(Tip-4-2) EYHEsS - HFaT7HY - RBES OWSIEER

(1) BREEAHEE
p=(a+p3) s= a BNa+B)
q=(y+86) t= v §/(y+5)
w =pq/ (p+q)
xp=(a/p)xa+(B/p)xp yo=(a/p)ya+ (B/p)y» zo=(alp)za+ (Blp)z
xq=(y/q) xc+ (0 /q) xa (y, z {22V TLAFIRER)
Axa=xp—%xa=(a/p)xa+(B/p)xp —xa=(B/p) x—x%a)=(s/a ) xp—Xa)
Vxp=xp—Xs=(a/p) xa+ (B/p) xp —Xs
Vxpg=Xp—Xq={(a/p)xa+ (B/p) xp}—{(v/q) xc+ (6 /q) xa}
Rav? = (Xa—xb)2 + (ya—y1)2 + (20— 71)2
Rpe? = (Xp_Xq)2+ (YP_Yq)2+ (Zp_Zq)2

Rs2 = (Xp_Xs)2 + (Yp_YS)Z + (Zp_Zs)2

(i) ZEA
() EZ2V S (SaSb) =(x/p)32 - exp(—sRab2)
(b) =751 <SaSb> =7+ 27n/p- exp(—sRa?)FO(p2R,)
(c) a7 Fisr2 [SaShl =(n/p)¥2-s- exp(—sRa? (3—2sRan?)

(d) =ZHFESY (SaSb | ScSd) = 2(7 )52+ (1/(pq(p+q)12)) « exp(—sRav2exp(—tRea2) FO(pg/(p+q)) V2R pq)

(i) B4k

ERoRix, (@75 () TiE, F(Sa,Sb,Sc,Sd)=F(Sa,Sb) & LT, @I N o b+ 22 &
MNTE D,

F(Sa,Sb,Sc,Sd) = K * expAab * expBed + FOX)

expAab = exp(—sRap?). expBed =1, Fo=1 for (a)
expAab = exp(—sRap?). expBed =1, F0= FOX)=F0(p 2Rs) for (b)
expAab = exp(—sRap?). expBed =1, F0=(3—2sRab2) for (c)

expAab = exp(—sRap2), expBed = exp(—tRca?). FO=F0(X)=F0((pg/(p+q))2Rpq) for (d)

ZOMDOF X, UTOXNLELNS, (HL, x0=8a )

F(xan, xpm, %K xaya) = 1/(2 ) * {0/0xa F(xa1,xp™, %K, xaya) + (0-1) F(xan2, xpm, %K, xaya) |
=1/(2B) * {0/0xb F(xan, xpm 1 xck, xaya) + (m-1) F(xan,xpm2,xck xaya) |
=1/(2y) * 10/0xc F(xan,xpm, %51 ) + (k-1) F(xan, xpm, %52, xava) |
=1/(2 8 ) * 10/0ya F(xxan, xp™,xck,xa) }



(iv)_$85

(iv-1) expAab DO#45>
1/(2 ) * 0/0xa expAab = 1/(2 a) * 6/0xa exp(—sRap?) = 1/(2 ) * exp(—sRab?) * 2sRab * (xa—x1)/ Rab
= exp(—sRap?) * Ixa

(v-2) 4085
1/Qa) * 0loxa Axa=1/2a) * 0/0xa (xp—xa) = 1/(2 ) * 9/0xa (B/p) b—%xa) = —(B/ )/ (2p)
=1/2p)—1/2«a)
1/(28) - dloxy Axa=1/2«) * 0/0xb (xp—xa) = 1/(2 ) * dloxp (B/p) (xb—%a) =1/ (2p)
1/(28) « dloxy Axb=1/(2 ) * 0loxa (xp—xb) = 1/(2 ) + 0/0xb (a/p ) (xp—xa ) = 1/2p)—1/(2 8)

(iv-3) Yoy
1/Q2a) » dloxa Vxp=1/(2a) * 0/0xa Xp—x)=1/20a) * (a/p) = 1/@2p)
1/(2a) « 0/0xa Vxpq=1/(2a) * 0/0xa xp—xg) = 1/2a) * ta/p} = 1/(2p)
1/2y) + 0loxe Vxpq=1/(27v) * dloxe (xp—xg)=1/27y)  {—v/q = —1/Qq)

(iv-4) FO D45y
/(2 @) * 0loxa FOX) = 1/(2 ) + dFO(X)/0X * 0X/0xa
=0 for (a)
{ 2/%a for (c)
(exp(-X2)—F0(X)) /X 1/(2 ) - 6X/0xa = FOX* 1/(2 ) * 6X/0xa for (b) (d)

Z 2z, (bDIzxtd % oX/oxa DFRSIIE

1/Q2a) + 0X/oxa = 1/(2 ) * 0(pV2Rs)/0xa = 1/(2 @) * p120(p12Rs)/0Xa

=1/(2a) * p2+ (xp—xs) /Rs * a/p

={1/2p) * Vxp}+ p/X for (b)
1/(2 ) » 0X/oxa = 1/(2 ) + o(pg/(p+)2Rpg)/0xa = 1/(2 &) * (pg/(p+q))120(2Rsq)/0Xa

=1/2a) * (pg/lp+q)V2(xp—xq) / Rpq * a/p

={1/2p) * Vxpq t * W/ X for (d)
112 y) « dX/oxe = 1/(2y) » d(pa/(p+a)V2Rpg)/0xc = 1/(2 ) + (pa/(p+a)V20(2Rsq)/Oxe

=1/(2y) - (pa/(p+a)2(xp—xq) / Rpq * (— v /q)

={—1/(2q) * Vxpq}*+w/X for (d)

F7z. GIDICHKT D FOX) O—HOMIITx L, BOEHOAE L, kOB AEERT D, .
FOX =0oF0(X)/oX = (exp(-X2)—F0(X)) /X
FOX3 =X + o(FOX/X)/0X = (—2X exp(-X2)—3F0X ) / X
FOX5 = X2 - 9(F0X3/X2)/0X = (4X2 exp(-X2)—5F0X3 ) / X
FOX7 = X3 - o(F0X5/X3)/0X = ( —8X3 exp(-X2)—7F0X3) / X
FOX9 = X4 - o(FOX7/X4)/0X = ( 16X exp(-X2)—9F0X3) / X



(iv-5) F 0%
@) (KT 2857 0F loxa 1X. expBed=1 THDHN 5,
1/(2 a) * 8/0xa F(x4,9b,S¢,Sd) =K * 1/(2 ) * { (0/0xa expAab) + FOX) + expAab * 6/0xa FOX) }

=K - expAab * { Axa } for (a)
1/(2 a) * 8/0xa F(x4,9b,S¢,Sd) =K * 1/(2 ) * { (0/0xa expAab) + FOX) + expAab * 6/0xa FOX) }
=K+ expAab * { Axa * FOX) + 2 Ixa } for (c)
=K - expAab * { xa * FOX) + xa * F1(X) } for (c)
ZZiZ
F1IX)= ¢ 0 for (a)
{ 2 for (c)

(L) DIZxt D53 0F /oxa %,
(1/2 ) * 0/6xa F(x4,Sb,Sc,Sd)
=K (1/2 a) + { (0/0xa expAab) * expBed * FOX) + expAab * expBed * 6/0xa FOX) }
=K -+ expAab - expBed * { xa * FOX) +(1/2 o) *+ 0/0xa FOKX) }
=K - expAab - expBed * { xa + FOX) +6F0(X)/6X + (1/2 o )0X/0xa }
=K - expAab - expBed * { xa + FOX) +6F0(X)/6X + (1/2 o )0X/0xa }
=K -+ expAab - expBed * { Ixa + FOX) +FOX - (1/2 o )0X/0xa }

=( K-expAab - expBed - { /xa+ FO+{(1/2p) * Vxp |+ p + FOX/X} for (b)
{ K - expAab * expBed * { xa* FO+H (1/2p) * Vxpq |+ w+* FOX/X}  for (d)
= K- expAab ‘- expBed * { Axa FO+{(1/2p) + Vxp |+ F1X) } for (b)
{ K - expAab * expBed * { xa * FO+{ (1/2p) * Vxpq |+ F1X) } for (d)
ZZIZ
F1X) = [ p - FOX/X for (b)
{ w + FOX/X for (d)

Bz, ks s. {0 )
(1/2 ) * 8loxa F1X) = (1/2 &) * { p * d/dxa FOX/X }

=p - 06X FOX/X - { (1/12 a) * 0X/oxa}=p * 0/0X FOX/X + { (1/2p) * Vxp * p/ X}
={(1/2p) * Vxp} * p2 - 1 1/X - 8 (FOX/X) /X }
={(1/2p) * Vxp} * p2 - FOX3/ X2 =(1/2p) * Vxp * F2(X)

(1/2 &) * 0l6xa F1X) = (1/2 &) * { w * 8loxa FOX/X }
=w * 0/0X FOX/X « { (1/12 @) + 0X/0xa}=w * 0/6X FOX/X « { (1/2p) * Vxpq * W/ X}
=1(1/2p) * Vxpq} * w2+ {1/X + 0 (FOX/X) /X }

={(1/2p) * Vxpq} * w2 + FOX3 /X2 =(1/2p) * Vxpq * F2(X)
(1/28) - dloxy F1(X) = (1/2 ) + w + dloxy FOX/X }
={(—1/2q) * Vxpq } * w2+ FOX3 / X2 =(—1/2q) * Vxpq * F2(X)

Tbb i1 a~d D% O s HUE TRWVELED x, v, z D% ka~kd (h=ka+kb+kc+kd) & L C,
Fn(X) E{ p» + FOX(2n-1)/Xn for (b)
wn « FOX(2n-1)/Xn for (d)



(v) 2i&r
INETOWMGENEEZEL OB LUTOEOMEIC/RY, ZDfE% Ta,Tb,Te,Td &35 &
F(a,b)=K - expAab * X (TaTb)

F(a,b,c,d)= K + expAab * expBed + X (TaTbTcTd)

(eX z (TaTb)= AXaAXI) FO)

(ex X (TaTbTcTd)= x.(1/(2p)) (-Vx/(2q)) F2)

(1/2 a) * 0/0xa (1/2 B )oloxe (1/2y) * dloxe (1/2 6 )oloxa (1/2 @) * 8l6ya
exp(—sRap2) xa Ixb — — Aya
exp(—tRed?) 0 0 /Ixe /Ixd 0

Xa 1/2p)—1/2 «) 1/2p 0 0 0
VXp 1/(2p) IFl e 0 0 0
V'Xpq 1/(2p) IFl e -1/2q -1/2q 0
FO(3-2sRav?) (Axa) + 2 (xv) - 2 - - (Aya) - 2
Fn(p2Rs) (Vxp/(2p)Fn+1 lfl £2: — — (Vyp/(2p))Fn+1
Fn(w2Rpq) (Vxpo/(2p))Fn+1 A (-Vxpe/(29))Fn+1 [Fl £ (Vype/(2p))Fn+1
(v-1) EYf5 (FO=1, F1=0)
(Sa,Sh) =1
(xa,8b) = 1/(2 ) * { 0/0xa (Sa,Sb) } = Axa 0/0xa expAab
(xa,xp) = 1/(2 B) * { 0/0xb (%4,Sb)} } = xa Az 0loxb expAab
(xa,yp) = 1/(2 B) + { dloyb (xa,Sb)} } = Axa Ayp - e dloyn expAab

(xa2,8b) = 1/(2 ) * { 0/6xa (xa,Sb) + (Sa,Sb) } = Axa xa —11/ 2p)—1/Q2 ) } + 1/(2 )

= /xa Axa+1/(2p)

(v-2) a7 2 (FO=3—2sRap2 . F1=2)

<Sa,Sb>
<xa,8b>=1/(2a) + { 8/0xa [Sa,Sb) } = (F0) « xa

=F0

+ AXa * Fl

<Xa,xp>=1/(2 8) « 1 0/0xp (%a,5b) } = (IxaFO+1xaF1) « Axp

+1/(2p) + FO+1/(2p) - F1
+/xa * (/xb * F1)

<Xa,yb>=1/(28) - {0/0yp [Xa,Sb]) } = (IxaFO+/Ixa F1) = Ayn

+0
+AXa y Ay’b - F1

<xa2,Sb>=1/(2 ) * { d/6xp (xa,Sb) + [Sa,Sb) }

= Axaxa * FO+xaIxa F1

=(NxaF0+_x2 F1) * /Ixa
—{1/2p)—1/Q2a) } + FO+H{1/ (2p)—1/(2a) } * F1 - 0/0xa/1Xa

+AXa * AXa * F]_
+1/(2 )+ FO

+1/(©2p)—1/(2a)} - F1
+ Axa* Axa * F1
+ 1/(2p) - FO

---------- 0l0xa expAab
........... 0/0xa FO
........... 0loxy expAab
----------- 0l0xp./Ixa
----------- oloxy FO
........... oloyn expAab
........... 0loyy./Ixa
........... oloyy FO

.......... 0/0xa expAab

........... 0loxa FO
......... 1/(2 o)+ [Sa,Sb)




(v-3) =751 (FO=F0(@Y2Rs) . Fn=pn»+ FOX(2n-1)/Xn )
(Sa,Sb] =F0

(%a,Sb) =1/(2 ) * {0/0xa (Sa,Sb) }

= (FO) - Jxa e 0/0xa expAab

+(1/@2p) + Vxp )+ F1 0loxa FO
= /xa FO+ 1/(2p)Vxp, F1
(%a,2p) =1/(28) + {0/0xp [x2a,Sb] }

=(Axa*FO+(1/2p)  Vxp )+ F1) « Axp oo oloxn expAab
+F0-1/(2p oloxy xa
+1/@2p) - 1/@2p) - F1 dloxy Vxp
+/xa *+ (1/2p) * Vxp + F1) oloxy FO
+1/@2p)Vxp - 1/Cp)Vxp F2) dloxy F1

= {xaxp +1/(2p) } FO + 1 1/2p) Vxp/Ixb +Ixa * 1/2p)Vxp * 1/(2p) + 1/(2p)} F1

+ 1/2p) Vx,(1/(2p) Vxp F2
(Xa,yb) =1/(28) * {dloyy [xa,Sb) }

=(Axa*FO+(1/2p)* Vxp )+ F1) * Ayp oo ooy, expAab
+0 oloyy xa
0 oloyy Vxp
+/xa+ (1/2p) + Vyp + F1) dloy, FO
+1/2p)Vxp + /2P Vy, F2) dloyy F1

={Axayv } FO +{ 1/Qp)VxpAyb +xa * 1/2p)Vypt F1+ 1/2p)Vxp(1/2p) Vyp F2
(%42, Sb) =1/(2a) * { 0/0xa [x%a,Sb) + [Sa,Sb) }

=(Axa*FO+(1/2p) Vxp )+ F1)* Axa e oloxn expAab
+{1/2p)—1/Qa)}-FO e oloxy xa
+1/2p) - 1/2p) - F1 0loxa \Vxp
+x%a* (1/@2p) * Vxp + F1) 0l0xa FO
+1/2p)Vxp + 1/2p)Vxp F2) dloxa F1
+1/2a)-F0 1/(2«) - (Sa,Sb]

= {xaIxa +1/(2p) } FO + {2 xa * 1/(2p) Vxp +1/(2p) + 1/(2p) } F1+ 1/(2p) Vxp(1/(2p) V xp F2

(v-4) Z#iE5 (FO=F0(pa/(p+a)2Rpy),Fn = wr - FOX(2n-1)/X» )
FROEEZAT 2L, LT om<izb o bivd,
(Sa,Sb | Sc,Sd) = Fo
(%a,%a | Sc,8d) = xaF0 + 1/(2p) Vxpq F1

(xa,yp | Se,Sd) = Axadyb FO + {xa * 1/(2p) Vypq +1/(2p) Vxpq Ayb } F1+ 1/(2p) Vx(1/(2p) Vxp F2
(Xa,Sb | Xa ,Sd) :AXaAXc FO + {AXa * 1/(2q)Vqu +1/(2p)VquAXc +1/(2p)(_ 1/(2(1))} F1
+ 1/(2p) Vxpa(1/(29) Vxpq F2



