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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐïÓÏÂÌÉ×¦ÓÔÀ ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ [1] ¦ ×ÕÚØËÏÚÏÎÎÉÈ ÍÏÄÅÌÅÊ ÅÎÅÔÉÞ-ÎÏ ÐÏ×'ÑÚÁÎÉÈ Ú ÎÅÀ (ÎÁÐÒÉËÌÁÄ t � J ÍÏÄÅÌ¦) ¤ ÅÌÅËÔÒÏÎ-Ä¦ÒËÏ×ÁÓÉÍÅÔÒ¦Ñ. ïÄÎÉÍ ¦Ú ÐÒÏÑ×¦× Ã¦¤§ ÓÉÍÅÔÒ¦§ ¤ ÅË×¦×ÁÌÅÎÔÎ¦ÓÔØ ÎÉÖÎØÏ§ ¦×ÅÒÈÎØÏ§ Ë×ÁÚ¦ÞÁÓÔÉÎËÏ×ÉÈ ÇÁÂÂÁÒÄ¦×ÓØËÉÈ Ð¦ÄÚÏÎ × ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ,ÝÏ × Ó×ÏÀ ÞÅÒÇÕ ¤ ÎÁÓÌ¦ÄËÏÍ Ò¦×ÎÏÓÔ¦ ¦ÎÔÅÇÒÁÌ¦× ÐÅÒÅÎÏÓÕ, ÑË¦ ÏÐÉ-ÓÕÀÔØ ÑË "ÔÒÁÎÓÌÑÃ¦ÊÎ¦" ÐÅÒÅÈÏÄÉ Ä¦ÒÏË ¦ Ä×¦ÊÏË, ÔÁË ¦ ÐÒÏÃÅÓÉ §ÈÐÁÒÎÏÇÏ ÎÁÒÏÄÖÅÎÎÑ ¦ ÚÎÉÝÅÎÎÑ ("ÁËÔÉ×ÁÃ¦ÊÎ¦" ÐÒÏÃÅÓÉ). ò¦×Î¦ÓÔØ×ËÁÚÁÎÉÈ ¦ÎÔÅÇÒÁÌ¦× ÚÕÍÏ×ÌÅÎÁ ÎÅÈÔÕ×ÁÎÎÑÍ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦×ÅÌÅËÔÒÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§J(ikjk) = Z Z ��(r�Ri)�(r�Rj) e2jr� r0j j � (1.1)��(r0 �Rk)j2drdr0;ÑË¦ ÏÐÉÓÕÀÔØ ÐÅÒÅÈÏÄÉ ÅÌÅËÔÒÏÎ¦× Í¦Ö i ÔÁ j ×ÕÚÌÁÍÉ (�-ÆÕÎËÃ¦§ {ÆÕÎËÃ¦§ ÷ÁÎØ¤). ÷ ÒÏÂÏÔÁÈ [2, 3] ÂÕÌÁ ÏÂÇÒÕÎÔÏ×ÁÎÁ ÐÒÉÎÃÉÐÏ×Á ÎÅÏÂ-È¦ÄÎ¦ÓÔØ ÕÚÁÇÁÌØÎÅÎÎÑ ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ ×ÒÁÈÕ×ÁÎÎÑÍ Ä×ÏÈ ÔÉÐ¦× ËÏ-ÒÅÌÑÃ¦ÊÎÏÇÏ ÐÅÒÅÎÏÓÕ ÅÌÅËÔÒÏÎ¦× (1.1) ¦ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ ×ÕÚØËÏÚÏÎÎÁÍÏÄÅÌØ Ú ÎÅÅË×¦×ÁÌÅÎÔÎÉÍÉ ÇÁÂÂÁÒÄ¦×ÓØËÉÍÉ Ð¦ÄÚÏÎÁÍÉ. ÷ ÔÁË¦Ê ÍÏ-ÄÅÌ¦ ¦ÎÔÅÇÒÁÌÉ ÐÅÒÅÎÏÓÕ, ÑË¦ ÏÐÉÓÕÀÔØ ÔÒÁÎÓÌÑÃ¦ÊÎÉÊ ÐÅÒÅÎÏÓ Ä¦ÒÏË¦ Ä×¦ÊÏË, ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ÑË Í¦Ö ÓÏÂÏÀ, ÔÁË ¦ ×¦Ä ¦ÎÔÅÇÒÁÌÕ ÐÅÒÅÎÏÓÕ,ÐÏ×'ÑÚÁÎÏÇÏ Ú ÁËÔÉ×ÁÃ¦ÊÎÉÍÉ ÐÒÏÃÅÓÁÍÉ. ðÏÄ¦ÂÎ¦ ÍÏÄÅÌ¦ × ÏÓÔÁÎÎ¦ÊÞÁÓ ¦ÎÔÅÎÓÉ×ÎÏ ÄÏÓÌ¦ÄÖÕÀÔØÓÑ [4, 5, 6].÷ÁÖÌÉ×ÏÀ ÐÒÏÂÌÅÍÏÀ, ÝÏ ×ÉÎÉËÁ¤ ÔÕÔ, ¤ ÐÒÏÂÌÅÍÁ ÐÅÒÅÈÏÄÕÄ¦ÅÌÅËÔÒÉË-ÍÅÔÁÌ ÐÒÉ ÚÍ¦Î¦ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ, ÑËÁ ¤ ÏÄÎ¦¤À Ú ÃÅÎ-ÔÒÁÌØÎÉÈ Õ Æ¦ÚÉÃ¦ ×ÕÚØËÏÚÏÎÎÉÈ ÓÉÓÔÅÍ (ÄÉ×. ÎÁÐÒ. ÏÇÌÑÄ [7]).÷ ÒÏÂÏÔ¦ [3] ÂÕ× ÚÁÐÒÏÐÏÎÏ×ÁÎÉÊ ÎÏ×ÉÊ Ð¦ÄÈ¦Ä ÄÏ ÒÏÚÇÌÑÄÕ ÏÄÎÏÞÁ-ÓÔÉÎËÏ×ÏÇÏ ÅÎÅÒÇÅÔÉÞÎÏÇÏ ÓÐÅËÔÒÕ ×ÕÚØËÏÚÏÎÎÉÈ ÓÉÓÔÅÍ, ÑËÉÊ ÐÒÉ-×ÏÄÉÔØ ÄÏ ËÏÒÅËÔÎÏÇÏ ÏÐÉÓÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÍÅÔÁÌ{Ä¦ÅÌÅËÔÒÉË.ð¦ÄÈ¦Ä ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ×ÉËÏÒÉÓÔÁÎÎ¦ ×ÁÒ¦ÁÎÔÕ ÍÅÔÏÄÕ ÎÁÂÌÉÖÅÎÏÇÏ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ × ÕÚÁÇÁÌØÎÅÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ çÁÒÔÒ¦-æÏËÁ[8]. ðÒÉ ÃØÏÍÕ ÄÌÑ ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ ÛÉÒÉÎÁ ÅÎÅÒÇÅÔÉÞÎÏ§ Ý¦ÌÉÎÉ�E = �2w(1� 2c) +pU2 + (4cw)2; (1.2)ËÏÎÃÅÎÔÒÁÃ¦Ñ ÐÏÌÑÒÎÉÈ ÓÔÁÎ¦×c = 14 + U32wc ln(1� 4c) (2w > U ); (1.3)w { ÎÁÐ¦×ÛÉÒÉÎÁ ÚÏÎÉ ÐÒÏ×¦ÄÎÏÓÔ¦, U { ÚÎÁÞÅÎÎÑ ËÕÌÏÎ¦×ÓØËÏÇÏ ×¦Ä-ÛÔÏ×ÈÕ×ÁÎÎÑ Ä×ÏÈ ÅÌÅËÔÒÏÎ¦× Ú ÐÒÏÔÉÌÅÖÎÉÍÉ ÓÐ¦ÎÁÍÉ ÎÁ ÏÄÎÏÍÕ ÊÔÏÍÕ Ö ×ÕÚÌ¦.

ICMP{97{26U 2÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÄÏÓÌ¦ÄÖÅÎÏ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÍÅÔÁÌ-Ä¦ÅÌÅËÔÒÉË ×ÍÏÄÅÌ¦ ×ÕÚØËÏÚÏÎÎÏÇÏ ÍÁÔÅÒ¦ÁÌÕ Ú ÎÅÅË×¦×ÁÌÅÎÔÎÉÍÉ ÇÁÂÂÁÒÄ¦×ÓØËÉ-ÍÉ Ð¦ÄÚÏÎÁÍÉ. úÎÁÊÄÅÎÏ ÕÍÏ×É ÐpÉ ÑËÉÈ pÅÁÌiÚÕ¤ÔØÓÑ ÄiÅÌÅËÔpÉÞÎÉÊ¦ ÍÅÔÁÌiÞÎÉÊ ÓÔÁÎÉ.ïÔpÉÍÁÎÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ,ÚÁÌÅÖÎÏÓÔ¦ ÛÉpÉÎÉ ÅÎÅpÇÅÔÉÞÎÏ§ ÝiÌÉÎÉ, ËÏÎÃÅÎÔpÁÃi§ ÎÏÓi§× ÓÔÒÕÍÕ¦ ÈiÍiÞÎÏÇÏ ÐÏÔÅÎÃiÁÌÕ ×¦Ä ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ ÄÌÑ ×ÉÐÁÄËÕ ÎÁÐ¦×ÚÁ-ÐÏ×ÎÅÎÏ§ ÚÏÎÉ ÐÒÉ ÎÕÌØÏ×ÉÈ ÔÅÍÐÅÒÁÔÕÒÁÈ.2. çÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÏÄÅÌ¦úÁÐÉÛÅÍÏ ÇÁÍiÌØÔÏÎiÁÎ ÓÉÓÔÅÍÉ s-ÅÌÅËÔpÏÎi× ÚÏÎÉ ÐpÏ×iÄÎÏÓÔ¦, ÐÒÅÄ-ÓÔÁ×ÌÅÎÉÊ ÞÅÒÅÚ ÆÕÎËÃ¦§ ÷ÁÎØ¤, Õ ×ÉÇÌÑÄ¦ [3]:H = ��Xi� a+i�ai� +Xij� 0tij(n)a+i�aj� + (2.1)+Xij� 0 �T (ij)a+i�aj�ni�� + e:c:�+ UXi ni"ni# ++12 Xij��0 0J(ij)a+i�a+j�0ai�0aj� + 12 Xij��0 0V (ij)ni�nj�0;ÄÅ a+i� ; ai� { ÏÐÅÒÁÔÏÒÉ ÎÁÒÏÄÖÅÎÎÑ ¦ ÚÎÉÝÅÎÎÑ ÅÌÅËÔÒÏÎÁ Ú¦ ÓÐ¦ÎÏÍ� (� ="; #) ÎÁ ×ÕÚÌ¦ i; � { È¦Í¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ;tij(n) = t(ij) + T1(ij){ ÅÆÅËÔÉ×ÎÉÊ ËÏÎÃÅÎÔÒÁÃ¦ÊÎÏ ÚÁÌÅÖÎÉÊ ¦ÎÔÅÇÒÁÌ ÐÅÒÅÎÏÓÕ; t(ij) ×iÄ-ÐÏ×iÄÁ¤ ÅÌÅËÔpÏÎ-iÏÎÎiÊ ×ÚÁ¤ÍÏÄi§; T (ij) = J(iiij), J(ij) = J(ijji),V (ij) = J(ijij) { ÍÁÔÒÉÞÎ¦ ÅÌÅÍÅÎÔÉ, ÑË¦ ÏÐÉÓÕÀÔØ eÌÅËÔÒÏÎÎ¦ÐÅÒÅÈÏÄÉ Í¦Ö ×ÕÚÌÁÍÉ ËÒÉÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ ÚÁ ÒÁÈÕÎÏË ÅÌÅËÔÒÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§ (×ÕÚÌÉ i ÔÁ j ÎÁÊÂÌÉÖÞ¦);T1(ij) = nXk6=ik 6=j J(ikjk);{ ÅÆÅËÔÉ×ÎÉÊ iÎÔÅÇpÁÌ ÐÅpÅÎÏÓÕ ÅÌÅËÔpÏÎi×, ÑËÉÊ ËÏpÅÌØÏ×ÁÎÉÊ ÚÁ-ÓÅÌÅÎiÓÔÀ iÎÛÉÈ ×ÕÚÌi×; ni� = a+i�ai�.n = hni"+ni#i = NeN { ceÒÅÄÎ¤ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ¦× ÎÁ ×ÕÚÏÌ (Ne - ÞÉÓÌÏÅÌÅËÔÒÏÎ¦× × ÚÏÎ¦, N - ÞÉÓÌÏ ×ÕÚÌ¦×).ûÔÒÉÈÉ Â¦ÌÑ ÓÕÍ Õ ×ÉÒÁÚ¦ (2.1)ÏÚÎÁÞÁÀÔØ, ÝÏ i 6= j.



3 ðÒÅÐÒÉÎÔçÁÍ¦ÌØÔÏÎ¦ÁÎ (2.1) ×ÒÁÈÏ×Õ¤ ÏÓÎÏ×Î¦ ÔÉÐÉ ×ÚÁ¤ÍÏÄ¦Ê Õ ×ÕÚØË¦Ê ÏÒ-Â¦ÔÁÌØÎÏ ÎÅ×ÉÒÏÄÖÅÎ¦Ê ÚÏÎ¦: Í¦Ö×ÕÚÌÏ×ÉÊ ÐÅÒÅÎÏÓ ÅÌÅËÔÒÏÎ¦× { ÄÒÕ-ÇÁ, ÔÒÅÔÑ ÓÕÍÉ × (2.1), ËÕÌÏÎ¦×ÓØËÅ ×¦ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÎÁ ÏÄÎÏÍÕ ×Õ-ÚÌ¦ { ÞÅÔ×ÅÒÔÁ ÓÕÍÁ, Í¦ÖÁÔÏÍÎÕ ÏÂÍ¦ÎÎÕ ×ÚÁ¤ÍÏÄ¦À { Ð'ÑÔÁ ÓÕÍÁ,ÍiÖÁÔÏÍÎÕ ËÕÌÏÎi×ÓØËÕ ×ÚÁ¤ÍÏÄiÀ { ÛÏÓÔÁ ÓÕÍÁ. ÷¦ÄÚÎÁÞÉÍÏ ÔÁËÏÖ,ÝÏ ÔpÅÔÑ ÓÕÍÁ ÏÐÉÓÕ¤ ËÏÒÅÌÑÃ¦ÊÎ¦ ÐÅÒÅÈÏÄÉ, ÄÌÑ ÑËÉÈ ÈÁÒÁËÔÅÒÎÉÍ¤ ÔÅ, ÝÏ ×ÏÎÉ ×¦ÄÂÕ×ÁÀÔØÓÑ ÚÁ ÕÞÁÓÔÀ Ä×ÏËÒÁÔÎÏ ÚÁÊÎÑÔÉÈ ×ÕÚÌ¦×.ðÅÒÅÊÄÅÍÏ × (2.1) ×¦Ä ÅÌÅËÔÒÏÎÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÄÏ Xkli -ÏÐÅÒÁÔÏÒ¦×çÁÂÂÁpÄÁ [9] ÚÁ ÄÏÐÏÍÏÇÏÀ ÓÐ¦××¦ÄÎÏÛÅÎØ [10, 11]:a+i" = X2#i �X"0i ; ai" = X#2i �X0"ia+i# = X2"i +X#0i ; ai# = X"2i +X0#i ;ÄÅ Xkli { ÏÐÅpÁÔÏpÉ ÐÅpÅÈÏÄÕ ×ÕÚÌÁ iÚ ÓÔÁÎÕ jli × ÓÔÁÎ jki; ÓÔÁÎ j0i×¦ÄÐÏ×¦ÄÁ¤ ×ÕÚÌÕ, ÎÅ ÚÁÊÎÑÔÏÍÕ ÅÌÅËÔÒÏÎÏÍ (Ä¦ÒËÁ), j�i � a+i�j0i -ÏÄÎÏËÒÁÔÎÏ ÚÁÊÎÑÔÉÊ (ÅÌÅËÔÒÏÎ Ú¦ ÓÐ¦ÎÏÍ �) ÓÔÁÎ, j2i � a+i"a+i#j0i -Ä×ÏËÒÁÔÎÏ ÚÁÊÎÑÔÉÊ (Ä×ÏÍÁ ÅÌÅËÔÒÏÎÁÍÉ Ú ÐÒÏÔÉÌÅÖÎÉÍÉ ÓÐ¦ÎÁÍÉ)ÓÔÁÎ ÎÁ ×ÕÚÌ¦ i (Ä×¦ÊËÁ).÷ Xkli -ÏÐÅÒÁÔÏÒÁÈ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ (2.1) ÚÁÐÉÛÅÔØÓÑ ÔÁËÉÍ ÞÉÎÏÍ:H = H0 +H1 +H01 +H2; (2.2)ÄÅ H0 = ��Xi �X"i +X#i + 2X2i �+ UXi X2i ;H1 =Xij� 0tij(n)X�0i X0�j +Xij� ~tij(n)X2�i X�2j ;H01 =Xij� 0 �t0ij(n)��X�0i X��2j + e:c:� ;H2 = �12Xij� 0J(ij) �(X�i +X2i )(X�j +X2j ) +X���i X���j �++12Xij 0V (ij) �1�X0i +X2i � �1�X0j +X2j � ;Xki = Xkli Xlki { ÏÐÅÒÁÔÏÒ ÞÉÓÌÁ jki-ÓÔÁÎ¦× ÎÁ ×ÕÚÌ¦, �" = �1; �# = 1,~tij(n) = tij(n) + 2T (ij); (2.3)t0ij(n) = tij(n) + T (ij): (2.4)
ICMP{97{26U 4H0 ÏÐÉÓÕ¤ ÁÔÏÍÎÕ ÇÒÁÎÉÃÀ ×ÕÚØËÏÚÏÎÎÉÈ ÍÏÄÅÌÅÊ.H1 ÏÐÉÓÕ¤ ÔÒÁÎÓÌÑÃ¦ÊÎÉÊ ÒÕÈ Ä¦ÒÏË ¦ Ä×¦ÊÏË. óÕÔÔ¤×ÉÍ ¤ ÔÅ, ÝÏÕ ÒÏÚÇÌÑÄÕ×ÁÎ¦Ê ÍÏÄÅÌ¦ (ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä ×ÕÚØËÏÚÏÎÎÉÈ ÍÏÄÅÌÅÊ ÔÉ-ÐÕ çÁÂÂÁÒÄÁ) ¦ÎÔÅÇÒÁÌÉ ÐÅÒÅÈÏÄÕ Ä¦ÒÏË ¦ Ä×¦ÊÏË ×¦ÄÒ¦ÚÎÑÀÔØÓÑ Í¦ÖÓÏÂÏÀ.H10 ÏÐÉÓÕ¤ ÐÒÏÃÅÓÉ ÐÁÒÎÏÇÏ ÎÁÒÏÄÖÅÎÎÑ ¦ ÚÎÉÝÅÎÎÑ Ä¦ÒÏË ÔÁÄ×¦ÊÏË ("ÁËÔÉ×ÁÃ¦ÊÎ¦" ÐÅÒÅÈÏÄÉ).äÌÑ ÐÏÄÁÌØÛÉÈ ×ÉËÌÁÄÏË ÎÁÍ ÂÕÄÕÔØ ÐÏÔÒ¦ÂÎ¦ ÎÁÓÔÕÐÎ¦ ÓÐ¦××¦Ä-ÎÏÛÅÎÎÑ: ~tt = 1� 2�21� �1 ; t0t = 1� �21� �1 ;ÄÅ t, ~t, t0 { ×iÄÐÏ×iÄÎi iÎÔÅÇpÁÌÉ ÐÅpÅÎÏÓÕ ÍiÖÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓiÄÁÍÉ:t � tij; ~t � ~tij; t0 � t0ij;�1 = T1(ij)jt(ij)j ; �2 = T (ij)jt(ij)j :ðÁÒÁÍÅÔÒÉ �1; �2 (0 � �1; �2 � 1) ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÎÅÅË×i×ÁÌÅÎÔÎiÓÔØÐiÄÚÏÎ. äÌÑ ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ �1 = �2 = 0. ëÏÌÉ �1 = 0; �2 = 0; 5,ÔÏ ~t = 0; t = 0; 5t0; ÃÅ ×iÄÐÏ×iÄÁ¤ ÍÏÄÅÌi ×ÕÚØËÏÚÏÎÎÏÇÏ ÍÁÔÅÒiÁÌÕ ÚÎÕÌØÏ×ÏÀ ÛÉÒÉÎÏÀ "Ä×iÊËÏ×Ï§" ÐiÄÚÏÎÉ. ÷iÄÚÎÁÞÉÍÏ ÔÁËÏÖ, ÝÏ ×ÒÁ-ÈÕ×ÁÎÎÑ ÐÁÒÁÍÅÔÒi× ÎÅÅË×i×ÁÌÅÎÔÎÏÓÔi ÐÒÉ×ÏÄÉÔØ ÄÏ ÓÕÔÔ¤×Ï§ ×iÄÍiÎ-ÎÏÓÔi ÚÁÐÒÏÐÏÎÏ×ÁÎÏ§ ÍÏÄÅÌi ×iÄ ÍÏÄÅÌi çÁÂÂÁÒÄÁ.3. OÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ×ÕÚØËÏ-ÚÏÎÎÏ§ ÍÏÄÅÌ¦1. ðÅpÅÊÄÅÍÏ ÄÏ ×ÉÚÎÁÞÅÎÎÑ Ë×ÁÚiÞÁÓÔÉÎËÏ×ÏÇÏ ÅÎÅpÇÅÔÉÞÎÏÇÏ ÓÐÅË-ÔpÕ × ÍÏÄÅÌi, ÏÐÉÓÕ×ÁÎiÊ ÇÁÍiÌØÔÏÎiÁÎÏÍ (2.1). äÌÑ ÃØÏÇÏ ××ÅÄÅÍÏÄ×ÏÞÁÓÏ×¦ ÚÁÐ¦ÚÎÀÀÞ¦ ÆÕÎËÃ¦§ ½Ò¦ÎÁ [12, 13]G(1)pp0(E) =� X0"p jX"0p0 �; G(2)pp0(E) =� X#2p jX"0p0 �;G(3)pp0(E) =� X0"p jX2#p0 �; G(4)pp0(E) =� X#2p jX2#p0 �; (3.1)Á ÔÁËÏÖH(1)pp0(E) =� X0#p jX#0p0 �; H(2)pp0 (E) =� X"2p jX#0p0 �;H(3)pp0 (E) =� X0#p jX2"p0 �; H(4)pp0(E) =� X"2p jX2"p0 � : (3.2)



5 ðÒÅÐÒÉÎÔæÕÎËÃ¦§ ½Ò¦ÎÁ (3.1) ¦ (3.2) ÐÏ×'ÑÚÁÎ¦ Ú ÅÌÅËÔÒÏÎÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ½Ò¦ÎÁG�pp0 (E) =� ap�ja+p0� � (3.3)ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉG"pp0(E) = G(1)pp0(E)� G(2)pp0(E) �G(3)pp0(E) +G(4)pp0 (E); (3.4)G#pp0(E) = H(1)pp0(E) +H(2)pp0(E) +H(3)pp0(E) +H(4)pp0(E): (3.5)ðpÉÊÍÅÍÏ ÔÕÔ, ÝÏ ÂÕÄØ-ÑËÉÊ ÔÉÐ ÅÌÅËÔpÏÎÎÏÇÏ ×ÐÏpÑÄËÕ×ÁÎÎÑ×iÄÓÕÔÎiÊ (× ÃØÏÍÕ ×ÉÐÁÄËÕ ×pÁÈÕ×ÁÎÎÑ ÍiÖÁÔÏÍÎÉÈ ×ÚÁ¤ÍÏÄiÊ × ÎÁ-ÂÌÉÖÅÎÎi ÓÅpÅÄÎØÏÇÏ ÐÏÌÑ ÐpÉ×ÏÄÉÔØ ÄÏ ÐÅpÅÎÏpÍÕ×ÁÎÎÑ ÈiÍÐÏÔÅÎ-ÃiÁÌÕ).÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÍÅÔÏÄÉËÕ, ÚÁÐpÏÐÏÎÏ×ÁÎÕ × ÒÏÂÏÔi [3], ÏÔpÉ-ÍÕ¤ÍÏ ÎÁÓÔÕÐÎi ×ÉpÁÚÉ ÄÌÑ ÆÕÒ'¤{ÏÂÒÁÚ¦× ÆÕÎËÃ¦Ê ½Ò¦ÎÁ (3.1):G(1)k (E) = 1� n=22� E + � � U � ~�(k)(E � E(k))(E � ~E(k)) ; (3.6)G(2)k (E) = 1� n=22� �2(k)(E � E(k))(E � ~E(k)) ; (3.7)G(3)k (E) = n=22� �1(k)(E �E(k))(E � ~E(k)) ; (3.8)G(4)k (E) = n=22� E + �� �(k)(E �E(k))(E � ~E(k)) ; (3.9)ÄÅ E(k) = �� + �(k) + ~�(k) + U2 � 12n[�(k) + ~�(k) + U ]2 � (3.10)�4�(k)U + 4[�1(k)�2(k) � �(k)~�(k)]o 12 ;~E(k) = �� + �(k) + ~�(k) + U2 + 12n[�(k) + ~�(k) + U ]2 � (3.11)�4�(k)U + 4[�1(k)�2(k) � �(k)~�(k)]o 12ÚÁÄÁÀÔØ Ë×ÁÚiÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ÓÉÓÔÅÍÉ, ÏÐÉÓÕ×ÁÎÏ§ÇÁÍiÌØÔÏÎiÁÎÏÍ (2.1).äÌÑ ÆÕÒ'¤{ËÏÍÐÏÎÅÎÔ ×ÅÌÉÞÉÎ,ÝÏ ×ÉÚÎÁÞÁÀÔØË×ÁÚ¦ÞÁÓÔÉÎËÏ×¦ ÓÐÅËÔÒÉ (3.10) ¦ (3.11), ÍÁ¤ÍÏ:�(k) = �tk(n); �1(k) = �1t0k(n);~�(k) = ~�~tk(n); �2(k) = �2t0k(n); (3.12)
ICMP{97{26U 6� = 2� n2 + (n� 2d)22(2� n) � 2cd2� n ~t(n)t(n) ;�1 = �2 � n2 + (n� 2d)22n � 2cdn ;~� = n2 + (n� 2d)22n � 2cdn t(n)~t(n) ;�2 = �n2 + (n � 2d)22(2� n) � 2cd2� n: (3.13)÷ ÃÉÈ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÈ c{ËÏÎÃÅÎÔÒÁÃ¦Ñ Ä¦ÒÏË (hX0i i = c), d{ËÏÎÃÅÎÔÒÁÃ¦Ñ Ä×¦ÊÏË (hX2i i = d). ðpÉ ÃØÏÍÕ ×ÉËÏpÉÓÔÁÎÏ, ÝÏtk(n) = 1N Xij tij(n) exp ik(Ri �Rj) � t(n)(k)t(n) � tij(n), (k) = P� exp (ik�), (ÓÕÍÕ×ÁÎÎÑ ×ÅÄÅÔØÓÑ ÐÏ ÎÁÊ-ÂÌÉÖÞÉÈ ÓÕÓiÄÁÈ), Á ÔÁËÏÖ ÁÎÁÌÏÇ¦ÞÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ iÎÔÅÇpÁÌi×ÐÅpÅÎÏÓÕ ~tk(n) i t0k(n).ïÄÎÏÅÌÅËÔÒÏÎÎÁ ÆÕÎËÃ¦Ñ ½Ò¦ÎÁ (3.3) ÏÔÒÉÍÕ¤ÔØÓÑ ÚÁ ÄÏÐÏÍÏÇÏÀË×ÁÚ¦ÞÁÓÔÉÎËÏ×ÉÈ ÆÕÎËÃ¦Ê ½Ò¦ÎÁ G(i)k (E) ÞÅÒÅÚ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.4).2. ïÓÏÂÌÉ×iÓÔÀ ÅÎÅpÇÅÔÉÞÎÏÇÏ ÓÐÅËÔpÕ, ÚÁÄÁÎÏÇÏ ×ÉpÁÚÁÍÉ (3.10) i(3.11) ¤ ÊÏÇÏ ÚÁÌÅÖÎiÓÔØ ×iÄ ËÏÎÃÅÎÔÒÁÃ¦Ê ÐÏÌÑÒÎÉÈ ÓÔÁÎ¦×. îÁ×ÅÄÅ-ÍÏ ÔÕÔ ÄÅÑËi ÚÁÇÁÌØÎi ÆÏpÍÕÌÉ ÄÌÑ pÏÚpÁÈÕÎËÕ ÃÉÈ ×ÅÌÉÞÉÎ.úÏÂpÁÚÉÍÏ ×ÉÒÁÚ (3.9) Õ ÆÏÒÍ¦:Gk(E) = n=22� � AkE � ~E(k) + BkE � E(k)� ;ÄÅ Ak = ~E(k) + �� �(k)~E(k) �E(k) ; Bk = �E(k) + � � �(k)~E(k) �E(k) : (3.14)äÌÑ ÓÐÅËÔÒÁÌØÎÏ§ ¦ÎÔÅÎÓÉ×ÎÏÓÔ¦ ÆÕÎËÃ¦§ ½Ò¦ÎÁ (3.9) ÍÁ¤ÍÏ:Jk(E) = n=2exp E� + 1 �Ak� �E � ~E(k)� +Bk� (E � E(k))� ;ÄÅ � = kBT (kB { ÓÔÁÌÁ âÏÌØÃÍÁÎÁ). ëÏÎÃÅÎÔÒÁÃ¦Ñ Ä×¦ÊÏË ×ÉÚÎÁ-ÞÁ¤ÔØÓÑ ×ÉÒÁÚÏÍd = 1NXk +1Z�1 Jk(E)dE = (3.15)



7 ðÒÅÐÒÉÎÔ= n=2N Xk  Akexp ~E(k)� + 1 + Bkexp E(k)� + 1! :AÎÁÌÏÇ¦ÞÎÏ ÄÌÑ ËÏÎÃÅÎÔÒÁÃ¦§ Ä¦ÒÏË ÏÔpÉÍÕ¤ÍÏ ÆÏpÍÕÌÕc = 1� n=2N Xk  Ckexp � ~E(k)� + 1 + Dkexp �E(k)� + 1! ; (3.16)ÄÅ Ck = ~E(k) + � � U � ~�(k)~E(k) �E(k) ;Dk = �E(k) + �� U � ~�(k)~E(k) �E(k) : (3.17)3. íÁÀÞÉ ÎÁ Õ×ÁÚi ÄÏÓÌiÄÖÅÎÎÑ ÐÅpÅÈÏÄÕ ÍÅÔÁÌ-ÄiÅÌÅËÔpÉË ÒÏÚÇÌÑ-ÎÅÍÏ ÐÒÉÎÃÉÐÏ×Ï ×ÁÖÌÉ×ÉÊ ×ÉÐÁÄÏË ÎÁÐ¦×ÚÁÐÏ×ÎÅÎÏ§ ×ÉÈ¦ÄÎÏ§ ÚÏÎÉ,ËÏÌÉ c = d.ðÅpÅÐÉÛÅÍÏ ×ÉpÁÚÉ (3.12) i (3.13) Õ ×ÉÇÌÑÄi:�(k) = (1� 2c+ 2c2)tk � 2c2~tk;~�(k) = (1� 2c+ 2c2)~tk � 2c2tk;�1(k) = �2(k) = �2ct0k: (3.18)ð¦ÄÓÔÁÎÏ×ËÁ (3.18) × (3.10) i (3.11), ÄÁ¤ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞ-ÎÉÊ ÓÐÅËÔÒ:E1(k) = �� + (1� 2c)(tk + ~tk) + U2 � 12nA(tk � ~tk)2 ��2UB(tk � ~tk) + U2 + (4ct0k)2o 12 ; (3.19)E2(k) = �� + (1� 2c)(tk + ~tk) + U2 + 12nA(tk � ~tk)2 ��2UB(tk � ~tk) + U2 + (4ct0k)2o 12 ; (3.20)ÄÅ A = (1� 2c)2 + 8c2(1� 2c+ 2c2); B = 1� 2c+ 4c2: (3.21)ïÔpÉÍÁÎÉÊ Ë×ÁÚiÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅpÇÅÔÉÞÎÉÊ ÓÐÅËÔp ÄÏÚ×ÏÌÑ¤ ×É×ÞÉ-ÔÉ ÏÓÏÂÌÉ×ÏÓÔi ÍÏÄÅÌi ×ÕÚØËÏÚÏÎÎÏÇÏ ÍÁÔÅpiÁÌÕ Ú ÎÅÅË×i×ÁÌÅÎÔÎÉ-ÍÉ ÇÁÂÂÁpÄi×ÓØËÉÍÉ ÐiÄÚÏÎÁÍÉ, ÚÏËpÅÍÁ, ÄÏÓÌiÄÉÔÉ ÐÅpÅÈiÄ ÍÅÔÁÌ-ÄiÅÌÅËÔpÉË × ÚÁÐpÏÐÏÎÏ×ÁÎiÊ ÍÏÄÅÌi.
ICMP{97{26U 84. ðÅÒÅÈ¦Ä ÍÅÔÁÌ{Ä¦ÅÌÅËÔÒÉË ÄÌÑ ×ÉÐÁÄËÕ ÎÁÐ¦×ÚÁ-ÐÏ×ÎÅÎÏ§ ÚÏÎÉ1. úÎÁÊÄÅÍÏ ×ÉÒÁÚÉ ÄÌÑ ÈiÍÐÏÔÅÎÃiÁÌÕ � i ËÏÎÃÅÎÔÒÁÃ¦§ ÐÏÌÑÒÎÉÈÓÔÁÎ¦× ÄÌÑ ×ÉÐÁÄËÕ ÐÏÌÏ×ÉÎÎÏÇÏ ÚÁÐÏ×ÎÅÎÎÑ ÚÏÎÉ ÐpÉ T = 0. ëÏ-ÅÆ¦Ã¦¤ÎÔÉ (3.14) (3.17), ×ÉÚÎÁÞÁÔÉÍÕÔØÓÑ ÔÕÔ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉ:Bk = Ck = �1 � 2c+ 4c22Q (~tk � tk)� U2Q + 12 ; (4.1)Ak = Dk = 1� 2c+ 4c22Q (~tk � tk) + U2Q + 12 ; (4.2)Q = �A(tk � ~tk)2 � 2BU (tk � ~tk) + U2 + (4ct0k)2� 12 :ú (4.1) i (4.2) ×ÉÄÎÏ, ÝÏAk + Bk = Ck +Dk = 1: (4.3)úÁÐÉÛÅÍÏ ÕÍÏ×Õ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ È¦ÍÐÏÔÅÎÃ¦ÁÌÕXk  Akexp E2(k)� + 1 + Bkexp E1(k)� + 1! ==Xk  Ckexp �E2(k)� + 1 + Dkexp �E1(k)� + 1! ; (4.4)ÄÅE1(k) ÔÁ E2(k) ÚÁÄÁÀÔØÓÑ ×ÉpÁÚÁÍÉ (3.19) i (3.20).óÐi××iÄÎÏÛÅÎÎÑ(4.4) ÐÅpÅÐÉÛÅÍÏ Õ ×ÉÇÌÑÄ¦:Xk [Ak� (�E2(k)) + Bk� (�E1(k))] ==Xk [Ck� (E2(k)) +Dk� (E1(k))] ; (4.5)ÄÅ �(x) { ÔÅÔÁ-ÆÕÎËÃ¦Ñ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÆÏpÍÕÌÉ ÄÌÑ ËÏÅÆiÃi¤ÎÔi× (4.1), (4.2) i (4.3) ÔÁ ×ÌÁ-ÓÔÉ×ÏÓÔ¦ ÔÅÔÁ-ÆÕÎËÃ¦§, ÄÌÑ pi×ÎÑÎÎÑ (4.5) ÍÁ¤ÍÏ:Xk [� (E2(k)) + � (E1(k))] = 1: (4.6)ðÒÉÊÍÅÍÏ ÐÒÑÍÏËÕÔÎÕ ÇÕÓÔÉÎÕ ÓÔÁÎ¦×:1N Xk �(E � t(k)) = 12w�(w2 � E2): (4.7)



9 ðÒÅÐÒÉÎÔðÅÒÅÊÄÅÍÏ × (4.6) ×¦Ä ÓÕÍÕ×ÁÎÎÑ ÐÏ k ÄÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ ÅÎÅÒÇ¦§ ¦ÒÏÚ×'ÑÖÅÍÏ ÊÏÇÏ. ÷ ÐiÄÓÕÍËÕ, ÄÌÑ ÍÅÔÁÌiÞÎÏÇÏ ÓÔÁÎÕ (U � w + ~w)ÍÁ¤ÍÏ � = (1� 2c+ 2c2)w � 2c2 ~w(1� 2c)(w + ~w) U; (4.8)ÄÅ w ÔÁ ~w{ÎÁÐ¦×ÛÉÒÉÎÉ ÎÉÖÎØÏ§ Ð¦ÄÚÏÎÉ ("Ä¦ÒËÏ×Á" Ð¦ÄÚÏÎÁ) ÔÁ ×ÅÒÈ-ÎØÏ§ Ð¦ÄÚÏÎÉ (Ð¦ÄÚÏÎÁ "Ä×¦ÊÏË") ×¦ÄÐÏ×¦ÄÎÏ; w = zjtj; ~w = zj~tj (z {ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓiÄi×).÷ÉÑ×ÌÑ¤ÔØÓÑ, ÔÁËÉÍ ÞÉÎÏÍ,ÝÏ ÎÅÅË×i×Á-ÌÅÎÔÎiÓÔØ ÇÁÂÂÁpÄi×ÓØËÉÈ ÐiÄÚÏÎ ÐpÉ×ÏÄÉÔØ ÄÏ ÚÁÌÅÖÎÏÓÔi ÈiÍÐÏÔÅÎ-ÃiÁÌÕ ×iÄ ËÏÎÃÅÎÔpÁÃi§ ÎÏÓi§× ÓÔpÕÍÕ c ÔÁ ÎÁÐi×ÛÉpÉÎ ÐiÄÚÏÎ w i ~w(ÎÁ ×iÄÍiÎÕ ×iÄ ÍÏÄÅÌi çÁÂÂÁpÄÁ, ÄÅ � = U=2). ú ÒÉÓ.1, ÏÔÒÉÍÁÎÏÇÏÚÁ ÆÏÒÍÕÌÏÀ (4.8), ×ÉÄÎÏ, ÝÏ ÈiÍiÞÎÉÊ ÐÏÔÅÎÃiÁÌ ÚÍÅÎÛÕ¤ÔØÓÑ ÐÒÉÚÒÏÓÔÁÎÎi ~w.úÎÁÊÄÅÍÏ ÔÅÐÅÒ ËÏÎÃÅÎÔÒÁÃ¦À ÐÏÌÑpÎÉÈ ÓÔÁÎi×. äÌÑ ÃØÏÇÏ ÚÁÐÉ-ÛÅÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ cc = 12N Xk " Ckexp �E2(k)� + 1 + Dkexp �E1(k)� + 1# : (4.9)ðÅÒÅÐÉÛÅÍÏ (4.9) Õ ×ÉÇÌÑÄ¦ (T = 0):c = 12N Xk [Ck�(�E2(k)) +Dk�(�E1(k))] : (4.10)ðÅÒÅÊÄÅÍÏ × (4.10) ×¦Ä ÓÕÍÕ×ÁÎÎÑ ÐÏ k ÄÏ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ ÅÎÅÒÇ¦§:2c = wZ�w C��(�E2(�)) 1N Xk �(�� tk)d�++ wZ�w D��(�E1(�)) 1N Xk �(�� tk)d�: (4.11)÷ Ò¦×ÎÑÎÎ¦ (4.11) C�, D�, E1(�), E2(�) ÏÔÒÉÍÕÀÔØÓÑ iÚ ×iÄÐÏ×iÄÎÉÈÆÏÒÍÕÌ (3.19), (3.20), (4.1) ¦ (4.2) ÄÌÑ Ck, Dk, E1(k), E2(k) ÚÁÍ¦ÎÏÀtk!�, ~tk! ~tt�, t0k! t0t �. ÷ÉËÏÒÉÓÔÁÎÎÑ (4.7), ÐpÉ×ÏÄÉÔØ ÄÏ pi×ÎÑÎÎÑ2c = 12w �0Z�w C�d�+ 12w ��0Z�w D�d�; (4.12)
ICMP{97{26U 10ÄÅ �0 = j(2�� U )(1� 2c)(t+ ~t) �BU (t � ~t) � pD2 jj(1� 2c)2(t + ~t)2 � A(t� ~t)2 � (4ct0)2j jtj (4.13){ ÄÏÄÁÔÎÉÊ ËÏÒ¦ÎØ Ò¦×ÎÑÎÎÑ�� + U2 + (1� 2c)(t + ~t)2 �t ��12 �A(t � ~t)2 �2t2 � 2BU (t � ~t)�t + U2 + (4ct0)2 �2t2� 12 = 0;D = 4U2(1 � 2c)2(t+ ~t)2 + 8BU (1� 2c)(�2�+ U )(t2 � ~t2) ++[4B2U2 + 16A(�2 � �U )](t� ~t)2 + 16(�2 � �U )(4ct0)2;� ×ÉÚÎÁÞÁ¤ÔØÓÑ Ò¦×ÎÑÎÎÑÍ (4.8); A ÔÁ B { ËÏÅÆ¦Ã¦¤ÎÔÉ ÚÁÄÁÎ¦ ÆÏÒ-ÍÕÌÏÀ (3.21). ÷ ÐiÄÓÕÍËÕ ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕÐÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ËÏÎÃÅÎ-ÔpÁÃi§ ÐÏÌÑpÎÉÈ ÓÔÁÎi× c:Btw ~t� t� h'���0t �� '��0t �i+ Up� jtjw �1� B2(~t� t)2� ��� ln p�' �� �0t �� � �� �0t �� BU (~t � t)p�' � �0t �� � � �0t �� BU (~t � t) = 8c� 2; (4.14)ÄÅ � = A(~t� t)2 + (4ct0)2;'��t� = ����t�2 + 2BU (~t � t)�t + U2� 12 : (4.15)ú pi×ÎÑÎÎÑ (4.14) ÞÉÓÅÌØÎÉÍÉ ÍÅÔÏÄÁÍÉ ÏÔpÉÍÁÎi ÚÁÌÅÖÎÏÓÔi ÄÌÑËÏÎÃÅÎÔpÁÃi§ ÎÏÓi§× ÓÔpÕÍÕ Ó ×iÄ ÐÁpÁÍÅÔpi× U=w ÔÁ ~w=w (pÉÓ. 1, 2).ðpÉ ÚÍÅÎÛÅÎÎi ~w=w (0 � ~w=w � 1) ÍÁ¤ÍÏ ÚÍÅÎÛÅÎÎÑ ËÏÎÃÅÎÔpÁÃi§ÎÏÓi§× ÓÔpÕÍÕ. ú pÉÓ.1 ×ÉÄÎÏ ÔÁËÏÖ, ÝÏ ÐpÉ U=w ÄÏÓÔÁÔÎØÏ ÂÌÉÚØËÉÈÄÏ ÎÕÌÑ ÚÎÁÞÅÎÎÑ c ÍÁÌÏ ÚÁÌÅÖÉÔØ ×iÄ ×iÄÎÏÛÅÎÎÑ ~w=w, ÁÌÅ ÐpÉÚÂiÌØÛÅÎÎi U=w ËÏÎÃÅÎÔpÁÃiÑ ÎÏÓi§× ÓÔpÕÍÕ ÐÏÞÉÎÁ¤ ÓÕÔÔ¤×Ï ÚÁÌÅ-ÖÁÔÉ ×iÄ ~w=w. ñËÝÏ t = ~t = t0 (ÍÏÄÅÌØ çÁÂÂÁÒÄÁ), ÔÏ�0 = U2p1� 4c ;



11 ðÒÅÐÒÉÎÔ¦ pi×ÎÑÎÎÑ (4.14) ÐÅpÅÈÏÄÉÔØ Õ ×ÉpÁÚ ÄÌÑ ËÏÎÃÅÎÔÒÁÃ¦§ ÐÏÌÑÒÎÉÈÓÔÁÎ¦× (1.3).2. åÎÅÒÇÅÔÉÞÎÁ Ý¦ÌÉÎÁ.÷ÉÒÁÚ ÄÌÑ ÅÎÅÒÇÅÔÉÞÎÏ§ Ý¦ÌÉÎÉ × pÏÚÇÌÑÄÕ×ÁÎiÊ ÍÏÄÅÌi ÏÚÎÁÞÉÍÏ ÑËpiÚÎÉÃÀ ÎÉÖÎØÏ§ ÍÅÖi ×ÅÒÈÎØÏ§ Ð¦ÄÚÏÎÉ ÔÁ ×ÅÒÈÎØÏ§ ÍÅÖi ÎÉÖÎØÏ§Ð¦ÄÚÏÎÉ:�E = �(1 � 2c)(w + ~w) + 12(Q1 +Q2); (4.16)Q1 = (A(w � ~w)2 � 2BU (w � ~w) + U2 + �t0t �2 (4cw)2) 12 ;Q2 = (A(w � ~w)2 + 2BU (w � ~w) + U2 + �t0~t �2 (4c ~w)2) 12 :(4.17)äÌÑ ÓÉÍÅÔÒÉÞÎÏ§ ÍÏÄÅÌ¦ ÓÐi××iÄÎÏÛÅÎÎÑ (4.16) ÐÅpÅÈÏÄÉÔØ × (1.2); ÕÃØÏÍÕ ×ÉÐÁÄËÕ Ý¦ÌÉÎÁ ÚÎÉËÁ¤ ÚÁ ÕÍÏ×É 2w � U .äÌÑ ÍÏÄÅÌ¦ Ú ÎÅÅË×¦×ÁÌÅÎÔÎÉÍÉ ÇÁÂÂÁÒÄ¦×ÓØËÉÍÉ Ð¦ÄÚÏÎÁÍÉ ÅÎÅÒ-ÇÅÔÉÞÎÁ Ý¦ÌÉÎÁ ÚÎÉËÁ¤, ËÏÌÉ ×ÉËÏÎÕ¤ÔØÓÑ ÕÍÏ×Áw + ~w � U: (4.18)ðÒÉ ÚÁÄÁÎÉÈ w, ~w ¦ U Ý¦ÌÉÎÁ ÚÎÉËÁ¤ ÐÒÉ ÕÍÏ×¦ c < c0, ÄÅ c0{ ËÏÒ¦ÎØÒ¦×ÎÑÎÎÑ �(1 � 2c)(w + ~w) + 12(Q1 + Q2) = 0: (4.19)(0 � c0 � 1=4; Q1 ¦ Q2 ÚÁÄÁÀÔØÓÑ ×ÉÒÁÚÁÍÉ (4.17)). ïÔÖÅ, ÍÅÔÁÌ¦Þ-ÎÏÍÕ ÓÔÁÎÕ ×¦ÄÐÏ×¦ÄÁ¤ ÕÍÏ×Á c < c0, Á Ä¦ÅÌÅËÔÒÉÞÎÏÍÕ { c > c0.ú pÉÓ.3, ÏÔpÉÍÁÎÏÇÏ ÚÁ ÆÏpÍÕÌÏÀ (4.16), ×ÉÄÎÏ ÝÏ × ÍÅÔÁÌiÞ-ÎÏÍÕ ÓÔÁÎi ÐÅpÅËpÉÔÔÑ ÅÎÅpÇÅÔÉÞÎÉÈ ÐiÄÚÏÎ ÚÍÅÎÛÕ¤ÔØÓÑ, Á × ÄiÅ-ÌÅËÔpÉÞÎÏÍÕ { ÛÉpÉÎÁ ÅÎÅpÇÅÔÉÞÎÏ§ ÝiÌÉÎÉ ÚpÏÓÔÁ¤ ÐpÉ ÚÍÅÎÛÅÎÎiÐÁpÁÍÅÔpÁ ~w=w. òÉÓ.4 iÌÀÓÔpÕ¤ ÐÅpÅÈiÄ ÍÅÔÁÌ-ÄiÅÌÅËÔpÉË ÄÌÑ ×Õ-ÚØËÏÚÏÎÎÏ§ ÓÉÓÔÅÍÉ Ú ÎÅÅË×i×ÁÌÅÎÔÎÉÍÉ ÇÁÂÂÁpÄi×ÓØËÉÍÉ ÐiÄÚÏÎÁÍÉ(�1 = �2 = 0; 2). æÁÚÏ×Á ÄiÁÇpÁÍÁ (pÉÓ.5), ÏÔpÉÍÁÎÁ ÚÁ ÄÏÐÏÍÏÇÏÀpi×ÎÑÎÎÑ (4.19), ×ËÁÚÕ¤ ÎÁ pÏÚÛÉpÅÎÎÑ ÏÂÌÁÓÔi, ÄÅ ×ÕÚØËÏÚÏÎÎÉÊ ÍÁ-ÔÅpiÁÌ ÐÅpÅÂÕ×Á¤ × ÍÅÔÁÌiÞÎÏÍÕ ÓÔÁÎi, iÚ ÚÂiÌØÛÅÎÎÑÍ ~w=w.3. äÌÑ iÌÀÓÔpÁÃi§ ÏÓÏÂÌÉ×ÏÓÔÅÊ ÍÏÄÅÌi pÏÚÇÌÑÎÅÍÏ ×ÉÐÁÄÏË ÓÌÁÂËÏ-ÇÏ ÐÅpÅËpÉÔÔÑ ÐiÄÚÏÎ (×ÕÚØËÏÚÏÎÎÉÊ ÎÁÐi×ÍÅÔÁÌ). ïÓË¦ÌØËÉ × ÏÂÌÁÓÔ¦
ICMP{97{26U 12ÐÅÒÅÈÏÄÕ c � 1, ÔÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ÍÁÔÉÍÅ×ÉÇÌÑÄ (ÎÅÈÔÕ¤ÍÏ ×ÉÒÁÚÁÍÉ, ÑË¦ Í¦ÓÔÑÔØ c2):E1(k) = �� + (1� 2c)tk; (4.20)E2(k) = �� + U + (1� 2c)~tk: (4.21)ú ×ÉpÁÚi× (4.20) i (4.21) ×ÉÄÎÏ, ÝÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅpÇÅÔÉÞÎÉÊÓÐÅËÔp ÓÔÁ¤ ÎÅÚÁÌÅÖÎÉÍ ×iÄ iÎÔÅÇpÁÌÕ ÐÅpÅÎÏÓÕ t0k, ÑËÉÊ ÏÐÉÓÕ¤ ÐpÏ-ÃÅÓÉ ÐÁpÎÏÇÏ ÎÁpÏÄÖÅÎÎÑ i ÚÎÉÝÅÎÎÑ ÄipÏË ÔÁ Ä×iÊÏË. èiÍÐÏÔÅÎÃiÁÌ×ÕÚØËÏÚÏÎÎÏÇÏ ÎÁÐ¦×ÍÅÔÁÌÕ ÚÁÄÁ¤ÔØÓÑ ÆÏpÍÕÌÏÀ� = ww + ~wU (4.22)¦ ÎÅ ÚÁÌÅÖÉÔØ ×iÄ ËÏÎÃÅÎÔpÁÃi§ ÐÏÌÑpÎÉÈ ÓÔÁÎi× ÔÁ "ÁËÔÉ×ÁÃ¦ÊÎÏÇÏ"¦ÎÔÅÇÒÁÌÕ ÐÅÒÅÎÏÓÕ. äÌÑ ~w = 0 ÈiÍÐÏÔÅÎÃ¦ÁÌ ×ÕÚØËÏÚÏÎÎÏÇÏ ÎÁÐ¦×ÍÅ-ÔÁÌÕ ×Ä×¦Þ¦ Â¦ÌØÛÉÊ, Î¦Ö × ÍÏÄÅÌ¦ çÁÂÂÁÒÄÁ.äÌÑ ÍÁÌÉÈ ËÏÎÃÅÎÔpÁÃiÊ ÎÏÓi§× ÓÔpÕÍÕ ÍÁ¤ÍÏ:c = 14 �1� Uw + ~w� : (4.23)ú×iÄÓÉ ×ÉÄÎÏ, ÝÏ ÕÍÏ×Á "ÍÅÔÁÌiÞÎÏÓÔi" ÓÐi×ÐÁÄÁ¤ Ú ÕÍÏ×ÏÀ (4.18).5. ÷ÉÓÎÏ×ËÉ÷ pÏÂÏÔi ÄÏÓÌiÄÖÅÎÏ ÍÏÄÅÌØ ×ÕÚØËÏÚÏÎÎÏÇÏ ÍÁÔÅÒiÁÌÕ Ú ÎÅÅË×i×Á-ÌÅÎÔÎÉÍÉ ÇÁÂÂÁpÄi×ÓØËÉÍÉ ÐiÄÚÏÎÁÍÉ ÐÒÉ T = 0 ÎÁ ÏÓÎÏ×¦ ÍÅÔÏÄÕ,ÚÁÐÒÏÐÏÎÏ×ÁÎÏÇÏ × ÒÏÂÏÔÁÈ [2, 3].úÎÁÊÄÅÎÏ ÈiÍÐÏÔÅÎÃiÁÌ � ÑË ÆÕÎËÃiÀ ×ÎÕÔÒiÛÎØÏÁÔÏÍÎÏÇÏ ËÕ-ÌÏÎi×ÓØËÏÇÏ ×iÄÛÔÏ×ÈÕ×ÁÎÎÑ Ä×ÏÈ ÅÌÅËÔpÏÎi× Ú ÐpÏÔÉÌÅÖÎÉÍÉ ÓÐiÎÁ-ÍÉ U , ÎÁÐi×ÛÉpÉÎ ÄipËÏ×Ï§ i Ä×iÊËÏ×Ï§ ÐiÄÚÏÎ w, ~w ÔÁ ËÏÎÃÅÎÔpÁÃi§ÐÏÌÑpÎÉÈ ÓÔÁÎi× c. äÌÑ ÍÁÌÉÈ c (×ÕÚØËÏÚÏÎÎÉÊ ÎÁÐ¦×ÍÅÔÁÌ) È¦ÍÐÏ-ÔÅÎÃ¦ÁÌ ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ËÏÎÃÅÎÔÒÁÃ¦§ ÎÏÓ¦§× ÓÔÒÕÍÕ.ïÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÏÎÃÅÎÔÒÁÃi§ ÐÏÌÑÒÎÉÈ ÓÔÁÎi×.ðÒÉ ÚÒÏÓÔÁÎÎi ÐÁÒÁÍÅÔÒÁ ~w=w (0 � ~w=w � 1) ËÏÎÃÅÎÔÒÁÃiÑ ÐÏÌÑÒ-ÎÉÈ ÓÔÁÎi× c ÚÂiÌØÛÕ¤ÔØÓÑ.úÎÁÊÄÅÎÏ Ë×ÁÚiÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ, ÏÓÏÂÌÉ×iÓÔÀÑËÏÇÏ ¤ ÚÁÌÅÖÎiÓÔØ ×iÄ ËÏÎÃÅÎÔÒÁÃi§ ÐÏÌÑÒÎÉÈ ÓÔÁÎi× ÔÁ ÎÅÅË×i×Á-ÌÅÎÔÎiÓÔØ ×ÅÒÈÎØÏ§ i ÎÉÖÎØÏ§ ÇÁÂÂÁÒÄi×ÓØËÉÈ ÐiÄÚÏÎ, ÚÕÍÏ×ÌÅÎÁ×iÄÍiÎÎiÓÔÀ ×iÄÐÏ×iÄÎÉÈ iÎÔÅÇÒÁÌi× ÐÅÒÅÎÏÓÕ. äÌÑ ×ÕÚØËÏÚÏÎÎÏÇÏÎÁÐi×ÍÅÔÁÌÕ (c� 1) Ë×ÁÚiÞÁÓÔÉÎËÏ×ÉÊ ÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ÓÔÁ¤ ÍÁ-ÌÏ ÚÁÌÅÖÎÉÍ ×iÄ iÎÔÅÇÒÁÌÕ ÐÅÒÅÎÏÓÕ t0, ÑËÉÊ ÏÐÉÓÕ¤ ÐÒÏÃÅÓÉ ÐÁÒÎÏÇÏÎÁÒÏÄÖÅÎÎÑ i ÚÎÉÝÅÎÎÑ ÄiÒÏË ÔÁ Ä×iÊÏË.



13 ðÒÅÐÒÉÎÔúÁ ÄÏÐÏÍÏÇÏÀ Ë×ÁÚiÞÁÓÔÉÎËÏ×ÏÇÏ ÅÎÅÒÇÅÔÉÞÎÏÇÏ ÓÐÅËÔÒÕ ÏÔÒÉ-ÍÕ¤ÔØÓÑ ×ÉÒÁÚ ÄÌÑ ÛÉÒÉÎÉ ÅÎÅÒÇÅÔÉÞÎÏ§ ÝiÌÉÎÉ �E, ÝÏ ÄÏÚ×ÏÌÑ¤ÏÐÉÓÁÔÉ ÐÅÒÅÈiÄ ÍÅÔÁÌ-ÄiÅÌÅËÔÒÉË. ïÓÏÂÌÉ×iÓÔÀ ÏÔpÉÍÁÎÏÇÏ ×ÉÒÁÚÕ(ÎÁ ×iÄÍiÎÕ ×iÄ ÍÏÄÅÌi çÁÂÂÁÒÄÁ) ¤ ÔÅ, ÝÏ ÛÉÒÉÎÁ ÅÎÅÒÇÅÔÉÞÎÏ§ ÝiÌÉ-ÎÉ ÚÁÌÅÖÉÔØ ×iÄ ËÏÎÃÅÎÔÒÁÃ¦§ ÐÏÌÑÒÎÉÈ ÓÔÁÎ¦× ÔÁ ×iÄÎÏÛÅÎÎÑ ÛÉÒÉÎ"ÄiÒËÏ×Ï§" i "Ä×iÊËÏ×Ï§" ÐiÄÚÏÎ. úÒÏÓÔÁÎÎÑ ÐÁÒÁÍÅÔÒÁ ~w=w (ÐÒÉ ÚÁ-ÄÁÎÏÍÕ ÚÎÁÞÅÎÎi U ) ÐÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÎÑ ÅÎÅÒÇÅÔÉÞÎÏ§ ÝiÌÉÎÉ.îÁÓÌiÄËÏÍ ÃØÏÇÏ ¤, ÚÏËÒÅÍÁ, ÔÅ, ÝÏ ÐÅÒÅÈiÄ ÍÅÔÁÌ-ÄiÅÌÅËÔÒÉË ÚÄiÊÓ-ÎÀ¤ÔØÓÑ ÐÒÉ ÕÍÏ×i U=w = 1 + ~w=w (× ÍÏÄÅÌi çÁÂÂÁpÄÁ ÐÅpÅÈiÄ ×iÄ-ÂÕ×Á¤ÔØÓÑ, ËÏÌÉ U = 2w).âiÌØÛiÓÔØ ÒÅÚÕÌØÔÁÔi×, ÐpÉ×ÅÄÅÎÉÈ × ÃiÊ ÒÏÂÏÔi, ×iÄÐÏ×iÄÁÀÔØ ×Õ-ÚØËÏÚÏÎÎiÊ ÓÉÓÔÅÍi Ú ÐÏÌÏ×ÉÎÎÉÍ ÚÁÐÏ×ÎÅÎÎÑÍ ÚÏÎÉ ÐpÉ T = 0. ÷É-ÐÁÄËÉ Ú n 6= 1 i T 6= 0, ÚÁÓÔÏÓÕ×ÁÎÎÑ ÏÔpÉÍÁÎÉÈ pÅÚÕÌØÔÁÔi× ÄÏ ¦ÎÔÅÒ-ÐÒeÔÁÃ¦§ ÅËÓÐÅpÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÂÕÄÕÔØ ÒÏÚÇÌÑÎÕÔi × ÎÁÓÔÕÐÎÉÈÒÏÂÏÔÁÈ.ì¦ÔÅÒÁÔÕÒÁ1. J.Hubbard, Proc. Roy. Soc. A281, 238 (1963); J.Hubbard, Proc.Roy. Soc. A281, 401 (1964).2. L.Didukh, Ukrainian{French Simposium "Condensen Matter: Sci-ence and Industry". Abstracts, p.275 (Lviv, 1993).3. ì. ä. äiÄÕÈ, öÕÒÎÁÌ ÆiÚÉÞÎÉÈ ÄÏÓÌiÄÖÅÎØ. 1, 241 (1997);ì. ä. äiÄÕÈ, ðÒÅÐÒÉÎÔ ¶ÎÓÔ. ÆiÚ. ËÏÎÄ. ÓÉÓÔ. áî õËÒÁ§ÎÉ, ìØ×i×,¶óíò-96-20U, 1996.4. A.A.Aligia, L.Arrachea, and E.R.Gagliano, Phys. Rev. B51, 13774(1995).5. H.Q.Lin and J.E.Hirsch, Phys. Rev. B52, 16155 (1995).6. E.R.Gagliano, A.A.Aligia, and L.Arrachea, M.Avignon, Phys. Rev.B51, 14012 (1995).7. à. á. éÚÀÍÏ×, õÓÐÅÈÉ ÆÉÚ. ÎÁÕË. 165, 403 (1995).8. ä. î. úÕÂÁÒÅ×, à. ç. òÕÄÏÊ, õÓÐÅÈÉ ÆÉÚ. ÎÁÕË. 163, 103 (1993).9. J.Hubbard, Proc. Roy. Soc. A285, 542 (1965).10. ì. ä. äÉÄÕÈ, é. ÷. óÔÁÓÀË, õËÒ.ÆÉÚ. ÖÕÒÎ. 13, 899 (1968).11. ì. ä. äÉÄÕÈ, ì. æ. ðÒÑÄËÏ, é. ÷. óÔÁÓÀË, ëÏÒÒÅÌÑÃÉÏÎÎÙÅ ÜÆ-ÆÅËÔÙ × ÍÁÔÅÒÉÁÌÁÈ Ó ÕÚËÉÍÉ ÚÏÎÁÍÉ ÐÒÏ×ÏÄÉÍÏÓÔÉ (÷ÉÝÁÛËÏÌÁ, ìØ×i×,1978).12. ó. ÷. ôÑÂÌÉËÏ×, íÅÔÏÄÙ Ë×ÁÎÔÏ×ÏÊ ÔÅÏÒÉÉ ÍÁÇÎÅÔÉÚÍÁ (îÁÕ-ËÁ, íÏÓË×Á, 1975).13. ä. î. úÕÂÁÒÅ×, õÓÐÅÈÉ ÆÉÚ. ÎÁÕË. 71, 71 (1960).
ICMP{97{26U 14

òÉÓ. 1. úÁÌÅÖÎiÓÔØ ÈiÍÐÏÔÅÎÃiÁÌÕ � ×iÄk = ~w=w; ÐÒÑÍÁ î ×iÄÐÏ×iÄÁ¤ ÚÎÁÞÅÎÎÀÈiÍÐÏÔÅÎÃiÁÌÕ × ÍÏÄÅÌi çÁÂÂÁÒÄÁ.
òÉÓ. 2. úÁÌÅÖÎiÓÔØ ËÏÎÃÅÎÔÒÁÃi§ ÐÏÌÑÒ-ÎÉÈ ÓÔÁÎi× c ×iÄ U=w: ×ÅpÈÎÑ ËpÉ×Á { �1 =�2 = 0; ÓÅpÅÄÎÑ ËpÉ×Á { �1 = �2 = 0; 1;ÎÉÖÎÑ ËpÉ×Á { �1 = �2 = 0; 2.



15 ðÒÅÐÒÉÎÔ

òÉÓ. 3. úÁÌÅÖÎiÓÔØ ËÏÎÃÅÎÔÒÁÃi§ ÐÏÌÑÒ-ÎÉÈ ÓÔÁÎi× Ó ×iÄ k = ~w=w: ËÒÉ×Á 1 ×iÄ-ÐÏ×iÄÁ¤ ÚÎÁÞÅÎÎÀ U=w = 0; 5; ËÒÉ×Á 2 {U=w = 1.
òÉÓ. 4. úÁÌÅÖÎiÓÔØ ÅÎÅÒÇÅÔÉÞÎÏ§ ÝiÌÉÎÉ×iÄ U=w: 1 { �1 = �2 = 0; 2 { �1 = �2 =0; 2.
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òÉÓ. 5. ¶ÌÀÓÔÒÁÃ¦Ñ ÐÅÒÅÈÏÄÕ ÍÅÔÁÌ{ÄiÅÌÅËÔÒÉË ÄÌÑ ×ÕÚØËÏÚÏÎÎÏÇÏÍÁÔÅÒiÁÌÕ: a) �1 = �2 = 0 (ÍÏÄÅÌØ çÁÂÂÁÒÄÁ); b) �1 = �2 = 0; 2; c)�1 = 0; �2 = 0; 5 ( ~w = 0). ëpÉ×Á 1 ×iÄÐÏ×iÄÁ¤ ×ÅpÈÎiÊ ÍÅÖi ÎÉÖÎØÏ§ÐiÄÚÏÎÉ, ËpÉ×Á 2 { ÎÉÖÎiÊ ÍÅÖi ×ÅpÈÎØÏ§ ÐiÄÚÏÎÉ; ÏÂÌÁÓÔØ, pÏÚÍiÝÅÎÁÚÌi×Á ×iÄ ÛÔpÉÈÏ×ÁÎÏ§ ÌiÎi§ ÍiÖ ËpÉ×ÉÍÉ 1 i 2 { ÐÅÒÅËÒÉÔÔÑ ÎÉÖÎØÏ§i ×ÅÒÈÎØÏ§ ÐiÄÚÏÎ.
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òÉÓ. 6. úÁÌÅÖÎiÓÔØ c0 ×iÄ U=w): ×ÅpÈÎÑËpÉ×Á { �1 = �2 = 0; ÓÅpÅÄÎÑ ËpÉ×Á { �1 =�2 = 0; 1; ÎÉÖÎÑ ËpÉ×Á { �1 = �2 = 0; 2.úÌi×Á ×iÄ ×iÄÐÏ×iÄÎÏ§ ËpÉ×Ï§ { ÍÅÔÁÌiÞÎÁÏÂÌÁÓÔØ, ÓÐpÁ×Á { ÄiÅÌÅËÔpÉÞÎÁ.
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