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a�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 
¡ˆ´¸É¨ÉÊÉ É¥µ·¥É¨Î¥¸±µ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨, Œµ¸±¢ 

¢Œµ¸±µ¢¸±¨° £µ¸Ê¤ ·¸É¢¥´´Ò° ¸É·µ¨É¥²Ó´Ò° Ê´¨¢¥·¸¨É¥É

ˆ§³¥·¥´Ò ¶·¥¤¥²Ò ¶·µÎ´µ¸É¨ µ¡· §Íµ¢ ¨§ Ô¶µ±¸¨¤´µ° ¸³µ²Ò, ¸µ¤¥·¦ Ð¥° Í¥³¥´É, ¶·¨ µ¤´µ-
¢·¥³¥´´µ³ ¢µ§¤¥°¸É¢¨¨ É¥³¶¥· ÉÊ·Ò 328Ä378 Š ¨ ³µÐ´µ¸É¨ ¤µ§Ò γ-¨§²ÊÎ¥´¨° 2,5 ¨ 7,5 ƒ· · ¸−1.
‚¶¥·¢Ò¥ ³¥Éµ¤µ³ ®É¥³¶¥· ÉÊ·´µ-¤µ§µ¢µ° ¸Ê¶¥·¶µ§¨Í¨¨¯ µ¶·¥¤¥²¥´Ò ¶·¥¤¥²Ó´Ò¥ ¤µ§Ò, ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ 25 %-³Ê ¸´¨¦¥´¨Õ ¶·¥¤¥²  ¶·µÎ´µ¸É¨ ³ É¥·¨ ²  ¶·¨ ³µÐ´µ¸É¨ ¤µ§Ò 2, 35·10−2 ƒ· · ¸−1.
� ¸Î¥É´µ¥ §´ Î¥´¨¥ ¶·¥¤¥²Ó´µ° ¤µ§Ò 2 · 105 ƒ· ¤²Ö µ¡· §Íµ¢ ¨§ Ô¶µ±¸¨¤´µ° ¸³µ²Ò Ìµ·µÏµ ¸µ£² -
¸Ê¥É¸Ö ¸ ¨§³¥·¥´´Ò³ 2, 5 · 105 ƒ·. „²Ö µ¡· §Íµ¢ ¨§ ¶µ²¨³¥·Í¥³¥´É  ¶·¥¤¥²Ó´ Ö ¤µ§ , ¶·¨¢¥¤¥´´ Ö
± É¥³¶¥· ÉÊ·¥ 293 Š ¨ ³µÐ´µ¸É¨ ¤µ§Ò µ¡²ÊÎ¥´¨Ö 10−3 ƒ· · ¸−1, ¸µ¸É ¢²Ö¥É 8 · 106 ƒ·.

The strength limits of the samples of epoxy containing cement at a temperature of 328Ä378 K and
a dose γ-radiation rate of 2.5Ä7.5 Gy · s−1 have been measured simultaneously. The limiting doses
corresponding to 25 % losses of the yield strength were ˇrst determined by means of extrapolation to
293 K and 10−3 Gy · s−1. The limiting dose 2 · 105 Gy for epoxy without cement measured empirically
is in good agreement with value of 2.5 ·10−2 Gy · s−1. A limiting dose of ∼ 107 Gy for polymercement
cannot be directly measured at 293 K and 10−3 Gy · s−1 because of very high time expenses for
irradiation. In this case, the limiting dose can be determined only by the method of temperatureÄdose
superposition.

‚‚…„…�ˆ…

ˆ¸¸²¥¤µ¢ ´¨¥ ¶·µÎ´µ¸É´ÒÌ ¸¢µ°¸É¢ ¨§µ²ÖÍ¨µ´´ÒÌ ³ É¥·¨ ²µ¢, ¶·¨³¥´Ö¥³ÒÌ ¢ É¥Ì-
´µ²µ£¨¨ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨Ì ³ £´¨Éµ¢ ¤²Ö ¸¨²Ó´µÉµÎ´ÒÌ Ê¸±µ·¨É¥²¥° ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶·µ-
Éµ´µ¢ ¨ Ö¤¥·, Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´µ° § ¤ Î¥°.

�µ²ÓÏ Ö Î ¸ÉÓ ³ £´¨É´µ° ¸É·Ê±ÉÊ·Ò ¶·µÉµ´´ÒÌ ¸¨´Ì·µÉ·µ´µ¢ ¢ ¶·µÍ¥¸¸¥ Ê¸±µ·¥-
´¨Ö ¨²¨ Í¨·±Ê²ÖÍ¨¨ ¶ÊÎ±  ¢µ¸¶·¨´¨³ ¥É · ¤¨ Í¨µ´´ÊÕ ´ £·Ê§±Ê ¶µ·Ö¤±  2 · 10−5−
5 · 10−4 ƒ· · ¸−1. �  ¥¤¨´¨Î´Ò¥ ³ £´¨ÉÒ ¸¨¸É¥³ ¨´¦¥±Í¨¨ ¨²¨ ¢Ò¢µ¤  ¶ÊÎ±  ³µ¦¥É
¶·¨Ìµ¤¨ÉÓ¸Ö §´ Î¨É¥²Ó´µ ¡µ²ÓÏ Ö · ¤¨ Í¨µ´´ Ö ´ £·Ê§±  1−10 ƒ· · ¸−1, ÎÉµ É·¥¡Ê¥É ¶·¨-
³¥´¥´¨Ö ´¥µ·£ ´¨Î¥¸±¨Ì ³ É¥·¨ ²µ¢: ±¥· ³¨±¨, µ±¨¸²µ¢ ³¥É ²²µ¢, Í¥³¥´Éµ¢ ¨ ¤·. �µ
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É ±¨Ì ³ £´¨Éµ¢ ³ ²µ, ¶µÔÉµ³Ê µ¸´µ¢´µ¥ ¢´¨³ ´¨¥ Ê¤¥²ÖÕÉ ¤¨¶µ²Ö³ ¨ ²¨´§ ³, É ± ´ §Ò-
¢ ¥³µ° ®¸¶µ±µ°´µ° µ¡² ¸É¨¯, £¤¥ Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò³¨ ¸Î¨É ÕÉ¸Ö µ¡³µÉ±¨ ¸ ¨§µ²ÖÍ¨¥°
¨§ Ô¶µ±¸¨¤´µ° ¸³µ²Ò [1].

‚ Ê¸±µ·¨É¥²ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· (Pb, U) ¶·¨ ¶·µÎ¨Ì · ¢´ÒÌ Ê¸²µ¢¨ÖÌ · ¤¨ Í¨µ´´ Ö ´ -
£·Ê§±  ¢µ§· ¸É ¥É ¤µ 5 ·10−3 ƒ· · ¸−1 ¢ ®¸¶µ±µ°´µ° µ¡² ¸É¨¯ ¨ ¤µ 103 ƒ· · ¸−1 ¢ ®£µ·ÖÎ¨Ì¯
· ¤¨ Í¨µ´´ÒÌ §µ´ Ì ¨§-§  ¡µ²ÓÏµ° ¤¨¸¸¨¶ Í¨¨ Ô´¥·£¨¨ ¶µÉ¥·Ö´´ÒÌ Ö¤¥· [2]. � ¶·¨³¥·,
¤²Ö SIS100 ´  1 ƒÔ‚ ¶·¨ 1012 Ö¤¥· U · ¸−1 ¦¥² É¥²Ó´µ ¨³¥ÉÓ ³ É¥·¨ ² ¸ ¡µ²¥¥ ¢Ò¸µ±µ°
· ¤¨ Í¨µ´´µ° ¸Éµ°±µ¸ÉÓÕ.

�·µ¡²¥³Ê ³µ¦´µ ·¥Ï¨ÉÓ ¸ ¶µ³µÐÓÕ · §²¨Î´ÒÌ ´ ¶µ²´¨É¥²¥°. ˆÌ ³µ¦´µ · §¤¥²¨ÉÓ
´  ¶µ·µÏ±µµ¡· §´Ò¥ ¨ ¢µ²µ±´¨¸ÉÒ¥. –¥³¥´É (´¥µ·£ ´¨Î¥¸±µ¥ ¢Ö¦ÊÐ¥¥ ¢¥Ð¥¸É¢µ) ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° Ê´¨± ²Ó´Ò° ´ ¶µ²´¨É¥²Ó. �´ µ¡¥¸¶¥Î¨¢ ¥É ¤µ²£µ¢¥Î´µ¸ÉÓ ¨ ¶µ¢ÒÏ ¥É · -
¤¨ Í¨µ´´ÊÕ ¸Éµ°±µ¸ÉÓ ±µ³¶µ§¨É . �µ²¨³¥·´Ò° ±µ³¶µ´¥´É Ê²ÊÎÏ ¥É Ô²¥±É·µË¨§¨Î¥¸±¨¥
¸¢µ°¸É¢  ¨§µ²ÖÍ¨¨ ¨ ¸µ§¤ ¥É ´¥µ¡Ìµ¤¨³ÊÕ ¶² ¸É¨Î´µ¸ÉÓ. �·¨ ÔÉµ³ ¶µ²¨³¥· µ¡· §Ê¥É ¢
§ É¢¥·¤¥¢Ï¥³ ³ É¥·¨ ²¥ ¸ ³µ¸ÉµÖÉ¥²Ó´Ò° ¸É·Ê±ÉÊ·´Ò° Ô²¥³¥´É ¨ µ¶·¥¤¥²Ö¥É ±¨´¥É¨±Ê
· ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ ¶·¨ · ¤¨µ²¨§¥. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ³¥Ì ´¨-
Î¥¸±¨Ì ¨ ¤¨Ô²¥±É·¨Î¥¸±¨Ì ¸¢µ°¸É¢ · §²¨Î´ÒÌ ¶µ²¨³¥·Í¥³¥´Éµ¢ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥
¸µµÉ´µÏ¥´¨° Ô¶µ±¸¨¤´ÒÌ ¸³µ² ¨ Í¥³¥´Éµ¢ ¶·¨¢¥¤¥´Ò ¢ [3]. �¤´ ±µ ¨¸¸²¥¤µ¢ ´¨Ö · ¤¨-
 Í¨µ´´µ° ¸Éµ°±µ¸É¨ ¶·¨ ³ ²ÒÌ ³µÐ´µ¸ÉÖÌ ¤µ§ (∼ 10−3 ƒ· · ¸−1) ´¥ ¶·µ¢µ¤¨²¨¸Ó.

‚ ¤ ´´µ° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¥¤¥²  ¶·µÎ´µ¸É¨ ¶µ¸²¥ µ¡²Ê-
Î¥´¨Ö µ¡· §Íµ¢ Ô¶µ±¸¨¤´µ° ¸³µ²Ò ¨ ¶µ²¨³¥·Í¥³¥´É . Œ¥Éµ¤µ³ ®É¥³¶¥· ÉÊ·´µ-¤µ§µ¢µ°
¸Ê¶¥·¶µ§¨Í¨¨¯ µ¶·¥¤¥²¥´Ò ¶·¥¤¥²Ó´Ò¥ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¤²Ö ÔÉ¨Ì ³ É¥·¨ ²µ¢.

1. Œ…’�„ˆŠ�

’¥³¶¥· ÉÊ·´µ¥ ¢²¨Ö´¨¥ ¨³¥¥É ËÊ´¤ ³¥´É ²Ó´µ¥ §´ Î¥´¨¥ ¢ Ì¨³¨Î¥¸±µ³ ¢µ§¤¥°¸É¢¨¨
¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´  ¶µ²¨³¥·Ò. �·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì, Î¥³ É¥³¶¥· -
ÉÊ·  Ô±¸¶²Ê É Í¨¨ TÔ, ¶·µ¨¸Ìµ¤¨É Ê¸±µ·¥´¨¥ ¶·µÍ¥¸¸  ¤¥£· ¤ Í¨¨ ¶µ²¨³¥·  ¡¥§ ¨§³¥´¥-
´¨Ö ³¥Ì ´¨§³  µ¸´µ¢´ÒÌ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨°. „²Ö ¶¥·¥´¥¸¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨°,
¶µ²ÊÎ¥´´ÒÌ ¶·¨ ¶µ¢ÒÏ¥´´ÒÌ É¥³¶¥· ÉÊ· Ì, ´  Ê¸²µ¢¨¨ § ¤ ´´µ° É¥³¶¥· ÉÊ·Ò ¢ÒÎ¨¸²Ö-
¥É¸Ö É ± ´ §Ò¢ ¥³Ò° ±µÔËË¨Í¨¥´É ¸³¥Ð¥´¨Ö, µ¶·¥¤¥²Ö¥³Ò° ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ § ±µ´µ³
�··¥´¨Ê¸  [4]:

k ∼ exp (−E/RT ), (1)

£¤¥ k Å ¸±µ·µ¸ÉÓ ÔËË¥±É¨¢´µ° Ì¨³¨Î¥¸±µ° ·¥ ±Í¨¨; E Å Ô´¥·£¨Ö  ±É¨¢ Í¨¨ É¥·³¨-
Î¥¸±¨  ±É¨¢¨·µ¢ ´´µ£µ ¶·µÍ¥¸¸  ¸É ·¥´¨Ö ³ É¥·¨ ² ; R Å £ §µ¢ Ö ¶µ¸ÉµÖ´´ Ö; T Å
É¥³¶¥· ÉÊ· . Œ¥Éµ¤, ²¥¦ Ð¨° ¢ µ¸´µ¢¥ ¸Ê¶¥·¶µ§¨Í¨¨ ®¢·¥³ÖÄÉ¥³¶¥· ÉÊ· Ä³µÐ´µ¸ÉÓ
¤µ§Ò¯ [5], § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ µÉ´µÏ¥´¨¥ ¢·¥³¥´ ¶·¨ ¤¢ÊÌ · §²¨Î´ÒÌ É¥³¶¥· -
ÉÊ· Ì Ö¢²ÖeÉ¸Ö ÉµÎ±µ° ¨´¢¥·¸¨¨ µÉ´µÏ¥´¨° ³µÐ´µ¸É¥° ¤µ§, µÉ´µ¸ÖÐ¨Ì¸Ö ± ÔÉ¨³ ¦¥
¤¢Ê³ É¥³¶¥· ÉÊ· ³. �Éµ µÎ¥¢¨¤´µ, ¶µ¸±µ²Ó±Ê ¶·¨ § ¤ ´´µ° ¤µ§¥ ¢·¥³Ö µ¡· É´µ ¶·µ-
¶µ·Í¨µ´ ²Ó´µ ³µÐ´µ¸É¨ ¤µ§Ò. ‡´ Î¨É ³µ¦´µ ¶·µ¢µ¤¨ÉÓ ¨§µ¤µ§µ¢ÊÕ Ô±¸É· ¶µ²ÖÍ¨Õ
± ¡µ²ÓÏ¨³ ¢·¥³¥´ ³, ÎÉµ Ô±¢¨¢ ²¥´É´µ Ê¸²µ¢¨Ö³ µ¡²ÊÎ¥´¨Ö ¶·¨ ¡µ²¥¥ ´¨§±¨Ì ³µÐ-
´µ¸ÉÖÌ ¤µ§. �ÉµÉ ¶µ²ÊÔ³¶¨·¨Î¥¸±¨° ³¥Éµ¤ ¡Ò² ¶·µ¢¥·¥´ ´  ¨§µ²ÖÍ¨µ´´ÒÌ ¶µ²¨³¥·-
´ÒÌ ³ É¥·¨ ² Ì. �µ²ÊÎ¥´µ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ¥ ¸µ£² ¸¨¥ ³¥¦¤Ê ¶·µ£´µ§¨·Ê¥³Ò³ ·¥¸Ê·-
¸µ³ 14 ²¥É ¨ ·¥ ²Ó´Ò³ ¢·¥³¥´¥³ 12 ²¥É ¶·¥¡Ò¢ ´¨Ö ¨§µ²ÖÍ¨¨ ¢ ·¥ ±Éµ·¥ ��‘ ¶·¨
2, 8 · 10−3 ƒ· · ¸−1 [6].
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�¨¸. 1. ƒ¥µ³¥É·¨Ö µ¡²ÊÎ¥´¨Ö

¶ ±¥É  µ¡· §Íµ¢: 1 Å ¨¸ÉµÎ´¨±
137Cs; 2 Å µ¡· §ÍÒ ¨§ Ô¶µ±¸¨¤-

´µ° ¸³µ²Ò; 3 Å Í¢¥Éµ¢Ò¥ ¶²¥´µÎ-

´Ò¥ ¤µ§¨³¥É·Ò (–„�)

ˆ§ Ô¶µ±¸¨¤´µ° ¸³µ²Ò �„-22 (40 ¢¥¸. %) ¨ Í¥-
³¥´É  (100 ¢¥¸. %) ¨§£µÉ ¢²¨¢ ²¨¸Ó µ¡· §ÍÒ · §³¥· ³¨
40 × 15 ³³ ¨ Éµ²Ð¨´µ° 4 ³³. ’¥Ì´µ²µ£¨Ö ¨§£µÉµ¢²¥-
´¨Ö ¶µ²¨³¥·Í¥³¥´É  ¶µ¤·µ¡´µ µ¶¨¸ ´  ¢ [3]. Š·µ³¥
Éµ£µ, ¶µ ¸É ´¤ ·É´µ° É¥Ì´µ²µ£¨¨ ¡Ò²¨ ¨§£µÉµ¢²¥´Ò ´¥-
¸±µ²Ó±µ µ¡· §Íµ¢ ¨§ �„-22 ¡¥§ ¤µ¡ ¢²¥´¨Ö Í¥³¥´É  ¨
¨§ Î¨¸Éµ£µ Í¥³¥´É .

�¡· §ÍÒ Ëµ·³¨·µ¢ ²¨¸Ó ¢ ¶ ±¥ÉÒ ¶µ 3 ÏÉ., ± ±
¶µ± § ´µ ´  ·¨¸. 1, ¨ ¤²Ö ± ¦¤µ£µ ¡Ò² µ¤¨´ ±µ´-
É·µ²Ó´Ò° µ¡· §¥Í. ‚¸¥£µ ¡Ò²µ ¸Ëµ·³¨·µ¢ ´µ 13
¶ ±¥Éµ¢ (¸µµÉ¢¥É¸É¢Ê¥É Î¨¸²Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Éµ-
Î¥± ´  ·¨¸. 2). ˆ§ ´¨Ì 8 ¶ ±¥Éµ¢ µ¡²ÊÎ ²¨¸Ó
¶·¨ ´µ·³ ²Ó´µ° É¥³¶¥· ÉÊ·¥ (293 Š), 5 ¶ ±¥Éµ¢
¶·¨ ¶µ¢ÒÏ¥´´ÒÌ É¥³¶¥· ÉÊ· Ì µÉ 328 ¤µ 378 Š.

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ ¶·¥¤¥²Ó´µ°
¤µ§Ò, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° 25 % ¸´¨-

¦¥´¨Õ ¶·¥¤¥²  ¶·µÎ´µ¸É¨ ´  · -

¸ÉÖ¦¥´¨¥ µÉ ³µÐ´µ¸É¨ ¶µ£²µÐ¥´-
´µ° ¤µ§Ò (´ £·Ê§±¨): 1 Å Í¥³¥´É;

2 Å ¶µ²¨³¥·Í¥³¥´É; 3 Å Ô¶µ±-

¸¨¤´ Ö ¸³µ² ; �,� Å ´ Ï¨ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ; � Å

±¢ ¤·Ê¶µ²Ó ¸ Í¥³¥´É´µ° ¨§µ²ÖÍ¨¥°
DESY(¸³ ¢ [1]); + Å ¤ ´´Ò¥ ¶µ-

²ÊÎ¥´´Ò¥ ³¥Éµ¤µ³ ¸Ê¶¥·¶µ§¨Í¨¨

‚ ± ¦¤µ³ ¶ ±¥É¥ ¶µ³¥Ð ²¨¸Ó Í¢¥Éµ¢Ò¥ ¶²¥´µÎ´Ò¥ ¤µ-
§¨³¥É·Ò (–„�) Éµ²Ð¨´µ° µÉ 75 ¤µ 150 ³±³. �´ ²µ£,
· ¸¶·µ¸É· ´¥´´Ò° §  ·Ê¡¥¦µ³, Å FWT = 70 [7]. ‚¸¥
¤µ§¨³¥É·Ò ¡Ò²¨ £· ¤Ê¨·µ¢ ´Ò ¢ ¶µ²ÖÌ γ-¨§²ÊÎ¥´¨Ö ¢
Éµ³ Î¨¸²¥ ¨ ¶·¨ ¶µ¢ÒÏ¥´´ÒÌ É¥³¶¥· ÉÊ· Ì µÉ 50 ¤µ
100 ◦‘: –„�-4-1 ¨§³¥·ÖÕÉ ¶µ£²µÐ¥´´ÊÕ ¤µ§Ê µÉ 102

¤µ 2 · 105 ƒ·. –„�-”-2 ¨§³¥·ÖÕÉ ¤µ§Ê µÉ 105 ¤µ
108 ƒ·. „µ§  µ¶·¥¤¥²Ö² ¸Ó ¶µ ¶²µÉ´µ¸É¨ ¶µÎ¥·´¥´¨Ö
(¨§³¥´¥´¨Ö Í¢¥É ) ¸ ¶µ³µÐÓÕ ¸¶¥±É·µËµÉµ³¥É·  ‘”-
26. „µ¶µ²´¨É¥²Ó´µ Ô±¸¶µ§¨Í¨µ´´ Ö ¤µ§  ±µ´É·µ²¨·µ-
¢ ² ¸Ó ¤·Ê£¨³¨ ¤µ§¨³¥É· ³¨.

�¡²ÊÎ¥´¨¥ ¢Ò¶µ²´Ö²µ¸Ó ´  ¨¸ÉµÎ´¨± Ì, µ¡¥¸¶¥Î¨-
¢ ÕÐ¨Ì ´¥µ¡Ìµ¤¨³ÊÕ · ¤¨ Í¨µ´´ÊÕ ´ £·Ê§±Ê. �¥·-
¢ Ö £·Ê¶¶  µ¡· §Íµ¢ µ¡²ÊÎ ² ¸Ó γ-¨§²ÊÎ¥´¨¥³ ¸ ´ £·Ê§-
±µ° 5 · 10−3− 3 · 10−2 ƒ· · ¸−1. ‚ ± Î¥¸É¢¥ ¨¸ÉµÎ´¨± 
¨¸¶µ²Ó§µ¢ ²¸Ö ¨§µÉµ¶ 137Cs  ±É¨¢´µ¸ÉÓÕ 4,1 Š¨. ƒ¥µ-
³¥É·¨Ö µ¡²ÊÎ¥´¨Ö ¶µ± § ´  ´  ·¨¸. 1. Šµ´É·µ²Ó Ô±¸-
¶µ§¨Í¨µ´´µ° ¤µ§Ò ¢ É·¥Ì ÉµÎ± Ì ¶µ µ¸¨ ¸¨³³¥É·¨¨
¨¸ÉµÎ´¨±  ¶·µ¨§¢µ¤¨²¸Ö ¢µ§¤ÊÌµÔ±¢¨¢ ²¥´É´µ° ¨µ´¨§ -
Í¨µ´´µ° ± ³¥·µ° VAK-251 ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³ µ¡Ñ¥³µ³
50 ³³3. �µ£·¥Ï´µ¸ÉÓ ¨§³¥·¥´¨Ö ±10 %. ŒµÐ´µ¸ÉÓ
Ê¸·¥¤´¥´´µ° ¶µ£²µÐ¥´´µ° ¤µ§Ò ¢ÒÎ¨¸²Ö² ¸Ó Ê³´µ¦¥-
´¨¥³ ´  ±µÔËË¨Í¨¥´É 0,95 ¤²Ö É± ´¥Ô±¢¨¢ ²¥´É´µ£µ
Ë ´Éµ³ . „²Ö �„-22 ±µÔËË¨Í¨¥´É ´¥ ¨§¢¥¸É¥´. �µ-
²ÊÎ¥´µ ¸µ£² ¸¨¥ ¸ ¢¥²¨Î¨´ ³¨ ¶µ£²µÐ¥´´ÒÌ ¤µ§, ¨§-
³¥·¥´´Ò³¨ –„� ¢ ¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¨ ±20 %.
‚·¥³Ö µ¡²ÊÎ¥´¨Ö ¶ ±¥É  2322 Î ¶·¨ ³µÐ´µ¸É¨ ¤µ§Ò
2, 35 · 10−2 ƒ· · ¸−1 (86,4 ƒ· · Î−1).

‚ ¤¨ ¶ §µ´¥ ´ £·Ê§µ± µÉ 10 ◦ ¤µ 101 ƒ· · ¸−1 ¤²Ö µ¡-
²ÊÎ¥´¨Ö ¨¸¶µ²Ó§µ¢ ² ¸Ó ¨§µÉµ¶´ Ö (60Co) · ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸± Ö Ê¸É ´µ¢±  É¨¶  ®Š¯,
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· §· ¡µÉ ´´ Ö ¢ �ˆ”•ˆ ¨³. ‹. Ÿ. Š ·¶µ¢ ,  ±É¨¢´µ¸ÉÓÕ 1, 3 · 103 Š¨. � ¤¨ Í¨µ´´Ò¥
´ £·Ê§±¨ ´  µ¡· §ÍÒ ¨§³¥·Ö²¨ ¸É ´¤ ·É´Ò³¨ £²Õ±µ§´Ò³¨ ¤µ§¨³¥É· ³¨ „�ƒ-25/200. ˆ§
¸¥³¨ ¶ ±¥Éµ¢ µ¡· §Íµ¢ ¤¢  µ¡²ÊÎ ²¨¸Ó ´  ¢µ§¤ÊÌ¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ∼ 293 Š. „·Ê£¨¥
¶ ±¥ÉÒ ¶µµÎ¥·¥¤´µ µ¡²ÊÎ ²¨¸Ó ¶·¨ É¥³¶¥· ÉÊ· Ì 328, 348, 378 Š (�„-22) ¨ 353, 363 Š
(�–). � ±¥É µ¡· §Íµ¢ ¶µ³¥Ð ²¸Ö ¢ ´ £·¥¢ É¥²Ó´Ò° Ï± Ë ®MINI OVEN-988¯ (”· ´Í¨Ö),
±µÉµ·Ò° ¨³¥² ·¥£Ê²ÖÉµ· Ê¸É ´µ¢±¨ É¥³¶¥· ÉÊ·Ò µÉ 50 ¤µ 100 ◦‘,  ¢Éµ³ É¨Î¥¸±¨° É¥³¶¥-
· ÉÊ·´Ò° ±µ´É·µ²Ó (É¥·³µ¸É É) ¨ ¸¢¥Éµ¢µ° ¨´¤¨± Éµ·. �¡²ÊÎ¥´¨¥ ¶·µ¨§¢µ¤¨²µ¸Ó Î¥·¥§
¶¥·¥¤´¥¥ É¥·³µ¸É¥±²µ Éµ²Ð¨´µ° 1,5 ³³. �¥¸Ê·¸ ´ £·¥¢ É¥²Ó´ÒÌ ÉÔ´µ¢ ´  ³¥´¥¥ 1000 Î
´¥¶·¥·Ò¢´µ° · ¡µÉÒ. ˆ§³¥·¥´¨¥ É¥³¶¥· ÉÊ·Ò ¶·µ¨§¢µ¤¨²¨ ¶² É¨´µ¢Ò³¨ É¥·³µ³¥É· ³¨.
�µ£·¥Ï´µ¸ÉÓ ¢ ¢¥²¨Î¨´¥ É¥³¶¥· ÉÊ·Ò ±1, 5 ◦‘.

„²Ö ¶µ²ÊÎ¥´¨Ö ¡µ²ÓÏ¨Ì · ¤¨ Í¨µ´´ÒÌ ´ £·Ê§µ± 102Ä104 ƒ· · ¸−1 ¨¸¶µ²Ó§µ¢ ²¸Ö ‹“�
´  Ô´¥·£¨Õ 1,2 ƒÔ‚ ¶·¨ Ë²Õ¥´¸¥ 1011 Ô²¥±É·µ´ · ¸³−2 · ¸−1. ‚ ¶ÊÎ±¥ Ô²¥±É·µ´µ¢ ¡Ò²¨
µ¡²ÊÎ¥´Ò 2 ¶ ±¥É  �– ¨ µ¤¨´ ¶ ±¥É Í¥³¥´É´µ£µ ± ³´Ö. ‚¸¥ ¸¥ ´¸Ò µ¡²ÊÎ¥´¨Ö ¶·µ¢µ-
¤¨²¨¸Ó ¢ ¢ ±ÊÊ³µ¶·µ¢µ¤¥ ¶·¨ ´ Î ²Ó´µ° É¥³¶¥· ÉÊ·¥ ∼ 293 Š. � ¤¨ Í¨µ´´Ò° · §µ£·¥¢
¸µ¸É ¢²Ö² 15 Š. „²Ö µ¶·¥¤¥²¥´¨Ö ¶µ£²µÐ¥´´µ° ¤µ§Ò, µ¡Ê¸²µ¢²¥´´µ° γ-¸µ¸É ¢²ÖÕÐ¥°,
¨¸¶µ²Ó§µ¢ ²¨¸Ó É¥·³µ²Õ³¨´¥¸Í¥´É´Ò¥ ¤µ§¨³¥É·Ò ’‹„-700.

ˆ¸¶ÒÉ ´¨Ö ±µ´É·µ²Ó´ÒÌ µ¡· §Íµ¢ ¨ µ¡· §Íµ¢ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢ ¸µµÉ-
¢¥É¸É¢¨¨ ¸ ƒ�‘’ 14236-81 ¶·¨ É¥³¶¥· ÉÊ·¥ 293 Š. „²Ö µ¶·¥¤¥²¥´¨Ö ¶·¥¤¥²  ¶·µÎ´µ¸É¨
´  · ¸ÉÖ¦¥´¨¥ σ ¨¸¶µ²Ó§µ¢ ² ¸Ó · §·Ò¢´ Ö ³ Ï¨´  ®INSTRON¯ (Ÿ¶µ´¨Ö). �µ£·¥Ï´µ¸ÉÓ
µ¶·¥¤¥²¥´¨Ö σ ± 5 %.

3. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

�  ·¨¸. 2 ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ µ¡²ÊÎ¥´¨Ö ¢¸¥Ì 13 ¶ ±¥Éµ¢ µ¡· §Íµ¢. Š ± ¨ ¸²¥-
¤µ¢ ²µ µ¦¨¤ ÉÓ, ´ ¡²Õ¤ ¥É¸Ö ¸¨²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ ¶·¥¤¥²Ó´µ° ¤µ§Ò Dlim µÉ ³µÐ´µ¸É¨

�¨¸. 3. ˆ§³¥´¥´¨¥ ¶·¥¤¥²  ¶·µÎ´µ¸É¨
´  · ¸ÉÖ¦¥´¨¥ ¶·¨ µ¡²ÊÎ¥´¨¨ µ¡· §-

Íµ¢ �„-22: �, �, ∆ Å ³µÐ´µ¸ÉÓ
¤µ§Ò 2,5 ƒ· · ¸−1; + Å ³µÐ´µ¸ÉÓ ¤µ§Ò

2, 35 · 10−2 ƒ· · ¸−1

¤µ§Ò (´ £·Ê§±¨) Ḋ. �¡ÑÖ¸´Ö¥É¸Ö ÔÉµ · ¤¨ Í¨µ´´µ-
Ì¨³¨Î¥¸±¨³ µ±¨¸²¥´¨¥³ ¶µ²¨³¥·´ÒÌ ±µ³¶µ´¥´Éµ¢,
±µÉµ·µ¥ ¶µ¤·µ¡´µ µ¡¸Ê¦¤¥´µ ¢ [8]. �·¥¤¥²Ó´ Ö ¤µ§ 
¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¸µµÉ¢¥É¸É¢Ê¥É 25 %-³Ê ¸´¨¦¥´¨Õ
¶·¥¤¥²  ¶·µÎ´µ¸É¨ ´  · ¸ÉÖ¦¥´¨¥ ¢¸²¥¤¸É¢¨¥ ¢µ§¤¥°-
¸É¢¨Ö ´  ³ É¥·¨ ²Ò · ¤¨ Í¨µ´´µ-Ì¨³¨Î¥¸±¨Ì ¶·µ-
Í¥¸¸µ¢ ¶·¨ · ¤¨µ²¨§¥. Š ± ¡Ò²µ ¸± § ´µ ¢ÒÏ¥, Ê¢¥-
²¨Î¥´¨¥ É¥³¶¥· ÉÊ·Ò µ¡²ÊÎ¥´¨Ö Ê¸¨²¨¢ ¥É ÔÉ¨ ¶·µ-
Í¥¸¸Ò ¨ ¶·¨ µ¤¨´ ±µ¢µ° ´ £·Ê§±¥ ¢¥²¨Î¨´  Dlim

¸´¨¦ ¥É¸Ö.
�  ·¨¸. 3 ¶µ± § ´µ ¨§³¥´¥´¨¥ σ ¢ § ¢¨¸¨³µ¸É¨ µÉ

¢·¥³¥´¨ µ¡²ÊÎ¥´¨Ö ¤²Ö µ¡· §Íµ¢ �„-22. �µ É ´£¥´¸Ê
Ê£²  (β) ´ ±²µ´  ¶·Ö³ÒÌ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ § ±µ´µ³
�··¥´¨Ê¸  µ¶·¥¤¥²Ö²¨¸Ó ±µÔËË¨Í¨¥´ÉÒ ¸³¥Ð¥´¨Ö
¨ · ¸Î¥É´Ò¥ ÉµÎ±¨ ¤²Ö σ(Ḋ). „²Ö Î¨¸Éµ£µ ¶µ²¨-
³¥·  �„-22 Dlim = 2 · 10−5 ƒ·, µ¶·¥¤¥²¥´´ Ö Ô³¶¨-
·¨Î¥¸±¨, Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´µ°
¢¥²¨Î¨´µ° Dlim = 2, 5 · 105 ƒ·, ¨§³¥·¥´´µ° ´¥¶µ-

¸·¥¤¸É¢¥´´µ ´  ¨¸ÉµÎ´¨±¥ 137‘s ¶·¨ Ḋ = 2, 35 · 10−2 ƒ· · ¸−1. �Éµ µ§´ Î ¥É, ÎÉµ § ±µ´
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�··¥´¨Ê¸  · ¡µÉ ¥É ¤²Ö ¤ ´´µ£µ ¶µ²¨³¥·  ¨ ³µ¦´µ £µ¢µ·¨ÉÓ µ ¶·¨³¥´¨³µ¸É¨ ³¥Éµ¤ 
®É¥³¶¥· ÉÊ·´µ-¤µ§µ¢µ° ¸Ê¶¥·¶µ§¨Í¨¨¯.

4. �Š‘’����‹Ÿ–ˆŸ

�  ·¨¸. 4 ¶µ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¶µ²¨³¥·Í¥³¥´É  ¶·¨ Ḋ =
7, 5 ƒ· · ¸−1 ¨ ¤¢ÊÌ É¥³¶¥· ÉÊ· Ì: 353, 363 Š. � Î ²Ó´ Ö ¢¥²¨Î¨´  σ0

∼= (20 ± 2) Œ� .

�¨¸. 4. ˆ§³¥´¥´¨¥ ¶·¥¤¥²  ¶·µÎ´µ¸É¨
´  · ¸ÉÖ¦¥´¨¥ ¶·¨ µ¡²ÊÎ¥´¨¨ µ¡· §-

Íµ¢ ¶µ²¨³¥·Í¥³¥´É ; ³µÐ´µ¸ÉÓ ¤µ§Ò
7,5 ƒ· · ¸−1

�¨¸. 5. ƒ· Ëµ ´ ²¨É¨Î¥¸±µ¥

µ¶·¥¤¥²¥´¨¥ ±µ´¸É ´É ¸±µ·µ¸É¨
¸É ·¥´¨Ö ³ É¥·¨ ²µ¢ ¶·¨ · -

¤¨µ²¨§¥: ¸¶²µÏ´Ò¥ ²¨´¨¨ Å

¶µ ¤ ´´Ò³ Ô±¸¶¥·¨³¥´Éµ¢; ¶Ê´±-
É¨·´Ò¥ ²¨´¨¨ Å Ô±¸É· ¶µ²ÖÍ¨Ö:

1 Å ¶µ²¨³¥·Í¥³¥´É; 2 Å Ô¶µ±-
¸¨¤´ Ö ¸³µ² 

’ ´£¥´¸ Ê£²  ´ ±²µ´  ¶µ²ÊÎ¥´´ÒÌ ±·¨¢ÒÌ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸±µ·µ¸ÉÓ · ¤¨ Í¨µ´´µ-
Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨°. ˆ§ tg β = k/2, 3 ´ Ìµ¤¨²¨ ±µ´¸É ´ÉÒ ¸±µ·µ¸É¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ
É¥³¶¥· ÉÊ·Ò, ±µÉµ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

� · ³¥É·Ò ¤²Ö ¶µ²¨³¥·Í¥³¥´É 

T , Š 1/T · 10−3 lg k k(T )

293 3,4 6,2 2, 5 · 10−6

353 2,8 2,4 1, 7 · 10−2

363 2,7 1,2 8, 0 · 10−3

‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ê· ¢´¥´¨¥³ �··¥´¨Ê¸  ¸É·µ¨²¨¸Ó § ¢¨¸¨³µ¸É¨ lg k = f(1/T ) ¤²Ö
�„-22 ¨ �– (·¨¸. 5). �ÊÉ¥³ £· Ë¨Î¥¸±µ° Ô±¸É· ¶µ²ÖÍ¨¨ ¶µ²ÊÎ¥´´ÒÌ ¶·Ö³ÒÌ µ¶·¥¤¥-
²Ö² ¸Ó ¸±µ·µ¸ÉÓ ·¥ ±Í¨¨ ¸É ·¥´¨Ö ¶·¨ É¥³¶¥· ÉÊ·¥ Ô±¸¶²Ê É Í¨¨ 293 Š (1/T = 3, 4 ×
10−3 K−1, k293 = 2, 5 · 10−6).
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„µ¶Ê¸É¨³Ò° ¸·µ± Ô±¸¶²Ê É Í¨¨ (·¥¸Ê·¸) ³µ¦´µ ¢ÒÎ¨¸²¨ÉÓ ¶µ Ëµ·³Ê²¥

tÔ =
2, 3(lg tg σ0 − lg tg σlim)

k293
, (2)

£¤¥ σ0 Å ¶·¥¤¥² ¶·µÎ´µ¸É¨ ´¥µ¡²ÊÎ¥´´µ£µ ³ É¥·¨ ² ; σlim Å ¶·¥¤¥²Ó´µ ¤µ¶Ê¸É¨³Ò°
¶·¥¤¥² ¶·µÎ´µ¸É¨ ´  · ¸ÉÖ¦¥´¨¥ (0,75σ0). ŒµÐ´µ¸ÉÓ ¤µ§Ò, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö TÔ = 293 Š,
µ¶·¥¤¥²Ö¥É¸Ö ¨§ Ëµ·³Ê²Ò

ḊÔ = [k293/k(T¨§³)]Ḋ(T¨§³), (3)

£¤¥ Ḋ(T¨§³) Å ³µÐ´µ¸ÉÓ ¤µ§Ò, ¨§³¥·¥´´ Ö ¶·¨ ¤ ´´µ° É¥³¶¥· ÉÊ·¥; k293/k(T¨§³) Å
µÉ´µÏ¥´¨¥ ±µ´¸É ´É ¸±µ·µ¸É¥° ¶·¨ TÔ ¨ T¨§³ (¶µ ¸ÊÐ¥¸É¢Ê Ö¢²Ö¥É¸Ö ±µÔËË¨Í¨¥´Éµ³
¸³¥Ð¥´¨Ö). �µ Ëµ·³Ê²¥ (3) ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¢¥²¨Î¨´Ò: Ḋ1 = 2, 3 · 10−3 ƒ· · ¸−1 ¨
Ḋ2 = 1, 1 · 10−3 ƒ· · ¸−1, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸¤¢¨£Ê µÉ É¥³¶¥· ÉÊ· 353 ¨ 363 Š ± É¥³¶¥-
· ÉÊ·¥ 293 Š, ÎÉµ ¶µ§¢µ²¨²µ ¸¶·µ£´µ§¨·µ¢ ÉÓ Dlim ≈ 8 · 106 ƒ· ¶·¨ Ḋ = 10−3 ƒ· · ¸−1.
’¥¶¥·Ó ³µ¦´µ ¸· ¢´¨ÉÓ ¶·µ£´µ§¨·Ê¥³Ò° ·¥¸Ê·¸ ¤²Ö ¶µ²¨³¥·Í¥³¥´É  ¶µ ¤µ§µ¢µ° § ¢¨¸¨-
³µ¸É¨ (·¨¸. 2) ¨ ¶µ Ëµ·³Ê²¥ (2). ˆ§ £· Ë¨±  ·¨¸. 2: Dlim/Ḋ = 8 · 106/10−3 = 8 · 109c
¨²¨ 5, 7 · 106 Î. �µ Ëµ·³Ê²¥ (2): 2, 3 lg 2/2, 5 · 10−6 = 2, 8 · 105 Î. �µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥
´¥ ¸µ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê ¸µ¡µ°, ¶µÉµ³Ê ÎÉµ, ± ± ¸²¥¤Ê¥É ¨§ [5], ±µÔËË¨Í¨¥´ÉÒ ¸³¥Ð¥´¨Ö
¤µ²¦´Ò µ¶·¥¤¥²ÖÉÓ¸Ö Î¥·¥§ Ô´¥·£¨Õ  ±É¨¢ Í¨¨,   ´¥ Î¥·¥§ ±µ´¸É ´ÉÒ ¸±µ·µ¸É¨ ¶·µ-
Í¥¸¸ . �¤´ ±µ ¢ÒÎ¨¸²¨ÉÓ Ô´¥·£¨Õ  ±É¨¢ Í¨¨ ¶·¨ · ¤¨µ²¨§¥ ¢ É¢¥·¤µ³ É¥²¥ ¶· ±É¨Î¥¸±¨
´¥¢µ§³µ¦´µ [9].

�  ÉµÎ´µ¸ÉÓ ³¥Éµ¤  ¸Ê¶¥·¶µ§¨Í¨¨ ¢²¨ÖÕÉ £² ¢´Ò³ µ¡· §µ³ É·¨ Ë ±Éµ· : ´¥µ¤´µ·µ¤-
´µ¸ÉÓ ³ É¥·¨ ²  µ¡· §Íµ¢, ±µ²¥¡ ´¨Ö É¥³¶¥· ÉÊ·Ò ¶·¨ µ¡²ÊÎ¥´¨¨ ¨ ÉµÎ´µ¸ÉÓ ³µ´¨Éµ·¨-
·µ¢ ´¨Ö ¤µ§µ¢µ° ´ £·Ê§±¨. ’ ± ±µ²¥¡ ´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ±2 ◦‘ ³µ£ÊÉ ¤ ¢ ÉÓ µÏ¨¡±Ê ¢
µ¶·¥¤¥²¥´¨¨ ±µ´¸É ´ÉÒ k ± 20 %. „µ§  ¢ ³ É¥·¨ ²¥ µ¶·¥¤¥²Ö¥É¸Ö ¸ ¶µ£·¥Ï´µ¸ÉÓÕ 20 %.
�¤´µ·µ¤´µ¸ÉÓ ¸µ¸É ¢  µ¡· §Íµ¢ 15Ä20 %.

‡�Š‹	—…�ˆ…

�±¸¶¥·¨³¥´É ²Ó´µ ¶·µ¢¥·¥´ ¨ ¶µ¤É¢¥·¦¤¥´ ¸¶µ¸µ¡ µ¶·¥¤¥²¥´¨Ö · ¤¨ Í¨µ´´µ° ¸Éµ°-
±µ¸É¨ ¨§µ²ÖÍ¨µ´´ÒÌ ³ É¥·¨ ²µ¢ ¢ ¶·¥¤¥² Ì ³ ²ÒÌ ³µÐ´µ¸É¥° ¤µ§ ´  µ¸´µ¢¥ ³¥Éµ¤¨±¨
®É¥³¶¥· ÉÊ·´µ-¤µ§µ¢µ° ¸Ê¶¥·¶µ§¨Í¨¨¯.

�µ± § ´µ, ÎÉµ · ¤¨ Í¨µ´´Ò° ·¥¸Ê·¸ Ô¶µ±¸¨¤´µ° ¸³µ²Ò ³µ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´ ¢ ¤¥-
¸ÖÉ±¨ ¨ ¡µ²¥¥ · § ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¶µ·µÏ±µµ¡· §´ÒÌ ¨ ¢µ²µ±´¨¸ÉÒÌ ´ ¶µ²´¨É¥²¥°.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¤·Ê£¨Ì ¶¥·¸¶¥±É¨¢´ÒÌ ³ É¥·¨ ²µ¢ ¨ · ¸Î¥É´Ò¥ · -
¡µÉÒ ¢ ¤ ´´µ³ ´ ¶· ¢²¥´¨¨ ¶² ´¨·Ê¥É¸Ö ¶·µ¤µ²¦¨ÉÓ.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ £²Ê¡µ±ÊÕ ¡² £µ¤ ·´µ¸ÉÓ ¶·µË. ƒÕ´Ô·¨ �±µ¢ ²¨ (‘‚’“, ’Ê·Í¨Ö)
§  ·Ö¤ Í¥´´ÒÌ ³¥Éµ¤µ²µ£¨Î¥¸±¨Ì ¸µ¢¥Éµ¢, ‹. �. ƒµ²µ¢ ´µ¢Ê §  ¶µ³µÐÓ ¢ ´¥±µÉµ·ÒÌ ¨§³¥-
·¥´¨ÖÌ, �. ˆ. Œ ² Ìµ¢Ê, �. ˆ. ‡ ·Ê¡¨´Ê ¨ 	. …. ’¨É ·¥´±µ §  ¶µ¤¤¥·¦±Ê ¤ ´´µ° · ¡µÉÒ.
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