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IN=2 L —3 3 > OHIE 2020

1 @FUHIC

B DNy 2T V- FRENRTRDE, T Vg VIZET AL, BELAbLETES
EHESS LT3 ([401-42], [65], [69]). B|HBICEEBLZ0E, BE (RUTFHFE) 12 &2 Grimmett
@ Percolation 4% 2 MDEFT [65] T, (DA L 8EHITE - TIRES RE Z &1D) BRI 20 00 -
Tng, ZOf, ReOBRIFEDCSVEIELAZDEE 3T

PN=T b=V 3 Ve SERHEERCHEFEMEFLES L, AW, FEpi-ar Yy
(oriented percolation B¢l M3 directed percolation), {#Bg/1— 21— 3 » (invasion percolation),
BREBRE S~ V- g v (first-passage percolation) & EBFF LR B, FhFhioDo0TA
LT oA s0d—REH, ZO&EITE, RIS TEREFPERAERY S 7 Lo Ry B2 oi—0
Letg VIZERA S . SHOIOEWS H VIR, 75 7k d RTIER RS (24,84 45, 0
B4

B = {{z,y} CZ%: |z -yl = 1} (1.1)

DIEERY FEFY, FFVF beB? 3MORY Frob L@ niciEi® p e (0,1 ©1 (B8), s
1-pTO () #4MBE0ET 5. BXY FORELE LD R Y FEE w = {ws}pep € {0,1}3
RS EHAEE Py, TEES. N2~V VORELR, SYXLAGEEY FES o {) =
{beB?iwy =1} ICHENZHE[EL T 25 —DEZEOR, TOpIAFEABRT2Z2TH3. 2
DFFAREL T 5 20204 5 A 25 HIRAEY, WF T 530 FARL AL, 34 FAM EATKL
GoTHhaHfiamdy 4 LA (SARS-CoV-2) #&HEIZk < &, BEEE p OFSUIE - 72 ADEH
DMBGH A T EVBEEOFRTH S,

MEET S rode, 78— b — ¥ g VOB A#ED LB L 7 Kesten 13, 1982 FEOFEE [47) OFX
T, WD EHITBRTS -

...y it iz & source of fascinating problems of the best kind & mathematician can
wish for: problems which are easy to state with a minimum of preparation, but
whose solutions are (apparently) difficult and require new methods. At the same
time many of the problems are of interest to or proposed by statistical physicists

and not dreamt up merely to demonstrate ingenuity.

PR T L g VBRI R X ROk, 1957 F0 Broadbent & Hammersley OFL [11] 72 &
g, 20 0B EE L, OO  BRESCERT - DOREINEEFTLTH
AP EIGR, DRLTHEPATHEL R VETH -7z 72 THEbINEEPR L s (03—
Tb— 3 Y@L S ) BEARETHL ALY, YESOIRBERTHEAS. HID, S -y

BET148H3E 20228 T7R




254 E Ei .
VORBEEBELED LRELULNRY, AUy rERE PO ETE T AORER - BRBERIIC
W @AY LT hsrihhy, RELUETEMNLH, 2L -1 3 VOHER
THCRBEC I, PO - SR AR A REASBET S, MREOLRS T, The s BeEe 5l
CEEES RS REIIL ST, ERICBINTEFYy LY DY IEBEREASS. 2Ok - g M,
F30 9 BB REMEFLEORE, & Kesten BT 50TH 5. £< &7, TOAED
EERS. BEBDEOTHS.

75 E-7TE, Grimmett &S 5 20> TWT, AHIOBEPAMVEEL Z50h, PIFEC
BRABGEZLZS . F0BEOLOTH, 2RITOMEERICE DEE LE 4 Bollobds & Riordan @
& [9] %, ERILOBRIZLDEE 487 Heydenreich & van der Hofstad DA [38], HHFET
HERBILIA) b, FOBRORBETHOA MRS E -, HFEFIZE > TADBOEBRAD
TGN B - DA RERA L. ZO@RMIE, S ETLEEFEELLFAL SR, 2020
FORTROIFRENZFHEOME KT T28DTH 5.

2 HHEBOFEE )

SRe=T =g VORI, 5V FAREEY FES v 1) KETAIEEY 7 A8 ~ORLE
WEMEY A Z LR e, F2T, FTHEBHLESRN 0cZd DT AY -2, EDpik
FHARARLEDOF —F =357 A8 —EEELED.

BiehfEy FRBwe {0,1)5 b0, &3 M e,y c 29 #BEASTVE LR, z=y
FOTHEMARBERES w (1) LCFEETAIE LTS COZEABHEII ey ERT. Z
DIEEFEEANWT, Hx O3 28-Cp &, ZORE C.| %

Colw)={yeZ®: 2+ y} [Co ()| = f{: | TR (%) (2.1)
yeZd
(7L 1a BIERERT, FRAPROID2EEEF]L, FHTHENEEIR0) 2575, Thozfv
T, A H 5 A7 - kWOEIITERL LD ¢

Op =Pp{|Co| = 00) = Pp({w €10, 1}Bd Co{w)| = OO}): Xp = ]Ep[lcc:”~ (2.2)

ZZTE, BEEREE P, (S 2 HEE TR 5. MIBEMAE P, 3, BRS U VS - (FREOF
VRORBETHREZAEROZ L) T 2 EASMABEOTEAMTH 5600 6 —BITHER TR
%. (24, BY) OHEE P, OdERHREIC LD, Tho0BEEEROBUFIZLS L. £k,
EBCLELWEESEA508, ZTALSRpIc 2 THBAMIITS S Z &4, myr—aliiRs
Wk h o 7Y v ko CHHTES, 2610, ZhoOBRME p=07TE h=0% xo=1,
p=1TR O =1, yi=o00) EETHE, ROEF L DP2OBREAEFERTEILHTELD

pg = sup{p € [0,1] : 6, = 0}, pr =sup{p € {0, 1] : ¥p < oo} (2.3)

wEOH® T, F3Eh Hanmnersley & Temperley ICHSET 5. Zh 5 OfHIE, TG4 RHTO
B (EABTORDDII, ROTHFETEMEY) 28, TALOFHMIRFELTEDLD 3 5. T
BT R, 6, >0 5 xp =00 (BOTEFOME xp <00 BHE 0, =0) BDT, pr < py

FETAH3E 20224%TH
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ENnSZ e FhEREEAT, ROLFIEBENTIZELDL#E55,

() EEFUIEEEEM (0 <p., pa <1) Z0O» 7 (FHEBOIFEE)

(i) ERFAEME—D 2 Y (EREO—BEK)

(i) FRFESME—-DF S LT, 20T

{(iv) BRI B 54— 15 A 4 ~DR3 BT (BREZOWEY)
TR TIEEM (pu=pr = 1) AT ENBHIZGPE0T, UTTIZRd>2 {ETS. ZOHT
&, WA Q) AFBmLLY.

i, pr >0 AFTORBENTS 5, 2 SEKE

Tpl) = Pplo +— ) (2.4)

CEBTIE, FHAORY 92— TOFEHEIT

Xp = EP{ > ﬂ{on}J = i) (2.5)
s ELE YA

LEEIEEE. L T5H, Boole DARFRITED, 2 ABIEIEEE (0,v1,. ., Un1,3) FOFEVF

PETHTH SR p™ ¢ BBROIRD HFETIH-TRELADEZEOLD X0, LT,

Xp < 302 (2dp)® THD, pr > 1/(2d) Th 3.

5, pe <113, 2%I0A ¥ S BREN T B MR O TR RAEL U 7= Pelerls O 56] +
ijvwvayﬁmﬁ(%ﬁ%ﬂﬁ%ﬁbtWX%”)ﬁéiaf,dz??ﬁﬁ&éhﬁ.ﬁvf
D7 ERGTE, Op BFEERFRIEL L5, RO JICET A HEERINGELERTIEXTESD
T, BRILTD pe 13 2 RILTOMBUFE LD, Lo TE2TORTT py <1 ThHoE I L4nns
5.

Lal, 8Ld=27#o7%6, 2ORBTOEMEBEDE»T T, d-tRMBLHiAEBATE
FEESRBOTHSH, EEZOWO T, ROEEMNRTHY, py=1/2 ThHd. ZOEEHLWVE
% Kesten SRR B T, FRRARVEASLD 0TS 5.

1 (Kesten [46]) (Z2,B?) EOKRY F/8—2b =23 VT, py =pe = 1/2.

2T, Kesten A ) VA EFA L IRLBFELENTE. 2F3, pr=ps (BREAO—
B &, EEBIZKEVLREY 524 —SEETRIEME—D7 1, #BHATEThD. ThonRE
DoV, RELIETTRIRL LS.

BERAOBINE ImFRO—EHEEOIL, x12 =00 k b1y =0 EREEHS. FF, 2=
FEEFA L & 5. I

X1/2 = Byye(lCol] = Z]P’ip(lco\ > n) (2.6)
. ncN
EEF BT LIDER. B, BFORT &5, Pp(C] 2n) 2 1/(20) 0T, CHATHNRET.

XT, PyallCol > n) = 1/(2n) OREMIE S, ZHUCIZEHTABR [0,n] x [1,n] OFEH L 7 64530
R AOBWHERS 1/2 TH 5 2 & (FOMBE, 27 2 1/2 $OF T8 L - ERT (Z2,B2)
FTRABHR (1/2,0 - 1/2] % [1/2,n+1/2] O LT &8H07T 5 WU BRYF (ERY FORM
BlE, Thattismolks tol—oFR Yy FORMICIRUTHRES) »oRBHRATETSI L

BFT4%35 20287H
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RERHETHY, TROOHRERIp=1/202F RI5H»5) FROLITFMAL L -

1 0,n]x[1,n] £
3= ra( U fo RS ) < 3R a2 ) = P s(Gal 2 ) (20
€Ll wEL

=

[0,n] x [1,n] OEIFESR

zzoe 2MREIT R or m s R [0,0] X [Ln] A FHBMAY KRBT

fisTrk RABABZZLERT. BHROFRE, EFNLOEENFEIZLD,

Wiz, Brpp =0 AERECAAL & 5. 4, (00 012 > 0 2452, HER 1 THROE 20 mR
B9 74 - AT S (FORHE, JOEENTABEAEAI 2L, ERMAEORSEIZLD,
= 1 TRIZMEI OEVADTRLAZLRD). Lid-T, neN ik {Buud, T4

CERG [On]? EEERRE S T A X —HUhAHEEL 1 - 1/4 KD HECKELTES. HR I ® [0,n]?
DEFD S [0,n]2 AORY FEEHTICHE Y F4E- CERRBEFZBPHRE TS Iy I Iy
LR ER) &, EORNEIRE Py p(Tp Ul UL Uls) > 1 - 1/4%, Fibb

1

& M.

720, BgaES It 5 Harris ORGSR 4T <. BH A ST (&7 XEHERD)
THBLE, we Ac {01 £ {0, 11 o (1) CeN) (FhE o (1) D ETHL) BHE,
EHEADTEEBZ L THH. WHMTIE, Ry FEEST (200 T) LRIVELEE
SOILETEHS, HICHEAMIE A EERS AERIIH L, ROE AL Harris DFREFELLSRD
Al '

TI 2 (Harris [37]) HZ A4, B B -3 cHFEI THH L &,

£,(ANB) > Po(A)Pu(B). (2.9)

T OAERE, HCHERNE T RS 2 HR A, B A WAL T RISHEEL EThT
W IR AR L B AKX VLD 2 LA LTV 3, Harris OARFRITERBBIE I L CEEH
XhEEOTHEH, OLICREEAY VRSEETEENY 7 AITHAWE 2 FKG AEFR (23] ©©

WEREh iz

Harris DFREROERIZHA LIZ LT, MRS EZHSFEHIRI 2 (2.8) 12 29) &#fE-T
BED. EFLOREED D Py () = =Py a(le) 50T, Prp(L)d < 1/4* 255, T5
Hb

1
Py jo(In) =P o(l) < e (2.10)
F7, HRIAERT (22,82) ECERER [1/2,0-1/2 0L@26 (1/2,n - 1/2 AORE
Ey FEfbE LR BRY F R TEREFCEN 2 BEMIFRET S L, HRORR
£, nitakE TR,

—

Prya{TE%) = Prypall3®) < {2.11)

FEp T4k 3E 202487TH
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TH%5. Li=H-T, Boole DFRFERLD,

Pl/Z(IJEE N IE M I}; N Ij;—) =] — P1/2(I§i' U I% L II:C U I—T:C)
> 1 =Py a(Is) —Prp(lg) — Prye(IL°) —Prpp(35) >0 {2.12)

RELNG, ZIT, AW [1/2,n—1/2)? HOERY FEETHU S (ZOHEREZET, Lyd
FOEF M) &, TOOMEERE s 5 A4 - MY HMEREL Lo TLE Y, HERERESY 72
2-O—FEEIIRTS. koT, BHPD 01/5=0 Tt ES b EnabitE, 1
T2 OMEEAOEE F=E A B AIn Ry F [n]={1,... n} BT LU EBERNE
YU VH - (DI EE ABEFy, EE, TOLOERAEL p L TP, £HI D) OF
AR UTHTIUE+S. n=1 OBAEHG» (BFERPBHRO LY KEHLAES 2RI
Puj(AN B) = Pyy(4) =Bu(B) =p #25). Rcn-1eN FT (2.9) #ELLELT, 4, B¢
Fpog EHLT (2.9) £RLEN, A% = AN {wy = 8} € Pl KHLT 05 =Py (A, = ) (&
BB 2T, Ziud Py (4%) &—8) 2 & eREThE, HEFEInE A° c 4%, B C B »5
(ar —ao){(bs —b) = 0 (FThrhb aiby + aghy < arby + agbo) PO L 2DT, JEAREDOGEH
FETARITHEANITLD,
Pin) (A) Py (B) = (a1p + ao(l — p)) (b1 + bo{1 = p))

= a1b1p® + apbo (1 — )* + (a1do + aoby)p(1 — p)

< arby (p* + p(1 = 1)) + aobo ((1 — p)* + p(1 — p))

g Proe1(A' N BN p+ Ppy (AN B (1 -p)

= Py (AN B) (2.13)

LH 3. 0

3 ERRYIXF—-DO—EMH

=T — g YOMEORTERICEEL BRI CHEICHICT 38104 5 5. Kesten 520
— AT 574, Aizenman & Newman 479 LARIRNETH 5. WHITHREL - “EBREFAY 7 25—
D—EH ORER, BYMICR IO TR SR ([2]), #el, BETIETES
EIAD AEIALE S £ o8- -V a VREBA, TOpMaSERTS DS I L aRHL
P S, =L =Y ar® f ki, ~REEDOES ALY -REDHITHES LTEREIALD
EH, FOAMTEERMAOER

b h =gy S Belo ko ERABMENY 725 —ETE) (31
-p) £EEd|w)=1

EHRABI LM oTV A (2, Proposition 14]), Yo ao/iZes, GldEo, LR T,
HEO S c,yc 7% PETZERBEY 7 24— IBTAREL YD, t0nIabits

EROEEr TR A ERA A RS R s QO 1980 48, Burton & Keane 12X 3 FEBIRyiCfiiH 4
HERAREE R (14). FRAEENTR0C, F (24,84 LOBEM2 9 2%~ (FET 3

FET4E38 20224TH
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H6) HE—Dh, BHRAQRIUFETZADELERALISD A LN LARRTEL 5. mES s
FAS—OWEE Now 2T 5 &, & neZl ={0,1,... 00} 2/ LT {No = n} X FTREFZE
HEOT, ERHEOREGIICEYD, TOMELL2»0TH5. LZA4%, K3 nell\{0,1,00}
T Pp(Now =n) =1 LIET B L, nAOEREEY 724 —54T A} = [-4,4° LTbbHES
EIETES &Ik LN ARAS. ZOFRIT A HOF Y FERMIE0T, A RORY ¥k
ETHRATREE, Pp(Noo =1} >0 228603, CHIEIMEORFEIITET 50T, WHE»L
Po(Neo € {0,1,00}) =1 £33 HiF7. Burton & Keane D15 4 & 7 A4, Ad Rz & % JEEREE
TAZ—D ZEA RPABILT, Noo=oc OUREM L IHETE S, LRIEWEZLTH A,

FH 3 (Burton—Keane [14]) P,(N., € {0,1}) — 1.

FERADEE Pp(No =o00) =1 LRELTPELBIS. 2O+ KkELE LeN BEELT,
A Leb BRI Y 7 2 5 —DBBA 3 U LE B 2MEATICTE S, ZOFRE AL HORY Kk
CBERMEROT, AL AE RS R HITIATRE L LT, FAASEACT B I EATES, TOT
ZEREE, Burton & Keane OGN T ‘encounter point’ L8HIR T4 0T, 7 ORI HER
M2 5 A% —~IZBL, TORERBETEREY FOIBEZRETHENTOT, FOZRKOF Y F i
BB & =DOE RS 7 25 — AW TESROT L THS, FL (o 3IEA) 4
Tp TETL, ETBNZER P(T,) >0 203 ZLThHD, EFLOWENTHEICLD, Po(T:)
i eZ DR FIZEE R, LisaT,

E;ﬂ[ Z ]iTm} = ‘AS‘PP(TO) {3.2)
:I:EA?

BEOD. L THY, FEEMACE T SRRSO T, A AOZEARREEL |0AY] (= Ad
DEELEOBFEE) Lk nidd. k- TFENErAE. 0

4 BRIEO—FEH

L AT AREIIAD L D —DOFEE, ZODERE py,pr O BEHIEOWTHERL LS.
IhEN—TL =¥ g YHRBEINTLEE, ORI TCEABRTH - 728, 1980 FPE DR
B, OV YL b ET X UIESGRET, ULh L Bi 3 FETHERX R BEE Menshikov
[53], #¥# 2 Aizenman-Barsky [1] 12k 3.

Menshikov i, R &8 n O d RIGELFEORE SRR BHEE 0,(n) = P, (0« JAL) O p
B ERN, p < pe THNL Op(n) g 0 PHIGHBBINTS 5 Z L EFPL A, (D51 Kesten
i, ZOFHRMEBHEANFEES DB ENRESAEANS T L AN L) H8B0 zc Al ©
Tp(@) < bp(n) BEONDDT, xp <14+ 32 |8A210,(n) < oo (DFD p<py) &&H, Kicih
NIHWATHAEFER pr < py EEDET, pu=pr HBERBZOTHS.

—7, Alzenman & Barsky O 7 77— 3E NN T, BAORY 52 ¥ BRI T2 8H
B My =1 Eple MOl (Y REDEMMES S, h>0 & W ko o—2 MG 2R
B2EDOMEEFRT) PALETRMARERNEEH L, ThBSERI0E LA SEEBEF L L HE
TORR, FIA ‘p>pr A6 0, = M, 10> 3/(8){p — pr) >0 RFHL . ZHid, B
P =pr EARLTWAERETTEL, 6, D5 A0 HFIEHEREFLO A0 (p—ps D 1RITH

BET4EIE 202247 H
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) ENBELIRLTWEOTH S, HLTHETS BRI L dFHEEMHES £, THHER
SEM B AT R 1 T TH 5 2 £ ARLT T, Menshikov 0k ) & 305 BIHIITH 5.
EBLDHEL, AT AX—p R RICHTABEEFEBBDIWEAT S, LI EEE ST
A, ZHSEENAEZELFT, P EVHEDEBOME TR L BEIZL»ET7T 0 -FTHS.
BROERAVEDEFIZLAES, FTEINOT @ALT) ALIEVNITEESS
BAEOMEMMBET T BB L HE - 20 28, FhFhOIEHOBMdE» 208 EA U T
Bicid (A L EHITE) BRSBTS ok, LIABRRE, LOZOo0FkEERES, LALE
{EIRY i E L AR & Duminil-Copin & Tassion A5 L7z (9], [20]). ZOFAFTE, p<pr T
BHUL 2 FBH 7 () et O PHREBIHINTS 5 7 & REEW L2 Simon DA%, [64) 254 ¥ 2
PA T EREEOBERS p B, Bl pr.pa E—HETAHI L EFREGAEEIAIZH S, (Heydenreich
& van der Hofstad 4 [38] Tk Hammersley 28] BFHER T B, ThEEERN p, ETH
gL, ZO 2 U3t L A Simon [64] IDEWEE S, ) ZOHITE, Duminil-Copin & Tassion
OFEHES LFEL<EITLES.
T4, Efo A SUHRES 524 ISR, piEEa WARNEH S LT
ool = Y B0 a, (o) H) (4.1)
nES, yES
EBATS. 0SS ik, o=z e S B, oz A& IETHAS S ITETABMAEY FRb2T%
HioTokz i BHEILeRETS (2.7) ERL). ZhEHWT, ETHRREHZOBRAR p. &

Pe = SUP {p tp{Sy < 1 ABLETHRES S0 biﬁﬁ_} (4.2)

LEBRLEY. ZOEBISTILONPEILE, EROABES 520 Ty (S) 21052
Lo#2T, Sp={zeZi:|zfy <n} (LEAB-T S, ={ocZ: ||lz[1=n}) &¥5E,

1 < ipp (8n) < 2dpe Z P,. (o LT IN :c) < 2dp, Z Tp. (X) (4.3)
©€DS, 5EDT,

BEoMN,

o0 oo .
1
Xp. = Z Z Tp{T) = Z 2dp. (4.4)
n=0x&d8, g “HPe
RIS, (ZOXEE p. TS pr TLEI LS &, FREMAE. JORIZOVTHE, &6
fiTd 95 LEL <33, ) Duminil-Copin & Tassion DRI, XOEIBEDTHS.
FH 4 (Duminil-Copin—Tassion {19], [20]}) p <p. & HIE, RLER ¢ > 0 BPEELT,

fp(n) <e " (vn &€ N). (4.5)
—%, p>p. H5IE,
P— D
P, ‘ 4.6
B p(1 ""pc) ‘ (4.6)

bf:zﬁﬁf, Pc — Pu == Dp T@ ‘5

B TAEIE 20224FT7H




260 = 2
SEAEES %4 p <p. DIBA, 0p(S) < 1 £ BLTHIBES § 5 0 MELTHDT, SC AL,
&I LN RS, (4.5) OFARML, FED ke N T 0,(k) < 0, (S)* B0 ToT &
THbH, TOMBE, TOREREREIEL (1/(k8)log 0, (k) < (1/6)logw,(S) &, 6,(n) OERE
HE Op(n -+ m) = 0,(n) p(m) #6850 5
—c= lim logff(ﬂ) _ ilépN iog%(n) @7
EEHEIUTHE »TH 5.

T, FFLD 0p(kl) < 0p(S)F. THBH, S,={re S 0L 3} AMATZ L, ROLS IS
REATES. L o AL, olE, BB ze s, yi S BHEELT, {05ES o, {a,y) 120}
£ {y SRS ET, pad ERHCET BE. A< BSOS S, CAERERY F b
EOTHRE SERO o MERE Fs, R L, WHL Fs, T, BHI Fs, LU THS. L
BT, BEHED & 9 — 1% {tower property), MESHEROMKRICEE S 2 WINE L 3638 0 BRE 4 8% -
W37 rizkn,

g Al o LT
Bp(kf) < Z Ep [ﬂ{oé%m, {z,y} HEL ]Pp (y M BAﬁE) J
nES, yE S

<6p((k—1)8)

< p(8) 8, ((k — 1)¢) (4.8)

BREONS. ITRIZEVT, S, iHUD By I LT 7 v x 488, AR P, i L Cidsl
THHILITHR, IhE@DRLE, BRI 6,0)=1 0Ad={o} #Z»5) 1L, #iLb -
7= O (k) < @p(S)F IFRT 5. Z2ETRELN,,

RiZp>p. DHEHETHS. EBOK I, BRMp 12 p<pe T 6,(n) ORKEIRMIES L
BESICTFA Y ERTWEHITF AR, Duminil-Copin & Tassion D7 4 & 2513, FOEHE
P> pe TEEDPTIZ LN TE LMD IFER

d L=bp{n) .
HE p(n) = m oelsnc;ng pp(S) (4.9)

BROGILZEE ZOWSAFREETO pe (0,1) TRIETZOEMN, p> p, ioHIERFITEC
pp(S) 21 kah, EOBEAMAREASBEIE. bLiXENEp 15 p>p. FTHITH
i, (4.6) #ME5Hh5DE.

T, FOOMIARER (4.9) T35, »F13KD Margulis-Russo DARTH 5.

T 5 (Margulis [52]; Russo [59]) FY Fboe{l,...,n}, K sec{0,1), £V IFfB w=
(wi,.. wn) € {0, 1™ R L, LWL Y FRE 6w %

Ldj i b (1:% N
(bgw)s = { GAboLE) {4.10)
s (j=bokE)

LTS, ki, MEMNAHEDY UV S - Ak wiTHL, Slwed v Dwd A EAkT b
RV FRBw ORTHER ACHT YRS AEY |7 LI, bepivA(w) LEF. TOEE,

BFET4435 20224.7H
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d mn
@PP(A) = Ey|pivAl] = » Pp(b € pivd). {(4.11)
b=1
%Kiz, ZOARXE ‘sharp threshold’ LW HEEEEHASDE LI LT, HEBOHFLOBE DT
WAIBEIZ I 5 7 ([24]) 27228, ZTHRELERERY LixnwThZ ),
TOAFROFIIRBE LIC LT, RicfioT (49) 28R L LS. #H5 {0« AL} iZHHEIN
GEEY Y &G0 T, Margulis—Russo DAREM S &,
d

d_p‘gp(”) - ;.jpp(b € piv{o +— aAfb})

1
= 75 2 Pa(b € pivio — AT} 0 9A7) (L12)
b

nELE, “HEOZERE, b o= AL ITHFT ALY EFIALR Y FTHBLEVRIT L, b
BAOEY FTok OAE BREREZHBELLZVLADE VXY DORBIZIE - TWE I EARIER &
WHIHEIZ XS, Thbb, bORESZMIEOT, bEBHUT (T3 0k A% BB KL
%B) FORETEH-TWAEDTHS, Z270, BRP BN > TV AWHDER AR THETH
F={rcAl izl GAS) FEALT FNVFYORE A#FBELETE,

%Qp(n):i%—z; (IPP(Oéz—'JEE—)m, y$§y)+ﬂ”p(o<y—ﬂ>y, y%az))
T,y
= . Z P,lo ZET, z, A y) (4.13)

1 —
P @, :fe—yih=1

PEXEED. HAL L —HOWES SO ENBRY P b AT THRESRRO o IMEKE
Foe LFTE, (F 20,2, FFy} B Foe W, {0¢ZED 2} 13 Fooo LANITH B, Litis
T, (4.8) cEERICHHED 2 7 -1EEH D &,

d 1 & ET
SOp(n) = By Lz 3. Py (o LT, a:) (4.14)
v ! B

T—y|i1=1

(1/p)ep (&)

HEoNE, FEIMEIOE, EHUTET v #4780, WHO P IS U TRERTS 5 2 LITER.
B it o, OTRERS THRFHEOSMZ L, By(lisssy] = Pplo </~ 0AL) &AMz T. O

PIEEBIZABA - 23 HIC R 2 7= E Jiu e v dY, Menshikov # Aizenman-Barsky @AY ¥
LOFEHER ST AHFIZERBUL LR b WHEITE 7259, il L, EAEAGEN
PERHENT, BHWOHL EBEREGATLES, FOHEDEITHSB, ErbrE-T, I
HEDOHERIIBEE L o280 b Gy, BIIBEOT 477, OLICEET5 ‘L—2
B OFLNICKRELEEEESAHT L1285,

H 5 OFBEOBRE #EY FbOMMEEMTAIFIAL - L LT p=(p1,...,pa) &F
Tk, EEHMMIILD

BE T3S 20224T7TH
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(4.15)

d Z. 0
—P (A) = P (A
dp P4 ; py o4 p=(p,...,p)

RESRD, L5, AFHERINERZOT, e 4HbHAN 1 TH S n YOCHEANY P&
5L,

Poyee, (4) ~Ppld) = cPp({w:8hw e 4, & ¢ A}) +ofe) (4.16)

LAB. HEFEIE ¢ THlo THRIREZRY, (4.15) ZRATHIT (411) G5 H 5. o

5 BERAEETORESEV L RFREE

ET, FAFAX =37 2 8 -0 pEIHEIZOVTHID £ { o TE lep LTV, RICHR
RAEDEH T, EOXIEARIOESS 1 TONTE, MAE TR, FIENE BB
GRS LD, RERPEOR O FEDFATHALELD.

FF, F ST AR — O, 12NT, B, Ep 1T THIAEINE SER 0,(n) OHIRIRR
(p < pe DA, FOUEA Y~ FHISHEEITE & (45) Wl TW3) 50T, pliDwTERR
THB, i, pHBAMEGETEL B H 0 L) S BRI  7 A8 -O—REERNS &,
b,k p>p. THERTHZZLEHPS ((T]). LdoT, b, JEARBIITRETS 5. KD
BRI B A REETH B4, TASREIH TEBROE L TH B,

REAMEL: 2TOWTd>22 T, =057

HH 1 ORFATE R LA DI, 2RILTH 81/2:0“6‘3925. F/, BETRTTE V- AREO
HEickD, d> 11 Th b, =0 THBHZLHIRERTS ([21], [22]). &5, BT ofbhic

BZ, = {{z,y} C 7 : RTORS § T lo; —ys] =1} (5.1

EWNEG LT 5L, (Z4BL.) & d WILHEDS AT (Body-Centered Cubic lattice) &4 %48,
L-2BRICED d>9 T 0, =0 Lh3ZLBAMER TS ([30]). ZLT, Le[loo) i3
LT

BY = {{z,9) CZ°: 0< |l —ylo0 < L} , (5.2)

AVIEES & L2 e (T hid spread-out model &MEEN S & ODO—FITH 548, WA DAFERASE
WORENDT, MATEHEFTEOTEL), LETSAREWMEILT, d>6 45610, =0
LaBTLEEL - AR BRETES ([34). LaL, Tl — AEMIE  EHERKT 4. (b
TEHBT AR, SN2 —3 g YT de =6 FLEbhTwT, spread-out model ORIy
FHLT3) X0 EORTCHEARSESTHBENLEOICRET I L LR TETETH 5.
212, (4.6) DES ETHEOFEZ T TaL, Lrb b - p ORKIETHEZOhB L
ARTIERTES. DFY, 6, =0 BEEHEOTHE. LT, L-RBROL S LRT
WEIZES ALY, &8 —MNEPY FORRREEL AR5 2 8EE L,

2T, 0, OB LA D EHIEEIC Ao RIZETORIT A2 Ty, =0 2oz LT, %
DT

HEET4B3E 20224FT7H
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; ) log 6
=] —_ ra 1 -—--m————-——p paisvd .
Op o (P=pe) & i ey S 53)

D& AFENEREE (BRI 28Tl BbhTng, 7, BHRmELTE

bp.(n) = mn” (5.4)

DESIREED 6OLFRBNTVE, (p<pe T (45) D& ITHEBRMICHEL, p> pe
TEHEOME G, IO L AT 2 LRI TS 5. ) ZN6 B,p OFERM o2 TRV, & LFE
TR, RS ERIERE BTN, —RICERRERE, BRAOEY ~ QRS TRA L Lo
TLEoTVAEREPEELHERE X OTFALTLICRBES 0L RERL, UWILPNMM
I TWE SEENEROELEUERTOE. DD, T bmb g VI S—T L~ 3 YO,
HES—2 b — g VICRERS TV~ avd, 4Py PB4 vy rERO BEEs 5
2 MBoT, FRAFAEREROBETAETESL (22— Y F 0 —) EVWHOTHSE. Liehs
T, BREROGEIEEE, XSt FOMERETE LR, BERESOMEOHT LR EIOME
BEOTHS.

REREE2 . 2 TORT 22T H P p BRLOWRBEETHET 55 7 FRSOMILT
BTt L - BB R BRI, 6 ROTE D HARVETORILT 5 HAFEL, BTN
O (= 1) IDRELTHBE WA T ETHS. £/, V—2ABHPBELMS 2 AR 7, (z) O
i (#58) LF2 7 25 —~OREST Py, (ICol = n) OFMARMANIIES ZLi2kD, REHD R
Tk D HAROETORTT p SHHEL, THBEFALOM (= 2) NBLT5 22 8RR TR TS
([49)). ZhbBLFHIE, 7x—<hic

Xp 2 e—p), &= g IW%? = Gemn) Y Tl (]2

(5.5)

P EZXNZERIER v, v, d, BRETHFESTFLOE (v=1, v=1/2, n=0) 5B+ 5Z
YR ENTNS, ZITBBLEE B, FACHEY 724 —#EEMICEDL S WER TS
O EETET, T 2RI, TRELE, S0 (2%0) IS 2 LIRS,

TR B ERRIEEC 5 OMITE, (b LFETRT) Bk BRRAEO SR D 1O T L RS hT
Wh FREDHTE, WLd4H56bIZEDUTORERENA /A — ) VI REXLIFE
SEIE 6 (Kesten [48] & Tasaki [68] #5185 Nh31BH) £BO d> 2 THREE 00y #
T, . :

d—2+n2>2p, (d—2p)v = (5.6)

BELD LD, HiZ d=2 D& B%HART.

FOEBICBRIBE 8 BA S TWEWA, TORMSICER Ly HEFHETOMEBE & §
U RN v TRET 2 2 lEL TR ENBIRERX v > 4 (68 & (5.6) DZFHOAFRIZNAA
FHhUE, BEBREENA Ay =D v IREROD—DTH B dv> v+ 28 sBLND.

TRENA I A ) S RERITSEBETLOEERATEE, d26 MESNBZEER
DLEAS. WEEBAE, d<6 TEAEL L —DOBERBEN PR ETAOELIREB L

B T74% 358 2024 TH
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WD I &S, D, BRUTETORREERN TN TN PR T A0SR T 36 %, #
D EBRILO TR, & EBEFRERTEESR, BALAL -2 BB d. <6 2RBLTLAOIIN
L, DAy =N Y RERE de 26 AMBLTVE, Th/ =L -2 Vot d, =6 ¢
BHEIEDOMLTH S, ZhETEICHMT 5103, FRENE2 (BRISNOFEMIN) 4 @k
BT &k, s BIZY (spread-out model) TH% ¢ TERD BYC T 5 T PHIBTFLO L
IIIRAED Z & RIS AU L,

RBRERE 3 (2970, B4>C) Eoss—ab 3 g v OERESITEEIRE»

HARD Fitzner & van der Hofstad i2 k& 2 #55 [21), 22] #6, ZOMEIE d=7,8,9,10 Tk
WThHsd ZORIID20TIE, BTHTERILELS.

=, 2RIUTIE, ZABTEOS A L3 ab = g v (BRF AN IR p TR
FEl-—pTHEEZEFLT, (Z2,B?) EOFEY F/i—ab—v a3 VERUEENL Y 9 212BT 5 8
DEFBLLRTHE) IZRN0T,

ﬁm%, pz%, 7:%, Vz%; n=% (5.7)

THY, WPIINAS— 25— U Vv RER (5.6) RERE A S, ZhLOMIE, BRYEL (20
EFADERRE po=1/2 THY, BRETLOMBESLF L E5) ISV TEY 72 4 —DER
DMMABIRY SLEg (799 2 # — k = 6 @ Schramm-Lowner Evolution) TEHATE 2 #1123 B
768N B ([50], [51), [67], [70]). SLE,. i 5 ¥ EE) {Be o £BREIES L LI Liwner
BAEROMT, « OIIECTHEDRAL &G s ERT 5. WA, FOMMEo Hausdord W7
HHE LT 1+6/8)A2 THY, Ldd x<4 0L X EHMIE 1<rk<8 DEXFASLS
b%@ﬁ,nzswk%u¥ﬁ%@mﬂ<¢%ﬁ%@$lTﬁ<(M]%%@$®ﬂﬁiﬁ%%%)
k=0 D EXET Bk EWEINSMESRD I DI EHAMERTNT, FRA ST - a2y
OMERICHEBRL TS Er 6, ERIGHE S 3 EFhE, FhESLEs TaRIRIEE L Ao,
EVIDIE WPRETERE A — ) v &R, BRI Camia-Newman [15] = & > TIRH
xhi, |

FIE6 OHEHOEEE (5.6) OBYORERIL, 0« o BB 0+ AL, 2D 2
OAG jol2) (= AL p & o ZOPABEIEE LS OOBR) £OT, FH6OMIIE L BTN
iz,

To(2) SPplo— AL o o 3 OAT, 1o(2)) = 0,(121/2)°  (p 1IER) (5.8)

PEM G, (5.6) OZFHOANERE, FEMOHM L F THR LR E RER

1 1
S X, n@tgm X kRS Y n@+ o (5.9)
“miw| L2, P gi|z|>28, zx|<28,
2 (5.8) #AL, €81 p<p. EDWTOBIEAHHS &,
4
Xp = o > On{iwl/2)? (5.10)
@il <28,

LBRBIERG, RIEDWELL.

BET4HIS 2022FT7H
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—F, QWILTNA I Ay — ) vy EREEL I, FER (5.8) DEXAREXERN. 7
DFpic, HEBIER A (r,R) (XL r < R) %

Aglr, R) = {A2(x) #EUEY—% v b AR(x) PISTEtE) (5.11)

BT B L, WODHER 0 0AT,, 1 ¢ OAZ, (2), Ag(zl/2,[2]), As(icl/2, o)) AR
I IUERT 0 ¢ x O T, Harris OFER LAERFEIZL D,

7p(z) = Pplo +— BA‘QM, T 3A|2:E|(1‘), Ao|z|/2, 1)), Az(lz]/2, 1))
> 01z By (Aolzl/2, ) (0 ML) (5.12)

nEohs, XSINOOHBABNER

Ar = (BATEAEEE [2]/2, 2] x (o, lof] %4+ 3 BREB 475, (5.13)
— (BFIER |2, 2] x [l/2, 2] % BRI ¥ 2 B s e ), (5.14)
= (BATA [~x), —|z/2] x [z, |z|] &k 2 MERA L], (5.15)
Ak{ﬁffﬂé B [—lz), [2] x [—|a], —|e]/2] AR 5 BRREE 4 1 ) (5.16)

LERTDL, ﬂj:l As C Ap(lz]/2,|2]) DT, BU Harris OARER & BHESHE, XU #/20H
ERFIEIZRD,

Po(Ao(|2]/2, 1) = Pp(A1)*  (p RHER) (5.17)

BELRS, LAY, BREELE p=1/2 OBE&, FHEE AL OBETHE Hyp(n) Bnitks
BOEE e = 1/2 (AEA G, (2.6) DFTRNALSIC, p=1/2 Ok &, EFHEOEHFER
[0,7] x [1,n] OEBHHFEEESAHTT 2RI HEIZ /2722 5) ROT, Russo £ Seymour &
Welsh i k% RSW TH (flA3 [10] 228 BE 29 4 XOEATRIZHIT 2B R o @51
ToLTHEST S L, RAMESICET 3 RIAFEOBBHER IR LDOT, ZOMEL p=1/2
DL ERBAHFORBILZT TREZEERTTAOMEA0R5) #fAE, |zl oXKEECLLT
Py 2{A) > 2(5/8)8 = &V/8 i@ens ([10]). MEXD,

T1/2(w) 2 E01 (2 ))? (5.18)

o, NANR—Ar ) B =20 BELN5.

LOBHITH T, (5.8) O E RERAGIY S0, EAHE AL OEEHEE Hy(n) 2in itk
EAVERTFAEHEZ6R TR Lok FOLI R p=1/2 DL EQOAAEED:
B, nAHREMAZS Z L TpicHEEEBAORE73550 7 EEFRITEET, (T80 € (0,1)
L, RAEE K, K € (0,00} BEELT, n < K& %512 Hyln) > £ 5 f,(n) > K'y2(n)
BRD I (FEL <X 48] A2 BEEICE, EE L, WTRRERASBASE Er N TR x
BRI T E) LERoT,

HE &3S 002FTH
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ez S m@zE Y e 6,(J])?

wi|m| /4K L, zi|z /A< KEp z:|w| SK Ly

e 3 (K0p(l)? > e(K&) (K'01(K8)) (5.19)
|z <KE,
LEoT, 85—0DONA0N— A0 ) Y &R 4= (2~ 2p)r HMEENB, i

B#HI, 3<d<6 OB 2L THRTEI S, 508 2 AKEEIZ L 2 R8O ELIE
([55] =% OBOE| HXEAEHE) #ELNTVERITT, FESEIT» - Toky, FEEEE
BhdmamoToky, F6%88, brok THREHEABRENSIE &0, FCBEEs 7 2
KBLTWAWEA VT LRSS, HEEL KDL I BHREHSEENEIITHAS. 28
Hhed, FREEPUEE N4/ S— 27 — ) Y HRER (5.6) LRAT B L, b eHRIED T
TwBEICRAIBOE 2RTOBE, BAEKOAHRNAEEMS AL L, FER (5.8)-(5.9)
ERETET, NA M= -r SR FLAT L83 TEL 346 THERICKIICAE
A (5.8)—(5.9) 2B TEZO,, WM TEZOD,, W d>6 & LRI TE A L20D%, 2
OE3EraRL - N-BHBERTRIIHEBETS I LASHROREEFEO—DOTHES .

FEABEA: 3<d<6 OBEHTE, NAN=Ar—) yrERER DI DOR?

BERKTE de = 6 T LT, FHBNLAES SO L EFERNLES BOARELTHT, (53) 0
BERTHEAEREPEEEF L OISR 5 400, RN iZ3REfMEE 20 T0na D EF
MahTnd, PlAE, fo =gy &8RS 0 < iminfpry, fo/gp < limsup,., fp/g, <oo &R
isenetaL,

_ loglpe — p)i*/" _ |log(pe — p)[>/42
Xp = o, Ep = — ——

Pe— P F Pe— P (5.20)
EFREERTOB ([B8]). ZRIZH LT, d > 6 {9 spread-out model) T, (pe ~PYxp ¥ VPe — PEp
O ptpe BEPTFELTL - 2EBHBRONP2WE-A Y MIk - TEERTES Z &5 EHE AT
Wh, ! BRRREO X Y ERAFOTHGHCOBEERT (weakly self-avoiding walk) 23 L Tid
EOADTOTE 2h 0T, BRNIT do =4 B L TONEMIEHE BEFWICRE igA s 2 &8
TETWS (5] 22 OhoO5HXEAERE) #, - aL - g VT a3 A A YV ERIES
DE I AFEEF, RETEVERDALELLOFE (5.20) & ESLF 5REBA . Lo,
INABEIZGIIRY A2 L3, 2uid—-RAATRIIERTII L0 —RE L TEEES S,

RIBREES © BFWTT d. — 6 BT (5.20) 250w k.

6 FHBERAROTIRE
HAMTE, BRAp 2 EPFFA VLT EEE ST xp, =00 HELNAL, TROER
i pr TORBAIHT 3 2 2, FRIESAMTE RS o7 Aizenman & Newman [3] AURAH
ISR L A0 1084 5T, TIABRE XN THLEII0EFFE AN T NE, HEBD oI L
B, xp DRBBOEHB 202 DT Tk, FabbMNHT BEERTEL 2 2T 5. b
TEREICBNS A, 0B AFEMNATVHEFLTE6 5 2t5 s, BHEMKE x, O

B 74535 2022FT7TH
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d
d—po < Qngz) (6.1)

LS REREBTOT, FRE p<pr 5 ppr+e ETHDL, €610 e} 0 WRARIE, &
Lkask

1
Xp > 5(Pr = p) ! {6.2)

(DED Xpp =00, (4.4) LHE) »E60B, LI Z L% Aizenman & Newman iR L7207,
pr = Pe FRRIZER 4 TSR T3S,

ZOREORE, BIHRAE T 6 MRBL TR ZE8G2 52T TEL, ZORMOR
K= F, $ThabbBMAENy O T2 5O 1 (= IR ETLOME) SFICASILE. E5E, Xp
DM E (6.1) TEDSHML BB T T L E 575 ¥ HOEs A < FHET 5 &,

d -
o 2 2d(1 — 7p(e1))x; (6.3)

REERE FHIEE). T2T, e MEENL b (1,0,...,0) €24 THY, pla) B FFA TV
S B
Tplz) = (Tp*Tp*7p){z) = Z o2 — y) Tp(y — 2) Tp(2) (6.4)

Y,z 672

THB. LEN-T, 4L Tp ler) <1 ThIUT, xp OWMFRLETAEEHD 2FTHEIILIDT,

EERISE v B E S L0 LSBT A2 ki n s, L L, HEIC Ve la) <1 2ERT3

CEBAE 30 AW (FAERT TR, V- ABRIC ko CEEMWEE). 22T, FIAT

YR —EICERE NS S AR LR Bk,

d
Ve N, Jep > 0: a—j;xp > (i — Z pier = y) Tp(y — =) Tp(z))xf, {6.5)

y,2€ZI\AS

o

=vytien)

$EER, TiHe) e 0 KB 7 =1 LEBDT, Vp(0) <00 THIELARE, (E030
%, Tp (0) < oo ThHNE 7 (7) 3 2R\AMDTH Y, L° BBE LT Fourier Zl 7, (k) #1771
IR 5 7. (k) 20 TBY, Tpulen) = (20) 7 [ 10 2 (03100 < 7y (0) % B
5.)

Z Mk Fiz, Aizenman & Newman DR, PHBEFAHERIB LT 5200 +a%M4 (b7
4TV E N 7, (0) <o) ZERICEATI NS, REOFLTE, IOWIOHLICEHL2
Aizenman—Barsky [1] % Barsky-Aizenman [4] TH B ah, FHRomMs 724 IR
BB M, #5065 BRSO X W, TRBEHNT, BRAO—BIESHERELO (T
BEFLOMICL D) FHFAER, FORMARFERS L 74 7 v IV VEH T TERITE B I &FHGEE
XD THD.

X T, Aizenman ¥ Newman OSRAMBEIRNL 72002, AL OBEFEO "Rz, y T lz-yl =
e — ylleo = 2n (Fbb, BE—DORAEINBELSEEEY, —Hidn, 85 —HE-nilL

B 4%3%5 2022F7H
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WAZE) RAETEORR-HMLAdEKRIL -7 2554, TOLONN-2V -1 3 v OREFHE
kP, 2ET. BT TEMNT 50

Xpn = Z Ppnlo s ) (6.6)
zEAZ

ST AWMATRERTH B, MRS AL CEERAA Y FRA R EAME L t-aL -
gy ENBEZ LT, bE LD pApe T Hlntoo Xpn = Xp DRBIE DT LG5

FHE 7 (Aizenman—Newman [3]) RO pe(},1) £ neNIZHLT,

. d . .
24(1 = p.(e1))Xpin S gpom < 2455 (6.7)
BHROYTD, Fz, RO L<n ERHLTHS ¢ >0 (nitkbiln) SNFEL,
d .. -
@Xp,n > ce (1 - V;f(el))X?g,n- (6.8)

UZedtn T, BEFISE Y 2 (& LEETRID) 8IS > 1 T Y, vy (o) < oo 551 (v BEELT)
y=18¢4%.

SEEADEIE ¢, (6.7), (6.8) 20T, FHOBRBTHENTVWE I EEFMHLED. 6.7 O
BEORERE p<pe PEpo+e FTRITHE Gk — Xppen S 2pe+e—p) LEBOT,
nteo, £l 0 OIBIZHEAN- T (6.2) #1835, o xs, = co. A, ng(el) <1 A5
WLEFTGRESHD, FThLDKENnEZ8ELT (68) & p<p. 2o p.—c X THROTHE
ol - zal-viHe))pe—e—p) s, HEBELLIIC ntoo, &0 DIEICHE
FEAHGUE, v=1 2T 6h 5.

FRAE, (6.7), (6.8) OEMDL, KETHATE L - ABHEOEBICEBOLZALDT, b LE
LGBz, 7, (29, BY) SR TERINS xp LD, Yo GEREOEY FETTRESS
A OT, Margulis—Russo G4 (4.11) B AT,

; Xp,n = Z Z Ppor ({u v} € pivio +— x}) (6.9)

zeAd {u,v}CAZ
22T, RV FbAMOTIC o SRR TEN S A0ESCE 4

Co{w) = {y < VARE A y} (6.10)
pwt

EER (C, DEFR (2.1) LM ; 6 0EH (4.10) 8 BHES) $5 &, FoFERR

d . - c"éu.,-u} R Afl \C-(Eu,n} e
C1Ap>(;p,'n = Z }Pp,n(o U, v $) (611)

,u,vEAL

LEGDH. SAL L —HOMEN CL REENERY VBT TREBFERO o WkEE Fp, &
T3, BYUOHERE Fsreny TR, “HFHOERE Fppuny LBTEOT, HHEDOZ 7126

d s : G (AN b
@XPJ" = Z Ep,n l:]i{m—)u} P’p,n (7) I $):l . (612)
z,u,vEAS

#7483 5 20224F7H
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CE T M By 1SR U TR T v 8 A8, WEIO P, SR L TRERTS B 2 2 1R 2O
T, {0 B ET 0 a8 Lo e ) 185D o 2B, TOEHE {0 ul\ {0 LEUETD ) (o
0, 0 & uAEABABIIEST (we) BESAFRIELEED, B3 28 oTF Tk v e éim?
THY, LthioT Ppn(v SANEET 0y 0 2T LE S 06T S, REREIRE R
FALNCE B pn s R ERR, X 6 IIBERTE (AHMRREREBEL S 5) A
L, (67) D EREDFRERSF RS,
fhF, (6.7) OF2EOFRERAEHT 32010012, Lro0REXE (612) 0EEH DL HIIBN
7=
d = . -
gpen = 2050~ 3 Ep [11{o<_m} By (’U

0, vEAT

Fluw} 2wy
Clww} pmmLT w)] (6.13)

S g JEBELT, i, v=ocC &, vz OEEBEETOMSERD C O % WA IS
DY FESEL b AELI EEREL, LERoT U ofv e 2} o {z ¢ 2} OH5ES
ThDH iLFAoBi, ASHDFEY FEb0RBE I TRELHERE AL Fr FaFLanT
FRICHIZ A2 &, +4bb

AoB={we ANB:{ws, YA, {-,wr)eB 2h¥F A ADR Y FES J 23774}
(6.14)

ERIRT S, wyidwd ORI A B PHICEFEENE L&, RO BK RFASHD LD
i 8 (Van den BergKesten [8]) HEBMAHRY ) ¥ #— A BizxL,

Py{Ao B} <P, (A)Pu(B). {6.15)

ZOAENIT, HEEMER A DB » FEROMIC B AHEERIL, Th SRS AHELD
BANENEWA T EARL TV, BREIIZENE S LWRERER, 2828 EBANICEZ 20
ThHAE, LA SE T Lo Tdans ] EESpEMNhG Y, RECEFOBY T, OB
FIB L7 Reimer [57] 12 55— 03, A Bioid 3 B3O ERN Ehi

BK AER0ar#E Lic L, L7 o470 &9, LTl E R L Boole DA%
A, BKARFAEMEIZMHES &, '

By (q; Lo, T) < S Bpn(v ¢ 2) Bpoalz < ) (6.16)
2C(

BELENE, Lo, (6.13) OIS FI L, 5

> Epn [ Moc o] Ponl(v — 2) Py oz ¢+ x) (6.17)
zu,0,2EA2
THEZShA #5i {oe—uln{oe— 2 o {o+—ylely+—uto{y+— 2} A
et i gy € A BORL LA —DIFEETHDT, HU Boole DA% L BK ASR A, B
BT L /2 MENFEE AR S, R oz (6.7) OTH5OFERNE LS.
SEATFRANEIC X ZAER (6.8) OUFAR 6.11) Ths, ZhaTroffEisrkw, RO=D
OHEFEELLD. (ARSI—ab -3 OB, TOREENEOEMTT, 8- LHELERT

BET43F 202247 H
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SRTFAETZ 5. Zhit, Bai—TL -3 Y TR 6, =0 BHPHEh T3 ([27]) 0i, B
D=L =g YTRRBRTHBZEEERLTHAEDED, KR TEEAD LA,

d S{u,v} =S F{u,v} I Al C"{“‘v}.k <
Elz{owu,@&‘Lc—D—T}m}E{o Ce < Y n)\Ce < m}, (6.18)
d FY g
By={o+—u, p ST (6.19)
F:{CN},’ﬂé)V;ﬁz? Y nov + o, c";’nc";’:@}, (6.20)

EEL, V=AM L, CY AMMAHS V ICE3ha Ay Fb bl o b 6 HERTE
BBEOESE Ui, WEM B C By CF 5OT,

—I@p,ﬂ(El) = PP;H(EI‘F) @p,n(F) 2 I@p,n(EllF) ]pp,n(Eﬂ) (6-21)

BROED, HEEVAEATZIIIZBSOEDT, Pon(BilF) > (A (1-p))™ = ¢/ (2d) (m
BV IR AROR Y FoRE) ez anddon Blhkp,
d . s - AINEY b :
¥en 2 5 3 Ppﬂz(o<mm+1% i\ BT z). (6.22)

E,U,UEA:

Lo AR, (o)l = {6V NOV £ )N {CY Nav LEAEET 1 gy, [y AEVEET, oy
3 {6V nay MACTET oy 3 A\ EY FoMBRIMER 20T, HRHED S U~ E Harris ©

FERc kD, (6.22) HED Ppno(---) &

- = 5 AENCY kT AZNEY LT
E’p,n liﬂ{é;/mav#g} I['Dp’n (C;/ N 8V U, VK > .(L')}

Il

= - ASNEY kT ~ AZNEY kT '
> By [n{mw} By (Y oV HAEET ), (y SAEEE, m)]
=B, n{o ¢ u) Py (v < x)
- - . ASNEY b ~ CY EmmLT
—Epn |:]1{C7V06‘V#!3‘} Pp,n (C;/ nav mm——) ’.!L) Epp,n('b’ e PP 5)} (623)

TFRGHE LR, beid (6.16)-(6.17) MAORERERE (22U, v,z OREE AZ\V &2
HIER) hud, BkL 27X (6.8) BFIZAZ. 0

TR 8 OFIBOME Hamis DRER (CH2) OB TEELEELSE2#ES. ¥4bb, AV
F#EEE 0l ={1,...,n}, ZOLDY VY& -DFEE P, TOLOEBRHEE Py L8

n=10BEEHGH, (Pul Lt HH2ERTH5 LI RABRIESERUI, AcBIlARIIE
HEEPL). RIZn~1eN F7T (6.15) HELWVWELT, A,Be Fp,) IZ0LT (6.15) 2R Lk
W, O=AoB Bk, ¥ah b C0= A% B2 C{A'c BN (A%oBY), C' = (A'0 BY)U
(Ao BY) c Ao B! L 3MT, FEDIRE (5 £ ZAIX Rl inky,

*

¢y = Ppaq)(4° 0 B?) < agbo, (6.24)
*

c1 < Pp_yy(At o BY) <aiby, (6.25)

cp o1 = P[nﬂ,l] ((Al o BD) M (AO o Bl)) + P[n_l}((Al o BG) L (AO o Bl))

Errd®35 20228H7H
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= Pp—1j (A 0 BY) + Pp,_13(A% 0 BY)
g a1bg + agb. {6.26)
Brizto=Riz, Fhen (1-p)?, p?, p(l-p) ZWITELETS &,
P (C) = eg(1 — p) + erp < (ao(1 — ) + a1p) (bo{l — p) + byp) = Py (A) Py (B)  (6.27)

EE5, 1

T L—ZERC & BATEARS ORI

BRI, EROTHRFIRE S PEEN R S ORET 5 2 & OB L T, ZOmSemt & 5.
F ORI LIE, RIS CICFEE S BEIZ T EBIR L Qo — AR (lace expansion) 2k 26 DT
BB, WA TADAIEYRTIE EBEEN ZHOATERRECRDAAFICL 27k E S8
OREABHAET S8, -2 =Y ay THSOLZ AL - ABMEHWETEZTTH 5.

L —ZER L, 1985 412 Brydges & Spencer 3 HF L 7=F T, Bo ORI IEETFALT
# 5 ECAEST (self-avoiding walk) D7 5 2 &% —Bii4& EF<HALEL, BRIEFIFVXT
BT 320l FEINLZEOTHS, 'L -2 OB, TOBMONIELE2TSLEIEHAS
&5 T OR L — 2RI TN I kTS, TOH, L —AER (0FLH)IZ, -2
Vs VEBURAKHEEFEEMET L - JENEET MRS ok, Tho BB LS
HEIZFZET 5 L,

» 1085 4£ : HCEIESEIT (Brydges—Spencer [13]),

e 19904 : T8 - BB (Hara—Slade [33]),

e 19904 : /18— 1 — 3 a ¥ (Hara—Slade [34]),

o 1993 4 : Hms ¥ T L — 3 3 ¥ (Nguyen-Yang [54]),

o 20014 : 244 b 7t (Sakai [60)),

2007 4F - 4 ¥V 7B (Sakai [61), ELWEA 72T AR [63]),

e 2015 - f&F o* A (Sakai [62]),

e 2019 4 : 5T Edwards #8 & n Bk |¢|* 8 (Brydges—Helmuth—Holmes [12]),
e 20194 : T & LAl (Heydenréich«-van der Holstad-Last-Matzke [39]),

LlioTws, i, TR0 2 mEH (5-aL U g U TH le), 4 VYIRS of
TEHEM 0 & ¢ 213 X Y Y EROBOBAZOIIFE &, LFLEFORAEAOTNT, &
ATy AR TRSM Diz) = (1/2d) a),=13 KREIBHT L0100 — VB
Sq =302, D" (D" = Dx DD i D O n EBAAS, 0 € [0, 1] GHE) O %3 1T iHE
ZEHE V. FlIAE, V- BRI EEAER

Sy=8+gD=* 8, {7.1)

EATOT, Zhtr ge (0,1) TEILEREBRYIELHIE,

HBET4EI S 20224 TH




572 B i
dS—D S D dS"— “oo D) Dx §, = D8 7.2
a“&q““ *0g 1+ ¢ *diq q—"'—%(q VT D xSy =D+ q (7.2)

DL/ S, ZRIZHL, Bl -2y -Y e Y OBEE, (6.11) ARk,

et ke Ag\Cled ke ) (73)
T .

%~p,n(o<—+m): Z J}m”p,n(o u, v
u,uEAL

D& D EHOCEET S S PREEIRS NN, YU - VERO LS CRBARIIE B TER
V. ZOHBRBRERNR A MR L 72 & O FEEEERL ((6.13) OIS 1) Taéh, Lid-THEE
BEFLEI v Fa+—2k0d3TZChs, ZOEMSHEDIZEELDT, REFHERITHIE
LBt EhoEEBEES, GLAKRZDIIFEELZE DN (6.13) OFBELHRLEDTH. F
hTR, ZOFE ELVBELESF TR, FIERELLELTRE) #FDEL 2L LT, EHY
TLAMEENREAEANEL BT ELEL, 2 HBROMTICTHT 3 FEBTF L 60R
WEIHREMARL N IO TIIEVnA,? LHFTIORERTSH S, V- AEEL, TO7AFTER
B2l DEDTH B,
(Z4,BY) Fosi—av—3 g oild 40— ZABBEOSEEE, ROEBED TH D,
FE 9 (Hara—Slade [34]; Hara [31]) & necZ;, = NU{0} iR LT Z9 FOIEEERE (v —
XBBRE) wpt) BEEL, I =30 (1)) ekt

1p = T 4TI 5 2dpD % 7 + (=)™ RPFD, 0 < ROTD < ol s 2dpD 7y (7.4)

BRI, BT d> 6 DEE, p<p, Tao” B niconT (SEAREORMESHLT) 5
FITIREE, BB 1L, = limpree TIo 42 |2 T 00 20T [[(z) = O(|z23~9) ol Xz 54,
1L (0) — 1] = O{d™1), |V2IL,(0)| = O(d™1) BE D LD, % DR,

727
2pe = 0522@{1+—23££2) (7.5)
1L, (0 1L,(0)
L&, KOBW®WT y=1, v=1/2, n=0HgHir>:
1 -1 2 _ 2 (@/2){{(d —2)/2) 5.4
Yo 2 3PP G E ke Tle) 722 R

Lad, 308 =< BEh2IREE 1+ 0(d 1),
TZTHEHTRER, 2 MBEBICHT 5 EE R (74) T4, & UEHERFRTE X5 12/
I, “HEHETA46, 70— VEROBENFEL (7.1) & X<k

7p = 1, + [, + 2dpD « 7, {7.7)

BROENAILICAR. ThE p<p, TEEDELHOAL

o o0 R " D H T
Tp =1l % y (2dpD +T1p)™™ =TI, x > (2dpTT,(0)) (ﬁid? (7.8)
n=0 =0 2

L3, 1,(0) i I, @ Fourier 4 {1, (k) =3 e *I[L(z) ® k=0 T F, Tabs L, Dk

BET4E3 S 20224 T7H




8= T L=y 5 Y OBER 2020
MO & Th s, BAIONEYAINIC, HEEE 2aplT, (0), HRWE D« 11,/T1,(0) (#af1is 1 7
ﬁ,gmﬁﬁ@ﬁugot@fam?‘%w’am@a&nﬁ%-tﬁb O<a<2 Ly»lilr
RRREESTT D(x) o (Jo| v L) 4 TREXNAEFLASE, D+1L,/1,(0) DTSRG & 4,
HEREFEE S LTHA S (17) 07 —VEBERMT I oA TES, BEEES L L4 5 & IAMERR
THY, LiEn-T (1.5) ORMIORBBEERE. 7, D1, /1, (0) & HEBHEE L3250 -
VB |z] T oo 12351} B HRERIR S B, KL HIBRE Si(z) ~ (d/2)T((d — 2)/2)m%/?|z|>~*
s giid

21 2
I S URRP IR Rl w Rl w Tt

(7025 =AM L OMIR) TAT— L LESOIELOOT, B3 (7.8 BELOREIIS
% My & T, (0)x TR (ZhaTE 301, 2P|, (2)] = O(z/52%) # d > 6 THEMT
875 5) THUL, (7.6) OBRBORPEBENE. Thid b 74 7 VI LEME Ty, (0) < oo BHED I
DI EERBERLTVS (58404 —OBEREV A TUZN (8 %85 =8:)(0) i d >0 T
FYH05) DT, (1.6) DRHORLEERE. (7.6) O -BEORFBEL DI, 23 (77) %
Fourier L, '

; : 11,(0)

Xp = Tp(0) = Ip(0) + 11,(0)2dp 7, (0) = T:m (7.10)

ThiIly, V0= -3, bPn(@) = —xp, V2D(0)=-1 2Auhidkv. T3,

V24, (0) = V21, {0) + V2L, (0)2dpx, — [, (0)2dpx, + 1,(0)2dp V37, (0)
_ VP, (0) + VPTI,(0)2dpx, — T,(0)2dpx, _ ( 2, VL)

- g O R ) 7.11
1 — 2dpll, (0) 2T ) ) (40

EhoT, L -7BRRATLhIb TS 3.

P eI Eabahs 5510, - ARMOFEI ‘all or nothing’ ©& 5. 2% 0, HEAER
(T4) BFIZAD, 5L —ARBEEE 77 (@) © |2/ oo ® ntoo inkiT 3 SEDE EEHHN
p < pe —RRIZEME T & UL, BRI THREL (&nd kb, L5 BL) HERETFICAS.
Lipl, FOHB0ERP—DTEEETESVERIIEVEEHIIA-TLED. HAEDROILE
2, BEAER (T4) 0 W 2#ELHAZRBRRELOLZ S TRAL, BIZ14#2-188H, £
HEF 100200+ 101 LB A, EWIBTOFETHE, —FAFAZILE, 2TDO p<p. T
Yo aEh SEY L BREGEAM T, BEHER (74) #BNTEEZR? 2SI EAD
THEH. IOBHSFEL, LrFLTOAMBEICHRURGT S, RITHELEOR, 08
HERIRTEREFLEEE S EOTHS.

LIAT, FORHTHE d> 6 AEREhTOES, Tl (5" Lromﬁﬁﬁﬁﬁ%ﬁﬂ%
THZ LB TIDIEESAALLEDTH S, § 5 HiTEE L4 spread-out model (GUEEH
(52) @B} THALNAY T Losi-av - g y) OBE, EHIOFREETO d>6 TR
DD (dICIFLT L & 1k x B Ak 57000) 4, CORBCEELTVE (29 B ko
-2 — 3 g v OME, Fitzner & van der Hofstad 1255 d > 11 8 2020 5 5 HEREOREOGE

BF 744535 2024 TH




274 & )
flicss ([21], 22)). COZ LR, V- ABBROTFEARTRTE Y ) ETEF -7k, GeE
BT OHEE (35], [36] L3 k¥ < Ei 5, Fitzner & van der Hofstad 3, A4 05— F& T ¥ & A
Y E o6 OREITIR AL, LHINCERZEIAE#NAE VT ¥4 A+ —% (non-backtracking
random walk) 46 OBEIZET52800 — 2EE (NoBLE) 27F¥4 L, 1547 &iH
BAGTES Ny ATVEE ETEALT, V- 2ABEONENAGSHL 20 TH5. B50 2 H
DML ERDE DD DM, T2 THER-ZOE—HORTICT LEFETESNI LI, RT3
ZAS. (TRIZHL, (5.1) TEFEL 2 RO FET LTE, REESOES 2d Tidk < 2¢
EARDRENDT, WENEHIZ d> 9 Tr— 2ARBOBFIURMEAEIHT% 5 ((30]). Z0R
B od>T7 2 THEATERE, FEL BRABRETLCHERRTNO CHE I LEHHL 2D TO
T AN SOEH- ) WAHRS Alzenman IZ#8 TL — ABBOBREFE L& 212 ‘right
results, wrong method’ EfEHX 726 L, Fhidl — 2 BB 5 £S5 K954 7>
LR —FBERAELLEIELTVEAETHS S, REMTEBVIMT L, FHBNLESE
WO+HFRFZER b 74 7 0V LEBORE TS > T, TRABNINIEE2BERLTV20OTHL
BofEE. ZOILIEFHLT, - ABMOBGRENIL, FIETH#R LS ERkD T 4 77
PO s hAUL, 270 d> 6 TEBERASELAREFRTE 528 hE0, Bk
57, WINZBEOs 37, FO—HICF v Ly P LT A ek,

FE O OEEOBE 0GB TIE, BEAER (74 OEE (XL n=0,1) &, p<p. —H
()| = O[22 ) TH BT LA ABETS. FMREZR Y 451

T (74) THEHB, ZOIaMEFHEENT2BI, CRLLEY FOES pivio 2} i
EBLEG. (CHICHATE L0 P 2AOR, “SEOBRA0SRAIEER S 2 4 5RETH 5
ShE, B p<p. OMEELELT, BRMEETS 2 0BKRAT v 4o r -2 000 — v B
THEMPTEZETORKILTE LTV ESS L FHTES. —F, BRAOEFR S—aL—v 5
VIR, WAREDOEY FRATAHEEBECEDOYEI LR Y FTHAMRRYTELINE, 0
BEICEETIO3HAEN.) BEL22BEAEL (T M, 7y 248 s — 20RO T
BEMITaILitLuBohT0 o L LIS, FRll» s RTBUIOEERLEY P CESS
HLTaEd, —HKELERILF Y FREOOIIEN S THEHES RV P28 L ERERSS
B LS TALEFHEY 5HR) & {0z} 2BL, TOREE o (x) ETE,

o(z) =780 (z) + ZEPP ({o = u} N {{u, v} @B} N {{u,v} € piv{o— x}}) (7.12)

DESZAFFETES. TIT (69) 225 (612) 2EM UL 2RI, 31 Fppn TAOHS
EENE RIS AN AL, O THHED 5 v~ AL, ok |

4y Fuv) [
+§mlfﬁAJ”t>x)J (7.13)

Tplm)= 71-}()0)(;1:) + z 2dpD(v —u) B, {ﬂ{oﬁu} Py (v

DEICHEEEFCLATES. BOBRALTH <A, G MO/ L TS v x4k
#, MHOHEROH CHERTS 5. BEHOFORE P, (v SO ET o e e i
HEREGRESENRT iz — v} TEEMAZVOES, £9+38, 5@RDELELT v 2 BCH
BEE AT G307 2Rt B MRS TL B, FabhE,

Beg 74435 202247 H
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29\ Fluwt g Flet pmm LT
P, (v <——-l~°——m> :L') = Tz = v) — Py (fu Lol AT, :c) (7.14)

ChE (T3 KRATHIE, n=00kE0 (74 #B6hs. 7L, BeE RM (@) @

LRSS TS
S omie, )

RI()i)(x) = Z 2dpD(v —u)Ey []l{om“} y (v (7.15)

THN, Woriz 0< RV (@) < (75 « 2dpD « ) () BRILL TS,

FoTn=10rE0 (74) #8570z, Y = Aczd #BELT, ®sE B () o
FERUIA S T0B Py(v AEBALT, o) g o mp TR (7.1) O &9 Al kE M L0, 22T,
VREZNLAY Y (y,2) € piviv «— o} (BT {y, 2} TEEAENT (y,2) 2E-T, y B ol
OWETHBEILEBRBLTCEDE D) O o <AEBRU 5 20 S BIOA Y ¥ CIBE T
LTRED. FDESBERLNARY FHERCERE Blv,a; A) 2IET 2L,

Po(v AEERES, 5} Py (B(v,7: 4))
= Z}P’p (E(v,y;A) N {{y, 2z} 1Z8} N {{y, 2} cpiviv«— x}}) {7.16)
Y,z
DESIHBTES. Po(E(v,1;4)) 6 RV () ~0&F5% o\ (z) %25 :
ﬁ;U(x)zzjgjzdanvu)Ep{n{o¢=$u}P@(Emv,m;éguw}))}. (7.17)

(7.16) FOOFER, (7.12) »6 (7.13) #BER L L EFU LS ICHFBEO 2 7 & fin, X
5z {7.14) #EZ 1T,
Py (B(v, 55 4) 0 {{y, =} B} 01 {{y, 2} € piviv e 2} })

ARG IR
= zdpD(Z — y) Ep l:]lE(U’y;A) Py (Z —— $)]

clvsl emmL
= 2dpD(z - y) (Pp (E(v,y; A)) Tz — 2) — Ep |:]1E(v.y;A) 2y, (z ST w)D (7.18)
DESCBEETIENTES. ChE B (2) oRcBEL TR R (@) =5 (@) + (7 «
2dpD x )z} — RSP (2) BT, n=1 0L &0 (74) BBoh5. 272U, BHEHE BRD (=) i

RP(x)= > 2dpD{v —u) 2dpD(z — v)

UV E
Cle=t et
X EP 1}“{0@%} EP |:]1E(v,x;(’:'é“'“}) PP (z {—ﬁﬂ—‘j:—> 33):” (719)

TH0, Mo 0< RO (@) < (rf « 24pD 4 1,)(2) BRI LT VS, O © HMBLT Ebo
AEEHNFE L EOT, Lof@EmdRn e, BRORSFEIZ 0T S R USRS

RI(J”) (x) = wé”)(m) + (fré”) * 2dpD + 7, ) () — Rj(j”"'l) () (7.20)

AELNB I kD, LI [34) 25,

Brr74% 35 202247H
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T, OO ‘p < pe —HRIT [I,(z)] = O(z|>2~D) DFATH B2, Zhizid BK A%Rik
BRBEIERET. FAE, BR {oew )l & o+ zto{o— a} BT SE, BK 7%k
kT (@) < mp(r)? BEHETE S, &7,

m () = D 24pD(0 =) By | ooy Po(Blv, 2 C1H 1) (7.21)
AT EEREBETS L,
E(v,z;A) C U fve—yloly+— alo{y+— zjo{z ¢z} (7.22)
yEEd, 28 A

LV AERE 61

{oe=suln{z e él™*) U'{o —rulof{o— whe{w+— ubo{we—r 2z} (7.23

w

EV S EEHEFIZFR I, Lzd 5T, Boole DAREA L BK RER %S &,

'”';E)I)(E) = Z o) Tp(w) T (v — w)rp{z — w)

U UL, E

X (2dpD * o)y —w) el —y) Tp{z — y) Tz — 2) (7.24)

DEIITFHETE 5. 2 HEEE RORT & BT, o & o OWEH 2, FRUUNOEORES 3
THEHEIR (T4 vvy) #ATIL0EI 5525, FRICLT, BROL — 2R )
(T BSA T ATHERBONED A, FORIEASHOML 40 (7.24) TR u,w,y, 2
DD}, BSORITen+2THS {[34])). BOHRIIERTS WENrEER T/, nt+1
WO L5477 LBl H D, #ASOTTETCHNS) THETES I LITh5. LidioT, &
BET47 VI NEES sup,, Ve, (z) = Od™) %54, +48HTT X, My(x) 3HERIREL,
Ling 1+ 0(d™) ZEiETE 5235,

TiE, I, OFEFHE (point-wise estimate) O, EDLHIHBPTEDHEALS, HFLLEZD
i, ROT -2 V59 THBETHS ¢

Step 1 : &4 g(p) = max {2dp, SUp, s, Tp(2)/S1 () } <3 LATE.

Step 2 FhAEH T, [L(z)| = O(Jz]?C %) (R Tp(2) € o + Od™) BE) 2 d > 6 T
B0 ST 7 L A SR,

Step 3: b % (TAISERALT, [NELD & - LBOFHE ¢(p) < 2 43,

ZHCED, d» 6 Tahud, B TDp Tolp) ¢ (2,3] THHZ LG50 5. EZAH, g(p) i p < pe
OV ORI 2 B (R 5 2 7 — 00— 6, & m(r) PMERAZEETIEG, B
B, SEFRME D #ARBIR D FRRASEYTS & 5 2003, FRUEEAMTIZAW) THH, Lrs g(1/(2d) <1
THHDT, p<pe —HIZ g(p) <2 ThHBIE, Lo [(z)| = Ofz?C D) c5Z Ln
FFHATEADTH S, Step 20 ‘g{p) € 3 = [,(x)| = O(z|?P—9Y Tik, §RO&Z 4 7 27 2 5l
 BENERET . B, oo THID, 1 (2) < p(x)? <951 (2)? = O(|glX2=D) ((7.9)
HRTS 2HE) B <iz@ohns. ol (@) 1200 Th, gp) <3 AT (7.24) OF 2 SBIE 7, (y)
E Si(y) = O(yl?~) oM &z, BROBEKOBITEOMNA ‘BAAARER [16], [17), [32] &=

HETAEIS 20224ET7H
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oIl (FlRE, Y, WP Y —y* T i d>6 TIRL, Olz/59) tHiEzehs)

B, iy o) =
TEBS, HLRBEELBETS L5
8 BhYI

TZETRICEE LT

WT, BB VAREL B> TLE T

O(|220-9) pEeNE. BROL - AREHERICONTEEL & 5 25
BIET, ol 0 OS5, 0

EEOEML, 51—

ERBBEOMEICER L THEOT, BEMRE FPRIIEREBROS ZE6HPE L5DEIHT

iy, FBEOHAUIBELEREIVSETE S, &, /-2 — g VEERERFECTAEDIEH,6,
AT ESE S THHETNEREEELED, W OFREIEGTRARBEABLEZF L 0E
65#6,Mﬂﬁvziﬁiwkﬂzfi%ﬁbt#ot ZOARICTREOEREBLNAEE, T
BRER 20,

RS AYE TSI , b JSPS Rt JPL8K03406 OB A2 & Lz, &£/, _AD
V7 -, #%&&a%<ﬁﬁéﬁkﬁntf%,$%%%ib§<?%t&@%M@7Fﬂ
42k, BrOBTEENEFEE LA JZiBLERLETE T

[3] M. Aizenman and C. M. Newman, Tree graph

b= i
1) ZORSHFEREL T3 202087 A 18 HRER TR,
HFRC 1400 FABL EatREEE 60 TABLES T Lo

TS, Eot22ABOMII, ELohiay—-
FTEATLE o BEEE, BEEELETLION,
Fhb b Ak RET S0, F ORI S BIEL

LTREHIL TS NELZRS 2

2) ZOHAOHEHFCHELT, V7Y Dk —ACBE
EEEEOEEGZ, WHRLAREL THEEnE
LOLEHT, FEEFOFEFHEETHALEL
CHBNDEBE - =OT, E58 pIEEIZHRAL.
LA L, KBF T Peierls D3EICE S h 38 E
EokDT, TITRBRLZIBITHIILED S,
=TV =3 g VIl 3 Peierls DRREOERIL,
Hammersley [20] BB E 2L THS. T0OH
& R o -1 L - o VIS BT
&, ZOFHNHN pr <1 OFMOFERELTFHE
HTwa. BT A, Hammersley 25074 T7IC
M itBRELEL A 20020, [29] DR
Bz oW TV S discussion O TR XL THE 6L
ta, L L, EEBOTAFTIRELAOT, 'f‘)‘/ﬁ"
R 3B1T 5 Peierls OFEDORME S EAZIZDH,
Hammersley DEER & ‘Peierls D&% #5EL THRT
NBE LT, ST EE LV
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