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õäë: 536;537.226;537.311PACS: 78.20úÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ¦ ÏÐÔÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ËÒÉÓÔÁÌ¦×ÔÉÐÕ KDP ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕò.ñ.óÔÅÃ¦×áÎÏÔÁÃ¦Ñ. ÷ ÎÁÂÌÉÖÅÎÎ¦ ÓÉÌØÎÏ Ú×'ÑÚÁÎÉÈ ÅÌÅËÔÒÏÎ¦× ÄÏÓÌ¦ÄÖÅÎÏÚÁÌÅÖÎ¦ÓÔØ ÚÏÎÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÓÐÅËÔÒÕ ËÒÉÓÔÁÌ¦× ÔÉÐÕ KDP ×¦ÄÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. òÏÚÒÁÈÏ×ÁÎ¦ ËÏÍÂ¦ÎÏ×ÁÎÁ ÇÕÓÔÉ-ÎÁ ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ¦×, Ä¦ÊÓÎÁ ÔÁ ÕÑ×ÎÁ ÞÁÓÔÉÎÉ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏ-ÎÉËÎÏÓÔ¦ ÄÌÑ Ò¦ÚÎÏ§ ÐÏÌÑÒÉÚÁÃ¦§ Ó×¦ÔÌÁ, ÐÏËÁÚÎÉËÉ ÚÁÌÏÍÌÅÎÎÑ, ËÏ-ÅÆ¦Ã¦¤ÎÔÉ Ç¦ÒÁÃ¦§, ËÏÅÆ¦Ã¦¤ÎÔÉ ÐÏÇÌÉÎÁÎÎÑ ÔÁ ×¦ÄÂÉ×ÁÎÎÑ Ó×¦ÔÌÁ. äÏ-ÓÌ¦ÄÖÅÎÁ §È ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä ÅÎÅÒÇ¦§ Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦ ÔÁ ×¦Ä ÚÏ×Î¦ÛÎØÏÇÏÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. òÅÚÕÌØÔÁÔÉ ÐÏÒ¦×ÎÀÀÔØÓÑ Ú ÅËÓÐÅÒÉÍÅÎÔÁÌØ-ÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ Ð'¤ÚÏÏÐÔÉÞÎÉÈ ËÏÅÆ¦Ã¦¤ÎÔ¦×. ïÔÒÉÍÁÎ¦ ÁÎÏÍÁÌ¦§ÏÐÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ ÐÒÉ ÔÉÓËÕ p ' 17 ËÂÁÒ ÚÕÍÏ×ÌÅÎ¦ ÔÒÁÎÓÆÏÒÍÁÃ¦¤§ÐÏÔÅÎÃ¦ÁÌÕ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ Ú Ä×ÏÍ¦Î¦ÍÕÍÎÏÇÏ × ÏÄÎÏÍ¦Î¦ÍÕÍÎÉÊ.Band electron spectrum and optical properties of KDP-typecrystals under external hydrostatic pressureR.Ya.StetsivAbstract. The Electron spectrum KDP-type crystals has been invisti-gated as a function of external hydrostatic pressure using the tigh-binding approximation. The joint density of electron states, real andimaginary parts of the dielectric permeability, refraction index, gyrationcoe�cients, absorption and reection coe�cients for di�erent polariza-tion of light are determined. There pressure and frequency dependiencesare investigated. The results are discussed by comparing with experi-mental data on piezooptic coe�cients. The anomalous behaviour of theoptical constants at the pressure p ' 17 kbar are due to the transforma-tion of the hydrogen bond from two minimum to one minimum bond,when the proton to be located at the midpoint of the hydrogen bond.ðÏÄÁ¤ÔØÓÑ × Physica Status Solidi (b)Submitted to Physica Status Solidi (b)c ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 1997Institute for Condensed Matter Physics 1997



1 ðÒÅÐÒÉÎÔ1. ÷ÓÔÕÐæ¦ÚÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÉÈ ÓÉÓÔÅÍ Ú ×ÏÄÎÅ×ÉÍÉ Ú×'Ñ-ÚËÁÍÉ ËÏÒ¦ÎÎÉÍ ÞÉÎÏÍ ×ÉÚÎÁÞÁÀÔØÓÑ ÄÏ×ÖÉÎÏÀ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦×R0�0 ¦ ÈÁÒÁËÔÅÒÏÍ ÒÕÈÕ ÐÒÏÔÏÎ¦× ÎÁ Ú×'ÑÚËÁÈ. ñË ÐÒÁ×ÉÌÏ ÐÒÏÔÏÎÉÈÁÏÔÉÞÎÏ ÒÏÚÍ¦ÝÁÀÔØÓÑ × Ä×ÏÈ ÐÏÌÏÖÅÎÎÑÈ ÎÁ Ú×'ÑÚËÕ × ×ÉÓÏËÏÔÅÍ-ÐÅÒÁÔÕÒÎ¦Ê ÆÁÚ¦ ¦ ×ÐÏÒÑÄËÏ×ÕÀÔØÓÑ × ÏÄÎÏÍÕ Ú ÐÏÌÏÖÅÎØ Ð¦ÓÌÑ ÐÅ-ÒÅÈÏÄÕ × ÎÉÚØËÏÔÅÍÐÅÒÁÔÕÒÎÕ ÆÁÚÕ. úÁÇÁÌØÎÏÀ ÒÉÓÏÀ ËÒÉÓÔÁÌ¦× Ú×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ ¤ ÐÏÎÉÖÅÎÎÑ ÔÅÍÐÅÒÁÔÕÒÉ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕTc, ÐÒÉ ÓËÏÒÏÞÅÎÎ¦ ÄÏ×ÖÉÎÉ Ú×'ÑÚË¦× R0�0 [1]. ôÏÍÕ ÐÒÅÄÓÔÁ×ÌÑ¤ ¦ÎÔÅ-ÒÅÓ ÄÏÓÌ¦ÄÖÅÎÎÑ ÚÍ¦ÎÉ Æ¦ÚÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÄÁÎÉÈ ËÒÉÓÔÁÌ¦× ÐÒÉÚÍ¦Î¦ ÓÔÒÕËÔÕÒÎÉÈ ÐÁÒÁÍÅÔÒ¦× ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦×, ÝÏ ÚÏËÒÅÍÁ, ÄÁÓÔØÚÍÏÇÕ Ú ÎÏ×ÉÈ ÐÏÚÉÃ¦Ê ÒÏÚÇÌÑÎÕÔÉ ÐÒÉÒÏÄÕ ÓÁÍÉÈ ÆÁÚÏ×ÉÈ ÐÅÒÅÈÏÄ¦×.í¦ÎÑÔÉ ÓÔÒÕËÔÕÒÎ¦ ÐÁÒÁÍÅÔÒÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦× ÍÏÖÎÁ ÚÁÓÔÏÓÕ×ÁÎ-ÎÑÍ ÔÉÓËÕ, ÄÅÊÔÅÒÕ×ÁÎÎÑ, ÞÉ ¦ÎÛÉÍÉ ¦ÚÏÍÏÒÆÎÉÍÉÍÉ ÚÁÍ¦ÎÁÍÉ, ÎÁ-ÐÒÉËÌÁÄ ÚÁÍ¦ÎÏÀ KH2PO4 ÎÁ RbH2PO4, KH2AsO4 ¦ Ô.Ä. îÁÊÐÒÏÓÔ¦-ÛÉÍ ×ÉÄÁ¤ÔØÓÑ ÚÁÓÔÏÓÕ×ÁÎÎÑ ÔÉÓËÕ, ÏÓË¦ÌØËÉ ÐÒÉ ÃØÏÍÕ ÎÅ Í¦ÎÑ¤ÔØÓÑÓÁÍÁ ÓÉÓÔÅÍÁ. ÷¦ÄÏÍÏ (ÄÉ×.[2,3]),ÝÏ ÄÌÑ ÏÂÏÈ ËÒÉÓÔÁÌ¦×,ëäò,äëäò,ÔÅÍÐÅÒÁÔÕÒÁ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ ÐÏÎÉÖÕ¤ÔØÓÑ ÚÔÉÓËÏÍ ¦ ÄÌÑ ëäò Tc ÓÔÁ¤ Ò¦×ÎÏÀ ÎÕÌÀ ÐÒÉ p=17 ËÂÁÒ. äÏÓÉÔØ ÐÒÏ-ÓÔÅ ÐÏÑÓÎÅÎÎÑ ÃØÏÇÏ ÅÆÅËÔÕ ÐÒÏÐÏÎÕ¤ ò.îÅÌÍÚ. îÁ ÏÓÎÏ×¦ ÄÅÔÁÌØÎÉÈÄÏÓÌ¦ÄÖÅÎØ ÓÔÒÕËÔÕÒÉ ÄÁÎÉÈ ËÒÉÓÔÁÌ¦× ¦ ÏÓÏÂÌÉ×Ï ÓÔÒÕËÔÕÒÉ ×ÏÄÎÅ-×ÉÈ Ú×'ÑÚË¦× ÒÏÚÓ¦ÑÎÎÑÍ ÎÅÊÔÒÏÎ¦× × ÒÏÂÏÔÁÈ [4-9] ÏÔÒÉÍÁÎÏ, ÝÏ ÐÒÉÔÉÓËÕ p�17 ËÂÁÒ Ë×ÁÄÒÁÔ ÐÏÌÏ×ÉÎÉ ×¦ÄÓÔÁÎ¦ Í¦Ö Ä×ÏÍÁ ÍÏÖÌÉ×ÉÍÉÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ ÓÔÁ¤ ÍÅÎÛÉÍ Î¦Ö ÓÅÒÅÄÎØÏË×ÁÄÒÁ-ÔÉÞÎÅ ÚÍ¦ÝÅÎÎÑ ÐÒÏÔÏÎÁ ×ÚÄÏ×Ö Ú×'ÑÚËÕ: � �2�2 � �22. áÍÐÌ¦ÔÕÄÁ ËÏ-ÌÉ×ÁÎØ ÐÒÏÔÏÎÁ ÓÔÁ¤ ÔÁËÏÀ, ÝÏ ÐÒÏÔÏÎ ÎÅ ÍÏÖÅ ÌÏËÁÌ¦ÚÕ×ÁÔÉÓÑ ×ÏÄÎÏÍÕ Ú ÐÏÌÏÖÅÎØ ÎÁ Ú×'ÑÚËÕ, ¦ ÔÏÍÕ ÎÅÍÏÖÌÉ×Á ÒÅÁÌ¦ÚÁÃ¦Ñ ÓÅÇÎÅ-ÔÏÆÁÚÉ. úÇ¦ÄÎÏ Ú ÏÐÉÓÁÎÉÍ ×ÉÝÅ ÍÏÖÎÁ ××ÁÖÁÔÉ, ÝÏ ÐÒÏÔÏÎ ×¦ÌØÎÏÐÅÒÅÍ¦ÝÁ¤ÔØÓÑ ÐÏ ÄÏÓÉÔØ ÛÉÒÏËÏÍÕ ÐÌÁÔÏ ÎÁ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ ¦ ×ÓÅÒÅÄÎØÏÍÕ ÚÎÁÈÏÄÉÔØÓÑ ÎÁ ÓÅÒÅÄÉÎ¦ Ú×'ÑÚËÕ. ôÁËÉÍ ÞÉÎÏÍ, Ú×¦ÄÓÉ×ÉÐÌÉ×Á¤, ÝÏ × ÏÂÌÁÓÔ¦ p�17 ËÂÁÒ ÍÁ¤ Í¦ÓÃÅ ÄÏ×ÏÌ¦ Ò¦ÚËÁ ÚÍ¦ÎÁ �(� ÓÔÁ¤ Ò¦×ÎÉÍ ÎÕÌÀ). ãÅÊ ÅÆÅËÔ ×ÒÁÈÏ×ÁÎÏ ÎÉÖÞÅ ÐÒÉ ÎÁÛÉÈ ÄÏ-ÓÌ¦ÄÖÅÎÎÑÈ ÏÐÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ ËÒÉÓÔÁÌÕ.÷ÉÓÎÏ×ÏË ÐÒÏ ÓÁÍÅ ÔÁËÕ ÐÏ×ÅÄ¦ÎËÕ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ Ð¦Ä-Ô×ÅÒÄÖÕ¤ ÒÏÚÇÌÑÄ ×ÅÌÉËÏ§ Ë¦ÌØËÏÓÔ¦ ÓÉÓÔÅÍ Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ[ÄÉ×.10l, ÑËÉÊ ÄÁ× ÚÍÏÇÕ ÏÔÒÉÍÁÔÉ ÅÍÐ¦ÒÉÞÎÕ ÚÁÌÅÖÎ¦ÓÔØ ×¦ÄÓÔÁÎ¦RO�H ×¦Ä ÄÏ×ÖÉÎÉ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ RO�O. úÇ¦ÄÎÏ Ú ÃÉÍÉ ÄÁÎÉÍÉ[10,11] ÐÒÉ ÐÏÄÁÌØÛÏÍÕ ÚÍÅÎÛÅÎÎ¦ ÄÏ×ÖÉÎÉ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË¦× (ÚÏ-ËÒÅÍÁ ÐÒÉ ÚÒÏÓÔÁÎÎ¦ ÔÉÓËÕ), ÍÁ¤ÍÏ ÓÔÒ¦ÍËÅ ÎÅÌ¦Î¦ÊÎÅ ÚÍÅÎÛÅÎÎÑ �ÄÏ ÎÕÌÑ. ôÏÍÕ ÍÉ ÐÒÉÊÍÁ¤ÍÏ × ÎÁÛÉÈ ÒÏÚÒÁÈÕÎËÁÈ ÏÐÔÉÞÎÉÈ ËÏÎ-
ICMP{97{08U 2ÓÔÁÎÔ � = 0 ÐÒÉ p � 17 kbar.÷ ËÒÉÓÔÁÌ¦ KH2PO4 × ÛÉÒÏËÏÍÕ Ä¦ÁÐÁÚÏÎ¦ ÚÍ¦ÎÉ ÔÉÓËÕ, ×¦Ä 1 ÂÁÒÄÏ 17 ËÂÁÒ, ÒÑÄ ÓÔÒÕËÔÕÒÎÉÈ ÐÁÒÁÍÅÔÒ¦×, ÔÁËÉÈ ÑË ÄÏ×ÖÉÎÁ ×ÏÄÎÅ×Ï-ÇÏ Ú×'ÑÚËÕ (2R), ×¦ÄÓÔÁÎØ Í¦Ö Ä×ÏÍÁ ÐÏÌÏÖÅÎÎÑÍÉ ÐÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ(�), ËÕÔ ÐÏ×ÏÒÏÔÕ ÇÒÕÐ PO4 (�) ÎÁ×ËÏÌÏ ÏÓ¦ ÞÅÔ×ÅÒÔÏÇÏ ÐÏÒÑÄËÕ Í¦-ÎÑÀÔØÓÑ Ì¦Î¦ÊÎÏ Ú ÔÉÓËÏÍ [4-9,12]. ÷ÓÔÁÎÏ×ÌÅÎ¦ ÎÁÓÔÕÐÎ¦ ÚÍ¦ÎÉ ÄÁÎÉÈÐÁÒÁÍÅÔÒ¦× Ú ÔÉÓËÏÍ: ���p = 5:8 � 10�2 ÇÒÁÄ/ËÂÁÒ, �(2R)�p = �1:8 � 10�3A/kbar, �(�)�p = �3:2 �10�3 A/ËÂÁÒ. ðÏÓÔ¦ÊÎÁ ÇÒÁÔËÉ c ÔÁËÏÖ Í¦ÎÑ¤ÔØ-ÓÑ Ì¦Î¦ÊÎÏ Ú ÔÉÓËÏÍ, �c�p = �7:152 �10�3A/ËÂÁÒ. äÌÑ ÐÏÓÔ¦ÊÎÏ§ ÇÒÁÔËÉa ÓÐÏÓÔÅÒ¦ÇÁÀÔØÓÑ ÎÅÌ¦Î¦ÊÎ¦ ÚÍ¦ÎÉ, ÑË¦ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ Â¦ÌØÛÅ ÐÒÏ-Ñ×ÌÑÀÔØÓÑ ÐÒÉ ÎÉÖÞÉÈ ÔÉÓËÁÈ, 1 � 4 ËÂÁÒ, × ÓÅÒÅÄÎØÏÍÕ ÚÍ¦ÎÁ a ÚÔÉÓËÏÍ ÚÇ¦ÄÎÏ [5,8] Ò¦×ÎÁ ��a�p� � �7:46 �10�3 A/ËÂÁÒ. óÐÏÓÔÅÒ¦ÇÁ¤ÔØ-ÓÑ ËÒ¦Í ÔÏÇÏ ÁÎÏÍÁÌØÎÁ ÚÍ¦ÎÁ ÄÅÑËÉÈ ÓÔÒÕËÔÕÒÎÉÈ ÐÁÒÁÍÅÔÒ¦× ËÒÉ-ÓÔÁÌÕ KH2PO4 ÐÒÉ ÔÉÓËÕ p=27 ËÂÁÒ [12]: ÓÔÒÉÂËÏÐÏÄ¦ÂÎÏ Í¦ÎÑ¤ÔØÓÑËÕÔ �, �� � 10, ÔÁËÏÖ ÒÁÐÔÏ×Ï ÚÒÏÓÔÁ¤ ÄÏ×ÖÉÎÁ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚ-ËÕ 2R. ïÇÌÑÄÁÀÞÉ ÒÅÚÕÌØÔÁÔÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ¦ÄÖÅÎØ ÚÍ¦ÎÉÓÔÒÕËÔÕÒÉ ËÒÉÓÔÁÌÕ KH2PO4 Ú ÔÉÓËÏÍ [12] ÍÏÖÎÁ ×¦ÄÚÎÁÞÉÔÉ ¦ ÐÅ×-ÎÕ ÁÎÏÍÁÌ¦À × ÏÂÌÁÓÔ¦ 14� 16 ËÂÁÒ, ÈÏÞÁ Á×ÔÏÒÉ ÃØÏÇÏ ÄÅÔÁÌØÎÏ ÎÅÏÂÇÏ×ÏÒÀÀÔØ.÷ ÄÁÎ¦Ê ÒÏÂÏÔ¦ ÄÏÓÌ¦ÄÖÅÎÏ ÚÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ËÒÉÓÔÁÌ¦×ÔÉÐÕ KDP × ÚÁÌÅÖÎÏÓÔ¦ ×¦Ä ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. ÷É-ËÏÒÉÓÔÁÎÏ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÄÁÎ¦ ÐÒÏ ÓÔÒÕËÔÕÒÎ¦ ÚÍ¦ÎÉ ¦ÎÄÕËÏ×ÁÎ¦ÔÉÓËÏÍ. ÷ÉÚÎÁÞÅÎÏ ËÏÍÂ¦ÎÏ×ÁÎÕ ÇÕÓÔÉÎÕ ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ¦×, Ä¦ÊÓÎÕÔÁ ÕÑ×ÎÕ ÞÁÓÔÉÎÉ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦, ÐÏËÁÚÎÉËÉ ÚÁÌÏÍÌÅÎ-ÎÑ, ËÏÅÆ¦Ã¦¤ÎÔÉ ÐÏÇÌÉÎÁÎÎÑ ÔÁ ×¦ÄÂÉ×ÁÎÎÑ Ó×¦ÔÌÁ. äÏÓÌ¦ÄÖÅÎÏ §È ÚÁ-ÌÅÖÎ¦ÓÔØ ×¦Ä ÞÁÓÔÏÔÉ ÔÁ ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ.2. úÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ËÒÉÓÔÁÌÕ KH2PO4úÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ËÒÉÓÔÁÌÕ KH2PO4 ÒÏÚÒÁÈÏ×Õ×Á×ÓÑ ×ÎÁÂÌÉÖÅÎÎ¦ ÓÉÌØÎÏÇÏ Ú×'ÑÚËÕ. åÌÅËÔÒÏÎÎ¦ È×ÉÌØÏ×¦ ÆÕÎËÃ¦§ ÐÒÅÄÓÔÁ-×ÌÑÌÉÓÑ Õ ×ÉÇÌÑÄ¦ Ì¦Î¦ÊÎÉÈ ËÏÍÂ¦ÎÁÃ¦Ê ÂÌÏÈ¦×ÓØËÉÈ ÆÕÎËÃ¦Ê - ÐÏÂÕ-ÄÏ×ÁÎÉÈ ÎÁ 3s- ¦ 3p ÏÒÂ¦ÔÁÌÑÈ ÁÔÏÍ¦× ÆÏÓÆÏÒÕ, 2p- ÏÒÂ¦ÔÁÌÑÈ ÁÔÏÍ¦×ËÉÓÎÀ ¦ 1s- ÏÒÂ¦ÔÁÌÑÈ ×ÏÄÎÀ. ~q(~r) = 1pN Xnks ei~q ~Rnk � Cks(~q) � 'nks(~r � ~Rnk) (1)äÅ n ÎÏÍÅÒ ÅÌÅÍÅÎÔÁÒÎÏ§ ËÏÍ¦ÒËÉ, k ÓÏÒÔ ÁÔÏÍÕ, s ÅÌÅËÔÒÏÎÎÉÊÓÔÁÎ ÁÔÏÍÕ. áÔÏÍÎ¦ ÏÒÂ¦ÔÁÌ¦ 'nks ÂÒÁÌÉÓÑ Õ ×ÉÇÌÑÄ¦ ÓÌÅÊÔÅÒ¦×ÓØËÉÈ



3 ðÒÅÐÒÉÎÔÆÕÎËÃ¦Ê. òÏÚ×'ÑÚÕÀÞÉ Ò¦×ÎÑÎÎÑ ûÒÅÄ¦ÎÇÅÒÁ Ú È×ÉÌØÏ×ÉÍÉ ÆÕÎËÃ¦Ñ-ÍÉ (1), × ÎÁÂÌÉÖÅÎÎ¦ ÒÏÚÛÉÒÅÎÏÇÏ ÍÅÔÏÄÕ èÀËËÅÌÑ (ÄÉ×.[13]), ÏÔ-ÒÉÍÁ¤ÍÏ ÓÉÓÔÅÍÕ Ì¦Î¦ÊÎÉÈ ÏÄÎÏÒ¦ÄÎÉÈ Ò¦×ÎÑÎØ ×¦ÄÎÏÓÎÏ ËÏÅÆ¦Ã¦¤ÎÔ¦×ÒÏÚËÌÁÄÕ Cks(~q):Xks [ ~Hk0s0;ks(~q)�E(~q) � ~Sk0s0;ks(~q)] � Cks(~q) = 0 (2)Á ÔÁËÏÖ ÓÅËÕÌÑÒÎ¦ Ò¦×ÎÑÎÎÑ ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑ ÚÏÎÎÏÇÏ ÓÐÅËÔÒÕ:j ~Hk0s0;ks(~q)�E(~q) � ~Sk0s0;ks(~q)j = 0 (3)ÔÕÔ ~Sk0s0;ks(~q) =Xn Sn0k0s0;nks � ei~q(~Rnk�~Rn0k0 ) (4)~Hk0s0;ks(~q) =Xn Hn0k0s0;nks � ei~q(~Rnk�~Rn0k0 ); (5)Sn0k0s0;nks = Z 'n0k0s0(~r � ~Rn0k0) � 'nks(~r � ~Rnk)dV; (6)Hn0k0s0;nks = Z 'n0k0s0(~r � ~Rn0k0 ) � ^H'nks(~r � ~Rnk)dV; (7)÷ (4), (5) ÓÕÍÕ×ÁÎÎÑ ÐÒÏ×ÏÄÉÌÏÓØ ÌÉÛÅ ÐÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ¦ÄÁÈ.äÌÑ ÄÏ×¦ÌØÎÏÇÏ ÚÎÁÞÅÎÎÑ È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ~q ÒÏÚ×'ÑÚÕ×ÁÌÏÓÑ ÓÅËÕ-ÌÑÒÎÅ Ò¦×ÎÑÎÎÑ (3) ¦ ×¦ÄÐÏ×¦ÄÎ¦ ÓÉÓÔÅÍÉ Ò¦×ÎÑÎØ (2) 36-ÇÏ ÐÏÒÑÄËÕ ÚËÏÍÐÌÅËÓÎÉÍÉ ÍÁÔÒÉÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ. ðÒÉ ÒÏÚÒÁÈÕÎËÕ ÅÌÅËÔÒÏÎ-ÎÏÇÏ ÓÐÅËÔÒÕ ×ÒÁÈÏ×ÁÎ¦ ÏÐÉÓÁÎ¦ ×ÉÝÅ ÓÔÒÕËÔÕÒÎ¦ ÚÍ¦ÎÉ, ÑË¦ ÚÕÍÏ-×ÌÅÎ¦ ÚÏ×Î¦ÛÎ¦Í Ç¦ÄÒÏÓÔÁÔÉÞÎÉÍ ÔÉÓËÏÍ. úÁÌÅÖÎ¦ÓÔØ ×¦ÄÓÔÁÎ¦ RO�H×¦Ä ÔÉÓËÕ, Á ÔÁËÏÖ ÚÍ¦ÎÁ ËÕÔÁ ÐÏ×ÏÒÏÔÕ ÇÒÕÐ PO4 ÎÁ×ËÏÌÏ c-ÏÓ¦ ÐÒÉ-×ÏÄÑÔØ ÄÏ ÚÁÌÅÖÎÏÓÔ¦ ¦ÎÔÅÇÒÁÌ¦× ÐÅÒÅËÒÉ×ÁÎÎÑ ÂÁÚÉÓÎÉÈ ÆÕÎËÃ¦Ê, ÁÔÁËÏÖ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕ ¦ ×¦ÄÐÏ×¦ÄÎÏÅÌÅËÔÒÏÎÎÏÇÏ ÓÐÅËÔÒÕ ×¦Ä ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. òÏÚÒÁ-ÈÕÎÏË ¦ÎÔÅÇÒÁÌ¦× ÐÅÒÅËÒÉ×ÁÎÎÑ ¦ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦× ÇÁÍ¦ÌØÔÏÎ¦ÁÎÕÄÅÔÁÌØÎÏ ÏÐÉÓÁÎÉÊ × ÐÏÐÅÒÅÄÎ¦È ÎÁÛÉÈ ÒÏÂÏÔÁÈ (ÄÉ×.[13]). ïÔÒÉÍÁ-ÎÉÊ ÚÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ËÒÉÓÔÁÌÕKH2PO4 ÐÒÉ ÁÔÍÏÓÆÅÒÎÏ-ÍÕ ÔÉÓËÕ (p � 1ÂÁÒ) ÎÁ×ÅÄÅÎÉÊ ÎÁ ÒÉÓÕÎËÕ 1. úÍ¦ÎÁ ÓÐÅËÔÒÕ Ú ÔÉÓËÏÍ× ÔÏÞËÁÈ �, M, X ÐÒÅÄÓÔÁ×ÌÅÎÁ × ÔÁÂÌÉÃ¦ 1. îÁ ÒÉÓÕÎËÕ 2 ÐÏËÁÚÁÎÁÐÅÒÛÁ ÚÏÎÁ âÒ¦ÌÌÀÅÎÁ (úâ) ÄÌÑ ËÒÉÓÔÁÌÕ KH2PO4.ïÔÒÉÍÁÎÏ, ÝÏ ÎÁÊÓÕÔÔ¤×¦ÛÉÈ ÚÍ¦Î ÐÒÉ ÎÁËÌÁÄÁÎÎ¦ ÚÏ×Î¦ÛÎØÏÇÏÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÚÁÚÎÁÀÔØ ÅÌÅËÔÒÏÎÎ¦ ÅÎÅÒÇÅÔÉÞÎ¦ ÚÏÎÉ, ÑË¦
ICMP{97{08U 4

òÉÓ. 1. úÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ËÒÉÓÔÁÌÕ KH2PO4



5 ðÒÅÐÒÉÎÔôÁÂÌ. 1. úÁÌÅÖÎ¦ÓÔØ ÅÌÅËÔÒÏÎÎÏÇÏ ÓÐÅËÔÒÕ × ç, M, X ÔÏÞËÁÈ ×¦Ä Ç¦ÄÒÏ-ÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÄÌÑ ×ÅÒÈÎØÏ§ ÚÁÐÏ×ÎÅÎÏ§ ÚÏÎÉ (N24) ¦ ÇÒÕÐÉ ÎÉÖÎ¦È×ÁËÁÎÔÎÉÈ ÚÏÎ (N 25-31)
ÎÏÍÅÒÚÏÎÉ

p(kbar)
3130

2928
2726

2524
�{ÔÏÞËÁ

0.001{3.6
716{3.8348

{5.6901{8.0
494{8.1058

{8.7409{9.1
949{15.3636

17.0{0.0{3.
6716{3.8169

{5.7026{8.0
140{8.0651

{8.6080{9.0
769{15.3636

17.0+0.0{3
.6716{3.774

4{5.7351
{8.0439{8.0

439{8.5816
{9.0695{15.

3636
M{ÔÏÞËÁ

0.001{3.6
716{4.8128

{4.8128{8.0
777{8.0777

{9.0109{9.0
109{15.3636

17.0{0.0{3.
6716{4.8062

{4.8062{8.0
396{8.0396

{8.8892{8.8
892{15.3636

17.0+0.0{3
.6716{4.807

8{4.8078
{8.0439{8.0

439{8.8759
{8.8759{15.

3636
X{ÔÏÞËÁ

0.001{3.7
167{4.7119

{4.7120{8.3
453{8.3453

{8.7931{8.7
932{15.3732

17.0{0.0{3.
7193{4.7240

{4.7243{8.2
817{8.2817

{8.6884{8.6
885{15.3732

17.0+0.0{3
.7223{4.726

7{4.7270
{8.3057{8.3

058{8.6543
{8.6545{15.

3732
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òÉÓ. 2. ðÅÒÛÁ ÚÏÎÁ âÒ¦ÌÌÀÅÎÁ ÄÌÑ ËÒÉÓÔÁÌÕ KH2PO4. ì¦Î¦Ñ ZM0ÅË×¦×ÁÌÅÎÔÎÁ Ì¦Î¦§ Z0MÆÏÒÍÕÀÔØÓÑ × ÏÓÎÏ×ÎÏÍÕ 1s-ÏÒÂ¦ÔÁÌÑÍÉ ÁÔÏÍ¦× ×ÏÄÎÀ (§È ÎÏÍÅÒÉ 25-28). óÌ¦Ä ×¦ÄÚÎÁÞÉÔÉ, ÝÏ ¤ ÇÒÕÐÉ ÚÏÎ, ÑË¦ ÚÏ×Ó¦Í ÎÅ ÚÁÚÎÁÀÔØ ×ÐÌÉ×ÕÔÉÓËÕ (N 1,2; 7,8; 13,14; 31,32). äÏ Ã¦¤§ ÇÒÕÐÉ ÍÏÖÎÁ ×¦ÄÎÅÓÔÉ ¦ ÇÒÕÐÕ×ÅÒÈÎ¦È ÚÁÐÏ×ÎÅÎÉÈ ÚÏÎ (§È ÎÏÍÅÒÉ 17,24), ÚÍ¦ÎÁ ÑËÉÈ ÎÅ ÐÅÒÅ×ÉÝÕ¤2 � 10�3 eV ÐÒÉ ÚÍ¦Î¦ ÔÉÓËÕ ×¦Ä 1 ÂÁÒ ÄÏ 18 ËÂÁÒ. äÌÑ Â¦ÌØÛÏÓÔ¦ ÚÎÉÈ ÏÔÒÉÍÁÎÁ ÓÌÁÂËÁ ÚÁÌÅÖÎ¦ÓÔØ ×¦Ä È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ ~q. ûÉÒÉÎÁÃÉÈ ÚÏÎ ÍÅÎÛÁ ÚÁ 2 � 10�2 eV, ÚÁ ×ÉÊÎÑÔËÏÍ ÚÏÎ Ð¦Ä ÎÏÍÅÒÏÍ N 13,14;31,32, ÛÉÒÉÎÁ ÑËÉÈ ¤ × ÍÅÖÁÈ 4 � 10�2� 1 � 10�1 eV. îÅÏÂÈ¦ÄÎÏ ÔÁËÏÖ×¦ÄÚÎÁÞÉÔÉ, ÝÏ ÐÒÉ ~q = 0 ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ¦§ Â¦ÌØÛÏÓÔ¦ ÃÉÈ ÚÏÎ, ÑË¦ ÓÌÁ-ÂÏ ÚÁÌÅÖÎ¦ ×¦Ä È×ÉÌØÏ×ÏÇÏ ×ÅËÔÏÒÁ Á ÔÁËÏÖ ¦ ×¦Ä ÔÉÓËÕ, Ú ÔÏÞÎ¦ÓÔÀÄÏ 1 � 10�3 eV ÓÐ¦×ÐÁÄÁÀÔØ Ú ÅÎÅÒÇ¦ÑÍÉ ×¦ÄÐÏ×¦ÄÎÉÈ Ò¦×Î¦×, ÚÏËÒÅÍÁ2B,4A,4B,8B, ÏËÒÅÍÏ§ (¦ÚÏÌØÏ×ÁÎÏ§) ÇÒÕÐÉ H2PO4;� ÓÉÍÅÔÒ¦§ C2 [14].



7 ðÒÅÐÒÉÎÔ3. ïÐÔÉÞÎ¦ ×ÌÁÓÔÉ×ÏÓÔ¦õÑ×ÎÁ ÞÁÓÔÉÎÁ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ÒÏÚÒÁÈÏ×Õ×ÁÌÁÓÑ ÚÁ ÎÁ-ÓÔÕÐÎÉÍ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍ [15]:"2(!) = 4�2e2m2!2 Xi;j Z 2d~q(2�)3 j~e~dij(~q)j2� (Ei(~q)�Ej(~q)� �h!) ; (8)ÄÅ~e � ~dij(~q) = h i~q j~e � ~pj j~qi = ~e � Z  �i (~q; ~r)(�i�hr) �  j(~q; ~r)d~r (9)ÔÕÔ j - ÚÁÐÏ×ÎÅÎ¦ ÚÏÎÉ, i - ÐÕÓÔ¦, ~e - ÏÄÉÎÉÞÎÉÊ ×ÅËÔÏÒ ÐÏÌÑÒÉÚÁÃ¦§Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦. ¶ÎÔÅÇÒÕ×ÁÎÎÑ × (8) ÐÒÏ×ÏÄÉÔØÓÑ ÐÏ ÐÅÒÛ¦Ê ÚÏÎ¦ âÒ¦Ì-ÌÀÅÎÁ.ä¦ÊÓÎÁ ÞÁÓÔÉÎÁ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ "1(!) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÚÄÏÐÏÍÏÇÏÀ ÄÉÓÐÅÒÓ¦ÊÎÏÇÏ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ëÒÁÍÅÒÓÁ-ëÒÏÎ¦ÇÁ Õ ×ÓØÏ-ÍÕ ÞÁÓÔÏÔÎÏÍÕ Ä¦ÁÐÁÚÏÎ¦:"1(!) = 1 + 2�P 1Z0 !0"2(!0) 1!02 � !2 d!0 (10)÷ ÏÂÌÁÓÔ¦ ÐÒÏÚÏÒÏÓÔ¦ ËÒÉÓÔÁÌÕ "1(!) ÒÏÚÒÁÈÏ×Õ×ÁÌÁÓØ ÔÁËÏÖ ÚÁ ÆÏÒ-ÍÕÌÏÀ [15]"1(!) = 1 + 8�2e2�h2m2 Xi;j Z 2d~q(2�)3 � j~e~dij(~q)j2[Ei(~q)�Ej(~q)] � (11)� 1[Ei(~q)�Ej(~q)]2 � (�h!)2ïÐÔÉÞÎÁ ÁËÔÉ×Î¦ÓÔØ ËÒÉÓÔÁÌÕ (Ç¦ÒÏÔÒÏÐ¦Ñ) ¤ ÞÁÓÔËÏ×ÉÍ ÐÒÏÑ×ÏÍÐÒÏÓÔÏÒÏ×Ï§ ÄÉÓÐÅÒÓ¦§ ¦ ÏÐÉÓÕ¤ÔØÓÑ Ì¦Î¦ÊÎÉÍ ÞÌÅÎÏÍ × ÒÏÚËÌÁÄ¦ ÔÅÎ-ÚÏÒÁ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ "�� ÚÁ È×ÉÌØÏ×ÉÍ ×ÅËÔÏÒÏÍ [16]:"��(!; ~q) = "(0)��(!) + iX A(1)��;(!) � q + ::: (12)òÏÚÒÁÈÏ×Õ×ÁÌÁÓÑ ËÏÍÐÏÎÅÎÔÁ ÔÅÎÚÏÒÁ Ç¦ÒÁÃ¦§ gxx = !cA(1)yz;x, ÄÅËÏÍÐÏÎÅÎÔÉ ÔÅÎÚÏÒÁ A(1)yz;x ×ÉÚÎÁÞÁÀÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÓÐ¦××¦ÄÎÏÛÅÎ-ÎÑÍ:

ICMP{97{08U 8A(1)��;(!) = (13)= �8��hcXi;j Z 2d~q(2�)3 � Im[d�ji(~q)m�ij (~q) +m�ji (~q)d�ij(~q)][Ei(~q)�Ej(~q)]2 � (�h!)2ÔÕÔ m�ij = h i~q j ^mj j~qi = Z  �i (~q; ~r)(rp� � r�p) �  j(~q; ~r)d~r (14)÷ÉËÏÎÁÎÏ ÒÏÚÒÁÈÕÎÏË ËÏÍÂ¦ÎÏ×ÁÎÏ§ ÇÕÓÔÉÎÉ ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ¦×[15]: Jij(!) = Z 2d~q(2�)3 �[Ei(~q)�Ej(~q)� �h!] (15)×ÏÎÁ ÄÁ¤ ÇÕÓÔÉÎÕ ÐÁÒ ÓÔÁÎ¦× - ÏÄÎÏÇÏ ÚÁÐÏ×ÎÅÎÏÇÏ ¦ ÄÒÕÇÏÇÏ ×ÁËÁÎÔ-ÎÏÇÏ, ÑË¦ ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ÏÄÉÎ ×¦Ä ÏÄÎÏÇÏ ÚÁ ÅÎÅÒÇ¦¤À ÎÁ �h!.¶ÎÔÅÇÒÁÌÉ × (8), (11), (13), (15) ÚÁÍ¦ÎÑÌÉÓÑ ÓÕÍÕ×ÁÎÎÑÍ ÐÏ ÔÏÞ-ËÁÈ ~q × ÐÅÒÛ¦Ê ÚÏÎ¦ âÒ¦ÌÌÀÅÎÁ; ÐÒÉ ÃØÏÍÕ ÂÒÁÌÏÓÑ 1836 ÔÏÞÏË ×úâ, ÝÏ ÚÁÂÅÚÐÅÞÉÌÏ ÔÏÞÎ¦ÓÔØ � 10%. ÷ ËÏÖÎ¦Ê ÔÏÞÃ¦ qn ×ÉËÏÎÕ×Á×-ÓÑ ÒÏÚÒÁÈÕÎÏË ÚÏÎÎÏÇÏ ÓÐÅËÔÒÕ E(~qn), Á ÔÁËÏÖ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ¦×ÅÌÅËÔÒÏÎÎÉÈ ÅÌÅËÔÒÉÞÎÉÈ e ^d ¦ ÍÁÇÎ¦ÔÎÉÈ e2mc ^m ÄÉÐÏÌØÎÉÈ ÍÏÍÅÎ-Ô¦×, ×¦ÄÐÏ×¦ÄÎÏ (9) ¦ (14). òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ "1(!) ÞÅÒÅÚ ÄÉÓ-ÐÅÒÓ¦ÊÎÅ ÓÐ¦××¦ÄÎÏÛÅÎÎÑ ëÒÁÍÅÒÁ-ëÒÏÎ¦ÇÁ ×¦ÄÒ¦ÚÎÑÀÔØÓÑ ×¦Ä ÒÅÚÕÌØ-ÔÁÔ¦×, ÏÔÒÉÍÁÎÉÈ ÚÁ ÆÏÒÍÕÌÏÀ (11) ÍÅÎÛÅ Î¦Ö ÎÁ 1%. ðÒÉ ÒÏÚÒÁ-ÈÕÎËÕ ËÏÍÂ¦ÎÏ×ÁÎÏ§ ÇÕÓÔÉÎÉ ÓÔÁÎ¦× (15), Á ÔÁËÏÖ "2(!) (8), � - ÆÕÎË-Ã¦Ñ ÁÐÒÏËÓÉÍÕ×ÁÌÁÓÑ ÓÔÏ×ÐÞÉËÏÍ, ÛÉÒÉÎÁ ÑËÏÇÏ ×ÉÂÉÒÁÌÁÓÑ Ò¦×ÎÏÀ� = 0; 05 eV:�[Ei(~q)�Ej(~q)� �h!0] = � 1� ; whenjEi �Ej � �h!0j � �20; whenjEi �Ej � �h!0j > �2 (16)îÁÍÉ ÏÄÅÒÖÁÎÏ ÔÁËÏÖ ÚÎÁÞÅÎÎÑ ÐÏËÁÚÎÉË¦× ÚÁÌÏÍÌÅÎÎÑ n(!), ËÏ-ÅÆ¦Ã¦¤ÎÔ¦× ÅËÓÔÉÎËÃ¦§K(!), ËÏÅÆ¦Ã¦¤ÎÔ¦× ÐÏÇÌÉÎÁÎÎÑ �(!) ¦ ×¦ÄÂÉ×ÁÎ-ÎÑ R(!) Ó×¦ÔÌÁ ÚÁ ÓÐ¦××¦ÄÎÏÛÅÎÎÑÍÉ:n =s12 �q"21 + "22 + "1�; K =s12 �q"21 + "22 � "1�;�(!) = 2!c �K(!); R = (n� 1)2 +K2(n+ 1)2 +K2 (17)



9 ðÒÅÐÒÉÎÔúÇ¦ÄÎÏ Ú ÎÁÛÉÍÉ ÒÏÚÒÁÈÕÎËÁÍÉ ÐÏËÁÚÎÉËÉ ÚÁÌÏÍÌÅÎÎÑ n0 ¦ ne Í¦-ÎÑÀÔØÓÑ ÐÒÁËÔÉÞÎÏ Ì¦Î¦ÊÎÏ Ú ÔÉÓËÏÍ × ÏÂÌÁÓÔ¦ ÔÉÓË¦× p ×¦Ä 1 ÂÁÒ ÄÏ17 ËÂÁÒ. ïÂÞÉÓÌÅÎÁ ÚÁÌÅÖÎ¦ÓÔØ ÏÐÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ ×¦Ä ÚÏ×Î¦ÛÎØÏÇÏÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ, Á ÔÁËÏÖ ×¦Ä ÅÎÅÒÇ¦§ Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦ ÐÒÅÄÓÔÁ-×ÌÅÎÁ ÎÁ ÒÉÓÕÎËÁÈ 3-9. áÎÏÍÁÌ¦§ ÏÐÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ ÐÒÉ ÔÉÓËÁÈ 17ÔÁ 27 ËÂÁÒ ÏÔÒÉÍÁÎ¦ ÚÁ×ÄÑËÉ ×ÒÁÈÕ×ÁÎÎÀ ÏÐÉÓÁÎÉÈ ×ÉÝÅ ÚÍ¦Î ÓÔÒÕË-ÔÕÒÉ ËÒÉÓÔÁÌÕ, ÝÏ ÓÐÏÓÔÅÒ¦ÇÁÀÔØÓÑ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÏ. âÕÌÏ ÐÒÉÊ-ÎÑÔÏ ÄÏ Õ×ÁÇÉ, ÝÏ ÐÒÉ p �= 17 ËÂÁÒ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË Ú Ä×ÏÍ¦Î¦ÍÕÍ-ÎÏÇÏ ÐÅÒÅÔ×ÏÒÀ¤ÔØÓÑ × ÏÄÎÏÍ¦Î¦ÍÕÍÎÉÊ ¦ ÐÒÉ p > 17 ËÂÁÒ ÐÒÏÔÏ-ÎÉ ÒÏÚÍ¦ÝÕÀÔØÓÑ ÎÁ ÓÅÒÅÄÉÎÁÈ Ú×'ÑÚË¦×. ëÏÒÅÌÑÃ¦Ñ Í¦Ö ÈÁÒÁËÔÅÒÏÍÒÏÚÐÏÄ¦ÌÕ ÐÒÏÔÏÎ¦× ¦ ÚÍ¦ÎÁÍÉ ÐÏËÁÚÎÉË¦× n0, ne ÔÁ ËÏÍÐÏÎÅÎÔÉ gxxÔÅÎÚÏÒÁ Ç¦ÒÁÃ¦§ ×ÉÑ×ÌÑ¤ÔØÓÑ ÄÏÓÔÁÔÎØÏ ÐÏÍ¦ÔÎÏÀ, ÔÏÍÕ ÐÒÅÄÓÔÁ×ÌÑ-ÀÔØ ¦ÎÔÅÒÅÓ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÐÏ×ÅÄ¦ÎËÉ ÏÐÔÉÞÎÉÈ ËÏÎ-ÓÔÁÎÔ Ú ÔÉÓËÏÍ Ú ÍÅÔÏÀ ÐÏÛÕËÕ ÔÁ ÁÎÁÌ¦ÚÕ §È ÍÏÖÌÉ×ÉÈ ÁÎÏÍÁÌ¦Ê ×ÏÂÌÁÓÔ¦ p � 17 ËÂÁÒ. ôÁË¦ ÄÏÓÌ¦ÄÖÅÎÎÑ ÍÏÇÌÉ Â Â¦ÌØÛ ÄÅÔÁÌØÎÏ ×ÉÑÓ-ÎÉÔÉ ÐÏ×ÅÄ¦ÎËÕ ÐÒÏÔÏÎÁ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ ÐÒÉ ×ÉÓÏËÉÈ ÔÉÓËÁÈ, ¦×¦ÄÐÏ×¦ÄÎÏ Ú ÎÏ×ÉÈ ÐÏÚÉÃ¦Ê ÒÏÚÇÌÑÎÕÔÉ ÐÒÉÒÏÄÕ ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏÆÁÚÏ×ÏÇÏ ÐÅÒÅÈÏÄÕ.ïÔÒÉÍÁÎ¦ ÇÏÌÏ×Î¦ ÍÁËÓÉÍÕÍÉ × ÓÐÅËÔÒÁÈ ÐÏÇÌÉÎÁÎÎÑ ¦ ×¦ÄÂÉ×ÁÎÎÑÓ×¦ÔÌÁ ÐÒÉ ÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ (p � 1 ÂÁÒ) ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÅËÓÐÅ-ÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁÎÉÍÉ. äÅÔÁÌØÎÉÊ ÁÎÁÌ¦Ú §È Á ÔÁËÏÖ ×ÉÚÎÁÞÅÎÎÑÐÁÒ ÅÎÅÒÇÅÔÉÞÎÉÈ ÚÏÎ, ÅÌÅËÔÒÏÎÎ¦ ÐÅÒÅÈÏÄÉ Í¦Ö ÑËÉÍÉ ÆÏÒÍÕÀÔØÇÏÌÏ×Î¦ ÍÁËÓÉÍÕÍÉ ÐÏÇÌÉÎÁÎÎÑ ÂÕÌÏ ÄÁÎÏ × ÐÏÐÅÒÅÄÎ¦È ÎÁÛÉÈ ÒÏ-ÂÏÔÁÈ [13,17]. úÕÐÉÎÉÍÏÓÑ ÄÅÔÁÌØÎ¦ÛÅ ÎÁ ÏÔÒÉÍÁÎ¦Ê ÚÁÌÅÖÎÏÓÔ¦ ÐÏ-ÇÌÉÎÁÎÎÑ ÔÁ ×¦ÄÂÉ×ÁÎÎÑ Ó×¦ÔÌÁ × ËÒÉÓÔÁÌ¦ KH2PO4 ×¦Ä ÚÏ×Î¦ÛÎØÏÇÏÇ¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ. úÇ¦ÄÎÏ Ú ÏÔÒÉÍÁÎÉÍÉ ÒÅÚÕÌØÔÁÔÁÍÉ ÐÒÉ ÎÁ-ËÌÁÄÁÎÎ¦ ÚÏ×Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÎÁ ËÒÉÓÔÁÌ KH2PO4ÓÐÏÓÔÅÒ¦ÇÁ¤ÔØÓÑ ÚÒÏÓÔÁÎÎÑ ÇÏÌÏ×ÎÉÈ ÍÁËÓÉÍÕÍ¦× ÐÏÇÌÉÎÁÎÎÑ ÔÁ ×¦Ä-ÂÉ×ÁÎÎÑ Ó×¦ÔÌÁ ¦ ÏÓÏÂÌÉ×Ï ÍÁËÓÉÍÕÍÕ A (ÄÉ×.[13,17]), ÑËÉÊ ÚÎÁÈÏ-ÄÉÔØÓÑ × ÏÂÌÁÓÔ¦ ÞÁÓÔÏÔ �h! � 9� 10 eV. ãÅÊ ÅÆÅËÔ ÐÒÏÑ×ÌÑ¤ÔØÓÑ ×Â¦ÌØÛ¦Ê Í¦Ò¦ ÄÌÑ Ó×¦ÔÌÁ, ÐÏÌÑÒÉÚÏ×ÁÎÏÇÏ ÐÅÒÐÅÎÄÉËÕÌÑÒÎÏ ÄÏ ÇÏÌÏ×-ÎÏ§ ÏÓ¦ ËÒÉÓÔÁÌÕ. úÍ¦ÎÁ Ú ÔÉÓËÏÍ ÏÐÔÉÞÎÉÈ ÈÁÒÁËÔÅÒÉÓÔÉË, ÝÏ ÏÐÉÓÕ-ÀÔØ ÐÏÇÌÉÎÁÎÎÑ Ó×¦ÔÌÁ ÐÏÌÑÒÉÚÏ×ÁÎÏÇÏ ×ÚÄÏ×Ö ÏÓ¦ z (ÚÍ¦ÎÁ K3; "zz2 ¦Ô.Ä.) ¤ ÓÕÔÔ¤×Ï ÓÌÁÂÛÏÀ. óÔÒÉÂËÏÐÏÄ¦ÂÎ¦ ÚÍ¦ÎÉ (ÚÒÏÓÔÁÎÎÑ) ÆÕÎËÃ¦ÊK1; "xx2 ÐÒÉ p = 17 ËÂÁÒ ¤ Â¦ÌØÛÉÍÉ Î¦Ö ÚÒÏÓÔÁÎÎÑ ÃÉÈ ÆÕÎËÃ¦Ê ÐÒÉÚÍ¦Î¦ ÔÉÓËÕ ×¦Ä 1 ÂÁÒ ÄÏ 17 ËÂÁÒ (ÄÉ×.ÒÉÓÕÎÏË 7).÷ÉÈÏÄÑÞÉ Ú ÏÔÒÉÍÁÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÐÏËÁÚÎÉË¦× ÚÁÌÏÍÌÅÎÎÑ n0 ¦ne ×¦Ä ÔÉÓËÕ, ÍÏÖÎÁ ÐÒÏ×ÅÓÔÉ ÒÏÚÒÁÈÕÎÏË Ð'¤ÚÏÏÐÔÉÞÎÉÈ ËÏÎÓÔÁÎÔ.úÍ¦ÎÁ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ ËÒÉÓÔÁÌÕ "�;� ÐÒÉ ÎÁÑ×ÎÏÓÔ¦ ÚÏ×-Î¦ÛÎ¦È ÍÅÈÁÎ¦ÞÎÉÈ ÎÁÐÒÕÖÅÎØ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÁÓÔÕÐÎÉÍ ÞÉÎÏÍ:
ICMP{97{08U 10"�1��(!; �) = "(0)�1�� (!) +Xke �ijke�ke (18)ÄÅ �ijke - Ð'¤ÚÏÏÐÔÉÞÎ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ.õ ×ÉÐÁÄËÕ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÍÁ¤ÍÏ:d("�1xx )d� = �11 + �12 + �13 d("�1zz )d� = �31 + �32 + �33 (19)úÇ¦ÄÎÏ Ú ÎÁÛÉÍÉ ÒÏÚÒÁÈÕÎËÁÍÉ Ð'¤ÚÏÏÐÔÉÞÎ¦ ËÏÅÆ¦Ã¦¤ÎÔÉ d("�1xx )d� ¦d("�1zz )d� ÐÒÁËÔÉÞÎÏ ÎÅ ÚÁÌÅÖÁÔØ ×¦Ä ÔÉÓËÕ. ðÒÉ ÚÍ¦Î¦ ÔÉÓËÕ ×¦Ä 1 ÂÁÒ ÄÏ17 ËÂÁÒ ÐÒÉ Æ¦ËÓÏ×ÁÎ¦Ê ÄÏ×ÖÉÎ¦ Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦ §È ÚÍ¦ÎÁ ¤ ÐÏÒÑÄËÕ2,5%. òÏÚÒÁÈÕÎËÏ×¦ ÚÎÁÞÅÎÎÑ ÐÏÈ¦ÄÎÉÈ ÐÏ ÔÉÓËÕ ×¦Ä ÏÐÔÉÞÎÉÈ ËÏÎ-ÓÔÁÎÔ ÐÒÉ Ò¦ÚÎÉÈ ÄÏ×ÖÉÎÁÈ Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦ ÐÒÅÄÓÔÁ×ÌÅÎ¦ × ÔÁÂÌÉÃ¦2. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÚÎÁÞÅÎÎÑ �ij (ÄÌÑ ÄÏ×ÖÉÎÉÓ×¦ÔÌÏ×Ï§ È×ÉÌ¦ � = 632:8ÎÍ) [18,19] ÚÎÁÈÏÄÉÍÏ:d("�1xx )d� = 9; 35 � 10�13ÓÍ2=ÄÉÎd("�1zz )d� = 7:64 � 10�13ÓÍ2=ÄÉÎñË ×ÉÄÎÏ Ú ÔÁÂÌÉÃ¦ 2, ÏÔÒÉÍÁÎ¦ ÎÁÍÉ ÚÎÁÞÅÎÎÑ Ð'¤ÚÏÏÐÔÉÞÎÉÈËÏÅÆ¦Ã¦¤ÎÔ¦× d("�1xx )d� ¦ d("�1zz )d� ÕÚÇÏÄÖÕÀÔØÓÑ Ú ÅËÓÐÅÒÉÍÅÎÔÁÌØÎÉÍÉ ÄÁ-ÎÉÍÉ.ôÁÂÌ. 2. òÏÚÒÁÈÕÎËÏ×¦ ÚÎÁÞÅÎÎÑ ÐÏÈ¦ÄÎÉÈ ÐÏ ÔÉÓËÕ ×¦Ä ÏÐÔÉÞÎÉÈ ËÏÎ-ÓÔÁÎÔ ÄÌÑ ËÒÉÓÔÁÌÕ KH2PO4 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÄÏ×ÖÉÎÉ Ó×¦ÔÌÏ-×Ï§ È×ÉÌ¦ (× 10�13ÓÍ2=ÄÉÎ)� (ÎÍ) 400 500 600 800 1000 1200dnodp 14.4 14.3 14.0 14.0 14.0 14.0dnedp 15.0 15.0 15.0 15.0 15.0 15.0d"�1xxd� 7.39 7.69 7.71 7.90 7.97 8.02d"�1zzd� 7.50 7.89 8.10 8.32 8.40 8.45ëÏÍÐÏÎÅÎÔÁ g11 ÔÅÎÚÏÒÁ Ç¦ÒÁÃ¦§ ËÒÉÓÔÁÌÕ ¤ ÐÒÁËÔÉÞÎÏ ÐÏÓÔ¦ÊÎÏÀ(ÐÒÉ Æ¦ËÓÏ×ÁÎ¦Ê ÄÏ×ÖÉÎ¦ Ó×¦ÔÌÏ×Ï§ È×ÉÌ¦) ¦ ÎÅ ÚÁÌÅÖÉÔØ ×¦Ä ÔÉÓËÕ, ÚÁ×ÉÎÑÔËÏÍ ÁÎÏÍÁÌ¦§ ÐÒÉ p = 17 ËÂÁÒ, ËÏÌÉ g11 ÒÁÐÔÏ×Ï ÚÒÏÓÔÁ¤ � ÎÁ10%. õ ×ÉÐÁÄËÕ ¦ÏÎÎÉÈ ×ÎÅÓË¦× × ÏÐÔÉÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ËÒÉÓÔÁÌÕKH2PO4 ÂÕÌÏ ÏÔÒÉÍÁÎÏ ÓÌÁÂËÅ ÍÏÎÏÔÏÎÎÅ ÚÒÏÓÔÁÎÎÑ ËÏÍÐÏÎÅÎÔÉg11 ÎÁ ×ÓØÏÍÕ ÐÒÏÔÑÚ¦ ÚÒÏÓÔÁÎÎÑ ÔÉÓËÕ, 1 ÂÁÒ � p < 17 ËÂÁÒ [20].



11 ðÒÅÐÒÉÎÔá×ÔÏÒ ×ÉÓÌÏ×ÌÀ¤ ÇÌÉÂÏËÕ ×ÄÑÞÎ¦ÓÔØ ÞÌÅÎÕ-ËÏÒÅÓÐÏÎÄÅÎÔÕ îáîõËÒÁ§ÎÉ, ÐÒÏÆÅÓÏÒÕ óÔÁÓÀËÕ ¶.÷. ÚÁ ÐÏÓÔ¦ÊÎÕ Õ×ÁÇÕ ÄÏ ÒÏÂÏÔÉ ¦ ÏÂ-ÇÏ×ÏÒÅÎÎÑ ÒÅÚÕÌØÔÁÔ¦×.òÏÂÏÔÁ ×ÉËÏÎÁÎÁ ÐÒÉ ÞÁÓÔËÏ×¦Ê Æ¦ÎÁÎÓÏ×¦Ê Ð¦ÄÔÒÉÍÃ¦ äÅÒÖÁ×-ÎÏÇÏ ÆÏÎÄÕ ÆÕÎÄÁÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ¦ÄÖÅÎØ í¦Î¦ÓÔÅÒÓÔ×Á õËÒÁ§ÎÉ ÕÓÐÒÁ×ÁÈ ÎÁÕËÉ ¦ ÔÅÈÎÏÌÏÇ¦Ê (ÐÒÏÅËÔ ° 2.4/171).ì¦ÔÅÒÁÔÕÒÁ1. McMahon M.C., Piltz R.O., Nelmes R.J. Neutron-di�raction studiesof the relationship between Tc and H-bond dimensions in H-orderingtransition. // Ferroelectrics, 1990, vol.108, p.277-282.2. Samara G.A. The hydrogen bond in ferroelectricity and the role ofhigh pressure research. // Ferroelectrics, 1978, vol.20, p.87-96.3. Samara G.A. Pressure dependence of the static dielectric propertiesof K(H1�xDx)2PO4 and RbH2PO4. // Ferroelectrics, 1979, vol.22,p.925-936.4. Nelmes R.J., Tibbals J.E. Structural studies of KH2PO4 and iso-morphs as a function of temperature and pressure. // Ferroelectrics,1981, vol.39, p.1041-1044.5. Tibbals J.E., Nelmes R.J. and Mc Inture G.J. The crystal structureof tetragonal KH2PO4 and KD2PO4 as a function of temperatureand pressure. // J.Phys.C.,1982, vol.15, p.37-58.6. Nelmes R.J.. Meyer G.M. and Tibbals J.E. The crystal structure oftetragonal KH2PO4 and KD2PO4 as a function of temperature. //J.Phys.C., 1982, vol.15, p.59-75.7. Tibbals J.E., Nelmes R.J. The p-T dependence of the crystal struc-ture of KDP and DKDP above Tc. // J.Phys.C, 1982, v.15, p.L848-L853.8. Nelmes R.J. Structural studies of KDP and the KDP-type transitionby neutron and X-ray di�raction: 1970-1985. // Ferroelectrics, 1987,vol.71, p.87-123.9. Nelmez R.J., Tun Z. and Kuhs W.F. A compilation of accurate struc-tural parameters for KDP and DKDP, and users guide to their crys-tal structures. // Ferroelectrics, 1987, vol.71, p.125-141.10. Matsushita E. and Matsubara T. Note on isotope e�ect in hydrogenbonded crystals. // Progr. of Theor.Physics., 1982, vol.67, No1, p.1-19.11. Noda Y., Kasatani H., Watanabe Y. and Terauchi H. Temperaturedependence of hydrogen bond nature inK3H(SO4)2. //J. Phys. Soc.Jap., 1992, vol. 61, No 3, p.905-915.

ICMP{97{08U 1212. Endo Sh., Chino T., Tsuboi Sh., Koto K. Pressure-induced transitionof the hydrogen bond in the ferroelectric compounds KH2PO4 andKD2PO4. // Nature, 1989, vol.340, p.452-455.13. óÔÁÓÀË ¶.÷., óÔÅÃ¦× ò.ñ. úÏÎÎÉÊ ÅÌÅËÔÒÏÎÎÉÊ ÓÐÅËÔÒ ¦ ÏÐÔÉÞÎ¦ËÏÎÓÔÁÎÔÉ ËÒÉÓÔÁÌÕ KH2PO4.- ìØ×¦×, 1992.- 29 Ó.- (ðÒÅÐÒÉÎÔîáî õËÒÁ§ÎÉ. ¶ÎÓÔÉÔÕÔ Æ¦ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ; ¶æëó-92-30õ).14. óÔÅÃÉ× ò.ñ., àÒÅÞËÏ ò.ñ. üÌÅËÔÒÏÎÎÙÊ ÓÐÅËÔÒ ÉÏÎÎÙÈ ÇÒÕÐÐÉ ×ËÌÁÄ ÒÁÄÉÁÃÉÏÎÎÙÈ ÄÅÆÅËÔÏ× × ÏÐÔÉÞÅÓËÕÀ ÁËÔÉ×ÎÏÓÔØ ËÒÉ-ÓÔÁÌÌÏ× ÔÉÐÁ KDP.- ëÉÅ×, 1988.- 15 Ó. (ðÒÅÐÒÉÎÔ/áî õóóò.-éÎ-Ô ÔÅÏÒ.ÆÉÚÉËÉ; éôæ-88-52P).15. âÁÓÁÎÉ æ., ðÁÓÔÏÒÉ ðÁÒÒÁ×ÉÞÉÎÉ äÖ. üÌÅËÔÒÏÎÎÙÅ ÓÏÓÔÏÑÎÉÑÉ ÏÐÔÉÞÅÓËÉÅ ÐÅÒÅÈÏÄÙ × Ô×ÅÒÄÙÈ ÔÅÌÁÈ.- í.: îÁÕËÁ, 1982.- 391c.16. Stasyuk I.V., Kotsur S.S. The Microscopic Theory of the Gyrationand Electrogyration in Dielectric Crystals. // Phys.Stat.Sol.(b).,1983., vol.117, No2, p.557-568.17. Stasyuk I.V. and Stetsiv R.Ya. Electron spectrum and optical con-stants of ferroelectrics with hydrogen bonds. // Ferroelectrics, 1993,vol.144, p.195-206.18. îÁÒÁÓÉÍÈÁÍÕÒÔÉ ô. æÏÔÏÕÐÒÕÇÉÅ É ÜÌÅËÔÒÏÏÐÔÉÞÅÓËÉÅ Ó×ÏÊÓÔ×ÁËÒÉÓÔÁÌÌÏ×.- í.: íÉÒ, 1984.19. áËÕÓÔÉÞÅÓËÉÅ ËÒÉÓÔÁÌÌÙ: óÐÒÁ×. / á.á.âÌÉÓÔÁÎÏ×, ÷.ó.âÏÎÄÁ-ÒÅÎËÏ, ÷.÷.þËÁÌÏ× É ÄÒ. / ðÏÄ ÒÅÄ. í.ð.ûÁÓËÏÌØÓËÏÊ. { í.:îÁÕËÁ, 1982.20. óÔÁÓÀË ¶.÷., óÔÅÃ¦× ò.ñ., çÏÌÕÂÅÃØ ô.÷.äÏÓÌ¦ÄÖÅÎÎÑ ×ÐÌÉ×Õ ÚÏ×-Î¦ÛÎØÏÇÏ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÎÁ ÅÌÅËÔÒÏÎÎ¦ ÅÎÅÒÇÅÔÉÞÎ¦ ÓÐÅË-ÔÒÉ ¦ÏÎÎÉÈ ÇÒÕÐ ÔÁ ÏÐÔÉÞÎ¦ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ËÒÉÓÔÁÌ¦× ÔÉÐÕ KDP.// õæö, 1996, Ô.41, N10, Ó.910-915.



13 ðÒÅÐÒÉÎÔ

òÉÓ. 3. äÉÓÐÅÒÓ¦Ñ ÐÏËÁÚÎÉË¦× ÚÁÌÏÍÌÅÎÎÑ no ¦ ne ÄÌÑ ËÒÉÓÔÁÌÕKH2PO4 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ: 1 { 1 ÂÁÒ,2 { 4 ËÂÁÒ, 3 { 8 ËÂÁÒ, 4 { 12 ËÂÁÒ, 5 { (17.0 - 0.0) ËÂÁÒ, 6 { (17.0+0.0)ËÂÁÒ, 7 { 22 ËÂÁÒ, 8 { (27.0 - 0.0) ËÂÁÒ, 9 { (27.0 + 0.0) ËÂÁÒ.
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òÉÓ. 4. úÁÌÅÖÎ¦ÓÔØ ÐÏËÁÚÎÉË¦× ÚÁÌÏÍÌÅÎÎÑ no ¦ ne ËÒÉÓÔÁÌÕKH2PO4×¦Ä Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÄÏ×ÖÉÎÉ Ó×¦ÔÌÏ×Ï§È×ÉÌ¦: 1 { 1200 ÎÍ, 2 { 1000 ÎÍ, 3 { 800 ÎÍ, 4 { 600 ÎÍ, 5 { 500 ÎÍ, 6{ 400 ÎÍ.



15 ðÒÅÐÒÉÎÔ

òÉÓ. 5. äÉÓÐÅÒÓ¦Ñ ÐÏËÁÚÎÉË¦× ÚÁÌÏÍÌÅÎÎÑ ËÒÉÓÔÁÌÕ KH2PO4 ÐÒÉÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ. 1,2 { ÅËÓÐÅÒÉÍÅÎÔÁÌØÎ¦ ÄÁÎ¦. 3,4 { ÒÏÚÒÁÈÕÎËÏ×¦ËÒÉ×¦. 1,3 { ne, 2,4 { no.
òÉÓ. 6. äÉÓÐÅÒÓ¦Ñ gxx ËÏÍÐÏÎÅÎÔÉ ÔÅÎÚÏÒÁ Ç¦ÒÁÃ¦§ ÄÌÑ ËÒÉÓÔÁÌÕKH2PO4 ÐÒÉ Ò¦ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ: 1 { 1 ÂÁÒ,2 { (17.0 - 0.0), 3 { (17.0 + 0.0) ËÂÁÒ.
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Á)
Â)òÉÓ. 7. äÉÓÐÅÒÓ¦Ñ ËÏÅÆ¦Ã¦¤ÎÔÁ ÅËÓÔÉÎËÃ¦§ ÄÌÑ Ó×¦ÔÌÁ ÐÏÌÑÒÉÚÏ×ÁÎÏÇÏÐÅÒÐÅÎÄÉËÕÌÑÒÎÏ ÄÏ C - ÏÓ¦, K1 ÄÌÑ ËÒÉÓÔÁÌÕ KH2PO4 ÐÒÉ Ò¦ÚÎÉÈÚÎÁÞÅÎÎÑÈ Ç¦ÄÒÏÓÔÁÔÉÞÎÏÇÏ ÔÉÓËÕ: (a) { 1 ÂÁÒ, (Â) { (17.0 - 0.0) ËÂÁÒ{ ÓÕÃ¦ÌØÎÁ Ì¦Î¦Ñ, (17.0 + 0.0) { ÛÔÒÉÈÏ×Á Ì¦Î¦Ñ.



17 ðÒÅÐÒÉÎÔ

òÉÓ. 8. äÉÓÐÅÒÓ¦Ñ ËÏÅÆ¦Ã¦¤ÎÔÁ ÅËÓÔÉÎËÃ¦§ K3 ÄÌÑ ËÒÉÓÔÁÌÕ KH2PO4ÐÒÉ ÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ.
òÉÓ. 9. äÉÓÐÅÒÓ¦Ñ ÕÑ×ÎÏ§ ÞÁÓÔÉÎÉ Ä¦ÅÌÅËÔÒÉÞÎÏ§ ÐÒÏÎÉËÎÏÓÔ¦ �xx2 ÄÌÑËÒÉÓÔÁÌÕ KH2PO4 ÐÒÉ ÁÔÍÏÓÆÅÒÎÏÍÕ ÔÉÓËÕ.
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