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ò.ò.ìÅ×É�ØËÉÊ, á.ð.íÏ§ÎÁ, â.í.ì�ÓÎÉÊ÷ðìé÷ ðïúäï÷öîøïçï åìåë�òéþîïçï ðïìñ îáæáúï÷éê ðåòåè¶ä ¶ æ¶úéþî¶ ÷ìáó�é÷ïó�¶óåçîå�ïåìåë�òéë¶÷ ó¶í'· KH2PO4.
ICMP{00{12U

ìø÷¶÷

õäë: 533, 536PACS: 77.80.Bh, 77.84.Fa÷�ÌÉ× �ÏÚÄÏ×ÖÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä� Æ�ÚÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4ò.ò.ìÅ×É�ØËÉÊ, á.ð.íÏ§ÎÁ, â.í.ì�ÓÎÉÊáÎÏÔÁ��Ñ. ÷ ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ × ÒÁÍËÁÈ ÍÏÄÅÌ��ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ ×�ÌÉ× �ÏÚÄÏ×ÖÎØÏÇÏ ÅÌÅËÔÒÉÞ-ÎÏÇÏ �ÏÌÑ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä, ÓÔÁÔÉÞÎ� Ä�ÅÌÅËÔÒÉÞÎ�, �ÒÕÖÎ�, �'¤ÚÏÅÌÅËÔ-ÒÉÞÎ� ÔÁ ÔÅ�ÌÏ×� ×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4. ðÅÒÅ×�ÒÑ¤-ÔØÓÑ, ÞÉ × ÚÍÏÚ� ÒÏÚÒÏÂÌÅÎÁ ÒÁÎ�ÛÅ ÍÏÄÅÌØ, × ÑË�Ê ×ÒÁÈÏ×ÁÎÏ ÚÓÕ×ÎÕ ÄÅÆÏÒ-ÍÁ��À "6, Ï�ÉÓÁÔÉ ×�ÌÉ× �ÏÚÄÏ×ÖÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3. ðÏÂÕÄÏ×ÁÎ�TC � E3 ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ � ÒÏÚÒÁÈÏ×ÁÎ� �ÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� �ÏÌÑÒÉÚÁ��§,�ÒÏÎÉËÎÏÓÔ�, �ÒÕÖÎÉÈ ÓÔÁÌÉÈ ÄÅÊÔÅÒÏ×ÁÎÏÇÏ KD2PO4 � ÞÉÓÔÏÇÏ KH2PO4ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÎÁÑ×ÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. äÌÑ �Ï-ÓÌ�ÄÏ×ÎÏÇÏ Ï�ÉÓÕ ÕÓ�È Ä�ÅÌÅËÔÒÉÞÎÉÈ � �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁÔËÔÅÒÉÓÔÉËËÒÉÓÔÁÌ�×, ÓÌ�Ä ×ÒÁÈÏ×Õ×ÁÔÉ ÆÏÎÏÎÎ� ÓÔÕ�ÅÎ� ×�ÌØÎÏÓÔ� ÔÁ ÁÎÇÁÒÍÏÎ�ÚÍÉ.In
uen
e of longitudinal ele
tri
 �eld on phase transition andphysi
al properties of KH2PO4 family ferroele
tri
sR.R.Levitskii, A.P.Moina, B.M.LisniiAbstra
t. We verify whether the previously developed model of deuteratedKD2PO4 type 
rystals, with the shear strain "6 taken into a

ount, is ableto des
ribe the longitudinal ele
tri
 �eld E3 in
uen
e on the KH2PO4 familyferroele
tri
s. Major e�e
ts of the strain "6 are splitting of the Slater energiesof the short-range 
orrelations and the e�e
tive �eld 
reated by piezoele
tri

oupling. Cal
ulated TC�E3 phase diagrams, �eld dependen
es of polarization,sus
eptibility, and elasti
 
onstant of deuterated KD2PO4 and pure KH2PO4well a

ord with the available experimental data. For a 
onsistent des
riptionof all diele
tri
 and piezoele
tri
 
hara
teristi
s of the 
rystals, phonon degreesof freedom must be taken into a

ount.ðÏÄÁ¤ÔØÓÑ × Ferroele
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tri
s
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�äÏÓÌ�ÄÖÅÎÎÑ �Ï×ÅÄ�ÎËÉ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÓÅÇÎÅÔÏÁËÔÉ×ÎÉÈËÒÉÓÔÁÌ�× ��Ä ×�ÌÉ×ÏÍ ÚÏ×Î�ÛÎ�È ÆÁËÔÏÒ�×, ÔÁËÉÈ, ÑË ÔÉÓË ÞÉ ÅÌÅË-ÔÒÉÞÎÅ �ÏÌÅ, ÎÁÄÁ¤ ×ÁÖÌÉ×Õ �ÎÆÏÒÍÁ��À �ÒÏ ÍÅÈÁÎ�ÚÍ ÆÁÚÏ×ÏÇÏ �Å-ÒÅÈÏÄÕ × �ÉÈ ËÒÉÓÔÁÌÁÈ, ÔÁ §È Ä�ÅÌÅËÔÒÉÞÎÏÇÏ � �'¤ÚÏÅÌÅËÔÒÉÞÎÏÇÏ×�ÄÇÕË�×. �ÁË, ×É×ÞÅÎÎÑ ÚÁÌÅÖÎÏÓÔ� ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ×�Ä ÇÅÏÍÅÔÒ�§ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ ×ÉÑ×ÉÌÉ ÕÎ�×ÅÒÓÁÌØÎÕ �ÒÑÍÕ ÚÁÌÅÖ-Î�ÓÔØ Í�Ö ×�ÄÄÁÌÌÀ Í�Ö Ò�×ÎÏ×ÁÖÎÉÍÉ �ÏÌÏÖÅÎÎÑÍÉ �ÒÏÔÏÎÁ (ÄÅÊ-ÔÒÏÎÁ) ÎÁ Ú×'ÑÚËÕ ÔÁ ÔÅÍ�ÅÒÁÔÕÒÏÀ �ÅÒÅÈÏÄÕ × ÂÁÇÁÔØÏÈ ËÒÉÓÔÁÌÁÈÓ�Í'§ KH2PO4 [1,2℄.ã�ËÁ×ÉÍÉ ¤ ÄÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÎÁ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä � Æ�ÚÉÞÎ�×ÌÁÓÔÉ×ÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ó�Í'§ KH2PO4 ÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ �6 ×�ÌÏÝÉÎ� ab ��Ä ËÕÔÏÍ �=4 ÄÏ ÏÓÅÊ, ÑË� ÎÁ�ÒÁ×ÌÅÎ� ×ÚÄÏ×Ö ×ÏÄÎÅ×ÉÈÚ×'ÑÚË�×. ðÒÉ �ØÏÍÕ ×ÉÎÉËÁ¤ ÄÅÆÏÒÍÁ��Ñ "6 = "xy, ÑËÁ �ÅÒÅÔ×ÏÒÀ¤-ÔØÓÑ �Ï ÎÅÚ×�ÄÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎÀ B2. ðÏ �ØÏÍÕ Ö �ÒÅÄÓÔÁ×ÌÅÎÎÀ�ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ �ÏÌÑÒÉÚÁ��Ñ P3. �ÁËÉÍ ÞÉÎÏÍ, ÎÁ�ÒÕÇÁ �6, ÑË � �ÏÌÅE3, ¤ ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ, Ó�ÒÑÖÅÎÉÍ ÄÏ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ.÷ ÎÁÛ�Ê �Ï�ÅÒÅÄÎ�Ê ÒÏÂÏÔ� [3℄ ÚÄ�ÊÓÎÅÎÏ �ÏÓÌ�ÄÏ×ÎÉÊ Í�ËÒÏÓËÏ-��ÞÎÉÊ Ï�ÉÓ �Ï×ÅÄ�ÎËÉ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ�× ÔÉ�Õ KD2PO4 ��Ä Ä�-¤À ÎÁ�ÒÕÇÉ �6 × ÒÁÍËÁÈ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ Ú ×ÒÁÈÕ-×ÁÎÎÑÍ ÄÁÌÅËÏÓÑÖÎÉÈ ÔÁ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê. ïÔÒÉÍÁÎÏ ÚÁ-ÄÏ×�ÌØÎÅ ÕÚÇÏÄÖÅÎÎÑ ÔÅÏÒÅÔÉÞÎÉÈ ÒÅÚÕÌØÔÁÔ�× ÄÌÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ,�ÒÕÖÎÉÈ � �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×, �Ï×'ÑÚÁÎÉÈ ÚÄÅÆÏÒÍÁ��¤À "6 (�'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ d36, e36, h36, g36, �ÒÕÖ-ÎÉÈ ÓÔÁÌÉÈ 
P66, 
E66 � �ÏÄÁÔÌÉ×ÏÓÔÅÊ sP66, sE66, Á ÔÁËÏÖ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� "33 [28,32,33℄) Ú ×�Ä�Ï×�ÄÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁ-ÎÉÍÉ. ðÏÓÌ�ÄÏ×ÎÅ ×ÒÁÈÕ×ÁÎÎÑ ÚÍ�ÎÉ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ ÄÅÆÏÒÍÁ��¤À"6 ×ÉÑ×ÉÌÏ, ÝÏ ÔÁËÁ ÄÅÆÏÒÍÁ��Ñ �ÒÉ×ÏÄÉÔØ ÄÏ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�ÊÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, ÚÏËÒÅÍÁ ÄÏ ÒÏÚÝÅ�ÌÅÎÎÑ ÎÁÊÎÉÖÞÏÇÏ Ò�×-ÎÑ { ×ÅÒÈÎ�È ÔÁ ÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ��Ê, Á ÔÁËÏÖ ÅÎÅÒÇ�Ê Â�ÞÎÉÈ ÔÁ ÏÄ-ÎÏËÒÁÔÎÏ �ÏÎ�ÚÏ×ÁÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê. òÏÚÝÅ�ÌÅÎÎÑ ×ÅÒÈÎ�È (ÎÉÖÎ�È)ÔÁ �ÏÎ�ÚÏ×ÁÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê �ÒÉ×ÏÄÉÔØ ÄÏ �ÏÑ×É × ÇÁÍ�ÌØÔÏÎ�ÁÎ� ËÏ-ÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê ÏÄÎÏ- ÔÁ ÔÒÉÞÁÓÔÉÎËÏ×ÉÈ ÄÏÄÁÎË�×. þÉÓÌÏ×�ÒÏÚÒÁÈÕÎËÉ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ÏËÁÚÁÌÉ, ÝÏ ÌÉÛÅ ÎÁÍÁÇÁÀ-ÞÉÓØ ÏÔÒÉÍÁÔÉ ÎÁÌÅÖÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, ÎÅÍÏÖÌÉ-×Ï ×ÓÔÁÎÏ×ÉÔÉ ×ÅÌÉÞÉÎÕ ÒÏÚÝÅ�ÌÅÎÎÑ ×ÅÒÈÎ�È ÔÁ ÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ-��Ê Æs6, ÏÓË�ÌØËÉ �ÒÉ ÚÂÅÒÅÖÅÎÎ� �Å×ÎÏÇÏ Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö Æs6 ÔÁ×ÅÌÉÞÉÎÏÀ �'¤ÚÏÅÌÅËÔÒÉÞÎÏÇÏ ÍÏÌÅËÕÌÑÒÎÏÇÏ ×ÎÕÔÒ�ÛÎØÏÇÏ �ÏÌÑ  6[4℄, ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÏÔÒÉÍÕ¤ÔØÓÑ × ÄÏÓÉÔØ ÛÉÒÏËÏÍÕ�ÎÔÅÒ×ÁÌ� ÚÎÁÞÅÎØ Æs6. ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ ÔÅÍ�ÅÒÁ-
ICMP{00{12U 2ÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ d36, e36, h36, g36, Á ÔÁËÏÖ�ÒÕÖÎÉÈ ÓÔÁÌÉÈ 
P66, 
E66 � �ÏÄÁÔÌÉ×ÏÓÔÅÊ sP66, sE66, Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ� "33 [28,32,33℄ ÏÔÒÉÍÕ¤ÔØÓÑ � × Ó�ÒÏÝÅÎÏÍÕ ×ÁÒ�ÁÎÔ� ÍÏÄÅÌ�[5℄, × ÑËÏÍÕ ÚÎÅÈÔÏ×ÁÎÏ ÒÏÚÝÅ�ÌÅÎÎÑÍ ×ÅÒÈÎ�È (ÎÉÖÎ�È) ÔÁ �ÏÎ�ÚÏ×Á-ÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, Á ×ÒÁÈÕ×ÁÎÏ ÌÉÛÅ ÒÏÚÝÅ�ÌÅÎÎÑ Â�ÞÎÉÈ ËÏÎÆ�ÇÕ-ÒÁ��Ê ÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ×ÎÕÔÒ�ÛÎ�È �ÏÌ�×.÷ [3℄ �ÏËÁÚÁÎÏ, ÝÏ ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ��Ä×ÉÝÕ¤ÔØÓÑÚ ÎÁ�ÒÕÇÏÀ �6, Á ÓÔÒÉÂËÉ �ÏÌÑÒÉÚÁ��§ � ÄÅÆÏÒÍÁ��§ × ÔÏÞ�� �ÅÒÅÈÏÄÕÚÍÅÎÛÕÀÔØÓÑ. îÁ �ÏÂÕÄÏ×ÁÎ�Ê ÆÁÚÏ×�Ê Ä�ÁÇÒÁÍ� ÍÁÀÔØ Í�Ó�Å Ä×� ÓÉ-ÍÅÔÒÉÞÎ� ËÒÉÔÉÞÎ� ÔÏÞËÉ, × ÑËÉÈ ÚÁË�ÎÞÕÀÔØÓÑ Ì�Î�§ Ò�×ÎÏ×ÁÇÉ ÆÁÚ.îÁ�ÒÕÇÉ, ×ÉÝÅ ËÒÉÔÉÞÎÉÈ ÒÏÚÍÉ×ÁÀÔØ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä � �ÒÉ×ÏÄÑÔØÄÏ �ÌÁ×ÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ �ÏÌÑÒÉÚÁ��§ ÔÁ ÄÅÆÏÒÍÁ-��§. ÷�Ä�Ï×�ÄÎÏ, ��Ä×ÉÝÅÎÎÑ ÎÁ�ÒÕÇÉ �6 �Ï×ÉÎÎÏ �ÒÉ×ÏÄÉÔÉ ÄÏ ÚÂ�ÌØ-ÛÅÎÎÑ ��ËÏ×ÉÈ ÚÎÁÞÅÎØ ÔÉÈ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌÕ, ÑË�ÍÁÀÔØ ÏÓÏÂÌÉ×ÏÓÔ� × ÔÏÞ�� �ÅÒÅÈÏÄÕ (�ÏÚÄÏ×ÖÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏ-ÎÉËÎÏÓÔ�, �ÏÄÁÔÌÉ×ÏÓÔ� sE66, �'¤ÚÏÍÏÄÕÌ�× d36 � e36 ÔÁ ÔÅ�ÌÏ¤ÍÎÏÓÔ�).îÁÊÂ�ÌØÛÉÍÉ ¤ �� ÚÎÁÞÅÎÎÑ �ÒÉ ËÒÉÔÉÞÎÉÈ ÎÁ�ÒÕÇÁÈ, Á ×ÉÝ� ÎÁ�ÒÕ-ÇÉ ÚÇÌÁÄÖÕÀÔØ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÚÇÁÄÁÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË.�ÁËÁ �Ï×ÅÄ�ÎËÁ ¤ ÈÁÒÁËÔÅÒÎÏÀ ÄÌÑ ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× Ú ÆÁÚÏ×ÉÍ �Å-ÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ × ÚÏ×Î�ÛÎØÏÍÕ �ÏÌ�, Ó�ÒÑÖÅÎÏÍÕ ÄÏ �ÁÒÁÍÅÔÒÁ�ÏÒÑÄËÕ.äÏÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ ÎÁ�ÒÕÇÉ �6 ÎÁ ËÒÉÓÔÁÌÉ Ó�Í'§ KH2PO4, ÑËÉ-ÍÉ Â ��ËÁ×ÉÍÉ ×ÏÎÉ ÎÅ ÂÕÌÉ, ÚÁÌÉÛÁÀÔØÓÑ ÄÏ×ÏÌ� ÁÂÓÔÒÁËÔÎÉÍÉ,ÏÓË�ÌØËÉ §È ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÁ �ÅÒÅ×�ÒËÁ ×ÉÄÁ¤ÔØÓÑ ×ËÒÁÊ ÕÓËÌÁÄ-ÎÅÎÏÀ. â�ÌØÛ ÄÏÓÔÕ�ÎÏÀ ÄÌÑ ×ÉÍ�ÒÀ×ÁÎØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ ÍÅ-ÔÏÄÉËÏÀ ¤ ×ÉÍ�ÒÀ×ÁÎÎÑ Õ ÚÏ×Î�ÛÎ�È ÅÌÅËÔÒÉÞÎÉÈ �ÏÌÑÈ, ÚÏËÒÅÍÁ Õ�ÏÚÄÏ×ÖÎÏÍÕ �ÏÌ� E3, ÞÉÊ ×�ÌÉ× ÎÁ Æ�ÚÉËÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ÔÁ×�Ä�Ï×�ÄÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4 ¤ ÁÎÁÌÏÇ�ÞÎÉÍÄÏ ×�ÌÉ×Õ ÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ �6 ÔÁ ÄÏÓÔÁÔÎØÏ ÄÏÓÌ�ÄÖÅÎÉÍ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÏ [6{13℄.÷ ��Ê ÒÏÂÏÔ� ÍÉ �ÏËÁÖÅÍÏ, ÝÏ ÒÏÚ×ÉÎÅÎÁ ÔÅÏÒ�Ñ ÚÄÁÔÎÁ ÂÅÚ ××Å-ÄÅÎÎÑ ÎÏ×ÉÈ �ÁÒÁÍÅÔÒ�× Ï�ÉÓÁÔÉ �Ï×ÅÄ�ÎËÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ, �Ï-ÌÑÒÉÚÁ��§, ÔÁ �ÎÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ KD2PO4ÔÁËÏÖ � Õ ÚÏ×Î�ÛÎØÏÍÕ ÅÌÅËÔÒÉÞÎÏÍÕ �ÏÌ� E3, � Ó�ÒÏÂÕ¤ÍÏ ÚÁÓÔÏÓÕ×Á-ÔÉ �À ÔÅÏÒ�À ÄÏ Ï�ÉÓÕ ×�Ä�Ï×�ÄÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏËÒÉÓÔÁÌÕ KH2PO4, ÎÅÈÔÕÀÞÉ ÔÕÎÅÌÀ×ÁÎÎÑÍ.2. æÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÊ ÁÎÁÌ�Ú÷ÚÁÇÁÌ� ËÁÖÕÞÉ, ÓÔÒÏÇÏ ËÏÒÅËÔÎÉÍ ÄÌÑ ËÒÉÓÔÁÌ�× ÔÉ�Õ KH2PO4 ¤ÒÏÚËÌÁÄ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ G ÚÁ �ÏÌÑÒÉÚÁ��¤À P3 ÔÁ ÄÅ-



3 ðÒÅ�ÒÉÎÔÆÏÒÍÁ��¤À "6, ÑËÉÊ ÍÁ¤ ×ÉÇÌÑÄG = G0 + 12 �a1P 23 + a2P3"6 + a3"26�+ 14 �b1P 43 + b2P 33 "6 + b3P 23 "26�++16 �
1P 63 + 
2P 53 "6 + 
3P 43 "26�� 2�v EP3 � �v�6"6; (2.1)ãÅ ÄÏÚ×ÏÌÑ¤ ÚÒÏÂÉÔÉ ×�Ä�Ï×�ÄÎÉÊ ÁÎÁÌ�Ú ÄÌÑ ×É�ÁÄËÕ ÏÂÉÄ×ÏÈ �Ï-Ì�×, Ó�ÒÑÖÅÎÉÈ ÄÏ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ, { ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3 �ÚÓÕ×ÎÏ§ ÎÁ�ÒÕÇÉ �6. �ÏÄ� �ÓÔÉÎÎÉÍ (\relevant") �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄ-ËÕ, ÚÁ ÑËÉÍ ×�ÄÂÕ×Á¤ÔØÓÑ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ¤ ÄÅÑËÁ Ì�Î�ÊÎÁ ËÏÍÂ�-ÎÁ��Ñ P3 � "6. ýÏÂ §§ ×ÉÚÎÁÞÉÔÉ, ÚÄ�ÊÓÎÀÀÔØ Ì�Î�ÊÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ(P3; "6) ! (�; �), ÑËÅ Ä�ÁÇÏÎÁÌ�ÚÕ¤ Ë×ÁÄÒÁÔÉÞÎÕ ÆÏÒÍÕ ÚÁ (P3; "6) ÕÒÏÚËÌÁÄ� (2.1). óÅÒÅÄ � � � �ÓÔÉÎÎÉÍ �ÁÒÁÍÅÔÒÏÍ �ÏÒÑÄËÕ ¤ ÔÏÊ, ËÏÅ-Æ���¤ÎÔ �ÒÉ Ë×ÁÄÒÁÔ� ÑËÏÇÏ ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ × ÔÏÞ�� ëÀÒ�.ïÄÎÁË, × �ÒÁËÔÉÞÎÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÄÌÑ ¤ÄÉÎÏÇÏ ÅËÓ�ÅÒÉÍÅÎÔÁÌØ-ÎÏ ÌÅÇËÏ ÄÏÓÔÕ�ÎÏÇÏ �ÏÌÑ, Ó�ÒÑÖÅÎÏÇÏ ÄÏ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ, {ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3, ÑË �ÒÁ×ÉÌÏ ËÏÒÉÓÔÕÀÔØÓÑ ÒÏÚËÌÁÄÏÍ ÚÁ ÓÔÅ-�ÅÎÑÍÉ �ÏÌÑÒÉÚÁ��§ P3G = G0 + a0(T � T0)2 P 2 + b4P 4 + 
6P 6 �EP; (2.2)äÌÑ �ÒÏÓÔÏÔÉ, × �ØÏÍÕ ÒÏÚÄ�Ì� �ÎÄÅËÓÉ Â�ÌÑ �ÏÌÑÒÉÚÁ��§ P3 � �ÏÌÑ E3ÂÕÄÅÍÏ Ï�ÕÓËÁÔÉ.÷ ÏËÏÌ� ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÉ E = 0, ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ G(P ) ÍÁ¤ ÔÒÉ Í�Î�ÍÕÍÉ P 21;3 = (�b�pb2 � 4a
)=2
� P2 = 0, ÇÌÉÂÉÎÉ ÑËÉÈ ÚÒ�×ÎÀÀÔØÓÑ × ÔÏÞ�� �ÅÒÅÈÏÄÕ. ïÔÖÅ, ÔÅÍ�Å-ÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ TC0 �ÒÉ E = 0 ×ÉÚÎÁÞÁ¤ÔØÓÑÚ ÕÍÏ× �G�P = 0; G(P1;3) = G(0);ÝÏ ÅË×�×ÁÌÅÎÔÎÏ 3b2 = 16a
; TC0 = T0 + 3b216
a0 :�ÏÞËÉ ÅËÓÔÒÅÍÕÍÕ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÁ G(P ) �ÒÉ E 6= 0×ÉÚÎÁÞÁÀÔØÓÑ Ò�×ÎÑÎÎÑÍE = aP + bP 3 + 
P 5: (2.3)ú �'ÑÔÉ ÒÏÚ×'ÑÚË�× �ØÏÇÏ Ò�×ÎÑÎÎÑ, Ä×Á ×�Ä�Ï×�ÄÁÀÔØ ÍÁËÓÉÍÕÍÁÍ, ÁÔÒÉ { P1 < 0, P2 ' 0, � P3 > 0 { Í�Î�ÍÕÍÁÍ G(P ). ú ÕÍÏ×ÉG(P2) = G(P3)

ICMP{00{12U 4× Ì�Î�ÊÎÏÍÕ �Ï E ÎÁÂÌÉÖÅÎÎ� ÚÎÁÈÏÄÉÍÏ ÚÁÌÅÖÎ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ ×�Ä �ÏÌÑ E (ËÒÉ×Õ Ò�×ÎÏ×ÁÇÉ ÆÁÚ)TC = TC0 �E 12
7a0br 4
�3b :2.1. ëÒÉÔÉÞÎÁ ÔÏÞËÁ. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ×ÉÍ�ÒÀ×ÁÎÎÑëÒÉ×� Ò�×ÎÏ×ÁÇÉ ÆÁÚ (Ì�Î�§ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× �ÅÒÛÏÇÏ ÒÏÄÕ) ÚÁË�ÎÞÕ-ÀÔØÓÑ × Ä×ÏÈ ËÒÉÔÉÞÎÉÈ ÔÏÞËÁÈ, ËÏÏÒÄÉÎÁÔÉ (�E�; T �) ÑËÉÈ ×É�ÌÉ-×ÁÀÔØ Ú ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÕÍÏ× { Ò�×ÎÑÎÎÑ ÓÔÁÎÕ � ÕÍÏ×É Ò�×ÎÏ×ÁÇÉ��G�P �E = 0; �E�P = 0; �2E�P 2 = 0:÷ �ÉÈ ÔÏÞËÁÈ ÚÎÉËÁ¤ Ò�ÚÎÉ�Ñ Í�Ö �ÓÔÉÎÎÏ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÀ � \�Á-ÒÁÅÌÅËÔÒÉÞÎÏÀ" Ú ÎÅÎÕÌØÏ×ÉÍÉ �ÏÌÑÒÉÚÁ��¤À P3 ÔÁ ÄÅÆÏÒÍÁ��¤À"6 ÆÁÚÁÍÉ, ÔÁË ÝÏ �ÅÒÅÈ�Ä Ú ÏÄÎ�¤§ × �ÎÛÕ ×�ÄÂÕ×Á¤ÔØÓÑ �ÌÁ×ÎÏ ÂÅÚÓÔÒÉÂË�× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ.åËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ËÏÏÒÄÉÎÁÔÉ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ Ú×ÉÞÁÊÎÏ ×ÉÚÎÁ-ÞÁÀÔØ Ú ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÏ§ ÔÅÏÒ�§, ×ÉÍ�ÒÀÀÞÉ ÔÉÍ ÞÉ �ÎÛÉÍ Ó�ÏÓÏÂÏÍËÏÅÆ���¤ÎÔÉ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ. ðÒÉ �ØÏÍÕ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÒÉÔÉÞ-ÎÏÇÏ �ÏÌÑ E� ÔÁ ÔÅÍ�ÅÒÁÔÕÒÉ T � ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ÆÏÒÍÕÌÉ [6℄E� = a�P � + b(P �)3 + 
(P �)5 + d(P �)7;T � = T0 + a�a0 = T0 � 3b(P �)2 + 5
(P �)4 + 7d(P �)6a0 ;×ÒÁÈÏ×ÕÀÞÉ � ×ÉÝ� ÞÌÅÎÉ ÒÏÚËÌÁÄÕ. ÷ÅÌÉÞÉÎÁ P � ÚÁÌÅÖÉÔØ ×�Ä Ë�ÌØ-ËÏÓÔ� ×ÒÁÈÏ×ÁÎÉÈ ÞÌÅÎ�× ÒÏÚËÌÁÄÕ [6℄P � = 5
2d "r1� 6325 bd
2 � 1# 
 6= 0; d 6= 0;P � =r�b7d 
 = 0; d 6= 0;P � = � 3b10
 
 6= 0; d = 0:îÁÊ�ÒÏÓÔ�ÛÅ ¤ ×ÉÚÎÁÞÉÔÉ ËÏÅÆ���¤ÎÔ a0, ÑËÉÊ ¤ Î�ÞÉÍ �ÎÛÉÍ, ÑËÏÂÅÒÎÅÎÏÀ ÓÔÁÌÏÀ ëÀÒ� ËÒÉÓÔÁÌÕ. ëÏÅÆ���¤ÎÔÉ Ö �ÒÉ ×ÉÝÉÈ ÓÔÅ�Å-ÎÑÈ Õ ÒÏÚËÌÁÄ� ìÁÎÄÁÕ ÚÎÁÈÏÄÑÔØ, ÁÎÁÌ�ÚÕÀÞÉ �ÏÌØÏ×� � ÔÅÍ�ÅÒÁÔÕÒ-Î� ÚÁÌÅÖÎÏÓÔ� �ÏÌÑÒÉÚÁ��§ ËÒÉÓÔÁÌÕ.



5 ðÒÅ�ÒÉÎÔîÁÊ�ÒÏÓÔ�ÛÉÍ � ÎÁÊ�ÏÛÉÒÅÎ�ÛÉÍ ¤ ÁÎÁÌ�Ú Ô. Ú×. �-ÇÒÁÆ�Ë�× (�-plots). ñËÝÏ ÏÂÍÅÖÉÔÉÓØ Õ ÒÏÚËÌÁÄ� ìÁÎÄÁÕ ÄÏÄÁÎËÏÍ Ú P 6, ÔÏ ÚÒ�×ÎÑÎÎÑ ÄÌÑ �ÏÌÑ (2.3) ÓÌ�ÄÕ¤ [10℄, ÝÏ ÚÁÌÅÖÎ�ÓÔØ ×ÅÌÉÞÉÎÉ�(P 2) = E � aPP 3 = b+ 
P 2×�Ä P 2 �Ï×ÉÎÎÁ ÂÕÔÉ Ì�Î�ÊÎÏÀ � ÎÅÚÁÌÅÖÎÏÀ ×�Ä ×ÅÌÉÞÉÎÉ �ÒÉËÌÁ-ÄÅÎÏÇÏ �ÏÌÑ. �ÏÞËÁ �ÅÒÅÔÉÎÕ �¤§ �ÒÑÍÏ§ Ú ×�ÓÓÀ ÏÒÄÉÎÁÔ (P 2) ÄÁ¤ÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔÁ b, Á ËÕÔ ÎÁÈÉÌÕ ÄÏ ÏÓ� ÁÂÓ�ÉÓ { ËÏÅÆ���¤ÎÔ 
.ïÔÖÅ, ÁÎÁÌ�ÚÕÀÞÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÉÍ�ÒÑÎÕ ÚÁÌÅÖÎ�ÓÔØ ÆÕÎË��§�(P 2), ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ ×�ÄÒÁÚÕ Ä×Á ËÏÅÆ���¤ÎÔÉ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ.õ ×É�ÁÄËÕ, ËÏÌÉ ÚÁÌÅÖÎ�ÓÔØ �(P 2) ×ÉÑ×ÌÑ¤ÔØÓÑ ÂÌÉÖÞÏÀ ÄÏË×ÁÄÒÁÔÉÞÎÏ§, Î�Ö ÄÏ Ì�Î�ÊÎÏ§, Õ ÒÏÚËÌÁÄ� ìÁÎÄÁÕ ÓÌ�Ä ÚÎÅÈÔÕ×ÁÔÉÞÌÅÎÏÍ 
P 5,Á ÎÁÔÏÍ�ÓÔØ ×ÒÁÈÕ×ÁÔÉ ÄÏÄÁÎÏË dP 7. �ÏÄ� Ì�Î�ÊÎÏÀ �Ï-×ÉÎÎÁ ÂÕÔÉ ÚÁÌÅÖÎ�ÓÔØ�(P 4) = E � aPP 3 = b+ dP 4:¶ÎÛÉÊ, ÄÅÝÏ ÓËÌÁÄÎ�ÛÉÊ ÍÅÔÏÄ ×ÉÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔ�× ìÁÎ-ÄÁÕ ÎÁ×ÅÄÅÎÏ × ÒÏÂÏÔ� S
hmidt [6℄. úÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÚÁÍ�ÓÔØ �-ÇÒÁÆ�Ë�×ÁÎÁÌ�ÚÕ×ÁÔÉ Ô. Ú×. �ÚÏ�ÏÌÉ { �ÒÑÍ� �ÏÓÔ�ÊÎÏ§ �ÏÌÑÒÉÚÁ��§ × �ÌÏÝÉÎ�(E; T ). ú (2.3) ×ÉÄÎÏ, ÝÏT = Ea0P + T0 � bP 2 + 
P 4a0 ;ÔÏÂÔÏ ÚÁÌÅÖÎ�ÓÔØ T (E) �ÒÉ ÓÔÁÌ�Ê �ÏÌÑÒÉÚÁ��§ ¤ Ì�Î�ÊÎÏÀ. á�ÒÏËÓÉ-ÍÕÀÞÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� �ÁÒÁÆÁÚÎ� �ÚÏ�ÏÌÉ, ÍÏÖÎÁ ÚÎÁÊÔÉ ËÏÅÆ���-¤ÎÔ a0 Ú ×ÉÒÁÚÕ a0 = 1P ��E�T �P :óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ �ÒÉ ÆÁÚÏ×ÏÍÕ �ÅÒÅÈÏÄ� �ÅÒÛÏÇÏ ÒÏÄÕ �ÚÏ�ÏÌÉ�ÅÒÅÔÉÎÁÀÔØÓÑ, Á �ÒÉ �ÅÒÅÈÏÄ� ÄÒÕÇÏÇÏ ÒÏÄÕ { Î�. �ÏÍÕ ÔÁËÉÊ ÁÎÁÌ�ÚÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ×ÉÚÎÁÞÉÔÉ Ò�Ä ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ, Á ÔÁËÏÖ Ï��ÎÉÔÉËÏÏÒÄÉÎÁÔÉ ÔÒÉËÒÉÔÉÞÎÏ§ ÔÏÞËÉ (ÔÏÞËÉ ÚÍ�ÎÉ ÒÏÄÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏ-ÄÕ).îÁ ÖÁÌØ, ÍÅÔÏÄ ×ÉÚÎÁÞÅÎÎÑ ËÏÏÒÄÉÎÁÔ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÚÁ ËÏÅ-Æ���¤ÎÔÁÍÉ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ ÎÅ ÄÁ¤ ÍÏÖÌÉ×ÏÓÔ� ÚÎÁÊÔÉ Â�ÌØÛ ÍÅÎÛÄÏÓÔÏ×�ÒÎ� ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÉÈ ×ÅÌÉÞÉÎ. ÷ �ÁÂÌÉ�� 1 ÎÁ×ÅÄÅÎÏ ×É-Í�ÒÑÎ� × Ò�ÚÎÉÈ ÒÏÂÏÔÁÈ ËÏÅÆ���¤ÎÔÉ ìÁÎÄÁÕ ÔÁ ÒÏÚÒÁÈÏ×ÁÎ� ÚÁ ÎÉÍÉËÒÉÔÉÞÎ� ËÏÏÒÄÉÎÁÔÉ ÄÌÑ KH2PO4 (ÔÁÂÌÉ�À ×ÚÑÔÏ Ú ÒÏÂÏÔÉ [6℄). õÓ�
ICMP{00{12U 6ÎÁ×ÅÄÅÎ� ÒÅÚÕÌØÔÁÔÉ ÕÚÇÏÄÖÕÀÔØÓÑ, ÝÏ ÄÏ ÔÏÇÏ, ÝÏ ËÒÉÔÉÞÎÅ �ÏÌÅ ×�ØÏÍÕ ËÒÉÓÔÁÌ� ÍÁ¤ ÂÕÔÉ �ÏÒÑÄËÕ 100-300 V/
m.íÉ ÎÅ �ÏÄÁ×ÁÌÉ ÔÕÔÄÁÎÉÈ, ÏÔÒÉÍÁÎÉÈ ÛÌÑÈÏÍ ÄÉÌÁÔÏÍÅÔÒÉÞÎÉÈ ÒÅÎÔÇÅÎ�×ÓØËÉÈ ÄÏÓÌ�-ÄÖÅÎØ [11℄, ÑË� ÄÁÀÔØ ËÒÉÔÉÞÎÅ �ÏÌÅ × KH2PO4 ÂÌÉÚØËÏ 8500V/
m.�ÁÂÌ. 1. ëÏÅÆ���¤ÎÔÉ ìÁÎÄÁÕ ÔÁ ÒÏÚÒÁÈÏ×ÁÎ� ÚÁ ÎÉÍÉ ËÒÉÔÉÞÎ� ËÏ-ÏÒÄÉÎÁÔÉ ÄÌÑ KH2PO4 (ÔÁÂÌÉ�À ×ÚÑÔÏ Ú ÒÏÂÏÔÉ [6℄).Ref. a b 
 d E� T � � T0 ÍÅÔÏÄ(10�3esu) (10�11esu) (10�19esu) (10�27esu) (V/
m) (K)[12℄ 3.9 �1:9 6.3 0 120 0.07[13℄ 4:2� 0:1 �1:9� 0:1 5:4� 0:4 0 160 0.07 �-plot[14℄ 4:3� 0:2 �2:35 � 0:4 5:91� 1:5 0 232 � 70 0:10 � 0:03 Isopols[15℄ 4:0� 0:2 �1:48 � 0:2 3:1� 0:4 0 186 � 60 0:08 � 0:03 Isopols[6℄ 3:91� 0:04 �1:26� 0:05 3:2� 0:1 0 123 � 18 0:057� 0:007 Isopols[16℄ 3:8� 0:1 �3:0� 0:8 6:5� 1:1 0 370 0:16 �-plot3:8� 0:1 �0:5� 0:3 0 3:8� 0:4 87 0:036 �-plot[17℄ 3:9 �0:54� 0:05 0 2:85 � 0:10 124 0:0463:9 �1:85� 0:25 3:3� 0:5 0:87 � 0:5 280 0:11ñË ×ÉÄÎÏ, ÍÁ¤ Í�Ó�Å ÚÎÁÞÎÁ ÒÏÚÂ�ÖÎ�ÓÔØ Õ ÚÎÁÞÅÎÎÑÈ ËÏÅÆ���¤ÎÔ�×ìÁÎÄÁÕ, Á ËÏÏÒÄÉÎÁÔÉ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ¤ ÎÁÄÚ×ÉÞÁÊÎÏ ÞÕÔÌÉ×ÉÍÉ ÄÏÎÉÈ. �ÁË, ÎÁ�ÒÉËÌÁÄ ÚÍ�ÎÁ ËÏÅÆ���¤ÎÔÁ b × 1.5 ÒÁÚÉ ÚÂ�ÌØÛÕ¤ ËÒÉÔÉÞ-ÎÅ �ÏÌÅ × 3 ÒÁÚÉ, Á ×ÅÌÉÞÉÎÕ T � � T0 { × 2 ÒÁÚÉ. ïÓÎÏ×Î� ÄÖÅÒÅÌÁ�ÏÈÉÂËÉ Õ ×ÉÚÎÁÞÅÎÎ� ËÒÉÔÉÞÎÉÈ ËÏÏÒÄÉÎÁÔ ÞÅÒÅÚ ËÏÅÆ���¤ÎÔÉ ìÁÎ-ÄÁÕ ¤ ÔÁËÉÍÉ:1. îÅÁÄÅË×ÁÔÎ�ÓÔØ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ ÑË ÔÁËÏÇÏ. ÷�ÄÏÍÏ, ÝÏ �ÅÊÒÏÚËÌÁÄ ¤ Â�ÌØÛ ÍÅÎÛ ÄÏÓÔÏ×�ÒÎÉÍ ÌÉÛÅ ÄÌÑ ÆÁÚÏ×ÉÈ �ÅÒÅ-ÈÏÄ�× ÄÒÕÇÏÇÏ ÒÏÄÕ. äÌÑ ËÒÉÓÔÁÌ�×, × ÑËÉÈ ÍÁ¤ Í�Ó�Å ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ, × ÒÏÚËÌÁÄ� ÓÌ�Ä ×ÒÁÈÏ×Õ×ÁÔÉ ×ÅÌÉËÕ Ë�ÌØ-Ë�ÓÔØ ÄÏÄÁÎË�× (�ÒÉÎÁÊÍ� ÄÌÑKD2PO4), ÁÌÅ � ÔÏÄ� ×�Î ÂÕÄÅ Ó�ÒÁ-×ÅÄÌÉ×ÉÍ ÌÉÛÅ Õ ÄÕÖÅ ×ÕÚØË�Ê ÏÂÌÁÓÔ� �ÏÂÌÉÚÕ ÔÏÞËÉ �ÅÒÅÈÏÄÕ.îÁ×�ÔØ ÄÌÑ KH2PO4, ÄÅ ÓÔÒÉÂÏË �ÏÌÑÒÉÚÁ��§ × ÔÏÞ�� �ÅÒÅÈÏÄÕ¤ ÎÅ ÔÁËÉÍ ÚÎÁÞÎÉÍ, ÒÏÚËÌÁÄ ìÁÎÄÁÕ ÎÅ ¤ ×�Ï×Î� ÁÄÅË×ÁÔÎÉÍ.2. îÅÏÄÎÏÚÎÁÞÎ�ÓÔØ ÓÁÍÏÇÏ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ. ðÒÉ �ÎÔÅÒ�ÒÅÔÁ��§ÏÄÎÉÈ � ÔÉÈ ÖÅ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ Ò�ÚÎÉÍÉ ÆÏÒÍÁÍÉÒÏÚËÌÁÄÕ [16℄ (Ú 
 = 0, d 6= 0 ÁÂÏ 
 6= 0, d = 0) ËÒÉÔÉÞÎÅ �ÏÌÅÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉÓØ Â�ÌØÛÅ ÑË Õ 4 ÒÁÚÉ. òÏÚËÌÁÄ Ú 
 = 0, d 6= 0



7 ðÒÅ�ÒÉÎÔÄÁ¤ ÚÎÁÞÎÏ ÍÅÎÛ� ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ � ÔÅÍ�ÅÒÁÔÕÒÉ,Î�Ö ÒÏÚËÌÁÄ Ú 
 6= 0, d = 0.3. úÎÁÞÎÁ ÔÅÏÒÅÔÉÞÎÁ �ÏÈÉÂËÁ Õ ÒÏÚÒÁÈÕÎËÕ ËÏÅÆ���¤ÎÔ�× ÒÏÚËÌÁ-ÄÕ �ÒÉ ×ÉÂÒÁÎ�Ê ÆÏÒÍ� ÒÏÚËÌÁÄÕ. �ÁË, �ÒÉ ×ÉÚÎÁÞÅÎÎ� ËÏÅÆ�-��¤ÎÔÁ b ÚÁ ÄÏ�ÏÍÏÇÏÀ �-ÇÒÁÆ�Ë�×, �ÏÈÉÂËÁ ×ÉÎÉËÁ¤ ×ÎÁÓÌ�ÄÏËÒÏÚËÉÄÕ ÄÁÎÉÈ ÄÌÑ �(P 2) �ÒÉ ÍÁÌÉÈ ÚÎÁÞÅÎÎÑÈ �ÏÌÑÒÉÚÁ��§.4. úÍ�ÎÁ ËÏÅÆ���¤ÎÔ�× ìÁÎÄÁÕ ×�Ä ÚÒÁÚËÁ ÄÏ ÚÒÁÚËÁ. ðÏ �ÅÒÛÅ,ÄÏÓÉÔØ ×ÅÌÉËÉÊ ÒÏÚËÉÄ ÄÁÎÉÈ (ÑË ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÏÏÒÄÉÎÁÔËÒÉÔÉÞÎÏ§ ÔÏÞËÉ) ÍÁ¤ ÏÂÅÒÎÅÎÁ ÓÔÁÌÁ ëÀÒ� (ËÏÅÆ���¤ÎÔ a) [16℄.�ÁË ÓÁÍÏ ×�ÄÒ�ÚÎÑÀÔØÓÑ � ÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔÁ b ÄÌÑ Ò�ÚÎÉÈÚÒÁÚË�× ËÒÉÓÔÁÌÕ, ÏÔÒÉÍÁÎ� ÏÄÎÉÍ � ÔÉÍ ÖÅ ÍÅÔÏÄÏÍ, �ÒÉÞÏÍÕÒÏÚËÉÄ ÄÁÎÉÈ �ÅÒÅ×ÉÝÕ¤ �ÏÈÉÂËÕ ×ÉÚÎÁÞÅÎÎÑ b [6,14,15℄. ïÞÅ-×ÉÄÎÏ, ÝÏ �� ×ÅÌÉÞÉÎÉ, Á ÔÉÍ ÓÁÍÉÍ � ËÏÏÒÄÉÎÁÔÉ ËÒÉÔÉÞÎÏ§ÔÏÞËÉ, ÓÕÔÔ¤×Ï ÚÁÌÅÖÁÔØ ×�Ä ÑËÏÓÔ� ÚÒÁÚËÁ, ÊÏÇÏ �ÓÔÏÒ�§, ÎÁÑ×-ÎÏÓÔ� × ÎØÏÍÕ ×ÎÕÔÒ�ÛÎ�È ÄÅÆÅËÔ�×, ÔÏÝÏ.5. ò�ÚÎ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ§ ÍÅÔÏÄÉËÉ (��ÒÏÅÌÅËÔÒÉÞÎ�, ÄÉÌÁÔÏ-ÍÅÔÒÉÞÎ�, Ç�ÓÔÅÒÅÚÉÓÎ� �ÅÔÌ�) ÄÁÀÔØ ÚÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔ�× b,ÑË� ÍÏÖÕÔØ ×�ÄÒ�ÚÎÑÔÉÓÑ ÎÁ �ÏÒÑÄËÉ.ðÏÒ�×ÎÑÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÒÏÚÒÁÈÏ×ÁÎÉÈ ÚÁ ËÏÅÆ���-¤ÎÔÁÍÉ ÒÏÚËÌÁÄÕ ìÁÎÄÁÕ �ÎÛÉÈ ×ÅÌÉÞÉÎ (ÎÁ�ÒÉËÌÁÄ ÔÅÍ�ÅÒÁÔÕÒÎÏ§� �ÏÌØÏ×Ï§ ÚÁÌÅÖÎÏÓÔÅÊ �ÏÌÑÒÉÚÁ��§) ÎÅ ÄÁ¤ ÍÏÖÌÉ×ÏÓÔ� ÕÔÏÞÎÉÔÉ�� ËÏÅÆ���¤ÎÔÉ, ÏÓË�ÌØËÉ �� ÍÁËÒÏÓËÏ��ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÎÅ ¤ ÔÁ-ËÉÍÉ ÞÕÔÌÉ×ÉÍÉ ÄÏ ÚÎÁÞÅÎØ ËÏÅÆ���¤ÎÔ�× ÒÏÚËÌÁÄÕ, ÑË ËÏÏÒÄÉÎÁÔÉËÒÉÔÉÞÎÏ§ ÔÏÞËÉ.ïÔÖÅ, ×ÎÁÓÌ�ÄÏË ×ÅÌÉËÉÈ �ÏÈÉÂÏË Õ ×ÉÚÎÁÞÅÎÎ� ËÏÅÆ���¤ÎÔ�× ÒÏÚ-ËÌÁÄÕ ÔÁ ÎÅÏÄÎÏÚÎÁÞÎ�ÓÔØ ÓÁÍÏÇÏ ÒÏÚËÌÁÄÕ, ÍÅÔÏÄ ÒÏÚÒÁÈÕÎËÕ ËÒÉ-ÔÉÞÎÉÈ �ÏÌ�× � ÔÅÍ�ÅÒÁÔÕÒ ÚÁ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÏÀ ÔÅÏÒ�¤À ÄÁ¤ ÍÏÖÌÉ-×�ÓÔØ ÌÉÛÅ Ï��ÎÉÔÉ ËÏÏÒÄÉÎÁÔÉ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ (�ÏÒÑÄÏË ×ÅÌÉÞÉÎ).3. í�ËÒÏÓËÏ��ÞÎÁ ÍÏÄÅÌØòÏÚÇÌÑÄÁ¤ÍÏ ËÒÉÓÔÁÌ ÔÉ�Õ KD2PO4, ÄÏ ÑËÏÇÏ �ÒÉËÌÁÄÅÎÏ ÚÏ×Î�Û-Î¤ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ E3, ÑËÅ �ÎÄÕËÕ¤ × ËÒÉÓÔÁÌ� �ÏÌÑÒÉÚÁ��À P3 �ÄÅÆÏÒÍÁ��À "6.ðÏ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ ÍÏÄÅÌ� ÓËÌÁÄÁ¤ÔØÓÑ Ú ÚÁÔÒÁ×ÏÞÎÏ§ ÞÁÓÔÉÎÉ,ÑËÁ ÎÅ ÚÁÌÅÖÉÔØ ×�Ä ËÏÎÆ�ÇÕÒÁ��§ �ÒÏÔÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ � ×�Ä�Ï×�ÄÁ¤ÇÒÁÔ�� ×ÁÖËÉÈ �ÏÎ�×, ÔÁ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ ÇÁÍ�ÌØÔÏÎ�ÁÎ�× ËÏÒÏÔËÏÓÑÖ-ÎÉÈ � ÄÁÌÅËÏÓÑÖÎÉÈ Í�Ö�ÒÏÔÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, ÔÕÎÅÌÀ×ÁÎÎÑÍ ÎÅÈÔÕ-
ICMP{00{12U 8¤ÍÏ H = N�v�
E0662 "26 � e036E3"6 � �0332 E23�+Hlong +Hshort: (3.4)\úÁÔÒÁ×ÏÞÎÁ" ÅÎÅÒÇ�Ñ,×ÉÒÁÖÅÎÁ ÞÅÒÅÚ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ E3 � ÄÅÆÏÒ-ÍÁ��À "6 ×ËÌÀÞÁ¤ × ÓÅÂÅ �ÒÕÖÎÕ, �'¤ÚÏÅÌÅËÔÒÉÞÎÕ � ÅÌÅËÔÒÉÞÎÕ ÞÁÓ-ÔÉÎÉ. 
E066 , e036 � �033 { Ô. Ú×. \ÚÁÔÒÁ×ÏÞÎ�" �ÒÕÖÎÁ ÓÔÁÌÁ, ËÏÅÆ���¤ÎÔ�'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ � Ä�ÅÌÅËÔÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ, ×�Ä�Ï×�Ä-ÎÏ; �v = v=kB, v { ÏÂ'¤Í �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ; kB { ÓÔÁÌÁ âÏÌØ�ÍÁÎÁ;N { Ë�ÌØË�ÓÔØ �ÒÉÍ�ÔÉ×ÎÉÈ ËÏÍ�ÒÏË.Hlong { ÇÁÍ�ÌØÔÏÎ�ÁÎ ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÚÁ ÄÁÌÅËÏÓÑÖÎÉÍÉ ÄÉ�ÏÌØ-ÄÉ�ÏÌØÎÉÍÉ � ÎÅ�ÒÑÍÉÍÉ (ÞÅÒÅÚ ËÏÌÉ×ÁÎÎÑ ÇÒÁÔËÉ [18℄) ×ÚÁ¤ÍÏÄ�ÑÍÉÍ�Ö ÄÅÊÔÒÏÎÁÍÉ �ÌÀÓ Ì�Î�ÊÎÅ ÚÁ ÄÅÆÏÒÍÁ��¤À "6 ÍÏÌÅËÕÌÑÒÎÅ �ÏÌÅ[3,4℄, �ÎÄÕËÏ×ÁÎÅ �'¤ÚÏÅÌÅËÔÒÉÞÎÏÀ ×ÚÁ¤ÍÏÄ�¤ÀHlong = 12 Xq0f 0qf Jff 0(qq0) h�qf i2 h�q0f 0i2�Xqf 240�Xq0f 0 Jff 0(qq0) h�q0f 0i2 1A �qf2 � 2 6"6�qf2 35= 2N��2 �Xqf (2�� � 2 6"6) �qf2 ; (3.5)ÄÅ 4� = J11 + 2J12 + J13×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ ÆÕÒ'¤-ÏÂÒÁÚÕ ÍÁÔÒÉ�� ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�ÊJff 0 =PRq�Rq0 Jff 0(qq0);� = h�q1i = h�q2i = h�q3i = h�q4i{ ÓÅÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ �Ú�ÎÇ�×ÓØËÏÇÏ �ÓÅ×ÄÏÓ��ÎÁ �qf = �1, ÞÉ§ Ä×Á ×ÌÁÓ-Î� ÚÎÁÞÅÎÎÑ ×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍ Ò�×ÎÏ×ÁÖÎÉÍ �ÏÌÏÖÅÎÎÑÍ �ÒÏÔÏÎÁ(ÄÅÊÔÒÏÎÁ) ÎÁ f -ÏÍÕ Ú×'ÑÚËÕ × q-�Ê ËÏÍ�Ò��.çÁÍ�ÌØÔÏÎ�ÁÎ ËÏÒÏÔËÏÓÑÖÎÉÈ ËÏÎÆ�ÇÕÒÁ��ÊÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Í�Ö�ÒÏÔÏÎÁÍÉ Ú×ÉÞÁÊÎÏ ×ÉÂÉÒÁÀÔØ ÔÁË,ÝÏÂ ×�ÄÔ×ÏÒÉÔÉ ÅÎÅÒÇÅÔÉÞÎ� Ò�×-Î� ÍÏÄÅÌ� ÔÉ�Õ óÌÅÔÅÒÁ ÄÌÑ KDP (ÄÉ×., ÎÁ�ÒÉËÌÁÄ, [19℄) { ÅÎÅÒÇ�§×ÅÒÈÎ�È/ÎÉÖÎ�È "s (Ä×�Þ� ×ÉÒÏÄÖÅÎ� �ÒÉ "6 = 0 � E3 = 0), Â�ÞÎÉÈ "a (4-ËÒÁÔÎÏ ×ÉÒÏÄÖÅÎ�), ÏÄÎÏËÒÁÔÎÏ-�ÏÎ�ÚÏ×ÁÎÉÈ "1 (8-ËÒÁÔÎÏ-×ÉÒÏÄÖÅÎ�),� Ä×ÏËÒÁÔÎÏ-�ÏÎ�ÚÏ×ÁÎÉÈ "0 (Ä×�Þ� ×ÉÒÏÄÖÅÎ�) �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ-��Ê ("s < "a � "1 � "0).



9 ðÒÅ�ÒÉÎÔ÷ÎÁÓÌ�ÄÏË ×ÔÒÁÔÉ ÓÉÓÔÅÍÏÀ ÓÉÍÅÔÒ�§ ×�ÄÎÏÓÎÏ ÄÚÅÒËÁÌØÎÏÇÏ �Ï-×ÏÒÏÔÕ S4 ÎÁ×ËÏÌÏ ÏÓ� 
 (�Ñ �ÅÒÁ��Ñ ÚÍ�ÎÀ¤ ÚÎÁË �ÏÌÑÒÉÚÁ��§ � ÄÅ-ÆÏÒÍÁ��§), �ÒÉ ÎÁÑ×ÎÏÓÔ� ÄÅÆÏÒÍÁ��§ "6 ÔÁ × ÅÌÅËÔÒÉÞÎÏÍÕ �ÏÌ� E3×�ÄÂÕ×Á¤ÔØÓÑ ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ×ÅÒÈÎ�È � ÎÉÖÎ�È, Â�ÞÎÉÈ ÔÁ ÏÄ-ÎÏËÒÁÔÎÏ �ÏÎ�ÚÏ×ÁÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê (ÄÉ×. �ÁÂÌ. 2). ïÓË�ÌØËÉ ÄÅÆÏÒ-ÍÁ��Ñ "6 ÔÁ �ÏÌÑÒÉÚÁ��Ñ P3 �ÅÒÅÔ×ÏÒÀÀÔØÓÑ �Ï ÏÄÎÏÍÕ ÎÅÚ×�ÄÎÏÍÕ�ÒÅÄÓÔÁ×ÌÅÎÎÀ (B2 × �ÁÒÁÆÁÚ� � A1 × ÓÅÇÎÅÔÏÆÁÚ�), ÅÌÅËÔÒÉÞÎÅ �Ï-ÌÅ E3 ÎÅ ÒÏÚÝÅ�ÌÀ¤ ÔÉÈ Ò�×Î�×, ÑË� ÚÁÌÉÛÁÀÔØÓÑ ×ÉÒÏÄÖÅÎÉÍÉ �ÒÉÎÁÑ×ÎÏÓÔ� ÄÅÆÏÒÍÁ��§ "6.�Õ ÞÁÓÔÉÎÕ ÒÏÚÝÅ�ÌÅÎÎÑ, Æ�ÚÉÞÎÏÀ �ÒÉÞÉÎÏÀ ÑËÏ§ ¤ ÄÅÆÏÒÍÁ��ÑÇÒÕ� PO4 ÔÁ ÚÍ�ÎÁ ËÕÔÁ Í�Ö �ÅÒ�ÅÎÄÉËÕÌÑÒÎÉÍÉ × �ÁÒÁÆÁÚ� ×ÏÄÎÅ-×ÉÍÉ Ú×'ÑÚËÁÍÉ, Ï�ÉÓÕ¤ÍÏ Ì�Î�ÊÎÉÍÉ ÆÕÎË��ÑÍÉ ÄÅÆÏÒÍÁ��§ "6. òÏÚ-ÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ËÌÁÓÔÅÒÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ �ÏËÌÁ-ÄÁ¤ÍÏ Ò�×ÎÉÍ ÒÏÚÝÅ�ÌÅÎÀ ÅÎÅÒÇÅÔÉÞÎÉÈ Ò�×Î�× ÄÉ�ÏÌÑ × ÅÌÅËÔÒÉÞ-ÎÏÍÕ �ÏÌ� { ÇÒÕ� DnPO4 Ú ÄÅÊÔÒÏÎÁÍÉ Õ Ò�ÚÎÉÈ ËÏÎÆ�ÇÕÒÁ��ÑÈ �i(ÄÉ×. �ÁÂÌ. 2,4). ú×ÉÞÁÊÎÏ �ÏËÌÁÄÁÀÔØ ÁÂÓÏÌÀÔÎ� ÚÎÁÞÅÎÎÑ �ÒÏÅË��§ÎÁ ×�ÓØ 
 ÄÉ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ×ÅÒÈÎ�È/ÎÉÖÎ�È ËÏÎÆ�ÇÕÒÁ��Ê �3 ÕÄ×�Þ�Â�ÌØÛÉÍÉ, Î�Ö ×�Ä�Ï×�ÄÎ� �ÒÏÅË��§ ÏÄÎÏËÒÁÔÎÏ-�ÏÎ�ÚÏ×ÁÎÉÈ ËÏÎÆ�ÇÕ-ÒÁ��Ê; �ÒÏÅË��§ Ö ÄÉ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× Â�ÞÎÉÈ ÔÁ Ä×ÏËÒÁÔÎÏ �ÏÎ�ÚÏ×Á-ÎÉÈ ÇÒÕ� ÄÏÒ�×ÎÀÀÔØ ÎÕÌÀ.ïÓÔÁÔÏÞÎÏ, ÚÁ�ÉÓÁÎÉÊ × �ÓÅ×ÄÏÓ��ÎÏ×ÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎ� ÚÁ ÓÔÁÎ-ÄÁÒÔÎÉÍÉ �ÒÁ×ÉÌÁÍÉ [19℄ ÇÁÍ�ÌØÔÏÎ�ÁÎ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê, ×ÎÁÂÌÉÖÅÎÎ� ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ, ÑËÅ ¤ ÎÁÊÂ�ÌØÛ ÁÄÅË×ÁÔ-ÎÉÍ ÄÌÑ �ÉÈ ËÒÉÓÔÁÌ�×, ÍÁ¤ ×ÉÇÌÑÄ^Hshort =Xq nU h�q12 �q32 + �q22 �q42 i+��q12 �q22 �q32 �q42 +�"6(Æs6+2Æ16)h�q12 �q22 �q32 + �q12 �q22 �q42 + �q12 �q32 �q42 + �q22 �q32 �q42 i+ (V + Æa6"6)h�q12 �q22 + �q32 �q42 i+ (V � Æa6"6)h�q22 �q32 + �q42 �q12 io� ��+ �3E3 � 2Æ16 � Æs64 "6�Xq 4Xf=1 �qf2 : (3.6)÷ (3.6) ×ÉËÏÒÉÓÔÁÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑV = �12w1; U = 12w1 � "; � = 4"+ 2w1 � 8w;ÄÅ " = "a � "s; w = "1 � "s; w1 = "0 � "s
ICMP{00{12U 10

�ÁÂÌ. 2. òÏÚÝÅ�ÌÅÎÎÑ �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê�1�2�3�4 Ei
1

2

1

1

1

2

2

2

2

3

1

4

++++ "s � Æs6"6 � �3E3���� "s + Æs6"6 + �3E3+�+� "0�+�+ "0++�� "a + Æa6"6��++ "a + Æa6"6�++� "a � Æa6"6+��+ "a � Æa6"6
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�1�2�3�4 Ei���+ "1 � Æ16"6 � �3E3=2��+��+��+���++�+ "1 + Æ16"6 + �3E3=2+ ++��++++�++

ICMP{00{12U 12{ Ô. Ú×. ÓÌÅÔÅÒ�×ÓØË� ÅÎÅÒÇ�§. ïËÒ�Í ÒÏÚÝÅ�ÌÅÎÎÑ Ò�×Î�× ×ÎÁÓÌ�ÄÏË �Ï-ÎÉÖÅÎÎÑ ÓÉÍÅÔÒ�§ ÓÉÓÔÅÍÉ, ÍÉ ÎÅ ×ÒÁÈÏ×Õ¤ÍÏ Î�ÑËÉÈ �ÎÛÉÈ ÍÏÖÌÉ-×ÉÈ ÚÍ�Î Õ ÅÎÅÒÇ�ÑÈ ËÏÒÏËÏÓÑÖÎÉÈ ÄÅÊÔÒÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, ÔÏÍÕ", w, w1 ×�Ä ÄÅÆÏÒÍÁ��§ "6 ÞÉ �ÏÌÑ E3 ÎÅ ÚÁÌÅÖÁÔØ.ú ÕÍÏ×É Ò�×ÎÏÓÔ� ÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ �ÓÅ×ÄÏÓ��Î�× � = h�qf i, ÒÏÚÒÁ-ÈÏ×ÁÎÉÈ Ú ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÉÍ � ÏÄÎÏÞÁÓÔÉÎËÏ×ÉÍ �ÒÏÔÏÎÎÉÍÉ ÇÁÍ�-ÌØÔÏÎ�ÁÎÁÍÉ (ÄÉ×. [3℄), ÍÏÖÎÁ ×ÉËÌÀÞÉÔÉ �ÁÒÁÍÕÔÒ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ�. ðÁÒÁÍÅÔÒ �ÏÒÑÄËÕ � ÔÁ ÄÅÆÏÒÍÁ��À "6 ÍÏÖÎÁ ÚÎÁÊÔÉ, Í�Î�Í�ÚÕ-ÀÞÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÁÌ (Gibbs' fun
tion) g1E(T; �6; E3; �)g1E(T; �6; E3; �) = �v2
E066 "26 � �ve036"6E3 � �v2�"033E23 (3.7)+ 2T ln 2 + 2��2 � 2T ln(1� �2)� 2T lnD � �v�6"6;ÄÅD = 
h(2z + �Æs6"6) + 4b 
h(z � �Æ16"6) + aa6 + aa6 + d;z = 12 ln 1 + �1� � + ��� � � 6"6 + ��3E32 ;a = exp(��"); b = exp(��w); a6 = exp(��Æa6"6); d = exp(��w1):ó�ÒÑÖÅÎÕ ÄÏ ÄÅÆÏÒÍÁ��§ "6 ÎÁ�ÒÕÇÕ �6 ××ÅÄÅÎÏ ÄÌÑ ÚÒÕÞÎÏÓÔ�; ×ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËÁÈ �ÏËÌÁÄÅÎÏ �6 = 0).÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ�6 = 
E066 "6 � e036E3 + 4 6�v mD + 2M6�vD ; (3.8)P3 = e036"6 + �033E3 + 2�3v mD ;ÑËÁ ×É�ÌÉ×Á¤ Ú ÕÍÏ× ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ Ò�×ÎÏ×ÁÇÉ1�v ��g1E�"6 �T;E3;�6 = 0; 1�v ��g1E�E3 �T;�6 = �P3ÚÎÁÈÏÄÉÍÏ �ÚÏÔÅÒÍ�ÞÎÕ Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ×�ÌØÎÏÇÏËÒÉÓÔÁÌÕ (�ÒÉ �6 = 
onst)�T�33 = � �P3�E3�T;�6 = �T;"33 + (eT36)2
TE66 ; (3.9)ÑËÁ ×ÉÒÁÖÁ¤ÔØÓÑ ÞÅÒÅÚ �ÚÏÔÅÒÍ�ÞÎÕ Ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØÚÁÔÉÓÎÕÔÏÇÏ ËÒÉÓÔÁÌÕ (�ÒÉ "6 = 
onst)�T"33 = � �P3�E3�T;"6 = �033 + �23v 2�{D � 2{'; (3.10)



13 ðÒÅ�ÒÉÎÔ�ÚÏÔÅÒÍ�ÞÎÉÊ ËÏÅÆ���¤ÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉeT36 = ��P3�"6 �T;E3 = e036 + 2�3v ��D � 2{'; (3.11)�ÚÏÔÅÒÍ�ÞÎÕ �ÒÕÖÎÕ ÓÔÁÌÕ �ÒÉ �ÏÓÔÊÎÏÍÕ �ÏÌ�
TE66 = ���6�"6 �T;E3 = 
E066 + 8� 6�v �{ 6 + rD � 2{' + 2��vDM26� 2��vD �Æ2s6 
h(2z + �Æs6"6) + Æ2a6(aa6 + aa6 ) + (3.12)+ 4bÆ216 
h(z � �Æ16"6)�� 4'r2�vTD(D � 2{') :¶ÎÛ� �ÚÏÔÅÒÍ�ÞÎ� Ä�ÅÌÅËÔÒÉÞÎ� � �'¤ÚÏÅÌÅËÔÒÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÍÏ-ÖÕÔØ ÂÕÔÉ �ÅÒÅÒÁÈÏ×ÁÎ� ÞÅÒÅÚ ×ÖÅ ÚÎÁÊÄÅÎ� ÚÁ ÄÏ�ÏÍÏÇÏÀ ×�ÄÏÍÉÈÆÏÒÍÕÌ:ËÏÎÓÔÁÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÎÁ�ÒÕÇÉ h36h36 = ���E3�"6 �TP3 = ����6�P3�T"6 = eT36�T"33 (3.13)�ÒÕÖÎÁ ÓÔÁÌÁ 
P66 �ÒÉ �ÏÓÔ�ÊÎ�Ê �ÏÌÑÒÉÚÁ��§
P66 = ���6�"6 �TP3 = 
TE66 + eT36h36: (3.14)�ÏÄÁÔÌÉ×�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎÏÍÕ �ÏÌ�sTE66 = � �"6��6�TE3 = 1
TE66 ; (3.15)ËÏÅÆ���¤ÎÔ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§dT36 = ��P3��6�TE3 = eT36sTE66 ; (3.16)ËÏÎÓÔÁÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§g36 = ���E3��6 �TP3 = h36
TP66 : (3.17)
ICMP{00{12U 14õ ×ÉÒÁÚÁÈ (3.8)-(3.17) ×ÉËÏÒÉÓÔÁÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑ.M6 = �Æs6 sh(2z + �Æs6"6) + Æa6�aa6 � aa6�+ 4bÆ16 sh(z � �Æ16"6);{ = 
h(2z + �Æs6"6) + b 
h(z � �Æ16"6)� �m;r = Æs6 
h(2z + �Æs6"6)� 2bÆ16 
h(z � �Æ16"6) + �M6;� = �2{ 6 + r;' = 11� �2 + ��:ðÒÉ ×ÉËÏÒÉÓÔÁÎÎ� ÄÉÎÁÍ�ÞÎÉÈ ÍÅÔÏÄ�× ×ÉÍ�ÒÀ×ÁÎØ (ËÏÌÉ ÞÁÓÔÏ-ÔÁ ×ÉÍ�ÒÀ×ÁÎØ �ÅÒÅ×ÉÝÕ¤ ÞÁÓÔÏÔÕ ÔÅ�ÌÏ×Ï§ ÒÅÌÁËÓÁ��§ [23℄), ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÏ ×ÉÚÎÁÞÁÀÔØ ÎÅ �ÚÏÔÅÒÍ�ÞÎ�, Á ÁÄ�ÁÂÁÔÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ.÷ �ÁÒÁÆÁÚ� �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ ÁÄ�ÁÂÁ-ÔÉÞÎ� ÔÁ �ÚÏÔÅÒÍ�ÞÎ� ×ÅÌÉÞÉÎÉ Ó��×�ÁÄÁÀÔØ, ÏÄÎÁË �ÒÉ ÎÁÑ×ÎÏÓÔ� ÏÓ-ÔÁÎÎØÏÇÏ, ×ÏÎÉ ÍÏÖÕÔØ ÓÕÔÔ¤×Ï ×�ÄÒ�ÚÎÑÔÉÓÑ. áÄ�ÁÂÁÔÉÞÎ� ×ÅÌÉÞÉÎÉÍÏÖÕÔØ ÂÕÔÉ �ÅÒÅÒÁÈÏ×ÁÎ� ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� �ÚÏÔÅÒÍ�ÞÎ� ÚÁ ÄÏ�ÏÍÏÇÏÀÔÁËÉÈ Ó��××�ÄÎÏÛÅÎØ [20℄1�S�33 = 1�T�33 �1 + 1�T�33 (�P3=�T )2E3(�S=�T )P3 � = 1�T�33 �1 + T�T�33 p2�
P3 � ;dS36 = dT36 �S�33�T�33 ; (3.18)sSE66 = sTE66 ��1� �S�33�T�33 � (dT36)2�T�33 ;ÄÅ S = R��2 ln 2 + 2 ln[1� �2℄ + 2 lnD + 4T'T � + 2 �M6D �{ ÅÎÔÒÏ��Ñ �ÒÏÔÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ËÒÉÓÔÁÌÕ, p� { ��ÒÏÅÌÅËÔÒÉÞÎÉÊ ËÏ-ÅÆ���¤ÎÔ, 
P3 { �ÉÔÏÍÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ ÓÔÁÌ�Ê �ÏÌÑÒÉÚÁ��§. ú (3.18)×ÉÄÎÏ, ÝÏ ÎÁÊ�ÏÍ�ÔÎ�ÛÏÀ Ò�ÚÎÉ�Ñ Í�Ö ÁÄ�ÁÂÁÔÉÞÎÉÍÉ � �ÚÏÔÅÒÍ�ÞÎÉ-ÍÉ ×ÅÌÉÞÉÎÁÍÉ ¤ × ÏÂÌÁÓÔ� Û×ÉÄËÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÚÍ�ÎÉ �ÏÌÑÒÉÚÁ-��§ (ÄÅ ×ÅÌÉËÅ (�P3=�T )2E3) { × ÏËÏÌ� ÔÏÞËÉ �ÅÒÅÈÏÄÕ ÁÂÏ ÍÁËÓÉÍÕÍÕ�ÒÏÎÉËÎÏÓÔ�.÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ (3.18) ÔÁ Ó��××�ÄÎÏÛÅÎÎÑ (3.9)-(3.17) ÍÏÖÎÁ �Ï-ËÁÚÁÔÉ,ÝÏ ÁÄ�ÁÂÁÔÉÞÎ� � �ÚÏÔÅÒÍ�ÞÎ� \�ÓÔÉÎÎ�" ÓÔÁÌ� ËÒÉÓÔÁÌÕ { �ÒÕÖ-ÎÁ ÓÔÁÌÁ �ÒÉ �ÏÓÔ�ÊÎ�Ê �ÏÌÑÒÉÚÁ��§ 
P66 ÔÁ �'¤ÚÏÍÏÄÕÌ� h36 � g36 Ó��×-�ÁÄÁÀÔØ.ð�ÒÏÅÌÅËÔÒÉÞÎÉÊ ËÏÅÆ���¤ÎÔ ÔÁ ×ÎÅÓÏË ÄÅÊÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ×�ÉÔÏÍÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎÉÈ ÔÉÓËÕ � �ÏÌÑÒÉÚÁ��§, ÚÁÄÁÀÔØÓÑ



15 ðÒÅ�ÒÉÎÔÔÁËÉÍÉ ×ÉÒÁÚÁÍÉ p� = p" + e36�6; (3.19)� �
P3 = Tv ��S�T �� = �
P3;" + qP6 �6; (3.20)ÄÅ p" = �3v 2T 2{T'T + ~q6D � 2{' ; (3.21)�
P3;" { �ÉÔÏÍÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ �ÏÓÔ�ÊÎÉÈ �ÏÌÑÒÉÚÁ��§ � ÄÅÆÏÒÍÁ-��§�
P3;" = Tv ��S�T �P3;"6 = 2RD �4T'T [{T'T + ~q6℄ +N6 � �M26D � ;qP6 { ÔÅ�ÌÏÔÁ ÄÅÆÏÒÍÁ��§ �ÒÉ ÚÁÄÁÎÏÍÕ P3,qP6 = � �S�"6�P3;T = 4RD �T'T (r � 2{6 6)� ~q6 6�6 + �M6M62D � ;�6 { \ËÏÅÆ���¤ÎÔ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ" { ÆÁËÔÏÒ, �Ï×'ÑÚÁÎÉÊ Ú ÔÅÍ-�ÅÒÁÔÕÒÎÏÀ ÚÁÌÅÖÎ�ÓÔÀ ÚÓÕ×ÎÏ§ ÄÅÆÏÒÍÁ��§ "6. ¶ÓÔÉÎÎ� ËÏÅÆ���¤Î-ÔÉ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ, �Ï×'ÑÚÁÎ� Ú Ä�ÁÇÏÎÁÌØÎÉÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉÔÅÎÚÏÒÁ ÄÅÆÏÒÍÁ��§, ÔÕÔ ÎÅ ÒÏÚÇÌÑÄÁÀÔØÓÑ.�6 = ��"6�T �� = �qP6 + h36p"6
E66 ;ÄÅ ×ÉËÏÒÉÓÔÁÎÏ ÔÁË� �ÏÚÎÁÞÅÎÎÑN6 = 1T 2�("+ Æa6"6)2aa6 + ("� Æa6"6)2 aa6 + 4bwÆ16"6 sh(z � �Æ16"6)++4b[w2 + Æ216"26℄ 
h(z � �Æ16"6) + w12d� (Æs6"6)2 
h(2z + �Æa6"6)i ;~q6 = 1T [�Æs6"6 
h(2z + �Æas"6) + 2bÆ16"6 
h(z � �Æ16"6)++ 2bw sh(z � �Æ16"6)℄� � �M6;�6 = 1T ��Æ2s6"6 sh(2z + �Æa6"6) + 4bÆ216"6 
h(z6 � �Æ16"6)++Æa6�aa6("+ Æa6"6)� aa6 ("� Æa6"6)�+ 4bÆ16w"6 sh(z � �Æ16"6)� :'T = � 1T 2 (�� �  6"6);�M6 = �(4bw 
h z + dw1 + a"a6 + a"a�16 +M6"6):

ICMP{00{12U 16R { ÕÎ�×ÅÒÓÁÌØÎÁ ÇÁÚÏ×Á ÓÔÁÌÁ.íÁÀÞÉ ��ÒÏÅÌÅËÔÒÉÞÎÉÊ ËÏÅÆ���¤ÎÔ ÔÁ �ÉÔÏÍÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØËÒÉÓÔÁÌÕ, ÍÏÖÎÁ ÌÅÇËÏ ÚÎÁÊÔÉ �Ï×ÎÕ ÍÏÌÑÒÎÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÒÉ ÓÔÁ-ÌÏÍÕ ÔÉÓËÕ �6 �
�6 = T ��S�T �� = �
P�6 + q"6p�6 : (3.22)q"6 = � �S�P3�"6;T = v�3 2RTD 'f2{T'T + ~q6g{ ÔÅ�ÌÏÔÁ �ÏÌÑÒÉÚÁ��§ �ÒÉ ÚÁÄÁÎÏÍÕ "6,4. ïÂÇÏ×ÏÒÅÎÎÑ4.1. ð�ÄÂ�Ò �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§íÉ ÂÕÄÅÍÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ �ÅÒÅÄÓÔÁ×ÌÅÎ� × �Ï�ÅÒÅÄÎØÏÍÕ ÒÏÚÄ�Ì�ÔÅÏÒÅÔÉÞÎ� ÒÅÚÕÌØÔÁÔÉ ÄÏ Ï�ÉÓÕ �Ï×ÅÄ�ÎËÉ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË×ÉÓÏËÏÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ KD2PO4, Á ÔÁËÏÖ �ÅÒÅ×�ÒÉÍÏ, ÞÉ ×ÚÍÏÚ� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÔÅÏÒ�Ñ Ï�ÉÓÁÔÉ �Ï×ÅÄ�ÎËÕ ÒÏÚÒÁÈÏ×ÁÎÉÈ Æ�ÚÉÞ-ÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4 ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅ-ÌØÎÉÈ ÅÆÅËÔ�×.äÌÑ ×ÉÓÏËÏÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ K(H1�xDx)2PO4 Ú ÔÅÍ�ÅÒÁ-ÔÕÒÏÀ �ÅÒÅÈÏÄÕ × ÎÕÌØÏ×ÏÍÕ �ÏÌ� TC0 = 211:73 K (ÎÏÍ�ÎÁÌØÎÉÊ Ò�-×ÅÎØ ÄÅÊÔÅÒÕ×ÁÎÎÑ x = 0:89, ÎÁÄÁÌ� ÓËÏÒÏÞÅÎÏ KD2PO4) ÂÕÄÅÍÏ ×É-ËÏÒÉÓÔÏ×Õ×ÁÔÉ ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§, ÚÎÁÊÄÅÎ� × ÒÏÂÏÔ� [3℄, ÑË�ÚÁÂÅÚ�ÅÞÕÀÔØ ÚÁÄÏ×�ÌØÎÉÊ Ë�ÌØË�ÓÎÉÊ Ï�ÉÓ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉÒÑÄÕ �Ï×'ÑÚÁÎÉÈ Ú ÄÅÆÏÒÍÁ��¤À "6 Ä�ÅÌÅËÔÒÉÞÎÉÈ, �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ� �ÒÕÖÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË �ØÏÇÏ ËÒÉÓÔÁÌÕ �ÒÉ ÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ,Á ÓÁÍÅ, Ä�ÅÌÅËÔÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ ×�ÌØÎÏÇÏ ÔÁ ÚÁÔÉÓÎÕÔÏÇÏ ËÒÉÓÔÁ-ÌÕ, �ÒÕÖÎÉÈ ÓÔÁÌÉÈ 
E66 � 
P66 �ÚÏÌØÏ×ÁÎÏÇÏ ÔÁ ÚÁËÏÒÏÞÅÎÏÇÏ ËÒÉÓÔÁÌÕ,Á ÔÁËÏÖ �'¤ÚÏÍÏÄÕÌ�× e36, d36, g36 � h36.äÌÑ ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ KH2PO4 �ÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ ×ÉÂÉ-ÒÁ¤ÍÏ ÔÁË, ÝÏÂ Ï�ÉÓÁÔÉ ÔÅÍ�ÅÒÁÔÕÒÎÕ �Ï×ÅÄ�ÎËÕ �ÒÕÖÎÉÈ ÓÔÁÌÉÈ
E66 � 
P66, �'¤ÚÏÍÏÄÕÌ�× e36, d36, g36 � h36, Á ÔÁËÏÖ �ÏÚÄÏ×ÖÎÏ§ ÓÔÁÔÉÞ-ÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ÚÁÔÉÓÎÕÔÏÇÏ ËÒÉÓÔÁÌÕ ""33. óÌ�Ä ×�Ä-ÚÎÁÞÉÔÉ, ÝÏ Ô�ÌØËÉ ÄÁÎ� ÒÏÂ�Ô [21,22℄ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓ-ÔÅÊ ËÏÅÆ���¤ÎÔÁ �'¤ÚÏÅÌÅËÔÒÉÞÎÏ§ ÄÅÆÏÒÍÁ��§ d36, ÒÏÂ�Ô [23{26℄ ÄÌÑÄ�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� "�33, � [27℄ ÄÌÑ �ÒÕÖÎÏ§ �ÏÄÁÔÌÉ×ÏÓÔ� sE66ÏÔÒÉÍÁÎ� ÂÅÚ�ÏÓÅÒÅÄÎ�ÍÉ ×ÉÍ�ÒÀ×ÁÎÎÑÍÉ. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ Ò�×ÎÑÎ-ÎÑ (3.9) { (3.17) � ÍÁÀÞÉ ÚÎÁÞÅÎÎÑ d36, "�33 � 
E66, ÍÉ ÍÏÖÅÍÏ ÚÎÁÊÔÉ



17 ðÒÅ�ÒÉÎÔ\ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ�" ÔÏÞËÉ ÄÌÑ �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ ÓÔÁÌÉÈ e36, h36, g36,�ÒÕÖÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË 
P66, sE66, sP66 ÔÁ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�ÚÁÔÉÓÎÕÔÏÇÏ ËÒÉÓÔÁÌÕ �"33. ðÅÒÅÒÁÈÏ×ÁÎ� × ÔÁËÉÊ Ó�ÏÓ�Â ÚÎÁÞÅÎÎÑ �'¤-ÚÏËÏÎÓÔÁÎÔ g36 � 53�10�8 
m2/esu � h36 � 3:8�104 dyn/esu ×ÉÝÅ ÔÏÞËÉ�ÅÒÅÈÏÄÕa ×ÉÝ�, Î�Ö, ×�Ä�Ï×�ÄÎÏ, 44 � 10�8 
m2/esu � 3:0 � 104 dyn/esu,ÎÁ×ÅÄÅÎ� × ÒÏÂÏÔ� íÅÚÏÎÁ [28℄, ÁÌÅ ÂÌÉÖÞ� ÄÏ ÄÁÎÉÈ deQuervain'Á(50 � 10�8 
m2/esu ÄÌÑ h36).úÁ ÄÏ�ÏÍÏÇÏÀ �ØÏÇÏ ÎÁÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ KH2PO4 Ó�ÒÏ-ÂÕ¤ÍÏ ÔÁËÏÖ Ï�ÉÓÁÔÉ �ÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� �ÏÌÑÒÉÚÁ��§ P3 ÒÏÂÏÔÉ [8℄,ÔÅÍ�ÅÒÁÔÕÒÎ� � �ÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� �ÏÚÄÏ×ÖÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞ-ÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� �S�33 � �ÒÕÖÎÏ§ ÓÔÁÌÏ§ 
SE66 , ÏÔÒÉÍÁÎ� × ÒÏÂÏÔ� [7℄.óÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ × ÒÏÂÏÔ� [7℄ ÂÅÚ�ÏÓÅÒÅÄÎØÏ ×ÉÍ�ÒÀ×ÁÌÉ ÌÉÛÅ�ÒÕÖÎÕ ÓÔÁÌÕ. ä�ÅÌÅËÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÂÕÌÏ �ÅÒÅÒÁÈÏ×ÁÎÏ ÚÁÄÏ�ÏÍÏÇÏÀ ×�ÄÏÍÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÏÒÍÕÌ, ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� [29℄ ÄÌÑ �'¤ÚÏÍÏÄÕÌ�×.óÈÅÍÁ ×ÉÂÏÒÕ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÂÕÌÁ ÔÁËÏÀ. äÌÑ ÚÁÄÁÎÉÈ " � w,ÂÌÉÚØËÉÈ ÄÏ ÔÉÈ, ÝÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØ × ÔÅÏÒ�ÑÈ, ÑË� ÎÅ ×ÒÁÈÏ×ÕÀÔØ�'¤ÚÏÅÆÅËÔÕ � ÅÆÅËÔ�× ÔÕÎÅÌÀ×ÁÎÎÑ [30℄, �, ÚÁÄÁÀÞÉ ÔÅÍ�ÅÒÁÔÕÒÕ ëÀ-Ò� ÚÁÔÉÓÎÕÔÏÇÏ ËÒÉÓÔÁÌÕ [28℄ T 
lamp0 = 118:65 K, ÚÎÁÈÏÄÉÌÉ ×ÅÌÉÞÉÎÕ�ÁÒÁÍÅÔÒÁ ÄÁÌÅËÏÄ�§ �. úÁÄÁÀÞÉ ÚÎÁÞÅÎÎÑ ÄÅÆÏÒÍÁ��ÊÎÉÈ �ÏÔÅÎ��Á-Ì�×  6, Æa6, Æ16, ÚÎÁÈÏÄÉÌÉ ÚÎÁÞÅÎÎÑ Æs6, �ÒÉ×'ÑÚÕÀÞÉÓØ ÄÏ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÏ§ ×ÅÌÉÞÉÎÉ �'¤ÚÏÍÏÄÕÌÑ e36 �ÒÉ ÄÅÑË�Ê ÔÅÍ�ÅÒÁÔÕÒ�. ðÁÒÁ-ÍÅÔÒÉ ", w,  6, Æa6, Æ16, 
E066 , �3=v ÚÁÄÁ×ÁÌÉ ÔÁË, ÝÏÂ ÏÔÒÉÍÁÔÉ �ÒÁ×É-ÌØÎ� ÞÉÓÌÏ×� ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ �ÅÒÅÈÏÄÕ TC0 � ÔÅÍ�ÅÒÁÔÕÒÉ ëÀÒ�×�ÌØÎÏÇÏ ËÒÉÓÔÁÌÕ TC0 [8℄, ×ÅÌÉÞÉÎÉ ×�ÄÎÏÛÅÎÎÑ ÓÔÒÉÂËÁ �ÏÌÑÒÉÚÁ��§× ÔÏÞ�� �ÅÒÅÈÏÄÕ ÄÏ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ (ÓÔÒÉÂËÁ �ÁÒÁÍÅÔÒÁ �Ï-ÒÑÄËÕ), �ÒÁ×ÉÌØÎÉÊ ÔÅÍ�ÅÒÁÔÕÒÎÉÊ È�Ä �ÒÕÖÎÏ§ ÓÔÁÌÏ§ 
E66 [27℄ � 
P66[28℄, �'¤ÚÏÍÏÄÕÌ�× d36, g36 � h36 [28℄, �ÏÚÄÏ×ÖÎÉÈ ÓÔÁÔÉÞÎÉÈ Ä�ÅÌÅËÔ-ÒÉÞÎÉÈ �ÒÏÎÉËÎÏÓÔÅÊ ×�ÌØÎÏÇÏ "�33 [25,37,23,24,36℄ � ÚÁÔÉÓÎÕÔÏÇÏ ""33[28℄ ËÒÉÓÔÁÌ�×, Á ÔÁËÏÖ ÔÅ�ÌÏ¤ÍÎÏÓÔ�. îÁÌÅÖÎÉÍ ÞÉÎÏÍ ×ÉÂÒÁÎ� �Á-ÒÁÍÅÔÒÉ e036, �(0)33 ÄÁÀÔØ �ÒÁ×ÉÌØÎ� ÚÎÁÞÅÎÎÑ �'¤ÚÏÍÏÄÕÌ�× d36, e36,g36 � h36 Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÇÒÁÎÉ��.äÒÕÇÉÊ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÏÔÒÉÍÁÌÉ Ú �ÅÒÛÏÇÏ, ÚÍ�ÎÉ×ÛÉ ÚÁÔÒÁ-×ÏÞÎÕ �ÒÕÖÎÕ ÓÔÁÌÕ 
E066 ÔÁË, ÝÏÂ ÏÔÒÉÍÁÔÉ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÎÏÀ �Ï×ÅÄ�ÎËÏÀ �ÒÕÖÎÏ§ ÓÔÁÌÏ§ ÒÏÂÏÔÉ [7℄,ÔÁ ÚÓÕÎÕ×ÛÉ ÚÁÄÁÎ� ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒ ëÀÒ� � ÔÅÍ�ÅÒÁÔÕÒÉ �ÅÒÅ-ÈÏÄÕ. ÷�Ä�Ï×�ÄÎÏ, ÄÅÝÏ ÚÍ�ÎÉÌÉÓÑ � �ÅÒÅÒÁÈÏ×ÁÎ� �ÁÒÁÍÅÔÒ ÄÁÌÅËÏÄ�§�
 � ÄÅÆÏÒÍÁ��ÊÎÉÊ �ÏÔÅÎ��ÁÌ Æs6. òÏÚÒÁÈÏ×ÁÎ� ÚÎÁÞÅÎÎÑ �'¤ÚÏÍÏÄÕÌÑg36 �ÒÉ �ØÏÍÕ �ÅÒÅÓÔÁÌÉ ÕÚÇÏÄÖÕ×ÁÔÉÓÑ Ú ÄÁÎÉÍÉ [28℄, ÏÄÎÁË ÓÔÁÌÉÂÌÉÖÞÉÍÉ ÄÏ ×ÉËÏÒÉÓÔÁÎÉÈ × [7℄ ÄÁÎÉÈ [29℄.÷ �ÁÂÌÉ�� 3 ÎÁ×ÅÄÅÎÏ ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§ ÄÌÑ ËÒÉÓÔÁÌ�×
ICMP{00{12U 18KD2PO4 � KH2PO4 (Ä×Á ÎÁÂÏÒÉ), Á ÔÁËÏÖ �ÒÏ�ÌÀÓÔÒÏ×ÁÎÏ Ò�ÚÎÉ�ÀÍ�Ö ×ÅÌÉÞÉÎÁÍÉ, ÒÏÚÒÁÈÏ×ÁÎÉÍÉ ÚÁ Ä×ÏÍÁ ÎÁÂÏÒÁÍÉ ÄÌÑ KH2PO4.�ÁÂÌ. 3. ðÁÒÁÍÅÔÒÉ ÔÅÏÒ�§ ÄÌÑ Ä×ÏÈ ËÒÉÓÔÁÌ�×." w �  6 Æs6 Æa6 Æ16(K)KD2PO4 91.3 781 34.615 �500 �692:5 1350 50KH2PO4 52.5 383 20.58 -380 �257 300 40
E066 � 10�10 �3=v e036 �(0)33(dyn/
m2) (�C/
m2) (esu/
m2)KD2PO4 6.7 6.9 0:42 � 104 0.4KH2PO4 7.3 6.4 0:3 � 1044.2. åÆÅËÔÉ×ÎÉÊ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ÷ ÎÁÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ, ÔÁ ÔÁËÏÖ × ÒÏÂÏÔÁÈ �ÎÛÉÈ Á×ÔÏÒ�× (ÄÉ×. ÎÁ�Ò.[8℄), ÚÎÁÞÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ × ÓÅÇÎÅÔÏÆÁÚ� (ÑË�×ÈÏÄÑÔØ Õ ×ÉÒÁÚ ÄÌÑ Ó�ÏÎÔÁÎÎÏ§ �ÏÌÑÒÉÚÁ��§) ÔÁ × �ÁÒÁÆÁÚ� (ÑË� ×É-ÚÎÁÞÁÀÔØ ÓÔÁÌÕ ëÀÒ�) ÓÌ�Ä �ÏËÌÁÄÁÔÉ Ò�ÚÎÉÍÉ, �ÒÉÞÏÍÕ �+ > ��. ÷KH2PO4 � KD2PO4 ×�ÄÎÏÛÅÎÎÑ �+=�� ÓËÌÁÄÁ¤ ÂÌÉÚØËÏ 1.2. úÎÁÞÅÎ-ÎÑ �ÁÒÁÍÅÔÒÁ ��3 =v × ÓÅÇÎÅÔÏÆÁÚ� ÚÁÄÁ¤ÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍ Í�ÖÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏÀ ×ÅÌÉÞÉÎÏÀ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ ÔÁ ÔÅÏÒÅÔÉÞ-ÎÉÍ ÚÎÁÞÅÎÎÑÍ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ �sat � h�zi �ÒÉ ÎÁÓÉÞÅÎÎ�. �ÏÍÕ,ÏÓË�ÌØËÉ ×ÎÅÓÏË × �ÏÌÑÒÉÚÁ��À ×�Ä ÄÏÄÁÎËÁ e036"6 ¤ ÎÅÚÎÁÞÎÉÍ,2��3v = P sat3�sat = 6:2 �C
m2 ÄÌÑ DKDP;2��3v = 5:0 �C
m2 ÄÌÑ KDP;ðÁÒÁÆÁÚÎÅ ÚÎÁÞÅÎÎÑ �+3 =v ÚÁÄÁ¤ÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍ Í�Ö ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÍ � ÔÅÏÒÅÔÉÞÎÉÍ ÚÎÁÞÅÎÎÑÍÉ ÓÔÁÌÏ§ ëÀÒ� ÄÌÑ �ÏÚÄÏ×ÖÎÏ§ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�. ÷ ÄÁÎ�Ê ÔÅÏÒ�§ �Ñ ×ÅÌÉÞÉÎÁ �Ï-×ÉÎÎÁ ÔÁËÏÖ ÚÁÂÅÚ�ÅÞÕ×ÁÔÉ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ �'¤ÚÏ-ÍÏÄÕÌ�× e36 � �3v ; d36 � �3v ; h36 � 1�3 ; g36 � 1�3



19 ðÒÅ�ÒÉÎÔ× �ÁÒÁÆÁÚ�. áÎ� × ÍÏÄÅÌ�, ÝÏ ×ÒÁÈÏ×Õ¤ �'¤ÚÏÅÆÅËÔ, ÁÎ� ÄÌÑ �ÒÏÓÔ�ÛÉÈ×ÅÒÓ�Ê ÍÏÄÅÌ�, ÄÌÑ ËÒÉÓÔÁÌ�× KD2PO4 � KH2PO4 ÎÅ ×ÄÁ¤ÔØÓÑ ×ÉÂÒÁÔÉ�ÁÒÁÍÅÔÒ ÄÁÌÅËÏÄ�§ � ÔÁ ÄÅÆÏÒÍÁ��ÊÎ� �ÏÔÅÎ��ÁÌÉ ÔÁË, ÝÏÂ Ï�ÉÓÁÔÉ�Ï×ÅÄ�ÎËÕ �ÒÏÎÉËÎÏÓÔ� ÔÁ �'¤ÚÏÍÏÄÕÌ�× ÚÁ ÄÏ�ÏÍÏÇÏÀ ÓÅÇÎÅÔÏÆÁÚÎÏÇÏÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒÁ ��3 =v.îÅÏÂÈ�ÄÎ�ÓÔØ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ �ÒÉ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËÁÈ Ä×ÁÒ�ÚÎ� ÚÎÁÞÅÎÎÑ � ÄÌÑ �ÁÒÁ- � ÓÅÇÎÅÔÏÆÁÚÉ ÎÅ ¤ �ÒÏÂÌÅÍÏÀ ÄÏ ÔÏ-ÇÏ ÞÁÓÕ, �ÏËÉ ÎÅ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ×�ÌÉ× ÎÁ ÓÉÓÔÅÍÕ ÚÏ×Î�ÛÎ�È �ÏÌ�×,Ó�ÒÑÖÅÎÉÈ ÄÏ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ. �ÁË� �ÏÌÑ ÒÏÚÍÉ×ÁÀÔØ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä, ÔÏÍÕ Õ ×É�ÁÄËÕ, ËÏÌÉ Ò�ÚÎÉ�Ñ Í�Ö ÆÁÚÁÍÉ ÓÔÁ¤ ÎÅ ÑË�ÓÎÏÀ,Á ÌÉÛÅ Ë�ÌØË�ÓÎÏÀ (Õ �ÏÌÑÈ, ×ÉÝÉÈ ×�Ä ËÒÉÔÉÞÎÏÇÏ), ÇÏ×ÏÒÉÔÉ �ÒÏ�ÁÒÁ- � ÓÅÇÎÅÔÏÆÁÚÕ ÔÁ ×ÌÁÓÔÉ×� §Í �+ � �� ÎÅÍÁ¤ ÚÍ�ÓÔÕ.÷ ÒÏÂÏÔÁÈ Tokunaga [31℄ ×�ÄÍ�ÎÎ�ÓÔØ ×�ÄÎÏÛÅÎÎÑ �+=�� ×�Ä ÏÄÉ-ÎÉ�� �Ï×'ÑÚÕÀÔØ Ú �ÓÎÕ×ÁÎÎÑÍ × ËÒÉÓÔÁÌ� ÎÅÄÏÄÅÍ�ÆÏ×ÁÎÏ§ Í'ÑËÏ§ÍÏÄÉ; × ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ ÔÉ�Õ ÚÍ�ÝÅÎÎÑ �+=�� � 1, × ÔÏÊ ÞÁÓÑË × ÓÅÇÎÅÔÏÅÌÅËÔÒÉËÁÈ ÔÉ�Õ ÌÁÄ-ÂÅÚÌÁÄ �+=�� � 1. îÅÍÏÖÌÉ×�ÓÔØÏ�ÉÓÁÔÉ × ÒÁÍËÁÈ ÍÏÄÅÌ� ÔÉ�Õ ÌÁÄ-ÂÅÚÌÁÄ ÑË �ÏÌÑÒÉÚÁ��À, ÔÁË � Ä�-ÅÌÅËÔÒÉÞÎÕ �ÒÏÎÉËÎ�ÓÔØ ÂÅÚ ××ÅÄÅÎÎÑ Ä×ÏÈ ÚÎÁÞÅÎØ � ÄÌÑ Ò�ÚÎÉÈ ÆÁÚ�ÏËÁÚÕ¤ ÇÒÁÉ�� ÚÁÓÔÏÓÏ×ÎÏÓÔ� ÄÁÎÏ§ ÍÏÄÅÌ�. ïÓË�ÌØËÉ × ËÒÉÓÔÁÌÁÈ Ó�-Í'§e KH2PO4 ×�ÄÂÕ×ÁÀÔØÓÑ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÚÍ�ÛÁÎÏÇÏ ÔÉ�Õ { ×�Ï-ÒÑÄËÕ×ÁÎÎÑ ÔÁ ÚÍ�ÝÅÎÎÑ (××ÁÖÁ¤ÔØÓÑ, ÛÒ ×�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×�ÒÉ×ÏÄÉÔØ ÄÏ ÚÍ�ÝÅÎÎÑ ×ÁÖËÉÈ �ÏÎ�×), ÄÌÑ �ÏÓÌ�ÄÖ×ÎÏÇÏ Ï�ÉÓÕ Ä�-ÅÌÅËÔÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÉÈ ËÒÉÓÔÁÌ�×, ÎÅÏÂÈ�ÄÎÏ ×ÉÊÔÉ ÚÁ ÍÅÖ�Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÔÁ ×ËÌÀÞÉÔÉ × ÒÏÚÇÌÑÄÆÏÎÏÎÎ§ ÓÔÕ�ÅÎ� ×�ÌØÎÏÓÔ� ÔÁ ÁÎÇÁÒÍÏÎ�ÚÍÉ. óÌ�Ä ÔÁËÏÖ ×ÉÊÔÉ ÚÁ ÍÅ-Ö� ÍÏÄÅÌ� ëÏÂÁÑÛ� (Ú×'ÑÚÁÎÁ �ÒÏÔÏÎ-ÆÏÎÏÎÎÁ ÍÏÄÅÌØ, ÑËÁ ×ÒÁÈÏ×Õ¤ÌÉÛÅ ÏÄÎÕ Ï�ÔÉÞÎÕ ÍÏÄÕ), ÑËÁ ¤ ÌÉÛÅ �ÅÒÅÎÏÒÍÏ×Õ¤ �ÁÒÁÍÅÔÒÉ Ú×É-ÞÁÊÎÏ§ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ.4.3. ÷É�ÁÄÏË ÎÕÌØÏ×ÏÇÏ �ÏÌÑîÁ ÒÉÓÕÎËÁÈ 1 � 2 �ÏËÁÚÁÎÏ, ÑË ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÔÅÏÒ�Ñ Ï�ÉÓÕ¤ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� ÄÌÑ Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ËÒÉÓÔÁÌ�× KD2PO4 �KH2PO4 �ÒÉ ×�ÄÓÕÔÎÏÓÔ� ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ.äÌÑ ÎÅÄÅÊ-ÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ ×ÉËÏÒÉÓÔÁÎÏ �ÅÒÛÉÊ ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�× ÔÅÏÒ�§.ðÏÌÑÒÉÚÁ��À ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4 P3 ÒÏÚÒÁÈÏ×ÁÎÏ Ú 2��3 =v =5:0 �C/
m. äÌÑ ÔÏÇÏ, ÝÏÂ ÏÔÒÉÍÁÔÉ �Ï×ÎÕ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ, ÄÏ ÒÏÚÒÁ-ÈÏ×ÁÎÏ§ ÚÁ (3.22) ÔÅ�ÌÏ¤ÍÎÏÓÔ� �ÒÏÔÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ÄÏÄÁÌÉ ÓÔÁÌÕ×ÅÌÉÞÉÎÕ 60J/mol K.ÑËÁ ×�Ä�Ï×�ÄÁ¤ ÆÏÎÏ×�Ê ÔÅ�ÌÏ¤ÍÎÏÓÔ� ÇÒÁÔËÉ.
ICMP{00{12U 20
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 òÉÓ. 1. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×, �Ï-×'ÑÚÁÎÉÈ Ú ÄÅÆÏÒÍÁ��¤À "6. ì�Î�§ � ÞÏÒÎ� ÚÎÁÞËÉ ×�Ä�Ï×�ÄÁÀÔØ ÄÅÊÔÅÒÏ×Á-ÎÏÍÕ KD2PO4; Â�Ì� ÚÎÁÞËÉ, ÑË� ×�Ä�Ï×�ÄÁÀÔØ ÞÉÓÔÏÍÕ KH2PO4 ÎÁ×ÅÄÅÎÏÄÌÑ �ÏÒ�×ÎÑÎÎÑ. � { [28℄; Æ { [27℄; � { [21,22℄; � { [32℄; � { [33℄; 4 � N�ÅÒÅÒÁÈÏ×ÁÎÏ Ú (3.9) { (3.17), ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÄÁÎ� [28,27℄ � Refs. [32,33℄,×�Ä�Ï×�ÄÎÏ.
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 òÉÓ. 2. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Æ�ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌÕKH2PO4. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÏÞËÉ: ÄÌÑ �ÏÌÑÒÉÚÁ��§: � { [23℄; Æ { [34℄; 4 {[35℄; O { [12℄; ÄÌÑ �ÒÏÎÉËÎÏÓÔ�: � { [25℄; Æ { [37℄; 4 { [23℄; O { [24℄; � { [36℄;ÄÌÑ ÔÅ�ÌÏ¤ÍÎÏÓÔ�: � { [38℄; Æ { [39℄; � { [26℄; ÄÌÑ ×Ó�È �ÎÛÉÈ: � { [28℄; Æ {[27℄; O �ÅÒÅÒÁÈÏ×ÁÎÏ Ú (3.9) { (3.17), ×ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÄÁÎ� [21,22,27,25℄.
ICMP{00{12U 224.4. ÷É�ÁÄÏË ÎÅÎÕÌØÏ×ÏÇÏ �ÏÌÑîÁ ÒÉÓÕÎËÕ 3 ÚÏÂÒÁÖÅÎÏ TC�E3 ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ËÒÉÓÔÁÌ�× KD2PO4� KH2PO4. �ÏÞËÉ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ, Á ÔÁËÏÖ ËÒÉÔÉÞÎ� �ÏÌÅ � ÔÅÍ-�ÅÒÁÔÕÒÕ ×ÉÚÎÁÞÁÌÉ ÚÁ �Ï×ÅÄ�ÎËÏÀ ÍÁËÓÉÍÕÍÁ �ÚÏÔÅÒÍ�ÞÎÏ§ Ä�ÅÌÅËÔ-ÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ×�ÌØÎÏÇÏ ËÒÉÓÔÁÌÕ. �ÏÞËÁ ��ËÕ �ÒÏÎÉËÎÏÓÔ� ×�Ä-�Ï×�ÄÁ¤ ÔÅÍ�ÅÒÁÔÕÒ� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. ëÒÉÔÉÞÎÉÍ ××ÁÖÁÌÉ ÔÅ �Ï-ÌÅ, �ÒÉ ÑËÏÍÕ ÍÁËÓÉÍÕÍ �ÚÏÔÅÒÍ�ÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� �Ï-ÞÉÎÁ× ÚÍÅÎÛÕ×ÁÔÉÓÑ.ã� ÄÁ�ÇÒÁÍÉ ÍÁÀÔØ ÔÕ Ö ÔÏ�ÏÌÏÇ�À, ÝÏ � Ä�ÁÇÒÁÍÁ TC��6 ËÒÉÓÔÁ-ÌÕ KD2PO4 [3℄. ïÓË�ÌØËÉ Ò�Ä ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ÎÅÄÅÊÔÅÒÏ×ÁÎÏÍÕËÒÉÓÔÁÌ� ÂÌÉÚØËÉÊ ÄÏ ÄÒÕÇÏÇÏ, Á × ÄÅÊÔÅÒÏ×ÁÎÏÍÕ KD2PO4 ÍÁ¤ Í�Ó-�Å ÚÎÁÞÎÉÊ ÓÔÒÉÂÏË �ÏÌÑÒÉÚÁ��§ × ÔÏÞ�� �ÅÒÅÈÏÄÕ, ËÒÉÔÉÞÎÅ �ÏÌÅ ×KH2PO4 ÎÁ �ÏÒÑÄÏË ÍÅÎÛÅ, Î�Ö × KD2PO4.ñË ÂÁÞÉÍÏ, ÄÌÑ ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ ÎÁ×�ÔØ ÂÅÚ ××ÅÄÅÎÎÑ ÕÔÅÏÒ�À ÎÏ×ÉÈ �ÁÒÁÍÅÔÒ�× ÏÔÒÉÍÕ¤ÔØÓÑ ÚÁÄÏ×�ÌØÎÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ÚÒÏÓÔÁÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ �Å-ÒÅÈÏÄÕ Ú �ÏÌÅÍ E3 (ÔÅÏÒÅÔÉÞÎÅ ÚÎÁÞÅÎÎÑ �TC=�E3 = 0:13 K 
m/kV �ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÅ 0:125� 0:05 K 
m/kV [9℄) ÔÁ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ E�3 ,�ÒÉ ÑËÏÍÕ ÚÎÉËÁ¤ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ÓÉÓÔÅÍ� (ÔÅÏÒÅÔÉÞÎÅ 7.0 kV/
m �ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÅ [9℄, Ï��ÎÅÎÅ ÚÁ ÄÏ�ÏÍÏÇÏÀ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÈ ÆÏÒ-ÍÕÌ, 7:1� 0:6 kV/
m). ëÒÉÔÉÞÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ T � = 212:6 K ÂÌÉÚØËÁÄÏ ËÒÉÔÉÞÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ Ú Ä�ÁÇÒÁÍÉ TC � �6 [3℄.äÌÑ ÎÅÄÅÊÔÅÒÏ×ÎÏÇÏ ËÒÉÓÔÁÌÕ, ÔÅÏÒ�Ñ ÄÁ¤ ÔÁËÉ �ÁÒÁÍÅÔÒÉ ÆÁÚÏ×Ï§Ä�ÁÇÒÁÍÉE� = 105V/
m, T � � T0 = 0:05K, �TC=�E3 = 0:23K/kV
m.òÏÚÒÁÈÏ×ÁÎÅ ËÒÉÔÉÞÎÅ �ÏÌÅ × KH2PO4 ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú Ï��ÎËÁÍÉ80�370 V/
m [6℄, ÏÔÒÉÍÁÎÉÍÉ ÞÅÒÅÚ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ÚÎÁÊÄÅÎ� ËÏ-ÅÆ���¤ÎÔÉ ÒÏÚËÌÁÄ�× ìÁÎÄÁÕ. ïÄÎÁË, ÔÅÏÒÅÔÉÞÎ� ÚÎÁÞÅÎÎÑ E�, ÏÔÒÉ-ÍÁÎ� Ú ÄÏÓÔÁÔÎØÏ ÍÁÌÉÍ ÔÅÍ�ÅÒÁÔÕÒÎÉÍ ËÒÏËÏÍ, ÓÕÔÔ¤×Ï ÚÁÌÅÖÁÔØ×�Ä ×ÅÌÉÞÉÎÉ ÓÔÒÉÂËÁ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ × ÔÏÞ�� �ÅÒÅÈÏÄÕ �ÒÉ ÎÕ-ÌØÏ×ÏÍÕ �ÏÌ� (×�Ä ÓÔÕ�ÅÎÑ �ÅÒÛÏÒ�ÄÎÏÓÔ� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ). �ÁË�ÒÉ �� = 0:31 ÍÁ¤ÍÏ E� = 105 V/
m, Á �ÒÉ �� = 0:347 ×ÖÅE� = 170 V/
m. äÅÊÔÅÒÕ×ÁÎÎÑ, ÑËÅ ÚÂ�ÌØÛÕ¤ ÓÔÒÉÂÏË �ÁÒÁÍÅÔÒÁ �Ï-ÒÑÄËÕ ÌÉÛÅ ×Ä×�Þ�, ÚÂ�ÌØÛÕ¤ ËÒÉÔÉÞÎÅ �ÏÌÅ × 70000=105 � 65 ÒÁÚ�×!÷ÅÌÉÞÉÎÁ �� ÚÁÄÁ¤ÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑÍÉ Í�Ö �ÁÒÁÍÅÔÒÁÍÉ ÔÅÏÒ�§,�ÒÉÞÏÍÕ ÄÌÑ ÚÍ�ÎÉ �� ×�Ä 0.3 ÄÏ 0.35 × KH2PO4 ÄÏÓÔÁÔÎØÏ ÎÁ×�ÔØÎÅ×ÅÌÉËÉÈ ÚÍ�Î Õ �ÁÒÁÍÅÔÒÁÈ, ÔÁË ÝÏ ÒÏÚÒÁÈÏ×ÁÎ� ÍÁËÒÏÓËÏ��ÞÎ� ÈÁ-ÒÁËÔÅÒÉÓÔÉËÉ, ÑË� Â�ÌØÛ-ÍÅÎÛ ÄÏÓÔÏ×�ÒÎÏ ×ÉÍ�ÒÀÀÔØÓÑ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÏ, �ÒÉ �ØÏÍÕ �ÒÁËÔÉÞÎÏ ÎÅ ÚÍ�ÎÀÀÔØÓÑ. óÉÌØÎÏ Í�ÎÑÀÔØÓÑ ÌÉ-ÛÅ ��ËÏ×� ÚÎÁÞÅÎÎÑ ÈÁÒÁËÔÅÒÉÓÔÉË, ÑË ÍÁÀÔØ ÏÓÏÂÌÉ×ÏÓÔ� × ÔÏÞ�� �Å-ÒÅÈÏÄÕ, ÁÌÅ ×ÏÎÉ ÎÅ ¤ ×ÅÌÉÞÉÎÁÍÉ, ÑË� ×ÉÍ�ÒÀÀÔØÓÑ ÔÏÞÎÏ. ïÓË�ÌØËÉ



23 ðÒÅ�ÒÉÎÔÔÏÞÎÏ ×ÉÚÎÁÞÉÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÕ ×ÅÌÉÞÉÎÕ ×�ÄÎÏÛÅÎÎÑ ÓÔÒÉÂËÁ�ÏÌÑÒÉÚÁ��§ ÄÏ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ (ÓÔÒÉÂËÁ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ)ÎÅÍÏÖÌÉ×Ï (ÒÏÚËÉÄ ÚÎÁÞÅÎØ ×�Ä 0.3 ÄÏ 0.35), Í�ËÒÏÓËÏ��ÞÎÁ ÔÅÏÒ�ÑÔÁËÏÖ ÄÁ¤ ÌÉÛÅ Ï��ÎÏÞÎ� ÚÎÁÞÅÎÎÑ ËÏÏÒÄÉÎÁÔ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ { ×�Ä105 V/
m ÄÏ 170 V/
m. ã� ÚÎÁÞÅÎÎÑ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÏÔÒÉÍÁÎÉÍÉÚÁ ÆÅÎÏÍÅÎÏÌÏÇ�¤À � ÔÏÞÎ�Û� ×�Ä ÏÓÔÁÎÎ�È. (ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÊ ÁÎÁ-Ì�Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ �ÅÒÅÄÂÁÞÁ¤ ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ×�Ä 80 V/
m ÄÏ 370 V/
m).ëÒ�Í ÔÏÇÏ, Õ �ÏÌÑÈ, ÂÌÉÚØËÉÈ ÄÏ ËÒÉÔÉÞÎÉÈ, ��ËÉ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ÞÉ �ÎÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÑË ÍÁÀÔØ ÏÓÏÂÌÉ×�ÓÔØ × ÔÏÞ���ÅÒÅÈÏÄÕ, ¤ ÄÕÖÅ ÇÏÓÔÒÉÍÉ. �ÏÍÕ ÎÁ×�ÔØ ÎÅÚÎÁÞÎ� ÚÍ�ÎÉ ÔÅÍ�ÅÒÁÔÕÒÉ(� 10�3 K) ÍÏÖÕÔØ × ÄÅË�ÌØËÁ ÒÁÚ�× ÚÍ�ÎÉÔÉ ÚÎÁÞÅÎÎÑ �ÒÏÎÉËÎÏÓÔ�.íÁËÓÉÍÁÌØÎÉÊ ËÒÏË �Ï ÔÅÍ�ÅÒÁÔÕÒ�, ÑËÉÊ ÄÁ¤ Â�ÌØÛ-ÍÅÎÛ ÄÏÓÔÏ×�Ò-ÎÅ ÚÎÁÞÅÎÎÑ ÍÁËÓÉÍÕÍÁ �ÒÏÎÉËÎÏÓÔ� ÓÔÁÎÏ×ÉÔØ � 10�4 K.ñË ×ÖÅ ÂÕÌÏ ×�ÄÚÎÁÞÅÎÏ, ÍÉ ÎÅ ÍÏÖÅÍÏ Ï�ÉÓÁÔÉ �Ï×ÅÄ�ÎËÕ �Ï-ÌÑÒÉÚÁ��§ ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ, ÎÅ ××ÏÄÑÞÉ ÄÌÑ �ØÏÇÏ �ÎÛÏÇÏÚÎÁÞÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ ��3 . �ÉÍ ÎÅ ÍÅÎÛÅ, ÍÉÍÏÖÅÍÏ ÏÔÒÉÍÁÔÉ ÄÅÑËÕ �ÎÆÏÒÍÁ��À �ÒÏ �ÏÌØÏ×Õ �Ï×ÅÄ�ÎËÕ �ÏÌÑ-ÒÉÚÁ��§ � ÄÌÑ �ØÏÇÏ ËÒÉÓÔÁÌÕ Ú �ÏÌØÏ×Ï§ ÚÁÌÅÖÎÏÓÔ� �ÁÒÁÍÅÔÒÁ �Ï-ÒÑÄËÕ, ÑËÝÏ Ó��×ÓÔÁ×ÉÔÉ §§ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ P3=Ps.Ps = 5:0 �C/
m2 � 6:2 �C/
m2 ÄÌÑ KH2PO4 � KD2PO4, ×�Ä�Ï×�ÄÎÏ, {ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÚÎÁÞÅÎÎÑ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ, ÑË� ÎÅ ÚÁÌÅÖÉÔØ×�Ä ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ [8℄. �ÁËÅ Ó��×ÓÔÁ×ÌÅÎÎÑ ¤ ×É�ÒÁ×ÄÁÎÉÍ, ÏÓË�ÌØ-ËÉ ×ÎÅÓËÉ × �ÏÌÑÒÉÚÁ��À ×�Ä ÄÏÄÁÎË�× �033E3 � e036"6 ¤ ÎÅÚÎÁÞÎÉÍÉ.ñË ×ÉÄÎÏ Ú ÒÉÓ. 4, ÄÅ ÎÁ×ÅÄÅÎ� ÔÅÍ�ÅÒÁÔÕÒÎ� ËÒÉ×� P3=Ps ËÒÉÓÔÁ-Ì�× KH2PO4 � KD2PO4 �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ �ÏÌÑ E3, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁÔÅÏÒ�Ñ ÔÁËÏÖ ÚÁÄÏ×�ÌØÎÏ Ï�ÉÓÕ¤ �ÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� �ÏÌÑÒÉÚÁ��§ P3ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ. úÂ�ÌØÛÅÎÎÑ �ÏÌÑÒÉÚÁ��§ Ú �ÏÌÅÍ ÔÁ ÚÎÉË-ÎÅÎÎÑ §§ ÓÔÒÉÂËÁ × ÔÏÞ�� �ÅÒÅÈÏÄÕ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏÀ ÔÅÏÒ�¤À ÚÁÄÏ×��-ÌØÎÏ ×�ÄÔ×ÏÒÀÀÔØÓÑ.îÁ ÒÉÓÕÎËÕ 5 ÎÁ×ÅÄÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� Ä×ÏÈ ÈÁÒÁËÔÅ-ÒÉÓÔÉË { �ÚÏÔÅÒÍ�ÞÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� ×�ÌØÎÏÇÏËÒÉÓÔÁÌÕ �T�33 ÔÁ �'¤ÚÏÍÏÄÕÌÑ h36 ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ �ÒÉ Ò�Ú-ÎÉÈ ÚÎÁÞÅÎÎÑÈ ÚÏ×Î�ÛÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ. ñË�ÓÎÏ �ÏÄ�ÂÎÉÍÉ ÄÏ�T�33 ¤ ÔÁËÏÖ ÔÅÍ�ÅÒÁÔÕÒÎ� ËÒÉ×� �ÎÛÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�×, ÑË�ÍÁÀÔØ ÏÓÏÂÌÉ×�ÓÔØ × ÔÏÞ�� �ÅÒÅÈÏÄÕ { �ÏÄÁÔÌÉ×ÏÓÔ� sE66 � �'¤ÚÏÍÏÄÕ-Ì�× d36 � e36. áÎÁÌÏÇ�ÞÎÏÀ ÄÏ h36 ¤ ÔÅÍ�ÅÒÁÔÕÒÎÁ � �ÏÌØÏ×Á �Ï×ÅÄ�ÎËÁ�'¤ÚÏÍÏÄÕÌÑ g36.íÁËÓÉÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ ÔÁ �ÏÄ�ÂÎÉÈ ×ÅÌÉÞÉÎ Ú ÒÏÓÔÏÍ �ÏÌÑ ÚÍ�-ÝÕ¤ÔØÓÑ × ÏÂÌÁÓÔØ ×ÉÝÉÈ ÔÅÍ�ÅÒÁÔÕÒ. ðÒÉ ÎÁÂÌÉÖÅÎÎ� �ÏÌÑ ÄÏ ËÒÉ-ÔÉÞÎÏÇÏ, §È ��ËÏ×� ÚÎÁÞÅÎÎÑ × ÔÏÞËÁÈ �ÅÒÅÈÏÄÕ ÚÒÏÓÔÁÀÔØ � ¤ ÍÁËÓÉ-
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E3(V/cm)òÉÓ. 3. TC � E3 ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ ËÒÉÓÔÁÌ�× KD2PO4 � KH2PO4. åËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÔÏÞËÉ ×ÚÑÔÏ Ú [9℄.ÍÁÌØÎÉÍÉ �ÒÉ ËÒÉÔÉÞÎÏÍÕ �ÏÌ�. ÷ÉÝ� �ÏÌÑ ÒÏÚÍÉ×ÁÀÔØ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä, ÚÇÌÁÄÖÕÀÔØ ÔÁ �ÏÎÉÖÕÀÔØ ��ËÉ �ÉÈ ×ÅÌÉÞÉÎ. ÷�ÌÉ× �ÏÌÑÎÁ �'¤ÚÏÍÏÄÕÌ� h36 � g36 ¤ �ÏÄ�ÂÎÉÍ ÄÏ ÊÏÇÏ ×�ÌÉ×Õ ÎÁ �ÏÌÑÒÉÚÁ��À.ðÒÉ ��Ä×ÉÝÅÎÎ� �ÏÌÑ ÓÔÒÉÂÏË �ÉÈ ×ÅÌÉÞÉÎ × ÔÏÞ�� �ÅÒÅÈÏÄÕ ÚÍÅÎ-ÛÕ¤ÔØÓÑ � ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ × ËÒÉÔÉÞÎÏÍÕ �ÏÌ�. ðÒÉ ×ÉÝÉÈ �ÏÌÑÈÄÌÑ �ÉÈ ×ÅÌÉÞÉÎ ÈÁÒÁËÔÅÒÎ� ÇÌÁÄË� ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ�. ÷�Ä�Ï-×�ÄÎ� ËÒÉ×� ÄÌÑ ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÕ ¤ ÑË�ÓÎÏ �ÏÄ�ÂÎÉÍÉ, ÈÏÞÁÞÅÒÅÚ ÂÌÉÚØË�ÓÔØ ÒÏÄÕ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ × ÎØÏÍÕ ÄÏ ÄÒÕÇÏÇÏ, ÔÅÍ�Å-ÒÁÔÕÒÎÉÊ �ÎÔÅÒ×ÁÌ, × ÑËÏÍÕ ×�ÄÂÕ×ÁÀÔØÓÑ ÚÁÚÎÁÞÅÎ� ÚÍ�ÎÉ ¤ ÚÎÁÞÎÏ×ÕÖÞÉÍ.ã�ËÁ×Ï ×�ÄÚÎÁÞÉÔÉ, ÝÏ �ÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ ×ÅÌÉÞÉÎ
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òÉÓ. 4. ÷�ÄÎÏÛÅÎÎÑ �ÏÌÑÒÉÚÁ��§ P3 ÄÏ �ÏÌÑÒÉÚÁ��§ ÎÁÓÉÞÅÎÎÑ ÄÅÊÔÅÒÏ-×ÁÎÏÇÏ KD2PO4 (ÚÌ�×Á) � ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4 (Ó�ÒÁ×Á) ÑË ÆÕÎË��§ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3 (kV/
m): (ÚÌ�-×Á) 1 { 0; 2 { 2.82; 3 { 5.64; 4 { 8.46; 5 { 11.28 � (Ó�ÒÁ×Á) 1 { 0; 2 { 5.813;3 { 12.5 4 { 20.31. åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÏÞËÉ ×ÚÑÔÏ Ú [10℄ (KD2PO4) � [8℄(KH2PO4).¤ ÚÎÁÞÎÏ ÓÉÌØÎ�ÛÉÍÉ, Î�Ö �ÚÏÔÅÒÍ�ÞÎÉÈ. �ÁË, ÑË ×ÉÄÎÏ Ú ÒÉÓ. 5, ÄÅÎÁ×ÅÄÅÎ� ÔÅÍ�ÅÒÁÔÕÒÎ� ËÒÉ×� ÁÄ�ÁÂÁÔÉÞÎÏÇÏ � �ÚÏÔÅÒÍ�ÞÎÏÇÏ �'¤ÚÏÍÏ-ÄÕÌÑ dS36 ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4, × �ÏÌÑÈ, ×ÉÝÉÈ ×�Ä ËÒÉÔÉÞÎÏÇÏ,ÊÏÇÏ ��ËÏ×� ÚÎÁÞÅÎÎÑ (�, ×�Ä�Ï×�ÄÎÏ, ��ËÏ×� ÚÎÁÞÅÎÎÑ sSE66 , eS36, �S33)Ó�ÁÄÁÀÔØ Ú ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÚÎÁÞÎÏ ÓÉÌØÎ�ÛÅ, Î�Ö ��ËÏ×� ÚÎÁÞÅÎÎÑ�ÚÏÔÅÒÍ�ÞÎÏÇÏ dT36 (ÞÉ ×�Ä�Ï×�ÄÎÉÈ �ÚÔÅÒÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ), Á ÍÁËÓÉ-ÍÕÍÉ ÁÄ�ÁÂÁÔÉÞÎÉÈ ×ÅÌÉÞÉÎ ÚÍ�ÝÕÀÔØÓÑ �ÒÉ �ÒÉËÌÁÄÁÎÎ� �ÏÌÑ ÄÏ×ÉÝÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÚÎÁÞÎÏ �ÏÍ�ÔÎ�ÛÅ, Î�Ö �ÚÏÔÅÒÍ�ÞÎÉÈ.ñË ×ÉÄÎÏ Ú ÒÉÓ. 6 , ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÔÅÏÒ�Ñ (II ÎÁÂ�Ò �ÁÒÁÍÅÔÒ�×)ÄÁ¤ ÚÁÄÏ×�ÌØÎÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�ÅÒÉÍÅÎÔÏÍ ÄÌÑ �ÏÌØÏ×ÉÈ ÚÁÌÅÖ-ÎÏÓÔÅÊ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÚÄÏ×ÖÎÏ§ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔ-ÌÉ×ÏÓÔ� ×�ÌØÎÏÇÏ ËÒÉÓÔÁÌÕ ÔÁ �ÒÕÖÎÏ§ ÓÔÁÌÏ§ 
SE66 × ÎÅÄÅÊÔÅÒÏ×ÁÎÏÍÕKH2PO4 [7℄.5. úÁËÌÀÞÎ� ÚÁÕ×ÁÖÅÎÎÑ÷ ��Ê ÒÏÂÏÔ� �ÒÅÄÓÔÁ×ÌÅÎÏ Í�ËÒÏÓËÏ��ÞÎÕ ÔÅÏÒ�À, ÑËÁ ÄÏÚ×ÏÌÑ¤ Ï�É-ÓÁÔÉ ÅÆÅËÔÉ, ×ÉËÌÉËÁÎ� ÚÏ×Î�ÛÎ�ÍÉ �ÏÌÑÍÉ, Ó�ÒÑÖÅÎÉÍÉ ÄÏ �ÁÒÁ-ÍÅÔÒÁ �ÏÒÑÄËÕ { ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ E3 � ÚÓÕ×ÎÏÀ ÎÁ�ÒÕÇÏÀ �6 × ÓÅÇ-ÎÅÔÏÅÌÅËÔÒÉËÁÈ Ó�Í'§ KH2PO4. òÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎÏ × ÎÁÂÌÉÖÅÎÎ�ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ × ÒÁÍËÁÈ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ ×�ÏÒÑÄ-
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òÉÓ. 5. ¶ÚÏÔÅÒÍ�ÞÎÁ ÓÔÁÔÉÞÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ ×�ÌØÎÏÇÏ ËÒÉÓÔÁÌÕ�T�33 ÔÁ �'¤ÚÏÍÏÄÕÌØ h36 ÄÅÊÔÅÒÏ×ÁÎÏÇÏ KD2PO4 ÑË ÆÕÎË��§ ÔÅÍ�ÅÒÁÔÕÒÉ�ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3 (kV/
m): 1 { 0; 2 { 3.82; 3 {5.64; 4 { E� = 7:0; 5 { 8.46; 6 { 11.28 .ËÕ×ÁÎÎÑ. òÏÚ×ÉÎÅÎÁ ÍÏÄÅÌØ ×ÒÁÈÏ×Õ¤ ÎÁÑ×Î�ÓÔØ × ËÒÉÓÔÁÌÁÈ ÚÓÕ×ÎÏ§ÄÅÆÏÒÍÁ��§ "6, ÑËÁ ¤ Ó�ÏÎÔÁÎÎÏÀ Õ ×�ÏÒÑÄËÏ×ÁÎ�Ê ÆÁÚ� ÔÁ �ÎÄÕËÕ¤ÔØ-ÓÑ ÎÁ�ÒÕÇÏÀ �6 � ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ E3 (×ÎÁÓÌ�ÄÏË �'¤ÚÏÅÆÅËÔÕ) ×�ÁÒÁÅÌÅËÔÒÉÞÎÎ�Ê ÆÁÚ�. ÷ÒÁÈÏ×ÁÎ� ÔÁËÏÖ �Ï×'ÑÚÁÎ� Ú ��¤À ÄÅÆÏÒÍÁ-��¤À ÅÆÅËÔÉ { ÒÏÚÝÅ�ÌÅÎÎÑ ÅÎÅÒÇ�Ê ËÏÒÏÔËÏÓÑÖÎÉÈ �ÒÏÔÏÎÎÉÈ ËÏ-ÒÅÌÑ��Ê ÔÁ ×ÉÎÉËÎÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÉÈ �ÏÌ�×, ÓÔ×ÏÒÅÎÉÈ �'¤ÚÏÅÌÅËÔ-ÒÉÞÎÏÀ ×ÚÁ¤ÍÏÄ�¤À.ðÒÅÄÓÔÁ×ÌÅÎÁ ÔÅÏÒ�Ñ ÚÁÂÅÚ�ÅÞÕ¤ ÚÁÄÏ×�ÌØÎÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ �Ï×ÅÄ�ÎËÉ (�ÒÉ ÎÕÌØÏ-×ÏÍÕ �ÏÌ�) Ä�ÅÌÅËÔÒÉÞÎÉÈ, �'¤ÚÏÅÌÅËÔÒÉÞÎÉÈ, �ÒÕÖÎÉÈ � ÔÅ�ÌÏ×ÉÈÈÁÒÁËÔÅÒÉÓÔÉË { ÄÒÕÇÉÈ �ÏÈ�ÄÎÉÈ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ �ÏÔÅÎ��ÁÌ�× (Ä�-ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�, �'¤ÚÏÍÏÄÕÌ�×, �ÒÕÖÎÉÈ ÓÔÁÌÉÈ, ÔÅ�ÌÏ¤Í-ÎÏÓÔ�) ËÒÉÓÔÁÌ�×. �ÁËÅ ÕÚÇÏÄÖÅÎÎÑ ÍÁ¤ Í�Ó�Å ÑË ÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓ-ÔÁÌÕ KD2PO4, ÔÁË � ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4 ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅ-ÌØÎÉÈ ÅÆÅËÔ�×.�ÅÏÒ�Ñ ÚÁÄÏ×�ÌØÎÏ ×�ÄÔ×ÏÒÀ¤ �ÁÒÁÍÅÔÒÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÆÁ-ÚÏ×ÉÈ TC � E3 Ä�ÁÇÒÁÍ ËÒÉÓÔÁÌ�× KD2PO4 � KH2PO4. �ÅÍ�ÅÒÁÔÕÒÁ�ÅÒÅÈÏÄÕ �ÒÉ ÚÂ�ÌØÛÅÎÎ� �ÏÌÑ ÚÒÏÓÔÁ¤; �Å ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÚÒÏÓ-ÔÁÎÎÑÍ �ÏÌÑÒÉÚÁ��§ Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎ�Ê ÆÁÚ� ÔÁ ÚÍÅÎÛÅÎÎÑÍ §§ÓÔÒÉÂËÁ × ÔÏÞ�� �ÅÒÅÈÏÄÕ. ëÒÉ×� ÆÁÚÏ×Ï§ Ò�×ÎÏ×ÁÇÉ ÚÁË�ÎÞÕÀÔØÓÑ× ËÒÉÔÉÞÎÉÈ ÔÏÞËÁÈ, ÄÅ ÓÔÒÉÂÏË �ÏÌÑÒÉÚÁ��§ (�ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ)ÏÂÅÒÔÁ¤ÔØÓÑ × ÎÕÌØ. ðÒÉ ×ÉÝÉÈ �ÏÌÑÈ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� �Ï-ÌÑÒÉÚÁ��§ (ÄÅÆÏÒÍÁ��§ "6) ¤ ÇÌÁÄËÉÍÉ. �ÁËÁ �Ï×ÅÄ�ÎËÁ ¤ ÔÉ�Ï×ÏÀ
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òÉÓ. 6. ¶ÚÏÔÅÒÍ�ÞÎÉÊ ÔÁ ÁÄ�ÁÂÁÔÉÞÎÉÊ �'¤ÚÏÍÏÄÕÌØ d36 ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏKH2PO4 ÑË ÆÕÎË�Ñ ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑE3 (kV/
m): 1 { 0; 2 { 1; 3 { 2.ÄÌÑ ÓÉÓÔÅÍ Ú ÆÁÚÏ×ÉÍ �ÅÒÅÈÏÄÏÍ �ÅÒÛÏÇÏ ÒÏÄÕ Õ ÚÏ×Î�ÛÎØÏÍÕ �ÏÌ�,Ó�ÒÑÖÅÎÏÍÕ ÄÏ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ.÷ÅÌÉÞÉÎÁ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ �ÓÔÏÔÎÏ ÚÁÌÅÖÉÔØ ×�Ä ÓÔÕ�ÅÎÑ �ÅÒÛÏ-Ò�ÄÎÏÓÔ� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ. �ÁË, × KH2PO4 ÄÅ ÍÁ¤ Í�Ó�Å ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ, ÂÌÉÚØËÉÊ ÄÏ ÔÒÉËÒÉÔÉÞÎÏ§ ÔÏÞËÉ, ËÒÉÔÉÞÎÅ�ÏÌÅ ÎÁ �ÏÒÑÄÏË ÍÅÎÛÅ, Î�Ö × KD2PO4, ÄÅ ÍÁ¤ Í�Ó�Å Þ�ÔËÏ ×ÉÒÁ-ÖÅÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈÏÄ� �ÅÒÛÏÇÏ ÒÏÄÕ. åËÓ�ÅÒÉÍÅÎÔÁÌØÎÁ ÍÅÔÏÄÉËÁ×ÉÚÎÁÞÅÎÎÑ ËÏÏÒÄÉÎÁÔ ËÒÉÔÉÞÎÏ§ ÔÏÞËÉ ÎÁ ÏÓÎÏ×� ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÏ-ÇÏ ÁÎÁÌ�ÚÕ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÌÉÛÅ Ï��ÎÉÔÉ ×ÅÌÉÞÉÎÕ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ.òÏÚÒÁÈÏ×ÁÎÅ ÚÁ Í�ËÒÏÓËÏ��ÞÎÏÀ ÔÅÏÒ�¤À ÚÎÁÞÅÎÎÑ ËÒÉÔÉÞÎÏÇÏ �ÏÌÑ×ÉÚÎÁÞÁ¤ÔØÓÑ ×ÅÌÉÞÉÎÏÀ ÓÔÒÉÂËÁ �ÁÒÁÍÅÔÒÁ �ÏÒÑÄËÕ × ÔÏÞ�� �ÅÒÅ-ÈÏÄÕ. ïÓË�ÌØËÉ �ÒÉ ÚÍ�Î� ��¤§ ×ÅÌÉÞÉÎÉ (�ÒÉ ÎÁÌÅÖÎ�Ê � ÎÅÚÎÁÞÎ�ÊÚÍ�Î� Ó��××�ÄÎÏÛÅÎØ Í�Ö �ÁÒÁÍÅÔÒÁÍÉ ÔÅÏÒ�§) × ÍÅÖÁÈ ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÈ Ï��ÎÏË ×�Ä 0.30 ÄÏ 0.35 × KH2PO4, ÒÏÚÒÁÈÏ×ÁÎÅ ËÒÉÔÉÞÎÅ�ÏÌÅ ÚÍ�ÎÀ¤ÔØÓÑ × 1.5 ÒÁÚÉ { ×�Ä 110 V/
m ÄÏ 170 V/
m, Í�ËÒÏÓËÏ-��ÞÎÉÊ ��ÄÈ�Ä ÔÁËÏÖ ÄÏÚ×ÏÌÑ¤ ÌÉÛÅ Ï��ÎÉÔÉ ËÏÏÒÄÉÎÁÔÉ ËÒÉÔÉÞÎÏ§ÔÏÞËÉ, ÈÏÞÁ � ÔÏÞÎ�ÛÅ, Î�Ö ÆÅÎÏÍÅÎÏÌÏÇ�Ñ.ðÒÉ ÎÁÂÌÉÖÅÎÎ� �ÏÌÑ ÄÏ ËÒÉÔÉÞÎÏÇÏ, ÚÒÏÓÔÁÀÔØ ��ËÏ×� ÚÎÁÞÅÎÎÑÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ, ÑË� ÍÁÀÔØ ÏÓÏÂÌÉ×ÏÓÔ� × ÔÏÞ�� �ÅÒÅÈÏÄÕ(�ÏÚÄÏ×ÖÎÁ Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ "33, �'¤ÚÏÍÏÄÕÌ� d36 � e36, ÔÁ�ÒÕÖÎÁ �ÏÄÁÔÌÉ×�ÓÔØ sE66), ÔÁ ÚÍÅÎÛÕÀÔØÓÑ ÓÔÒÉÂËÉ Ô. Ú×. �ÓÔÉÎÉÈ ÈÁ-
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∆T(K)òÉÓ. 7. áÄ�ÁÂÁÔÉÞÎ� �ÒÕÖÎÁ ÓÔÁÌÁ 
SE66 ÔÁ �ÏÚÄÏ×ÖÎÁ ÓÔÁÔÉÞÎÁ Ä�ÅÌÅËÔ-ÒÉÞÎÁ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ �S�33 ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ KH2PO4 ÑË ÆÕÎË��§ ÔÅÍ�Å-ÒÁÔÕÒÉ �ÒÉ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÅÌÅËÔÒÉÞÎÏÇÏ �ÏÌÑ E3 (kV/
m). åËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎ� ÔÏÞËÉ ×ÚÑÔÏ Ú [7℄.ÒÁËÔÅÒÉÓÔÉË ËÒÉÓÔÁÌ�× (�'¤ÚÏÍÏÄÕÌ�× g36 � h36, �ÒÕÖÎÏ§ ÓÔÁÌÏ§ 
P66). ÷ËÒÉÔÉÞÎ�Ê ÔÏÞ�� ��ËÏ×� ÚÎÁÞÅÎÎÑ �ÅÒÛÉÈ ¤ ÍÁËÓÉÍÁÌØÎÉÍÉ, Á ÓÔÒÉÂ-ËÉ ÄÒÕÇÉÈ ÏÂÅÒÔÁÀÔØÓÑ × ÎÕÌØ. ÷ �ÏÌÑÈ, ×ÉÝÉÈ ×�Ä ËÒÉÔÉÞÎÏÇÏ, ÔÅÍ-�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ÕÓ�È ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÅÌÉÞÉÎ ¤ ÇÌÁÄËÉÍÉ, ÁÍÁËÓÉÍÁÌØÎ� ÚÎÁÞÅÎÎÑ ÔÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÝÏ ÍÁÀÔØ ÏÓÏÂÌÉ×�ÓÔØ ×ÔÏÞ�� �ÅÒÅÈÏÄÕ, ÚÍÅÎÛÕÀÔØÓÑ.ðÒÉ ÎÁÑ×ÎÏÓÔ� ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ, ×ÉÎÉËÁ¤ Ò�ÚÎÉ�Ñ Í�Ö �ÚÏÔÅÒÍ�Þ-ÎÉÍÉ � ÁÄ�ÁÂÁÔÉÞÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ (�ÒÉ ×ÉËÏÒÉÓÔÁÎÎ� ÄÉÎÁ-Í�ÞÎÉÈ ÍÅÔÏÄ�× ×ÉÍ�ÒÀÀÔØÓÑ ÏÓÔÁÎÎ�), ÑË� ÍÁÀÔØ ÏÓÏÂÌÉ×�ÓÔØ × ÔÏÞ���ÅÒÅÈÏÄÕ.ðÏÌØÏ×� ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ ×ÅÌÉÞÉÎ ¤ ÚÎÁÞÎÏ ÓÉÌØÎ�-ÛÉÍÉ, Î�Ö �ÚÏÔÅÒÍ�ÞÎÉÈ. �ÁË, × �ÏÌÑÈ, ×ÉÝÉÈ ×�Ä ËÒÉÔÉÞÎÏÇÏ, ��ËÏ×�ÚÎÁÞÅÎÎÑ ÁÄ�ÁÂÁÔÉÞÎÉÈ ×ÅÌÉÞÉÎ Ó�ÁÄÁÀÔØ Ú ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ ÚÎÁÞÎÏÓÉÌØÎ�ÛÅ, Î�Ö ��ËÏ×� ÚÎÁÞÅÎÎÑ �ÚÏÔÅÒÍ�ÞÎÉÈ, Á ÍÁËÓÉÍÕÍÉ ÁÄ�ÁÂÁÔÉÞ-ÎÉÈ ×ÅÌÉÞÉÎ ÚÍ�ÝÕÀÔØÓÑ �ÒÉ �ÒÉËÌÁÄÁÎÎ� �ÏÌÑ ÄÏ ×ÉÝÉÈ ÔÅÍ�ÅÒÁ-ÔÕÒ ÚÎÁÞÎÏ �ÏÍ�ÔÎ�ÛÅ, Î�Ö �ÚÏÔÅÒÍ�ÞÎÉÈ. ÷ ÒÁÍËÁÈ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ÍÏÄÅÌ� ÏÔÒÉÍÕ¤ÔØÓÑ ÚÁÄÏ×�ÌØÎÉÊ Ï�ÉÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ ÄÌÑ�ÏÌØÏ×ÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÁÄ�ÁÂÁÔÉÞÎÉÈ Ä�ÅÌÅËÔÒÉÞÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�ÔÁ �ÒÕÖÎÏ§ ÓÔÁÌÏ§ ËÒÉÓÔÁÌÕ KH2PO4.á×ÔÏÒÉ ÄÑËÕÀÔØ ÕÞÁÓÎÉËÁÍ ðÅÒÛÏ§ õËÒÁ§ÎÓØËÏ-ÆÒÁÎ�ÕÚØËÏ§ ÚÕ-ÓÔÒ�Þ� �Ï Æ�ÚÉ�� ÓÅÇÎÅÔÏÅÌÅËÔÒÉË�× (ëÉ§×, ÔÒÁ×ÅÎØ 2000Ò.) ÚÁ �ÒÏÑ×-ÌÅÎÉÊ �ÎÔÅÒÅÓ ÄÏ ÒÅÚÕÌØÔÁÔ�× ÒÏÂÏÔÉ. òÏÂÏÔÁ ×ÉËÏÎÁÎÁ ÚÁ Æ�ÎÁÎÓÏ×Ï§��ÄÔÒÉÍËÉ æÏÎÄÕ ÆÕÎÄÁÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ í�Î�ÓÔÅÒÓÔ×Á õË-
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s, 1987, vol. 71, p. 183-223.äÏÄÁÔÏËðÏËÁÖÅÍÏ, ÝÏ × �ÓÅ×ÄÏÓ��ÎÏ×ÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎ�, ÇÁÍ�ÌØÔÏÎ�ÁÎ ËÏ-ÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Í�Ö �ÒÏÔÏÎÁÍÉ × ËÒÉÓÔÁÌ� ÔÉ�Õ KH2PO4,ÑËÝÏ ÒÏÚÝÅ�ÌÅÎÎÑ Ò�×Î�× × ÚÏ×Î�ÛÎØÏÍÕ �ÏÚÄÏ×ÖÎØÏÍÕ ÅÌÅËÔÒÉÞÎÏ-ÍÕ �ÏÌ� ÍÁ¤ ×ÉÇÌÑÄ, ÎÁ×ÅÄÅÎÉÊ × �ÁÂÌÉ�� 2, ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ÆÏÒÍ�(3.6).



31 ðÒÅ�ÒÉÎÔîÅÈÁÊ ÄÏ ËÒÉÓÔÁÌÕ �ÒÉËÌÁÄÅÎÏ ÚÏ×Î�ÛÎ¤ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ, ÎÁ-�ÒÑÍÌÅÎÅ ×ÚÏ×Ö ÏÄÎ�¤§ Ú ËÒÉÓÔÁÌÏÇÒÁÆ�ÞÎÉÈ ÏÓÅÊ E(Ex; Ey; Ez). ÷�-ÄÏÍÏ, ÝÏ ËÒÉÓÔÁÌ�ÞÎÁ ÇÒÁÔËÁ ÔÁËÉÈ ËÒÉÓÔÁÌ�× ÓËÌÁÄÁ¤ÔØÓÑ Ú ÔÅÔÒÁ-ÅÄÒ�× PO4, Ú'¤ÄÎÁÎÉÈ Ó�ÔËÏÀ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×. îÁ ÒÉÓ.8 ÎÁ×ÅÄÅÎÏ�ÒÏÅË��À ÎÁ �ÌÏÝÉÎÕ ab �ÒÉÍ�ÔÉ×ÎÏ§ ËÏÍ�ÒËÉ ÔÁËÏÇÏ ËÒÉÓÔÁÌÕ, ÄÏÑËÏÇÏ �ÒÉËÌÁÄÅÎÏ ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ ×ÚÄÏ×Ö ÏÓ� 
. ðÏËÁÚÁÎÏ ÚÍ�ÎÕ ËÕ-Ô�× Í�Ö ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÚÕÍÏ×ÌÅÎÕ ÚÓÕ×ÎÏÀ ÄÅÆÏÒÍÁ��¤À "6.
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òÉÓ. 8. ðÒÉÍ�ÔÉ×ÎÁ ËÏÍ�ÒËÁ ËÒÉÓÔÁÌÕ ÔÉ�Õ KD2PO4. ûÔÒÉÈÏ×ÁÎÉÍÉ Ì�-Î�ÑÍÉ �ÏËÁÚÁÎÏ ÎÁ�ÒÑÍËÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�× × ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕ ËÒÉÓÔÁÌ�× �ÁÒÁÆÁÚ�. a, b { ÏÓ� ÎÅÄÅÆÒÍÏ×ÁÎÏ§ ËÏÍ�ÒËÉ I�42d; 
 { ËÕÔ Í�Ö ×ÏÄÎÅ×ÉÍÉÚ×'ÑÚËÁÍÉ × ÄÅÆÏÒÍÏ×ÎÏÍÕ � ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕ ËÒÉÓÔÁÌÁÈ.úÁ�ÉÛÅÍÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁÍÏÄ�§ ËÒÉÓÔÁÌÕ Ú ÚÏ×Î�ÛÎ�Í �ÏÌÅÍ Õ×ÉÇÌÑÄ� ^V = ^Vt + ^Vp; (ä.1)ÄÅ ^Vt � ^Vp { ÇÁÍ�ÌØÔÏÎ�ÁÎÉ ×ÚÁ¤ÍÏÄ�§ Ú �ÏÌÅÍ E, ×�Ä�Ï×�ÄÎÏ, ÔÅÔÒÁÅÄÒ�×� ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×.ó�ÏÞÁÔËÕ ÚÎÁÊÄÅÍÏ ×ÉÇÌÑÄ ^Vt. äÌÑ �ØÏÇÏ ÒÏÚÇÌÑÎÅÍÏ 16 ÍÏÖ-ÌÉ×ÉÈ ËÏÎÆ�ÇÕÒÁ��Ê �ÒÏÔÏÎ�× Â�ÌÑ ÔÅÔÒÁÅÄÒÁ � ËÏÖÎ�Ê ËÏÎÆ�ÇÕÒÁ��§Ó��×ÓÔÁ×ÉÍÏ Ï�ÅÒÁÔÏÒ ËÏÎÆ�ÇÕÒÁ��§ Ni(q) (i { ÎÏÍÅÒ ËÏÎÆ�ÇÕÒÁ��§, q{ ÒÁÄ�ÕÓ-×ÅËÔÏÒ ÔÅÔÒÁÅÄÒÁ), ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ ÑËÏÇÏ, ÝÏ ×�Ä�Ï×�ÄÁ¤i-Ô�Ê ËÏÎÆ�ÇÕÒÁ��§, ÄÏÒ�×ÎÀ¤ 1, Á ÒÅÛÔÁ ÄÏÒ�×ÎÀÀÔØ 0 (ÄÉ×. [40℄).íÏÖÌÉ×� ËÏÎÆ�ÇÕÒÁ��§, §ÈÎ� Ï�ÅÒÁÔÏÒÉ � ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ ÎÁ×Å-ÄÅÎÏ × �ÁÂÌ. 4 ï�ÅÒÁÔÏÒÉ ^Ni(q ×ÉÒÁÖÁÀÔØÓÑ ÞÅÒÅÚ �ÓÅ×ÄÏÓ��ÎÏ×�Ï�ÅÒÁÔÏÒÉ ^Szqf ÑË [40℄:^N1(q) = �12 � Sq1��12 � Sq2��12 � Sq3��12 � Sq4�;
ICMP{00{12U 32

�ÁÂÌ. 4. äÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Êi äÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ �i�zi �xi �yi1 1

2

1

1

1

2

2

2

2

3

1

4

��zs 0 02 +�zs 0 03 0 0 ��ya4 0 �ya 05 0 0 �ya6 0 ��ya 0



33 ðÒÅ�ÒÉÎÔi äÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ �i�zi �xi �yi7 ��z1 +�x1 ��y18 +�z1 ��x1 +�y19 +�z1 +�x1 +�y110 ��z1 ��x1 ��y111 ��z1 ��x1 +�y112 +�z1 +�x1 ��y113 +�z1 ��x1 ��y114 ��z1 +�x1 +�y115 0 0 016 0 0 0
ICMP{00{12U 34^N2(q) = �12 + Sq1��12 + Sq2��12 + Sq3��12 + Sq4�;^N3(q) = �12 � Sq1��12 + Sq2��12 + Sq3��12 � Sq4�;^N4(q) = �12 + Sq1��12 + Sq2��12 � Sq3��12 � Sq4�;^N5(q) = �12 + Sq1��12 � Sq2��12 � Sq3��12 + Sq4�;^N6(q) = �12 � Sq1��12 � Sq2��12 + Sq3��12 + Sq4�;^N7(q) = �12 � Sq1��12 + Sq2��12 � Sq3��12 � Sq4�;^N8(q) = �12 + Sq1��12 � Sq2��12 + Sq3��12 + Sq4�;^N9(q) = �12 + Sq1��12 + Sq2��12 � Sq3��12 + Sq4�; (ä.2)^N10(q) = �12 � Sq1��12 � Sq2��12 + Sq3��12 � Sq4�;^N10(q) = �12 � Sq1��12 � Sq2��12 + Sq3��12 � Sq4�;^N11(q) = �12 � Sq1��12 � Sq2��12 � Sq3��12 + Sq4�;^N12(q) = �12 + Sq1��12 + Sq2��12 + Sq3��12 � Sq4�;^N13(q) = �12 � Sq1��12 + Sq2��12 + Sq3��12 + Sq4�;^N14(q) = �12 + Sq1��12 � Sq2��12 � Sq3��12 � Sq4�;^N15(q) = �12 � Sq1��12 + Sq2��12 � Sq3��12 + Sq4�;^N16(q) = �12 + Sq1��12 � Sq2��12 + Sq3��12 � Sq4�;�ÕÔ Sqf { z-ËÏÍ�ÏÎÅÎÔÁ Ï�ÅÒÁÔÏÒÁ Ë×ÁÚ�Ó��ÎÁ, ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ¤ÓÔÁÎ �ÒÏÔÏÎÁ ÎÁ f -ÏÍÕ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ × q-ÔÏÍÕ ÔÅÔÒÁÅÄÒ�; ×ÌÁÓÎ�ÚÎÁÞÅÎÎÑ Ï�ÅÒÁÔÏÒÁ Sqf = � 12 ×�Ä�Ï×�ÄÁÀÔØ Ä×ÏÍ ÍÏÖÌÉ×ÉÍ �ÏÌÏ-ÖÅÎÎÑÍ �ÒÏÔÏÎÁ ÎÁ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ: \-" ! \1", \+" ! \2". (äÌÑÚÒÕÞÎÏÓÔ� × äÏÄÁÔËÕ ×ÉËÏÒÉÓÔÏ×Õ¤ÍÏ Ï�ÅÒÁÔÏÒ Sqf = �qf=2).ïÔÖÅ, ÎÁ ÏÓÎÏ×� ×ÉÝÅÚÇÁÄÁÎÏÇÏ ÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ÇÁÍ�ÌØÔÏÎ�ÁÎ^Vt(q) q-ÔÏÇÏ ÔÅÔÒÁÅÄÒÁ:^Vt(q) = �n2�zsEz(� ^N1(q) + ^N2(q)) + (ä.3)



35 ðÒÅ�ÒÉÎÔ+�z1Ez(N7 +N8 +N9 �N10 �N11 +N12 +N13 �N14) ++�xaEx(N4 �N6) + �x1Ex(N7�N8+N9�N10�N11+N12�N13+N14) +��yaEy(�N3+N5) + �y1Ey(�N7+N8+N9�N10+N11�N12�N13+N14)o:÷ÒÁÈÕ×Á×ÛÉ (ä.2), ��ÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÏÄÅÒÖÉÍÏ^Vt(q) = ��14�zsEz + 12�z1Ez��Sq1 + Sq2 + Sq3 + Sq4���(�zsEz � 2�z1Ez)�Sq1Sq3Sq4 + Sq2Sq3Sq4 + Sq1Sq2Sq3 + Sq1Sq2Sq4����14�xaEx + 12�x1Ex��Sq1 + Sq2 � Sq3 � Sq4���(�xaEx � 2�x1Ex)�Sq1Sq3Sq4 + Sq2Sq3Sq4 � Sq1Sq2Sq3 � Sq1Sq2Sq4����14�yaEy + 12�y1Ey��Sq1 � Sq2 � Sq3 + Sq4���(�yaEy � 2�y1Ey)��Sq1Sq3Sq4 + Sq2Sq3Sq4 + Sq1Sq2Sq3 � Sq1Sq2Sq4�:çÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁ¤ÍÏÄ�§ ÕÓ�È ÔÅÔÒÁÅÄÒ�× ËÒÉÓÔÁÌÁ Ú ÅÌÅËÔÒÉÞÎÉÍ�ÏÌÅÍ ÍÁ¤ ×ÉÇÌÑÄ: Vt =Xq Vt(q):ñËÝÏ ÍÉ ×ÉËÏÒÉÓÔÁ¤ÍÏ ÓÔÁÎÄÁÒÔÎÅ �ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÔÁË� Ó��×��ÄÎÏ-ÛÅÎÎÑ Í�Ö ÄÉ�ÏÌØÎÉÍÉ ÍÏÍÅÎÔÁÍÉ ×ÅÒÈÎ�È/ÎÉÖÎ�È ÔÁ �ÏÎ�ÚÏ×ÁÎÉÈËÏÎÆ�ÇÕÒÁ��Ê �z1 = 12�zs ; �x1 = 12�xa; �y1 = 12�ya;ÔÏ Ú (ä.3) ÏÔÒÉÍÁ¤ÍÏ Vt(q) Õ �ÒÏÓÔ�Û�Ê ÆÏÒÍ�:^Vt(q) = �12�zsEz�Sq1 + Sq2 + Sq3 + Sq4��� 12�xaEx�Sq1 + Sq2 � Sq3 � Sq4�� (ä.4)� 12�yaEy�Sq1 � Sq2 � Sq3 + Sq4�:�Å�ÅÒ ÇÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁ¤ÍÏÄ�§ Vt ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ^Vt = Xq ��12�zsEz�Sq1 + Sq2 + Sq3 + Sq4��� 12�xaEx�Sq1 � Sq3�� 12�yaEy��Sq2 + Sq4�� :
ICMP{00{12U 36�ÕÔ ×ÒÁÈÏ×ÁÎÏ, ÝÏ �ÒÉ ÓÕÍÕ×ÁÎÎ� �Ï ËÒÉÓÔÁÌÕ ÄÅÑË� Ë×ÁÚ�Ó��ÎÉ × ÄÏ-ÄÁÎËÁÈ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^Vt(q) ÚÎÉËÁÀÔØ, ÔÏÍÕ Ê ×ÉÇÌÑÄ ^Vt ÄÅÝÏ �ÎÛÉÊ,Î�Ö ÍÏÖÎÁ ÏÞ�ËÕ×ÁÔÉ Ú ×ÉÇÌÑÄÕ ^Vt(q) (ä.4). úÁÕ×ÁÖÉÍÏ,ÝÏ ÓÕÍÕ×ÁÎ-ÎÑ ×�ÄÂÕ×Á¤ÔØÓÑ �Ï ÔÅÔÒÁÅÄÒÁÈ, ÔÏÍÕ ËÏÖÎÉÊ Ó��Î × (ä.5) ×ÒÁÈÏ×ÁÎÏÄ×�Þ� (ÏÓË�ÌØËÉ ËÏÖÎÉÊ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË ×�ÄÈÏÄÉÔØ ÄÏ Ä×ÏÈ ÓÕÓ�ÄÎ�ÈÔÅÔÒÁÅÄÒ�×).�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ ×ÚÁ¤ÍÏÄ�§ Ú ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ ÓÁÍÉÈ ×ÏÄÎÅ-×ÉÈ Ú×'ÑÚË�× { ÄÏÄÁÎÏË ^Vp { ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ^V . �ÕÔ �ÒÉ �ÒÉËÌÁÄÁÎÎ��ÏÚÄÏ×ÖÎØÏÇÏ Ez � �Ï�ÅÒÅÞÎÉÈ Ex, Ey �ÏÌ�× Õ�ÏÒÑÄËÕ×ÁÎÎÑ �ÒÏÔÏÎ�×ÍÁ¤ Ó×Ï§ ÏÓÏÂÌÉ×ÏÓÔ�, ÑË� ÒÏÚÇÌÑÄÁÌÉÓØ Õ [30,41{43℄. �ÏÍÕ ÍÉ ×�ÄÒÁÚÕ,×ÉËÏÒÉÓÔÏ×ÕÀÞÉ §È ÒÅÚÕÌØÔÁÔÉ, ÚÁ�ÉÛÅÍÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ^Vp [30,41{43℄:^Vp = Xq n��(p)z Ez�Sq1 + Sq2 + Sq3 + Sq4��� �(p)x Ex�Sq1 � Sq3�� �(p)y Ey��Sq2 + Sq4�o ;�(p)z , �(p)x , �(p)y { z, x � y �ÒÏÅË��§ ÄÉ�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-Ë�×.ïÓÔÁÔÏÞÎÏ, ×ÒÁÈÏ×ÕÀÞÉ (ä.5) � (ä.6), ÏÄÅÒÖÕ¤ÍÏ:^V = Xq n��zEz�Sq1 + Sq2 + Sq3 + Sq4��� �xEx�Sq1 � Sq3�� �yEy��Sq2 + Sq4�o ;ÄÅ �z = 12�zs + �(p)z ; �x = 12�xa + �(p)x ; �y = 12�ya + �(p)y{ ÅÆÅËÔÉ×Î� ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×.ïÔÖÅ, Ú×�ÄÓÉ ×ÉÄÎÏ, ÝÏ ÇÁÍ�ÌØÔÏÎ�ÁÎ ×ÚÁ¤ÍÏÄ�§ ËÒÉÓÔÁÌ�× ÔÉ�ÕKDP Ú ÅÌÅËÔÒÉÞÎÉÍ �ÏÌÅÍ �ÒÉ �Å×ÎÏÍÕ �ÒÉ�ÕÝÅÎÎ� ÍÁ¤ ÔÁËÉÊ ÖÅ×ÉÇÌÑÄ, ÑË � Õ ×É�ÁÄËÕ, ËÏÌÉ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÌÉÛÅ ×ÚÁ¤ÍÏÄ�Ñ ÓÁÍÉÈ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×, �ÒÏÔÅ ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ, ÑË� ×ÈÏÄÑÔØ × ÇÁÍ�ÌØÔÏ-Î�ÁÎ, ÎÁÂÕ×ÁÀÔØ ÑË�ÓÎÏ ÎÏ×ÏÇÏ ÚÍ�ÓÔÕ.
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