
���o.� (1934–)��![�s�I[�k��ZkP�[���I[��Zag�ks;[d\kJ 9N�fJC{�1980 )Fj�k�kxk5Xv (xA) � 1995)FjM6B
�kxxA�z5�k�kx�![�l�JJ9��L���OaJl��| 1978)�k�kx�D:l���6W�P�%eJ\1ÆH	�| 1987)�k�kx��4�UK�� 1997)|kY�dX��4�UK�� 1993 )s 2000)[3p>r_pP�ksP�[�X"Jl�:l|�k�kx�4�knK�sk��4�k�UK�� 2001)|t�t�~��k�E4�[�k��
2007)pS	[�a2B

BDJe`|k��k�E4�UK��*�$"�)E v l934 _ 6� 266�Y3�u���ED℄q�P3\d��r�rJ�℄2Beow��Pv3��9Ys���/;%1�Tm9e�"33xAH�FsAH((q�G3�94�%~�.jV"3VGP[}��^Mb�a	hd3�S�+^�Pv3x^e�9;h��"���94�3/|%^MVGP6[/|bb� 1935 _�S����V2 ,/;z��JO� 1939 _��)�r��C�Wf,�W� 1941 _E �\�Fw�VG�9���9�>�

1946 _��Pv3n\�^e9�9_���9 (6wI�9) �)� 6 i2C<��Nf,3x�E `;3xu�X�V�
1947_�E m9,VI;�G3VGV9� 1948 _�$�Sf,3x�LR_`;P3\�V9�_�2���}�̂ E22Y.� r
TF+2=Dr��

1949 _ 1 � 316.jX�xE<�� 2 � 16N*;~j�E M1X�?90℄t�8_Æ�ZlI� 9�J�D�h),�_JG�"a�D2���_9�')D/�Q�U}Æ;�_J� 9 �Z9��J"am,�f��"39Yh9�[q� 1950 _`;P3\��V (����) �E sv8�oOhlI�� 8�9�}�
 7�9�9Yh��� 1950 _H/I_ÆV;2GOÆX�rv_�X'�d9qs�V$VG>>��7Æ	V2TFCV��^9Rq7Æ	� �3�8�<R �o>A	�2��M_;�w7Æ���'bq3�u�G2�VCR�P3\^
nJV9^v����V��^e"M^ekb9��Q"�(J	<"8B;^k�9Y=`Yo\�R� ?9G����X;J�;JH^k�2�i��)�M��Xl>U�℄>UHsv2?9=�Kt'�[��%^2s8�b39Yhd~2E v 1952 _�0 18%XIÆ;
V;$l(��9t�,'H�9�$rv^e,XKv^Uv9Y�[=2`x�uX
��N �aqe�~b�� f9G�
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1952_7H}�D[<`�>B�;L%B9Y��[�2RN>B� 1953_���P"2 (	)[�:�``n�=j`+�K(,>B�,3�Z|k.9�_[�|���8[/,�>>R_��NZ|<�M�;WhCV�9oo,��?^bx��C�9�lG�9�8l2C�z/z�#.Z"U(oo2kPQX�_�aqe�`G)[f��?by9�4�9� 1956 _���"3?^bx~V;�9Y(}A��2Re9q2?�A����/��j�h0�� m9�m1qs�� 1956_ 9���m;?^bx;��9sz�9���fN C0W`�zf�QW��}MV}szdF�X1X�;b__}M�� 1958 _�E5�Qd	
��:�[��p�_.Rq_Rf��m�q��P���v 1959_�f;�9oo,V;b9�szAH(!��2z*v3AHd�	�E'b2Tsq;�ba��2d�Y�N��_V��,���AHY�.℄)R=�d��O9t��KR;
UA}2��ow(+7�h&��='�Z�:
�owsz�}�s8q�AHtr7�24�?�+Tb�u� 1961 _�9iW���)R"��^t.�m2AHY��t.zH>>`x9R,VXI�t.dxo_'��[���pX, 10��>>J<�t.pw�CV�Zi$�Y}b'x (2003 _f7^sz9"m10) �AH�.℄�dV�,�[\� 1963 _�f;-�VKf,szAH(�XI(�
L�P[aM23u�9R��m;p?w�"rR�+7[ �"�;g3u:;R�)R�E K,�_Æd�Ohd_%� (����) �I�[R_(b��V���2G"O�
�����
1965 _f,3�|C;
℄\r}zqs2��	szdFV"� (325 ��)��Q3u�h\��JZiCVa,��W�8=�$|9szAH((a�AB'�Dd+%��2q�AH[o (64053u) � 1967 _��di�Y(�b9`�3u�� 1969 _��z)}Tr�V�r�dN4 G��7ÆToo,X* >7-&ow��uI��'_ 10�℄}z4��9�&\2 10193uV�Ey/ro��D
z*�"��Q��q�Hb�e�9��7T�.B2z*Tr� 1977_ 8���E _Æ
5�x?O��VXI.Z2 332b%�/h�hVT"�7T�	5�z*szAH����� '%$(�d�E � 1956 _1[m9szV�KiY℄tRZ “7T”�4��V)X��IAHf���+7[����sz��"sz�l+b9Mz*YJb94�}��R��u�f6Mf�2uI\�Xq(pMr�h.�Mt��Zj[r 30 _��V:;l+b9Mz*YJb9�q)y�2dI8���D�Q�,b��3��)29	Y?� gN(-b[�/GN(-� 1959 _ 12��;!ZO/.���b9�AR��ow(+7�+[=16G����HY��;�baM;gba�ad3b75��>l��V;b9��|Z$
RnUA}2�ow(+7�h&�2nh&hE  m;�owszAH� 1960 _)�^V;b9��ow���	�il��R�
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��K�
UR�/.2Xdr��)M{j�4U t�Zd�2Qt$Æ����2�ow:*?w[��"�)=��":ow2 Hückel <�z℄�n-O�r� “^Fe{” ��P�ow2\9j���"[�2I�f���Y^ 17ZX?d�2$Æ���ow�"
 ?w[��)= e; “�>N”�a��H�>N^ M2���Xd[�Y}�"2Z[�	 M − 1�[�vI�}>R_�� M = 1�Y}�"Z[Xd[t[�vI�2qi^��eI2	+7	wz*
R�V2-*�2rh'C,	sz9/
�W�2 (VrB.q0���Y) �a?bpPh�	V;b9
`L� 1979 _��=o4,v!V;	w\9 30 _2}-h'Va5,
2����E i^,t��owd[I�[�^�2(+7�R_��[ E[M7[2�+h2x\�2=1M�\$41�9+T`YI\�'b�#?w<��(��"�d[`#[�!��bX7�i2\N�p�.℄�2R.i�_`X_V�`E �,8��
R_l+mMojFV)[ “�” 2f��k'CArN��I��gN(E�I� 1963_���Lp�AR#e2aM�E �sz(z*vZ�D
R����U�g�>�2�\�?w[ M?w=1:*�"����	,ov
�(�������aM#eai
�2_z���[H��Y(�2"aM�3WF,d�H�	%&2�\�>7�E q�Z℄R�>�322�)|�^3u��	#~�"r�3Q��Q?v
R�℄F�"f��)=TFU� hp8Æ�<��U+ ^prÆ=$\xDSE��Ubhp2q9R,;l2?w�"r�=j&Iq DJS1�$�3	=K��8}*^ 104r� �"b�v^.9�Bx�3M� 10oX� 3�BxX>�KN���1℄[R�rb�3u�+��R�Bx>>2�!�2qm;9R�p?w�"r .+7[ 2d��E 4�a2�"yw>7[ 2fa�z^�~2 Basani ��_V`L2faÆ<�$rv3u+T�)=2faiY9t"Z`L� P�[�6W�P�%eJ\1ÆH	� h\��J (1966-1976)���b9��(	
;g3uMK��X* >7-&owUK2�,HD\w2�T�AH��q;H)[=V�E �9_Æ��I��SH��}�"�AR���szY6�|�_V (Ising) L&2��.�R_V L&�� 1925 _.��*9tÆI�V "p�[℄l2*P7}�*�__[HOXhtÆI�.℄� 1944 _�>� (L.

Onsager) 1__L&��.��HtÆI�2q��sz9`$2R�}�2�dqÆi2�_L&2��.�iYq2=�℄Xz2Y6�E C>X_ox�Yv5�M�� .
R��_>�HQt���mW�$2o5*~l6�*d[=,8f,__V L&2��.����,o�2<�gN"�HMtR�ÆI=�$2MqR�ttAL�j2<�.�m;��sz9�5U}"��d�21*"HJ��2q�_L&	61,2�G-=�2���pVh`L2-=� 1981 _��?9;�haH/�CVy;?g (H. Haken) dG2	y.0V2t3Mj�
R��;;sz9hO��	V;sz
Hb��i*h�
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�ib2�
�FJ��y3�I� �5ÆIdFMxVnz*25W�, 1966_ZC^sz90"4� 1971 _	wn*V2\=\-�	9ip,�5ÆI���u�xVnz*�zdFÆ'RQ2-=�1982 _^��X^& (K. Wilson)$`
f7^sz9"�E � 1972_i^,\=\-2:$�Zi�At,h
�1973_)�szAH(\!�D9h\��J�j2z*Tr�UMR, NOVA1200�"r��
��2z*��XI)dMq�jE�℄9{n���X��d℄t&�o2b�:*E"�)��}?v
1*��rv
f,�Z/��'b!�D2z*�pmX��Mtv
R2-�
O�,7�Ub2=ZC2g\=\-�"
���0J�2�D��̂ 
?B,2dFIU=Q��Fz*;T2y
�C0:RZ�"�0J�2�)��l62�9-&�rvp	wn*V2(�Ffa�z�2h1E �� 10_��O�b�AHYb��Re^, (K. A. Ter-Martirosyan)<,p(�F�z3wBM2fa�)Mv
X9�dN�0J��",�)�a48�"
z=1t,2J���dKN,����2qp\=\-E(�"=1J�2℄R*h��)2Kq�FKN,����rCK+=1J�� 1975 _rf7^"m10�D (J. Bardeen) Mf}| (J. R. Schrieffer) $�2;;+7sziZ!LJ���/�V}2q�V;^,2℄Rq�z*���odH�2Oq�"z*sz��0U�5ÆI\=\-z*��`$2℄R#
�Pn>�+vsZ+v℄PJ�nFXW� 1977 _�);y.b9q�AHq5[ha���℄2.*,E Mv
��a$?AH�R�zxTMlxT��2A��C�fa�XI��-OOi℄2.CL_Æ:r�2K+Q
q� 8 _[H2O�� (f�A��q���o�,=o�2b�`�dfrBS,�o��DtAf�^b�=h3�Kd[���Y0*�y?	wn*�Nx*2(j��n	�Mq}U+MU}+2� 0�QX�	��Y2sz-=}�sz	q�Z��O"w�2xVI�:*d��"b�m1F2:�E=t=����b���:R� N )FN �" 2N �so��Y2sz-=�>>K�C�M,�C�L���)2K�C�2$ZjVah,Bu�C��K��u�M,�C�q�R2C�M92o	�2KKt
�2�C��E �2UA��C�fa2dN#
tÆmH
�2�C�C�2R#I,���H
4_tCTf�2��qR#dM9��dU}[oUi=��I�℄U}[oUiHB�I�Ea�A��C�pvl+�iz*�1,�)�iC�C�2R�U4j�'b�Z2Re?oPZh��E�P�FIQ"bQ7K+�Rq�)�C�2I,���-O$V�2�,��,8Ll^U℄wMdU℄w2ZZÆ2�2�AHm1 1999 _NV;b9�y.b9"R4"M 2000 _;�y.b9"_4"��e�0�I`L� 1985 _ Physics ReportsH2qr|���VX_}�^2R�}2Kseh�Qm1;;b9�/(� 2001_$`2 1982∼1998C>eh"� �I[�E  1960_2AH��|,B
�I�"Z8�� 1962_�Zihp?w�"r�oszAH�h\��J����qUa�I�����V2z*98�a"
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E(R;�"r<l�2owMhR�d[��Qp.wM�I�ZzR�qE M)21X9Y2��w�� u�N���L���Oa}�J�I� 1969_ 10� 196�℄\r}zMVGh\�J��.Zha��h4R>=��28&� zh05�9-��X~f?�vqTF�D);+h&�.T9�&\l6�q^ 10193u�V;b9�szAH(�"
3uV223T9AR�'bE =�X* >7-&ow�'uI��)dI�j(X!L5��9qd[�z*H�"2�y/ro�D
R�z*�"��^
��I�"VfEd	'PkyM:�( r2nY�)=�_)2SIf�f,R)2.tf��� p�#&f�2�.'<<N
&f�2F..�rv�Iow2 7X'�RZi:$b2��,b9�X!L�)��q�Jl�9�"H2=Iqy�)=�YR�
�Z�"f����2�3T8w24+�L�MQ�Za� 1974 _�EH>��	,6/�
�h\��JVE [�rsg/�^q��H>�	sz9/
`L�r*h��I�3�9����2q< 5022dFMz*Tr�rJ�_(��2℄R�D�!�O0NTR N�s<}`q�I� E 2�w(��(�2;Q�}��	C�b��h\��JV�^U�2)}d*�/�Y�>�2>&�9��:P�,�q��������frV�+9oo�?�Q���E A��Zihp;l2 DJS121?w�"r�)=$?�"
m;G3?V2Q�?�M $oY�2qQ�	?-Y��2�5�E �*I�R�y�M9 ^2!"a�)=^m;y*Q�2;}sR?�#r�"�p�K�l6+QR�!�MYof�2jO���E `	d[p 19n
`$2M9Æz*r�R�z�)=a��)yIB+��kF+M>O>�2�"�\�d[�P��fkFy*lY�3!-2Hv��ip2(j�2����K[X�I2fj`L�Z[\s	I���Q�>=
H�3uVlY2"a�VrrE �:
k<6Ub9�	��02 FORTRAN|C%b��L||�*Qh℄J=�7#� 1976_ 7� 286�z0G`Y}t 7.8}87�7VR℄E ,;�87LdI�j^87�g�o�2K+Q
?8�szAH(�e?o,v87uN7},�V2�� (b I) bhCE2�_O��E p�#2%+�9`#�y b I[L[iIzL[i�C=2^_�rX_287T!�`�U�70 (G) U (�) ( (�i) VP);:*
 bI2bhCE�AH
*zz^+872,��Uba9tfH2 GIS���E �AH
8FCk"aVy�G�
d	7VoYF2�3�2���2-=q`L�	8�sz9/
H2Rr*hM87�&Og*2R;�ew�y�kd	{�Ri�rN��I�� 1972 _E Cze:
R,'b℄}�:2 NOVA�&�"r�*|� r
a���M BASIC|C (���*#ee:2�"rZC r> FORTRAN M ALGOL |C2Gb�3) �E M?o=lq�)[a���2�*!-�diG��r�e��<�kFM�!-�g��eQBm5!�;Z�"r0� 1974 _E �V,�Z)^�R℄2#�"�3La���2-&Mhp�)?bz�"r0O��hR NOVA ���"r�2Kq;l DJS130��2r�����$Yl> 1100X,�"Cpv?_;�L2BN���E a�Py�2d�CF�n�
;Z9R[k<6Ub9�	��02
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FORTRAN%b�����V�>�&�� 1980_!t>svk��E M(��a�;Z|�e:MK4!�K+|C REDUCE�2�S[|C LISP�[yb9h&|C LaTeX �:=Xq���2*�9�)V�| 7T�z*sz�E Rd[hq����"r�}℄Y[y��Zag�kE � 1978_��V;b9�szAH(9�gzAH	z�5��AH	��V)#X��;�ilAH�+�d�M2�v%��D����� 1970 _!N�'1X?oqq�;�il90b�)TFyZ�oX_2O.z*M��sz�}�dIm;l+b9�4Mqj�I�9AH� 1981 _)�"�oj=�<2�2\�J� ∆ = 1�q:;!�}V29R�#
�>r_pP�k� E 2i^�|�wV�R_mMMl+pYof�V℄�Mj�*^2<7-&�B�v9	*hV2AH�=�dN}-� 1989 _�&2	�4zII�9zHB��V2j�
[y 1998 _z?bQOe2	dpzII�9zj�
�;hhkeV�)M?bQ(�a2�zI{�,81,R�f�[,FukF℄�_�2�{5[a�9;Pl+b9%b��;�6��aVru9K4,,F(f�Y℄�8.2_��)=5�2�R��5[��q��{C!E(I�C�C!��℄1,ojFV(t�2f��)=apzII�9�H
�QtyBU}2��V�	U}z*28�F��nWT℄q8�.jIF&YMJS~	�� R�XvX*2R_�5mM��_�2)[I\e\Zh�	XKJFqN2℄�8.�2q^�r`onY2l6�� 1984, 1994 _�E �V?�e9YO��A��4�;z��VpXZfaR#8.T
2�l6�(pfaNy�O9�-*M�*Be�rvl69R<8�V.T�2qR�Xd[tRXV	��Mep2�=�Zag8U[X;J{
s[7-� _)2xDYof��(E�2��VXd[tj�*^�xD��VHG[�1tXK℄�.�qRN[^mH
℄	6Jd.T2l6��_[HpYof��(E�2sz��V�[��XKx&2℄�. (℄j�*^WWq℄�RN2v�) ��q	!�9Jd[��f�2l6�E � 1986 _9 16 4;���sz�hL�/�V5�pzII�9e[p_of���VRF℄�qNZ8.2Æ���dNr?_Q��
__mM2zII�9CV�>>k�q*DH2__mM^Yof���zII�92HFYv�>� 1990 _!VV��E �?bQM9Y=^Rqtd�^_2�� (�{Y�?^8w�+)uL&�℄�$I�nf�4) ��
zII�9�2Z�O|��J+�2�Iow�Yof�V℄�Mj��2F+AH!Æ
F	2Z8��!;$�k
1985 _E �^b9��z9[2!L�_Æ
1*Ys9&&`$2b9�Ys9[pap�ha��<
1X;Z�5Ys9���qd�b!�r��|2|�/��)U�	,YJsTMYJ	�q�^��M�l+�2U��C.N�^sz92d�f�CR�vq�sv�oj�AH2?b�Zi
q� 12 _
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2s8��� 1997 _ 8 ���	dpzII�9zj�
R�hh��,�&OCV�E )�[~m�YJ	�2z*AH�)2�;)aXq��L&�℄q`id�2qd��P��w�\;z�5�M.Tl6�)2��D�:`$ÆRqqv�WR)qd�2AH�_q_zm;2�-qd�g3�[��q.T�[H�x��V5�r2z*+��2l6�^�~p��2<R?Jl�� 1995 _`L
��9g32���W2R)qd���V!2qd��PXSn	�E � 1997 _�ZiAHYsl6b�,F�qd��P�`�2KK?n0H3N[R)qd�^U�2AHw72�mÆ'X�)|�d	
R�(�8�lqd�VqNRF (9 [Z) 2Q�uN2�3 (SeeDNA) �`	1X�Wqd�Kt42*_ntK2���RfD��Wqd�V\�Q�2�T#.Kv4LYs�$1X\��QtH�2ox4+�|^R�4F2�nZ(Lt�2xAHtgv'�6`!Æ2�qd�g3�[�|6U<��WOh2$rg3�T�5�zdF�=	5O��f�ur;[1wh℄J�[?�XW� �W2oxM��,��"qq�;*2l6�4Mq�qd2S�Æ<h1qv#�nK�qd2AH-=I1�Xda�^
�R)qd��P�`�E "xF~p�Wqd�V*_Q�2sZ4+r&��W2��,��$qd[� ���d�vsZ2!Lg	qNX'�Vr)=�pqd�)[&�TlsV2Q��wO�4Mq`$
p���g�	ryV+EI2$r6D�22}^�og	& (CVTree) 2fa%1RG2-=�h1�W2��?ox,��,�NRQ��02k�5l
XKox9Vi�2�:�2R:$
Gz;�e\Z&��YJC�2e�RQ�SGH~p�6h�xJe`� V;b9�3�qd�AH(� 2001 _Zim;�-qd�2g3�[�E �2R�[V���DG�k<6U�-2*qd�3�)?_�2R�p�_(b�R�
�3�*qd�3� (BGF) �Cgx=&�2qTd[�pv�-qd�2�G�3�Vr�a6U�`qd�B<
_���*� 8pv�`qd��[��-qd�2=&AH'l
�-:\>�V"C`Y>�5L2/D7�RM\��E q 2002 _ 4 � 5 6`Lv;;	b9
℄\2m;�-qd�bF*h2 100e�0CR�
K- ?JP�k��uk�Q!ssmkl�� �WM�-qd�2AH�5�
XKQ{S3�2��9��O9�F*M|C9l6��:�R��Wqd��$r\[V��Q�oY2EfFHG.�	B�-&�2R^rzE.Æ[62	��rE M�gG.s�
��r*�vqd�V�ZL�!�T2_T�B�-&2:�vrR�V�oYE���RFqN K *_24FQ� ���2qNhR�[�^w�2�X[�	�2Z9x*_�2s,�T�z�Q*_�2|[M[2\C�mt,�E M�gGph��O9M(j|C9�Zfa��8.T
2���l6�^
*��og	&fa�E 5�
&�T3�� K-�o.V2\&℄R+l6�)M�gGpF*M|C9�Zfa.T
2�l6�;[d\kl�;�t� � 2001 _Zi�E �gV;b9�3�qd�AH(z3!�9O����Ys#z9f�2TmY=�)�5�_^:R4AHY#R9��f�)M(��O�2	Ys#z9ze
� 2000M 2002 _�>�&�
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U'b;ZYs#z9%��
�:�p�)aE( �
�eYs#z9f�2�mMTm��o:�k�;[d\l��� 1999 _E �	�m�a
V5�Q�;�}2YsT9#zV"��,;u��+2\w�qm�;�b�[1y,d�E _z�b
�CKJW��.℄�2R\N�TYdm;b9�	7RH��2l6Mt,[<2;H℄q���hm;�6`!q2Ys�PfDq�Usv;Pv��℄�6�F�\v;6gwJCP�m_�-;[k/VJ�!�klKz� 1997, 1998 _E iL�,Q�(�9il<R_��il-ÆC��)M,Q?o$?�D
����90KYs9�`2z*l62A1h�2Rha`$�^:�R_�����(�N*2��9	lI�, 2008_ZN* 64�ha_Æ2�b4!X�9	�xOXS5��ZC�^����902\N��haCR��k,�
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