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õäë: 533, 536PACS: 77.80.Bh, 77.84.Fa÷ÐÌÉ× ÚÏ×Î¦ÛÎØÏÇÏ ÔÉÓËÕ ÎÁ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä × KH2PO4¶.÷.óÔÁÓÀË, ò.ò.ìÅ×ÉÃØËÉÊ, á.ð.íÏ§ÎÁ, â.í.ì¦ÓÎÉÊáÎÏÔÁÃ¦Ñ. äÏÓÌ¦ÄÖÕ¤ÔØÓÑ ×ÐÌÉ× ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔ¦ÞÎÏÇÏ ¦ ÏÄÎÏ×¦Ó-ÎÏÇÏ �3 ÔÉÓËÕ ÎÁ ÆÁÚÏ×ÉÊ ÐÅÒÅÈ¦Ä ¦ Ä¦ÅÌÅËÔÒÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÅÇÎÅÔÏÏÅÌÅË-ÔÒÉË¦× ÔÉÐÕ KH2PO4. úÁÐÒÏÐÏÎÏ×ÁÎÁ ÒÁÎ¦ÛÅ ÍÏÄÅÌØ ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉ-ÓÔÁÌÁ ÔÉÐÕ KD2PO4 ÕÚÁÇÁÌØÎÀ¤ÔØÓÑ ÎÁ ×ÉÐÁÄÏË ÎÅÄÅÊÔÅÒÏ×ÁÎÏÇÏ ËÒÉÓÔÁ-ÌÕ (Ë×ÁÎÔÏ×ÉÈ ÓÉÓÔÅÍ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ). úÁ ÄÏÐÏÍÏÇÏÀ ÍÏÄÅÌØÎÏÇÏ ÐÏÔÅÎ-Ã¦ÁÌÁ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ ÏÂÞÉÓÌÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ. úÎÁÊÄÅÎÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÐÁÒÁ-ÍÅÔÒÁ ÐÏÒÑÄËÁ ¦ ÄÅÆÏÒÍÁÃ¦Ê ÇÒÁÔËÉ, Á ÔÁËÏÖ Ò¦×ÎÑÎÎÑ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ, ÑË ÆÕÎËÃ¦Ê ÚÏ×Î¦ÛÎØÏÇÏ ÔÉÓËÕ. òÏÚÒÁÈÏ×ÁÎÏ ÐÏÚÄÏ×Ö-ÎÕ ÓÔÁÔÉÞÎÕ Ä¦ÅÌÅËÔÒÉÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ËÒÉÓÔÁÌÁ.External pressure inuence on phase transition in KH2PO4.I.V.Stasyuk, R.R.Levitskii, A.P.Moina, B.M.LisniiAbstract. E�ects of external hydrostatic and uniaxial pressure on KH2PO4type ferroelectrics is performed. The previously proposed model of strainedKD2PO4-type crystals is extended to undeuterated systems (quantum systemwith tunneling). With the help of a model potential of a hydrogen bond, westudy the pressure dependence of the tunneling integral. The set of equationsfor the order parameter and lattice strains is derived and the equation for thetemperature of phase transition as a function of hydrostatic and uniaxial �3are obtained. The longitidunal static dielectric susceptibilty of the crystal iscalculated.ðÏÄÁ¤ÔØÓÑ × Condensed Matter PhysicsSubmitted to Condensed Matter Physicsc ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐïÓÔÁÎÎ¦Í ÞÁÓÏÍ ×ÅÌÉËÁ Õ×ÁÇÁ ÐÒÉÄ¦ÌÑ¤ÔØÓÑ ÄÏÓÌ¦ÄÖÅÎÎÀ ÅÆÅËÔ¦×,×ÉËÌÉËÁÎÉÈ ÚÏ×Î¦ÛÎ¦ÍÉ ÔÉÓËÁÍÉ × ËÒÉÓÔÁÌÁÈ ÔÉÐÕ KH2PO4.÷¦ÄÏÍÏ, ÝÏ ÐÒÉËÌÁÄÁÎÎÑ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÄÏ ÃÉÈ ËÒÉÓÔÁÌ¦×ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÏÎÉÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ (× ÎÅÄÅÊ-ÔÅÒÏ×ÁÎÉÈ ÆÏÒÍÁÈ ÎÁ×¦ÔØ ÄÏ ÐÏ×ÎÏÇÏ ÚÎÉËÎÅÎÎÑ ×ÐÏÒÑÄËÏ×ÁÎÏ§ ÆÁÚÉ)¦ ×ÐÌÉ×Á¤ ÎÁ §È ¦ÎÛ¦ Æ¦ÚÉÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ, ÚÏËÒÅÍÁ ÚÍÅÎÛÕ¤ ÚÎÁ-ÞÅÎÎÑ ÓÔÁÌÏ§ ëÀÒ¦ ¦ ÐÏÌÑÒÉÚÁÃ¦§ ÎÁÓÉÞÅÎÎÑ [1]. úÏ×Î¦ÛÎ¦Ê ÔÉÓË ÔÁËÏÖÚÍ¦ÎÀ¤ ÇÅÏÍÅÔÒ¦À ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ { Ç¦ÄÒÏÓÔÁÔÉÞÎÉÊ ÔÉÓË ÚÍÅÎÛÕ¤ÊÏÇÏ ÄÏ×ÖÉÎÕ ÔÁ ×¦ÄÄÁÌØ � Í¦Ö ÍÏÖÌÉ×ÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁÎÁ ÎØÏÍÕ [2,3]. íÅÎÛÅ ×É×ÞÅÎÉÍ ¤ ×ÌÉ× ÎÁ Ã¦ ËÒÉÓÔÁÌÉ ÏÄÎÏ×¦ÓÎÉÈÔÉÓË¦×, ÏÄÎÁË ×¦ÄÏÍÏ, ÝÏ ×ÏÎÉ ÔÁËÏÖ ÐÏÎÉÖÕÀÔØ ÔÅÍÐÅÒÁÔÕÒÕ ÐÅÒÅ-ÈÏÄÕ × KH2PO4 ¦ KD2PO4 ÐÒÉÞÏÍÕ ÃÅ ÚÎÉÖÅÎÎÑ ¤ × ÄÅË¦ÌØËÁ ÒÁÚ¦×Û×ÉÄÛÅ, Î¦Ö Ú Ç¦ÄÒÏÓÔÁÔÉÞÎÉÍ ÔÉÓËÏÍ [4].ôÅÏÒÅÔÉÞÎÅ ÄÏÓÌ¦ÄÖÅÎÎÑ Ã¦È ÅÆÅËÔ¦× ÓÕÔÔ¤×Ï ÕÓËÌÁÄÎÀ¤ÔØÓÑ ÎÁ-Ñ×Î¦ÓÔÀ × ÍÏÄÅÌØÎÏÍÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ ÓÉÓÔÅÍÉ ÎÅËÏÍÕÔÕÀÞÉÈ ÓÐ¦-ÎÏ×ÉÈ ÏÐÅÒÁÔÏÒ¦×. ÷¦ÄÏÍÏ, ÝÏ ÚÁÄÏ×¦ÌØÎÉÊ ÏÐÉÓ Æ¦ÚÉÞÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ÎÅÄÅÆÏÒÍÏ×ÁÎÉÈ ËÒÉÓÔÁÌ¦× KH2PO4 ¦ NH4H2PO4 ÍÏÖÅ ÂÕÔÉÏÔÒÉÍÁÎÉÊ ÎÁ×¦ÔØ ¦ ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌØÎÉÈ ÅÆÅËÔ¦× ÌÉÛÅ ÐÒÉ ×¦Ä-ÐÏ×¦ÄÎ¦Ê ÚÍ¦Î¦ ÐÁÒÁÍÅÔÒ¦× ÔÅÏÒ¦§ ÔÉÐÕ óÌÅÔÅÒÁ. ãÅ ÐÏÑÓÎÀ¤ÔØÓÑ ÐÏÄÁ-×ÌÅÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ ËÏÒÏÔËÏÓÑÖÎÉÍÉ Í¦ÖÐÒÏÔÏÎÎÉÍÉ ËÏÒÅÌÑÃ¦Ñ-ÍÉ. ïÄÎÁË, ÏÞ¦ËÕ¤ÔØÓÑ, ÝÏ ÐÒÉËÌÁÄÁÎÎÑ ÚÏ×Î¦ÛÎØÏÇÏ ÔÉÓËÕ ÐÏ×ÉÎÎÏÐÒÉ×ÏÄÉÔÉ ÄÏ ÚÒÏÓÔÁÎÎÑ ÔÕÎÅÌÀ×ÁÎÎÑ, ¦ ÔÏÍÕ, ÏÓÔÁÎÎ¦Í ÎÅÈÔÕ×ÁÔÉ×ÖÅ ÎÅ ÍÏÖÎÁ.úÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÉÓËÕ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ × ËÒÉÓÔÁÌ¦KH2PO4 ÍÏÖÎÁ ÑË¦ÓÎÏ ÐÏÑÓÎÉÔÉ × ÒÁÍËÁÈ ÎÁÂÌÉÖÅÎÎÑ ÍÏÌÅËÕÌÑÒ-ÎÏÇÏ ÐÏÌÑ, ÑËÅ ÄÁ¤ ÄÌÑ TC ÔÁËÅ Ò¦×ÎÑÎÎÑ:4
=J = th(
=kTC): (1.1)ãÅ Ò¦×ÎÑÎÎÑ ÍÁ¤ ÒÏÚ×'ÑÚËÉ (¦ÓÎÕ¤ ÓË¦ÎÞÅÎÅ TC) Ô¦ÌØËÉ ÑËÝÏ 4
 < J .ïÓË¦ÌØËÉ ÐÒÉ ÐÒÉËÌÁÄÁÎÎ¦ ÔÉÓËÕ ÞÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ 
 ÚÒÏÓÔÁ¤, ÁËÏÎÓÔÁÎÔÁ ÄÁÌÅËÏÓÑÖÎÏ§ ×ÚÁ¤ÍÏÄ¦§ J ÓÐÁÄÁ¤, ÔÏ ÑË ×ÉÄÎÏ Ú (1.1), TCÚ ÔÉÓËÏÍ ÓÐÁÄÁ¤. ñËÝÏ ÐÒÉ ÄÅÑËÏÍÕ ÄÏÓÔÁÔÎØÏ ×ÉÓÏËÏÍÕ ÔÉÓËÕ 4
ÓÔÁ¤ Â¦ÌØÛÉÍ Î¦Ö J , ×ÐÏÒÑÄËÏ×ÁÎÁ ÆÁÚÁ ÚÎÉËÁ¤.â¦ÌØÛ ÐÏÓÌ¦ÄÏ×ÎÉÊ, Î¦Ö × ÎÁÂÌÉÖÅÎÎ¦ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ, ÏÐÉÓÐÏ×ÅÄ¦ÎËÉ Æ¦ÚÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË KH2PO4 Ð¦Ä Ä¦¤À ÚÏ×Î¦ÛÎ¦È ÔÉÓ-Ë¦× ÍÏÖÅ ÂÕÔÉ ÏÔÒÉÍÁÎÉÊ × ÒÁÍËÁÈ ÎÁÂÌÉÖÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏËÌÁÓÔÅÒÁ. ôÁË, × ÒÏÂÏÔ¦ âÌ¦ÎÃÁ [5] × ÃØÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÒÏÚÒÁÈÏ×Á-ÎÏ ÚÎÁÞÅÎÎÑ ÐÏÈ¦ÄÎÉÈ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ, ÓÔÁÌÏ§ ëÀÒ¦¦ ÐÏÌÑÒÉÚÁÃ¦§ ÎÁÓÉÞÅÎÎÑ ÐÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÍÕ ÔÉÓËÕ. ðÒÉÐÕÓËÁ¤ÔØÓÑ,
ICMP{97{23U 2ÝÏ ÅÎÅÒÇ¦Ñ ÎÅ¦ÏÎ¦ÚÏ×ÁÎÉÈ ÇÒÕÐ PO4 " ÔÁ ÐÁÒÁÍÅÔÒ ÄÁÌÅËÏÄ¦§  ÚÁÌÅ-ÖÁÔØ ×¦Ä ÔÉÓËÕ Ô¦ÌØËÉ ×ÎÁÓÌ¦ÄÏË §È ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä �. ðÏËÁÚÁÎÏ, ÝÏÎÁ×¦ÔØ ÂÅÚ ××ÅÄÅÎÎÑ ÎÏ×ÉÈ Ð¦ÄÇÏÎÏÞÎÉÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÖÎÁ ÐÏÑÓÎÉ-ÔÉ ÚÎÁË ÔÁ ÐÏÒÑÄÏË ×ÅÌÉÞÉÎÉ ÚÍ¦Î Õ ÒÏÚÒÁÈÏ×ÁÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉËÁÈ,×ÉËÌÉËÁÎÉÈ ÚÏ×Î¦ÛÎ¦Í ÔÉÓËÏÍ ÞÉ ÄÅÊÔÅÒÕ×ÁÎÎÑÍ.÷ ÒÏÂÏÔ¦ ôÏÒÓÔ×ÅÊÔÁ [6] ÒÏÚÒÁÈÏ×ÁÎÁ ×¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ÁÎÁÌ¦ÚÕ¤ÔØ-ÓÑ ÞÉÓÅÌØÎÏ ÞÅÒÅÚ ÒÏÚËÌÁÄÉ ìÁÎÄÁÕ ÚÁ ÐÏÌÑÒÉÚÁÃ¦¤À. ðÒÉÊÍÁ¤ÔØÓÑ,ÝÏ ÅÎÅÒÇ¦§ ÐÒÏÔÏÎÎÉÈ ËÏÎÆ¦ÇÕÒÁÃ¦Ê " ¦ w ÐÒÏÐÏÒÃ¦ÊÎ¦ ÄÏ Ë×ÁÄÒÁÔÕ×¦ÄÄÁÌ¦ Í¦Ö ÍÏÖÌÉ×ÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ×ÏÄÎÀ ÎÁ Ú×'ÑÚËÕ �, ¦ ÝÏ Ã¦ÐÁÒÁÍÅÔÒÉ ÚÁÌÅÖÁÔØ ×¦Ä ÔÉÓËÕ Ô¦ÌØËÉ ×ÎÁÓÌ¦ÄÏË ¦È ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä �.îÁÌÅÖÎÉÊ ×ÉÂ¦Ò ÐÁÒÁÍÅÔÒ¦× � ÔÁ QLh (ÏÓÔÁÎÎ¦Ê ÒÁÚÏÍ Ú � ×ÉÚÎÁÞÁ¤ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÉÓËÕ ÐÁÒÁÍÅÔÒÁ ÄÁÌÅËÏÄ¦§), ÚÁÂÅÚÐÅÞÕ¤ ÚÁÄÏ×¦ÌØÎÅÕÚÇÏÄÖÅÎÎÑ Ú ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä Ç¦ÄÒÏÓÔÁ-ÔÉÞÎÏÇÏ ÔÉÓËÕ ÔÅÍÐÅÒÁÔÕÒÉ ÐÅÒÅÈÏÄÕ, ÓÔÁÌÏ§ ëÀÒ¦ ÔÁ ÐÏÌÑÒÉÚÁÃ¦§ÎÁÓÉÞÅÎÎÑ.äÌÑ ×ÉÚÎÁÞÅÎÎÑ ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÔÉÓËÕ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ×ÉËÏÒÉÓÔÏ×ÕÀÔØ ÏÄÉÎ Ú ×¦ÄÏÍÉÈ ÍÏÄÅÌØÎÉÈ ÐÏÔÅÎÃ¦ÁÌ¦× ×ÏÄÎÅ×ÏÇÏÚ×'ÑÚËÁ, × ÑËÏÍÕ 
 ÚÁÄÁ¤ÔØÓÑ ÑË ÆÕÎËÃ¦Ñ ÊÏÇÏ ÇÅÏÍÅÔÒÉÞÎÉÈ ÐÁÒÁ-ÍÅÔÒ¦×. ôÁË, × [5] ¦ [6] ÄÌÑ ÃØÏÇÏ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉ ÐÏÄ×¦ÊÎÉÊ ÇÁÒ-ÍÏÎ¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ, ÐÁÒÁÍÅÔÒÏÍ ÑËÏ§ ¤ ×¦ÄÓÔÁÎØ Í¦Ö Í¦Î¦ÍÕÍÁÍÉÐÏÔÅÎÃ¦ÁÌØÎÏ§ ÑÍÉ, ÑËÁ, ×ÚÁÇÁÌ¦ ËÁÖÕÞÉ, ×¦ÄÍ¦ÎÎÁ ×¦Ä ×¦ÄÓÔÁÎ¦ Í¦ÖÍÏÖÌÉ×ÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ �, ÏÄÎÁË × [5,6] Ã¦¤ÀÒ¦ÚÎÉÃÅÀ ÚÎÅÈÔÏ×ÁÎÏ. äÌÑ ÞÁÓÔÏÔÉ 
 ÏÔÒÉÍÁÎÏ ÔÁËÉÊ ×ÉÒÁÚ [5]
 = A2E0q exp(�q2)1� exp(�2q2) �q(1�H(q)) + 1p� (1� exp(�q2)� ;ÄÅ q2 = 2mE0�=~2, H(q) = 2=p� R q0 exp(�t2)dt, E0 { ÎÕÌØÏ×Á ÅÎÅÒÇ¦ÑÞÁÓÔÉÎËÉ Ú ÍÁÓÏÀ m, A { ÎÅ ÚÁÌÅÖÎÁ ×¦Ä ÔÉÓËÕ ÓÔÁÌÁ, ÝÏ ÏÐÉÓÕ¤ ÐÅ-ÒÅÎÏÒÍÕ×ÁÎÎÑ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ¦¤À ÐÒÏÔÏÎ¦× Ú ËÏÌÉ-×ÁÎÎÑÍÉ ÇÒÁÔËÉ.ðÒÉ ÃØÏÍÕ ×ÉÑ×ÉÌÏÓÑ, ÝÏ 
 ÚÒÏÓÔÁ¤ ÐÒÉ Ð¦Ä×ÉÝÅÎÎ¦ÔÉÓËÕ ÐÒÉÂÌÉÚÎÏ ÎÁ 1�4%/kbar.ðÏÄ×¦ÊÎÉÊ ÇÁÒÍÏÎ¦ÞÎÉÊ ÐÏÔÅÎÃ¦ÁÌ ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉ ÔÁËÏÖ ¦ × ÒÏ-ÂÏÔ¦ [7], ÄÅ ÏÂÞÉÓÌÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ ×¦Ä ×¦ÄÓÔÁÎ¦d. ÷¦ÄÍ¦ÔÉÍÏ, ÝÏ ÔÕÔ d ×ÖÅ ÎÅ ÕÔÏÔÏÖÎÀ¤ÔØÓÑ Ú ×¦ÄÓÔÁÎÎÀ Í¦Ö ÐÏÌÏ-ÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ �. úÁÌÅÖÎÏÓÔ¦ ÔÕÎÅÌÀ×ÁÎÎÑ ×¦Ä ÔÉÓËÕ× Ã¦Ê ÒÏÂÏÔ¦ ÎÅ ÎÁ×ÅÄÅÎÏ.äÏÓÉÔØ ÞÁÓÔÏ ÐÏÔÅÎÃ¦ÁÌ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ ÍÏÄÅÌÀÀÔØ ÚÁ ÄÏÐÏ-ÍÏÇÏÀ ÐÏÄ×¦ÊÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁ íÏÒÚÅ. îÁ ×¦ÄÍ¦ÎÕ ×¦Ä ÐÏÄ×¦ÊÎÏÇÏ ÇÁÒ-ÍÏÎ¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁ, ÏÓÎÏ×ÎÉÍ ÊÏÇÏ ÇÅÏÍÅÔÒÉÞÎÉÍ ÐÁÒÁÍÅÔÒÏÍ ¤ÄÏ×ÖÉÎÁ Ú×'ÑÚËÁ 2R. ÷ÐÅÒÛÅ ÄÏ ËÒÉÓÔÁÌ¦× KH2PO4 ¦ KD2PO4 ÃÅÊÐÏÔÅÎÃ¦ÁÌ ÂÕ× ÚÁÓÔÏÓÏ×ÁÎÉÊ × ÒÏÂÏÔ¦ [9]. ñË ÂÕÌÏ ÐÏËÁÚÁÎÏ, ÐÒÉ ÎÁ-



3 ðÒÅÐÒÉÎÔÌÅÖÎÏÍÕ ×ÉÂÏÒ¦ ÐÁÒÁÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÁ, ÚÁÌÅÖÎÏÓÔ¦ ×¦ÄÓÔÁÎ¦ � Í¦ÖÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎ¦× (ÄÅÊÔÒÏÎ¦×), ÝÏ ÒÕÈÁÀÔØÓÑ × ÃØÏÍÕ ÐÏÔÅÎ-Ã¦ÁÌ¦, ÄÏÂÒÅ ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ.ðÏÄ×¦ÊÎÉÊ ÐÏÔÅÎÃ¦ÁÌ íÏÒÚÅ ÔÁËÏÖ ÄÏÓÌ¦ÄÖÕ×ÁÌÉ × ÒÏÂÏÔ¦ [10].÷É×ÞÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ � ×¦Ä ÄÏ×ÖÉÎÉ Ú×'ÑÚËÁ ÔÁ ÍÁÓÉ ÞÁÓÔÉÎËÉ, ÝÏÒÕÈÁ¤ÔØÓÑ × ÎØÏÍÕ (¦ÚÏÔÏÐ¦ÞÎÉÊ ÅÆÅËÔ). ðÏËÁÚÁÎÏ, ÝÏ ÐÒÉ ÓËÏÒÏ-ÞÅÎÎ¦ Ú×'ÑÚËÁ ÊÏÇÏ ÐÏÔÅÎÃ¦ÁÌ ÍÏÖÅ ÐÅÒÅÔ×ÏÒÉÔÉÓØ Ú Ä×ÏÍ¦Î¦ÍÕÍÎÏÇÏ× ÏÄÎÏÍ¦Î¦ÍÕÍÎÉÊ, ÐÒÉÞÏÍÕ ÄÌÑ ÐÒÏÔÏÎÁ ÃÅÊ ÐÅÒÅÈ¦Ä ×¦ÄÂÕ×Á¤ÔØÓÑÛ×ÉÄÛÅ (ÐÒÉ ÄÏ×ÛÏÍÕ Ú×'ÑÚËÕ), Î¦Ö ÄÌÑ ÄÅÊÔÒÏÎÁ. ÷ ÒÏÂÏÔ¦ [11] ÒÏÚ-ÇÌÑÎÕÔÏ ÓÉÓÔÅÍÕ ÔÁËÉÈ Ú×'ÑÚË¦× × ÎÁÂÌÉÖÅÎÎ¦ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ.ðÏËÁÚÁÎÏ, ÝÏ ÔÅÍÐÅÒÁÔÕÒÁ ÐÅÒÅÈÏÄÕ ÔÁËÏ§ ÓÉÓÔÅÍÉ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÑË¦ÎÔÅÇÒÁÌÏÍ ÔÕÎÅÌÀ×ÁÎÎÑ, ÔÁË ¦ ÄÅÑËÉÍ ÐÁÒÁÍÅÔÒÏÍ, ÝÏ ÚÁÌÅÖÉÔØÌÉÛÅ ×¦Ä ÇÅÏÍÅÔÒ¦§ Ú×'ÑÚËÁ.÷ Ú×'ÑÚËÕ Ú ×ÉÎÉËÎÅÎÎÑÍ ÔÅÏÒ¦§ ÇÅÏÍÅÔÒÉÞÎÏÇÏ ¦ÚÏÔÏÐ¦ÞÎÏÇÏ ÅÆÅË-ÔÁ, × ÑË¦Ê ÚÍ¦ÎÁ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÐÒÉ ÄÅÊÔÅÒÕ×ÁÎÎ¦ÐÒÉÐÉÓÕ¤ÔØÓÑ ×¦ÄÐÏ×¦ÄÎÉÍ ÚÍ¦ÎÁÍ × ÇÅÏÍÅÔÒ¦§ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ, Á ÎÅ× ¦ÎÔÅÇÒÁÌ¦ ÔÕÎÅÌÀ×ÁÎÎÑ, Ã¦ËÁ×Ï ÂÕÌÏ Â ÄÏÓÌ¦ÄÉÔÉ, ÞÉÍ, × Â¦ÌØÛ¦ÊÍ¦Ò¦, ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÁÌÅÖÎ¦ÓÔØ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ×¦ÄÚÏ×Î¦ÛÎØÏÇÏ ÔÉÓËÕ .÷ ÎÁÛÉÈ ÏÓÔÁÎÎ¦È ÒÏÂÏÔÁÈ [4,12{17], ÂÁÚÕÀÞÉÓØ ÎÁ ÍÏÄÅÌ¦, ÚÁÐÒÏ-ÐÏÎÏ×ÁÎ¦Ê × [18,19], ÍÉ ÒÏÚÒÏÂÉÌÉ Ð¦ÄÈ¦Ä, ÑËÉÊ ÄÏÚ×ÏÌÑ¤ ÏÐÉÓÕ×ÁÔÉÚÁÌÅÖÎÏÓÔ¦ ÔÅÍÐÅÒÁÔÕÒÉ ÐÅÒÅÈÏÄÕ, Ä¦ÅÌÅËÔÒÉÞÎÉÈ ¦ ÔÅÐÌÏ×ÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ×ÉÓÏËÏÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ¦ ÁÎÔÉÓÅÇÎÅÔÏÅÌÅË-ÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× ÔÉÐÕ KD2PO4 ¦ ND4D2PO4, ÄÏ ÑËÉÈ ÐÒÉËÌÁÄÅÎÏÚÏ×Î¦ÛÎ¦ ÔÉÓËÉ, ÝÏ ÎÅ ÐÏÒÕÛÕÀÔØ §È ÓÉÍÅÔÒ¦§. òÏÚÒÁÈÕÎËÉ ÐÒÏ×ÏÄÉÌÉ× ÎÁÂÌÉÖÅÎÎ¦ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ, ÝÏ ÄÏÚ×ÏÌÑ¤ ÁÄÅË×ÁÔ-ÎÏ ×ÒÁÈÕ×ÁÔÉ ÓÉÌØÎ¦ Í¦ÖÞÁÓÔÉÎËÏ×¦ ËÏÒÅÌÑÃ¦§ Í¦Ö ÄÅÊÔÒÏÎÁÍÉ. âÕÌÏÏÔÒÉÍÁÎÏ ÈÏÒÏÛÅ ÕÚÇÏÄÖÅÎÎÑ Ú ÎÁÑ×ÎÉÍÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁ-ÎÉÍÉ, Á ÔÁËÏÖ ÚÒÏÂÌÅÎÏ ÄÅÑË¦ ÐÒÏÇÎÏÚÉ ÓÔÏÓÏ×ÎÏ ÍÏÖÌÉ×ÉÈ ÚÁÌÅÖ-ÎÏÓÔÅÊ ×¦Ä ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓËÕ �3 ÈÁÒÁËÔÅÒÉÓÔÉË, ÝÏ ÒÏÚÇÌÑÄÁÌÉÓÑ,ÑË¦ ÎÅ ÄÏÓÌ¦ÄÖÅÎ¦ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ.íÅÔÁ Ã¦¤§ ÒÏÂÏÔÉ { ÐÏÛÉÒÉÔÉ ÒÏÚÒÏÂÌÅÎÉÊ Ð¦ÄÈ¦Ä ÄÏ ÏÐÉÓÕ ÅÆÅË-Ô¦×, ×ÉËÌÉËÁÎÉÈ ÚÏ×Î¦ÛÎ¦Í ÔÉÓËÏÍ, ÎÁ ×ÉÐÁÄÏË ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉ-ÓÔÁÌ¦× KH2PO4 ÔÏÂÔÏ ÄÏ Ë×ÁÎÔÏ×ÉÈ ÓÉÓÔÅÍ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ. âÕ-ÄÅ ÓÆÏÒÍÕÌØÏ×ÁÎÏ ÍÏÄÅÌØ ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉÐÕ KH2PO4,ÚÎÁÊÄÅÎÏ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÁ ÔÁÄÅÆÏÒÍÁÃ¦Ê ÇÒÁÔËÉ ÑË ÆÕÎËÃ¦Ê ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÞÉ ÏÄ-ÎÏ×¦ÓÎÏÇÏ �3 ÔÉÓËÕ, ×É×ÅÄÅÎÏ Ò¦×ÎÑÎÎÑ ÄÌÑ ÔÅÍÐÅÒÁÔÕÒÉ ÐÅÒÅÈÏÄÕÔÁ ÒÏÚÒÁÈÏ×ÁÎÏ ÐÏÚÄÏ×ÖÎÕ ÓÔÁÔÉÞÎÕ Ä¦ÅÌÅËÔÒÉÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØËÒÉÓÔÁÌÁ.

ICMP{97{23U 42. íÏÄÅÌØ ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÁ ÔÉÐÕ KDP.÷ÒÁÈÕ×ÁÎÎÑ ÔÕÎÅÌØÎÉÈ ÅÆÅËÔ¦×íÉ ÒÏÚÇÌÑÄÁ¤ÍÏ ÓÉÓÔÅÍÕ ÐÒÏÔÏÎ¦×, ÝÏ ÔÕÎÅÌÀÀÔØ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ × ËÒÉÓÔÁÌ¦ KH2PO4. ðÒÉÍ¦ÔÉ×ÎÁ ËÏÍ¦ÒËÁ ÃØÏÇÏ ËÒÉÓÔÁÌÁ ÓËÌÁ-ÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ¦× PO4 Ú ÞÏÔÉÒÍÁ ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ, ÝÏÐ¦ÄÈÏÄÑÔØ ÄÏ ÏÄÎÏÇÏ Ú ÎÉÈ. ÷ÏÄÎÅ×¦ Ú×'ÑÚËÉ, ÑË¦ Ð¦ÄÈÏÄÑÔØ ÄÏ ¦ÎÛÏÇÏÔÅÔÒÁÅÄÒÁ, ÎÁÌÅÖÁÔØ ÞÏÔÉÒØÏÍ ÎÁÊÂÌÉÖÞÉÍ ÓÔÒÕËÔÕÒÎÉÍ ÅÌÅÍÅÎ-ÔÁÍ, ÝÏ ÊÏÇÏ ÏÔÏÞÕÀÔØ.äÏ ËÒÉÓÔÁÌÁ ÐÒÉËÌÁÄÅÎÏ ÚÏ×Î¦ÛÎ¦Ê ÔÉÓË, ÝÏ ÎÅ ÐÏÎÉÖÕ¤ ÊÏÇÏÓÉÍÅÔÒ¦§ { Ç¦ÄÒÏÓÔÁÔÉÞÎÉÊ �h ÞÉ ÏÄÎÏ×¦ÓÎÉÊ �3 :�h = (�p;�p;�p); �3 = (0; 0;�p); (2.1)ÔÁ ÚÏ×Î¦ÛÎ¤ ÅÌÅËÔÒÉÞÎÅ ÐÏÌÅ E3, ÎÁÐÒÑÍÌÅÎÅ ×ÚÄÏ×Ö ËÒÉÓÔÁÌÏ-ÇÒÁÆ¦ÞÎÏ§ ÏÓ¦ c. çÁÍ¦ÌØÔÏÎ¦ÁÎ ÔÁËÏ§ ÓÉÓÔÅÍÉ ÍÁ¤ ×ÉÇÌÑÄH = �vN2 Xij c(0)ij "i"j � 12Xqq0 Xff 0 Jff 0(qq0)�zqf2 �zq0f 02 � �E3Xqf �zqf2 ��2
Xqf �xqf2 +Hshort;Hshort =8<:12Xff 0 Vff 0 �qf f2 �qf0 f 02 + ��q112 �q222 �q332 �q442 9=;� (2.2)�Xq1;q2q3;q4��Rq1 ;Rq2 �Rq1 ;Rq3 �Rq1 ;Rq4 + �Rq1+r2;Rq2 �Rq1+r3;Rq3 �Rq1+r4;Rq4	 ;ÄÅ 
 { ÞÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ ÐÒÏÔÏÎÁ ÎÁ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ. çÁ-Í¦ÌØÔÏÎ¦ÁÎ (2.2) ÏÐÉÓÕ¤ ËÏÒÏÔËÏÓÑÖÎ¦ ËÏÒÅÌÑÃ¦§ Í¦Ö ÐÒÏÔÏÎÁÍÉ, rf{ÒÁÄ¦ÕÓ-×ÅËÔÏÒ ×¦ÄÎÏÓÎÏÇÏ ÐÏÌÏÖÅÎÎÑ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ × ËÏÍ¦ÒÃ¦.ä×Á ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ÏÐÅÒÁÔÏÒÁ ÐÒÏÅËÃ¦§ ÓÐ¦ÎÁ �zqf = �1 ×¦ÄÐÏ×¦ÄÁÀÔØÄ×ÏÍ ÍÏÖÌÉ×ÉÍ ÐÏÌÏÖÅÎÎÑÍ ÎÁ f -ÍÕ Ú×'ÑÚËÕ q-ËÏÍ¦ÒËÉ. c(0)ij {ÔÁËÚ×ÁÎ¦ \ÚÁÔÒÁ×ÏÞÎ¦" ÐÒÕÖÎ¦ ÓÔÁÌ¦, �v = v=kB , kB { ÓÔÁÌÁ âÏÌØÃÍÁÎÁ, v{ ÏÂ'¤Í ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ. ëÏÎÓÔÁÎÔÉ ËÏÒÏÔËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê×ÏÌÏÄ¦ÀÔØ ÔÁËÏÀ ÓÉÍÅÔÒ¦¤À:V12 = V23 = V34 = V41 = V ; V13 = V24 = U ;V = w1=2; U = �"+ w1=2; � = 4"� 8w + 2w1: (2.3)ñË ¦ Õ ×ÉÐÁÄËÕ ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌ¦×, ÅÎÅÒÇ¦§ ÐÒÏÔÏÎÎÉÈ ËÏÎÆ¦ÇÕ-ÒÁÃ¦Ê ", w, w1 ××ÁÖÁ¤ÍÏ Ì¦Î¦ÊÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÄÅÆÏÒÍÁÃ¦Ê:" = "(0) + �11"1 + �12"2 + �13"3;



5 ðÒÅÐÒÉÎÔw = w(0) + �21"1 + �22"2 + �23"3; (2.4)w1 = w(0)1 + �31"1 + �32"2 + �33"3;×ÒÁÈÏ×ÕÀÞÉ ÌÉÛÅ Ä¦ÁÇÏÎÁÌØÎ¦ ËÏÍÐÏÎÅÎÔÉ ÔÅÎÚÏÒÁ ÄÅÆÏÒÍÁÃ¦Ê ¦ ÎÅÈ-ÔÕÀÞÉ Ð'¤ÚÏÅÌÅËÔÒÉÞÎÏÀ ÄÅÆÏÒÍÁÃ¦¤À "6, ÑËÁ ÐÏ×ÉÎÎÁ ×ÉÎÉËÁÔÉ ÐÒÉÐÒÉËÌÁÄÁÎÎ¦ ÄÏ ËÒÉÓÔÁÌÁ ÅÌÅËÔÒÉÞÎÏÇÏ ÐÏÌÑ E3 ("6 = d36E3; d36 {Ð'¤ÚÏÅÌÅËÔÒÉÞÎÉÊ ËÏÅÆ¦Ã¦¤ÎÔ). òÏÚÒÁÈÏ×ÁÎÅ ÚÎÁÞÅÎÎÑ Ä¦ÅÌÅËÔÒÉÞÎÏ§ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ ÂÕÄÅ ×¦ÄÐÏ×¦ÄÁÔÉ ÚÁÔÉÓÎÕÔÏÍÕ ËÒÉcÔÁÌÕ.ëÏÎÓÔÁÎÔÉ ÄÁÌÅËÏÓÑÖÎÉÈ ×ÚÁ¤ÍÏÄ¦Ê Jff 0(qq0) ÔÁËÏÖ ÒÏÚËÌÁÄÁ¤ÍÏ× ÒÑÄ ÐÏ ÄÅÆÏÒÍÁÃ¦ÑÈ, ×ÒÁÈÏ×ÕÀÞÉ ÐÒÉ ÃØÏÍÕ ¦ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÉÓËÕÄÉÐÏÌØÎÏÇÏ ÍÏÍÅÎÔÁ Ú×'ÑÚËÁ � = e� (� { ×¦ÄÓÔÁÎØ Í¦Ö ÍÏÖÌÉ×ÉÍÉÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ, Jff 0(qq0) � �2). åËÓÐÅÒÉÍÅÎÔÁÌØÎÏ×ÓÔÁÎÏ×ÌÅÎÏ [2,3], ÝÏ ÐÒÉ ÍÁÌÉÈ ÔÉÓËÁÈ ÚÁÌÅÖÎ¦ÓÔØ � ×¦Ä ÔÉÓËÕ ¤Ì¦Î¦ÊÎÏÀ� = �0 + �1p; (2.5)ÔÏÍÕ Jff 0(qq0) = J (0)ff 0(qq0)h1 + 2�1�0 pi+Xj  jff 0(qq0)"j : (2.6)ðÁÒÁÍÅÔÒÉ  jff 0(qq0) ¤ ÏÄÉÎÁËÏ×ÉÍÉ ÄÌÑ ×Ó¦È ÔÉÓË¦×, ÝÏ ÎÅ ÚÍ¦ÎÀ-ÀÔØ ÓÉÍÅÔÒ¦§ ÓÉÓÔÅÍÉ, × ÔÏÊ ÞÁÓ ÑË ×¦ÄÎÏÛÅÎÎÑ �1=�0 ¤ Ò¦ÚÎÉÍ ÄÌÑÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ¦ ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓË¦×.ýÏÂ ÕÎÉËÎÕÔÉ Ñ×ÎÏ§ ÚÁÌÅÖÎÏÓÔ¦ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ×¦Ä ÔÉÓËÕ, p ÍÏÖ-ÎÁ ×ÉÒÁÚÉÔÉ ÞÅÒÅÚ ÓÕÍÁÒÎÕ ÄÅÆÏÒÍÁÃ¦À "1 + "2 + "3, ÑËÁ ×¦ÄÐÏ×¦ÄÁ¤ÚÍ¦Î¦ ÏÂ'¤ÍÕ ËÒÉÓÔÁÌÁ Ú ÔÉÓËÏÍ. ïÓË¦ÌØËÉ"i = �Xj Sijpj ; (i; j = 1; 2; 3) (2.7)ÄÅ pi(h) = (p; p; p), pi(3) = (0; 0; p), Sij = (c�1)ij { ÐÒÕÖÎ¦ ÐÏÄÁÔÌÉ-×ÏÓÔ¦ ËÒÉÓÔÁÌÁ, ÔÏp = �"1 + "2 + "3Pij Sij = � "1 + "2 + "3S11 + 2S12 + 2S13 + S22 + 2S23 + S33 (2.8)Õ ×ÉÐÁÄËÕ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ, ¦p = �"1 + "2 + "3Pj S3j = � "1 + "2 + "3S13 + S23 + S33 (2.9)Õ ×ÉÐÁÄËÕ ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓËÕ �3.

ICMP{97{23U 6÷ÒÁÈÕ×ÁÔÉ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÉÓËÕ ÞÁÓÔÏÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ 
 ÍÏÖÎÁ,ÒÏÚËÌÁÄÁÀÞÉ §§ × ÒÑÄ ÐÏ ÄÅÆÏÒÍÁÃ¦ÑÈ. ïÄÎÁË, ÝÏÂ ÕÎÉËÎÕÔÉ ××Å-ÄÅÎÎÑ × ÔÅÏÒ¦À ÎÏ×ÉÈ Ð¦ÄÇÏÎÏÞÎÉÈ ÐÁÒÁÍÅÔÒ¦×, Â¦ÌØÛ ÄÏÃ¦ÌØÎÉÍ ×É-ÄÁ¤ÔØÓÑ ÓËÏÒÉÓÔÁÔÉÓÑ ÏÄÎÉÍ Ú ×¦ÄÏÍÉÈ ÍÏÄÅÌØÎÉÈ ÐÏÔÅÎÃ¦ÁÌ¦× Ú×'ÑÚ-ËÁ ¦ ×ÉÒÁÚÉÔÉ 
 ÞÅÒÅÚ ÊÏÇÏ ÇÅÏÍÅÔÒÉÞÎ¦ ÐÁÒÁÍÅÔÒÉ { ×¦ÄÓÔÁÎØ Í¦ÖÍÏÖÌÉ×ÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ � ¦ ÄÏ×ÖÉÎÕ Ú×'ÑÚËÁ 2R, ÚÁÌÅÖ-Î¦ÓÔØ ÑËÉÈ ×¦Ä Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ×ÓÔÁÎÏ×ÌÅÎÁ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ[2,3]. ÷×ÁÖÁ¤ÔØÓÑ, ÝÏ ÎÁÊÂ¦ÌØÛ ÁÄÅË×ÁÔÎÏ ÒÅÁÌØÎ¦Ê ÇÅÏÍÅÔÒ¦§ ×ÏÄÎÅ-×ÏÇÏ Ú×'ÚËÁ ×¦ÄÐÏ×¦ÄÁ¤ ÐÏÄ×¦ÊÎÉÊ ÐÏÔÅÎÃÁÌ íÏÒÚÅV (x) = D[2 exp[�2�(R� r0)] ch 2�x� 4 exp[��(R �R0) ch�x]; (2.10)2R { ÄÏ×ÖÉÎÁ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ, D, r0 ¦ � { ÐÁÒÁÍÅÔÒÉ ÐÏÔÅÎÃ¦ÁÌÁ."úÁÔÒÁ×ÏÞÎÁ" ÞÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ ("bare" tunneling) ÄÏÒ¦×ÎÀ¤Ò¦ÚÎÉÃ¦ Í¦Ö ÅÎÅÒÇ¦ÑÍÉ ÁÎÔÉÓÉÍÅÔÒÉÞÎÏÇÏ ¦ ÓÉÍÅÔÒÉÞÎÏÇÏ ÓÔÁÎ¦× ÞÁ-ÓÔÉÎËÉ, ÝÏ ÔÕÎÅÌÀ¤ Õ Ä×ÏÈÍ¦Î¦ÍÕÍÎÏÍÕ ÐÏÔÅÎÃ¦ÁÌ¦. çÁÍ¦ÌØÔÏÎ¦ÁÎ ÔÁ-ËÏ§ ÞÁÓÔÉÎËÉ ÞÁÓÔÉÎËÉ ÚÒÕÞÎÏ ÐÒÅÄÓÔÁ×ÉÔÉ × ÂÅÚÒÏÚÍ¦ÒÎÏÍÕ ×ÉÇÌÑÄ¦[10] ^H = �q d2dy2 + V (y)2D ;ÄÅ y = �x, q = ~2�2=4mD { ÐÁÒÁÍÅÔÒ Ë×ÁÎÔÏ×ÏÓÔ¦, m = 1:67 � 10�24 Ç{ ÍÁÓÁ ÐÒÏÔÏÎÁ. ðÒÏÂÎ¦ È×ÉÌØÏ×¦ ÆÕÎËÃ¦§ ×ÉÂÉÒÁ¤ÍÏ Õ ×ÉÇÌÑÄ¦ [10]	�(y) = c�2 �exp�p�2 (y + y�0 )2�� exp�p�2 (y � y�0 )2�� ; (2.11)c� =sr �p� 11� exp(�p�(y�0 )2) :÷ÁÒ¦ÁÃ¦ÊÎ¦ ÐÁÒÁÍÅÔÒÉ y�0 ¦ p�, Ò¦ÚÎ¦ ÄÌÑ ÆÕÎËÃ¦Ê 	+(y) ¦ 	�(y), ÚÎÁ-ÈÏÄÉÍÏ Ú ÕÍÏ×É Í¦Î¦ÍÕÍÕdE�dp� = dE�dy�0 = 0ÅÎÅÒÇ¦Ê ÁÎÔÉÓÉÍÅÔÒÉÞÎÏÇÏ ¦ ÓÉÍÅÔÒÉÞÎÏÇÏ ÓÔÁÎ¦× [10]E� = 12qp� �1� 2p�(y�0 )2 exp(�p�(y�0 )2)1� exp(�p�(y�0 )2)) �++exp(�2z + 1=p)[ch 2y�0 � exp(�p�(y�0 )2)]1� exp(�p�(y�0 )2)) ++exp(�z + 1=4p)[ch y�0 � exp(�p�(y�0 )2)1� exp(�p�(y�0 )2)) ;



7 ðÒÅÐÒÉÎÔz = �(R�r0). ÷¦ÄÓÔÁÎØ Í¦Ö Ò¦×ÎÏ×ÁÖÎÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁÚ×'ÑÚËÕ � ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú ÕÍÏ×É ÍÁËÓÉÍÕÍÁ ÇÕÓÔÉÎÉ dj	2+(y)j=dy = 0,ÑËÕ ÍÏÖÎÁ ÚÁÐÉÓÁÔÉ Õ ×ÉÇÌÑÄ¦yeq=y+0 = th(py+0 yeq); �eq = 2yeq=�;ñË ÐÏËÁÚÁÎÏ × ÒÏÂÏÔ¦ âÌ¦ÎÃÁ [8], ×ÚÁ¤ÍÏÄ¦Ñ ÐÒÏÔÏÎÁ Ú ËÏÌÉ×ÁÎÎÑÍÉÇÒÁÔËÉ ÐÒÉ×ÏÄÉÔØ ÄÏ ÐÅÒÅÎÏÒÍÕ×ÁÎÎÑ "ÚÁÔÒÁ×ÏÞÎÏ§" ÞÁÓÔÏÔÉ ÔÕÎÅ-ÌÀ×ÁÎÎÑ, ÔÁË ÝÏ2
 = A(E� �E+);ÄÅ ×ÅÌÉÞÉÎÁ A ××ÁÖÁ¤ÔØÓÑ × ÐÅÒÛÏÍÕ ÎÁÂÌÉÖÅÎÎ¦ ÎÅÚÁÌÅÖÎÏÀ ×¦ÄÔÉÓËÕ. ðÁÒÁÍÅÔÒÉ D, A, ¦ � ÚÁÄÁ¤ÍÏ ÔÁË, ÝÏÂ ÏÔÒÉÍÁÔÉ ÎÅÏÂÈ¦ÄÎÅÚÎÁÞÅÎÎÑ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ ÐÒÏÔÏÎÁ × ÎÅÄÅÆÏÒÍÏ×ÁÎÏÍÕ ËÒÉ-ÓÔÁÌ¦. ÷ÅÌÉÞÉÎÕ r0 ××ÁÖÁ¤ÍÏ ÚÁÌÅÖÎÏÀ ×¦Ä ÔÉÓËÕ ¦ ÚÎÁÈÏÄÉÍÏ §§ ÚÕÍÏ×É ÎÁÊËÒÁÝÏÇÏ ÕÚÇÏÄÖÅÎÎÑ ÚÁÌÅÖÎÏÓÔ¦ �eq ×¦Ä Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏÔÉÓËÕ Ú ×¦ÄÐÏ×¦ÄÎÉÍÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ [2,3]. úÎÁÊÄÅÎ¦ ×[10] ÚÎÁÞÅÎÎÑ D ¦ � ÓËÌÁÄÁÀÔØ 98920 K ¦ 2.89 �A�1, ×¦ÄÐÏ×¦ÄÎÏ. òÏÚ-ÒÁÈÏ×ÁÎÅ, ÑË ÏÐÉÓÁÎÏ ×ÉÝÅ, ÚÎÁÞÅÎÎÑ r0 ÓÔÁÎÏ×ÉÔØ 0.92 �A, ÝÏ ÄÏÂÒÅÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÒÅÚÕÌØÔÁÔÏÍ [10] { 0.95 �A. òÏÚÒÁÈÏ×ÁÎÅ Ú ÃÉÍÉ ÐÁ-ÒÁÍÅÔÒÁÍÉ ÚÎÁÞÅÎÎÑ "ÚÁÔÒÁ×ÏÞÎÏ§" ÞÁÓÔÏÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ E��E+ ¤ÐÏÒÑÄËÁ 800 K, ÔÁË ÝÏ,ÝÏÂ ÏÔÒÉÍÁÔÉ ÎÅÏÂÈ¦ÄÎÕ ×ÅÌÉÞÉÎÕ 2
 � 80 K,ÎÅÏÂÈ¦ÄÎÏ ÐÏËÌÁÓÔÉ A = 0:1. äÌÑ ÐÏÒ¦×ÎÑÎÎÑ, Õ ×ÉÐÁÄËÕ ÐÏÄ×¦ÊÎÏÇÏÁÎÇÁÒÍÏÎ¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁ A = 0:3 [6]. ñË ×ÉÑ×ÉÌÏÓØ, ÚÁÌÅÖÎ¦ÓÔØÞÁÓÔÏÔÉ ÔÕÎÅÌÀ×ÁÎÎÑ ×¦Ä Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ¤ Ë×ÁÄÒÁÔÉÞÎÏÀ2
 = 2
0 + �4p+ �5p2ÄÅ �4 = 0:29 K/kbar, �5 = 0:02 K2/kbar2. úÍÅÎÛÅÎÎÑ ÐÁÒÁÍÅÔÒÁ DÎÁÂÌÉÖÁ¤ ÚÁÌÅÖÎ¦ÓÔØ 2
 ×¦Ä ÔÉÓËÕ ÄÏ Ì¦Î¦ÊÎÏ§, ÝÏ ×ÉÄÎÏ ÎÁ ÒÉÓÕÎËÕ.ïÓË¦ÌØËÉ ÄÌÑ ÏÄÎÏ×¦ÓÎÏ ÄÅÆÏÒÍÏ×ÁÎÏÇÏ ËÒÉÓÔÁÌÁ ÅËÓÐÅÒÉÍÅÎ-ÔÁÌØÎ¦ ÄÁÎ¦ ÐÒÏ ÚÁÌÅÖÎ¦ÓÔØ 2R ¦ � ×¦Ä ÔÉÓËÕ ×¦ÄÓÕÔÎ¦, ÐÒÉ ×ÉÚÎÁÞÅÎÎ¦ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓËÕ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ ÄÏ×ÏÄÉÔØ-ÓÑ ÐÁÒÁÍÅÔÒÉ �4 ¦ �5 ××ÁÖÁÔÉ ×¦ÌØÎÉÍÉ.ðÏÄÁÌØÛ¦ ÒÏÚÒÁÈÕÎËÉ ÂÕÄÅÍÏ ÐÒÏ×ÏÄÉÔÉ × ÎÁÂÌÉÖÅÎÎ¦ ÞÏÔÉÒÉÞÁ-ÓÔÉÎËÏ×ÏÇÏ ËÌÁÓÔÅÒÁ ÚÁ ËÏÒÏÔËÏÓÑÖÎÉÍÉ ¦ ÍÏÌÅËÕÌÑÒÎÏÇÏ ÐÏÌÑ ÚÁÄÁÌÅËÏÓÑÖÎÉÍÉ Í¦ÖÐÒÏÔÏÎÎÉÍÉ ×ÚÁ¤ÍÏÄ¦ÑÍÉ. ÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ËÒÉ-ÓÔÁÌÁ ÔÏÄ¦ ÍÁ¤ ×ÉÇÌÑÄf = FN = �v2Xij c(0)ij "i"j + 12Xff 0 Xqq0 Jff 0(qq0) h�zqf i2 h�zq0f 0i2 � (2.12)� 2� ln Sp e��H(4)q +Xf 1� ln Sp e�H(1)qf ;

ICMP{97{23U 8

òÉÓ. 1. þÁÓÔÏÔÁ ÔÕÎÅÌÀ×ÁÎÎÑ ÑË ÆÕÎËÃ¦Ñ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÐÒÉÒ¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁÍÅÔÒ¦× ÍÏÄÅÌØÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁ ×ÏÄÎÅ-×ÏÇÏ Ú×'ÑÚËÕ: 1: D = 100000 K, A = 0:1, � = 2:89 �A�1; 2:D = 50000 K, A = 0:118, � = 2:89 �A�1.ÄÅ H(1)qf ¦ H(4)q { ÔÁË Ú×ÁÎ¦ ÏÄÎÏÞÁÓÔÉÎËÏ×¦ ¦ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×¦ ËÌÁ-ÓÔÅÒÎ¦ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÉH(4)q = V h�zq12 �zq22 + �zq22 �zq32 + �zq32 �zq42 + �zq42 �zq12 i++ Uh�zq12 �zq32 + �zq22 �zq42 i+��zq12 �zq22 �zq32 �zq42 + (2.13)�Xf �a1�zqf2 + �1�zqf2 � ;H(1)qf = �a�zqf � ��xqf :ðÏÌÑ a1, a, �1, � ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄ:a1 = [��+ 2�P + �E3]; a = ��+ �P + �E32 ; (2.14)�1 = 
� �4 ; � = 
2 � �4 ;ÄÅ �; � { ÐÁÒÁÍÅÔÒÉ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ¦� = �(0) +Xj  cj"j ; (2.15)�(0) = 14[J (0)11 + 2J (012(0) + J (013(0)];  cj = 14[ j11(0) + 2 j12(0) +  (j)13 (0)];J (0)ff 0(0) = Xq�q0 J (0)ff 0(qq0);  jff 0(0) = Xq�q0  jff 0(qq0):



9 ðÒÅÐÒÉÎÔõ ×ÉÐÁÄËÕ ÐÏÚÄÏ×ÖÎØÏÇÏ ÅÌÅËÔÒÉÞÎÏÇÏ ÐÏÌÑ ÓÅÒÅÄÎ¦ ÚÎÁÞÅÎÎÑ Ë×Á-Ú¦ÓÐ¦Î¦× ¤ ÏÄÉÎÁËÏ×ÉÍÉ:P � h�zq1i = h�zq2i = h�zq3i = h�zq4i;X � h�xq1i = h�xq2i = h�xq3i = h�xq4i:ðÁÒÁÍÅÔÒÉ �, P , � ×ÉÚÎÁÞÁ¤ÍÏ Ú ÕÍÏ×É Í¦Î¦ÍÕÍÕ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§@F@� = @F@� = @F@P = 0: (2.16)÷ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ H(1)qf ÍÏÖÎÁ ÚÎÁÊÔÉ ÚÁ ÄÏÐÏÍÏÇÏÀÐÅÒÅÔ×ÏÒÅÎÎÑ ÐÏ×ÏÒÏÔÕ ÄÌÑ ÏÐÅÒÁÔÏÒ¦× Ë×ÁÚ¦ÓÐ¦ÎÁ�xqf = Sxqf ch'+ Szqf sh' (2.17)�zqf = �Sxqf sh'+ Szqf ch';ÐÒÉÒ¦×ÎÀÀÞÉ ËÏÅÆ¦Ã¦¤ÎÔ ÐÒÉ Sxqf × ÐÅÒÅÔ×ÏÒÅÎÏÍÕ ÇÁÍ¦ÌØÔÏÎ¦ÁÎ¦ ÄÏÎÕÌÑ, ÁÂÏ ÂÅÚÐÏÓÅÒÅÄÎØÏ ÒÏÚ×'ÑÚÕÀÞÉ ÓÅËÕÌÑÒÎÕ ÐÒÏÂÌÅÍÕ ÄÌÑ ÏÐÅ-ÒÁÔÏÒÁ H(1)qf . òÏÚÒÁÈÏ×ÁÎ¦ ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ H(1)qf ÄÏÒ¦×ÎÀÀÔØ"(1;2) = �pa2 + �2 = �p(��+ �p)2 + (
� �=2)2; (2.18)Á ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁZ(1) = exp (��"(1)) + exp (��"(2)) = 2 ch�pa2 + �2: (2.19)ýÏÖ ÓÔÏÓÕ¤ÔØÓÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁH(4)q , ÔÏ ÕÎ¦ÔÁÒ-ÎÉÍ ÐÅÒÅÔ×ÏÒÅÎÎÑÍ ÊÏÇÏ ÍÏÖÎÁ Ú×ÅÓÔÉ ÄÏ Ë×ÁÚ¦Ä¦ÁÇÏÎÁÌØÎÏÇÏ ÂÌÏÞ-ÎÏÇÏ ×ÉÇÌÑÄÕhijH(4)jji = (R1 �R2 �R2 �R3 �R4)ij � �ij �"4 + w2 + w18 � ; (2.20)ÄÅR1 = 0BBBBBB@ �2a 0 0 2� 0 00 2a 0 0 2� 00 0 " 2� 2� 02� 0 2� w � a 0 p2�0 2� 2� 0 w + a p2�0 0 0 p2� p2� w1
1CCCCCCA ; R3 = ";

R2 = 0@ " p2� p2�p2� w � a 0p2� 0 w + a 1A ; R4 = 0@ w � a 0 p2�0 w + a p2�p2� 0 w1 1A
ICMP{97{23U 10× ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ¦Ê ÆÁÚ¦ ¦hijH(4)jji = (2.21)= �R+1 �R+2 �R+3 �R+4 �R+3 �R+4 �R+5 �R+6 �R+4 �ij �+�ij �"4 + w2 + w18 � ;R+1 = 0BB@ 0 0 2�1 00 " 2p2�1 02�1 2p2�1 w 2�10 0 2�1 w1 1CCA ; R+2 = � 0 2�12�1 w � ;R+3 = � " 2�12�1 w � ; R+4 = !; R+5 = "; R+6 = � w1 2�12�1 w � :× ÐÁÒÁÅÌÅËÔÒÉÞÎ¦Ê (P = 0). ïÔÖÅ, ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁ-ÞÅÎØ �i ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ H(4) ÄÏ×ÏÄÉÔØÓÑ ÒÏÚ×'ÑÚÕ×ÁÔÉ Ò¦×ÎÑÎÎÑ ÛÏ-ÓÔÏÇÏ ¦ ÔÒÅÔØÏÇÏ ÐÏÒÑÄË¦× × ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎ¦Ê ÆÁÚ¦ ¦ ÞÅÔ×ÅÒÔÏÇÏ ×ÐÁÒÁÅÌÅËÔÒÉÞÎ¦Ê. óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÍÁ¤ ×ÉÇÌÑÄZ = 16Xi=1 exp (���i): (2.22)ð¦ÄÓÔÁ×ÌÑÀÞÉ (2.19) ¦ (2.22) Õ ×ÉÒÁÚ ÄÌÑ ×¦ÌØÎÏ§ ÅÎÅÒÇ¦§ ÔÁ ÄÉÆÅ-ÒÅÎÃ¦ÀÀÞÉ §§ ÐÏ �, �, P , ÏÔÒÉÍÕ¤ÍÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.16) × ÔÁËÏÍÕ×ÉÇÌÑÄ¦:8>>>>>>>>>>><>>>>>>>>>>>:

1Z @Z@a1 = 2�apa2 + �2 th �pa2 + �2;1Z @Z@�1 = 2��pa2 + �2 th �pa2 + �2;P = apa2 + �2 th�pa2 + �2;X = �pa2 + �2 th �pa2 + �2; (2.23)

ú Ä×ÏÈ ÏÓÔÁÎÎ¦È Ò¦×ÎÑÎØ ÓÉÓÔÅÍÉ (2.23) ÚÎÁÈÏÄÉÍÏ ÐÁÒÁÍÅÔÒÉ ÓÁ-ÍÏÕÚÇÏÄÖÅÎÎÑ � ¦ �:� = � P2�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 + �P + �E32 ;� = 2
� 2X�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 ;



11 ðÒÅÐÒÉÎÔ¦, ×¦ÄÐÏ×¦ÄÎÏ, ÐÏÌÑ a, a1, �, �1:a = P2�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 ;� = X2�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 ;a1 = P2�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 + �P + �E32 ;�1 = 
2 + X2�pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 : (2.24)óÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ Z(1) ÔÅÐÅÒ ÍÏÖÎÁ ÐÅÒÅÐÉÓÁÔÉ ÑËZ(1) = 2p1� P 2 �X2: (2.25)÷¦ÌØÎÁ ÅÎÅÒÇ¦Ñ ËÒÉÓÔÁÌÁ ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ:f = �v2Xij c(0)ij "i"j ++2�P 2 � 2� lnZ + 4 ln 2p1� P 2 �X2 + "2 + w + w14 : (2.26)äÌÑ ×ÉÚÎÁÞÅÎÎÑ ÄÅÆÏÒÍÁÃ¦Ê "i ÓÌ¦Ä ×ÉËÏÒÉÓÔÁÔÉ ÕÍÏ×Õ ÔÅÒÍÏÄÉ-ÎÁÍ¦ÞÎÏ§ Ò¦×ÎÏ×ÁÇÉ1�v @f@"i = �pi; (2.27)ÄÅ ÄÌÑ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ pi = (p; p; p), Á ÄÌÑ ÏÄÎÏ×¦ÓÎÏÇÏ pi =(0; 0; p), ¦ @f@"i = �vXj c(0)ij "j + 2 @�@"iP 2 + �1i2 + �2i + �3i4 �� 2�Z h @Z@a1 @a1@"i + @Z@w�2i + @Z@" �1i + @Z@w1 �3i + @Z@�1 @�1@"i i:âÅÒÕÞÉ ÄÏ Õ×ÁÇÉ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ (2.6), (2.8), (2.9) ¦ ÔÅ, ÝÏ@a1@"i = P @�@"i ; @�1@"i = 12 @
@"i ;Á, ÔÁËÏÖ, ÐÏÚÎÁÞÁÀÞÉ,Mi � ��h@Z@w�2i + @Z@"i �1i + @Z@w1 �3ii;Sh =Xij Sij ; S3 =Xj S3j ;

ICMP{97{23U 12ÚÁÐÉÛÅÍÏ ×ÉÒÁÚ ÄÌÑ ÐÏÈ¦ÄÎÏ§ @f=@"i ÑË@f@"i = �vXj c(0)ij "j + P � ci + 2Sh �1�0 � �2P � 2� @Z@a1 �++�1i2 + �2i + �3i4 + 2MiZ � 1�ShZ @Z@�1 (�4 + 2�5p); (2.28)Õ ×ÉÐÁÄËÕ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ, ¦ ÑË@f@"i = �vXj c(0)ij "j + P � ci + 2S3 �1�0 ��2P � 2� @Z@a1 �++�1i2 + �2i + �3i4 + 2MiZ � 1�S3Z @Z@�1 (�4 + 2�5p); (2.29)Õ ×ÉÐÁÄËÕ ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓËÕ �3. ÷¦ÄÐÏ×¦ÄÎÏ, ÕÍÏ×É ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏ§Ò¦×ÎÏ×ÁÇÉ ÎÁÂÕ×ÁÀÔØ ×ÉÇÌÑÄÕ� pi =Xj c(0)cj "j � � ci + 2Sh �1�0 � P 2�v + 2Mi�vZ � 2X�vSh (�4 + 2�5p) (2.30)Õ ×ÉÐÁÄËÕ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ, ¦� pi =Xj c(0)cj "j � � ci + 2S3 �1�0 � P 2�v + 2Mi�vZ � 2X�vS3 (�4 + 2�5p) (2.31)Õ ×ÉÐÁÄËÕ ÏÄÎÏ×¦ÓÎÏÇÏ ÔÉÓËÕ �3. ò¦×ÎÑÎÎÑ (2.30) ¦ (2.31), ÒÁÚÏÍ ÚÄ×ÏÍÁ ÐÅÒÛÉÍÉ Ò¦×ÎÑÎÎÑÍÉ (2.23), ÚÁÐÉÓÁÎÉÍÉ Õ ×ÉÇÌÑÄ¦12�Z @Z@a1 = P; 2�Z @Z@�1 = X; (2.32)ÓÔÁÎÏ×ÌÑÔØ ÚÁÍËÎÕÔÕ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ ×ÉÚÎÁÞÅÎÎÑ ÐÁÒÁÍÅÔÒÁÐÏÒÑÄËÁ P , ×ÅÌÉÞÉÎÉ X ¦ ÄÅÆÏÒÍÁÃ¦Ê "i.ôÅÍÐÅÒÁÔÕÒÕ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÐÅÒÛÏÇÏ ÒÏÄÕ ×ÉÚÎÁÞÁÀÔØ Ú Ô¦¤§ÕÍÏ×É, ÝÏ ÚÎÁÞÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ¦ÞÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁg(P;X; T; p) = f(P;X; T; "i) + �vXi "ipi× ÔÏÞÃ¦ ÐÅÒÅÈÏÄÕ ÐÒÉ P = PC ¦ P = 0 ÐÏ×ÉÎÎ¦ ÓÐ¦×ÐÁÄÁÔÉg(PC; XC; TC; p) = g(0; XC; TC; p); (2.33)Á ×ÅÌÉÞÉÎÉ PC, XC ¦ "i ÚÁÄÏ×ÏÌØÎÑÀÔØ ÓÉÓÔÅÍÁÍ Ò¦×ÎÑÎØ (2.32) ¦(2.30) ÞÉ (2.31).



13 ðÒÅÐÒÉÎÔ3. ä¦ÅÌÅËÔÒÉÞÎÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ÷×ÁÖÁ¤ÍÏ, ÝÏ ÐÏÌÑÒÉÚÁÃ¦Ñ ËÒÉÓÔÁÌÁ ÐÒÑÍÏ ÐÒÏÐÏÒÃ¦ÊÎÁ ÄÏ ÐÁÒÁÍÅ-ÔÒÁ ÐÏÒÑÄËÁ P :P3 = 2�v P; (3.34)ÅÆÅËÔÉ×ÎÉÊ ÄÉÐÏÌØÎÉÊ ÍÏÍÅÎÔ � ¦ ÏÂ'¤Í ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ v ¤Ì¦Î¦ÊÎÉÍÉ ÆÕÎËÃ¦ÑÍÉ ÔÉÓËÕ:� = �(0) + k�p; v = v(0) + kvp :ôÏÄ¦ ÐÏÚÄÏ×ÖÎÁ ÓÔÁÔÉÞÎÁ Ä¦ÅÌÅËÔÒÉÞÎÁ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÄÏÒ¦×ÎÀ¤�3(0; T; p) = 2�v dPdE : (3.35)÷×ÁÖÁÀÞÉ ÓÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ Z ÆÕÎËÃ¦ÏÎÁÌÏÍ ÚÍ¦ÎÎÉÈ a1 ¦ �1Z = Z(a1(P;X;E);�1(P;X)); (3.36)(ÚÁÌÅÖÎÏÓÔ¦ a1(P;X;E) ¦ �1(P;X) ÚÁÄÁÎ¦ ×ÉÒÁÚÁÍÉ (2.24)), ÐÒÏÄÉÆÅ-ÒÅÎÃ¦À¤ÍÏ Ò¦×ÎÑÎÎÑ (2.32) ÐÏ E. ðÏÚÎÁÞÁÀÞÉ{�� � 14�2 @2Z@a21 � P 2Z;{�� � 14�2 @2Z@a1@�1 � PXZ;{�� � 14�2 @2Z@�21 �X2Z;¦'�� = � @a1@P == �� + 1P 2 +X2 " X22pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 + P 21� P 2 �X2# ;'�� = � @a1@X = � @�1@P == PXP 2 +X2 " 12pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 + 11� P 2 �X2# ;'�� = � @�1@X =

ICMP{97{23U 14= 1P 2 +X2 " P 22pP 2 +X2 ln 1 +pP 2 +X21�pP 2 +X2 + X21� P 2 �X2# ; (3.37)ÚÎÁÈÏÄÉÍÏ, ÝÏ ×ÉÒÁÚ ÄÌÑ ÐÏÚÄÏ×ÖÎÏ§ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦ËÒÉÓÔÁÌÁ KH2PO4 ÍÏÖÅ ÂÕÔÉ ÚÁÐÉÓÁÎÉÊ Õ ×ÉÇÌÑÄ¦�3(0; T; p) = 2��2v {��a22 � {��a12a11a22 � a12a21 ; (3.38)ÄÅ a11 = Z � 2�({��'�� + {��'��);a12 = �2�({��'�� + {��'��);a21 = �2�({��'�� + {��'��);a22 = Z � 2�({��'�� + {��'��):ñËÝÏ ÚÎÅÈÔÕ×ÁÔÉ ÔÕÎÅÌÀ×ÁÎÎÑÍ (�1 ! 0), ÔÏZ ! D = ch 2z + 4b ch z + 2a+ d;a1 ! z = 12 ln 1 + P1� P + ��;a = exp(��"); b = exp(��w); d = exp(��w1); (3.39){�� ! {2 = 14 @2D@z2 � P 2D = ch 2z + b ch z � P 2D;'�� ! 11� P 2 + �� � '�3¦ �3(0; T; p) = ��2v 2{2D � 2{2'�3� (3.40)×ÉÒÁÚ, ÑËÉÊ ÓÐ¦×ÐÁÄÁ¤ Ú¦ ÚÎÁÊÄÅÎÉÍ ÒÁÎ¦ÛÅ × [12{14,4].÷ ÐÁÒÁÅÌÅËÔÒÉÞÎ¦Ê ÆÁÚ¦ P = 0, a1 = 0, Á ÔÁËÏÖ '�� = 0 ¦ {�� = 0�+3 (0; T; p) = ��2v 2{��Z � 2�{��'�� ; (3.41)ÄÅ {�� = 14�2 @2Z@a21 ; '�� = �� + 12X ln 1 +X1�X : (3.42)



15 ðÒÅÐÒÉÎÔðÏ×ÅÒÎÅÍÏÓØ ÄÏ ×ÅÌÉÞÉÎ {��, {�� , {�� . äÌÑ ÐÏÈ¦ÄÎÉÈ, ÝÏ ×ÈÏ-ÄÑÔØ Õ ×ÉÒÁÚÉ ÄÌÑ ÃÉÈ ×ÅÌÉÞÉÎ ÍÁÀÔØ Í¦ÓÃÅ ÎÁÓÔÕÐÎ¦ ÓÐ¦××¦ÄÎÏÛÅÎ-ÎÑ: @2Z@a21 = 16Xi=1 � exp(���i)"� �@�i@a1�2 � @2�i@a21 # ;@2Z@a1�1 = 16Xi=1 � exp(���i) �� @�i@a1 @�i@�1 � @2�i@a1@�1 � ;@2Z@�21 = 16Xi=1 � exp(���i)"� � @�i@�1�2 � @2�i@�21 # ;�i { ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ H(4) (2.13). @�i=@a1, @�i=@�1,@2�i=@a1@�1 ¦.Ô.Ä. ×ÉÚÎÁÞÁ¤ÍÏ ÑË ÐÏÈ¦ÄÎ¦ ÎÅÑ×ÎÉÈ ÆÕÎËÃ¦Ê �i ÚÍ¦ÎÎÉÈa1 ¦ �1, ÚÁÄÁÎÉÈ Ò¦×ÎÑÎÎÑÍ ÎÁ ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑ ÏÐÅÒÁÔÏÒÁH(4), ÔÏÂÔÏÓÐ¦×¦ÄÎÏÛÅÎÎÑÍÉ ÔÉÐÕFi(�i; a1;�1) =Xn bn�ni = 0:íÁ¤ÍÏ:@�i=@a1 = �@Fi=@a1@Fi=@�i ; @�i=@�1 = �@Fi=@�1@Fi=@�i ;@2�i@�21 = "2 @2Fi@�1@�i @Fi@�i @Fi@�1 � @2Fi@�2i � @Fi@�1�2 � @2Fi@�21 �@Fi@�i�2#�@Fi@�i��3;@2�i@a1@�1 = �� @2Fi@�1@�i @Fi@a1 + @2Fi@a1@�i @Fi@�1� @Fi@�i �� @2Fi@�2i @Fi@�1 @Fi@1 � @2Fi@�1@a1 �@Fi@�i�2#�@Fi@�i��3;@2�i@a21 = "2 @2Fi@1@�i @Fi@�i @Fi@a1 � @2Fi@�2i �@Fi@a1�2 � @2Fi@a21 �@Fi@�i�2#�@Fi@�i��3;Á @Fi@�i =Xn nbn�n�1i ; @Fi@a1 =Xn @bn@a1�ni ; : : :ñË ÂÁÞÉÍÏ, ÝÏÂ ÒÏÚÒÁÈÕ×ÁÔÉ ÐÏÚÄÏ×ÖÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ÄÅÆÏÒÍÏ-×ÁÎÏÇÏ ËÒÉÓÔÁÌÁ KH2PO4 ÄÏÓÔÁÔÎØÏ ÒÏÚ×'ÑÚÁÔÉ Ò¦×ÎÑÎÎÑ ÎÁ ×ÌÁÓÎ¦ÚÎÁÞÅÎÎÑ ÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ ÔÁ ÓÉÓÔÅÍÕ Ò¦×ÎÑÎØ ÄÌÑ
ICMP{97{23U 16×ÉÚÎÁÞÅÎÎÑ ÄÅÆÏÒÍÁÃ¦Ê "i, ÐÁÒÁÍÅÔÒÁ ÐÏÒÑÄËÁ P ¦ ×ÅÌÉÞÉÎÉ X . ÷Ó¦¦ÎÛ¦ ×ÅÌÉÞÉÎÉ, ÝÏ ×ÈÏÄÑÔØ Õ ×ÉÒÁÚ ÄÌÑ ÓÐÒÉÊÎÑÔÌÉ×ÏÓÔ¦, ÍÏÖÕÔØÂÕÔÉ ×ÉÒÁÖÅÎ¦ ÌÉÛÅ ÞÅÒÅÚ ÚÇÁÄÁÎ¦ ÔÁ ÞÅÒÅÚ ÐÁÒÁÍÅÔÒÉ ×ÉÈ¦ÄÎÏÇÏÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ.÷ÉÓÎÏ×ËÉòÏÚ×ÉÎÅÎÉÊ ÒÁÎ¦ÛÅ Ð¦ÄÈ¦Ä ÄÏ ÏÐÉÓÕ ÅÆÅËÔ¦×, ×ÉËÌÉËÁÎÉÈ ÚÏ×Î¦Û-Î¦ÍÉ ÔÉÓËÁÍÉ × ÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌÁÈ ÔÉÐÕ KD2PO4, ÕÚÁÇÁÌØÎÅ-ÎÏ ÎÁ ×ÉÐÁÄÏË ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ËÒÉÓÔÁÌ¦× ÔÉÐÕKH2PO4. äÌÑ ÍÏÄÅÌØÎÏÇÏ ÐÏÔÅÎÃ¦ÁÌÁ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ (ÐÏÄ×ÊÎÉÊÐÏÔÅÎÃ¦ÁÌ íÏÒÚÅ) ÄÏÓÌ¦ÄÖÅÎÏ ÚÁÌÅÖÎ¦ÓÔØ ¦ÎÔÅÇÒÁÌÁ ÔÕÎÅÌÀ×ÁÎÎÑ ×¦ÄÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. ðÏËÁÚÁÎÏ, ÝÏ × ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÐÁÒÁ-ÍÅÔÒ¦× ÐÏÔÅÎÃ¦ÁÌÁ, ÃÑ ÚÁÌÅÖÎ¦ÓÔØ ÍÏÖÅ ÎÏÓÉÔÉ ÑË ÓÌÁÂÏ ÎÅÌ¦Î¦ÊÎÉÊ,ÔÁË ¦ Ì¦Î¦ÊÎÉÊ ÈÁÒÁËÔÅÒ (ÐÒÉ ÕÍÏ×¦, ÝÏ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÔÉÓËÕ ×¦ÄÓÔÁÎ¦Í¦Ö ÍÏÖÌÉ×ÉÍÉ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ ÓÐ¦×ÐÁÄÁ¤ Ú ÅËÓÐÅ-ÒÉÍÅÎÔÁÌØÎÏ ×ÉÚÎÁÞÅÎÏÀ). úÎÁÊÄÅÎÏ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ ÄÌÑ ÐÁÒÁÍÅÔÒÁÐÏÒÑÄËÁ ¦ ÄÅÆÏÒÍÁÃ¦Ê ÇÒÁÔËÉ ÔÁ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÑËÆÕÎËÃ¦Ê ÚÏ×Î¦ÛÎØÏÇÏ ÔÉÓËÕ. òÏÚÒÁÈÏ×ÁÎÏ ÐÏÚÄÏ×ÖÎÕ ÓÔÁÔÉÞÎÕ Ä¦Å-ÌÅËÔÒÉÞÎÕ ÓÐÒÉÊÎÑÔÌÉ×¦ÓÔØ ËÒÉÓÔÁÌÁ. ðÏËÁÚÁÎÏ, ÝÏ ÄÌÑ ÎÅ§ ÍÏÖÎÁÏÔÒÉÍÁÔÉ ÁÎÁÌ¦ÔÉÞÎ¦ ×ÉÒÁÚÉ, ÐÒÉ ÕÍÏ×¦, ÝÏ ×¦ÄÏÍ¦ ×ÌÁÓÎ¦ ÚÎÁÞÅÎÎÑÞÏÔÉÒÉÞÁÓÔÉÎËÏ×ÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÁ.óÌ¦Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ, ÓËÏÒ¦Û ÚÁ ×ÓÅ, ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË ÐÒÉ ×ÉÓÏ-ËÉÈ ÔÉÓËÁÈ, ÏÓÏÂÌÉ×Ï × ÏËÏÌ¦ ËÒÉÔÉÞÎÏÇÏ, ÄÅÆÏÒÍÕ¤ÔØÓÑ ÎÁÓÔ¦ÌØËÉÓÉÌØÎÏ, ÝÏ ÊÏÇÏ ÐÏÔÅÎÃ¦ÁÌ Ú Ä×ÏÈÍ¦Î¦ÍÕÍÎÏÇÏ ÐÅÒÅÔ×ÏÒÀ¤ÔØÓÑ ÎÁ ÏÄ-ÎÍ¦Î¦ÍÕÍÎÉÊ. ðÒÉ ÃØÏÍÕ ÅÎÅÒÇÅÔÉÞÎ¦ Ò¦×Î¦ ÞÁÓÔÉÎËÉ, ÝÏ ÒÕÈÁ¤ÔØÓÑ× ÎØÏÍÕ, ÓÔÁÀÔØ ÅË×¦ÄÉÓÔÁÎÔÎÉÍÉ. ë×ÁÚ¦ÓÐ¦ÎÏ×ÉÊ ÆÏÒÍÁÌ¦ÚÍ, ÏÓÎÏ-×ÁÎÉÊ ÎÁ ÔÏÍÕ ÆÁËÔ¦, ÝÏ × ÓÉÓÔÅÍ¦ ¦ÓÎÕÀÔØ Ä×Á ÂÌÉÚØË¦ Ò¦×Î¦, ÚÎÁÞ-ÎÏ ×¦ÄÄÁÌÅÎ¦ ×¦Ä ¦ÎÛÉÈ Ò¦×Î¦×, ÓÔÁ¤ ÎÅÚÁÓÔÏÓÏ×ÎÉÍ. ôÏÍÕ ÄÁÎÕ ÔÅ-ÏÒ¦À ÍÏÖÎÁ ×ÉËÏÒÉÓÔÏ×Õ×ÁÔÉ ÌÉÛÅ ÐÒÉ ÎÅ ÄÕÖÅ ×ÉÓÏËÉÈ ÔÉÓËÁÈ, ÎÁ-ÐÒÉËÌÁÄ, ÐÒÉ ÑËÉÈ ÚÁÌÅÖÎ¦ÓÔØ TC(p) ÚÁÌÉÛÁ¤ÔØÓÑ Ì¦Î¦ÊÎÏÀ, ÝÏ ÄÌÑÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ, ÐÒÉËÌÁÄÅÎÏÇÏ ÄÏ KH2PO4 ÓËÌÁÄÁ¤ ÐÒÉÂÌÉÚÎÏ8-10 kbar.÷¦ÄÐÏ×¦ÄØ ÎÁ ÐÉÔÁÎÎÑ ÐÒÏ ÔÅ, Ú ÞÉÍ ÐÏ×'ÑÚÁÎÅ Û×ÉÄËÅ, ÐÏÒ¦×ÎÑÎÏ ÚÄÅÊÔÅÒÏ×ÁÎÉÍÉ ËÒÉÓÔÁÌÁÍÉ, ÐÏÎÉÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅ-ÈÏÄÕ × ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈ, { ÎÁÑ×Î¦ÓÔÀ ÔÕÎÅÌÀ×ÁÎÎÑ ¦ ÊÏÇÏ ÚÒÏÓÔÁÎÎÑÍÚ ÔÉÓËÏÍ ÞÉ ÓÉÌØÎ¦ÛÏÀ ÚÁÌÅÖÎ¦ÓÔÀ ×¦Ä ÔÉÓËÕ ÐÁÒÁÍÅÔÒ¦× ÇÁÍ¦ÌØ-ÔÏÎ¦ÁÎÁ, ÐÏ×'ÑÚÁÎÏÀ Ú Â¦ÌØÛÏÀ ÓÔÉÓÌÉ×¦ÓÔÀ ËÒÉÓÔÁÌ¦ÞÎÏ§ ÇÒÁÔËÉ ¦×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ × ÎÅÄÅÊÔÅÒÏ×ÁÎÉÈ ËÒÉÓÔÁÌÁÈ, { ÄÁÓÔØ ÐÏÄÁÌØÛÉÊ
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