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õäë: õäë 5.39.1;66.085:66.093;621.039.526PACS: 28.41.Kw, 82.50.GwäÏ �ÒÏÂÌÅÍ ÍÏÎ�ÔÏÒÉÎÇÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈÅÌÅÍÅÎÔ�× × ÚÏÎ� ×�ÄÞÕÖÅÎÎÑí.÷.�ÏËÁÒÞÕË, ó.â ëÕÍÛÁ¤×áÎÏÔÁ��Ñ. ðÒÏ×ÅÄÅÎÉÊ ÁÎÁÌ�Ú ÍÏÎ�ÔÏÒÉÎÇÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�Ï-ÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ÞÏÒÎÏÂÉÌØÓØËÏ§ ÚÏÎÉ. ïÈÁ-ÒÁËÔÅÒÉÚÏ×ÁÎ� ÏÓÎÏ×Î� ÆÁËÔÏÒÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× × ��ÄÚÅÍÎÉÈÔÁ ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ �ÒÏÍÍÁÊÄÁÎÞÉËÁ ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ" ÔÁ �ÕÎËÔ�×ÔÉÍÞÁÓÏ×Ï§ ÌÏËÁÌ�ÚÁ��§ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×. ðÒÅÄÓÔÁ×ÌÅÎ� ÆÅÎÏ-ÍÅÎÏÌÏÇ�ÞÎ� ÔÁ Í�ËÒÏÓËÏ��ÞÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ Ï�ÉÓÕ �ÒÏ�ÅÓ�×Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ÔÁ ÞÅÒÅÚ ÇÌÉÎÉÓÔ� ÅËÒÁÎÉ.On a monitoring problem of aqueous solutions of radioa
tiveelements in the ex
lusion zoneM.V.Tokar
huk, S.B.KumshayevAbstra
t. An analysis of monitoring of aqueous solutions of radioa
tiveelements in ground water of the Chornobyl zone is 
arried out. Mainfa
tors of radionu
lide migration with subterranean and ground water ofthe industrial area of the obje
t \Shelter" and pla
es for temporary lo-
ation of a
tive wastes are analysed. Phenomenologi
al and mi
ros
opi
transport equations for des
ription of migration pro
esses of radionu-
lides with ground water and through 
layey s
reens are presented.
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1 ðÒÅ�ÒÉÎÔïÄÎ�¤À Ú ÇÏÌÏ×ÎÉÈ ÅËÏÌÏÇ�ÞÎÉÈ �ÒÏÂÌÅÍ Õ 30 - Ë�ÌÏÍÅÔÒÏ×�Ê ÚÏÎ�×�ÄÞÕÖÅÎÎÑ ¤ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ (Í�ÇÒÁ��§) ÒÁÄ�ÏÎÕËÌ�Ä�× ÇÒÕÎÔÏ×ÉÍÉÔÁ ��ÄÚÅÍÎÉÍÉ ×ÏÄÁÍÉ ÓÉÓÔÅÍÉ \×ÏÄÏÚÁÂ�Ò ÂÌÉÖÎØÏ§ ÚÏÎÉ þáåó -Ò�ËÁ ðÒÉ�'ÑÔØ - ËÁÓËÁÄ ÄÎ��ÒÏ×ÓØËÉÈ ×ÏÄÏÓÈÏ×ÉÝ". òÅÁÌØÎÉÍÉ ÄÖÅ-ÒÅÌÁÍÉ �Ï�ÁÄÁÎÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× Õ ÇÒÕÎÔÏ×� ÔÁ ��ÄÚÅÍÎ�×ÏÄÉ ¤:� ÒÁÄ�Á��ÊÎÏ ÎÅÂÅÚ�ÅÞÎÉÊ ÏÂ'¤ËÔ \õËÒÉÔÔÑ" ÔÁ �ÒÉÌÅÇÌÉÊ ÄÏ ÎØÏ-ÇÏ �ÒÏÍÉÓÌÏ×ÉÊ ÍÁÊÄÁÎÞÉË ;� �ÕÎËÔÉ ÔÉÍÞÁÓÏ×Ï§ ÌÏËÁÌ�ÚÁ��§ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× (ð�-ìò÷) �ÏÂÌÉÚÕ ÓÔÁÎ��§ \ñÎ�×", \îÁÆÔÏÂÁÚÁ", \òÕÄÉÊ Ì�Ó";� �ÕÎËÔÉ ÚÁÈÏÒÏÎÅÎÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× (ðúò÷) \ëÏÍ�-ÌÅËÓÎÉÊ", \ð�ÄÌ�ÓÎÉÊ" � \âÕÒÑË�×ËÁ";� ÔÅÒÉÔÏÒ�§, ÎÁ ÑËÉÈ ÎÅ �ÒÏ×ÏÄÉÌÉÓØ ÄÅÚÁËÔÉ×Á��ÊÎ� ÒÏÂÏÔÉ.èÏÞ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ ÒÁÄ�ÏÎÕËÌ�Ä�× ÒÏÚÞÉÎÅÎÉÈ ÓÏÌÅÊ Ú �ÚÏÔÏ-�ÁÍÉ 234;235;238U , 238�241Pu, 241Am, 90Sr, 134;137Cs Õ ×ÏÄÏ�ÏÔÏËÁÈ ×ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" ¤ ÄÏÓÔÁÔÎØÏ ÎÅ ËÏÎÔÒÏÌØÏ×ÁÎÉÍÉ � ÍÏÖÕÔØ ÓÔ×Ï-ÒÀ×ÁÔÉ ÎÅÂÅÚ�ÅËÕ ×ÉÎÉËÎÅÎÎÑ ÑÄÅÒÎÉÈ ÒÅÁË��Ê �ÏÄ�ÌÕ × ÌÏËÁÌØÎÉÈËÒÉÔÉÞÎÉÈ ÏÂ'¤ÍÁÈ ÓÉÓÔÅÍ \ÆÒÁÇÍÅÎÔÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ - �ÁÌÉ×ÏÍ�ÓÎ�ÍÁÓÉ", ÚÁÌÉÔÉÈ ×ÏÄÎÉÍÉ ÒÏÚÞÉÎÁÍÉ, ×ÏÎÉ ×ÓÅ Ö ÌÏËÁÌ�ÚÏ×ÁÎ� ÇÅÏ-ÍÅÔÒ�¤À ÏÂ'¤ËÔÕ. ·È �ÒÏÂÌÅÍÁ ÏÄÎÏÚÎÁÞÎÏ ×ÉÒ�ÛÕ¤ÔØÓÑ ÛÌÑÈÏÍ ×�Ä-ËÁÞÕ×ÁÎÎÑ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× Ú ÏÂ'¤ËÔÕ ÔÁÎÁÓÔÕ�ÎÏÀ �ÅÒÅÒÏÂËÏÀ. ÷ �ÒÉÎ�É��, ×ÉÎÉËÎÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÏÂ'¤Í�×× ÌÏËÁÌØÎÉÈ ÏÂ'¤ÍÁÈ ÓÉÓÔÅÍ \ÆÒÁÇÍÅÎÔÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ - �ÁÌÉ×Ï-Í�ÓÎ� ÍÁÓÉ", ÑË� ÍÏÖÕÔØ ÁËÕÍÕÌÀ×ÁÔÉÓÑ, ÎÁÓÁÍ�ÅÒÅÄ, ÚÁÌÉÔÔÑÍ §È×ÏÄÏÀ ¤ �ÏÚÉÔÉ×ÎÉÍ ÆÁËÔÏÒÏÍ. õ ÔÁËÉÈ ÓÉÓÔÅÍÁÈ ×ÉÄ�ÌÅÎÁ ÅÎÅÒÇ�ÑÒÅÁË��Ê �ÏÄ�ÌÕ ÏÂÍÅÖÅÎÏ§ Ë�ÌØËÏÓÔ� ÑÄÅÒ 235U , 239;241Pu ÚÁÔÒÁÞÁ¤ÔØ-ÓÑ, ÎÁÓÁÍ�ÅÒÅÄ, ÎÁ Û×ÉÄËÅ ×É�ÁÒÏ×Õ×ÁÎÎÑ ×ÏÄÉ Ú �ØÏÇÏ ÏÂ'¤ÍÕ, ÝÏ�ÒÉ×ÏÄÉÔØ ÄÏ ÚÎÉËÎÅÎÎÑ ËÒÉÔÉÞÎÏÇÏ ÏÂ'¤ÍÕ (ÅÆÅËÔÉ×ÎÉÊ ËÏÅÆ���¤ÎÔÒÏÚÍÎÏÖÅÎÎÑ ÎÅÊÔÒÏÎ�× ÓÔÁ¤ ÍÅÎÛÉÍ ÚÁ ÏÄÉÎÉ�À) � �ÒÉ�ÉÎÅÎÎÑ ÒÅ-ÁË��Ê �ÏÄ�ÌÕ. ÷ÁÖÌÉ×Ï × �ØÏÍÕ ¤ ÔÅ, ÝÏ �Å×ÎÁ Ë�ÌØË�ÓÔØ ÑÄÅÒ ÕÒÁÎÕÞÉ �ÌÕÔÏÎ�À ÚÁÚÎÁÌÁ �ÏÄ�ÌÕ, Á ×ÉÄ�ÌÅÎÁ ÑÄÅÒÎÁ ÅÎÅÒÇ�Ñ ¤ ÂÅÚ�ÅÞÎÏÀÄÌÑ ÓÔ�ÊËÏÓÔ� ËÏÎÓÔÒÕË��Ê \õËÒÉÔÔÑ". �ÁË� �ÒÏ�ÅÓÉ ÄÏÓÔÁÔÎØÏ �ÎÅÒ-��ÊÎ� � × ÔÁËÉÈ ÕÍÏ×ÁÈ ÍÏÖÕÔØ ÎÏÓÉÔÉ �Í�ÕÌØÓÎÉÊ ÈÁÒÁËÔÅÒ �ÏÑ×ÉÎÅÊÔÒÏÎÎÉÈ �ÏÔÏË�× (×ÉÎÉËÎÅÎÎÑ ÎÅÊÔÒÏÎÎÉÈ �ÏÔÏË�×) ÔÁ ÚÁÇÁÓÁÎ-ÎÑ §È (ÚÎÉËÎÅÎÎÑ ËÒÉÔÉÞÎÉÈ ÏÂ'¤Í�×). íÁÓÛÔÁÂÎ�ÓÔØ ÔÁËÉÈ ÌÏËÁÌØ-ÎÉÈ ÑÄÅÒÎÉÈ ÒÅÁË��Ê �ÏÄ�ÌÕ × ÓÉÓÔÅÍÁÈ \ÆÒÁÇÍÅÎÔÉ ÁËÔÉ×ÎÏ§ ÚÏÎÉ -�ÁÌÉ×ÏÍ�ÓÎ� ÍÁÓÉ" �ÒÉ ÎÁÑ×ÎÏÓÔ� ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÏÂÍÅÖÅÎÁ ÔÁËÏÖÚÎÁÞÎÏÀ Ë�ÌØË�ÓÔÀ ÎÅÊÔÒÏÎÏ�ÏÇÌÉÎÁÀÞÉÈ ÍÁÔÅÒ�ÁÌ�× × ÏÂ'¤ËÔ�.
ICMP{00{19U 2ú �ÎÛÏ§ ÓÔÏÒÏÎÉ ×ÁÖÌÉ×ÉÍ ¤ �ÉÔÁÎÎÑ: ÞÉ �ÒÏÎÉËÁÀÔØ \ÂÌÏÞÎ�"×ÏÄÉ �Ú ÏÂ'¤ËÔÁ × ÇÒÕÎÔÏ×� ÔÁ ��ÄÚÅÍÎ� ×ÏÄÉ �ÏÚÁ ÎÉÍ? ïÞÅ×ÉÄÎÏ, ÝÏÔÁË, ÏÓË�ÌØËÉ ×ÎÁÓÌ�ÄÏË �ÒÉ�ÉÎÅÎÎÑ Ä�§ ÂÁÇÁÔØÏÈ ÄÒÅÎÁÖÎÉÈ ÓÉÓÔÅÍÎÁ ÂÌÏ�� ��ÓÌÑ Á×ÁÒ�§ , Ò�×ÅÎØ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ × ÒÁÊÏÎ� ÓÔÁÎ��§ ��ÄÎÑ×-ÓÑ ÎÁ 2-4 Í. � ÁÂÓÏÌÀÔÎÁ ×�ÄÍ�ÔËÁ ËÏÌÉ×Á¤ÔØÓÑ ×�Ä 109Í. ÄÏ 111Í. (× 1986 ÒÏ�� ÓÔÁÎÏ×ÉÌÁ 107Í.) ¶Ú-ÚÁ ÚÎÁÞÎÏÇÏ ÚÁÂÒÕÄÎÅÎÎÑ ÒÁÄ�ÏÎÕË-Ì�ÄÁÍÉ �ÒÏÍÍÁÊÄÁÎÞÉËÁ þáåó ( ÚÁÂÒÕÄÎÅÎÁ × 1986 ÒÏ�� ÔÅÒÉÔÏÒ�ÑÂÕÌÁ �ÏËÒÉÔÁ ÔÏ×ÓÔÉÍ ÛÁÒÏÍ ÂÅÔÏÎÕ � ÞÉÓÔÉÍ ÇÒÕÎÔÏÍ), ÄÅ ×�ÄÚÎÁ-ÞÁÌÏÓØ ÁÎÏÍÁÌØÎÅ ×�ÄÎÏÛÅÎÎÑ 235U ÄÏ 238U [1℄, ÇÒÕÎÔÉ ÚÁÂÒÕÄÎÅÎ�ÑË ÄÏ Ò�×ÎÑ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ, ÔÁË � ÓÁÍ� ÇÒÕÎÔÏ×� ×ÏÄÉ ÚÁÂÒÕÄÎÅÎ� ÎÁÇÌÉÂÉÎÕ 1.5 -2.5Í. �ÏÍÕ ×ÁÖËÏ ÒÏÚÒ�ÚÎÑÔÉ ×ÏÄÎ� ÒÏÚÞÉÎÉ ÒÁÄ�ÏÁË-ÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× × ÏÂ'¤ËÔ� \õËÒÉÔÔÑ" � × �Ï×ÅÒÈÎÅ×ÉÈ ÔÁ ÇÒÕÎÔÏ×ÉÈ×ÏÄÁÈ �ÒÏÍÍÁÊÄÁÎÞÉËÁ, ÏÓË�ÌØËÉ ×ÏÎÉ ÍÁÀÔØ ÏÄÎÁËÏ×ÉÊ Ó�ÅËÔÒ ÚÁÒÁÄ�ÏÎÕËÌ�ÄÁÍÉ: 235;238U , 238;239Pu, 241Am, 90Sr, 134;137Cs, 242;244Cm.íÏÖÌÉ×ÉÍ �ÎÄÉËÁÔÏÒÏÍ �ÒÏÎÉËÎÅÎÎÑ \ÂÌÏÞÎÉÈ" ×ÏÄ × ÇÒÕÎÔÏ×� ×Ï-ÄÉ ÍÏÖÅ ÂÕÔÉ ÔÒÉÔ�Ê (ÏËÉÓ ÔÒÉÔ�À), ËÏÎ�ÅÎÔÒÁ��Ñ ÑËÏÇÏ Õ \ÂÌÏÞÎÉÈ"×ÏÄÁÈ ÚÍ�ÎÀ¤ÔØÓÑ ×�Ä 1000 ÄÏ 23000 âË/Ì [2℄. úÁ ÄÁÎÉÍÉ Ó�ÏÓÔÅÒÅ-ÖÕ×ÁÎÉÈ ÓË×ÁÖÉÎ ×�ÄÚÎÁÞÁ¤ÔØÓÑ ÚÂ�ÌØÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��§ ÔÒÉÔ�À ×ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ×�Ä ÄÅÓÑÔË�× âË/Ì ÄÏ 100 - 4000 âË/Ì Õ ÎÁ�ÒÑÍËÕ��×ÄÅÎØ-��×Î�Þ. ïÄÎÏÚÎÁÞÎÏ ×ÉÚÎÁÞÉÔÉ ÄÖÅÒÅÌÏ ÚÁÂÒÕÄÎÅÎÎÑ × ÔÁ-Ë�Ê ÓÉÔÕÁ��§, ËÏÌÉ \ÂÌÏÞÎ�" ×ÏÄÉ ÔÁ ÇÒÕÎÔÏ×� ×ÏÄÉ �ÒÏÍÍÁÊÄÁÎÞÉËÁÚÁ ÒÁÄ�ÏÎÕËÌ�ÄÎÉÍ ÓËÌÁÄÏÍ ÎÅ ×�ÄÒ�ÚÎÑÀÔØÓÑ, ÏÞÅ×ÉÄÎÏ ÔÒÕÄÎÏ. õÚ×'ÑÚËÕ Ú �ÉÍ ×ËÒÁÊ ×ÁÖÌÉ×Ï ×ÓÔÁÎÏ×ÉÔÉ Ó�ÏÓÔÅÒÅÖÕ×ÁÌØÎ� ÓË×ÁÖÉ-ÎÉ, Æ�ÌØÔÒÉ ÑËÉÈ �Ï×ÉÎÎ� ÚÎÁÈÏÄÉÔÉÓØ × ÄÚÅÒËÁÌ� ÇÒÕÎÔÏ×ÉÈ ×ÏÄ, Á ÎÅÎÉÖÞÅ ÊÏÇÏ, ÑË ÚÎÁÈÏÄÑÔØÓÑ Â�ÌØÛ�ÓÔØ Ä�ÀÞÉÈ ÓË×ÁÖÉÎ. �ÏÄ� ÍÏÖ-ÎÁ ÂÕÄÅ Ï��ÎÉÔÉ, �ÅÒÅÄÂÁÞÉÔÉ �ÒÏÎÉËÎÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× × ÇÒÕÎÔÏ×�×ÏÄÉ ÔÁ ×ÓÔÁÎÏ×ÉÔÉ ÈÁÒÁËÔÅÒ Í�ÇÒÁ��§ §È �Ú ÚÍ�ÎÏÀ Ò�×ÎÑ ÇÒÕÎÔÏ×ÉÈ×ÏÄ. ïÓÏÂÌÉ×Õ Õ×ÁÇÕ Õ �ÉÈ ÄÏÓÌ�ÄÖÅÎÎÑÈ ÎÅÏÂÈ�ÄÎÏ �ÒÉÄ�ÌÉÔÉ �ÒÏ-�ÅÓÁÍ Í�ÇÒÁ��§ ÓÔÒÏÎ��À 90Sr, �ÚÏÔÏ��× �ÌÕÔÏÎ�À ÔÁ ÁÍÅÒÉ��À 241Am,ÏÓÔÁÎÎ�Ê Ú ÑËÉÈ �Ú-ÚÁ Ó×Ï§È ÇÅÏÈ�Í�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ Í�ÇÒÕ×ÁÔÉÍÅÎÁÊÛ×ÉÄÛÅ. �ÁËÉÍ ÞÉÎÏÍ, �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× × ÏÂ'¤ËÔ�\õËÒÉÔÔÑ" ÔÁ ÎÁ×ËÏÌÏ ÊÏÇÏ �ÒÏÍÉÓÌÏ×ÏÇÏ ÍÁÊÄÁÎÞÉËÁ ÎÅÏÂÈ�ÄÎÏ ×É-×ÞÁÔÉ Ó��ÌØÎÏ, × ËÏÍ�ÌÅËÓ� [3℄. íÁÔÅÍÁÔÉÞÎÅ ÍÏÄÅÌÀ×ÁÎÎÑ Í�ÇÒÁ��§ÒÁÄ�ÏÎÕËÌ�Ä�× 90Sr, 137Cs �Ú ÏÂ'¤ËÔÕ × ÇÅÏÌÏÇ�ÞÎÅ ÓÅÒÅÄÏ×ÉÝÅ ÂÕÌÏÚÁ�ÒÏ�ÏÎÏ×ÁÎÅ × ÒÏÂÏÔ� [4℄ ÎÁ ÏÓÎÏ×� ÓÕÍ�ÓÎÏ§ ÍÏÄÅÌ� ÒÕÈÕ ×ÏÌÏÇÉ ÔÁÒÁÄ�ÏÎÕËÌ�Ä�× × ÎÁÓÉÞÅÎÏÍÕ - ÎÅÎÁÓÉÞÅÎÏÍÕ �ÏÒÉÓÔÏÍÕ ÓÅÒÅÄÏ×ÉÝ�.òÅÚÕÌØÔÁÔÉ �ÉÈ ÒÏÚÒÁÈÕÎË�× ÎÅ ÏÔÒÉÍÁÌÉ ÎÁÌÅÖÎÏ§ ×ÅÒÉÆ�ËÁ��§ ×ÎÁÓ-Ì�ÄÏË ÎÅÄÏÓÔÁÔÎØÏ§ Ë�ÌØËÏÓÔ� ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ ÓË×Á-ÖÉÎ ÎÁ �ÒÏÍÍÁÊÄÁÎÞÉËÕ. ïÄÎÁË ÇÒÕÎÔÏ×� ×ÏÄÉ ÔÅÒÉÔÏÒ�§ ÚÏÎÉ � ÚÁ§§ ÍÅÖÁÍÉ - ÚÁÂÒÕÄÎÅÎ� ÒÁÄ�ÏÎÕËÌ�ÄÁÍÉ, ÚÏËÒÅÍÁ, × ÎÁ�ÒÑÍËÕ Ò�ËÉðÒÉ�'ÑÔØ, � ÔÏÍÕ ÓÔÁÎÏ×ÌÑÔØ ÏÓÏÂÌÉ×Õ ÒÁÄ�Á��ÊÎÏ - ÅËÏÌÏÇ�ÞÎÕ ÎÅ-



3 ðÒÅ�ÒÉÎÔÂÅÚ�ÅËÕ ÎÁ×ËÏÌÉÛÎØÏÍÕ ÓÅÒÅÄÏ×ÉÝÕ. �ÁË� Ö �ÒÏÂÌÅÍÉ �Ï×'ÑÚÁÎ� ÝÅÚ ÏÄÎÉÍ ÁËÔÉ×ÎÉÍ ÄÖÅÒÅÌÏÍ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× Õ ÇÒÕÎÔÏ×ÉÈ×ÏÄÁÈ ÞÏÒÎÏÂÉÌØÓØËÏ§ ÚÏÎÉ, ÑËÉÍÉ ¤ �ÕÎËÔÉ ÔÉÍÞÁÓÏ×Ï§ ÌÏËÁÌ�ÚÁ��§ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× (ð�ìò÷). ð�ìò÷ - �Å ÓÕËÕ�Î�ÓÔØ ÔÒÁÎÛÅÊÔÁ ÂÕÒÔ�× Ú ÚÁÂÒÕÄÎÅÎÉÈ ÞÁÓÔÉÎ ÂÕÄ�×ÅÌØ, ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÇÒÕÎÔÕ, Ì�ÓÕ,ÞÁÓÔÉÎ ÍÅÔÁÌÏËÏÎÓÔÒÕË��Ê ÔÁ �ÎÛÉÈ ÍÁÔÅÒ�ÁÌ�×. ÷ÏÎÉ ÂÕÌÉ ÓÔ×ÏÒÅ-Î� × ÕÍÏ×ÁÈ ×ÅÌÉËÏÇÏ ÒÁÄ�ÏÁËÔÉ×ÎÏÇÏ ÆÏÎÕ ÚÁ ÄÕÖÅ ÓÔÉÓÌ� ÔÅÒÍ�ÎÉÂÅÚ ÎÁÌÅÖÎÏÇÏ ÔÅÈÎ�ÞÎÏÇÏ ÚÁÂÅÚ�ÅÞÅÎÎÑ (×�ÄÓÕÔÎ�ÓÔØ Ç�ÄÒÏ�ÚÏÌÑ��Ê-ÎÉÈ ÛÁÒ�×) × �ÒÏ�ÅÓ� ÄÅÚÁËÔÉ×Á��§ ÔÅÒÉÔÏÒ�§ ÎÁ×ËÏÌÏ þáåó.ïÓÏÂÌÉ×�ÓÔÀ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÏÓÁÄ�× þáåó ¤ ÎÁÑ×Î�ÓÔØ Õ ÎÉÈ �Á-ÌÉ×ÎÉÈ ÞÁÓÔÉÎÏË, ÑËÉÍÉ Ñ×ÌÑÀÔØÓÑ ÏËÓÉÄÉ ÕÒÁÎÕ, ÎÅ�ÔÕÎ�À, �ÌÕÔÏ-Î�À, ÁÍÅÒÉ��À, ËÀÒ�À Ú �ÒÏÄÕËÔÁÍÉ ÒÏÚ�ÁÄÕ 90Sr, 134;137Cs, 144CeÔÁ ÄÏÍ�ÛËÁÍÉ È�Í�ÞÎÉÈ ÅÌÅÍÅÎÔ�× ËÏÎÓÔÒÕË��ÊÎÉÈ ÍÁÔÅÒ�ÁÌÁ×, ÍÁÔÅ-Ò�ÁÌ�× ÚÁÓÉ�ËÉ ÒÅÁËÔÏÒÁ × �ÒÏ�ÅÓ� Á×ÁÒ�§. ð�Ä ÞÁÓ Á×ÁÒ�§ ×�ÄÂÕ×ÁÌÏÓØÔÁËÏÖ ÕÔ×ÏÒÅÎÎÑ ËÏÎÄÅÎÓÁÔÎÉÈ ÎÁÄÚ×ÉÞÁÊÎÏ ÒÕÈÌÉ×ÉÈ ÌÅÔÀÞÉÈ �ÒÏ-ÄÕËÔ�× �ÏÄ�ÌÕ ÎÁ ÞÁÓÔÉÎËÁÈ �ÉÌÕ , ËÏÎÓÔÒÕË��ÊÎÉÈ ÍÁÔÅÒ�ÁÌ�×.ðÅ×ÎÁÞÁÓÔÉÎÁ �ÒÏÄÕËÔ�× �ÏÄ�ÌÕ ×É�ÁÌÁ Õ ×ÉÇÌÑÄ� ÁÅÒÏÚÏÌÅÊ. �ÁËÉÍ ÞÉÎÏÍ,ÒÁÄ�ÏÁËÔÉ×ÎÅ ÚÁÂÒÕÄÎÅÎÎÑ ÔÅÒÉÔÏÒ�§ × ÒÅÚÕÌØÔÁÔ� Á×ÁÒ�ÊÎÏÇÏ ×ÉËÉÄÕþáåó ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ Ä×ÏÍÁ ÔÉ�ÁÍÉ ÏÓÁÄ�×: Ô×ÅÒÄÏÆÁÚÎÉÍÉ ×ÉÓÏ-ËÏÁËÔÉ×ÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ Ò�ÚÎÏÇÏ ÄÉÓ�ÅÒÓ�ÊÎÏÇÏ ÓËÌÁÄÕ ( Ú ×Í�ÓÔÏÍUO2, PuO2, NpO2, AmO2) ÔÁ ÍÅÔÁÌ�ÞÎÏÇÏ ÕÒÁÎÕ [5,6℄ � �ÁÒÏÇÁÚÏ×Ï§ÆÁÚÉ ÒÑÄÕ ÌÅÇËÏÌÅÔÀÞÉÈ ÒÁÄ�ÏÎÕËÌ�Ä�×, ÑË� × ÚÎÁÞÎ�Ê Í�Ò� ×ÉÚÎÁÞÁ-ÀÔØ §È �Ï×ÅÄ�ÎËÕ × ÇÒÕÎÔÁÈ ÔÁ ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ. îÅÏÂÈ�ÄÎÏ ÚÁÚÎÁÞÉ-ÔÉ, ÝÏ 90Sr �ÏÑ×É×ÓÑ Õ ÓÔÁ×ËÕ - ÏÈÏÌÏÄÖÕ×ÁÞ� ×ÖÅ Õ 1987 ÒÏ��, ÁÌ�ÔÏÍ 1989 ÒÏËÕ × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ð�ìò÷ \òÕÄÉÊ Ì�Ó" ÂÕ× ÚÎÁÊ-ÄÅÎÉÊ �ÌÕÔÏÎ�Ê × ËÏÌÏ§ÄÎ�Ê ÔÁ �ÓÔÉÎÎÏ - ÒÏÚÞÉÎÎ�Ê ÆÏÒÍÁÈ [7℄. îÁÓØÏÇÏÄÎ�ÛÎ�Ê ÞÁÓ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ×ÉÍ�ÒÀ×ÁÎÎÑ × 30 - Ë�ÌÏÍÅÔÒÏ×�ÊÚÏÎ� �ÏËÁÚÕÀÔØ, ÝÏ ×�ÄÂÕ×Á¤ÔØÓÑ ×ÅÒÔÉËÁÌØÎÁ Í�ÇÒÁ��Ñ ÒÁÄ�ÏÎÕËÌÄ�×× ÇÒÕÎÔ� ÚÁ ÒÁÈÕÎÏË ÍÏÌÅËÕÌÑÒÎÏ§ ÄÉÆÕÚ�§ ÔÁ ËÏÎ×ÅËÔÉ×ÎÉÈ �ÏÔÏË�××ÏÌÏÇÉ � Â�ÌÑ 95% ÒÁÄ�ÏÎÕËÌ�Ä�× ÚÏÓÅÒÅÄÖÅÎÏ Õ ×ÅÒÈÎ�È 5 ÓÍ. ÇÒÕÎÔÕ.ãÅ ÏÚÎÁÞÁ¤, ÝÏ ÏÓÎÏ×Î� �ÒÏ�ÅÓÉ �ÏÛÉÒÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ×�ÄÂÕ×ÁÀ-ÔØÓÑ × ÒÏÄÀÞÏÍÕ ÛÁÒ� ÇÒÕÎÔÕ � ×ËÌÀÞÁ¤ÔØÓÑ ÝÅ ÏÄÉÎ ÎÅÂÅÚ�ÅÞÎÉÊÛÌÑÈ �ÅÒÅÎÏÓÕ §È ÞÅÒÅÚ ËÏÒÅÎÅ×Õ ÓÉÓÔÅÍÕ ÒÏÓÌÉÎ. ´ ��ÌÉÊ ÒÑÄ ÏÓÎÏ×-ÎÉÈ ÒÕÛ�ÊÎÉÈ ÓÉÌ, ÑË� ×ÉËÌÉËÁÀÔØ ÁËÔÉ×ÎÕ Í�ÇÒÁ��À ÒÁÄ�ÏÎÕËÌ�Ä�×× ÇÒÕÎÔÁÈ, Á ÓÁÍÅ: ÒÕÈ ×ÏÄÉ �Ï �Ï×ÅÒÈÎ� ÇÒÕÎÔÕ, Æ�ÌØÔÒÁ��Ñ ÁÔÍÏ-ÓÆÅÒÎÉÈ Ï�ÁÄ�× × ÓÅÒÅÄÉÎÕ ÇÒÕÎÔÕ, ÔÅÒÍÏ�ÅÒÅÎÏÓ ×ÏÌÏÇÉ ��Ä Ä�¤ÀÇÒÁÄ�¤ÎÔ�× ÔÅÍ�ÅÒÁÔÕÒÉ, ÄÉÆÕÚ�§ ×�ÌØÎÉÈ � ÁÄÓÏÒÂÏ×ÁÎÉÈ �ÏÎ�×, �ÅÒÅ-ÎÏÓ ÎÁ ËÏÌÏ§ÄÎÉÈ ÞÁÓÔÉÎËÁÈ ÔÁ �Ï ËÏÒÅÎÅ×�Ê ÓÉÓÔÅÍ� ÒÏÓÌÉÎ, Á ÔÁËÏÖÇÏÓ�ÏÄÁÒÓØËÁ Ä�ÑÌØÎ�ÓÔØ ÌÀÄÅÊ.õ ÄÁÎÉÊ ÞÁÓ ËÁÄÁÓÔÒ [8℄ Í�ÓÔÉÔØ �ÎÆÏÒÍÁ��À Â�ÌØÛ Î�Ö �ÒÏ 1400ÚÁÈÏÒÏÎÅÎØ Õ ÚÏÎ� ×�ÄÞÕÖÅÎÎÑ. ïÓÏÂÌÉ×Õ ÔÒÉ×ÏÇÕ ×ÉËÌÉËÁ¤ ð�ìò÷
ICMP{00{19U 4\îÁÆÔÏÂÁÚÁ" ÔÁ \òÕÄÉÊ Ì�Ó". åËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍ ÄÏÓÌ�ÄÖÅÎÎÑÍ ÒÁ-Ä�ÏÎÕËÌ�Ä�× × ð�ìò÷ �ÒÉÓ×ÑÞÅÎÁ ×ÅÌÉËÁ Ë�ÌØË�ÓÔØ ÒÏÂ�Ô [9-17℄.ïÓÏÂ-ÌÉ×�ÓÔÀ ÚÁÈÏÒÏÎÅÎÎÑ \îÁÆÔÏÂÁÚÁ" ¤ ÔÅ, ÝÏ ×ÏÎÏ ÚÎÁÈÏÄÉÔØÓÑ �ÏÂÌÉ-ÚÕ Ò�ËÉ ðÒÉ�'ÑÔØ � ÓÔ×ÏÒÀ¤ ÎÁÊÂ�ÌØÛÕ ÚÁÇÒÏÚÕ Ú ÔÏÞËÉ ÚÏÒÕ ×ÉÎÏÓÕÒÁÄ�ÏÁËÔÉ×ÎÏÇÏ ÚÁÂÒÕÄÎÅÎÎÑ Õ ×ÏÄÎ� ÍÁÓÉ×É. ðÒÉ ÏÂÓÔÅÖÅÎ� ð�ìò÷\îÁÆÔÏÂÁÚÁ" ×ÉÑ×ÌÅÎÏ 14 �ÏÓÔ�ÊÎÏ ��ÄÔÏ�ÌÅÎÉÈ ÔÒÁÎÛÅÊ Ú ÏÂ'¤ÍÏÍÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× 6.9 ÔÉÓ. Í3. 25 ÔÒÁÎÛÅÊ ÚÁÔÏ�ÌÀÀÔØÓÑ ��ÄÞÁÓ �Ï×ÅÎÅÊ. úÁÇÁÌØÎÉÊ ÏÂ'¤Í ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�× Õ ��ÄÔÏ�ÌÅÎÉÈÔÒÁÎÛÅÑÈ ð�ìò÷ ÓËÌÁÄÁ¤ 23 ÔÉÓ. Í3. ðÒÁËÔÉÞÎÏ Õ ×Ó�È ð�ìò÷ ËÒ�ÍÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× 90Sr, 134;137Cs, 144Ce, 106Ru, 125Sb, 154EuÍ�ÓÔÑÔØÓÑ �ÚÏÔÏ�É ÕÒÁÎÕ, �ÌÕÔÏÎ�À [7℄. ó�ÅËÔÒ � - ÁËÔÉ×ÎÏÓÔ� ÔÒÁÎ-ÛÅÊ ÌÅÖÉÔØ × ÛÉÒÏËÏÍÕ Ä�Á�ÁÚÏÎ�: 70 - 10000 íâË. ïÓÏÂÌÉ×Ï ÔÒÉ-×ÏÖÎÉÍ ¤ ÔÅ, ÝÏ ×ÏÄÎÉÊ \ËÏËÔÅÊÌØ" �Ú ×ÉÝÅ �ÅÒÅÒÁÈÏ×ÁÎÉÈ �ÚÏÔÏ��×�Ï�ÁÄÁ¤ �Ú ÚÁÔÏÎÕ ðÒÉ�'ÑÔ� × Ò�ËÕ ðÒÉ�'ÑÔØ � ÄÁÌ� × äÎ��ÒÏ. ëÒ�Í ÔÏ-ÇÏ, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ (01.12.1991Ò.) [7℄ ×ÓÔÁÎÏ×ÉÌÉ, ÝÏ�ÏÒÑÄ Ú ÒÁÄ�ÏÎÕËÌ�ÄÁÍÉ 90Sr, 134;137Cs, 238�241Pu, 242;244Cm Í�ÓÔÉ-ÔØÓÑ ÁÍÅÒÉ��Ê 241Am × ÒÏÚÞÉÎÎ�Ê ÆÏÒÍ� × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ÚÁÈÏÒÏ-ÎÅÎÎÑ \òÕÄÉÊ Ì�Ó".óËÌÁÌÁÓØ �Å×ÎÁ ÎÅ×�Ä�Ï×�ÄÎ�ÓÔØ Í�Ö ×ÅÌÉËÏÀ Ë�ÌØË�ÓÔÀ ÆÁËÔÉÞ-ÎÏÇÏ ÍÁÔÅÒ�ÁÌÕ �ÒÏ ×Í�ÓÔ, ÒÏÚ�ÏÄ�Ì � �ÅÒÅÎÅÓÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ÕÇÒÕÎÔÁÈ, ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ, ÚÏËÒÅÍÁ ×ÅÒÔÉËÁÌØÎÏ§ Í�ÇÒÁ��§ [18-20℄, ÚÏÄÎÏ§ ÓÔÏÒÏÎÉ, � ÎÅÄÏÓÔÁÔÎ�Í ÓÔÕ�ÅÎÅÍ ÕÚÁÇÁÌØÎÅÎÎÑ �ØÏÇÏ ÍÁÔÅÒ�Á-ÌÕ ÎÁ ÏÓÎÏ×� �ÒÅÄÓÔÁ×ÌÅÎØ �ÒÏ ÍÅÈÁÎ�ÚÍÉ Í�ÇÒÁ��§ �ÏÎ�× � ÍÏÌÅËÕÌ ÚÒÁÄ�ÏÎÕËÌ�ÄÁÍÉ × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ, Ú ÄÒÕÇÏ§. ÷�ÄÓÕÔÎ�ÓÔØ ÄÏÓÔÁÔÎØÏÁÎÁÌ�ÔÉÞÎÏ§ �ÎÆÏÒÍÁ��§ �ÒÏ ÓËÌÁÄÎ� �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�×Õ ÇÒÕÎÔÁÈ, ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ÚÁÔÒÕÄÎÀ¤ ÒÏÚ×'ÑÁÎÑÎÎÑ ÂÁÇÁÔØÏÈ ÎÅ×�Ä-ËÌÁÄÎÉÈ ÚÁÄÁÞ, �Ï×'ÑÚÁÎÉÈ Ú ×ÉÂÏÒÏÍ � ÚÄ�ÊÓÎÅÎÎÑÍ ÚÁÈÏÄ�× ÄÌÑ ÎÅ-�ÏÛÉÒÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× Ú ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ", �ÒÏÍÍÁÊÄÁÎÞÉËÁ ÔÁð�ìò÷ � ðúò÷. äÌÑ ×ÉÒ�ÛÅÎÎÑ ��¤§ �ÒÏÂÌÅÍÉ ÎÅÏÂÈ�ÄÎÏ ÄÏ�Ï×ÎÀ×Á-ÔÉ ÇÅÏÇÒÁÆ�ÞÎÕ �ÎÆÏÒÍÁ��ÊÎÕ ÓÉÓÔÅÍÕ (ç¶ó) ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×,ÝÏ ÒÏÚÒÏÂÌÑ¤ÔØÓÑ × ÷ð áÎÁÌ�ÔÉÞÎÉÊ �ÅÎÔÒ \ñË�ÓÔØ" ÎÁÓÔÕ�ÎÉÍÉ �Á-ÒÁÍÅÔÒÁÍÉ:- �, �, 
 - ÚÁÂÒÕÄÎÅÎÎÑ;- ÓÅÒÅÄÎ� ËÏÎ�ÅÎÔÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× 235;238U , 238;239Pu, 241Am,90Sr, 134;137Cs, 242;244Cm × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÔÅÍ�Å-ÒÁÔÕÒÉ, ÚÍ�ÎÉ ��Ò ÒÏËÕ, ÚÍ�ÎÉ Ò�×ÎÑ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ ×�ÄÎÏÓÎÏ §È ÄÚÅÒ-ËÁÌÁ;- ÚÍ�ÎÉ �ÏÔÕÖÎÏÓÔ� ÄÏÚÉ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÎÁÄ �Ï×ÅÒÈÎÅÀ ÇÒÕÎÔÕ× ÒÅÚÕÌØÔÁÔ� Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× Ú �Ï×ÅÒÈÎ� ×ÓÅÒÅÄÉÎÕ ÇÒÕÎÔÕ;- ÏÓÏÂÌÉ×ÏÓÔ� ÇÒÕÎÔÕ, ÑË ÁÄÓÏÒÂÅÎÔÁ ( ÏÂÍ�ÎÎÁ ÁÄÓÏÒÂ��Ñ ËÁÔ�ÏÎ�×)� ÓÅÒÅÄÏ×ÉÝÁ (�ÏÌ�ÄÉÓ�ÅÒÓÎ�ÓÔØ, �ÏÒÉÓÔ�ÓÔØ, ËÉÓÌÏÔÎ�ÓÔØ, ÎÁÑ×Î�ÓÔØ



5 ðÒÅ�ÒÉÎÔÏÒÇÁÎ�ÞÎÉÈ ÒÅÞÏ×ÉÎ - ÇÕÍ�ÎÏ×ÉÈ ËÉÓÌÏÔ), Õ ÑËÏÍÕ ×�ÄÂÕ×Á¤ÔØÓÑ Í�Ç-ÒÁ��Ñ ÒÁÄ�ÏÎÕËÌ�Ä�× � ÑË ×�ÌÉ×ÁÀÔØ ÄÁÎ� ÏÓÏÂÌÉ×ÏÓÔ� ÎÁ ×ÚÁ¤ÍÏÄ�ÀÒÁÄ�ÏÎÕËÌ�Ä�× Ú ÇÒÕÎÔÁÍÉ ÔÁ §È ËÏÒÏÚ�À.õ Ú×'ÑÚËÕ Ú �ÉÍ ÄÌÑ ÒÏÚÕÍ�ÎÎÑ �ÒÏ�ÅÓ�× � §È �ÒÏÇÎÏÚÕ×ÁÎÎÑ Õð�ìò÷, ðúò÷ � ÏÂ'¤ËÔÕ \õËÒÉÔÔÑ" - ÇÒÕÎÔÏ×� ×ÏÄÉ �ÒÏÍÍÁÊÄÁÎÞÉ-ËÁ, ÎÅÏÂÈ�ÄÎ� �ÅÒ�ÏÄÉÞÎ� ÄÏÄÁÔËÏ×� ÏÂÓÔÅÖÅÎÎÑ ÔÁ òïúòïâëá æ¶-úéëï - íá�åíá�éþîéè íïäåìåê í¶çòáã¶· òáä¶ïáë�é÷-îéè åìåíåî�¶÷ ÷ çòõî�áè ¶ çòõî�ï÷éè ÷ïäáè × ÚÁÌÅÖ-ÎÏÓÔ� ×�Ä ÔÅÍ�ÅÒÁÔÕÒÉ, ÚÍ�Î ��Ò ÒÏËÕ ÔÁ ÚÍ�ÎÉ Ò�×ÎÑ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ.ðÅÒ�ÏÄÉÞÎ� ÏÂÓÔÅÖÅÎÎÑ ÔÁ Æ�ÚÉËÏ - ÍÁÔÅÍÁÔÉÞÎ� ÍÏÄÅÌ� �Ï×ÉÎÎ� ÂÁ-ÚÕ×ÁÔÉÓÑ ÎÁ ÄÅÔÁÌØÎÏÍÕ Ï�ÉÓ� ÓËÌÁÄÎÉÈ �ÒÏ�ÅÓ�× Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕË-Ì�Ä�× ÇÒÕÎÔÏ×ÉÍÉ ×ÏÄÁÍÉ Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ó�Å�ÉÆ�ÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Ú�ÏÎÁÍÉ, ÍÏÌÅËÕÌÁÍÉ, ËÏÌÏ§ÄÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ, ÝÏ ÓËÌÁÄÁÀÔØ ÇÒÕÎÔ.ðÅÒ�ÏÄÉÞÎ� ÏÂÓÔÅÖÅÎÎÑ ÔÁ Æ�ÚÉËÏ - ÍÁÔÅÍÁÔÉÞÎ� ÍÏÄÅÌ� Í�ÇÒÁ��§ÒÁÄ�ÏÎÕËÌ�Ä�× ÇÒÕÎÔÏ×ÉÍÉ � ��ÄÚÅÍÎÉÍÉ ×ÏÄÁÍÉ × ð�ìò÷, ðúò÷ ÔÁ�ÒÏÍÍÁÊÄÁÎÞÉËÁ þáåó Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÎÎÏ-ÏÂÍ�ÎÎÉÈ, Ç�ÄÒÁÔÁ��Ê-ÎÉÈ, ×ÚÁ¤ÍÏÄÉÆÕÚ�ÊÎÉÈ ÍÅÈÁÎ�ÚÍ�× ×ÚÁ¤ÍÏÄ�§ Ú ×ÏÄÏÀ ÔÁ ËÏÒÏÚ�§ ÇÒÕÎ-Ô�× Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÒÉÓÔÏÓÔ�, ËÉÓÌÏÔÎÏÓÔ�, ÁÄÓÏÒÂ��ÊÎÉÈ ×ÌÁÓÔÉ×ÏÓ-ÔÅÊ, ÄÁÌÉ Â ÍÏÖÌÉ×�ÓÔØ �ÒÏÇÎÏÚÕ×ÁÔÉ �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�×� ×ÉÒÏÂÉÔÉ ÒÅËÏÍÅÎÄÁ��§ ÄÌÑ ÓÔ×ÏÒÅÎÎÑ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× -ÌÏ×ÕÛÏË �ÒÉ ËÏÎÓÅÒ×Á��§, Ç�ÄÒÏ�ÚÏÌÑ��§ ÔÁ �ÅÒÅÚÁÈÏÒÏÎÅÎÎÑ ð�ìò÷.óÕÞÁÓÎÉÊ ÓÔÁÎ ð�ìò÷, Ú ÑËÉÈ ÚÁÂÒÕÄÎÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�ÄÁÍÉÇÒÕÎÔÏ×ÉÈ ÔÁ ��ÄÚÅÍÎÉÈ ×ÏÄ �ÏÞÁÌÏÓÑ ÝÅ × 1988-1989 ÒÏËÁÈ ÇÏÓÔ-ÒÏ ÓÔÁ×ÉÔØ �ÒÏÂÌÅÍÉ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× - ÌÏ×ÕÛÏË ÎÁ ÛÌÑ-ÈÕ �ÏÛÉÒÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ÚÏÎ� þáåó ÔÁ ÏÓÍÉÓÌÅÎÅ, ÎÁÕËÏ×Ï ÔÁÅËÏÎÏÍ�ÞÎÏ ÏÂÇÒÕÎÔÏ×ÁÎÅ �ÅÒÅÚÁÈÏÒÏÎÅÎÎÑ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×�Ú ð�ìò÷ Õ ÎÁÄ�ÊÎ� ËÏÎÔÒÏÌØÏ×ÁÎ� ÓÈÏ×ÉÝÁ. ïÄÎÉÍÉ �Ú ÅÆÅËÔÉ×-ÎÉÈ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× - ÌÏ×ÕÛÏË ÒÏÚÇÌÑÄÁÀÔØÓÑ ÇÌÉÎÉÓÔ�ÇÒÕÎÔÉ ËÌÁÓÕ ÂÅÎÔÏÎ�Ô�×, ÑË� ÚÁÓÔÏÓÏ×Õ×ÁÌÉÓØ Â ÑË \ÓÔ�ÎÁ" × ÇÒÕÎÔ�.äÌÑ �ÒÁËÔÉÞÎÏÇÏ ×ÉÂÏÒÕ ÇÌÉÎÉÓÔÉÈ ÂÁÒ'¤Ò�× ÎÅÏÂÈ�ÄÎ� ÄÅÔÁÌØÎ� ÄÏ-ÓÌ�ÄÖÅÎÎÑ ×�ÌÉ×Õ È�Í�ÞÎÏÇÏ ÓËÌÁÄÕ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ ÎÁ ÓÔ�ÊË�ÓÔØ � ÄÏ×-ÇÏÔÒÉ×ÁÌ�ÓÔØ ÚÁÈÉÓÎÉÈ ÅÌÅÍÅÎÔ�× ÇÌÉÎÉÓÔÏÇÏ ÅËÒÁÎÕ, ÊÏÇÏ ÓÏÒÂ��ÊÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ, ×�ÌÉ×Õ ÒÁÄ�ÏÁËÔÉ×ÎÏÇÏ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÎÁ Æ�ÚÉËÏ -ÍÅÈÁÎ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� × ÚÁÌÅÖÎÏÓÔ� ×�Ä ËÏÎ�ÅÎÔÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�×.óÔ×ÏÒÅÎÎÑ ÓÉÓÔÅÍÉ ÔÁËÉÈ ÇÌÉÎÉÓÔÉÈ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× Õ Í�Ó-�ÑÈ ÌÏËÁÌ�ÚÁ��§ ð�ìò÷ ×ÉÍÁÇÁ¤ ÄÅÔÁÌØÎÏÇÏ �ÅÒ�ÏÄÉÞÎÏÇÏ ÏÂÓÔÅÖÅÎ-ÎÑ ð�ìò÷ ÚÁ ËÏÖÎÏÀ ÔÒÁÎÛÅ¤À ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×.ïÂÓÔÅÖÅÎÎÑ ÔÒÁÎÛÅ§ �Ï×ÉÎÅÎÎÏ Í�ÓÔÉÔÉ:- Í�Ó�Å ÚÎÁÈÏÄÖÅÎÎÑ × ÓÉÓÔÅÍ� ð�ìò÷;- ÞÁÓ �ÏÂÕÄÏ×É, ÒÅËÏÎÓÔÒÕË��§;- ÇÅÏÍÅÔÒÉÞÎ� ÒÏÚÍ�ÒÉ;

ICMP{00{19U 6- ÁÎÁÌ�Ú ÍÁÔÅÒ�ÁÌ�× ÚÁÈÏÒÏÎÅÎÎÑ (ÒÁÄ�ÏÁËÔÉ×ÎÉÊ ÇÒÕÎÔ, ÂÕÄ�×ÅÌØÎ�ÍÁÔÅÒ�ÁÌÉ, ÍÅÔÁÌ�ÞÎ� ËÏÎÓÔÒÕË��§, ÔÅÈÎ�ËÁ ÔÁ �Î.), §È Ë�ÌØË�ÓÔØ, ÏÂ'¤Í;- ÁÎÁÌ�Ú ÒÁÄ�ÏÎÕËÌ�ÄÎÏÇÏ ÓËÌÁÄÕ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ×�ÄÈÏÄ�×:� ÚÁ ËÏÎ�ÅÎÔÒÁ��¤À �ÚÏÔÏ��× 238;239Pu, 241Am, 90Sr, 134;137Cs,242;244Cm;� �ÏÔÕÖÎÏÓÔ� ÄÏÚÉ �, �, 
 -×É�ÒÏÍ�ÎÀ×ÁÎÎÑ, ÄÁÎ� ÚÁ ÒÏËÁÍÉ;� Æ�ÚÉËÏ-È�Í�ÞÎ� ÆÏÒÍÉ, Ó�ÏÌÕËÉ ÚÎÁÈÏÄÖÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ×ÚÁÌÅÖÎÏÓÔ� ×�Ä pH (ËÉÓÌÏÔÎ�ÓÔØ, ÌÕÖÎ�ÓÔØ) ÇÒÕÎÔ�×;- È�Í�ÞÎÉÊ ÓËÌÁÄ ÇÒÕÎÔ�× ÔÒÁÎÛÅ§ [ÏÓÏÂÌÉ×ÏÓÔ� ÇÒÕÎÔÕ ÑË ÁÄÓÏÒ-ÂÅÎÔÁ (ÏÂÍ�ÎÎÁ ÁÄÓÏÒÂ��Ñ ËÁÔ�ÏÎ�×) � ÓÅÒÅÄÏ×ÉÝÁ (�ÏÌ�ÄÉÓ�ÅÒÓÎ�ÓÔØ,�ÏÒÉÓÔ�ÓÔØ, ËÉÓÌÏÔÎ�ÓÔØ, ÎÁÑ×Î�ÓÔØ ÏÒÇÁÎ�ÞÎÉÈ ÒÅÞÏ×ÉÎ - ÇÕÍ�ÎÏ×ÉÈËÉÓÌÏÔ)℄;- È�Í�ÞÎÉÊ ÓËÌÁÄ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ, ÚÍ�ÎÁ §È Ò�×ÎÑ Ú �ÏÒÁÍÉ ÒÏËÕ ÔÁÏÓÎÏ×ÎÉÊ ÎÁ�ÒÑÍ �ÅÒÅÎÏÓÕ.äÌÑ ÓÔ×ÏÒÅÎÎÑ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�×-ÌÏ×ÕÛÏË ÎÁ×ËÏÌÏ ÏËÒÅ-ÍÉÈ ÔÒÁÎÛÅÊ ÞÉ ��ÌÏ§ §È ÓÉÓÔÅÍÉ, ÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÅÓÔÉ ÄÅÔÁÌØÎ� ÒÏÚ-ÒÁÈÕÎËÉ ÒÕÈÕ ËÏÍ�ÏÎÅÎÔ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×ÞÅÒÅÚ ×�Ä�Ï×�ÄÎ� �ÒÏÅËÔÕÀÞ� ÇÌÉÎÉÓÔ� ÅËÒÁÎÉ. ðÒÉ �ØÏÍÕ ×ÁÖÌÉ×ÏÒÏÚ×'ÑÚÁÔÉ ÒÑÄ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ ÚÁÄÁÞ:� äÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�× ÞÅÒÅÚ ÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ, ÑË� Ú×'ÑÚÁÎ�, ÎÁÓÁÍ�ÅÒÅÄ,Ú Æ�ÌØÔÒÁ��¤À ÒÏÚÞÉÎ�× � ÄÉÆÕÚ�¤À ÏËÒÅÍÉÈ ËÏÍ�ÏÎÅÎÔ. ðÒÉ�ØÏÍÕ ×ÁÖÌÉ×Ï ×ÒÁÈÕ×ÁÔÉ, ÝÏ �ÒÉ Æ�ÚÉËÏ-È�Í�ÞÎ�Ê ×ÚÁ¤ÍÏÄ�§ËÏÍ�ÏÎÅÎÔ ÒÏÚÞÉÎ�× Ú ÇÒÕÎÔÁÍÉ ÍÏÖÌÉ×� ÎÁÓÔÕ�Î� �ÒÏ�ÅÓÉ:- ÕÔ×ÏÒÅÎÎÑ ÎÅÒÏÚÞÉÎÎÉÈ Ó�ÏÌÕË ÔÁ ÕÝ�ÌØÎÅÎÎÑ ÇÒÕÎÔÕ;- �ÅÒÅÈ�Ä ÓËÌÁÄÏ×ÉÈ ÞÁÓÔÉÎ ÇÒÕÎÔÕ Õ ÒÏÚÞÉÎ ÔÁ ÓÕÆÆÏÚ�ÊÎ� �ÒÏ-�ÅÓÉ;- ÚÍ�ÎÁ ÍÅÈÁÎ�ÞÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÇÒÕÎÔÕ, ÊÏÇÏ ÄÉÓ�ÅÒÓÎÏÓÔ�, �Ï-ÒÉÓÔÏÓÔ� ÔÁ ÓÔÒÕËÔÕÒÉ ×ÎÁÓÌ�ÄÏË �, �, 
 -×É�ÒÏÍ�ÎÀ×ÁÎÎÑ, ÝÏ ¤ Ñ×É-ÝÁÍÉ ËÏÒÏÚ�§ ÇÒÕÎÔÕ;- ÎÁÑ×Î�ÓÔØ ÚÁÔÉÓÎÕÔÏÇÏ �Ï×�ÔÒÑ × ÇÒÕÎÔÁÈ, ÝÏ ÓÕÔÔ¤×Ï ÍÏÖÅ ÚÍ�-ÎÀ×ÁÔÉ Æ�ÌØÔÒÁ��ÊÎ� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÊÏÇÏ.� òÏÚÒÁÈÕÎÏË ÏÓÍÏÔÉÞÎÉÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÞÅÒÅÚ ÇÌÉÎÉÓÔ� ÅËÒÁ-ÎÉ, ×�ÌÉ× ÑËÉÈ ÏÓÏÂÌÉ×Ï ÚÁÌÅÖÉÔØ ×�Ä ×ÏÌÏÇÏÓÔ� ÇÒÕÎÔÕ ÅËÒÁÎ�×ÔÁ Ò�×ÎÑ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ × ÏÓÎÏ×� ÅËÒÁÎÕ.



7 ðÒÅ�ÒÉÎÔ÷Ó� �� �ÒÏ�ÅÓÉ ÍÏÖÕÔØ ÓÕÔÔ¤×Ï ÚÍ�ÎÀ×ÁÔÉ ×ÌÁÓÔÉ×ÏÓÔ� ÇÒÕÎÔ�× Õ ×�Ä-ÎÏÛÅÎ� ÄÏ §È �ÒÏÎÉËÎÏÓÔ�. ÷ÏÎÉ ÍÁÀÔØ ÝÅ Ê ÔÕ ÏÓÏÂÌÉ×�ÓÔØ, ÝÏ ×�Ä-ÂÕ×ÁÀÔØÓÑ Õ �ÏÌ� �ÏÓÔ�ÊÎÏ§ Ä�§ �, �, 
 -×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. �ÏÍÕ �ÒÉÒÏÚÒÁÈÕÎËÁÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅ-ÍÅÎÔ�× ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ Ê �ÒÏ�ÅÓÉ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ. ïÓÏÂÌÉ-×�ÓÔØ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× - ÌÏ×ÕÛÏË × ÕÍÏ×ÁÈ ð�ìò÷ �Ï×ÉÎÎÁÂÕÔÉ �Ï×'ÑÚÁÎÁ �Ú ÎÁÑ×Î�ÓÔÀ × ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ �ÚÏÔÏ��× 238;239;241Pu,241Am, ÑË� ×�ÄÒ�ÚÎÑÀÔØÓÑ ×�Ä �ÎÛÉÈ ÒÁÄ�ÏÎÕËÌ�Ä�× Â�ÌØÛÏÀ Í�ÇÒÁ-��ÊÎÏÀ ÚÄÁÔÎ�ÓÔÀ. �ÏÍÕ ÇÌÉÎÉÓÔ� ÅËÒÁÎÉ �Ï×ÉÎÎ� Í�ÓÔÉÔÉ ÓÏÒÂÅÎ-ÔÉ �Ï ×�ÄÎÏÛÅÎÎÀ ÄÏ �ÉÈ ÒÁÄ�ÏÎÕËÌ�Ä�×, ÝÏ ÑË ×�ÄÏÍÏ ¤ ÎÁÄÚ×ÉÞÁÊ-ÎÏ ÓËÌÁÄÎÏÀ �ÒÏÂÌÅÍÏÀ. ÷ ÚÁÇÁÌØÎÏÍÕ, �ÒÉ ×ÉÚÎÁÞÅÎ� �ÒÉÄÁÔÎÏÓÔ�ÇÒÕÎÔ�× ÄÌÑ ÓÔ×ÏÒÅÎÎÑ ÅËÒÁÎ�× ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ ÎÁÓÔÕ�Î� ×É-ÍÏÇÉ:- ÇÒÕÎÔÉ ÎÅ �Ï×ÉÎÎ� �ÒÏÑ×ÌÑÔÉ ÓÕÆÆÏÚ�§ �ÒÉ Ä�§ ÒÏÚÞÉÎ�×, Á ÎÁ×-�ÁËÉ, ÂÁÖÁÎÏÀ ¤ ËÏÁÌØÔÁ��Ñ ÚÁ ÒÁÈÕÎÏË ÎÏ×ÏÕÔ×ÏÒÅÎØ;- ËÏÅÆ���¤ÎÔ Æ�ÌØÔÒÁ��§ ÇÒÕÎÔ�× �Ï×ÉÎÅÎ ÂÕÔÉ ÎÅ Â�ÌØÛÉÊ 10�5Í/ÄÏÂÕ;- ÇÒÕÎÔÉ �Ï×ÉÎÎ� ÍÁÔÉ ×ÉÓÏËÕ ÓÏÒÂ��ÊÎÕ ÚÄÁÔÎ�ÓÔØ ÄÏ ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�×;- × ÇÒÕÎÔÁÈ �ÒÉ �ÒÏÎÉËÎÅÎ� ÒÏÚÞÉÎ�× ÎÅ �Ï×ÉÎÎ� ÒÏÚ×É×ÁÔÉÓÑ È�-Í�ÞÎ� �ÒÏ�ÅÓÉ, ÝÏ ÓÕ�ÒÏ×ÏÄÖÕÀÔØÓÑ ×ÉÄ�ÌÅÎÎÑÍ ÇÁÚÏ�ÒÏÄÕËÔ�×.äÌÑ ÒÏÚÒÁÈÕÎËÕ Û×ÉÄËÏÓÔ� �ÅÒÅÎÏÓÕ ËÏÍ�ÏÎÅÎÔ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕÞÅÒÅÚ ÅËÒÁÎ ÎÅÏÂÈ�ÄÎÏ ×ÉÚÎÁÞÉÔÉ ×ÚÁ¤ÍÎÉÊ ×�ÌÉ× �ÒÏ�ÅÓ�× ÄÉÆÕÚ�§,Æ�ÌØÔÒÁ��§, ÏÓÍÏÓÕ ÔÁ ÓÏÒÂ��§. æÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÊ Ï�ÉÓ §È ÇÒÕÎÔÕ¤ÔØ-ÓÑ ÎÁ Ò�×ÎÑÎÎ� ÍÁÔÅÒ�ÁÌØÎÏÇÏ ÂÁÌÁÎÓÕ �ÅÒÅÎÏÓÕ ËÏÍ�ÏÎÅÎÔ ÒÏÚÞÉÎÕÞÅÒÅÚ ÏÄÉÎÉ�À �Ï×ÅÒÈÎ� ÅËÒÁÎÕ:m = 
tKprH +Dtr
� 
tK0r
�Kd
L

k; (1)ÄÅ m -Ë�ÌØË�ÓÔØ ÒÅÞÏ×ÉÎÉ, ÝÏ �ÅÒÅÎÏÓÉÔØÓÑ ÞÅÒÅÚ ÏÄÉÎÉ�À �ÌÏÝ� ÅË-ÒÁÎÕ ÚÁ ÞÁÓ t, Kp - ËÏÅÆ���¤ÎÔ Æ�ÌØÔÒÁ��§ ÒÏÚÞÉÎÕ ÞÅÒÅÚ ÅËÒÁÎ, K0 -ËÏÅÆ���¤ÎÔ ÏÓÍÏÓÕ ÄÌÑ ÇÒÕÎÔÕ; Kd - ËÏÅÆ���¤ÎÔ ÒÏÚ�ÏÄ�ÌÕ ÓÏÒÂ��ÊÎÉÈ�ÅÎÔÒ�×, D - ËÏÅÆ���¤ÎÔ ÄÉÆÕÚ�§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÅÌÅËÔÒÏÌ�Ô�× × ÇÒÕÎ-Ô�, 
 - ËÏÎ�ÅÎÔÒ��Ñ ÅÌÅËÔÒÏÌ�ÔÕ, L - ÔÏ×ÝÉÎÁ ÅËÒÁÎÕ, 

k - ÏÂ'¤ÍÎÁ ×ÁÇÁÓËÅÌÅÔÕ ÇÒÕÎÔÕ, H - ÎÁ��Ò ÇÒÕÎÔÏ×ÉÈ ×ÏÄ. îÁ ÒÁÄ�ÏÁËÔÉ×Î�ÓÔØ ×ÏÄÎÉÈÒÏÚÞÉÎ�× ÂÕÄÅ ÍÁÔÉ ×�ÌÉ× ÔÁËÏÖ �ÒÉÒÏÄÎÉÊ ÒÁÄ�ÏÁËÔÉ×ÎÉÊ ÒÏÚ�ÁÄ.æÕÎË��§ Kp, D, K0, Kd ×ÉÚÎÁÞÁÀÔØ ÏÓÎÏ×Î� ÍÅÈÁÎ�ÚÍÉ �ÒÏ�ÅÓ�× Æ�ÌØ-ÔÒÁ��§, ÄÉÆÕÚ�§, ÏÓÍÏÓÕ ÔÁ ÓÏÒÂ��§ � ÚÁÌÅÖÁÔØ ×�Ä ÈÁÒÁËÔÅÒÕ ×ÚÁ¤ÍÏÄ�§×ÏÄÎÉÈ ÒÏÚÞÉÎ�× Ú ËÏÍ�ÏÎÅÎÔÁÍÉ ÇÒÕÎÔÕ. þÁÓ Æ�ÌØÔÒÁ��§ ÞÅÒÅÚ ÅËÒÁÎ�ÒÉ ÏÄÎÏÍ�ÒÎ�Ê Æ�ÌØÔÒÁ��§ ÍÏÖÅ ÂÕÔÉ ×ÉÚÎÁÞÅÎÉÊ ÚÁ ÆÏÒÍÕÌÏÀ:t = (n�W )=Kp[x� (H � hk) ln(1 + x=(H � hk))℄; (2)
ICMP{00{19U 8ÄÅ x - ×ÅÌÉÞÉÎÁ �ÒÏÓÕ×ÁÎÎÑ ÆÒÏÎÔÕ ÚÍÏÞÕ×ÁÎÎÑ ÅËÒÁÎÕ ×ÏÄÎÉÍ ÒÏÚ-ÞÉÎÏÍ, n - �ÏÒÉÓÔ�ÓÔØ �W - ×ÏÌÏÇ�ÓÔØ ÇÒÕÎÔÕ, hk - ×ÉÓÏÔÁ ËÁ��ÌÑÒÎÏÇÏ��ÄÎÑÔÔÑ ×ÏÄÉ × ÇÒÕÎÔ� ÅËÒÁÎÕ. ëÏÅÆ���¤ÎÔ Æ�ÌØÔÒÁ��§ ÒÏÚÞÉÎÕ KpÍÏÖÅ ÂÕÔÉ ÎÁÂÌÉÖÅÎÏ ×ÉÚÎÁÞÅÎÉÊ ÚÁ ÊÏÇÏ �ÉÔÏÍÏÀ ×ÁÇÏÀ � ×�ÄÎÏÓ-ÎÏÀ ×'ÑÚË�ÓÔÀ ÒÏÚÞÉÎÕ, ÑËÝÏ K - ËÏÅÆ���¤ÎÔ Æ�ÌØÔÒÁ��§ ×ÏÄÉ ÞÅÒÅÚÇÒÕÎÔÏ×ÉÊ ÅËÒÁÎ: Kp = K
p=
0�; (3)
p - �ÉÔÏÍÁ ×ÁÇÁ ÒÏÚÞÉÎÕ, 
0 - �ÉÔÏÍÁ ×ÁÇÁ ×ÏÄÉ, � - ×�ÄÎÏÓÎÁ ×'ÑÚ-Ë�ÓÔØ ÒÏÚÞÉÎÕ. ðÒÉ �ØÏÍÕ ×�ÌÉ× È�Í�ÞÎÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö ËÏÍ�ÏÎÅÎ-ÔÁÍÉ ÇÒÕÎÔÕ ÔÁ ×ÏÄÎÉÍ ÒÏÚÞÉÎÏÍ ÎÁ Kp ÎÅ ×ÒÁÈÏ×Õ¤ÔØÓÑ. ïÞÅ×ÉÄÏ,ÝÏ �Å ÓÕÔÔ¤×ÉÊ ÎÅÄÏÌ�Ë , ÏÓË�ÌØËÉ ÈÁÒÁËÔÅÒ ×ÚÁ¤ÍÏÄ�§ �ÏÎ�× ÔÁ ÍÏ-ÌÅËÕÌ ÒÏÚÞÉÎ�× �Ú ËÏÍ�ÏÎÅÎÔÁÍÉ ÇÒÕÎÔÕ ¤ ×ÉÒ�ÛÁÌØÎÉÍÉ × ÔÏÍÕ, ÑËÁÄÓÏÒÂÕÀÔØÓÑ ÞÉ ÄÅÓÏÒÂÕÀÔØÓÑ, ÑË Û×ÉÄËÏ ÄÉÆÕÎÄÕÀÔØ Ô� ÞÉ �ÎÛ�ËÏÍ�ÏÎÅÎÔÉ ÒÏÚÞÉÎÕ. �ÁË� ÚÁÄÁÞ� ¤ ×ÁÖÌÉ×� � ÄÌÑ §È ÒÏÚ×'ÑÚËÕ �ÏÔÒÅ-ÂÕÀÔØ ÓÔÁÔÉÓÔÉÞÎÉÈ ��ÄÈÏÄ�×. ðÒÉ ÎÁÑ×ÎÏÓÔ� × ÇÒÕÎÔ� ÚÁÔÉÓÎÕÔÏÇÏ�Ï×�ÔÒÑ ËÏÅÆ���¤ÎÔ Æ�ÌØÔÒÁ��§ ÄÌÑ ÒÏÚÞÉÎÕ ÍÏÖÅ ÂÕÔÉ ÒÏÚÒÁÈÏ×ÁÎÉÊÚÁ ÆÏÒÍÕÌÏÀ: K 0p = Kp[(W �Wm)=(hk �Wm)℄; (4)ÄÅWm - ÍÁËÓÉÍÁÌØÎÁ ÍÏÌÅËÕÌÑÒÎÁ ×ÏÌÏÇ�ÓÔØ. úÎÁÞÅÎÎÑ ËÏÅÆ���¤ÎÔÁKp Ú ÞÁÓÏÍ × ÒÅÚÕÌØÔÁÔ� ×ÚÁ¤ÍÏÄ�§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× Ú ÇÒÕÎÔÏÍ ÚÍ�ÎÀ-¤ÔØÓÑ. ðÒÉ ��ÄÊÏÍ� Ò�×ÎÑ ÒÕÎÔÏ×ÉÈ ×ÏÄ × ÒÁÊÏÎ� ÓÈÏ×ÉÝÁ, Á ÏÔÖÅ �ÚÂ�ÌØÛÅÎÎÑ ÎÁ�ÏÒÕ Æ�ÌØÔÒÁ��ÊÎÏÇÏ �ÏÔÏËÕ �Ú ÎØÏÇÏ ÆÒÏÎÔ Æ�ÌØÔÒÁ-��§ ÍÁ¤ ÎÅ ÓÔÁÌÉÊ ÈÁÒÁËÔÅÒ � Kp ¤ ÓËÌÁÄÎÏÀ ÆÕÎË��¤À �ÁÒÁÍÅÔÒ�××ÚÁ¤ÍÏÄ�§. ðÒÉ ×ÓÔÁÎÏ×ÌÅÎÏÍÕ ÒÕÓ� ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ÓÕÍÁÒÎÉÊ Æ�-ÌØÔÒÁ��ÊÎÉÊ ÒÏÚÈ�Ä �Ú ÓÈÏ×ÉÝÁ ÞÅÒÅÚ ÇÏÒÉÚÏÎÔÁÌØÎÉÊ ÅËÒÁÎ ÍÏÖÎÁÒÏÚÒÁÈÏ×Õ×ÁÔÉ ÚÁ ÆÏÒÍÕÌÏÀ:Q = Kp(1 +H=L)S; (5)ÄÅ S - �ÌÏÝÁ ÅËÒÁÎÕ. îÁ �ÒÏ�ÅÓÉ Æ�ÌØÔÒÁ��§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÞÅÒÅÚÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ ÚÎÁÞÎÉÊ ×�ÌÉ× ÍÁÀÔØ ÏÓÍÏÔÉÞÎ� Ñ×ÉÝÁ. ðÒÏ�ÅÓÉÏÓÍÏÓÕ �ÒÏÑ×ÌÑÀÔØÓÑ �ÒÉ ÄÏ×�ÌØÎ�Ê Õ�ÁËÏ×�� ÇÒÕÎÔÕ � �ÅÒÅÎÏÓÕ ÇÒÕÎ-ÔÏ×Ï§ ×ÏÄÉ ÞÅÒÅÚ ÅËÒÁÎ Õ ¤ÍÎ�ÓÔØ ÓÈÏ×ÉÝÁ. ïÓÍÏÔÉÞÎÅ �ÅÒÅÎÅÓÅÎÎÑ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× �ÒÏÈÏÄÉÔØ Õ ÎÁ�ÒÑÍËÕ ×�Ä ÍÅÎÛÏ§ ËÏÎ�ÅÎÔÒÁ��§ ÄÏÂ�ÌØÛÏ§, ÔÏÂÔÏ �Ò�ÓÎÁ ÇÒÕÎÔÏ×Á ×ÏÄÁ �ÏÓÔÕ�Á¤ ÞÅÒÅÚ ÅËÒÁÎ × ¤ÍÎ�ÓÔØÓÈÏ×ÉÝÁ Ú ËÏÎ�ÅÎÔÒÏ×ÁÎÉÍ ÒÏÚÞÉÎÏÍ. ðÒÉ Ç�ÄÒÏÓÔÁÔÉÞÎÏÍÕ ÎÁÔÉÓ-ËÕ Ú ÓÔÏÒÏÎÉ ÒÏÚÞÉÎÕ �ÒÏÈÏÄÉÔØ Æ�ÌØÔÒÁ��Ñ, ÝÏ ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑÏÓÍÏÓÏÍ. óÕÍÁÒÎÁ Û×ÉÄË�ÓÔØ �ÏÔÏËÕ ÞÅÒÅÚ ÅËÒÁÎ ÚÁ ×ÅÌÉÞÉÎÏÀ � ÎÁ-�ÒÑÍËÏÍ ×ÉÚÎÁÞÁ¤ÔØÓÑ Ä�ÀÞÉÍ ÇÒÁÄ�¤ÎÔÏÍ ÔÉÓËÕ. îÁÔÉÓË ÎÅÏÂÈ�ÄÎÏÒÏÚÇÌÑÄÁÔÉ ÑË Ò�ÚÎÉ�À Ç�ÄÒÏÓÔÁÔÉÞÎÏÇÏ � ÏÓÍÏÔÉÞÎÏÇÏ ÔÉÓË�×. äÌÑ



9 ðÒÅ�ÒÉÎÔÓÉÓÔÅÍÉ \×ÏÄÎÉÊ ÒÏÚÞÉÎ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× - ÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ- ÇÒÕÎÔÏ×Á ×ÏÄÁ" ÏÓÍÏÔÉÞÎÉÊ ÔÉÓË ÍÏÖÅ ÂÕÔÉ ×ÉÚÎÁÞÅÎÉÊ ÚÁ ÆÏÒÍÕ-ÌÏÀ: � = �RT (I
p � I 0
0); (6)ËÏÌÉ ÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ ××ÁÖÁ¤ÔØÓÑ ÎÁ��×�ÒÏÎÉËÎÏÀ �ÅÒÅÇÏÒÏÄËÏÀ. �- ËÏÅÆ���¤ÎÔ ÎÁ��×�ÒÏÎÉËÎÏÓÔ� ÇÌÉÎÉÓÔÏÇÏ ÅËÒÁÎÕ, R -ÇÁÚÏ×Á �ÏÓÔ�Ê-ÎÁ, T - ÔÅÍ�ÅÒÁÔÕÒÁ, 
p, 
0 - ×�Ä�Ï×�ÄÎÏ ËÏÎ�ÅÎÔÒÁ��§ ÅÌÅËÔÒÏÌ�Ô�× ×ÒÏÚÞÉÎ� � × ÇÒÕÎÔÏ×�Ê ×ÏÄ�, I, I' - ÆÁËÔÏÒÉ ÷ÁÎÔ-çÏÆÆÁ, ÝÏ ×�Ä�Ï×�ÄÁ-ÀÔØ ËÏÎ�ÅÎÔÒÁ��ÑÍ 
p � 
0. ÷ÒÁÈÕ×Á×ÛÉ ×�ÌÉ× ÏÓÍÏÓÕ, ÆÏÒÍÕÌÕ ÄÌÑÓÕÍÁÒÎÏÇÏ Æ�ÌØÔÒÁ��ÊÎÏÇÏ �ÏÔÏËÕ ÞÅÒÅÚ ÇÏÒÉÚÏÎÔÁÌØÎÉÊ ÇÌÉÎÉÓÔÉÊÅËÒÁÎ ÍÏÖÎÁ ÕÔÏÞÎÉÔÉ:Q = Kp(1 + (H � �)=L)S: (7)îÅÏÂÈ�ÄÎÉÊ ÔÕÔ ÄÌÑ ÒÏÚÒÁÈÕÎË�× ÏÓÍÏÔÉÞÎÉÊ ÔÉÓË ÒÏÚÞÉÎÕ ÚÎÁÈÏ-ÄÑÔØ, ÑË �ÒÁ×ÉÌÏ, ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ÄÌÑ ËÏÖÎÏÇÏ ÇÒÕÎÔÕ �ÒÉ ËÏÎË-ÒÅÔÎÉÈ ÚÎÁÞÅÎÎÑÈ ÇÕÓÔÉÎÉ. ðÒÉ �ØÏÍÕ �ÏÚÁ ÄÏÓÌ�ÄÖÅÎÎÑÍÉ ÚÁÌÉÛÁ-ÀÔØÓÑ ÍÅÈÁÎ�ÚÍÉ ÊÏÇÏ ÆÏÒÍÕ×ÁÎÎÑ.îÁ ÏÓÍÏÔÉÞÎ� �ÒÏ�ÅÓÉ ÔÁ Ê Æ�ÌØÔÒÁ��À ÓÉÌØÎÏ ×�ÌÉ×ÁÀÔØ ÄÉÆÕ-Ú�ÊÎ� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ �ÏÎ�× ÔÁ ÍÏÌÅËÕÌ ÒÏÚÞÉÎ�×. çÌÉÎÉÓÔ� ÇÒÕÎÔÉ,ÝÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑ ÄÌÑ ÅËÒÁÎ�×, Ñ×ÌÑÀÔØÓÑ ÓÏÒÂÅÎÔÁÍÉ ÄÌÑ ÂÁ-ÇÁÔØÏÈ È�Í�ÞÎÉÈ Ó�ÏÌÕË, × ÔÏÍÕ ÞÉÓÌ� � ÄÌÑ ÒÁÄ�ÏÎÕËÌ�Ä�×. ðÏ ×�ÄÎÏ-ÛÅÎÎÀ ÄÏ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÅÌÅËÔÒÏÌ�Ô�× ÇÌÉÎÉ �ÒÏÑ×ÌÑÀÔØ ËÁÔ�ÏÎÎÏ-ÏÂÍ�ÎÎ� ×ÌÁÓÔÉ×ÏÓÔ� � ÄÉÆÕÚ�Ñ ÅÌÅËÔÒÏÌ�Ô�× × ÇÒÕÎÔ� ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØ-ÓÑ ÏÂÍ�ÎÏÍ ËÁÔ�ÏÎ�×. �ÏÍÕ ËÁÔ�ÏÎÉ, ÝÏ ×ÈÏÄÑÔØ ÄÏ ÓËÌÁÄÕ ÒÏÚÞÉÎÕÄÉÆÕÎÄÕÀÔØ �Ï×�ÌØÎ�ÛÅ, Î�Ö ÁÎ�ÏÎÉ, ÝÏ ÎÅ ×ÚÁ¤ÍÏÄ�ÀÔØ Ú ÇÒÕÎÔÏÍ.ðÒÉ �ØÏÍÕ ÅÌÅËÔÒÏÎÅÊÔÒÁÌØÎ�ÓÔØ ÒÏÚÞÉÎÕ ÎÅ �ÏÒÕÛÕ¤ÔØÓÑ, ÂÏ ÚÁ-Í�ÓÔØ ÓÏÒÂÏ×ÁÎÏÇÏ ËÁÔ�ÏÎÁ × ÒÏÚÞÉÎ �ÏÓÔÕ�Á¤ ÏÂÍ�ÎÎÉÊ - �Ú ÇÒÕÎÔÕ.ðÒÏ�ÅÓÉ ÄÉÆÕÚ�§ ËÏÍ�ÏÎÅÎÔ ÒÏÚÞÉÎÕ ÞÅÒÅÚ ÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ, ÑË �ÒÁ-×ÉÌÏ, Ï�ÉÓÕÀÔØ Ò�×ÎÑÎÎÑÍ æ�ËÁ��t
(t) = D �2�l2 
(t) (8)Ú ËÏÅÆ���¤ÎÔÏÍ ÄÉÆÕÚ�§, ÑËÉÊ ×ÉÚÎÁÞÁÀÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ ÄÌÑËÏÖÎÏÇÏ ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ.ðÏÄ�ÂÎ� ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎ� ÆÏÒÍÕÌÉ ÒÏÚÒÁÈÕÎËÕ Æ�ÌØÔÒÁ��§, ÄÉÆÕ-Ú�ÊÎÉÈ �ÏÔÏË�× ÂÅÚ ×ÒÁÈÕ×ÁÎÎÑ ÏÓÍÏÓÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×-ÎÉÈ ÅÌÅÍÅÎÔ�× ÁÎÁÌ�ÚÕ×ÁÌÉÓØ × ÒÏÂÏÔ� [15℄. õ Î�Ê ÔÁËÏÖ ÂÕÌÉ �ÒÅÄ-ÓÔÁ×ÌÅÎ� ×ÉÒÁÚÉ ÄÌÑ Û×ÉÄËÏÓÔ� ÔÁ ÇÌÉÂÉÎÉ ÒÕÈÕ ÆÒÏÎÔÕ ÚÁÂÒÕÄÎÅÎÎÑÒÁÄ�ÏÁËÔÉ×ÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ ÚÁ ÍÅÖÁÍÉ ÓÈÏ×ÉÝÁ �ÒÉ�ÒÏÓÏÞÕ×ÁÎÎ� ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ËÒ�ÚØ ÇÌÉÎÉÓÔÉÊ ÅËÒÁÎ:V� = KpI=(n+ CÇ=C0);

ICMP{00{19U 10L� = V��p365;ÄÅ CÇ - ÓÏÒÂ��ÊÎÁ ÚÄÁÔÎ�ÓÔØ ÇÒÕÎÔ�×, C0 - �ÏÞÁÔËÏ×Á ËÏÎ�ÅÎÔÒÁ��ÑÒÁÄ�ÏÎÕËÌ�Ä�× Õ ×ÏÄ�, C0 = 
0=n0, n0 - �ÏÒÉÓÔ�ÓÔØ ÚÁÈÏÒÏÎÀÀÞÉÈ ×�Ä-ÈÏÄ�×, I - Ç�ÄÒÁ×Ì�ÞÎÉÊ ÎÁÈÉÌ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ, �p - ÞÁÓ �ÒÉÒÏÄÎØÏÇÏÒÁÄ�ÏÁËÔÉ×ÎÏÇÏ ÒÏÚ�ÁÄÕ ÒÁÄ�ÏÎÕËÌ�Ä�×.÷ÁÖÌÉ×Ï ÚÁÚÎÁÞÉÔÉ, ÝÏ �ÒÉ×ÅÄÅÎ� ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎ� ÆÏÒÍÕÌÉ Í�Ó-ÔÑÔØ �Å×Î� ËÏÎÓÔÁÎÔÉ, ÑË� ×ÉÚÎÁÞÁÀÔØÓÑ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ. ¶ ÓÁÍÅ�ÉÍ ÔÁËÉÊ ��ÄÈ�Ä ¤ ÏÂÍÅÖÅÎÉÍ, ÏÓË�ÌØËÉ ÎÅ ÚÁ×ÖÄÉ ÄÁ¤ ÍÏÖÌÉ×�ÓÔØÄÏÂÒÅ � ÓÉÓÔÅÍÁÔÉÞÎÏ �ÒÏ×ÏÄÉÔÉ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÒÏÂÏÔÉ. ëÒ�Í ÔÏ-ÇÏ, × ÔÁËÏÍÕ ��ÄÈÏÄ� ÁÂÓÏÌÀÔÎÏ ×�ÄÓÕÔÎ¤ ÒÏÚÕÍ�ÎÎÑ ÍÅÈÁÎ�ÚÍ�× ÔÉÈ ÞÉ�ÎÛÉÈ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÎÁ Ò�×Î� ×ÚÁ¤ÍÏÄ�§ �ÏÎ�× ÔÁ ÍÏÌÅËÕÌ ÒÏÚÞÉÎ�×Ú ËÏÍ�ÏÎÅÎÔÁÍÉ ÇÒÕÎÔÕ. ïÄÎÁË ÆÅÎÏÍÅÎÏÌÏÇ�Ñ ÄÁ¤ ÑË�ÓÎÏ �ÒÁ×ÉÌØ-ÎÕ Ï��ÎËÕ �ÒÏ�ÅÓ�× � ÔÏÍÕ ¤ �ÅÒÛÉÍ ÔÁ ÎÅÏÂÈ�ÄÎÉÍ ÅÔÁ�ÏÍ ÄÏÓÌ�-ÄÖÅÎØ �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�×ÞÅÒÅÚ ÇÌÉÎÉÓÔ� ÅËÒÁÎÉ. çÕÓÔÉÎÁ ÇÒÕÎÔÕ ÔÁ ÇÅÏÍÅÔÒÉÞÎ� �ÁÒÁÍÅÔÒÉÊÏÇÏ �ÏÒÏ×ÏÇÏ �ÒÏÓÔÏÒÕ � ×ÏÄÏÎÁÓÉÞÅÎ�ÓÔØ ¤ ÆÁËÔÏÒÁÍÉ ÚÁÔÏÒÍÏÖÕ-×ÁÎÎÑ �ÒÏ�ÅÓ�× ÄÉÆÕÚ�§ �ÏÎ�×, ÍÏÌÅÕËÌ ÒÏÚÞÉÎÕ. ú ÔÁËÏ§ ÔÏÞËÉ ÚÏÒÕ×ÁÖÌÉ×Á ÓÅÌÅËÔÉ×Î�ÓÔØ ÇÒÕÎÔÕ �Ï ×�ÄÎÏÛÅÎÎÀ ÄÏ ÔÉÈ ÞÉ �ÎÛÉÈ ËÏÍ-�ÏÎÅÎÔ ÒÏÚÞÉÎÕ. ãÅ ÔÁËÏÖ ×ÉÚÎÁÞÁ¤ÔØÓÑ ÑË�ÓÔÀ ÒÏÚÞÉÎÕ.÷�ÄÏÍÏ, ÝÏ �ÒÉÒÏÄÎ� ÇÌÉÎÉÓÔ� Í�ÎÅÒÁÌÉ ËÌÁÓÕ ÂÅÎÔÏÎ�Ô�× ÍÏÖÕÔØÂÕÔÉ ×ÉËÏÒÉÓÔÁÎ� ÑË ÅÆÅËÔÉ×Î� ÓÏÒÂÅÎÔÉ ÛÉÒÏËÏÇÏ �ÒÉÚÎÁÞÅÎÎÑ, ÚÏ-ËÒÅÍÁ ÄÌÑ ÓÏÒÂ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× [21-23℄. ·È ÔÅÈÎÏÌÏÇ�ÞÎ� ÔÁ ÓÏÒÂ��ÊÎ�×ÌÁÓÔÉ×ÏÓÔ� ÍÏÖÕÔØ ÂÕÔÉ ÓÕÔÔ¤×Ï �ÏËÒÁÝÅÎ� ÛÌÑÈÏÍ ÔÅÒÍ�ÞÎÏÇÏ ÔÁÈ�Í�ÞÎÏÇÏ ÍÏÄÉÆ�ËÕ×ÁÎÎÑ [24,25℄. óÅÒÅÄ �ÒÉÒÏÄÎÉÈ Í�ÎÅÒÁÌ�× ÎÁÊ-ÞÁÓÔ�ÛÅ ÄÌÑ ÓÏÒÂ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× ×ÉËÏÒÉÓÔÏ×Õ×ÁÌÉÓØ ËÌÉÎÏ�ÔÉÌÏ-Ì�Ô, ×ÅÒÍÉËÕÌ�Ô ÔÁ ÍÏÎÔÍÏÒÉÌÏÎ�Ô. ïÓÎÏ×ÎÉÍ §È ÎÅÄÏÌ�ËÏÍ ¤ �ÏÒ�×-ÎÑÎÏ ÎÉÚØËÁ ÓÏÒÂ��ÊÎÁ ¤ÍÎ�ÓÔØ (ÍÏÎÔÍÏÒÉÌÏÎ�Ô), Ò�ÚËÁ ×ÔÒÁÔÁ ÓÅÌÅË-ÔÉ×ÎÏÓÔ� ÝÏÄÏ ÓÏÒÂ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ×ÉÓÏËÏËÏÎ�ÅÎÔÒÏ×ÁÎÉÈ ÓÏÌØÏ-×ÉÈ ÒÏÚÞÉÎÁÈ ÔÁ ×�ÄÓÕÔÎ�ÓÔØ �ÒÏÔÉÆ�ÌØÔÒÁ��ÊÎÉÈ, ×ÏÄÏÎÅ�ÒÏÎÉËÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ (ËÌÉÎÏ�ÔÉÌÏÌ�Ô, ×ÅÒÍÉËÕÌ�Ô). �ÏÍÕ §È ×ÉËÏÒÉÓÔÁÎÎÑÄÌÑ ×ÉÒ�ÛÅÎÎÑ Ó�Å�ÉÆ�ÞÎÉÈ �ÒÏÂÌÅÍ, �Ï×'ÑÚÁÎÉÈ Ú ÒÁÄ�ÏÁËÔÉ×ÎÉÍÚÁÂÒÕÄÎÅÎÎÑÍ × ÞÏÒÎÏÂÉÌØÓØË�Ê ÚÏÎ� ¤ ÏÂÍÅÖÅÎÉÍ, ÈÏÞ õËÒÁ§ÎÁ ÍÁ¤ÚÁ�ÁÓÉ ��¤§ Í�ÎÅÒÁÌØÎÏ§ ÓÉÒÏ×ÉÎÉ.÷ 1995 ÒÏ�� × õËÒÁ§Î� ÒÏÚ�ÏÞÁÔ� ÄÏÓÌ�ÄÖÅÎÎÑ �ÅÒÓ�ÅËÔÉ×ÎÏÇÏ�ÒÏÔÉÆ�ÌØÔÒÁ��ÊÎÏÇÏ ÔÁ ×ÏÄÏÎÅ�ÒÏÎÉËÎÏÇÏ �ÏÌ�ÍÅÒÎÏ - Í�ÎÅÒÁÌØÎÏÇÏËÏÍ�ÏÚÉÔÕ - ËÁ×ÅÌÁÓÔÕ, ÝÏ ¤ �ÒÏÄÕËÔÏÍ ÓÉÎÔÅÚÕ �ÒÉÒÏÄÎÏ§ ÂÅÎÔÏÎ�-ÔÏ×Ï§ ÇÌÉÎÉ � �ÏÌ�ÁËÒÉÌÁÍ�ÄÕ. ïÓÎÏ×ÎÁ ÍÅÔÁ �ÉÈ ÄÏÓÌ�ÄÖÅÎØ �ÏÌÑÇÁ¤Õ ×ÉÑ×ÌÅÎÎ� ÍÏÖÌÉ×ÏÓÔ� ÚÁÓÔÏÓÕ×ÁÎÎÑ ËÁ×ÅÌÁÓÔÕ ÑË ÂÁÒ'¤ÒÎÏÇÏ ÍÁ-ÔÅÒ�ÁÌÕ × ÞÏÒÎÏÂÉÌØÓØË�Ê ÚÏÎ� [26℄. ïÄÎÁË, ×ÉËÏÒÉÓÔÁÎÎÑ ËÁ×ÅÌÁÓÔÕÄÌÑ Ó×ÏÒÅÎÎÑ ÒÁÄ�ÏÅËÏÌÏÇ�ÞÎÉÈ ÂÁÒ'¤Ò�× × ÕÍÏ×ÁÈ ÖÏÒÓÔËÏ§ ÒÁÄ�Á��§¤ ÄÏÓÉÔØ ÓÕÍÎ�×ÎÉÍ, ÏÓË�ÌØËÉ ×ÎÁÓÌ�ÄÏË ÄÅÓÔÒÕË��§ �ÏÌ�ÍÅÒÎÏ§ ÓËÌÁ-



11 ðÒÅ�ÒÉÎÔÄÏ×Ï§ ÔÁ �ÒÏ�ÅÓ�× ÒÁÄ�Á��ÊÎÏÇÏ \ÚÛÉ×ÁÎÎÑ" �ÏÌ�ÍÅÒÕ, ÊÏÇÏ ÚÄÁÔÎ�ÓÔØÄÏ ÎÁÂÕÈÁÎÎÑ, Á ÏÔÖÅ � �ÒÏÔÉÆ�ÌØÔÒÁ��ÊÎ� ×ÌÁÓÔÉ×ÏÓÔ� ÂÕÄÕÔØ ×ÔÒÁ-ÞÁÔÉÓÑ. ïËÒ�Í ÔÏÇÏ, ËÁ×ÅÌÁÓÔ ×ÉÒÏÂÌÑ¤ÔØÓÑ × çÒÕÚ�§ ÔÁ õÚÂÅËÉÓÔÁÎ�ÚÁ Ì��ÅÎÚ�¤À òÏÓ�§, ÝÏ ÒÏÂÉÔØ ×ÉËÏÒÉÓÔÁÎÎÑ �ØÏÇÏ ÍÁÔÅÒ�ÁÌÕ ÎÅ ×É-Ç�ÄÎÉÍ Ú ÅËÏÎÏÍ�ÞÎÏ§ ÔÏÞËÉ ÚÏÒÕ × õËÒÁ§Î�.îÁÊÂ�ÌØÛ ÅÆÅËÔÉ×ÎÉÍÉ ÓÏÒÂÅÎÔÁÍÉ ÄÌÑ ÓÏÒÂ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× �Å-Ú�À ÔÁ ÓÔÒÏÎ��À, ÑË ÏÓÎÏ×ÎÉÈ ÚÁÂÒÕÄÎÀ×ÁÞ�× × ÞÏÒÎÏÂÉÌØÓØË�Ê ÚÏÎ�, ¤ÓÉÎÔÅÔÉÞÎ� ÍÁÔÅÒ�ÁÌÉ ÎÁ ÏÓÎÏ×� ÆÅÒÏ��ÁÎ�Ä�× ÚÁÌ�ÚÁ (III), Î�ËÅÌÀ (II),Í�Ä� (II) ÔÁ �ÎÛÉÈ ÍÅÔÁÌ�× ÁÂÏ §È ÓÕÍ�ÛÅÊ , ÓÉÎÔÅÚ � �ÒÉÇÏÔÕ×ÁÎÎÑ ÔÁÒÅÚÕÌØÔÁÔÉ Á�ÒÏÂÁ��§ ÑËÉÈ Ï�ÉÓÁÎ� × [27,28℄. úÁ ÓÏÒÂ��ÊÎÉÍÉ ×ÌÁÓÔÉ-×ÏÓÔÑÍÉ ×ÏÎÉ ÂÁÇÁÔÏËÒÁÔÎÏ �ÅÒÅ×ÁÖÁÀÔØ ×�ÄÏÍ� ÓÉÎÔÅÔÉÞÎ� ÓÏÒÂÅÎ-ÔÉ ÎÁ ÏÓÎÏ×� ÓÉÌ�ËÁÇÅÌÀ [29℄ ÔÁ ËÒÅÍÎÅÚÅÍÕ [30℄. ïÄÎÁË ÎÁÎÅÓÅÎ� ÎÁÓÉÌ�ËÁÇÅÌÅ×Õ, ÁÌÀÍÏÓÉÌ�ËÁÔÎÕ ÔÁ �ÅÌÀÌÏÚÎÕ ÍÁÔÒÉ�À ÆÅÒÏ�ÉÁÎ�ÄÎ�ÓÏÒÂ��ÊÎ� ÍÁÔÅÒ�ÁÌÉ ÎÅ ÍÁÀÔØ �ÒÏÔÉÆ�ÌØÔÒÁ��ÊÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ. ·È×ÉËÏÒÉÓÔÁÎÎÑ ¤ ÅÆÅËÔÉ×ÎÉÍ ÌÉÛÅ × �ÒÏ�ÅÓÁÈ ËÏÎ�ÅÎÔÒÕ×ÁÎÎÑ ÒÁ-Ä�ÏÎÕËÌ�Ä�× ÎÁ �ÏÎÏÏÂÍ�ÎÎ�Ê ËÏÌÏÎ�� ÔÁ ÄÅÚÁËÔÉ×Á��§ Ò�ÄËÉÈ ÒÁÄ�ÏÁË-ÔÉ×ÎÉÈ ×�ÄÈÏÄ�× ÎÁ �ÏÎÏÏÂÍ�ÎÎÉÈ Æ�ÌØÔÒÁÈ.óÅÒÊÏÚÎÏÀ ÁÌØÔÅÒÎÁÔÉ×ÏÀ ÍÏÖÕÔØ ÓÔÁÔÉ ÆÅÒÏ��ÁÎ�ÄÉ ÚÁÌ�ÚÁ(III), Î�ËÅÌÀ (II), Í�Ä� (II) ÔÁ �ÎÛÉÈ ÍÅÔÁÌ�× ÁÂÏ §È ÓÕÍ�ÛÅÊ ÎÁ ÏÓ-ÎÏ×� ËÁÒÂÏÎÁÔÏ×Í�ÓÎÉÈ ÂÅÎÔÏÎ�ÔÏ×ÉÈ ÇÌÉÎÁÈ, ÑË� ÛÉÒÏËÏ ÒÏÚ�Ï×ÓÀ-ÄÖÅÎ� (ÚÏËÒÅÍÁ, ñÚ�×ÓØËÅ ÒÏÄÏ×ÉÝÅ, ìØ×�×ÓØËÁ ÏÂÌÁÓÔØ). îÁÑ×Î�ÓÔØËÁÒÂÏÎÁÔÎÏ§ ÓËÌÁÄÏ×Ï§ × ÓÔÒÕËÔÕÒ� ÇÌÉÎÉÓÔÏÇÏ Í�ÎÅÒÁÌÕ ÄÏÚ×ÏÌÑ¤�ÒÏ×ÏÄÉÔÉ �ÒÏ�ÅÓ ÍÏÄÉÆ�ËÕ×ÁÎÎÑ ÛÌÑÈÏÍ ÎÅÚ×ÏÒÏÔÎØÏÇÏ ÏÓÁÄÖÅÎÎÑÎÅÒÏÚÞÉÎÎÉÈ Ç�ÄÒÏÓ�ÏÌÕË ÚÁÌ�ÚÁ (III), Í�Ä� (II) ÎÁ �Ï×ÅÒÈÎ� ÄÉÓ�ÅÒ-ÓÎÉÈ ÞÁÓÔÉÎÏË ÚÁ ÒÁÈÕÎÏË ÒÕÊÎÕ×ÁÎÎÑ ËÁÒÂÏÎÁÔ�× ËÉÓÌÉÍÉ ÒÏÚÞÉ-ÎÁÍÉ ÈÌÏÒÉÄ�×. ãÅ ÓÕÔÔ¤×Ï ÄÏÚ×ÏÌÑ¤ ÚÂ�ÌØÛÉÔÉ ×Í�ÓÔ ÍÅÔÁÌ�× - ÍÏ-ÄÉÆ�ËÁÔÏÒ�× Õ �ÏÒ�×ÎÑÎÎ� Ú �ÒÏÓÔÉÍ ËÁÔ�ÏÎÎÉÍ ÏÂÍ�ÎÏÍ, Á ÎÁÑ×Î�ÓÔØÒÅÁË��ÊÎÏÚÄÁÔÎÏ§ ÇÒÕ�É - OH, Ú×'ÑÚÁÎÏ§ Ú ÍÅÔÁÌÏÍ, ÒÏÂÉÔØ ÍÏÖÌÉ×ÉÍ�ÒÏ×ÅÄÅÎÎÑ �ÏÄÁÌØÛÏÇÏ �ÒÏ�ÅÓÕ ÍÏÄÉÆ�ËÕ×ÁÎÎÑ ÛÌÑÈÏÍ ÓÉÎÔÅÚÕ ÎÁ�Ï×ÅÒÈÎ� ÇÌÉÎÉÓÔÉÈ ÞÁÓÔÉÎÏË ÆÅÒÏ��ÁÎ�Ä�× �ÒÉ ×ÚÁ¤ÍÏÄ�§ ÚÁÌ�ÚÏÍ�ÄÅ-×Í�ÓÎÏ§ ÇÌÉÎÉ Ú ÆÅÒÏ��ÁÎ�Ä - �ÏÎÁÍÉ × ËÉÓÌÏÍÕ ÓÅÒÅÄÏ×ÉÝ�. ïÄÎÁË Õ�ØÏÍÕ ÎÁ�ÒÑÍËÕ ÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÅÓÔÉ ��ÌÅÎÁ�ÒÁ×ÌÅÎ� ÄÏÓÌ�ÄÖÅÎÎÑ.åËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÔÁ ÔÅÏÒÅÔÉÞÎ� ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× Í�ÇÒÁ��§ÒÁÄ�ÏÎÕËÌ�Ä�× × ÇÒÕÎÔÁÈ [31,32℄, ÑË� �ÒÏ×ÏÄÉÌÉÓØ ÁËÔÉ×ÎÏ Ê ÄÏ þÏÒÎÏ-ÂÉÌØÓØËÏ§ ËÁÔÁÓÔÒÏÆÉ, �ÏËÁÚÕÀÔØ, ÝÏ ÏÓÎÏ×ÎÉÍÉ ÍÅÈÁÎ�ÚÍÁÍÉ �ÅÒÅ-ÎÅÓÅÎÎÑ ¤ �ÒÏ�ÅÓÉ ÄÉÆÕÚ�§ ÒÁÄ�ÏÎÕËÌ�Ä�×, ÑË� ÕÓËÌÁÄÎÀÀÔØÓÑ ÏÓÏÂÌÉ-×�ÓÔÀ ÇÒÕÎÔÕ: ÇÅÔÅÒÏÇÅÎÎ�ÓÔÀ, �ÏÒÉÓÔ�ÓÔÀ, ×ÌÁÓÔÉ×�ÓÔÀ ÁÄÓÏÒÂÕ×ÁÔÉ�ÏÎÉ ÔÁ �Î. äÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ Ï�ÉÓÕ ÄÉÆÕÚ�§ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ÇÒÕÎÔÁÈ ×ÏÓÎÏ×ÎÏÍÕ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ ÆÅÎÏÍÅÎÏÌÏÇ�ÞÎÉÊ ��ÄÈ�Ä [32℄ ÎÁ ÏÓÎÏ×�ÍÏÄÉÆ�ËÁ��§ Ò�×ÎÑÎÎÑ ÄÉÆÕÚ�§ (Ò�×ÎÑÎÎÑ æ�ËÁ) �ÁÒÁÍÅÔÒÁÍÉ, ÝÏ ÈÁ-ÒÁËÔÅÒÉÚÕÀÔØ ÏÓÏÂÌÉ×ÏÓÔ� ÇÒÕÎÔÕ, ÒÏÚÇÌÑÄÕ×ÁÎÏÇÏ, ÑË ÓÕ��ÌØÎÅ ÓÅÒÅ-
ICMP{00{19U 12ÄÏ×ÉÝÅ Ú �ÏÓÔ�ÊÎÉÍ ËÏÅÆ���¤ÎÔÏÍ ÄÉÆÕÚ�§ ÒÁÄ�ÏÎÕËÌ�Ä�×. ã� ËÏÅÆ���-¤ÎÔÉ ÄÉÆÕÚ�§ ×ÉÚÎÁÞÁÀÔØÓÑ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÍ ÛÌÑÈÏÍ. ïÞÅ×ÉÄÎÏ,ÔÁËÉÊ ��ÄÈ�Ä ÎÅ ÍÏÖÅ Ï�ÉÓÕ×ÁÔÉ ÓËÌÁÄÎ� �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕË-Ì�Ä�× Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ó�Å�ÉÆ�ÞÎÉÈ ×ÚÁ¤ÍÏÄ�Ê Ú �ÏÎÁÍÉ, ÍÏÌÅËÕÌÁÍÉ,ËÏÌÏ§ÄÎÉÍÉ ÞÁÓÔÉÎËÁÍÉ, ÝÏ ÓËÌÁÄÁÀÔØ ÇÒÕÎÔ. ó�Å�ÉÆ�ÞÎÏÀ ÏÓÏÂ-ÌÉ×�ÓÔÀ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�×, Õ ÑËÉÈ Í�ÓÔÑÔØÓÑ ÒÁÄ�ÏÁËÔÉ×Î� ÅÌÅÍÅÎÔÉ:235;238U , 238;239Pu, 241Am, 90Sr, 134;137Cs, 242;244Cm ÔÁ �ÎÛ� ¤ ÔÅ, ÝÏÒÁÄ�ÏÁËÔÉ×Î� ÅÌÅÍÅÎÔÉ ÍÏÖÕÔØ ÕÔ×ÏÒÀ×ÁÔÉ Ò�ÚÎ� ÆÏÒÍÉ Ç�ÄÒÁÔÏ×Á-ÎÉÈ �ÏÎ�×, ÍÏÌÅËÕÌ, �ÏÄ×�ÊÎÉÈ ÔÁ ÚÍ�ÛÁÎÉÈ ËÏÍ�ÌÅËÓ�×, ÍÏÎÏÑÄÅÒÎ� ��ÏÌ�ÑÄÅÒÎ� �ÒÏÄÕËÔÉ Ç�ÄÒÏÌ�ÚÕ, ËÏÌÏ§ÄÎ� ÞÁÓÔÉÎËÉ ÔÁ �ÒÏÄÕËÔÉ �ÒÏ-�ÅÓ�× ÒÁÄ�ÏÌ�ÚÕ [33℄. ú ÁÎÁÌ�ÚÕ ÆÏÒÍ, Õ ÑËÉÈ �ÅÒÅÂÕ×ÁÀÔØ ÒÁÄ�ÏÎÕË-Ì�ÄÉ Õ ×ÏÄÎÉÈ ÔÁ �ÎÛÉÈ ÒÏÚÞÉÎÁÈ, ×É�ÌÉ×Á¤, ÝÏ × ÏÓÎÏ×ÎÏÍÕ ÒÁÄ�Ï-ÎÕËÌ�ÄÉ ÕÔ×ÏÒÀÀÔØ ÓËÌÁÄÎ� ËÏÍ�ÌÅËÓÉ × ÔÒØÏÈ ÆÏÒÍÁÈ: ËÁÔ�ÏÎÎ�Ê,ÁÎ�ÏÎÎ�Ê ÔÁ ÎÅÊÔÒÁÌØÎ�Ê (ËÏÌÏ§ÄÎ� ÞÁÓÔÉÎËÉ, �ÏÌ�ÍÅÒÉ). ¶ÓÎÕ×ÁÎÎÑÔÁËÉÈ ÆÏÒÍ �Ï×ÉÎÎÏ ×ÒÁÈÏ×Õ×ÁÔÉÓØ �ÒÉ Ï�ÉÓ� �ÒÏ�ÅÓ�× Í�ÇÒÁ��§ ÒÁ-Ä�ÏÎÕËÌ�Ä�× Õ ÇÒÕÎÔÁÈ, ÇÒÕÎÔÏ×ÉÈ ÔÁ ��ÄÚÅÍÎÉÈ ×ÏÄÁÈ.�ÁËÉÍ ×ÉÍÏÇÁÍÚÁÄÏ×�ÌØÎÑÀÔØ ÓÔÁÔÉÓÔÉÞÎ� ÍÏÄÅÌ�, Õ ÑËÉÈ ÒÏÚÇÌÑÄ ×ÅÄÅÔØÓÑ ÎÁ Í�Ë-ÒÏÓËÏ��ÞÎÏÍÕ Ò�×Î�. �ÕÔ ÎÅÏÂÈ�ÄÎ� ÓÔÁÔÉÓÔÉÞÎ� ��ÄÈÏÄÉ ÄÏ ×É×ÞÅÎÎÑÍ�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�×, ÝÏ ÇÒÕÎÔÕÀÔØÓÑ ÎÁ Ò�×ÎÏ�ÒÁ×ÎÏÍÕ ×ÒÁÈÕ×ÁÎ-Î� ÑË ÒÁÄ�Á��ÊÎÉÈ ÞÁÓÔÉÎÏË, ÔÁË � �ÏÎ�×, ÍÏÌÅËÕÌ ×ÏÄÉ, ËÏÌÏ§ÄÎÉÈÞÁÓÔÉÎÏË, ÎÁÑ×Î�ÓÔØ ÑËÉÈ ÞÅÒÅÚ ×ÚÁ¤ÍÏÄ�À ÍÏÖÅ ÓÉÌØÎÏ ×�ÌÉ×ÁÔÉÎÁ �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ ÒÁÄ�ÏÎÕËÌ�Ä�×. óÔÁÔÉÓÔÉÞÎÁ ÔÅÏÒ�Ñ �ÒÏ�ÅÓ�× ÄÉ-ÆÕÚ�§ ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× × ÇÒÕÎÔÁÈ, ÇÒÕÎÔÏ×ÉÈ×ÏÄÁÈ ÂÕÌÁ ÒÏÚ×ÉÎÕÔÁ Õ ÒÏÂÏÔ� [34℄. õ Î�Ê ÏÔÒÉÍÁÎ� ÕÚÁÇÁÌØÎÅÎ� Ò�×-ÎÑÎÎÑ ÄÉÆÕÚ�§ Ú ×ÒÁÈÕ×ÁÎÎÑÍ Ó�ÏÎÔÁÎÎÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ ÒÏÚ�ÁÄ�× ÔÁÒÏÚ�ÁÄ�× ��Ä ×�ÌÉ×ÏÍ �ÏÔÏË�× ÎÅÊÔÒÏÎ�×. ÷ÏÎÉ ÍÏÖÕÔØ ÂÕÔÉ ÍÏÄÉÆ�-ËÏ×ÁÎ� Ú ×ËÌÀÞÅÎÎÑÍ �ÒÏ�ÅÓ�× ÁÄÓÏÒÂ��§ ÔÁ ÄÅÓÏÒÂ��§ �ÏÎ�× ÒÏÚÞÉÎÕÎÁ ÞÁÓÔÉÎËÁÈ ÇÒÕÎÔÕ. �ÁË� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÍÁÀÔØ ×ÉÇÌÑÄ:��tÆn�(rl; t) = �X�;s Z dr0s Z t�1 e�(t0�t) ��rlD��(rl; r0s; t; t0) (9)��r0s Æn�(r0s; t0)dt0�X�;
Xs;k Z dr0s Z dr00k Z t�1 e�(t0�t)K��;
(rl; r0s; r00k ; t; t0)Æn�(r0s; t0)Æn
(r00k ; t0)dt0�X� A��(rl; t)Æn�(rl; t)�A�(rl; t)Æn�(rl; t);



13 ðÒÅ�ÒÉÎÔÄÅ A��(rl; t) = Z 10 J(rl;E; t)���(E)dE + L���� ;A�(rl; t) = Z 10 J(rl;E; t)��(E)dE + L���;Æn�(rl; t) - ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ ÆÌÕËÔÕÁ��Ê �ÏÎ�× (ÚÏËÒÅÍÁ, UO+22 ,PuO+22 , Sr+2, Cs+, �Î.), ÍÏÌÅËÕÌ ÓÏÒÔ�× � ×ÏÄÎÏÇÏ ÒÏÚÞÉÎÕ ÅÌÅË-ÔÒÏÌ�Ô�× Õ ÆÁÚ� l, D��(rl; r0s; t; t0) - ÕÚÁÇÁÌØÎÅÎ� ËÏÅÆ���¤ÎÔÉ ÄÉÆÕ-Ú�§, ÑË ÆÕÎË��§ ËÏÏÒÄÉÎÁÔ ÔÁ ÞÁÓÕ � Ï�ÉÓÕÀÔØ ÄÉÓÉ�ÁÔÉ×Î� �ÒÏ�ÅÓÉ;K��;
(rl; r0s; r00k ; t; t0) -ÕÚÁÇÁÌØÎÅÎ� ËÏÅÆ���¤ÎÔÉ ÒÅÁË��Ê, ÑË� Ï�ÉÓÕÀÔØ�ÒÏ�ÅÓÉ ÁÄÓÏÒÂ��§, ÄÅÓÏÒÂ��§ ÔÁ ÍÏÖÌÉ×ÉÈ È�Í�ÞÎÉÈ ÒÅÁË��Ê Ç�ÄÒÏ-Ì�ÚÕ, ÒÁÄ�ÏÌ�ÚÕ, ËÏÍ�ÌÅËÓÏÕÔ×ÏÒÅÎØ. ïÓÔÁÎÎ� Ä×Á ÄÏÄÁÎËÉ Õ (9) Ï�É-ÓÕÀÔØ ÚÍ�ÎÕ ÇÕÓÔÉÎÉ ÒÁÄ�ÏÎÕËÌ�Ä�× Õ ÞÁÓ�, ÚÕÍÏ×ÌÅÎÕ ÎÅÊÔÒÏÎÎÉÍÉ�ÏÔÏËÁÍÉ ÔÁ Ó�ÏÎÔÁÎÎÉÍÉ ÒÏÚ�ÁÄÁÍÉ. ðÅÒÛÉÊ Ï�ÉÓÕ¤ �ÏÑ×Õ ÒÁÄ�Ï-ÎÕËÌ�Ä�× ÓÏÒÔÕ � Ú� ×Ó�È �ÎÛÉÈ ÑÄÅÒ � ×ÎÁÓÌ�ÄÏË (n, 
), Á ÔÁËÏÖ (n,f) ÒÅÁË��Ê, ËÏÌÉ ×�Ä�Ï×�ÄÎÉÊ ÒÁÄ�ÏÎÕËÌ�Ä ÓÏÒÔÕ � ÎÁÌÅÖÉÔØ ÄÏ �ÒÏ-ÄÕËÔ�× ÒÏÚ�ÁÄÕ. äÒÕÇÉÊ ÄÏÄÁÎÏË Ï�ÉÓÕ¤ ÒÏÚ�ÁÄ ÒÁÄ�ÏÎÕËÌ�Ä�× ÓÏÒÔÕ� ��Ä Ä�¤À ÎÅÊÔÒÏÎ�× ÔÁ Ú×ÉÞÁÊÎÏÇÏ ÒÁÄ�ÏÁËÔÉ×ÎÏÇÏ ÒÏÚ�ÁÄÕ. æÕÎË��§A��(rl; t), A�(rl; t) ¤ Û×ÉÄËÏÓÔÑÍÉ ×�Ä�Ï×�ÄÎÉÈ ÒÅÁË��Ê. J(rl;E; t) -Ó�ÅËÔÒ �ÏÔÏËÕ ÇÕÓÔÉÎÉ ÎÅÊÔÒÏÎ�× Ú ÅÎÅÒÇ�¤À E Õ ÔÏÞ�� rl × ÍÏÍÅÎÔÞÁÓÕ t. ���(E) -Í�ËÒÏÓËÏ��ÞÎÉÊ �ÅÒÅÒ�Ú ÕÔ×ÏÒÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ÓÏÒ-ÔÕ � �ÒÉ ÚÁÈÏ�ÌÅÎ� ÎÅÊÔÒÏÎ�× Ú ÅÎÅÒÇ�¤À E ÑÄÒÁÍÉ ÓÏÒÔÕ �. ��(E)- Í�ËÒÏÓËÏ��ÞÎÉÊ �ÅÒÅÒ�Ú ÚÁÈÏ�ÌÅÎÎÑ ÎÅÊÔÒÏÎ�× Ú ÅÎÅÒÇ�¤À E ÑÄÒÁ-ÍÉ ÓÏÒÔÕ �. L�� - ÊÍÏ×�ÒÎ�ÓÔØ ÕÔ×ÏÒÅÎÎÑ ÒÁÄ�ÏÎÕËÌ�Ä�× ÓÏÒÔÕ � �ÒÉÒÁÄ�ÏÁËÔÉ×ÎÏÍÕ ÒÏÚ�ÁÄ� ÑÄÅÒ ÓÏÒÔÕ �. ��, �� - ËÏÎÓÔÁÎÔÉ ÒÏÚ�ÁÄÕÑÄÅÒ ÓÏÒÔÕ �, �. J(rl;E; t) ÍÏÖÅ ÂÕÔÉ ×ÉÚÎÁÞÅÎÁ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÏ,ÁÂÏ ÒÏÚÒÁÈÏ×ÁÎÁ ÔÅÏÒÅÔÉÞÎÏ, ×ÉËÏÒÉÓÔÁ×ÛÉ Ë�ÎÅÔÉÞÎÅ Ò�×ÎÑÎÎÑ ÄÌÑÎÅÒ�×ÎÏ×ÁÖÎÏ§ ÆÕÎË��§ ÒÏÚ�ÏÄ�ÌÕ ÎÅÊÔÒÏÎ�× [35℄.óËÌÁÄÎÕ �ÒÏÂÌÅÍÕ ÓÔÁÎÏ×ÉÔØ �ÏÛÉÒÅÎÎÑ ÏËÉÓÕ ÔÒÉÔ�À Õ ×ÏÄÎÉÈÂÁÓÅÊÎÁÈ ÒÁÊÏÎ�×, Õ ÑËÉÈ Ä�ÀÔØ ÁÔÏÍÎ� ÅÌÅËÔÒÏÓÔÁÎ��§. õ ÒÏÂÏÔ� [36℄�ÒÉ×ÅÄÅÎ� ÄÁÎ� Ú ÄÉÎÁÍ�ËÉ ÚÍ�ÎÉ ËÏÎ�ÅÎÔÒÁ��§ ÔÒÉÔ�À Õ �ÒÏÂÁÈ ×Ï-ÄÉ Õ ÒÁÊÏÎÁÈ ò�×ÎÅÎÓØËÏ§, þÏÒÎÏÂÉÌØÓØËÏ§, ð�×ÄÅÎÎÏ - õËÒÁ§ÎÓØËÏ§,èÍÅÌØÎÉ�ØËÏ§, úÁ�ÏÒ�ÚØËÏ§ ÁÔÏÍÎÉÈ ÅÌÅËÔÒÏÓÔÁÎ��Ê. óËÒ�ÚØ ×�ÄÚÎÁ-ÞÁ¤ÔØÓÑ ÚÎÁÞÎÅ �ÅÒÅ×ÉÝÅÎÎÑ ÎÏÒÍ ×Í�ÓÔÕ ÔÒÉÔ�À Õ Ò�ÞËÁÈ, ×ÏÄÏÊÍÁÈ,ËÏÌÏÄÑÚÑÈ ÔÁ ×ÏÄÏ�ÒÏ×ÏÄÁÈ. �ÁË, ÎÁ�ÒÉËÌÁÄ, ÚÇ�ÄÎÏ [36℄ ÁÎÁÌ�Ú ÄÁ-ÎÉÈ ÄÏÓÌ�ÄÖÅÎØ Õ Í. ëÉ¤×� Ó×�ÄÞÉÔØ �ÒÏ ÚÎÁÞÎÅ ÚÁÂÒÕÄÎÅÎÎÑ ÔÒÉÔ�¤Í�ÉÔÎÏ§ ×ÏÄÉ ÂÅÚ�ÏÓÅÒÅÄÎØÏ ��ÓÌÑ Á×ÁÒ�§ ÎÁ þáåó Õ 1986Ò.; ÓÅÒÅÄÎÑËÏÎ�ÅÎÔÒÁ��Ñ ÔÒÉÔ�À ÄÌÑ �ÒÏÂ ×ÏÄÉ :� �Ú ËÏÌÏÄÑÚ�× ÓËÌÁÄÁÌÁ 610 �ï �ÒÉ Ä�Á�ÁÚÏÎ� ÚÎÁÞÅÎØ ×�Ä 400 ÄÏ820 �ï;

ICMP{00{19U 14� �Ú ×ÏÄÏ�ÒÏ×ÏÄ�× - 1080 �ï �ÒÉ Ä�Á�ÁÚÏÎ� ÚÎÁÞÅÎØ ×�Ä 250 ÄÏ 2510�ï;� �Ú ÓË×ÁÖÉÎ - 640 �ï �ÒÉ Ä�Á�ÁÚÏÎ� ×�Ä 70 ÄÏ 3080 �ï.ã� ÄÁÎ� ��ÄÔ×ÅÒÄÖÕÀÔØÓÑ ÔÁËÏÖ ÒÅÚÕÌØÔÁÔÁÍÉ ×ÉÍ�ÒÀ×ÁÎÎÑ ×Í�Ó-ÔÕ ÔÒÉÔ�À Õ ×ÏÄÏÚÁÂÏÒÁÈ: ÓÅÒÅÄÎÑ ËÏÎ�ÅÎÔÒÁ��Ñ ÔÒÉÔ�À Õ ×ÏÄ� äÎ�-�ÒÏ×ÓØËÏÇÏ ×ÏÄÏ�ÏÓÔÁÞÁÎÎÑ ÓÔÁÎÏ×ÉÌÁ 1260 �ï �ÒÉ Ä�Á�ÁÚÏÎ� ÚÎÁ-ÞÅÎØ ×�Ä 110 ÄÏ 4000 �ï, Õ äÅÓÎÑÎÓØËÏÍÕ ×ÏÄÏ�ÏÓÔÁÞÁÎÎ� -1100 �ï�ÒÉ Ä�Á�ÁÚÏÎ� ÚÎÁÞÅÎØ ×�Ä 110 ÄÏ 3080 �ï. îÁ ÏÓÎÏ×� ÄÏÓÌ�ÄÖÅÎØÕ 30-Ë�ÌÏÍÅÔÒÏ×ÉÈ ÚÏÎÁÈ ò�×ÎÅÎÓØËÏ§, þÏÒÎÏÂÉÌØÓØËÏ§, ð�×ÄÅÎÎÏ-õËÒÁ§ÎÓØËÏ§, úÁ�ÏÒ�ÚØËÏ§, èÍÅÌØÎÉ�ØËÏ§ ÁÔÏÍÎÉÈ ÓÔÁÎ��Ê [36℄ Ó�ÏÓÔÅ-Ò�ÇÁ¤ÔØÓÑ ÚÂ�ÌØÛÅÎÎÑ ËÏÎ�ÅÎÔÒÁ��§ ÔÒÉÔ�À Õ �Ï×ÅÒÈÎÅ×ÉÈ � ÇÒÕÎÔÏ×ÉÈ×ÏÄÁÈ Ú ÞÁÓÏÍ. ðÒÏÂÌÅÍÁ ÔÒÉÔ�À ÚÁÇÏÓÔÒÀ¤ÔØÓÑ Ê ÔÉÍ, ÝÏ ÚÂ�ÌØÛÅÎ-ÎÑ ÊÏÇÏ × ÏÔÏÞÕÀÞÏÍÕ ÓÅÒÅÄÏ×ÉÝ� ×�ÌÉ×Á¤ ÎÁ ÅËÏÌÏÇ�ÞÎÉÊ �ÉËÌ: �Ï-×�ÔÒÑ � ×ÏÄÁ - ÒÏÓÌÉÎÉ, ÌÀÄÉÎÁ; ÒÏÓÌÉÎÉ - ÌÀÄÉÎÁ; ÒÏÓÌÉÎÉ - Ô×ÁÒÉÎÁ;Ô×ÁÒÉÎÉ - ÌÀÄÉÎÁ. �ÒÉÔ�Ê ¤ ÏÄÎÉÍ Ú ÎÅÂÅÚ�ÅÞÎÉÈ ÒÁÄ�ÏÁËÔÉ×ÎÉÈ �ÚÏ-ÔÏ��×, ÏÓË�ÌØËÉ �ÒÉ �ÒÏÎÉËÎÅÎÎ� Õ ÖÉ×ÉÊ ÏÒÇÁÎ�ÚÍ ×�Î ÌÅÇËÏ ÚÁÍ�ÝÕ¤×ÏÄÅÎØ Õ ÍÏÌÅËÕÌÁÈ ÏÒÇÁÎ�ÞÎÉÈ Ú×'ÑÚË�×. �ÏÍÕ ÕÔÒÉÍÕ×ÁÎÎÑ ÔÒÉÔ�À� Ú×ÅÄÅÎÎÑ ÄÏ Í�Î�ÍÕÍÕ ÊÏÇÏ ×ÉÔ�ËÁÎÎÑ ÚÁ ÍÅÖ� ÒÅÁËÔÏÒÎÏÇÏ ÂÌÏËÕ ¤ÄÕÖÅ ×ÁÖÌÉ×ÏÀ ÚÁÄÁÞÅÀ. îÅÏÂÈ�ÄÎÏ ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÕÔ×ÏÒÅÎÎÑ ÔÒÉ-Ô�À �ÒÏÈÏÄÉÔØ Õ Ò�ÚÎÉÈ ÒÅÁËÔÏÒÁÈ ÑÄÅÒÎÏÇÏ Ä�ÌÅÎÎÑ �ÒÉ �ÏÔÒ�ÊÎÉÈÄ�ÌÅÎÎÑÈ ÑÄÅÒ. â�ÌØÛ �ÎÔÅÎÓÉ×ÎÅ ÊÏÇÏ ×ÉÒÏÂÎÉ�Ô×Ï �ÒÏÈÏÄÉÔØ Õ ÒÅ-ÁËÔÏÒÁÈ ÎÁ ×ÁÖË�Ê ×ÏÄ� �ÒÉ ÚÁÈÏ�ÌÅÎÎ� ÎÅÊÔÒÏÎ�× ÑÄÒÁÍÉ ÄÅÊÔÅÒ�À,× ÔÁËÏÍÕ ×É�ÁÄËÕ ÊÏÇÏ ÄÕÖÅ ×ÁÖËÏ ×ÉÄ�ÌÉÔÉ �Ú �ÁÒÏ×ÏÄÑÎÏ§ ÓÉÓ-ÔÅÍÉ. äÌÑ ÒÏÚ×'ÑÚÁÎÎÑ �ÒÏÂÌÅÍÉ ÔÒÉÔ�À (ÏËÉÓÕ ÔÒÉÔ�À), ÏÞÅ×ÉÄÎÏ,ÎÅÏÂÈ�ÄÎÏ �ÏÓÔÁ×ÉÔÉ ÒÑÄ ÚÁÄÁÞ ÆÕÎÄÁÍÅÎÔÁÌØÎÏÇÏ ÈÁÒÁËÔÅÒÕ �ÒÏ ×É-×ÞÅÎÎÑ ×ÚÁ¤ÍÏÄ�§ ÏËÉÓÕ ÔÒÉÔ�À Õ ×ÏÄÎÉÈ ÒÏÚÞÉÎÁÈ, ÍÏÖÌÉ×ÏÓÔ� ÊÏÇÏÍÅÍÂÒÁÎÎÏÇÏ ×ÉÄ�ÌÅÎÎÑ �Ú ÒÏÚÞÉÎÕ, ×�ÌÉ×Õ ÎÁ ÎØÏÇÏ ÍÁÇÎ�ÔÎÏÇÏ �ÏÌÑ.÷éóîï÷ëé. íÉ �ÒÏ×ÅÌÉ ÁÎÁÌ�Ú ÍÏÎ�ÔÏÒÉÎÇÕ Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕË-Ì�Ä�× Õ ÇÒÕÎÔÏ×ÉÈ ×ÏÄÁÈ ÞÏÒÎÏÂÉÌØÓØËÏ§ ÚÏÎÉ Ú ÔÏÞËÉ ÚÏÒÕ �ÁÒÁÍÅÔ-Ò�× ×ÉÍ�ÒÀ×ÁÎÎÑ. ÷×ÁÖÁ¤ÍÏ, ÝÏ �ÅÒ�ÏÄÉÞÎ� ÓÉÓÔÅÍÁÔÉÞÎ� ÏÂÓÔÅÖÅÎ-ÎÑ ÇÒÕÎÔÏ×ÉÈ ×ÏÄ ÚÁ ÒÁÄ�ÏÎÕËÌ�ÄÎÉÍ ÓËÌÁÄÏÍ ÎÅÏÂÈ�ÄÎÏ �ÒÏ×ÏÄÉÔÉ ×Ô�ÓÎÏÍÕ ×ÚÁ¤ÍÏÚ×'ÑÚËÕ Ú Æ�ÚÉËÏ-ÍÁÔÅÍÁÔÉÞÎÉÍ ÍÏÄÅÌÀ×ÁÎÎÑÍ Í�ÇÒÁ-��§ ÒÁÄ�ÏÎÕËÌ�Ä�×. ãÅ ÄÁÓÔØ ÍÏÖÌÉ×�ÓÔØ ÞÅÒÅÚ ×ÉÑÓÎÅÎÎÑ ÍÅÈÁÎ�ÚÍ�×Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× �ÒÏÇÎÏÚÕ×ÁÔÉ ÔÁË� �ÒÏ�ÅÓÉ. �ÏÍÕ, × ÓÕËÕ�ÎÏÓ-Ô� �ÅÒ�ÏÄÉÞÎ� ÓÉÓÔÅÍÁÔÉÞÎ� ÏÂÓÔÅÖÅÎÎÑ ÔÁ Æ�ÚÉËÏ-ÍÁÔÅÍÁÔÉÞÎ� ÍÏÄÅ-Ì� Í�ÇÒÁ��§ ÒÁÄ�ÏÎÕËÌ�Ä�× ÇÒÕÎÔÏ×ÉÍÉ � ��ÄÚÅÍÎÉÍÉ ×ÏÄÁÍÉ × ð�ìò÷,ðúò÷ ÔÁ �ÒÏÍÍÁÊÄÁÎÞÉËÁ þáåó Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÎÎÏ-ÏÂÍ�ÎÎÉÈ, Ç�Ä-ÒÁÔÁ��ÊÎÉÈ, ×ÚÁ¤ÍÏÄÉÆÕÚ�ÊÎÉÈ ÍÅÈÁÎ�ÚÍ�× ×ÚÁ¤ÍÏÄ�§ Ú ×ÏÄÏÀ ÔÁ ËÏ-ÒÏÚ�§ ÇÒÕÎÔ�× Ú ×ÒÁÈÕ×ÁÎÎÑÍ �ÏÒÉÓÔÏÓÔ�, ËÉÓÌÏÔÎÏÓÔ�, ÁÄÓÏÒÂ��ÊÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ, ÄÁÄÕÔØ ÍÏÖÌÉ×�ÓÔØ �ÒÏÇÎÏÚÕ×ÁÔÉ �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ÒÁ-
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