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 ²�³!´ °!µE¶(·�±K¸(¹ ²L´�º ¹  ´ °(¹L»  ±�· ²L´ ± ´ µ ´E³(º  ¼r½  ¾
¿$À  - Á5Â.Ã�Ã
Ä , Á$ÅqÆ  
±
 Á1Ç ±KÈ , 

·�É
 ÊdË ¯1¯

-3 Ì�ÍrÎ  °(ÉLÏU°(É Ì�³!´ É�·  Ð ¹ ´^³ ¶  ²  ± ²9ÑK³�Î(Ò Ï ³(º É9·K±�¹ Ð  ² ±�·C»�° ³!´ ° ³ ·(· ³(ÓI³  ±CÏ Î µE¸(¹�·�±CÔ  ¶ Î Ô  
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± ²�²UÎ ¹�¶ ³Kº É�·�±CÔ  ±�Ï Ð ¹�·�¹�·(±��  
É ´Z³�Ð · ³ �  ²L´ °�µ�� ´ µ�° Í  º ÏU° Ídº ¸(É ´Z³KÓI³  º ¹���¹ ²L´Eº É  ( Ê�Ê ) º^³  º °(¹ Ð Ô  º ÏU° Ídº É , ³(² · ³(º É9·K· Í �  

·�É
 
± ÐeÑ µ Î(Ò^² · ³(Ð  ³W´ � Î�³ ·�¹�·(±�±  �9Î ¹�� ´ ° ³ ·�· ³�ÓI³  Ñ µE¸���É  – 

± ²L´E³ ¸(·�±��EÉ  ¼?Á  º  ·�É	� ³(Ñ ± ´ ¹ Î ¹ . Ä ¹ ´E³ ¶(±��EÉ  Ñ(³ Ï º^³�Î Ô Î É  ÑK³�Î µ�¸(É ´EÒ   ²L´ °�µ�� ´ µ�°(·Kµ�
  
±�·�� ³ ° Ð É�
�±�
  ³  º ÏU° Ídº ¸(É ´Z³�Ð  º ¹���¹ ²L´Zº ¹  ±  ³KÌ °(ÉLÏ	
�ÉL»  º  Ï ³ ·�¹  º ÏU° Í
º É  Ñ °(±  ÌE³CÎ(Ò�� ±C»  ¶(É º�Î ¹9·�±CÔ^»  (≈ 500 � Ì ÉU° ) ²  º °(¹ Ð ¹�·�· ÍdÐ  

°(ÉLÏU°(¹
�
¹9·�±�¹ Ð  Ñ(³ °!ÔE¶��EÉ  º °(¹ Ð ¹9·�±  ³KÌ�³ ° ³!´ É  Ñ µW¸��!É  º  ·�É�� ³(Ñ ± ´ ¹ Î ¹  (250 · ² ). Ê  1999-2000 Ó .Ó . ·�É  Ñ ¹�° º^³ �  �

� ²�Ñ ¹�°(± Ð ¹�· ´ É Î(Ò · ³ �  ²I´ É�·�
(±�±  “
Ê ÏU° Í
º ”  Ì�ÍrÎ É  Ñ ° ³�º ¹�¶(¹�·�É  ² ¹�°(±CÔ  � � ²�Ñ ¹�°(± Ð ¹�· ´Z³Kº  Ñ(³  ± ²�²�Î ¹�¶ ³Kº É�·K±�
  

¶(¹ ´E³ ·�É�
�±(±  
±
 ÑK³(º ¹U¶(¹�·�±CÔ  º ¹��,¹ ²L´^º É  º  ¶(¹ ´E³ ·�É�
�± ³ ·�· Í »  Ñ ° ³ 
�¹ ²�² ÉL» . � ÍrÎ É  Ñ(³�Î µ!¸�¹�·�É , ³(Ì °(É Ì�³W´ É�·�É  ±

 ³KÑ µ Ì!Î ±�� ³(º É9·�É  µ(·�±��!É Î(Ò ·�ÉIÔ  ±�·�� ³ ° Ð É�
�±CÔ , ÑK³�Î µE¸(¹�·�·�ÉIÔ  º  Ñ ¹�° º!Í »  � � ²�Ñ ¹�°(± Ð ¹�· ´E³(º  ( º Ï ° Í
º  Ðk³ �,· ³K²L´�Ò 
  ¶ ³  20 Ó  ´ ° ³!´ ± ÎW³�º�³(ÓI³  � � º ± º É Î ¹9· ´ É ): 1) ³  ¶(±�·�É Ð ±��!¹  ±CÏ Ð ¹9·�¹�·�±CÔ  ÑKÎ�³!´ · ³K²I´ ±  
ÊrÊ

; 2) ³  °(ÉLÏ º ± ´ ±�±  
� Î µ�� ´ µ(É�
�±��  �9Î ¹�� ´ ° ³ ·�· ³ �  ÑKÎW³W´ · ³(²L´ ±  Ñ °(±  Ñ ° ³ » ³�� ¶(¹�·�±�±  

¶(¹ ´Z³ ·�É�
�± ³ ·(· ³(ÓI³  �?° ³ · ´ É ; 3) ³  Ñ ° ³ 
�¹ ²9² ¹  ²�� É ´ ±CÔ  ³KÌ °(ÉIÏ	
�É  º ¹���¹ ²L´Eº É , Ñ�³�Ð ¹���¹�·�· ³�ÓI³  º  Ï ³ ·�¹  º ÏU° Í�º É ;  4) ³  °(É ²�Ñ °(¹�¶(¹ Î ¹�·�±�±  �9Î ¹�� ´ ° ³KÑ ° ³(º^³ ¶(· ³(²L´ ±  º  Ï ³ ·�¹  ¶(¹ ´E³ ·�É�
�±�± . ¯ ³�Î µE¸(¹�·�· Í ¹  ¶(É�·�· Í ¹  Ñ °(¹�¶ ²I´ É º�Î Ô�
 ´  ·�¹ ²�³(Ð ·�¹�·(·Cµ�
  

�¹�·�· ³K²L´�Ò  ¶ Î Ô  ÑK³ ·K± Ð É�·�±CÔ  Ñ ° ³ 
�¹ ²�²9³Kº , Ñ ° ³ ± ² » ³ ¶!Ô��,±C»  º  ¶(¹ ´E³ ·�É�
�± ³ ·K· Í »  º^³�Î ·�ÉL»  ±  Ñ °(±  ³(Ì�� É ´ ±(±  º ¹��,¹ ²I´Eº É  µE¶(É�°(· ÍdÐ ±  º^³CÎ ·�É Ð ± . Ã ¹ Ð  

·�¹
 Ð ¹9·�¹�¹  �  ·�É�¸(É Î µ  2001 Ó . ºE³ Ï Ð?³�� · ³(² ´ ±  Ñ ¹�° º^³ �  �

� ²�Ñ ¹�°(± Ð ¹�· ´ É Î(Ò · ³ �  ²L´ É9·�
�±�±  Ì�Í�Î ±  Ñ °(É�� ´ ±K¸(¹ ² �!±  
± ² ¸(¹U° Ñ É�· Í . 

¯ ³CÎ µW¸(É�¹ ÐeÍ ¹  ·�É  ·�¹��  
°(¹QÏIµ Î(Ò9´ É ´EÍ  

· ³(² ± Î ±  �!ÉU¸(É ²L´Eº ¹�·�· Í �  
»(ÉU°(É�� ´ ¹U° . �
Î Ô  Ñ�³�Î µE¸�¹�·�±CÔ  � ³�Î ±K¸(¹ ²L´�º ¹�·�· Í »  »(ÉU°(É�� ´ ¹�°(± ²I´ ±��  ¶(¹ ´E³ ·�É�
�± ³ ·K· ³(ÓI³  Ñ ° ³ 
�¹ ²�² É  Ì�ÍrÎ(³  ·�¹ ³(Ì » ³ ¶(± Ðk³ : 1) ² µ��,¹ ²L´�º ¹�·�· ³  µ Î µW¸ � ± ´�Ò  

�
� ²�Ñ ¹U°(± Ð ¹�· ´ É Î(Ò ·�µ�
  ´ ¹�»(·�±���µ  – 

± ²I´E³ ¸(·�±��  ±CÏ Î µE¸�¹�·�±CÔ  ( º ± ÓIÓLÎ ¹�° ), ¶(¹ ´ ¹�� ´E³ ° , º ÏU° Í�º ·Cµ�
  �!É Ð ¹�°�µ ; 2) 
°(ÉIÏU°(É Ì�³W´ É ´EÒ  Ñ °(±�·�
�± Ñ ±�É Î(Ò · ³  · ³(º!Í ¹  Ð ¹ ´E³ ¶ Í  ÑK³�Î µE¸�¹�·�±CÔ  ±�·�� ³ ° Ð É	
�±K±  ³  ¶(¹ ´E³ ·�É�
�± ³ ·K· Í »  Ñ ° ³ 
�¹ ²�² ÉL» . ¯ ³��U´^³(Ð µ  º  2001 Ó . Ñ ¹�° º ÉLÔ  �

� ²9Ñ ¹�°(± Ð ¹9· ´ É Î(Ò ·�ÉLÔ  ²L´ É�·�
�±CÔ  “
Ê ÏU° Í
º ”  Ì�Í�Î É  ¶(¹ Ðe³ · ´ ±(° ³�º É9·�É  ±  

·�É�¸(É ´E³  ²�³�³ °!µ � ¹�·�±�¹  · ³(º^³ �  ²L´ É�·�
�±�±  º  � ³�ÐeÑKÎ ¹�� ² ¹  ²  °(ÉLÏU°(É Ì�³W´ � ³ �  · ³�º^³ �  
É Ñ�Ñ É�°(É ´ µ!° Í  

±
 Ð ¹ ´E³ ¶(±��  Ê ¹�¶�µ��,±�¹  °(ÉLÏU°(É Ì�³!´ ¸(±��!±  Ñ ° ³ ¹�� ´ É  – � .̄ . Ã�³�Î�³ ¸�� ³ , ¿ .Á . ¿ ·K¸(É�° ³(º  ( Á.Â5Ã�Ã
Ä  ¼�½  ¾�¿
À ), ¼ .Á . Ä ±

�
·�¹ º , Ê .Ä . ¿ µ Î(Ò ¸(¹�·�� ³ , ¯ .� . 

Ê ³KÌ!Î(Í � , � .Á . ¿ · ´E³ »(±�· , Ä .Ç . Æ ¹�¶ ³W´Z³Kº  ( Á ÅqÆ  ¼�½  ¾�¿
À ).  �������������� �!"�
 
��#"#$���%�� �&���'

. (*)$+�+�,.- ��' . ½ ¶(±�·  
±CÏ

 
°(¹
�
É�
/�,±�»

 
�eÉ�� ´�³ ° ³(º , Ñ(³ Ï º�³�Î Ô�
/�,±�»  Ñ ¹�°(¹ º ¹ ²L´ ±  �

� ²9Ñ ¹�°(± Ð ¹9· ´  Ñ�³  ± ²�²UÎ ¹�¶ ³�º É�·�±0
  
¶(¹ ´E³ ·�É�
(±�±  

·�É
 
· ³(º^Í �  

�!É�¸(¹ ²L´Eº ¹9·�· Í �  µ�° ³(º ¹9· Ò  – 
µ º ¹ Î ±K¸(¹�·�±�¹  ±�· ´ ¹�· ² ± º · ³(²L´ ±  Ñ µE¸��!É  ¼ Á  

±
 ²�Ð ¹	�,¹�·�±�¹  ²�Ñ ¹�� ´ °(É  ±CÏ Î µE¸(¹�·�±CÔ  º  Ì�³�Î ¹�¹  � ¹ ²L´ ��µ�
  ³(Ì!Î É ²L´�Ò . Ë ´�³KÐ µ  º!³(Ñ ° ³(² µ  º  2001 ÓU³ ¶!µ  Ì�Í�Î(³  µW¶(¹ Î ¹�· ³  ³(²U³KÌE³ ¹  º ·�± Ð É�·�±�¹  

– Ì�ÍrÎ  °(ÉLÏU°(É Ì�³!´ É�·  
±
 
Ï9É Ñ µ���¹�·  º  Ñ ° ³ ±!Ï º^³ ¶ ²I´Eº^³  º ± ÓUÓLÎ ¹U°  ²  Ñ(³CÎ ¹ Ð  5 Ã  

¶ Î Ô  µ ²L´ É�· ³(º �E±  
·�É

 ÊdË ¯1¯
-3. À É�¸(É ´E³  ±CÏ ÓI³�´Z³Kº^Î ¹�·�±�¹  7- Ð ±  ÑK³�Î 
 ² · ³KÓI³  º ± ÓIÓIÎ ¹�°(É  ²  Ñ(³�Î ¹ Ð  3 Ã  

¶ Î Ô  µ ²L´ É�· ³(º �!±  ·�É
 
ÊdË ¯1¯

-4. 
¯5° ³ °(É ÌE³W´ É9·  º É�°(±�É�· ´  ±CÏ ÓI³�´Z³(º�Î ¹�·�±�Ô  21- ÑK³�Î 
 ² · ³KÓI³  º ± ÓUÓQÎ ¹�°(É  ²  Ñ(³�Î ¹ Ð  3 Ã  ¶ Î Ô  µ ²L´ É�· ³(º �E±  

·�É
 
ÊdË ¯1¯

-4. ¾ É ²�²�Ðk³W´ °(¹�·�É  º�³ Ï Ðk³�� · ³K²L´�Ò  ±WÏ ÓI³!´Z³�º�Î ¹�·�±�Ô  ±  
µ ²L´ É�· ³(º �E±  

100- Ñ(³CÎ 
 ² · ³�ÓI³  º ± ÓUÓIÎ ¹�°(É  ²  ÑK³�Î ¹ Ð  7 Ã  
·�É

 
Ê
Ë ¯q¯

-3. 
¯ ³K²UÎ ¹�¶ ³(º É ´ ¹ Î(Ò ·�ÉLÔ  °(¹�É Î ±CÏ9É�
�±CÔ  Ñ ° ³�Ó °(É ÐeÐkÍ  

µ ²L´ É9· ³Kº �!±  º ± Ó�ÓIÎ ¹�° ³Kº  ·�É  ·�É�� ³�Ñ ± ´ ¹ Î Ô^»  Ñ�³ Ï º^³�Î ± ´  µ º ¹ Î ±K¸(± ´EÒ  Ñ�³W´Z³ �  
�21�²L´ �!±C»  � ³!´E³ · ³Kº  ( ÑK³ °!ÔE¶��!É  50 

�
� Ê ) 

·�É
 5 Ñ�³ °!Ô!¶�� ³Kº  ( ³!´  10 9

¶ ³  10 14 
� ³!´ / ² ¹�� / Ð °(É�¶ /0.1% 

bw). 3 -  - !% �����' . 
Ê ´Z³ ° ³ �  

°(¹
�
É�
4�,±��

 
�eÉ�� ´E³ ° , ·�¹ ³�Ì » ³ ¶(± ÐeÍ �  

¶ Î Ô  °(ÉIÏU°(É Ì�³W´ �!±  Ð ¹ ´Z³ ¶ ³Kº  ± ²�²UÎ ¹�¶ ³Kº É�·�±CÔ  ¶(¹ ´E³ ·�É	
�± ³ ·�· Í »  Ñ ° ³ 
�¹ ²9²�³(º  – ²�³ ÏU¶(É�·�±�¹  ³ ¶(· ³ � ³�³ °�¶(±�·�É ´ · Í »  °(¹�· ´�Ó ¹�· ³(º!² �E±C»  ¶(¹ ´ ¹�� ´�³ ° ³�º  ²  º °(¹ Ð ¹9·�· ÍdÐ  
°(ÉLÏU°(¹

�
¹9·�±�¹ Ð  

·�É�· ³(² ¹���µW·K¶(· ³(Ó�³  ¶(±�É Ñ ÉLÏ ³ ·�É . 
�kÍ�Î�³  °(É ²�²�Ð=³W´ °(¹9· ³  ·�¹ ² � ³�Î(Ò � ³  º ÉU°(±�É�· ´Z³Kº  ¶(¹ ´ ¹�� ´E³ ° ³(º  – Ñ(³CÎ µ Ñ ° ³(º!³ ¶(·K±�� ³�º!Í ¹  (Si 

±
 

AsGa) Ð ±��^° ³K²L´ °(± Ñ(³KºEÍ ¹  ±  Ó ÉLÏ ³(º!Í ¹  Ð ±��^° ³(²L´ °(± Ñ�³�º!Í ¹ . ¯ ³(²�Î ¹  É�·�É Î ±�Ï9É  ¶ ³(²L´^³ ±�· ²I´^º  ±  ·�¹�¶ ³(²L´ É ´ � ³�º  �!É
�
¶ ³�ÓI³  ¶(¹ ´ ¹�� ´E³ °(É , µE¸(± ´EÍdº ÉLÔ  ºE³ Ï Ð?³�� · ³(²L´ ±  

±�»
 Ñ °(É	� ´ ±K¸(¹ ² � ³ �  °(¹�É Î ±�Ï9É�
�±�±  

±
 º�³ Ï Ðk³�� · Í ¹  �e±�·�É�· ²U³Kº^Í ¹  Ï9É ´ °(É ´EÍ , Ñ °(¹U¶ Ñ�³ ¸ ´ ¹�·�±�¹  Ì�Í�Î�³  ³W´ ¶(É�· ³  Ó ÉLÏ ³(º^³KÐ µ  ¶(¹ ´ ¹	� ´E³ °Cµ . ¯5° ³W´�³�´ ± Ñ  ´ É�� ³�ÓI³  ¶(¹ ´ ¹	� ´E³ °(É  DIMEX ( ½*� -5) 

µ
�
¹
 
±�Ï Ó�³!´^³�º^Î ¹�·  

±
 Ñ ° ³��51UÎ  ´ ¹ ²I´ ±K° ³�º É9·�±�¹  ·�É  Ñ µE¸���¹  ¼=Á . 
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� ���"� , '  ���  )  � !���# - � )�	 - �� �� ,�
 �"' -  �� ������ )$) . 
¯�¹�° º^Í ¹  �

� ²�Ñ ¹�°(± Ð ¹�· ´EÍ  Ñ(³  ± ²�²UÎ ¹�¶ ³Kº É�·�±0
  
¶(¹ ´E³ ·�É�
�± ³ ·�· Í »  Ñ ° ³ 
�¹ ²�²�³(º  Ì�ÍrÎ ±  º!ÍdÑK³�Î ·�¹�· Í  

·�É
 
�!É�·�É Î ¹  5-

É
 
Ê
Ë ¯q¯

-3. Ë ´E³!´  �!É9·�É Î  Ì�ÍrÎ  ºEÍ ¶(¹ Î ¹9·  
¶ Î Ô  Ñ ° ³(º ¹�¶(¹9·�±CÔ  � � ²�Ñ ¹�°(± Ð ¹�· ´Z³Kº  ²�³  º ÏU° Í
º^³�Ð  

·�É
 ³ ¸(¹9· Ò  � ³ ° ³!´ � ³ ¹  º °(¹ Ð Ô  ±

 Ñ�³K²�Î ¹  Ï9É º ¹�° � ¹9·�±CÔ  ² ¹�°�±�±  º ÏU° Írº^³(º  �
� ²�Ñ ¹�°(± Ð ¹�· ´EÍ  Ì�Í�Î ±  Ñ °(¹��^°(É��,¹9· Í . ¾ ¹ � ¹�·�±�¹ Ð  

°!µ�� ³(º!³ ¶ ²L´Eº É  ¼ ± Ì ±K° ² � ³�ÓU³  
�¹�· ´ °(É  ¼?Á  
·�É

 
�EÉ�·�É Î ¹  «0- Ì » Ì�ÍrÎ(³  ·�É�¸(É ´E³  ²L´ ° ³ ± ´ ¹ Î(Ò^²L´Eº^³  ²�Ñ ¹�
�±�É Î(Ò · ³ �  ²L´ É9·�
�±�±  ¶ Î Ô  ± ²�²�Î ¹�¶ ³Kº É�·�±CÔ  ¶(¹ ´E³ ·�É�
�± ³ ·�· Í »  Ñ ° ³ 
�¹ ²�²�³(º . Ã É�� � ¹  °(ÉIÏU°(É Ì!³!´ É�·  Ñ ° ³ ¹�� ´  � � ²�Ñ ¹�°(± Ð ¹U· ´ É Î(Ò · ³ �  ²L´ É9·�
K±�±  
¶ Î Ô  ± ²�²�Î ¹�¶ ³(º É�·(±CÔ  ¶(¹ ´E³ ·�É�
�± ³ ·K· Í »  Ñ ° ³ 
�¹ ²9²�³(º  ·�É  Ê
Ë ¯q¯ -4 ²  ± ²�Ñ�³�Î(Ò Ï ³�º É�·�±�¹ Ð  

±!Ï Î µ!¸�¹�·�±�Ô  ±CÏ  7- Ð ± , É  Ï9É ´ ¹ Ð  
21 – ÑK³�Î 
 ² · Í »  º ± ÓIÓIÎ ¹�° ³�º . Ê

 2001 Ó . · ³Kº ÉLÔ  �
� ²�Ñ ¹�°(± Ð ¹�· ´ É Î(Ò ·�ÉIÔ  ²I´ É�·�
�±CÔ  "

Ê ÏU° Í
º · Í ¹  Ñ ° ³ 
�¹ ²�²9Í " ²�Ðe³ · ´ ±K° ³(º É9·�É  ·�É  ·Cµ Î ¹ º!³(Ð  (

�¹�· ´ °(É Î(Ò · ³KÐ ) 

�!É9·�É Î ¹  º!Ídº^³ ¶(É  ¼?Á  
±�Ï

 
ÊdË ¯1¯

-3,. ¼?´ É9·�
�±CÔ  °(É ² ¸(± ´ É�·�É  ·�É  °(É Ì�³!´ µ  ²  Ó ± Ì °(±K¶(· Í
Ð  º ± ÓUÓLÎ ¹U° ³(Ð  ²  Ð É Ó ·�± ´ · Í
Ð  Ñ(³!Î ¹ Ð  º  º É	��µ!µ Ð · ³ �  �!É Ð ¹�°(¹  Ê
Ë ¯q¯ -3 
¶ ³  5 Ã .  

Ê
 �
� ²9Ñ ¹�°(± Ð ¹9· ´ ÉL»  Ñ °(¹�¶ Ñ�³�Î É Ó É�¹ ´E² Ô  ± ²�Ñ(³CÎ(Ò Ï ³�º É ´EÒ  Ñ(³�Î ¹  º  ¶(±�É Ñ ÉLÏ ³ ·�¹  ³�´  2 

¶ ³  4.5 Ã . ¾ ÉIÏU°(É Ì!³!´ É�·�É  ±  ±CÏ ÓI³�´�³�º�Î ¹�·�É  · ³�º ÉIÔ  º ÏU° Í
º ·�ÉIÔ  �EÉ Ð ¹�°(É  ¶ Î Ô  °(É Ì�³!´EÍ  ²U³  º ÏU° Írº ¸(É ´EÍdÐ ±  º ¹��,¹ ²L´Eº É Ð ±  (
Ê�Ê

) Ðe³ ��· ³(²L´EÒ 
  
¶ ³  50 Ó  ´ ° ³!´ ± Î�³(º�³�ÓI³  

�
� º ± º É Î ¹�· ´ É  ( ¾ ± ² . 1). 

 

 
 ¾ ± ² . 1. Ä ³ · ´ É �  

· ³�º^³ �  �
� ²�Ñ ¹�°(± Ð ¹�· ´ É Î(Ò · ³ �  ²L´ É�·�
�±�±  “

Ê ÏU° Í
º -1”, Ñ °(¹�¶(·�ÉIÏ9·�É�¸(¹�·�· ³ �  
¶ Î Ô  ± ²�²�Î ¹�¶ ³(º É�·�±CÔ  ¶(¹ ´�³ ·�É	
K± ³ ·�· Í »  Ñ ° ³ 
�¹ ²�²�³�º  Ñ °(±  Ðk³ ��· ³(²L´ ±  º ÏU° Ídº É  ¶ ³  50 Ó  ́ ° ³W´ ± Î�³(º^³�ÓI³  � � º ± º É Î ¹�· ´ É .  

 �������������� �!"�
 	 -  ���
���� . ( ������ ����"��� ,.- � )"-  ������#$� - 
 - ,.- � )��  

# , �� ��"���� ) . ½ ¶(·�É  ±CÏ  ³(² · ³(º · Í »  Ñ ° ³KÌ!Î ¹ Ð , 
� ³!´^³ °(ÉLÔ  Ì�ÍrÎ É  °(¹

�
¹�·�É

 º  2001 ÓU³ ¶!µ  – ºE³K²9²L´ É�· ³�º^Î ¹�·�±�¹  °(É ²�Ñ °(¹�¶(¹ Î ¹�·�±�Ô  ÑKÎ(³W´ · ³(²L´ ± , µ ²L´ É�·�É º�Î ± º É�
/�,¹	� ² Ô  Ñ °(±  Ñ ° ³W´ ¹��!É�·�±�±  
¶(¹ ´�³ ·�É�
�± ³ ·�· Í »  Ñ ° ³ 
�¹ ²�²�³(º . �dÎ Ô  �U´E³�ÓI³  °(ÉLÏU°(É Ì�³�´ É9·  Ð É ´ ¹ Ð É ´ ±K¸(¹ ² �!±��  

É Ñ�Ñ É�°(É ´ , � ³!´Z³ ° Í �  Ì�Í�Î  ³(Ñ ° ³(Ì�³�º É�·  ·�É
 Ðk³ ¶(¹ Î(Ò · Í »  ³KÌ�� ¹�� ´ ÉL» . � #$� - 
 - ,.- � )$-  #"����� 	 -  ������  � , &�!� �&���� )��  ��,.- !� ��������$� �  

# , �� ��$���  ) . Ä É ´ ¹ Ð É ´ ±K¸(¹ ² �E±��  
É Ñ�Ñ É�°(É ´  ¶ Î Ô  Ð É Î(³ µ ÓIÎ(³KºE³�ÓI³  °(¹9· ´EÓ ¹�· ³�ºE² � ³�ÓI³  °(É ²9² ¹LÔW·�±CÔ  Ðe³ · ³ »W° ³KÐ É ´ ±K¸(¹ ² � ³�ÓI³  ±CÏ Î µE¸(¹�·�±CÔ  ¶(É º · ³  °(ÉLÏU°(É Ì�³�´ É�·  

±
 Ñ�³(²L´Z³ ÔW·�· ³  ²�³(º ¹�° � ¹�· ²L´Eº µW¹ ´�² Ô . ½ ¶(·�É�� ³  º  ¶(É�·�· ³KÐ  ²�Î µE¸(É�¹  �

� ²�Ñ ¹�°(± Ð ¹�· ´  Ñ ° ³(º�³ ¶(± ´E² Ô  ·�É
 Ñ(³�Î ±C»�° ³(Ð É ´ ±K¸(¹ ² � ³KÐ  ±CÏ Î µW¸(¹�·�±�±  Ñ�³��U´^³(Ð µ  ² µ��,¹ ²L´�º µ�
/��±��  Ð É ´ ¹ Ð É ´ ±(¸(¹ ² �!±��  

É Ñ�Ñ ÉU°(É ´  ± ²�Ñ(³�Î(Ò Ï ³Kº É ´ZÒ  ·�¹ Î(Ò ÏIÔ . Ä ³ ¶(¹�°(·�±�Ï9É�
�±CÔ  Ð ¹ ´Z³ ¶(É  °(É ² ¸(¹ ´ É  Ì�Í�Î É  ² ¶�¹ Î É�·�É  º  2001 Ó�³ ¶Cµ . Ê  
¸�É ²L´ · ³(²L´ ± , Ì�Í�Î�³  
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���������	�	
�� , ��
 �  � ��� 
 ��������
���� 
��  ������� � ���	�����  ��� �!�"� �	
 � 
 ���  ���"#$��� 
 ����
�
%�  �&��������� 
 �	� 
  ���"'  ����(�� 
 �  ���  �����	� 
 �"���  '������ � ��
�'�) , '����!*+#,��- �  �����	�&'��  «�&����) ». .$/1032�4%2�562�79812
 :<; 71=9>1898  

03?@4%89?@56A�71B�C&B
 
03?�D�/1032E4%2�562�718GF

 
?�H�B�IJB�K

.  L � 
 ����� 
 ' � ������'�M  �����%�!��� 
  � ��)  ������� � �!����
%'�)  N �"
���O�'�'  ��� � '��!� � 
%��- �  �����	����� � �!����
%'�)  � 
 ���P���  
 ���@QR�  ��������S+�  ��� ������(�� 
 ��
  '  S+'��"�����  '��	����� � � �"� 
 ��)  �  ����
 
 -!�	
���� 
 ����� 
 ����
����  ��
%�!��'��	� . T �  U 
 � 
  �V� 
 ����� 
 ' � ������'�M  �����%�!��� 
  
��  ����QR� 
  (�� 
��  '�������� � ��������
  � ��)  ��(�����(�� 
 ��'  U ����������'�����
 
 �!� � 
����  � ��
�
���� , ������� � ��
�
����  
%�  ������'���������� 
 ' � �����&���  '������ � �	
�'�' . W  
� ��� 
 
���� 
 ' , ��(��	����* 
 
��  
%�  ����'����X�����  S+'��������  '�������� � � �"�����JM  ��� 
 � �  ��(���� 
 
���- �  N ��� � � -��������(�������������
�'�) . Y �Z���  ����� � ����QR��
��  ��� 
 � � � , ���@�	�&����)�*[#$'��  ������� � ' 
��  
 ����("�����P��*  '�
 N ��������O�'�*  '��  � ��
�
����  ���  �������	��)"
�'�*  ������'���������� 
 ' � ��������- �  �����	����)"
�'�) . \ 2�C&89D�H�0G?�>18GF

 
4%8 : 0G?�C&8303B�K�?�7971B�C&B

 
=10�89D�H�?@5G5GB�I

 
032 : 562�=9D�?

 
D
 

71?�79B�D�2�= ; 7]4%71^$I
 K�032�I_2�7971^$I

 
0G?�`�032�ab2�71892�I

. c � ������(�� 
 ���  
����@���  '%� 
 � � 
�'��&���  dPe  �  (���� � S,'���'  ��� 
 �����	�P'  ����
 
 -!��
������	��'��  N � 
 ��
����  �����	�@���@)"� 
  
�� � ��) 
�� ��) , ��
 �  �  (���'�QR��M�S,���  (@� � �"#$���  ����QR
��  (�� � � 
  '%������� � �	����� 
��  �  U �������!��'��V��
 
 ���  ����
����������V� 
 ' � ���	�����  '������ � �	
�'�� . d  ����)��@���	
�'����  ����� 
 � 
 '����  � � 
 ��� 
 �����  DIMEX ( fhg -5) 
%� � � 
 �  ��� � - � 
 �������  U �����%�!��'�����
 
 �  

 ������- �  �"� � � . f �	
�����
�� )  O��!� �  U ���	���!��'����	
 
 �  – ��O��!
%' 
��  �&���	�P��QR
���� 
��  ����-!'�� 
 ����O�'�'  
� ' N ���	��O�'���
�
���M  ���!� 
 '�
��  �	�  �@���	�i)  ������) � ���  � � 
���M  
%��
��������@�"
 � � . j D	D�562�4%B�K�?�79812

 
/903B@4 ; =GH�B�K  

4%2�H�B�79?�>9818
. g ��)  '�
 
 �!������� 
 �	O�'�'  � ��
�
%���  ������� � ��
�
����  ���  �@���	�i)  � � 
 ��
���O%'�' , � �����	�&� � ��M�
��  ���!QR
��  �	
�� 
��  �  
 ��� , ������'��  ���"� � �"� 
 �  ������� � �!* 
 �!)  �����!���  �������  �������&����#$��
%'�M . Y �<�  �&� � �!����
��  ������(��  ����� � ��� 
 ���  � � 
 ��
���O�'�'  ��������' � 
����  �����	����M  WZW  '  �&�_������
���
  '��  ����
 
 -!��
���� 
 ���"� 
 ����
%�JM  ��
�����'��  �  '�������� � ��������
%'��!�  dPe . 

 
2.2  

\ ?�k�B�H�^
 
79?

 
D�H�?�79>9818
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?�71B�IJ?@51A�71B�C&B

   03?�D�D�2!F]798GF
. 

 
W  2001 - . � 
 ����(�� 
 ��
��  ��� 
 � � '����  ��'�
 
 ���	�  �V������� 
 �&��� 
 �"��'���������
�
����  ��� ��� N ���	
����  ��� 
 �!��'��!�����  ( ��'���'���� 
 ���  '  U ��������
 
 - ��'��"'���� 
 ��� ) �  ��(������ 
 '  pH ��������O�'���
�
���M  �!��� � �  

~2.5–3.5. m ����� � �	�����J�  �  '��	����� � ��������
�'%���  
 ��'�(�������������'����!��
���- �  ����� N �	� 
 ��
 
 �  Pluronic 
123 �����	��� 
 ���"� 
 �����  '%���!* 
  ���!���	��� 
 �  � �@�"������
G��M  -!�	������- ��
��!� � 
���M  ) � �	M���'  ~12 
��  '  ��(���� � �!* 
  ���J�����&��M  � 
 �����	
 � *  ������� 
 ���	
�� 
 �&��
�
%��M  �"������) � � � �	
�
���� 
 '  �������������  �����	���������  ���&�����  10 
�� . f (����	� 
 '  �@��-��!����
 
 
���- �  �������	��)"
�'�)  
 �	��'��  ��� 
 �!��'��!�"���  ����� 
 ���&��)�* 
  ~200–300 
%� . n ����'%�  �V������� 
 ����� 
 �����  � ���V��
�� 
 ��'�����* 
  ��������S[��*  -!' � ��� - '  

 �!���V��� 
 ��(�'�� � 
���� 
o�  �  � 
 ��' � '��  � 
  �V������� 
 ���"� 
 �"� , ������� � ���������  �  #,�!��� � 
����  �!��� � �!� . 

e ���!��� � ������
%�  ��(������	O��  ��� 
 ����'��	� 
 �������  ZnO ��������' � 
���- �  �@�����V�!
�'  ��������� 
 '�����O%'�' . f ����� � �!����
  ������'%�i�"#$��� 
 ����
�
%�JM  ��������� 
 ���  � � N �&� 
 ���  � 
 ���"� 
 �"��� , ���@�	
%'����!*[#$'��  
��  
�� � �!� � 
���M  � 
 � � '�'  ���p����� 
 '����	O�'�' . m ����� �	��
��  ����)��&����
�'��  ���!QR(���� � 
����  - ����
�'�O  �  �@��'%� 
 �!����' 
 ���  ZnO �  �����o����'��	
 
 ��O�'���M  (��"�������  
��  �V�!���J�  �"- ���  
~1°. 

e ���!��� � ������
%�  ��(������	O��  Pt/Au, ������� � ��
�
��_�  U ���&� 
 ���"��'���' � ���	��'��  ������Q � ��
�'����  
Pt. L � 
 � � ���  � ' N ������O�'%'  ��� �  ������� � � )�#,'��V'  �"- ������'  ���������	��
��  �!��#,��� 
 ��������
�'��  

 ���!� � ��- �  ����� 
 �&�����  AuxPty 

�  ��(�q%�����  Au ��(���'��o'  - ����
�'�O��  Au–Pt. r ��
�O���
 
 ����O%'�)  Pt �����	���  �%� � ��� 
  �  - ���"(�'�
���M . 
e ���!��� � ������
%�  ������O��������  �  � ' N�N �&�	'���
�
�� -
 ����� � �!*+#$'��  �	���������!� , �  � ��� 
 
���� 
 '  ��������O�'�'  �o�	��'��X� � ��M�� 
 ��'�)  QR' � ����M  -��!����'�M - ���"����)�
�
���M  U � 
 ��� 
 '���'  �  �����"��S,�����X'  ���!���	���J#,��
�
����  
 ���!� � ���  ���	� 
 ���������  -!������'�)  �  ��� � '  Cu(Ga) + Ga-Sn = CuGa2 + Sn ����'  ������
�� 
 
���M  
 �!�V���!��� 
 ���%� . m ����� �	��
�� , ��
 �  �	�  ��� �����_�  3 � �����  ��(���� � ��� 
 ��)  �������"�  90% '�
 
 �!����� 
 ������' � � , 
 ��- � �  �����  �������&�  ���"�")��&��)"� 
 ��)  ����
 
 -���
���- ��� N ' � ������'  
 ��� � ���  ���������  3 

� ������� . 
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e ���!��� � ������
%�  � 
 ���"� 
 �"���  
 ��
���'��  ������
����  ������S �	
�
���- �  ����� �&N ' � �  CdXZn1-XS, ������� � ��
�
����  �������	������'%��' � ������'��  ����������QR��
%'��!�  �%�!�����  ��'�-���
 � 
����  �����V���������	���  
Cd(/Zn)(S2CN(C2H5)2)2 ·C10H8N2. n ��
���'��  ������
���'  ����� � � 
 �	�@��)�* 
  �	��(���M  
 ���!� � �_M  ����� 
 �����  ����� �&N ' � �  ��� � ��'�)  '  O�'�
����  �  ����������� 
 ���&��'  ����S,� 
 ��'  �  = 4.13 Å �  �  = 6.71 Å. ���

 �	��
���
�������� ����� ��������
����  ����� � ��� 
 � �  �������������������  ��!"� ��# ��$ � 
����  �����%��
���������$ � 
�
�&	�  
����%��� ����� ������$  ���	�(' � 
%
���)*�  ��+ ��,�- �.� �  �  � �*# �	��� � �	�  ~200–400 Å. / ��� � ������$ � 
%&  �0��
�
����  � � �1
�
"�  
 � ��!���
%�2�0����� �  !���� � , �1��
���� # ������$ � 
�
�&3�  
� ����# �4�"�����	��������
"�%�  �  �������	��������
"�%�  � ��#(� ��� ��
������  (CH3)2N⋅BH3 �  (C2H5)3N⋅BH3. 5 !�
 � ��+"� �1
��  
 ��� �������  �����%��
2��������$ � 
%
�&	�  
0������� ����� ��$  )(��
"� � )���
 �(��, 
%&6�  
����0����� �  �  
 � ��!���� �  
������	
%��7 , +2) � �(����� �  �  
 � ��!���
%���0����� �  !���� � . 8 ��# �	���  
0������� �(��� ��$  
�����������
"�����2��$ � 
�
���9  -	��# &  ��:���
��1
  $  20 – 50 Å. ; &<��� � 
%��
�&  ����� � �(����$ � 
���7  -	��# ��$0��)*�  ������� � $ �  �=��
�
����  � � ��
���
  
 �  �%��$����"��
������=�  
Si(100), ��� � +�����
�
�&	�  �	�����������  Remote Plasma Chemical Vapor Deposition (RP CVD) 
Si,C,N- ����������� ��> �1)*�  ������
�+�������� �  (CH3)2HSiNHN(CH3)2. ?@��
 ��#1� 
�� , �"�0�  $  ��!"� �*# : � �  ��������+0������$�+��*�  -A��#1� , ! � � # 
 � 7  
  α-Si3N4, 
"�"�=�"� � 7  ����������� � $ � 72���  ����!���9  
��1!�� ��, 'B���  
"� � �������*��$0�  
0�"+��%
�&6�  (>100 
�� ) 
0������� ����� ���0��$  
 � �"7���+  �  � �	��� - 
���9  �=��
�
0��9  � � ��
�
���9  ������� � $ �  SixCyNz. 
 
2.3   C4D"E(FGD�H�I"J�KLD  M  J�N�O�J�MLFGI�P�D�QLMRN  FSN1Q.J�T0N�QRI�P�O�KRI�U  I�VSJ�MLKRM .  

 W�X
 Y%Z�[�\�](^�_�`�]  a*Z�^�b  c  dfehg  ^�Z�[�i�`�a*_�j0i�b  k1_ X�l `�i�]�\�m0_�b<]  j2[�Y�]�n�`  c  o X k(o X1p Z2i�q�]  r \�]�s	]�_�i�Z�c  s	_�Z�a*Z�[(\�Z�t�_�Z�t  o�]�_�i0a(]�_�Z�c�[�q0Z�t  Z�Y�i0`�q�`  - s4_�Z�a*Z�[�\�Z�t�_%b6n  k1](o�q X \ , i�Z�_�q0Z�Y�\�]�_�Z l _%b6n  o�]�_�i�a(]�_�Z�c�[�q"`�n  c0Z�\�_�Z�c0Z�^2Z�c  `  s	_�Z�a*Z�[�\�Z�t�_�b	n  ^�`%uvo X q"w%`�Z�_�_�b	n  o�]�xy]�i�Z�q . z X q , _ X Y�o�`�s	]�o , c  2000 a . c  r q"[1Y�]�o�`�s	]1_�i X n  _ X  {3|	}h} -3 [  Y�Z�sAZ�~�m��  i�Z�_�q0Z�Y�\�]�_�Z l _%b6n  o�]�_�i�a(]�_�Z�c�[�q"`�n  c"Z�\�_�Z�c0Z�^�Z�c  Y�Z�\"j l ]�_%Z  o�]1q"Z�o�^�_�Z�]  j2[�`�\�]�_�`�]  

Y�\�Z"i0_�Z�[�i�`  `�_�i�]�_%[�`�c0_�Z�[�i�`  o�]�k(Z�_ X _�[1_�Z  k X n�c X�l ]1_�_�Z�a*Z  o�]�_�i=a�]�_�Z�c"[�q0Z�a*Z  Y�j l q X  (∼ 300).  {  2001 a*Z�^"j  r i�`  o X1p Z2i�b  
p b�\�`  Y�o�Z�^�Z�\�� ]�_�b .  � X

 [*i X _�w�`%`  Y�o�]�w�`�k1`�Z�_�_�Z�t  ^�`�uvo X q�i�Z�s	]�i0o�`�`  `  X _�Z�s X \�m�_�Z�a*Z    o X [�[�]*��_%`��   Z"i0o X�p Z"i X _ X  s	]�i=Z�^�`%q X  o�]�k�Z�_ X _�[�_�Z�a*Z  ^�`%u	uvj�k=_�Z�a*Z  o X [�[�]*��_%`��  ^�\"�  `%[�[�\�]�^�Z�c X _%`��  s	_�Z�a*Z�[�\2Z�t�_�Z�t  o�]�_�i=a(]�_�Z�c"[1q�Z�t  Z�Y�i�`�q"` . �  `�[1Y�Z�\�m�k(Z�c X _�`�]�s  r i�Z�t  s	]�i�Z�^�`�q�`  p b�\�`  `�[�[(\�]�^�Z�c X _�b  sA_�Z�a*Z�[�\�Z�t�_�b<]  k1]�o�q X \ X  W/Si `  Y�Z�q X k X _�Z  [�j�~y]�[�i�c�Z�c X _�`�]  s	`�q0o�Z�x�]�o2Z2n�Z�c X i=Z�[�i�]�t  _ X  a*o X _�`�w X n  o X k(^�]�\ X  [�\�Z�]�c . ��]*i0Z�^�Z�s  ^�`�uAuAj0k1_�Z�a*Z  o X [�[�]*��_%`��  `�[�[(\�]�^�Z�c X _�b  s4_�Z�a*Z�[�\�Z�t�_�b<]  k1]�o�q X \ X  Ni/C. ��i=o X�p Z2i X _ X  i�]�n�_�Z�\�Z�a�`��  `�k1a*Z2i=Z�c�\�]�_%`��  k1]�o�q X \  `  Z�Y�o�]�^�]�\�]1_ X  Z�Y�i�`�s X \�m0_ X �  i�]�s	Y%]�o X i�j�o X  Z"i0� `�a X . }@Z�\"j l ]�_�b  q�Z r u	u	`%w�`�]�_�i�b  Z"i0o X � ]�_�`��  ~85%. � \"�  [�i X _�w�`�`  s	]�i=o�Z�\�Z�a*`�`  `  EXAFS- [�Y�]1q=i0o�Z�[�q"Z�Y�`�`  c  s���a(q0Z�t  o�]1_�i0a(]�_�Z�c�[�q0Z�t  
Z p \ X [�i�`  (0.1 − 6 q r { ) _ X(l�X i X  o X k(o X1p Z2i�q X  sAZ�_�Z�n�o�Z�s X i�Z�o X  _ X  Z�[�_�Z�c"]  o�]�_�i�a(]�_�Z�c�[�q"`�n  s	_�Z�a*Z�[�\2Z�t�_�b6n  k1]�o�q X \  `  s	_�Z�a*Z�[�\�Z�t�_%b6n  ^�`�u4o X q"w�`%Z�_�_�b6n  o�]�x�]�i=Z�q . 

{  2001 a . d�e g  [(Z�c�s	]�[�i=_�Z  [  {f[�]�o�Z�[�[�`%t�[�q"`%s   `�_�[*i�`�i0j0i�Z�s  r q�[�Y�]�o�`�sA]�_�i X \�m0_�Z�t  u	`�k1`%q"`  ( ��o"k X s X [ -16, 
� `�� ]�a*Z�o�Z�^�[�q X �  Z p \ .). Y�Z�\"j l `�\�`  a*o X _�i  � � zL�   � 1794 

“ ��Z"k(^ X _�`�]  c�b3[�Z�q�Z r u	u	]�q�i�`�c"_%b6n  ^�`�uvo X q�w�`�Z�_�_�bvn  o�]�x�]*i�Z�q  _ X  Z�[�_�Z�c�]  s	_�Z�a*Z�[�\�Z�t�_�b6n  [�i0o�j2q=i0j�o  ^�\"�  s	Z�_%Z2n2o�Z�s X i=Z�o2Z�c  `  Y�Z�\�`�n�o�Z�s X i0Z�o�Z�c  [�`�_�n2o�Z�i0o�Z�_�_�Z�a*Z  `�k(\"j l ]1_�`��  `  ^�` X a(_�Z�[�i=`�q"`  o�]�_�i�a�]1_�Z�c�[�q"Z�a*Z  `�k(\"j l ]�_�`��  [�c"](o�n�c"b<[1Z�q0Z�a*Z  [�Y�]1q=i0o X \�m0_�Z�a*Z  o X k(o�]1x�]�_�`��  c  ^�` X Y X k1Z�_%]  0.1-10 q r { ” . }@o�Z�]1q=i  Y�o�Z�^�Z�\"� `�i�]�\�m0_�Z�[�i=m��  2.5 a*Z�^ X  Y�o�]�^�j�[�s X i0o�`�c X ]�i  o X k(o X�p Z"i�q�j  i�]�n�_%Z�\�Z�a(`�`  `  `�k(a*Z"i0Z�c�\�](_�`�]  [1]�o�`�`  c�b<[(Z�q�Z�q X�l ]�[�i�c�]�_�_�b6n  s	_�Z�a*Z�[�\2Z�t�_�b	n  ^�`�uvo X q"w�`�Z�_�_�b	n  o�]�x�]�i�Z�q  ^�\"�  ^�` X a�_�Z�[�i�`%q"`  c"b3[�Z�q"Z"i�](s	Y�]�o X i�j�o�_�Z�t , c  l�X [�i�_�Z�[�i�`  
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\ X k1]�o�_%Z�t , Y�\ X k1s	b  `  r q"[�Y�](o�`�s	]�_�i=Z�c  _ X  Y�j l q X n  [1`�_�n�o�Z"i0o�Z�_�_�Z�a*Z  `�k(\"j l ]1_�`��  c  ^�` X Y X k1Z�_ X n  s��2a(q�Z�a*Z  `  j�\�m�i0o X s��2a(q"Z�a*Z  o�]�_�i�a(]�_ X .   
 
 
2.4  ��E����GN�QRMLN  �<N(J�I��%I��  �%M
	�FSD�KGJ�I��<N*J�FGMLM  QLD  ���  VLFGI�
RN�O�O�I�P  I0J�P�N�F����%N�QLM
�  
�%M�	�	���E(MRI�QLQRI - J�P�N1F��%N���� M��  O�V�� D�P�I�P  QLD  I�O�QRI�P�N  T0D��
� M��  P  
RN������  FGD"E(P�MGJ�M��  J�N��2QLI�� I�T0MLM  �2I�� I��%QRI�U  VLD�URKLM . 
 ��^�_�`�s  `�k  s	]�i�Z�^�Z�c  [�Z�]�^�`�_%]�_�`��  ^�]�i X \�]�t  �2c�\"�2]�i�[��  Y X t�q X  ^�`�u	uvj"k1`�Z�_�_�Z -i�c�]�o�^�]��B~y`�s	`  [�Y�\ X c X s	`  _ X  Z�[�_�Z�c"]  a X \�\�`�](c"bvn  r c=i�]�q�i�`�q , Y�o�`  q�Z2i=Z�o�Z�t  r \�]�sA]�_�i�b  q"Z�_�[�i=o"j�q�w�`�`  [�Z�]�^�`�_��"� i�[��  p ]�k  Y�o�]�^�c X o�`�i�]�\�m�_%Z�a*Z  Y�Z�^2Z�a*o�]�c X  `  p ]�k  Y�o�`%s	]�_�]�_�`��  uv\��B[1Z�c .  

� `�u	uvj0k1`�Z�_�_�Z - i�c"]�o�^�](�B~�`�s4`  [�Y�\ X c X s	`  (
� z4� ) `�\�`  s	]�i X \�\�` l ]�[�q"`%s	`  q�\�]*��sA`  _ X k1b3c X �hi  [�Z�]�^�`�_�]1_�`�� , Y�Z�\"j l�X �B~�`%]�[��  c  o�]�k(j�\�m�i X i�]  c�k X `�s4Z�^�]1t�[�i�c�`��  i�c�]�o�^�Z�a*Z  s	]�i X \�\�` l ]�[�q"Z�a*Z  Y�Z�o2Z�xyq X  `  s	]�i X \�\�` l ]1[�q"Z�a*Z  o X [�Y�\ X c X .  {  o�]�k(j�\�m�i X i�]  ^�`�u	uvj�k1`�`  � `�^�q�Z�t  q0Z�svY�Z�_�]�_�i=b  c  i�c�]�o�^�j��  s X i=o�`�w�j  Z p o X k(j2]�i�[��  `�_�i�]�o�s	]�i X \�\�`�^  [  i�]�sAY�]�o X i0j�o�Z�t  Y�\ X c�\�]1_�`��  p Z�\�]�]  c�b<[(Z�q�Z�t  , 

l ]�s  i�]�s	Y�]�o X i�j�o X  Y�\ X c�\�]�_%`��  � `�^�q"Z�t  q"Z�s	Y�Z�_�]�_�i�b  ( _ X  150-400 � , c  k X c"`%[�`�s4Z�[�i=`  Z"i  [(Z�[�i X c X ).  ��s	]�xy`�c X �  i�c"]�o�^"j2�  `  � `�^�q�j��  q"Z�s	Y�Z�_�]1_�i0b , Y�Z�\"j l�X �hi  Y X [�i0j , q"Z"i�Z�o�Z�t  svZ"� _�Z  [�Y X `�c X i�m  o X k(\�` l _�b<]  s X i�]�o�` X \�b . � [�_�Z�c�_�Z�]  Y�o�]1`�s�j2~�]�[*i�c"Z  Y X t�q�`  [  `�[1Y�Z�\�m*k(Z�c X _�`%]�s  
� z4�  Y�Z  [�o X c�_�]�_�`��  [  Z p b l _�Z�t  Y X t�q0Z�t  k X q0\�� l�X ]�i�[*�  c  i�Z�s , 

l i0Z  [�Z�]�^�`�_%]�_�`�]  Y�o2Z�`%[�n�Z�^�`�i  Y�o�`  q�Z�s4_ X i�_�Z�t  i�]�sAY�]�o X i0j�o�]  `�\�`  Y�o�`  _�] p Z�\�m0x�Z�s  _ X a�o�]1c"] .  }BZ r i=Z�s�j  _%]  Y�o�Z�`�[�n�Z�^�`�i  ^�]�u	Z�o�s X w�`�`  ^�]�i X \�]�t , Z�[(Z p ]1_�_�Z  i=Z�_%q�Z�[�i�]1_�_�b6n , [(c=�0k X _%_�b	n  [  \�Z�q X \�m0_�b�s  _ X a*o�]�c0Z�s . �  w�]�\�m��  Y�Z�\�j l ]�_�`��  p Z�\�]1]  Y�Z�\�_�Z�t  `�_�uAZ�o2s X w�`�`  Z  o�] X q�w�`��0n  Z p o X k1Z�c X _%`��  ^�`�u	uvj�k1`�Z�_%_�Z -i�c"]�o�^�]���~�`�n  [�Y�\ X c�Z�c  ( � zv� ) _ X  l ]�i�b�o�]*n  [�i X _�w�`��0n  _ X q�Z�Y%`�i�]�\"�  {3|	}h} -
3 o�]�_�i�a(]�_�Z�[*i0o"j2q=i0j�o�_�b3s	`  s	]�i�Z�^ X sA`  Y�o2Z�c�]�^�]�_�Z  q"Z�s	Y�\�]1q"[�_�Z�]  `%[�[�\�]�^�Z�c X _�`�]  o�] X q"w�`�t  Z p o X k(Z�c X _%`��  � z4�  c  [1`�[�i�]�sA]  Cu-Ga-Sn.  d�[�n�Z�^�_�b<t  Y�Z�o�Z�xBZ�q  Y�Z�\"j l�X \�[��  sA]1n X _�Z -n�`%s	` l ]�[�q�`�s  [�Y�\ X c�\�]�_�`%]�s  s	]�^�`  `  a X \�\�`�� , c  q X(l ]�[�i�c�]  � `�^�q0Z�t  q0Z�s	Y�Z�_%]�_�i�b  `�[�Y%Z�\2m1k�Z�c X \ X [�m  a X \�\�`�t - Z�\�Z�c=�2_�_ X �  r c=i�]1q=i�`�q X .  }�Z�[�\�]  [(s	]�x�`�c X _�`��  q0Z�svY�Z�_%]�_�i=Z�c  `  Y�Z�\"j l ]�_�`��  Y X [*i�b , sA]�i0Z�^ X s	`  X _�Z�s X \�m0_�Z�a*Z  o X [1[�]��2_�`�� , ^�`�uvo X q�w�`�Z�_�_�Z�a*Z  q"`�_�Z  `  
EXAFS- [�Y�]1q=i0o�Z�[�q"Z�Y%`�`  `2k*j l%X \�[��  Y�o�Z�w�]�[�[  Z p o X k(Z�c X _�`��  � z4� . dB[1[�\�]�^�Z�c X \�`�[1m  o�] X q"w�`�`  c=k X `�svZ�^�]�t�[*i�c"`��  � `�^�q"Z�t  a X \�\�`�t - Z�\�Z�c=��_�_�Z�t  r c=i=]�q=i�`%q"`  [  Y�Z�o�Z�x�q X s	`  Y�]�o�]�[�b3~�]�_�_�b	n  i�c�]�o�^�b6n  o X [�i�c"Z�o�Z�c  a X \�\2`��  c  s	](^�` : 

Cu(Ga) + Ga-Sn = CuGa2 + Sn    . 

�vi X _�w%`��  " } o�]1w�`�k1`�Z�_�_�Z�t  ^�`�uvo X q=i�Z�s	]*i0o�`�` " _ X  2- Z�s  q X _ X \�]  �vd  _ X q�Z�Y%`�i�]�\"�  {3|	}h} -3 Z p Z�o"j�^�Z�c X _ X  ^�c�j�n�q�o�`%[�i X \�m0_�b3s  s	Z�_�Z"n�o�Z�s X i=Z�o�Z�s , Y�o�]�w�`"k1`�Z�_�_�b<s  a(Z�_�`�Z�s	]�i=o�Z�s  `  [�w%`�_2i�`�\�\"�2w�`�Z�_%_�b�s  ^�]�i�]1q=i�Z�o�Z�s  [  a(]�o�s X _�`�]�c0b<s  q0o�`�[�i X \�\ -X _ X \�`�k X i�Z�o�Z�s .  {fb<[�Z�q X �  [�i�]1Y�]�_�m  svZ�_�Z2n2o�Z�s X i0`�k X w�`�`  `�k(\"j l ]�_�`�� , Y X o X \�\�]�\�m0_ X �  [1n�]�s X  [� %]�s	q�` , Z�i�[�j0i�[�i�c"`�]  ^�j p \�]�i�_%b6n  \�`�_�`�t  `  uv\�j�Z�o�]�[�w%]�_�i�_�Z�a*Z  u	Z�_ X  Y�Z"k1c0Z�\"�2]�i  Y�Z�\"j l�X i�m  ^�`�uvo X q=i�Z�a�o X s	svb  [  c�b<[(Z�q�`�s  j2a*\�Z�c�b�s  o X k(o�]�xy]�_�`�]1s .  �! �]1s	q"`  Y�o�Z�c0Z�^�`�\�`�[�m  _ X  
s	Z�_�Z2n2o�Z�s X i�` l ]�[1q"Z�s  `�k(\"j l ]�_�`�`  [  ^�\�`%_�Z�t  c0Z�\�_�b   λ = 1.539 Å c  ^�` X Y X k1Z�_�]  j�a*\�Z�c  
[�q X _�`�o�Z�c X _�`��  30-52° [  x X a*Z�s  [1q X _�`�o�Z�c X _�`��  0.05°.  {<o�]1s��  `�k1s	](o�]�_�`��  c  i=Z l q�]  [�Z�[�i X c0\"��\�Z  4 [�]�q , `  [� %]�s	q X  ^�`�u4o X q�i�Z�a�o X s4s  Y�o�Z�c�Z�^�`�\ X [1m  [  `�_�i�]�o�c X \2Z�s  c  40 s	`�_�j�i .  }�Z  ^�`�uvo X q�i�Z�a�o X s4s X s  Z�Y�o�](^�]�\"��\�`�[�m  Y�Z�\�Z�� ]�_�`��  ^�`�uvo X q"w�`�Z�_�_�b	n  s X q�[�`�svj2s	Z�c  `  Y�o�Z�c0Z�^�`�\�[��  u X k1Z�c�b3t  X _ X \�`�k .  

� `%uvo X q=i�Z�a�o X sAsvb , Y�Z�\"j l ]�_%_�b<]  l ]�o�]*k  o X k1_�Z�]  c�o�]1s��  Y�Z�[�\�]  [(s	]�x�]1_�`��  q"Z�sAY�Z�_�]�_"i , Y�o�]�^�[*i X c�\�]1_�b  _ X  o�`�[ . 2. 
 



 10

 
 

� `�[ . 2.  
� ]�_�i=a�]1_�Z�c"[�q�`�]  ^�`�u4o X q=i�Z�a*o X s	sAb , Y�Z�\"j l ]�_%_�b<]  k X  Y�]�o�c"b3t  l�X [  Y%Z�[�\�]  [�s	]1x�]�_�`��  q0Z�s	Y�Z�_�]�_"i  � `�^�q0Z�t  a X \�\2`�t - Z�\2Z�c=�2_�_�Z�t  r c�i�]�q�i�`�q"`  [  Y�Z�o�Z�xyq X s	`  Y�]�o�]1[�b<~y]�_�_�b	n  i�c"](o�^�b6n  o X [*i�c0Z�o2Z�c  a X \�\�`��  c  sA]�^�` . 

 � _ X \�`�k  ^�`�uvo X q�w�`�Z�_�_�b	n  ^ X _%_�b6n  Y�Z�q X k X \ , l i0Z  k X  Y%]�o�c"b3]  3 
l�X [ X  Z p o X k*j�]�i�[*�  Z�q�Z�\�Z  90% `%_2i�](o�s	]�i X \�\�`�^ X .  {  i�Z  � ]  c�o�]�s �  Z�q X k X \�Z�[�m , l i=Z  Z�\�Z�c0Z  Y�o2Z2��c0\"�2]�i�[��  o�]�_�i�a�]�_�Z�a�o X uA` l ]�[�q�`  i�Z�\�m0q"Z  Y�Z�[(\�]  3 

l�X [1Z�c .  ��i=Z p b  
p Z�\�]�]  i=Z l _�Z  k X u	`%q"[�`�o�Z�c X i�m  s	Z�s	]1_�i  Y�Z"��c0\�]�_�`��  `�_2i�]�o�s	]�i X \�\�`�^ X , Y�o�Z�c0]�^�]1_�Z  `%[�[�\�]�^�Z�c X _�`�]  _ X  [�i X _�w�`�`  

"
� `%uvo X q"w%`�Z�_%_�Z�]  q�`�_�Z ". �vi X _�w�`��  Z p Z�o"j�^�Z�c X _ X  u	Z�q�j�[1`�o�j2�B~�`%s  s	Z�_�Z2n2o�Z�s X i0Z�o�Z�s  `  Z�^�_�Z�q0Z�Z�o�^�`�_ X i�_�b�s  ^�]*i�]�q=i�Z�o2Z�s  � � -3.  � Z�\�m1x Z�t  Y�Z"i0Z�q  `�k(\"j l ]1_�`�� , Y X ^ X ��~�]�a(Z  _ X  Z p o X k1]�w , ̀  _ X \�` l `�]  Z�^�_%Z�q0Z�Z�o�^�`�_ X i�_�Z�a*Z  ^�]*i�]�q=i�Z"o X  Y�Z�k1c0Z�\"�2]�i  Y�Z�\"j l�X i�m  q X�l ]�[�i�c�]�_�_�b3]  ^�`�uvo X q=i�Z�a�o X s	svb  k X  q"Z�o�Z"i�q0Z�]  c0o�]�s�� .  d@[�Y%Z�\�m�k�Z�c X \�Z�[�m  svZ�_�Z2n2o�Z�s X i�` l ]1[�q"Z�]  
`�k(\"j l ]�_�`�]  [  ^�\�`�_%Z�t  c0Z�\�_�b   λ = 1.505 Å.  {  i�] l ]�_%`�]  Y�]�o�c�b6n  [�]�s	`  l�X [�Z�c  Y�Z�[�\�]  [�s	]1x�]�_�`��  q0Z�sAY�Z�_�]1_�i0Z�c  Y�o�Z�`�k1c0Z�^�`�\ X [�m  _�](Y�o2]�o�b<c�_ X �  [  �]�sAq X  ^�`�uvo X q�i�Z�a�o X s4s  [�Z  c�o�]1s	]�_�]�s  r q"[1Y�Z�_�`�o2Z�c X _�`��  q X ^�o X  1 sv`�_ .  {  Y�Z�[�\�]�^�j���~�`�]  l�X [1b  [�_�`�s X \�[��  Z�^�`�_  q X ^�o  c  l�X [ , c�o�]1s��  r q�[�Y�Z�_�`�o2Z�c X _�`��  1 s4`�_ .  d k  ^�`%uvo X q"w%`�Z�_%_�b6n  ^ X _�_�b6n  s	Z�� _�Z  [(^�]�\ X i�m  c"b3c�Z�^ , l i0Z  Z p o X k�Z�c X _%`�]  `�_�i�]�o�s	]�i X \�\�`�^ X  Y�o�Z�`�[�n�Z�^�`�i  Y�Z  [�n�]�s	] , q"Z�a*^ X  c  _ X�l�X \�]  Y�o�Z�`�[*n�Z�^�`�i  o X [�i�c0Z�o�]�_�`�]  s	]�^�_%Z�a*Z  Y�Z�o2Z�xyq X  c  ��`�^�q�Z�t  u X k1] , X  k X i�]�s  `"k  � `�^�q�Z�t  u X k1b  `�^�]�i  q�o�`�[*i X \�\�`�k X w�`��  `�_�i�]�o�s	]�i X \�\�`�^ X . } o�`  o X [�n�Z�^�Z�c X _�`�`  a X \�\�`��  `�k  r c=i�]�q�i�`�q�`  Y�Z�\"j l%X ]�i�[*�  s	]�i X [�i X�p `�\�m�_ X �  [1`�[�i�]�s X , _ X n�Z�^"�2~ X �2[��  c  �f`�^�q"Z�s  [1Z�[�i=Z"��_�`�` .  d  i=Z�\�m0q0Z  Y�Z�[(\�]  i0Z�a*Z , q X q  k1_ X(l `�i�]�\�m0_�Z�]  q�Z�\�` l ]1[�i�c0Z  a X \�\2`��  p j�^%]�i  `�k(o X [�n�Z�^�Z�c X _�Z , _ X�l `�_ X ]�i�[��  q�o�`%[�i X \�\�`�k X w�`��  Z�\�Z�c X , q0Z2i=Z�o2Z�]  q0o�`�[�i X \�\�`�k j�]�i�[��  c  c"`�^�]  ^�Z�c�Z�\�m0_�Z  q�o"j2Y�_%b6n  q�o�`%[�i X \�\�Z�c .  z X q"`�s  Z p o X k�Z�s , q�Z�s4Y�\�]�q�[�_�Z�]  `�k*j l ]�_�`�]  [*i0o�j%q�i0j"o�_%b<s	`  s	]*i�Z�^ X s	`  [  `�[�Y%Z�\2m1k�Z�c X _�`�]�s  [�`�_�n�o�Z"i0o�Z�_�_�Z�a*Z  `�k(\"j l ]�_�`��  Y�Z"k(c0Z�\�`�\�Z  Z�Y%`�[ X i�m  s	]�n X _�`�k1s  
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Z p o X k(Z�c X _%`��  � zv� , 
l i=Z  Z2i�q0o�b<c X ]�i  c0Z2k�svZ�� _�Z�[�i=`  ^ X \�m0_�]�t�xy]�a*Z  j�[1Z�c�]�o�x�]�_%[�i�c0Z�c X _%`��  Y�o�Z�w�]1[�[�Z�c  n�Z�\2Z�^�_�Z�t  Y X t�q�` .  

 
2.5  � O�O � N �%I�P�D�QLM
�  O�J�F��%K.J �%FGQ����  MGE �<N�QRN�QLMRU  P  MLQSJ�N1F�	�N�ULO1N  �SD�O(J�M�
LD - VLI���� I��@KRD  VLFGM  �2I�� I��%QLI��  T0D"E(I��%MLQRD��<M��SN1O�KLI��  QRD�V�� � N1QLMGM  �3N�J�D��
� M��GN�O�KRM��  �GD�O�J�M�
 .  
  {  dBzL} �  ���  

� � �  o X k(o X�p Z"i X _  sA]�i�Z�^  " n%Z�\2Z�^�_�Z�a*Z " a X k�Z�^�`�_ X s	` l ]�[�q"Z�a*Z  _ X Y%b�\�]�_�`��  ( ���L� ), Y�o�`  q�Z2i=Z�o2Z�s  
l�X [�i�`�w�b  _ X Y�o X c�\"���hi�[��  _ X  Y�Z�^�\�Z"� q�j  [�c"](o�n�k1c�j�q"Z�c0Z�t  [�i0o�j2]�t  a X k X .  

� ]�[�s4Z2i=o"�  _ X  i=Z , l i0Z  s	]�i=Z�^  ���L�  _ X x�]�\  x�`�o�Z�q�Z�]  Y�o�`�sA]�_�]�_�`%]  c  Y�o X q�i�`�q�]  ^�\"�  Y�Z�\"j l ]�_%`��  Y�Z�q�o�bvi�`�t  [  o X k(\�` l _�b<sA`  k X ~�`�i=_�b<s4`  `  r \�]�q=i0o�Z"i�]�n�_�` l ]�[1q"`�s	`  n X o X q�i�]�o�`�[�i�`�q X sA` , s	] n X _�`�k1s  k X q0o�]�Y�\�]�_�`��  l�X [�i�`�w%b  _ X  Y�Z�c�]�o"n�_�Z�[�i�`  ^�Z  q�Z�_�w X  _�]  �2[�]�_  `  i0o�] p j�]�i  j0i2Z l _�]�_�`�� .  |6i�Z  Y�Z"k(c0Z�\�`�i  Y�o�Z�c0Z�^�`�i�m  i�]�Z�o�]�i�` l ]�[�q"Z�]  s4Z�^�](\�`�o�Z�c X _%`�]  Y�o�Z�w�]�[�[(Z�c  _ X Y%b�\�]�_�`��  c  o X s	q X n  q�Z�_�i�`�_�j X \�m0_�Z�t  s	]�n X _�`�q�`  [1Y�\�Z�xy_�b	n  [�o�]�^  c  w�](\"��n  Z�Y�i�`�sA`2k X w%`�`  i�]�n�_�` l ]�[�q"`�n  n X o X q�i�]�o�`�[*i�`�q  Y�Z�q�o�bvi�`�t . {  Y�o X q=i�` l ]�[�q�Z�s  Y�\ X _�]  ^�`�uvo X q=i�Z�s	]�i0o2`��  _ X  Y�j l q�]  �vd  Y�Z"k1c0Z�\"�2]�i  Z�Y�o�]�^�]�\�`�i�m  o�]�n�`%s	b  _ X Y�b	\�]�_�`�� , Y�o�`  q"Z"i=Z"o�b6n  _ X Y�b�\"�2]�s	b<]  l�X [�i�`�w�b  Z p o X k*j"� i  `�_�i�]�o�s	]�i X \�\�` l ]�[�q�Z�]  [�Z�]�^�`�_%]�_�`�]  [  s X i�]�o�` X \�Z�s  Y�Z�^�\�Z"� q"` , i0Z  ]�[*i�m  Y�Z�q0o�bAi�`�]  [�i X _�Z�c0`�i�[��  _%]�Z"i0^�]�\"�2]�s	b�s .  � p o X k1w�b  ^�\"�  `�[1[�\�]�^�Z�c X _�`��  p b�\�`  Y�o�`�a*Z2i=Z�c0\�]�_�b  c  dB_�[*i�`�i�j0i�]  i�]�Z�o�]�i�` l ]�[1q"Z�t  `  Y�o�`�q0\ X ^�_�Z�t  s	]�n X _�`�q�` .  � X  Y�Z�^�\�Z�� q=j  `�k  _�`�q"](\"� , Y�Z�\�`%q�o�`�[�i X \�\�` l ]�[�q X �  Y%Z�c"]�o"n�_�Z�[*i�m  q"Z"i=Z�o2Z�t  `�s	]�\ X  x�](o�Z2n�Z�c X i=Z�[*i�m  s	]�_%]�]  1 s	q0s , _ X Y�b�\"��\�`�[1m  l�X [�i�`%w�b  
X \��Bs	`�_%`��  o X k1s	](o�Z�s  Z"i  1 ^�Z  20 s	q�s .  ��q�Z�o2Z�[*i�m  [*i0o�j2`  a X k X  [�Z�[�i X c0\"�"\ X  600 s / [ .  �	o�]�^�_�]�[*i X i�`�[*i�` l ]�[�q�`�t  o X k1s	]�o  l�X [*i�`�w  o X c"_���\�[��  10 s	q"s .  

� \"�  Y�Z�\�j l ]�_�`��  Y�Z�q0o�b6i�`��  [  o X k1s	](o�Z�s  
l�X [*i�`�w  X \��Bs	`�_%`��  1–2 sAq"s  _ X Y�b�\�]�_�`%]  Y�o�Z�c0Z�^�`�\�Z�[�m  Y�Z�^  s X \�b3s  j2a*\�Z�s  

( Z�q0Z�\2Z  1 a*o X ^�j�[ X ).  }@o�`  i X q�Z�s  o�]�� `�s	]  _ X Y�b�\�]�_�`��  _ X  Y�Z�^�\2Z�� q�]  k X q�o�]�Y�\"�"� i�[��  i0Z�\�m0q�Z  l�X [�i�`�w�b  o X k1sA]�o�Z�s  Z�q0Z�\�Z  1 s	q"s .   

�  Y�Z�s4Z�~ym=�  s	]�i=Z�^ X  [�q0Z�\�m�k*��~y]�t  o�]1_�i0a(]�_�Z�c�[�q0Z�t  ^�`�u4o X q=i�Z�s	]�i=o�`�`  _ X  [�i X _�w�`�`  
"
� `%uvo X q"w%`�Z�_%_�Z�]  q"`�_�Z " ( q X _ X \  5-

p
) _ X  _ X q�Z�Y�`�i�]�\�]  {3|	}h} -3.  Y�o�Z�c"](^�]�_�Z  `�[�[(\�]�^�Z�c X _�`�]  Z p o X k(Z�c X _�`��  `%_�i�]�o�s	]*i X \�\�`�^2Z�c  _ X  `�_�i�]�o�u	]�t%[�]  l�X [�i�`�w X - Y%Z�^�\2Z�� q X . d@^�]�_�i�`�uA`�w�`�Z�c X _�Z , l i0Z  c  ^ X _�_�Z�s  Y�o�Z�w�]�[�[�]  Z p o X k�j2]�i�[*�  `�_�i�]�o�s	]�i X \�\�`�i  Ni3Al.  �	o X c"_%]�_�`�]  j2x�`�o�]�_�`�t  _ X ` p Z�\�]�]  `%_2i�]1_�[�`�c�_�Z�a*Z  o�]�uv\�]1q"[ X  Ni3Al `  o�]0uv\�]�q"[1Z�c  Z2i  _�`�q�]�\"�  `  X \��Bs	`�_%`�� , [  j l ]�i�Z�s  j2a�\�Z�c0Z�t  k X c"`%[�`�sAZ�[�i=` , Y�Z�k1c0Z�\"�2]�i  [�^�]�\ X i�m  c0b<c0Z�^ , l i=Z  Z�[�_�Z�c0_�Z�t  c�q�\ X ^  c  j2xy`�o�]�_�`�]  o�]1uv\�]�q"[ X  Ni3Al ^ X ]�i  s X \�b3t  o X k1s	]�o  Z p \ X [*i�`  q"Z�a(]�o�]�_�i�_�Z�a*Z  o X [�[�]��2_�`��  ( Y�Z�o"��^�q X  250 Å). 

 
� X

 ^�`�uvo X q=i�Z�a�o X s	s X n  Z p o X k1w X , Y�Z�\"j l ]1_�_�Z�a*Z  _ X Y�b�\�]�_�`�]1s  
l�X [�i�`�w  X \��Bs	`�_%`��  

_ X  _�`�q�]�\�]�c�j��  Y�Z�^�\�Z"� q=j , Z"i l ]�i0\�`%c"Z  c�`�^�]�_  o�]�uv\�]�q�[  Y�o�`   2θ = 23.9 a*o X ^�j2[�Z�c .  ��Z�Z2i�c"]�i�[*i0c�j��B~y]�]  sA]�� Y�\�Z�[�q�Z�[�i�_�Z�]  o X [�[�i�Z2�2_�`�]  q�o�`�[*i X \�\�` l ]�[1q"Z�t  o�](x�]�i�q"`   d = 3.58 
Å.  �6o X c"_�]�_%`�]  ]1a*Z  [  Y X o X s	]�i0o X sv`  o�]�x�]*i0q�`  `�k1c�]�[�i�_�b6n  `�_�i�]�o�s	]�i X \�\�` l ]�[�q�`�n  [�Z�]�^�`�_�]1_�`�t  _%`�q"]�\"�  [  X \��BsA`�_�`%]�s  Y�Z�k1c0Z�\"�2]�i  Y�o�](^�Y�Z�\2Z"� `�i�m , l i=Z  r i0Z"i  o�]�u4\�]�q"[  [�Z�Z"i�c"]*i�[�i=c=j2]�i  u X k1]  Ni3Al. 

2.6  C4D"E(FGD�H�I"J�KLD  QLI�P�� �  �%N�J�N�KGJ�I"FGI�P  �����  FGN�Q�J�T�N(QLI�P%O�KLI�U  �%M�	�FGD"KSJ�I��3N�J�F�MRM . 
 � X�l�X i X  `  Y�o�Z�^�Z�\�� X ]*i�[��  o X k(o X�p Z2i�q X  [�c"](o"n p b<[*i0o�Z�a(Z  s	_�Z�a*Z�q X _ X \�m�_�Z�a*Z  s	`�q0o�Z�[*i0o�`�Y�Z�c�Z�a*Z  Z�^�_�Z�q�Z�Z�o�^�`�_ X i�_�Z�a*Z  ^�]�i�]�q�i�Z�o X  [  c"b<[1Z�q�`�s  c0o�]�s	]�_�_�b<s  o X k(o�]�xy]�_�`�]1s  DIMEX (Direct Image Measuring for Explosion), Z�u	`�w%` X \�m0_�Z�]  _ X k(c X _�`�]  � � -5, ^�\"�  o�] X \�`�k X w�`�`  o�]�_�i�a�]�_%Z�^�`�u4o X q"w�`�Z�_�_�Z�a*Z  q"`�_�Z  [  `�[�Y�Z�\�m�k�Z�c X _�`�]�s  
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Y�o�Z�[�i0o X _%[�i0c�]�_�_�Z - c�o�]1s	]�_�_�Z�t  [ X svZ�o X k1c�]�o"i�q"`  Y�o�Z�w�]�[�[ X  `  [  c�o�]�s	]1_�_�b3s  o X k(o�]�xy]�_�`�](s  
60-15 _%[  ( o�j2q"Z�c"Z�^�`�i�]�\�m  Y�o2Z�]1q=i X  { .� . ��j2\�m l ]�_�q�Z ). � X k(o X�p�X i�b�c X ]�s	b<t  ^�]�i�]�q�i�Z�o  Y�Z�k1c0Z�\�`�i  _ X q X Y�\�`�c X i0m  `  k X Y�Z�s4`�_ X i�m  `�_�u	Z�o�s X w�`��  Z  Y�o�Z�[�i0o X _%[�i0c�]�_�_�Z�s  o X [�Y�o�]�^�]�\�]�_�`%`  Y�\�Z2i=_�Z�[�i�`  Y�Z2i=Z�q X  o�]�_�i=a�]1_�Z�c"[�q0Z�a*Z  `�k(\"j l ]1_�`��  k X  c0o�]�s	]�_ X  s	]1_�m�x�`%] , l ]�s  o X [�[�i�Z"�2_�`�]  s	]���^"j  [�Z�[1]�^�_�`�s	`  p�X _ l�X sA`  c  _ X q"Z�Y�`�i�]�\�]  (~125 _�[�]�q  ^�\"�  {3|	}h} -3).  � ]*i�]�q=i�Z�o  [�svZ�� ]�i  k X Y%`�[�b�c X i�m  p Z�\�]�]  10 q X ^�o�Z�c , _ X q�Z�Y�\�]�_�_�b	n  c  i X q"Z�s  

p b<[�i0o2Z�s  o�]�� `�sA] , p j2^�]�i  `�s	]*i�m  Y�o�Z�[�i=o X _�[�i=c"]�_%_�Z�]  o X k(o�](x�]�_�`%]  ^�Z  0.1 s	s  Y�o�`  r uAu	]�q=i�`�c"_�Z�[�i=`  o�]�a(`�[�i0o X w�`�`   > 50% ^�\"�  o�]�_�i�a(]�_�Z�c�[�q"`�n  q�c X _�i�Z�c  [  r _�](o�a�`�t  ~30 q r {  `  c�n�Z�^�_%j��  X Y�](o"i�j�o�j  _%]  s	]�_�]�]  100n 1 s	s 2. � X k(o X1p�X i�b<c X ]�s	b3t  c X o�` X _2i  ^�]�i�]1q=i�Z�o X  Y�o�]�^�[�i X c�\"�2]�i  [�Z p Z�t  `�Z�_�`�k X w�`�Z�_�_�j��  q X s	]�o�j  [  a X k1Z�c�b�s  r \�]�q�i0o�Z�_%_�b�s  j2[�`�\�`�i�]�\�]�s  (
� |�� ), Z"i0^�]�\"���B~y`�s  Z p \ X [�i�m  Y�](o�c"` l _�Z�t  q"Z�_�c�]�o�[�`�`  o�]�_2i�a�]�_�Z�c"[�q�`�n  uAZ2i=Z�_�Z�c  Z2i  Y�o�Z�s	]*�<j�i�q X  [�Z  [ l `�i�b<c X �B~�]�t  s	`�q0o�Z�Y�Z�\�Z�[�q�Z�c�Z�t  [�i0o"j2q=i0j�o�Z�t , c0b3Y�Z�\�_�]�_�_�Z�t  [  x X a*Z�s  100 s	q"s . �fZ�Z�o�^�`%_ X i=_�Z�]  o X [�Y�o�]�^�]�\�]�_�`%]  `�_�i�]1_�[�`�c�_�Z�[�i�`  o�]1_2i�a(]�_�Z�c�[�q0Z�a*Z  Y�j l q X  Z�Y�o�]�^�]�\"�2]�i�[*�  Y%Z  c�]�\�` l `%_�]  k X o"��^ X , Y�o�Z"i�]�q�x�](a*Z  l ]�o�]�k  q X ��^�b<t  r \�]�sA]�_�i  [ l `�i�b3c X ��~�]�t  [�i0o"j2q=i0j�o�b  k X  c0o�]�s��  r q"[�Y�Z"k1`�w�`�`  (100 _�[ ).  }@o�`  k X Y�Z�\�_�]�_�`�`  q X sA]�o�b  [�s	]�[�m��  

� ] –��� 2 (80%–20%) Y�Z�^  ^ X c0\�]�_�`�]�s  
p Z�\�]�]  7 

X i�s . Z p ]�[1Y�] l `�c X ]�i�[��  Y�o2Z�[�i=o X _�[*i�c"]�_%_�Z�]  o X k(o�]�xy]�_�`�]  ~200 s	q�s  `  r u	u	]0q=i�`%c"_�Z�[�i�m  o�]�a*`�[�i=o X w�`�`  _ X  r _�]�o�a(`�`  30 q r {  _�]  s	]�_�]1]  50%. {  _ X [�i�Z"�2~�]�]  c0o�]�s��  Y�o�Z"i0Z�i�`�Y  ^�]�i�]�q=i�Z�o X  `"k1a*Z2i=Z�c�\�]�_  `  _ X n�Z�^�`�i�[��  c  [ i X ^�`�`  Y�j l q"Z�c"b	n  `�[�Y�bvi X _�`�t . 
 z X�p \�`�w X  2.  } X o X s	]�i=o�b  ^�]�i�]�q=i�Z�o X  � � -5 `  ]�a*Z  Y�o�Z"i=Z2i=`�Y X .  � ]�i�]�q=i�Z�o  � � -5 }@o�Z2i=Z"i�`�Y  
�fZ�\ - c�Z  q X _ X \2Z�c  - 2048 � X k1s	]�o  q X _ X \ X   - 0.1 s	s  
�fZ�\ - c�Z  l `�Y�Z�c   - 16 � X�p Z l�X �  k�Z�_ X   - 205 s	s   
 

�fZ�\�` l ]1[�i�c0Z  q X _ X \2Z�c  - 256 � X k1s	]�o  q X _ X \ X   - 0.1 s	s  
�fZ�\�` l ]1[�i�c0Z  l `�Y�Z�c  - 2 � X�p Z l�X �  k�Z�_ X   - 25.6 s4s  
 

 

 
 � `�[ . 3.  } o�Z�i=Z2i�`�Y  ^�]�i�]�q�i�Z�o X  � � -5 ( _ X  Y�]�o�](^�_�]�s  Y�\ X _�]  — [�i0o�`�Y�Z�c X �  [�i0o"j�q=i0j�o X , _ X  k X ^�_�]1s  — q X s	]�o X  c0b3[�Z�q"Z�a*Z  ̂ X c�\�]�_�`��  ̂�]�i�]�q�i�Z�o X  [  `�_�i�]�o�u	]�t�[(Z�s  Ethernet). 
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{  o X k(o X�p Z2i X _�_�Z�t  [�n�]�s	]  o�]�a�`%[�i0o X w�`%` , j l `�i�b<c X �B~�]�t  ^�c"`�� ]1_�`�]  ^�]*i�Z�_ X w�`�Z�_�_�Z�a*Z  uvo�Z�_�i X  [�Z  [�q0Z�o�Z�[�i�m��  Y�Z�o"�"^�q X  7 q"s / [ , ^�]�i�]�q=i�Z�o  Y%Z2k�c�Z�\�`�i  Y�Z�\"j l�X i�m  `%_�u	Z�o�s X w�`��  Z  o X k1c�`�i�`�`  ^�]�i�Z�_ X w%`�Z�_�_�Z�a*Z  Y�o�Z�w�]�[�[ X  [  r u�u	]0q=i�`�c�_�b�s  c0o�]�s	]�_�_%b�s  o X k(o�]�xy]�_�`�]�s  Y�Z�o"��^�q X  13 _�[ . 
 
2.7  C4D"E(FGD�H�I"J�KLD  M  O1I"E��%D�QLMLN  O(J�D"Q�
RMLM  �����  FSD"E(F%D�H�I"J�KLM  M  MSE(T0I�J�I�P�� N1QLM��  MSE��%N�� MRU  
�<MRKLFGI��<N ��D�QLMRKLM  (LIGA- J�N��2QLI�� I�T0M�� ). 
 � X

 _�Z�c0Z�t  [�i X _�w�`�`  a�\"j p Z�q�Z�t  o�]�_2i�a�]�_�Z�c"[�q0Z�t  \�`"i�Z�a*o X u	`�`  LIGA-2 Y�o�Z�c"]�^�]�_%b  Y�]�o�c�b<]  r q"[1Y�]�o�`�s	]1_�i�b  _ X  Y�j l q"]  �vd . d k1s	]�o�]0_�b  Y�o�Z�u	`�\�`  Y�\�Z�i�_�Z�[�i�`  svZ�~B_�Z�[�i�`  Y�j l q"Z�c  �vd  c  Y�\�Z�[�q"Z�[�i�`  Z p o X k1w X  Z2i  o X k(\�` l _�bAn  `�[�i�Z l _�`�q0Z�c  `�k(\"j l ]�_%`��  ( c"`�a*a*\�]�o  [  s X a(_�`�i=_�b3s  Y�Z�\�]�s  20 q � [  `�\�`  \�`�i0Z�a�o X u	` l ]1[�q X �  k1s	]�t�q X  [  Y�Z�\�]�s  10 q � [ ).  � p Z�o�j�^�Z�c X _�`�]  [�i X _�w%`�`  Y�Z"k1c0Z"\"��]*i  o X�p Z"i X i�m  [�Z  [�\�Z"�2s	`  o�]�k1`�[�i X  p Z�\�m0xBZ�a*Z  ^�` X Y X k�Z�_ X  i�Z�\�~y`�_ ,  Z"i  _�]1[�q"Z�\�m0q"`�n  sA`�q�o2Z�_  ^2Z  1 svs  `  o X k(s	]�o X s	`  Y�Z�\"�  Z p \"j l ]1_�`��  ^�Z  100n 100 s	s 2, Z p ]�[�Y�] l `�c X �  o X c�_�Z�sA]�o�_�Z�]  o X [1Y�o�]�^�]�\�]�_%`�]  Y�Z�a*\�Z�~�]�_�_�Z�t  ^2Z2k1b  Y�Z  Y�Z�\��  Z p o X k1w X . }@o�Z�c�]�^�]�_�b  Y�o�Z p _�b3]  r q�[�Y�]�o�`�sA]�_�i=b  Y�Z  r q"[�Y%Z�_�`�o�Z�c X _�`��  [(\�Z���c  } � � � . 
 

 � `�[ . 4.  � p ~�`�t  c"`�^  _�Z�c�Z�t  r q"[1Y�]�o�`�s	]1_�i X \�m0_�Z�t  [ i X _�w�`�`  LIGA-2. 
 � X

 [*i X _�w�`%`  LIGA-2 b<Y%Z�\�_�]1_  w%`�q�\  r q�[�Y�]�o�`%s	]�_�i X \�m�_�b6n  `%[�[�\�]�^�Z�c X _%`�t  n X o X q�i�]�o�`�[*i�`�q  r q"[1Y�Z�_%`�o"j��B~y]�a(Z  Y�j l q X  �vd  `�k  _ X q0Z�Y�`�i�]�\"�  {3|6} } -3.  |3q"[�Y%]�o�`�s	]�_�i X \�m0_�Z  Y�o2Z�c�]�o�]�_�Z , l i=Z , c  k X c"`�[1`�s	Z�[�i=`  Z"i  _ X [�i0o�Z�t�q�`  q X _ X \ X  �vd , c  o X�p Z l `�t  Z p  �]�s  [�i X _�w�`�`  svZ"� ]*i  c0b<c0Z�^�`�i�m0[��  q X q  Y�j l Z�q  �vd  `�k  3- n  Y�Z�\��B[�_%Z�t  k(s	]1t�q"`  [  s X a(_�`�i=_�b3s  Y�Z�\�]�s  2 z , i X q  `  o�]�_"i�a(]�_�Z�c"[�q�`�t  Y�j l Z�q  `"k  11- Y�Z�\���[�_�Z�t  \�`"i0Z�a�o X u	` l ]�[�q�Z�t  k1s	]�t%q"`  [  _�]�k X c�`�[�`�svZ  o�]�a j�\�`�o�j�]�s	b3s  s X a(_�`�i=_�b<s  Y�Z�\�]�s  Z�i  0 ^�Z  1 z .  z X q X �  Z�[�Z p ]�_�_�Z�[*i�m  [�i X _%w�`�`  o X [�x�`�o"� t i  ]�]  c�Z"k1s4Z"��_�Z�[�i�`  Y�Z  c0b p Z�o"j  `  Z�Y�i�`�sA`�k X w�`�`  _�]�Z p n�Z�^�`�s4Z�a*Z  [�Y%]�q=i0o X  `�k(\"j l ]1_�`��  ̂�\"�  r q"[�Y%Z�_�`�o�Z�c X _�`��  k X ^ X _�_�b6n  sA`�q�o�Z�[�i0o"j2q=i0j2o . {  o�]�� `�s	]  _ X [�i0o2Z�t%q"`  q X _ X \ X  �vd , q�Z�a*^ X  _ X  [�i X _�w%`��  c"b�c�]�^�]�_�b  Y�j l q"`  [  Y�o�`�sA]�o�_�Z  Z�^�`%_ X q0Z�c�b�s	`  a*Z�o�`�k(Z�_�i X \�m�_%b<s4`  o X k1s4]�o X sA`  Z�^�_�Z�c�o�](s	]�_%_�Z  `�k  Z p ]�`�n  k1sA]�]�q  
(42×12 s	s 2 – `�k  3- n  Y�Z�\��B[�_�Z�t  k�s	]�t�q�` , 39×12 sAs 2 − `�k  11- Y�Z�\���[�_�Z�t ), Y�o�Z�c"]�^�]1_ X  Y�o�Z�c�]�o�q X  [�Z�Z"i�c�]�i�[�i�c0`��  o X [ l ]*i�_�b6n  `  `�k1s	]�o�]�_%_�b6n  o X [�Y�o�]�^�]�\�]1_�`�t  `�_�i�]�a�o X \�m�_%b6n  Y�\�Z"i0_�Z�[�i�]�t  svZ�~y_�Z�[�i�`  �Ad  c  Y�\�Z�[�q0Z�[�i�`  Z p o X k1w X .  |<q�[�Y�Z�_�`�o"j��B~y`�]  Y�Z�\"�  Y�j l q"Z�c  �Ad  o�]�a(`�[�i0o�`�o�Z�c X \�`�[1m  [  Y�Z�s4Z�~�m��  k X Y%Z�s	`�_ X ��~�]�a*Z  o�]�_�i�a�]�_%Z�\��Bs4`�_�Z�u4Z�o�_�Z�a*Z  r q�o X _ X  _ X  Z�[�_�Z�c"]  BaFBr  Y�o�`  r _�](o�a�`�`  r \�]�q=i=o�Z�_�Z�c  c  _ X q0Z�Y�`2i�]�\�]  2 

� r {  `  i�Z�q�]  r \�]�q�i0o�Z�_�Z�c  5 
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s	q0� . 
� \"�  ^ X \�m0_�]1t�x�]�t  o X1p Z"i�b  c0Z"k(s4Z�� _�Z  `�k(sA]�_�]�_�`%]  _ X [�i0o2Z�t%q"`  q X _ X \ X  �vd  ` , [�Z�Z"i�c"]*i�[�i=c"]�_�_�Z , a*Z"o�`�k(Z�_�i X \�m1_�b6n  o X k1s	]�o�Z�c  Z p \ X [�i�`  r q"[�Y%Z�_�`�o�Z�c X _�`�� . � X

 _�Z�c0Z�t  [�i X _�w�`%`  LIGA-2 _ X q"Z�Y�`�i�]�\"�  {3|	}h} -3 c�b<Y�Z�\�_%]�_�b  Y�](o�c"b<]  r q"[�Y�](o�`�s	]�_�i�b  Y�Z  r q"[1Y�Z�_�`�o2Z�c X _�`��  i�Z�\�[*i0b	n  ( ^�Z  1 s	s ) Y�\ X [�i�`�_  } � ���  _ X  Y�j l q�]  `�k(\"j l ]�_�`��  `�k  3- n  Y�Z�\��B[�_�Z�t  k1s	]�t%q"` .  d k1s	]�o�]�_ X  n X o X q=i�]�o�`%[�i�` l ]�[1q X �  q�o�`%c X �  k X c�`�[�`�s4Z�[*i�`  [�q�Z�o2Z�[�i=`  i0o X c�\�]�_�`��  Z2i  ^�Z2k1b  Z p \�j l ]1_�`�� .  } o�`  r q"[�Y�Z�_�`�o�Z�c X _�`�`  l ]�o�]�k  
[�]�i�q�j  c  Y�\ X [�i�`�_ X n  i�Z�\�~B`�_�Z�t  1 s4s  Y�Z  Y�Z�\��  70×20 s4s 2 Y�Z�\"j l ]�_�b  [�q�c"Z"k1_�b<]  
Z"i0c�]�o�[�i�`��  o X k�s	]�o�Z�s  50×50 sAq"s 2.  

 

 
� `�[ . 5. ��q0Z�\  Y�o2Z r q"[�Y�Z�_�`�o�Z�c X _�_�Z�a*Z  Z p o X k1w X  }h� ���  i�Z�\�~�`%_�Z�t  1 sAs  [  Y�\2Z�~ X ^�m��  r q�[�Y�Z�_�`�o2Z�c X _�`��  72×20 s4s 2 `  [1q"c0Z�k1_�b�s	`  Z�i�c"]�o�[ i�`��2s	`  o X k1s	]�o2Z�s  50×50 s	q"s 2 . 

 
2.8  EXAFS- O�VLN1KSJ�FGI�O�KLI�VRM�� . 
 {  i�] l ]1_�`�]  2001 a . _ X  [�i X _%w�`�`  EXAFS (8- t  q X _ X \  c"b3c�Z�^ X  �vd  `�k  {3|	} } -3) s	]�i�Z�^ X sA`  EXAFS- `  XANES- [�Y%]�q=i0o�Z�[�q0Z�Y�`�`  p b�\�`  Y�o�Z�c�]�^�]�_�b  `�[�[�\�](^�Z�c X _�`��  ^�\"�  17 o�Z�[�[�`�t�[1q"`�n  `  k X o�j p ]�� _%b6n  Z�o�a X _%`�k X w�`�t .  {  o X s	q X n  Y�o�Z�c"]�^�]1_�_�b6n  o X0p Z"i  Y�Z"\"j l ]�_%b  [�\�]�^�j���~�`�]  Z�[�_�Z�c0_�b3]  o�]�k*j�\�m1i X i�b : 
− 

� \"�  [�]�o�`%`  Z�q"[�`�^�Z�c  i0`�i X _ X , Y�Z�\"j l ]�_%_�b6n  [  `%[�Y�Z�\�m�k1Z�c X _%`�]�s  o X k(\�` l _�b	n  X _�`�Z�_�Z�c  c  q X(l ]�[�i�c�]  s	Z�^�`%u	`�q X i0Z�o�Z�c  ̀�n  q"`�[(\�Z2i�_�b6n  [�c0Z�t�[*i�c , Z p _ X o"j"� ]1_�Z  [�Z�Z�i�c"]�i�[*i�c0`�]  r u	u	]0q=i�`%c"_�Z�a*Z  k X o"��^ X  _ X  q X i�`�Z�_�]  i=`�i X _ X  `  q�`�[�\�Z"i�_�b6n  [1c�Z�t�[�i�c  Z�q�[�`�^ X . 
− �<i0o X�p Z"i X _ X  s	]*i0Z�^�`�q X  [1`�_2i�]�k X  q�\ X [*i�]�o�Z�c  _�`�q"](\"�  `  q0Z p�X \�m�i X  `2k  [(Z�](^�`�_�]�_�`%t  _�Z�c0Z�a*Z  i�`�Y X  — [(Z�\�]1t  Y�`�c X \�](c�Z�t  q"`%[�\�Z"i0b .  }@Z�q X k X _%Z , l i=Z  s	]�_��0�  i�`�Y  c"Z�[�[�i X _�Z�c�`�i�]�\"�  s4Z�� _�Z  s	]�_���i�m  s4Z�o�u	Z�\�Z�a(`��  

l�X [ i�`�w  ( _ X Y�o�`�s	]�o  [  q0o"j2a�\�Z�t  uvZ�o�s	b  _ X  Y�\2Z�[1q�j"�  `  i . ^ .), [(Z"k(^ X c X �  [*i0o�j2q�i�j2o�b  [  o X k1c�`�i0Z�t  Z�^�_�Z�t  k X ^ X _%_�Z�t  a o X _�m�� . 

− d k�j l ]�_ X  [*i0o�j�q=i0j�o X  o"��^ X  Y�Z�\�`���^�]�o�_�b	n  u	Z�[�u	`�_�Z�c"b	n  q"Z�s4Y�\�]�q"[1Z�c  Y X \�\ X ^�`�� .  � Y�o�]�^�]�\�]�_%b  j2[�\�Z�c"`��  [�`�_�i�]*k X  _ X  `�n  Z�[�_�Z�c"]  q X i X \�`�k X i=Z�o2Z�c  Y X o�w%` X \�m0_�Z�a*Z  Z�q"`�[�\�]1_�`�� . 
− d k�j l ]�_�b  [�i0o�j�q�i0j�o�b  [�j�\�m"u	`�^�Z�c  o X k(\�` l _�b	n  s	]�i X \�\�Z�c .  }@Z�q X k X _�Z  Z p o X k(Z�c X _�`�]  c  s	]�� [(\�Z�]�c0Z�s  Y�o�Z�[�i0o X _%[�i�c"]  \�]�a(q�Z  Y�]�o�]�sA]�~ X �B~�`"n�[*�  q0\ X [�i�]�o�Z�c . 
− d k�j l ]�_ X  i�]�s	Y�]�o X i�j�o�_ X �  k X c�`�[�`�sAZ�[�i=m  u X q=i�Z�o X  � ] p�X �  ^�\"�  c"b3[�Z�q�Z"i�]�s4Y�]�o X i�j�o�_�b�n  [�c�]�o"n�Y�o�Z�c0Z�^�_%`�q"Z�c .  }@Z�q X k X _�Z  _ X \�` l `�]  X _�Z�s X \�m�_%Z�t  Z�[�Z p ]�_�_�Z�[*i�`  [�i0o"j2q=i0j2o�b  Y�o�`  i�]�sAY�]�o X i0j�o�]  _ X  20 a�o X ^"j�[�Z�c  Y�o�]�c"b�x X �B~�]�t  i�]�s4Y�]�o X i0j�o�j  u X k1Z�c0Z�a*Z  Y�]�o�]*n�Z�^ X . 
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− d k�j l ]�_  Y�](o�]1n�Z�^  Cu(II) – Cu(I) ̂�\"�  n2\�Z�o�`�^�_�b6n  q0Z�svY�\�]�q"[�Z�c  c  o X [*i�c0Z�o X n . 
− d k�j l ]�_ X  [*i0o�j�q=i0j�o X  \�`%_�]�t�_�b	n  Y�Z�\�`�Z�o�a X _�Z�[1`�\2Z�q�[ X _�Z�c  sA]�^�` . 
− d k�j l ]�_�b  [�i0o�j�q�i0j�o�b  _ X _�]�[�]�_%_�b6n  Z�q"[1`�^�_�b6n  w�`�o�q�Z�_%`�]�b6n  [�`�[�i�]1s  _ X  Z�q�[�`�^�]  i�`�i X _ X  [  ̂�Z p�X c�\�]�_%`�]�s  `�Z�_�Z�c  � ]�\�]�k X .  }@Z�q X k X _�Z  Y�o�]�`�s�j�~y]�[�i�c�]�_�_�Z�]  c=k X `�s4Z�^�]�t�[�i�c0Z�c X _�`�]  � ]�\�]�k X  [  w�`�o�q�Z�_�`�]�s . 

− d�[�[�\�]�^�Z�c X _%b  [�Z�]�^�`�_%]�_�`��  i�`%Y X  s	`%[�u	`�i=Z�c  c  s	]��f[�\�Z�]�c"b	n  [�i0o"j2q=i0j2o X n .  }�Z�q X k X _�Z  _ X \�` l `�]  svZ�\�]�q�j"\  i�`%Y X  AgO,  [�c0Z p Z�^�_�Z  Y�\ X c X �@~�`�n  Y�Z  Y�\�Z�[�q0Z�[�i�` . 
− d�[�[�\�]�^�Z�c X _%b  q�\ X [*i�]�o�b  s	]�i X \�\�` l ]�[�q"Z�a*Z  _�`%q"]�\"�  o X k1sA]�o�Z�s  s	](_�]�]  10 Å c  k X c�`�[�`�s4Z�[*i�`  Z2i  svZ�o�u	Z"\�Z�a(`�` .  }@Z�\"j l ]�_ X  k X c�`�[�`�s	Z�[�i=m  u4Z�o�s	b  

l�X [�i�`�w  Z"i  [�Y�Z�[(Z p�X  Y�o�`�a*Z"i=Z�c�\�]�_�`�� . 
− 

� \"�  ̂�`�[�j�\�m0u	`�^ X  s	Z�\�` p ^�]�_ X , Y�Z�\"j l ]�_%_�Z�a*Z  s	]*i0Z"^�Z�s  r q�[�u	Z�\�` X w�`�` , Y�Z�q X k X _�Z  _ X \�` l `�]  [�c"](o"n�[�i0o�j�q�i0j"o�b  i�`�Y X  c0Z�\�_  k X o"��^�Z�c0Z�t  Y�\�Z"i�_�Z�[*i0` . 
− }�Z�q X k X _�Z , l i=Z  c=k X `�s4Z�^�]�t�[�i�c0`�]  `�Z�_�Z�c  � ]�\�]�k X  [  Z�q"[�`�^�Z�s  w�`�o�q"Z�_�`��  ̀�^�]�i  l ]�o�]�k  Z p o X k(Z�c X _%`�]  Y�Z�c�]�o"n�_%Z�[�i=_�b	n  [�Z�]�^�`�_�]�_%`�t  p ]�k  Z p o X k1Z�c X _%`��  o�] X \�m0_�b	n  o X [�i�c�Z"o�Z�c . 
 
2.9  �fN�O 	�I�����T�I�P ��U  KRD�QLD��  P���P�I��%D  ���  �����  QLI�P�I�U  O�J�D�Q�
LMRM  �<N�J�FGI�� I�T�MRM  M  EXAFS-
O�VRN�KSJ�FGI�O�KRI�VLMLM  P  ���.T�KLI�U  FGN�QSJ�T0N�QRI�P�O�KLI�U  I�H�� D"O�J�M  (0.1 −−−− 6 K���� ).  
 �  w�](\�m=�  [�j2~ ]�[�i�c�]�_�_�Z�a*Z  o X [1x�`�o�]�_%`��  ^�` X Y X k(Z�_ X  `�[�Y%Z�\�m�k*j2]�sAZ�a(Z  �vd  c  s ��a�q�j��  Z p \ X [�i�m  ( ^�Z  100 r { ) c  2001 a*Z�^�j  Y�o�Z�`�k1c�]�^�]�_  ^�]�sAZ�_�i X �  [�i X o�Z�a*Z  q X _ X \ X  c"b�c0Z�^ X  �vd  `  [�i X _�w�`�`  o�]�_�i�a�]�_�Z�\�`�i=Z�a*o X u	`%`  ( q X _ X \  �  10 _ X q�Z�Y�`�i�]�\"�  {3|	} } -3), `  _ X  `�n  sA]�[�i�]  [�s	Z�_"i�`�o�Z�c X _ X  l�X [�i�m  _�Z�c�Z�a*Z  p ]�[�uAZ�\�m0a*Z�c�Z�a*Z  q X _ X \ X  �vd  ( Z2i  c X q�j�j�s	_�Z�a*Z  x ` p ]�o X  _ X q�Z�Y%`�i�]�\"�  ^2Z  c�n�Z�^ X  c  p j2_�q"]�o  �Ad  {3|6} } -3) ^�\"�  _�Z�c0Z�t  [�i X _�w�`�`  s	]*i0o�Z�\�Z�a(`�`  `  
EXAFS- [�Y�]1q=i0o�Z�[�q"Z�Y%`�`  c  s���a(q�Z�t  o�]�_�i=a�]�_�Z�c"[�q0Z�t  Z p \ X [�i�` .  � [�i X _�Z�c�\�]�_�_ X �  l�X [�i�m  q X _ X \ X  Y�o�Z�a�o�]�i X , `  c  _%]�t  Y�Z�\"j l ]�_  o X�p Z l `%t  c X q=j�j�s  10-7 } X .  }@o�Z�c�]�^�]�_ X  i0o X [1[�`�o�Z�c"q X  Y�j l q X  �vd  

l ]�o�]*k  q X _ X \ , `  q X _ X \  c0b<[�i X c�\�]�_  Y�Z  Y�j l q�j . ��Z p o X _ X  [�`�[*i�]�s X  p b3[�i0o2Z�t  X c X o�`�t�_�Z�t  k X ~�`�i0b  _ X q"Z�Y%`�i�]�\"�  Y�Z  c X q�j"j�svj  c  [�\�j l�X ]  _�]1Y�o�]�^�c"`�^�]�_�_�Z�t  c X q=j"j�s	_�Z�t  X c X o�`�`  _ X  [�i X _�w�`�`  ( Y�Z�^�Z p _ X �  [�`�[�i�]�s X  o X _%]�]  X Y�o�Z p `�o2Z�c X _ X  _ X  q X _ X \ X n  �6d  _ X q"Z�Y�`�i�]�\"�  {3|	}h} -2�  `  Y�Z�q X k X \ X  [1c"Z��  c�b<[(Z�q�j��  r u	u	]0q=i�`%c"_�Z�[�i�m ).  }@o�Z�c"]�^�]1_  o X [ l ]*i  c X q�j"j2s	_�Z�t  Y�o�Z�c0Z�^�`�s4Z�[�i�`  q X _ X \ X ; Y�Z�q X k X _�Z , l i=Z  c  [�j2~�]�[*i�c�j��B~y]�t  a(]�Z�sA]�i0o�`�`  svZ�~�_�Z�[*i0m  ̂�`�u	u	](o�]�_%w�` X \�m0_�Z�t  Z2i�q X�l q"`  Y%Z2k�c�Z�\"�2]�i  `�s	]*i�m  c  r q"[�Y%]�o�`�s	]�_�i X \�m0_�Z�s  Z p  �]�sA]  [�i X _�w%`�`  Z�[�i X i=Z l _�Z�]  ^ X c�\�]1_�`�]  ^�Z  3 10-4 } X .  z X q�Z�]  ^ X c0\�]�_�`�]  Y�Z�k1c0Z�\"�2]�i  `�[�Y�Z�\�m�k(Z�c X i�m  c  r q"[�Y�](o�`�sv]1_�i X \�m0_�Z�s  Z p  �]1s	]  _%]�s	]�i X \�\�` l ]�[�q�`�]  j�Y�\�Z2i�_%]�_�`��  `  Y�o�Z�c0Z�^�`�i�m  `�k(sA]�o�]�_�`��  _ X  [�i X _�w�`�`  [  `�[�Y�Z�\�m�k�Z�c X _�`%]�s  _�]�Y�o2Z�a�o�]1c"_�b	n  Z p  �]�q�i�Z�c . 
� X�p Z"i0Z�[�Y�Z�[(Z p _%Z�[�i=m  q X _ X \ X  X Y�o2Z p `�o2Z�c X _ X  _ X  [�s4Z�_�i0`�o2Z�c X _�_�Z�t  r q"[�Y�](o�`�s	]�_�i X \�m0_�Z�t  [�i X _�w�`�`  u4Z2i=Z�[�i�`�s�j�\�`�o�Z�c X _�_�Z�t  a X k(Z�c0Z�t  ^�]�[1Z�o p w�`%` , _ X  q0Z2i=Z�o2Z�t  c"b3Y�Z�\�_�]�_  w%`�q�\  r q�[�Y�]�o�`�sA]�_�i=Z�c  Y�Z  `�[�[�\�]�^�Z�c X _�`��  Y�\�]�_�Z l _�b	n  a(]�i�i�]�o�_�b6n  Y�Z�q�o�b	i0`%t .  � \"�  [�i X _�w�`�`  _ X(l�X i X  o X k(o X�p Z2i�q X  s4Z�_�Z2n2o�Z�s X i�Z�o X  _ X  Z�[�_�Z�c"]  o�]1_�i0a(]�_�Z�c�[�q"`�n  s	_�Z�a*Z�[�\2Z�t�_�b6n  k1]�o�q X \  `  s	_�Z�a*Z�[�\�Z�t�_%b6n  ^�`�u4o X q"w�`%Z�_�_�b6n  o�]�x�]�i=Z�q .  

 
2.10   C4N�KLI�QRO�J�F��%K�
RM��  O�I�O(J�I �GQGM��  I�KLF����@D�� � N�U  O�FGN�� �  P  VGFGI�� � I�� . 
 � X

 s	Z�^�]�o�_�`"k1`�o2Z�c X _�_�Z�t  [�i X _�w�`�`  o�]1_2i�a(]�_�Z�u4\"j�Z�o�]�[�w%]�_�i�_�Z�a*Z  X _ X \�`"k X  “ �
X t%q X \ ”  

(3- t  q X _ X \  c"b<c0Z�^ X  �v�  `�k  {3|	} } -3) Y�o�Z�c"]�^�]1_ X  o X�p Z"i X  `  k X q"Z�_ l ]�_ X  Z p o X1p Z2i�q X  o�]�k(j�\�m1i X i�Z�c  Y�Z  Y�Z�\"j l ]�_�`��  s	]�i�Z�^�Z�s  
� g�� - �vd  Y�Z�^�o�Z p _�Z�t  `�_%uvZ�o�s X w�`�`  Z  [�Z�[�i=Z2�2_�`�`  
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Z�q�o"j�� X �B~y]�t  [�o%]�^�b  c  ^ X \�]�q�Z�s  `  _�](^ X c"_�]1s  Y�o�Z�x \2Z�s  _ X  c0o�]�s	]�_�_�Z�t  x�q X \�]   ^�Z  s4\�_ . \�]�i   _ X  Z�[�_�Z�c�]  r \�]�s	]�_�i�_�Z�a*Z  X _ X \�`�k X  q"](o�_�Z�c  p j�o�]1_�`��  ^�Z�_�_�b	n  Z�[ X ^�q�Z�c  Z�k1]�o X  �
X t�q X \  

( Y�Z�\"j l ]�_�_�b	n  c  n�Z�^�]  c"b3Y�Z�\�_%]�_�`��  sA]���^"j2_ X o�Z�^�_�Z�a*Z  Y�o2Z�]�q�i X  “BDP – Baikal Drilling 
Project” );  ^�Z  i�b<[*� l  \�]�i  − 

X _ X \�`�k(Z�s  q0Z�\2Z�_�Z�q  ^�Z�_�_�b6n  Z�[ X ^�q�Z�c  z4]�\�]�w�q�Z�a*Z  Z2k1]�o X ;  ^�Z  
100–200 \�]�i  − Y�j0i�]�s  

X _ X \�`�k X  a*Z�^�` l _�b6n  q�Z�\�]�w  ̂�o�]�c"]1[�_�b6n  q"]�o�_�Z�c . � \"�  Y�Z�\"j l ]�_%`��  [1c"]�o�n�Y�Z�^�o�Z p _�b	n  a�]1Z2n�`�s	` l ]�[1q"`�n  Y X \�]1Z2k X Y%`�[�]�t  s	]*i�Z�^2Z�s  [�q X _�`�o�j��B~y]�a(Z  � g�� - �Ad  `�[�[(\�]�^�Z�c X _  j l�X [�i�Z�q  q"Z"\�Z�_�q"`  ^�Z�_�_�b	n  Z�[ X ^�q"Z�c  Z"k1]�o X  �
X t�q X \  ^�\�`�_�Z�t  70 [�s  `  Y�o�Z�^�Z�\�� `2i�]�\�m0_�Z�[�i�m��  Z�q�Z�\�Z  14-16 i�b3[ . \�]�i , [�Z�Z2i�c"]�i�[*i0c�j��B~y`�t  Y�o�]�^�b�^�j2~y]�svj  Y�Z"i�]�Y�\�]�_�`��  ( �

X o�a�`�_�[�q�`�t  `�_�i�](o�c X \  26-52 i�b<[ . \�]�i ).  �
X a  [�q X _�`�o�Z�c X _�`��  q"Z�\�Z�_�q�`  [�Z�[�i X c0\"�0\  Z"i  4 ^�Z  20 \�]�i , l i�Z  _ X  Z�^�`�_ - ^�c X  Y�Z�o"��^�q X  Y�Z�^�o2Z p _%]�]  [ X sAb6n  c"b3[�Z�q"Z�o X k(o�]�x X �B~y`�n  `�[�[�\�](^�Z�c X _�`�t , c0b�Y%Z�\2_�]�_�_�b	n  [�]�a(Z�^�_��  _ X  �

X t�q X \�]  `  c  Z�q"] X _%[�q"`�n  q"Z�\�Z�_�q X n , `  [�Z�`�k1s	](o�`�svZ  [  o X k(o�]�x�]1_�`�]�s  \"j l x�`�n  \�]�^�Z�c"b6n  k X Y�`%[�]�t .  }�Z�q X k X _�Z , l i=Z  _ X  `�[�[�\�]�^�j�]1s	Z�s  `�_�i�]�o�c X \�]  `�s4]�]�i�[��  _�]  s	]�_%]�]  Y��0i�` - xy]�[�i�`  w%`�q�\2Z�c  
o�]�k1q�`�n  Y�Z"i�]�Y�\�]�_�`�t − Y�Z"n�Z�\�Z�^ X _�`�t ; [(o�]�^�_��0�  ^�\�`�i�]�\�m0_�Z�[�i�m  Z�^�_�Z�a*Z  w�`�q�\ X  Z�q"Z�\�Z  2 i�b3[ .\�]�i .  

� X t�^�]�_�_�b3]  w�`%q�\�b  Y�o�]�^�[�i X c�\"���hi  Z2i�q�\�`�q  �
X t�q X \ X  _ X  D/O [�Z p b6i�`�� , Z p _ X o"j�� ]�_�_�b3]  c  Z�q�] X _�[�q�`�n  Z�[ X ^�q X n  `  n X o X q=i�]�o%`�k*j2�B~�`�]1[��  `�_�i�]�_�[�`%c"_�b3s  [ p o�Z�[(Z�s  c  Z�q"] X _  a(`�a X _�i�[�q"`�n  X t�[ p ](o�a�Z�c  (IRD).  � p _ X o0j�� ]�_%_�Z�]  Y�Z�c"]�^�]�_%`�]  [�Z�c"Y X ^ X ]�i  `  [  Y�Z�[�\�]�^�_�`%sv`  ^ X _�_�b3s	`  Z  [�Z�^�]�o�� X _�`%`  ��� 2 c  

X i=s	Z�[�u	]�o�] , Y�Z�\"j l ]�_%_�b<s	`  _�]�^ X c"_�Z  Y�o�`  `�[�[(\�]�^�Z�c X _�`�`  \�m�^�Z�c  c  � _�i X o�q�i�`�^�]  ( [�i X _%w�`��  " { Z�[�i0Z�q ") `  c  � o�]�_�\ X _�^�`�` .  ��]�n X _%`�k1s  o�]�k1q�`�n  q0\�`�s X i�` l ]�[�q�`�n  `�k1s	]�_%]�_�`�t  _ X  x�q X \�]  1 – 2 i�b3[ . \�]*i  c  _ X [�i�Z"�2~�]�]  c�o�]1s��  _�]�`�k1c"]�[�i�]�_ . 
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� � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � � � �

 � `�[  6.   
W�X Y�`%[�`  `�k(sA]�_�]�_�`��  q�\�`�s X i X  �Ac�o X k1`�`  c  Z�[ X ^�q X n  Z"k . �

X t�q X \  ( c"]�o"n�_��0�  Y X _�](\�m ) `  c  � o�]�_�\ X _�^�`�`  – GRISP2 ( _�`�� _��0�  Y X _%]�\�m ).  ��]�c X �  Y X _�]�\�m  — o�]�k(j�\�m1i X i  [0q X _�`�o�Z�c X _%`��  
c o X k(o�]1x�]�_�`%]�s  1 s	s .  }@o X c X �  Y X _�]�\�m  — [�o X c"_%]�_�`�]  _%`�k1q"Z�o X k(o�](x X �B~y]�a*Z  Y�o�Z�u	`�\"�  c�\ X � _�Z�[�i�` -WC ( o X k(o�]�x�]1_�`�]  2 [�s ) [  a*o�]�_�\ X _�^�[�q"Z�t  q0o�`�c0Z�t  ^�](\�m1i X  18O.  � `�o�_�Z�t  \�`�_�`%]�t  _ X  Y�o X c0Z�t  Y X _%]�\�`  Y�Z�q X k X _  `�_�i�](o�c X \  q�Z�\�Z�_�q�` , Y�Z�^�c"]�o�a*_�j0i�b3t   [�q X _�`�o�Z�c X _�`�� , `  [�Z"i0c�]�i�[�i�c�j��B~�`�t  `�_�i�]�o�c X \  c  GRISP2.  ��]�o�b<]  Y�o"�2s	Z"j2a�Z�\�m0_�`�q"`  s X o�q"`�o�j��hi  _�]�Z"i�[�q X _�`�o2Z�c X _%_�b<]  Y�Z�q X  `%_�i�]�o�c X \�b .  �Ai=o�]�\�Z l q�`  Y�Z�q X k1b3c X � i  Z�^�_%Z�c�o�]�s	]1_�_�b3]  [�Z p b6i�`��  _ X  Z�k . �

X t�q X \  `  c  � o�]�_�\ X _�^�`�` . 
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{fb<Y�Z�\�_%]�_  w%`�q�\  `�[�[�\�]�^�Z�c X _�`�t  Y�Z  `�k�s	]�_�]�_�`��  q�\�`�s X i X  k X  Y�Z�[(\�]�^�_�]�]  
i�b3[�� l ]�\�]�i�`�]  [  o X k(o�]�xy]�_�`�]1s  2−3 a(Z�^ X  _ X  Z�[1_�Z�c"]  Z�[ X ^�q"Z�c  Z�k1](o X  z4]�\�]�w%q"Z�] .  � p _ X o�j"� ]1_�Z , l i�Z  o"��^  r \�]�s	]�_�i�Z�c : K, Ca, Ti, Fe, V ^�]�sAZ�_�[*i0o�`�o"j�� i  ��o�q"Z  c�b�o X � ]1_�_�b<t  w�`�q0\  [�Z  [�o�]�^�_�`�s   Y�]�o�`�Z�^�Z�s  9.45 a*Z�^ X  ( � `�[ . 7).  �6o�](^�`  a�\�Z p�X \�m0_�b	n  Y�o�Z�w�]�[�[1Z�c  i X q�Z�t  � ]  Y�]�o�`�Z�^  `�s	]�]*i  w�`�q0\  q�Z�\�] p�X _%`�t  X s	Y�\2`�i�j2^�b  Y�o�`�\�`�c"_�b6n  c0Z�\�_ .   }@o�Z�c�]�^�]�_�Z  Y�]�o�c0Z�]  Y�o�Z p _�Z�]  [1q X _�`�o�Z�c X _�`%]  Z p o X k�w X  ^�o�]�c"]�[1_�Z�a*Z  q"]�o�_ X  ( Z p o X k1]�w  d�_�[�i�`�i1j�i X  \�]1[ X  `�s . �vj�q X�l ]�c X  ���  

� � � , �3o X [�_�Z"��o�[�q ) c  w%]�\"�0n  `�k*j l ]�_�`��  `�k1s	]1_�]�_�`�t  r \�]�s	]�_�i�_�Z�a*Z  [(Z�[*i X c X  Z�q�o�j�� X �B~�]1t  [�o�]�^�b  k X  Y�](o�`�Z�^  o�Z�[�i X  ^�](o�]�c X . 

 
� `�[ . 7.  �fZ�o�Z"i�q"`%]  ( [  Y�]�o�`�Z�^2Z�s  9.45 a*Z�^ X ) q�Z�\�] p�X _�`��  [(o�]�^�_�]�a(Z�^�Z�c0Z�t  i�]1s	Y�]�o X i1j"o�b  c  Y X \�]1Z2k X Y%`�[��0n  ̂�Z�_�_�b	n  Z�[ X ^�q�Z�c  Z"k1]�o X  z4]�\�]�w�q0Z�] . 
 
2.11  ��QLD�� MSE  � � N �3N�QSJ�QRI�T�I  O�I�O�J�D�P%D  VLFGI�H  D0J ��I�O�	�N�FGQ����  D ��FGI"E(I�� N�U  ��D�UGKLD�����O�KRI�T0I  FGN�T0MLI�QRD  �3N�J�I��%I��  C���� - � � . � X

 Y�o�Z2i���� ]�_�`�`  Y�Z�[�\�](^�_�`�n  ^�]�[��0i�`�\�]�i�`�t  Y�Z�c"b�x�]1_�_�Z�]  c"_�`�s X _%`�]  Y�o�`�c�\�]�q X ]�i  Y�Z�[�i�]�Y%]�_�_�Z�]  _ X q�Z�Y�\�]�_�`�]  c  Y�o�`�o�Z�^�_�b6n  [�o�]�^ X n  Z2k1]�o X  �
X t%q X \  `  _ X  Y�o�`�\�]1a X ��~�]�t  i�]�o�o�`�i�Z�o2`�`  c0o�]�^�_�b	n  n�`�s	` l ]�[1q"`�n  c"]�~y]�[�i�c  c  c�`�^�]  X i�sAZ�[�uA]�o�_�b6n  c"b3Y X ^�]�_%`�t .  �h_�`  c"q0\�� l�X �hi  c  [0] p �  Y�o�`�o�Z�^�_�j��  ( u	Z�_�Z�c�j�� ) [�Z�[*i X c�\"���B~ j��  `  c"b p o�Z�[1b  s	]1[�i�_�b	n  `  o�]�a(`�Z�_ X \�m0_�b6n  `�[�i�Z l _�`�q"Z�c .  � X  s X \�Z�_ X [�](\�]�_�_�Z�t  i�](o�o�`�i0Z�o�`�` , Z�q�o"j�� X ��~�]�t  [�o�]�^�_��B�  `  [�]1c"]�o�_�j��  

l�X [�i�m  Z"k1]�o X , Y�o X q=i�` l ]1[�q"`  Z"i�[�j0i�[*i�c�j��hi  Y�o�Z�s	b<xB\�]�_%_�b<]  Y�o�]�^�Y�o�`��0i=`�� , _�Z  c"Z�q�o"j2a  � � _�Z�t  l�X [�i�`  Z2k1](o X  [�q"Z�_�w�]1_�i0o�`�o�Z�c X _�b  s	Z�~y_�b3]  Y�o�Z�s	b3x \�](_�_�b3]  q"Z�s	Y�\�]�q"[�b , i X q�`�]  q X q  d@o�q�j"i�[0q - ��](o�]�s�n�Z�c"[1q"`�t  `  ��\ X _ - ��^ r _�[�q�`�t , �
X t�q X \�m0[�q"`%t  w%]�\�\�� \�Z"k1_�Z -p j�s X � _�b<t  q�Z�s p `�_ X i  `  Y�o�]�^�Y�o�`��0i�`��  s	]�[�i�_�Z�a*Z  k1_ X�l ]�_�`��  — 

� j2[�`�_%Z�Z�k1]�o�[1q X �  z�|	� , 
�
X s	]�_%[�q"`�t  w�]�s	]�_�i�_�b�t  k X c0Z�^  `  ^�o ., �2c�\����B~y`�]�[��  s4Z�~y_�b3s	`  `�[�i=Z l _�`%q X s	`  X i�sAZ�[�uA]�o�_�b6n  k X a�o"�1k1_�]�_�`�t , Y�Z  q�o X t�_�]�t  s	]�o�] , � � _�Z�t  l�X [�i�`  Z"k1]�o X . 

�fZ�_%w�]�_�i0o X w�`�`  i��=� ]�\�b6n  s	]*i X \�\�Z�c  (Mn, Fe, Ni, Zn, Pb) c  ^�Z�_�_�b6n  Z"i0\�Z"� ]�_%`��0n  � � _�Z�t  l�X [�i�`  Z"k1]�o X  �
X t�q X \  [�j2~�]�[*i�c"]�_%_�Z  c0Z"k(o�Z�[�\�`  c  Y�Z�[�\�](^�_�`�]  ^�]�[*��i�`�\�]�i�`�� , _ X�l `%_ X �  [  30- n  a*Z�^�Z�c , l i0Z  [1Z�c"Y X ^ X ]�i  [  _ X�l�X \�Z�s  `�_�^"j2[�i=o�` X \�`�k X w%`�`  ��` p `�o�` .  {  
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k X a*o"�0k1_�]�_�`�`  Z"k1]�o X  i1�0� ]�\�b<s4`  s	]*i X \�\ X s	`  X i�s4Z�[�u	]�o�_�b3t  Y%]�o�]�_�Z�[  `  X i�s4Z�[�uA]�o�_�b<]  c"b3Y X ^�]�_%`�� , c"]�o2Z2�0i�_�Z , [(b<a*o X \�`  c X �f_�]�t�x j"�  o�Z�\�m . ��^�_ X q"Z  n�`�s	` l ]�[1q"`�t  [�Z�[*i X c  p�X t�q X \�m0[�q"`�n  X r o�Z2k�Z�\�]�t , c  Z"i0\�` l `�]  Z2i  ]�a*Z  u	`�k1` l ]�[�q"`�n  n X o X q=i�]�o�`�[�i�`%q , `%[�[�\�]�^�Z�c X _  _�](^�Z�[�i X i�Z l _�Z .  |vi0Z  c�Z  s4_�Z�a*Z�s  Z p j2[�\�Z�c�\�]�_�Z  [�_�`�� ]�_�`�]�s  c0Z�k1svZ���_�Z�[�i�]�t  ( Y�o�]�^�](\  Z p _ X o�j"� ]1_�`�� , Z p ~�]�]  l `�[�\�Z  Y�o2Z X _ X \�`�k1`�o�Z�c X _�_�b	n  Y�o�Z p  k X  o X k*j2s	_%Z�]  c�o�]1s�� ) o X [�Y�o�Z�[�i0o X _�]�_�_�b6n  u	`�k1` l ]�[�q�`�n  s	]�i�Z�^�Z�c  X _ X \�`�k X  Y�o2`  Y�]�o�]*n�Z�^�]  q  Y�o�Z p�X s  Z l ]�_�m  s X \�Z�t  s X [1[�b  ( Z"i  s	`�q0o�Z�a o X s	s  ̂�Z  ^�]1[��0i�q"Z�c  _ X _�Z�a*o X s	s ). }�]�o�[�Y�]�q�i�`�c�_�b<s  s	]�i=Z�^�Z�s  Z�Y�o�](^�]�\�]�_�`��  [(Z�[�i X c X  Y�o�Z p  X r o�Z"k(Z�\�]�t  ��c0\"�2]�i�[��  o�]�_�i�a�]�_�Z�uv\�j2Z�o�]�[�w�]1_�i�_�b3t  X _ X \�`�k  [  c0Z�k p j"��^%]�_�`%]�s  [�`%_�n�o�Z"i0o�Z�_%_�b�s  `"k(\"j l ]�_�`%]�s  
(

� g�� - �vd ).  {  n�Z�^�]  ^ X _�_%Z�t  o X�p Z2i=b  ( a*o X _"i  � g g d   01-02-17668
X
, 2001 a .) Y�o�Z�c0Z�^�`�\ X [�m , [  Z�^�_�Z�t  [�i=Z�o�Z�_�b , Z�w�]�_%q X  [�Z�[�i X c X  `  c0Z2k1s4Z"� _�b	n  c X o�` X w�`�t  [�Z�^�]�o�� X _�`��  r \�]�s	]�_�i�Z�c  c  X i�s4Z�[�uA]�o�_�b6n  X r o�Z"k1Z�\��0n , [�Z p o X _�_�b	n  c  o X k(\�` l _%Z�]  c0o�]�s��  a*Z�^ X  c  o"��^�]  Y�j2_�q=i�Z�c  �

X t�q X \�m�[1q�Z�a*Z  o�]�a(`�Z�_ X , o�]�k1q0Z  o X k(\�` l�X �B~�`�n�[��  Y�Z  [�i�]�Y�]�_�`  i�]�n�_�Z�a(]�_�_�Z�a*Z  c"Z�k(^�]1t�[�i�c�`�� , [  ^�o�j2a(Z�t  – Z�w�]�_�q X  c0Z"k1svZ"� _�Z�[�i�](t  s	]*i0Z�^ X  � g�� - �vd  Y�o�`  Y�o2Z�c�]�^�]�_�`�`  Y�Z�^�Z p _�b6n  `�[�[�\�]�^�Z�c X _�`�t   ��Z�c�s	]�[�i�_�Z  [  ��`�s4_�Z�\�Z�a(` l ]�[�q�`�s  `�_�[�i=`�i�j0i�Z�s  ���  
� � �  ( d@o�q�j"i�[1q ) ^�\"�  Z�w�]�_�q�`  j�o�Z�c"_%]�t  k X a�o"�1k1_�]�_�`��  X i=svZ�[�u	]�o�b  c  o X k(\�` l _�Z�]  c�o�]�s��  a*Z�^ X  Y�o2Z�c"]�^�]1_  [ p Z�o  Y�o�Z p  X i�sAZ�[�uA]�o�_�b6n  X r o�Z"k(Z�\�]�t  _ X  i�](o�o�`�i�Z�o�`�`  Z"i  d@o�q=j�i�[�q X  ^�Z  ��\ X _ - ��^ r , c  i�Z�s  

l `�[�\�]  _ X  4-n  Y�Z�[�i=Z2�2_�_�b6n  q"Z�_�i0o�Z�\�m0_�b	n  Y�\2Z�~ X ^�q X n  ��`�s	_�Z�\�Z�a*` l ]�[�q�Z�a*Z  `�_�[*i0`�i1j�i X : 
− d@o�q�j�i�[�q , q�o�j�Y%_�]�t�xy`�t  a(Z�o2Z�^  o X t�Z�_ X , o X [�Y�Z�\2Z�� ](_  _ X  k X Y X ^�_�Z�s  

p ]�o�]1a j  o�]0q"`  � _�a X o�b , Z�q�Z�\�Z  50 q�s  Z2i  �
X t�q X \ X .  ��Z�_�i1o�Z�\�m�_ X �  Y�\2Z�~ X ^�q X  Y�o�Z p Z�Z"i p Z�o X  o X [�Y�Z�\�Z�� ]�_ X  c  _�]�[�q�Z�\�m0q"`�n  q�`�\�Z�sA]�i0o X n  Z2i  w�]�_"i�o X  a�Z�o�Z�^ X .  W `%svZ�t  _ X  r i�Z"i  o X t�Z�_  Z�q X k1b�c X ]�i  c0\�`��2_�`�]  p Z�\�m�xBZ�t  `�_�^"j�[*i0o�` X \�m0_�b3t  q�Z�s4Y�\�]�q�[ , o X [�Y�Z�\�Z"� ]�_�_�b<t  c  ^�Z�\�`�_%]  o�]�q�`  � _%a X o�b .  {  Z�[�i X \�m0_�Z�]  c0o�]�s��  a*Z�^ X  r i�Z2i  o X t�Z�_  Y�Z�^�c�]�o�a X ]�i�[��  c�\�`��2_�`��  c"Z�k(^�j�xy_�b6n  s X [�[ , Y�]�o�]1_�Z�[�`�s4b6n  [  i�]�o�o�`�i=Z�o�`�`  �@]�_�i0o X \�m�_�Z�t  ̀  � � _�Z�t  ��` p `�o�` . 

− ��`%[�i�c=�2_�q X , Y�Z�[�]�\2Z�q  Z�q0Z�\�Z  �
X t�q X \ X , o"��^�Z�s  [  `�[�i=Z�q0Z�s  o�]�q"`  � _�a X o�b .  �fZ�_�i=o�Z�\�m�_ X �  Y�\�Z�~ X ^�q X  o X [�Y�Z�\�Z�� ]�_ X  _ X  Z p [�]�o�c X i=Z�o�`�`  dB_�[ i�`�i1j�i X  [�Z�\�_�] l _�Z - k1]�sv_�Z�t  uA`�k1`�q"`  ���  

� � �  _ X  c�]�o�x�`�_%]  n�Z�\�s X  (300 s  _ X ^  j�o�Z�c"_�]�s  Z"k1]�o X ). 
− z X _�n�Z�t , Y�Z�[�]�\�Z�q , o X [�Y�Z�\2Z�� ]�_%_�b3t  _ X  c0Z�[*i0Z l _�Z�s  

p ]�o�]�a*j  Z"k1]�o X  �
X t%q X \  _ X Y�o�Z"i�`�c  Y�Z�[ . �f`�[�i�c���_%q"` .  �fZ�_�i0o2Z�\�m0_ X �  Y�\�Z�~ X ^�q X  _ X n�Z�^%`�i�[*�  _ X  i�]�o�o�`�i�Z�o�`%`  �

X t�q X \�m�[1q"Z�a*Z  k X Y�Z�c"](^�_�`�q X , c  60 q"s  Z�i  �
X t�q X \�m0[�q�Z�a*Z  w�]�\�\�� \�Z2k1_�Z - p j2s X � _�Z�a*Z  q�Z�s p `�_ X i X , [ X s	Z�a*Z  p Z�\�m�xBZ�a*Z  ̀�[�i=Z l _�`�q X  k X a�o"��k1_%]�_�`�t  c�Z�k(^�j"n X  _ X  Y�Z p ]�o�]�� m0]  Z�k1](o X  �

X t�q X \ . 
− ��Z�_�^�b , 

X [�i0o�Z�_�Z�s4` l ]�[�q X �  Z p [1]�o�c X i�Z�o�`�� , o X [�Y�Z"\�Z"� ]�_�_ X �  _ X  c"b3[�Z"i�]  2000 s  _ X ^  j�o�Z�c"_�]�s  s4Z�o"�  _ X  c�]�o�xy`�_�]  a*Z�o2_�Z�a*Z  n�o�] p i X  � X s X o - � X�p�X _ .  |	i�Z2i  j l�X [�i�Z�q  j2^ X \�]�_  p Z�\�]�]  l ]�s  _ X  200 q"s  Z"i  p Z�\�m0xy`�n  `�_�^�j2[�i�o�` X \�m0_�b6n  w%]�_�i0o�Z�c  d@o�q�j0i�[�q X  `  
�
X t�q X \�m0[�q X , `  `�[(Y�Z�\�m�k*j2]�i�[��  q X q  u	Z�_�Z�c X �  q"Z�_�i0o�Z"\�m0_ X �  Y�\2Z�~ X ^�q X . 
g `�\�m�i0o2b  Whatman-41 c ^�` X s	]�i0o�Z�s  r q"[�Y%Z�_�`�o�Z�c X _�_�Z�t  l�X [�i�`  44 sAs  Y�Z�[�\�]  Y�o�Z�q X�l q�`  c0Z2k(^"j�n X  o X k(o�]�k X \�`�[1m  c  \ X1p Z�o X i�Z�o�`�`  ��`�sA_�Z�\�Z�a(` l ]�[�q�Z�a*Z  `�_%[�i�`�i�j0i X  ���  � � �  ( d o�q�j0i2[�q ) _ X  4 

l�X [�i�` , Z�^�_ X  `�k  q0Z"i0Z�o�bvn  _ X Y�o X c0\"�"\ X [�m  c  � Z�c0Z�[�` p `�o�[1q  ^�\"�  X _ X \�`�k X  s	]�i=Z�^�Z�s  
� g�� - �vd , 

X
 ^�o�j2a(`�]  – _ X  `%[�[�\�]�^�Z�c X _%`�]  sA]�i0Z�^ X s	`  d � ��� , ICP-MS `  ^�o�j�a(`�s	` , Z�^�_ X  l�X [�i�m  Z�[�i X c�\"��\ X [�m  c  X o"n�`�c�] . d k1s	]�o�]�_�Z  [(Z�^�]�o�� X _�`�]  r \�]�s	]�_�i=Z�c  Z2i  Ca ^�Z  Mo `  Pb ^�\"�  c"[�]�n  a*o�j2Y�Y  [�Z p o X _�_�b	n  Y�o�Z p  `  [�i X _�^ X o"i�_�b	n  Z p o X k1w�Z�c .  ��Y�o�](^�]�\�]�_�b  Y�o�]�^�]�\�m0_�Z  Z p _ X o�j�� `�s	b3]  q"Z�\�` l ]�[*i�c X  r \�]�s	]�_�i0Z�c , Z�i�_�]�[�]1_�_�b<]  q  [�i X _�^ X o"i�`�k1Z�c X _�_�b�s  j2[�\�Z�c"`��2s : Z p  �]�s  Y�o�Z�q X�l�X _�_�Z�a*Z  c�Z"k(^"j"n X  10 s 3 _ X  1 [1s 2 u	`�\�m�i�o X , c�o�]1s��  `�k�s	]�o�]�_%`��  1000 [  `  i=Z�q  _ X q�Z�Y%`�i�]�\"�  100 sv� .  

�
X o X q=i�](o�_ X �  c�]�\�` l `�_ X  Y�o�]�^�]�\ X  Z p _ X o�j�� ]�_%`��  [�Z�[�i X c�\"�2]�i  0.1 _�a / s 3  ^�\"�  r \�]�s	]�_�i�Z�c  i�`%Y X  Cu – Br. 

�
X o X q�i�]�o�_�Z�]  `�k(s	]�_%]�_�`�]  [�Z�^�]�o�� X _�`��  r \�]�sA]�_�i=Z�c  
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Y�o�]�^�[*i X c�\�]1_�_�Z�t  a*o"j�Y%Y�b  ( Z"i  Ca ^�Z  Zr) [�Z�[�i X c�\��2]�i  Y�o�`�s	]�o�_�Z  Y�Z�o"��^�Z�q  Y�o�`  Y�](o�]�n�Z�^�]  Z"i  `�_�^"j�[*i0o�` X \�m0_�Z�a*Z  w�]�_�i=o X  q  j�^ X \%]�_�_�b3s  i�Z l q X s  ( ��Z�_�^�b ).  dB[1q�\�� l ]�_%`�]  [�Z�[�i X c0\"�2]�i  [�c�`�_�]�w , q0Z2i=Z�o�b�t  `�s	]1]�i  Y�Z�\�_�Z�[�i�m��  i�]�n�_�Z�a�]�_�_�Z�]  Y�o2Z�`�[*n�Z���^�]�_�`�]  ( c"b6n2\�Z�Y�_�b3]  a X k�b  X c�i�Z�svZ p `�\�]�t  `  i .Y .).  
� ]�k*j�\�m1i X i�b  _ X Y�o X c�\2]�_�b  ^�\"�  Y�j p \�`%q X w�`�`  c  �<j�o�_ X \�]  

“ }BZ�c"]�o"n�_�Z�[�i�m ” .  
2.12    � O�O�� N��%I�P�D�QRMLN  ��P�I�� � 
LMRM  �%MLO�� I�KRD�
LMGI�QLQRI�U  O(J�F��%K�J �%F �  VLI�P�N1F �2QLI�O�J�QRI�T0I  
O�� I �  �<N(J�D���� I�P  VRFSM  J�FGMRH�I�� I�T0M��SN1O�KLI��  QLD�T0F����@N�QLMRM  

 

��Z2i0o"j2^�_�`�q X s	`  � � z �  `  d � z4z �  ���  
� � �  Y�Z�\"j l ]�_�b  j�_%`�q X \�m0_�b3]  ^ X _�_�b3]  Z p  r c"Z�\��Bw�`�`  ^�`�[�\2Z�q X w�`�Z�_%_�Z�t  [�i0o"j2q=i0j�o�b  c  YGZ�c"]�o"n�_�Z�[�i0_�Z�s  [(\�Z�]  sA]�i X \�\�Z�c  Y�o�`  i0o�` p Z�\�Z�a(` l ]�[1q"Z�s  _ X a�o"j�� ]�_%`�`  s	]*i�Z�^�Z�s  “ in situ”  o�]1_�i�a(]�_�Z�c�[�q"Z�t  ^�`%uvo X q=i�Z�s	]�i0o�`�`  [�`�_�n�o�Z"i0o�Z�_�_�Z�a*Z  `�k \"j l ]�_�`��  [  c0o�]�s	]�_�_�b<s  o X k(o�](x�]�_�`%]�s  (“ ^�`�uvo X q"w�`�Z�_�_�Z�]  q�`�_�Z ” ). � \"�  Y�o2Z�c�]�^�]�_�`��  r q"[�Y%]�o�`�s	]�_�i0Z�c  `�[�Y�Z�\�m�k(Z�c X \ X [�m  [�Y�]�w�` X \�m0_�Z  o X k(o X�p Z2i X _�_ X �  s X \�Z�a X�p�X o�`�i�_ X �  j2[�i X _�Z�c"q X , Z p ]�[�Y%] l `�c X �B~ X �  `�k1_ X x�`�c X _�`�]  `  Z�^�_�Z�c�o�]1s	]�_�_�Z�]  o�]�_�i�a�]�_�Z�a�o X uA`�o�Z�c X _�`�]  s X i�](o�` X \�Z�c . z o�` p Z�\�Z�a*` l ]1[�q"`�]  `�[�Y%b6i X _%`��  Y�o2Z�c0Z�^�`�\�`  Y�Z  [�n�]�s	]  " c0o X ~ X ��~�`�t�[*�  ^�`�[�q�Z�c0b<t  Z p o X k1]�w  - _�]�Y%Z�^�c�`�� _�b<t  `�_�^�]�_�i0Z�o ". � X a*o"j�� ]�_�`�]  Y�Z�c�]�o"n�_�Z�[�i�`  i0o�]�_�`��  s	]�i X \�\�` l ]�[�q"`�n  s X i�](o�` X \�Z�c  Z�[�j2~y]�[�i�c0\"�"\�`  k X q�o�]�Y�\�]1_�_�b<s  X�p o X k1`%c"Z�s , \�` p Z  s	]*i X \�\�` l ]�[1q"`�s  `�_�^�]�_�i�Z�o2Z�s . 
� X a*o�j�� X �B~y]�]  j�[�i0o�Z�t�[�i�c�Z  Y�Z2k1c0Z"\"��\�Z  c  xB`�o2Z�q�Z�s  ̂�` X Y X k�Z�_%]  `�k�s	]�_��0i�m  j2^�]�\�m0_%j2�  _ X a*o�j�k1q�j . 

��� ]  c  i�] l ]�_�`�]  Y�]�o�c�b6n  [�]�q�j�_�^  c�Z2k(^�]�t%[�i�c"`��  _ X  Z p o X k1]�w  _ X�p \�� ^ X \�Z�[�m  [1`�\�m0_�Z�]  `�k1s	]1_�]�_�`�]  ^�`�uvo X q�w�`�Z�_�_�Z�t  q X o"i�`�_�b  – ^�`�uvo X q�w�`�Z�_�_%b<]  Y�`%q"`  [�sA]�~ X \�`%[�m , `�n  `�_�i�]�_�[�`�c�_�Z�[�i=m  j2s	]1_�m0x X \ X [1m , X  xy`�o�`�_ X  j2c"]�\�` l `Gc X \ X [�m . z X q"Z�]  Y�Z�c"]�^�]�_%`�]  ^�`�u4o X q"w�`%Z�_�_�Z�t  q X o"i�`�_%b  Z p j2[�\�Z�c�\�]�_%Z  i�]�s , 
l i=Z  c  Y�Z�c�]�o"n�_�Z�[�i�_�Z�s  [�\�Z�]  s X i�]�o�` X \2Z�c  c  o�]�k*j�\%m�i X i�]  `�_�i�]�_�[�`�c"_�Z�t  Y�\ X [*i�` l ]�[�q�Z�t  ^�]�u	Z�o�s X w%`�` , [�Z�Y�j0i�[�i�c�j2�B~�]1t  Y�o�Z�w�]�[1[�j  `�k1_ X xy`�c X _%`��  Z p o X k*j2]�i�[*�  uvo X a(s	]�_�i�`�o�Z�c X _�_ X �  [�i0o"j�q=i0j�o X  [  Y�Z�c0b<x�]1_�_�Z�t  Y�\2Z2i�_�Z�[�i=m=�  ^�`�[(\�Z�q X w�`�t  `  k1_ X�l `�i�]�\�m0_�b�s  j�o�Z�c"_�]1s  s	`%q�o�Z�_ X Y�o"�0� ]�_�`�t . }@o�`  ^�Z�[*i�`�� ]1_�`�`  Y�o�]�^�]�\�m0_�b6n  k1_ X�l ]�_%`�t  s	`�q0o�Z�_ X Y�o"��� ]�_%`�t  s	]�i X \�\  o X k(o"j2x X ]�i�[�� . 

�fZ�\�` l ]1[�i�c"]1_�_�j��  Z�w�]�_�q�j  o X k1s	]�o�Z�c  Z p \ X [�i=]�t  q�Z�a(]�o�]�_�i�_�Z�a*Z  o X [1[�]��2_�`��  
( q�Z�_�w�]�_�i=o X w�`�`  ^�`�[�\2Z�q X w�`�t ) `  Z p ~�]1t  j2Y�o�j�a(Z�t  sA`�q�o�Z�^�]�u	Z�o�s X w�`�`  q�o�`�[�i X \�\�` l ]�[�q�Z�t  o�]�xy]�i�q"`  c  Y�Z�c"]�o"n�_�Z�[�i�_�Z�s  [�\�Z�]  `�k(_ X xy`�c X ]�s	b	n  s X i�]�o�` X \�Z�c  Z�[�j2~�]1[�i�c�\"��\�`  s	]*i�Z�^2Z�s  a X o�svZ�_�` l ]1[�q"Z�a*Z  X _ X \2`�k X  Y�o�Z�u	`�\"�  o�]1_�i�a(]�_�Z�c�[�q"Z�t  \�`%_�`�` . 
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Accelerator Recuperator Source).  hiA�NWL�M  BJ?CM`b  L�M`B  O�?�A'?�<5@'A7BSZ7F  K  2000 H . E�<  w M$x�XGcCE�<W?�A'X�E�A'y  ZJA�E�dVMW?�M5E�p�FQF  “Synchrotron Radiation Instrumentation SRI-2000”  
( z�MW?'L�F�E , ^�MW?�Ue<5E�F'Y , 21-25 <$K7H{cCN`BS<  2000 H .). @'PeL  O�?�MWX�N`BD<5KDL�M5E  O�?'A�M5Z\B  F�N>BJA'a�E�F�ZS<  TVu  
MARS E�<  A�NIE�A�K7M  X�K5c7b  UeF�ZJ?�ACBJ?�A'E�A�K –?�M5Z5c'OQM\?�<>BSAG?CA�K  ( ;�F�N . 9). _
B\AG?�<>Y  N`B5cCO�M5EQj  c�NIZ7A'?�FGBSMWL7Y  F�UeM5M`B   O�<W?�<5UVM`BJ?�P : UV<5Z7N5FQUe<WL�jJE�<`Y  [IE�MW?�H$FGY  [IL�M5Z\B\?�A�E�A'K  − 6 ^�[W_ , N$?�MWX�E�F�y  BSA�Z  X'A  10 U|r , H>A'?�FG=$A�EGBS<$L�j5E�P�y  [\UeFGBIBS<5E�N  UeM$E�jJl:M  0.01 E�U ·?�<WX ,, ADBDE�A�N5FGBSM$L�jDE�P�y  ?�<`=I@7?�A�N  [JEQMW?�HWF�y  K  OGcSa�Z7M  − 0.001%. 

 ;�F�N .  9.   tsA'E�pQM5OGB5cC<WL�jJE�<`Y  N`bQM5UV<  F�N`BSA'a�E�FQZ7<  Tvu  MARS. 
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K)9�W)D)D  D  hiFM?>Z�=GW�DRD .  +
 2001 8M9�;<X  [�T�S>=  K�?>9�;>9�S�c
FGW)=  ?>=G[�9PH]=  K>9  7G9
@:;>=GW)D>j  7GBEFM?
N>K>?>9�BE9<;
IPO�D<N  B
DR8J8AS>FM?P9�B  ;�S
I  @C=M?
X>[�FMc
WRT\N  W)=CU
9>K)D<HEFMS>FCV  – D)7AH^9<dPW)D)UE9�B  0�,  ( k�=G[
S>DRY)=  3).  ,
@C8J9
HL9>B]S>FGW  D  D)7GK)T#HE=GW  K�?�9
HL9
H^D)K  7:B
FM?
N<K�?>9�BL9�;
IEOQFC8J9  17- D  K>9�S�j�7GW)9�8J9  BED)8J8AS>F:?>=  7  K)FM?>DR9<;P9�Z  d=14 7GZ  ;�S
I  W)=GUE9�K>D<HEF:S
I  BESSY-II (lmFM?�S>D)W , hiFM?>Z�=GW�D�I ), ;>9>7AHLDR8MW<XLHE9  Z#=GUE7GD)Z#=:S>_]W>9>F  K�9�S>F  + 0 = 7.35 knS . op?�9
HL9]H]D)K  7:9�7qHE9>DPH  D�@  HL?>FAN  Y)FGW<H^?>=MS>_LW)T\N  ;>D)K�9�S>FGV  7  K)9�S>FGZ  
+

0 ( K�?�9>FGUGHEW�9>F  + 0 = 7 knS ), ;>B^XEN  [�9�UE9�B
T#N  ;>D)K)9�S>FGV  7  K�9�S>FGZ  ¾ 
+

0 D  ;>BGX
N  [�9>U
9�B
T#N  ;>D)K>9<S>FCV  7  K>9<S>FGZ  ¼ 
+

0 . ,
@C8J9
HL9>B]S>FGW  D  D)7GKRT\HE=GW  K>?�9
HL9
HED)K  7MBEFM?
N>K>?>9�BL9�;
IEOQFG8J9  49- K�9�S�j�7GW>9�8J9  3.5 k  BED�8:8JS>FM?>=  7  K)FM?>D)9�;>9�Z  d=6 7GZ  ;�S
I  W)=GU
9>K)D<H]FMS
I  ELETTRA ( km?>DRFG7AH , ,`HE=:S>D<I ). or?P9PH^9PH]D)K  7M9>7AH^9�D<H  D<@  K<ILHED  Y)F:W<HL?>=MS>_LW)T#N  ;>D)K�9�S>FGV  7  K�9�S>FGZ  
+

0 = 3.5 kmS  ( ;P9�7AH]D)8MW�X]H]9  K�9�S>F  3.55 kmS ), ;>BGX
N  [�9>U
9�B
T#N  ;>D)KR9<S>FGV  7  K�9�S>FGZ  ¾ 
+

0 D  ;>B^XEN  [�9>U
9>B
T#N  ;>D)K)9�S>FGV  7  K)9
S>FGZ  ¼ 
+

0 . s.c
F  @C=GBEFM?>tQFGW>9  7C9]@:;>=GW)D)F  K)9�S>W>9�8J9  49- K>9<S�ju7GW�9>8J9  Z#=G8:W)D<HE=  D  ;>=CW)W)T6V  BLD)8J8JS>FM?  [
X�;>FAH  X>7JHE=GW)9>B]S>FGW  WR=  W)=GUE9�K)D<HEF:S>_  ELETTRA B  2002 8J9
;�X . 
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ki=G[
S>D)Y)=  3. ���������
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���������������
 
�������������
�

, 
�
��� �
��!���"��#�$����%&�#�

 
�
 ')(+*  

�
 2001 – 2002 

�
.
�
. 

 ,.-0/�1�- 2�3�1�4�3
 576�8  /�-�9;:
<�=

-
 

>?-�=@<
 9 6BA 3 , C

 

DE4�< A�6  9 6�A�F< 6�G  
( 6 <�1 + = 6BH�H .) 

I -0/
6�H , JKJ  

L A 4�1-
 M�NPOPQ&RTS  UVU  

W.XBY�Z$[0\
 U [�]�Z

. ^ Y�_�Z�[ , UKU  

`Ea�b�c
 [�d�a b

c�e@b�[
, U7U  

fgX;h
Z�X;iPc@j

 kml
, n `&c
 

o Z�a�b�] _B\
, p�q `

 

r7X n  d;e�s n [  a -,  t
 

HMI- 
(BESSY-II, 
Germany)) 

2002 7.0 13+4 21 72 1360 14 56 1.9 0.5 

ELETTRA 
(Italy) 

2002 3.5 45+4 18 30 1680 11 6 2 0.1 

 
  u b�X U a

 
c@X;]PX

, v  
Z�[�i0cwX
\
hxa�a

 v b�a U \  y [ v aPb�z#[�aPc@i0\
 

_ y ]PX�c{X v Y�a�Z�_�a  v c{X�b�X�]PX  c{b�a0|Bd�X�Y�}+i�Z�X�]PX
 
i v a�b�|Bd;b�X v X ^ \
h#a�]PX

 v _�]P]PY�a�b�[   (
zx_�~�c@a�b�[

) PSF-WLS 
i
 
d�X�Y�a U  7.5 

r�Y
 ^ Y�\  BESSY-II,  n X�c{X�b����

 � e ^ a0c  
e�iPc@[�Z�X v Y�a�Z  

Z�[
 
Z�[ n X;d$_Bc@a�Y�j  v  2002 

] X ^ e  (
d�a�b v ���

 d�X�i0c@[ v Y�a�Z  v  2000 
]
. 
_

 
e
i�d�a�zxZ�X

 
b�[ � X�c@[�a0c ). `�a ^ e�hx_ U _

 
b�[ y b�[ � X�c{s�_ n [ U _

 
d�b�X�a n c@X v  

_
 b�e n X v X ^ _�c@a�Y�\ U _  

b�[ � X�c  
d�X

 
i�X y ^ [�Z�_;}  

k W
 v _�] ]0Y�aPb�X v  

\ v Y�\�}�c@i0\
 � .

t
. 
f?a y a�Z���a v  

_
 
`

.
t

. � n [ bBe � [  ( lE���
 
k��

 � t � ). 
 

     
 
� _�i . 10.  

W)b�X�cwX
c�_�d;�
 
i v a�b�|Bd;b�X v X ^ \
h#a�]PX

 17-
_

 
d;X�Y�}+i�Z�X�]PX

 v _�]P]0Y�a b�[  i  d�a b�_�X ^ X U  d=14 i U  ^ Y�\  BESSY-II (
i�Y�a v [ ) _  

i v a b�|�d;b�X v X ^ \�hxa�]PX
 3.5 

r
 v _$]P]0Y�a�b�[  i  d�a�b�_�X ^ X U  d=6 

i U  ^ Y�\  Z�[ n X;d$_Bc@a�Y�\  ELETTRA (
i�d;b�[ v [ ) d$a�b�a ^  

d;X�]Pb�e���a�Z�_�a U  v  n b�_�X;iPc@[0c . 
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3.4  ���������	��
  �  
��������  ���  5 �  �����  ������
���
�������������  
��   "!#
�$% '&  ��(  ��)+*%* -3. 
  
 ,.-"/�021�32054'6  7�45859�/"-535-'851�:�;=<  >@?�A�/�4'B�/5;C<  7�427DB�1�>  E�1GF  427�35-�859DF#-5:H?�/�4'6  
7�:�1�IH<53"I5-5:�-'J54�>K-57DB�4  :H3�1�I5:�;�1  E�;L85?  3"I51#J�8�-�MN1�/2?  7�-HB�IHO�J5/242PH-5>  Q.RNS  T .U . V�-5EH85;L>  /2?  
-57�/"-5:H1  ?�/2?�8�4�F�?  3"I51�J51�859�/2;=<  :�-WF�>X-HMN/"-57DB�1�Y  AG42EHI54"J5/2;=<  7�427DB�1�>  ( 32-57DBZ-W6�/�/2;LY  >=?�AG/24'B  
4'F  7�3"85?�:�-":  I51�J5P�-HF�1�>=1�859�/5;C<  [�851�>@1�/'B�-5:  + [�851�PZB�I5-5>=?�A#/"4�B  + MN1�851DF�/5;�Y  
>=?�A#/24'BZ-�3"IW-":�-�J ) 3"I54  -�ADI5?�/�4"\51�/2/5-�Y  ( J�-  100 PZVLB ) >K-5]^/"-57DB�4  427DBZ-'\5/�42PH?  324HB�?�/�4'6 .  
_ BZ-"E�;  321�I51�:�1�7DB�4  3"I5-�:�-�J542>=;`1  /2?  V`aCTNT -3 [�P�7�321�I542>@1�/'B�;  3�-  427�7#851�J5-�:H?�/�4"b  

J51DB�-5/2?�0�424  /2?  /5-�:H;LY  P�?�\51�7DB�:�1�/2/2;`Y  O�I5-5:H1�/29 , /21#-5E�<5-�J542>K-  OW:H1�854"\51�/2421  42/'B�1�/27�42:�/"-57DBZ4  
3"O�\5PH?  cKQ  4  7�>=1�]%1�/2421  7�321�P�B�I5?  4'F#8'OW\51�/24'6  :  E�-�851�1  MN1�7DB�P�O�b  -"EH85?�7DB�9 . Td-W[#B�-5>eO  :  
PH-5/2021  2000 A . E�;L8�-  3"I545/'6�B�-  3"I542/�0"423�42?�859�/"-51  I51�fg1�/24�1  -5E  OW7DB�?�/2-5:HPH1  /�?  V�a=TNT -3 
7�4"859�/5-"35-�851�:�-�AG-  A#42EHI54"J5/�-�AG-  :�4"A#AG851�I5?  4  I5?�7�7�>K-HB�I51�/2;  :�?�I542?�/HB�;  1�AG-  I51�?#854WF�?�0�424 .  
V  2001 A . 3"I5-5:H1�J51�/  -"P�-5/"\5?DB�1�859�/5;�Y  321#I51�7�>X-WB�I  >=?�A�/24�B�/5-"Y  7G<51�>=;  3- <  32-'8�bd7�/2-�AG-  

:H4�AGAD851�I5?  A#42EHI54"J5/5-"AG-  B�4"3�?   J�8H6  3�-'8HO�\51�/24"6  >=?�PH7�42>=?�859�/5-"AG-  35-�8H6  5 h  3"I54  
>=1�MN35-�8�b^7�/5-">  F�?DFD-'I51  20 >=> . ij?�A#/24'B�/�?D6  7D<�1�>=?  3�1�I51�7�>=-HB�I51�/�?  7  021�859�b  
427�3�-'8W9�FD-":�?�/54'6  35-'85/5-"Y  >X-5]k/5-57DB�4  427DBZ-'\5/542PH?  324'B�?�/24'6 . V�;`3"-�85/21�/5;  B�1#-'I51DB�4"\51�7�P�421  
427�7#851�J5-":�?�/24'6  3"-  :�8�4'6W/24"b  :�42AGAD851#I5?  /2?  J54"/2?�>K42P�O  3"OW\5PH?  [�851�P�B�I5-"/�-":  :  /2?�PH-�324'B�1�851  
V`a=TlT -3 4  :�;+I5?�E�-HB�?�/5;  7#-�-WBZ:H1DB�7DB�:ZO�b^]%421  B�I51�E�-5:H?�/24'6  /2?  P�-�/27DB�IHO'PH024"b  :�42AGAG851�I5? . 

c  OH\51GB�-">  :�;�EHI5?�/�/"-5Y  >=?�AG/24'B�/5-"Y  7D<51�>=;  4  OW7�PH-�I54'B�1�859�/2;=<  B�I51�E�-5:H?�/542Y  3"IW-�:H1�J51�/2?  
-53'B�4�>=4WF�?�024'6  P�-"/27GB�IHOWPH02424  :H4�A�AG851�I5?  4  32-�J5AG-HB�-�:�851�/"-  B�1D<5/245\51�7�PH-51  F�?�J5?�/2421  J�8H6  
PH-5/27DBZIHO�45I5-":�?�/24'6 . V.;�35-H85/21�/5-  PH-�/�7DB�IHOW4"I5-5:H?�/24�1 , 3"IW-":�1�J51�/2?  B�1D<'/2-'85-�A#4"\51�7�PH?D6  
3"I5-�I5?�EH-HB�P�?  \51�IHB�1�MN1�Y  4  /�?�\5?DBZ-  4HF�AG-WBZ-�:�851�/2421  [�851�>@1�/'B�-�:  :�4�AGAD851�I5? . TmI�-�I5?�E�-WB�?�/2?  
B�1D<'/2-�85-�A�4'6  7�E�-'I5P�4  :H45A#AD851�I5?  7  O�\51DBW-">  I5?�7�\54'B�?�/5/2;=<  J51�Y27GB�:�O�b^]g4"<  
[�851�PZB�I5-5>=?�A#/24HB�/2;=<  7�4"8  -�B  35-57DB�-H6�/2/�;C<  >=?�AG/24'BZ-�:  4  [�851�PZBZI5-">=?#A#/24'B�? .  
V.;`32-'8W/21�/2;  I5?�7�\51DB�;  32-  :�854'6W/24"b  -"f%42EH-5P  32-57DBZ-�6W/2/2;C<  >=?�A#/24'BZ-":  /�?  PH?�\51�7GB�:H-  3"-�8H6  

:  :H42AGAG851�I51 . Tm-  I51DFGO�859�B�?DB�?�>  [#B�4"<  I5?�7�\51DB�-":  OW7�B�?�/�-�:�851�/2;  B�I51�E�-�:�?�/24'6  4  7�-57DB�?�:�851�/2?  
7�321�0242n=42P�?�024'6  /2?  3"-57DBZ-W6W/2/2;`1  >=?�AG/24'B�;  J�8H6  :�42AGAo851#I5? . 

TpI5-�I5?�E�-HB�?�/2?  A#1�-�>@1DB�I54'6  3'O�\2P�-":  cKQ  4'F  :H4�A�Ao851�I5?  /2?  /2?�PH-5324'B�1�851  V`a=TlT -3, 
I5?�7�\54�B�?�/2;  7�321�P�B�I5;  cKQ  J�8H6  I5?GF#854"\5/";=<  I51�MN4�>=-�:  I5?�E�-�B�;  /2?�P�-53"4�B�1�8H6 . q5?�:H1�IWfg1�/5-  
PH-5/27DBZIHO�45I5-":�?�/2421  :H?�P�OHOW>=/2-5Y  PH?�>=1#I5;  4  35I5421�>=/24�P�-5:  4'F#8HO�\51�/24�6  J�8H6  3�-"7DB�?�/2-5:HPH4  
:H4�AGAD851�I5?  /2?  /2?�P�-�324'B�1#859 . r^?�\5?GB�-  4�<  4'F�AG-�BZ-�:�851�/�421 . q5?�:H1#I�fg?�1DB�7D6  I5?DF#I5?�E�-HB�P�?  4  
32-�J5AG-WBZ-�:HP�?  7�427DB�1�>=;  >=?#A�/24�B�/";=<  4'F�>=1�I51�/242Y  J�8H6  ?DB�B�1�7GB�?�02424  :�42AGAD851#I5? . V.1�J�OW]g421  
I5?DF#I5?�E�-HB�\542P�4  3"I�-51�P�B�?  – T . U . V`-5EH85;�Y  4  s .Q . tN/'B�-H<542/  ( Q.RlS  cLu  v�t�r ).  

 
 
3.5  wg�2��&������5��
x$ . 
 

V  2001 A#-'JHO  E�;L85-  4'F�AG-WBZ-�:�851�/"-  4  /�?�7DB�IW-"1#/2-  J5:H?  PH:H?GF#42321#I54"-�J54"\51�7�P�4'<  
[�8�85423'B�4"\51�7�PH4'<  -5/"J'O�8H6�B�-�I5?  J�8542/�-"Y  4.5 >  PH?�M�J5;`Y , 7  3�1�I54"-�J5-�>  21.2 7�> , 
:H1#IHB�42PH?#859�/�;�>  3"-�851�>  0.52 h	8  4  AG-'I54'FD-�/'B�?�859�/2;L>  35-�851�>  0.12 h	8  J�8H6  /2?�PH-�3�4'B�1�8H6  SLS  
(Paul Scherer Institute, AG-'I . Yilligen,  yz:�1�Y202?#I54'6 ). uN/"JHO�8H6�B�-�8�I5;  321�I51�J5?�/2;  F�?�PH?DF#\542P�O , 
O57GB�?�/2-5:�851�/�;  /2?  SLS 4  :  /2?�7DBZ-H6�]g1�1  :�I51�>e6  /2?  /24H<  O�MN1  3"I5-5:�-'JH6�B�7G6  [ZPH7�3�1�I542>=1�/�B�; .  

,`I5-">@1  B�-5AG- , /2?�\5?DB�?  I5?DF#I5?�E�-HB�PH?  J5:�OH<  7�:H1�IH<53"I5-5:�-'JH6W]%4'<  -5/"JHO�8H6�B�-'I5-5: . 
V.;�32-�8�/�1�/2;  I5?�7�\51GB�;  >=?#A�/24�B�/";=<  32-�851�Y  4  IW?DF#I5?�E�-HB�?�/2?  3"I54�/20"4�3242?�859�/2?D6  7D<51�>=?  
PH-5/27DBZIHO�P�02424  100- 321�I542-�J5/5-"AG-  1.0 h  3"8W-"7�PH-�AG-  -5/"JHO�8H6�B�-'I5?  7  321#I542-'J5-5>  d=18 >@> .  
V.;�32-�8�/�1�/"-  PH-5/27DB�IHOW4"I5-5:H?�/�421  100- 321�I545-'J5/5-�AG-  1.2 h  7�3�4"I5?�859�/2-�AG-  -�/"J�O�8H6�B�-'I5?  7  
321�I54�-'JW-">  d=25 >X> .  
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4. ���������
	���
  �������������������  ��
�	������  ������� ����!"��#�
$�������  ���$�&%'
(�)� *)� 	���+  	��  
���,	��-*)
  !.� /0	��-���  %'� �1
-���  	��  ��*2�����3��	�45�  6(%'
��2���2�-	��
�  
 7�8:9<;>=$?

 @ 8  A�B(C$D(C�E$@ ?GF  H�I ;<JLKM= C$@ 8NF  (
7'O�P

) Q-C 9 BMC�I(R1S K  Q$C�I(T(U 8:K1V  W�C,@XC F&= C�W 8NK1Y U ; A J C ;  Y�9 I(T&U ; @ Y-;  @ 8  I�SZD�C,[  
9<8 E 8 @-@,C$[  E�I Y @ ;  BMC�I$@ ? . \  @ 8 A K C(R1] ;�;  B =$; W^R  B  W Y,=$;  B ; E(T K A>R  Y @ K_; @-A Y B1@ ?�;  =$8 D�C KL?  Q,C  A`C 9 E 8 @ Y S  WaC�]b@ ?GF  ( > 1 

J \ K  A =$; E$@ ; [  W�C$]c@$C$A K1Y ) 
7�O�P

. d = C,D(I ; W�T  A�C$A K18 BMI(R ;:K  K18<J_ef;  C K @,C$A Y�K_; I V @,C  g Y,= C J18 R  I Y @ Y R  h ; @ ;>=$8<i,Y-Y  ( C,D ? U$@,C  D�C�I ;�;  
0.1%) ANT&] ; A K B_T�Sj] Y�F  kml  I 8N9<;>= C$B . n�I(R  A`C 9 E 8 @ Y R  Q = C�W ? gcI ; @X@ ?GF  o�C K C F$Y W Y U ; A J1Y�F  K1;NF @-C�I$C�h Y [  KL=$; D&T ;NK ANR  E$C$A K1Y U V  T = C$B(@�R  A =$; E$@ ; [  W�C�]"@$C,A K_Y  ~ 10 

J \ K  Y  D1C�I ;<;  Q =$Y  W�C�@$C F&= C,W 8NK1Y U$@$C,A KMY  @ ;  F T ef;  @ ; A J C�I VMJ(Y�F  A�C K1?GF  Q = C i-; @ K18 . p 8 D�C K_?  Q$C  A`C 9 E 8 @ Y S  
7'OGP

 B  p C$A�A YXY  B ; E�T K ANR , B  C,A<@,C$BM@,C$W , B  k�qfr  
O2s

 
put�v

, h:E ;  Q-C�I(T1U ; @-C  W�@$C$h:C  B 8>e @ ?�F  H J A�Q ;>=$Y W ; @ K18 I V @ ?GF  Y  
K_; C =$;:K1Y U ; A J1Y�F  =$;N9 T1I V<K_8NK C$B  B  H K C,[  C$D(I 8 A K1Y . \  U 8 A K @$C,A K_Y , 

7�O�P
, 
9<8 Q�T�] ; @-@ ? [  B  1989 h`C�E(T , E�I Y�K1; I V @XC ;  B =$; W^R  C,A K18 B 8 I$ANR  A 8 W ? W  

J C = C K1J C�BMC�I$@,C$B ? W  B  W Y,=$; . l�C�@ i,; Q i-Y R  A�C 9 E 8 @ Y R  WaC$]j@,C$h:C  7�O�P
, =$8N9`=$8 D�C K18 @X@ 8 R  B  k'qfr , Q =�Y�9 @ 8 @ 8  @ 8�Y D�C�I ;<;  Q ;`= A�Q ;�J�K1Y B(@$C$[  D1C�I V g Y @-A K BMC,W  A�Q ;<i-Y-8 I Y A K C�B  Q$C  

7�O�P
. 
p ;:9 T(I V>K18:K1?  H K1Y,F  Y A�A>I ; EXC,B 8 @ Y [  @ ; C�E$@$C JM=$8NK @$C  E$C J I 8 E ? B 8 I Y A V  @ 8  A ; W Y @ 8>=$8NF  B  p C,A�A Y-Y  

Y
 
9<8
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7�8:9<;>= @ ? [  
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