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‹.�.‡ °Í¥¢
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�µ± § ´µ, ÎÉµ ¢ÒÌµ¤ · ¤¨± ²µ¢ ¨ ¶·¥¤¥²Ó´ Ö ±µ´Í¥´É· Í¨Ö · ¤¨± ²µ¢ ¸ ·µ¸Éµ³ ³µÐ´µ¸É¨
¤µ§Ò (´ £·Ê§±¨) Ê³¥´ÓÏ ÕÉ¸Ö. ‡ ¢¨¸¨³µ¸ÉÓ · ¤¨ Í¨µ´´ÒÌ ÔËË¥±Éµ¢ µÉ ³µÐ´µ¸É¨ ¤µ§Ò µÎ¥´Ó
¸ÊÐ¥¸É¢¥´´ , µ¸µ¡¥´´µ ¢ Í¥¶´ÒÌ ¶·µÍ¥¸¸ Ì. ‚ Í¥¶´µ³ ¶·µÍ¥¸¸¥ ¶·µ¨¸Ìµ¤¨É · ¤¨ Í¨µ´´µ¥ ¨
ËµÉµ· ¤¨ Í¨µ´´µ¥ µ±¨¸²¥´¨¥, £ §µ¢Ò¤¥²¥´¨¥ ¨ É.¤.

�·¨´Í¨¶¨ ²Ó´µ Éµ, ÎÉµ ·¥§Ê²ÓÉ ÉÒ Ê¸±µ·¥´´ÒÌ É¥¸Éµ¢ ´¥¶· ¢µ³¥·´µ ¶¥·¥´¥¸¥´Ò ´  Ê¸²µ¢¨Ö
Ô±¸¶²Ê É Í¨¨, £¤¥ ³µÐ´µ¸ÉÓ ¤µ§Ò ³¥´ÓÏ¥ 1 ƒ· · Î−1.

It is shown that the radical yield and limiting concentration fall with increasing dose rate (load).
The dependence of the radiation effects on the dose rate is very important, especially in chain reactions.
Radiation- and photoradiation-induced oxidation, gas generation, and so on, occur chain reactions.

The main problem is that the results of accelerated test have been incorrectly applied to operating
conditions where the dose rate was ∼ 1 Gy · h−1.

‚‚…„…�ˆ…

”µÉµ· ¤¨ Í¨µ´´µ¥ ¢µ§¤¥°¸É¢¨¥ ´  µ·£ ´¨Î¥¸±¨¥ ¢¥Ð¥¸É¢  µ¡Ê¸²µ¢²¥´µ ¨µ´¨§¨·ÊÕ-
Ð¨³ ¨§²ÊÎ¥´¨¥³ ¨ Ô²¥±É·µ³ £´¨É´Ò³ ¨§²ÊÎ¥´¨¥³ µ¶É¨Î¥¸±¨Ì Î ¸ÉµÉ. � ¨¡µ²¥¥ ¸¨²Ó-
´Ò³ ¨¸ÉµÎ´¨±µ³ ¸¢¥É  ¢ ±µ¸³¨Î¥¸±µ³ ¶·µ¸É· ´¸É¢¥ Ö¢²Ö¥É¸Ö ‘µ²´Í¥. — ¸ÉÓ ËµÉµ´µ¢
¸¶¥±É·  ¸µ²´¥Î´µ£µ ¨§²ÊÎ¥´¨Ö ¸ ³¨ ³µ£ÊÉ ¢Ò§Ò¢ ÉÓ ¨µ´¨§ Í¨Õ ³µ²¥±Ê². �µÔÉµ³Ê ¢ ¶µ-
²¨³¥· Ì, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ±µ¸³µ¸¥, ¸µ²´¥Î´Ò° ¸¢¥É ¤ ¦¥ ¢ µÉ¸ÊÉ¸É¢¨e · ¤¨ Í¨¨ ³µ¦¥É
¸µ§¤ ¢ ÉÓ Ê¸²µ¢¨Ö ËµÉµ· ¤¨ Í¨µ´´µ£µ ÔËË¥±É . ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, Éµ²Ó±µ ¨µ´¨§¨·ÊÕ-
Ð¥¥ ¨§²ÊÎ¥´¨¥ ¡¥§ ¢´¥Ï´¥£µ ¨¸ÉµÎ´¨±  ¸¢¥É  ³µ¦¥É ¸µ§¤ ¢ ÉÓ Ê¸²µ¢¨Ö ËµÉµ· ¤¨Í¨µ´´µ£µ
¢µ§¤¥°¸É¢¨Ö ¢ ¶·µÍ¥¸¸ Ì · ¤¨µ²Õ³¨´¥¸Í¥´Í¨¨ ¨ ¶·¨ ¶·µÌµ¦¤¥´¨¨ ¢ ±µ´¤¥´¸¨·µ¢ ´´µ°
¸·¥¤¥ ¸¢¥·Ì¡Ò¸É·ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (¨§²ÊÎ¥´¨¥ —¥·¥´±µ¢ ).

� ´ÓÏ¥ ¸Î¨É ²¨, ÎÉµ ¶· ±É¨Î¥¸±¨ µ¶ ¸´Ò³ ¤²Ö ¶µ²¨³¥·µ¢ Ö¢²Ö¥É¸Ö ¸µ²´¥Î´Ò° ¸¢¥É ¢
¸µÎ¥É ´¨¨ ¸ £ ² ±É¨Î¥¸±¨³ ±µ¸³¨Î¥¸±¨³ ¨§²ÊÎ¥´¨¥³, ¶µ¸±µ²Ó±Ê µÉ´µÏ¥´¨¥ 10−4−10−2

Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉµ±µ¢ · ¤¨ Í¨¨ En ¨ ¸µ²´¥Î´µ£µ ¸¢¥É  Ec, ´¥µ¡Ìµ¤¨³µ¥ ¤²Ö ÔËË¥±É 
¢ £²Ê¡µ±µ³ ¢ ±ÊÊ³¥, ²¥£±µ ·¥ ²¨§Ê¥É¸Ö. ”µÉµ· ¤¨ Í¨µ´´Ò° ÔËË¥±É, ¸µ§¤ ¢ ¥³Ò° ¨µ´¨-
§¨·ÊÕÐ¨³ ¨§²ÊÎ¥´¨¥³, ³µ¦¥É ¢µ§´¨±´ÊÉÓ Éµ²Ó±µ ¶·¨

En/Ec ≥ 102−104.

�Éµ ¢µ§³µ¦´µ ¢ ¸µ¢·¥³¥´´ÒÌ Ê¸±µ·¨É¥²ÖÌ ¸ Ô´¥·£¨¥° ´¥¸±µ²Ó±µ ¸µÉ¥´ ƒÔ‚ ¨²¨ ¤¥-
¸ÖÉ±µ¢ ’Ô‚. �ËË¥±É ¢µ§· ¸É ¥É ¶·¨ ¸Éµ²±´µ¢¥´¨¨ ¶ÊÎ±µ¢ ¢ ±µ²² °¤¥· Ì ¶·¨ ¸¢¥É¨³µ¸É¨
1032−1034 ¸³−2 · ¸−1, µ¸µ¡¥´´µ ¶ÊÎ±µ¢ ÉÖ¦¥²ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢, ¸µ§¤ ÕÐ¨Ì ¢ ± -
²µ·¨³¥É· Ì µ£·µ³´µ¥ ³´µ¦¥¸É¢µ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í, £¥´¥·¨·ÊÕÐ¨Ì ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥
¢¸¶ÒÏ±¨.
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‚ ¤ ´´µ° · ¡µÉ¥ ¸ ¶µ§¨Í¨° Ì¨³¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° · ¸¸³ É·¨¢ ¥É¸Ö ®¢´ÊÉ·¥´´¨°¯ [1]
ËµÉµ· ¤¨ Í¨µ´´Ò° ÔËË¥±É ¨ ¥£µ ¢²¨Ö´¨¥ ´  ¢¥²¨Î¨´Ê ¨ ¶·µ¸É· ´¸É¢¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥
¸¢¥Éµ¢ÒÌµ¤  ¢ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ± ²µ·¨³¥É· Ì.

”�’���„ˆ��…‡ˆ‘’…�’��‘’œ

� ¤¨ Í¨µ´´ Ö ¨ µ¶É¨Î¥¸± Ö ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ (·¥§¨¸É¥´É´µ¸ÉÓ) Ì · ±É¥·¨§Ê¥É¸Ö, ¶·¥-
¦¤¥ ¢¸¥£µ, ¶·¥¤¥²Ó´µ° ¤µ§µ° Dlim, ¶·¨ ±µÉµ·µ° ¶·µ¨¸Ìµ¤¨É ¤µ¶Ê¸É¨³µ¥ ¨§³¥´¥´¨¥ µ¶É¨-
Î¥¸±¨Ì ¸¢µ°¸É¢ ³ É¥·¨ ² . ‘¶¥Í¨Ë¨±  µ·£ ´¨Î¥¸±¨Ì ³ É¥·¨ ²µ¢ ¢ Éµ³, ÎÉµ Dlim § ¢¨¸¨É
µÉ ³µÐ´µ¸É¨ ¤µ§Ò D•, ¨²¨, ¨´Ò³¨ ¸²µ¢ ³¨, µÉ · ¤¨ Í¨µ´´µ° ´ £·Ê§±¨. “³¥´ÓÏ¥´¨¥
¸¢¥Éµ¢ÒÌµ¤  ¢ ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ± ²µ·¨³¥É· Ì ¢¸¥£¤  ´¥ ¦¥² É¥²Ó´µ ¡µ²¥¥, Î¥³ ´  10Ä
20 %. �Éµ ¶·µ¨¸Ìµ¤¨É ¢ µ¡² ¸É¨ ´¥¡µ²ÓÏ¨Ì ¤µ§ ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö 10Ä103 ƒ·,
£¤¥ ¶·¥µ¡² ¤ ÕÉ µ¡· É¨³Ò¥ · ¤¨µÌ¨³¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò. � ±µ¶²¥´¨¥  ±É¨¢´ÒÌ Î ¸É¨Í ¨
¸¢µ¡µ¤´ÒÌ · ¤¨± ²µ¢ ¨³¥¥É ¸¢µ¥µ¡· §´Ò° ¨´¤Ê±Í¨µ´´Ò° ¶¥·¨µ¤, Éµ ¥¸ÉÓ ´¥ ¶·µ¶µ·Í¨µ-
´ ²Ó´µ ·µ¸ÉÊ ¤µ§Ò. ‚ ÔÉµ³ ¶¥·¨µ¤¥, ´ ·Ö¤Ê ¸ ´ ±µ¶²¥´¨¥³, ¶·µ¨¸Ìµ¤¨É ¡Ò¸É· Ö £¨¡¥²Ó
· ¤¨± ²µ¢ ¸ ÊÎ ¸É¨¥³ · ¸É¢µ·¥´´µ£µ ±¨¸²µ·µ¤ . �·¥¤¥²Ó´ Ö ±µ´Í¥´É· Í¨Ö · ¤¨± ²µ¢
¢µ§· ¸É ¥É ¸ Ê³¥´ÓÏ¥´¨¥³ ³µÐ´µ¸É¨ ¤µ§Ò [2].

‚ µ¡² ¸É¨ ¤µ§ ¡µ²ÓÏ¥ 103 ƒ· (¢ ´¥¸±µ²Ó±µ · §, ´µ ´¥ ¡µ²¥¥, Î¥³ ´  ¶µ·Ö¤µ±) ´ ±µ¶-
²¥´¨¥ · ¤¨± ²µ¢ ¨ ¤·Ê£¨Ì ¶·µ¤Ê±Éµ¢ · ¤¨µ²¨§  ¶·Ö³µ ¶·µ¶µ·Í¨µ´ ²Ó´µ ¤µ§¥. ˆ³¥´´µ ¢
ÔÉµ° µ¡² ¸É¨ ¢ ´ ¨¡µ²ÓÏ¥° ¸É¥¶¥´¨ ¶·µÖ¢²Ö¥É¸Ö ¢²¨Ö´¨¥ Ô²¥±É·µ´´µ£µ ¨ Ì¨³¨Î¥¸±µ£µ
¸É·µ¥´¨Ö ¨¸Ìµ¤´µ£µ ³ É¥·¨ ²  (¶µ²¨¸É¨·µ² ), ¢ Éµ³ Î¨¸²¥ ¨ · §²¨Î´ÒÌ ¤µ¡ ¢µ± (·’�,
�����,  ´É¨· ¤µ¢ ¨ ¤·.). ‚ ÔÉµ° Ê§±µ° µ¡² ¸É¨ ¢µ§³µ¦´Ò ´¥§´ Î¨É¥²Ó´Ò¥ ´¥µ¡· É¨³Ò¥
¨§³¥´¥´¨Ö, ±µÉµ·Ò¥ ¢µ§· ¸É ÕÉ ¶·¨ µ¤´µ¢·¥³¥´´µ³ ¢µ§¤¥°¸É¢¨¨ · ¤¨ Í¨¨ ¨ ¸¢¥É .

„²Ö µ¶·¥¤¥²¥´¨Ö ·µ²¨  ±É¨¢´ÒÌ Î ¸É¨Í · ¤¨µ²¨§  ¶·¨ ®¢´ÊÉ·¥´´¥³¯ ËµÉµ· ¤¨ Í¨-
µ´´µ³ ÔËË¥±É¥ ³µ¦´µ µÍ¥´¨ÉÓ Ô´¥·£¨Õ, ¢´µ¸¨³ÊÕ ¨³¨ §  ¸Î¥É ¶µ£²µÐ¥´¨Ö ¨§²ÊÎ¥´¨Ö
µ¶É¨Î¥¸±¨Ì Î ¸ÉµÉ:

E = εGD•τIlε,

£¤¥ ε Å ±µÔËË¨Í¨¥´É Ô±¸É¨´Í¨¨; G Å · ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸±¨° ¢ÒÌµ¤ · ¤¨± ²µ¢; τ Å
¢·¥³Ö ¦¨§´¨  ±É¨¢´ÒÌ Î ¸É¨Í · ¤¨µ²¨§ ; l Å Éµ²Ð¨´  µ¡· §Í ; I Å ¸¢¥Éµ¢µ° ¶µÉµ±;
ε Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö ËµÉµ´µ¢. � ¶·¨³¥·, ¶·¨ D• ∼= 1 ƒ· · Î−1 ¨ I ∼= 1015 ¸³−2 · ¸−1 ¢ ± -
²µ·¨³¥É·¥ [3, 4] Ô´¥·£¨Ö §  ¸Î¥É ¶µ£²µÐ¥´¨Ö ¸¢¥É  ¢ 10Ä20 · § ¶·¥¢µ¸Ìµ¤¨É ¶µ£²µÐ¥´´ÊÕ
Ô´¥·£¨Õ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°.

‚ · ¡µÉ¥ [5] ¶µ± § ´  ¢µ§³µ¦´µ¸ÉÓ µ¡· §µ¢ ´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ ±µ²¨Î¥¸É¢  · ¤¨-
± ²µ¢ §  ¸Î¥É ¤¥°¸É¢¨Ö ¸¢¥É  ´  É·¨¶²¥É´µ ¢µ§¡Ê¦¤¥´´Ò¥ ³µ²¥±Ê²Ò. Œ ±¸¨³ ²Ó´µ¥
Ê¢¥²¨Î¥´¨¥ ±µ´Í¥´É· Í¨¨ · ¤¨± ²µ¢ α = 1 + (GT /GR) ¤µ²¦´µ ´ ¡²Õ¤ ÉÓ¸Ö ¶·¨ ¨´-
É¥´¸¨¢´µ¸É¨ ¸¢¥É  I � K + Ke/εΦ, £¤¥ GT , GR Å · ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸±¨¥ ¢ÒÌµ¤Ò
µ¡· §µ¢ ´¨Ö É·¨¶²¥É´ÒÌ ¸µ¸ÉµÖ´¨° ¨ ³ ±·µ· ¤¨± ²µ¢; K , Ke Å ±µ´¸É ´ÉÒ ¸±µ·µ¸É¨
¤¥§ ±É¨¢ Í¨¨ É·¨¶²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö É¥·³¨Î¥¸±¨ ¨ ¶µ¤ ¤¥°¸É¢¨¥³ Ô²¥±É·µ´µ¢; Φ Å
±¢ ´Éµ¢Ò° ¢ÒÌµ¤ µ¡· §µ¢ ´¨Ö · ¤¨± ²µ¢ ¨§ É·¨¶²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö. �±¸¶¥·¨³¥´É ²Ó-
´ Ö ¶·µ¢¥·±  · ¸É¢µ·   ·µ³ É¨Î¥¸±µ£µ Ë· £³¥´É  ( ´É¨· ¤ ) ¤ ²  Ìµ·µÏ¥¥ ¸µ£² ¸¨¥:
α = 1,4 ¶·¨ I = 1016 ¸³2 · ¸−1 [5]. �Éµ §´ Î¨É, ÎÉµ ¶·¨ ËµÉµ· ¤¨ Í¨µ´´µ³ ¢µ§¤¥°¸É¢¨¨
ÔËË¥±É¨¢´µ¸ÉÓ  ´É¨· ¤µ¢ ³µ¦¥É ¸´¨¦ ÉÓ¸Ö.

‚ ¸²ÊÎ ¥ ËµÉµ· ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö Î¨¸²µ ´¥µ¡· É¨³ÒÌ ¨§³¥´¥´¨° ¢µ§· ¸É¥É
¶·¨ ¤µ§ Ì ³¥´ÓÏ¥ 104 ƒ·. �´¨ ¢Ò§¢ ´Ò ¸Ï¨¢ ´¨¥³, ¤¥¸É·Ê±Í¨¥°, ¢ Î ¸É´µ¸É¨, µ¡· -
§µ¢ ´¨¥³ ¨²¨ · §·ÊÏ¥´¨¥³ · §²¨Î´ÒÌ Ì·µ³µËµ·´ÒÌ £·Ê¶¶, ±¨¸²µ·µ¤cµ¤¥·¦ Ð¨Ì £·Ê¶¶
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¨ É.¤. ‡ ¢¨¸¨³µ¸ÉÓ ±µ´Í¥´É· Í¨¨ ¸Ï¨¢µ± µÉ ¤µ§Ò D ¨ ³µÐ´µ¸É¨ ¤µ§Ò D• µ¶¨¸Ò¢ ¥É¸Ö
¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³:

Gc = Gγ
c + D ∈ ΦI (GR/D•Kp)

0,5
,

£¤¥ Gγ
c Å ¢ÒÌµ¤ ¸Ï¨¢ ´¨Ö ¶·¨ · ¤¨ Í¨µ´´µ³ ¢µ§¤¥°¸É¢¨¨; Φ Å ±¢ ´Éµ¢Ò° ¢ÒÌµ¤ Ëµ-

ÉµÌ¨³¨Î¥¸±µ° ·¥ ±Í¨¨ ¸Ï¨¢ ´¨Ö; GR Å · ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸±¨° ¢ÒÌµ¤ · ¤¨± ²µ¢;
Kp Å ±µ´¸É ´É  ¸±µ·µ¸É¨ ·¥±µ³¡¨´ Í¨¨ · ¤¨± ²µ¢. ‚¨¤´µ, ÎÉµ ¢±² ¤ ËµÉµ· ¤¨ Í¨µ´-
´µ£µ ¶·µÍ¥¸¸  ¸Ï¨¢ ´¨Ö ¶·µ¶µ·Í¨µ´ ²¥´ ¤µ§¥, ¨ É¥³ ¡µ²ÓÏ¥, Î¥³ ³¥´ÓÏ¥ ³µÐ´µ¸ÉÓ
¤µ§Ò. O ¶·µÍ¥¸¸¥ ¤¥¸É·Ê±Í¨¨ ³µ¦´µ ¸Ê¤¨ÉÓ ¶µ µ¡· §µ¢ ´¨Õ £ §µµ¡· §´ÒÌ ¶·µ¤Ê±Éµ¢:

M
γ−→ R• Å · ¤¨µ²¨§,

R• hνÅÅ
↗
↘

R• + Γ1

r• + M
Å ¢µ§¤¥°¸É¢¨¥ ¸¢¥É ,

M + r•(R•) → R•
1 + Γ2,

£¤¥ R•, R•
1 Å ³ ±·µ· ¤¨± ²Ò · §²¨Î´µ£µ ¸É·µ¥´¨Ö; r• Å ´¨§±µ³µ²¥±Ê²Ö·´Ò¥ · ¤¨± ²Ò,

M Å ³ ±·µ³µ²¥±Ê²Ò; Γ1, Γ2 Å £ §µ¡· §´Ò¥ ¶·µ¤Ê±ÉÒ, ±µÉµ·Ò¥ ¢µ§´¨± ÕÉ ¢ ¶·µÍ¥¸¸¥
Í¥¶´µ° ËµÉµ· ¤¨± ²Ó´µ° ·¥ ±Í¨¨. �µÔÉµ³Ê ¤¥¸É·Ê±Í¨Ö Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³
³µÐ´µ¸É¨ ¤µ§Ò ¨ Ê¢¥²¨Î¥´¨¥³ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É . ”µÉµ· ¤¨ Í¨µ´´ Ö ¤¥¸É·Ê±Í¨Ö ¸Ê-
Ð¥¸É¢¥´´µ Ê¸±µ·Ö¥É¸Ö ´  ¢µ§¤ÊÌ¥ [6, 7].

�	‘“†„…�ˆ… �Š‘�…�ˆŒ…�’�‚

�  ·¨¸. 1 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ ¸¢¥Éµ¢ÒÌµ¤  µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö. Š ± ¢¨¤´µ, ± -
²µ·¨³¥É·¨Î¥¸±¨¥ ³µ¤Ê²¨ (É¥³´Ò¥ ÉµÎ±¨) ¶µ± §Ò¢ ÕÉ ³¥´ÓÏ¨¥ ¶·¥¤¥²Ó´Ò¥ ¤µ§Ò, Î¥³
µÉ¤¥²Ó´Ò¥ µ¡· §ÍÒ (¸¢¥É²Ò¥ ÉµÎ±¨) ¶·¨ µ¤¨´ ±µ¢ÒÌ ¢¥²¨Î¨´ Ì ¶µÉ¥·Ó ¸¢¥Éµ¢ÒÌµ¤ . ‚µ
¢¸¥Ì ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì, ´ ¶·¨³¥·, [8] (¸³. É ±¦¥ ¶·¨²µ¦¥´¨¥ A ¢ [9]) ¤µ§  ¢´ÊÉ·¨
³µ¤Ê²Ö ´¥ ¨§³¥·Ö² ¸Ó, ¶µÔÉµ³Ê ±µ··¥±É´µ¥ ¸· ¢´¥´¨¥ ´¥¢µ§³µ¦´µ. �¤´ ±µ É¥´¤¥´Í¨Ö
µÉÎ¥É²¨¢µ ¢¨¤´ .

�Î¥´Ó ¡µ²ÓÏµ¥ · §²¨Î¨¥ ¢ Dlim (±·Ê£²Ò¥ ÉµÎ±¨ ´  ·¨¸. 1) ´ ¡²Õ¤ ¥É¸Ö ¶·¨ µ¡²Ê-
Î¥´¨¨ µÉ¤¥²Ó´ÒÌ µ¡· §Íµ¢ Ë¨¡· “7 (Kuraray) [10] ¨ ± ²µ·¨³¥É·¨Î¥¸±µ£µ ³µ¤Ê²Ö É¨¶ 
®¸¶ £¥ÉÉ¨¯, ¨§£µÉµ¢²¥´´µ£µ ¨§ ÔÉ¨Ì ¦¥ Ë¨¡· [8]. Œµ¤Ê²Ó µ¡²ÊÎ ²¸Ö ¢ ¶ÊÎ±¥ Ô²¥±É·µ´µ¢
c Ee = 1,2 ƒÔ‚ ¶·¨ ³µÐ´µ¸É¨ ¤µ§Ò D• = 1, 6 · 105 ƒ ·· Î−1. ˆ´É¥´¸¨¢´µ¸ÉÓ ¸¢¥É  ¢ ³µ-
¤Ê²¥ ³µ¦¥É ´  ³´µ£µ ¶µ·Ö¤±µ¢ ¶·¥¢µ¸Ìµ¤¨ÉÓ ¨´É¥´¸¨¢´µ¸ÉÓ ¸¢¥É  ¢ µÉ¤¥²Ó´µ³ µ¡· §Í¥,
±µÉµ·Ò° µ¡²ÊÎ ²¸Ö ‘µ60 (Eγ

∼= 1,25 ŒÔ‚). �·¨ 20 % ¶µÉ¥·Ó ¸¢¥Éµ¢ÒÌµ¤  µ± § ²µ¸Ó, ÎÉµ
Dlim = 1 ±ƒ· (¤²Ö ³µ¤Ê²Ö) ¨ Dlim = 60 ±ƒ· (¤²Ö µ¡· §Í  “7). �¨Î¥³, ±·µ³¥ ËµÉµ· ¤¨Í¨-
µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö, µ¡ÑÖ¸´¨ÉÓ ÔÉµ ´¥¢µ§³µ¦´µ. �¡· §ÍÒ ¨ ³µ¤Ê²Ó µ¡²ÊÎ ²¨¸Ó ¶·¨³¥·´µ
¶·¨ µ¤¨´ ±µ¢µ° ³µÐ´µ¸É¨ ¤µ§Ò, ¶·¨ ±µÉµ·µ° · ¤¨ Í¨µ´´µ¥ µ±¨¸²¥´¨¥ ´¥§´ Î¨É¥²Ó´µ¥
[10]. � §´¨Í  ¸·¥¤´¥° ‹�� ¢ Ô²¥±É·µ´-ËµÉµ´´µ³ ²¨¢´¥ ¶·¨ 1,2 ƒÔ‚ ¨ ‹�� γ-±¢ ´Éµ¢
1,25 ŒÔ‚ É ±¦¥ ´¥ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± É ±µ³Ê ¡µ²ÓÏµ³Ê · §²¨Î¨Õ Dlim.

�É¤¥²Ó´Ò¥ µ¡· §ÍÒ ¸Í¨´É¨²²ÖÉµ·µ¢, ¨§£µÉµ¢²¥´´Ò¥ ¨§ £· ´Ê²¨·µ¢ ´´µ£µ ¶µ²¨¸É¨-
·µ²  �‘Œ 115 ³¥Éµ¤µ³ ²¨ÉÓÖ ¶µ¤ ¤ ¢²¥´¨¥³ (¤µ¡ ¢±¨ 1,5 % ·’� + 0,03 % ����� +
1 %  ´É¨· ¤Ò), ¶·¥¤¢ ·¨É¥²Ó´µ µ¡²ÊÎ ²¨¸Ó ¶·¨ Ee = 1,2 ƒÔ‚ ¨ Eγ = 1,25 ŒÔ‚ ¶·¨
D• = 105 ƒ· · Î−1 (ÉµÎ±¨ 1 ¨ 2 ´  ·¨¸. 1) [10]. ‚ · ³± Ì ³µ¤¥²¨·ÊÕÐ¥£µ ¶ ±¥É  GEANT



80 ‡ °Í¥¢ ‹.�.

¡Ò²  µÍ¥´¥´  ¢¥²¨Î¨´  Dlim, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ¶µÉ¥·¨ ¸¢¥Éµ¢ÒÌµ¤  20 % ¢ ± ²µ·¨³¥-
É·¥ ZD‘ (ÉµÎ±  3 ´  ·¨¸. 1) [3]. ‚¨¤´µ, ÎÉµ · ¸Î¥É´ Ö µÍ¥´±  ¤²Ö ZD‘ ¶µ± §Ò¢ ¥É
³¥´ÓÏÊÕ ¢¥²¨Î¨´Ê Dlim ¶µ ¸· ¢´¥´¨Õ ¸ Dlim µÉ¤¥²Ó´ÒÌ µ¡· §Íµ¢. ‚ ·¥ ²Ó´µ³ Ô±¸¶¥·¨-
³¥´É¥ ¶·¨ �b-�b-¢§ ¨³µ¤¥°¸É¢¨¨ ¸ Ô´¥·£¨¥° Ö¤¥· E = 158 A ƒÔ‚ ¶·¨ ³µÐ´µ¸É¨ ¤µ§Ò
D• = 2 ƒ· · Î−1 ¡Ò²  µ¶·¥¤¥²¥´  Dlim = 4 · 103 ƒ· (ÉµÎ±  4, ·¨¸. 1).

�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ¸¢¥Éµ¢Ò¢µ¤  (ËµÉµÉµ± ) µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö: �,� Å ¨§³¥·¥´¨Ö µÉ¤¥²Ó´ÒÌ

µ¡· §Íµ¢ ¸Í¨´É¨²²ÖÉµ·µ¢; ♦ Å ¨§³¥·¥´¨Ö ¢ ± ²µ·¨³¥É·¥ ZDC; � Å · ¸Î¥É ± ²µ·¨³¥É·  ZDC.
�¸É ²Ó´Ò¥ ÉµÎ±¨: É¥³´Ò¥ Å ¤ ´´Ò¥ ¶µ µ¡²ÊÎ¥´¨Õ · §²¨Î´ÒÌ ± ²µ·¨³¥É·¨Î¥¸±¨Ì ³µ¤Ê²¥° [9];

¸¢¥É²Ò¥ Å ¤²Ö µÉ¤¥²Ó´ÒÌ µ¡· §Íµ¢ ¸Í¨´É¨²ÖÉµ·µ¢ ¶µ ¤ ´´Ò³ · §²¨Î´ÒÌ · ¡µÉ (¸³. µ¡§µ· [10])

’ ±µ¥ ¡µ²ÓÏµ¥ · §²¨Î¨¥ Dlim ¤²Ö µ¡· §Íµ¢ ¨ ± ²µ·¨³¥É·  ´¥²Ó§Ö µ¡ÑÖ¸´¨ÉÓ Éµ²Ó±µ
· ¤¨ Í¨µ´´Ò³ µ±¨¸²¥´¨¥³, ±µÉµ·µ¥ ¢µ§· ¸É ¥É ¸ Ê³¥´ÓÏ¥´¨¥³ ³µÐ´µ¸É¨ ¤µ§Ò µ¡²ÊÎ¥-
´¨Ö. ƒ¥µ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ¸Í¨´É¨²²ÖÉµ·µ¢ ¨ · §²¨Î¨¥ ‹�� £ ³³ -±¢ ´Éµ¢ ¨ ¢Éµ·¨Î-
´µ£µ ¶µ²Ö ¨§²ÊÎ¥´¨Ö ¢´ÊÉ·¨ ± ²µ·¨³¥É·  ZDC ®· ¡µÉ ÕÉ¯ ¢ ¤·Ê£ÊÕ ¸Éµ·µ´Ê. ‘²¥¤µ¢ -
É¥²Ó´µ, ¤µ³¨´¨·ÊÕÐ¥¥ §´ Î¥´¨¥ ¨³¥¥É ËµÉµ· ¤¨Í¨µ´´Ò° ÔËË¥±É.

‚ ÔÉµ³ Ô±¸¶¥·¨³¥´É¥ ¢´ÊÉ·¨ ZDC ´ ³¨ ¢¶¥·¢Ò¥ ¡Ò²µ ¨§³¥·¥´µ ¶·µ¸É· ´¸É¢¥´´µ¥
· ¸¶·¥¤¥²¥´¨¥ ³µÐ´µ¸É¨ ¤µ§Ò [4]. �·µ¤µ²Ó´µ¥ (¢¤µ²Ó ¶ÊÎ± ) ¨ · ¤¨ ²Ó´µ¥ (¶µ¶¥·¥±
¶ÊÎ± ) · ¸¶·¥¤¥²¥´¨¥ ³µÐ´µ¸É¨ ¤µ§Ò ¸ÊÐ¥¸É¢¥´´µ ´¥· ¢´µ³¥·´Ò¥ ¨ ¸µµÉ¢¥É¸É¢ÊÕÉ · ¸-
¶·¥¤¥²¥´¨Õ ¶µÉµ±µ¢ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ²¨¢´¥. �¤´ ±µ ¡² £µ¤ ·Ö ËµÉµ· ¤¨ Í¨µ´´µ³Ê
ÔËË¥±ÉÊ ¶µÉ¥·¨ ¸¢¥Éµ¢ÒÌµ¤  ¢Ò· ¢´¨¢ ÕÉ¸Ö ¶µ µ¡Ñ¥³Ê ± ²µ·¨³¥É· . �  ·¨¸. 2 ¶µ± § ´µ
· ¸¶·¥¤¥²¥´¨¥ ³µÐ´µcÉ¨ ¤µ§Ò ¨ ¸¢¥Éµ¢ÒÌµ¤  ¸ ÊÎ¥Éµ³ ¨ ¡¥§ ÊÎ¥É  ËµÉµ· ¤¨ Í¨µ´´µ£µ
ÔËË¥±É . ‚Ò· ¢´¨¢ ´¨¥ ¸¢¥Éµ¢ÒÌµ¤  ´¥ É·¥¡Ê¥É ¸µ§¤ ´¨Ö É ± ´ §Ò¢ ¥³ÒÌ ®¶¸¥¢¤µÖÎ¥¥±¯
¸  ¢Éµ´µ³´µ° Ô²¥±É·µ´¨±µ° ¤²Ö ±µ··¥±É¨·µ¢±¨ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö [9], µ¤´ ±µ
 ¡¸µ²ÕÉ´ Ö ¢¥²¨Î¨´  ¸¢¥Éµ¢ÒÌµ¤  0,1Ä0,2 ¸µ¢¥·Ï¥´´µ ´¥¶·¨¥³²¥³ . ’·¥¡Ê¥É¸Ö µ¸µ¡Ò°
¶µ¤Ìµ¤, ¢¶¥·¢Ò¥ ¶·¥¤²µ¦¥´´Ò° ¢ [10, 11].
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�¨¸. 2. �·µ¤µ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ · ¤¨ Í¨µ´´µ° ´ £·Ê§±¨ (1) ¨ ¸¢¥Éµ¢ÒÌµ¤  ¸ ÊÎ¥Éµ³ (2) ¨ ¡¥§

ÊÎ¥É  (3) ËµÉµ· ¤¨ Í¨µ´´µ£µ ÔËË¥±É  (1,3 Å ¶µ ¤ ´´Ò³ [9]; 2 Å ´ Ï  µÍ¥´±  ¶µ [10])

‡�Š‹�—…�ˆ…

”µÉµ· ¤¨ Í¨µ´´µ¥ ¢µ§¤¥°¸É¢¨¥ Ö¢²Ö¥É¸Ö ¸¶¥Í¨Ë¨Î¥¸±¨³ ¨ ´¥ ¸¢µ¤¨É¸Ö ± ¸Ê³³¥ ¢µ§-
¤¥°¸É¢¨° ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö ¨ ¸¢¥É . ‚µ§³µ¦¥´ ¸¨´¥·£¥É¨Î¥¸±¨° ÔËË¥±É. �¸´µ¢-
´µ° µ¸µ¡¥´´µ¸ÉÓÕ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ·¥§Ê²ÓÉ É § ¢¨¸¨É µÉ ³µÐ´µ¸É¨ ¤µ§Ò ´¥ Éµ²Ó±µ ¢
¶·¨¸ÊÉ¸É¢¨¨ ±¨¸²µ·µ¤ , ´µ ¤ ¦¥ ¢ ¢ ±ÊÊ³¥. �¥ ¨¸±²ÕÎ¥´µ, ÎÉµ · ¤¨ Í¨µ´´µ ¸Éµ°±¨¥
¸Í¨´É¨²²ÖÉµ·Ò ¡¥§ ¢µ§¤¥°¸É¢¨Ö ¸¢¥É  ³µ£ÊÉ ¨³¥ÉÓ ´¨§±ÊÕ ËµÉµ· ¤¨ Í¨µ´´ÊÕ ¸Éµ°±µ¸ÉÓ,
ÎÉµ ³Ò Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ²¨ ¢ ZDC. �·¨ ÔÉµ³ ÔËË¥±É¨¢´µ¸ÉÓ  ´É¨· ¤µ¢ Ê³¥´Ó-
Ï ¥É¸Ö ¨ ¢µ§´¨± ¥É ¶·µ¡²¥³  ¶µ¨¸±  ¶ÊÉ¥° ËµÉµ· ¤¨ Í¨µ´´µ° ¸É ¡¨²¨§ Í¨¨ ¶µ²¨³¥·µ¢.

�¢Éµ· ¶·¨§´ É¥²¥´ �.ˆ. Œ ² Ìµ¢Ê, �.ˆ. ‡ ·Ê¡¨´Ê §  ¶µ²¥§´Ò¥ ¸µ¢¥ÉÒ,   É ±¦¥
�.‚. Š· ¸´µ¢µ° ¨ ‡.ˆ. ‘ ´Ó±µ §  ¶µ³µÐÓ ¢ µËµ·³²¥´¨¨ ¸É ÉÓ¨.
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