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õäë: 533, 536PACS: 77.80.Bh, 77.84.Fa÷�ÌÉ× ÎÁ�ÒÕÇÉ ÚÓÕ×Õ �6 ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä � Æ�ÚÉÞÎ� ×ÌÁÓ-ÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KD2PO4. II.¶.÷.óÔÁÓÀË, ò.ò.ìÅ×É�ØËÉÊ, ¶.ò.úÁÞÅË, á.ð. íÏ§ÎÁ, á.ó.äÕÄÁáÎÏÔÁ��Ñ. ÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ × ÒÁÍËÁÈ ÍÏÄÅÌ� �ÒÏ-ÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ ×�ÌÉ× ÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ �6 ÎÁ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä, ÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ�, �ÒÕÖÎ�, �'¤ÚÏÅÌÅËÔÒÉÞÎ� ÔÁ ÔÅ�ÌÏ×� ×ÌÁÓÔÉ×ÏÓ-Ô� ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KD2PO4. îÁ×ÅÄÅÎÏ Ó�ÒÏÝÅÎÉÊ ×ÁÒ�ÁÎÔÍÏÄÅÌ� ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ, ËÏÌÉ ÎÅÈÔÕ¤ÔØÓÑ ÚÕÍÏ×ÌÅÎÉÍ ÄÅÆÏÒÍÁ��¤À "6ÒÏÚÝÅ�ÌÅÎÎÑÍ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È � ÎÉÖÎ�È ÔÁ ÏÄÎÏËÒÁÔÎÏ �ÏÎ�ÚÏ×ÁÎÉÈ ÄÅÊÔÒÏÎÎÉÈËÏÎÆ�ÇÕÒÁ��Ê. òÏÚÒÁÈÏ×ÁÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� �ÏÔÅÎ��ÁÌÉ ÔÁ Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓ-ÔÉËÉ ËÒÉÓÔÁÌ�× �ÒÉ ÎÁÑ×ÎÏÓÔ� ÎÁ�ÒÕÇÉ �6, ÚÎÁÊÄÅÎÏ ÎÁÂ�Ò ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�×ÔÅÏÒ�§, ÑË� ÚÁÂÅÚ�ÅÞÕÀÔØ ÚÁÄÏ×�ÌØÎÉÊ Ï�ÉÓ ÎÁÑ×ÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ.ðÏËÁÚÁÎÏ, ÝÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÒÑÄÕ Ä�-ÅÌÅËÔÒÉÞÎÉÈ, �ÒÕÖÎÉÈ, �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ � ÔÅ�ÌÏ×ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×�ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏ§ ÎÁ�ÒÕÇÉ, ÍÏÖÌÉ×Ï Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ � �ÒÉ ÎÅÈÔÕ×ÁÎÎ�ÒÏÚÝÅ�ÌÅÎÎÑÍ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È/ÎÉÖÎ�È ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, Á �ÅÒÅÄÂÁÞÅÎ�ÔÅÏÒ�¤À ÅÆÅËÔÉ, ÚÕÍÏ×ÌÅÎ� ÎÁ�ÒÕÇÏÀ �6, ¤ �ÄÅÎÔÉÞÎÉÍÉ × ÏÂÏÈ ×ÁÒ�ÁÎÔÁÈ ÍÏÄÅÌ�.Inuene of shear stress �6 on the phase transition and physialproperties of KD2PO4 type ferroeletris. II.I.V.Stasyuk, R.R.Levitskii, I.R.Zahek, A.P.Moina, A.S.DudaAbstrat. Within the four-partile luster approximation for the proton orderingmodel we study the inuene of shear stress �6 on the phase transition, stati di-eletri, elasti and thermal properties of deuterated KD2PO4 type ferroeletris.A simpli�ed version of the model of strained KD2PO4 is presented, where induedby strain "6 splitting of up-down and single-ionized deuterong on�gurations is ne-gleted. Thermodynami potentials and physial harateristis of the rystals in thepresene of stress �6 are alulated. The set of the theory parameters providing thebest �t to the available experimental data is found. We show that a fair desriptionof the available experimental data for the physial harateristis of the rystal ispossible even without taking into aount the splitting of up-down deuteron on�g-urations, and that prdited by the theory e�ets indued stress �6 are indential inboth versions of the model.ðÏÄÁ¤ÔØÓÑ × Journal of Physis StudiesSubmitted to Journal of Physis Studies ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1999Institute for Condensed Matter Physis 1999



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�íÉÎÕÌÏ Â�ÌØÛÅ ÛÅÓÔÉÄÅÓÑÔÉ ÒÏË�× Ú ÞÁÓÕ ×�ÄËÒÉÔÔÑ ÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌÕ KH2PO4. ðÒÏÔÑÇÏÍ �ØÏÇÏ ÞÁÓÕ ÄÏ-ÓÌ�ÄÖÅÎÎÀ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ËÒÉÓÔÁÌÁÈ Ó�Í'§ KH2PO4 ÔÁ §È Æ�-ÚÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÂÕÌÁ �ÒÉÓ×ÑÞÅÎÁ ×ÅÌÉÞÅÚÎÁ Ë�ÌØË�ÓÔØ ÒÏÂ�Ô, ×ÔÏÍÕ ÞÉÓÌ� � ÒÑÄ ÍÏÎÏÇÒÁÆ�Ê. îÁÊÂ�ÌØÛ �ÏÍ�ÔÎÏÀ ÏÓÏÂÌÉ×�ÓÔÀ ÒÏÚ-×ÉÔËÕ Æ�ÚÉËÉ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ËÒÉÓÔÁÌ�× Ó�Í'§ KH2PO4 ¤ Ô�ÓÎÁ ×ÚÁ¤-ÍÏÄ�Ñ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ, ÑËÁ ××ÁÖÁ¤ÔØÓÑ ×ÁÖÌÉ×ÉÍ ÄÖÅÒÅÌÏÍÄÏÓÑÇÎÕÔÏÇÏ × ÄÁÎÉÊ ÞÁÓ �ÒÏÇÒÅÓÕ × Í�ËÒÏÓËÏ��ÞÎÏÍÕ ÒÏÚÕÍ�ÎÎ� §È×ÌÁÓÔÉ×ÏÓÔÅÊ. äÕÖÅ ×ÁÖÌÉ×ÉÍÉ Ú ��¤§ ÔÏÞËÉ ÚÏÒÕ ¤ ÒÏÂÏÔÉ, �ÒÉÓ×Ñ-ÞÅÎ� ÄÏÓÌ�ÄÖÅÎÎÀ ×�ÌÉ×Õ ÚÏ×Î�ÛÎ�È Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÁ ÏÄÎÏ×�ÓÎÉÈÔÉÓË�× ÎÁ Æ�ÚÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ��¤§ Ó�Í'§ ËÒÉÓÔÁÌ�×. ðÒÉËÌÁÄÁÎÎÑ ÔÉÓ-ËÕ ÄÏ ËÒÉÓÔÁÌÕ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÍ�Î Õ ×ÎÕÔÒ�ÛÎ�Ê ÓÔÒÕËÔÕÒ� ÓÉÓÔÅ-ÍÉ, �ÒÉ �ØÏÍÕ ÚÍ�ÎÀÀÔØÓÑ ÍÏÌÅËÕÌÑÒÎ� �ÏÔÅÎ��ÁÌÉ ËÒÉÓÔÁÌÕ, Á ÔÉÍÓÁÍÉÍ � ÊÏÇÏ Ä�ÅÌÅËÔÒÉÞÎ� � ÔÅ�ÌÏ×� ×ÌÁÓÔÉ×ÏÓÔ�. ëÒ�Í ÔÏÇÏ ÍÅÈÁ-Î�ÞÎ� ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÑÔØ ÄÏ �ÒÏÑ×Õ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌÕ, ÝÏ ÄÁ¤ ÚÍÏÇÕ ×É×ÞÁÔÉ Õ ×ÚÁ¤ÍÎÏÍÕ Ú×'ÑÚËÕÅÌÅËÔÒÉÞÎ�, ÍÅÈÁÎ�ÞÎ� � ÔÅ�ÌÏ×� ÈÁÒÁËÔÅÒÉÓÔÉËÉ.í�ËÒÏÓËÏ��ÞÎÁ ÍÏÄÅÌØ ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉ-ÓÔÁÌÕ ÔÉ�Õ KH2PO4, ÝÏ ÚÎÁÈÏÄÉÔØÓÑ ��Ä Ä�¤À ÔÉÓËÕ ÄÏ×�ÌØÎÏ§ ÓÉÍÅÔ-Ò�§, ÂÕÌÁ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ × ÒÏÂÏÔÁÈ [1{3℄. úÇ�ÄÎÏ Ú ��¤À ÍÏÄÅÌÌÀ �ÒÉ-ËÌÁÄÁÎÎÑ ÚÏ×Î�ÛÎ�È ÍÅÈÁÎ�ÞÎÉÈ ÎÁ�ÒÕÇ �ÒÉ×ÏÄÉÔØ ÄÏ �ÏÑ×É ÄÏÄÁÔ-ËÏ×ÏÇÏ ×ÎÕÔÒ�ÛÎØÏÇÏ �ÏÌÑ, Ì�Î�ÊÎÏÇÏ ÚÁ ÄÅÆÏÒÍÁ��ÑÍÉ ÔÁ (Õ ×É�ÁÄ-ËÕ Ä�ÁÇÏÎÁÌØÎÉÈ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÎÁ�ÒÕÇÉ) ÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ�ÓÅ×ÄÏÓ��Î�×. äÏÓÌ�ÄÖÅÎÏ ×�ÌÉ× ÎÁ�ÒÕÇ Ò�ÚÎÉÈ ÓÉÍÅÔÒ�Ê ÎÁ ÅÎÅÒÇ�§ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê. õ �ÉÈ ÒÏÂÏÔÁÈ ÔÁËÏÖ ÄÏÓÌ�ÄÖÅÎÏ ×�ÌÉ×ÎÁ�ÒÕÇÉ �12 = �xx��yy ÎÁ ÔÅÍ�ÅÒÁÔÕÒÕ �ÅÒÅÈÏÄÕ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞ-ÎÕ ÆÁÚÕ, ÄÏÓÌ�ÄÖÅÎÏ Ú×'ÑÚÏË Í�Ö �ÒÉËÌÁÄÅÎÏÀ ÎÁ�ÒÕÇÏÀ �xx � �yy� ×ÉËÌÉËÁÎÏÀ ÄÅÆÏÒÍÁ��¤À "12 = "xx � "yy Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÅÒÅÒÏÚ-�ÏÄ�ÌÕ ÄÅÊÔÒÏÎ�× Í�Ö Í�Î�ÍÕÍÁÍÉ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ. ðÏËÁÚÁÎÏ,ÝÏ ÎÁ�ÒÕÇÁ �12 ÍÏÖÅ �ÒÉ×ÏÄÉÔÉ ÄÏ �ÅÒÅÈÏÄÕ ËÒÉÓÔÁÌÕ KH2PO4 ×ÍÏÎÏËÌ�ÎÎÕ ÆÁÚÕ.õ ÒÏÂÏÔÁÈ [4,5℄ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ�, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ × [1{3℄, × ËÌÁÓ-ÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ ËÏÒÏÔËÏÓÑÖÎÉÈ � ÄÁÌÅËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ�Ê ÔÁ ÎÁ�ÒÕÇÉ �12 ÒÏÚÒÁÈÏ×ÁÎÏ � ÄÏÓÌ�ÄÖÅÎÏ Ä�ÅÌÅËÔÒÉÞÎ�,�'¤ÚÏÅÌÅËÔÒÉÞÎ� � ÔÅ�ÌÏ×� ÈÁÒÁËÔÅÒÉÓÔÉËÉ KD2PO4, �ÒÏ×ÅÄÅÎÏ ÄÅ-ÔÁÌØÎÉÊ ÞÉÓÌÏ×ÉÊ ÁÎÁÌ�Ú ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�×.÷�ÌÉ× Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ � ÏÄÎÏ×�ÓÎÏÇÏ �p = �3 ÔÉÓË�× ÎÁ Æ�ÚÉÞÎ�×ÌÁÓÔÉ×ÏÓÔ� ËÒÉÓÔÁÌÕ KD2PO4 ÄÏÓÌ�ÄÖÅÎÏ × ÒÏÂÏÔÁÈ [6{8℄. ðÏËÁÚÁ-ÎÏ, ÝÏ �ÒÉ ÎÁÌÅÖÎÏÍÕ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÍÁ¤ Í�Ó�Å ÚÁÄÏ×�ÌØ-
ICMP{99{26U 2ÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÂÁÒÉÞÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊÓ�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§, �ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÔÁÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ÷ ÒÏÂÏÔ� [9℄ ÎÁ ÏÓÎÏ×� ÓÔÏÈÁÓÔÉÞ-ÎÏ§ ÍÏÄÅÌ� çÌÁÕÂÅÒÁ ÏÔÒÉÍÁÎÏ ×ÉÒÁÚÉ ÄÌÑ Ä�ÊÓÎÏ§ � ÕÑ×ÎÏ§ ÞÁÓÔÉÎÉ�ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌÕ KD2PO4 � �ÒÏ×Å-ÄÅÎÏ ÒÏÚÒÁÈÕÎÏË §È ÔÅÍ�ÅÒÁÔÕÒÎÏ§ � ÞÁÓÔÏÔÎÏ§ ÚÁÌÅÖÎÏÓÔ� �ÒÉ Ò�ÚÎÉÈÚÎÁÞÅÎÎÑÈ Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ.÷ÁÖÌÉ×ÉÍ ¤ ÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ × �ÌÏÝÉÎ� XY��Ä ËÕÔÏÍ �=4 ÄÏ ÏÓÅÊ, ÑË� ÎÁ�ÒÁ×ÌÅÎ� ×ÚÄÏ×Ö ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×. ðÒÉ�ØÏÍÕ ×ÉÎÉËÁ¤ ÄÅÆÏÒÍÁ��Ñ "6 = "xy, ÑËÁ �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ �Ï ÎÅÚ×�Ä-ÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎÀ B2. ðÏ �ØÏÍÕ Ö �ÒÅÄÓÔÁ×ÌÅÎÎÀ �ÅÒÅÔ×ÏÒÀ¤ÔØ-ÓÑ �ÏÌÑÒÉÚÁ��Ñ P3 �, ÔÁËÉÍ ÞÉÎÏÍ, ÚÏ×Î�ÛÎÑ ÎÁ�ÒÕÇÁ �6 = �xy Ä�¤�ÏÄ�ÂÎÏ ÅÌÅËÔÒÉÞÎÏÍÕ �ÏÌÀ E3. ÷ÁÖÌÉ×�ÓÔØ �ØÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÚÕ-ÍÏ×ÌÅÎÏ � ÔÉÍ, ÝÏ ×ÉÎÉËÎÅÎÎÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ × KD2PO4ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ Ó�ÏÎÔÁÎÎÉÍ ÚÓÕ×ÏÍ "6.÷�ÅÒÛÅ ×ÒÁÈÕ×ÁÎÎÑ Ó�ÏÎÔÁÎÎÏ§ ÄÅÆÏÒÍÁ��§ � Ó�ÒÏÂÁ Ï�ÉÓÕ �Ï-×ÅÄ�ÎËÉ �ÒÕÖÎÉÈ � �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË KH2PO4 ÂÕÌÉÚÄ�ÊÓÎÅÎ� × [10℄ × ÒÁÍËÁÈ ÍÏÄÅÌ� óÌÅÔÅÒÁ. ÷ Î�Ê ÕÓ� ÏÓÏÂÌÉ×ÏÓÔ� ÔÅÍ-�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÉ�ÉÓÕ×ÁÌÉ ÒÏÚÝÅ�-ÌÅÎÎÀ ÅÎÅÒÇ�§ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ, Á ÓÁÍÅ ÅÎÅÒÇ�§ ×ÅÒÈÎ�È � ÎÉÖÎ�È ËÏÎ-Æ�ÇÕÒÁ��Ê.÷ ÎÁÛ�Ê �Ï�ÅÒÅÄÎ�Ê ÒÏÂÏÔ� [11℄ ÚÄ�ÊÓÎÅÎÏ �ÏÓÌ�ÄÏ×ÎÉÊ Í�ËÒÏÓËÏ-��ÞÎÉÊ Ï�ÉÓ �Ï×ÅÄ�ÎËÉ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KD2PO4 ��Ä Ä�-¤À ÎÁ�ÒÕÇÉ �6 × ÒÁÍËÁÈ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ×ÒÁÈÕ-×ÁÎÎÑÍ ÄÁÌÅËÏÓÑÖÎÉÈ ÔÁ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê. ïÔÒÉÍÁÎÏ ÈÏÒÏ-ÛÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ, �ÒÕÖ-ÎÉÈ � �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×, �Ï×'ÑÚÁÎÉÈ Ú ÄÅ-ÆÏÒÍÁ��¤À "6 (�'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ d36, e36, h36, Á ÔÁËÏÖ �ÒÕÖ-ÎÉÈ ÓÔÁÌÉÈ P66, E66 � �ÏÄÁÔÌÉ×ÏÓÔÅÊ sP66, sE66, Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉË-ÎÏÓÔ� "33 [12,16,17℄) Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. ðÏÓÌ�ÄÏ×ÎÅ ×ÒÁ-ÈÕ×ÁÎÎÑ ÚÍ�ÎÉ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ ÄÅÆÏÒÍÁ��¤À "6 ×ÉÑ×ÉÌÏ, ÝÏ ÔÁËÁÄÅÆÏÒÍÁ��Ñ �ÒÉ×ÏÄÉÔØ ÄÏ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�-ÇÕÒÁ��Ê, ÚÏËÒÅÍÁ ÄÏ ÒÏÚÝÅ�ÌÅÎÎÑ ÎÁÊÎÉÖÞÏÇÏ Ò�×ÎÑ { ×ÅÒÈÎ�È ÔÁÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ��Ê, Á ÔÁËÏÖ ÅÎÅÒÇ�Ê Â�ÞÎÉÈ ÔÁ ÏÄÎÏËÒÁÔÎÏ �ÏÎ�ÚÏ-×ÁÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê. òÏÚÝÅ�ÌÅÎÎÑ ×ÅÒÈÎ�È (ÎÉÖÎ�È) ÔÁ �ÏÎ�ÚÏ×ÁÎÉÈËÏÎÆ�ÇÕÒÁ��Ê �ÒÉ×ÏÄÉÔØ ÄÏ �ÏÑ×É × ÇÁÍ�ÌØÔÏÎ�ÁÎ� ËÏÒÏÔËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ�Ê ÏÄÎÏ- ÔÁ ÔÒÉÞÁÓÔÉÎËÏ×ÉÈ ÄÏÄÁÎË�×. þÉÓÌÏ×� ÒÏÚÒÁÈÕÎËÉÆ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÏËÁÚÁÌÉ, ÝÏ ÌÉÛÅ ÎÁÍÁÇÁÀÞÉÓØ ÏÔÒÉÍÁ-ÔÉ ÈÏÒÏÛÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, ÎÅÍÏÖÌÉ×Ï ×ÓÔÁÎÏ×ÉÔÉ×ÅÌÉÞÉÎÕ ÒÏÚÝÅ�ÌÅÎÎÑ ×ÅÒÈÎ�È ÔÁ ÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ��Ê Æs6, ÏÓË�ÌØ-ËÉ �ÒÉ ÚÂÅÒÅÖÅÎÎ� �Å×ÎÏÇÏ Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö Æs6 ÔÁ ×ÅÌÉÞÉÎÏÀ



3 ðÒÅ�ÒÉÎÔ�'¤ÚÏÅÌÅËÔÒÉÞÎÏÇÏ ÍÏÌÅËÕÌÑÒÎÏÇÏ ×ÎÕÔÒ�ÛÎØÏÇÏ �ÏÌÑ  6 [1{3℄, ÕÚÇÏ-ÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÏÔÒÉÍÕ¤ÔØÓÑ × ÄÏÓÉÔØ ÛÉÒÏËÏÍÕ �ÎÔÅÒ×ÁÌ�ÚÎÁÞÅÎØ Æs6.÷ ��Ê ÒÏÂÏÔ� ÍÉ ÎÁ×ÅÄÅÍÏ Ó�ÒÏÝÅÎÉÊ ×ÁÒ�ÁÎÔ ÍÏÄÅÌ�, ÝÏ ×ÉËÏ-ÒÉÓÔÏ×Õ¤ÔØÓÑ ÄÌÑ Ï�ÉÓÕ ×�ÌÉ×Õ ÎÁ�ÒÕÇÉ ÚÓÕ×Õ �xy ÎÁ ÆÁÚÏ×ÉÊ �Å-ÒÅÈ�Ä � Æ�ÚÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓ-ÔÁÌ�× Ó�Í'§ KH2PO4, × ÑËÏÍÕ ÂÕÄÅ ÚÎÅÈÔÏ×ÁÎÏ ÒÏÚÝÅ�ÌÅÎÎÑÍ ×ÅÒÈÎ�È(ÎÉÖÎ�È) ÔÁ �ÏÎ�ÚÏ×ÁÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê.íÉ �ÏËÁÖÅÍÏ, ÝÏ Ï�ÉÓ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈÓÔÁÌÉÈ d36, e36, h36, Á ÔÁËÏÖ �ÒÕÖÎÉÈ ÓÔÁÌÉÈ P66, E66 � �ÏÄÁÔÌÉ×ÏÓÔÅÊsP66, sE66, Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "33 [12,16,17℄ ÏÔÒÉÍÕ¤ÔØÓÑ �ÒÉ×ÒÁÈÕ×ÁÎÎ� ÌÉÛÅ ÒÏÚÝÅ�ÌÅÎÎÑ Â�ÞÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ÔÁ �'¤ÚÏÅÌÅËÔ-ÒÉÞÎÉÈ ×ÎÕÔÒ�ÛÎ�È �ÏÌ�×.2. çÁÍ�ÌØÔÏÎ�ÁÎ ËÒÉÓÔÁÌÕ.òÏÚÇÌÑÎÅÍÏ ÓÉÓÔÅÍÕ ÄÅÊÔÒÏÎ�×, ÝÏ ÒÕÈÁÀÔØÓÑ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ× ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ ÔÉ�Õ KD2PO4. ðÒÉÍ�ÔÉ×ÎÁ ËÏ-Í�ÒËÁ ÔÁËÏÇÏ ËÒÉÓÔÁÌÕ ÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ�× PO4 ÒÁÚÏÍ ÚÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÝÏ ×�ÄÎÏÓÑÔØÓÑ ÄÏ ÏÄÎÏÇÏ Ú ÎÉÈ (ÔÅÔ-ÒÁÅÄÒÁ ÔÉ�Õ "A"); ×ÏÄÎÅ×� Ú×'ÑÚËÉ, ÑË� ��ÄÈÏÄÑÔØ ÄÏ ÄÒÕÇÏÇÏ ÔÅÔÒÁ-ÅÄÒÁ (ÔÉ�Õ "B") ÎÁÌÅÖÁÔØ ÞÏÔÉÒØÏÍ ÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅ-ÍÅÎÔÁÍ, ÑË� ÊÏÇÏ ÏÔÏÞÕÀÔØ (ÒÉÓ. 1)çÁÍ�ÌØÔÏÎ�ÁÎ ÄÅÊÔÒÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓÔÁÌÁ ÔÉ�Õ KD2PO4 Ú ×ÒÁ-ÈÕ×ÁÎÎÑÍ ËÏÒÏÔËÏÓÑÖÎÉÈ � ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, �ÒÉ ÎÁÑ×ÎÏÓÔ�ÎÁ�ÒÕÇÉ ÚÓÕ×Õ �6 = �xy ËÒÉÓÔÁÌÕ × �ÌÏÝÉÎ� (a; b), ËÏÌÉ ×ÉÎÉËÁ¤ ÄÅ-ÆÏÒÍÁ��Ñ "6 = "xy � �ÒÉ �ÒÉËÌÁÄÁÎÎ� ÚÏ×Î�ÛÎ�È ÅÌÅËÔÒÉÞÎÉÈ �ÏÌ�×Ei(i = 1; 2; 3), ÎÁ�ÒÑÍÌÅÎÉÈ ×ÚÄÏ×Ö ÏÄÎ�¤§ Ú ËÒÉÓÔÁÌÏÇÒÁÆ�ÞÎÉÈ ÏÓÅÊ(a; b; ) ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:^Hi = �vN2 E066 "26 � �vNe036E3"6 � �vN2 �0iiE2i ++ Xq0f 0qf Jff 0(qq0) h�qf i2 h�q0f 0i2 �Xqf [2�F zf (6) + �fiEi℄�qf2 ++Xq1q2q3q4 8<:12Xff 0 Vff 0 �qf f2 �qf0 f 02 + ��q112 �q222 �q332 �q442 9=;� (2.1)� fÆRq1 ;Rq2 ÆRq1 ;Rq3 ÆRq1 ;Rq4 + ÆRq1+r2;Rq2 ÆRq1+r3;Rq3 ÆRq1+r4;Rq4g;ðÅÒÛÉÊ ÄÏÄÁÎÏË × �ÒÁ×�Ê ÞÁÓÔÉÎ� (2.1) ×�Ä�Ï×�ÄÁ¤ Ô�Ê ÞÁÓÔÉÎ� �ÒÕÖ-
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òÉÓ. 1. ðÒÉÍ�ÔÉ×ÎÁ ËÏÍ�ÒËÁ ËÒÉÓÔÁÌÕ ÔÉ�Õ KD2PO4. ãÉÆÒÉ × ËÒÕÖÅÞËÁÈÎÕÍÅÒÕÀÔØ ×ÏÄÎÅ×� Ú×'ÑÚËÉ; 1,2 { �ÏÌÏÖÅÎÎÑ Ò�×ÎÏ×ÁÇÉ ÄÅÊÔÒÏÎ�×. ûÔÒÉ-ÈÏ×ÉÍÉ Ì�Î�ÑÍÉ �ÏËÁÚÁÎ� ÎÁ�ÒÑÍËÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�× × ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕËÒÉÓÔÁÌ� × �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ�. a, b { ÏÓ� ÎÅÄÅÆÏÒÍÏ×ÁÎÏ§ I�42d ËÏÍ�ÒËÉ; - ËÕÔ Í�Ö ÎÁ�ÒÑÍËÁÍÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�× Õ ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕ � ÄÅÆÏÒ-ÍÏ×ÁÎÏÍÕ ËÒÉÓÔÁÌÁÈ.ÎÏ§ ÅÎÅÒÇ�§, ÑËÁ ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÒÏÚÍ�ÝÅÎÎÑ ÄÅÊÔÒÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈÚ×'ÑÚËÁÈ (E066 { ÚÁÔÒÁ×ÏÞÎÁ �ÒÕÖÎÁ ÓÔÁÌÁ); ÄÒÕÇÉÊ ÄÏÄÁÎÏË × (2.1){ ÅÎÅÒÇ�Ñ ×ÚÁ¤ÍÏÄ�§ Í�Ö �ÏÌÑÒÉÚÁ��¤À, ÝÏ ×ÉÎÉËÁ¤ ÚÁ ÒÁÈÕÎÏË �'¤-ÚÏÅÌÅËÔÒÉÞÎÏÇÏ ÅÆÅËÔÕ �ÒÉ ÄÅÆÏÒÍÁ��§ "6 ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ×ÏÄÎÅ×ÉÈÚ×'ÑÚË�× � �ÏÌÅÍ E3 (e036 { ÚÁÔÒÁ×ÏÞÎÉÊ ËÏÅÆ���¤ÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ÎÁ�ÒÕÇÉ); ÔÒÅÔ�Ê ÄÏÄÁÎÏË { �Å ÅÎÅÒÇ�Ñ, ÏÂÕÍÏ×ÌÅÎÁ �ÏÌÑÒÉÚÁ��¤À, ÝÏ�ÎÄÕËÏ×ÁÎÁ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÎÅÚÁÌÅÖÎÏ ×�Ä ËÏÎÆ�ÇÕÒÁ��§ ×ÏÄÎÅ×ÉÈÚ×'ÑÚË�× (�033 { ÚÁÔÒÁ×ÏÞÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ). ð'ÑÔÉÊ �ÛÏÓÔÉÊ ÄÏÄÁÎËÉ × �ÒÁ×�Ê ÞÁÓÔÉÎ� (2.1) Ï�ÉÓÕÀÔØ ËÏÒÏÔËÏÓÑÖÎ� ËÏÎ-Æ�ÇÕÒÁ��ÊÎ� ×ÚÁ¤ÍÏÄ�§ ÄÅÊÔÒÏÎ�× �ÏÂÌÉÚÕ ÔÅÔÒÁÅÄÒ�× ÔÉ�Õ "A" � ÔÉ�Õ"B" (�ÅÒÛÉÊ � ÄÒÕÇÉÊ ÄÏÂÕÔËÉ Æ - ÆÕÎË��Ê, ×�Ä�Ï×�ÄÎÏ); rf | ÒÁÄ�ÕÓ-×ÅËÔÏÒ ×�ÄÎÏÓÎÏÇÏ �ÏÌÏÖÅÎÎÑ ÄÅÊÔÒÏÎÎÏÇÏ Ú×'ÑÚËÕ × ËÏÍ�Ò��; �qf |Ï�ÅÒÁÔÏÒ z - ËÏÍ�ÏÎÅÎÔÉ Ë×ÁÚ�Ó��ÎÁ ÄÅÊÔÒÏÎÁ, ÑËÉÊ ÚÎÁÈÏÄÉÔØÓÑ ×q-�Ê ËÏÍ�Ò�� ÎÁ f -ÏÍÕ Ú×'ÑÚËÕ (�qf = �1). �v = v=kâ, v | ÏÂ'¤Í ÅÌÅ-ÍÅÎÔÁÒÎÏ§ ËÏÍ�ÒËÉ, kâ | ÓÔÁÌÁ âÏÌØ�ÍÁÎÁ. F if | ×ÎÕÔÒ�ÛÎ� �ÏÌÑ,ÑË� ×ËÌÀÞÁÀÔØ × ÓÅÂÅ, �Ï-�ÅÒÛÅ, ÅÆÅËÔÉ×ÎÕ ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ¤ÍÏÄ�ÀÍ�Ö ÄÅÊÔÒÏÎÁÍÉ (×ÒÁÈÏ×ÁÎÕ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ), ÝÏ×ËÌÀÞÁ¤ � ÎÅ�ÒÑÍÕ ×ÚÁ¤ÍÏÄ�À ÄÅÊÔÒÏÎ�× ÞÅÒÅÚ ËÏÌÉ×ÁÎÎÑ ÇÒÁÔËÉ ÔÁ,�Ï-ÄÒÕÇÅ, ÄÏÄÁÔËÏ×� ×ÎÕÔÒ�ÛÎ� �ÏÌÑ, �Ï×'ÑÚÁÎ� Ú ÄÅÆÏÒÍÁ��¤À "6 [3℄:2�F z(6) = 2�F z1 (6) = �2�F z2 (6) = �2�F z3 (6) = 2�F z4 (6) =



5 ðÒÅ�ÒÉÎÔ= 2��(1)z(6)� 2 6"6;2�F xy1 (6) = 2�1�(1)x;y1 (6) + 2�3�(1)x;y3 (6) ++ 2�2[�(1)x;y2 (6) + �(1)x;y4 (6)℄� 2 6"6;2�F xy2 (6) = 2�2[�(1)x;y1 (6) + �(1)x;y3 (6)℄ ++ 2�1�(1)x;y2 (6) + 2�3�(1)x;y4 (6)� 2 6"6; (2.2)2�F xy1 (6) = 2�3�(1)x;y1 (6) + 2�1�(1)x;y3 (6) ++ 2�2[�(1)x;y2 (6) + �(1)x;y4 (6)℄� 2 6"6;2�F xy4 (6) = 2�2[�(1)x;y1 (6) + �(1)x;y3 (6)℄ ++ 2�3�(1)x;y2 (6) + 2�1�(1)x;y4 (6)� 2 6"6;ÄÅ  6 { Ô.Ú×. ÄÅÆÏÒÍÁ��ÊÎÉÊ �ÏÔÅÎ��ÁÌ, Á�(1)z(6) = h�q1i = h�q2i = h�q3i = h�q4i;�(1)xf (6) = h�qf ix; �(1)yf (6) = h�qf iy;� = �1 + 2�2 + �3; �1 = J114 ; �2 = J124 ; �3 = J134 ;Á Jff 0 =PRq�Rq0 Jff 0(qq0) | ÆÕÒ'¤-ÏÂÒÁÚ ËÏÎÓÔÁÎÔÉ ÄÁÌÅËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ�Ê Í�Ö ÄÅÊÔÒÏÎÁÍÉ.óÔÁÔÉÞÎ� � ÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉ-Ë�× ÔÉ�Õ KD2PO4 ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ-×ÏÇÏ ËÌÁÓÔÅÒÁ. ðÒÉ ÎÁÑ×ÎÏÓÔ� ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6 � ÅÌÅËÔÒÉÞÎÏÇÏ�ÏÌÑ Ei, ÇÁÍ�ÌØÔÏÎ�ÁÎ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÎÁ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ×ÉÇÌÑÄ:^H iAq4 (6) = (V + Æ6"6) h�q12 �q22 + �q32 �q42 i++ (V � Æ6"6) h�q22 �q32 + �q42 �q12 i+ (2.3)+ U h�q12 �q32 + �q22 �q42 i+��q12 �q22 �q32 �q42 �Xf zif6� �qf2 :�ÕÔ ×ÉËÏÒÉÓÔÁÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑV = �12w1; U = 12w1 � "; � = 4"+ 2w1 � 8w;" = "a � "s; w = "1 � "s; w1 = "0 � "s;ÄÅ "s, "a, "1, "0 | ÅÎÅÒÇ�§ ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê Â�ÌÑ ÔÅÔÒÁÅÄÒ�×PO4. ð�Ä ×�ÌÉ×ÏÍ ÄÅÆÏÒÍÁ��Ê "6 Ä×ÏÞÁÓÔÉÎËÏ×� ËÏÎÆ�ÇÕÒÁ��§ " ÒÏÚ-Ä�ÌÑÀÔØÓÑ ÎÁ Ä×� ÇÒÕ�É Ú ÅÎÅÒÇ�ÑÍÉ "� = " � Æ6"6 [1{3,11℄; ÅÎÅÒÇ�§
ICMP{99{26U 6�ÎÛÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ××ÁÖÁ¤ÍÏ ÎÅÚÍ�ÎÎÉÍÉ.zz6 = zz16 = zz26 = zz36 = zz46 = �[��z6 + 2�F z(6) + �3E3℄;zx16 = �[��x6 + 2�F x1 (6) + �? os E1℄;zx26 = �[��x6 + 2�F x2 (6)� �? sin E1℄;zx36 = �[��x6 + 2�F x3 (6)� �? os E1℄;zx46 = �[��x6 + 2�F x2 (6) + �? sin E1℄; (2.4)zy16 = �[��y6 + 2�F y1 (6) + �? sin E2℄;zy26 = �[��y6 + 2�F y2 (6)� �? os E2℄;zy36 = �[��y6 + 2�F y3 (6)� �? sin E2℄;zy46 = �[��y6 + 2�F y4 (6) + �? os E2℄;�3 � �? { �ÏÚÄÏ×ÖÎÉÊ � �Ï�ÅÒÅÞÎÉÊ ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ�ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ ËÒÉÓÔÁÌÕ, ÓÔ×ÏÒÅÎ� ÚÍ�ÝÅÎÎÑÍÉ ×ÁÖËÉÈ �ÏÎ�×.íÉ ×ÚÑÌÉ ÄÏ Õ×ÁÇÉ, ÝÏ �ÒÉ ÎÁ�ÒÕÚ� �6 � �ÏÌÑÈ Ei ÍÁÀÔØ Í�Ó�Å ÎÁ-ÓÔÕ�Î� Ó��××�ÄÎÏÛÅÎÎÑ:�13 = �23 = �33 = �43 = �3; (2.5)�11 = �1 os ; �21 = ��? sin ; ��22 = �? os ;�31 = ��? os ; �41 = �? sin ; �32 = ��? sin ; �42 = �? os :÷ÉÈÏÄÑÞÉ Ú ÕÍÏ×Éh�qf ii = Spf�qf e�� ^HiAq4 (6)gSpfe�� ^HiAq4 (6)g = Spf�qfe�� ^Hiqf (6)gSpfe�� ^Hiqf (6)g ; (2.6)ÄÅ ÏÄÎÏÞÁÓÔÉÎËÏ×� ÇÁÍ�ÌØÔÏÎ�ÁÎÉ ÄÅÊÔÒÏÎ�× ÍÁÀÔØ ×ÉÇÌÑÄ^H iqf (6) = � �zif6� �qf2 ; �zif6 = ���i6 + zif6; (2.7)ÒÏÚÒÁÈÕ¤ÍÏ ÕÎÁÒÎ� ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÄÅÊÔÒÏÎ�× � ×ÉËÌÀÞÉÍÏ �ÁÒÁ-ÍÅÔÒ �i6. ÷ ÒÅÚÕÌØÔÁÔ� �ÒÉ ÎÁÑ×ÎÏÓÔ� ÄÅÆÏÒÍÁ��§ "6 ÍÁ¤ÍÏ:�(1)z(6) = mz(6)Dz6 ; (2.8)ÄÅ mz(6) = sh 2zz6 + 2b sh zz6 ;Dz6 = h 2zz6 + 4b h zz6 + d+ a6 + a=6; (2.9)



7 ðÒÅ�ÒÉÎÔÁ zz6 = 12 ln 1 + �(1)z(6)1� �(1)z(6) + ��(6)�(1)z(6)� � 6"6 + ��3E32 ; (2.10)a = exp(��"); b = exp(��w); d = exp(��w1); 6 = exp(��Æ6"6);Á ÔÁËÏÖ �(1)�f (6) = m�f (6)D�(6) ; (� = x; y); (2.11)�ÒÉÞÏÍÕm�13 (6) = sh A�1 (6)2 + d sh A�2 (6)2 � a6 sh A�3 (6)2 � a6 sh A�4 (6)2 ++ b �� sh A�5 (6)2 � sh A�6 (6)2 + sh A�7 (6)2 + sh A�8 (6)2 � ;m�24 (6) = sh A�1 (6)2 � d sh A�2 (6)2 � a6 sh A�3 (6)2 � a6 sh A�4 (6)2 ++ b �sh A�5 (6)2 + sh A�6 (6)2 � sh A�7 (6)2 � sh A�8 (6)2 � (2.12)D�(6) = h A�1 (6)2 + d sh A�2 (6)2 + a6 h A�3 (6)2 + a6 h A�4 (6)2 ++ b �h A�5 (6)2 + h A�6 (6)2 + h A�7 (6)2 + h A�8 (6)2 ��ÕÔ ×ÉËÏÒÉÓÔÁÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:A�12 (6) = z�1 (6)�z�2 (6) + z�3 (6)� z�4 (6);A�34 (6) = z�1 (6)� z�2 (6)� z�3 (6)� z�4 (6);A�56 (6) = �z�1 (6) + z�2 (6)� z�3 (6) + z�4 (6);A�78 (6) = z�1 (6)� z�2 (6) + z�3 (6)� z�4 (6);ÄÅ zx16 = 12 ln 1 + �(1)x1 (6)1� �(1)x1 (6) + ��1�(1)x1 (6) + ��3�(1)x3 (6) ++ ��2�(1)x2 (6) + ��2�(1)x4 (6)� � 6"6 + ��? os E12 ;zx36 = 12 ln 1 + �(1)x3 (6)1� �(1)x3 (6) + ��3�(1)x1 (6) + ��1�(1)x3 (6) +
ICMP{99{26U 8+ ��2�(1)x2 (6) + ��2�(1)x4 (6)� � 6"6 � ��? os E12 ;(2.13)zx26 = 12 ln 1 + �(1)x2 (6)1� �(1)x2 (6) + ��2�(1)x1 (6) + ��2�(1)x3 (6) ++ ��1�(1)x2 (6) + ��3�(1)x4 (6)� � 6"6 � ��? sin E12 ;zx46 = 12 ln 1 + �(1)x4 (6)1� �(1)x4 (6) + ��2�(1)x1 (6) + ��2�(1)x3 (6) ++ ��3�(1)x2 (6) + ��1�(1)x4 (6)� � 6"6 + ��? sin E12 ;zy16 = 12 ln 1 + �(1)y1 (6)1� �(1)y1 (6) + ��1�(1)y1 (6) + ��3�(1)y3 (6) ++ ��2�(1)y2 (6) + ��2�(1)y4 (6)� � 6"6 � ��? sin E22 ;zy36 = 12 ln 1 + �(1)y3 (6)1� �(1)y3 (6) + ��3�(1)y1 (6) + ��1�(1)y3 (6) ++ ��2�(1)y2 (6) + ��2�(1)y4 (6)� � 6"6 + ��? sin E22 ; (2.14)zy26 = 12 ln 1 + �(1)y2 (6)1� �(1)y2 (6) + ��2�(1)y1 (6) + ��2�(1)y3 (6) ++ ��1�(1)y2 (6) + ��3�(1)y4 (6)� � 6"6 � ��? os E22 ;zy46 = 12 ln 1 + �(1)y4 (6)1� �(1)y4 (6) + ��2�(1)y1 (6) + ��2�(1)y3 (6) ++ ��3�(1)y2 (6) + ��1�(1)y4 (6)� � 6"6 + ��? os E22 :3. ðÒÕÖÎ�, �'¤ÚÏÅÌÅËÔÒÉÞÎ� � Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ-×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KD2PO4 �ÒÉ �ÒÉ-ËÌÁÄÁÎÎ� ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6÷�ÌÉ× ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6 ÎÁ ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ-�Õ KD2PO4 ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ�ÏÔÅÎ��ÁÌ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÎÕ �ÒÉÍ�ÔÉ×ÎÕ ËÏÍ�ÒËÕ, ÑËÉÊ × ÎÁÂÌÉ-ÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÏÔÒÉÍÁÎÏ × ÎÁÓÔÕ�ÎÏÍÕ ×ÉÇÌÑ-



9 ðÒÅ�ÒÉÎÔÄ�: g1E(6) = �v2E066 "26 � �ve036"6E3 � �v2�"033E23 + 2T ln 2 + (3.1)+ 2�[�(1)z(6)℄2 � 2T ln[1� (�(1)z(6))2℄� 2T lnDz6 � �v�6"6:úÁÕ×ÁÖÉÍÏ, ÝÏ ÕÍÏ×Á ÅËÓÔÒÅÍÕÍÕ g1E�g1E��(1) = 0;Ó��×�ÁÄÁ¤ Ú Ò�×ÎÑÎÎÑÍ (2.8).ú ÕÍÏ× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ Ò�×ÎÏ×ÁÇÉ1�v ��g1E(6)�"6 �E3;�6 = 0; 1�v ��g1E(6)�E3 ��6 = �P3ÏÔÒÉÍÕ¤ÍÏ �6 = E066 "6 � e036E3 + 4 6�v mz(6)Dz6 + 2Æ6�v a6 � a=6Dz6 ; (3.2)P3 = e036"6 + �"033E3 + 2�v mz(6)Dz6 : (3.3)ú (3.3) ÚÎÁÈÏÄÉÍÏ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅE3 = �h036"6 + k"033 �P3 � 2�v mz(6)Dz6 � ; (3.4)ÄÅ h036 = e036=�"033; k"033 = 1=�"033. ð�ÄÓÔÁ×É×ÛÉ ×ÉÒÁÚ (3.4) Õ (3.2),ÏÔÒÉÍÕ¤ÍÏ�6 = P066 "6�h036�P3 � 2�v mz(6)Dz6 �+4 6�v mz(6)Dz6 +2Æ6�v a6 � a=6Dz6 ; (3.5)ÄÅ P066 = E066 + e036h036. ÷ÉÒÁÚÉ (3.4) � (3.5) ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ � Ú ÕÍÏ×1�v ��f(6)�"6 �P3 = �6; 1�v ��f(6)�P3 �"6 = E3;ÄÅ ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ÍÁ¤ ×ÉÇÌÑÄf(6) = g1E(6)� �vP3E3 == �v2P066 "26 � �vh036"6P3 + �v2k033P 23 � �v2k033 �2��v �(1)z(6)�2 + (3.6)+ 2T ln 2 + 2�[�(1)z(6)℄2 � 2T ln[1� (�(1)z(6))2℄� 2T lnDz6 :
ICMP{99{26U 10ú (3.2) � (3.5) ÏÔÒÉÍÕ¤ÍÏ ×ÉÒÁÚÉ ÄÌÑ �ÅÒÅÎÏÒÍÏ×ÁÎÉÈ �ÒÕÖÎÉÈ ÓÔÁ-ÌÉÈ �ÒÉ �ÏÓÔ�ÊÎÏÍÕ �ÏÌ� � �ÏÓÔ�ÊÎ�Ê �ÏÌÑÒÉÚÁ��§:E66 = ���6�"6�E3 = CE066 � 8{6 26�vT (D6 � 2{6'6) + 8�(1)(6){6 6Æ6�vT (D6 � 2{6'6) �� 2(a6 + a=6)Æ26�vTD6 + 2{26Æ26�vTD6 D6 � 2'6(h 2z6 + b h z6)D6(D6 � 2{6'6) ; (3.7)P66 = E66 + e36h36: (3.8)�ÕÔ ×ÉËÏÒÉÓÔÁÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:{6 = h 2z6 + b h z6 � �(1)(6)m(6); {6 = a6 � a6 ;'6 = 11� (�(1)(6))2 + ��;e36 = �� ��6�E3�"6 ; h36 = ���E3�"6 �P3 :õ �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ËÒÉÓÔÁÌÕ �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏ§ ÎÁ�ÒÕ-ÇÉ ÞÉ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ, ËÏÌÉ �(1) = 0, �ÅÒÅÎÏÒÍÏ×ÁÎÁ �ÒÕÖÎÁ ÓÔÁ-ÌÁ ÄÌÑ ÎÅÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ ("6 = 0) Ò�×ÎÁ:E66 = E066 � 8(1 + b) 26�vT [�1+ 2b+ 2a� 2���(1 + b)℄ � 2aÆ26�vT (1 + 4b+ 2a) : (3.9)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ×ÉÒÁÚÉ (3.2) { (3.5) ÔÁ ×�ÄÏÍ� Ó��××�ÄÎÏÛÅÎÎÑÍ�Ö �ÒÕÖÎÉÍÉ, Ä�ÅÌÅËÔÒÉÞÎÉÍÉ � �'¤ÚÏÅÌÅÌËÔÒÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓ-ÔÉËÁÍÉ ËÒÉÓÔÁÌÕ, ÏÔÒÉÍÕ¤ÍÏ:ËÏÅÆ���¤ÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36:e36 = �� ��6�E3�"6 = ��P3�"6 �E3 = e036 � �3v 2T 2{6 6 � �(1)(6){6Æ6D6 � 2{6'6 ;(3.10)Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ �ÒÉ " = onst:�"33 = � �P3�E3�"6 = �033 + �v �2v2 1T 2{6D6 � 2{6'6 ; (3.11)ËÏÎÓÔÁÎÔÕ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ h36:h36 = ���E3�"6 �P3 = ����6�P3�"6 = e36�"33 : (3.12)



11 ðÒÅ�ÒÉÎÔËÏÅÆ���¤ÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§d36 = ��P3��6�E3 = h36P66k"33 � h236 = e36P66 � e36h36 (3.13)�ÏÄÁÔÌÉ×�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎÏÍÕ �ÏÌ�:sE66 = � �"6��6�E3 = k"33P66k"33 � h236 = 1P66 � e36h36 = 1E66 ; (3.14)ËÏÎÓÔÁÎÔÕ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§g36 = ���E3��6 �P3 = e36�E66 + e236�"33 ��"33 = h36E66 + e36h36 = h36P66 ; (3.15)�ÏÄÁÔÌÉ×�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎ�Ê �ÏÌÑÒÉÚÁ��§sP66 = � �"6��6�P3 = 1E66 + e236�"33 = 1P66 : (3.16)Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ �ÒÉ �6 = onst��33 = � �P3�E3��6 = �"33 + e36d36: (3.17)òÏÚÒÁÈÕ¤ÍÏ ÔÅ�ÅÒ �ÒÉ ÎÁÑ×ÎÏÓÔ� ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6 �Ï�ÅÒÅÞ-ÎÕ Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÔÉ�Õ KD2PO4 , ÑËÕ ×ÉÚÎÁÞÉÍÏ ÎÁ-ÓÔÕ�ÎÉÍ ÞÉÎÏÍ:�"611 = �? os v  ��(1)x1 (6)�E1 � ��(1)x3 (6)�E1 !++ �? sin v  ���(1)x2 (6)�E1 + ��(1)x4 (6)�E1 ! : (3.18)îÁ ÏÓÎÏ×� Ó��××�ÄÎÏÛÅÎØ (2.11){(2.14) ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�ÎÕ ÓÉÓÔÅÍÕÒ�×ÎÑÎØ��? os {a6 + ��? sin {6 = �{6'a6  ���(1)x2 (6)�E1 + ��(1)x4 (6)�E1 !++(D6 � {a6'a6) ��(1)x1 (6)�E1 � ��(1)x3 (6)�E1 ! ;
ICMP{99{26U 12��? os {6 + ��? sin {a6 = �{6'a6  ��(1)x1 (6)�E1 � ��(1)x3 (6)�E1 !++ (D6 � {a6'a6) ���(1)x2 (6)�E1 + ��(1)x4 (6)�E1 ! ;ÄÅ ×ÉËÏÒÉÓÔÁÎ� ÎÁÓÔÕ�Î� �ÏÚÎÁÞÅÎÎÑ:{a6 = a6 + a6 + 2b h z6; 'a6 = 11� (�(1)(6))2 + �(�1 � �3): (3.19)÷ ÒÅÚÕÌØÔÁÔ��"611 = �v�2?v2 1T (D6 � 'a6{a6 ){a6 � 'a6{26(D6 � 'a6{a6 )2 � ('a6{6)2 +� �v�2?v2 1T D{6(D6 � 'a6{a6 )2 � ('a6{6)2 sin 2: (3.20)4. ÷�ÌÉ× ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6 ÎÁ ÔÅ�ÌÏ×� ×ÌÁÓÔÉ-×ÏÓÔ� ËÒÉÓÔÁÌ�× ÔÉ�Õ KD2PO4íÏÌÑÒÎÁ ÅÎÔÒÏ��Ñ ËÒÉÓÔÁÌ�× ÔÉ�Õ ÔÉ�Õ KD2PO4, ÝÏ ÏÂÕÍÏ×ÌÅÎÁÄÅÊÔÒÏÎÎÏÀ ��ÄÓÉÓÔÅÍÏÀ �ÒÉ �ÒÉËÌÁÄÁÎÎ� ÍÅÈÁÎ�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6,ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄS6 = �R��f6�T �P3;"6 = Rn2 ln 2 + 2 ln[1� (�(1)(6))2℄ + 2 lnD6++ 4T'T6 �(1)(6) + 2M6D6 � ; (4.1)ÄÅ R { ÕÎ�×ÅÒÓÁÌØÎÁ ÇÁÚÏ×Á �ÏÓÔ�ÊÎÁ,'T6 = � 1T 2 (���(1)(6)�  6"6); (4.2)M6 = 4bwT h z6 + dw1T +�a6 + a6� "T +�a6 � a6� Æ6"6T :íÏÌÑÒÎÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ËÒÉÓÔÁÌÕ ÔÉ�Õ KD2PO4, ÏÂÕÍÏ×ÌÅÎÕ ÊÏÇÏÄÅÊÔÒÏÎÎÏÀ ��ÄÓÉÓÔÅÍÏÀ, �ÒÉ �ÏÓÔ�ÊÎ�Ê ÎÁ�ÒÕÚ� ÏÂÞÉÓÌÉÍÏ ÂÅÚ�ÏÓÅ-ÒÅÄÎØÏ ÄÉÆÅÒÅÎ��ÀÀÞÉ ÅÎÔÒÏ��À�C�6 = T ��S�T �� = �C"6 + qP6 �6; (4.3)



13 ðÒÅ�ÒÉÎÔÄÅ �C"6 { ÍÏÌÑÒÎÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎ�Ê ÄÅÆÏÒÍÁ��§�C"6 = qP;"6 + q"6p�6 : (4.4)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ó��××�ÄÎÏÛÅÎÎÑ (4.1), ÏÔÒÉÍÕ¤ÍÏqP;"6 =��S6�T �P3;"6 = (4.5)= 2RD6 �2T'T6 [2{6T'T6 + 2(q6 � �(1)(6)M6)℄ +N6 � M26D6 � ;q"6 = ��S6�P3�"6;T = v�3 2RTD6 '6f2{6T'T6 + [q6 � �(1)(6)M6℄g{ ÔÅ�ÌÏÔÁ �ÏÌÑÒÉÚÁ��§ �ÒÉ ÚÁÄÁÎÏÍÕ "6,qP6 = ��S6�"6 �P3;T = 2RD6 �2T'T6 (�2{6 6 + �(1)(6){6Æ6) + {6M6D6 Æ6��2[q6 � �(1)(6)M6℄ 6 � �Æ6 �a6("+ Æ6"6)� a6 ("� Æ6"6)��{ ÔÅ�ÌÏÔÁ ÄÅÆÏÒÍÁ��§ �ÒÉ ÚÁÄÁÎÏÍÕ P3, ÄÅN6 = 1T 2 �4bw2 h z6 + dw21 + a6("+ Æ6"6)2 + a6 ("� Æ6"6)2� ;q6 = 1T 2bw sh z6:÷ (4.3) � (4.4) p�6 = (�P3=�T )�;E3 { ��ÒÏÅÌÅËÔÒÉÞÎÉÊ ËÏÅÆ���¤ÎÔ, Á�6 = (�"6=�T )� { ËÏÅÆ���¤ÎÔ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ, Áp�6 = p"6 + e36�6; (4.6)ÄÅ p"6 = �3v 2T 2{6T'T6 + [q6 � �(1)(6)M6℄D6 � 2{6'6 ; (4.7)Á ËÏÅÆ���¤ÎÔ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ�6 = �p6 + h36p"6E66 ; (4.8)ÄÅ p6 = ���6�T �p3;"6 = qp6 { ÔÅÒÍ�ÞÎÉÊ ÔÉÓË.

ICMP{99{26U 145. ðÏÒ�×ÎÑÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ïÂÇÏ×ÏÒÅÎÎÑ ÏÔ-ÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�×ðÅÒÛ, Î�Ö �ÅÒÅÊÔÉ ÄÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÎÁ ÏÓÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ × �Ï�Å-ÒÅÄÎ�È ÒÏÚÄ�ÌÁÈ ÔÅÏÒ�§ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, ×�ÄÚÎÁÞÉÍÏ, ÝÏ �ÑÔÅÏÒ�Ñ, ÓÔÒÏÇÏ ËÁÖÕÞÉ, Ó�ÒÁ×ÅÄÌÉ×Á ÌÉÛÅ ÄÌÑ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓ-ÔÁÌ�× Ó�Í'§ KH2PO4. ÷ ÔÏÊ ÖÅ ÞÁÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÓÔÏÓÕÀ-ÔØÓÑ × ÏÓÎÏ×ÎÏÍÕ ÞÉÓÔÉÈ ËÒÉÓÔÁÌ�× KH2PO4 � ÞÁÓÔËÏ×Ï ÄÅÊÔÅÒÏ×Á-ÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ K(H1�xDx)2PO4 (ÄÉ×. [12{17℄). ÷ÓÔÁÎÏ×ÌÅÎÉÊ ÎÁÅËÓ�ÅÒÉÍÅÎÔ� ÒÅÌÁËÓÁ��ÊÎÉÊ ÈÁÒÁËÔÅÒ ÄÉÓ�ÅÒÓ�§ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁÄ�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� × �ØÏÇÏ ÔÉ�Õ ËÒÉÓÔÁÌÁÈ �Ï×'ÑÚÁÎÉÊ ÓËÏ-Ò�ÛÅ ×ÓØÏÇÏ Ú ÓÕÔÔ¤×ÉÍ �ÏÄÁ×ÌÅÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ ËÏÒÏÔËÏÓÑÖÎÉ-ÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ [18,19℄. îÁÄÁÌ� ÂÕÄÅÍÏ ××ÁÖÁÔÉ, ÝÏ �ÒÉÎÁÊÍ� Õ ×É-�ÁÄËÕ ×ÉÓÏËÉÈ ÓÔÕ�ÅÎ�× ÄÅÊÔÅÒÕ×ÁÎÎÑ x ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ × �Ï�ÅÒÅÄ-Î�È ÒÏÚÄ�ÌÁÈ ÔÅÏÒ�Ñ Ú ÅÆÅËÔÉ×ÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ "(x), !(x), �(x),�3(x),  6(x), Æ6(x), E066 (x), "036(x) � �"033(x) Ó�ÒÁ×ÅÄÌÉ×Á � ÄÌÑ ËÒÉÓÔÁÌ�×K(H1�xDx)2PO4. âÕÄÅÍÏ ÄÁÌ� �ÒÉ�ÕÓËÁÔÉ, ÝÏ ÄÌÑ K(H1�xDx)2PO4×�Ä�Ï×�ÄÁÀÔØ �ÁÒÁÍÅÔÒÉ [20,21℄"(x) = "H(1� x) + "Dx; w(x) = wH(1� x) + wDx: (5.1)�ÕÔ �ÁÒÁÍÅÔÒÉ "H , wH � "D, wD { �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ ÄÌÑ ËÒÉÓÔÁÌ�×ÔÉ�Õ KH2PO4 � KD2PO4, ×�Ä�Ï×�ÄÎÏ. ÷ ÒÏÂÏÔÁÈ [20,21℄ÛÌÑÈÏÍ �ÏÒ�×-ÎÑÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÌÑ ÎÅÄÅÆÏÒ-ÍÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ K(H1�xDx)2PO4 ÂÕÌÏ ÚÎÁÊÄÅÎÏ Ï�ÔÉÍÁÌØÎ�ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�×, ÑË� ÚÁÂÅÚ�ÅÞÕÀÔØ ÄÏÂÒÕ ÚÇÏÄÕÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÌÑ §È ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÉÈ � ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.÷ ÑËÏÓÔ� Í�ËÒÏ�ÁÒÁÍÅÔÒ�× Õ ×É�ÁÄËÕ x = 0:89 ×ÉÂÒÁÎ� Ô�, ÝÏ �ÒÉ�6 = 0 ÂÕÌÉ ÚÎÁÊÄÅÎ� × [20,21℄, � ÑË� ÚÁÂÅÚ�ÅÞÕÀÔØ ÚÁÄÏ×�ÌØÎÅ ÕÚÇÏ-ÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÒÏÚÒÁÈÏ×ÁÎÉÈ ÚÎÁÞÅÎØ Ó�ÏÎ-ÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§, ÔÅ�ÌÏ¤ÍÎÏÓÔ�, ÓÔÁÔÉÞÎÉÈ � ÄÉÎÁÍ�ÞÎÉÈ Ä�ÅÌÅËÔ-ÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ �ÒÉ ÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ. ïÔÖÅ, " = 88.3 K, w= 788 K, w1 =1, �3 = 3:5 � 10�18 óçSEq�ÓÍ.äÌÑ ×ÉÚÎÁÞÅÎÎÑ ÄÅÆÏÒÍÁ��ÊÎÉÈ �ÏÔÅÎ��ÁÌ�× � \ÚÁÔÒÁ×ÏÞÎÉÈ" ×Å-ÌÉÞÉÎ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÒÏÂ�Ô [16,17℄, ÄÅ ÎÁ×ÅÄÅÎ�ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� �ÒÉ �6 = 0 ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ÄÅÆÏÒÍÁ��§ d36, Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �33 � �ÏÄÁÔÌÉ×ÏÓÔ�sE66. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö Ä�ÅÌÅËÔÒÉÞÎÉÍÉ, �ÒÕÖÎÉ-ÍÉ ÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ ËÒÉÓÔÁÌÕ, ÚÁ ÚÎÁÞÅÎÎÑ-ÍÉ ×ÅÌÉÞÉÎ d36, ��33 � sE66 ÍÏÖÎÁ ÒÏÚÒÁÈÕ×ÁÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎ� ÓÔÁ-Ì� e36, h36, g36, �ÒÕÖÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ P66, E66, sP66 � Ä�ÅÌÅËÔÒÉÞÎÕ



15 ðÒÅ�ÒÉÎÔÓ�ÒÉÊÎÑÔÌÉ×�ÓÔØ �"33. áÎÁÌÏÇ�ÞÎ� ÒÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎ� � ÄÌÑ ×É�ÁÄ-ËÕ x = 0 ÎÁ ÏÓÎÏ×� ÄÁÎÉÈ ÒÏÂ�Ô [13{15℄. ÷�ÄÍ�ÔÉÍÏ, ÝÏ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎ� ÚÎÁÞÅÎÎÑ d36 � E66 �ÉÈ ÒÏÂ�Ô ÎÅ ËÏÒÅÌÀÀÔØ Ú ÒÅÚÕÌØÔÁÔÁÍÉÒÏÂÏÔÉ [12℄.ïÓË�ÌØËÉ ×ÅÌÉÞÉÎÁ ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36 �ÒÉT > TC � �6 = 0 ×ÉÚÎÁÞÁ¤ÔØÓÑ ÄÅÆÏÒÍÁ��ÊÎÉÍ �ÏÔÅÎ��ÁÌÏÍ  6 � ×ÚÁ-¤ÍÏÄ�¤À �, � �� Ö ×ÅÌÉÞÉÎÉ ×ÈÏÄÑÔØ Õ �ÒÕÖÎÕ ÆÕÎË��À ç�ÂÂÓÁ (3.1),ÔÏ §È ÍÉ ×ÉÚÎÁÞÁÌÉ Ú ÕÍÏ×É, ÝÏÂ ÔÅÍ�ÅÒÁÔÕÒÁ �ÅÒÅÈÏÄÕ ÂÕÌÁ Ò�×ÎÁTC = 210:8 K � ÝÏÂ �ÒÉ ��Ê ÔÅÍ�ÅÒÁÔÕÒ� Ó��×�ÁÄÁÌÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-Î� � ÔÅÏÒÅÔÉÞÎ� ÚÎÁÞÅÎÎÑ e36. ÷ �Ï�ÅÒÅÄÎ�Ê ÒÏÂÏÔ� [11℄ ÂÕÌÏ �ÏËÁÚÁÎÏ,ÝÏ ÚÁÄÏ×�ÌØÎÉÊ Ï�ÉÓ e36, sE66 � ��33 ÏÔÒÉÍÕ¤ÔØÓÑ, ÑËÝÏ Í�Ö  6 ÔÁ �Á-ÒÁÍÅÔÒÏÍ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È ÔÁ ÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ��Ê Æs6×ÉËÏÎÕ¤ÔØÓÑ ÔÁËÅ Ó��××�ÄÎÏÛÅÎÎÑÆs6 = 325 + 2 6 exp(� wTC0 ) (5.2)÷ ÎÁÛÏÍÕ ×É�ÁÄËÕ Æs6 = 06 ÔÏÍÕ  6 = �162:5 K �, ×�Ä�Ï×�ÄÎÏ, � =35:976 K. ÷�ÚÎÁÞÉÍÏ, ÝÏ �ÒÉÊÎÑÔÅ × ��Ê ÒÏÂÏÔ� ÚÎÁÞÅÎÎÑ � ÚÎÁÞÎÏÍÅÎÛÅ, Î�Ö × ÔÅÏÒ�ÑÈ, ÄÅ ÎÅ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ Ó�ÏÎÔÁÎÎÏ§ ÄÅÆÏÒÍÁ��§.\úÁÔÒÁ×ÏÞÎÁ" �ÒÕÖÎÁ ÓÔÁÌÁ 0E66 � ÄÅÆÏÒÍÁ��ÊÎÉÊ �ÏÔÅÎ��ÁÌ Æ6×ÉÂÉÒÁÌÉÓØ ÔÁËÉÍÉ, ÝÏÂ �ÒÉ �6 = 0 ÂÕÌÉ Ò�×ÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÅ� ÔÅÏÒÅÔÉÞÎÅ ÚÎÁÞÅÎÎÑ E66 �ÒÉ T = 293 K � ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä ËÒÉ×Ï§E66 ×�Ä�Ï×�ÄÁ× ÂÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÍÕ. ïÔÒÉÍÁÎÏ, ÝÏ Æ6 = 1750 K �0E66 = 7:0�1010 ÄÎ/ÓÍ2. \úÁÔÒÁ×ÏÞÎ�" e036 � �"033 ×�Ä�Ï×�ÄÁÀÔØ ÚÎÁÞÅÎÎÑÍe36 � �"33 �ÒÉ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ: e036 = 0:42 � 104 óçóåq/ÓÍ2 ��"033 = 0:4.äÌÑ ×ÉÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ �(1) � ÄÅÆÏÒÍÁ��Ê "6 ÍÉ Í�-Î�Í�ÚÕ×ÁÌÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ g1(6) �ÒÉ E3 = 0 ÚÁ �ÁÒÁÍÅÔ-ÒÏÍ �ÏÒÑÄËÕ �(1) � ÚÎÁÈÏÄÉÌÉ ÄÅÆÏÒÍÁ��À "6 Ú Ò�×ÎÑÎÎÑ (3.2).÷�ÄÚÎÁÞÉÍÏ, ÝÏ ÈÁÒÁËÔÅÒ ÚÁÌÅÖÎÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��-ÁÌÕ g1E ×�Ä �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ �(1), �ÒÏ�ÌÀÓÔÒÏ×ÁÎÉÊ ÎÁ ÒÉÓ. 2, ×É-ÚÎÁÞÁ¤ÔØÓÑ ÎÅ ÎÁÑ×Î�ÓÔÀ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ-¤ÍÏÄ�Ê, Á ÁÓÉÍÅÔÒ�¤À ÚÁÌÅÖÎÏÓÔ� g1E("6) (�, ÑË ÎÁÓÌ�ÄÏË, g1E(�(1))).�ÏÍÕ, �� ÚÁÌÅÖÎÏÓÔ� × ÍÏÄÅÌ� ÒÏÂÏÔÉ [11℄ � × ÄÁÎ�Ê ÍÏÄÅÌ� ¤ �ÄÅÎÔÉÞ-ÎÉÍÉ. ðÏ×ÅÄ�ÎËÁ g1E �ÒÉ ÎÕÌØÏ×�Ê ÎÁ�ÒÕÚ� �6 ¤ ÈÁÒÁËÔÅÒÎÏÀ ÄÌÑ ÆÁ-ÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ I ÒÏÄÕ: ÎÉÖÞÅ ÔÏÞËÉ �ÅÒÅÈÏÄÕ g1E ÍÁ¤ ÔÒÉ Í�Î�ÍÕÍÉ{ ÏÄÉÎ �ÒÉ �(1) = 0 � Ä×Á �ÒÉ ��(1) 6= 0. ïÓÔÁÎÎ� Ä×Á ÍÁÀÔØ ÏÄÎÁËÏ×ÕÇÌÉÂÉÎÕ � ¤ ÎÉÖÞÉÍÉ, Î�Ö �ÒÉ �(1) = 0. ðÒÉ T = TC ×Ó� Í�Î�ÍÕÍÉ¤ ÏÄÎÁËÏ×Ï§ ÇÌÉÂÉÎÉ (ÕÍÏ×Á ÎÁ ÔÅÍ�ÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ), Á�ÒÉ T > TC �ÅÎÔÒÁÌØÎÉÊ Í�Î�ÍÕÍ ÓÔÁ¤ ÎÁÊÇÌÉÂÛÉÍ. ðÒÉ ÄÏÓÔÁÔÎØÏ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ Í�Î�ÍÕÍÉ g1E �ÒÉ �(1) 6= 0 ÚÎÉËÁÀÔØ ×ÚÁÇÁÌ�.
ICMP{99{26U 16ðÒÉ ÎÁÑ×ÎÏÓÔ� ÎÁ�ÒÕÇÉ �6 ÚÁÌÅÖÎ�ÓÔØ g1E(�(1)) ÓÔÁ¤ ÁÓÉÍÅÔÒÉÞ-ÎÏÀ, ÍÅÎÛ� ÚÎÁÞÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ¤ �ÒÉ ÔÉÈ ÚÎÁ-ÞÅÎÎÑÈ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ, ÚÎÁË ÑËÉÈ Ó��×�ÁÄÁ¤ �Ú ÚÎÁËÏÍ ÎÁ�ÒÕÇÉ.ëÒÉ×� g1E(�(1)) �ÒÉ ÎÁ�ÒÕÇÁÈ �ÒÏÔÉÌÅÖÎÏÇÏ ÚÎÁËÕ � ÏÄÎÁËÏ×Ï§ ÁÂÓÏ-ÌÀÔÎÏ§ ×ÅÌÉÞÉÎÉ ¤ ÄÚÅÒËÁÌØÎÏ ÓÉÍÅÔÒÉÞÎÉÍÉ.�ÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ, �ÒÉ ÑË�Ê �ÅÒÅÔÉ-ÎÁÀÔØÓÑ Ç�ÌËÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, ÚÒÏÓÔÁ¤ Ú ÒÏÓÔÏÍ ÎÁ-�ÒÕÇÉ �6, �ÒÉÞÏÍÕ ÚÎÁÞÅÎÎÑ �(1) �ÒÉ T = TC + 0 ÚÒÏÓÔÁ¤, Á �ÒÉT = TC � 0 ÚÍÅÎÛÕ¤ÔØÓÑ. úÍÅÎÛÅÎÎÑ ×ÅÌÉÞÉÎÉ ÓÔÒÉÂËÁ �ÁÒÁÍÅÔ-ÒÁ �ÏÒÑÄËÕ Æ�(1) ÏÚÎÁÞÁ¤ �ÏÓÌÁÂÌÅÎÎÑ �ÅÒÛÏÒ�ÄÎÏÓÔ� ÆÁÚÏ×ÏÇÏ �Å-ÒÅÈÏÄÕ � ÎÁÂÌÉÖÅÎÎÑ ÊÏÇÏ ÄÏ ÄÒÕÇÏÇÏ ÒÏÄÕ. ðÒÉ ÄÅÑË�Ê ÎÁ�ÒÕÚ� ��6Æ�(1) ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ { ÍÁ¤ Í�Ó�Å ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÄÒÕÇÏÇÏ ÒÏÄÕ(�ÒÉ ÔÅÍ�ÅÒÁÔÕÒ� T �). ðÏÄÁÌØÛÅ ��Ä×ÉÝÅÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØ ÄÏÒÏÚÍÉ×ÁÎÎÑ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ � �ÌÁ×ÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ��ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ. �ÁËÁ �Ï×ÅÄ�ÎËÁ ÈÁÒÁËÔÅÒÎÁ ÄÌÑ ÆÁÚÏ×ÏÇÏ �ÅÒÅ-ÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ, ÑË� ÚÎÁÈÏÄÑÔØÓÑ Õ ÚÏ×Î�Û-ÎØÏÍÕ ÅÌÅËÔÒÉÞÎÏÍÕ �ÏÌ�, ÎÁ�ÒÑÍÏË ÑËÏÇÏ Ó��×�ÁÄÁ¤ Ú ÎÁ�ÒÑÍËÏÍÓ�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ [22℄ � ¤ ÁÂÓÏÌÀÔÎÏ ÁÎÁÌÏÇ�ÞÎÏÀ ÄÏ ÎÁ×ÅÄÅÎÏ§× [11℄ ÄÌÑ KD2PO4 × ÍÏÄÅÌ� Ú ÒÏÚÝÅ�ÌÅÎÎÑÍ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È/ÎÉÖÎ�ÈËÏÎÆ�ÇÕÒÁ��Ê.÷�Ä�Ï×�ÄÎÁ TC��6 ÆÁÚÏ×Á Ä�ÁÇÒÁÍÁ ÎÁ×ÅÄÅÎÁ ÎÁ ÒÉÓ.3. ñË ×ÉÄÎÏ,Ä�ÁÇÒÁÍÁ ¤ ÓÉÍÅÔÒÉÞÎÏÀ ×�ÄÎÏÓÎÏ ÚÁÍ�ÎÉ �6 ! ��6. úÒÏÓÔÁÎÎÑ ÔÅÍ-�ÅÒÁÔÕÒÉ �ÅÒÅÈÏÄÕ × ËÒÉÓÔÁÌ� KD2PO4 Ú ÎÁ�ÒÕÇÏÀ �6 ¤ �ÒÁËÔÉÞÎÏÌ�Î�ÊÎÉÍ Ú� Û×ÉÄË�ÓÔÀ �TC=�j�6j = 13:6 K/kbar. ÷ËÁÚÁÎÏ ÔÅÍ�ÅÒÁÔÕ-ÒÉ: TC0 = 210:84 K { ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ�ÒÉ �6 = 0; T � = 212:6 K { ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÄÒÕÇÏÇÏÒÏÄÕ �ÒÉ ËÒÉÔÉÞÎÏÍÕ ÔÉÓËÕ ��6 = :5 bar; T0 = 210:5 K { ÔÅÍ�ÅÒÁÔÕÒÁëÀÒ� ×�ÌØÎÏÇÏ ËÒÉÓÔÁÌÕ �6 = 0, �ÒÉ ÑË�Ê ÒÏÚÂ�ÇÁÀÔØÓÑ �ÏÄÁÔÌÉ×�ÓÔØsE66 � �ÏÚÄÏ×ÖÎÁ ÓÔÁÔÉÞÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ "�33. ÷�ÄÚÎÁÞÉ-ÍÏ, ÝÏ �ÁÒÁÍÅÔÒÉ ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ, ÎÁ×ÅÄÅÎÏ§ × �Ï�ÅÒÅÄÎ�Ê ÒÏÂÏÔ�[11℄ ÄÕÖÅ ÓÌÁÂÏ ÚÁÌÅÖÁÔØ ×�Ä ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ËÏÒÏÔËÏÓÑÖÎÉÈ×ÚÁ¤ÍÏÄ�Ê � ÔÏÍÕ �ÒÁËÔÉÞÎÏ Ó��×�ÁÄÁÀÔØ Ú �ÁÒÁÍÅÔÒÁÍÉ Ä�ÁÇÒÁÍÉÒÉÓ.3.äÌÑ �ÏÒ�×ÎÑÎÎÑ, �ÒÏÁÎÁÌ�ÚÕ¤ÍÏ ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ TC � �6, ×ÉËÏ-ÒÉÓÔÏ×ÕÀÞÉ ÒÏÚËÌÁÄÉ ìÁÎÄÁÕ. òÏÚËÌÁÄ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��Á-ÌÁ G ÚÁ �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ � = h�qf i � ÄÅÆÏÒÍÁ��¤À "6 ÍÁ¤ ×ÉÇÌÑÄG = G0 + 12 �a1�2 + a2�"6 + a3"26�+ 14 �b1�4 + b2�3"6 + b3�2"26�++ 16 �1�6 + 2�5"6 + 3�4"26�� 2�v E� � �v�6"6; (5.3)ÄÅ, ÎÁ�ÒÉËÌÁÄ, ÑËÝÏ ×ÉËÏÒÉÓÔÁÔÉ ×ÉÒÁÚ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �Ï-



17 ðÒÅ�ÒÉÎÔÔÅÎ��ÁÌÕ, ÏÔÒÉÍÁÎÉÊ × ÒÏÚÄ�Ì� II × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ ÄÌÑ ÍÏÄÅÌ�, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑa1 = 4T'6(1� 2{6'6Dz6 ); a2 = 8{' 6Dz6 ; a3 = �vE066 � 8(1 + b) 26 + 2aÆ26Dz6T(×Ó� ×ÅÌÉÞÉÎÉ ÔÕÔ ×ÚÑÔÏ �ÒÉ � = "6 = 0).¶ÓÔÉÎÎÉÍ (\relevant") �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ, ÚÁ ÑËÉÍ ×�ÄÂÕ×Á¤ÔØÓÑÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ¤ ÄÅÑËÁ Ì�Î�ÊÎÁ ËÏÍÂ�ÎÁ��Ñ � � "6.ýÏÂ §§ ×ÉÚÎÁÞÉÔÉ,ÚÄ�ÊÓÎÉÍÏ Ì�Î�ÊÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ (�; "6)! (�; �)� = � os�+� sin�; "6 = �� sin�+� os�; � = artg a2a1 + a3 ; (5.4)ÑËÅ Ä�ÁÇÏÎÁÌ�ÚÕ¤ Ë×ÁÄÒÁÔÉÞÎÕ ÆÏÒÍÕ ÚÁ (�; "6) Õ ÒÏÚËÌÁÄ� (5.3):a1�2 + a2�"6 + a3"26 = �2�a1 + a32 � 12q(a1 � a3)2 + a22�++ �2 �a1 + a32 + 12q(a1 � a3)2 + a22� : (5.5)óÅÒÅÄ � � � �ÓÔÉÎÎÉÍ �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ ¤ ÔÏÊ, ËÏÅÆ���¤ÎÔ �ÒÉ Ë×ÁÄ-ÒÁÔ� ÑËÏÇÏ ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ × ÔÏÞ�� ëÀÒ�. ïÓË�ÌØËÉ a3 � ja1j > 0,ÔÏ ÔÁËÉÍ �ÁÒÁÍÅÔÒÏÍ ¤ �. ðÏÄÁÌØÛÉÊ ÁÎÁÌ�Ú ÂÕÄÅÍÏ �ÒÏ×ÏÄÉÔÉ ÎÁÏÓÎÏ×� Ô�¤§ ÞÁÓÔÉÎÉ ÒÏÚËÌÁÄÕ (5.3), ÝÏ Í�ÓÔÉÔØ ÌÉÛÅ ÓÔÅ�ÅÎ� �:G = G0 + ~a2 �2 + ~b4�4 + ~6�6 � ~E� +G0(�; �); (5.6)ÄÅ ~a = a1 + a22 � 12q(a1 � a2)2 + a22;~b = b14  1� a1 � a3p(a1 � a2)2 + a22!2 + 3b32 a22(a1 � a2)2 + a22 �� 2b2 1� a1 � a3p(a1 � a2)2 + a22! a2p(a1 � a2)2 + a22 ;~ = 14  1� a1 � a3p(a1 � a2)2 + a22!2 "12  1� a1 � a3p(a1 � a2)2 + a22!++ 32 a2p(a1 � a2)2 + a22 + 1532  1 + a1 � a3p(a1 � a2)2 + a22!# ;~E = � Ep2s1� a1 � a3p(a1 � a2)2 + a22 + �v �6p2s1 + a1 � a3p(a1 � a2)2 + a22 :
ICMP{99{26U 18ú ÕÍÏ×É ~a = 0 �ÒÉ ~E = 0 ×ÉÚÎÁÞÁ¤ÍÏ ÔÅÍ�ÅÒÁÔÕÒÕ ëÀÒ� ×�ÌØÎÏÇÏËÒÉÓÔÁÌÕ 4a1(T0)a3(T0) = a22(T0):íÏÖÎÁ �ÏËÁÚÁÔÉ, ÝÏ ÒÏÚÒÁÈÏ×ÁÎÅ ÚÁ �ÉÍ Ò�×ÎÑÎÎÑÍ T0 Ó��×�ÁÄÁ¤ ÚÔÏÞÎÉÍ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ, �ÒÉ ÑË�Ê ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ �ÒÕÖÎÁÓÔÁÌÁ E66, ÚÎÁÊÄÅÎÁ ÚÁ (3.9).÷ ÏËÏÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÉ ~E = 0, ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ G(�) ÍÁ¤ ÔÒÉ Í�Î�ÍÕÍÉ �21;3 = (�~b�p~b2 � 4~a~)=2~ ��2 = 0, ÇÌÉÂÉÎÉ ÑËÉÈ ÚÒ�×ÎÀÀÔØÓÑ × ÔÏÞ�� �ÅÒÅÈÏÄÕ. ïÔÖÅ, ÔÅÍ�ÅÒÁ-ÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ TC0 �ÒÉ ~E = 0 ×ÉÚÎÁÞÁ¤ÔØÓÑÚ ÕÍÏ× �G�� = 0; G(�1;3) = G(0);ÝÏ ÅË×�×ÁÌÅÎÔÎÏ 3~b2 = 16~a~;Á, ÏÓË�ÌØËÉ ÔÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ~a ¤ �ÒÁËÔÉÞÎÏ Ì�Î�ÊÎÏÀ~a = ~a0(T � T0);ÔÏ TC0 = T0 + 3~b216~~a0 :�ÏÞËÉ ÅËÓÔÒÅÍÕÍÕ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÁ G(�) �ÒÉ ~E 6= 0×ÉÚÎÁÞÁÀÔØÓÑ Ò�×ÎÑÎÎÑÍ~E = ~a� +~b�3 + ~�5:ú �'ÑÔÉ ÒÏÚ×'ÑÚË�× �ØÏÇÏ Ò�×ÎÑÎÎÑ, Ä×Á ×�Ä�Ï×�ÄÁÀÔØ ÍÁËÓÉÍÕÍÁÍ, ÁÔÒÉ { �1 < 0, �2 ' 0, � �3 > 0 { Í�Î�ÍÕÍÁÍ G(�). ú ÕÍÏ×ÉG(�2) = G(�3)× Ì�Î�ÊÎÏÍÕ �Ï ~E ÎÁÂÌÉÖÅÎÎ� ÚÎÁÈÏÄÉÍÏ ÚÁÌÅÖÎ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ ×�Ä �ÏÌÑ ~E (ËÒÉ×Õ Ò�×ÎÏ×ÁÇÉ ÆÁÚ)~E = �7~a0~b12~ 1�0 (TC � TC0)(ÄÅ �0 = �q 4~�3~b , ÚÎÁËÉ �0 � �ÏÌÑ E Ó��×�ÁÄÁÀÔØ) ÁÂÏ, ÑËÝÏ E3 = 0TC = TC0 + �6�v 2664 12~�7~a0~bvuuut�3~b4~ 21 + a1 � a3p(a1 � a2)2 + a22 3775 :



19 ðÒÅ�ÒÉÎÔ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÕÍÏ×É ÄÌÑ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ {Ò�×ÎÑÎÎÑ ÓÔÁÎÕ � ÕÍÏ×É Ò�×ÎÏ×ÁÇÉ��G�� � ~E = 0; � ~E�� = 0; �2 ~E��2 = 0;ÏÔÒÉÍÕ¤ÍÏ ÚÎÁÞÅÎÎÑ �ÏÌÑ ~E × ËÒÉÔÉÞÎ�Ê ÔÏÞ��~E� = 815~as�3~b10~� Ò�×ÎÑÎÎÑ ÄÌÑ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ9~b2 = 20~a~;Ú ÑËÏÇÏ �ÒÉ ~a = ~a0(T � T0) ×É�ÌÉ×Á¤, ÝÏT � = TC0 + 75 3~b216~~a0 ; T � � TC0 = 75(TC0 � T0):úÁÕ×ÁÖÉÍÏ, ÝÏ ÄÌÑ ÔÏÇÏ, ÝÏÂ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ Ó�ÏÓÔÅÒ�ÇÁÔÉ ÚÁ-ÌÅÖÎ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ×�Ä ÎÁ�ÒÕÇÉ �6, ÎÅÏÂÈ�Ä-ÎÏ �ÒÉËÌÁÄÁÔÉ ÚÏ×Î�ÛÎÀ ÎÁ�ÒÕÇÕ ÄÏ �ÁÒÁÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÕ �ÏÈÏÌÏÄÖÕ×ÁÔÉ ÊÏÇÏ ÎÉÖÞÅ ÔÏÞËÉ �ÅÒÅÈÏÄÕ. úÁ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�Û-Î�È �ÏÌ�× ÞÉ ÎÁ�ÒÕÇ, × ËÒÉÓÔÁÌ� �ÒÉ ÊÏÇÏ �ÅÒÅÈÏÄ� Õ ×�ÏÒÑÄËÏ×ÁÎÕÆÁÚÕ Ú Ò�×ÎÏÀ ÊÍÏ×�ÒÎ�ÓÔÀ ÍÏÖÅ ×ÉÎÉËÎÕÔÉ ÄÏÄÁÔÎÑ ÁÂÏ ×�Ä'¤ÍÎÁÓ�ÏÎÔÁÎÎÁ ÄÅÆÏÒÍÁ��Ñ. ïÄÎÁË, ÏÓË�ÌØËÉ �ÒÉ ÎÁÑ×ÎÏÓÔ� ÎÁ�ÒÕÇÉ �6Í�Î�ÍÕÍ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÒÉ �(1) ÔÏÇÏ Ö ÚÎÁËÕ, ÝÏ ��6, ¤ ÇÌÉÂÛÉÍ, Î�Ö �ÒÏÔÉÌÅÖÎÉÊ, ÚÎÁË ÄÅÆÏÒÍÁ��§ ÎÉÖÞÅ ÔÏÞËÉ �Å-ÒÅÈÏÄÕ ÂÕÄÅ Ó��×�ÁÄÁÔÉ Ú� ÚÎÁËÏÍ ÎÁ�ÒÕÇÉ (�ÏÄ�ÂÎÏ, ÑË ÎÁ�ÒÑÍÏË�ÏÌÑÒÉÚÁ��§ × ËÒÉÓÔÁÌ� Ó��×�ÁÄÁ¤ Ú ÎÁ�ÒÑÍËÏÍ ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ).�ÅÖ ÓÁÍÅ ÂÕÄÅ ÍÁÔÉ Í�Ó�Å � �ÒÉ �ÒÉËÌÁÄÁÎÎ� ÎÁ�ÒÕÇÉ ÄÏ Ó�ÏÎÔÁÎÎÏ�ÏÌÑÒÉÚÏ×ÁÎÏÇÏ � ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ, ÑËÝÏ �Ñ ÎÁ�ÒÕÇÁ �ÎÄÕ-ËÕ¤ ÄÅÆÏÒÍÁ��À ÔÏÇÏ Ö ÚÎÁËÕ, ÝÏ � Ó�ÏÎÔÁÎÎÁ ÄÅÆÏÒÍÁ��Ñ. ñËÝÏÖ �ÒÉËÌÁÄÁÔÉ ÎÁ�ÒÕÇÕ ÄÏ Ó�ÏÎÔÁÎÎÏ �ÏÌÑÒÉÚÏ×ÁÎÏÇÏ � ÄÅÆÏÒÍÏ×Á-ÎÏÇÏ ËÒÉÓÔÁÌÕ ÔÁË, ÝÏ ÚÎÁËÉ �ÎÄÕËÏ×ÁÎÏ§ � Ó�ÏÎÔÁÎÎÏ§ ÄÅÆÏÒÍÁ��§ ¤�ÒÏÔÉÌÅÖÎÉÍÉ, ÔÏ ÓÉÓÔÅÍÁ �ÒÉ �ØÏÍÕ Ï�ÉÎÑ¤ÔØÓÑ ÎÅ × ÁÂÓÏÌÀÔÎÏÍÕ,Á ÌÉÛÅ × ÌÏËÁÌØÎÏÍÕ Í�Î�ÍÕÍ� �ÏÔÅÎ��ÁÌÕ (ÎÁ�ÒÉËÌÁÄ, �ÒÉ �6 > 0g1E(�(1)1 ) > g1E(�(1)3 )), ÔÏÂÔÏ × ÍÅÔÁÓÔÁÂ�ÌØÎÏÍÕ ÓÔÁÎ�. �ÅÏÒÅÔÉÞÎÏ �Å-ÒÅÄÂÁÞÉÔÉ, ËÏÌÉ ×�ÄÂÕÄÅÔØÓÑ �ÅÒÅÈ�Ä ÓÉÓÔÅÍÉ × ÓÔÁÂ�ÌØÎÉÊ ÓÔÁÎ, ÝÏ×ÉÍÁÇÁ¤ ÚÍ�ÎÉ ÚÎÁËÕ ÄÅÆÏÒÍÁ��§ � ÎÁ�ÒÑÍËÕ �ÏÌÑÒÉÚÁ��§, ÎÅÍÏÖÌÉ-×Ï. �ÅÍ�ÅÒÁÔÕÒÁ ÔÁËÏÇÏ �ÅÒÅÈÏÄÕ ÂÕÄÅ ÓÕÔÔ¤×Ï ÚÁÌÅÖÁÔÉ ×�Ä ÕÍÏ×�ÒÏ×ÅÄÅÎÎÑ ÅËÓ�ÅÒÉÍÅÎÔÕ. íÏÖÎÁ, ÏÄÎÁË, ÓÔ×ÅÒÄÖÕ×ÁÔÉ, ÝÏ ×ÏÎÁ ÎÅ
ICMP{99{26U 20ÂÕÄÅ ×ÉÝÏÀ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÁÂÓÏÌÀÔÎÏ§ ÎÅÓÔ�ÊËÏÓÔ� (ÔÏÞËÁ, × ÑË�ÊÚÎÉËÁ¤ ÌÏËÁÌØÎÉÊ Í�Î�ÍÕÍ, × ÑËÏÍÕ ÚÎÁÈÏÄÉÔØÓÑ ÓÉÓÔÅÍÁ), �ÒÉÞÏÍÕÚ ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ �6 ÔÅÍ�ÅÒÁÔÕÒÁ ÁÂÓÏÌÀÔÎÏ§ ÎÅÓÔ�ÊËÏÓÔ� Ó�ÁÄÁ¤.îÁ ÒÉÓ. 4 ÎÁ×ÅÄÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎÕ � ÂÁÒÉÞÎÕ ÚÁÌÅÖÎÏÓÔ� ÄÅÆÏÒÍÁ-��Ê "6 ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6� Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ, Á ÎÁ ÒÉÓ. 5 { ÁÎÁÌÏÇ�ÞÎ� ÚÁÌÅÖÎÏÓÔ��ÏÌÑÒÉÚÁ��Ê P3. ñË ×ÉÄÎÏ, ÄÌÑ �ÉÈ ×ÅÌÉÞÉÎ ÈÁÒÁËÔÅÒÎÁ ÏÄÎÁËÏ×Á�Ï×ÅÄ�ÎËÁ Ú� ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÉ � ÎÁ�ÒÕÇÉ. ó�ÏÎÔÁÎÎÁ ÄÅÆÏÒÍÁ��Ñ"6 � �ÏÌÑÒÉÚÁ��Ñ P3 �ÒÉ �6 = 0 × ÓÅÇÎÅÔÏÆÁÚ� Ú ÒÏÓÔÏÍ ÔÅÍ�ÅÒÁÔÕÒÉÎÅÚÎÁÞÎÏ ÚÍÅÎÛÕÀÔØÓÑ, Á �ÒÉ T = TC ÓÔÒÉÂËÏ�ÏÄ�ÂÎÏ �ÁÄÁÀÔØ ÄÏÎÕÌÑ, �ÒÉÞÏÍÕ �P3 = 4:8ÍËëÌ=ÓÍ2. ðÒÉ �ÒÉËÌÁÄÁÎÎ� ÎÁ�ÒÕÇÉ �6×ÅÌÉÞÉÎÉ ÄÅÆÏÒÍÁ��Ê "6 � �ÏÌÑÒÉÚÁ��§ P3 ÚÒÏÓÔÁÀÔØ, Á ÚÎÁÞÅÎÎÑ �"6� �P3 ÚÍÅÎÛÕÀÔØÓÑ � �ÒÉ �6 = ��6 � T = T �C �"6 = 0 � �P3 = 0. ðÒÉ�6 6= 0 ×ÅÌÉÞÉÎÉ "6 � P3 ��ÓÌÑ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÎÅ ¤ Ò�×ÎÉÍÉ ÎÕÌÀ,Á Ú ÒÏÓÔÏÍ ÔÅÍ�ÅÒÁÔÕÒÉ ÎÅÚÎÁÞÎÏ ÚÍÅÎÛÕÀÔØÓÑ. ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈTC < T < T �C ÚÎÁÞÅÎÎÑ "6 � P3 Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ �6 Ó�ÏÞÁÔËÕ ÚÂ�ÌØÛÕ-ÀÔØÓÑ � �ÒÉ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇ ÎÁ Ì�Î�§ ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ ÓÔÒÉÂËÏ�Ï-Ä�ÂÎÏ ÚÂ�ÌØÛÕÀÔØÓÑ, �ÒÉÞÏÍÕ ×ÅÌÉÞÉÎÉ �"6 � �P3 Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉÚÍÅÎÛÕÀÔØÓÑ � ÓÔÁÀÔØ Ò�×ÎÉÍÉ ÎÕÌÀ �ÒÉ �6 = ��6 . îÁÓÔÕ�ÎÅ ÚÂ�ÌØ-ÛÅÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØ ÄÏ ÎÅÚÎÁÞÎÏÇÏ ÚÂ�ÌØÛÅÎÎÑ ÄÅÆÏÒÍÁ��§ "6� �ÏÌÑÒÉÚÁ��§ P3. ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T < TC � T �TC > 3 K ÚÎÁÞÅÎÎÑ"6 � P3 ÚÂ�ÌØÛÕÀÔØÓÑ ÍÁÊÖÅ Ì�Î�ÊÎÏ Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ �6.ðÒÉ ÚÁÍ�Î� ÎÁ�ÒÕÇÉ �6 ÎÁ ��6 ÁÂÓÏÌÀÔÎ� ×ÅÌÉÞÉÎÉ ÄÅÆÏÒÍÁ��§ "6� �ÏÌÑÒÉÚÁ��§ P3 ÎÅ ÚÍ�ÎÀÀÔØÓÑ, ÁÌÅ ÓÔÁÀÔØ ×�Ä'¤ÍÎÉÍÉ. ä�Ñ ÍÅÈÁ-Î�ÞÎÏ§ ÎÁ�ÒÕÇÉ �6 �ÏÄ�ÂÎÁ ÄÏ �ÒÉËÌÁÄÁÎÎÑ ÄÏ ËÒÉÓÔÁÌÕ ÚÏ×Î�ÛÎØÏÇÏÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3, ÎÁ ÝÏ ×ËÁÚÕ×ÁÌÏÓØ � × [22℄.îÁ ÒÉÓ. 6 ÎÁ×ÅÄÅÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÄÁÔÌÉ×ÏÓÔ� sE66 � �ÒÕÖÎÉÈ ÓÔÁÌÉÈE66 � P66 ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4 ×�Ä �T = T �TC �ÒÉ �6 = 0. îÁ�ÉÈ ÖÅ ÒÉÓÕÎËÁÈ ÎÁ×ÅÄÅÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ x = 0:89 [17℄ �x = 0:00 [12,15℄.ñË ×ÉÄÎÏ, ÒÅÚÕÌØÔÁÔÉ ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ë�ÌØ-Ë�ÓÎÏ ÄÏÂÒÅ Ï�ÉÓÕÀÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÒÏÂÏÔÉ [17℄ × �ÁÒÁÆÁÚ�.ðÏÄÁÔÌÉ×�ÓÔØ sE66 �ÒÉ T ! TC ÁÎÏÍÁÌØÎÏ ÚÒÏÓÔÁ¤, Á �ÒÕÖÎÁ ÓÔÁÌÁ E66× ÔÏÞ�� ëÀÒ� �ÁÄÁ¤ ÄÏ ÎÕÌÑ. ðÒÕÖÎÁ ÓÔÁÌÁ P66 �ÒÉ T < TC Ú ÒÏÓÔÏÍÔÅÍ�ÅÒÁÔÕÒÉ ÎÅ ÚÍ�ÎÀ¤ÔØÓÑ, �ÒÉ T = TC ÚÍÅÎÛÕ¤ÔØÓÑ �ÒÉÂÌÉÚÎÏ ÎÁ6% � × �ÁÒÁÆÁÚ� ÎÅÚÎÁÞÎÏ ÚÒÏÓÔÁ¤. ãÅ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ×ÉÓÎÏ×ËÁÍÉÒÏÂÏÔÉ [24℄, ÄÅ �ÏËÁÚÁÎÏ, ÝÏ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × KH2PO4 ÎÅ ×�ÌÉ×Á¤ÎÁ ×ÅÌÉÞÉÎÕ P66.�ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒ-ÍÁ��§ d36 � ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36 ËÒÉÓÔÁÌÕK(H0:11D0:89)2PO4 �ÒÉ �6 = 0 �ÏËÁÚÁÎÁ ÎÁ ÒÉÓ. 7. ïÔÒÉÍÁÎÏ ÚÁÄÏ×�-ÌØÎÉÊ Ë�ÌØË�ÓÎÉÊ Ï�ÉÓ ÎÁ ÏÓÎÏ×� ÒÏÚ×ÉÎÅÎÏ§ ÔÅÏÒ�§ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-



21 ðÒÅ�ÒÉÎÔÎÉÈ ÄÁÎÉÈ ÒÏÂÏÔÉ [16℄ ÄÌÑ d36 � ÏÄÅÒÖÁÎÉÈ ÎÁ ÏÓÎÏ×� ÒÏÚÒÁÈÕÎËÕÄÁÎÉÈ ÄÌÑ e36 = d36[16℄=sE66[17℄. ðÒÉ T ! TC ËÏÅÆ���¤ÎÔÉ d36 � e36ÁÎÏÍÁÌØÎÏ ÚÒÏÓÔÁÀÔØ. ÷ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÒÏÚÒÁÈÏ×ÁÎ� ÎÁ ÏÓ-ÎÏ×� ÔÅÏÒ�§ ÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔ�× d36 � e36 ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ Ò�ÚËÉÍÚÍÅÎÛÅÎÎÑÍ, ÚÎÁÞÎÏ Û×ÉÄÛÉÍ, Î�Ö × �ÁÒÁÆÁÚ�.�ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÒÏÚÒÁÈÏ×ÁÎÉÈ ÎÁ ÏÓÎÏ×� ÒÏÚ×ÉÎÅÎÏ§ ÔÅ-ÏÒ�§ ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ h36 � ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅË-ÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ g36 �ÒÉ �6 = 0 ÎÁ×ÅÄÅÎÁ ÎÁ ÒÉÓ. 8, ÄÅ ÎÁ×ÅÄÅÎ�ÔÁËÏÖ � ÏÔÒÉÍÁÎ� ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÒÏÂ�Ô [15,16℄ÚÎÁÞÅÎÎÑ h36 � g36 ÄÌÑ x = 0:89 � ÄÁÎ� ÒÏÂÏÔÉ [12℄ (x = 0:00). ð'¤ÚÏ-ÅÌÅËÔÒÉÞÎ� ÓÔÁÌ� h36 � g36 ÎÅ ÍÁÀÔØ ÏÓÏÂÌÉ×ÏÓÔÅÊ �ÒÉ ÓÅÇÎÅÔÏÅÌÅË-ÔÒÉÞÎÏÍÕ �ÅÒÅÈÏÄ� � ÔÏÍÕ §È ÎÁÚÉ×ÁÀÔØ \�ÓÔÉÎÎÉÍÉ" �'¤ÚÏÅÌÅËÔÒÉÞ-ÎÉÍÉ ËÏÎÓÔÁÎÔÁÍÉ ËÒÉÓÔÁÌÕ.îÁ ÒÉÓ. 9 �ÏËÁÚÁÎ� ÚÁÌÅÖÎÏÓÔ� Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ ×�-ÌØÎÏÇÏ ("�33) � ÚÁÔÉÓÎÕÔÏÇÏ (""33) ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4 ×�Ä ÔÅÍ-�ÅÒÁÔÕÒÉ �ÒÉ �6 = 0 � ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÒÏÂÏÔÉ [16℄ ÄÌÑ "�33.\åËÓ�ÅÒÉÍÅÎÔÁÌØÎ�" ÚÎÁÞÅÎÎÑ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ""33 ÒÏÚÒÁ-ÈÏ×ÁÎ� Ú� Ó��××�ÄÎÏÛÅÎÎÑ ""33 = "�33�4�e36d36. ïÔÒÉÍÁÎÏ ÚÁÄÏ×�ÌØÎÉÊË�ÌØË�ÓÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ.ñË ×ÉÄÎÏ, ÎÁ×�ÔØ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÒÏÚÝÅ�ÌÅÎÎÑ ×ÅÒÈÎ�È/ÎÉÖÎ�ÈÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÚÁÄÏ×�ÌØÎÉÊ Ï�ÉÓ ÔÅÍ�Å-ÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ ÕÓ�È Ä�ÅÌÅËÔÒÉÞÎÉÈ, �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ � �ÒÕÖÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË KD2PO4, �Ï×'ÑÚÁÎÉÈ Ú ÄÅÆÏÒÍÁ��¤À "6, ÚÁ ×ÉÎÑÔËÏÍh36 � g36, ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä ÑËÉÈ × �ØÏÍÕ ×É�ÁÄËÕ Ï�ÉÓÁÎÏ ÄÅÝÏÇ�ÒÛÅ, Î�Ö × ÍÏÄÅÌ� [11℄.�Å�ÅÒ �ÒÏ×ÅÄÅÍÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ×�ÌÉ×Õ ÍÅÈÁÎ�ÞÎÏ§ ÎÁ-�ÒÕÇÉ �6 ÎÁ �ÒÕÖÎ�, �'¤ÚÏÅÌÅËÔÒÉÞÎ�, Ä�ÅÌÅËÔÒÉÞÎ� � ÔÅ�ÌÏ×� ×ÌÁÓÔÉ-×ÏÓÔ� ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4.îÁ ÒÉÓ. 10 ÎÁ×ÅÄÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎÕ � ÂÁÒÉÞÎÕ ÚÁÌÅÖÎÏÓÔ� �ÒÕÖÎÏ§ÓÔÁÌÏ§ P66 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6 � ÔÅÍ�ÅÒÁÔÕÒÉ. ñË ×ÉÄ-ÎÏ, ÚÎÁÞÅÎÎÑ �ÒÕÖÎÏ§ ÓÔÁÌÏ§ P66 ÚÍ�ÎÀÀÔØÓÑ Ú ÒÏÓÔÏÍ ÔÅÍ�ÅÒÁÔÕÒÉ� ÎÁ�ÒÕÇÉ ÔÁË, ÑË � ÄÅÆÏÒÍÁ��Ñ "6 � �ÏÌÑÒÉÚÁ��Ñ P3.�ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� �ÏÄÁÔÌÉ×ÏÓÔ� sE66 (ÒÉÓ. 11), ËÏÅÆ���¤ÎÔÁ�'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ d36 � ÎÁ�ÒÕÇÉ e36 (ÒÉÓ. 12), Á ÔÁËÏÖ Ä�-ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ""33 (ÒÉÓ. 13) �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕ-ÇÉ �6 ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÏÄÎÁËÏ×ÏÀ ÚÁËÏÎÏÍ�ÒÎ�ÓÔÀ. íÁËÓÉÍÁÌØÎÅÚÎÁÞÅÎÎÑ �ÉÈ ×ÅÌÉÞÉÎ Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ ÚÍ�ÝÕ¤ÔØÓÑ × ÏÂÌÁÓÔØ ×É-ÝÉÈ ÔÅÍ�ÅÒÁÔÕÒ. ðÒÉ �6 < ��6 �� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÄÏÓÑÇÁÀÔØ ÍÁËÓÉ-ÍÁÌØÎÉÈ ÚÎÁÞÅÎØ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ, �ÒÉ ÑËÉÈ ×�ÄÂÕ×Á¤ÔØÓÑ �ÅÒÅÈ�Ä�Ú ÓÅÇÎÅÔÏ- Õ \�ÁÒÁÅÌÅËÔÒÉÞÎÕ" ÆÁÚÕ. ðÒÉ �6 = ��6 � T = T �C ÍÁ¤Í�Ó�Å ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä II ÒÏÄÕ � ÔÏÍÕ ÚÎÁÞÅÎÎÑ �ÉÈ ×ÅÌÉÞÉÎ Ò�ÚËÏ
ICMP{99{26U 22ÚÂ�ÌØÛÕÀÔØÓÑ.ðÏÄ�ÂÎÉÍ ¤ ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä ËÏÎÓÔÁÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕ-ÇÉ � �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ g36 (ÒÉÓ. 14) �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÎÁ�ÒÕÇÉ �6. ðÒÉ �6 < ��6 Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÎÅÚÎÁÞÎÉÊ ÓËÁÞÏË ÚÎÁÞÅÎØh36 � g36, ÑËÉÊ �ÒÉ �6 = ��6 Ò�×ÎÉÊ ÎÕÌÀ. ðÒÉ �6 > ��6 �Ú ÒÏÓÔÏÍ ÔÅÍ�Å-ÒÁÔÕÒÉ h36 � g36 ÚÂ�ÌØÛÕÀÔØÓÑ, ÁÓÉÍ�ÔÏÔÉÞÎÏ �ÒÑÍÕÀÞÉ ÄÏ ÚÎÁÞÅÎØh36, g36 �ÒÉ �6 = 0.úÁÌÅÖÎÏÓÔ� �ÏÄÁÔÌÉ×ÏÓÔ� sE66, ËÏÅÆ���¤ÎÔ�× �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅ-ÆÏÒÍÁ��§ d36, �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36, Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉË-ÎÏÓÔ� ""33 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ ÎÁ×ÅÄÅÎ�ÎÁ ÒÉÓ. 15, 16, 17. ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÍÅÎÛÉÈ ×�Ä TC �� ÈÁÒÁËÔÅÒÉÓ-ÔÉËÉ Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ �6 ÚÍÅÎÛÕÀÔØÓÑ � ÔÉÍ ÓÉÌØÎ�ÛÅ, ÞÉÍ ÔÅÍ-�ÅÒÁÔÕÒÁ ÂÌÉÖÞÁ ÄÏ TC. äÌÑ ÔÅÍ�ÅÒÁÔÕÒ T < T �C �ÒÉ ÚÂ�ÌØÛÅÎÎ�ÎÁ�ÒÕÇÉ �6 ÎÁÚ×ÁÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ Ó�ÏÞÁÔËÕ ÚÒÏÓÔÁÀÔØ, Á �ÒÉ ÎÁ-�ÒÕÇÁÈ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ ËÒÉ×�Ê Ò�×ÎÏ×ÁÇÉ ÆÁÚ, ÓÔÒÉÂËÏ�ÏÄ�ÂÎÏ ÚÍÅÎ-ÛÕÀÔØÓÑ, �ÒÉÞÏÍÕ ×ÅÌÉÞÉÎÁ ÓÔÒÉÂËÁ �ÒÉ T = T �C � �6 = ��6 ÄÏÒ�×ÎÀ¤ÎÕÌÀ, ÎÁÓÔÕ�ÎÅ ÚÂ�ÌØÛÅÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÎÑ ÚÎÁ-ÞÅÎØ sE66, d36, e36 � ""33. ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T > T �C �� ×ÅÌÉÞÉÎÉ �ÌÁ×-ÎÏ ÚÒÏÓÔÁÀÔØ �ÒÉ ÚÂ�ÌØÛÅÎÎ� ÎÁ�ÒÕÇÉ, ÄÏÓÑÇÁÀÞÉ ÍÁËÓÉÍÕÍÕ � ÄÁÌ�ÚÍÅÎÛÕÀÔØÓÑ �ÒÉ ÚÂ�ÌØÛÅÎÎ� ÎÁ�ÒÕÇÉ. ðÒÉ ÚÂ�ÌØÛÅÎÎ� ÔÅÍ�ÅÒÁÔÕÒÉÚÎÁÞÅÎÎÑ ÍÁËÓÉÍÕÍ�× ÚÎÉÖÕÀÔØÓÑ � ÚÓÕ×ÁÀÔØÓÑ × ÏÂÌÁÓÔØ Â�ÌØÛÉÈÎÁ�ÒÕÇ. ðÒÉ �T � 15 K ÚÎÁÞÅÎÎÑ sE66, d36, e36 � ""33 ×�Ä ÎÁ�ÒÕÇÉ �6 ÎÅÚÁÌÅÖÁÔØ.îÁ ÒÉÓ.18 �ÏËÁÚÁÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÎÓÔÁÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕ-ÇÉ h36 � �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ g36 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ.ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T � TC ÚÎÁÞÅÎÎÑ h36 � g36ÚÍÅÎÛÕÀÔØÓÑ �ÒÉ ÚÂ�ÌØÛÅÎÎ� ÎÁ�ÒÕÇÉ �6. ñËÝÏ TC < T < T �C, ÔÏ ËÏÎ-ÓÔÁÎÔÉ h36 � g36 Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ Ó�ÏÞÁÔËÕ ÎÅÚÎÁÞÎÏ ÚÍÅÎÛÕÀÔØÓÑ,�ÒÉ ÎÁ�ÒÕÇÁÈ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ ËÒÉ×�Ê Ò�×ÎÏ×ÁÇÉ ÆÁÚ ÚÍÅÎÛÕÀÔØÓÑÓÔÒÉÂËÏ�ÏÄ�ÂÎÏ, �ÒÉÞÏÍÕ �ÒÉ �6 = ��6 ×ÅÌÉÞÉÎÁ ÓÔÒÉÂËÁ Ò�×ÎÁ ÎÕÌÀ� ÎÁÓÔÕ�ÎÅ ÚÒÏÓÔÁÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØ ÄÏ ÚÍÅÎÛÅÎÎÑ ÚÎÁÞÅÎØ h36 �g36 ÍÁÊÖÅ ÚÁ Ì�Î�ÊÎÉÍ ÚÁËÏÎÏÍ. ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T > T �C Ú ÒÏÓÔÏÍÎÁ�ÒÕÇÉ �6 ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎ h36 � g36 �ÌÁ×ÎÏ ÚÍÅÎÛÕÀÔØÓÑ.òÏÚÇÌÑÎÅÍÏ ÔÅ�ÅÒ ÔÅÍ�ÅÒÁÔÕÒÎÕ � ÂÁÒÉÞÎÕ ÚÁÌÅÖÎ�ÓÔØ �Ï�ÅÒÅÞÎÏ§Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌÕ "11. òÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎÏ �ÒÉ�1��3 = 10 K, �? = 5:58 �10�18 óçóåq � ÓÍ, "1 = 10. îÁ ÒÉÓ.19 ÎÁ×Å-ÄÅÎÏ ÚÁÌÅÖÎ�ÓÔØ "11 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ�6 � ×�Ä ÎÁ�ÒÕÇÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ. ðÒÉ ÚÂ�ÌØÛÅÎÎ�ÔÅÍ�ÅÒÁÔÕÒÉ ×ÅÌÉÞÉÎÁ "11 �ÌÁ×ÎÏ ÚÒÏÓÔÁ¤ × ÓÅÇÎÅÔÏÆÁÚ�; ÓÔÒÉÂËÏ�Ï-Ä�ÂÎÏ ÚÂ�ÌØÛÕ¤ÔØÓÑ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ �ÅÒÅÈÏÄÕ, �ÒÉÞÏÍÕ ×ÅÌÉÞÉÎÁÓÔÒÉÂËÁ ÄÏÒ�×ÎÀ¤ ÎÕÌÀ �ÒÉ �6 = ��6 . ðÒÉ �6 = 0 ÚÎÁÞÅÎÎÑ "11 Ú ÒÏÓ-



23 ðÒÅ�ÒÉÎÔÔÏÍ ÔÅÍ�ÅÒÁÔÕÒÉ × �ÁÒÁÆÁÚ� ÎÅÚÎÁÞÎÏ ÚÍÅÎÛÕ¤ÔØÓÑ, Á �ÒÉ �6 6= 0Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ ÎÅÚÎÁÞÎÏ ÚÒÏÓÔÁ¤, Á �ÏÔ�Í ÁÓÉÍ�ÔÏÔÉÞÎÏ�ÒÑÍÕ¤ ÄÏ "11 �ÒÉ �6 = 0. ðÒÉ �6 = ��6 ×ÅÌÉÞÉÎÁ "11 Ú ÒÏÓÔÏÍ ÔÅÍ-�ÅÒÁÔÕÒÉ ÚÒÏÓÔÁ¤ �ÌÁ×ÎÏ.ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T < TC ÚÎÁÞÅÎÎÑ "11 ÚÍÅÎÛÕ¤ÔØÓÑ �ÒÉ ÚÂ�ÌØ-ÛÅÎÎ� ÎÁ�ÒÕÇÉ �6. ñËÝÏ TC < T < T �C, ÔÏ �ÒÏÎÉËÎ�ÓÔØ "11 Ú ÒÏÓÔÏÍÎÁ�ÒÕÇÉ Ó�ÏÞÁÔËÕ ÎÅÚÎÁÞÎÏ ÚÍÅÎÛÕ¤ÔØÓÑ, �ÒÉ ÎÁ�ÒÕÇÁÈ, ÝÏ ×�Ä�Ï-×�ÄÁÀÔØ ÆÁÚÏ×�Ê Ä�ÁÇÒÁÍ�, ÚÍÅÎÛÕ¤ÔØÓÑ ÓÔÒÉÂËÏ�ÏÄ�ÂÎÏ, Á ×ÅÌÉÞÉÎÁÓÔÒÉÂËÁ �"11 �ÒÉ �6 = ��6 Ò�×ÎÁ ÎÕÌÀ. ðÒÉ �ÏÄÁÌØÛÏÍÕ ÚÂ�ÌØÛÅÎÎ�ÎÁ�ÒÕÇÉ �6 ×ÅÌÉÞÉÎÁ "11 ÚÍÅÎÛÕ¤ÔØÓÑ ÍÁÊÖÅ �Ï Ì�Î�ÊÎÏÍÕ ÚÁËÏÎÕ.ðÒÉ T > T �C �ÒÏÎÉËÎ�ÓÔØ "11 ÚÍÅÎÛÕ¤ÔØÓÑ �ÌÁ×ÎÏ Ú ÒÏÓÔÏÍ ÎÁ�ÒÕÇÉ�6.îÁ ÒÉÓ.20 ÎÁ×ÅÄÅÎÏ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÄÅÊÔÒÏÎÎÏ§ ��ÄÓÉÓ-ÔÅÍÉ ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6 � ÚÁÌÅÖÎ�ÓÔØ �C�6 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ. ÷ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� �ÒÉ �6 = 0 ×ÅÌÉÞÉ-ÎÁ �C�6 ÚÒÏÓÔÁ¤ �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÔÅÍ�ÅÒÁÔÕÒÉ ÄÏ TC � ÓÔÒÉÂËÏ�ÏÄ�Â-ÎÏ Ó�ÁÄÁ¤ × ÔÏÞ�� �ÅÒÅÈÏÄÕ, Á × �ÁÒÁÆÁÚ� �C�6 Ú ÒÏÓÔÏÍ ÔÅÍ�ÅÒÁÔÕÒÉ�ÒÁËÔÉÞÎÏ ÎÅ ÚÍ�ÎÀ¤ÔØÓÑ. ðÒÉ ÚÂ�ÌØÛÅÎÎ� ÎÁ�ÒÕÇÉ �6 ÄÏ ��6 ÍÁËÓÉ-ÍÕÍ �C�6 ÚÒÏÓÔÁ¤, ÄÏÓÑÇÁÀÞÉ ÎÁÊÂ�ÌØÛÏÇÏ ÚÎÁÞÅÎÎÑ �ÒÉ �6 = ��6 ,Á ÎÁÓÔÕ�ÎÅ ÚÂ�ÌØÛÅÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØÓÑ ÄÏ ÚÍÅÎÛÅÎÎÑ ÍÁËÓÉ-ÍÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ �C�6 � ÚÓÕ×Õ ÊÏÇÏ × ÏÂÌÁÓÔØ ×ÉÝÉÈ ÔÅÍ�ÅÒÁÔÕÒ.ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÍÅÎÛÉÈ TC ×ÅÌÉÞÉÎÁ �C�6 ÎÅÚÎÁÞÎÏ ÚÂ�ÌØÛÕ-¤ÔØÓÑ �ÒÉ ÚÒÏÓÔÁÎÎ� ÎÁ�ÒÕÇÉ �6. äÌÑ ÔÅÍ�ÅÒÁÔÕÒ T < T �C �ÒÉ ÚÂ�ÌØ-ÛÅÎÎ� ÎÁ�ÒÕÇÉ �6 ÚÎÁÞÅÎÎÑ �C�6 Ó�ÏÞÁÔËÕ ÎÅÚÎÁÞÎÏ ÚÂ�ÌØÛÕ¤ÔØÓÑ,Á �ÒÉ ÎÁ�ÒÕÇÁÈ ËÒÉ×Ï§ ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ Ò�ÚËÏ ÚÒÏÓÔÁÀÔØ, ÄÏÓÑÇÁÀ-ÞÉ ÍÁËÓÉÍÕÍÕ, �ÒÉÞÏÍÕ �ÒÉ T = T �C � �6 = ��6 �C�6 ÒÏÚÂ�ÇÁ¤ÔØÓÑ.îÁÓÔÕ�ÎÅ ÚÂ�ÌØÛÅÎÎÑ ÎÁ�ÒÕÇÉ �ÒÉ×ÏÄÉÔØ ÄÏ �ÌÁ×ÎÏÇÏ ÚÍÅÎÛÅÎÎÑ�C�6 . ðÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T > T �C ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �C�6 �ÌÁ×ÎÏ ÚÒÏÓÔÁ¤�ÒÉ ÚÂ�ÌØÛÅÎÎ� ÎÁ�ÒÕÇÉ, ÄÏÓÑÇÁ¤ ÍÁËÓÉÍÕÍÕ � �ÌÁ×ÎÏ ÚÍÅÎÛÕ¤ÔØÓÑÚ ÒÏÓÔÏÍ �6.�ÅÍ�ÅÒÁÔÕÒÎÁ � ÂÁÒÉÞÎÁ ÚÁÌÅÖÎÏÓÔ� ��ÒÏÅÌÅËÔÒÉÞÎÏÇÏ ËÏÅÆ���-¤ÎÔÁ p�6 � ËÏÅÆ���¤ÎÔÁ Ì�Î�ÊÎÏÇÏ ÒÏÚÛÉÒÅÎÎÑ �6 ÁÎÁÌÏÇ�ÞÎÁ �Ï×ÅÄ�Î��ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C�6 .�ÁËÉÍ ÞÉÎÏÍ, ÎÅÈÔÕ×ÁÎÎÑ ÒÏÚÝÅ�ÌÅÎÎÑÍ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È � ÎÉÖ-Î�È ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ÎÅ ÚÍ�ÎÀ¤ ÑË�ÓÎÏÇÏ ÈÁÒÁËÔÅÒÁ ×�ÌÉ×ÕÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ �6 ÎÁ �ÒÕÖÎ�, �'¤ÚÏÅÌÅËÔÒÉÞÎ�, Ä�ÅÌÅËÔÒÉÞÎ� � ÔÅ�ÌÏ-×� ×ÌÁÓÔÉ×ÏÓÔ� ËÒÉÓÔÁÌÕ K(H0:11D0:89)2PO4. åÆÅËÔÉ, ÚÕÍÏ×ÌÅÎ� ��¤ÀÎÁ�ÒÕÇÏÀ, �Ï×'ÑÚÁÎ�, × ÏÓÎÏ×ÎÏÍÕ, Ú� ÚÍ�ÎÏÀ ÈÁÒÁËÔÅÒÁ ÆÁÚÏ×ÏÇÏ �Å-ÒÅÈÏÄÕ, Á ÓÁÍÅ ÎÁÂÌÉÖÅÎÎÑÍ ÒÏÄÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÄÏ ÄÒÕÇÏÇÏ ÔÁÊÏÇÏ �ÏÄÁÌØÛÅ ÒÏÚÍÉ×ÁÎÎÑÍ. �ÏÍÕ, �Ï �ÅÒÛÅ, �� ÅÆÅËÔÉ �ÏÍ�ÔÎ� ÌÉ-
ICMP{99{26U 24ÛÅ Õ ×ÕÚØË�Ê ÏÂÌÁÔ� ÔÅÍ�ÅÒÁÔÕÒ �ÏÂÌÉÚÕ ÔÏÞËÉ �ÅÒÅÈÏÄÕ �, �Ï ÄÒÕÇÅ,¤ �ÄÅÎÔÉÞÎÉÍÉ × ÍÏÄÅÌ� ÒÏÂÏÔÉ [11℄ � × ÍÏÄÅÌ�, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÔÕÔ.6. úÁËÌÀÞÎ� ÚÁÕ×ÁÖÅÎÎÑ÷ ÄÁÎ�Ê ÒÏÂÏÔ� ÎÁ×ÅÄÅÎÏ Ó�ÒÏÝÅÎÉÊ ×ÁÒ�ÁÎÔ Í�ËÒÏÓËÏ��ÞÎÏ§ ÍÏÄÅÌ�×�ÌÉ×Õ ÎÁ�ÒÕÇÉ �6 ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä, Ä�ÅÌÅËÔÒÉÞÎ�, �ÒÕÖÎ�, �'¤ÚÏ-ÅÌÅËÔÒÉÞÎ� ÔÁ ÔÅ�ÌÏ×� ×ÌÁÓÔÉ×ÏÓÔ� ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�×ÔÉ�Õ KD2PO4, × ÑËÏÍÕ ÎÅ ×ÒÁÈÏ×ÁÎÏ ÚÕÍÏ×ÌÅÎ� ÄÅÆÏÒÍÁ��¤À "6 ÒÏÚ-ÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È/ÎÉÖÎ�È ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê.îÁ ×�ÄÍ�ÎÕ ×�Ä Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÁ ÏÄÎÏ×�ÓÎÏÇÏ p = ��3 ÔÉÓË�×, ÎÁ-�ÒÕÇÁ �6 �ÏÎÉÖÁ¤ ÓÉÍÅÔÒ�À ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÆÁÚÉ ÄÏ ÓÉÍÅÔÒ�§ÆÁÚÉ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§. ðÏÄ�ÂÎÏ ÄÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3, ÎÁ-�ÒÕÇÁ �6 �ÎÄÕËÕ¤ × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KD2PO4 ÄÅÆÏÒÍÁ��À "6 �, ×ÎÁÓ-Ì�ÄÏË �'¤ÚÏÅÌÅËÔÒÉÞÎÏÇÏ ÅÆÅËÔÕ, �ÏÌÑÒÉÚÁ��À P3.÷ ÎÁÛÉÈ �Ï�ÅÒÅÄÎ�È ÒÏÂÏÔÁÈ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏ ×ÁÖÌÉ×Õ ÒÏÌØÕ ÚÁÌÅÖÎÏÓÔÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÔÁ Ä�ÅÌÅËÔÒÉÞÎÍÈÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ Ó�Í'§ KH2PO4 ×�ÄÔÉÓË�×, ÝÏ ÎÅ ÚÍ�ÎÀÀÔØ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ, ×�Ä�ÇÒÁÀÔØ ×�Ä�Ï×�ÄÎ� ÂÁ-ÒÉÞÎ� ÚÍ�ÎÉ ÇÅÍÅÔÒ�§ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×, �, ÚÏËÒÅÍÁ, ×�ÄÄÁÌ� Æ Í�Ö �Ï-ÌÏÖÅÎÎÑÍÉ Ò�×ÎÏ×ÁÇÉ ÄÅÊÔÒÏÎÁ ÎÁ Ú×'ÑÚËÕ. îÁ�ÒÕÇÁ �6 ÎÁ ×�ÄÄÁÌØ Æ,ÓËÏÒ�Û ÚÁ ×ÓÅ, ÓÕÔÔ¤×Ï ÎÅ ×�ÌÉ×Á¤. îÁÔÏÍ�ÓÔØ ×ÏÎÁ ÚÍ�ÎÀ¤ ËÕÔ Í�Ö×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, �ÅÒ�ÅÎÄÉËÕÌÑÒÎÉÍÉ Õ ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕ �Á-ÒÁÅÌÅËÔÒÉÞÎÏÍÕ ËÒÉÓÔÁÌ�, ÔÁ ÄÅÆÏÒÍÕ¤ ÇÒÕ�É PO4, ÝÏ �ÒÉ×ÏÄÉÔØÄÏ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê.úÇ�ÄÎÏ ÄÁÎÏ§ ÍÏÄÅÌ�, ÏÓÎÏ×ÎÉÍ ÍÅÈÁÎ�ÚÍÏÍ ×�ÌÉ×Õ ÎÁ�ÒÕÇÉ �6 ÎÁÆ�ÚÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KD2PO4 ¤ �'¤ÚÏÅÌÅËÔ-ÒÉÞÎÁ ×ÚÁ¤ÍÏÄ�Ñ, ×ÎÁÓÌ�ÄÏË ÑËÏ§ × ËÒÉÓÔÁÌ� ×ÉÎÉËÁÀÔØ ÅÆÅËÔÉ×Î��ÏÌÑ, Ä�Ñ ÑËÉÈ, Ú Í�ÒËÕ×ÁÎØ ÓÉÍÅÔÒ�§, ÁÎÁÌÏÇ�ÞÎÁ ÄÏ Ä�§ ÚÏ×Î�ÛÎØÏÇÏÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ, �ÒÉËÌÁÄÅÎÏÇÏ ×ÚÄÏ×Ö ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ ÏÓ�.ñË �ÏËÁÚÁÎÏ × ÒÏÂÏÔ�, ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ��Ä×ÉÝÕ¤-ÔØÓÑ Ú ÎÁ�ÒÕÇÏÀ �6, Á Ò�Ä �ÅÒÅÈÏÄÕ ÎÁÂÌÉÖÁ¤ÔØÓÑ ÄÏ ÄÒÕÇÏÇÏ. îÁ �Ï-ÂÕÄÏ×ÁÎ� Ê ÆÁÚÏ×�Ê Ä�ÁÇÒÁÍ�, ÑËÁ ÍÁ¤ ÔÁËÕ Ö ÔÏ�ÏÌÏÇ�À, ÑË � Ä�ÁÇÒÁÍÁÂ�ÌØÛ ÓÔÒÏÇÏ§ ÍÏÄÅÌ� [11℄ ÔÁ �ÅÒÅÄÂÁÞÅÎÁ Õ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÏÍÕ ��Ä-ÈÏÄ� TC �E3 Ä�ÁÇÒÁÍÁ, ÍÁÀÔØ Í�Ó�Å Ä×� ÓÉÍÅÔÒÉÞÎ� ËÒÉÔÉÞÎ� ÔÏÞËÉ,× ÑËÉÈ ×�ÄÂÕ×ÁÀÔØÓÑ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÄÒÕÇÏÇÏ ÒÏÄÕ ÔÁ ÚÁË�ÎÞÕÀÔØÓÑÌ�Î�§ Ò�×ÎÏ×ÁÇÉ ÆÁÚ. îÁ�ÒÕÇÉ, ×ÉÝÅ ËÒÉÔÉÞÎÉÈ ÒÏÚÍÉ×ÁÀÔÔØ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä � �ÒÉ×ÏÄÑÔØ ÄÏ �ÌÁ×ÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ �ÏÌÑ-ÒÉÚÁ��§ ÔÁ ÄÅÆÏÒÍÁ��§. ÷�Ä�Ï×�ÄÎÏ, ��Ä×ÉÝÅÎÎÑ ÎÁ�ÒÕÇÉ �6 �Ï×ÉÎÎÏ�ÒÉ×ÏÄÉÔÉ ÄÏ ÚÂ�ÌØÛÅÎÎÑ ��ËÏ×ÉÈ ÚÎÁÞÅÎØ ÔÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓ-ÔÉË ËÒÉÓÔÁÌÕ, ÑË� ÍÁÀÔØ ÏÓÏÂÌÉ×ÏÓÔ� × ÔÏÞ�� �ÅÒÅÈÏÄÕ (�ÏÚÄÏ×ÖÎÏ§



25 ðÒÅ�ÒÉÎÔÄ�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�, �ÏÄÁÔÌÉ×ÏÓÔ� sE66, �'¤ÚÏÍÏÄÕÌ�× d36 � e36ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ�). îÁÊÂ�ÌØÛÉÍÉ ¤ �� ÚÎÁÞÅÎÎÑ �ÒÉ ËÒÉÔÉÞÎÉÈ ÎÁ�ÒÕ-ÇÁÈ, Á ×ÉÝ� ÎÁ�ÒÕÇÉ ÚÇÌÁÄÖÕÀÔØ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÚÇÁÄÁÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË.÷ÒÁÈÕ×ÁÎÎÑ �'¤ÚÏÅÌÅËÔÒÉÞÎÏÇÏ ÅÆÅËÔÕ × ÒÏÚ×ÉÎÅÎ�Ê ÍÏÄÅÌ� ÄÁ¤ÍÏÖÌÉ×�ÓÔØ �ÒÉ ÎÁÌÅÖÎÏÍÕ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ Ë�ÌØË�ÓÎÏ Ï�É-ÓÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÒÑÄÕÄ�ÅÌÅËÔÒÉÞÎÉÈ, �ÒÕÖÎÉÈ, �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ � ÔÅ�ÌÏ×ÉÈ ÈÁÒÁËÔÅÒÉÓ-ÔÉË ËÒÉÓÔÁÌ�× �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏ§ ÎÁ�ÒÕÇÉ, ÎÁ×�ÔØ �ÒÉ ÎÅÈ-ÔÕ×ÁÎÎ� ÒÏÚÝÅ�ÌÅÎÎÑÍ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È/ÎÉÖÎ�È ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕ-ÒÁ��Ê. îÅÏÂÈ�ÄÎ� �ÏÄÁÌØÛ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÄÌÑ ÕÔÏÞ-ÎÅÎÎÑ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÔÁ �ÅÒÅ×�ÒËÉ §§ �ÅÒÅÄÂÁÞÅÎØ ÝÏÄÏ×ÉÇÌÑÄÕ TC � �6 ÆÁÚÏ×Ï§ Ä�ÁÇÒÁÍÉ ÔÁ ÍÏÖÌÉ×ÏÇÏ ×�ÌÉ×Õ ÎÁ�ÒÕÇÉ �6ÎÁ Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ËÒÉÓÔÁÌ�×.ì�ÔÅÒÁÔÕÒÁ1. óÔÁÓÀË é.÷., âÉÌÅ�ËÉÊ é.î. ÷ÌÉÑÎÉÅ ×ÓÅÓÔÏÒÏÎÎÅÇÏ É ÏÄÎÏÏÓÎÏ-ÇÏ ÄÁ×ÌÅÎÉÑ ÎÁ ÓÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÊ ÆÁÚÏ×ÙÊ �ÅÒÅÈÏÄ × ËÒÉÓ-ÔÁÌÌÁÈ ÔÉ�Á KH2PO4. // éÚ×. áî óóóò. óÅÒ. ÆÉÚ. 1983, Ô.47,°4, Ó. 705-709.2. óÔÁÓÀË é.÷., âÉÌÅ�ËÉÊ é.î., óÔÑÇÁÒ ï.î. éÎÄÕ�ÉÒÏ×ÁÎÎÙÅ×ÎÅÛÎÉÍ ÄÁ×ÌÅÎÉÅÍ ÆÁÚÏ×ÙÅ �ÅÒÅÈÏÄÙ × ËÒÉÓÔÁÌÌÁÈ KD2PO4.// õËÒ. ÆÉÚ. ÖÕÒÎ., 1986, Ô.31, °4, Ó. 567-571.3. óÔÁÓÀË é.÷., âÉÌÅ�ËÉÊ é.î. æÁÚÏ×ÙÅ �ÅÒÅÈÏÄÙ × ÏÄÎÏÏÓÎÏ-ÄÅÆÏÒÍÉÒÏ×ÁÎÎÙÈ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁÈ ÔÉ�Á KD2PO4. // ðÒÅ�Ò.é�æ-83-93ò, ëÉÅ×, 1983, Ó. 24.4. Stasyuk I.V., Zahek I.R., Levitskii R.R., Kukushkin K.V. Inu-ene of the Uniaxial Stress �xx � �yy on the Phase Transition andThermodynami Properties of the KD2PO4-Type Hydrogen BondedFerroeletris. // Preprint, ICMP-93-11E, Kyiv, 1993, 37 p.5. Stasyuk I.V., Levitskii R.R., Zahek I.R., Krokhmalski T.Ye., DudaA.S. Uniaxial pressure �1��2 inuene on phase transition and phys-ial properties of the KD2PO4-type hydrogen bonded ferroeletris.// Preprint, ICMP-97-11E, Lviv, 1997, 22 p.6. Stasyuk I.V., Levitskii R.R., Zahek I.R., Moina A.P., Duda A.S. Hy-drostati pressure inuene on phase transition and physial proper-ties of KD2PO4-type ferroeletris. // Cond. Matt. Phys., 1996, No8, p. 129-156.7. Stasyuk I.V., Levitskii R.R., Zahek I.R., Moina A.P., Duda A.S. Hy-drostati pressure inuene on phase transition and physial proper-
ICMP{99{26U 26ties of KD2PO4-type ferroeletris. // Preprint, ICMP-96-12E, Lviv,1996, 42 p.8. Stasyuk I.V., Levitskii R.R., Zahek I.R., Duda A.S., Moina A.P.,Romanyuk N.O., Stadnyk V.I., Chervony R.G., Shherbina Ye.V.Uniaxial pressure inuene on phase transition and physial prop-erties of highly deuterated K(H1�xDx)2PO4-type ferroeletris. //Preprint, ICMP-96-18E, Lviv, 1996, 36 p.9. Glauber R.J. Time-dependent statistis of the Ising model. // J.Math. Phys., 1963, v. 4, N 2, p. 294-307.10. Yomosa S., Nagamija T. The Phase Transition and the PiezoeletriE�et of KH2PO4. // Progr. Ther. Phys., 1949, vol. 4, p. 263-274.11. Stasyuk I.V., Levitskii R.R., Zahek I.R., Moina A.P., Duda A.S.Inuene of shear stress �6 on the phase transition and physialproperties of KD2PO4 type ferroeletris. I. // Preprint ICMP-99-E, Lviv, 1999, 40 p.12. íÜÚÏÎ õ. ðØÅÚÏÜÌÅËÔÒÉÞÅÓËÉÅ ËÒÉÓÔÁÌÌÙ É ÉÈ �ÒÉÍÅÎÅÎÉÅ × ÕÌØ-ÔÒÁÁËÕÓÔÉËÅ. // éì, 1952.13. Bantle W., Caish C. Helv. Phys. Ata, 1943, vol. 16, p. 235.14. Von Arx A., Bantle W. Helv. Phys. Ata, 1943, vol. 16, p. 211.15. Brody E.M., Cummins H.Z. Phys. Rev. Lett., 1968, vol. 21, p. 1263.16. ûÕ×ÁÌÏ× ì.á., öÅÌÕÄÅ× é.ó., íÎÁ�ÁËÁÎÑÎ á.÷., ìÕÄÕ�Ï× ã.-ö.,æÉÁÌÁ é. óÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÅ ÁÎÏÍÁÌÉÉ ÄÉÜÌÅËÔÒÉÞÅÓËÉÈÉ �ØÅÚÏÜÌÅËÔÒÉÞÅÓËÉÈ Ó×ÏÊÓÔ× ËÒÉÓÔÁÌÌÏ× RbH2PO4 É KD2PO4.// éÚ×. áî óóóò, ÓÅÒ. ÆÉÚ., 1967, Ô. 31, N 11, Ó. 1919-1922.17. ûÕ×ÁÌÏ× ì.á., íÎÁ�ÁËÁÎÑÎ á.÷. õ�ÒÕÇÉÅ Ó×ÏÊÓÔ×Á ËÒÉÓÔÁÌÌÏ×ÄÉÄÅÊÔÅÒÏÆÏÓÆÁÔÁ ËÁÌÉÑ (KD2PO4) × ÛÉÒÏËÏÍ ÄÉÁ�ÁÚÏÎÅ ÔÅÍ-�ÅÒÁÔÕÒ. // ëÒÉÓÔÁÌÌÏÇÒÁÆÉÑ, 1966, Ô. 11, °2, Ó. 222-226.18. I.V.Stasyuk, R.R.Levytsky, N.A.Korinevskii. Colletive vibrations ofprotons in ompounds of KH2PO4-type. The luster approximation.// phys. stat. sol. (b), 1979, vol.91, No 2, p. 541-550.19. Levitskii R.R., Stasyuk I.V., Korinevskii N.A. Dynamis of ferroa-tive rystals of orthophosphate type. // Ferroeletris, 1978, vol. 21,p.481-483.20. ìÅ×É�ËÉÊ ò.ò., úÁÞÅË é.ò., íÉ� é.å. �ÅÒÍÏÄÉÎÁÍÉËÁ É �ÒÏÄÏ-ÌØÎÁÑ ÒÅÌÁËÓÁ�ÉÑ × ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁÈ ÔÉ�ÁK(H1�xDx)2PO4. // ðÒÅ�Ò. é�æ-87-114ò, ëÉÅ×, 1987. . 48.21. ìÅ×É�ËÉÊ ò.ò., úÁÞÅË é.ò., íÉ� é.å. ðÏ�ÅÒÅÞÎÁÑ ÒÅÌÁËÓÁ�ÉÑ ×ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁÈ ÔÉ�ÁK(H1�xDx)2PO4. // ðÒÅ�Ò. é�æ-87-115ò, ëÉÅ×, 1987. . 48.22. Devonshire A.F. Theory of ferroeletris. // Adv. Phys., 1954, vol.3, No 10, p. 85-130.
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òÉÓ. 2. úÁÌÅÖÎ�ÓÔØ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ g1E ×�Ä �ÁÒÁÍÅÔÒÁ �Ï-ÒÑÄËÕ �(1) �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6.
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σ6(bar)òÉÓ. 3. TC � �6 ÆÁÚÏ×Á Ä�ÁÇÒÁÍÁ ËÒÉÓÔÁÌÕ KD2PO4.
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òÉÓ. 4. úÁÌÅÖÎÏÓÔ� ÄÅÆÏÒÍÁ��Ê "6 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÎÁ�ÒÕÇÉ �6 (bar) (ÚÌ�×Á):1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100 � ×�Ä ÎÁ�ÒÕÇÉ�6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K) (Ó�ÒÁ×Á): 1 { 210.0; 2 { 211.34;3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 { 213.5; 9 { 214.0.
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òÉÓ. 5. úÁÌÅÖÎÏÓÔ� �ÏÌÑÒÉÚÁ��§ P3 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÎÁ�ÒÕÇÉ �6 (bar) (ÚÌ�×Á):1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100 � ×�Ä ÎÁ�ÒÕÇÉ�6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K) (Ó�ÒÁ×Á): 1 { 210.0; 2 { 211.34;3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 { 213.5; 9 { 214.0.
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 òÉÓ. 6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÄÁÔÌÉ×ÏÓÔ� sE66: � { [17℄,4 { sE66 = 1=E66[15℄ ÔÁ �ÒÕÖÎÉÈ ÓÔÁÌÉÈ P66 � E66: N { E66 = 1=sE66 [17℄, P66 = 1SE66 + d236SE266 �"33[16,17℄; Æ { [15℄; � { [12℄.
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 òÉÓ. 7. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒ-ÍÁ��§ d36 (ÚÌ�×Á, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÏÞËÉ ×ÚÑÔ� Ú ÒÏÂ�Ô [16℄ - � (x = 0:89),[13,14℄ { � (x = 0:00), [12℄ { � (x = 0:00)) � ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ÎÁ�ÒÕÇÉ e36 (Ó�ÒÁ×Á, N { e36 = d36[16℄SE66[17℄ ; � { [13,14℄, � { [12℄).
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 òÉÓ. 8. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉh36 (ÚÌ�×Á, N { h36 = d36[16℄SE66�"33[17℄ , � { [12℄) � ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ÄÅÆÏÒÍÁ��§ g36 (Ó�ÒÁ×Á, N { g36 = d36�"33 [5℄, � { [12℄).
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 òÉÓ. 9. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ×�ÌØÎÏÇÏËÒÉÓÔÁÌÕ "�33 (ÚÌ�×Á, � { [16℄) � Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÚÁÔÉÓÎÕÔÏÇÏËÒÉÓÔÁÌÕ ""33 (Ó�ÒÁ×Á, N { ""33 = "�33 � d236SE66 [16,17℄).
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òÉÓ. 10. úÁÌÅÖÎÏÓÔ� �ÒÕÖÎÏ§ ÓÔÁÌÏ§ P66 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6 (bar) (ÚÌ�×Á): 1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100 � ×�ÄÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K) (Ó�ÒÁ×Á): 1 { 210.0; 2{ 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 { 213.5; 9 {214.0.
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òÉÓ. 11. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÄÁÔÌÉ×ÏÓÔ� sE66 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ�6 (bar): 1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÏÞËÉ×ÚÑÔ� Ú [17℄ (x = 0:89).
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òÉÓ. 12. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒ-ÍÁ��§ d36 � ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36 �ÒÉ Ò�ÚÎÉÈ ÎÁ�ÒÕÇÁÈ�6 (bar): 1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÏÞËÉÄÌÑ d36 ×ÚÑÔ� Ú ÒÏÂÏÔÉ [16℄; N { e36 = d36[16℄SE66[17℄ .
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òÉÓ. 13. úÁÌÅÖÎ�ÓÔØ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ""33 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉÒ�ÚÎÉÈ ÎÁ�ÒÕÇÁÈ �6 (bar): 1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100. N {""33 = "�33 � d36SE66 [16,17℄.



33 ðÒÅ�ÒÉÎÔ

210 211 212 213
1.2

1.6

2.0

2.4

2.8

 

 
h36, 10-4dyn/esu

T(K)

54321

210 211 212 213
20

25

30

35

40

45

50

 

 

g36, 10-8cm2/esu

T(K)

54321

òÉÓ. 14. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔØ ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉh36 � ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ g36 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÎÁ�ÒÕÇÉ �6 (bar): 1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100. N { h36 = d36SE66�66"[16,17℄; N { g36 = d36�66" [16℄.
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2 1òÉÓ. 15. úÁÌÅÖÎ�ÓÔØ �ÏÄÁÔÌÉ×ÏÓÔ� sE66 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÔÅÍ�ÅÒÁÔÕÒÉ T (K): 1 { 210.0; 2 { 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 {212.63; 7 { 213.0; 8 { 213.5; 9 { 214.0.
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1òÉÓ. 16. úÁÌÅÖÎ�ÓÔØ ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ d36 � ËÏÅÆ�-��¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ e36 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁ-ÔÕÒÁÈ T (K): 1 { 210.0; 2 { 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63;7 { 213.0; 8 { 213.5; 9 { 214.0.
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1òÉÓ. 17. úÁÌÅÖÎ�ÓÔØ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ""33 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉÒ�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K): 1 { 210.0; 2 { 211.34; 3 { 211.6; 4 {212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 { 213.5; 9 { 214.0.
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1òÉÓ. 18. úÁÌÅÖÎ�ÓÔØ ËÏÎÓÔÁÎÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ h36 � ËÏÎÓÔÁÎ-ÔÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ g36 ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈÔÅÍ�ÅÒÁÔÕÒÉ T (K): 1 { 210.0; 2 { 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 {212.63; 7 { 213.0; 8 { 213.5; 9 { 214.0.
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1òÉÓ. 19. úÁÌÅÖÎÏÓÔ� Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ""11 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉÒ�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6 (bar) (ÚÌ�×Á):1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5{ 100 � ×�Ä ÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K) (Ó�ÒÁ×Á):1 { 210.0; 2 { 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 {213.5; 9 { 214.0.
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1òÉÓ. 20. úÁÌÅÖÎÏÓÔ� ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C�6 ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁ-ÞÅÎÎÑÈ ÎÁ�ÒÕÇÉ �6 (bar) (ÚÌ�×Á):1 { 0; 2 { 10; 3 { 30; 4 { 59.5; 5 { 100 � ×�ÄÎÁ�ÒÕÇÉ �6 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ T (K) (Ó�ÒÁ×Á): 1 { 210.0; 2{ 211.34; 3 { 211.6; 4 { 212.0; 5 { 212.4; 6 { 212.63; 7 { 213.0; 8 { 213.5; 9 {214.0.
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