
îÁ��ÏÎÁÌØÎÁ ÁËÁÄÅÍ�Ñ ÎÁÕË õËÒÁ§ÎÉ

���������	
� ¶îó�é�õ�æ¶úéëéëïîäåîóï÷áîéèóéó�åí

'
&

$
%

ò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊ, ï.ò.âÁÒÁÎ�åòíïäéîáí¶ëá �á ä¶åìåë�òéþî¶ ÷ìáó�é÷ïó�¶óåçîå�ïåìåë�òéþîéè ëòéó�áì¶÷ KH2PO4, RbH2PO4,KH2AsO4, RbH2AsO4
ICMP{01{10U

ìø÷¶÷

õäë: 533, 536PACS: 77.22.Ch, 77.80.Bh, 77.84.FaTÅÒÍÏÄÉÎÁÍ�Ëa ÔÁ Ä�ÅÌÅËÔÒÉÞÎi ×ÌÁÓÔÉ×ÏÓÔi ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈËÒÉÓÔÁÌ�× KH2PO4, RbH2PO4, KH2AsO4, RbH2AsO4ò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊ, ï.ò.âÁÒÁÎáÎÏÔÁ��Ñ. ÷ ÍÅÖÁÈ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ËÏ-ÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ ×ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ � Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÄÁÌÅËÏÓÑÖ-ÎÉÈ ×ÚÁ¤ÍÏÄ�Ê × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÄÏÓÌ�ÄÖÕÀÔØÓÑ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎ� ÔÁ ÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�ÕKH2PO4. ðÏËÁÚÁÎÏ, ÝÏ �ÒÉ ÎÁÌÅÖÎÏÍÕ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÁÄÅË-×ÁÔÎÉÈ ËÒÉÓÔÁÌÁÍ KH2PO4, RbH2PO4, KH2AsO4, RbH2AsO4 ÍÁ¤ Í�Ó�ÅÄÏÂÒÅ Ë�ÌØË�ÓÎÅ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊÓ�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§, ÔÅ�ÌÏ¤ÍÎÏÓÔ�, �ÏÚÄÏ×ÖÎØÏ§ � �Ï�ÅÒÅÞÎÏ§ ÓÔÁÔÉÞ-ÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ, Á ÔÁËÏÖ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ËÏÎÓÔÁÎÔÉëÀÒ�{÷ÅÊÓÁ �ÉÈ ËÒÉÓÔÁÌ�×. ÷É×ÞÅÎÏ ÚÍ�ÎÕ ÈÁÒÁËÔÅÒÕ ÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�Î-ËÉ ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ×ÅÌÉÞÉÎÉ ÔÕÎÅÌÀ×ÁÎÎÑ.Thermodynami
s and diele
tri
 properties of ferroele
tri
 
rystalsof KH2PO4, RbH2PO4, KH2AsO4, RbH2AsO4R.R.Levitskii, B.M.Lisnii, O.R.BaranAbstra
t. Within the proton ordering model with taking into a

ount theshort-range intera
tion and proton tunneling in the 
luster approximation, andlong-range intera
tions in the mean �eld approximation, we study the thermo-dynami
 and stati
 diele
tri
 properties of the KH2PO4 type ferroele
tri
s. Weshow that under the proper 
hoi
e of the theory parameters for the 
rystalsKH2PO4, RbH2PO4, KH2AsO4, RbH2AsO4 a good quantitative agreementof the theoreti
al results with the 
orresponding exparimental data for thetemperature dependen
e of spontaneous polarization, spe
i�
 heat, longitudi-nal and transverse stati
 diele
tri
 permittivities, as well for the Curie-Weisstemperature and 
onstant takes pla
e. We study a 
hange of 
hara
ter of thenonphysi
al behavior of the 
luster approximation depending on the tunnelingvalue.ðÏÄÁ¤ÔØÓÑ × Condensed Matter Physi
sSubmitted to Condensed Matter Physi
s
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1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�ðÒÏÊÛÌÏ ÂÁÇÁÔÏ ÞÁÓÕ Ú ÍÏÍÅÎÔÕ ×�ÄËÒÉÔÔÑ Ñ×ÉÝÁ ÓÅÇÎÅÔÏÁËÔÉ×ÎÏÓ-Ô� ËÒÉÓÔÁÌÁ KH2PO4 (KDP) ÔÁ �ÚÏÍÏÒÆÎÉÈ ÊÏÍÕ ËÒÉÓÔÁÌ�×. ðÒÏÔÅ �ÓØÏÇÏÄÎ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÉ ÔÉ�Õ KDP �ÒÉ×ÅÒÔÁÀÔØ ÄÏ ÓÅÂÅ Õ×ÁÇÕ ÂÁ-ÇÁÔØÏÈ ÔÅÏÒÅÔÉË�× ÔÁ ÅËÓ�ÅÒÉÍÅÎÔÁÔÏÒ�× × ÏÓÎÏ×ÎÏÍÕ ÚÁ ÒÁÈÕÎÏË Ó×Ï¤§�ÏÒ�×ÎÑÎÏ �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 ÚÒÏÂÉ× ÍÏÖÌÉ×ÉÍ ÚÎÁÞÎÉÊ �ÒÏÇÒÅÓ Õ ÒÏÚÕÍ�ÎÎ� §ÈÍ�ËÒÏÓËÏ��ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ � × �ÏÂÕÄÏ×� ÔÅÏÒÅÔÉÞÎÉÈ ÍÏÄÅÌÅÊ.íÏÄÅÌØ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÄÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ Ï�ÉÓÕ ËÒÉÓ-ÔÁÌ�× ÔÉ�Õ KDP ÚÁ�ÏÞÁÔËÕ×Á× âÌ�Î� [1℄. ÷�Î ÒÏÚÇÌÑÎÕ× ÍÏÄÅÌØ, × ÏÓ-ÎÏ×� ÑËÏ§ ÌÅÖÉÔØ �ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÒÕÈ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ× �ÏÔÅÎ��ÁÌÁÈ Ú �ÏÄ×�ÊÎÉÍ Í�Î�ÍÕÍÏÍ, ÄÅ ÎÁÑ×ÎÉÊ ÔÕÎÅÌØÎÉÊ ÅÆÅËÔ.÷ÉÈÏÄÑÞÉ Ú �ÉÈ Í�ÒËÕ×ÁÎØ ÄÅ öÅÎ [2℄ ÚÁ�ÒÏ�ÏÎÕ×Á× �ÓÅ×ÄÏÓ��ÎÏ×ÕÍÏÄÅÌØ, ÑËÁ ×ÒÁÈÏ×Õ¤ Ë×ÁÎÔÏ×ÉÊ ÒÕÈ �ÒÏÔÏÎ�× ÎÁ Ú×'ÑÚËÁÈ.ãÑ ÍÏÄÅÌØÚÎÁÊÛÌÁ Ó×�Ê ÒÏÚ×ÉÔÏË × ��ÌÏÍÕ ÒÑÄ� ÒÏÂ�Ô. �ÏËÕÎÁÇÁ � íÁÔÓÕÂÁÒÁ[3℄ ÏÄÅÒÖÁÌÉ ÂÁÚÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ËÒÉÓÔÁÌ�× ÔÉ�ÕKDP ÎÁ ÏÓÎÏ×� ÄÏÓÔÁÔÎØÏ ÚÁÇÁÌØÎÉÈ �ÏÌÏÖÅÎØ, a ëÏÂÁÑÛ� [4℄ ÚÁ�ÒÏ-�ÏÎÕ×Á× ÁÄÅË×ÁÔÎÕ ÍÏÄÅÌØ ÄÌÑ Ï�ÉÓÕ §È ÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ.÷ ÔÏÊ ÖÅ ÞÁÓ, âÌ�Î� � ó×ÅÔ�ÎÁ × ÒÏÂÏÔ� [5℄, ×ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ �ÒÏ-ÔÏÎÎÅ ÔÕÎÅÌÀ×ÁÎÎÑ �, ÞÁÓÔËÏ×Ï, ×ÚÁ¤ÍÏÄ�À �ÒÏÔÏÎ�× Ú ÇÒÁÔËÏÀ, ÒÏÚ-×ÉÎÕÌÉ ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ �Ï ËÏÒÏÔËÏÓÑÖ-ÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ, ×ÒÁÈÕ×Á×ÛÉ ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ¤ÍÏÄ�À × ÎÁÂÌÉÖÅÎÎ�ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ. ÷ÏÎÉ Ú×ÅÌÉ ÚÁÄÁÞÕ ÏÂÞÉÓÌÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒ-Ç�§ ÄÏ ÒÏÚ×'ÑÚËÕ ÓÉÓÔÅÍÉ ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈ Ò�×ÎÑÎØ, ÑË� ÄÏÓÌ�ÄÖÕ×ÁÌÉÞÉÓÅÌØÎÏ. äÏÓÌ�ÄÖÅÎÎÑÍ ×�ÌÉ×Õ ÔÕÎÅÌÀ×ÁÎÎÑ ÔÁ �ÎÛÉÈ �ÁÒÁÍÅÔÒ�×ÍÏÄÅÌ� ÎÁ �ÏÌÑÒÉÚÁ��À, ÔÅ�ÌÏ¤ÍÎ�ÓÔØ, ÅÎÔÒÏ��À �ÅÒÅÈÏÄÕ, Á ÔÁËÏÖÎÁ Ò�Ä ÔÁ ÔÅÍ�ÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÏËÁÚÁÌÉ, ÝÏ ×ÒÁÈÕ×ÁÎ-ÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ �ÏËÒÁÝÕ¤ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑËÒÉÓÔÁÌÁ KH2PO4. ð�ÚÎ�ÛÅ × ÒÏÂÏÔ� [6℄ ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ ÍÏÖÌÉ×�ÔÉ�É ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×, ÓÆÏÒÍÕÌØÏ×ÁÎÏ ÕÍÏ×É §È ÒÅÁÌ�ÚÁ��§,� �ÏËÁÚÁÎÏ ×ÉÒ�ÛÁÌØÎÕ ÒÏÌØ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ�§ Õ ×ÓÔÁÎÏ×ÌÅÎÎ�ÓÔÁÎÕ ÁÎÔÉ�ÏÌÑÒÉÚÁ��§ × ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ ÔÉ�Õ ND4D2PO4.÷ÁËÓ � ú�ÎÅÎËÏ [7℄ ÒÏÚ×'ÑÚÁÌÉ ÚÁÄÁÞÕ ÒÏÚÒÁÈÕÎËÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§,ÏÔÒÉÍÁÎÏ§ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� âÌ�Î�ÅÍ � ó×�ÔÉÎÏÀ, ÏÂÍÅÖÉ×-ÛÉÓØ �ÅÒÛÉÍ �ÏÒÑÄËÏÍ ÒÏÚËÌÁÄÕ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ÞÏ-ÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �Ï ÍÁÌÏÍÕ �ÁÒÁÍÅÔÒÕ � ÚÒÏÂÉ×ÛÉ �Å×Î�ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÒÏÚ×'ÑÚÁÎÎ� ÔÒÁÎÓ�ÅÄÅÎÔÎÉÈ Ò�×ÎÑÎØ ËÌÁÓÔÅÒÎÏÇÏÓÁÍÏÕÚÇÏÄÖÅÎÎÑ. ðÒÏÔÅ ÔÁËÉÊ Ó�ÏÓ�Â ÄÁ¤ ×ÅÌÉËÕ ÎÅÔÏÞÎ�ÓÔØ ÒÏÚÒÁ-
ICMP{01{10U 2ÈÕÎË�× (ÎÁ×�ÔØ �ÏÂÌÉÚÕ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ×ÏÎÁ ÓËÌÁ-ÄÁÌÁ 10% [9℄). ãÅ ÂÕÌÏ ÏÄÎ�¤À Ú �ÒÉÞÉÎ ÏÔÒÉÍÁÎÏÇÏ ÎÉÍÉ �ÏÇÁÎÏÇÏÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎË�× Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4. úÁÕ×ÁÖÉÍÏ, ÝÏ ×ÁÖÌÉ×ÉÍ ÍÏÍÅÎÔÏÍ ÒÏÂÏ-ÔÉ [7℄ ¤ ÏÂÇÏ×ÏÒÅÎÎÑ ÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� �ÒÉ ÎÉ-ÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ, ×ÉÑ×ÌÅÎÏ§ × ÒÏÂÏÔ� [5℄. ð�ÚÎ�ÛÅ Á×ÔÏÒÉ ÒÏÂÏÔÉ[8℄ ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÒÏÂÏÔÉ [7℄ ÄÏÓÌ�ÄÉÌÉ ×Ó�ËÒÉÓÔÁÌÉ ÔÉ�Õ KDP.ïÓÏÂÌÉ×Ï ÓÌ�Ä ×�ÄÚÎÁÞÉÔÉ ÒÏÂÏÔÕ [9℄, ÄÅ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎ-Î� ÂÕÌÏ ÚÄ�ÊÓÎÅÎÏ ÞÉÓÌÏ×Å ÄÏÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KDP ×�Ä �Á-ÒÁÍÅÔÒ�× ÔÅÏÒ�§. èÏÞ ÄÁÎÁ ÒÏÂÏÔÁ ÓÔÁÌÁ �Å×ÎÉÍ ��ÄÓÕÍËÏÍ ÁËÔÉ×ÎÏÇÏÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÒÏÚ�ÏÞÁÔÏÇÏ âÌ�Î�ÅÍ � ó×ÅÔ�ÎÏÀ, ÁÌÅ×ÏÎÁ ÎÅ ÄÁ¤ �Ï×ÎÏÇÏ ÕÑ×ÌÅÎÎÑ �ÒÏ ÒÅÁÌØÎ� ÍÏÖÌÉ×ÏÓÔ� ��¤§ ÍÏÄÅÌ�ÝÏÄÏ Ï�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP. ãÅÓÔÏÓÕ¤ÔØÓÑ � ÒÏÂÏÔÉ [10℄, ÄÅ ÚÒÏÂÌÅÎÏ �Å×Î� ËÏÒÅÇÕ×ÁÎÎÑ �ÁÒÁÍÅÔÒ�×ÒÏÂÏÔÉ [9℄, ÝÏÂ �ÏËÒÁÝÉÔÉ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑÓ�ÏÎÔÏÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP.òÏÚÛÉÒÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÏ×Ï§ ÍÏÄÅÌ� ÄÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ �Ï�ÅÒÅÞÎÉÈÄ�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ-×ÁÎÏ èÁ×Ì�ÎÉÍ Ú Ó��×Á×ÔÏÒÁÍÉ × ÒÏÂÏÔÁÈ [11{14℄. úÏËÒÅÍÁ, ÂÕÌÏ �Ï-ËÁÚÁÎÏ, ÝÏ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ ÎÅ ÄÁ¤ ÄÏÂÒÏÇÏ ÕÚÇÏ-ÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ�ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÎÉÖÞÉÈ ÚÁ ÔÅÍ�ÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ [11℄, ÁËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ËÌÁÓÉÞÎÏÇÏ ×ÁÒ�ÁÎÔÕ �ÓÅ×ÄÏÓ��ÎÏ×Ï§ ÍÏ-ÄÅÌ� (ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ) ÄÁ¤ ÄÏÂÒÉÊ ÒÅÚÕÌØÔÁÔ �ÒÉ Ï�ÉÓ�Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KD2PO4[13℄, � ÎÅ ÚÏ×Ó�Í ÄÏÂÒÉÊ ÄÌÑ ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4[12℄, Õ ÑËÉÈ �ÏÔÒ�ÂÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ. ó�ÒÏÂÁ ×ÒÁÈÕ×Á-ÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÂÕÌÁ ÚÒÏÂÌÅÎÁ × ÒÏÂÏÔ�[14℄, ÄÅ �Ï�ÅÒÅÞÎÕ Ä�ÅÌÅËÔÒÉÞÎÕ �ÒÏÎÉËÎ�ÓÔØ ÒÏÚÒÁÈÏ×Õ×ÁÌÉ ÞÉÓÌÏ-×ÉÍ Ó�ÏÓÏÂÏÍ Ú Ò�×ÎÑÎØ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ. ïÄÎÁË Á×ÔÏÒÁÍ ÒÏÂÏÔÉ [14℄ÎÅ ×ÄÁÌÏÓÑ ÎÁ ÎÁÌÅÖÎÏÍÕ Ò�×Î� Ï�ÉÓÁÔÉ ×�Ä�Ï×�ÄÎÉÊ ÅËÓ�ÅÒÉÍÅÎÔÄÌÑ KH2PO4.ïËÒÅÍÏ ÓÌ�Ä ÚÇÁÄÁÔÉ ÒÏÂÏÔÉ [15{18℄, × ÑËÉÈ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏÍÏÖÎÁ ÚÁÄÏ×�ÌØÎÏ Ë�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� � ÄÉÎÁÍ�Þ-Î� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× KH2PO4, RbH2PO4(RDP), KH2AsO4 (KDA), RbH2AsO4 (RDA) × ÍÅÖÁÈ ËÌÁÓÉÞÎÏÇÏ ×Á-Ò�ÁÎÔÕ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÑËÉÊ ×�Ä�Ï×�ÄÁ¤ ÄÅÊÔÅÒÏ×ÁÎÉÍ ËÒÉÓÔÁÌÁÍÔÉ�Õ KD2PO4.ïÔÖÅ, ÚÁÇÁÌØÎÏ×ÉÚÎÁÎÏÀ ¤ ÄÕÍËÁ, ÝÏ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ËÒÉÓ-



3 ðÒÅ�ÒÉÎÔÔÁÌÁÈ ÔÉ�Õ 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 ÂÁÚÏ×ÏÀ ÄÌÑÏ�ÉÓÕ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KDP. óÕÍÎ�×É × §§ Ó�ÒÁ-×ÅÄÌÉ×ÏÓÔ� ×ÉËÌÉËÁÌÉ ÒÅÚÕÌØÔÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔ�× �Ï ÒÁÍÁÎ�×ÓØËÏÍÕÒÏÚÓ�ÑÎÎÀ Ó×�ÔÌÁ × �ÉÈ ËÒÉÓÔÁÌÁÈ, × ÑËÉÈ ÎÅ ÂÕÌÏ ×ÉÑ×ÌÅÎÏ Í'ÑËÏ§ÍÏÄÉ, �Ï×'ÑÚÁÎÏ§ Ú �ÒÏÔÏÎÎÉÍ ÒÕÈÏÍ (ÄÉ×. [19{21℄). ÷ Ú×'ÑÚËÕ Ú �ÉÍ�ÏËÕÎÁÇÁ [22℄ (1984 Ò�Ë) ÚÁ�ÒÏ�ÏÎÕ×Á× ÎÏ×Õ ÍÏÄÅÌØ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏ-Ä�× × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KDP, ÚÇ�ÄÎÏ Ú ÑËÏÀ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉÞÎÕ ÆÁÚÕ ¤ �ÅÒÅÈÏÄÏÍ ÔÉ�Õ ÌÁÄ{ÂÅÚÌÁÄ ÄÌÑ ÄÉ�ÏÌ�× H2PO4.ðÒÏÔÅ, ÓÔÕ��ÎØ ÒÏÚÒÏÂËÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ �ÏËÕÎÁÇÏÀ ÍÏÄÅÌ� ¤ ÄÏÓÉÔØÎÉÚØËÉÊ. úÏËÒÅÍÁ, ÚÁÌÉÛÁ¤ÔØÓÑ ÎÅ×�ÄÏÍÉÍ ÞÉ ÄÏÚ×ÏÌÑ¤ ×ÏÎÁ Ë�ÌØ-Ë�ÓÎÏ Ï�ÉÓÁÔÉ ÏÓÏÂÌÉ×ÏÓÔ� ÓÔÁÔÉÞÎÉÈ ÔÁ ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËËÒÉÓÔÁÌ�×. ú �ØÏÇÏ �ÒÉ×ÏÄÕ ×ÁÒÔÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ �ÒÉ �ÒÁËÔÉÞÎ�Ê ÒÅ-ÁÌ�ÚÁ��§ ÔÁËÏ§ ÍÏÄÅÌ� ×ÉÎÉËÁÀÔØ ÔÒÕÄÎÏÝ�, �Ï×'ÑÚÁÎ� Ú �ÏÒÕÛÅÎÎÑÍ Õ×�ÏÒÑÄËÏ×ÁÎÏÍÕ ÓÔÁÎ� "�ÒÁ×ÉÌÁ ÌØÏÄÕ" (ÄÉ×. ÒÏÂÏÔÕ [23℄). �ÁËÏÖ ÎÅ��ÄÔ×ÅÒÄÖÕ¤ÔØÓÑ �ÄÅÑ �ÒÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÇÒÕ� H2PO4 ÄÁÎÉÍÉ ÒÏÂÏ-ÔÉ [24℄, ÑË� Ó×�ÄÞÁÔØ ÎÁ ËÏÒÉÓÔØ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×. �ÏÍÕ �ÎÛÏ§ÍÏÄÅÌ� Î�Ö �ÒÏÔÏÎÎÁ, ÑËÁ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÍÉ �ÒÉ ÄÏ-ÓÌ�ÄÖÅÎÎ� ÒÏÚÓ�ÑÎÎÑ Ó×�ÔÌÁ, ×�ÌÉ×Õ ÔÉÓËÕ � Ú ÒÑÄÏÍ �ÎÛÉÈ ÆÁËÔ�×,ÎÁ ÄÁÎÉÊ ÞÁÓ ÎÅ �ÓÎÕ¤.íÅÔÏÀ ÎÁÛÏ§ ÒÏÂÏÔÉ ¤ ÄÏÓÌ�ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ Ä�-ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× RbH2PO4, KH2AsO4,RbH2AsO4 × ÍÅÖÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ, ×ÉËÏÒÉÓÔÏ-×ÕÀÞÉ ÎÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ. ãÅ ÂÕÄÅ ÒÏÂÉÔÉÓØÎÁ ÏÓÎÏ×� ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÎÁÛÏ§ �Ï�ÅÒÅÄÎØÏ§ ÒÏÂÏÔÉ [25℄, ×ÑË�Ê ×�ÅÒÛÅ ÂÕÌÏ ÏÔÒÉÍÁÎÏ ×�Ä�Ï×�ÄÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÔÅÎÚÏÒÁ ÓÔÁ-ÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� � ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ �ÏÓÌ�ÄÏ×ÎÉÊ��ÄÈ�Ä ÄÏ ×ÉÂÏÒÕ ÎÁÂÏÒÕ Ï�ÔÉÍÁÌØÎÉÈ ÚÎÁÞÅÎØ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔ-Ò�× ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÕ ÔÉ�Õ KH2PO4, ÝÏ ÚÁÂÅÚ�ÅÞÕ¤ ÄÕÖÅ ÄÏÂÒÅË�ÌØË�ÓÎÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ×�Ä�Ï×�ÄÎÉÈ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÉÈ � Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.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-Ó�ÄÎ� ÔÅÔÒÁÅÄÒÉ PO4 Ú ÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÑË� ÎÁÌÅÖÁÔØÏÄÎÏÍÕ Ú ÎÉÈ. ÷ÏÄÎÅ×� Ú×'ÑÚËÉ, ÑË� ��ÄÈÏÄÑÔØ ÄÏ ÄÒÕÇÏÇÏ ÔÅÔÒÁÅÄÒÁ,
ICMP{01{10U 4ÎÁÌÅÖÁÔØ ÞÏÔÉÒØÏÍ ÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅÍÅÎÔÁÍ, ÑË� ÊÏÇÏÏÔÏÞÕÀÔØ (ÄÉ×. ÒÉÓ. 1). åÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉb 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 KDP.ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× Ó�Í'§ KH2PO4 Ú ×ÒÁÈÕ×ÁÎÎÑÍ ËÏÒÏÔ-ËÏÓÑÖÎÉÈ � ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, ÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ ÍÁ¤ ÔÁËÉÊ ×ÉÇÌÑÄ [3,5,6℄:^H =� 2
Xn;f ^Sxf (n)� 12 Xn1n2Xf1f2 Jf1f2(n1;n1) ^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; ÄÒÕÇÉÊ ÄÏÄÁÎÏË Ï�ÉÓÕ¤ ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ¤ÍÏÄ�À �ÒÏÔÏÎ�×ÔÁ ÅÆÅËÔÉ×ÎÕ §È ×ÚÁ¤ÍÏÄ�À ÞÅÒÅÚ ËÏÌÉ×ÁÎÎÑ ÇÒÁÔËÉ; ÔÒÅÔ�Ê ÄÏÄÁÎÏË| ËÏÒÏÔËÏÓÑÖÎ� ËÏÎÆ�ÇÕÒÁ��ÊÎ� ËÏÒÅÌÑ��§ �ÒÏÔÏÎ�× �ÏÂÌÉÚÕ ÔÅÔÒÁ-ÅÄÒ�× PO4; ^S�f (n) | �-ËÏÍ�ÏÎÅÎÔÁ (� = x; z) Ï�ÅÒÁÔÏÒÁ �ÓÅ×ÄÏÓ��ÎÁ^Sf (n), ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ¤ ÓÔÁÎ �ÒÏÔÏÎÁ ÎÁ f -ÍÕ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ(f = 1; 2; 3; 4) × n-�Ê ËÏÍ�Ò��: ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ Ï�ÅÒÁÔÏÒÁ ^Szf (n) = � 12×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍ ÍÏÖÌÉ×ÉÍ Ò�×ÎÏ×ÁÖÎÉÍ ÊÏÇÏ �ÏÌÏÖÅÎÎÑÍ ÎÁ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ; rf | ÒÁÄ�ÕÓ-×ÅËÔÏÒ ×�ÄÎÏÓÎÏÇÏ �ÏÌÏÖÅÎÎÑ ×ÏÄ-ÎÅ×ÏÇÏ Ú×'ÑÚËÁ × �ÒÉÍ�ÔÉ×Î�Ê ËÏÍ�Ò��.÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ �ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ, ×�ÌØÎÁ ÅÎÅÒÇ�Ñ�ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP × ÒÏÚÒÁÈÕÎËÕ ÎÁ



5 ðÒÅ�ÒÉÎÔ�ÒÉÍ�ÔÉ×ÎÕ ËÏÍ�ÒËÕ ÍÁ¤ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ [3,5,6,25℄:f = �2��1 �lnZ4 � 2 lnZf1 �+ 12�zP 2; (1.2)ÄÅ � = (kBT )�1, kB | �ÏÓÔ�ÊÎÁ âÏÌØ�ÍÁÎÁ, T | ÁÂÓÏÌÀÔÎÁ ÔÅÍ-�ÅÒÁÔÕÒÁ, P = h2 ^Szf (n)i | �ÁÒÁÍÅÔÅÒ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ;�z | ËÏÎÓÔÁÎÔÁ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ�§; Z4 = Spe�� ^H4 | ËÌÁÓÔÅÒÎÁ� Zf1 = Spe�� ^Hf1 | ÏÄÎÏÞÁÓÔÉÎËÏ×Á ÓÔÁÔÉÓÔÉÞÎ� ÓÕÍÉ. çÁÍ�ÌØÔÏÎ�ÁÎÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ^H4 ÔÁ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ^Hf1 ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ [25℄:^H4 = 2� 4Xf=1 ^Sxf + V ( ^Sz1 ^Sz2 + ^Sz2 ^Sz3 + ^Sz3 ^Sz4 + ^Sz4 ^Sz1) ++U( ^Sz1 ^Sz3 + ^Sz2 ^Sz4 ) + �^Sz1 ^Sz2 ^Sz3 ^Sz4 + C 4Xf=1 ^Szf ; (1.3)^Hf1 = 2(2� + 
) ^Sxf + 2(C + 14�zP ) ^Szf ; f = 1; 4:�ÕÔ ×ÒÁÈÏ×ÁÎÏ ÓÉÍÅÔÒ�À ËÏÎÓÔÁÎÔ ×ÚÁ¤ÍÏÄ�§ ÔÁ §È Ú×'ÑÚÏË Ú ÅÎÅÒÇ�ÑÍÉ"; w; w1 ÒÏÚÛÉÒÅÎÏ§ ÍÏÄÅÌ� óÌÅÔÅÒÁ{�ÁËÁÇ� [3,5,6℄:V = V12 = V23 = V34 = V41 = �12w1;U = V13 = V24 = �"+ 12w1; � = 4"� 8w + 2w1:îÅ×�ÄÏÍ� �ÏÌÑ � � C ÍÁÀÔØ ÎÁÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ:� = �
+ �4 ; C = �� 12�zP:ëÌÁÓÔÅÒÎ� �ÁÒÁÍÅÔÒÉ � � � ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ÅÎÅÒÇ�§ [5{7℄: �f�� = �f�� = 0;ÑËÁ ÄÌÑ �ÅÒÛÏÇÏ �ÏÒÑÄËÕ ËÌÁÓÔÅÒÎÏÇÏ ÒÏÚ×ÉÎÅÎÎÑ ÍÁ¤ ×ÉÇÌÑÄ ÕÍÏ-×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ [5{7,25℄ | ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ËÏÍ�ÏÎÅÎÔÉ �ÓÅ×ÄÏ-Ó��ÎÁ h2 ^S�f (n)i(4), ÒÏÚÒÁÈÏ×ÁÎÅ ÎÁ ÏÓÎÏ×� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓ-ÔÅÒÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ, Ò�×ÎÅ ×�Ä�Ï×�ÄÎÏÍÕ ÓÅÒÅÄÎØÏÍÕ ÚÎÁÞÅÎÎÀ
ICMP{01{10U 6h2 ^S�f (n)i(1), ÒÏÚÒÁÈÏ×ÁÎÏÍÕ Ú ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ ÇÁÍ�ÌØÔÏÎ�ÁÎÏÍ:h2 ^Sxf (n)i(4) = h2 ^Sxf (n)i(1) � X;h2 ^Szf (n)i(4) = h2 ^Szf (n)i(1) � P: (1.4)äÌÑ �ÏÄÁÌØÛÉÈ ÒÏÚÒÁÈÕÎË�× ÎÁÍ ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊÔÉ ×ÌÁÓÎ� ÚÎÁÞÅÎ-ÎÑ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× (1.3). ÷ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏ-Î�ÁÎÁ ÚÎÁÈÏÄÑÔØÓÑ ÛÌÑÈÏÍ ÚÁÓÔÏÓÕ×ÁÎÎÑ �ÅÒÅÔ×ÏÒÅÎÎÑ �Ï×ÏÒÏÔÕ ÄÌÑ�ÓÅ×ÄÏÓ��ÎÏ×ÉÈ Ï�ÅÒÁÔÏÒ�×. ð�ÓÌÑ ÎÅÓËÌÁÄÎÉÈ ÒÏÚÒÁÈÕÎË�× ÏÄÅÒÖÕ¤-ÍÏ ÏÄÎÏÞÁÓÔÉÎËÏ×Õ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ:Z1 = 2
h(�pK); K = (C + 14�zP )2 + (2� + 
)2: (1.5)óËÌÁÄÎ�ÛÏÀ ÚÁÄÁÞÅÀ ¤ ÚÎÁÈÏÄÖÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÞÏÔÉÒÉÞÁÓ-ÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4. äÌÑ §§ ÒÏÚ×'ÑÚÁÎÎÑ ÒÏÂÉÍÏ ÕÎ�ÔÁÒÎÅ �Å-ÒÅÔ×ÏÒÅÎÎÑ ×ÉÈ�ÄÎÏ§ ÍÁÔÒÉ�� ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÔÅ,ÝÏ ÇÒÕ�Á ÊÏÇÏ ÓÉÍÅÔÒ�§ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� �ÚÏÍÏÒÆÎÁ ÔÏÞ-ËÏ×�Ê ÇÒÕ�� D4, Á × �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� | D4h. ð�ÓÌÑ ÒÅÁÌ�ÚÁ��§×�Ä�Ï×�ÄÎÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ ÔÁ ×�ÄÎ�ÍÁÎÎÑ �ÏÓÔ�ÊÎÏ§ ×ÅÌÉÞÉÎÉ (×ÏÎÁÎÅ ×�ÌÉ×Á¤ ÎÁ �ÏÄÁÌØÛ� ÒÅÚÕÌØÔÁÔÉ) ÏÄÅÒÖÕ¤ÍÏ Ë×ÁÚ�Ä�ÁÇÏÎÁÌØÎÉÊ×ÉÇÌÑÄ ÍÁÔÒÉ�� ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4 [25℄:H4 = B1 �B2 �B2 �B3 �B4; (1.6)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 ;

B2 = 0� " p2� p2�p2� w � C 0p2� 0 w + C 1A ; B3 = ";B4 = 0� w � C 0 p2�0 w + C p2�p2� p2� w1 1AÕ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÔÁHp4 = Bp1 �Bp2 �Bp3 �Bp4 �Bp3 �Bp4 �Bp5 �Bp6 �Bp4 ; (1.7)



7 ðÒÅ�ÒÉÎÔBp1 = 0BB� 0 0 2� 00 " 2p2� 02� 2p2� w 2�0 0 2� w1 1CCA ;Bp2 = � 0 2�2� w � ; Bp3 = � " 2�2� w � ;Bp4 = w; Bp5 = "; Bp6 = � w1 2�2� w �Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� (P = C = 0). íÁÔÒÉ�� (1.6) Ó��×�ÁÄÁÀÔØÚ ×�Ä�Ï×�ÄÎÉÍÉ ÍÁÔÒÉ�ÑÍÉ, ÎÁ×ÅÄÅÎÉÍÉ × ÒÏÂÏÔÁÈ [7,26℄, ÔÁ ÅË×�×Á-ÌÅÎÔÎ� ÄÏ ÍÁÔÒÉ�Ø ÒÏÂÏÔÉ [5℄ (ÚÂ�ÇÁÀÔØÓÑ Ú ÎÉÍÉ �ÒÉ ÕÎ�ÔÁÒÎÏÍÕ�ÅÒÅÔ×ÏÒÅÎÎ�). òÏÚ×'ÑÚÕÀÞÉ ÚÁÄÁÞÕ ÎÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÍÁÔÒÉ�Ø H4� Hp4 , ÏÄÅÒÖÕ¤ÍÏ ÎÁÓÔÕ�Î� ÒÅÚÕÌØÔÁÔÉ:Ei; i = 1; 6� ËÏÒÅÎ� Ò�×ÎÑÎÎÑE6 +E5k5 +E4k4 +E3k3 +E2k2 +Ek1 + k0 = 0;Ei = Ei+3; i = 7; 9� ËÏÒÅÎ� Ò�×ÎÑÎÎÑ (1.8)E3 +E2l2 +El1 + l0 = 0;E13 = "; Ei; i = 14; 15; 16� ËÏÒÅÎ� Ò�×ÎÑÎÎÑE3 +E2m2 +Em1 +m0 = 0Õ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÔÁEpi; i = 1; 4� ËÏÒÅÎ� Ò�×ÎÑÎÎÑE4 +E3(�"� w � w1) +E2("w + "w1 + ww1 � 16�2) ++E((8"+ 12w1)�2 � "ww1)� 4"w1�2 = 0;Ep5;6 = 12(w �pw2 + 16�2);Ep7;8 = 12(w + "�p(w � ")2 + 16�2); (1.9)Ep10;11 = 12(w + "�p(w � ")2 + 16�2);Ep9 = Ep12 = Ep16 = w; Ep13 = ";Ep14;15 = 12(w + w1 �p(w � w1)2 + 16�2)Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ�. �ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:k0=� 4C2"w1w2 + 4C4w1"+ 16�4w1"+ 16�2C2(w"+ 2ww1 � "w1);
ICMP{01{10U 8k1=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:ïÔÖÅ, × ÄÁÎÏÍÕ ÒÏÚÄ�Ì� �ÒÅÄÓÔÁ×ÌÅÎÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓ-ÔÅÍÉ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4 ÔÁ ×�ÌØÎÕ ÅÎÅÒÇ�À,ÏÄÅÒÖÁÎÕ × �ÅÒÛÏÍÕ �ÏÒÑÄËÕ ËÌÁÓÔÅÒÎÏÇÏ ÒÏÚ×ÉÎÅÎÎÑ �Ï ËÏÒÏÔËÏ-ÓÑÖÎÉÈ � ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤-ÍÏÄ�ÑÈ. ðÏËÁÚÁÎÏ, ÝÏ ÚÁÄÁÞÁ ÚÎÁÈÏÄÖÅÎÎÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × �ØÏÍÕÎÁÂÌÉÖÅÎÎ� Ú×ÏÄÉÔØÓÑ ÄÏ ÚÎÁÈÏÄÖÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ Ë×ÁÚ�Ä�ÁÇÏ-ÎÁÌØÎÉÈ ÍÁÔÒÉ�Ø (1.6) � (1.7), ÁÂÏ ÄÏ ÒÏÚ×'ÑÚËÕ ÁÌÇÅÂÒÁ§ÞÎÉÈ Ò�×ÎÑÎØ(1.8) � (1.9).2. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ�Å�ÅÒ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÄÅÑËÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÁÈ ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP. ÷�ÌØÎÕ ÅÎÅÒÇ�À �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ (1.2),×ÒÁÈÏ×ÕÀÞÉ (1.5) ÔÁ (1.8), ÚÁ�ÉÛÅÍÏ Õ ×ÉÇÌÑÄ�:f = �2��1(lnZ4�2 lnZ1)+ 12�zP 2; Z4 = 16Xi=1 exp(��Ei): (2.1)äÉÆÅÒÅÎ��ÀÀÞÉ ×�ÌØÎÕ ÅÎÅÒÇ�À, ÏÄÅÒÖÕ¤ÍÏ ÅÎÔÒÏ��À �ÒÏÔÏÎÎÏ§ ÓÉÓ-ÔÅÍÉ:S = � 1T f+ 12T �zP 2+ 2T 1Z4 16Xi=1 exp(��Ei)Ei+ 4T pK th(�pK): (2.2)ðÏÌÑ � � C, ÑË� ×ÈÏÄÑÔØ Õ ÄÁÎ� ×ÉÒÁÚÉ ÔÁ Í�ÓÔÑÔØ Õ ÓÏÂ� ËÌÁÓÔÅÒÎ��ÁÒÁÍÅÔÒÉ � � �, ÔÁ �ÁÒÁÍÅÔÅÒ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ P , ×ÉÚÎÁ-ÞÁ¤ÍÏ Ú ÓÉÓÔÅÍÉ Ä×ÏÈ Ò�×ÎÑÎØ ÄÌÑ ÎÅ×�ÄÏÍÉÈ X � P , ÑËÁ ÏÔÒÉÍÁÎÁ Ú



9 ðÒÅ�ÒÉÎÔÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ � ÎÅÓËÌÁÄÎÉÍ �ÅÒÅÔ×ÏÒÅÎÎÑÍ [25℄ Ú×ÅÄÅÎÁ ÄÏÔÁËÏÇÏ ×ÉÇÌÑÄÕ: 8>><>>: P = 12Z4 16Pi=1 exp(��Ei)EiC ;X = 14Z4 16Pi=1 exp(��Ei)Ei�; (2.3)�ÒÉÞÏÍÕ C = P2�Q ln 1�Q1 +Q � 14�zP;� = X4�Q ln 1�Q1 +Q � 
2 ; (2.4)Q =pP 2 +X2:�ÕÔ ×ÖÉÔÏ ÔÁË� �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;k3C = 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:

ICMP{01{10U 10÷ÉÒÁÚÕ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÎÅ ÎÁ×ÏÄÉÍÏ, ÂÏ ×�Î ÄÕÖÅ ÇÒÏÍ�ÚÄËÉÊ. �ÏÍÕ�ÒÉ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËÁÈ §§ ËÒÁÝÅ ×ÉÚÎÁÞÁÔÉ ÞÉÓÌÏ×ÉÍ ÄÉÆÅÒÅÎ��-À×ÁÎÎÑÍ ÅÎÔÒÏ��§ �Ï ÔÅÍ�ÅÒÁÔÕÒ�.÷�ÄÏÍÏ [27℄, ÝÏ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÁ �ÏÌÑÒÉÚÁ��Ñ P ËÒÉÓÔÁÌÁ ÔÉ�ÕKH2PO4 Ú×'ÑÚÁÎÁ Ú �ÁÒÁÍÅÔÒÏÍ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�× P ÔÁËÉÍÓ��××�ÄÎÏÛÅÎÎÑÍ: P = 4Xf=1 �zv h ^Szf (n)i = 2�zv P; (2.5)ÄÅ v | ÏÂ'¤Í �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ, Á �z | §§ ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊÍÏÍÅÎÔ ×ÚÄÏ×Ö ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ ÏÓ� z, ÝÏ �ÒÉ�ÁÄÁ¤ ÎÁ ×ÏÄÎÅ×ÉÊÚ×'ÑÚÏË.õÍÏ×Á ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ �ÒÉ ÆÁÚÏ×ÏÍÕ �ÅÒÅÈÏÄ� �ÅÒ-ÛÏÇÏ ÒÏÄÕ ÔÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ (2.3) ÄÁÀÔØ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ×É-ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ T
 �ØÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ:8>>>><>>>>: f(P;X; T
) = f(0; X; T
);P = 12Z4 16Pi=1 exp(��Ei)EiC ;X = 14Z4 16Pi=1 exp(��Ei)Ei�: (2.6)ÄÅ ×Ó� ÚÁÌÅÖÎ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ×ÅÌÉÞÉÎÉ ÂÅÒÕÔØÓÑ �ÒÉ T = T
.ïÔÖÅ, × ÄÁÎÏÍÕ ÒÏÚÄ�Ì� ÎÁ×ÅÄÅÎÏ ÏÓÎÏ×Î� ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁË-ÔÅÒÉÓÔÉËÉ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4. äÌÑ §È ÒÏÚ-ÒÁÈÕÎËÕ ÎÅÏÂÈ�ÄÎÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÓÉÓÔÅÍÕ Ä×ÏÈ Ò�×ÎÑÎØ Ú ÎÅ×�ÄÏÍÉÍÉ�ÁÒÁÍÅÔÒÁÍÉ X � P ÔÁ ÏÄÎÏÞÁÓÎÉÍ ÚÎÁÈÏÄÖÅÎÎÑÍ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ.3. óÔÁÔÉÞÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ ÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4÷ ÄÁÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓ-ÔÉ×ÏÓÔÑÈ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉ�ÕKH2PO4. äÅÔÁÌØÎÏ �Ñ ÚÁÄÁÞÁ ÂÕÌÁ ÒÏÚÇÌÑÎÕÔÁ × ÒÏÂÏÔ� [25℄, Á ÔÕÔÍÉ ÌÉÛÅ ÚÕ�ÉÎÉÍÏÓØ ÎÁ �ÒÉÎ�É�Ï×ÉÈ ÍÏÍÅÎÔÁÈ ×ÉËÌÁÄÏË � ÎÁ×ÅÄÅ-ÍÏ ÏÔÒÉÍÁÎ� �ÒÉ �ØÏÍÕ ÒÅÚÕÌØÔÁÔÉ. ðÒÉ �ÒÉËÌÁÄÁÎÎ� ÄÏ ËÒÉÓÔÁÌÁÔÉ�Õ KDP ÓÌÁÂËÏÇÏ ÍÁËÒÏÓËÏ��ÞÎÏÇÏ �ÏÓÔ�ÊÎÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑE = (Ex; Ey; Ez) ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄ:^HE = ^H + ^V ;



11 ðÒÅ�ÒÉÎÔÄÅ ^H ×ÖÅ ×�ÄÏÍÉÊ ÎÁÍ ÇÁÍ�ÌØÔÏÎ�ÁÎ (1.1), Á ^V Ï�ÉÓÕ¤ ×ÚÁ¤ÍÏÄ�À �ÒÏ-ÔÏÎ�× Ú ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ E:^V = �Xn;f �fE ^Szf (n):�ÕÔ �f = (�xf ; �yf ; �zf ) | ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ f -ÇÏ Ú×'ÑÚËÁ�ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ. êÏÇÏ ËÏÍ�ÏÎÅÎÔÉ ÚÁÄÏ×�ÌØÎÑÀÔØ ÔÁËÉÍ Ó��×-×�ÄÎÏÛÅÎÎÑÍ:��x1 = �x3 = �x; ��y4 = �y2 = �y;�y1 = �y3 = �x2 = �x4 = 0; �z1 = �z2 = �z3 = �z4 = �z ;ÑË� ¤ ÎÁÓÌ�ÄËÏÍ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�× � ÈÁÒÁËÔÅÒÕ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ ÎÁ ÎÉÈ �ÒÏÔÏÎ�× ��Ä Ä�¤À ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ [11{14℄.÷ÒÁÈÏ×ÕÀÞÉ ÓÔÒÕËÔÕÒÕ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ �ÓÅ×ÄÏÓ��Î�× �ÒÉ ÎÁÑ×ÎÏÓÔ�ÍÁËÒÏÓËÏ��ÞÎÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑh2 ^Szf (n)i = P + Pf ; h2 ^Sxf (n)i = X +Xf ;Pf jE=0 = 0; Xf jE=0 = 0; f = 1; 4;ÏÔÒÉÍÁ¤ÍÏ ËÌÁÓÔÅÒÎÉÊ � ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎÉ × ÔÁËÏÍÕ×ÉÇÌÑÄ�: ^H4E = ^H4 + 4Xf=1 �f ^Sxf + 4Xf=1Cf ^Szf ;^H(f)1E = 2(2�+
+�f ) ^Sxf+2(C+14�zP+Cf+14Xf1 Jff1(0)Pf1+12�fE) ^Szf ;ÄÅ ^H4 ×ÖÅ ×�ÄÏÍÉÊ ÎÁÍ ÇÁÍ�ÌØÔÏÎ�ÁÎ (1.3),Cf = �f � 12Xf1 Jff1Pf1 � �fE;Á �f � �f | ËÌÁÓÔÅÒÎ� �ÏÌÑ, ÚÁÌÅÖÎ� ×�Ä ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ, ÔÁË ÝÏ�f = �f = 0 �ÒÉ E = 0:÷×ÁÖÁ¤ÍÏ, ÝÏ �ÏÌÑÒÉÚÁ��Ñ P = (Px;Py;Pz) ËÒÉÓÔÁÌÁ �Ï×'ÑÚÁÎÁ ÚÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ �ÓÅ×ÄÏÓ��Î�× ÔÁËÉÍ ÞÉÎÏÍ [11{14,25℄:Px = �x2v (P3 � P1); Py = �y2v (P2 � P4); Pz = �z2v (4P + 4Xf=1Pf ):
ICMP{01{10U 12ú×�ÄÓÉ ×ÉÄÎÏ, ÝÏ ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ��� = dP�dE� ����E=0 (�; � = x; y; z)�ÏÔÒ�ÂÎÏ ÚÎÁÊÔÉ �ÏÈ�ÄÎ� Pf� = dPfdE� ���E=0 (f = 1; 4). ãÅ ÒÏÂÉÔØÓÑ ÎÁ-ÓÔÕ�ÎÉÍ ÞÉÎÏÍ [25℄: Ú ÕÍÏ×É ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ (1.4) ÏÄÅÒÖÕ¤ÔØÓÑ ÓÉÓ-ÔÅÍÁ Ò�×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÌÁÓÔÅÒÎÉÈ �ÏÌ�× �f � �f , ÑËÁ Ú×ÏÄÉ-ÔØÓÑ ÄÏ ×ÉÇÌÑÄÕ (2.3), ÄÅ �ÏÌÑ ×ÖÅ Ñ×ÎÏ ×ÉÒÁÖÅÎ� ÞÅÒÅÚ ÎÅ×�ÄÏÍ� Xf� Pf ; ÏÔÒÉÍÁÎÁ ÓÉÓÔÅÍÁ ÄÉÆÅÒÅÎ��À¤ÔØÓÑ �Ï ËÏÍ�ÏÎÅÎÔÁÈ �ÏÌÑ E� �ÒÏÂÉÔØÓÑ ÇÒÁÎÉÞÎÉÊ �ÅÒÅÈ�Ä: E ! 0. ÷ ÒÅÚÕÌØÔÁÔ� ÏÄÅÒÖÕ¤ÔØÓÑ ÔÁ-ËÁ Ì�Î�ÊÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ �ÏÔÒ�ÂÎÉÈ ÎÁÍ �ÏÈ�ÄÎÉÈPf�: 8>><>>: Pf� = 4Pf1=1Rff1Cf1� + 4Pf1=1Mff1�f1�;Xf� = 4Pf1=1Mff1Cf1� + 4Pf1=1Nff1�f1�;�ÒÉÞÏÍÕ Cf� = A1Pf� +A12Xf� � 14 4Xf1=1 Jff1(0)Pf1� � 12��1 ;�f� = A12Pf� +A2Xf�; f = 1; 4;�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:Xf� = dXfdE� ����E=0 ; Cf� = dCfdE� ����E=0 ; �f� = d�fdE� ����E=0 ;Rff1 = � 2�Z4 16Xi=1 e��Ei  �2 �E(1)i�Cf �E(1)i�Cf1 � � �2E(2)i�Cf�Cf1!+ 12�P 2;Mff1 = � 2�Z4 16Xi=1 e��Ei  �2 �E(1)i�Cf �E(1)i��f1 � � �2E(2)i�Cf��f1!+ 12�PX;Nff1 = � 2�Z4 16Xi=1 e��Ei  �2 �E(1)i��f �E(1)i��f1 � � �2E(2)i��f��f1!+ 12�X2;



13 ðÒÅ�ÒÉÎÔA1 = 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) ;ÄÅ E(1)i � E(2)i | �Ï�ÒÁ×ËÉ �ÅÒÛÏÇÏ ÔÁ ÄÒÕÇÏÇÏ �ÏÒÑÄË�× ÄÏ ×ÌÁÓÎÉÈÚÎÁÞÅÎØ Ei �Ï �ÏÌÑÈ �f � Cf , ÒÏÚÒÁÈÏ×ÁÎ� ÚÁ ÄÏ�ÏÍÏÇÏÀ ÔÅÏÒ�§ ÚÂÕ-ÒÅÎØ. òÏÚ×'ÑÚÁ×ÛÉ �À ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ, ÏÔÒÉÍÕ¤ÍÏ ÔÅÎÚÏÒ ÓÔÁÔÉÞÎÏ§Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� [25℄:��� = �2�(1 + Æ�z)2v Æ���(1�M�A12)2+N�A2+R�N�A12R�(1�N�A2)+M2�A2 +A1 � 14�� ;(3.1)ÄÅ Æ�� � ÓÉÍ×ÏÌÉ ëÒÏÎÅËÅÒÁ (�; � = x; y; z) � ÚÁ�ÒÏ×ÁÄÖÅÎÏ ÔÁË� �Ï-ÚÎÁÞÅÎÎÑ:Rz = R11 + 2R12 +R13; Rx = Ry = R11 �R13;Mz=M11 + 2M12 +M13; Mx=My=M11 �M13;Nz = N11 + 2N12 +N13; Nx = Ny = N11 �N13;�x=�y=J11(0)� J13(0); �z = J11(0) + 2J12(0) + J13(0);Jff1(0) = Xn�n1 Jff1(n;n1):õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÔÅÎÚÏÒ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÍÁ¤ �ÒÏÓÔ�ÛÉÊ×ÉÇÌÑÄ [25℄: ���� = �2�(1 + Æ�z)2v Æ���1= �R� + �A1 � 14�� ; (3.2)ÄÅ �Rx � �Ry= 1Z4p 24 4Xj=1 e��Epj 8Xi=7 (p2U2jU7i + U3jU8i)2Epj �Epi + 8Xj=7 e��Epj�� U28jEpj �Ep9 + 2U27jEpj �Ep13 + 4Xi=1 (p2U2iU7j + U3iU8j)2Epj � Epi !++ 6Xj=5 e��EpjU26jEpj �Ep9 + 8Xi=7 e��Ep132U27iEp13 �Epi + 15Xj=14 e��EpjU215jEpj �Ep9 +
ICMP{01{10U 14+e��Ep9  6Xi=5 U26iEp9 �Epi + 8Xi=7 U28iEp9 �Epi + 15Xi=14 U215iEp9 �Epi!# ;�Rz = 1Z4p 24 4Xj=1 e��Epj  6Xi=5 (2U1jU5i + U3jU6i)2Epj �Epi !++ 6Xj=5 e��Epj  4Xi=1 (2U1iU5j + U3iU6j)2Epj �Epi !+ 2 8Xj=7 e��EpjU28jEpj �Ep9++2 8Xi=7 e��Ep9U28iEp9 �Epi + 15Xj=14 e��EpjU215jEpj �Ep9 + 15Xi=14 e��Ep9U215iEp9 �Epi 35 ;�A1 = A1jP=0 = 12�X ln 1�X1 +X ; Z4p = 16Xi=1 e��Epi :÷ Ó×ÏÀ ÞÅÒÇÕ Uij | �Å ËÏÍ�ÏÎÅÎÔÉ ×ÌÁÓÎÉÈ ×ÅËÔÏÒ�× ÍÁÔÒÉ�� Hp4 :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:�Å�ÅÒ ÌÅÇËÏ ÏÔÒÉÍÁÔÉ ÔÅÎÚÏÒ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉË-ÎÏÓÔ�: "�� = "�(1; T )Æ�� + 4���� ; �; � = x; y; z: (3.3)�ÕÔ "�(1; T ) | ×ÉÓÏËÏÞÁÓÔÏÔÎÉÊ ×ËÌÁÄ.



15 ðÒÅ�ÒÉÎÔú (3.2) ÏÔÒÉÍÕ¤ÍÏ Ò�×ÎÑÎÎÑ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ�{÷ÅÊÓÁ T0:1� �A1 + 14�z + �Rz = 0: (3.4)òÏÚËÌÁ×ÛÉ (4� ��zz)�1 × ÒÑÄ �ÏÂÌÉÚÕ T0 � ÏÂÍÅÖÉ×ÛÉÓØ Ì�Î�ÊÎÉÍÞÌÅÎÏÍ ÒÏÚËÌÁÄÕ ÏÔÒÉÍÕ¤ÍÏ ËÏÎÓÔÁÎÔÕ ëÀÒ�{÷ÅÊÓÁ C
w × �ÁÒÁÅÌÅË-ÔÒÉÞÎ�Ê ÆÁÚ�:C
w = 4��2zv 1( �A1 � 14�z)2 ddT � 1� �A1+ 14 �z + �Rz������T=T0 : (3.5)AÎÁÌ�ÔÉÞÎ� ÒÏÚÒÁÈÕÎËÉ ÔÁ ÇÒÕÎÔÏ×ÎÉÊ ÁÎÁÌ�Ú �ÒÏ×ÅÄÅÎÉÊ × ÒÏÂÏÔ�[25℄ �ÏËÁÚÕ¤, ÝÏ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ � ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ ¤ ËÏÒÅËÔÎÉÍÉ. ðÒÉÒÏÄÎØÏ,ÝÏ ×ÏÎÉ ÎÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØ-ÔÁÔÁÍÉ ÒÏÂÏÔÉ [9℄, ÊÍÏ×�ÒÎÏ, ÞÅÒÅÚ ÄÏ�ÕÝÅÎ� §§ Á×ÔÏÒÁÍÉ �ÏÍÉÌËÉ ÕÒÏÚÒÁÈÕÎËÁÈ, ÁÂÏ ÞÅÒÅÚ Ï�ÉÓËÉ.ïÄÅÒÖÁÎ� ÎÁÍÉ × ÒÏÂÏÔ� [25℄ i ÎÁ×ÅÄÅÎ� × ÄÁÎ�Ê ÒÏÂÏÔ� ÒÅÚÕÌØÔÁÔÉÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ×ÇÒÁÎÉÞÎÏÍÕ ×É�ÁÄËÕ 
 ! 0 ÄÁÀÔØ ×�Ä�Ï×�ÄÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÒÉÓ-ÔÁÌ�× ÔÉ�Õ KD2PO4:�D�� = ��D� �2(1 + Æ�z)2vD 2�F�Æ��D � h 11�P 2 + � �D�4 i 2F� ; (3.6)ÄÅ D = 4e��w
h�C + 2e��" + e��w1 + 
h2�C;Fx = Fy = e��" + e��w
h�C; Fz = e��w
h�C + 
h2�C � P 2D:ðÏÚÄÏ×ÖÎÑ ËÏÍ�ÏÎÅÎÔÁ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �Dzz ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØ-ÔÁÔÁÍÉ ÒÏÂ�Ô [14{16℄, Á �Ï�ÅÒÅÞÎ� ËÏÍ�ÏÎÅÎÔÉ �Dxx, �Dyy × Ó×ÏÀ ÞÅÒÇÕÕÚÇÏÄÖÕÀÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [17℄. ëÒ�Í ÔÏÇÏ, �Ï�ÅÒÅÞÎ� ËÏÍ-�ÏÎÅÎÔÉ ÕÚÇÏÄÖÕÀÔØÓÑ �ÒÉ T > T
 � ÎÅ ÕÚÇÏÄÖÕÀÔØÓÑ �ÒÉ T < T
Ú ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [28℄, ÔÏÍÕ ÝÏ ÔÕÔ �ÒÉ §È ÏÔÒÉÍÁÎÎ� ÎÅ ÂÕ-ÌÏ ×ÒÁÈÏ×ÁÎÏ Í�ÖËÌÁÓÔÅÒÎÉÈ ËÏÒÅÌÑ��Ê. úÎÅÈÔÕ×Á×ÛÉ �x � �y Ú (3.6)ÏÄÅÒÖÉÍÏ ÒÅÚÕÌØÔÁÔÉ ÒÏÂ�Ô [12{15℄ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�.ïÔÖÅ, ÄÌÑ ÒÏÚÒÁÈÕÎËÕ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞ-ÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÎÅÏÂÈ�ÄÎÏ ÒÏÚ×'ÑÚÁÔÉ ÚÁÄÁÞÕ ÎÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ� ×ÌÁÓÎ� ÆÕÎË��§ ÍÁÔÒÉ�� (1.6), ÚÎÁÊÔÉ �Ï�ÒÁ×ËÉ E(1)i � E(2)i , ÒÏÚÒÁ-ÈÕ×ÁÔÉ ËÏÅÆ���¤ÎÔÉ Rff1 , Mff1 , Nff1 , ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÒÅÚÕÌØÔÁÔÉÒÏÚ×'ÑÚËÕ ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ ÄÌÑ ÎÅ×�ÄÏÍÉÈ X � P .
ICMP{01{10U 164. òÅÚÕÌØÔÁÔÉ ÞÉÓÌÏ×ÏÇÏ ÁÎÁÌ�ÚÕ � §È �ÏÒ�×ÎÑÎÎÑ ÚÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉõ ÄÁÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÞÉÓÌÏ×ÏÍÕ ÁÎÁÌ�Ú� ÔÅÏÒÅÔÉÞ-ÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP, ×ÉËÌÁÄÅ-ÎÉÈ Õ �Ï�ÅÒÅÄÎ�È ÒÏÚÄ�ÌÁÈ. îÁÛÉÍ ÚÁ×ÄÁÎÎÑÍ ÂÕÌÏ ×ÉÚÎÁÞÅÎÎÑ Ï�-ÔÉÍÁÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ ËÒÉÓÔÁÌ�× RbH2PO4, KH2AsO4,�ÁÂÌ. 1. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP.KH2PO4 RbH2PO4 KH2AsO4 RbH2AsO4122.88 [29℄ 146.8 [30℄ 95.57 [31℄ 109.75[32℄T
, K 122.7 [33℄ 147 [34℄ 96.15 [35℄ 109.9 [31℄122.25 [36℄ 147.1 [31℄ 96.2 [37℄ 110.0 [38℄123 [39℄ 147.7 [40℄ 96.26 [41℄ 110.25 [41℄0.05 [42,33℄ 1.9 [35℄ 0.04[41℄T
 � T0, K 0.06 [43,44℄ { 2.6 [41℄ 0.05 [38℄0.07 [45℄ 0.2 [46℄0.026 [47℄P
, 1.8 [44℄ 1.6 [48℄ 4.5 [38℄ 3.8 [38℄10�2 ëÌ/Í2 1.87 [49℄ 3.7 [46℄Ps, 5.0 [36℄ { 5.25 [38℄ 5.4 [32℄10�2 ëÌ/Í2 5.1 [50℄ 5.0 [38℄0.39 [33℄ 0.358 [30℄ 0.506 [35℄ 0.502 [32℄S
, ÍÏÌÅË.�1 0.40 [51℄ 0.488 [8℄ 0.509 [38℄ 0.468 [38℄0.422 [52℄ 0.50 [9℄ 0.53 [9℄�S
, 0.0456 [51℄ { 0.129 [35℄ 0.2702 [38℄ÍÏÌÅË.�1 0.0469 [53℄ 0.377 [38℄2856 [10℄ 2924 [40℄ 2350 [38℄ 2580 [41℄C
w, K 2925 [36℄ 3020 [54℄ 2700 [41℄ 2732 [46℄3000 [39℄ 3060 [34℄ 3100 [38℄3200 [33℄ 3200 [55℄v, 10�30 Í3 189.635 [56℄ 208.674 [57℄ { {�v, 10�30 Í3 191.127 [58℄ 208.724 [57℄ 205.249 [59℄ 223.592 [59℄



17 ðÒÅ�ÒÉÎÔRbH2AsO4, ÑË� ÄÏÚ×ÏÌÉÌÉ Â ÄÏÓÑÇÎÕÔÉ ÄÏÂÒÏ§ Ë�ÌØË�ÓÎÏ§ ÚÇÏÄÉ ÔÅ-ÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ �ÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÑË �Å ÂÕÌÏ ÚÒÏÂÌÅÎÏ ×ÒÏÂÏÔ� [25℄ ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4. ãÅ ÍÉ ÒÅÁÌ�ÚÕ×ÁÌÉ ÎÁ ÏÓÎÏ×� ÚÁ-�ÒÏ�ÏÎÏ×ÁÎÏÇÏ × ÒÏÂÏÔ� [25℄ ��ÄÈÏÄÕ ÄÌÑ ×ÉÂÏÒÕ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�×ÔÅÏÒ�§, ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ KDP. ðÒÉ �ØÏÍÕ ×ÉËÏÒÉÓÔÏ×Õ×Á-ÌÉÓØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� Ú ÔÁÂÌ. 1, Á ÔÁËÏÖ ×ËÁÚÁÎ� ÎÁ ÎÁ×ÅÄÅÎÉÈÎÉÖÞÅ ÒÉÓÕÎËÁÈ. äÌÑ �ÏÒ�×ÎÑÎÎÑ �ÒÏ×ÅÄÅÎÏ ÔÁËÏÖ ÒÏÚÒÁÈÕÎÏË ×�Ä-�Ï×�ÄÎÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÁÎÉÈ ËÒÉÓÔÁÌ�× ÎÁ ÏÓÎÏ×� �ÁÒÁ-ÍÅÔÒ�× ÔÅÏÒ�§ �ÎÛÉÈ Á×ÔÏÒ�×. ïÔÒÉÍÁÎ� ÎÁÍÉ ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉË�ÌØË�ÓÎÏÇÏ ÁÎÁÌ�ÚÕ ÒÁÚÏÍ Ú �ÁÒÁÍÅÔÒÁÍÉ �ÎÛÉÈ Á×ÔÏÒ�× �ÒÅÄÓÔÁ×-ÌÅÎ� × ÔÁÂÌ. 2 � ÎÁ ×�Ä�Ï×�ÄÎÉÈ ÒÉÓÕÎËÁÈ. îÁÇÁÄÁ¤ÍÏ, ÝÏ ×ÉÚÎÁÞÅÎ-ÎÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 
, ", w, �z ÄÌÑ ËÏÖÎÏÇÏ ÏËÒÅÍÏÇÏ ËÒÉÓÔÁÌÁ�ÒÏ×ÏÄÉÌÏÓØ Ú ÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ � ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒ ëÀÒ� T
 � ëÀÒ�{÷ÅÊÓÁT0, ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ P(T ), Á ÔÁËÏÖ§§ ÓÔÒÉÂËÁ P
 = P(T
) � ÎÁÓÉÞÅÎÎÑ Ps = P(Ts). ïÓÔÁÔÏÞÎÉÊ ×�ÄÂ�Ò�ÉÈ �ÁÒÁÍÅÔÒ�× ÚÒÏÂÌÅÎÏ Ú ÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞ-ÎÉÈ � ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ��ÒÏÔÏÎÎÏ§ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C(T ), ÂÅÒÕÞÉ ÔÁËÏÖ ÄÏ Õ×ÁÇÉ ÕÚÇÏÄÖÅÎÎÑÔÅÏÒÅÔÉÞÎÉÈ ÚÎÁÞÅÎØ ÅÎÔÒÏ��§ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ S
 = S(T
 + 0) �ÓÔÒÉÂËÁ ÅÎÔÒÏ��§ × ÔÏÞ�� �ÅÒÅÈÏÄÕ �S
 = S(T
 + 0)� S(T
 � 0) Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. �ÅÏÒÅÔÉÞÎ� ÚÎÁÞÅÎÎÑ ÚÇÁ-ÄÁÎÉÈ ×ÉÝÅ ×ÅÌÉÞÉÎ ÒÏÚÒÁÈÏ×Õ×ÁÌÉÓØ Ú ×�Ä�Ï×�ÄÎÉÈ Ò�×ÎÑÎØ (2.6),(3.4), (2.3), (2.5), (2.2). �Å�ÌÏ¤ÍÎ�ÓÔØ ÒÏÚÒÁÈÏ×Õ×ÁÌÁÓØ ÞÉÓÌÏ×ÉÍ ÄÉ-ÆÅÒÅÎ��À×ÁÎÎÑÍ ÅÎÔÒÏ��§ (2.2) �Ï ÔÅÍ�ÅÒÁÔÕÒ�. äÁÌ� Ú ÏÔÒÉÍÁÎÉÍÉÔÁËÉÍ ÞÉÎÏÍ �ÁÒÁÍÅÔÒÁÍÉ ×É×ÞÁÌÉÓØ ÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓ-ÔÉ×ÏÓÔ�. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÏÂ'¤Í�× �ÒÉÍ�-ÔÉ×ÎÉÈ ËÏÍ�ÒÏË ÄÁÎÉÈ ËÒÉÓÔÁÌ�× Á�ÒÏËÓÉÍÕ×ÁÌÉÓØ �ÒÉ ÒÏÚÒÁÈÕÎËÁÈÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ: v(T ) = v�(T
 � T ) + �v�(T � T
);ÄÅ �(T ) | ÔÅÔÁ-ÆÕÎË��Ñ, Á v � �v, ÏÂ'¤ÍÉ × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÔÁ�ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚÁÈ ×�Ä�Ï×�ÄÎÏ, ÄÁÎÏ × ÔÁÂÌ. 1. äÌÑ ËÒÉÓÔÁÌ�×KH2AsO4 � RbH2AsO4, ÞÅÒÅÚ ×�ÄÓÕÔÎ�ÓÔØ Õ ÎÁÓ ÎÅÏÂÈ�ÄÎÉÈ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, ×ÚÑÔÏ v = �v. �ÁËÁ Á�ÒÏËÓÉÍÁ��Ñ ÚÁÌÅÖÎÏÓÔ� v(T )¤ ÄÏÓÉÔØ ÄÏÂÒÁ × Ú×'ÑÚËÕ Ú ÍÁÌÏÀ ÔÅÍ�ÅÒÁÔÕÒÎÏÀ ÚÍ�ÎÏÀ ×�Ä�Ï×�ÄÎÉÈ�ÏÓÔ�ÊÎÉÈ ÇÒÁÔËÉ [57,59℄.óÌ�Ä ÚÇÁÄÁÔÉ, ÝÏ �ÏÛÕËÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÄÌÑ ÔÅÏÒÅÔÉÞ-ÎÏÇÏ Ï�ÉÓÕ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP ×ÖÅ �ÒÏ×ÏÄÉÌÉÓØ × ÂÁÇÁÔØÏÈ ÒÏ-ÂÏÔÁÈ, ÓÅÒÅÄ ÑËÉÈ, ÎÁ ÎÁÛÕ ÄÕÍËÕ, ÎÁÊÂ�ÌØÛÏ§ Õ×ÁÇÉ ÚÁÓÌÕÇÏ×ÕÀÔØÄ×� ÒÏÂÏÔÉ: [9℄ � [10℄. ÷ ÒÏÂÏÔ� [9℄ ÕÍÏ×ÏÀ ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§
ICMP{01{10U 18�ÁÂÌ. 2. ïÔÒÉÍÁÎ� ÎÁÍÉ ÎÁÂÏÒÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× 
; "; w; �z; �x ÄÌÑËÒÉÓÔÁÌ�× ÔÉ�Õ KDP ÒÁÚÏÍ Ú ÒÅÚÕÌØÔÁÔÁÍÉ �ÎÛÉÈ Á×ÔÏÒ�× ÄÌÑ ÎÉÈ ÔÁ ÒÏÚ-ÒÁÈÏ×ÁÎÉÍÉ ÎÁÍÉ ÎÁ §È ÏÓÎÏ×� Æ�ÚÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ.N w, ", 
, �z, T
, T
�T0, P
=Ps�/� K K K K K K1KDP 600 55 138 109:22 122:751 0:042 0:3602 [9℄ 550 61 74 68 122.178 0.021 0.373 [9℄ 570 64 81 64 123.414 0 04 [14℄ 750 50 250 202.4 121.966 0.063 0.3395 [14℄ 952 52 300 213.6 122.053 0.074 0.3576 [10℄ 558 62 97 74.4 122.617 0 07RDP 565 60:85 145 154:81 147:103 0:030 0:308 [9℄ 550 72 77 88 145.218 0 0.019 [10℄ 675 75 121 90 147.476 0 010KDA 420 33 55 89:2 96:194 1:611 0:85211 [9℄ 490 44 33 52 95.098 0.716 0.86912 [10℄ 449 41 38 65.2 97.067 0.883 0.84213RDA 415 39:5 56 102:3 110:004 0:964 0:75114 [9℄ 500 52 48 64 110.728 0.306 0.695ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP ÂÕÌÏ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏ-ÇÏ ÒÏÚÒÁÈÕÎËÕ ×�Ä�Ï×�ÄÎÉÈ §Í ×ÅÌÉÞÉÎ p�S(�)=S
 (S
 = S(T
 + 0),�S(�) = S
 � S(�), � = 1 � T=T
) Ú ÏÂÞÉÓÌÅÎÉÍÉ ÎÁ ÏÓÎÏ×� ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔÅÊ. ðÒÉ �ØÏÍÕ ÎÁÊÂ�ÌØÛÁ Õ×Á-ÇÁ �ÒÉÄ�ÌÑÌÁÓØ ÔÅÍ�ÅÒÁÔÕÒÎÏÍÕ �ÎÔÅÒ×ÁÌÕ �ÏÂÌÉÚÕ T
 (� � 0:005),ÄÅ �ÏÈÉÂËÁ ÒÏÚÒÁÈÏ×ÁÎÏ§ ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑÔÅ�ÌÏ¤ÍÎÏÓÔ� ×ÅÌÉÞÉÎÉ p�S(�)=S
 ¤ ÎÁÊÍÅÎÛÏÀ. åËÓ�ÅÒÉÍÅÎÔÁÌØ-Î� ÄÁÎ� ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ �ÎÛÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË ËÒÉÓÔÁÌ�× ÔÉ�Õ KDP × ��Ê ÒÏÂÏÔ� ÎÅ ×É×ÞÁÌÉÓØ. ó�ÒÁ×ÅÄÌÉ-×�ÓÔØ ÔÁËÏÇÏ ��ÄÈÏÄÕ ÂÕÄÅ Ï��ÎÅÎÏ ÎÁÍÉ ÎÉÖÞÅ, �ÒÉ Ë�ÌØË�ÓÎÏÍÕ �Ï-Ò�×ÎÑÎÎ� ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ. ð�ÚÎ�ÛÅ ×ÒÏÂÏÔ� [10℄ ÚÒÏÂÌÅÎÏ ÄÅÑËÅ ÕÔÏÞÎÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÒÏÂÏÔÉ [9℄ Ú ÍÅÔÏÀ�ÏËÒÁÝÅÎÎÑ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§.



19 ðÒÅ�ÒÉÎÔòÅÚÕÌØÔÁÔÉ ��¤§ ÒÏÂÏÔÉ ÔÅÖ ÂÕÄÕÔØ ÝÅ ÁÎÁÌ�ÚÕ×ÁÔÉÓØ × �ÒÏ�ÅÓ� ÏÂÇÏ-×ÏÒÅÎÎÑ. �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 0:4571 0:0576 1:824 5:069 5:017 5:8562 0.4877 0.0634 1.876 5.069 4.853 {3 0.4784 0 0 5.069 4.860 {4 0.2726 0.0287 1.718 5.069 6.112 {5 0.1883 0.0234 1.810 5.069 6.622 {6 0.4844 0 0 4.902 4.734 {7 0.5289 0.0438 1.510 5.015 5.481 6.4498 0.5560 0 0.062 4.776 5.033 {9 0.4821 0 0 4.808 5.117 {10 0.5057 0.3474 4.463 5.238 5.422 5.97911 0.4440 0.3257 4.479 5.155 5.301 {12 0.4793 0.3243 4.369 5.189 5.343 {13 0.5618 0.2890 3.868 5.15 5.809 6.50914 0.4854 0.2219 3.528 5.076 5.702 {åÆÅËÔÉ×Î�ÓÔØ ×ÉËÏÒÉÓÔÁÎÏÇÏ ÎÁÍÉ ��ÄÈÏÄÕ ÄÌÑ ×ÉÂÏÒÕ ÚÎÁÞÅÎØ�ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ×ÉÄÎÏ Ú ÒÉÓ. 2, 3, 7, � ÔÁÂÌ. 1, 2. �ÕÔ ÍÏÖÎÁ �Ï-ÂÁÞÉÔÉ, ÝÏ ×�Ä�Ï×�ÄÎÉÊ ËÒÉÓÔÁÌÕ KH2PO4 ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÒÏÂÏÔÉ[25℄, ÄÁÎÉÊ ��Ä ÎÏÍÅÒÏÍ 1 × ÔÁÂÌ. 2, ÄÁ¤ ÄÏÂÒÅ Ë�ÌØË�ÓÎÅ Ó��×�ÁÄ�Î-ÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ, ÎÁÂÁÇÁÔÏ ËÒÁÝÅ ÚÁ ÎÁÑ×Î� ÎÁÂÏÒÉ�ÎÛÉÈ ÒÏÂ�Ô.ðÒÉ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÕRbH2PO4, ÎÁ-ÍÉ ÂÕÌÏ �ÒÉÊÎÑÔÏ ÄÏ Õ×ÁÇÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� Ú ÒÏÂÏÔÉ [8℄, × ÑË�ÊÄÁÎÏ: P
=Ps = 0:30. �ÏÍÕ ÍÉ Ï�ÉÓÁÌÉ × RDP ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä �ÅÒ-ÛÏÇÏ ÒÏÄÕ, ÄÕÖÅ ÂÌÉÚØËÉÊ ÄÏ ÄÒÕÇÏÇÏ ÒÏÄÕ, ËÅÒÕÀÞÉÓØ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ Ú ÒÏÂÏÔÉ [15℄.îÁ ÖÁÌØ,
ICMP{01{10U 20× ÎÁÓ ÎÅÍÁ¤ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ×ÅÌÉÞÉÎÉ T
 � T0 �ØÏÇÏËÒÉÓÔÁÌÕ, ÔÏÍÕ ÍÉ ÎÅ ÍÏÖÅÍÏ Î�ÞÏÇÏ ÓËÁÚÁÔÉ �ÒÏ Í�ÒÕ ÕÚÇÏÄÖÅÎ-ÎÑ ÏÔÒÉÍÁÎÏÇÏ ÔÅÏÒÅÔÉÞÎÏÇÏ ÚÎÁÞÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. òÅÚÕÌØÔÁ-ÔÉ ÒÏÚÒÁÈÕÎË�× Ú ×ÉÂÒÁÎÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ÔÅÏÒ�§ �ÒÏ�ÌÀÓÔÒÏ×ÁÎÏ ÎÁÒÉÓ. 2, 4 ÔÁ × ÔÁÂÌ. 1, 2. ÷ÉÄÎÏ, ÝÏ ÏÔÒÉÍÁÎÉÊ ÎÁÍÉ ÎÁÂ�Ò �ÁÒÁÍÅÔ-Ò�× 7 ÄÏÂÒÅ Ë�ÌØË�ÓÎÏ Ï�ÉÓÕ¤ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÒÅÚÕÌØÔÁÔÉ, ÚÁÇÁÌÏÍËÒÁÝÅ Î�Ö ÎÁÂÏÒÉ 8 � 9, ÈÏÞÁ ÎÁÂ�Ò 9 ÔÁËÏÖ ÄÁ¤ ÎÅ�ÏÇÁÎÅ ÕÚÇÏÄÖÅÎÎÑÚ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ ÔÅ�ÌÏ¤ÍÎ�ÓÔÀ.îÁ ÒÉÓ. 5, 6 �ÒÅÄÓÔÁ×ÌÅÎÏ ÏÔÒÉÍÁÎ� ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÒÁÚÏÍ Ú×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓÔÁÌ�×KH2AsO4 �RbH2AsO4. �ÕÔ ÍÁ¤ Í�Ó�Å ÎÅÕÚÇÏÄÖÅÎÎÑ Í�Ö ÓÏÂÏÀ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÉÈ ÄÁÎÉÈ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ P(T ) ËÒÉÓÔÁÌÁ RbH2AsO4 ÒÏ-Â�Ô [32℄ � [38℄, ÞÅÒÅÚ ÄÕÖÅ ×�ÄÍ�ÎÎ� ÚÎÁÞÅÎÎÑ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎ-ÎÑ Ps (ÄÉ×. ÔÁÂÌ. 1). ïÓË�ÌØËÉ �ÏÌÑÒÉÚÁ��Ñ ÎÁÓÉÞÅÎÎÑ × ËÒÉÓÔÁÌ�RbH2PO4 ÍÅÎÛÁ Î�Ö × KH2PO4, ÍÉ ×ÚÑÌÉ ÄÏ Õ×ÁÇÉ ÄÌÑ Ps ËÒÉÓ-ÔÁÌÁ RbH2AsO4 ÒÅÚÕÌØÔÁÔ ÒÏÂÏÔÉ [38℄ � ÔÉÍ ÓÁÍÉÍ ÕÓÕÎÕÌÉ ÎÅÕÚÇÏ-ÄÖÅÎÎÑ. ñË � ÓÌ�Ä ÂÕÌÏ Ó�ÏÄ�×ÁÔÉÓØ, ÄÌÑ ÏÔÒÉÍÁÎÉÈ ÎÁÂÏÒ�× �ÁÒÁ-ÍÅÔÒ�× ÔÅÏÒ�§ 10 � 13, ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÁÍ KH2AsO4 � RbH2AsO4×�Ä�Ï×�ÄÎÏ, ÍÁ¤ÍÏ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. óÌ�Ä×�ÄÚÎÁÞÉÔÉ, ÝÏ ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 11 �12 ÄÁÀÔØ ÎÁÂÁÇÁÔÏ Ç�ÒÛÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ ÔÅ�ÌÏ¤Í-ÎÏÓÔ� ËÒÉÓÔÁÌÁ KH2AsO4 Î�Ö ÎÁÂ�Ò 10. �ÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑËÒÉÓÔÁÌÁ RbH2AsO4 Ú ÎÁÂÏÒÏÍ 14 ÄÏÓÉÔØ ÎÅ�ÏÇÁÎÏ ÕÚÇÏÄÖÕÀÔØÓÑÚ ×�Ä�Ï×�ÄÎÉÍ ÅËÓ�ÅÒÉÍÅÎÔÏÍ, ÁÌÅ Ç�ÒÛÅ ÚÁ ÒÅÚÕÌØÔÁÔÉ ÎÁÛÏÇÏ 13-ÇÏ ÎÁÂÏÒÕ. èÏÞÅÍÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ ÄÌÑ ËÒÉÓÔÁÌ�×KH2AsO4 � RbH2AsO4 ÍÉ ×ÉÚÎÁÞÉÌÉ ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈÄÁÎÉÈ ÄÌÑ �ÏÌÑÒÉÚÁ��§, ÏÔÒÉÍÁÎÉÈ × ÒÏÂÏÔÁÈ [35,32,38℄ Ú ÎÁÂÌÉÖÅ-ÎÏÇÏ Ó��××�ÄÎÏÛÅÎÎÑ ÔÉ�Õ P(T )=Ps = p�S(T )=S
, ÑËÅ ×�Ä�Ï×�ÄÁ¤ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÌÉÛÅ Ë×ÁÄÒÁ-ÔÉÞÎÉÈ ÞÌÅÎ�× �Ï �ÏÌÑÒÉÚÁ��§. áÌÅ, ÏÓË�ÌØËÉ × ËÒÉÓÔÁÌÁÈ KH2AsO4 �RbH2AsO4 ÍÁÀÔØ Í�Ó�Å ÑÓËÒÁ×Ï ×ÉÒÁÖÅÎ� ÆÁÚÏ×� �ÅÒÅÈÏÄÉ �ÅÒÛÏÇÏÒÏÄÕ, ÔÏ × ÎÁÓ ×ÉÎÉËÁ¤ ÓÕÍÎ�× ÝÏÄÏ ×ÉÓÏËÏ§ ÎÁÄ�ÊÎÏÓÔ� ×�Ä�Ï×�ÄÎÉÈÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ. �ÏÍÕ × ÄÁÎÏÍÕ ×É�ÁÄËÕ ÄÌÑ ÎÁÓ ÂÕÌÉ ÂÂÁÖÁÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§, ÏÔÒÉ-ÍÁÎ� Ú �ÅÔÅÌØ Ç�ÓÔÅÒÅÚÉÓÕ ÞÉ ÅÌÅËÔÒÏËÁÌÏÒÉÞÎÉÈ ×ÉÍ�ÒÀ×ÁÎØ.ðÒÉ Ï��Î�� ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÎÁÂÏÒ�× ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÚÁËÒÉÔÅÒ�¤Í §È ×ÉÂÏÒÕ Ú ÒÏÂÏÔÉ [9℄, ÏÔÒÉÍÕ¤ÍÏ ÔÁË� ÒÅÚÕÌØÔÁÔÉ: ×�Ä�Ï-×�ÄÎ� ËÒÉÓÔÁÌÁÍ KH2PO4 � RbH2AsO4 ÎÁÂÏÒÉ 1 � 13 ÓÁÍÅ × �ÏÔÒ�ÂÎ�ÊÏÂÌÁÓÔ� (ÄÉ×. ÒÉÓ. 7, 8) ÄÁÀÔØ ËÒÁÝÅ Ó��×�ÁÄ�ÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍÚÁ �ÁÒÁÍÅÔÒÉ 2, 3, 14 ÒÏÂÏÔÉ [9℄; �ÁÒÁÍÅÔÒÉ ËÒÉÓÔÁÌÁ RbH2PO4 ÔÒÏ-ÈÉ Ç�ÒÛÅ ÚÁÄÏ×�ÌØÎÑÀÔØ �ÅÊ ËÒÉÔÅÒ�Ê | ÄÁÀÔØ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ



21 ðÒÅ�ÒÉÎÔ× ÏÂÌÁÓÔ� 0:01 � � � 0:05 (ÄÉ×. ÒÉÓ. 7); a ×ÖÅ �ÁÒÁÍÅÔÒÉ ËÒÉÓÔÁÌÁKH2AsO4 Ë�ÌØË�ÓÎÏ ×ÚÁÇÁÌ� ÊÏÍÕ ÎÅ ��ÄÌÑÇÁÀÔØ (ÄÉ×. ÒÉÓ. 8). ÷ÒÁ-ÈÏ×ÕÀÞÉ �Å � ÎÁ×ÅÄÅÎ� ×ÉÝÅ ÒÅÚÕÌØÔÁÔÉ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ,ÍÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ ×ÚÑÔÉÊ ÎÁÍÉ Ó�ÏÓ�Â ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�×,ÂÁÚÕÀÞÉÓØ ÎÁ �ÒÑÍÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, ¤ ÎÁÊÅÆÅËÔÉ×Î�-ÛÉÍ � �ÏÓÌ�ÄÏ×ÎÉÍ ��ÄÈÏÄÏÍ, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ×ÉÂÒÁÔÉ Ï�ÔÉÍÁÌØÎÉÊÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÁÄÅË×ÁÔÎÉÊ ËÒÉÓÔÁÌÕ ÔÉ�Õ KDP.�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÒÅÚÕÌØÔÁÔ�×ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÓÅÇÎÅ-ÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4, ÒÏÚÒÁÈÏ×ÁÎÉÈ ÎÁ ÏÓÎÏ×� (3.3). ðÒÉ �ØÏ-ÍÕ, ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� ×ÉÓÏËÏÞÁÓÔÏÔÎÏÇÏ ×ÎÅÓËÕ "�(1; T )ÎÁÍÉ ×ÚÑÔÏ �ÒÏÓÔÕ Á�ÒÏËÓÉÍÁ��À:"�(1; T ) = "�(1)�(T
 � T ) + �"�(1)�(T � T
);ÂÏ ÑË Ó×�ÄÞÁÔØ ÒÅÚÕÌØÔÁÔÉ ÒÏÂ�Ô [16,17,61℄ ×�Î ÎÅ ÚÁÚÎÁ¤ ÚÎÁÞÎÉÈÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÍ�Î. úÎÁÞÅÎÎÑ "�(1) � �"�(1) ×ÉÂÉÒÁÌÉÓØ Ú ÕÍÏ×ÉÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ó�ÏÞÁÔËÕ ÚÕ�ÉÎÉ-ÍÏÓØ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ ÒÏÚÒÁÈÕÎËÕ ÏÂÅÒÎÅÎÏ§ �ÏÚÄÏ×ÖÎØÏ§ ÓÔÁÔÉÞÎÏ§ Ä�-ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "�1z (0; T ) ËÒÉÓÔÁÌ�× � �ÏÒ�×ÎÑÎÎ� ÏÔÒÉÍÁÎÉÈÒÅÚÕÌØÔÁÔ�× Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. úÎÁÞÅÎÎÑÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ × �ÁÒÁÆÁÚ� ��z ÒÏÚÒÁÈÏ×Õ×ÁÌÏÓØ ÎÁÏÓÎÏ×� ÆÏÒÍÕÌÉ (3.5) (ÚÎÁÞÅÎÎÑ �ÏÈ�ÄÎÏ§ × (3.5) ÎÁÂÌÉÖÅÎÏ ÒÏÚÒÁ-ÈÏ×Õ×ÁÌÏÓØ ÞÅÒÅÚ �ÒÉÒ�ÓÔ ÆÕÎË��§, ÑËÉÊ ×�Ä�Ï×�ÄÁ¤ ÔÅÍ�ÅÒÁÔÕÒÎÏÍÕ�ÎÔÅÒ×ÁÌÕ 0 K � T � T
 � 10 K). ÷ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎ� ÚÎÁÞÅÎÎÑ ÄÌÑ ËÏÎÓÔÁÎÔÉ ëÀÒ�{÷ÅÊÓÁ, ÑË� Õ Ò�ÚÎÉÈ ÒÏÂÏÔÁÈ ÎÁÖÁÌØ ÄÏÓÉÔØ Ò�ÚÎ� (ÄÉ×. ÔÁÂÌ. 1), ÍÉ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ��z ×ÚÑÌÉ ÔÁË�§§ ÚÎÁÞÅÎÎÑ: × KH2PO4 | 2925 K (ÄÉ×. ÒÏÂÏÔÕ [25℄), × RbH2PO4 |3010 K, × KH2AsO4 | 2550 K, × RbH2AsO4 | 2700 K. ëÏÎÓÔÁÎÔÁ×ÉÓÏËÏÞÁÓÔÏÔÎÏÇÏ ×ÎÅÓËÕ �"z(1) ÄÌÑ ËÒÉÓÔÁÌÁ KH2PO4 ×ÉÚÎÁÞÁÌÁÓØ×ÉËÌÀÞÎÏ ÎÁ ÏÓÎÏ×� ÄÁÎÉÈ ÒÏÂÏÔÉ [62℄ (ÄÉ×. ÒÏÂÏÔÕ [25℄). ñË ×ÉÄÎÏ ÚÒÉÓ. 9, 10, ÍÁ¤ÍÏ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÏ§ � ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§�ÒÏÎÉËÎÏÓÔÅÊ ËÒÉÓÔÁÌ�× KH2PO4, RbH2PO4, KH2AsO4, RbH2AsO4.÷�ÄÏÍ� ÎÁÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ "z(0; T ) �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈT � T
 ÍÁÀÔØ ÁÎÏÍÁÌØÎÕ �Ï×ÅÄ�ÎËÕ, ÚÕÍÏ×ÌÅÎÕ ÓËÏÒ�ÛÅ ÚÁ ×ÓÅ ÄÏ-ÍÅÎÎÉÍÉ ÅÆÅËÔÁÍÉ. ïÓË�ÌØËÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÔÅÏÒ�Ñ ÎÅ ×ÒÁÈÏ×Õ¤ ÄÏ-ÍÅÎÎÉÈ ÅÆÅËÔ�×, ÔÏÍÕ ÎÅ ÄÏ��ÌØÎÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ §§ ÄÌÑ Ï�ÉÓÕ �ÉÈÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�×. ÷ Ú×'ÑÚËÕ Ú �ÉÍ ÄÌÑ ÎÉÚØËÏÔÅÍ�Å-ÒÁÔÕÒÎÏ§ ÆÁÚÉ (T � T
 � 0 K) ÍÉ �ÒÅÄÓÔÁ×ÉÌÉ ÎÁ ÒÉÓ. 9, 10 ÌÉÛÅÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ.îÁ ÒÉÓ. 11 � 12 �ÒÅÄÓÔÁ×ÌÅÎÏ ÔÅÏÒÅÔÉÞÎ� ÔÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÒÅ-ÚÕÌØÔÁÔÉ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "x(0; T ). ÷�Ä�Ï-
ICMP{01{10U 22�ÁÂÌ. 2. ðÒÏÄÏ×ÖÅÎÎÑ.N �x, �x � 1030, "x(1) �"x(1) Ts,�/� K ëÌ � Í K1 40 13:078 12:6 26:5 62.562 0 13.672 13 25 61.094 0 15.475 2.5 20.2 76.915 0 16.320 0 17.6 83.737 60 14:171 15:4 21:8 72.039 0 15.934 16.5 18.2 72.8110 30 16:950 14:5 22 49.3812 0 19.074 15 15 50.16×�ÄÎ� ÚÎÁÞÅÎÎÑ ×ÅÌÉÎ �x, "x(1) � �"x(1) (ÄÉ×. ÔÁÂÌ. 2) ×ÉÂÉÒÁÌÉÓØÚ ÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. ëÒ�Í ÔÏ-ÇÏ, ÔÕÔ ¤ ÝÅ ÏÄÉÎ �ÁÒÁÍÅÔÅÒ ÔÅÏÒ�§ �x, ÚÂ�ÌØÛÅÎÎÑ ÑËÏÇÏ �Ï×ÉÛÁ¤"x(0; T
+0) (ÄÉ×. [25℄). ãÅ �ÒÉÊÍÁÌÏÓØ ÄÏ Õ×ÁÇÉ �ÒÉ ×ÉÂÏÒ� ÊÏÇÏ ÚÎÁ-ÞÅÎÎÑ. ú ÒÉÓÕÎË�× ×ÉÄÎÏ, ÝÏ ×ÉÂÒÁÎ� ÎÁÍÉ ÎÁÂÏÒÉ �ÁÒÁÍÅÔÒ�× ÚÁÂÅÚ-�ÅÞÕÀÔØ ÄÏÂÒÉÊ ÔÅÏÒÅÔÉÞÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ"x(0; T ) ËÒÉÓÔÁÌ�× Ú ÔÏÞÎ�ÓÔÀ 2 % ÚÁ ×ÉËÌÀÞÅÎÎÑÍ §È ËÕ�ÏÌÏ�ÏÄ�ÂÎÏ§�Ï×ÅÄ�ÎËÉ �ÏÂÌÉÚÕ T
, ÄÅ ×�ÄÈÉÌÅÎÎÑ ÔÅÏÒ�§ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÕ ÓËÌÁ-ÄÁ¤ 8 %. úÁÕ×ÁÖÉÍÏ, ÝÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÒÏÂÏÔÉ [63℄ ÄÌÑ �Ï-�ÅÒÅÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌÁ KH2PO4 �ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ ×ÉÝÉÈÚÁ ÔÅÍ�ÅÒÁÔÕÒÕ ëÀÒ� ÌÅÖÁÔØ, ÞÏÍÕÓØ, ÚÎÁÞÎÏ ÎÉÖÞÅ ÚÁ ÄÁÎ� ÒÏÂ�Ô[12,15,62℄, ÔÏÍÕ ÄÌÑ ÄÏÂÒÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÄÁÎÉÍÉ ÒÏÂÏÔÉ [63℄�ÏÔÒ�ÂÎÏ ×ÚÑÔÉ �ÎÛ� ÚÎÁÞÅÎÎÑ �x, "x(1) ÔÁ �"x(1). �ÁËÏÖ ÎÅ�ÏÇÁÎÅÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÄÁÀÔØ �Á-ÒÁÍÅÔÒÉ ÒÏÂ�Ô [9,10,14℄. ãÅ Ó×�ÄÞÉÔØ �ÒÏ ÎÅ�ÒÉÄÁÔÎ�ÓÔØ Ä�ÅÌÅËÔÒÉÞ-ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÂÕÔÉ × ÑËÏÓÔ� ËÒÉÔÅÒ�Ñ ×ÉÂÏÒÕ ÍÏÄÅÌØÎÉÈ �ÁÒÁ-ÍÅÔÒ�× 
; "; w; �z. äÌÑ ËÒÉÓÔÁÌÁ RbH2AsO4 × ÎÁÛÏÍÕ ÒÏÚ�ÏÒÑÄÖÅÎÎ�ÎÅ ÂÕÌÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ �Ï�ÅÒÅÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�,ÔÏÍÕ ÎÅ ÚÒÏÂÌÅÎÏ ×�Ä�Ï×�ÄÎÏÇÏ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ.ñË ×ÖÅ ÂÕÌÏ ÚÁÚÎÁÞÅÎÏ × ÒÏÂÏÔÁÈ [5,7℄, ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑÄÁ¤ ÎÅÆ�ÚÉÞÎÕ �Ï×ÅÄ�ÎËÕ �ÏÌÑÒÉÚÁ��§ ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏ-



23 ðÒÅ�ÒÉÎÔÄÅÌ� �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ. èÁÒÁËÔÅÒ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï-×ÅÄ�ÎËÉ ÄÁÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÒÁÚÏÍ Ú Ä�ÅÌÅËÔÒÉÞÎÉÍÉ ×É×ÞÁ×ÓÑ ×ÒÏÂÏÔ� [25℄, ÄÅ ÂÕÌÏ ÚÁÚÎÁÞÅÎÏ, ÝÏ �Ú ÚÂ�ÌØÛÅÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ 
ÎÅÆ�ÚÉÞÎÉÊ ÈÁÒÁËÔÅÒ × §È �Ï×ÅÄ�Î�� �ÏÞÉÎÁ¤ �ÏÑ×ÌÑÔÉÓÑ �ÒÉ ×ÉÝ�ÊÔÅÍ�ÅÒÁÔÕÒ�. ðÒÉÊÎÑ×ÛÉ �Å ÄÏ Õ×ÁÇÉ, ÍÉ ×ÚÑÌÉ ÄÌÑ ×É×ÞÅÎÎÑ ÎÅÆ�-ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÎÁÓÔÕ�Î� ÎÁÂÏÒÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× 1, 3, 5. ú ÒÉÓ. 13, 14, 15 ×ÉÄ-ÎÏ, ÝÏ �ÒÉ ÚÍÅÎÛÅÎÎ� ÔÅÍ�ÅÒÁÔÕÒÉ ÎÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÎÁÊÛ×ÉÄÛÅÚ'Ñ×ÌÑ¤ÔØÓÑ Õ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÔÁ ÅÎÔÒÏ��§, �ÏÔ�Í Õ �ÏÌÑÒÉÚÁ��§, ÔÅ�-ÌÏ¤ÍÎÏÓÔ� ÔÁ Ä�ÅÌÅËÔÒÉÞÎ�Ê �ÒÏÎÉËÎÏÓÔ�. ðÒÉ �ØÏÍÕ, × ÅÎÔÒÏ��§ �ÒÉ×ÅÌÉËÏÍÕ ÔÕÎÅÌÀ×ÁÎÎ� ×ÏÎÁ ÎÁÓÔÁ¤ ÎÁ 1{2 K ×ÉÝÅ ÔÅÍ�ÅÒÁÔÕÒÉ ÚÍ�ÎÉÚÎÁËÕ ÅÎÔÒÏ��Ê ÎÁ ×�Ä'¤ÍÎÉÊ. ëÒ�Í ÔÏÇÏ, ÓÁÍÁ ÎÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁÍÏÖÅ ÍÁÔÉ ÑË�ÓÎÉÊ ÈÁÒÁËÔÅÒ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ, ÚÏËÒÅÍÁ ÄÌÑ ÎÁÂÏ-ÒÕ 5 ×ÏÎÁ ÎÏÓÉÔØ ÈÁÒÁËÔÅÒ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÄÒÕÇÏÇÏ ÒÏÄÕ. ýÏÄÏÎÅÆ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË ÄÌÑ ÒÅÛÔÉ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 
; "; w; �z ; �x, �ÒÅÄÓÔÁ×ÌÅÎÉÈ ×ÔÁÂÌ. 2, ÔÏ ÄÌÑ �ÏÌÑÒÉÚÁ��§ ×ÏÎÁ �ÏÞÉÎÁ¤ �ÒÏÑ×ÌÑÔÉÓØ ÎÉÖÞÅ ÔÅÍ�Å-ÒÁÔÕÒÉ ÎÁÓÉÞÅÎÎÑ �ÏÌÑÒÉÚÁ��§ Ts (ÄÉ×. ÔÁÂÌ. 2), Á ÄÌÑ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ÔÁ ÅÎÔÒÏ��§ ÎÁ 15{25 K ×ÉÝÅ. �ÏÍÕ ÍÏÖÎÁ ×�Å×ÎÅÎÏ Ô×ÅÒÄÉÔÉ,ÝÏ ÄÌÑÚÎÁÊÄÅÎÉÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× ÔÅÍ�ÅÒÁÔÕÒÎÁ ÏÂÌÁÓÔØ "Æ�ÚÉÞÎÏÓÔ�"×�Ä�Ï×�ÄÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÎÉÖÞÅ ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ� ÎÅ ÍÅÎÛÁ ÚÁ 40 K.
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òÉÓ. 2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ËÒÉÓÔÁÌ�×KH2PO4 (a) � RbH2PO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏ-Ò�× �ÁÒÁÍÅÔÒ�× 1{6 (a) � 7{9 (b) Ú ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÄÁÎ�: Æ | [36℄, � | [60℄, r | [49℄, 4 | [43℄, �, � | [15℄, N | [30℄.
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 , KòÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓÔÁ-ÌÁ KH2PO4. ì�Î�§| �Å ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1{6Ú ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [29℄, 4 | [33℄, � | [52℄.
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òÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌÁ RbH2PO4.ì�Î�§| ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 7{9Ú ÔÁÂÌ. 2. �ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [40℄, N | [30℄.
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òÉÓ. 5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ËÒÉÓÔÁÌ�×KH2AsO4 (a) � RbH2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁ-ÂÏÒ�× �ÁÒÁÍÅÔÒ�× 10{12 (a) � 13, 14 (b), �ÒÅÄÓÔÁ×ÌÅÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ |ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: H | [15℄, � | [35℄, 	 | [38℄, � | [32℄.
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òÉÓ. 6. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌ�× KH2AsO4 (a) � RbH2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 10{12 (a) � 13, 14 (b) (ÄÉ×. ÔÁÂÌ. 2). �ÏÞËÉ | ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [35℄, 	 | [38℄, � | [32℄.
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òÉÓ. 7. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ×ÅÌÉÞÉÎ (�S=S
)1=2 (�S = S(T )�S(T
+0), S
 = S(T
 + 0)) ËÒÉÓÔÁÌ�× KH2PO4 (a) � RbH2PO4 (b). ì�Î�§ | ÔÅÏÒÅ-ÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1{3 (a) � 7, 8 (b) Ú ÔÁÂÌ. 2. Æ, �| ÄÁÎ� ÒÏÂÏÔÉ [9℄.
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òÉÓ. 8. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ×ÅÌÉÞÉÎÉ (�S=S
)1=2 (�S = S(T ) �S(T
 + 0), S
 = S(T
 + 0)) ÄÌÑ ËÒÉÓÔÁÌ�× KH2AsO4 (a) � RbH2AsO4 (b).ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 10, 11 (a) � 13,14 (b) Ú ÔÁÂÌ. 2. �, N | ÄÁÎ� ÒÏÂÏÔÉ [9℄.
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òÉÓ. 9. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÚÄÏ×ÖÎØÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌ�× KH2PO4 (a) � RbH2PO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ�ÒÅÚÕÌØÔÁÔÉ ÄÌÑ 1-ÇÏ (a) � 7-ÇÏ (b) ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× Ú ÔÁÂÌ. 2. äÌÑ 1-ÇÏÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× "z(1) = 6:7, �"z(1) = 9, ÄÌÑ 7-ÇÏ "z(1) = �"z(1) = 7.�ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: Æ | [36℄, � | [62℄, r | [64℄, 4 | [33℄, �| [65℄, � | [66℄; N | [34℄, H | [64℄, � | [67℄, � | [54℄, + | [48℄.
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 òÉÓ. 10. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �ÏÚÄÏ×ÖÎØÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌ�× KH2AsO4 (a) � RbH2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ�ÒÅÚÕÌØÔÁÔÉ ÄÌÑ 10-ÇÏ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× �ÒÉ "z(1) = �"z(1) = 5 (a) �13-ÇÏ �ÒÉ "z(1) = �"z(1) = 5:6 (b), �ÒÅÄ
ÔÁ×ÌÅÎÉÈ × ÔÁÂÌ. 2. �ÏÞËÉ |ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [64℄, � | [57℄, � | [41℄; + | [41℄, � | [64℄.



33 ðÒÅ�ÒÉÎÔ

-50 0 50 100 150

20

40

60

ε
x
(0, T )

(a)

 

 
T-T

c
 , K

-40 0 40 80 120

20

40

60

(b)

ε
x
(0, T )

 1
 2
 4
 5

 

 
T-T

c
 , KòÉÓ. 11. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� KH2PO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ: (a) | ÄÌÑ 1-ÇÏ ÎÁ-ÂÏÒÕ �ÁÒÁÍÅÔÒ�× Ú ÔÁÂÌ. 2, (b)| ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1, 2, 4, 5 Ú ÔÁÂÌ. 2,�ÒÉÞÏÍÕ ÄÌÑ 1-ÇÏ ÎÁÂÏÒÕ ×ÚÑÔÏ "x(1) = 12:6, �"x(1) = 26:5 Á ÎÅ ÔÁÂÌÉÞÎ�.�ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: Æ | [12℄, � | [62℄, � | [15℄.
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òÉÓ. 12. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌ�× RbH2PO4 (a) � KH2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ�ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 7, 9 (a) � 10, 12 (b), ÎÁ×ÅÄÅÎÉÈ × ÔÁÂÌ. 2.�ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: �, � | [15℄.
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òÉÓ. 13. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ f (a) ÔÁ ÅÎÔÒÏ��§ S (b)�ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÝÏ �ÒÉ�ÁÄÁÀÔØ ÎÁ �ÒÉÍ�ÔÉ×ÎÕ ËÏÍ�ÒËÕ, ÄÌÑ ÎÁÂÏÒ�× �Á-ÒÁÍÅÔÒ�× 1, 2, 5 Ú ÔÁÂÌ. 2. �ÅÍ�ÅÒÁÔÕÒÉ, ÎÉÖÞÅ ×�Ä ÑËÉÈ ÍÁ¤ Í�Ó�Å ÎÅÆ�ÚÉÞ-ÎÁ �Ï×ÅÄ�ÎËÁ �ÉÈ ÚÁÌÅÖÎÏÓÔÅÊ, ÎÁÓÔÕ�Î�: T1 = 82 K, T2 = 77 K, T5 = 108K.
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òÉÓ. 14. îÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÎÏÒÍÏ×ÁÎÏ-ÇÏ �ÁÒÁÍÅÔÒÁ ×�ÏÒÑÄËÕ×ÁÎÎÑ P=Ps (a) � ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C (b) �ÒÏÔÏÎÎÏ§ÍÏÄÅÌ�. ðÏÄÁÎÏ ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1, 2, 5 ÚÔÁÂÌ. 2.
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T , KòÉÓ. 15. 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, 2, 5 Ú ÔÁÂÌ. 2.

ICMP{01{10U 38÷ÉÓÎÏ×ËÉ÷ ÄÁÎ�Ê ÒÏÂÏÔ� ÍÏÄÅÌØ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ÔÕÎÅÌÀ×ÁÎ-ÎÑÍ ÚÁÓÔÏÓÏ×ÁÎÏ ÄÏ Ï�ÉÓÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈÔÁ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�×RbH2PO4, KH2AsO4, RbH2AsO4 × ËÌÁÓÔÅÒÎÏÍÕ ÎÁÂÌÉÖÅÎÎ�. þÉÓ-ÌÏ×ÉÊ ��ÄÈ�Ä ÏÄÎÏÚÎÁÞÎÏÇÏ ×ÉÂÏÒÕ Ï�ÔÉÍÁÌØÎÉÈ ÚÎÁÞÅÎØ ÍÏÄÅÌØÎÉÈ�ÁÒÁÍÅÔÒ�× 
, ", w, �z, ÑËÉÊ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ × ÒÏÂÏÔ� [25℄, ÚÁÓÔÏÓÏ×ÁÎÏÄÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×ÔÉ�Õ KDP. úÎÁÊÄÅÎ� ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ÔÅÍ�Å-ÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ�, ÚÎÁ-ÞÅÎØ ÔÅÍ�ÅÒÁÔÕÒ ëÀÒ� ÔÁ ëÀÒ�{÷ÅÊÓÁ, ÅÎÔÒÏ��§ �ÅÒÅÈÏÄÕ � ÓÔÒÉÂËÁÅÎÔÒÏ��§ × ÔÏÞ�� �ÅÒÅÈÏÄÕ ÚÎÁÞÅÎÎÑ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÄÁÀÔØ ÄÏÂ-ÒÉÊ Ë�ÌØË�ÓÎÉÊ Ï�ÉÓ �ÏÚÄÏ×ÖÎ�È ÔÁ �Ï�ÅÒÅÞÎÉÈ ËÏÍ�ÏÎÅÎÔ ÓÔÁÔÉÞÎÏ§Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�. ÷ ÒÅÚÕÌØÔÁÔ� ÏÔÒÉÍÁÎÏ, ÝÏ ÄÌÑ ÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉË�× ÔÉ�Õ KDP �ÒÏÔÏÎÎÁ ÍÏÄÅÌØ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ ÄÁ¤ ÄÏÂÒÕË�ÌØË�ÓÎÕ ÚÇÏÄÕ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÍÉ ÄÁÎÉ-ÍÉ. �ÏÍÕ ÍÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ ÒÏÌØ ÓÔÒÉË��§, ËÏÒÅÌÑ��Ê ÔÁ�ÎÛÉÈ ÅÆÅËÔ�× ÎÅ ¤ ÄÕÖÅ ÓÕÔÔ¤×ÏÀ, ÑË �Å ÚÁÚÎÁÞÅÎÏ × ÒÏÂÏÔÁÈ [7,9℄.ïÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ Ó×�ÄÞÁÔØ, ÝÏ ÅÆÅËÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ × ËÒÉÓÔÁÌÁÈKH2PO4 � RbH2PO4 ¤ ÚÎÁÞÎÏ ÓÕÔÔ¤×�Û� Î�Ö × ËÒÉÓÔÁÌÁÈ KH2AsO4� RbH2AsO4. �ÏÍÕ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ �ØÏÇÏ ÆÁËÔÕ ÎÅ ÍÏÖÎÁ ÄÏÂÒÅË�ÌØË�ÓÎÏ Ï�ÉÓÁÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ËÒÉÓÔÁÌ�× KH2PO4 �RbH2PO4(ÄÉ×. ÔÁËÏÖ ÒÏÂÏÔÉ [10,15℄).äÏÓÌ�ÄÖÅÎÎÏ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎÕ ÎÅÆ�ÚÉÞÎÕ �Ï×ÅÄ�ÎËÕ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ÍÏÄÅÌ�, ÚÕÍÏ×ÌÅÎÕ ËÌÁÓÔÅÒÎÉÍ ÎÁÂÌÉÖÅÎÎÑÍ. ðÏËÁÚÁÎÏ, ÝÏ ÄÌÑÏÔÒÉÍÁÎÉÈ ÎÁÍÉ ÚÎÁÞÅÎØ ÎÁÂÏÒ�× ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�×, ÁÄÅË×ÁÔ-ÎÉÈ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ KDP ÔÅÍ�ÅÒÁÔÕÒÎÁ ÏÂÌÁÓÔØ Æ�ÚÉÞÎÏ§ �Ï×ÅÄ�ÎËÉÎÉÖÞÅ ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ� ÎÅ ÍÅÎÛÁ ÚÁ 40 K.âÅÚ�ÅÒÅÞÎÏ, ��ËÁ×ÉÍ � ÎÅÏÂÈ�ÄÎÉÍ ¤ ÒÏÚÛÉÒÅÎÎÑ ÍÏÄÅÌ� �ÒÏÔÏÎ-ÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ ÄÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ �'¤ÚÏÅÌÅËÔ-ÒÉÞÎÉÈ ÔÁ �ÒÕÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4,Á ÔÁËÏÖ ×�ÌÉ×Õ ÎÁ §È Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕÔÁ ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ, ÑË �Å ÂÕÌÏ ÚÒÏÂÌÅÎÏ × ÒÏÂÏÔÁÈ[68{70℄ Õ ×É�ÁÄËÕ ÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ DKDP. ãÅÂÕÄÅ ÚÁ×ÄÁÎÎÑÍ ÎÁÛÉÈ ÎÁÓÔÕ�ÎÉÈ ÒÏÂ�Ô.ì�ÔÅÒÁÔÕÒÁ1. Blin
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