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õäë: 537.226.4; 538.91-405; 538.956PACS: 63.50.+x, 64.60.Cn, 77.80.Bh, 74.72.BkCÐÅËÔÒ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ × ÍÏÄÅÌ¦ í¦ÃÕ§ Õ ÓÉÍÅ-ÔÒÉÞÎÏÍÕ ÐÏÚÄÏ×ÖÎØÏÍÕ ×ÉÐÁÄËÏ×ÏÍÕ ÐÏÌ¦¶.÷. óÔÁÓÀË, ï.÷. ÷ÅÌÉÞËÏáÎÏÔÁÃ¦Ñ. ÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÄÉÎÁÍ¦ËÁ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ × ÍÏ-ÄÅÌ¦ í¦ÃÕ§ Ú ×ÉÐÁÄËÏ×ÉÍ ÓÉÍÅÔÒÉÞÎÉÍ ÐÏÚÄÏ×ÖÎ¦Í ÐÏÌÅÍ ×É×ÞÁ¤ÔØ-ÓÑ Ú ÄÏÐÏÍÏÇÏÀ Ä×ÏÞÁÓÏ×ÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈÆÁÚ. óÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÓÅÒÅÄÎ¦È ÐÒÏ-ÅËÃ¦Ê ÐÓÅ×ÄÏÓÐ¦Î¦× ¦ ÄÌÑ ÏÔÒÉÍÁÎÉÈ × ÎÁÂÌÉÖÅÎÎ¦ ËÏÇÅÒÅÎÔÎÏÇÏ ÐÏ-ÔÅÎÃ¦ÁÌÕ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÏÄÎÏËÏÍ¦ÒËÏ×ÉÈ ÆÕÎËÃ¦Ê çÒ¦-ÎÁ ÒÏÚ×'ÑÚÁÎÏ ÞÉÓÌÏ×ÉÍ ÍÅÔÏÄÏÍ. ÷ÉÐÁÄËÏ×Å ÐÏÌÅ Ú ×ÉÂÒÁÎÉÍ Â¦ÍÏ-ÄÁÌØÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÏÑ×É × ÇÕÓÔÉÎ¦ ÓÔÁÎ¦× ÐÓÅ×ÄÏ-ÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ Ä×ÏÈ ÄÏÄÁÔËÏ×ÉÈ ÚÏÎ ¦ ÍÏÖÅ ÑË¦ÓÎÏ ÚÍ¦ÎÀ×ÁÔÉÆÁÚÏ×Õ Ä¦ÁÇÒÁÍÕ ÓÉÓÔÅÍÉ. åÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ÚÍ¦ÎÀ¤ÔØÓÑ ÐÒÉ ÐÅ-ÒÅÈÏÄ¦ ÓÉÓÔÅÍÉ Ú ÏÄÎ¦¤§ ÆÁÚÉ × ¦ÎÛÕ.Spectrum of pseudospin excitations of the Mitsui model withsymmetric longitudinal random �eldI.V. Stasyuk, O.V. VelychkoAbstract. In the present paper the dynamics of pseudospin excitationsin the Mitsui model with the random symmetrical longitudinal �eld isinvestigated by the two{time Green functions technique in the randomphase approximation. Systems of equations for con�gurationally aver-aged pseudospin projections and for obtained in the coherent potentialapproximation con�gurationally averaged single{site Green functions aresolved numerically. The random �eld in the framework of the applied bi-modal distribution leads to appearance of two additional bands in thepseudospin excitation density of states and can change a phase diagramof the system qualitatively. The energy spectrum changes when the sys-tem have a transition between di�erent phases.ðÏÄÁ¤ÔØÓÑ × æ¦ÚÉÞÎÉÊ ÚÂ¦ÒÎÉË îôûSubmitted to Physical proceedings of Shevchenko Sci. Soc.c ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐä×ÏÐ¦ÄÇÒÁÔËÏ×Á ÍÏÄÅÌØ í¦ÃÕ§ [1] ÂÕÌÁ ÐÅÒÛÉÍ ×ÄÁÌÉÍ ÐÏÑÓÎÅÎÎÑÍÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× Õ ÓÅÇÎÅÔÏ×¦Ê ÓÏÌ¦ (NaKC4H4O6�4H2O). äÅÝÏ Ð¦ÚÎ¦-ÛÅ ×ÏÎÁ ÂÕÌÁ ÓÆÏÒÍÕÌØÏ×ÁÎÁ Õ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÏÍÕ ÆÏÒÍÁÌ¦ÚÍ¦ [2], ÚÁ-ÐÒÏÐÏÎÏ×ÁÎÏÍÕ ÄÅ öÅÎÏÍ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË¦× Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚ-ËÁÍÉ. ÷ ÔÁËÏÍÕ Ð¦ÄÈÏÄ¦ ÍÏÄÅÌØ ÏÐÉÓÕ¤ Ä×¦ Ð¦ÄÇÒÁÔËÉ ÐÓÅ×ÄÏÓÐ¦Î¦×,ÝÏÚÎÁÈÏÄÑÔØÓÑ × ÐÏÐÅÒÅÞÎÏÍÕ ¦ ÄÚÅÒËÁÌØÎÏ ÓÉÍÅÔÒÉÞÎÏÍÕ ÐÏÚÄÏ×ÖÎØÏ-ÍÕ ÐÏÌÑÈ.ïÓË¦ÌØËÉ ÎÅÚ×ÉÞÁÊÎÏÀ ¦ ÄÏ×ÇÉÊ ÞÁÓ ÎÅÚÒÏÚÕÍ¦ÌÏÀ ×ÌÁÓÔÉ×¦ÓÔÀÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ ÂÕÌÏ ¦ÓÎÕ×ÁÎÎÑ ÓÅÇÎÅÔÏÆÁÚÉ Í¦Ö Ä×ÏÍÁ ÔÏÞËÁÍÉëÀÒ¦, ÔÏ Õ Â¦ÌØÛÏÓÔ¦ ÒÏÂ¦Ô Ú ÃØÏÇÏ ÐÉÔÁÎÎÑ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÓÁÍÅ ÐÒÏ-ÂÌÅÍÁ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× (æð) ÄÌÑ ÍÏÄÅÌ¦ í¦ÃÕ§. ïÔÒÉÍÁÎ¦ Õ ÎÁ-ÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ (îóð) ÒÅÚÕÌØÔÁÔÉ (ÄÉ×. ÒÏÂÏÔÉ [3{5] ¦ÐÏÓÉÌÁÎÎÑ × ÎÉÈ) ÑË¦ÓÎÏ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁ-ÎÉÍÉ ÄÌÑ Ú×ÉÞÁÊÎÏ§ ¦ ÄÅÊÔÅÒÏ×ÁÎÏ§ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦. ðÒÉ ÃØÏÍÕ ÕÄÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÏÓÎÏ×ÎÏÍÕ ÓÔÁÎÕ ÓÉÓÔÅÍÉ ÍÏÖÅ ×¦ÄÐÏ×¦ÄÁÔÉ ÎÅÍ¦Î¦ÍÕÍ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§, Á ÔÏÞËÁ ÐÅÒÅÇÉÎÕ [6]. ú ÍÅÔÏÀ ×ÒÁÈÕ×ÁÎÎÑËÏÒÅÌÑÃ¦Ê Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ ÒÏÚÇÌÑÄÁ×ÓÑ Ë×ÁÚ¦ÏÄÎÏÍ¦ÒÎÉÊÁÎÁÌÏÇ ÍÏÄÅÌ¦ í¦ÃÕ§ [7{9]. âÕÌÏ ÐÏËÁÚÁÎÏ,ÝÏ ÎÁ ×¦ÄÍ¦ÎÕ ×¦Ä îóð ÐÒÉÐÅ×ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× Ò¦Ä ÄÅÑËÉÈ æð ÚÍ¦ÎÀ¤ÔØÓÑ Ú ÄÒÕÇÏÇÏÎÁ ÐÅÒÛÉÊ, Á ÔÁËÏÖ ÍÏÖÌÉ×¦ ÔÒÉ ÐÏÓÌ¦ÄÏ×Î¦ æð.íÅÎÛÅ Õ×ÁÇÉ ÐÒÉÓ×ÑÞÅÎÏ ÄÉÎÁÍ¦Ã¦ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÕÍÏÄÅÌ¦ í¦ÃÕ§. úÁÇÁÌØÎ¦ ÐÉÔÁÎÎÑ ×ÉÓ×¦ÔÌÅÎÏ ÝÅ Õ ÐÅÒÛÉÈ ÒÏÂÏÔÁÈ ÚÄÁÎÏ§ ÔÅÍÁÔÉËÉ [2,4]. ú ÍÅÔÏÀ ËÒÁÝÏÇÏ ÏÐÉÓÕ ÚÂÕÄÖÅÎØ ÎÁ ×ÏÄÎÅ-×ÉÈ Ú×'ÑÚËÁÈ Õ ÓÅÇÎÅÔÏ×¦Ê ÓÏÌ¦ ÒÏÚÇÌÑÄÁÌÁÓØ ÍÏÄÅÌØ, ÝÏ ×ÒÁÈÏ×Õ¤×ÚÁ¤ÍÏÄ¦À Í¦Ö ÐÓÅ×ÄÏÓÐ¦ÎÁÍÉ ¦ ÆÏÎÏÎÁÍÉ [3,4,10,11]. ïÓË¦ÌØËÉ ÄÌÑÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ ÔÕÎÅÌÀ×ÁÎÎÑ ÐÒÏÔÏÎ¦× ¤ ÍÁÌÉÍ (ÏÓÏÂÌÉ×Ï ÐÒÉ ÄÅÊÔÅ-ÒÕ×ÁÎÎ¦) ¦ ÎÉÍ ÞÁÓÔÏ ÎÅÈÔÕÀÔØ, ÔÏ ÄÌÑ ÔÁËÏÇÏ ×ÉÐÁÄËÕ ÄÏÓÌ¦ÄÖÕ×Á-ÌÁÓØ ÒÅÌÁËÓÁÃ¦ÊÎÁ ÄÉÎÁÍ¦ËÁ ÐÓÅ×ÄÏÓÐ¦Î¦× [12].ïÓÔÁÎÎ¦Í ÞÁÓÏÍ ÍÏÄÅÌØ í¦ÃÕ§ ÚÎÁÊÛÌÁ Ó×Ï¤ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÄÌÑÓÉÓÔÅÍÉ ÎÅ ÐÏ×'ÑÚÁÎÏ§ Ú ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÍÉ, Á ÓÁÍÅ ÄÌÑ ÏÐÉÓÕ Ð¦Ä-ÓÉÓÔÅÍÉ ÁÐÅËÓÎÉÈ ËÉÓÎ¦× × ×ÉÓÏËÏÔÅÍÐÅÒÁÔÕÒÎÉÈ ÎÁÄÐÒÏ×¦ÄÎÉËÁÈ(÷ôîð) ÔÉÐÕ YBa2Cu3O7�x [13]. úÁ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉÁÔÏÍÉ ÁÐÅËÓÎÏÇÏ ËÉÓÎÀ ÐÅÒÅÂÕ×ÁÀÔØ × ÁÎÇÁÒÍÏÎ¦ÞÎÏÍÕ Ä×ÏÈÑÍÎÏÍÕÐÏÔÅÎÃ¦ÁÌ¦. ðÏÔÅÎÃ¦ÁÌØÎ¦ Í¦Î¦ÍÕÍÉ ÒÏÚÔÁÛÏ×ÁÎ¦ ×ÚÄÏ×Ö ÏÓ¦ c ¦ ÚÎÁÈÏ-ÄÑÔØÓÑ ÎÁ ×¦ÄÓÔÁÎ¦ � 0:13 �A ÏÄÉÎ ×¦Ä ÏÄÎÏÇÏ [14,15]. ÷ÎÁÓÌ¦ÄÏË ÁÓÉ-ÍÅÔÒ¦§ ÏÔÏÞÅÎÎÑ Ä×ÏÈÑÍÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ÔÅÖ ¤ ÁÓÉÍÅÔÒÉÞÎÉÍ. ïÔÖÅ,× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÏÍÕ ÐÒÅÄÓÔÁ×ÌÅÎÎ¦ ÔÁËÁ ÓÉÓÔÅÍÁ ÏÐÉÓÕ¤ÔØÓÑ ÍÏÄÅÌÌÀí¦ÃÕ§. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÄÌÑ YBa2Cu3O7�x ÈÁÒÁËÔÅÒÎÏÀ ¤ ÚÍ¦ÎÁ×Í¦ÓÔÕ ËÉÓÎÀ × ÄÏÓÔÁÔÎØÏ ÛÉÒÏËÉÈ ÍÅÖÁÈ (x = 0 � 1) (ÍÁËÓÉÍÁÌØ-
ICMP{97{16U 2ÎÁ ÔÅÍÐÅÒÁÔÕÒÁ ÎÁÄÐÒÏ×¦ÄÎÏÇÏ ÐÅÒÅÈÏÄÕ × YBa2Cu3O7�x ÄÏÓÑÇÁ¤ÔØ-ÓÑ ÐÒÉ x = 0; 05 [16]). úÍ¦ÎÁ ×Í¦ÓÔÕ ËÉÓÎÀ ×¦ÄÂÕ×Á¤ÔØÓÑ ÚÁ ÒÁÈÕ-ÎÏË ÁÔÏÍ¦× ËÉÓÎÀ O(1) (ÔÕÔ ¦ ÎÁÄÁÌ¦ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÐÏÚÎÁÞÅÎÎÑÁÔÏÍ¦× Õ ÅÌÅÍÅÎÔÁÒÎ¦Ê ËÏÍ¦ÒÃ¦ ÑË Õ ÒÏÂÏÔ¦ [16]), ÝÏ ÒÏÚÔÁÛÏ×ÁÎ¦ Í¦ÖÐÌÏÝÉÎÁÍÉ ÁÐÅËÓÎÉÈ ËÉÓÎ¦×. ðÏÑ×Á ×ÁËÁÎÓ¦Ê ËÉÓÎÀ Õ ÌÁÎÃÀÇÁÈ ÐÒÉ-×ÏÄÉÔØ ÄÏ ÐÏÑ×É ÄÏÄÁÔËÏ×ÏÇÏ ÐÏÌÑ, ÑËÅ ÓÉÍÅÔÒÉÞÎÏ Ä¦¤ ÐÒÉÎÁÊÍÎ¦ ÎÁÎÁÊÂÌÉÖÞ¦ ÁÐÅËÓÎ¦ ËÉÓÎ¦ × ÏÂÏÈ ÓÕÓ¦ÄÎ¦È ÐÌÏÝÉÎÁÈ [17]. ïÓË¦ÌØËÉ ÐÒÉÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ x ×ÁËÁÎÓ¦§ ÒÏÚÔÁÛÏ×ÕÀÔØÓÑ ×ÉÐÁÄËÏ×Ï, ÔÏ ÐÏÌÅ ÔÅÖÍÏÖÎÁ ××ÁÖÁÔÉ ×ÉÐÁÄËÏ×ÉÍ. ôÁËÉÍ ÞÉÎÏÍ, ÓÉÓÔÅÍÕ Ú Ä×ÏÈ ÓÕÓ¦ÄÎ¦ÈÐÌÏÝÉÎ ÁÐÅËÓÎÉÈ ËÉÓÎ¦× O(4), ÝÏ ÚÁÚÎÁÀÔØ ×ÐÌÉ×Õ ÎÅ×ÐÏÒÑÄËÏ×Á-ÎÉÈ ËÉÓÎ¦× O(1) Ú ÐÌÏÝÉÎÉ ÌÁÎÃÀÇ¦× Cu(1){O(1) ÍÏÖÎÁ ÏÐÉÓÁÔÉ ÚÄÏÐÏÍÏÇÏÀ ÍÏÄÅÌ¦ í¦ÃÕ§ Õ ×ÉÐÁÄËÏ×ÏÍÕ ÓÉÍÅÔÒÉÞÎÏÍÕ ÐÏÚÄÏ×ÖÎØÏ-ÍÕ ÐÏÌ¦.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ×É×ÞÅÎÎÑ ×ÐÌÉ×Õ ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÎÁÅÎÅÒÇÅÔÉÞÎÉÊ ÓÐÅËÔÒ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ. ÷ Ò¦×ÎÑÎÎÑ ÒÕÈÕÄÌÑ ÎÉÈ ×ÈÏÄÑÔØ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎ¦ ÓÅÒÅÄÎ¦ ÐÒÏÅËÃ¦§ ÐÓÅ×-ÄÏÓÐ¦Î¦×, ÝÏ ÍÏÖÕÔØ ÚÁÚÎÁ×ÁÔÉ Ò¦ÚËÉÈ ÚÍ¦Î ¦Ú ÚÍ¦ÎÏÀ ÔÅÍÐÅÒÁÔÕÒÉ×ÎÁÓÌ¦ÄÏË æð. ôÏÍÕ ÐÁÒÁÌÅÌØÎÏ ÐÒÏ×ÏÄÉÔØÓÑ ÏÂÞÉÓÌÅÎÎÑ ÃÉÈ ÓÅ-ÒÅÄÎ¦È × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÔÁ ×É×ÞÁÀÔØÓÑ §È ÚÁÌÅÖÎÏÓÔ¦×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ.õ ÄÒÕÇÏÍÕ ÒÏÚÄ¦Ì¦ ÒÏÂÏÔÉ ÂÕÄÅ ××ÅÄÅÎÏ ÍÏÄÅÌØÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ ËÏÎËÒÅÔÉÚÏ×ÁÎÏ ×ÉÇÌÑÄ ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ. úÁÄÁÞÁ ÒÏÚÒÁÈÕÎËÕËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÓÅÒÅÄÎ¦È ÐÒÏÅËÃ¦Ê ÐÓÅ×ÄÏÓÐ¦Î¦× ÒÏÚÇÌÑ-ÄÁ¤ÔØÓÑ Õ ÔÒÅÔØÏÍÕ ÒÏÚÄ¦Ì¦. óÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ Ä×ÏÈÞÁÓÏ×ÉÈ ËÏÎ-Æ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈÆÁÚ ÔÁ ËÏÇÅÒÅÎÔÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ ÂÕÄÅ ÏÔÒÉÍÁÎÏ Õ ÞÅÔ×ÅÒÔÏÍÕ ÒÏÚÄ¦Ì¦.õ Ð'ÑÔÏÍÕ ÒÏÚÄ¦Ì¦ ÏÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ ÏÄÎÏËÏÍ¦ÒËÏ×Ï§ ÆÕÎËÃ¦§ çÒ¦ÎÁÚ ×ÉËÏÒÉÓÔÁÎÎÑÍ ÍÏÄÅÌØÎÏ§ ÇÕÓÔÉÎÉ ÓÔÁÎ¦×. ûÏÓÔÉÊ ÒÏÚÄ¦Ì ÐÒÉÓ×Ñ-ÞÅÎÉÊ ÞÉÓÌÏ×ÉÍ ÒÏÚ×'ÑÚËÁÍ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÄÌÑ ÆÕÎËÃ¦Ê çÒ¦ÎÁ ÔÁ§È ÁÎÁÌ¦ÚÕ.2. íÏÄÅÌØÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÔÁ ÓÔÒÕËÔÕÒÁ ×ÉÐÁÄËÏ-×ÏÇÏ ÐÏÌÑ÷ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÏÍÕ ÐÒÅÄÓÔÁ×ÌÅÎÎ¦ ÍÏÄÅÌØÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÓÉÓÔÅÍÉÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄ:H = 2
Xi (Sx1 (i) + Sx2 (i))�Xi h(i)(Sz1 (i)� Sz2 (i)) (1)�12Xi Xj j11(i; j)(Sz1 (i)Sz1 (j) + Sz2 (i)Sz2 (j))



3 ðÒÅÐÒÉÎÔ�Xi Xj j12(i; j)Sz1 (i)Sz2 (j):ðÒÏÅËÃ¦Ñ ÐÓÅ×ÄÏÓÐ¦ÎÁ Ð¦ÄÇÒÁÔËÉ (� = 1;2) l{§ ËÏÍ¦ÒËÉ ÎÁ ×¦ÓØ zSz�(l) = � 12 ×¦ÄÏÂÒÁÖÁ¤ Ä×Á ÍÏÖÌÉ×ÉÈ Ò¦×ÎÏ×ÁÖÎÉÈ ÐÏÌÏÖÅÎÎÑ ÞÁ-ÓÔÉÎËÉ ÎÁ ×ÕÚÌ¦. ðÅÒÛÉÊ ÞÌÅÎ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ×ÒÁÈÏ×Õ¤ ÔÕÎÅÌØÎÅ ÒÏÚ-ÝÅÐÌÅÎÎÑ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ, ÄÒÕÇÉÊ | ÁÓÉÍÅÔÒ¦À ÑÍ ÁÎÇÁÒÍÏÎ¦ÞÎÏÇÏÐÏÔÅÎÃ¦ÁÌÕ ¦ ×ÉÐÁÄËÏ×Å ÐÏÌÅ. ôÒÅÔ¦Ê ¦ ÞÅÔ×ÅÒÔÉÊ ÞÌÅÎÉ ÏÐÉÓÕÀÔØ×ÚÁ¤ÍÏÄ¦À Í¦Ö ÐÓÅ×ÄÏÓÐ¦ÎÁÍÉ × ÍÅÖÁÈ Ð¦ÄÇÒÁÔÏË ¦ Í¦Ö Ð¦ÄÇÒÁÔËÁÍÉ×¦ÄÐÏ×¦ÄÎÏ.òÏÚÇÌÑÎÅÍÏ Â¦ÌØÛ ÄÅÔÁÌØÎÏ ÓÔÒÕËÔÕÒÕ ÐÏÚÄÏ×ÖÎØÏÇÏ ÐÏÌÑ h(i).äÌÑ ÑË¦ÓÎÏÇÏ ÒÏÚÇÌÑÄÕ ÐÒÏÂÌÅÍÉ ÍÏÖÎÁ ×ÉËÏÒÉÓÔÁÔÉ ÐÒÏÓÔÕ Â¦ÍÏ-ÄÁÌØÎÕ ÍÏÄÅÌØ:P (h(i)) = c�(h(i)� h) + (1� c)�(h(i)� himp); (2)ÄÅ c | ËÏÎÃÅÎÔÒÁÃ¦Ñ ×ÕÚÌ¦× Ú ÐÏÌÅÍ h, 1� c | ËÏÎÃÅÎÔÒÁÃ¦Ñ ×ÕÚÌ¦×Ú ÐÏÌÅÍ himp.õ ×ÉÐÁÄËÕ YBa2Cu3O7�x ×ÉÎÉËÎÅÎÎÑ ×ÁËÁÎÓ¦Ê O(1) Õ ÌÁÎÃÀÇÕÐÒÉÚ×ÏÄÉÔØ ÄÏ ÐÅÒÅÂÕÄÏ×É §È ËÒÉÓÔÁÌ¦ÞÎÏÇÏ ÏÔÏÞÅÎÎÑ, Á ÏÔÖÅ ×ÉÇÌÑÄÐÏÌÑ h(i) ÎÅ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ Ú ÐÒÏÓÔÉÈ (ÎÁÐÒÉËÌÁÄ, ÅÌÅËÔÒÏÓÔÁÔÉÞ-ÎÉÈ) Í¦ÒËÕ×ÁÎØ. ðÒÏÔÅ ÎÁ ÏÓÎÏ×¦ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÓÔ×ÏÒÅÎÏÍÏÄÅÌØ ×ÐÌÉ×Õ ×ÁËÁÎÓ¦Ê ÎÁ ÓÕÓ¦ÄÎ¦ ÁÐÅËÓÎ¦ ËÉÓÎ¦ [17]. ðÏÄ¦ÂÎÉÊ Ð¦Ä-È¦Ä, × ÑËÏÍÕ ×ÒÁÈÏ×Õ×ÁÌÉÓÑ ÌÉÛÅ Ä×Á ÔÉÐÉ ÐÏÔÅÎÃ¦ÁÌØÎÉÈ ÑÍ ÄÌÑ¦ÏÎ¦× ÁÐÅËÓÎÏÇÏ ËÉÓÎÀ (ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ Ä×ÏÍ Ò¦ÚÎÉÍ ÚÎÁÞÅÎÎÑÍ ÐÏÚ-ÄÏ×ÖÎØÏÇÏ ÐÏÌÑ Õ ËÏÍ¦ÒÃ¦) ÚÁÌÅÖÎÏ ×¦Ä ÎÁÑ×ÎÏÓÔ¦ ÓÕÓ¦ÄÎ¦È ËÉÓÎ¦× ×ÌÁÎÃÀÇÁÈ, ÄÏÚ×ÏÌÉ× ÏÐÉÓÁÔÉ ÐÌÁÔÏÐÏÄ¦ÂÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÍÐÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×¦Ä ËÏÎÃÅÎÔÒÁÃ¦§ ËÉÓÎÀ × YBa2Cu3O7�x [18].îÁÄÁÌ¦ ××ÁÖÁÔÉÍÅÍÏ, ÝÏ ×ÉÐÁÄËÏ×Å ÐÏÌÅ Õ Ò¦ÚÎÉÈ ËÏÍ¦ÒËÁÈ ¤ÎÅÚÁÌÅÖÎÉÍ ÏÄÎÅ ×¦Ä ÏÄÎÏÇÏ. ôÁËÉÍ ÞÉÎÏÍ ÎÅÈÔÕ¤ÔØÓÑ ËÏÒÅÌÑÃ¦¤ÀÍ¦Ö ËÏÎÆ¦ÇÕÒÁÃ¦ÑÍÉ ÏÔÏÞÅÎÎÑ ÓÕÓ¦ÄÎ¦È ËÏÍ¦ÒÏË.3. óÅÒÅÄÎ¦ ÐÒÏÅËÃ¦§ ÐÓÅ×ÄÏÓÐ¦Î¦×ðÒÉ ÒÏÚÇÌÑÄ¦ ÄÉÎÁÍ¦ËÉ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÏÐÉÓÁÎÏ§ ×ÉÝÅ ÍÏ-ÄÅÌ¦ ×ÉÎÉËÁ¤ ÐÒÏÂÌÅÍÁ ÚÎÁÈÏÄÖÅÎÎÑ ÓÅÒÅÄÎ¦È ÐÒÏÅËÃ¦Ê ÐÓÅ×ÄÏÓÐ¦Î¦×,ÏÓË¦ÌØËÉ ×ÏÎÉ ×ÈÏÄÑÔØ ÑË ÐÁÒÁÍÅÔÒÉ × Ò¦×ÎÑÎÎÑ ÄÌÑ ÐÏÂÕÄÏ×ÁÎÉÈ ÎÁÃÉÈ ÏÐÅÒÁÔÏÒÁÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ. ÷ÁÖÌÉ×Ï ÄÏÓÌ¦ÄÉÔÉ ÚÁÌÅÖÎ¦ÓÔØ ÃÉÈÓÅÒÅÄÎ¦È ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ, ÏÓË¦ÌØËÉ ÐÒÉ æð ×ÏÎÉ ÄÏÓÉÔØ Ò¦ÚËÏ (ÁÂÏÓÔÒÉÂËÏÍ) ÚÍ¦ÎÀÀÔØ Ó×Ï¤ ÚÎÁÞÅÎÎÑ. ÷¦ÄÐÏ×¦ÄÎÏ ÚÍ¦ÎÀ¤ÔØÓÑ ÄÉÎÁÍ¦ËÁÚÂÕÄÖÅÎØ, ÔÏÍÕ §§ ÓÌ¦Ä ×É×ÞÉÔÉ ÏËÒÅÍÏ ÄÌÑ ËÏÖÎÏ§ ÆÁÚÉ.
ICMP{97{16U 4äÌÑ ÍÏÄÅÌ¦ í¦ÃÕ§ ÐÏ×ÅÄ¦ÎËÕ ÓÉÓÔÅÍÉ ¦Ú ÚÍ¦ÎÏÀ ÔÅÍÐÅÒÁÔÕÒÉ ÔÁ ¦Î-ÛÉÈ ÐÁÒÁÍÅÔÒ¦× Ã¦ÌËÏÍ ÚÁÄÏ×¦ÌØÎÏ ÏÐÉÓÕÀÔØ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ ÐÒÏ-ÅËÃ¦§ ÐÓÅ×ÄÏÓÐ¦Î¦×, ÏÔÒÉÍÁÎ¦ × îóð. ÷¦ÄÏÍÏ, ÝÏ × ÍÏÄÅÌ¦ ÄÅ öÅÎÁÔÅÍÐÅÒÁÔÕÒÉ æð Õ ×ÐÏÒÑÄËÏ×ÁÎÕ ÆÁÚÕ, ×ÉÚÎÁÞÅÎ¦ Ú ÕÍÏ×É ÚÁÎÕÌÅÎÎÑÏÔÒÉÍÁÎÏÇÏ × îóð ÓÅÒÅÄÎØÏÇÏ hSzi ÔÁ ÚÁÎÕÌÅÎÎÑ ÞÁÓÔÏÔÉ ÏÔÒÉÍÁ-ÎÏ§ × ÎÁÂÌÉÖÅÎÎ¦ ÈÁÏÔÉÞÎÉÈ ÆÁÚ (îèæ) Í'ÑÇËÏ§ ÍÏÄÉ, ÓÐ¦×ÐÁÄÁÀÔØ.÷ ÍÏÄÅÌ¦ í¦ÃÕ§ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÐÏ×'ÑÚÁÎÉÊ Ú ËÏÌÉ×ÁÎÎÑÍÉ ÒÅÌÁË-ÓÁÃ¦ÊÎÏÇÏ ÔÉÐÕ ÐÏÚÄÏ×ÖÎØÏ§ ËÏÍÐÏÎÅÎÔÉ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ, ÝÏ ÎÅ ÏÐÉ-ÓÕÀÔØÓÑ × ÒÁÍËÁÈ ×ÉËÏÒÉÓÔÁÎÏÇÏ × Ã¦Ê ÒÏÂÏÔ¦ îèæ. ôÏÍÕ × ÄÁÎÏÍÕ×ÉÐÁÄËÕ ×ÉËÏÒÉÓÔÁÎÉÊ ÄÌÑ ÍÏÄÅÌ¦ ÄÅ öÅÎÁ ËÒÉÔÅÒ¦Ê ÕÚÇÏÄÖÅÎÏÓÔ¦îóð ¦ îèæ ¤ ÎÅÐÒÉÄÁÔÎÉÍ.ò¦×ÎÑÎÎÑ ÄÌÑ ÓÅÒÅÄÎ¦È ÐÒÏÅËÃ¦Ê ÐÓÅ×ÄÏÓÐ¦Î¦× hSz1;2i ÔÁ hSx1;2i ÄÌÑÍÏÄÅÌ¦ í¦ÃÕ§ × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÏÔÒÉÍÁÎÏ × ÒÑÄ¦ ÒÏÂ¦Ô[3,4]. ÷ ÒÏÂÏÔ¦ [3] ÐÒÏ×ÅÄÅÎÏ ÄÅÔÁÌØÎÉÊ ÁÎÁÌ¦Ú ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ× ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÐÁÒÁÍÅÔÒ¦× (J12(0) � J11(0))/(J12(0) + J11(0)) ÔÁh/(J12(0) + J11(0)). ðÒÉ ÃØÏÍÕ ÐÒÉÐÕÓËÁÌÏÓØ, ÝÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ ¤ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉÐÕ (×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÐÓÅ×ÄÏÓÐ¦ÎÁÍÉ ÄÏÄÁÔÎÑ)¦ ÔÕÎÅÌÀ×ÁÎÎÑ ×¦ÄÓÕÔÎ¤. ÷ÉÈ¦Ä ÚÁ ÍÅÖ¦ ÎÁÂÌÉÖÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ ÐÏ-ÌÑ ÂÕÌÏ ÚÄ¦ÊÓÎÅÎÏ Õ ÓÅÒ¦§ ÒÏÂ¦Ô [7{9], ÄÅ ÒÏÚÇÌÑÄÁ×ÓÑ Ë×ÁÚ¦ÏÄÎÏÍ¦ÒÎÉÊÁÎÁÌÏÇ ÍÏÄÅÌ¦ í¦ÃÕ§.ëÏÒÅÌÑÃ¦§ Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ ×ÒÁÈÏ×Õ-×ÁÌÉÓØ ÔÏÞÎÏ, Á Í¦Ö ÌÁÎÃÀÖËÁÍÉ | × ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ.ðÏËÁÚÁÎÏ ÚÏËÒÅÍÁ, ÝÏ ÐÒÉ ÐÅ×ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÁ ÍÏ-ÖÅ ÍÁÔÉ ÔÒÉ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄÉ. ã¦ËÁ×Ï, ÝÏ ¦ Õ ÎÁÂÌÉÖÅÎÎ¦ ÓÅÒÅÄÎØÏ-ÇÏ ÐÏÌÑ ÔÅÖ ¦ÓÎÕ¤ ×ÕÚØËÁ ÏÂÌÁÓÔØ ÐÁÒÁÍÅÔÒ¦×, ÐÒÉ ÑËÉÈ ÍÏÖÌÉ×¦ ÔÒÉÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄÉ. óÌ¦Ä ÔÁËÏÖ ÚÇÁÄÁÔÉ ÒÏÂÏÔÕ [19], ÄÅ ÄÏÓÌ¦ÄÖÕ×Á-ÌÁÓØ ÍÏÖÌÉ×¦ÓÔØ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×ÐÏÒÑÄËÕ×ÁÎÎÑ (×¦Ä'¤ÍÎÁ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÐÓÅ×ÄÏÓÐ¦ÎÁÍÉ).ãÅ ÚÂ¦ÌØÛÕ¤ ÅÆÅËÔÉ×ÎÕ Ë¦ÌØË¦ÓÔØ Ð¦Ä-ÇÒÁÔÏË ÄÏ ÞÏÔÉÒØÏÈ ¦ ×¦ÄÐÏ×¦ÄÎÏ ÕÓËÌÁÄÎÀ¤ ËÁÒÔÉÎÕ ÆÁÚÏ×ÉÈ ÐÅÒÅ-ÈÏÄ¦×.äÏÃ¦ÌØÎÏ ÐÒÉÇÁÄÁÔÉ ÏÓÎÏ×Î¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ, ÏÔÒÉÍÁÎ¦ × ÎÁÂÌÉ-ÖÅÎÎ¦ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ. äÌÑ ÓÅÒÅÄÎ¦È hSz1 i ÔÁ hSz2 i Ò¦×ÎÑÎÎÑ ÓÁÍÏ-ÕÚÇÏÄÖÅÎÎÑ ÕÔ×ÏÒÀÀÔØ ÓÉÓÔÅÍÕ Ä×ÏÈ ÎÅÌ¦Î¦ÊÎÉÈ Ò¦×ÎÑÎØ8>><>>: hSz1 i = �12 H1zpH21x +H21z th��2qH21x +H21z�hSz2 i = �12 H2zpH22x +H22z th��2qH22x +H22z� ; (3)ÄÅ H1z = �h� J11(0)hSz1 i � J12(0)hSz2 i;H2z = h� J11(0)hSz2 i � J12(0)hSz1 i; (4)H1x = H2x = 2




5 ðÒÅÐÒÉÎÔóÅÒÅÄÎ¦ hSx1 i ÔÁ hSx2 i ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÓÐ¦××¦ÄÎÏÛÅÎØhSx1 i = �12 H1xpH21x +H21z th��2qH21x +H21z� ;hSx2 i = �12 H2xpH22x +H22z th��2qH22x +H22z� : (5)¦ ¤ ÆÕÎËÃ¦ÑÍÉ ×¦Ä hSz1 i ¦ hSz2 i.ïÞÅ×ÉÄÎÏ, ÝÏ ÐÏÑ×Á ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ×ÅÄÅ ÄÏ ÚÁÌÅÖÎÏÓÔ¦ ÓÅÒÅÄ-Î¦È ÐÒÏÅËÃ¦Ê ÐÓÅ×ÄÏÓÐ¦Î¦× ×¦Ä ¦ÎÄÅËÓÁ ËÏÍ¦ÒËÉ. ïÓË¦ÌØËÉ × ÐÒÏÅËÃ¦§ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ÎÁ ×¦ÓØ z ×ÈÏÄÑÔØ ÞÌÅÎÉ ÔÉÐÕ Pj j11(i; j)hSz1 (j)i ÔÁPj j12(i; j)hSz2 (j)i, ×ÉÇÌÑÄ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (3) ÚÎÁÞÎÏ ÕÓËÌÁÄÎÀ¤ÔØ-ÓÑ ÎÁ×¦ÔØ Õ ×ÉÐÁÄËÕ, ËÏÌÉ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ×ÚÁ¤ÍÏÄ¦Ñ ÌÉÛÅ Í¦Ö ÎÁÊ-ÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ. æÁËÔÉÞÎÏ ÚÁÍ¦ÓÔØ ÓÉÓÔÅÍÉ Ä×ÏÈ Ò¦×ÎÑÎØ ×ÉÎÉ-ËÁ¤ ÓÉÓÔÅÍÁ 2N Ò¦×ÎÑÎØ, ÂÏ ÞÌÅÎÉ ÚÇÁÄÁÎÏÇÏ ×ÉÝÅ ÔÉÐÕ ÐÏ×'ÑÚÕÀÔØ×Ó¦ ËÏÍ¦ÒËÉ ÏÄÎÁ Ú ÏÄÎÏÀ.ú Ã¦¤§ ÐÒÉÞÉÎÉ ÄÏ×ÏÄÉÔØÓÑ ÚÒÏÂÉÔÉ Ë¦ÌØËÁ ÐÒÉÐÕÝÅÎØ. ðÏ ÐÅÒÛÅ,ÐÒÉÐÕÓËÁ¤ÔØÓÑ, ÝÏ ËÏÒÅÌÑÃ¦§ Í¦Ö ÚÎÁÞÅÎÎÑÍÉ ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÕÒ¦ÚÎÉÈ ËÏÍ¦ÒËÁÈ ×¦ÄÓÕÔÎ¦. ÷ YBa2Cu3O7�x ÔÁËÁ ÓÉÔÕÁÃ¦Ñ ÍÁ¤ Í¦ÓÃÅÐÒÉ ÍÁÌÉÈ x. ðÏ ÄÒÕÇÅ, ÐÒÉÐÕÓËÁ¤ÔØÓÑ, ÝÏ ÐÒÏÅËÃ¦§ ÓÅÒÅÄÎØÏÇÏ ÐÏ-ÌÑ ÎÁ ×¦ÓØ z ÍÁÀÔØ ÔÁËÉÊ ÓÁÍÉÊ ×ÉÇÌÑÄ, ÑË ¦ ÄÌÑ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ(3), ÏÄÎÁË ×ÎÕÔÒ¦ÛÎ¦ ÓÁÍÏÕÚÇÏÄÖÅÎ¦ ÐÏÌÑ, ÝÏ ×ËÌÀÞÁÀÔØ ×ÉÐÁÄËÏ-×Å ÐÏÌÅ hi, ×ÉÚÎÁÞÁÀÔØÓÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÍÉ ÓÅÒÅÄÎ¦ÍÉÐÒÏÅËÃ¦ÑÍÉ ÐÓÅ×ÄÏÓÐ¦Î¦× [20]:H1z(i) = �h(i)� J11(0)hSz1 i � J12(0)hSz2 i; (6)H2z(i) = h(i)� J11(0)hSz2 i � J12(0)hSz1 i;Ì¦Î¦Ñ ÎÁÄ ×ÉÒÁÚÏÍ ÐÏÚÎÁÞÁ¤ ÊÏÇÏ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÅ ÕÓÅÒÅÄÎÅÎÎÑ ÚÁ ×É-ÐÁÄËÏ×ÉÍ ÐÏÌÅÍ: A = R P (hi)Ai(hi)dhi.ôÁËÉÍ ÞÉÎÏÍ, ÄÌÑ Â¦ÍÏÄÁÌØÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ Õ ËÏÖÎ¦Ê Ú Ð¦ÄÇÒÁÔÏËÍÏÖÅ ÂÕÔÉ Ä×Á Ò¦ÚÎÉÈ ÓÅÒÅÄÎ¦È hSz�i ÚÁÌÅÖÎÏ ×¦Ä ÔÏÇÏ, ÑËÅ Ú Ä×ÏÈÚÎÁÞÅÎØ ÐÒÉÊÍÁ¤ ×ÉÐÁÄËÏ×Å ÐÏÌÅhSz�(i)i=�12 H�z(i)pH2�x +H2�z(i) th��2pH2�x +H2�z(i)�; � = 1kT ; � = 1;2:(7)ðÒÏ×¦×ÛÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÅ ÕÓÅÒÅÄÎÅÎÎÑ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÓÉÓÔÅÍÕÒ¦×ÎÑÎØ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÓÅÒÅÄÎ¦È hSz�ihSz�i = �12 2Xn=1 pn H�z(n)pH2�x +H2�z(n) th��2pH2�x +H2�z(n)� ; (8)
ICMP{97{16U 6ÔÁ ×¦ÄÐÏ×¦ÄÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÓÅÒÅÄÎ¦È hSx�ihSx�i = �12 2Xn=1 H�xpH2�x +H2�z(n) th��2pH2�x +H2�z(n)� ; � = 1; 2 ;(9)ÄÅ p1 = c, p2 = 1 � c, h1 = h, h2 = himp ×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÏÚÎÁÞÅÎÎÑÂ¦ÍÏÄÁÌØÎÏÇÏ ÒÏÚÐÏÄ¦ÌÕ (2).óÉÓÔÅÍÁ Ò¦×ÎÑÎØ (8) ÐÏÄ¦ÂÎÁ ÄÏ ÓÉÓÔÅÍÉ (3). óÉÓÔÅÍÉ Ò¦×ÎÑÎØ (8)¦ (3) ÍÏÖÕÔØ ÍÁÔÉ Ë¦ÌØËÁ ÒÏÚ×'ÑÚË¦×. úÒÏÂÉÍÏ ÄÅÑË¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ,ÝÏ ÓÐÒÏÓÔÑÔØ ÏÂÞÉÓÌÅÎÎÑ. úÁÐÉÛÅÍÏ ÐÏÚÄÏ×ÖÎ¦ ÓËÌÁÄÏ×¦ ÓÅÒÅÄÎØÏÇÏÐÏÌÑ Õ ×ÉÇÌÑÄ¦ [3]H1z(i) = �hi � � + a�; H2z(i) = hi � � � a�; (10)ÄÅ � = �i; � = �i;�i = 12(hSz1 (i)i+ hSz2 (i)i); �i = 12(hSz1 (i)i � hSz2 (i)i);a = J12(0)� J11(0)J12(0) + J11(0) :ôÏÄ¦ ×ÉÒÁÚÉ (7) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ÆÏÒÍ¦�i = 14(f1i + f2i); (11)�i = 14(f1i � f2i);ÄÅ f�i = H�z(i)pH2�x +H2�z(i) th��2pH2�x +H2�z(i)� ; � = 1; 2 . ÷×ÅÄÅÍÏÎÏ×¦ ÚÍ¦ÎÎ¦ x1i ÔÁ x2ix1i = �i � a�i; x2i = �i + a�i; (12)¦, ×¦ÄÐÏ×¦ÄÎÏ, x1 = x1i, x2 = x2i. ôÏÄ¦ ×ÉÒÁÚÉ (11) ÍÁÔÉÍÕÔØ ×ÉÇÌÑÄx1i = �1x2i + �2f2i(x2); (13)x2i = �1x1i + �2f1i(x1);ÄÅ �1 = 1� a1 + a; �2 = a1 + a . ðÒÏ×¦×ÛÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÅ ÕÓÅÒÅÄÎÅÎÎÑ,ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ x1 ÔÁ x2:8><>: x1 = �1x2 + �2Xn pnf2n(x2)x2 = �1x1 + �2Xn pnf1n(x1) ; (14)



7 ðÒÅÐÒÉÎÔìÅÇËÏ ÂÁÞÉÔÉ, ÝÏ ÐÒÁ×Á ÞÁÓÔÉÎÁ ËÏÖÎÏÇÏ Ú Ò¦×ÎÑÎØ (14) ÚÁÌÅÖÉÔØÌÉÛÅ ×¦Ä ÏÄÎ¦¤§ ÚÍ¦ÎÎÏ§. ôÏÍÕ, Ð¦ÄÓÔÁ×É×ÛÉ, ÎÁÐÒÉËÌÁÄ, ×ÉÒÁÚ ÄÌÑx2 Ú ÄÒÕÇÏÇÏ Ò¦×ÎÑÎÎÑ × ÐÅÒÛÅ, ÏÔÒÉÍÕ¤ÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ÚÍ¦ÎÎÏ§ x1.òÏÚ×'ÑÚÁ×ÛÉ ÊÏÇÏ, Ð¦ÄÓÔÁ×ÌÑ¤Í ÒÏÚ×'ÑÚÏË Õ ÄÒÕÇÅ Ò¦×ÎÑÎÎÑ ¦ ÏÔÒÉ-ÍÕ¤ÍÏ ×¦ÄÐÏ×¦ÄÎÅ ÚÎÁÞÅÎÎÑ x2. úÒÏÚÕÍ¦ÌÏ, ÝÏ ÒÏÚ×'ÑÚÁÔÉ ÏÄÎÅ ÔÒÁÎÓ-ÃÅÎÄÅÎÔÎÅ Ò¦×ÎÑÎÎÑ ÚÎÁÞÎÏ ÌÅÇÛÅ Î¦Ö ÓÉÓÔÅÍÕ Ä×ÏÈ. úÁÓÔÏÓÕ×ÁÎÎÑÍÅÔÏÄÕ ÐÏÌÏ×ÉÎÎÏÇÏ Ä¦ÌÅÎÎÑ ÄÏÚ×ÏÌÑ¤ ÚÎÁÊÔÉ ×Ó¦ ÍÏÖÌÉ×¦ ÒÏÚ×'ÑÚËÉÄÌÑ hSz1 i ÔÁ hSz2 i. ú ÎÉÈ ×ÉÂÉÒÁ¤ÔØÓÑ Æ¦ÚÉÞÎÉÊ ÒÏÚ×'ÑÚÏË, ÝÏ ×¦Ä-ÐÏ×¦ÄÁ¤ ÎÁÊÎÉÖÞÏÍÕ Í¦Î¦ÍÕÍÕ (ÞÉ ÔÏÞÃ¦ ÐÅÒÅÇÉÎÕ) ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§[3,6]. áÎÁÌÏÇ¦ÞÎ¦ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÄÏÃ¦ÌØÎÏ ÐÒÏ×ÅÓÔÉ ¦ ÄÌÑ ×ÉÐÁÄËÕ ¦ÄÅ-ÁÌØÎÏ§ ÓÉÓÔÅÍÉ (3).ïÔÒÉÍÁÎ¦ Ú ×ÉÒÁÚ¦× (14) ¦ (9) ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎ¦ ÓÅÒÅÄ-Î¦ hSx;z1;2 i ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉÍÕÔØÓÑ × ÎÁÓÔÕÐÎÏÍÕ ÒÏÚÄ¦Ì¦ × ÆÏÒÍÕÌÁÈ,ÝÏ ÏÐÉÓÕÀÔØ ÄÉÎÁÍ¦ËÕ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ × ÎÅ×ÐÏÒÑÄËÏ×ÁÎ¦ÊÓÉÓÔÅÍ¦.4. äÉÎÁÍ¦ËÁ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØäÌÑ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÄÉÎÁÍ¦ËÁ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ × ÍÏÄÅÌ¦í¦ÃÕ§ ×É×ÞÁÌÁÓØ ×ÖÅ × ÐÅÒÛÉÈ ÒÏÂÏÔÁÈ Ú Ã¦¤§ ÔÅÍÁÔÉËÉ [2,4]. úÏËÒÅ-ÍÁ, ×ÉËÏÒÉÓÔÏ×Õ×Á×ÓÑ ÍÅÔÏÄ Ä×ÏÞÁÓÏ×ÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ, ÐÏÂÕÄÏ×ÁÎÉÈÎÁ Sz1;2(l) ÏÐÅÒÁÔÏÒÁÈ. äÏÃ¦ÌØÎÏ ÎÁ×ÅÓÔÉ ÏÓÎÏ×Î¦ ÏÔÒÉÍÁÎ¦ ÒÅÚÕÌØÔÁ-ÔÉ. æÕÎËÃ¦§ çÒ¦ÎÁ ×ÉÝÏÇÏ ÐÏÒÑÄËÕ ÔÉÐÕ hhABjCii ÒÏÚÝÅÐÌÀÀÔØÓÑ ×(îèæ) hhABjCii ' hAihhBjCii + hBihhAjCii:ôÏÄ¦ æÕÒ'¤{ÏÂÒÁÚÉ Ä×ÏÞÁÓÏ×ÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ, ÐÏÂÕÄÏ×ÁÎÉÈ ÎÁÏÐÅÒÁÔÏÒÁÈ Sz1;2(l), ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:^Gzz(~k) = � �h2� [^g�1 � ^J(~k)]�1; (15)ÄÅ ^Gzz(~k) =  Gzz11(~k) Gzz12(~k)Gzz21(~k) Gzz22(~k) !; ^J(~k) =  J11(~k) J12(~k)J21(~k) J22(~k) !;^g = � g1 00 g2 � ; (16)Gzz��(~k) = 1N Xi Xj e�i~k( ~Ri� ~Rj)hhSz�(i)jSz�(j)ii! ;J��(~k) = 1N Xi Xj e�i~k( ~Ri� ~Rj)j��(i; j); �; � = 1; 2:
ICMP{97{16U 8ú ÏÚÎÁÞÅÎÎÑ J��(~k) ×ÉÐÌÉ×Á¤ Ú×'ÑÚÏË J12(~k) = J21(�~k) = J�21(~k). íÁ-ÔÒÉÃÑ ^g ÓËÌÁÄÁ¤ÔØÓÑ Ú ÆÕÎËÃ¦Ê çÒ¦ÎÁ g1;2 (Ô. Ú×. ÌÏËÁÔÏÒÉ) ÄÌÑ ¦ÚÏ-ÌØÏ×ÁÎÉÈ ÐÓÅ×ÄÏÓÐ¦Î¦× Sz1;2 × ÓÅÒÅÄÎØÏÍÕ ÐÏÌ¦:g1 = 2
hSx1 i(�h!)2 �H21x �H21z ; g2 = 2
hSx2 i(�h!)2 �H22x �H22z : (17)ðÒÉÒ¦×ÎÑ×ÛÉ ÄÏ ÎÕÌÑ ×ÉÚÎÁÞÎÉË ÍÁÔÒÉÃ¦ [^g�1 � ^J(~k)] Õ ÆÏÒÍÕÌ¦(15), ÏÔÒÉÍÁ¤ÍÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ÅÎÅÒÇÅÔÉÞÎÏÇÏ ÓÐÅËÔÒÕ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈÚÂÕÄÖÅÎØ. êÏÇÏ ÒÏÚ×'ÑÚËÁÍÉ ¤ Ä×¦ Ç¦ÌËÉ:(�h!)21;2 = 12 �"21(~k) + "22(~k)�� 12 ��"21(~k)� "22(~k)�2 + 4"412(~k)� 12(18)ÄÅ "21(~k) = H21x +H21z + 2
hSx1 iJ11(~k);"22(~k) = H22x +H22z + 2
hSx2 iJ11(~k);"412(~k) = (2
)2hSx1 ihSx2 iJ12(~k)J21(~k):îÁÑ×Î¦ÓÔØ Ä×ÏÈ Ç¦ÌÏË Õ ÓÐÅËÔÒ¦ ×ÉËÌÉËÁÎÁ ÔÉÍ, ÝÏ ÓÉÓÔÅÍÁ ÓËÌÁ-ÄÁ¤ÔØÓÑ Ú Ä×ÏÈ Ð¦ÄÇÒÁÔÏË (ÄÁ×ÉÄ¦×ÓØËÅ ÒÏÚÝÅÐÌÅÎÎÑ), ¦ ÏÐÉÓÕ¤ ÓÉÎ-ÆÁÚÎ¦ ÔÁ ÐÒÏÔÉÆÁÚÎ¦ ÐÅÒÅ×ÏÒÏÔÉ ÐÓÅ×ÄÏÓÐ¦Î¦×. óÐÒÁ×Ä¦, ÐÒÉ ×¦ÄÓÕÔ-ÎÏÓÔ¦ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö Ð¦ÄÇÒÁÔËÁÍÉ ÓÐÅËÔÒ ÓÉÓÔÅÍÉ ÐÅÒÅÈÏÄÉÔØ Õ ÅÎÅÒÇ¦§ÚÂÕÄÖÅÎØ ¦ÚÏÌØÏ×ÁÎÉÈ Ð¦ÄÇÒÁÔÏË "21(~k) ÔÁ "22(~k).ðÏÑ×Á ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÎÅ ÚÍ¦ÎÀ¤ ÓÔÒÕËÔÕÒÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ, ÁÏÔÖÅ ¦ ÓÔÒÕËÔÕÒÕ Ò¦×ÎÑÎØ ÄÌÑ ÆÕÎËÃ¦Ê çÒ¦ÎÁ. ïÄÎÁË ×ÉÐÁÄËÏ×ÉÊÈÁÒÁËÔÅÒ ÐÏÌÑ ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÔÒÁÔÉ ÔÒÁÎÓÌÑÃ¦ÊÎÏ§ ¦Î×ÁÒ¦ÁÎÔÎÏÓÔ¦.õ ÃØÏÍÕ ×ÉÐÁÄËÕ ÄÌÑ ÆÕÎËÃ¦§ çÒ¦ÎÁ hhSz�(l)jSz�(m)ii! ÏÔÒÉÍÕ¤ÔØÓÑÔÁËÁ ÓÉÓÔÅÍÁ Ò¦×ÎÑÎØ�h!Gxz��(l;m) = i0@(�1)��1h(l) +Xj j11(l; j)hSz�(j)i+Xj j��0(l; j)hSz�0(j)i1AGyz��(l;m);�h!Gyz��(l;m) = i �h2�����lmhSx�(l)i � i242
Gzz��(l;m) (19)+0@(�1)��1h(l) +Xj j11(l; j)hSz�(j)i



9 ðÒÅÐÒÉÎÔ+Xj j��0(l; j)hSz�0(j)i1AGxz��(l;m)+hSx�(l)i0@Xj j11(l; j)Gzz��(j;m)+Xj j��0(l; j)Gzz�0�(j;m)1A35 ;�h!Gzz��(l;m) = i2
Gyz��(l;m);ÄÅ Gpq��(l;m) = hhSp�(l)jSq�(m)ii; p; q = x; y; z ; �; � = 1; 2 ;�0 = 2; ËÏÌÉ � = 1; ¦ �0 = 1; ËÏÌÉ � = 2:÷ÉËÌÀÞÉ×ÛÉ Ú Ò¦×ÎÑÎØ ÆÕÎËÃ¦§ çÒ¦ÎÁ Ú x{ ÔÁ y{ÐÒÏÅËÃ¦ÑÍÉ ÐÓÅ×ÄÏ-ÓÐ¦ÎÁ, ÍÁÔÉÍÅÍÏGzz��(l;m)=� �h2�����lmg�(l) (20)+g�(l)0@Xj j11(l; j)Gzz��(j;m)+Xj j��0(l; j)Gzz�0�(j;m)1AÄÅ g�(l) = 2
hSx�(l)i(�h!)2 �H2�x �H2�z(l) ; � = 1; 2:õ ÓÉÓÔÅÍ¦ Ò¦×ÎÑÎØ (20) ÚÒÕÞÎÏ ÐÅÒÅÊÔÉ ÄÏ ÍÁÔÒÉÞÎÏÇÏ ÚÁÐÉÓÕ, ÑËÉÊÂ¦ÌØÛ ÑÓÎÏ ×¦ÄÏÂÒÁÖÁ¤ Ä×ÏÐ¦ÄÇÒÁÔËÏ×Õ ÓÔÒÕËÔÕÒÕ ÍÏÄÅÌ¦,^G(l;m) = � �h2��lm^g(l) + ^g(l)Xj ^J(l; j) ^G(j;m); (21)ÄÅ ^Gzz(l;m) = � Gzz11(l;m) Gzz12(l;m)Gzz21(l;m) Gzz22(l;m) � ;^J(l;m) = � J11(l;m) J12(l;m)J21(l;m) J22(l;m) � ; (22)^g = � g1 00 g2 � :ëÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÚÁÌÅÖÎÉÍÉ ¤ ÌÉÛÅ ÆÕÎËÃ¦§ çÒ¦ÎÁ ¦ÚÏÌØÏ×ÁÎÉÈ ËÏÍ¦-ÒÏË ^g | ÏÔÖÅ ÃÅ ×ÉÐÁÄÏË Ä¦ÁÇÏÎÁÌØÎÏÇÏ ÂÅÚÌÁÄÕ.
ICMP{97{16U 10äÌÑ ÔÏÇÏ, ÝÏÂ ÒÏÚ×'ÑÚÁÔÉ Ò¦×ÎÑÎÎÑ (21), ×ÉËÏÒÉÓÔÁ¤ÍÏ ÏÄÎÏ×ÕÚ-ÌÏ×Å ÎÁÂÌÉÖÅÎÎÑ ËÏÇÅÒÅÎÔÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ (ÄÉ×., ÎÁÐÒÉËÌÁÄ, [21]).÷ ÃØÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÁ¤ÍÏ ÎÁÓÔÕÐÎÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ËÏÎÆ¦ÇÕ-ÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÏ§ ÏÄÎÏËÏÍ¦ÒËÏ×Ï§ ÆÕÎËÃ¦§ çÒ¦ÎÁ ^F :8><>: ^F =Pn pn h^g�1n � ^��1 + ^F�1i�1^F = 1N Pk h^��1 � ^J(~k)i�1 ; (23)ÄÅ ^F = ^G(l; l), ^� | ÍÁÔÒÉÃÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÉÈ ÌÏËÁÔÏÒ¦×,n ÐÏÚÎÁÞÁ¤ ÐÅ×ÎÕ ËÏÎÆ¦ÇÕÒÁÃ¦À ÏÔÏÞÅÎÎÑ (Á, ÏÔÖÅ, ÐÅ×ÎÅ ÚÎÁÞÅÎÎÑ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ), ^gn | ÍÁÔÒÉÃÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÚÁÌÅÖÎÉÈ ÆÕÎË-Ã¦Ê çÒ¦ÎÁ ¦ÚÏÌØÏ×ÁÎÉÈ ÐÓÅ×ÄÏÓÐ¦Î¦×, Á ÓÕÍÁ ÐÏ n Ú ×¦ÄÐÏ×¦ÄÎÉÍÉ ×Á-ÇÏ×ÉÍÉ ÍÎÏÖÎÉËÁÍÉ pn ×¦ÄÐÏ×¦ÄÁ¤ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏÍÕ ÕÓÅÒÅÄÎÅÎÎÀ ÚÒÏÚÐÏÄ¦ÌÏÍ (2).õ ×ÉËÏÒÉÓÔÁÎÏÍÕ ÏÄÎÏ×ÕÚÌÏ×ÏÍÕ (ÞÉ ×¦ÒÎ¦ÛÅ ÏÄÎÏËÏÍ¦ÒËÏ×ÏÍÕ)ÎÁÂÌÉÖÅÎÎ¦ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎ¦ ÌÏËÁÔÏÒÉ ÎÅ ÚÁÌÅÖÁÔØ ×¦ÄÈ×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ. ôÏÍÕ ÚÍ¦ÎÉ, ÐÏ×'ÑÚÁÎ¦ Ú ×ÉÐÁÄËÏ×ÉÍ ÐÏÌÅÍ, ËÒÁ-ÝÅ ÄÏÓÌ¦ÄÖÕ×ÁÔÉ ÄÌÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÏ§ ÇÕÓÔÉÎÉ ÐÓÅ×ÄÏ-ÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÎÁ ×ÕÚÌ¦ �(!) ÚÁ ÆÏÒÍÕÌÏÀ��(!) = � 1�=mF��(!); � = 1; 2: (24)çÕÓÔÉÎÁ ÓÔÁÎ¦× �(!) ÄÏÚ×ÏÌÑ¤ ÎÁÏÞÎÏ ÄÏÓÌ¦ÄÉÔÉ ÚÍ¦ÎÕ ÛÉÒÉÎÉ ÔÁ¦ÎÔÅÎÓÉ×ÎÏÓÔ¦ ÅÎÅÒÇÅÔÉÞÎÉÈ ÚÏÎ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ¦Ú ÚÍ¦ÎÏÀËÏÎÃÅÎÔÒÁÃ¦§ ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÔÁ ¦ÎÛÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ.5. ïÂÞÉÓÌÅÎÎÑ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÏ§ ÏÄÎÏ-ËÏÍ¦ÒËÏ×Ï§ ÆÕÎËÃ¦§ çÒ¦ÎÁäÒÕÇÅ Ò¦×ÎÑÎÎÑ ÓÉÓÔÅÍÉ (23)^F = 1N Xk h^��1 � ^J(~k)i�1 (25)×ÉÒÁÖÁ¤ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎÏ ÕÓÅÒÅÄÎÅÎÕ ÏÄÎÏËÏÍ¦ÒËÏ×Õ ÆÕÎËÃ¦À çÒ¦ÎÁ^F ÞÅÒÅÚ ÍÁÔÒÉÃ¦ ÕÓÅÒÅÄÎÅÎÉÈ ÌÏËÁÔÏÒ¦× ^� ¦ æÕÒ'¤{ÏÂÒÁÚ¦× ÐÓÅ×ÄÏ-ÓÐ¦ÎÏ×Ï§ ×ÚÁ¤ÍÏÄ¦§ ^J(~k). ôÏÞÎÏ ÏÂÞÉÓÌÉÔÉ ÓÕÍÕ (ÞÉ ¦ÎÔÅÇÒÁÌ) ÐÏ ~kÓËÌÁÄÎÏ ÎÁ×¦ÔØ Õ ×ÉÐÁÄËÕ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, ÄÅ ^� ÐÅÒÅÈÏÄÉÔØ × ÍÁ-ÔÒÉÃÀ ÏÄÎÏ×ÕÚÌÏ×ÉÈ ÌÏËÁÔÏÒ¦× ^g.



11 ðÒÅÐÒÉÎÔðÒÏ×ÅÄÅÍÏ ÔÁËÉÊ ÒÏÚÒÁÈÕÎÏË ÎÁ ÐÒÉËÌÁÄ¦ Ä×ÏÍ¦ÒÎÏ§ ÓÉÓÔÅÍÉ, ÝÏ×¦ÄÐÏ×¦ÄÁ¤ ËÉÓÎÅ×ÉÍ Ð¦ÄÇÒÁÔËÁÍ × YBa2Cu3O7�x, Ú ×ÒÁÈÕ×ÁÎÎÑÍ ×ÚÁ-¤ÍÏÄ¦§ ÌÉÛÅ Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ. æÕÒ'¤{ÏÂÒÁÚÉ ÐÓÅ×ÄÏÓÐ¦ÎÏ-×Ï§ ×ÚÁ¤ÍÏÄ¦§ ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:J11(~k) = j1 � 12 (cos(kxa) + cos(kya)) ; j1 = J11(0); (26)J12(~k) = J21(~k) = j2c + j2 � 12 (cos(kxa) + cos(kya)) ; J12(0) = j2c + j2:óÕÍÕ×ÁÎÎÑ ÐÏ È×ÉÌØÏ×ÏÍÕ ×ÅËÔÏÒÕ ÍÏÖÎÁ ÚÁÍ¦ÎÉÔÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑÍÚÁ ÇÕÓÔÉÎÏÀ ÓÔÁÎ¦× ÚÁ ÆÏÒÍÕÌÏÀ1N Xk f �g(~k)� = Z f(x)�(x)dx ; �(x) = 1N Xk � �x� g(~k)� ;(27)ÄÅ g(~k) | ÄÏ×¦ÌØÎÁ ÆÕÎËÃ¦Ñ ×¦Ä ~k. úÎÁÊÔÉ ÔÏÞÎÉÊ ×ÉÇÌÑÄ �(x) ¤ ÎÅÍÅÎÛÏÀ ÐÒÏÂÌÅÍÏÀ, ÁÎ¦Ö ÏÂÞÉÓÌÉÔÉ ÓÕÍÕ ÐÏ ~k × ×ÉÒÁÚ¦ (25). ïÄÎÁËÚÁÍ¦ÓÔØ ÔÏÞÎÏ§ ÍÏÖÎÁ ×ÚÑÔÉ ÐÒÏÓÔÕ ÍÏÄÅÌØÎÕ ÇÕÓÔÉÎÕ ÓÔÁÎ¦× �(x),ÝÏ ÄÁÓÔØ ÍÏÖÌÉ×¦ÓÔØ ÐÒÏ×ÅÓÔÉ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ x. ôÁËÏÀ ÍÏÄÅÌØÎÏÀÇÕÓÔÉÎÏÀ ÓÔÁÎ¦× ÄÌÑ Ä×ÏÍ¦ÒÎÏ§ ÓÉÓÔÅÍÉ ÍÏÖÅ ÓÌÕÇÕ×ÁÔÉ ÐÒÑÍÏËÕÔÎÁÇÕÓÔÉÎÁ ÓÔÁÎ¦×: �(x) = 12 ; x 2 [�1; 1]: (28)ð¦ÓÌÑ ÐÅÒÅÈÏÄÕ ÄÏ ÍÏÄÅÌØÎÏ§ ÇÕÓÔÉÎÉ ÓÔÁÎ¦× æÕÒ'¤{ÏÂÒÁÚÉ (26) ÐÒÉÊ-ÍÁÀÔØ ×ÉÇÌÑÄ J11(x) = j1x ; (29)J12(x) = j2c + j2x ;Á ÏÂÅÒÎÅÎÁ ÍÁÔÒÉÃÑ Ú ×ÉÒÁÚÕ (25), ×¦ÄÐÏ×¦ÄÎÏ, ÚÁÐÉÛÅÔØÓÑ ÔÁËh^��1 � ^J(~k)i�1 = D�1� s22 � j1x �(s12 � j2x)�(s12 � j2x) s11 � j1x � ; ÄÅ (30)s11 = (^��1)11; s22 = (^��1)22; s12 = (^��1)12 � j2c ;D�1 = D�1const� 1z1 � x � 1z2 � x� ; Dconst = �(j21 � j22)(z1 � z2) ;z1;2 = 12 �j21 � j22��1 �j1(s11 + s22)� 2j2s12 (31)� qj21(s11 � s22)2 + 4(j1s12 � j2s11)(j1s12 � j2s22) � :
ICMP{97{16U 12ôÕÔ ×ÒÁÈÏ×ÁÎÏ, ÝÏ �21 = �12. ôÅÐÅÒ ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÏ x Ú×ÏÄÉÔØÓÑ ÄÏ¦ÎÔÅÇÒÕ×ÁÎÎÑ ÐÒÏÓÔÉÈ ÄÒÏÂ¦× Ú ÍÏÄÅÌØÎÏÀ ÇÕÓÔÉÎÏÀ ÓÔÁÎ¦×F0(z) = 1Z�1 �(x)dxz � x = �12 ln�z � 1z + 1� ; (32)×ÒÁÈÏ×ÕÀÞÉ, ÝÏ ln(z) = ln jzj+ i arg(z). ÷ ÒÅÚÕÌØÔÁÔ¦ ÄÌÑ ÏÄÎÏËÏÍ¦Ò-ËÏ×Ï§ ÆÕÎËÃ¦§ çÒ¦ÎÁ ÏÔÒÉÍÕ¤ÍÏ^F = � F11 F12F12 F22 � ; ÄÅ (33)F11 = D�1const [(s22 � j1z1)F0(z1)� (s22 � j1z2)F0(z2)] ;F12 = D�1const [�(s12 � j2z1)F0(z1) + (s12 � j2z2)F0(z2)] ; (34)F22 = D�1const [(s11 � j1z1)F0(z1)� (s11 � j1z2)F0(z2)] :óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ × ÐÏÌÑÒÎ¦Ê ÆÁÚ¦ �11 = �22 (ÄÉ×. ÏÚÎÁÞÅÎÎÑ (17)),ÏÔÖÅ ¦ F11 = F22. ÷ÎÁÓÌ¦ÄÏË ÃØÏÇÏ ×ÉÇÌÑÄ ×ÉÒÁÚ¦× (31) ¦ (34) ÚÎÁÞÎÏÓÐÒÏÝÕ¤ÔØÓÑ z1 = s11 + s12j1 + j2 ; z2 = s11 � s12j1 � j2 ; (35)F11 = 12 � F0(z1)j1 + j2 + F0(z2)j1 � j2� ; F12 = 12 � F0(z1)j1 + j2 � F0(z2)j1 � j2� : (36)îÁ ×¦ÄÍ¦ÎÕ ×¦Ä ×ÉÒÁÚ¦× (34), ÄÅ ËÏÅÆ¦Ã¦¤ÎÔÉ ÐÒÉ F0 ÍÏÖÕÔØ ÚÁÌÅÖÁÔÉ×¦Ä ÅÎÅÒÇ¦§ ÑË ÄÌÑ ¦ÄÅÁÌØÎÏ§, ÔÁË ¦ ÄÌÑ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÓÉÓÔÅÍÉ, ×ÐÏÌÑÒÎ¦Ê ÆÁÚ¦ Ã¦ ËÏÅÆ¦Ã¦¤ÎÔÉ ¤ ÎÅÚÁÌÅÖÎÉÍÉ ×¦Ä ÅÎÅÒÇ¦§.6. þÉÓÌÏ×¦ ÒÅÚÕÌØÔÁÔÉ ÔÁ §È ÁÎÁÌ¦ÚïÓË¦ÌØËÉ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÁ ÓÉÓÔÅÍÁ ÚÂÅÒ¦ÇÁ¤ ÏÓÎÏ×Î¦ ÒÉÓÉ ÇÕÓÔÉÎÉ ÓÔÁ-Î¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ¦ÄÅÁÌØÎÏ§ ÓÉÓÔÅÍÉ, ÄÏÃ¦ÌØÎÏ ÐÏÞÁÔÉ ÏÂ-ÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦× Ú ×ÉÐÁÄËÕ c = 1 (ÞÉ c = 0). ôÁË, Ä×ÏÐ¦ÄÇÒÁÔ-ËÏ×Á ÓÔÒÕËÔÕÒÁ ÍÏÄÅÌ¦ ×ÉÑ×ÌÑ¤ ÓÅÂÅ Õ ÐÏÑ×¦ Ä×ÏÈ Ç¦ÌÏË × ÅÎÅÒÇÅÔÉÞ-ÎÏÍÕ ÓÐÅËÔÒ¦ (ÄÉ×. (18)) ÞÉ Ä×ÏÈ ÚÏÎ × ÇÕÓÔÉÎ¦ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈÚÂÕÄÖÅÎØ (ÄÉ×. (31)). ïÄÎÁ Ú ÎÉÈ | ÚÏÎÁ ÓÉÎÆÁÚÎÉÈ ÐÓÅ×ÄÏÓÐ¦ÎÏ-×ÉÈ ÚÂÕÄÖÅÎØ Ú ÍÅÎÛÏÀ ÅÎÅÒÇ¦¤À ÃÅÎÔÒÁ ÚÏÎÉ, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ËÏ-ÒÅÎÀ z1 (ÄÉ×. ×ÉÒÁÚÉ (35)), ÄÒÕÇÁ | ÚÏÎÁ ÐÒÏÔÉÆÁÚÎÉÈ ÚÂÕÄÖÅÎØÚ Â¦ÌØÛÏÀ ÅÎÅÒÇ¦¤À ÃÅÎÔÒÁ ÚÏÎÉ, ÝÏ ×¦ÄÐÏ×¦ÄÁ¤ ËÏÒÅÎÀ z2. ûÉÒÉ-ÎÁ ¦ ×ÉÓÏÔÁ ÚÏÎ ÔÁ ×¦ÄÓÔÁÎØ Í¦Ö ÎÉÍÉ ÚÁÌÅÖÁÔØ ×¦Ä ÚÎÁÞÅÎÎÑ ÐÁ-ÒÁÍÅÔÒ¦× J11(0) ¦ J12(0). ÷ ÃØÏÍÕ ÒÏÚÄ¦Ì¦ × ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËÁÈ



13 ðÒÅÐÒÉÎÔ×ÉËÏÒÉÓÔÁÎÏ ÂÅÚÒÏÚÍ¦ÒÎ¦ ÐÁÒÁÍÅÔÒÉ a (ÄÉ×. (10)), �, h ¦ 
, ÏÔÒÉ-ÍÁÎ¦ ÛÌÑÈÏÍ ÎÏÒÍÕ×ÁÎÎÑ ÎÁ J11(0) + J12(0). äÌÑ ÄÏÄÁÔÎ¦È J11(0) ¦J12(0) ÐÁÒÁÍÅÔÒ a 2 [�1; 1]. ÷¦ÄÓÔÁÎØ Í¦Ö ÃÅÎÔÒÁÍÉ ÚÏÎ ÚÒÏÓÔÁ¤ ¦ÚÚÂ¦ÌØÛÅÎÎÑÍ J12(0), ÝÏ ¦ÌÀÓÔÒÕ¤ ÒÉÓ. 1, ÄÅ ÃÑ ×¦ÄÓÔÁÎØ ÐÒÉ a = 1(J11(0)=(J11(0) + J12(0)) = 0;25, J12(0)=(J11(0) + J12(0)) = 0;75) ÍÁÊ-ÖÅ ×ÛÅÓÔÅÒÏ Â¦ÌØÛÁ, Î¦Ö ÐÒÉ a = �1 (J11(0)=(J11(0)+J12(0)) = 0;75,J12(0)=(J11(0) + J12(0)) = 0;25). úÏÎÉ ÐÅÒÅËÒÉ×ÁÀÔØÓÑ, ÑËÝÏ j2c < j1(ÄÉ×. (18) ¦ (26)). ûÉÒÉÎÁ ÚÏÎÉ ÓÉÎÆÁÚÎÉÈ ËÏÌÉ×ÁÎØ ÐÒÏÐÏÒÃ¦ÊÎÁ,Á §§ ×ÉÓÏÔÁ ÏÂÅÒÎÅÎÏ ÐÒÏÐÏÒÃ¦ÊÎÁ ÄÏ j1 + j2; ÛÉÒÉÎÁ ¦ ×ÉÓÏÔÁ ÚÏÎÉÐÒÏÔÉÆÁÚÎÉÈ ËÏÌÉ×ÁÎØ ÔÁËÉÍ ÓÁÍÉÍ ÞÉÎÏÍ ÚÁÌÅÖÁÔØ ×¦Ä j1 � j2.óÌ¦Ä Ú×ÅÒÎÕÔÉ Õ×ÁÇÕ ÎÁ ÔÅ, ÝÏ × ÎÅÐÏÌÑÒÎ¦Ê ÆÁÚ¦ ÄÌÑ c = 1 ¦ c = 0Ò¦ÚÎÅ ÒÏÚÍ¦ÝÅÎÎÑ ÚÏÎ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÚÕÍÏ×ÌÅÎÅ ÌÉÛÅ ×¦Ä-Í¦ÎÎ¦ÓÔÀ ÍÏÄÕÌ¦× ÐÏÌ¦× jhj ¦ jhimpj, ÑË ÃÅ ×ÉÐÌÉ×Á¤ Ú ×ÉÒÁÚ¦× (10).äÌÑÐÒÏÍ¦ÖÎÉÈ ÚÎÁÞÅÎØ ËÏÎÃÅÎÔÒÁÃ¦§ ÔÁËÁ ÓÉÔÕÁÃ¦Ñ ×ÖÅ ÎÅ ÍÁ¤ Í¦ÓÃÑ,ÏÓË¦ÌØËÉ ÐÁÒÁÍÅÔÒ � ¤ ÏÄÎÁËÏ×ÉÍ Õ ËÏÍ¦ÒËÁÈ Ú Ò¦ÚÎÉÍÉ ×ÎÕÔÒ¦ÛÎ¦ÍÉÐÏÌÑÍÉ.÷ ÐÏÌÑÒÎ¦Ê ÆÁÚ¦ ÇÕÓÔÉÎÁ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÚÁÚÎÁ¤ ÓÕÔ-Ô¤×ÉÈ ÚÍ¦Î (ÒÉÓ. 2). úÏÎÉ ×ÖÅ ÎÅ ÐÅÒÅËÒÉ×ÁÀÔØÓÑ ¦ ¤ ÚÓÕÎÕÔÉÍÉ ×ÏÂÌÁÓÔØ ×ÉÝÉÈ ÅÎÅÒÇ¦Ê. úÂ¦ÌØÛÅÎÎÑ ×¦ÄÓÔÁÎ¦ Í¦Ö ÚÏÎÁÍÉ ×ÉËÌÉËÁÎÅÒ¦ÚÎÉÃÅÀ Í¦Ö ÅÎÅÒÇ¦ÑÍÉ ÏÄÎÏ×ÕÚÌÏ×ÉÈ ÚÂÕÄÖÅÎØ Õ Ò¦ÚÎÉÈ Ð¦ÄÇÒÁÔ-ËÁÈ. ãÑ Ò¦ÚÎÉÃÑ ¤ ÐÒÏÐÏÒÃ¦ÊÎÏÀ ÄÏ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÕ �. úÓÕ× ÄÏ×ÉÝÉÈ ÅÎÅÒÇ¦Ê, × Ó×ÏÀ ÞÅÒÇÕ, ÐÏÑÓÎÀ¤ÔØÓÑ ÚÂ¦ÌØÛÅÎÎÑÍ ÐÏÚÄÏ×ÖÎØÏ§ÓËÌÁÄÏ×Ï§ ÓÅÒÅÄÎØÏÇÏ ÐÏÌÑ ¦ ×¦ÄÐÏ×¦ÄÎÉÍ ÚÒÏÓÔÁÎÎÑÍ ÅÎÅÒÇ¦§ ÏÄÎÏ×Õ-ÚÌÏ×ÉÈ ÚÂÕÄÖÅÎØ (ÄÉ×. (10) ¦ (17)).ïÓË¦ÌØËÉ × ÐÏÌÑÒÎ¦Ê ÆÁÚ¦ F11 6= F22, ÐÁÒÃ¦ÁÌØÎÁ ÇÕÓÔÉÎÁ ÓÔÁÎ¦×Õ Ò¦ÚÎÉÈ Ð¦ÄÇÒÁÔËÁÈ ÓÔÁ¤ ÎÅÏÄÎÁËÏ×ÏÀ. ÷ ÚÁÇÁÌØÎÏÍÕ ×ÉÐÁÄËÕ ÞÅÒÅÚÓËÌÁÄÎ¦ÓÔØ ^F ×ÁÖËÏ ÐÒÏ×ÅÓÔÉ ÁÎÁÌ¦Ú Ã¦¤§ ÓÉÔÕÁÃ¦§. ïÄÎÁË ÐÒÉ j2 = 0×ÉÒÁÚÉ (34) ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ÔÁËF11 = 12j1 [(1 + t)F0(z1) + (1� t)F0(z2)] ;F22 = 12j1 [(1� t)F0(z1) + (1 + t)F0(z2)] ; (37)ÄÅ t = s11 � s22p(s11 � s22)2 + 4s212 ; t 2]� 1; 1[ :ú ÆÏÒÍÕÌ (37) ×ÉÄÎÏ, ÝÏ ÐÒÉ t 6= 0 ÐÁÒÃ¦ÁÌØÎ¦ ÇÕÓÔÉÎÉ ÓÔÁÎ¦× Õ Ð¦Ä-ÇÒÁÔËÁÈ Ò¦ÚÎ¦. ðÒÉ ×ÅÌÉË¦Ê Ò¦ÚÎÉÃ¦ s11�s22 ÏÔÒÉÍÕ¤ÍÏ jtj!1, ÔÏÂÔÏ× ÐÅ×ÎÕ ÚÏÎÕ ÄÁ¤ ×ËÌÁÄ ÐÒÁËÔÉÞÎÏ ÌÉÛÅ ÏÄÎÁ Ð¦ÄÇÒÁÔËÁ. ÷ ÚÁÇÁÌØ-ÎÏÍÕ ×ÉÐÁÄËÕ ÐÒÉ j2 6= 0 ÏÐÉÓÁÎÁ ×ÉÝÅ ÐÏ×ÅÄ¦ÎËÁ ÇÕÓÔÉÎÉ ÓÔÁÎ¦×ÚÂÅÒ¦ÇÁ¤ÔØÓÑ.

ICMP{97{16U 14ñË ÚÇÁÄÕ×ÁÌÏÓØ ÒÁÎ¦ÛÅ, × ÐÏÌÑÒÎ¦Ê ÆÁÚ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ Â¦ÌÑ F0 ××ÉÒÁÚÁÈ (34) ÓÔÁÀÔØ ÚÁÌÅÖÎÉÍÉ ×¦Ä ÅÎÅÒÇ¦§. ñË ÎÁÓÌ¦ÄÏË, ÚÏÎÉ ÎÅÍÁÀÔØ ÐÒÑÍÏËÕÔÎÏÇÏ ×ÉÇÌÑÄÕ ÎÁ×¦ÔØ ÄÌÑ ×ÉÐÁÄËÕ c = 1 (c = 0).ðÏÑ×Á ËÏÍ¦ÒÏË Ú ÐÏÌÅÍ himp, ÝÏ ÎÁ×¦ÔØ ÎÅÚÎÁÞÎÏ ×¦ÄÒ¦ÚÎÑ¤ÔØÓÑ×¦Ä ÐÏÌÑ h, ÐÒÉÚ×ÏÄÉÔØ ÄÏ ÓÕÔÔ¤×ÉÈ ÚÍ¦Î ×ÉÇÌÑÄÕ ÇÕÓÔÉÎÉ ÓÔÁÎ¦×. úÒÉÓ. 3 ×ÉÄÎÏ, ÝÏ ÐÒÉ ÍÁÌÉÈ ËÏÎÃÅÎÔÒÁÃ¦ÑÈ ËÏÍ¦ÒÏË Ú ÐÏÌÅÍ himp (ÞÉh), ×¦ÄÐÏ×¦ÄÎ¦ §Í ÚÏÎÉ ÍÁÀÔØ ÍÁÌÕ ¦ÎÔÅÎÓÉ×Î¦ÓÔØ ¦ ÛÉÒÉÎÕ (ÞÅÒÅÚ ÝÏÚÏÎÉ ÓÉÎÆÁÚÎÉÈ ¦ ÁÎÔÉÆÁÚÎÉÈ ËÏÌÉ×ÁÎØ ×ÖÅ ÎÅ ÐÅÒÅËÒÉ×ÁÀÔØÓÑ) ÔÁÚÎÁÞÎÏ ÚÍ¦ÎÅÎÕ ÆÏÒÍÕ. íÏÖÌÉ×Å §È ÐÅÒÅËÒÉ×ÁÎÎÑ Ú ÚÏÎÏÀ ÏÓÎÏ×ÎÏ§ËÏÍÐÏÎÅÎÔÉ. ðÒÉ c = 0;5 ÚÏÎÉ ÍÁÀÔØ ÍÁÊÖÅ ÏÄÎÁËÏ×Õ ¦ÎÔÅÎÓÉ×Î¦ÓÔØ¦ ÐÅÒÅËÒÉ×ÁÀÔØÓÑ, ÕÔ×ÏÒÀÀÞÉ ÏÄÎÕ ÚÏÎÕ ÓËÌÁÄÎÏ§ ÆÏÒÍÉ.äÌÑ ¦ÌÀÓÔÒÁÃ¦§ ÑË¦ÓÎÉÈ ÚÍ¦Î × ÓÉÓÔÅÍ¦ Ð¦Ä Ä¦¤À ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑÒÏÚÇÌÑÎÅÍÏ Ä×Á ×ÉÐÁÄËÉ: a = 0;5 ¦ a = �0;5 ÐÒÉ Æ¦ËÓÏ×ÁÎÉÈ ÚÎÁÞÅÎ-ÎÑÈ ¦ÎÛÉÈ ÐÁÒÁÍÅÔÒ¦×. ñË ×ÉÄÎÏ Ú ÒÉÓ. 4 ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ �ËÒÉÔÉÞ-ÎÁ ÔÅÍÐÅÒÁÔÕÒÁ �c | ×ÎÕÔÒ¦ÛÎ¤ ÐÏÌÅ h� ÄÌÑ a = 0;5 ÔÅÍÐÅÒÁÔÕÒÁæð ÄÒÕÇÏÇÏ ÒÏÄÕ ÓÌÁÂÏ ÚÁÌÅÖÉÔØ ×¦Ä ËÏÎÃÅÎÔÒÁÃ¦§. îÁÔÏÍ¦ÓÔØ ÄÌÑa = �0;5 (ÒÉÓ. 5) ÚÍ¦ÎÁ ÍÁ¤ ÑË¦ÓÎÉÊ ÈÁÒÁËÔÅÒ | ÐÒÉ ÐÅ×Î¦Ê ËÒÉ-ÔÉÞÎ¦Ê ËÏÎÃÅÎÔÒÁÃ¦§ ÔÅÍÐÅÒÁÔÕÒÁ æð ÐÅÒÛÏÇÏ ÒÏÄÕ × ÐÏÌÑÒÎÕ ÆÁÚÕÓÔÁ¤ Ò¦×ÎÁ ÎÕÌÀ ¦ ÎÉÖÞÅ Ã¦¤§ ËÏÎÃÅÎÔÒÁÃ¦§ ÐÏÌÑÒÎÁ ÆÁÚÁ ÎÅ ¦ÓÎÕ¤.ãÅ ÐÏÑÓÎÀ¤ÔØÓÑ ÔÉÍ, ÝÏ ÐÒÉ ÔÁËÏÍÕ ÚÎÁÞÅÎÎ¦ a ¦ÄÅÁÌØÎÁ ÓÉÓÔÅÍÁÚ ×ÎÕÔÒ¦ÛÎ¦Í ÐÏÌÅÍ, Ò¦×ÎÉÍ himp Õ ×Ó¦È ËÏÍ¦ÒËÁÈ, ÍÏÖÅ ÐÅÒÅÂÕ×ÁÔÉÌÉÛÅ Õ ÎÅÐÏÌÑÒÎ¦Ê ÆÁÚ¦.ïÓË¦ÌØËÉ ÎÁÊÂ¦ÌØÛ¦ ÚÍ¦ÎÉ × ÇÕÓÔÉÎ¦ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕ-ÄÖÅÎØ ×¦ÄÂÕ×ÁÀÔØÓÑ ÐÒÉ æð, ÔÏ ÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒ¦×, ÄÌÑ ÑËÉÈ ÏÂ-ÞÉÓÌÅÎÏ ÇÕÓÔÉÎÕ ÓÔÁÎ¦×, ×¦ÄÐÏ×¦ÄÁÀÔØ ÂÌÉÚØËÉÍ ÄÏ Ì¦Î¦§ æð ÔÏÞËÁÍÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ. ôÁË, Õ ÐÅÒÛÏÍÕ ×ÉÐÁÄËÕ ÚÍ¦ÎÕ ÓÐÅËÔÒÕ ÐÒÉ æð¦Ú ÚÍ¦ÎÏÀ ÔÅÍÐÅÒÁÔÕÒÉ ¦ÌÀÓÔÒÕÀÔØ ÎÁ×ÅÄÅÎ¦ ÎÁ ÒÉÓ. 6 ¦ 7 ÇÕÓÔÉÎÉÓÔÁÎ¦×, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÔÏÞËÁÍ A (ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ) ¦ B (ÐÏÌÑÒÎÁÆÁÚÁ) ÎÁ ÒÉÓ. 4. ñË ¦ ÄÌÑ ¦ÄÅÁÌØÎÏÇÏ ×ÉÐÁÄËÕ, ÐÒÉ ÐÅÒÅÈÏÄ¦ ÓÉÓÔÅ-ÍÉ Õ ÐÏÌÑÒÎÕ ÆÁÚÕ ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ ÒÏÚÝÅÐÌÅÎÎÑ ÓËÌÁÄÎÉÈ ÚÏÎ ÎÁÄ×¦ ÏËÒÅÍ¦ ¦ §È ÚÓÕ× × ÏÂÌÁÓÔØ ×ÉÝÉÈ ÅÎÅÒÇ¦Ê. â¦ÌØÛÁ ×¦ÄÓÔÁÎØ Í¦ÖÚÏÎÁÍÉ, ÐÏÒÏÄÖÅÎÉÍÉ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÍÉ ÚÂÕÄÖÅÎÎÑÍÉ Õ ËÏÍ¦ÒËÁÈ ÚÐÏÌÅÍ himp, ÐÏÒ¦×ÎÑÎÏ Ú ÚÏÎÁÍÉ, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ËÏÍ¦ÒËÁÍ Ú ÐÏÌÅÍh, ÚÕÍÏ×ÌÅÎÁ ÔÉÍ, ÝÏ himp > h, ¦, ×¦ÄÐÏ×¦ÄÎÏ, Ò¦ÚÎÉÃÑ Í¦Ö ÓÅÒÅÄÎ¦ÍÉÐÏÌÑÍÉ (10) Ò¦ÚÎÉÈ Ð¦ÄÇÒÁÔÏË Õ ËÏÍ¦ÒËÁÈ Ú ÐÏÌÅÍ himp Â¦ÌØÛÁ. õÄÒÕÇÏÍÕ ×ÉÐÁÄËÕ ÚÍ¦ÎÕ ÓÐÅËÔÒÕ ÐÒÉ æð ¦Ú ÚÍ¦ÎÏÀ ÔÅÍÐÅÒÁÔÕÒÉ ÔÁÚÍ¦ÎÏÀ ËÏÎÃÅÎÔÒÁÃ¦§ ¦ÌÀÓÔÒÕÀÔØ ÎÁ×ÅÄÅÎ¦ ÎÁ ÒÉÓ. 8, 9 ¦ 10 ÇÕÓÔÉÎÉÓÔÁÎ¦×, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÔÏÞËÁÍ C ¦ D (ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ) ÔÁ E (ÐÏÌÑÒ-ÎÁ ÆÁÚÁ) ÎÁ ÒÉÓ. 5. ðÒÉ ÐÅÒÅÈÏÄ¦ ÄÏ ÐÏÌÑÒÎÏ§ ÆÁÚÉ ÔÕÔ ×¦ÄÂÕ×ÁÀÔØÓÑÔÁË¦ Ö ÑË¦ÓÎ¦ ÚÍ¦ÎÉ ÇÕÓÔÉÎÉ ÓÔÁÎ¦×, ÑË ¦ × ÏÂÇÏ×ÏÒÅÎÏÍÕ ×ÉÝÅ ×ÉÐÁÄ-ËÕ. áÌÅ, ÏÓË¦ÌØËÉ, æð Í¦Ö ÔÏÞËÁÍÉ A ¦ B | ÄÒÕÇÏÇÏ ÒÏÄÕ, Á Í¦Ö



15 ðÒÅÐÒÉÎÔÔÏÞËÁÍÉ C, D ¦ E | ÐÅÒÛÏÇÏ, ÔÏ × ÏÓÔÁÎÎØÏÍÕ ×ÉÐÁÄËÕ Ò¦ÚÎÉÃÑ Í¦ÖÚÎÁÞÅÎÎÑÍÉ ÐÁÒÁÍÅÔÒ¦× � ¦ � Õ ×¦ÄÐÏ×¦ÄÎÉÈ ÔÏÞËÁÈ ¤ Â¦ÌØÛÏÀ, ÝÏ×ÉÄÎÏ Ú ÒÉÓ. 4 ¦ 5. ãÅ ÐÏÑÓÎÀ¤ ÓÉÌØÎ¦ÛÉÊ ÚÓÕ× ¦ Â¦ÌØÛÅ ÒÏÚÝÅÐÌÅÎÎÑÚÏÎ ÐÒÉ ÐÅÒÅÈÏÄ¦ Õ ÐÏÌÑÒÎÕ ÆÁÚÕ ÐÒÉ a = �0;5 ÐÏÒ¦×ÎÑÎÏ Ú a = 0;5.ïÔÖÅ, ÄÏÓÌ¦ÄÖÅÎÎÑ ÇÕÓÔÉÎÉ ÓÔÁÎ¦× ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÓÉÓÔÅÍÉ ÐÏ-ËÁÚÕ¤, ÝÏ ÎÁÊÂ¦ÌØÛÉÈ ÑË¦ÓÎÉÈ ÚÍ¦Î ×ÏÎÁ ÚÁÚÎÁ¤ ÐÒÉ ÐÅÒÅÈÏÄ¦ Ú ÎÅÐÏ-ÌÑÒÎÏ§ × ÐÏÌÑÒÎÕ ÆÁÚÕ. ðÒÉ ÃØÏÍÕ, ÑË ÐÒÁ×ÉÌÏ, Ä×¦ ÚÏÎÉ ÓËÌÁÄÎÏ§ÆÏÒÍÉ ÒÏÚÝÅÐÌÀÀÔØÓÑ, ÕÔ×ÏÒÀÀÞÉ ÞÏÔÉÒÉ ¦ ×¦ÄÂÕ×Á¤ÔØÓÑ §È ÚÓÕ× ×ÏÂÌÁÓÔØ ×ÉÝÉÈ ÅÎÅÒÇ¦Ê.7. ÷ÉÓÎÏ×ËÉïÔÖÅ, ÐÏÑ×Á ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÐÒÉ×ÏÄÉÔØ ÄÏ ÚÍ¦Î ÓÅÒÅÄÎ¦È ÐÒÏÅËÃ¦ÊÐÓÅ×ÄÏÓÐ¦Î¦× ¦ ÚÍ¦ÎÀ¤ ÅÎÅÒÇ¦À ÏÄÎÏ×ÕÚÌÏ×ÉÈ ÚÂÕÄÖÅÎØ, Á × Ë¦ÎÃÅ×ÏÍÕÒÅÚÕÌØÔÁÔ¦| ÅÎÅÒÇ¦À ËÏÌÅËÔÉ×ÎÉÈ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ. ÷ÉÐÁÄ-ËÏ×Å ÐÏÌÅ ×ÐÌÉ×Á¤ ÎÁ ÅÎÅÒÇ¦À ÏÄÎÏ×ÕÚÌÏ×ÉÈ ÚÂÕÄÖÅÎØ Ä×ÏÍÁ ÛÌÑÈÁ-ÍÉ. ðÏ ÐÅÒÛÅ, ÎÅÑ×ÎÉÍ ÞÉÎÏÍ ÞÅÒÅÚ ÓÅÒÅÄÎ¦ ÐÒÏÅËÃ¦§ ÐÓÅ×ÄÏÓÐ¦Î¦×,ÝÏ ÚÁÌÅÖÁÔØ ×¦Ä ×ÉÇÌÑÄÕ ÒÏÚÐÏÄ¦ÌÕ ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÔÁ ËÏÎÃÅÎ-ÔÒÁÃ¦§. ðÏ ÄÒÕÇÅ, Ñ×ÎÏ, ÏÓË¦ÌØËÉ ÅÎÅÒÇ¦Ñ ÏÄÎÏ×ÕÚÌÏ×ÏÇÏ ÚÂÕÄÖÅÎÎÑÚÁÌÅÖÉÔØ ×¦Ä ÚÎÁÞÅÎÎÑ ×ÎÕÔÒ¦ÛÎØÏÇÏ ÐÏÌÑ ÎÁ ÃØÏÍÕ ×ÕÚÌ¦.â¦ÍÏÄÁÌØÎÅ ×ÉÐÁÄËÏ×Å ÐÏÌÅ ÐÒÉ ÐÅ×ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× ÓÉ-ÓÔÅÍÉ ÍÏÖÅ ÐÒÉ×ÅÓÔÉ ÄÏ ÑË¦ÓÎÏ§ ÚÍ¦ÎÉ ÆÁÚÏ×Ï§ Ä¦ÁÇÒÁÍÉ. ïÄÎÉÍ ÚÔÁËÉÈ ×ÉÐÁÄË¦× ¤ ÐÏÎÉÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ æð Õ ÐÏÌÑÒÎÕ ÆÁÚÕ ÔÁ§§ ÚÎÉËÎÅÎÎÑ ÐÒÉ ÚÍÅÎÛÅÎÎ¦ ËÏÎÃÅÎÔÒÁÃ¦§ ÎÉÖÞÅ ÐÅ×ÎÏÇÏ ËÒÉÔÉÞÎÏÇÏÚÎÁÞÅÎÎÑ. óÌ¦Ä ÎÁÇÏÌÏÓÉÔÉ,ÝÏ ÃÑ ÑË¦ÓÎÁ ÐÅÒÅÂÕÄÏ×Á ÐÒÉ ÐÅ×ÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÖÅ ×¦ÄÂÕ×ÁÔÉÓÑ ÚÁ ÍÁÌÏ§ Ò¦ÚÎÉÃ¦ Í¦Ö ÐÏÌÑÍÉ h¦ himp.÷ÐÌÉ× ×ÉÐÁÄËÏ×ÏÇÏ ÐÏÌÑ ÎÁ ÄÉÎÁÍ¦ËÕ ÓÉÓÔÅÍÉ ×ÅÄÅ ÄÏ ÐÏÑ×É Ä×ÏÈÄÏÄÁÔËÏ×ÉÈ Ð¦ÄÚÏÎ Õ ÇÕÓÔÉÎ¦ ÓÔÁÎ¦×, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÚÂÕÄÖÅÎÎÑÍÕ ËÏÍ¦ÒËÁÈ, ÄÅ ÐÏÚÄÏ×ÖÎ¤ ÐÏÌÅ Ò¦×ÎÅ himp. ·È ÒÏÚÔÁÛÕ×ÁÎÎÑ, ÆÏÒ-ÍÁ ÔÁ ÐÅÒÅËÒÉ×ÁÎÎÑ Í¦Ö ÓÏÂÏÀ ÔÁ ÏÓÎÏ×ÎÉÍÉ ÚÏÎÁÍÉ ÚÁÌÅÖÉÔØ ×¦ÄËÏÎËÒÅÔÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÓÉÓÔÅÍÉ ÔÁ ËÏÎÃÅÎÔÒÁÃ¦§. îÁÊÂ¦ÌØÛ Ò¦ÚËÉÈÚÍ¦Î ÇÕÓÔÉÎÁ ÓÔÁÎ¦× ÚÁÚÎÁ¤ ÐÒÉ æð ÐÏÌÑÒÎÁ{ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ (ÑË ¦ÚÚÍ¦ÎÏÀ ÔÅÍÐÅÒÁÔÕÒÉ, ÔÁË ¦ ËÏÎÃÅÎÔÒÁÃ¦§), ÏÓË¦ÌØËÉ ÐÒÉ æð ÄÏÓÉÔØÒ¦ÚËÏ ÚÍ¦ÎÀÀÔØÓÑ ÓÅÒÅÄÎ¦ ÐÏÌÑ, ÝÏ Ä¦ÀÔØ ÎÁ ÐÓÅ×ÄÏÓÐ¦ÎÉ, ¦ ×¦ÄÐÏ×¦Ä-ÎÏ ÚÍ¦ÎÀ¤ÔØÓÑ ÅÎÅÒÇ¦Ñ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ. ñË ÎÁÓÌ¦ÄÏË, ÚÏÎÉÇÕÓÔÉÎÉ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ Ò¦ÚËÏ ÚÍ¦ÎÀÀÔØ Ó×ÏÀ ¦ÎÔÅÎ-ÓÉ×Î¦ÓÔØ ¦ ×ÚÁ¤ÍÎÅ ÒÏÚÍ¦ÝÅÎÎÑ.÷ Ú×'ÑÚËÕ Ú ÄÏÓÌ¦ÄÖÅÎÎÑÍ ÍÅÈÁÎ¦ÚÍÕ ×ÉÓÏËÏÔÅÍÐÅÒÁÔÕÒÎÏ§ ÎÁÄ-ÐÒÏ×¦ÄÎÏÓÔ¦ × YBa2Cu3O7�x ÚÎÁÞÎÁ Õ×ÁÇÁ Ú×ÅÒÎÕÔÁ ÎÁ ×É×ÞÅÎÎÑ ÒÏÌ¦Ð¦ÄÇÒÁÔËÉ ÁÐÅËÓÎÉÈ ËÉÓÎ¦×. ðÒÏ×ÅÄÅÎÏ ÚÎÁÞÎÉÊ ÏÂ'¤Í ÅËÓÐÅÒÉÍÅÎ-
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òÉÓ. 1: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ c = 1, � = 0;25(ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ), h = 0;1, 
 = 0;05 ÔÁ a = 0;5 (I) ¦ a = �0;5 (II).
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EòÉÓ. 2: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ c = 1, � = 0;1(ÐÏÌÑÒÎÁ ÆÁÚÁ), h = 0;1, 
 = 0;05 ÔÁ a = 0;5 (I) ¦ a = �0;5 (II).
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òÉÓ. 3: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = 0;5, � = 0;25(ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ), h = 0;1, himp = 0;12, 
 = 0;05 ÄÌÑ Ò¦ÚÎÉÈ ÚÎÁÞÅÎØËÏÎÃÅÎÔÒÁÃ¦§.
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ΘòÉÓ. 4: æÁÚÏ×Á Ä¦ÁÇÒÁÍÁ �c{c ÐÒÉ a = 0;5, h = 0;1, himp = 0;15,
 = 0;05 (ÎÅÐÏÌÑÒÎÁ (I) ¦ ÐÏÌÑÒÎÁ (II) ÆÁÚÉ ÒÏÚÄ¦ÌÅÎ¦ Ì¦Î¦¤À æð 2-ÇÏÒÏÄÕ). ÷ÎÉÚÕ ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒ¦× � ¦ � ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ� × ÔÏÞÃ¦ c = 0;8.
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còÉÓ. 5: æÁÚÏ×Á Ä¦ÁÇÒÁÍÁ �c{c ÐÒÉ a = �0;5, h = 0;1, himp = 0;15,
 = 0;05 (ÎÅÐÏÌÑÒÎÁ (I) ¦ ÐÏÌÑÒÎÁ (II) ÆÁÚÉ ÒÏÚÄ¦ÌÅÎ¦ Ì¦Î¦¤À æð 1-ÇÏ ÒÏÄÕ). ÷ÎÉÚÕ ÚÏÂÒÁÖÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ÐÁÒÁÍÅÔÒ¦× � ¦ �:1) ×¦Ä ÔÅÍÐÅÒÁÔÕÒÉ � ÐÒÉ c = 0;6;2) ×¦Ä ËÏÎÃÅÎÔÒÁÃ¦§ c ÐÒÉ � = 0;1.
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EòÉÓ. 6: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = 0;5, � =0;25, c = 0;8, h = 0;1, himp = 0;15, 
 = 0;05 (Ô{ËÁ A ÎÁ ÒÉÓ. 4 |ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ),
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EòÉÓ. 7: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = 0;5, � =0;23, c = 0;8, h = 0;1, himp = 0;15, 
 = 0;05 (Ô{ËÁ B ÎÁ ÒÉÓ. 4 |ÐÏÌÑÒÎÁ ÆÁÚÁ),
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EòÉÓ. 8: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = �0;5, � =0;12, c = 0;6, h = 0;1, himp = 0;15, 
 = 0;05 (Ô{ËÁ C ÎÁ ÒÉÓ. 5 |ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ),
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EòÉÓ. 9: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = �0;5, � =0;1, c = 0;5, h = 0;1, himp = 0;15, 
 = 0;05 (Ô{ËÁ D ÎÁ ÒÉÓ. 5 |ÎÅÐÏÌÑÒÎÁ ÆÁÚÁ),
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EòÉÓ. 10: çÕÓÔÉÎÁ ÓÔÁÎ¦× ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÈ ÚÂÕÄÖÅÎØ ÐÒÉ a = �0;5, � =0;1, c = 0;6, h = 0;1, himp = 0;15, 
 = 0;05 (Ô{ËÁ E ÎÁ ÒÉÓ. 5 |ÐÏÌÑÒÎÁ ÆÁÚÁ),
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