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õäë: 533, 536PACS: 77.84.Faò¦×ÎÑÎÎÑ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ ÄÌÑ ÐÁÒÎÉÈ (q, !n)-ÚÁÌÅÖÎÉÈËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÒÏÔÏÎ¦× × ËÒÉÓÔÁÌÁÈ KDP ¦ ADPò.ò.ìÅ×ÉÃØËÉÊ, ó.¶.óÏÒÏËÏ×, á.ð.íÏ§ÎÁáÎÏÔÁÃ¦Ñ. ÷ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ ÚÁ ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤-ÍÏÄ¦ÑÍÉ (ÂÁÚÉÓÎÁ ÓÉÓÔÅÍÁ) ÔÁ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÚÁ ËÏÒÏÔËÏ-ÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ ÚÎÁÊÄÅÎÏ Ò¦×ÎÑÎÎÑ ÔÉÐÕ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ ÄÌÑ(q, !n)-ÚÁÌÅÖÎÉÈ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÐÒÏÔÏÎ¦× × ÓÅÇÎÅÔÏ- ¦ ÁÎ-ÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌÁÈ ÔÉÐÕ KH2PO4 ¦ NH4H2PO4, ÍÏÄÅÌØÎ¦ÇÁÍ¦ÌØÔÏÎ¦ÁÎÉ ÑËÉÈ ÐÒÉ ×ÒÁÈÕ×ÁÎÎ¦ ÔÕÎÅÌØÎÉÈ ÅÆÅËÔ¦× Í¦ÓÔÑÔØ ÎÅËÏÍÕ-ÔÕÀÞ¦ ÓÐ¦ÎÏ×¦ ÏÐÅÒÁÔÏÒÉ. òÏÚÇÌÑÎÕÔÏ ÔÁËÏÖ ÞÁÓÔÉÎÎÉÊ ×ÉÐÁÄÏË ÄÅÊÔÅÒÏ-×ÁÎÉÈ ËÒÉÓÔÁÌ¦×, ÄÌÑ ÑËÉÈ ÚÎÁÊÄÅÎÏ ×ÉÒÁÚÉ ÄÌÑ Ä¦ÅÌÅËÔÒÉÞÎÉÈ ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔÅÊ.Equation of Ornstein-Zernike type for (q, !n)-dependent pro-ton pair correlation functions in KDP and ADP crystals.R.R.Levitskii, S.I.Sorokov, A.P.MoinaAbstract. An equation of Ornstein-Zernike type for (q, !n)-dependent pairproton correlation functions of ferroelectrics and antiferroelectric of KH2PO4and NH4H2PO4 type crystals is derived in the mean �eld approximation inthe longe-range interactions (the reference system) and the four-particle ap-proximation in the short-range correlations. We take into account the tun-neling e�ects; therefore, the model Hamiltonians contain non-commuting spinoperators. Deuterated crystals are also considered, for which expressions fordielectric susceptibilities are found.ðÏÄÁ¤ÔØÓÑ × Condensed Matter PhysicsSubmitted to Condensed Matter Physicsc ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐïÄÎ¦¤À Ú ÐÒÏÂÌÅÍ, ÑË¦ ×ÉÎÉËÁÀÔØ ÐÒÉ ÐÏÂÕÄÏ×¦ ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ¦§ÂÁÇÁÔÏÞÁÓÔÉÎËÏ×ÉÈ ÓÉÓÔÅÍ, × ÑËÉÈ ÐÒÉÓÕÔÎ¦ ÑË ËÏÒÏÔËÏÓÑÖÎ¦, ÔÁË¦ ÄÁÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§ (ÎÁÐÒÉËÌÁÄ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ¦ ËÒÉÓÔÁÌÉ Ú×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ ÔÁ ÎÉÚØËÏÒÏÚÍ¦ÒÎ¦ ÍÁÇÎÅÔÉËÉ), ¤ ÓÔ×ÏÒÅÎÎÑ ÔÁ-ËÏÇÏ Ð¦ÄÈÏÄÕ, ÑËÉÊ Â ÄÏÚ×ÏÌÑ× ÚÁÓÔÏÓÏ×Õ×ÁÔÉ Ò¦ÚÎÕ ÍÁÔÅÍÁÔÉÞÎÕ ÔÅÈ-Î¦ËÕ ÄÌÑ ÏÐÉÓÕ Ò¦ÚÎÏÇÏ ÔÉÐÕ ×ÚÁ¤ÍÏÄ¦Ê. ôÁË, ÄÌÑ ËÌÁÓÉÞÎÉÈ ÓÉÓÔÅÍ,ÄÁÌÅËÏÓÑÖÎ¦ ×ÚÁ¤ÍÏÄ¦§ ÏÐÉÓÕÀÔØ Õ ÆÁÚÏ×ÏÍÕ ÐÒÏÓÔÏÒ¦ ËÏÌÌÅËÔÉ×ÎÉÈÚÍ¦ÎÎÉÈ, Á ËÏÒÏÔËÏÓÑÖÎ¦ { Õ ÐÒÏÓÔÏÒ¦ ¦ÎÄÉ×¦ÄÕÁÌØÎÉÈ ËÏÏÒÄÉÎÁÔ, {ÓÉÓÔÅÍÁ Ú ËÏÒÏËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ ×¦Ä¦ÇÒÁ¤ ÒÏÌØ ÂÁÚÉÓÕ ÄÌÑ ÚÁ-ÇÁÌØÎÏ§ ÓÉÓÔÅÍÉ [1{3].¶ÄÅÑ ×ÉÄ¦ÌÅÎÎÑ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ×ÉËÏÒÉÓÔÁÎÁ × ÍÅÔÏÄÉÃ¦ ÏÐÉÓÕÓÉÓÔÅÍ Ú Ò¦ÚÎÏÇÏ ÔÉÐÕ ×ÚÁ¤ÍÏÄ¦ÑÍÉ [4{7], ÝÏ ÇÒÕÎÔÕ¤ÔØÓÑ ÎÁ ÒÏÚÒÁ-ÈÕÎËÕ ÆÕÎËÃ¦ÏÎÁÌÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ Ú ÂÁÚÉÓÎÉÍ ×ÒÁÈÕ×ÁÎÎÑÍ ËÏÒÏÔ-ËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ¦§. ÷ ÒÏÂÏÔÁÈ [4,5] ÄÏÓÌ¦ÄÖÅÎÏ ÒÏÚËÌÁÄ ÆÕÎËÃ¦Ï-ÎÁÌ¦× ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÔÁ ÔÅÍÐÅÒÁÔÕÒÎÉÈ ËÕÍÕÌÑÎÔÎÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁÐÏ ÏÂÅÒÎÅÎÏÍÕ ÒÁÄ¦ÕÓÕ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê. ÷ÐÅÒÛÅ ÄÌÑ Ë×ÁÎ-ÔÏ×ÉÈ ÓÐ¦ÎÏ×ÉÈ ÓÉÓÔÅÍ ÐÒÏ×ÅÄÅÎÏ ÐÏ×ÎÅ ÓÕÍÕ×ÁÎÎÑ Ú×¦ÄÎÉÈ Ä¦ÁÇÒÁÍÄÌÑ ÆÕÎËÃ¦ÏÎÁÌÁ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ¦ ÎÅËÏÍÐÁËÔÎÉÈ Ä¦ÁÇÒÁÍ ÄÌÑ ÆÕÎË-Ã¦ÏÎÁÌ¦× ÔÅÍÐÅÒÁÔÕÒÎÉÈ ËÕÍÕÌÑÎÔÎÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ. ïÔÒÉÍÁÎ¦ ÔÕÔÚÁÇÁÌØÎ¦ ×ÉÒÁÚÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÉÈ ÔÁ ÄÉÎÁÍ¦ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÓÉÓÔÅÍ Í¦ÓÔÑÔØ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦ ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅ-ÍÉ.îÁÊÂ¦ÌØÛ ÐÏ×ÎÉÊ ÏÐÉÓ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ Ú¦ ÓÕÔÔ¤×ÉÍÉ ËÏÒÏÔËÏ-ÓÑÖÎÉÍÉ ËÏÒÅÌÑÃ¦ÑÍÉ ÍÏÖÅ ÂÕÔÉ ÏÔÒÉÍÁÎÉÊ × ÒÁÍËÁÈ ÍÅÔÏÄÁ ËÌÁ-ÓÔÅÒÎÉÈ ÒÏÚ×ÉÎÅÎØ. íÅÔÏÄÉËÁ ÒÏÚÒÁÈÕÎËÕ ÈÁÒÁËÔÅÒÉÓÔÉË ÂÁÚÉÓÎÏ§ÓÉÓÔÅÍÉ × ÎÁÂÌÉÖÅÎÎÑÈ Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ÔÁ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ ÄÌÑ ¦Ú¦ÎÇ¦×ÓØËÉÈ ÍÏÄÅÌÅÊ (ÇÁÍ¦ÌØÔÏÎ¦ÁÎÉ ÑËÉÈ Í¦ÓÔÑÔØ ÌÉÛÅËÏÍÕÔÕÀÞ¦ ÏÐÅÒÁÔÏÒÉ) Ú Ò¦ÚÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ ÓÐ¦ÎÁ, ÚÏËÒÅÍÁ ÐÁÒÎÉÈq-ÚÁÌÅÖÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê, ÄÌÑ ÑËÉÈ ÂÕÌÉ ×É×ÅÄÅÎ¦ Ò¦×ÎÑÎÎÑÔÉÐÕ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ, ÎÁ×ÅÄÅÎÁ × ÒÏÂÏÔÁÈ [8,9]. ÷ [10] ÃÑ ÍÅÔÏÄÉ-ËÁ ÂÕÌÁ ÐÏÛÉÒÅÎÁ ÎÁ ×ÉÐÁÄÏË ÍÏÄÅÌÅÊ ÄÅÆÏÒÍÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅË-ÔÒÉÞÎÉÈ ¦ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× ÔÉÐÕ DKDP ¦ DADP.äÉÎÁÍ¦ÞÎ¦ ÍÏÄÅÌ¦ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× Ú ×ÏÄÎÅ×ÉÍÉÚ×'ÑÚËÁÍÉ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑÒÏÚÇÌÑÄÁÌÉ × ÒÏÂÏÔÁÈ [11{14]. âÕÌÏ ÐÏËÁÚÁÎÏ, ÝÏ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁ-ÂÌÉÖÅÎÎ¦ ÄÉÎÁÍ¦ÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÃÉÈ ËÒÉÓÔÁÌ¦× ÓÕÔÔ¤×Ï ×ÉÚÎÁÞÁÀÔØ-ÓÑ ÅÆÅËÔÉ×ÎÉÍ ÐÁÒÁÍÅÔÒÏÍ ÔÕÎÅÌÀ×ÁÎÎÑ, ÐÅÒÅÎÏÒÍÏ×ÁÎÉÍ ËÏÒÏÔ-ËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ. ïÄÎÁË, ×ÉÒÁÚÉ ÄÌÑ ÄÉÎÁÍ¦ÞÎÉÈ ÐÒÉ q = 0¦ !m = 0 ¦ ÓÔÁÔÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÏÔÒÉÍÁÎ¦ × ÃÉÈ ÒÏÂÏÔÁÈ ×É-
ICMP{97{24U 2Ñ×ÌÑÀÔØÓÑ ÎÅÕÚÇÏÄÖÅÎÉÍÉ. ãÅ ÐÏ×'ÑÚÁÎÏ Ú ÔÉÍ, ÝÏ ÄÉÎÁÍ¦ÞÎ¦ ×ÌÁ-ÓÔÉ×ÏÓÔ¦ ÓÉÓÔÅÍ ÄÏÓÌ¦ÄÖÕ×ÁÌÉ ÎÁ ÏÓÎÏ×¦ ÍÅÔÏÄÁ Ä×ÏÞÁÓÏ×ÉÈ ÆÕÎËÃ¦ÊçÒ¦ÎÁ, Ò¦×ÎÑÎÎÑ ÄÌÑ ÑËÉÈ ×¦ÄÎÏÓÎÏ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê ÒÏÚÞÅ-ÐÌÀ×ÁÌÉ × ÎÁÂÌÉÖÅÎÎ¦ ôÑÂÌ¦ËÏ×Á.ðÒÉ ÃØÏÍÕ ×ÎÕÔÒ¦ËÌÁÓÔÅÒÎ¦ ÆÕÎË-Ã¦§ çÒ¦ÎÁ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ×ÉÑ×ÉÌÉÓØ Ú×'ÑÚÁÎÉÍÉ ÌÉÛÅ ÄÁÌÅËÏÓÑÖ-ÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ, Á ËÏÒÏÔËÏÓÑÖÎ¦ ËÏÒÅÌÑÃ¦§ ÐÒÉ ÔÁËÏÍÕ ÒÏÚÇÌÑÄ¦ÎÅ ×ÒÁÈÏ×ÕÀÔØÓÑ.÷ ÒÏÂÏÔÁÈ [6,7] ×ÐÅÒÛÅ ÚÁÐÒÏÐÏÎÏ×ÁÎÏ ÐÏÓÌ¦ÄÏ×ÎÅ ÆÏÒÍÕÌÀ×ÁÎ-ÎÑ ÍÅÔÏÄÕ ËÌÁÓÔÅÒÎÉÈ ÒÏÚ×ÉÎÅÎØ ÄÌÑ ÂÁÚÉÓÎÉÈ Ë×ÁÎÔÏ×ÉÈ ÓÉÓÔÅÍ,Á ÔÁËÏÖ ÍÅÔÏÄÉËÁ, ÑËÁ ÄÏÚ×ÏÌÑ¤ × ÒÁÍËÁÈ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑÏÔÒÉÍÁÔÉ ÄÌÑ ËÕÍÕÌÑÎÔÎÏ§ ÆÕÎËÃ¦§ çÒ¦ÎÁ Ò¦×ÎÑÎÎÑ ÔÉÐÕ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ. ÷ Ñ×ÎÏÍÕ ×ÉÇÌÑÄ¦ ÚÎÁÊÄÅÎÏ ¦ ÒÏÚ×'ÑÚÁÎÏ × ÎÁÂÌÉÖÅÎÎ¦ Ä×Ï-ÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ Ò¦×ÎÑÎÎÑ ÄÌÑ ÐÁÒÎÏ§ ÆÕÎËÃ¦§ çÒ¦ÎÁ. ÷ ÒÏÂÏÔ¦[15], ÎÁ ÏÓÎÏ×¦ ÃØÏÇÏ ÍÅÔÏÄÕ ÒÏÚÒÁÈÏ×ÁÎ¦ ¦ ÄÏÓÌ¦ÄÖÅÎ¦ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎ¦¦ ÓÔÁÔÉÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÍÏÄÅÌ¦ ¶Ú¦ÎÇÁ × ÐÏÐÅÒÅÞÎÏÍÕ ÐÏÌ¦ Ú ËÏÒÏÔ-ËÏÓÑÖÎÉÍÉ ¦ ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ.÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÃÅÊ ÍÅÔÏÄ ÂÕÄÅ ÐÏÛÉÒÅÎÏ ÎÁ ÄÉÎÁÍ¦ÞÎ¦ ÍÏÄÅÌ¦ ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ¦ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× Ú ×ÏÄÎÅ×ÉÍÉÚ×'ÑÚËÁÍÉ ÔÉÐÕ KH2PO4, ÝÏ ÒÏÚÇÌÑÄÁÀÔØÓÑ × ÎÁÂÌÉÖÅÎÎ¦ ÞÏÔÒÉ-ÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. âÕÄÅ ÚÎÁÊÄÅÎÏ Ò¦×ÎÑÎÎÑ ÔÉÐÕ ïÒÎÛÔÅÊÎÁ-ãÅÒÎ¦ËÅ ÄÌÑ (q, !n)-ÚÁÌÅÖÎÉÈ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê (ËÕÍÕ-ÌÑÎÔÎÉÈ ÔÅÍÐÅÒÁÔÕÒÎÉÈ ÆÕÎËÃ¦Ê çÒ¦ÎÁ) ÐÒÏÔÏÎ¦× × ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈËÒÉÓÔÁÌÁÈ ÔÉÐÕ KDP ¦ ADP.2. æÏÒÍÕÌÀ×ÁÎÎÑ ËÌÁÓÔÅÒÎÏÇÏ Ð¦ÄÈÏÄÕ.íÉ ÒÏÚÇÌÑÄÁ¤ÍÏ ÓÉÓÔÅÍÕ ÐÒÏÔÏÎ¦×, ÝÏ ÔÕÎÅÌÀÀÔØ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ × ËÒÉÓÔÁÌ¦ KH2PO4. ðÒÉÍ¦ÔÉ×ÎÁ ËÏÍ¦ÒËÁ ÃØÏÇÏ ËÒÉÓÔÁÌÁ ÓËÌÁ-ÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ¦× PO4 Ú ÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÝÏÐ¦ÄÈÏÄÑÔØ ÄÏ ÏÄÎÏÇÏ Ú ÎÉÈ. ÷ÏÄÎÅ×¦ Ú×'ÑÚËÉ, ÑË¦ Ð¦ÄÈÏÄÑÔØ ÄÏ ¦ÎÛÏÇÏÔÅÔÒÁÅÄÒÁ, ÎÁÌÅÖÁÔØ ÞÏÔÉÒØÏÍ ÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅÍÅÎ-ÔÁÍ, ÝÏ ÊÏÇÏ ÏÔÏÞÕÀÔØ. çÁÍ¦ÌØÔÏÎ¦ÁÎ ÐÒÏÔÏÎÎÏ§ Ð¦ÄÓÉÓÔÅÍÉ ËÒÉÓÔÁ-ÌÁ, ÄÏ ÑËÏÇÏ ÐÒÉËÌÁÄÅÎÅ ÚÏ×Î¦ÛÎ¤ ÅÌÅËÔÒÉÞÎÅ ÐÏÌÅ Ei, ÎÁÐÒÑÍÌÅÎÅ×ÚÄÏ×Ö ÏÄÎ¦¤§ Ú ËÒÉÓÔÁÌÏÇÒÁÆ¦ÞÎÉÈ ÏÓÅÊ, ÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄH = �Xqf �qf �xqf2 �Xqf hiqf �zqf2 +Hshort(�zqf )� (2.1)� 12Xqq0 Xff 0 Jff 0(qq0)�zqf2 �zq0f 02 ;



3 ðÒÅÐÒÉÎÔÄÅ hiqf = �iqfEi, ÄÏÄÁÎÏËHshort = 8<:12Xff 0 Vff 0 �zqf f2 �zqf0f 02 + ��zq112 �zq222 �zq332 �zq442 9=;� (2.2)�Xq1;q2q3;q4��Rq1 ;Rq2 �Rq1 ;Rq3 �Rq1 ;Rq4+ �Rq1+r2;Rq2 �Rq1+r3;Rq3 �Rq1+r4;Rq4	ÏÐÉÓÕ¤ ËÏÒÏÔËÏÓÑÖÎ¦ ËÏÎÆ¦ÇÕÒÁÃ¦ÊÎ¦ ×ÚÁ¤ÍÏÄ¦§ Í¦Ö ÐÒÏÔÏÎÁÍÉ ÐÏ-ÂÌÉÚÕ ÄÁÎÏÇÏ ÔÅÔÒÁÅÄÒÁ; rf { ÒÁÄ¦ÕÓ-×ÅËÔÏÒ ×¦ÄÎÏÓÎÏÇÏ ÐÏÌÏÖÅÎÎÑ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ; �xqf ¦ �zqf ËÏÍÐÏÎÅÎÔÉ ÓÐ¦ÎÁ �qf . ä×Á ×ÌÁÓÎÉÈ ÚÎÁ-ÞÅÎÎÑ ËÏÍÐÏÎÅÎÔÉ �zqf = �1 ÐÒÉÐÉÓÕÀÔØÓÑ Ä×ÏÍ Ò¦×ÎÏ×ÁÖÎÉÍ ÐÏÌÏ-ÖÅÎÎÑÍ ÐÒÏÔÏÎÁ ÎÁ f -ÍÕ Ú×'ÑÚËÕ × q-¦Ê ËÏÍ¦ÒÃ¦.V11 = V22 = V33 = V44 = V; V13 = V24 = U:äÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× ÔÉÐÕ KH2PO4:V = �w1=2; U = �"+ w1=2; � = 4"� 8w + 2w1;" = "a � "s; w = "1 � "s; w1 = "0 � "s;" = "a � "s; w = "1 � "s; w1 = "0 � "s, "s, "a, "1, "0 { ÅÎÅÒÇ¦§ ×ÅÒÈÎ¦È(ÎÉÖÎ¦È), Â¦ÞÎÉÈ, ÏÄÎÏËÒÁÔÎÏ ÔÁ Ä×ÏËÒÁÔÎÏ ¦ÏÎ¦ÚÏ×ÁÎÉÈ ÐÒÏÔÏÎÎÉÈËÏÎÆ¦ÇÕÒÁÃ¦Ê, ×¦ÄÐÏ×¦ÄÎÏ, ÐÒÉÞÏÍÕ ÎÁÊÎÉÖÞÏÀ ××ÁÖÁ¤ÔØÓÑ "s.äÌÑ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× ÔÉÐÕ NH4H2PO4V = ("� w1)=2; U = ("+ w1)=2; � = 2"� 8w + 2w1;" = "s � "a; w = "1 � "a; w1 = "0 � "a;" = "s�"a; w = "1�"a; w1 = "0�"a, ÎÁÊÎÉÖÞÏÀ ××ÁÖÁ¤ÔØÓÑ ÅÎÅÒÇ¦ÑÂ¦ÞÎÉÈ ËÏÎÆ¦ÇÕÒÁÃ¦Ê "a.ëÏÎÓÔÁÎÔÉ �qf ÐÒÅÄÓÔÁ×ÌÑÀÔØ ÓÏÂÏÀ ¦ÎÔÅÇÒÁÌÉ ÔÕÎÅÌÀ×ÁÎÎÑÐÒÏÔÏÎ¦× Í¦Ö Ä×ÏÍÁ Í¦Î¦ÍÕÍÁÍÉ ÐÏÄ×¦ÊÎÏ§ ÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÑÍÉ ×ÏÄ-ÎÅ×ÏÇÏ Ú×'ÑÚËÁ. ÷ÅÌÉÞÉÎÉ �qf ¦ hiqf ××ÁÖÁ¤ÍÏ ÎÅÏÄÎÏÒ¦ÄÎÉÍÉ { ÚÁ-ÌÅÖÎÉÍÉ ×¦Ä ÎÏÍÅÒ¦× ËÏÍ¦ÒËÉ ÔÁ ×ÕÚÌÁ.äÁÌÅËÏÓÑÖÎ¦ Í¦ÖÐÒÏÔÏÎÎ¦ ×ÚÁ¤ÍÏÄ¦§ Jff 0(qq0)(ÄÉÐÏÌØ-ÄÉÐÏÌØÎ¦ ÔÁÎÅÐÒÑÍ¦ ÞÅÒÅÚ ËÏÌÉ×ÁÎÎÑ ÇÒÁÔËÉ) ×ÒÁÈÏ×Õ¤ÍÏ × ÎÁÂÌÉÖÅÎÎ¦ ÍÏÌÅËÕ-ÌÑÒÎÏÇÏ ÐÏÌÑ. ãÅ ÐÒÉ×ÏÄÉÔØ ÄÏ ×ÉÎÉËÎÅÎÎÑ ÐÏÌ¦×{qf =Xq0f 0 Jff 0(qq0) h�zq0f 0iH2 + hiqf (2.3)
ICMP{97{24U 4ÓÔ×ÏÒÅÎ¦ ÄÁÌÅËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ ÔÁ ÚÏ×Î¦ÛÎ¦ÍÉ ÅÌÅËÔÒÉÞÎÉÍÉÐÏÌÑÍÉ Ei. çÁÍ¦ÌØÔÏÎ¦ÁÎ (2.1) ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ Õ ×ÉÇÌÑÄ¦H = 12Xqq0 Xff 0 Jff 0(qq0) h�zqf i2 h�zq0f 0i2 +H 0; (2.4)H 0 = �Xqf X� {�qf ��qf2 +Hshort(�zqf ) +Xqf X� "�qf ��qf2 ; (2.5)ÄÅ � = x; y; z, {�qf = (�qf ; 0;{qf ). íÉ ××ÅÌÉ ÄÏÐÏÍ¦ÖÎÅ ÎÅÏÄÎÏÒ¦ÄÎÅÐÏÌÅ "�qf , ÑËÅ × Ë¦ÎÃÅ×ÉÈ ×ÉÒÁÚÁÈ ÐÏËÌÁÄÅÍÏ Ò¦×ÎÉÍ ÎÕÌÀ.÷ÉÚÎÁÞÉÍÏ ÆÕÎËÃ¦ÏÎÁÌ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÓÉÓÔÅÍÉ ÔÁËÉÍ ÞÉÎÏÍFHf"g = ln Sp e��H = ln Sp e��H" T� exph� Z �0 d�H(�)i; (2.6)ÄÅ A(�) = e�H"Ae��H" ; H" =Xqf X� "�qf ��qf2 :ðÏÄÁÌØÛ¦ ÒÏÚÒÁÈÕÎËÉ ÂÕÄÅÍÏ ÐÒÏ×ÏÄÉÔÉ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦.òÏÚ¦Â'¤ÍÏ ÇÒÁÔËÕ ÐÓÅ×ÄÏÓÐ¦Î¦× ÎÁ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×¦ ËÌÁÓÔÅÒÉ, ×ÅÒ-ÛÉÎÉ ÑËÉÈ ×ÉÂÉÒÁ¤ÍÏ × ÃÅÎÔÒÁÈ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦×. þÅÒÅÚ f2��1q1f1ÐÏÚÎÁÞÉÍÏ ÅÆÅËÔÉ×ÎÅ ÐÏÌÅ, ÝÏ Ä¦¤ ÎÁ ÓÐ¦Î ��1q1f1 Ú ÂÏËÕ ×ÕÚÌÁ q2f2.úÄ¦ÊÓÎÉÍÏ ÔÏÔÏÖÎ¤ ÐÅÒÅÔ×ÏÒÅÎÎÑ:H 0 = �Xqf X� ~z�qf� ��qf2 +Hshort(�zqf )�Xqf Xf 0 X� f 0~��qf ��qf2 ��Xqf H(1)qf (�) +XR UR(�);ÄÅ H 0 { ÇÁÍ¦ÌØÔÏÎ¦ÁÎ Ô. Ú×. ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ,H(1)qf = �X� ~z�qf� ��Rf2 ; (2.7)UR = V ��zR12 �zR22 + �zR22 �zR32 + �zR32 �zR42 + �zR42 �zR12 �+ (2.8)+U ��zR12 �zR32 + �zR22 �zR42 �+� �zR12 �zR22 �zR32 �zR42 ��Xf2R Xf 02�f2RX� f 0��Rf� ��Rf2 :



5 ðÒÅÐÒÉÎÔõ ×ÉÒÁÚ¦ ÄÌÑ H 0 ÍÉ ÐÅÒÅÊÛÌÉ ×¦Ä ÓÕÍÕ×ÁÎÎÑ ÐÏ ×ÕÚÌÁÈ ÇÒÁÔËÉ ÄÏÓÕÍÕ×ÁÎÎÑ ÐÏ ËÌÁÓÔÅÒÁÈ R. îÁÄÁÌ¦ ÍÁ¤ÔØÓÑ ÎÁ Õ×ÁÚ¦, ÝÏ ËÌÁÓÔÅÒÉ R,R0 ÎÁÌÅÖÁÔØ ËÏÍ¦ÒÃ¦ q, ËÌÁÓÔÅÒÉ R1, R01 ÎÁÌÅÖÁÔØ ËÏÍ¦ÒÃ¦ q1 ¦ Ô. Ä.,�f ÏÚÎÁÞÁ¤ ÓÕËÕÐÎ¦ÓÔØ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦Ä¦× ×ÕÚÌÁ f ,~z�qf = �[{�qf � Xf 02�f f 0�qf�]:÷ÉÚÎÁÞÉÍÏ Ô×¦ÒÎÉÊ ÆÕÎËÃ¦ÏÎÁÌ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÑËFreff"g = ln Spe��H"T�fexp[� Z �0 Xqf H(1)qf (�)d� ] �� T�1 exp[� Z �0 XR UR(�1)d�1]g; (2.9)×¦ÄÐÏ×¦ÄÎÏ, ÆÕÎËÃ¦ÏÎÁÌ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÚÁÇÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÍÏÖÅ ÂÕÔÉÚÁÐÉÓÁÎÉÊ Õ ×ÉÇÌÑÄ¦Ff"g = Freff"g � �2 Xqq0 Xff 0 Jff 0(qq0) h�zqf iH2 h�zq0f 0iH2 : (2.10)îÁÛÏÀ ÍÅÔÏÀ ¤ ÒÏÚÒÁÈÕ×ÁÔÉ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ (ËÕÍÕÌÑÎÔÎ¦ ÓÅ-ÒÅÄÎ¦ ÄÏÂÕÔË¦× ÓÐ¦ÎÏ×ÉÈ ÏÐÅÒÁÔÏÒ¦×, ÚÏËÒÅÍÁ, Ä×ÏÞÁÓÔÉÎËÏ×ÉÈ), ÑË¦ÐÏ×'ÑÚÁÎ¦ Ú Ô×¦ÒÎÉÍ ÆÕÎËÃ¦ÏÎÁÌÏÍ ÚÁÇÁÌØÎÏ§ ÓÉÓÔÅÍÉ ÑËhT���1q1f1(�1) : : : ��nqnfn(�n)iHc = � 2��n ��h�1q1f1(�1) : : : �Ff"g�h�nqnfn(�n) ; (2.11)×¦ÄÐÏ×¦ÄÎÏ, ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÂÁÚÉÓÎÏ§ ÓÉÓÔÅÍÉhT���1q1f1(�1) : : : ��nqnfn(�n)ic = � 2��n ��{�1q1f1(�1) : : : �Freff"g�{�nqnfn(�n) ; (2.12)ú (2.9)-(2.12) ÓÌ¦ÄÕ¤, ÝÏ ÏÄÎÏÞÁÓÔÉÎËÏ×¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÂÁÚÉÓ-ÎÏ§ ÔÁ ÚÁÇÁÌØÎÏ§ ÓÉÓÔÅÍ ÓÐ¦×ÐÁÄÁÀÔØ h��qf (�)iH = h��qf (�)i, Á ÄÌÑ ÐÁÒ-ÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÍÁ¤ Í¦ÓÃÅ ÔÁËÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑhT���1q1f1(�1)��2q2f2(�2)iHc =Xq3f3 Z d�3hT���1q1f1(�1)��3q3f3(�3)ic ����q3q2�f3f2�(�2 � �3)� (2.13)� �4 Xq4f4 Z d�4Jf3f4(q3q4)hT���4q4f4(�4)��2q2f2(�2)ic��1:
ICMP{97{24U 6÷×ÅÄÅÍÏ ÐÏÚÎÁÞÅÎÎÑh(:::)i0 � Spe��H"T�fexp[� �R0 Pqf H(1)qf (�)d� T(:::)]gSpe��H"T� exp[� �R0 Pqf H(1)qf (�)d� ] ;F (1)qf � ln Spe��H"T� exp[� �Z0 Xqf H(1)qf (�)d� ]:ôÏÄ¦ Ff"g =Xqf F (1)qf + ln*T� exp[� Z �0 XR UR(�)d� ]+0 : (2.14)ïÂÍÅÖÉÍÏÓÑ ÐÅÒÛÉÍ ÐÏÒÑÄËÏÍ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ, ÔÏÂÔÏln*T� exp[� Z �0 XR UR(�)d� ]+0 'XR ln*T� exp[� Z �0 UR(�)d� ]+0 ;ÔÏÄ¦ ÄÌÑ ÆÕÎËÃ¦ÏÎÁÌÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÍÁÔÉÍÅÍÏ ÔÁËÉÊ ×ÉÒÁÚFf"g =XR ln Spe��H"Texp"� Z �0 H(4)R (�)d�# �Xqf F (1)qf ==XR F (4)R �Xqf F (1)qf ; (2.15)ÄÅ H(4)R = V ��zR12 �zR22 + �zR22 �zR32 + �zR32 �zR42 + �zR42 �zR12 �++ U ��zR12 �zR32 + �zR22 �zR42 �+��zR12 �zR22 �zR32 �zR42 ��Xf2RX� z�Rf� ��Rf2 (2.16){ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÊ ËÌÁÓÔÅÒÎÉÊ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ.íÉ ×ÉËÏÒÉÓÔÁÌÉ ÔÏÊÆÁËÔ, ÝÏ, ÏÓË¦ÌØËÉ ËÏÖÅÎ ×ÕÚÏÌ ÄÁÎÏ§ ÇÒÁÔËÉ ÎÁÌÅÖÉÔØ Ä×ÏÍ ËÌÁ-ÓÔÅÒÁÍ, ÔÏXqf (:::) = 12XR Xf2R(:::):



7 ðÒÅÐÒÉÎÔåÆÅËÔÉ×Î¦ ÐÏÌÑ zRf Ò¦×Î¦z�Rf = � 24{�Rf � Xf 02�f 62R f 0��Rf35 = �[{�Rf ���Rf ]; (2.17)ÓÕÍÁ Í¦ÓÔÉÔØ ÅÆÅËÔÉ×Î¦ ÐÏÌÑ, ÝÏ ÓÔ×ÏÒÅÎ¦ ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ¦ÄÁÍÉ,ÑË¦ ÎÅ ×ÈÏÄÑÔØ × ËÌÁÓÔÅÒ R; ÄÌÑ ÇÒÁÔËÉ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ��Rf ÃÅÅÆÅËÔÉ×ÎÅ ÐÏÌÅ, ÓÔ×ÏÒÅÎÅ ÏÄÎÉÍ ÓÕÓ¦ÄÎ¦Í ËÌÁÓÔÅÒÏÍ R0, ÝÏ ÔÁËÏÖÍ¦ÓÔÉÔØ ×ÕÚÏÌ Rf . úÁÕ×ÁÖÉÍÏ, ÝÏ~z�Rf = � 24{�Rf � Xf 02�f f 0��Rf35 = �[{�Rf ���R0f ���Rf ]; (2.18)ÐÏÌÅ ��R0f ÓÔ×ÏÒÀ¤ÔØÓÑ ÓÐ¦ÎÁÍÉ, ÝÏ ÎÁÌÅÖÁÔØ ËÌÁÓÔÅÒÕ R.ú ÕÍÏ×É Í¦Î¦ÍÕÍÕ ÆÕÎËÃ¦ÏÎÁÌÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÐÏ ��Rf@Ff"g@��Rf = 0 (2.19)ÓÌ¦ÄÕ¤, ÝÏ @F (4)R@{�Rf (�) = � @F (4)R@z�Rf (�) = @F (1)Rf@{�Rf (�) = @F (1)qf@~z�Rf (�) ; (2.20)@F (4)R0@{�Rf (�) = @F (1)R0f@{�Rf (�) ;¦ hT���Rf (�)i = 2� @F (4)R@{�Rf (�) = 2� @F (1)R0f@{�Rf (�) (2.21)(ÐÒÉ ÕÍÏ×¦, ÝÏ ×ÕÚÏÌ f ÎÁÌÅÖÉÔØ ËÌÁÓÔÅÒÁÍ R ¦ R0), ÔÏÂÔÏ, ÓÅÒÅÄ-Î¦ ÚÎÁÞÅÎÎÑ Ë×ÁÚ¦ÓÐ¦Î¦×, ÒÏÚÒÁÈÏ×ÁÎ¦ Ú ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ ÇÁÍ¦ÌØÔÏÎ¦-ÁÎÏÍ H(1)qf (2.7) ¦ Ú ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÍ H(4)R (2.16), ÐÏ×ÉÎÎ¦ ÓÐ¦×ÐÁ-ÄÁÔÉ. óÐ¦××¦ÄÎÏÛÅÎÎÑ (2.21) ÕÔ×ÏÒÀÀÔØ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ×ÉÚÎÁ-ÞÅÎÎÑ ÐÁÒÁÍÅÔÒ¦× ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ��Rf .÷ ÏÄÎÏÒ¦ÄÎÏÊ ÓÉÓÔÅÍ¦ (ÚÁ ×¦ÄÓÕÔÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏÐÏÌÑ ÔÁ ÐÒÉ "�qf ! 0)KDPzf� � z�R1 = z�R2 = z�R3 = z�R4 = z�R01 = z�R02 = z�R03 = z�R04;
ICMP{97{24U 8zfx = �[��x + �]; zfz = �[��z + �c(0)�(1)z ]; (2.22)ADPzaR� = �z�R1 = z�R2 = z�R3 = �z�R4;zax = �[��x + �]; zaz = �[��R + �a(kZ)�(1)Rz ] = zaR0 ;ÄÅ�a(k) = 14[J11(k)� J13(k)]; �c(0) = 14[J11(0) + 2J12(0) + J13(0)];Jff 0(k) = XRq�Rq0 Jff 0(qq0)e�k(Rq�Rq0 );(kZ = (b1+b2+b3)=2; b1;b2;b3 { ÂÁÚÉÓÎ¦ ×ÅËÔÏÒÉ ÏÂÅÒÎÅÎÏ§ ÇÒÁÔËÉ;ÓÅÒÅÄÎ¦ �(1)� = h��Rf i ¤ Ò¦×ÎÉÍÉ ÄÌÑ ËÌÁÓÔÅÒ¦× R ¦ R0 ÔÁ ÚÁÄÏ×¦ÌØÎÑÀÔØÎÁÓÔÕÐÎÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍKDP�(1)� = �(1)R1� = �(1)R2� = �(1)R3� = �(1)R4� == �(1)R01� = �(1)R02� = �(1)R03� = �(1)R04�;ADP (2.23)�(1)R� = ��(1)R1� = �(1)R2� = �(1)R3� = ��(1)R4� = �(1)R0�;�(1)Rz = �(1)eikZRq = �(1)R0z ;ÍÎÏÖÎÉË eikZRq = �1 ×¦ÄÐÏ×¦ÄÁ¤ Ä×ÏÍ Ð¦ÄÇÒÁÔËÁÍ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅË-ÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁ ADP.3. ò¦×ÎÑÎÎÑ ÄÌÑ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦ÊîÁÛÏÀ ÍÅÔÏÀ ¤ ×É×ÅÄÅÎÎÑ ÚÁÍËÎÕÔÏ§ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÄÌÑ ÐÁÒÎÉÈËÕÍÕÌÑÎÔÎÉÈ ÆÕÎËÃ¦Ê ÒÏÚÐÏÄ¦ÌÕ, ÑË¦ ×ÉÚÎÁÞÁÀÔØÓÑ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ-ÍÉ b�1�2R1f1;R2f2(�1�2) � hT���1R1f1(�1)��2R2f2(�2)ic == 4�2 �2F�{�1R1f1(�1)�{�2R2f2(�2) : (3.1)äÉÆÅÒÅÎÃ¦ÀÀÞÉ ×ÉÒÁÚ ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§(2.21)b�1R1f1(�1) = hT���1R1f1(�1)i = 2 @F (4)R1@z�1R1f1(�1) = 2 @F (1)R1f1@~z�1R1f1(�1)



9 ðÒÅÐÒÉÎÔÐÏ {�2R2f2(�2), ÏÔÒÉÍÕ¤ÍÏ, ÝÏhT���1R1f1(�1)��2R2f2(�2)ic = (3.2)= 4� X Z d� 02 @2F (1)R1f1@~z�1R1f1(�1)@~zR1f1(� 02) @~zR1f1(� 02)@{�2R2f2(�2) == 4� X Z d� 02 Xg2R1 @2F (4)Rf@z�1R1f1(�1)@zR1f 02(� 02) @zR1g(� 02)@{�2R2f2(�2) ;ÓÕÍÕ×ÁÎÎÑ × (3.2) ÐÒÏ×ÏÄÉÔØÓÑ ÐÏ ×¦ÓÈ ×ÕÚÌÁÈ ËÌÁÓÔÅÒÁ R1. ÷×ÅÄÅÍÏÔÁË¦ ÐÏÚÎÁÞÅÎÎÑbF (1)f1f2(R1)! �F (1)f1f2(R1)��1�1�2�2 � 4 @2F (1)R1f1@~z�1R1f1(�1)@~z�2R1f1(�2)�f1f2 ;bF (4)f1f2(R1)! �F (4)f1f2(R1)��1�1�2�2 � 4 @2F (4)R1@z�1R1f1(�1)@z�2R1f2(�2) == hT���1R1f1(�1)��2R2f2(�2)i;bPf1f2(R1) = h bF (4)(R1)i�1f1f2 ;bz0f1f2(R1R2)! (zf1f2(R1R2))�1�1�2�2 � 1� @~z�1R1f1(�1)@{�2R2f2(�2) ;b�f1f2(R1R2)! (�f1f2(R1R2))�1�1�2�2 � @��1R1f1(�1)@{�2R2f2(�2) ;^I = I�1�1�2�2 = ��1�2�(�1 � �2);ôÏÄ¦, ÚÇ¦ÄÎÏ Ú (2.17) ¦ (2.18),1� @z�1R1f1(�1)@{�2R1f2(�2) = (zf1f2(R1R2))�1�1�2�2 + (�f1f2(R1R2))�1�1�2�2 : (3.3)ò¦×ÎÑÎÎÑ (3.2) ÍÏÖÅ ÔÅÐÅÒ ÂÕÔÉ ÐÅÒÅÐÉÓÁÎÅ Õ ×ÉÇÌÑÄ¦Xg2R1[bI�f1g � bPf1g(R1) bF (1)f1f1(R1)]bz0gf2(R1R2) = �b�0f1f2(R1R2): (3.4)áÎÁÌÏÇ¦ÞÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ ¦ ÄÌÑ ËÌÁÓÔÅÒÁ R01, ÝÏÔÁËÏÖ Í¦ÓÔÉÔØ ×ÕÚÏÌ f1:Xg2R01[bI�f1g � bPf1g(R01) bF (1)f1f1(R01)]bz0gf2(R01R2) = �b�0f1f2(R01R2): (3.5)
ICMP{97{24U 10ðÏ×ÅÒÎÅÍÏÓÑ ÔÅÐÅÒ ÄÏ ÏÄÎÏÒ¦ÄÎÉÈ ÓÉÓÔÅÍ, ÄÌÑ ÑËÉÈ ÍÁÀÔØ Í¦ÓÃÅÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.22) ¦ (2.23), Á ÍÁÔÒÉÃ¦ bPf1f2(R1) i bPf1f2(R01) ÓÐ¦-×ÐÁÄÁÀÔØ. äÏÄÁÀÞÉ Ò¦×ÎÑÎÎÑ (3.4) ¦ (3.5), ÔÁ ÂÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÓÐ¦×-×¦ÄÎÏÛÅÎÎÑbbf1f2(R1R2) = bF (1)f1f1(R1)bz0f1f2(R1R2);ÑËÅ ÓÌ¦ÄÕ¤ Ú (3.2), ¦ ÔÏÊ ÆÁËÔ, ÝÏ�[b�0f1f2(R1R2) + b�0f1f1(R01R2)] == bz0f1f2(R1R2)� bI(�R1R2 + �R01R2)�f1f2 ;(f1 { ÓÐ¦ÌØÎÉÊ ×ÕÚÏÌ ËÌÁÓÔÅÒ¦× R1 ¦ R01), ÏÔÒÉÍÕ¤ÍÏ ÔÁËÅ Ò¦×ÎÑÎÎÑ��f1f2(�R1R2 + �R01R2)bI = (3.6)=XR=R1;R01 Xg2R0��f1g bI �h bF (1)f1f1(R)i�1� bPf1f1(R)�� bPf1g(R)�bbgf2(RR2)(ÛÔÒÉÈ Â¦ÌÑ ÓÕÍÉ ÏÚÎÁÞÁ¤, ÝÏ ÄÏÄÁÎÏË Ú f 02 = f1, ×ÒÁÈÏ×Õ¤ÔØÓÑ ÌÉÛÅÏÄÉÎ ÒÁÚ). úÄ¦ÊÓÎÀÀÞÉ æÕÒ'¤ ÐÅÒÅÔ×ÏÒÅÎÎÑ ÚÁ ¦ÎÄÅËÓÁÍÉ �^A(!n) = Z �0 d(�1 � �2) ^A(�1; �2) exp[i!n(�1 � �2)];ÄÅ !n = 2�n=�, n = 0;�1;�2; : : :1 ÔÁ ÂÁÚÉÓÎÉÍÉ ×ÅËÔÏÒÁÍÉ ËÏÍ¦ÒÏËR A(q) =XR e�iqRA(R); B(q) = XR1�R2 e�iq(R1�R2)B(R1;R2);ÏÓÔÁÔÏÞÎÏ, ÏÔÒÉÍÕ¤ÍÏ,���1�2�f1f2 = (3.7)= 4Xg=1X� ���1�2�f1f2 [F (1)(!n)]�1f1f2�1�2 � P (q; !n) f1g�1� � b��2gf2 (q; !n)ÄÅb�1�2f1f2 (q; !n) ==XR1�R2e�iq(R1�R2)Z d(�1 � �2)ei!n(�1��2)hT���1R1f1(�1)��2R2f2(�2)ic{ æÕÒ'¤-ÏÂÒÁÚ ÐÁÒÎÏ§ ËÕÍÕÌÑÎÔÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§.



11 ðÒÅÐÒÉÎÔúÎÁÊÄÅÍÏ ÍÁÔÒÉÃÀ ^P . ÷¦ÄÏÍÏ,ÝÏ × ÏÄÎÏÒ¦ÄÎÏÍÕ ×ÉÐÁÄËÕ ÍÁÔÒÉÃ¦bF (4)f1f2(R1) ×ÏÌÏÄ¦ÀÔØ ÔÁËÏÀ ÓÉÍÅÔÒ¦¤ÀKDP ADP0BBB@ bF f0 bF f1 bF f2 bF f1bF f1 bF f0 bF f1 bF f2bF f2 bF f1 bF f0 bF f1bF f1 bF f2 bF f1 bF f0 1CCCA 0BBB@ bF a0 bF a1 bF a2 bF a3bF a1 bF a0 bF a3 bF a2bF a2 bF a3 bF a0 bF a1bF 31 bF a2 bF a1 bF a0 1CCCA ;ÄÅ F f;a0 ��2�2�1�1� = hT���1g (�1)��2g (�2)ic;F f1 ��2�2�1�1� = hT���11 (�1)��22 (�2)ic = hT���12 (�1)��23 (�2)ic == hT���13 (�1)��24 (�2)ic = hT���14 (�1)��21 (�2)ic;F f2 ��2�2�1�1� = hT���11 (�1)��23 (�2)ic = hT���12 (�1)��24 (�2)ic;F a1 ��2�2�1�1� = hT���11 (�1)��24 (�2)ic = hT���12 (�1)��23 (�2)icF a2 ��2�2�1�1� = hT���11 (�1)��22 (�2)ic = hT���13 (�1)��24 (�2)ic;F a3 ��2�2�1�1� = hT���11 (�1)��23 (�2)ic = hT���12 (�1)��24 (�2)ic:ýÏÂ ÚÎÁÊÔÉ ÅÌÅÍÅÎÔÉ ÍÁÔÒÉÃ¦ ^P , ÏÂÅÒÎÅÎÏ§ ÄÏ bF (4), ÓËÏÒÉÓÔÁ¤ÍÏÓÑÆÏÒÍÕÌÏÀ æÒÏÂÅÎ¦ÕÓÁ, ÚÇ¦ÄÎÏ ÑËÏ§, ÑËÝÏ^F = � A BC D � ;ÄÅ A, B, C, D { ÄÅÑË¦ ÏÐÅÒÁÔÏÒÉ, ÔÏbF�1 = � A�1 +A�1BH�1CA�1 �A�1HA�1�H�1CA�1 AH�1 � ;ÄÅ H�1 = D � CA�1B. ÷ ÎÁÛÏÍÕ ×ÉÐÁÄËÕ

ICMP{97{24U 12KDPA = D = � ^F f0 ^F f1^F f1 ^F f0 � ; B = C = � ^F f2 ^F f1^F f1 ^F f2 � ;ADPA = D = � ^F a0 ^F f1^F a1 ^F a0 � ; B = C = � ^F q2 ^F a3^F a3 ^F a2 � ;ÐÒÉÞÏÍÕ [A;B]=0, ¦bF�1 = � A(A2 �B2)�1 �B(A2 �B2)�1�B(A2 �B2)�1 A(A2 �B2)�1 � :äÌÑ ÚÎÁÈÏÄÖÅÎÎÑ (A2 �B2)�1 = (A+B)�1(A�B)�1 ÚÎÏ×Õ ×ÉËÏÒÉ-ÓÔÏ×Õ¤ÍÏ ÆÏÒÍÕÌÏÀ æÒÏÂÅÎ¦ÕÓÁ. ïÓÔÁÔÏÞÎÏ, ÏÔÒÉÍÕ¤ÍÏKDP ADP^P f = 0BBB@ bP f0 bP f1 bP f2 bP f1bP f1 bP f0 bP f1 bP f2bP f2 bP f1 bP f0 bP f1bP f1 bP f2 bP f1 bP f0 1CCCA ; ^P a = 0BBB@ bP a0 bP a1 bP a2 bP a3bP a1 bP a0 bP a3 bP a2bP a2 bP a3 bP a0 bP a1bP 31 bP a2 bP a1 bP a0 1CCCA ;ÄÅbP si = 12( bF f0 � bF f2 )�1 eP fi h( bF f0 + bF f2 )(2 bF f1 )�1( bF f0 + bF f2 )� 2 bF f1 i�1; (3.8)eP f0 = bF f0 ( bF f1 )�1( bF f0 + bF f2 )� 2 bF f1 ;eP f1 = �( bF f0 � bF f2 );eP f2 = bF f2 ( bF f1 )�1( bF f0 + bF f2 )� 2 bF f1 ;bP ai = h( bF a1 � bF a3 )( bF a0 � bF a2 )�1( bF a1 � bF a3 )� ( bF a0 � bF a2 )i�1 �� eP ai h( bF a0 + bF a2 )( bF a1 + bF a3 )�1( bF a0 + bF a2 )� ( bF a1 + bF a3 )i�1; (3.9)eP a0 = bF a1 + bN bF a1 b� bF a0 cM � bN bF a0eP a1 = bF a0 + bN bF a0 b� bF a1 cM � bN bF a1eP a2 = � bF a3 + bN bF a3 b+ bF a2 cM + bN bF a2eP a3 = � bF a2 + bN bF a2 b+ bF a3 cM + bN bF a3cM = ( bF a1 + bF a3 )�1( bF a0 + bF a2 ); bN = ( bF a0 � bF a3 )( bF a0 � bF a2 )�1:



13 ðÒÅÐÒÉÎÔ4. ÷ÉÐÁÄÏË ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ¦×òÏÚÇÌÑÎÅÍÏ ×ÉÐÁÄÏË ÐÏ×Î¦ÓÔÀ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ¦× DKDP ¦DADP, ËÏÌÉ ÍÏÖÎÁ ÚÎÅÈÔÕ×ÁÔÉ ÔÕÎÅÌØÎÉÍÉ ÅÆÅËÔÁÍÉ (� ! 0).ôÏÄ¦ ÏÄÎÏÞÁÓÔÉÎËÏ×¦ H(1)qf ¦ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×¦ H(4)R ËÌÁÓÔÅÒÎ¦ ÇÁÍ¦ÌØ-ÔÏÎ¦ÁÎÉ, Á ÔÁËÏÖ H" Í¦ÓÔÑÔØ ÌÉÛÅ ËÏÍÕÔÕÀÞ¦ ÏÐÅÒÁÔÏÒÉ �zqf , ÄÌÑÑËÉÈ ÔÅÐÅÒexp(��H")�zqf exp(�H") = �zqf ;¦ ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:H(1)qf = � ~zzqf� �zRf2 ;H(4)R = V ��zR12 �zR22 + �zR22 �zR32 + �zR32 �zR42 + �zR42 �zR12 �++ U ��zR12 �zR32 + �zR22 �zR42 �+��zR12 �zR22 �zR32 �zR42 �Xf2R zzRf� �zRf2 :ò¦×ÎÑÎÎÑ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÎÅ×¦ÄÏÍÉÈ ÐÏÌ¦× �zqf (2.21) × ÏÄÎÏÒ¦ÄÎÏÍÕ×ÉÐÁÄËÕ, ËÏÌÉ ÍÁÀÔØ Í¦ÓÃÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.22) ¦ (2.23) (� = z),ÍÏÖÕÔØ ÂÕÔÉ ÒÏÚ×'ÑÚÁÎ¦ Ñ×ÎÏ, ÐÒÉ ÃØÏÍÕ ÏÔÒÉÍÕÀÔØÓÑ ÔÁË¦ ×ÉÒÁÚÉÄÌÑ ÐÏÌ¦× zf ¦ za:DKDPzf = 12 ln 1 + �(1)z1� �(1)z + ��c(0)�(1)z ; (4.1)DADPzaR = zaeikZRq = h12 ln 1 + �(1)z1� �(1)z + ��a(kZ )�(1)z ieikZRq :÷ÎÕÔÒ¦ËÌÁÓÔÅÒÎ¦ ÐÁÒÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§ ÔÁËÏÖ ÍÏÖÎÁ ÒÏÚÒÁÈÕ-×ÁÔÉ Ñ×ÎÏDKDP�(1)z = sh 2zf + 2b sh zfDf ; (4.2)�(2) = h�zR1�zR2i = h�zR2�zR3i = h�zR3�zR4i = h�zR4�zR1i == ch2zf � dDf ;�(2)0 = h�zR1�zR3i = h�zR2�zR4i = ch 2zf � 2a+ dDf ;
ICMP{97{24U 14DADP�(1)R = sh 2zaR + 2b sh zaRDa ; (4.3)�(2) = h�zR1�zR4i = h�zR2�zR3i = a� d+ ch zaR � 1Da ;�(2)0 = �h�zR1�zR2i = �h�zR3�zR4i = �a+ d+ ch zaR � 1Da ;�(2)00 = �h�zR1�zR3i = �h�zR2�zR4i = �a� d+ ch zaR + 1Da ;a = exp[��"]; b = exp[��w]; d = exp[��w1];Df = ch2zf + 4b ch zf + 2a+ d;Da = ch 2za + 4b ch za + a+ d+ 1:òÏÚÒÁÈÕÎÏË q-ÚÁÌÅÖÎÉÈ ÐÁÒÎÉÈ ËÏÒÅÌÑÃ¦ÊÎÉÈ ÆÕÎËÃ¦Ê ÁÎÁÌÏÇ¦Þ-ÎÉÊ ÄÏ ÎÁ×ÅÄÅÎÏÇÏ × ÒÏÚÄ¦Ì¦ 2, ÐÒÉ ÕÍÏ×¦, ÝÏ �1 = �2 = z; ¦ÎÄÅËÓÉ �ÓÌ¦Ä ÏÐÕÓÔÉÔÉ. äÌÑ bf1f2(q) ÏÔÒÉÍÁÎÏ ÔÁËÅ Ò¦×ÎÎÑÎÎÑ� �f1f2 = 4Xg=1( �f1gF f;a0 � P f;af1g (q)) bgf2(q); (4.4)ÄÅ ÅÌÅÍÅÎÔÉ ÍÁÔÒÉÃ¦P f;a(q) = 0BBB@ 2P f;a0 P f;a1 (q) P f;a2 (q) P f;a3 (q)P f;a1 (q) 2P f;a0 P f;a4 (q) P f;a5 (q)P f;a2 (q) P f;a4 (q) 2P f;a0 P f;a6 (q)P f;a3 (q) P f;a5 (q) P f;a6 (q) 2P f;a0 1CCCA ;P f;a0 = 11� (�(1))2 ;P f;a1 (q) = 2P f;a1 cos qx + qy + qz4 ; P f;a2 (q) = 2P f;a2 cos qx2 ;P f3 (q) = 2P f1 cos qx � qy + qz4 ; P a3 (q) = 2P a3 cos qx � qy + qz4 ;P f4 (q) = 2P f1 cos qx � qy � qz4 ; P a4 (q) = 2P a3 cos qx � qy � qz4 ;P f;a5 (q) = 2P f;a2 cos qy2 ; P f;a6 (q) = 2P f;a1 cos qx + qy � qz4 ;¤ ÓËÁÌÑÒÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ, qx, qy, qz { ÐÒÏÅËÃ¦§ ÂÅÚÒÏÚÍ¦ÒÎÏÇÏ È×ÉÌØÏ-×ÏÇÏ ×ÅËÔÏÒÁ ÎÁ ÂÁÚÉÓÎ¦ ×ÅËÔÏÒÉ ÔÅÔÒÁÇÏÎÁÌØÎÏ§ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦Ò-ËÉ, ÁP f0 = F f0 (F f0 + F f2 )� 2(F f1 )2(F f0 � F f2 )((F f0 + F f2 )2 � 4(F f1 )2) ;



15 ðÒÅÐÒÉÎÔP f1 = F f1(F f0 + F f2 )2 � 4(F f1 )2 ;P f2 = 2(F f1 )2 � F f2 (F f0 + F f2 )(F f0 � F f2 )((F f0 + F f2 )2 � 4(F f1 )2) ;P a0 = F a1Q1 + F a0Q2; P a1 = F a0Q1 + F a1Q2;P a2 = �F a3Q1 � F a2Q2; P a3 = �F a2Q1 � F a3Q2{ ×ÉÒÁÚÉ, × ÑË¦ ÐÅÒÅÈÏÄÑÔØ (3.8) ¦ (3.9),Q1 = 2(F a0 F a1 � F a2 F a3 )[(F a1 � F a3 )2 � (F a0 � F a2 )2][(F a0 + F a3 )2 � (F a1 + F a3 )2] ;Q2 = (F a2 )2 � (F a0 )2 + (F a3 )2 � (F a1 )2[(F a1 � F a3 )2 � (F a0 � F a2 )2][(F a0 + F a3 )2 � (F a1 + F a3 )2] ;F f;ai - ×ÎÕÔÒ¦ËÌÁÓÔÅÒÎ¦ ËÕÍÕÌÑÎÔÎ¦ ËÏÒÅÌÑÃ¦ÊÎ¦ ÆÕÎËÃ¦§DKDPF f0 = 1� (�(1)z )2; F f1 = �(2) � (�(1)z )2; F f2 = �(2)0 � (�(1)z )2;DADPF a0 = 1� (�(1)Rz )2; F a1 = �(2) � (�(1)Rz )2;F a2 = ��(2)0 + (�(1)Rz )2; F a3 = ��(2)00 + (�(1)Rz )2:ïÔÒÉÍÁÎÅ Ò¦×ÎÑÎÎÑ ÄÌÑ ÐÁÒÎÏ§ ËÏÒÅÌÑÃ¦ÊÎÏ§ ÆÕÎËÃ¦§ bf1f2(q) ÂÁ-ÚÉÓÎÏ§ ÓÉÓÔÅÍÉ ÄÁ¤ ÍÏÖÌÉ×¦ÓÔØ ÒÏÚÒÁÈÕ×ÁÔÉ ÔÁËÏÖ ¦ ËÏÒÅÌÑÃ¦ÊÎÕÆÕÎËÃ¦À ÚÁÇÁÌØÎÏ§ ÓÉÓÔÅÍÉ bHf1f2(q), ÐÏ×'ÑÚÁÎÕ Ú ÎÅÀ ÓÐ¦××¦ÄÎÏÛÅÎ-ÎÑÍÉ (2.13), Á ×¦ÄÔÁË ¦ ËÏÍÐÏÎÅÎÔÉ q-ÚÁÌÅÖÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä¦ÅÌÅËÔÒÉÞ-ÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ËÒÉÓÔÁÌ¦×. îÅÏÂÈ¦ÄÎÏ ÚÎÁÊÔÉ:�ij(q; T; p) = �4vXff 0 �if�jf 0bHff 0(q); (4.5)ÄÅ �1 = �13 = ��11; �12 = �14 = 0;�2 = �22 = ��24; �21 = �23 = 0;�3 = �31 = �32 = �33 = �34;{ ÅÆÅËÔÉ×Î¦ ÄÉÐÏÌØÎ¦ ÍÏÍÅÎÔÉ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ, Á^bH(q) = �^b�1(q)� �4 ^J(q)��1

ICMP{97{24U 16Õ ×ÉËÏÒÉÓÔÁÎÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ ÚÁ ÄÁÌÅËÏÓÑÖÎÉ-ÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ. úÁ ÄÏÐÏÍÏÇÏÀ ×ÌÁÓÎÉÈ ÆÕÎËÃ¦Ê Wf�(q) ¦ ×ÌÁÓÎÉÈÚÎÁÞÅÎØ b�(q) ÍÁÔÒÉÃ¦ ^bH(q), ÏÔÒÉÍÕ¤ÍÏ ÔÁË¦ ×ÉÒÁÚÉ ÄÌÑ ÐÏÐÅÒÅÞÎÏ§¦ ÐÏÚÄÏ×ÖÎÏ§ Ä¦ÁÇÏÎÁÌØÎÉÈ ËÏÍÐÏÎÅÎÔ ÔÅÎÚÏÒÁ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÓÐÒÉÊ-ÎÑÔÌÉ×ÏÓÔ¦:�1(q; T; p) = ��21v X� b�(q) [ W1�(q)� W3�(q)]2 ;�2(q; T; p) = ��22v X� b�(q) [ W2�(q)� W4�(q)]2 ;�3(q; T; p) = ��23v X� b�(q)[Xf Wf�(q)]2:óÉÔÕÁÃ¦Ñ ÓÕÔÔ¤×Ï ÓÐÒÏÝÕ¤ÔØÓÑ, ËÏÌÉ ÍÁÔÒÉÃ¦ ^P (q) (Á ÔÉÍ ÓÁÍÉÍ ¦^b�1(q)) ÔÁ ^J(q) ÍÁÀÔØ ÏÄÎÕ ¦ ÔÕ Ö ÓÉÍÅÔÒ¦À. ôÏÄ¦b�(q) = 1~P�(q)� [1� (�(1)z )2]�1 � ���(q)=4 ;~P�(q), ��(q) { ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ÍÁÔÒÉÃØ ^P (q) ¦ ^J(q), ×¦ÄÐÏ×¦ÄÎÏ.îÁÄÁÌ¦ ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ ÌÉÛÅ ×ÉÐÁÄÏË q = 0. óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ,ÝÏ ×ÎÁÓÌ¦ÄÏË ÎÅÁÎÁÌ¦ÔÉÞÎÏÓÔ¦ ËÏÍÐÏÎÅÎÔ ÍÁÔÒÉÃ¦ J(q) ÐÒÉ q ! 0,ÚÎÁÞÅÎÎÑ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ × ÃÅÎÔÒ¦ ÚÏÎÉ âÒ¦ÌÌÀÅÎÁ ÚÁÌÅÖÁÔØ ×¦ÄÎÁÐÒÑÍËÕ, ×ÚÄÏ×Ö ÑËÏÇÏ ×¦ÄÂÕ×Á¤ÔØÓÑ ÐÅÒÅÈ¦Ä q ! 0 (ÎÁÐÒÉËÌÁÄ,q = (0; 0; qz ! 0) ¦ q = (qx ! 0; qy ! 0; 0).ñËÝÏ ÚÎÅÈÔÕ×ÁÔÉ ÎÅÁÎÁÌ¦ÔÉÞÎ¦ÓÔÀ J(q), ÔÏW (0) = 12 0BB@ 1 1 1 11 1 �1 �11 �1 1 �11 �1 �1 1 1CCA- ÓÐ¦ÌØÎÁ ÓÉÓÔÅÍÁ ×ÌÁÓÎÉÈ ×ÅËÔÏÒ¦× ÍÁÔÒÉÃØ ^J(q) ÔÁ ^P (q), Á�1;3(0) = J11(0) + J13(0)� 2J12(0); �1(0)4 = �c(0);�2;4(0) = J11(0)� J13(0); �2(0)4 = �a(0);~P f1;3(0) = 2(P f0 � 2P f1 + P f2 ); ~P a1;3(0) = 2(P a0 + P a2 � (P a1 + P a3 ));~P f2;4(0) = 2(P f0 � P f2 ); ~P a2;4(0) = 2(P a0 � P a2 � (P a1 � P a3 ))



17 ðÒÅÐÒÉÎÔ{ §È ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ. ú×¦ÄÓÉ ÏÔÒÉÍÕ¤ÍÏ ÔÁË¦ ×ÉÒÁÚÉ ÄÌÑ ÓÔÁÔÉÞÎÉÈÓÐÒÉÊÎÑÔÌÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ¦×:DKDP�1;2(0; T; p) = ��21;2v 2{3Df � 2{3'�1 ;�3(0; T; p) = ��23v 2{2Df � 2'�3{2 ; (4.6)DADP�1;2(0; T; p) = ��21;22v � 2{1Da � 2{1'�1 + 2{2Da � 2{2'�1 � ;�3(0; T; p) = ��23v 2{3Da � 2{3'�3 ; (4.7)íÉ ××ÅÌÉ ÐÏÚÎÁÞÅÎÎÑ:{1 = 1 + b ch z; {2 = ch 2z + b ch z � [�(1)z]2D; {3 = a+ b ch z;¦ '�1 = 11� [�(1)z]2 + ��a(0); '�3 = 11� [�(1)z ]2 + ��c:(0)íÏÖÎÁ ÔÁËÏÖ ÒÏÚÒÁÈÕ×ÁÔÉ ¦ Ä¦ÅÌÅËÔÒÉÞÎÕ ÐÒÏÎÉËÌÉ×¦ÓÔØ ËÒÉ-ÓÔÁÌ¦×, ÑËÁ ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ:"i(0; T; p) = "i1 + 4��i(0; T; p): (4.8)òÏÂÏÔÁ ×ÉËÏÎÁÎÁ ÚÁ Æ¦ÎÁÎÓÏ×Ï§ Ð¦ÄÔÒÉÍËÉ æÏÎÄÕ ÆÕÎÄÁÍÅÎÔÁÌØÎÉÈÄÏÓÌ¦ÄÖÅÎØ í¦Î¦ÓÔÅÒÓÔ×Á õËÒÁ§ÎÉ Õ ÓÐÒÁ×ÁÈ ÎÁÕËÉ, ÔÅÈÎÏÌÏÇ¦§ ¦ ÐÒÏ-ÍÉÓÌÏ×Ï§ ÐÏÌ¦ÔÉËÉ, ÐÒÏÅËÔ ° 2.04/171.ì¦ÔÅÒÁÔÕÒÁ1. àÈÎÏ×ÓËÉÊ é.ò. ðÒÉÍÅÎÅÎÉÅ ËÏÌÌÅËÔÉ×ÎÙÈ ÐÅÒÅÍÅÎÎÙÈ É ÕÞÅÔËÏÒÏÔËÏÄÅÊÓÔ×ÕÀÝÉÈ ÓÉÌ × ÔÅÏÒÉÉ ÚÁÒÑÖÅÎÎÙÈ ÞÁÓÔÉÃ. //öüôæ, 1958, Ô. 34, ×ÙÐ.2, Ó. 379-389.2. àÈÎÏ×ÓËÉÊ é.ò. ë ÓÔÁÔÉÓÔÉÞÅÓËÏÊ ÔÅÏÒÉÉ ËÏÎÄÅÎÓÉÒÏ×ÁÎÎÙÈ ÓÉ-ÓÔÅÍ Ó ÄÁÌØÎÏÄÅÊÓÔ×ÕÀÝÉÍÉ É ËÏÒÏÔËÏÄÅÊÓÔ×ÕÀÝÉÍÉ ×ÚÁÉÍÏ-ÄÅÊÓÔ×ÉÑÍÉ. / ðÒÅÐÒÉÎÔ, éôæ-79-133ò, ëÉÅ×, 1979, 34Ó.3. àÈÎÏ×ÓËÉÊ é.ò., çÏÌÏ×ËÏ í.æ. óÔÁÔÉÓÔÉÞÅÓËÁÑ ÔÅÏÒÉÑËÌÁÓÓÉÞÅÓËÉÈ ÒÁ×ÎÏ×ÅÓÎÙÈ ÓÉÓÔÅÍ. { ëÉÅ×, îÁÕËÏ×Á ÄÕÍËÁ, 1980,372Ó.
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