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ìø÷¶÷

õäë: 539.211PACS: 82.65.My, 34.50.DáÄÓÏÒÂ��Ñ ËÉÓÎÀ, ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH� ÎÁ �Ï-×ÅÒÈÎ� ÚÁÌ�ÚÁ, ÏËÉÓÌ�× ÚÁÌ�ÚÁ FeO, Fe2O3 ÔÁ ÏËÉÓÌÕ ËÒÅÍÎ�ÀSiO2.¶.÷.óÔÁÓÀË, óÔÅ��× ò.ñ., äÕÌÅ�Á ¶.ò., óÉÚÏÎÅÎËÏ à. ÷.áÎÏÔÁ��Ñ. ú ÍÅÔÏÀ ×É×ÞÅÎÎÑ �ÒÉÒÏÄÉ Ñ×ÉÝ, ÝÏ �ÒÏÔ�ËÁÀÔØ ÎÁ �Ï-×ÅÒÈÎ� ÌÁ×Ï�ÏÄ�ÂÎÉÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÔÅÒÁÌ�× (ìð÷í), ÄÏÓÌ�ÄÖÅÎÏ×ÚÁ¤ÍÏÄ�À ÁÔÏÍ�× � ÍÏÌÅËÕÌ Ú ÇÁÚÏ×ÏÇÏ ÓÅÒÅÄÏ×ÉÝÁ × ÏÂ'¤ËÔ� \õËÒÉÔ-ÔÑ" Ú �Ï×ÅÒÈÎÅÀ ËÏÍ�ÏÎÅÎÔ, ÝÏ ÆÏÒÍÕÀÔØ ìð÷í. ú ×ÉËÏÒÉÓÔÁÎÎÑÍË×ÁÎÔÏ×Ï-È�Í�ÞÎÉÈ ÍÅÔÏÄ�× ×ÉËÏÎÁÎ� ÒÏÚÒÁÈÕÎËÉ �ÏÔÅÎ��ÁÌØÎÉÈ ÅÎÅÒ-Ç�Ê ÁÔÏÍ�× ËÉÓÎÀ, ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH� ÎÁ �Ï×ÅÒÈÎ�ÚÁÌ�ÚÁ, ÏËÉÓÌ�× ÚÁÌ�ÚÁ FeO � Fe2O3, Á ÔÁËÏÖ SiO2, ÑË� ¤ ×ÁÖÌÉ×ÉÍÉËÏÍ�ÏÎÅÎÔÁÍÉ ìð÷í. òÏÚÒÁÈÏ×ÁÎÏ ÅÎÅÒÇ�§ ÁÄÓÏÒÂ��§ � ÚÍ�ÎÕ ÚÁÒÑÄÕÔÁËÉÈ ÁÔÏÍ�× ÔÁ ÍÏÌÅËÕÌ × �ÒÏ�ÅÓ� §È ÁÄÓÏÒÂ��§ ÎÁ �Ï×ÅÒÈÎ�, Á ÔÁËÏÖÚÁÒÑÄ�× ×ÌÁÓÎÉÈ �Ï×ÅÒÈÎÅ×ÉÈ ÁÔÏÍ�×, ÝÏ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÏ �ÒÉÅÌÅËÔÒÉÞÎ�Ê ÓÅ�ÁÒÁ��§ ìð÷í.Adsorbtion of oxygen, hydrogen, nitrogen, and OH� group onFe, FeO, Fe2O3 and SiO2 surfaes.I.V.Stasyuk, R.Ya.Stetsiv, I.R.Dulepa, Yu.V.SizonenkoAbstrat. In order to investigate the nature of phenomena taking plaeon a surfae of lava-like fuel-ontaining materials (LFCM), we study in-terations between atoms and moleules of gas media in the \Shelter"objet with a surfae of LFCM omponents. Using quantum hemistrymethods, we alulate the potential energies of oxygen, hydrogen, nitro-gen atoms and OH� groups on surfaes of iron, iron oxides FeO andFe2O3, and of SiO2, whih are important omponents of LFCM. Adsorp-tion energies and hanges in harges of suh atoms and moleules duringtheir adsorption on the studied surfaes as well as in harges of surfaeatoms are found; the obtained results are relevant to eletri separationof LFCM.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�ìÁ×Ï�ÏÄ�ÂÎ� �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÔÅÒÁÌÉ (ìð÷í) × ÏÂ'¤ËÔ� "õËÒÉÔÔÑ"ÚÎÁÈÏÄÑÔØÓÑ ��Ä �ÏÓÔ�ÊÎÉÍ ×�ÌÉ×ÏÍ Ò�ÚÎÏÍÁÎ�ÔÎÉÈ ÆÁËÔÏÒ�×,ÝÏ �ÒÉ-×ÏÄÑÔØ ÄÏ ÚÍ�ÎÉ ×ÌÁÓÔÉ×ÏÓÔÅÊ ìð÷í, §È ÒÕÊÎÕ×ÁÎÎÑ, ×ÉÍÉ×ÁÎÎÑ ��ÅÒÅÎÏÓÕ Ò�ÚÎÉÈ ËÏÍ�ÏÎÅÎÔ. îÅ ×ÉÑÓÎÅÎÉÍÉ ÄÏ Ë�Î�Ñ ÚÁÌÉÛÁÀÔØÓÑÚÍ�ÎÉ ×ÌÁÓÔÉ×ÏÓÔÅÊ ìð÷í �ÒÉ ×ÚÁ¤ÍÏÄ�§ Ú ×ÏÄÏÀ ÔÁ ÇÁÚÏ×ÉÍ ÓÅÒÅÄÏ-×ÉÝÅÍ ÏÂ'¤ËÔÕ. ú ÍÅÔÏÀ ×É×ÞÅÎÎÑ �ÒÉÒÏÄÉ Ñ×ÉÝ, ÝÏ �ÒÏÔ�ËÁÀÔØ ÎÁ�Ï×ÅÒÈÎ� ìð÷í �ÏÓÔÁ×ÌÅÎÁ ÚÁÄÁÞÁ �ÒÏ Ë×ÁÎÔÏ×Ï-È�Í�ÞÎ� ÒÏÚÒÁÈÕÎËÉ�Ï×ÅÄ�ÎËÉ ×ÏÄÎÀ, ËÉÓÎÀ, ×ÕÇÌÅËÉÓÌÏÇÏ ÇÁÚÕ, ÍÏÌÅËÕÌ ×ÏÄÉ � Ô.Ä. ÎÁ�Ï×ÅÒÈÎ� ËÏÍ�ÏÎÅÎÔ, ÝÏ ÆÏÒÍÕÀÔØ ìð÷í. íÏÖÌÉ×Á ÁÄÓÏÒÂ��Ñ ÚÇÁ-ÄÁÎÉÈ ÍÏÌÅËÕÌ ÎÁ �Ï×ÅÒÈÎ� Ú �ÏÄÁÌØÛÏÀ §È ÄÉÓÏ��Á��¤À. úÁÒÑÄÖÅ-Î� �ÏÎÉ (ÚÏËÒÅÍÁ, H+, O�, OH�, ...) × ÁÄÓÏÒÂÏ×ÁÎÏÍÕ ÓÔÁÎ� ×ÉËÌÉ-ËÁÀÔØ ÕÔ×ÏÒÅÎÎÑ ÎÁ �Ï×ÅÒÈÎ� ÏÂÌÁÓÔÅÊ �ÒÏÓÔÏÒÏ×ÏÇÏ ÚÁÒÑÄÕ Ò�ÚÎÉÈÚÎÁË�× × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÓËÌÁÄÕ ËÏÍ�ÏÎÅÎÔ ìð÷í. úÏËÒÅÍÁ, ËÉÓÅÎØÂÅÒÅ ÎÁ ÓÅÂÅ ÄÏÄÁÔËÏ×ÉÊ ÅÌÅËÔÒÏÎ, ÔÉÍ ÓÁÍÉÍ �Ï×ÅÒÈÎÑ ÚÂ�ÄÎÀ¤ÔØÓÑÎÁ ÅÌÅËÔÒÏÎÉ � ÚÎÉÖÕ¤ÔØÓÑ ÅÌÅËÔÒÏÎÎÁ �ÒÏ×�ÄÎ�ÓÔØ. ãÅ ÓÌ�Ä ×ÒÁÈÏ-×Õ×ÁÔÉ, ÚÏËÒÅÍÁ, �ÒÉ ÅÌÅËÔÒÉÞÎ�Ê ÓÅ�ÁÒÁ��§ ìð÷í [1℄. ÷ÁÖÌÉ×Ï ¤×ÉÚÎÁÞÉÔÉ ÞÉ �ÒÏÎÉËÁ¤ H+ ×ÇÌÉÂ ÓÅÒÅÄÏ×ÉÝÁ � �ÒÏÈÏÄÉÔØ �ÒÉ �ØÏ-ÍÕ ÒÕÊÎÕ×ÁÎÎÑ ìð÷í; ÞÉ ÍÏÖÌÉ×Á ÄÌÑ �Å×ÎÉÈ ËÏÍ�ÏÎÅÎÔ ìð÷í�ÒÏÔÏÎÎÁ �ÒÏ×�ÄÎ�ÓÔØ. úÇ�ÄÎÏ Ú Ì�ÔÅÒÁÔÕÒÎÉÍÉ ÄÁÎÉÍÉ [2-4℄ ÑË ÏÓÎÏ×-Î� ËÏÍ�ÏÎÅÎÔÉ ìð÷í ÂÕÄÅÍÏ ÒÏÚÇÌÑÄÁÔÉ SiO2, FeO, Fe2O3, Al2O3,CaO, CaCO3, UO2, ZrO2, U2O5, U3O8 � Ô. Ä.ñË �ÅÒÛÉÊ ËÒÏË ÎÁÍÉ ÂÕÌÉ ×É×ÞÅÎ� �ÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§ � ÄÉÓÏ��-Á��§ ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÉÌØÎÏ§ ÇÒÕ�É OH� ÎÁ �Ï×ÅÒÈÎ� �ÅÒÅ-È�ÄÎÉÈ ÍÅÔÁÌ�× � ÚÏËÒÅÍÁ ÚÁÌ�ÚÁ, ÝÏ Í�ÓÔÉÔØÓÑ × ìð÷í [5℄. ðÒÏÔÅÒÅÁÌØÎÏ ÁÔÏÍÉ ÚÁÌ�ÚÁ ÚÎÁÈÏÄÑÔØÓÑ × ìð÷í Õ ÓËÌÁÄ� ÏËÉÓÌ�×. ñË×É�ÌÉ×Á¤ Ú ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ, ÅÌÅËÔÒÉÞÎÅ �ÏÌÅ �ÏÂÌÉ-ÚÕ �Ï×ÅÒÈÎ� ÏËÉÓÌ�× ÍÅÔÁÌ�×, ÕÔ×ÏÒÅÎÅ �ÏÎÁÍÉ ÇÒÁÔËÉ, ÎÅ ÌÉÛÅ ÎÁ-�ÒÁ×ÌÑ¤ ÄÉ�ÏÌØÎ� ÍÏÍÅÎÔÉ ÍÏÌÅËÕÌ ×ÏÄÉ, ÁÌÅ � Ó�ÒÉÑ¤ ÄÉÓÏ��Á��§ 2.îÁ ÄÁÎÉÊ ÞÁÓ ×�ÄÏÍ� ÄÏÓÌ�ÄÖÅÎÎÑ ËÌÁÓÔÅÒ�× ËÒÉÓÔÁÌ�× Ò�ÚÎÉÈ ÏËÉÓ-Ì�× ÍÅÔÁÌ�× Ú ÁÄÓÏÒÂÏ×ÁÎÉÍÉ ÎÁ ÎÉÈ ÍÏÌÅËÕÌÁÍÉ ×ÏÄÉ � �ÒÏÄÕËÔÁ-ÍÉ §§ �ÏÎÎÏ§ ÄÉÓÏ��Á��§: + � OH�. úÏËÒÅÍÁ × ÒÏÂÏÔÁÈ [6, 7℄ Ú ×ÉËÏ-ÒÉÓÔÁÎÎÑÍ Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÈ ÍÅÔÏÄ�× ÂÕÌÉ ÄÏÓÌ�ÄÖÅÎ� Ç�ÄÒÁÔÏ×ÁÎ�ËÌÁÓÔÅÒÉ MgO, CaO. ðÒÉ Ç�ÄÒÁÔÁ��§ ÏËÉÓÌ�× ÕÔ×ÏÒÀ¤ÔØÓÑ �Ï×ÅÒÈÎÅ-×Á Ç�ÄÒÏËÓÉÌØÎÁ �Ì�×ËÁ ×ÎÁÓÌ�ÄÏË �ÏÎÎÏ§ ÄÉÓÏ��Á��§ ÍÏÌÅËÕÌ 2: ïÄÎÁËÓÔÒÕËÔÕÒÁ Ç�ÄÒÏËÓÉÌØÎÏÇÏ �ÏËÒÉ×Õ ÄÌÑ Ò�ÚÎÉÈ ÏËÉÓÌ�× ÓÕÔÔ¤×Ï ×�Ä-Ò�ÚÎÑ¤ÔØÓÑ, ÝÏ ��ÄÔ×ÅÒÄÖÕÀÔØ Ó�ÅËÔÒÏÓËÏ��ÞÎ� ÄÏÓÌ�ÄÖÅÎÎÑ. ò�ÚÎÉ-ÍÉ ÍÏÖÕÔØ ÂÕÔÉ � �ÅÎÔÒÉ ÌÏËÁÌ�ÚÁ��§ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ÝÏ �ÒÏ-ÎÉËÁÀÔØ ×ÇÌÉÂ ÁÄÓÏÒÂÅÎÔÁ. ðÏËÁÚÁÎÏ [8℄, ÝÏ ÎÁÊÇÌÉÂÛ� ÁÄÓÏÒÂ��ÊÎ��ÏÔÅÎ��ÁÌÉ �� 200kalmol � ÎÁ �Ï×ÅÒÈÎÑÈ MgO (001), MgO (110) ÍÁÀÔØ
ICMP{01{33U 2�ÏÎÉ +; ÑË� ÎÁ ÏÂÏÈ ÇÒÁÎÑÈ ÕÔ×ÏÒÀÀÔØ ×ÁÌÅÎÔÎÉÊ Ú×'ÑÚÏË Ú ÁÎ�ÏÎÁÍÉËÉÓÎÀ. áÄÓÏÒÂÏ×ÁÎ� �ÏÎÉ + ÓÌÕÖÁÔØ �ÏÄÁÌØÛÉÍÉ �ÅÎÔÒÁÍÉ ÁÄÓÏÒÂ��§ÄÌÑ OH� � 2 Ú ÕÔ×ÏÒÅÎÎÑÍ ËÏÍ�ÌÅËÓ�× Ú ×ÅÌÉËÏÀ ÅÎÅÒÇ�¤À Ú×'ÑÚËÕ:ÓÉÌØÎÏÄÅÆÏÒÍÏ×ÁÎÏ§ ÍÏÌÅËÕÌÉ 2 � ËÁÔ�ÏÎÁ 3+:ðÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§ ÍÏÌÅËÕÌ ×ÏÄÉ ÎÁ �Ï×ÅÒÈÎ� SiO2(0001) ×É×ÞÁ-ÌÉÓÑ Õ ÒÏÂÏÔ� [7℄. úÎÁÞÅÎÎÑ ÄÌÑ ÅÎÅÒÇ�§ ÁÄÓÏÒÂ��§ ÎÁ ÏÄÎÕ ÍÏÌÅËÕ-ÌÕ ×ÏÄÉ, ÚÎÁÊÄÅÎ� × [7℄, ÎÁ ÄÁÎ�Ê �Ï×ÅÒÈÎ� ÓÔÁÎÏ×ÉÔØ 6.69 eV, × ÔÏÊÞÁÓ ÑË ÚÍ�ÎÁ ÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× ÎÁ Ç�ÄÒÏËÓÏÇÒÕ�� ÄÏÒ�×ÎÀ¤ -0.75 e.÷ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ ÕÔ×ÏÒÅÎÎÑ �Ï×ÎÏÇÏ Ç�ÄÒÏËÓÉÌØÎÏÇÏ ÛÁÒÕ ÎÁ �Ï×ÅÒ-ÈÎ� SiO2(0001) ×ÅÄÅ ÄÏ �ÏÎÉÖÅÎÎÑ ÅÎÅÒÇ�§ ÁÄÓÏÒÂ��§, Õ �ØÏÍÕ ×É�ÁÄËÕÅÎÅÒÇ�Ñ ÁÄÓÏÒÂ��§ ÎÁ ÏÄÎÕ ÍÏÌÅËÕÌÕ Ò�×ÎÁ 5.8 eV. ã� ÒÅÚÕÌØÔÁÔÉ ÕÚ-ÇÏÄÖÕÀÔØÓÑ Ú ÕÌØÔÒÁÆ�ÏÌÅÔÏ×ÉÍÉ ÆÏÔÏÅÍ�Ó�ÊÎÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÍÉ[9℄. õ ÒÑÄ� �Ï×ÅÒÈÏÎØ ÏËÉÓÌ�×, Õ ÔÏÍÕ ÞÉÓÌ� ÎÁ �Ï×ÅÒÈÎÑÈ MgO, CaOÅÎÅÒÇ�Ñ ÁÄÓÏÒÂ��§ ¤ ÎÅÇÁÔÉ×ÎÏÀ (×�Ä�Ï×�ÄÎÏ, -1.89 eV, -2.14 eV), �ÅÏÚÎÁÞÁ¤, ÝÏ ÎÅ ÍÁ¤ Ó�ÏÎÔÁÎÎÏ§ ÄÉÓÏ��Á��§ ÍÏÌÅËÕÌ ×ÏÄÉ ÎÁ ÔÁËÉÈ �Ï-×ÅÒÈÎÑÈ [7, 8, 10, 11℄.ú ÍÅÔÏÀ ×É×ÞÅÎÎÑ �ÒÉÒÏÄÉ Ñ×ÉÝ, ÝÏ �ÒÏÔ�ËÁÀÔØ ÎÁ �Ï×ÅÒÈÎ�ìð÷í, ÚÍ�ÎÉ §È ×ÌÁÓÔÉ×ÏÓÔÅÊ, ÎÁÍÉ, Ú ×ÉËÏÒÉÓÔÁÎÎÑÍ Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÈ ÍÅÔÏÄ�×, �ÒÏ×ÅÄÅÎ� ÒÏÚÒÁÈÕÎËÉ �ÏÔÅÎ��ÁÌØÎÉÈ ÅÎÅÒÇ�Ê ËÉÓ-ÎÀ, ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÉÌØÎÏ§ ÇÒÕ�É OH� ÎÁ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ,ÏËÉÓÌ�× ÚÁÌ�ÚÁ FeO, Fe2O3, Á ÔÁËÏÖ SiO2, ÑË� ¤ ×ÁÖÌÉ×ÉÍÉ ËÏÍ�Ï-ÎÅÎÔÁÍÉ ìð÷í. òÏÚÒÁÈÏ×ÁÎÏ ÅÎÅÒÇ�§ ÁÄÓÏÒÂ��§, ÚÍ�ÎÕ ÚÁÒÑÄÕ ÔÁËÉÈÁÔÏÍ�× ÔÁ ÍÏÌÅËÕÌ × �ÒÏ�ÅÓ� §È ÁÄÓÏÒÂ��§, Á ÔÁËÏÖ ÚÁÒÑÄ�× ×ÌÁÓÎÉÈ�Ï×ÅÒÈÎÅ×ÉÈ ÁÔÏÍ�×, ÝÏ ÍÏÖÅ ÂÕÔÉ ×ÉËÏÒÉÓÔÁÎÅ �ÒÉ ÅÌÅËÔÒÉÞÎ�Ê ÓÅ-�ÁÒÁ��§ ìð÷í.2. äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓÕ ÁÄÓÏÒÂ��§ ÁÔÏÍ�× ×ÏÄÎÀ ÔÁÇÒÕ�É OH ÎÁ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ÷ ÄÁÎÏÍÕ �ÁÒÁÇÒÁÆ� ÄÏÓÌ�ÄÖÅÎ� ÁÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ ÁÔÏÍ�× ×ÏÄ-ÎÀ ÔÁ ÇÒÕ�É OH ÎÁ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ.úÁÌ�ÚÏ ×ÏÌÏÄ�¤ ÏÂ'¤ÍÏ�ÅÎÔÒÏ×ÁÎÏÀ ËÕÂ�ÞÎÏÀ ÇÒÁÔËÏÀ Ú �ÏÓÔ�ÊÎÏÀÇÒÁÔËÉ a(Fe)=2.866 oA.ðÏ×ÅÒÈÎÑ ÔÁ �ÒÉ�Ï×ÅÒÈÎÅ×Á ÏÂÌÁÓÔØ ÍÏÄÅÌÀ×ÁÌÉÓÑ ËÌÁÓÔÅÒÏÍÓË�ÎÞÅÎÉÈ ÒÏÚÍ�Ò�×. ëÌÁÓÔÅÒÉ Í�ÓÔÑÔØ Ä×Á ×ÅÒÈÎ� ÛÁÒÉ ÁÔÏÍ�× ÍÅ-ÔÁÌÕ.òÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎ� Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÍ ÍÅÔÏÄÏÍ ZINDO/1, ×ÑËÏÍÕ, ÚÏËÒÅÍÁ, ×ÒÁÈÏ×Õ¤ÔØÓÑ ÅÌÅËÔÒÏÎÎÁ ËÏÒÅÌÑ��Ñ ÎÁ ÁÔÏÍ�. òÅ-ÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ÁÔÏÍÁ×ÏÄÎÀ ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ �ÒÉ ×ÒÁÈÕ×ÁÎÎ� ×ÚÁ¤ÍÏÄ�§ ÁÔÏ-Í�× ÁÄÓÏÒÂÁÔÕ Ú Ä×ÏÍÁ ×ÅÒÈÎ�ÍÉ ÛÁÒÁÍÉ ÍÅÔÁÌÕ ÎÁ×ÅÄÅÎÏ ÎÁ ÒÉÓÕÎËÕ



3 ðÒÅ�ÒÉÎÔ

òÉÓ. 1. úÁÌÅÖÎ�ÓÔØ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÁÔÏÍÁ ×ÏÄÎÀ ×�Ä ×�Ä-ÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÔÁ ÊÏÇÏ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ (�ÏÌÏÖÅÎÎÑ 1,2, 3). ÷ÒÁÈÏ×ÁÎÏ ×ÚÁ¤ÍÏÄ�À ÁÔÏÍÁ ×ÏÄÎÀ Ú Ä×ÏÍÁ ×ÅÒÈÎ�ÍÉ ÛÁÒÁÍÉÚÁÌ�ÚÁ. íÅÎÛÉÍÉ ËÒÕÖÅÞËÁÍÉ �ÏÚÎÁÞÅÎ� ÁÔÏÍÉ ÄÒÕÇÏÇÏ ÛÁÒÕ.1. òÏÚÇÌÑÄÁÌÉÓÑ �ÅÒÅÍ�ÝÅÎÎÑ ÁÔÏÍ�× ÁÄÓÏÒÂÁÔÕ × ÎÁ�ÒÑÍ�, �ÅÒ�ÅÎ-ÄÉËÕÌÑÒÎÏÍÕ ÄÏ �Ï×ÅÒÈÎ� × ÔÏÞËÁÈ 1, 2, 3, ×ËÁÚÁÎÉÈ ÎÁ ÒÉÓÕÎËÕ.îÁ ÒÉÓÕÎËÕ ÎÁ×ÅÄÅÎ� ÏÄÎÏ×ÉÍ�ÒÎ� ÚÏÂÒÁÖÅÎÎÑ ÁÄ�ÁÂÁÔÉÞÎÉÈ �Ï-ÔÅÎ��ÁÌ�×. äÌÑ ËÏÖÎÏÇÏ Ú �ÏÄÁÎÉÈ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ ÁÔÏÍÁ ÁÄ-ÓÏÒÂÁÔÕ ÏÔÒÉÍÁÎ� Í�Î�ÍÕÍÉ �ÏÔÅÎ��ÁÌÕ, �ÒÏÔÅ ÁÂÓÏÌÀÔÎÉÊ Í�Î�ÍÕÍÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ×�Ä�Ï×�ÄÁ¤ Í�Î�ÍÕÍÕ ÎÁ ËÒÉ×�Ê 3, ÑËÉÊ �×ÉÚÎÁÞÁ¤ ÅÎÅÒÇ�À Ú×'ÑÚËÕ ÁÔÏÍÁ ÁÄÓÏÒÂÁÔÕ, ÒÅÛÔÁ ¤ Ó�ÄÌÏ×ÉÍÉ ÔÏÞ-ËÁÍÉ.ñË ×É�ÌÉ×Á¤ Ú ÄÏÓÌ�ÄÖÅÎØ, �ÒÉ �ÒÏÍ�ÖÎÉÈ ×�ÄÓÔÁÎÑÈ ÁÔÏÍÁ ×ÏÄ-ÎÀ ×�Ä �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ, ÁÔÏÍÕ ÁÄÓÏÒÂÁÔÕ ×ÉÇ�ÄÎÏ ÚÎÁÈÏÄÉÔÉÓÑ �ÒÑÍÏÎÁÄ �Ï×ÅÒÈÎÅ×ÉÍ ÁÔÏÍÏÍ ÍÅÔÁÌÕ (ËÒÉ×Á 1), �Å ×�ÄÓÔÁÎ� Z > 1:7 oA.ðÒÉ ÍÅÎÛÉÈ ×�ÄÓÔÁÎÑÈ 1:1 oA < Z < 1:7 oA ÄÌÑ ÁÔÏÍÁ ×ÏÄÎÀ ×ÉÇ�Ä-ÎÏ �ÅÒÅÍ�ÝÁÔÉÓÑ ÎÁ �ÒÏÍ�ÖÏË Í�Ö ÎÁÊÂÌÉÖÞÉÍÉ ÓÕÓ�ÄÎ�ÍÉ ÁÔÏÍÁÍÉÚÁÌ�ÚÁ (ËÒÉ×Á 2).ðÏÞÉÎÁÀÞÉ Ú ×�ÄÓÔÁÎ� Z < 1:1 oA ×�Ä �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÁÔÏÍÕ ÁÄÓÏÒ-ÂÁÔÕ ÎÁÊÂ�ÌØÛ ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÏ ÚÎÁÈÏÄÉÔÉÓØ ÎÁÄ �ÒÏÍ�ÖËÏÍ Í�ÖÞÏÔÉÒÍÁ �Ï×ÅÒÈÎÅ×ÉÍÉ ÁÔÏÍÁÍÉ ÚÁÌ�ÚÁ (ËÒÉ×Á 3) ÄÏÓÑÇÁÀÞÉ Z=0.7 oA,ÄÅ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÁÂÓÏÌÀÔÎÉÊ Í�Î�ÍÕÍ ÅÎÅÒÇ�§ ÓÉÓÔÅÍÉ ÁÄÓÏÒÂÁÔ -ÁÄÓÏÒÂÅÎÔ. ïÞÅ×ÉÄÎÏ, ÔÕÔ � ÂÕÄÕÔØ ÌÏËÁÌ�ÚÕ×ÁÔÉÓØ ÁÔÏÍÉ ÁÄÓÏÒÂÁÔÕ,
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òÉÓ. 2. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ ÁÔÏÍÁ ×ÏÄÎÀ Â�ÌÑ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ ×�Ä ×�Ä-ÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ ÔÁ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ ×ÏÄÎÀ (�ÏÌÏÖÅÎÎÑ1, 2, 3). ÷ÒÁÈÏ×ÁÎÏ ×ÚÁ¤ÍÏÄ�À ÁÔÏÍÁ ×ÏÄÎÀ Ú ÁÔÏÍÁÍÉ Ä×ÏÈ ×ÅÒÈÎ�ÈÛÁÒ�× ÚÁÌ�ÚÁ.ÚÍ�ÎÀÀÞÉ ×ÌÁÓÔÉ×ÏÓÔ� ÍÅÔÁÌÕ.îÁ ÒÉÓÕÎËÕ 2 �ÒÅÄÓÔÁ×ÌÅÎÏ ÏÔÒÉÍÁÎÕ ÚÍ�ÎÕ ÚÁÒÑÄÕ ÎÁ ÁÔÏÍ� ÁÄ-ÓÏÒÂÁÔÕ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÊÏÇÏ ×�ÄÄÁÌ� � �ÏÌÏÖÅÎÎÑ ×�ÄÎÏÓÎÏ ÁÔÏÍ�×ÎÁ �Ï×ÅÒÈÎ� ÍÅÔÁÌÕ.äÌÑ ÁÔÏÍÁ ×ÏÄÎÀ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÍÁËÓÉÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ ÚÁÒÑÄÕ(�+ 0.200 e) �ÒÉ ×�ÄÓÔÁÎÑÈ ×�Ä �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ Z � 2,5 oA ÏÄÎÁËÏ×Ï ÄÌÑ×Ó�È ÎÁ�ÒÑÍ�× �ÅÒÅÍ�ÝÅÎÎÑ ÁÔÏÍÁ ×ÏÄÎÀ ×�ÄÎÏÓÎÏ ÁÔÏÍ�× ÍÅÔÁÌÕ. ÷�ÏÌÏÖÅÎÎ� Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÚÁÒÑÄ ×ÏÄÎÀ Ò�×ÎÉÊqH �0.1 e.äÏÓÌ�ÄÖÕ×ÁÌÉÓÑ ÁÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ, Á ÔÁËÏÖ �Ï×ÅÄ�ÎËÁ ÇÒÕ-�É OH �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÄÏ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ (ÒÉÓ. 3). úÁ Z=0 oA ÂÅÒÅÔØÓÑ�ÌÏÝÉÎÁ ÎÉÖÎØÏÇÏ ÛÁÒÕ ÁÔÏÍ�× ÚÁÌ�ÚÁ ÑË ×ËÁÚÁÎÏ ÎÁ ÒÉÓÕÎËÁÈ.ðÏÒ�×ÎÑÎÎÑ ÏÔÒÉÍÁÎÉÈ �ÏÔÅÎ��ÁÌØÎÉÈ ÅÎÅÒÇ�Ê ÄÁ¤ ÒÅÚÕÌØÔÁÔ ÝÏ-ÄÏ ÏÒ�¤ÎÔÁ��§ ÇÒÕ�É OH: �ÒÉ ×�ÄÓÔÁÎÑÈ Z > 4:4 oA OH ×ÉÇ�ÄÎÏ ÒÕÈÁ-ÔÉÓÑ ÁÔÏÍÏÍ ×ÏÄÎÀ ×ÎÉÚ ÄÏ �Ï×ÅÒÈÎ� ÓÏÒÂÅÎÔÁ, �ÒÉ Z < 4:4 oA ÇÒÕ�ÁOH ÏÒ�¤ÎÔÕ¤ÔØÓÑ ÁÔÏÍÏÍ ËÉÓÎÀ ×ÎÉÚ.ã�ËÁ×ÏÀ ¤ ÚÍ�ÎÁ ÅÌÅËÔÒÉÞÎÏÇÏ ÚÁÒÑÄÕ OH �ÒÉ ÚÍ�Î� ÎÁÄ�Ï×ÅÒÈ-ÎÅ×Ï§ ×�ÄÄÁÌ� (ÒÉÓ.4).
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òÉÓ. 3. úÁÌÅÖÎ�ÓÔØ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÇÒÕ�É OH ×�Ä ×�ÄÄÁÌ�ÄÏ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ. ðÒÉ ÎÁÂÌÉÖÅÎÎ� ÇÒÕ�É OH Õ �ÏÌÏÖÅÎÎ� 1, ÑËÅ×ËÁÚÁÎÅ ÎÁ ÒÉÓÕÎËÕ, ÏÔÒÉÍÕ¤ÔØÓÑ ËÒÉ×Á 1, Õ �ÏÌÏÖÅÎÎ� 2 - ËÒÉ×Á 2.

òÉÓ. 4. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ OH Â�ÌÑ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ ×�Ä ×�ÄÄÁÌ� ÄÏ�Ï×ÅÒÈÎ� ÍÅÔÁÌÕ. ÷ÒÁÈÏ×ÁÎÏ ×ÚÁ¤ÍÏÄ�À ÇÒÕ�É OH Ú ÁÔÏÍÁÍÉ Ä×ÏÈ×ÅÒÈÎ�È ÛÁÒ�× ÚÁÌ�ÚÁ.
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òÉÓ. 5. úÁÌÅÖÎ�ÓÔØ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÇÒÕ�É OH ×�Ä ËÕÔÁ Í�Ö×�ÓÓÀ OH � �Ï×ÅÒÈÎÅÀ ÚÁÌ�ÚÁ. ëÒÉ×�Ê 2 ×�Ä�Ï×�ÄÁ¤ �Ï×ÏÒÏÔ OH ÎÁÁÔÏÍ ×ÅÒÈÎØÏÇÏ ÛÁÒÕ, ËÒÉ×�Ê 1 - Í�Ö ÁÔÏÍÁÍÉ ×ÅÒÈÎØÏÇÏ ÛÁÒÕ.îÁ ×�ÄÓÔÁÎ� Z > 6 oA (×�ÄÄÁÌØ ×�ÄÒÁÈÏ×Õ¤ÔØÓÑ ×�Ä ËÉÓÎÀ ÇÒÕ�ÉOH) ÚÁÒÑÄ OH Ò�×ÎÉÊ {1 e. õ ÔÏÞ�� Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��-ÁÌÕ Z=2.3 oA (×�ÄÄÁÌØ ÄÏ �Ï×ÅÒÈÎ� ÇÒÕ�É OH Ò�×ÎÁ 0.87 oA) ÚÁÒÑÄ OH�+0.24 e. ÷�Ä�Ï×�ÄÎÏ �Ï×ÅÒÈÎÑ ÎÁÂÕ×Á¤ ÚÁÒÑÄÕ ×�Ä'¤ÍÎÏÇÏ ÚÎÁËÕ.äÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ÓÉÓÔÅÍÉ ÁÄÓÏÒÂÁÔ-ÁÄÓÏÒÂÅÎÔ ÏÒ�¤ÎÔÕ¤ÔØÓÑ �ÒÉ�ØÏÍÕ × ÎÁ�ÒÑÍ� ×�Ä �Ï×ÅÒÈÎ�. ðÒÉ �ØÏÍÕ ÄÉ�ÏÌØÎÉÊ ÍÏÍÅÎÔ ÇÒÕ�ÉOH Ò�×ÎÉÊ 1.46 D.úÍ�ÎÕ �ÏÔÅÎ��ÁÌØÎÏ§ ÅÎÅÒÇ�§ Ú ÒÏÓÔÏÍ ËÕÔÁ Í�Ö ×�ÓÓÀ ÇÒÕ�É OH ��Ï×ÅÒÈÎÅÀ ÍÅÔÁÌÕ ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓÕÎËÕ 5.ñË ×ÉÄÎÏ Ú ÒÉÓÕÎËÕ 5, Õ Ä×ÏÈ ×É�ÁÄËÁÈ OH ÏÒ�¤ÎÔÕ¤ÔØÓÑ ÂÌÉÚØËÏÎÏÒÍÁÌ� ÄÏ �Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ.3. äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓÕ ÁÄÓÏÒÂ��§ ÁÔÏÍ�× ×ÏÄÎÀ,ËÉÓÎÀ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH� ÎÁ �Ï×ÅÒÈÎ� Fe2O3(001).ïËÓÉÄ ÚÁÌ�ÚÁ Fe2O3 ×ÏÌÏÄ�¤ ÒÏÍÂÏÅÄÒÉÞÎÏÀ ÇÅËÓÁÇÏÎÁÌØÎÏÀ ÓÔÒÕË-ÔÕÒÏÀ Ú �ÏÓÔ�ÊÎÉÍÉ ÇÒÁÔËÉ a = b = 5; 034 �A,  = 13.747 �A. ðÏ×ÅÒÈÎÑËÒÉÓÔÁÌÕ �ÒÅÄÓÔÁ×ÌÑÌÁÓÑ ËÌÁÓÔÅÒÏÍ Ú 27 ÁÔÏÍ�×. òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁ-ÈÕÎËÕ ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ×ÏÄÎÀ, ËÉÓÎÀ ÔÁ Ç�ÄÒÏ-



7 ðÒÅ�ÒÉÎÔËÓÏÇÒÕ�É OH� ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� Fe2O3 ÎÁ×ÅÄÅÎ� ÎÁ ÒÉÓÕÎËÕ6. äÏÓÌ�ÄÖÕ×ÁÌÉÓÑ Ä×Á ÛÌÑÈÉ �ÅÒÅÍ�ÝÅÎÎÑ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË,ÑË� ×ËÁÚÁÎ� ÎÁ ÒÉÓÕÎËÕ 7. äÌÑ ËÏÖÎÏÇÏ Ú ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ ÁÄ-ÓÏÒÂÁÔÕ ÏÔÒÉÍÁÎ� Í�Î�ÍÕÍÉ �ÏÔÅÎ��ÁÌÕ, �ÒÏÔÅ ÇÌÉÂÛÉÊ Í�Î�ÍÕÍ ¤ ÎÁËÒÉ×ÉÈ 1.ïÔÒÉÍÁÎÏ ÚÍ�ÎÕ ÅÌÅËÔÒÉÞÎÏÇÏ ÚÁÒÑÄÕ ÁÄÓÏÒÂÁÔ�× �ÒÉ ÚÍ�Î� ÎÁÄ-�Ï×ÅÒÈÎÅ×Ï§ ×�ÄÄÁÌ� (ÒÉÓ. 8). õ ÔÏÞ�� Í�Î�ÍÕÍÕ ÁÄÓÏÒÂ��ÊÎÏÇÏ �ÏÔÅÎ-��ÁÌÕ ÄÌÑ ÁÔÏÍÁ ×ÏÄÎÀ (Z = -1.9A) ÚÁÒÑÄ qH = 0.24 e (ÒÉÓ. 8Á), ÄÌÑËÉÓÎÀ (Z = -1.7A) ÚÁÒÑÄ q = 0.023 e (ÒÉÓ. 8Â) � ÄÌÑ ÇÒÕ�É OH (Z =-1.746A) ÚÁÒÑÄ q = 0.25 e (ÒÉÓ. 8×).äÏ×ÖÉÎÁ Ú×'ÑÚËÕ Õ Ç�ÄÒÏËÓÏÇÒÕ�� ÚÍ�ÎÀ¤ÔØÓÑ �Ú ÎÁÂÌÉÖÅÎÎÑÍOH� ÄÏ ÄÏÓÌ�ÄÖÕ×ÁÎÏ§ �Ï×ÅÒÈÎ�. õ ÔÏÞ�� Í�Î�ÍÕÍÕ ÁÄÓÏÒÂ��ÊÎÏÇÏ�ÏÔÅÎ��ÁÌÕ ÄÏ×ÖÉÎÁ Ú×'ÑÚËÕ Õ ÇÒÕ��OH� ÓÔÁÎÏ×ÉÔØ � 1.05 á, ÝÏ�ÒÁËÔÉÞÎÏ Ó��×�ÁÄÁ¤ Ú ×�Ä�Ï×�ÄÎÏÀ ×ÅÌÉÞÉÎÏÀ ÄÌÑ ×�ÌØÎÏ§ ÇÒÕ�ÉOH�. äÉÓÏ��Á��§ ÇÒÕ�É OH� ÎÁ Fe2O3 (001) ÎÅ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ, ÑË �ÄÌÑ ×É�ÁÄË�× �ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�×, ÄÏÓÌ�ÄÖÅÎÉÈ ÎÁÍÉ ÒÁÎ�ÛÅ. îÁ ÏÓ-ÎÏ×� �ØÏÇÏ ÍÏÖÎÁ ÓÔ×ÅÒÄÖÕ×ÁÔÉ, ÝÏ ÇÒÕ�Á OH� ¤ ÄÏÓÉÔØ ÓÔ�ÊËÏÀÓÔÒÕËÔÕÒÎÏÀ ÏÄÉÎÉ�ÅÀ.4. áÄÓÏÒÂ��Ñ ÁÔÏÍ�× ËÉÓÎÀ, ×ÏÄÎÀ ÔÁ ÁÚÏÔÕ ÎÁ �Ï-×ÅÒÈÎ� FeO(001)îÁ ÏÓÎÏ×� Ë×ÁÎÔÏ×ÏÈ�Í�ÞÎÉÈ ÒÏÚÒÁÈÕÎË�× ÄÏÓÌ�ÄÖÅÎÏ ÁÄ�ÁÂÁÔÉÞÎ� �Ï-ÔÅÎ��ÁÌÉ �ÏÎ�× N, O ÔÁ H ÎÁ �Ï×ÅÒÈÎ� Ó�ÏÌÕËÉ FeO.ó�ÏÌÕËÁ FeO ÍÁ¤ ÇÒÁÎÅ�ÅÎÔÒÏ×ÁÎÕ ÓÔÒÕËÔÕÒÕ �Ú ÓÔÁÌÏÀ ÇÒÁÔËÉÁ=4.35á.áÎÁÌ�ÚÕ×ÁÌÉÓØ ÁÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ �ÏÎ�× �ÒÉ ÎÁÂÌÉÖÅÎ-Î� × ÎÁ�ÒÑÍËÕ, �ÅÒ�ÅÎÄÉËÕÌÑÒÎÏÍÕ ÄÏ �Ï×ÅÒÈÎ� FeO (001) × Ò�ÚÎÉÈÔÏÞËÁÈ �Ï×ÅÒÈÎ�. ÷ ÑËÏÓÔ� ÈÁÒÁËÔÅÒÉÓÔÉÞÎÉÈ ÔÏÞÏË �Ï×ÅÒÈÎ� ÂÕÌÏ×ÚÑÔÏ �ÏÎ ÚÁÌ�ÚÁ(1), �ÏÎ ËÉÓÎÀ(2), ÓÅÒÅÄÎÑ ÔÏÞËÁ ÎÁ Ì�Î�§, ÝÏ Ó�ÏÌÕ-ÞÁ¤ �ÏÎÉ Fe ÔÁ O (3), ÔÁ ÓÅÒÅÄÉÎÁ Ë×ÁÄÒÁÔÁ, ÕÔ×ÏÒÅÎÁ �ÏÎÁÍÉ Fe ÔÁ O(4) { ÄÉ×. òÉÓ. 9.úÁÇÁÌØÎÏÀ ×ÌÁÓÔÉ×�ÓÔÀ ÏÔÒÉÍÁÎÉÈ ÇÒÁÆ�Ë�× (ÄÉ×. òÉÓÕÎËÉ 10, 11,12) ¤ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÁÔÏÍ�× �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÄÏ �ÏÎÁ ÚÁÌ�ÚÁ, { ×ÏÎÏ×ÖÅ ¤ ÓÕÔÔ¤×ÉÍ �ÒÉ ×�ÄÄÁÌ� 1.5á ÄÏ �Ï×ÅÒÈÎ� � Ò�ÚËÏ ÚÒÏÓÔÁ¤ �ÒÉ�ÏÄÁÌØÛÏÍÕ ÎÁÂÌÉÖÅÎ� ÄÏ �Ï×ÅÒÈÎ� Ó�ÏÌÕËÉ.ðÒÉ ÎÁÂÌÉÖÅÎÎ� ÁÄÓÏÒÂÁÔÕ ÄÏ �ÏÎÁ ËÉÓÎÀ ÎÁ �Ï×ÅÒÈÎ� FeO ÎÁ ÇÒÁ-Æ�ËÁÈ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× (ËÒÉ×� 2) Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ Í�Î�ÍÕÍ.áÄÓÏÒÂÁÔÕ ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÏ ÌÏËÁÌ�ÚÕ×ÁÔÉÓØ ÎÁ×�ÒÏÔÉ �ÏÎ�× ËÉÓ-ÎÀ ÎÁ �Å×Î�Ê ×�ÄÄÁÌ�. äÌÑ ÁÔÏÍÁ ×ÏÄÎÀ �Ñ ×�ÄÄÁÌØ ÓËÌÁÄÁ¤ 1.02 á(ÇÌÉÂÉÎÁ Í�Î�ÍÕÍÕ { 160 ËËÁÌ/ÍÏÌØ), ÄÌÑ ÁÚÏÔÕ { 1.29á (ÇÌÉÂÉÎÁÍ�Î�ÍÕÍÕ { 340 ËËÁÌ/ÍÏÌØ), ÄÌÑ ËÉÓÎÀ { 1.26á (ÇÌÉÂÉÎÁ Í�Î�ÍÕÍÕ {
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(Á)
(Â)
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(×)òÉÓ. 6. ðÏÔÅÎ��ÁÌØÎ� ËÒÉ×� ×ÚÄÏ×Ö ÎÏÒÍÁÌ� ÄÏ �Ï×ÅÒÈÎ� Fe2O3(001) ÄÌÑÄ×ÏÈ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË. ÷ÒÁÈÏ×ÁÎÏ ×ÚÁ¤ÍÏÄ�ÀÁÔÏÍÁ ×ÏÄÎÀ (Á), ËÉÓÎÀ (Â) ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH� (×) Ú ÔÒØÏÍÁ ÛÁÒÁÍÉÏËÉÓÌÁ ÚÁÌ�ÚÁ.190 ËËÁÌ/ÍÏÌØ).ðÒÉ ÎÁÂÌÉÖÅÎÎ� ÁÔÏÍ�× ÄÏ ÔÏÞËÉ (3) ÏÔÒÉÍÁÎÏ Í�Î�ÍÕÍ ÁÄ�ÁÂÁ-ÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÎÁ ×�ÄÄÁÌ� 0.61á ×�Ä �Ï×ÅÒÈÎ� ÄÌÑ ×ÏÄÎÀ, 1.35áÄÌÑ ÁÚÏÔÕ ÔÁ ÎÁ ×�ÄÄÁÌ� 1.09á ÄÌÑ ËÉÓÎÀ. çÌÉÂÉÎÁ Í�Î�ÍÕÍÕ ÓËÌÁÄÁ¤20 ËËÁÌ/ÍÏÌØ ÄÌÑ ×ÏÄÎÀ, 140 ËËÁÌ/ÍÏÌØ ÄÌÑ ÁÚÏÔÕ ÔÁ 70 ËËÁÌ/ÍÏÌØÄÌÑ ×É�ÁÄËÕ ÁÔÏÍÁ ËÉÓÎÀ. ðÒÉ �ÏÄÁÌØÛÏÍÕ ÒÕÓ� ÁÔÏÍÁ �ÏÔÅÎ��ÁÌÚÒÏÓÔÁ¤ � ÓÔÁ¤ ÍÁËÓÉÍÁÌØÎÉÍ ÎÁ �Ï×ÅÒÈÎ� Ó�ÏÌÕËÉ (×ÉÓÏÔÁ ÂÁÒ"¤ÒÕÓËÌÁÄÁ¤ 130 ËËÁÌ/ÍÏÌØ ÄÌÑ ×ÏÄÎÀ, 490 ËËÁÌ/ÍÏÌØ ÄÌÑ ÁÚÏÔÕ ÔÁ 600ËËÁÌ/ÍÏÌ ÄÌÑ ËÉÓÎÀ), ��ÓÌÑ �ØÏÇÏ �ÒÉ �ÏÄÁÌØÛÏÍÕ ÒÕÓ� ÁÔÏÍÁ ×ÓÅ-ÒÅÄÉÎÕ Ó�ÏÌÕËÉ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ Ó�ÁÄÁÎÎÑ �ÏÔÅÎ��ÁÌÕ ÁÖ ÄÏ ÔÏÞËÉ Ú×�ÄÄÁÌÀ {1.05 A (�Ñ ×�ÄÄÁÌØ ×�Ä�Ï×�ÄÁ¤ �ÏÌÏ×ÉÎ� ×�ÄÄÁÌ� Í�Ö ÛÁÒÁ-ÍÉ Ó�ÏÌÕËÉ). ÷ ��Ê ÔÏÞ�� Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ Í�Î�ÍÕÍ �ÏÔÅÎ��ÁÌÕ, ��ÓÌÑÞÏÇÏ ÊÄÅ ÊÏÇÏ ÎÁÒÏÓÔÁÎÎÑ. ñËÝÏ ÄÌÑ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ ÏÔ-ÒÉÍÁÎÏ ÍÁËÓÉÍÕÍÉ �ÒÉ ÚÎÁÈÏÄÖÅÎÎ� ÁÔÏÍ�× ÁÄÓÏÒÂÁÔÕ ÎÁ �Ï×ÅÒÈÎ�Ó�ÏÌÕËÉ � , ÁÎÁÌÏÇ�ÞÎÏ, ÎÁ Ò�×Î� ÄÒÕÇÏÇÏ ÛÁÒÕ ÁÔÏÍ�× FeO, ÔÏ ÒÏÚ-ÒÁÈÕÎÏË ÚÁÒÑÄÎÏÇÏ ÓÔÁÎÕ ÁÔÏÍ�× ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ ËÉÓÎÀ ÎÁ �Ï×ÅÒÈÎ�FeO × �ÉÈ �ÏÌÏÖÅÎÎÑÈ(3) ÄÁ¤ (ÄÉ×. òÉÓÕÎËÉ 13, 14, 15 ): ÄÌÑ ×É�ÁÄ-
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(Á)
1.2606A

1.4572A

1

↓

2

↓

(Â)òÉÓ. 7. çÅÏÍÅÔÒÉÞÎÁ ÓÔÒÕËÔÕÒÁ �Ï×ÅÒÈÎ� Fe2O3(001) (Á) ÔÁ ÎÁ�ÒÑÍÉ�ÅÒÅÍ�ÝÅÎÎÑ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÞÁÓÔÉÎÏË ÄÏ �Ï×ÅÒÈÎ� Fe2O3(001) (�ÏÌÏ-ÖÅÎÎÑ 1, 2) (Â)
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(Á)
(Â)

ICMP{01{33U 12

(×)òÉÓ. 8. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ ÁÔÏÍÁ ×ÏÄÎÀ (Á), ËÉÓÎÀ (Â) ÔÁ Ç�ÄÒÏËÓÉ-ÌØÎÏ§ ÇÒÕ�É (×) ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� Fe2O3(001) ÔÁ ÛÌÑÈÕ �ÅÒÅÍ�-ÝÅÎÎÑ ÁÄÓÏÒÂÁÔÕ (�ÏÌÏÖÅÎÎÑ 1, 2, ×ËÁÚÁÎ� ÎÁ ÒÉÓÕÎËÕ 7).ËÕ ×ÏÄÎÀ { ÌÏËÁÌØÎ� Í�Î�ÍÕÍÉ ÚÁÒÑÄÕ (+0,22Å), ÄÌÑ ÁÚÏÔÕ � ËÉÓÎÀ {ÍÁËÓÉÍÕÍÉ �Ú ÚÎÁÞÅÎÎÑÍ ÚÁÒÑÄÕ ×�Ä�Ï×�ÄÎÏ +0,18Å, +0,21Å. óÌ�Ä ×�Ä-ÚÎÁÞÉÔÉ, ÝÏ Õ ×É�ÁÄËÕ ÁÔÏÍÁ ×ÏÄÎÀ ÚÎÁÞÅÎÎÎÑ ÚÁÒÑÄÕ ¤ ÂÌÉÚØËÉÍÄÏ ÔÏÇÏ, ÝÏ � × �ÏÌÏÖÅÎÎ� Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ �ÒÉÚÎÁÈÏÄÖÅÎÎ� ×ÏÄÎÀ ÎÁ ×�ÄÁÌ� 0.61á ×�Ä �Ï×ÅÒÈÎ� FeO, ÔÏÄ� ÑË ÄÌÑ×É�ÁÄËÕ ÁÚÏÔÕ ÚÎÁÞÅÎÎÑ ÚÁÒÑÄÕ ÂÅÚ�ÏÓÅÒÅÄÎØÏ ÎÁ �Ï×ÅÒÈÎ� ¤ �ÒÏÔÉ-ÌÅÖÎÏÇÏ ÚÎÁËÕ, Î�Ö × �ÏÌÏÖÅÎÎ� Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ�ÒÉ ×�ÄÄÁÌ� 1.35á ÁÔÏÍÁ ÁÚÏÔÁ ×�Ä �Ï×ÅÒÈÎ�. ðÒÉ �ÅÒÅÍ�ÝÅÎÎ� ÁÔÏÍ�×ÁÄÓÏÒÂÁÔÕ ÄÁÌ� × �ØÏÍÕ Ö ÎÁ�ÒÑÍËÕ (ËÒÉ×Á 3) ÎÁ ÓÅÒÅÄÎÀ �ÌÏÝÉÎÕÍ�Ö ÛÁÒÁÍÉ ÁÔÏÍ�× FeO ( ÄÅ Ó�ÏÓÔÅÒ�ÇÁ×ÓÑ Í�Î�ÍÕÍ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ�ÏÔÅÎ��ÁÌÕ ÓÉÓÔÅÍÉ), ÄÌÑ ÚÁÒÑÄÕ ×ÏÄÎÀ ÏÔÒÉÍÁÎÏ ÁÂÓÏÌÀÔÎÉÊ ÍÁË-ÓÉÍÕÍ ÎÁ ËÒÉ×�Ê 3, +0,32Å.ðÒÉ ÎÁÂÌÉÖÅÎÎ� ÁÔÏÍ�× ÄÏ ÔÏÞËÉ (4) Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ �ÏÑ×Á Í�Î�-ÍÕÍÕ Â�ÌÑ �Ï×ÅÒÈÎ� Ó�ÏÌÕËÉ FeO { ×�ÄÄÁÌØ 0.48á ÄÌÑ ×ÏÄÎÀ, 0.87 {ÄÌÑ ÁÚÏÔÕ ÔÁ 1.1á ÄÌÑ ÁÔÏÍÁ ËÉÓÎÀ. ðÒÉ �ÏÄÁÌØÛÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÎÁÓÁÍ�Ê �Ï×ÅÒÈÎ� Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÍÁËÓÉÍÕÍ ÄÌÑ ÁÔÏÍ�× ËÉÓÎÀ ÔÁ ÁÚÏ-ÔÕ � ÄÁÌ� �ÏÑ×Á ÌÏËÁÌØÎÉÈ Í�Î�ÍÕÍ�× { ÄÌÑ ÁÚÏÔÕ ÎÁ ×�ÄÄÁÌ� -0.47á



13 ðÒÅ�ÒÉÎÔ

òÉÓ. 9. çÒÁÎÅ�ÅÎÔÒÏ×ÁÎÁ ÓÔÒÕËÔÕÒÁ Ó�ÏÌÕËÁ FeO×ÓÅÒÅÄÉÎÕ �Ï×ÅÒÈÎ� (ÇÌÉÂÉÎÁ �ØÏÇÏ Í�Î�ÍÕÍÕ { 35 ËËÁÌ/ÍÏÌØ), Á ÄÌÑËÉÓÎÀ ÎÁ ×�ÄÄÁÌ� -0.55á (ÇÌÉÂÉÎÁ Í�Î�ÍÕÍÕ { 10 ËËÁÌ/ÍÏÌØ). äÌÑÁÔÏÍÁ ×ÏÄÎÀ �ÏÑ×Á ÔÁËÏÇÏ ÌÏËÁÌØÎÏÇÏ Í�Î�ÍÕÍÕ ÎÅ Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ.ðÒÉ �ÏÄÁÌØÛÏÍÕ ÒÕÓ� ÁÔÏÍÁ ×ÓÅÒÅÄÉÎÕ ËÒÉÓÔÁÌÁ ÍÉ Ó�ÏÓÔÅÒ�ÇÁ¤ÍÏÍÁËÓÉÍÕÍ, ÝÏ ×�Ä�Ï×�ÄÁ¤ ÓÅÒÅÄÉÎ� ×�ÄÄÁÌ� Í�Ö ÛÁÒÁÍÉ. îÁ ÇÒÁÆ�ËÁÈÚÁÒÑÄ�× ×ÏÄÎÀ � ÁÚÏÔÕ × �ØÏÍÕ �ÏÌÏÖÅÎÎ� ÍÁ¤ÍÏ ÔÁËÏÖ ÍÁËÓÉÍÕÍÉ(ÒÉÓÕÎËÉ 13, 14).ú �ÒÏ×ÅÄÅÎÉÈ ÄÏÓÌ�ÄÖÅÎØ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ×ÏÄÎÀ, ÁÚÏÔÕÔÁ ËÉÓÎÀ ÎÁ �Ï×ÅÒÈÎ� FeO ÏÔÒÉÍÁÎÏ,ÝÏ ÁÂÓÏÌÀÔÎ� Í�Î�ÍÕÍÉ �ÏÔÅÎ��-ÁÌ�× Ó�ÏÓÔÅÒ�ÇÁÀÔØÓÑ �ÒÉ ÚÎÁÈÏÄÖÅÎÎ� ÄÁÎÉÈ ÁÔÏÍ�× ÎÁ×�ÒÏÔÉ �Ï×ÅÒ-ÈÎÅ×ÉÈ ÁÔÏÍ�× ËÉÓÎÀ, ×�Ä�Ï×�ÄÎÏ, ÎÁ ×�ÄÄÁÌÑÈ 1.02A (H), 1.29A (N),1.26A (O). äÌÑ �ÉÈ �ÏÌÏÖÅÎØ ÚÁÒÑÄÉ ÎÁ ÁÔÏÍÁÈ Ò�×Î� +0,25Å (î),-0,05Å (N), � {0,32Å (ï).�ÏÍÕ ÓÌ�Ä ÏÞ�ËÕ×ÁÔÉ, ÝÏ �ÒÉ ×ÚÁÍÏÄ�§ ×ÏÄ-ÎÀ Ú �Ï×ÅÒÈÎÅÀ FeO ÏÓÔÁÎÎÑ ÚÁÒÑÄÖÁ¤ÔØÓÑ ÎÅÇÁÔÉ×ÎÏ, ÄÌÑ ×É�ÁÄËÕËÉÓÎÀ - �ÏÚÉÔÉ×ÎÏ, ÔÏÄ� ÑË ÄÌÑ ×É�ÁÄËÕ ÁÚÏÔÕ ÓÕÔÔ¤×ÉÈ ÚÁÒÑÄ�× ÎÁ�Ï×ÅÒÈÎ� Ó�ÏÓÔÅÒ�ÇÁÔÉÓÑ ÎÅ �Ï×ÉÎÎÏ; �ÒÉ �ØÏÍÕ ÞÁÓÔÉÎËÉ ÇÁÚÏ×ÏÇÏÓÅÒÅÄÏ×ÉÝÁ, � ×ÏÄÅÎØ, � ËÉÓÅÎØ, � ÁÚÏÔ ÌÏËÁÌ�ÚÕÀÔØÓÑ ÎÁ×�ÒÏÔÉ �Ï-×ÅÒÈÎÅ×ÏÇÏ ÁÔÏÍÁ ËÉÓÎÀ Ó�ÏÌÕËÉ FeO. ðÒÉ �ØÏÍÕ �Ï×ÅÒÈÎÑ ÏËÉÓÌÕÍÏÖÅ ÎÁÂÕ×ÁÔÉ ×ÅÌÉËÏÇÏ ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ.
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òÉÓ. 15. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ ÁÔÏÍÁ ËÉÓÎÀ ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� FeO(001) ÄÌÑ Ò�ÚÎÉÈ ÎÁ�ÒÑÍË�× ÊÏÇÏ �ÅÒÅÍ�ÝÅÎÎÑ, ×ËÁÚÁÎÉÈ ÎÁ ÒÉÓ.9.



17 ðÒÅ�ÒÉÎÔ5. äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓÕ ÁÄÓÏÒÂ��§ ×ÏÄÎÀ, ËÉÓÎÀ ÔÁÇÒÕ�É OH� ÎÁ �Ï×ÅÒÈÎÑÈ SiO2(100), SiO2(010)õ ÄÁÎÏÍÕ �ÁÒÁÇÒÁÆ� ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ ×ÚÁ¤ÍÏÄ�Ñ Ç�ÄÒÏËÓÉÌØÎÉÈ ÇÒÕ�,ÝÏ ÕÔ×ÏÒÉÌÉÓÑ Õ �ÒÏ�ÅÓ� ÄÉÓÏ��Á��§ ×ÏÄÉ, Ú �Ï×ÅÒÈÎÅÀ ÏËÉÓÌÕËÒÅÍÎ�À SiO2(100), Á ÔÁËÏÖ ÁÄÓÏÒÂ��Ñ ×ÏÄÎÀ � ËÉÓÎÀ ÎÁ �Ï×ÅÒÈÎ�SiO2(010).õ ÒÅÚÕÌØÔÁÔ� ×ÚÁ¤ÍÏÄ�§ �Ï×ÅÒÈÎ� ÏËÉÓÌÕ ËÒÅÍÎ�À Ú ×ÏÄÏÀ ÍÏÖÅÕÔ×ÏÒÀ×ÁÔÉÓÑ ÄÅË�ÌØËÁ ÆÏÒÍ ÇÒÕ� Si-OH: �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ Si Ú×'Ñ-ÚÁÎÉÊ ÏÄÎÉÍ Ú×'ÑÚËÏÍ Ú ÇÒÕ�ÏÀ OH, ÑËÁ ÎÅ ÍÁ¤ Ú×'ÑÚËÕ Ú ÄÒÕÇÏÀÇÒÕ�ÏÀ Si-OH; Ä×� �ÏÏÄÉÎÏË� ÇÒÕ�É Si-OH Ú'¤ÄÎÁÎ� Ú Ò�ÚÎÉÍÉ ÁÔÏÍÁ-ÍÉ, ÚÂÌÉÖÁÀÔØÓÑ ÏÄÎÁ Ú ÏÄÎÏÀ ÎÁÓÔ�ÌØËÉ, ÝÏ ÕÔ×ÏÒÀÀÔØ ×ÏÄÎÅ×ÉÊÚ×'ÑÚÏË; Ä×� OH-ÇÒÕ�É, Ú'¤ÄÎÁÎ� Ú ÏÄÎÉÍ ÁÔÏÍÏÍ Si, ÕÔ×ÏÒÀÀÔØ ×ÏÄ-ÎÅ×� Ú×'ÑÚËÉ ÏÄÎÁ Ú ÏÄÎÏÀ, ÚÁÌÉÛÁÀÞÉ ÁÔÏÍÕ Si Ô�ÌØËÉ Ä×Á Ú×'ÑÚËÉ ÚÏÂ'¤ÍÎÏÀ ÓÔÒÕËÔÕÒÏÀ.äÌÑ SiO2 �ÒÏ×ÅÄÅÎÏ ÄÏÓÌ�ÄÖÅÎÎÑ ËÌÁÓÔÅÒÁ Ú 27 �Ï×ÅÒÈÎÅ×ÉÈ ÁÔÏ-Í�×. òÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎ� Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÍ ÍÅÔÏÄÏÍ PM3. äÏÓÌ�-ÄÖÅÎÏ ÁÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ ÇÒÕ� OH� ÎÁ �Ï×ÅÒÈÎ� SiO2(100), ÁÔÁËÏÖ ÚÍ�ÎÕ ÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× ÎÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ �ÏÎÁÈ.÷ ÚÁÌÅÖÎÏÓÔ� ×�Ä ÏÒ�¤ÎÔÁ��§ Ç�ÄÒÏËÓÉÌØÎÏ§ ÇÒÕ�É ÔÁ ÛÌÑÈ�× �Å-ÒÅÍ�ÝÅÎÎÑ OH� ÎÁ ÒÉÓÕÎËÕ 16 �ÒÅÄÓÔÁ×ÌÅÎ� ËÒÉ×� �ÏÔÅÎ��ÁÌØÎÉÈÅÎÅÒÇ�Ê.äÏÓÌ�ÄÖÕÀÔØÓÑ Ä×Á ÛÌÑÈÉ �ÅÒÅÍ�ÝÅÎÎÑ ÇÒÕ�É OH�, ×ËÁÚÁÎ� ÎÁÒÉÓÕÎËÕ 17 (1 { Ç�ÄÒÏËÓÉÌØÎÁ ÇÒÕ�Á ÒÕÈÁ¤ÔØÓÑ ÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍËÉÓÎÀ; 2 { ÇÒÕ�Á OH�ÒÕÈÁ¤ÔØÓÑ ÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÒÅÍÎ�À). äÌÑÄ×ÏÈ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ ÂÅÒÅÔØÓÑ ÄÏ Õ×ÁÇÉ ÏÒ�¤ÎÔÁ��Ñ ÇÒÕ�ÉOH�(1,2), ÑË ×ËÁÚÁÎÏ ÎÁ ÇÒÁÆ�ËÁÈ.ðÏÒ�×ÎÑÎÎÑ ÏÔÒÉÍÁÎÉÈ �ÏÔÅÎ��ÁÌØÎÉÈ ÅÎÅÒÇ�Ê (ÒÉÓ. 16) ÄÁ¤ ÒÅ-ÚÕÌØÔÁÔ ÝÏÄÏ ÏÒ�¤ÎÔÁ��§ ÇÒÕ�É OH� ÔÁ §§ Í�Ó�Ø ÌÏËÁÌ�ÚÁ��§.ðÒÉ ×�ÄÓÔÁÎÑÈ Z > 1:9 �AÇÒÕ�� OH� ×ÉÇ�ÄÎÏ ÒÕÈÁÔÉÓÑ ÁÔÏÍÏÍ×ÏÄÎÀ ×ÎÉÚ ÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÉÓÎÀ (ÒÉÓ. 16Á), �ÒÉ ÞÏÍÕ Í�Î�ÍÕÍÄÁÎÏÇÏ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 1 Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ Õ ÔÏÞ�� Z=1.9 A,×�Ä�Ï×�ÄÎÏ ÇÌÉÂÉÎÁ �ÏÔÅÎ��ÁÌÕ ÄÏÒ�×ÎÀ¤ 2.6 eV.ðÒÉ ÎÁÂÌÉÖÅÎÎ� ÄÏ �Ï×ÅÒÈÎÅ×ÏÇÏ ÁÔÏÍÁ Si ÎÁ ×�ÄÓÔÁÎÑÈ Z >0:9 �AÇ�ÄÒÏËÓÉÌØÎ�Ê ÇÒÕ�� ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÏ ÏÒ�¤ÎÔÕ×ÁÔÉÓÑ ÁÔÏÍÏÍËÉÓÎÀ ×ÎÉÚ (ÒÉÓ. 16Â). çÌÉÂÉÎÁ ÁÄÓÏÒÂ��ÊÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 2 Ò�×ÎÁ5.78 eV. ïÔÖÅ, ÇÒÕ�� OH� ÎÁ �Ï×ÅÒÈÎ� SiO2(100) ÅÎÅÒÇÅÔÉÞÎÏ ×É-Ç�ÄÎÏ Ú×'ÑÚÕ×ÁÔÉÓØ Ú �Ï×ÅÒÈÎÅ×ÉÍÉ ÁÔÏÍÁÍÉ ËÒÅÍÎ�À � ÕÔ×ÏÒÀ×ÁÔÉ�Ï×ÅÒÈÎÅ×� ÇÒÕ�É Si-OH.ã�ËÁ×ÏÀ ¤ ÚÍ�ÎÁ ÅÌÅËÔÒÉÞÎÏÇÏ ÚÁÒÑÄÕ �ÏÎÁ OH� �ÒÉ ÚÍ�Î� ÎÁÄ�Ï-×ÅÒÈÎÅ×Ï§ ×�ÄÄÁÌ� Z (ÒÉÓ. 18).
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Z(A)(Â)òÉÓ. 16. ðÏÔÅÎ��ÁÌØÎ� ËÒÉ×� ×ÚÄÏ×Ö ÎÏÒÍÁÌ� ÄÏ �Ï×ÅÒÈÎ� SiO2(100)ÄÌÑ Ä×ÏÈ ÛÌÑÈ�× �ÅÒÅÍ�ÝÅÎÎÑ Ç�ÄÒÏËÓÏÇÒÕ�É: OH� ÒÕÈÁ¤ÔØÓÑ ÎÁ �Ï-×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÉÓÎÀ (Á), -ÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÒÅÍÎ�À (Â). ÷ÒÁ-ÈÏ×Õ¤ÔØÓÑ ÏÒ�¤ÎÔÁ��Ñ ÇÒÕ�É OH� ÑË ×ËÁÚÁÎÏ ÎÁ ÇÒÁÆ�ËÁÈ: 1- ÇÒÕ�ÁOH� ÒÕÈÁ¤ÔØÓÑ ÄÏ �Ï×ÅÒÈÎ� ÁÔÏÍÏÍ ×ÏÄÎÀ; 2- ÇÒÕ�Á OH� ÒÕÈÁ¤ÔØÓÑÄÏ �Ï×ÅÒÈÎ� ÁÔÏÍÏÍ ËÉÓÎÀ. âÅÒÅÔØÓÑ ×ÚÁ¤ÍÏÄ�Ñ ÁÄÓÏÒÂÁÔÕ Ú ÞÏÔÉÒØÍÁÛÁÒÁÍÉ ËÌÁÓÔÅÒÁ �Ï×ÅÒÈÎ� SiO2(100).

1
2

z

òÉÓ. 17. óÔÒÕËÔÕÒÁ ÄÏÓÌ�ÄÖÕ×ÁÎÏÇÏ ËÌÁÓÔÅÒÁ ÏËÉÓÌÕ ËÒÅÍÎ�À. 1, 2 {ÎÁ�ÒÑÍÉ �ÅÒÅÍ�ÝÅÎÎÑ ÇÒÕ�É OH�.
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Z(A)(Â)òÉÓ. 18. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ Ç�ÄÒÏËÓÉÌØÎÏ§ ÇÒÕ�É ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï-×ÅÒÈÎ� SiO2(100) ÔÁ ÛÌÑÈÕ �ÅÒÅÍ�ÝÅÎÎÑ ÁÄÓÏÒÂÁÔÕ (OH� ÒÕÈÁ¤ÔØÓÑÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÉÓÎÀ (Á); -ÎÁ �Ï×ÅÒÈÎÅ×ÉÊ ÁÔÏÍ ËÒÅÍÎ�À (Â)).
ICMP{01{33U 20õ ÔÏÞ�� Í�Î�ÍÕÍÕ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 1 (ÒÉÓ.16Á) Z =1:9�AÚÁÒÑÄ ÎÁ Ç�ÄÒÏËÓÏÇÒÕ�� OH� Ò�×ÎÉÊ-0.82e; Õ Í�Î�ÍÕÍ� ÁÄ�ÁÂÁÔÉÞ-ÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 2 Z=1.4A (ÒÉÓ. 16Â) ÚÁÒÑÄ ÇÒÕ�É OH� Ò�×ÎÉÊ -0.42e.äÌÑ ×É�ÁÄËÕ ÁÄÓÏÒÂ��§ ×ÏÄÎÀ ÔÁ ËÉÓÎÀ ÎÁ �Ï×ÅÒÈÎ� ÏËÓÉÄÕ ËÒÅÍ-Î�À SiO2(010) �Ï×ÅÒÈÎÑ ÍÏÄÅÌÀ×ÁÌÁÓÑ ËÌÁÓÔÅÒÏÍ Ú 22 ÁÔÏÍ�× ÏË-ÓÉÄÕ. óÔÒÕËÔÕÒÁ ÄÏÓÌ�ÄÖÕ×ÁÎÏÇÏ ËÌÁÓÔÅÒÁ ÄÌÑ ×É�ÁÄËÕ �Ï×ÅÒÈÎ�SiO2(010) �ÏÄÁÎÁ ÎÁ ÒÉÓÕÎËÕ 19Á. ó�ÏÞÁÔËÕ, ÑË �ÅÒÛÉÊ ËÒÏË, ÄÏ-ÓÌ�ÄÖÕ×ÁÌÉÓÑ ËÌÁÓÔÅÒÉ, ÝÏ Í�ÓÔÉÌÉ ÏÄÉÎ ÞÉ Ä×Á ×ÅÒÈÎ� ÛÁÒÉ ÁÔÏÍ�×ÄÏÓÌ�ÄÖÕ×ÁÎÉÈ ËÏÍ�ÏÎÅÎÔ ìð÷í. ïÓÔÁÎÎØÏ ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ ËÌÁÓÔÅÒÚ ÏÄÉÎÁÄ�ÑÔÉ ×ÅÒÈÎ�È ÛÁÒ�× ÁÔÏÍ�× ÏËÓÉÄÕ ËÒÅÍÎ�À (ÒÉÓ. 19Â), ÝÏÂ�ÌØÛ ÒÅÁÌØÎÏ Ï�ÉÓÕ¤ �Ï×ÅÒÈÎÀ.ïÔÒÉÍÁÎÏ ÁÄ�ÁÂÁÔÉÞÎ� �ÏÔÅÎ��ÁÌÉ ÁÔÏÍ�× ×ÏÄÎÀ ÔÁ ËÉÓÎÀ ÎÁ �Ï-×ÅÒÈÎ� SiO2(010), Á ÔÁËÏÖ ÚÍ�ÎÕ ÚÁÒÑÄÕ ÎÁ ÁÄÓÏÒÂÏ×ÁÎÉÈ ÁÔÏÍÁÈ.òÏÚÒÁÈÕÎËÉ �ÒÏ×ÅÄÅÎ� Ë×ÁÎÔÏ×Ï-È�Í�ÞÎÉÍ ÍÅÔÏÄÏÍ AM1.äÌÑ ËÏÖÎÏÇÏ Ú �ÏÄÁÎÉÈ �ÏÌÏÖÅÎØ �ÅÒÅÍ�ÝÅÎÎÑ (1, 2) ×ÏÄÎÀ ÔÁËÉÓÎÀ ÏÔÒÉÍÁÎ� ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ×�Ä ×�ÄÄÁÌ� ÄÏ�Ï×ÅÒÈÎ�. òÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÚÁÌÅÖÎÏÓÔ� ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��-ÁÌ�× ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� �ÒÉ ×ÒÁÈÕ×ÁÎÎ� ×ÚÁ¤ÍÏÄ�§ ÄÁÎÉÈ ÁÔÏÍ�×Ú ÏÄÉÎÁÄ�ÑÔØÍÁ ×ÅÒÈÎ�ÍÉ ÛÁÒÁÍÉ SiO2 ÎÁ×ÅÄÅÎÏ ÎÁ ÒÉÓÕÎËÕ 20.Y= 0�A×�Ä�Ï×�ÄÁ¤ ÒÏÚÍ�ÝÅÎÎÀ �Ï×ÅÒÈÎÅ×ÏÇÏ ÛÁÒÕ SiO2(010) (ÑË�ÏËÁÚÁÎÏ ÎÁ ÒÉÓÕÎËÕ 19Â), ×�ÄÓÔÁÎ� Y < 0�A{ ×�ÄÓÔÁÎ� ÄÏ �Ï×ÅÒÈÎ�ÏËÓÉÄÕ ËÒÅÍÎ�À.ú ÏÔÒÉÍÁÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ÄÌÑ ×ÏÄÎÀ(ÒÉÓ. 20Á) ×ÉÄÎÏ, ÝÏ ÎÁ ×�ÄÄÁÌÑÈ �0:6�A< Y < 0:8�AÅÎÅÒÇÅÔÉÞÎÏ ×É-Ç�ÄÎÅ �ÏÌÏÖÅÎÎÑ �ÅÒÅÍ�ÝÅÎÎÑ { 1. ÷�Ä�Ï×�ÄÎÏ Õ ÔÏÞ�� ÎÁÊÇÌÉÂÛÏ-ÇÏ Í�Î�ÍÕÍÕ ÄÁÎÏÇÏ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ Y= -0.1�AÚ ÇÌÉÂÉÎÏÀ0.217eV ÚÁÒÑÄ ÎÁ ÁÔÏÍ� ×ÏÄÎÀ ÂÌÉÚØËÉÊ ÄÏ ÎÅÊÔÒÁÌØÎÏÇÏ qH �0.005e.ðÏÄ�ÂÎ� ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎËÕ ÚÁÌÅÖÎÏÓÔÅÊ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ-��ÁÌ�× ËÉÓÎÀ ÎÁ ×�ÄÄÁÌÑÈ �0:9�A< Y < 0:6�A×�ÄÎÏÓÎÏ �Ï×ÅÒÈÎ� ÏËÓÉÄÕËÒÅÍÎ�À (ÒÉÓ. 20Â) - ÁÔÏÍÕ ËÉÓÎÀ ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÏ �ÅÒÅÂÕ×ÁÔÉÕ 1-ÍÕ �ÏÌÏÖÅÎÎ� �ÅÒÅÍ�ÝÅÎÎÑ. õ ÔÏÞ�� ÎÁÊÇÌÉÂÛÏÇÏ Í�Î�ÍÕÍÕ Y=0.2�A×�Ä�Ï×�ÄÎÏÇÏ ÁÄ�ÁÂÁÔÉÞÎÏÇÏ �ÏÔÅÎ��ÁÌÕ 1 (ÇÌÉÂÉÎÁ �ÏÔÅÎ��ÁÌÕ1.522eV) ÚÁÒÑÄ ÎÁ ËÉÓÎ� Ò�×ÎÉÊ qO � - 0.482e (ÒÉÓ. 21).6. ÷ÉÓÎÏ×ËÉðÒÉ ×ÚÁ¤ÍÏÄ�§ ËÉÓÎÀ, ×ÏÄÎÀ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH�, ÑËÁ ÕÔ×ÏÒÀ¤-ÔØÓÑ �ÒÉ ÄÉÓÏ��Á��§ ÍÏÌÅËÕÌ ×ÏÄÉ, Ú �Ï×ÅÒÈÎÅÀ ÏËÉÓÌ�× FeO, Fe2O3ÔÁ SiO2, ÑË� ¤ ×ÁÖÌÉ×ÉÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉ ìð÷í, ×�ÄÂÕ×Á¤ÔØÓÑ �Å-ÒÅÒÏÚ�ÏÄ�Ì ÅÌÅËÔÒÉÞÎÉÈ ÚÁÒÑÄ�× Í�Ö ÞÁÓÔÉÎËÁÍÉ ÁÄÓÏÒÂÁÔÕ � �Ï×ÅÒ-
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�� SiO2(001)(Â)òÉÓ. 19. óÔÒÕËÔÕÒÁ ÄÏÓÌ�ÄÖÕ×ÁÎÏÇÏ ËÌÁÓÔÅÒÁ ÏËÉÓÌÕ ËÒÅÍÎ�À (Á {ËÌÁÓÔÅÒ ÄÏÓÌ�ÄÖÕ×ÁÎÏ§ �Ï×ÅÒÈÎ� SiO2(010), Â { SiO2(001); 1, 2 ×ËÁ-ÚÕÀÔØ �ÏÌÏÖÅÎÎÑ �ÅÒÅÍ�ÝÅÎÎÑ ËÉÓÎÀ ÔÁ ×ÏÄÎÀ �ÒÉ ÎÁÂÌÉÖÅÎÎ� ÄÏ�Ï×ÅÒÈÎ�). ÷ÒÁÈÏ×Õ¤ÔØÓÑ ×ÚÁ¤ÍÏÄ�Ñ ÄÁÎÉÈ ÁÔÏÍ�× Ú ÏÄÉÎÁÄ�ÑÔØÍÁ ÛÁ-ÒÁÍÉ ÏËÉÓÌÕ ËÒÅÍÎ�À (ÑË �ÏËÁÚÁÎÏ ÎÁ ÒÉÓÕÎËÕ 19.Â).
ICMP{01{33U 22

(Á)
(Â)òÉÓ. 20. úÁÌÅÖÎ�ÓÔØ ÁÄ�ÁÂÁÔÉÞÎÉÈ �ÏÔÅÎ��ÁÌ�× ÁÔÏÍ�× ×ÏÄÎÀ (Á) ÔÁËÉÓÎÀ (Â) ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ� SiO2(010) (1, 2 ×�Ä�Ï×�ÄÁ¤ �ÏÌÏ-ÖÅÎÎÑÍ �ÅÒÅÍ�ÝÅÎÎÑ ÄÁÎÉÈ ÁÄÓÏÒÂÁÔ�×, ×ËÁÚÁÎÉÈ ÎÁ ÒÉÓ. 19Á, 19Â).
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òÉÓ. 21. úÁÌÅÖÎ�ÓÔØ ÚÁÒÑÄÕ ÁÔÏÍÁ ËÉÓÎÀ ×�Ä ×�ÄÄÁÌ� ÄÏ �Ï×ÅÒÈÎ�SiO2(010) ÔÁ �ÏÌÏÖÅÎÎÑ �ÅÒÅÍ�ÝÅÎÎÑ ËÉÓÎÀ (�ÏÌÏÖÅÎÎÑ 1, 2, ×ËÁ-ÚÁÎ� ÎÁ ÒÉÓÕÎËÕ 21)ÈÎÅÀ ÏËÉÓÌÕ. ðÒÉ ÁÄÓÏÒÂ��§ ×ÏÄÎÀ ÔÁ Ç�ÄÒÏÓÏÇÒÕ�É OH� �Ï×ÅÒÈÎÑÚÁÒÑÄÖÁ¤ÔØÓÑ ÎÅÇÁÔÉ×ÎÏ. ðÒÉ �ØÏÍÕ ÇÒÕ�É ïî ÒÏÚÔÁÛÏ×ÕÀÔØÓÑ ×�Ó-ÓÀ �ÅÒ�ÅÎÄÉËÕÌÑÒÎÏ ÄÏ �Ï×ÅÒÈÎ�. îÁ �Ï×ÅÒÈÎ� SiO2(100) ÇÒÕ�ÁÍ ïîÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÏ Ú×"ÑÚÕ×ÁÔÉÓØ Ú �Ï×ÅÒÈÎÅ×ÉÍÉ ÁÔÏÍÁÍÉ ËÒÅÍÎ�À,ÕÔ×ÏÒÀÀÞÉ ËÌÁÓÔÅÒÉ Si-OH. ðÒÉ �ØÏÍÕ ÑË ÁÔÏÍÉ ×ÏÄÎÀ ÔÁË � Ç�ÄÒÏ-ËÓÏÇÒÕ�É ÓÌÕÖÁÔØ �ÅÎÔÒÁÍÉ ÄÌÑ �ÏÄÁÌØÛÏ§ ÁÄÓÏÒÂ��§ Ú ÕÔ×ÏÒÅÎÎÑÍÒ�ÚÎÏÍÁÎ�ÔÎÉÈ ËÌÁÓÔÅÒ�× ÎÁ �Ï×ÅÒÈÎ�. ðÒÉ ×ÅÌÉËÏÍÕ �ÏËÒÉÔÔ� ÁÄÓÏÒ-ÂÁÔÏÍ �Ï×ÅÒÈÎÑ ÍÏÖÅ ÎÁÂÕ×ÁÔÉ ×ÅÌÉËÏÇÏ ÑË ÅÌÅËÔÒÉÞÎÏÇÏ ÚÁÒÑÄÕÔÁË � ÄÉ�ÏÌØÎÏÇÏ ÍÏÍÅÎÔÕ. ãÅ �ÒÉ×ÏÄÉÔØ ÄÏ ÓÕÔÔ¤×ÉÈ ÚÍ�Î Ä�ÅÌÅËÔ-ÒÉÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÎÁ �Ï×ÅÒÈÎ�, ÝÏ ÓÌ�Ä ×ÒÁÈÏ×Õ×ÁÔÉ �ÒÉ ÅÌÅËÔ-ÒÉÞÎ�Ê ÓÅ�ÁÒÁ��§ ìð÷í.ì�ÔÅÒÁÔÕÒÁ1. áÎÇÅÌÏ× á. é., ÷ÅÒÅÝÁÇÉÎ é. ð., åÒÛÏ× ÷. ó. É ÄÒ. ðÏÄ ÒÅÄ.òÅ×ÎÉ×�Å×Á ÷. é., æÉÚÉÞÅÓËÉÅ ÏÓÎÏ×Ù ÜÌÅËÔÒÉÞÅÓËÏÊ ÓÅ�ÁÒÁ�ÉÉ,í., îÅÄÒÁ, (1983), 271 Ó.2. ðÁÚÕÈÉÎ ü. í., òÁÄÉÏÈÉÍÉÑ, (1994), Ô. 36, ×Ù�. 2, Ó. 97-141.3. Yukhnovskii I.R., Tokarhuk M.V., Ignatyuk V.V., Kobryn A.E.,Omelyan I.P., Zhelem R.I., Dmytriv G.S., Ivankiv O.L., CondensedMatter Physis, (1997), N 12, p. 63-96.

ICMP{01{33U 244. àÈÎÏ×ÓØËÉÊ ¶.ò., �ÏËÁÒÞÕË í.÷., ëÏÂÒÉÎ ï.´., äÍÉÔÒ�× ç.ó.,çÕÍÅÎÀË ê.á., Journal of Physial Studies, 1999, v. 3, N 2, p. 224-236.5. óÔÁÓÀË ¶.÷.,óÔÅ��× ò.ñ., äÕÌÅ�Á ¶.ò., äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓÕ ÁÄ-ÓÏÒÂ��§ ÁÔÏÍ�× ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH ÎÁ �Ï×ÅÒÈÎ��ÅÒÅÈ�ÄÎÉÈ ÍÅÔÁÌ�×. ðÒÅ�ÒÉÎÔ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈÓÉÓÔÅÍ îáî õËÒÁ§ÎÉ, ICMP-01-04U, ìØ×�×, 2001, 18 .6. J. Goniakowski, C.Noguera, Relaxation and rumpling mehanismson oxide surfae, Surfae Siene, (1995), v. 323, p. 129-141.7. J. Goniakowski, C.Noguera, Theoretial investigation of hydroxylat-ed oxide surfaes, Surfae Siene, (1995), v. 330, p. 337-349.8. ÷. ñ. áÎÔÏÎÞÅÎËÏ, á. ó. äÁ×ÉÄÏ×, ÷. ÷. éÌØÉÎ, ïÓÎÏ×É ÆÉÚÉËÉ×ÏÄÉ, ë., îÁÕËÏ×Á ÄÕÍËÁ, (1991), 335 Ó.9. R. L. Kurtz, R. Stokbauer, T. E. Madey, E. Roman and J. L. DeSegovia, Surfae Siene, (1989), v. 218, p. 337-349.10. P. A. Thiel and T. E. Madey, Surf. Si. Rep., (1987), v. 7, p. 211.11. S. Bourgeois, F. Jomard and M. Perdereau, Surfae Siene, (1992),v. 279, p. 349.
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¶ÇÏÒ ÷ÁÓÉÌØÏ×ÉÞ óÔÁÓÀËòÏÍÁÎ ñÒÏÓÌÁ×Ï×ÉÞ óÔÅ��×¶ÒÉÎÁ òÏÍÁÎ�×ÎÁ äÕÌÅ�ÁàÒ�Ê ÷�ÔÁÌ�¤×ÉÞ óÉÚÏÎÅÎËÏáÄÓÏÒÂ��Ñ ËÉÓÎÀ, ×ÏÄÎÀ, ÁÚÏÔÕ ÔÁ Ç�ÄÒÏËÓÏÇÒÕ�É OH� ÎÁ�Ï×ÅÒÈÎ� ÚÁÌ�ÚÁ, ÏËÉÓÌ�× ÚÁÌ�ÚÁ FeO, Fe2O3 ÔÁ ÏËÉÓÌÕËÒÅÍÎ�À SiO2òÏÂÏÔÕ ÏÔÒÉÍÁÎÏ 18 ÇÒÕÄÎÑ 2001 Ò.úÁÔ×ÅÒÄÖÅÎÏ ÄÏ ÄÒÕËÕ ÷ÞÅÎÏÀ ÒÁÄÏÀ ¶æëó îáî õËÒÁ§ÎÉòÅËÏÍÅÎÄÏ×ÁÎÏ ÄÏ ÄÒÕËÕ ÓÅÍ�ÎÁÒÏÍ ×�ÄÄ�ÌÕ Ë×ÁÎÔÏ×Ï§ ÓÔÁÔÉÓÔÉËÉ÷ÉÇÏÔÏ×ÌÅÎÏ �ÒÉ ¶æëó îáî õËÒÁ§ÎÉ õÓ� �ÒÁ×Á ÚÁÓÔÅÒÅÖÅÎ�


