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ò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊ�åòíïäéîáí¶ëá ¶ ä¶åìåë�òéþî¶ ÷ìáó�é÷ïó�¶óåçîå�ïåìåë�òéë¶÷ ú ÷ïäîå÷éíé ú÷'ñúëáíé �éðõKH2PO4. îáâìéöåîîñ þï�éòéþáó�éîëï÷ïçïëìáó�åòá
ICMP{01{09U

ìø÷¶÷

õäë: 533, 536PACS: 77.22.Ch, 77.80.Bh, 77.84.Fa�ÅÒÍÏÄÉÎÁÍ�ËÁ � Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ú×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ ÔÉ�Õ KH2PO4. îÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎ-ËÏ×ÏÇÏ ËÌÁÓÔÅÒÁò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊáÎÏÔÁ��Ñ. äÏÓÌ�ÄÖÕÀÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁ Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ�ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4 ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ-×ÁÎÎÑ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ Ú×'ÑÚËÁÈ. ÷ ËÌÁÓÔÅÒÎÏÍÕÎÁÂÌÉÖÅÎÎ� ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÒÏÚÒÁÈÏ×ÁÎÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞ-ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�, ÏÔÒÉÍÁÎÏ ÔÁ �ÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÓÉÓÔÅÍÕÒ�×ÎÑÎØ ÄÌÑ �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ, Ò�×ÎÑÎÎÑ ÄÌÑ ÔÅÍ�Å-ÒÁÔÕÒÉ ëÀÒ�, ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ. úÁ�ÒÏ�ÏÎÏ×ÁÎÏ �Ï-ÓÌ�ÄÏ×ÎÉÊ ��ÄÈ�Ä ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ Ï�ÔÉÍÁÌØÎÉÈ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ�,ÑË� ÄÏÚ×ÏÌÑÀÔØ ÎÁÌÅÖÎÉÍ ÞÉÎÏÍ Ï�ÉÓÁÔÉ ÓÕËÕ�Î�ÓÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×ÔÉ�Õ KH2PO4. úÎÁÊÄÅÎÏ §È ÚÎÁÞÅÎÎÑ ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4 � ÏÔÒÉÍÁÎÏÄÕÖÅ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. äÏÓÌ�ÄÖÅÎÏ ÎÅÆ�ÚÉÞÎÕ�Ï×ÅÄ�ÎËÕ ÒÅÚÕÌØÔÁÔ�× ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ.Thermodynamis and dieletri properties of hydrogen bonded fer-roeletris of KH2PO4 type. The four-partile luster approximationR.R.Levitskii, B.M.LisniiAbstrat. We study thermodynami and dieletri properties of ferroele-tri KH2PO4 type ferroeletris within the framework of the proton orderingmodelo with taking into aount the tunneling e�ets. Within the luster ap-proximation for the free energy we alulate the omponents of the statidieletri suseptibility tensor, obtain and study the system of equations forthe proton ordering parameter, equation for the Curie temperature, as well asCurie-Weiss temperature and onstant. We propose an approah for determi-nation of the optimal values of the model parameters that permit to properlydesribe experimental data for thermodynami and dieletri harateristisof the KH2PO4 type rystals. We �nd suh values of the KH2PO4 rystal andobtain a very good agreement between the theory and experiment. A haraterof unphysial behavior of the luster approximation results is studied.ðÏÄÁ¤ÔØÓÑ × Journal of Physial StudiesSubmitted to Journal of Physial Studies ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physis 2001



1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�ú ÞÁÓÕ ×�ÄËÒÉÔÔÑ Ñ×ÉÝÁ ÓÅÇÎÅÔÏÁËÔÉ×ÎÏÓÔ� ËÒÉÓÔÁÌ KH2PO4 (ÞÁÓÔÏËÁÖÕÔØ KDP) ÔÁ �ÚÏÍÏÒÆÎ� ÊÏÍÕ Ó�ÏÌÕËÉ �ÒÉ×ÅÒÔÁÀÔØ Õ×ÁÇÕ ÂÁÇÁ-ÔØÏÈ ÔÅÏÒÅÔÉË�× ÔÁ ÅËÓ�ÅÒÉÍÅÎÔÁÔÏÒ�× × ÏÓÎÏ×ÎÏÍÕ ÚÁ ÒÁÈÕÎÏË Ó×Ï¤§×�ÄÎÏÓÎÏ �ÒÏÓÔÏ§ ÓÔÒÕËÔÕÒÉ ÔÁ Ó�Å�ÉÆ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ, �Ï×'ÑÚÁ-ÎÉÈ Ú ÓÉÓÔÅÍÏÀ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×. ðÏÍ�ÔÎÏÀ ÏÓÏÂÌÉ×�ÓÔÀ Õ ÒÏÚ×ÉÔËÕÆ�ÚÉËÉ �ÉÈ ËÒÉÓÔÁÌ�× ¤ Ô�ÓÎÉÊ ×ÚÁ¤ÍÏÚ×'ÑÚÏË Í�Ö ÔÅÏÒ�¤À ÔÁ ÅËÓ�Å-ÒÉÍÅÎÔÏÍ, ÑËÉÊ ÚÕÍÏ×É× ÚÎÁÞÎÉÊ �ÒÏÇÒÅÓ Õ �ÏÂÕÄÏ×� ÔÅÏÒÅÔÉÞÎÉÈÍÏÄÅÌÅÊ ÔÁ × ÒÏÚÕÍ�ÎÎ� §È ×ÌÁÓÔÉ×ÏÓÔÅÊ ÎÁ Í�ËÒÏÓËÏ��ÞÎÏÍÕ Ò�×Î�.ðÏÂÕÄÏ×� ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ�§ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4�ÒÉÓ×ÑÞÅÎÏ ×ÅÌÉËÕ Ë�ÌØË�ÓÔØ ÒÏÂ�Ô.ðÅÒÛÁ Í�ËÒÏÓËÏ��ÞÎÁ ÍÏÄÅÌØ ÆÁ-ÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × �ÉÈ ËÒÉÓÔÁÌÁÈ ÂÕÌÁ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ óÌÅÔÅÒÏÍ [1℄ÝÅ × 1941 ÒÏ��. ãÑ ÍÏÄÅÌØ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÔÁËÉÈ �ÒÉ�ÕÝÅÎÎÑÈ: ÌÉ-ÛÅ ÏÄÉÎ �ÒÏÔÏÎ �ÒÉ�ÁÄÁ¤ ÎÁ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË; ËÏÖÎÁ ÇÒÕ�Á PO4ÍÁ¤ Â�ÌÑ ÓÅÂÅ Ô�ÌØËÉ Ä×Á �ÒÏÔÏÎÉ (ÔÁË Ú×ÁÎÅ �ÒÁ×ÉÌÏ ÌØÏÄÕ); ÅÎÅÒÇ�ÑÇÒÕ� H2PO4 Ú �ÒÏÔÏÎÁÍÉ ÎÁ ×ÅÒÈÎ�È Ä×ÏÈ ÞÉ ÎÉÖÎ�È Ä×ÏÈ Ú×'ÑÚËÁÈ ¤ÍÅÎÛÁ ×�Ä ÅÎÅÒÇ�§ �ÎÛÉÈ ËÏÎÆ�ÇÕÒÁ��Ê �ÒÏÔÏÎ�× ÎÁ ×ÅÌÉÞÉÎÕ ". íÏ-ÄÅÌØ óÌÅÔÅÒÁ �ÅÒÅÄÂÁÞÁ¤ �ÓÎÕ×ÁÎÎÑ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ, ÄÁ¤ ÂÌÉÚØËÅÄÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ ÅÎÔÒÏ��§ �ÅÒÅÈÏÄÕ, ÏÄÎÁË ÎÅ ×�ÄÔ×Ï-ÒÀ¤ �ÓÔÉÎÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÍ�ÎÉ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ � ¤ ÌÉÛÅÓÔÁÔÉÞÎÏÀ, ÔÏÂÔÏ ÎÅ Í�ÓÔÉÔØ × ÓÏÂ� ÍÅÈÁÎ�ÚÍÕ �ÒÏÔÏÎÎÏ§ ÄÉÎÁÍ�ËÉ.ð�ÚÎ�ÛÅ ÄÁÎÕ ÍÏÄÅÌØ ÎÅÏÄÎÏÒÁÚÏ×Ï �ÏËÒÁÝÕ×ÁÌÉ: �ÏÓÌÁÂÌÀ×ÁÌÉ ÏÂ-ÍÅÖÅÎÎÑ �ÒÁ×ÉÌÁ ÌØÏÄÕ| ÄÏÚ×ÏÌÑÌÉ �ÓÎÕ×ÁÎÎÑ ÇÒÕ� HPO4 � H3PO4Ú ÅÎÅÒÇ�¤À ×ÉÝÏÀ ÚÁ ÅÎÅÒÇ�À ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ ÎÁ ×ÅÌÉÞÉÎÕ w [2℄ (ÍÏ-ÄÅÌØ óÌÅÔÅÒÁ{�ÁËÁÇ�); ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÍ ÛÌÑÈÏÍ ××ÏÄÉÌÉ × ÍÏÄÅÌØÄÁÌÅËÏÓÑÖÎÕ ÄÉ�ÏÌØ{ÄÉ�ÏÌØÎÕ ×ÚÁ¤ÍÏÄ�À [3℄. ÷ËÌÀÞÁÀÞÉ ×Ó� ×ÉÝÅÚÇÁÄÁÎ� ÄÏ�Ï×ÎÅÎÎÑ × ÚÁÇÁÌØÎ�Ê ÆÏÒÍ� ÍÏÄÅÌ� óÌÅÔÅÒÁ, ó�ÌÓÂ� Ú Ó��×-Á×ÔÏÒÁÍÉ [4℄ ×ÉËÏÎÁÌÉ ÞÉÓÅÌØÎ� ÒÏÚÒÁÈÕÎËÉ Ò�ÚÎÉÈ Æ�ÚÉÞÎÉÈ ×ÅÌÉ-ÞÉÎ, �ÏÒ�×ÎÑÌÉ §È Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ � �ÏËÁÚÁÌÉ, ÝÏ�Ñ ÍÏÄÅÌØ ÍÏÖÅ Ï�ÉÓÁÔÉ ÒÑÄ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�×.îÁÓ�Õ�ÎÉÊ ËÒÏË ×�ÅÒÅÄ ÚÒÏÂÉ× âÌ�Î� [5℄. ÷�Î ÒÏÚÇÌÑÎÕ× ÍÏÄÅÌØ, ×ÏÓÎÏ×� ÑËÏ§ ÌÅÖÉÔØ �ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÒÕÈ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ Õ �ÏÔÅÎ��ÁÌÁÈ Ú �ÏÄ×�ÊÎÉÍ Í�Î�ÍÕÍÏÍ, � ×ËÁÚÁ× ÎÁ ×ÁÖÌÉ×�ÓÔØÔÕÎÅÌØÎÏÇÏ ÅÆÅËÔÕ. ÷ÉÈÏÄÑÞÉ Ú �ÉÈ Í�ÒËÕ×ÁÎØ ÄÅ öÅÎ [6℄ ÚÁ�ÒÏ-�ÏÎÕ×Á× �ÓÅ×ÄÏÓ��ÎÏ×Õ ÍÏÄÅÌØ, ÑËÁ ×ÒÁÈÏ×Õ¤ Ë×ÁÎÔÏ×ÉÊ ÒÕÈ �ÒÏ-ÔÏÎ�× ÎÁ Ú×'ÑÚËÁÈ | ÔÁË Ú×ÁÎÁ �ÒÏÔÏÎÎÁ ÍÏÄÅÌØ. ãÑ ÍÏÄÅÌØ ÚÎÁÊ-ÛÌÁ Ó×�Ê ÒÏÚ×ÉÔÏË × ��ÌÏÍÕ ÒÑÄ� ÒÏÂ�Ô: �ÏËÕÎÁÇÁ � íÁÔÓÕÂÁÒÁ [7℄ÏÄÅÒÖÁÌÉ ÂÁÚÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÎÁ ÏÓÎÏ×� ÄÏÓÔÁÔÎØÏ ÚÁÇÁÌØÎÉÈ �Ï-ÌÏÖÅÎØ, a ëÏÂÁÑÛ� [8℄ ÚÁ�ÒÏ�ÏÎÕ×Á× ÁÄÅË×ÁÔÎÕ ÍÏÄÅÌØ ÄÌÑ Ï�ÉÓÕÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP. ÷ ÒÏÂÏÔ� [9℄
ICMP{01{09U 2âÌ�Î� � ó×ÅÔ�ÎÁ, ×ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ �ÒÏÔÏÎÎÅ ÔÕÎÅÌÀ×ÁÎÎÑ �, ÞÁÓÔ-ËÏ×Ï, �ÒÏÔÏÎ{ÇÒÁÔËÏ×Õ ×ÚÁ¤ÍÏÄ�À, ×ÉËÏÒÉÓÔÁÌÉ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ×�-ÌØÎÏ§ ÅÎÅÒÇ�§ ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ,×ÒÁÈÕ×Á×ÛÉ ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ¤ÍÏÄ�À × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ�ÏÌÑ. ú×�×ÛÉ ÚÁÄÁÞÕ ÏÂÞÉÓÌÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÄÏ ÒÏÚ×'ÑÚÁÎÎÑ ÓÉÓ-ÔÅÍÉ ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈ Ò�×ÎÑÎØ, ×ÏÎÉ ÎÁ ÏÓÎÏ×� ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎË�××É×ÞÉÌÉ ×�ÌÉ× ÔÕÎÅÌÀ×ÁÎÎÑ ÔÁ �ÎÛÉÈ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� ÎÁ �ÏÌÑ-ÒÉÚÁ��À, ÔÅ�ÌÏ¤ÍÎ�ÓÔØ, ÅÎÔÒÏ��À, ÎÁ Ò�Ä ÔÁ ÔÅÍ�ÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ�ÅÒÅÈÏÄÕ � �ÏËÁÚÁÌÉ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ �ÏËÒÁÝÕ¤ ÕÚÇÏ-ÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4. ð�ÚÎ�ÛÅ ×ÒÏÂÏÔ� [13℄ ÂÕÌÏ ÓÆÏÒÍÕÌØÏ×ÁÎÏ ÕÍÏ×É ÒÅÁÌ�ÚÁ��§ ÍÏÖÌÉ×ÉÈ ÔÉ��××�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ Ú×'ÑÚËÁÈ × ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈ ËÒÉÓÔÁÌÁÈÓ�Í'§ KDP � ×ÓÔÁÎÏ×ÌÅÎÏ ×ÉÒ�ÛÁÌØÎÕ ÒÏÌØ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ�§Õ ÒÅÁÌ�ÚÁ��§ ÓÔÁÎÕ ÁÎÔÉ�ÏÌÑÒÉÚÁ��§ × ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ ÔÉ�ÕND4D2PO4.÷ÁËÓ � ú�ÎÅÎËÏ × ÒÏÂÏÔ� [10℄ ÒÏÚ×'ÑÚÁÌÉ ÚÁÄÁÞÕ ÒÏÚÒÁÈÕÎËÕ ×�ÌØÎÏ§ÅÎÅÒÇ�§, ÏÔÒÉÍÁÎÏ§ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� âÌ�Î�ÅÍ � ó×ÅÔ�ÎÏÀ,ÏÂÍÅÖÉ×ÛÉÓØ �ÅÒÛÉÍ �ÏÒÑÄËÏÍ ÒÏÚËÌÁÄÕ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ�ÌØ-ÔÏÎ�ÁÎÁ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �Ï ÍÁÌÏÍÕ �ÁÒÁÍÅÔÒÕ � ÚÒÏ-ÂÉ×ÛÉ �Å×Î� ÎÅÏÂÇÒÕÎÔÏ×ÁÎ� ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÒÏÚ×'ÑÚÁÎÎ� ÔÒÁÎÓ�Å-ÄÅÎÔÎÉÈ Ò�×ÎÑÎØ. ïÄÎÁË �ÅÊ Ó�ÏÓ�Â ÄÁ¤ ÎÉÚØËÕ ÔÏÞÎ�ÓÔØ ÒÏÚÒÁÈÕÎË�×,ÑËÁ ÎÁ×�ÔØ �ÏÂÌÉÚÕ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÓËÌÁÄÁ¤ Â�ÌØÛÅ10 % [11℄. ÷ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ ��¤§ ÒÏÂÏÔÉ ¤ ÏÂÇÏ×ÏÒÅÎÎÑ ÎÅÆ�ÚÉÞÎÏ§�Ï×ÅÄ�ÎËÉ ÒÅÚÕÌØÔÁÔ�× ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ �ÒÏÔÏÎÎÏ§ ÍÏÄÅ-Ì� �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ, ×ÉÑ×ÌÅÎÏ§ × ÒÏÂÏÔ� [9℄. á×ÔÏÒÉ ÒÏÂÏÔÉ[12℄ ÎÁ ÏÓÎÏ×� ÒÅÚÕÌØÔÁÔ�× ÒÏÂÏÔÉ [10℄ ÚÒÏÂÉÌÉ Ï��ÎËÕ �ÁÒÁÍÅÔÒ�× ÔÅ-ÏÒ�§ ÄÌÑ ×Ó�È ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP.ïÓÏÂÌÉ×Ï ÓÌ�Ä ×�ÄÚÎÁÞÉÔÉ ÒÏÂÏÔÕ [11℄, × ÑË�Ê ÂÕÌÏ ÚÄ�ÊÓÎÅÎÏ ÞÉÓ-ÌÏ×Å ÄÏÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP, ÏÔÒÉÍÁÎÉÈ Õ ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�, ×ÚÁÌÅÖÎÏÓÔ� ×�Ä �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§. èÏÞ �Ñ ÒÏÂÏÔÁ ÓÔÁÌÁ �Å×ÎÉÍ ��Ä-ÓÕÍËÏÍ ÁËÔÉ×ÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÚÁ�ÏÞÁÔËÏ×ÁÎÏÇÏâÌ�Î�ÅÍ � ó×ÅÔ�ÎÏÀ, ×ÓÅ Ö ×ÏÎÁ ÎÅ ÄÁ¤ �Ï×ÎÏÇÏ ÕÑ×ÌÅÎÎÑ �ÒÏ ÒÅÁÌØ-Î� ÍÏÖÌÉ×ÏÓÔ� ��¤§ ÍÏÄÅÌ� ÝÏÄÏ ÎÁÌÅÖÎÏÇÏ Ï�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP. ãÅ ÚÁÕ×ÁÖÅÎÎÑ ÓÔÏÓÕ¤ÔØÓÑ ÔÁËÏÖ �ÒÏÂÏÔÉ [14℄, ÄÅ ÚÒÏÂÌÅÎÏ �Å×Î� ËÏÒÅÇÕ×ÁÎÎÑ �ÁÒÁÍÅÔÒ�× ÒÏÂÏÔÉ [11℄ÄÌÑ �ÏËÒÁÝÅÎÎÑ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË�×Ú ÅÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ Ó�ÏÎÔÁÎÎÏÀ �ÏÌÑÒÉÚÁ��¤À.òÏÚÛÉÒÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÏ×Ï§ ÍÏÄÅÌ� ÄÌÑ Ï�ÉÓÕ �Ï�ÅÒÅÞÎÉÈ Ä�ÅÌÅË-ÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�× ÔÉ�ÕKDP ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ èÁ×-Ì�ÎÉÍ Ú Ó��×Á×ÔÏÒÁÍÉ × ÒÏÂÏÔÁÈ [15{18℄. ÷ ÒÅÚÕÌØÔÁÔ� ÂÕÌÏ �ÏËÁÚÁÎÏ,



3 ðÒÅ�ÒÉÎÔÝÏ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÎÅ ÚÁÂÅÚ�ÅÞÕ¤ ÄÏÂÒÏÇÏ ÕÚÇÏ-ÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� [15℄, ÁËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ËÌÁÓÉÞÎÏÇÏ ×ÁÒ�ÁÎÔÕ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�(ÂÅÚ ÔÕÎÅÌÀ×ÁÎÎÑ) ÄÁ¤ ÄÏÂÒÅ Ë�ÌØË�ÓÎÅ Ó��×�ÁÄ�ÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÅÊÔÅÒÏ×ÁÎÉÈËÒÉÓÔÁÌ�× ÔÉ�Õ DKDP [17℄. ÷ ÔÏÊ ÖÅ ÞÁÓ, ÎÅÍÁ¤ ÄÏÂÒÏ§ ÚÇÏÄÉ ÒÅÚÕÌØ-ÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈËÒÉÓÔÁÌ�× ÔÉ�Õ KDP [16℄, Õ ÑËÉÈ �ÏÔÒ�ÂÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ ÔÕÎÅÌÀ×ÁÎ-ÎÑ. ÷ ÒÏÂÏÔ� [18℄ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÉ ÔÅÏÒÅÔÉÞÎÏÍÕ ÄÏ-ÓÌ�ÄÖÅÎÎ� Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌÁ KH2PO4 × ÎÁÂÌÉ-ÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. �ÕÔ �Ï�ÅÒÅÞÎÕ Ä�ÅÌÅËÔÒÉÞÎÕ�ÒÏÎÉËÎ�ÓÔØ ÒÏÚÒÁÈÏ×Õ×ÁÌÉ ÞÉÓÌÏ×ÉÍ Ó�ÏÓÏÂÏÍ Ú Ò�×ÎÑÎØ ÓÁÍÏÕÚÇÏ-ÄÖÅÎÎÑ, ÏÄÎÁË ÎÅ ÂÕÌÏ ÄÏÓÑÇÎÕÔÏ ÎÁÌÅÖÎÏÇÏ Ò�×ÎÑ Ï�ÉÓÕ ×�Ä�Ï×�ÄÎÉÈÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�×.ïËÒÅÍÏ ÓÌ�Ä ÚÇÁÄÁÔÉ ÒÏÂÏÔÉ [19{22℄, × ÑËÉÈ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏÍÏÖÎÁ ÚÁÄÏ×�ÌØÎÏ Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁ ÄÉÎÁÍ�ÞÎ�×ÌÁÓÔÉ×ÏÓÔ� ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP × ÍÅÖÁÈ ËÌÁÓÉÞÎÏÇÏ ×ÁÒ�ÁÎÔÕ �ÒÏ-ÔÏÎÎÏ§ ÍÏÄÅÌ�, ÑËÉÊ ×�Ä�Ï×�ÄÁ¤ ÄÅÊÔÅÒÏ×ÁÎÉÍ ËÒÉÓÔÁÌÁÍ.ïÔÏÖ, ÚÁÇÁÌØÎÏ×ÉÚÎÁÎÎÏÀ ¤ ÄÕÍËÁ, ÝÏ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ËÒÉÓ-ÔÁÌÁÈ Ó�Í'§ KDP Ô�ÓÎÏ �Ï×'ÑÚÁÎÉÊ Ú ×�ÏÒÑÄËÕ×ÁÎÎÑÍ �ÒÏÔÏÎ�× ÎÁ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ, ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ ÑËÉÈ ¤ Ä×ÏÍ�Î�ÍÕÍÎÉÍ, �ÝÅ ÄÏ ÓÅÒÅÄÉÎÉ 80-ÉÈ ÒÏË�× �ÒÏÔÏÎÎÁ ÍÏÄÅÌØ ××ÁÖÁÌÁÓÑ ÂÅÚÚÁ�ÅÒÅÞ-ÎÏÀ ÏÓÎÏ×ÏÀ ÄÌÑ Ï�ÉÓÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ Ó�Í'§KH2PO4. óÕÍÎ�×É × Ó�ÒÁ×ÅÄÌÉ×ÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ×ÉËÌÉËÁÌÉ ÒÅ-ÚÕÌØÔÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔ�× �Ï ÒÁÍÁÎ�×ÓØËÏÍÕ ÒÏÚÓ�ÑÎÎÀ Ó×�ÔÌÁ × ËÒÉÓ-ÔÁÌÁÈ ÔÉ�ÕKDP, ÏÓË�ÌØËÉ ÎÅ ÂÕÌÏ ×ÉÑ×ÌÅÎÏ Í'ÑËÏ§ ÍÏÄÉ, �Ï×'ÑÚÁÎÏ§ Ú�ÒÏÔÏÎÎÉÍ ÒÕÈÏÍ (ÄÉ×. ÒÏÂÏÔÉ [23{25℄). ÷ 1984 ÒÏ�� �ÏËÕÎÁÇÁ [26℄ ÚÁ-�ÒÏ�ÏÎÕ×Á× ÎÏ×Õ ÍÏÄÅÌØ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KDP,ÚÇ�ÄÎÏ Ú ÑËÏÀ �ÅÒÅÈ�Ä × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÕ ÆÁÚÕ ¤ �ÅÒÅÈÏÄÏÍ ÔÉ�ÕÌÁÄ{ÂÅÚÌÁÄ ÄÌÑ ÄÉ�ÏÌ�× H2PO4. ðÒÏÔÅ, ÓÔÕ��ÎØ ÒÏÚÒÏÂËÉ ��¤§ ÍÏÄÅÌ�ÄÏÓÉÔØ ÎÉÚØËÉÊ. úÏËÒÅÍÁ, ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅ×�ÄÏÍÉÍ ÞÉ ÍÏÖÌÉ×Ï × §§ÒÁÍËÁÈ Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ ÏÓÏÂÌÉ×ÏÓÔ� ÓÔÁÔÉÞÎÉÈ ÔÁ ÄÉÎÁÍ�ÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×. ú �ØÏÇÏ �ÒÉ×ÏÄÕ ×ÁÒÔÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ �ÒÉ�ÒÁËÔÉÞÎ�Ê ÒÅÁÌ�ÚÁ��§ ÔÁËÏ§ ÍÏÄÅÌ� ×ÉÎÉËÁÀÔØ ÔÒÕÄÎÏÝ�, �Ï×'ÑÚÁÎ�Ú �ÏÒÕÛÅÎÎÑÍ Õ ×�ÏÒÑÄËÏ×ÁÎÏÍÕ ÓÔÁÎ� "�ÒÁ×ÉÌÁ ÌØÏÄÕ" (ÄÉ×. [27℄).�ÁËÏÖ ÎÅ ��ÄÔ×ÅÒÄÖÕ¤ÔØÓÑ �ÄÅÑ �ÒÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÇÒÕ� H2PO4 ÄÁ-ÎÉÍÉ ÒÏÂÏÔÉ [28℄, ÑË� Ó×�ÄÞÁÔØ ÎÁ ËÏÒÉÓÔØ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×.�ÏÍÕ �ÎÛÏ§ ÍÏÄÅÌ� ÔÁËÏÇÏ Ò�×ÎÑ ÒÏÚÒÏÂËÉ ÑË �ÒÏÔÏÎÎÁ, ÑËÁ ÚÁÂÅÚ�Å-ÞÕ¤ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� ÒÏÚÓ�ÑÎÎÑ Ó×�Ô-ÌÁ, ×�ÌÉ×Õ ÔÉÓËÕ � ÒÑÄÕ �ÎÛÉÈ ÆÁËÔ�×, ÎÁ ÄÁÎÉÊ ÞÁÓ ÎÅ �ÓÎÕ¤.èÁÒÁËÔÅÒÎÏÀ ÒÉÓÏÀ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× ×
ICMP{01{09U 4ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KDP ¤ ÍÁÌ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÏÂÌÁÓÔ� Â�ÌÑ ÔÏÞËÉëÀÒ�, ÄÅ Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÚÁÚÎÁÀÔØ ÓÕÔÔ¤×ÉÈ ÚÍ�Î � ÍÁÀÔØÏÓÏÂÌÉ×ÏÓÔ�. ãÅ Ó×�ÄÞÉÔØ �ÒÏ ÓÕÔÔ¤×� ËÏÒÏÔËÏÓÑÖÎ� ËÏÒÅÌÑ��§ × �ÉÈÓ�ÏÌÕËÁÈ. ãÅÊ ÆÁËÔ, ÒÁÚÏÍ Ú Ó�Å�ÉÆ�ËÏÀ ËÒÉÓÔÁÌ�ÞÎÏ§ ÓÔÒÕËÔÕÒÉ,ÒÏÂÉÔØ �ÒÉÒÏÄÎ�Í ÚÁÓÔÏÓÕ×ÁÎÎÑ ËÌÁÓÔÅÒÎÏÇÏ ��ÄÈÏÄÕ ÄÏ ÄÏÓÌ�ÄÖÅÎÎÑ�ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÑËÉÊ ¤ ÓÕÔÔ¤×Ï ËÒÁÝÉÍ ÚÁ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒ-ÎÏÇÏ �ÏÌÑ. ïÓË�ÌØËÉ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍÔÕÎÅÌÀ×ÁÎÎÑ Í�ÓÔÉÔØ ÎÅËÏÍÕÔÕÀÞ� Ï�ÅÒÁÔÏÒÉ, ÔÏ ÚÁÍ�ÎÁ ÅÆÅËÔÉ×ÎÉÈËÌÁÓÔÅÒÎÉÈ �ÏÌ�× ËÌÁÓÉÞÎÉÍÉ, �ÒÉ×ÏÄÉÔØ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈÄÏ ÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ §§ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË [9,10,29℄.�ÏÍÕ �Å ÎÁÂÌÉÖÅÎÎÑ ËÏÒÅËÔÎÅ ÌÉÛÅ Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÔÁ× �Å×Î�Ê ÏÂÌÁÓÔ� ÔÅÍ�ÅÒÁÔÕÒ ÎÉÖÞÅ ÔÏÞËÉ ëÀÒ�. äÌÑ Ó�ÏÌÕË ÔÉ�ÕDKDP ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÏÂÒÅ �ÒÁ�À¤ × ÕÓØÏÍÕ ÔÅÍ�ÅÒÁÔÕÒ-ÎÏÍÕ Ä�Á�ÁÚÏÎ�.ð�Ä×ÏÄÑÞÉ ��ÄÓÕÍÏË, ÓÌ�Ä ÎÁÇÏÌÏÓÉÔÉ ÎÁ ÄÅÑËÉÈ ÁÓ�ÅËÔÁÈ ÄÏÓÌ�-ÄÖÅÎÎÑ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ × ÒÁÍËÁÈËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ, ÑË� �ÒÉÎ�É�Ï×Ï ×ÁÖÌÉ×� ÄÌÑ ÔÅÏÒÅÔÉÞÎÏ-ÇÏ Ï�ÉÓÕ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× ÔÉ�ÕKDP:1. äÏÓ� ÝÅ ÎÅ ÏÔÒÉÍÁÎÏ ×ÉÒÁÚ�× ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞ-ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ ×ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�, ÎÁÑ×Î�ÓÔØ ÑËÉÈ ÄÏÚ×ÏÌÉÌÁ Â ÎÁ ÎÁÌÅÖÎÏÍÕÒ�×Î� Ï�ÉÓÁÔÉ ×�Ä�Ï×�ÄÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�.2. îÅ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ �ÏÓÌ�ÄÏ×ÎÏÇÏ ��ÄÈÏÄÕ ÄÌÑ ×ÉÂÏÒÕ ÚÎÁÞÅÎØÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4, ÑËÉÊ ÄÏÚ×Ï-ÌÉ× ÂÉ ÏÄÅÒÖÁÔÉ ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�× Ï�ÔÉÍÁÌØÎ� ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�×ÔÅÏÒ�§ � ÄÁ×Á× ÂÉ ÎÁÌÅÖÎÉÊ Ò�×ÅÎØ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ ÔÁ ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ §È Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.3. îÅ ÄÁÎÏ ×�Ä�Ï×�Ä� ÎÁ �ÉÔÁÎÎÑ: ÑË ÄÏÂÒÅ ÓÁÍÁ ÍÏÄÅÌØ, ÂÅÚ ×ÒÁÈÕ-×ÁÎÎÑ ÔÁËÉÈ Æ�ÚÉÞÎÉÈ ÅÆÅËÔ�×, ÑË ËÏÒÅÌÑ��§, ÓÔÒÉË��Ñ, ÔÁ �Î. (ÑËÉÍÒÑÄ Á×ÔÏÒ�× [10,11℄ ×�Ä×ÏÄÉÔØ ×ÁÖÌÉ×Õ ÒÏÌØ �ÒÉ ÏÂÇÏ×ÏÒÅÎÎ� ÒÅÚÕÌØ-ÔÁÔ�× Ó×Ï§È ÒÏÚÒÁÈÕÎË�×) ÚÄÁÔÎÁ Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÒÅÚÕÌØÔÁÔÉ.ãÉÍ �ÉÔÁÎÎÑÍ ÂÕÄÅ �ÒÉÄ�ÌÅÎÏ ÏÓÎÏ×ÎÕ Õ×ÁÇÕ × ÄÁÎ�Ê ÒÏÂÏÔ�.1. çÁÍ�ÌØÔÏÎ�ÁÎ. îÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁòÏÚÇÌÑÎÅÍÏ ÓÉÓÔÅÍÕ �ÒÏÔÏÎ�× ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4, ÑË�ÒÕÈÁÀÔØÓÑ ÎÁ O{H...O-Ú×'ÑÚËÁÈ, ÝÏ Ú'¤ÄÎÕÀÔØ PO4-ÔÅÔÒÁÅÄÒÉ. ðÒÉ-Í�ÔÉ×ÎÕ ËÏÍ�ÒËÕ ÇÒÁÔËÉ âÒÁ×Å × �ÉÈ ËÒÉÓÔÁÌÁÈ ÓËÌÁÄÁÀÔØ Ä×Á ÓÕ-



5 ðÒÅ�ÒÉÎÔÓ�ÄÎ� ÔÅÔÒÁÅÄÒÉ PO4 Ú ÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÑË� ÎÁÌÅÖÁÔØÏÄÎÏÍÕ Ú ÎÉÈ | ÔÅÔÒÁÅÄÒÕ ÔÉ�Õ "A". ÷ÏÄÎÅ×� Ú×'ÑÚËÉ, ÑË� ��ÄÈÏÄÑÔØÄÏ ÄÒÕÇÏÇÏ ÔÅÔÒÁÅÄÒÁ | ÔÅÔÒÁÅÄÒÁ ÔÉ�Õ "B", ÎÁÌÅÖÁÔØ ÞÏÔÉÒØÏÍÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅÍÅÎÔÁÍ, ÝÏ ÊÏÇÏ ÏÔÏÞÕÀÔØ. óÔÒÕËÔÕ-ÒÁ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉ�Õ KDP ÓÈÅÍÁÔÉÞÎÏ ÚÏÂÒÁÖÅÎÁÎÁ ÒÉÓ. 1. åÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÓÅÇÎÅÔÏÅÌÅË-b cc ccc css ss s ss6 -xy 1 22112 3h 2h 1h4h21 i1 , i2 , i3 , i4 { nomerivodnevih zv'�zk�v, a 1,2 {mo�liv� polo�enn� pro-ton�v na zv'�zkah. Zobra-�ena odna z mo�livihsegnetoelektriqnih pro-tonnih konf�gurac��.òÉÓ. 1. ðÒÉÍ�ÔÉ×ÎÁ ËÏÍ�ÒËÁ ËÒÉÓÔÁÌÁ ÔÉ�Õ KH2PO4.ÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× Ó�Í'§ KH2PO4, ÝÏ ×ÒÁÈÏ×Õ¤ ËÏÒÏÔËÏÓÑÖÎ� ÔÁ ÄÁ-ÌÅËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§, Á ÔÁËÏÖ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈÚ×'ÑÚËÁÈ, ÍÁ¤ ×ÉÇÌÑÄ [7,9,13℄:^H =� 2
Xn;f ^Sxf (n)� 12 Xn1;n2 Xf1;f2 Jf1f2(n1;n2) ^Szf1(n1) ^Szf2(n2) + (1.1)+Xn1;n2n3;n4n12Xf1;f2Vf1f2 ^Szf1(n1) ^Szf2(n2)+�^Sz1 (n1) ^Sz2 (n2) ^Sz3 (n3) ^Sz4 (n4)o��fÆn1;n2Æn1;n3Æn1;n4 + Æn1+r2;n2Æn1+r3;n3Æn1+r4;n4g:�ÕÔ �ÅÒÛÉÊ ÄÏÄÁÎÏË Ï�ÉÓÕ¤ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ O{H...O-Ú×'ÑÚËÁÈ (2
 | ÞÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ); ÄÒÕÇÉÊ | ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ-¤ÍÏÄ�À �ÒÏÔÏÎ�×, ÑËÁ ×ËÌÀÞÁ¤ ÅÆÅËÔÉ×ÎÕ §È ×ÚÁ¤ÍÏÄ�À ÞÅÒÅÚ ËÏÌÉ-×ÁÎÎÑ ÇÒÁÔËÉ [9,30℄; ÔÒÅÔ�Ê | ËÏÒÏÔËÏÓÑÖÎ� ËÏÎÆ�ÇÕÒÁ��ÊÎ� ËÏÒÅÌÑ-��§ �ÒÏÔÏÎ�× �ÏÂÌÉÚÕ ÔÅÔÒÁÅÄÒ�× ÔÉ�Õ "A" (�ÅÒÛÉÊ ÄÏÂÕÔÏË ÓÉÍ×ÏÌ�×ëÒÏÎÅËÅÒÁ) � ÔÅÔÒÁÅÄÒ�× ÔÉ�Õ "B" (ÄÒÕÇÉÊ ÄÏÂÕÔÏË ÓÉÍ×ÏÌ�× ëÒÏ-ÎÅËÅÒÁ). ^S�fi(ni) | �-ËÏÍ�ÏÎÅÎÔÁ (� = x; z) Ï�ÅÒÁÔÏÒÁ �ÓÅ×ÄÏÓ��ÎÁ^Sfi(ni) (fi = 1; 2; 3; 4), ÑËÉÊ Ï�ÉÓÕ¤ ÓÔÁÎ �ÒÏÔÏÎÁ ÎÁ fi-ÍÕ ×ÏÄÎÅ×Ï-ÍÕ Ú×'ÑÚËÕ × ni-�Ê �ÒÉÍ�ÔÉ×Î�Ê ËÏÍ�Ò��: ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ Ï�ÅÒÁÔÏÒÁ^Szfi(ni) = � 12 ×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍ ÍÏÖÌÉ×ÉÍ Ò�×ÎÏ×ÁÖÎÉÍ �ÏÌÏÖÅÎ-ÎÑÍ �ÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ; rfi | ÒÁÄ�ÕÓ{×ÅËÔÏÒ ×�ÄÎÏÓÎÏÇÏ �ÏÌÏÖÅÎÎÑ
ICMP{01{09U 6×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ × �ÒÉÍ�ÔÉ×Î�Ê ËÏÍ�Ò��.îÁÛÏÀ ÍÅÔÏÀ ¤ ÒÏÚÒÁÈÕÎÏË ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�-ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁ-ÂÌÉÖÅÎÎ�. ÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÄÌÑ ËÏÒÏÔËÏ-ÓÑÖÎÉÈ � ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÄÌÑ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ×�ÌØÎÁÅÎÅÒÇ�Ñ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ [9,13,31℄:F =�1� Xn n ln Sp[e�� ^HA4 (n)℄+ ln Sp[e�� ^HB4 (n)℄�Xf ln Sp[e�� ^Hf1 (n)℄o++18 Xn1;n2 Xf1;f2 Jf1f2(n1;n2)h2 ^Szf1(n1)ih2 ^Szf2(n2)i; (1.2)ÄÅ � = (kBT )�1, kB | �ÏÓÔ�ÊÎÁ âÏÌØ�ÍÁÎÁ, T | ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁ-ÔÕÒÁ, Á ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×� ^HA4 (n), ^HB4 (n) � ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ^Hf1 (n)ÇÁÍ�ÌØÔÏÎ�ÁÎÉ �ÒÏÔÏÎ�× ÄÁÀÔØÓÑ ×ÉÒÁÚÁÍÉ:^HA4 (n) = (�2
 + �2) 4Xf=1 ^Sxf (n) + 12 4Xf1;f2=1Vf1f2 ^Szf1(n) ^Szf2(n) ++� 4Yf=1 ^Szf (n) + 4Xf=1[�f (n)� f (n)℄ ^Szf (n); (1.3)^HB4 (n)=(�2
+�2 ) 4Xf=1 ^Sxf (n+rf)+12 4Xf1;f2=1Vf1f2 ^Szf1(n+rf1) ^Szf2(n+rf2)++� 4Yf=1 ^Szf (n+rf )+ 4Xf=1[�f (n+rf )� f (n+rf )℄ ^Szf (n+rf );^Hf1 (n) = (�2
 + �) ^Sxf (n) + [2�f (n)� f (n)℄ ^Szf (n); f = 1; 4:�ÕÔ �| �ÁÒÁÍÅÔÅÒ ×�ÌÉ×Õ �ÒÏÔÏÎÎÏ§ ËÏÒÅÌÑ��§ ÎÁ ÔÕÎÅÌÀ×ÁÎÎÑ (ÍÁ¤ÚÍ�ÓÔ ÓÅÒÅÄÎØÏÇÏ "�Ï�ÅÒÅÞÎÏÇÏ" �ÏÌÑ, ÝÏ Ä�¤ ÎÁ ×ÉÄ�ÌÅÎÉÊ �ÒÏÔÏÎ ÚÂÏËÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×); �f (n) | �ÁÒÁÍÅÔÅÒ ÕÚÇÏÄÖÅÎÎÑ ËÏÒÏÔËÏ-ÓÑÖÎÉÈ ÓÉÌ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ ×�ÌÉ× �ÒÏÔÏÎ�× ÓÕÓ�ÄÎ�È ËÏÍ�ÒÏË ÎÁ f -ÉÊ�ÒÏÔÏÎ n-Ï§ ËÏÍ�ÒËÉ (ÍÁ¤ ÚÍ�ÓÔ ÓÅÒÅÄÎØÏÇÏ "�ÏÚÄÏ×ÖÎØÏÇÏ" �ÏÌÑ, ÑËÅÄ�¤ ÎÁ �ÒÏÔÏÎ Ú ÂÏËÕ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×); f (n) | ÅÆÅËÔÉ×ÎÅ �ÏÌÅ,ÓÔ×ÏÒÅÎÅ ÄÁÌÅËÏÓÑÖÎÏÀ ×ÚÁ¤ÍÏÄ�¤Àf1(n1) = 12 Xn2;f2 Jf1f2(n1;n2)h2 ^Szf2(n2)i:



7 ðÒÅ�ÒÉÎÔëÒ�Í ÔÏÇÏ, ÅÎÅÒÇ�§ ËÏÒÅÌÑ��Ê �ÒÏÔÏÎ�× Ú×'ÑÚÁÎ� ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ ÚÅÎÅÒÇ�ÑÍÉ "; w; w1 ÒÏÚÛÉÒÅÎÏ§ ÍÏÄÅÌ� óÌÅÔÅÒÁ{�ÁËÁÇ� [1,2,7,9,13℄:V = V12 = V23 = V34 = V41 = �12w1;U = V13 = V24 = �"+ 12w1; � = 4"� 8w + 2w1;ÑË� �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÔÕÎÅÌÀ×ÁÎÎÑ ¤, �Ï ÓÕÔ�, ÅÎÅÒÇ�ÑÍÉ ÞÏÔÉÒÉÞÁÓÔÉÎ-ËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ: " = "a � "s; w = "1 � "s; w1 = "0 � "s;ÄÅ "s; "a; "1; "0 | ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒÁ��Ê �ÒÏÔÏÎ�× Â�ÌÑ ÔÅÔÒÁÅÄÒÁ PO4.ëÌÁÓÔÅÒÎ� �ÁÒÁÍÅÔÒÉ � � �f (n) ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É Í�Î�ÍÕÍÕ ×�-ÌØÎÏ§ ÅÎÅÒÇ�§ [9,10,13℄: �F�� = 0; �F��f (n) = 0: (1.4)÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ �À ÕÍÏ×Õ Ú ×�ÌØÎÏ§ ÅÎÅÒÇ�§ (1.2), ×ÒÁÈÕ×Á×ÛÉ (1.3),ÏÔÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�Î� Ò�×ÎÑÎÎÑ [9,10,13℄:Sp [^�A4 (n) ^S�f (n)℄+Sp [^�B4 (n) ^S�f (n)℄=2Sp [^�f1 (n) ^S�f (n)℄; � = x; z; (1.5)ÄÅ ^�A4 (n) = exp(�� ^HA4 (n))ZA4 (n) ; ^�B4 (n) = exp(�� ^HB4 (n))ZB4 (n) ;^�f1 (n) = exp(�� ^Hf1 (n))Zf1 (n) ;ZA4 (n)=Sp e�� ^HA4 (n); ZB4 (n)=Sp e�� ^HB4 (n); Zf1 (n)=Sp e�� ^Hf1 (n):ò�×ÎÑÎÎÑ (1.5) ¤ Ò�×ÎÑÎÎÑÍÉ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ: ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ�ÓÅ×ÄÏÓ��ÎÁ h ^S�f (n)i (� = x; z) ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ÔÏÇÏ, ÚÁ ÑËÏÀ ÍÁÔ-ÒÉ�ÅÀ ÇÕÓÔÉÎÉ (ÞÏÔÉÒÉ- ÞÉ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÀ) ×ÏÎÏ ÚÎÁÊÄÅÎÏ. ïÔÖÅ,ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÌÁÓÔÅÒÎÉÈ �ÁÒÁÍÅÔÒ�× � i �f (n) ÍÏÖÎÁ ×ÉËÏÒÉÓÔÏ-×Õ×ÁÔÉ ÂÅÚ�ÏÓÅÒÅÄÎØÏ Ò�×ÎÑÎÎÑ (1.5).

ICMP{01{09U 82. ÷ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ËÌÁÓÔÅÒÎÉÈ ÇÁÍ�ÌØÔÏÎ�ÁÎ�×ýÏÂ ÏÂÞÉÓÌÉÔÉ ×�ÌØÎÕ ÅÎÅÒÇ�À (1.2), ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊÔÉ ×ÌÁÓÎ� ÚÎÁ-ÞÅÎÎÑ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× (1.3). ÷ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁ-Í�ÌØÔÏÎ�ÁÎÁ ^Hf1 (n) ÚÎÁÈÏÄÉÍÏ ÛÌÑÈÏÍ �ÅÒÅÔ×ÏÒÅÎÎÑ �Ï×ÏÒÏÔÕ ÄÌÑ�ÓÅ×ÄÏÓ��ÎÏ×ÉÈ Ï�ÅÒÁÔÏÒ�×:^Sxf (n) = ^�xf (n) os'+ ^�zf (n) sin';^Szf (n) = �^�xf (n) sin'+ ^�zf (n) os';ÄÅ ^��f (n) | �-ËÏÍ�ÏÎÅÎÔÁ �ÓÅ×ÄÏÓ��ÎÏ×ÏÇÏ Ï�ÅÒÁÔÏÒÁ × ÎÏ×�Ê ÓÉÓÔÅ-Í� ËÏÏÒÄÉÎÁÔ; ' | �ÁÒÁÍÅÔÅÒ �Ï×ÏÒÏÔÕ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×ÉÚÎÉËÎÅÎÎÑ × ^Hf1 (n) ÞÌÅÎ�×, Ì�Î�ÊÎÉÈ �Ï ^�xf (n). ÷ ÒÅÚÕÌØÔÁÔ� ÔÁËÏÇÏ�ÅÒÅÔ×ÏÒÅÎÎÑ ^Hf1 (n) ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ:^Hf1 (n) =q(2�f (n)� f (n))2 + (2
� �)2^�zf (n): (2.1)ãÅ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÌÅÇËÏ ÏÄÅÒÖÁÔÉ ÊÏÇÏ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ.úÎÁÈÏÄÖÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÈ ÇÁÍ�ÌØÔÏÎ�Á-Î�× (1.3) ¤ ÓËÌÁÄÎ�ÛÏÀ ÚÁÄÁÞÅÀ. ïÓË�ÌØËÉ ÍÉ ÒÏÚÇÌÑÄÁ¤ÍÏ �ÒÏÓÔÏÒÏ-×Ï-ÏÄÎÏÒ�ÄÎ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ� ËÒÉÓÔÁÌÉ ÔÉ�Õ KH2PO4, ÔÏ ÄÌÑ ÎÉÈ,ÚÇ�ÄÎÏ ÓÉÍÅÔÒ�ÊÎÉÈ Í�ÒËÕ×ÁÎØ, ÍÁÀÔØ Í�Ó�Å Ó��××�ÄÎÏÛÅÎÎÑ:h ^Sx1 (n)i = h ^Sx2 (n)i = h ^Sx3 (n)i = h ^Sx4 (n)i = 12X;h ^Sz1 (n)i = h ^Sz2 (n)i = h ^Sz3 (n)i = h ^Sz4 (n)i = 12P;�1(n) = �2(n) = �3(n) = �4(n) = �; (2.2)1(n) = 2(n) = 3(n) = 4(n) = 12�zP;Á �z = J11(0) + 2J12(0) + J13(0); Jff1(k) =Xn�n1 Jff1(n;n1)e�k(n�n1):÷ÒÁÈÏ×ÕÀÞÉ �Å, ÏÔÒÉÍÕ¤ÍÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÉ ^HA4 (n) � ^HB4 (n) ÏÄÎÁËÏ×É-ÍÉ � ÎÅÚÁÌÅÖÎÉÍÉ ×�Ä �ÏÌÏÖÅÎÎÑ n �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ:^H4� ^HA4 (n) = ^HB4 (n) = 2� 4Xf=1 ^Sx1+V ( ^Sz1 ^Sz2+^Sz2 ^Sz3+^Sz3 ^Sz4+^Sz4 ^Sz1 )++U( ^Sz1 ^Sz3 + ^Sz2 ^Sz4 ) + �^Sz1 ^Sz2 ^Sz3 ^Sz4 + C 4Xf=1 ^Sz1 : (2.3)



9 ðÒÅ�ÒÉÎÔ�ÕÔ ×ÖÉÔÏ �ÏÚÎÁÞÅÎÎÑ:� = �
+ �4 ; C = �� 12�zP:�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4.ó�ÅÒÛÕ ÚÎÁÊÄÅÍÏ §È ÄÌÑ ×É�ÁÄËÕ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÆÁÚÉ (ÎÅÍÁ¤Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§), Á ÔÏÄ� ÄÌÑ ×É�ÁÄËÕ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ÆÁÚÉ (¤ Ó�ÏÎÔÁÎÎÁ �ÏÌÑÒÉÚÁ��Ñ). ãÀ ÚÁÄÁÞÕ ÂÕÄÅÍÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÕÔÁË�Ê �ÏÓÌ�ÄÏ×ÎÏÓÔ�: Ó�ÏÞÁÔËÕ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÓÉÍÅÔÒ�À ÇÁÍ�ÌØÔÏ-Î�ÁÎÁ, ÚÒÏÂÉÍÏ �ÅÒÅÔ×ÏÒÅÎÎÑ, ÑËÅ �ÒÉ×ÏÄÉÔØ ÊÏÇÏ ÍÁÔÒÉ�À ÄÏ Ë×Á-Ú�Ä�ÁÇÏÎÁÌØÎÏÇÏ ×ÉÇÌÑÄÕ, Á ×ÖÅ ÏÓÔÁÔÏÞÎÕ Ä�ÁÇÏÎÁÌ�ÚÁ��À ÏÔÒÉÍÁÎÏ§Ë×ÁÚ�Ä�ÁÇÏÎÁÌØÎÏ§ ÍÁÔÒÉ�� �ÒÏ×ÅÄÅÍÏ, ÒÏÚ×'ÑÚÕÀÞÉ ËÏÎËÒÅÔÎ� ÚÁÄÁ-Þ� ÎÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ � ×ÌÁÓÎ� ÆÕÎË��§ §§ ÂÌÏË�×. ðÏÞÁÔËÏ×ÉÊ ÂÁÚÉÓÍÁÔÒÉÞÎÏÇÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ×ÉÂÉ-ÒÁ¤ÍÏ Ú ÎÁÓÔÕ�ÎÉÈ Í�ÒËÕ×ÁÎØ. ïÓË�ÌØËÉ ËÏÖÅÎ Ú ÞÏÔÉÒØÏÈ �ÒÏÔÏÎ�×ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ Â�ÌÑ ÔÅÔÒÁÅÄÒÁ PO4 ÍÏÖÅ �ÅÒÅÂÕ×ÁÔÉ Õ Ä×ÏÈÒ�ÚÎÉÈ ÓÔÁÎÁÈ, ÔÏ ÄÌÑ ÞÏÔÉÒØÏÈ �ÒÏÔÏÎ�× Â�ÌÑ ÔÅÔÒÁÅÄÒÁ �ÓÎÕ¤, ÏÞÅ-×ÉÄÎÏ, Û�ÓÔÎÁÄ�ÑÔØ ÍÏÖÌÉ×ÉÈ ËÏÎÆ�ÇÕÒÁ��Ê. ïÔÖÅ, ÓÔÁÎÉ ÞÏÔÉÒÉ-ÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÍÏÖÎÁ Ï�ÉÓÁÔÉ �Ï×ÎÏÀ ÓÉÓÔÅÍÏÀ Ú Û�ÓÔÎÁÄ-�ÑÔÉ È×ÉÌØÏ×ÉÈ ÆÕÎË��Ê. ëÏÖÅÎ ÓÔÁÎ ËÌÁÓÔÅÒÁ ×�Ä�Ï×�ÄÁ¤ �Å×ÎÏÍÕÒÏÚÍ�ÝÅÎÎÀ �ÒÏÔÏÎ�× ÎÁ Ú×'ÑÚËÁÈ, ÔÏÂÔÏ ËÏÎÆ�ÇÕÒÁ��§ �ÓÅ×ÄÏÓ��Î�×,ÔÏÍÕ ÂÁÚÉÓÎ� ÆÕÎË��§ ×ÉÂÉÒÁ¤ÍÏ Õ ×ÉÇÌÑÄ� ÄÏÂÕÔËÕ ÏÄÎÏÞÁÓÔÉÎËÏ-×ÉÈ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ È×ÉÌØÏ×ÉÈ ÆÕÎË��Ê (Ó��ÎÏÒ�×) � ÚÏÂÒÁÖÁ¤ÍÏ §ÈÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ [7,32℄:f 1 2 3 4 f 1 2 3 4'1 + + + + '9 + + + {'2 { + + + '10 { + + {'3 + { + + '11 + { + {'4 { { + + '12 { { + {'5 + + { + '13 + + { {'6 { + { + '14 { + { {'7 + { { + '15 + { { {'8 { { { + '16 { { { { (2.4)

�ÕÔ ÚÎÁË "+" ×�Ä�Ï×�ÄÁ¤ Ó��ÎÏÒÕ �10� � �ÒÉÓÕÔÎÏÓÔ� �ÒÏÔÏÎÁ ÎÁ f -ÍÕÚ×'ÑÚËÕ × �ÏÌÏÖÅÎÎ� "1", Á ÚÎÁË \{" ×�Ä�Ï×�ÄÁ¤ Ó��ÎÏÒÕ �01� � ×�Ä-ÓÕÔÎÏÓÔ� �ÒÏÔÏÎÁ × �ÏÌÏÖÅÎÎ� "1" | ×�Î ÚÎÁÈÏÄÉÔØÓÑ, ÏÞÅ×ÉÄÎÏ, ×�ÏÌÏÖÅÎÎ� "2" (ÄÉ×. ÒÉÓ. 1). ìÅÇËÏ �ÏÂÁÞÉÔÉ, ÝÏ �ÅÊ ÂÁÚÉÓ ¤ ÏÒÔÏ-ÎÏÒÍÏ×ÁÎÉÍ.çÁÍ�ÌØÔÏÎ�ÁÎ ^H4 × �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� (� = P = C = 0) ÍÁ¤
ICMP{01{09U 10×ÉÇÌÑÄ: ^Hp4 = 2� 4Xf=1 ^Sxf + V ( ^Sz1 ^Sz2 + ^Sz2 ^Sz3 + ^Sz3 ^Sz4 + ^Sz4 ^Sz1 ) + (2.5)+U( ^Sz1 ^Sz3 + ^Sz2 ^Sz4 ) + �^Sz1 ^Sz2 ^Sz3 ^Sz4 ;Á ÊÏÇÏ ÍÁÔÒÉ�Ñ Hp4 × ÂÁÚÉÓ� (2.4) ��ÓÌÑ ×�ÄÎ�ÍÁÎÎÑ �ÏÓÔ�ÊÎÏ§ ×ÅÌÉ-ÞÉÎÉ (� 12w � 14" + 18w1)Æij (Æij | ÉÍ×ÏÌÉ ëÒÏÎÅËÅÒÁ), ÑËÕ ÎÁÄÁÌ�ÂÕÄÅÍÏ Ï�ÕÓËÁÔÉ, ÎÁÓÔÕ�ÎÁ:0 � � 0 � 0 0 0 � 0 0 0 0 0 0 0� w 0 � 0 � 0 0 0 � 0 0 0 0 0 0� 0 w � 0 0 � 0 0 0 � 0 0 0 0 00 � � " 0 0 0 � 0 0 0 � 0 0 0 0� 0 0 0 w � � 0 0 0 0 0 � 0 0 00 � 0 0 � w1 0 � 0 0 0 0 0 � 0 00 0 � 0 � 0 " � 0 0 0 0 0 0 � 00 0 0 � 0 � � w 0 0 0 0 0 0 0 �� 0 0 0 0 0 0 0 w � � 0 � 0 0 00 � 0 0 0 0 0 0 � " 0 � 0 � 0 00 0 � 0 0 0 0 0 � 0 w1 � 0 0 � 00 0 0 � 0 0 0 0 0 � � w 0 0 0 �0 0 0 0 � 0 0 0 � 0 0 0 " � � 00 0 0 0 0 � 0 0 0 � 0 0 � w 0 �0 0 0 0 0 0 � 0 0 0 � 0 � 0 w �0 0 0 0 0 0 0 � 0 0 0 � 0 � � 0ìÅÇËÏ �ÏÂÁÞÉÔÉ, ÝÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ (2.5) �Î×ÁÒ�ÁÎÔÎÉÊ ×�ÄÎÏÓÎÏ ÔÁËÉÈ�ÅÒÅÔ×ÏÒÅÎØ:^S�1 $ ^S�3 ; ^S�2 $ ^S�4 ; ^S�1 $ ^S�2 ; ^S�3 $ ^S�4 ;^S�1 $ ^S�4 ; ^S�2 $ ^S�3 ; ^Szf $ � ^Szf ; � = x; z; f = 1; 4:áÎÁÌ�Ú �ÉÈ �ÅÒÅÔ×ÏÒÅÎØ �ÏËÁÚÕ¤, ÝÏ ÇÒÕ�Á ÓÉÍÅÔÒ�§ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ(2.5) �ÚÏÍÏÒÆÎÁ ÔÏÞËÏ×�Ê ÇÒÕ�� D4h. ÷ÚÑ×ÛÉ �Å ÄÏ Õ×ÁÇÉ, ×ÉÂÉÒÁ¤ÍÏÎÏ×ÉÊ ÏÒÔÏÎÏÒÍÏ×ÁÎÉÊ ÂÁÚÉÓ f ig, i = 1; 16: 1 = 1p2('1 + '16);  2 = 12('4 + '7 + '10 + '13); 3 = 12p2('2 + '3 + '5 + '8 + '9 + '12 + '14 + '15);



11 ðÒÅ�ÒÉÎÔ 4 = 1p2('6 + '11);  5 = 1p2('16 � '1); 6 = 12p2(�'2 � '3 � '5 + '8 � '9 + '12 + '14 + '15); 7 = 12('4 � '7 + '10 � '13);  8 = 12('2 � '5 + '12 � '15); 9 = 12(�'2 + '5 + '12 � '15);  10 = 12('4 + '7 � '10 � '13); 11 = 12('3 + '8 � '9 � '14);  12 = 12(�'3 + '8 + '9 � '14); 13 = 12('4 � '7 � '10 + '13);  14 = 1p2('6 � '11); 15 = 12p2('2 � '3 + '5 + '8 � '9 � '12 + '14 � '15); 16 = 12p2(�'2 + '3 � '5 + '8 + '9 � '12 + '14 � '15):íÁÔÒÉ�Ñ �U+p , ÑËÁ Ï�ÉÓÕ¤ �ÅÒÅÈ�Ä ÄÏ ÂÁÚÉÓÕ f ig ( =�U+p ', ÄÅ  i '|×ÅËÔÏÒÉ-ÓÔÏ×���:  = ( 1; :::;  16)T , ' = ('1; :::; '16)T ), | ÕÎ�ÔÁÒÎÁ �ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄu1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u10 0 0 u2 0 0 u2 0 0 u2 0 0 u2 0 0 00 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 00 0 0 0 0 u1 0 0 0 0 u1 0 0 0 0 0u1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u10 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 00 0 0 u2 0 0 u2 0 0 u2 0 0 u2 0 0 00 u2 0 0 u2 0 0 0 0 0 0 u2 0 0 u2 00 u2 0 0 u2 0 0 0 0 0 0 u2 0 0 u2 00 0 0 u2 0 0 u2 0 0 u2 0 0 u2 0 0 00 0 u2 0 0 0 0 u2 u2 0 0 0 0 u2 0 00 0 u2 0 0 0 0 u2 u2 0 0 0 0 u2 0 00 0 0 u2 0 0 u2 0 0 u2 0 0 u2 0 0 00 0 0 0 0 u1 0 0 0 0 u1 0 0 0 0 00 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 00 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 0
(2.6)

�ÕÔ ×ÖÉÔÏ �ÏÚÎÁÞÅÎÎÑ:u1 = 1p2 ; u2 = 12 ; u3 = 12p2 ; u1 = � 1p2 ; u2 = �12 ; u3 = � 12p2 :
ICMP{01{09U 12ãÑ ÍÁÔÒÉ�Ñ �ÒÉ �Å×Î�Ê �ÅÒÅÓÔÁÎÏ×�� ÒÑÄË�× Í�Ó�ÑÍÉ Ó��×�ÁÄÁ¤ ÚÍÁÔÒÉ�ÅÀ ÄÁÎÏÀ × ÒÏÂÏÔ� [34℄, ÑËÕ ÏÔÒÉÍÁÎÏ ×ÉÈÏÄÑÞÉ Ú ÓÉÍÅÔÒ�§ÇÁÍ�ÌØÔÏÎ�ÁÎÁ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÔÁ ÚÒÏÂÉ×ÛÉ ÄÏÄÁÔËÏ×� �Å-ÒÅÔ×ÏÒÅÎÎÑ ÒÑÄË�× � ÓÔÏ×���×. ðÅÒÅÔ×ÏÒÅÎÁ ÍÁÔÒÉ�Ñ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ�Hp4 = �U+p Hp4 �Up ÍÁ¤ Ë×ÁÚ�Ä�ÁÇÏÎÁÌØÎÉÊ ×ÉÇÌÑÄ:�Hp4 = Bp1 �Bp2 �Bp3 �Bp4 �Bp3 �Bp4 �Bp5 �Bp6 �Bp4;Bp1 = 0BB� 0 0 2� 00 " 2p2� 02� 2p2� w 2�0 0 2� w1 1CCA ; Bp2 = � 0 2�2� w � ; (2.7)Bp3 = � " 2�2� w � ; Bp4 = w; Bp5 = ";Bp6 = � w1 2�2� w � :òÏÚ×'ÑÚÕÀÞÉ ÚÁÄÁÞ� ÎÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÍÁÔÒÉ�� �Hp4 �ÒÉÈÏÄÉÍÏ ÄÏÒ�×ÎÑÎØ: E4 +E3(�w � w1 � ") +E2(ww1 + w"+ w1"� 16�2) ++E(�2(12w1 + 8")� ww1")� 4"w1�2 = 0; (2.8)E2 � wE � 4�2 = 0; E2 � ("+ w)E � 4�2 + "w = 0;E2 � (w + w1)E � 4�2 + ww1 = 0;Ú ÑËÉÈ ÄÌÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^Hp4 ÏÔÒÉÍÕ¤ÍÏ ÔÁËÉÊ ÒÅ-ÚÕÌØÔÁÔ ( Ep1; Ep2; Ep3; Ep4 { ËÏÒÅÎ� �ÅÒÛÏÇÏ Ò�×ÎÑÎÎÑ (2.8)):Ep5 = 12�w +pw2 + 16�2�; Ep6 = 12�w �pw2 + 16�2�;Ep7 = Ep10 = 12�w + "+p(w � ")2 + 16�2�;Ep8 = Ep11 = 12�w + "�p(w � ")2 + 16�2�; (2.9)Ep9 = Ep12 = Ep16 = w; Ep13 = ";Ep14 = 12�w + w1 +p(w � w1)2 + 16�2�;Ep15 = 12�w + w1 �p(w � w1)2 + 16�2�:úÎÁÊÛÏ×ÛÉ ×ÌÁÓÎ� ×ÅËÔÏÒÉ ÍÁÔÒÉ�Ø Bpi (i = 1; 6) � ×ÉËÏÒÉÓÔÁ×ÛÉ(2.6) ÏÔÒÉÍÕ¤ÍÏ ÍÁÔÒÉ�À ÕÎ�ÔÁÒÎÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ Up, ÑËÅ Ä�ÁÇÏÎÁ-



13 ðÒÅ�ÒÉÎÔÌ�ÚÕ¤ ×ÉÈ�ÄÎÕ ÍÁÔÒÉ�À Hp4:Hpd = U+p Hp4Up; (2.10)ÄÅ Hpd = EpiÆij ; Up = �UpU; U+p = U+ �U+p :÷ Ó×ÏÀ ÞÅÒÇÕ:U = U1 � U2 � U3 � 1� U3 � 1� 1� U4 � 1;U1 = 0BB� U11 U12 U13 U14U21 U22 U23 U24U31 U32 U33 U34U41 U42 U43 U44 1CCA ; U2 = � U55 U56U65 U66 � ;(2.11)U3 = � U77 U78U87 U88 � ; U4 = � U1414 U1415U1514 U1515 � :�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:U1i = 2�(Epi � ")(Epi � w1)�(Epi) ; U2i = 2p2�Epi(Epi � w1)�(Epi) ;U3i = Epi(Epi � ")(Epi � w1)�(Epi) ; U4i = 2�Epi(Epi � ")�(Epi) ;�(Epi) = (4�2(Epi � ")2(Epi � w1)2 +E2pi(8�2(Epi � w1)2 ++(Epi � ")2(Epi � w1)2 + 4�2(Epi � ")2))1=2; i = 1; 4;U5i = 2�(4�2 +E2pi)1=2 ; U6i = Epi(4�2 +E2pi)1=2 ; i = 5; 6;U7i= 2�(4�2+(Epi�")2)1=2 ; U8i= Epi � "(4�2+(Epi�")2)1=2 ; i = 7; 8;U14i= 2�(4�2 + (Epi � w1)2)1=2 ; U15i= Epi � w1(4�2 + (Epi � w1)2)1=2 ;i = 14; 15:çÁÍ�ÌØÔÏÎ�ÁÎ ^H4 × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÍÁ¤ ×ÉÇÌÑÄ, ÚÁÄÁÎÉÊ×ÉÒÁÚÏÍ (2.3). êÏÇÏ ÍÁÔÒÉ�Ñ H4 × ÂÁÚÉÓ� (2.4) ÎÁÓÔÕ�ÎÁ:H4 = Hp4 + hiÆij ;ÄÅ h1 = 2C; h2 = h3 = h5 = h9 = C;h4 = h6 = h7 = h10 = h11 = h13 = 0;h8 = h12 = h14 = h15 = �C; h16 = �2C:
ICMP{01{09U 14çÒÕ�Á ÓÉÍÅÔÒ�§ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4 �ÚÏÍÏÒÆÎÁ ÔÏÞËÏ×�Ê ÇÒÕ�� D4. ðÅ-ÒÅÈ�Ä ×�Ä �ÏÞÁÔËÏ×ÏÇÏ ÂÁÚÉÓÕ (2.4) ÄÏ ÎÏ×ÏÇÏ ÂÁÚÉÓÕ, ×ÉÂÒÁÎÏÇÏ Ú Í�Ò-ËÕ×ÁÎØ ÓÉÍÅÔÒ�§, Ú×ÏÄÉÔØ ÍÁÔÒÉ�ÀH4 ÄÏ Ë×ÁÚ�Ä�ÁÇÏÎÁÌØÎÏÇÏ ×ÉÇÌÑÄÕ�H4 �H4 = B1 �B2 �B2 �B3 �B4;B1 = 0BBBBBB��2C 0 0 2� 0 00 2C 0 0 2� 00 0 " 2� 2� 02� 0 2� w � C 0 p2�0 2� 2� 0 w + C p2�0 0 0 p2� p2� w1

1CCCCCCA ; B3 = "; (2.12)B2=0� " p2� p2�p2� w � C 0p2� 0 w + C 1A ; B4=0�w � C 0 p2�0 w + C p2�p2� p2� w1 1A :íÁÔÒÉ�� (2.12) Ó��×�ÁÄÁÀÔØ Ú ×�Ä�Ï×�ÄÎÉÍÉ ÍÁÔÒÉ�ÑÍÉ, ÏÔÒÉÍÁÎÉÍÉ× ÒÏÂÏÔÁÈ [10,32℄, � ÅË×�×ÁÌÅÎÔÎ� ÄÏ ÍÁÔÒÉ�Ø ÒÏÂÏÔÉ [9℄ (ÚÂ�ÇÁÀÔØÓÑÚ ÎÉÍÉ �ÒÉ ÕÎ�ÔÁÒÎÏÍÕ �ÅÒÅÔ×ÏÒÅÎÎ�). òÏÚ×'ÑÚÕÀÞÉ ÚÁÄÁÞ� ÎÁ ×ÌÁÓÎ�ÚÎÁÞÅÎÎÑ ÍÁÔÒÉ�Ø Bi (i = 1; 4), ÏÔÒÉÍÕ¤ÍÏ ÓÕËÕ�Î�ÓÔØ Ò�×ÎÑÎØ:E6 +E5k5 +E4k4 +E3k3 +E2k2 +Ek1 + k0 = 0;E3 +E2l2 +El1 + l0 = 0; (2.13)E3 +E2m2 +Em1 +m0 = 0:�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:k0=� 4C2"w1w2 + 4C4w1"+ 16�4w1"+ 16�2C2(w"+ 2ww1 � "w1);k1=4C2(w2(w1 + ") + 2w1w")� 16�2C2(3w + w1)� 4C4("+ w1)��16�4(3w1 + 2") + 8�2w1w";k2=w2w1"� C2(8w(w1 + ") + 5w1"+ 4w2) + 32�2C2 + 4C4 ��4�2(2w1"+ 3w"+ 4w1w) + 64�4;k3=� w2(w1 + ")� 2w1w"+ C2(8w + 5w1 + 5") ++4�2(3"+ 4w1 + 5w);k4=2w(w1 + ") + w2 + w1"� 5C2 � 20�2; k5=� 2w � w1 � ";l0=� w2"+ C2"+ 4�2w; l1=w2 + 2w"� C2 � 4�2;l2=� 2w � "; m0=� w2w1 + C2w1 + 4�2w;m1=w2 + 2ww1 � C2 � 4�2; m2=� w1 � 2w:



15 ðÒÅ�ÒÉÎÔ�ÁËÉÍ ÞÉÎÏÍ, ÒÏÚ×'ÑÚÁ×ÛÉ �� Ò�×ÎÑÎÎÑ, ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ×ÌÁÓÎ� ÚÎÁ-ÞÅÎÎÑ ËÌÁÓÔÅÒÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4:fEig; i = 1; 6 � ËÏÒÅÎ� �ÅÒÛÏÇÏ Ò�×ÎÑÎÎÑ (2.13);fEig = fEi+3g; i = 7; 8; 9 � ËÏÒÅÎ� ÄÒÕÇÏÇÏ Ò�×ÎÑÎÎÑ (2.13);E13 = ";fEig; i = 14; 15; 16 � ËÏÒÅÎ� ÔÒÅÔØÏÇÏ Ò�×ÎÑÎÎÑ (2.13):áÎÁÌÏÇ�ÞÎÏ, ÑË ÄÌÑ �ÁÒÁÅÌÅËÔÒÉÞÎÏÇÏ ×É�ÁÄËÕ, ÍÏÖÎÁ ÚÎÁÊÔÉ ÍÁÔ-ÒÉ�À �ÅÒÅÔ×ÏÒÅÎÎÑ, ÝÏ �ÒÉ×ÏÄÉÔØ ÇÁÍ�ÌØÔÏÎ�ÁÎ ^H4 ÄÏ Ä�ÁÇÏÎÁÌØÎÏÇÏ×ÉÇÌÑÄÕ.�ÁËÉÍ ÞÉÎÏÍ, ÚÁÄÁÞÁ ÒÏÚÒÁÈÕÎËÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × ËÌÁÓÔÅÒÎÏÍÕÎÁÂÌÉÖÅÎÎ� Ú×ÏÄÉÔØÓÑ ÄÏ Ä�ÁÇÏÎÁÌ�ÚÁ��§ ÍÁÔÒÉ�Ø (2.12) ÔÁ (2.7), ÁÂÏÄÏ ÒÏÚ×'ÑÚÁÎÎÑ ×�Ä�Ï×�ÄÎÉÈ ÁÌÇÅÂÒÁ§ÞÎÉÈ Ò�×ÎÑÎØ ÛÏÓÔÏÇÏ � ÔÒÅÔØÏÇÏ�ÏÒÑÄË�× Õ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÔÁ ÞÅÔ×ÅÒÔÏÇÏ Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒ-Î�Ê ÆÁÚÁÈ.3. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉòÏÚÇÌÑÎÅÍÏ ÒÅÚÕÌØÔÁÔÉ, ÏÔÒÉÍÁÎ� ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓ-ÔÉË ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4. ó�ÏÞÁÔËÕ ÚÕ�ÉÎÉ-ÍÏÓØ ÎÁ ×É�ÁÄËÕ �ÁÒÁÅÌÅËÔÒÉÞÎÏ§ ÆÁÚÉ.÷�ÌØÎÁ ÅÎÅÒÇ�Ñ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ × �ÁÒÁÆÁÚ�, ÝÏ �ÒÉ�ÁÄÁ¤ ÎÁ�ÒÉÍ�ÔÉ×ÎÕ ËÏÍ�ÒËÕ, ÏÔÒÉÍÁÎÁ Ú (1.2) ×ÒÁÈÏ×ÕÀÞÉ (2.1) � (2.9), ÍÁ¤×ÉÇÌÑÄ: fp = � 2� �lnZ4p � 2 ln[2 h(�(2� + 
))℄�; (3.1)ÄÅ Z4p = 4Xi=1 exp(��Epi) + 2 exp��12�w� h�12�pw2 + 16�2�++4 exp��12�(w + ")� h�12�p(w � ")2 + 16�2�++2 exp��12�(w + w1)� h�12�p(w � w1)2 + 16�2�++3 exp(��w) + exp(��"):ú×�ÄÓÉ, ×ÚÑ×ÛÉ �ÏÈ�ÄÎÕ �Ï ÔÅÍ�ÅÒÁÔÕÒ�, ÏÔÒÉÍÕ¤ÍÏ ×�Ä�Ï×�ÄÎÕ ÅÎÔ-ÒÏ��À �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ Sp:Sp= 1T (�fp+(8�+4
) th(�(2�+
))+ 2Z4p� 4Xi=1 exp(��Epi)Epi+
ICMP{01{09U 16+ exp��12�w��w h��2pw2 + 16�2��pw2 + 16�2 �� sh��2pw2 + 16�2��+ 2 exp��12�(w + ")��(w + ")�� h��2p(w � ")2 + 16�2��p(w � ")2 + 16�2 �� sh�12�p(w � ")2+16�2��+ exp��12�(w+w1)��(w+w1)�� h�12�p(w � w1)2 + 16�2��p(w � w1)2 + 16�2 �� sh�12p(w � w1)2+16�2��+ 3w exp(��w) + " exp(��")�� :÷ �� ×ÉÒÁÚÉ ×ÈÏÄÉÔØ ËÌÁÓÔÅÒÎÉÊ �ÁÒÁÍÅÔÅÒ �. ÷�Î ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÕÍÏ×É Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§, ÑËÁ ÄÁ¤ Ò�×ÎÑÎÎÑ:1Z4pZ4p� = th(�(2� + 
)):�ÕÔ Z4p� = 4Xi=1 exp(��Epi)(�8�E2pi + 2�(3w1 + 2")Epi � 2�w1")��(4E3pi � 3(w1 + w + ")E2pi + 2(w1w + w1"+ w"� 16�2)Epi ++4�2(3w1 + 2")� w1w")�1 + 4�pw2 + 16�2 exp��12�w��� sh�12�pw2+16�2�+ 8�p(w � ")2+16�2 exp��12�(w + ")��� sh�12�p(w � ")2 + 16�2�+ 4�p(w � w1)2 + 16�2 �� exp��12�(w + w1)� sh�12�p(w � w1)2 + 16�2�:÷ÉÒÁÚÕ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÎÅ ÎÁ×ÏÄÉÍÏ ÞÅÒÅÚ ÇÒÏÍ�ÚÄË�ÓÔØ.ðÒÉ §§ ÒÏÚ-ÒÁÈÕÎËÕ ÄÏ��ÌØÎ�ÛÅ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÞÉÓÌÏ×Å ÄÉÆÅÒÅÎ��À×ÁÎÎÑ ÅÎ-ÔÒÏ��§ �Ï ÔÅÍ�ÅÒÁÔÕÒ�.õ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ×�ÌØÎÁ ÅÎÅÒÇ�Ñ (1.2) × ÒÏÚÒÁÈÕÎËÕÎÁ �ÒÉÍ�ÔÉ×ÎÕ ËÏÍ�ÒËÕ �ÒÉ ×ÒÁÈÕ×ÁÎÎ� ÒÅÚÕÌØÔÁÔ�× (2.1) � (2.13) ¤ÔÁËÏÀ: f = � 2� (lnZ4 � 2 lnZ1) + 12�zP 2; (3.2)



17 ðÒÅ�ÒÉÎÔÄÅ Z4 = 16Xi=1 exp(��Ei); Z1 = 2 h(�pK); (3.3)K = (C + 14�zP )2 + (2� + 
)2:åÎÔÒÏ��Ñ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ × �ØÏÍÕ ×É�ÁÄËÕ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:S = � 1T f+ 12T �zP 2+ 2T 1Z4 16Xi=1 exp(��Ei)Ei + 4T pK th(�pK): (3.4)÷�ÄÚÎÁÞÉÍÏ, ÝÏ �ÅÊ ÒÅÚÕÌØÔÁÔ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÏÍ ÒÏÂÏÔÉ[11℄.÷�ÄÏÍÏ [33℄, ÝÏ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÁ �ÏÌÑÒÉÚÁ��Ñ ËÒÉÓÔÁÌÁ ÔÉ�ÕKDP �Ï×'ÑÚÁÎÁ Ú ÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ �ÓÅ×ÄÏÓ��Î�× ÔÁËÉÍ Ó��××�Ä-ÎÏÛÅÎÎÑÍ: P = 4Xf=1 �zv h ^Szf (n)i = 2�zv P; (3.5)ÄÅ v | ÏÂ'¤Í �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ, Á �z | ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊÍÏÍÅÎÔ �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ ×ÚÄÏ×Ö ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ ÏÓ� z × ÒÏÚ-ÒÁÈÕÎËÕ ÎÁ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË.÷ ÓÅÇÎÅÔÏÆÁÚ� �ÏÔÒ�ÂÎÏ ÚÎÁÈÏÄÉÔÉ Ä×Á ËÌÁÓÔÅÒÎ� �ÁÒÁÍÅÔÒÉ �� �, ÔÁ �ÁÒÁÍÅÔÅÒ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ P . ú ÕÍÏ×É Í�Î�ÍÕÍÕ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÏÔÒÉÍÕ¤ÍÏ ÄÌÑ �ØÏÇÏ ÓÉÓÔÅÍÕ ÔÒØÏÈ ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈÒ�×ÎÑÎØ: 8>>>>><>>>>>: 1Z4 16Pi=1 exp(��Ei)EiC = 2P;1Z4 16Pi=1 exp(��Ei)Ei� = �8��4
pK th(�pK);P = �C+ 14 �zPpK th(�pK): (3.6)�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:EiC = � E4i k4C +E3i k3C +E2i k2C +Eik1C + k0C6E5i + 5E4i k5 + 4E3i k4 + 3E2i k3 + 2Eik2 + k1 ;k0C = �8Cw2w1"+ 16C3w1"+ 32�2C(w" + 2w1w � "w1);k1C = 8C(w2(w1+")+2w1w")�32�2C(3w+w1)�16C3(w1+");k2C = �2C(8w(w1 + ") + 5w1"+ 4w2) + 64�2C + 16C3;
ICMP{01{09U 18k3C = 2C(8w + 5w1 + 5"); k4C = �10C; i = 1; 6 ;EiC = 2C(Ei � ")3E2i + 2Eil2 + l1 ; i = 7; 12; E13C = 0;EiC = 2C(Ei � w1)3E2i + 2Eim2 +m1 ; i = 14; 15; 16;Ei� = � E4i k4� +E3i k3� +E2i k2� +Eik1� + k0�6E5i + 5E4i k5 + 4E3i k4 + 3E2i k3 + 2Eik2 + k1 ;k0� = �64�3w1"+ 32�C2(w"+ 2w1w � "w1);k1� = �32�C2(3w + w1)� 64�3(3w1 + 2") + 16�w1w";k2� = �8�(2w1"+ 3w"+ 4w1w) + 64�C2 + 256�3;k3� = 8�(3"+ 4w1 + 5w); k4� = �40�; i = 1; 6 ;Ei� = 8�(Ei � w)3E2i + 2Eil2 + l1 ; i = 7; 12; E13� = 0;Ei� = 8�(Ei � w)3E2i + 2Eim2 +m1 ; i = 14; 15; 16:ú ÎÁ×ÅÄÅÎÉÈ ×ÉÝÅ ÒÅÚÕÌØÔÁÔ�× ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ T ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ I-ÇÏ ÒÏÄÕ:8>>>>>>><>>>>>>>:

f(C;P;�; T) = fp(�; T);1Z4 16Pi=1 exp(��Ei)Eió = 2P;1Z4 16Pi=1 exp(��Ei)Ei� = �8��4
pK th(�pK);P = �C+ 14 �zPpK th(�pK);ÄÅ ×Ó� ÚÁÌÅÖÎ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÆÕÎË��§ ÂÅÒÕÔØÓÑ �ÒÉ T = T.ïÔÖÅ, ÄÌÑ Ï�ÉÓÕ ÔÅÒÍÏÄÉÎÁÍ�ËÉ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓÔÁÌ�× ÔÉ-�Õ KH2PO4 �ÏÔÒ�ÂÎÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÓÉÓÔÅÍÕ ÔÒØÏÈ ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈÒ�×ÎÑÎØ, ÝÏÂ ÚÎÁÊÔÉ �ÁÒÁÍÅÔÒÉ C;�; P . äÏ �ØÏÇÏ �ÒÉÈÏÄÉÌÉ � × ÒÏ-ÂÏÔÁÈ [9{11℄. ðÒÏÔÅ ×ÉÑ×ÌÑ¤ÔØÓÑ, ÝÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (3.6) ÍÏÖÎÁÓ�ÒÏÓÔÉÔÉ �ÅÒÅÈÏÄÏÍ ÄÏ ÎÏ×ÉÈ ÎÅ×�ÄÏÍÉÈ P � X :P = �C + 14�zPpK th(�pK);X = �2� + 
pK th(�pK): (3.7)



19 ðÒÅ�ÒÉÎÔúÎÁÊÛÏ×ÛÉ Ú×�ÄÓÉ �ÁÒÁÍÅÔÒÉ C � �:C = P2�pP 2 +X2 ln 1�pP 2 +X21 +pP 2 +X2 � 14�zP;� = X4�pP 2 +X2 ln 1�pP 2 +X21 +pP 2 +X2 � 
2 ; (3.8)× ÒÅÚÕÌØÔÁÔ� ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ Ä×ÏÈ ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈ Ò�×ÎÑÎØ ÄÌÑÎÅ×�ÄÏÍÉÈ P � X :8>><>>: P = 12Z4 16Pi=1 exp(��Ei)EiC ;X = 14Z4 16Pi=1 exp(��Ei)Ei�: (3.9)ðÁÒÁÍÅÔÒÉ C � �, ÑË� ÔÕÔ ×ÈÏÄÑÔØ, Ñ×ÎÏ ×ÉÒÁÖÅÎ� ÞÅÒÅÚ P � X , ÔÏÍÕ��¤À ÓÉÓÔÅÍÏÀ ÚÒÕÞÎ�ÛÅ ËÏÒÉÓÔÕ×ÁÔÉÓØ �ÒÉ ÒÏÚÒÁÈÕÎËÁÈ, Î�Ö ÓÉÓÔÅ-ÍÏÀ (3.6). ÷ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÍÁ¤ÍÏ ÔÅ�ÅÒ ÔÁËÅ Ò�×ÎÑÎÎÑ:X = � 1Z4pZ4p�: (3.10)�ÕÔ � = 14� ln 1�X1 +X � 
2 :á ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ� T ÚÁ�ÉÛÅÔØÓÑÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:8>>>><>>>>: f(X;P; T) = fp(X;T);P = 12Z4 16Pi=1 exp(��Ei)Eió;X = 14Z4 16Pi=1 exp(��Ei)Ei�:õ �ØÏÍÕ ÒÏÚÄ�Ì� ÍÉ �ÒÅÄÓÔÁ×ÉÌÉ ×ÉÒÁÚÉ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÔÁ ÅÎ-ÔÒÏ��§ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4 � ÚÁ�ÉÓÁÌÉ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÌÁÓÔÅÒÎÉÈ �ÁÒÁÍÅÔÒ�×, �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ, ÔÁ ÔÅÍ�ÅÒÁÔÕÒÉ T ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. óÌ�Ä ×�ÄÚÎÁÞÉÔÉ,ÝÏ �ÅÒÅÈÏÄÏÍ ÄÏ ÎÏ×ÉÈ ÎÅ×�ÄÏÍÉÈ ÍÉ, ÎÁ ×�ÄÍ�ÎÕ ×�Ä Á×ÔÏÒ�× ÒÏÂ�Ô[9{11℄, Ó�ÒÏÓÔÉÌÉ ÚÁÄÁÞÕ ÒÏÚ×'ÑÚÁÎÎÑ �ÉÈ ÓÉÓÔÅÍ.
ICMP{01{09U 204. �ÅÎÚÏÒ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ��Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÒÏÚÇÌÑÄÕ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4. ðÒÉËÌÁÄÅÍÏ ÄÏ ËÒÉÓÔÁÌÁÔÉ�Õ KDP ÓÌÁÂËÅ ÍÁËÒÏÓËÏ��ÞÎÅ �ÏÓÔ�ÊÎÅ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ E =(Ex; Ey ; Ez). çÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓÔÁÌÁ × �ØÏÍÕ ×É-�ÁÄËÕ ÍÁ¤ ×ÉÇÌÑÄ: ^HE = ^H + ^VE:�ÕÔ ^H ÄÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ (1.1), Á ^VE Ï�ÉÓÕ¤ ×ÚÁ¤ÍÏÄ�À �ÒÏÔÏÎ�× Ú ÅÌÅË-ÔÒÉÞÎÉÍ �ÏÌÅÍ: ^VE = �Xn;f �fE ^Szf (n);ÄÅ �f = (�xf ; �yf ; �zf ) | ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ �ÒÉÍ�ÔÉ×ÎÏ§ËÏÍ�ÒËÉ, ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÑËÏÇÏ ÍÁÀÔØ Í�Ó�Å Ó��××�ÄÎÏÛÅÎÎÑ:��x1 = �x3 = �x; �x2 = �x4 = 0;��y4 = �y2 = �y; �y1 = �y3 = 0; (4.1)�z1 = �z2 = �z3 = �z4 = �z:ã� Ó��××�ÄÎÏÛÅÎÎÑ ¤ ÎÁÓÌ�ÄËÏÍ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×� ÈÁÒÁËÔÅÒÕ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ÎÉÈ �ÒÉ Ä�§ ÅÌÅËÔÒÉÞÎÏÇÏ�ÏÌÑ [15{18℄.äÌÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÔÁ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ�×ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÎÁÑ×ÎÏÓÔ� �ÏÌÑ E ÍÁ¤ÍÏ ÔÁË� ÒÅÚÕÔÁÔÉ:^H4E = ^H4 + 4Xf=1 �f ^Sxf + 4Xf=1Cf ^Szf ; (4.2)^Hf1E=2(2�+
+�f ) ^Sxf+2(C+14�zP+Cf+14 4Xf1=1 Jff1(0)Pf1+12�fE) ^Szf ;�ÒÉÞÏÍÕ Cf = �f � 12 4Xf1=1 Jff1(0)Pf1 � �fE:�ÕÔ ^H4 ×ÖÅ ×�ÄÏÍÉÊ ÎÁÍ ÇÁÍ�ÌØÔÏÎ�ÁÎ (2.3), Á �f � �f | ×ÎÅÓËÉ ×ËÌÁÓÔÅÒÎ� �ÏÌÑ, ÚÕÍÏ×ÌÅÎ� ÚÏ×Î�ÛÎ�Í ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ, ÔÁË ÝÏ�f = �f = 0 �ÒÉ E = 0:



21 ðÒÅ�ÒÉÎÔíÉ ÔÁËÏÖ ×ÉËÏÒÉÓÔÁÌÉ ÔÕÔ, ×ÒÁÈÕ×Á×ÛÉ (2.2), ÔÁËÅ �ÒÅÄÓÔÁ×ÌÅÎÎÑÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ �ÓÅ×ÄÏÓ��Î�×:h2 ^Szf (n)i = P + Pf ; h2 ^Sxf (n)i = X +Xf ; (4.3)Pf jE=0 = 0; Xf jE=0 = 0; f = 1; 4:÷ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ (2.1), ÌÅÇËÏ ÏÔÒÉÍÕ¤ÍÏ ÏÄÎÏÞÁÓÔÉÎËÏ×Õ ÓÔÁÔÉÓÔÉÞ-ÎÕ ÓÕÍÕ: Zf1E = 2 h�pKf ;Kf = (2�+
+�f )2+(C+Cf+14�zP+14 4Xf1=1 Jff1(0)Pf1+12�fE)2:þÏÔÉÒÉÞÁÓÔÉÎËÏ×Õ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ ÆÏÒÍÁÌØÎÏ ÚÁ�ÉÛÅÍÏ × ÔÁËÏÍÕ×ÉÇÌÑÄ�: Z4E = 16Xi=1 e��EiE ;ÄÅ EiE | ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4E.÷�ÄÏÍÏ, ÝÏ �ÒÉ ÎÁÑ×ÎÏÓÔ� �ÏÌÑ E �ÏÌÑÒÉÚÁ��Ñ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�×ÔÉ�Õ KDP Ú×'ÑÚÁÎÁ Ú ÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ �ÓÅ×ÄÏÓ��Î�× ÎÁÓÔÕ�ÎÉÍÞÉÎÏÍ [15{18℄:Px = �x2v h2 ^Sz3 � 2 ^Sz1i; Py = �y2v h2 ^Sz2 � 2 ^Sz4i; Pz = �z2v h 4Xf=1 2 ^Szf i:ú×�ÄÓÉ, ×ÒÁÈÕ×Á×ÛÉ ×ÉÇÌÑÄ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ (4.3), ÍÁ¤ÍÏ:Px = �x2v (P3 � P1); Py = �y2v (P2 � P4); Pz = �z2v (4P + 4Xf=1Pf ):(4.4)ïÔÖÅ, ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ��� = dP�dE� ����E=0 (�; � = x; y; z);ÎÁÍ �ÏÔÒ�ÂÎÏ ÚÎÁÊÔÉ �ÏÈ�ÄÎ� Pf� � dPfdE� ���E=0. ú ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎ-ÎÑ (1.5) ÏÔÒÉÍÕ¤ÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ÎÅ×�ÄÏÍÉÈ �ÁÒÁÍÅÔÒ�× Pf ,
ICMP{01{09U 22Xf , Cf � �f :8>>>>>>><>>>>>>>: Pf = 2��Z4E �Z4E�Cf � P;Xf = 2��Z4E �Z4E��f �X;Pf=�(C+Cf+ 14�zP+14 4Pf1=1Jff1(0)Pf1+12�fE) th�pKfpKf � P;Xf = �(2� + 
+ �f ) th�pKfpKf �X:òÏÚ×'ÑÚÁ×ÛÉ �À ÓÉÓÔÅÍÕ �ÅÒÅÔ×ÏÒÅÎÎÑÍ ÔÉ�Õ (3.7) ×�ÄÎÏÓÎÏ �ÏÌ�× Cf� �f , ÏÔÒÉÍÕ¤ÍÏ Ó�ÒÏÝÅÎÕ ÓÉÓÔÅÍÕ Ú ÎÅ×�ÄÏÍÉÍÉ Pf � Xf :( Pf = 2��Z4E �Z4E�Cf � P;Xf = 2��Z4E �Z4E��f �X:�ÕÔ Cf = (P + Pf )Lf � C � 14�zP � 14 4Xf1=1 Jff1(0)Pf1 � 12�fE;�f = (X +Xf )Lf � 2�� 
;Lf = 12�p(P + Pf )2 + (X +Xf )2 ln 1�p(P + Pf )2 + (X +Xf )21 +p(P + Pf )2 + (X +Xf )2 :ðÒÏÄÉÆÅÒÅÎ��À¤ÍÏ Ò�×ÎÑÎÎÑ ÓÉÓÔÅÍÉ (4.5) �Ï ËÏÍ�ÏÎÅÎÔÁÈ �ÏÌÑ E�(� = x; y; z) � ÚÒÏÂÉÍÏ ÇÒÁÎÉÞÎÉÊ �ÅÒÅÈ�Ä: E! 0. ÷ ÒÅÚÕÌØÔÁÔ� ÏÄÅÒ-ÖÕ¤ÍÏ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ �ÏÈ�ÄÎÉÈ Pf� Ì�Î�ÊÎÕ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ8>><>>: Pf� = 4Pf1=1Rff1Cf1� + 4Pf1=1Mff1�f1�;Xf� = 4Pf1=1Mff1Cf1� + 4Pf1=1Nff1�f1�;�ÒÉÞÏÍÕ Cf� = A1Pf� +A12Xf� � 14 4Xf1=1 Jff1(0)Pf1� � 12��f ;�f� = A12Pf� +A2Xf�:�ÕÔ ÚÁ�ÒÏ×ÁÄÖÅÎÏ �ÏÚÎÁÞÅÎÎÑ:Xf� = dXfdE� ����E=0 ; Cf� = dCfdE� ����E=0 ; �f� = d�fdE� ����E=0 ;



23 ðÒÅ�ÒÉÎÔÁ ËÏÅÆ���¤ÎÔÉ × Ò�×ÎÑÎÎÑÈ ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:Rff1 = � 2�Z4 �2Z4E�Cf�Cf1 ���� Cf=0Cf1=0 + 12�P 2;Mff1 = � 2�Z4 �2Z4E�Cf��f1 ���� Cf=0�f1=0 + 12�PX; (4.5)Nff1 = � 2�Z4 �2Z4E��f��f1 ���� �f=0�f1=0 + 12�X2;A1 = X22�Q3 ln 1�Q1 +Q � P 2�Q2(1�Q2) ;A2 = P 22�Q3 ln 1�Q1 +Q � X2�Q2(1�Q2) ;A12 = � PX2�Q3 ln 1�Q1 +Q � PX�Q2(1�Q2) ;Q =pP 2 +X2:òÏÚ×'ÑÚÁ×ÛÉ �À Ì�Î�ÊÎÕ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÚÎÁÈÏÄÉÍÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎ-ÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ��� = �2�(1 + Æ�z)2v Æ���(1�M�A12)2+N�A2+R�N�A212R�(1�N�A2)+M2�A2 +A1 � 14�� ;(4.6)ÄÅ ÍÁÀÔØ Í�Ó�Å ÔÁË� �ÏÚÎÁÞÅÎÎÑ:�x = �y = J11(0)� J13(0); �z = J11(0) + 2J12(0) + J13(0);Rx = Ry = R11 �R13; Rz = R11 + 2R12 +R13;Mx=My =M11�M13; Mz=M11+2M12+M13; (4.7)Nx = Ny = N11 �N13; Nz = N11 + 2N12 +N13:òÏÚÒÁÈÕÎÏË ×ÅÌÉÞÉÎ (4.7), ÝÏ ×ÈÏÄÑÔØ × (4.6), �ÒÏ×ÏÄÉÔØÓÑ ÚÁ ÄÏ-�ÏÍÏÇÏÀ ÔÅÏÒ�§ ÚÂÕÒÅÎØ, ÑËÕ ÚÁÓÔÏÓÏ×Õ¤ÍÏ �ÒÉ ÚÎÁÈÏÄÖÅÎÎ� ×ÌÁÓÎÉÈÚÎÁÞÅÎØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4E Ú ÔÏÞÎ�ÓÔÀ ÄÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ �Ï �ÏÌÑÈ�f � Cf ×ËÌÀÞÎÏ. �ÁËÁ ÔÏÞÎ�ÓÔØ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ^H4E ¤ ÄÏÓÔÁÔÎÑ ÄÌÑ ÔÏÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÎÁ §È ÏÓÎÏ×� ×ÅÌÉÞÉÎ (4.7).îÅÈÁÊ ÍÁ¤ÍÏ EiE = Ei +E(1)i +E(2)i ; i = 1; 16;
ICMP{01{09U 24ÔÏÄ� Ú (4.5) ÏÄÅÒÖÉÍÏ:Rff1 = � 2Z4 16Xi=1 e��Ei  � �E(1)i�Cf �E(1)i�Cf1 � �2E(2)i�Cf�Cf1!+ 12�P 2;Mff1 = � 2Z4 16Xi=1 e��Ei  � �E(1)i�Cf �E(1)i��f1 � �2E(2)i�Cf��f1!+ 12�PX;Nff1 = � 2Z4 16Xi=1 e��Ei  � �E(1)i��f �E(1)i��f1 � �2E(2)i��f��f1!+ 12�X2:ïÓË�ÌØËÉ ÒÅÚÕÌØÔÁÔÉ ÔÁËÉÈ ÒÏÚÒÁÈÕÎË�× Õ ÁÎÁÌ�ÔÉÞÎÏÍÕ ×ÉÇÌÑÄ� ÎÁÄ-Ú×ÉÞÁÊÎÏ ÇÒÏÍ�ÚÄË�, ÍÉ §È ÎÅ ÎÁ×ÏÄÉÍÏ. úÎÁÞÎÏ ËÏÍ�ÁËÔÎ�ÛÉÍ ¤ ÒÅ-ÚÕÌØÔÁÔ ÄÌÑ ×ÅÌÉÞÉÎ (4.7) Õ �ÁÒÁÆÁÚ� (T � T: P = 0, C = 0,M� = 0� A12 = 0). äÌÑ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�(4.6) Õ ×�Ä�Ï×�ÄÎ�Ê ÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂÌÁÓÔ� ÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ÒÅÚÕÌØ-ÔÁÔ: ���� = �2�(1 + Æ�z)2v � �1Rp� +Ap1 � 14����1 Æ�� ; (4.8)ÄÅ Ap1 = A1jP=0 = 12�X ln 1�X1 +X ;Rpx = Rpy = 1Z4p 24 4Xj=1 e��Epj 8Xi=7 (p2U2jU7i + U3jU8i)2Epj �Epi ++ 6Xj=5 e��Epj U26jEpj �Ep9 + 8Xj=7 e��Epj  U28jEpj �Ep9 + 2U27jEpj �Ep13++ 4Xi=1 (p2U2iU7j + U3iU8j)2Epj �Epi !+ e��Ep13 8Xi=7 2U27iEp13 �Epi ++e��Ep9  6Xi=5 U26iEp9 �Epi + 15Xi=14 U215iEp9 �Epi!++ 15Xj=14 e��Epj U215jEpj �Ep9 + e��Ep16 8Xi=7 U28iEp9 �Epi35 ;Rpz = 1Z4p 24 4Xj=1 e��Epj 6Xi=5 (2U1jU5i + U3jU6i)2Epj �Epi +



25 ðÒÅ�ÒÉÎÔ+ 6Xj=5 e��Epj 4Xi=1 (2U1jU5i + U3iU6j)2Epj �Epi ++ 8Xj=7 e��Epj 2U28jEpj �Ep9 + e��Ep9 8Xi=7 2U28iEp9 �Epi ++ 15Xj=14 e��Epj U215jEpj �Ep9 + e��Ep16 15Xi=14 U215iEp9 �Epi :�Å�ÅÒ ÌÅÇËÏ ÏÔÒÉÍÕ¤ÍÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔ-ÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�:"�� = "�(1; T )Æ�� + 4���� (�; � = x; y; z);ÄÅ "�(1; T ) | ×�Ä�Ï×�ÄÎÉÊ ×ÉÓÏËÏÞÁÓÔÏÔÎÉÊ ×ÎÅÓÏË.ú �ÏÚÄÏ×ÖÎØÏ§ ËÏÍ�ÏÎÅÎÔÉ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� (4.8) ÍÁ¤ÍÏ Ò�×ÎÑÎÎÑÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ�{÷ÅÊÁ T01�Ap1 + 14�z +Rpz = 0: (4.9)òÏÚËÌÁ×ÛÉ (4� ��zz)�1 × ÒÑÄ �ÏÂÌÉÚÕ T0 � ÏÂÍÅÖÉ×ÛÉÓØ Ì�Î�ÊÎÉÍÞÌÅÎÏÍ ÒÏÚËÌÁÄÕ, ÏÔÒÉÍÕ¤ÍÏ ËÏÎÓÔÁÎÔÕ ëÀÒ�{÷ÅÊÓÁ Cw × �ÁÒÁÅÌÅË-ÔÒÉÞÎ�Ê ÆÁÚ�:Cw = 4��2zv 1(Ap1 � 14�z)2 ddT � 1�Ap1+ 14 �z +Rpz������T=T0 : (4.10)ïÔÒÉÍÁÎ� ÔÁËÉÍ ÞÉÎÏÍ Ò�×ÎÑÎÎÑ ÄÌÑ T0 � ×ÉÒÁÚ ÄÌÑ Cw ÎÅ ÕÚÇÏ-ÄÖÕÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [11℄, ÄÅ §È ÏÔÒÉÍÁÌÉ,ÒÏÚËÌÁÄÁÀÞÉ ×�ÌØÎÕ ÅÎÅÒÇ�À �Ï �ÁÒÁÍÅÔÒÕ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎ-ÎÑ P .ýÏÂ ×ÉÑÓÎÉÔÉ �ÒÉÞÉÎÕ ÎÅÕÚÇÏÄÖÅÎÎÑ, ÍÉ ÔÁËÏÖ ÚÒÏÂÉÌÉ ×�Ä-�Ï×�ÄÎ� ÒÏÚÒÁÈÕÎËÉ � ÏÄÅÒÖÁÌÉ ÎÁÓÔÕ�ÎÅ Ò�×ÎÑÎÎÑ ÄÌÑ T0 ÔÁ ÔÁËÉÊÒÅÚÕÌØÔÁÔ ÄÌÑ ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ C(f)w :D(T0) = 0; C(f)w = N(T0)D0(T0) ;ÄÅ D(T ) = 1�(2�+
)th[�(2�+
)℄ + � �z4 � 12T 2 1Z4p �2Z4�C2 ���C=0;
ICMP{01{09U 26N(T ) = �� �(2�+
)th[�(2�+
)℄ + � �z4 �2 :ðÒÏÓÔÉÍÉ �ÅÒÅÔ×ÏÒÅÎÎÑÍÉ, �ÒÉÊÎÑ×ÛÉ ÄÏ Õ×ÁÇÉ (3.7), (3.8), (4.5),(4.7) ÌÅÇËÏ �ÏÂÁÞÉÔÉ, ÝÏ �� ÒÅÚÕÌØÔÁÔÉ ÕÚÇÏÄÖÕ¤ÔØÓÑ ×�Ä�Ï×�ÄÎÏ Ú(4.9) � (4.10), ÑË� ÏÔÒÉÍÁÎÏ ÎÁÍÉ ÂÅÚ�ÏÓÅÒÅÄÎØÏ Ú �ÏÚÄÏ×ÖÎØÏ§ Ä�-ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ��zz. á × ÒÏÂÏÔ� [11℄ ×ÉÒÁÚÉ ÄÌÑ D(T ) �N(T ) ÍÁÀÔØ �ÎÛÉÊ ×ÉÇÌÑÄ:�D(T ) = 1h(��) + � � 12T 2 1Z0 �2Z�a2 ���a=0;�N(T ) = �h(��) + � :�ÕÔ ÍÁ¤ Í�Ó�Å ÔÁËÁ ×�Ä�Ï×�ÄÎ�ÓÔØ �ÏÚÎÁÞÅÎØ ÒÏÂÏÔÉ [11℄ Ú ÎÁÛÉÍÉ:� = 2� + 
; a = �C;  = �z4 ; Z0 = Z4p; Z = Z4:ïÔÖÅ, ÑË ÂÁÞÉÍÏ, ×�ÄÍ�ÎÎ�ÓÔØ ¤ ÓÕÔÔ¤×Á, ÂÏ ÎÅ ÚÁ×ÖÄÉ ÍÏÖÎÁ ÚÁ�É-ÓÁÔÉ ��th(��) � h(��), Á ÌÉÛÅ ÔÏÄ�, ËÏÌÉ �� ! 0, ÔÏÍÕ × ËÌÁÓÉÞÎ�ÊÇÒÁÎÉ�� (
 = 0) ÎÁÛÅ Ò�×ÎÑÎÎÑ ÄÌÑ T0 � ×�Ä�Ï×�ÄÎÅ Ò�×ÎÑÎÎÑ ÒÏÂÏÔÉ[11℄ ÄÁÄÕÔØ ÏÄÎÁËÏ×� ÒÅÚÕÌØÔÁÔÉ. äÌÑ ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ, ËÒ�Í�ØÏÇÏ, ¤ ÝÅ Ê ÎÅÕÚÇÏÄÖÅÎÎÑ ÞÅÒÅÚ Ò�ÚÎÉ�À × ×ÉÒÁÚÁÈ ÄÌÑ N(T ), ÔÏÍÕÔÕÔ ÎÅ ÂÕÄÅ ÕÚÇÏÄÖÅÎÎÑ ×�Ä�Ï×�ÄÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÎÁ×�ÔØ Õ ËÌÁÓÉÞÎ�ÊÇÒÁÎÉ��.�Å�ÅÒ ËÏÒÏÔËÏ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏ-ÒÁ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� Õ ×É�ÁÄËÕ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÂÅÚÔÕÎÅÌÀ×ÁÎÎÑ (
 = 0), ÑËÁ ÁÄÅË×ÁÔÎÁ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ KD2PO4, � ¤ÎÁ ÄÁÎÉÊ ÞÁÓ ÄÏÂÒÅ ×É×ÞÅÎÁ. äÌÑ �ØÏÇÏ ÚÒÏÂÉÍÏ × (4.6) ÇÒÁÎÉÞÎÉÊ�ÅÒÅÈ�Ä 
 ! 0 (� = 0, � = 0, X = 0), ÚÒÏÂÉ×ÛÉ ÊÏÇÏ �Ï�ÅÒÅÄÎØÏ Õ×ÅÌÉÞÉÎÁÈ, ÑË� ÔÕÄÉ ×ÈÏÄÑÔØ. þÏÔÉÒÉÞÁÓÔÉÎËÏ×Á ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁZ4E × �ØÏÍÕ ×É�ÁÄËÕ ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ:ZD4E = 4e��w �h��C + �C1 + C22 �h��C3 � C42 � ++ h��C + �C3 + C42 �h��C1 � C22 ��++4e��"h��C2 � C42 � h��C1 � C32 �++2e��w1h��C1 � C2 + C3 � C42 �+



27 ðÒÅ�ÒÉÎÔ+2h�2�C + �C1 + C2 + C3 + C42 � ;� �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ ×ÏÎÁ Ò�×ÎÁZD4 = 2D; D = 4e��wh�C + 2e��" + e��w1 + h2�C:÷ÒÁÈÏ×ÕÀÞÉ �Å, ÏÔÒÉÍÕ¤ÍÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔ-ÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KD2PO4�D�� = ��D� �2(1 + Æ�z)2vD 2�F�Æ��D � h 11�P 2 + � �D�4 i 2F� ; (4.11)ÄÅ �D� | ËÏÍ�ÏÎÅÎÔÉ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ �ÒÉÍ�ÔÉ×ÎÏ§ËÏÍ�ÒËÉ Á vD | §§ ÏÂ'¤Í × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KD2PO4,Fx = Fy = e��" + e��wh�C; Fz = e��wh�C + h2�C � P 2D:ðÏÚÄÏ×ÖÎÑ Ä�ÅÌÅËÔÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ �Dzz ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅ-ÚÕÌØÔÁÔÁÍÉ ÒÏÂ�Ô [18{20℄, Á �Ï�ÅÒÅÞÎ� ËÏÍ�ÏÎÅÎÔÉ �Dxx, �Dyy Õ Ó×ÏÀÞÅÒÇÕ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [21℄. ëÒ�Í ÔÏÇÏ, �Ï�Å-ÒÅÞÎ� ËÏÍ�ÏÎÅÎÔÉ ÕÚÇÏÄÖÕÀÔØÓÑ �ÒÉ T > T � ÎÅ ÕÚÇÏÄÖÕÀÔØÓÑ �ÒÉT < T Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [35℄, ÔÏÍÕ ÝÏ ÔÕÔ �ÒÉ §È ÏÔÒÉÍÁÎÎ�ÎÅ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ Í�ÖËÌÁÓÔÅÒÎÉÈ ËÏÒÅÌÑ��Ê. úÎÅÈÔÕ×Á×ÛÉ �x � �y Ú(4.11) ÏÄÅÒÖÉÍÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÂ�Ô [16{19℄ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ ËÏÍ�ÏÎÅÎÔÉÓ�ÒÉÊÎÑÔÌÉ×ÏÓÔ�.ïÔÖÅ, × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÎÁÍÉ ÏÔÒÉÍÁ-ÎÏ ÎÏ×� ÁÎÁÌ�ÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�-ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4 Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ. ÷ ËÌÁÓÉÞÎ�ÊÇÒÁÎÉ�� (ÔÕÎÅÌÀ×ÁÎÎÑ ÄÏÒ�×ÎÀ¤ ÎÕÌÀ) ×ÏÎÉ ÄÁÀÔØ ÒÅÚÕÌØÔÁÔÉ ÄÌÑËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÅÊÔÅ-ÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KD2PO4, ÑË� ÕÚÇÏÄÖÕÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÍÉÒÅÚÕÌØÔÁÔÁÍÉ �ÎÛÉÈ ÒÏÂ�Ô. ðÒÉÒÏÄÎØÏ, ÝÏ ÏÔÒÉÍÁÎ� ÎÁÍÉ ÎÁ ÏÓÎÏ-×� �ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� (4.8) ÒÅÚÕÌØÔÁÔÉ ÄÌÑÔÅÍ�ÅÒÁÔÕÒÉ � ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ ÎÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ×�Ä�Ï×�Ä-ÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ, ÄÁÎÉÍÉ × ÒÏÂÏÔ� [11℄, ÑË� ¤ �ÏÍÉÌËÏ×ÉÍÉ.5. þÉÓÌÏ×ÉÊ ÁÎÁÌ�Ú � �ÏÒ�×ÎÑÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ.ïÂÇÏ×ÏÒÅÎÎÑ ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�×õ ÄÁÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÞÉÓÌÏ×ÏÍÕ ÁÎÁÌ�Ú� �ÒÅÄÓÔÁ×ÌÅ-ÎÉÈ Õ �Ï�ÅÒÅÄÎ�È ÒÏÚÄ�ÌÁÈ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÔÅÒÍÏÄÉ-
ICMP{01{09U 28ÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP. îÁÛÉÍ ÚÁ×ÄÁÎÎÑÍ ¤ ÓÉÓÔÅÍÁÔÉÞÎÅ ÄÏ-ÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� �ÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ×�Ä �ÁÒÁÍÅÔÒ�×ÔÅÏÒ�§ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ Ï�ÔÉÍÁÌØÎÉÈ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�×, ÑË� ÄÏÚ×Ï-ÌÉÌÉ Â ÄÏÓÑÇÔÉ ÄÏÂÒÏ§ Ë�ÌØË�ÓÎÏ§ ÚÇÏÄÉ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ëÒ�ÍÔÏÇÏ, ÍÉ �ÌÁÎÕ¤ÍÏ ×ÉÑÓÎÉÔÉ ÍÅÖÕ ÍÏÖÌÉ×ÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ×ÒÁÍËÁÈ ×ÉËÏÒÉÓÔÁÎÉÈ ÎÁÂÌÉÖÅÎØ, ÝÏÄÏ ÁÄÅË×ÁÔÎÏÇÏ Ï�ÉÓÕ ÆÁÚÏ×ÏÇÏ�ÅÒÅÈÕ ÔÁ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓ-ÔÉË �ÉÈ ËÒÉÓÔÁÌ�×. ãÅ ÍÉ ÚÒÏÂÉÍÏ ÎÁ �ÒÉËÌÁÄ� ËÒÉÓÔÁÌÁ KH2PO4.�ÅÍ�ÅÒÁÔÕÒÎÕ ÚÍ�ÎÕ ÏÂ'¤ÍÕ ÊÏÇÏ �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ ÂÕÄÅÍÏ Á�ÒÏË-ÓÉÍÕ×ÁÔÉ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:v(T ) = v�(T � T ) + �v�(T � T);ÄÅ �(T ) | ÔÅÔÁ-ÆÕÎË��Ñ, Á v � �v, ÏÂ'¤ÍÉ �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ × ÓÅÇÎÅ-ÔÏÅÌÅËÔÒÉÞÎ�Ê ÔÁ �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚÁÈ ×�Ä�Ï×�ÄÎÏ, ÄÁÎÏ × ÔÁÂÌ. 1.�ÁËÁ Á�ÒÏËÓÉÍÁ��Ñ ÚÁÌÅÖÎÏÓÔ� v(T ) ¤ ÄÏÓÉÔØ ÄÏÂÒÁ × Ú×'ÑÚËÕ Ú ÍÁ-ÌÏÀ ÔÅÍ�ÅÒÁÔÕÒÎÏÀ ÚÍ�ÎÏÀ �ÏÓÔ�ÊÎÉÈ ÇÒÁÔËÉ [36℄.ó�ÏÞÁÔËÕ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÎÁÊ×ÁÖÌÉ×�ÛÉÈ ÚÄÏÂÕÔËÁÈ �ÎÛÉÈ Á×-ÔÏÒ�× × ��Ê ÏÂÌÁÓÔ�. ñË ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ ×ÉÝÅ, ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä,�ÁÂÌ. 1. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4.T, K 122.88 [37℄, 122.7 [38℄, 122.25 [39℄, 123 [40℄.T � T0, K 0.05 [41,38℄, 0.06 [42,43℄, 0.07 [44℄, 0.026 [45℄.P, 10�2 ëÌ/Í2 1.5 [42℄, 1.87 [46℄, 1.8 [43℄.Ps, 10�2 ëÌ/Í2 5.0 [39℄, 5.1 [47℄.S, ÍÏÌÅË.�1 0.35 [37℄, 0.40 [48℄, 0.422 [49℄, 0.39 [38℄.�S, ÍÏÌÅË.�1 0.0456 [48℄, 0.0469 [50℄.Cw, K 2700 [51℄, 2856 [14℄, 2925 [39℄, 3000 [40℄, 3200 [38℄.v, 10�30 Í3 189.635 (T = 116 K) [52℄.�v, 10�30 Í3 191.127 (T = 127 K) [36℄.ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁ Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ-�Õ KH2PO4 ÎÅÏÄÎÏÒÁÚÏ×Ï ÏÂÇÏ×ÏÒÀ×ÁÌÉÓÑ × ��ÌÏÍÕ ÒÑÄ� ÒÏÂ�Ô (ÄÉ×.,



29 ðÒÅ�ÒÉÎÔÎÁ�ÒÉËÌÁÄ, [9{11,14,16,18{21℄). ïÄÎÁË ÎÅ ÚÁ×ÖÄÉ �Å �ÉÔÁÎÎÑ ÒÏÚÇÌÑ-ÄÁÌÏÓÑ �ÏÓÌ�ÄÏ×ÎÏ. ÷ Â�ÌØÛÏÓÔ� ×É�ÁÄË�× ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§×ÉÂÉÒÁÌÉÓØ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÅ�Ï×ÎÉÊ ÎÁÂ�Ò ÎÁÑ×ÎÉÈ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÈ ÄÁÎÉÈ. òÏÚÒÁÈÕÎÏË ×Ó�¤§ ÍÏÖÌÉ×Ï§ ÓÕËÕ�ÎÏÓÔ� Æ�ÚÉÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË ÎÁ ÏÓÎÏ×� ÏÔÒÉÍÁÎÉÈ �ÁÒÁÍÅÔÒ�× �ÒÁËÔÉÞÎÏ ÎÅ �ÒÏ×Ï-ÄÉ×ÓÑ. �ÕÔ ÓÌ�Ä ×ÉÄ�ÌÉÔÉ Ä×� ÒÏÂÏÔÉ [9,11℄. õ �ÅÒÛ�Ê Ú ÎÉÈ ÎÁ ÏÓÎÏ×�ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ ÔÅÏÒ�§ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉË�× ÔÉ�Õ KDP ×�ÅÒÛÅ �ÒÏ×ÅÄÅÎÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ×�Ä ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× 
; "; w; �z ÄÌÑËÒÉÓÔÁÌÁ KH2PO4. ÷É×ÞÅÎÏ ×�ÌÉ× ÔÕÎÅÌÀ×ÁÎÎÑ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅ-È�Ä � ÏÔÒÉÍÁÎÏ ÑË�ÓÎÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÒÅÚÕÌØÔÁÔ�× ÔÅ-ÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑ-ÒÉÚÁ��§ ÔÁ ÅÎÔÒÏ��§ �ÅÒÅÈÏÄÕ ÄÌÑ KH2PO4 � KD2PO4. âÅÚÕÍÏ×ÎÏ, �ÑÒÏÂÏÔÁ, × ÑË�Ê ×�ÅÒÛÅ ÎÁÌÅÖÎÉÍ ÞÉÎÏÍ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ ËÏÒÏÔËÏÓÑÖ-Î� ÔÁ ÄÁÌÅËÏÓÑÖÎ� ×ÚÁ¤ÍÏÄ�§ � ÔÕÎÅÌÀ×ÁÎÎÑ, �ÒÏ�ÌÀÓÔÒÕ×Á×ÛÉ Ó�ÒÏ-ÍÏÖÎ�ÓÔØ �ÏÑÓÎÉÔÉ Ó�ÏÓÔÅÒÅÖÕ×ÁÎ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉËÒÉÓÔÁÌ�× KH2PO4 � KD2PO4, Ú�ÇÒÁÌÁ ×ÁÖÌÉ×Õ ÒÏÌØ × ÏÒÇÁÎ�ÚÁ��§ §ÈÄÏÓÌ�ÄÖÅÎØ. ãÅ ÓÔ×ÏÒÉÌÏ �ÅÒÅÄÕÍÏ×É ÄÌÑ ÒÅÁÌ�ÚÁ��§ Á×ÔÏÒÁÍÉ ÒÏÂÏ-ÔÉ [11℄ ÚÎÁÞÎÏ ÛÉÒÛÏ§ �ÒÏÇÒÁÍÉ ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØ Õ ��Ê ÏÂ-ÌÁÓÔ�. ÷ÁÖÌÉ×Õ ÒÏÌØ ÔÕÔ Ú�ÇÒÁÌÏ ÚÎÁÞÎÅ ÎÁËÏ�ÉÞÅÎÎÑ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÈ ÄÁÎÉÈ �ÒÁËÔÉÞÎÏ ÄÌÑ ×Ó�È ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�×Ó�Í'§ KDP ÔÁ ÎÅÏÂÈ�ÄÎ�ÓÔØ §È ÓÉÓÔÅÍÁÔÉÚÁ��§ � ÔÅÏÒÅÔÉÞÎÏÇÏ �ÏÑÓÎÅÎ-ÎÑ. á×ÔÏÒÉ ÒÏÂÏÔÉ [11℄ × ÚÎÁÞÎ�Ê Í�Ò� ×É×ÞÉÌÉ � ÓÉÓÔÅÍÁÔÉÚÕ×ÁÌÉÎÁÑ×Î� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4, �ÒÏ×ÅÌÉÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÚÍ�ÎÉ �ÁÒÁÍÅÔÒ�× ÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä �ÁÒÁ-ÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ P (T ), ÎÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �C(T+0)ÔÁ ÅÎÔÒÏ��À S(T + 0), Á ÔÁËÏÖ ÎÁ Ò�Ä ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ïÔÒÉ-ÍÁÎ� ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ �ÏÒ�×ÎÀ×ÁÌÉÓØ Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP. ïÄÎÁË ÚÎÁÞÅÎÎÑ�ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ Á×ÔÏÒÁÍÉ ÒÏÂÏÔÉ [11℄ ×ÉÂÉÒÁÌÉÓØ Ú ÕÍÏ×É ÕÚÇÏ-ÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ ×ÅÌÉÞÉÎ p�S(�)=S(S = S(T + 0), �S(�) = S � S(�), � = 1 � T=T) Ú ×�Ä�Ï×�ÄÎÉÍÉÒÅÚÕÌØÔÁÔÁÍÉ, ÏÂÞÉÓÌÅÎÉÍÉ ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑÔÅ�ÌÏ¤ÍÎÏÓÔÅÊ ËÒÉÓÔÁÌ�×. ÷�ÄÚÎÁÞÉÍÏ, ÝÏ ÔÁË� ÏÂÞÉÓÌÅÎÎÑ ËÒ�Í �Ï-ÈÉÂËÉ ×ÉÍ�ÒÀ×ÁÎØ ÔÅ�ÌÏ¤ÍÎÏÓÔÅÊ Í�ÓÔÑÔØ ÝÅ Ê �ÏÍÉÌËÕ, ÑËÁ ×ÉÎÉËÁ¤�ÒÉ ×ÉÄ�ÌÅÎÎ� ×ËÌÁÄÕ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ × ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ËÒÉÓÔÁÌÁÔÁ �ÒÉ ÞÉÓÌÏ×ÏÍÕ �ÎÔÅÇÒÕ×ÁÎÎ� ×ÉÄ�ÌÅÎÏÇÏ ×ËÌÁÄÕ. ÷ÒÁÈÏ×ÕÀÞÉ �ÅÊÆÁËÔ, Á×ÔÏÒÉ ÒÏÂÏÔÉ [11℄ ÎÁÍÁÇÁÌÉÓÑ ÄÏÓÑÇÎÕÔÉ ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏ-ÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ÒÅÚÕÌØÔÁÔÁÍÉ Ï��ÎËÉ×ÅÌÉÞÉÎÉ p�S(�)=S ÓÁÍÅ �ÏÂÌÉÚÕ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ(� � 0:005), ÄÅ �ÏÈÉÂËÁ Ï��ÎËÉ ¤ ÎÁÊÍÅÎÛÏÀ. úÏËÒÅÍÁ, ÄÌÑ ËÒÉÓÔÁÌÁ
ICMP{01{09U 30KH2PO4 ÂÕÌÏ ÏÔÒÉÍÁÎÏ Ä×Á ÎÁÂÏÒÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× (ÎÁÂÏÒÉ 7� 8 × ÔÁÂÌ. 2): ÄÌÑ �ÅÒÛÏÇÏ Ú ÎÉÈ (ÎÁÂ�Ò 7) ÒÅÁÌ�ÚÕ¤ÔØÓÑ ÆÁÚÏ×ÉÊ �Å-ÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ, ÁÌÅ ÔÅÏÒÅÔÉÞÎÁ ËÒÉ×Á ÄÌÑ p�S(�)=S ÌÅÖÉÔØÄÅÝÏ ÎÉÖÞÅ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§; ÄÌÑ ÄÒÕÇÏÇÏ (ÎÁÂ�Ò 8) ÒÅÁÌ�ÚÕ¤-ÔØÓÑ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÄÒÕÇÏÇÏ ÒÏÄÕ, ÝÏ × �ÒÉÎ�É�� ÓÕ�ÅÒÅÞÉÔØ ÅËÓ�Å-ÒÉÍÅÎÔÕ, ÁÌÅ Õ ×É�ÁÄËÕ � � 0:002 ÔÅÏÒÅÔÉÞÎÁ ËÒÉ×Á ÄÌÑ p�S(�)=SÂÌÉÚØËÁ ÄÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§. á×ÔÏÒÉ ÒÏÂÏÔÉ [11℄ ÓÔ×ÅÒÄÖÕÀÔØ, ÝÏÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÎÁ ÏÓÎÏ×� ÚÎÁÊÄÅ-ÎÉÈ ÎÉÍÉ �ÁÒÁÍÅÔÒ�× ÂÌÉÚØË� ÄÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ, Á ×�ÄÍ�ÎÎ�ÓÔØÍ�Ö ÎÉÍÉ ÎÅ �ÅÒÅ×ÉÝÕ¤ 10{20 % ÚÁ ×ÉÎÑÔËÏÍ ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉT�T0, ÑËÅ × Ë�ÌØËÁ ÒÁÚ�× ×�ÄÒ�ÚÎÑ¤ÔØÓÑ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ ÒÅ-ÚÕÌØÔÁÔÕ.áÌÅ × ��ÌÏÍÕ ÏÂÉÄ×Á ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�×, ÑË �ÏËÁÚÕ¤ ÁÎÁÌ�Ú,ÎÅ ÚÁÂÅÚ�ÅÞÕÀÔØ ÎÁÌÅÖÎÏÇÏ ÔÅÏÔÅÔÉÞÎÏÇÏ Ï�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÒÅÚÕÌØÔÁÔ�× ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4. òÏÚÕÍ�ÀÞÉ �Å, Á×ÔÏÒÉ ×ÉÓÌÏ×ÌÀ-ÀÔØ ÎÁÄ�À, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ ÓÔÒÉË��§, ÁÎÇÁÒÍÏÎ�ÚÍ�× ÇÒÁÔËÉ ÔÁ ÆÌÕË-ÔÕÁ��ÊÎÉÈ ÅÆÅËÔ�× �ÏËÒÁÝÉÔØ ÓÉÔÕÁ��À. ð�ÚÎ�ÛÅ, × ÒÏÂÏÔ� [14℄ ÂÕÌÏÚÒÏÂÌÅÎÏ ÕÔÏÞÎÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÒÏÂÏÔÉ [11℄ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�×ÔÉ�Õ KDP �ÒÉ ÔÅÏÒÅÔÉÞÎÏÍÕ Ï�ÉÓ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑÓ�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§. áÒÇÕÍÅÎÔÏ×ÁÎ�ÛÕ Ï��ÎËÕ ÒÅÚÕÌØÔÁÔÁÍ ÒÏÂ�Ô[11,14℄ ÍÉ ÄÁÍÏ ÎÉÖÞÅ, �ÒÉ ÏÂÇÏ×ÏÒÅÎÎ� ÒÅÚÕÌØÔÁÔ�× ÒÏÚÒÁÈÕÎËÕ Æ�-ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌÁ KH2PO4.õ ÒÏÂÏÔÁÈ [10,12℄ �ÒÉ �ÒÏ×ÅÄÅÎÎ� ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎË�× Æ�ÚÉÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4 ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØ�Å×Î� ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÒÏÚÒÁÈÕÎËÕ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ � ÒÏÚ×'ÑÚÁÎÎ� Ò�×ÎÑÎØ ÓÁÍÏÕÚÇÏÄÖÅÎ-ÎÑ. ã� ÎÁÂÌÉÖÅÎÎÑ ÎÁ×�ÔØ × ÏÂÌÁÓÔ� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÄÁÀÔØ �Ï-ÍÉÌËÕ Â�ÌÑ 10 %. �ÏÍÕ �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§, ÏÔÒÉÍÁÎ� × ÒÏÂÏÔÁÈ [10,12℄,×ÚÁÇÁÌ� ÎÅ ÍÏÖÕÔØ �ÒÅÔÅÎÄÕ×ÁÔÉ ÎÁ ÁÄÅË×ÁÔÎÉÊ Ï�ÉÓ Æ�ÚÉÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP.�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÒÅÚÕÌØÔÁÔ�×. ÷ÎÁ×ÅÄÅÎÉÈ Õ �Ï�ÅÒÅÄÎ�È ÒÏÚÄ�ÌÁÈ ×ÉÒÁÚÁÈ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁÄ�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP ×ÈÏÄÑÔØÞÏÔÉÒÉ ÎÅÚÁÌÅÖÎ� �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ 
, ", !, �z ÔÁ �ÁÒÁÍÅÔÒ w1, ÑËÉÊ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ ÎÉÈ w1 = 4w � 2". ðÒÉ ×ÉÂÏÒ� §È Ï�ÔÉÍÁÌØÎÉÈÚÎÁÞÅÎØ, ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÕ KH2PO4, ÂÕÌÏ ×ÉËÏÒÉÓÔÁÎÏ ÎÁÓÔÕ�-ÎÉÊ ��ÄÈ�Ä. äÌÑ ×ÚÑÔÏÇÏ ÎÁÂÏÒÕ ÚÎÁÞÅÎØ �ÉÈ �ÁÒÁÍÅÔÒ�× ÞÉÓÅÌØÎÏÒÏÚ×'ÑÚÕ×ÁÌÁÓØ ÓÕËÕ�Î�ÓÔØ Ò�×ÎÑÎØ (3.9), (3.11), (4.9), (2.13) Ú ÍÅÔÏÀÒÏÚÒÁÈÕÎËÕ T, T0, ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏ-ÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ P (T ), ÔÁ ×ÅÌÉÞÉÎ ÊÏÇÏ ÎÁÓÉÞÅÎÎÑ Ps = P (Ts) �ÓÔÒÉÂËÁ P = P (T) × ÔÏÞ�� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ïÔÒÉÍÁÎ� ÒÅÚÕÌØ-ÔÁÔÉ �ÏÒ�×ÎÀ×ÁÌÉÓØ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓÔÁÌÁ



31 ðÒÅ�ÒÉÎÔKH2PO4 (ÔÁÂÌ. 1), Á ÓÁÍÅ Ú T, T � T0, ×�ÄÎÏÛÅÎÎÑÍ ÓÔÒÉÂËÁ �Ï-ÌÑÒÉÚÁ��§ P ÄÏ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ Ps (P=Ps = P=Ps), ÔÁ ÚÔÅÍ�ÅÒÁÔÕÒÎÏÀ ÚÁÌÅÖÎ�ÓÔÀ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ P(T ) (ÒÉÓ. 2).ðÒÉ �ØÏÍÕ, �ÏÂÌÉÚÕ T ÂÒÁÌÉÓØ ÄÏ Õ×ÁÇÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ�ÏÌÑÒÉÚÁ��§, ÏÔÒÉÍÁÎ� ÅÌÅËÔÒÏËÁÌÏÒÉÞÎÉÍ ÍÅÔÏÄÏÍ [42,46,53℄, Á ÄÁÌ�×�Ä T | ÄÁÎ� Ú �ÅÔÅÌØ Ç�ÓÔÅÒÅÚÉÓÕ [19,39℄. ðÒÏ×ÅÄÅÎÉÊ ÁÎÁÌ�Ú �Ï-ËÁÚÁ×, ÝÏ × ÒÅÚÕÌØÔÁÔ� ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÒÑÄ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 
,", ! ÔÁ �z , ÑË� × ÏÄÎÁËÏ×�Ê Í�Ò� ÚÁÂÅÚ�ÅÞÕÀÔØ ÄÏÂÒÕ Ë�ÌØË�ÓÎÕ ÚÇÏ-ÄÕ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË Ú ×�Ä�Ï×�ÄÎÉÍÉÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ (ÄÉ×. ÔÁÂÌ. 2, 1 � ÒÉÓ. 2). ñË �ÏËÁ-�ÁÂÌ. 2. îÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× 
; "; w; �z; �x ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4 Ú ÒÏÚÒÁ-ÈÏ×ÁÎÉÍÉ ÎÁ §È ÏÓÎÏ×� Æ�ÚÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ. îÁÂÏÒÉ 7{11 ÒÁÚÏÍÚ Æ�ÚÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ (ÕÓ� ×ÏÎÉ ��ÄËÒÅÓÌÅÎ�) ×ÚÑÔÏ Ú ÒÏÂ�Ô, ×ËÁ-ÚÁÎÉÈ Â�ÌÑ §È ÎÏÍÅÒ�×; ÎÅ ��ÄËÒÅÓÌÅÎ� ÒÅÚÕÌØÔÁÔÉ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ �ÉÍÎÁÂÏÒÁÍ, ÒÏÚÒÁÈÏ×ÁÎÏ ÎÁÍÉ.N w, ", 
, �z , T, T�T0, P=Ps�/� K K K K K K1 400 49.05 78 119 122.774 0.045 0.3592 500 53 112 112 122.716 0.042 0.3593KDP 600 55 138 109:22 122:751 0:042 0:3604 650 55.55 150 109.2 122.814 0.042 0.3605 700 55.93 161 109.1 122.766 0.042 0.3606 750 56.3 171 108.89 122.843 0.042 0.3607 [11℄ 550 61 74 68 122.178 0.0120.021 0.378 [11℄ 570 64 81 64 123.414 0 09 [18℄ 750 50 250 202.4 121.966 0.063 0.33910 [18℄ 952 52 300 213.6 122.053 0.074 0.35711 [14℄ 558 62 97 74.4 122.617 0 0ÚÁÌÉ ÄÏÓÌ�ÄÖÅÎÎÑ, ÄÌÑ ÏÓÔÁÔÏÞÎÏÇÏ ×ÉÂÏÒÕ Ú ÏÔÒÉÍÁÎÏÇÏ ÎÁ �ØÏÍÕÅÔÁ�� ×�ÄÂÏÒÕ ÒÑÄÕ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ Ï�ÔÉÍÁÌØÎÏÇÏ ÎÁÂÏÒÕ,ÑËÉÊ ÁÄÅË×ÁÔÎÉÊ ËÒÉÓÔÁÌÕKH2PO4, ÎÅÏÂÈ�ÄÎÏ ÝÅ �ÏÒ�×ÎÑÔÉ �ÒÏÔÏÎ-ÎÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �C(T ), ÒÏÚÒÁÈÏ×ÁÎÕ ÞÉÓÌÏ×ÉÍ ÄÉÆÅÒÅÎ��À×ÁÎÎÑÍ
ICMP{01{09U 32�ÁÂÌ. 2. ðÒÏÄÏ×ÖÅÎÎÑ.N S, �S, P�102, Ps�102, �z�1030, ��z�1030,�/� ÍÏÌÅË.�1 ÍÏÌÅË.�1 ëÌ/Í2 ëÌ/Í2 ëÌ � Í ëÌ � Í1 0.6223 0.0697 1.820 5.069 4.902 6.2842 0.5181 0.0620 1.820 5.069 4.968 6.0183 0:4571 0:0576 1:824 5:069 5:017 5:8564 0.4357 0.0559 1.824 5.069 5.040 5.7845 0.4183 0.0544 1.824 5.069 5.062 5.7366 0.4043 0.0532 1.824 5.069 5.079 5.6917 0.4877 0.0634 1.876 5.069 4.853 5.7708 0.4784 0 0 5.069 4.860 5.7159 0.2726 0.0287 1.718 5.069 6.112 5.39610 0.1883 0.0234 1.810 5.069 6.622 5.04011 0.4844 0 0 4.902 4.734 -ÅÎÔÒÏ��§ (3.4) �Ï ÔÅÍ�ÅÒÁÔÕÒ�, Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉÄÁÎÉÍÉ [37,38,49℄. ïÓË�ÌØËÉ �ÒÉ ×ÉÄ�ÌÅÎÎ� Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁ-ÎÉÈ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� KH2PO4 ×ËÌÁÄÕ �ÒÏÔÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ × ÔÅ�-ÌÏ¤ÍÎ�ÓÔØ ÍÁ¤ Í�Ó�Å �Å×ÎÁ �ÏÈÉÂËÁ, ÔÏ ÓÌ�Ä Ú×ÅÒÎÕÔÉ Õ×ÁÇÕ � ÎÁ ÅÎÔ-ÒÏ��À �ÅÒÅÈÏÄÕ S = S(T + 0) � S(0) ÔÁ ×ÅÌÉÞÉÎÕ ÓÔÒÉÂËÁ ÅÎÔÒÏ��§�S = S(T + 0) � S(T � 0) × ÔÏÞ�� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. �ÏÍÕ ÄÌÑÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ �ÒÏ×ÏÄÉÌÉÓØ ÔÁËÏÖ ÒÏÚ-ÒÁÈÕÎËÉ S � �S (ÄÉ×. ÔÁÂÌ. 2) ÔÁ §È �ÏÒ�×ÎÑÎÎÑ Ú ×�Ä�Ï×�ÄÎÉÍÉÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ (ÄÉ×. ÔÁÂÌ. 1). �ÁËÉÊ ��ÄÈ�Ä, × Ë�Î�Å×Ï-ÍÕ ÒÅÚÕÌØÔÁÔ�, ÄÏÚ×ÏÌÑ¤ ÏÔÒÉÍÁÔÉ Ï�ÔÉÍÁÌØÎ� ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�×
; "; w; �z ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4.÷ ÔÁÂÌ. 2 ÎÁ×ÅÄÅÎÏ Û�ÓÔØ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× Ú ×�Ä�ÂÒÁÎÉÈ ÎÁ �ÅÒ-ÛÏÍÕ ÅÔÁ�� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ ��ÄÈÏÄÕ ×ÉÂÏÒÕ Ï�ÔÉÍÁÌØÎÉÈ �ÁÒÁÍÅÔ-Ò�× ÔÅÏÒ�§. ÷ÏÎÉ �ÒÏÎÕÍÅÒÏ×ÁÎ� × �ÏÒÑÄËÕ ÚÒÏÓÔÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ.ã� ÎÁÂÏÒÉ × ÏÄÎÁËÏ×�Ê Í�Ò� ÚÁÂÅÚ�ÅÞÕÀÔØ ÄÏÂÒÕ ÚÇÏÄÕ ÔÅÏÒ�§ Ú ÅËÓ�Å-ÒÉÍÅÎÔÏÍ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ ÈÏÄÕ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ (ÒÉÓ. 2),



33 ðÒÅ�ÒÉÎÔÄÁÀÞÉ ×�ÄÈÉÌÅÎÎÑ 1{2 % ×�Ä ÄÁÎÉÈ ÒÏÂ�Ô [19,39,42℄ ÔÁ 5 % ×�Ä ÄÁÎÉÈÒÏÂ�Ô [46,53℄ � ÄÁÀÔØ ÄÏÂÒÅ Ó��×�ÁÄ�ÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉ-ÍÉ ÄÌÑ ×ÅÌÉÞÉÎ T, T�T0, P, Ps (ÄÉ×. ÔÁÂÌ. 1, 2). áÌÅ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ�ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÄÌÑ �ÉÈ ÎÁÂÏÒ�× ¤ Ò�ÚÎÏÀ (ÄÉ×. ÒÉÓ. 3). áÎÁÌ�Ú �Ï-ËÁÚÁ×, ÝÏ ÁÄÅË×ÁÔÎÉÍ ÎÁÂÏÒÏÍ �ÁÒÁÍÅÔÒ�× ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4 ¤ÎÁÂ�Ò 3, ÑËÉÊ ÚÁÂÅÚ�ÅÞÕ¤ ÎÁÊËÒÁÝÕ ÚÇÏÄÕ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ�ÒÏÔÏÎÎÏ§ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ËÒÉÓÔÁÌÁ (×�ÄÈÉÌÅÎÎÑ ÎÅ �ÅÒÅ×ÉÝÕ¤ 10 %) �ÄÁ¤ ÂÌÉÚØË� ÄÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÔÅÏÒÅÔÉÞÎ� ÚÎÁÞÅÎÎÑ S ÔÁ �S(ÄÉ×. ÔÁÂÌ. 1, 2). èÏÞÁ ÎÁÂÏÒÉ 4{6 ÄÁÀÔØ ÂÌÉÖÞ� ÄÏ ÅËÓ�ÅÒÉÍÅÎÔÕÔÅÏÒÅÔÉÞÎ� ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎ S ÔÁ �S, ÏÄÎÁË ×ÏÎÉ ÚÎÁÞÎÏ �ÏÇ�ÒÛÕ-ÀÔØ Ë�ÌØË�ÓÎÅ Ó��×�ÁÄ�ÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ�.÷ÁÒÔÏ ÔÁËÏÖ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÅÏÒÅÔÉÞÎÅ ÚÎÁÞÅÎÎÑ T ÍÏÖÎÁ ×ÉÂÒÁ-ÔÉ ÑË ÚÁ×ÇÏÄÎÏ ÂÌÉÚØËÉÍ ÄÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ. ïÓË�ÌØËÉ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ T Ò�ÚÎÉÈ ÒÏÂ�Ô ×�ÄÒ�ÚÎÑÀÔØÓÑ Í�Ö ÓÏÂÏÀ, ÔÏ ÍÉ×ÉÂÒÁÌÉ ÊÏÇÏ ÂÌÉÚØËÉÍ ÄÏ 123 K.ýÏ ÓÔÏÓÕ¤ÔØÓÑ ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉT � T0, ÔÏ ÄÌÑ ÎÁÛÉÈ Ï�ÔÉÍÁÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ×ÏÎÏ �ÒÉÂÌÉÚÎÏ × 4ÒÁÚÉ Â�ÌØÛÅ ÚÁ ÏÔÒÉÍÁÎÅ × ÒÏÂÏÔ� [11℄. ëÒ�Í ÔÏÇÏ, ÚÎÁÞÅÎÎÑ T � T0,ÏÔÒÉÍÁÎÅ ÎÁÍÉ ÎÁ ÏÓÎÏ×� �ÁÒÁÍÅÔÒ�× 7 ÒÏÂÏÔÉ [11℄ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍÒ�×ÎÑÎÎÑ (4.9) ÄÌÑ T0, × 2 ÒÁÚÉ Â�ÌØÛÅ ÚÁ ×�Ä�Ï×�ÄÎÅ ÚÎÁÞÅÎÎÑ T�T0,ÏÔÒÉÍÁÎÅ × ÓÁÍ�Ê ÒÏÂÏÔ� [11℄ (ÄÉ×. ÔÁÂÌ. 2). ãÅ ��ÄÔ×ÅÒÄÖÕ¤ ÚÒÏÂÌÅÎÅÎÁÍÉ ÚÁÕ×ÁÖÅÎÎÑ �ÒÏ ÎÅÔÏÞÎ�ÓÔØ Ò�×ÎÑÎÎÑ ÄÌÑ T0, ÄÁÎÏÇÏ × ÒÏÂÏ-Ô� [11℄. ñËÝÏ �ÏÒ�×ÎÀ×ÁÔÉ ÏÔÒÉÍÁÎÉÊ ÎÁÍÉ ÔÅÏÒÅÔÉÞÎÉÊ ÒÅÚÕÌØÔÁÔT � T0 = 0:042 K Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ, ÔÏ ×�Î ÎÁÊÂÌÉÖ-ÞÉÊ ÄÏ ÒÅÚÕÌØÔÁÔ�× 0.05 K ÒÏÂ�Ô [38,41℄ � 0.026 K ÒÏÂÏÔÉ [45℄. ÷�Ä-ÚÎÁÞÉÍÏ, ÝÏ Â�ÌØÛÏÇÏ ÚÁ �Å ÚÎÁÞÅÎÎÑ T � T0 ÄÏÂÉÔÉÓØ ÎÅÍÏÖÌÉ×ÏÂÅÚ �ÏÇ�ÒÛÅÎÎÑ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ P(T ). ñËÝÏ×ÒÁÈÕ×ÁÔÉ, ÝÏ Ê Í�Ö ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ T � T0 Ò�Ú-ÎÉÈ ÒÏÂ�Ô ¤ �ÏÍ�ÔÎÁ ÒÏÚÂ�ÖÎ�ÓÔØ (ÄÉ×. ÔÁÂÌ. 1), ÔÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ × �ØÏÍÕ ×É�ÁÄËÕ ÍÏÖÎÁ ××ÁÖÁÔÉ ÄÏÂÒÉÍ. ïÄÎÁËÎÅ ×ÉËÌÀÞÅÎÏ, ÝÏ ×ÒÁÈÕ×ÁÎÎÑ × ÍÏÄÅÌ� �ÎÛÉÈ ÆÁËÔÏÒ�×, ÚÇÁÄÁÎÉÈ ×ÒÏÂÏÔ� [11℄, ÊÏÇÏ �ÏËÒÁÝÉÔØ. �ÁËÉÍ ÞÉÎÏÍ, �ÒÏÂÌÅÍÕ ×ÉÂÏÒÕ ÚÎÁÞÅÎØ�ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ 
, ", !, �z ÄÌÑ KH2PO4 ÓÌ�Ä ××ÁÖÁÔÉ ×ÉÒ�ÛÅÎÏÀ.ðÒÏ ÅÆÅËÔÉ×Î�ÓÔØ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ ÎÁÍÉ ��ÄÈÏÄÕ ÄÏ ×ÉÂÏÒÕ �ÁÒÁ-ÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ KH2PO4 Ó×�ÄÞÁÔØ ÒÅÚÕÌØÔÁÔÉ, ÎÁ×ÅÄÅÎ� × ÔÁÂÌ. 1, 2ÔÁ ÎÁ ÒÉÓ. 2, 4. �ÕÔ ÄÌÑ �ÏÒ�×ÎÑÎÎÑ �ÒÅÄÓÔÁ×ÌÅÎÏ ×�Ä�Ï×�ÄÎ� Æ�ÚÉÞÎ�ÈÁÒÁËÔÅÒÉÓÔÉËÉ Ú ÏÔÒÉÍÁÎÉÍ ÎÁÂÏÒÏÍ 3 � ÎÁÂÏÒÁÍÉ �ÁÒÁÍÅÔÒ�× ÒÏÂ�Ô[11,14,18℄. ÷ÉÄÎÏ, ÝÏ ÎÁÛ ÎÁÂ�Ò 3 ÄÁ¤ ÎÁÊËÒÁÝÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ ÚÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ×ÚÑÔÏ§ ÓÕËÕ�ÎÏÓÔ� Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.ëÒ�ÍÔÏÇÏ, Ú ÒÉÓ. 5 ×ÉÄÎÏ, ÝÏ Ê ÚÇ�ÄÎÏ Ú ËÒÉÔÅÒ�¤Í ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏ-Ò�§, �ÒÉÊÎÑÔÏÇÏ × ÒÏÂÏÔ� [11℄, ÎÁÛ ÎÁÂ�Ò ¤ ËÒÁÝÉÊ ÚÁ ÎÁÂÏÒÉ 7 � 8 ÄÁÎÏ§ÒÏÂÏÔÉ, ÂÏ ×�Î ÄÁ¤ ËÒÁÝÅ ÚÁ ÎÉÈ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔÕ ÔÅÏÔÅÔÉÞÎÏ-
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 , KòÉÓ. 2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ËÒÉÓÔÁÌÁKH2PO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1{6 (a), �3, 7{11 (b), �ÏÄÁÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [19℄,Æ | [39℄, 4 | [42℄, r | [46℄, � | [53℄.
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òÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌÁ KH2PO4. ì�Î�§| ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1{3,5, ÎÁ×ÅÄÅÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [37℄, 4 |[38℄, � | [49℄.
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7�7F���.òÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌÁ KH2PO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 3,7{11, ÎÁ×ÅÄÅÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [37℄, 4|[38℄, � | [49℄.



37 ðÒÅ�ÒÉÎÔÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ Ï��ÎËÏÀ ×ÅÌÉÞÉÎÉ p�S(�)=S× ÎÁÊÂ�ÌØÛ ÓÕÔÔ¤×�Ê ÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂÌÁÓÔ� (� � 0:005).�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÒÅÚÕÌØÔÁÔ�×ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÓÅÇÎÅ-ÔÏÅÌÅËÔÒÉËÁ KH2PO4, ÒÏÚÒÁÈÏ×ÁÎÉÈ ÎÁ ÏÓÎÏ×� (4.9), (4.6), (4.8). ðÒÉ�ØÏÍÕ, ÔÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ×ÉÓÏËÏÞÁÓÔÏÔÎÏÇÏ ×ÎÅÓËÕ "�(1; T )Á�ÒÏËÓÉÍÕ×ÁÌÁÓØ ÎÁÍÉ ÔÁËÉÍ ÞÉÎÏÍ:"�(1; T ) = "�(1)�(T � T ) + �"�(1)�(T � T):úÎÁÞÅÎÎÑ "�(1) � �"�(1) ×ÉÂÉÒÁÌÉÓØ Ú ÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎ-ÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ó�ÏÞÁÔËÕ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ ÒÏÚ-ÒÁÈÕÎËÕ ÏÂÅÒÎÅÎÏ§ �ÏÚÄÏ×ÖÎØÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�"�1z (0; T ) ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4 � �ÏÒ�×ÎÑÎÎ� ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�×Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. ÷�ÄÚÎÁÞÉÍÏ, ÝÏ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ "z(0; T ) ×�ÄÏÍÉÈ ÎÁÍ ÒÏÂ�Ô [38,39,51,54{56℄ ÕÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂÌÁÓÔ� 0 K � T � T � 50 K ÄÏÂÒÅ ÓÔÉËÕÀÔØÓÑ Í�ÖÓÏÂÏÀ. äÌÑ ÔÅÍ�ÅÒÁÔÕÒ T � T > 50 K ÍÉ ÍÁ¤ÍÏ ÌÉÛÅ ÄÁÎ� Ä×ÏÈÒÏÂ�Ô: [51℄ ÔÁ [54℄, ÑË� �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ 80 K� T � T � 150 K �Ï-Í�ÔÎÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ Í�Ö ÓÏÂÏÀ. úÎÁÞÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏÍÏÍÅÎÔÁ × �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ��z ÒÏÚÒÁÈÏ×Õ×ÁÌÏÓØ ÎÁ ÏÓÎÏ×� ÆÏÒ-ÍÕÌÉ (4.10) (ÚÎÁÞÅÎÎÑ �ÏÈ�ÄÎÏ§ × (4.10) ÎÁÂÌÉÖÅÎÏ ÒÏÚÒÁÈÏ×Õ×ÁÌÏÓØÞÅÒÅÚ �ÒÉÒ�ÓÔ ÆÕÎË��§, ÑËÉÊ ×�Ä�Ï×�ÄÁ¤ ÔÅÍ�ÅÒÁÔÕÒÎÏÍÕ �ÎÔÅÒ×ÁÌÕ0 K � T � T � 10 K), × ÑË�Ê ÄÌÑ ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ ÂÕÌÏ ×ÉËÏ-ÒÉÓÔÁÎÏ §§ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÅ ÚÎÁÞÅÎÎÑ, Ò�×ÎÅ 2925 K (ÄÉ×. ÔÁÂÌ. 1).ïÔÒÉÍÁÎÅ ÔÁËÉÍ ÞÉÎÏÍ ÚÎÁÞÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ× �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ×�ÄÒ�ÚÎÑ¤ÔØÓÑ ×�Ä ×�Ä�Ï×�ÄÎÏÇÏ ÚÎÁÞÅÎÎÑ �zÕ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ�, �ÒÉÞÏÍÕ Ú ÒÏÓÔÏÍ ÔÕÎÅÌÀ×ÁÎÎÑ �Ñ Ò�ÚÎÉ-�Ñ ÚÍÅÎÛÕ¤ÔØÓÑ (ÄÉ×. ÔÁÂÌ. 2). ñË ×ÉÄÎÏ Ú ÒÉÓ. 6, ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�×1{6 × ÏÄÎÁËÏ×�Ê Í�Ò� ÄÁÀÔØ ÄÏÂÒÕ ÚÇÏÄÕ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ"�1z (0; T ) �ÒÉ 0 K � T � T � 50 K (ÔÏÞÎ�ÓÔØ ÓËÌÁÄÁ¤ 1{2 %). òÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ "�1z (0; T ) �ÒÉ T � T > 50 K �ÏÍ�ÔÎÏ ÚÁÌÅÖÁÔØ×�Ä ÚÎÁÞÅÎÎÑ ×ÅÌÉÞÉÎÉ �"z(1). ðÒÉ �ØÏÍÕ, Ú ÒÏÓÔÏÍ �"z(1) �Ï×ÅÄ�ÎËÁ"�1z (0; T ) ÓÔÁ¤ ÎÅÌ�Î�ÊÎÏÀ. ÷ÉÑ×ÉÌÏÓØ, ÝÏ × ×É�ÁÄËÕ �"z(1) = 3 ÒÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÄÁÎÉÍÉ ÒÏÂÏÔÉ [51℄, a × ×É�ÁÄ-ËÕ �"z(1) = 9 | Ú ÄÁÎÉÍÉ ÒÏÂÏÔÉ [54℄. óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÌÉÛÅ ÚÎÁ-ÞÅÎÎÑ �"z(1) = 9 ÄÏÂÒÅ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ Ï��ÎËÏÀÒÏÂÏÔÉ [57℄ | �"z(1) = 6{8 � Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÚÒÁÈÕÎËÕ ×�Ä�Ï×�ÄÎÏÇÏ×ÉÓÏËÏÞÁÓÔÏÔÎÏÇÏ ×ÎÅÓËÕ ÒÏÂÏÔÉ [20℄. �ÏÍÕ �ÒÉÒÏÄÎØÏ ×ÉÎÉËÁ¤ ÓÕÍ-Î�× × ÎÁÄ�ÊÎÏÓÔ� ÄÁÎÉÈ ÒÏÂÏÔÉ [51℄ �ÒÉ T � T > 50 K. �ÁËÉÍ ÞÉÎÏÍ,× �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÍÁ¤ Í�Ó�Å ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅ-ÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ "�1z (0; T ) Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÚÁ
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còÉÓ. 5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ×ÅÌÉÞÉÎÉ (�S=S)1=2, ÄÅ �S = S(T ) �S(T + 0) � S = S(T + 0). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�×�ÁÒÁÍÅÔÒ�× 3, 7, 8, ÎÁ×ÅÄÅÎÉÈ × ÔÁÂÌ. 2. ëÒÕÖÅÞËÉ | ÄÁÎ� ÒÏÂÏÔÉ [11℄.



39 ðÒÅ�ÒÉÎÔ�ÁÂÌ. 2. ðÒÏÄÏ×ÖÅÎÎÑ.N �x, �x�1030, "x(1) �"x(1)�/� K ëÌ � Í1 40 12.055 13.6 29.9-40 13.491 13.6 283 40 13:078 12:6 26:6-40 14:581 12:5 24:54 40 13.238 12.4 25.8-40 14.717 12 23.95 40 13.343 12.2 25.6-40 14.867 11.8 23.57 0 13.672 13 259 0 15.475 2.5 20.210 0 16.320 0 17.6×ÉÎÑÔËÏÍ ÄÁÎÉÈ ÒÏÂÏÔÉ [51℄ �ÒÉ T � T > 50 K. îÁÍÉ ÔÁËÏÖ �ÒÏ×Ï-ÄÉÌÉÓØ ÒÏÚÒÁÈÕÎËÉ "�1z (0; T ) ÎÁ ÏÓÎÏ×� ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 7, 9, 10. úÒÉÓ. 6 ×ÉÄÎÏ, ÝÏ ÑËÝÏ × �ØÏÍÕ ×É�ÁÄËÕ ×ÚÑÔÉ 6 � �"z(1) � 9, ÔÏ ÚÇÏ-ÄÁ ÒÅÚÕÌØÔÁÔ�× ÒÏÚÒÁÈÕÎËÕ "�1z (0; T ) Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ �ÏÇ�ÒÛÕ¤ÔØÓÑ ×�ÏÒ�×ÎÑÎÎ� Ú ÎÁÂÏÒÁÍÉ �ÁÒÁÍÅÔÒ�× 1{6. ÷�ÄÏÍ� ÎÁÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÄÁÎ� ÄÌÑ "z(0; T ) �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ T � T ÍÁÀÔØ ÁÎÏÍÁÌØÎÕ �Ï×Å-Ä�ÎËÕ, ÚÕÍÏ×ÌÅÎÕ ÓËÏÒ�ÛÅ ÚÁ ×ÓÅ ÄÏÍÅÎÎÉÍÉ ÅÆÅËÔÁÍÉ. ïÓË�ÌØËÉ ÚÁ-�ÒÏ�ÏÎÏ×ÁÎÁ ÔÅÏÒ�Ñ ÎÅ ×ÒÁÈÏ×Õ¤ ÄÏÍÅÎÎÉÈ ÅÆÅËÔ�×, ÔÏÍÕ ÎÅ ÄÏ��ÌØÎÏ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ §§ ÄÌÑ Ï�ÉÓÕ �ÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�×. ÷Ú×'ÑÚËÕ Ú �ÉÍ ÄÌÑ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÆÁÚÉ (T � T) ÍÉ �ÒÅÄÓÔÁ-×ÉÌÉ ÎÁ ÒÉÓ. 6 ÌÉÛÅ ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×1{6 Ú "z(1) = 6; 7 [58℄.îÁ ÒÉÓ. 7 �ÒÅÄÓÔÁ×ÌÅÎÏ ÔÅÏÒÅÔÉÞÎ� ÔÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÒÅÚÕÌØ-ÔÁÔÉ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "x(0; T ). ÷�ÄÏÍ� ÎÁÍÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÒÅÚÕÌØÔÁÔÉ ÄÅÝÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ Í�Ö ÓÏÂÏÀ, ÔÏÍÕÍÉ ÚÏÓÅÒÅÄÉÌÉ Ó×ÏÀ Õ×ÁÇÕ ÎÁ ÄÁÎÉÈ ÒÏÂ�Ô [16,19,54℄, ÂÏ ×ÉÝÅ T ÄÁÎ�ÒÏÂÏÔÉ [59℄, ÚÎÁÞÎÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ ×�Ä �ÎÛÉÈ. ú ÒÉÓ. 7 ×ÉÄÎÏ, ÝÏ ×É-ÂÒÁÎ� ÎÁÍÉ ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× 1, 3{5 ÚÁÂÅÚ�ÅÞÕÀÔØ ÄÏÂÒÉÊ ÔÅÏÒÅÔÉÞ-ÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§ ÚÁÌÅÖÎÏÓÔ� "x(0; T ) Ú ÔÏÞÎ�ÓÔÀ 2 % ÚÁ
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òÉÓ. 6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÏÂÅÒÎÅÎÏ§ ÓÔÁÔÉÞÎÏ§ �ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅË-ÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� KH2PO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�×�ÁÒÁÍÅÔÒ�× 1{6 (a), � 3, 7, 9, 10 (b), �ÏÄÁÎÉÈ × ÔÁÂÌ. 2. ÷ ÎÁÂÏÒÁÈ 1{6 ×ÚÑÔÏ"z(1) = 6:7, �"z(1) = 9, Á × ÎÁÂÏÒÁÈ 1a{6a | �"z(1) = 3 (a); ÄÌÑ ÎÁÂÏÒ�×7, 9, 10 ÔÅÖ ×ÚÑÔÏ �"z(1) = 9 (b). �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: 4 |[38℄, Æ | [39℄, r | [51℄, � | [54℄, � | [55℄, � | [56℄.



41 ðÒÅ�ÒÉÎÔ×ÉËÌÀÞÅÎÎÑÍ §§ ËÕ�ÏÌÏ�ÏÄ�ÂÎÏ§ �Ï×ÅÄ�ÎËÉ �ÏÂÌÉÚÕ T, ÄÅ ×�ÄÈÉÌÅÎÎÑÔÅÏÒ�§ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÕ ÓËÌÁÄÁ¤ 8 %. óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÔÕÔ ¤ ÝÅÏÄÉÎ ×�ÌØÎÉÊ �ÁÒÁÍÅÔÅÒ ÔÅÏÒ�§ �x, ×�ÌÉ× ÑËÏÇÏ ÎÁ ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä"x(0; T ) ÎÁÊÂ�ÌØÛÅ ×�ÄÞÕÔÎÉÊ × ÏËÏÌ� T (ÄÉ×. ÒÉÓ. 7). ãÅÊ ÆÁËÔ ÍÏÖÅÓÌÕÖÉÔÉ ËÒÉÔÅÒ�¤Í ÄÌÑ ×ÉÂÏÒÕ ÚÎÁÞÅÎÎÑ �x �ÒÉ ÎÁÑ×ÎÏÓÔ� ÎÁÄ�ÊÎÉÈÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ "x(0; T ) × ÏËÏÌ� T, ÏÓÏÂÌÉ×Ï ÄÌÑ ÚÎÁ-ÞÅÎØ "x(0; T + 0) ÔÁ "x(0; T � 0). úÁÕ×ÁÖÉÍÏ ÔÁËÏÖ, ÝÏ ÚÂ�ÌØÛÅÎÎÑ�x �ÏÎÉÖÕ¤ ×�Ä�Ï×�ÄÎÅ ÚÎÁÞÅÎÎÑ �x (ÄÉ×. ÔÁÂÌ. 2). îÁÑ×Î� ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÄÁÎ� ÎÅ ÄÁÀÔØ ÎÁÍ ÍÏÖÌÉ×ÏÓÔ� ×�Å×ÎÅÎÏ ×�ÄÄÁÔÉ �ÅÒÅ×ÁÇÕÏÄÎÏÍÕ Ú Ä×ÏÈ ×ÚÑÔÉÈ ÚÎÁÞÅÎØ �x. ãØÏÍÕ ÎÅ Ó�ÒÉÑÀÔØ ÔÁËÏÖ ÎÅ ×ÉÑÓ-ÎÅÎ� ÎÁ ÄÁÎÉÊ ÍÏÍÅÎÔ �ÒÉÞÉÎÉ �ÓÎÕ×ÁÎÎÑ ËÕ�ÏÌÏ�ÏÄ�ÂÎÏ§ �Ï×ÅÄ�ÎËÉÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ Â�ÌÑ T, ÑËÕ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÎÁÍÉ ÔÅÏÒ�ÑÎÅ �ÅÒÅÄÂÁÞÁ¤. îÁ ÒÉÓ. 8 ÒÁÚÏÍ Ú ÄÁÎÉÍÉ ÒÏÂÏÔÉ [16℄ �ÒÅÄÓÔÁ×ÌÅ-ÎÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ "x(0; T ) ÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 3 � ÎÁÂÏ-Ò�× 7, 9, 10 ÒÏÂ�Ô [11,18℄ Ú ��Ä�ÂÒÁÎÉÍÉ ÎÁÍÉ ÚÎÁÞÅÎÎÑÍÉ �x, "x(1) ��"x(1). ÷ÉÄÎÏ, ÝÏ ÎÁÊËÒÁÝÁ ÚÇÏÄÁ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÍÁ¤ Í�Ó�ÅÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 3. îÁÂ�Ò �ÁÒÁÍÅÔÒ�× 7 ÒÏÂÏÔÉ [11℄ ÔÁ ÎÁÂÏ-ÒÉ 9 � 10, ÝÏ ÂÕÌÉ ×ÉÂÒÁÎ� × ÒÏÂÏÔ� [18℄ ×ÉËÌÀÞÎÏ ÄÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏÏ�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÕ ÒÏÂÏÔÉ [16℄, ÄÁÀÔØ ÔÅÖ ÎÅ�ÏÇÁÎÅ ÕÚÇÏÄÖÅÎÎÑ ÚÅËÓ�ÅÒÉÍÅÎÔÏÍ. ÷ ÔÏÊ ÖÅ ÞÁÓ, ÑË ÂÕÌÏ �ÏËÁÚÁÎÏ ÎÁÍÉ ×ÉÝÅ, �� ÎÁÂÏ-ÒÉ �ÁÒÁÍÅÔÒ�× ÎÅÚÁÄÏ×�ÌØÎÏ Ï�ÉÓÕÀÔØ �ÎÛ� Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉKH2PO4. �ÁËÉÍ ÞÉÎÏÍ, Ú �ÒÉ×ÅÄÅÎÉÈ ×ÉÝÅ ÒÅÚÕÌØÔÁÔ�× ÄÏÓÌ�ÄÖÅÎ-ÎÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌÁ KH2PO4 ÍÏÖÎÁ �ÏÓÔÁ×ÉÔÉ��Ä ÓÕÍÎ�× �ÒÉÄÁÔÎ�ÓÔØ ×ÉËÏÒÉÓÔÁÎÎÑ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ� × ÑËÏÓÔ� ËÒÉÔÅÒ�À �ÒÉ ×ÉÚÎÁÞÅÎÎ� �ÁÒÁÍÅÔÒ�× 
, ", !, �z .ñË ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ × ÒÏÂÏÔÁÈ [9,10℄, ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ�ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� �ÒÉ×ÏÄÉÔØ ÄÏ ÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ �ÏÌÑÒÉÚÁ��§ ÔÁÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. ãÅ ÎÁËÌÁÄÁ¤ ÏÂÍÅÖÅÎÎÑÎÁ ÏÂÌÁÓÔØ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�×.÷ Ú×'ÑÚËÕ Ú �ÉÍ ÍÉ �ÒÏ×ÅÌÉ ÄÏÓÌ�ÄÖÅÎÎÑ ÈÁÒÁËÔÅÒÕ ÎÉÚØËÏÔÅÍ�ÅÒÁ-ÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ ÚÁÌÅÖÎÏÓÔÅÊ P(T ), �C(T ), "z(0; T ) � "x(0; T ) ÄÌÑÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1, 3, 5. òÅÚÕÌØÔÁÔÉ ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÅÄÓÔÁ×ÌÅÎÏ ÎÁÒÉÓÕÎËÁÈ 9 � 10, Ú ÑËÉÈ ×ÉÄÎÏ, ÝÏ ÎÅÆ�ÚÉÞÎÉÊ ÈÁÒÁËÔÅÒ ÔÅÍ�ÅÒÁÔÕÒ-ÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÌÑ ×ÚÑÔÉÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×�ÏÞÉÎÁ¤ �ÏÑ×ÌÑÔÉÓÑ �ÒÉ ÔÅÍ�ÅÒÁÔÕÒ�, ÎÉÖÞ�Ê ÚÁ T Â�ÌØÛ Î�Ö ÎÁ40 K. �ÁËÏÖ ÍÁ¤ Í�Ó�Å ÔÁËÁ ÚÁËÏÎÏÍ�ÒÎ�ÓÔØ: Ú ÒÏÓÔÏÍ ÔÕÎÅÌÀ×ÁÎÎÑÎÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË ÚÍ�ÝÕ¤ÔØÓÑ × ÓÔÏÒÏÎÕ ×ÉÝÉÈ ÔÅÍ�ÅÒÁÔÕÒ. ÷ÁÒÔÏ ÚÁÕ×ÁÖÉÔÉ,ÝÏ �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ÄÌÑ ËÌÁÓÔÅÒÎÏ§ �Ï�ÒÁ×ËÉÄÏ ÔÕÎÅÌÀ×ÁÎÎÑ ÎÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÈÁÒÁËÔÅÒÉÓÔÉË ÚÎÉËÁ¤, ÁÌÅ ×�ØÏÍÕ ×É�ÁÄËÕ ÎÁÂÁÇÁÔÏ �ÏÇ�ÒÛÕ¤ÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ Ï�ÉÓ × ÏËÏ-
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 , KòÉÓ. 7. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ� KH2PO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�×1, 3{5 Ú �x = 40 K (a) � �x = �40 K (b) ÔÁ Ò�ÚÎÉÍÉ �x, "x(1) � �"x(1),�ÏÄÁÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: Æ | [16℄, � | [19℄, �| [54℄.
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 , KòÉÓ. 8. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ�KH2PO4.ì�Î�§| ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 3Ú �x = 40 K, �x = 13:078 10�30 ëÌ�Í, "x(1) = 11:6, � ÎÁÂÏÒ�× 7, 9, 10, �ÒÅÄ-ÓÔÁ×ÌÅÎÉÈ × ÔÁÂÌ. 2; Æ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÒÏÂÏÔÉ [16℄.Ì� ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ãÅ ÇÏ×ÏÒÉÔØ �ÒÏ ×ÁÖÌÉ×�ÛÕ ÒÏÌØ× ��Ê ÏÂÌÁÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÌÕËÔÕÁ��Ê �ÏÒ�×ÎÑÎÏ Ú Ë×ÁÎÔÏ×ÉÍÉ(ÄÉ×. ÔÁËÏÖ ÒÏÂÏÔÕ [10℄).6. ÷ÉÓÎÏ×ËÉ÷ ÄÁÎ�Ê ÒÏÂÏÔ� × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �Ï ËÏ-ÒÏÔËÏÓÑÖÎÉÈ ÔÁ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ�ÒÏ×ÅÄÅÎÏ ÒÏÚÒÁÈÕÎÏË ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4,Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ. ïÔÒÉÍÁÎÏ ÎÏ×� ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁ-ÔÉ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓ-Ô�, ËÏÎÓÔÁÎÔÉ � ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ�{÷ÅÊÓÁ. ðÏËÁÚÁÎÏ, ÝÏ ÎÁ×ÅÄÅÎ� ×ÒÏÂÏÔ� [11℄ Ò�×ÎÑÎÎÑ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ � ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ ¤ �Ï-ÍÉÌËÏ×ÉÍÉ.úÁ�ÒÏ�ÏÎÏ×ÁÎÏ ��ÄÈ�Ä ÄÌÑ ÞÉÓÌÏ×ÏÇÏ �ÏÛÕËÕ Ï�ÔÉÍÁÌØÎÉÈ ÚÎÁ-
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òÉÓ. 9. îÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� ÎÏÒÍÏ×ÁÎÏÇÏ �Á-ÒÁÍÅÔÒÁ ×�ÏÒÑÄËÕ×ÁÎÎÑ P=Ps (a) ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C (b) �ÒÏÔÏÎÎÏ§ ÍÏ-ÄÅÌ� ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1, 3, 5 Ú ÔÁÂÌ. 2.
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T , KòÉÓ. 10. îÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÏÂÅÒÎÅÎÏ§ ÓÔÁ-ÔÉÞÎÏ§ �ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� (a) ÔÁ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞ-ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� (b) �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔ-Ò�× 1, 3, 5 Ú �x = 40 K, ÄÁÎÉÈ × ÔÁÂÌ. 2.

ICMP{01{09U 46ÞÅÎØ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ �ÒÉ Ï�ÉÓ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�-ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP. ÷ ÍÅÖÁÈ �ØÏÇÏ ��Ä-ÈÏÄÕ ÚÎÁÊÄÅÎÏ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÁÄÅË×ÁÔÎÉÊ ËÒÉÓÔÁÌÕKH2PO4, ÑËÉÊÄÁ¤ ËÏÒÅËÔÎÉÊ Ï�ÉÓ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ � ÄÏÂÒÅ Ë�ÌØË�ÓÎÅ ÕÚÇÏÄÖÅÎÎÑÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË�× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§, ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÔÁ �ÏÚÄÏ×ÖÎØÏ§ � �Ï�ÅÒÅÞ-ÎÏ§ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�. ïÔÒÉ-ÍÁÎÏ ÔÁËÏÖ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ÚÎÁÞÅÎÎÑ×ÅÌÉÞÉÎÉ T � T0. ðÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ×ÉÂÏÒÕ ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÁÍÔÉ�Õ KDP ÚÎÁÞÅÎØ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× 
, ", w, �z, ÎÅÏÂÈ�ÄÎÏ ÍÁÔÉÎÁÄ�ÊÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒ ëÀÒ� ÔÁ ëÀÒ�{÷ÅÊÓÁ,� ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ÔÁ ÔÅ�ÌÏ-¤ÍÎÏÓÔ�.äÏÓÌ�ÄÖÅÎÎÏ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÕ ÎÅÆ�ÚÉÞÎÕ �Ï×ÅÄ�ÎËÕ ÈÁÒÁËÔÅ-ÒÉÓÔÉË P (T ), �C(T ), "z(0; T ) � "x(0; T ) �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÚÕÍÏ×ÌÅÎÕËÌÁÓÔÅÒÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. ÷ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ ÎÅÆ�ÚÉÞÎ�ÓÔØ ÔÅÍ�ÅÒÁ-ÔÕÒÏÚÁÌÅÖÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ ×ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �ÏÞÉÎÁ¤ �ÒÏÑ×ÌÑÔÉÓØ �ÒÉÔÅÍ�ÅÒÁÔÕÒ�, ÎÉÖÞ�Ê ÚÁ T Â�ÌØÛ Î�Ö ÎÁ 40 K. ú ÒÏÓÔÏÍ ÖÅ ÔÕÎÅÌÀ-×ÁÎÎÑ ÏÂÌÁÓÔØ ÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ ÒÏÚÛÉÒÀ¤ÔØÓÑ × ÓÔÏÒÏÎÕ ×ÉÝÉÈÔÅÍ�ÅÒÁÔÕÒ.ð�Ä×ÏÄÑÞÉ ��ÄÓÕÍËÉ, ÓÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÎÁ ÏÓÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×Á-ÎÏÇÏ ÎÁÍÉ ��ÄÈÏÄÕ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ × ÎÁÓÔÕ�ÎÉÈ ÒÏ-ÂÏÔÁÈ ÂÕÄÕÔØ ÄÏÓÌ�ÄÖÅÎ� �ÎÛ� ËÒÉÓÔÁÌÉ ÔÉ�Õ KDP, ÔÏÂÔÏ RbH2PO4,KH2AsO4, RbH2AsO4. á ÇÏÌÏ×ÎÉÍ ÚÁ×ÄÁÎÎÑÍ ÎÁÛÉÈ ÎÁÓÔÕ�ÎÉÈ ÒÏÂ�ÔÂÕÄÅ ÄÏÓÌ�ÄÖÅÎÎÑ × ÍÅÖÁÈ ÍÏÄÉÆ�ËÏ×ÁÎÏ§ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÔÁ �ÒÕÖÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4, Á ÔÁËÏÖ ÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ-×Õ Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÔÁ ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ ÎÁ Æ�-ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ �ÉÈ ËÒÉÓÔÁÌ�×, ÑË �Å ÂÕÌÏ �ÒÏ×ÅÄÅÎÏ × ÒÏÂÏÔÁÈ[60{62℄ Õ ×É�ÁÄËÕ ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ DKDP.á×ÔÏÒÉ ×ÄÑÞÎ� ï. ò. âÁÒÁÎÕ ÚÁ ÄÏ�ÏÍÏÇÕ �ÒÉ �ÒÏ×ÅÄÅÎ� ÞÉÓÌÏ×ÉÈÒÏÚÒÁÈÕÎË�× ÔÁ ÏÂÇÏ×ÏÒÅÎÎÑ ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�×.ì�ÔÅÒÁÔÕÒÁ1. Slater J.C. Theory of the transition in KH2PO4. // J. Chem. Phys.,1941, vol. 9, No. 1, p. 16{33.2. Takagi Y. Theory of the transition in KH2PO4 (II). // J. Phys. So.Japan, 1948, vol. 3, p. 273{274.



47 ðÒÅ�ÒÉÎÔ3. Senko H.E. Order-disorder model theory for the ferroeletris e�etin the dihydrogen phosphates. // Phys. Rev. B, 1961, vol. 121, No. 6,p. 1599{1604.4. Sielsbee H.B., Uehling E.A., Shmidt V.H. Deuteron intrabond mo-tion and ferroeletriity in KD2PO4. // Phys. Rev., 1964, vol. 133,No. 1A, p. A165{A170.5. Blin R. On the isotopi e�ets in the ferroeletri behaviour ofrystals with short hydrogen bonds. // J. Phys. Chem. Solids, 1960,vol. 13, No. 3, p. 204{211.6. De Gennes P.G. Colletive motions of hydrogen bonds. // Solid StateCommun., 1963, vol. 1, No. 6, p. 132{137.7. Tokunaga M., Matsubara T. Theory of ferroeletri phase transitionin KH2PO4 type rystals. // Prog. Theor. Phys., 1966, vol. 35, No. 4,p. 581{599.8. Kobayashi K.K. Dynamial theory ot the phase transitions inKH2PO4{type ferroeletri rystals. // J. Phys. So. Japan, 1968,vol. 24, No. 3, p. 497{508.9. Blin R., Svetina S. Cluster approximations for order-disorder{typehydrogen-bounded ferroeletris. I. Small lusters. II. Appliation toKH2PO4. // Phys. Rev., 1966, vol. 147, p. 423{438.10. ÷ÁËÓ ÷.ç., úÉÎÅÎËÏ ÷.é. ë ÔÅÏÒÉÉ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ× ÔÉ�ÁKH2PO4. // öü�æ, 1973, Ô. 64, ×. 2, Ó. 650{664.11. Vaks V.G., Zein N.E., Strukov B.A. On the theory of ferroeletrisof KH2PO4 | KDP type. // Phys. Stat. Sol. (a), 1975, vol. 30,p. 801{819.12. Fairall C.W., Reese W. Hydrogen-bond on�guration parameters forferroeletris isomorphi to KH2PO4. // Phys. Rev. B, 1975, vol. 11,No. 5, p. 2066{2068.13. ìÅ×É�ËÉÊ ò.ò., ëÏÒÉÎÅ×ÓËÉÊ î.á., óÔÁÓÀË é.÷. �ÅÏÒÉÑ �ÒÏÔÏÎ-ÎÏÇÏ Õ�ÏÒÑÄÏÞÅÎÉÑ × ÓÅÇÎÅÔÏ- É ÁÎÔÉÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁÈ ÔÉ�Á ÏÒ-ÔÏÆÏÓÆÁÔÏ×. // õËÒ. ÆÉÚ. ÖÕÒÎ., 1974, Ô. 19, ×. 8, Ó. 1289{1297.14. Chabin M., Gilletta F. Polarization and dieletri onstant of KDP{type rystals. // Ferroeletris, 1977, vol. 15, p. 149{154.15. Havlin S., Litov E., Uehling E.A. Transverse suseptibility inKH2PO4{type rystals. // Phys. Rev. B, 1974, vol. 9, No. 3, p. 1024{1028.16. Havlin S., Litov E., Sompolinsky H. The transverse dieletri prop-erties of KH2PO4. // Phys. Lett., 1975, vol. 51A, p. 33{35.17. Havlin S., Litov E., Sompolinsky H. Theoretial and experimentalstudies of the transverse dieletri properties of KD2PO4. // Phys.Rev. B, 1976, vol. 13, No. 11, p. 4999{5006.

ICMP{01{09U 4818. Havlin S. Longitudinal and transverse dieletri onstants of KDP{type ferro- and antiferroeletris. // Ferroeletris, 1987, vol. 71,p. 183{223.19. Gilletta F., Chabin M. Longitudinal and transverse dieletri prop-erties of KDP type rystals. // Phys. stat. sol. (b), 1980, vol. 100,p. k77{k82.20. ìÅ×É�ËÉÊ ò.ò., úÁÞÅË é.ò., íÉ� å.÷. �ÅÒÍÏÄÉÎÁÍÉËÁ É �ÒÏÄÏÌØ-ÎÁÑ ÒÅÌÁËÓÁ�ÉÑ ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ×K(H1�xDx)2PO4. / ðÒÅ�ÒÉÎÔé�æ{87{114ò, ëÉÅ×, 1987, 48 Ó.21. ìÅ×É�ËÉÊ ò.ò., úÁÞÅË é.ò., íÉ� å.÷. ðÏ�ÅÒÅÞÎÁÑ ÒÅÌÁËÓÁ�ÉÑ ×ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÁÈ ÔÉ�Á K(H1�xDx)2PO4. / ðÒÅ�ÒÉÎÔ é�æ{87{115ò, ëÉÅ×, 1987, 48 Ó.22. úÁÞÅË é.ò., íÉ� å.÷., ìÅ×É�ËÉÊ ò.ò. òÅÌÁËÓÁ�ÉÏÎÎÁÑ ÄÉÎÁÍÉËÁÉ ÔÅÒÍÏÄÉÎÁÍÉÞÅÓËÉÅ Ó×ÏÊÓÔ×Á ÓÅÇÎÅÔÏÜÌÅËÔÒÉËÏ× Ó ×ÏÄÏÒÏÄÎÙ-ÍÉ Ó×ÑÚÑÍÉ ÔÉ�Á Käò{äKäP. / ðÒÅ�ÒÉÎÔ é�æ{89{7ò, ëÉÅ×,1989, 45 Ó.23. Tokunaga M., Tatsuzaki I. Light sattering spetra of polarizationutuations and models of the phase transition in KDP type ferro-eletris. // Phase Trans., 1984, vol. 4, p. 97{156.24. Tominaga Y. Study on ferroeletri phase transition of KH2PO4 byRaman sattering | objetion to the proton tunneling model. //Ferroeletris, 1983, vol. 52, p. 91{100.25. Tokunaga M., Matsubara T. Review on tunneling model for KDP.// Ferroeletris, 1987, vol. 72, p. 175{191.26. Tokunaga M. Order-disorder model of PO4 dipoles for KH2PO4 typeferroeletri phase transition. // Progr. Theor. Phys. Suppl., 1984,vol. 80, p. 156{162.27. óÔÁÓÀË é.÷., é×ÁÎËÉ× ñ.ì. ëÏÍÂÉÎÁ�ÉÏÎÎÏÅ ÒÁÓÓÅÑÎÉÅ Ó×ÅÔÁ× ËÒÉÓÔÁÌÌÁÈ Ó Õ�ÏÒÑÄÏÞÉ×ÁÀÝÉÍÉÓÑ ÜÌÅÍÅÎÔÁÍÉ ÓÔÒÕËÔÕÒÙ. /ðÒÅ�ÒÉÎÔ é�æ{87{57ò, ëÉÅ×, 1987, 25 Ó.28. Blin R. 17O NQR and the mehanism of the phase transition inKH2PO4 type H-bonded system. // Z. Naturforsh., 1986, vol. 41a,p. 249{259.29. ìÅ×É�ØËÉÊ ò.ò., óÏÒÏËÏ× ó.¶., âÁÒÁÎ ï.ò., ðÉÎÄÚÉÎ ¶.í. äÉÎÁ-Í�ËÁ XXZ{ÍÏÄÅÌ� × ÎÁÂÌÉÖÅÎÎ� Ä×ÏÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. //öÕÒÎ. æ�Ú. äÏÓÌ., 1998, Ô. 2, Î. 3, Ó. 391{400.30. Stasyuk I.V., Levitsky R.R. The role of proton-phonon interation inthe phase transition of ferroeletris with hydrogen bonds. // Phys.Stat. Sol., 1970, vol. 39, p. K35{K38.31. ìÅ×É�ØËÉÊ ò.ò., óÏÒÏËÏ× ó.¶., íÏ§ÎÁ á.ð. ò�×ÎÑÎÎÑ ïÒÎÛÔÅÊ-ÎÁ{ãÅÒÎ�ËÅ ÄÌÑ �ÁÒÎÉÈ (q, !)-ÚÁÌÅÖÎÉÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê



49 ðÒÅ�ÒÉÎÔ�ÒÏÔÏÎ�× × ËÒÉÓÔÁÌÁÈ KDP � ADP. / ðÒÅ�ÒÉÎÔ ICMP{97{24U,ìØ×�×, 1997, 18 Ó.32. ëÏÒÉÎÅ×ÓËÉÊ î.á. ï Ó�ÅËÔÒÅ ËÌÁÓÔÅÒÎÏÇÏ ÇÁÍÉÌØÔÏÎÉÁÎÁ ÍÏÄÅÌÉKH2PO4. / ðÒÅ�ÒÉÎÔ é�æ{80{71ò, ëÉÅ×, 1980, 22 Ó.33. ëÏÒÉÎÅ×ÓËÉÊ î.á., ìÅ×É�ËÉÊ ò.ò. äÉÎÁÍÉÞÅÓËÁÑ ÔÅÏÒÉÑ ÏÒÔÏ-ÆÏÓÆÁÔÏ× × ËÌÁÓÔÅÒÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ. // �ÅÏÒ. íÁÔÅÍ. æÉÚ.,1980, Ô. 42, ×. 3, Ó. 416{429.34. óÔÁÓÀË é.÷., ìÅ×É�ËÉÊ ò.ò., ëÏÒÉÎÅ×ÓËÉÊ î.á. äÉÎÁÍÉËÁ �ÒÏ-ÔÏÎÏ× × ÓÏÅÄÉÎÅÎÉÑÈ ÔÉ�Á KDP × ËÌÁÓÔÅÒÎÏÍ �ÒÉÂÌÉÖÅÎÉÉ. /ðÒÅ�ÒÉÎÔ é�æ{75{121ò, ëÉÅ×, 1975, 25 Ó.35. Levitsky R.R., Korinevsky N.A., Stasyuk I.V. Distribution funtionand thermodynamial properties of KD2PO4 and ND4D2PO4 typerystals. // Phys. Stat. Sol., 1978, vol. 88, No. 1, p. 51{63.36. Nelmes R.J., Meyer G.M., Tibballs J.E. The rystal struture oftetragonal KH2PO4 and KD2PO4 as a funtion of temperature. //J. Phys. C: Solid St. Phys., 1982, vol. 15, No. 1, p. 59{75.37. Strukov B.A., Amin M., Kophik V.A. Comparative investigation ofthe spei� heat of KH2PO4 (KDP) and KD2PO4 (DKDP) singlerystals. // Phys. Stat. Sol., 1968, vol. 27, p. 741{749.38. óÔÒÕËÏ× â.á., âÁÄÄÕÒ á., ëÏ��ÉË ÷.á., ÷ÅÌÉÞËÏ é.á. üÌÅËÔÒÉ-ÞÅÓËÉÅ É ÔÅ�ÌÏ×ÙÅ Ó×ÏÊÓÔ×Á ÓÍÅÛÁÎÎÙÈ ÓÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÈËÒÉÓÔÁÌÌÏ× KH2(1�x)D2xPO4. // æ��, 1972, Ô. 14, ×. 4, Ó. 1034{1039.39. Samara G.A. The e�ets of deuteration on the stati ferroeletriproperties of KH2PO4 (KDP). // Ferroeletris, 1973, vol. 5, p. 25{37.40. íÅÒÉÁËÒÉ ÷.÷., ðÏ�ÌÁ×ËÏ à.í., õÛÁÔËÉÎ å.æ. äÉÓ�ÅÒÓÉÑ ÄÉÜ-ÌÅËÔÒÉÞÅÓËÏÊ �ÒÏÎÉ�Á¤ÍÏÓÔÉ × ËÒÉÓÔÁÌÌÁÈ KH2PO4 ÎÁ ÞÁÓÔÏ-ÔÁÈ, ÂÌÉÚËÉÈ Ë ÞÁÓÔÏÔÅ "ÍÑÇËÏÊ" ÍÏÄÙ. // öÕÒÎ. ÔÅÈÎ. ÆÉÚ.,1974, Ô. 44, ×. 5, Ó. 1111{1113.41. Nazario I., Gonzalo J.A. Ferroeletri behavior of KH2PO4 in theritial region. // Solid State Commun., 1969, vol. 7, No. 18, p. 1305{1308.42. óÔÒÕËÏ× â.á., ëÏÒÖÕÅ× í.á., âÁÄÄÕÒ á., ëÏ��ÉË ÷.á. ó�ÏÎ-ÔÁÎÎÁÑ �ÏÌÑÒÉÚÁ�ÉÑ ËÒÉÓÔÁÌÌÁ KH2PO4 ×ÂÌÉÚÉ ÔÏÞËÉ ëÀÒÉ. //æ��, 1971, Ô. 13, ×. 7, Ó. 1872{1877.43. óÉÄÎÅÎËÏ å.÷., çÌÁÄËÉÊ ÷.÷. îÅËÏÔÏÒÙÅ ÏÓÏÂÅÎÏÓÔÉ �ÏÌÑÒÉÚÁ-�ÉÉ KH2PO4 × ÏÂÌÁÓÔÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÁ. //ëÒÉÓÔÁÌÌÏÇÒÁÆÉÑ,1973, Ô. 18, ×. 1, Ó. 138{142.44. Sugie H., Okada K., Kanno K. Thermal hysteresis of the ferroeletritransition in KH2PO4. // J. Phys. So. Japan, 1971, vol. 33, No. 4,
ICMP{01{09U 50p. 1727{1731.45. Eberhard J.W., Horn P.M. Dielektri study of the ferroeletri phasetransition of KH2PO4. // Solid State Commun., 1975, vol. 16,No. 12, p. 1343{1345.46. Benepe J.W., Reese W. Eletroalori studies of KH2PO4. // Phys.Rev. B, 1971, vol. 3, No. 9, p. 3032{3039.47. Azoulay J., Grinberg Y., Pelah I., Wiener E. E�et of deuterationon the spontaneous polarization of KH2PO4 rystals. // J. Phys.Chem. Solids, 1968, vol. 29, No. 5, p. 843{849.48. Reese W. Studies of phase transitions in order-disorder ferroeletris.III. The phase transition in KH2PO4 and a omparison withKD2PO4. // Phys. Rev., 1969, vol. 181, No. 2, p. 905{919.49. Reese W., May L.F. Critial phenomena in order-disorder ferro-eletris. I. Calorimetri studies of KH2PO4. // Phys. Rev., 1967,vol. 162, No. 2, p. 510{518.50. çÁÒÂÅÒ ó.ò., óÍÏÌÅÎËÏ ì.á. ðÏ×ÅÄÅÎÉÅ ÔÅ�ÌÏÅÍËÏÓÔÉ ÓÅÇÎÅÔÏÜ-ÌÅËÔÒÉÞÅÓËÏÊ ÆÁÚÙ KH2PO4 ×ÂÌÉÚÉ ÔÅÍ�ÅÒÁÔÕÒÙ �ÅÒÅÈÏÄÁ. //öü�æ, 1973, Ô. 64, ×. 1, . 181{194.51. ÷ÁÓÉÌÅ×ÓËÁÑ á.ó., óÏÎÉÎ á.ó. ó×ÑÚØ ÄÉÜÌÅËÔÒÉÞÅÓËÉÈ É ÜÌÅËÔ-ÒÏÏ�ÔÉÞÅÓËÉÈ Ó×ÏÊÓÔ× ÓÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÈ ËÒÉÓÔÁÌÌÏ× ÇÒÕ��ÙKDP × �ÁÒÁÜÌÅËÔÒÉÞÅÓËÏÊ ÆÁÚÅ. // æ��, 1971, Ô. 13, ×. 6, Ó. 1550{1556.52. óÍÏÌÅÎÓËÉÊ ç.á. É ÄÒ. æÉÚÉËÁ ÓÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÈ Ñ×ÌÅÎÉÊ.| ì.: îÁÕËÁ, 1985. | 396 Ó.53. Wiseman G.G. Eletroaloni e�et on potassium dihydrogen phos-phate. // JEE Transations on Eletron Devies, 1969, vol. ED-16,No. 6, p. 588{593.54. Deguhi K., Nakamura E. Deviation from the Curie{Weiss law inKH2PO4. // J. Phys. So. Japan, 1980, vol. 49, No. 5, p. 1887{1891.55. Mayer R.J., Bjorkstam J.L. Dieletri properties of KD2PO4. // J.Phys. Chem. Solids, 1962, vol. 23, p. 619{620.56. ðÅÒÅ×ÅÒÚÅ×Á ì.ð., ðÏ�ÌÁ×ËÏ à.í., ðÅÔÒÏ× ÷.í., íÁËÁÒÅ×ÓËÁÑå.÷., òÅÚ é.ó. äÉÓ�ÅÒÓÉÑ ÄÉÅÌÅËÔÒÉÞÅÓËÏÊ �ÒÏÎÉ�ÁÅÍÏÓÔÉ ×ËÒÉÓÔÁÌÌÁÈ KH2PO4. // ëÒÉÓÔÁÌÌÏÇÒÁÆÉÑ, 1973, Ô. 18, ×. 3,Ó. 645{646.57. Kuramoto K., Motedi H., Nakamura E. Dieletri dispersion inKH2PO4 single rystal at low temperatures. // J. Phys. So. Japan,1984, vol. 53, No. 12, p. 4413{4419.58. Motedi H., Kuramoto K., Nakamura E. Dieletri dispersion inKH2PO4 below 10 K. // J. Phys. So. Japan, 1983, vol. 52, No. 4,p. 1131{1133.



51 ðÒÅ�ÒÉÎÔ59. ÷ÏÌËÏ×Á å.î. æÉÚÉÞÅÓËÉÅ Ó×ÏÊÓÔ×Á ÓÅÇÎÅÔÏÜÌÅËÔÒÉÞÅÓËÉÈ Ô×ÅÒ-ÄÙÈ ÒÁÓÔ×ÏÒÏ× K(DxH1�x)2PO4. / äÉÓÓÅÒÔÁ�ÉÑ ÎÁ ÓÏÉÓËÁÎÉÅÕÞÅÎÏÊ ÓÔÅ�ÅÎÉ Ë. Æ.-Í. Î., íÏÓË×Á, 1991.60. Stasyuk I.V., Levitskii R.R., Moina A.P. External pressure inueneon ferroeletris and antiferroeletris of the KH2PO4 family: A uni-�ed model. // Phys. Rev. B, 1999, vol. 59, No. 13, p. 8530-8540.61. Stasyuk I.V., Levitskii R.R., Zahek I.R., Moina A.P. The KD2PO4ferroeletris in external �elds onjugate to the order parameter:Shear stress �6. // Phys. Rev. B, 2000, vol. 62, No. 10, p. 6198-6207.62. ìÅ×É�ØËÉÊ ò.ò., íÏ§ÎÁ á.ð., ì�ÓÎÉÊ â.í. ÷�ÌÉ× �ÏÚÄÏ×ÖÎØÏÇÏÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä � Æ�ÚÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4. / ðÒÅ�ÒÉÎÔ ¶æëó{00{12U, ìØ×�×,2000, 36 Ó.

ICMP{01{09U 52



ðÒÅ�ÒÉÎÔÉ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ îáî õËÒÁ§ÎÉÒÏÚ�Ï×ÓÀÄÖÕÀÔØÓÑ ÓÅÒÅÄ ÎÁÕËÏ×ÉÈ ÔÁ �ÎÆÏÒÍÁ��ÊÎÉÈ ÕÓÔÁÎÏ×. ÷ÏÎÉÔÁËÏÖ ÄÏÓÔÕ�Î� �Ï ÅÌÅËÔÒÏÎÎ�Ê ËÏÍ�'ÀÔÅÒÎ�Ê ÍÅÒÅÖ� ÎÁWWW-ÓÅÒ-×ÅÒ� �ÎÓÔÉÔÕÔÕ ÚÁ ÁÄÒÅÓÏÀ http://www.imp.lviv.ua/The preprints of the Institute for Condensed Matter Physis of the Na-tional Aademy of Sienes of Ukraine are distributed to sienti� andinformational institutions. They also are available by omputer networkfrom Institute's WWW server (http://www.imp.lviv.ua/)

òÏÍÁÎ òÏÍÁÎÏ×ÉÞ ìÅ×É�ØËÉÊâÏÇÄÁÎ íÉÈÁÊÌÏ×ÉÞ ì�ÓÎÉÊ�ÅÒÍÏÄÉÎÁÍ�ËÁ � Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ�ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ ÔÉ�Õ KH2PO4.îÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁòÏÂÏÔÕ ÏÔÒÉÍÁÎÏ 12 ÌÉ�ÎÑ 2001 Ò.úÁÔ×ÅÒÄÖÅÎÏ ÄÏ ÄÒÕËÕ ÷ÞÅÎÏÀ ÒÁÄÏÀ ¶æëó îáî õËÒÁ§ÎÉòÅËÏÍÅÎÄÏ×ÁÎÏ ÄÏ ÄÒÕËÕ ÓÅÍ�ÎÁÒÏÍ ×�ÄÄ�ÌÕ ÔÅÏÒ�§ ÍÏÄÅÌØÎÉÈÓ��ÎÏ×ÉÈ ÓÉÓÔÅÍ÷ÉÇÏÔÏ×ÌÅÎÏ �ÒÉ ¶æëó îáî õËÒÁ§ÎÉ õÓ� �ÒÁ×Á ÚÁÓÔÅÒÅÖÅÎ�


