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Abstract

—RtZa— b YEEMEICBW TR FOEE 2 MHMEOBEB L LT
ZERUE. PEEEBINLERTZZIC &Y, Z2AFHRICWE 08
ExROFE. ZOMMEEENHBEERTZENHMBEL =, £ E20HHE
WWHBURICRE T2 EHHRICHBLRBEDH L Z L 2R LE. ZMAREHR
HiEE RO AEZLICMA, BBECHRRICHEZAFERT 28, IT4adb
B EEICHREWICEERRPEOEFRBRE L E.

¥ — U — N: one dimensional three-body problem — triple collision — chaos
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—RAEHEHEET B EEREEDOV L DT, 320EEANEMICEHESINEE
MICBHCRAD LN TWEGE2HD. ZOMBERFIEHEN 2THY , BMoET
ANWF—FHGUNRL | FERABETTHEIENAMBLNTWVWS. Yoshida (1987,
198R) AMFER L2 e B Y FEMBOHERIFE AL DEERICH UTHR YLD, &
RKFHEEDGSLIEAMIT TH S, = McGehee (1974) ICENIX, ZD%K
DEMBERIIERETE 2R\, JREFEIC D = 2 BB ZE A LART, Mikkola and
Hietarinta(1989, ZA#& MHS89; 1990; 1991) & & U Hietarinta and Mikkola (1993)
Ko TiFabn iz, WO IWHEOREBE L THEDSS W (BTFIRIC)
B U, % 48 o B8 ARk, 1B UGB B 4R, B & O B AN A0 B AE IS BURIC R 7P
FTHOLRBREHRERRLE, 20 A3 R BERERPEDOEEDENMTT
HELETFRENEN, TOZLFIEPRTERVWEETH- £, &I, ZMEHRIT
ZRTTARICHEWT Tanikawa B (Tanikawa et al. 1995, Tanikawa and Umehara
1998) D EICKRBE L 2. RRIFHBAWICZOBRREENMLTWVS,
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Figure 1: #iE#E LD B B £ A 4 HHEKR G

AT, ~RAZEEEICE W TEEREZC ) = 5 #5809 H1E % X
KRB TOHMERT7AT7E2HAVS, £, #BAICHRRICEEMHRERICWE
DHEEFET D, oz id, EBIC ThHA R HEN (BZ5 JERICE
D) Hi#EER, TOHMBMOV L DV L DNEHEZRIC W 7= 2§38 O FIHIE
THDHZLTHS.

2 NI BMNVBEBEETUED/NT A =5 DT
3ODEFE mi,mg, BEY ma(mog=my =me=1) 2ZDJEICEMHLICEZ,

BR*FEEL, EHEBE212T5. §5L, ZOMEDNI VN VEBIZRRA
(MH89) THEZA BN B,
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Figure 2: SHEHRIIFTEIINENLT 2L ZATELSZ. WEDHE, #iE C
EDOMICHSE BECIKEDLDTHEW), WTO o EEEFHOBEBE LT
W=, FIHEE 0=30°T, R=1.62,1.63,...,1.67TT»%. (&L X FH A

KIFHLTHE. BEEMMEL T -HLARVWZ LICHER.)

DOBE % MWE L H L EEE
g1 = To — T,
G2 = T2 — Ty,
ICEk-oTHEAT D HLONI LM VBRI

o1 1
H=p+p5—ppp— —— — -

Qn @ gt
&%, BTIANVF % F=-1KHEHEL, BEED % ¢1(0) = ¢2(0) = R »
58805, DF Y AID 20Dk FIEHFOLORTFISEFHEHOLEZAMDH
RIs. T RKFIVYYVOMET =25/RTHE. BHITXLVF— T

T=25/R—1IC&oTHRES. MHSIICLEN ST, NS A —&IF

V3(p—p2) = 2VTsing,
(p1+p2) = 2VT cos 0,
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REATHE, (0, R)DMHEEEETS. REZOL RS
41 = 2p1 — P2 = 2\/?(308(0 — 71'/3), (6)
Go =2ps—p1 = 2VTcos(0+7/3). (7)

EEZLNG. B S = pQ] + pQ3 W ORBEAERT 2. H L WERI
Q1= @i, Qo= @ CHLUVWEBRIE P, = 2Qip, TH B, FRFICHKRI DR
V=qgefTed>e EAMLIhEFHFLWNI L b VB
22

I L(PRQR+ QY- PPQiQa) — Q- Q- o R —@iais, (9
4 Q1 + Q3
A/oENE. ZZTEERNINVMVEBO (WH)BETHS. ZONIVH
VEBICUEND B AERX LM 2R AL, = & 2 Bulirsch-Stoer 84 F
(Bulirsch & Stoer 1966) THAER 3 2. BIEOHES (MHS9) Tk, #IH4HE
(0,R) DEIE Y LCOEMEH AR L LCHONE, BERRBMER 1ICRL
TEWE. BEAFHEL & ICERICET 2, BRI 2 £ WHEK (REG &
TN Y, LEREERPY (Q P LRT) OB D Y | BRI O
FIELN=SREOHBEATIEIPRAHERERICWES THAX X HENH
5, ~BRAEDERHEE I XAF-—7HE ISV, ARRZIAAEZ46MHE
ERETICOMTS. $2b6 KT 1AHED2DODRFEZELTCTAT —
T35, ZOREODADH AL 0> 180° DHNLILRTESZ A, HIE 9= 0°
(R 0=180°) ICBIT A RIICBH L THHRDT, ZNHEILHERW. ZD
R g — g CEBINGBBTL ARTILETE5. BLERIER %
EZANE, COPEIRE 1IBEEIZOEE2HEYIEZLIEHLATHY, EMD
WERGE ZOBBEICERS 22 NEHICHR->TWVWS,

MH89 T, 100x 180 D#F Z o 7= . SHEILE o L MM WA F 1000 x 1800
PRATS. Thabb,

1
R, = (k- 5)2.5 x 1073, k=1,..,1000,

6 — (l—-%)OJO CI=1,.,1800
HEOEIE 180 FICET 3.
NHHEEZERLT, 0 <0 (FEF > 180°) EZEARN L. Thbb, {8
0+ 180° 1% 180° —  DEEMN DA DR F 2 AN Z TH DN 588 I X b
35,
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Figure 4: SAREZRER. 22 TEX2REIORIE 5, 6, BLOT,



o 1 1 1 | 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
THETA

Figure 5: && 10, 11, B& O 12 DEEFIN B 4E U 5 =4 E 22 ##%, Schubart
HEB L VOREFEED T SAEHRITZ2HEL S OBEME LD, L AR
XS,

3 5V E&=tkEZE

BIRXNVF—DO—RAZSEHMEON 71T, SERHFREEZ I RWVWEY  ARH
ICoERERYEST, ZOZLEEDS L HiEICHR > TOHBEROITE
(itinerary) €L OO 3N FDEHOEL 2 HHEITEZ A TE5. &LFF
EUATOEDICUTHES. KT 1L 0NMERLEDRES T11 2FNIMA, k¥
0L 2WHRLEDEE T2 28IF3. A Ay —JHEEHRET S
BB FF 22222 BEL S, BRI, HlE o MBEVERLERICRS Z L
THE. LVOIDRKT 2L ONEREL LTEZB-ENDTHS. —H, QP
3L T (Schubart S & B LN % . Schubart(1956) A% Z DK D H.OICH
HEEEZHRLUE), LB ERORRE TRMAE 21212121.... TH B, X
TOHMEDREBF 2ERORESIETEETNEDOND L DIC, FIHETEIZRE R
ZHBHICE--TERLIZERICHFSING, FLARX BRDOEFETEEX
205 K0 <0 <180 TREDHBEICH L THEFIF2THY, LTHN
EXHPEICE Y HIK —180° < A < 0 CHEHEFIF 1THS. Z0D 22DHEKD
M, $2bb 0=0I1CF REWICRVDEDDHHE LAV, ZHhIETARTO
BREICHE>T ¢ = ¢ R 35 FAEHE (homographic orbit) TH 2. ZHIE =4
WRYPETH S, EEL, EHE HESH (EHERILEAOIKRETIND
HHIERTHS. o —MIC, W ETHREIINEILTZZLEEZMHRERD
BEERE®RT S, BRI ER)FOEBOTFIHEBKIC1L2THD. OF
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Figure 6: RFICICOBRICHEZMFHERICWEZ2HEOMIL. LEIFNDES
7.

YOO DHBIFARICERICRS. F2ICIE, H5EBFDHHDEREFIAD
BHEORTEERLE. LB CE DOMICEEZ2AERITZ2HPENEFEET S IX
TTHL. ZOPEBEI/NV—TFHEHL 0=30°2F5, RA0.0125FT2EDED
THD. (MEHOREOEIETFT 3IDOOHTELL 2V, EXTHLTNWS)

ZHOULT, @WEFEFES ZLICE Y, SEHERYE > ERICHERFIC,
BICBORTZ2ZEeNTES. (20 L ERIEE Q, & Q, 3B RATHE 22X
ABDT, & oD ERRFEARTV,) M3 LB4ICZD&D iz W<
ODMRLTEVWE, H30—FBLEDONRIVICIE 2EEH OFHRN T TICEhEZ
Ko MiER2EHET 2HMBERTWSE. ZOHD 2, 3FBHD/INR )L, X
SIS 4DNR IV EHEL . RWEBFISE KOG T 5 ZMERBENRZ 5.
FEENENOEKICHIETHRBFHNEHICEZRAATBVWE, EEL, &
D2DDNKXINVTEHMAL T ECHBFN2ZEEEZhAd ok

B SIS — R 2 b o LREHICRLUE. B 10,11, B& U 12075
W BVWEBFIEZASDOEICAZNERLUE. £2, o KVE
FHMLH/ONLIHBMEEBLE. 2D OHEE L IMREATETCLED.
SRR A T, Schubart BB 2R U, S HICHBIE (¢ = q0) 280 T
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Figure 7: &S 120 FFM LT TICREOFRIENI BN S

BEHEHAEALTHRODE - ERERVWE BT ERERLEDICE - EHIE
(200 f#) &, €N B Schubart SHE D I A &2 HHE L 3% . Schubart HHIEK D 2
ENHHTWS THIfR] BRBERNERFLTWE LI B THo T, ZM4EEH
MOMDZEREES. UL, BETE LD KK 0 F IS 180° ZF 5 L THW
EZeEEFRLTSBL. @EEHAEL CE BT Lo LITEBOHEE, (4
A A, EH, Schubart), #BHE €3, UL, AEWAE VRS S, bhbh
D THHEOBEBE LTORRKD ) ADIEEWEGERT S, —7F, Hhl
mOFEE, THESINEHEOREE] 23E2. LEN ST, HOHIE, BEDFH
MEFELELEI/OSNDBKEHICHIGT IR ERT. 4), 5)RID
ODMBEIIC, ZhF R 1ISCPETFTHTZL, HE2WEIEHEHEDHE DX
HEY =90 ICEHLTREBIEEZLERBRKTSE. Z0TFB L E{ThabARW
BRY, 5D &> —BEEER5ZL3TERN, FHIRVWE, A4 RH
EMNER (TR =7 )HRICAVRAATLED ) EALARVWESS & B%
T5L, MHTEEMEHREBILALABEZ T, 5 ORELEFHEK 2 D T
W<, Schubart S D# < Tk, BB FEFAHHPEDO L DICH 2 F W, ZHHE
D _AREROME, BEHHHE e OB ERD. —7 EREROE ED, KD
HUMNRWEREEIT FERIC)RWHHICES. F1REeALEZ AT —T



U, ZOMBY OEEIZ, KT 1 AR TRS £ TIC (ERIC) KX REIRE T
BREKYIEST. ZOBEBET, TR — FHEK L OB R Tl = 45822 i 2 %
BICHEE - TWBZENHEOHTHS. AL, ZNERTATZI01E, FEHI
BEVWEBIEHETOHEND S

4 BPRREWiE

ARREIBEDZMRFERICRIPEDFET . 0% 180° - ICEZLX THF
EANBRADERREBEDNANEDLLEZNS ME )=90°ICBHLTRIET S
ECHBEOEEICET 2 2MHREREBLZILNTES. L ORICKE
LER*ERTHBMOZEAEREE, ZHhERREBRICHEY > TE2AER L
BZFTHEOHHEOGHAB/O NS . EH L (AEMHEE RV T) RIS
BTERWHD, ZADOHETHERIETH S . ZMEZRHE N E 2RO B
BB CRHTER T 2 R WE RIS D WTIE McCGehee (1974) WBURIICE R L
TW3,
BIGICIERREBED, RS TETRHEINDLH/ONEDTNTO=hELE
iR \WE. XA, TobbERPEDOHHME, 2=HAITRLE.
H7EES 2ETORBILOBOAZIRTOHBOREERT. BR
HMEOBAELBFIOEI L LDICARICHEALZLENRTENS.

5 =AKEZEWIEDOER

WEETORRY SRS L2 MEE, H2EMICE T 2 ZAERHE O #E O/
ETHd. 3,4, BLE52BT2L HWBEFORIPEAD &, ZhE5eH
WMOBIEALEAMA L. R50OBBTEHDHEHE (KDOA) DWIFnITHER
Y, U WIild, Schubart SR 0 5% 57 X R g5k O HR DAL RICH < £ T HifR
DHLUFELELDICRAS. ZOHOHMBMOBMNERRS EHRADVEND X
TIAEBKEWHBOZ A B 24T 2O PENHNEFETH S ), Th b
DHFRDPTAEIC 2D & 25 TREMBERAH 2T TH D, BERIEH TRV
W, ZNAHRILEEEDITHS.

—%, ERMIOX)EO M RZ L THEA, MI O BH TEHETRY
(RO L ZATOARFE). ZOZLiF, BHEHS L THSIRLE Th
AR PEEZBEITNIHRTEEDTH L. ZHMEEIERITERERE LU Rk
e d, RAKEHIEFEOW S L DHEN MNHEHWTHS. $abs, HMEL
HEANEIE N R HE THEA T ZOMEIZ6FREGE RV
5, 9554, SHRHRICERICE IRV, EA2D (= 0BT 2 H&RME
EHANSARBKCEATY, PEORLEHERHEICKNE>TLES. 25
ULTHHEDOE O VICBEENMION T, 22 2 BT 2 HEIC T EM4ERH
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EAEENARN, EAD, SHEHLIEINEL D OREICE W TOAWET
BB, LWAsh, ARIC, HRPED T (dust, B 7) RIEY D OEE & K
WTWEBLZABRTHZLTHET S,

6 o

AFDZ LB U BB %45 7= .
Schubart fHig, SREZ2 R, B & OERIHERIC & > THZZE 240 #iE
MRS R o 7= (B0 5).
H A R BEIR D ZAREZ AR O BIIER (DR LB TR — THEOH
ROFL CEMENTIEEIRAT—-TTHY, ZONTHR-TL 3
ECOREBHEBO ABERNHYVFEL)TH LA, FWHETIE RV, HRH
EICELTHEBOEHNERESNTES (K 7).

ZZTORRICEY, A AHETOMBRMEICET 2 BURRRGFE 26
BLE. ZHhiE, HREEXTIEAMETE T, BT ER O T v 4R %E2H
1 (McGehee 1974) DFLEIC & S . £ D E | Schubart 88 — &5 %€ HEH D
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