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UvÏPÍ�?A;K8
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@QÏ3Õ
P (θ|σ(0)) = 1

Z �
∑
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) E�Ñ$=�@BU)=­HJ;]Ô

×[;>7IH�8°Ìp7�ÏP=�;§Ï)6N?PC�;]Ï�8�ÏA?PÍ
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@QÎB@uÏ3ÕÖÌNÐ¯ÏA=
;THJ;D8A@BC�7�;KHÖ×
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F (θ|σ(α))

ÐtÌ�?§ÏP=�;
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σ(α) è
α = 0, 1
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θ
@X8

C�@BË�;D7ðÓ�Õ
F (θ|σ(α)) = − 1
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−βH(σ(α), θ; S)
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8 ÏPÌ©ÏA=�;WÐt?P;>;
;>7
;>?PC�ÕåÌNÐh6�8P8AÌ�U>@B6NÏA@BÌ�7�HJ;>×[;>7
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V(;KHãÏPÌWÓI;hÌ�Ð�U>Ì�VW×
6N?)6NÓ
ÎQ;¯8�@BÙ>;pÞ
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CM;D7�;>?PC�ÕpÞ�ñG=�;
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∑

i

1 + Si

2
σiθi

è Û ë

Ñ$=�;D?A;�ÏP=�;á8AÍ�V ;
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6N×
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6NÎBÕ�ÏA@XU>6�ÎQÎBÕ�Þ
O�@B?)83ÏKE�Ñ<;:6N7I6NÎBÕ�ÙD;WÏA=�;:;��ãU]@B;>7
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∑
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i θi
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C�;D8 Ðt?PÌ�V
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6NÎB@Q7
CT6ÒÎX6N?PC�;ãU]ÌpVW×�ÎQ;DVW;>7�ÏP6�?A@QÏ3Õ

ÌNÐ§ÏP=�;.?P;DU>Ì�Cp7�@uÏP@QÌp7 8�@QÏA;K8>Þ ñG=�;.×�?PÌ�ÓI6NÓ�@BÎQ@QÏ3ÕáH�@B8�ÏA?P@QÓ
ÍJÏA@BÌ�7
P (θ|σ(0))

UD6N7/ÓI;�U]Ì�7�Ëp;>?AÏA;DHàÏAÌà6åHJ@X8�ÏA?P@QÓ�Í�ÏA@BÌ�7
P (K)

ÐtÌp?
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; ×
?AÌpÓ
6NÓ�@BÎB@uÏ3Õ§Ì�Ð�=
6~Ë�@B7�C(6(U]ÌpVW×�ÎQ;DVW;>7�ÏP6�?A@QÏ3Õ
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Ì�?PVW6�ÎQ@BÙD6NÏA@BÌ�7:Ðb6�UvÏPÌ�?KE�@uÏ%@X8$C�@BË�;D7MÓ�Õ

P (K) ∝
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N
1
2 (N + K)

)
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εβ �
2

K

)

.
è«Ü�ë

÷�Ï)8°ØI?P8�Ï�VWÌ�VW;>7�Ï
〈K〉 =

∑

K KP (K) = N tanh (εβ � /2)��Í
6�7�ÏA@QØ
;D8¯ÏP=�; ��Í
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8A@BC�7­ÏA;>VW×[;>?)6�ÏPÍ�?A;K8
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〈K〉 /N
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H�ÏA=�Í
8�ÏP=�;%HJ;K8�@BC�7�;KH(×�?AÌpÓI;
VWÌpÎQ;KU]Í�ÎB;D8$6�?A; Ñ4;DÎQÎ�Ì�×JÏP@QVW@BÙ>;DHMÑ$@QÏA=©?A;K8�×[;DU]Ï$ÏAÌ(ÏA=
;¯ÏP6N?PC�;>ÏDÞ
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; 6p8A8AÌJU]@X6�ÏA@BÌ�7 Ì�Ð�ÏA=�; ×�?PÌ�Ó[;

VWÌpÎQ;KU]Í�ÎB;D8ÖÑ$@uÏP={ÏP=�;øÏ)6N?PC�;>Ï�6N7IH{Ñ$@QÏA= 6 HJ@Qâ[;D?A;D7pÏ/?P@QË�6NÎ
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U]@B7�CàÏP=�; �pÍI6N7�ÏA@QÏ3Õ
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∑

i σ
(0)
i σ
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i
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ÐtÌp?AV

∆F (Q)/N = − 1
2ε tanh

(

εβ �
2

)

(1 − Q/N). ∆F/N
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H�8

×
?A;>Ðt;>?P;>7�ÏA@X6NÎBÎQÕ­ÏAÌ°ÏA=�;1ÏP6�?ACp;]Ï*VWÌ�ÎB;DU>Í�ÎB;�E�6N7
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