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B Byrne®¥ &» Pseudo-Runge-Kutta#h ORBEIZOVT

WERKZE T NP #78  ( Tosiharu Ono )
HH¥t E¥R ( Masatugu Tanaka )
WF %  ( Sigeru Yanmasita )

1. WU

19654F Byrned Lambertif. Runge-KuttaiEidDstep4 V) DB EEROHMKE LIRE LT
Pseudo-Runnge-KuttazEi # R U 8. ZHhit Costabile. HE, Hft, FIASIEIVHEDH S
WREBXRSGHIZES>TWS,

Byrneik 2BBEHEIZOW T, HOHBRRXPR—DESOEEARZENTVAEN, JITH
Byrned#iE L =Bl AR OB LR L B M Y RN T 2BEAROEL, (EHFH
Mk AC0S-850 ) WDV TNz,

2. Byrne® 2BMEHEO—RIE

EROTREROWIERE y'=1f (x, y) , ¥ (xe) =ye KT, ByrneZ 2B
PEHD 2 BB SIREB KU SBBA RBED—BARITIRDEY TH D,

(1) 28%3%k
Yn+1=Yn+aBk0,n+aiki,n+ﬁ@k@,n—l+81k1,n~l
ke.n =hf (xn, yn) (2-1)
ki,n =hf (xn+pgh, yantuke,n)

CZT, pEHBANIA -2 THIE, SKEORBEHAOHEARKX (2-2) TET

TEBTESD,
_ 5—6u _ 5 N
Bo = —T5, Bi = —T9, , (2-2)
e — l—ﬂa ’ a1 = 1—131

(2) 3B¥BAKRE
yn+1=Yn+aﬂkB,n+O’.lk],n+a2k2,n
+ Boke,n-1+B1k1,n-1+B2ke,n-1
kla,n =hf (Xn, Yn) (2"3)
ki,n =h{ (Xn+ﬂ1h, Yn+ﬂ-1kﬂ,n)
kz,n =hf (Xn+,u2h, yn+ﬂ-2kﬂ,n+ﬂ3 (kl,n“kﬁ,n) )

T, g1, peHEHNIA— R ThIELREORBFHRNDOBHREX (2-4) T

FITLHBTES,
_ =5 (p1+p2) +18pui1pu-+4
aeg =
12#1#2 ’
_ 4—-5pus = Dui—4 ;
®! 1241 (p1i—pe) , °° 12p2 (g1—p2) , (2-4)
foe= 1l—ae , B1 = —a1 , o= —-a2 ,

4s = 2up> (po—p1)
u1 (4—5p1)
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3. HBY0EELTOKMOHE
BF . HEBERRDEDIIZED S,
D=8/8x+F8/0y, F=F (xn, ¥0) , Fy=08F (xn, yn) /0y
F.,=3F/8Y;, FJﬁﬂVF/aY-BYhEﬁdvq=§(aFg/aY)'m
k Bt p ¥k Pseudo-Runge-Kuttai: i O‘Tﬁﬁ}ﬁ%ﬁﬁb’*ﬁ—‘ﬁ(ﬁ@i@%%“@:ﬂ 49
WEDEHEFRER Y, ho BT, hot LRIt

v3=a3 D®F+aszFyD?F+assFy?DF+ assDFDFEF,
'Ya=amD4F+a42F9D2F+aa3F92D2F+a44F93DF+645DF9D2F
+assD?FyDF+asrFyDFDFy+assFy(DF)?

Fs3=as1 F® +asF, j«FiF«’ +asF, ;F;”’ (3-1)
Fa=anFP4+a40F, j(nF;Fo’’+84F, jin FjF«Fn’+4844F,; F;®
+a4sF,iFj,uaF«’'FatassF,;F; «Fi«”’

‘J LERTIEHTES, '

! BU., as1=(4-bu)/24, as1=4-5u)/24,
as2=as3=1/6, &d32=bpu /24,
asza=(6-5u)/12, aszs=bu /24,
as =[31-40(pm1+pu2)+50p1 p21/720, &41=[31450p1 po-40(u1+p2)1,/720,
as2=(31-60u1)./720,  A12=Quotbu1-10p1 u2) /36,
as3=aus =31,/1720, Ass=({lpi1-5p1p2)/24,
ass=(31-15u1-30pu2),/180, Aas=-Ouipo-dpu+2u1) /72,
as6=(31-20u1-40puo+25p1 p2) /120, Ass=p1,/12,
asr=(217-1201-1202) /720, ase=pu1/12,
ass=(31-40pu.) /240 THd.

RIZ. BAHRAPR—RFUEN.OZEEEII VT, FRBOARDITHY Y _ED KN E
HETD-OOREL U TROIBHDOHERERFEH TS, INoOREEZAARDITHY

WHREHEREELWS,
4 4
A31—8lasx | +3 | az2 | +3|as3 [+4laza !, A32=§1! aszily, A33=2_31(aai) 2,
| Aso =2la3. I, A33—_2 (asi) 2, (3-2)
‘} A41—16|a41 |+8|a42i+3laa3|+3|a441+8!a45l+8|a46|+4lau|+4|aas|
A42—2|ad| l, Aas—z (as:i) 2, A A42=Z|aai I, A43=§1(a4;)2

I?’@AH{EJ_#?}TJ‘EEUJT ?‘ SRARDITBYY ﬁﬁ*‘b@%ﬁ’ﬁbéo

4. RHekirzogfofx

HYOBHATRAOLZERHR. B—0oWa BT eEitREshd,
b\i X=Xn ‘u&‘jéﬂ{ﬁﬁ% Y. Emﬁ’:"& y (Xn) 8}9% Yn @;ﬁ'lf‘iﬁ‘:‘é
en=Yn—y (xn) THETL. SBRAKEDHE., FAMNFEBX vy’ = 2y
(2 : MBIk (2-3) BBATHILED. »

en1= {I+(aetaitaz) h A+(graitpea2)(h A)2+g1psa2(h )3} en
+ {(ﬂa+31+ﬁe)h,lf(ﬂ1ﬂ1+ﬂ2 B2)(h A)2+u1psB2(hA)®} en-1

PEONE. ChEVKOBEHER (1) 243,

—_—
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£2— {1+(aetaita2)h A+(uia1tgea2)(h A)2+p1psaz(h 1)3) &
— { (Boe+B1+B2)h A+(p1 B1+p2B2)(h A)+pur1pzB(h2)?} =0 (4-1)
BL., EERKT. E£0TH5. :

(-1 (2-0)X 2KAL, BEIT L
1282-H1 (hi) §—Hz (ha) =0 ‘ (4-2)
BL. Hi (ha) =12+18ha+5 (ha)?+2 (ha)?®
He (hd) =— {6ha+5 (ha)2+2 (ha) 3} TH5,

KT, MEXREFERS 41

S:={(haAl! 1282, —-H; (ha) &:—H> (h 1) =0,

Hi (ha) =12+18ha+5 (ha) 2+2 (h2a) 3,

Hz (ha) =— (6ha+5 (ha)2+2 (ha)?®), 1 &, 11 (i=1,2))
i3, ZZT. H; (ha) (=1,2) #¥ui (i=1,2,3) 2BATORVWODT, EHLE
FRZaHASA - u; (i=1,2,3) KEBRIIEI—-BRZEESILBbhE. SERRTS
EE 1DXSIkb. ;

2B 3RHBEDEE. ac=Bo=po=u3=0, p1=p&(2-2)2A-DIZRATEILE
EoTHGND, b, MHEREHRS RRATRILHBTES,

Ss={(ha112&i?- {12+3ha+5 (ha)? £&i+6ha+5 (ha)? =0,
& 121 (5=1,2) }

Ss2BRT5LE 2 X3 RB. S(EARIZHHNI A - p o WBRIC—ERITEE S,
‘ e | W :

=3 £8

B 1 SBRARIE DM & 5E HiK B 2 2BYBCIREEDMEN e B
5. NOEZEEITIHEOHE

2BB R U 3BBOEARADADREIHT IRELHETIREL LU TRIZERET 2H
=2xEHT S,

1 1
R3=Z|ai|+2|ﬁ‘l+2|[£|=
' (5-1)
Ra—z|a¢|+2|ﬁ |+2|ﬂ1|+2|ﬂ2|+4lu3|

Thz2 &ﬁ&lﬁf& &ﬁﬁiﬁ@ﬂ&%’iﬁﬁﬁﬂﬁﬁﬁt (A

_3_
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6. Byrne & Pseudo-Runge-Kutta #EDFHE

2B 3RBDFT B VBEH A RUAHHEHEEE R OHEDOEEHRZ
M3 IWnd. ZOESHENIA-RFp0H T, #Hc e %, BN e E L B,

2B 3RO HY VBEAHCREEA >~ A DFEFHHIZBEL T, KA S LE®R
3 5, )

SBERAREDITHY W EEHERBOFTSH L., LOEREFEH R OEEROEE .
KA~ 8 IZiRd . COBEAHNIA—Hidu1 & po T, TRENEHE CGEIIZ L 5,
5 VEEHEREEOEFEREKXOR T, AOAEMEHEREEDOETTHREMBR TRT.

BB, pr1=pe,u1=0,u2=0,u41=4/5 ZBET(2-4) XD ae~ 2, psDRFH
0 KRBDT, ADEEFHHEEEOZERPBILLI2D0EWMITEI-DIL . FEROBER]
7~500 ZHiz B,
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B 5 Byrne BU3BBAREDOHEHIEA
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7. BRAR |
BEXBETRATATOS Byrne MOARI. FHEOMBMY Tik 2 BR 3Kk, 3B

AKEEED Byrne HEWW XD DDDHRTHBDT, ChEffioNRET 3,
7% 1&% 2 7 Byrne @’Aﬁﬂ)ﬁ&/fiiﬁﬂc‘:%@ﬁﬁflﬁ%ﬁ?o

8. AXDHER .

Byrne #DEE, KEHKHAH/NZ A - XICRERIC-BIELLOT. B3~H8 28%
W UTHBY OBEEH R DOV TRIIEBRELRARERY, DO TAOEZOBSE2ZERL
TARZEH W=, Byrne B PIREDITHY W BEHEHEMEAr., Ars, Aro, Ars HBINE 2D
BHE/NI A=W T 2AREIEIZAR, 1,808 2,830 3, 8304 &7 5,

2BBBREDGE. ADBEREEBER LIOGRT LS ILECOTH S Y D EEH %
EPEREREIAK: 1 ~AKs4 2135, HLU, AKX 3 p=0.8 T Byrnes LELIZRS.

SBBAREDES, FBYVEEHEEREA, Ass, Ass BPERTAHBREIZHET HHE
BHELTOROAR L, AR 2,304 2RET 5. THYVBEHCEEAERRET
BZAF 3R, ADBEDLTHEIZRDDOTHE 92851 L. fIHYVHELZETERECLAY
BEEYRUEAR 3T 8BTS, A1 ~0fud OHBNI A — XL ZOREESE
# 2wy, . ,, '

50~
AN
AN

. 2,
(131 ¢ ‘259
AR 30PT N
) [Ke2 Ty,

p 7 . \

o
Aa=0.7
N ?
Ok S e
E_ Byrne 3R, 1 ‘\1 SAd2=0.18
. NE
o : / \ 0.005.
NS .
<2

N 2

24
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@ A4
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9.

10.

BUARER & 552

(1) 2BBBREDBERBEROBBEIEE OB S LEM T ZH. FAXOHERITIE
FH U TREITTEROERIIRS TS,

(2) Byrne . 4RI DV TAs ( Lotkin DRERADARDEBOHIEKET D
) ZHEEEB LT VEEOBSr ol NKXE LT r1=0.541, pe=
0.763 2BATVEH. B 1 KEhilZoHBzEY B2 Lhbhb.  Lid,
M 5 DHEEKEALIOHEYTHY. ﬁ&b}ﬁﬁﬁﬁgﬁ%ﬁﬂkﬁb\d)ff@&fﬂ
ELOAREWZBESS,

(3) AR lid. £ 1 HoOBSHRES LI BE VEEUELEA G BN THENT
B2 5Byrnes DAROBHELTHHZ, BB BARRETO LHTHRHES
AR 1 FBRTOBHED S0, |

(4) AR:2 k. Byrnes DAR BT 2455 1 KV BEERITB O TERETEOGR
BEEXNFE LOAR TR,

(5) A%e3id. HBYVBELXTEEDIT. 1, ke 2T 0DEFHTMO TS
BAHDEEHBIFIZ BT D TRELTH D, CDOZLRBIHERERP S D
HHEENELTS <‘:f@.0) AR HB U TEERRE S BOTWBI L H6) HID

ohd.

(6) AK43 HHDEEOBETEMELL 72 AR 3P I éFﬁkt@iﬁﬁ}ﬁﬁiﬁL
BOTHOARKL Y HBBRTWBIHZRDITEILHBTE, TDXIBRHBRIEVT
AHEZONS,

(6) AXid BIUEhEADBREDOB D SHHEL L AKX 47T 1, BIERRIC
BOTHOARI Y HELLBEBOEEIBREAIAFELAR RV XN,

i | |
(1) Byrne % 2 BY¥EHED 2 Bl 3 Kk K OF 3 BUKA i, TebEi— BTl B85

A—RLEBEBTHIOT, ARDHMNNS A - R X RO, THYVEE
LADEEOWEP SiTbhd Lz 3.

(2) Byrne B 2&?’3&2‘0)2&&3&#&%&@3&‘&47ﬁ$k‘9h'{' HENSA-X
BEAMIIAEERELERCBCTEHT L &, HHYIBEHCEES KUTADRE
HEHERER YD K S BT 2 0r0BRERAMNIZE 52T, ZDTS57D
FHEILEY, BLRIGIERBOROCARXDHERAREOEBOHER, £EOARN
Gxohizt ¥, TOREOERYLRFIMEENESICHRS.
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AARFHEL W,
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PoRE-EY LI-BHBENIHEN.

(5) Byrne DEMARORIERIE. B3 X THEID b\‘?‘ho)ﬁﬁ}ﬁﬁiﬁkﬁ LTHR
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