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ìø÷¶÷

õäë: 538.9PACS: 71.28+d,71.27.+aóÔÁÎÉ ÅÌÅËÔÒÏÎÅÇÁÔÉ×ÎÉÈ ÄÏÍ�ÛÏË × ÓÔÒÕËÔÕÒÎÏ ÎÅ×�ÏÒÑÄ-ËÏ×ÁÎÉÈ ÓÉÓÔÅÍÁÈà.ë. òÕÄÁ×ÓØËÉÊ, ç.÷. ðÏÎÅÄ�ÌÏË, ï.á. íÉËÉÔÀË, í.¶. ëÌÁ�ÞÕËáÎÏÔÁ��Ñ. í�ËÒÏÓËÏ��ÞÎÁ ÍÏÄÅÌØ áÎÄÅÒÓÏÎÁ ÕÚÁÇÁÌØÎÀ¤ÔØÓÑ ÚÍÅÔÏÀ Ï�ÉÓÕ ÓÔÁÎ�× ÅÌÅËÔÒÏÎÅÇÁÔÉ×ÎÉÈ ÄÏÍ�ÛÏË Õ ÒÏÚ�ÌÁ×ÁÈ Ò�ÄËÉÈÌÕÖÎÉÈ ÍÅÔÁÌ�×. óÁÍÏÕÚÇÏÄÖÅÎÏ ×ÒÁÈÏ×Õ¤ÔØÓÑ ×�ÌÉ× ×É�ÁÄËÏ×ÏÇÏ×ÎÕÔÒ�ÛÎØÏÇÏ �ÏÌÑ ÎÁ ÚÁÒÑÄÏ×� ÓÔÁÎÉ ÄÏÍ�ÛËÉ. ðÒÏ×ÅÄÅÎÁ ÑË�ÓÎÁ �Ë�ÌØË�ÓÎÁ Ï��ÎËÁ �ÁÒÁÍÅÔÒ�× ÇÁÍ�ÌØÔÏÎ�ÁÎÁ, ÄÏÓÌ�ÄÖÕÀÔØÓÑ ÍÅÖ� ÚÁ-ÓÔÏÓÏ×ÎÏÓÔ� Í�ËÒÏÓËÏ��ÞÎÏ§ ÍÏÄÅÌ� ÄÏ Ï�ÉÓÕ ËÏÎËÒÅÔÎÉÈ ÓÉÓÔÅÍ. òÏÚ-ÇÌÑÎÕÔÏ ËÏÎËÒÅÔÎÉÊ ×É�ÁÄÏË ÄÏÍ�ÛËÉ ËÉÓÎÀ × Ò�ÄËÏÍÕ ÎÁÔÒ�§. õ ÎÁ-ÂÌÉÖÅÎÎ� èÁÒÔÒ�-æÏËÁ ÏÔÒÉÍÁÎÏ ÓÉÓÔÅÍÕ ÓÁÍÏÕÚÇÏÄÖÅÎÉÈ Ò�×ÎÑÎØÄÌÑ ÒÏÚÒÁÈÕÎËÕ ÚÁÒÑÄÏ×ÏÇÏ ÔÁ Ó��Î-�ÏÌÑÒÉÚÏ×ÁÎÏÇÏ ÓÔÁÎÕ ÄÏÍ�ÛËÉ.Eletronegative impurities states in strutural disordered sys-temYu.K. Rudavskii, G.V. Ponedilok, O.A. Mikitiouk, M.I. KlaphukAbstrat. The mirosopi Anderson model has been generalized fordesription the states of eletronegative impurities in liquid-metal al-loys. The e�et of random inner �eld on to harged impurity statesis aounted selfonsistently. Qualitative and quantitative estimation ofhamiltonian parameters have been arried out. The appliability sopesof mirosopi model for desription of real systems are investigated.Speially, the ase of oxygen impurity in liquid sodium is onsidered. InHartree-Fok approximation the system of selfonsistent equations forharged and spin-polarized impurity state has been obtained.ðÏÄÁ¤ÔØÓÑ × Condensed Matter PhysisSubmitted to Condensed Matter Physis ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physis 2001



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�úÁÄÁÞÁ �ÒÏ ÅÌÅËÔÒÏÎÅÇÁÔÉ×Î� ÄÏÍ�ÛËÉ × ÒÏÚ�ÌÁ×ÁÈ Ò�ÄËÉÈ ÍÅÔÁÌ�×ÍÁ¤ �ÒÁËÔÉÞÎÅ ÚÁÓÔÏÓÕ×ÁÎÎÑ, ÚÏËÒÅÍÁ, × �ÒÏÂÌÅÍÁÈ ËÏÒÏÚ�ÊÎÏ§ ÓÔ�Ê-ËÏÓÔ� ËÏÎÓÔÒÕË��ÊÎÉÈ ÍÁÔÅÒ�ÁÌ�×. áÄÖÅ ÓÁÍÅ ÎÁÑ×Î�ÓÔØ ÅÌÅËÔÒÏÎÅ-ÇÁÔÉ×ÎÉÈ ÇÁÚÏ×ÉÈ ÄÏÍ�ÛÏË ÔÁËÉÈ ÅÌÅÍÅÎÔ�× ÑË H;O;Cl;N;C; F ÕÓËÌÁÄ� Ò�ÄËÏÍÅÔÁÌÅ×ÏÇÏ ÒÏÚ�ÌÁ×Õ ¤ ÏÄÎ�¤À �Ú �ÒÉÞÉÎ ËÏÒÏÚ�§ ËÏÎ-ÓÔÒÕË��ÊÎÉÈ ÍÁÔÅÒ�ÁÌ�×. ò�ÄË� ÍÅÔÁÌÉ Li;K;Na; Pb ÔÁ §È ÓÕÍ�Û�LixPb1�x; LixNa1�x; NaxK1�x ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ × ÒÏÌ� ÔÅ�ÌÏÎÏÓ�-§× × ÁÔÏÍÎÉÈ ÒÅÁËÔÏÒÁÈ (ÄÌÑ ÎÉÈ ÈÁÒÁËÔÅÒÎÁ ×ÅÌÉËÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ �ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ, Á ÔÁËÏÖ ÎÉÚØË� ÔÅÍ�ÅÒÁÔÕÒÉ �ÌÁ×ÌÅÎÎÑ)[1,2℄. ðÅÒ-Ó�ÅËÔÉ×ÎÉÍ ¤ ÔÁËÏÖ ×ÉËÏÒÉÓÔÁÎÎÑ �ÉÈ ÍÅÔÁÌÅ×ÉÈ ÒÏÚ�ÌÁ×�× Õ ÔÅÒÍÏ-ÑÄÅÒÎÉÈ ÒÅÁËÔÏÒÁÈ. ïÄÎÁË � ÄÁÌ� ÁËÔÕÁÌØÎÉÍ ÚÁÌÉÛÁ¤ÔØÓÑ ×ÉÒ�ÛÅÎ-ÎÑ ×ÁÖÌÉ×Ï§ ÔÅÈÎÏÌÏÇ�ÞÎÏÈ �ÒÏÂÌÅÍÉ, ÚÕÍÏ×ÌÅÎÏ§ ÁÇÒÅÓÉ×ÎÉÍ ËÏÒÏ-Ú�ÊÎÉÍ ×�ÌÉ×ÏÍ Ò�ÄËÏÍÅÔÁÌÅ×Ï§ ÆÁÚÉ ÎÁ ËÏÎÓÔÒÕË��ÊÎ� ÍÁÔÅÒ�ÁÌÉ {ÓÔÁÌ�. ðÒÉ ÂÅÚ�ÏÓÅÒÅÄÎØÏÍÕ ËÏÎÔÁËÔ� ÔÅ�ÌÏÎÏÓ�Ñ Ú ËÏÎÓÔÒÕË��ÊÎÉÍÍÁÔÅÒ�ÁÌÏÍ ÁÔÏÍÉ, ÑË� ×ÈÏÄÑÔØ ÄÏ ÓËÌÁÄÕ ÓÔÁÌ� (Fe;Ni; Co;Mo;Cr ÔÁ�ÎÛ�) ÒÏÚÞÉÎÑÀÔØÓÑ Õ Ò�ÄË�Ê ÆÁÚ�. ãÅ �ÒÉÚ×ÏÄÉÔØ ÄÏ �ÏÒÕÛÅÎÎÑ ÓÔÅ-È�ÏÍÅÔÒÉÞÎÏÇÏ ÓËÌÁÄÕ �ÒÉ�Ï×ÅÒÈÎÅ×ÏÇÏ ÛÁÒÕ Ô×ÅÒÄÉÈ Ó�ÌÁ×�×, ÝÏ ÕÓ×ÏÀ ÞÅÒÇÕ ÚÕÍÏ×ÌÀ¤ ×ÔÒÁÔÕ ÎÅÏÂÈ�ÄÎÉÈ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓ-ÔÅÊ �ØÏÇÏ ÛÁÒÕ � ÊÏÇÏ ÎÁÓÔÕ�ÎÏ§ ÒÕÊÎÁ��§. òÏÚÞÉÎÅÎÎÑ Ô×ÅÒÄÉÈ Ó�ÌÁ-×�× Õ ÌÕÖÎÉÈ ÒÏÚ�ÌÁ×ÁÈ ¤ ÄÏÓÉÔØ ÓËÌÁÄÎÉÍ Æ�ÚÉËÏ-È�Í�ÞÎÉÍ �ÒÏ�Å-ÓÏÍ, ÝÏ ÚÁÌÅÖÉÔØ ×�Ä ÂÁÇÁÔØÏÈ ÆÁËÔÏÒ�×: È�Í�ÞÎÏÇÏ ÓËÌÁÄÕ ËÏÎÓÔ-ÒÕË��ÊÎÏÇÏ ÍÁÔÅÒ�ÁÌÕ � Ò�ÄËÏÍÅÔÁÌÅ×ÏÇÏ ÒÏÚ�ÌÁ×Õ, ÔÅÍ�ÅÒÁÔÕÒÉ, ÒÁ-Ä�ÏÁËÔÉ×ÎÏÇÏ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÔÏÝÏ. äÅÔÁÌØÎÅ ÏÂÇÏ×ÏÒÅÎÎÑ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÈ ÄÁÎÉÈ �Ï �ÒÏ�ÅÓÁÈ ×ÚÁ¤ÍÏÄ�§ ËÏÎÓÔÒÕË��ÊÎÉÈ ÍÁÔÅÒ�ÁÌ�×Ú ÒÏÚ�ÌÁ×ÁÍÉ ÌÕÖÎÉÈ ÍÅÔÁÌ�× ÔÁ §È �ÎÔÅÒ�ÒÅÔÁ��À × ÒÁÍËÁÈ �ÒÏÓÔÉÈË�ÎÅÔÉÞÎÉÈ � ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÍÏÄÅÌÅÊ ÍÏÖÎÁ ÚÎÁÊÔÉ × [1,2℄.ë�ÎÅÔÉËÁ ÒÏÚÞÉÎÎÏÓÔ� ËÏÎÓÔÒÕË��ÊÎÏÇÏ ÍÁÔÅÒ�ÁÌÕ Õ ÍÅÔÁÌÅ×ÏÍÕÒÏÚ�ÌÁ×� ÓÕÔÔ¤×Ï ÚÁÌÅÖÉÔØ ×�Ä ÎÁÑ×ÎÏÓÔ� Õ ÓËÌÁÄ� ÒÏÚ�ÌÁ×Õ ÅÌÅË-ÔÒÏÎÅÇÁÔÉ×ÎÉÈ ÄÏÍ�ÛÏË. [1{3℄. ã� ÄÏÍ�ÛËÉ Õ Â�ÌØÛÉÈ ÁÂÏ ÍÅÎÛÉÈË�ÌØËÏÓÔÑÈ ÚÁ×ÖÄÉ �ÒÉÓÕÔÎ� Õ ÌÕÖÎÉÈ ÍÅÔÁÌÅ×ÉÈ ÒÏÚ�ÌÁ×ÁÈ. åËÓ�Å-ÒÉÍÅÎÔÁÌØÎÏ ÚÁÆ�ËÓÏ×ÁÎÏ, ÝÏ Ò�×ÎÏ×ÁÖÎÁ ÒÏÚÞÉÎÎ�ÓÔØ ÇÁÚÏ×ÉÈ ÄÏ-Í�ÛÏË Õ Ò�ÄËÉÈ ÍÅÔÁÌÁÈ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ ÎÁÂÌÉÖÅÎÏÏ�ÉÓÕ¤ÔØÓÑ ×ÉÒÁÚÏÍ ln = A� BT�1, ÄÅ { ËÏÎ�ÅÎÔÒÁ��Ñ ÄÏÍ�ÛÏË, A� B { �Å×Î� ËÏÎÓÔÁÎÔÉ, ÑË� ÄÌÑ Ò�ÚÎÉÈ ÒÏÚ�ÌÁ×�× ÔÁ Ò�ÚÎÉÈ ÄÏÍ�ÛÏËÍÁÀÔØ ËÏÎËÒÅÔÎ�, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÉÚÎÁÞÅÎ� ÚÎÁÞÅÎÎÑ[1{3℄.îÁ ÄÁÎÉÊ ÞÁÓ ÎÅ ÄÏ Ë�Î�Ñ ÚÒÏÚÕÍ�ÌÁ �ÒÉÞÉÎÁ ËÁÔÁÌ�ÔÉÞÎÏ§ ÁËÔÉ×-ÎÏÓÔ� ÇÁÚÏ×ÉÈ ÄÏÍ�ÛÏË Õ ÌÕÖÎÉÈ ÒÏÚ�ÌÁ×ÁÈ. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÍÅÔÏÄÉÄÏÓÌ�ÄÖÅÎÎÑ ÄÏÍ�ÛÏË Õ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÍÅÔÁÌ�ÞÎÉÈ ÓÉÓÔÅÍÁÈ ÄÏÚ×Ï-ÌÑÀÔØ ×ÉÚÎÁÞÉÔÉ �ÎÔÅÇÒÁÌØÎ� (ÍÁËÒÏÓËÏ��ÞÎ�) ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÒÏÚ-
ICMP{02{13U 2�ÌÁ×�×, �ÏÂÕÄÕ×ÁÔÉ Ä�ÁÇÒÁÍÉ ÓÔÁÎ�×. ïÄÎÁË Í�ËÒÏÓËÏ��ÞÎ� �ÒÉÞÉÎÉ,ÝÏ ×ÉÚÎÁÞÁÀÔØ �Ï×ÅÄ�ÎËÕ ÄÏÍ�ÛÏË × Ó�ÌÁ×ÁÈ, �ÒÉ ÔÁËÉÈ ÄÏÓÌ�ÄÖÅÎ-ÎÑÈ ÎÅ ÍÏÖÕÔØ ÂÕÔÉ ×ÉÑ×ÌÅÎ�. ãÅ ÎÅ ÄÁ¤ ÍÏÖÌÉ×ÏÓÔ� �ÒÏÇÎÏÚÕ×ÁÔÉÒÅÚÕÌØÔÁÔ ×�ÌÉ×Õ Ò�ÚÎÉÈ ÇÁÚÏ×ÉÈ ÄÏÍ�ÛÏË ÎÁ ×ÌÁÓÔÉ×ÏÓÔ� ÍÅÔÁÌ�× � §ÈÓ�ÌÁ×�× ÔÁ ��ÌÅÓ�ÒÑÍÏ×ÁÎÏ ÕÓÕ×ÁÔÉ ÎÅÂÁÖÁÎ� Ú ÔÅÈÎÏÌÏÇ�ÞÎÏ§ ÔÏÞËÉÚÏÒÕ ÅÆÅËÔÉ �ÒÉ ËÏÎÔÁËÔ� Ò�ÄËÏÍÅÔÁÌÅ×ÉÈ ÓÅÒÅÄÏ×ÉÝ ÔÁ ËÏÎÓÔÒÕË-��ÊÎÉÈ ÍÁÔÅÒ�ÁÌ�×. äÌÑ Â�ÌØÛ ÇÌÉÂÏËÏÇÏ ÒÏÚÕÍ�ÎÎÑ ÍÅÈÁÎ�ÚÍ�× ×ÚÁ¤-ÍÏÄ�§ Ò�ÄËÏÍÅÔÁÌÅ×ÉÈ ÆÁÚ Ú ËÏÎÓÔÒÕË��ÊÎÉÍÉ Ó�ÌÁ×ÁÍÉ � �ÏÑÓÎÅÎÎÑËÏÒÏÚ�ÊÎÉÈ Ñ×ÉÝ ÎÁ ÇÒÁÎÉ�� ÒÏÚÄ�ÌÕ ÓÅÒÅÄÏ×ÉÝ ÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÅÓÔÉÄÅÔÁÌØÎÅ ÄÏÓÌ�ÄÖÅÎÎÑ �Ï×ÅÄ�ÎËÉ ÄÏÍ�ÛÏË ÎÁ Í�ËÒÏÓËÏ��ÞÎÏÍÕ Ò�×Î�.ïÓÎÏ×ÎÉÍÉ Æ�ÚÉÞÎÉÍÉ ×ÅÌÉÞÉÎÁÍÉ, ÒÏÚÒÁÈÕÎÏË ÑËÉÈ ÍÁ¤ ×ÁÖÌÉ×ÅÚÎÁÞÅÎÎÑ ÄÌÑ ÒÏÚÕÍ�ÎÎÑ Æ�ÚÉËÉ Í�ËÒÏÓËÏ��ÞÎÉÈ �ÒÏ�ÅÓ�× ¤:- È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ÁÂÏ ËÏÅÆ���¤ÎÔ ÁËÔÉ×ÎÏÓÔ� ÄÏÍ�ÛÏË;- ÇÒÁÎÉÞÎÁ ÒÏÚÞÉÎÎ�ÓÔØ ÄÏÍ�ÛÏË × Ò�ÄËÉÈ ÍÅÔÁÌÁÈ;- ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎ ÄÏÍ�ÛÏË;- Ó��Î-�ÏÌÑÒÉÚÏ×ÁÎÉÊ (ÍÁÇÎ�ÔÎÉÊ) ÓÔÁÎ;- ÓÔÒÕËÔÕÒÁ ÂÌÉÖÎØÏÇÏ ÏÔÏÞÅÎÎÑ ÄÏÍ�ÛËÏ×ÏÇÏ ÁÔÏÍÁÔÁ ÄÅÑË� �ÎÛ�.÷ ÒÏÂÏÔ� ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÏÄÎÏËÏÍ�ÏÎÅÎÔÎÉÊ ÍÅÔÁÌÅ×ÉÊ ÒÏÚ�ÌÁ×ÌÕÖÎÏÇÏ ÍÅÔÁÌÕ, Õ ÑËÏÍÕ Í�ÓÔÑÔØÓÑ ÇÁÚÏ×� ÄÏÍ�ÛËÉ. í�ËÒÏÓËÏ��ÞÎÉÊ��ÄÈ�Ä ÄÏ Ï�ÉÓÕ Ò�ÄËÉÈ ÌÕÖÎÉÈ ÍÅÔÁÌ�× Li;K ÁÂÏ Na ¤ ÏÄÎÁËÏ×ÉÍ.ïÓÏÂÌÉ×�ÓÔØ �ÏÌÑÇÁ¤ ÌÉÛÅ Õ Ë�ÌØË�ÓÎ�Ê ×�ÄÍ�ÎÎÏÓÔ� Í�ËÒÏÓËÏ��ÞÎÉÈ�ÁÒÁÍÅÔÒ�×, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ �� ÍÅÔÁÌÉ. ÷ �ÁÂÌÉ�� 1 �ÏÄÁÎ� Í�Ë-ÒÏÓËÏ��ÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÁÔÏÍ�× Li;K;Na ÔÁ ÄÅÑË� �ÁÒÁÍÅÔÒÉ §ÈÍÅÔÁÌÅ×ÉÈ ÒÏÚ�ÌÁ×�×. �ÁÂÌÉ�Ñ 1.åÌÅÍÅÎÔÉ Li Na KïÒÂ�ÔÁÌØÎÉÊ ÒÁÄ�ÕÓ ÁÔÏÍÁ r � 10�10 (Í) 1.586 1.713 2.162åÌÅËÔÒÏÎÎÉÊ ÔÅÒÍ �Es(eB) 5.49 5.13 4.19T(C0) 180.5 97.9 63.5EF (eB) 4.72 3.23 2.12kF � 108m�1 1.11 0.92 0.75rs 3.25 3.93 4.86



3 ðÒÅ�ÒÉÎÔáÔÏÍÉ ÌÕÖÎÉÈ ÅÌÅÍÅÎÔ�× ÍÁÀÔØ �Ï ÏÄÎÏÍÕ ÅÌÅËÔÒÏÎÕ ÎÁ ×ÁÌÅÎÔ-Î�Ê s-ÏÂÏÌÏÎ�� � ËÏÎÄÅÎÓÏ×ÁÎÉÊ ÓÔÁÎ ÕÔ×ÏÒÀ¤ÔØÓÑ ÚÁ ÒÁÈÕÎÏË �ÄÅÁÌØ-ÎÏÇÏ ÍÅÔÁÌÅ×ÏÇÏ Ú×'ÑÚËÕ. �ÅÏÒÅÔÉÞÎ� ÔÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÁÎ� �ÒÏ�ÁÒÁÍÅÔÒÉ �ÏÎ-�ÏÎÎÏ§ ÔÁ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ × Ò�ÄËÉÈ ÌÕÖÎÉÈÍÅÔÁÌÁÈ ¤ ÄÏÓÔÁÔÎØÏ �Ï×ÎÉÍÉ � ÎÁÄ�ÊÎÉÍÉ [4℄.äÅÑË� �ÁÒÁÍÅÔÒÉ, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÇÁÚÏ×� ÄÏÍ�ÛËÉ, �ÏÄÁÎ� Õ�ÁÂÌÉ�� 2. äÏ §È ÓËÌÁÄÕ ÎÅ ×ËÌÀÞÅÎÏ ×ÏÄÅÎØ, ÏÓË�ÌØËÉ × ÒÁÍËÁÈÏ�ÉÓÁÎÏ§ ÎÉÖÞÅ ÍÏÄÅÌ� ÊÏÇÏ ÓÔÁÎ Õ Ò�ÄËÏÍÅÔÁÌÅ×�Ê ÆÁÚ� ÎÅ ÍÏÖÅÂÕÔÉ ÁÄÅË×ÁÔÎÏ Ï�ÉÓÁÎÉÊ. þÅÒÅÚ ÍÁÌ�ÓÔØ ÍÁÓÉ ÑÄÒÁ ×ÏÄÎÀ ÓÕÔÔ¤×ÉÍÉÍÏÖÕÔØ ÂÕÔÉ Ë×ÁÎÔÏ×� ÅÆÅËÔÉ, ÑË� ×ÔÒÁÞÁÀÔØÓÑ �ÒÉ ×ÉËÏÒÉÓÔÁÎÎ�ÁÄ�ÁÂÁÔÉÞÎÏ§ Ç��ÏÔÅÚÉ �ÒÉ Ï�ÉÓ� �ÏÎÎÏ§ ��ÄÓÉÓÔÅÍÉ ÒÏÚ�ÌÁ×Õ.�ÁÂÌÉ�Ñ 2.åÌÅÍÅÎÔÉ C N O F ClòÁÄ�ÕÓÉÁÔÏÍ�×| ÏÒÂ�ÔÁÌØÎÉÊ 0.521 0.450 0.620 0.396 0.725r � 10�10(Í) ËÏ×ÁÌÅÎÔÎÉÊ 0.77 0.70 0.66 0.64 0.99�E0 (Å÷) 1.467 0.21 1.27 3.448 3.614åÌÅËÔÒÏÎÎ� �Es(eB) 17.52 23.04 29.14 35.80 24.63ÔÅÒÍÉ �Ep(eB) 8.97 11.74 14.13 16.99 12.31åÌÅËÔÒÏÎÎÁ ËÏÎÆ�ÇÕÒÁ-��ÑÎÅÚÁ�Ï×ÎÅÎÏ§ ÏÂÏÌÏÎËÉ 2s22p2 2s22p3 2s22p4 2s22p5 3s23p5÷Ó� È�Í�ÞÎ� ÅÌÅÍÅÎÔÉ, �ÏÄÁÎ� × ÔÁÂÌÉ��, ×�ÄÎÏÓÑÔØÓÑ ÄÏ ËÌÁÓÕ ÅÌÅË-ÔÒÏÎÅÇÁÔÉ×ÎÉÈ [6℄.åÌÅËÔÒÏÎÅÇÁÔÉ×Î�ÓÔØ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÚÄÁÔÎ�ÓÔÀÁÔÏÍ�×, ÑË� ×ÈÏÄÑÔØ ÄÏ ÓËÌÁÄÕ ÍÏÌÅËÕÌÉ,�ÎÛÉÈ Ó�ÏÌÕË ÞÉ ÒÏÚÞÉÎÎÉ-ËÁ �ÒÉ¤ÄÎÕ×ÁÔÉ ÁÂÏ ×�ÄÄÁ×ÁÔÉ ÅÌÅËÔÒÏÎÉ. ÷ÁÖÌÉ×ÉÍ �ÁÒÁÍÅÔÒÏÍÅ-ÌÅËÔÒÏÎÅÇÁÔÉ×ÎÏÓÔ� ¤ E0 { ÅÎÅÒÇ�Ñ Ó�ÏÒ�ÄÎÅÎÏÓÔ� ÅÌÅËÔÒÏÎÁ ÄÏ ÁÔÏÍÁ,ÔÏÂÔÏ ÅÎÅÒÇ�Ñ,ÑËÁ ×ÉÄ�ÌÑ¤ÔØÓÑ �ÒÉ �ÒÉ¤ÄÎÁÎÎ� ÅÌÅËÔÒÏÎÁ ÄÏ ÁÔÏÍÁ ÚÕÔ×ÏÒÅÎÎÑÍ ÎÅÇÁÔÉ×ÎÏÇÏ �ÏÎÁ.÷ÁÖÌÉ×ÉÍÉ �ÁÒÁÍÅÔÒÁÍÉ ÁÔÏÍ�× � ÅÌÅËÔÒÏÎÅÇÁÔÉ×ÎÉÈ �ÏÎ�× ¤ ÔÁ-ËÏÖ §È ÒÏÚÍ�ÒÉ. óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÒÁÄ�ÕÓ ÁÔÏÍÁ ÓÕÔÔ¤×Ï ÚÍ�ÎÀ¤ÔØ-ÓÑ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÔÉ�Õ ÕÔ×ÏÒÅÎÏÇÏ Ú×'ÑÚËÕ � ËÏÏÒÄÉÎÁ��ÊÎÏÇÏ ÞÉÓ-ÌÁ. ðÏÎÑÔÔÑ �ÏÎÎÏÇÏ ÒÁÄ�ÕÓÁ ÔÁËÏÖ ÎÅÏÄÎÏÚÎÁÞÎÅ. �ÁËÅ �ÏÌÏÖÅÎÎÑÚÎÁÈÏÄÉÔØ Ó×Ï¤ ×�ÄÏÂÒÁÖÅÎÎÑ × �ÓÎÕ×ÁÎÎ� ÄÅË�ÌØËÏÈ ÛËÁÌ ÒÁÄ�ÕÓ�×.îÁÊÂ�ÌØÛ ÓÔÁÂ�ÌØÎÏÀ ×ÅÌÉÞÉÎÏÀ, ÑËÕ ÍÏÖÎÁ ÔÏÞÎÏ ×ÉÚÎÁÞÉÔÉ, ¤ ËÏ-×ÁÌÅÎÔÎÉÊ ÒÁÄ�ÕÓ. ÷�Î ×ÉÚÎÁÞÁ¤ÔØÓÑ ÑË �ÏÌÏ×ÉÎÁ ÄÏ×ÖÉÎÉ ÎÅ�ÏÌÑÒ-ÎÏÇÏ Ú×'ÑÚËÕ � ¤ ÔÏÞËÏÀ ×�ÄÌ�ËÕ, Ú ÑËÏ§ �ÏÒ�×ÎÀÀÔØÓÑ �ÎÛ� ÒÁÄ�ÕÓÉ, ÁÔÁËÏÖ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÄÌÑ Ï��ÎËÉ ÒÏÚÍ�Ò�× �ÏÎ�× Ò�ÚÎÉÈ ÅÌÅÍÅÎÔ�×
ICMP{02{13U 4× Ó�ÏÌÕËÁÈ. äÁÎ� Ú Ò�ÚÎÉÈ ÄÖÅÒÅÌ �ÒÏ ÒÏÚÍ�ÒÉ ÁÔÏÍ�× ÔÁ �ÏÎ�× ËÉÓÎÀ�ÏÄÁÎ� × �ÁÂÌÉ�� 3. �ÁÂÌÉ�Ñ 3.O O� O��òÁÄ�ÕÓ ÁÔÏÍÁ (�ÏÎÁ)r � 10�10 (Í) 0.66 1.1 1:26� 1:4ýÅ ÒÁÚ ÚÁÕ×ÁÖÉÍÏ, ÝÏ ÄÁÎ� �ÒÏ ÒÏÚÍ�ÒÉ ÁÔÏÍ�× ÔÁ �ÏÎ�× ËÉÓ-ÎÀ ÓÔÏÓÕÀÔØÓÑ ×É�ÁÄËÕ �ÓÎÕ×ÁÎÎÑ ÓÔÁÂ�ÌØÎÉÈ ËÏ×ÁÌÅÎÔÎÉÈ Ú×'ÑÚË�×.ëÏÌÉ Ö ÒÏÚÇÌÑÄÁÔÉ ÄÏÍ�ÛËÉ ËÉÓÎÀ × Ò�ÄËÉÈ ÍÅÔÁÌÅ×ÉÈ ÓÉÓÔÅÍÁÈ,ÔÏ ×ÅÌÉÞÉÎÉ ÒÁÄ�ÕÓ�× ¤ ÕÍÏ×ÎÉÍÉ � ÎÅÏÄÎÏÚÎÁÞÎÉÍÉ. èÏÞÁ, �ÏÎÑÔÔÑÂÌÉÖÎØÏÇÏ �ÏÒÑÄËÕ ¤ ÄÏÓÔÁÔÎØÏ ÄÏÂÒÅ ×ÉÚÎÁÞÅÎÉÍ ÎÁ×�ÔØ Õ ×É�ÁÄËÕÒ�ÄËÉÈ ÒÏÚ�ÌÁ×�×. �ÏÍÕ �ÒÉ ÄÏÓÌ�ÄÖÅÎÎ� ÍÏÄÅÌ� ÒÏÚ�ÌÁ×Õ Ú ÅÌÅËÔÒÏ-ÎÅÇÁÔÉ×ÎÉÍÉ ÄÏÍ�ÛËÁÍÉ ÍÏÖÎÁ ÓËÏÒÉÓÔÁÔÉÓØ ×ÉÒÁÚÏÍ r = r � �Æ ×ÑËÏÓÔ� Ó��××�ÄÎÏÛÅÎÎÑ ÄÌÑ ÓÁÍÏÕÚÇÏÄÖÅÎÎÑ ÒÏÚÍ�Ò�× �ÏÎ�× ÄÏÍ�ÛÏË Ú§È ÅÆÅËÔÉ×ÎÉÍÉ ÚÁÒÑÄÁÍÉ. �ÕÔ r { ËÏ×ÁÌÅÎÔÎÉÊ ÒÁÄ�ÕÓ ÄÏÍ�ÛËÉ, Æ {ÚÁÒÑÄ ÄÏÍ�ÛËÉ, Á � { ÄÅÑËÁ ËÏÎÓÔÁÎÔÁ, Ò�ÚÎÁ ÄÌÑ ËÏÖÎÏÇÏ ÓÏÒÔÕ ÄÏ-Í�ÛÏË. ãÑ �ÒÏÓÔÁ ÆÏÒÍÕÌÁ, ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ óÁÕÎÄÅÒÓÏÍ ÄÌÑ Ï��ÎËÉÒÏÚÍ�Ò�× �ÏÎ�× Ú ÄÁÎÉÈ �ÒÏ §È ÞÁÓÔËÏ×� ÚÁÒÑÄÉ × Ò�ÚÎÉÈ Ó�ÏÌÕËÁÈ.�ÁÂÌÉ�Ñ 4.ó�ÏÌÕËÁ Æ r � 10�10 ri � 10�10Li2O 0.80 0.70 1.02Na2O 0.81 0.70 1.03K2O 0.89 0.70 1.06úÏËÒÅÍÁ ÄÌÑ ËÉÓÎÀ ËÏÎÓÔÁÎÔÁ � = 0:401. ÷ÉËÏÒÉÓÔÏ×ÕÀÞÉ ÚÎÁ-ÞÅÎÎÑ ÏÓÔÁÔÏÞÎÉÈ ÚÁÒÑÄ�× ËÉÓÎÀ × ÏËÓÉÄÁÈ ÌÕÖÎÉÈ ÍÅÔÁÌ�× ÌÅÇËÏÏ��ÎÉÔÉ ÒÁÄ�ÕÓÉ �ÏÎ�× ËÉÓÎÀ. íÏÖÎÁ ××ÁÖÁÔÉ, ÝÏ Ó��××�ÄÎÏÛÅÎÎÑóÁÕÎÄÅÒÓÁ ÂÕÄÅ ÄÏÂÒÅ �ÒÁ�À×ÁÔÉ � Õ ×É�ÁÄËÕ ÒÏÚ�ÌÁ×Õ.ðÏÄÁÍÏ ÄÏ ÑË�ÓÎ� Í�ÒËÕ×ÁÎÎÑ ÓÔÏÓÏ×ÎÏ ÓÔÁÎÕ ÄÏÍ�ÛÏË × Ò�ÄËÉÈÌÕÖÎÉÈ ÍÅÔÁÌÁÈ. åËÓ�ÅÒÉÍÅÎÔÉ Ó×�ÄÞÁÔØ, ÝÏ ËÉÓÅÎØ ¤ ÎÁÊÂ�ÌØÛ ÎÅ-ÂÅÚ�ÅÞÎÉÍ × Ò�ÄËÏÍÕ ÎÁÔÒ�§ ÁÂÏ Ò�ÄËÉÈ ÒÏÚ�ÌÁ×ÁÈ ÎÁ ÏÓÎÏ×� ÎÁÔÒ�À.�ÏÍÕ ¤ ÓÅÎÓ ÄÏÓÌ�ÄÖÕ×ÁÔÉ ×ÌÁÓÎÅ ËÉÓÎÅ×� ÄÏÍ�ÛËÉ, ÒÏÚÞÉÎÅÎ� × Ò�Ä-ËÏÍÕ ÎÁÔÒ�§.ëÉÓÅÎØ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ×ÉÓÏËÏÀ ÅÌÅËÔÒÏÎÅÇÁÔÉ×Î�ÓÔÀ. ãÅ �ÒÉ-×ÏÄÉÔØ ÄÏ ÔÏÇÏ, ÝÏ ÒÏÚÞÉÎÅÎÉÊ Õ Ò�ÄËÏÍÕ ÎÁÔÒ�§ ËÉÓÅÎØ ÂÕÄÅ �ÒÏÑ×-



5 ðÒÅ�ÒÉÎÔÌÑÔÉ ÔÅÎÄÅÎ��À ÄÏ ÕÔ×ÏÒÅÎÎÑ ÎÅÇÁÔÉ×ÎÏÇÏ �ÏÎÁ. ú ÅÌÅËÔÒÏÎÎÏ§ ÓÔÒÕË-ÔÕÒÉ ËÉÓÎÀ (1s22s22p4) ×ÉÄÎÏ, ÝÏ Õ ×�ÌØÎÉÊ ÁÔÏÍ ÍÏÖÅ �ÅÒÅÂÕ×ÁÔÉ× ÓÔÁÎ� O�� Ú Ä×ÏÍÁ ÄÏÄÁÔËÏ×Ï ÌÏËÁÌ�ÚÏ×ÁÎÉÍÉ ÎÁ p-ÏÒÂ�ÔÁÌÑÈ ÅÌÅË-ÔÒÏÎÁÍÉ. ðÏÄ×�ÊÎÏ ÚÁÒÑÄÖÅÎÉÊ �ÏÎ ËÉÓÎÀ ÍÁÔÉÍÅ ÅÌÅËÔÒÏÎÎÕ ËÏÎ-Æ�ÇÕÒÁ��À ÓÈÏÖÕ ÎÁ ÓÔÒÕËÔÕÒÕ ×�Ä�Ï×�ÄÎÏÇÏ �ÎÅÒÔÎÏÇÏ ÅÌÅÍÅÎÔÕ {ÎÅÏÎÕ. ÷�ÄÍ�ÎÎ�ÓÔØ �ÏÌÑÇÁÔÉÍÅ × ÔÏÍÕ, ÝÏ ÒÁÄ�ÕÓ ÎÅÇÁÔÉ×ÎÏÇÏ �ÏÎÁO�� ÂÕÄÅ Â�ÌØÛÉÍ ×�Ä ÒÁÄ�ÕÓÁ ÁÔÏÍÁ ÎÅÏÎÕ, Á ÅÎÅÒÇ�§ ÅÌÅËÔÒÏÎÎÉÈÔÅÒÍ�× �ÎÁËÛÉÍÉ, ÏÓÏÂÌÉ×Ï ×ÁÌÅÎÔÎÏ§ ÏÂÏÌÏÎËÉ.ïÄÎÁË ÎÅÍÁ¤ Î�ÑËÉÈ ��ÄÓÔÁ× ËÉÓÎÀ, ÒÏÚÞÉÎÅÎÏÍÕ × Ò�ÄËÏÍÕ ÌÕÖ-ÎÏÍÕ ÍÅÔÁÌ�, �ÒÉ�ÉÓÕ×ÁÔÉ ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎ O�� ÁÂÏ, ÓËÁÖ�ÍÏ, O�.åÆÅËÔÉ×ÎÉÊ ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎ ÁÔÏÍÁ ËÉÓÎÀ × ËÏÎÄÅÎÓÏ×ÁÎÏÍÕ ÍÅÔÁ-Ì�ÞÎÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ×ÉÚÎÁÞÁ¤ÔØÓÑ ÂÁÇÁÔØÍÁ ÆÁËÔÏÒÁÍÉ. ÷ ÚÁÌÅÖÎÏÓ-Ô� ×�Ä �ÁÒÁÍÅÔÒ�× ÓÉÓÔÅÍÉ ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎ ËÉÓÎÀ ÍÏÖÅ ÚÍ�ÎÀ×ÁÔÉÓÑ×�Ä ÎÅÊÔÒÁÌØÎÏÇÏ ÄÏ O�� , �ÒÉÊÍÁÀÞÉ ÄÏ×�ÌØÎ� �ÒÏÍ�ÖÎ� ÚÎÁÞÅÎ-ÎÑ. ðÒÉ ÎÅÊÔÒÁÌØÎÏÍÕ ÓÔÁÎ� ÁÔÏÍÁ ËÉÓÎÀ ×�ÄÓÕÔÎ¤ ËÏÎÆ�ÇÕÒÁ��ÊÎÅ×�ÏÒÑÄËÕ×ÁÎÎÑ ÎÁÊÂÌÉÖÞÏÇÏ ÏÔÏÞÅÎÎÑ ÄÏÍ�ÛËÉ. ÷ ÎÁÄÌÉÛËÏ×� ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ ÂÕÄÕÔØ ÄÁ×ÁÔÉ ×ËÌÁÄ �ÅÒÅ×ÁÖÎÏ ÒÏÚÍ�ÒÎ� ÅÆÅË-ÔÉ, ÑË� ÚÕÍÏ×ÌÅÎ� ×�ÄÍ�ÎÎ�ÓÔÀ ÒÏÚÍ�Ò�× ÁÔÏÍ�× ÒÏÚÞÉÎÎÉËÁ � ÄÏÍ�Û-ËÉ. âÕÄØ-ÑËÉÊ �ÎÛÉÊ (×�ÄÍ�ÎÎÉÊ ×�Ä ÎÅÊÔÒÁÌØÎÏÇÏ) ÚÁÒÑÄÏ×ÉÊ ÓÔÁÎÁÔÏÍÁ ËÉÓÎÀ Ï�ÏÓÅÒÅÄËÏ×ÁÎÏ Ó×�ÄÞÉÔØ �ÒÏ ÎÁÑ×Î�ÓÔØ È�Í�ÞÎÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ × ÍÅÖÁÈ �ÅÒÛÏ§ ËÏÏÒÄÉÎÁ��ÊÎÏ§ ÓÆÅÒÉ. ðÒÉ �ØÏÍÕ ÔÁ-ËÅ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÎÅÍÏÖÌÉ×Ï ÕÑ×ÉÔÉ ÑË ÕÔ×ÏÒÅÎÎÑ ÓÔÁÂ�ÌØÎÉÈ ÏË-ÓÉÄ�× (ÎÁ�ÒÉËÌÁÄ Na2O), Á ÎÅÂÈ�ÄÎÏ �ÎÔÅÒ�ÒÅÔÕ×ÁÔÉ ÑË ËÏÍ�ÌÅËÓ\ÄÏÍ�ÛËÁ{ÁÔÏÍÉ ÒÏÚÞÉÎÎÉËÁ", ÑË� ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÓÅÒÅÄÎ�ÍÉ ÚÎÁ-ÞÅÎÎÑÍÉ ÞÉÓÌÁ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×, ÓÅÒÅÄÎ�ÉÍ ÚÎÁÞÅÎÎÑÍÉ ×�ÄÄÁÌ�Í�Ö ÁÔÏÍÁÍÉ � ÓÅÒÅÄÎ�ÍÉ ÚÎÁÞÅÎÎÑÍÉ ×ÁÌÅÎÔÎÉÈ ËÕÔ�×.÷ÉÎÉËÎÅÎÎÑ ÚÁÒÑÄÏ×ÏÇÏ ÓÔÁÎÕ ÁÔÏÍÁ ËÉÓÎÀ ÄÌÑ Ó�ÒÏÝÅÎÎÑ ÂÕÄÅ-ÍÏ ÍÏÄÅÌÀ×ÁÔÉ ÑË ÌÏËÁÌ�ÚÁ��À ÅÌÅËÔÒÏÎ�× �Ú ÚÏÎÉ �ÒÏ×�ÄÎÏÓÔ� ÎÁ ÎÅ-×ÉÒÏÄÖÅÎÏÍÕ ÌÏËÁÌØÎÏÍÕ s-Ò�×Î�. ïÓÎÏ×ÎÅ �ÒÉ�ÕÝÅÎÎÑ × �ÏÑÓÎÅÎÎ�ÍÅÈÁÎ�ÚÍÕ ÕÔ×ÏÒÅÎÎÑ ÎÅÇÁÔÉ×ÎÏÇÏ �ÏÎÁ ËÉÓÎÀ{ÌÏËÁÌ�ÚÁ��Ñ ÅÌÅËÔÒÏ-ÎÁ ��Ä ×�ÌÉ×ÏÍ ÅÆÅËÔÉ×ÎÏÇÏ ÏÄÎÏÞÁÓÔÉÎËÏ×ÏÇÏ �ÏÔÅÎ��ÁÌÕ. ä×ÏËÒÁÔ-ÎÅ ÚÁ�Ï×ÎÅÎÎÑ ÌÏËÁÌØÎÏÇÏ Ò�×ÎÑ ×�Ä�Ï×�ÄÁ¤ ÚÁÒÑÄÏ×ÏÍÕ ÓÔÁÎÕ O��.÷ÉÎÉËÎÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ ÚÁÒÑÄÕ ÄÏÍ�ÛËÉ ËÉÓÎÀ × Ò�ÄËÏÍÕ ÍÅÔÁÌ�ÍÏÖÎÁ �ÒÅÄÓÔÁ×ÉÔÉ ÑË �ÒÏ�ÅÓ Ç�ÂÒÉÄÉÚÁ��§ ÓÔÁÎ�× ÌÏËÁÌØÎÏÇÏ Ò�×ÎÑ ÚÓÔÁÎÁÍÉ ÚÏÎÉ �ÒÏ×�ÄÎÏÓÔ�. ãÑ ÑË�ÓÎÁ �ÎÔÅÒ�ÒÅÔÁ��Ñ ÕÔ×ÏÒÅÎÎÑ ÅÆÅË-ÔÉ×ÎÏÇÏ ÚÁÒÑÄÕ ÄÏÍ�ÛÏË �ÏÑÓÎÀ¤ÔØÓÑ × ÒÁÍËÁÈ ÍÏÄÅÌ� áÎÄÅÒÓÏÎÁ.ðÁÒÁÍÅÔÒÉ �ÏÔÅÎ��ÁÌ�× �ÏÎ-�ÏÎÎÏ§ ÔÁ �ÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�ÊÍÅÔÁÌ�ÞÎÏ§ ËÏÍ�ÏÎÅÎÔÉ ÒÏÚ�ÌÁ×Õ{ ÌÕÖÎÏÇÏ ÍÅÔÁÌÕ ÄÏÓÔÁÔÎØÏ �Ï×-Î�ÓÔÀ ÄÏÓÌ�ÄÖÅÎ� � Á�ÒÏÂÏ×ÁÎ� [6℄. �ÏÍÕ × ��Ê ÒÏÂÏÔ� ÍÉ ÎÅ ÂÕÄÅÍÏÏÂÇÏ×ÏÒÀ×ÁÔÉ �� ÁÓ�ÅËÔÉ, �ÒÉ�ÕÓËÁÀÞÉ, ÝÏ ÄÌÑ ËÏÎËÒÅÔÎÉÈ ÞÉÓÅÌØ-ÎÉÈ ÒÏÚÒÁÈÕÎË�× ÍÏÖÎÁ ÓËÏÒÉÓÔÁÔÉÓØ ×�ÄÏÍÉÍÉ ÍÏÄÅÌØÎÉÍÉ �ÏÔÅÎ-
ICMP{02{13U 6��ÁÌÁÍÉ.2. í�ËÒÏÓËÏ��ÞÎÁ ÍÏÄÅÌØ ÓÉÓÔÅÍÉ "ÍÅÔÁÌÅ×ÉÊ ÒÏÚ-�ÌÁ×+ÇÁÚÏ×Á ÄÏÍ�ÛËÁ"òÏÚÇÌÑÎÅÍÏ ÏËÒÅÍÕ ÇÁÚÏ×Õ ÄÏÍ�ÛËÕ, ÒÏÚÞÉÎÅÎÕ × Ò�ÄËÏÍÕ ÌÕÖÎÏ-ÍÕ ÍÅÔÁÌ�. ï�ÉÓ Ò�ÄËÏÍÅÔÁÌÅ×Ï§ ÆÁÚÉ ÂÕÄÅÍÏ ÚÄiÊÓÎÀ×ÁÔÉ × ÒÁÍËÁÈÅÌÅËÔÒÏÎ-iÏÎÎÏ§ ÍÏÄÅÌi, ÑËÁ ÄÌÑ ÌÕÖÎÉÈ ÍÅÔÁÌi× ÄÁ¤ ÚÁÄÏ×iÌØÎi ÒÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËi× ÅÌÅËÔÒÏÎÎÉÈ, ÓÔÒÕËÔÕÒÎÉÈ ÔÁ ÔÅÒÍÏÄÉÎÁÍ�Þ-ÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ.îÅÈÁÊ R1; : : : ;RN { ËÏÏÒÄÉÎÁÔÉ ÁÔÏÍi× ÍÅÔÁÌÅ×ÏÇÏ ÒÏÚ�ÌÁ×Õ, ÑËi�ÒÉÊÍÁÀÔØ ÄÏ×iÌØÎi ×É�ÁÄËÏ×� ÚÎÁÞÅÎÎÑ × ÏÂ'¤Íi V . äÏÍiÛËÏ×ÉÊÁÔÏÍ ÍÁ¤ ËÏÏÒÄÉÎÁÔÕ R0. ðÏ×ÎÉÊ ÇÁÍiÌØÔÏÎiÁÎ ÍÏÄÅÌi × ËÏÏÒÄÉÎÁÔ-ÎÏÍÕ ÚÏÂÒÁÖÅÎÎi ×ÉÂÅÒÅÍÏ ÔÁËÉÍ:bH = Hl + bHel�i + bHel�el: (2.1)ï�ÅÒÁÔÏÒ ÅÎÅÒÇ�§ ÅÌÅËÔÒÏÎ-�ÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÚÁ�ÉÓÕ¤ÔØÓÑ × ÔÁËiÊ ÆÏÒ-Íi bHel�i = � �h22m X1�i�N�i + X1�i�N X1�j�N V (j ri �Rj j)+ X1�i�N V0(j ri �R0 j): (2.2)õ �iÊ ÆÏÒÍÕÌi r1; : : : ; rN { ËÏÏÒÄÉÎÁÔÉ ÅÌÅËÔÒÏÎi× ÍÅÔÁÌÅ×Ï§ �iÄÓÉÓ-ÔÅÍÉ, ËiÌØËiÓÔØ ÑËÉÈ ÞÅÒÅÚ ÏÄÎÏ×ÁÌÅÎÔÎiÓÔØ ÌÕÖÎÉÈ ÅÌÅÍÅÎÔi× Ó�i×-�ÁÄÁ¤ Ú ÞÉÓÌÏÍ ÁÔÏÍi× ÍÅÔÁÌÕ. ðÒÉ�ÕÓËÁ¤ÔØÓÑ, ÝÏ ÅÌÅËÔÒÏÎÉ ×ÁÌÅÎ-ÔÎÏ§ ÏÂÏÌÏÎËÉ ÄÏÍiÛËÉ ÚÁÌÉÛÁÀÔØÓÑ ÌÏËÁÌiÚÏ×ÁÎÉÍÉ ÎÁ ÄÏÍiÛ�i �ÎÅ Ç�ÂÒÉÄÉÚÕÀÔØÓÑ �Ú ÓÔÁÎÁÍÉ ÅÌÅËÔÒÏÎ�× �ÒÏ×�ÄÎÏÓÔ�.ðÓÅ×ÄÏ�ÏÔÅÎ�iÁÌÉ V (jri�Rjj) ÔÁ V0(jri�R0j) Ï�ÉÓÕÀÔØ ÒÏÚÓiÑÎÎÑÅÌÅËÔÒÏÎi× ÎÁ iÏÎÁÈ ÍÅÔÁÌÕ ÔÁ ÄÏÍiÛ�i ×�Ä�Ï×�ÄÎÏ. ðÅÒÛÉÊ ÄÏÄÁÎÏË× ÆÏÒÍÕÌi (2.2) { Ï�ÅÒÁÔÏÒ ËiÎÅÔÉÞÎÏ§ ÅÎÅÒÇi§ �iÄÓÉÓÔÅÍÉ ×iÌØÎÉÈÅÌÅËÔÒÏÎi×.ïÓÔÁÎÎiÊ ÄÏÄÁÎÏË × (2.1) Ï�ÉÓÕ¤ ÅÎÅÒÇ�À �Ï�ÁÒÎÏ§ Í�ÖÅÌÅËÔÒÏÎÏ§×ÚÁ¤ÍÏÄ�§^Hel�el = 12 X1�i 6=j�N �(j ri � rj j) = 12 X1�i 6=j�N e2j ri � rj j : (2.3)îÅÏ�ÅÒÁÔÏÒÎÁ ÞÁÓÔÉÎÁ Hl Ï�ÉÓÕ¤ ÅÎÅÒÇ�À ËÌÁÓÉÞÎÏ§ �ÏÎ-�ÏÎÎÏ§ ×ÚÁ-¤ÍÏÄ�§.



7 ðÒÅ�ÒÉÎÔäÌÑ �ÅÒÅÈÏÄÕ ÄÏ ÚÏÂÒÁÖÅÎÎÑ ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ ×ÉËÏÒÉÓ-ÔÁ¤ÍÏ × ÑËÏÓÔi ÂÁÚÉÓÕ ÄÌÑ ÒÏÚËÌÁÄÕ �ÏÌØÏ×ÉÈ ÅÌÅËÔÒÏÎÎÉÈ Ï�ÅÒÁ-ÔÏÒi× �ÌÏÓËi È×ÉÌi: 'k(r) = 1pV exp (ikr) (2.4)ÔÁ ÌÏËÁÌiÚÏ×ÁÎÕ ÎÁ ÄÏÍiÛ�i s-ÏÒÂiÔÁÌØ 0(r) =r 1�a3 exp��jr�R0ja �: (2.5)�ÕÔ a { ÅÆÅËÔÉ×ÎÉÊ ÂÏÒi×ÓØËÉÊ ÒÁÄiÕÓ, ÑËÉÊ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË �Á-ÒÁÍÅÔÒ, ÝÏ �Å×ÎÉÍ ÞÉÎÏÍ ÍÏÖÅ ÂÕÔÉ ×ÉÒÁÖÅÎÉÊ ÞÅÒÅÚ ÅÆÅËÔÉ×ÎÉÊÒÏÚÍiÒ ÅÌÅËÔÒÏÎÅÇÁÔÉ×ÎÏÇÏ iÏÎÁ. è×ÉÌØÏ×ÉÊ ×ÅËÔÏÒ k × (2.4) �ÒÏÂiÇÁ¤ÚÎÁÞÅÎÎÑ × iÍ�ÕÌØÓÎÏÍÕ Ë×ÁÚiÎÅ�ÅÒÅÒ×ÎÏÍÕ �ÒÏÓÔÏÒi �:� = �k : k = X1���3 2� V 1=3n�e�; n� 2 Z; (e�; e�) = Æ���:úÁÕ×ÁÖÉÍÏ, ÝÏ ÏÒÂiÔÁÌØ (2.5) ÎÅ ¤ ÏÒÔÏÇÏÎÁÌØÎÏÀ ÄÏ �ÌÏÓËÉÈÈ×ÉÌØ (2.4), i, ËÒiÍ ÔÏÇÏ, ×ËÌÀÞÅÎÎÑ �i¤§ ÏÒÂiÔÁÌi × ÓËÌÁÄ ÂÁÚÉÓÕ �ÒÉ-×ÏÄÉÔØ ÄÏ ÊÏÇÏ �ÅÒÅ�Ï×ÎÅÎÎÑ. ïÄÎÁË �ÏÈÉÂËÉ, ×ÎÅÓÅÎi ÔÁËÏÀ ÎÁÂÌÉ-ÖÅÎÏÀ �ÒÏ�ÅÄÕÒÏÀ, ÎÅ ×�ÌÉÎÕÔØ ÎÁ �ÒÁ×ÉÌØÎiÓÔØ ÑËiÓÎÏ§ ËÁÒÔÉÎÉ.õ ÚÏÂÒÁÖÅÎÎi ×ÔÏÒÉÎÎÏÇÏ Ë×ÁÎÔÕ×ÁÎÎÑ Ï�ÅÒÁÔÏÒ (2.1) Ú ×ÒÁÈÕ×ÁÎ-ÎÑÍ ÌÉÛÅ �Å×ÎÏÇÏ ËÌÁÓÕ ËÕÌÏÎ�×ÓØËÉÈ Í�ÖÅÌÅËÔÒÏÎÎÉÈ ×ÚÁ¤ÍÏÄ�ÊÚÁ�ÉÓÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄ�^H = Hl +Xk2� X�=�1 Ek a+k� ak� + X�=�1 E0 d+0� d0�+Xk2�Xq2� X�=�1 �Vq a+k� ak�q;� + V0;q a+k� ak�q;��+ X�=�1U0 ^n0�^n0;��+Xk2� X�=�1 �Wk a+k� d0� +W �k d+0� ak��+Xk2�Xq2� X�;�0=�1Pq a+k� ak�q;� ^n�0+Xk2� X� 6=�0 �Uk ^n�0 a+k� d0;� + U�k d+0;� ak� ^n�0� (2.6)�ÕÔ ak�(a+k�) ÔÁ d0�(d+0�) { ÆÅÒÍi§×ÓØËi Ï�ÅÒÁÔÏÒÉ ÚÎÉÝÅÎÎÑ (ÎÁÒÏ-ÄÖÅÎÎÑ) ÅÌÅËÔÒÏÎi× Õ ÓÔÁÎÁÈ fk; �g i fR0; �g, ÄÅ � = �1 { Ë×ÁÎÔÏ-×Å Ó�iÎÏ×Å ÞÉÓÌÏ, ÑËÅ �ÒÉÊÍÁ¤ Ä×Á ÚÎÁÞÅÎÎÑ,ÝÏ ×iÄ�Ï×iÄÁÀÔØ Ä×ÏÍÍÏÖÌÉ×ÉÍ ÏÒi¤ÎÔÁ�iÑÍ ÅÌÅËÔÒÏÎÎÏÇÏ Ó�iÎÁ ×iÄÎÏÓÎÏ ÏÓi Ë×ÁÎÔÕ×ÁÎ-ÎÑ. ÷ÅÌÉÞÉÎÁ Ek = �h2k2=2m { Ó�ÅËÔÒ ÅÎÅÒÇi§ ÅÌÅËÔÒÏÎi× × ÓÔÁÎÁÈ
ICMP{02{13U 8'k(r), Á E0 { ÅÎÅÒÇiÑ ÌÏËÁÌiÚÏ×ÁÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÓÔÁÎÕ  0(r). ÷Å-ÌÉÞÉÎÁ ^n0;� = d+0;� d0;� { Ï�ÅÒÁÔÏÒ ÞÉÓÌÁ ÅÌÅËÔÒÏÎi× Ú �ÒÏÅË�i¤ÀÓ�iÎÁ �, ÑËi ÌÏËÁÌiÚÏ×ÁÎi ÎÁ ÄÏÍiÛËÏ×ÏÍÕ ÁÔÏÍi.íÁÔÒÉÞÎi ÅÌÅÍÅÎÔÉ Vq i V0;q ÈÁÒÁËÔÅÒÉÚÕÀÔØ �ÒÏ�ÅÓÉ �ÒÕÖÎØÏÇÏÒÏÚÓiÑÎÎÑ ÅÌÅËÔÒÏÎi× ÎÁ iÏÎÁÈ ÍÅÔÁÌÕ i ÄÏÍiÛ�i. ·È Ñ×ÎÉÊ ÁÎÁÌiÔÉÞ-ÎÉÊ ×ÉÇÌÑÄ Vq = 1N X1�j�N e�iqRj v(q);V0;q = e�iqR0 v0(q): (2.7)æÏÒÍÆÁËÔÏÒÉ �ÓÅ×ÄÏ�ÏÔÅÎ��ÁÌ�× ÒÏÚÓ�ÑÎÎÑv(q) = � ZV V (jrj) e�iqr dr;v0(q) = 1V ZV V0(jrj) e�iqr dr (2.8)ÚÁÌÅÖÁÔØ ÌÉÛÅ ×iÄ ÍÏÄÕÌÑ iÍ�ÕÌØÓÁ �ÅÒÅÄÁÞi q ÚÁ×ÄÑËÉ ÌÏËÁÌØÎÏÓÔi�ÓÅ×ÄÏ�ÏÔÅÎ�iÁÌi× V (jrj) i V0(jrj). ÷ÅÌÉÞÉÎÁ � = N=V { ÁÔÏÍÎÁ ÇÕÓ-ÔÉÎÁ ÒiÄËÏÍÅÔÁÌÅ×Ï§ ËÏÍ�ÏÎÅÎÔÉ.ðÒÏ�ÅÓÉ ÎÅ�ÒÕÖÎØÏÇÏ ÒÏÚÓiÑÎÎÑ ÅÌÅËÔÒÏÎi×, ÚÕÍÏ×ÌÅÎi §È �ÅÒÅÈÏ-ÄÏÍ Ú ÌÏËÁÌiÚÏ×ÁÎÏÇÏ ÎÁ ÄÏÍiÛ�i ÓÔÁÎÕ × ÚÏÎÕ �ÒÏ×iÄÎÏÓÔi i ÎÁ×�ÁËÉ,ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÍÁÔÒÉÞÎÉÍ ÅÌÅÍÅÎÔÏÍWk = 1V ZV e�ikr���h2�r2m + VLF(r)�  0(r) dr: (2.9)�ÕÔ VLF(r) = X1�j�N V (jr�Rj j) + V0(jr�R0j) (2.10)�ÏÔÅÎ�iÁÌ ÌÏËÁÌØÎÏÇÏ �ÏÌÑ, ÑËÅ Äi¤ ÎÁ ÅÌÅËÔÒÏÎ, ÝÏ ÚÎÁÈÏÄÉÔØÓÑ ×ÔÏÞ�i r 2 V Ú ÓÔÏÒÏÎÉ iÏÎi× ÍÅÔÁÌÕ i ÄÏÍiÛËÏ×ÏÇÏ ÁÔÏÍÁ.äÏÄÁÎÏË P�=�1U0 ^n0;�^n0;�� × ÇÁÍiÌØÔÏÎiÁÎi (2.6) �ÏÈÏÄÉÔØ ×iÄ Ï�Å-ÒÁÔÏÒÁ ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ¤ÍÏÄi§ ÅÌÅËÔÒÏÎi× i Ï�ÉÓÕ¤ ÈÁÂÂÁÒÄi×ÓØËÅ ×iÄ-ÛÔÏ×ÈÕ×ÁÎÎÑ iÎÔÅÎÓÉ×ÎÏÓÔi U0 ÅÌÅËÔÒÏÎi×, ÌÏËÁÌiÚÏ×ÁÎÉÈ ÎÁ ÄÏÍiÛ-ËÏ×ÏÍÕ ÁÔÏÍi 1.1�ÕÔ ÎÅÈÔÕ¤ÔØÓÑ ÅÎÅÒÇ�¤À ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ¤ÍÏÄi§ ÅÌÅËÔÒÏÎ�× Õ "×�ÌØÎÉÈ" ÓÔÁ-ÎÁÈ � ÅÎÅÒÇi¤À ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑÍ Í�Ö ÌÏËÁÌiÚÏ×ÁÎÉÍÉ ÎÁ ÄÏÍiÛ�i � ×�ÌØÎÉÍÉ ÅÌÅË-ÔÒÏÎÁÍÉ. è×ÉÌØÏ×� ÆÕÎË��§ ×�ÌØÎÉÈ ÓÔÁÎ�× �ÏÛÉÒÀÀÔØÓÑ ÎÁ ×ÅÓØ ÏÂ'¤Í, ÔÏÄi ÑË



9 ðÒÅ�ÒÉÎÔ¶ÎÛ� ÄÏÄÁÎËÉ × ÇÁÍ�ÌØÔÏÎ�ÁÎ� (2.6) Ï�ÉÓÕÀÔØ �ÒÏ�ÅÓÉ �ÒÕÖÎØÏÇÏi ÎÅ�ÒÕÖÎØÏÇÏ ÒÏÚÓiÑÎÎÑ ÅÌÅËÔÒÏÎi× ÎÁ ÚÁÒÑÄÖÅÎiÊ ÄÏÍiÛ�i. íÁÔ-ÒÉÞÎi ÅÌÅÍÅÎÔÉ, ÝÏ Ï�ÉÓÕÀÔØ iÎÔÅÎÓÉ×ÎiÓÔØ �ÒÏ�ÅÓi× ÏÓÔÁÎÎiÈ Ä×ÏÈÔÉ�i× ÍÁÀÔØ ×ÉÇÌÑÄUk = 1pV ZV e�ikr e�(r) 0(r) dr (2.11)Pq = 1V ZV e�iqr e�(r) dr (2.12)÷ÅÌÉÞÉÎÁ e�(r) = ZV �(jr� r0j) j 0(r0)j2 dr0;ÑËÁ ×ÈÏÄÉÔØ Õ ÆÏÒÍÕÌÉ (2.11)-(2.12) ÍÁ¤ ÚÍiÓÔ �ÏÔÅÎ�iÁÌØÎÏ§ ÅÎÅÒÇi§ÅÌÅËÔÒÏÎÁ × �ÏÌi, ÑËÅ ÓÔ×ÏÒÀ¤ÔØÓÑ ÌÏËÁÌiÚÏ×ÁÎÉÍ ÎÁ ÏÒÂiÔÁÌi  0(r)ÅÌÅËÔÒÏÎÏÍ.íÁÔÒÉÞÎi Wk; Uk ÔÁ Pk ÅÌÅÍÅÎÔÉ ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ × iÎÛÏÍÕ ×É-ÇÌÑÄi, ×ÉÄiÌÉ×ÛÉ Ñ×ÎÏ ÓÔÒÕËÔÕÒÎi ÍÎÏÖÎÉËÉWk = e�ikR0 w(k); Uk = e�ikR0 u(k);Pk = e�ikR0 p(k): (2.13)ëÏÅÆi�i¤ÎÔÉw(k) = 1pV ZV e�ikr���h2�r2m + VLF(r)�  0(r) dr;u(k) = 1pV ZV e�ikr e�(r) 0(r) dr;p(k) = 1V ZV e�ikr e�(r) dr (2.14)×ÖÅ ÎÅ ÚÁÌÅÖÁÔØ ×�Ä ×ÕÚÌÏ×ÏÇÏ iÎÄÅËÓÁ i ÒÏÚÒÁÈÏ×ÕÀÔØÓÑ × ÓÉÓÔÅÍiËÏÏÒÄÉÎÁÔ, Ú×'ÑÚÁÎiÊ Ú ÄÏÍiÛËÏ×ÉÍ ÁÔÏÍÏÍ.È×ÉÌØÏ×� ÆÕÎË��§ Ú×'ÑÚÁÎÉÈ ÎÁ ÄÏÍiÛ�i ÓÔÁÎ�× ÌÏËÁÌiÚÏ×ÁÎi × ÏÂ'¤Íi �ÏÒÑÄËÕ a3.þÅÒÅÚ �Å ×�ÌØÎ� ÅÌÅËÔÒÏÎÉ Â�ÌØÛ ÅÆÅËÔÉ×ÎÏ ÅËÒÁÎÕÀÔØÓÑ, Î�Ö ÅÌÅËÔÒÏÎÉ ÁÔÏÍ-ÎÉÈ ÌÏËÁÌiÚÏ×ÁÎÉÈ ÓÔÁÎi×. �ÏÍÕ, ÑËÝÏ ×ÅÌÉÞÉÎÁ U0 ÍÏÖÅ ÂÕÔÉ �ÏÒÑÄËÕ 10eB,ÔÏ ÄÌÑ ×�ÌØÎÉÈ ÅÌÅËÔÒÏÎ�× ÅÎÅÒÇiÑ ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ¤ÍÏÄi§ × ÌÕÖÎÉÈ ÍÅÔÁÌÁÈ ÍÁ¤�ÏÒÑÄÏË ÏÄÎÏÇÏ ÅÌÅËÔÒÏÎ×ÏÌØÔÁ.

ICMP{02{13U 10÷ ÇÁÍiÌØÔÏÎiÁÎi (2.6) ×ÒÁÈÏ×ÕÀÔØÓÑ ÎÅ ×Ói �ÒÏ�ÅÓÉ Ú ÕÞÁÓÔÀ Ä×ÏÈÅÌÅËÔÒÏÎi×. úÏËÒÅÍÁ, ÚÎÅÈÔÕ×ÁÎÏ �ÒÏ�ÅÓÁÍÉ, ÚÏÂÒÁÖÅÎÉÍÉ ÔÁËÉÍÉÄiÁÇÒÁÍÁÍÉ æÅÊÎÍÁÎÁ îÁ ÄiÁÇÒÁÍÁÈ, ÑË ÚÁ×ÖÄÉ, ÌiÎi§, ÝÏ ×ÉÈÏÄÑÔØ Ú×ÅÒÛÉÎÉ ×iÄ�Ï×iÄÁÀÔØ �ÒÏ�ÅÓÁÍ ÎÁÒÏÄÖÅÎÎÑ ÅÌÅËÔÒÏÎi× Õ ×ËÁÚÁÎÉÈ�ÏÒÑÄ ÓÔÁÎÁÈ, Á ÌiÎi§, ÑËi ×ÈÏÄÑÔØ Õ ×ÅÒÛÉÎÕ { �ÒÏ�ÅÓÁÍ ÚÎÉÝÅÎÎÑ.ðÏÄ×iÊÎÁ ÛÔÒÉÈÏ×Á ÌiÎiÑ { ×iÄ�Ï×iÄÎÉÊ ÍÁÔÒÉÞÎÉÊ ÅÌÅÍÅÎÔ Ï�ÅÒÁÔÏ-ÒÁ ËÕÌÏÎi×ÓØËÏ§ ×ÚÁ¤ÍÏÄi§ ÅÌÅËÔÒÏÎi×. æÁËÔÉÞÎÏ Õ ÇÁÍiÌØÔÏÎiÁÎi (2.6)
),( 1 sk ),( 2 s-k

),( 0 s-R),( 0 sR

1( , )k s

)',( 2 sk

)',( 0 sR

),( 0 sR

),( 1 sk )',( 2 sk

)',( 0 sR),( 3 skòÉÓ. 1. ä�ÁÇÒÁÍÉ æÅÊÎÍÁÎÁ×ÒÁÈÏ×ÕÀÔØÓÑ ÌÉÛÅ ÅÌÅËÔÒÏÓÔÁÔÉÞÎi ÅÆÅËÔÉ Ú ÕÞÁÓÔÀ Ä×ÏÈ ÅÌÅËÔÒÏ-Îi×, Á �ÒÏ�ÅÓÉ ÏÂÍiÎÎÏÇÏ ÈÁÒÁËÔÅÒÕ ÎÅ ÒÏÚÇÌÑÄÁÀÔØÓÑ.îÁ ÚÁ×ÅÒÛÅÎÎÑ �ØÏÇÏ ÒÏÚÄ�ÌÕ �ÒÏÁÎÁÌ�ÚÕ¤ÍÏ �ÁÒÁÍÅÔÒÉ ÍÏÄÅÌiÒÏÚ�ÌÁ×Õ Ú ÍÅÔÏÀ ×ÉÚÎÁÞÅÎÎÑ ÕÍÏ× ÚÁÓÔÏÓÏ×ÎÏÓÔ� ÇÁÍ�ÌØÔÏÎ�ÁÎÁ (2.6)ÄÌÑ Ï�ÉÓÕ ËÏÎËÒÅÔÎÉÈ Æ�ÚÉÞÎÉÈ ÓÉÓÔÅÍ. ðÁÒÁÍÅÔÒÉ �ÏÔÅÎ��ÁÌ�× iÏÎ-iÏÎÎÏ§ ÔÁ iÏÎ-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�Ê ÍÅÔÁÌiÞÎÏ§ ËÏÍ�ÏÎÅÎÔÉ ÒÏÚ�ÌÁ×Õ{ ÌÕÖÎÏÇÏ ÍÅÔÁÌÕ, { ÄÏÓÔÁÔÎØÏ �Ï×ÎÏ ÄÏÓÌiÄÖÅÎ� i Á�ÒÏÂÏ×ÁÎ�. �Ï-ÍÕ ÔÕÔ ÍÉ ÎÅ ÂÕÄÅÍÏ ÏÂÇÏ×ÏÒÀ×ÁÔÉ �� ÁÓ�ÅËÔÉ, �ÒÉ�ÕÓËÁÀÞÉ , ÝÏÄÌÑ ËÏÎËÒÅÔÎÉÈ ÞÉÓÌÏ×ÉÈ ÒÏÚÒÁÈÕÎËi× ÍÏÖÎÁ ÓËÏÒÉÓÔÁÔÉÓØ ×�ÄÏÍÉ-ÍÉ ÍÏÄÅÌØÎÉÍÉ �ÓÅ×ÄÏ�ÏÔÅÎ��ÁÌÁÍÉ.åÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ��ÁÌ ×ÚÁ¤ÍÏÄ�§ ÅÌÅËÔÒÏÎi× Ú ÎÅÊÔÒÁÌØÎÉÍÉ ÄÏ-Í�ÛËÁÍÉ ×ÉÂÅÒÅÍÏ Õ ÔÁËÏÍÕ ÍÏÄÅÌØÎÏÍÕ ×ÉÇÌÑÄ�:V0(r) = Ae�arr2 � �(r2 + a2)2 ; (2.15)ÄÅ A > 0 i � > 0 { �ÁÒÁÍÅÔÒÉ �ÏÔÅÎ��ÁÌÁ, ÑËi �iÄÌÑÇÁÀÔØ ×ÉÚÎÁÞÅÎ-ÎÀ ÞÅÒÅÚ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎi �ÁÒÁÍÅÔÒÉ. æÕÒ'¤-ÏÂÒÁÚ �ÓÅ×ÄÏ�ÏÔÅÎ��Á-



11 ðÒÅ�ÒÉÎÔÌÁ (2.15) v0(q) = �4�Aq artgqa � ���2a e�qa: (2.16)ðÓÅ×ÄÏ�ÏÔÅÎ��ÁÌ (2.15) ÎÁ ×ÅÌÉËÉÈ ×�ÄÄÁÌÑÈ ÍÁ¤ ÁÓÉÍ�ÔÏÔÉËÕV0(r) � ��=r4. �ÁËÁ ÁÓÉÍ�ÔÏÔÉÞÎÁ �Ï×ÅÄ�ÎËÁ �ÏÔÅÎ��ÁÌÁ (2.15) ÚÕ-ÍÏ×ÌÅÎÁ �ÏÌÑÒÉÚÁ�iÊÎÉÍÉ ÅÆÅËÔÁÍÉ, ÝÏ ÚÁÂÅÚ�ÅÞÕÀÔØ �ÒÉÔÑÇÁÎÎÑÅÌÅËÔÒÏÎÁ i ÊÏÇÏ ÌÏËÁÌ�ÚÁ��À ÎÁ ÄÏÍ�Û��. ðÅÒÛÉÊ ÄÏÄÁÎÏË ×ÉÒÁÚÕ(2.15) ¤ ÄÅÑËÏÀ ÁÎÁÌiÔÉÞÎÏÀ Á�ÒÏËÓÉÍÁ�i¤À ×�ÄÛÔÏ×ÈÕÀÞÏ§ ×ÚÁ¤-ÍÏÄ�§ ÅÌÅËÔÒÏÎÁ Ú ÎÅÊÔÒÁÌØÎÏÀ ÄÏÍiÛËÏÀ. áÔÏÍÎÁ �ÏÌÑÒÉÚÁ��Ñ �i ÅÆÅËÔÉ×ÎÉÊ ÒÁÄ�ÕÓ âÏÒÁ a, ¤ ÎÁÂÌÉÖÅÎÏ Ï�iÎÅÎi ÄÌÑ ×�ÌØÎÉÈ ÎÅÇÁ-ÔÉ×ÎÉÈ iÏÎi× i ÄÁÎi �Ï ÎÉÈ �ÒÉ×ÅÄÅÎi Õ ÌiÔÅÒÁÔÕÒi. õ ÎÁÛÏÍÕ ÍÏÄÅ-ÌØÎÏÍÕ �ÏÔÅÎ�iÁÌi �ÁÒÁÍÅÔÒÉ A i � ÍÏÖÎÁ ×ÉÚÎÁÞÉÔÉ �Ú Æ�ÚÉÞÎÉÈÍ�ÒËÕ×ÁÎØ. ðÏ-�ÅÒÛÅ, ÂÕÄÅÍÏ ×ÉÍÁÇÁÔÉ, ÝÏÂ ÓÅÒÅÄ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØÒ�×ÎÑÎÎÑ ûÒÅÄ�ÎÇÅÒÁ ÄÌÑ ÅÌÅËÔÒÏÎÁ × �ÏÌ� �ÏÔÅÎ��ÁÌÁ (2.15) Í�ÓÔÉ×-ÓÑ ÈÏÞÁ Â ÏÄÉÎ ÌÏËÁÌ�ÚÏ×ÁÎÉÊ Ò�×ÅÎØ. ÷�ÄÏÍÏ, ÝÏ Ó�ÅËÔÒ Ú×'ÑÚÁÎÉÈÓÔÁÎ�× �ÏÔÅÎ��ÁÌÁ,ÝÏ Ó�ÁÄÁ¤ Û×ÉÄÛÅ ×�Ä ËÕÌÏÎ�×ÓØËÏÇÏ, ÓËÌÁÄÁ¤ÔØÓÑ�Ú ÓË�ÎÞÅÎÎÏÇÏ ÞÉÓÌÁ ÅÎÅÒÇÅÔÉÞÎÉÈ Ò�×Î�× ÁÂÏ ÍÏÖÅ ÚÏ×Ó�Í §È ÎÅ Í�Ó-ÔÉÔÉ. ¶Ú ÕÓ�È ÍÏÖÌÉ×ÉÈ ÓÔÁ��ÏÎÁÒÎÉÈ ÅÎÅÒÇÅÔÉÞÎÉÈ Ò�×Î�× Ò�×ÎÑÎÎÑûÒÅÄ�ÎÇÅÒÁ ÄÌÑ �ÏÔÅÎ��ÁÌÁ (2.15) ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÌÉÛÅ Ò�×ÅÎØ,ÝÏ ×�Ä�Ï×�ÄÁ¤ ÏÓÎÏ×ÎÏÍÕ ÓÔÁÎÕ. â�ÌØÛÅ ÔÏÇÏ, ��ÌËÏÍ ËÏÒÅËÔÎÉÍ ¤�ÒÉ�ÕÝÅÎÎÑ, ÝÏ ÅÎÅÒÇ�Ñ Ò�×ÎÑ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕ Ó��×�ÁÄÁ¤ Ú ÅÎÅÒÇ�-¤À Ó�ÏÒ�ÄÎÅÎÏÓÔ�, ÑËÁ ÅË�ÅÒÉÍÅÎÔÁÌØÎÏ ÚÎÁÊÄÅÎÁ ÄÌÑ ×ÓiÈ ÇÁÚÏ×ÉÈÄÏÍiÛÏË.îÁ ÚÁ×ÅÒÛÅÎÎÑ ÏÂÇÏ×ÏÒÅÎÎÑ ×ÉÈ�ÄÎÏ§ ÍÏÄÅÌi ÒÏÚ�ÌÁ×Õ ÎÁ×ÅÄÅÍÏÁÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÄÌÑ ÍÁÔÒÉÞÎÉÈ ÅÌÅÍÅÎÔ�× ÇÁÍ�ÌØÔÏÎ�ÁÎÁ. ú ��¤ÀÍÅÔÏÀ ÆÏÒÍÕ ÌÏËÁÌ�ÚÏ×ÁÎÉÈ ÎÁ ÄÏÍ�ÛËÁÈ s-ÏÒÂ�ÔÁÌÅÊ ×ÉÂÅÒÅÍÏ Õ×ÉÇÌÑÄ�  0(r) =r 1�a3 exp�� jr�R0ja �; (2.17)ÄÅ a| ÅÆÅËÔÉ×ÎÉÊ ÂÏÒ�×ÓØËÉÊ ÒÁÄ�ÕÓ, ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ ÔÕÔ ÑË ��Ä-ÇÏÎÏÞÎÉÊ �ÁÒÁÍÅÔÒ.èÁÂÂÁÒÄi×ÓØËÁ ×ÚÁ¤ÍÏÄiÑ ÅÌÅËÔÒÏÎi× × ÓÔÁÎÁÈ (2.17) ÍÁ¤ iÎÔÅÎÓÉ×-ÎiÓÔØ U0 = Z dr1 Z dr2j 0(r1)j2 e2jr1 � r2j j 0(r2)j2 = 58 e2a ; (2.18)ÝÏ ÄÌÑ ÁÔÏÍÁ ËÉÓÎÀ ÍÏÖÅ ÓËÌÁÓÔÉ ×ÅÌÉÞÉÎÕ �ÏÒÑÄËÕ 1-5 ÅV.ëÏÅÆi�i¤ÎÔÉ ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ËÕÌÏÎi×ÓØËi ËÏÒÅÌÑ�i§ ÌÏËÁÌiÚÏ-×ÁÎÉÈ i ÄÅÌÏËÁÌiÚÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎi× ÍÁÀÔØ ÔÁËÉÊ ×ÉÇÌÑÄUq = 8r�a3V e2a 33 + q2a2(1 + q2a2)(9 + q2a2)2 ; (2.19)
ICMP{02{13U 12Pq = 4�e2V q2 �1� q2a2(4 + q2a2)�1 + 44 + q2a2��: (2.20)íÁÔÒÉÞÎi ÅÌÅÍÅÎÔÉ Wq , ÝÏ Ï�ÉÓÕÀÔØ iÎÔÅÎÓÉ×ÎÏÓÔi ÅÌÅËÔÒÏÎÎÉÈ �Å-ÒÅÈÏÄi× "ÚÏÎÁ �ÒÏ×iÄÎÏÓÔi | ÌÏËÁÌiÚÏ×ÁÎi ÓÔÁÎÉ 0-ÇÏ ÄÏÍiÛËÏ×ÏÇÏÁÔÏÍÁ", ÚÏÂÒÁÖÁ¤ÔØÓÑ ÔÁËÏÀ ÆÏÒÍÕÌÏÀ:Wq � 8r�a3V e2a E(1 + q2a2)2 � Ze2p�a3V Xi Z 1jr�Ri0je�iqr�r=adr:(2.21)�ÕÔ Ri0 � Ri � R0 | ÒÁÄiÕÓ-×ÅËÔÏÒÉ, ÝÏ ×ÉÚÎÁÞÁÀÔØ �ÏÌÏÖÅÎÎÑiÏÎi× ÍÅÔÁÌÕ Ú ÎÁÊÂÌÉÖÞÏÇÏ ÏÔÏÞÅÎÎÑ 0-ÇÏ ÁÔÏÍÁ ÄÏÍiÛËÉ. óÌiÄ Ú×ÅÒ-ÎÕÔÉ Õ×ÁÇÕ ÎÁ ÄÒÕÇÉÊ ÄÏÄÁÎÏË Õ Wq . ãÅÊ ÄÏÄÁÎÏË Ï�ÉÓÕ¤ �ÅÒÅÈÏÄÉ,×ÉËÌÉËÁÎi �ÏÔÅÎ�iÁÌØÎÉÍÉ �ÏÌÑÍÉ ÌÏËÁÌØÎÏÇÏ ÏÔÏÞÅÎÎÑ ÁÔÏÍÁ ÄÏ-ÍiÛËÉ i, �ÒÉÒÏÄÎØÏ, ÍÁ¤ ×É�ÁÄËÏ×ÉÊ ÈÁÒÁËÔÅÒ, ÚÁÌÅÖÎÉÊ ×iÄ ÓÔÒÕË-ÔÕÒÉ ÎÁÊÂÌÉÖÞÏÇÏ �ÏÒÑÄËÕ. ãÅ ¤ ×iÄÍiÎÎÏÀ ×ÌÁÓÔÉ×iÓÔÀ ÁÎÄÅÒÓÏÎi×-ÓØËÉÈ ÞÌÅÎi× ÇÁÍiÌØÔÏÎiÁÎÁ ÓÔÒÕËÔÕÒÎÏ ÎÅÓ�ÏÒÑÄËÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎ-ÎÉÈ ÍÏÄÅÌÅÊ.3. æÕÎË�i§ çÒiÎÁ. íÅÔÏÄ ÒÏÚÝÅ�ÌÅÎÎÑâÕÄÅÍÏ ÏÂÞÉÓÌÀ×ÁÔÉ Ä×ÏÞÁÓÏ×i ÚÁ�iÚÎÀ×ÁÎi ÔÅÍ�ÅÒÁÔÕÒÎi ÆÕÎË�i§çÒiÎÁ [7℄ hh bA(t)j bB(t0)ii = �i�(t� t0)h[ bA(t); bB(t0)℄+i; (3.1)ÄÅ bA(t) i bB(t0) | ÄÏ×iÌØÎi Ï�ÅÒÁÔÏÒÉ Ú ÎÁÂÏÒÕ fa; a+; d; d+g, ×ÚÑÔi ×�ÅÒÅÄÓÔÁ×ÌÅÎÎi çÅÊÚÅÎÂÅÒÇÁ:bA(t) = ei(bH��bNe)t bAe�i(bH��bNe)t: (3.2)�ÕÔ � | ÈiÍiÞÎÉÊ �ÏÔÅÎ�iÁÌ ÅÌÅËÔÒÏÎÎÏ§ �iÄÓÉÓÔÅÍÉ, Á bNe | Ï�ÅÒÁ-ÔÏÒ ÞÉÓÌÁ ÅÌÅËÔÒÏÎi×. óÉÍ×ÏÌ h(i : : :) × ÏÚÎÁÞÅÎÎi (3.1) ÏÚÎÁÞÁ¤ ÕÓÅ-ÒÅÄÎÅÎÎÑ ÚÁ ×ÅÌÉËÉÍ ËÁÎÏÎiÞÎÉÍ ÁÎÓÁÍÂÌÅÍ Ú �Ï×ÎÉÍ ÇÁÍiÌØÔÏÎiÁ-ÎÏÍ ÍÏÄÅÌi.úÒÕÞÎÏ �ÒÏ×ÏÄÉÔÉ ÏÂÞÉÓÌÅÎÎÑ Ú ÞÁÓÔÏÔÎÉÍÉ ÆÕÒ'¤-ËÏÍ�ÏÎÅÎÔÁÍÉÆÕÎË�iÊ (3.1), ×ÉÚÎÁÞÅÎÉÈ Ó�i××iÄÎÏÛÅÎÎÑÍhh bAj bBii! = 1Z�1 hh bA(t)j bB(t0)ii exp [i!(t� t0)℄d(t� t0): (3.3)æÕÎË�i§ çÒiÎÁ hh bAj bBii! ÚÁÄÏ×ÏÌØÎÑÀÔØ Òi×ÎÑÎÎÀ ÒÕÈÕ!hh bAj bBii! = h[ bA; bB℄i+ hh[ bA;H ℄�j bBii!: (3.4)



13 ðÒÅ�ÒÉÎÔõ ×iÄ�Ï×iÄÎÏÓÔi Úi Ó�ÅËÔÒÁÌØÎÏÀ ÔÅÏÒÅÍÏÀ ÞÅÒÅÚ ÆÕÒ'¤-ËÏÍ�ÏÎÅÎÔÉhh bAj bBii! ÍÏÖÎÁ ÏÚÎÁÞÉÔÉ ËÏÒÅÌÑÔÏÒ h bB(0) bA(t)i:h bB(0) bA(t)i = i2� lim"!0 1Z�1 d! hh bA(t)j bB(0)ii!+i" � hh bA(t)j bB(0)ii!�i"1 + exp (�!) e�i!t;(3.5)ÄÅ ��1 = kBT | ÔÅÍ�ÅÒÁÔÕÒÁ × ÅÎÅÒÇÅÔÉÞÎÉÈ ÏÄÉÎÉ�ÑÈ, kB | ÓÔÁÌÁâÏÌØ�ÍÁÎÁ.òÏÚÇÌÑÎÅÍÏ ÍÁÔÒÉ�À ÎÁÓÔÕ�ÎÉÈ ÏÄÎÏÅÌÅËÔÒÏÎÎÉÈ ÆÕÎË�iÊ çÒiÎÁbG(!) = �G�k;k0(!) M�k;0(!)M�0;k0(!) L�0;0(!) � = � hhak� ja+k0�ii! hhak� jd+0�ii!hhd0� ja+k0�ii! hhd0� jd+0�ii! � :(3.6)úÁ�ÉÛÅÍÏ Òi×ÎÑÎÎÑ ÒÕÈÕ (3.4) ÄÌÑ ÆÕÎË�iÊ çÒiÎÁ (3.6). ïÄÎÏÞÁÓÔÉÎ-ËÏ×Á ÆÕÎË�iÑ çÒiÎÁ ×iÌØÎÉÈ ÅÌÅËÔÒÏÎi× ÚÁÄÏ×ÏÌØÎÑ¤ Òi×ÎÑÎÎÀ(!�Ek+�)G�k;k0(!) = Æk;k0+Xq (Vq+V0;q)G�k�q;k0(!)+Wk;0M�0;k0(!)+Uk;0hhbn0;��d0� ja+k0�ii! +Xq X�0 Pq;0hhbn0;�0ak�q;�ja+k0�ii! : (3.7)äÌÑ ÚÍiÛÁÎÏ§ ÆÕÎË�i§ çÒiÎÁ Òi×ÎÑÎÎÑ ÂÕÄÅ ÎÁÓÔÕ�ÎÉÍ(! �Ek + �)M�k;0(!) =Xq (Vq + V0;q)M�k�q;0(!) +Wk;0L�0;0(!)++Uk;0hhbn0;��d0� jd+0�ii! +Xq X�0 Pq;0hhbn0;�0ak�q;�jd+0�ii! (3.8)òi×ÎÑÎÎÑ ÒÕÈÕ ÄÌÑ ÏÄÎÏÞÁÓÔÉÎËÏ×Ï§ ÆÕÎË�i§ çÒiÎÁ ÌÏËÁÌiÚÏ×ÁÎÉÈ ÎÁÄÏÍiÛËÁÈ ÅÌÅËÔÒÏÎi× ÍÁ¤ ÎÁÓÔÕ�ÎÕ ÓÔÒÕËÔÕÒÕ(! � E + �)L�0;0(!) = 1 +Xk W �k;0(!)M�k;0(!) + U0hhbn0;��d0� jd+0�ii!++Xk Uk;0hha+k;��d0;��d0� jd+0�ii!+Xk;qX�0 Pq;0hha+k;�0ak�q;�0d0� jd+0�ii!++Xk U�k;0hhd+0;��ak;��d0� + bn0;��ak�jd+0�ii!: (3.9)îÁËiÎÅ�Ø, ÏÓÔÁÎÎ¤ Òi×ÎÑÎÎÑ(! � E + �)M�0;k0(!) =Xk W �k;0G�k;k0(!) + U0hhbn0;��d0� ja+k0�ii!+
ICMP{02{13U 14+Xk;qX�0 Pq;0hha+k;�0ak�q;�0d0� ja+k0�ii!++Xk Uk;0hha+k;��d0;��d0� ja+k0�ii!++Xk U�k;0hh(d+0;��ak;��d0;� + ak�bn0;��)ja+k0�ii!: (3.10)õ Òi×ÎÑÎÎÑÈ (3.7), (3.10) �ÒÏ×ÅÄÅÍÏ ÎÁÓÔÕ�Î� ÒÏÚÝÅ�ÌÅÎÎÑ ×ÉÝÉÈÆÕÎË�iÊ çÒiÎÁ:hhbn0�0ak�q;�ja+k0�ii! � hbn0�0 iG�k�q;k0(!);hhbn0;��d0� ja+k0�ii! � hbn0;��iM�0;k0(!);hha+k�0ak�q;�0d0� ja+k0�ii! � ha+k�0ak�q;�0iM�0;k0(!);hha+k;��d0;��d0� ja+k0�ii! � ha+k;��d0;��iM�0;k0(!);hh(d+0�0ak;�0d0� + bn0�0ak�)ja+k0�ii! == hd+0�0ak�0iM�0;k0(!) + hbn0�0iG�k;k0(!): (3.11)áÎÁÌÏÇiÞÎÅ ÒÏÚÝÅ�ÌÅÎÎÑ ÚÄiÊÓÎÉÍÏ ÄÌÑ ×ÉÝÉÈ ÆÕÎË�iÊ çÒiÎÁhh bAjd+0�ii!, ÝÏ ÆiÇÕÒÕÀÔØ Õ Òi×ÎÑÎÎÑÈ (3.8) i (3.9). òÏÚÝÅ�ÌÅÎÎÑ(3.11) ×iÄ�Ï×iÄÁÀÔØ ÎÁÂÌÉÖÅÎÎÀ ÔÉ�Õ èÁÒÔÒi-æÏËÁ. �Å�ÅÒ ÓÉÓÔÅÍÕÒi×ÎÑÎØ ÄÌÑ ÆÕÎË�iÊ çÒiÎÁ (3.6) ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄi(!�Ek+�)G�k;k0(!) = Æk;k0+Xq �qG�k�q;k0(!)+
�k;0M�0;k0(!); (3.12)(! �Ek + �)M�k;0(!) =Xq �qM�k�q;0(!) + 
�k;0L�0;0(!); (3.13)(! �E0;� + �)L�0;0(!) = 1 +Xk 
�0;kM�k;0(!); (3.14)(! �E0;�)M�0;k0(!) =Xk 
�0;kG�k;k0(!): (3.15)õ Òi×ÎÑÎÎÑÈ (3.12)-(3.15) ××ÅÄÅÎi �ÏÚÎÁÞÅÎÎÑ�q = 2X�=1V (�)q ; (3.16)ÄÅ ×ÅÌÉÞÉÎÁ V (1)q = 1N X1�j�N e�iqRjv(q)ÚÁÌÉÛÁ¤ÔØÓÑ ÔÁËÏÀ Ö, ÑË × ÏÚÎÁÞÅÎÎi (2.7), ÁÌÅ ÔÅ�ÅÒ ×ÖÅV (2)q = e�iqR0ev0(q): (3.17)



15 ðÒÅ�ÒÉÎÔæÕÒ'¤-ËÏÍ�ÏÎÅÎÔÉ ÅÆÅËÔÉ×ÎÏÇÏ �ÓÅ×ÄÏ�ÏÔÅÎ�iÁÌÕ ÄÏÍiÛËÉev0(q) = v0(q)+Pqhbni = 1V Z dre�iqr�v0(r)+hbni Z dr0j 0(r0)j2�(jr�r0j)�ÍiÓÔÉÔØ ÈÁÒÔÒi-ÆÏËi×ÓØËÉÊ �ÏÔÅÎ�iÁÌ, ÝÏ ÓÔ×ÏÒÀ¤ÔØÓÑ ÚÁÒÑÄÏÍ ÄÏ-ÍiÛËÉ.áÎÁÌÏÇiÞÎÉÍ ÞÉÎÏÍ ÍÁÔÒÉÞÎi ÅÌÅÍÅÎÔÉ 
�q;0 ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ Õ×ÉÇÌÑÄi 
�q;0 = e�iqR0 [uqhbn��i+ wq ℄ � e�iqR0
�q : (3.18)�ÕÔ 
�q = 1pV Z dre�iqr�� �h2~r22m + eV �CF(r)� 0(r); (3.19)ÄÅ ÔÅ�ÅÒ ÅÆÅËÔÉ×ÎÉÊ �ÏÔÅÎ�iÁÌ "ËÒÉÓÔÁÌiÞÎÏÇÏ �ÏÌÑ"eV �CF(r) = VCF(r) + hbn0;��i Z dr0j 0(r0)j2�(jr� r0j): (3.20)ïÓÔÁÎÎiÊ ÄÏÄÁÎÏË × (3.20) ÍÁ¤ ÚÍiÓÔ ÈÁÒÔÒi-ÆÏËi×ÓØËÏÇÏ �ÏÔÅÎ�iÁÌÁ,ÑËÉÊ ÓÔ×ÏÒÀ¤ÔØÓÑ ÌÏËÁÌiÚÏ×ÁÎÉÍ ÎÁ ÄÏÍiÛ�iR0 ÅÌÅËÔÒÏÎÏÍ, ÝÏ ÍÁ¤�ÒÏÅË�iÀ Ó�iÎÁ �ÒÏÔÉÌÅÖÎÕ ÚÎÁÞÅÎÎÀ Ó�iÎÁ ÅÌÅËÔÒÏÎÁ,ÑËÉÊ ÚÄ�ÊÓ-ÎÀ¤ �ÅÒÅÈÏÄÉ "ÌÏËÁÌiÚÏ×ÁÎÉÊ ÓÔÁÎ - ÚÏÎÁ �ÒÏ×iÄÎÏÓÔi".ðÅÒÅÎÏÒÍÏ×ÁÎi ÚÎÁÞÅÎÎÑ ÅÎÅÒÇi§ ÌÏËÁÌiÚÏ×ÁÎÏÇÏ Òi×ÎÑ ÄÏÍiÛËÏ-×ÉÈ ÁÔÏÍi×E0;� = E � �+ U0hbn0;��i+Xk [Uk;0ha+k;��d0;��i+ U�k;0hd+0;��ak;��i℄++Xk;qX�0 Pq;0ha+k;�0ak�q;�0i: (3.21)íÉ ÔÕÔ �ÒÉÊÎÑÌÉ �ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÔÅ, ÝÏ ÓÅÒÅÄÎÑ ×ÅÌÉÞÉÎÁ ÚÁ�Ï×-ÎÅÎÎÑ ÅÌÅËÔÒÏÎÁÍÉ ÌÏËÁÌiÚÏ×ÁÎÏÇÏ Òi×ÎÑ ÄÏÍiÛËÏ×ÏÇÏ ÁÔÏÍÁ hbn0i =hbn0"i+ hbn0#i ÎÅ ÚÁÌÅÖÉÔØ ×iÄ ÁÔÏÍÎÏÇÏ iÎÄÅËÓÁ: hbn0i � hbni, ÝÏ Ó�ÒÏ-ÝÕ¤ ÚÁÄÁÞÕ. �ÁËÅ Ö �ÒÉ�ÕÝÅÎÎÑ �ÒÉÊÎÑÔÏ i ×iÄÎÏÓÎÏ hbn�i | ÓÅÒÅÄ-ÎØÏÇÏ ÞÉÓÌÁ ÚÁ�Ï×ÎÅÎÏÓÔi ÌÏËÁÌiÚÏ×ÁÎÏÇÏ Òi×ÎÑ ÅÌÅËÔÒÏÎÁÍÉ Ú �ÒÏ-ÅË�i¤À Ó�iÎÁ �.ðiÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ iÚ ÓÉÓÔÅÍÉ Òi×ÎÑÎØ (3.12)-(3.15)ÏÔÒÉÍÕ¤ÍÏ Òi×ÎÑÎÎÑ ÄÌÑ ÆÕÎË�iÊ çÒiÎÁ G�k;k0(!) i M�k;0(!):(! �Ek + �)G�k;k0(!) = Æk;k0 +Xq �k;qG�q;k0(!); (3.22)
ICMP{02{13U 16(! �Ek + �)M�k;0(!) = 
�k;0! �E0;� +Xq �k;qM�q;0(!); (3.23)ÄÅ ÍÁÔÒÉ�Ñ �k;q = �k�q + ��k;q; (3.24)�k�q = 2X�=1V �k�q = 1N X1�j�N e�i(k�q)Rjv(k�q) + e�i(k�q)R0ev0(k�q)(3.25)��k;q = 
�k;0
�0;q! �E0;� = 
�k(
�q )�! �E0;� e�i(k�q)R0 : (3.26)òi×ÎÑÎÎÑ ÄÌÑ ÆÕÎË�i§ çÒiÎÁ L�0;0(!) �iÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ × ÔÁËÏÍÕ ×ÉÇÌÑÄiL�0;0(!) = 1! � eE0� +Xq;p 
�0;q! � eE0� e�q;p 
�p;0! � eE0� ; (3.27)ÄÅ ÍÁÔÒÉÞÎÉÊ ÅÌÅÍÅÎÔe�q;p = 1! �Ep + �q;p(! �Eq)(! �Ep) +Xk �q;k�k;p(! �Eq)(! �Ek)(! �Ep)+Xk Xm �q;m�m;k�k;p(! �Eq)(! �Em)(! �Ek)(! �Ep) + : : : (3.28)¤ ÎÅÓËiÎÞÅÎÎÉÍ ÒÑÄÏÍ ÚÁ ÅÆÅËÔÉ×ÎÉÍ �ÓÅ×ÄÏ�ÏÔÅÎ�iÁÌÏÍ �q;p. ÷É-ÒÁÚ (3.27) ÍÏÖÎÁ �ÅÒÅ�ÉÓÁÔÉ × iÎÛiÊ ÆÏÒÍiL�00(!) = g�00(!) + g�00(!)T00(!)g�00(!): (3.29)�ÕÔ T00(!) =Xq;p 
0q e�q;p
p0; (3.30)t | ÍÁÔÒÉ�Ñ Õ ×ÕÚÌÏ×ÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÎi, Ág00(!) = 1! �E0;� ;ÎÕÌØÏ×Á ÆÕÎË�iÑ çÒiÎÁ.



17 ðÒÅ�ÒÉÎÔ4. îÁÂÌÉÖÅÎÎÑ ÏÄÎÏÒiÄÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁòÏÚ×'ÑÚÏË Òi×ÎÑÎØ ÄÌÑ ÆÕÎË�iÊ çÒiÎÁ (3.22), (3.23) i (3.27) �ÏÞÎÅÍÏ �ÚÎÁÊ�ÒÏÓÔ�ÛÏÇÏ ÎÁÂÌÉÖÅÎÎÑ| ÎÁÂÌÉÖÅÎÎÑ ÏÄÎÏÒiÄÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ.÷×ÏÄÑÞÉ ÓÔÒÕËÔÕÒÎÕ ÓÕÍÕ�k = 1pN X1�j�N e�ikRj ; k 6= 0;�ÅÒÅÔ×ÏÒÉÍÏ ÍÁÔÒÉÞÎi ÅÌÅÍÅÎÔÉ �k�q, ��k;q, ÚÁÍiÎÉ×ÛÉ �ÅÒÅÎÏÒÍÏ-×ÁÎi ÚÎÁÞÅÎÎÑ ÅÎÅÒÇi§ ÌÏËÁÌiÚÏ×ÁÎÏÇÏ Òi×ÎÑ E0;� ÎÁ ÕÓÅÒÅÄÎÅÎÅ ÚÁËÏÎÆiÇÕÒÁ�i¤À ÚÎÁÞÅÎÎÑ E� . IÚ Òi×ÎÑÎÎÑ (3.25) �iÓÌÑ ÎÅÓËÌÁÄÎÉÈ �Å-ÒÅÔ×ÏÒÅÎØ ÏÔÒÉÍÁ¤ÍÏ�k�q = v(0) + ev0(0) +pN�k�qv(k� q) + e�i(k�q)R0ev0(k� q): (4.1)áÎÁÌÏÇiÞÎÉÍ ÞÉÎÏÍ iÚ Òi×ÎÑÎÎÑ (3.26) ×ÉÚÎÁÞÁ¤ÍÏ��k;q = j
�k j2! �E� Æk;q + 
�k
��q! �E� e�i(k�q)R0 : (4.2)õ Ë×ÁÚiËÒÉÓÔÁÌiÞÎÏÍÕ ÎÁÂÌÉÖÅÎÎi (×ÅÌÉÞÉÎÉ �k � 0, ÑËÝÏ k 6= 0)ÏÔÒÉÍÕ¤ÍÏ �k�q = �0Æk;q + e�i(k�q)R0ev0(k � q)Æk;q; (4.3)��k;q = j
�k j2! �E� Æk;q + 1! �E�
�k
��q e�i(k�q)R0Æk;q; (4.4)ÄÅ �0 = v2(0)� 2�V hnie2a2: (4.5)�Å�ÅÒ, ÂÅÒÕÞÉ ÄÏ Õ×ÁÇÉ Ó�i××iÄÎÏÛÅÎÎÑ (4.4) i (4.5), iÚ Òi×ÎÑÎ-ÎÑ (3.22) i (3.23) ÏÔÒÉÍÕ¤ÍÏ �iÓÌÑ ÄÅÑËÉÈ �ÅÒÅÔ×ÏÒÅÎØ ×ÉÒÁÚÉ ÄÌÑÆÕÎË�iÊ çÒiÎÁ G�k;k0 , M�k;0 Õ ×ÉÇÌÑÄiG�k;k0(!) = Æk;k0! �Ek � �� �0 � j
�k j2!�E� �Ak;k0 ; (4.6)ÄÅ �ÏÚÎÁÞÅÎÏ Ak;k0 = e�i(k�k0)R0�ev0(k � k0) + 
�k
��k0! �E� �
ICMP{02{13U 18M�k;0(!) = 
�k;0(! �Ek � �� �0)(! �E�)� j
�k j2 : (4.7)÷ÉÒÁÚÉ ÄÌÑ ÒÅÛÔÁ ÆÕÎË�iÊ çÒiÎÁ ÏÔÒÉÍÕ¤ÍÏ iÚ Òi×ÎÑÎØ (3.14) i (3.15),×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (4.6), (4.7)M�0;k(!) = 
�0;k(! �Ek � �� �0)(! �E�)� j
�k j2 ; (4.8)L�0;0(!) = 1! �E� + 1! �E� Xq j
�q j2(! �Eq � �� �0)(! �E�)� j
�q j2 :(4.9)óÌiÄ ÚÁÕ×ÁÖÉÔÉ,ÝÏ ÏÓÔÁÎÎ¤ Ó�i××iÄÎÏÛÅÎÎÑ ÍÏÖÎÁ ÔÁËÏÖ ÏÔÒÉÍÁÔÉ,×ÉËÏÒÉÓÔÏ×ÕÀÞÉ (4.4), (4.5) iÚ Òi×ÎÑÎÎÑ (48) �iÓÌÑ ×ÉËÏÎÁÎÎÑ ÄÅÑËÉÈÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ.æÕÎË�i§ çÒiÎÁ (4.6)-(4.9) ÎÅÏÂÈiÄÎi ÎÁÍ ÄÌÑ ÏÔÒÉÍÁÎÎÑ ÓÅÒÅÄÎiÈÚÎÁÞÅÎØ hns�i s-ÅÌÅËÔÒÏÎi×, hnd�i d-ÅÌÅËÔÒÏÎi× ÎÁ ÁÔÏÍ ÄÌÑ Ó�iÎÁ �, ÁÔÁËÏÖ ÓÅÒÅÄÎiÈ ÔÉ�Õ ha+k;��d0;��i, hd+0;��ak;��i. îÁÂÌÉÖÁÀÞÉ " ! 0× (3.5), ÏÔÒÉÍÕ¤ÍÏ Òi×ÎÑÎÎÑ ÄÌÑ hns�i i hnd�i Õ ×ÉÇÌÑÄi:hns�i = 1N Xk ha+k�ak�i = 1Z�1 ��s (!)(e�! + 1)�1d!; (4.10)hnd�i = hd+0�d0�i = 1Z�1 ��d (!)(e�! + 1)�1d!; (4.11)ÄÅ ��s (!) = iN lim"!0+Xk [G�k;k(! + i")�G�k;k(! � i")℄; (4.12)��d(!) = i lim"!0+[L�0;0(! + i")� L�0;0(! � i")℄; (4.13)¤ ÇÕÓÔÉÎÉ ÓÔÁÎi× ÎÁ ÁÔÏÍ ÄÌÑ s i d ÅÌÅËÔÒÏÎi× Úi Ó�iÎÏÍ �.ðÏ×ÎÅ ÓÅÒÅÄÎ¤ ÞÉÓÌÏ ÅÌÅËÔÒÏÎi× ÎÁ ÁÔÏÍ Ú �ÒÏÅ�i¤À Ó�iÎÁ � ×É-ÚÎÁÞÁ¤ÔØÓÑ iÚ Ó�i××iÄÎÏÛÅÎÎÑX� Xk ha+k�ak�i+X� hd+0�d0�i = N; (4.14)ÑËÅ × ÂiÌØÛ ËÏÍ�ÁËÔÎiÊ ÆÏÒÍi ÍÁ¤ ×ÉÇÌÑÄ:X� (hns�i+ hnd�i) = 1: (4.15)



19 ðÒÅ�ÒÉÎÔþÉÓÌÏ N Õ Òi×ÎÑÎÎi (4.14) ¤ �Ï×ÎÁ ËiÌØËiÓÔØ ×iÌØÎÉÈ ÅÌÅËÔÒÏÎi× ×ÓÉÓÔÅÍi, ÑËÁ ÄÏÒi×ÎÀ¤ ËiÌØËÏÓÔi ÁÔÏÍi× ÍÅÔÁÌiÞÎÏ§ ËÏÍ�ÏÎÅÎÔÉ Ó�ÌÁ-×Õ. óÅÒÅÄÎi ha+k;��d0;��i, hd+0;��ak;��i ×ÉÚÎÁÞÁÀÔØÓÑ ÁÎÁÌÏÇiÞÎÉÍ ÞÉ-ÎÏÍ i �ÒÉÊÍÁÀÔØ ×ÉÇÌÑÄ:ha+k�d0�i = 1Z�1 ��k;0(!)(e�! + 1)�1d!; (4.16)hd+0�d0�i = 1Z�1 ��0;k(!)(e�! + 1)�1d!; (4.17)ÄÅ Ó�ÅËÔÒÁÌØÎi ÇÕÓÔÉÎÉ��k;0(!) = i lim"!0+[M�0;k(! + i")�M�0;k(! � i")℄; (4.18)��0;k(!) = i lim"!0+[M�k;0(! + i")�M�k;0(! � i")℄: (4.19)�Å�ÅÒ, �iÄÓÔÁ×ÌÑÀÞÉ G�k;k(!) i L�0;0(!) iÚ Òi×ÎÑÎØ (4.6) i (4.9) × Òi×-ÎÑÎÎÑ (4.12) i (4.13), ÏÔÒÉÍÕ¤ÍÏ ÇÕÓÔÉÎÉ ÎÁ ÁÔÏÍ ÄÌÑ s i d ÅÌÅËÔÒÏÎi×,ÝÏ ×iÄ�Ï×iÄÁÀÔØ Ó�iÎÕ ���s (!) = 2�N Xk [A+sk�Æ(! � !+k�) +A�sk�Æ(! � !�k�)℄; (4.20)��d(!) = 2�Æ(! �E�) + 2�Xk [A+dk�Æ(! � !+k�)++A�dk�Æ(! � !�k�)℄: (4.21)�ÕÔ!pk� = 12�Ek��+E�+2�0+pq(E� �Ek + �� �0)2 + 8j
�k j2�; (4.22)Á ×ÁÇÏ×i ÍÎÏÖÎÉËÉ Apsk� = p !pk� �E�!+k� � !�k� ; (4.23)Apdk� = p j
�k j2(!pk� �E�)(!+k� � !�k�) : (4.24)õ Ó�i××iÄÎÏÛÅÎÎÑÈ (4.22)-(4.24) ÞÉÓÌÏ p �ÒÉÊÍÁ¤ ÚÎÁÞÅÎÎÑ +1 ÁÂÏ�1.

ICMP{02{13U 20÷ÉÒÁÚÉ ÄÌÑ ÇÕÓÔÉÎ ÓÔÁÎi× ��s (!) i ��d (!) ÍÏÖÎÁ ÚÏÂÒÁÚÉÔÉ ÔÁËÏÖ× iÎÛiÊ ËÏÍ�ÁËÔÎiÊ ÆÏÒÍi��s (!) = 2�N Xk (! �E�)Æ[(! � !+k�)(! � !�k�)℄; (4.25)��d (!) = 2�Æ(! � eE�) + 2�Xk j
�k j2! � eE� Æ[(! � !+k�)(! � !�k�)℄: (4.26)÷ÅÌÉÞÉÎÉ ��0kj(!) i ��0jk(!) ÚÏÂÒÁÖÁÀÔØÓÑ ÁÎÁÌÏÇiÞÎÉÍ ÞÉÎÏÍ��0k;0(!) = 2�[A+k0�0Æ(! � !+k�0 ) +A�k0�0Æ(! � !�k�0 )℄; (4.27)��00;k(!) = 2�[A+0k�0Æ(! � !+k�0 ) +A�0k�0Æ(! � !�k�0 )℄; (4.28)ÄÅ ×ÁÇÏ×i ÍÎÏÖÎÉËÉApk0�0 = p 
�0k;0!+k�0 � !�k�0 ; Ap0k�0 = (Apk0�0 )�: (4.29)óÅÒÅÄÎi ÚÎÁÞÅÎÎÑ ËÏÒÅÌÑÔÏÒi× ha+k;��d0;��i i hd+0;��ak;��i, Á ÔÁËÏÖÓÅÒÅÄÎi ÚÎÁÞÅÎÎÑ hns�i i hnd�i ÎÁÂÕ×ÁÀÔØ ×ÉÇÌÑÄÕ:ha+k;��d0;��i = 2�
��k;0!+k;�� � !�k;�� � 1e�!+k;�� + 1 � 1e�!�k;�� + 1� (4.30)hns�i = 2�N Xk Xp Apsk�(e�!pk;� + 1)�1; (4.31)hnd�i = 2�(e�E� + 1)�1 + 2�Xk Xp Apdk�(e�!pk;� + 1)�1: (4.32)ÏÓËiÌØËÉ ÄÌÑ ×iÌØÎÏÇÏ ÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ k2 = Ek 2m�h2 , ÔÏ
�k = 
�(Ek) =r�a3V e2a 11 + Ek� 33 + Ek(9 + Ek)2 hn��i+ "r(1 + Ek)2�(4.33)( = 2ma2=�h2), ¤ ÆÕÎË�i¤À, ÝÏ ÚÁÌÅÖÉÔØ ×iÄ ÅÎÅÒÇi§. ó�i××iÄÎÏÛÅÎ-ÎÑÍ (4.31)-(4.32) ÍÏÖÎÁ ÎÁÄÁÔÉ iÎÛÕ, ÂiÌØÛ ÚÒÕÞÎÕ ÄÌÑ �ÏÄÁÌØÛÏÇÏ×ÉËÏÒÉÓÔÁÎÎÑ ÆÏÒÍÕ hns�i = 2�N Xk g�s (Ek); (4.34)



21 ðÒÅ�ÒÉÎÔhnd�i = 2�(e�E� + 1) + 2�Xk g�d (Ek); (4.35)ÄÅ g�s (Ek) =Xp Aps�(Ek)(e�!p�(Ek) + 1)�1; (4.36)gd(Ek) =Xp Apd�(Ek)(e�!p�(Ek) + 1)�1; (4.37)ó�i××iÄÎÏÛÅÎÎÑ (4.34)-(4.35) ÚÒÕÞÎÏ ÚÏÂÒÁÚÉÔÉ × iÎÔÅÇÒÁÌØÎiÊ ÆÏÒÍihns�i = 2� 1Z�1 g�s (!)�(!)d!; (4.38)hnd�i = 2�(e�E� + 1)�1 + 2� 1Z�1 g�d (!)�(!)d!; (4.39)ÄÅ �(!) = 1N Xk Æ(! �Ek) | ÇÕÓÔÉÎÁ ÅÎÅÒÇÅÔÉÞÎÉÈ ÓÔÁÎi× ×iÌØÎÏÇÏÅÌÅËÔÒÏÎÎÏÇÏ ÇÁÚÕ: �(!) = p2m3=2VN�2�h3 p!: (4.40)�ÏÄi ×ÉÒÁÚÉ ÄÌÑ hns�i i hnd�i �ÒÉÊÍÁÀÔØ ×ÉÇÌÑÄhns�i = 2p2V (m)3=2N��h3 Xp 1Z�1 Aps��!)(e�!p�(!) + 1��1p!d!; (4.41)hnd�i = 2�(e�E� + 1)�1++2p2V (m)3=2��h3 Xp 1Z�1 Apd�(!)(e�!p�(!) + 1)�1p!d!; (4.42)ÄÅ Aps�(!) = p !p�(!)�E�!+� (!)� !�� (!) ; (4.43)Apd�(!) = p j
�(!)j2(!p�(!)�E�)(!+� (!)� !�� (!)) ; (4.44)!p�(!) = 12f! � �+E� + 2�0 + pp(E� � ! + �� �0)2 + 8j
�(!)j2g:(4.45)äÌÑ ÏÔÒÉÍÁÎÎÑ ÒÅÚÕÌØÔÁÔ�× Ò�×ÎÑÎÎÑ (4.41), (4.42) ÒÁÚÏÍ Ú Ò�×ÎÑÎ-ÎÑÍ (4.15) �ÏÔÒ�ÂÎÏ ÒÏÚ×'ÑÚÕ×ÁÔÉ ÓÁÍÏÕÚÇÏÄÖÅÎÏ. ãÑ ÒÏÂÏÔÁ ÄÌÑ Ò�Ú-ÎÉÈ ÎÁÂÌÉÖÅÎØ ÂÕÄÅ ×ÉËÏÎÁÎÁ × ÎÁÓÔÕ�ÎÉÈ ÒÏÚÄ�ÌÁÈ.
ICMP{02{13U 225. ëÏÎÆ�ÇÕÒÁ��ÊÎÅ ÕÓÅÒÅÄÎÅÎÎÑ ÆÕÎË��Ê çÒ�ÎÁëÏÎÆ�ÇÕÒÁ��ÊÎÏ ÕÓÅÒÅÄÎÅÎÁ ÆÕÎË��Ñ çÒ�ÎÁ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÁÓÔÕ�ÎÉÍÞÉÎÏÍ hhakja+k0ii = Z dR1 : : : dRNP (R1 : : :RN)hhakja+k0ii; (5.1)ÄÅ R1 : : :RN{ËÏÏÒÄÉÎÁÔÉ ÁÔÏÍ�× ÓÅÒÅÄÏ×ÉÝÁ, ÑË� �ÒÉÊÍÁÀÔØ ÄÏ×�-ÌØÎ� ÚÎÁÞÅÎÎÑ × ÏÂ'¤Í� V , Á ÆÕÎË��Ñ P (R1 : : :RN){ÄÅÑËÁ ÆÕÎË��ÑÒÏÚ�ÏÄ�ÌÕ ËÏÏÒÄÉÎÁÔ.ëÏÎÆ�ÇÕÒÁ��ÊÎÏ ÕÓÅÒÅÄÎÅÎÁ ÆÕÎË��Ñ çÒ�ÎÁ Ô�ÓÎÏ �Ï×'ÑÚÁÎÁ Ú ÏÂ-ÞÉÓÌÅÎÎÑÍ Ó�ÏÓÔÅÒÅÖÕ×ÁÎÉÈ ×ÅÌÉÞÉÎ, Á ÓÁÍÅ ÍÁ¤ Æ�ÚÉÞÎÉÊ ÚÍ�ÓÔÄ×�Þ� ÄÉÆÅÒÅÎ��ÊÎÏÇÏ �ÅÒÅÒ�ÚÕ ÒÏÚÓ�ÑÎÎÑ.õÓÅÒÅÄÎÉÍÏ ÆÕÎË��À G�k;k0 . äÌÑ �ØÏÇÏ �ÅÒÅ�ÉÛÅÍÏ Ò�×ÎÑÎÎÑ(3.22), ×ÉÄ�ÌÉ×ÛÉ ÓÔÒÕËÔÕÒÎÕ ÓÕÍÕ. OÔÒÉÍÁ¤ÍÏ(!�Ek+�)G�k;k0(!) = Æk;k0+Xq �k�qv(k� q)G�q;k0(!)+Xq Ak;qG�q;k0(!);(5.2)ÄÅ ××ÅÄÅÎÏ �ÏÚÎÁÞÅÎÎÑAk;q = e�i(k�q)R0�ev0(k� q) + 
�k
�q�! �E� �õÓÅÒÅÄÎÅÎÅ ÚÁ ËÏÎÆ�ÇÕÒÁ��ÑÍÉ ÏÓÔÁÎÎ¤ Ò�×ÎÑÎÎÑ ÍÁÔÉÍÅ ×ÉÇÌÑÄ(!�Ek+�)G�k;k0(!) = Æk;k0+Xq v(k � q)�k�qG�q;k0(!)+Xq Ak;qG�q;k0(!);(5.3)ò�×ÎÑÎÎÑ ÄÌÑ �k�qG�q;k0(!) ÏÔÒÉÍÁ¤ÍÏ Ú Ò�×ÎÑÎÎÑ (5.2), ÄÏÍÎÏÖÉ×ÛÉÎÁ �k�q � ÕÓÅÒÅÄÎÉ×ÛÉ ÚÁ ËÏÎÆ�ÇÕÒÁ��ÑÍÉ.(!�Eq+�)�k�qG�q;k0(!) = Æq;k0�k�q+Xq1 v(q� q1)�k�q�q�q1G�q1;k0(!)+Xq1 Aq;q1�k�qG�q1;k0(!): (5.4)÷×ÅÄÅÍÏ ÎÁÂÌÉÖÅÎÎÑ, ÒÏÚÝÅ�É×ÛÉ�k�q�q�q1G�q1;k0(!) �! �k�q�q�q1 G�q1;k0(!):�ÁËÏÖ ×ÒÁÈÕ¤ÍÏ ×ÌÁÓÔÉ×ÏÓÔ� ÓÔÒÕËÔÕÒÎÏ§ ÓÕÍÉ�k�q�q�q1 = Æ(k� q1)S(jk� qj);



23 ðÒÅ�ÒÉÎÔ�k�q = 0: (5.5)S(jk � qj){ÓÔÒÕËÔÕÒÎÉÊ ÆÁËÔÏÒ, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÉÍ�ÒÀ×ÁÎÁ ×Å-ÌÉÞÉÎÁ.ðÒÏ×�×ÛÉ ÔÁË� ÒÏÚÝÅ�ÌÅÎÎÑ, Ò�×ÎÑÎÎÑ ÄÌÑ �k�qG�q;k0(!) ÎÁÂÕÄÅ×ÉÇÌÑÄÕ(! �Eq + �)�k�qG�q;k0(!) = v(q� k)S(jk � qj)G�k;k0(!)+Xq1 Aq�q1�k�qG�q1;k0(!): (5.6)�ÁËÉÍ ÞÉÎÏÍ, ÏÔÒÉÍÁÎÏ Ä×Á Ò�×ÎÑÎÎÑ (5.3,5.6) ÄÌÑ ÚÎÁÈÏÄÖÅÎÎÑÆÕÎË��§ G�k;k0(!).ð�ÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÏÔÒÉÍÁ¤ÍÏ(! �Ek + �)G�k;k0(!) = Æk;k0 +Xq Ak;qG�q;k0(!)+Xq v(k � q)(! �Eq)�v(q� k)S(jk � qj)G�k;k0(!)+Xq1 Aq;q1�k�qG�q1;k0(!)�:(5.7)ñËÝÏ ÚÎÁÊÔÉ Ò�×ÎÑÎÎÑ ÄÌÑ �k�qG�q1;k0(!) � ÎÁÓÔÕ�ÎÉÈ �ÔÅÒÁ��Ê, ÔÏÄ�(!�Ek +�)G�k;k0(!) = Æk;k0 +�(k)G�k;k0(!) +Xq Ak;qG�q;k0(!): (5.8)ïÔÒÉÍÁÎÏ �ÎÔÅÇÒÁÌØÎÅ Ò�×ÎÑÎÎÑ, ÑËÅ ÒÏÚ×'ÑÚÕ×ÁÔÉÍÅÍÏ �ÔÅÒÁ��ÑÍÉ.îÕÌØÏ×Á �ÔÅÒÁ��Ñ G0q;k0(!) = Æq;k0! �Eq + �� �(q) ;� ËÏÎÆ�ÇÕÒÁ��ÊÎÏ ÕÓÅÒÅÄÎÅÎÁ ÆÕÎË��Ñ çÒ�ÎÁG�k;k0(!) = Æk;k0 + Ak;k0!�Ek0+���(q)! �Ek + �� �(k) ; (5.9)ÄÅ �(k) =Xq v(k� q)v(q � k)S(jk � qj)(! �Eq)+Xq Xq1 Aq;q1 v(k� q)v(q1 � k)S(jk� qj)(! �Eq)(! �Eq1)
ICMP{02{13U 24+Xq Xq1 Xq2 Aq;q1Aq1;q2 v(k� q)v(q2 � k)S(jk� qj)(! �Eq)(! �Eq1)(! � Eq2) + : : : (5.10)|ÍÁÓÏ×ÉÊ Ï�ÅÒÁÔÏÒ, ÑËÉÊ ÄÁ¤ �Ï�ÒÁ×ËÕ ÄÏ ÅÎÅÒÇÅÔÉÞÎÏÇÏ Ó�ÅËÔÒÁ,�ÒÏ�ÏÒ��ÊÎÕ �2. ðÏÌÀÓÉ ÆÕÎË��§ çÒ�ÎÁ ÚÍ�ÝÕÀÔØÓÑ × ËÏÍ�ÌÅËÓÎÕÏÂÌÁÓÔØ. ÷ÉÄ�ÌÉ×ÛÉ Ä�ÊÓÎÕ � ÕÑ×ÎÕ ÞÁÓÔÉÎÉ ÍÁÓÏ×ÏÇÏ Ï�ÅÒÁÔÏÒÁ�(k; E � i") = �0(k; E)� i�00(k; E);ÏÔÒÉÍÁ¤ÍÏ Ä�ÊÓÎÉÊ ÒÏÚ×'ÑÚÏË|Ó�ÅËÔÒ ÔÁ ÕÑ×ÎÕ ÞÁÓÔÉÎÕ|ÛÉÒÉÎÕÅÎÅÒÇÅÔÉÞÎÉÈ Ò�×Î�× ÁÂÏ ÚÁÔÕÈÁÎÎÑ Ó�ÅËÔÒÁ.ReE = E0 +�0(k; E0(k));ImE � � = �00(k; E0(k)):ä�ÊÓÎÁ ÞÁÓÔÉÎÁ ¤ �ÎÔÅÇÒÁÌÏÍ × ÓÅÎÓ� ÇÏÌÏ×ÎÏÇÏ ÚÎÁÞÅÎÎÑ.úÎÁÊÄÅÍÏ ÝÅ ËÏÎÆ�ÇÕÒÁ��ÎÏ ÕÓÅÒÅÄÎÅÎÕ ÆÕÎË��À çÒ�ÎÁ ÌÏËÁÌ�ÚÏ-×ÁÎÉÈ ÎÁ ÄÏÍ�ÛËÁÈ ÅÌÅËÔÒÏÎ�×. ò�×ÎÑÎÎÑ ÄÌÑ L�0;0(!) ÍÁÌÏ ÎÁÓÔÕ�ÎÉÊ×ÉÇÌÑÄ L�0;0(!) = 1! �E� +Xq;p 
�0;q! �E� e�q;p 
�p;0! �E� ; (5.11)ÄÅ ÍÁÔÒÉÞÎÉÊ ÅÌÅÍÅÎÔe�q;p = 1! �Ep + �q;p(! �Eq)(! �Ep) +Xk �q;k�k;p(! �Eq)(! �Ek)(! �Ep)+Xk Xm �q;m�m;k�k;p(! �Eq)(! �Em)(! �Ek)(! �Ep) + : : : (5.12)¤ ÎÅÓËiÎÞÅÎÎÉÍ ÒÑÄÏÍ ÚÁ ÅÆÅËÔÉ×ÎÉÍ �ÓÅ×ÄÏ�ÏÔÅÎ�iÁÌÏÍ �q;p.�q;p = �q�pv(q� p) +Aq;p:÷ÒÁÈÏ×ÕÀÞÉ ×ÌÁÓÔÉ×ÏÓÔ� ÓÔÒÕËÔÕÒÎÏÇÏ ÆÁËÔÏÒÁ (5.5), ��ÓÌÑ ÎÅÓËÌÁÄ-ÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ, ÏÔÒÉÍÁ¤ÍÏL�0;0(!) = 1! �E� +Xq j
�0;q j2(! �E�)2(! �Eq)��1 + S(jq� kj)jv(q � k)j2(! �Eq)(! �Ek) + : : :�: (5.13)÷ ÄÒÕÇÏÍÕ �ÏÒÑÄËÕ ÔÅÏÒi§ ÚÂÕÒÅÎØ �Ï ÅÆÅËÔÉ×ÎÏÍÕ �ÓÅ×ÄÏ�ÏÔÅÎ�iÁÌÕÍÏÖÎÁ ÏÂÍÅÖÉÔÉÓØ ×É�ÉÓÁÎÉÍÉ ÞÌÅÎÁÍÉ ÆÏÒÍÕÌÉ (5.13).



25 ðÒÅ�ÒÉÎÔ6. ÷ÉÓÎÏ×ËÉõ ÄÁÎ�Ê ÒÏÂÏÔ� ÚÁ�ÒÏ�ÏÎÏ×ÁÎÁ ÍiËÒÏÓËÏ�iÞÎÁ ÍÏÄÅÌØ, ÝÏ Ï�ÉÓÕ¤ ÓÔÁÎÅÌÅËÔÒÏÎÅÇÁÔÉ×ÎÏ§ ÄÏÍ�ÛËÉ × ÒÏÚ�ÌÁ×� ÌÕÖÎÏÇÏ ÍÅÔÁÌÕ. ÷ÉÚÎÁÞÅÎÏ�ÁÒÁÍÅÔÒÉ ÇÁÍ�ÌØÔÏÎ�ÁÎÁ ÍÏÄÅÌ�, ÏÂÞÉÓÌÅÎi ÊÏÇÏ ÍÁÔÒÉÞÎ� ÅÌÅÍÅÎÔÉ.õ ÎÁÂÌÉÖÅÎÎ� èÁÒÔÒ�-æÏËÁ ÏÂÞÉÓÌÅÎi ÏÄÎÏÅÌÅËÔÒÏÎÎi ÆÕÎË�i§çÒiÎÁ, ÚÎÁÊÄÅÎi §È ËÏÎÆiÇÕÒÁ�iÊÎÏ ÚÁÓÅÒÅÄÎÅÎi ÚÎÁÞÅÎÎÑ. ÷ ÎÁÂÌÉ-ÖÅÎÎi ÏÄÎÏÒiÄÎÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ ÏÔÒÉÍÁÎÁ ÓÉÓÔÅÍÕ ÓÁÍÏÕÚÇÏÄÖÅÎÉÈÒ�×ÎÑÎØ ÄÌÑ ÏÂÞÉÓÌÅÎÎÑ ÚÁÒÑÄÏ×ÏÇÏ ÔÁ Ó��Î-�ÏÌÑÒÉÚÏ×ÁÎÏÇÏ ÓÔÁÎÕÄÏÍ�ÛËÉ, Á ÔÁËÏÖ Ó�ÅËÔÒÁ ÔÁ ÇÕÓÔÉÎÉ ÓÔÁÎ�× ÅÌÅËÔÒÏÎ�× �ÒÏ×�ÄÎÏÓÔ�ÌÕÖÎÏÇÏ ÍÅÔÁÌÅ×ÏÇÏ ÒÏÚ�ÌÁ×Õ. þÉÓÅÌØÎi ÒÏÚÒÁÈÕÎËÉ ÆiÚÉÞÎÉÈ ×ÅÌÉ-ÞÉÎ ÎÁ �iÄÓÔÁ×i ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ§ ÍÏÄÅÌi ÂÕÄÕÔØ �ÒÏ×ÅÄÅÎi Õ ÎÁÓÔÕ�ÎÉÈÒÏÂÏÔÁÈ.ì�ÔÅÒÁÔÕÒÁ1. âÅÓËÏÒÏ×ÁÊÎÙÊ î.í., éÏÌÔÕÈÏ×ÓËÉÊ á.ç. ëÏÎÓÔÒÕË�ÉÏÎÎÙÅ ÍÁ-ÔÅÒÉÁÌÙ É ÖÉÄËÏÍÅÔÁÌÌÉÞÅÓËÉÅ ÔÅ�ÌÏÎÏÓÉÔÅÌÉ. { í., "üÎÅÒÇÏ-ÁÔÏÍÉÚÄÁÔ", 1983.2. çÒÅÚÎÏ× ç.í.,å×ÔÉÈÉÎ ÷.á. É ÄÒ. íÁÔÅÒÉÁÌÏ×ÅÄÅÎÉÅ ÖÉÄËÏÍÅÔÁÌ-ÌÉÞÅÓËÉÈ ÓÉÓÔÅÍ ÔÅÒÍÏÑÄÅÒÎÙÈ ÒÅÁËÔÏÒÏ× { í., "üÎÅÒÇÏÉÚÄÁÔ",1989.3. ìÉÎÞÅ×ÓËÉÊ â.÷. �ÅÒÍÏÄÉÎÁÍÉËÁ É ËÉÎÅÔÉËÁ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÑ ÇÁ-ÚÏ× Ó ÖÉÄËÉÍÉ ÍÅÔÁÌÌÁÍÉ.{ í., "íÅÔÁÌÌÕÒÇÉÑ", 1986.4. èÁÒØËÏ× å.é.,ìÙÓÏ× ÷.î., æ£ÄÏÒÏ× ÷.å. æÉÚÉËÁ ÖÉÄËÉÈ ÍÅÔÁÌ-ÌÏ× {ë.,"÷ÉÝÁ ÛËÏÌÁ", 1979.5. ð.áÎÄÅÒÓÏÎ. ìÏËÁÌÉÚÏ×ÁÎÎÙÅ ÍÁÇÎÉÔÎÙÅ ÓÏÓÔÏÑÎÉÑ × ÍÅÔÁÌÌÁÈ.{Phys.Rev.,vol.124,41(1961) (× ËÎ. �ÅÏÒÉÑ ÆÅÒÒÏÍÁÇÎÅÔÉÚÍÁ ÍÅÔÁÌ-ÌÏ× É Ó�ÌÁ×Ï×. óÂ.ÓÔÁÔÅÊ �ÏÄ ÒÅÄ. ÷ÏÎÓÏ×ÓËÏÇÏ ó. ÷. {éÎÏÓÔÒ. ÌÉÔ.í., 1963.6. âÁ�ÁÎÏ× "üÌÅËÔÒÏÏÔÒÉ�ÁÔÅÌØÎÏÓÔØ ÜÌÅÍÅÎÔÏ× É ÈÉÍÉÞÅÓËÁÑÓ×ÑÚØ" { 1962.7. úÕÂÁÒÅ× ä.î. "ä×ÕÈ×ÒÅÍÅÎÎÙÅ ÆÕÎË�ÉÉ çÒÉÎÁ × ÓÔÁÔÉÓÔÉÞÅÓËÏÊÆÉÚÉËÅ" { õæî, 1960, Ô.71, ×Ù�.1, ÓÔÒ.71{116.
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