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000 (phase transition) 00 0000000000000 0000000OOOOOO
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000000000000 bOo0bOo0oo0bOo0ooOooboDoOoooOOoooooOon
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0000000000000 00000000O0Wernerd 20060 000000000003
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000O00db0oobo0o0oOo0oooDoobOoooOoooDoooboooboDOooooOoooo
0DO0D0O0OSierpinski gasket 00000000000 ODOO0ODOOOOODOODOOODOODO
0000000 recursion relation0 0000000000000 ODOOODODOODOO0O
0000000 Sierpinski carpet 0 0 OO Menger sponge 10 000 O00O0O0O0D0OOOO0O
000dDoooDOooboooooboOooooa

gboboooobooobooboboboboooooobooboboboboboboon
0000d000000Z40000000000000000000000O0D0D0O0000
gbooobobooooogobobobooolgoooooboooobobooboobon
01/(2d)00000000(R+1)000n0000000D0DOOOOOOOOOOOOO
(n—1)00000000000000000000000O00OO0O0O0D0OD0UOLOOODOO
0000000000000 00000000O0O0D0O000000O0(r+1)0000DOO
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0000000000000000000000000000000d2200000
gobobooboobooooobooboboooboboboobon0bO0obOoooboon
000000000000000000000R0000O00OD0ODO0O0O0O0O00O0 (n+1)
gobobooogobobodOnbbOob00ooooboboooboobooooobobob
0000000000000 00000000000 nO000000 (2)"00000O0ODO
UO0n00000000000D00DO 2000000,000000000000000000
UOn000000000DOO0OOODOODODOODOODOOODOOOODOObOOODbDOOD
gboopoobooboobboobonbOO0On

0000000000000 0O000D0O0n Hara-SladeOOODOOOODOODO
gooboboooooboboooobobooobbobooooobooooooooooon
gboooboobobooobooooboobobooooooboboooooobogobon
gobooobbooobbooobooooobboooboboooz 34000 oooboooon
OoooboboD1i100oboobo200000000000DD0O0O0O0OO00O0O0DOD O Sierpinski
gasket 0000000000 log3/log2=1.58..00000000000000000O



0000000000000 0000000000000000000000000000
000000000 recursion relation0 0000 O

1980000 0000000000000 O0D0000DOOOO0000000DOoOOooD
0000000000000 000o00oD00ooooooooooooooboooDoooag
000000000000 000000000000000000000

0dd2200000000000000000O030000OOODO0O000O0O0ODODOO
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0000000000000 0000000000000000000000 400000
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2 Percolation.

2,1 00007z0000000000000O0O0

000000000000 ooooooooooooooooooooooooooo
0oooooooobooooooooon V:Zd,E:DZdDDDDDDDDDDDDD
O000000ooooOo (V,E)OOO (bond) DODODOOO0ODO pd openD 000000
O0o00O01—-pOclosedd 00 O0O0O0OOOOOOOOO0O Q:{open,closed}EDDD
0000 P,O0000we Q0000 EFOO open,closedd000000000O0O0O0O0C
00000 openbond0 00000000000 O0open bondO0OOOOOOOOONO
00000000000|C|=|C|(w)0 CO00D0000000000000000000
(percolation probability) O

0(p) = B[|C] = o]

0000000000 openbond00000000000000000000000O0 6(0)=
0,/(1)=100006(p)0 pO0DDOOOODOD0. 0000 (critical probability) O

pe =inf{p € [0,1] : O(p) > 0}
gogdpooodopooooooooooooog oo ooogooogo

D0000<p.<10M0000000010000000 p.(Z)=10000000020
1
DDDm@%:%DDDDDDDmmmmmmmmmmmmmmmﬁzm@%gm@%g

1
m@ﬂg~->umm@%zZrTDDDDDDDDDDdg3DDDDDm@%DD
000000000000

00006(p.) =0000d=20d=1902006(p,) =00000000000
3<d<18000000000

D0006(p) >0000000000000000002Z4000p>p. 00000010
gbooboobobopbobooooboboobooboboooboboooboboooo
oood

globobbooooooobbobobbtbdooooobobobobbobouoooooo
O00006(p) DO0ODODOO0200000000000000000O00000O  (mean
cluster size) O
() == B[IC|

0000000p000000000000000000000 pr=inf{pel0,1]:x(p)=
o} Op<p. 00 x(p)D00O0000000000000 py =inf{pe[0,1]:6(p) >
000000000d>2000002¢00 pr=py0000000000000000
000000000 p, 0000000



00000 (connectivity function) [

(2, y) = Pyl < y]

000000000 a«~—yUd0Oxz0 yOopenbondD 00000000 OOOOOOOONO
pO00 6(p), x(p), ,(0,2) DO0DOO0O00O00000O000 power lawO 0000
gooooon

(1) 6(p) ~lp—pcl®, 0 (plpc), 0 B>0

(2) x(p) ~p—pe,0@PTp: ), 07y>0

(3) 7(0.2) ~ exp{—%} (2] = 00) 0O £() ~p—pel ", (= pe)i 0 1> 0

B,v,v0000000 (critical exponent) JO000000E(p) 00000 (correlation
length) 00 OO

O00000D000D000 power law OO OOOOO0ODOOODOONO power law OO O
0000000000000 00000000000 z400000000000000
goboooobuooobboboboobbobbobooboboobooobboooboo
000 pOd openl 00 1—pOclosed00000O0OOOOO0OOOOOONO opend OO0
gboboboboobobobobobouooboooboboobobooboboobo
gooooobooboboboboooboouoobooboboobobooooboooooo
0000000000000 000000000000d219008=1,v=1,v=1/2
gooooboon
ZdDDDDDDDDDDDDDDD[4],[6]DDDDDDDDDDDDDDDDDD

2.2 000 Sierpinski gasket 0 0000000 O0OOO0O.

0 O O Sierpinski gasket 0 000000000 = (0,0),a = (1,0),b = (1/2,4/3/2) 000 Fy
0 AOeh0DDOO0DDOODOOV)={0,a,b}, a, =2"a = (2",0), b, = 2"b = (2"~ 1,2""1/3)
oooov,, F,000000000000000 n=0,1,2,...0000

Vo1 =V U(V, +an) U (Vi +by,),0 Fpyr = F, U (Fy + an) U (F, + by)

D000D00000DACR2, zeR?2000 A+a={2+2:2€A}00000

V= fj V,, F= [j E,
n=0 n=0

VOOOOO FOOOOOOOOODOO0OO0 FO0OOOOO00OO G =(V,E)DO Sierpinski
gasket OO 00O

O00000000000p.(G)=100000000000000000O00O0O0O0O0
0000000000000 bO00o00DoOoonoooAOay, 000 ay,b, 00000003
0000040000 closed OODOOOOOODOO opencluster00000000O0OO0O0
O00nn0000D0O00O0O0O0O00OO

p,000000000O0O00OOODOO0 ]

n
Py[({a:;,b000000000000400000000 open }]=(1—(1-p)*)" -0
=1

A



O0000OShinodad [11]0 00000000000 O0OCOOO0ODOOODOOOOOOOOO
O00000000000000 (correlation length)

&(p) := lim {—ilogP (O < a,)} !

n—oo
D000 (B0« a)~e @@ O0000O

—log&(p)
ol log(1—p)

log(log £(p))
p—1 log(l—p)

000000000000000000000(10)0¢ ~exp(Llog2/¢?) (¢=1—-p)000
000000000000000000000000000000000000000

=-2

_ log3
~ log?2’

Ep[IC1F ]~ {¢m}7F, k21,

®,,(p) := P,(O < ay, in AOayby,),

On(p) == Pp(O < ay and O < by, in AOay,by,)

O0000AOa+1b,+1 00000000DOOODOOCOO3000000000DODOO0OO
00000000000 recursion relation0 0 0000000000000 OOOOO
recursion relation 0 0 0 00000000 OOOO0O

Do(p) :==p+p* —p’.

O (p) := 3p* — 2p°.
P t1(p) = (Pn(
@n—i-l(p) = 3(<I>n(p))2@n(p) - 2(®n(p))37 n=0,1,2,....

2.3 000 Sierpinski carpet 1 000000 O0O0O0OOOOOO0O.

0000000000000 Oo0oO0o0OU000OooooOooooooooooooooog
O00000000000D0O0 finitely ramified 00000000 OO Sierpinski gasket
0000000000000 DO000O0D0O00D00000000 nOO0O0OAOaRb, 00
O0000000a,b, 0000000000 40000000000 Sierpinski gasket [
O000000000oooooooooooooood

00000000000 0000000000000000000000D0 infinitely
ramified 0 0 0 0O 0O 00O Sierpinski carpet 0 O O infinitely ramified D 00000000
O00000MmMDOO00Sierpinski carpet 0000000000 = (0,0),a = (1,0),b =
(1,1),e=(0,1) 000 F 0000 Ocbe00ODODOOOOOOVy ={0,a,b,c}, a, = 3"a,
b, =3",c,=3"c0000MUODODO3000000000000O00 FpOUODODOODO
UbUoooobooobooo3ogboob bbb U0FR,1 000
03»'0000000000000 F,00000008000000000O0FK, 0000
00 G, 0000n=1,2,...0000

V=V F=[JF
n=0 n=0



O00vVO0OOO0OO0O FOOOOOObondOOOOO EFODOODOOOODOO G=(V,E)DO
Sierpinski carpet DO O 0O 0O

infinite ramified 00 000000000000 DODOOO0DOOODOO0OOAO recursion O
000000o0o0bOobOobO0o0bO0o0bO0oDO0o00ooooDOoobOoooOooooboOoooao
00000000000 DO000D0DO000O0DO000 200000000000 infinitely
ramiied 00 0000000000000 O0O0OOOOODOODO 10000 finitely ramified
00000002000 0000000000 infinitely ramified 000000000000
ooodooon

Sierpinski carpet 0 0 0 0O 0O O Sierpinski carpet 000000000 OOOO0OO
O00D00OOSierpinski carpet 000000000 O0OO0OO0OO0DOODOOOOOOODOOO
0000o0dbO020000000000000000300000 LOOOoOooDOoOO La
0000 LxLO0OODODOODOO0OO00DOO0DOO0DooooOooDoOooDbOOo /ROOooa
000000O0o0ooOo0bobOooboooooooon

0000000000000 00ODODOKumagai, Shinoda, Higuchi-Wu OO OO OO
00Kumagaill 12|00 F 000000000000 O00O0O0OOOOOOOO Sierpinski
carpet 00 000000001/2<pr=pu(:=p;) <10 p>p. 0000000 1000
O0000000000000O00é(p,)=0000 10 p.0000000O0OOOODOODODO
00000000 m/O00000S5000000000000D0O0DOO240000003
0000000000000 DO00000D000DO00DO000O0O00D00000d Sierpinski
carpet 0000000000 OODOO0ODODOOODOOODODOOODOODAO Higuchi-Wu
O[6)00000000Shinedal (400000000000 DODOOOO Sierpinski carpet
0000000000000 0000DO00000000carpet00000O0OO0OODOO
0000000000 Murail [13]0 0000 Menger sponge0 00 0000d0000O0O
0000000000000 000p.,0d—ooc0 0000000000 OOOODOO

3 Joouoobgd

3.1 0000zOOODOOOOOOO.
00000000000000000000000000000 200000000000
70000000 self-avoiding path (SAP) O

w(i) € 2%, w(0) = 0, |w(i+1) —w(i)| =1, w(i)#w(j), (i#75), i,je€{0,1,2,...}

O00000000w()0:¢000000000ey000000000 NOO self-avoiding
path 0O O0OOONODOO SAPOOOOOCODOOOOCODOOODOOOOO00OOADO self-
avoiding walk, SAWO OOOOOODOOODOOOOOOO

EY[[e(N)P ] = - 3 [w(V)P

00000000 - |00000000000000000000000000 Sy000
ooooo
en = 24N, EN[|Sy]?]=N

gooon

O00en, EN[ |[w(N)?]0 N - 0o000000000000000000000000
goobooooooon

ex ~ VNI (N 5 00). 1)

EN[Jw(N)? ]~ N, (N — o0). (2)

O00000~00000000000)(HOO00OO00OO0O00pO connective constant 0 000

(2)0v00020000000000RWOOOO0O0Oy=1,v=1/20000SAWOO0O



0D0dY ey £2d(2d-1)V-'00000000000D0000O0O000DOO0OO0OO00OOO

goboobooobooooboobooboobooobooboobob uzlimN_,ooc%N

00000000000000d2500000d00000y=1,v=1/200000000

00d=2,3,4A00000000000000000000d=40000000leg0000

00000000000000000c¢y ~ AuN[logN)V4, 0 E[Jw(N)[?] ~ DN[log N]*/4.
z4000000000000000 [7J000 (500000000000

3.2 Uooobboboogbobbooood

200 pre-Sierpinski gasket 0000000000000 OOOO NOO pathOOODOO
000 SAWOOOO.O00OUO0OO0U0oo0ouooouoooooooo(Y], 2100000
O0o000ooo0oony, W8Uooooo0ooooooooooO

1
lim —2N _ 3 —expf, = 2.288. ...
N—oo
log EN[|w(N))|*

lim 128 27 1w ))H:su, 5> 0.

N—o00 logN
log 2 1 7—5

= =0.7986... > =, Ay = =2.381...
v log Ao 2 2 2

s=20002000000v0000s>000000000000D0

0000000000000 0DODOO0O0O0ODDb 300 Sierpinski gasket 00000
000000000000 Uo0G.,v000oO0O0OUoD([22)

Ubobo0obo0oooob0oobooboubOg recursion 0 000000O0ODOO0
000000000000 00000000B00D0000D0O000 Sierpinski gasket O
OO0 SAWOO0O0O0OO0ODOO0OO000000SAW DO recursion relation0 00000000
000000000000 SAPO exp(—4x[00]) 0000000000000 SAWOO
OU0O000D0000Section 2200000000 2*000 Sierpinski gasket 000 F,00
ooooob G,0000b000000b0o0boon, b, D00D0ODOOCOOO AOayb,
00000000 «, 000000000000 SApODOOCOOW,0000000 ay
0000000000 L(w)0 pathOOOODO0D0O000000we W, 00

w(i) € Gy, w(0) =0, |wi+1)—w()| =1, wi)w(i+1) C Fy,
w(i) # w(j), (i #7), i,j €{0,1,2,...},
w(L(w)) =a,,0 0=Vi< L(w) 0000 w(i) # ap.
W, 0000 pathOO OO (generationg function) 00000000000

(i)n(ﬁ) — Z e~ PBL(w)

wEWn

recursion 1 00000000 W, 000,000 pathOOOO Wy, 000000 pathO0O
Ow,,00000000W,,0W,,0000000000000000 z,y=200s;(w),
so(w)OOODOD0OwO 100 2000000000 1000000000000 DOO0OO
s1(w) +2s2(w) = L(w) 0O 00O

p(z,y) = Z 2o W2 (W) 09, (x,y) = Z o1 (w)ys2(w)

’UJElen ’UJEWzyn

Oy (z,y) = 2® + 2zy +y* + 227y + 2°, 0 Oy (2, y) = 2%y + 2ay”.



F, 00 pathDDQ”_lFlﬂD prthO0 00000 F, s OO0 pathOOOOOQOQOQoQoQod
0000000 recursion00 00O O

(q)n(m)y)7@n<xy)) = ((I)l(q)n—l(m)y)a@n—1<x'y))7®l<(1)n—l<x7y))@n—l(m‘y)))'
0000 2000000000000000000 (0,0)000000COCDOO

V5—1
2

(@1(7e, Ye), O1(Teye)) = (e, Ye), Te = y Ye =10
D00000000000z =exp(—f), y = exp(—26) 0000 251 (®y52() = exp(—BL(w))
00000000 recursion00000000n —-0o00000000000DOOOOOO
6. 0000000000000 00O000OO00ODOOO0

B>p.000 (Pp(z,y),On(zy)) — (0,0),

B=8.000 (Bu(z,y),On(2-9)) — (,0)

B<p.000 (Pn(x,y),On(x.y)) — (00,00),

oooooooooe,/e, — 0.0

000000 NOO pathOODOODOODOOODOO connectivity constant 00000 OO
O0o0o0oooooooooOb,={weW,:Lw)=k}00000O

én(ﬁC) = (I)n(e_ﬁca 6_266) + @n(e—ﬂc&—ZBc) = Z e Pebt) = Zbke_ﬂck-
weW, k

O0D00000000KODODODOO0 e 0000k, 000k000000 e f*000
D@DDDDDDDDDDDDDDDDDDDmmmmmmmi}wﬂﬂ~cmwﬂwm
k

bes ~ (P 0000000000 00000MN =25.+32200000000 ,000
000000000 AMO0OD0DD0D00000000000000000000 log2/log A
0000000000000000000000008> 3.0

£08) = Jim {5 log ()}

n—oo

00000¢B) ~(B-B.)"" (3l18)00000000000000000

4 00000

gobobdooouobtbdoobboooobtbooooboboooobboobbooooboo
0000000000000 0000000000000OO0OOoOoOoOoOyy, 4], [13) 00
0000000000 (oriented percolation) 0 0 000000000000 O0OOOOODO
O [s00000000000@B o000 000D000Uoo0oUoU0o00 o000
O0J[20], [22], 2500 0000000000000 0OO0OOOOOOOOODOOOOOO
0 O [26], [27], [28]00 uniform spanning tree 0 [32]0 00 00 00O

0000000000000 00D00DDOOADOinfinitely ramiied 0000000000
gooobouooboobooobobboboobo 000000 bbOobDboOoobo
gobbdooouobotbdooobobtboooobbobboooobbuooobbbooouo o
goooobooboobboobboobobooboobbooboo

SAWOODOOOdODO gasket 000000 recursion0 0000000000 d0O0
0000000000000 0D00D0000D0O0300 gasketD0O SAWDODOO4000
goboooobobooboboobbuouo4b00ob 200bbooobboooobOO
000000000000 000000DO0D00dDOO gasketOO SAWOOODOODOODO
0000000000000([23],[240030000000000000000O0ODO0OOO
0000000000000 0D000000D0O0000000000000D000d. Sierpinski
carpet 00 SAWO DO OOODOOOOOODOOODO
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0000000 d00doodoodd recursiond000000O0OOO0O recursiond [
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Oo0000dd0o0oobododooodooooooooooooooooooooon

2004000000 1000000000000 0O000O0D00OD0O00UoOoOOoO0oOn
O@29) 0000000000000 DO0OO0DO0O00O00O0O0OOODOOOOODOOO
0000000000000 00000O0O00LODO0O00OO00DODO0OOOnOOOO
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