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1. :8. a�k7�	7�z℄+�<<j��vkZ��3	�-9���=�N="�Wk7��O℄7�Nd�z	�W99/J�z�Ygj�N�B;Æ�[?a:�/J3=Xk[�7��7�3=N�W	�ka�	�kB�NblH &jN{���3N-�N��b�E ��vN�B���Nk�yQF#�0 ("`) *9�l�sNs�5 1023. �|Æ%s�_n )A��V��|O℄\=zsKTq)A!�l5!�)A!sKN*����z-|0N.℄|K���zÆ|0N
ey�7\���K_�)A!sK';\Kk[|2EgnN�t��w�l5!sK�q�=[�O℄w�3�Q�	7�3=k�6*tNZ^ tN�BO℄m��X�6*tqu��l�ÆKN}-�GQ�sKq*tNI^l
[V���.6lLS(�K�_,D86�u����6*t&�A)�HO��"Cz8�6*tNN{NsK.;�7�Bm��[4k7�NsKt���o';NO℄3���Q R. L. Dobrushin �x�[i���vlSvsKt�NBÆ�l[?sK3�N>Ir�	[i���vl�"Od'�N�TB��z�%Np0#l�(�D?$?FN7�!D — \
!Dge (§2). K�VR�6*tND�
—Ising !D (§3). (�D
3Sv��)��%# (§4) RW[�O℄7�NAie�

2. 1/06. L(�??F!D�8�
a) Qw�. h� d (> 2) !�S Z

d = {(i1, · · · , id) : i1, · · · , id = 0,±1,±2, · · · }. �T�S (�. 1) �3[���:V���XzQau� p ∈ [0, 1]�g��HKX_XzQau� 1− p�����gN�wJQ~L8rN)M�62 [��7.ZVd s���N�s�(��BNknl[�"<)A (4.Z )A) N�2K�H p = 1 `��lN�Wg��"<)AN�^�H p = 0`��lN�W�����l"<)AN�'�k�\o7�N p �knau� 1 �z"<)AN	j���vN:Y�'�Pbx?:�2K� p xB�xPbg���z[|$>Æ�K DCL �7 
pc. (��Pb$9H d = 2 `� pc = 1/2. H p > 1/2 `�!l[�"<)A�_H p < 1/2 `| F��z"<)ANNu� 0.  ��(�<U>lENka! (d = 2) �E�

b) \w�. :Q(��Tr!DUIt[0�����t �S��4�SXzQau� p�g� (au� 1− p���). QT��SWg�|2~L��SN�g�okjQTVdg�
9�VN'��s{Q�(�jaVd�QÆ pc. \oa!�E��|S!DN pc k^V	q�!D&�J�(�jB�$9 pc > 1/2. G�| pc ℄\Oo^V|k[|�S"+OdN��)��V["�Q�� d = 2 %3 d > 3. (�)�k�!D-S!D�7�QÆWk"�N�';U�L[|BuNh��aT�?a3�KiNB�N"Od'�eb��sK'�N	���bo�r_n)oOd��\
!DksKT�r7�3=N?"!D��e !D?F��aX3 O℄7�'�N.�sK�b�3z�\
t�ku���sK*tN�WO℄i<�8� H. Kesten[5] � G.
Grimmett[6], [7].
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3. Ising 06.
a) ,��~ . $k??F�E�8�:V�h�[|{����D�|Æ {−1,+1}. ? −1 �℄K +1 N|� b > 0, _? +1 �℄K −1 N|� a > 0. okl Q `�

Q =

(

−b b
a −a

)WSk�[F�Oo��k Q J9�℄u�ÆJ
P (t) = (pij(t)) = etQ =

∞
∑

n=0

tn

n!
Qn

=
1

a + b

(

a + be−λ1t b[1 − e−λ1t]
a[1 − e−λ1t] b + ae−λ1t

)

(3.1) t → ∞ M9
P (t) −→

(

π
π

)

=

(

π−1 π+1

π−1 π+1

)7� π−1 = a
a+b

, π+1 = b
a+b

. k (3.1) b	 π = (π−1, π+1) �#Q0i5
πj =

∑

i

πipij(t), j ∈ {−1,+1}, t > 0. (3.2)mi�g? π 9b�7go P (t) N�m�z`l t Nu�l!�>f���l! π q t )���2 P (t) N FJA> �z*tT2 FBG. k (3.1) � (3.2) J9Q0N��
i) 3�� π �z>�[�
ii) o�o3��N|Z e−λ1t, 4

|pij(t) − πj | = O
(

e−λ1t
)

, t → ∞.7� λ1 = a + b  `� −Q Nk3g	�Æ��;"["�h�l540o<�4� {−1,+1} %3 {−1,+1}S (S l5). (�Tr��N�\K3z�
b) ���~ . y�;"["�h�)5 (js) 40o< E = {−1,+1}Z

d

. ?FtOQ0�z�[ d !�S (Zd) Tj[=F���l��q2�l��|-�D�[|�=��(���BN.�'�k�`�=��="�4?�)J�� �lJ��3z�(�}9�|-�NsK�r�j
x = (xu : u ∈ Z

d) r�g E = {−1,+1}Z
d �S�� u ∈ Z

d 2 HM - N=. x z#� u <NÆ xu UD ±1 �|Æ�}V x ∈ E � u ∈ Z
d. a ux � E �N[S��q x N*��z u <���4 (ux)v = xv , Q v 6= u; _ (ux)u = −xu. -�k x K ux N�℄|�D 

c(u, x) = exp

[

− β
∑

v:|v−u|=1

xuxv

]

,>< β > 0 2 �I?. (� h�7�ifN�℄�|Z�sN��Del	VN*td_z>< +8/Ol�Du1N`� Q (e >`��o< E  js), (�dj}�
Ωf(x) =

∑

u∈Zd

c(u, x)[f(ux) − f(x)], x ∈ E (3.3)>< f qo$| “�” N�ss�k>9b�jJ9ÆJ P (t), EfT�3 P (t) = etΩ. V_l3�� π:
π = πP (t), t > 0.



3H d = 1 `�3��\K�[�GH d > 2 `�93�_llEN3=��z�QÆ β
(d)
c dMQ β < β(d)

c (< ∞), |3���[;Q β > β(d)
c (> 0), |3��k�[. (3.4)�}9�7�N[�sKl!�'�;��x�l5! (4l540) o<T3���[�e_)7���x�(� M WO℄)A!�Try�k�6*tNTD!D�K% Ising EK (1925) �k�[��6*tI%WWEKN (HK�djNk*tsP). �oa!�E��QÆ`k L. Onsager (1944)V9�

β(2)
c =

1

2
log

(

1 +
√

2
)

≈ 0.44.ÆM[
Nku�L�R�- (1952) ~lM9�4�H d > 3 `� β
(d)
c Hk"�N��ksKQ�*tKQ4��ONZT)��sKTNCE� �FzoIV�?�QÆ�$zo��k>QAt��AieN�W�6�kTr���K9KWO℄�^N!D��^N'� (yQo�o3��N|ZO).�E3�HDN[|�WNsKl
—)A!H &j{�-���`9�[2!NG���yQ T. M. Liggett[8] �

R. Durrett[3] �NhB [12] ���N [1] � [2]. & P�Ki�l	[�WsKl
 — ~/,�j(h H. O. Georgii [4].

4. 37,+. a) a	. (�NO℄\=qo)A!sK�e k)A!�I^l5!NsK�bj T��M2 =)�l?NM�vG�-�N�t��7bk[�+O�)A!sKw�l5!sKmr^'�4dDrE3=l5!sK(�����Nt��p07�'X(27f^��k O℄)A!sK�N� [QLBAie�A�b�'^,r�X`b�9[B2Nie��b�Q 1) )�ie [1], [2], [8], [12] � 2) \/ie [8], [12] � 3) ��gq\
t� [3], [7] � 4) Peirels ieq Pirogov-
Sinai t� [11] � 5) a��gie [9], [10], a3AWN 6) 5.�6ieO�><(��+
[���\#[ie�&RW�

b) {�. L(�?W�3gN�Ege�\o (3.1) N`� Q � −Q l3g	�Æ λ0 = 0 3
λ1 = a + b. 3&l! π = (π−1, π+1) dV�[|b3ij0�so< L2(π). PbQ	� P (t) z
L2(π) T \2}��

(f, P (t)g) = (g, P (t)f), f, g ∈ L2(π), t > 0.>< (·, ·) � L2 *0��O;o
(f,Qg) = (g,Qf), f, g ∈ L2(π).a ‖ · ‖ � L2 hs�|j	� L2 �sfo��

‖P (t)f − π(f)‖ 6 ‖f − π(f)‖e−εt, f ∈ L2(π), t > 0. (3.5)

(7� π(f) =
∫

fdπ) N$B|Z εmax = λ1. �l!� L2 �sfo�Gq5. (= λ1 − λ0 = λ1,4R[ (k3g) 	�Æ) �<N�-�
c) {�-�R. \o (3.3) �VdN}� Ω. (�Xl3g	�Æ λ0 = 0, \go-Æ	��s

1. (3.5) f\o[�N L2 ÆJW3z> εmax = λ1. yQH d = 1 `�\o Ising !D�(�l
λ1 > 0. H d > 2 `�z�wGCt�3&l! π �[�e_\Kl λ1 = λ1(β) > 0. �V\o7l>N β (x$C) `,	��GH β 7lB`�e l �N3��� j+�� λ1 > 0. N�djl5i� Λ D Z

d. 4h� {−1,+1}Λ TN�m��>`l λ1(Λ) > 0. K�	�\o7lBN β,H Λ ↑ Z
d `� λ1(Λ) ↓ 0. jbT�`	M� λ1(Λ) �sf0Go��7|�q Λ NP[!N�03���!��(�`�*9[|�;�~� β }B� λ1 = λ1(β) ?��" ���
���r7�N[�sKif��l�o (3.4). �? �N�rif�397�NsKt�Nmr^'�

d) ℄,��
#Y^8+. HK�N� (#^��~�GAz9�+℄N�B;Æ�G�KiO℄��
9NAie�A�b\l5!sKN[?�Wgj|d VNwK7HN��lCENY�j(h��AWN r�y�)��5.�637�m����iK���� 1997.
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5. -2;. 7�t�N�N�<��q;[�Wzo�l�^N"OdN�W'���\���N�$-wKp)A��z�v�8HWC{=M��N+�=F�XHW[B2io4ZNn&��[i��iK)�NOd-Cr[wNh:�	[i��\o"�N.;�tN���X�Vbl<BN℄ |�yQ�i9N6}/z ��kJvoZT)��(� ){_[2�k)�N+p�GH b1U9�u:fNu&�iKN;Æzo{poNs��l)5N*��_k��x�d�(�>6�ja)�N� *.45
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