ooooboooao
4050 19800 215-232

215

Hopf- Cole EROMLE L AT T > 7 a

94—

RIEK T B PxeR

L) Hopf - Cole T 5 x5 < WHMBETZ T LIKE 2
UBMBIZON 2 R—MALT R T > 5 077 (Generalized
namdom walks= GRW)IE BB D 5 > Fa-7r-7 o T T 4 %
3ILERT, L GRWOIFRRA AR 5iEMRAL | ¢ RSk
TAFRR IS B4 AN <RBEHaE3 L iR T

& |
82 - MW hEF L § na-7
2.1 seiiiBs
2.2 BlupEr
§3  Hopf - Cole Jho 13k
8 728 ar—70 WA
8 LT h T2 T TIr=7 0 s
§ T £ B IR



s

G AR EFHIM DT I U3 03 Ry PR
FIT3 70X &~ MAgART LIRS —2 94Fka13, M
TR THI LEIES A3 5ATE 5290
-7 2 BHRII SN T TR0 HFCRDOATFRE AR T
& 5,,7“) X% OBREIEMIT EAT D R T T F-T)
FIE D=2 1E 99BN CHIT NG X—F A1)k
BL o e R CTFAmE w97t R 8 ELREN
L HELED L THE B, BEMRIMBRCIA Lt B4
FaMBE I ) L AT <R CRD R TN E | B LIk
3¢ R TIE Momtroll B0 5279 7° 2 BEM B % £, Ly,
BB AL YNNI BB E 5 S e m I EE
ARADTHRIINLATBRL | CRIRDR T L ERT57
O SEVSEE T T L) AR L T G,

F 4 E 37 770 e R ek b 150 T 5 BB L 2o
Tat R T Rk s R Tl 3 REECA) - BRILD ke
T3 LT FL AR 0 CHET 4, CRIS2TIEE

2



| 217
By T a7tk KEDERBA TS, < 2%
B 1R THMLIE T > G -7 % WT ¢13 GRW ¢ B&3e,
734 83T GRWo 7 0tR ¥EAHT MBS 5 ER
F# 28897 2 Fu-9r-71< 93 Hopf-Cole X 5 %4
TR E | by 523, 84133397 Fu p—7 2 AL
AW AMEEST T RA S D ik 5.k~ D 85 TIEGR WD
B A b LA L AR Fokker- Plamck 7 42 A\ 9 T3k 547
7 36T 1T Hopf-Cole LR T Ik | = Adc T b adFiom ) %

ATHRE RT3, RECUEIEKI 3 L6 T o,

82 ~BAMITHET > T u -7 (GRW)

kT m I MATRBICTIRD K FTHEDT > T a
ar—7 2 BN TEL S NXForih e Emic 3%y
WmN) LT3k C97°0 ERX i@ |

Wim,N) = PW(m-I,N=1) +§ W (m+].N—|) (2.1)

Tk r M3, P, 41882 2797 TRE mzl 605 ma %2 7°
TIMFCF 3 p g omes We3 R IEL P YEHS
Mo ST EBRETREHI T - - DA EBH % 3

AT T@ @D eFMAFFHO R BMMT 3 86y T kD
R<mk7a,



218

1) 7?70t E="elR” &xh cdFamcq 5"

W) vy A0 “T-FERC CER LI KA s R 3]
A EUTIE BT EL 3 7o ERED)T 3elf 24 ) 1< “H
'8 R A N 5 EBE <PRS, DE)FABEERTI=RE

JXL?‘B%)(Z)}(A@ EF LI BAT-A— 9 BA T
K& % 3,

2.1 :z1hi342

FL3B810) 0% A CHIEl RAA Ty hd 78
Lz T % 3,

W(mN) = E‘)_J: (m 1) W (-] N-1) + R:‘ (m|m)) W b+l N-1) + ﬁ;_fm) W (m,N-1)
| (2.2)
CCZ‘"é{,li 2D P&t 75§ Ry, 18 M= k> T 1)

5HME CH ) ROEBNLEF T HET B
{3::. tmt|pn) + P metm )+ Ry (m) =1 o (2.3)

(2.3)85 (2.2)9 M40, ZaWm N) |3 BS+ T fL 3 3 LG 8 3,

~

v5 T At Xk G2lEs BN T3S iA 1 29 R R,
5) .
Tya U 4T ), BF% 3eilf3 -4l i3

~

BEmelm) =9, (PE, Ruy. -+ PLR)  (244)

4



219

% m) = gg Et_ ﬁm«z, e ﬁi, ]5: ). {2.4b)

5 3 THEK 9s | Fc 1T £ 2 THL T 5o 3, ) Gula=t,RIIF

DA-AIFHRFBHEIRLEEE DT L I AR TAD,

=R GRW
D1 2 BRAEELTH2 GRW
g O ETF L LI T
Nf‘ (m|mFl) = Poi + —?% w(msl, N-2) (2.5)

évnl—l ('m‘) = Ro

LRI =E r BT 7O R RIS RIEAN 0 ¢ F 3,
25 % 2DIEKAN | EMUATEHELTI € TR~ XL
BLik o Burgers 7 42 A" B 15 /s 3, oot m g -

2 % FEA 2 15 l&7ﬁ)<1sﬂ’\5\t/5:‘l”\}3 NI E: Hopf-
5



220

Cole {18 < & » ¢ HAL 0 Fokker- Planck (FP)A4EA 11 7 8,

2.2 18 92

53 RTCITHEKAEEEL B WA NS S R 7T
Do KA & o P R AALE TN PO RARE LSS
UK S R X;:;}r’ﬂ%%fi i1 & 7 Michaelis - Menten o
EAL S0 Tha-Epiz o0 RIcE 0 THAY F B,

o R Bpi3 42T - ALIC

}5;_1’ (mt]jm) = f‘: ( Nt_‘ (m|mt]), é’-'(m’ﬂ)), -
§N—-l (m) = f"R ( P:_‘ (m|mx1), §N_, (m:‘:l))‘
v Ets, (25)ciET Mo T L (T
Dt _ pt Fa B
P (mtl[m) = P* = Z Wims [ N=1) )

Ryy () = R, - %—[ W(mTI,N—t)4W(m—f,N—1)]_

¥ 3193 L hilof - maRE Y =R F =8
KHBpammERNN 2 T0d fFlompBaoxziegbd
NG X =47 - TF3, (2am)sFEaAagthc v M2 2 f4 15 3,

e o SelE B L BIMPIBAE C1d R T3 p-2—-12— AT
$o EANE3 KT T kAL - A- FHA FB-ABIAEH

. é)
> 7" R t KAy S AR 3387 oL (2967 5 K
6



221

P“(B)
T DN
W(’WI"",N"!)(__\. N Wimt] 'N_') : P* (A)
oL L T, g Sp-h- A
m-| @ m+) ! P+(c) )
,ﬁ k‘\é/-\ ’%——/f]—C’
N~

B2 Wimthn-1) 2 %19 T oh B

3 3. /?E%ﬁ‘}h-— #—
Zx7°

FENTRAACA K% 1| koo BFa el L BlihE S 7 F 348 %
K &> TRk2%%k=BAIK k3,

A A 5 ¥

R,3 989 g d — A9 p-

%1

LS 311
N
=
ES
i3

Pilt)( ! Fl) Pi()

I+

Z. B (4.j) W (4
)

N -1 (Mm¥|,N-2)

ﬁ(z) (m) = R(«)

e i pgn ' 1ii) g D)
B 13 1% 4% R i mimzy = B ¢ ‘ig‘—“*’" W, n-1)
R (1«) ) - R(l) E’-Z »;—‘"17 Wl7)(qrn+'lN..|)
J
: =) i)
+ 2 2 B W e n1)
J

§3  Hopf- Cole T#R o #hlk

- R BLIR T %&kﬁg 3 Buv‘%ers 5 4% ;\..7)2'\" Hopf— Cole 2 ’f}é_g)
7



222

I E 2 TR BCAAEN© 33 3 LSRR LROS T u 3,

13 TE 2o Hopf- Gole TR o RIW F A LIEE (¢ A B 22

» GR W2 135 ?zpt AN ERAA CE b T AEBAE DT Y

Fouep- ) K73 LERT,

BT 3GRW IBARNIF(27 5 220K | &R
Wm, ) =P, +§wm,~-u)w (m-1 N-1)

AP, - FW (-0 )W (mi | N-p) + R,w (on, N-1), (3.1)

tH3, B=PfI TR f F@2.3)152R R =1 ¥
53, BNYET 3 323 KR B4 RE 3 235,)\750

Ay WImN) = W(mN) =W (m, N~1)

A W m+l,N) - Wi, N) ,
( ’_")W(m,N)=( ) ) (3.2)
Ao W i(m,N)—w(m-|, N)

S

o E4RE R a0 e F s 0L B3 Hopd-Cole Tt 5 74

g&'ﬂ%lf | T
-}
8Bm £ > wWiknN)

vT/tm,N)=€EE° e P, % (3.3)

(Badrn N7x-9-T Y B 73 )

1T & 2 T



223

AW (mn) + %(A&M'm) W m,N) =B, Al W) = 0 (3.4)

TS5R N=>N-lEE3 AN THRLAOTI 0t & T L

~t ~ X s
ijfm,;\j) =(P+ 33") W tm-{,N-1) + (P, - —g—) W,{WLH,N—I)

TR,W*cm,N—i). (Ro=1-2F, ) (3.5)

\X/?mN):WLmN)/eM (M- Z8x)
8 g o
€M =5 e'z—g e—E-% WI%.N) (3.6)
UH P, o T PI —§~= Ptimimzl) R,=Rim) t & iT I (3.6)

2RF D 7> Fu -7 9 MRS,
Keo FHRITHEE - #1-03% <37 ( ¢ M T3 <&
AHEd 7980 YBRKIF
W

Em 1 s EED T w P ew)
9 R

Wm(’n'l,l\/)= 0 279 T 2p® (3.7)

UH S, < T wjous &8 avy-A— 5 &b T, Foi gz
158 v i%00 - T-a8RAeEAbgNix—49-THh
3

-4



224
84 7> 9 wewnr- 7 9 A MR
NEo FHRICE> T 53 GRWEEHEI 5 » 9 a-%—7
- -;i{f_ﬁﬁ L i 3B, IITEoBIBARLE 5
e A3 19T (30 Y) to 4 [~ AU | TR B
%»‘mh
Wim.n) =PL, (mjm-1) W im-, N=1) + P’ m)m+1) Wimt 1, 1)

~ 8
+ Ry lm) W im,n-1) (4-1)

WA ER L | RO BE B AL LT 3,

3\//“(3,,0) =1 /\X/?m,o) = 0, (m*Z%)
(4.2)
w (iL.,N) =0
(4.1) D 15 A AR &
W(m,ld) —§ Gy (m,2) Vy(8)dE | (N#0) (4.3)
_z2)?
G (m.2) = Vo(n:N ar (N£0, jm|<L),
0 . (N#0, Im|=L)
(4 4)
L& L A0 R Val) 13
(4 5)

5 V,(8)dz2 = 1

10



225
LIRAAL IR NE N 5 2-9-T B3, (43)F (DI A | TN
AKET b1 CTN-, S BEM T3 L RAE T,

56’,,[%1 2)[\/,,(2) {(S++S+S ) F35 2_(s*-§” >’7[5§7 S+S')}V (z)]dz
(4.6)

o
I3
)

|
le (’Yn;‘ Z-) e ' +4_T2
i | (‘7‘"7)

(m-2)" o+

st = P: (m|mz1) L

s = R im) @ “N’

THE, KR AHBEV BB £ TS5 R E

2% -
A‘LVN_,(Z) +{(: (s*+5+ S >)+-—— (sT—S )—~3 ~(st+S )} V&)

=0 (“4.8).

El

(VQ(Z)': X(Z‘Zu)) \/N-.(f“’)=0 )

&7 TRE 3, DVey §3%BNN, PR & % % ok Z ¥ P2

Ro THI AT 3 L, (4815

- , + - 32 N |
a;/",;zf) + (P*-P, )%VN-,@——Q—(gfg)a_?vN_,(g)~ g (49)

¥ 75,3 2 BF 9 V@)l
(F+AN-2)?
\ - "2BN
o € . (4. 10)

WiZ) =



226
LR F Y 5 (41) 2 B

2
Lm-(2,-AN)]

}
~ ¥ el .
Wim Ny = |—1 e (A +2BIN (4 11)
N (+2B)TC

t % 3,

85 —HIALITMET > 54ty 7 2 1B 2pA0

MEPICIE GRW E¥HILAR D 3 F 11 b SBERAED 3 3 <
FAERNC S FMRTAEEN | ¢ (221 HITE W PR
EITT 3 R H T ERRAD S HK T 3,

wix.t) = PHac-at-t, )w@-ai-t,) + P zra, t-1,)W @t+ai-t,)

P, t-t,) W t-to) (5.1)

U selfiBaE (25)0 B4 PR R g

(V)
[
o

P (xFa,t-t,)= PP &xsa.t-t,) % —ZQWHFﬂ;t—tn)

F(l.{;"f@): i, £+ —1,) (5.2)
U5 3, R HPER 2N BE LT TIANE T T
. T CHTLiRBR ) H e F LD, '@f?m“’*xxtliﬂ?\ T

BEINETN T H 3,

A=am , t=t.N (@ BEHP t, RBheim) (53)



227

BNTat,>0 v 1 7 t% &b tb & Exp 1 Taylar A K7

3
Wi t) (K, +bw)W + - > (Ke W)—g“—zi (Kiw')
2t =—_ 2 ox? 31 oz @
+t°§ﬁ.(y<,w)
A
EL Kl "fzba’t)w- (517(’)
at ot mp- :
Ko = L (Pee0"f), (5:5)

t%s3, B4 BUaAN = BIT L2 Tt AR 9D Fokler
Plameck 5 $28 £ R% £ 3, % | ¢ 39 ks Hopf-Cole 118
s &5 THRY 9 Fokker-Plamck B8 A 1= %37 ) v E7 A
TR (550 PER 3 B 5 K Kolc B3 RA FELE 1

~

HhE B9 v w720 EXetER ) S L 1m 55 U LE D

$C 53, |

IRE2 B s Pir L (71 (509 8E 5 2L RN QDK
Hiwe 73 #1%iBse o3 | ¢ t A B s 297 5 b h3, X
(5.4) T30k T h 3 7°0 £ X FAEL o TRBLBAE £ ) t Eiim R 7°

0 CRBHKEI RNBE AT S D ;,

56 F & 3w
F B T (5N 9 Fokker-Planck s 42 A 1= 1 4 % 3
13



228

B0 FH G PERIS E - 4 > b &7 AN B,
SO EH L BYLABRE 2 § BT TS IR 20 5 X
3RO RS 3 AR AL E S,

Zur 0 Pw
o 2 - Ka\ ,

WO D [0
——-5—t~—-=~;LM.+O<M§w:|w¢Ml e 2 343
o W
Ky 2x2T
A ]
= Lae(MoM2 6, )W, (KI= 2. (e

1

RE L MOgole) sz 00 M 1300) %t T p130)a 2ErLI3
(6.1) 17 Hopf- Cole T & #hik | T

—-O(S”«(utxft)dx’ fwa t)
Wot) = e e (6-2)

(k,B>0)

L& > 7 0D BAE T (LR 9 285 fiokker-Plamck 7 42 2
M50 75 3, |

a!rilx.t) ° 3‘1} Py FW
5 - M T e (6:3)
(6.1)0 Wint) ¢ (63)a Wi t) v o @1k F (6.2)& Y
wat) 3 [
-4 wx.t) +(3 3% = a—fm Wix.t) (6-4)

B 5



229

0(1 Q,V\ d
Wty =@ ¢ {g (L_uL‘i‘_t)) ix+ufa,, t)} (6.5)

ox/
X

o

(K 3B, R (61)9 M WD D AR ,; (6.5) 9 & 1F g0
S SR R N A SN AN Tt L KRAR Ao £ - IE,af’“W/ax;
=B wet)y >0 %kmpBETCHI 2L 2L

| Hmsz
A X

= W@ +t) |, (Br0) (6.6)

vy wewre o Bk ’o‘@% 9 Burgens 75 T A ¢ Hopf - Cole 18
2T T EBIEFIRE < 1}13 % 2 T (6.5)0 B @ 1T LAY
EMBE &F 3

R (6D FIT 3 ME (n=1,2) NI o B3R 75> F124A %
% 13, [_ EE L MOY)~egx, p)IF 0 (e*) an:agsg M, ) 1EP 2 & Y
T3 00)0RHtadmama iy 3] %0 Fhw tifin

2" 2 (M, 25 J
aw(x.t):—i-[M, +>\M2'UJ’]W + 53 M, W - 37([ axzh“

ot

KW

xat
ELM(Ml,Mz,O‘,B)w 3 (Kq:'B"‘)/o( ) (67)
TH 3 DAL T

-,o(fwu{f)dx' + PlOW . t) _
wot) = @ (68)

K& 2T



230

2 (Hz&}) (6.9)

SWix. 1) 3 (M AT
= - +
W)+ 3

R

Y73, WyWwWrealRMEEE. 05 Y

W t) _ e 'dg"—é-—u?’ & ,(iﬁ“g)e_ﬂ—_&ﬁ-wm tJ}

X’
(6-10)

LK 3 3,

(6-1) 2 B A& ¢ R F K6y - & ﬁowwmwfuh@ﬁéwfté
JAEa B T 7 b4)ﬂ\z;Af,,»,\iffzﬁﬂ”rﬂ/#&w%5

7R (6L (SPEwddI LR E 2 THAN B

GRWa7? 0 £ 2 58 mt (54)RE VN Prat v:#3se—

A b Ko Ko Ao b N80 AW &k qBe BP Y,

([) }/\|: Ml ; K2=2M
\E) b:O(sz ) —-———-—(K Uf') M2311 (KdW)J 'toKf—‘ K‘*

31 ax*

Nf T3 L 55008 TR L 1cm) T8 (6.)KEF > T
(6.9) 2 T 1< 77 3,

GWHINE6.NO May GHIS KFIT3 Ploigdoe2— x> b b 8
FISLEERTI RAMoF -2 RREERE D TH
b =RoET —X > ke 18] !:I‘fj 3 l?)i’%‘;;\“% I LY AL
F=o MRl K=2M, R & 2 T KT, =R =Ra & -
X o b BME EZR R T3 S L AR B, T oA M)IG RW

6



231

KH T3 —RIDAREenER Lt FL 3 o NHE E 5,

I\

87 % L

WAL Hopf- Cole PR T3t E | BA (33) (6.2) & &
%@Eﬁv@#ﬁﬁ%%ﬁ@dﬁ@ﬁi5’ﬂ%ihﬁﬁ>
FTun-70 70 LI ML E, O TWMNTRELF 3R
HEILTT LR =& T 2> 7° 5 & b3 HE PLFARR 155
3o BMEABE BB < L EME(E BA LB IEEY BE
T2 THINE, BERCE 9B 4 8 2 T - Ak 5K A $3 TR
FRAAA 5 Hopf-Cole T 82 & thok L EMEBPEICE » T
BRAKAARTH®RI R, $4C1EI28827 > 90 -u-7 4
Eob THRM AN DRRIA s BN R, §5 56 CF - AT RE
T8 n -7 LB | TR 5 M 248 R 9 AF AN Fokker -
Planck 5 42 A & B 15/ 2 o Ié 3 TEXLIBE R IEE L T3,
Hopf-Cole L R falEr K 53 F 99 51 53AN 7, L
AL aBF o @ EEMIEMELE) A LR,

X A
1) RARE 2 AR R Gk 361 (1919), o

2)  S. Chandrasekhar @ Proc. Phys. Soc. &8 (1946 ), 321
3) F. Spitzer : Primciple of Random Walk, sprimger (1474)

\'7



232

4)

5)

6)

7)

8)

9)

10)

E. W. Montroll omd G.H. Weiss > J. Math. Phys. &
(1965), 167

H. Hara @ Phys. Rev. B20 (1979). 4096

H. Hara @ 2. Physik 836 (1980), 369 [ T 2 #X

~

9 (2.3),(3.3), R:_I}(”m\m—l) + P{‘N_l}(mMﬂ) =113 %’:_'}(mﬂlm) +

ﬁ;_l}tm-anm): LAE L Y,]

“H. Hara and S. Rujita @ Z. Physik B32 (1978). 49

H. Hara : Z. Ph)/sik B32 (1979), 409

I M Burgers © Proc. Acad. Soc. Amsterdam 53 (1950)
wr

B0 B EERMP R 347 (1979). 232

E. HOF)( . Commun. Pure. APF" Math. 3_ (1950). 201
J.D. Cole o Appl. Math. 1 (1951), 225

CoOEMEM TS ERSHE RO EBEL Y 12 I

:Vz:l:" 21) = To f:o

Ref. 8) X185 B 1ell | M ihiorAs2R, Axe 2
(1977).



