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õäë: 5.39.1, 66.085:66.093, 621.039.526PACS: 28.41.Kw, 66.10.Cb, 82.50.GwáÎÁÌ�Ú Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ ÔÁ�ÒÏ�ÅÓ�× ÒÁÄ�ÏÌ�ÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ"¶.ò.àÈÎÏ×ÓØËÉÊ, í.÷.�ÏËÁÒÞÕË, ÷.÷.¶ÇÎÁÔÀË, ê.á.çÕÍÅÎÀËáÎÏÔÁ��Ñ. òÏÚÇÌÑÎÕÔÏ ÏÓÎÏ×Î� ÆÏÒÍÉ �ÅÒÅÂÕ×ÁÎÎÑ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á× ÏÂ'¤ËÔ� \õËÒÉÔÔÑ". úÒÏÂÌÅÎÏ ÄÅÔÁÌØÎÉÊ �ÏÒ�×ÎÑÌØÎÉÊ ÁÎÁÌ�Ú ÄÁÎÉÈÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÁÌÉ-×Ï×Í�ÓÎÉÈ ÍÁÓ. �ÁËÏÖ ÒÏÚÇÌÑÎÕÔÏ �ÒÏÂÌÅÍÕ ×ÏÄÉ × ÏÂ'¤ËÔ� \õËÒÉÔ-ÔÑ". ðÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÓÔÁÎ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�×, §È ×ÚÁ¤ÍÏÄ�À Ú ÑÄÅÒÎÉÍ�ÁÌÉ×ÏÍ, ÒÏÌØ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ �ÒÏ�ÅÓÁÈ ÒÁÄ�ÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×Ï-ÒÅÎÎÑ ÔÁ ÒÏÓÔÕ Í�ÎÅÒÁÌ�× ÎÁ �Ï×ÅÒÈÎ� ìð÷í. ï�ÉÓÁÎÏ ÏÓÏÂÌÉ×ÏÓÔ��ÒÏÔ�ËÁÎÎÑ �ÒÏ�ÅÓ�× Õ ÍÁÌÉÈ ÏÂ'¤ÍÁÈ ÔÁ Í�ËÒÏ�ÏÒÁÈ ÌÁ×Ï�ÏÄ�ÂÎÉÈÍÁÓ. îÁ ÏÓÎÏ×� �ÏÎÎÏ§ ÍÏÄÅÌ� ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÎÕËÌ�Ä�× �ÒÏ×ÅÄÅ-ÎÏ ÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁ ËÏÎÓÔÁÎÔ Û×ÉÄËÏÓÔ� È�Í�ÞÎÉÈÒÅÁË��Ê �ÏÎ�× � ÒÁÄÉËÁÌ�× Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".Analysis of physio-hemial properties of fuel-ontaining mass-es and radiolysis proesses in aqueous solutions of the objet\Shelter"I.R.Yukhnovskii, M.V.Tokarhuk, V.V.Ignatyuk, Y.A.HumenyukAbstrat. Main forms of nulear fuel storage in the objet \Shelter"are onsidered. Detailed analysis of experimental investigation data ofphysio-hemial properties of fuel-ontaining masses are performed. Theproblem of water in the objet \Shelter" is also onsidered. The state ofthe aqueous solutions, their interation with the nulear fuel, the role ofradionulides in proesses of radiolysis, omplex formation and mineralgrowth on a surfae of the fuel-ontaining masses are analysed. Peuliar-ities of proesses ourring in small volumes and miropores of lava-likematerials are desribed. Numerial alulations of di�usion oeÆientsand rate onstants of hemial reations of ions and radials are arriedout on the basis of ion model for aqueous solutions.ðÏÄÁ¤ÔØÓÑ × ðÒÏÂÌÅÍÉ þÏÒÎÏÂÉÌÑSubmitted to Problems of Chornobyl ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physis 2001



1 ðÒÅ�ÒÉÎÔ1. áÎÁÌ�Ú ÄÁÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ Æ�-ÚÉËÏ-È�Í�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓÔÁ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×.îÁ ÄÁÎÉÊ ÞÁÓ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" ÍÏÖÎÁ ×ÉÄ�ÌÉÔÉ ÔÁË� ÏÓÎÏ×Î� ÆÏÒ-ÍÉ �ÅÒÅÂÕ×ÁÎÎÑ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á ��ÓÌÑ Á×ÁÒ�§ [1-4℄:� �ÁÌÉ×Ï Õ ×ÉÇÌÑÄ� ÔÁÂÌÅÔÏË Ä�ÏËÓÉÄÕ ÕÒÁÎÕ UO2 Õ Ô×ÅÌÁÈ �÷óÔÁ §È ÆÒÁÇÍÅÎÔÉ ¤ ÎÁÊÂ�ÌØÛ ÎÅÂÅÚ�ÅÞÎÏÀ ÆÏÒÍÏÀ, ÚÎÁÞÎÁ ÞÁÓÔÉÎÁÑËÏ§ ÚÎÁÈÏÄÉÔØÓÑ × ãÅÎÔÒÁÌØÎÏÍÕ ÚÁÌ�. úÁ 15 ÒÏË�× ãÅÎÔÒÁÌØÎÉÊ ÚÁÌÍÁÊÖÅ ÎÅ ÄÏÓÌ�ÄÖÕ×Á×ÓÑ Õ Ú×'ÑÚËÕ Ú ÓËÌÁÄÎÉÍ ÒÁÄ�Á��ÊÎÉÍ ÔÁ ÔÅÈ-Î�ÞÎÉÍ ÓÔÁÎÏÍ. ÷ÁÖÌÉ×Ï ÚÁÚÎÁÞÉÔÉ, ÝÏ ÔÁÂÌÅÔËÉ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á�ÒÏÔÑÇÏÍ ÔÁËÏÇÏ �ÅÒ�ÏÄÕ ÞÁÓÕ ÚÁÚÎÁ×ÁÌÉ ÚÎÁÞÎÏÇÏ Ó×ÅÌ�ÎÇÕ ×ÎÁÓÌ�ÄÏË×ÎÕÔÒ�ÛÎØÏÇÏ �-, �-, -, Ï�ÒÏÍ�ÎÅÎÎÑ [5-8℄, �ÅÒÅÔ×ÏÒÀÀÞÉÓØ Õ ÄÒ�Â-ÎÏÄÉÓ�ÅÒÓÎÕ ÆÒÁË��À ÆÏÒÍÕÀÞÉ ÒÁÄ�ÏÁËÔÉ×Î� ÁÅÒÏÚÏÌ� | ÑÄÅÒÎÉÊ�ÉÌ Õ �Ï×�ÔÒ� ÏÂ'¤ËÔÕ.� ÑÄÅÒÎÉÊ �ÉÌ, Â�ÌÑ 10{15 ÔÏÎÎ ÚÁ ÕÒÁÎÏÍ [1-4℄. ÷ 1997{1998 ÒÏ��Ë�ÌØË�ÓÔØ ÑÄÅÒÎÏÇÏ �ÉÌÕ Ï��ÎÀ×ÁÌÁÓØ × ÍÅÖÁÈ 30 ÔÏÎÎ [3℄. ñË �ÏËÁÚÕ-ÀÔØ ÄÏÓÌ�ÄÖÅÎÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÁÅÒÏÚÏÌÅÊ Õ �Ï×�ÔÒÑÎÏÍÕ �ÒÏÓÔÏÒ�ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ" [9, 10℄, ÑÄÅÒÎÉÊ �ÉÌ ÓËÌÁÄÁÀÔØ ÎÁÓÔÕ�Î� ÒÁÄ�ÏÁË-ÔÉ×Î� ÅÌÅÍÅÎÔÉ: 154En, 155Eu, 125Sb, 134 Cs, 137Cs, 90Sr, 238;239;240Pu,241Am, 238;235U. úÁ ÄÁÎÉÍÉ íî�ã \õËÒÉÔÔÑ" ÚÁ 1997 Ò�Ë ÎÅÏÇÒÁ-Î�ÚÏ×ÁÎÉÊ ×ÉËÉÄ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÁÅÒÏÚÏÌÅÊ �Ú ÏÂ'¤ËÔÁ × ÎÁ×ËÏÌÉÛÎ¤ÓÅÒÅÄÏ×ÉÝÅ ÓÔÁÎÏ×É× ÚÁ �-ÎÕËÌ�ÄÁÍÉ 1,9�104âË (�Pu, 241Am), ÚÁ �-ÎÕËÌ�ÄÁÍÉ 4,8�105 âË (134ós, 137ós) [11℄. îÁÊÂ�ÌØÛ� Û×ÉÄËÏÓÔ� ×É-ÈÏÄÕ ÄÏ×ÇÏÖÉ×ÕÞÉÈ �-ÎÕËÌ�Ä�× (�Pu, 241Am) × 1998 ÒÏ�� ×�ÄÚÎÁÞÅ-ÎÏ × Ó�ÞÎ� (20 ÍËë�/(Í2.Í�Ó.)) � ÌÉ�ÅÎØ-ÓÅÒ�ÅÎØ (26 ÍËë�/(Í2.Í�Ó.)),Á 1999 ÒÏËÕ × Ó�ÞÎ�-ÌÀÔÏÍÕ (8,7ÍËë�/(Í2.Í�Ó.)) � ÌÉÓÔÏ�ÁÄ�-ÇÒÕÄÎ�(9-9,7 ÍËë�/(Í2.Í�Ó.)) [10℄. òÏÚÍ�ÒÉ ÄÒ�ÂÎÏÄÉÓ�ÅÒÓÎÉÈ �ÁÌÉ×ÎÉÈ ÞÁÓ-ÔÉÎÏË ÚÍ�ÎÀÀÔØÓÑ ×�Ä ÄÏÌÅÊ Í�ËÒÏÎÁ ÄÏ ÓÏÔÅÎØ Í�ËÒÏÎ�×. ïÓË�ÌØËÉ�ÎÔÅÎÓÉ×ÎÏ ×�ÄÂÕ×Á¤ÔØÓÑ �-�ÅÒÅÈ�Ä 241 Pu ! 241Am, ÔÏ ÎÁÄÚ×ÉÞÁÊÎÏ×ÁÖÌÉ×Ï ËÏÎÔÒÏÌÀ×ÁÔÉ Ó��××�ÄÎÏÛÅÎÎÑ 134ós ÄÏ 241Am Õ �ÁÌÉ×ÎÉÈÞÁÓÔÉÎËÁÈ × ÚÁÌÅÖÎÏÓÔ� ×�Ä §È ÒÏÚÍ�Ò�×.� ÌÁ×Ï�ÏÄ�ÂÎ� �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÓÉ| ÕÔ×ÏÒÅÎÎÑ, ÝÏ ×ÉÎÉËÌÉ × �ÒÏ-�ÅÓ� ×ÚÁ¤ÍÏÄ�§ ÒÏÚ�ÌÁ×Õ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á Ú ÍÁÔÅÒ�ÁÌÁÍÉ ÚÁÓÉ�ËÉ (ÄÏ-ÌÏÍ�Ô, ��ÓËÉ, ×'ÑÖÕÞ� ÍÁÔÅÒ�ÁÌÉ) � �ÏÓÔÕ�Ï×ÏÇÏ ×ÉÓÔÉÇÁÎÎÑ. ÷ÁÖÌÉ×ÏÚÁÚÎÁÞÉÔÉ, ÝÏ �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÓÉ Í�ÓÔÑÔØ �-ÁËÔÉ×Î� �ÚÏÔÏ�É �ÌÕÔÏ-Î�À 238�242Pu, ÁÍÅÒÉ��Ê 241Am, ËÀÒ�Ê 244Cm, �-ÁËÔÉ×ÎÉÊ 90Sr, -ÁË-ÔÉ×Î� 134Cs, 137Cs, 235U, 238U. ÷ ÒÅÚÕÌØÔÁÔ� �ØÏÇÏ ×ÏÎÉ ÚÁÚÎÁÀÔØ ÚÎÁÞ-ÎÏÇÏ ×ÎÕÔÒ�ÛÎØÏÇÏ Ï�ÒÏÍ�ÎÅÎÎÑ, ÝÏ ÑË ×�ÄÏÍÏ [5-8℄ �ÒÉÚ×ÏÄÉÔØ ÞÅÒÅÚÓÔÒÕËÔÕÒÎ� ÚÍ�ÎÉ (ÄÅÆÅËÔÏÕÔ×ÏÒÅÎÎÑ, ÕÔ×ÏÒÅÎÎÑ �ÏÒ) ÄÏ ÚÎÁÞÎÏ§ ÄÅ-ÇÒÁÄÁ��§. îÁ ×�ÄÍ�ÎÕ ×�Ä �Ï�ÅÒÅÄÎ�È ÄÏÓÌ�ÄÖÅÎØ [1, 11-17℄, Õ ÑËÉÈ ×
ICMP{01{32U 2ÏÓÎÏ×ÎÏÍÕ ×É×ÞÁ×ÓÑ È�Í�ÞÎÉÊ �ÚÏÔÏ�ÎÉÊ ÓËÌÁÄ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍ�ËÉ(ËÏÒÉÞÎÅ×Á ÓËÌÏ�ÏÄ�ÂÎÁ ÍÁÓÁ Ú ÓÅÒÅÄÎØÏÀ ÇÕÓÔÉÎÏÀ ×�Ä 1,6 ÄÏ 3,15Ç/ÓÍ ÔÁ 10 � 2% ×Í�ÓÔÏÍ ÚÁ ÕÒÁÎÏÍ Ú ÇÌÉÂÉÎÏÀ ×ÉÇÏÒÁÎÎÑ 12,6 � 0,4(í×Ô � ÄÏÂÁ) / (ËÇ ÕÒÁÎÕ)), ÞÏÒÎÏ§ ËÅÒÁÍ�ËÉ (ÞÏÒÎÁ ÓËÌÏ�ÏÄ�ÂÎÁ ÍÁÓÁÚ ÓÅÒÅÄÎØÏÀ ÇÕÓÔÉÎÏÀ ×�Ä 2,0 � 0,2 ÄÏ 2,9 Ç/ÓÍ3 ÔÁ 5 � 1% ×Í�ÓÔÏÍ ÚÁÕÒÁÎÏÍ Ú ÇÌÉÂÉÎÏÀ ×ÉÇÏÒÁÎÎÑ 12,5 � 0,5 (í×Ô � ÄÏÂÁ) / (ËÇ ÕÒÁÎÕ),�ÅÍÚÏ�ÏÄ�ÂÎÉÈ ÍÁÓ Ú ÓÅÒÅÄÎØÏÀ ÇÕÓÔÉÎÏÀ 0,14 - 0,18 Ç/ÓÍ3, �ÏÞÉ-ÎÁÀÞÉ Ú 1996 ÒÏËÕ ÒÏÚ�ÏÞÁÔ� ÄÕÖÅ ×ÁÖÌÉ×� ÄÏÓÌ�ÄÖÅÎÎÑ Æ�ÚÉÞÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÉÈ ÍÁÔÅÒ�ÁÌ�× [18-23℄. òÁÎ�ÛÅ ÂÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏËÏÒÉÞÎÅ×�, ÞÏÒÎ� �ÁÌÉ×Ï×Í�ÓÎ� ÍÁÓÉ ¤ ÓÉÌØÎÏ �ÏÒÉÓÔ� Ú 10% ÄÏÓÔÕ�-ÎÏÀ �ÏÒÉÓÔÉÓÔÀ. ÷ ÒÏÂÏÔ� [19℄ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ �ÏËÁÚÁÎÏ, ÝÏ 3%ÏÂ'¤ÍÕ ËÏÒÉÞÎÅ×ÉÈ ìð÷í Ú 10% ×Í�ÓÔÏÍ �ÁÌÉ×Á ÄÏÓÔÕ�Î� ÄÌÑ ÍÏ-ÌÅËÕÌ ×ÏÄÉ. �ÏÂÔÏ ×ÎÁÓÌ�ÄÏË �ÏÓÔ�ÊÎÏÇÏ ÒÁÄ�Á��ÊÎÏÇÏ ×ÎÕÔÒ�ÛÎØÏÇÏÏ�ÒÏÍ�ÎÅÎÎÑ × ìð÷í Ú 30% { 40% ×Í�ÓÔÏÍ SiO2 �ÏÓÔ�ÊÎÏ ÁËÕÍÕÌÀ-¤ÔØÓÑ ÒÏÚÒÉ× ÓÉÌ�ËÁÔÎÉÈ �ÉËÌ�×, ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏ ÓÕ��ÌØÎÏ§ �ÒÏÎÉË-ÎÏÓÔ� ìð÷í ÎÁ Ò�×Î� ÍÏÌÅËÕÌÑÒÎÉÈ ÒÏÚÍ�Ò�×, ÝÏ ¤ ÄÏÓÔÁÔÎØÏ ×�ÄÏ-ÍÉÍ Ñ×ÉÝÅÍ [24℄. ÷ 1 ÓÍ3 ìð÷í ×ÎÁÓÌ�ÄÏË ÍÏÌÅËÕÌÑÒÎÏ-ÓÉÔÏ×ÏÇÏÅÆÅËÔÕ [23℄ ÍÏÖÅ ÒÏÚÍ�ÝÕ×ÁÔÉÓÑ 1021 ÍÏÌÅËÕÌ ×ÏÄÉ, ÔÏÂÔÏ �ÒÁËÔÉÞ-ÎÏ ËÏÖÎÉÊ ÄÅÓÑÔÉÊ ÓÉÌ�ËÁÔÎÉÊ �ÉËÌ ¤ ÒÏÚ�Ò×ÁÎÉÊ. ÷ÎÁÓÌ�ÄÏË ×ÎÕÔ-Ò�ÛÎØÏÇÏ �-, �-, -Ï�ÒÏÍ�ÎÅÎÎÑ ÍÏÌÅËÕÌÉ ×ÏÄÉ × ìð÷í ÚÁÚÎÁÀÔØÒÁÄ�ÏÌ�ÚÕ, × �ÒÏ�ÅÓ� ÑËÏÇÏ ÁËÔÉ×ÎÏ ×ÉÄ�ÌÑ¤ÔØÓÑ ÁÔÏÍÁÒÎÉÊ ×ÏÄÅÎØ,ÝÏ Í�ÇÒÕ¤ �Ï �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ�, ÎÁËÏ�ÉÞÕ¤ÔØÓÑ × �ÏÒÏÖÎÉÎÁÈ.îÁËÏ�ÉÞÅÎÉÊ ÁÔÏÍÁÒÎÉÊ ×ÏÄÅÎØ × �ÏÒÏÖÎÉÎÁÈ ÚÄÁÔÎÉÊ ÄÏ �ÒÏ�ÅÓ�×ÍÏÌ�ÚÕ×ÁÎÎÑ î + î ! î2 Ú ×ÉÄ�ÌÅÎÎÑ ÚÎÁÞÎÏ§ ÅÎÅÒÇ�§ 0,34 Ò�ÄÂÅÒÇ�×ÎÁ ÏÄÎÕ ÍÏÌÅËÕÌÕ. ÷ ÏÓÎÏ×ÎÏÍÕ ×ÓÑ ÅÎÅÒÇ�Ñ �ÅÒÅÈÏÄÉÔØ Õ Ë�ÎÅÔÉÞÎÕÅÎÅÒÇ�À ÍÏÌÅËÕÌ î2, ÞÅÒÅÚ ÝÏ ×ÏÎÉ ÏÔÒÉÍÕÀÔØ ÚÎÁÞÎÕ Û×ÉÄË�ÓÔØ �ÔÏÍÕ Õ �ÏÒÏÖÎÉÎÁÈ ×ÏÎÉ ÓÔ×ÏÒÀÀÔØ ÓÉÌØÎ� ÔÉÓËÉ, ÑË� ×ÅÄÕÔØ ÄÏ ÒÏÚ-ËÒÉÛÕ×ÁÎÎÑ ÔÁ ÄÅÇÒÁÄÁ��§ ìð÷í. ãÅ ÏÄÉÎ �Ú ÒÅÁÌØÎÉÈ ÍÅÈÁÎ�ÚÍ�×ÒÕÊÎÕ×ÁÎÎÑ ìð÷í, ÏÄÎÁË ÄÌÑ Ï��ÎËÉ ÊÏÇÏ ×ËÌÁÄ�× ÎÅÏÂÈ�ÄÎ� Ë�ÌØ-Ë�ÓÎ� ÒÏÚÒÁÈÕÎËÉ.îÅÏÂÈ�ÄÎÏ ×�ÄÚÎÁÞÉÔÉ, ÝÏ × ÒÏÂÏÔÁÈ [18, 20-22℄ ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØÅÌÅËÔÒÏÄÉÓ�ÅÒÓÎ�, ÔÅ�ÌÏÆ�ÚÉÞÎ�, Á ÔÁËÏÖ ÍÁÇÎ�ÔÎ� [23℄ ×ÌÁÓÔÉ×ÏÓÔ�ìð÷í, ÒÅÚÕÌØÔÁÔÉ ÑËÉÈ ÍÁÀÔØ �Å×Î� Ó×Ï¤Ò�ÄÎ� ÏÓÏÂÌÉ×ÏÓÔ�. úÏËÒÅ-ÍÁ ÄÌÑ ìð÷í ÈÁÒÁËÔÅÒÎÁ ÎÉÚØËÁ ÔÅÍ�ÅÒÁÔÕÒÏ�ÒÏ×�ÄÎ�ÓÔØ, Õ ��×ÔÏ-ÒÁ ÒÁÚÁ ÎÉÖÞÁ, Î�Ö Õ ÁÍÏÒÆÎÏÇÏ Ë×ÁÒ�Õ. ðÒÉ�ÕÓËÁ¤ÔØÓÑ, ÝÏ ÔÁËÕ�Ï×ÅÄ�ÎËÕ ÔÅÍ�ÅÒÁÔÕÒÏ�ÒÏ×�ÄÎÏÓÔ� ìð÷í, ÆÏÒÍÕÀÔØ ÁÎÇÁÒÍÏÎ�ÞÎ�ÞÌÅÎÉ × Ï�ÉÓ� Í�ÖÁÔÏÍÎÏ§ ×ÚÁ¤ÍÏÄ�§, ÑË� ÏÂÏ×'ÑÚËÏ×Ï �ÒÉ×ÅÄÕÔØ ÄÏ�ÏÍ�ÔÎÏÇÏ ÒÏÓÔÕ ËÏÅÆ���¤ÎÔÁ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ Ú ÒÏÓÔÏÍ ÔÅÍ�Å-ÒÁÔÕÒÉ. ä�ÊÓÎÏ × ÒÏÂÏÔ� [25℄ �ÒÏ×ÏÄÉÌÉÓØ ×ÉÍ�ÒÀ×ÁÎÎÑ ËÏÅÆ���¤ÎÔÁÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ ÄÌÑ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍ�ËÉ �ÒÉ � = 500 Æó Õ�Ï×�ÔÒ� � �ÏËÁÚÁÎÏ ÎÅÚ×ÏÒÏÔÎ¤ ÚÂ�ÌØÛÅÎÎÑ ÏÂ'¤ÍÕ ÄÏ 1% ìð÷í ��Ó-



3 ðÒÅ�ÒÉÎÔÌÑ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ ×�Ä�ÁÌÕ, ÝÏ �ÒÉ×ÅÌÏ ÄÏ ÎÁÓÔÕ�ÎÏÇÏ ÒÕÊ-ÎÕ×ÁÎÎÑ ìð÷í ÂÅÚ ÂÕÄØ-ÑËÉÈ ÍÅÈÁÎ�ÞÎÉÈ ×�ÌÉ×�×. ÷ÅÌÉË� ÚÎÁÞÅÎÎÑËÏÅÆ���¤ÎÔÁ ÔÅ�ÌÏ×ÏÇÏ ÒÏÚÛÉÒÅÎÎÑ ÔÅÖ ÓÕÔÔ¤×Ï ×�ÄÒ�ÚÎÑÀÔØ ìð÷í×�Ä ÁÍÏÒÆÎÏÇÏ Ë×ÁÒ�Õ. �ÏÍÕ × [26℄ ÂÕ× ÚÒÏÂÌÅÎÉÊ ×ÉÓÎÏ×ÏË, ÝÏ ÍÁË-ÒÏÓËÏ��ÞÎ� ÍÅÈÁÎ�ÞÎ� ÔÁ ÔÅ�ÌÏÆ�ÚÉÞÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ìð÷í ÎÅ ×É-ÚÎÁÞÁÀÔØÓÑ SiO2, ÈÏÞ ×ËÌÁÄ ÊÏÇÏ ÓÔÁÎÏ×ÉÔØ ×�Ä 30 ÄÏ 60%.îÁÄÚ×ÉÞÁÊÎÏ ��ËÁ×ÉÍÉ ÔÁ ×ÁÖÌÉ×ÉÍÉ ÚÁ ÒÅÚÕÌØÔÁÔÁÍÉ ×ÉÑ×ÉÌÉÓØÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ Ä�ÅÌÅËÔÒÉÞÎÉÈ ÔÁ ÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ìð÷í [26,23℄. úÏËÒÅÍÁ ×ÉÑ×ÌÅÎÏ × ìð÷í ÓÕÔÔ¤×Å ÚÂ�ÌØÛÅÎ-ÎÑ ÓÔÁÔÉÞÎÏ§ Ä�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ� Õ �ÏÒ�×ÎÑÎÎ� Ú SiO2. ÷ÉÍ�-ÒÀ×ÁÎÎÑ �ÏËÁÚÁÌÉ, ÝÏ ÑË Ä�ÊÓÎÁ ÔÁË � ÕÑ×ÎÁ ÞÁÓÔÉÎÁ Ä�ÅÌÅËÔÒÉÞÎÏ§�ÒÏÎÉËÎÏÓÔ� ÎÁ ÞÁÓÔÏÔ� 1 íç� ÄÌÑ ìð÷í ÚÎÁÞÎÏ Â�ÌØÛ� ×�Ä ÔÉÈ ÖÅ�ÁÒÁÍÅÔÒ�× ÄÌÑ �ÌÁ×ÌÅÎÏÇÏ Ë×ÁÒ�Õ. õ [26℄ ×�ÄÚÎÁÞÁ¤ÔØÓÑ ÍÏÖÌÉ×�ÓÔØÅÆÅËÔÉ×ÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÎÏ§ Ä�§ ÎÁ ìð÷í ÚÁ ÒÁÈÕÎÏË ÕÑ×ÎÏ§ ÞÁÓÔÉÎÉÄ�ÅÌÅËÔÒÉÞÎÏ§ �ÒÏÎÉËÎÏÓÔ�, ËÏÔÒÁ ÈÁÒÁËÔÅÒÉÚÕ¤ �ÏÇÌÉÎÁÎÎÑ ÅÌÅËÔ-ÒÏÍÁÇÎ�ÔÎÉÈ È×ÉÌØ. ïÄÎÁË ÄÌÑ �ØÏÇÏ �ÏÔÒ�ÂÎÉÊ ÄÅÔÁÌØÎÉÊ ÁÎÁÌ�ÚÍÅÈÁÎ�ÚÍ�× �ÏÌÑÒÉÚÁ��§, ÚÍ�ÎÉ Ä�ÊÓÎÏ§ ÔÁ ÕÑ×ÎÏ§ ÞÁÓÔÏÔÉ × ÚÁÌÅÖÎÏÓ-Ô� ×�Ä ÞÁÓÔÏÔÉ, ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ÏÓÏÂÌÉ×Ï ×�Ä ×ÏÌÏÇÏÓÔ�, ÔÏÂÔÏ ×Í�ÓÔÕÍÏÌÅËÕÌ ×ÏÄÉ × �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ìð÷í.åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ìð ÷í[23℄ �ÏËÁÚÁÌÉ, ÝÏ ×ÅÌÉÞÉÎÁ ÍÁÇÎ�ÔÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ� ÌÅÖÉÔØ × ÍÅ-ÖÁÈ (3 � 8) 10�3 � �ÅÒÅ×ÉÝÕ¤ ÍÁÇÎ�ÔÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ ÑË Ï�ÒÏ-Í�ÎÅÎÏÇÏ �ÁÌÉ×Á òâíë-1000, ÔÁË � Ó×�ÖÏÇÏ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á UO2| 1,2�10�3. âÕÌÏ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ ÚÒÁÚËÉ (ËÏÒÉÞÎÅ×Á ËÅÒÁÍ�ËÁ 10-12% U) Ú ×ÅÌÉËÉÍ ×Í�ÓÔÏÍ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á ÍÁÀÔØ Â�ÌØÛÕ ÍÁÇÎ�Ô-ÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ, × ÔÏÊ ÖÅ ÞÁÓ ÞÉÓÔÅ �ÁÌÉ×Ï UO2 ÍÁ¤ ÎÁ Ä×Á{ÔÒÉ �ÏÒÑÄËÉ ÍÅÎÛÕ ÍÁÇÎ�ÔÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ, ÔÁËÉÍ ÞÉÎÏÍ ÓÁÍÆÁËÔÏÒ ×Í�ÓÔÕ �ÏÎ�× U4+ ÎÅ ÏÂÕÍÏ×ÌÀ¤ ÔÁË� ×ÅÌÉË� ÚÎÁÞÅÎÎÑ ÍÁÇ-Î�ÔÎÏ§ Ó�ÒÉÊÎÑÔÌÉ×ÏÓÔ�. �ÕÔ ÎÅÏÂÈ�ÄÎÏ ×É×ÞÉÔÉ ÕÔ×ÏÒÅÎÎÑ ÍÏÖÌÉ-×ÉÈ ÓÔÒÕËÔÕÒ ÁËÔÉÎ�Ä�× Ú ÌÁÎÔÁÎÏ§ÄÁÍÉ (åu, Ce ÔÁ �Î.) � ÓÉÌ�ËÁÔÁÍÉCe1�xPrx Mn2Si2., Ce1�xLaxMn2Si2, CeM2Si2 ÚM=Fe, Co, Ni, Cu, ÄÌÑÑËÉÈ ÈÁÒÁËÔÅÒÎÉÊ ×ÁÖËÏÆÅÒÍ�ÏÎÎÉÊ ÍÁÇÎÅÔÉÚÍ [27℄ ÔÁ ÅÌÅËÔÒÉÞÎÁ�ÒÏ×�ÄÎ�ÓÔØ.ðÒÏÄÏ×ÖÕ×ÁÌÉÓØ �ÏÄÁÌØÛ� ÄÏÓÌ�ÄÖÅÎÎÑ Ë�ÌØËÏÓÔ� ÑÄÅÒÎÏÇÏ �Á-ÌÉ×Á, ÓÔÕ�ÅÎÑ ×ÉÇÏÒÁÎÎÑ ÔÁ �ÚÏÔÏ�ÎÏÇÏ ÓËÌÁÄÕ ìð÷í × Ò�ÚÎÉÈ �ÒÉ-Í�ÝÅÎÎÑÈ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ". òÅÚÕÌØÔÁÔÉ §È �ÒÅÄÓÔÁ×ÌÅÎ� × ÒÏÂÏÔÁÈ[28-31℄.� ×ÏÄÎ� ÒÏÚÞÉÎÉ ÓÏÌÅÊ ÕÒÁÎÕ, �ÌÕÔÏÎ�À, �ÅÚ�À, ÓÔÒÏÎ��À ÔÁ �Î-ÛÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×, ÝÏ ÕÔ×ÏÒÀÀÔØÓÑ ×ÎÁÓÌ�ÄÏË ×ÚÁ¤ÍÏ-Ä�§ ÆÒÁÇÍÅÎÔ�× ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÒÅÁËÔÏÒÁ, ÌÁ×Ï�ÏÄ�ÂÎÉÈ �ÁÌÉ×Ï×Í�ÓÎÉÈÍÁÓ, ÑÄÅÒÎÏÇÏ �ÉÌÕ Ú �ÒÉÒÏÄÎÏÀ (ÁÔÍÏÓÆÅÒÎ� Ï�ÁÄÉ), ËÏÎÄÅÎÓÁ��Ê-
ICMP{01{32U 4ÎÏÀ, ÔÁ ÔÅÈÎÏÇÅÎÎÏÀ ×ÏÄÏÀ. áËÔÉ×Î� ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× ×ÚÁ¤ÍÏÄ�§×ÏÄÉ Ú ÑÄÅÒÎÉÍ �ÁÌÉ×ÏÍ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" ÒÏÚ�ÏÞÁÌÉÓÑ Ú 1994 ÒÏ-ËÕ. ãÅ ��ÌÉÊ ÒÑÄ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÔÁ ÔÅÏÒÅÔÉÞÎÉÈ ÄÏÓÌ�ÄÖÅÎØ [14,1-4, 32-42℄ ÎÁ�ÒÑÍË�× ÔÁ Ë�ÌØËÏÓÔ� ×ÏÄÏ�ÏÔÏË�×, ÅÌÅÍÅÎÔÎÏÇÏ ÓËÌÁ-ÄÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÚÁ ×Í�ÓÔÏÍ ÕÒÁÎÕ, �ÌÕÔÏÎ�À, �ÅÚ�À, ÓÔÒÏÎ��À,§È Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ÆÏÒÍ �ÅÒÅÂÕ×ÁÎÎÑ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ. ðÒÏÂÌÅ-ÍÉ Ç�ÄÒÏÌ�ÚÕ, ÒÁÄ�ÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎÎÑ, ×ÉÑÓÎÅÎÎÑ ÍÅÈÁÎ�ÚÍ�××ÚÁ¤ÍÏÄ�§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× Ú �ÁÌÉ×Ï×Í�ÓÎÉÍÉ ÍÁÓÁÍÉ ÂÕÌÉ ÒÏÚ�ÏÞÁÔ�× ÒÏÂÏÔÁÈ [34-36℄. ïÞÅ×ÉÄÎÏ, ÝÏ Ë�ÌØË�ÓÔØ ×ÏÄÉ × ÏÂ'¤ËÔ� ÚÁÌÅÖÉÔØ×�Ä ÁÔÍÏÓÆÅÒÎÉÈ Ï�ÁÄ�×, �ÏÒÉ ÒÏËÕ, ÔÅÍ�ÅÒÁÔÕÒÉ ÚÏ×Î�ÛÎØÏÇÏ �Ï×�Ô-ÒÑ � ÔÏÍÕ Ë�ÌØË�ÓÔØ §§ �ÏÓÔ�ÊÎÏ ÚÍ�ÎÀ¤ÔØÓÑ. ðÒÏÂÌÅÍÕ ×ÏÄÉ × ÏÂ'¤ËÔ�\õËÒÉÔÔÑ" ÎÁ ÓØÏÇÏÄÎ�ÛÎ�Ê ÞÁÓ ÎÁÄÚ×ÉÞÁÊÎÏ ÄÅÔÁÌØÎÏ ×ÉÓ×�ÔÌÀÀÔØÒÏÂÏÔÉ [38-41℄. ïÓÏÂÌÉ×Ï ×ÁÖÌÉ×� ÒÅÚÕÌØÔÁÔÉ �ÒÅÄÓÔÁ×ÌÅÎ� Õ [39, 40℄.÷ ÏÓÎÏ×ÎÏÍÕ ×ÏÄÏ�ÏÔÏËÉ ×ÓÅÒÅÄÉÎ� �ÒÉÍ�ÝÅÎØ ÏÂ'¤ËÔÕ ÕÔ×ÏÒÀÀÔØÓÑÁÔÍÏÓÆÅÒÎÉÍÉ Ï�ÁÄÁÍÉ, ËÏÎÄÅÎÓÏ×ÁÎÏÀ ×ÏÌÏÇÏÀ, �ÉÌÅ�ÏÄÁ×ÌÑÀÞÉ-ÍÉ ÒÏÚÞÉÎÁÍÉ. �ÁË� ×ÏÄÏ�ÏÔÏËÉ, ÒÕÈÁÀÞÉÓØ ×�Ä ×ÅÒÈÎ�È ×�ÄÍ�ÔÏË ÕÎÉÖÎ� �ÒÉÍ�ÝÅÎÎÑ, ×ÚÁ¤ÍÏÄ�ÀÔØ Ú ÆÒÁÇÍÅÎÔÁÍÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÒÅ-ÁËÔÏÒÁ, ËÏÎÓÔÒÕË��ÊÎÉÍÉ ÍÁÔÅÒ�ÁÌÁÍÉ, ÌÁ×Ï�ÏÄ�ÂÎÉÍÉ �ÁÌÉ×Ï×Í�Ó-ÎÉÍÉ ÍÅÖÁÍÉ, ×ÉÍÉ×ÁÀÔØ � ÔÒÁÎÓ�ÏÒÔÕÀÔØ ÕÒÁÎÏ×� ÔÁ �ÌÕÔÏÎ�¤×�ÒÁÄ�ÏÁËÔÉ×Î� ÅÌÅÍÅÎÔÉ. ÷�ÄÚÎÁÞÁ¤ÔØÓÑ, ÝÏ Ë�ÌØË�ÓÔØ ÁÔÍÏÓÆÅÒÎÉÈÏ�ÁÄ�× × ÓÅÒÅÄÎØÏÍÕ ÓÔÁÎÏ×ÉÔØ Â�ÌÑ 2000 Í3/Ò�Ë, ÛÌÑÈÏÍ ËÏÎÄÅÎ-ÓÁ��§ | Â�ÌÑ 1650 Í3/Ò�Ë, ÔÁ �ÉÌÅ�ÏÄÁ×ÌÑÀÞÉÈ ÒÏÚÞÉÎ�× | Â�ÌÑ 270Í3/Ò�Ë. ÷ ÏÓÎÏ×ÎÏÍÕ ×ÏÄÁ ÎÁËÏ�ÉÞÕ¤ÔØÓÑ × �ÒÉÍ�ÝÅÎÎÑÈ ÂÌÏËÕ \â" �× �ÒÉÍ�ÝÅÎ� 001/3.÷ ÒÅÚÕÌØÔÁÔ� ÎÅÏÒÇÁÎ�ÚÏ×ÁÎÏÇÏ �ÒÏÔ�ËÁÎÎÑ ÚÁ ÍÅÖ��ÒÉÍ�ÝÅÎØ 4-ÇÏ ÂÌÏËÕ ×ÉÈÏÄÉÔØ ÎÅ ÍÅÎÛÅ 1300 Í3/Ò�Ë ×ÉÓÏËÏÁËÔÉ×-ÎÉÈ \ÂÌÏÞÎÉÈ" ×ÏÄ ÎÁÊÂ�ÌØÛ ÊÍÏ×�ÒÎÏ ÞÅÒÅÚ ÒÏÚÄ�ÌØÎÕ ÓÔ�ÎÕ × ÎÉÖÎ��ÒÉÍ�ÝÅÎÎÑ 3-ÇÏ ÂÌÏËÕ. úÎÁÞÎÁ ÞÁÓÔÉÎÁ ×ÏÄÉ (Â�ÌÑ 2100 Í3/Ò�Ë) �Ú�ÒÉÍ�ÝÅÎØ ÂÌÏËÕ \â" ×É�ÁÒÏ×Õ¤ÔØÓÑ × �ÅÒ�ÏÄ Ë×�ÔÅÎØ-×ÅÒÅÓÅÎØ. óÅ-ÒÅÄÎ¤ ÚÎÁÞÅÎÎÑ ×ÉÎÏÓÕ ÒÁÄ�ÏÎÕËÌ�Ä�× ÔÁ ÅÌÅÍÅÎÔ�× �ÏÄ�ÌÕ ÓÔÁÎÏ×ÉÔØ5�1013âË 137Cs, 2,4 � 1012 âË 90Sr � 13,5 ËÇ ÕÒÁÎÕ, × ÔÏÍÕ ÞÉÓÌ� 150 Ç235U [40℄. ÷ ÒÏÂÏÔ� [39℄ ÅÓË�ÅÒÉÍÅÎÔÁÌØÎÏ ×ÓÔÁÎÏ×ÌÅÎÏ, ÝÏ ÄÌÑ �ÚÏ-ÔÏ�Õ 235U Õ ÓÈ�ÄÎÏÍÕ ×ÏÄÏ�ÏÔÏ�� (1,19%) ×ÏÎÏ ×ÉÝÅ, Î�Ö × �ÎÛÉÈ×ÏÄÏ�ÏÔÏËÁÈ � × \ÓÅÒÅÄÎØÏÍÕ" �ÁÌÉ×� 4-ÇÏ ÂÌÏËÕ. ãÅ �Ï×'ÑÚÕÀÔØ ÚÎÁËÏ�ÉÞÅÎÎÑÍ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á Ú ×ÉÇÏÒÁÎÎÑÍ ÎÉÖÞÅ ÓÅÒÅÄÎØÏÇÏ ÕÓÈ�ÄÎ�Ê ÞÁÓÔÉÎ� ãÅÎÔÒÁÌØÎÏÇÏ ÚÁÌÕ ÏÂ'¤ËÔÁ. ñË ÓÔ×ÅÒÄÖÕÀÔØ ÅËÓ-�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ, \ÂÌÏÞÎ�" ×ÏÄÉ ¤ ÌÕÖÎÏ-ËÁÒÂÏÎÁÔÎÉÍÉÒÏÚÞÉÎÁÍÉ Ú �ÏÒ�×ÎÑÎÏ ÎÉÚØËÉÍ ÏËÉÓÌÀ×ÁÎÏ-×�ÄÎÏ×ÎÉÍ �ÏÔÅÎ��ÁÌÏÍ(Eh ×�Ä Í�ÎÕÓ 100 ÄÏ �ÌÀÓ 100 Í÷) [40℄. õ ÔÁËÉÈ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈÕÒÁÎ ÚÎÁÈÏÄÉÔØÓÑ Õ ×ÉÇÌÑÄ� U6+ � U4+(�ÏÔÅÎ��ÁÌÉ �ÁÒÉ U4+/UO2+2= 0,334B ). ¶ÏÎ ÕÒÁÎ�ÌÕ UO2+2 �ÒÉ pH = 8{10 � ÎÁÄÌÉÛËÕ �ÏÎ�× ËÁÒÂÏ-ÎÁÔÕ CO2�3 ÕÔ×ÏÒÀ¤ ËÏÍ�ÌÅËÓ [UO2 (CO3)3℄4�, Á �ÒÉ pH = 6{8 ÄÏÍ�-



5 ðÒÅ�ÒÉÎÔÎÕ¤ ËÏÍ�ÌÅËÓ [UO2(CO3)2℄2�. õÒÁÎ U4+ ÊÍÏ×�ÒÎÏ ÕÔ×ÏÒÀ¤ ËÏÍ�ÌÅËÓ[U(CO3)3℄2�, ÏÄÎÁË ÍÏÖÌÉ×Å ÕÔ×ÏÒÅÎÎÑ ÚÍ�ÛÁÎÏÇÏ Ç�ÄÒÏËÓÏËÁÒÂÏÎÁ-ÔÕ ÕÒÁÎÕ [U(OH)2(CO3)2℄2�. ëÁÒÂÏÎÁÔÉ � Ç�ÄÒÏËÁÒÂÏÎÁÔÎ� ËÏÍ�ÌÅËÓÉÚ ×Í�ÓÔÏÍ U4+, U6+ �ÅÒÅÎÏÓÑÔØÓÑ ×ÏÄÏ�ÏÔÏËÁÍÉ ÎÁ ÎÉÖÎ� ×�ÄÍ�ÔËÉÂÌÏËÕ, ÄÅ �ÒÉ �Å×ÎÉÈ ÕÍÏ×ÁÈ, ÚÏËÒÅÍÁ �ÒÉ ×É�ÁÒÏ×Õ×ÁÎÎ� ×ÏÄÉ ÍÏÖÅ�ÒÏÈÏÄÉÔÉ §È ËÒÉÓÔÁÌ�ÚÁ��Ñ ÎÁ �Ï×ÅÒÈÎ� ìð÷í [3, 43℄ Ú ÕÔ×ÏÒÅÎÎÑÍÍ�ÎÅÒÁÌ�×: UO2CO3, UO3 1,6CO3 1,91H2O, Na4UO2(CO3)3. ¶ÏÎ �ÌÕ-ÔÏÎ�À Pu4+× ÌÕÖÎÏ-ËÁÒÂÏÎÁÔÎÉÈ ÒÏÚÞÉÎÁÈ �ÒÉ pH = 7{9 ÕÔ×ÏÒÀ¤ÎÅÊÔÒÁÌØÎÉÊ ËÏÍ�ÌÅËÓ ÄÉËÁÒÂÏÎÁÔÕ �ÌÕÔÏÎ�À Pu (CO3)2, Á × ÏÂ-ÌÁÓÔ� ÄÏ pH =10 | ËÏÍ�ÌÅËÓ ÔÒÉËÁÒÂÏÎÁÔÕ �ÌÕÔÏÎ�À [Pu(CO3)3℄2�:â�ÌØÛÁ ÞÁÓÔÉÎÁ �ÌÕÔÏÎ�À PuO2+2 × ÒÅÚÕÌØÔÁÔ� Ç�ÄÒÏÌ�ÚÕ, ËÏÍ�ÌÅË-ÓÏÕÔ×ÏÒÅÎØ, �ÏÌ�ÍÅÒÉÚÁ��§ ÕÔ×ÏÒÀ¤ ×ÅÌÉË� ËÏÌÏ§ÄÎ� ÁÇÒÅÇÁÔÉ. �ÏÍÕÑË �ÏËÁÚÕÀÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [37℄ ��ÓÌÑ ÒÏÚÞÉÎÅÎÎÑìð÷í Í�ÇÒÕ¤ Ô�ÌØËÉ ÎÅÚÎÁÞÎÁ ÞÁÓÔÉÎÁ �ÌÕÔÏÎ�À ×ÏÄÏ�ÏÔÏËÁÍÉ, ÁÂ�ÌØÛÁ ÞÁÓÔÉÎÁ ÊÏÇÏ ÚÁÌÉÛÁ¤ÔØÓÑ Â�ÌÑ �Ï×ÅÒÈÎ� ìð÷í × ËÏÌÏ§ÄÎÉÈ,ÕÌØÔÒÁËÏÌÏ§ÄÎÉÈ ÆÏÒÍÁÈ. äÏÓÌ�ÄÖÅÎÎÑ �ÚÏÔÏ�ÎÏÇÏ ÓËÌÁÄÕ ÕÒÁÎÕ Õ\ÂÌÏÞÎÉÈ" ×ÏÄÁÈ ÄÁÌÉ ÎÁÄÚ×ÉÞÁÊÎÏ ��ËÁ×Õ �ÎÆÏÒÍÁ��À. îÁÊ×ÉÝÉÊ×Í�ÓÔ 235U ¤ Õ ×ÏÄÏ�ÏÔÏËÁÈ ÞÅÒÅÚ ãú (061/2) | �ÅÎÔÒÁÌØÎÉÊ ÚÁÌ �ÞÅÒÅÚ �ÒÉÍ�ÝÅÎÎÑ 305/2, ÝÏ ÓÔÁÎÏ×ÉÔØ ÚÁÄÁÞÕ �ÏÓÔ�ÊÎÏÇÏ ËÏÎÔÒÏÌÀÕ �ÉÈ ×ÏÄÏ�ÏÔÏËÁÈ ÚÁ �ÏÄ�ÌØÎÉÍ ÕÒÁÎÏÍ 235U.� Í�ÎÅÒÁÌØÎ� ÎÏ×ÏÕÔ×ÏÒÅÎÎÑ ÕÒÁÎÕ ÎÁ �Ï×ÅÒÈÎ� ÌÁ×Ï�ÏÄ�ÂÎÉÈ �Á-ÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ [43, 3, 11, 12℄| UO3 2H2O | Å��ÅÎ�ÔÉÎ�Ê;| UO4 4H2O | ÓÔÕÄÉÔ�Ô;| UO2 óO3 | ÒÅÚÅÒÆÏÒÄÉÎ;| UO3 1,6 óï3 1,9H2O, Na4UO2(CO3)3.íÅÈÁÎ�ÚÍ ÕÔ×ÏÒÅÎÎÑ ÏÓÔÁÎÎ�È ÔÒØÏÈ Í�ÎÅÒÁÌ�× ÍÉ ×ÖÅ ÏÂÇÏ×ÏÒÀ-×ÁÌÉ ×ÉÝÅ. äÁÎ� Í�ÎÅÒÁÌÉ ÄÏÂÒÅ ÒÏÚÞÉÎÑÀÔØÓÑ Õ ×ÏÄ�. õ ÒÏÂÏÔ� [44℄�ÒÉ×ÅÄÅÎ� ÒÅÚÕÌØÔÁÔÉ ÄÏÓÌ�ÄÖÅÎØ ÖÏ×ÔÉÈ ÔÁ ÖÏ×ÔÏ-ËÏÒÉÞÎÅ×ÉÈ ÎÏ-×ÏÕÔ×ÏÒÅÎØ ÎÁ �Ï×ÅÒÈÎ� ìð÷í �ÒÉÍ�ÝÅÎÎÑ 210/6 ÎÁ ×Í�ÓÔ �ÚÏÔÏ��×ÕÒÁÎÕ 234U, 235U, 236U. ÷�ÄÚÎÁÞÁ×ÓÑ ×�ÄÎÏÓÎÏ ×ÉÓÏËÉÊ ×Í�ÓÔ ÕÒÁÎÕ234U, Á 235U / 238U × 1,6 ÒÁÚÉ �ÅÒÅ×ÉÝÕ¤ ÎÏÒÍÁÌØÎÅ ×�ÄÎÏÛÅÎÎÑ 235U/ 238U ÄÌÑ ò÷ðë-1000. ú×�ÄÓÉ ÍÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ �ÒÏ�Å-ÓÉ ÕÔ×ÏÒÅÎÎÑ ÖÏ×ÔÉÈ ÔÁ ÖÏ×ÔÏ-ËÏÒÉÞÎÅ×ÉÈ ËÒÉÓÔÁÌ�ÞÎÉÈ ÎÁÒÏÓÔ�×ÎÁ �Ï×ÅÒÈÎ� äð÷í ×ÎÁÓÌ�ÄÏË ÓËÌÁÄÎÉÈ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ �ÒÏ�ÅÓ�× ÚÁÕÞÁÓÔÀ ×ÏÄÉ, �ÒÉ×ÏÄÑÔØ ÄÏ ËÏÎ�ÅÎÔÒÕ×ÁÎÎÑ Õ ÎÉÈ ÕÒÁÎÕ, ÚÏËÒÅÍÁ235U.

ICMP{01{32U 6òÁÄ�ÏÎÕËÌ�Ä,åÌÅÍÅÎÔ ÷Í�ÓÔ × ÄÏÎÎÉÈ×�ÄËÌÁÄÅÎÎÑÈ ÷Í�ÓÔ × �ÁÌÉ×�,íâË/Ç ÕÒÁÎÕâË/Ç ÏÓÁÄÕ íâË/ÇÕÒÁÎÕ241Am 7300 24 20134Cs 2 � 104 100 13137Cs 2 � 106 9900 1250154Eu 4500 10 1490Sr 6,1 � 105 4600 1050238Pu 1300 3 7239;240Pu 2800 7 13õÒÁÎ 550 ÍËÇ/Ç - -� È�Í�ÞÎ� ÏÓÁÄÉ, ÄÏÎÎ� ×�ÄËÌÁÄÅÎÎÑ Ú ×Í�ÓÔÏÍ ÕÒÁÎÕ, �ÌÕÔÏÎ�À,ÁÍÅÒÉ��À, ÓÔÒÏÎ��À, �ÅÚ�À Õ ×ÏÄÏÊÍÁÈ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ". ðÒÏÂÌÅÍÁÕÔ×ÏÒÅÎÎÑ ÏÓÁÄ�× ÔÁ ÄÏÎÎÉÈ ×�ÄËÌÁÄÅÎØ Ú ×Í�ÓÔÏÍ ÕÒÁÎÕ, �ÌÕÔÏÎ�ÀÏÂÇÏ×ÏÒÀ×ÁÌÉÓØ ÝÅ × 1994{1995 ÒÏËÁÈ [14, 45℄. òÅÚÕÌØÔÁÔÉ ËÒÏ��Ô-ËÏ§ ÒÏÂÏÔÉ, ÑËÁ ×ËÌÀÞÁ¤ ��ÌÉÊ ËÏÍ�ÌÅËÓ ÄÏÓÌ�ÄÖÅÎØ �ÒÏ ÓÕÞÁÓÎÉÊÓÔÁÎ È�Í�ÞÎÉÈ ÏÓÁÄ�× ÔÁ ÄÏÎÎÉÈ ×�ÄËÌÁÄÅÎØ �ÒÅÄÓÔÁ×ÌÅÎ� Õ ÒÏÂÏÔ�[40℄. ÷É×ÞÁÌÉÓØ ÄÏÎÎ� ×�ÄËÌÁÄÅÎÎÑ ÛÌÑÈÏÍ ×ÉÚÎÁÞÅÎÎÑ Ô×ÅÒÄÏ§ ÆÁ-ÚÉ Õ �ÒÏÂÁÈ ×ÏÄÉ �Ú ÏÓÎÏ×ÎÉÈ ×ÏÄÏÊÍ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ" � ÒÏÚ�ÏÄ�ÌÒÁÄ�ÏÎÕËÌ�Ä�× ÔÁ ÅÌÅÍÅÎÔ�× �ÏÄ�ÌÕ (ÕÒÁÎÕ, �ÌÕÔÏÎ�À) ÎÁ ÞÁÓÔÉÎËÁÈÔ×ÅÒÄÏ§ ÆÁÚÉ Ò�ÚÎÏ§ ÄÉÓ�ÅÒÓÎÏÓÔ�. äÏÓÌ�ÄÖÅÎÎÑ �ÏËÁÚÁÌÉ (�ÒÉÍ�ÝÅ-ÎÎÑ 217/2), ÝÏ ËÏÎ�ÅÎÔÒÁ��§ ÏËÒÅÍÉÈ ÎÕËÌ�Ä�× Õ �ÅÒÅÒÁÈÕÎËÕ ÎÁ ÓÕ-ÈÉÊ ÏÓÁÄ × ÄÁÎÉÈ ×�ÄËÌÁÄÅÎÎÑÈ ÎÁ ÔÒÉ �ÏÒÑÄËÉ ×ÉÝ� ËÏÎ�ÅÎÔÒÁ��Ê× \ÂÌÏÞÎÉÈ" ×ÏÄÁÈ. ëÏÎ�ÅÎÔÒÁ��Ñ Ô×ÅÒÄÏ§ ÆÁÚÉ Õ \ÂÌÏÞÎÉÈ" ×ÏÄÁÈ ×ÓÅÒÅÄÎØÏÍÕ ÓËÌÁÄÁ¤ 0,1{0,5 Ç/Ì, ÔÏÍÕ ÄÏ 30% �ÚÏÔÏ��× �ÅÚ�À, ÓÔÒÏÎ-��À, Á �ÚÏÔÏ��× �ÌÕÔÏÎ�À, ÁÍÅÒÉ��À �ÒÁËÔÉÞÎÏ 100% �ÅÒÅÎÏÓÉÔØÓÑÞÁÓÔÉÎËÁÍÉ Ô×ÅÒÄÏ§ ÆÁÚÉ. þÁÓÔËÁ ÒÏÚÞÉÎÅÎÉÈ ÆÏÒÍ �ÅÚ�À ÓËÌÁÄÁ¤76{94%, ÓÔÒÏÎ��À 90Sr 23{92%, ÕÒÁÎÕ 86{99%. ó��××�ÄÎÏÛÅÎÎÑ �ÌÕ-ÔÏÎ�Ê/ÕÒÁÎ, 241Am/ÕÒÁÎ, 154Eu/ÕÒÁÎ × ÄÏÎÎÉÈ ×�ÄËÌÁÄÅÎÎÑÈ ÂÌÉÚØË�ÄÏ �ÁÌÉ×ÎÏÇÏ, ÔÏÄ� ÑË ×Í�ÓÔ �ÚÏÔÏ��× �ÅÚ�À (134ós, 137ós ) � 90Sr × 4{7ÒÁÚ ×ÉÝÅ, Î�Ö × \ÓÅÒÅÄÎØÏÍÕ" �ÁÌÉ×�. �ÁËÉÍ ÞÉÎÏÍ ×ÏÄÁ, �ÒÏÎÉËÁÀ-ÞÉ Õ �ÒÉÍ�ÝÅÎÎÑ ÂÌÏËÕ \â", ÒÏÚÞÉÎÑ¤ ìð÷í � �ÅÒÅÎÏÓÉÔØ ÒÏÚÞÉÎÅÎ�� ËÏÌÏ§ÄÎ� ÆÏÒÍÉ ÒÁÄ�ÏÎÕËÌ�Ä�× ÎÁ ÎÉÖÎ� ×�ÄÍ�ÔËÉ 4-ÇÏ ÂÌÏËÕ. �ÕÔ ËÏ-ÌÏ§ÄÎ� ÞÁÓÔÉÎËÉ ËÏÁÇÕÌÀÀÔØ � ×É�ÁÄÁÀÔØ × ÏÓÁÄ, ÝÏ �ÒÉ×ÏÄÉÔØ ÄÏÎÁËÏ�ÉÞÅÎÎÑ ÚÎÁÞÎÏ§ Ë�ÌØËÏÓÔ� ×ÉÓÏËÏÁËÔÉ×ÎÉÈ ÄÏÎÎÉÈ ×�ÄËÌÁÄÅÎØÕ ×ÏÄÏÊÍÁÈ. úÏËÒÅÍÁ, ÏÂ'¤Í ÄÏÎÎÉÈ ×�ÄËÌÁÄÅÎØ Õ �ÒÉÍ�ÝÅÎÎ� 001/3(×�ÄÍ�ÔËÁ - 2,6 Í) ÓËÌÁÄÁ¤ Â�ÌÑ 50Í3. õÓÅÒÅÄÎÅÎÉÊ ÒÁÄ�ÏÎÕËÌ�ÄÎÉÊÓËÌÁÄ �ÒÏÂ ÄÁÎÉÈ ×�ÄËÌÁÄÅÎØ × ÒÏÂÏÔ� [40℄ �ÒÅÄÓÔÁ×ÌÅÎÉÊ ×ÉÝÅÎÁ×Å-ÄÅÎÏÀ ÔÁÂÌÉ�ÅÀ, ÑËÁ ×ËÁÚÕ¤ ÎÁ ÝÅ ÏÄÉÎ ÆÁËÔÏÒ, ÝÏ ÓÅÒÊÏÚÎÏ �ÏÎÉ-



7 ðÒÅ�ÒÉÎÔÖÕ¤ ÑÄÅÒÎÕ ÔÁ ÒÁÄ�Á��ÊÎÕ ÂÅÚ�ÅËÕ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ". úÁ ÄÉÎÁÍ�ËÏÀ�ÅÒÅÎÅÓÅÎÎÑ ÔÁ ÎÁËÏ�ÉÞÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�×, Á×ÔÏÒÁÍÉ ÒÏÂÏÔÉ [40℄ ÒÏ-ÂÉÔØÓÑ ×ÉÓÎÏ×ÏË, ÝÏ ÚÁ Ò�Ë ×ÏÄÏ�ÏÔÏËÉ ×ÓÅÒÅÄÉÎ� ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ"ÍÏÖÕÔØ ÒÏÚÞÉÎÉÔÉ � �ÅÒÅÎÅÓÔÉ ÄÏ 23 ËÇ ÕÒÁÎÕ (× ÔÏÍÕ ÞÉÓÌ� Â�ÌÑ256 Ç 235U) � 1014 âË ÓÕÍÁÒÎÏ �ÚÏÔÏ��× �ÌÕÔÏÎ�À, ÁÍÅÒÉ��À, �ÅÚ�À,ÓÔÒÏÎ��À ÔÁ �ÎÛÉÈ ÒÁÄ�ÏÎÕËÌ�Ä�×.2. ðÒÏ �ÒÏ�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÒÁÄ�Ï-ÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× �ÒÉ ×ÚÁ¤ÍÏÄ�§ §È Ú ìð÷í÷ÏÄÎ� ÒÏÚÞÉÎÉ �Ú ×Í�ÓÔÏÍ �ÚÏÔÏ��× U, Pu, Am, Cm, Cs, Sr, Eu ÚÁÚÎÁÀÔØ�-, �-, -ÒÁÄ�ÏÌ�ÚÕ � Á×ÔÏÒÁÄ�ÏÌ�ÚÕ ×ÎÁÓÌ�ÄÏË ×ÌÁÓÎÏÇÏ Ï�ÒÏÍ�ÎÅÎÎÑÔÁ ÒÁÄ�ÏÌ�ÚÕ ÚÁ ÒÁÈÕÎÏË ×ÚÁ¤ÍÏÄ�§ Ú �ÁÌÉ×Ï×Í�ÓÎÉÍÉ ÍÁÓÁÍÉ, ÆÒÁÇ-ÍÅÎÔÁÍÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÚÒÕÊÎÏ×ÁÎÏÇÏ ÒÅÁËÔÏÒÁ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ".ðÒÏ�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ ×�ÄÂÕ×ÁÀÔØÓÑ Õ ×ÏÄÏ�ÏÔÏËÁÈ ÏÂ'¤ËÔÕ \õËÒÉÔ-ÔÑ" �ÒÉ ×ÚÁ¤ÍÏÄ�§ §È Ú �ÁÌÉ×Ï×Í�ÓÎÉÍÉ ÍÁÔÅÒ�ÁÌÁÍÉ ÔÁ × ÕÌØÔÒÁ- �Í�ËÒÏ�ÏÒÁÈ ìð÷í, ÚÁ�Ï×ÎÅÎÉÈ ×ÏÄÎÉÍÉ ÒÏÚÞÉÎÁÍÉ. �-�ÏÎÉ He2+ ÚÅÎÅÒÇ�ÑÍÉ 5�7 íÅ÷, ÑÄÒÁ ×�ÄÄÁÞ�, ÑË � �ÒÏÔÏÎÉ ÞÉ �ÒÏÄÕËÔÉ �ÏÄ�ÌÕÑÄÅÒ 235U, 239Pu, ¤ ÓÉÌØÎÏ�ÏÎ�ÚÁ��ÊÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ, ÎÁ ×�ÄÍ�ÎÕ ×�Ä�- � -×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. ðÒÉ �ÒÏÈÏÄÖÅÎÎ� �-ÞÁÓÔÉÎÏË Õ ×ÏÄÎÉÈ ÒÏÚ-ÞÉÎÁÈ ×�ÄÂÕ×Á¤ÔØÓÑ �ÏÎ�ÚÁ��Ñ � ÚÂÕÄÖÅÎÎÑ ÍÏÌÅËÕÌ ×ÏÄÉ ÔÁ ÁÔÏÍ�×ÒÏÚÞÉÎÅÎÉÈ ÒÅÞÏ×ÉÎ ×ÎÁÓÌ�ÄÏË ÎÅ�ÒÕÖÎÏÇÏ ÒÏÚÓ�ÑÎÎÑ ÎÁ Ú×'ÑÚÁÎÉÈÅÌÅËÔÒÏÎÁÈ. ðÒÉ �ØÏÍÕ ×ÉÂÉ×ÁÀÔØÓÑ �Ï×�ÌØÎ� ÅÌÅËÔÒÏÎÉ, ÑË� ÎÅ ÍÏ-ÖÕÔØ �ÏÎ�ÚÕ×ÁÔÉ ÒÏÚÞÉÎ. ïÄÎÁË, ×ÎÁÓÌ�ÄÏË ÔÏÇÏ, ÝÏ ×ÏÎÉ ÒÕÈÁÀÔØÓÑ�ÒÁËÔÉÞÎÏ ÒÁÚÏÍ Ú �-ÞÁÓÔÉÎËÁÍÉ, ×ÏÎÉ ÏÔÒÉÍÕÀÔØ �ÒÉÓËÏÒÅÎÎÑ ÊÅÎÅÒÇ�À, ÎÅÏÂÈ�ÄÎÕ ÄÌÑ �ÏÎ�ÚÁ��§.ðÒÉ ÌÏÂÏ×ÏÍÕ Ö Ú�ÔËÎÅÎÎ� �-ÞÁÓÔÉÎÏË Ú ÅÌÅËÔÒÏÎÁÍÉ ÏÓÔÁÎÎ� ÏÔ-ÒÉÍÕÀÔØ ÅÎÅÒÇ�À � 3 ëÅ÷. ÷ ÒÅÚÕÌØÔÁÔ� ×ÉÎÉËÁ¤ �ÏÔ�Ë ×ÉÓÏËÏÅÎÅÒ-ÇÅÔÉÞÎÉÈ ÅÌÅËÔÒÏÎ�×, ÝÏ ÒÕÈÁÀÔØÓÑ × ÎÁ�ÒÑÍ� ÒÕÈÕ �-ÞÁÓÔÉÎÏË �Ó�ÒÉÞÉÎÑÀÔØ 80% �ÏÎ�ÚÁ��§ �ÒÉ �-ÒÁÄ�ÏÌ�Ú�. ÷ÎÁÓÌ�ÄÏË ÔÁËÏ§ �ÏÎ�ÚÁ��§ÕÔ×ÏÒÀÀÔØÓÑ ÂÌÉÚØËÏ ÒÏÚÍ�ÝÅÎ� ÏÄÎÁ ×�Ä ÏÄÎÏ§ �ÏÒÉ, ÑË� ÚÌÉ×ÁÀÔØÓÑÕ ÔÒÅË ÄÏ×ÖÉÎÏÀ � 100 ÎÍ. ÷�Î Ñ×ÌÑ¤ ÓÏÂÏÀ ÄÕÖÅ ÇÕÓÔÕ ÅÌÅËÔÒÏÎ-�ÏÎ-ÍÏÌÅËÕÌÑÒÎÕ �ÌÁÚÍÕ Ú� ÚÎÁÞÎÏÀ ËÏÎ�ÅÎÔÒÁ��¤À� 10�2 ÍÏÌØ/ÄÍ3ÅÌÅËÔÒÏÎ-�ÏÎÎÉÈ �ÁÒ Å�ÔÅÒÍ., î2ï+. ëÏÎ�ÅÎÔÒÁ��Ñ ÔÒÅË�× Õ ×ÏÄÎÏÍÕÒÏÚÞÉÎ� ÚÁÌÅÖÉÔØ ×�Ä �ÎÔÅÎÓÉ×ÎÏÓÔ� �-×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. õ ÄÏÓÌ�ÄÖÕ-×ÁÎÉÈ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÔÁ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓÁÈ �ÎÔÅÎÓÉ×ÎÉÍÉ ÄÖÅ-ÒÅÌÁÍÉ ÚÇÁÄÁÎÉÈ �-ÞÁÓÔÉÎÏË (5�7íÅ÷.ìðå= 130�175ëÅ÷/íËÍ|Ì�Î�ÊÎÁ �ÅÒÅÄÁÞÁ ÅÎÅÒÇ�§) ¤ �ÚÏÔÏ�É �ÌÕÔÏÎ�À 238Pu, 239Pu, 240Pu, ÁÍÅ-ÒÉ��À 241Am ÔÁ ËÀÒ�À 242Cm. ëÏÖÎÉÊ ÁËÔ �-ÒÏÚ�ÁÄÕ ÓÕ�ÒÏ×ÏÄÖÕ¤-ÔØÓÑ ×ÉÌØÏÔÏÍ ×ÁÖËÏÇÏ ÑÄÒÁ ×�ÄÄÁÞ�, ÚÏËÒÅÍÁ ÄÌÑ ÑÄÅÒ Pu, Cm, AmÅÎÅÒÇ�Ñ ÑÄÅÒ ×�ÄÄÁÞ� Ï��ÎÀ¤ÔØÓÑ � 85ëÅ×. äÌÑ ÔÁËÉÈ ÑÄÅÒ ÓÕÔÔ¤×ÉÍ
ICMP{01{32U 8ÚÁÌÉÛÁ¤ÔØÓÑ Ô�ÌØËÉ ÍÅÈÁÎ�ÚÍ �ÒÕÖÎÏ§ ×ÚÁ¤ÍÏÄ�§, �ÒÉ ÑË�Ê �ÒÁËÔÉÞ-ÎÏ ×ÓÑ ÅÎÅÒÇ�Ñ ×ÁÖËÏÇÏ ÑÄÒÁ ×�ÄÄÁÞ� ×�ÄÄÁ¤ÔØÓÑ ÎÁ×ËÏÌÉÛÎ�Í ÁÔÏÍÁÍ� ÍÏÌÅËÕÌÁÍ, ÑË� ÚÁÚÎÁÀÔØ ÚÎÁÞÎÏ§ �ÏÎ�ÚÁ��§.íÉ ÒÏÚÇÌÑÎÅÍÏ �ÒÏ�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ, Á×ÔÏÒÁÄ�ÏÌ�ÚÕ ÌÕÖÎÉÈ ×ÏÄÎÉÈÒÏÚÞÉÎ�× (ÈÁÒÁËÔÅÒÎÉÈ ÄÌÑ ÏÂ'¤ËÔÕ) �Ú ×Í�ÓÔÏÍ �ÏÎ�× UO2+2 , PuO2+2 ,AmO2+2 , CmO2+2 . ÷ ÒÅÚÕÌØÔÁÔ� ÓÉÌØÎÏ§ �ÏÎ�ÚÁ��§ ÔÁ ÚÂÕÄÖÅÎÎÑ ÍÏÌÅ-ËÕÌ ×ÏÄÉ �-ÞÁÓÔÉÎËÁÍÉ ÔÁ ÑÄÒÁÍÉ ×�ÄÄÁÞ�, �ÒÏÔÑÇÏÍ 10�15 � 10�14ÓÅË Õ ÒÏÚÞÉÎ� ×ÉÎÉËÁÀÔØ �ÏÎÉ î2ï+, ÅÌÅËÔÒÏÎÉ Å�, ÚÂÕÄÖÅÎ� î2ï*ÔÁ ÎÁÄÚÂÕÄÖÅÎ� î2ï** ÍÏÌÅËÕÌÉ ×ÏÄÉ, �ÏÎÉ (î2ï+)*. äÁÌ� �ÒÏÈÏÄÉÔØÒÏÚ�ÁÄ ÚÂÕÄÖÅÎÉÈ ÍÏÌÅËÕÌH2O� ! H+OH; (2.1)H2O�� ! H+OH; (2.2)H2O�� ! H2O+ + e�; (2.3)ÔÁ ×�ÄÂÕ×ÁÀÔØÓÑ �ÏÎ-�ÏÎÎ�, �ÏÎ-ÍÏÌÅËÕÌÑÒÎ� ÒÅÁË��§ Ú ÕÔ×ÏÒÅÎÎÑÍ ÒÁ-ÄÉËÁÌØÎÉÈ �ÒÏÄÕËÔ�× ÒÁÄ�ÏÌ�ÚÕ:H2O+ + e� ! H2O�; (2.4)H2O� ! H2 +O; (2.5)e� H2O! e�aq; (2.6)H2O+ +H2O ! H3O+ +OH; (2.7)H3O+ + e�aq ! H2O+H; (2.8)e�aq +H2O ! H+OH�: (2.9)ïÔÖÅ, �ÅÒ×ÉÎÎÉÍÉ �ÒÏÄÕËÔÁÍÉ ÒÁÄ�ÏÌ�ÚÕ ÍÏÌÅËÕÌ ×ÏÄÉ ¤: ÅÌÅË-ÔÒÏÎÉ Å�, Ç�ÄÒÁÔÏ×ÁÎ� ÅÌÅËÔÒÏÎÉ Å�aq, ÒÁÄÉËÁÌÉ ïî, ÁÔÏÍÉ ×ÏÄÎÀ î� ËÉÓÎÀ ï ÔÁ ÍÏÌÅËÕÌÑÒÎÉÊ ×ÏÄÅÎØ î2. õ ÔÒÅËÁÈ ÌÕÖÎÉÈ ÒÏÚÞÉÎ�×,�ÏÞÉÎÁÀÞÉ Ú 10�13� 10�12 Ó, ×�ÄÂÕ×ÁÀÔØÓÑ ÔÁËÏÖ �ÏÎ-ÍÏÌÅËÕÌÑÒÎ�ÒÅÁË��§ Ú ÕÔ×ÏÒÅÎÎÑÍ ÒÁÄÉËÁÌ�× îï2, �ÅÒÅËÉÓÕ ×ÏÄÎÀ î2ï2 ÔÁ ÍÏ-ÌÅËÕÌÑÒÎÏÇÏ ×ÏÄÎÀ î2:e�aq + e�aq 2H2O! H2 + 2OH�; (2.10)e�aq +OH ! OH�; (2.11)OH+OH ! H2O2; (2.12)OH+OH� ! O� +H2O; (2.13)H2 +OH ! H+H2O; (2.14)O� + e�aq H2O! 2OH�: (2.15)



9 ðÒÅ�ÒÉÎÔõ ÌÕÖÎÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ÍÏÌÅËÕÌÉ �ÅÒÅËÉÓÕ ×ÏÄÎÀ î2ï2 ×ÓÔÕ�Á-ÀÔØ Õ ÒÅÁË��§ Ú Ç�ÄÒÁÔÏ×ÁÎÉÍÉ ÅÌÅËÔÒÏÎÁÍÉ Å�aq, ÒÁÄÉËÁÌÁÍÉ ïî,ÁÔÏÍÁÍÉ ×ÏÄÎÀ î � ÄÉÓÏ��ÀÀÔØ:H + H2O2 ! OH+H2O; (2.16)e�aq +H2O2 ! OH+OH�; (2.17)H2O2 +OH ! HO2 +H2O; (2.18)H2O2 $ H+ +HO�2 : (2.19)¶ÏÎÉ îï�2 ×ÚÁ¤ÍÏÄ�ÀÔØ �Ú ÍÏÌÅËÕÌÁÍÉ ×ÏÄÉ ÔÁ �ÏÎÁÍÉ ËÉÓÎÀ ï�,ÕÔ×ÏÒÀÀÞÉ ÍÏÌÅËÕÌÉ �ÅÒÅËÉÓÕ ×ÏÄÎÀ ÔÁ �ÏÎÉ ïî�, ï�2 :HO�2 +H2O ! H2O2 +OH�; (2.20)O� +HO�2 ! OH� +O�2 ; (2.21)Á �ÏÎÉ ï�2 , ×ÚÁ¤ÍÏÄ�ÀÞÉ Ú �ÏÎÁÍÉ ×ÏÄÎÀ î+, ÕÔ×ÏÒÀÀÔØ ÒÁÄÉËÁÌÉîï2: H+ +O�2 ! HO2: (2.22)ïÞÅ×ÉÄÎÏ, ×ÎÁÓÌ�ÄÏË ×ÉÓÏËÏ§ ËÏÎ�ÅÎÔÒÁ��§ ÒÁÄÉËÁÌ�× Õ ÔÒÅËÁÈ�ÒÉ �-ÒÁÄ�ÏÌ�Ú� � ÑÄÅÒÎ�Ê ×�ÄÄÁÞ�, Í�Ö ÎÉÍÉ ×�ÄÂÕ×ÁÀÔØÓÑ Û×ÉÄË�ÒÅÁË��§ Ú ÕÔ×ÏÒÅÎÎÑÍ ÍÏÌÅËÕÌÑÒÎÉÈ �ÒÏÄÕËÔ�× î2ï2, î2 � ÒÁÄÉËÁ-Ì�× îï2, ÑË� ÎÁÄÈÏÄÑÔØ �Ú ÔÒÅË�× × ÏÂ'¤Í ÒÏÚÞÉÎÕ. îÁÑ×Î� Õ ×ÏÄÎÉÈÒÏÚÞÉÎÁÈ �ÏÎÉ UO2+2 , PuO2+2 , AmO2+2 , CmO2+2 ÄÕÖÅ ×�ÌÉ×ÁÀÔØ ÎÁ ×É-È�Ä �ÒÏÄÕËÔ�× ÒÁÄ�ÏÌ�ÚÕ. îÁÓÁÍ�ÅÒÅÄ, ÚÁ×ÄÑËÉ ÒÅÁË��ÑÍ ×�ÄÎÏ×ÌÅÎÎÑÛÅÓÔÉ×ÁÌÅÎÔÎÉÈ ÕÒÁÎÕ U (VI), �ÌÕÔÏÎ�À Pu (VI), ÁÍÅÒÉ��À Am (VI)ÄÏ �'ÑÔÉ×ÁÌÅÎÔÎÉÈ U (V), Pu (V), Am (V) ÚÍÅÎÛÕ¤ÔØÓÑ ÞÁÓ ÖÉÔÔÑÇ�ÄÒÁÔÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎ�×:MeO2+2 + e�aq ! MeO+2 ; (2.23)ÄÅ íÅ �ÏÚÎÁÞÁ¤ U, Pu, Am. áÔÏÍÉ ×ÏÄÎÀ î, �ÅÒÅËÉÓ ×ÏÄÎÀ î2ï2 ÔÁÒÁÄÉËÁÌÉ îï2 ÔÁËÏÖ ÂÅÒÕÔØ ÕÞÁÓÔØ Õ ÒÅÁË��ÑÈ ×�ÄÎÏ×ÌÅÎÎÑ [45,46℄MeO2+2 +H ! MeO+2 +H+; (2.24)MeO2+2 +H2O2 ! MeO+2 +H+ +HO2; (2.25)MeO2+2 +HO2 ! MeO+2 +H+ +O2; (2.26)Ú ÕÔ×ÏÒÅÎÎÑÍ �ÏÎ�× ×ÏÄÎÀ î+, Ç�ÄÒÏ�ÅÒÅËÉÓÎÉÈ ÒÁÄÉËÁÌ�× îï2 ÔÁÍÏÌÅËÕÌÑÒÎÏÇÏ ËÉÓÎÀ ï2. ã�ËÁ×Ï, ÝÏ �ÏÎÉ PuO+2 , AmO+2 ÍÏÖÕÔØ ÑË×�ÄÎÏ×ÌÀ×ÁÔÉÓÑ ÄÏ Pu4+, Am4+ �ÒÏÄÕËÔÁÍÉ ÒÁÄ�ÏÌ�ÚÕ ÚÁ ÒÅÁË��ÑÍÉ:PuO+2 + e�aq + 2H2O ! Pu4+ + 4OH�; (2.27)
ICMP{01{32U 10PuO+2 +H+H2O ! Pu4+ + 3OH�; (2.28)AmO+2 + e�aq + 2H2O ! Am4+ + 4OH�; (2.29)AmO+2 + 2H ! Am3+ + 2OH�; (2.30)3AmO+2 + 2H2O ! 2AmO2+2 +Am3+ + 4OH�; (2.31)ÔÁË � ÏËÉÓÌÀ×ÁÔÉÓÑ ÒÁÄÉËÁÌÁÍÉ ïî ÄÏ íÅï2+2 (íÅ = Pu, Am):MeO+2 +OH! MeO2+2 +OH�: (2.32)õ ÌÕÖÎÉÈ ÒÏÚÞÉÎÁÈ �ÅÒÅËÉÓ ×ÏÄÎÀ × ÒÅÁË��§ Ú �ÏÎÁÍÉ ÕÒÁÎ�ÌÕÕÔ×ÏÒÀ¤ �ÅÒÏËÓÉÄ ÕÒÁÎÕ:UO2+2 +H2O2 + 2OH� ! UO4 + 2H2O; (2.33)ÝÏ ¤ ÄÖÅÒÅÌÏÍ ÕÒÁÎÏ×ÉÈ Í�ÎÅÒÁÌ�× UO4� 2î2O, ÑË� Ó�ÏÓÔÅÒ�ÇÁÀÔØ-ÓÑ ÎÁ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓÁÈ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ". �ÕÔ ×ÁÖÌÉ×Ï ÒÏÚ-Ò�ÚÎÑÔÉ �ÒÏ�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× Õ ×ÏÄÏ�ÏÔÏËÁÈ, ÕÌØÔÒÁ-,Í�ËÒÏ�ÏÒÁÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ, ÚÁ�Ï×ÎÅÎÉÈ ÒÏÚÞÉÎÁÍÉ ÔÁ Õ Í�Ó�ÑÈ,ÄÅ ÍÏÖÌÉ×� ÕÔ×ÏÒÅÎÎÑ ÏÓÁÄ�× �Ú ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× (�ÒÉÍ�ÝÅÎÎÑ ÂÌÏËÕâ � 001/3) [38,39,40℄. ïÞÅ×ÉÄÎÏ, ÝÏ Õ ×ÏÄÏ�ÏÔÏËÁÈ ÏÂ'¤ËÔÕ \õËÒÉÔ-ÔÑ" ×ÎÁÓÌ�ÄÏË ÎÉÚØËÏ§ ËÏÎ�ÅÎÔÒÁ��§ ÚÁ �ÚÏÔÏ�ÁÍÉ Pu, Cm, Am ×ÉÈ�Ä�ÒÏÄÕËÔ�× ÒÁÄ�ÏÌ�ÚÕ �ÒÁËÔÉÞÎÏ ÎÅ ×�ÌÉ×Á¤ ÎÁ Æ�ÚÉËÏ-È�Í�ÞÎÉÊ ÓÔÁÎ×ÏÄÎÉÈ ÒÏÚÞÉÎ�×. ¶ÎÛÁ ÓÉÔÕÁ��Ñ ¤ × Í�Ó�ÑÈ ÕÔ×ÏÒÅÎÎÑ ÏÓÁÄ�× �Ú ×ÏÄÎÉÈÒÏÚÞÉÎ�×, ÄÅ ×�ÄÂÕ×Á¤ÔØÓÑ ËÏÎ�ÅÎÔÒÕ×ÁÎÎÑ �ÚÏÔÏ��× �ÌÕÔÏÎ�À, ÁÍÅÒÉ-��À, ËÀÒ�À, �ÅÚ�À, ÓÔÒÏÎ��À [38,39,40℄. ðÒÏÄÕËÔÉ ÒÁÄ�ÏÌ�ÚÕ ÁËÔÉ×ÎÏÂÅÒÕÔØ ÕÞÁÓÔØ × ÏËÉÓÎÏ-×�ÄÎÏ×ÎÉÈ ÒÅÁË��ÑÈ ÔÁ × ÕÔ×ÏÒÅÎÎ� ÏÓÁÄ�×(ÄÅÑË� �ÒÏ�ÅÓÉ ÕÔ×ÏÒÅÎÎÑ ÕÒÁÎÏ×ÉÈ ÏÓÁÄ�× ÏÂÇÏ×ÏÒÀ×ÁÌÉÓØ Õ Ú×�Ô��ÅÒÛÏÇÏ ÅÔÁ�Õ).ïÓÏÂÌÉ×Ï ÁËÔÕÁÌØÎÉÍÉ, ÎÁ ÎÁÛ �ÏÇÌÑÄ, � ÍÁÌÏ ×É×ÞÅÎÉÍÉ ¤ �ÒÏ-�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ, Á×ÔÏÒÁÄ�ÏÌ�ÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ, ÝÏ ÚÁ�Ï×ÎÀÀÔØÕÌØÔÒÁ-, Í�ËÒÏ�ÏÒÉ ÔÁ ÎÁ ÍÅÖ� ×ÚÁ¤ÍÏÄ�§ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ Ú ×ÏÄÎÉ-ÍÉ ÒÏÚÞÉÎÁÍÉ. õ �ÒÏ�ÅÓÁÈ �ÏÎ�ÚÁ��§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× �-ÞÁÓÔÉÎËÁÍÉ,ÑÄÒÁÍÉ ×�ÄÄÁÞ� Õ �ÏÒÁÈ ÕÔ×ÏÒÀ¤ÔØÓÑ ÄÕÖÅ ÇÕÓÔÁ ÅÌÅËÔÒÏÎ-�ÏÎ-ÍÏ-ÌÅËÕÌÑÒÎÁ �ÌÁÚÍÁ, ÑËÁ ÍÏÖÅ ÇÅÎÅÒÕ×ÁÔÉ ÓÉÌØÎ� ÌÏËÁÌØÎ� ÅÌÅËÔÒÏ-ÍÁÇÎ�ÔÎ� �ÏÌÑ �, ÏÔÖÅ, ÓÕÔÔ¤×Ï ÚÍ�ÎÀ×ÁÔÉ Ä�ÅÌÅËÔÒÉÞÎ� ×ÌÁÓÔÉ×ÏÓÔ�ìð÷í. í�Ö ÔÁËÉÍÉ �ÏÒÁÍÉ Ú ÇÕÓÔÏÀ �ÌÁÚÍÏÀ ×ÉÎÉËÁÀÔØ ÅÌÅËÔÒÏ-ÍÁÇÎ�ÔÎ� ×ÚÁ¤ÍÏÄ�§, ÑË�, ÏÞÅ×ÉÄÎÏ, ×�ÌÉ×ÁÔÉÍÕÔØ ÎÁ §È ÍÁËÒÏÓËÏ��ÞÎÕÄÉÆÕÚ�À, Á ÏÔÖÅ, ÎÁ ÓÔÒÕËÔÕÒÎ� ÚÍ�ÎÉ ìð÷í. ðÒÏÄÕËÔÉ ÒÁÄ�ÏÌ�ÚÕ,ÚÏËÒÅÍÁ ÇÒÕ�É OH, ÁËÔÉ×ÎÏ ×ÚÁ¤ÍÏÄ�ÀÔØ �Ú �Ï×ÅÒÈÎÅÀ �ÏÒ SiO2 , ÄÅ-�ÏÌ�ÍÅÒÉÚÕÀÞÉ §§ ËÒÅÍÎ�Ê-ËÉÓÎÅ×Õ Ó�ÔËÕ Ú ÕÔ×ÏÒÅÎÎÑÍ ×ÅÌÉËÉÈ ÄÉ-�ÏÌØÎÉÈ ÍÏÍÅÎÔ�× ÎÁ �Ï×ÅÒÈÎ� �ÏÒ. �ÁË� Ñ×ÉÝÁ ×ÉÍÁÇÁÀÔØ ÄÅÔÁÌØ-ÎÏÇÏ ×É×ÞÅÎÎÑ �Ï×ÅÄ�ÎËÉ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×



11 ðÒÅ�ÒÉÎÔ× ÕÌØÔÒÁ-, Í�ËÒÏ�ÏÒÁÈ ìð÷í, ÚÏËÒÅÍÁ �ÒÏ�ÅÓ�× Ç�ÄÒÏÌ�ÚÕ, ÒÁÄ�ÏÌ�ÚÕ,ÁÄÓÏÒÂ��§ ÎÁ �Ï×ÅÒÈÎ� �ÏÒ. ïÞÅ×ÉÄÎÏ, ÝÏ �ÏÒÉ Ú ÇÕÓÔÏÀ ÅÌÅËÔÒÏÎ-�ÏÎ-ÍÏÌÅËÕÌÑÒÎÏÀ �ÌÁÚÍÏÀ ÓÕÔÔ¤×Ï ×�ÌÉ×ÁÀÔØ ÎÁ Æ�ÚÉËÏ-È�Í�ÞÎÉÊÓÔÁÎ ìð÷í � ÔÁË� ÄÏÓÌ�ÄÖÅÎÎÑ ÓÔÁÀÔØ ÁËÔÕÁÌØÎÉÍÉ Ú ÔÏÞËÉ ÚÏÒÕÓÔÒÁÔÅÇ�§ ÓÔÁÂ�Ì�ÚÁ��§ ÓÔÁÎÕ ìð÷í.�ÏÂÔÏ, ×ÁÖÌÉ×ÏÀ ÓÔÁÄ�¤À ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× × ÏÂ'¤ËÔ� \õËÒÉ-ÔÔÑ" ¤ ÍÏÄÅÌÀ×ÁÎÎÑ ÒÅÁË��Ê �ÏÎ�× UO2+2 , PuO2+2 , AmO2+2 , Sr2+, Cs+Ú ×ÏÄÏÀ ÔÁ �ÒÏÄÕËÔÁÍÉ §§ ÒÁÄ�ÏÌ�ÚÕ × ÏÓÏÂÌÉ×Ï ÍÁÌÉÈ ÏÂ'¤ÍÁÈ, ÏÓ-Ë�ÌØËÉ 70% ÄÏÓÔÕ�ÎÏ§ �ÏÒÉÓÔÏÓÔ� ÄÌÑ ÍÏÌÅËÕÌ ×ÏÄÉ ÚÁÂÅÚ�ÅÞÕ¤ÔØÓÑÕÌØÔÒÁ�ÏÒÁÍÉ Ú ÒÏÚÍ�ÒÁÍÉ 0.3 -0.4 ÎÍ [19℄. ðÏÒ�×ÎÑÎÏ Ú ×ÉËÏÎÁÎÉÍÉÎÁÍÉ ÒÁÎ�ÛÅ ÒÏÚÒÁÈÕÎËÁÍÉ �ÏÓÔÁ¤ �ÒÏÂÌÅÍÁ Ï��ÎËÉ Ó��×Í�ÒÎÏÓÔ� �ÏÒÕ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓÁÈ (ÞÏÒÎÁ ÔÁ ËÏÒÉÞÎÅ×Á ËÅÒÁÍ�ËÁ) Ú ×ÅÌÉÞÉÎÁÍÉÔÒÅË�× �-ÞÁÓÔÉÎÏË, ÑÄÅÒ ×�ÄÄÁÞ�. ÷ ÍÁÌÉÈ ÏÂ'¤ÍÁÈ Í�ËÒÏ�ÏÒ �ÁÌÉ×Ï-×Í�ÓÎÉÈ ÍÁÓ ×ÁÖËÏ ÇÏ×ÏÒÉÔÉ �ÒÏ ÓÔÁÂ�Ì�ÚÏ×ÁÎÉÊ ÓËÌÁÄ ÒÏÚÞÉÎÎÉËÁ,× ÑËÏÍÕ Â �ÅÒÅ×ÁÖÁÌÉ Ú×ÉÞÁÊÎ� ÍÏÌÅËÕÌÉ î2ï ÔÁ �ÏÎÉ ïî�. õ �ÉÈÍÁÌÉÈ ÏÂ'¤ÍÁÈ �Ï×ÉÎÎÁ ÂÕÔÉ �ÒÉÓÕÔÎÑ ÚÎÁÞÎÁ ÞÁÓÔÉÎÁ �ÒÏÄÕËÔ�× ÒÁ-Ä�ÏÌ�ÚÕ ×ÏÄÉ ÑË ÍÏÌÅËÕÌÑÒÎÏ§ �ÒÉÒÏÄÉ (î2, ï2, î2ï2), ÔÁË � �ÏÎÎÏ§�ÒÉÒÏÄÉ (î+, ïî�, îï�2 , ï�, ï2�, ï2�2 , ï�3 ) � ÝÅ × Â�ÌØÛ�Ê Í�Ò�ÒÁÄÉËÁÌØÎÏ§ �ÒÉÒÏÄÉ (î, ïî, ï, îï2, ï2). îÁÑ×Î�ÓÔØ ÔÁËÏ§ ÚÎÁÞÎÏ§Ë�ÌØËÏÓÔ� ÄÏÄÁÔËÏ×ÉÈ ËÏÍ�ÏÎÅÎÔ�× ÓÉÓÔÅÍÉ ×ÅÄÅ ÚÁ ÓÏÂÏÀ ÕÓËÌÁÄÎÅÎ-ÎÑ ÍÅÈÁÎ�ÚÍ�× ÑË ÒÅÁË��Ê ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎÎÑ ÔÁ �ÏÎÎÏÇÏ ÏÂÍ�ÎÕ, ÔÁË� ÏËÉÓÎÏ-×�ÄÎÏ×ÎÉÈ ÒÅÁË��Ê, ÁÄÖÅ ÄÅÑË� Ú �ÅÒÅÒÁÈÏ×ÁÎÉÈ ×ÉÝÅ �ÏÎ�×ÍÁÀÔØ ÑÓËÒÁ×Ï ×ÉÒÁÖÅÎÕ ÑË ×�ÄÎÏ×ÎÕ, ÔÁË � ÏËÉÓÎÕ Ä�À.áÎÁÌ�Ú ËÏÎÓÔÁÎÔ Û×ÉÄËÏÓÔ� ÒÅÁË��Ê Í�Ö �ÒÏÄÕËÔÁÍÉ ÒÁÄ�ÏÌ�ÚÕ ×Ï-ÄÉ [40℄ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØ ×ÉÚÎÁÞÉÔÉ ÒÑÄ ÞÁÓÔÉÎÏË, ÑË� ÖÉ×ÕÔØ ×�ÄÎÏÓÎÏÄÏ×ÇÉÊ ÞÁÓ (ËÏÎÓÔÁÎÔÁ Û×ÉÄËÏÓÔ� ÎÁ×ÅÄÅÎÉÈ ÒÅÁË��Ê ÎÅ �ÅÒÅ×ÉÝÕ¤�ÏÒÑÄÏË 105):e�aq +H2O ! H+OH�; (1:6 � 101);HO2 +HO2 ! O2 +H2O2; (7:6 � 105);HO2 ! H+ +O�2 ; (7:5 � 105);H2O2 ! H+ +HO�2 ; (3:56 � 10�2);O�3 +HO�2 ! O2 +O�2 +OH�; (8:9 � 105);O�3 ! O2 +O�; (3:0 � 102);O�3 +H2 ! O2 +H+OH�; (2:5 � 105);H2O2 ! OH+OH; (1:32 � 10�7):ú ÎÁ×ÅÄÅÎÉÈ ×ÉÝÅ Ò�×ÎÑÎØ ÔÁ ×ÒÁÈÏ×ÕÀÞÉ (1.10)-(1.22) ×ÉÄÎÏ, ÝÏÓÅÒÅÄ ÞÁÓÔÉÎÏË, ÑË� ÖÉ×ÕÔØ ×�ÄÎÏÓÎÏ ÄÏ×ÇÏ, ¤ ÍÏÌÅËÕÌÉ î2ï2 ÔÁ î2,ÒÁÄÉËÁÌ îï2 ÔÁ �ÏÎÉ ï�3 � îï�2 . ðÏÒÑÄ Ú ÔÉÍ ÚÁÓÌÕÇÏ×Õ¤ ÎÁ Õ×Á-
ICMP{01{32U 12ÇÕ �ÓÎÕ×ÁÎÎÑ Ç�ÄÒÁÔÏ×ÁÎÏÇÏ ÅÌÅËÔÒÏÎÁ. ñË ÂÁÞÉÍÏ, ��ÄÔ×ÅÒÄÖÕÀÔØÓÑÎÁÛ� �Ï�ÅÒÅÄÎ� �ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÎÁËÏ�ÉÞÅÎÎÑ ÍÏÌÅËÕÌÑÒÎÏÇÏ ×ÏÄÎÀ× �ÏÒÁÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ, ÝÏ �ÒÉÚ×ÏÄÉÔØ ÄÏ ÒÏÚËÒÉÛÅÎÎÑ ËÅÒÁ-Í�ËÉ � Í�ÇÒÁ��§ ×ÏÄÎÀ �Ï ÔÒ�ÝÉÎÁÈ ÔÁ Í�ËÒÏÔÒ�ÝÉÎÁÈ ÄÏ �Ï×ÅÒÈÎ�.�ÁËÏÖ ×ÉÄÎÏ, ÝÏ × ÓÅÒÅÄÏ×ÉÝ� �ÅÒÅ×ÁÖÁÀÔØ ÒÅÁÇÅÎÔÉ-×�ÄÎÏ×ÎÉËÉ,ÎÁÊÁËÔÉ×Î�ÛÉÍ Ú ÑËÉÈ ¤ Ç�ÄÒÁÔÏ×ÁÎÉÊ ÅÌÅËÔÒÏÎ (1.23). ÷�ÄÍ�ÎÎ�ÓÔÀ�ÒÏÈÏÄÖÅÎÎÑ ��¤§ ÒÅÁË��§ × Í�ËÒÏÏÂ'¤ÍÁÈ ÍÏÖÅ ÂÕÔÉ Ì�Í�ÔÕ×ÁÎÎÑ ÚÔÏÞËÉ ÚÏÒÕ ÒÏÚÍ�ÒÎÏÇÏ ÆÁËÔÏÒÕ. ï��ÎÉÔÉ ÊÏÇÏ ÎÁÒÁÚ� ÄÏÓÉÔØ ×ÁÖ-ËÏ, ÏÓË�ÌØËÉ ÄÌÑ �ØÏÇÏ �ÏÔÒ�ÂÎ� ÄÁÎ� �ÒÏ �ÒÏ�ÅÓÉ Ç�ÄÒÏÌ�ÚÕ, ÄÉÆÕÚ�§,×�ÌÉ×Õ ×ÉÓÏËÏ×ÁÌÅÎÔÎÉÈ ËÁÔ�ÏÎ�× ÎÁ ÓÔÒÕËÔÕÒÕ Ç�ÄÒÁÔÎÏ§ ÏÂÏÌÏÎËÉ.ñË � × �Ï�ÅÒÅÄÎ�È ÒÏÂÏÔÁÈ, ÄÅ ÒÏÚÇÌÑÄÁÌÉÓÑ �ÒÏ�ÅÓÉ Õ ×ÅÌÉËÉÈÏÂ'¤ÍÁÈ, × Í�ËÒÏÏÂ'¤ÍÁÈ ÒÏÌØ �ÏÎ�× UO2+2 , PuO2+2 , AmO2+2 , Sr2+, Cs+ÎÁ�Å×ÎÏ ÂÕÄÅ Ú×ÏÄÉÔÉÓØ ÄÏ ËÏÏÒÄÉÎÕ×ÁÎÎÑ ÁÎ�ÏÎ�×.3. òÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏ-ÎÓÔÁÎÔ Û×ÉÄËÏÓÔÅÊ È�Í�ÞÎÉÈ ÒÅÁË��Ê ÄÌÑ iÏÎi×UO2+2 , PuO2+2 , Pu4+, Am3+ � ÒÁÄÉËÁÌ�× H, OH,OH� Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ÷ÁÖÌÉ×ÉÍ ÅÔÁ�ÏÍ ÄÏÓÌiÄÖÅÎØ ÑÄÅpÎÉÈ ÆiÚÉËÏ-ÈiÍiÞÎÉÈ �pÏ�ÅÓi×�pÉ ×ÚÁ¤ÍÏÄi§ �ÁÌÉ×ÏÍiÓÎÉÈ ÍÁÓ iÚ ×ÏÄÎÉÍÉ pÏÚÞÉÎÁÍÉ pÁÄiÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�× ¤ ×É×ÞÅÎÎÑ �pÏ�ÅÓi× ÄÉÆÕÚi§, ÔÅpÍÏÄÉÆÕÚi§ ÔÁ ×'ÑÚËÏÓÔiiÏÎ�× UO2+2 , PuO2+2 , Sr2+, Cs+× ÏÂÏÈ �iÄÓÉÓÔÅÍÁÈ.îÁÓÁÍ�ÅpÅÄ, pÏÚpÁ-ÈÕÎÏË ËÏÅÆi�i¤ÎÔ�× ÄÉÆÕÚi§ ÄÌÑ iÏÎ�×, pÁÄÉËÁÌ�× ÔÁ ÍÏÌÅËÕÌ Õ ×ÏÄ-ÎÉÈ pÏÚÞÉÎÁÈ ¤ ÎÅÏÂÈiÄÎÉÊ ÄÌÑ ×É×ÞÅÎÎÑ ËiÎÅÔÉËÉ ÈiÍiÞÎÉÈ pÅÁË�iÊpÁÄiÏÌiÚÕ, ÇiÄpÏÌiÚÕ, ÏËÉÓÎÏ-×iÄÎÏ×ÎÉÈ pÅÁË�iÊ, ËÏÍ�ÌÅËÓÏÕÔ×ÏpÅÎØ i�ÏÌiÍÅpÉÚÁ�i§ ÔÁ ÕÔ×ÏpÅÎÎÑ ÏÓÁÄi×. ëÏÎ�ÅÎÔpÁ�iÊÎÕ ÚÁÌÅÖÎiÓÔØ ×ÚÁ-¤ÍÎÏ§ ÄÉÆÕÚi§ iÏÎ�× ÕpÁÎiÌÕ UO2+2 , �ÌÕÔÏÎiÌÕ PuO2+2 ÔÁ ×ÏÄÎÀ î ×ÁÖ-ÌÉ×Ï ÄÏÓÌiÄÖÕ×ÁÔÉ Õ Ú×'ÑÚËÕ Ú �ÁpÁÍÅÔpÁÍÉ ËpÉÔÉÞÎÏÓÔi H/U;Pu.ú iÎÛÏÇÏ ÂÏËÕ, ×É×ÞÅÎÎÑ ÔÁ pÏÚpÁÈÕÎÏË ËÏÅÆi�i¤ÎÔ�× ÄÉÆÕÚi§ ÔÁ ËÏÎ-ÓÔÁÎÔ Û×ÉÄËÏÓÔÅÊ ÒÅÁË��Ê Ú� ÚÍ�ÎÏÀ ËÏÎ�ÅÎÔpÁ�i§ i ÔÅÍ�ÅpÁÔÕpÉ ÄÌÑiÏÎ�× UO2+2 , PuO2+2 Õ ÓËÌÑÎÉÓÔÉÈ �ÁÌÉ×ÏÍiÓÎÉÈ ÍÁÓÁÈ ¤ ÁËÔÕÁÌØÎÉÍÚ ÔÏÞËÉ ÚÏpÕ ÑÄÅpÎÉÈ �ÅpÅÔ×ÏpÅÎØ i pÏÚpÁÈÕÎËÕ Ó�ÅËÔpÕ ÇÕÓÔÉÎÉ�ÏÔÏË�× ÎÅÊÔpÏÎ�×.÷ÎÁÓÌ�ÄÏË �-ÒÏÚ�ÁÄÕ ÑÄÅÒ ÕÒÁÎÕ × �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÔÅÒ�ÁÌÁÈ �Ï-ÓÔ�ÊÎÏ ÊÄÅ �ÒÏ�ÅÓ ÎÁËÏ�ÉÞÅÎÎÑ ÔÒÁÎÓÕÒÁÎÏ×ÉÈ ÅÌÅÍÅÎÔ�×, ÚÏËÒÅÍÁ�ÌÕÔÏÎ�À � ÁÍÅÒÉ��À. ðÏ�ÁÄÁÀÞÉ Õ ×ÏÄÕ ÚÁ×ÄÑËÉ �ÒÏ�ÅÓÁÍ ÄÉÆÕÚ�§ÔÁ ×ÉÌÕÖÕ×ÁÎÎÑ, �� ÅÌÅÍÅÎÔÉ �ÏÞÉÎÁÀÔØ ×�Ä�ÇÒÁ×ÁÔÉ �ÏÍ�ÔÎÕ ÒÏÌØ× È�Í�ÞÎÉÈ �ÅÒÅÔ×ÏÒÅÎÎÑÈ, ÑË� �ÒÏÈÏÄÑÔØ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÏÂ'¤ËÔÁ\õËÒÉÔÔÑ", ÚÏËÒÅÍÁ, ËÏÌÉ ÊÄÅ ÍÏ×Á �ÒÏ ÍÁÌ� ÏÂ'¤ÍÉ × �ÏÒÁÈ. ðÌÕÔÏ-



13 ðÒÅ�ÒÉÎÔÎ�Ê ÔÁ ÁÍÅÒÉ��Ê ÍÏÖÕÔØ �ÓÎÕ×ÁÔÉ × ÒÏÚÞÉÎ� ÑË Õ ÓËÌÁÄ� ËÏÍ�ÌÅËÓ�×�ÌÕÔÏÎ�ÌÕ PuO2+2 � ÁÍÅÒÉ�ÉÎ�ÌÕ AmO2+2 , ÔÁË � Õ ×ÉÇÌÑÄ� ×�ÌØÎÉÈ �Ï-Î�× Ú ×ÉÓÏËÉÍÉ ÓÔÕ�ÅÎÑÍÉ ÏËÉÓÌÅÎÎÑ, ×ÔÒÁÔÉ×ÛÉ × �ÒÏ�ÅÓ� È�Í�ÞÎÉÈ�ÅÒÅÔ×ÏÒÅÎØ ÏÂÉÄ×Á ÁÔÏÍÉ ËÉÓÎÀ. þÅÒÅÚ Ó×�Ê ×ÅÌÉËÉÊ ÅÌÅËÔÒÏÓÔÁ-ÔÉÞÎÉÊ ÚÁÒÑÄ, ×ÏÎÉ ÓÉÌØÎÏ �ÏÌÑÒÉÚÕÀÔØ ÄÏ×ËÏÌÉÛÎ� ÍÏÌÅËÕÌÉ ×ÏÄÉ,�ÏÌÅÇÛÕÀÞÉ ÔÉÍ ÓÁÍÉÍ ÒÅÁË��§ Ç�ÄÏÌ�ÚÕ:Pu4+ + OH� ! Pu(OH)3+,Am3+ + OH� ! Am(OH)2+.ðÏÄ�ÂÎ� ÒÅÁË��§ ÍÁÀÔØ Í�Ó�Å � Ú ÎÅÊÔÒÁÌØÎÉÍÉ ÇÒÕ�ÁÍÉ OH, ÑË�,ÑË � ÎÅÇÁÔÉ×ÎÏ ÚÁÒÑÄÖÅÎ� �ÏÎÉ OH� ×ÉÎÉËÁÀÔØ ×ÎÁÓÌ�ÄÏË �ÒÏ�Å-Ó�× ÒÁÄ�ÏÌ�ÚÕ, ÚÕÍÏ×ÌÅÎÉÈ �ÏÔÏËÁÍÉ ÁÌØÆÁ-ÞÁÓÔÉÎÏË, ÎÅÊÔÒÏÎ�× ÔÁÛ×ÉÄËÉÍÉ ÅÌÅËÔÒÏÎÁÍÉ. ðÒÏ�ÅÓ Ç�ÄÒÏÌ�ÚÕ �ÒÏÄÏ×ÖÕ¤ÔØÓÑ Ú ÕÔ×Ï-ÒÅÎÎÑÍ �ÏÎ�× Pu(OH)(4�n)+n , Am(OH)(4�n)+n � �ÒÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈpH > 7 ×�ÄÂÕ×Á¤ÔØÓÑ ÏÓÁÄ Ç�ÄÒÏÏËÉÓ�× Pu(OH)3, Am(OH)3, Pu(OH)4,Am(OH)4 [47℄.õ Ú×'ÑÚËÕ Ú ÎÁ×ÅÄÅÎÉÍÉ ÒÅÁË��ÑÍÉ Ç�ÄÒÏÌ�ÚÕ �ÏÓÔÁ¤ �ÉÔÁÎÎÑ �ÒÏÒÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁ ËÏÎÓÔÁÎÔ È�Í�ÞÎÉÈ ÒÅÁË��Ê ÄÌÑ�ÏÎ�× Pu4+, Am3+ Ú ÇÒÕ�ÏÀ OH. �ÁË� ÒÏÚÒÁÈÕÎËÉ ¤ ÔÁËÏÖ ÁËÔÕ-ÁÌØÎÉÍÉ Ú ÔÏÞËÉ ÚÏÒÕ ×É×ÞÅÎÎÑ ËiÎÅÔÉËÉ ÈiÍiÞÎÉÈ pÅÁË�iÊ pÁÄiÏ-ÌiÚÕ, ÏËÉÓÎÏ-×iÄÎÏ×ÎÉÈ pÅÁË�iÊ, ËÏÍ�ÌÅËÓÏÕÔ×ÏpÅÎØ i �ÏÌiÍÅpÉÚÁ�i§ÔÁ ÕÔ×ÏpÅÎÎÑ ÏÓÁÄi×.�ÕÔ ÍÉ �pÅÄÓÔÁ×ÉÍÏ ÄÏÓÌiÄÖÅÎÎÑ i pÏÚpÁÈÕÎÏË ËÏÅÆi�i¤ÎÔ�× ×ÚÁ¤-ÍÎÏ§ ÄÉÆÕÚi§ � ËÏÎÓÔÁÎÔ Ý×ÉÄËÏÓÔÅÊ ÒÅÁË��Ê ÄÌÑ iÏÎ�× UO2+2 , PuO2+2 ,Pu4+, Am3+ � ÁÔÏÍÁpÎÏÇÏ ×ÏÄÎÀ, ÒÁÄÉËÁÌ�× OH ÔÁ OH� ÚÁÌÅÖÎÏ ×iÄËÏÎ�ÅÎÔpÁ�iÊ ËÏÍ�ÏÎÅÎÔ i ÔÅÍ�ÅpÁÔÕpÉ.âÕÄÅ ×ÉËÏpÉÓÔÁÎÏ iÏÎÎÕ ÍÏÄÅÌØ ×ÏÄÎÉÈ pÏÚÞÉÎ�×, ËÏÌÉ ÍÏÌÅËÕ-ÌÑpÎÁ �iÄÓÉÓÔÅÍÁ pÏÚÇÌÑÄÁ¤ÔØÓÑ ÑË ÄiÅÌÅËÔpÉÞÎÅ ÓÅpÅÄÏ×ÉÝÅ Ú " �81 Õ ÑËÏÍÕ pÕÈÁÀÔØÓÑ iÏÎÉ × ÅÆÅËÔÉ×ÎÏÍÕ ËÏÍ�ÅÎÓÕÀÞÏÍÕ �ÏÌi (×iÄ-�Ï×iÄÎÏ ÄÏ ÕÍÏ×É ÅÌÅËÔpÏÎÅÊÔpÁÌØÎÏÓÔi ÓÉÓÔÅÍÉ). ú �ÏÇÌÑÄÕ ÓÔÁÔÉÓ-ÔÉÞÎÏ§ ÔÅÏpi§ ÔÁËÁ ÍÏÄÅÌØ ×É�pÁ×ÄÁÎÁ ÄÌÑ ×ÏÄÎÉÈ pÏÚÞÉÎ�×, ÝÏ ÍiÓ-ÔÑÔØ UO2+2 , PuO2+2 , AmO2+2 , CmO2+2 , Cs+, Sr2+ i × ÑËÉÈ �pÏÈÏÄÑÔØiÎÔÅÎÓÉ×ÎÉÊ �-, �-, -pÁÄiÏÌiÚ, ÇiÄpÏÌiÚ ÔÁ ÏËÉÓÎÏ-×iÄÎÏ×Îi pÅÁË�i§ ÚÕÔ×ÏpÅÎÎÑÍ ×ÅÌÉËÏ§ ËÏÎ�ÅÎÔpÁ�i§ iÏÎ�×.òÏÚÒÁÈÕÎÏË ËÏÅÆ���¤ÎÔ�× ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ �ÒÏ×ÏÄÉ×ÓÑ ÎÁ ÏÓÎÏ-×� Ë�ÎÅÔÉÞÎÏÇÏ Ò�×ÎÑÎÎÑ åÎÓËÏÇÁ-ìÁÎÄÁÕ ÄÌÑ ÂÁÇÁÔÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉÚÁÒÑÄÖÅÎÉÈ ÔÁ ÎÅÚÁÒÑÄÖÅÎÉÈ Ô×ÅÒÄÉÈ ËÕÌØÏË [48℄. ÷ ÔÁËÏÍÕ ��ÄÈÏ-Ä� ×ÚÁ¤ÍÏÄ�Ñ ÞÁÓÔÉÎÏË ÎÁ ËÏÒÏÔËÉÈ ×�ÄÓÔÁÎÑÈ ×ÒÁÈÏ×Õ×ÁÌÁÓÑ ÞÅÒÅÚ�ÏÔÅÎ��ÁÌ Ô×ÅÒÄÉÈ ËÕÌØÏË, Á ÎÁ ×ÅÌÉËÉÈ ×�ÄÓÔÁÎÑÈ| ÞÅÒÅÚ ËÕÌÏÎ�×-ÓØËÉÊ �ÏÔÅÎ��ÁÌ, ÑËÉÊ × ÒÏÚÒÁÈÕÎËÁÈ ÄÏ×ÏÄÉÌÏÓØ ÏÂÒ�ÚÁÔÉ ÎÁ �ÒÉ��-ÌØÎÉÈ ×�ÄÓÔÁÎÑÈ �ÏÒÑÄËÕ ÒÁÄ�ÕÓÁ äÅÂÁÑ.

ICMP{01{32U 14�ÁËÁ ÁÄÉÔÉ×ÎÁ ÆÏpÍÁ ÍiÖÞÁÓÔÉÎËÏ×Ï§ ×ÚÁ¤ÍÏÄi§ �pÉÚ×ÏÄÉÔØ ÄÏÔÏÇÏ, ÝÏ �Ï×ÎÉÊ iÎÔÅÇpÁÌ ÚiÔËÎÅÎØ ÔÅÖ pÏÚ�ÁÄÁ¤ÔØÓÑ ÎÁ ËiÌØËÁ ÄÏ-ÄÁÎË�×, ËÏÖÅÎ Ú ÑËÉÈ ×iÄ�Ï×iÄÁ¤ ÚÁ Ó×iÊ ÔÉ� ×ÚÁ¤ÍÏÄi§. �ÏÍÕ × ÓÔpÕË-ÔÕpi �Ï×ÎÏÇÏ iÎÔÅÇpÁÌÁ ÚiÔËÎÅÎØ ÍÏÖÎÁ ×ÉÄiÌÉÔÉ ÔÁË Ú×ÁÎ� \Ô×ÅpÄÏ-ÓÆÅpÎÕ" ÞÁÓÔÉÎÕ ÔÁ \ÄÁÌÅËÏÓÑÖÎÕ" [48,49℄. �×ÅpÄÏÓÆÅpÎÁ ÞÁÓÔÉÎÁÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÄÏÄÁÎË�×, ÑËi ¤ �ÅpÛÉÍÉ ÞÌÅÎÁÍÉ pÏÚËÌÁÄÕ ÚÁÎÅÌÏËÁÌØÎiÓÔÀ. äÁÌÅËÏÓÑÖÎÁ ÔÅÖ ÓËÌÁÄÁ¤ÔØÓÑ Ú Ä×ÏÈ ÄÏÄÁÎË�×: iÎ-ÔÅÇpÁÌÁ ÚiÔËÎÅÎØ ÔÅÏpi§ ÓÅpÅÄÎØÏÇÏ �ÏÌÑ ÔÁ ÕÚÁÇÁÌØÎÅÎÏÇÏ iÎÔÅÇpÁÌÁÚiÔËÎÅÎØ ìÁÎÄÁÕ. óÌiÄ ÚÁÕ×ÁÖÉÔÉ, ÝÏ �pÉ ÔÁËÏÍÕ �iÄÈÏÄi × iÎÔÅÇpÁÌiÚiÔËÎÅÎØ ìÁÎÄÁÕ ÕÓÕ×Á¤ÔØÓÑ pÏÚÂiÖÎiÓÔØ ÎÁ ÍÁÌÉÈ ×iÄÓÔÁÎÑÈ.÷ �ÅÒÛÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÍÅÔÏÄÕ þÅ�ÍÅÎÁ-åÎÓËÏÇÁ �ÒÉ ÒÏÚ×'ÑÚÁÎÎ�Ë�ÎÅÔÉÞÎÏÇÏ åÎÓËÏÇÁ-ìÁÎÄÁÕ, ×ÉÒÁÚÉ ÄÌÑ ËÏÅÆ���¤ÎÔ�× ×ÚÁ¤ÍÎÏ§ ÄÉ-ÆÕÚ�§ Dab ÍÁÀÔØ ×ÉÇÌÑÄ [49,50℄:Dab = � na�nmbrkBT2maEa(0); (3.1)ÄÅ na | ËÏÎ�ÅÎÔÒÁ��Ñ ÞÁÓÔÉÎÏË ÓÏÒÔÕ a, �, n | ÓÕÍÁÒÎÁ ÇÕÓÔÉÎÁ �ËÏÎ�ÅÎÔÒÁ��Ñ ÞÁÓÔÉÎÏË ×Ó�È ÓÏÒÔ�×, ma, mb | ÍÁÓÉ ÞÁÓÔÉÎÏË ÓÏÒÔ�×a � b, kB | ÓÔÁÌÁ âÏÌØ�ÍÁÎÁ, T | ÁÂÓÏÌÀÔÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ, Á Ea(0)| �ÅÒÛÉÊ ËÏÅÆ���¤ÎÔ �ÒÉ ÒÏÚËÌÁÄ� ÄÉÆÕÚ�ÊÎÏ§ ÞÁÓÔÉÎÉ �Ï�ÒÁ×ËÉ�ÅÒÛÏÇÏ �ÏÒÑÄËÕ ÄÏ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ �Ï �ÏÌ�ÎÏÍÁÈ óÏÎ�ÎÁ-ìÑÇÅÒÁ.ëÏÎÓÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��Ê, ÑË� ×ÈÏÄÑÔØ Õ ×�Ä�Ï×�ÄÎ� Ò�×ÎÑÎ-ÎÑ ÒÅÁË��ÊÎÏ-ÄÉÆÕÚ�ÊÎÏ§ Ë�ÎÅÔÉËÉ, ×ÉÚÎÁÞÁÌÉÓÑ ÎÁ ÏÓÎÏ×� ÆÏÒÍÕÌÉóÍÏÌÕÈÏ×ÓØËÏÇÏ-äÅÂÁÑ [51,52,53℄:Kab = 4�NARabDab QeQ � 1 ; (3.2)ÄÅ NA | ÞÉÓÌÏ á×ÏÇÁÄÒÏ, Rab = Ra+Rb | ÓÕÍÁ ÒÁÄ�ÕÓ�× ÞÁÓÔÉÎÏË,Dab | ËÏÅÆ���¤ÎÔ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§, Q = �ZaZbe2=(4�"0"kBTRab),Za, Zb | ÚÁÒÑÄÉ ÞÁÓÔÉÎÏË (× ÏÄÉÎÉ�ÑÈ ÅÌÅÍÅÎÔÁÒÎÏÇÏ ÚÁÒÑÄÕ e), "| Ä�ÅÌÅËÔÒÉÞÎÁ �ÒÏÎÉËÎ�ÓÔØ ÓÅÒÅÄÏ×ÉÝÁ.îÁ ÏÓÎÏ×� ÏÔÒÉÍÁÎÉÈ ÆÏÒÍÕÌ ÄÌÑ Ë�ÎÅÔÉÞÎÉÈ ËÏÅÆ���¤ÎÔ�× ×ÚÁ-¤ÍÎÏ§ ÄÉÆÕÚ�§ Dab [49,50℄, ÎÁÍÉ ÂÕÌÏ �ÒÏ×ÅÄÅÎÏ ÞÉÓÌÏ×� ÒÏÚÒÁÈÕÎËÉ§È ËÏÎ�ÅÎÔÒÁ��ÊÎÏ§ ÚÁÄÅÖÎÏÓÔ� �ÒÉ Æ�ËÓÏ×ÁÎ�Ê ÔÅÍ�ÅÒÁÔÕÒ� ÄÌÑ Â�-ÎÁÒÎÉÈ ÓÉÓÔÅÍ UO2+2 -H, PuO2+2 -H, UO2+2 -PuO2+2 [47℄. í�Î�ÍÁÌØÎÅ ÔÁÍÁËÓÉÍÁÌØÎÅ ÚÎÁÞÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ÂÒÁÌÉÓØ Úi Ú×iÔ�× ÅËÓ�ÅÒÉÍÅÎ-ÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ×ÓÅÒÅÄÉÎ� ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".òÏÚÒÁÈÕÎËÉ ÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ËÏÅÆ���¤ÎÔ�× ÄÉÆÕÚ�§ ÔÁËÏÎÓÔÁÎÔ Û×ÉÄËÏÓÔÅÊ ÒÅÁË��Ê ÄÌÑ ÓÉÓÔÅÍ UO2+2 -OH�, PuO2+2 -OH�,



15 ðÒÅ�ÒÉÎÔ
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DUO2+2 ;H, �10�7 m2/sec

òÉÓ. 1. ëÏÅÆ���¤ÎÔ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÄÌÑ Ä×ÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ UO2+2 { H �ÒÉÆ�ËÓÏ×ÁÎ�Ê ÔÅÍ�ÅÒÁÔÕÒ� T = 30oC ÔÁ � = 0:1 ÍÇ/Ì � 20 Ç/Ì, H=UO2+2 =103, (�ÁÒÁÍÅÔÒ Õ�ÁËÏ×ËÉ: � � 2:73 � 10�7 � 5:46 � 10�3). ÷�ÓØ x Õ ÏÄÉÎÉ�ÑÈ:(���min)=(�max ��min).
02040

6080100120140160
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DPuO2+2 ;H, �10�7 m2/sec

òÉÓ. 2. ëÏÅÆ���¤ÎÔ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÄÌÑ Ä×ÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ PuO2+2 { H�ÒÉ Æ�ËÓÏ×ÁÎ�Ê ÔÅÍ�ÅÒÁÔÕÒ� T = 30oC ÔÁ � = 0:01 ÍÇ/Ì � � = 0:1 Ç/Ì,H=PuO2+2 = 102, (�ÁÒÁÍÅÔÒ Õ�ÁËÏ×ËÉ: � � 3:25 � 10�9 � 3:25 � 10�6). ÷�ÓØ xÕ ÏÄÉÎÉ�ÑÈ: (���min)=(�max ��min).
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DUO2+2 ;PuO2+2 , �10�9 m2/sec

òÉÓ. 3. ëÏÅÆ���¤ÎÔ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÄÌÑ Ä×ÏÓÏÒÔÎÏ§ ÓÉÓÔÅÍÉ UO2+2 {PuO2+2 �ÒÉ Æ�ËÓÏ×ÁÎ�Ê ÔÅÍ�ÅÒÁÔÕÒ� T = 30oC ÔÁ � = 1 ÍÇ/Ì � � = 1 Ç/Ì,UO2+2 =PuO2+2 = 102, (�ÁÒÁÍÅÔÒ Õ�ÁËÏ×ËÉ: � � 8:22 � 10�7 � 8:22 � 10�4).÷�ÓØ x Õ ÏÄÉÎÉ�ÑÈ: (���min)=(�max ��min).UO2+2 -OH ÔÁ PuO2+2 -OH, Á ÔÁËÏÖ ÄÌÑ Pu4+-OH, Pu4+-OH�, Am3+-OH, Am3+-OH� �ÒÏ×ÏÄÉÌÉÓÑ × �ÎÔÅÒ×ÁÌ� ÔÅÍ�ÅÒÁÔÕÒ ×�Ä 10 oC ÄÏ 70oC ÄÌÑ Æ�ËÓÏ×ÁÎÉÈ ËÏÎ�ÅÎÔÒÁ��Ê UO2+2 , PuO2+2 , Pu4+, Am3+, ÈÁÒÁË-ÔÅÒÎÉÈ ÄÌÑ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ". ëÏÎ�ÅÎÔÒÁ��Ñ ÕÒÁÎÕ �(UO2+2 ) ÚÍ�-ÎÀ¤ÔØÓÑ ×�Ä 20 ÄÏ 200 Ç/Í3, �(PuO2+2 ) ÚÍ�ÎÀ¤ÔØÓÑ ×�Ä 1 ÄÏ 20 Ç/Í3,ÍÁÓÏ×ÉÊ ×Í�ÓÔ Pu4+ ÔÁ Am3+ Õ ×ÏÄ� Í�ÎÑ¤ÔØÓÑ ×�Ä 1 ÄÏ 20 Ç/Í3. þÉÓ-ÌÏ ÞÁÓÔÉÎÏË × ÏÄÉÎÉ�� ÏÂ'¤ÍÕ ÄÌÑ OH� ×ÉÚÎÁÞÁÌÏÓÑ Ú ÕÍÏ×É ÅÌÅËÔ-ÒÏÎÅÊÔÒÁÌØÎÏÓÔ� ÓÉÓÔÅÍÉ. ëÏÎ�ÅÎÔÒÁ��Ñ OH ×ÉÂÉÒÁÌÁÓÑ × 103 ÒÁÚ�×Â�ÌØÛÏÀ ÚÁ ËÏÎ�ÅÎÔÒÁ��À UO2+2 ÔÁ PuO2+2 , ÝÏ ×�Ä�Ï×�ÄÁ¤ ÌÕÖÎÉÍÒÏÚÞÉÎÁÍ ×ÓÅÒÅÄÉÎ� ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".òÅÚÕÌØÔÁÔÉ �ÉÈ ÒÏÚÒÁÈÕÎË�× �ÒÅÄÓÔÁ×ÌÅÎ� ÇÒÁÆ�ÞÎÏ ÎÁ ÒÉÓ. 1{11.ñË ×ÉÑ×ÉÌÏÓØ, ËÏÅÆ���¤ÎÔÉ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÓÉÌØÎÏ Í�ÎÑÀÔØ Ó×Ï§ÚÎÁÞÅÎÎÑ � Û×ÉÄËÏ Ó�ÁÄÁÀÔØ Ú ÒÏÓÔÏÍ ËÏÎ�ÅÎÔÒÁ��§ ËÏÍ�ÏÎÅÎÔ ÓÕÍ�-Û� (ÄÉ×. ÒÉÓ. 1{3). ëÒ�Í ÔÏÇÏ, �ÒÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ � (ÝÏ ÏÚÎÁÞÁ¤ÚÒÏÓÔÁÎÎÑ ËÏÎ�ÅÎÔÒÁ��Ê ËÏÍ�ÏÎÅÎÔ) ËÏÅÆ���¤ÎÔÉ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ÄÌÑ UO2+2 -H, PuO2+2 -H ÍÁÌÏ ÚÍ�ÎÀÀÔØÓÑ, ÝÏ ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÏ×Õ×Á-ÔÉ �ÒÉ ÁÎÁÌ�Ú� �ÁÒÁÍÅÔÒ�× ËÒÉÔÉÞÎÏÓÔ� H/U;Pu, ÏÓË�ÌØËÉ ÎÅÊÔÒÏÎÉ ×ÓÉÓÔÅÍ� ÅÆÅËÔÉ×ÎÏ Ó�Ï×�ÌØÎÀÀÔØÓÑ ÄÏ ÔÅ�ÌÏ×ÉÈ ÅÎÅÒÇ�Ê ÎÁ �ÒÏÔÏÎÁÈ(H,H+).óÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ×ÅÌÉÞÉÎÉ Dab ÄÌÑ UO2+2 -H, PuO2+2 -H ×�ÄÒ�Ú-ÎÑÀÔØÓÑ ×�Ä Dab ÄÌÑ UO2+2 - PuO2+2 ÎÁ Ä×Á �ÏÒÑÄËÉ. ãÅ �ÏÑÓÎÀ¤ÔØÓÑ



17 ðÒÅ�ÒÉÎÔÔÉÍ, ÝÏ Õ �ÅÒÛÉÈ Ä×ÏÈ ×É�ÁÄËÁÈ ÏÄÎ�¤À Ú ËÏÍ�ÏÎÅÎÔ ÓÕÍ�Û� ×ÉÓÔÕ-�Á¤ ×ÏÄÅÎØ, ×�Î ×ÉÒ�ÚÎÑ¤ÔØÓÑ ÄÏÓÔÁÔÎØÏ ×ÉÓÏËÏÀ ÒÕÈÌÉ×�ÓÔÀ ÞÅpÅÚÓ×ÏÀ ÍÁÌÕ ÍÁÓÕ. õ ×É�ÁÄËÕ ÓÉÓÔÅÍ UO2+2 -H, PuO2+2 -H ×�ÄÎÏÛÅÎÎÑÍÁÓ ËÏÍ�ÏÎÅÎÔ ÓÕÍ�Û� ÓËÌÁÄÁ¤ ÔÒÉ �ÏÒÑÄËÉ, ÔÏÄ� ÑË UO2+2 ÔÁ PuO2+2¤ �ÒÉÂÌÉÚÎÏ Ò�×ÎÉÍÉ Õ ×�ÄÎÏÛÅÎÎ� ÍÁÓ.îÁ ÒÉÓ. 4{11 �ÒÅÄÓÔÁ×ÌÅÎÏ ÔÅÍ�ÅÒÁÔÕÒÎ� ÚÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔ�××ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ � ËÏÎÓÔÁÎÔ Û×ÉÄËÏÓÔ� ÒÅÁË��Ê. ÷ÉÄÎÏ, ÝÏ ÑË ËÏÅ-Æ���¤ÎÔÉ ÄÉÆÕÚ�§, ÔÁË � ËÏÎÓÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��Ê, ÒÏÚÒÁÈÏ×ÁÎ� ×ÒÁÍËÁÈ ÄÁÎÏ§ ÍÏÄÅÌ�, ×ÉÑ×ÌÑÀÔØ Ì�Î�ÊÎÕ ÚÁÌÅÖÎ�ÓÔØ ×�Ä ÔÅÍ�ÅÒÁÔÕ-ÒÉ, ÑËÁ, ÏÄÎÁË, ÓÌÁÂÎÅ �ÒÉ ��Ä×ÉÝÅÎÎ� ×Í�ÓÔÕ ÕÒÁÎÕ � ÔÒÁÎÓÕÒÁÎÏ×ÉÈÅÌÅÍÅÎÔ�×. ãÅ ÈÁÒÁËÔÅÒÎÏ ÄÌÑ ×Ó�È ÇÒÁÆ�Ë�×: Ì�Î�§, ÝÏ ÒÏÚÔÁÛÏ×ÕÀÔØ-ÓÑ ÎÉÖÞÅ ÎÁ ÒÉÓÕÎËÁÈ ×�Ä�Ï×�ÄÁÀÔØ Â�ÌØÛÏÍÕ ×Í�ÓÔÕ ÒÁÄ�ÏÎÕËÌ�ÄÁÕ ×ÏÄ�. �ÁËÏÖ ÎÁ ÎÉÈ ÍÏÖÎÁ ×�ÄÓÌ�ÄËÕ×ÁÔÉ ÓÉÌØÎÕ ÏÂÅÒÎÅÎÕ ÚÁÌÅÖ-Î�ÓÔØ Dab ÔÁ Kab ×�Ä ËÏÎ�ÅÎÔÒÁ��§ UO2+2 ÔÁ PuO2+2 Õ ×ÏÄ�, ÑËÁ �ÒÅÄ-ÓÔÁ×ÌÅÎÁ Ñ×ÎÏ ÎÁ ÇÒÁÆ�ËÁÈ ËÏÎ�ÅÎÔÒÁ��ÊÎÏ§ ÚÁÌÅÖÎÏÓÔ� (ÒÉÓ. 1{3).ëÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ÔÁ ËÏÎÓÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��Ê ÄÌÑ ÓÉÓÔÅÍPu4+-OH � Am3+-OH (ÒÉÓ. 9,11) ÌÉÛÅ ÔÒÏÈÉ Ò�ÚÎÑÔØÓÑ Í�Ö ÓÏÂÏÀ, ��Ñ ÎÅ×ÅÌÉËÁ ÌÉÛÅ Ò�ÚÎÉ�Ñ �ÏÑÓÎÀ¤ÔØÓÑ ÍÁÊÖÅ ÏÄÉÎÁËÏ×ÉÍÉ ÍÁÓÁÍÉ� ÒÏÚÍ�ÒÁÍÉ �ÏÎ�× Pu4+ ÞÉ Am3+. ÷ ÔÏÊ ÖÅ ÞÁÓ, ×�Ä�Ï×�ÄÎ� ÚÎÁÞÅÎÎÑ�ÉÈ ×ÅÌÉÞÉÎ ÄÌÑ ÓÉÓÔÅÍ Pu4+-OH� � Am3+-OH� (ÒÉÓ. 8,10) ÓÉÌØÎ�ÛÅ×�ÄÒ�ÚÎÑÀÔØÓÑ Í�Ö ÓÏÂÏÀ. ãÅ ÚÕÍÏ×ÌÅÎÏ ÔÉÍ, ÝÏ × ÄÁÎÏÍÕ ×É�ÁÄËÕ�ÏÎÉ Pu4+, Am3+ ×ÚÁ¤ÍÏÄ�ÀÔØ �Ú ÎÅÇÁÔÉ×ÎÏ ÚÁÒÑÄÖÅÎÉÍ �ÏÎÏÍ OH�� ×�ÄÒ�ÚÎÑÀÔØÓÑ Í�Ö ÓÏÂÏÀ ÚÁÒÑÄÏÍ, Á × �ÅÒÛÏÍÕ ×É�ÁÄËÕ ÇÒÕ�Á OH¤ ÎÅÊÔÒÁÌØÎÏÀ ÞÁÓÔÉÎËÏÀ.
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òÉÓ. 8. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏÎÓ-ÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��§ ÄÌÑ ÞÁÓÔÉÎÏË Pu4+, OH� �ÒÉ Æ�ËÓÏ×ÁÎÉÈ ËÏÎ-�ÅÎÔÒÁ��ÑÈ �ÌÕÔÏÎ�À Pu4+.
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òÉÓ. 9. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏÎÓ-ÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��§ ÄÌÑ �ÏÎÁ Pu4+ � ÎÅÊÔÒÌØÎÏ§ ÇÒÕ�É OH �ÒÉ Æ�ËÓÏ-×ÁÎÉÈ ËÏÎ�ÅÎÔÒÁ��ÑÈ �ÌÕÔÏÎ�À Pu4+.
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òÉÓ. 10. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏÎÓ-ÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��§ ÄÌÑ ÞÁÓÔÉÎÏË Am3+, OH� �ÒÉ Æ�ËÓÏ×ÁÎÉÈ ËÏÎ-�ÅÎÔÒÁ��ÑÈ ÁÍÅÒÉ��À Am3+. ëÒÉ×�, ÑË� ÒÏÚÔÁÛÏ×ÁÎ� ÎÉÖÞÅ, ×�Ä�Ï×�ÄÁÀÔØ×ÉÝÏÍÕ ×Í�ÓÔÕ Am3+ Õ ×ÏÄ�.
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òÉÓ. 11. �ÅÍ�ÅÒÁÔÕÒÎ� ÚÁÌÅÖÎÏÓÔ� ËÏÅÆ���¤ÎÔÁ ×ÚÁ¤ÍÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏÎÓ-ÔÁÎÔÉ Û×ÉÄËÏÓÔ� ÒÅÁË��§ ÄÌÑ �ÏÎÁ ÁÍÅÒÉ��À Am3+ � ÎÅÊÔÒÌØÎÏ§ ÇÒÕ�É OH�ÒÉ Æ�ËÓÏ×ÁÎÉÈ ËÏÎ�ÅÎÔÒÁ��ÑÈ Am3+. ëÒÉ×�, ÑË� ÒÏÚÔÁÛÏ×ÁÎ� ÎÉÖÞÅ, ×�Ä-�Ï×�ÄÁÀÔØ ×ÉÝÏÍÕ ×Í�ÓÔÕ �ÏÎÁ Am3+ Õ ×ÏÄ�.�ÒÅÂÁ ÚÁÚÎÁÞÉÔÉ, ÝÏ ÄÏÓÌ�ÄÖÅÎÎÑ ËÏÅÆ���¤ÎÔ�× �ÅÒÅÎÏÓÕ ÄÌÑUO2+2 -H, PuO2+2 -H, UO2+2 -PuO2+2 , Á ÔÁËÏÖ �ÒÉ ÎÁÑ×ÎÏÓÔ� ÇÒÕ� OH�,OH ÔÁ �ÎÛÉÈ ÒÁÄÉËÁÌ�× ÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÏÄÉÔÉ ÒÁÚÏÍ Ú ×É×ÞÅÎÎÑÍ ÄÉ-ÆÕÚ�§ � ÔÅÒÍÏÄÉÆÕÚ�§ �ÎÛÉÈ ËÏÍ�ÏÎÅÎÔ �ÒÉ ÁÎÁÌ�Ú� È�Í�ÞÎÉÈ ÒÅÁË��Ê.úÁÇÁÌÏÍ, �ÒÏ×ÅÄÅÎ� ÒÏÚÒÁÈÕÎËÉ ÎÏÓÑÔØ Û×ÉÄÛÅ ÑË�ÓÎÉÊ ÈÁÒÁËÔÅÒ �ÇÏÄÑÔØÓÑ ÌÉÛÅ ÄÌÑ ÚÁÇÁÌØÎÏÇÏ ÁÎÁÌ�ÚÕ �ÒÏ�ÅÓ�×, ÝÏ ×�ÄÂÕ×ÁÀÔØÓÑ ÕÔÁËÉÈ ÓËÌÁÄÎÉÈ ÓÉÓÔÅÍÁÈ, ÑË ×ÏÄÎ� ÒÏÚÞÉÎÉ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ". äÌÑË�ÌØË�ÓÎÏÇÏ §È Ï�ÉÓÕ �ÏÔÒ�ÂÎÏ ÚÁÓÔÏÓÏ×Õ×ÁÔÉ �ÏÓÌ�ÄÏ×ÎÉÊ Í�ËÒÏÓËÏ-��ÞÎÉÊ ��ÄÈ�Ä, ÝÏ Õ Ó×ÏÀ ÞÅÒÇÕ ¤ �ÒÏÂÌÅÍÁÔÉÞÎÏ ÞÅÒÅÚ ÎÁÄÚ×ÉÞÁÊÎÕÓËÌÁÄÎ�ÓÔØ � ÇÒÏÍ�ÚÄË�ÓÔØ ÏÔÒÉÍÕ×ÁÎÉÈ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ [54℄. þÅÒÅÚ�Å, ÍÏÖÎÁ ×ÉÂÒÁÔÉ �ÒÏÓÔ�ÛÉÊ ÛÌÑÈ �Ú ÚÁÓÔÏÓÕ×ÁÎÎÑÍ ÄÉÆÕÚ�ÊÎÏ-ÒÅ-ÁË��ÊÎÉÈ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ ÎÁ ÏÓÎÏ×� Ç�ÄÒÏÄÉÎÁÍ�ÞÎÏ§ ÔÅÏÒ�§ ÆÌÕËÔÕ-



21 ðÒÅ�ÒÉÎÔÁ��Ê. ãÅ ÄÁ¤ ÏÄÉÎ Ú� ÛÌÑÈ�× ÒÏÚÒÁÈÕÎËÕ È�Í�ÞÎÉÈ ÒÅÁË��Ê ÄÌÑ ÔÁËÉÈÓËÌÁÄÎÉÈ ÓÉÓÔÅÍ ÑË ×ÏÄÎ� ÒÏÚÞÉÎÉ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ".ì�ÔÅÒÁÔÕÒÁ1. áÎÁÌÉÚ ÔÅËÕÝÅÊ ÂÅÚÏ�ÁÓÎÏÓÔÉ ÏÂØÅËÔÁ \õËÒÙÔÉÅ" É �ÒÏÇÎÏÚÎÙÅÏ�ÅÎËÉ ÒÁÚ×ÉÔÉÑ ÓÉÔÕÁ�ÉÉ. (ïÔ. ÉÓ�. á.á.âÏÒÏ×ÏÊ). ïÔÞÅÔ //íî�ã \õËÒÙÔÉÅ" îáî õËÒÁÉÎÙ. áÒÈ. ° 3601, þÅÒÎÏÂÙÌØ,1996, 191 Ó.2. ëÌÀÞÎÉËÏ× á.á. òÅÚÕÌØÔÁÔÙ ÎÁÕÞÎÏ-ÉÓÓÌÅÄÏ×ÁÔÅÌØÓËÉÈ ÉÏ�ÙÔÎÏ-ËÏÎÓÔÒÕËÔÏÒÓËÉÈ ÒÁÂÏÔ, �ÒÏ×ÏÄÉÍÙÈ ÎÁ ÏÂßÅËÔÅ \õËÒÙ-ÔÉÅ" × ÏÂÅÓ�ÅÞÅÎÉÅ ÅÇÏ ÓÔÁÂÉÌÉÚÁ�ÉÉ.//íî�ã \õËÒÉÔÔÑ" îáîõËÒÁ§ÎÉ, þÏÒÎÏÂÉÌØ, 1996, 21 Ó.3. The Shelter's. Current safety analysis and situation developmentforeasts (updated version). Tais. European Commission. Brussels.1998, 104 p.4. àÈÎÏ×ÓØËÉÊ ¶.ò., ëÏÂÒÉÎ ï.´., �ÏËÁÒÅ×ÓØËÉÊ ÷.÷., �ÏËÁÒÞÕËí.÷. ðÒÏÂÌÅÍÉ ×ÚÁ¤ÍÏÄ�§ ×ÏÄÉ Ú �ÁÌÉ×Ï×Í�ÓÎÉÍÉ ÍÁÓÁÍÉ × ÏÂ'¤-ËÔ� \õËÒÉÔÔÑ" þáåó. // öÕÒÎ. æ�Ú.äÏÓÌ., 1997. �.1, ° 2, Ó.169-180.5. çÅÇÕÚÉÎ ñ.å., ëÒÉ×ÏÇÌÁÚ í.á. ä×ÉÖÅÎÉÅ ÍÁËÒÏÓËÏ�ÉÞÅÓËÉÈ×ËÌÀÞÅÎÉÊ × Ô×ÅÒÄÙÈ ÔÅÌÁÈ. íÏÓË×Á, ÉÚÄ. \íÅÔÁÌÌÕÒÇÉÑ". 1971,344 Ó.6. áÈÉÅÚÅÒ é.á., äÁ×ÙÄÏ× ì.î. ÷×ÅÄÅÎÉÅ × ÔÅÏÒÅÔÉÞÅÓËÕÀ ÒÁÄÉ-Á�ÉÏÎÎÕÀ ÆÉÚÉËÕ ÍÅÔÁÌÌÏ× É Ó�ÌÁ×Ï×. ëÉÅ×.: îÁÕËÏ×Á ÄÕÍËÁ,1985, 144 Ó.7. úÅÌÅÎÓËÉÊ ÷.æ., îÅËÌÀÄÏ× é.í., ïÖÉÇÏ× ì.ó. É ÄÒ. îÅËÏ-ÔÏÒÙÅ �ÒÏÂÌÅÍÙ ÆÉÚÉËÉ ÒÁÄÉÁ�ÉÏÎÎÙÈ �Ï×ÒÅÖÄÅÎÉÊ ÍÁÔÅÒÉÁ-ÌÏ×. ëÉÅ×.: îÁÕËÏ×Á ÄÕÍËÁ, 1979, 240 Ó.8. ëÏÎÏÂÅÅ×ÓËÉÊ ó.�. äÅÊÓÔ×ÉÅ ÏÂÌÕÞÅÎÉÑ ÎÁ ÍÁÔÅÒÉÁÌÙ: ÷×ÅÄÅÎÉÅ× ÒÁÄÉÁ�ÉÏÎÎÏÅ ÍÁÔÅÒÉÁÌÏ×ÅÄÅÎÉÅ.íÏÓË×Á, áÔÏÍÉÚÄÁÔ, 1968, 402Ó.9. âÏÇÁÔÏ× ó.á. ï�ÒÅÄÅÌÅÎÉÅ ÚÁÇÒÑÚÎÅÎÉÑ ×ÏÚÄÕÈÁ × �ÏÄËÒÏ×ÅÌØ-ÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å ÏÂßÅËÔÁ \õËÒÙÔÉÅ" �Ï ÉÎÔÅÎÓÉ×ÎÏÓÔÉ ÏÓÁÖ-ÄÅÎÉÑ ÒÁÄÉÏÁËÔÉ×ÎÙÈ ÁÜÒÏÚÏÌÅÊ ÎÁ ÓÏÒÂÉÒÕÀÝÕÀ �Ï×ÅÒÈÎÏÓÔØ.// ðÒÏÂÌÅÍÉ þÏÒÎÏÂÉÌÑ, 2000, ×É�.6, Ó. 85-95.10. ÷Ù�ÏÌÎÅÎÉÅ ÒÁÂÏÔ �Ï ÁÎÁÌÉÚÕ ÎÅÏÒÇÁÎÉÚÏ×ÁÎÎÙÈ ×ÙÂÒÏÓÏ× ÉÚÏÂßÅËÔÁ \õËÒÙÔÉÅ" (îÁÕÞÎ. ÒÕË. á.á.âÏÒÏ×ÏÊ ) // ðÒÏÂÌÅÍÉþÏÒÎÏÂÉÌÑ, ×É�.6,Ù Ó. 225-229.11. ïÔÞÅÔ Ï ÓÏÓÔÏÑÎÉÉ ÂÅÚÏ�ÁÓÎÏÓÔÉ ÏÂßÅËÔÁ \õËÒÙÔÉÅ" ÚÁ 1997 ÇÏÄ.÷ï þáüó, \ïÂßÅËÔ \õËÒÙÔÉÅ", 1998, 33 Ó.
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