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1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐóÅÇÎÅÔÏÁËÔÉ×Î¦ ËÒÉÓÔÁÌÉ ÔÉÐÕ ÐÏÒÑÄÏË{ÂÅÚÐÏÒÑÄÏË Ú ÁÓÉÍÅÔÒÉÞÎÉÍÄ×ÏÍ¦Î¦ÍÕÍÎÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ ×ÏÌÏÄ¦ÀÔØ Ã¦ÌÉÍ ÒÑÄÏÍ ÏÓÏÂÌÉ×ÉÈ ×ÌÁ-ÓÔÉ×ÏÓÔÅÊ. ïÓÏÂÌÉ×ÉÊ ¦ÎÔÅÒÅÓ ÐÒÅÄÓÔÁ×ÌÑÀÔØ ÔÁË¦ ÓÐÏÌÕËÉ, ÑË ÓÅÇ-ÎÅÔÏ×Á Ó¦ÌØ (Rs), RbHSO4, NH4HSO4, (NH4)3H(SO4)2 ÔÁ ¦Î.óÅÇÎÅÔÏ×Á Ó¦ÌØ, ÓÔÒÕËÔÕÒÁ ÑËÏ§ ÔÁ ¦ÓÎÕÀÞ¦ ÕÑ×ÌÅÎÎÑ ÐÒÏ ÍÅÈÁÎ¦ÚÍÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ × Î¦Ê ÏÐÉÓÁÎ¦ × [1,2], Ñ×ÌÑ¤ ÓÏÂÏÀ ÐÏÄ×¦ÊÎÉÊ ÔÁÒ-ÔÒÁÔ ÎÁÔÒ¦À{ËÁÌ¦À NaKC4H4O6 �4H2O. îÁÊÂ¦ÌØÛ ÈÁÒÁËÔÅÒÎÏÀ ÏÓÏ-ÂÌÉ×¦ÓÔÀ Rs ¤ ÎÁÑ×Î¦ÓÔØ Õ ÎÅ§ Ä×ÏÈ ÔÏÞÏË ëÀÒ¦. óÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÁÆÁÚÁ, ÑËÁ ¦ÓÎÕ¤ × ¦ÎÔÅÒ×ÁÌ¦ ÔÅÍÐÅÒÁÔÕÒ ×¦Ä Tc2 = 255K ÄÏ Tc1 = 297K(× ÄÅÊÔÅÒÏ×ÁÎÏÍÕ ËÒÉÓÔÁÌ¦ Tc2 = 251K ¦ Tc1 = 308K), ¤ ÍÏÎÏËÌ¦ÎÎÏÀ¦ ÎÁÌÅÖÉÔØ ÄÏ ÐÒÏÓÔÏÒÏ×Ï§ ÇÒÕÐÉ C22 | P21. ÷ ÎÉÚØËÏÔÅÍÐÅÒÁÔÕÒÎ¦Ê¦ ×ÉÓÏËÏÔÅÍÐÅÒÁÔÕÒÎ¦Ê ÆÁÚÁÈ Rs ÏÐÉÓÕ¤ÔØÓÑ ÒÏÍÂ¦ÞÎÏÀ ÐÒÏÓÔÏÒÏ×ÏÀÇÒÕÐÏÀ D32 | P21212. æÁÚÏ×¦ ÐÅÒÅÈÏÄÉ × ÓÅÇÎÅÔÏ×¦Ê ÓÏÌ¦ ¤ ÐÅÒÅÈÏÄÁ-ÍÉ ÄÒÕÇÏÇÏ ÒÏÄÕ. ÷ÓÑ ÓÔÒÕËÔÕÒÁ Rs ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÎÅÓË¦ÎÞÅÎÎÉÍÉÓÐ¦ÒÁÌØÎÉÍÉ ÌÁÎÃÀÖËÁÍÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦× O �H : : :O Í¦Ö ÍÏÌÅ-ËÕÌÁÍÉ ËÒÉÓÔÁÌ¦ÞÎÏ§ ×ÏÄÉ ¦ ÁÔÏÍÁÍÉ ËÉÓÎÀ ÁÎ¦ÏÎ¦×. ÷×ÁÖÁ¤ÔØÓÑ, ÝÏÇÏÌÏ×ÎÁ ÒÏÌØ Õ ×ÉÎÉËÎÅÎÎ¦ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ × RsÎÁÌÅÖÉÔØ ÄÉÐÏÌØÎÉÍ ÍÏÍÅÎÔÁÍ Ç¦ÄÒÏËÓÉÌØÎÉÈ ÇÒÕÐ (OH)5 ¦, ÄÏ ÄÅ-ÑËÏ§ Í¦ÒÉ, ÍÏÌÅËÕÌ ×ÏÄÉ (H2O)8. ã¦ ÄÉÐÏÌ¦ ÒÕÈÁÀÔØÓÑ × ÁÓÉÍÅÔÒÉÞ-ÎÉÈ ÐÏÔÅÎÃ¦ÁÌÁÈ Ú Ä×ÏÍÁ Í¦Î¦ÍÕÍÁÍÉ. úÍ¦ÎÁ ÏÒ¦¤ÎÔÁÃ¦§ Ç¦ÄÒÏËÓÉÌØÎÏ§ÇÒÕÐÉ (OH)5, ÑËÁ ×ÅÄÅ ÄÏ ÚÍ¦ÎÉ ÎÁÐÒÑÍËÕ §§ ÅÌÅËÔÒÉÞÎÏÇÏ ÍÏÍÅÎÔÕ,ÓÐÒÉÞÉÎÑ¤ ÚÓÕ× ÐÒÏÔÏÎ¦× ×ÚÄÏ×Ö ÏÓ¦ a ¦ ÄÁ¤ ÇÏÌÏ×ÎÉÊ ×ÎÅÓÏË Õ ×É-ÎÉËÎÅÎÎÑ ÓÐÏÎÔÁÎÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§. ðÏÌÏÖÅÎÎÑ ÄÉÐÏÌ¦×, ÐÏ×'ÑÚÁÎÉÈ ÚÇ¦ÄÒÏËÓÉÌØÎÏÀ ÇÒÕÐÏÀ (OH)5, ÐÏËÁÚÁÎÏ ÎÁ ÒÉÓÕÎËÕ 1.óÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ËÒÉÓÔÁÌÕ RbHSO4 ÂÕÌÉ ×¦ÄËÒÉÔ¦× 1960 Ò. [4]. äÌÑ RbHSO4 ÈÁÒÁËÔÅÒÎÁ ÎÁÑ×Î¦ÓÔØ ÏÄÎ¦¤§ ÔÏÞËÉ ëÀÒ¦(Tc = 265K), ×ÉÎÉËÎÅÎÎÑ ÓÐÏÎÔÁÎÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§ ×ÚÄÏ×Ö ÏÓ¦ c ÐÒÏ-ÈÏÄÉÔØ ÐÌÁ×ÎÏ, ÝÏ Ó×¦ÄÞÉÔØ ÐÒÏ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÄÒÕÇÏÇÏ ÒÏÄÕ. ëÒÉ-ÓÔÁÌRbDSO4 ÍÁ¤ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ÐÒÉ ÔÅÍÐÅÒÁÔÕÒ¦ ëÀÒ¦ Tc � 252K.ðÒÉ ÃØÏÍÕ ÓÉÍÅÔÒ¦Ñ ËÒÉÓÔÁÌÕ ÚÍ¦ÎÀ¤ÔØÓÑ Ú B21=a ÎÁ Ba, × ÅÌÅÍÅÎ-ÔÁÒÎ¦Ê ËÏÍ¦ÒÃ¦ Í¦ÓÔÉÔØÓÑ Û¦ÓÔÎÁÄÃÑÔØ ÆÏÒÍÕÌØÎÉÈ ÏÄÉÎÉÃØ [5]. åÌÅ-ÍÅÎÔÁÒÎÁ ËÏÍ¦ÒËÁ RbHSO4 ÐÏËÁÚÁÎÁ ÎÁ ÒÉÓÕÎËÕ 2. ú ÎÅÊÔÒÏÎÎÉÈ ¦ÒÅÎÔÇÅÎÏÓÔÒÕËÔÕÒÎÉÈ ×ÉÍ¦ÒÀ×ÁÎØ [5] × ËÒÉÓÔÁÌ¦ RbHSO4, ÄÏÓÌ¦ÄÁÈñíò ÎÁ ÑÄÒÁÈ Rb87 [6] ¦D2 [7] × RBDSO4, Á ÔÁËÏÖ Ú ¦ÎÆÒÁÞÅÒ×ÏÎÉÈ ¦ÒÁÍÁÎ¦×ÓØËÉÈ ÓÐÅËÔÒ¦× [8] ÒÏÚÓ¦ÑÎÎÑ Ó×¦ÔÌÁ × RbHSO4 ×ÉÐÌÉ×Á¤, ÝÏÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ¤ ÐÅÒÅÈÏÄÏÍ ÐÏÒÑÄÏË { ÂÅÚÐÏÒÑÄÏË ÔÁ ÐÏ×'ÑÚÁÎÉÊÚ ×ÐÏÒÑÄËÕ×ÁÎÎÑÍ ÓÕÌØÆÁÔÎÉÈ ÇÒÕÐ SO4 ÔÉÐÕ S1, ÑË¦ ÒÕÈÁÀÔØÓÑ ×ÁÓÉÍÅÔÒÉÞÎÉÈ ÐÏÔÅÎÃ¦ÁÌØÎÉÈ ÑÍÁÈ Ú Ä×ÏÍÁ Í¦Î¦ÍÕÍÁÍÉ. ðÒÏÔÏÎÉ ÎÁ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ Õ ÃØÏÍÕ ËÒÉÓÔÁÌ¦ ×ÐÏÒÑÄËÏ×ÁÎ¦ ×ÖÅ × ÐÁÒÁÅÌÅË-
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òÉÓ. 1: ëÒÉÓÔÁÌ¦ÞÎÁ ÓÔÒÕËÔÕÒÁ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ [3]. ðÏËÁÚÁÎ¦ ÐÒÏÅËÃ¦§×ÚÄÏ×Ö x-ÏÓ¦ (a) ÔÁ ×ÚÄÏ×Ö z-ÏÓ¦ (b), ÐÒÉÞÏÍÕ ÚÏÂÒÁÖÅÎ¦ ÌÉÛÅ Ä×¦ ÚÞÏÔÉÒØÏÈ ÆÏÒÍÕÌØÎÉÈ ÏÄÉÎÉÃØ Õ ÅÌÅÍÅÎÔÁÒÎ¦Ê ËÏÍ¦ÒÃ¦. ç¦ÄÒÏËÓÉÌØ-Î¦ ÇÒÕÐÉ (OH)5 ÔÁ ÍÏÌÅËÕÌÉ ×ÏÄÉ (H2O)8 ÚÁÛÔÒÉÈÏ×ÁÎ¦. úÏÂÒÁÖÅÎ¦ÁÔÏÍÉ H, C, Na, O, K (ÐÅÒÅÞÉÓÌÅÎ¦ Õ ÐÏÒÑÄËÕ ÚÒÏÓÔÁÎÎÑ Ä¦ÁÍÅÔÒÁ).ÔÒÉÞÎ¦Ê ÆÁÚ¦.îÁÊÂ¦ÌØÛ ÕÓÐ¦ÛÎÁ Í¦ËÒÏÓËÏÐ¦ÞÎÁ ÍÏÄÅÌØ ÃØÏÇÏ ËÌÁÓÕ ËÒÉÓÔÁÌ¦×ÂÕÌÁ ÚÁÐÒÏÐÏÎÏ×ÁÎÁ í¦ÃÕ§ [9].õ ÒÏÂÏÔÁÈ [10,11] ÄÌÑ ÏÐÉÓÕ Rs ÂÕ× ××Å-ÄÅÎÉÊ ÐÓÅ×ÄÏÓÐ¦ÎÏ×ÉÊ ÆÏÒÍÁÌ¦ÚÍ. ôÅÒÍÏÄÉÎÁÍ¦ËÁ Rs Õ ÎÁÂÌÉÖÅÎÎ¦ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ ÂÕÌÁ ÒÏÚÇÌÑÎÕÔÁ × ÒÑÄ¦ ÒÏÂ¦Ô [11{13], ÏÔÒÉÍÁÎ¦ÔÅÍÐÅÒÁÔÕÒÎ¦ ÚÁÌÅÖÎÏÓÔ¦ ÐÏÌÑÒÉÚÁÃ¦Ê Ð¦ÄÇÒÁÔÏË, ÓÔÁÔÉÞÎÁ Ä¦ÅÌÅË-ÔÒÉÞÎÁ ÐÒÏÎÉËÎ¦ÓÔØ, ÔÅÍÐÅÒÁÔÕÒÉ ëÀÒ¦-÷ÅÊÓÁ. ðÒÉ ÃØÏÍÕ × [12] ÐÒÏ-×ÅÄÅÎÏ ×ÁÖÌÉ×Å ÄÏÓÌ¦ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ¦ ÈÁÒÁËÔÅÒÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅ-ÈÏÄÕ ×¦Ä ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌ¦. ÷ [14] ÂÕÌÏ ÐÏËÁÚÁÎÏ, ÝÏ ÍÏÄÅÌØ Rs ÍÏÖ-
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òÉÓ. 2: óÈÅÍÁÔÉÞÎÅ ÚÏÂÒÁÖÅÎÎÑ ËÒÉÓÔÁÌ¦ÞÎÏ§ ÓÔÒÕËÔÕÒÉ RbDSO4 [6].ðÏËÁÚÁÎ¦ ÔÅÔÒÁÅÄÒÉ SO4 ¦ ×ÏÄÎÅ×¦ Ú×'ÑÚËÉ Í¦Ö ÎÉÍÉ Õ ÐÒÏÅËÃ¦§ ÎÁ(001) ÐÌÏÝÉÎÕ. áÔÏÍÉ, ÐÏËÁÚÁÎ¦ ÎÁ ÒÉÓÕÎËÕ ÍÁÀÔØ c-ËÏÏÒÄÉÎÁÔÕ (ÕÄÏÌÑÈ ×¦Ä ÄÏ×ÖÉÎÉ ÒÅÂÒÁ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ) ×¦Ä 0 ÄÏ 0.5. ðÏÌÏ-ÖÅÎÎÑ ÁÔÏÍ¦×, ÑË¦ ÍÁÀÔØ c-ËÏÏÒÄÉÎÁÔÕ ×¦Ä 0.5 ÄÏ 1, ÍÏÖÅ ÂÕÔÉ ÏÔ-ÒÉÍÁÎÅ Ú ÄÏÐÏÍÏÇÏÀ ÏÐÅÒÁÃ¦§ ÓÉÍÅÔÒ¦§ ×¦ÄÎÏÓÎÏ Ä×ÏËÒÁÔÎÏ§ Ç×ÉÎÔÏ×Ï§ÏÓ¦, ÝÏ ÐÒÏÈÏÄÉÔØ ÞÅÒÅÚ a = 1=4. çÒÕÐÁ ÓÉÍÅÔÒ¦§ B21=a ËÒÉÓÔÁÌÕ ÍÁ¤ÝÅ Ê ÎÁÓÔÕÐÎ¦ ÓÉÍÅÔÒ¦§: ¦Î×ÅÒÓ¦§ × ÔÏÞËÁÈ (1/4, 1/2, 1/4) ¦ (1/2, 1/2,1/2) ÔÁ ËÏ×ÚÎ¦ ÐÌÏÝÉÎÉ ÐÒÉ b = 1=4 ¦ 3/4.ÎÁ ÚÁÓÔÏÓÕ×ÁÔÉ ÄÏ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ÓÐÏÌÕË RbHSO4 ÔÁ NH4HSO4,¦ × ÒÁÍËÁÈ Ã¦¤§ ÍÏÄÅÌ¦ ÒÁÚÇÌÑÎÕÔ¦ ÄÅÑË¦ §ÈÎ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ-×ÏÓÔ¦. ÷ ÒÏÂÏÔÁÈ [15{19] ÄÏÓÌ¦ÄÖÅÎÏ ÔÅÍÐÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ¦ÓÔØ ÐÏÌÑ-ÒÉÚÁÃ¦§ ¦ ÓÔÁÔÉÞÎÏ§ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ÍÏÄÅÌ¦ × ÎÁÂÌÉÖÅÎÎ¦ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ (îíð) ÔÁ ÏÂÇÏ×ÏÒÅÎÏ ÎÁ ÏÓÎÏ×¦ ÏÔÒÉÍÁÎÉÈ ÒÅ-ÚÕÌØÔÁÔ¦× ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÄÁÎ¦ ÝÏÄÏ Rs; dRs ¦ RbHSO4. ïÄÎÁË ×ÒÁÍËÁÈ ÄÁÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÎÅ ×ÄÁÌÏÓØ ÄÏÓÑÇÎÕÔÉ ÈÏÒÏÛÏÇÏ Ë¦ÌØ-Ë¦ÓÎÏÇÏ ÏÐÉÓÕ ÔÅÍÐÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ÄÌÑ Rs ¦ dRs ÐÒÉ j�T j < 10K. õ [20] ÔÅÖ ×¦ÄÍ¦ÞÅÎÏ, ÝÏ îíð ×É-Ñ×ÌÑ¤ÔØÓÑ ÎÅÄÏÓÔÁÔÎ¦Í ÄÌÑ ÏÐÉÓÕ ÄÏÓÌ¦ÄÎÉÈ ÄÁÎÉÈ Õ ÒÏÚÇÌÑÄÕ×ÁÎÉÈËÒÉÓÔÁÌÁÈ. ôÏÍÕ ÂÁÖÁÎ¦ ÓÐÒÏÂÉ Â¦ÌØÛ ÔÏÞÎÉÈ ÍÅÔÏÄ¦× ÄÏÓÌ¦ÄÖÅÎÎÑÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦× Õ ÃÉÈ ÓÉÓÔÅÍÁÈ. õ ÒÏÂÏÔ¦ [20,21] ÒÏÚÇÌÑÎÕÔÁ ÍÏ-ÄÅÌØ, ÝÏ ÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÌÁÎÃÀÖË¦× ¦Ú¦ÎÇ¦×ÓØËÉÈ ÓÐ¦Î¦×, ÑË¦ ÚÎÁ-
ICMP{97{10U 4ÈÏÄÑÔØÓÑ × ÁÓÉÍÅÔÒÉÞÎÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦. ÷ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÌÁÎÃÀÖËÁÍÉÏÐÉÓÕ¤ÔØÓÑ × îíð, Á ×ÚÁ¤ÍÏÄ¦Ñ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× × ÌÁÎÃÀÖËÁÈ×ÒÁÈÏ×ÁÎÁ ÔÏÞÎÏ. õ ÒÏÂÏÔ¦ [22] ÔÏÞÎÏ ×ÒÁÈÏ×ÁÎÁ ÝÅ Ê ×ÚÁ¤ÍÏÄ¦Ñ Í¦ÖÐÁÒÏÀ ÌÁÎÃÀÖË¦×. õ ÃÉÈ ÒÏÂÏÔÁÈ ÂÕÌÏ ÐÏËÁÚÁÎÏ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ËÏ-ÒÏÔËÏÓÑÖÎÉÈ ËÏÒÅÌÑÃ¦Ê \ÄÅÆÏÒÍÕ¤" ÆÁÚÏ×Õ Ä¦ÁÇÒÁÍÕ ¦ ÐÒÏ×ÅÄÅÎÏÁÎÁÌ¦Ú ÚÁÌÅÖÎÏÓÔ¦ ÔÅÍÐÅÒÁÔÕÒÎÏÇÏ ÈÏÄÕ ÐÏÌÑÒÉÚÁÃ¦§ ×¦Ä ÐÁÒÁÍÅÔÒ¦××ÚÁ¤ÍÏÄ¦§.òÅÌÁËÓÁÃ¦ÊÎ¦ Ñ×ÉÝÁ × Rs ¦ dRs ×ÐÅÒÛÅ ×É×ÞÁÌÉÓØ Õ ÒÏÂÏÔÁÈ[11,23]. ÷ [11] ÎÁ ÏÓÎÏ×¦ ÍÅÔÏÄÕ çÌÁÕÂÅÒÁ [24], Á × [23] ÎÁ ÏÓÎÏ×¦ Ò¦×-ÎÑÎÎÑ âÌÏÈÁ [25] ÒÁÚÒÁÈÏ×ÁÎ¦ ÞÁÓÉ ÒÅÌÁËÓÁÃ¦§ × îíð ÄÌÑ Rs ¦ dRs. õÒÏÂÏÔÁÈ [14{19] Õ ÃØÏÍÕ Ö ÎÁÂÌÉÖÅÎÎ¦ ÄÏÓÌ¦ÄÖÅÎ¦ ÔÅÍÐÅÒÁÔÕÒÎÁ ¦ ÞÁ-ÓÔÏÔÎÁ ÚÁÌÅÖÎ¦ÓÔØ ËÏÍÐÌÅËÓÎÏ§ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ Rs ¦ dRsÔÁ ÐÒÏ×ÅÄÅÎÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÎÁ ÏÓÎÏ×¦ ÏÔÒÉ-ÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ¦×.ñË ¦ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ, ×ÄÁÌÏÓØÏÔÒÉÍÁÔÉ × ÒÁÍËÁÈ îíð ÚÁÄÏ×¦ÌØÎÕ Ë¦ÌØË¦ÓÎÕ ÕÚÇÏÄÖÅÎ¦ÓÔØ ÔÅÏÒ¦§ ÚÅËÓÐÅÒÉÍÅÎÔÏÍ ÄÌÑ Rs ¦ dRs ÐÒÉ j�T j < 10K.õ ÄÁÎ¦Ê ÒÏÂÏÔ¦, ×ÒÁÈÏ×ÕÀÞÉ Ë×ÁÚ¦ÏÄÎÏ×ÉÍ¦ÒÎÉÊ ÈÁÒÁËÔÅÒ ×ÚÁ¤ÍÏ-Ä¦§ ÅÌÅÍÅÎÔ¦× ÓÔÒÕËÔÕÒÉ, ÝÏ ×ÐÏÒÑÄËÏ×ÕÀÔØÓÑ × ÒÏÚÇÌÑÄÕ×ÁÎÉÈ ËÒÉ-ÓÔÁÌÁÈ, ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ¦ ÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÂÕÄÅÍÏ ÄÏÓÌ¦ÄÖÕ×Á-ÔÉ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦: ×ÚÁ¤ÍÏÄ¦À ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× × ÌÁÎ-ÃÀÖËÁÈ ×ÒÁÈÏ×Õ×ÁÔÉÍÅÍÏ × ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ(îäë), Á ×ÚÁ¤ÍÏÄ¦À Í¦Ö ÌÁÎÃÀÖËÁÍÉ ¦ ÎÅÂÌÉÖÎ¦ÍÉ ÓÕÓ¦ÄÁÍÉ | ×îíð.2. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ¦òÏÚÇÌÑÎÅÍÏ ÍÏÄÅÌØ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË¦× ÔÉÐÕ ÐÏÒÑÄÏË-ÂÅÚÐÏÒÑÄÏË ¦ÚÁÓÉÍÅÔÒÉÞÎÉÍ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ Ú Ä×ÏÍÁ Í¦Î¦ÍÕÍÁÍÉ,ÑËÁ ÏÐÉÓÕ¤ÔØÓÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÏÍH = �12Xijab J ia jb S iaS jb �Xia � iaS ia�Xi (� i+ S i+ �� i�S i� ) � 12Xijab I ia jb : (2.1)ãÅ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ Ä×ÏÐ¦ÄÇÒÁÔËÏ×Ï§ ¦Ú¦ÎÇ¦×ÓØËÏ§ ÍÏÄÅÌ¦ Ú ×ÎÕÔÒ¦ÛÎ¦Í ÐÏ-ÌÅÍ � ia , ÑËÅ ¦ ÏÐÉÓÕ¤ ÁÓÉÍÅÔÒ¦À ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÐÏÔÅÎÃ¦ÁÌÕ. ôÕÔ¦ÎÄÅËÓÉ a ¦ b ÎÕÍÅÒÕÀÔØ Ð¦ÄÇÒÁÔËÉ ¦ ÎÁÂÕ×ÁÀÔØ Ä×ÏÈ ÚÎÁÞÅÎØ + ¦ �(×¦ÄÐÏ×¦ÄÎÏ ÄÏ ÚÎÁËÕ ×ÎÕÔÒ¦ÛÎØÏÇÏ ÐÏÌÑ � ia × Ð¦ÄÇÒÁÔÃ¦); ¦ÎÄÅËÓÉ i; jÐÏÚÎÁÞÁÀÔØ ÎÏÍÅÒ ×ÕÚÌÁ × Ð¦ÄÇÒÁÔÃ¦ (i = 1 : : :N ); ÐÓÅ×ÄÏÓÐ¦ÎÏ×¦ ÚÍ¦Î-Î¦ S ia ÐÒÉÊÍÁÀÔØ ÚÎÁÞÅÎÎÑ �1. äÅÆÅËÔÉ ÇÒÁÔËÉ, ÞÁÓÔËÏ×Å ÄÅÊÔÅÒÕ-



5 ðÒÅÐÒÉÎÔ×ÁÎÎÑ ËÒÉÓÔÁÌÕ ÐÒÉ×ÏÄÑÔØ ÄÏ ÔÏÇÏ,ÝÏ ×ÚÁ¤ÍÏÄ¦Ñ J , ÐÏÌÅ �, ÁÓÉÍÅÔÒ¦Ñ� ¤ Ò¦ÚÎÉÍÉ ÎÁ Ò¦ÚÎÉÈ ×ÕÚÌÁÈ ¦ ÚÁÌÅÖÁÔØ ×¦Ä ÓÏÒÔÏ×Ï§ ËÏÎÆ¦ÇÕÒÁÃ¦§:J ia jb =X�� J ia�; jb�X ia�X jb� ; (2.2)� ia =X� � ia�X ia�;� ia =X� ��X ia�: (2.3)ôÕÔ ÏÐÅÒÁÔÏÒÉX ia� ÏÐÉÓÕÀÔØ ÓÏÒÔÏ×Õ ËÏÎÆ¦ÇÕÒÁÃ¦À:X ia� = 1, ÑËÝÏÎÁ ×ÕÚÌ¦ ia ÚÎÁÈÏÄÉÔØÓÑ ÐÓÅ×ÄÏÓÐ¦Î ÓÏÒÔÕ �, ¦ÎÁËÛÅ X ia� = 0. õ ×É-ÐÁÄËÕ ÍÏÄÅÌ¦ Ú Ò¦×ÎÏ×ÁÖÎÉÍ ÂÅÚÌÁÄÏÍ ÎÁ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÉÓÔÅÍÉ ×ÐÌÉ-×Á¤ ÐÒÑÍÁ ×ÚÁ¤ÍÏÄ¦Ñ Í¦Ö ÐÓÅ×ÄÏÓÐ¦ÎÁÍÉ, ÑËÕ ÔÅÖ ÓÌ¦Ä ×ÒÁÈÕ×ÁÔÉ ×ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ H:I ia jb =X�� I ia�; jb�X ia�X jb �: (2.4)ðÏ×ÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ¦ÎÆÏÒÍÁÃ¦Ñ ÐÒÏ ÓÉÓÔÅÍÕ Í¦ÓÔÉÔØÓÑ × Ô×¦ÒÎÉÈÆÕÎËÃ¦ÑÈîòâ : F = hlnZix ; Z = SpfSge�H=� ; � = 1=kBT (2.5)òâ : F = lnZ; Z = SpfS;Xge�H=� ; H = H �Xia� � ia�X ia� (2.6)þÅÒÅÚ ÎÉÈ ×ÉÒÁÖÁÀÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÐÏÔÅÎÃ¦ÁÌÉ: ×¦ÌØÎÁ ÅÎÅÒÇ¦ÑA = ��F , ÐÏÔÅÎÃ¦ÁÌ ç¦ÂÂÓÁ 
 = ��F ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§. ò¦ÚÎÉÍÔÉÐÁÍ ÂÅÚÌÁÄÕ ×¦ÄÐÏ×¦ÄÁÀÔØ Ò¦ÚÎ¦ ÕÓÅÒÅÄÎÅÎÎÑ, ÎÁÐÒÉËÌÁÄ, ÓÐÏÓÔÅÒÅ-ÖÕ×ÁÎ¦ ×ÅÌÉÞÉÎÉ ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ ÎÁÓÔÕÐÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§:îòâ : M (2)i1�1���in�n = hhSi1�1 � � �Sin�nicHix ; (2.7)òâ : M (2)i1�1���in�n = hSi1�1 � � �Sin�nicH ; (2.8)ÄÅ h� � �iH = 1Z SpfSge�H=�(� � �); h� � �iH = 1Z SpfSge�H=�(� � �) (2.9)ÐÏÚÎÁÞÁÀÔØ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÕÓÅÒÅÄÎÅÎÎÑ, Á h� � �ix | ÃÅ ÕÓÅÒÅÄÎÅÎÎÑÚÁ ÓÏÒÔÏ×ÉÍÉ ËÏÎÆ¦ÇÕÒÁÃ¦ÑÍÉ, ÝÏ ×ÉËÏÎÕ¤ÔØÓÑ Õ ×ÉÐÁÄËÕ ÎÅÒ¦×ÎÏ-×ÁÖÎÏÇÏ ÂÅÚÌÁÄÕ Ú ÐÅ×ÎÉÍ ÒÏÚÐÏÄ¦ÌÏÍ, ÑËÉÊ ÚÁÌÅÖÉÔØ ×¦Ä ÕÍÏ× ÐÒÉ-ÇÏÔÕ×ÁÎÎÑ (ÚÁÍÅÒÚÁÎÎÑ) ÓÉÓÔÅÍÉ. äÌÑ ×ÉÐÁÄËÕ Ò¦×ÎÏ×ÁÖÎÏÇÏ ÂÅÚÌÁ-ÄÕ ÍÉ ××ÅÌÉ ÚÁÇÁÌØÎÅ ÐÏÚÎÁÞÅÎÎÑ ÄÌÑ ÏÐÅÒÁÔÏÒ¦× S, X:Si� = � Si�; � � 
Xi��
; � > 
 ; (2.10)
ICMP{97{10U 6ÔÁË¦ Ö ÐÏÚÎÁÞÅÎÎÑ ××ÅÄÅÍÏ ¦ ÄÌÑ ÐÏÌ¦× �, �:�i� = � �i�; � � 
�i��
; � > 
 : (2.11)ëÏÒÅÌÑÔÏÒÉ ÍÏÖÕÔØ ÂÕÔÉ ÚÎÁÊÄÅÎ¦ ÕÐÏÈ¦ÄÎÅÎÎÑÍ ×¦ÄÐÏ×¦ÄÎÏ§ Ô×¦ÒÎÏ§ÆÕÎËÃ¦§ ÐÏ ÎÅÏÄÎÏÒ¦ÄÎÉÈ ÐÏÌÑÈîòâ : M (2)i1�1���in�n = �n @@�i1�1 � � � @@�in�n F (f�g) (2.12)òâ : M (2)i1�1���in�n = �n @@�i1�1 � � � @@�in�n F(f�g): (2.13)õ Ë¦ÎÃÅ×ÉÈ ÒÅÚÕÌØÔÁÔÁÈ ÍÉ ×ÒÁÈÕ¤ÍÏ ÔÒÁÎÓÌÑÃ¦ÊÎÕ ÓÉÍÅÔÒ¦À ÇÒÁÔËÉ¦ ÐÏËÌÁÄÅÍÏ ÐÏÌÑ ¦ ×ÚÁ¤ÍÏÄ¦§ ÐÒÏÓÔÏÒÏ×Ï ÏÄÎÏÒ¦ÄÎÉÍÉJ ia�; jb� = J a�; b �(~Ri � ~Rj); � ia� = � a�;I ia�; jb� = I a�; b�(~Ri � ~Rj): (2.14)3. ôÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ, ÓÔÁÔÉÞÎ¦ ¦ ÄÉ-ÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÍÏÄÅÌ¦ Õ ÎÁÂÌÉ-ÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁäÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË¦× ÔÉÐÕ ÐÏÒÑÄÏË-ÂÅÚÐÏÒÑÄÏË ÈÁÒÁËÔÅÒÎÉÍÉ ¤ÓÉÌØÎ¦ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ ¦ ×¦ÄÎÏÓÎÏ ÓÌÁÂË¦ ÄÁ-ÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§. äÌÑ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÚÁÄÏ×¦ÌØÎÉÍ ¤ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ, Á ËÏÒÏÔËÏÓÑÖÎ¦ ËÏÒÅÌÑÃ¦§ ÄÏÂÒÅ×ÒÁÈÏ×ÕÀÔØÓÑ Õ ËÌÁÓÔÅÒÎÏÍÕ Ð¦ÄÈÏÄ¦.ôÏÍÕ ÌÏÇ¦ÞÎÉÍ ÚÄÁ¤ÔØÓÑ ÔÁËÉÊÐ¦ÄÈ¦Ä: ×ÒÁÈÕ¤ÍÏ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ × Ð¦ÄÇÒÁÔËÁÈÕ ËÌÁÓÔÅÒÎÏÍÕ Ð¦ÄÈÏÄ¦, Á ×ÚÁ¤ÍÏÄ¦À Ú Â¦ÌØÛ ÄÁÌÅËÉÍÉ ×ÕÚÌÁÍÉ ¦ Í¦ÖÐ¦ÄÇÒÁÔËÁÍÉ| Õ îíð. òÏÚÇÌÑÎÅÍÏ ÓÐÅÒÛÕ ÂÁÚÉÓÎÕ ÓÉÓÔÅÍÕ, × ÑË¦Ê¤ Ô¦ÌØËÉ ËÏÒÏÔËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§ × Ð¦ÄÇÒÁÔËÁÈ:J ia�; jb� = � K��; ÑËÝÏ a = b ¦ j 2 �i0; Õ ÐÒÏÔÉÌÅÖÎÏÍÕ ×ÉÐÁÄËÕ,I ia�; jb� = � V��; ÑËÝÏ a = b ¦ j 2 �i0; Õ ÐÒÏÔÉÌÅÖÎÏÍÕ ×ÉÐÁÄËÕ,



7 ðÒÅÐÒÉÎÔ�i ÐÏÚÎÁÞÁ¤ ÍÎÏÖÉÎÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× ÄÏ ×ÕÚÌÁ i. çÁÍ¦ÌØÔÏÎ¦ÁÎÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄHr(f�; �g) = Hr(f�g)�Xia� � ia�X ia� (3.1)= �X(ij)a X�� K ia�; ja�S ia�S ja� �Xia� � ia�S ia��X(ij)a X�� I ia�; ja�X ia�X ja� �Xia� � ia�X ia� (3.2)õ ÂÁÚÉÓÎ¦Ê ÓÉÓÔÅÍ¦ Ð¦ÄÇÒÁÔËÉ ÎÅ ×ÚÁ¤ÍÏÄ¦ÀÔØ, ÔÏÍÕ Ô×¦ÒÎ¦ ÆÕÎËÃ¦§ ¤ÐÒÏÓÔÏ ÓÕÍÁÍÉ Ð¦ÄÇÒÁÔËÏ×ÉÈ Ô×¦ÒÎÉÈ ÆÕÎËÃ¦ÊF r(f�g) = F+ + F�; Fr(f�; �g) = F+ +F�; (3.3)Á Ð¦ÄÇÒÁÔËÏ×¦ Ô×¦ÒÎ¦ ÆÕÎËÃ¦§ ÓÐ¦×ÐÁÄÁÀÔØ Ú Ô×¦ÒÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÍÏ-ÄÅÌ¦ ¶Ú¦ÎÇÁ Ú ÄÏÄÁÔËÏ×ÉÍÉ ÐÏÌÑÍÉ �. õ ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ ×ÏÎÉ ÍÁÀÔØ ×ÉÇÌÑÄ [26]:Fa = (1 � z)Xi F ia +X(ij) F ia ja ; (îòâ) (3.4)F ia =X� c� ln 2 ch �� ia�=�; �� ia� = � ia� + a�� +Xr r �' ia�;F ia ja =X�� w�� lnZ ia� ja� ;Z ia� ja� = 2eK��=� hch(j�� ia� + i�� ja�)=�+a�� ch(j�� ia� � i�� ja�)=�i ;j�� ia� = � ia� + a�� +Xr 6=j r �' ia�; a�� = e�2K��=�;Fa = (1� z)Xi F ia +X(ij) F ia ja ; (òâ) (3.5)F ia = ln2X� x ia� ch �� ia�=�; x ia = e(� ia �+Pr r ia )=�;F ia ja = lnX�� jy ia�iy ja�Z ia� ja�eV��=�;jy ia� = e(� ia �+Pr 6=j r ia )=�:÷ÁÒ¦ÁÃ¦ÊÎ¦ ÐÁÒÁÍÅÔÒÉ| ÐÏÌÑ ' ¦  ÚÎÁÈÏÄÑÔØÓÑ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§.

ICMP{97{10U 8ïÔÒÉÍÁ¤ÍÏ ÎÁÓÔÕÐÎ¦ ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑm(1)a� = c� th �� a�=� (3.6)= X� w�� sh(�0a� + �0a�)=� + a�� sh(�0a� � �0a�)=�ch(�0a� + �0a�)=� + a�� ch(�0a� � �0a�)=� ;×ÅÌÉÞÉÎÁ w�� ÍÁ¤ ÚÍ¦ÓÔ ¦ÍÏ×¦ÒÎÏÓÔ¦ ×ÉÑ×ÉÔÉ ÎÁ ÓÕÓ¦ÄÎ¦È ×ÕÚÌÁÈ ÇÒÁ-ÔËÉ ÓÐ¦ÎÉ ÓÏÒÔ¦× �, �:îòâ : w�� = DX ia�X ja�Ex = const; j 2 �i; (3.7)òâ : w�� = DX ia�X ja�EH = y�y�Z��P�� y�y�Z�� (3.8)úÁÕ×ÁÖÉÍÏ, ÝÏ ÍÏÄÅÌØ Ú ÁÓÉÍÅÔÒÉÞÎÉÍ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ ÐÏÔÅÎÃ¦Á-ÌÏÍ ¤ ÄÏÓÉÔØ ÏÓÏÂÌÉ×ÏÀ, ÔÏÍÕ ÝÏ ÒÏÚ×'ÑÚËÉ Ò¦×ÎÑÎØ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑÐÒÉ ÐÅ×ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× ×ÚÁ¤ÍÏÄ¦§ (ÎÁÐÒÉËÌÁÄ, ÐÒÉ ÐÁÒÁ-ÍÅÔÒÁÈ, ÝÏ ×¦ÄÐÏ×¦ÄÁÀÔØ ÓÅÇÎÅÔÏ×¦Ê ÓÏÌ¦) ×¦ÄÐÏ×¦ÄÁÀÔØ ÎÅ Í¦Î¦ÍÕÍÕ,Á Ó¦ÄÌÏ×¦Ê ÔÏÞÃ¦ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ [27]. ðÒÉ ÃØÏÍÕ, ÑË ÐÏËÁÚÁÎÏ × ÒÏÂÏÔ¦[27], Æ¦ÚÉÞÎÏ ÚÍ¦ÓÔÏ×ÎÉÍÉ ×ÉÑ×ÌÑÀÔØÓÑ ÓÁÍÅ ÒÏÚ×'ÑÚËÉ Ò¦×ÎÑÎÎÑ ÓÁ-ÍÏÕÚÇÏÄÖÅÎÎÑ, Á ÎÅ ÔÏÞËÉ Í¦Î¦ÍÕÍÕ ÎÁÂÌÉÖÅÎÏ§ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§.õ ×ÉÐÁÄËÕ òâ È¦ÍÐÏÔÅÎÃ¦ÁÌÉ ¦ ÐÏÌÑ  ×ÉÚÎÁÞÁÀÔØÓÑ Ú Ò¦×ÎÑÎØòâ : c� = X�Z�P�X�Z� = y�P� y�Z��P�� y�y�Z�� (3.9)þÅÒÅÚ ÔÅ,ÝÏ Õ ÂÁÚÉÓÎ¦Ê ÓÉÓÔÅÍ¦ Ð¦ÄÇÒÁÔËÉ ÎÅ Ú×'ÑÚÁÎ¦,Í¦ÖÐ¦ÄÇÒÁÔËÏ×¦ËÏÒÅÌÑÔÏÒÉ Ò¦×Î¦ ÎÕÌÀ:^m(2)ab (~q) = �ab ^m(2)aa (~q); (3.10)m(2)ia� ja� = Ve(2�)D Z dDqe�i~q(~Ri�~Rj) � ^m(2)ab (~q)��� : (3.11)ð¦ÄÇÒÁÔËÏ×¦ ËÏÒÅÌÑÔÏÒÉ ÓÐ¦×ÐÁÄÁÀÔØ ¦Ú ËÏÒÅÌÑÔÏÒÁÍÉ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁÚ ÄÏÄÁÔËÏ×ÉÍ ÐÏÌÅÍ:� ^m(2)aa (~q)��1 = �z0( ^Fa(2))�1 + z � ^F (20)a + ^F (11)a ��1 (3.12)+ ��~0 � �~q�� ^F (20)a � ^F (11)a ��1 ^F (20)a � ^F (11)a ��1 ;� ^m(2)aa (~q)��1 = �z0( ^Fa(2))�1 + z � ^F (20)a + ^F (11)a ��1 (3.13)+ ��~0 � �~q�� ^F (20)a � ^F (11)a ��1 ^F (20)a � ^F (11)a ��1 :



9 ðÒÅÐÒÉÎÔôÅ Ö ÓÔÏÓÕ¤ÔØÓÑ ¦ ÄÉÎÁÍ¦ÞÎÏ§ ÐÁÒÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§� ^m(2)aa (~q; !)��1 = �z0( ^�a(2))�1 + z �^�(20)a + ^�(11)a ��1 (3.14)+ ��~0 � �~q��^�(20)a �^�(11)a ��1 ^�(20)a � ^�(11)a ��1 :ÄÅ ÐÁÒÃ¦ÁÌØÎ¦ ÄÉÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÔÏÒÉ ÍÁÀÔØ ×ÉÇÌÑÄ [28]�^�(2)a ��� = ���c� 1� th2 ��a�=�D��^�(20)a ��� = ���X
 w�
 Ra�
D
D�D
 � Pa�
Pa
��^�(11)a ��� = w�� Ra��Pa��D�D� � Pa��Pa�� : (3.15)¦ D� = 1 + i!�0�;Pa�� = 12 [th(��0a� +K��)=� � th(��0a� �K��)=�] ; (3.16)Ra�� = La�� �2a��(1 + ch 2��0a�=� ch 2��0a�=�)+ (1 + a2��)(ch 2��0a�=� + ch 2��0a�=�)�La�� = �ch(��0a� + ��0a�)=� + a�� ch(��0a� � ��0a�)=���2� 2a��=(1 + a2�� + 2a�� ch 2��0a�=�):÷ÒÁÈÕ×ÁÎÎÑ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ¦§ × îíð ÐÒÉ×ÏÄÉÔØ ÄÏ ÎÁÓÔÕÐ-ÎÏ§ ÆÏÒÍÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ (2.1)H = �X(ij)a X�� K��S ia�S ja� �Xia� � ia�S ia� (3.17)�X(ij)a X�� V��X ia�X ja� �Xia� � ia�X ia�+12 Xiajb�� J ia�; jb� DS ia�E DS ja �E+12 Xiajb�� I ia�; jb � DX ia�E DX ja�E ;
ICMP{97{10U 10ÄÅ h� � �i ÐÏÚÎÁÞÁ¤ ÕÓÅÒÅÄÎÅÎÎÑ, ÑËÅ ×¦ÄÐÏ×¦ÄÁ¤ ÔÉÐÕ ÂÅÚÌÁÄÕ,îòâ : h� � �i = hh� � �iHix ; (3.18)òâ : h� � �i = h� � �iH ; (3.19)Á ÐÏÌÑ ÐÅÒÅÎÏÒÍÏ×ÕÀÔØÓÑ ÐÁÒÎÏÀ ×ÚÁ¤ÍÏÄ¦¤À:� ia� = � a� +Xjb� J ia�; jb� DS ib�E ; (3.20)� ia� = � a� +Xjb� I ia�; jb� DX ib �E : (3.21)ìÅÇËÏ ÚÎÁÊÔÉ Ú×'ÑÚÏË Í¦Ö Ô×¦ÒÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÔÁËÏ§ ÓÉÓÔÅÍÉ ¦ ÂÁ-ÚÉÓÎÏ§F = F r(f�g) + 12Xiajb�� J ia�; jb� DS ia�E DS ja�E ; (3.22)F = Fr(f�; �g)+ 12Xiajb�� J ia�; jb� DS ia�E DS ja�E+ 12Xiajb�� I ia�; jb� DX ia�E DX ja�E : (3.23)÷ÓÔÁÎÏ×ÉÍÏ ÔÅÐÅÒ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ Í¦Ö ËÏÒÅÌÑÔÏÒÁÍÉ (2.7), (2.8) ¦ ËÏ-ÒÅÌÑÔÏÒÁÍÉ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ. ÷ÒÁÈÏ×ÕÀÞÉ ÕÍÏ×Õ ÅËÓÔÒÅÍÕÍÕ Ô×¦Ò-ÎÏ§ ÆÕÎËÃ¦§ ÐÏ ÐÁÒÁÍÅÔÒÁÈ �', � , Á ÔÁËÏÖ ÔÅ, ÝÏ ÐÏÌÑ �, � ×ÈÏÄÑÔØÕ Ô×¦ÒÎ¦ ÆÕÎËÃ¦§ Ô¦ÌØËÉ ÞÅÒÅÚ � ¦ �, ÚÎÁÊÄÅÍÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÌÑÐÏÈ¦ÄÎÉÈ ×¦Ä Ô×¦ÒÎÉÈ ÆÕÎËÃ¦Ê��� ia� = Xjb � �� jb��� ia� ��� jb� (3.24)= ��� jb � +Xjb� Xkc 
 1� J jb �; kc 
M (2)kc 
; ia� ��� jb� :ãÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÄÏÚ×ÏÌÑ¤ ÚÎÁÊÔÉ Ú×'ÑÚÏË Í¦Ö ÛÕËÁÎÉÍÉ ËÏÒÅ-ÌÑÃ¦ÊÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ¦ ÂÁÚÉÓÎÉÍÉ. îÁ×ÅÄÅÍÏ ÏÓÔÁÔÏÞÎÉÊ ÒÅÚÕÌØÔÁÔîòâ : M (1)a�(f�g) = m(1)a�(f�g) (3.25) ^M (2)++(~q) ^M (2)+�(~q)^M (2)�+(~q) ^M (2)��(~q)!�1 =  ^m(2)++(~q) ^m(2)+�(~q)^m(2)�+(~q) ^m(2)��(~q)!�1



11 ðÒÅÐÒÉÎÔ�1� � ^J++(~q) ^J+�(~q)^J�+(~q) ^J��(~q)� : (3.26)÷ ÏÓÔÁÎÎØÏÍÕ ×ÉÒÁÚ¦ ××ÅÄÅÎÏ ÔÁË¦ ÍÁÔÒÉÃ¦� ^M (2)ab (~q)��� =Xj ei~q(~Ri�~Rj ) DDS ia�S jb�EcHEx (3.27)� ^m(2)ab (~q)��� =Xj ei~q(~Ri�~Rj) DDS ia�S jb�EcHrEx (3.28)� ^Jab(~q)��� =Xj ei~q(~Ri�~Rj)J ia�; jb� (3.29)õ ×ÉÐÁÄËÕ òâ ÍÁÀÔØ Í¦ÓÃÅ ÐÏÄ¦ÂÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎÎÑM (1)a�(f�g) =m(1)a�(f�g) (3.30) ^M (2)++(~q) ^M (2)+�(~q)^M (2)�+(~q) ^M (2)��(~q)!�1 =  ^m(2)++(~q) ^m(2)+�(~q)^m(2)�+(~q) ^m(2)��(~q)!�1�1� � ^J++(~q) ^J+�(~q)^J�+(~q) ^J��(~q)� ;ÄÅ ^M (2)ab (~q) =Xj ei~q(~Ri�~Rj) ^M (2)ia jb ; ^mab(~q) =Xj ei~q(~Ri�~Rj) ^m(2)ia jb :äÌÑ Ä×ÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ^M (2)ia jb = 0BBB@ DS ia1S jb1EcH DS ia1S jb 2EcH DS ia1X jb 1EcHDS ia2S jb1EcH DS ia2S jb 2EcH DS ia2X jb 1EcHDX ia1S jb 1EcH DX ia1S jb2EcH DX ia1X jb1EcH1CCCA (3.31)^m(2)ia jb = 0BBB@ DS ia1S jb1EcHr DS ia1S jb2EcHr DS ia1X jb1EcHrDS ia2S jb1EcHr DS ia2S jb2EcHr DS ia2X jb1EcHrDX ia1S jb 1EcHr DX ia1S jb 2EcHr DX ia1X jb1EcHr 1CCCA (3.32)^Jab(~q) =Xj ei~q(~Ri�~Rj )0B@ J ia1 jb 1 J ia1 jb2 0J ia2 jb 1 J ia2 jb2 00 0 ~I ia jb 1CA (3.33)~I ia jb = I ia1 jb 1 + I ia2 jb2 � 2I ia1 jb 2 (3.34)
ICMP{97{10U 12áÎÁÌÏÇ¦ÞÎÏ ¦ ÄÉÎÁÍ¦ÞÎÕ ÐÁÒÎÕ ËÏÒÅÌÑÃ¦ÊÎÕ ÆÕÎËÃ¦À ÍÏÖÎÁ ×É-ÒÁÚÉÔÉ ÞÅÒÅÚ ÄÉÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÔÏÒÉ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ ^M (2)++(~q; !) ^M (2)+�(~q; !)^M (2)�+(~q; !) ^M (2)��(~q; !)!�1 =  ^m(2)++(~q; !) ^m(2)+�(~q; !)^m(2)�+(~q; !) ^m(2)��(~q; !)!�1� 1� � ^J++(~q) ^J+�(~q)^J�+(~q) ^J��(~q)� : (3.35)îÁ ÏÓÎÏ×¦ ÏÔÒÉÍÁÎÉÈ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÐÏÔÅÎÃ¦ÁÌ¦× ¦ ËÏÒÅÌÑÃ¦ÊÎÉÈÆÕÎËÃ¦Ê ÌÅÇËÏ ÒÏÚÒÁÈÕ×ÁÔÉ ÔÅÐÌÏ¤ÍÎ¦ÓÔØ, ÐÏÌÑÒÉÚÁÃ¦ÀP = NV X� d�Xa M (1)a� (3.36)ÓÔÁÔÉÞÎÕ ¦ ÄÉÎÁÍ¦ÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÍÏÄÅÌ¦ ÄÌÑ ÏÂÏÈ ÔÉÐ¦× ÂÅÚÌÁ-ÄÕ: �(~q) îòâ= N�V X�� d�d�Xab ei~q(~ra�~rb) � ^M (2)ab (~q)��� (3.37)�(~q) òâ= N�V X�� d�d�Xab ei~q(~ra�~rb) � ^M (2)ab (~q)��� (3.38)�(~q; !) = N�V X�� d�d�Xab ei~q(~ra�~rb) � ^M (2)ab (~q; !)��� ; (3.39)ÄÅ ~ra | ÐÏÌÖÅÎÎÑ ÐÓÅ×ÄÏÓÐ¦ÎÁ Ú Ð¦ÄÇÒÁÔËÉ a × ÅÌÅÍÅÎÔÁÒÎ¦Ê ËÏÍ¦ÒÃ¦.úÁÕ×ÁÖÉÍÏ, ÝÏ ÄÌÑ ÍÏÄÅÌ¦ Ú Ò¦×ÎÏ×ÁÖÎÉÍ ÂÅÚÌÁÄÏÍ �(~q) 6=�(~q; 0). ãÅ ÐÏ×'ÑÚÁÎÏ Ú ÔÉÍ, ÝÏ ÐÒÉ ÒÏÚÇÌÑÄ¦ ÄÉÎÁÍ¦ËÉ Ò¦×ÎÏ×ÁÖÎÏ§ÍÏÄÅÌ¦ ÍÉ ÚÁÍÏÒÏÚÉÌÉ ÓÏÒÔÏ×Õ ËÏÎÆ¦ÇÕÒÁÃ¦À ×¦ÄÎÏÓÎÏ ÚÍ¦Î ÚÏ×Î¦Û-ÎØÏÇÏ ÐÏÌÑ ¦ ÔÉÍ ÓÁÍÉÍ ×ÉËÌÀÞÉÌÉ Ú �(~q; !) ×¦ÄÐÏ×¦ÄÎÉÊ ×ÎÅÓÏË (ÝÏÃ¦ÌËÏÍ ×ÉÐÒÁ×ÄÁÎÏ ÐÒÉ ÞÁÓÔÏÔÁÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ ÄÉÓÐÅÒÓ¦§, ÁÌÅÎÅ ×¦ÒÎÏ ÐÒÉ ! ! 0).òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÚÁ ÆÏÒÍÕÌÁÍÉ (3.36) { (3.39) ÐÏÒ¦×ÎÑ¤ÍÏÚ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÝÏÄÏ Rs, RbHSO4 ÔÁ §È ÄÅÊÔÅÒÏ×Á-ÎÉÈ ÁÎÁÌÏÇ¦×. îÁ ÖÁÌØ, ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÄÁÎ¦ ÎÁÑ×Î¦ ÌÉÛÅ ÄÌÑ Rs,dRs,RbHSO4 ÔÁ RbH0:3D0:7SO4 (Õ ÏÓÔÁÎÎØÏÍÕ ËÒÉÓÔÁÌ¦ ÓÔÕÐ¦ÎØ ÄÅÊ-ÔÅÒÕ×ÁÎÎÑ x ×ÉÚÎÁÞÁ×ÓÑ Õ ÐÒÉÐÕÝÅÎÎ¦ Ì¦Î¦ÊÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ Tc ×¦Ä x).ôÏÍÕ ÍÉ ÎÅ ÍÏÖÅÍÏ ÐÅÒÅ×¦ÒÉÔÉ ×¦ÄÐÏ×¦ÄÎ¦ÓÔØ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÍÏ-ÄÅÌ¦ ÃÉÍ ËÒÉÓÔÁÌÁÍ. òÏÚÇÌÑÎÅÍÏ ÌÉÛÅ ×ÉÐÁÄÏË ÎÅÒ¦×ÎÏ×ÁÖÎÏÇÏ ÂÅÚ-ÌÁÄÕ Ú ÐÏ×ÎÉÍ ÓÏÒÔÏ×ÉÍ ÈÁÏÓÏÍ (w12 = c1c2) ¦ ÄÉÐÏÌØ-ÄÉÐÏÌØÎÉÍ ÔÉ-ÐÏÍ ×ÚÁ¤ÍÏÄ¦§: KHD = pKHHKDD , JaHbD = pJaHbHJaDbD (Ja�b� =Pj J ia� jb �). ðÒÉ ÔÁËÉÈ ÐÒÉÐÕÝÅÎÎÑÈ ÎÁÊËÒÁÝÉÊ ÏÐÉÓ ÅËÓÐÅÒÉÍÅÎÔÕ



13 ðÒÅÐÒÉÎÔRs dRs RbHSO4 RbDSO4K=kB, K 220.8 225.0 160 154J++=kB, K 29.44 29.06 16.1 15.8J+�=kB, K 154.56 158.44 123.4 122.5�=kB, K 154.60 158.38 115.9 117.0�, 10�18 óçó 1.47 1.61 0.49 0.5�0, 10�14 Ó 4 5 5 5ôÁÂÌ. 1: ðÁÒÁÍÅÔÒÉ ¦ÄÅÁÌØÎÏ§ (ÏÄÎÏÓÏÒÔÎÏ§) ÍÏÄÅÌ¦, ÑË¦ ÚÁÂÅÚÐÅÞÕ-ÀÔØ ÏÐÉÓ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ Õ ËÒÉÓÔÁÌÁÈ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ ÔÁËÉÓÌÏÇÏ ÓÕÌØÆÁÔÕ ÒÕÂ¦Ä¦À. äÌÑ ÃÉÈ ËÒÉÓÔÁÌ¦× ÐÒÉÊÍÁ¤ÔØÓÑ J++ =J��.ÄÏÓÑÇÁ¤ÔØÓÑ ÐÒÉ ÐÁÒÁÍÅÔÒÁÈ, ÎÁ×ÅÄÅÎÉÈ Õ ÔÁÂÌ. 1. âÁÞÉÍÏ, ÝÏ ÍÏ-ÄÅÌØ ÏÐÉÓÕ¤ ÒÅÚÕÌØÔÁÔÉ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ×ÉÍ¦ÒÀ×ÁÎØ ¦ ÐÒÉ ×ÉÂÒÁÎÉÈÐÁÒÁÍÅÔÒÁÈ KHD , JaHbD , wHD ÐÅÒÅÄÂÁÞÁ¤ ÍÏÎÏÔÏÎÎÕ ÚÍ¦ÎÕ ÔÅÒÍÏ-ÄÉÎÁÍ¦ÞÎÉÈ ¦ ÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÐÒÉ ÄÅÊÔÅÒÕ×ÁÎÎ¦ ÃÉÈ ËÒÉ-ÓÔÁÌ¦×. äÌÑ RbHSO4 ÎÅ ÐÒÏ×ÅÄÅÎ¦ ×ÉÍ¦ÒÀ×ÁÎÎÑ ÔÅÐÌÏ¤ÍÎÏÓÔ¦, ÄÌÑÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ Ö ÏÔÒÉÍÁÎ¦ ÓÕÐÅÒÅÞÌÉ×¦ ÒÅÚÕÌØÔÁÔÉ: ÎÅ ×ÄÁÌÏÓÑ ÎÁ-×¦ÔØ ×ÓÔÁÎÏ×ÉÔÉ ÚÎÁË ÓÔÒÉÂËÁ ÔÅÐÌÏ¤ÍÎÏÓÔ¦ × ÎÉÖÎ¦Ê ÔÏÞÃ¦ ëÀÒ¦.4. ôÅÒÍÏÄÉÎÁÍ¦ËÁ ¦ ÒÅÌÁÓÁÃ¦ÊÎÁ ÄÉÎÁÍ¦ËÁ ÍÏÄÅÌ¦Õ ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÐÏ Í¦ÖÐ¦ÄÇÒÁÔËÏ×¦Ê×ÚÁ¤ÍÏÄ¦§óÔÒÕËÔÕÒÁ ÔÁ ÒÑÄ ÄÏÓÌ¦ÄÖÅÎØ ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦ ÎÁ ÏÓÎÏ×¦ ÍÏÄÅÌ¦ í¦ÃÕ§× ÍÏÌÅËÕÌÑÒÎÏÍÕ ÐÏÌ¦ ×ËÁÚÕÀÔØ ÎÁ ÓÉÌØÎ¦ÛÕ ×ÚÁ¤ÍÏÄ¦À ÓÐ¦Î¦× Õ Ò¦Ú-ÎÉÈ Ð¦ÄÇÒÁÔËÁÈ, Î¦Ö ×ÓÅÒÅÄÉÎ¦ Ð¦ÄÇÒÁÔÏË. ú ÄÒÕÇÏ§ ÓÔÏÒÏÎÉ, ÄÏÓ×¦Ä ÚÁ-ÓÔÏÓÕ×ÁÎÎÑ Ò¦ÚÎÉÈ ËÌÁÓÔÅÒÎÉÈ ÎÁÂÌÉÖÅÎØ ÇÏ×ÏÒÉÔØ ÐÒÏ ÔÅ ÝÏ ×ÉÂ¦ÒËÌÁÓÔÅÒÁ ÍÁ¤ ×ÅÌÉËÅ ÚÎÁÞÅÎÎÑ ÄÌÑ ÕÓÐ¦ÈÕ ÄÏÓÌ¦ÄÖÅÎÎÑ. ëÌÁÓÔÅÒ-ÎÉÊ Ð¦ÄÈ¦Ä, ÑËÉÊ ÎÅ ×¦ÄÐÏ×¦ÄÁ¤ ÓÉÍÅÔÒ¦§ ÇÒÁÔËÉ, ÁÂÏ ×ÒÁÈÕ×ÁÎÎÑ ×ËÌÁÓÔÅÒÎÏÍÕ Ð¦ÄÈÏÄ¦ \ÎÅ ÏÓÎÏ×ÎÉÈ" ×ÚÁ¤ÍÏÄ¦Ê ÐÒÉ×ÏÄÑÔØ ÞÁÓÏÍ ÄÏÈÉÂÎÉÈ ÁÂÏ ÍÅÎÛ ÔÏÞÎÉÈ, Î¦Ö Õ îíð ÒÅÚÕÌØÔÁÔ¦×. ãÅ ÐÒÉ×ÏÄÉÔØ ÄÏ¦ÄÅ§, ÝÏ ÄÌÑ Rs Í¦ÖÐ¦ÄÇÒÁÔËÏ×Á ×ÚÁ¤ÍÏÄ¦Ñ ÐÏ×ÉÎÎÁ ÂÕÔÉ ×ËÌÀÞÅÎÁ ×ËÌÁÓÔÅÒ, Á ÇÒÁÔËÏ×Á ÍÏÖÅ ÒÏÚÇÌÑÄÁÔÉÓØ Õ îíð. ôÏÍÕ ÍÉ ÒÏÚ×ÉÎÅÍÏÔÁËÉÊ ×ÁÒ¦ÁÎÔ ÔÅÏÒ¦§, ËÏÌÉ ËÌÁÓÔÅÒ Í¦ÓÔÉÔØ Ä×Á ÎÁÊÂÌÉÖÞÉÈ ×ÕÚÌÉ ÚÒ¦ÚÎÉÈ Ð¦ÄÇÒÁÔÏË ¦ ÂÕÄÕ¤ÔØÓÑ ÎÁ ×ÚÁ¤ÍÏÄ¦§ J i+ j� (j 2 �i).âÁÚÉÓÎÁ ÓÉÓÔÅÍÁ ÐÅÒÅÄÂÁÞÁ¤ ×ÚÁ¤ÍÏÄ¦À ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×J ia�; jb� = � K��; ÑËÝÏ ia ¦ jb { ÎÁÊÂÌÉÖÞ¦ ÓÕÓ¦ÄÉ0; Õ ÐÒÏÔÉÌÅÖÎÏÍÕ ×ÉÐÁÄËÕ.
ICMP{97{10U 14I ia�; jb� = � V��; ÑËÝÏ ia ¦ jb { ÎÁÊÂÌÉÖÞ¦ ÓÕÓ¦ÄÉ0; Õ ÐÒÏÔÉÌÅÖÎÏÍÕ ×ÉÐÁÄËÕ.äÌÑ ÐÒÏÓÔÏÔÉ ÍÉ ÐÒÉÊÎÑÌÉ ×ÚÁ¤ÍÏÄ¦À Ú ÕÓ¦ÍÁ ÓÕÓ¦ÄÁÍÉ ÏÄÎÁËÏ×ÏÀ.âÁÚÉÓÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ ÍÁ¤ ×ÉÇÌÑÄHr(f�; �g) = Hr(f�g)�Xia� � ia�X ia� (4.1)= � X( i+ j� )X�� K i+�; j��S i+�S j� ��Xia� � ia�S ia� �Xi� �� �S i+� � S i���� X( i+ j� )X�� I i+�; j��X i+�X j� � �Xia� � ia�X ia�îÁ ÏÓÎÏ×¦ ËÌÁÓÔÅÒÎÏÇÏ ÒÏÚ×ÉÎÅÎÎÑ Ô×¦ÒÎÏ§ ÆÕÎËÃ¦§ ÏÔÒÉÍÁ¤ÍÏ ÕÐÅÒÛÏÍÕ ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦îòâ : F r(f�g) = �z0PihFiix +P(ij)hFijix; (4.2)òâ : Fr(f�; �g) = �z0Pi Fi +P(ij)Fij; (4.3)ÄÅ z0 = z�1, z | ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×,P(ij) ÏÚÎÁÞÁ¤ ÓÕÍÕ×ÁÎ-ÎÑ ÐÏ ÐÁÒÁÈ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦×, Ô×¦ÒÎÁ ÆÕÎËÃ¦Ñ ÐÒÅÄÓÔÁ×ÌÑ¤ÔØÓÑ Õ×ÉÇÌÑÄ¦ ÓÕÍÉ ÅÆÅËÔÉ×ÎÉÈ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈFi = lnZi; Zi = SpSie�Hi=�; Hi = ���iSi; (4.4)��i = �i +Xj j �'i;Fi = lnZi; Zi = SpSiXie�Hi=�; Hi = ���iSi � ��i; (4.5)��i = �i +Xj j � i;¦ Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ ×ÎÅÓË¦× |Fij = lnZij ; Zij = SpSiSj e�Hij=�;Hij = �j��iSi � i��jSi �KijSiSj ; (4.6)j��i = �i +Xr 6=j r �'i;Fij = lnZij ; Zij = SpSiXiSjXj e�Hij=�;Hij = �j��iSi � i��jSj �KijSiSj � j ��i � i��j � Vij; (4.7)j ��i = �i +Xr 6=j r � i:



15 ðÒÅÐÒÉÎÔ÷ÁÒ¦ÁÃ¦ÊÎ¦ ÐÁÒÁÍÅÔÒÉ �', � ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É ÅËÓÔÒÅÍÕÍÕ Ô×¦ÒÎÏ§ÆÕÎËÃ¦§îòâ : @F (f�g)@ r �'i� = 0; (4.8)òâ : @F(f�; �g)@ r �'i� = 0; @F(f�; �g)@ r � i� = 0; (4.9)Ú ÑËÏ§ ÓÌ¦ÄÕ¤ Ò¦×ÎÑÎÎÑ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ | ×ÉÍÁÇÁ¤ÔØÓÑ Ò¦×Î¦ÓÔØ ÓÅ-ÒÅÄÎ¦È ÚÎÁÞÅÎØ ÓÐ¦ÎÁ, ÚÎÁÊÄÅÎÉÈ Ú ÏÄÎÏ×ÕÚÌÏ×ÏÀ ¦ Ä×Ï×ÕÚÌÏ×ÏÀ ÍÁ-ÔÒÉÃÑÍÉ ÇÕÓÔÉÎÉîòâ : m(1)i� = 
hSi�iHi�x = DhSi�iHijEx ; (4.10)h� � �iHi = SpfSg e�Hi=�Zi (� � �); h� � �iHij = SpfSg e�Hij=�Zij (� � �);òâ : m(1)i� = hSi�iHi = hSi�iHij ; (4.11)h� � �iHi = SpfS;Xg e�Hi=�Zi (� � �); h� � �iHij = SpfS;Xg e�Hij=�Zij (� � �):ûÌÑÈÏÍ ÄÉÆÅÒÅÎÃ¦À×ÁÎÎÑ ÃÉÈ ÓÐ¦××¦ÄÎÏÛÅÎØ ÐÏ ÎÅÏÄÎÏÒ¦ÄÎÉÈ ÐÏ-ÌÑÈ � ¦ � ÏÔÒÉÍÕ¤ÍÏ Ò¦×ÎÑÎÎÑ ÔÉÐÕ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ ÄÌÑ ÐÁÒÎÏ§ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§, ÑËÅ Õ ~q-ÐÒÅÄÓÔÁ×ÌÅÎÎ¦m(2)a� b�(~Ri � ~Rj) = Ve(2�)3 Z dDq e�i~q(~Ri�~Rj) �m(2)ab (~q)��� ; (4.12)(Ve | ÏÂ'¤Í ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ, ~Ri | ÒÁÄ¦ÕÓ-×ÅËÔÏÒ i-ÔÏ§ ÅÌÅÍÅÎ-ÔÁÒÎÏ§ ËÏÍ¦ÒËÉ) ÄÁ¤ ÎÁÓÔÕÐÎÉÊ ÒÅÚÕÌØÔÁÔ ÄÌÑ ÐÁÒÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ÆÕÎËÃ¦§� ^m(2)AA(~q) ^m(2)AB(~q)^m(2)BA(~q) ^m(2)BB(~q)� = � ^UAA ^Y~q^Y �~q ^UBB ��1 : (4.13)ôÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÐÏÚÎÁÞÅÎÎÑ^Uaa = �� ^F (2)a ��1 � z ^EAB ;^Y~q = � ^GAB � 2 DXl=1 cos ~q~al; (4.14)^EAB = ( ^F (11)AB ( ^F (20)BA )�1 ^F (11)BA � ^F (20)AB )�1;^GAB = ( ^F (20)BA ( ^F (11)AB )�1 ^F (20)AB � ^F (11)BA )�1;
ICMP{97{10U 16ÄÅ ~al | ÂÁÚÉÓÎ¦ ×ÅËÔÏÒÉ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ, Á ÍÁÔÒÉÃ¦ F ¤ \ÐÁÒ-Ã¦ÁÌØÎÉÍÉ" ËÏÒÅÌÑÔÏÒÁÍÉ� ^F (20)AB ��� = *DS iA�S iA�EcH iA iB +x ;� ^F (11)AB ��� = *DS iA�S iB�EcH iA iB +x ; (4.15)� ^F (2)A ��� = *DS iA�S iA�EcH iA+x :òÏÚÇÌÑÄ Õ ÃØÏÍÕ Ö ÎÁÂÌÉÖÅÎÎ¦ ÄÉÎÁÍ¦ËÉ ÓÉÓÔÅÍÉ ÎÁ ÏÓÎÏ×¦ Ë¦ÎÅ-ÔÉÞÎÏÇÏ Ò¦×ÎÑÎÎÑ çÌÁÕÂÅÒÁ ÐÒÉ×ÏÄÉÔØ ÚÎÏ×Õ ÄÏ ×ÉÒÁÚ¦× (4.13){(4.14)ÄÌÑ ÄÉÎÁÍ¦ÞÎÏ§ ÐÁÒÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ ^m(2)ab (~q; !), Ô¦ÌØËÉ ÕÃØÏÍÕ ×ÉÐÁÄËÕ ÐÁÒÃ¦ÁÌØÎ¦ ËÏÒÅÌÑÔÏÒÉ ^F (2)a , ^F (20)ab , ^F (11)ab ¤ ÆÕÎËÃ¦-ÑÍÉ ÞÁÓÔÏÔÉ. ôÁËÉÊ ÖÅ Ð¦ÄÈ¦Ä ÓÐÒÁÃØÏ×Õ¤ ¦ Õ ×ÉÐÁÄËÕ Ò¦×ÎÏ×ÁÖ-ÎÏÇÏ ÂÅÚÌÁÄÕ. ðÒÉ ÃØÏÍÕ ÐÁÒÎÁ ËÏÒÅÌÑÃ¦ÊÎÁ ÆÕÎËÃ¦Ñ ^m(2)ab (~q) ÐÏÆÏÒÍÕÌaÈ (4.13){(4.15) ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÐÁÒÃ¦ÁÌØÎ¦ ËÏÒÅÌÑÔÏÒÉDS iA�S iB �EcH iA iB , DS ia�S ia�EcH ia , ÒÏÚÒÁÈÏ×ÁÎ¦ Ú ÏÄÎÏ×ÕÚÌÏ×ÉÍ ¦ Ú ËÌÁ-ÓÔÅÒÎÉÍ ÅÆÅËÔÉ×ÎÉÍÉ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁÍÉðÏ×ÅÒÎÅÍÏÓØ ÔÅÐÅÒ ×¦Ä ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÄÏ ×ÉÈ¦ÄÎÏ§ ÍÏÄÅÌ¦, × ÑË¦ÊÐÒÉÓÕÔÎ¦ ÝÅ Ê ÄÁÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§. ñË ÕÖÅ ÇÏ×ÏÒÉÌÏÓØ ÎÁ ÓÔÏÒ¦Î-Ã¦ 9 ¦ ÐÏËÁÚÁÎÏ ÆÏÒÍÕÌÁÍÉ (3.17){(3.21), ×ÒÁÈÕ×ÁÎÎÑ ÄÁÌÅËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ¦Ê ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÏÑ×É ÄÏÄÁÔËÏ×ÏÇÏ ÎÅÏÐÅÒÁÔÏÒÎÏÇÏ ÞÌÅÎÁ ×ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ ¦ ÄÏÄÁÔËÏ×ÉÈ ÅÆÅËÔÉ×ÎÉÈ ÐÏÌ¦×, ÔÁË ÝÏ Ô×¦ÒÎÁ ÆÕÎË-Ã¦Ñ ×ÉÈ¦ÄÎÏ§ ÓÉÓÔÅÍÉ ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ Ô×¦ÒÎÕ ÆÕÎËÃ¦À ÂÁÚÉÓÎÏ§ÎÁÓÔÕÐÎÉÍ ÓÐÏÓÏÂÏÍîòâ : F = F r(f�g) + 12 Xiajb�� J ia�; jb � DS ia�E DS ja�E ; (4.16)òâ : F = Fr(f�; �g) + 12 Xiajb�� J ia�; jb � DS ia�E DS ja�E+ 12 Xiajb�� I ia�; jb� DX ia�E DX ja�E : (4.17)ú×'ÑÚÏË Í¦Ö ËÏÒÅÌÑÔÏÒÁÍÉ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ¦ ÓÉÓÔÅÍÉ Ú Ô×¦ÒÎÉÍÉÆÕÎËÃ¦ÑÍÉ (4.16), (4.17) ×ÓÔÁÎÏ×ÌÅÎÉÊ Õ ÐÏÐÅÒÅÄÎØÏÍÕ ÐÁÒÁÇÒÁÆ¦.



17 ðÒÅÐÒÉÎÔôÁËÉÍ ÞÉÎÏÍ, ÔÕÔ ÍÉ ÒÏÚ×'ÑÚÁÌÉ ÚÁÄÁÞÕ ÒÏÚÒÁÈÕÎËÕ ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎÉÈ ÐÏÔÅÎÃ¦ÁÌ¦×, ÓÔÁÔÉÞÎÉÈ ¦ ÄÉÎÁÍ¦ÞÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎË-Ã¦Ê ÍÏÄÅÌ¦ × ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÐÏ ×ÚÁ¤ÍÏÄ¦§ ÎÁÊ-ÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× Õ Ò¦ÚÎÉÈ Ð¦ÄÇÒÁÔËÁÈ. ôÁËÉÊ Ð¦ÄÈ¦Ä ×ÉÇÌÑÄÁ¤ ÄÏÒÅÞ-ÎÉÍ ÄÌÑ ËÒÉÓÔÁÌ¦× ÓÅÇÎÅÔÏ×Ï§ ÓÏÌ¦, ÏÄÎÁË ÎÁÍ ÎÅ ×ÄÁÌÏÓÑ ÎÁ ÏÓÎÏ×¦ÎØÏÇÏ ÄÏÓÑÇÔÉ ËÒÁÝÏÇÏ ÏÐÉÓÕ ÅËÓÐÅÒÉÍÅÎÔÕ × ÃÉÈ ËÒÉÓÔÁÌÁÈ, Î¦Ö ÎÁÏÓÎÏ×¦ ÔÅÏÒ¦§, ÒÏÚ×ÉÎÕÔÏ§ Õ ÐÏÐÅÒÅÄÎØÏÍÕ ÐÁÒÁÇÒÁÆ¦.5. ÷ÉÓÎÏ×ËÉíÉ ÒÏÚ×ÉÎÕÌÉ ÓÔÁÔÉÓÔÉÞÎÉÊ Ð¦ÄÈ¦Ä ÄÌÑ ÏÐÉÓÕ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ¦ ÄÉ-ÎÁÍ¦ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÎÅ×ÐÏÒÑÄËÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ËÒÉÓÔÁÌ¦×Ú ÁÓÉÍÅÔÒÉÞÎÉÍ Ä×ÏÍ¦Î¦ÍÕÍÎÉÍ ÐÏÔÅÎÃ¦ÁÌÏÍ ÎÁ ÏÓÎÏ×¦ ÍÏÄÅÌ¦ ÔÉÐÕí¦ÃÕ§. õ ÎÁÂÌÉÖÅÎÎ¦ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÐÏ ËÏÒÏÔËÏÓÑÖÎ¦Ê×ÚÁ¤ÍÏÄ¦§ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ¦§ × ÎÁÂÌÉÖÅÎÎ¦ ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ ÒÏÚÒÁÈÏ×ÁÎÏ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ÐÏÔÅÎÃ¦ÁÌÉ, ÓÔÁÔÉÞÎ¦¦ ÄÉÎÁÍ¦ÞÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÍÏÄÅÌ¦ ÄÌÑ ÏÂÏÈ ÔÉÐ¦× ÂÅÚÌÁÄÕ. ôÅ-ÏÒ¦Ñ ÚÁÂÅÚÐÅÞÕ¤ Ë¦ÌØË¦ÓÎÉÊ ÏÐÉÓ ÐÏÌÑÒÉÚÁÃ¦§, Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉË-ÎÏÓÔ¦ ÔÁ ÞÁÓÕ ÒÅÌÁËÓÁÃ¦§ ÐÏÌÑÒÉÚÁÃ¦§ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦×Rs, dRs, RbHSO4, RbH0:3D0:7SO4. äÌÑ ÐÅÒÅ×¦ÒËÉ ÔÅÏÒ¦§ ¦, ÍÏÖÌÉ×Ï,Ú'ÑÓÕ×ÁÎÎÑ ÔÉÐÕ ÂÅÚÌÁÄÕ × ÃÉÈ ËÒÉÓÔÁÌÁÈ ÎÅÏÂÈ¦ÄÎ¦ ÅËÓÐÅÒÉÍÅÎÔÁÌØ-Î¦ ÄÁÎ¦ ÝÅ ÄÌÑ Ë¦ÌØËÏÈ ÓÔÕÐÅÎ¦× ÄÅÊÔÅÒÕ×ÁÎÎÑ.ì¦ÔÅÒÁÔÕÒÁ[1] éÏÎÁ æ., ûÉÒÏÎÅ ä. óÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÅ ËÒÉÓÔÁÌÌÙ // íÏÓË×Á.-"íÉÒ" - 1965 - 555 Ó.[2] óÍÏÌÅÎÓËÉÊ ç.æ., âÏËÏ× ÷.á., éÓÕÐÏ× ÷.á., ëÒÁÊÎÉË î.î., ðÁÓÙÎ-ËÏ× ò.å., ûÕÒ í.ó. óÅÇÎÅÔÏÜÌÅËÔÒÉËÉ É ÁÎÔÉÓÅÇÎÅÔÏÜÌÅËÔÒÉËÉ //ìÅÎÉÎÇÒÁÄ.- "îÁÕËÁ"- 1971- 476 Ó.[3] Taylor W., Lockwood D.J., Labbe H.J. Raman spectroscopy and dielec-tric constants of ferroelectric Rochelle salt and calcium tartrate // J.Phys. C: Solid State Phys., 1984, vol. 17, p. .3685-3699[4] Pepinsky R., Vedam K. Ferroelectric transition in rubidium bisulphate// Phys. Rev., 1960, vol. 117, p. .1502-1503[5] Ashmore J.P., Petch H.E. The structure of RbHSO4 in its paraelectricphase // Can. J. Phys., 1975, vol. 53, p. 2694-2702.[6] Kasahara M., Tatsuzaki I. Study on the temperature dependence of 87Rbelectric �eld gradient in RbDSO4 by NMR // J. Phys. Soc. Jpn., 1974,vol. 36, No 3, p. 786-792.
ICMP{97{10U 18[7] Kasahara M., Tatsuzaki I. Study of the ferroelectric phase transition inRbDSO4 by NMR. I.Deuteron magnetic resonance in paraelectric phase// J. Phys. Soc. Jpn., 1974, vol. 37, No 1, p. 167-170.[8] Toupry N., Poulet H., Le Postollec H. Raman study of the phase tran-sition in RbHSO4 // J. Raman Spectroscopy, 1981, vol. 11, No 2, p.81-91.[9] Mitsui T. Teory of the ferroelectric e�ect in rochelle salt // Phys. Rev.,1958, vol. 111, No 5, p. 1529-1567.[10] Sandy F., Jones R.V. Dielectric relaxation in Rochelle salt // Phys.Rev.,1968, vol. 168, p. 4481-493.[11] Zeks B., Schukla L.C., Blinc R. Dynamics of ferroelectric rochelle salt //Phys. Rev., 1971, vol. 3, No 7, p. 2305-2311.[12] ÷ÁËÓ ÷.ç. ÷×ÅÄÅÎÉÅ × ÍÉËÒÏÓËÏÐÉÞÅÓËÕÀ ÔÅÏÒÉÀ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ×// íÏÓË×Á. - "îÁÕËÁ" - 1973 - 327Ó.[13] Kalenik J. Pseudospin model for the ferroelectric Rochelle salt in themolecular �eld approximation // Acta Phys. Pol., 1975, vol. A48, No 3,p. 387-395.[14] ìÅ×ÉÃËÉÊ ò.ò., úÁÞÅË é.ò., ÷ÁÒÁÎÉÃËÉÊ ÷.é. òÅÌÁËÓÁÃÉÏÎÎÙÅ Ñ×ÌÅ-ÎÉÑ × ÓÏÅÄÉÎÅÎÉÑÈ ÔÉÐÁ ÐÏÒÑÄÏË ÂÅÓÐÏÒÑÄÏË Ó ÁÓÉÍÍÅÔÒÉÞÎÙÍ ÏÄÎÏ-ÞÁÓÔÉÞÎÙÍ ÐÏÔÅÎÃÉÁÌÏÍ Ó Ä×ÕÍÑ ÍÉÎÉÍÕÍÁÍÉ. { ëÉÅ×, 1979. { 47Ó. {(ðÒÅÐÒÉÎÔ/áî õóóò, éÎ-Ô ÔÅÏÒÅÔÉÞÅÓËÏÊ ÆÉÚÉËÉ, éôæ-79-78ò.)[15] ìÅ×ÉÃËÉÊ ò.ò., úÁÞÅË é.ò., ÷ÁÒÁÎÉÃËÉÊ ÷.é. òÅÌÁËÓÁÃÉÏÎÎÁÑ ÄÉÎÁ-ÍÉËÁ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁ RbHSO4 // æôô, 1980, Ô. 22, °5, Ó. 2750-2755.[16] ìÅ×ÉÃËÉÊ ò.ò., áÎÔÏÎÑË à.ô., úÁÞÅË é.ò. òÅÌÁËÓÁÃÉÏÎÎÙÅ Ñ×ÌÅÎÉÑ ×ÄÅÊÔÅÒÉÒÏ×ÁÎÎÏÊ ÓÅÇÎÅÔÏ×ÏÊ ÓÏÌÉ // õæö, 1981, Ô. 26, °11, Ó. 1835-1838.[17] áÎÔÏÎÑË á.æ., ÷ÏÌËÏ× á.á., úÁÞÅË é.ò., ëÏÚÌÏ× ô.÷., ìÅÂÅÄÅ× ó.ð.,ìÅ×ÉÃËÉÊ ò.ò.æÕÎÄÁÍÅÎÔÁÌØÎÁÑ ÒÅÌÁËÓÁÃÉÏÎÎÁÑ ÄÉÓÐÅÒÓÉÑ × ÄÅÊÔÅ-ÒÉÒÏ×ÁÎÎÏÊ É ÏÂÙÞÎÏÊ ÓÅÇÎÅÔÏ×ÏÊ ÓÏÌÉ // íÏÓË×Á, 1982.- 19Ó.- (ðÒÅ-ÐÒÉÎÔ/ æéáî, °59)[18] ìÅ×ÉÃËÉÊ ò.ò., ëÒÁÓÉËÏ× ÷.ó., áÎÔÏÎÑË à.ô., úÁÞÅË é.ò. òÅÌÁËÓÁ-ÃÉÏÎÎÙÅ Ñ×ÌÅÎÉÑ × ÓÏÅÄÉÎÅÎÉÑÈ ÔÉÐÁ RbHSO4 // ëÒÁÓÎÏÑÒÓË, 1981.-39Ó.- (ðÒÅÐÒÉÎÔ/éæóï-175Æ).[19] çÒÉÇÁÓ ê., úÁÞÅË é.ò., ëÒÁÓÉËÏ× ÷.ó., ëÕÔÎÙÊ é.÷., ìÅ×ÉÃËÉÊ ò.ò.,ðÁÐÒÏÔÎÙÊ ÷. éÚÏÔÏÐÉÞÅÓËÉÊ ÜÆÆÅËÔ × RbHSO4 // ìÉÔ. ÆÉÚÉÞ.ÓÂÏÒÎÉË, 1984, Ô. 24, °6, Ó. 33-45.[20] âÅÌÏÓÌÕÄÏ× ÷.ò., ÷ÌÁÓÏ×Á á.á., îÁÂÕÔÏ×ÓËÉÊ ÷.í., ûÎÅÊÄÅÒ ÷.å.ôÅÒÍÏÄÉÎÁÍÉËÁ ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÝÉÈ ÌÉÎÅÊÎÙÈ ÃÅÐÏÞÅË ÓÐÉÎÏ× Ó ÁÓ-ÓÉÍÅÔÒÉÞÎÙÍ ÐÏÔÅÎÃÉÁÌÏÍ // öüôæ, 1979, Ô. 77, °1, Ó. 270-277.[21] ôÏÒÎÁÕ ü.ü., ûÎÅÊÄÅÒ ÷.å. îÏ×ÙÊ ÔÉÐ ÆÁÚÏ×ÙÈ ÐÅÒÅÈÏÄÏ× × ÍÏÄÅ-ÌÉ éÚÉÎÇÁ Ó ÎÅÜË×É×ÁÌÅÎÔÎÙÍÉ ÐÏÄÒÅÛÅÔËÁÍÉ // ðÉÓØÍÁ × öüôæ,1980, Ô. 31, °7, Ó. 385-388.[22] ÷ÌÁÓÏ×Á á.á., óÔÁÍÅÎËÏ×ÉÞ ó., ôÏÒÎÁÕ ü.ü., ûÎÅÊÄÅÒ ÷.å. ï ÆÁ-ÚÏ×ÙÈ ÐÅÒÅÈÏÄÁÈ × ÍÏÄÅÌÉ ×ÚÁÅÍÏÄÅÊÓÔ×ÕÀÝÉÈ ÉÚÉÎÇÏ×ÓËÉÈ ÃÅÐÏÞÅËÓÐÉÎÏ× // æôô, 1981, Ô. 23, °2, Ó. 413-417.



19 ðÒÅÐÒÉÎÔ[23] Zeks B., Shukla G.C., Blinc R. Dynamics of ferroelectric rochelle salt //J. Phys., 1972, vol. 33, No 4, p. c2-67{c2-68.[24] Glauber R.J. Time-dependent statistics of the Ising model // J. Math.Phys., 1963, vol. 4, No 2, p. 294-307.[25] âÌÉÎÃ ò., öÅËÛ â. óÅÇÎÅÔÏÜÌÅËÔÒÉËÉ É ÁÎÔÉÓÅÇÎÅÔÏÜÌÅËÔÒÉËÉ //íÏÓË×Á. - "íÉÒ" - 1975 - 398Ó.[26] Levitskii R.R., Sorokov S.I., Sokolovskii R.O. Correlation functions ofquenched and annealed Ising systems // Cond. Matt. Phys., 1995, No 5,p. 81-104.[27] ïÓÉÐÏ× í.á.,ûÕÍÏ×ÓËÉÊ á.ó. ï ÎÁÒÕÛÅÎÉÉ ÐÒÉÎÃÉÐÁ ÍÉÎÉÍÁÌØÎÏ-ÓÔÉ Ó×ÏÂÏÄÎÏÊ ÜÎÅÒÇÉÉ × ÐÒÉÂÌÉÖÅÎÉÉ ÓÁÍÏÓÏÇÌÁÓÏ×ÁÎÎÏÇÏ ÐÏÌÑ ÄÌÑÎÅËÏÔÏÒÙÈ ÍÏÄÅÌÅÊ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ× // ôíæ, 1981, Ô. 46, °1, Ó.125-131.[28] Levitskii R.R., Sorokov S.I., Sokolovskii R.O. Relaxation dynamics ofdisordered Ising model. Two-site cluster approximation // Cond. Matt.Phys., 1996, No 7, p. 117-132.[29] Nakamura E., Kajikawa H., Ozaki T. Curie-Weiss behavior of ferroelectricRbHSO4 // J. Phys. Soc. Jpn., 1977, vol. 42, No 4, p. 1427-1428.[30] Kajikawa H., Ozaki T., Nakamura E. Dielectric critical phenomena inRbHSO4 // J. Phys. Soc. Jpn., 1977, vol. 43, No 3, p. 937-941.
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òÉÓ. 3: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÓÐÏÎÔÁÎÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§ ÔÁ ÓÐ¦ÎÏ-×ÏÇÏ ×ÎÅÓËÕ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ËÒÉÓÔÁÌ¦× Rs1�xdRsx. ì¦Î¦§ | ÍÏÄÅÌØ ÚÐÁÒÁÍÅÔÒÁÍÉ Ú ÔÁÂÌ. 1 (ÄÌÑ ÓÔÕÐÅÎ¦× ÄÅÊÔÅÒÕ×ÁÎÎÑ x = 0, 0.25, 0.5,0.75, 1), ÚÎÁÞËÉ | ÒÅÚÕÌØÔÁÔÉ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ×ÉÍ¦ÒÀ×ÁÎØ [10] ÄÌÑÞÉÓÔÉÈ ËÒÉÓÔÁÌ¦× | x = 0 ÔÁ x = 1.



21 ðÒÅÐÒÉÎÔ
10

100

1000

10000

100000

230 240 250 260 270 280 290 300 310 320

Rs

dRs

T, K

0

1

2

3

4

5

6

7

8

9

10

230 240 250 260 270 280 290 300 310 320

T, K

ε0

1 1010 1

τ , c−

òÉÓ. 4: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÓÔÁÔÉÞÎÏ§ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏ-ÓÔ¦ "0 ÔÁ ÏÂÅÒÎÅÎÏÇÏ ÞÁÓÕ ÒÅÌÁËÓÁÃ¦§ 1=� ËÒÉÓÔÁÌ¦× Rs1�xdRsx. ì¦Î¦§| ÍÏÄÅÌØ Ú ÐÁÒÁÍÅÔÒÁÍÉ Ú ÔÁÂÌ. 1 (ÐÏËÁÚÁÎ¦ ÓÔÕÐÅÎ¦ ÄÅÊÔÅÒÕ×ÁÎ-ÎÑ x = 0, 0.25, 0.5, 0.75, 1), ÚÎÁÞËÉ | ÒÅÚÕÌØÔÁÔÉ Ä¦ÅÌÅËÔÒÉÞÎÉÈ×ÉÍ¦ÒÀ×ÁÎØ [10] ÄÌÑ ÞÉÓÔÉÈ ËÒÉÓÔÁÌ¦× | x = 0 ÔÁ x = 1.
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òÉÓ. 5: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÓÐÏÎÔÁÎÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§ ÔÁ ÓÐ¦ÎÏ-×ÏÇÏ ×ÎÅÓËÕ × ÔÅÐÌÏ¤ÍÎ¦ÓÔØ ËÒÉÓÔÁÌ¦× RbH1�xDxSO4. ì¦Î¦§ | ÍÏ-ÄÅÌØ Ú ÐÁÒÁÍÅÔÒÁÍÉ Ú ÔÁÂÌ. 1 ÐÒÉ ÓÔÕÐÅÎÑÈ ÄÅÊÔÅÒÕ×ÁÎÎÑ x = 0,0.25, 0.5, 0.7, 0.9, 1; ÚÎÁÞËÉ| ÒÅÚÕÌØÔÁÔÉ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ×ÉÍ¦ÒÀ×ÁÎØÄÌÑ ËÒÉÓÔÁÌÕ RbHSO4 [29,30] ÔÁ ÞÁÓÔËÏ×Ï ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕÚ x = 0:7 [19].
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RbHSO4RbDSO4òÉÓ. 6: ôÅÍÐÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÏÂÅÒÎÅÎÏÇÏ ÞÁÓÕ ÒÅÌÁËÓÁÃ¦§ 1=�ÔÁ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ 1="0 ËÒÉÓÔÁÌ¦×RbH1�xDxSO4. ì¦Î¦§ | ÍÏÄÅÌØ Ú ÐÁÒÁÍÅÔÒÁÍÉ Ú ÔÁÂÌ. 1 ÐÒÉ ÓÔÕ-ÐÅÎÑÈ ÄÅÊÔÅÒÕ×ÁÎÎÑ x = 0, 0.25, 0.5, 0.7, 0.9, 1; ÚÎÁÞËÉ | ÒÅÚÕÌØÔÁÔÉÄ¦ÅÌÅËÔÒÉÞÎÉÈ ×ÉÍ¦ÒÀ×ÁÎØ ÄÌÑ ËÒÉÓÔÁÌÕ RbHSO4 [29,30] ÔÁ ÞÁÓÔËÏ-×Ï ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ Ú x = 0:7 [19].
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