Soc.Jpn. 43, 1423, 2074,2079; 45, 321; 46,
312 (1977-8).

[5] S. Saito and N. Saitoh: A Characterization of Discrete Time Soliton Equations, J. Phys.Soc. Jpn. 70,
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000000000000 000000000000000000000L00U0o0oUOoOoUOoOO)O
gboooobooobooooobooobobobooooboobooboooobooooboooDooboboobooooDbo
00000000000 0000000000000 000000o0o v) 000000000000 0OO
gboooboooboooobooboobooboobooobooooboobOoooobooboooboOobooOoOoDbn
obooobooboooboooooboooboooboobooobooooooboooboooooboooboooOooDn
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0000000000000000000MO000ooo¥ 0000000000000 0onooonoo
0000000000000 000dOv) 0000000000000 DO0O0OoOoOOoUO

25 OOO0OOOO

0000000000000D000D000000000000000000000000D0000000O0
0000000000000000000000000000000000D00000O00DO000O0000
0000000000000000000000D000000000000000D000D0D00D0D0000
0000000000000 000000D000D0000000000000000000D000D00000
00D00000D0DOO00DO00D0O0O0D0DO00DO
O000dt0D0000000000D0 PtO0OD POt0ODOO0O0OODODOOOODOOOTOOODOOO
000000 N[T7'] 0 Poisson 00

(2.5.1)

O0OONDOOOO NOODOO
N=> NQ(N,P,T)=PT (2.5.2)
N=0
00000000000 0000000000000000000000000 ¢0¢t+dt00000000
00 I(H)dt00000I(t)dt = (1 — Pdt)/*Pat 00000

I@%:ﬁg#%l—PﬁY”ﬂ:Paft (2.5.3)

D000000000000000000000000000000000T00000000 L(T)0000
LGU:/ I(t)dt = e FT (2.5.4)

oooo

0000000000000000000000000000000000000000000000000
000000000000000000 POOOOOOOOOOOOOOOOOOOONONOO0ONONO000DO
000000000000000000000000000000000000000000 Plday™!] = 39/90
000000000 NOOODODOOOOOOOO0O00000000 Plmin~!] =39/(9x24x60) = 3.01 x 10730
000 (2.5.4) 000 L(422) =exp(—3.01 x 1073 x 422) = 0.2810 000 0000000000000000
000000000000000000000000000000000000000000000000
00000000000000000000000000Pmin~! = 47/(2 x 24 x 60) = 0.01630 000
L(422) =exp(—0.0163 x 422) = 1.03x 1030000 L(422) 0000000000000000000000
00000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
ooooooooooo.
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0<C <1, 0<Cy <1, Cr+Cr=1 (2.6.1)

oooobooooobo NODOooooooboo

N, = P\T, Ny = P,T (2.6.2)
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C1Q(N, Py, T) 4+ CoQ(N, P, T) = Ce™™ Tlv + Coe N2 ﬁ (2.6.3)
000000ONDOODOD
N = Cy Ny + C3Ny = 23.24 (2.6.4)

000000 (262)00007T=10=2400 =144000000
000000000 Cy,Cy, Ny, N, 0000000 (26.1),(264)0000000000000000000
000000000 2000000000000

Cy =059, Cy =041, N; =288, N,=15.24 (2.6.5)
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_ 288 _ 1524

Ny==7 =172 Np=—— =38l (2.6.7)
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() 01P1+02P2 ( )
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Ph=— P=-—=000 2.6.
1 Tv 2 T (69)
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