
îÁ��ÏÎÁÌØÎÁ ÁËÁÄÅÍ�Ñ ÎÁÕË õËÒÁ§ÎÉ

���������	
� ¶îó�é�õ�æ¶úéëéëïîäåîóï÷áîéèóéó�åí

'
&

$
%

ó.â.ëÕÍÛÁ¤×�, ë.ð.þÅÞÅpÏ×��, í.÷.�ÏËÁpÞÕË, ï.´.ëÏÂpÉÎäï ðPïâìåí íïîI�ïPéîçõ ÷ïäîéè PïúþéîI÷PáäIïáë�é÷îéè åìåíåî�I÷ ÷ úïî¶ ÷¶äþõöåîîñ. I.ïâ'´ë� \õëPé��ñ"

�áÎÁÌ�ÔÉÞÎÉÊ �ÅÎÔÒ \ñË�ÓÔØ", Í. ëÉ§×��òÏÓ�ÊÓØËÉÊ ÎÁÕËÏ×ÉÊ �ÅÎÔÒ \ëÕÒÞÁÔÏ×ÓØËÉÊ �ÎÓÔÉÔÕÔ", Í. íÏÓË×Á, �ÒÏÓ�.ëÕÒÞÁÔÏ×Á, 1
ICMP{00{02U

ìø÷¶÷

õäë: 5.39.1, 66.085:66.093, 621.039.526PACS: 28.41.Kw, 82.50.GwäÏ �pÏÂÌÅÍ ÍÏÎiÔÏpÉÎÇÕ ×ÏÄÎÉÈ pÏÚÞÉÎi× pÁÄiÏÁËÔÉ×ÎÉÈ ÅÌÅ-ÍÅÎÔi× × ÚÏÎ� ÷�ÄÞÕÖÅÎÎÑ. I. ïÂ'¤ËÔ \õËpÉÔÔÑ"ó.â.ëÕÍÛÁ¤×, ë.ð.þÅÞÅpÏ×, í.÷.�ÏËÁpÞÕË, ï.´.ëÏÂpÉÎáÎÏÔÁ��Ñ. ïÂÇÏ×ÏÒÀ¤ÔØÓÑ �ÒÏÂÌÅÍÁ ÍÏÎ�ÔÏÒÉÎÇÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�×ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ". ðÒÅÄÓÔÁ×ÌÅÎÁ ÓÈÅÍÁÓÔ×ÏÒÅÎÎÑ ÂÁÚÉ ÄÁÎÉÈ �Ï ÍÏÎ�ÔÏÒÉÎÇÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�×. ðÒÏ×ÅÄÅÎÉÊ ÁÎÁÌ�Ú �ÁÒÁÍÅÔÒ�×, ÚÁ ÑËÉÍÉ ÎÅÏÂÈ�ÄÎÏ�ÒÏ×ÏÄÉÔÉ ÍÏÎ�ÔÏÒÉÎÇ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×.On the problems of monitoring of aqueous solutions of radioa-tive elements in the Alienation Area. I. The objet \Shelter"S.B.Kumshaev, K.P.Cheherov, M.V.Tokarhuk, A.E.KobrynAbstrat. The problems of monitoring of aqueous solutions of radioa-tive elements in the Alienation Area is disussed. A shema for reationof data base on the monitoring of aqueous solutions of radioative ele-ments is presented. Analysis of parameters on whih suh a monitoringshould be onduted is arried out as well.

 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2000Institute for Condensed Matter Physis 2000



1 ðÒÅ�ÒÉÎÔïÂ'¤ËÔ \õËÒÉÔÔÑ" þáåó ÑË pÁÄiÁ�iÊÎÏ, ÔÁË i ÅËÏÌÏÇiÞÎÏ ÎÅÂÅÚ-�ÅÞÎÉÊ, �ÒÏÍÉÓÌÏ×Á �ÌÏÝÁÄËÁ ÎÁ×ËÏÌÏ ÎØÏÇÏ [1-8℄, �ÕÎËÔÉ ÔÉÍÞÁÓÏ-×Ï§ ÌÏËÁÌ�ÚÁ��§ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× (ð�ìò÷) Â�ÌÑ ÓÔÁÎ��§ \ñÎ�×",�ÏÂÌÉÚÕ \îÁÆÔÏÂÁÚÉ" [9,10℄, \òÕÄÉÊ Ì�Ó" [11,12℄ � �ÕÎËÔÉ ÚÁÈÏÒÏÎÅÎ-ÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× [13,14℄ ÚÁÌÉÛÁÀÔØÓÑ ÒÅÁÌØÎÉÍÉ ÄÖÅÒÅÌÁ-ÍÉ ÚÁÂÒÕÄÎÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�ÄÁÍÉ ÇÒÕÎÔÏ×ÉÈ ÔÁ ��ÄÚÅÍÎÉÈ ×ÏÄ ÓÉÓÔÅÍÉ\×ÏÄÏÚÁÂ�Ò ÂÌÉÖÎØÏ§ ÚÏÎÉ þáåó | Ò�ËÁ ðÒÉ�'ÑÔØ | ËÁÓËÁÄ ÄÎ��-ÒÏ×ÓØËÉÈ ×ÏÄÏÓÈÏ×ÉÝ". óÔÒÁÔÅÇ�À ÌÏËÁÌ�ÚÁ��§, Ì�Ë×�ÄÁ�i§ �ÉÈ ÅËÏÌÏ-Ç�ÞÎÏ ÎÅÂÅÚ�ÅÞÎÉÈ ÏÂ'¤ËÔi× ÎÅÏÂÈ�ÄÎÏ pÏÚpÏÂÌÑÔÉ ÎÁ ÏÓÎÏ×� �ÒÁ×ÉÌØ-ÎÏÇÏ ×ÉÂÏÒÕ ÓÕÞÁÓÎÉÈ ÔÅÈÎÏÌÏÇ�ÞÎÉÈ ÚÁÓÏÂ�×. á �Å ×ÉÍÁÇÁ¤ ÄÅÔÁÌØÎÏ-ÇÏ ×É×ÞÅÎÎÑ Ê �ÒÏÇÎÏÚÕ×ÁÎÎÑ �ÒÏ�ÅÓ�× Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ Ò�Ú-ÎÉÈ ÓÅÒÅÄÏ×ÉÝÁÈ ÑË Õ ÓÁÍÏÍÕ ÏÂ'¤ËÔ� \õËÒÉÔÔÑ", ÔÁË � × �ÕÎËÔÁÈÔÉÍÞÁÓÏ×Ï§ ÌÏËÁÌ�ÚÁ��§ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× ÔÁ ÎÁ ÔÅÒÉÔÏÒ�§ ÚÏÎÉ÷�ÄÞÕÖÅÎÎÑ.ïÄÎÏÀ �Ú ÇÏÌÏ×ÎÉÈ Õ ×ÉÒ�ÛÅÎÎ� �ÉÈ �ÒÏÂÌÅÍ ¤ äÉÎÁÍ�ÞÎÁ Æ�ÚÉÞÎÁ(�ÎÆÏÒÍÁ��ÊÎÏ - ÁÎÁÌ�ÔÉÞÎÁ) ÍÏÄÅÌØ (äæí) ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ" [15-18℄ ÑË ÓÕËÕ�ÎÏÓÔ� ÏËÒÅÍÉÈ ��ÄÓÉÓÔÅÍ, �ÒÉÚÎÁÞÅÎÉÈ ÄÌÑ:- ÚÂÏÒÕ, ÓÉÓÔÅÍÁÔÉÚÁ��§ ÔÁ ÁÎÁÌ�ÚÕ ÄÁÎÉÈ �ÒÏ ÏÂ'¤ËÔ \õËÒÉÔÔÑ"ÎÅÏÂÈ�ÄÎÏ§ ÄÌÑ ÊÏÇÏ �ÏÔÏÞÎÏ§ ÅËÓ�ÌÕÁÔÁ��§ � ÎÁ ×Ó�È ÅÔÁ�ÁÈ �ÅÒÅÔ×Ï-ÒÅÎÎÑ × ÅËÏÌÏÇ�ÞÎÏ ÂÅÚ�ÅÞÎÉÊ ÓÔÁÎ - ÄÅÍÏÎÔÁÖ ÔÁ ÚÁÈÏÒÏÎÅÎÎÑ;- ÍÏÄÅÌÀ×ÁÎÎÑ Ò�ÚÎÉÈ �ÏÄ�Ê � �ÒÏ�ÅÓ�×: ÚÍ�ÎÉ ÒÁÄ�Á��ÊÎÏ§ ÓÉÔÕ-Á��§ × ÒÅÚÕÌØÔÁÔ� ×ÉËÏÎÁÎÎÑ ÄÅÚÁËÔÉ×Á��ÊÎÉÈ ÒÏÂ�Ô; ×ÚÁ¤ÍÏÄ�§ �ÁÌÉ-×ÏÍ�ÓÎÉÈ ÍÁÓ Ú ×ÏÄÏÀ � ÁÔÍÏÓÆÅÒÏÀ; ÚÍ�ÎÉ �ÒÕÖÎÏ-ÄÅÆÏÒÍÏ×ÁÎÏÇÏÓÔÁÎÕ ÂÕÄ�×ÅÌØÎÉÈ ËÏÎÓÔÒÕË��Ê, ÒÕÊÎÕ×ÁÎÎÑ §È � ×ÉÈÏÄÕ ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÒÅÞÏ×ÉÎ × ÁÔÍÏÓÆÅÒÕ; �ÒÏÇÎÏÚÕ×ÁÎÎÑ �ÒÏ�ÅÓ�× ÄÅÍÏÎÔÁÖÕ ÏÂ'¤Ë-ÔÁ \õËÒÉÔÔÑ" ÔÁ �Î.;- ÍÏÄÅÌÀ×ÁÎÎÑ �ÒÏ�ÅÓ�× ×ÉÌÕÞÅÎÎÑ �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ � ×ÏÄÎÉÈÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× ÔÁ �ÌÁÎÕ×ÁÎÎÑ Ú×'ÑÚÁÎÉÈ Ú �ÉÍÒÏÂ�Ô;- ÎÁ×ÞÁÎÎÑ �ÅÒÓÏÎÁÌÕ ÄÌÑ ÒÏÂÏÔÉ ÎÁ ÏÂ'¤ËÔ� \õËÒÉÔÔÑ";- �ÌÁÎÕ×ÁÎÎÑ ÎÁÕËÏ×Ï-ÄÏÓÌ�ÄÎÉÈ ÒÏÂ�Ô ÎÁ ÏÂ'¤ËÔ�;- Ï�ÅÒÁÔÉ×ÎÏÇÏ �ÎÆÏÒÍÕ×ÁÎÎÑ ÎÁÓÅÌÅÎÎÑ �ÒÏ ÒÅÁÌØÎÉÊ ÓÔÁÎ ÏÂ'¤Ë-ÔÁ \õËÒÉÔÔÑ", Á ÔÁËÏÖ �ÎÛÉÈ ÚÁÄÁÞ, ÑË� ÍÏÖÕÔØ ×ÉÎÉËÁÔÉ × �ÒÏ�ÅÓ��ÒÏ×ÅÄÅÎÎÑ ÒÏÂ�Ô ÎÁ ÏÂ'¤ËÔ�.÷ÁÖÌÉ×ÉÍ ÅÌÅÍÅÎÔÏÍ äæí ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ" ¤ ÍÏÎiÔÏpÉÎÇ ×ÏÄ-ÎÉÈ pÏÚÞÉÎi× pÁÄiÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔi× Õ ÎØÏÍÕ, ÝÏ ÏÄÎÏÚÎÁÞÎÏ �Ï-×'ÑÚÁÎÉÊ �Ú ÍÏÎ�ÔÏÒÉÎÇÏÍ pÁÄiÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔi× Õ ÇpÕÎÔÏ×ÉÈ, ��Ä-ÚÅÍÎÉÈ ×ÏÄÁÈ �pÏÍ�ÌÏÝÁÄËÉ ÔÁ ð�ìP÷.ïÄÎ�¤À Ú ÏÓÎÏ×ÎÉÈ ÆÏÒÍ �ÓÎÕ×ÁÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ×ÓÅÒÅÄÉÎ� ÏÂ'-¤ËÔÁ \õËÒÉÔÔÑ" ÔÁ × ð�ìò÷ ¤ ×ÉÓÏËÏÁËÔÉ×Îi ×ÏÄÎ� ÒÏÚÞÉÎÉ, ÏÓËi-ÌØËÉ ÍiÓÔÑÔØ �ÚÏÔÏ�É ÕÒÁÎÕ 234�236;238U, ÎÅ�ÔÕÎ�À 237Np, �ÌÕÔÏÎ�À
ICMP{00{02U 2238�242Pu, ÁÍÅÒÉ��À 241Am, ËÀÒ�À 242;244Cm, ÓÔÒÏÎ��À, �ÅÚ�À ÔÁ �Î-ÛÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×. ÷ÏÎÉ ÕÔ×ÏÒÉÌÉÓÑ ×ÎÁÓÌ�ÄÏË ×ÚÁ¤ÍÏÄ�§�ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ, ÆÒÁÇÍÅÎÔ�× ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÒÅÁËÔÏÒÁ, Ò�ÚÎÉÈ ÒÁÄ�Ï-ÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×, ÕÔ×ÏpÅÎÉÈ × �pÏ�ÅÓi ÌiË×iÄÁ�i§ Á×Ápi§ Ú �ÒÉÒÏÄÎÏÀÔÁ ÔÅÈÎÏÇÅÎÎÏÀ ×ÏÄÏÀ. óÅÒÅÄÎÑ ËÏÎ�ÅÎÔÒÁ��Ñ ÚÁ ÕÒÁÎÏÍ �ÉÈ ×ÏÄÎÉÈÒÏÚÞÉÎ�× ÚÍ�ÎÀ¤ÔØÓÑ × ÍÅÖÁÈ 10�100 ÍÇ/Ì [3-7℄. ÷ÏÄÁ �ÏÔÒÁ�ÌÑ¤ ×\õËÒÉÔÔÑ" ÞÅÒÅÚ ÞÉÓÌÅÎÎ� ÏÔ×ÏÒÉ, Ý�ÌÉÎÉ Õ �ÏËÒ�×Ì� ÔÁ ÓÔ�ÎÁÈ, ËÏÎ-ÄÅÎÓÕÀÞÉÓØ Ú �Ï×�ÔÒÑ ÎÁ ×ÎÕÔÒ�ÛÎ�È ÓÔ�ÎÁÈ ÏÂ'¤ËÔÁ � × �ÒÏ�ÅÓ� ÚÒÏ-ÛÕ×ÁÎÎÑ ÑÄÅÒÎÏÇÏ �ÉÌÕ.÷ �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓÁÈ i ÆÒÁÇÍÅÎÔÁÈ ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÕÒÁÎ, ÎÅ�ÔÕ-Î�Ê, �ÌÕÔÏÎ�Ê, ÁÍÅÒÉ��Ê, ËÀÒ�Ê �ÅpÅÂÕ×ÁÀÔØ × ÏËÓÉÄÎ�Ê ÆÏÒÍ� UO2(�ÏÞÁÔËÏ×Á ÆÏÒÍÁ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á), NpO2, PuO2, AmO2, CmO2 ÔÁ§È ÍÏÄÉÆ�ËÁ��ÑÈ, ÑË� ÕÔ×ÏÒÉÌÉÓÑ �iÄ ÞÁÓ Á×ÁÒ�§, ÚÏËÒÅÍÁ U3O8. îÁ-ËÏ�ÉÞÅÎÎÑ ÎÅ�ÔÕÎ�À ÔÁ ÔÒÁÎÓÕpÁÎÏ×ÉÈ Pu, Am, Cm (�ÅÒÅÔ×ÏÒÅÎÎÑ238U × 239Pu, 240Pu, 241Pu,242Pu) ×�ÄÂÕ×ÁÌÏÓÑ �ÒÉ ÎÏÒÍÁÌØÎ�Ê ÒÏÂÏÔ�ÒÅÁËÔÏÒÁ ÄÏ Á×ÁÒ�§, �iÄ ÞÁÓ Á×ÁÒ�§ ÔÁ ��ÓÌÑ ÎÅ§ × �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓÁÈÔÁ ÆÒÁÇÍÅÎÔÁÈ ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÒÅÁËÔÏÒÁ ÚÁ ×�ÄÏÍÉÍÉ ÑÄÅÒÎÉÍÉ �ÒÏ-�ÅÓÁÍÉ [19-23℄, ×ËÌÀÞÁÀÞÉ �-ÒÏÚ�ÁÄ 241Pu (�ÅÒ�ÏÄ �i×ÒÏÚ�ÁÄÕ 14.3ÒÏË�×) Ú ÕÔ×ÏÒÅÎÎÑÍ ÁÍÅÒÉ��À 241Am. ÷ÏÄÁ, �ÏÔÒÁ�É×ÛÉ × Ý�ÌÉÎÉ Ê�ÏÒÉ �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ ÁËÔÉ×ÎÏ ÒÕÊÎÕ¤ §È ÛÌÑÈÏÍ ÓËÌÁÄÎÉÈ �ÒÏ�Å-Ó�× Ó×ÅÌ�ÎÇÕ [4℄.ó�ÏÓÔÅÒÅÖÅÎÎÑ ÝÅ 1989 ÒÏËÕ �ÏËÁÚÁÌÉ, ÝÏ �ÁÌÉ×ÏÍ�ÓÎ� ÍÁÓÉ×ÔÒÁÞÁÀÔØ Ó×ÏÀ Í��Î�ÓÔØ. ïÞÅ×ÉÄÎÏ, �Å ¤ ÒÅÚÕÌØÔÁÔ ÎÅÚ×ÏÒÏÔÎ�ÈÑÄÅÒÎÏ-Æ�ÚÉËÏ-È�Í�ÞÎÉÈ �ÒÏ�ÅÓ�×, ÑË� �ÒÁËÔÉÞÎÏ ÎÅÍÏÖÌÉ×Ï ÓÔÁÂ�-Ì�ÚÕ×ÁÔÉ � ÑË� ÝÅ Â�ÌØÛÅ �ÏÇÌÉÂÉÌÉÓÑ ×ÎÁÓÌ�ÄÏË ÁËÔÉ×ÎÏ§ ×ÚÁ¤ÍÏÄ�§�ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ iÚ ×ÏÄÏÀ. ÷ÁÖÌÉ×ÉÍ ÆÁËÔÏÒÏÍ ÚÎÁÞÎÏ§ ÚÍ�ÎÉ ÓÔÁ-ÎÕ �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ ÂÕÌÁ �ÏÑ×Á ÖÏ×ÔÉÈ ÔÁ ÖÏ×ÔÏ-ËÏÒÉÞÎÅ×ÉÈ ÕÔ×Ï-ÒÅÎØ ÎÁ ÞÏÒÎ�Ê ËÅÒÁÍ��� [24℄. ·È ÚÒÁÚËÉ ÂÕÌÏ ÏÂÓÔÅÖÅÎÏ ÍÅÔÏÄÁÍÉÒÁÓÔÒÏ×Ï§ ÅÌÅËÔÒÏÎÎÏ§ Ó�ÅËÔÒÏÓËÏ��§, ÒÅÎÔÇÅÎÏÆÁÚÏ×ÉÍ � ÒÅÎÔÇÅÎÏ-Ó�ÅËÔÒÁÌØÎÉÍ ÁÎÁÌ�ÚÏÍ. õ ÒÅÚÕÌØÔÁÔ� ×ÄÁÌÏÓÑ ×ÉÑÓÎÉÔÉ, ÝÏ ÖÏ×Ô��ÌÑÍÉ ¤ ÇÏÌÞÁÓÔi ËÒÉÓÔÁÌÉ ÕÒÁÎÏ×ÉÈ Í�ÎÅÒÁÌ�× Ú ÏÓÎÏ×ÎÉÍÉ ÆÁÚÁÍÉ[24,25℄: UO3�2H2O, UO4�4H2O, UO2CO3, Na4 UO2 (CO3)3. õÓ� ×ÏÎÉÄÏÂÒÅ ÒÏÚÞÉÎÑÀÔØÓÑ Õ ×ÏÄ�.åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [7,8℄ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�× × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" ×ËÁÚÕÀÔØ ÎÁ ÔÅ, ÝÏ ×ÉÈ�Ä ÕÒÁÎÕ ÔÁ�ÎÛÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× Ú �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ Õ \ÂÌÏÞÎ�" ×ÏÄÉÚ �ÌÉÎÏÍ ÞÁÓÕ ÚÒÏÓÔÁ¤.ûÌÑÈÏÍ ÓËÌÁÄÎÉÈ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ �ÒÏ�ÅÓ�××ÉÌÕÖÕ×ÁÎÎÑ pÁÚÏÍ Ú ÕÒÁÎÏÍ (× �ÏÎÎ�Ê ÆÏÒÍ� ÕÒÁÎ�ÌÕ UO2+2 ) Ú �ÁÌÉ-×ÏÍ�ÓÎÉÈ ÍÁÓ ÔÁ ÆÒÁÇÍÅÎÔ�× ÁËÔÉ×ÎÏ§ ÚÏÎÉ Õ ×ÏÄÎ� ÒÏÚÞÉÎÉ ×ÉÈÏÄÑÔØ�ÌÕÔÏÎ�Ê, ÎÅ�ÔÕÎ�Ê, ÁÍÅÒÉ��Ê, ËÀÒ�Ê × �ÏÎÎÉÈ ÆÏÒÍÁÈNpO2+2 , PuO2+2 ,Am2O2+, CmO2+2 . ¶ÚÏÔÏ�É 238�240Pu, 241;242Am, 242;244Cm ÚÁÂÅÚ�ÅÞÕ-



3 ðÒÅ�ÒÉÎÔÀÔØ 99% � 96% �-ÒÁÄ�ÏÁËÔÉ×ÎÏÓÔ� ÔÁ ×ÉÈÏÄÕ ÎÅÊÔÒÏÎ�× �iÓÌÑ Á×Ápi§.÷ÚÁ¤ÍÏÄ�Ñ ×É�ÒÏÍ�ÎÅÎÉÈ �-ÞÁÓÔÉÎÏË (ÓÅÒÅÄÎÑ ÅÎÅÒÇ�Ñ 5-7íÅ÷) Ú ÁÔÏ-ÍÁÍÉ B, O, Na, Mg, Al ÔÁ Si, ËÏÔÒ� ÚÎÁÈÏÄÑÔØÓÑ ÑË × �ÁÌÉ×ÏÍ�ÓÎÉÈÍÁÓÁÈ, ÔÁË � Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ, ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÒÅÁË��¤À (�; n) �ÄÏÄÁÔËÏ×Ï ÇÅÎÅÒÕ¤ �ÏÔ�Ë ÎÅÊÔÒÏÎ�×. õ ÒÏÂÏÔÁÈ [26,27℄ ÂÕÌÏ �ÒÏ×ÅÄÅÎÏÏ��ÎËÉ ×ÉÈÏÄ�× ÒÅÁË��Ê (�; n) ÄÌÑ ÏËÒÅÍÉÈ ÚÒÁÚË�× �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ�Ú ��ÄÒÅÁËÔÏÒÎÉÈ �ÒÉÍ�ÝÅÎØ 305/2 � 304/2. ÷ÏÎÉ �ÏËÁÚÁÌÉ, ÝÏ ×ËÌÁÄpÅÁË�iÊ Õ Û×ÉÄË�ÓÔØ ÇÅÎÅÒÁ��§ ÎÅÊÔÒÏÎ�× ÄÏÓÑÇÁ¤ �50%. û×ÉÄË�ÓÔØÇÅÎÅÒÁ��§ ÎÅÊÔÒÏÎ�× ÚÁ ÒÁÈÕÎÏË(�; n) ÒÅÁË��Ê ÎÁ ÌÅÇËÉÈ È�Í�ÞÎÉÈ ÅÌÅ-ÍÅÎÔÁÈ Ú ÞÁÓÏÍ ÂÕÄÅ ÚÒÏÓÔÁÔÉ. ãÅ ÚÂ�ÌØÛÅÎÎÑ ÚÕÍÏ×ÌÅÎÅ ÎÁÓÁÍ�ÅÒÅÄÎÁËÏ�ÉÞÅÎÎÑÍ 241Am (× ÒÅÚÕÌØÔÁÔ� �-ÒÏÚ�ÁÄÕ 241Pu) ÑË �ÎÔÅÎÓÉ×ÎÏÇÏÄÖÅÒÅÌÁ �-ÞÁÓÔÉÎÏË.ñË �ÏËÁÚÕÀÔØ ÈiÍiÞÎi ÁÎÁÌiÚÉ, ×ÏÄÎ� pÏÚÞÉÎÉ ÏÂ'¤ËÔÁ \õËÒÉÔ-ÔÑ" ¤ × ÂiÌØÛÏÓÔi ËÁpÂÏÎÁÔÎÉÍÉ. ðpÏ �Å Ó×iÄÞÁÔØ ÔÁËÏÖ ÍiÎÅpÁÌØÎiÕÔ×ÏpÅÎÎÑ UO2CO3, Na4 UO2 (CO3)3 ÎÁ �Ï×ÅpÈÎi �ÁÌÉ×ÏÍiÓÎÉÈ ÍÁÓ.ïÔÏÖ, × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" ÍÉ ÍÁ¤ÍÏ ×ÉÓÏËÏÁËÔÉ×Î� ×ÏÄÎ� ÒÏÚÞÉÎÉÕÒÁÎÕ, �ÌÕÔÏÎ�À, ÁÍÅÒÉ��À, ËÀÒ�À, �ÅÚ�À, ÓÔÒÏÎ��À ÔÁ �ÎÛÉÈ ÅÌÅ-ÍÅÎÔ�×, ÑË� ÕÔ×ÏÒÉÌÉÓØ �ÒÏÔÑÇÏÍ 8-9 ÒÏË�× (�3000 Í3 | ÚÁ ÄÁÎÉÍÉþáåó ÚÎÁÈÏÄÉÔØÓÑ × �ÒÉÍ�ÝÅÎÎÑÈ ÏÂ'¤ËÔÁ [5℄) ×ÎÁÓÌ�ÄÏË ×ÚÁ¤ÍÏÄ�§�ÒÉÒÏÄÎÏ§, ÔÅÈÎÏÇÅÎÎÏ§ ÔÁ ËÏÎÄÅÎÓÁÔÎÏ§ ×ÏÄÉ Ú ÆÒÁÇÍÅÎÔÁÍÉ ÁËÔÉ×ÎÏ§ÚÏÎÉ, �ÁÌÉ×ÏÍ�ÓÎÉÍÉ ÍÁÓÁÍÉ ÔÁ ÑÄÅÒÎÉÍ �ÉÌÏÍ. îÁ pÉÓ. 1 �pÅÄÓÔÁ×-ÌÅÎÏ ÍÁËÓÉÍÁÌØÎi ÚÎÁÞÅÎÎÑ ÁËÔÉ×ÎÏÓÔÅÊ ×ÏÄÎÉÈ pÏÚÞÉÎi× iÚÏÔÏ�i×137Cs, 90Sr i �ÌÕÔÏÎi¤×ÉÈ Õ âË/Ì, Á ÎÁ pÉÓ. 2 | ÍÁËÓÉÍÁÌØÎi ÚÎÁ-ÞÅÎÎÑ ËÏÎ�ÅÎÔpÁ�i§ ÕpÁÎÕ × ÍÇ/Ì Õ �ÅpiÏÄ Ú 1991 �Ï 1997 × \ÂÌÏÞ-ÎÉÈ" ×ÏÄÁÈ. ÷ÁÖÌÉ×Ï ÚÁÚÎÁÞÉÔÉ, ÝÏ ÓÅpÅÄÎÑ ËÏÎ�ÅÎÔpÁ�iÑ ÕpÁÎÕ �iÓ-ÌÑ 1995 pÏËÕ Õ ÎÉÈ ÚpÏÓÔÁ¤. îÅÄÁ×Îi ÅËÓ�ÅpÉÍÅÎÔÁÌØÎi ÄÏÓÌiÄÖÅÎ-ÎÑ, pÅÚÕÌØÔÁÔÉ ÑËÉÈ ÎÁ×ÅÄÅÎÏ × [7℄, �ÏËÁÚÕÀÔØ, ÝÏ \ÂÌÏÞÎi" ×ÏÄÉ¤ ÌÕÖÎÏ-ÈÌÏpÉÄÎÏ-ËÁpÂÏÎÁÔÎÉÍÉ. õ ÎÉÈ ÕpÁÎ, ÕÔ×ÏpÀÀÞÉ pÏÚÞÉÎÎiËÁpÂÏÎÁÔÎi ËÏÍ�ÌÅËÓÉ, �ÅpÅÎÏÓÉÔØÓÑ ×ÏÄÏ�ÏÔÏËÁÍÉ ÎÁ ÎÉÖÎi ×iÄÍiÔ-ËÉ ÂÌÏËÕ i ÔÁÍ ËÏÎ�ÅÎÔpÕ¤ÔØÓÑ Õ ×ÉÇÌÑÄi ×ÉÓÏËÏÁËÔÉ×ÎÉÈ ÄÏÎÎÉÈ×iÄËÌÁÄÅÎØ (ÍÁËÓÉÍÁÌØÎÁ ËÏÎ�ÅÎÔpÁ�iÑ ÕpÁÎÕ { 550 ÍÇ/ËÇ [7℄). ãÅÊ�ÒÏ�ÅÓ ÔpÉ×Á¤ � ÚÁÒÁÚ. îÁÑ×Î�ÓÔØ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÕÒÁÎÕ, �ÌÕ-ÔÏÎ�À, ÁÍÅÒÉ��À, ËÀÒ�À, �ÅÚ�À, ÓÔÒÏÎ��À, Á ÔÁËÏÖ ×ÚÁ¤ÍÏÄ�Ñ §È Ú�ÁÌÉ×ÏÍ�ÓÎÉÍÉ ÍÁÓÁÍÉ �ÒÉÚ×ÏÄÉÔØ ÄÏ �ÒÏ�ÅÓ�× ÒÁÄ�ÏÌ�ÚÕ, Á×ÔÏÒÁÄ�Ï-Ì�ÚÕ ÍÏÌÅËÕÌ ×ÏÄÉ ×ÎÁÓÌ�ÄÏË �-, �-ÒÏÚ�ÁÄ�× ÔÁ -×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. ÷�ÒÏ�ÅÓ� ÒÁÄ�ÏÌ�ÚÕ Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÕÔ×ÏÒÀÀÔØÓÑ È�Í�ÞÎÏ ÁËÔÉ×Î�Ç�ÄÒÁÔÏ×ÁÎ� ÅÌÅËÔÒÏÎÉ, ÒÁÄÉËÁÌÉ H, OH, HO2 ÍÏÌÅËÕÌÑÒÎ� �ÒÏÄÕË-ÔÉ H2, H2O2, ÝÏ × ÚÎÁÞÎ�Ê Í�Ò� ×ÉÚÎÁÞÁÀÔØ ÈÁÒÁËÔÅÒ ×ÚÁ¤ÍÏÄ�§ ×ÏÄ-ÎÉÈ ÒÏÚÞÉÎ�× Ú Ò�ÚÎÉÍÉ ÍÁÔÅÒ�ÁÌÁÍÉ ×ÓÅÒÅÄÉÎ� ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ" [4℄.ðÒÏÄÕËÔÉ ÒÁÄ�ÏÌ�ÚÕ ×�ÌÉ×ÁÀÔØ ÎÁ ÏËÉÓÌÀ×ÁÌØÎÏ-×�ÄÎÏ×ÌÀ×ÁÌØÎ� ÒÅ-ÁË��§, Ç�ÄÒÏÌ�Ú, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎÎÑ, �ÏÌ�ÍÅÒÉÚÁ��À ÄÌÑ �ÏÎ�× UO2+2 ,
ICMP{00{02U 4

1991 1992 1993 1994 1995 1996 1997
103

104

105

106

107

108

109

1010

 137Cs

  90Sr
  Σ Pu

B
q/

l

òÉÓ. 1. íÁËÓÉÍÁÌØÎ� ÚÎÁÞÅÎÎÑ ÁËÔÉ×ÎÏÓÔi ×ÏÄÎÉÈ pÏÚÞÉÎi× iÚÏÔÏ�i×Õ ÂÌÏÞÎÉÈ ×ÏÄÁÈ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".PuO2+2 , NpO2+2 , AmO2+2 , CmO2+2 , ÑË� Í�ÓÔÑÔØÓÑ Õ \ÂÌÏÞÎÉÈ" ×ÏÄÁÈ[28℄. îÁ ÏËÉÓÌÀ×ÁÌØÎÏ-×�ÄÎÏ×Î� ÒÅÁË��§ ÔÁ ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎÎÑ �ÉÈ�ÏÎ�× ×�ÌÉ×ÁÀÔØ ÔÁËÏÖ ÎÁÑ×Î� Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ ÁÎ�ÏÎÉ Cl�, Br�,NO�3 , SO2�4 , PO3�4 , CO2�3 , ËÁÔiÏÎÉ Na+, Li+, Ca2+, Mg2+, Fe3+, Zn4+,Al3+, Cs+, Sr2+ ÔÁ Á�ÅÔÉÌÁ�ÅÔÏÎÁÔÉ CxHyOz. ú �ÎÛÏ§ ÓÔÏÒÏÎÉ, �pÉ-ÓÕÔÎi Õ ×ÏÄÎÉÈ pÏÚÞÉÎÁÈ iÏÎÉ UO2+2 , PuO2+2 , AmO2+2 , CmO2+2 × Ó×ÏÀÞÅÒÇÕ ÄÕÖÅ ×�ÌÉ×ÁÀÔØ ÎÁ ×ÉÈiÄ �pÏÄÕËÔi× pÁÄiÏÌiÚÕ. îÁÓÁÍ�ÅpÅÄ, ÚÁ-×ÄÑËÉ pÅÁË�iÑÍ ×iÄÎÏ×ÌÅÎÎÑ ÛÅÓÔÉ×ÁÌÅÎÔÎÉÈ ÕpÁÎÕ U(VI), �ÌÕÔÏÎiÀPu(VI), ÁÍÅpÉ�iÀ Am(VI) ÄÏ �'ÑÔÉ×ÁÌÅÎÔÎÉÈ U(V), Pu(V), Am(V)ÚÍÅÎÛÕ¤ÔØÓÑ ÞÁÓ ÖÉÔÔÑ ÇiÄpÁÔÏ×ÁÎÉÈ ÅÌÅËÔpÏÎi×:UO2+2 + e�aq ! UO+2 ; (1)PuO2+2 + e�aq ! PuO+2 ; (2)AmO2+2 + e�aq ! AmO+2 ; (3)ÄÅ × iÏÎÁÈ UO+2 , PuO+2 , AmO+2 ÕpÁÎ, �ÌÕÔÏÎiÊ ÔÁ ÁÍÅpÉ�iÊ ¤ �'ÑÔÉ-×ÁÌÅÎÔÎÉÍÉ. áÔÏÍÉ ×ÏÄÎÀ H, �ÅpÅËÉÓ ×ÏÄÎÀ H2O2 ÔÁ pÁÄÉËÁÌÉ HO2



5 ðÒÅ�ÒÉÎÔ

1991 1992 1993 1994 1995 1996 1997
0

10

20

30

40

50

60
g/

l

òÉÓ. 2. íÁËÓÉÍÁÌØÎ� ÚÎÁÞÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��§ ÕÒÁÎÕ × ÂÌÏÞÎÉÈ ×ÏÄÁÈÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".ÔÁËÏÖ ÂÅpÕÔØ ÕÞÁÓÔØ × pÅÁË�iÑÈ ×iÄÎÏ×ÌÅÎÎÑ [29-31℄:UO2+2 +H ! UO+2 +H+; (4)PuO2+2 +H ! PuO+2 +H+; (5)AmO2+2 +H ! AmO+2 +H+; (6)PuO2+2 +H2O2 ! PuO+2 +H+ +HO2; (7)AmO2+2 +H2O2 ! AmO+2 +H+ +HO2; (8)PuO2+2 +HO2 ! PuO+2 +H+ +O2; (9)AmO2+2 +HO2 ! AmO+2 +H+ +O2 (10)Ú ÕÔ×ÏpÅÎÎÑÍ iÏÎi× ×ÏÄÎÀ H+, ÇiÄpÏ�ÅpÅËÉÓÎÉÈ pÁÄÉËÁÌi× HO2 ÔÁ ÍÏ-ÌÅËÕÌÑpÎÏÇÏ ËÉÓÎÀ O2. õ ÌÕÖÎÉÈ pÏÚÞÉÎÁÈ �ÅpÅËÉÓ ×ÏÄÎÀ × pÅÁË�i§Ú iÏÎÁÍÉ ÕpÁÎiÌÕ ÕÔ×ÏpÀ¤ �ÅpÏËÓÉÄ ÕpÁÎÕ:UO2+2 +H2O2 + 2OH� ! UO4 + 2H2O; (11)
ICMP{00{02U 6ãÅ ¤ ÄÖÅpÅÌÏÍ ÕpÁÎÏ×ÉÈ ÍiÎÅpÁÌi× UO4�H2O, ÑËi Ó�ÏÓÔÅpiÇÁÀÔØÓÑ ÎÁ�ÁÌÉ×ÏÍiÓÎÉÈ ÍÁÓÁÈ × ÏÂ'¤ËÔi \õËpÉÔÔÑ". IÏÎÉ UO+2 , PuO+2 , AmO+2Úi ÓÔÕ�ÅÎÅÍ ÏËÉÓÌÅÎÎÑ (V) ÅÌÅÍÅÎÔi× ÂÅpÕÔØ ÕÞÁÓÔØ Õ ×iÄÎÏ×ÌÀ×ÁÌØ-ÎÉÈ pÅÁË�iÑÈ ÍiÖ ÓÏÂÏÀ ÔÁ Ú �pÏÄÕËÔÁÍÉ pÁÄiÏÌiÚÕ [29-32℄, ÚÏËpÅÍÁ,ÕÔ×ÏpÅÎÉÊ U(V) ¤ ×iÄÎÏ×ÎÉËÏÍ ÄÌÑ Pu(VI), Pu(V), Pu(IV):PuO2+2 +UO+2 ! PuO+2 +UO2+2 ; (12)PuO+2 +UO+2 + 2H2O ! Pu4+ +UO2+2 + 4OH�; (13)Pu4+ +UO+2 ! Pu3+ +UO2+2 : (14)ëpiÍ �ØÏÇÏ, iÏÎÉ PuO+2 , AmO+2 ÍÏÖÕÔØ ÑË ×iÄÎÏ×ÌÀ×ÁÔÉÓÑ ÄÏ Pu4+,Am4+ �pÏÄÕËÔÁÍÉ pÁÄiÏÌiÚÕ ÚÁ pÅÁË�iÑÍÉ:PuO+2 + e�aq + 2H2O ! Pu4+ + 4OH; (15)PuO+2 +H+H2O ! Pu4+ + 3OH�; (16)AmO+2 + e�aq + 2H2O ! Am3+ + 4OH�; (17)AmO+2 + 2H ! Am3+ + 2OH; (18)3AmO+2 + 2H2O ! 2AmO2+2 +Am3+ + 4OH; (19)ÔÁË i ÏËÉÓÌÀ×ÁÔÉÓØ pÁÄÉËÁÌÁÍÉ OH ÄÏ PuO2+2 , AmO2+2 :PuO+2 +OH ! PuO2+2 +OH�; (20)AmO+2 +OH ! AmO2+2 +OH�: (21)õ ÌÕÖÎÉÈ pÏÚÞÉÎÁÈ �pÉ ÎÁÑ×ÎÏÓÔi NaOH �ÌÕÔÏÎiÊ Pu(VI) ÍÏÖÅÏËÉÓÌÀ×ÁÔÉÓÑ ÄÏ Pu(VII) ÚÁ pÅÁË�i¤À Ú O�:PuO2+2 +O� ! PuO3+2 +O2�: (22)�pÉ×ÁÌÅÎÔÎi, ÞÏÔÉpÉ×ÁÌÅÎÔÎi �ÌÕÔÏÎiÊ ÔÁ ÁÍÅpÉ�iÊ Pu3+, Am3+,Pu4+, Am4+, ÑËi ÕÔ×ÏpÀÀÔØÓÑ ÚÁ pÅÁË�iÑÍÉ (14)-(19) × ÌÕÖÎÉÈ pÏÚ-ÞÉÎÁÈ ÇiÄpÏÌiÚÕÀÔØÓÑ:Pu3+ +H2O ! Pu(OH)2+ +H+; (23)Pu4+ +H2O ! Pu(OH)3+ +H+; (24)Am3+ +H2O ! Am(OH)2+ +H+; (25)Am4+ +H2O ! Am(OH)3+ +H+; (26)



7 ðÒÅ�ÒÉÎÔðpÏ�ÅÓ ÇiÄpÏÌiÚÕ �pÏÄÏ×ÖÕ¤ÔØÓÑ Ú ÕÔ×ÏpÅÎÎÑÍ iÏÎi× Pu(OH)(4�n)+n ,Am(OH)(4�n)+n i �pÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ pH>7 ×iÄÂÕ×Á¤ÔØÓÑ ÏÓÁÄÇiÄpÏÏËÉÓi× Pu(OH)3, Pu(OH)4, Am(OH)3, Am(OH)4.ðpÉ ×ÉÈÏÄi iÏÎi× UO+2 , PuO+2 , AmO+2 iÚ �ÁÌÉ×ÏÍiÓÎÉÈ ÍÁÓ iÆpÁÍÅÎÔi× ÁËÔÉ×ÎÏ§ ÚÏÎÉ Õ ×ÏÄÎi pÏÚÞÉÎÉ ×iÄÂÕ×Á¤ÔØÓÑ §È ÇiÄpÏ-ÌiÚ [4,28℄, ÑËÝÏ ×ÏÎÉ ÎÅ ×ÓÔÕ�ÉÌÉ × pÅÁË�i§ Ú �pÏÄÕËÔÁÍÉ pÁÄiÏÌiÚÕÔÁ × ÏËÉÓÌÀ×ÁÌØÎÏ-×iÄÎÏ×Îi pÅÁË�i§ (4)-(26). çiÄpÏÌiÚ iÏÎi× ÕpÁÎiÌÕUO2+2 �pÏÈÏÄÉÔØ ×ÖÅ �pÉ pH>1.5. ðpÉ pH>4 ×iÄÂÕ×Á¤ÔØÓÑ ×É�ÁÄÁÎ-ÎÑ × ÏÓÁÄ ÎÅpÏÚÞÉÎÎÉÈ �pÏÄÕËÔi× ÇiÄpÏÌiÚÕ. ðÏÞÁÔËÏ×i ÓÔÁÄi§ ÇiÄpÏ-ÌiÚÕ iÏÎi× ÕpÁÎiÌÕ �pÏÈÏÄÑÔØ Ú ÕÔ×ÏpÅÎÎÑÍ ÍÏÎÏÍÅpÕ:UO2+2 +H2O� UO2(OH)+ +H+ (27)i ÄÉÍÅpÕ UO3UO2+2 (U2O2+5 ):UO2+2 +H2O� U2O2+5 + 2H+: (28)ðpÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ pH, ÝÏ ÈÁpÁËÔÅpÎÏ ÄÌÑ ×ÏÄÎÉÈ pÏÚÞÉÎi× ÏÂ'-¤ËÔÁ \õËpÉÔÔÑ", �pÏ�ÅÓ ÇiÄpÏÌiÚÕ �pÏÈÏÄÉÔØ Û×ÉÄËÏ. õ �ÅpÛÏÍÕ ×É-�ÁÄËÕ | Ú ÕÔ×ÏpÅÎÎÑÍ ÏÓÁÄÕ ÇiÄpÏÏËÉÓÕ ÕpÁÎiÌÕ UO2(OH)2:UO2(OH)+ +H2O! UO2(OH)2 +H+; (29)Õ ÄpÕÇÏÍÕ | Ú ÕÔ×ÏpÅÎÎÑÍ ÓËÌÁÄÎÉÈ �ÏÌiÍÅpÎÉÈ ÓÔpÕËÔÕp.U2O2+5 +UO2+2 +H2O � U3O2+8 +2H+,U3O2+8 +H2O � U3O8OH++H+,U3O8OH++H2O � U3O8(OH)2+H+, (30)U3O8(OH)2+H2O � U3O8(OH)�3 +H+,U3O8(OH)�3 +H2O � U3O8(OH)2�4 +H+,U3O8(OH)2�4 +H2O � U3O8(OH)3�5 +H+.� ÓËÌÁÄÎÉÈ ×ÉÓÏËÏÚÁÒÑÄÎÉÈ ÁÎ�ÏÎ�× Ú ×ÉÄ�ÌÅÎÎÑÍ �ÏÎ�× ×ÏÄÎÀ H+.ðÌÕÔÏÎiÌ PuO2+2 ÑË i UO2+2 ÁËÔÉ×ÎÏ ÇiÄpÏÌiÚÕ¤ÔØÓÑ Õ ×ÏÄÎÉÈ pÏÚÞÉ-ÎÁÈ ÚÁ pÅÁË�iÑÍÉ: PuO2+2 +H2O � PuO2(OH)++H+,PuO2(OH)++H2O � PuO2(OH)2+H+,PuO2(OH)++PuO2(OH)2 � (PuO2)2(OH)+3 , (31)PuO2(OH)2+H2O � PuO2(OH)�3 +H+,PuO2(OH)2+PuO2(OH)�3 � (PuO2)2(OH)�5 .
ICMP{00{02U 8ãÅ ×ÅÄÅ �pÉ ×ÅÌÉËÉÈ ÚÎÁÞÅÎÎÑÈ pH ÄÏ ÕÔ×ÏpÅÎÎÑ ËÏÌÏ§ÄÎÉÈ ËÏÍ�-ÌÅËÓi× ÔÁ �ÏÌiÍÅpÎÉÈ ÓÔpÕËÔÕp.ðpÏ�ÅÓÉ ÕÔ×ÏpÅÎÎÑ �ÏÌiÕpÁÎÁÔi× i ÕpÁÎÁÔi× Õ ÌÕÖÎÉÈ ËÁpÂÏ-ÎÁÔÎÉÈ pÏÚÞÉÎÁÈ ×ÚÁ¤ÍÏ�Ï×'ÑÚÁÎi Ú ÕÔ×ÏpÅÎÎÑÍ ÇiÄpÏÌiÚÏ×ÁÎÉÈ �Ï-ÌiÍÅpÎÉÈ ÆÏpÍ ÕpÁÎiÌÕ.Ok| U | OHk ...O O... kHO | U | OHk ...O O... kHO | U |kO

(32)

� O O Ok k k| U | O | U | O | U |k k kO O O (33)ðpÉ ÚÎÁÞÅÎÎÑÈ pH=10�13 × ÚÁÌÅÖÎÏÓÔi ×iÄ Ó�i××iÄÎÏÛÅÎÎÑNa:U Õ ×ÏÄÎÉÈ pÏÚÞÉÎÁÈ ÍÏÖÕÔØ ÕÔ×ÏÒÀ×ÁÔÉÓØ �ÏÌiÕpÁÎÁÔÉ [30,32℄Na2U2O7, Na2U2O9, Na6U17O24, Na2U6O19 . îÅÏÂÈiÄÎÏ ×iÄÚÎÁÞÉÔÉÍÏÖÌÉ×iÓÔØ iÓÎÕ×ÁÎÎÑ ÎÁÄÕpÁÎÁÔÏ×ÉÈ Ó�ÏÌÕË ÔÉ�Õ M2U2O9� nH2O,M2U4O5�nH2O, M2UO6� nH2O,M6U2O13�13H2O, M8U4O22�3H2O, M=Li, Na, K, Rb, Cs. ðpÉ pH=6� 11 Õ pÏÚÞÉÎÁÈ ÍÏÖÌÉ×i ÕÔ×ÏpÅÎÎÑ �ÌÕ-ÔÏÎÁÔi× Na2Pu2O6� 4H2O, K2Pu2O6� 4H2O × ÚÁÌÅÖÎÏÓÔi ×iÄ Ó�i××iÄ-ÎÏÛÅÎÎÑ Na:Pu, K:Pu.îÁÑ×ÎiÓÔØ Õ ×ÏÄÎÉÈ pÏÚÞÉÎÁÈ ÁÎiÏÎi× CO2�3 , SO2�4 , NO�3 , PO3�4ÔÁ Á�ÅÔÉÌÁ�ÅÔÏÎÁÔi× CxHyOz ÍÏÖÅ Ó�pÉÞÉÎÑÔÉ ÕÔ×ÏpÅÎÎÑ Ú iÏ-ÎÁÍÉ ÕpÁÎiÌÕ UO2+2 , �ÌÕÔÏÎiÌÕ PuO2+2 ÑË ÎÅÇiÄpÏÌiÚÏ×ÁÎÉÈ, ÔÁËi ÇiÄpÏÌiÚÏ×ÁÎÉÈ ËÏÍ�ÌÅËÓi× ÁÎiÏÎi×, ËÁÔiÏÎi× ÔÉ�Õ: UO2(CO3)2�2 ,UO2(CO3)4�3 , UO2(SO4)4�3 , U2O5(SO4)4�3 , UO2NO+3 , UO2H2PO+4 ,UO2H2C2O2+4 , PuO2NO+3 , PuO2(CO3)2�2 , � ÎÅÊÔpÁÌØÎÉÈ Ó�ÏÌÕË



9 ðÒÅ�ÒÉÎÔUO2CO3, Na4 UO2 (CO3)3, UO2SO4, UO2(NO3)2, (UO2)3(PO4)2,UO2(H2PO4)2, PuO2(NO3)2, ÑËi �pÉ �Å×ÎÉÈ pH ÔÁ ×iÄ�Ï×iÄÎÉÈ ËÏÎ-�ÅÎÔpÁ�iÑÈ ÍÏÖÕÔØ ÕÔ×ÏpÀ×ÁÔÉ ÕpÁÎÏ×i, �ÌÕÔÏÎi¤×i ÏÓÁÄÉ. óÅpÅÄÈÁpÁËÔÅpÎÉÈ ÏÓÁÄi× ÔpÅÂÁ ×iÄÚÎÁÞÉÔÉ ËÁpÂÏÎÁÔÉ, ÎiÔpÁÔÉ, ÆÏÓÆÁÔÉÕpÁÎiÌÕ, �ÌÕÔÏÎiÌÕ [31,33℄, ÑËi ÚÁÊÍÁÀÔØ ×ÁÖÌÉ×Å ÍiÓ�Å × ÔÅÈÎÏÌÏ-Çi§ �ÅpÅpÏÂËÉ ×iÄ�pÁ�ØÏ×ÁÎÏÇÏ ÑÄÅpÎÏÇÏ �ÁÌÉ×Á ÁÔÏÍÎÉÈ pÅÁËÔÏpi×[34,32℄. úÏËÒÅÍÁ, ÈÁÒÁËÔÅÒÎÉÍÉ ¤ ÕÔ×ÏÒÅÎÎÑ ÏÓÁÄ�×, �ÏÎÎÉÈ ËÏÍ�ÌÅË-Ó�× Õ ËÁÒÂÏÎÁÔÎÉÈ ÒÏÚÞÉÎÁÈ ÄÌÑ �ÏÎ�× ÕÒÁÎ�ÌÕ × ÚÁÌÅÖÎÏÓÔ� ×�Ä �ÒÏ-�ÅÎÔÎÏÇÏ ×Í�ÓÔÕ UO2+2 ÔÁ pH � ÎÁÑ×ÎÏÓÔ� �ÏÎ�× ËÁÌØ��À [35℄. ú ÁÎÁÌ�ÚÕÒÉÓÕÎË�× 3, 4 ÂÁÞÉÍÏ, ÝÏ �ÏÎÉ ÕÒÁÎ�ÌÕ × ÍÅÖÁÈ pH=6�10 × ÏÓÎÏ×ÎÏ-ÍÕ ÚÎÁÈÏÄÑÔØÓÑ Õ ÆÏÒÍ� ÁÎ�ÏÎ�× UO2(CO3)4�3 � �ÒÉ ÎÁÑ×ÎÏÓÔ� �ÏÎ�×Ca2+ ÕÔ×ÏÒÀÀÔØ ÏÓÁÄ Ca2 UO2(CO3)3.
òÉÓ. 3.óÕÞÁÓÎ� ÄÏÓÑÇÎÅÎÎÑ ÒÁÄ�ÏÈ�Í�§ ÎÁ ÂÁÚ� ÔÅÏÒÅÔÉÞÎÉÈ ÔÁ ÅËÓ�ÅÒÉ-ÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ �ÒÏ�ÅÓ�× ÒÁÄ�ÏÌ�ÚÕ, ÏËÉÓÌÀ×ÁÌØÎÏ-×�ÄÎÏ×ÌÀ-×ÁÌØÎÉÈ ÒÅÁË��Ê, Ç�ÄÒÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎØ [29-33℄ ÄÁÀÔØ ÍÏÖ-ÌÉ×�ÓÔØ ËÌÁÓÉÆ�ËÕ×ÁÔÉ ÒÁÄ�ÏÁËÔÉ×Î� ×ÏÄÎ� ÒÏÚÞÉÎÉ × ÏÂ'¤ËÔ�. �ÁËÁËÌÁÓÉÆ�ËÁ��Ñ ×ÏÄ ¤ ×ÁÖÌÉ×ÏÀ ÄÌÑ §È È�Í�ÞÎÏ§ �ÅÒÅÒÏÂËÉ Ú ÍÅÔÏÀ ×É-
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òÉÓ. 4.ÌÕÞÅÎÎÑ ÕÒÁÎÕ, �ÌÕÔÏÎ�À, ÁÍÅÒÉ��À, ËÀÒ�À ÔÁ �ÎÛÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈÅÌÅÍÅÎÔ�×. ãÅ ÁÂÓÏÌÀÔÎÏ ×�Ä�Ï×�ÄÁ¤ È�Í�ÞÎ�Ê ÔÅÈÎÏÌÏÇ�§ �ÅÒÅÒÏÂËÉÏ�ÒÏÍ�ÎÅÎÏÇÏ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á UO2 ÑÄÅÒÎÉÈ ÒÅÁËÔÏÒ�× [34,32℄.õ Ú×'ÑÚËÕ Ú �ÉÍ ÎÁ �ÒÏÂÌÅÍÕ ×ÏÄÉ × \õËÒÉÔÔi" ÎÅÏÂÈ�ÄÎÏ Ú×ÅÒ-ÎÕÔÉ Õ×ÁÇÕ Ú ÔÏÞËÉ ÚÏÒÕ ×ÉËÏÒÉÓÔÁÎÎÑ §§ ÄÌÑ ×ÉÌÕÞÅÎÎÑ ÑÄÅÒÎÏÇÏ�ÁÌÉ×Á Ú ÏÂ'¤ËÔÁ. ïÓË�ÌØËÉ ×ÏÄÁ ¤ ÏÄÎÉÍ �Ú ÎÁÊ×ÁÖÌÉ×�ÛÉÈ ÆÁËÔÏ-Ò�× ÒÕÊÎÕ×ÁÎÎÑ �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ � ×ÉÈÏÄÕ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×Õ ×ÏÄÏÊÍÉ ÏÂ'¤ËÔÁ, ÔÏ ËÏÎÔÒÏÌØÏ×ÁÎÏ ×�ÄËÁÞÕÀÞÉ §§ Õ Ó�Å��ÁÌØÎÏ Ó�Ï-ÒÕÄÖÅÎ� ¤ÍÎÏÓÔ�, ÍÏÖÎÁ �ÏÓÔÕ�Ï×Ï ÚÁÂÉÒÁÔÉ ÑÄÅÒÎÅ �ÁÌÉ×Ï, ÝÏ ÚÎÁ-ÈÏÄÉÔØÓÑ Õ �ÉÌÏ×ÏÍÕ ÓÔÁÎ� (ÚÒÏÛÕ×ÁÎÎÑ ÑÄÅÒÎÏÇÏ �ÉÌÕ) ÔÁ Õ ÛËÌÑ-ÎÉÓÔÏÍÕ ÓÔÁÎ� (×�ÄÂÕ×Á¤ÔØÓÑ �ÎÔÅÎÓÉ×ÎÅ ÒÕÊÎÕ×ÁÎÎÑ ÌÁ×). ÷�ÄËÁÞÁÎÁÒÁÄ�ÏÁËÔÉ×ÎÁ ×ÏÄÁ ÍÏÖÅ ËÏÎÔÒÏÌÀ×ÁÔÉÓÑ Õ Ó�Å��ÁÌØÎÉÈ ¤ÍÎÏÓÔÑÈ �ÇÏÔÕ×ÁÔÉÓÑ ÄÏ �ÏÓÔÕ�Ï×Ï§ �ÅÒÅÒÏÂËÉ ÎÁ ÒÁÄ�ÏÈ�ÍËÏÍÂ�ÎÁÔ�, ÑËÉÊ ÎÅ-ÏÂÈ�ÄÎÏ �ÏÂÕÄÕ×ÁÔÉ Õ ÚÏÎ� ÷�ÄÞÕÖÅÎÎÑ.ïÔÖÅ ÍÏÎ�ÔÏÒÉÎÇ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× ÎÅÏÂ-È�ÄÎÏ �ÒÏ×ÏÄÉÔÉ Õ Ú×'ÑÚËÕ Ú ÔÉÍ, ÝÏ:- ×ÏÄÎ� ÒÏÚÞÉÎÉ ¤ ÏÄÎÉÍ �Ú ÓÅÒÅÄÏ×ÉÝ Æ�ÚÉËÏ-È�Í�ÞÎÏÇÏ ÓÔÁÎÕÑÄÅÒÎÏÇÏ �ÁÌÉ×Á, Ó�Ï×�ÌØÎÀ×ÁÞÁÍÉ, �ÏÇÌÉÎÁÞÁÍÉ ÎÅÊÔÒÏÎ�× (Ú ÕÔ×Ï-



11 ðÒÅ�ÒÉÎÔÒÅÎÎÑÍ ÏËÉÓ�× ÄÅÊÔÅÒ�À ÔÁ ÔÒÉÔ�À);- ×ÏÄÎ� ÒÏÚÞÉÎÉ ¤ ÞÉÎÎÉËÁÍÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× × ÍÅÖÁÈ ÏÂ'-¤ËÔÁ \õËÒÉÔÔÑ" ÔÁ �Ú ÎØÏÇÏ; ×ÏÄÎ� ÒÏÚÞÉÎÉ ¤ ÒÅÁÌØÎÉÍÉ ÞÉÎÎÉËÁÍÉ×ÉÌÕÞÅÎÎÑ ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á �Ú ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ" ÛÌÑÈÏÍ ×�ÄËÁÞÕ-×ÁÎÎÑ ÔÁ ÎÁÓÔÕ�ÎÏ§ �ÅÒÅÒÏÂËÉ.íÏÎ�ÔÏÒÉÎÇ ×ÏÄÉ, ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× ÎÅÏÂ-È�ÄÎÏ �ÒÏ×ÏÄÉÔÉ �ÏÓÔ�ÊÎÏ ÔÁ ÕÚÇÏÄÖÅÎÏ �Ú ÍÏÎ�ÔÏÒÉÎÇÏÍ ÓÔÁÎÕ ÑÄÅÒ-ÎÏÇÏ �ÁÌÉ×Á: ÆÒÁÇÍÅÎÔ�× ÁËÔÉ×ÎÏ§ ÚÏÎÉ, �ÁÌÉ×ÏÍ�ÓÎÉÈ ÍÁÓ, ÑÄÅÒÎÏÇÏ�ÉÌÕ. êÏÇÏ ÍÏÖÎÁ ÚÄ�ÊÓÎÀ×ÁÔÉ ÚÁ ÎÁÓÔÕ�ÎÏÀ ÓÈÅÍÏÀ:á ÷ÓÔÁÎÏ×ÌÅÎÎÑ Í�Ó�Ø ÚÎÁÈÏÄÖÅÎÎÑ ×ÏÄÉ� ðÒÉÍ�ÝÅÎÎÑ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ": 012/15, 012/14, 012/16,013/2, 101/2, 009/4, 405/2, 402/3, 304/3, 305/2, ÔÏÂÔÏ �ÒÉ-Í�ÝÅÎÎÑ ÍÁÛÚÁÌÕ, ÂÌÏËÁ â, ÂÌÏËÁ 4-âæ, Ú �ÏËÒ�×Ì� ÍÁÛ-ÚÁÌÕ ÔÁ ËÁÓËÁÄÎÏ§ ÓÔ�ÎÉ.� ðÏÓÔ�ÊÎÉÊ ÁÎÁÌ�Ú ÒÁÄ�ÏÎÕËÌ�ÄÎÏÇÏ ÓËÌÁÄÕ �ÒÏÂ ×ÏÄÉ �ÚËÏÖÎÏÇÏ �ÒÉÍ�ÝÅÎÎÑ �Ï:{ Í�ÓÑ�ÑÈ, Ë×ÁÒÔÁÌÁÈ, ÒÏËÁÈ;{ ÚÁ ËÏÎ�ÅÎÔÒÁ��¤À -ÁËÔÉ×ÎÉÈ 137ós, 134Cs;{ ÚÁ ËÏÎ�ÅÎÔÒÁ��¤À �-ÁËÔÉ×ÎÉÈ 137ós, 90Sr, ÏËÉÓÕ ÔÒÉ-Ô�À T2O3;{ ÚÁ ËÏÎ�ÅÎÔÒÁ��¤À �-ÁËÔÉ×ÎÉÈ (U, Pu, Am, Cm).� ðÏÓÔ�ÊÎÉÊ È�Í�ÞÎÉÊ ÁÎÁÌ�Ú �ÒÏÂ ×ÏÄÉ ÚÁ ×Í�ÓÔÏÍ ÎÅÊÔÒÏ-ÎÏ�ÏÇÌÉÎÁÀÞÉÈ ÍÁÔÅÒ�ÁÌ�×.� ðÏÓÔ�ÊÎÉÊ È�Í�ÞÎÉÊ ÁÎÁÌ�Ú �ÒÏÂ ×ÏÄÉ ÚÁ ÚÎÁÞÅÎÎÑÍ pH.â ûÌÑÈÉ Í�ÇÒÁ��§ ×ÏÄÉ � ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ×ÓÅÒÅÄÉÎ� ÏÂ'¤ËÔÁ \õËÒÉÔ-ÔÑ":� �ÒÏÓÏÞÕ×ÁÎÎÑ ÞÅÒÅÚ ÚÁ×ÁÌÉ, ËÏÎÓÔÒÕË��§, Ý�ÌÉÎÉ ÔÁ �Î.;� ÔÒÕÂÏ�ÒÏ×ÏÄÉ;� �ÏÓÔ�ÊÎÏÄ�ÀÞ� ÛÌÑÈÉ �ÏÓÔÕ�ÁÎÎÑ ×ÏÄÉ;� ËÏÎÔÒÏÌØ §È ÚÁ:{ Ï��ÎËÁÍÉ ×ÉÔÒÁÔÉ ×ÏÄÉ;{ ÚÍ�ÎÏÀ Ò�×ÎÑ �ÒÉ ×�ÄËÁÞÕ×ÁÎÎ� ÞÉ �ÏÓÔÕ�ÁÎÎ� ×ÏÄÉ.÷ äÖÅÒÅÌÁ ×ÏÄÉ × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ":� ÄÁÎ� �ÒÏ Ï�ÁÄÉ (ÄÏÝÏ×�, ÓÎ�ÇÏ×�, ÓÅÚÏÎÎ�, Ò�ÞÎ�);
ICMP{00{02U 12� ÔÅÈÎÏÌÏÇ�ÞÎ� ×ÏÄÉ;� ÚÒÏÛÕ×ÁÎÎÑ ÑÄÅÒÎÏÇÏ �ÉÌÕ;� ÂÕÒÏ×� ÒÏÂÏÔÉ;� ËÏÎÄÅÎÓÁ��Ñ �Ú ÁÔÍÏÓÆÅÒÉ;� ÇÒÕÎÔÏ×� ×ÏÄÉ.ç óÔ�Ë ×ÏÄÉ:� ×�ÄËÁÞÕ×ÁÎÎÑ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× �§È ËÌÁÓÉÆ�ËÁ��Ñ;� ÓÔ�Ë × ÇÒÕÎÔÏ×� ×ÏÄÉ.îÁ ÒÉÓÕÎËÁÈ 5-12 �ÒÅÄÓÔÁ×ÌÅÎ� ÄÁÎ� �Ï ÒÁÄ�ÏÎÕËÌ�ÄÎÏÍÕ ÓËÌÁ-ÄÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× Õ ËÏÎËÒÅÔÎÉÈ �ÒÉÍ�ÝÅÎÎÑÈ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ"× �ÅÒ�ÏÄ Ú 1992 �Ï 1995 ÒÏË�×, ÏÔÒÉÍÁÎ� × íî�ã \õËÒÉÔÔÑ". ðÒÏÂÉ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÎÅ ÄÏÓÌ�ÄÖÕ×ÁÌÉÓØ ÚÁ ×ÓÔÁÎÏ×ÌÅÎÏÀ �ÅÒ�ÏÄÉÞÎ�ÓÔÀ,ÝÏ ÎÅ ÄÁ¤ ÍÏÖÌÉ×ÏÓÔ� Þ�ÔËÏ �ÒÏÇÎÏÚÕ×ÁÔÉ ×ÏÄÏ�ÏÔÏËÉ × ÏÂ'¤ËÔ�. èÏ-ÞÁ ÁÎÁÌ�Ú ÄÁÎÉÈ ÚÍ�ÎÉ ÁËÔÉ×ÎÏÓÔ� 137ós, 90Sr ÔÁ ËÏÎ�ÅÎÔÒÁ��§ ÕÒÁÎÕ×ËÁÚÕ¤ ÎÁ �Å×ÎÕ ËÏÒÅÌÑ��À Í�Ö ÎÉÍÉ.îÁÄÚ×ÉÞÁÊÎÏ ×ÁÖÌÉ×ÉÍÉ � ÎÅÏÂÈ�ÄÎÉÍÉ ÈÁÒÁËÔÅÒÉÓÔÉËÁÍÉ ×ÏÄ-ÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× ¤ ÄÁÎ� �ÒÏ:- ËÉÓÌÏÔÎ�ÓÔØ, ÎÅÊÔÒÁÌØÎ�ÓÔØ, ÌÕÖÎ�ÓÔØ, ÔÏÂÔÏ pH, ×�Ä ÞÏÇÏ ÎÁÄ-Ú×ÉÞÁÊÎÏ ÓÉÌØÎÏ ÚÁÌÅÖÉÔØ Æ�ÚÉËÏ-È�Í�ÞÎÉÊ ÓÔÁÎ ÒÁÄ�ÏÎÕËÌ�Ä�×, ÚÏ-ËÒÅÍÁ ÚÎÁÈÏÄÖÅÎÎÑ §È Õ ÒÏÚÞÉÎÎ�Ê ÞÉ ÎÅÒÏÚÞÉÎÎ�Ê ÆÏÒÍÁÈ;- ËÏÎ�ÅÎÔÒÁ��À ÏËÉÓÕ ÔÒÉÔ�À Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ, ÝÏ ÍÏÖÅ ÂÕ-ÔÉ �ÎÄÉËÁÔÏÒÏÍ ÎÅÊÔÒÏÎÎÉÈ �ÏÔÏË�×. �ÒÉÔ�Ê ÕÔ×ÏÒÀ¤ÔØÓÑ ÚÁ ÔÁËÉÍÉÒÅÁË��ÑÍÉ:� × ÒÅÚÕÌØÔÁÔ� �ÏÔÒ�ÊÎÏÇÏ �ÏÄ�ÌÕ 235U ÎÁ 10 ÁËÔ�× �ÏÄ�ÌÕ ÕÔ×ÏÒÀ-¤ÔØÓÑ ÏÄÉÎ ÁÔÏÍ ÔÒÉÔ�À;� × ÒÅÁË��ÑÈ ÚÁÈÏ�ÌÅÎÎÑ ÎÅÊÔÒÏÎ�× Õ Ú×ÉÞÁÊÎ�Ê � ×ÁÖË�Ê ×ÏÄ� 2D(n,) 3T;� × ÒÅÁË��ÑÈ Ú È�Í�ÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ ËÏÎÓÔÒÕË��Ê 10B (n,2�) 3T,6Li (n,�) 3T;- ËÏÎ�ÅÎÔÒÁ��À ÎÅÊÔÒÏÎÏ�ÏÇÌÉÎÁÀÞÉÈ ÍÁÔÅÒ�ÁÌ�×, Æ�ÚÉËÏ-È�Í�ÞÎÉÊÓÔÁÎ ÑËÉÈ ÔÅÖ ÚÁÌÅÖÉÔØ ×�Ä pH ÒÏÚÞÉÎ�×. úÏËÒÅÍÁ, ÇÁÄÏÌ�Î�Ê ÕÔ×Ï-ÒÀ¤ ÎÅÒÏÚÞÉÎÎ� ÆÏÒÍÉ � ×É�ÁÄÁ¤ × ÏÓÁÄ, ËÏÌÉ ×ÏÄÎ� ÒÏÚÞÉÎÉ ¤ ÌÕÖ-ÎÏ-ÈÌÏÒÉÄÎÏ-ËÁÒÂÏÎÁÔÎÉÍÉ, ÝÏ ÈÁÒÁËÔÅÒÎÏ ÄÌÑ ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ".



13 ðÒÅ�ÒÉÎÔ�ÁË� ÄÁÎ� ÎÅÏÂÈ�ÄÎÏ �ÒÅÄÓÔÁ×ÌÑÔÉ ÎÁ �Å×ÎÏÍÕ ËÏÍ�ÌÅËÓ� ÇÒÁÆ�Ë�×ÒÁÚ Õ Í�ÓÑ�Ø Ú ÁÎÁÌ�ÚÕ �ÒÏÂ ×ÏÄÉ Õ ×ÉÚÎÁÞÅÎÉÈ Í�Ó�ÑÈ �ÒÉÍ�ÝÅÎØ ÏÂ'-¤ËÔÕ. óÉÓÔÅÍÁÔÉÞÎÉÊ ÁÎÁÌ�Ú ÄÁÎÉÈ �ÒÏ ÒÁÄ�ÏÎÕËÌ�ÄÎÉÊ ÓËÌÁÄ, pH ÔÁËÏÎ�ÅÎÔÒÁ��À ÎÅÊÔÒÏÎÏ�ÏÇÌÉÎÁÞ�× ÄÁÓÔØ ÍÏÌÉ×�ÓÔØ ÄÏÓÔÏ×�ÒÎÏ Ï��-ÎÀ×ÁÔÉ ÑÄÅÒÎÏ- Æ�ÚÉËÏ-È�Í�ÞÎÉÊ ÓÔÁÎ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�× Õ ÔÏÍÕ ÞÉ �ÎÛÏÍÕ �ÒÉÍ�ÝÅÎÎ�. �ÁËÉÊ ÁÎÁÌ�Ú ÍÏÖÅÄÁÔÉ ÑË�ÓÎÕ ËÁÒÔÉÎÕ ÑË ×�ÄÂÕ×Á¤ÔØÓÑ Í�ÇÒÁ��Ñ ÒÁÄ�ÏÎÕËÌ�Ä�× × ÏÂ'¤Ë-Ô� \õËÒÉÔÔÑ" � ÞÉ \ÂÌÏÞÎ� ×ÏÄÉ" �ÒÏÎÉËÁÀÔØ × ÇÒÕÎÔÏ×� ÔÁ §È ÛÌÑÈÉ.¶ÎÄÉËÁÔÏÒÏÍ ÔÁËÏ§ Í�ÇÒÁ��§ ÍÏÖÅ ÓÌÕÖÉÔÉ ÏËÉÓ ÔÒÉÔ�À (× ÂÌÏÞÎÉÈ×ÏÄÁÈ ÊÏÇÏ ÁËÔÉ×Î�ÓÔØ ÓËÌÁÄÁ¤ ×�Ä 1 000 ÄÏ 23 000 âË/Ì).îÁ ÏÓÎÏ×� ÍÏÎ�ÔÏÒÉÎÇÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×× ÏÂ'¤ËÔ� ÎÅÏÂÈ�ÄÎÏ ÓÔ×ÏÒÉÔÉ ÍÁÔÅÍÁÔÉÞÎÕ ÍÏÄÅÌØ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕË-Ì�Ä�×, ÑËÁ �Ï×ÉÎÎÁ ×ÒÁÈÏ×Õ×ÁÔÉ:- �ÒÏ�ÅÓÉ � - � -  - ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÔÒÁÎÓÕÒÁÎÏ×ÉÈ ÅÌÅÍÅÎÔ�×,ÎÅÊÔÒÏÎÎ� �ÒÏ�ÅÓÉ;- �ÒÏ�ÅÓÉ ÒÁÄ�ÏÌ�ÚÕ, Ç�ÄÒÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎØ, ÕÔ×ÏÒÅÎÎÑÕÒÁÎÏ×ÉÈ, �ÌÕÔÏÎ�¤×ÉÈ ÏÓÁÄ�× �ÒÉ ÚÍ�Î� pH ÒÏÚÞÉÎ�×;- �ÒÏ�ÅÓÉ ×ÚÁ¤ÍÏÄ�§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× �Ú�ÁÌÉ×ÏÍ�ÓÎÉÍÉ ÍÁÓÁÍÉ �ÒÉ ÎÁÑ×ÎÏÓÔ� � ÂÅÚ ÎÅÊÔÒÏÎÏ�ÏÇÌÉÎÁÀÞÉÈÍÁÔÅÒ�ÁÌ�×. õ �ØÏÍÕ ÎÁ�ÒÑÍËÕ ÚÄ�ÊÓÎÀÀÔØÓÑ ÄÏÓÌ�ÄÖÅÎÎÑ [4,28,36℄.÷ÏÎÉ ¤ ÎÁÄÚ×ÉÞÁÊÎÏ ÁËÔÕÁÌØÎÉÍÉ ÑË Ú ÔÏÞËÉ ÚÏÒÕ ÅËÏÌÏÇ�ÞÎÏ§ ÂÅÚ-�ÅËÉ, ÔÁË � ÒÁÄ�Á��ÊÎÏ§, ÏÓË�ÌØËÉ × ÏÂ'¤ËÔ� �ÓÎÕÀÔØ ÎÁÊÂ�ÌØÛ ÑÄÅÒ-ÎÏ ÎÅÂÅÚ�ÅÞÎ� ÞÁÓÔÉÎÉ ÓÉÓÔÅÍÉ, ÝÏ ×ÚÁ¤ÍÏÄiÀÔØ ÍiÖ ÓÏÂÏÀ: ÆÒÁÇ-ÍÅÎÔÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ ÒÅÁËÔÏÒÁ, �ÁÌÉ×ÏÍ�ÓÎ� ÍÁÓÉ ÔÁ ×ÏÄÎ� ÒÏÚÞÉÎÉÚ Ô×ÅÒÄÉÍÉ ÏÓÁÄÁÍÉ ÕÒÁÎÕ i �ÌÕÔÏÎ�À. �ÏÍÕ ×É×ÞÅÎÎÑ ÓÔÒÕËÔÕÒÎÉÈ�ÅÒÅÔ×ÏÒÅÎØ, Ç�ÄÒÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎØ, �ÏÌ�ÍÅÒÉÚÁ��§, �ÒÏ�ÅÓ�×ÒÁÄ�ÏÌ�ÚÕ, Á×ÔÏÒÁÄ�ÏÌ�ÚÕ, ÏËÉÓÌÀ×ÁÌØÎÏ-×�ÄÎÏ×ÎÉÈ ÒÅÁË��Ê Ú ÕÞÁÓÔÀ�ÏÎ�× UO2+2 , PuO2+2 , AmO2+2 , CmO2+2 , §È ÄÉÆÕÚ�§, Á ÔÁËÏÖ ×É�ÒÏÍ�ÎÀ-×ÁÎÎÑ, �ÏÇÌÉÎÁÎÎÑ ÔÁ ÒÏÚÓ�ÑÎÎÑ ÎÅÊÔÒÏÎ�× �Ú ×ÒÁÈÕ×ÁÎÎÑÍ ÑÄÅÒÎÉÈ�, � ÔÁ ��ÅÒÅÔ×ÏÒÅÎØ ÄÌÑ ÔÒÁÎÓÕÒÁÎÏ×ÉÈ ÅÌÅÍÅÎÔ�× Õ ×ÏÄÎÉÈ ÒÏÚ-ÞÉÎÁÈ ÓÔÁÎÏ×ÉÔØ ËÏÍ�ÌÅËÓ �ÒÏÂÌÅÍ Æ�ÚÉËÏ-È�Í�ÞÎÏÇÏ ÍÏÄÅÌÀ×ÁÎÎÑ�ÒÏ�ÅÓ�× ÎÁ ÏÓÎÏ×� ÓÕÞÁÓÎÉÈ ÄÏÓÑÇÎÅÎØ ÓÔÁÔÉÓÔÉÞÎÏ§ ÔÅÏÒ�§ ×ÏÄÎÉÈÒÏÚÞÉÎ�× � ÒÁÄ�ÏÈ�Í�§.îÁÄÚ×ÉÞÁÊÎÏ ÁËÔÕÁÌØÎÉÍ �Å �ÉÔÁÎÎÑ �ÏÓÔÁ¤ × ÓÉÓÔÅÍÁÈ \ÆÒÁÇ-ÍÅÎÔÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ { �ÁÌÉ×ÏÍ�ÓÎ� ÍÁÓÉ { ×ÉÓÏËÏÒÁÄ�ÏÁËÔÉ×Î� ×ÏÄ-Î� ÒÏÚÞÉÎÉ", ÄÅ ÑÄÅÒÎÏ-ÎÅÂÅÚ�ÅÞÎÉÍÉ ÍÁÔÅÒ�ÁÌÁÍÉ ¤ UO2, UO2+UO3, (ZrU)O8, (ZrU)SiO4, UO2CO3, UO3�2H2O, Na4(UO2)�(CO3)3,PuO2, UO4�4H2O Ú ×ÅÌÉËÏÀ Ë�ÌØË�ÓÔÀ Ó�Ï×�ÌØÎÀ×ÁÞ�× ÔÉ�Õ SiO2,Al2(SiO3)�(OH)4, Na3PO4, Al2(Si4O10)�(OH)2, (C5H8)n, CaMg(CO3)2,CxHyOz, CaCO3, K2O, CaO, MgO, Fe2O3, ZnO, T2O3, H2O, C ÔÁ ×�Ä-ÂÉ×ÁÞ�× ÎÅÊÔÒÏÎ�×, ÑËÉÍÉ ¤ ÅÌÅÍÅÎÔÉ ËÏÎÓÔÒÕË��Ê, ÂÅÔÏÎÎ� Ê ÍÅÔÁ-
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