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We review some of the major achievements in celestial mechanics and dynamical astron-
omy in the 20th century to look for their new directions in the 21st century.

200000000000000021000000000O000DOOO0OOO0O0OOOO0
000ooO0oooooooooooobooOoobooOoooooOoooooag

0. OO

gdbbooooooboooooboboooobooogbbooUo 20000 ooO
gooooboobbooobooobboooboooboobboobooobooboooboobo
gnNoooooooobbooooooooooboooobobobbooobbooo2rbbboo
goooodboooboooo NOOObooobobuouobo2o000obooobbooboo
2100000000bo00bboo0bDbbOobbODo0bLO Do booobo
gbbooooooboooboooboooboobooobobbobobobooboobooo
gooooboobbooboboboobooobooooogbboooooboobbooobooo
gooooboobobooboooboooboobobooboboooboooboobbooobooo
gbod2rogooooooboboooobooboooooobooobooobobboboboon
gbooobooobboouooooboobooboobooboooobOoo oo oobooog
gbooobooobboobbbzr1oooboobbooobooobooobooboo 20000 Oon
gob2r10bobogooobooobooooobobooooboooboboobbooobboooo
gobooooboboboooobboobobooobobboooobbooooobboooobboooooo
gooooboobboooboobooobooboobboboboobboobboobooo
goooooboobbooboobooobooboooboobboboboobboboboog
gooooboobooobooboob bbb bDoooog
gobooobooboboobooboboobooonboa

000002 0000000000000000DODO0O0OO0O00OOUOOO (DbDObDoOoo
000000000000 MO0DO0o000) 0000000000000 0000DO00OKAM
UboooooobOobAuvbry-Mather 1D OO D0ODOO0OOOODOOOOOOODOOODOOODO
goboooboobboooooobobobooboobbobobooboobboobooo
gooooooboooboobobooobooobboogU21boooboooboooo
gboooooooobooboobboooboobooooobobDoobDooboobooo
gbbooogboboooboobob2rbogoboobooboobbobbO0dULyapunoy O
gooooboobboooboboobobbobooobooobooboooboobooobooo
gboobooboobobobdoooboooobooboobobborkKAMODDDOODOD
gooooboobbooboooboooboobooobooboobboobboobono
goboodoboobboooboooboooboooboobbooooooboobooobooo
gopoooobooooboooon



bbb oooooboobobbooboobooobbbooboooboooboooboo
gbboooboboobooobooboobboobbooobooboobooobDooboobooo
gogbooobobobooobobobobobobobobobobobobobobo
gogbooboobobobobobobobobobobbbobobobobobobobo
gbbooogoooobooboobboobobobboobboobobobobDooboobooo
00000000000 000000000 (http://th.nac.ac.jp/ tanikawa/) OO O OO0 OO0
gooobuoooooooooogoo

1. 2000000000000000

1.1 Ooood

O00000019000000000 (Peincaré) 00000000 D0O00O0ODOOOOOOODO
g0o0oooOoooO0o0Oo0oOooOooOoooOOo0OoU0oOoooDooOoboOoOooOooo
gogbobobouooboboboboboboboboboboboobobobobo
gooobgboobobobooobobobvyoboooobooboooooboboooboobo
O0o0ooO0oopoooOooOooOooOooOoOooOOoOoOo0oOooOoOooOOoOOoOooooboooo
0000 (0O0)0o0oooDoOOvOO0ODODOODOoOoOOOO0OoOoDoO000oooooooooo
0000 (Lyapunov, 1892) 0000 000000000 DODDOO0OOODODOOOOODOOOOO
OO0000000oOoOooo0oOooOoooooooooooOoooooO0oOoOooobooOoon
gbooboboobobobobobobon

o0000boboboobdoobo0boboboobooboboboboobOobo
oOooooooOoOoOoO0o0oO0oOooOoOooOO0Oo0oobOOoOoOU0OOOOoOoboDoOO
gobobooooobobobobooobouoobobobobOdsiegelUDODoooonDo
0000000000000 0000D0D0DO0000OChazy (1922) 00019400000 1960
000000000000 00000000000000000 (Hagihara, 1971)0

gooobooboobooobooobobobobooboboboboo vyooouoooooboo
gbodb20bobobogboboboooboobobooobobooboooobobooobobo
(Hirayama, 1918) 00 000000000000 000COOOOOOO0OO0OCOODO.

gbobobooboboboboboboooboboboboobobobobooboboooo
gbgbddbobobobouooboboobodboboboboboobowsrooobobo
000000000000 OKozai (1962), Hori (1966, 1967, 1970, 1971), Kinoshita (1977) O O
0000000000000 DDODO0O0O0DDDODOD0O0ODDDDOODOOHer (1966) DODODDO
gogbobobobobobobobobobobobobobbobobobobobobo
Yoshida (1983a, 1983b) 000000000

uodoboogooooobooboobooobobbobbooooboboobbo-bobobo oo
o0o0oooopoOoOo0o0oOooOoooooO0OoooooooooOooooooboooon
OgoooOoooOoOooOoOooO0ooOoOo0Oo0OoOOO0OoOOOoOoOOOOoOoOooOOOoOOo
goo

20000000000000000000O0O0000CO0OO0 KAMOODOOOOOCOOOO
200000001970 0000000000000OOOOOO0ODOOO0OOO 2000000
gogbgoobotooooooooooooooobooooboooooobobobobobo
O0o0oOoboooooooooon



000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000 OHénon & Heiles
(1964) 0 1960 0000000 KAMOOOOOOO0OO0O0000000000001980000
000 Wisdom (1983) 00 000000000000 0000000000000000O0
00000000000000000000000000000000000000000000
0000000000000000000200000000000000
0000000000000000000 00000000000000000000000
1970 00000000000000000000000 Hagihara (1970, 1972, 1974, 1975, 1976a,
1976b) 00000

1.1.1 20000000000000

voodoobdoooooooooooooobooooobooooooboooooooo
O00O0O00ODDOO0OD0OO (Whittaker, 1904) 00000000000 0190000 Painlevé
(1895) 0000000 DDDODODDODODODODODDODOODOOChazy (1922) 000000000
000000000 000000000000 199000 Xia (1992) 00000000000
1960 0 00O DO Sitnikov (1960) OO0 00O OO O Alexeev (1968a, 1968b, 1969) DO OO O OO
O0D00000000D000Xia(1994) 0000000000000 000O0OOSiegel (1941) O
gD oboboobo
00 (Merman, 1958; Hilmi, 1961) 000000000000 000CDOOO0O0OOOOOOOO
dddooooooooooooooooooooooooooooooboooooooood
(escape) 00 OO 0O0ODODOOOOOOO

Saari (1971) 0000000 NOOODOOOOODD1974 00 McGehee (1974) 00000
doodooooooooooooodododdMoeckel, Simo, Devaney [ [0 McGehee [ [
0000000000000 D000DO00000000000000000D00D0D0O0 (Tanikawa
et al., 1995; Umehara, 1997; Zare and Chesley, 1998; Umehara and Tanikawa, 2000; Tanikawa
and Mikkola, 2000a; Tanikawa and Mikkola, 2000b; Tanikawa, 2000) 00000000000
ooooOoOooDoObOOOOO00DO00o0ooooOooOUbboboOoDODDDOObOOOO (oo
Marshal 1990)0 0 00O Yoshida (1972, 1974) 000 0000000COCODOOOOOOO

1.1.2 20000000000000

200000000000000000 Brouwer & van Woerkom (1950) D0 000 02000
OD0OHIOODODOODOOOODODOOODDO (ef. HIl1897) DO OODOOO0DOOOO00OO0ODO
0000000000000 D000000000000 (the great inequality) 00000000
000D DO0O0OBrouwer & van Woerkom (1950) 00000 OO0 OO Bretagnon (1974, 1992)
ooOooooo0ooobO0ooobOOooobOOoOoooO0o0oOoOoOoOoOOoooDOoOoboOOooODOODn
000000000000 0C0DO0000O000Laskar 00O0ODOOOOOOOOCDOODOO
ODOO000O00000000O000DO000D0000D000000 (Laskar 1985, 1986, 1988,
1990)0Laskar 0000000000000 Duriez (1977,1982) 0 0000000000000
o0oOooo0o0dooOOooOO00ooO0o00oooo0ooooooDooooOoooDooooOoo
O0000000D000Laskar 00000000000 OODOOODOOOOOOODODOOOODO



Milankovitch (1920, 1930, 1941) 0000000000 DOOO0O00O0O0O0O0OOODOOOOO
gooooboobboooboooboobobooboobbooboobboobboobooo
0000 (1980) 000 (1993)00000D0ODO0O000ODOOOODODOOOOOO

1.1.3 KAMUOUOOOOOOO OO0 Aubry—Mather O O

O000O0O00DDOD2000000000000000 KAM OO (Kolmogorov—Arnold—
Moser) 0000 00000O0O0 (Kolmogorov, 1954; Arnold, 1963; Moser, 1962)018 0 0 0 0O
019000000000000 LaplaceJ 000000000 DOOOO@MOCODOOOODOOO
ooooooo)boooooboobooooooooboobOoooooDODDOOobDODO
ooobOOooOooooooboooDbooOoDbOobDbOOoObOOoOoOoOoooDODOobOOooOooOooo
oobD0O0oOooDoOOoooOoboOovooboooooobbooooobooooooobOooooo
oo0o0oooobO0ooooboboooooobooobooboooooobobbooOoobOo0obOoO00On
190000000000 0000O00 (DOooOoooooOoOo)dooooooooooDood
ooobbOO0o0oooooooboboOoOoooooboooooOoOoooooobobDDoDbDOoOoOoOoOooo
ooobObOO0000ooooobOOOobOO0o0oooooobOOobO0oboooooobooOoDODbDbOOo0o0o0oon
ooobboOoOoooooobobbobobooooobooooboooDoooboooboDboooo

OboOooboDbOoooboboOoooobOoooobyoooobbooobOoOoOooDObO20000
obOo0o0d0000000002000000000000000 4500000000 1950
oooboODOoOoO0oOoooobobOOOoooooboobObObOOoOoOooooboOobDOobOooOoOoOooo
oobOOoOooOoobOoooobooboboOobDOooOoOoobObDOOoOobobObOOooooboboOoD oo
ooooooooboboOoO0ooobO0o0oooooobbooooobObobObObO000o0o0oKAMOODO
oooobbOooOOoOoOoooobobOOoOoOoOoobOoboOobObObOOoOoooooboOoDbObOOoooooo
ooobbOOoOooooobooboboOobDOoOoOooboOobObObOOo0oOoOoooOooDDbbOOoOoOoOooo
ooooooooon

ooooODDOOOO0ObOO000o0oOoooooDOoDbOOo0o0oO0n0ODOODDODODO 20000
ooo0bObOO00o0oooooOobboOoooooooOobOboOoOoooooboobobOooooOooo
ooooOboOO0o0oooooobooOobObOOoboooooooooboooobooObOobOoDooooo
OO0 (Arnold, 1964; Nekhoroshev, 1977) 000000000000 DOO0O0DOOO0OOOCOOO
ooobObOO000oo0ooooboObObOoooooobooOooOobObOOobooooooboobobOo0Oo0o0on
ODO00D0D00O000D000D0 Ho(I)+eH1(I,o) OOUDOOOOODODO @, 0000000000
D00 T=1lexp(4)000D000000D00ODO I(t)—I(0)<000000

obOoooOooooboooobooooooobooobooboobooobooooboobboOobon
O00ooooooooooboobOoboboooOobobo0o0ooooooooobooDOn Aubry &
LeDaeron (1983) 0 Mather (1982) 000019800 0000000000000 0 KAMOOOO
ooobO0o00oooooooobobObOoOoooooboooobO0obooooobooobObOo00o0o0oon
ooooooDDODOobOO0b0Ob0b000000000000000 Aubry-Mather 000000
oo0oboOOoOoooobooooooo

1.14 0O0OOO

ggbooboooboooboobbooboboobboobobboobbooboobobo
gbooobobooobooboobboobobbobbooboboboobOooboobboobooog
gbogooobobodob2ob0b0oobobobooboobobboobobobobobbooboon



gooboobboobobooooooooooboobooooooooboboobbobooooooooboon
ggg
veoOOooooOOOO0OD0O0OO0OoOooooooooboobobooOoOoo0000oube00O0OO
OOoooooooo0O0 PoissonJOO0O00 00000000 LiowilleOODOODOOOOOO
dobooooooobb ~000oooooooboobbbobbbooooooooboobooobon
000 (Arnold, 1978) 0000 00000000000 0ODOOOOOO0O0O0OOOOOCOOOODO
gooooooboobbbooooooooooooooooooooooobooobobobobobobon
goobbooboooobboooobboboboooobbobossboooooooddn Kozlov
(1983) 00000
O000ooDOoocOo0oOoooOobOOOoOoOoDooooOooooOooo(booooono) ™
ODO000OD00D00O000D0OD0O00 (Moser, 1974)0000000CDOOOOOOCDOOOO
go000ooU0oobO00oOoOo0oobOOoOooOoDooooOOoooooDOoDoooOoOoOoO (O
0)oooooOOoooOOooo0o0oo0ooOoo (oogootbboooooooo)gooooo
gdogooobobobobooooooooon
1970 000000000000000000000O (Hénon, 1974; Flaschka, 1974)0 Yoshida
(1983a, 1983b) 0 weight-homogeneous 0 0 0 0000000000000 0OO0DOOOOOOO0O
oobooooobooobobooboooooooboooooooooodoodooooooooboooboo
O000000C0DO000ODO00DO0000O00DO000DO00000O0O00 (Ziglin, 1982)0
oooooboobbobooooooooobobooooooooobooboooooobooooooo
goboboooobboooooboooobboooobooooobooooboooobooooono
o0o0ooooo0oOoooooo0oooOoO00OD (ooo)oooooopDOoooOooOo
gooooobobooooooobboboooooboooooooobbobooooooobooobobo
goggooobooobooooooooo

1.1.5 00000

00000000 Lorenz (1963)00 000 May (1976)00 000 0 Ueda (1973, 1979)00 O
0000 Li and Yorke (1975)0Feigenbaum (1978)0 0 O O Ruelle & Takens (1971) 00000
gogbobobbbobobobobobobobobobobooooobobobooon
0000O(Mandelbrot, 1977) 000000000000 0COOCOOOOODOOOOOOOOOO
o0o0oo0ooOoooO0oU0o0ooo0oOoooooUooooooooooOoooooo
gbobobobobobobobooboo

O0o0o0oO0o0Oooooo0o0oOooU0oOooooo0OoU0Oo0OOooOoooooooOo
ooo0o0ooOoOooO0oOoO0oO0oboOoOoOoOOOoO0oOoboOoOoOOOUOOOOoOoboDOOO
godbgbooooobdobooooouooooobooooooboooobobobobobo
O0o000o0oO0oO0ooo0oo0oooo0oooOoooo0 20000000000000
0000000000000 000O00000000000000 smale (1967) 0000000
gogbobobooobobobobobooobobobbbobobobobobobo
O0o0ooO0oooooO0o0oooOOooOoOooOOo0Oo0oOoODoooOOOoOooobooOoon
0O Hénon (1976) OO OO

0000O0O000000doooooODO (DooooO)ooooDoooUoooDoDDO (DOoD
O)oooooooooooooooooooooooooooooooooooooooooo
O0o0ooO0oopoOooO0oOooO0oOo0oOoooOoO0Oo0oOoOOoooOOOoOooobooDOoo



dodbdooboboobobooboobooboboobobobobobobOboboboboobobooa
goobooooboobooovooobooboooobobobooboobobooooobo
dodd20db00bodoodbdoddoob0boooboogoDoo0booooooooDa
doodoooooooooooo

J. Wisdom (Wisdom 1982, 1983, 1987a, 1987b) 0 D0 OO0 OODOOOOOOCODOOODOO
0000000 dHénon OO OOODOODOOOOOOOOO Hénon OO OO OOO OO Lecar
000000oo0oooooDO00odooOo0000D (DoboDoDo0o0oDO0oDooooog 1.8
0)00o00bO0O0o0oooO0oooobobObOoOoOobDboO0 20000000000 DODOOOCDO
dodoodoooooooooooooooooobooooooooooooooooooog
O (Tanikawa & Yamaguchi 1987, 1989, 1994, 1995, 2001; Yamaguchi & Tanikawa 2000, 2001)0

1.1.6 OOOOOO

0ooooooboooobooobobooboooboboboooboooboooooooo
dodbdoobobooboobooboobooboboobobobobobobOobOobooboboDba
goobdd20bdoooboooooboboboboboboboooooboboboog
dodoooooooodbdbobooboboooooovLBIOGPSOOOooooooooao
0000000000000 000000000000000O000D0DO00000 0 (00D
O00000)0000 (Kimura, 1902)000000000000000000 000000
0000000000 (Wake, 1970)0 0000000000000 0ODOODOO0OODOOOO0OO
0000 (00000000)000000000000000DO00000000 (Stephenson,
1997, 00O, 00, 2001)0000000C0OCCCOOOODOCOOCOOODOOODOOODOOOOLO
dooodoobdbooboboooboboobobobobouo oo ooooond
ddoobodoooooboobooooobooobodobooobogoobogoooa
(Milankovitch, 1941; Ilapa¢p and Byamukosa, 1969a; Ilapad and Byaaurosa, 1969b; Berger,
1976; Berger et al., 1984; Berger, 1988; Berger, 1989) 000 0000000000000 O0OOO
0000000000000 0000D000D0D00000 (Ito et al.,1993) 0000000000
000000000 (Abe et al.,1992; 00,1993)00000000000000O00O0O Goldreich
(1966) DO DOOODO

bdboboboboboooboboboobooboooooboooboooooooo
O000000000o0oOoog qAv)Doggog 190000000 Woolaed ODODDOOODO
(Woolard, 1953) 000000000000 0OVLBIDOODOOODOOOOOOODODOOO Woolard
gobobobobobooobobobobobobobobobobobobobobobo
O000000OKinoshita (1977) 00 00O0O0COODODOOOOODOODOOOOOCOOODOOO
0000000000000 0ObUOUOKinoshita
(1977)D0O0OCCOO0O00000OO0O0weD0OOOODDODOO 1/10000 000000000
O0O0D00O0 Kinoshita (1990) D00O00O0D0DODODODODO J. Souchey DOOOODOODODO
gD oboboDbo
I e SRS
et al., 1980; 00, 1993)00000000000C0CDOO0O0O0O0O0OCODOOOOO0OO0ODO (Shirai
and Fukushima, 2000; Shirai and Fukushima, 2001)000000000000000000O0O0O
goodbdboobobobobbbooooooooooobDobooooboboooboono
goobooobobobobobooobobuobobobobobobobooboboobo



1.1.7 OOOooOoooo

Hagihara (1931)00000000000000000D000D0O00OO000O00O0O0O (Fukushima
et al.,1986) 0000000000 O0OOOO Brumberg (1995)0Kopeikin (1999, 00000 O
000 )OKlioner (Klioner and Soffel, 1998) D0 000000000 O0OOOOOOOOOOO
gbogboobooobooooooo

1.2 0OO0OoOd

000o000oooooooozoe0oooooooooooooooooooooooooog
000o00o0oo00o0oooooO0ooOoOOoooO00ooooooDoobOoooboooooboooooDa
00o00o0Dbo0bo0oooobooooobobOoDoooooonooooDoooooooon
oo0ooooooooooooooog

1960 000000000000000000000000D00000OD0 OAarseth (1985, 1988)
0000000o00ooooooooOooooooobo0oooooooDobooDo0oKAMOOO
O0000000000D0000DOO (Hénon and Heiles, 1964) 00 0000000000000
000000000000000000000J. WisdomOOOOOOOOOOODODOOOOOODO
0000000000000 0000000000D0D0 0000 dLevi-Civitad Kustaanheimo-
Stiefel D000 00D0D00OO0ODOOODODOOODOO

000000000000 00000000 GRAPEODOOOODOOODOOD (Sugimoto et al.,
1990; Ebisuzaki et al., 1993; Makino et al., 1997; Makino and Taiji, 1998)OGRAPE O OO OO
00000O000oooo00ooo00oooDoDoooo0oooooooooooooooon
000000000000 0000000000000D00000000000D0 OG. Wetherill,
M. Holman, M. Duncan, H. Levison, J. Lissauer, J. Chambers 0 0000 O0O0O0OOOOO
0000000000000OD00000O00000000000 P. Goldreich O S. Tremaine [
00o000oO00oOoOO0DbOoO00bOo000o0ooo0oooooooooooooooooon
00o00o0boooooooooobooooooboooooooo

000000ODO00oO00oD00bO00ooO0ooOoOOoooDooboOooooDOoonooOoooDa
0o0oOo00ooO0oOoOO00oOo0oDoO00oOoOOooooobOooooOoooooooooonoa

000000000 0o0000oooDboo00ooooDoooooDoooono NODODODOO
00000000002 00000000000000000000O0000O0000O0O0000
00o0o0ooOOooOoOOo0oooooOooooOoooooooooooo

1.2.1 0OOO0O0O0OO

goooooooooog oo ooooooddodoooooooooooon
000000000000 D Stromgren (1935)00000000000 (Matukuma, 1933)0 0
0000000000 OHénon (1965) 00000000000 0O0O0O0OODO0OOOOOODOOO
goodooooooooooooouoooooooooooooooooooooooon
0000 (Tanikawa et al., 1989; Tanikawa et al., 1991), D0 0000 (Nakazawa et al., 1989a;
Nakazawa et al., 1989b)00 000 O (Hénon and Petit, 1986; Petit and Hénon, 1987), 0 OO
00000 (Tanikawa, 1983) 00 O O

Hénon (1965) 0 KAMOOODDODODODOODOOODOODOOODODDODDODDODOOOOOOOOO
00000000 000ooOoDooO0oooDODOo00ooooooooODOooooooooon



000000O00oOoO00oo0obOo0o0ooo0obO0o0ooOOooooooooooOoooooon
0000dbooobodbooboodbooOoodn Szebehely, Jefferys, 0 0O 0O Markellos O 0O 0O
oooooooo

1.2.2 0O0OOOO

O000O0000DO0O00DOU0bO00DOObOO0DUObObOODUODOOUObOD (O0), Aarseth
(000D00—=00), Anosova (0 O0), Broucke (0000 —00), Mikkola (D0 OO DO OO ),
Heggie (0 0O), Zare (00 O —00), Szebehely (000 0O —00), Contopoulos (0 OO0), O
O {@oO)ooooooooooooooooooooooooooooobooboooooooo
ggbdoboooobobobobooboboobbbooobooob oo oobobooobooo
000000000 00D00000 (Heggle, Mikkola) DO OO ODDOOOOOOO (Anosova) O
O00O0OD0OOODODODODODS. Aarseth (http://www.ast.cam.ac.uk/ sverre/) DO OO OO0
0000000000000 OHarrington (1975)000000000000000000O0O0O0O
gbogbobobobobobobobobon

1.2.3 OJOOO0Ooooon

00000 Safronov 00000 0O0O0OO0O0OO0OOO0OO0O0OO0O0OOOOOOOOOO0OO
O00D0D00000D0D0DDO (Hayashi et ., 1985000 000000000000000O
O0o0oO0oo0ooOoooooooo0ooooboooooooooooooOooOoooo
o000 oo ooonoongso
Uodooboboooooooooouoon Wetherdl DO0DO0OO0O0OOOOOOOOO
O (Wetherill and Stewart, 1989) 0000000000000 0CC0O00O0OOOO0OOOOO
00000000000 (D0D00dooDo0ooDo00o0o0ooDoDooD)DoODOoO0oo
00000000 GRAPEODDODODODOOODDODDOOOOD (Kokubo and Ida, 1995; Kokubo
and Ida, 1996; OO 0O, OO, 1997; Kokubo and Ida, 1998; O O O, 1999; Kokubo and Ida, 2000;
Kokubo and Ida, 2001)0 Kokubo & Ida 00000000 DOD00O0O0OODOODO0OOOOOOO
bbb oobooboooooooobooboo200boooo
O0o0oo0oooOooO0o0ooOooOoooooOooOo0oOoooooOoOUoooobooDoo
0 0 O Chambers et al. (1996), Chambers & Wetherill (1998), Levison et al. (1998), Yoshinaga
et al. (1999), Ito & Tanikawa (1999), Agnor et al. (1999), Chambers (2001) 00000000
O0o0ooO0ooooooooooooooooo

oo o-0ooooboobobobooouod Gol-
dreich & Tremaine (1978, 1979) 0000 0000000000000O0DODOOOOODODOOO
O0oo0o0o0ooo0ooooooo0ooooooooooooooooooooooooo
ggooouboobooooooa

1.24 0OUO0OOO0OOOOOOOOOOOO

gogooooobbbbooooooooooobbbbbbooooo0onobbn Newton O
googobooooooboooboooboooooboooboobobbooboobbo
gogopoobuooobboobooooboobobovsobgoboobooboonobooobo
gooooobobbbobobboobooooooooobbboobobbobbbbibbOd Eckert



et al (1951) 00000000000 DODOOOODOODOO300O000ODODODODOOODODOO
0000000 OCohen & Hubbard (1965) 0000000000 12000000 OCohen et al
(1973) 0000000000 100 000000 OKinoshita & Nakai (1984) 000000000
0500000000 0Applegate et al (1986) 0000000000000 00O0O 21700000
O0000OCORoyetal (1983)0 0000000000000 OOOOOOOOODOOOOOO
gboboboboboodboboboboodouboboboobob USussman & Wisdom
(1988) 00 0O 00O Digital Orrery 0000 845000 000000000000 DOOOODO
O0000000000000000000000000000 A. Milani 00 LONGSTOPO
0000000000000 0D0000000OWisdom & Holman (1991) 000000000
goboodbobobobobobobnnboboboboorpe+sssooobooboon
Kinoshita & Nakai (1996) 0000455 00000000000000000000 Duncan
& Lissauer (1998) O Tto et al. (1996) 000 1010000 0000000000O0O0O0O0O00OO
gbgbobobobdobuobuobuoboboobouoboobnoo

O000000O000oo00o0ooO0oOooOoOoOoO ko0ooooooOooooOoooon
O0000D0 Quinnetal (1991)0 3000000000000000-00000000000O0O
O00D00O0O0O0O0O0O0OD0ODOO00000000OSussman & Wisdom (1992) OO0 DO0O0ODODO
0000000000 Lyapunov 0000000000 OOOCOODOODOOOOOOCODOOO
godoboobboobooboboobo ATODO0DOO00D0boob0bogbUdbDuncan &
Lissauer (1998) 00 100000000000 OTto & Tanikawa (2001) D0 +50 0000000
O0o0oo0ooooo0o0oOoooooooOooo0oOobooooU0oUOoOoooLoooo
gooogooo

bbb mooboooboobobobooooboooobooobooobooboon
O0o0ooO0oooOoOo0O0ooooooooooooo0ooooooOoOoooobooOoo
goobobooboobobobobobobobobobobobobobobuobobobooo
O0o0ooO0oopoOooO0o0oOooOooOoOooOoooOo0oOoboOoOooOOOOoOooobooOo
O0o0oo0oopoOooO0o0oOoooooooOooo0oOobooooOoOOooooooooo
00000 AM. Nobili OOOO (Nobili et ., 1989) 0000000000000 DOOOO0O0O
oOooOoooooooooo

“... When the stability of our solar system is discussed, two objections often arise.
Firstly, this problem has been around for too long, never getting to the point of
stating clearly whether the system is stable or not; the few definite results refer to
mathematical abstractions such as N-body models and do not really apply to the
real solar system. Secondly, the solar system is macroscopically stable — at least
for a few 109 years — since it is still there, and there is not much point in giving a

rigorous argument for such an intuitive property. ...”

1.2.5 OO0O0OO

gbooboboboboboboboboboooboboboboobobobobooooooo
O0000O0o0Oo0oooooOooOoUOOoObO2000000Oo0O0OOOOO0OOOOOO
O0000000000000O0CSundman (1912)00000000000000000O0O
gogbobobooobobobobobobobobobobobobobobobobo
O000D0D Levi-Civita (1906), Birkhoff (1915), Thiele-Burrau (1906) OO0 O0O0O0000O0O0O



ooooooobob0boboboudbbLevi-Civita DO OO OODOODOOOOooooO
gbooboboboobboobooBuwkhof O D OODOODOODDOODODOODLDOODOOD
U00o00bboobbodgbOdOThiele-Burran OO0 O O0-00000000O00O0O0O O0Lemaitre
00 (Lemaitre, 1952) 0 Birckhof 000 000000000000 DOO0O0O0OOOO 1020
0000000000 10 40000Kustaanheimo & Stiefel (1965) 000000000000
gboobobobobbobobdboobobobobobouooobooo
0000ODO0O00000000dt=rdr00 (+O000ODODOO)000O0OODD rO0000O
000000000000000000000000000McGehee 0000 dt =r32dr00
googbodbgoooboboboboboboboboooboboboboboboboo
Szebehely & Peters (1967) 00000000 (D000 3-4-500000000000000
0)bOoOoOoOOOOOo000o0o00ooooOOobD00ooUUoooOboobobooooboo
O0ODO0OOO0ODORMH. Miller (1964) O000O0O0O0ODDDODOOOODOO0O0O0OOOOOOODODO
goobobobobobobobobobobobobobobobobobbobobobobo
gobooobboobobbooobbooooboooboobobooboboobos2bbOogD
gbgodogobobobobooobobobobbbobobobobobon

2. 2100000000000000O0

21 UoOoOoUoogooo

oo oboooboooboooooooo
dodbdboobooogoobooooboboob bbb oooboboobo
gobobobobobobobobobobobobobobobobooobobobobo
doddooooooooooooobooooob oo ooooooo
dodboooodod 200D ooosoog 190oad
goooododbobooouoooobobobobooooooboosoooooon
dodbodooooooooobboovyooooooooooboooobooooooooa
o0 v oooooag
gobobobobobooobobobobobobobobobobobobobobobo
dododooooooobooodgooooooooooooooooooooooogd
dododooooooobooobooooboobooboobobobobooobobobooo
gooboboboboboboboboboboboboboobooobobobobo
dodoooooobooboooooon

godod0doodoobdoodooobooobobooogoooooooooo
dooboooobobbobooboboboooboboooooboboboooobobo’oo
O0000000000000 “Les méthodes nouvelles de la méchanique céleste” (Poincaré,
1892)J000000DOODOCO0O0ODOCOOO0OO0O0000OD Whittaker 0O 0000 O(1952)
(1904000 1952000)0000000000CDOOO0ODOODOOO0OOOSiegel & Moser 0O
00 (197) 00 000000MDO0O0000000O00000(1950,1976)0000 50900
gbdbobomoobobobobobooobooooooobooobobobooo
(OO, M O0D00O000 bOooO@Oo,00,199) 00000000 0000000 O
0,199 0000000 DO000000@MO,1983)000000000000000DO0OO
O00D0ODO0000000OoDODOOOOo0oooog(@,e) oo oooogooboDoo
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boboooboboboboboboooboboboboobboobobobooooo
O000000000D0O00O (1983)0 Danby (1992) 000000000000 OOOOOO
0O O Brouwer & Clemence (1961) 000 0000000000000O0O0DO (1998) 0 Brouwer &
Clemence (1961) 00 obsolete 0 00 00 00O O O O Boccaletti & Pucacco (1996, 1998) 0 0 O
0000000000000 OLichtenberg & Lieberman (1992) 0000000000 O0OOO
O0000000000000000 Murray & Dermott (1999) OO0 0OO0D000O0O0OOODO
000D0000000000000000000D0 Battin (1987) 000000000000

ooobbooboobooooobobooobboOdl H. Goldstein O “Classical Mechanics”
(1980) OO DO0O0O00ODODODOO0O00O0OODO0O0DO0ODOODOO0O00O0DODODDODO0O0ODO0OD
odboooboooonooobbooooooooooooooiddvon ZeipelUOODOOOO
0000 19000 Delauney 000000000 OOOHori (1966) O Deprit (1970) O Lie 0O
gbddooboobobooodoboboobobodb0obuobb0obUobUd Goldstein
gogbobobobobobobobobobbbobobobobobuobobobobo
OoooOoooOooO0oOoO0oOoooOoUoOoboO0oooOoOUOOoO0oboOoooOoOUOoOobooDOoon
odbobob0obdbobbbooobobobn CowelOOO CrowellD OOOOODOO
gbogbooboboooooo

000000000 Brownetal. (1922) 000000000000 00CO0O0O0O0O0O0OOO0O
goobobobobobobobobobobobobooobobobobobobobo
gooboobobbbobobobobobobobobobobobobbbobobobo
O00000o0o0O0OO0oOoOoooOOOBrown DO OOOOOOOOODOOOODOOO
ggobooobobobobobooobobobobobobooboobOoO

gbododboboooooboobobooomooboboobooboobobobooboo
oOoooooO0ooOooOoo0ooooOoo0ooo0o0o0oODoooObWooooooOo
gogboboboboboboooboboboboboboobobobobobob o

O00o000o0OooooO0oooooooo0ooooooooODoooooooooOoooo
o0o0ooOoooOooO0o0oOoooooOoOoOO0OooOoOoooooOoOOoOooobooOo
gogboboooogobobbboobobobobobobobobobobobobobo
O000o0oooOooOoo0oOooOoooooO0ooo0oOobooooOoOoooooooo
OooOooooooooon

2.2 JOO0UooobooOooboodgo

TOP500 (http://www.top500.0rg/) 00000000000 000000000000000
00000000000000000000000000000 00 Operformance/cost 000
0000000000000000000000000000000000000000000
000000000000000000000000000000000 GRAPEDOOOO
00000000000 NOOOOOOOOOOO0OO0O000000000000000000
GRAPE600000 1 TFlps 0000000000000 00000O0000000OO0O
0000000000000000000000000000000000 GRAPEOOOOO
0000000000000000000000000000000000000000000
O0OGRAPEODODOOOOOOODOOODOOOOOOOONDOODOOOOOD NODOOOOO
00000000000

000000000000000000000000000000000000000000
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0000000000 000D0OD0O0O00000DDO00000D0O (NEC)DOOOOOONECOO
0000000000000 CRAYODUOOODODOOODOOODODODOOOoooooooooo
goodooooooooooooooooogooooooooooooooooooooon
ONOODOOooooooooooooooooooooooooooooooooooooo
000000 (Fukushima, 1997¢; Fukushima, 1997e; Fukushima, 1999) 0000000000
00000 ChebyshevOOOOOOOOPicard DO O OOOOOOOOOOOOOOOOONO
goodoooooooooooooooooooooooooooooooooooooon
O00000000oooooO0o000oooooDooooooooooDoooDoooooon
gddooobooooobooooouooodboooodnoooooboooonoood Saha &
Tremaine (1997) 00 0000000000000 000O0ODODO0OO0O0ODOOO0OOO0OOO0O0O

0000000000000 000000000D0D00000000 performance/cost 000
gooopCcOO0d00nooooooooonoonoooooonoooooooooon NOO
goooooooooooooooooooooooooooooooooo pcOoboooon
000000000000 o0D00Oo000oooooOoO0o000ooooODDODOoo0Oo0oOoon
00000 OTto & Tanikawa (2001) 0000000 9000500000000 (000O0OODO
00000)00000000000000D0000 PCOODOO alpha 21264 600MHz 0 00O
000600000000 0000O0O0DOOOOOODOSs0000000 CPUtimeOODOOOO
goooooooooooooooooooodooooooooooooooooonooon
goodoooooooooooooooooooooooooooooooooooooon
O0000000oDO00o00oDooooooooDoooooDooooorPCO0OOOOOOO
gooodooooooonoosodonoooodsgoodonooooooonooon
O00D0O0O0O0O0OD0OD0ODDODODDOD (Tremaine, 1995)0000000000000000 (OO
cPUOODOO)0000O0O00OOO0OOD—DOOO0O0O0DOO0OOOOODOOODOOODOODODOOOD
—o0ooooooodoooooooooooolooboilooo00ddoonooooooon
ooooooooooo

3. 210000000

3.1 LyapunovUUOUOUOOOOOOOOOOO

000000000000000000 LyapunovO O 000 (Benettin et al., 1976) JLyapunov
Jdodddbobobobobobobdb ebbobobOobOobOobUobOobUooobo
000000 0Lyapunov DO OO OD0O0O0O0OOD0OOOODO0ODODOOOODOODOOOOOOO
000000000 00000000 Sussman & Wisdom (1992) 0000000000000
J00000bod Lyapunov0 00000000 O0OO0OOOOOOODOODOOODOOOO 500
000000 ooboboodboU0dLyapunov 0O 7,00 00000OOOOOO0O
o0 00b0ogoooooooooooooooa

goddbobobooooboobobooboob o oo oooobooooo
0odododbodooooooooooooooooooooooooooooooooon
0000000070 ;0000000000000 00DO0OLecar & Franklin (1992a, 1992b)
00000000000000000000 T «70000000000000000040
doooooodo 8o oo bobooooooooooa
Joooooododidy~1800000000000000O000O0ONO Morbidelli & Froeschlé
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(1996) 000 0000000000000 000000ODOOODDOOOOOODODDOOO
7,0 7, 0000000000000000000000O0000O00000000 Lyapunov O
07, 00000000000 0000000000000T, «T0000000000000
gogoboboboboboboboboboboboboboboboboboboboo

O0oo0ooooO0o0o0o0oO0O0OoO0OooOoooOO0ooOooooOoooOooooOoooObo
Chambers et al. (1996) 0000000000000 0ODODODODOOA (DO HINIOOOOOO
000D)0DDD0OD00000 ;000 logT; c AUDODOOOOODODODDOOOOODOD
OO00O000DDD Yoshinaga et al. (1999) O Ito & Tanikawa (1999) DO DOODODOOOOODO
logTy c AODDODOOODOODO0OO0OO0OODOODOOODOOODOLODObOObDObOOObOOD
goboboogboboboobouooboobobbon g 1, D00 AODDOOobOoobon
O00o00o0o00ooooooooo21000o0o0oooooooooooooooooo
googg

3.2 000

uobooobb200bbooboobboooboobbobooobuo 2100booboboo
gooooboobboooboooboboboooboobboooboooboobbooobooo
gobboogoboboboooobbooooboooobbooub 21obbbboobbooog b
gopoooboooboobogoa

3.2.1 0O0OOOOO

gooooboooobooobooboooboobboobooboobbooboobobo
U000 GrRAPEOOUODOOOOOOOOODOOOODLOOOGRAPEODODOOOODODOOODO
0000000000000 Tanikawa et al. (1991) 00000000000000000O0O0O
goooooboobbooooboboobbooboobobooboobboobboobooo
goboooboooboobbooboboooboooboobo

3.2.2 OJOOOODOOO

goodooboobooobobboobooboboobboobooboboobbooobooo
0000000000000 DO000CODO0oD00boDoDbOOo0o0ooODO0d (Kozai, 1992;
Kozai, 1993; Kozai, 1995; Yamanaka, 1997; 00, 1997) 0000000000000 0O0O0O0O0O
O0D000O0ODODDDODDDO (Greenberg, 1977) 00000000000 0O0O0OOOOOOOO
J00doobobdfEwepa 00D O0OOOOOODOODOODODOOOOOODOOOOODOOODOO
goooon

3.23 00OOOODO

gobooobooooboooboboobboooboobboobooboobbooooobobo
gboobooobooboobooooobobbobboboobogboo 200000000 40000
ggbooooooooboooboobooobooobooobobbbobobooboobbo
googooboobooooooboooboboboobboobooboobboobooo
goooboboobbooobooobooobooob oo oDoobooo
gboogopoooooobooboboooboobobooobbooboobobLDobobboo
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gooooooobboogbodoouoobobbobobooooobobbbobobooo
gooooboobbooobooobooobooboobboobooboobboobooo
googooobobboooboboboo Xboboooooobobooooooboobo
godbooobooooboooooooooboooobooooooooobobobobobo
googoboobbooooooboooboooobo

3.24 0O0O0O0OODOO

1995 0000000 (Mayor and Queloz, 1995) 000 0000000000000O00O0O0O0O
00000 21000000000000 (Boss, 1996; 00O, 1990000 0000O0OOODODO
dodooooooo SETIoooodooboooooooooboooonooooooon
00000 700000000000000000000D000000 (Marcy and Butler, 2000;
Butler et al., 2001; Jones et al., 2001)0

oo oooooooo
0000000000000 0000oooooO (OO,1997;, 00,00,1990000000
gooogobbbobobobobobobobobobobobooobobbbobobo
00D0000000000D00 (v Andromedae, Gliese 876, HD 16844300 ) DD 0000 0ODO
dododboodoooooboobogooboboobobobobobobOobobboboboboobo
000000 (Lissauer, 1999; Laughlin and Adams, 1999; Rivera and Lissauer, 2000; Stepinski
et al., 2000; Nakai and Kinoshita, 2000; Barnes and Quinn, 2001; Ito and Miyama, 2001)0]

0odbodooboooboooooobooobobooboooboooboooooooo
gobdbobobobobooobbbobobobobobobobobooobobooo
dodbodboobooooogooboooboboobobobobbobOobobooobooDo
000 (Holman and Wiegert, 1999; Whitmire et al., 1998; Bennett et al., 1999; Nelson, 2000)0]
Innanen & Mikkola (1997) 0000000000 (dynamical rigidity) 00O O0000000OO
0000000 (Pauwels, 1983; Tto and Tanikawa, 2001) D0 0000000000000

0odbooboobooooboobooboobobobobooboboobooobooobooooo
gooboobobobobobobobobbbobobobobobobobobobobo
dododooooooooooooboooooooooooooooooboooboooa
gooboobooooooooooo

3.25 0U0OOOOOO

gooboobooooooboobbooobobbbooboooboobobobooboo
0000d000o0goooooooo0 (00000000 00oUoDooUoooooooo
ooooOoOooOOoOoOooDoO..)DboooobOoobOobDbOoobObbOOooboOobbOoOooo
gooooboobboobbooobbooboooboobbobogboooboobboobbooo
gbooobooobooboooboooboobooboboooboobooooobbbooboobg
gooooboooboobooobooobooboobbooboobboobboobooo
goooobobbbooobooboooboobboooboob oo oDbooooog
gobooooboobbooboobooobooboboooboobbobobDoobbooboog
gobooboobbooboobobooobooon
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3.3 Ubugnooogoon

00000 (D00oDpooopooDOO0)OD00oooDO000oooDo0ooDD0ooDooODOoooD
gogdbobobobooubobuobooooooooooboobooobobobobobo
oooOobooooOOOO0o0o0oOoOoo (CcooooooObbObOO00oUoUoOoOooUUUUoooo
0)000000000000000000000ODODODOOO000000000000o0OOo
00000000000 (D00DO0000)0b0o0o0o0ooD0o00oDOooUoooOoOoo
goboooboobbooboobooobooboobbooboobooboobo

3.4 UDOOOOLDOODLOODOOOOOO

bbb obbobobooobooboobooboboboobobooooobon
bbb oooooooonooboooboono
0000000000000 D0000D00000000000D00000 (spin-orbital coupling)
O000DO00DO0000C00O000O00DO00DO0O0D0OODO0O0D0O000d (Goldreich and
Peale, 1966; Laskar and Robutel, 1993; Laskar et al., 1993b; Laskar et al., 19932)0 00 000
dododoooooooooooooooooooboooboooooobobooboooa
gboobobobobooobobobobobobobobooo

gbodbobobobobobbbobbobooboboobooobooobooooooooo
oo obobobon
gooboobbobobobobobobobobobbbobobobobobobobobo
doveo 000000 obooobooooooa
goooon

goooboodboobobooooooboboooooboobooboobooooog-
0000000000000 00 (Goldreich, 1966; Mignard, 1982; Abe et al., 1992; 0000,
1992; 00O, 1992; 00, 00,1993)000000000000000000O (Lee et al., 1997a;
Ida et al., 1997; OO 0O, 1999; Kokubo et @l., 2000) 0000000000000 DOOOOODOO
gt obobooo
oo oboboobobooDo
Uooooooooooobooboooooooooooooooooooooooooogo
dododoooooboooooobooooooonoooobooooooooboooboooa
o000 oboobooooooa
o000ODO0000000o0DODbDOoOoo0ogbobooooooobooooo(@oobo, 2002)0

3.5 0UOoOg

OO000b0oO00ooooboOobo0)moboooooboooooobo(@oboo)yoo
gobodoboooboooboooboooboooboobboooouboooboooo
gboooboooboobooooooboooooboob oo booboob oo
gooooooouoobboobobbooooobbobobbooooodoooboooooo
gbbooobooooboooboooooobooobooboobbobobobDooboobooo
gogoobobbboooboooboobbooobobbboooboooboobbooobooo
gogboooooooobooboobbooboooooobooobobobDooboobooo
gooooboobbooobooobooobooob bbb ooboobbooo

15



gogbobobobobobobobboboboboboboboboboo

gobooobooooboooboooboooboobboobooboobbobboobobo
gogbobobobooobobobbbobobobobobobobobobobobo
googoobboboobobobobobobobobobobobobobobobobobo
gooooboobooobooobbooboobooboooboobboobboobooo
godbobobobooobooooogoo

3.6 OO0 ogoooooon

O0000ODODODODOOOO0OO00000 (Morbidelli and Thomas, 1995; Morbidelli and Guzzo,
1996) 0000 000000000000 0O0O0O0O0O0O0OD J00000000ODDDDODOOD
O00OO0OOCOOODO0OODO0ODDODOO (~1/explexp(l/d))ODDOOOODODODODODOODOO
(~1/exp(1/d))000000000O0O00O0O0O (~d®»)0000000000000OOOOOO
0000DXia (1992) 0 0000000000000 DOCOODO0O0OO0O0ODO0O0ODOOODOODO
000000000000 oboooooobooooobooooOooooooooon
0000000000000 oooooooooooooooooooooooooon
0 0 OMorbidelli & Guzzo (1996) 0 0000000000000 0ODOO00O0O0DOOO0O0O
0o0ooonoooooooooon

3.7 Joudbi—KAMOOOOOO

000000000 (t—ocoUO0O0)000000O0O0OOOCODODDODOOOOOOOOO
goooooboobbooboobooobooboobbooboobbDoboboobbog
godoboobboobooobooobuooboobooboooboooboDobooKRKAMOOOODOO
gobooboboobbobboooboooboobooooboobbooboobooob 2d
gobooooooooboboooboob o KAMODODOoooobobooobobooobooo
gboooooobooobooooboobooobooboboooobooboobooo
gooooooooooboboobbboobbooobobboooooobooboboobooo
gopoooboobbooboon

3.8 Ubugnooooon

O0o0oOooooooo0o0oOooOoooooOOo0oU0Co0ooOoDOOOOOODOn
O000000D0O00000 (semi-analytic) 00000000 (semi-numerical) 00 000
gboooooboobboooboooboboob oo bDooobbo
O0o0ooOoopooOoOooOoOoO0oO0ooOOoOooOooo0oOoboooDoOOOoOooobooOoo
gogodogooobooooooooooooooobobooboooooboobobon
gogbooboooboobobobooobobobobobobooooobobobobobo
O0o0ooO0oopoOooO0o0oOooOooOoooOOoooooobooooOooooooLooOoo
gogbooboboboobobuobobobuobobobobobobobobobobbbobo
0000000000 (bopDoOoOODDOOOOD)DODOODOODOOODDODOODOD
O00o0oooooO0o0oOoooOooOooooooo0OoUOoO0oooooooobLobooOoo
ogdbooooobobob0oboboobobuobuobuoodgng “Publish, or perish.” 000
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0000000000000000000000000000000000000000000
(00,00, 1994)0

0000000000000 210000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00002100000000000000000000000000000000000000
00000000000000000000000000000000000

3.9 Ubogobogod

oooobooooboooboobboooboobboooooboobbooboobobo
gooboogoooooooooooobobboodooobbbooooobbobooooooo
gooobooooooogoobobbooooooobobbooooooobbooooooooo
gooooobobobooooooooobbobobodooooboobobbbobobooooooooo
O00000DO000DO000DOO00C0D0O0OC0DO0O0O0O0bO0OO0On (Yoshida et al., 2001)0
gbbbodooogoobbooboodoobobobbbooooooogubobbbobooogoo
O0DO0000DO0000D00000000D00000D0000 (Alexander and Agnor, 1998;
Leinhardt et ol., 2000) 00000000000 0O0O0OCOOOO0O0OCOODOOOOOODOOO
gooooboooooo

3.10 Ogboodoon

2100000000000 oLoboooOooo
godbooobobbbodooooboooooooooooooooboobooobooo
0000000000 000000000000 (Yoshida, 1990; Gladman et al., 1991; Wisdom
and Holman, 1991; Kinoshita et al., 1991; Wisdom and Holman, 1992; Yoshida, 1992; Yoshida,
1993; Sanz-Serna and Calvo, 1994; O O, 1995; Wisdom et al., 1996; O O, 1997; Yoshida, 2001)
dodogoooooooooobooooooooooooooooooooooooooa
gobgobooobobooobboobobodoboobbooboooboobobboobboobooboo
O000O0000O0ODOODuncan et al. (1998), Chambers (1999), Levison & Duncan (2000)0
000000 (Skeel and Biesiadecki, 1994; Lee et al., 1997b; Levison and Duncan, 2000) 00 0 O
gooboboboboboboobbooobobobobobobobobbbobobobo
O00O0OCCOCOODO0O0O0000000O Rauch & Holman (1999) 00 00000OO0OOODO
0000000000 0DSaha & Tremaine (1992, 1994) 000000000 warm start 00 0 O
Mikkola OO ODODOOOODOOOODOOO (Mikkola, 1997; Mikkola and Innanen, 1999; Mikkola,
1999; Mikkola and Tanikawa, 1999; Mikkola and Palmer, 2000) OO0 0000000 CO0O

0000000000000 00000000D0 00 OdMakino (1991a, 1991b) 0 Makino &
Aarseth (1992) 00000000 0OOQO Hermite 0O OO0O0OO0DOO (Kokubo et al., 1998)0
0000 Quinlan & Tremaine (1990) OO0 O000000O0DOOOCOOO0OOOOOHermite O
dododoooooooooooooooooooooooooooooooooooooa
Joobdoooboobobb0booobobobO GRAPEODODOOODODOOOODOOODOO
U000 Hermite 00 0D0O0OO0O0O0O0OOOOOOODOOOOOO0OO 1000b000O0OoOO
dododooooobodooooooooooooooobooooooooboooboooa
Jbodbobodouoo pcObboodboooboooobobobobooboooobooono
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dodbdoobodddgooggooboboobob0obobObobObobObobOobOoboDbo
Uooooooooooooooooboobooboboobao

oo oboooooo
000000000000 (00O, 1982; Fukushima, 1996; Fukushima, 1997d; Fukushima, 1997a;
Fukushima, 1997b; Fukushima, 1998)0

3.11 JUUbooogguboood
opbooboooboooboobbooboobbooobooboobbooboong

e OO 0OUDLDOODLD —OOLOOOOLDLOOOLOOOODLOOUODLDLOOODOOODLOD
ubooobobooboobobobooboboobobobooobooooboobuooo
gboobooboboboboboouboooooooboobooooboobuooo
ggoboboooooooboooooobobboooobbbooobboooobbbooooo
uooobooooboobodobobooooboobobbooobboboobooboo
ubobooodbobobobobooooobobobobobooob b oo
ggobobooooobboooobobbooooobobooooobboooobbooogo
gboboboboboboboboboooboobooboooboooooooo

e JO0000DODOOO(IODCODUUOD)—DbOOCODDOUOODODOOOLOOOOODOOOD
bbb oboooboboboooobooboobooboboboobogo
uobobootodoboobobooboooobobooboboooboobooboo
ggoooboooooobooobboboooboboooobbooooooboobooogo
gogoooooooooboooooooonoo

4. OO

21000000 oo ob0obDobDUUbLOobo
gobooobooobobobooboooobboooboooboog

4.1 UO0O0OOD0OOO0OOOODOO0OOd

0000000000 (DOb00do0)000 (booo)0DOoOoOoooooDDOoOoOoOoooo
gbobboobobboooooboobokaAMObDOOooboooboboooboo
gogbgooogbobobobooobobobobobobobobobobobobobo
gogbogoboboboobooboobobbobooobobobobobobobobobobobo
gogooboobboooboooooooboooboob LoD obboobooo
gogbooobooooboooooobooooooooooooooobobobobobo
gogbooobobobobobobobobobobobobobobobobobobo
gbooooobooobooboobboobooboobooobobobDooboobooo
gogbobobobobobobobobobobobobobobobobobobobo
gogooogoooo

gobooobooooboooboobboboobobobbooboobooobooboobobo
goooobobobobobobobobobobobobooobobobobobobo
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bbb obobosobobooobobobobobobobo
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