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äÉÎÁÍ�ËÁ �ÅÒÅÎÏÓÕ ÚÁÒÑÄÕ ×ÚÄÏ×Ö ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ¶.÷.óÔÁÓÀË, ò.ñ.óÔÅ��×, ò.ñ.àÒÅÞËÏ, à.÷.óÉÚÏÎÅÎËÏáÎÏÔÁ��Ñ. úÁ�ÒÏ�ÏÎÏ×ÎÁ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÁ ÍÏÄÅÌØ ÄÌÑ Ï�ÉÓÕÓËÏÒÅÌØÏ×ÁÎÏÇÏ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ ÚÁÒÑÄÕ ÎÁ ËÏÍ�ÌÅËÓ�Ú ×ÏÄÎÅ×ÉÍ Ú×'ÑÚËÏÍ. ïÔÒÉÍÁÎÏ ÅÎÅÒÇÅÔÉÞÎÉÊ Ó�ÅËÔÒ ÍÏÄÅÌ�. ðÏÂÕ-ÄÏ×ÁÎÏ ÆÁÚÏ×Õ Ä�ÁÇÒÁÍÕ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ. òÏÚÒÁÈÏ×ÁÎÏ ÞÁÓÔÏÔÎÕ ÚÁ-ÌÅÖÎ�ÓÔØ Ä�ÊÓÎÏ§ ÞÁÓÔÉÎÉ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�. äÏÓÌ�ÄÖÅÎÁ ÞÁÓÏ-×Á Å×ÏÌÀ��Ñ �ÒÏÔÏÎÎÏÇÏ � ÅÌÅËÔÒÏÎÎÏÇÏ ÔÒÁÎÓ�ÏÒÔÕ ×ÚÄÏ×Ö ×ÏÄÎÅ×Ï-ÇÏ Ú×'ÑÚËÕ. òÏÚ×'ÑÚÁÎ� Ò�×ÎÑÎÎÑ ÒÕÈÕ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ,ÏÔÒÉÍÁÎÁ ÞÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� �ÒÏÔÏÎÎÉÈ �ÏÚÉ-��Ê � ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ�×. ÷ÓÔÁÎÏ×ÌÅÎ� ÕÍÏ×É, �ÒÉ ÑËÉÈ ÒÕÈ �ÒÏÔÏÎ�×� ÅÌÅËÔÒÏÎ�× ¤ ÓËÏÒÅÌØÏ×ÁÎÉÊ.Dynami
s of 
harge transfer along hydrogen bondI.V.Stasyuk, R.Ya.Stet
iv, R.Ya.Yure
hko, Yu.V. SizonenkoAbstra
t. The pseudospin-ele
tron model is formulated for the des
rip-tion of the 
orrelated proton-ele
tron 
harge transfer in the 
omplexwith hydrogen bonds. The energy spe
trum of the model is obtained.The ground state diagram is built. The frequen
y dependen
e of the realpart of 
ondu
tivity is 
al
ulated.The time evolution of the proton and ele
tron transfer along thehydrogen bond is studied. The time dependen
es of the mean o

upan-
ies of proton positions and ele
tron states are obtained by solving theequations of motion for the density matrix 
omponents. The 
onditions,at whi
h the motion of the proton and ele
tron 
harges are mutually
orrelated, are 
onsidered.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�÷ Ú×'ÑÚËÕ Ú �ÒÏÂÌÅÍÏÀ �ÅÒÅÎÏÓÕ ÚÁÒÑÄÕ Õ ×ÏÄÎÅ×ÏÚ×'ÑÚÁÎÉÈ ÍÏÌÅ-ËÕÌÑÒÎÉÈ ÔÁ ËÒÉÓÔÁÌ�ÞÎÉÈ ÓÉÓÔÅÍÁÈ ÁËÔÕÁÌØÎÉÍ ¤ �ÉÔÁÎÎÑ ÄÏÓÌ�-ÄÖÅÎÎÑ Í�ËÒÏÓËÏ��ÞÎÉÈ ÍÅÈÁÎ�ÚÍ�× ÔÁËÏÇÏ ÔÒÁÎÓ�ÏÒÔÕ ÔÁ ÒÏÚÒÏÂËÉ×�Ä�Ï×�ÄÎÉÈ ÍÏÄÅÌÅÊ. ÷ �ÅÒÛÕ ÞÅÒÇÕ �Å Ñ×ÉÝÅ �Ï×'ÑÚÕÀÔØ Ú �ÅÒÅÍ�-ÝÅÎÎÑÍ �ÒÏÔÏÎ�× ÄÉÆÕÚ�ÊÎÏÇÏ ÞÉ ÄÉÎÁÍ�ÞÎÏÇÏ ÔÉ�Õ. ïÓË�ÌØËÉ �ÒÏÔÏ-ÎÉ �ÅÒÅÂÕ×ÁÀÔØ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ, ÔÏ §È �ÅÒÅÎÏÓ ÚÕÍÏ×ÌÀ¤ÔØÓÑ ÑË�ÅÒÅÍ�ÝÅÎÎÑÍ ×ÚÄÏ×Ö Ú×'ÑÚË�× (ÔÕÎÅÌÀ×ÁÎÎÑ Í�Ö Ò�×ÎÏ×ÁÖÎÉÍÉ �Ï-ÚÉ��ÑÍÉ Õ Ä×ÏÈÑÍÎÏÍÕ �ÏÔÅÎ��ÁÌ�), ÔÁË � �ÅÒÅÓËÏËÁÍÉ Í�Ö Ú×'ÑÚËÁÍÉ(ÝÏ ÞÁÓÔÏ �Ï×'ÑÚÁÎÅ Ú ÒÅÏÒ�¤ÎÔÁ��ÑÍÉ �ÏÎÎÉÈ ÇÒÕ�). �ÁË� ÕÑ×ÌÅÎÎÑ,ÝÏ ÓËÌÁÄÁÀÔØ Ô.Ú×. ÍÅÈÁÎ�ÚÍ çÒÏÔÔÈÕÓÁ, ÂÕÌÉ �ÏËÌÁÄÅÎ� × ÏÓÎÏ×ÕÎÅÄÁ×ÎÏ ÓÆÏÒÍÕÌØÏ×ÁÎÏ§ ÏÒ�¤ÎÔÁ��ÊÎÏ-ÔÕÎÅÌØÎÏ§ ÍÏÄÅÌ� �ÒÏÔÏÎÎÏÇÏ�ÅÒÅÎÏÓÕ ([1℄, ÄÉ×. [2℄).ú ÄÒÕÇÏÇÏ ÂÏËÕ, ÒÑÄ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÆÁËÔ�× [3{7℄ ÔÁ Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�× [8,9℄ ×ËÁÚÕÀÔØ ÎÁ ÎÁÑ×Î�ÓÔØ ÚÎÁÞÎÏ§ ËÏÒÅÌÑ��§Í�Ö �ÅÒÅÍ�ÝÅÎÎÑÍ �ÒÏÔÏÎ�× � �ÅÒÅÂÕÄÏ×ÏÀ ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ�× ÔÁÚÍ�ÎÏÀ §È ÚÁ�Ï×ÎÅÎÎÑ. òÏÌØ �ÒÏÔÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ×ÉÑ×ÉÌÁÓØ, ÎÁ�ÒÉ-ËÌÁÄ, ÓÕÔÔ¤×ÏÀ �ÒÉ ÆÏÒÍÕ×ÁÎÎ� ÚÁÒÑÄÏ×�ÏÒÑÄËÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎÎÉÈÓÔÁÎ�× Õ ÓÉÓÔÅÍÁÈ Ú �ÅÒÅÈ�ÄÎÉÍÉ ÍÅÔÁÌÁÍÉ, ÄÅ ÅÌÅÍÅÎÔÁÍÉ ÓÔÒÕËÔÕÒÉ¤ ×ÏÄÎÅ×� Ú×'ÑÚËÉ [4℄. ÷ ÓÉÓÔÅÍÁÈ BSP � DNP ×ÉÑ×ÌÅÎÏ ÚÍ�ÎÉ × Ï�ÔÉÞ-ÎÉÈ Ó�ÅËÔÒÁÈ, ÝÏ ÆÏÒÍÕÀÔØÓÑ ÅÌÅËÔÒÏÎÎÉÍÉ �ÅÒÅÈÏÄÁÍÉ, �ÒÉ ÚÍ�Î�ÈÁÒÁËÔÅÒÕ ÌÏËÁÌ�ÚÁ��§ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚËÁÈ [5{7℄. îÁÇÒÏÍÁ-ÄÖÅÎÉÊ ÍÁÔÅÒ�ÁÌ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË �ÒÏ ÎÁÑ×Î�ÓÔØ�ÏÍ�ÔÎÏ§ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ËÏÒÅÌÑ��§, ÝÏ �ÒÏÑ×ÌÑ¤ÔØÓÑ Õ �Å×ÎÉÈ×É�ÁÄËÁÈ Õ ×ÉÇÌÑÄ� ËÏÏ�ÅÒÁÔÉ×ÎÏÇÏ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏÇÏ ÔÒÁÎÓÆÅ-ÒÕ (ðå�) [4,6℄. úÒÅÛÔÏÀ, ×�ÌÉ× �ÒÏÔÏÎÎÏ§ ÌÏËÁÌ�ÚÁ��§ ÎÁ ÒÏÚ�ÏÄ�ÌÅÌÅËÔÒÏÎÎÏ§ ÇÕÓÔÉÎÉ � ÅÌÅËÔÒÏÎÎ� ÓÔÁÎÉ ×ÉÄÎÏ � Ú ÒÅÚÕÌØÔÁÔ�× Ë×ÁÎ-ÔÏ×ÏÈ�Í�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�× (ÎÁ�ÒÉËÌÁÄ, [8℄, ÄÅ ÒÏÚÇÌÑÄÁÌÁÓÑ �ÒÏÓÔÁË×ÁÎÔÏ×ÏÈ�Í�ÞÎÁ ÍÏÄÅÌØ).äÌÑ Ï�ÉÓÕ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ × [10℄ ÂÕÌÁ ÚÁ�ÒÏ�ÏÎÏ-×ÁÎÁ �ÒÏÓÔÁ ÍÏÄÅÌØ, Õ ÑË�Ê �ÒÏÔÏÎÎ� ÓÔÁÎÉ (ÌÏËÁÌ�ÚÁ��Ñ) ÎÁ Ú×'ÑÚËÁÈÏ�ÉÓÕ×ÁÌÁÓØ ÚÁ ÄÏ�ÏÍÏÇÏÀ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ Ï�ÅÒÁÔÏÒ�×. ÷ Î�Ê, ÏÄÎÁË,ÎÅ ÂÕÌÁ ×ÒÁÈÏ×ÁÎÁ ÄÉÎÁÍ�ÞÎÁ ÞÁÓÔÉÎÁ ÚÇÁÄÁÎÏ§ ×ÚÁ¤ÍÏÄ�§, �Ï×'ÑÚÁ-ÎÁ Ú ËÏÒÅÌÑ��¤À Í�Ö �ÅÒÅÓËÏËÁÍÉ �ÒÏÔÏÎ�× � �ÅÒÅÎÏÓÏÍ ÅÌÅËÔÒÏÎ�×.ãÅÊ Ú×'ÑÚÏË, ÑË ×ËÁÚÕÀÔØ ÒÅÚÕÌØÔÁÔÉ �ÒÏ×ÅÄÅÎÉÈ ÎÅÄÁ×ÎÏ ÒÏÚÒÁÈÕÎ-Ë�× [11,12℄, ¤ ÓÕÔÔ¤×ÉÍ, ÚÏËÒÅÍÁ, �ÒÉ Ï�ÉÓ� Ë�ÎÅÔÉËÉ ÄÅÆÅËÔ�× (�ÏÎÎÉÈÔÁ ÏÒ�¤ÎÔÁ��ÊÎÉÈ) Õ Ó�Ô�� ×ÏÄÎÅ×ÉÈ Ú×'ÑÚË�×.íÅÔÏÀ ÄÁÎÏ§ ÒÏÂÏÔÉ ¤ ÁÎÁÌ�Ú Í�ËÒÏÓËÏ��ÞÎÉÈ �ÒÉÞÉÎ, ÑË� ÍÏ-ÖÕÔØ �ÒÉ×ÏÄÉÔÉ ÄÏ ËÏÒÅÌÑ��§ Í�Ö ÄÉÎÁÍ�ËÏÀ �ÒÏÔÏÎ�× ÔÁ ÔÒÁÎÓÆÅ-ÒÏÍ ÅÌÅËÔÒÏÎ�×. òÏÚÇÌÑÄ �ÒÏ×ÏÄÉÔØÓÑ ÎÁ ÏÓÎÏ×� ÁÄ�ÁÂÁÔÉÞÎÏÇÏ ÎÁ-
ICMP{02{04U 2ÂÌÉÖÅÎÎÑ ÎÁ �ÒÉËÌÁÄ� ÚÁÄÁÞ� �ÒÏ ÏÄÉÎ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË.òÅÚÕÌØÔÁÔÏÍ ¤ ÆÏÒÍÕÌÀ×ÁÎÎÑ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ�, ÝÏÕÚÁÇÁÌØÎÀ¤ ��ÄÈ�Ä, ×ÉËÏÒÉÓÔÁÎÉÊ × [10℄. äÏÓÌ�ÄÖÅÎÏ ÏÓÎÏ×ÎÉÊ ÓÔÁÎÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ ÍÏÄÅÌ� × ÚÁÌÅÖÎÏÓÔ� ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö ËÏÎÓ-ÔÁÎÔÁÍÉ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ g, ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ t ��ÁÒÁÍÅÔÒÁ ÔÕÎÅÌÀ×ÁÎÎÑ 
.äÌÑ ÄÏÓÌ�ÄÖÅÎÎÑ ÄÉÎÁÍ�ËÉ ÍÏÄÅÌ� �ÒÏ×ÅÄÅÎÏ ÒÏÚÒÁÈÕÎËÉ ËÏÍ-�ÌÅËÓÎÏ§ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�, ÁÎÁÌ�ÚÕ¤ÔØÓÑ, ÚÏËÒÅÍÁ, ÞÁÓÔÏÔÎÁÄÉÓ�ÅÒÓ�Ñ §§ Ä�ÊÓÎÏ§ ÞÁÓÔÉÎÉ.äÏÓÌ�ÄÖÅÎÏ ÞÁÓÏ×Õ Å×ÏÌÀ��À �ÒÏÔÏÎÎÏÇÏ � ÅÌÅËÔÒÏÎÎÏÇÏ ÔÒÁÎÓ-�ÏÒÔÕ ×ÚÄÏ×Ö Ú×'ÑÚËÕ. úÏËÒÅÍÁ, ÒÏÚ×'ÑÚÁÎ� Ò�×ÎÑÎÎÑ ÒÕÈÕ ÄÌÑ ËÏÍ�Ï-ÎÅÎÔ ÍÁÔÒÉ�� ÇÕÓÔÉÎÉ, ×ÉÚÎÁÞÅÎÏ ÞÁÓÏ×Õ ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅ-ÌÅÎÏÓÔ� �ÒÏÔÏÎÎÉÈ �ÏÚÉ��Ê ÔÁ ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ�×. ÷ÓÔÁÎÏ×ÌÅÎÏ ÕÍÏ-×É, �ÒÉ ÑËÉÈ ÒÕÈ �ÒÏÔÏÎ�× � ÅÌÅËÔÒÏÎ�× ¤ ÓËÏÒÅÌØÏ×ÁÎÉÊ.2. çÁÍ�ÌØÔÏÎ�ÁÎ Ì�Î�ÊÎÏÇÏ ËÏÍ�ÌÅËÓÁ Ú ×ÏÄÎÅ×ÉÍÚ×'ÑÚËÏÍúÁÄÁÞÁ �ÒÏ ÅÌÅËÔÒÏÎÎ� � ËÏÌÉ×Î� ÓÔÁÎÉ ËÏÍ�ÌÅËÓÁ á-î-á0 Ú ×ÏÄÎÅ×ÉÍÚ×'ÑÚËÏÍ ÆÏÒÍÕÌÀ¤ÔØÓÑ Õ ×ÉÇÌÑÄ� Ò�×ÎÑÎÎÑ ûÒÅÄ�ÎÇÅÒÁ ^H	 = "	,ÄÅ H = KR +Kr + U(R) +W (R; r) (1)ÄÅKR � Kr - Ë�ÎÅÔÉÞÎ� ÅÎÅÒÇ�§ ÑÄÅÒ � ÅÌÅËÔÒÏÎ�×; U(R) { �ÏÔÅÎ��ÁÌØÎÁÅÎÅÒÇ�Ñ ÑÄÅÒ; W (R,r) { ÅÎÅÒÇ�Ñ ÅÌÅËÔÒÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ × �ÏÌ� ÑÄÅÒÚ ×ÒÁÈÕ×ÁÎÎÑÍ ×ÚÁ¤ÍÏÄ�§ Í�Ö ÅÌÅËÔÒÏÎÁÍÉ.ðÒÉ ÚÁÓÔÏÓÕ×ÁÎÎ� ÁÄ�ÁÂÁÔÉÞÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ	(R; r) = �(R) �  R(r) (2)ÅÌÅËÔÒÏÎÎÁ ÚÁÄÁÞÁ ÍÁ¤ ×ÉÇÌÑÄ:[Kr +W (R; r)℄ Rj(r) = �j(r) Rj (r); (3)� �ÒÉ �ØÏÍÕ ÑÄÅÒÎÁ ÚÁÄÁÞÁ:[KR + U(R) + �j(R)℄�nj(R) = "nj�nj(R); (4)j { Ë×ÁÎÔÏ×� ÞÉÓÌÁ ÅÌÅËÔÒÏÎÎÏ§ ÚÁÄÁÞ� (ÎÕÍÅÒÕÀÔØ ÌÉÓÔÉ ÁÄ�ÁÂÁÔÉÞ-ÎÉÈ �ÏÔÅÎ��ÁÌ�×); n { Ë×ÁÎÔÏ×� ÞÉÓÌÁ ËÏÌÉ×ÎÏ§ ÚÁÄÁÞ�.çÁÍ�ÌØÔÏÎ�ÁÎ ÅÌÅËÔÒÏÎ-ÑÄÅÒÎÏ§ ÓÉÓÔÅÍÉ Õ ÎÁÂÌÉÖÅÎÎ� (2) ÍÁ¤ ×É-ÇÌÑÄ: ^H =Xnj "nj j�nj(R) Rj(r)i h�nj(R0) R0j(r0)j (5)



3 ðÒÅ�ÒÉÎÔäÌÑ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ �j(R) Ú �ÏÄ×�ÊÎÏÀ ÑÍÏÀ�sj(R) = 1p2 [��j(R) + ��j(R)℄�aj(R) = 1p2 [��j(R)� ��j(R)℄ ; ; (6)ÄÅ ��;�(R) { ÆÕÎË��§ ÌÏËÁÌ�ÚÏ×ÁÎ� × Í�Î�ÍÕÍÁÈ �ÏÔÅÎ��ÁÌÕ.÷×ÅÄÅÍÏ �ÓÅ×ÄÏÓ��ÎÏ×Å �ÒÅÄÓÔÁ×ÌÅÎÎÑj��j(R)i h��j(R0)j ! 12 + Szj��j(R)i h��j(R0)j ! 12 � Szj��j(R)i h��j(R0)j ! S+j��j(R)i h��j(R0)j ! S� (7)åÌÅËÔÒÏÎÎÁ ÞÁÓÔÉÎÁ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (5) �ÒÅÄÓÔÁ×ÌÑ¤ÔØÓÑ ÞÅÒÅÚÏ�ÅÒÁÔÏÒÉ èÁÂÂÁÒÄÁ j R�ji h R�j j = Xjj��j R�ji 
 R�j�� = Xjj�� ; (8)� Ô.�.ï�ÅÒÁÔÏÒ Xjj0�� �ÅÒÅ×ÏÄÉÔØ Ú� ÓÔÁÎÕ j0 ÅÌÅËÔÒÏÎÎÏ§ ÓÉÓÔÅÍÉ �ÒÉÌÏËÁÌ�ÚÁ��§ �ÒÏÔÏÎÁ × ÑÍ� � Õ ÓÔÁÎ j �ÒÉ ÌÏËÁÌ�ÚÁ��§ �ÒÏÔÏÎÁ × ÑÍ��. ðÏ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ (5) ÍÁÔÉÍÅ ×ÉÇÌÑÄ:^Heff =Pj "sj+"aj2 h� 12 + Sz�Xjj�� + � 12 � Sz�Xjj��i++Pj "sj�"aj2 hS+Xjj�� + S�Xjj��i (9)ÔÕÔ "sj = �j + Æj � 12
j ;"aj = �j + Æj + 12
j ;�j � �j(R�) = �j(R�);Æj - ÚÓÕ×, �Ï×'ÑÚÁÎÉÊ Ú ÅÎÅÒÇ�¤À ÎÕÌØÏ×ÉÈ ËÏÌÉ×ÁÎØ; 
j - ÔÕÎÅÌØÎÅÒÏÚÝÅ�ÌÅÎÎÑ.

ICMP{02{04U 4÷ Ï�ÉÓÁÎÏÍÕ ×ÉÝÅ �ÒÅÄÓÔÁ×ÌÅÎÎ� Ï�ÅÒÁÔÏÒÉ Æ�ÚÉÞÎÉÈ ×ÅÌÉÞÉÎÚÁ�ÉÛÕÔØÓÑ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:ÅÌÅËÔÒÏÎÎÉÊ Ï�ÅÒÁÔÏÒ^Ael =Xjj0 �D�jj ^Aj�j0E�12 + Sz�Xjj0�� + D�jj ^Aj�j0E�12 � Sz�Xjj0�� �(10)�ÏÎÎÉÊ Ï�ÅÒÁÔÏÒ^Aion =Pj �D�j ^Aj�Ej � 12 + Sz� Xjj�� + D�j ^Aj�Ej � 12 � Sz�Xjj��++D�j ^Aj�Ej S+Xjj�� + D�j ^Aj�Ej S�Xjj��� (11)ðÒÉ h�jAj�ij = A�; h�jAj�ij = A� ; h�jAj�ij = 0.^Aion = 12 (A� +A�) + (A� �A�)Sz (12)3. ðÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÁ ÍÏÄÅÌØ �ÒÏÔÏÎ-ÅÌÅËÔ-ÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ ÄÌÑ ËÏÍ�ÌÅËÓÕ Ú ×ÏÄÎÅ×ÉÍÚ×'ÑÚËÏÍúÁÓÔÏÓÕ¤ÍÏ ��ÄÈ�Ä, ×ÉËÌÁÄÅÎÉÊ × �.2 ÄÏ Ó�ÒÏÝÅÎÏÇÏ ×É�ÁÄËÕ, ËÏÌÉ×ÒÁÈÏ×ÕÀÔØÓÑ Ô�ÌØËÉ Ä×� ÅÌÅËÔÒÏÎÎ� ÏÒÂ�ÔÁÌ� ÎÁ Ë�Î�ÑÈ ×ÏÄÎÅ×ÏÚ×'Ñ-ÚÁÎÏÇÏ ËÏÍ�ÌÅËÓÁ á-î-á0; ×ËÌÀÞÁ¤ÔØÓÑ × ÒÏÚÇÌÑÄ ÅÆÅËÔÉ×ÎÉÊ ÅÌÅË-ÔÒÏÎÎÉÊ �ÅÒÅÎÏÓ Í�Ö ÎÉÍÉtX� �a+1�a2� + a+2�a1�� (13)ÄÅ � ="; #, - Ó��Î ÅÌÅËÔÒÏÎÁ,ÔÁ ÚÓÕ× §È ÅÎÅÒÇÅÔÉÞÎÉÈ Ò�×Î�× ×ÎÁÓÌ�ÄÏË �ÅÒÅÍ�ÝÅÎÎÑ �ÒÏÔÏÎÁ("+�)X� n1� + ("��)X� n2� (14)ãÅ �ÒÉ×ÏÄÉÔØ ÄÏ �ÏÑ×É ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ (ÝÏ ÆÏÒÍÕ¤ÔØÓÑÎÁÊÎÉÖÞÉÍ ÅÌÅËÔÒÏÎÎÉÍ ÔÅÒÍÏÍ)V (�) = "�pt2 +�2 + 12K�2; (15)ÏÓÔÁÎÎ�Ê ÞÌÅÎ × (15) Ï�ÉÓÕ¤ �ÒÕÖÎÕ ÅÎÅÒÇ�À.



5 ðÒÅ�ÒÉÎÔú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÕÎÅÌÀ×ÁÎÎÑ Í�Ö Ò�×ÎÏ×ÁÖÎÉÍÉ ÓÔÁÎÁÍÉ �ÒÏÔÏ-ÎÁ Õ �ÏÌ� V (�) ÅÆÅËÔÉ×ÎÉÊ ÇÁÍ�ÌØÔÏÎ�ÁÎ, ÁÎÁÌÏÇ�ÞÎÉÊ ÄÏ (5), ÍÁ¤×ÉÇÌÑÄ:^H = 12 ("��t)P� nn1� + n2� � t�t �a+1�a2� + a+2�a1��o++("��t) �0�t P� (n2� � n1�)SZ� (16)�
 h�12 � 12 �0�t �a+1�a2� + �12 + 12 �0�t �a+2�a1� � t2�t (n1� + n2�)iS+��
 h� 12 + 12 �0�t �a+1�a2� + � 12 � 12 �0�t � a+2�a1� � t2�t (n1� + n2�)iS�;ÔÕÔ �t = pt2 +�20, �0 ×ÉÚÎÁÞÁ¤ÔØÓÑ Ú Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �Ï-ÔÅÎ��ÁÌÁ ÄÌÑ �ÒÏÔÏÎÁ: �20 = 1K2 � t2 (17)çÁÍ�ÌØÔÏÎ�ÁÎ (17) Ï�ÉÓÕ¤ ÔÕÎÅÌØÎ� �ÅÒÅÓËÏËÉ �ÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ,ÓËÏÒÅÌØÏ×ÁÎ� Ú ÔÒÁÎÓÆÅÒÏÍ ÅÌÅËÔÒÏÎ�× Ú ÏÄÎÏÇÏ Ë�Î�Ñ ËÏÍ�ÌÅËÓÁ ÎÁ�ÎÛÉÊ.4. ó�ÒÏÝÅÎÁ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÁ ÍÏÄÅÌØðÒÉ t� �0 ÇÁÍ�ÌØÔÏÎ�ÁÎ (17) ÎÁÂÕ×Á¤ ×ÉÇÌÑÄÕ^H =P� (E0 (n1� + n2�) + gSz (n2� � n1�)��
 �a+2�a1�S+ + a+1�a2�S��� (18)ÔÕÔ E0 = "��02 - × �ÏÄÁÌØÛÏÍÕ ÍÏÖÅ ÇÒÁÔÉ ÒÏÌØ ÁÎÁÌÏÇ�ÞÎÕ ÄÏ È�-Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ, E0 = ��; g = " � �0 { ÍÁ¤ ÚÍ�ÓÔ ËÏÎÓÔÁÎÔÉÅÌÅËÔÒÏÎ-�ÒÏÔÏÎÎÏÇÏ Ú×'ÑÚËÕ.äÒÕÇÉÊ ÞÌÅÎ × (18) Ï�ÉÓÕ¤ ÚÓÕ× ÅÌÅËÔÒÏÎÎÉÈ Ò�×Î�× ÎÁ Ë�Î�ÑÈ ×ÏÄ-ÎÅ×ÏÇÏ Ú×'ÑÚËÁ �ÒÉ �ÅÒÅÍ�ÝÅÎÎ� �ÒÏÔÏÎÁ (ÒÉÓ.1); ÔÒÅÔ�Ê ÞÌÅÎ ÈÁÒÁË-ÔÅÒÉÚÕ¤ �ÅÒÅÓËÏË ÅÌÅËÔÒÏÎ�×, �Ï×'ÑÚÁÎÉÊ Ú ÔÕÎÅÌÀ×ÁÎÎÑÍ �ÒÏÔÏÎÁ(ÒÉÓ.2).íÏÄÅÌØ ÔÉ�Õ (18) �ÒÉ 
 = 0 ÚÁ�ÒÏ×ÁÄÖÕ×ÁÌÁÓÑ ×ÖÅ ÒÁÎ�ÛÅ [10℄�ÒÉ Ï�ÉÓ� ËÒÉÓÔÁÌ�× [M(H2DAG)(HDAG)℄TCNQ, M=Ni, Pd, Pt, ÝÏÍÁÀÔØ ÌÁÎ�ÀÇÏ×Ï�ÏÄ�ÂÎ� ��ÄÇÒÁÔËÉ �ÏÎ�× ÍÅÔÁÌÕ Ú'¤ÄÎÁÎ� ×ÏÄÎÅ×ÉÍÉÚ×'ÑÚËÁÍÉ; ÔÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× ÎÅ ×ÒÁÈÏ×Õ×ÁÌÏÓÑ. ðÏÄ�ÂÎÁ ÄÏ (18)ÍÏÄÅÌØ, ÏÄÎÁË ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ËÏÒÅÌØÏ×ÁÎÏÇÏ Ú ÅÌÅËÔÒÏÎÁÍÉ ÔÕÎÅ-ÌÀ×ÁÎÎÑ �ÒÏÔÏÎ�× (ÏÓÔÁÎÎ�Ê ÄÏÄÁÎÏË × (18)), ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ �ÒÉ
ICMP{02{04U 6

òÉÓ. 1. úÓÕ× ÅÌÅËÔÒÏÎÎÉÈ Ò�×Î�× ×ÎÁÓÌ�ÄÏË �ÅÒÅÍ�ÝÅÎÎÑ �ÒÏÔÏÎÁ.

òÉÓ. 2. �ÕÎÅÌÀ×ÁÎÎÑ �ÒÏÔÏÎÁ, ËÏÒÅÌØÏ×ÁÎÅ Ú �ÅÒÅÓËÏËÏÍ ÅÌÅËÔÒÏÎÁ.



7 ðÒÅ�ÒÉÎÔÏ�ÉÓ� ÌÏËÁÌØÎÏ ÁÎÇÁÒÍÏÎ�ÞÎÉÈ Ñ×ÉÝ Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ�ÒÏ-×�ÄÎÉËÁÈ, ÄÅ ÞÌÅÎ gSzP� ni� ÈÁÒÁËÔÅÒÉÚÕ¤ ×ÚÁ¤ÍÏÄ�À ÅÌÅËÔÒÏÎ�× �ÒÏ-×�ÄÎÏÓÔ� Ú ��ÄÓÉÓÔÅÍÏÀ Ô.Ú×. Á�ÅËÓÎÉÈ �ÏÎ�× ËÉÓÎÀ, ÝÏ ÍÏÖÕÔØ ÍÁÔÉÄ×Á �ÏÌÏÖÅÎÎÑ Ò�×ÎÏ×ÁÇÉ [13℄.5. äÉÎÁÍ�ÞÎÁ �ÒÏ×�ÄÎ�ÓÔØ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕëÏÅÆ���¤ÎÔ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ� ÓÉÓÔÅÍÉ ÚÇ�ÌÎÏ Ú ÆÏÒÍÕÌÏÀ ëÕÂÏ[14℄ ÚÁ�É
Õ¤ÍÏ Õ ÆÏÒÍ�:�(!) = 1Z0 dt �Z0 d�D ^J (t� i�h�) ^J(0)Edtd� (19)ÄÅ ^J(t) { Ï�ÅÒÁÔÏÒ ÇÕÓÔÉÎÉ ÓÔÒÕÍÕ,^J(t) = i�h h ^H; ^�i (20)^� { Ï�ÅÒÁÔÏÒ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÓÉÓÔÅÍÉ,^� = pX� (n1� � n2�) + qSz; (21)ÝÏ ×ËÌÀÞÁ¤ ÅÌÅËÔÒÏÎÎÕ � �ÓÅ×ÄÏÓ��ÎÏ×Õ (�ÏÎÎÕ) ÓËÌÁÄÏ×�.îÁ ÂÁÚÉÓ� ×ÌÁÓÎÉÈ ÓÔÁÎ�× Heff jri = Er jri çÁÍ�ÌØÔÏÎ�ÁÎÁ HeffÆÏÒÍÕÌÁ (19) ÍÏÖÅ ÂÕÔÉ �ÒÉ×ÅÌÄÅÎÁ ÄÏ ×ÉÇÌÑÄÕ�(!) = 1�h2 Prp (Er �Ep)j�rpj2 e��Ep�e��ErZ �� ��Æ �! � Er�Ep�h �� iP 1!�Er�Ep�h �Z =Pa e��Ea (22)

6. þÁÓÏ×Á Å×ÏÌÀ��Ñ �ÒÏÔÏÎÎÏÇÏ � ÅÌÅËÔÒÏÎÎÏÇÏ ÔÒÁ-ÎÓ�ÏÒÔÕúÍ�ÎÕ Ú ÞÁÓÏÍ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� �ÒÏÔÏÎÎÉÈ �ÏÚÉ��Ê ÁÂÏ ÓÅÒÅÄÎØÏ-ÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi � ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ�× hn1i, hn2i ÍÏÖÎÁ
ICMP{02{04U 8ÏÔÒÉÍÁÔÉ ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ:D ^A(t)E = Sp( ^A^~�) =Xrp Arp~�pr(t) (23)ÄÅ ~�pr(t) - ÚÁÌÅÖÎÁ ×�Ä ÞÁÓÕ ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ, ^A! n1; n2; Sz.~�pr(t) = e� i�h (�p��r)t~�pr(0) (24)~�pr(0) = � ^U�1� ^U�pr ;ÔÕÔ � - ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ ÄÌÑ ×ÉÈ�ÄÎÏÇÏ ÓÔÁÎÕ (�ÒÉ t = 0) × �ÒÅÄÓÔÁ×-ÌÅÎÎ� jn1"; n1#; n2"; n2#; Szi;^U { ÕÎ�ÔÁÒÎÅ �ÅÒÅÔ×ÏÒÅÎÎÑ ÄÏ ÂÁÚÉÓÕ jri ×ÌÁÓÎÉÈ ÓÔÁÎ�× ÇÁÍ�ÌØÔÏÎ�-ÁÎÕ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ (17).7. þÉÓÌÏ×� ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ�þÉÓÌÏ×� ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� ÂÕÌÉ ×ÓÔÁÎÏ×ÌÅÎ� Ú ×ÉËÏÒÉÓÔÁÎ-ÎÑÍ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ, Á ÔÁËÏÖ ÎÁ ÏÓÎÏ×� �ÒÑÍÉÈ Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�×, ×ÉËÏÎÁÎÉÈ ÎÁÍÉ � �ÎÛÉÍÉ Á×ÔÏÒÁÍÉ. úÏËÒÅÍÁ,�ÁÒÁÍÅÔÒ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ t ×ÉÚÎÁÞÁ¤ÔØÓÑ ÒÑÄÏÍ ÆÁËÔÏÒ�×.ðÒÉ ÚÂ�ÌØÛÅÎÎ� ÄÏ×ÖÉÎÉ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ R00 �ÁÒÁÍÅÔÒ t ÚÍÅÎ-ÛÕ¤ÔØÓÑ. úÁÌÅÖÉÔØ ×ÅÌÉÞÉÎÁ t � ×�Ä ÔÏÇÏ, Í�Ö ÑËÉÍÉ ÏÒÂ�ÔÁÌÑÍÉ×�ÄÂÕ×Á¤ÔØÓÑ �ÅÒÅÎÏÓ ÅÌÅËÔÒÏÎÁ. ñËÝÏ �Å (p�; p�), ÔÏÂÔÏ p-ÏÒÂ�ÔÁÌ��ÁÒÁÌÅÌØÎ� ÄÏ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ, ÔÏ �ÎÔÅÇÒÁÌ �ÅÒÅÎÏÓÕ t × 5-7 ÒÁÚÂ�ÌØÛÉÊ, Î�Ö ÄÌÑ ×É�ÁÄËÕ ÏÒÂ�ÔÁÌÅÊ, �ÅÒ�ÅÎÄÉËÕÌÑÒÎÉÈ ÄÏ Ú×'ÑÚËÕ(p�; p�). �ÁËÅ Ó��××�ÄÎÏÛÅÎÎÑ ÏÔÒÉÍÁÎÅ ÎÁÍÉ ÎÁ ÏÓÎÏ×� ÒÏÚÒÁÈÕÎËÕ�ÎÔÅÇÒÁÌ�× �ÅÒÅËÒÉ×ÁÎÎÑ (p�; p�) � (p�; p�) Í�Ö p-ÏÒÂ�ÔÁÌÑÍÉ ÁÔÏÍ�×ËÉÓÎÀ ÎÁ Ë�Î�ÑÈ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÁ, � Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÔÏÇÏ, ÝÏ �ÁÒÁ-ÍÅÔÒ t × Ì�Î�ÊÎÏÍÕ ÎÁÂÌÉÖÅÎÎ� �ÒÏ�ÏÒ��ÊÎÉÊ ÄÏ �ÎÔÅÇÒÁÌÁ �ÅÒÅËÒÉ-×ÁÎÎÑ. äÌÑ ×�ÄÓÔÁÎ� R00 = 2:40�A ÎÁÍÉ ÏÔÒÉÍÁÎÏ: t = 0:7Å÷, ×É�ÁÄÏË�-Ú×'ÑÚËÕ; t = 0:12Å÷, ×É�ÁÄÏË �- Ú×'ÑÚËÕ.äÌÑ ×ÉÚÎÁÞÅÎÎÑ ËÏÎÓÔÁÎÔÉ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ g, ÎÁÏÓÎÏ×� ÇÁÍ�ÌØÔÏÎ�ÁÎÕ Ó�ÒÏÝÅÎÏ§ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ� (18)ÏÔÒÉÍÁÎÏ ×ÉÒÁÚ ÄÌÑ Ò�ÚÎÉ�� ÚÁÓÅÌÅÎÏÓÔÅÊ ÏÒÂ�ÔÁÌÅÊ ÁÔÏÍ�×, ÝÏ ÆÏÒ-ÍÕÀÔØ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË (ÁÂÏ ÚÍ�ÎÉ ÚÁÓÅÌÅÎÏÓÔ� ÔÁËÏ§ ÁÔÏÍÎÏ§ ÏÒÂ�-ÔÁÌ� �ÒÉ �ÅÒÅÍ�ÝÅÎÎ� �ÒÏÔÏÎÁ Ú ÏÄÎÏÇÏ Ò�×ÎÏ×ÁÖÎÏÇÏ �ÏÌÏÖÅÎÎÑ ×ÄÒÕÇÅ): �n2 � �n1 = gpg2 + 4t2 th�2pg2 + 4t2 (25)



9 ðÒÅ�ÒÉÎÔú �ÎÛÏÇÏ ÂÏËÕ, �Ñ Ò�ÚÎÉ�Ñ ÚÁÓÅÌÅÎÏÓÔÅÊ ÏÔÒÉÍÁÎÁ ÎÁÍÉ �ÒÑÍÉÍË×ÁÎÔÏ×ÏÈ�Í�ÞÎÉÍ ÒÏÚÒÁÈÕÎËÏÍ ËÌÁÓÔÅÒÁ Ú ×ÏÄÎÅ×ÉÍ Ú×'ÑÚËÏÍ [8℄ �ÓÔÁÎÏ×ÉÔØ �n = �n2 � �n1 = �0:13; Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ �ØÏÇÏ ÍÁ¤ÍÏ,ÚÏËÒÅÍÁ, �ÒÉ t = 0:5Å÷, jgj � 0:14Å÷; �ÒÉ t = 0:05Å÷, jgj � 0:02Å÷.ðÏÄ�ÂÎ� ÒÏÚÒÁÈÕÎËÉ ÄÌÑ ÆÒÁÇÍÅÎÔ�× ÓÔÒÕËÔÕÒÉ ËÒÉÓÔÁÌ�× Ú ×ÏÄÎÅ-×ÉÍÉ Ú×'ÑÚËÁÍÉ ÔÉ�Õ KDP ×ÉËÏÎÁÎ� × ÄÁÎ�Ê ÒÏÂÏÔ� (ÄÉ×. äÏÄÁÔÏË).äÌÑ Ò�ÚÎÉ�� ÚÁÓÅÌÅÎÏÓÔÅÊ �ÏÎ�× ËÉÓÎÀ, ÝÏ ÆÏÒÍÕÀÔØ ×ÏÄÎÅ×ÉÊ Ú×'Ñ-ÚÏË ÏÔÒÉÍÁÎÏ �n � �0:19Å. óÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÚÁÒÑÄÉ ÎÁ ËÉÓÎÑÈ×ÉÚÎÁÞÁÀÔØÓÑ ÔÉÍ, Õ ÑËÏÍÕ (ÂÌÉÖÎØÏÍÕ ÞÉ ÄÁÌØÎÏÍÕ) Ò�×ÎÏ×ÁÖÎÏ-ÍÕ �ÏÌÏÖÅÎÎÎ� ÚÎÁÈÏÄÉÔØÓÑ �ÒÏÔÏÎ; ÓÌÁÂÏ ÚÁÌÅÖÁÔØ ×�Ä �ÏÌÑ ËÒÉÓ-ÔÁÌ�ÞÎÏÇÏ ÏÔÏÞÅÎÎÑ � ÎÁ×�ÔØ ×�Ä ÁÓÉÍÅÔÒ�§ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ (ÄÉ×.äÏÄÁÔÏË). îÁ ×�ÄÍ�ÎÕ ×�Ä �ØÏÇÏ ÏÔÒÉÍÁÎÁ ÚÍ�ÎÁ ÅÎÅÒÇ�§ ËÌÁÓÔÅÒÁ �ÒÉÚÍ�ÝÅÎÎ� �ÒÏÔÏÎÁ Ú ÏÄÎÏÇÏ Ò�×ÎÏ×ÁÖÎÏÇÏ �ÏÌÏÖÅÎÎÑ ÎÁ Ú×'ÑÚËÕ × �Î-ÛÅ, ÑËÁ ×ÉÚÎÁÞÁ¤ ÅÎÅÒÇ�À ËÏÎÆ�ÇÕÒÁ��Ê óÌÅÊÔÅÒÁ-�ÁËÁÇ�, ÓÕÔÔ¤×Ï ÚÁ-ÌÅÖÉÔØ ×�Ä �ÏÌÑ ËÒÉÓÔÁÌ�ÞÎÏÇÏ ÏÔÏÞÅÎÎÑ ÄÌÑ Ú×'ÑÚËÕ, ×ÚÄÏ×Ö ÑËÏÇÏÚÍ�ÝÕ¤ÔØÓÑ �ÒÏÔÏÎ. îÁ×ÅÄÅÎÅ × äÏÄÁÔËÕ ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�§ ÄÌÑ ËÏÎÆ�-ÇÕÒÁ��§ Ú ÏÄÎÉÍ ÞÉ ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ ÓÔÁÎÏ×ÉÔØ w = 623
m�1, ÔÏÄ�ÑË ×ÉÚÎÁÞÅÎÎÑ ÔÁËÏ§ ÅÎÅÒÇ�§ ÑË Ò�ÚÎÉ�� ÅÎÅÒÇ�Ê ËÌÁÓÔÅÒ�× HnPO4 ÚÒ�ÚÎÉÍ ÞÉÓÌÏÍ �ÒÏÔÏÎ�× × ÂÌÉÖÎ�È ÄÏ ÄÁÎÏ§ ÇÒÕ�É PO4 Ò�×ÎÏ×ÁÖÎÉÈ�ÏÌÏÖÅÎÎÑÈ ÄÁ¤ ÚÎÁÞÅÎÎÑ w = 54:2
m�1, ÝÏ ¤ ÎÁ �ÏÒÑÄÏË ÍÅÎÛÅ×�Ä ×É×�ÒÅÎÉÈ × Ì�ÔÅÒÁÔÕÒ� ÄÁÎÉÈ (ÄÉ×., ÎÁ�ÒÉËÌÁÄ [16,17℄). �ÁËÉÍÞÉÎÏÍ, ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒÁ��Ê óÌÅÊÔÅÒÁ-�ÁËÁÇ� ×ÉÚÎÁÞÁÀÔØÓÑ ÎÅ ÌÉ-ÛÅ ÞÉÓÌÏÍ �ÒÏÔÏÎ�× ÎÁ ËÏÖÎ�Ê Ú ÇÒÕ� PO4 × ËÒÉÓÔÁÌ� ÔÉ�Õ KDP,ÑË ÄÏÔÅ�ÅÒ ÂÕÌÏ �ÒÉÊÎÑÔÏ ××ÁÖÁÔÉ. ·È ÚÎÁÞÅÎÎÑ Õ ÚÎÁÞÎ�Ê Í�Ò� ¤ÒÅÚÕÌØÔÁÔÏÍ � ÓÕËÕ�ÎÏ§ Ä�§ ÏÔÏÞÅÎÎÑ.úÍ�ÎÕ ÚÁÓÅÌÅÎÏÓÔ� ÏÒÂ�ÔÁÌÅÊ ÁÔÏÍ�× ËÉÓÎÀ, ÝÏ ÆÏÒÍÕÀÔØ ×ÏÄ-ÎÅ×ÉÊ Ú×'ÑÚÏË, ÒÏÚÒÁÈÏ×ÁÎÏ ÔÁËÏÖ �ÎÛÉÍÉ Á×ÔÏÒÁÍÉ (ÄÉ×., ÎÁ�ÒÉ-ËÌÁÄ, [9℄). äÌÑ ×É�ÁÄËÕ ËÏÍ�ÌÅËÓÁ (O2H3)� ÄÌÑ ÆÕÎË��Ê p� ÏÔÒÉÍÁ-ÎÏ �n(p�) = �0:198, ÝÏ ×�Ä�Ï×�ÄÁ¤ g < 0; ÄÌÑ ÆÕÎË��Ê p�, �n (p�) =0:102 (g > 0). äÌÑ ËÏÍ�ÌÅËÓÁ (O2H5)+: �n(p�) = �0:13 (g < 0),�n(p�) = 0:109 (g > 0) [9℄.ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÇÁÍ�ÌØÔÏÎ�ÁÎÕ (18) ÎÁÍÉ ÏÔÒÉÍÁÎÏ ÔÁËÏÖ ×ÉÒÁÚÄÌÑ ×ÉÓÏÔÉ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ÄÌÑ �ÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ:h =qt2 +�20 � t� 12K�20 (26)ú �ÎÛÏÇÏ ÂÏËÕ ×ÉÓÏÔÁ �ÏÔÅÎ��ÁÌØÎÏÇÏ ÂÁÒ'¤ÒÕ ×ÉÚÎÁÞÁÌÁÓÑ Ú �ÒÑ-ÍÉÈ Ë×ÁÎÔÏ×ÏÈ�Í�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�× [8℄. ÷ ÒÅÚÕÌØÔÁÔ� ÄÌÑ �ÁÒÁÍÅÔÒÁ�0 ÏÔÒÉÍÁÎÏ: �0 � 0:01:::0:2Å÷ (ËÏÒÏÔËÉÊ Ú×'ÑÚÏË),�0 � 1:0:::2:0Å÷ (ÄÏ×ÇÉÊ Ú×'ÑÚÏË).äÌÑ ÅÎÅÒÇ�§ ÔÕÎÅÌØÎÏÇÏ ÒÏÚÝÅ�ÌÅÎÎÑ 
 ÒÏÚÒÁÈÕÎÏË �ÒÏ×ÅÄÅÎÉÊ ×ÒÏÂÏÔ� [15℄ ÄÁ¤ ÚÎÁÞÅÎÎÑ 
 = 0:01:::0:1Å÷ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÄÏ×ÖÉÎÉ
ICMP{02{04U 10×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ.ðÒÉ ÚÎÁÞÅÎÎ� 
 = 0:01Å÷ ÏÔÒÉÍÁÎÏ ÚÁÄÏ×�ÌØÎÉÊ Ë�ÌØË�ÓÎÉÊ Ï�ÉÓ��ÌÏ§ ÓÕËÕ�ÎÏÓÔ� ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�× ÇÒÕ�KDP� DKDP [16,17℄.åÌÅËÔÒÏÎÎÁ � �ÒÏÔÏÎÎÁ ÓËÌÁÄÏ×� ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ ÓÉÓÔÅÍÉ Ú×ÏÄÎÅ×ÉÍ Ú×'ÑÚËÏÍ ×ÉÚÎÁÞÁÀÔØÓÑ ×�Ä�Ï×�ÄÎÏ �ÁÒÁÍÅÔÒÁÍÉ p � q, ÄÉ×.(21). �e � p = 12R00 � e; R00 = 2:40�A,�H � q = ZeffH � Æ; ZeffH � 0:25Å; Æ = 0:40�A.8. òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓ-ÔÅÊ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕä�ÁÇÏÎÁÌ�ÚÁ��Ñ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (17) �ÒÏ×ÏÄÉÌÁÓÑ Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ ÊÏ-ÇÏ �ÒÅÄÓÔÁ×ÌÅÎÎÑ Õ ×ÉÇÌÑÄ� ÍÁÔÒÉ�� ÎÁ ÂÁÚÉÓ� jn1"n1#n2"n2#;Szi, ÝÏ×ËÌÀÞÁ¤ 32 ÓÔÁÎÉ. óÅËÕÌÑÒÎÁ ÚÁÄÁÞÁ 32-ÇÏ �ÏÒÑÄËÕ ÒÏÚÝÅ�ÌÀ¤ÔØ-ÓÑ ÎÁ ÒÑÄ ÎÅÚÁÌÅÖÎÉÈ ��ÄÚÁÄÁÞ ÎÉÖÞÏÇÏ �ÏÒÑÄËÕ, ÑË� ×ÉÚÎÁÞÁÀÔØÓÑÞÉÓÌÏÍ ÅÌÅËÔÒÏÎ�× ÎÁ Ú×'ÑÚËÕ ÔÁ ÓÕÍÁÒÎÉÍ Ó��ÎÏÍ. ïÓÎÏ×ÎÉÊ ÅÎÅÒÇÅ-ÔÉÞÎÉÊ ÓÔÁÎ ÍÏÄÅÌ� Í�ÎÑ¤ÔØÓÑ × ÚÁÌÅÖÎÏÓÔ� ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö�ÁÒÁÍÅÔÒÁÍÉ 
, t, g ÞÉ �0 � ×ÉÚÎÁÞÁ¤ÔØÓÑ ÔÁËÏÖ ÒÏÚÔÁÛÕ×ÁÎÎÑÍÈ�Í�ÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ � × ÕÍÏ×ÁÈ, ËÏÌÉ �ÓÎÕ¤ ÔÅÒÍÏÓÔÁÔ ÅÌÅËÔÒÏÎ�×,ÓÆÏÒÍÏ×ÁÎÉÊ ÏÔÏÞÅÎÎÑÍ, Ú ÑËÉÍ ËÏÍ�ÌÅËÓ ¤ × Ò�×ÎÏ×ÁÚ�.ä�ÁÇÒÁÍÉ ÎÁòÉÓ. 3 �ÌÀÓÔÒÕÀÔØ �ÅÒÅÂÕÄÏ×Õ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ �ÒÉ ÚÍ�Î� ËÏÎÓÔÁÎÔÉÔÕÎÅÌÀ×ÁÎÎÑ. ¶ÓÎÕÀÔØ ÄÌÑ �Å×ÎÉÈ � ËÒÉÔÉÞÎ� ÚÎÁÞÅÎÎÑ 
, �ÒÉ ÑËÉÈÍ�ÎÑ¤ÔØÓÑ ÓÅÒÅÄÎ¤ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ�× ÎÁ ËÏÍ�ÌÅËÓ�, ÝÏ ×�ÌÉ×Á¤ ÎÁÊÏÇÏ ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎ.ä�ÊÓÎÁ ÞÁÓÔÉÎÁ �ÒÏ×�ÄÎÏÓÔ� �(!), ÒÏÚÒÁÈÏ×ÁÎÁ ÚÁ ÆÏÒÍÕÌÏÀ (22),ÍÁ¤ ×ÉÇÌÑÄ ÓÕËÕ�ÎÏÓÔ� �Å×ÎÏÇÏ ÞÉÓÌÁ Æ-��Ë�×, �ÎÔÅÎÓÉ×ÎÏÓÔ� ÑËÉÈ ÚÁ-ÌÅÖÁÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ � ÓÅÒÅÄÎØÏÇÏ ÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× ÎÁ Ú×'ÑÚËÕ, Á�ÏÚÉ��§ ×ÉÚÎÁÞÁÀÔØÓÑ ÚÎÁÞÅÎÎÑÍ �ÁÒÁÍÅÔÒ�× g (ÁÂÏ �0), 
, t. òÅÚÕÌØ-ÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ �(!) ÎÁ×ÅÄÅÎ� ÎÁ òÉÓ. 4-6. äÌÑ ×É�ÁÄËÕ Ó�ÒÏÝÅÎÏ§�ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ� (t = 0) (18) ÎÁ ÞÁÓÔÏÔÎ�Ê ÚÁÌÅÖÎÏÓÔ�Re�(!) ÏÔÒÉÍÁÎÏ Ä×Á ��ËÉ (ÍÁËÓÉÍÕÍÉ) (ÄÉ×. òÉÓ. 4). ïÄÉÎ Ú ÎÉÈ�Ï×'ÑÚÁÎÉÊ Ú �ÒÏÔÏÎÎÉÍ ÔÕÎÅÌÀ×ÁÎÎÑÍ ÎÁ Ú×'ÑÚËÕ, ÚÎÁÞÅÎÎÑ �ÎÛÏ-ÇÏ Õ ÚÎÁÞÎ�Ê Í�Ò� ×ÉÚÎÁÞÁ¤ÔØÓÑ ËÏÎÓÔÁÎÔÏÀ g �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏÇÏÚ×'ÑÚËÕ. ðÒÉ ×ËÌÀÞÅÎÎ� ÎÅÚÁÌÅÖÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ (t 6= 0)×ÏÎÉ ÚÍ�ÝÕÀÔØÓÑ × ÓÔÏÒÏÎÕ ×ÉÝÉÈ ÞÁÓÔÏÔ � × §È ÏÂÌÁÓÔ� ÍÁ¤ÍÏ ×ÖÅÄ×� ÇÒÕ�É ��Ë�×. ëÒ�Í �ØÏÇÏ, �ÒÉ (t 6= 0) Ú'Ñ×ÌÑÀÔØÓÑ ÎÏ×� ÇÒÕ�É ��Ë�×(ÍÁËÓÉÍÕÍ�×).þÁÓÏ×Õ ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÉÈ ÓÔÁÎ�×hn1i, hn2i � �ÒÏÔÏÎÎÉÈ �ÏÚÉ��Ê, ÁÂÏ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏ-Ó��ÎÁ hSzi ÏÔÒÉÍÁÎÏ ÚÇ�ÄÎÏ Ó��××�ÄÎÏÛÅÎØ (23), (24). ñË ÓÔÁÒÔÏ-
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(a)
(b)òÉÓ. 3. ä�ÁÇÒÁÍÁ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ × 
�E0 �ÌÏÝÉÎ�; g = 0:08; �0 =0:06; 
 = 0:1; (a) t = 0, (b) t = 0:05

ICMP{02{04U 12×� (ÞÁÓ � = 0) ×ÉÂÉÒÁÌÉÓÑ ÓÔÁÎÉ Ú ÏÄÎÉÍ ÅÌÅËÔÒÏÎÏÍ ÎÁ Ú×'ÑÚËÕj3i = j0100; 1/2i � j19i = j0100;�1/2i. ëÏÌÉ �ÁÒÁÍÅÔÒ ÍÏÄÅÌ� t Ò�×ÎÉÊÎÕÌÀ (t = 0) ÚÍ�ÎÁ Ú ÞÁÓÏÍ (�) ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÏ-ÇÏ ÓÔÁÎÕ hn1i� ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi ¤ ÓÉÎÈÒÏÎÎÏÀ� Ï�ÉÓÕ¤ÔØÓÑ ÏÄÎÏÀ ÇÁÒÍÏÎ�ËÏÀ (ÄÉ×. òÉÓ. 7) �h!1 = �E1 = 0:2Å÷(T1 = 20:8 � 10�15Ó). ïÔÒÉÍÁÎÉÊ ×�Ä�Ï×�ÄÎÉÊ ��Ë ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�Ä-ÎÏÓÔ� ¤ �ÏËÁÚÁÎÉÊ ÎÁ ÒÉÓ. 4(Á), n = 1.ðÒÉ t = 0:05 Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÅÒÅÈÏÄ�× ÓÉÓÔÅÍÉ ÌÉÛÅ Ú ÏÓÎÏ×ÎÏÇÏÓÔÁÎÕ Õ ÚÂÕÄÖÅÎ� (§È ¤ Ä×Á) ÏÔÒÉÍÁÎÏ, ÝÏ ÔÒÁÎÓ�ÏÒÔ ÚÁÒÑÄÕ Ï�ÉÓÕ¤-ÔØÓÑ Ä×ÏÍÁ ÇÁÒÍÏÎ�ËÁÍÉ: �h!1 = �E1 = 0:226Å÷ (T1 = 18:2 � 10�15Ó),�h!2 = �E2 = 0:035Å÷ (T2 = 120 � 10�15Ó) (ÄÉ×. òÉÓ. 8). ñË ×ÉÄÎÏ ÚòÉÓ. 8, ÇÁÒÍÏÎ�ËÁ !2 Ï�ÉÓÕ¤ ÓÉÎÈÒÏÎÎÉÊ ÒÕÈ Õ ÆÁÚ� �ÒÏÔÏÎÁ Ú ÅÌÅË-ÔÒÏÎÏÍ, ÔÏÄ� ÑË Ú ÞÁÓÔÏÔÏÀ !1 §È �ÅÒÅÍ�ÝÅÎÎÑ ¤ × �ÒÏÔÉÆÁÚ�. îÁÞÁÓÔÏÔÎ�Ê ÚÁÌÅÖÎÏÓÔ� �ÒÏ×�ÄÎÏÓÔ� ÍÁ¤ÍÏ Ä×Á ��ËÉ ÎÁ �ÉÈ ÞÁÓÔÏÔÁÈ(ÒÉÓ. 4(Ó), n = 1). òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ �ÒÉ ×ÒÁÈÕ×ÁÎÎ� ×Ó�È ÇÁÒ-ÍÏÎ�Ë �ÒÅÄÓÔÁ×ÌÅÎ� ÎÁ òÉÓ. 9. òÅÚÕÌØÔÁÔÉ ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÉ �ÎÛÉÈÚÎÁÞÅÎÎÑÈ �ÁÒÁÍÅÔÒ�× ÍÏÄÅÌ� ÎÁ×ÅÄÅÎ� ÎÁ òÉÓ. 10.9. ÷ÉÓÎÏ×ËÉúÁ�ÒÏ�ÏÎÏ×ÁÎÏ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ ÍÏÄÅÌØ ÄÌÑ Ï�ÉÓÕ ÓËÏÒÅÌØÏ-×ÁÎÏÇÏ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ ÚÁÒÑÄÕ × ÓÉÓÔÅÍÁÈ Ú ×ÏÄÎÅ×É-ÍÉ Ú×'ÑÚËÁÍÉ.ïÔÒÉÍÁÎ� Ä×Á ��ËÉ (ÍÁËÓÉÍÕÍÉ) ÎÁ ÞÁÓÔÏÔÎ�Ê ÚÁÌÅÖÎÏÓÔ� Ä�ÊÓ-ÎÏ§ ÞÁÓÔÉÎÉ �ÒÏ×�ÄÎÏÓÔ�, ÝÏ ÕÚÇÏÄÖÕ¤ÔØÓÑ Ú ÁÎÁÌ�ÚÏÍ ÒÅÚÕÌØÔÁÔ�×ÄÏÓÌ�ÄÖÅÎÎÑ ÞÁÓÏ×Ï§ ÄÉÎÁÍ�ËÉ. ïÄÉÎ ��Ë �Ï×'ÑÚÁÎÉÊ Ú �ÒÏÔÏÎÎÉÍÔÕÎÅÌÀ×ÁÎÎÑÍ ÎÁ Ú×'ÑÚËÕ, ÄÒÕÇÉÊ ÞÁÓÔËÏ×Ï ×ÉÚÎÁÞÁ¤ÔØÓÑ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏÀ ×ÚÁ¤ÍÏÄ�¤À.ðÒÉ ×ËÌÀÞÅÎÎ� ÎÅÚÁÌÅÖÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ�ÅÒÅÎÏÓÕ (t 6= 0) ×ÏÎÉ ÚÍ�ÝÕÀÔØÓÑ × ÓÔÏÒÏÎÕ ×ÉÝÉÈ ÞÁÓÔÏÔ � × §È ÏÂ-ÌÁÓÔ� ÍÁ¤ÍÏ ×ÖÅ Ä×� ÇÒÕ�É ��Ë�×. ëÒ�Í �ØÏÇÏ, �ÒÉ (t 6= 0) Ú'Ñ×ÌÑÀÔØÓÑÎÏ×� ÇÒÕ�É ��Ë�× (ÍÁËÓÉÍÕÍ�×).¶ÎÔÅÎÓÉ×ÎÏÓÔ� ��Ë�× ÚÁÌÅÖÁÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ � ×�Ä ÓÅÒÅÄÎØÏÇÏÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× ÎÁ ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ, ÔÏÄ� ÑË §È �ÏÚÉ��§ ×ÉÚÎÁÞÁÀ-ÔØÓÑ ËÏÎÓÔÁÎÔÏÀ �ÒÏÔÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§, Á ÔÁËÏÖ ×ÅÌÉÞÉÎÏÀ�ÁÒÁÍÅÔÒ�× ÔÕÎÅÌÀ×ÁÎÎÑ � ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÏÓÕ.ïÔÒÉÍÁÎ� ÒÅÚÕÌØÔÁÔÉ ÓÌ�Ä ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÉ �ÎÔÅÒ�ÒÅÔÁ��§ ÅËÓ�Å-ÒÉÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ Ú ÞÁÓÔÏÔÎÏ§ ÄÉÓ�ÅÒÓ�§ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�ÓÉÓÔÅÍ Ú ×ÏÄÎÅ×ÉÍÉ Ú×'ÑÚËÁÍÉ.ðÏËÁÚÁÎÏ, ÝÏ ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒÁ��Ê óÌÅÊÔÅÒÁ-�ÁËÁÇ� × ËÒÉÓÔÁÌÁÈÔÉ�Õ KDP ÚÁÌÅÖÁÔØ ÎÅ ÌÉÛÅ ×�Ä ÞÉÓÌÁ �ÒÏÔÏÎ�× ÎÁ ËÏÖÎ�Ê Ú ÇÒÕ�PO4, ÑË ÄÏÔÅ�ÅÒ ÂÕÌÏ �ÒÉÊÎÑÔÏ ××ÁÖÁÔÉ. ÷ÏÎÉ ×ÉÚÎÁÞÁÀÔØÓÑ ÅÎÅÒ-
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�h! = �E (eV)(a) (b) (
)òÉÓ. 4. þÁÓÔÏÔÎÁ ÚÁÌÅÖÎ�ÓÔØ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�; g = 0:08; �0 =0:06; 
 = 0:1; (a) t = 0; T = 0K; (b) t = 0; T = 150K; (
) t = 0:05; T =0K :
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(b) ∆E(eV)òÉÓ. 5. þÁÓÔÏÔÎÁ ÚÁÌÅÖÎ�ÓÔØ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�: g = 0:06; �0 =0:013; 
 = 0:01(a) t = 0; �E1 = 0:02 eV(b) t = 0:05; �E1 = 0:017 eV;�E2 = 0:126 eV; �1 = 4 � 10�2;�2 = 0:97; j�1j2j�2j2 = �1=�E1�2=�E2 = 0:3
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∆E(eV)òÉÓ. 6. þÁÓÔÏÔÎÁ ÚÁÌÅÖÎ�ÓÔØ ÄÉÎÁÍ�ÞÎÏ§ �ÒÏ×�ÄÎÏÓÔ�; g = �0:1; �0 =2:0; 
 = 0:01;t = 0:5; �E1 = 0:013 eV;�E2 = 1:015 eV; �1 = 4; 16 � 10�4;�2 = 1; 78 � 10�1; j�1j2j�2j2 = �1=�E1�2=�E2 = 0:177Ç�ÑÍÉ �ÅÒÅÈÏÄ�× �ÒÏÔÏÎ�× Ú ÏÄÎÏÇÏ Ò�×ÎÏ×ÁÖÎÏÇÏ �ÏÌÏÖÅÎÎÑ ÎÁ ×ÏÄ-ÎÅ×ÉÈ Ú×'ÑÚËÁÈ × �ÎÛÅ � §È ÚÎÁÞÅÎÎÑ Õ ÚÎÁÞÎ�Ê Í�Ò� ¤ ÒÅÚÕÌØÔÁÔÏÍÓÕËÕ�ÎÏ§ Ä�§ ËÒÉÓÔÁÌ�ÞÎÏÇÏ ÏÔÏÞÅÎÎÑ.
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s)(b)òÉÓ. 7. þÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÏÇÏ ÓÔÁÎÕhn1i � ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi. óÔÁÒÔÏ×� ÓÔÁÎÉ (Ú ÏÄÎÉÍÅÌÅËÔÒÏÎÏÍ, n=1) (a) j0100; 1=2i (b) j0100;�1=2i. g = 0:08; �0 =0:06; 
 = 0:1; t = 0
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(b)òÉÓ. 8. þÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÏÇÏ ÓÔÁÎÕhn1i � ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi. óÔÁÒÔÏ×� ÓÔÁÎÉ (Ú ÏÄÎÉÍÅÌÅËÔÒÏÎÏÍ, n=1) (a) j0100; 1=2i (b) j0100;�1=2i; g = 0:08; �0 =0:06; 
 = 0:1; t = 0:05. ÷ÒÁÈÏ×ÁÎ� ÌÉÛÅ �ÅÒÅÈÏÄÉ Ú ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕÕ ÚÂÕÄÖÅÎ� (Ä×� ÇÁÒÍÏÎ�ËÉ). �E1 = 0:226 eV, �E2 = 0:035 eV, T1 =18:2 � 10�15ÓÅË:; T2 = 120 � 10�15ÓÅË:

ICMP{02{04U 18
0 50 100 150 200 250

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

 

<S
z
>

<n1>

time (10
-15

s)(a)

-200 0 200 400 600 800 1000 1200 1400 1600
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

 

<SZ>

<n1>

time (10
-15

s)(b)òÉÓ. 9. þÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÏÇÏ ÓÔÁÎÕhn1i � ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi. óÔÁÒÔÏ×� ÓÔÁÎÉ (Ú ÏÄÎÉÍÅÌÅËÔÒÏÎÏÍ, n=1) (a) j0100; 1=2i (b) j0100;�1=2i; g = 0:08; �0 =0:06; 
 = 0:1; t = 0:05. ÷ÒÁÈÏ×ÁÎ� ×Ó� ÍÏÖÌÉ×� �ÅÒÅÈÏÄÉ Í�Ö ÅÎÅÒ-ÇÅÔÉÞÎÉÍÉ ÓÔÁÎÁÍÉ ÓÉÓÔÅÍÉ Ú ÏÄÎÉÍ ÅÌÅËÔÒÎÏÍ (ÞÏÔÉÒÉ ÇÁÒÍÏÎ�ËÉ).
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(b)òÉÓ. 10. þÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÓÅÒÅÄÎØÏ§ ÚÁÓÅÌÅÎÏÓÔ� ÅÌÅËÔÒÏÎÎÏÇÏ ÓÔÁ-ÎÕ hn1i � ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi. óÔÁÒÔÏ×� ÓÔÁÎÉ(Ú ÏÄÎÉÍ ÅÌÅËÔÒÏÎÏÍ, n=1) (a) j0100; 1=2i (b) j0100;�1=2i; g =�0:01; �0 = 1:0; 
 = 0:01; t = 0:05. ÷ÒÁÈÏ×ÁÎ� ÌÉÛÅ �ÅÒÅÈÏ-ÄÉ Ú ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ Õ ÚÂÕÄÖÅÎ� (Ä×� ÇÁÒÍÏÎ�ËÉ). �E1 = 0:011 eV,�E2 = 0:110 eV, T1 = 330 � 10�15ÓÅË:; T2 = 33 � 10�15ÓÅË:
ICMP{02{04U 20ì�ÔÅÒÁÔÕÒÁ1. Stasyuk I.V., Ivankiv O.L., Pavlenko N.I. Orientational-tunnelingmodel of one-dimensional mole
ular systems with hydrogen bonds.// J. Phys. Studies. 1997. Vol. 1. P. 418.2. Gaididei Y., Flytzanis N., Yanovitskii O. // Solid State Ioni
s, 1995,vol. 77, p. 20.3. Okaniwa K., Okamoto H., Mitani T., Toriumi K. and YamashitaM. IR Study of the H-bond 
oupled with the mixed-valen
e stateof halogen-bridged metal 
omplexes. // J. Phys. So
. Japan, 1991,vol. 60, No. 3, p. 997{1004.4. Mitani T., Kitagawa H., Okamoto H., Nakasuji K., Toyota J., Ya-mashita M. A new mole
ular system 
ooperation of transition metal
hain and CT sta
k via inter-mole
ular H-bonds. // Mol. Cryst. Liq.Cryst., 1992, vol. 216, p. 73{77.5. Takeda S., Chihara H., Inabe T., Mitani T. and Maruyama Y.NMR study of proton dynami
s in the hydrogen bonds in thethermo
hromi
 
rystals of N-sali
ylideneaniline derivatives. // Mol.Cryst. Liq. Cryst., 1992, vol. 216, p. 235{240.6. Nakasuji K., Sugiura K., Toyoda J., Morita Y., Okamoto H., Okani-wa K., Mitani T. Cooperative proton-ele
tron transfer (PET) sys-tems as new mole
ular systems. // Mol. Cryst. Liq. Cryst., 1992,vol. 216, p. 213{216.7. Inabe T., Okaniwa K., Okamoto H., Mitani T., Maruyama Y., Take-da S. Proton transfer in N-sali
ylideneanilines { e�e
t of 
harge-transfer intera
tion. // Mol. Cryst. Liq. Cryst., 1992, vol. 216,p. 229{234.8. Stasyuk I.V., Sizonenko Yu.V., Stetsiv R.Ya. Ele
tron states andadiabati
 potential of the hydrogen bond. // J. Phys. Studies, 1998,vol. 2, No. 4, p. 463{475.9. Hillenbrand E.A. and S
heiner S. E�e
ts of mole
ular 
harge andmethyl substitution on proton transfer between oxygen atoms. //J. Amer. Chem. So
., 1984, vol. 106, No. 21, p. 6266{6273.10. Matsushita E. Model of ele
tron-proton 
orrelation in quasi-one-di-mensional halogen-bridged mixed-valen
e 
omplexes: Role of protonmotion.// Phys. Rev. B. - 1995. - 51, 24. - P. 17332{17337.11. Mittal R. and Howard I.A. Orientational defe
ts on a hydrogen-bonded 
hain. // Phys. Rev. B, 1996, vol. 53, No. 21, p. 14171{14178.12. Howard I.A. and Mittal R. Ioni
 defe
ts on a hydrogen-bonded 
hain.// Phys. Rev. B, 1998, vol. 57, No. 1, p. 45{48.13. M�uller K.A. On the oxygen isotope e�e
t and apex anharmoni
ity
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uprates.// Z. Phys. B. - 1990. - 80, N 2. - P. 193{201.14. Kubo R., J.Phys.So
.Jpn., 1957, vol. 12, p.570.15. Ma
kowiak M. NQR study of high-pressure deformation of the H-bond potential. J. Mol. Stru
t., 1989, vol. 192, p. 189{198.16. I.V. Stasyuk, R.R. Levitskii, A.P. Moina. Extrenal pressure in
uen
eon ferroele
tri
s and antiferroele
tri
s of the KH2PO4 family: A uni-�ed model. // Phys. Rev. B, 1999, vol. 59. No. 13, p. 8530{8540.17. Stasyuk I.V., Levitskii R.R., Za
hek I.R., Moina A.P. The KD2PO4ferroele
tri
s in external �elds 
onjugate to the order parameter:Shear stress �6. // Phys. Rev. B, 2000, vol. 62, No. 10, p. 6198{6207.äÏÄÁÔÏËë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÍ ÍÅÔÏÄÏÍ AM1 �ÒÏ×ÅÄÅÎ� ÒÏÚÒÁÈÕÎËÉ ÅÎÅÒÇ�Ê �ÒÏ-ÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê × ËÒÉÓÔÁÌÁÈ ÔÉ�Õ KDP, Á ÔÁËÏÖ ÄÏÓÌ�ÄÖÅÎÏÚÍ�ÎÕ ÅÌÅËÔÒÏÎÎÏ§ ÚÁÓÅÌÅÎÏÓÔ� �ÏÎ�× ËÉÓÎÀ, ÝÏ ÆÏÒÍÕÀÔØ ×ÏÄÎÅ×�Ú×'ÑÚËÉ, �ÒÉ �ÅÒÅÍ�ÝÅÎÎ� �ÒÏÔÏÎÁ Ú ÏÄÎÏÇÏ Ò�×ÎÏ×ÁÖÎÏÇÏ �ÏÌÏÖÅÎÎÑ× ÄÒÕÇÅ.òÏÚÇÌÑÄÁÌÉÓØ ÅÌÅÍÅÎÔÉ ÓÔÒÕËÔÕÒÉ ËÒÉÓÔÁÌ�× KDP, ÝÏ ÓËÌÁÄÁÀ-ÔØÓÑ Ú ÏÄÎÏÇÏ, Ä×ÏÈ ÔÁ ×ÏÓØÍÉ ÔÅÔÒÁÅÄÒ�× PO4, Ú×'ÑÚÁÎÉÈ ×ÏÄÎÅ×É-ÍÉ Ú×'ÑÚËÁÍÉ, ÔÁ ÁÎÁÌ�ÚÕ×ÁÌÉÓØ ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒÁ��Ê Ú ÌÏËÁÌ�ÚÁ��-¤À �ÒÏÔÏÎ�× × Ò�ÚÎÉÈ Ò�×ÎÏ×ÁÖÎÉÈ �ÏÌÏÖÅÎÎÑÈ ÎÁ ×ÏÄÎÅ×ÉÈ Ú×'ÑÚ-ËÁÈ. îÉÖÞÉÍÉ ÚÁ ÅÎÅÒÇ�¤À ¤ ËÏÎÆ�ÇÕÒÁ��§, ËÏÌÉ Â�ÌÑ ËÏÖÎÏ§ ÇÒÕ�ÉPO4 ÚÎÁÈÏÄÉÔØ �Ï Ä×Á �ÒÏÔÏÎÉ. ðÅÒÅÍ�ÝÅÎÎÑ �ÒÏÔÏÎÕ ×ÚÄÏ×Ö ×ÏÄ-ÎÅ×ÏÇÏ Ú×'ÑÚËÕ ×�Ä ÏÄÎÏ§ Ú ÇÒÕ� ÄÏ �ÎÛÏ§ �ÒÉ×ÏÄÉÔØ ÄÏ ÕÔ×ÏÒÅÎÎÑËÏÎÆ�ÇÕÒÁ��Ê Ú ÏÄÎÉÍ � ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ. �ÁËÉÊ ÓÔÁÎ ¤ ÅÎÅÒÇÅÔÉÞ-ÎÏ ×ÉÝÉÍ ÚÁ ×ÉÈ�ÄÎÉÊ. ÷ ÍÏÄÅÌ� ÎÅ×ÚÁ¤ÍÏÄ�ÀÞÉÈ ÔÅÔÒÁÅÄÒ�× ÅÎÅÒÇ�ÑÕÔ×ÏÒÅÎÎÑ ËÏÎÆ�ÇÕÒÁ��§ Ú ÏÄÎÉÍ � ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ (ÔÁË Ú×ÁÎ� ËÏ-Æ�ÇÕÒÁ��§ óÌÅÊÔÅÒÁ-�ÁËÁÇ�) Ò�×ÎÁ �E = 2w = E(1) + E(3) � 2E(2).�ÕÔ E(n) - ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒ���Ê HnPO4 Ú n �ÒÏÔÏÎÁÍÉ × ÂÌÉÖÎ�È ÄÏÔÅÔÒÁÅÄÒÁ PO4 Ò�×ÎÏ×ÁÖÎÉÈ �ÏÌÏÖÅÎÎÑÈ ÄÌÑ �ÒÏÔÏÎ�× ÎÁ ×ÏÄÎÅ×ÉÈÚ×"ÑÚËÁÈ � (4�n) �ÒÏÔÏÎÁÍÉ × ÄÁÌØÎ�È �ÏÌÏÖÅÎÎÑÈ Í�Î�ÍÕÍÕ �ÏÔÅÎ-��ÁÌÕ ÄÌÑ �ÒÏÔÏÎÁ ÎÁ Ú×"ÑÚËÕ. äÌÑ ÅÎÅÒÇ�Ê E(n) ÏÔÒÉÍÁÎÏ ÎÁÓÔÕ�Î�ÚÎÁÞÅÎÎÑ: E(0) = �460:18kkal=mol, E(1) = �503:79kkal=mol, E(2) =�547:01kkal=mol, E(3) = �589:92kkal=mol, E(4) = �631:79kkal=mol.÷ ÒÅÚÕÌØÔÁÔ� ÍÁ¤ÍÏ �E = 2w = 0:31kkal=mol. �ÏÄ� ÅÎÅÒÇ�Ñ ÕÔ×Ï-ÒÅÎÎÑ ÔÅÔÒÁÅÄÒÁ Ú ÏÄÎÉÍ ÞÉ ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ (w) Ò�×ÎÁ w =0:155kkal=mol (54:2
m�1), ÝÏ ¤ ÎÁ �ÏÒÑÄÏË ÍÅÎÛÅ ×É×�ÒÅÎÉÈ × Ì�-ÔÅÒÁÔÕÒ� ÄÁÎÉÈ (ÄÉ×., ÎÁ�ÒÉËÌÁÄ [16,17℄). ÷ÒÁÈÕ×ÁÎÎÑ ×ÚÁ¤ÍÏÄ�Ê ÎÅÌÉÛÅ × ÇÒÕ�ÁÈ HnPO4, Á Ê Í�Ö ×Ó�ÍÁ ÞÁÓÔÉÎËÁÍÉ ËÌÁÓÔÅÒÕ, ÝÏ ÓËÌÁ-
ICMP{02{04U 22ÄÁ¤ÔØÓÑ Ú Ë�ÌØËÏÈ ÔÅÔÒÁÅÄÒ�×, ÄÁ¤ ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�Ê w, ÚÎÁÞÎÏ ÂÌÉÖÞ�ÄÏ ×�ÄÏÍÉÈ × Ì�ÔÅÒÁÔÕÒ� ÄÁÎÉÈ. ïÔÒÉÍÁÎÁ × ÄÁÎÏÍÕ ×É�ÁÄËÕ ÚÍ�ÎÁÅÎÅÒÇ�§ ËÌÁÓÔÅÒÁ �ÒÉ ÚÍ�ÝÅÎÎ� �ÒÏÔÏÎÁ ÎÁ �ÅÎÔÒÁÌØÎÏÍÕ ×ÏÄÎÅ×ÏÍÕÚ×'ÑÚËÕ Ú ÏÄÎÏÇÏ Ò�×ÎÏ×ÁÖÎÏÇÏ �ÏÌÏÖÅÎÎÑ × �ÎÛÅ �E = 2w, ÔÏÂÔÏÅÎÅÒÇ�Ñ ÕÔ×ÏÒÅÎÎÑ ËÏÎÆ�ÇÕÒÁ��§ Ú ÏÄÎÉÍ � ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ ÓÕÔÔ¤-×Ï ÚÁÌÅÖÉÔØ ×�Ä ×ÉÈ�ÄÎÏ§ ËÏÎÆ�ÇÕÒÁ��§ Ú Ä×ÏÍÁ �ÒÏÔÏÎÁÍÉ ÎÁ ËÏÖÎÕÇÒÕ�Õ PO4, Á ÚÎÁÞÉÔØ Õ ×ÅÌÉË�Ê Í�Ò� ×ÉÚÎÁÞÁ¤ÔØÓÑ �ÏÌÅÍ ËÒÉÓÔÁÌ�Þ-ÎÏÇÏ ÏÔÏÞÅÎÎÑ ÄÌÑ Ú×"ÑÚËÕ, ×ÚÄÏ×Ö ÑËÏÇÏ ÚÍ�ÝÕ¤ÔØÓÑ �ÒÏÔÏÎ. �ÁËÉÍÞÉÎÏÍ, ÅÎÅÒÇ�§ ËÏÎÆ�ÇÕÒÁ��Ê óÌÅÊÔÅÒÁ-�ÁËÁÇ� ÚÁÌÅÖÁÔØ ÎÅ ÌÉÛÅ ×�ÄÞÉÓÌÁ �ÒÏÔÏÎ�× ÎÁ ËÏÖÎ�Ê Ú ÇÒÕ� PO4 × ËÒÉÓÔÁÌ� ÔÉ�Õ KDP. òÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ×ÅÌÉÞÉÎÉ �E ÄÌÑ ËÌÁÓÔÅÒ�× Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ�×(�E(2)) � Ú ×ÏÓØÍÉ ÔÅÔÒÁÅÄÒ�× (�E(8)) ÎÁ×ÅÄÅÎ� × ÔÁÂÌÉ�� ä1. ÷ÉÈ�ÄÎ�ËÏÎÆ�ÇÕÒÁ��§ ÄÌÑ ËÌÁÓÔÅÒ�× Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ�× ÎÁ×ÅÄÅÎ� × ÔÁÂÌ. ä2.÷ ËÌÁÓÔÅÒ� Ú ×ÏÓØÍÉ ÔÅÔÒÁÅÄÒ�× N9 ÑË � Õ ×�Ä�Ï×�ÄÎÏÍÕ ËÌÁÓÔÅÒ� ÚÄ×ÏÈ ÔÅÔÒÁÅÄÒ�× ×Ó� �ÒÏÔÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ Â�ÌÑ ×ÅÒÈÎ�È ÁÔÏÍ�× ËÉÓÎÀ× ÔÅÔÒÁÅÄÒÁÈ PO4. òÅÛÔÁ ËÌÁÓÔÅÒ�× Ú ×ÏÓØÍÉ ÔÅÔÒÁÅÄÒ�× �ÏÂÕÄÏ×ÁÎ�Ú ËÌÁÓÔÅÒÕ N9 ÛÌÑÈÏÍ �ÅÒÅÈÏÄÕ ÎÁ �ÅÎÔÒÁÌØÎÉÈ Ä×ÏÈ ÇÒÕ�ÁÈ PO4 ÄÏ�ÎÛÉÈ �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê, �ÏËÁÚÁÎÉÈ × ÔÁÂÌÉ�� ä2. ÷ ËÌÁÓÔÅ-ÒÁÈ Ú ×ÏÓØÍÉ ÔÅÔÒÁÅÄÒ�× Â�ÌØÛ ÒÅÁÌØÎÏ ×ÒÁÈÏ×ÁÎÏ ËÒÉÓÔÁÌ�ÞÎÅ �ÏÌÅÄÌÑ �ÅÎÔÒÁÌØÎÏÇÏ ×ÏÄÎÅ×ÏÇÏ Ú×'ÑÚËÕ. äÌÑ �ØÏÇÏ ×É�ÁÄËÕ ÍÁ¤ÍÏ ÓÅ-ÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ÅÎÅÒÇ�§ �E(8) = 2w = 3:565kkal=mol = 1247
m�1.ú×�ÄËÉ w = 623
m�1. óÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ �ÒÉ ×ÉÂÏÒ� ×ÅÌÉÞÉÎÉw = 840K(584
m�1) ×ÄÁÌÏÓÑ × ¤ÄÉÎÏÍÕ ��ÄÈÏÄ� Ï�ÉÓÁÔÉ ��ÌÕ ÓÕËÕ�-Î�ÓÔØ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ËÒÉÓÔÁÌ�× KDP i DKDP [16,17℄.òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÄÌÑ �ÒÏÔÏÎÁ ÎÁ×ÏÄÎÅ×ÏÍÕ Ú×'ÑÚËÕ ÄÌÑ ÄÅÑËÉÈ Ú �ÒÏÔÏÎÎÉÈ ËÏÎÆ�ÇÕÒÁ��Ê ÎÁ×ÅÄÅÎ�ÎÁ ÒÉÓ. ä1. �ÁÍ ÖÅ ÎÁ×ÅÄÅÎ� ËÒÉ×� ÅÌÅËÔÒÏÎÎÏ§ ÚÁÓÅÌÅÎÏÓÔ� Ì�×ÏÇÏ� �ÒÁ×ÏÇÏ ËÉÓÎ�×, ÝÏ ÆÏÒÍÕÀÔØ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË, × ÚÁÌÅÖÎÏÓÔ� ×�ÄËÏÏÒÄÉÎÁÔÉ �ÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ. ÷ ËÌÁÓÔÅÒ� Ú 8 ÔÅÔÒÁÅÄÒ�× (Á') ÔÁË ÑË� Õ ËÌÁÓÔÅÒ� Ú Ä×ÏÈ ÇÒÕ� PO4 (Á) ×Ó� �ÒÏÔÏÎÉ ÚÎÁÈÏÄÑÔØÓÑ Â�ÌÑ ×ÅÒ-ÈÎ�È ÁÔÏÍ�× ËÉÓÎÀ × ÔÅÔÒÁÅÄÒÁÈ PO4. ÷ ËÌÁÓÔÅÒ�, ÝÏ ÓËÌÁÄÁ¤ÔØÓÑ ÚÄ×ÏÈ ÔÅÔÒÁÅÄÒ�×, �ÒÅÄÓÔÁ×ÌÅÎÏÍÕ ÎÁ ÒÉÓ. ä1 (×), ÒÅÁÌ�ÚÏ×ÁÎ� ÔÁË Ú×Á-Î� Â�ÞÎ� óÌÅÊÔÅÒ�×ÓØË� �ÒÏÔÏÎÎ� ËÏÎÆ�ÇÕÒÁ��§. ñË ×ÉÄÎÏ Ú ÒÉÓÕÎËÕ,�ÅÒÅÓËÏË �ÒÏÔÏÎÁ Ú ÏÄÎÏÇÏ �ÏÌÏÖÅÎÎÑ Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �Ï-ÔÅÎ��ÁÌÕ ÎÁ Ú×'ÑÚËÕ × �ÎÛÉÊ ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÚÍ�ÎÏÀ ÚÁÓÅÌÅÎÏÓÔÅÊËÉÓÎÀ × ÓÅÒÅÄÎØÏÍÕ ÎÁ ×ÅÌÉÞÉÎÕ 0.19e, ÑËÁ �ÒÁËÔÉÞÎÏ ÎÅ ÚÁÌÅÖÉÔØ×�Ä ×ÉÈ�ÄÎÏ§ �ÒÏÔÏÎÎÏ§ ËÏÎÆ�ÇÕÒÁ��§.
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òÉÓ. ä. 1. áÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ ÄÌÑ �ÒÏÔÏÎÁ ÔÁ ÚÁÒÑÄÉ ÎÁ ×ÏÄÎÑÈ� ÎÁ ËÉÓÎÑÈ, ÝÏ ÆÏÒÍÕÀÔØ ×ÏÄÎÅ×ÉÊ Ú×'ÑÚÏË, ÑË ÆÕÎË��§ ËÏÏÒÄÉÎÁÔÉ�ÒÏÔÏÎÁ ÎÁ Ú×'ÑÚËÕ ÄÌÑ ËÌÁÓÔÅÒ�×, �ÏËÁÚÁÎÉÈ ÎÁ ÒÉÓÕÎËÕ; ËÌÁÓÔÅÒÚ 8 ÔÅÔÒÁÅÄÒ�× (a') ËÏÎÓÔÒÕÀ¤ÔØÓÑ Ú ËÌÁÓÔÅÒÕ (Á) Ú Ä×ÏÈ ÇÒÕ� PO4ÄÏÄÁ×ÁÎÎÑÍ ÄÏ ËÏÖÎÏ§ Ú ÎÉÈ ÔÒØÏÈ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�ÄÎ�È ÔÅÔÒÁÅÄÒ�×,Ú×'ÑÚÁÎÉÈ Ú �ÅÎÔÒÁÌØÎÏÀ ÇÒÕ�ÏÀ ×ÏÄÎÅ×ÉÍ Ú×'ÑÚËÏÍ ÑË Õ ËÒÉÓÔÁÌ�KDP.
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�ÁÂÌ. ä. 1. úÍ�ÎÁ ÅÎÅÒÇ�§ ËÌÁÓÔÅÒÁ Ú Ä×ÏÈ ÔÅÔÒÁÅÄÒ�× �E(2) � Ú ×ÏÓØ-ÍÉ ÔÅÔÒÁÅÄÒ�× �E(8) �ÒÉ ÚÍ�ÝÅÎÎ� �ÅÎÔÒÁÌØÎÏÇÏ �ÏÎÁ ×ÏÄÎÀ × �ÎÛÅÒ�×ÎÏ×ÁÖÎÅ �ÏÌÏÖÅÎÎÑ, ÁÂÏ ÅÎÅÒÇ�Ñ ÕÔ×ÏÒÅÎÎÑ ËÏÎÆ�ÇÕÒÁ��§ Ú ÏÄÎÉÍ� ÔÒØÏÍÁ �ÒÏÔÏÎÁÍÉ.ËÏÎÆ�ÇÕÒÁ��§ �E(2), ËËÁÌ/ÍÏÌØ �E(8), ËËÁÌ/ÍÏÌØ1 1.53 0.992 1.42 1.383 1.31 1.6454 1.2 1.695 1.23 5.976 0.77 2.987 1.25 5.758 1.0 2.779 0.82 8.91
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�ÁÂÌ. ä. 2. ðÒÏÔÏÎÎ� ËÏÎÆ�ÇÕÒÁ��§ ËÌÁÓÔÅÒ�× Ú Ä×ÏÍÁ ÔÅÔÒÁÅÄÒÁÍÉPO4. ÷ÅÌÉËÉÍÉ Ë×ÁÄÒÁÔÁÍÉ ÎÁ ÒÉÓÕÎËÕ �ÒÅÄÓÔÁ×ÌÅÎ� ÇÒÕ�É PO4,ÞÏÒÎÉÍÉ ËÒÕÖÅÞËÁÍÉ - �ÒÏÔÏÎÉ × Ò�×ÎÏ×ÁÖÎÉÈ �ÏÌÏÖÅÎÎÑÈ ÎÁ Ú×'ÑÚ-ËÕ.
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