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�Ê¸± ¨ ¨¸¸²¥¤µ¢ ´¨Ö µ¸´µ¢´ÒÌ Ì · ±É¥·¨¸É¨± ·¥ ±Éµ·  ˆ��-2
¸ ´µ¢Ò³ ³µ¤Ê²ÖÉµ·µ³ ·¥ ±É¨¢´µ¸É¨ £¥É¥·µ£¥´´µ£µ É¨¶ 

�·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶Ê¸±  ¨ ¨¸¸²¥¤µ¢ ´¨° µ¸´µ¢´ÒÌ Ì · ±É¥·¨¸É¨± ·¥ ±-
Éµ·  ˆ��-2 ¸ ´µ¢Ò³ ³µ¤Ê²ÖÉµ·µ³ ·¥ ±É¨¢´µ¸É¨ £¥É¥·µ£¥´´µ£µ É¨¶  ��-3. 	ÉµÉ
³µ¤Ê²ÖÉµ·, ¸µ§¤ ´´Ò° ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É ± ´ §Ò¢ ¥³µ£µ ®É¥´¥¢µ£µ¯ ÔËË¥±É 
¶·¨ µÉ· ¦¥´¨¨ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢, ¡Ê¤¥É ¨³¥ÉÓ §´ Î¨É¥²Ó´µ ¡µ²¥¥ ¤²¨É¥²Ó´Ò°
·¥¸Ê·¸ · ¡µÉÒ (¤µ 20 ²¥É), ¶· ±É¨Î¥¸±¨ ´¥ ÊÌÊ¤Ï Ö Ì · ±É¥·¨¸É¨± ·¥ ±Éµ·  ¶µ
¸· ¢´¥´¨Õ ¸ ¶·¥¦´¨³ ¶µ¤¢¨¦´Ò³ µÉ· ¦ É¥²¥³. �µ ¨Éµ£ ³ ¶Ê¸±  2004 £. ¤²¨-
É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¸µ¸É ¢¨²  245 ³±¸, Ëµ´µ¢ Ö ³µÐ´µ¸ÉÓ Å 8,8 % µÉ
¸·¥¤´¥° ³µÐ´µ¸É¨, ÔËË¥±É¨¢´µ¸É¨ µ·£ ´µ¢ ·¥£Ê²¨·µ¢ ´¨Ö ¨ § Ð¨ÉÒ ·¥ ±Éµ· ,
  É ±¦¥ Ë²Ê±ÉÊ Í¨¨ ³µÐ´µ¸É¨ ´¥ ¨§³¥´¨²¨¸Ó.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ´¥°É·µ´´µ° Ë¨§¨±¨ ¨³. ˆ. Œ. ”· ´± 
�ˆŸˆ.
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Startup and Investigation of the Basic Characteristics of the IBR-2
Reactor with a New Reactivity Modulator of Heterogeneous Type

The results of the startup and of the investigation of the basic characteristics
of the IBR-2 reactor with the new reactivity modulator (moving re
ector) of the
heterogeneous type, MR-3, are discussed. The modulator created to employ the
principle of the so-called ®shadow¯ effect at fast neutron re
ection will have a
longer operation resource (up to 20 years) without any practically notable decrease
in the parameters of the reactor compared to those of the reactor with the previous
re
ector. According to the 2004-startup results the power pulse duration is 245 µs,
the background power is 8.8% of the mean power, the effectiveness of the reactor
control rods and of the reactor safety system as well as the power 
uctuations level
remain unchanged.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2004



1. ��ˆ�–ˆ�› Œ�„“‹Ÿ–ˆˆ �…�Š’ˆ‚��‘’ˆ ‚ �…�Š’��… ˆ��-2

ˆ³¶Ê²Ó¸´Ò° ¨¸¸²¥¤µ¢ É¥²Ó¸±¨° ·¥ ±Éµ· ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö Å ÔÉµ
·¥ ±Éµ· ´  ¡Ò¸É·ÒÌ ´¥°É·µ´ Ì, · ¡µÉ ÕÐ¨° ¢ ·¥¦¨³¥ ¶¥·¨µ¤¨Î¥¸±¨ ¨ Î -
¸Éµ ¶µ¢Éµ·ÖÕÐ¨Ì¸Ö ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨. …£µ £² ¢´ Ö µÉ²¨Î¨É¥²Ó´ Ö µ¸µ-
¡¥´´µ¸ÉÓ Å ´ ²¨Î¨¥ ³¥Ì ´¨Î¥¸±µ£µ ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨ Å ¶µ¤¢¨¦´µ£µ
µÉ· ¦ É¥²Ö (��), ±µÉµ·Ò° µ¡¥¸¶¥Î¨¢ ¥É Í¨±²¨Î¥¸±¨° ¶·µÍ¥¸¸ £²Ê¡µ±µ£µ ¨§-
³¥´¥´¨Ö ·¥ ±É¨¢´µ¸É¨ ¢ É¥Î¥´¨¥ ´¥µ£· ´¨Î¥´´µ£µ ¢·¥³¥´¨. �¤¨´ · § §  Í¨±²
¤²¨É¥²Ó´µ¸ÉÓÕ 0,2 c ·¥ ±Éµ· ˆ��-2 ´  ±µ·µÉ±µ¥ ¢·¥³Ö, ³¥´¥¥ µ¤´µ° ³¨²-
²¨¸¥±Ê´¤Ò, ¶¥·¥¢µ¤¨É¸Ö ¨§ ¸µ¸ÉµÖ´¨Ö £²Ê¡µ±µ° ¶µ¤±·¨É¨±¨ (KÔË

∼= 0, 97) ¢
´ ¤±·¨É¨Î¥¸±µ¥ ¸µ¸ÉµÖ´¨¥ ¶µ ³£´µ¢¥´´Ò³ ´¥°É·µ´ ³. 	Éµ ¸µ§¤ ¥É ¨³¶Ê²Ó¸
³µÐ´µ¸É¨ ¤²¨É¥²Ó´µ¸ÉÓÕ 220 ³±¸ ¶·¨ ´¥§´ Î¨É¥²Ó´µ³ Ëµ´¥ ³¥¦¤Ê ¨³¶Ê²Ó-
¸ ³¨ (µ±µ²µ 7 % µÉ ¸·¥¤´¥° ³µÐ´µ¸É¨). �µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó µ¶·¥¤¥²Ö¥É
¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ˆ��-2 Å ¢ ¦´¥°Ï¨° ¶ · ³¥É·, µÉ ±µÉµ-
·µ£µ § ¢¨¸¨É · §·¥Ï¥´¨¥ ´¥°É·µ´´µ£µ ¸¶¥±É·µ³¥É·  ´  ¶ÊÎ± Ì ·¥ ±Éµ·  ± ±
¢ ¤¨Ë· ±Í¨µ´´ÒÌ Ô±¸¶¥·¨³¥´É Ì, É ± ¨ ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ ³¥Éµ¤µ³ ´¥Ê¶·Ê£µ£µ
· ¸¸¥Ö´¨Ö ´¥°É·µ´µ¢. „²Ö ˆ��-2 ¶·¨´ÖÉ  ¸Ì¥³  [1, 2], ¶·¨ ±µÉµ·µ° ³µ¤Ê²Ö-
Í¨Ö ·¥ ±É¨¢´µ¸É¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¶¥·¥³¥Ð¥´¨Ö µ¸´µ¢´µ£µ ¨ ¤µ¶µ²´¨-
É¥²Ó´µ£µ µÉ· ¦ É¥²¥° ´¥°É·µ´µ¢ µ±µ²µ  ±É¨¢´µ° §µ´Ò (·¨¸. 1). �µ¤¢¨¦´Ò°
µÉ· ¦ É¥²Ó Å ³µ¤Ê²ÖÉµ· ·¥ ±É¨¢´µ¸É¨ Å ¢Ò¶µ²´Ö¥É¸Ö ¢ ¢¨¤¥ ¤¢ÊÌ ²µ¶ ¸É¥°
¸²µ¦´µ° ±µ´Ë¨£Ê· Í¨¨, ¨³¥ÕÐ¨Ì ¤¨ ³¥É· 2,4 ³ ¨ ³ ¸¸Ê ´¥¸±µ²Ó±µ ¸µÉe´
±¨²µ£· ³³µ¢ ± ¦¤ Ö, ¢· Ð ÕÐ¨Ì¸Ö ¸¨´Ì·µ´´µ ¸ · §´Ò³¨, ´µ ±· É´Ò³¨ ¸±µ-
·µ¸ÉÖ³¨ ¢ ¶²µ¸±µ¸É¨, ¶ · ²²¥²Ó´µ° µ¤´µ° ¨§ Ï¥¸É¨ £· ´¥°  ±É¨¢´µ° §µ´Ò
·¥ ±Éµ· . ˆ³¶Ê²Ó¸ ³µÐ´µ¸É¨ ¢µ§´¨± ¥É ¶·¨ µ¤´µ¢·¥³¥´´µ³ ¶·µÌµ¦¤¥´¨¨
µ¡¥¨Ì ²µ¶ ¸É¥° µ±µ²µ §µ´Ò. �µÉµ· ¤µ¶µ²´¨É¥²Ó´µ£µ µÉ· ¦ É¥²Ö („��) µ¡· -
Ð ¥É¸Ö ¸ Î ¸ÉµÉµ° ¶Ê²Ó¸ Í¨¨ ·¥ ±Éµ·  5 ƒÍ,   µ¸´µ¢´µ° µÉ· ¦ É¥²Ó (���)
¢· Ð ¥É¸Ö ¸ ¡µ²ÓÏ¥° ¸±µ·µ¸ÉÓÕ, µ¶·¥¤¥²ÖÕÐ¥° ¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸ , ±µ-
Éµ· Ö ¤²Ö ¶ · ¡µ²¨Î¥¸±µ£µ § ±µ´  ¨§³¥´¥´¨Ö ·¥ ±É¨¢´µ¸É¨ µ¶·¥¤¥²Ö¥É¸Ö ¸µ-
µÉ´µÏ¥´¨¥³

θ1/2
∼= 1,4(τ/αω2)1/3, (1)

£¤¥ τ Å ¢·¥³Ö ¦¨§´¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢; α Å ¶ · ³¥É· ¶ · ¡µ²Ò, µ¶¨-
¸Ò¢ ÕÐ¨° Ìµ¤ ·¥ ±É¨¢´µ¸É¨ ¢ ¥¤. KÔË (£· ¤Ê¸ ���)−2 ¢¡²¨§¨ ³ ±¸¨³Ê³ 
·¥ ±É¨¢´µ¸É¨,   ω Å Ê£²µ¢ Ö ¸±µ·µ¸ÉÓ ¢· Ð¥´¨Ö ���.

„µ¶µ²´¨É¥²Ó´Ò° ¶µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó Í¥²¥¸µµ¡· §´µ · §³¥Ð ÉÓ § 
µ¸´µ¢´Ò³ µÉ· ¦ É¥²¥³, · ¸¶µ²µ¦¥´´Ò³ ¡²¨¦¥ ±  ±É¨¢´µ° §µ´¥; ÔÉµ Ê¢¥²¨Î¨-
¢ ¥É Ê£µ² µ¡§µ·  ·¥ ±Éµ·  Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ Ê¸É·µ°¸É¢ ³¨. ‚ Éµ ¦¥ ¢·¥³Ö
É ±µ¥ · ¸¶µ²µ¦¥´¨¥ µÉ· ¦ É¥²¥° ¶·¨¢µ¤¨É ± ¢µ§´¨±´µ¢¥´¨Õ É ± ´ §Ò¢ ¥³µ£µ
É¥´¥¢µ£µ ÔËË¥±É  ·¥ ±É¨¢´µ¸É¨, ¶·¨Î¨´µ° ±µÉµ·µ£µ Ö¢²Ö¥É¸Ö Ô±· ´¨·µ¢±  µ¤-
´µ£µ ¡²µ±  µÉ· ¦ É¥²Ö ¤·Ê£¨³.
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�¨¸. 1. ‘¥Î¥´¨¥ ·¥ ±Éµ·  ˆ��-2 ¸ ³µ¤Ê²ÖÉµ·µ³ ·¥ ±É¨¢´µ¸É¨ ®£µ³µ£¥´´µ£µ¯ É¨¶ 
(„��-É·¥§Ê¡¥Í). 1, 2 Å ²µ¶ ¸É¨ „��, 3 Å ²µ¶ ¸ÉÓ ���

‚ Î ¸É´µ¸É¨, ¥¸²¨ „�� ¨³¥¥É ¢¨¤ ¡²µ±  c Ï¨·¨´µ°, · ¢´µ° Ï¨·¨´¥
���, Éµ ¶·¨ ¸³¥Ð¥´¨¨ ��� ¨§ ¶µ²µ¦¥´¨Ö ³ ±¸¨³Ê³  ·¥ ±É¨¢´µ¸É¨ ±· °
„�� ®µÉ±·Ò¢ ¥É¸Ö¯ ¤²Ö ´¥°É·µ´µ¢ ¨§  ±É¨¢´µ° §µ´Ò. ‘µµÉ¢¥É¸É¢¥´´µ ¢µ§· -
¸É ¥É µÉ· ¦¥´¨¥ ´¥°É·µ´µ¢ µÉ „�� ¢  ±É¨¢´ÊÕ §µ´Ê, ¨ ÔÉµ ¤µ¡ ¢²Ö¥É ¶µ²µ-
¦¨É¥²Ó´Ò° ÔËË¥±É ·¥ ±É¨¢´µ¸É¨ ± µ¸´µ¢´µ³Ê µÉ·¨Í É¥²Ó´µ³Ê ÔËË¥±ÉÊ ¨§-§ 
¶¥·¥³¥Ð¥´¨Ö ��� ¢ µ¡² ¸ÉÓ ³¥´ÓÏ¥£µ ´¥°É·µ´´µ£µ ¶µÉµ± . ‘µµÉ¢¥É¸É¢¥´´µ,
±µÔËË¨Í¨¥´É ¶ · ¡µ²Ò ·¥ ±É¨¢´µ¸É¨ α É ±µ£µ ³µ¤Ê²ÖÉµ·  ¡Ê¤¥É ³¥´ÓÏ¥,
Î¥³ ¶·¨ ¸³¥Ð¥´¨¨ µ¤¨´µÎ´µ£µ ¡²µ±  µÉ· ¦ É¥²Ö. 	ÉµÉ ÔËË¥±É ¶·¨¢µ¤¨É ±
Ê¢¥²¨Î¥´¨Õ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨.

‘ Í¥²ÓÕ ¸´¨¦¥´¨Ö ¢²¨Ö´¨Ö ®É¥´¥¢µ£µ¯ ÔËË¥±É  ·¥ ±É¨¢´µ¸É¨ ´  ˆ��-2
¨¸¶µ²Ó§µ¢ ²¨¸Ó ³µ¤Ê²ÖÉµ·Ò ·¥ ±É¨¢´µ¸É¨ ¸ ¤µ¶µ²´¨É¥²Ó´Ò³¨ ¶µ¤¢¨¦´Ò³¨
µÉ· ¦ É¥²Ö³¨ ¢ ¢¨¤¥ ®É·¥§Ê¡Í ¯. ’·¨ É ±¨Ì ³µ¤Ê²ÖÉµ·  ��-1, ��-2, ��-2�
· ¡µÉ ²¨ ´  ˆ��-2 ¸ ³µ³¥´É  ¶Ê¸±  ¤µ 2003 £., ¶µ 6Ä7 ²¥É ± ¦¤Ò°.

�¤´ ±µ ¢·¥¤´Ò° É¥´¥¢µ° ÔËË¥±É ·¥ ±É¨¢´µ¸É¨ ¶·¥¢· Ð ¥É¸Ö ¢ ¶µ²¥§´Ò°
¶·¨ ®£¥É¥·µ£¥´´µ°¯, ¨²¨ ®·¥Ï¥ÉÎ Éµ°¯, ¸É·Ê±ÉÊ·¥ µ¡µ¨Ì ��. ˆ¤¥Ö É ±µ£µ
³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨ ¡Ò²  ¶·¥¤²µ¦¥´  ¥Ð¥ ¢ 1971 £. [3]. ‘ÊÉÓ ¥¥ ¢ Éµ³,
ÎÉµ ·¥Ï¥ÉÎ ÉÊÕ ¸É·Ê±ÉÊ·Ê ¨³¥ÕÉ µ¡  �� Å ¨ µ¸´µ¢´µ° ¨ ¤µ¶µ²´¨É¥²Ó´Ò°,
¤¢¨£ ÕÐ¨¥¸Ö ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ (·¨¸. 2). ‚¶·µÎ¥³, · §¤¥-
²¥´¨¥ ´  µ¸´µ¢´µ° ¨ ¤µ¶µ²´¨É¥²Ó´Ò° É¥¶¥·Ó Ê¦¥ Ê¸²µ¢´µ: µ¡  µÉ· ¦ É¥²Ö
· ¢´µ¶· ¢´Ò ¢ ¸³Ò¸²¥ µ¡¥¸¶¥Î¥´¨Ö ³µ¤Ê²ÖÍ¨¨ ·¥ ±É¨¢´µ¸É¨. Œµ¤Ê²ÖÍ¨Ö ·¥-
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�¨¸. 2. �µ¢Ò° ³µ¤Ê²ÖÉµ· ·¥ ±É¨¢´µ¸É¨ ·¥ ±Éµ·  ˆ��-2

 ±É¨¢´µ¸É¨ ¨³¥¥É ±¢ §¨£ ·³µ´¨Î¥¸±¨° ¢¨¤ ¸ ¶¥·¨µ¤µ³, · ¢´Ò³ L/v, £¤¥ L Å
Ï £ ·¥Ï¥É±¨,   v Å ¢§ ¨³´ Ö ¸±µ·µ¸ÉÓ ¤¢¨¦¥´¨Ö µÉ· ¦ É¥²¥°. Š·¨¢ Ö ·¥ ±-
É¨¢´µ¸É¨ ´¥¸¥É ´¥¸±µ²Ó±µ ³ ±¸¨³Ê³µ¢ (Î¨¸²µ ±µÉµ·ÒÌ · ¢´µ Î¨¸²Ê §Ê¡Ó¥¢ ¢
Éµ³ µÉ· ¦ É¥²¥, £¤¥ ¨Ì ¡µ²ÓÏ¥). �µ  ³¶²¨ÉÊ¤  ³µ¤Ê²ÖÍ¨¨ ∆K ¢ ®¡µ±µ¢ÒÌ¯
¶¨± Ì ¡Ò¸É·µ Ê³¥´ÓÏ ¥É¸Ö µÉ´µ¸¨É¥²Ó´µ Í¥´É· ²Ó´µ£µ, ´ ¨¡µ²ÓÏ¥£µ ¶¨± 
·¥ ±É¨¢´µ¸É¨ ¢¢¨¤Ê ±µ´¥Î´µ£µ · §³¥·  �� ¨  ±É¨¢´µ° §µ´Ò. Œ ±¸¨³ ²Ó´ Ö
¸±µ·µ¸ÉÓ ³µ¤Ê²ÖÍ¨¨ ·¥ ±É¨¢´µ¸É¨

γ =
2π · v

L
· ∆K,

µÎ¥¢¨¤´µ, µ¶·¥¤¥²Ö¥É¸Ö · §³¥· ³¨ Ô²¥³¥´Éµ¢ �� ¨, ± ± ¶µ± § ²¨ ¶·¥¤¢ -
·¨É¥²Ó´Ò¥ µÍ¥´±¨ ¨ ¶µ¸²¥¤ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´ÉÒ, ³µ¦¥É ¡ÒÉÓ §´ Î¨É¥²Ó´µ
¢ÒÏ¥, Î¥³ Ê ®£µ³µ£¥´´µ£µ¯ ��. ‚ 1983 £. ¢ ¡µ²ÓÏµ° ¸¥·¨¨ µ¶ÒÉµ¢ ´ 
¸É¥´¤¥ 	��‘-2 ¡Ò²¨ ¨§ÊÎ¥´Ò · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ ³µ¤Ê²ÖÉµ·µ¢ ¨§ · §´ÒÌ
³ É¥·¨ ²µ¢ [4]. ‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ·¥ ±Éµ·  ˆ��-2 ¡Ò² ¶·¥¤²µ¦¥´ ³µ¤Ê²ÖÉµ·
£¥É¥·µ£¥´´µ£µ É¨¶  ¤²Ö · ¡µÉÒ ´  ¡µ²ÓÏ¨Ì ¸±µ·µ¸ÉÖÌ ��� ¨ „�� (1500 ¨
1200 µ¡/³¨´).

‡´ Î¥´¨¥ ¶·µ¨§¢µ¤´µ° ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ¶µ Ê£²Ê ¸³¥Ð¥´¨Ö
���, ¶µ²ÊÎ¥´´µ¥ ´  ¸É¥´¤¥ 	��‘-3 ¢ 1987 £. ´  ¶µ²´µ³ ¸ÏÉ ¡´µ° ³µ¤¥²¨
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[5], µ± § ²µ¸Ó · ¢´Ò³ 3, 2 · 10−3 £· ¤−1,ÎÉµ µ¡¥¸¶¥Î¨²µ ¡Ò ¶µ²ÊÏ¨·¨´Ê ¨³-
¶Ê²Ó¸  ³µÐ´µ¸É¨ ·¥ ±Éµ·  (110±5) ³±¸ ¢³¥¸Éµ 216 ³±¸ ¤²Ö £µ³µ£¥´´µ£µ ��
¸ É ±µ° ¦¥ ¸±µ·µ¸ÉÓÕ ¢· Ð¥´¨Ö.

ˆ´É¥·¥¸´µ, ÎÉµ ·¥Ï¥ÉÎ ÉÒ° ³µ¤Ê²ÖÉµ· ·¥ ±É¨¢´µ¸É¨ µ± § ²¸Ö ¶µ²¥§´Ò³
¨ ¢ ¤·Ê£µ³ µÉ´µÏ¥´¨¨ Å ¢ ¶µ¢ÒÏ¥´¨¨ ¡¥§µ¶ ¸´µ¸É¨ ·¥ ±Éµ· . ‚µ ¢Éµ·µ° ¶µ-
²µ¢¨´¥ 90-Ì ££. ¡Ò² ¸¶·µ¥±É¨·µ¢ ´ ·¥Ï¥ÉÎ ÉÒ° µÉ· ¦ É¥²Ó ®´¨±¥²Ó-´¨±¥²Ó¯
´  ³¥¤²¥´´ÊÕ ¸±µ·µ¸ÉÓ ¢· Ð¥´¨Ö ¶·¨ ¸µÌ· ´¥´¨¨ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨. �´ ¡Ò² ¸µ§¤ ´ ± 2004 £. ¨ § ³¥´¨² ¡Ò¸É·µ¢· Ð ÕÐ¨°¸Ö ��-2�.
�É· ¦ É¥²Ó £¥É¥·µ£¥´´µ£µ É¨¶  ��-3 ³µ¤Ê²¨·Ê¥É ·¥ ±É¨¢´µ¸ÉÓ ¢¸²¥¤¸É¢¨¥
¶¥·¥±·ÒÉ¨Ö Ð¥²¥° µ¤´µ£µ µÉ· ¦ É¥²Ö §Ê¡ÓÖ³¨ ¤·Ê£µ£µ ¶·¨ ¨Ì ¢§ ¨³´µ³ ¤¢¨-
¦¥´¨¨ ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê. Š·¨¢ Ö ·¥ ±É¨¢´µ¸É¨ ¶·¨ ¢· Ð¥´¨¨ ·µÉµ·µ¢
¨³¥¥É É·¨ ³ ±¸¨³Ê³  (·¨¸. 3), ¸·¥¤´¨° ¨§ ±µÉµ·ÒÌ Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ ¨ ´ 
´¥³ · §¢¨¢ ¥É¸Ö ¨³¶Ê²Ó¸ ³µÐ´µ¸É¨.

�¨¸. 3. •µ¤ ·¥ ±É¨¢´µ¸É¨ ¤²Ö · §´ÒÌ ³µ¤Ê²ÖÉµ·µ¢: Éµ´± Ö ²¨´¨Ö Å „�� ¢ ¢¨¤¥
µ¤´µ·µ¤´µ£µ ¡²µ± , ¶Ê´±É¨·´ Ö ²¨´¨Ö Å „�� ¢ ¢¨¤¥ É·¥§Ê¡Í , � Å ®£¥É¥·µ£¥´´Ò°¯
¶µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó

�µ±µ¢Ò¥ ³ ±¸¨³Ê³Ò Å ¶µ¡µÎ´Ò¥; µÉ ¢¥²¨Î¨´Ò · §´µ¸É¨ ·¥ ±É¨¢´µ¸É¨
³¥¦¤Ê ¤¢Ê³Ö ³ ±¸¨³Ê³ ³¨ (∆k1) § ¢¨¸¨É ¨´É¥´¸¨¢´µ¸ÉÓ ¶µ¡µÎ´µ£µ ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨ (±µÉµ· Ö ¤µ²¦´  ¡ÒÉÓ ´  ´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢ ´¨¦¥, Î¥³ µ¸´µ¢-
´µ£µ), ¶µÔÉµ³Ê ¢¥²¨Î¨´  ∆k1 Å ¢Éµ·µ° ¢ ¦´Ò° ¶ · ³¥É· ±·¨¢µ° ·¥ ±É¨¢´µ-
¸É¨ ´ ·Ö¤Ê ¸ ¶ · ³¥É·µ³ α.

� ¡µÉÒ ¶µ ¶Ê¸±Ê ·¥ ±Éµ·  ¸ ´µ¢Ò³ ¶µ¤¢¨¦´Ò³ µÉ· ¦ É¥²¥³ ��-3 ¡Ò²¨
¶·µ¢¥¤¥´Ò ¢ ¶¥·¨µ¤ ¸ 16 ¨Õ´Ö ¶µ 23 ¨Õ²Ö 2004 £., ¸´ Î ²  ¢ ·¥¦¨³¥ ®±·¨É-
¸¡µ·± ¯ (¶µ¤±·¨É¨Î¥¸±¨° ·¥¦¨³ ¨ ·¥¦¨³ ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨ ¤µ 1 ±‚É),
§ É¥³ ¢ · ¡µÎ¥³, ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥ ¤µ ´µ³¨´ ²Ó´µ° ³µÐ´µ¸É¨ 1,5 Œ‚É.
�µ³¨³µ ¨¸¸²¥¤µ¢ ´¨° Ì · ±É¥·¨¸É¨± ·¥ ±Éµ·  ¡Ò²  ¶·µ¢¥¤¥´  ¤µ£·Ê§±  µ¤-
´µ° Éµ¶²¨¢´µ° ± ¸¸¥ÉÒ ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ´¥µ¡Ìµ¤¨³µ£µ § ¶ ¸  ·¥ ±É¨¢´µ¸É¨.
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2. Š��‘’�“Š–ˆŸ ƒ…’…��ƒ…���ƒ� Œ�„“‹Ÿ’��� ��-3

��-3 ¸µ¤¥·¦¨É ¤¢  ¸µµ¸´µ · ¸¶µ²µ¦¥´´Ò¥ ¢ ¢¥·É¨± ²Ó´µ° ¶²µ¸±µ¸É¨ ·µ-
Éµ·  Å µ¸´µ¢´µ° ¶µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó (���) ¨ ¤µ¶µ²´¨É¥²Ó´Ò° ¶µ¤¢¨¦-
´Ò° µÉ· ¦ É¥²Ó („��) (·¨¸. 2). ��� ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ·µÉµ· ¸²µ¦´µ°
±µ´Ë¨£Ê· Í¨¨, ¨³¥ÕÐ¨° ´  ¶¥·¨Ë¥·¨¨ ¤¢  ¢Ò¸ÉÊ¶ , µ¤¨´ Å ²µ¶ É±  ²µ-
¶ ¸É¨ ¢ ¢¨¤¥ § ³±´ÊÉµ£µ É·¥§Ê¡Í , ¤·Ê£µ° Å ¶·µÉ¨¢µ¢¥¸, µ¡¥¸¶¥Î¨¢ ÕÐ¨°
¤¨´ ³¨Î¥¸±ÊÕ ¡ ² ´¸¨·µ¢±Ê ·µÉµ· . � ¡µÎ¨¥ Î ¸É¨ µÉ· ¦ É¥²¥°, ¨§£µÉµ¢²¥´-
´Ò¥ ¨§ ´¨±¥²¥¢µ£µ ¸¶² ¢  •�77’��“-‚„, ±·¥¶ÖÉ¸Ö ± ±µ·´¥¢µ° Î ¸É¨ ¸ÉÊ-
¶¨ÍÒ ¸ ¶µ³µÐÓÕ ÏÉ¨ËÉµ¢. �µÉµ· „�� Å ±µ´¸µ²Ó´µ£µ É¨¶  ¸ ¢ ²µ³, ¨³¥-
ÕÐ¨³ ¶µ¤Ï¨¶´¨±µ¢Ò¥ µ¶µ·Ò ¢ ·¥¤Ê±Éµ·¥ Å ¨³¥¥É ±µ´Ë¨£Ê· Í¨Õ ¤¢Ê§Ê¡µ°
§ ³±´ÊÉµ° ²µ¶ É±¨. ‘±µ·µ¸ÉÓ ¢· Ð¥´¨Ö ��� ¸µ¸É ¢²Ö¥É 600 µ¡/³¨´, „�� Å
300 µ¡/³¨´. � ¶· ¢²¥´¨¥ ¢· Ð¥´¨Ö ·µÉµ·µ¢ ¢¸É·¥Î´µ¥; ¶·¨ · ¸¸³µÉ·¥´¨¨ ¸µ
¸Éµ·µ´Ò ¶·¨¢µ¤  ��� ¢· Ð ¥É¸Ö ¶µ Î ¸µ¢µ° ¸É·¥²±¥, „�� Å ¶·µÉ¨¢. �µ-
Éµ·Ò ¢· Ð ÕÉ¸Ö ¢ § ³±´ÊÉµ³ ±µ¦ÊÌ¥, § ¶µ²´¥´´µ³ £¥²¨¥³ ±µ´Í¥´É· Í¨¥° ´¥
³¥´¥¥ 92 %. Œ¥¦¤Ê ±µ·¶Ê¸µ³  ±É¨¢´µ° §µ´Ò ·¥ ±Éµ·  ¨ ²µ¶ É± ³¨ ³µ¤Ê²ÖÉµ-
·µ¢ · ¸¶µ²µ¦¥´  ³¥³¡· ´  Å Ë ¸µ´´ Ö ¶² ¸É¨´  ¸ ³¨´¨³ ²Ó´µ° Éµ²Ð¨´µ°
2,5 ³³. �´  ¢Ò¶µ²´¥´  ¨§ Í¥²Ó´µ³¥É ²²¨Î¥¸±µ£µ ²¨¸É  ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨
¶ÊÉ¥³ Ë·¥§¥·µ¢ ´¨Ö ¨ Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ ±µ¦ÊÌ  ��.

ƒ¥µ³¥É·¨Ö ²µ¶ Éµ± ��� ¨ „�� ¡²¨§±  ± µ¶É¨³ ²Ó´µ° ¢ ¸³Ò¸²¥ ´ ¨¡µ²¥¥
¡Ò¸É·µ° ³µ¤Ê²ÖÍ¨¨ ·¥ ±É¨¢´µ¸É¨ ¶·¨ Ëµ·³¨·µ¢ ´¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨,
±µÉµ· Ö ¡Ò²  µ¶·¥¤¥²¥´  ´  Ë¨§¨Î¥¸±¨Ì ¸É¥´¤ Ì 	��‘-2 ¨ 	��‘-3 [4, 5].

�¥¸Ê·¸ ³µ¤Ê²ÖÉµ·  µ¶·¥¤¥²Ö¥É¸Ö ± ± Í¥´É·µ¡¥¦´Ò³¨ ´ £·Ê§± ³¨ ´  ·µ-
Éµ·Ò ¨ ¢ ²Ò (¢¸²¥¤¸É¢¨¥ ´¥ÉµÎ´µ¸É¨ ¡ ² ´¸¨·µ¢±¨), É ± ¨ ¢ §´ Î¨É¥²Ó´µ°
³¥·¥ ¤¨´ ³¨Î¥¸±¨³¨ ´ £·Ê§± ³¨ ´  ³¥³¡· ´Ê §  ¸Î¥É Ë·µ´É  ¶µ¢ÒÏ¥´´µ£µ
¤ ¢²¥´¨Ö ¡¥£ÊÐ¥° ¢µ²´Ò ¶¥·¥¤ ²µ¶ ¸ÉÓÕ ��� ¨ ¶µ´¨¦¥´´µ£µ ¤ ¢²¥´¨Ö § 
´¥°,   É ±¦¥ §  ¸Î¥É £ §µ¤¨´ ³¨Î¥¸±¨Ì ®Ì²µ¶±µ¢¯, ¢µ§´¨± ÕÐ¨Ì ¶·¨ ¢¸É·¥Î¥
²µ¶ ¸É¥° ��� ¨ „��. ‡  ¸Î¥É ¡µ²¥¥ ³¥¤²¥´´µ£µ ¢· Ð¥´¨Ö ·µÉµ·µ¢ ¶·µ¥±É-
´Ò° ·¥¸Ê·¸ ��-3 ¢ µÉ²¨Î¨¥ µÉ ¶·¥¤Ò¤ÊÐ¨Ì µÉ· ¦ É¥²¥° Ê¢¥²¨Î¥´ ¸ 20000 ¤µ
55000 Î.

3. ˆ‡Œ…�…�ˆ… Š�ˆ‚�‰ �””…Š’ˆ‚��‘’ˆ ��„‚ˆ†��ƒ�
�’��†�’…‹Ÿ ��-3

� · ³¥É· ¶ · ¡µ²Ò ·¥ ±É¨¢´µ¸É¨ ��-3 ¤²Ö µ¤´µ¢·¥³¥´´µ£µ ¶¥·¥³¥Ð¥-
´¨Ö ��� ¨ „�� ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ ¸ ¸µµÉ´µÏ¥´¨¥³ ¸±µ-
·µ¸É¥° 1:2, ¨§³¥·¥´´Ò° ¢ ·¥¦¨³¥ ®±·¨É¸¡µ·± ¯ ¶·¨ ¶µ¤±·¨É¨Î´µ¸É¨ ¡µ²¥¥
3 · 10−3 KÔË, µ± § ²¸Ö · ¢´Ò³

α��-3 = (1,05 ± 0,05) · 10−3 KÔË £· ¤−2.

	Éµ ¶·¨³¥·´µ ¢ ¶µ²Éµ·  · §  ´¨¦¥, Î¥³ ¶ · ³¥É· ¶ · ¡µ²Ò ·¥ ±É¨¢´µ¸É¨
¢¡²¨§¨ µ¸´µ¢´µ£µ ³ ±¸¨³Ê³ , ¨§³¥·¥´´Ò° ´  ¸É¥´¤¥ 	��‘-3 Å 1, 5−1, 6 ·
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10−3 KÔË £· ¤−2. ˆ ¢¸¥-É ±¨ µ´ ¶µÎÉ¨ ¢ 4 · §  ¢ÒÏ¥, Î¥³ ÔÉµÉ ¦¥ ¶ · ³¥É·
¤²Ö ¶·¥¤Ò¤ÊÐ¨Ì ¶µ¤¢¨¦´ÒÌ ®£µ³µ£¥´´ÒÌ¯ µÉ· ¦ É¥²¥°. �  ·¨¸. 4, a, ¡ ¤ ´Ò
±·¨¢Ò¥ ·¥ ±É¨¢´µ¸É¨ ¶·¨ ¸³¥Ð¥´¨¨ ·µÉµ·µ¢ ��� ¨ „�� ¢ ¨´É¥·¢ ²¥ ±2◦

(£· ¤Ê¸Ò ¢¸¥£¤  µÉcÎ¨ÉÒ¢ ÕÉ¸Ö ¶µ ¸³¥Ð¥´¨Õ ���) ¨ ±10◦.

�¨¸. 4. a) •µ¤ ·¥ ±É¨¢´µ¸É¨ (¤µ²¨ KÔË ¶·¨ ¸³¥Ð¥´¨¨ ·µÉµ·a £¥É¥·µ£¥´´µ£µ �� ¢¡²¨§¨
Ë¨§¨Î¥¸±µ£µ Í¥´É·  (É·¥Ê£µ²Ó´¨±¨ Å ��-3, ¸µµÉ´µÏ¥´¨¥ ¸±µ·µ¸É¨ „��/��� Å 1:2;
±·Ê¦±¨ Å 	��‘-3, ¸µµÉ´µÏ¥´¨¥ ¸±µ·µ¸É¨ „��/��� Å 4:5); ¡) ��-3 ¢ ¨´É¥·¢ ²¥
±10◦ ��� (¶µ µ¸¨  ¡¸Í¨¸¸ Å ¸³¥Ð¥´¨¥ ��� ¢ £· ¤Ê¸ Ì, ¶µ µ¸¨ µ·¤¨´ É Å µÉ±²µ-
´¥´¨¥ ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö µÉ ¥¤¨´¨ÍÒ, ¢ ¸µÉÒÌ ¤µ²ÖÌ)

‚¥²¨Î¨´  · §´µ¸É¨ ·¥ ±É¨¢´µ¸É¨ ³¥¦¤Ê µ¸´µ¢´Ò³ ¨ ¶µ¡µÎ´Ò³¨ ³ ±¸¨-
³Ê³ ³¨ ¡Ò²  ¨§³¥·¥´  · ¢´µ°

∆k1 = (3,3 ± 0,1) · 10−3 KÔË.

Š·¨¢Ò¥ ´  ·¨¸. 4, a, ¡ ¶µ²ÊÎ¥´Ò ¶·¨ Ë §¥ ¸µ¢³¥Ð¥´¨Ö ��� ¨ „�� Å
0,32◦ µÉ ¶µ²µ¦¥´¨Ö Ë¨§¨Î¥¸±µ£µ Í¥´É·  (Ë. Í., §´ ± ®Ä¯µ§´ Î ¥É ¸³¥Ð¥´¨¥
��� ¶·µÉ¨¢ ÏÉ É´µ£µ ´ ¶· ¢²¥´¨Ö ¶µ Î ¸µ¢µ° ¸É·¥²±¥ ¶·¨ ¢§£²Ö¤¥ ¸µ ¸Éµ-
·µ´Ò ¶·¨¢µ¤  ��).

�·¨ ¸µ¢³¥Ð¥´¨¨ ��� ¨ „�� ¢ Ë §¥ +1◦ µÉ Ë¨§¨Î¥¸±µ£µ Í¥´É·  ¢¥²¨-
Î¨´Ò α��-3 ¨ ∆k1 ¡Ò²¨ ¨§³¥·¥´Ò: µ´¨ · ¢´Ò ¸µµÉ¢¥É¸É¢¥´´µ (1, 3 ± 0, 05) ·
10−3 KÔË £· ¤−2 ¨ (3, 65 ± 0, 15) · 10−3 KÔË. � · ³¥É· ¶ · ¡µ²Ò ·¥ ±É¨¢´µ-
¸É¨ ¢¡²¨§¨ µ¸´µ¢´µ£µ ³ ±¸¨³Ê³ , ¨§³¥·¥´´Ò° ´  ¸É¥´¤¥ 	��‘-3 ¶·¨ ¸¤¢¨£¥
³¥¸É  ¢¸É·¥Î¨ ´  +1◦, É ±¦¥ ¡Ò² ¢ 1,2 · §  ¢ÒÏ¥, Î¥³ ¶·¨ ¢¸É·¥Î¥ ��� ¨
„�� ¢ Ë. Í.

�µ²´ Ö ÔËË¥±É¨¢´µ¸ÉÓ ��� + „�� µ± § ² ¸Ó ³¥´ÓÏ¥, Î¥³ ¨§³¥·¥´´ Ö
´  	��‘-3 (3,4 % KÔË) ¨ · ¸¸Î¨É ´´ Ö ¶µ ¶·µ£· ³³¥ MCNP (3,2 % KÔË),  
¨³¥´´µ

∆k��3 ≈ (2,55 ± 0,05)% KÔË.
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’ ±¨³ µ¡· §µ³, ÔËË¥±ÉÒ ·¥ ±É¨¢´µ¸É¨ ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨ ��-3
µ± § ²¨¸Ó ´  ∼ 20 % ³¥´ÓÏ¥ µ¦¨¤ ¢Ï¨Ì¸Ö. �·¨Î¨´  · ¸Ìµ¦¤¥´¨Ö, ¢¥·µ-
ÖÉ´µ, ¢ Éµ³, ÎÉµ ¶µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó µ± § ²¸Ö Ê¸É ´µ¢²¥´´Ò³ ¤ ²ÓÏ¥ µÉ
 ±É¨¢´µ° §µ´Ò, Î¥³ ¢ Ô±¸¶¥·¨³¥´É¥ 	��‘-3.

� · ³¥É· ¶ · ¡µ²Ò ·¥ ±É¨¢´µ¸É¨ ¶·¨ ¶¥·¥³¥Ð¥´¨¨ ��� ¢ µÉ¸ÊÉ¸É¢¨e
„�� ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨Ö µ± § ²¸Ö · ¢´Ò³ 1, 1 · 10−4 KÔË £· ¤−2,   ¶ -
· ³¥É· ¶ · ¡µ²Ò ·¥ ±É¨¢´µ¸É¨ „�� ¶·¨ ��� ¢ Ë¨§¨Î¥¸±µ³ Í¥´É·¥ Å 4, 3 ·
10−4 KÔË £· ¤−2 (£· ¤Ê¸Ò „��; ¶¥·¥¢µ¤ ´  £· ¤Ê¸Ò ��� ¤ ¥É 9, 7 · 10−4 KÔË

£· ¤−2. 	ËË¥±É ·¥ ±É¨¢´µ¸É¨ µÉ ¶¥·¥³¥Ð¥´¨Ö ��� ¨ „�� ¢ µ¤´Ê ¸Éµ·µ´Ê
¸ · ¢´µ° ¸±µ·µ¸ÉÓÕ (¨²¨ ÔËË¥±É ¸³¥Ð¥´¨Ö ³¥¸É  ¢¸É·¥Î¨ Ê  ±É¨¢´µ° §µ´Ò,
¨²¨ ÔËË¥±É · ¸¸¨´Ì·µ´¨§ Í¨¨) · ¢¥´ 1, 5 · 10−4 KÔË £· ¤−2.

�·¨ ¨§³¥·¥´´µ³ ¢ ¶µ¤±·¨É¨±¥ Ìµ¤¥ ·¥ ±É¨¢´µ¸É¨ ��-3 ¶µ²ÊÏ¨·¨´  ¨³-
¶Ê²Ó¸  ³µÐ´µ¸É¨, · ¸¸Î¨É ´´ Ö ¶µ Ëµ·³Ê²¥ (1), µ¦¨¤ ² ¸Ó · ¢´µ° 230 ³±¸
(¶·¨ §´ Î¥´¨¨ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·µ´µ¢ ∼ 63 ´¸). �¤´ ±µ ´¥¶µ¸·¥¤¸É¢¥´´Ò¥
¨§³¥·¥´¨Ö Ëµ·³Ò ¨³¶Ê²Ó¸  (¸³. ´¨¦¥) ¤ ²¨ 245 ³±¸.

4. ˆ‡Œ…�…�ˆ… „ˆ””…�…�–ˆ�‹œ��‰ �””…Š’ˆ‚��‘’ˆ
�‹�Š�‚ �…ƒ“‹ˆ��‚��ˆŸ ˆ ���…„…‹…�ˆ… ‡���‘�

�…�Š’ˆ‚��‘’ˆ

ˆ§³¥·¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ° ÔËË¥±É¨¢´µ¸É¨ ¡²µ±µ¢ ·¥£Ê²¨·µ¢ ´¨Ö µ¸Ê-
Ð¥¸É¢²Ö²µ¸Ó ³¥Éµ¤µ³ · §£µ´  ¢ ¸É Í¨µ´ ·´µ³ ·¥¦¨³¥.

�Ò²µ ¶·µ¢¥¤¥´µ Ï¥¸ÉÓ · §£µ´µ¢ ·¥ ±Éµ·  ¸ ¶¥·¨µ¤ ³¨ µÉ 47 ¤µ 360 c.
�²µ±¨ ¶¥·¥³¥Ð ²¨¸Ó ¢ ²¨´¥°´µ° Î ¸É¨ ¨Ì Ì · ±É¥·¨¸É¨± (§  ¨¸±²ÕÎ¥´¨¥³
��, ±µÉµ·Ò° ¢¢µ¤¨²¸Ö ¶µ²´µ¸ÉÓÕ). ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¶µ · §£µ´ ³
´  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´ Ì.

’ ¡²¨Í  1. ‘¢µ¤±  ¤ ´´ÒÌ ¶µ · §£µ´ ³ ´  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´ Ì

º
· §£µ´ 

�¥·¥³¥Ð ¥³Ò°
µ·£ ´

„¨ ¶ §µ´
¶¥·¥³¥Ð¥´¨Ö,

³³

“¸É ´µ¢¨¢Ï¨°¸Ö
¶¥·¨µ¤, ¸

� ¤±·¨É¨Î´µ¸ÉÓ
¤µ²¨ βÔË

1 Š�-1 257 Ä 259 < 360 ∗) > 0,038

2 Š�-1 257 Ä 261 138 0,0854

3 Š�-1 257 Ä 264 63 0,155

4 �� 150 Ä 170 101 0,110

5 �� 150 Ä 190 47,3 0,188

6 �� 0 Ä 400 60,8 0,159

�·¨³.: ‚ ¶¥·¢µ³ · §£µ´¥ ´¥ ¡Ò² ¤µ¸É¨£´ÊÉ  ¸¨³¶ÉµÉ¨Î¥¸±¨° ¶¥·¨µ¤.
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�µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ µÍ¥´±¨ ÔËË¥±É¨¢´µ¸É¥° ¡²µ±µ¢:

Š�-1 (2,25 ± 0,05) · 10−2βÔË/³³

�� (0,43 ± 0,03) · 10−2βÔË/³³

�� 0,16βÔË

�µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ÔËË¥±É¨¢´µ¸É¨ ¡²µ±µ¢ ¢ ¶·¥¤¥² Ì µÏ¨¡µ± ¨§³¥·¥-
´¨° ¸µ¢¶ ¤ ÕÉ ¸ ·¥§Ê²ÓÉ É ³¨ ¶·¥¦´¨Ì ¨§³¥·¥´¨°.

‡ £·Ê§±  ®¸¢¥¦¥°¯ Éµ¶²¨¢´µ° ± ¸¸¥ÉÒ º 161 ¢ ÖÎ¥°±Ê º 2 ¢³¥¸Éµ ¨³¨-
É Éµ·  ¡Ò²  ¶·µ¨§¢¥¤¥´  24 ¨Õ´Ö 2004 £. …¥ ÔËË¥±É¨¢´µ¸ÉÓ (ÔËË¥±É § ³¥´Ò
¨³¨É Éµ·  ´  ’‚‘) ¸µ¸É ¢¨²  1,0 % KÔË ¶µ ®µ¡· É´µ³Ê Ê³´µ¦¥´¨Õ¯ ¢ £²Ê-
¡µ±µ° ¶µ¤±·¨É¨±¥ Ä2÷ Ä3% KÔË ¨ 1,06 % KÔË Å ¶µ ¸· ¢´¥´¨Õ ¶µ²µ¦¥´¨°
±µ³¶¥´¸¨·ÊÕÐ¨Ì ¡²µ±µ¢ ¢ ±·¨É¨±¥. � ¸Î¥É´µ¥ §´ Î¥´¨¥ · ¢´µ 1,12 % KÔË.
‘ ÊÎ¥Éµ³ ¶µ£·¥Ï´µ¸É¥° Ô±¸¶¥·¨³¥´É  (0,05% KÔË ) ¨ · ¸Î¥É  (0,02 % KÔË)
¸µ¢¶ ¤¥´¨¥ §´ Î¥´¨° Ìµ·µÏ¥¥. 	ËË¥±É ¨§¢²¥Î¥´¨Ö ¨³¨É Éµ·  ¡Ò² ¸² ¡µµÉ·¨-
Í É¥²Ó´Ò° Å (Ä0,035±0,02)% KÔË.

‡ £·Ê§±  ¸¢¥¦¥° Éµ¶²¨¢´µ° ± ¸¸¥ÉÒ ¡Ò²  ´¥µ¡Ìµ¤¨³  ¤²Ö ¸µ§¤ ´¨Ö ¶µ-
²µ¦¨É¥²Ó´µ£µ § ¶ ¸  ·¥ ±É¨¢´µ¸É¨ ´  ¢Ò£µ· ´¨¥ Éµ¶²¨¢ . „µ § £·Ê§±¨ § ¶ ¸
·¥ ±É¨¢´µ¸É¨ ¡Ò² · ¢¥´ +0, 25% KÔË ¢ ¸µ¸ÉµÖ´¨¨ § ¶ §¤Ò¢ ÕÐ¥° ±·¨É¨Î-
´µ¸É¨ ¨ µÍ¥´¨¢ ²¸Ö ¢ ∼ Ä 0,23 % KÔË ¢ ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥ ´  ³µÐ´µ¸É¨
1,5 Œ‚É. ‚ Ë¥¢· ²¥ 2003 £., ±µ£¤  ·¥ ±Éµ· ¡Ò² µ¸É ´µ¢²¥´ ¤²Ö ¸³¥´Ò µÉ· ¦ -
É¥²Ö, § ¶ ¸ ·¥ ±É¨¢´µ¸É¨ ¶·¨ ³µÐ´µ¸É¨ 1,5 Œ‚É ¡Ò² · ¢¥´ (0,4±0,05)% KÔË.
�µÉ¥·Ö ∼0,63% KÔË ¶·µ¨§µÏ²  ¨§-§  ´¥¶·¥¤¢¨¤¥´´µ£µ Ê³¥´ÓÏ¥´¨Ö ÔËË¥±É 
·¥ ±É¨¢´µ¸É¨ ��-3 ¶µ ¸· ¢´¥´¨Õ ¸ ��-2�.

�µ¸²¥ § £·Ê§±¨ ± ¸¸¥ÉÒ § ¶ ¸ ·¥ ±É¨¢´µ¸É¨ ¢ ¸µ¸ÉµÖ´¨¨ § ¶ §¤Ò¢ ÕÐ¥°
±·¨É¨Î´µ¸É¨ ´  ´Ê²¥¢µ° ³µÐ´µ¸É¨ ¸µ¸É ¢¨² 1,31% KÔË,   ¢ ¨³¶Ê²Ó¸´µ³ ·¥-
¦¨³¥ ´  ³µÐ´µ¸É¨ 1,5 Œ‚É + (0,83±0,06)% KÔË. 	Éµ£µ § ¶ ¸  ·¥ ±É¨¢´µ¸É¨
¤µ¸É ÉµÎ´µ ¤²Ö ±µ³¶¥´¸ Í¨¨ ¢Ò£µ· ´¨Ö ´  ¶¥·¨µ¤ (3,5±0,3) £µ¤  · ¡µÉÒ ¶·¨
Ê¸É ´µ¢²¥´´µ³ ·¥£² ³¥´É¥ · ¡µÉÒ ·¥ ±Éµ·  (8 ¤¢ÊÌ´¥¤¥²Ó´ÒÌ Í¨±²µ¢ ¢ £µ¤
´  ³µÐ´µ¸É¨ 1,5 Œ‚É), É. ¥. ¤µ ±µ´Í  2007 £. ± ± ³¨´¨³Ê³.

5. ˆ‡Œ…�…�ˆ… ”��Œ› ˆŒ�“‹œ‘� Œ�™��‘’ˆ
ˆ Œ�™��‘’ˆ Œ…†„“ ˆŒ�“‹œ‘�Œˆ.

�””…Š’› �…�Š’ˆ‚��‘’ˆ �� ‚ „ˆ��ŒˆŠ…

”µ·³  ¨³¶Ê²Ó¸  ¨§³¥·Ö² ¸Ó ¶µ ¡Ò¸É·Ò³ ´¥°É·µ´ ³ ¸ ¶µ³µÐÓÕ Th-232
¨µ´¨§ Í¨µ´´µ° ± ³¥·Ò ¨ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¤¥É¥±Éµ·  ¶µ ¶·µÉµ´ ³ µÉ¤ Î¨.
ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨ ¢ ¤¨ ¶ §µ´¥ µÉ 200 ¤µ
1350 ±‚É. �  ·¨¸. 5 ¶µ± § ´  Ëµ·³  ¨³¶Ê²Ó¸  ¨ ¥¥  ¶¶·µ±¸¨³ Í¨Ö ¶µ ƒ Ê¸¸Ê.
�  ·¨¸. 6, 7 ¶·¨¢¥¤¥´  Ëµ·³  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¢ ¡µ²ÓÏµ³ ¤¨´ ³¨Î¥¸±µ³

¤¨ ¶ §µ´¥ ¨§³¥´¥´¨Ö ´¥°É·µ´´µ£µ ¶µÉµ± ,   É ±¦¥ · ¸¶·¥¤¥²¥´¨¥ Ëµ´  ³¥¦¤Ê
¢¸¶ÒÏ± ³¨.
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�¨¸. 5. ”µ·³  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨ ¥¥  ¶¶·µ±¸¨³ Í¨Ö ¶µ ƒ Ê¸¸Ê. ˆ§³¥·¥´¨Ö ¶·µ-
¢¥¤¥´Ò ¸ ¶µ³µÐÓÕ Th-232-± ³¥·Ò. ˆ³¶Ê²Ó¸ ´µ·³¨·µ¢ ´ ´  ³ ±¸¨³Ê³. ˜¨·¨´  ¨³-
¶Ê²Ó¸  ´  ¶µ²µ¢¨´¥ ¢Ò¸µÉÒ ¸µ¸É ¢²Ö¥É 245 ³±¸

�¨¸. 6. ”µ·³  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨. „ ´´Ò¥ ´µ·³¨·µ¢ ´Ò ´  ³ ±¸¨³Ê³ ¨³¶Ê²Ó¸ . ˆ§-
³¥·¥´¨Ö ¸ ¶µ³µÐÓÕ Th-232-± ³¥·Ò. �µ²µ¦¥´¨¥ µÉ¤¥²Ó´ÒÌ ³ ±¸¨³Ê³µ¢ ´  ¢¸¶ÒÏ±¥
¨¸¶µ²Ó§µ¢ ´µ ¢ É ¡². 2 ¤²Ö µÍ¥´±¨ Î¨¸²¥´´ÒÌ Ì · ±É¥·¨¸É¨± ¢¸¶ÒÏ±¨

�¥±µÉµ·Ò¥ Î¨¸²¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¶·¥¤¸É ¢²¥´Ò
¢ É ¡². 2.

�µ³¨³µ ¨§³¥·¥´¨° ÔËË¥±Éµ¢ ·¥ ±É¨¢´µ¸É¨ �� ¢ ¸É É¨Î¥¸±µ³ ¶µ¤±·¨-
É¨Î¥¸±µ³ ·¥¦¨³¥, ·¥§Ê²ÓÉ ÉÒ ±µÉµ·ÒÌ ¤ ´Ò ¢ÒÏ¥ ¢ · §¤¥²¥ 3, µ´¨ µ¶·¥¤¥-
²Ö²¨¸Ó É ±¦¥ ¶µ ¤ ´´Ò³ ¨§³¥·¥´¨° Ëµ·³Ò ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨ Ëµ´µ¢µ°
³µÐ´µ¸É¨ ¢ ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥. •µ¤ ·¥ ±É¨¢´µ¸É¨ ¢ÒÎ¨¸²Ö²¸Ö ·¥Ï¥´¨¥³
µ¡· É´µ£µ Ê· ¢´¥´¨Ö ±¨´¥É¨±¨. ‡´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·µ´µ¢ ¢  ±É¨¢-
´µ° §µ´¥ ¸Î¨É ²µ¸Ó · ¢´Ò³ 65 ´¸. �  ·¨¸. 8 ¶·¨¢¥¤¥´ Ìµ¤ ·¥ ±É¨¢´µ¸É¨,
¢ÒÎ¨¸²¥´´Ò° ¨§ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨, ¨§³¥·¥´´µ£µ Éµ·¨¥¢µ° ± ³¥·µ° ¤¥²¥-
´¨Ö ¨ ¸Í¨´É¨²²ÖÍ¨µ´´Ò³ ¤¥É¥±Éµ·µ³. Š ± ¢¨¤´µ, ¶· ¢ Ö µÉ ³ ±¸¨³Ê³  Î ¸ÉÓ
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�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ³µÐ´µ¸É¨ ³¥¦¤Ê ¤¢Ê³Ö ¶µ¸²¥¤µ¢ É¥²Ó´Ò³¨ ¢¸¶ÒÏ± ³¨. „ ´-
´Ò¥ ´µ·³¨·µ¢ ´Ò ´  ³ ±¸¨³Ê³ ¢¸¶ÒÏ±¨. ˆ§³¥·¥´¨¥ ¸ ¶µ³µÐÓÕ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ
¤¥É¥±Éµ· 

�¨¸. 8. •µ¤ ·¥ ±É¨¢´µ¸É¨ ¢¡²¨§¨ ³£´µ¢¥´´µ° ±·¨É¨Î´µ¸É¨. ˆ§³¥·¥´¨Ö ¸ ¶µ³µÐÓÕ
Éµ·¨¥¢µ° ± ³¥·Ò ¤¥²¥´¨Ö (ÊÉµ²Ð¥´´ Ö ²¨´¨Ö) ¨ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¤¥É¥±Éµ· 

±·¨¢µ° ·¥ ±É¨¢´µ¸É¨ ´  ·¨¸. 8 ´¥ ¸µµÉ¢¥É¸É¢Ê¥É Ìµ¤Ê ·¥ ±É¨¢´µ¸É¨, ¨§³¥·¥´-
´µ° ¢ ¸É É¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ ¨ ¶·¥¤¸É ¢²¥´´µ° ´  ·¨¸. 4, ¡. 	É  ¸¨²Ó´ Ö
 ¸¨³³¥É·¨Ö Ìµ¤  ¢µ¸¸É ´µ¢²¥´´µ° ·¥ ±É¨¢´µ¸É¨ ¢ ¶µ¡µÎ´ÒÌ ³ ±¸¨³Ê³ Ì ³µ-
¦¥É ¡ÒÉÓ ¸²¥¤¸É¢¨¥³ § ³¥É´µ° ¤µ²¨ ¤¥²¥´¨° ¢ §µ´¥ ´  ³¥¤²¥´´ÒÌ ´¥°É·µ´ Ì.
‘µ¶µ¸É ¢²¥´¨¥ ¤ ´´ÒÌ ¸É É¨Î¥¸±¨Ì ¨ ¤¨´ ³¨Î¥¸±¨Ì ¨§³¥·¥´¨°,   É ±¦¥ ¸· ¢-
´¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ ¤¨´ ³¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¸ ��-2� ¶µ§¢µ²Ö¥É ¢ ¶·¨´Í¨¶¥
· ¸¸Î¨É ÉÓ ¶ · ³¥É·Ò ÔÉµ£µ § ¶ §¤Ò¢ ÕÐ¥£µ ¨¸ÉµÎ´¨± .

	ËË¥±ÉÒ ·¥ ±É¨¢´µ¸É¨ ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥²¥°, ¶µ²ÊÎ¥´´Ò¥ ¢ ¤¨´ ³¨-
Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.
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’ ¡²¨Í  2. �¥±µÉµ·Ò¥ Î¨¸²¥´´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨ Ëµ´ 
³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨. — ¸ÉµÉ  ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ 4,97 1/¸. ‚·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò
µ¶·¥¤¥²Ö²¨¸Ó µÉ ¸¨£´ ²  ·¥ ±Éµ·´µ£µ ¸É ·É 

º � §¢ ´¨¥ ¶ · ³¥É·  �¡µ§´ Î¥´¨¥ ‡´ Î¥´¨¥
�¡· É´ Ö
¢¥²¨Î¨´ 

1 �¸´µ¢´µ° ¨³¶Ê²Ó¸
Œ ±¸¨³Ê³ Fmax0 1,00
�µ²ÊÏ¨·¨´  θ1/2, ³±¸ 245
˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ (´ 
Ê·µ¢´¥ 0,01 µÉ ³ ±¸¨³Ê³ )

∆t0, ³±¸ 850

�µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  tmax0, ³¸ 3,423
2 1-° ¶µ¡µÎ´Ò° ¨³¶Ê²Ó¸

Œ ±¸¨³Ê³ Fmax1 1,25Ä1,40 · 10−3 800Ä752

�µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  tmax1, ³¸ 1,70Ä1,80
˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ ∆t1, ³¸ 1,00

3 2-° ¶µ¡µÎ´Ò° ¨³¶Ê²Ó¸
Œ ±¸¨³Ê³ Fmax2 2,50Ä3,00 · 10−3 400Ä333
�µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  tmax2, ³¸ 4,48
˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ ∆t2, ³¸ 1,0

4 ®ƒµ·¡¯ (®¶² Éµ¯)
�³¶²¨ÉÊ¤  Fmax3 5,03Ä6,60 · 10−4 1590Ä1520

˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ ∆t3, ³¸ 1,80
� Î ²µ tpl, ³¸ 5,90

5 ”µ´ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ Fbg (1,40Ä1,70) · 10−4 7140Ä5880
6 ‘ É¥²²¨É

�É´µÏ¥´¨¥ ³ ±¸¨³Ê³ 
¸ É¥²²¨É  ± Ëµ´Ê

FmaxSat/Fbg 3,20Ä3,40

�µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  tmaxSat, ³¸ 103,23
�µ²ÊÏ¨·¨´  θ1/2Sat, ³¸ 4,25Ä4,34
˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ ∆tSat, ³¸ 10,0

7 Œ ²Ò¥ ¸ É¥²²¨ÉÒ µÉ
¶·µÉ¨¢µ¢¥¸  ���
�É´µÏ¥´¨¥ ³ ±¸¨³Ê³ 
³ ²µ£µ ¸ É¥²²¨É  ± Ëµ´Ê

FmaxSatSmal/Fbg 1,08Ä1,12

�µ²µ¦¥´¨¥ ³ ±¸¨³Ê³  tmaxSatSmal, ³¸ 51,73; 152,06
�µ²ÊÏ¨·¨´  θ1/2³¸ 15,0Ä15,6
˜¨·¨´  ¶µ µ¸´µ¢ ´¨Õ ∆tSatSmal, ³¸ 30,0

�·¨³.: � §¡·µ¸ §´ Î¥´¨°  ³¶²¨ÉÊ¤Ò, Ê± § ´´ÒÌ ¢ É ¡²¨Í¥ ¶ · ³¥É·µ¢, ¥¸ÉÓ ·¥§Ê²ÓÉ É
µÉ¤¥²Ó´ÒÌ ¨§³¥·¥´¨°, ¶·µ¢¥¤¥´´ÒÌ ´  · §´ÒÌ Ê·µ¢´ÖÌ ³µÐ´µ¸É¨.
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’ ¡²¨Í  3. �ËË¥±ÉÒ ·¥ ±É¨¢´µ¸É¨ ¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö, ¶µ²ÊÎ¥´´Ò¥ ¢ ¤¨´ ³¨-
Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ

º � §¢ ´¨¥ ¶ · ³¥É· 
�¡µ§´ Î¥´¨¥,
¥¤. ¨§³¥·¥´¨Ö

‡´ Î¥´¨¥

1 � ¢´µ¢¥¸´ Ö ¨³¶Ê²Ó¸´ Ö
´ ¤±·¨É¨Î´µ¸ÉÓ

εmax, ¤µ²¨ KÔË 8,85Ä9,00 · 10−4

2 �µ²´ Ö ÔËË¥±É¨¢´µ¸ÉÓ ¶µ¤¢¨¦´µ£µ
µÉ· ¦ É¥²Ö (²µ¶ ¸É¨ ���+„��
¢Ò¢¥¤¥´Ò §  ¶·¥¤¥²Ò  ±É¨¢´µ° §µ´Ò)

∆ŠMR,10−2KÔË 2,54Ä2,56

3 	ËË¥±É¨¢´µ¸ÉÓ µ¸´µ¢´µ£µ
¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö (���)

∆ŠMMR,10−2KÔË 1,77Ä1,78

4 	ËË¥±É¨¢´µ¸ÉÓ ¤µ¶µ²´¨É¥²Ó´µ£µ
¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö („��)

∆ŠAMR,10
−2KÔË 0,77Ä0,78

5 �µ¤±·¨É¨Î´µ¸ÉÓ ¢ Ëµ´¥ ∆bg,, 10−2KÔË 2,45Ä2,47

6 	ËË¥±É¨¢´µ¸ÉÓ ¶·µÉ¨¢µ¢¥¸  µ¸´µ¢-
´µ£µ ¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö (���)

∆1(MMR),10
−2KÔË 0,18Ä0,20

7 � §´µ¸ÉÓ ·¥ ±É¨¢´µ¸É¨ µ¸´µ¢´µ£µ ¨
1-£µ ¶µ¡µÎ´µ£µ ¨³¶Ê²Ó¸ 

∆1, 10−2KÔË 0,34Ä0,37

6. ”‹“Š’“�–ˆˆ ��…�ƒˆˆ ˆŒ�“‹œ‘�‚ Œ�™��‘’ˆ

˜Ê³Ò Ô´¥·£¨¨ ´¥°É·µ´´ÒÌ ¨³¶Ê²Ó¸µ¢ ¨§³¥·Ö²¨¸Ó ¢ ¤¨ ¶ §µ´¥ ¸·¥¤´¥°
³µÐ´µ¸É¨ µÉ 230 ¤µ 1450 ±‚É. „²Ö  ´ ²¨§  Ê·µ¢´Ö ±µ²¥¡ ´¨° ÏÊ³µ¢ ¨¸¶µ²Ó-
§µ¢ ²¨¸Ó §´ Î¥´¨Ö ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì µÉ´µ¸¨É¥²Ó´ÒÌ µÉ±²µ´¥´¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸µ¢ ¢ ¸²¥¤ÊÕÐ¨Ì ¤¨ ¶ §µ´ Ì Î ¸ÉµÉ: 0Ä0,25 ƒÍ Ä ´¨§±µÎ ¸ÉµÉ´Ò°
¤¨ ¶ §µ´ ¤²Ö µÍ¥´±¨ ±µ²¥¡ ´¨°, ¸¢Ö§ ´´ÒÌ ¸ · ¡µÉµ°  ¢Éµ³ É¨Î¥¸±µ£µ ·¥-

�¨¸. 9. ˆ§³¥´¥´¨¥ ¢¥²¨Î¨´Ò µÉ´µ¸¨-
É¥²Ó´ÒÌ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ¶·¨ ´¥±µÉµ·ÒÌ §´ Î¥-
´¨ÖÌ Ê¸É ´µ¢¨¢Ï¥°¸Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ µÉ
∼ 230 ¤µ 1450 ±‚É ¢ ´ ¨¡µ²¥¥ Ì · ±É¥·´ÒÌ
Î ¸ÉµÉ´ÒÌ ¤¨ ¶ §µ´ Ì ±µ²¥¡ ´¨° (Ê± § ´Ò
´  ·¨¸Ê´±¥): � Å ¶µ²´Ò¥ Ë²Ê±ÉÊ Í¨¨;
� Å Ë²Ê±ÉÊ Í¨¨ ´¨§±µÎ ¸ÉµÉ´µ° ±µ³¶µ-
´¥´ÉÒ ÏÊ³µ¢, ¸¢Ö§ ´´Ò¥ ¸ · ¡µÉµ°  ¢Éµ-
³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ³µÐ´µ¸É¨; � Å
®¶µ·µ£µ¢ Ö¯ ±µ³¶µ´¥´É  ÏÊ³µ¢, · ´¥¥ ¶µ-
Ö¢²Ö¢Ï Ö¸Ö ´  ³µÐ´µ¸É¨ ¢ÒÏ¥ 1,1 Œ‚É
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£Ê²ÖÉµ· ; 1,0Ä1,5 ƒÍ Ä ®¶µ·µ£µ¢ Ö¯ ±µ³¶µ´¥´É  ÏÊ³µ¢, ·¥§±µ ³¥´ÖÕÐ Ö¸Ö ¸
³µÐ´µ¸ÉÓÕ. �  ·¨¸. 9 ¤ ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ § ¢¨¸¨³µ¸É¨ ¶µ²´ÒÌ ¨ ¶ ·-
Í¨ ²Ó´ÒÌ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì µÉ±²µ´¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ µÉ ¸·¥¤´¥£µ
Ê¸É ´µ¢¨¢Ï¥£µ¸Ö §´ Î¥´¨Ö. �  ·¨¸. 10 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ¶µ²´ÒÌ

�¨¸. 10. ˆ§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¶µ²´ÒÌ µÉ´µ-
¸¨É¥²Ó´ÒÌ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì Ë²Ê±ÉÊ -
Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ¶·¨ ´¥±µÉµ·ÒÌ §´ -
Î¥´¨ÖÌ Ê¸É ´µ¢¨¢Ï¥°¸Ö ¸·¥¤´¥° ³µÐ´µ¸É¨
µÉ ∼ 230 ¤µ 1450 ±‚É (¤¨ ¶ §µ´ Î ¸ÉµÉ Ê± -
§ ´ ´  ·¨¸Ê´±¥): � Å 2002 £.; � Å ¨Õ²Ó
2004 £

±µ²¥¡ ´¨° µÉ Ê·µ¢´Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ ¢ ¸· ¢´¥´¨¨ ¸ ±µ²¥¡ ´¨Ö³¨, ¸ÊÐ¥-
¸É¢ÊÕÐ¨³¨ ´  ˆ��-2 ¤µ ¶Ê¸±  2004 £. „²Ö ¸· ¢´¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥
µÉ 2002 £. [6].

7. �‘��‚�›… ‚›‚�„›

�µ²ÊÎ¥´´Ò¥ ¸¢µ°¸É¢  ·¥ ±Éµ·  ˆ��-2 ¸ ´µ¢Ò³ ¶µ¤¢¨¦´Ò³ µÉ· ¦ É¥²¥³
��-3 £¥É¥·µ£¥´´µ£µ É¨¶  µ¡¥¸¶¥Î¨¢ ÕÉ ¡¥§µ¶ ¸´ÊÕ ¨ ÔËË¥±É¨¢´ÊÕ ¥£µ · -
¡µÉÊ ¢ ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥ ´  ³µÐ´µ¸É¨ ¤µ 1,5 Œ‚É. „²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨ ¸µ¸É ¢²Ö¥É 245 ³±¸.
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