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ò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊ, ï.ò.âÁÒÁÎ�åòíïäéîáí¶ëá ¶ ä¶åìåë�òéþî¶ ÷ìáó�é÷ïó�¶áî�éóåçîå�ïåìåë�òéë¶÷ ú ÷ïäîå÷éíé ú÷'ñúëáíé�éðõ NH4H2PO4. îáâìéöåîîñþï�éòéþáó�éîëï÷ïçï ëìáó�åòá
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õäë: 533, 536PACS: 77.80.Bh, 77.84.Fa�ÅÒÍÏÄÉÎÁÍ�ËÁ � Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉ-Ë�× Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ ÔÉ�Õ NH4H2PO4. îÁÂÌÉÖÅÎÎÑ ÞÏÔÉ-ÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁò.ò.ìÅ×É�ØËÉÊ, â.í.ì�ÓÎÉÊ, ï.ò.âÁÒÁÎáÎÏÔÁ��Ñ. ÷ ÒÁÍËÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÄÏÓÌ�ÄÖÕÀÔØÓÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ-�Õ ADP Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÅÆÅËÔ�× ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ. ÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ � ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ ÒÏÚÒÁÈÏ×ÁÎÏ ×�ÌØÎÕ ÅÎÅÒ-Ç�À, ÅÎÔÒÏ��À, ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ-×ÏÓÔ�, ÏÔÒÉÍÁÎÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎ-ÎÑ ��ÄÇÒÁÔËÉ ÔÁ Ò�×ÎÑÎÎÑ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. úÎÁÊÄÅ-ÎÏ ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ ËÒÉÓÔÁÌ�× NH4H2PO4 ÔÁ NH4H2AsO4 �ÏÔÒÉÍÁÎÏ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÒÏÚÒÁÈÕÎËÕ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊÓ�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔËÉ, ÔÅ�ÌÏ¤ÍÎÏÓÔ�, �ÏÚÄÏ×ÖÎØÏ§ � �Ï�ÅÒÅÞÎÏ§ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ �ÉÈ ËÒÉÓÔÁÌ�×.Thermodynami
s and diele
tri
 properties of hydrogen bonded anti-ferroele
tri
s of NH4H2PO4 type. The four-parti
le 
luster approx-imation.R.R.Levitskii, B.M.Lisnii, O.R.BaranAbstra
t.Within the framework of the proton model we study thermodynam-i
 and stati
 diele
tri
 properties of the ADP type antiferroele
tri
s taking intoa

ount tunneling e�e
ts of protons on hydrogen bonds. In the four-parti
le
luster approximation for short-range intera
tion and in the mean �eld ap-proximation for long-range intera
tion we 
al
ulate the free energy, entropyand 
omponents of stati
 diele
tri
 sus
eptibility, we also obtain the system ofequations for the sublatti
e proton order parameter and an equation for thephase transition temperature. We �nd the values of the theory parameters forthe NH4H2PO4 and NH4H2AsO4 
rystals and obtain a good agreement be-tween the theoreti
al results and the 
orresponding experimental data for thetemperature dependen
es of the spontaneous sublatti
e polarization, spe
i�
heat, longitudinal and transverse stati
 diele
tri
 permittivities of the 
rystals.ðÏÄÁ¤ÔØÓÑ × Condensed Matter Physi
sSubmitted to Condensed Matter Physi
s

 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physi
s 2001



1 ðÒÅ�ÒÉÎÔ÷ÓÔÕ�æÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ÄÉÇ�ÄÒÏÆÏÓÆÁÔ� ÁÍÏÎ�À | NH4H2PO4 (ÞÁÓÔÏ ÎÁ-ÚÉ×ÁÀÔØ ADP) ×�ÄÏÍÉÊ Â�ÌØÛÅ 60-ÔÉ ÒÏË�×. ó�ÏÞÁÔËÕ ÊÏÇÏ ÒÏÚÇÌÑÄÁ-ÌÉ ÑË �ÅÒÅÈ�Ä, �Ï×'ÑÚÁÎÉÊ Ú ÏÂÅÒÔÁÎÎÑÍ ÁÍÏÎ�À � ××ÁÖÁÌÉ �ÒÉÎ�É-�Ï×Ï ×�ÄÍ�ÎÎÉÍ ×�Ä ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ �ÅÒÅÈÏÄ�× × ËÒÉÓÔÁÌÁÈ ÔÉ�ÕKH2PO4 (KDP). îÁÇÁÍ�Ñ [1℄ �ÅÒÛÉÍ ×ÓÔÁÎÏ×É×, ÝÏ �ÅÊ �ÅÒÅÈ�Ä ¤ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÍ, � �ÏËÁÚÁ×, ÝÏ ÂÁÇÁÔÏ Ú ÊÏÇÏ ÈÁÒÁËÔÅÒÉÓ-ÔÉË ÍÏÖÎÁ �ÏÑÓÎÉÔÉ ÎÁ ÏÓÎÏ×� ÍÏÄÅÌ� óÌÅÔÅÒÁ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉ-Ë�× ÔÉ�Õ KDP, �ÒÉ�ÉÓÁ×ÛÉ ÓÌÅÔÅÒ�×ÓØË�Ê ÅÎÅÒÇ�§ " ÄÌÑ ADP ×�Ä'¤ÍÎÅÚÎÁÞÅÎÎÑ. ÷�Î ÚÁ�ÒÏ�ÏÎÕ×Á× ÔÁËÏÖ ËÁÒÔÉÎÕ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×ÎÉÖÞÅ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ (TN ), ÑËÁ �ÒÉ×ÏÄÉÔØ ÄÏ ÁÎ-ÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÒÏÚÍ�ÝÅÎÎÑ ÅÌÅËÔÒÉÞÎÉÈ ÄÉ�ÏÌ�× ×ÚÄÏ×Ö ÏÓ�x (ÁÂÏ y). ð�ÚÎ�ÛÅ ÂÕÌÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ��ÄÔ×ÅÒÄÖÅÎÏ, ÝÏ ×�ÏÒÑÄ-ËÏ×ÁÎÁ ÓÔÒÕËÔÕÒÁ ADP ÍÁ¤ ÓÁÍÅ ÔÁËÉÊ ÈÁÒÁËÔÅÒ [2℄. ïÄÎÁË Ô�ÌØËÉÎÁ ÏÓÎÏ×� ÚÒÏÂÌÅÎÏÇÏ îÁÇÁÍ�¤À �ÒÉ�ÕÝÅÎÎÑ ÎÅ ÍÏÖÎÁ �ÅÒÅÄÂÁÞÉÔÉ�ÅÒÅÈ�Ä ÔÁËÏÇÏ ÔÉ�Õ ÑË × ADP, ÏÓË�ÌØËÉ �ÒÉ ×�Ä'¤ÍÎ�Ê ÓÌÅÔÅÒ�×ÓØË�ÊÅÎÅÒÇ�§ " Õ �ÌÏÝÉÎ� (xy) ÍÏÖÌÉ×Å × ÏÄÎÁËÏ×�Ê Í�Ò� ÑË ÁÎÔÉÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉÞÎÅ ÔÁË � ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÅ ÄÉ�ÏÌØÎÅ ×�ÏÒÑÄËÕ×ÁÎÎÑ [3,4℄.¶Ó�ÂÁÓ� Ú Ó��×Á×ÔÏÒÁÍÉ [3,4℄ �ÏËÁÚÁ×, ÝÏ ÄÌÑ ÓÔÁÂ�Ì�ÚÁ��§ ×�Ä�Ï×�ÄÎÏ-ÇÏ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ ADP ÄÉ�ÏÌØÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ [1,2℄ ÄÏÓÔÁÔÎØÏ× ÍÏÄÉÆ�ËÏ×ÁÎ�Ê îÁÇÁÍ�¤À ÓÌÅÔÅÒ�×ÓØË�Ê ÍÏÄÅÌ� ×ÒÁÈÕ×ÁÔÉ ÄÁÌÅËÏ-ÓÑÖÎÕ ×ÚÁ¤ÍÏÄ�À Õ ÎÁÂÌÉÖÅÎÎ� ÅÆÅËÔÉ×ÎÏÇÏ �ÏÌÑ. óÌ�Ä ×�ÄÚÎÁÞÉÔÉÔÁËÏÖ, ÝÏ Ï�ÉÓ Ä�ÅÌÅËÔÒÉÞÎÉÈ � �ÒÕÖÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�×ÔÉ�Õ ADP × ÒÁÍËÁÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ ÔÅÏÒ�§ ÂÕÌÏ ÚÄ�ÊÓÎÅÎÏ íÅÚÏÎÏÍÕ ÒÏÂÏÔÁÈ [5,6℄.ëÒÉÓÔÁÌÉ ÔÉ�Õ ADP ×ÉÝÅ ÔÅÍ�ÅÒÁÔÕÒÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÚÏÍÏÒÆÎ� ËÒÉÓÔÁÌÁÍ ÔÉ�Õ KDP, ÑË� ¤ ×ÉÝÅ ÔÅÍ-�ÅÒÁÔÕÒÉ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ (�ÒÏÓÔÏÒÏ×Á ÇÒÕ-�Á I�42d Ú ÞÏÔÉÒÍÁ ÍÏÌÅËÕÌÁÍÉ × ÅÌÅÍÅÎÔÁÒÎ�Ê ËÏÍ�Ò�� [7℄). ÷ ÎÉÈÔÅÔÒÁÅÄÒÉ PO4 Ú'¤ÄÎÁÎÎ� Í�Ö ÓÏÂÏÀ ÔÁ Ú ÁÍÏÎ�ÊÎÉÍÉ ÇÒÕ�ÁÍÉ NH4ÔÒÉ×ÉÍ�ÒÎÏÀ Ó�ÔËÏÀ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×. ðÒÉ �ØÏÍÕ Ú×'ÑÚËÉ O{H: : :OËÏÒÏÔÛ�, Î�Ö N{H: : :O, ÓÔ�ÊË�Û� ÔÁ ÓÌÁÂÛÅ ÚÍ�ÎÀÀÔØÓÑ Ú� ÚÍ�ÎÏÀÔÅÍ�ÅÒÁÔÕÒÉ. ðÅÒÅÈ�Ä × ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÕ ÆÁÚÕ ÓÕ�ÒÏ×ÏÄÖÕ-¤ÔØÓÑ ÏÒÔÏÒÏÍÂ�ÞÎÏÀ ÚÍ�ÎÏÀ ÔÅÔÒÁÇÏÎÁÌØÎÏ§ ÓÉÍÅÔÒ�§ (�ÒÏÓÔÏÒÏ×ÁÇÒÕ�Á P212121). ðÒÉ �ØÏÍÕ ÎÅ ÚÍ�ÎÀÀÔØÓÑ ÎÁ�ÒÑÍÉ ËÒÉÓÔÁÌÏÇÒÁÆ�Þ-ÎÉÈ ÏÓÅÊ � ÞÉÓÌÏ ÍÏÌÅËÕÌ × ÅÌÅÍÅÎÔÁÒÎ�Ê ËÏÍ�Ò��. çÒÕ�É ÔÅÔÒÁÅÄÒ�×NH4|PO4 �ÏÌÑÒÉÚÕÀÔØÓÑ �ÅÒ�ÅÎÄÉËÕÌÑÒÎÏ ÄÏ z-ÏÓ� ÔÁËÉÍ ÞÉÎÏÍ,ÝÏ ÍÁ¤ Í�Ó�Å �Å×ÎÅ ÞÅÒÇÕ×ÁÎÎÑ ÎÁ�ÒÑÍË�× ÄÉ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ÓÕ-Ó�ÄÎ�È ×ÚÄÏ×Ö z-ÏÓ� ÔÁËÉÈ ÇÒÕ� [1,2℄. ÷ ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP ÍÁ¤ Í�Ó�ÅÞ�ÔËÏ ×ÉÒÁÖÅÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ, ÑËÉÊ ÓÕ�ÒÏ×ÏÄÖÕ-
ICMP{01{38U 2¤ÔØÓÑ ÓÔÒÉÂËÏ�ÏÄ�ÂÎÉÍÉ ÚÍ�ÎÁÍÉ ÏÂÉÄ×ÏÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ Ó�ÒÉÊÎÑÔ-ÌÉ×ÏÓÔÅÊ ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ�. ï�ÔÉÞÎ� ×ÉÍ�ÒÀ×ÁÎÎÑ �ÏËÁÚÁÌÉ [8℄, ÝÏÎÉÖÞÅ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ADP ÍÁ¤ Í�Ó�Å ÎÁÄÓÔÒÕË-ÔÕÒÁ. ÷ÏÎÁ �ÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏ �ÅÎÔÒ ÏÂ'¤ÍÏ�ÅÎÔÒÏ×ÁÎÏ§ ÔÅÔÒÁÇÏÎÁÌØ-ÎÏ§ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ�ÒËÉ, ÅË×�×ÁÌÅÎÔÎÉÊ �ÒÉ T � TN §§ ×ÅÒÛÉÎÁÍ,ÎÉÖÞÅ TN ÓÔÁ¤ §Í ×ÖÅ ÎÅÅË×�×ÁÌÅÎÔÎÉÍ.óÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP,ÑËÁ ÂÁÚÕ¤ÔØÓÑ ÎÁ ÚÁÓÁÄÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ × ÒÏÂÏ-ÔÁÈ [9{11℄ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4, ÂÕÌÁ ÒÏÚ×ÉÎÅÎÁ × ÒÏ-ÂÏÔÁÈ [4,12℄. õ ÒÏÂÏÔ� [4℄ × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ�Ï ËÏÒÏÔËÏÓÑÖÎÉÈ ËÏÎÆ�ÇÕÒÁ��ÊÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ �ÒÏÔÏÎ�×, ÑË� ÒÕÈÁ-ÀÔØÓÑ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ O{H...O �ÏÂÌÉÚÕ ÔÅÔÒÁÅÄÒ�× PO4, Ú ×ÒÁ-ÈÕ×ÁÎÎÑÍ ÄÁÌÅËÏÓÑÖÎÏ§ §È ×ÚÁ¤ÍÏÄ�§ × ÎÁÂÌÉÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ�ÏÌÑ, ÏÔÒÉÍÁÎÏ ×�ÌØÎÕ ÅÎÅÒÇ�À �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈËÒÉÓÔÁÌ�× Ó�Í'§ KDP ÔÁ ×ÓÔÁÎÏ×ÌÅÎÏ ÍÏÖÌÉ×� ÔÉ�É ×�ÏÒÑÄËÕ×ÁÎÎÑ�ÒÏÔÏÎ�×. ðÏËÁÚÁÎÏ, ÝÏ ËÒ�Í ×ÖÅ ×�ÄÏÍÏÇÏ ×ÁÒ�ÁÎÔÕ ÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ, ÝÏ Ú×'ÑÚÕÀÔØÔÅÔÒÁÅÄÒÉ PO4, �ÒÉ �Å×ÎÉÈ ÕÍÏ×ÁÈ ÒÅÁÌ�ÚÕ¤ÔØÓÑ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉÞÎÅ ×�ÏÒÑÄËÕ×ÁÎÎÑ, ÑËÅ ×�Ä�Ï×�ÄÁ¤ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÍÕ ×�Ï-ÒÑÄËÕ×ÁÎÎÀ × NH4H2PO4 ÚÁ îÁÇÁÍ�¤À [1℄. ðÒÉ �ØÏÍÕ ×�ÄÚÎÁÞÅÎÏ,ÝÏ Õ ×ÓÔÁÎÏ×ÌÅÎÎ� ÔÁËÏÇÏ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ�ÒÏÔÏÎ�× ×ÉÒ�ÛÁÌØÎÕ ÒÏÌØ ×�Ä�ÇÒÁ¤ ÄÁÌÅËÏÓÑÖÎÁ ×ÚÁ¤ÍÏÄ�Ñ. îÁ ÏÓ-ÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ × ÒÏÂÏÔÁÈ [4,12℄ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÄÌÑ ËÒÉÓÔÁÌ�×ÔÉ�Õ NH4H2PO4, ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�×, ÒÏÚÒÁÈÏ-×ÁÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� ÔÁ Ä�ÅÌÅËÔÒÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÄÅÊÔÅÒÏ×ÁÎÉÈÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ND4D2PO4 [12℄. ÷ ÔÏÊ ÖÅ ÞÁÓ, ÒÏÚÇÌÑÄÄÉÎÁÍ�ÞÎÉÈ ÁÓ�ÅËÔ�× ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP ÚÁ-�ÏÞÁÔËÏ×ÁÎÏ ÒÏÂÏÔÏÀ [13℄, × ÑË�Ê ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏ �ÒÏÔÏÎ-ÇÒÁÔËÏ×Õ×ÚÁ¤ÍÏÄ�À � ×�ÅÒÛÅ �ÏËÁÚÁÎÏ, ÝÏ × Ó�ÅËÔÒ� ÚÂÕÄÖÅÎØ NH4H2PO4 ÎÁ-Ñ×ÎÁ Í'ÑËÁ ×�ÔËÁ, ÅÎÅÒÇ�Ñ ÑËÏ§ × ÔÏÞ�� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÑÍÕ¤ ÄÏÎÕÌÑ �ÒÉ k! kz (kz | È×ÉÌØÏ×ÉÊ ×ÅËÔÏÒ z-ÔÏÞËÉ ÚÏÎÉ âÒ�ÌÌÀÅÎÁ).ãÅÊ ÒÅÚÕÌØÔÁÔ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÄÁÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ ÄÏÓÌ�-ÄÖÅÎÎÑ Ë×ÁÚ��ÒÕÖÎÏÇÏ ÒÏÚÓ�ÑÎÎÑ ÎÅÊÔÒÏÎ�× × ND4D2PO4 [14℄. ð�ÚÎ�-ÛÅ × ÒÏÂÏÔ� [15℄ ÎÁ ÏÓÎÏ×� ÁÎÁÌÏÇ�ÞÎÏ§ ÍÏÄÅÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÒÅÁÌØÎÏ§ËÒÉÓÔÁÌ�ÞÎÏ§ ÓÔÒÕËÔÕÒÉ ÍÅÔÏÄÏÍ âÌÏÈÁ ÂÕÌÉ ÒÏÚÒÁÈÏ×ÁÎ� ËÏÍ�ÏÎÅÎ-ÔÉ ÔÅÎÚÏÒÁ ÄÉÎÁÍ�ÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ËÒÉÓÔÁÌ�× Ó�-Í'§ KDP.÷ ÒÏÂÏÔ� [16℄ ÂÕÌÏ ÚÄ�ÊÓÎÅÎÏ ÒÏÚÛÉÒÅÎÎÑ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÓÅÇÎÅ-ÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP ÄÌÑ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ADP ÔÒÏÈÉ× �ÎÛÉÊ Ó�ÏÓ�Â, Î�Ö × ÒÏÂÏÔÁÈ [4,12℄. ÷�ÄÍ�ÎÎ�ÓÔØ �ÏÌÑÇÁ¤ × ÔÏÍÕ, ÝÏÁ×ÔÏÒÉ ÒÏÂÏÔÉ [16℄ ÂÁÚÕ×ÁÌÉÓØ ÎÁ ÞÏÔÉÒÉ��ÄÇÒÁÔËÏ×�Ê ×ÅÒÓ�§ ÍÏÄÅÌ�



3 ðÒÅ�ÒÉÎÔóÌÅÔÅÒÁ ÄÌÑ ADP [3℄ � ÎÅ ×ÚÑÌÉ ÄÏ Õ×ÁÇÉ ÍÏÖÌÉ×�ÓÔØ �ÒÏÔÏÎ�× ÔÕ-ÎÅÌÀ×ÁÔÉ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ. ÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ, ×ÒÁÈÏ×ÕÀÞÉ ÄÁÌÅËÏÓÑÖÎ�×ÚÁ¤ÍÏÄ�§ × ÍÅÖÁÈ ��ÄÇÒÁÔÏË � Í�Ö Ò�ÚÎÉÍÉ ��ÄÇÒÁÔËÁÍÉ × ÎÁÂÌÉ-ÖÅÎÎ� ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ, ÂÕÌÏ ÒÏÚÒÁÈÏ×ÁÎÏ �ÏÚÄÏ×ÖÎÀ ÔÁ �Ï�Å-ÒÅÞÎÕ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓ-Ô� ËÒÉÓÔÁÌ�× ÔÉ�Õ DADP � ÏÔÒÉÍÁÎÏ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈÒÅÚÕÌØÔÁÔ�× Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓ-ÔÁÌ�× NH4H2PO4, ND4D2PO4, NH4H2AsO4.÷ ÒÏÂÏÔ� [17℄ ÄÌÑ ×É×ÞÅÎÎÑ ÓÔÁÔÉÞÎÏ§ ÔÁ ÄÉÎÁÍ�ÞÎÏ§ �Ï×ÅÄ�ÎËÉÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ NH4H2PO4 × ÍÅÖÁÈ ÞÏÔÉ-ÒÉ��ÄÇÒÁÔËÏ×Ï§ �ÓÅ×ÄÏÓ��ÎÏ×Ï§ ÍÏÄÅÌ� [16℄, ×ÒÁÈÕ×Á×ÛÉ Ó��Î-ÆÏÎÏÎÎÕ×ÚÁ¤ÍÏÄ�À � �ÒÏÔÏÎÎÅ ÔÕÎÅÌÀ×ÁÎÎÑ, ÚÁÓÔÏÓÏ×ÁÎÏ ÔÅÈÎ�ËÕ Ä×ÏÞÁÓÏ-×ÉÈ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÆÕÎË��Ê ÇÒ�ÎÁ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÒÏÚÝÅ�ÌÅÎÎÑ�ÑÂÌ�ËÏ×Á (ÄÉ×. [13℄) ÒÏÚÒÁÈÏ×ÁÎÏ �Ï�ÅÒÅÞÎÕ � �ÏÚÄÏ×ÖÎÀ Ä�ÅÌÅË-ÔÒÉÞÎ� Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�, �ÒÏ×ÅÄÅÎÏ �ÏÒ�×ÎÑÎÎÑ ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØ-ÔÁÔ�× Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓÔÁÌ�×NH4H2PO4, ND4D2PO4 � NH4H2AsO4.ïËÒÅÍÏ ÓÌ�Ä ×ÉÄ�ÌÉÔÉ ÒÏÂÏÔÉ [18,19℄, × ÑËÉÈ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÄÉÎÁ-Í�ÞÎÕ ÍÏÄÅÌØ ÓÅÇÎÅÔÏ- � ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KD2PO4. îÁ §§ÏÓÎÏ×� × ÒÏÂÏÔÁÈ [20{23℄ ÒÏÚÒÁÈÏ×ÁÎÏ � ÄÏÓÌ�ÄÖÅÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎ� �ÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÄÅÊÔÅÒÏ×ÁÎÉÈ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ-�Õ ND4D2PO4. ÷ ÒÏÂÏÔÁÈ [24{27℄ ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÏÒÉÇ�ÎÁÌØÎÉÊ��ÄÈ�Ä, ÎÁ ÏÓÎÏ×� ÑËÏÇÏ × ÒÏÂÏÔ� [28℄ × ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ-×ÏÇÏ ËÌÁÓÔÅÒÁ ×É×ÞÁÌÁÓØ ÄÉÎÁÍ�ËÁ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KDP �ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ADP. ÷�ÅÒÛÅ ÂÕÌÏ �ÏËÁÚÁÎÏ, ÝÏ ÄÉÎÁ-Í�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ �ÉÈ ËÒÉÓÔÁÌ�× ÓÕÔÔ¤×Ï ×ÉÚÎÁÞÁÀÔØÓÑ ÅÆÅËÔÉ×-ÎÉÍ �ÁÒÁÍÅÔÒÏÍ ÔÕÎÅÌÀ×ÁÎÎÑ, �ÅÒÅÎÏÒÍÏ×ÁÎÉÍ ËÏÒÏÔËÏÄ�¤À. ð�ÚÎ�-ÛÅ �ÅÊ ÆÁËÔ ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ Á×ÔÏÒÁÍÉ ÒÏÂÏÔÉ [29℄.ïÔÖÅ, �ÒÏÔÏÎÎÁ ÍÏÄÅÌØ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ KH2PO4 × �ÒÉ-�ÕÝÅÎÎ� ÅÎÅÒÇÅÔÉÞÎÏ§ ×ÉÇ�ÄÎÏÓÔ� "Â�ÞÎÉÈ" �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê�ÏÒ�×ÎÑÎÎÏ Ú "×ÅÒÈÎ�ÍÉ" ("ÎÉÖÎ�ÍÉ") ×�ÄÎÏÓÎÏ ÏÓ� z ËÏÎÆ�ÇÕÒÁ��ÑÍÉ� ÏÂÏ×'ÑÚËÏ×ÏÀ �ÒÉÓÕÔÎ�ÓÔÀ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÚÄÁÔÎÁ Ï�ÉÓÁÔÉÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÊ �ÅÒÅÈ�Ä × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ NH4H2PO4. âÅÚÓÕÍÎ�×Õ, ÔÁËÉÊ ÈÁÒÁËÔÅÒ �ÒÏÔÏÎÎÏ§ ËÏÎÆ�ÇÕÒÁ��§ × ADP × ÚÎÁÞÎ�Ê Í�Ò�ÚÕÍÏ×ÌÅÎÉÊ ÎÁÑ×Î�ÓÔÀ ÊÏÎ�× NH4 ÔÁ ÍÏÖÌÉ×�ÓÔÀ ÕÔ×ÏÒÅÎÎÑ ÄÏÄÁÔËÏ-×ÉÈ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�× N{H: : :O. ñË�ÓÎÏ ÊÏÇÏ ÍÏÖÎÁ �ÏÑÓÎÉÔÉ ÔÁËÉÍÞÉÎÏÍ [30℄. ëÏÖÎÉÊ ÁÔÏÍ ËÉÓÎÀ �Ï×'ÑÚÁÎÉÊ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ Ú�ÎÛÉÍ ÁÔÏÍÏÍ ËÉÓÎÀ ÓÕÓ�ÄÎØÏ§ ÁÍÏÎ�ÊÎÏ§ ÇÒÕ�É NH4. õ ÎÉÚØËÏÔÅÍ�Å-ÒÁÔÕÒÎ�Ê ÆÁÚ� ÊÏÎ NH4 ÚÍ�ÝÕ¤ÔØÓÑ ×�Ä �ÅÎÔÒÁÌØÎÏÇÏ �ÏÌÏÖÅÎÎÑ ÔÁË,ÝÏ Ä×Á ×ÏÄÎÅ×� Ú×'ÑÚËÉ, ÑË� �Ï×'ÑÚÕÀÔØ ÁÔÏÍ N ��¤§ ÇÒÕ�É Ú ËÉÓÎÑÍÉ,
ICMP{01{38U 4ÓÔÁÀÔØ ÄÏ×ÛÉÍÉ, Î�Ö Ä×Á �ÎÛ� [7℄. ñËÝÏ ÁÔÏÍO Ú×'ÑÚÁÎÉÊ Ú N ÄÏ×ÇÉÍÚ×'ÑÚËÏÍ, ÔÏ �ÒÏÔÏÎ ÎÁ O{H: : :O Ú×'ÑÚËÕ ¤ �ÏÂÌÉÚÕ ÁÔÏÍÁ ËÉÓÎÀ, �ÎÁ×�ÁËÉ, �ÒÉ ËÏÒÏÔËÏÍÕ N{H: : :O Ú×'ÑÚËÕ �ÒÏÔÏÎ ÎÁ O{H: : :O Ú×'ÑÚ-ËÕ Â�ÌØÛ ×�ÄÄÁÌÅÎÉÊ. ïÔÖÅ, ÎÁÑ×Î�ÓÔØ ÄÏÄÁÔËÏ×ÉÈ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×�ÒÉ×ÏÄÉÔØ ÄÏ ÚÍ�ÎÉ �ÒÏÔÏÎÎÏ§ ËÏÎÆ�ÇÕÒÁ��§. í�ËÒÏÓËÏ��ÞÎÁ ÔÅÏÒ�Ñ�ÉÈ ÅÆÅËÔ�× ÂÕÌÁ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ × ÒÏÂÏÔ� [30℄, × ÑË�Ê �ÏËÁÚÁÎÏ, ÝÏ §ÈÍÏÖÎÁ Ú×ÅÓÔÉ ÄÏ ÅÆÅËÔÉ×ÎÏ§ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö�ÒÏÔÏÎÁÍÉ, ÝÏ �ÅÒÅÂÕ×ÁÀÔØ ÎÁ O{H: : :O Ú×'ÑÚËÁÈ | Â�ÞÎ� ËÏÎÆ�ÇÕ-ÒÁ��§ ÓÔÁÀÔØ Â�ÌØÛ ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÉÍÉ.�ÁËÉÍ ÞÉÎÏÍ �Ú ×ÉÝÅÓËÁÚÁÎÏÇÏ ×É�ÌÉ×Á¤, ÝÏ ÎÁÊÂ�ÌØÛ �ÏÓÌ�ÄÏ×-ÎÏÀ ÍÏÄÅÌÌÀ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ADP ¤ �ÒÏÔÏÎÎÁ ÍÏÄÅÌØÚÁ�ÒÏ�Ï�ÏÎÏ×ÁÎÁ × ÒÏÂÏÔ� [4℄. ïÄÎÁË ÎÁ ÄÁÎÉÊ ÍÏÍÅÎÔ ¤ ÝÅ ÁËÔÕ-ÁÌØÎ� �ÒÏÂÌÅÍÉ ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ�ÄÖÅÎÎÑ ÄÁÎÉÈ ËÒÉÓÔÁÌ�× ÎÁ ÏÓ-ÎÏ×� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ÑË� Õ ÚÇÁÄÁÎÉÈ ÒÏÂÏÔÁÈ ÎÅ ÂÕÌÏ ×ÉÒ�ÛÅÎÏ.äÅÑËÉÍ Ú ÎÉÈ ÍÉ �ÒÉÄ�ÌÉÍÏ Õ×ÁÇÕ Õ ÎÁÛ�Ê ÒÏÂÏÔ�. úÏËÒÅÍÁ, ÍÅÔÏÀÎÁÛÏ§ ÒÏÂÏÔÉ ¤ ÔÅÏÒÅÔÉÞÎÅ ÄÏÓÌ�ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞ-ÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�×NH4H2PO4 ÔÁ NH4H2AsO4 × ÍÅÖÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ � �ÏÒ�×ÎÑÎÎÑ ÏÔÒÉÍÁ-ÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. ãÅ ÄÏ-Ú×ÏÌÉÔØ ×É×ÞÉÔÉ ÒÏÌØ �ÒÏÔÏÎÎÏÇÏ ÔÕÎÅÌÀ×ÁÎÎÑ × ÄÁÎÉÈ ËÒÉÓÔÁÌÁÈ.ðÏÓÔÁ×ÌÅÎÅ ÚÁ×ÄÁÎÎÑ ÂÕÄÅ ÒoÚ×'ÑÚÁÎÏ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ËÌÁÓÔÅÒÎÏÇÏÎÁÂÌÉÖÅÎÎÑ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ � ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ�Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ. þÉÓÌÏ×ÉÊ ÁÎÁÌ�Ú ÂÕÄÅ �ÒÏ×ÅÄÅÎÏ ÎÁÏÓÎÏ×� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÇÏ × ÎÁÛÉÈ �Ï�ÅÒÅÄÎ�È ÒÏÂÏÔÁÈ [31,32℄ ��ÄÈÏÄÕÄÌÑ ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÁÄÅË×ÁÔÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÍ ËÒÉÓ-ÔÁÌÁÍ ÔÉ�Õ KH2PO4, ÍÏÄÉÆ�ËÕ×Á×ÛÉ ÊÏÇÏ ÎÁ ×É�ÁÄÏË ÁÎÔÉÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ NH4H2PO4.1. çÁÍ�ÌØÔÏÎ�ÁÎ. ëÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑòÏÚÇÌÑÎÅÍÏ ÓÉÓÔÅÍÕ �ÒÏÔÏÎ�× ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉ-�Õ NH4H2PO4, ÑË� ÒÕÈÁÀÔØÓÑ ÎÁ O{H...O-Ú×'ÑÚËÁÈ. ðÒÉÍ�ÔÉ×ÎÕ ËÏ-Í�ÒËÕ Ä×ÏÈ ÅË×�×ÁÌÅÎÔÎÉÈ ��ÄÇÒÁÔÏË âÒÁ×Å, ÑË� �ÏÌÑÒÉÚÕÀÔØÓÑ Õ �ÒÏ-ÔÉÌÅÖÎÉÈ ÎÁ�ÒÑÍÁÈ, × �ÉÈ ËÒÉÓÔÁÌÁÈ ÓËÌÁÄÁÀÔØ Ä×Á ÓÕÓ�ÄÎ� ÔÅÔÒÁ-ÅÄÒÉ PO4 Ú ÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÑË� ÎÁÌÅÖÁÔØ ÏÄÎÏÍÕ ÚÎÉÈ. ÷ÏÄÎÅ×� Ú×'ÑÚËÉ, ÑË� ��ÄÈÏÄÑÔØ ÄÏ ÄÒÕÇÏÇÏ ÔÅÔÒÁÅÄÒÁ, ÎÁÌÅÖÁÔØÞÏÔÉÒØÏÍ ÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅÍÅÎÔÁÍ, ÑË� ÊÏÇÏ ÏÔÏÞÕÀÔØ.òÏÚÍ�ÝÅÎÎÑ � ÎÕÍÅÒÁ��Ñ �ÏÔÅÎ��ÁÌØÎÉÈ Í�Î�ÍÕÍ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ × �ÒÉÍ�ÔÉ×Î�Ê ËÏÍ�Ò�� ÓÈÅÍÁÔÉÞÎÏ ÚÏÂÒÁÖÅÎ� ÎÁ ÒÉÓ. 1.åÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔ-



5 ðÒÅ�ÒÉÎÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉ�Õ ADP, ÑËÉÊ ×ÒÁÈÏ×Õ¤ ËÏÒÏÔËÏÓÑÖÎ� � ÄÁÌÅËÏ-ÓÑÖÎ� �ÒÏÔÏÎÎ� ×ÚÁ¤ÍÏÄ�§, Á ÔÁËÏÖ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ-×ÉÈ Ú×'ÑÚËÁÈ ÍÁ¤ ×ÉÇÌÑÄ [4℄:^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+r;n2+rÆn1+r;n3+rÆn1+r;n4+rg:�ÕÔ �ÅÒÛÉÊ ÄÏÄÁÎÏË Ï�ÉÓÕ¤ ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ O{H...O-Ú×'ÑÚËÁÈ (2
 | ÞÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ); ÄÒÕÇÉÊ | ÄÁÌÅËÏÓÑÖÎÕ ×ÚÁ-¤ÍÏÄ�À Í�Ö �ÒÏÔÏÎÁÍÉ (Jf1f2(n;n) = 0), ÑËÁ ÅÆÅËÔÉ×ÎÏ ×ËÌÀÞÁ¤§È ×ÚÁ¤ÍÏÄ�À ÞÅÒÅÚ ËÏÌÉ×ÁÎÎÑ ÇÒÁÔËÉ [13,33℄; ÔÒÅÔ�Ê | ËÏÒÏÔËÏÓÑÖ-Î� ËÏÎÆ�ÇÕÒÁ��ÊÎ� ËÏÒÅÌÑ��§ �ÒÏÔÏÎ�× × ÍÅÖÁÈ �ÒÉÍ�ÔÉ×ÎÉÈ ËÏÍ�ÒÏË.^S�f (n) | �-ËÏÍ�ÏÎÅÎÔÁ (� = x; z) Ï�ÅÒÁÔÏÒÁ �ÓÅ×ÄÏÓ��ÎÁ, ÑËÉÊ ÈÁ-ÒÁËÔÅÒÉÚÕ¤ ÓÔÁÎ �ÒÏÔÏÎÁ ÎÁ f -ÍÕ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ (f = 1; 2; 3; 4)× n-�Ê ËÏÍ�Ò��: ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ Ï�ÅÒÁÔÏÒÁ ^Szf (n) ×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍÍÏÖÌÉ×ÉÍ Ò�×ÎÏ×ÁÖÎÉÍ �ÏÌÏÖÅÎÎÑÍ �ÒÏÔÏÎÁ ÎÁ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ;r | ÒÁÄ�ÕÓ-×ÅËÔÏÒ ×�ÄÎÏÓÎÏÇÏ �ÏÌÏÖÅÎÎÑ ÔÅÔÒÁÅÄÒ�× × �ÒÉÍ�ÔÉ×Î�ÊËÏÍ�Ò��. ëÏÎÓÔÁÎÔÉ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÍÁÀÔØ ÔÁËÕ ÓÉÍÅÔÒ�À:V12 = V23 = V34 = V41 = V; V13 = V24 = U; Vff = 0:ã� ËÏÎÓÔÁÎÔÉ Ú×'ÑÚÁÎ� Ú ËÏÎÆ�ÇÕÒÁ��ÊÎÉÍÉ ÅÎÅÒÇ�ÑÍÉ ~" = "s�"a; ~w ="1 � "a; ~w1 = "0 � "a ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ [4℄:V = 12(~"� ~w1); U = 12(~"+ ~w1); � = 2~"� 8 ~w + 2 ~w1; (1.2)ÄÅ "0; "1; "a; "s | ÅÎÅÒÇ�§ ÍÏÖÌÉ×ÉÈ ËÏÎÆ�ÇÕÒÁ��Ê �ÒÏÔÏÎ�× Â�ÌÑ ÔÅÔ-ÒÁÅÄÒÁ PO4.óÉÌØÎ� ËÏÒÏÔËÏÓÑÖÎ� ËÏÒÅÌÑ��§ × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP ÒÁÚÏÍ ÚÓ�Å�ÉÆ�ËÏÀ ËÒÉÓÔÁÌ�ÞÎÏ§ ÓÔÒÕËÔÕÒÉ, ÒÏÂÌÑÔØ �ÒÉÒÏÄÎ�Í ×ÉËÏÒÉÓ-ÔÁÎÎÑ ÄÌÑ ÒÏÚÒÁÈÕÎË�× ÎÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ�Ï ËÏÒÏÔËÏÓÑÖÎÉÈ � ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �Ï ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏ-Ä�ÑÈ. úÁ �ÉÈ ÎÁÂÌÉÖÅÎØ ×�ÌØÎÁ ÅÎÅÒÇ�Ñ ËÒÉÓÔÁÌÁ ÔÉ�ÕNH4H2PO4 �ÒÉ×ÒÁÈÕ×ÁÎÎ� ÅË×�×ÁÌÅÎÔÎÏÓÔ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÈ ËÌÁÓÔÅÒÎÉÈ ÇÁÍ�ÌØ-ÔÏÎ�ÁÎ�× × ÍÅÖÁÈ �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ, ×ÉÂÒÁÎÏ§ × ÑËÏÓÔ� ËÌÁÓÔÅÒÁ,ÍÁ¤ ×ÉÇÌÑÄ [4℄:F = � 1�Xn �2 ln Sp [e�� ^H4(n)℄� 4Xf=1 ln Sp [e�� ^H1f (n)℄�+ (1.3)
ICMP{01{38U 6+12 Xn1;n2 Xf1;f2 Jf1f2(n1;n2)h ^Szf1(n1)ih ^Szf2 (n2)i:�ÕÔ � = 1kBT , kB | �ÏÓÔ�ÊÎÁ âÏÌØ�ÍÁÎÁ, T | ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁ-ÔÕÒÁ, Á ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÊ ^H4(n) � ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÊ ^H1f (n) ÇÁÍ�ÌØ-ÔÏÎ�ÁÎÉ ËÌÁÓÔÅÒÁ ÄÁÀÔØÓÑ ×ÉÒÁÚÁÍÉ:^H4(n) = 4Xf=1 �� 2
 + 12�f (n)� ^Sxf (n) + 12 4Xf1;f2=1Vf1f2 ^Szf1(n) ^Szf2(n) ++� 4Yf=1 ^Szf (n) + 4Xf=1 ��f (n)� 
f (n)� ^Szf (n); (1.4)^H1f (n) = �� 2
+ �f (n)� ^Sxf (n) + �2�f (n)� 
f (n)� ^Szf (n):÷ (1.4) �ÁÒÁÍÅÔÒÏÍ �f (n) ×ÒÁÈÏ×Õ¤ÔØÓÑ ×�ÌÉ× �ÒÏÔÏÎÎÏ§ ËÏÒÅÌÑ��§ÎÁ ÔÕÎÅÌÀ×ÁÎÎÑ (�f (n) ÍÁ¤ ÚÍ�ÓÔ ÓÅÒÅÄÎØÏÇÏ "�Ï�ÅÒÅÞÎÏÇÏ" �ÏÌÑ,ÝÏ Ä�¤ ÎÁ ×ÉÄ�ÌÅÎÉÊ �ÒÏÔÏÎ Ú ÂÏËÕ ÂÌÉÚØËÉÈ ÓÕÓ�Ä�×); Õ Ó×ÏÀ ÞÅÒÇÕ�f (n) | �Å �ÁÒÁÍÅÔÒ ÕÚÇÏÄÖÅÎÎÑ ËÏÒÏÔËÏÄ�ÀÞÉÈ ÓÉÌ, ÑËÉÊ ×ÉÚÎÁ-ÞÁ¤ ×�ÌÉ× �ÒÏÔÏÎ�× ÓÕÓ�ÄÎ�È ËÏÍ�ÒÏË ÎÁ f -ÉÊ �ÒÏÔÏÎ n-Ï§ ËÏÍ�ÒËÉ(�f (n) ÍÁ¤ ÚÍ�ÓÔ ÓÅÒÅÄÎØÏÇÏ "�ÏÚÄÏ×ÖÎØÏÇÏ" �ÏÌÑ, ÑËÅ Ä�¤ ÎÁ �ÒÏ-ÔÏÎ Ú ÂÏËÕ ÂÌÉÚØËÉÈ ÓÕÓ�Ä�×); 
f (n) | ÅÆÅËÔÉ×ÎÅ �ÏÌÅ, ÓÔ×ÏÒÅÎÅ ÄÁ-ÌÅËÏÓÑÖÎÏÀ ×ÚÁ¤ÍÏÄ�¤À:
f (n) = Xn1;f1 Jff1(n;n1)h ^Szf1(n1)i:ðÁÒÁÍÅÔÒÉ �f (n) � �f (n) ×ÉÚÎÁÞÁÀÔØÓÑ Ú ÕÍÏ×É Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ÅÎÅÒÇ�§: �F��f (n) = �F��f (n) = 0: (1.5)õÍÏ×Õ (1.5) ×ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ (1.3) � (1.4) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ ÎÁÓÔÕ�ÎÉÍÞÉÎÏÍ: Sp [^�4(n) ^S�f (n)℄ = Sp [^�1f (n) ^S�f (n)℄; � = x; y; (1.6)ÄÅ ^�4(n) = exp[�� ^H4(n)℄Z4(n) ; ^�1f (n) = exp[�� ^H1f (n)℄Z1f (n) ;Z4(n)=Sp e�� ^H4(n); Z1f (n)=Sp e�� ^H1f (n):ò�×ÎÑÎÎÑ (1.6) ÎÁÚÉ×ÁÀÔØ Ò�×ÎÑÎÎÑÍÉ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ: ÓÅÒÅÄÎ¤ ÚÎÁ-ÞÅÎÎÑ ËÏÖÎÏ§ Ú ËÏÍ�ÏÎÅÎÔ �ÓÅ×ÄÏÓ��ÎÁ | Pnf � h ^Szf (n)i, Xnf �



7 ðÒÅ�ÒÉÎÔh ^Sxf (n)i | ÎÅ �Ï×ÉÎÎÏ ÚÁÌÅÖÁÔÉ ×�Ä ÔÏÇÏ, Ú ÑËÏÀ ÍÁÔÒÉ�ÅÀ ÇÕÓÔÉÎÉ(ÞÏÔÉÒÉ- ÞÉ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÀ) ×ÏÎÏ ÏÂÞÉÓÌÅÎÏ. ïÔÖÅ, ÄÌÑ ×ÉÚÎÁÞÅÎ-ÎÑ ËÌÁÓÔÅÒÎÉÈ �ÁÒÁÍÅÔÒ�× ÍÏÖÎÁ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÁÂÏ ÕÍÏ×Õ Í�Í�-ÍÕÍÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§, ÁÂÏ Ò�×ÎÑÎÎÑ (1.6).ýÏÂ ÏÂÞÉÓÌÉÔÉ ×�ÌØÎÕ ÅÎÅÒÇ�À (1.3), ÎÅÏÂÈ�ÄÎÏ ÚÎÁÊÔÉ ×ÌÁÓÎ� ÚÎÁ-ÞÅÎÎÑ ÞÏÔÉÒÉ- � ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ËÌÁÓÔÅÒÎÉÈ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× (1.4).÷ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× ^H1f (n) ÌÅÇËÏ ÚÎÁ-ÈÏÄÉÍÏ, ÚÄ�ÊÓÎÀÀÞÉ �ÅÒÅÔ×ÏÒÅÎÎÑ �Ï×ÏÒÏÔÕ ÄÌÑ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ Ï�Å-ÒÁÔÏÒ�×: ^Sxf (n) = ^�xf (n) 
os'+ ^�zf (n) sin';^Szf (n) = �^�xf (n) sin'+ ^�zf (n) 
os';ÄÅ ^��f (n) | �ÓÅ×ÄÏÓ��ÎÏ×ÉÊ Ï�ÅÒÁÔÏÒ × ÎÏ×�Ê ÓÉÓÔÅÍ� ËÏÏÒÄÉÎÁÔ; '| �ÁÒÁÍÅÔÒ �Ï×ÏÒÏÔÕ, ÑËÉÊ ×ÉÚÎÁÞÁ¤ÍÏ Ú ÕÍÏ×É ÚÎÉËÎÅÎÎÑ × ^H1f (n)ÞÌÅÎ�×, Ì�Î�ÊÎÉÈ �Ï ^�xf (n). ÷ ÒÅÚÕÌØÔÁÔ� ÔÁËÏÇÏ �ÅÒÅÔ×ÏÒÅÎÎÑ ^H1f (n)ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ: ^H1f (n) = 2pKf (n)^�zf (n);Kf (n) = �Af (n) + 12
f (n)�2 + �2�f (n) + 
�2:�ÕÔ ÄÌÑ ÚÒÕÞÎÏÓÔ� ÚÁ�ÒÏ×ÁÄÖÅÎÏ ÝÅ ÎÏ×� ×ÁÒ�Á��ÊÎ� �ÏÌÑAf (n) = �f (n)� 
f (n); �f (n) = �
+ �f (n)4 :�Å�ÅÒ ÌÅÇËÏ ÚÎÁÊÔÉ ×�Ä�Ï×�ÄÎÕ ÏÄÎÏÞÁÓÔÉÎËÏ×Õ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕZ1f (n) = 2 
h��qKf (n)�: (1.7)ïÂÞÉÓÌÀÀÞÉ ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑPnf = �1�Z1f (n) �Z1f (n)�Af (n) ; Xnf = �12�Z1f (n) �Z1f (n)��f (n) ;ÏÔÒÉÍÕ¤ÍÏ Pnf = �Af (n) + 
f (n)2pKf (n) th��qKf (n)�;Xnf = �2�f (n)� 
pKf (n) th��qKf (n)�:
ICMP{01{38U 8ú ��¤§ ÓÉÓÔÅÍÉ Ä×ÏÈ Ò�×ÎÑÎØ �ÒÏÓÔÉÍÉ �ÅÒÅÔ×ÏÒÅÎÑÍÉ ÏÔÒÉÍÕ¤ÍÏ �Ï-ÌÑ Af (n) � �f (n) × ÔÁËÏÍÕ ×ÉÇÌÑÄ�:Af (n)= Pnf2�qP 2nf +X2nf ln 1�qP 2nf +X2nf1 +qP 2nf +X2nf � 
f (n)2 ; (1.8)�f (n) = Xnf4�qP 2nf +X2nf ln 1�qP 2nf +X2nf1 +qP 2nf +X2nf � 
2 :úÁ�ÒÏ�ÏÎÏ×ÁÎÅ îÁÇÁÍ�¤À [1℄ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÅ ×�ÏÒÑÄËÕ-×ÁÎÎÑ �ÒÏÔÏÎ�× �ÏÂÌÉÚÕ ÔÅÔÒÁÅÄÒ�× PO4 × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP, �ÒÉÑËÏÍÕ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÁ Ó�ÏÎÔÁÎÎÁ �ÏÌÑÒÉÚÁ��Ñ ÎÁ�ÒÁ×ÌÅÎÁ×ÚÄÏ×Ö ÏÓ� x, ÒÅÁÌ�ÚÕÀÔØ ÎÁÓÔÕ�Î� Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö ÓÅÒÅÄÎ�ÍÉÚÎÁÞÅÎÎÑÍÉ �ÓÅ×ÄÏÓ��Î�×:�Pn1 = Pn2 = Pn3 = �Pn4; (1.9)Xn1 = Xn2 = Xn3 = Xn4 � X:îÁ ÏÓÎÏ×� ×ÓÔÁÎÏ×ÌÅÎÏÇÏ × ÒÏÂÏÔax [4,13℄ ×ÉÇÌÑÄÕ �ÒÏÓÔÏÒÏ×Ï§ ÚÁÌÅÖ-ÎÏÓÔ� �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑPnf = Pfeikzn;ÄÅ kz = 12 (b1+b2+b3), b1; b2; b3 | ÂÁÚÉÓÎ� ×ÅËÔÏÒÉ ÇÒÁÔËÉ, ÏÂÅÒÎÅÎÏ§ÄÏ ÏÂ'¤ÍÏ�ÅÎÔÒÏ×ÁÎÏ§ ÔÅÔÒÁÇÏÎÁÌØÎÏ§ ÇÒÁÔËÉ, Á ÅËÓ�ÏÎÅÎÔÁ ÎÁÂÕ×Á¤ÌÉÛÅ Ä×ÏÈ ÚÎÁÞÅÎØ: eikzn = �1, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍ ��ÄÇÒÁÔËÁÍ, �Ó��××�ÄÎÏÛÅÎØ (1.9), (1.8) ÏÔÒÉÍÕ¤ÍÏ:�P1 = P2 = P3 = �P4 � P ;
f (n) = 
feikzn; 
f = 12�aPf ; �a = J11(kz)� J13(kz);Jf1f2(k) = Pn�n0 Jf1f2(n;n0)e�k(n�n0); (1.10)Af (n) = Af eikzn; �A1 = A2 = A3 = �A4 � A;�1(n) = �2(n) = �3(n) = �4(n) � �:÷ÁÒ�Á��ÊÎ� �ÏÌÑ A � � ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:A = P2�Q ln 1�Q1 +Q � 14�aP;� = X4�Q ln 1�Q1 +Q � 
2 ; (1.11)Q =pP 2 +X2:



9 ðÒÅ�ÒÉÎÔú ×ÉÇÌÑÄÕ Pnf ÔÁ (1.10) ÌÅÇËÏ ÚÒÏÚÕÍ�ÔÉ, ÝÏ, ×ÚÑ×ÛÉ ^Szf (n) =^Szfeikzn, ÍÏÖÎÁ �ÏÚÂÕÔÉÓØ ÚÁÌÅÖÎÏÓÔ� ×�Ä n Õ ËÌÁÓÔÅÒÎÉÈ ÇÁÍ�ÌØÔÏ-Î�ÁÎÁÈ:^H4 � ^H4(n) = 2� 4Xf=1 ^Sxf + V ( ^Sz1 ^Sz2 + ^Sz2 ^Sz3 + ^Sz3 ^Sz4 + ^Sz4 ^Sz1 ) ++U( ^Sz1 ^Sz3 + ^Sz2 ^Sz4 ) + �^Sz1 ^Sz2 ^Sz3 ^Sz4 + 4Xf=1Af ^Szf ; (1.12)^H1f � ^H1f (n) = 2(2� + 
) ^Sxf + (Af + 14�aPf ) ^Szf :îÁÍ ÚÁÌÉÛÉÌÏÓØ ÝÅ ÚÎÁÊÔÉ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4(n). äÌÑ �ØÏÇÏ ÓËÏÒÉÓÔÁ¤ÍÏÓØ ÊÏÇÏ ÓÉÍÅÔÒ�ÊÎÉÍÉ×ÌÁÓÔÉ×ÏÓÔÑÍÉ. ñË �ÏËÁÚÁ× ÔÅÏÒÅÔÉËÏ{ÇÒÕ�Ï×ÉÊ ÁÎÁÌ�Ú, ÇÒÕ�Á ÓÉ-ÍÅÔÒ�§ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4(n) × �ÁÒÁÆÁÚ� (T > TN : A = 0; P = 0)�ÚÏÍÏÒÆÎÁ ÔÏÞËÏ×�Ê ÇÒÕ�� D4h, Á × ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ�(T < TN : A 6= 0; P 6= 0) §§ ��ÄÇÒÕ�� D2. ðÒÉ �ÅÒÅÈÏÄ� ÄÏ ÍÁÔÒÉÞÎÏÇÏ�ÒÅÄÓÔÁ×ÌÅÎÎÑ �ÏÞÁÔËÏ×ÉÊ �Ï×ÎÉÊ ÏÒÔÏÎÏÒÍÏ×ÁÎÉÊ ÂÁÚÉÓ (ÎÅ×ÁÖËÏ×ÓÔÁÎÏ×ÉÔÉ,ÝÏ ÊÏÇÏ ÒÏÚÍ�ÒÎ�ÓÔØ Ò�×ÎÁ 16) ÚÒÕÞÎÏ ×ÉÂÒÁÔÉ Ú ÆÕÎË��Ê,ÑË� ¤ ÄÏÂÕÔËÁÍÉ ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÈ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ È×ÉÌØÏ×ÉÈ ÆÕÎË-��Ê (Ó��ÎÏÒ�×) | ×ÌÁÓÎÉÈ ÆÕÎË��Ê Ï�ÅÒÁÔÏÒ�× ^Szf , ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ: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 + { { + (1.13)

�ÕÔ ÚÎÁË "+" ×�Ä�Ï×�ÄÁ¤ Ó��ÎÏÒÕ �10� � �ÒÉÓÕÔÎÏÓÔ� �ÒÏÔÏÎÁ ÎÁ f -ÍÕÚ×'ÑÚËÕ × �ÏÌÏÖÅÎÎ� "1", Á ÚÎÁË "{" ×�Ä�Ï×�ÄÁ¤ Ó��ÎÏÒÕ �01� � ×�ÄÓÕÔ-ÎÏÓÔ� �ÒÏÔÏÎÁ × �ÏÌÏÖÅÎÎ� "1" (×�Î ÚÎÁÈÏÄÉÔØÓÑ, ÏÞÅ×ÉÄÎÏ, × �ÏÌÏ-ÖÅÎÎ� "2" | ÄÉ×. ÒÉÓ. 1 ). ïÒÔÏÇÏÎÁÌØÎ�ÓÔØ ×ÉÂÒÁÎÏÇÏ ÂÁÚÉÓÕ ÏÞÅ×ÉÄ-ÎÁ. ÷ �ØÏÍÕ ÂÁÚÉÓ� ÍÁÔÒÉ�Ñ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (H4)��ÓÌÑ �ÅÒÅÎÏÒÍÕ×ÁÎÎÑ §§ ÎÁ �ÏÓÔ�ÊÎÕ ×ÅÌÉÞÉÎÕ "��18 ~"+ 12 ~w+ 18 ~w1�Æij"(Æij | ÓÉÍ×ÏÌÉ ëÒÏÎÅËÅÒÁ), ÝÏ, ÏÞÅ×ÉÄÎÏ, ÎÅ ×�ÌÉÎÅ ÎÁ �ÏÄÁÌØ-Û� ÒÅÚÕÌØÔÁÔÉ, ÍÁ¤ ×ÉÇÌÑÄ (ä.1). ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÓÉÍÅÔÒ�À ^H4 �Å-
ICMP{01{38U 10ÒÅÊÄÅÍÏ ÄÏ ÎÏ×ÏÇÏ ÂÁÚÉÓÕ:  = �U+(T )', ÄÅ  i ' ×ÅËÔÏÒÉ-ÓÔÏ×��� = ( 1::: 16)T , ' = ('1:::'16)T . õÎ�ÔÁÒÎÁ ÍÁÔÒÉ�Ñ �ÅÒÅÈÏÄÕ ÍÁ¤ ÎÁ-ÓÔÕ�ÎÉÊ ×ÉÇÌÑÄ: �U+(T ) = �U+af�(TN � T ) + �U+p �(T � TN ). �ÕÔ �(T ) |ÔÅÔÁ-ÆÕÎË��Ñ. ÷ÉÇÌÑÄ ÍÁÔÒÉ�Ø �U+af ÔÁ �U+p ÄÁÎÏ × ÄÏÄÁÔËÕ (ÄÉ×. (ä.2)� (ä.3) ×�Ä�Ï×�ÄÎÏ). ðÅÒÅÈ�Ä Äo ÎÏ×ÏÇÏ ÂÁÚÉÓÕ �ÒÉ×ÏÄÉÔØ ÍÁÔÒÉ�ÀÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4 ÄÏ Ë×ÁÚ�Ä�ÁÇÏÎÁÌØÎÏÇÏ ×ÉÇÌÑÄÕ | �H4:�H4 = �H4af�(TN � T ) + �H4p�(T � TN): (1.14)�ÕÔ �H4af = ~B1 � ~B2 � ~B3 � ~B4; (1.15)~B1=0BBBBBBBB� �2A 0 0 2� 0 0 00 2A 0 0 2� 0 00 0 ~" p2� p2� 0 02� 0 p2� ~w �A 0 p2� p2�0 2� p2� 0 ~w +A p2� p2�0 0 0 p2� p2� ~w1 00 0 0 p2� p2� 0 0

1CCCCCCCCA ;

~B2=0� ~" p2� p2�p2� ~w �A 0p2� 0 ~w +A 1A ; ~B3=0� 0 p2� p2�p2� ~w �A 0p2� 0 ~w +A 1A ;~B4=0� ~w �A 0 p2�0 ~w +A p2�p2� p2� ~w1 1A ;ÔÁ �H4p = ~Bp1� ~Bp2� ~Bp3� ~Bp4� ~Bp3� ~Bp4� ~Bp5� ~Bp6� ~Bp4; (1.16)~Bp1 = 0BB� ~" 0 2� 00 0 2p2� 02� 2p2� ~w 2�0 0 2� ~w1 1CCA ; ~Bp2 = � ~" 2�2� ~w � ;~Bp3 = � 0 2�2� ~w � ; ~Bp4=~w; ~Bp5=0; ~Bp6 = � ~w1 2�2� ~w � :òÏÚ×'ÑÚÕÀÞÉ ÚÁÄÁÞÕ ÎÁ ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ ÍÁÔÒÉ�Ø �H4af � �H4p ÏÔ-ÒÉÍÕ¤ÍÏ ÎÁÓÔÕ�Î� Ò�×ÎÑÎÎÑ:E7 +E6k6 +E5k5 +E4k4 +E3k3 +E2k2 +Ek1 + k0 = 0;E3 +E2l2 +El1 + l0 = 0; (1.17)



11 ðÒÅ�ÒÉÎÔE3 � 2 ~wE2 +Ed1 + 4�2 ~w = 0;E3 +E2m2 +Em1 +m0 = 0;× ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÔÁ ÔÁË� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ×ÌÁÓÎÉÈ ÚÎÁ-ÞÅÎØ Õ �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ�:Ep1; Ep2; Ep3; Ep4 | ËÏÒÅÎ� Ò�×ÎÑÎÎÑ:E4 +E3(� ~w � �w1) +E2( ~w1~"+ ~w �w1 � 16�2) ++E(12�2 �w1 � ~w1 ~w~")� 8�2 ~w1~" = 0;Ep5;6 = 12� ~w + ~"�p( ~w � ~")2 + 16�2�; (1.18)Ep7(10);8(11) = 12� ~w �p ~w2 + 16�2�;Ep9;12;16 = ~w; Ep13 = 0;Ep14;15 = 12� ~w1 + ~w �p( ~w1 � ~w)2 + 16�2�:�ÕÔ ×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ:k0 = �16�2A2 ~w1 ~w~";k1 = 4A4~" ~w1 + 32�4 ~w1~"� 4A2 ~w2 ~w1~"+ 32A2�2 ~w �w1;k2 = 4A2( ~w2 �w1 + 2 ~w1 ~w~")� 4A4 �w1 � 48�4(~"+ ~w) ++12�2 ~w1 ~w~"� 16A2�2(3 ~w + �w1);k3 = �A2(4 ~w2 + 5~" ~w1 + 8 ~w �w1)� 4�2(4 ~w �w1 + 3 ~w1~") ++4A4 + 32�2A2 + 64�4 + ~w2 ~w1~";k4 = A2(8 ~w + 5 �w1)� ~w2 �w1 � 2 ~w1 ~w~"+ 4�2(5 ~w + 4 �w1);k5 = ~w2 + 2 ~w �w1 + ~" ~w1 � 5A2 � 20�2; k6 = �2 ~w � �w1;l0 = �~" ~w2 + ~"A2 + 4�2 ~w; l1 = ~w2 + 2 ~w~"�A2 � 4�2;l2 = �2 ~w � ~"; m0 = � ~w1 ~w2 + ~w1A2 + 4�2 ~w;m1 = ~w2 + 2 ~w ~w1 �A2 � 4�2; m2 = �2 ~w � ~w1;d1 = ~w2 � A2 � 4�2; �w1 = ~w1 + ~":�ÁËÉÍ ÞÉÎÏÍ, ÚÁÄÁÞÁ ÒÏÚÒÁÈÕÎËÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ × ËÌÁÓÔÅÒÎÏÍÕÎÁÂÌÉÖÅÎÎ� Ú×ÏÄÉÔØÓÑ ÄÏ Ä�ÁÇÏÎÁÌ�ÚÁ��§ ÍÁÔÒÉ�Ø (1.15) ÔÁ (1.16), ÁÂÏÄÏ ÒÏÚ×'ÑÚÁÎÎÑ ×�Ä�Ï×�ÄÎÉÈ ÁÌÇÅÂÒÁ§ÞÎÉÈ Ò�×ÎÑÎØ ÓØÏÍÏÇÏ � ÔÒÅÔØÏÇÏ�ÏÒÑÄË�× (1.17) Õ ÎÉÚØËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÔÁ ÞÅÔ×ÅÒÔÏÇÏ (1.18) Õ ×ÉÓÏ-ËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚÁÈ.

ICMP{01{38U 122. ó�ÏÎÔÁÎÎÁ �ÏÌÑÒÉÚÁ��Ñ ��ÄÇÒÁÔÏË ÔÁ ÄÅÑË� ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔ-ÒÉË�× ÔÉ�Õ NH4H2PO4C�ÏÎÔÁÎÎÁ �ÏÌÑÒÉÚÁ��Ñ �ÒÉÍ�ÔÉ×ÎÉÈ ËÏÍ�ÒÏË Ä×ÏÈ ÅË×�×ÁÌÅÎÔÎÉÈ�ÒÏÔÉÌÅÖÎÏ �ÏÌÑÒÉÚÏ×ÁÎÉÈ ×ÚÄÏ×Ö ÏÓ� x ��ÄÇÒÁÔÏË ÁÎÔÉÓÅÇÎÅÔÏÅÌÅË-ÔÒÉËÁ ÔÉ�Õ ADP �Ï×'ÑÚÁÎÁ �Å×ÎÉÍ ÞÉÎÏÍ Ú ×�ÏÒÑÄËÕ×ÁÎÎÑÍ �ÒÏÔÏ-Î�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ, ÝÏ Ú×'ÑÚÕÀÔØ ÔÅÔÒÁÅÄÒÉ PO4 [1,2,30℄. ÷ÒÁÍËÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ�, ×ÚÑ×ÛÉ ÄÏ Õ×ÁÇÉ �� ÏÓÏÂÌÉ×ÏÓÔ�, ÍÁ¤ÍÏ ÚÁ-ÇÁÌØÎÉÊ Ú×'ÑÚÏË Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ ��ÄÇÒÁ-ÔÏË ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁ ÔÉ�Õ ADP Px(n) Ú ×�Ä�Ï×�ÄÎÉÍÉ �ÁÒÁÍÅÔ-ÒÁÍÉ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Pnf × ÔÁËÉÊ Ó�ÏÓ�Â:Px(n) = �xv �Pn32 � Pn12 � = �xv Peikzn: (2.1)÷ÉÒÁÚ (2.1) �ÅÒÅÄÂÁÞÁ¤ ÎÁÓÔÕ�ÎÕ �ÏÌÑÒÉÚÁ��À ×ÚÄÏ×Ö x-ÎÁ�ÒÑÍÕ�ÅÒÛÏ§ ÔÁ ÄÒÕÇÏ§ ��ÄÇÒÁÔÏË ×�Ä�Ï×�ÄÎÏ:PxI = P ; PxII = �P : P = �xv P�ÕÔ �x | ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ ×ÚÄÏ×ÖÏÓ� x, v | ÏÂ'¤Í �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ.�Å�ÅÒ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ, ÏÔÒÉÍÁÎÉÈ ÄÌÑ ÄÅÑËÉÈ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. ÷�ÌØÎÕ ÅÎÅÒÇ�À �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌ�× ÔÉ�Õ NH4H2PO4, ÝÏ �ÒÉ�ÁÄÁ¤ ÎÁ ÏÄÉÎ ÍÏÌØ ÒÅÞÏ×ÉÎÉ, ÏÔÒÉ-ÍÕ¤ÍÏ Ú (1.3) ×ÒÁÈÕ×Á×ÛÉ (1.7), (1.9), (1.10), (1.17), (1.18):f = RT �� lnZ4 + 2 lnZ1 + �4 �aP 2�; (2.2)ÄÅ R | ÕÎ�×ÅÒÓÁÌØÎÁ ÇÁÚÏ×Á �ÏÓÔ�ÊÎÁ,Z4 = 16Pi=1 exp(��Ei); Ei | ËÏÒÅÎ� Ò�×ÎÑÎØ (1.17);Z1 = 2 
h(�pK); K = (A+ �a4 P )2 + (2� + 
)2:åÎÔÒÏ��Ñ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ �ÒÉ �ØÏÍÕ ÄÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ:S = � fT +R��14�aP 2 + 1Z4 16Xi=1 exp(��Ei)Ei + 2pK th(�pK)�: (2.3)÷ÉÒÁÚÕ ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÎÅ ÎÁ×ÏÄÉÍÏ, ÂÏ ×�Î ÄÕÖÅ ÇÒÏÍ�ÚÄËÉÊ. ëÒ�Í�ØÏÇÏ, �ÒÉ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËÁÈ §§ ÍÏÖÎÁ ÏÂÞÉÓÌÀ×ÁÔÉ ÞÉÓÌÏ×ÉÍÄÉÆÅÒÅÎ��À×ÁÎÎÑÍ ÅÎÔÒÏ��§ �Ï ÔÅÍ�ÅÒÁÔÕÒ�.



13 ðÒÅ�ÒÉÎÔõÓ� Æ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ Í�ÓÔÑÔØ ×ÁÒ�Á��ÊÎ� �ÁÒÁÍÅÔÒÉ A i �.äÌÑ §È ÚÎÁÈÏÄÖÅÎÎÑ Ú ÕÍÏ×É Í�Î�ÍÕÍÕ ×�ÌØÎÏ§ ÅÎÅÒÇ�§ (2.2) ÏÔÒÉÍÕ-¤ÍÏ ÎÁÓÔÕ�ÎÕ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ÎÅ×�ÄÏÍÉÈ P � X , ÞÅÒÅÚ ÑË� ×ÏÎÉ×ÉÒÁÖÁÀÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍÉ (1.11):8>><>>: P = 12Z4 16Pi=1 exp(��Ei)EiAX = 14Z4 16Pi=1 exp(��Ei)Ei�: (2.4)�ÕÔ ÚÁ�ÒÏ×ÁÄÖÅÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ:EiA = � E5i k5A +E4i k4A +E3i k3A +E2i k2A +Eik1A + k0A7E6i + 6E5i k6 + 5E4i k5 + 4E3i k4 + 3E2i k3 + 2Eik2 + k1 ;k0A = �32�2A ~w1 ~w~"; k1A = 16A3~" ~w1 � 8A ~w2 ~w1~"+ 64A�2 ~w �w1;k2A = 8A( ~w2 �w1 + 2 ~w1 ~w~")� 16A3 �w1 � 32A�2(3 ~w + �w1);k3A = �2A(4 ~w2 + 5~" ~w1 + 8 ~w �w1) + 16A3 + 64�2A;k4A = 2A(8 ~w + 5 �w1); k5A = �10A; i = 1; 7;EiA = 2A(Ei � ~")3E2i + 2Eil2 + l1 ; i = 8; 10;EiA = 2AEi3E2i � 4 ~wEi + d1 ; i = 11; 13;EiA = 2A(Ei � ~w1)3E2i + 2Eim2 +m1 ; i = 14; 16;Ei� = � E5i k5� +E4i k4� +E3i k3� +E2i k2� +Eik1� + k0�7E6i + 6E5i k6 + 5E4i k5 + 4E3i k4 + 3E2i k3 + 2Eik2 + k1 ;k0� = �32A2� ~w1 ~w~"; k1� = 128�3 ~w1~"+ 64A2� ~w �w1;k2� = �192�3 �w1 + 24� ~w1 ~w~"� 32A2�(3 ~w + �w1);k3� = 8�(4 ~w �w1 + 3 ~w1~")� 64�A2 � 256�3;k4� = 8�(5 ~w + 4 �w1); k5� = �40�; i = 1; 7;Ei� = 8�(Ei � ~w)3E2i + 2Eil2 + l1 ; i = 8; 10;Ei� = 8�(Ei � ~w)3E2i � 4 ~wEi + d1 ; i = 11; 13;Ei� = 8�(Ei � ~w)3E2i + 2Eim2 +m1 ; i = 14; 16:õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� (T > TN) ÏÔÒÉÍÁÎ� Æ�ÚÉÞÎ� ÈÁÒÁË-ÔÅÒÉÓÔÉËÉ ÎÁÂÕ×ÁÀÔØ ÄÅÝÏ �ÒÏÓÔ�ÛÏÇÏ ×ÉÇÌÑÄÕ. �ÁË ×�ÌØÎÁ ÅÎÅÒÇ�Ñ
ICMP{01{38U 14(2.2) Õ ��Ê ÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂÌÁÓÔ� ��ÓÌÑ ×ÒÁÈÕ×ÁÎÎÑ (1.18) ÍÁ¤ ×É-ÇÌÑÄ: fp = RT�� lnZ4p + 2 ln 
h ��(2� + 
)�+ 2 ln 2�;ÄÅ Z4p = 4Pi=1 e��Epi + �(~") + 2�(0) + �( ~w1) + 3e�� ~w + 1;�(�) = 2e��2 ( ~w+�) 
h��2p( ~w � �)2 + 16�2�:åÎÔÒÏ��Ñ �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ �ÒÉ �ØÏÍÕ ÄÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ:Sp = �fpT + R�Z4p�Z4p(4� + 2
) th ��(2� + 
)�+ (2.5)+ 4Xi=1 exp(��Epi)Epi + �(~") + 2�(0) + �( ~w1) + 3 ~we�� ~w�:�ÕÔ ÄÌÑ ËÏÍ�ÁËÔÎÏÓÔ� ÚÁ�ÉÓÕ ××ÅÄÅÎÏ ÆÕÎË��À �(�):�(�) = e��2 ( ~w+�)�( ~w + �) 
h��2p( ~w � �)2 + 16�2���p( ~w � �)2 + 16�2 sh��2p( ~w � �)2 + 16�2��:õ �ÁÒÁÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ� ÚÁÌÉÛÁ¤ÔØÓÑ ÏÄÉÎ ×ÁÒ�Á��ÊÎÉÊ �ÁÒÁÍÅÔÒ� � = 14� ln 1�X1 +X � 
2 ;ÑËÉÊ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÁ ÏÓÎÏ×� Ò�×ÎÑÎÎÑ ÄÌÑ ÎÅ×�ÄÏÍÏÇÏ X :X = �Z4p�4Z4p ; (2.6)ÄÅ Z4p� = 4Xi=1 e��EpiEpi� + �(~") + 2�(0) + �( ~w1);Epi� = (32E2pi � 24 �w1Epi + 16 ~w1~")�4E3pi�3( �w1+~w)E2pi + 2( ~w �w1+ ~w1~"�16�2)Epi+12�2 �w1�~" ~w ~w1 ;�(�) = � 16�p( ~w � �)2 + 16�2 e��2 ( ~w+�) sh��2p( ~w � �)2 + 16�2�:



15 ðÒÅ�ÒÉÎÔõÍÏ×Á ÎÅ�ÅÒÅÒ×ÎÏÓÔ� ×�ÌØÎÏ§ ÅÎÅÒÇ�§ �ÒÉ ÆÁÚÏ×ÏÍÕ �ÅÒÅÈÏÄ� �ÅÒ-ÛÏÇÏ ÒÏÄÕ ÔÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ (2.4) ÄÁÀÔØ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ×É-ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕTN : 8>>>><>>>>: f(X;P; TN ) = fp(X;TN);P = 12Z4 16Pi=1 exp(��Ei)EiA;X = 14Z4 16Pi=1 exp(��Ei)Ei�: (2.7)�ÕÔ ×Ó� ÚÁÌÅÖÎ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ×ÅÌÉÞÉÎÉ ÂÅÒÕÔØÓÑ �ÒÉ T = TN .ïÔÖÅ, Õ �ØÏÍÕ ÒÏÚÄ�Ì� ÍÉ ÏÔÒÉÍÁÌÉ ×ÉÒÁÚÉ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �Ï-ÌÑÒÉÚÁ��§, ×�ÌØÎÏ§ ÅÎÅÒÇ�§ ÔÁ ÅÎÔÒÏ��§ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�ÕNH4H2PO4 � ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ×ÁÒ�Á��ÊÎÉÈ �ÁÒÁÍÅÔ-Ò�× ÔÁ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. äÌÑ ÒÏÚÒÁÈÕÎËÕ �ÉÈ Æ�ÚÉÞ-ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÎÅÏÂÈ�ÄÎÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÓÉÓÔÅÍÕ Ä×ÏÈ ÔÒÁÎÓ�Å-ÄÅÎÔÎÉÈ Ò�×ÎÑÎØ Ú ÎÅ×�ÄÏÍÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ X � P ÔÁ ÏÄÎÏÞÁÓÎÉÍÚÎÁÈÏÄÖÅÎÎÑÍ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÎÏÇÏ ÇÁ-Í�ÌØÔÏÎ�ÁÎÁ.3. TÅÎÚÏÒ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓ-Ô� ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ NH4H2PO4ðÅÒÅÊÄÅÍÏ ÄÏ ÒÏÚÇÌÑÄÕ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÒÏ-ÔÏÎÎÏ§ ÍÏÄÅÌ� ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ NH4H2PO4. ðÒÉ �ÒÉËÌÁ-ÄÁÎÎ� ÄÏ ËÒÉÓÔÁÌ�× ADP ÓÌÁÂËÏÇÏ ÍÁËÒÏÓËÏ��ÞÎÏÇÏ �ÏÓÔ�ÊÎÏÇÏ ÅÌÅË-ÔÒÉÞÎÏÇÏ �ÏÌÑ E = (Ex; Ey; Ez) ÍÏÄÅÌØÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ �ÒÏÔÏÎÎÏ§ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄ: ^HE = ^H + ^V :�ÕÔ ^H ÄÁ¤ÔØÓÑ ×ÉÒÁÚÏÍ (1.1), Á ^V Ï�ÉÓÕ¤ ×ÚÁ¤ÍÏÄ�À �ÒÏÔÏÎ�× Ú ÅÌÅË-ÔÒÉÞÎÉÍ �ÏÌÅÍ E: ^V = �Xn;f (�fE) ^Szf (n);ÄÅ �f = (�xf ; �yf ; �zf ) | ÅÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ f -ÇÏ ×ÏÄÎÅ×ÏÇÏÚ×'ÑÚËÁ. äÌÑ ÊÏÇÏ ËÏÍ�ÏÎÅÎÔ ÍÁÀÔØ Í�Ó�Å ÔÁË� Ó��××�ÄÎÏÛÅÎÎÑ:��x1 = �x3 = �x; ��y4 = �y2 = �y;�y1 = �y3 = �x4 = �x2 = 0;�z1 = �z2 = �z3 = �z4 = �z:

ICMP{01{38U 16ã� Ó��××�ÄÎÏÛÅÎÎÑ ¤ ÎÁÓÌ�ÄËÏÍ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×� ÈÁÒÁËÔÅÒÕ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ÎÉÈ �ÒÉ Ä�§ ÅÌÅËÔÒÉÞÎÏÇÏ�ÏÌÑ.äÌÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÔÁ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ�×ËÌÁÓÔÅÒÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ �ÒÉ ÎÁÑ×ÎÏÓÔ� �ÏÌÑ E ÍÁ¤ÍÏ ÔÁË� ÒÅÚÕÔÁÔÉ:^H4E = ^H4 + 4Pf=1 ��fE ^Sxf +AfE ^Szf�; (3.1)^H1fE= ^H1f + 2�fE ^Sxf+2(AfE+14 4Pf1 Jff1(0)Pf1E+12�fE) ^Szf :�ÕÔ ^H4 � ^H1f ×�ÄÏÍ� ÎÁÍ ÇÁÍ�ÌØÔÏÎ�ÁÎÉ (1.12), Á �fE � AfE | ×ÎÅÓËÉ× ×ÁÒ�Á��ÊÎ� �ÏÌÑ, ÚÕÍÏ×ÌÅÎ� ÚÏ×Î�ÛÎ�Í ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ, ÔÁË ÝÏ�fE = AfE = 0 �ÒÉ E = 0:íÉ ÔÁËÏÖ ×ÉËÏÒÉÓÔÁÌÉ, ×ÒÁÈÕ×Á×ÛÉ (1.9) � (1.10), ÔÁËÅ �ÒÅÄÓÔÁ×ÌÅÎ-ÎÑ ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ �ÓÅ×ÄÏÓ��Î�× ÚÁ ÎÁÑ×ÎÏÓÔ� �ÏÌÑ E:h2 ^Sxf (n)i = X +XfE; h2 ^Szf (n)i = Pnf + PfE;XfEjE=0 = 0 PfEjE=0 = 0; f = 1; 4:÷�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ �ÏÌÑÒÉÚÁ��Ñ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁ-ÌÁ ×ÉÎÉËÁ¤ ÌÉÛÅ ÚÁ ÎÁÑ×ÎÏÓÔ� ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ � �Ï×'ÑÚÁÎÁ ÔÁËÉÍÓ�ÏÓÏÂÏÍ Ú ÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ Ë×ÁÚ�Ó��Î�×:Px = �x2v (P3E � P1E); Py = �y2v (P2E � P4E); Pz = �z2v 4Xf=1PfE:�ÏÍÕ ÝÏÂ ÚÎÁÊÔÉ ÔÅÎÚÏÒ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�ËÒÉÓÔÁÌ�× ÔÉ�Õ NH4H2PO4:��� = 1"0 dP�dE� ����E=0 ; �; � = x; y; z;"0 | ÅÌÅËÔÒÉÞÎÁ ÓÔÁÌÁ, �ÏÔÒ�ÂÎÏ ÚÎÁÊÔÉ �ÏÈ�ÄÎ� Pf� = dPfEdE� ���E=0.·È ÍÉ ÚÎÁÈÏÄÉÍÏ ÎÁ ÏÓÎÏ×� Ò�×ÎÑÎØ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ, ÝÏ ×ÉÚÎÁÞÁÀÔØÎÅ×�ÄÏÍ� XfE � PfE:8><>: XfE = �2�Z4E �Z4E��fE �X;PfE = �2�Z4E �Z4E�AfE � Pf ; (3.2)



17 ðÒÅ�ÒÉÎÔÄÅ Z4E = Spe�� ^H4E | ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×Á ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ �ÒÉ ÎÁ-Ñ×ÎÏÓÔ� �ÏÌÑ, Á ×ÁÒ�Á��ÊÎ� �ÏÌÑ �fE � AfE, ÏÔÒÉÍÁÎ� ÎÁ ÏÓÎÏ×� ÏÄÎÏ-ÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÎÏÇÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H1fE, ÎÁÓÔÕ�Î�:�fE = (X +XfE)LfE � 2�� 
;AfE = (Pf+PfE)LfE�14 4Xf1=1Jff1(0)Pf1E�12�fE�Af��a4 Pf :�ÕÔLfE = 12�p(Pf+PfE)2+(X +XfE)2 ln 1�p(Pf+PfE)2+(X+XfE)21+p(Pf+PfE)2+(X+XfE)2 :ðÒÏÄÉÆÅÒÅÎ��À¤ÍÏ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (3.2) �Ï ËÏÍ�ÏÎÅÎÔÁÈ E� �ÏÌÑE � �ÏËÌÁÄÅÍÏ �ÏÌÅ Ò�×ÎÉÍ ÎÕÌÀ (E = 0). ÷ ÒÅÚÕÌØÔÁÔ� ÏÄÅÒÖÕ¤ÍÏÄÌÑ ×ÉÚÎÁÞÅÎÎÑ �ÏÈ�ÄÎÉÈ Pf� (� = x; y; z) Ì�Î�ÊÎ� ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ:8>><>>: Pf� = 4Pf1=1Rff1af1� + 4Pf1=1Mff1�f1�;Xf� = 4Pf1=1Mff1af1� + 4Pf1=1Nff1�f1�;�ÒÉÞÏÍÕ Af� = A11Pf� +A12fXf� � 14 4Xf1=1 Jff1(0)Pf1� � 12��f ;�f� = A12fPf� +A22Xf�:�ÕÔ ÚÁ�ÒÏ×ÁÄÖÅÎÏ �ÏÚÎÁÞÅÎÎÑ:Xf� = dXfEdE� ����E=0 ; Af� = dAfEdE� ����E=0 ; �f� = d�fEdE� ����E=0 ;Á ËÏÅÆ���¤ÎÔÉ × Ò�×ÎÑÎÎÑÈ ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:Rff1 = � 2�Z4 �2Z4E�AfE�Af1E ���� AfE=0Af1E=0 + 12�PfPf1 ;Mff1 = � 2�Z4 �2Z4E�AfE��f1E ���� AfE=0�f1E=0 + 12�PfX;Nff1 = � 2�Z4 �2Z4E��fE��f1E ���� �fE=0�f1E=0 + 12�X2; (3.3)
ICMP{01{38U 18A11 = X22�Q3 ln 1�Q1 +Q � P 2�Q2(1�Q2) ;A22 = P 22�Q3 ln 1�Q1 +Q � X2�Q2(1�Q2) ;�A121 = A122 = A123 = �A124 � A12;A12 = � PX2�Q3 ln 1�Q1 +Q � PX�Q2(1�Q2) :òÏÚ×'ÑÚÁ×ÛÉ �� Ì�Î�ÊÎ� ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ ÚÎÁÈÏÄÉÍÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎ-ÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÁÎ-ÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ADP��� = �2�(1 + Æ�z)2v"0 D��D� Æ��; �; � = x; y; z: (3.4)�ÕÔ D� = �������� a1� � 1 a2� a3� a4�a2� a1� � 1 a4� a3�b1� b2� b3� � 1 b4�b2� b1� b4� b3� � 1 �������� ;D�� = �������� R1� a2� a3� a4�R2� a1� � 1 a4� a3�M1� b2� b3� � 1 b4�M2� b1� b4� b3� � 1 �������� ; � = x; y;Dzz = 1; Dz = �(1�MzA12)2 +NzA22 +RzNzA212Rz(1�NzA22) +M2zA22 +A11 � �z4 :÷ÏÄÎÏÞÁÓa1� = R1�(A11 + 14��) +M1�A12; a3� = R1�A12 +M1�A22;a2� = R2�(A11 + 14��) +M2�A12; a4� = R2�A12 +M2�A22;b1� =M1�(A11 + 14��) +N1�A12; b3� =M1�A12 +N1�A22;b2� =M2�(A11 + 14��) +N2�A12; b4� =M2�A12 +N2�A22;R1� = R11 �R13; M1� = �M11 �M13; N1� = N11 +N13;R2� = R14 �R12; M2� = �M12 �M14; N2� = N12 +N14;�� = J11(0)� J13(0); � = x; y;



19 ðÒÅ�ÒÉÎÔRz = R11 +R12 +R13 +R14; Nz = N11 �N12 �N13 +N14;Mz = �M11+M12+M13�M14; �z = J11(0)+2J12(0)+J13(0):ýÏÄÏ ËÏÅÆ���¤ÎÔ�× Rf1f2 , Mf1f2 , Nf1f2 , ÑË� ÏÚÎÁÞÅÎ� ×ÉÒÁÚÁÍÉ (3.3),ÔÏ ÄÌÑ §È ÏÂÞÉÓÌÅÎÎÑ ÄÏÓÔÁÔÎØÏ ÚÎÁÊÔÉ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ Ú ÔÏÞÎ�ÓÔÀÄÏ ÄÒÕÇÏÇÏ �ÏÒÑÄËÕ �Ï ÍÁÌÉÈ �ÏÌÑÈ �fE � AfE, ÚÁÓÔÏÓÏ×ÕÀÞÉ ÔÅÏÒ�ÀÚÂÕÒÅÎØ ÄÏ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^H4E. îÅÈÁÊ ÍÁ¤ÍÏEiE = Ei +E(1)i +E(2)i ; i = 1; 16;ÔÏÄ� Ú (3.3) ÏÄÅÒÖÉÍÏ:Rf1f2 = � 2Z4 16Xi=1 e��Ei  � �E(1)i�Af1E �E(1)i�Af2E � �2E(2)i�Af1E�Af2E!+ �2Pf1Pf2 ;Mf1f2 = � 2Z4 16Xi=1 e��Ei  � �E(1)i�Af1E �E(1)i��f2E � �2E(2)i�Af1E��f2E!+ �2Pf1X;Nf1f2 = � 2Z4 16Xi=1 e��Ei  � �E(1)i��f1E �E(1)i��f2E � �2E(2)i��f1E��f2E!+ �2X2:ïÓË�ÌØËÉ ÒÅÚÕÌØÔÁÔÉ ÔÁËÉÈ ÒÏÚÒÁÈÕÎË�× Õ ÁÎÁÌ�ÔÉÞÎÏÍÕ ×ÉÇÌÑÄ� ÎÁÄ-Ú×ÉÞÁÊÎÏ ÇÒÏÍ�ÚÄË�, ÔÏ ÍÉ §È ÎÅ ÎÁ×ÏÄÉÍÏ. úÎÁÞÎÏ ËÏÍ�ÁËÔÎ�ÛÉÍ ¤ÒÅÚÕÌØÔÁÔ ÄÌÑ ×ÅÌÉÞÉÎ (3.3) Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� (T � TN :P = 0, A = 0, Mf1f2 = 0, A12 = 0, R12 = R14 ). äÌÑ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞ-ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� (3.4) Õ ��Ê ÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÏÂÌÁÓÔ�ÍÁ¤ÍÏ ÎÁÓÔÕ�ÎÉÊ ÒÅÚÕÌØÔÁÔ:���� = (��)2(1 + Æ�z)2v"0 Æ��� 1�R� + �A11 � 14�� ; �; � = x; y; z: (3.5)�ÕÔ �A11 = 12�X ln 1�X1 +X ;�R� = 1Z4p 24 4Xi=1 8Xj=7 (e��Epi � e��Epj)(p2U2iU7j + U3iU8j)2Epi �Epj ++ 6Xi=5 (e��Epi � e�� ~w)U26iEpi � ~w + 2 8Xi=7 (e��Epi � 1)U27iEpi ++ 8Xi=7 (e��Epi � e�� ~w)U28iEpi � ~w + 15Xi=14 (e��Epi � e�� ~w)U215iEpi � ~w # ;� = x; y;
ICMP{01{38U 20�Rz = 1Z4p 24 4Xi=1 6Xj=5 (e��Epi � e��Epj )(2U1iU5j + U3iU6j)2Epi �Epj ++2 8Xi=7 (e��Epi � e�� ~w)U28iEpi � ~w + 15Xi=14 (e��Epi � e�� ~w)U215iEpi � ~w # :÷ÅÌÉÞÉÎÉ Uij × Ó×ÏÀ ÞÅÒÇÕ ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:U1i = 2�Epi(Epi � ~w1)	(Epi) ; U2i = 2p2�(Epi � ~w1)(Epi � ~")	(Epi) ;U3i = Epi(Epi � ~w1)(Epi � ~")	(Epi) ; U4i = 2�Epi(Epi � ~")	(Epi) ;	(Epi) = �(Epi � ~w1)2(Epi � ~")2(8�2 +E2pi) ++4�2E2pi�(Epi � ~")2 + (Epi � ~w1)2�� 12 ; i = 1; 4;U5i = 2�p4�2 + (Epi � ~")2 ; U6i = Epi � ~"p4�2 + (Epi � ~")2 ; i = 5; 6;U7i = 2�q4�2 +E2pi ; U8i = Epiq4�2 +E2pi ; i = 7; 8;U14i = 2�p4�2 + (Epi � ~w1)2 ; U15i = Epi � ~w1p4�2 + (Epi � ~w1)2 ;i = 14; 15:�Å�ÅÒ ÌÅÇËÏ ÏÔÒÉÍÕ¤ÍÏ ËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔ-ÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�:"��(0; T ) = "�(1; T )Æ�� + ��� (�; � = x; y; z);ÄÅ "�(1; T ) | ×�Ä�Ï×�ÄÎÉÊ ×ÉÓÏËÏÞÁÓÔÏÔÎÉÊ ×ÎÅÓÏË.�Å�ÅÒ ËÏÒÏÔËÏ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÒÅÚÕÌØÔÁÔÁÈ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏ-ÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� Õ ×É�ÁÄËÕ ÁÎÔÉÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÂÅÚ ÅÆÅËÔ�× ÔÕÎÅÌÀ×ÁÎÎÑ (
 = 0), ÑËÁÁÄÅË×ÁÔÎÁ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ ND4D2PO4. äÌÑ �ØÏÇÏ ÚÒÏÂÉÍÏ × (3.4)ÇÒÁÎÉÞÎÉÊ �ÅÒÅÈ�Ä 
 ! 0 (� = 0, � = 0, X = 0), ÚÒÏÂÉ×ÛÉ ÊÏÇÏ�Ï�ÅÒÅÄÎØÏ Õ ×ÅÌÉÞÉÎÁÈ, ÑË� ÔÕÄÉ ×ÈÏÄÑÔØ. ÷ ÒÅÚÕÌØÔÁÔ� ÏÔÒÉÍÕ¤ÍÏËÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÌÑÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ND4D2PO4�D�� = �����2(1 + Æ�z)2v"0  F1�Da � 2F1��� + F2�Da � 2F2���!Æ�� ; (3.6)



21 ðÒÅ�ÒÉÎÔDa = 2 
h2(�A) + 4e�� ~w 
h(�A) + e��~" + e�� ~w1 ;F1x = F1y = 1 + e�� ~w 
h(�A);F2x = F2y = 
h(2�A) + e�� ~w 
h(�A)� P 2Da;F1z = F2z = e�� ~w 
h(�A) + e��~";�� = 11� P 2 + �4 ��; � = x; y; z:ïÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ �D�� ÕÚÇÏÄÖÕÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÍÉ ÒÅÚÕÌØ-ÔÁÔÁÍÉ ÒÏÂÏÔÉ [34℄ ÔÁ �ÁÒÁÆÁÚÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂÏÔÉ [20℄. ÷ ×É-�ÁÄËÕ ~w; ~w1 ! 1 ÍÁ¤ Í�Ó�Å ÕÚÇÏÄÖÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ �D�� Ú ÁÎÁ-ÌÏÇ�ÞÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂ�Ô [16,35℄.ïÔÖÅ, × ÒÁÍËÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ�ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ ÎÁÍÉ, �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎ-ËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ, ÏÔÒÉÍÁÎÏ ÎÏ×� ÁÎÁÌ�ÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÏÍ�Ï-ÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÁÎÔÉÓÅÇÎÅÔÏ-ÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ NH4H2PO4. ÷ ËÌÁÓÉÞÎ�Ê ÇÒÁÎÉ�� (ÔÕÎÅ-ÌÀ×ÁÎÎÑ ÄÏÒ�×ÎÀ¤ ÎÕÌÀ) ×ÏÎÉ ÄÁÀÔØ ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÔÅÎ-ÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁ-Ì�× ÔÉ�Õ ND4D2PO4, ÑË� ÕÚÇÏÄÖÕÀÔØÓÑ Ú ×�Ä�Ï×�ÄÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ�ÎÛÉÈ ÒÏÂ�Ô.4. òÅÚÕÌØÔÁÔÉ ÞÉÓÌÏ×ÏÇÏ ÁÎÁÌ�ÚÕ � §È �ÏÒ�×ÎÑÎÎÑ ÚÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉõ ÄÁÎÏÍÕ ÒÏÚÄ�Ì� ÍÉ ËÏÒÏÔËÏ ÚÕ�ÉÎÉÍÏÓØ ÎÁ ÞÉÓÌÏ×ÏÍÕ ÁÎÁÌ�Ú� ÏÔ-ÒÉÍÁÎÉÈ ÎÁÍÉ Õ �Ï�ÅÒÅÄÎ�È ÒÏÚÄ�ÌÁÈ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÁÎÔÉ-ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ ADP. îÁÛÏÀ ÍÅÔÏÀ ¤ ÓÉÓÔÅÍÁ-ÔÉÞÎÅ ÄÏÓÌ�ÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÄÁÎÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ×�Ä�ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ Ï�ÔÉÍÁÌØÎÉÈ §È ÚÎÁÞÅÎØ, ÑË� Â ÄÏ-Ú×ÏÌÉÌÉ ÄÏÓÑÇÔÉ ÄÏÂÒÏ§ Ë�ÌØË�ÓÎÏ§ ÚÇÏÄÉ ÔÅÏÒ�§ Ú ×�Ä�Ï×�ÄÎÉÍ ÅËÓ�Å-ÒÉÍÅÎÔÏÍ ÄÌÑ ËÒÉÓÔÁÌ�× NH4H2PO4 � NH4H2AsO4. ·§ ÍÉ ÒÅÁÌ�ÚÕ¤-ÍÏ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÉÊ × ÒÏÂÏÔ� [31,32℄ ��ÄÈ�Ä ÄÌÑ ×É-ÂÏÒÕ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÁÄÅË×ÁÔÎÉÈ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ KDP,ÍÏÄÉÆ�ËÕ×Á×ÛÉ ÊÏÇÏ �ÒÉ �ØÏÍÕ ÄÌÑ ÄÁÎÏÇÏ ×É�ÁÄËÕ. ðÒÉ �ØÏÍÕ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� Ú ÔÁÂÌ. 1, Á ÔÁËÏÖ ×ËÁ-ÚÁÎ� ÎÁ �ÒÅÄÓÔÁ×ÌÅÎÉÈ ÎÉÖÞÅ ÒÉÓÕÎËÁÈ. ïÔÒÉÍÁÎ� ÎÁÍÉ ÔÅÏÒÅÔÉÞ-Î� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× NH4H2PO4 �NH4H2AsO4 �ÒÅÄÓÔÁ×ÌÅÎÏ × ÔÁÂÌ. 2 � ÎÁ ×�Ä�Ï×�ÄÎÉÈ ÒÉÓÕÎËÁÈ.ïÔÏÖ, ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞ-ÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ ADP
ICMP{01{38U 22�ÁÂÌ. 1. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ ADP.NH4H2PO4 NH4H2AsO4TN , K 145.13 [36℄, 148 [37{40℄ 216 [40{43℄149 [44℄, 150 [45℄SN , äÖ/(ÍÏÌØ�K) 4.47 [44℄ 4.24 [43℄210.846 (152 K),212.852 (296 K) [46℄v, 10�30 Í3 210.994 (TN ) [47℄ 228.444 (293 K) [48℄210.288 (110 K),210.656 (147 K) [45℄Í�ÓÔÑÔØ �'ÑÔØ ÎÅÚÁÌÅÖÎÉÈ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ 
, ~", ~w, ~w1, ÔÁ �a. ïÓ-Ë�ÌØËÉ Ö ÅÎÅÒÇ�Ñ ~w1, ÑËÁ ×�Ä�Ï×�ÄÁ¤ ÎÁÊÍÅÎÛ ÊÍÏ×�ÒÎÉÍ �ÒÏÔÏÎÎÉÍËÏÎÆ�ÇÕÒÁ��ÑÍ | ÞÏÔÉÒÉ �ÒÏÔÏÎÁ Â�ÌÑ ÔÅÔÒÁ¤ÄÒÁ � ÖÏÄÎÏÇÏ �ÒÏÔÏ-ÎÁ Â�ÌÑ ÔÅÔÒÁ¤ÄÒÁ, ¤ ÄÕÖÅ ×ÅÌÉËÁ, ÔÏ §§ ÞÁÓÔÏ �ÏËÌÁÄÁÀÔØ Ò�×ÎÏÀ:~w1 ! 1 (ÄÉ×. [16,20,34,35℄). íÉ �ÒÉÊÍÁ¤ÍÏ ÎÁÄÁÌ� ~w1 = 4 ~w � 2~"(ÄÉ×. [11,35℄), ÂÏ Â�ÌØÛ�, Î�Ö �Å ÚÎÁÞÅÎÎÑ ~w1, ×ÖÅ ÄÕÖÅ ÍÁÌÏ ×�ÌÉ-×ÁÀÔØ ÎÁ ÚÍ�ÎÕ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË. �ÁËÁ Æ�ËÓÁ��Ñ ÅÎÅÒÇ�§ ~w1ÄÁ¤ � = 0, ÝÏ ÎÁÂÌÉÖÅÎÎÏ ×�Ä�Ï×�ÄÁ¤ Ä×ÏÞÁÓÔÉÎËÏ×ÏÍÕ ÈÁÒÁËÔÅÒÕËÏÒÏÔËÏÓÑÖÎÉÈ ËÏÒÅÌÑ��Ê �ÒÏÔÏÎ�× Â�ÌÑ ÔÅÔÒÁÅÄÒ�× [35,39℄, �ÒÅÄÓÔÁ×-ÌÅÎÉÈ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� (1.1) ÔÁ Õ �Ï�ÅÒÅÄÎØÏÍÕ ÔÅÏÒÅÔÉÞÎÏÍÕ ×ÉËÌÁÄ�× Â�ÌØÛ ÚÁÇÁÌØÎ�Ê ÆÏÒÍ�. �ÁËÉÍ ÞÉÎÏÍ, ÔÅ�ÅÒ ÍÉ ÍÁ¤ÍÏ ×ÖÅ ÞÏÔÉ-ÒÉ ÎÅÚÁÌÅÖÎ� �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ 
, ~", ~w, ÔÁ �a. äÌÑ ËÏÖÎÏÇÏ ×ÚÑÔÏÇÏÎÁÂÏÒÕ ÚÎÁÞÅÎØ �ÉÈ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÞÉÓÅÌØÎÏ ÒÏÚ×'ÑÚÕ×ÁÌÉÓØÓÕËÕ�Î�ÓÔØ Ò�×ÎÑÎØ (2.4), (1.17), (2.7), Ú ÍÅÔÏÀ ÒÏÚÒÁÈÕÎËÕ TN , ÔÅÍ-�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �ÁÒÁÍÅÔÒÁ �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ P (T ),ÔÁ ×ÅÌÉÞÉÎ ÊÏÇÏ ÎÁÓÉÞÅÎÎÑ Ps = P (Ts) � ÓÔÒÉÂËÁ P
 = P (TN ) ×ÔÏÞ�� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ïÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ �ÏÒ�×ÎÀ×ÁÌÉÓØ Ú ×�Ä-�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÉÓÔÁÌ�× NH4H2PO4 �NH4H2AsO4, Á ÓÁÍÅ Ú TN , ×�ÄÎÏÛÅÎÎÑÍ ÚÎÁÞÅÎØ ÓÔÒÉÂËÁ �ÏÌÑÒÉÚÁ-��§ ��ÄÇÒÁÔËÉ P
 ÄÏ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ Ps (P
=Ps = P
=Ps), � ÚÔÅÍ�ÅÒÁÔÕÒÎÏÀ ÚÁÌÅÖÎ�ÓÔÀ P(T ). ïÓÔÁÔÏÞÎÉÊ ×�ÄÂ�Ò �ÁÒÁÍÅÔÒ�× 
,~", ~w, ÔÁ �a ÚÒÏÂÌÅÎÏ Ú ÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ �ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� �ÒÏ-ÔÏÎÎÏ§ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C(T ), �ÒÉÊÎÑ×ÛÉ ÔÁËÏÖ ÄÏ Õ×ÁÇÉ ÕÚÇÏÄÖÅÎÎÑÔÅÏÒÅÔÉÞÎÉÈ ÚÎÁÞÅÎØ ÅÎÔÒÏ��§ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ SN = S(TN + 0)



23 ðÒÅ�ÒÉÎÔÚ ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. �Å�ÌÏ¤ÍÎ�ÓÔØ �C(T )ÒÏÚÒÁÈÏ×Õ×ÁÌÁÓØ ÞÉÓÌÏ×ÉÍ ÄÉÆÅÒÅÎ��À×ÁÎÎÑÍ ÅÎÔÒÏ��§ (2.3) �Ï ÔÅÍ-�ÅÒÁÔÕÒ�, Á ×�Ä�Ï×�ÄÎÉÊ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÊ ÒÅÚÕÌØÔÁÔ ÏÔÒÉÍÕ×Á×ÓÑÛÌÑÈÏÍ ×�ÄÎ�ÍÁÎÎÑ ×�Ä ÔÅ�ÌÏ¤ÍÎÏÓÔ� ËÒÉÓÔÁÌÕ ÇÒÁÔËÏ×ÏÇÏ ×ËÌÁÄÕ,ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÑËÏÇÏ × ÏÂÌÁÓÔ� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ×ÉËÏÒÉÓÔÏ×Õ×Á-ÌÁÓØ Ì�Î�ÊÎÁ Á�ÒÏËÓÉÍÁ��Ñ. ð�ÓÌÑ �ØÏÇÏ, ×ÖÅ Ú ÏÔÒÉÍÁÎÉÍÉ ÔÁËÉÍÓ�ÏÓÏÂÏÍ �ÁÒÁÍÅÔÒÁÍÉ, ÒÏÚÒÁÈÏ×Õ×ÁÌÉÓØ ÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ� ÈÁ-ÒÁËÔÅÒÉÓÔÉËÉ. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÏÂ'¤Í�×�ÒÉÍ�ÔÉ×ÎÉÈ ËÏÍ�ÒÏË ÄÁÎÉÈ ËÒÉÓÔÁÌ�×, × Ú×'ÑÚËÕ Ú ÎÅÚÎÁÞÎÏÀ ÔÅÍ�Å-ÒÁÔÕÒÎÏÀ §È ÚÍ�ÎÏÀ (ÄÉ×. ÔÁÂÌ. 1), Á�ÒÏËÓÉÍÕ×ÁÌÉÓØ �ÒÉ ÒÏÚÒÁÈÕÎ-ËÁÈ ËÏÎÓÔÁÎÔÏÀ v(T ) = v. âÕÌÏ ×ÚÑÔÏ ÔÁË� ÚÎÁÞÅÎÎÑ v: ÄÌÑ ËÒÉÓÔÁÌÁNH4H2PO4 v = 210:994 10�30 Í3 [47℄; Á ÄÌÑ ËÒÉÓÔÁÌÁ NH4H2AsO4v = 228:444 10�30 Í3 [48℄.�ÁÂÌ. 2. îÁÂÏÒÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× 
; ~"; ~w; �a; �z; �x ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ-�ÕADP ÒÁÚÏÍ Ú ÒÏÚÒÁÈÏ×ÁÎÉÍÉ ÎÁ §È ÏÓÎÏ×� Æ�ÚÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ.N ~w, ~", 
, �a, TN , P
=Ps SN ,�/� K K K K K äÖ/(ÍÏÌØ�K)1ADP 570 40 84 224.7 148.0 0.93 4.532ADA 700 50 46 332.12 216.0 0.93 5.173 700 -10 46 406 216.0 0.96 5.104 700 -10 180 472.2 216.0 0.90 4.90ëÏÍ�ÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉË-ÎÏÓÔ� "�(0; T ) � "��(0; T ) (� = x, z) ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�ÕADP, ÒÏÚÒÁÈÏ×Õ×ÁÌÉÓØ ÎÁ ÏÓÎÏ×� ÆÏÒÍÕÌÉ (3.6), × ÑË�Ê ÄÌÑ ÔÅÍ�Å-ÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� ×ÉÓÏËÏÞÁÓÔÏÔÎÏÇÏ ×ÎÅÓËÕ "�(1; T ) ÎÁÍÉ ×ÚÑÔÏ�ÒÏÓÔÕ Á�ÒÏËÓÉÍÁ��À:"�(1; T ) = "�(1)�(TN � T ) + �"�(1)�(T � TN);ÏÓË�ÌØËÉ ×�Î ÎÅ �Ï×ÉÎÅÎ ÚÁÚÎÁ×ÁÔÉ ÚÎÁÞÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÍ�Î[31,34℄. ÷�Ä�Ï×�ÄÎ� ËÒÉÓÔÁÌÁÍ ÚÎÁÞÅÎÎÑ "�(1) � �"�(1) ÒÁÚÏÍ Ú ÚÎÁ-ÞÅÎÎÑÍÉ �ÁÒÁÍÅÔÒ�× �� ÔÁ ��, (ÄÉ×. ÔÁÂÌ. 2) ×ÉÂÉÒÁÌÉÓØ Ú ÕÍÏ×ÉÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. äÁÌ� ÍÉ ÏËÒÅÍÏ ÚÕ-�ÉÎÉÍÏÓØ ÎÁ ËÏÖÎÏÍÕ Ú ×ÚÑÔÉÈ ËÒÉÓÔÁÌ�×NH4H2PO4 ÔÁNH4H2AsO4.
ICMP{01{38U 24�ÁÂÌ. 2. îÁÂÏÒÉ ÍÏÄÅÌØÎÉÈ �ÁÒÁÍÅÔÒ�× ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ ADP. ðÒÏÄÏ×-ÖÅÎÎÑ.N �x, �x � 1030, ��x � 1030, "x(1) �"x(1) �z , �z � 1030, "z(1) �"z(1)�/� K ëÌ� Í ëÌ� Í ë ëÌ� Í1 70 5.77 12.12 11 33.8 50 7.98 11 122 240 4.98 9.96 16 56 40 4.32 9.8 9.83 360 4.60 9.23 17 58 40 2.59 9.8 11.54 390 5.28 10.57 16 53 40 2.98 9.7 11.1ïÔÖÅ, �ÒÉ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ×�Ä�Ï×�ÄÎÉÈ ËÒÉÓÔÁÌÕNH4H2PO4 ÍÉ �ÒÉ×'ÑÚÕ×ÁÌÉÓØ ÄÏ ÎÁÊÂ�ÌØÛ ÊÍÏ×�ÒÎÏÇÏ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÏÇÏ ÒÅÚÕÌØÔÁÔÕ TN = 148 K Ú ÔÁÂÌ. 1. ëÒ�Í �ØÏÇÏ, ÄÌÑ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��Ä-ÇÒÁÔÏË P(T ) Õ ÎÁÛÏÍÕ ÒÏÚ�ÏÒÑÄÖÅÎÎ� ÂÕÌÉ ÌÉÛÅ ÒÏÚÒÁÈÕÎÏË ÒÏÂÏ-ÔÉ [49℄ (ÄÉ×. ÒÉÓ. 2), ÚÒÏÂÌÅÎÉÊ ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ ÄÏ-ÓÌ�ÄÖÅÎÎÑ ÅÌÅËÔÒÏÏ�ÔÉÞÎÏÇÏ ÅÆÅËÔÕ, ÔÁ ÑË�ÓÎÁ Ï��ÎËÁ ÒÏÂÏÔÉ [50℄.�ÏÍÕ ÎÁ ÏÓÎÏ×� §È ÁÎÁÌ�ÚÕ ÍÉ �ÒÉ ×ÉÂÏÒ� �ÁÒÁÍÅÔÒ�× ÎÁÍÁÇÁÌÉÓØ ÚÁ-ÂÅÚ�ÅÞÉÔÉ ÄÕÖÅ ×ÅÌÉËÉÊ ÓÔÒÉÂÏË P
, ÂÌÉÚØËÉÊ ÄÏ ÎÁÓÉÞÅÎÎÑ Ps, ÏÒ�-¤ÎÔÕÀÞÉÓØ ÎÁ ÚÎÁÞÅÎÎÑ P
Ps � 0:93. ÷ Ë�Î�Å×ÏÍÕ ÒÅÚÕÌØÔÁÔ� ÚÇ�ÄÎÏÏ�ÉÓÁÎÏ§ ×ÉÝÅ ÓÈÅÍÉ ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÍÉ ÏÔÒÉÍÁÌÉ ÄÌÑ ËÒÉÓÔÁÌÁNH4H2PO4 ÎÁÂ�Ò 1 × ÔÁÂÌ. 2. ñË ×ÉÄÎÏ Ú ÔÁÂÌ. 1 � ÔÁÂÌ. 2 ÍÁ¤ÍÏ ÄÏÂÒÅÕÚÇÏÄÖÅÎÎÑ ÄÌÑ ÚÎÁÞÅÎØ TN � SN . ÷�ÄÈÉÌÅÎÎÑ ÔÅÏÒ�§ ×�Ä ÅËÓ�ÅÒÉÍÅÎ-ÔÕ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔÏË ÓËÌÁÄÁ¤ 1{2 % (ÒÉÓ. 2), ÁÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ� (ÒÉÓ. 3) ÄÏ 10 %, ÝÏ ÎÅ �ÅÒÅ×ÉÝÕ¤ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÏ§ �ÏÈÉÂËÉ. îÁÂ�Ò �ÁÒÁÍÅÔÒ�× 1 ÚÁÂÅÚ�ÅÞÕ¤ ÄÏÂÒÉÊ ÔÅÏÒÅÔÉÞ-ÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ "x(0; T )ÔÁ "z(0; T ) (ÒÉÓ. 4, 5), ÄÁÀÞÉ ×ÉÄÈÉÌÅÎÎÑ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÕ 1{2 %× ÍÅÖÁÈ ÒÏÚËÉÄÕ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ. �ÕÔ ÓÌ�Ä ×�ÄÚÎÁÞÉÔÉ,ÝÏ ÄÌÑ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "x(0; T ) × Ò�ÚÎÉÈ ÆÁ-ÚÁÈ ÏÔÒÉÍÁÎÏ Ò�ÚÎ� ÚÎÁÞÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ �x:ÚÎÁÞÅÎÎÑ �x ÎÉÖÞÅ TN , ×ÉÚÎÁÞÅÎÅ ÎÁ ÏÓÎÏ×� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§ Ó�ÏÎ-ÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔÏË ÒÏÂÏÔÉ [49℄, ÍÅÎÛÅ ÚÁ ÚÎÁÞÅÎÎÑ ��x ×ÉÝÅTN , �ÒÉÂÌÉÚÎÏ × 2 ÒÁÚÉ (ÄÉ×. ÔÁÂÌ. 2). ãÅ �ÒÉ ÔÏÍÕ, ÝÏ ÚÎÁÞÅÎÎÑ �x,ÑËÅ ×�ÌÉ×Á¤ ÎÁ §È ×�ÄÎÏÛÅÎÎÑ, ÂÕÌÏ ×ÉÂÒÁÎÏ × Ï�ÔÉÍÁÌØÎÏÍÕ ×ÁÒ�-ÁÎÔ�.�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ÏÂÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ�× ÔÅÏÒÅÔÉÞÎÏÇÏ ÄÏÓÌ�-



25 ðÒÅ�ÒÉÎÔÄÖÅÎÎÑ ËÒÉÓÔÁÌÁ NH4H2AsO4. äÌÑ �ØÏÇÏ ËÒÉÓÔÁÌÕ × ÎÁÓ, ÎÁ ÖÁÌØ,ÎÅ ÂÕÌÏ Î�ÑËÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ Ï��ÎÏË ÄÌÑ ��ÄÇÒÁÔËÏ×Ï§ Ó�ÏÎ-ÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§. �ÏÍÕ ÍÉ × ÔÅÏÒ�§ ÏÒ�¤ÎÔÕ×ÁÌÉÓØ ÎÁ ÚÎÁÞÅÎÎÑP
Ps � 0:93, Á ÏÓÎÏ×ÎÕ Õ×ÁÇÕ ÚÏÓÅÒÅÄÖÕ×ÁÌÉ ÎÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�ÊÔÅ�ÌÏ¤ÍÎÏÓÔ� �C(T ) Ú ÒÉÓ. 3. úÎÁÊÄÅÎÉÊ ÎÁÍÉ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× 2 ×ÔÁÂÌ. 1 ÚÁÂÅÚ�ÅÞÕ¤ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ (× ÍÅÖÁÈ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÏ§ �ÏÈÉÂËÉ) Ú ÎÁÑ×ÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ TNÔÁ�C(T ), ÄÁÀÞÉ �ÒÉ �ØÏÍÕ ÔÒÏÈÉ ×ÅÌÉËÅ ×�ÄÈÉÌÅÎÎÑ (ÂÌÉÚØËÏ 20 %)ÔÅÏÒÅÔÉÞÎÏÇÏ ÚÎÁÞÅÎÎÑ SN ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§ Ï��ÎËÉ ÒÏÂÏÔÉ [43℄(ÄÉ×. ÔÁÂÌ. 1 � ÔÁÂÌ. 2). ñË ÍÏÖÎÁ ÂÕÌÏ Ó�ÏÄ�×ÁÔÉÓØ, ÎÁÂ�Ò �ÁÒÁÍÅÔ-Ò�× 2 ÚÁÂÅÚ�ÅÞÕ¤ ÄÏÂÒÉÊ ÔÅÏÒÅÔÉÞÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ Ä�-ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ "x(0; T ) ÔÁ "z(0; T ) ËÒÉÓÔÁÌÁ NH4H2AsO4(ÒÉÓ. 4, 5), ÄÁÀÞÉ ×ÉÄÈÉÌÅÎÎÑ ÔÅÏÒ�§ ×�Ä ÅËÓ�ÅÒÉÍÅÎÔÕ × ÍÅÖÁÈ ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÏ§ �ÏÈÉÂËÉ.�ÕÔ ÔÁËÏÖ ÏÔÒÉÍÕ¤ÍÏ Ò�ÚÎ� ÚÎÁÞÅÎÎÑ ÅÆÅË-ÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ �x ×ÉÝÅ � ÎÉÖÞÅ TN | ��x�x = 2 (ÄÉ×.ÔÁÂÌ. 2.). ÷ÉËÏÒÉÓÔÁ×ÛÉ ÚÎÁÞÅÎÎÑ �x, ÏÔÒÉÍÁÎÅ Ú "x(0; T ), ÍÉ ÒÏÚ-ÒÁÈÕ×ÁÌÉ ÔÅÍ�ÅÒÁÔÕÒÎÕ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔ-ËÉ P(T ) ËÒÉÓÔÁÌÁ NH4H2AsO4 � ÏÔÒÉÍÁÌÉ, ÝÏ ×ÏÎÁ ÄÅÝÏ ÍÅÎÛÁÚÁ Ó�ÏÎÔÁÎÎÕ �ÏÌÑÒÉÚÁ��À ËÒÉÓÔÁÌÁ NH4H2PO4 (ÒÉÓ. 2). îÁ �ØÏ-ÍÕ ÍÏÖÎÁ ÂÕÌÏ Â ÔÅÏÒÅÔÉÞÎÅ ÄÏÓÌ�ÄÖÅÎÎÑ, ÝÏ ÓÔÏÓÕ¤ÔØÓÑ ËÒÉÓÔÁÌÁNH4H2AsO4, ÚÁ×ÅÒÛÉÔÉ, ËÏÌÉ Â ÎÅ ÝÅ ÏÄÉÎ, ÄÏÓÉÔØ ÎÅÓ�ÏÄ�×ÁÎÉÊ ���ËÁ×ÉÊ, ÆÁËÔ. ÷ ÒÏÂÏÔ� [51℄ ÎÁ ÏÓÎÏ×� ÄÏÓÌ�ÄÖÅÎÎÑ ÅÌÅËÔÒÏÎÎÏÇÏ �Á-ÒÁÍÁÇÎ�ÔÎÏÇÏ ÒÅÚÏÎÁÎÓÕ (åðò) ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ × ÎÅ×�ÏÒÑÄËÏ×ÁÎÏÍÕÓÔÁÎ� Õ NH4H2AsO4 ¤ Â�ÌØÛÅ ËÏÎÆ�ÇÕÒÁ��Ê ÒÁÄÉËÁÌ�× H2AsO4 ÔÉ�Õ"××ÅÒÈ-×ÎÉÚ", Î�Ö ÔÉ�Õ "× ÓÔÏÒÏÎÉ". ãÅÊ ÒÅÚÕÌØÔÁÔ ×ËÁÚÕ¤ ÎÁ ÔÅ, ÝÏËÏÎÆ�ÇÕÒÁ��ÊÎÁ ÅÎÅÒÇ�Ñ ~" × NH4H2AsO4 ÍÏÖÅ ÂÕÔÉ ×�Ä'¤ÍÎÏÀ. �Å, ÝÏÄÏÄÁÔÎÑ ÅÎÅÒÇ�Ñ ~" ÎÅ ¤ ÎÅÏÂÈ�ÄÎØÏÀ ÕÍÏ×ÏÀ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏ-ÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ ÝÅ × ÒÏÂÏÔ� [52℄. ÷ Î�Ê �ÏËÁÚÁÎÏ,ÝÏ ÓÉÌØÎÁ ÄÁÌÅËÏÓÑÖÎÁ ×ÚÁ¤ÍÏÄ�Ñ ×ÚÄÏ×Ö ÏÓÅÊ x ÞÉ y ÍÏÖÅ ÓÔÁÂ�Ì�-ÚÕ×ÁÔÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÅ ×�ÏÒÑÄËÕ×ÁÎÎÑ × ÔÏÍÕ ÒÁÚ�, ËÏÌÉ ÎÅ�ÅÒÅ×ÉÝÅÎÁ ÄÅÑËÁ ËÒÉÔÉÞÎÁ ÄÏÄÁÔÎÑ ×ÅÌÉÞÉÎÁ ÓÌÅÔÅÒ�×ÓØËÏ§ ÅÎÅÒ-Ç�§. ú×ÁÖÉ×ÛÉ ÎÁ �Å × ÒÏÂÏÔÁÈ [16,35℄ �ÒÉ ÔÅÏÒÅÔÉÞÎÏÍÕ Ï�ÉÓ� ÓÔÁ-ÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ ËÒÉÓÔÁÌÁ NH4H2AsO4 × ÒÁÍËÁÈ"Ä×ÏÒ�×ÎÅ×Ï§" �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ÂÅÚ ÔÕÎÅÌÀ×ÁÎÎÑ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÏÓØ×�Ä'¤ÍÎÅ ÚÎÁÞÅÎÎÑ ~". ðÒÉ �ØÏÍÕ ÂÕÌÏ ÏÔÒÉÍÁÎÏ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅ-ÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ. îÅÄÁ×ÎÏ, × ÒÏÂÏÔ� [30℄ �ÏËÁ-ÚÁÎÏ, ÝÏ ÅÆÅËÔÉ×ÎÅ ×ÒÁÈÕ×ÁÎÎÑ ×�ÌÉ×Õ ÇÒÕ� NH4 ÎÁ ×ÚÁ¤ÍÏÄ�À Í�Ö�ÒÏÔÏÎÁÍÉ O{H: : :O Ú×'ÑÚË�× × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ ADP ÄÁ¤ ÄÌÑ ÅÎÅÒ-Ç�§ ~" oÂÍÅÖÅÎÎÑ ÚÎÉÚÕ �Å×ÎÉÍ ÎÅÎÕÌØÏ×ÉÍ ×�Ä'¤ÍÎÉÍ ÚÎÁÞÅÎÎÑÍ. õÓ��ÅÒÅÌ�ÞÅÎ� ×ÉÝÅ ÆÁËÔÉ Ó�ÏÎÕËÁÌÉ ÎÁÓ ÄÏ �ÏÛÕËÕ �ÒÉ ÔÅÏÒÅÔÉÞÎÏ-ÍÕ ÁÎÁÌ�Ú� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÒÅÚÕÌØÔÁÔ�× �ÁÒÁÍÅÔÒ�× Ú ×�Ä'¤ÍÎÉÍ
ICMP{01{38U 26ÚÎÁÞÅÎÎÑÍ ~". ä×Á ÎÁÂÏÒÉ ÔÁËÉÈ �ÁÒÁÍÅÔÒ�× �ÒÅÄÓÔÁ×ÌÅÎÏ × ÔÁÂÌ. 2| ÎÁÂÏÒÉ 3 � 4. ú ÒÉÓ. 4, 5 ×ÉÄÎÏ, ÝÏ Ä�ÅÌÅËÔÒÉÞÎ� ÈÁÒÁËÔÅÒÉÓ-ÔÉËÉ ËÒÉÓÔÁÌÁ NH4H2AsO4 ÍÏÖÎÁ Ï�ÉÓÁÔÉ × ÏÄÎÁËÏ×�Ê Í�Ò� ÄÏÂÒÅËÏÖÎÉÍ Ú ÎÁÂÏÒ�× 2, 3, 4. óÕÔÔ¤×Ï ×�ÄÍ�ÎÎÉÍÉ Í�Ö ÓÏÂÏÀ ÄÌÑ �ÉÈÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× ¤ ×�Ä�Ï×�ÄÎ� §Í �ÏÌÑÒÉÚÁ��§ P(T ) ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓ-Ô� �C(T ) (ÄÉ×. ÒÉÓ. 2, 3). áÎÁÌ�Ú ÏÔÒÉÍÁÎÉÈ ÒÅÚÕÌØÔÁÔ�× �ÏËÁÚÕ¤,ÝÏ Õ ×É�ÁÄËÕ ×�Ä'¤ÍÎÉÈ ÚÎÁÞÅÎØ ~" �ÏÔÒ�ÂÎÏ �ÒÉ�ÕÓÔÉÔÉ �ÓÎÕ×ÁÎÎÑÚÎÁÞÎÏÇÏ ÔÕÎÅÌÀ×ÁÎÎÑ 
 (ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× 4), ÝÏÂ ÏÔÒÉÍÁÔÉ ÔÅÏ-ÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ �ÏÌÑÒÉÚÁ��§ P(T ) ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �C(T )ÂÌÉÚØËÉÍÉ ÄÏ ×�Ä�Ï×�ÄÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 2 ÔÁ ÅËÓ-�ÅÒÉÍÅÎÔÕ. ú Æ�ÚÉÞÎÏ§ ÔÏÞËÉ ÚÏÒÕ �Å ÍÏÖÅ ×�Ä�Ï×�ÄÁÔÉ ÎÁÓÔÕ�ÎÏÍÕÍÅÈÁÎ�ÚÍÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÉ ×�Ä'¤ÍÎÏÍÕ ~": ÚÎÁÞÎÅ ÔÕÎÅÌÀ×ÁÎ-ÎÑ ÒÕÊÎÕ¤ ÏÓÎÏ×ÎÕ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÕ ËÏÎÆ�ÇÕÒÁ��À, ÚÕÍÏ×ÌÅÎÕ ÌÉ-ÛÅ ËÏÒÏÔËÏÓÑÖÎÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ, Á ×ÏÄÎÏÞÁÓ ��Ä ×�ÌÉ×ÏÍ ÄÁÌÅËÏ-ÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ×ÓÔÁÎÏ×ÌÀ¤ÔØÓÑ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÅ ×�ÏÒÑÄ-ËÕ×ÁÎÎÑ. ðÒÏÔÅ ÄÌÑ ��ÄÔ×ÅÒÄÖÅÎÎÑ ÄÁÎÉÈ Í�ÒËÕ×ÁÎØ �ÏÔÒ�ÂÎ� ÎÏ×�ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÆÁËÔÉ, ÚÏËÒÅÍÁ, � �ÎÛ� ��ÄÔ×ÅÒÄÖÅÎÎÑ ÒÅÚÕÌØÔÁ-Ô�× ÒÏÂÏÔÉ [51℄. ÷ Ú×'ÑÚËÕ Ú �ÉÍ, × ÄÁÎ�Ê ÓÉÔÕÁ��§ ×ÁÖËÏ ÏÄÎÏÚÎÁÞÎÏ×�ÄÄÁÔÉ �ÅÒÅ×ÁÇÕ ÏÄÎÏÍÕ Ú Ä×ÏÈ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 2 ÞÉ 4 ÄÌÑ ËÒÉÓ-ÔÁÌÁ NH4H2AsO4. ú×ÁÖÉ×ÛÉ ×ÓÅ ×ÉÝÅÓËÁÚÁÎÅ � ÔÅ, ÝÏ ÔÅÏÒÅÔÉÞÎÁÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÄÌÑ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× 2 ËÒÁÝÅ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÅËÓ�Å-ÒÉÍÅÎÔÏÍ Î�Ö ÔÅ�ÌÏ¤ÍÎ�ÓÔØ ÄÌÑ ÎÁÂÏÒÕ 4, � ÝÏ ÄÉÎÁÍ�ËÁ ËÒÉÓÔÁÌ�×ÔÉ�Õ ADP ÍÁ¤ ÒÅÌÁËÓÁ��ÊÎÉÊ ÈÁÒÁËÔÅÒ [34℄, ÍÉ ÎÁ ÄÁÎÉÊ ÍÏÍÅÎÔ ×ÓÅ-ÔÁËÉ ××ÁÖÁ¤ÍÏ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× 2 ÎÁÊÂ�ÌØÛ ×�Ä�Ï×�ÄÎÉÍ ËÒÉÓÔÁÌÕNH4H2AsO4.ñË ×ÖÅ ÎÅÏÄÎÏÒÁÚÏ×Ï ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ × ÒÏÂÏÔÁÈ [11,31,32,55,56℄,ËÌÁÓÔÅÒÎÅ ÎÁÂÌÉÖÅÎÎÑ ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ Ú ÎÅËÏÍÕÔÕÀÞÉÍÉ Ï�ÅÒÁ-ÔÏÒÁÍÉ ÄÁ¤ ÎÅÆ�ÚÉÞÎÕ �Ï×ÅÄ�ÎËÕ ÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ ÈÏÄÕ Æ�ÚÉÞÎÉÈ ÈÁ-ÒÁËÔÅÒÉÓÔÉË × �Å×Î�Ê ÏÂÌÁÓÔ� ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒ. õ ÎÁÛÏÍÕ ×É�ÁÄ-ËÕ ÔÅÖ �ÒÉ ÎÉÚØËÉÈ ÔÅÍ�ÅÒÁÔÕÒÁÈ ÍÁ¤ Í�Ó�Å ÎÅÆ�ÚÉÞÎÁ �Ï×ÅÄ�ÎËÁ Æ�-ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� ËÒÉÓÔÁÌ�× ÔÉ�Õ NH4H2PO4.·§ ÈÁÒÁËÔÅÒ �ÒÁËÔÉÞÎÏ Î�ÞÉÍ ÎÅ ×�ÄÒ�ÚÎÑ¤ÔØÓÑ ×�Ä Ï�ÉÓÁÎÏÇÏ × ÒÏÂÏ-ÔÁÈ [11,31,32,55,56℄. ´ÄÉÎÅ, ÝÏ ×ÁÒÔÏ ×�ÄÚÎÁÞÉÔÉ Ú �ØÏÇÏ �ÒÉ×ÏÄÕ |�Å ÔÅ, ÝÏ ÔÅÍ�ÅÒÁÔÕÒÁ §§ �ÏÑ×É ÄÌÑ �ÒÅÄÓÔÁ×ÌÅÎÉÈ ÔÕÔ ÎÁÂÏÒ�× 1{3ÂÌÉÚØËÏ 80 K, Á ÄÌÑ ÎÁÂÏÒÕ 4 | 110 K.
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c cs
scc scs sc c ss6 -xy 1 212 12 3h2h1h 4h 21 i1 , i2 , i3 , i4 numeru�t~vodnev� zv'�zki, a 1, 2 |mo�liv� polo�enn� � pro-ton�v � na zv'�zkah. Poka-zano odnu z qisla mo�li-vih antisegnetoelektriq-nih protonnih konf�gura-c��.òÉÓ. 1. ðÒÉÍ�ÔÉ×ÎÁ ËÏÍ�ÒËÁ ��ÄÇÒÁÔËÉ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ËÒÉÓÔÁÌÁÔÉ�Õ NH4H2PO4.P, Kl/m2
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òÉÓ. 2. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔÏË ËÒÉÓ-ÔÁÌ�× NH4H2PO4 � NH4H2AsO4. ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏ-Ò�× �ÁÒÁÍÅÔÒ�× 1{4 Ú ÔÁÂÌ. 2. � | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ NH4H2PO4ÒÏÂÏÔÉ [49℄.

ICMP{01{38U 28

-20 -10 0 10
0

10

20

30

1

(a)

∆C ,  

��  /( � �� �·K)

T-T
N
 , K

 

 

-40 -20 0 20
0

10

20

30

T-T
N
 , K

∆C ,  

��  /( � 	
 �·K)

(b)

 

 

 2
 3
 4

òÉÓ. 3. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ÓÉÓÔÅÍÉ ËÒÉÓ-ÔÁÌ�× NH4H2PO4 (a) � NH4H2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1 (a) � 2{4 (b) (ÄÉ×. ÔÁÂÌ. 2). �ÏÞËÉ | ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÄÁÎ�: 	 | [43℄, Æ | [44℄.
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òÉÓ. 4. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ ÓÔÁÔÉÞÎÏ§ �Ï�ÅÒÅÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ� ËÒÉÓÔÁÌ�× NH4H2PO4 (a) � NH4H2AsO4 (b). ì�Î�§ | ÔÅÏÒÅÔÉÞÎ�ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× 1 (a) � 2{4 (b), ÎÁ×ÅÄÅÎÉÈ × ÔÁÂÌ. 2.�ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: 4| [36℄, � | [37℄, r| [38℄, � | [39℄, +| [41℄, N | [42℄.
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òÉÓ. 5. �ÅÍ�ÅÒÁÔÕÒÎÁ ÚÁÌÅÖÎ�ÓÔØ �ÏÚÄÏ×ÖÎØÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ËÒÉÓÔÁÌ�× NH4H2PO4 (a) � NH4H2AsO4 (b). ì�Î�§ | ÔÅÏÒÅ-ÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ 1-ÇÏ (a) � 2{4-ÇÏ (b) ÎÁÂÏÒ�× �ÁÒÁÍÅÔÒ�× Ú ÔÁÂÌ. 2.�ÏÞËÉ | ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ�: � | [37℄, � | [42℄.



31 ðÒÅ�ÒÉÎÔ÷ÉÓÎÏ×ËÉ÷ ÄÁÎ�Ê ÒÏÂÏÔ�, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÎÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ �Ï ËÏÒÏÔËÏÓÑÖÎÉÈ � ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ �ÏÌÑ �ÏÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÑÈ Õ ÒÁÍËÁÈ �ÒÏÔÏÎÎÏ§ ÍÏÄÅÌ� Ú ×ÒÁÈÕ×ÁÎÎÑÍÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ ÏÔÒÉÍÁÎÏ ÎÏ×� ÔÅÏÒÅ-ÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÌÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÔÁ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÉÈÈÁÒÁËÔÅÒÉÓÔÉË ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× ÔÉ�Õ NH4H2PO4.çÒÕÎÔÕÀÞÉÓØ ÎÁ �ÄÅÑÈ ÒÏÂ�Ô [31,32℄ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ ��ÄÈ�Ä ÄÌÑ ×É-ÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÁÄÅË×ÁÔÎÉÈ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÍ ËÒÉÓÔÁ-ÌÁÍ ÔÉ�Õ NH4H2PO4. úÎÁÊÄÅÎ� ÚÇ�ÄÎÏ �ØÏÇÏ ��ÄÈÏÄÕ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ Ó�ÏÎÔÁÎ-ÎÏ§ �ÏÌÑÒÉÚÁ��§ ��ÄÇÒÁÔËÉ ÔÁ �ÒÏÔÏÎÎÏ§ ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÎÁÂÏÒÉ ÍÏÄÅ-ÌØÎÉÈ �ÁÒÁÍÅÔÒ�×, ×�Ä�Ï×�ÄÎ� ËÒÉÓÔÁÌÁÍ NH4H2PO4 � NH4H2AsO4,ÚÁÂÅÚ�ÅÞÕÀÔØ ÔÁËÏÖ ÄÏÂÒÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒ�§ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ�Ï�ÅÒÅÞÎÏ§ ÔÁ �ÏÚÄÏ×ÖÎØÏ§ ËÏÍ�ÏÎÅÎÔ ÔÅÎÚÏÒÁ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞ-ÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÄÁÎÉÈ ËÒÉÓÔÁÌ�×.ðÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ËÒÉÓÔÁÌÁ NH4H2AsO4 ¤ ÍÏÖÌÉ×ÉÍ ÔÁËÏÖ Ï�ÉÓÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÉ ×ÉÂÏÒ� ÎÁÊÎÉÖÞÏÀÚ ÅÎÅÒÇ�Ê ËÏÒÏÔËÏÓÑÖÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ÅÎÅÒÇ�§ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ×�ÏÒÑÄËÕ×ÁÎÎÑ (~" < 0). ðÒÏÔÅ ÏÓÔÁÔÏÞÎÅ ×ÉÚÎÁÞÅÎÎÑ ÚÎÁËÕ ÅÎÅÒÇ�§ ~"ÄÌÑ ËÒÉÓÔÁÌÁ NH4H2AsO4 ×ÉÍÁÇÁ¤ ÝÅ ÄÏÄÁÔËÏ×ÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÉÈ � ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØ.ïÔÒÉÍÁÎ� × ÄÁÎ�Ê ÒÏÂÏÔ� ÒÅÚÕÌØÔÁÔÉ ¤ ×ÁÇÏÍÉÍ ��ÄÔ×ÅÒÄÖÅÎÎÑÍÁÄÅË×ÁÔÎÏÓÔ� ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕ-ÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ [4℄ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞ-ÎÉÍ ËÒÉÓÔÁÌÁÍ ÔÉ�Õ NH4H2PO4. ÷ÁÒÔÏ ÔÁËÏÖ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ×ÉÂ�Ò�ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÚÒÏÂÌÅÎÏ ÎÁ ÏÓÎÏ×� ÄÕÖÅ Â�ÄÎÏÇÏ ÎÁÂÏÒÕ �ÏÔÒ�Â-ÎÉÈ ÄÌÑ �ØÏÇÏ ÒÅÚÕÌØÔÁÔ�× ÇÒÕÎÔÏ×ÎÏÇÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÇÏ ÄÏÓÌ�-ÄÖÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÁÌÅÖÎÏÓÔ� Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§ ÁÎÔÉÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉË�× NH4H2PO4 � NH4H2AsO4. �ÏÍÕ ÔÁËÅ ÄÏÓÌ�ÄÖÅÎÎÑ ¤ÁËÔÕÁÌØÎÉÍ � ÍÏÇÌÏ Â ×ÎÅÓÔÉ �Å×Î� ËÏÒÅËÔÉ×É × ÏÔÒÉÍÁÎ� ÎÁÍÉ ÒÅ-ÚÕÌØÔÁÔÉ.ì�ÔÅÒÁÔÕÒÁ1. Nagamiya T. On the theory of the diele
tri
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(ä.1)

�ÕÔ ×ÖÉÔÏ �ÏÚÎÁÞÅÎÎÑ: ~w+ = ~w +A, ~w� = ~w �A.



37 ðÒÅ�ÒÉÎÔíÁÔÒÉ�� �U+af ÔÁ �U+p ×�Ä�Ï×�ÄÎÏ:0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 u1 0 0 u1 0 0 0 0 0 00 0 0 0 0 0 0 u2 0 0 0 u2 0 u2 u2 00 u2 u2 0 u2 0 0 0 u2 0 0 0 0 0 0 00 0 0 u1 0 0 0 0 0 0 0 0 u1 0 0 00 0 0 0 0 u1 0 0 0 0 u1 0 0 0 0 00 0 0 0 0 0 u1 0 0 u1 0 0 0 0 0 00 0 0 0 0 0 0 u2 0 0 0 u2 0 u2 u2 00 u2 u2 0 u2 0 0 0 u2 0 0 0 0 0 0 00 0 0 0 0 u1 0 0 0 0 u1 0 0 0 0 00 0 0 0 0 0 0 u2 0 0 0 u2 0 u2 u2 00 u2 u2 0 u2 0 0 0 u2 0 0 0 0 0 0 00 0 0 0 0 0 0 u2 0 0 0 u2 0 u2 u2 00 u2 u2 0 u2 0 0 0 u2 0 0 0 0 0 0 00 0 0 u1 0 0 0 0 0 0 0 0 u1 0 0 0
(ä.2)

0 0 0 0 0 0 u1 0 0 u1 0 0 0 0 0 0u2 0 0 0 0 u2 0 0 0 0 u2 0 0 0 0 u20 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 00 0 0 u1 0 0 0 0 0 0 0 0 u1 0 0 00 0 0 0 0 0 u1 0 0 u1 0 0 0 0 0 00 u3 u3 0 u3 0 0 u3 u3 0 0 u3 0 u3 u3 0u2 0 0 0 0 u2 0 0 0 0 u2 0 0 0 0 u20 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 0u2 0 0 0 0 u2 0 0 0 0 u2 0 0 0 0 u20 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 0u2 0 0 0 0 u2 0 0 0 0 u2 0 0 0 0 u20 0 0 u1 0 0 0 0 0 0 0 0 u1 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
(ä.3)

úÁ�ÒÏ×ÁÄÖÅÎ� �ÏÚÎÁÞÅÎÎÑ:u1 = 1p2 ; u2 = 12 ; u3 = 12p2 ; u1 = � 1p2 ; u2 = �12 ; u3 = � 12p2 :
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