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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐôÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ [1] ¦ ÒÏÚ×ÉÎÕÔÉÊ ÎÁ §§ ÏÓÎÏ×¦ ÍÅÔÏÄ ÅÆÅËÔÉ×-ÎÏÇÏ ÐÏÌÑ ÛÉÒÏËÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÄÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ËÌÁÓÉÞÎÉÈÓÐ¦ÎÏ×ÉÈ ÍÏÄÅÌÅÊ. úÁÓÔÏÓÕ×Á×ÛÉ ÄÏ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ ÔÅÈÎ¦ËÕ ÅËÓ-ÐÏÎÅÎÃ¦ÊÎÉÈ [2] ÞÉ ¦ÎÔÅ­ÒÁÌØÎÉÈ [3] ÏÐÅÒÁÔÏÒ¦×, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉÔÏÞÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ÓÐ¦ÎÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÍÏÄÅÌ¦ ¦Ú×ÚÁ¤ÍÏÄ¦¤À Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ. ò¦ÚÎ¦ ×ÅÒÓ¦§ ÍÅÔÏÄÕ ÅÆÅËÔÉ×-ÎÏÇÏ ÐÏÌÑ ÐÏÌÑÇÁÀÔØ Õ ×¦ÄÛÕËÁÎÎ¦ ÎÁÂÌÉÖÅÎÉÈ ÒÏÚ×'ÑÚË¦× ÃÉÈ ÓÐ¦×-×¦ÄÎÏÛÅÎØ. õ ÎÁÊÐÒÏÓÔ¦ÛÏÍÕ Ú ÎÉÈ, ÎÁÂÌÉÖÅÎÎ¦ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ,ÐÒÉÐÕÓËÁÀÔØ ÓÔÁÔÉÓÔÉÞÎÕ ÎÅÚÁÌÅÖÎ¦ÓÔØ ÓÐ¦ÎÏ×ÉÈ ÏÐÅÒÁÔÏÒ¦× ÎÁ Ò¦Ú-ÎÉÈ ×ÕÚÌÁÈ [2]. ÷ ¦ÎÛÉÈ ÎÁÂÌÉÖÅÎÎÑÈ [4,5] ÄÌÑ ËÒÁÝÏÇÏ ×ÒÁÈÕ×ÁÎÎÑÓÔÁÔÉÞÎÉÈ ËÏÒÅÌÑÃ¦Ê ÓÐ¦ÎÏ×¦ ÏÐÅÒÁÔÏÒÉ ÎÁ Ò¦ÚÎÉÈ ×ÕÚÌÁÈ ×ÉÒÁÖÁÌÉ-ÓÑ ÞÅÒÅÚ ÓÐ¦Î ÎÁ ÐÅ×ÎÏÍÕ ×ÉÄ¦ÌÅÎÏÍÕ ×ÕÚÌ¦ [6]. ãÅ ÄÏÚ×ÏÌÉÌÏ ÐÏÚÂÕ-ÔÉÓÑ × ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ×ÉÝÉÈ ÐÏÒÑÄË¦×.îÅ×¦ÄÏÍÉÊ ËÏÒÅÌÑÃ¦ÊÎÉÊ ÐÁÒÁÍÅÔÒ, ÑËÉÊ ×ÉÒÁÖÁ¤ ÓÐ¦ÎÏ×¦ ÏÐÅÒÁÔÏ-ÒÉ ÎÁ Ò¦ÚÎÉÈ ×ÕÚÌÁÈ, ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÔÏÔÏÖÎÏÓÔ¦ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê [4]. ëÒÉÔÉÞÎÁ ÔÅÍÐÅÒÁÔÕÒÁ, ÏÔÒÉÍÁÎÁ ÔÁËÉÍ ÓÐÏÓÏÂÏÍ ÓÐ¦-×ÐÁÄÁ¤ Ú ÎÁÂÌÉÖÅÎÎÑÍ âÅÔÅ-ðÁÊ¤ÒÌÓÁ [7]. ÷ ¦ÎÛ¦Ê ÒÏÂÏÔ¦ [5] Ú Ã¦¤ÀÍÅÔÏÀ ÂÕÌÏ ×ÉËÏÒÉÓÔÁÎÏ ÏÂÅÒÎÅÎÕ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ. òÅÚÕÌØÔÁÔÉÄÌÑ ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ Ä×Ï×ÉÍ¦ÒÎÏ§ ÍÏÄÅÌ¦ ¶Ú¦Î­Á, ÏÔÒÉÍÁÎ¦ × [5],ÄÏÓÉÔØ ÂÌÉÚØË¦ ÄÏ ÔÏÞÎÉÈ. ðÒÏÔÅ ÒÏÚ×'ÑÚÏË Í¦ÓÔÉÔØ ÆÕÎËÃ¦À cth(h),ÑËÁ ÍÁ¤ ÒÏÚÒÉ× Õ ÎÕÌ¦. õ ÎÁÂÌÉÖÅÎÎ¦ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ú ËÏÒÅÌÑÃ¦Ñ-ÍÉ [8] ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ×ÉÝÉÈ ÐÏÒÑÄË¦× ×ÉÒÁÖÁÀÔØÓÑ ÎÁÂÌÉÖÅÎÏÞÅÒÅÚ ËÕÍÕÌÑÎÔÉ ÄÒÕÇÏÇÏ ÐÏÒÑÄË¦× Í¦Ö ÓÕÓ¦ÄÎ¦ÍÉ ×ÕÚÌÁÍÉ. ôÁËÅ ÎÁ-ÂÌÉÖÅÎÎÑ ÄÁ¤ Ë¦ÌØË¦ÓÎÏ ËÒÁÝ¦ ÒÅÚÕÌØÔÁÔÉ ÚÁ ÎÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦Ê-ÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [4], ÐÒÏÔÅ, ÑË ×ÉÑ×ÉÌÏÓØ, Í¦ÓÔÉÔØ ÄÏÄÁÔËÏ×¦ÎÅÆ¦ÚÉÞÎ¦ ÒÏÚ×'ÑÚËÉ ÄÌÑ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦. úÁÇÁÌØÎÉÍ ÎÅÄÏÌ¦ËÏÍ ÚÇÁÄÁ-ÎÉÈ ÎÁÂÌÉÖÅÎØ ¤ ÔÅ, ÝÏ ×ÏÎÉ ÎÅ ×ÒÁÈÏ×ÕÀÔØ ÇÅÏÍÅÔÒÉÞÎÕ ÓÔÒÕËÔÕÒÕÇÒÁÔËÉ, Á ÄÌÑ ÎÉÈ ×ÁÖÌÉ×ÉÍ ¤ ÌÉÛÅ ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×. ëÒ¦ÍÔÏÇÏ ÎÁ ÏÓÎÏ×¦ ÃÉÈ ÔÅÏÒ¦Ê ×ÁÖËÏ ÐÏÓÌ¦ÄÏ×ÎÏ ×ÒÁÈÕ×ÁÔÉ ËÏÒÅÌÑÃ¦§Õ ×ÉÝÉÈ ÎÁÂÌÉÖÅÎÎÑÈ. îÅÄÁ×ÎÏ ÚÁÐÒÏÐÏÎÏ×ÁÎÏ "ÎÏ×Å" ÎÁÂÌÉÖÅÎ-ÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [9]. ÷ ÎØÏÍÕ ¦ÄÅÑ ÎÁÂÌÉÖÅÎÏÇÏÚÏÂÒÁÖÅÎÎÑ ÓÐ¦ÎÏ×ÉÈ ÏÐÅÒÁÔÏÒ¦× ÚÁÓÔÏÓÏ×Õ¤ÔØÓÑ ÄÌÑ ÒÏÚ×'ÑÚËÕ Ò¦×-ÎÑÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ 3-ÇÏ ÐÏÒÑÄËÕ, × ÔÏÊ ÞÁÓ ÑË × ÏÓÎÏ×-ÎÏÍÕ ÓÐ¦××¦ÄÎÏÛÅÎÎ¦ ÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÓÐ¦ÎÏ×ÏÇÏ ÍÏÍÅÎÔÕ ÎÅ ÚÒÏÂÌÅÎÏÖÏÄÎÉÈ ÎÁÂÌÉÖÅÎØ. òÅÚÕÌØÔÁÔÉ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕÐÒÁËÔÉÞÎÏ ÓÐ¦×ÐÁÄÁÀÔØ Ú ÔÏÞÎÉÍÉ, ÐÒÏÔÅ ÓÁÍÁ ÔÅÏÒ¦Ñ ¤ ÇÒÏÍ¦ÚÄËÏÀ.îÁ ÖÁÌØ ÔÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ × ÃØÏÍÕ ÎÁÂÌÉ-ÖÅÎÎ¦ ÎÅ ÂÕÌÁ ÄÏÓÌ¦ÄÖÅÎÁ ¦ ÎÁÍ ÎÅ×¦ÄÏÍÏ ÞÉ Í¦ÓÔÉÔØ ×ÏÎÏ ÐÏÄ¦ÂÎÏ ÄÏ[8] ÎÅÆ¦ÚÉÞÎ¦ ÒÅÚÕÌØÔÁÔÉ × ÏËÏÌ¦ Tc.

ICMP{99{04U 2÷ ÏÓÔÁÎÎ¦ ÒÏËÉ Ò¦ÚÎ¦ ÎÁÂÌÉÖÅÎÎÑ ÍÅÔÏÄÕ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÚÁÓÔÏ-ÓÏ×ÕÀÔØ ÄÌÑ ÄÏÓÌ¦ÄÖÅÎÎÑ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÍÏÄÅÌ¦ ¶Ú¦Î­Á [8,10{13].õ ÃÉÈ ÒÏÂÏÔÁÈ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ×ÉÐÁÄËÏ×ÉÍÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÑÍÉ ÐÒÏ×Å-ÄÅÎÏ ÏËÒÅÍÏ ÄÌÑ ×ÉÐÁÄËÏ×ÉÈ ÐÁÒÁÍÅÔÒ¦× ÔÁ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê.÷ÉÐÁÄËÉ, ËÏÌÉ Í¦ÖÓÐ¦ÎÏ×Á ×ÚÁ¤ÍÏÄ¦Ñ ÎÅ ÏÂÍÅÖÕ¤ÔØÓÑ ÎÁÊÂÌÉÖÞÉÍÉÓÕÓ¦ÄÁÍÉ ÒÏÚÇÌÑÎÕÔ¦ × [13{15]. äÏÓÌ¦ÄÖÅÎÎÑ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÍÏÄÅÌ¦¦Ú ÄÉÐÏÌØ-ÄÉÐÏÌØÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À Í¦Ö ×ÉÐÁÄËÏ×Ï ÒÏÚÍ¦ÝÅÎÉÍÉ × ÐÒÏ-ÓÔÏÒ¦ ÅÌÅËÔÒÉÞÎÉÍÉ ÄÉÐÏÌÑÍÉ ÂÕÌÏ ÚÄ¦ÊÓÎÅÎÏ Õ ÓÔÁÔÔ¦ [14]. ðÒÏÔÅ Ã¦ÒÅÚÕÌØÔÁÔÉ ÎÅ ÍÏÖÎÁ ÚÁÓÔÏÓÕ×ÁÔÉ ÄÏ ÄÏÓÌ¦ÄÖÅÎÎÑ ËÒÉÓÔÁÌ¦ÞÎÉÈ ÓÉ-ÓÔÅÍ. ÷ÉÎÉËÎÅÎÎÑ ÆÁÚÉ ÓÐ¦ÎÏ×ÏÇÏ ÓËÌÁ × ÒÏÚÞÉÎÅÎÉÈ ¦Ú¦Î­Ï×ÉÈ ÍÁÇ-ÎÅÔÉËÁÈ Ú RKKY Í¦ÖÓÐ¦ÎÏ×ÏÀ ×ÚÁ¤ÍÏÄ¦¤À ÒÏÚÇÌÑÎÕÔÏ × [13] ÚÁ ÄÏÐÏ-ÍÏÇÏÀ ÞÉÓÌÏ×ÏÇÏ Ð¦ÄÈÏÄÕ ÔÁ × ÍÅÖÁÈ Ì¦Î¦ÊÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÚÁ hSiÕ ÎÁÂÌÉÖÅÎÎ¦ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ. ÷ ÓÔÁÔÔ¦ [15] ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×-ÎÏÇÏ ÐÏÌÑ ÐÏÛÉÒÅÎÏ ÎÁ ×ÉÐÁÄÏË ×ÚÁ¤ÍÏÄ¦§ ÄÏ×¦ÌØÎÏÇÏ ÒÁÄ¦ÕÓÕ.÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÂÕÄÅ ÚÄ¦ÊÓÎÅÎÏ ÏÇÌÑÄ ÒÏÂ¦Ô, ÑË¦ ÓÔÏÓÕÀÔØÓÑ ÍÅÔÏÄÕÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÔÁ ÊÏÇÏ ×ÁÒ¦ÁÎÔ¦×. ÷ ÐÁÒÁÇÒÁÆ¦ 2 ÔÏÔÏÖÎ¦ÓÔØ ëÁ-ÌÅÎÁ ÂÕÄÅ ÏÔÒÉÍÁÎÁ Ä×ÏÍÁ ÓÐÏÓÏÂÁÍÉ. ÷ ÐÁÒÁÇÒÁÆ¦ 3 ÒÏÚÇÌÑÄÁ¤ÔØÓÑÏÐÅÒÁÔÏÒÎÅ ÔÁ ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ ¦ ÏÔ-ÒÉÍÕÀÔØÓÑ ÔÏÞÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê. ÷ ÐÁ-ÒÁÇÒÁÆ¦ 4 ÏÇÌÑÎÕÔÏ Ò¦ÚÎ¦ ÎÁÂÌÉÖÅÎÎÑ × ÔÅÏÒ¦§ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ.÷ ÐÁÒÁÇÒÁÆ¦ 5 ÏÔÒÉÍÁÎÏ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ ÑË ¦ÎÔÅ­ÒÁÌÉ ×¦ÄÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×. á × ÐÁÒÁÇÒÁÆ¦ 6 ÒÏÚÇÌÑÎÕÔÏ ÐÏ-ÛÉÒÅÎÎÑ ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÔÁ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏÐÏÌÑ ÐÏÛÉÒÅÎÏ ÎÁ ×ÉÐÁÄÏË ÍÏÄÅÌ¦ ¦Ú ÄÏ×¦ÌØÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À.2. ôÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁòÏÚÇÌÑÎÅÍÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÏÄÅÌ¦ ¶Ú¦Î­ÁH = �12Xij J(Rij)SiSj �Xj �jSj ; (2.1)ÄÅ Sj = �1 { z ËÏÍÐÏÎÅÎÔÁ ÏÐÅÒÁÔÏÒÁ ÓÐ¦ÎÕ, �j { ÚÏ×Î¦ÛÎ¤ ÐÏÌÅ,J(Rij) { ËÏÎÓÔÁÎÔÁ ÏÂÍ¦ÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ÷ÉÄ¦ÌÉÍÏ Õ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ ÞÁ-ÓÔÉÎÕ, ÑËÁ Í¦ÓÔÉÔØ ×Ó¦ ÄÏÄÁÎËÉ Ú ÏÐÅÒÁÔÏÒÁÍÉ ÎÁ ÄÅÑËÏÍÕ ×ÕÚÌ¦ kH = �hkSk +H 0; (2.2)ÄÅ hk = Pj(j 6=k) J(Rkj)Sj + �k { ÏÐÅÒÁÔÏÒÎÅ ÐÏÌÅ, ÑËÅ Ä¦¤ ÎÁ ÓÐ¦Î×ÕÚÌÁ k Ú ÂÏËÕ ÏÔÏÞÕÀÞÉÈ ÓÐ¦Î¦×, H 0 { ÞÁÓÔÉÎÁ Ú ÄÏÄÁÎËÁÍÉ, ÓÅÒÅÄÑËÉÈ ÎÅÍÁ¤ Sk. óÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÏÐÅÒÁÔÏÒÁ fkgSk (fkg { ÄÏ×¦ÌØÎÁ



3 ðÒÅÐÒÉÎÔÏÐÅÒÁÔÏÒÎÁ ÆÕÎËÃ¦Ñ, ÝÏ ÎÅ Í¦ÓÔÉÔØ Sk) ÍÏÖÎÁ ÌÅÇËÏ ÏÔÒÉÍÁÔÉ:hfkgSki = SpfS1;:::Sk;:::gfkgSke��HSpfS1;:::Sk;:::ge��H= SpfS1;:::Sk�1;Sk+1:::gfkg2 sh(�hk)e��H0SpfS1;:::Sk;:::ge��H : (2.3)÷ÒÁÈÏ×ÕÀÞÉ ÔÅ, ÝÏ 2 ch(�hk) = SpfSkge�hkSk , ÏÔÒÉÍÁ¤ÍÏ ÔÏÔÏÖÎ¦ÓÔØëÁÌÅÎÁhfkgSki = SpfS1;:::Sk;:::gfkg th(�hk)e��HSpfS1;:::Sk;:::ge��H = hfkg th(�hk)i : (2.4)ãÀ ÔÏÔÏÖÎ¦ÓÔØ ÍÏÖÎÁ ÔÁËÏÖ ÏÔÒÉÍÁÔÉ, ×ÉÈÏÄÑÞÉ Ú ×ÌÁÓÔÉ×ÏÓÔÅÊÞÁÓÏ×ÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê [16]. äÌÑ ÃØÏÇÏ ÐÏÔÒ¦ÂÎÏ ÒÏÚÇÌÑÎÕÔÉÓÐÅËÔÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÄÌÑ ÎÁÓÔÕÐÎÏ§ ÆÕÎËÃ¦§:hfS+k (t); fkgS�k (0)gi = Z 1�1 d!�fkg(!)ei!t; (2.5)ÄÅ S�k (t) = eiHtS�k e�iHt, S�k = 12 (Sxk�iSyk). ÷ÉËÏÒÉÓÔÁ×ÛÉ ×ÌÁÓÔÉ×ÏÓÔ¦ÓÐÅËÔÒÁÌØÎÉÈ ÐÒÅÄÓÔÁ×ÌÅÎØ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê [17]:hfkg(0)S�k (0)S+k (t)i = Z 1�1 d!Ifkg(!)ei!t;hS+k (t)fkg(0)S�k (0)i = Z 1�1 d!Ifkg(!)e�!ei!t;×ÉÒÁÚÉÍÏ ÓÐÅËÔÒÁÌØÎÕ ¦ÎÔÅÎcÉ×Î¦ÓÔØ ÞÅÒÅÚ �fkg(!):Ifkg(!) = �fkg(!)e�! + 1 : (2.6)ú ÄÏÐÏÍÏÇÏÀ ËÏÍÕÔÁÃ¦ÊÎÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ [S+k S�k ] = Szk , ÚÎÁÊÄÅÍÏhfkgSki = �hS+k fkgS�k i�hfkgS�k S+k i�= 1Z�1 d!Ifkg(!) �e�! � 1� = 1Z�1 d! th(�!=2)�fkg(!): (2.7)ýÏÂ ÏÔÒÉÍÁÔÉ �fkg(!), ÐÏÔÒ¦ÂÎÏ ÓËÏÒÉÓÔÁÔÉÓØ ÏÂÅÒÎÅÎÉÍ ÄÏ (2.5)ÆÕÒ'¤-ÐÅÒÅÔ×ÏÒÅÎÎÑÍ ÔÁ Ñ×ÎÏÀ ÚÁÌÅÖÎ¦ÓÔÀ S�k ×¦Ä t. îÅ×ÁÖËÏ ÐÅÒÅ-ËÏÎÁÔÉÓØ, ÝÏ S�k (t) = e�it2hkS�k i, ÏÔÖÅ,�fkg(!) = 12� 1Z�1 dtei!t 
fkge�it2hk� = hfkg�(! � 2hk)i : (2.8)
ICMP{99{04U 4ð¦ÄÓÔÁÎÏ×ËÁ ÏÓÔÁÎÎØÏÇÏ ×ÉÒÁÚÕ × Ò¦×ÎÑÎÎÑ (2.7) ¦ ÐÒÉ×ÏÄÉÔØ ÄÏ ÔÏ-ÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ (2.4).3. ïÐÅÒÁÔÏÒÎÅ ÔÁ ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑôÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ ×ÉÐÉÓÁÎÁ × ÐÏÐÅÒÅÄÎØÏÍÕ ÐÁÒÁÇÒÁÆ¦ ¤ Û×ÉÄÛÅÆÏÒÍÁÌØÎÁ ¦ ÄÌÑ ÚÄ¦ÊÓÎÅÎÎÑ ÒÅÁÌØÎÉÈ ÏÂÞÉÓÌÅÎØ §§ ÐÏÔÒ¦ÂÎÏ ÑËÏÓØÐÅÒÅÔ×ÏÒÉÔÉ.ôÅÈÎ¦ËÁ ÅËÓÐÏÎÅÎÃ¦ÊÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÚÁÐÒÏÐÏÎÏ×ÁÎÁ × ÒÏÂÏÔ¦ [2].úÁÓÔÏÓÏ×ÕÀÞÉ ÏÐÅÒÁÔÏÒÉ ÚÓÕ×Õ exp (h @@x ), ÔÏÔÏÖÎ¦ÓÔØ (2.4) ÍÏÖÎÁÚÏÂÒÁÚÉÔÉ Õ ÎÁÓÔÕÐÎÏÍÕ ×ÉÇÌÑÄ¦:hfkgSki = *fkg exp24 Xj(j 6=k) J(Rkj)Sj @@x35+ th(��k + �x)jx=0 : (3.1)ïÓÔÁÎÎÑ ÐÒÏÃÅÄÕÒÁ ÄÏÚ×ÏÌÑ¤ ×ÉÎÅÓÔÉ th(�hk) Ú-Ð¦Ä ÚÎÁËÕ ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎÏÇÏ ÕÓÅÒÅÄÎÅÎÎÑ, Á ÓËÏÒÉÓÔÁ×ÛÉÓØ Ú ÔÏÔÏÖÎÏÓÔ¦ ÄÌÑ ÏÐÅÒÁ-ÔÏÒ¦× Sj = �1 exp(�Sj) = ch(�) + Sj sh(�); (3.2)ÏÔÒÉÍÁ¤ÍÏhfkgSki = (3.3)*fkg Yj(j 6=k) �ch�J(Rkj) @@x�+Sj sh�J(Rkj) @@x��+ th(��k+�x)jx=0 :ú ÏÓÔÁÎÎØÏÇÏ Ò¦×ÎÑÎÎÑ ×ÉÄÎÏ, ÝÏ ÐÒÁ×Á ÞÁÓÔÉÎÁ Í¦ÓÔÉÔÉÍÅ ÄÏÄÁÎËÉÚ ÓÅÒÅÄÎ¦ÍÉ ×¦Ä ÄÏÂÕÔË¦× Ò¦ÚÎÉÈ ÏÐÅÒÁÔÏÒ¦× Sj . îÁÐÒÉËÌÁÄ, ÄÌÑ ×É-ÐÁÄËÕ ÍÏÄÅÌ¦ ¶Ú¦Î­Á ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ (z = 4) Ú ×ÚÁ¤ÍÏÄ¦¤À Í¦ÖÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ (J(Rkj) = J), ÍÁ¤ÍÏhfkgSki = (3.4)*fkg 4Yj=1�ch�J @@x�+Sj sh�J @@x��+ th(��k+�x)jx=0 ;j = 1; : : : ; 4 { ÎÕÍÅÒÕ¤ ÎÁÊÂÌÉÖÞ¦ ÓÕÓ¦ÄÉ ×ÕÚÌÁ k. ú (3.4) Ú ÔÏÞÎ¦ÓÔÀÄÏ ÄÏÄÁÎË¦×, Ì¦Î¦ÊÎÉÈ ÐÏ �, ÏÔÒÉÍÕ¤ÍÏhfkgSki = K1 4Xj=1hfkgSji+K2 Xj1>j2>j3hfkgSj1Sj2Sj3i



5 ðÒÅÐÒÉÎÔ+��k 24L1hfkgi+ L2 Xj1>j2hfkgSj1Sj2i+ L3hfkgSj1Sj2Sj3Sj4i35 ; (3.5)K1 = sh(J @@x ) ch3(J @@x ) th(�x)jx=0 = 18 [th(4�J) + 2 th(2�J)] ;K2 = sh3(J @@x ) ch(J @@x ) th(�x)jx=0 = 18 [th(4�J)� 2 th(2�J)] ;L1 = ch4(J @@x ) sech2(�x)��x=0 = 18 �sech2(4�J) + 4sech2(2�J) + 3� ;L2 = sh2(J @@x ) ch2(J @@x ) sech2(�x)��x=0 = 18 �sech2(4�J)� 1� ;L3 = sh4(J @@x ) sech2(�x)��x=0 = 18 �sech2(4�J)� 4sech2(2�J) + 3� :ïÔÖÅ, ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ ÐÅÒÅÔ×ÏÒÅÎÁ Õ ÔÏÞÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê.¶ÎÔÅÇÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ [3].äÌÑ ÐÏÂÕÄÏ×É ¦ÎÔÅ­ÒÁÌØÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ××ÏÄÑÔØ ÆÕÎËÃ¦ÀÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×:Pfkg(h) = hfkg�(h� hk)i: (3.6)÷ ÒÅÚÕÌØÔÁÔ¦ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ (2.4) ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦¦ÎÔÅ­ÒÁÌÕ ÚÁ ×ÉÐÁÄËÏ×ÉÍ ÐÏÌÅÍ h:hfkgSki = 1Z�1 dhPfkg(h) th(�h): (3.7)äÌÑ ÏÂÞÉÓÌÅÎÎÑ Pfkg(h) ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ�-ÆÕÎËÃ¦§:Pfkg(h) = * 12� 1Z�1 d�ei�(h�hk)fkg+= 12� 1Z�1 d�ei�(h��k)*fkg exp (�i� Xj(j 6=k) J(Rkj)Sj)+ : (3.8)úÁÓÔÏÓÏ×ÕÀÞÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.2) ÏÔÒÉÍÕ¤ÍÏ:Pfkg(h) =12� 1Z�1 d�ei�(h��k)*fkg Yj(j 6=k)[cos(�J(Rkj ))�iSj sin(�J(Rkj ))]+ :(3.9)
ICMP{99{04U 6ñËÝÏ ×ÉËÏÎÁÔÉ ¦ÎÔÅ­ÒÕ×ÁÎÎÑ Ñ×ÎÏ, ÔÏ ÒÅÚÕÌØÔÁÔ ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉÕ ×ÉÇÌÑÄ¦ ÓÕÍÉ ÄÏÂÕÔË¦× ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÎÁ �(h � ~h), ÄÅ ~h {ÄÅÑËÁ ËÏÍÂ¦ÎÁÃ¦Ñ ËÏÎÓÔÁÎÔ ×ÚÁ¤ÍÏÄ¦Ê Í¦Ö ÓÐ¦ÎÏÍ ÎÁ ×ÕÚÌ¦ k ÔÁ ÏÔÏÞÕ-ÀÞÉÍÉ ÓÐ¦ÎÁÍÉ. äÌÑ ÍÏÄÅÌ¦ ¶Ú¦Î­Á ¦Ú ×ÚÁ¤ÍÏÄ¦¤À Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉÓÕÓ¦ÄÁÍÉ, ÚÁÄÁÎ¦Ê ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦:Pfkg(h) =12� 1Z�1 d�ei�(h��k)*fkg 4Yj=1[cos(�J) � iSj sin(�J)]+ : (3.10)ïÂÞÉÓÌÅÎÎÑ ÄÁÎÏÇÏ ¦ÎÔÅ­ÒÁÌÕ Ú ÔÏÞÎ¦ÓÔÀ ÄÏ ÄÏÄÁÎË¦× Ì¦Î¦ÊÎÉÈ ÐÏ �k¦ Ð¦ÄÓÔÁÎÏ×ËÁ Pfkg(h) × ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ (3.7) ÐÒÉ×ÏÄÉÔØÄÏ ÒÅÚÕÌØÔÁÔ¦×, ÝÏ ÓÐ¦×ÐÁÄÁÀÔØ ¦Ú ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ (3.5). ãÅ ¦ Ó×¦Ä-ÞÉÔØ ÐÒÏ ÅË×¦×ÁÌÅÎÔÎ¦ÓÔØ ÏÐÅÒÁÔÏÒÎÏÇÏ ÔÁ ¦ÎÔÅ­ÒÁÌØÎÏÇÏ ÍÅÔÏÄ¦× ÄÌÑÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ.4. ò¦ÚÎ¦ ÔÉÐÉ ÎÁÂÌÉÖÅÎØ ÍÅÔÏÄÕ ÅÆÅÔÉ×ÎÏÇÏ ÐÏÌÑôÏÞÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.5) ÏÔÒÉÍÁÎÅ × ÐÏÐÅÒÅÄÎØÏÍÕ ÐÁÒÁÇÒÁÆ¦Í¦ÓÔÉÔØ Õ ÐÒÁ×¦Ê ÓÔÏÒÏÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ×ÉÝÉÈ ÐÏÒÑÄË¦×, Î¦Ö ÕÌ¦×¦Ê. äÁÎÉÊ ÐÁÒÁÇÒÁÆ ÓÔÏÓÕ×ÁÔÉÍÅÔØÓÑ ÒÏÚÇÌÑÄÕ Ò¦ÚÎÉÈ ÎÁÂÌÉÖÅÎØÄÌÑ ÐÏÛÕËÕ ÒÏÚ×'ÑÚË¦× ÃÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ.4.1. îÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑäÌÑ ÓÐÒÏÝÅÎÎÑ ×ÉËÌÁÄÕ ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ ÎÁÂÌÉÖÅÎÎÑ ÎÁ ÐÒÉËÌÁÄ¦ÍÏÄÅÌ¦ ¦Ú ×ÚÁ¤ÍÏÄ¦¤À Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ, ×ÉÚÎÁÞÅÎ¦Ê ÎÁ Ë×Á-ÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ [2]. úÇ¦ÄÎÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.5) ÚÁÐÉÛÅÍÏ Ò¦×ÎÑÎÎÑÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÍÏÍÅÎÔÕ (m = hSji):hSki = K1 4Xj=1hSji+K2 Xj1>j2>j3hSj1Sj2Sj3i+��k 24L1 + L2 Xj1>j2hSj1Sj2i+ L3hSj1Sj2Sj3Sj4i35 ; (4.1)ÄÅ Ki, Li { ×ÉÚÎÁÞÁÀÔØÓÑ ÆÏÒÍÕÌÁÍÉ (3.5), a ji ÎÕÍÅÒÕ¤ ÓÐ¦ÎÉ, ÑË¦ÏÔÏÞÕÀÔØ ×ÕÚÏÌ k. îÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ,ÑËÝÏ ÐÒÉÐÕÓÔÉÔÉ ÓÔÁÔÉÓÔÉÞÎÕ ÎÅÚÁÌÅÖÎ¦ÓÔØ ÓÐ¦ÎÏ×ÉÈ ÏÐÅÒÁÔÏÒ¦× ÎÁÒ¦ÚÎÉÈ ×ÕÚÌÁÈ: hSj1 : : : Sjni = hSj1 i : : : hSjni = mn: (4.2)



7 ðÒÅÐÒÉÎÔ÷ ÒÅÚÕÌØÔÁÔ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (4.1) ÐÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÓÁÍÏÕÚÇÏÄÖÅÎÅÒ¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÓÅÒÅÄÎØÏ§ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦:m = 4K1m+ 4K2m3 + ��[L1 + 6L2m2 + L3m4] (4.3)õ ÎÕÌØÏ×ÏÍÕ ÍÁÇÎ¦ÔÎÏÍÕ ÐÏÌ¦ (� = 0) Ò¦×ÎÑÎÎÑ ÍÁ¤ Ä×Á ÒÏÚ×'ÑÚËÉ:ÔÒÉ×¦ÁÌØÎÉÊm = 0 ÔÁ jmj =q 4K1�14K2 . ú ÕÍÏ×É, ËÏÌÉ ÄÒÕÇÉÊ ÒÏÚ×'ÑÚÏËÚÎÉËÁ¤, ÚÎÁÈÏÄÑÔØ ÔÅÍÐÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ:4K1 = 1 (4.4)òÏÚ×'ÑÚÏË ÃØÏÇÏ Ò¦×ÎÑÎÎÑ ÄÁ¤ ÒÅÚÕÌØÔÁÔ Tc = 3:0898J , ÔÏÄ¦ ÑË ÔÏÞ-ÎÉÊ Tc = 2:2692J . òÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ ÑË ÆÕÎËÃ¦§ÔÅÍÐÅÒÁÔÕÒÉ ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ.1. ðÏÈ¦ÄÎÁ Ò¦×ÎÑÎÎÑ (4.3) ÚÁ ÚÏ×Î¦Û-
0,4 0,6 0,8 1,0

0,0

0,2

0,4

0,6

0,8

EXACT

3

2 1

MFA

m

T/4JòÉÓ. 1. îÁÍÁÇÎ¦ÞÅÎ¦ÓÔØ ÑË ÆÕÎËÃ¦Ñ ÔÅÍÐÅÒÁÔÕÒÉ ÄÌÑ ÍÏÄÅÌ¦ ¶Ú¦Î­Á ÎÁË×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ × Ò¦ÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ: MFA - ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅ-ËÕÌÑÒÎÏÇÏ ÐÏÌÑ, exact { ÔÏÞÎÉÊ ÒÏÚ×'ÑÚÏË ïÎÚÁ­ÅÒÁ [21], 1 { ÎÁÂÌÉ-ÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [2], 2 { ÎÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅË-ÔÉ×ÎÏÇÏ ÐÏÌÑ [4], 3 { ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ú ËÏÒÅÌÑÃ¦ÑÍÉ[8].Î¦Í ÐÏÌÅÍ ÐÒÉ×ÏÄÉÔØ ÄÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦:� = dmd� = �[L1 + 6L2m2 + L3m4] + [4K1 + 8K2m2]dmd� : (4.5)
ICMP{99{04U 8êÏÇÏ ÒÏÚ×'ÑÚÏË: � = �[L1 + 6L2m2 + L3m4]1� 4K1 � 8K2m2 : (4.6)ðÏÄÉ×ÉÍÏÓØ ÞÉÍ ÎÅÏÂÈ¦ÄÎÏ ÚÎÅÈÔÕ×ÁÔÉ, ÝÏÂ ÏÔÒÉÍÁÔÉ ÎÁÂÌÉÖÅÎÎÑÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÂÅÚÐÏÓÅÒÅÄÎØÏ Ú ÔÅÈÎ¦ËÉ ÅËÓÐÏÎÅÎÃ¦ÊÎÉÈ ÏÐÅÒÁ-ÔÏÒ¦×. ðÒÉÐÕÓÔÉÍÏ Õ ÆÏÒÍÕÌ¦ (3.3) (ÐÏËÌÁ×ÛÉ fkg = 1)* Yj(j 6=k) �ch�J(Rkj) @@x�+ Sj sh�J(Rkj) @@x��+� Yj(j 6=k) �ch�J(Rkj) @@x�+ hSji sh�J(Rkj) @@x�� : (4.7)ãÅ ×¦ÄÐÏ×¦ÄÁ¤ ÐÅÒÛÏÍÕ ÐÏÒÑÄËÕ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑDexp hPj(j 6=k) J(Rkj )Sj @@x)iE [18]. îÅ×ÁÖËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ ÂÅÚ-ÐÏÓÅÒÅÄÎÑ Ð¦ÄÓÔÁÎÏ×ËÁ (4.7) Õ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ (3.1) ÄÌÑ ÍÏÄÅÌ¦¶Ú¦Î­Á ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ (fkg = 1) ÐÒÉ×ÅÄÅ ÄÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ÎÁÍÁÇ-Î¦ÞÅÎÏÓÔ¦ (4.3). ïÔÖÅ, ÐÅÒÛÅ ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÏÐÅÒÁÔÏÒÁÚÓÕ×Õ (4.7) ÔÁ ÐÒÉÐÕÝÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÎÅÚÁÌÅÖÎÏÓÔ¦ ÏÐÅÒÁÔÏÒ¦× ÎÁÒ¦ÚÎÉÈ ×ÕÚÌÁÈ ÄÌÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (4.1) ÅË×¦×ÁÌÅÎÔÎ¦ ¦ ×¦ÄÐÏ×¦ÄÁÀÔØÏÄÎÏÍÕ ÎÁÂÌÉÖÅÎÎÀ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ. áÎÁÌÏÇ¦ÞÎÏ ÄÏ ÃØÏÇÏ ÍÏÖÎÁ×ÉÑ×ÉÔÉ, ÝÏ ÄÌÑ ×ÉÐÁÄËÕ ¦ÎÔÅ­ÒÁÌØÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ëÁÌÅÎÁ (3.7), ÎÁÂÌÉÖÅÎÎÀ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ×¦ÄÐÏ×¦ÄÁÔÉÍÅ ÎÁÓÔÕÐ-ÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×:* Yj(j 6=k)[cos(�J(Rkj ))� iSj sin(�J(Rkj ))]+� Yj(j 6=k)[cos(�J(Rkj ))� ihSji sin(�J(Rkj ))]: (4.8)4.2. îÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ÷ ÎÁÂÌÉÖÅÎÎ¦ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [4] ÄÌÑ ÔÏÇÏ, ÝÏÂÐÏÚÂÕÔÉÓØ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ×ÉÝÉÈ ÐÏÒÑÄË¦×, Õ ÓÐ¦××¦ÄÎÏÛÅÎ-Î¦ (4.1) ÚÏÂÒÁÖÁÀÔØ ÎÁÂÌÉÖÅÎÏ ÓÐ¦ÎÏ×¦ ÏÐÅÒÁÔÏÒÉ ÎÁ Ò¦ÚÎÉÈ ×ÕÚÌÁÈÞÅÒÅÚ ÏÐÅÒÁÔÏÒ ÎÁ ×ÉÄ¦ÌÅÎÏÍÕ ×ÕÚÌ¦ k:Sj � m+ �j(Sk �m) = m(1� �j) + �jSk: (4.9)



9 ðÒÅÐÒÉÎÔïÓË¦ÌØËÉ ÍÉ ÒÏÚÇÌÑÄÁ¤ÍÏ ¦ÚÏÔÒÏÐÎÕ ×ÚÁ¤ÍÏÄ¦À, ÔÏ ÍÏÖÎÁ ÐÒÉÐÕÓÔÉ-ÔÉ,ÝÏ ×Ó¦ �j { ÏÄÎÁËÏ×¦ (�j = �). ñËÝÏ ÏÂÞÉÓÌÉÔÉ ÐÁÒÎÕ ËÏÒÅÌÑÃ¦ÊÎÕÆÕÎËÃ¦À hSkSji, ×ÒÁÈÏ×ÕÀÞÉ (4.9):hSkSji � m2 + �(1�m2); (4.10)ÔÏ ×ÉÄÎÏ, ÝÏ � ÐÒÏÐÏÒÃ¦ÊÎÅ ÄÏ ËÕÍÕÌÑÎÔÕ 2-ÇÏ ÐÏÒÑÄËÕ. ëÏÒÅÌÑÃ¦Ê-Î¦ ÆÕÎËÃ¦§ ×ÉÝÉÈ ÐÏÒÑÄË¦× ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ m ÔÁ � ÎÁÓÔÕÐÎÉÍÞÉÎÏÍ:hS1S2i � 
[m(1� �) + �Sk]2� = �2 +m2(1 + �);hS1S2S3i � 
[m(1� �) + �Sk]3�= (3�2 � 2�3)m+ (1� 3�2 + 2�3)m3;hS1S2S3S4i � 
[m(1� �) + �Sk]4� = �4 + (6�2 � 8�3 + 2�4)m2+ (1� 6�2 + 8�3 � 3�4)m4: (4.11)ð¦ÄÓÔÁ×ÌÑÀÞÉ ÏÔÒÉÍÁÎ¦ ×ÉÒÁÚÉ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÉÈ ÆÕÎËÃ¦Ê Õ (4.1) ÏÔ-ÒÉÍÁ¤ÍÏ Õ ÎÕÌØÏ×ÏÍÕ ÍÁÇÎ¦ÔÎÏÍÕ ÐÏÌ¦:m = Am+Bm3; (4.12)A = 4K1 + 12K2�2 � 8K2�3; B = 4K2(1� 3�2 + 2�3):ò¦×ÎÑÎÎÑ (4.12) ÍÁ¤ ÎÅÔÒÉ×¦ÁÌØÎÉÊ ÒÏÚ×'ÑÚÏË m = q 1�AB . ÷ ÕÓ¦È×ÉÒÁÚÁÈ ÐÒÉÓÕÔÎ¦Ê ÎÅ×¦ÄÏÍÉÊ ËÏÒÅÌÑÃ¦ÊÎÉÊ ÐÁÒÁÍÅÔÒ �. ýÏÂ ÊÏÇÏ×ÉÚÎÁÞÉÔÉ ÚÁÐÉÓÕÀÔØ ÔÏÔÏÖÎ¦ÓÔØ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ hSkSii(ÄÌÑ ÃØÏÇÏ ÐÏÔÒ¦ÂÎÏ ×ÉÚÎÁÞÉÔÉ fkg = Sj Õ ÔÏÔÏÖÎÏÓÔ¦ (2.4), ÁÂÏ ÓÐ¦×-×¦ÄÎÏÛÅÎÎ¦ (3.5)):hSkSii = K1 4Xj=1hSiSji+K2 Xj1>j2>j3hSiSj1Sj2Sj3i+��k 24L1hSii+ L2 Xj1>j2hSiSj1Sj2i+ L3hSiSj1Sj2Sj3Sj4i35 : (4.13)ð¦ÓÌÑ ÚÁÍ¦ÎÉ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ×ÉÒÁÚÁÍÉ (4.10), (4.11) ÏÔÒÉ-ÍÁ¤ÍÏ ÄÏÄÁÔËÏ×Å Ò¦×ÎÑÎÎÑ ÄÌÑ �:m2 + �(1�m2) = K1 + 3(K1 +K2)m2+ K2m4 + 3(K1 +K2 + 2K2m2)(1�m2)�2� 8K2m2(1�m2)�3 +K2(1 + 3m2)(1�m2)�4: (4.14)
ICMP{99{04U 10îÁÍÁÇÎ¦ÞÅÎ¦ÓÔØ m ÔÁ ËÏÒÅÌÑÃ¦ÊÎÉÊ ÐÁÒÁÍÅÔÒ � ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÒÏ-Ú×'ÑÚËÕ Ò¦×ÎÑÎØ (4.12) ÔÁ (4.14). ëÒÉÔÉÞÎÕ ÔÅÍÐÅÒÁÔÕÒÕ ÛÕËÁÀÔØ ÚÕÍÏ×É ÚÎÉËÎÅÎÎÑ ÎÅÎÕÌØÏ×ÏÇÏ ÒÏÚ×'ÑÚËÕ ÄÌÑ m. ãÅ ÐÒÉ×ÏÄÉÔØ ÄÏÎÁÓÔÕÐÎÏ§ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ:� 4K1 + 12K2�2 � 8K2�3 = 1;K1 + 3(K1 +K2)�2 +K2�4 = �: (4.15)òÏÚ×'ÑÚÏË ÄÁÎÉÈ Ò¦×ÎÑÎØ ÄÌÑ Tc ÓÐ¦×ÐÁÄÁ¤ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÎÁÂÌÉÖÅÎ-ÎÑ âÅÔÅ-ðÁÊ¤ÒÌÓÁ [7] TcJ = 2ln 2 ; �c = 13 (4.16)÷ ÒÅÚÕÌØÔÁÔ¦ ÒÏÚ×'ÑÚËÕ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (4.12), (4.14) ÏÔÒÉÍÕ¤ÍÏ ÔÅÍ-ÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ ÔÁ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÐÁÒÁÍÅÔÒÕ.òÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ ÚÏÂÒÁÖÅÎ¦ Á ÒÉÓ.1. ñË ×ÉÄÎÏ Ú ÎØÏÇÏ, ÎÁÂÌÉ-ÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÄÅÝÏ ÐÏËÒÁÝÕ¤ ÐÏÐÅÒÅÄÎ¤ÎÁÂÌÉÖÅÎÎÑ.÷ ÒÏÂÏÔ¦ [19] × ÑËÏÓÔ¦ Ò¦×ÎÑÎÎÑ ÄÌÑ ÎÅ×¦ÄÏÍÏÇÏ ÐÁÒÁÍÅÔÒÁ � ×ÉÂÒÁ-ÎÏ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÔÒÅÔØÏÇÏ ÐÏÒÑÄËÕ.óÉÓÔÅÍÁ Ò¦×ÎÑÎØ, ÏÔÒÉÍÁÎÁ × ÃØÏÍÕ ×ÉÐÁÄËÕ ÍÁÔÉÍÅ Ô¦ Ö ÓÁÍ¦ ÒÏ-Ú×'ÑÚËÉ, ÝÏ Ê (4.12), (4.14).ðÒÉ ÂÅÚÐÏÓÅÒÅÄÎØÏÍÕ ÒÏÚÇÌÑÄ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (3.3) ÎÁÂÌÉÖÅÎÎÀËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ×¦ÄÐÏ×¦ÄÁ¤ ÚÁÍ¦ÎÁ ÔÁÍ Sj ÎÁ m(1 +�) + �Sk. ãÅ ÐÒÉ×ÏÄÉÔØ ÄÏ ÎÁÓÔÕÐÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ ÏÐÅÒÁÔÏÒÁ ÚÓÕ×Õ:* Yj(j 6=k) �ch�J(Rkj) @@x�+ Sj sh�J(Rkj) @@x��+� Yj(j 6=k) �ch�J(Rkj) @@x�+ (m(1+�)+�Sk) sh�J(Rkj) @@x�� :(4.17)ä¦Ñ ÃØÏÇÏ ÏÐÅÒÁÔÏÒÁ ÎÁ th(��k + �x) ÐÒÉ×ÏÄÉÔØ ÄÏ Ò¦×ÎÑÎÎÑ(4.13). áÎÁÌÏÇ¦ÞÎÅ ÎÁÂÌÉÖÅÎÎÑ ÎÅÏÂÈ¦ÄÎÏ ÚÄ¦ÊÓÎÉÔÉ ¦ ÄÌÑ ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× P (h).4.3. ÷ÉÚÎÁÞÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÐÁÒÁÍÅÔÒÕ Ú ÏÂÅÒÎÅÎÏ§ ÔÏ-ÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁäÌÑ ×ÉÚÎÁÞÅÎÎÎÑ � ÍÏÖÎÁ ×ÉËÏÒÉÓÔÁÔÉ ÏÂÅÒÎÅÎÕ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ[5]. ·§ ÏÔÒÉÍÕÀÔØ, ÑËÝÏ × ÔÏÔÏÖÎÏÓÔ¦ (2.4) ÐÏËÌÁÓÔÉ, ÝÏ fkg Ò¦×ÎÅcth(�hk). ÷ ÒÅÚÕÌØÔÁÔ¦ ÔÏÔÏÖÎ¦ÓÔØ ÔÒÁÎÓÆÏÒÍÕ¤ÔØÓÑ ×1 = hSk cth(�hk)i: (4.18)



11 ðÒÅÐÒÉÎÔäÌÑ ÍÏÄÅÌ¦, ÒÏÚÇÌÑÎÕÔÏ§ × ÐÏÐÅÒÅÄÎ¦È ÐÕÎËÔÁÈ, ÃÑ ÔÏÔÏÖÎ¦ÓÔØ Ð¦-ÓÌÑ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÔÅÈÎ¦ËÉ ÅËÓÐÏÎÅÎÃ¦ÊÎÉÈ ÏÐÅÒÁÔÏÒ¦× ÚÁÐÉÛÅÔØÓÑ Õ×ÉÇÌÑÄ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ:1 = 4hS0S1i ~K1 + 4hS0S1S2S3i ~K2: (4.19)~K1;2 ×¦ÄÐÏ×¦ÄÁ¤ K1;2 Õ ÆÏÒÍÕÌÁÈ (3.5), ÄÅ th ÚÁÍ¦ÎÅÎÏ ÎÁ cth. ð¦ÄÓÔÁ-ÎÏ×ËÁ ÎÁÂÌÉÖÅÎÏÇÏ ÚÏÂÒÁÖÅÎÎÑ ÏÐÅÒÁÔÏÒ¦× (4.9) ÐÒÉ×ÏÄÉÔØ ÄÏ ÄÏ-ÄÁÔËÏ×ÏÇÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ �:1 = ~C0 + ~C2m2 + ~C4m4; (4.20)~C0 = 4 ~K1�+ 4 ~K2�3;~C2 = 4 ~K1(1� �) + 4 ~K2(3�� 3�2);~C4 = 4 ~K2(1� 3�+ 3�2 � �3):ôÅÍÐÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ(4.13), (4.20) ÐÒÉ ÕÍÏ×¦ m! 0:� 4 ~K1 + 12 ~K2�2 � 8 ~K2�3 = 1;4 ~K1�+ 4 ~K2�3 = 1: (4.21)òÏÚ×'ÑÚÏË Ã¦¤§ ÓÉÓÔÅÍÉ Tc = 2:490J . îÅÚ×ÁÖÁÀÞÉ ÎÁ ÎÁÊËÒÁÝÕ Ú ÐÏ-Í¦Ö ÕÓ¦È ÎÁÂÌÉÖÅÎØ ÔÉÐÕ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÚÂ¦ÖÎ¦ÓÔØ Ú ÔÏÞÎÉÍ ÒÅ-ÚÕÌØÔÁÔÏÍ ÄÌÑ Tc ÄÁÎÉÊ Ð¦ÄÈ¦Ä ÍÁ¤ ÏÄÉÎ ÎÅÄÏÌ¦Ë. ÷¦Î ÐÏ×'ÑÚÁÎÉÊÚ ÔÉÍ, ÝÏ cth(x) ÎÅ×ÉÚÎÁÞÅÎÉÊ × x = 0. õ ÆÏÒÍÕÌ¦ (4.19) ÄÏÄÁÎÏËÐÒÏÐÏÒÃ¦ÊÎÉÊ cth(x = 0) ×ÚÁÇÁÌ¦ ÏÐÕÓËÁ¤ÔØÓÑ, ÃÅ ÏÚÎÁÞÁ¤, ÝÏ ËÏÎ-Æ¦ÇÕÒÁÃ¦Ñ ÚÏ×Î¦ÛÎ¦È ÐÏÌ¦× hk = 0 ÐÒÏÓÔÏ ÎÅ ×ÒÁÈÏ×Õ¤ÔØÓÑ.4.4. îÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ú ËÏÒÅÌÑÃ¦ÑÍÉ÷ ÒÏÂÏÔ¦ [8] ëÁÎÅÊÏÛ¦ ×ÉÒÁÚÉ× ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ Õ ÓÐ¦××¦ÄÎÏÛÅÎÎ¦(3.5) ÞÅÒÅÚ ÓÅÒÅÄÎ¦ ×¦Ä ÏÐÅÒÁÔÏÒ¦× ÆÌÕËÔÕÁÃ¦Ê �Sj = Sj � m. îÁ-ÐÒÉËÌÁÄ, ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê 2-ÇÏ ÞÉ 3-ÇÏ ÐÏÒÑÄËÕ ÍÏÖÎÁ×ÓÔÁÎÏ×ÉÔÉ ÎÁÓÔÕÐÎÕ ×¦ÄÐÏ×¦ÄÎ¦ÓÔØ:hS1S2i = h(m+ �S1)(m+ �S2)i = m2 + h�S1�S2i; (4.22)hS1S2S3i = m3+m(h�S1�S2i+h�S1�S3i+h�S2�S3i)+h�S1�S2�S3i:÷ ÏÓÔÁÎÎ¦È ÆÏÒÍÕÌÁÈ ×ÒÁÈÏ×ÁÎÏ, ÝÏ h�Sii = 0. óÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ (4.1), ×ÉÒÁÖÅÎ¦ ÞÅÒÅÚ ÓÅÒÅÄÎ¦ ÔÉÐÕ h�S1 : : : �Sni ÂÕÄÅÍÁÔÉ ×ÉÇÌÑÄ:m = 4K1m+K2 Xj1>j2>j3 �m3 +m(h�Sj1�Sj2i (4.23)
ICMP{99{04U 12+h�Sj1�Sj3i+ h�Sj2�Sj3i) + h�Sj1�Sj2�Sj3i)+��k 24L1+L2 Xj1>j2 �m2h�Sj1�Sj2i�+L30@m4+m2Xj1>j2h�Sj1�Sj2i+mXj1>j2>j3h�Sj1�Sj2�Sj3i+h�Sj1�Sj2�Sj3�Sj4i1A35 :÷ ÒÏÂÏÔ¦ [8] ÚÁÐÒÏÐÏÎÏ×ÁÎÏ ÎÁÓÔÕÐÎÅ ÒÏÚÝÅÐÌÅÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê:h�S1 : : : �S2ni = hSk�S1 : : : Sk�S2ni�hSk�S1i : : : hSk�S2ni=g2n;h�S1 : : : �S2n+1i = hSkSk�S1 : : : Sk�S2n+1i� hSkihSk�S1i : : : hSk�S2n+1i = mg2n+1; (4.24)ÄÅ g = hSk�Sji (j { ¦ÎÄÅËÓ ÓÕÓ¦ÄÎØÏÇÏ ×ÕÚÌÁ). ÷ ÏÓÔÁÎÎ¦Ê ÆÏÒÍÕÌ¦×ÉËÏÒÉÓÔÁÎÏ, ÔÅ ÝÏ S2nk = 1. îÅ×ÁÖËÏ ÐÅÒÅËÏÎÁÔÉÓØ, ÝÏ g ÍÁ¤ ÚÍ¦ÓÔËÕÍÕÌÑÎÔÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ Í¦Ö ÓÐ¦ÎÁÍÉ ÎÁ ÓÕÓ¦ÄÎ¦È ×ÕÚÌÁÈ:h�Sk�Sji = hSk�Sji = g: (4.25)÷ ÎÁÂÌÉÖÅÎÎ¦ (4.24) Ò¦×ÎÑÎÎÑ ÄÌÑ m ÂÕÄÅ ÍÁÔÉ ÔÁËÉÊ ×ÉÇÌÑÄ:m = 4K1m+ 4K2(m3 + 3mg2 +mg3)+��k �L1 + 6L2(m2 + g2) + L3(m4 + 6m2g2 + 4mg3 + g4):� (4.26)ýÏÂ ×ÉÚÎÁÞÉÔÉ g ÐÏÔÒ¦ÂÎÏ ÚÁÐÉÓÁÔÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦Ê-ÎÏ§ ÆÕÎËÃ¦§ hSk�Sji (ÄÌÑ ÃØÏÇÏ ÎÅÏÂÈ¦ÄÎÏ ÐÏËÌÁÓÔÉ fkg = �Sj × (2.4)).úÁÓÔÏÓÏ×Õ×Á×ÛÉ ÎÁÂÌÉÖÅÎÎÑ (4.24), ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÄÏÄÁÔËÏ×Å Ò¦×-ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ g:g = K1(1�m2 + 3g2) +K2[3(1�m2)m2 + 3(1� 2m2)g2 + g4]+��[L2(3m(1�m2) + 3mg2 + 3mg3) (4.27)+L3(m3(1�m2) + 3m(1� 2m2)g2 +m(1� 4m2)g3 �mg4)]:ò¦×ÎÑÎÎÑ (4.26), (4.27) ÐÒÉ � = 0 ¦ m = 0 ÐÒÉ×ÏÄÉÔØ ÄÏ ÓÉÓÔÅÍÉÒ¦×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏ§ ÔÅÍÐÅÒÁÔÕÒÉ:� 1 = 4K1 + 12K2g2 + 4K2g3;g = K1 + 3(K1 +K2)g2 +K2g4: (4.28)òÏÚ×'ÑÚÏË Ã¦¤§ ÓÉÓÔÅÍÉ Tc = 2:744J . ðÒÏÔÅ ÞÉÓÌÏ×ÉÊ ÒÏÚ×'ÑÚÏË Ò¦×-ÎÑÎØ (4.26), (4.27) ÐÏËÁÚÕ¤, ÝÏ × ÏËÏÌ¦ Tc ×ÉÎÉËÁÀÔØ ÄÏÄÁÔËÏ×¦ÎÅÆ¦ÚÉÞÎ¦ ÒÏÚ×'ÑÚËÉ ÄÌÑ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ (ÒÉÓ.1). ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÈÏ-ÞÁ ÄÁÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÁ¤ ÄÅÝÏ ËÒÁÝ¦ ÒÅÚÕÌØÔÁÔÉ, × ÏËÏÌ¦ ËÒÉÔÉÞÎÏ§ÔÅÍÐÅÒÁÔÕÒÉ ×ÏÎÏ ÎÅÚÁÓÔÏÓÏ×ÎÅ.



13 ðÒÅÐÒÉÎÔ5. ïÂÞÉÓÌÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÆÕÎËÃ¦Ê ÚÁ ÄÏÐÏ-ÍÏÇÏÀ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×ôÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ [1] ¦ ÎÁÂÌÉÖÅÎÎÑ ÔÉÐÕ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ, ÑË¦ÓÌ¦ÄÕÀÔØ Ú ÎÅ§, ÄÏÚ×ÏÌÑÀÔØ ÏÔÒÉÍÁÔÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö ËÏÒÅÌÑÃ¦Ê-ÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ. ú ¦ÎÛÏÇÏ ÂÏËÕ, ÏÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁÔÉ ÄÏÚ×ÏÌÑÀÔØÄÏÓÌ¦ÄÉÔÉ ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÆÕÎËÃ¦§ ÍÏÄÅÌ¦ ¶Ú¦Î­Á. òÏÚÇÌÑÎÅÍÏ ÍÅ-ÈÁÎ¦ÚÍ §È ÏÂÞÉÓÌÅÎÎÑ ÚÁ ÄÏÐÏÍÏÇÏÀ ¦ÎÔÅ­ÒÁÌØÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ(3.7) ÔÁ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ (3.8) [3]. ÷ÖÅ ÓÁÍÅ ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄÓÔÁ-×ÌÅÎÎÑ (3.7) ¤ ÆÏÒÍÕÌÏÀ, ÑËÁ ×ÉÒÁÖÁ¤ ÓÅÒÅÄÎÀ ÎÁÍÁÇÎ¦ÞÅÎ¦ÓÔØ ÞÅÒÅÚÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×. äÌÑ ÔÏÇÏ, ÝÏÂ ÚÎÁÊÔÉ ÓÅÒÅÄÎÀÅÎÅÒÇ¦À ÓÉÓÔÅÍÉ ÐÏÔÒ¦ÂÎÏ ÕÍÏ×ÎÏ ÒÏÚÂÉÔÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÎÁ ÓÕÍÕ "ÏÄ-ÎÏÞÁÓÔÉÎËÏ×ÉÈ" ×ËÌÁÄ¦×:H =Xk Hk = �12Xk (hk + �k)Sk: (5.1)ôÏÄ¦, ÓÅÒÅÄÎÑ ÅÎÅÒÇ¦Ñ, ÑËÁ ÐÒÉÐÁÄÁ¤ ÎÁ ÏÄÉÎ ×ÕÚÏÌ, Ð¦ÓÌÑ ×ÉËÏÒÉ-ÓÔÁÎÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ ÚÁÐÉÛÅÔØÓÑ:E = hHki = �12h(hk + �k)Ski = �12hhk th(�hk)i � 12�khSki: (5.2)÷ÉËÏÒÉÓÔÁ×ÛÉ ÏÚÎÁÞÅÎÎÑ (3.6) ×ÉÒÁÚÉÍÏ ×ÎÕÔÒ¦ÛÎÀ ÅÎÅÒÇ¦À ÞÅÒÅÚÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×:E = �12 1Z�1 dhP (h)(h+ �k) th(�h): (5.3)÷ÉËÏÒÉÓÔÁ×ÛÉ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ c = dEdT = ��2 dEd�ÍÏÖÎÁ ÚÎÁÊÔÉ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ÐÒÉ ÐÏÓÔ¦ÊÎÏÍÕ ÐÏÌ¦:c=�22 24 1Z�1dhdP (h)d� (h+�k) th(�h) + 1Z�1dhP (h)(h+�k) hch2(�h)35 : (5.4)îÁ ÖÁÌØ, ×¦ÌØÎÕ ÅÎÅÒÇ¦À F , ÑËÁ ¤ Ô×¦ÒÎÉÍ ÆÕÎËÃ¦ÏÎÁÌÏÍ ÄÌÑ ÄÁÎÏ§ÓÉÓÔÅÍÉ, ÁÎÁÌ¦ÔÉÞÎÏ ÚÎÁÊÔÉ ÎÅ ×ÄÁ¤ÔØÓÑ. ïÓË¦ÌØËÉ E = d�Fd� , ÄÅ F =� 1N� ln Spe��H , ÔÏ ×¦ÌØÎÕ ÅÎÅÒÇ¦À ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ, ÑË ¦ÎÔÅ­ÒÁÌ ×¦Ä×ÎÕÔÒ¦ÛÎØÏ§ ÅÎÅÒÇ¦§:�F = �Z0 E(�0)d�0 = �12 �Z0 d�0 1Z�1 dhP (h)(h+ �k) th(�0h): (5.5)
ICMP{99{04U 14ðÒÏÔÅ ÚÁÌÅÖÎ¦ÓÔØ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× ×¦Ä ÔÅÍÐÅÒÁ-ÔÕÒÉ ¤ ÓËÌÁÄÎÏÀ, ¦ Ñ×ÎÏ ÐÒÏ¦ÎÔÅ­ÒÕ×ÁÔÉ (5.5) ÐÏ � ÎÅÍÏÖÌÉ×Ï. äÉÆÅ-ÒÅÎÃ¦ÀÀÞÉ ÆÏÒÍÕÌÕ ÄÌÑ ÓÅÒÅÄÎØÏ§ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ (3.7) ÚÁ ÚÏ×Î¦ÛÎ¦ÍÐÏÌÅÍ, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÓÔÁÔÉÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ �, ÑË ÃÅ ÚÒÏÂÌÅ-ÎÏ × (4.5). ñËÝÏ ÛÕËÁÔÉ ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× Õ ÎÁ-ÂÌÉÖÅÎÎ¦ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ, ÔÏ ×ÏÎÁ ÂÕÄÅ ÆÕÎËÃ¦¤À ÌÉÛÅÎØ ÏÄÎÏÇÏÐÁÒÁÍÅÔÒÁ: ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦. òÅÚÕÌØÔÁÔ ÄÉÆÅÒÅÎÃ¦À×ÁÎÎÑ ÐÒÉ×ÏÄÉÔØÄÏ Ì¦Î¦ÊÎÏÇÏ Ò¦×ÎÑÎÎÑ ÄÌÑ �:� = dmd� = 1Z�1 dhdP (h)d� th(�h) + 1Z�1 dhdP (h)dm th(�h)� dmd� : (5.6)ñËÝÏ Ö ÛÕËÁÔÉ ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ P (h) Õ ×ÉÝÉÈ ÎÁÂÌÉÖÅÎÎÑÈ(ÎÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ð.4.2., ÎÁÂÌÉÖÅÎÎÑÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ú ËÏÒÅÌÑÃ¦ÑÍÉ Ð.4.4.), ÔÏ Ò¦×ÎÑÎÎÑ ÔÉÐÕ (5.6) ÄÌÑ� Í¦ÓÔÉÔÉÍÅ ÐÏÈ¦ÄÎ¦ ÚÁ ÚÏ×Î¦ÛÎ¦Í ÐÏÌÅÍ ×¦Ä ÐÁÒÁÍÅÔÒ¦× �, g, ×¦ÄÐÏ×¦Ä-ÎÏ. ¶ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÎÅÏÂÈ¦ÄÎÏ ÂÕÄÅÒÏÚ×'ÑÚÁÔÉ ÓÉÓÔÅÍÕ Ä×ÏÈ Ì¦Î¦ÊÎÉÈ Ò¦×ÎÑÎØ.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ P (h) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÐÏÐÅ-ÒÅÞÎÉÊ ÄÉÎÁÍ¦ÞÎÉÊ ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ [3]:S(k; !) = 12� 1Z�1 dte�i!tXi;j exp[ikRij ]hSxi Sxj (t)i: (5.7)úÁÍ¦ÎÉ×ÛÉ ÏÐÅÒÁÔÏÒÉ Sxj ÎÁ ÏÐÅÒÁÔÏÒÉ S�j = Sxj � iSyj , ÚÎÁÊÄÅÍÏ:S(k; !) = 12� 1Z�1 dte�i!tXi;j exp[ikRij ]hS+i S�j (t) + S�i S+j (t)i: (5.8)ïÔÒÉÍÁÎÕ × ÐÁÒÁÇÒÁÆ¦ 2 ÞÁÓÏ×Õ ÚÁÌÅÖÎ¦ÓÔØ ÏÐÅÒÁÔÏÒ¦× S�k (t) =S�k exp (�it2hk), ÍÏÖÎÁ ÐÅÒÅÔ×ÏÒÉÔÉ ÄÏ ×ÉÇÌÑÄÕ:S�k (t) = S�k exp (it2hkSk): (5.9)÷ ÒÅÚÕÌØÔÁÔ¦ ÏÄÅÒÖÉÍÏ, ÝÏS(k; !) = 12� 1Z�1 dte�i!tXi hexp (it2hiSi)i : (5.10)



15 ðÒÅÐÒÉÎÔ÷ÉËÏÒÉÓÔÁ×ÛÉ (3.2) ÔÁ ÔÏÔÏÖÎ¦ÓÔØ ëÁÌÅÎÁ, ÏÔÒÉÍÁ¤ÍÏ:S(k; !) = 12� 1Z�1 dte�i!tXi h[cos (2thi) + i th (�hi) sin (2thi)]i= 12� 1Z�1 dh 1Z�1 dte�i!tXi [cos (2th) + i th (�h) sin (2th)]P (h)= N2 P (!=2) + P (�!=2)1 + exp(��!) : (5.11)6. õÚÁÇÁÌØÎÅÎÎÑ ÎÁÂÌÉÖÅÎØ ÎÁ ÍÏÄÅÌ¦ ¦Ú ×ÚÁ¤ÍÏ-Ä¦¤À ÄÏ×¦ÌØÎÏÇÏ ÒÁÄ¦ÕÓÁõ ÃØÏÍÕ ÐÁÒÁÇÒÁÆ¦ ÄÅÑË¦ Ú ÎÁÂÌÉÖÅÎØ, ÏÐÉÓÁÎÉÈ ×ÉÝÅ, ÕÚÁÇÁÌØÎÀ-ÀÔØÓÑ ÎÁ ÍÏÄÅÌØ ¶Ú¦Î­Á ¦Ú ×ÚÁ¤ÍÏÄ¦¤À, ÑËÁ ÎÅ ÏÂÍÅÖÕ¤ÔØÓÑ ÎÁÊÂÌÉÖ-ÞÉÍÉ ÓÕÓ¦ÄÁÍÉ.6.1. îÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑäÌÑ ÔÏÇÏ,ÝÏÂ ÏÔÒÉÍÁÔÉ ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÄÌÑ ÍÏÄÅÌ¦ ¦Ú×ÚÁ¤ÍÏÄ¦¤À ÄÏ×¦ÌØÎÏÇÏ ÒÁÄ¦ÕÓÁ [15], ×ÉËÏÒÉÓÔÁ¤ÍÏ ¦ÎÔÅ­ÒÁÌØÎÅ ÐÒÅÄ-ÓÔÁ×ÌÅÎÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ (3.7). ðÒÉ fkg = 1 ÏÔÒÉÍÁ¤ÍÏ ÓÐ¦×-×¦ÄÎÏÛÅÎÎÑ ÄÌÑ ÓÅÒÅÄÎØÏÇÏ ÍÁÇÎ¦ÔÎÏÇÏ ÍÏÍÅÎÔÕ:hSki = 1Z�1 dhP (h) th(�h); (6.1)P (h) = h�(h� hk)i = 12� 1Z�1 d�ei�(h��k)M(�);ÄÅ M(�) = * Yj(j 6=k)[cos(�J(Rkj))� iSj sin(�J(Rkj))]+ (6.2){ ÈÁÒÁËÔÅÒÉÓÔÉÞÎÁ ÆÕÎËÃ¦Ñ, ÝÏ ¤ ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑÍ ÆÕÎËÃ¦§ ÒÏÚ-ÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× P (h) ÐÒÉ �k = 0. ñË ×ÉÑ×ÌÅÎÏ × Ð.4.2., ÎÁ-ÂÌÉÖÅÎÎÀ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ×¦ÄÐÏ×¦ÄÁ¤ ÐÅÒÛÉÊ ÐÏÒÑÄÏË ËÌÁÓÔÅÒÎÏ-ÇÏ ÒÏÚ×ÉÎÅÎÎÑ ÄÌÑ M(�) (4.8):M(�) � Yj(j 6=k)[cos(�J(Rkj ))� ihSji sin(�J(Rkj))]: (6.3)
ICMP{99{04U 16õ ×ÉÐÁÄËÕ ¦ÚÏÔÒÏÐÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ÍÏÖÎÁ ÓËÏÒÉÓÔÁÔÉÓÑ "ÓÕÍÕ×ÁÎÎÑÍ"ÚÁ ËÏÏÒÄÉÎÁÃ¦ÊÎÉÍÉ ÓÆÅÒÁÍÉ:M(�) � 1Yn [cos(�J(Rkj ))� ihSji sin(�J(Rkj ))]zn ; (6.4)ÄÅ zn { ÞÉÓÌÏ ×ÕÌ¦× Õ n-¦Ê ËÏÏÒÄÉÎÁÃ¦ÊÎ¦Ê ÓÆÅÒ¦, Á Rn { §§ ÒÁÄ¦ÕÓ.úÎÁÊÔÉ ÂÅÚÍÅÖÎÉÊ ÄÏÂÕÔÏË (6.3) ÞÉ (6.4) × ÁÎÁÌ¦ÔÉÞÎ¦Ê ÆÏÒÍ¦ ÎÅÍÏ-ÖÌÉ×Ï, ÔÏÍÕ ÍÎÏÖÅÎÎÑ ÎÁ ×ËÌÁÄÉ, ÝÏ ÄÁÀÔØ ÄÁÌÅË¦ ×ÕÚÌÉ ÚÄ¦ÊÓÎÀ-×ÁÔÉÍÅÔØÓÑ ÞÉÓÌÏ×ÉÍ ÍÅÔÏÄÏÍ ÄÏÔÉ, ÐÏËÉ J(Rkj) ÎÅ ÓÔÁÎÅ ÄÏÓÔÁÔÎØÏÍÁÌÉÍ, ÝÏÂ [cos(�J(Rkj )) � m sin(�J(Rkj ))] ÎÅ ×¦ÄÒ¦ÚÎÑ×ÓÑ ×¦Ä ÏÄÉ-ÎÉÃ¦.áÎÁÌ¦ÔÉÞÎÉÊ ×ÉÒÁÚ ÄÌÑM(�) ¦ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÄÌÑ ÄÁÌÅËÏÓÑÖ-ÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÍÏÖÎÁ ÚÎÁÊÔÉ ÌÉÛÅÎØ ÄÌÑ ÏÄÎÏ×ÉÍ¦ÒÎÏ§ ÍÏÄÅÌ¦ [20].ñËÝÏ ×ÉÂÒÁÔÉ ×ÚÁ¤ÍÏÄ¦À Õ ×ÉÇÌÑÄ¦ J(Rn) = J2�n, ÔÏ × ÎÁÂÌÉÖÅÎÎ¦ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÐÒÉ T > Tc ÏÔÒÉÍÁ¤ÍÏM(�) = �sin(�J)�J �2 : (6.5)ôÕÔ ×ÉËÏÒÉÓÔÁÎÁ ÆÏÒÍÕÌÁ ÄÌÑ ÂÅÚÍÅÖÎÏÇÏ ÄÏÂÕÔËÕ [20]1Yn=1 cos(�J2�n) = �sin(�J)�J � : (6.6)ð¦ÓÌÑ Ú×ÏÒÏÔÎØÏÇÏ ÐÅÒÅÔ×ÏÒÅÎÎÑ æÕÒ'¤ ÏÔÒÉÍÁ¤ÍÏ, ÝÏ ÆÕÎËÃ¦Ñ ÒÏÚ-ÐÏÄ¦ÌÕ ÍÁ¤ ÔÒÉËÕÔÎÕ ÆÏÒÍÕ:P (h) = 12J � 1� jhj2J ; jhj � 2J ;0 ; jhj > 2J: (6.7)èÁÒÁËÔÅÒÉÓÔÉÞÎÁ ÆÕÎËÃ¦Ñ M(�) ÚÁÌÅÖÉÔØ × ÎÁÂÌÉÖÅÎÎ¦ ÅÆÅË-ÔÉ×ÎÏÇÏ ÐÏÌÑ ×¦Ä ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ m. ôÁËÉÍ ÞÉÎÏÍ, ¦ÎÔÅ­ÒÁÌØÎÅ ÓÐ¦×-×¦ÄÎÏÛÅÎÎÑ (6.1) ÐÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÓÁÍÏÕÚÇÏÄÖÅÎÅ Ò¦×ÎÑÎÎÑ ÄÑ ×É-ÚÎÁÞÅÎÎÑ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦. ýÏÂ ÕÎÉËÎÕÔÉ ÐÏÄ×¦ÊÎÏÇÏ ÞÉÓÌÏ×ÏÇÏ ¦Î-ÔÅ­ÒÕ×ÁÎÎÑ × Ò¦×ÎÑÎÎ¦, ÐÅÒÅÐÉÛÅÍÏ ÊÏÇÏ Õ ×ÉÇÌÑÄ¦:m = Z +1�1 d�e�i��M(�)�(�); (6.8)ÄÅ �(�) ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ th(�h),�(�) = 12� Z +1�1 dh th(�h)ei�h = iT2 sh ��T2 : (6.9)



17 ðÒÅÐÒÉÎÔ÷ÎÕÔÒ¦ÛÎÀ ÅÎÅÒÇ¦À ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ ÞÅÒÅÚ ÈÁÒÁËÔÅÒÉÓÔÉÞÎÕ ÆÕÎ-ËÃ¦À M(�). úÁ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÐÏÌÑ � = 0E = i2 1Z�1 d� @�(�)@� [M(�)�M(0)]: (6.10)ðÒÏÄÉÆÅÒÅÎÃ¦À×Á×ÛÉ Ò¦×ÎÑÎÎÑ (6.8) ÚÁ ÚÏ×Î¦ÛÎ¦Í ÐÏÌÅÍ �, ÏÔÒÉ-ÍÁ¤ÍÏ Ì¦Î¦ÊÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ �. êÏÇÏ ÒÏ-Ú×'ÑÚÏË ÍÁÔÉÍÅ ×ÉÇÌÑÄ� = @m@� = R +1�1 d�(�i�)�(�)M(�)1� R +1�1 d��(�)@M(�)@m ; (6.11)ÄÅ @M(�)@m = iM(�)Pj sin(�J(Rkj))cos(�J(Rkj ))�im sin(�J(Rkj)) . ôÅÍÐÅÒÁÔÕÒÕ ÆÁÚÏ-×ÏÇÏ ÐÅÒÅÈÏÄÕ ÍÏÖÎÁ ÚÎÁÊÔÉ Ú ÕÍÏ×É ÒÏÚÂ¦ÖÎÏÓÔ¦ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔ¦: Z +1�1 d��(�)@M(�)@m = 1: (6.12)îÁ ÒÉÓ.2,3 ÚÏÂÒÁÖÅÎ¦ ÒÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎÎÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕÌÏËÁÌØÎÉÈ ÐÏÌ¦× ÄÌÑ ×ÉÐÁÄËÕ ÅËÓÐÏÎÅÎÃ¦ÊÎÏ ÓÐÁÄÎÏ§ Í¦Ö×ÕÚÌÏ×Ï§×ÚÁ¤ÍÏÄ¦§ J(R) = exp(R1r0 ). ú ÒÉÓÕÎË¦× ×ÉÄÎÏ, ÝÏ ÚÍ¦ÎÁ ÒÁÄ¦ÕÓÁ×ÚÁ¤ÍÏÄ¦§ r0 ÚÍ¦ÎÀ¤ ÈÁÒÁËÔÅÒ ÞÁÓÔÏÔÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ÆÕÎËÃ¦§ ÒÏÚ-ÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×. ðÒÉ ×ÅÌÉËÉÈ ÒÁÄ¦ÕÓÁÈ ×ÚÁ¤ÍÏÄ¦§ ×ÏÎÁ ÍÁ¤ÆÏÒÍÕ ÒÏÚÐÏÄ¦ÌÕ ½ÁÕÓÁ, Á ÐÒÉ ÍÁÌÉÈ Õ ÎÅ§ Ú'Ñ×ÌÑ¤ÔØÓÑ ÔÏÎËÁ ÓÔÒÕË-ÔÕÒÁ. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ Õ ÄÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÆÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕÌÏËÁÌØÎÉÈ ÐÏÌ¦× ÚÁÌÅÖÉÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ÎÅÑ×ÎÏ ÞÅÒÅÚ ÚÁÌÅÖÎ¦ÓÔØ×¦Ä ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦, Á ÔÏÍÕ, ËÏÌÉ T > Tc ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉÚÎÉËÁ¤. îÁ ÒÉÓ.4 ÚÏÂÒÁÖÅÎÏ ÎÁÍÁÇÎ¦ÞÅÎ¦ÓÔØ, ÑË ÆÕÎËÃ¦À ÔÅÍÐÅÒÁÔÕ-ÒÉ ÄÌÑ ÍÏÄÅÌ¦ ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦; ÎÁ ÒÉÓ.5 ÎÁ×ÅÄÅÎ¦ ÒÅÚÕÌØÔÁÔÉÄÌÑ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦.6.2. îÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑäÌÑ ÏÔÒÉÍÁÎÎÑ ÎÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÐÏ-ÔÒ¦ÂÎÏ ÚÁÓÔÏÓÕ×ÁÔÉ ÄÏ ÈÁÒÁËÔÅÒÉÓÔÉÞÎÏ§ ÆÕÎËÃ¦§ M(�) ÎÁÂÌÉÖÅÎÅÚÏÂÒÁÖÅÎÎÑ (4.9). õ ÃØÏÍÕ ×ÉÐÁÄËÕM(�) = D Yj(j 6=k)[Aj +BjSk]E; (6.13)Aj = cos(�J(Rkj ))� im(1� �j) sin(�J(Rkj ));Bj = �i�j sin(�J(Rkj )): (6.14)
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òÉÓ. 2. æÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× P (h) ÄÌÑ Ë×ÁÄÒÁÔÎÏ§ÇÒÁÔËÉ ÔÁ ×ÚÁ¤ÍÏÄ¦§ J(R) = exp(�R�1r0 ) ÄÌÑ Ò¦ÚÎÉÈ r0: ÎÁÂÌÉÖÅÎ-ÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ - ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ, ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏÐÏÌÑ - ÛÔÒÉÈÏ×ÁÎÁ.
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òÉÓ. 3. æÕÎËÃ¦Ñ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× P (h) ÄÌÑ Ë×ÁÄÒÁÔÎÏ§ÇÒÁÔËÉ ÔÁ ×ÚÁ¤ÍÏÄ¦§ J(R) = exp(�R�1r0 ) ÄÌÑ r0 = 0:3: ÎÁÂÌÉÖÅÎÎÑÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ - ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ, ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏ-ÌÑ - ÛÔÒÉÈÏ×ÁÎÁ.
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òÉÓ. 4. ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦ m ÍÏÄÅÌ¦ ÎÁ Ë×Á-ÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ ÄÌÑ ÏÂÍ¦ÎÎÏ§ ×ÚÁ¤ÍÏÄ¦§ J(R) = exp(�R�1r0 ): ÎÁÂÌÉÖÅÎ-ÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ - ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ, ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏÐÏÌÑ - ÛÔÒÉÈÏ×ÁÎÁ; n.n.i ÏÚÎÁÞÁ¤ ÍÏÄÅÌØ ¦Ú ×ÚÁ¤ÍÏÄ¦¤À Í¦Ö ÎÁÊÂÌÉÖ-ÞÉÍÉ ÓÕÓ¦ÄÁÍÉ.
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òÉÓ. 5. ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ-×ÏÓÔ¦ ÍÏÄÅÌ¦ ¶Ú¦Î­Á ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ ÄÌÑ ×ÚÁ¤ÍÏÄ¦§ J(R) =exp(R�1r0 ) ÐÒÉ Ò¦ÚÎÉÈ r0.

ICMP{99{04U 20õ ×ÉÐÁÄËÕ ÄÏ×¦ÌØÎÏ§ ×ÚÁ¤ÍÏÄ¦§ ËÏÒÅÌÑÃ¦ÊÎÉÊ ÐÁÒÁÍÅÔÒ �j ÚÁÌÅÖÁÔÉ-ÍÅ ×¦Ä ÎÏÍÅÒÁ ×ÕÚÌÁ. úÏÂÒÁÚÉÍÏ ln(Aj+BjSk) Õ ×ÉÇÌÑÄ¦ ~Aj+ ~BjSk, ÄÅ~Aj ÔÁ ~Bj , ÐÏËÉ ÝÏ ÎÅ×¦ÄÏÍ¦. ú ÕÍÏ×É, ÝÏ ÏÓÔÁÎÎÑ ÆÕÎËÃ¦Ñ ÄÏÒ¦×ÎÀ¤ln(Aj +Bj), ÑËÝÏ Sk = 1, ÔÁ ln(Aj �Bj), ÑËÝÏ Sk = �1, ÏÔÒÉÍÁ¤ÍÏ~Aj = 12 ln(A2j �B2j );~Bj = 12 ln Aj +BjAj �Bj : (6.15)úÁÐÉÛÅÍÏ ÔÅÐÅÒ ÈÁÒÁËÔÅÒÉÓÔÉÞÎÕ ÆÕÎËÃ¦À M(�) ÞÅÒÅÚ ~Aj , ~Bj :M(�) = * Yj(j 6=k) eln(Aj+BjSk)+ = * Yj(j 6=k) e ~Aj+ ~BjSk+= ePj(j 6=k) ~Aj 24ch0@ Xj(j 6=k) ~Bj1A+ hSki sh0@ Xj(j 6=k) ~Bj1A35 : (6.16)÷ÉËÏÒÉÓÔÁ×ÛÉ Ñ×Î¦ ×ÉÒÁÚÉ (6.15) ÄÌÑ ~Aj ÔÁ ~Bj ÏÔÒÉÍÁ¤ÍÏ M(�) Õ×ÉÇÌÑÄ¦ ÎÁÓÔÕÐÎÏÇÏ ÄÏÂÕÔËÕ:M(�) = 1224 Yj(j 6=k)(Aj+Bj) + Yj(j 6=k)(Aj�Bj)+ m8<: Yj(j 6=k)(Aj+Bj)� Yj(j 6=k)(Aj�Bj)9=;35 : (6.17)úÄ¦ÊÓÎÉ×ÛÉ ÆÕÒ'¤-ÐÅÒÅÔ×ÏÒÅÎÎÑ ÄÌÑ ÄÁÎÏ§ ÆÕÎËÃ¦§ ÍÉ ¦ ÏÔÒÉÍÁ¤ÍÏÆÕÎËÃ¦À ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦×. ïÓË¦ÌØËÉ �k ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ÎÁÒ¦ÚÎÉÈ ×ÕÚÌÁÈ, ÔÏ ÄÌÑ §È ×ÉÚÎÁÞÅÎÎÑ ÎÅÏÂÈ¦ÄÎÏ ÚÁÐÉÓÁÔÉ ÓÕËÕÐÎ¦ÓÔØÒ¦×ÎÑÎØ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê hSiSki. ÷ ¦ÎÔÅ­ÒÁÌØÎÏÍÕ ÐÒÅÄÓÔÁ-×ÌÅÎÎ¦ hSiSki = 1Z�1 dhPfSig(h) th(�h); (6.18)ÄÅ PfSig(h) = hSi�(h � hk)i. á ÈÁÒÁËÔÅÒÉÓÔÉÞÎÁ ÆÕÎËÃ¦Ñ MfSig(�)ÄÌÑ ÎÅ§ ÂÕÄÅ ÍÁÔÉ ×ÉÇÌÑÄ:MfSig(�) = *Si exp0@�i� Xj(j 6=k) J(Rkj)Sj1A+ : (6.19)



21 ðÒÅÐÒÉÎÔ÷ÉËÏÒÉÓÔÁ×ÛÉ ÔÏÔÏÖÎ¦ÓÔØ (3.3) ÏÔÒÉÍÁ¤ÍÏ:MfSig(�) = D[Si cos(�J(Rki))� i sin(�J(Rki))]� Yj(j 6=k;i)[cos(�J(Rkj))� iSj sin(�J(Rkj))]E: (6.20)úÁÓÔÏÓÕ¤ÍÏ ÎÁÂÌÉÖÅÎÎÑ (4.9):MfSig(�) = D[ �Ai + Sk �Bi] Yj(j 6=k;i)[Aj + SkBj ]E; (6.21)�Ai = �i sin(�J(Rki)) +m(1� �i) cos(�J(Rki));�Bi = �i cos(�J(Rki)): (6.22)ñË ¦ ÒÁÎ¦ÛÅ ÚÁÐÉÛÅÍÏln( �Ai + Sk �Bi) = �~Ai + Sk �~Bi; (6.23)ÄÅ, ÑË ÍÏÖÎÁ ×ÉÑ×ÉÔÉ, �~Aj = 12 ln( �A2j � �B2j ), �~Bj = 12 ln �Aj+ �Bj�Aj� �Bj . úÁ ÁÎÏ-ÌÏÇ¦¤À ÄÏ ÆÏÒÍÕÌ (6.16), (6.17) ÏÔÒÉÍÁ¤ÍÏ:M(�) = exp0@�~Ai + Xj(j 6=k;i) ~Aj1A (6.24)�24ch0@�~Bi + Xj(j 6=k;i) ~Bj1A+ hSki sh0@�~Bi + Xj(j 6=k;i) ~Bj1A35= 12 24( �Ai + �Bi) Yj(j 6=k;i)(Aj +Bj) + ( �Ai � �Bi) Yj(j 6=k;i)(Aj �Bj)+ hSki8<:( �Ai+ �Bi) Yj(j 6=k;i)(Aj+Bj)�( �Ai� �Bi) Yj(j 6=k;i)(Aj�Bj)9=;35 :ò¦×ÎÑÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ Õ ×ÉÇÌÑÄ¦ ¦Î-ÔÅ­ÒÁÌÕ ×¦Ä ÈÁÒÁËÔÅÒÉÓÔÉÞÎÏ§ ÆÕÎËÃ¦§ MfSig(�):hSiSki = 1Z�1 d�MfSig(�)�(�); (6.25)
ICMP{99{04U 22ÄÅ �(�) { ÆÕÒ'¤-ÚÏÂÒÁÖÅÎÎÑ th(�h) (6.9). ÷ÒÁÈÕ×Á×ÛÉ, ÝÏ �i =hSiSki=(1 � m2), ÏÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕÐÎÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ÎÅ×¦ÄÏ-ÍÉÈ ÐÁÒÁÍÅÔÒ¦× ÄÁÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ (m, �i):8>>>><>>>>: m = 1R�1 d�M(�)�(�);�i = 1R�1 d�MfSig(�)�(�) �m21�m2 : (6.26)÷ ÒÏÂÏÔ¦ [4] ÃÑ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ ÂÕÌÁ Ú×ÅÄÅÎÁ ÄÌÑ ÍÏÄÅÌ¦ ¶Ú¦Î­Á Ú×ÚÁ¤ÍÏÄ¦¤À ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× ÄÏ Ä×ÏÈ ÁÌÇÅÂÒÉÞÎÉÈ Ò¦×ÎÑÎØ ÔÁ ÒÏ-Ú×'ÑÚÁÎÁ ÁÎÁÌ¦ÔÉÞÎÏ. ïÓË¦ÌØËÉ ÍÉ ÎÅ ÏÂÍÅÖÕ¤ÍÏÓØ Ã¦¤À ×ÚÁ¤ÍÏÄ¦¤À,ÔÏ ÒÅÚÕÌØÔÁÔ ÍÏÖÎÁ ÚÎÁÊÔÉ ÌÉÛÅ ÞÉÓÅÌØÎÏ. íÉ ÎÁÍÁÇÁÌÉÓÑ ÒÏ-Ú×'ÑÚÁÔÉ Ò¦×ÎÑÎÎÑ ÄÌÑ �j ÏËÒÅÍÏ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ¦ÔÅÒÁÃ¦ÊÎÉÊ ÍÅ-ÔÏÄ, ÔÁ ÒÏÚÇÌÑÄÁÀÞÉ × ÎÉÈ m ÑË ÐÁÒÁÍÅÔÒ. ñË ÎÕÌØÏ×Å ÎÁÂÌÉÖÅÎ-ÎÑ ÍÉ ×ÉÂÒÁÌÉ �(0)j = 0 (ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ÎÁÂÌÉÖÅÎÎÀ ÅÆÅËÔÉ×ÎÏ-ÇÏ ÐÏÌÑ). ð¦ÓÌÑ ÔÒØÏÈ ¦ÔÅÒÁÃ¦Ê ÏÔÒÉÍÁÌÉ �(3) = 0:332::: ÄÌÑ ÍÏ-ÄÅÌ¦ ¶Ú¦Î­Á ÎÁ Ë×ÁÄÒÁÔÎ¦Ê ÇÒÁÔÃ¦ Ú ×ÚÁ¤ÍÏÄ¦¤À ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×ÐÒÉ Tc = 0:72125J(q = 0), ÝÏ ¤ ÚÁÄÏ×¦ÌØÎÉÍ ÒÅÚÕÌØÔÁÔÏÍ, ÏÓË¦ÌØËÉÁÎÁÌ¦ÔÉÞÎÏ ÏÔÒÉÍÁÎÉÊ × [4] ËÏÒÅÌÑÃ¦ÊÎÉÊ ÐÁÒÁÍÅÔÒ � = 13 .úÎÁÊÄÅÍÏ ÓÔÁÔÉÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÓÉÓÔÅÍÉ:� = @m@� = 1Z�1 d�(�i�)M(�)�(�) + 1Z�1 d� @M(�)@m �(�)@m@�+ Xj 1Z�1 d� @M(�)@�j �(�)@�j@� : (6.27)ú ÏÓÔÁÎÎØÏÇÏ Ò¦×ÎÑÎÎÑ ÏÞÅ×ÉÄÎÏ, ÝÏ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÞÎÏ§ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÎÅÏÂÈ¦ÄÎÏ ÚÎÁÊÔÉ @�j@� :@�i@� = 1Z�1 d�(�i�)MfSig(�)�(�) + 1Z�1 d� @MfSig(�)@m �(�)@m@�+ Xj 1Z�1 d� @MfSig(�)@�j �(�)@�j@� : (6.28)÷ ÒÅÚÕÌØÔÁÔ¦, ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ Ú×ÏÄÉÔØÓÑ ÄÏ



23 ðÒÅÐÒÉÎÔÒÏÚ×'ÑÚËÕ ÎÁÓÔÕÐÎÏ§ ÓÉÓÔÅÍÉ Ì¦Î¦ÊÎÉÈ Ò¦×ÎÑÎØ:8><>: (1� Cmm)@m@� +Pj Cm�j @�j@� = Dm;C�jm@m@� +Pj (�ij � C�i;�j )@�j@� = D�i ; (6.29)Cmm= 1Z�1 d� @M(�)@m �(�); Cm�j= 1Z�1 d� @M(�)@�j �(�);C�im= 1Z�1 d� @MfSig(�)@m �(�); C�im= 1Z�1 d� @MfSig(�)@�j �(�);Dm= 1Z�1 d�(�i�)M(�)�(�); D�i= 1Z�1 d�(�i�)MfSig(�)�(�):îÁ ÒÉÓ.2,3 ÒÅÚÕÌØÔÁÔÉ ÏÂÞÉÓÌÅÎØ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈÐÏÌ¦× P (h) × ÎÁÂÌÉÖÅÎÎ¦ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÐÏÒ¦×ÎÀ-ÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ. ú ÒÉÓÕÎË¦××ÉÄÎÏ, ÝÏ ÎÁÂÌÉÖÅÎÅ ×ÒÁÈÕ×ÁÎÎÑ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦Ê ÐÒÉ×ÏÄÉÔØ ÄÏÄÅÑËÉÈ ÎÅÚÎÁÞÎÉÈ ÚÍ¦Î, ÑË¦ ÑË¦ÓÎÏ ÎÅ ÚÍ¦ÎÀÀÔØ ÞÁÓÔÏÔÎÏ§ ÚÁÌÅÖÎÏÓÔ¦P (h). îÁÍÁÇÎ¦ÞÅÎ¦ÓÔØ ÄÌÑ Ë×ÁÄÒÁÔÎÏ§ ÇÒÁÔËÉ ÏÂÞÉÓÌÅÎÁ × ÎÁÂÌÉÖÅÎ-Î¦ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÐÏÒ¦×ÎÀ¤ÔØÓÑ Ú ÐÒÏÓÔ¦ÛÉÍÉ ÎÁ-ÂÌÉÖÅÎÎÑÍÉ ÎÁ ÒÉÓ.3. îÁ ÒÉÓ.6 ÎÁ×ÅÄÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ËÏÒÅÌÑÃ¦ÊÎÉÈÐÁÒÁÍÅÔÒ¦× �j ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ ÐÒÉ Ò¦ÚÎÉÈ j. ÷ÏÎÁ ÍÁ¤ ÚÌÁÍ × ÔÏÞÃ¦ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.7. ÷ÉÓÎÏ×ËÉ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÒÏÚÇÌÑÎÕÔÏ ÒÑÄ ÎÁÂÌÉÖÅÎØ ÍÅÔÏÄÕ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑÔÁ ÐÏÛÉÒÅÎÏ §È ÎÁ ×ÉÐÁÄÏË ÍÏÄÅÌ¦ ¶Ú¦Î­Á Ú ÄÏ×¦ÌØÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À.ãÅÊ ÍÅÔÏÄ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÎÁÂÌÉÖÅÎÏÍÕ ÒÏÚ×'ÑÚËÕ ÔÏÞÎÏÇÏ ÓÐ¦××¦Ä-ÎÏÛÅÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê, ÑËÅ ÓÌ¦ÄÕ¤ Ú Ú ¦ÎÔÅ­ÒÁÌØÎÏÇÏÞÉ ÏÐÅÒÁÔÏÒÎÏÇÏ ÐÒÅÄÓÔÁ×ÌÅÎÎÑ ÔÏÔÏÖÎÏÓÔ¦ ëÁÌÅÎÁ. òÅÚÕÌØÔÁÔÉ ÄÌÑÎÁÍÁÇÎ¦ÞÅÎÏÓÔ¦, ÏÔÒÉÍÁÎ¦ × Ò¦ÚÎÉÈ ÎÁÂÌÉÖÅÎÎÑÈ ÐÏÒ¦×ÎÀÀÔØÓÑ Í¦ÖÓÏÂÏÀ. ÷ÉÑ×ÌÅÎÏ, ÝÏ ÎÁÂÌÉÖÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ Ú ËÏÒÅÌÑÃ¦ÑÍÉ[8], ÐÒÉ×ÏÄÉÔØ ÄÏ ÚÁÊ×ÉÈ ÒÏÚ×'ÑÚË¦× Õ ÏËÏÌ¦ Tc ¦, ÔÏÍÕ ÎÅÚÁÓÔÏÓÏ×ÎÅ ×Ã¦Ê ÏÂÌÁÓÔ¦.îÁÂÌÉÖÅÎÎÑ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [4] ÕÚÁÇÁÌØÎÅÎÏ ÎÁ×ÉÐÁÄÏË ÍÏÄÅÌ¦ ¶Ú¦Î­Á Ú ÄÏ×¦ÌØÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À. òÅÚÕÌØÔÁÔÉ ÃÉÈ ÄÏ-ÓÌ¦ÄÖÅÎØ ÐÏËÒÁÝÕÀÔØ ÏÔÒÉÍÁÎ¦ ÎÁÍÉ ÒÁÎ¦ÛÅ ÒÅÚÕÌØÔÁÔÉ × ÎÁÂÌÉ-
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òÉÓ. 6. ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ËÏÒÅÌÑÃ¦ÊÎÏÇÏ ÐÁÒÁÍÅÔÒÁ �j ÄÌÑÒ¦ÚÎÉÈ ËÏÏÒÄÉÎÁÃ¦ÊÎÉÈ ÓÆÅÒ j: r0 = 0:5 - ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ, r0 = 1 -ÛÔÒÉÈÏ×ÁÎÁ.ÖÅÎÎ¦ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ [15]. ÷ÉÑ×ÌÅÎÏ, ÝÏ ÒÅÚÕÌØÔÁÔÉ ×ÉÝÏÇÏ ÎÁ-ÂÌÉÖÅÎÎÑ ÄÌÑ ÆÕÎËÃ¦§ ÒÏÚÐÏÄ¦ÌÕ ÌÏËÁÌØÎÉÈ ÐÏÌ¦× ÑË¦ÓÎÏ ÎÅ ÚÍ¦ÎÀ-ÀÔØÓÑ × ÐÏÒ¦×ÎÑÎÎ¦ Ú ÎÁÂÌÉÖÅÎÎÑÍ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ.îÁ ÖÁÌØ, ¦ÎÛ¦ Ð¦ÄÈÏÄÉ ÍÅÔÏÄÕ ÅÆÅËÔÉ×ÎÏÇÏ ÐÏÌÑ ÎÅ ×ÄÁ¤ÔØÓÑ ÐÏ-ÛÉÒÉÔÉ ÎÁ ×ÉÐÁÄÏË ÄÏ×¦ÌØÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê.ì¦ÔÅÒÁÔÕÒÁ1. Callen H.B. A note on Green functions and the Ising model. // Phys.Lett. B, 1963, vol.4, ° 3, p.161.2. Honmura R., Kaneyoshi T. Contribution to the new type of e�ective-�eld theory of the Ising model. // J. Phys. C, 1979, vol.12, p.3979-3992.3. Thomsen M., Thorpe M.F., Choy T.C. and Sherrington D. Localmagnetic �eld distributions: Two-dimensional Ising models. // Phys.Rev. B, 1984, vol. 30, ° 1, p.250-258.4. Kaneyoshi T., Fittipaldi I.P., Honmura R. and Manabe T. New cor-related -e�ective-�eld theory in the Ising model. // Phys. Rev. B,1981, vol.24, p.481-484.5. Taggart G.B. Correlated e�ective �eld approximation for the Isingmodel. // Physica A, 1982, vol.10, p.535-545.
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