
îÁ��ÏÎÁÌØÎÁ ÁËÁÄÅÍ�Ñ ÎÁÕË õËÒÁ§ÎÉ

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

'
&

$
%

¶.ò. àÈÎÏ×ÓØËÉÊ, ð.á. çÌÕÛÁË, ï.ó. úÁÈÁÒ'ÑÛ�, í.÷. �ÏËÁÒÞÕËíïäåìà÷áîîñ ðòïãåó¶÷ ÷áëáîó¶êîïçïòïúðõèáîîñ, í¶çòáã¶· ÷ïäîà ¶ çåì¶à ÷ ìð÷í.�åðìï÷¶ ëìéîé ÷ ìð÷í.

�îÁ��ÏÎÁÌØÎÉÊ ÕÎ�×ÅÒÓÉÔÅÔ \ìØ×�×ÓØËÁ �ÏÌ�ÔÅÈÎ�ËÁ", 29000 ìØ×�×,×ÕÌ. ó.âÁÎÄÅÒÉ 12
ICMP{01{15U

ìø÷¶÷

õäë: 532; 533; 533.9:530.182; 536.75; 536-12.01.PACS: 05.60.+w, 05.70.Ln, 05.20.Dd, 52.25.Dg, 52.25.FiíÏÄÅÌÀ×ÁÎÎÑ �ÒÏ�ÅÓ�× ×ÁËÁÎÓ�ÊÎÏÇÏ ÒÏÚ�ÕÈÁÎÎÑ, Í�ÇÒÁ��§×ÏÄÎÀ � ÇÅÌ�À × ìð÷í. �Å�ÌÏ×� ËÌÉÎÉ × ìð÷í.¶.ò. àÈÎÏ×ÓØËÉÊ, ð.á. çÌÕÛÁË, ï.ó. úÁÈÁÒ'ÑÛ, í.÷. �ÏËÁÒÞÕËáÎÏÔÁ��Ñ. ðÒÏÁÎÁÌ�ÚÏ×ÁÎÏ �ÒÏ�ÅÓÉ ÇÁÚÏ×ÏÇÏ ÔÁ ×ÁËÁÎÓ�ÊÎÏÇÏ ÒÏÚ�Õ-ÈÁÎÎÑ ìð÷í. ïÔÒÉÍÁÎÏ ÏÓÎÏ×Î� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÌÑ Ï�ÉÓÕ ÇÁÚÏ-×ÏÇÏ ÔÁ ×ÁËÁÎÓ�ÊÎÏÇÏ ÒÏÚ�ÕÈÁÎÎÑ ìð÷í. úÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÍÏÄÅÌØ ÔÅ�-ÌÏ×ÉÈ ËÌÉÎ�×, ÑËÁ ÑË�ÓÎÏ Ï�ÉÓÕ¤ ÍÏÖÌÉ×�ÓÔØ ÌÏËÁÌØÎÏÇÏ �ÌÁ×ÌÅÎÎÑÒÅÞÏ×ÉÎÉ ìð÷í ��Ä ÞÁÓ ÇÁÌØÍÕ×ÁÎÎÑ �-ÞÁÓÔÉÎÏË, ÑÄÅÒ ×�ÄÄÁÞ�.Modelling of the va
an
y{indu
ed swelling pro
esses, heliumand hydrogen migration in LFCM. Thermal spikes in LFCM.I.R. Yukhnovskii, P.A. Hlushak, O.S. Za
har'yash, M.V. Tokar
hukAbstra
t. The pro
esses of gas{indu
ed and va
an
y-indu
ed swellingof lava{like fuel{
ontaining masses (LFCM) are analized. One obtainedthe basi
 transport equations for the des
ription of mentioned phenome-na. One proposed the model of thermal spikes whi
h is found to des
ribequalitively the possibility of lo
al melting of LFCM during breaking of�{parti
les and nu
lei movement.
ðÏÄÁ¤ÔØÓÑ × ðÒÏÂÌÅÍÉ þÏÒÎÏÂÉÌÑSubmitted to Problems of Chornobyl



 ¶ÎÓÔÉÔÕÔ Æ�ÚÉËÉ ËÏÎÄÅÎÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ 2001Institute for Condensed Matter Physi
s 2001



1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�ðÒÏÇÎÏÚÕ×ÁÎÎÑ �Ï×ÅÄ�ÎËÉ ÌÁ×Ï�ÏÄ�ÂÎÉÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ(ìð÷í), ÆÒÁÇÍÅÎÔ�× ÁËÔÉ×ÎÏ§ ÚÏÎÉ, ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁË-ÔÉ×ÎÉÈ ÅÌÅÍÅÎÔ�× ×ÉÍÁÇÁ¤ ÄÅÔÁÌØÎÏÇÏ ×É×ÞÅÎÎÑ Æ�ÚÉËÏ-È�Í�ÞÎÉÈ×ÌÁÓÔÉ×ÏÓÔÅÊ �ÉÈ ÓÉÓÔÅÍ ÔÁ Ñ×ÉÝ, ÑË� Ó�ÏÓÔÅÒ�ÇÁÀÔØÓÑ Õ ÎÉÈ.÷ÉÒÏÂÌÅÎÎÑ ÒÅËÏÍÅÎÄÁ��Ê ÔÁ �ÒÏ�ÏÚÉ��Ê ÝÏÄÏ ÎÁÕËÏ×Ï - ÏÂÇÒÕÎÔÏ-×ÁÎÉÈ Ó�ÏÓÏÂ�× ÓÔÁÂ�Ì�ÚÁ��§ ÓÔÁÎÕ ìð÷í ÞÉ, ÎÁ×�ÁËÉ, ��ÄÇÏÔÏ×ËÉ §ÈÄÌÑ ×ÉÌÕÞÅÎÎÑ �Ú ÏÂ'¤ËÔÁ \õËÒÉÔÔÑ" (ïõ) �Ï×ÉÎÎ� ÂÁÚÕ×ÁÔÉÓÑ ÎÁÒÅÚÕÌØÔÁÔÁÈ ��ÌÅÓ�ÒÑÍÏ×ÁÎÏÇÏ ×É×ÞÅÎÎÑ ÍÅÈÁÎ�ÞÎÉÈ, ÅÌÅËÔÒÉÞÎÉÈ,ÍÁÇÎ�ÔÎÉÈ, ÔÅ�ÌÏ×ÉÈ ÔÁ �ÎÛÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ ÓËÌÏ�ÏÄ�ÂÎÉÈ �ÏÒÉÓ-ÔÉÈ ËÏÍ�ÏÚÉÔ�×, ÑËÉÍÉ ¤ ìð÷í, ×ÏÄÎÉÈ ÒÏÚÞÉÎ�× ÒÁÄ�ÏÁËÔÉ×ÎÉÈÅÌÅÍÅÎÔ�× ÔÁ �ÒÏ�ÅÓ�× §È ×ÚÁ¤ÍÎÏÇÏ ×�ÌÉ×Õ.âÅÚÓÕÍÎ�×ÎÉÍ ÆÁËÔÏÒÏÍ, ÑËÉÊ ÓÕÔÔ¤×Ï ×�ÌÉ×Á¤ ÎÁ ÓÔ�ÊË�ÓÔØìð÷í, ¤ ×ÚÁ¤ÍÏÄ�ÑÈ Ú ÎÁ×ËÏÌÉÛÎ�Í ÓÅÒÅÄÏ×ÉÝÅÍ, ËÏÎÄÅÎÓÏ×ÁÎÏÀ×ÏÄÏÀ ÔÁ ÔÅÈÎÏÇÅÎÎÉÍÉ ×ÏÄÎÉÍÉ ÒÏÚÞÉÎÁÍÉ, ÝÏ ×ÉËÏÒÉÓÔÏ×ÕÀÔØÓÑÄÌÑ �ÉÌÅ�ÏÄÁ×ÌÅÎÎÑ × ïõ. ðÒÉ �ØÏÍÕ �ÒÉ×ÅÒÔÁÀÔØ Õ×ÁÇÕ ÔÁË� ÆÁË-ÔÏÒÉ:{ ÒÕÊÎÕ×ÁÎÎÑ ìð÷í Ó�ÏÓÔÅÒ�ÇÁ¤ÔØÓÑ ÎÁ §È �Ï×ÅÒÈÎ�. òÁÚÏÍ Ú ÔÉÍ,ÞÅÒÅÚ ×�ÄÓÕÔÎ�ÓÔØ ÎÅÏÂÈ�ÄÎÉÈ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎÉÈ ÄÏÓÌ�ÄÖÅÎØ ÚÁÌÉ-ÛÁÀÔØÓÑ ÝÅ ÎÅ×�ÄÏÍÉÍÉ ÏÓÎÏ×Î� �ÒÏ�ÅÓÉ, ÑË� ×�ÄÂÕ×ÁÀÔØÓÑ × ÏÂ'-¤Í� ìð÷í. �ÏÍÕ ÎÅ ÍÏÖÎÁ ×�Å×ÎÅÎÏ Ô×ÅÒÄÉÔÉ �ÒÏ ÎÁÑ×Î�ÓÔØ Ò�×-ÎÏÍ�ÒÎÏÇÏ ÒÏÚ�ÏÄ�ÌÕ ÁÔÏÍ�× ÕÒÁÎÕ ÔÁ �ÌÕÔÏÎ�À × ËÒÅÍÎ�¤-ËÉÓÎÅ×�ÊÍÁÔÒÉ��, ÏÓË�ÌØËÉ ÓÔÒÕËÔÕÒÁ ìð÷í �ÏÓÔ�ÊÎÏ ÚÍ�ÎÀ¤ÔØÓÑ ×ÎÁÓÌ�ÄÏË��; ��; 
� ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ. ãÅ ×ÅÄÅ ÄÏ ÕÔ×ÏÒÅÎÎÑ � ÚÎÉËÎÅÎÎÑ ÄÅ-ÆÅËÔ�×, ÚÌÉ×ÁÎÎÑ §È, ÕÔ×ÏÒÅÎÎÑ ÕÌØÔÒÁ Í�ËÒÏ�ÏÒ ÔÁ Í�ËÒÏ�ÏÒ, Á ÔÁ-ËÏÖ §È ËÁÓÁÄÎÏÇÏ �ÏÛÉÒÅÎÎÑ. �ÁË� �ÒÏ�ÅÓÉ ¤ ÎÁÄÚ×ÉÞÁÊÎÏ ÓËÌÁÄ-ÎÉÍÉ � ÓÕÔÔ¤×Ï ÎÅÒ�×ÎÏ×ÁÖÎÉÍÉ. ÷ÏÎÉ ÓÕ�ÒÏ×ÏÄÖÕÀÔØÓÑ �ÅÒÅÎÏÓÏÍÞÁÓÔÉÎÏË, ÓÔÒÕËÔÕÒÎÉÍÉ ÚÍ�ÎÁÍÉ, ×ÉÄ�ÌÅÎÎÑÍ ÅÎÅÒÇ�§, ÚÍ�ÎÏÀ ÍÅÈÁ-Î�ÞÎÉÈ, Ä�ÅÌÅËÒÉÞÎÉÈ ÔÁ ÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ×ÏÓÔÅÊ;{ ÎÅÏÂÈ�ÄÎÏ ÒÏÚÄ�ÌÑÔÉ ÄÏÓÌ�ÄÖÅÎÎÑ ìð÷í, ÑË� ÂÅÚ�ÏÓÅÒÅÄÎØÏ ×ÚÁ¤-ÍÏÄ�ÀÔØ Ú �ÏÔÏËÁÍÉ ×ÏÄÉ, � \ÓÕÈÉÈ" ìð÷í, × ÕÌØÔÒÁÍ�ËÒÏ�ÏÒÉ (0.3-0.4 ÎÍ) ÔÁ Í�ËÒÏ�ÏÒÉ ÑËÉÈ �ÒÏÎÉËÁ¤ ×ÏÌÏÇÁ [1℄;{ ÑË �ÏËÁÚÕÀÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [2-5℄, �Ú ìð÷í, ÑË�ÂÅÚ�ÏÓÅÒÅÄÎØÏ ×ÚÁ¤ÍÏÄ�ÀÔØ Ú ×ÏÄÎÉÍÉ �ÏÔÏËÁÍÉ, ×ÉÍÉ×ÁÀÔØÓÑ ÒÁÄ�Ï-ÎÕËÌ�ÄÉ: �ÚÏÔÏ�É ÕÒÁÎÕ 235U , 238U , �ÌÕÔÏÎ�À 238Pu, 239;240Pu, ÁÍÅÒÉ-��À 241Am, �ÅÚ�À 134;137Cs, ÓÔÒÏÎ��À 90Sr, ¤×ÒÏ��À 154Eu - � �ÅÒÅÎÏ-ÓÑÔØÓÑ × Ô�Ê ÞÉ �ÎÛ�Ê ËÏÎ�ÅÎÔÒÁ��§ ×ÏÄÏ�ÏÔÏËÁÍÉ Õ ÎÉÖÎ� �ÒÉÍ�ÝÅÎ-ÎÑ Ú ÂÌÏËÕ \â", × �ÒÉÍ�ÝÅÎÎÑ 001/3 ÔÁ ÞÅÒÅÚ ÒÏÚÄ�ÌØÎÕ ÓÔ�ÎÕ Õ ÎÉÖ-Î� �ÒÉÍ�ÝÅÎÎÑ 3{ÇÏ ÂÌÏËÕ. ðÒÉÞÏÍÕ, Ó��××�ÄÎÏÛÅÎÎÑ �ÌÕÔÏÎ�Ê/ÕÒÁÎ,241Am/ÕÒÁÎ, 154Eu/ÕÒÁÎ Õ ×�ÄËÌÁÄÁÈ �ÒÉÍ�ÝÅÎÎÑ 001/3 ÂÌÉÚØË� ÄÏ
ICMP{01{15U 2�ÁÌÉ×Ï×Í�ÓÎÏÇÏ, ÔÏÄ� ÑË ×Í�ÓÔ �ÚÏÔÏ��× �ÅÚ�À 134;137Cs � ÓÔÒÏÎ��À 90Sr× 4-7 ÒÁÚ�× �ÅÒÅ×ÉÝÕ¤ ×�Ä�Ï×�ÄÎ� ÚÎÁÞÅÎÎÑ × \ÕÓÅÒÅÄÎÅÎÏÍÕ" �ÁÌÉ×�.úÁ ÒÁÈÕÎÏË �ÏÓÔÕ�Ï×ÏÇÏ ×ÉÌÕÖÕ×ÁÎÎÑ �Ú ÕÌØÔÒÁÍ�ËÒÏ�ÏÒ ÔÁ Í�ËÒÏ-�ÏÒ ìð÷í �ÅÚ�À, ÓÔÒÏÎ��À, ÕÒÁÎÕ, �ÌÕÔÏÎ�À ÔÁ ÁÍÅÒÉ��À §È ÓÔÒÕËÔÕ-ÒÁ ÍÏÖÅ ÚÁÚÎÁ×ÁÔÉ ÓÕÔÔ¤×ÉÈ ÚÍ�Î. úÂ�ÄÎÅÎÎÑ ËÒÅÍÎ�¤-ËÉÓÎÅ×Ï§ ÍÁÔÒÉ-�� ×ÁÖËÉÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉ ×�ÌÉ×ÁÔÉÍÅ ÎÁ ÚÍ�ÎÉ Ú×'ÑÚË�× Í�Ö ÓÔÒÕË-ÔÕÒÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ. ñË � × �ÎÛÉÈ ÓËÌÏ�ÏÄ�ÂÎÉÈ ËÏÍ�ÏÚÉÔÎÉÈ ÓÅÒÅ-ÄÏ×ÉÝÁÈ, ��Ä ×�ÌÉ×ÏÍ ×ÏÄÉ ÞÉ ×ÏÄÎÉÈ ÌÕÖÎÏ-ËÁÒÂÏÎÁÔÎÉÈ ÒÏÚÞÉÎ�×�Ú pH = 9-11 × ìð÷í ×ÎÁÓÌ�ÄÏË Æ�ÚÉËÏ-È�Í�ÞÎÉÈ �ÒÏ�ÅÓ�× Ç�ÄÒÏÌ�ÚÕÍÏÖÕÔØ ÒÕÊÎÕ×ÁÔÉÓÑ ËÒÅÍÎ�¤-ËÉÓÎÅ×� Ú×'ÑÚËÉ, ÔÏÂÔÏ × �ØÏÍÕ ×É�ÁÄËÕÍÁÔÉÍÅ Í�Ó�Å ÒÏÚÞÉÎÅÎÎÑ ×�Ä�Ï×�ÄÎÉÈ ÓÉÌ�ËÁÔÎÉÈ Ú×'ÑÚË�×. ãÅ ÂÕÄÅ�ÒÉ×ÏÄÉÔÉ ÄÏ ÚÍ�ÎÉ ÍÅÈÁÎ�ÞÎÉÈ, Ä�ÅÌÅËÔÒÉÞÎÉÈ ÔÁ ÍÁÇÎ�ÔÎÉÈ ×ÌÁÓÔÉ-×ÏÓÔÅÊ ìð÷í. ðÒÉ ÕÍÏ×� ËÏÎÔÒÏÌÀ ÚÁ ×ÏÄÏ�ÏÔÏËÁÍÉ ÔÁËÉÊ ÆÁËÔÏÒÍÏÖÎÁ ×ÉËÏÒÉÓÔÁÔÉ ÑË �ÏÚÉÔÉ×ÎÉÊ �ÒÉ ×ÉÌÕÞÅÎÎ� ìð÷í �Ú ïõ.ïÄÎÁË ×ÉËÌÁÄÅÎÁ ×ÉÝÅ ÑË�ÓÎÁ ËÁÒÔÉÎÁ �ÏÔÒÅÂÕ¤ Ë�ÌØË�ÓÎÉÈ ÒÏÚ-ÒÁÈÕÎË�× ÔÒÉ×ÁÌÏÓÔ� � ×É×ÞÅÎÎÑ ÍÅÈÁÎ�ÚÍ�× �ÒÏ�ÅÓ�× ÒÕÊÎÕ×ÁÎÎÑìð÷í. ãÅ ÄÁÓÔØ ÚÍÏÇÕ ×�Ä�Ï×�ÓÔÉ ÎÁ ÒÑÄ ÚÁ�ÉÔÁÎØ, ÚÏËÒÅÍÁ: ÑËÉÊÈÁÒÁËÔÅÒÎÉÊ ÞÁÓ �ÅÒÅÂÕ×ÁÎÎÑ ÓËÌÏ�ÏÄ�ÂÎÉÈ ìð÷í Õ ÎÅÒ�×ÎÏ×ÁÖÎÏ-ÍÕ, ÍÅÔÁÓÔÁÂ�ÌØÎÏÍÕ ÓÔÁÎ�; ÞÏÍÕ ×�ÒÏÄÏ×Ö 15 ÒÏË�× Ó�ÏÓÔÅÒ�ÇÁ¤ÔØ-ÓÑ ÒÕÊÎÕ×ÁÎÎÑ ìð÷í ÌÉÛÅ ÎÁ �Ï×ÅÒÈÎ�, ÈÏÞÁ ÚÒÏÚÕÍ�ÌÏ, ÝÏ ÒÏÌØÓÔÒÕËÔÕÒÎÉÈ ÚÍ�Î × ÏÂ'¤Í� ËÒÅÍÎ�¤-ËÉÓÎÅ×Ï§ ÍÁÔÒÉ�� ìð÷í ¤ ×ËÒÁÊ×ÁÖÌÉ×ÏÀ; ÑË� ÑÄÅÒÎÏ-Æ�ÚÉËÏ-È�Í�ÞÎ� �ÒÏ�ÅÓÉ ×ÓÅ - ÔÁËÉ ��ÄÔÒÉÍÕ-ÀÔØ ÍÅÔÁÓÔÁÂ�ÌØÎÉÊ ÓÔÁÎ ìð÷í?÷ÁÖÌÉ×ÉÍ ÆÁËÔÏÒÏÍ ��ÄÔÒÉÍËÉ ÔÁËÏÇÏ ÓËÌÁÄÎÏÇÏ ÍÅÔÁÓÔÁÂ�ÌØ-ÎÏÇÏ ÓÔÁÎÕ ÍÏÖÅ ÂÕÔÉ �ÏÓÔ�ÊÎÅ ��ÄÖÉ×ÌÅÎÎÑ ìð÷í ÅÎÅÒÇ�¤À ×ÎÁÓ-Ì�ÄÏË ×ÎÕÔÒ�ÛÎØÏÇÏ ��; ��; 
� ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ, × �ÒÏ�ÅÓ� ÑËÏÇÏÁÍÏÒÆÎÁ ÓÉÓÔÅÍÁ ÓÁÍÏÏÒÇÁÎ�ÚÕ¤ÔØÓÑ ÞÅÒÅÚ ÓÔÒÕËÔÕÒÎ� ÚÍ�ÎÉ, ÕÔ×Ï-ÒÅÎÎÑ � ÚÎÉËÎÅÎÎÑ ÄÅÆÅËÔ�×. �ÁËÉÊ ÄÉÎÁÍ�ÞÎÉÊ ÂÁÌÁÎÓ ÍÏÖÅ Õ�Ï-×�ÌØÎÉÔÉ ÇÌÏÂÁÌØÎÅ ÒÕÊÎÕ×ÁÎÎÑ ìð÷í. ú ÔÏÞËÉ ÚÏÒÕ ÎÅÒ�×ÎÏ×ÁÖ-ÎÏ§ ÔÅÒÍÏÄÉÎÁÍ�ËÉ ÔÁË� �ÒÏ�ÅÓÉ ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÏÂÍ�ÎÏÍ ÅÎÅÒÇ�§(�Ú ×ÉÄ�ÌÅÎÎÑÍ ÎÁÄÌÉÛËÏ×Ï§ ÅÎÅÒÇ�§ ÁÂÏ �ÏÇÌÉÎÁÎÎÑ) ÔÁ �ÅÒÅÈÏÄÏÍ ×ÏÄÉÎ �Ú ÅÎÅÒÇÅÔÉÞÎÏ ×ÉÇ�ÄÎÉÈ ÓÔÁÎ�× �Ú ÄÏÓÉÔØ ×ÅÌÉËÉÍÉ ÞÁÓÁÍÉ ÒÅ-ÌÁËÓÁ��§. îÁÄÌÉÛÏË ÅÎÅÒÇ�§ ÍÏÖÅ ×É×�ÌØÎÑÔÉÓÑ ÞÅÒÅÚ ÒÕÈ �ÏÒ, Í�Ë-ÒÏ�ÏÒ (ÄÏÓÔÕ�ÎÁ �ÏÒÉÓÔ�ÓÔØ ×�Ä 2% ÄÏ 10% [1℄), �ÉÌÏÕÔ×ÏÒÅÎÎÑ ÔÁÒÏÚÔÒ�ÓËÕ×ÁÎÎÑ �Ï×ÅÒÈÎ�.2. ïÓÎÏ×Î� ÍÁËÒÏÓËÏ��ÞÎ� Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕíÉ ÏÂÇÏ×ÏÒÉÍÏ ÄÅË�ÌØËÁ �ÏÔÅÎ��ÊÎÉÈ ÄÖÅÒÅÌ Õ �ÒÏ�ÅÓÁÈ ÒÕÊÎÕ×ÁÎ-ÎÑ ìð÷í. íÏ×Á ÊÔÉÍÅ �ÒÏ ÍÏÖÌÉ×Å ÇÁÚÏ×Å ×ÏÄÎÅ×Ï-ÇÅÌ�¤×Å ÔÁ ×Á-ËÁÎÓ�ÊÎÅ ÒÏÚ�ÕÈÁÎÎÑ ìð÷í. òÕÊÎ�×ÎÁ ÚÄÁÔÎ�ÓÔØ ×ÏÄÎÀ, ÇÅÌ�À × ÒÅ-



3 ðÒÅ�ÒÉÎÔÁËÔÏÒÎÉÈ ÍÁÔÅÒ�ÁÌÁÈ (ÍÅÔÁÌÁÈ, Ó�ÌÁ×ÁÈ), ÑÄÅÒÎÏÇÏ �ÁÌÉ×Á Ò�ÚÎÏÇÏ�ÒÉÇÏÔÕ×ÁÎÎÑ (Ä�ÏËÓÉÄÕ ÕÒÁÎÕ) ÄÏÓÔÁÔÎØÏ ×�ÄÏÍÁ � ×É×ÞÅÎÁ [6-11℄,ÈÏÞÁ ÍÅÈÁÎ�ÚÍÉ �Ï×Î�ÓÔÀ ÎÅ Ú'ÑÓÏ×ÁÎ�. ÷ÁËÁÎÓ�ÊÎÅ ÒÏÚ�ÕÈÁÎÎÑ, ÊÏ-ÇÏ �ÒÉÞÉÎÉ ÔÁ ÏÓÎÏ×Î� ÍÅÈÁÎ�ÚÍÉ × ÒÅÁËÔÏÒÎÉÈ ÍÁÔÅÒ�ÁÌÁÈ ÔÅÖ ÄÏ-ÓÔÁÔÎØÏ ×É×ÞÅÎ� [12-14℄.îÅÏÂÈ�ÄÎÏ ×ÓÔÁÎÏ×ÉÔÉ, ÑË� ÄÖÅÒÅÌÁ ×ÏÄÎÀ ÔÁÇÅÌ�À × ìð÷í.îÁÓÁÍ�ÅÒÅÄ ÔÒÅÂÁ ÚÁÚÎÁÞÉÔÉ, ÝÏ ìð÷í ¤ ÓÉÌØÎÏ �Ï-ÒÉÓÔÉÍÉ ÍÁÔÅÒ�ÁÌÁÍÉ [1℄, × Í�ËÒÏ- ÔÁ ÕÌØÔÒÁ�ÏÒÉ ÑËÉÈ �ÒÏÎÉËÁÀÔØÍÏÌÅËÕÌÉ ×ÏÄÉ. ðÒÉÞÏÍÕ, ×ÎÁÓÌ�ÄÏË ÍÏÌÅËÕÌÑÒÎÏ-ÓÉÔÏ×ÏÇÏ ÅÆÅËÔÕ× 1 ÓÍ3ìð÷í ÒÏÚÍ�ÝÕ¤ÔØÓÑ ÂÌÉÚØËÏ 1021 ÍÏÌÅËÕÌ ×ÏÄÉ, ÔÏÂÔÏ �ÒÉ-ÂÌÉÚÎÏ ËÏÖÎÉÊ ÄÅÓÑÔÉÊ ÓÉÌ�ËÁÔÎÉÊ �ÉËÌ ÒÏÚ�Ò×ÁÎÉÊ. ëÒ�Í ÔÏÇÏ, ×ÕÌØÔÒÁ�ÏÒÁÈ, Í�ËÒÏ�ÏÒÁÈ ÍÏÌÅËÕÌÉ ×ÏÄÉ �ÅÒÅÂÕ×ÁÀÔØ Õ Ú×'ÑÚÁÎÉÈÓÔÁÎÁÈ [15℄, ÕÔ×ÏÒÀÀÞÉ ×ÏÄÎÅ×� Ó�ÔËÉ. ÷ÚÁ¤ÍÏÄ�Ñ ÍÏÌÅËÕÌ ×ÏÄÉ × �Ï-ÒÁÈ �Ú �Ï×ÅÒÈÎÅÀ ËÒÅÍÎ�¤-ËÉÓÎÅ×ÉÈ Ó�ÔÏË �ÒÉ×ÏÄÉÔØ ÄÏ §§ Ç�ÄÒÏÌ�ÚÕÔÁ ÄÅ�ÏÌ�ÍÅÒÉÚÁ��§:� Si�O � Si�+H �OH !� Si�O:::Si � +H:::OH !� Si�O �H+ � Si�OH� �ÒÉ �ÏÄÁÌØÛ�Ê ×ÚÁ¤ÍÏÄ�§ ÕÔ×ÏÒÀÀÔØÓÑ Ç�ÄÒÏËÓÏËÏÍ�ÌÅËÓÉ= Si(OH)2;�Si(OH)3; Si(OH)4; Si(OH)2�6 :�ÏÂÔÏ, ÎÁ Í�ËÒÏÒ�×Î� �Ï×ÅÒÈÎÑ �ÏÒ Õ ìð÷í ��Ä Ä�¤À ÍÏÌÅËÕÌ×ÏÄÉ ÒÕÊÎÕ¤ÔØÓÑ. äÏÓÌ�ÄÖÅÎÎÑ ÄÉÆÕÚ�§ ÁËÔÉÎ�Ä�× Õ ÓËÌÏ�ÏÄ�ÂÎÉÈ ÓÅ-ÒÅÄÏ×ÉÝÁÈ, ÝÏ ÍÏÄÅÌÀÀÔØ ÒÁÄ�ÏÁËÔÉ×Î� ×�ÄÈÏÄÉ [16℄, �ÏËÁÚÁÌÉ, ÝÏÄÏÓÔÁÔÎØÏ ÍÁÌÁ Ë�ÌØË�ÓÔØ ×ÏÄÉ, �ÏÇÌÉÎÕÔÏ§, ÚÏËÒÅÍÁ, ÁÌÀÍÏÆÏÓÆÁÔ-ÎÉÍ ÓËÌÏÍ, �ÎÔÅÎÓÉÆ�ËÕ¤ Í�ÇÒÁ��À ÒÁÄ�ÏÎÕËÌ�Ä�× 237Np, 239Pu, 241Am.íÅÈÁÎ�ÚÍÉ ��¤§ ��Ä×ÉÝÅÎÏ§ Í�ÇÒÁ��§ ÎÅ Ú'ÑÓÏ×ÁÎ�. úÎÁÞÎÁ Ë�ÌØË�ÓÔØ ×Ï-ÄÉ × �ÏÒÁÈ ìð÷í, ÏÞÅ×ÉÄÎÏ, ��ÄÄÁ¤ÔØÓÑ �ÏÓÔ�ÊÎÏÍÕ ÒÁÄ�ÏÌ�ÚÕ ×ÎÁÓ-Ì�ÄÏË ��; ��; 
� ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ ìð÷í [17℄. õ ÔÁËÉÈ �ÒÏ�ÅÓÁÈ�Å×ÎÁ Ë�ÌØË�ÓÔØ �ÏÎ�× ×ÏÄÎÀ H+ÒÅËÏÍÂ�ÎÕ¤ Ú ÅÌÅËÔÒÏÎÁÍÉ × ÁÔÏÍÉ×ÏÄÎÀ H, ÑË� ÍÁÀÔØ ÚÎÁÞÎÕ Í�ÇÒÁ��ÊÎÕ ÚÄÁÔÎ�ÓÔØ Õ �ÏÒÉÓÔÉÈ ÓÅÒÅ-ÄÏ×ÉÝÁÈ [9, 11℄. í�ÇÒÕÀÞÉ × ÕÌØÔÒÁ-, Í�ËÒÏ�ÏÒÁÈ, ×�Î ÚÄÁÔÎÉÊ ÕÔ×Ï-ÒÀ×ÁÔÉ ÎÏ×� ÕÌØÔÒÁ-, Í�ËÒÏ�ÏÒÉ, ÎÁËÏ�ÉÞÕÀÞÉÓØ ÎÁ ÓÔÏËÁÈ ÒÁÄ�Á-��ÊÎÉÈ ÄÅÆÅËÔ�×. ÷ ÏÂÌÁÓÔÑÈ ÎÁËÏ�ÉÞÅÎÎÑ ÁÔÏÍÁÒÎÉÊ ×ÏÄÅÎØ ÍÏÖÅÍÏÌ�ÚÕ×ÁÔÉÓÑ H +H ! H2+0; 34 Ò�ÄÂ. Ú ×ÉÄ�ÌÅÎÎÑÍ ÚÎÁÞÎÏ§ ÅÎÅÒÇ�§,ÑËÁ �ÅÒÅÔ×ÏÒÀ¤ÔØÓÑ Õ Ë�ÎÅÔÉÞÎÕ ÅÎÅÒÇ�À H2, � × ÒÅÚÕÌØÔÁÔ� × ÔÁËÉÈÏÂÌÁÓÔÑÈ ÕÔ×ÏÒÀÀÔØÓÑ ÓÉÌØÎ� ÔÉÓËÉ, ÝÏ �ÒÉ×ÏÄÑÔØ ÄÏ �ÏÑ×É ÚÎÁÞ-ÎÉÈ �ÏÒ, ÒÏÚËÒÉÛÕ×ÁÎÎÑ. ïÄÎÁË �ÒÏ�ÅÓÉ Í�ÇÒÁ��§ ×ÏÄÎÀ × ìð÷íË�ÌØË�ÓÎÏ ÎÅÍÏÖÌÉ×Ï Ï��ÎÉÔÉ ÂÅÚ Ú'ÑÓÕ×ÁÎÎÑ �ÒÏ�ÅÓ�× ÒÁÄ�Á��ÊÎÏÇÏÄÅÆÅËÔÏÕÔ×ÏÒÅÎÎÑ ×ÎÁÓÌ�ÄÏË ��; ��; 
� ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ. ð�Ä Ä�-¤À ��; ��; 
�×É�ÒÏÍ�ÎÅÎÎÑ, ÑÄÅÒ ×�ÄÄÁÞ� × ìð÷í ×ÉÎÉËÁ¤ ×ÅÌÉËÁ
ICMP{01{15U 4Ë�ÌØË�ÓÔØ ×ÉÂÉÔÉÈ �Ú \�ÏÌÏÖÅÎÎÑ" Ò�×ÎÏ×ÁÇÉ � ÚÍ�ÝÅÎÉÈ ÁÔÏÍ�×, ÝÏ ¤�ÒÉÞÉÎÏÀ ÕÔ×ÏÒÅÎÎÑ ×ÁËÁÎÓ�Ê, Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�×. ã� �ÒÏ�ÅÓÉ ÍÁ-ÀÔØ ËÁÓËÁÄÎÉÊ ÈÁÒÁËÔÅÒ � ÎÁÚÉ×ÁÀÔØÓÑ ËÁÓËÁÄÏÍ Ú�ÔËÎÅÎØ, ÑËÉÊ ¤ÓËÌÁÄÎÉÍ ÎÅÒ�×ÎÏ×ÁÖÎÉÍ �ÒÏ�ÅÓÏÍ Õ �ÒÏÓÔÏÒ� ÔÁ ÞÁÓ�. ëÁÓËÁÄ Ú�ÔË-ÎÅÎØ Ï�ÉÓÕ¤ÔØÓÑ ËÁÓËÁÄÎÏÀ ÆÕÎË��¤À � ("), ÑËÁ �ÒÉ ÎÅÈÔÕ×ÁÎÎ� ÇÁ-ÌØÍÕ×ÁÎÎÑÍ ÒÕÈÏÍÏ§ ÞÁÓÔÉÎËÉ, ÅÌÅËÔÒÏÎÁÍÉ ÓÅÒÅÄÏ×ÉÝÁ, ÍÏÖÅ ÂÕÔÉ�ÒÅÄÓÔÁ×ÌÅÎÁ ÆÏÒÍÕÌÏÀ [14℄� (") = � ""d ;ÄÅ "d - ÅÎÅÒÇ�Ñ ÚÍ�ÝÅÎÎÑ, ÔÏÂÔÏ ÅÎÅÒÇ�Ñ, ÎÅÏÂÈ�ÄÎÁ ÎÁÌ�ÔÁÀÞÏÍÕ ÁÔÏ-ÍÕ ÄÌÑ ÕÔ×ÏÒÅÎÎÑ ÓÔ�ÊËÏ§ �ÁÒÉ ×ÁËÁÎÓ�Ñ { Í�Ö×ÕÚÌÏ×ÉÊ ÁÔÏÍ, � -�ÏÒÑÄËÕ ÏÄÉÎÉ��. ÷ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ � ("; t) ×ÉÚÎÁÞÁ¤ÔØÓÑ ÎÅÒ�×-ÎÏ×ÁÖÎÏÀ ÆÕÎË��¤À ÒÏÚ�ÏÄ�ÌÕ f (~r; ~v; t), ÑËÁ ÚÁÄÏ×ÏÌØÎÑ¤ Ë�ÎÅÔÉÞÎ�Ò�×ÎÑÎÎÑ Ú �ÎÔÅÇÒÁÌÁÍÉ Ú�ÔËÎÅÎØ ÁÔÏÍ { ÁÔÏÍ, ÁÔÏÍ{ ÅÌÅËÔÒÏÎ, �, ×ÚÁ-ÇÁÌ� ËÁÖÕÞÉ, ÚÁÌÅÖÉÔØ ×�Ä �ÒÏ�ÅÓ�× �ÅÒÅÎÏÓÕ ÞÁÓÔÉÎÏË, ÅÎÅÒÇ�§ × ÓÉÓ-ÔÅÍ�. õÔ×ÏÒÅÎ� �ÁÒÉ ×ÁËÁÎÓ�Ñ { Í�Ö×ÕÚÌÏ×� ÁÔÏÍÉ × �ÒÏ�ÅÓ� ÒÁÄ�Á��Ê-ÎÏÇÏ Ï�ÒÏÍ�ÎÅÎÎÑ, ÏÞÅ×ÉÄÎÏ, ÎÅ ×ÓÔÉÇÁÀÔØ ÒÅËÏÍÂ�ÎÕ×ÁÔÉ × ìð÷í ÚÓÉÌØÎÏ ÎÅÏÄÎÏÒ�ÄÎÏÀ ÓÔÒÕËÔÕÒÏÀ � ÄÁÌ� �ÏÇÌÉÎÁÀÔØÓÑ ÎÁ ÓÔÏËÁÈ ×Á-ËÁÎÓ�Ê ÔÁ ÞÉÓÅÌØÎÉÈ ÄÅÆÅËÔÁÈ ËÒÉÓÔÁÌ�ÞÎÏ§ ÓÔÒÕËÔÕÒÉ. îÁÄÌÉÛËÏ×�×ÁËÁÎÓ�§ ÏÂ'¤ÄÎÕÀÔØÓÑ × Í�ËÒÏ�ÏÒÉ. úÍ�ÎÁ ÏÂ'¤ÍÕ ÚÒÁÚËÁ �V ÂÌÉÚØËÁÄÏ ÓÕÍÁÒÎÏÇÏ ÏÂ'¤ÍÕ �ÏÒ, ÔÏÍÕ Û×ÉÄË�ÓÔØ ×ÁËÁÎÓ�ÊÎÏÇÏ ÒÏÚ�ÕÈÁÎÎÑÚ ×ÒÁÈÕ×ÁÎÎÑÍ �ÅÒÅÈÏÄÕ ×�Ä ÚÁÒÏÄÖÅÎÎÑ ÄÏ §È ÒÏÓÔÕ ÚÁ òÁÓÓÅÌÏÍ [18℄ÍÏÖÅ ÂÕÔÉ Ï�ÉÓÁÎÁ ÆÏÒÍÕÌÏÀ:1V ddt�V (t) = DvK2V (Cv � Cev)�DiK2V Ci; (1)ÄÅ Dv � Di{ ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§ ×ÁËÁÎÓ�Ê ÔÁ Í�Ö×ÕÚÌ×ÉÈ ÁÔÏÍ�×; Cv� Ci { §È ×�Ä�Ï×�ÄÎ� ËÏÎ�ÅÎÔÒÁ��§, Cev - ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ Ò�×ÎÏ×ÁÖÎÁËÏÎ�ÅÎÔÒÁ��Ñ ×ÁËÁÎÓ�Ê. Cev = e� z2 vA ; z { ËÏÏÒÄÉÎÁ��ÊÎÅ ÞÉÓÌÏ Ú×'ÑÚ-Ë�×, vA - ÅÎÅÒÇ�Ñ ÏÄÎÏÇÏ Ú×'ÑÚËÕ. K2V = 4��rn, �r - ÓÅÒÅÄÎ�Ê ÒÁÄ�ÕÓ �ÏÒ,n { ÇÕÓÔÉÎÁ �ÏÒ. ëÏÎ�ÅÎÔÒÁ��§ ×ÁËÁÎÓ�Ê Cv � Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�× CiÚÁÄÏ×ÏÌØÎÑÀÔØ Ò�×ÎÑÎÎÑ:��tCv = Kv0 �K1 (CiCv � Cei Cev)� PvDvK2V (Cv � Cev) ; (2)��tCi = Ki0 �K1 (CiCv � Cei Cev)� PiDiK2V (Ci � Cei ) ; (3)ÄÅ Pi;v- ÊÍÏ×�ÒÎ�ÓÔØ ÚÁÈÏ�ÌÅÎÎÑ ÄÅÆÅËÔÕ �ÏÒÁÍÉ, ÓÔÏËÁÍÉ,Ki;v0 - ÞÉÓ-ÌÏ ÄÅÆÅËÔ�×, ÓÔ×ÏÒÀ×ÁÎÅ ÄÖÅÒÅÌÏÍ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÚÁ ÏÄÉÎÉ�À ÞÁ-ÓÕ ÎÁ ÏÄÉÎ ÁÔÏÍ ÒÅÞÏ×ÉÎÉ; K1- ËÏÅÆ���¤ÎÔ ÒÅËÏÍÂ�ÎÁ��Ê ÄÅÆÅËÔ�×.



5 ðÒÅ�ÒÉÎÔïÞÅ×ÉÄÎÏ, ÎÁ �ÒÏ�ÅÓÉ ÄÉÆÕÚ�§ ×ÁËÁÎÓ�Ê, Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�× ÚÎÁÞÎÉÊ×�ÌÉ× ÍÁÀÔØ \ÄÏÍ�ÛËÏ×�" ÁÔÏÍÉ, ÑËÉÈ Õ ìð÷í ÚÎÁÞÎÁ Ë�ÌØË�ÓÔØ,ÑËÝÏ ÏÓÔÁÎÎ�ÍÉ ××ÁÖÁÔÉ ÁÔÏÍÉ ËÒÅÍÎ�À ÔÁ ËÉÓÎÀ. �ÏÍÕ ÄÏ Ò�×ÎÑÎØ�ÅÒÅÎÏÓÕ (2), (3) ÎÅÏÂÈ�ÄÎÏ ÄÏÄÁÔÉ Ò�×ÎÑÎÎÑ �ÅÒÅÎÏÓÕ ÄÅÆÅËÔ { ÄÏ-Í�ÛËÁ, ÝÏ ÚÎÁÞÎÏ ÕÓËÌÁÄÎÀ¤ Ï�ÉÓ �ÉÈ �ÒÏ�ÅÓ�×. ñË Ó×�ÄÞÁÔØ ÂÁÇÁÔÏ-ÞÉÓÌÅÎÎ� ÅËÓ�ÅÒÉÍÅÎÔÉ, ×ÎÁÓÌ�ÄÏË Ï�ÒÏÍ�ÎÅÎÎÑ ÍÁÔÅÒ�ÁÌ�× Õ ÎÉÈ Ó�Ï-ÓÔÅÒ�ÇÁÀÔØÓÑ �ÒÏ�ÅÓÉ ÁËÔÉ×�ÚÁ��§ ÄÉÆÕÚ�§ ÁÔÏÍ�× { Ñ×ÉÝÅ ÒÁÄ���ÊÎÏÓÔÉÍÕÌØÏ×ÁÎÏ§ ÄÉÆÕÚ�§. �ÏÍÕ × ìð÷í �ÏÒÑÄ �Ú ÄÉÆÕÚ�¤À ÄÅÆÅËÔ�××ÚÁ¤ÍÏÚ×'ÑÚÁÎÏ ÎÅÏÂÈ�ÄÎÏ ×ÒÁÈÏ×Õ×ÁÔÉ � ÁÔÏÍÎÕ ÄÉÆÕÚ�À, ÚÏËÒÅÍÁ,ÁÔÏÍ�× ÕÒÁÎÕ, �ÌÕÔÏÎ�À, ÚÁÌ�ÚÁ, �ÅÚ�À, ÓÔÒÏÎ��À ÔÁ �Î. ñËÝÏ ××ÅÓ-ÔÉ _~Ja = ~jia + ~jva - �ÏÔ�Ë ÁÔÏÍ�× ÓÏÒÔÕ a × ÒÅÚÕÌØÔÁÔ� �ÅÒÅÓËÏË�× Í�Ö×ÕÚÌÏ×ÉÍÉ �ÏÌÏÖÅÎÎÑÍÉ, � × ÒÅÚÕÌØÔÁÔ� ÚÁÊÎÑÔÔÑ ×ÁËÁÎÔÎÏÇÏ ×ÕÚÌÁi ~Ji =Pa ^~jia; ~Jv = �Pa ^~jva - ×�Ä�Ï×�ÄÎÏ �ÏÔÏËÉ Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�× �×ÁËÁÎÓ�Ê, ÔÏ ÍÏÖÎÁ ÏÔÒÉÍÁÔÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ ÄÌÑ ÎÉÈ:^~Ja = �Da~rCa �Xb Dab~rCb + davCa~rCv � daiCa~rCi; (4)~Jv = �Dv ~rCv + �CvXa dav ~rCa; (5)~Ji = �Di~rCi � �CiXa dai ~rCa; (6)ÄÅ dav = 16zvb2v�av ;zv - ÞÉÓÌÏ ÎÁÊÂÌÉÖÞÉÈ ÓÕÓ�Ä�×, bv - ×�ÄÓÔÁÎØ Í�Ö ÓÕÓ�ÄÁÍÉ, �av -ÞÁÓÔÏÔÁ �ÅÒÅÓËÏË�×, dai = 16zib2i �ai;zi � bi - ÞÉÓÌÏ ÓÕÓ�Ä�× Í�Ö ×ÕÚÌÏ×ÉÈ �ÏÌÏÖÅÎØ � ×�ÄÓÔÁÎØ Í�Ö ÎÉÍÉ,�ai - ÞÁÓÔÏÔÁ �ÅÒÅÓËÏË�×, Ca � Cb - ËÏÎ�ÅÎÔÒÁ��Ñ ÁÔÏÍ�× ÓÏÒÔÕ a �b, Dab - §È ×ÚÁ¤ÍÎÁ ÄÉÆÕÚ�Ñ ÔÁ Da - ÄÉÆÕÚ�Ñ ÁÔÏÍ�× ÓÏÒÔÕ a. � -ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ ÆÁËÔÏÒ, Ú×'ÑÚÁÎÉÊ Ú ÁËÔÉ×ÎÏÓÔÑÍÉ ËÏÍ�ÏÎÅÎÔ 
a� = 1 + � ln 
a� lnCa :

ICMP{01{15U 6�ÏÄ� �Ï×ÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÒÏ�ÅÓ�× ÒÁÄ�Á��ÊÎÏ ÓÔÉÍÕÌØÏ×ÁÎÏ§ÄÉÆÕÚ�§ ÁÔÏÍ�×, ×ÁËÁÎÓ�Ê, Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�× × ìð÷í Ú ×ÒÁÈÕ×ÁÎ-ÎÑÍ �ÏÒ, ÂÕÄÅ ÍÁÔÉ ×ÉÇÌÑÄ:��tCa + div~ja = 0 (7)��tCv + div~j� = Kv0 �K1 (CiCv � Cei Cev)� PvDvK2V (Cv � Cev) ; (8)��tCi + div~ji = Ki0 �K1 (CiCv � Cei Cev)� PiDiK2V (Ci � Cei ) : (9)ðÒÉ ÎÁÑ×ÎÏÓÔ� ÇÒÁÄ�¤ÎÔ�× ÔÅÍ�ÅÒÁÔÕÒ Õ ×ÉÒÁÚÁÈ ÄÌÑ �ÏÔÏË�× ÁÔÏ-Í�× � Õ ×ÉÒÁÚÁÈ ÄÌÑ �ÏÔÏË�× ÁÔÏÍ�× � ÄÅÆÅËÔ�× ÂÕÄÕÔØ ÔÁË� ÄÏÄÁÎËÉ:~jTa = �Ca (Cvtav + Citai) ~rT�(Da�a � davCa�v + daiCa�i) ~rT; (10)~jTv = CvXa Catav ~rT �Xa davCa�v ~rT + �Xa davCv�a~rT; (11)~jTi = CiXa Catai~rT �Xa daiCa�i ~rT � �CiXa dai�a~rT; (12)ÄÅ ËÏÅÆ���¤ÎÔÉ tav, tai Ï�ÉÓÕÀÔØ ÚÁÌÅÖÎ�ÓÔØ ÞÁÓÔÏÔÉ �ÅÒÅÓËÏË�× ×�ÄÔÅÍ�ÅÒÁÔÕÒÉ; �a; �v ; �i - ÄÏ×ÖÉÎÉ ÓËÁÞË�×:�e = (��e=�T )
(��e=�C)T (13)ÄÅ �l - È�Í�ÞÎÉÊ �ÏÔÅÎ��ÁÌ ×�Ä�Ï×�ÄÎÏ§ ËÏÍ�ÏÎÅÎÔÉ: ÁÔÏÍÁ, ÄÅÆÅËÔÕ.ïÔÒÉÍÁÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ �ÅÒÅÎÏÓÕ (3.8.) { (3-13) �Ï×Î�ÓÔÀ Ï�ÉÓÕ¤ÄÉÆÕÚ�À ÁÔÏÍ�×, ×ÁËÁÎÓ�Ê, Í�Ö×ÕÚÌÏ×ÉÈ ÁÔÏÍ�× ×ÎÁÓÌ�ÄÏË �, �, 
 -ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ × ìð÷í. äÌÑ §È ÒÏÚ×'ÑÚÁÎÎÑ ÎÅÏÂÈ�ÄÎÏ ÄÏÄÁÔËÏ×Ï×ÉÚÎÁÞÉÔÉ ×�Ä�Ï×�ÄÎ� ËÏÅÆ���¤ÎÔÉ ÄÉÆÕÚ�§. äÁÎÁ ÓÉÓÔÅÍÁ Ò�×ÎÑÎØ �Å-ÒÅÎÏÓÕ ×ÒÁÈÏ×Õ¤ �ÏÒÉÓÔ�ÓÔØ ÍÁÔÅÒ�ÁÌÕ. ëÒ�Í ÔÏÇÏ, ÞÅÒÅÚ �ÏÔÏËÉ (10)- (12) × ÓÉÓÔÅÍ� ÍÏÖÎÁ ÄÏÓÌ�ÄÉÔÉ ×�ÌÉ× ÌÏËÁÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒÎÉÈÅÆÅËÔ�× ÎÁ ×ÁËÁÎÓ�ÊÎÅ ÎÁÂÕÈÁÎÎÑ. ãÅ ÎÁÄÚ×ÉÞÁÊÎÏ ��ËÁ×ÉÊ ÍÏÍÅÎÔ,



7 ðÒÅ�ÒÉÎÔÏÓË�ÌØËÉ ìð÷í (ÞÏÒÎÁ, ËÏÒÉÞÎÅ×Á ìð÷í) ÈÁÒÁËÔÅÒÉÚÕÀÔØÓÑ ÎÉ-ÚØËÏÀ ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔÀ. îÅÒ�×ÎÏ×ÁÖÎ� �ÒÏ�ÅÓÉ �ÅÒÅÎÏÓÕ ÞÁÓÔÉÎÏË,ÁÂÏ ��ÌÉÈ ËÌÁÓÔÅÒ�×, ÅÎÅÒÇ�§ Õ ìð÷í ÚÎÁÞÎÏÀ Í�ÒÏÀ ×ÉÚÎÁÞÁÀÔØ§È ÓÔ�ÊË�ÓÔØ ÔÁ �ÒÏ�ÅÓÉ ÒÕÊÎÕ×ÁÎÎÑ. âÅÚ�ÅÒÅÞÎÏ ÏÄÎÉÍ �Ú ×ÁÖÌÉ×ÉÈÎÁ�ÒÑÍ�× ¤ ÄÏÓÌ�ÄÖÅÎÎÑ �ÒÏ�ÅÓ�× ÄÉÆÕÚ�§ ÕÒÁÎÕ, �ÌÕÔÏÎ�À, ÁÍÅÒÉ-��À ÔÁ ËÀÒ�À × �ÏÎÎÉÈ ÞÉ ÎÅÊÔÒÁÌØÎÉÈ ÆÏÒÍÁÈ. ÷ �ÅÒÛÕ ÞÅÒÇÕ, �Å�Ï×'ÑÚÁÎÏ Ú ÔÉÍ, ÝÏ × ìð÷í ÏÓÎÏ×ÎÉÍÉ ÄÖÅÒÅÌÁÍÉ �- ÁËÔÉ×ÎÏÓÔ�ÔÁ ÎÅÊÔÒÏÎ�× Ó�ÏÎÔÁÎÎÏÇÏ �ÏÄ�ÌÕ ¤ �ÚÏÔÏ�É 238�240Pu, 241Am, 242Am(Ó�ÏÎÔÁÎÎÉÊ �ÏÄ�Ì) 242Cm, 244Cm. ÷ÚÁ¤ÍÏÄ�Ñ ×É�ÒÏÍ�ÎÅÎÉÈ �- ÞÁÓÔÉ-ÎÏË Ú ÁÔÏÍÁÍÉ B, O, Na, Mg, Al, Li, C, Be, ÝÏ ÚÎÁÈÏÄÑÔØÓÑ × ìð÷í,ÓÕ�ÒÏ×ÏÄÖÕ¤ÔØÓÑ ÒÅÁË��¤À (�, 
) � ÄÏÄÁÔËÏ×Ï ÇÅÎÅÒÕ¤ �ÏÔ�Ë ÎÅÊÔ-ÒÏÎ�× [19℄. úÏËÒÅÍÁ, ×ÉÈÏÄÉ ÎÅÊÔÒÏÎ�× ÎÁ 1 Ç. ÄÌÑ 241AmO2 (� - �Î-ÔÅÎÓÉ×Î�ÓÔØ 1,267�1011, �E� = 5,479 íÅ×) ÓÔÁÎÏ×ÉÔØ 2,78 � 0,41�103,ÄÌÑ 238Pu (� - �ÎÔÅÎÓÉ×Î�ÓÔØ 6,325�1011, �E�= 5,487 íÅ×) { 1,435 �0,021�104, ÄÌÑ 242ómO2 (� - �ÎÔÅÎÓÉ×Î�ÓÔØ 1,222�1014, �E�= 6,102íÅ×)- (4,2 � 0,4) � 106, 244CmO2 (� - �ÎÔÅÎÓÉ×Î�ÓÔØ 2,987�1012, �E�= 5,795íÅ×) - (8,7 � 0,9) � 104. õ ÒÏÂÏÔÁÈ [20, 21℄ ÂÕÌÉ Ï��ÎÅÎ� ×ËÌÁÄÉ ÒÅÁË��Ê(�, 
) ÄÌÑ ÏËÒÅÍÉÈ ÚÒÁÚË�× ìð÷í �Ú ��ÄÒÅÁËÔÏÒÎÉÈ �ÒÉÍ�ÝÅÎØ 305/2� 304/3, ÑË� �ÏËÁÚÁÌÉ, ÝÏ §È ×�ÌÉ× ÎÁ Û×ÉÄË�ÓÔØ ÇÅÎÅÒÁ��§ ÎÅÊÔÒÏÎ�×Õ ìð÷í ÄÏÓÑÇÁ¤ � 50% .û×ÉÄË�ÓÔØ ÇÅÎÅÒÁ��§ ÎÅÊÔÒÏÎ�× ÚÁ ÒÁÈÕÎÏË(�, 
) ÒÅÁË��Ê ÎÁ ÌÅÇËÉÈ È�Í�ÞÎÉÈ ÅÌÅÍÅÎÔÁÈ Ú ÞÁÓÏÍ ÂÕÄÅ ÚÒÏÓÔÁ-ÔÉ, ÝÏ, ÎÁÓÁÍ�ÅÒÅÄ, ÚÕÍÏ×ÌÀ¤ÔØÓÑ ÎÁËÏ�ÉÞÅÎÎÑÍ ÁÍÅÒÉ��À 241Am(×ÎÁÓÌ�ÄÏË � - ÒÏÚ�ÁÄÕ 241Pu) ÑË �ÎÔÅÎÓÉ×ÎÏÇÏ ÄÖÅÒÅÌÁ � - ÞÁÓÔÉ-ÎÏË. îÅÏÂÈ�ÄÎÏ ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÁÍÅÒÉ��Ê 24195 Am ÓÅÒÅÄ �ÏÄ�ÂÎÉÈ ÊÏÍÕ�ÚÏÔÏ��× ÍÁ¤ ×ÅÌÉËÉÊ �ÅÒÅÒ�Ú �ÏÄ�ÌÕ ÎÁ ÔÅ�ÌÏ×ÉÈ ÎÅÊÔÒÏÎÁÈ [22℄. ãÅ×�ÄÏÍ� ÒÅÁË��§ ÔÉ�Õ 94Be+42 He!126 C + n;105 B + 42He!713 N + n;137 N �+10; 1?? ! 136 ?;2713Al +42 He!3015 P + n3015P �+2; 55?? !3014 SiïÓÔÁÎÎÑ ÒÅÁË��Ñ × ÚÁÌÅÖÎÏÓÔ� ×�Ä ÅÎÅÒÇ�Ê � - ÞÁÓÔÉÎÏË ÍÏÖÅ �Ò
ICMP{01{15U 8ÏÈÏÄÉÔÉ Ú ×ÉÄ�ÌÅÎÎÑÍ �ÒÏÔÏÎ�×:2713Al +42 He!3014 Si+ p:úÁ �ÏÄ�ÂÎÉÍÉ ÓÈÅÍÁÍÉ ÍÏÖÕÔØ �ÒÏÈÏÄÉÔÉ ÒÅÁË��§ �Ú 68O, 2311Na ÔÁ�ÎÛÉÍÉ ÌÅÇËÉÍÉ È�Í�ÞÎÉÍÉ ÅÌÅÍÅÎÔÁÍÉ. úÁ×ÄÑËÉ �ÉÍ ÒÅÁË��ÑÍ �Å×-ÎÁ Ë�ÌØË�ÓÔØ � - ÞÁÓÔÉÎÏË Ú å� = 5 - 7 íÅ× ×�Ä � - ÒÏÚ�ÁÄÕ �ÚÏÔÏ��×�ÌÕÔÏÎ�À, ÁÍÅÒÉ��À, ËÀÒ�À ÚÎÉËÁÀÔØ. ïÄÎÁË �ÎÛÁ ÞÁÓÔÉÎÁ ÑÄÅÒ ÇÅ-Ì�À Ó�ÒÏÍÏÖÎÁ ÚÁÈÏ�ÉÔÉ Ä×Á ÅÌÅËÔÒÏÎÉ � �ÅÒÅÔ×ÏÒÉÔÉÓØ × ÁÔÏÍÉ ÇÅ-Ì�À, ÑË�, ÏÞÅ×ÉÄÎÏ, ×ÎÁÓÌ�ÄÏË ÚÎÁÞÎÏ§ �ÏÒÉÓÔÏÓÔ� �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ,ÍÏÖÕÔØ Û×ÉÄËÏ �ÏËÉÄÁÔÉ ìð÷í.úÁ ÒÅÚÕÌØÔÁÔÁÍÉ ÒÏÂ�Ô [19, 20℄ ÍÏÖÎÁ ÚÒÏÂÉÔÉ ×ÉÓÎÏ×ÏË, ÝÏ Â�ÌØ-ÛÁ ÞÁÓÔÉÎÁ � - ÞÁÓÔÉÎÏË ×�Ä � - ÒÏÚ�ÁÄÕ �ÚÏÔÏ��× 238�240Pu, 241Am,242;244Cm ÂÕÄÅ ÒÅÁÌ�ÚÏ×Õ×ÁÔÉÓØ Õ ÒÅÁË��ÑÈ ÎÁ ÌÅÇËÉÈ È�Í�ÞÎÉÈ ÅÌÅ-ÍÅÎÔÁÈ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ. ÷É�ÒÏÍ�ÎÅÎÎÑ � - ÞÁÓÔÉÎËÁ ÔÁ ÑÄÒÏ ×�Ä-ÄÁÞ� Õ �ÒÏ�ÅÓ� � - ÒÏÚ�ÁÄÕ; ÚÏËÒÅÍÁ ÄÌÑ 241Am24195 Am!42 He+23793 Np (T1=2=2,25�106 ÒÏË�×),23793 Np!42 He+23391 Pa;23391 Pa ��!23392 U (T1=2=1,62�105 ÒÏË�×),×ÚÁ¤ÍÏÄ�ÀÞÉ �Ú ÁÔÏÍÁÍÉ �ÁÌÉ×Ï×Í�ÓÎÉÈ ÍÁÓ, �ÒÉ×ÏÄÑÔØ ÄÏ �ÒÏ�ÅÓ�×ÄÅÆÅËÔÏÕÔ×ÏÒÅÎÎÑ, ÑË� ÁÎÁÌ�ÚÏ×Õ×ÁÌÉÓØ Õ ÒÏÂÏÔ� [23℄, ÑË ÏÓÎÏ×ÎÉÈÞÉÎÎÉË�× ÒÁÄ�Á��ÊÎÏÇÏ ÒÕÊÎÕ×ÁÎÎÑ ìð÷í. �ÕÔ ÓÌ�Ä ×�ÄÚÎÁÞÉÔÉ, ÝÏ× ÒÅÚÕÌØÔÁÔ� � ÒÏÚ�ÁÄÕ 241Am ÕÔ×ÏÒÀ¤ÔØÓÑ ÄÏ×ÇÏÖÉ×ÕÞÅ � { ÄÖÅ-ÒÅÌÏ { ÎÅ�ÔÕÎ�Ê 23793 Np, ÒÏÚ�ÁÄ ÑËÏÇÏ ×ÅÄÅ ÄÏ � { ÁËÔÉ×ÎÏÇÏ �ÚÏÔÏ-�Õ ÕÒÁÎÕ 23392 U, ÁÎÁÌÏÇ�ÞÎÏÇÏ ÚÁ Ó×Ï§ÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ ÄÏ 23392 U. ðÒÉ�ØÏÍÕ � - ÞÁÓÔÉÎËÁ ÔÁ ×ÁÖËÅ ÑÄÒÏ ×�ÄÄÁÞ�, ×ÚÁ¤ÍÏÄ�ÀÞÉ Ú ÏÔÏÞÕ-ÀÞÉÍÉ §È ÁÔÏÍÁÍÉ Õ ËÒÅÍÎ�¤×�Ê ÍÁÔÒÉ�� ìð÷í, ×�ÄÄÁÀÔØ ÚÎÁÞÎÕË�ÌØË�ÓÔØ ÅÎÅÒÇ�§ × ÌÏËÁÌØÎÏÍÕ ÏÂ'¤Í�. ÷ÎÁÓÌ�ÄÏË �ØÏÇÏ ÔÅÍ�ÅÒÁÔÕ-ÒÁ \ÇÒÁÔËÉ" ìð÷í ÌÏËÁÌØÎÏ ÍÏÖÅ ÚÒÏÓÔÉ, Á �ÏÔ�Í ÚÍÅÎÛÕ×ÁÔÉÓØ×�Ä�Ï×�ÄÎÏ ÄÏ ÁÂÓÏÌÀÔÎÏÇÏ ÚÎÁÞÅÎÎÑ ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ�, ÑËÁ, ÑË Ó×�Ä-ÞÁÔØ ÅËÓ�ÅÒÉÍÅÎÔÁÌØÎ� ÄÏÓÌ�ÄÖÅÎÎÑ [24℄, ¤ ÎÉÚØËÏÀ. ï�ÉÓÁÎÉÊ �Í-�ÕÌØÓ ÌÏËÁÌ�ÚÏ×ÁÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ ÎÁÚÉ×Á¤ÔØÓÑ ÔÅ�ÌÏ×ÉÍ ËÌÉÎÏÍ. úÁÌ�ÔÅÒÁÔÕÒÎÉÍÉ ÄÁÎÉÍÉ ÄÌÑ ËÒÅÍÎ�À, ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ ÔÅÍ-�ÅÒÁÔÕÒÏÀ �ÌÁ×ÌÅÎÎÑ ��Ì = 17000ë (3k ��Ì = 0,4 Å×), ÅÎÅÒÇ�§, ÝÏ×ÉÄ�ÌÑ¤ÔØÓÑ �ÒÉ ×ÚÁ¤ÍÏÄ�§ � - ÞÁÓÔÉÎÏË � ÑÄÅÒ ×�ÄÄÁÞ�, ÄÏÓÔÁÔÎØÏ ÄÌÑÔÏÇÏ, ÝÏÂ ÒÏÚ�ÌÁ×ÉÔÉ ÌÏËÁÌØÎÏ \ÇÒÁÔËÕ" ìð÷í. ÷ ÒÅÚÕÌØÔÁÔ� ÔÁËÏ§×ÚÁ¤ÍÏÄ�§ ÁÔÏÍÉ \ÇÒÁÔËÉ" ìð÷í ÚÁÚÎÁÀÔØ ÚÍ�ÝÅÎØ [23℄. ëÁÓËÁÄ ÔÁ-ËÉÈ ÚÍ�ÝÅÎØ, ÚÕÍÏ×ÌÅÎÉÊ ×ÉÓÏËÏÅÎÅÒÇÅÔÉÞÎÏÀ ×�ÄÄÁÞÅÀ, ÎÁÚÉ×ÁÀÔØ



9 ðÒÅ�ÒÉÎÔ�ÁÂÌÉ�Ñ 1.íÁÔÅÒ�ÁÌ çÕÓÔÉÎÁ,Ç/ÓÍ3 �Å�ÌÏ¤ÍÎ�ÓÔØ,ËäÖ/ËÇ�ë �Å�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ,÷Ô/í�ëþÏÒÎÁìð÷í 2.28 � 0.01 0.82 � 0.07 1.08 � 0.09ëÏÒÉÞÎÅ×Áìð÷í 2.46 � 0.01 0.73 � 0.07 0.73 � 0.1ËÌÉÎÏÍ ÚÍ�ÝÅÎØ. ïÄÎÁË ×ÉÄ�ÌÅÎÎÑ ÔÅ�ÌÏ×Ï§ ÅÎÅÒÇ�§ Õ ÄÁÎÏÍÕ ×É�ÁÄ-ËÕ ÎÅÏÂÈ�ÄÎÏ ÒÏÚÇÌÑÄÁÔÉ, ÏÓË�ÌØËÉ ÔÅ�ÌÏ×Á ÅÎÅÒÇ�Ñ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØ-ÓÑ ÏÓÏÂÌÉ×ÉÍÉ ÍÅÈÁÎ�ÚÍÁÍÉ � §§ ×ÉÄ�ÌÅÎÎÑ ÍÏÖÅ ×�ÄÂÕ×ÁÔÉÓÑ � ÔÏÄ�,ËÏÌÉ ËÌÉÎÉ ÚÍ�ÝÅÎØ ÎÅ ×ÉÎÉËÁÀÔØ. �Å�ÌÏ×Á ÅÎÅÒÇ�Ñ ÍÏÖÅ ÄÁ×ÁÔÉ×ËÌÁÄ Õ �ÏÛËÏÄÖÅÎÎÑ ÍÁÔÅÒ�ÁÌÕ, ÚÕÍÏ×ÌÀÀÞÉ ÆÁÚÏ×� �ÅÒÅÔ×ÏÒÅÎÎÑ(×ÔÏÒÉÎÎÁ �ÏÒÉÓÔ�ÓÔØ) ×�Ä ÍÅÎÛ ÓÔÁÂ�ÌØÎÏ§ ÆÁÚÉ ÄÏ Â�ÌØÛ ÓÔÁÂ�ÌØÎÏ§,ÁÂÏ ÎÁ×�ÁËÉ. ðÅÒÅÌ�ÞÅÎ� �ÒÏ�ÅÓÉ ÚÕÍÏ×ÌÀÀÔØ ×�ÏÒÑÄËÕ×ÁÎÎÑ ÞÉ ÒÏ-ÚÕ�ÏÒÑÄËÕ×ÁÎÎÑ ÓÔÒÕËÔÕÒÉ, ÄÉÓÏ��Á��À, ÁÂÏ ÁÓÏ��Á��À ËÏÍ�ÌÅËÓ�×,Ó�ÒÉÑÀÞÉ �ÒÉ �ØÏÍÕ ÁÔÏÍÎ�Ê ÄÉÆÕÚ�§ × ìð÷í. úÁ ÔÅÏÒ�¤À ÔÅ�ÌÏ×ÉÈËÌÉÎ�× [25℄ ÌÏËÁÌØÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ Õ ÓÆÅÒÉÞÎÏÍÕ ËÌÉÎ� Ï�ÉÓÕ¤ÔØÓÑÆÏÒÍÕÌÏÀ T (~r; t) = Q8�3=2
�(kt)3=2 exp�� r24kt� ;ÄÅ k = �
� ;� - ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ, 
 { �ÉÔÏÍÁ ÔÅ�ÌÏ�ÒÏ×�ÄÎ�ÓÔØ, � - ÇÕÓÔÉÎÁ, Q {ÔÅ�ÌÏ×Á ÅÎÅÒÇ�Ñ ×ÉÄ�ÌÅÎÁ × ÄÅÑË�Ê ÔÏÞ�� Õ ÓÅÒÅÄÏ×ÉÝ�, r { ×�ÄÓÔÁÎØ×�Ä ÄÖÅÒÅÌÁ ÅÎÅÒÇ�§. ú ÒÏÚÒÁÈÕÎË�× ÄÉÎÁÍ�ËÉ Ú�ÔËÎÅÎØ × ÍÏÄÅÌØÎÉÈÇÒÁÔËÁÈ [26℄ ÌÁÎ�ÀÖËÉ �ÏÓÌ�ÄÏ×ÎÉÈ Ú�ÔËÎÅÎØ ÍÏÖÕÔØ ÚÁÂÉÒÁÔÉ ÄÏ-ÓÉÔØ ÚÎÁÞÎÕ ÞÁÓÔÉÎÕ ÅÎÅÒÇ�§ ×�Ä ÄÖÅÒÅÌÁ. îÁ ÄÕÍËÕ Á×ÔÏÒ�× [25℄ ÔÅ�-ÌÏ×ÉÊ ËÌÉÎ ÔÒÉ×Á¤ �10�11Ó , ÔÏÂÔÏ ÞÁÓ �ÓÎÕ×ÁÎÎÑ ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÁÓ��×Í�ÒÎÉÊ �Ú 100 �ÅÒ�ÏÄÁÍÉ ËÏÌÉ×ÁÎØ ÇÒÁÔËÉ. äÌÑ �ÁÒÁÍÅÔÒ�× ËÏ-ÒÉÞÎÅ×ÉÈ � ÞÏÒÎÉÈ ìð÷í, �ÒÉ×ÅÄÅÎÉÈ Õ ÔÁÂÌÉ�� [24℄, ÍÉ �ÒÏ×ÅÌÉÒÏÚÒÁÈÕÎËÉ ÌÏËÁÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÄÌÑ ×É�ÁÄËÕ, ËÏÌÉ � - ÞÁÓÔÉÎËÉ,ÑÄÒÁ ×�ÄÄÁÞ� ÎÁ×ËÏÌÉÛÎ�Í ÁÔÏÍÁÍ ×�ÄÄÁÀÔØ ÅÎÅÒÇ�À × ÓÅÒÅÄÎØÏÍÕ0.05 íÅ÷, 0.08 íÅ÷, 0.1 íÅ÷, 0.2 íÅ÷, 0.4 íÅ÷, 0.8 íÅ÷.
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òÉÓ. 1. ðÒÏÓÔÏÒÏ×Ï-ÞÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÉ ÓÆÅÒÉÞÎÏÇÏ ÔÅ�-ÌÏ×ÏÇÏ ËÌÉÎÕ ÄÌÑ ÞÏÒÎÏ§ ËÅÒÁÍ�ËÉ ìð÷í.
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òÉÓ. 2. ðÒÏÓÔÏÒÏ×Ï-ÞÁÓÏ×Á ÚÁÌÅÖÎ�ÓÔØ ÔÅÍ�ÅÒÁÔÕÒÉ ÓÆÅÒÉÞÎÏÇÏ ÔÅ�-ÌÏ×ÏÇÏ ËÌÉÎÕ ÄÌÑ ËÏÒÉÞÎÅ×Ï§ ËÅÒÁÍ�ËÉ ìð÷í.

ICMP{01{15U 12îÁ ÒÉÓ. 1, 2 �ÒÅÄÓÔÁ×ÌÅÎ� ÒÅÚÕÌØÔÁÔÉ ÒÏÚÒÁÈÕÎË�× �ÒÏÓÔÏÒÏ×ÏÇÏÒÏÚ�ÏÄ�ÌÕ ÔÅÍ�ÅÒÁÔÕÒÉ, ÑËÉÊ ×ÉÎÉËÁ¤ × ÒÅÚÕÌØÔÁÔ� ÇÁÌØÍÕ×ÁÎÎÑ ×É-ÓÏËÏÅÎÅÒÇÅÔÉÞÎÏ§ ÞÁÓÔÉÎËÉ (�-ÞÁÓÔÉÎÏË, ÑÄÒÁ ×�ÄÄÁÞ�) ×�Ä�Ï×�ÄÎÏ ×ËÏÒÉÞÎÅ×�Ê ÔÁ ÞÏÒÎ�Ê ìð÷í.ïÄÅÒÖÁÎ� ÇÒÁÆ�ÞÎ� ÚÁÌÅÖÎÏÓÔ� ��ÄÔ×ÅÒÄÖÕÀÔØ ×ÉÓÌÏ×ÌÅÎ� ÒÁÎ�ÛÅ�ÒÉ�ÕÝÅÎÎÑ �ÒÏ ÞÁÓÏ×Õ Å×ÏÌÀ��À ìð÷í ��Ä ×�ÌÉ×ÏÍ Ï�ÒÏÍ�ÎÅÎÎÑ�-ÞÁÓÔÉÎËÁÍÉ, ÑÄÒÁÍÉ ×�ÄÄÁÞ�. åÎÅÒÇ�Ñ, ÝÏ Ú×�ÌØÎÀ¤ÔØÓÑ × ÒÅÚÕÌØ-ÔÁÔ� ÇÁÌØÍÕ×ÁÎÎÑ ×ÉÓÏËÏÅÎÅÒÇÅÔÉÞÎÏ§ ÞÁÓÔÉÎËÉ, ÍÏÖÅ ×ÉÑ×ÉÔÉÓØ ÄÏ-ÓÔÁÔÎØÏÀ ÄÌÑ ÌÏËÁÌØÎÏÇÏ �ÌÁ×ÌÅÎÎÑ ÍÁÔÅÒ�ÁÌÕ. ðÒÉ �ØÏÍÕ ÏÓÏÂÌÉ-×Õ ÒÏÌØ ×�Ä�ÇÒÁÀÔØ ÔÁË� ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÍÁÔÅÒ�ÁÌÕ, ÑË ÔÅ�ÌÏ�ÒÏ×�Ä-Î�ÓÔØ, ÔÅÍ�ÅÒÁÔÕÒÏ�ÒÏ×�ÄÎ�ÓÔØ ÔÁ ÔÅ�ÌÏ¤ÍÎ�ÓÔØ. õ ×É�ÁÄËÕ ÎÉÚØËÏ§ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÏÂÌÁÓÔÅÊ ÍÁÔÅÒ�ÁÌÕ, ÝÏ �ÒÉÌÑÇÁÀÔØ ÄÏ ÏÂÌÁÓÔ� ÌÏ-ËÁÌ�ÚÁ��§ ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÕ, ÕÔ×ÏÒÅÎÏÇÏ ÇÁÌØÍÕ×ÁÎÎÑÍ �-ÞÁÓÔÉÎËÉ,ÑÄÒÁ ×�ÄÄÁÞ�, ÄÉÓÉ�Á��Ñ ÔÅ�ÌÏ×Ï§ ËÏÍ�ÏÎÅÎÔÉ ÅÎÅÒÇ�§ ÚÄ�ÊÓÎÀ¤ÔØÓÑ�Ï×�ÌØÎÏ. ðÒÉ �ØÏÍÕ ×�ÄÔÉÎÉ ÞÁÓÕ, ÝÏ Æ�ÇÕÒÕÀÔØ ÎÁ �ÒÉ×ÅÄÅÎÉÈ ÇÒÁ-Æ�ËÁÈ, ÍÏÖÕÔØ ×ÉÑ×ÉÔÉÓØ ÄÏÓÔÁÔÎ�ÍÉ ÄÌÑ ÒÅÁÌ�ÚÁ��§ ÌÏËÁÌØÎÏÇÏ �ÒÏ-�ÅÓÕ �ÌÁ×ÌÅÎÎÑ - ËÒÉÓÔÁÌ�ÚÁ��§. ÷ ÒÅÚÕÌØÔÁÔ� ÏÂÌÁÓÔ�,ÝÏ �ÒÉÌÑÇÁÀÔØÄÏ ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÁ, ÚÁÚÎÁÀÔØ ÚÎÁÞÎÉÈ ÓÔÒÕËÔÕÒÎÉÈ �ÅÒÅÔ×ÏÒÅÎØ, ÑË�ÚÕÍÏ×ÌÅÎ� ÁÍÏÒÆ�ÚÁ��¤À ÍÁÔÅÒ�ÁÌÕ. ú ÇÒÁÆ�Ë�× (ÒÉÓ. 1, 2) ×ÉÄÎÏ, ÝÏÁÂÓÏÌÀÔÎ� ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ × �ÅÎÔÒ� ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÕ ÍÏÖÕÔØ×ÉÑ×ÉÔÉÓÑ ÎÅÄÏÓÔÁÔÎ�ÍÉ ÄÌÑ ÒÅÁÌ�ÚÁ��§ �ÌÁ×ÌÅÎÎÑ ÍÁÔÅÒ�ÁÌÕ. ðÒÉ�ØÏÍÕ Ä�Ñ ÏÂÌÁÓÔ� Ú ��Ä×ÉÝÅÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÏÀ �ÏÌÑÇÁ¤ × �Î���À×ÁÎÎ��ÒÏ�ÅÓ�× ×�Ä�ÁÌÕ, ÒÅËÒÉÓÔÁÌ�ÚÁ��§ ÔÁ ÒÕÈÕ ÄÅÆÅËÔ�× { × �ÅÒÛÕ ÞÅÒÇÕ,�ÏÒ ÔÁ ÄÉÓÌÏËÁ��Ê.ðÒÉ �ØÏÍÕ ÓÌ�Ä ÚÁÕ×ÁÖÉÔÉ, ÝÏ ÕÔ×ÏÒÅÎÎÑ ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÕ × �Ï-ÒÉÓÔÉÈ ÏÂÌÁÓÔÑÈ ÍÁÔÅÒ�ÁÌÕ ÍÏÖÅ ×ÉËÌÉËÁÔÉ ÌÏËÁÌØÎÅ �ÌÁ×ÌÅÎÎÑ�ÒÉ ÔÅÍ�ÅÒÁÔÕÒÁÈ, ÝÏ ÓÔÁÎÏ×ÌÑÔØ � 0,7 ��Ì (�ÒÁ×ÉÌÏ �ÁÍÍÁÎÁ).�ÁËÉÊ �ÒÏ�ÅÓ Õ �ÉÈ ÍÁÔÅÒ�ÁÌÁÈ ¤ ÄÕÖÅ ÊÍÏ×�ÒÎÉÊ.äÏÄÁÔËÏ×Õ � Â�ÌØÛ ÏÄÎÏÚÎÁÞÎÕ �ÎÆÏÒÍÁ��À ÝÏÄÏ �ÒÏ�ÅÓ�× Ï�ÉÓÁ-ÎÏÇÏ ÔÉ�Õ ÍÏÖÕÔØ ÄÁÔÉ �ÒÅ�ÉÚ�ÊÎ� ÅËÓ�ÅÒÉÍÅÎÔÉ Ú ×ÉÍ�ÒÀ×ÁÎÎÑ ÔÅÍ-�ÅÒÁÔÕÒÎÉÈ ÚÁÌÅÖÎÏÓÔÅÊ ÔÅ�ÌÏ¤ÍÎÏÓÔ�. ðÒÉ×ÅÒÔÁ¤ ÄÏ ÓÅÂÅ Õ×ÁÇÕ ÔÏÊÆÁËÔ, ÝÏ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ, ÑËÁ �ÅÒÅÄÂÁÞÁ¤ÔØÓÑ × �ÅÎÔÒ� ÔÅ�-ÌÏ×ÏÇÏ ËÌÉÎÕ, �ÏÞÉÎÁÀÞÉ Ú ÅÎÅÒÇ�Ê ÞÁÓÔÉÎËÉ Â�ÌØÛÏ§, Î�Ö 0.2 íÅ÷,ÍÏÖÅ ÄÏÓÑÇÁÔÉ ÄÕÖÅ ×ÅÌÉËÉÈ ÚÎÁÞÅÎØ (�ÏÒÑÄËÕ Ë�ÌØËÏÈ ÔÉÓÑÞ ÇÒÁ-ÄÕÓ�×). íÅÈÁÎ�ÚÍÉ ÄÉÓÉ�Á��§ ÔÅ�ÌÏ×Ï§ ÔÁ �ÒÕÖÎÏ§ ÅÎÅÒÇ�Ê �ÒÉ �ØÏÍÕÍÏÖÕÔØ ÂÕÔÉ Ò�ÚÎÉÍÉ.ðÒÏÁÎÁÌ�ÚÕ¤ÍÏ Â�ÌØÛ ÄÅÔÁÌØÎÏ ÄÅÑË� ÎÁÊÂ�ÌØÛ �ÍÏ×�ÒÎ� Ú ÎÉÈ.ðÒÉ ÒÅÁÌ�ÚÁ��§ ×�Ä�Ï×�ÄÎÉÈ ÕÍÏ×, ÝÏ ÈÁÒÁËÔÅÒÉÚÕÀÔØ ÏÂ'¤Í ÍÁÔÅÒ�Á-ÌÕ, ÄÅ ÚÄ�ÊÓÎÀ¤ÔØÓÑ ÇÁÌØÍÕ×ÁÎÎÑ ÞÁÓÔÉÎËÉ, × ÍÁÔÒÉ�� ìð÷í ÎÅÍÉ-ÎÕÞÅ ×�ÄÂÕ×Á¤ÔØÓÑ ÌÏËÁÌØÎÅ �ÌÁ×ÌÅÎÎÑ. óÌ�Ä ÚÁÚÎÁÞÉÔÉ, ÝÏ ÚÁÌÅÖÎÏ×�Ä �ÒÏÓÔÏÒÏ×Ï§ ÏÒ�¤ÎÔÁ��§ ÄÖÅÒÅÌÁ ×É�ÒÏÍ�ÎÀ×ÁÎÎÑ ÔÁ �ÎÔÅÎÓÉ×ÎÏÓÔ�



13 ðÒÅ�ÒÉÎÔÏ�ÒÏÍ�ÎÅÎÎÑ ÍÁÔÅÒ�ÁÌÕ �ÒÏÓÔÏÒÏ×Å ÒÏÚÍ�ÝÅÎÎÑ �Ï×ÔÏÒÎÏ ÒÏÚ�ÌÁ×ÌÅ-ÎÉÈ ÏÂÌÁÓÔÅÊ × ÏÂ'¤Í� ÍÏÖÅ ÈÁÒÁËÔÅÒÉÚÕ×ÁÔÉÓÑ Â�ÌØÛÉÍ ÞÉ ÍÅÎÛÉÍÓÔÕ�ÅÎÅÍ Ò�×ÎÏÍ�ÒÎÏÓÔ�. ðÒÉ �ØÏÍÕ ÎÁ×ËÏÌÏ ÒÏÚ�ÌÁ×ÌÅÎÉÈ ÏÂÌÁÓÔÅÊÚ'Ñ×ÌÑÀÔØÓÑ ÍÅÈÁÎ�ÞÎ� ÎÁ�ÒÕÖÅÎÎÑ, ÑË� �ÒÉÓËÏÒÀÀÔØ ÁÂÏ Ó�Ï×�ÌØ-ÎÀÀÔØ ÄÉÆÕÚ�À ×ÁËÁÎÓ�Ê � �ÏÒ, Á ÔÁËÏÖ Û×ÉÄË�ÓÔØ ÕÔ×ÏÒÅÎÎÑ ×ÉÄ�-ÌÅÎØ ÄÒÕÇÏ§ ÆÁÚÉ. äÏ �Å×ÎÏÇÏ ÍÏÍÅÎÔÕ ÕÔ×ÏÒÅÎ� ÏÂÌÁÓÔ� ÄÅÆÏÒÍÁ��Ê�ÓÎÕ×ÁÔÉÍÕÔØ × ÏÂ'¤Í� ìð÷í ÎÅÚÁÌÅÖÎÏ ÏÄÎÁ ×�Ä ÏÄÎÏ§. ïÄÎÁË ÍÏÖÅÎÁÓÔÕ�ÉÔÉ ÍÏÍÅÎÔ, ÑËÉÊ ÈÁÒÁËÔÅÒÉÚÕ×ÁÔÉÍÅÔØÓÑ ÔÁËÏÀ ËÏÎ�ÅÎÔÒÁ-��¤À ÔÅ�ÌÏ×ÉÈ ËÌÉÎ�× × ÏÂ'¤Í� (�ÒÏ�ÏÒ��ÊÎÏ ÄÏ �-ÁËÔÉ×ÎÏÓÔ� �ÚÏÔÏ-��× �ÌÕÔÏÎ�À, ÁÍÅÒÉ��À, ËÀÒ�À � ×�Ä�Ï×�ÄÎÉÈ ÑÄÅÒ ×�ÄÄÁÞ�), ÝÏ �ÏÌÑÍÅÈÁÎ�ÞÎÉÈ ÄÅÆÏÒÍÁ��Ê ÎÁ×ËÏÌÏ �ÒÏ�ÌÁ×ÌÅÎÉÈ ÏÂÌÁÓÔÅÊ �ÏÞÉÎÁÀÔØ�ÅÒÅËÒÉ×ÁÔÉÓÑ. ÷ �ÅÊ ÍÏÍÅÎÔ ×ÉÎÉËÎÅ ÎÏ×Á ÑË�ÓÔØ Õ ×ÌÁÓÔÉ×ÏÓÔÑÈÍÁÔÅÒ�ÁÌÕ: ÚÍ�ÎÁ �Å×ÎÏÇÏ �ÁÒÁÍÅÔÒÁ × ÏÄÎ�Ê Ú ÏÂÌÁÓÔÅÊ ÍÁÔÅÒ�ÁÌÕÎÅÍÉÎÕÞÅ ×ÉËÌÉÞÅ ÚÍ�ÎÕ ×�Ä�Ï×�ÄÎÉÈ �ÁÒÁÍÅÔÒ�× × �ÎÛÉÈ ÏÂÌÁÓÔÑÈ.óÉÔÕÁ��Ñ × ìð÷í ÓÔÁ¤ ÓÈÏÖÏÀ Ú Ô�¤À, ÝÏ �ÓÎÕ¤ × ÓÉÓÔÅÍ� × ÍÏÍÅÎÔÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ: ËÏÖÎÁ ÔÏÞËÁ ÓÉÓÔÅÍÉ ×�ÄÞÕ×ÁÔÉÍÅ ×�ÌÉ× ÎÁ �ÎÛÕÔÏÞËÕ, ÝÏ �ÒÏÓÔÏÒÏ×Ï ÒÏÚÄ�ÌÅÎÁ Ú ÎÅÀ. ðÒÉ ÔÁË�Ê Æ�ÚÉÞÎ�Ê ÓÉÔÕÁ��§ ×ìð÷í ÍÏÖÌÉ×ÉÊ \ÎÅÓ�ÏÄ�×ÁÎÉÊ" �ÅÒÅÂ�Ç �ÒÏ�ÅÓ�×. îÁ�ÒÉËÌÁÄ, ÑË-ÝÏ × �Å×ÎÏÍÕ ÏÂ'¤Í� ÍÁÔÅÒ�ÁÌÕ ÒÅÁÌ�ÚÕ¤ÔØÓÑ Ï�ÉÓÁÎÉÊ �ÅÒÅÄËÒÉÔÉÞ-ÎÉÊ ÓÔÁÎ, ÔÏ ÄÏÓÔÁÔÎØÏ ÎÅÚÎÁÞÎÏ§ ÞÁÓÔËÉ ÄÏÄÁÔËÏ×Ï§ ÅÎÅÒÇ�§ Õ ×ÉÇÌÑÄ�ÔÅ�ÌÁ ÞÉ ÍÅÈÁÎ�ÞÎÏÇÏ ×�ÌÉ×Õ, ÝÏÂ ÚÎÁÞÎÁ ÞÁÓÔÉÎÁ ÏÂ'¤ÍÕ �ÅÒÅÊÛ-ÌÁ × ÒÏÚ�ÌÁ×ÌÅÎÉÊ ÓÔÁÎ, ÁÂÏ ÍÅÈÁÎ�ÞÎÏ \ÒÏÚËÒÉÛÉÌÁÓÑ". ëÒ�Í ÔÏÇÏ,��ÓÌÑ �ÒÏ�ÌÁ×ÌÅÎÎÑ ÓÔÒÕËÔÕÒÉ ìð÷í × ÏÂÌÁÓÔ� ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÕ×�ÄÂÕ×Á¤ÔØÓÑ ÆÏÒÍÕ×ÁÎÎÑ ÎÏ×Ï§ ËÒÉÓÔÁÌ�ÞÎÏ§ ÓÔÒÕËÔÕÒÉ, ÝÏ ÓÕ�ÒÏ-×ÏÄÖÕ¤ÔØÓÑ ×ÉÔ�ÓÎÅÎÎÑÍ �Ú �ÉÈ ÏÂÌÁÓÔÅÊ ×ÁËÁÎÓ�Ê, �ÏÒ � �ÏÒ, ÚÁ�Ï×-ÎÅÎÉÈ ×ÏÄÎÉÍÉ ÒÏÚÞÉÎÁÍÉ. ú×'ÑÚËÉ Í�Ö ÁÔÏÍÁÍÉ ÎÏ×Ï§ ËÒÉÓÔÁÌ�ÞÎÏ§ÓÔÒÕËÔÕÒÉ ÍÏÖÕÔØ ÂÕÔÉ Í��Î�ÛÉÍÉ, Î�Ö �Ï�ÅÒÅÄÎØÏ§, ÔÏÂÔÏ × �Å×-ÎÉÈ ÏÂÌÁÓÔÑÈ ìð÷í ÍÏÖÕÔØ ×ÉÎÉËÁÔÉ Â�ÌØÛ Ô×ÅÒÄ� ÏÂÌÁÓÔ�. ÷ ÔÏÊÞÁÓ ×ÁËÁÎÓ�§, �ÏÒÉ ÒÕÈÁÀÔØÓÑ ÄÏ �Ï×ÅÒÈÎ� ìð÷í (ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ×ÉÇ�ÄÎÏ), ÒÏÚËÒÉÛÕÀÞÉ §§. �ÏÂÔÏ × �ÒÏ�ÅÓ� ÒÅËÒÉÓÔÁÌ�ÚÁ��§ ÏÂÌÁÓÔÅÊìð÷í ×ÎÁÓÌ�ÄÏË ÔÅ�ÌÏ×ÉÈ ËÌÉÎ�×, Ó�ÒÉÞÉÎÅÎÉÈ �-ÞÁÓÔÉÎËÁÍÉ, ÑÄ-ÒÁÍÉ ×�ÄÄÁÞ�, ÍÏÖÕÔØ ×ÉÎÉËÁÔÉ �ÒÏ�ÅÓÉ Ô×ÅÒÄÎÅÎÎÑ (ÕÝ�ÌØÎÅÎÎÑ)ÓÔÒÕËÔÕÒÉ, ÝÏ ÍÏÖÅ �ÏÑÓÎÀ×ÁÔÉ ÔÅ, ÝÏ ìð÷í Õ ÇÌÉÂÉÎÕ ×�Ä �Ï×ÅÒ-ÈÎ� Ô×ÅÒÄÎÕÔØ, Á �Ï×ÅÒÈÎÑ §È ÒÏÚËÒÉÈÞÕ¤ÔØÓÑ. íÏÖÌÉ×Ï, �Å �ÏÑÓÎÀ¤ÔÅ, ÝÏ ÄÏ ÄÁÎÏÇÏ ÞÁÓÕ � ÎÁ ÍÁÊÂÕÔÎ¤ ìð÷í ÂÕÄÕÔØ �ÏÓÔ�ÊÎÏ ÒÅËÒÉÓ-ÔÁÌ�ÚÕ×ÁÔÉÓØ ×ÎÁÓÌ�ÄÏË �ÏÓÔ�ÊÎÏÇÏ �-ÓÁÍÏÏ�ÒÏÍ�ÎÅÎÎÑ.ú ÔÏÞËÉ ÚÏÒÕ ÊÍÏ×�ÒÎÏÓÔ� �ÅÒÅÂ�ÇÕ × ÍÁÔÅÒ�ÁÌ� Ï�ÉÓÁÎÉÈ Ñ×ÉÝ,×ÏÎÉ ¤ ÚÏ×Ó�Í ÎÅ ÅËÚÏÔÉÞÎÉÍÉ � ÎÅÊÍÏ×�ÒÎÉÍÉ. ðÏÄ�ÂÎ� ÒÅÚÕÌØÔÁÔÉÍÉ Ó�ÏÓÔÅÒ�ÇÁÌÉ �ÒÉ ÚÄ�ÊÓÎÅÎÎ� Ò�ÚÎÉÈ ÒÅÖÉÍ�× ÔÅÒÍ�ÞÎÏÇÏ ×�Ä�ÁÌÕ ×ÂÁÇÁÔÏËÏÍ�ÏÎÅÎÔÎÉÈ ÎÁ��×�ÒÏ×�ÄÎÉËÏ×ÉÈ ËÒÉÓÔÁÌ�ÞÎÉÈ ÓÔÒÕËÔÕÒÁÈ.äÒÕÇÉÊ ÍÏÖÌÉ×ÉÊ ÍÅÈÁÎ�ÚÍ ÄÉÓÉ�Á��§ ÔÅ�ÌÏ×Ï§ ÅÎÅÒÇ�§ ×ÎÁÓÌ�ÄÏË
ICMP{01{15U 14ÕÔ×ÏÒÅÎÎÑ ÔÅ�ÌÏ×ÏÇÏ ËÌÉÎÕ ÍÏÖÅ ÍÁÔÉ ÔÁËÉÊ �ÅÒÅÂ�Ç. ÷ÉÓÏËÏÅÎÅÒ-ÇÅÔÉÞÎÁ ÞÁÓÔÉÎËÁ ×ÔÒÁÞÁ¤ ÅÎÅÒÇ�À ÇÏÌÏ×ÎÉÍ ÞÉÎÏÍ ÛÌÑÈÏÍ �ÏÎ�ÚÁ��§ÍÁÔÅÒ�ÁÌÕ, ÏÓÏÂÌÉ×Ï, ËÏÌÉ ÍÁÔÅÒ�ÁÌ ÈÁÒÁËÔÅÒÉÚÕ¤ÔØÓÑ Ä�ÅÌÅËÔÒÉÞÎÉ-ÍÉ ×ÌÁÓÔÉ×ÏÓÔÑÍÉ. ÷ÎÁÓÌ�ÄÏË ÒÕÈÕ �ÏÎ�ÚÁ��ÊÎÏ§ ÞÁÓÔÉÎËÉ × ÒÅÞÏ×ÉÎ�×ÏÎÁ ÍÏÖÅ ÚÁÌÉÛÁÔÉ ÎÅ�ÅÒÅÒ×ÎÉÊ �ÏÎ�ÚÁ��ÊÎÉÊ È×�ÓÔ, ÑËÉÊ ÞÁÓÔÏ ÎÁ-ÚÉ×ÁÀÔØ �ÏÎ�ÚÁ��ÊÎÉÍ ËÌÉÎÏÍ. ðÒÉ �Å×ÎÉÈ ÏÂÓÔÁ×ÉÎÁÈ �ÏÎ�ÚÁ��ÊÎÉÊÈ×�ÓÔ ÚÕÍÏ×ÌÀ¤ ×ÉÂÉ×ÁÎÎÑ ÅÌÅËÔÒÏÎ�×, ÚÁÌÉÛÁÀÞÉ ÚÁ ÓÏÂÏÀ ËÏÌÏÎÕÄÏÄÁÔÎ�È �ÏÎ�×, ÑË� ×�ÄÞÕ×ÁÀÔØ ÄÕÖÅ ÓÉÌØÎÅ ×ÚÁ¤ÍÎÅ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ.÷ÚÁ¤ÍÎÅ ×�ÄÛÔÏ×ÈÕ×ÁÎÎÑ ÚÕÍÏ×ÌÀ¤ ×ÉÛÔÏ×ÈÕ×ÁÎÎÑ �Å×ÎÏ§ Ë�ÌØËÏÓÔ�ÒÅÞÏ×ÉÎÉ, ×ÎÁÓÌ�ÄÏË ÞÏÇÏ ÕÔ×ÏÒÀÀÔØÓÑ ÓÉÌØÎÏ �ÏÛËÏÄÖÅÎ� ÏÂÌÁÓÔ�ÍÁÔÅÒ�ÁÌÕ - ÎÁ �Ï×ÅÒÈÎ� ìð÷í ÇÅÎÅÒÕ¤ÔØÓÑ �ÉÌÏÕÔ×ÏÒÅÎÎÑ. îÅÏÂ-È�ÄÎÏ ×�ÄÚÎÁÞÉÔÉ, ÝÏ ÏÂÉÄ×Á ÚÇÁÄÁÎ� ÍÅÈÁÎ�ÚÍÉ ÏÄÎÁËÏ×Ï ÍÏÖÌÉ×� �ÍÏÖÕÔØ �ÒÏÑ×ÉÔÉÓÑ ÚÁÌÅÖÎÏ ×�Ä ËÏÎËÒÅÔÎÉÈ ÏÓÏÂÌÉ×ÏÓÔÅÊ ÓÔÒÕËÔÕ-ÒÉ ìð÷í.ú� ÓËÁÚÁÎÏÇÏ ÍÏÖÎÁ ÚÁ�ÒÏ�ÏÎÕ×ÁÔÉ ÔÁËÕ ÒÏÂÏÞÕ ËÏÎ�Å���À. ð�ÄÞÁÓ ÕÔ×ÏÒÅÎÎÑ ìð÷í ÄÕÖÅ ÊÍÏ×�ÒÎÏÀ ÍÏÇÌÁ ÂÕÔÉ ÔÁËÁ ÔÅÒÍÏÄÉÎÁ-Í�ÞÎÁ ÓÉÔÕÁ��Ñ, �ÒÉ ÑË�Ê ÓÔÁÎ ÓÉÓÔÅÍÉ ÈÁÒÁËÔÅÒÉÚÕ×Á×ÓÑ ÔÉÍ, ÝÏ ÏË-ÒÅÍ� ÏÂÌÁÓÔ� �ÏÞÁÌÉ ËÒÉÓÔÁÌ�ÚÕ×ÁÔÉÓÑ, �ÅÒÅÂÕ×ÁÀÞÉ × Ò�ÄËÏÍÕ ÏÔÏ-ÞÅÎÎ� �ÎÛÉÈ ÓËÌÁÄÏ×ÉÈ ÓÉÓÔÅÍÉ. ã�ÌÅÓ�ÒÑÍÏ×ÁÎ� ÄÏÓÌ�ÄÖÅÎÎÑ ÔÅ�ÌÏ-¤ÍÎÏÓÔ� � ÔÅ�ÌÏ�ÒÏ×�ÄÎÏÓÔ� ÍÏÖÕÔØ ÓÔÁÔÉ ÔÉÍÉ ÅËÓ�ÅÒÉÍÅÎÔÁÍÉ, ÑË�ÄÏÚ×ÏÌÑÔØ Â�ÌØÛ ÏÄÎÏÚÎÁÞÎÏ �ÎÔÅÒ�ÒÅÔÕ×ÁÔÉ Ó�ÏÓÔÅÒÅÖÕ×ÁÎ� ÏÓÏÂÌÉ-×ÏÓÔ� ÓÔÒÕËÔÕÒÉ ÍÁÔÅÒ�ÁÌ�×, Á ÔÁËÏÖ �ÒÏÇÎÏÚÕ×ÁÔÉ §È ÞÁÓÏ×Õ Å×ÏÌÀ-��À. ïÞÅ×ÉÄÎÏ, ÕÔ×ÏÒÅÎÎÑ ìð÷í ÚÄ�ÊÓÎÀ×ÁÌÏÓÑ Õ �ÒÉÓÕÔÎÏÓÔ� Ä×ÏÈËÏÎËÕÒÕÀÞÉÈ �ÒÏ�ÅÓ�×, Á ÓÁÍÅ: ÕÔ×ÏÒÅÎÎÑ ÁÎÔÉÓÔÒÕËÔÕÒÎÉÈ ÁÓÏ��ÁÔ�×ÎÁ ÆÏÎ� Ú×ÉÞÁÊÎÏÇÏ �ÒÏ�ÅÓÕ ËÒÉÓÔÁÌ�ÚÁ��§. ðÒÉ ÚÎÉÖÅÎÎ� ÔÅÍ�ÅÒÁÔÕ-ÒÉ ÁÎÔÉÓÔÒÕËÔÕÒÎ� ÁÓÏ��ÁÔÉ×Î� ËÏÍ�ÌÅËÓÉ ÍÏÖÕÔØ �ÅÒÅ×ÁÖÁÔÉ ÁÂÏÚÏ×Ó�Í ÂÌÏËÕ×ÁÔÉ ÕÔ×ÏÒÅÎÎÑ \Ú×ÉÞÁÊÎÉÈ" ÚÁËÒÉÓÔÁÌ�ÚÏ×ÁÎÉÈ ÏÂÌÁÓ-ÔÅÊ. úÎÉÖÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ×ÉËÌÉËÁ¤ �ÅÒÅÏÈÏÌÏÄÖÅÎÎÑ Ò�ÄÉÎÉ ÂÅÚÓ�ÏÎÔÁÎÎÏ§ ËÒÉÓÔÁÌ�ÚÁ��§. ðÒÉ �ØÏÍÕ Ú'Ñ×ÌÑÀÔØÓÑ ÚÎÁÞÎ� ×ÎÕÔÒ�ÛÎ�ÎÁ�ÒÕÖÅÎÎÑ, ÑË� ÍÏÖÕÔØ ÂÕÔÉ �ÒÉÞÉÎÏÀ Ó�ÏÎÔÁÎÎÏÇÏ ÒÏÚÔÒ�ÓËÕ×ÁÎ-ÎÑ ÍÁÔÅÒ�ÁÌÕ. ÷éóîï÷ëéðÒÏ×ÅÄÅÎÏ ÁÎÁÌ�Ú ÍÏÖÌÉ×ÉÈ ÍÅÈÁÎ�ÚÍ�× ×ÚÁ¤ÍÏÄ�§ �-ÞÁÓÔÉÎÏË �ÑÄÅÒ ×�ÄÄÁÞ� Ú ÍÁÔÒÉÞÎÉÍ ÍÁÔÅÒ�ÁÌÏÍ ìð÷í. úÁ�ÒÏ�ÏÎÏ×ÁÎÏ ÍÏ-ÄÅÌØ ÔÅ�ÌÏ×ÉÈ ËÌÉÎ�×, ÑËÁ ÑË�ÓÎÏ Ï�ÉÓÕ¤ ÍÏÖÌÉ×�ÓÔØ ÌÏËÁÌØÎÏÇÏ�ÌÁ×ÌÅÎÎÑ ÒÅÞÏ×ÉÎÉ ìð÷í ��Ä ÞÁÓ ÇÁÌØÍÕ×ÁÎÎÑ �-ÞÁÓÔÉÎÏË, ÑÄÅÒ×�ÄÄÁÞ�.îÁ ÏÓÎÏ×� ÍÏÄÅÌØÎÉÈ ��ÄÈÏÄ�× ÔÅÏÒ�§ ÔÅ�ÌÏ×ÉÈ ËÌÉÎ�× �ÒÏ×Å-ÄÅÎÏ ÒÏÚÒÁÈÕÎËÉ ÌÏËÁÌØÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÄÌÑ ×É�ÁÄËÕ ×�ÄÄÁÞ� �-ÞÁÓÔÉÎËÏÀ, ÑÄÒÏÍ ×�ÄÄÁÞ� ÎÁ×ËÏÌÉÛÎ�Í ÁÔÏÍÁÍ ÅÎÅÒÇ�§ 0.05 íÅ÷,
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