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Œ¨²²¥· Œ. �. ¨ ¤·. P13-2004-214
“¸É ´µ¢±  ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö
¸¢¥·Ì¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· ¶·¨  ±Ê¸É¨Î¥¸±µ° ± ¢¨É Í¨¨

�¶¨¸ ´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´µ¢±  ¤²Ö ¨§ÊÎ¥´¨Ö ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö
¸¢¥·Ì¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· ¶·¨  ±Ê¸É¨Î¥¸±µ° ± ¢¨É Í¨¨, ¤µ¸É ÉµÎ´ÒÌ ¤²Ö ¶·µÉ¥-
± ´¨Ö Ö¤¥·´µ£µ ¸¨´É¥§  D(d, n)3He. �±Ê¸É¨Î¥¸± Ö Î ¸ÉÓ Ê¸É ´µ¢±¨ ¸µ¸Éµ¨É ¨§
·¥§µ´ Éµ·  ¨ ¸¨¸É¥³Ò ¢µ§¡Ê¦¤¥´¨Ö  ±Ê¸É¨Î¥¸±¨Ì ±µ²¥¡ ´¨° ¢Ò¸µ±µ°  ³¶²¨ÉÊ¤Ò.
“¶· ¢²¥´¨¥ ¶·µÍ¥¸¸µ³ ± ¢¨É Í¨¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨³¶Ê²Ó¸´µ£µ
¶ÊÎ±  ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢. “¸É ´µ¢±  ¸´ ¡¦¥´  ¸¨¸É¥³µ° µÉ± Î±¨ · ¸É¢µ·¥´´ÒÌ
£ §µ¢ ¤²Ö ¶µ¢ÒÏ¥´¨Ö ± ¢¨É Í¨µ´´µ° ¶·µÎ´µ¸É¨ ¦¨¤±µ¸É¨ ¡¥§ ¶µÉ¥·Ó · ¡µÎ¥£µ
¢¥Ð¥¸É¢  Å  Í¥Éµ´ , µ¡µ£ Ð¥´´µ£µ ¤¥°É¥·¨¥³ ¤µ 99%. ‡¢Ê±µ¢µ° ¤ ÉÎ¨± ¤²Ö ¨§-
³¥·¥´¨Ö  ±Ê¸É¨Î¥¸±µ£µ ¤ ¢²¥´¨Ö £· ¤Ê¨·Ê¥É¸Ö ¶ÊÉ¥³ ¶·¨¢Ö§±¨ ±  ³¶²¨ÉÊ¤¥ ¶µ²Ö
¶·¨ ´ ¡²Õ¤¥´¨¨ ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨. ‘¨¸É¥³  ·¥£¨¸É· Í¨¨ ¨ ¨¤¥´É¨Ë¨± Í¨¨
·¥ ±Í¨¨ D(d, n)3He ¢±²ÕÎ ¥É ¸Í¨´É¨²²ÖÍ¨µ´´Ò° ¤¥É¥±Éµ· ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢
¨ ¸¨¸É¥³Ê ¨§³¥·¥´¨Ö ³´µ£µ³¥·´ÒÌ ¸µ¡ÒÉ¨° ±µ··¥²ÖÍ¨µ´´Ò³ ³¥Éµ¤µ³; ¢Ò¤¥²¥-
´¨¥ ´¥°É·µ´µ¢ ´  Ëµ´¥ γ-±¢ ´Éµ¢ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³¥Éµ¤µ³ ¤¨¸±·¨³¨´ Í¨¨ ¶µ
Ëµ·³¥ ¨³¶Ê²Ó¸ .

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¨´Ëµ·³ Í¨µ´´ÒÌ É¥Ì´µ²µ£¨° �ˆŸˆ.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2004
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Experimental Facility for Checking the Possibility
to Obtain Super-High Temperature Due to Acoustic Cavitation

An experimental facility developed for checking the possibility to obtain super-
high temperature sufˇcient for thermonuclear reaction D(d, n)3He in an acoustic cav-
itation is described. The acoustic part of the instrumentation consists of a resonator
and a system exciting high amplitude of the acoustic ˇeld within the resonator. The
cavitation process is controlled with the use of fast neutron pulses. The instrument
includes a system of pumping out solute gases from the liquid (acetone enriched with
deuterium up to 99%) without losses of matter. Measuring of the ˇeld is based on
the calibration procedure including observation of sonoluminescence. The system of
detection and identiˇcation of D(d, n)3He reaction is based on a scintillation detector
of fast neutrons and a system of measuring multiparameter events by the correlation
technique with separation of the neutrons from the γ-radiation background (pulse
shape discrimination).

The investigation has been performed at the Laboratory of Information Tech-
nologies.

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



1. ‘µ´µ²Õ³¨´¥¸Í¥´Í¨Ö Å ¸¢¥Î¥´¨¥ ¶ ·µ£ §µ¢ÒÌ ¶Ê§Ò·Ó±µ¢ ¢ ³µ³¥´É
±µ²² ¶¸  ¢ ¦¨¤±µ¸É¨ ¶µ¤ ¤¥°¸É¢¨¥³ ¸¨²Ó´µ£µ Ê²ÓÉ· §¢Ê±µ¢µ£µ ¶µ²Ö Å Ö¢²Ö-
¥É¸Ö µ¤´µ° ¨§ ¨´É¥·¥¸´ÒÌ µ¸µ¡¥´´µ¸É¥° ± ¢¨É Í¨¨, ±µÉµ· Ö µÉ´µ¸¨É¸Ö ± µ¡² -
¸É¨ Ë¨§¨±¨ ¶² §³Ò ¨ ³µ²¥±Ê²Ö·´µ° Ë¨§¨±¨ [1, 2]. ‘ ÉµÎ±¨ §·¥´¨Ö Ö¤¥·´µ°
Ë¨§¨±¨ ÔÉµÉ ¶·µÍ¥¸¸ ¨´É¥·¥¸¥´ ¢¥·µÖÉ´µ° ¢µ§³µ¦´µ¸ÉÓÕ µ¸ÊÐ¥¸É¢²¥´¨Ö ·¥-
 ±Í¨° É¥·³µÖ¤¥·´µ£µ ¸¨´É¥§ . ‘ Í¥²ÓÕ ¶µ²ÊÎ¥´¨Ö ¶·¨ ±µ²² ¶¸¥ ¶Ê§Ò·Ó± 
É¥³¶¥· ÉÊ·, ¤µ¸É ÉµÎ´ÒÌ ¤²Ö ·¥ ±Í¨¨ ¸²¨Ö´¨Ö Ö¤¥· ¤¥°É¥·¨Ö, · ¸¸³ É·¨¢ -
² ¸Ó ¢µ§³µ¦´µ¸ÉÓ ®Ê¸¨²¥´¨Ö¯ ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨ §  ¸Î¥É ¤µ¶µ²´¨É¥²Ó´µ£µ
±µ·µÉ±µ£µ µ¤¨´µÎ´µ£µ ¨³¶Ê²Ó¸  ¤ ¢²¥´¨Ö, ¸µ¢¶ ¤ ÕÐ¥£µ ¶µ ¢·¥³¥´¨ ¸ ³µ-
³¥´Éµ³ ±µ²² ¶¸  ¶Ê§Ò·Ó±  ¢ ·¥§µ´ Éµ·¥. �´ ²¨§ ¸¨ÉÊ Í¨¨ ¶µ± §Ò¢ ² É ±¦¥,
ÎÉµ ¢µ§³µ¦¥´ ¤·Ê£µ° ¶µ¤Ìµ¤.

‘µ£² ¸´µ £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ �. ˆ. �¨£³ ÉÊ²¨´  [3] É¥³¶¥· ÉÊ· 
¢ ³µ³¥´É ±µ²² ¶¸  ¸¨²Ó´µ § ¢¨¸¨É µÉ ±µÔËË¨Í¨¥´É   ±±µ³³µ¤ Í¨¨ (¢¥·µÖÉ-
´µ¸É¨ ±µ´¤¥´¸ Í¨¨ ³µ²¥±Ê² ¶·¨ ¸Éµ²±´µ¢¥´¨¨ ¸ ¶µ¢¥·Ì´µ¸ÉÓÕ) ¨ É¥³¶¥· -
ÉÊ·Ò ¦¨¤±µ¸É¨. �·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì ±µ´¤¥´¸ Í¨Ö ¶ ·µ¢ ´  £· ´¨Í¥ · §-
¤¥²  ®¶ ·Ä¦¨¤±µ¸ÉÓ¯ ¢ ¶Ê§Ò·Ó±¥ ¶·µ¨¸Ìµ¤¨É ¡µ²¥¥ ¨´É¥´¸¨¢´µ, ¨ ÔÉµ Ê³¥´Ó-
Ï ¥É ¤¥³¶Ë¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ ¶·µÉ¨¢µ¤ ¢²¥´¨Ö ¶ ·µ¢ ¶·¨ ¸¦ É¨¨ (±µ²² ¶¸¥)
¶Ê§Ò·Ó±µ¢. �´ ²µ£¨Î´µ, ¡µ²ÓÏ¨¥ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´É   ±±µ³³µ¤ Í¨¨ Ì -
· ±É¥·¨§ÊÕÉ ²ÊÎÏÊÕ ±µ´¤¥´¸ Í¨Õ, ÎÉµ É ±¦¥ ¸¶µ¸µ¡¸É¢Ê¥É ¡µ²¥¥ ¡Ò¸É·µ³Ê ¨
Ô´¥·£¨Î´µ³Ê ¶·µÍ¥¸¸Ê ±µ²² ¶¸  ¶ ·µ£ §µ¢µ£µ ¶Ê§Ò·Ó± . � ¨¡µ²¥¥ ¢Ò¸µ±¨³¨
§´ Î¥´¨Ö³¨ ±µÔËË¨Í¨¥´É   ±±µ³µ¤ Í¨¨ α µ¡² ¤ ÕÉ ³µ²¥±Ê²Ò ¸²µ¦´ÒÌ µ·-
£ ´¨Î¥¸±¨Ì ¸µ¥¤¨´¥´¨°; ¢ Î ¸É´µ¸É¨, ¤²Ö  Í¥Éµ´  (C3�6O) α ≈1,0.

‚µ¤ , ¢ Éµ³ Î¨¸²¥ ¨ ÉÖ¦¥² Ö ¢µ¤  D2O, ¨³¥¥É µÉ´µ¸¨É¥²Ó´µ ´¨§±¨° ±µ-
ÔËË¨Í¨¥´É  ±±µ³³µ¤ Í¨¨ (α ≈0,075) [3].

ˆ³¥´´µ ¢ µ¶ÒÉ Ì ¸ ÉÖ¦¥²Ò³ (¤¥°É¥·¨·µ¢ ´´Ò³)  Í¥Éµ´µ³ ¡Ò²¨ ¶·¥¤¶·¨-
´ÖÉÒ ¶¥·¢Ò¥ ¶µ¶ÒÉ±¨ µ¸ÊÐ¥¸É¢²¥´¨Ö É¥·³µÖ¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨  ±Ê¸É¨Î¥-
¸±µ° ± ¢¨É Í¨¨. �¥·¢ Ö · ¡µÉ  ¡Ò²  ¶µ¤¢¥·£´ÊÉ  ±·¨É¨±¥ ¨§-§  µ£· ´¨Î¥´´µ°
¸É É¨Î¥¸±µ° µ¡¥¸¶¥Î¥´´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢ [4]. �¤´ ±µ ¢ ¶µ¢Éµ·´ÒÌ Ô±¸¶¥·¨-
³¥´É Ì [5] ¤µ¸Éµ¢¥·´µ¸ÉÓ ¸µ¸É ¢¨²  ¶· ±É¨Î¥¸±¨ 100% (¶µ ´¥°É·µ´ ³ ¶·¥¢Ò-
Ï¥´¨¥ ´ ¤ Ëµ´µ³ ¤µ¸É¨£ ²µ 64 ‘’�).

‚¢¨¤Ê ¢ ¦´µ¸É¨ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ´¥§ ¢¨¸¨³ Ö ¶·µ¢¥·±  ¤ ´´ÒÌ
µ ¢µ§³µ¦´µ¸É¨ µ¸ÊÐ¥¸É¢²¥´¨Ö “’‘ ¶·¨  ±Ê¸É¨Î¥¸±µ° ± ¢¨É Í¨¨ ¶·¥¤¸É ¢²Ö-
¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´µ°. ‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ µ¶¨¸ ´  Ê¸É ´µ¢±  ¤²Ö É ±¨Ì Ô±¸-
¶¥·¨³¥´Éµ¢, ¸µ§¤ ´´ Ö ¢ ˆ´¸É¨ÉÊÉ¥ Ë¨§¨±µ-É¥Ì´¨Î¥¸±¨Ì ¶·µ¡²¥³ ¸µ¢³¥¸É´µ
¸ �ˆŸˆ.

2. “¸É ´µ¢±  ¶·¥¤´ §´ Î¥´  ¤²Ö ·¥£¨¸É· Í¨¨ ³´µ£µ³¥·´µ° ±µ··¥²ÖÍ¨¨
´¥¸±µ²Ó±¨Ì ¸µ¡ÒÉ¨°:

• ¨³¶Ê²Ó¸  Ê¶· ¢²¥´¨Ö · ¡µÉµ° ¨¸ÉµÎ´¨±  ¶¥·¢¨Î´ÒÌ ´¥°É·µ´µ¢ (´¥°-
É·µ´´µ£µ £¥´¥· Éµ·  ˆ�ƒ-013), ¸¨´Ì·µ§¨·µ¢ ´´µ£µ ¸ Ë §µ° ³ ±¸¨³ ²Ó´µ£µ
· §·¥¦¥´¨Ö ¢ §¢Ê±µ¢µ° ¢µ²´¥;
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• ¨³¶Ê²Ó¸  ¶¥·¢¨Î´ÒÌ ´¥°É·µ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ± ¢¨É Í¨Õ ¦¨¤±µ¸É¨ ¢
³µ³¥´É ¥¥ ´ ¨¡µ²ÓÏ¥£µ · ¸ÉÖ¦¥´¨Ö;

• ¸¢¥Éµ¢µ° ¢¸¶ÒÏ±¨ ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨, § ¤¥·¦ ´´µ° ¶µ ¢·¥³¥´¨ µÉ´µ-
¸¨É¥²Ó´µ ¶¥·¢ÒÌ ¤¢ÊÌ ¸µ¡ÒÉ¨° ´  ¢·¥³Ö ∆τSL = 1

2T (T Å ¶¥·¨µ¤ §¢Ê±µ¢µ°
¢µ²´Ò, T ≈ 50Ä60³±¸);

• ¨³¶Ê²Ó¸  ´¥°É·µ´´µ° Ô³¨¸¸¨¨, ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÐ¥£µ ¶µ ¢·¥³¥´¨
¸ ³µ³¥´Éµ³ ¸¢¥Éµ¢µ° ¢¸¶ÒÏ±¨;

• ¸¨£´ ²  Ê¤ ·´µ° §¢Ê±µ¢µ° ¢µ²´Ò, ·¥£¨¸É·¨·Ê¥³µ° ¤ ÉÎ¨±µ³ §¢Ê±  ¨
§ ¤¥·¦ ´´µ° µÉ´µ¸¨É¥²Ó´µ ¤¢ÊÌ ¶·¥¤Ò¤ÊÐ¨Ì ¸µ¡ÒÉ¨° ´  ¢·¥³Ö · ¸¶·µ¸É· -
´¥´¨Ö Ë·µ´É  §¢Ê±µ¢µ° ¢µ²´Ò µÉ §µ´Ò ± ¢¨É Í¨¨ ¢¡²¨§¨ Í¥´É·   ±Ê¸É¨Î¥-

�¨¸. 1. „¨´ ³¨±  · ¸¶·¥¤¥²¥´¨Ö ¢µ ¢·¥³¥´¨ ¸µ¸É ¢²ÖÕÐ¨Ì ³´µ£µ¶ · ³¥É·¨Î¥¸±µ£µ
¸µ¡ÒÉ¨Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ´¥°É·µ´´µ° Ô³¨¸¸¨¨ ¶·¨ ± ¢¨É Í¨¨
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¸±µ£µ ·¥§µ´ Éµ·  ¤µ ¶·¨¥³´¨±  §¢Ê±  ´  ¢´¥Ï´¥° ¶µ¢¥·Ì´µ¸É¨ ·¥§µ´ Éµ· ,
∆τShW ≈ 55 ³±¸. �µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¸µ¡ÒÉ¨° ¢µ ¢·¥³¥´¨ ¶µ± § ´  ´  ¢·¥-
³¥´´µ° ¤¨ £· ³³¥ ·¨¸. 1. [6].

3. “¸É ´µ¢±  ¸µ¸Éµ¨É ¨§  ±Ê¸É¨Î¥¸±µ° ¸¨¸É¥³Ò, ¸¨¸É¥³Ò ¤¥£ §¨·µ¢ ´¨Ö,
¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö, ¡²µ±  É¥·³µ³¥É·¨·µ¢ ´¨Ö, ± ´ ²  µ¶É¨Î¥¸±µ° ·¥£¨¸É· -
Í¨¨ ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨, ¸¨¸É¥³Ò · ¤¨ Í¨µ´´µ£µ ¢µ§¡Ê¦¤¥´¨Ö Í¥´É·µ¢ ± ¢¨-
É Í¨¨, ¸¨¸É¥³Ò ¤¥É¥±É¨·µ¢ ´¨Ö ´¥°É·µ´µ¢ ¨§ ·¥ ±Í¨¨ D(d, n)3He.

3.1. �±Ê¸É¨Î¥¸± Ö ¸¨¸É¥³  (·¨¸. 2) ¢±²ÕÎ ¥É £¨¤·µ ±Ê¸É¨Î¥¸±¨° ·¥§µ´ -
Éµ· 1 ¢ ¢¨¤¥ ¸É¥±²Ö´´µ° ¸Ë¥·¨Î¥¸±µ° ±µ²¡Ò ¤¨ ³¥É·µ³ 60 ³³. Š ·¥§µ´ Éµ·Ê
(¸ ¢´¥Ï´¥° ¸Éµ·µ´Ò) ¦¥¸É±µ ¶·¨±·¥¶²¥´Ò Ô¶µ±¸¨¤´Ò³ ±²¥¥³ ¶Ó¥§µÔ²¥³¥´ÉÒ:
Í¨²¨´¤·¨Î¥¸±¨° ¶Ó¥§µ±¥· ³¨Î¥¸±¨° Ô²¥±É·µ ±Ê¸É¨Î¥¸±¨° ¶·¥µ¡· §µ¢ É¥²Ó 2

�¨¸. 2. �¨§±µÉ¥³¶¥· ÉÊ·´ Ö ·¥ ±Í¨µ´´ Ö ± ³¥·  ¸  ±Ê¸É¨Î¥¸±¨³ ·¥§µ´ Éµ·µ³, ¸¨-
¸É¥³µ° ¤¥£ §¨·µ¢ ´¨Ö · ¡µÎ¥° ¦¨¤±µ¸É¨ ( Í¥Éµ´ ), ¡²µ± ³¨ Ê¶· ¢²¥´¨Ö  ±Ê¸É¨Î¥¸±µ°
± ¢¨É Í¨¥° ¨ ·¥£¨¸É· Í¨¨ ¨³¶Ê²Ó¸µ¢ ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨, ¸µ¶·µ¢µ¦¤ ÕÐ¨Ì ´¥°É·µ´-
´ÊÕ Ô³¨¸¸¨Õ. 1 Å £¨¤·µ ±Ê¸É¨Î¥¸±¨° ·¥§µ´ Éµ· ¸ Ô²¥±É·µ ±Ê¸É¨Î¥¸±¨³¨ ¶·¥µ¡· -
§µ¢ É¥²Ö³¨ 2; 3 Å ±µ´¤¥´¸ Éµ· ¶ ·µ¢  Í¥Éµ´  ¸ É¥¶²µ¨§µ²¨·µ¢ ´´µ° (¶µ²¨Ê·¥É ´)
·Ê¡ Ï±µ° 4, µÌ² ¦¤ ¥³µ° ¶ · ³¨  §µÉ ; 5 Å ±µ·¶Ê¸ ± ³¥·Ò ¸ ¶µ²¨Ê·¥É ´µ¢Ò³ É¥¶²µ-
¨§µ²ÖÉµ·µ³, ±·ÒÏ±µ° 6, µ¸´µ¢ ´¨¥³ 7 ¨ µ¶µ· ³¨ 8; 9 Å ·¥´É£¥´µ¢¸±¨° ¨§²ÊÎ É¥²Ó,
¨²¨ ¨³¶Ê²Ó¸´Ò° ´¥°É·µ´´Ò° £¥´¥· Éµ·; 10 Å ËµÉµ·¥£¨¸É· Éµ· ”	“-87; 11 Å µÉ¢µ¤
¶ ·µ¢  §µÉ  ¢µ ¢´ÊÉ·¥´´¨° µ¡Ñ¥³ ± ³¥·Ò ¤²Ö µÌ² ¦¤¥´¨Ö ·¥§µ´ Éµ·´µ£µ ¡²µ± 
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(µ¤¨´ ¨²¨ ¤¢ ) ¤²Ö ¢µ§¡Ê¦¤¥´¨Ö  ±Ê¸É¨Î¥¸±¨Ì ±µ²¥¡ ´¨° ¨ ³¨´¨ ÉÕ·´Ò°
¶Ó¥§µ±¥· ³¨Î¥¸±¨° ¤ ÉÎ¨± (³¨±·µËµ´). � ¶·Ö¦¥´¨¥ Ê²ÓÉ· §¢Ê±µ¢µ° Î ¸ÉµÉÒ
(¢ ¤¨ ¶ §µ´¥ f=20Ä60 ±ƒÍ) µÉ ¶·¥Í¨§¨µ´´µ£µ £¥´¥· Éµ·  Î¥·¥§ Ê¸¨²¨É¥²Ó
³µÐ´µ¸É¨ ¶µ¤ ¥É¸Ö ´  Ô²¥±É·µ ±Ê¸É¨Î¥¸±¨¥ ¶·¥µ¡· §µ¢ É¥²¨, ¢µ§¡Ê¦¤ ÕÐ¨¥
¢ ¦¨¤±µ¸É¨ ¢ ¶µ²µ¸É¨ ·¥§µ´ Éµ·  ¸Ë¥·¨Î¥¸±¨¥ ¸ÉµÖÎ¨¥ ¢µ²´Ò ¸ ¶ÊÎ´µ¸ÉÓÕ
 ±Ê¸É¨Î¥¸±µ£µ ¤ ¢²¥´¨Ö ¢ Í¥´É·¥ ·¥§µ´ Éµ· . “·µ¢¥´Ó ¢µ§¡Ê¦¤¥´¨Ö ±µ´É·µ-
²¨·Ê¥É¸Ö ³¨±·µËµ´µ³. �¥§µ´ Éµ· § ¶µ²´Ö¥É¸Ö · ¡µÎ¥° ¦¨¤±µ¸ÉÓÕ, ¢ ± Î¥¸É¢¥
±µÉµ·µ° ¨¸¶µ²Ó§Ê¥É¸Ö ®ÉÖ¦¥²Ò°¯  Í¥Éµ´ ¸ µ¡µ£ Ð¥´¨¥³ ¶µ ¤¥°É¥·¨Õ 99,6%,
²¨¡µ ±µ´É·µ²Ó´µ° ¦¨¤±µ¸ÉÓÕ ¢ ¢¨¤¥ ®²¥£±µ£µ¯, ´¥ µ¡µ£ Ð¥´´µ£µ ¤¥°É¥·¨¥³
 Í¥Éµ´  ±² ¸¸  —„�.

�µ ¤ ´´Ò³ [3] ¶µ·µ£µ¢ Ö  ³¶²¨ÉÊ¤  ¤ ¢²¥´¨Ö  ±Ê¸É¨Î¥¸±µ° ¸ÉµÖÎ¥° ¢µ²´Ò
¢  Í¥Éµ´¥, ¶·¨ ±µÉµ·µ° ³µ¦¥É ¤µ¸É¨£ ÉÓ¸Ö ´¥µ¡Ìµ¤¨³ Ö ¤²Ö ¶·µÉ¥± ´¨Ö É¥·-
³µÖ¤¥·´ÒÌ ·¥ ±Í¨° É¥³¶¥· ÉÊ·  ¨ ¸É¥¶¥´Ó ±µ³¶·¥¸¸¨¨ ¢ ± ¢¨É Í¨µ´´ÒÌ ¶Ê-
§Ò·Ó± Ì, ¸µ¸É ¢²Ö¥É Pnucl ≈ 10Ä15 ¡ ·. „²Ö ¶·¥¤µÉ¢· Ð¥´¨Ö ¶·¥¦¤¥¢·¥-
³¥´´µ° ¸¶µ´É ´´µ° ± ¢¨É Í¨¨ ¶·¨ ³¥´ÓÏ¨Ì §´ Î¥´¨ÖÌ §¢Ê±µ¢µ£µ ¤ ¢²¥´¨Ö
´¥µ¡Ìµ¤¨³µ ¶µ¢Ò¸¨ÉÓ ± ¢¨É Í¨µ´´ÊÕ ¶·µÎ´µ¸ÉÓ ¦¨¤±µ¸É¨, É. ¥. ¤µ¡¨ÉÓ¸Ö ¶µ-
¢ÒÏ¥´¨Ö ¶µ·µ£  ± ¢¨É Í¨¨ ¤µ Ê·µ¢´Ö Pnucl. „²Ö ÔÉµ£µ ¦¨¤±µ¸ÉÓ ( Í¥Éµ´)
¤µ²¦´  ¡ÒÉÓ ÉÐ É¥²Ó´µ µÎ¨Ð¥´  µÉ ³¥Ì ´¨Î¥¸±¨Ì ¶·¨³¥¸¥° ¨ ¶µ¤¢¥·£´ÊÉ 
£²Ê¡µ±µ° ¤¥ Ô· Í¨¨ (¤¥£ §¨·µ¢ ´¨Õ).

3.2. „¥£ §¨·µ¢ ´¨¥ · ¡µÎ¥° ¦¨¤±µ¸É¨, ´ Ìµ¤ÖÐ¥°¸Ö ¢ ·¥§µ´ Éµ·¥, µ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¸¨¸É¥³Ò, ¸µ¸ÉµÖÐ¥° ¨§ ¸É¥±²Ö´´µ£µ É¥¶²µ¨§µ²¨·µ¢ ´-
´µ£µ ³´µ£µ¸¥±Í¨µ´´µ£µ ±µ´¤¥´¸ Éµ·  3, µÌ² ¦¤ ¥³µ£µ ¤µ ´¨§±¨Ì É¥³¶¥· ÉÊ·
¶ · ³¨ ±¨¶ÖÐ¥£µ ¦¨¤±µ£µ  §µÉ , ¨ Ëµ·¢ ±ÊÊ³´µ£µ ³ ²µ£ ¡ ·¨É´µ£µ ´ ¸µ¸ .
„¥£ §¨·µ¢ ´¨¥ ¶·µ¨§¢µ¤¨É¸Ö ¶ÊÉ¥³ µÉ± Î±¨ ¶ ·µ¢ ¦¨¤±µ¸É¨, ´ Ìµ¤ÖÐ¥°¸Ö ¢
·¥§µ´ Éµ·¥, ¶·¨ ¨´É¥´¸¨¢´µ³ ¢µ§¡Ê¦¤¥´¨¨ ·¥§µ´ Éµ·  Ê²ÓÉ· §¢Ê±µ³ ¢ É¥Î¥-
´¨¥ ¶·¨¡²¨§¨É¥²Ó´µ ¤¢ÊÌ Î ¸µ¢. �¥µ¡Ìµ¤¨³Ò° Ê·µ¢¥´Ó µ¡¥§£ ¦¨¢ ´¨Ö µ¶·¥-
¤¥²Ö¥É¸Ö ¨§³¥·¥´¨¥³ ¶µ·µ£  Ê²ÓÉ· §¢Ê±µ¢µ° ± ¢¨É Í¨¨. �É± Î±  ¸µ¶·µ¢µ¦¤ -
¥É¸Ö ¨´É¥´¸¨¢´µ° ± ¢¨É Í¨¥° ¨ ¸¶µ· ¤¨Î¥¸±¨³ ®¢¸±¨¶ ´¨¥³¯  Í¥Éµ´ , ¶·¨
ÔÉµ³ ¶·µ¨¸Ìµ¤¨É  ±É¨¢´µ¥ ¢Ò¤¥²¥´¨¥ · ¸É¢µ·¥´´ÒÌ £ §µ¢ ¨ ¶ ·µµ¡· §µ¢ ´¨¥.
Šµ´¤¥´¸ Éµ· ¶·¥¤´ §´ Î¥´ ¤²Ö ³¨´¨³¨§ Í¨¨ ¶µÉ¥·Ó  Í¥Éµ´ , ¶ ·Ò ±µÉµ·µ£µ
µÉ± Î¨¢ ÕÉ¸Ö ¢³¥¸É¥ ¸ · ¸É¢µ·¥´´Ò³¨ £ § ³¨ (¢µ§¤ÊÌµ³) ¢ ¶·µÍ¥¸¸¥ ¤¥£ § -
Í¨¨. �´ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ ¢¥·É¨± ²Ó´µ³ ¶µ²µ¦¥´¨¨ ´ ¤ ±µ²¡µ°-·¥§µ´ Éµ·µ³.
�¨¦´¥¥ µÉ¢¥·¸É¨¥ ¢´ÊÉ·¥´´¥° ¸¥±Í¨¨ ±µ´¤¥´¸ Éµ·  £¥·³¥É¨Î´µ ¸µ¥¤¨´¥´µ ¸
£µ·²µ¢¨´µ° ±µ²¡Ò. ‚¥·Ì´¥¥ µÉ¢¥·¸É¨¥ ±µ´¤¥´¸ Éµ·  ¸µ¥¤¨´Ö¥É¸Ö ¸ Ëµ·¢ -
±ÊÊ³´Ò³ ´ ¸µ¸µ³ ¢ ±ÊÊ³´Ò³ Ï² ´£µ³. Šµ´¤¥´¸ Éµ· µÌ² ¦¤ ¥É¸Ö ¶·µÉµ±µ³
¶ ·µ¢  §µÉ , ±µÉµ·Ò° ¶µ¸ÉÊ¶ ¥É ¶µ ·¥§¨´µ¢µ° É·Ê¡±¥ Î¥·¥§ ¸É¥±²Ö´´Ò° ¶ -
É·Ê¡µ± ¢ ¢¥·Ì´ÕÕ Î ¸ÉÓ Ìµ²µ¤¨²Ó´µ° ± ³¥·Ò ±µ´¤¥´¸ Éµ·  ¨ ¢Ò¶Ê¸± ¥É¸Ö ¨§
´¨¦´¥£µ ¶ É·Ê¡±  Ìµ²µ¤¨²Ó´µ° ± ³¥·Ò ¶µ ·¥§¨´µ¢µ° É·Ê¡±¥, ¶·µ¶ÊÐ¥´´µ°
Î¥·¥§ ¤´¨Ð¥ ±µ´É¥°´¥· , ´ ·Ê¦Ê. — ¸ÉÓ Ìµ²µ¤´µ£µ £ §µµ¡· §´µ£µ  §µÉ  µÉ¢µ-
¤¨É¸Ö ¢µ ¢´ÊÉ·¥´´¨° µ¡Ñ¥³ ±µ´É¥°´¥· , µ¡¥¸¶¥Î¨¢ Ö É¥³ ¸ ³Ò³ µÌ² ¦¤¥´¨¥
·¥§µ´ Éµ· . �·µÌµ¤Ö Î¥·¥§ ±µ´¤¥´¸ Éµ·, ¶ ·Ò  Í¥Éµ´  ±µ´¤¥´¸¨·ÊÕÉ¸Ö ´ 
¥£µ Ìµ²µ¤´ÒÌ ¸É¥´± Ì, ¨ ±µ´¤¥´¸ É ¢µ§¢· Ð ¥É¸Ö ¢ ·¥§µ´ Éµ·, ¢ Éµ ¢·¥³Ö ± ±
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· ¸É¢µ·¥´´Ò¥ £ §Ò (¢ µ¸´µ¢´µ³ ¢µ§¤ÊÌ) µÉ± Î¨¢ ÕÉ¸Ö, ¢ ·¥§Ê²ÓÉ É¥ Î¥£µ ¶·µ-
¨¸Ìµ¤¨É ¤¥ Ô· Í¨Ö (¤¥£ §¨·µ¢ ´¨¥) ¦¨¤±µ¸É¨. ˆ¸¶ÒÉ ´¨Ö ¸¨¸É¥³Ò ¶µ± § ²¨,
ÎÉµ ¶µÉ¥·¨ ¢¥Ð¥¸É¢  ( Í¥Éµ´ ) ¢ ¶·µÍ¥¸¸¥ µ¡¥§£ ¦¨¢ ´¨Ö ´¥§´ Î¨É¥²Ó´Ò.

3.3. �±Ê¸É¨Î¥¸±¨° ·¥§µ´ Éµ· ¸ ´¥µ¡Ìµ¤¨³Ò³¨ Ô²¥±É·¨Î¥¸±¨³¨ ¸µ¥¤¨´¥-
´¨Ö³¨, ¸µ¥¤¨´¥´´Ò° ¸ ±µ´¤¥´¸ Éµ·µ³, Ê¸É ´µ¢²¥´ ´  ¸¶¥Í¨ ²Ó´µ³ ÏÉ É¨¢¥.
“¸É·µ°¸É¢µ · §³¥Ð¥´µ ¢ ³¥É ²²¨Î¥¸±µ° ± ³¥·¥ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨. Š -
³¥·  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° · §¡µ·´ÊÕ ±µ´¸É·Ê±Í¨Õ ¨§ ¤¢ÊÌ ¸µµ¸´ÒÌ ¸¥±Í¨°
Í¨²¨´¤·¨Î¥¸±µ° Ëµ·³Ò, ¨³¥ÕÐ¨Ì ³¥¦¤Ê ¸µ¡µ° Ë² ´Í¥¢µ¥ ¸µ¥¤¨´¥´¨¥. ‚
Í¥²µ³ µ´  ¸³µ´É¨·µ¢ ´  ´  ³ ¸¸¨¢´µ° ¶²¨É¥ ¨§ ¤Õ· ²Õ³¨´¨Ö 7, Ê¸É ´µ¢²¥´-
´µ° ´  Î¥ÉÒ·¥Ì µ¶µ· Ì 8. ‚ ´¥° ¨³¥ÕÉ¸Ö É¥¶²µ¨§µ²¨·µ¢ ´´Ò¥ £¥·³¥É¨Î´Ò¥
¢¢µ¤Ò Å £ §µ¢Ò¥ ¤²Ö ¶µ¤ Î¨ ¨ µÉ¢µ¤  ¶µÉµ±  ¶ ·µ¢  §µÉ , ¢ ±ÊÊ³´Ò° ¤²Ö
µÉ± Î±¨ ·¥§µ´ Éµ·  Î¥·¥§ ±µ´¤¥´¸ Éµ· ¢ ¶·µÍ¥¸¸¥ µ¡¥§£ ¦¨¢ ´¨Ö,   É ±¦¥ ± -
¡¥²Ó´Ò¥ ¢¢µ¤Ò. ˆ§´ÊÉ·¨ ± ³¥·  É¥¶²µ¨§µ²¨·µ¢ ´  ¸²µ¥³ ¶¥´µ¶µ²¨Ê·¥É ´  5.

�¨¦´ÖÖ ¸¥±Í¨Ö ± ³¥·Ò ¨³¥¥É Î¥ÉÒ·¥ · ¸¶µ²µ¦¥´´ÒÌ ¢ £µ·¨§µ´É ²Ó´µ°
¶²µ¸±µ¸É¨ µ±´ -®¨²²Õ³¨´ Éµ· ¯ ¸ Ë² ´Í ³¨, ¤¢  ¨§ ±µÉµ·ÒÌ, ·¥§¥·¢´Ò¥,
§ £²ÊÏ¥´Ò,   ¢ ¤¢ÊÌ ¤·Ê£¨Ì ¤¨ ³¥É· ²Ó´µ ¶·µÉ¨¢µ¶µ²µ¦´µ · §³¥Ð¥´Ò µ¶É¨-
Î¥¸±¨° ·¥£¨¸É· Éµ· ¸¢¥Éµ¢ÒÌ ¢¸¶ÒÏ¥± ¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨ 10, ´  µ¸´µ¢¥
ËµÉµÊ³´µ¦¨É¥²Ö ”	“-87, ¨ É· ±É ¸¨¸É¥³Ò · ¤¨ Í¨µ´´µ£µ ¢µ§¡Ê¦¤¥´¨Ö ± -
¢¨É Í¨¨, ¢Ò¶µ²´¥´´Ò° (¢ ¢ ·¨ ´É¥, ¶µ± § ´´µ³ ´  ·¨¸. 2) ´  µ¸´µ¢¥ ·¥´É£¥-
´µ¢¸±µ£µ ¨§²ÊÎ É¥²Ö 9. �±Ê¸É¨Î¥¸±¨° ·¥§µ´ Éµ· ¶µ¤¢¥Ï¥´ É ±¨³ µ¡· §µ³,
ÎÉµ ¥£µ Í¥´É· · ¸¶µ² £ ¥É¸Ö ¢ ¶²µ¸±µ¸É¨ µ±µ´, ´  µ¤´µ° µ¸¨ ¸ ËµÉµ± Éµ¤µ³
”	“ ¨ ·¥´É£¥´µ¢¸±µ° É·Ê¡±µ°.

‚´ÊÉ·¥´´¨° µ¡Ñ¥³ ±µ´É¥°´¥·  µÌ² ¦¤ ¥É¸Ö ¶·µÉµ±µ³ Ìµ²µ¤´µ£µ £ §µ-
µ¡· §´µ£µ  §µÉ , ±µÉµ·Ò° ¢Ò¶Ê¸± ¥É¸Ö ¨§ ´¨¦´¥£µ ¶ É·Ê¡±  11 Ìµ²µ¤¨²Ó´µ°
± ³¥·Ò ±µ´¤¥´¸ Éµ·  ¨ ¢ÒÌµ¤¨É ´ ·Ê¦Ê ¨§ ±µ´É¥°´¥·  ¶µ É¥¶²µ¨§µ²¨·µ¢ ´-
´µ° É·Ê¡±¥, ¶·µ¶ÊÐ¥´´µ° ¸±¢µ§Ó ¶µ¤¸É ¢±Ê. ‘µ¥¤¨´¥´¨¥ ¢ÒÌµ¤´µ£µ µÉ¢¥·¸É¨Ö
·Ê¡ Ï±¨ ±µ´¤¥´¸ Éµ·  (Ìµ²µ¤¨²Ó´µ° ± ³¥·Ò) ¸ ¢ÒÌ²µ¶´Ò³ µÉ¢¥·¸É¨¥³ ¢ ¤µ´-
´µ° Î ¸É¨ ±µ·¶Ê¸  Ê¸É ´µ¢±¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ·¥§¨´µ¢µ° É·Ê¡±µ° ¸ ¡µ±µ¢µ³
µÉ¢µ¤µ³ (µÉ¢¥·¸É¨¥³).

’ ± Ö ±µ´¸É·Ê±Í¨Ö ¢³¥¸É¥ ¸ Ê¸É ´µ¢±µ° ·¥£Ê²¨·ÊÕÐ¥£µ ¢¥´É¨²Ö ´  ¢Ò-
Ì²µ¶´µ³ ¶ É·Ê¡±¥ ¢ ¤µ´´µ° Î ¸É¨ ±µ·¶Ê¸  ¶µ§¢µ²Ö¥É ·¥£Ê²¨·µ¢ ÉÓ ¶µÉµ± ¶ -
·µ¢  §µÉ , ¶µ¸ÉÊ¶ ÕÐ¨° ¢ µ¡Ñ¥³ ± ³¥·Ò Ê¸É ´µ¢±¨, ¨ É¥³ ¸ ³Ò³ ¶µ²ÊÎ ÉÓ
´Ê¦´ÊÕ É¥³¶¥· ÉÊ·Ê µÌ² ¦¤¥´¨Ö · ¡µÎ¥° ¦¨¤±µ¸É¨ ¢ ·¥§µ´ Éµ·¥. „¨ ¶ §µ´
¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò ¢ ·¥§µ´ Éµ·¥ ¶·¨ ÔÉµ³: µÉ ±µ³´ É´µ° É¥³¶¥· ÉÊ·Ò ¤µ
T ≈ −40◦C.

�Ì² ¦¤¥´´Ò° ¶µÉµ±  §µÉ  µ¡¥¸¶¥Î¨¢ ¥É¸Ö Ìµ²µ¤¨²Ó´µ° ¸¨¸É¥³µ° §  ¸Î¥É
¦¨¤±µ£µ  §µÉ , ±µÉµ·Ò³ ´ ¶µ²´¥´ ¸µ¸Ê¤ „ÓÕ · . „²Ö ¤µ¸É¨¦¥´¨Ö ´¥µ¡Ìµ¤¨-
³µ£µ ´ ¶µ·  £ §µµ¡· §´µ£µ  §µÉ  ¨, ¸²¥¤µ¢ É¥²Ó´µ, É·¥¡Ê¥³µ£µ É¥³¶  µÌ² -
¦¤¥´¨Ö ±µ´¤¥´¸ Éµ·  ¨ ·¥§µ´ Éµ·  ¸ · ¡µÎ¥° ¦¨¤±µ¸ÉÓÕ ¨¸¶µ²Ó§Ê¥É¸Ö ¶µ-
¤µ£·¥¢ ¦¨¤±µ£µ  §µÉ  ¸ ¶µ³µÐÓÕ Ô²¥±É·µ´ £·¥¢ É¥²Ö ³µÐ´µ¸ÉÓÕ ¤µ 70 ‚É,
· §³¥Ð¥´´µ£µ ¢´ÊÉ·¨ ¸µ¸Ê¤  „ÓÕ · . �  ´ £·¥¢ É¥²Ó ¶µ¤ ¥É¸Ö ´ ¶·Ö¦¥´¨¥
¶¥·¥³¥´´µ£µ Éµ± , ·¥£Ê²¨·Ê¥³µ¥  ¢ÉµÉ· ´¸Ëµ·³ Éµ·µ³. �µ¤ Î  £ §µµ¡· §´µ£µ
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 §µÉ  ¢ ±µ´É¥°´¥· µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ É¥¶²µ¨§µ²¨·µ¢ ´´µ£µ £¨¡±µ£µ
Ï² ´£ .

3.4. Š ²¨¡·µ¢±  ³¨±·µËµ´ . �·Ö³µ¥ ¨§³¥·¥´¨¥  ³¶²¨ÉÊ¤Ò ¤ ¢²¥´¨Ö  ±Ê-
¸É¨Î¥¸±µ£µ ¶µ²Ö ¢´ÊÉ·¨ ·¥§µ´ Éµ· , ´ ¶µ²´¥´´µ£µ ¨¸¶ÒÉÊ¥³µ° ¦¨¤±µ¸ÉÓÕ,
Ö¢²Ö¥É¸Ö ¸²µ¦´µ° ¶·µ¡²¥³µ° ¶µ ·Ö¤Ê ¶·¨Î¨´. �¤´  ¨§ ´¨Ì ¸¢Ö§ ´  ¸ µÉ-
¸ÊÉ¸É¢¨¥³ ³¨´¨ ÉÕ·´ÒÌ ± ²¨¡·µ¢ ´´ÒÌ £¨¤·µËµ´µ¢, ±µÉµ·Ò¥ ¤µ²¦´Ò ¡ÒÉÓ
¤µ¸É ÉµÎ´µ ³ ²Ò ¤²Ö Éµ£µ, ÎÉµ¡Ò ´¥ ¨¸± ¦ ÉÓ ¨§³¥·Ö¥³µ¥ ¶µ²¥ ¨ ´¥ ÊÌÊ¤-
Ï ÉÓ ¤µ¡·µÉ´µ¸ÉÓ ·¥§µ´ Éµ· . �µÔÉµ³Ê ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ° µÍ¥´±¨ Ê·µ¢´Ö
Ê²ÓÉ· §¢Ê±µ¢µ£µ ¶µ²Ö ¢ ·¥§µ´ Éµ·¥ ¡Ò² ¶·¥¤²µ¦¥´ ¶·µ¸Éµ° ³¥Éµ¤, ±µÉµ·Ò°
¸µ¸ÉµÖ² ¢ ¸²¥¤ÊÕÐ¥³. •µ·µÏµ ¨§¢¥¸É´µ [1, 2], ÎÉµ µ¤´µ¶Ê§Ò·Ó±µ¢ Ö ¸µ´µ-
²Õ³¨´¥¸Í¥´Í¨Ö (SBSL) ¢ ¢µ¤¥ ³µ¦¥É ¢µ§´¨± ÉÓ ¶·¨ µ¶·¥¤¥²¥´´ÒÌ Ê¸²µ¢¨ÖÌ,
±µÉµ·Ò¥ Ì · ±É¥·¨§ÊÕÉ¸Ö ¤µ¢µ²Ó´µ Ê§±¨³ ¨´É¥·¢ ²µ³ §´ Î¥´¨° ¶ · ³¥É·µ¢, ¢
Î ¸É´µ¸É¨, É ±¨Ì ± ± Î ¸ÉµÉ  ¨  ³¶²¨ÉÊ¤  §¢Ê±µ¢µ£µ ¤ ¢²¥´¨Ö ¸ÉµÖÎ¥° ¢µ²´Ò
¢ ·¥§µ´ Éµ·¥. ‡´ Î¥´¨Ö §¢Ê±µ¢µ£µ ¤ ¢²¥´¨Ö ¶·¨ ÔÉµ³ ´ Ìµ¤ÖÉ¸Ö ¢ ¨´É¥·¢ ²¥
PSBSL=1,2Ä1,4 ¡ ·. 	É¨ §´ Î¥´¨Ö ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¢ ± Î¥¸É¢¥ ·¥¶¥·´ÒÌ ¶·¨
µÍ¥´±¥  ³¶²¨ÉÊ¤Ò ¤ ¢²¥´¨Ö §¢Ê±µ¢µ£µ ¶µ²Ö ¢ ·¥§µ´ Éµ·¥. „²Ö ²¨´¥ ·¨§ Í¨¨
¶¥·¥¤ ÉµÎ´µ° ËÊ´±Í¨¨ ¨ · ¸Ï¨·¥´¨Ö ¤¨´ ³¨Î¥¸±µ£µ ¤¨ ¶ §µ´  ³¨±·µËµ´ 
¥£µ · §³¥·Ò ¡Ò²¨ ¶·¥¤¥²Ó´µ Ê³¥´ÓÏ¥´Ò ¨ ¸´¨¦¥´  ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¶µ¸·¥¤-
¸É¢µ³ ¢¢¥¤¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ° ±²¥¥¢µ° ¶·µ¸²µ°±¨ ³¥¦¤Ê ¶Ó¥§µÔ²¥³¥´Éµ³
¤ ÉÎ¨±  ¨ ¸É¥´±µ° ·¥§µ´ Éµ· .

3.5. ‘¨¸É¥³  · ¤¨ Í¨µ´´µ£µ ¢µ§¡Ê¦¤¥´¨Ö Í¥´É·µ¢ ± ¢¨É Í¨¨ ¸µ¸Éµ¨É
¨§ ¤¢ÊÌ  ²ÓÉ¥·´ É¨¢´ÒÌ É· ±Éµ¢. �¥·¢Ò° ¨§ ´¨Ì, ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´µ£µ ¨¸-
ÉµÎ´¨±  ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢  ´ ²µ£¨Î¥´ ¶·¨³¥´Ö¢Ï¥³Ê¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì
[3] ¨ [4]. �´ ¸µ¸Éµ¨É ¨§ ¨³¶Ê²Ó¸´µ£µ ´¥°É·µ´´µ£µ £¥´¥· Éµ·  É¨¶  ˆ�ƒ-13
¸ ¡²µ±µ³ Ê¶· ¢²¥´¨Ö, ¸¨¸É¥³µ° ¶µ¤¢¥¸±¨ ¨ ¶µ§¨Í¨µ´¨·µ¢ ´¨Ö µÉ´µ¸¨É¥²Ó´µ
±µ·¶Ê¸  Ê¸É ´µ¢±¨. �¥°É·µ´´Ò° £¥´¥· Éµ· · ¸¶µ² £ ¥É¸Ö ¢´¥ ±µ·¶Ê¸  Ê¸É -
´µ¢±¨ ¸  ±Ê¸É¨Î¥¸±¨³ ·¥§µ´ Éµ·µ³.

• · ±É¥·¨¸É¨±¨ ˆ�ƒ-13:
Ô´¥·£¨Ö ´¥°É·µ´µ¢ En=14 ŒÔ‚;
¶µÉµ± ´¥°É·µ´µ¢ ¢ ¨³¶Ê²Ó¸¥ 109 1/¸;
Ï¨·¨´  ¨³¶Ê²Ó¸  1 ³±¸;
Î ¸ÉµÉ  ¸²¥¤µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ 100 ƒÍ.
�²µ± Ê¶· ¢²¥´¨Ö ˆ�ƒ-13 ¨³¥¥É ¢Ìµ¤ ¤²Ö ¶µ¤±²ÕÎ¥´¨Ö ¸¨£´ ²  ¸¨´Ì·µ-

´¨§ Í¨¨.
�É²¨Î¨É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ ÔÉµ£µ ´¥°É·µ´´µ£µ £¥´¥· Éµ·  ˆ�ƒ-13 ¶µ

¸· ¢´¥´¨Õ ¸ ¨¸¶µ²Ó§µ¢ ¢Ï¨³¸Ö ¢ · ¡µÉ Ì [3,4] Ö¢²Ö¥É¸Ö ³¥´ÓÏ Ö ¤²¨É¥²Ó-
´µ¸ÉÓ ´¥°É·µ´´µ£µ ¨³¶Ê²Ó¸  ¨ µÉ¸ÊÉ¸É¢¨¥ ®Ì¢µ¸É ¯, Éµ ¥¸ÉÓ ¨³¶Ê²Ó¸ ´¥°É·µ-
´µ¢ Ì · ±É¥·¨§Ê¥É¸Ö µÎ¥´Ó ·¥§±¨³ ¸¶ ¤µ³, É ± ÎÉµ ¶µ µ±µ´Î ´¨¨ ¨³¶Ê²Ó¸ 
¶ · §¨É´Ò¥ ´¥°É·µ´Ò µÉ¸ÊÉ¸É¢ÊÕÉ.

‚Éµ·µ° É· ±É ¸¨¸É¥³Ò · ¤¨ Í¨µ´´µ£µ ¢µ§¡Ê¦¤¥´¨Ö Í¥´É·µ¢ ± ¢¨É Í¨¨ Å
·¥´É£¥´µ¢¸±¨° Å ¢Ò¶µ²´¥´ ´  µ¸´µ¢¥ ·¥´É£¥´µ¢¸±µ£µ ¨§²ÊÎ É¥²Ö ¸ ¡²µ±µ³
¶¨É ´¨Ö ¨ Ê¶· ¢²¥´¨Ö. 	´¥·£¨Ö ·¥´É£¥´µ¢¸±¨Ì ±¢ ´Éµ¢ EX = 10Ä50 ±Ô‚,
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 ´µ¤´Ò° Éµ± É·Ê¡±¨ Ia =10Ä150 ³±�. �¥´É£¥´µ¢¸±¨° ¨§²ÊÎ É¥²Ó ¸´ ¡¦¥´
¸¢¨´Íµ¢Ò³ ±µ²²¨³ Éµ·µ³ ¤²Ö Ëµ±Ê¸¨·µ¢±¨ ¶µÉµ±  ·¥´É£¥´µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö
(±¢ ´Éµ¢) ¢ ´ ¶· ¢²¥´¨¨ Í¥´É· ²Ó´µ° Î ¸É¨ ·¥§µ´ Éµ· . ‘ ¶µ³µÐÓÕ Í¨²¨´-
¤·¨Î¥¸±¨Ì ¢ÉÊ²µ± ¨§ ¶¥´µ¶µ²¨Ê·¥É ´  ·¥´É£¥´µ¢¸± Ö É·Ê¡±  Ë¨±¸¨·Ê¥É¸Ö ¢
µ¤´µ³ ¨§ µ±µ´´ÒÌ Í¨²¨´¤·¨Î¥¸±¨Ì Ë² ´Í¥¢ ´¨¦´¥° ¸¥±Í¨¨ ±µ´É¥°´¥· , ¢
´¥¶µ¸·¥¤¸É¢¥´´µ° ¡²¨§µ¸É¨ µÉ ·¥§µ´ Éµ· .

3.6. ‘¨¸É¥³  ¤¥É¥±É¨·µ¢ ´¨Ö ´¥°É·µ´µ¢ ¢±²ÕÎ ¥É ¸Í¨´É¨²²ÖÍ¨µ´´Ò° ¤¥-
É¥±Éµ· ´  µ¸´µ¢¥ ±·¨¸É ²²  ¸É¨²Ó¡¥´ . ˆ¸¶µ²Ó§µ¢ ´¨¥ ¸É¨²Ó¡¥´  ¶·µ¤¨±Éµ-
¢ ´µ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¢Ò¤¥²¥´¨Ö ´¥°É·µ´µ¢ ´  Ëµ´¥ γ-±¢ ´Éµ¢, ¢µ§´¨± ÕÐ¨Ì,
¢ Î ¸É´µ¸É¨, ¶·¨ · ¸¸¥Ö´¨¨ ¶¥·¢¨Î´ÒÌ ´¥°É·µ´µ¢ µÉ £¥´¥· Éµ· . ‘¥¶ · Í¨Ö
´¥°É·µ´µ¢ ¨ γ-±¢ ´Éµ¢ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¡² £µ¤ ·Ö µÉ²¨Î¨Õ ¨Ì Ëµ·³Ò ¨³-
¶Ê²Ó¸  ´  ¢ÒÌµ¤¥ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¤¥É¥±Éµ·  ¨§ ¸É¨²Ó¡¥´ : ´¥°É·µ´´Ò¥
¨³¶Ê²Ó¸Ò, µ¡· §ÊÕÐ¨¥¸Ö §  ¸Î¥É ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¢¥Ð¥¸É¢µ³ ¸Í¨´É¨²²ÖÉµ· 
(±·¨¸É ²²¨Î¥¸±¨³ ¸É¨²Ó¡¥´µ³) Ö¤¥· µÉ¤ Î¨, ¢µ§´¨± ÕÐ¨Ì ¶·¨ Éµ·³µ¦¥´¨¨
¡Ò¸É·ÒÌ ´¥°É·µ´µ¢, ¨³¥ÕÉ ¡µ²¥¥ ¤²¨É¥²Ó´Ò° § ¤´¨° Ë·µ´É. � §¤¥²Ó´ Ö ·¥-
£¨¸É· Í¨Ö (¨¤¥´É¨Ë¨± Í¨Ö) µÉ¸Î¥Éµ¢, ¸¢Ö§ ´´ÒÌ ¸ ´¥°É·µ´ ³¨ ¨ γ-±¢ ´É ³¨,
¶·µ¨§¢µ¤¨É¸Ö ¶ÊÉ¥³ ¸¶¥Í¨ ²Ó´µ° µ¡· ¡µÉ±¨ ¸¨£´ ²µ¢ ´  µ¸´µ¢¥ µÍ¨Ë·µ¢±¨
¡Ò¸É·µ° ¨ ³¥¤²¥´´µ° ±µ³¶µ´¥´ÉÒ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¨³¶Ê²Ó¸ , ®fast¯ ¨
®slow¯ ¸µµÉ¢¥É¸É¢¥´´µ. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¨§³¥·¥´¨° ¶µ± § ´  ´  ·¨¸. 3.

�¨¸. 3. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ ¨§ ·¥ ±Í¨¨ D(d, n)3He ¸ ¸¨¸É¥-
³µ° ¤¨¸±·¨³¨´ Í¨¨ γ-±¢ ´Éµ¢ ¶µ Ëµ·³¥ ¨³¶Ê²Ó¸µ¢. ND Å ¸Í¨´É¨²²ÖÉµ· (¸É¨²Ó¡¥´)
¸ ËµÉµÊ³´µ¦¨É¥²¥³ ”	“; CFTD Å ¤¨¸±·¨³¨´ Éµ· ¸µ ¸²¥¤ÖÐ¨³ ¶µ·µ£µ³; MT3 Å
³ ¸É¥·-É·¨££¥· ¤²Ö Ê¶· ¢²¥´¨Ö ¢·¥³¥´´Ò³¨ ¢µ·µÉ ³¨ ³¥¤²¥´´µ£µ (slow gate) ¨ ¡Ò-
¸É·µ£µ (fast gate) ± ´ ²µ¢; ACD Å  ´ ²µ£µ¢µ-Í¨Ë·µ¢µ° ¶·¥µ¡· §µ¢ É¥²Ó; QDC Å
§ ·Ö¤µ¢µ-Í¨Ë·µ¢µ° ¶·¥µ¡· §µ¢ É¥²Ó

ˆ³¶Ê²Ó¸Ò ¸  ´µ¤  ”	“ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¡²µ±  ¶µ¸ÉÊ¶ ÕÉ ´  ¡ÊË¥·Ò (buf)
¤²Ö · §¤¥²¥´¨Ö ´  ¢·¥³¥´´µ° ¨ ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨° fast- ¨ slow-É· ±ÉÒ. ‚·¥-
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³¥´´µ° ²µ£¨Î¥¸±¨° É· ±É ¸µ¸Éµ¨É ¨§ ¤¨¸±·¨³¨´ Éµ·  ¸µ ¸²¥¤ÖÐ¨³ ¶µ·µ£µ³
(CFTD) ¨ ³ ¸É¥·-É·¨££¥·  (MT3) ¨ ¶·¥¤´ §´ Î¥´ ¤²Ö ¢Ò· ¡µÉ±¨ ¸¨£´ ²µ¢
Ê¶· ¢²¥´¨Ö (®slow gate¯ ¨ ®fast gate¯) ¢µ·µÉ ³¨ ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨Ì É· ±Éµ¢:
 ´ ²µ£µ¢µ-Í¨Ë·µ¢µ£µ (ADC) ¨ § ·Ö¤µ¢µ-Í¨Ë·µ¢µ£µ ¶·¥µ¡· §µ¢ É¥²¥° (QDC)
¸µµÉ¢¥É¸É¢¥´´µ. ‘¨£´ ²Ò ®gate¯ ¢Ò· ¡ ÉÒ¢ ÕÉ¸Ö ³ ¸É¥·-É·¨££¥·µ³ (Œ’) µÉ
¸¨£´ ²  CFTD ¸ § ¤¥·¦±µ° 15 ´¸ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¨³¶Ê²Ó¸ ¸ CFTD ¶·¨-
Ìµ¤¨É Î¥·¥§ 15 ³±¸ ¶µ¸²¥ ¶·¨Ìµ¤  ´  Œ’3 ¨³¶Ê²Ó¸  ®start1¯ µÉ ¡²µ±  Ê¶· -
¢²¥´¨Ö § ¶Ê¸±µ³ ´¥°É·µ´´µ£µ £¥´¥· Éµ· , ´µ ´¥ ¶µ§¤´¥¥ 200 ³±¸. �µ¸±µ²Ó±Ê
¤²¨É¥²Ó´µ¸ÉÓ ¸¨£´ ²  ®fast gate¯ ¸µ¸É ¢²Ö¥É 50 ´¸, § ¤¥·¦±   ´ ²µ£µ¢µ£µ ¸¨£-
´ ²  ´  ¢Ìµ¤ QDC ¢Ò¡¨· ¥É¸Ö É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¨´É¥£·¨·µ¢ ÉÓ Éµ²Ó±µ
¶¥·¥¤´¨° Ë·µ´É ¨³¶Ê²Ó¸ , ¤·Ê£¨³¨ ¸²µ¢ ³¨, ÎÉµ¡Ò ¶·µ¨§¢µ¤¨ÉÓ µÍ¨Ë·µ¢±Ê ¸
¶µ³µÐÓÕ QDC Éµ²Ó±µ ¡Ò¸É·µ° ¸µ¸É ¢²ÖÕÐ¥° ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¨³¶Ê²Ó¸ .
„²¨É¥²Ó´µ¸ÉÓ ¸¨£´ ²  ®slow gate¯ ¸µ¸É ¢²Ö¥É 4 ³±¸, ÎÉµ ¤µ¸É ÉµÎ´µ ¤²Ö µÍ¨-
Ë·µ¢±¨ ³¥¤²¥´´µ° ¸µ¸É ¢²ÖÕÐ¥° ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¨³¶Ê²Ó¸ , ¶µ²ÊÎ¥´´µ£µ
¶ÊÉ¥³ Ëµ·³¨·µ¢ ´¨Ö  ´ ²µ£µ¢µ£µ ¸¨£´ ²  ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨³ Ê¸¨²¨É¥²¥³
(AFA) ¸µ ¢·¥³¥´¥³ ¨´É¥£·¨·µ¢ ´¨Ö τ = 3 ³±¸. �  ·¨¸. 4 ¶µ± § ´  ¤¢Ê³¥·´ Ö
³ É·¨Í  · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·µ° ¨ ³¥¤²¥´´µ° ¸µ¸É ¢²ÖÕÐ¨Ì ¸Í¨´É¨²²ÖÍ¨µ´-
´ÒÌ ¨³¶Ê²Ó¸µ¢.

�¨¸. 4. „¢Ê³¥·´ Ö ³ É·¨Í  · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·µ° ¨ ³¥¤²¥´´µ° ¸µ¸É ¢²ÖÕÐ¨Ì ¸Í¨´-
É¨²²ÖÍ¨µ´´ÒÌ ¨³¶Ê²Ó¸µ¢
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3.7. �²µ± ¸¨´Ì·µ´¨§ Í¨¨ ´¥°É·µ´´µ£µ £¥´¥· Éµ· . �²µ± ¸¨´Ì·µ´¨§ Í¨¨
¶·¥¤´ §´ Î¥´ ¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ ¸¨´Ì·µ´¨§ Í¨¨ ´¥°É·µ´´µ£µ £¥-
´¥· Éµ· , ¶·¨¢Ö§ ´´ÒÌ ± ¢Ò¡· ´´µ° Ë §¥ ¸¨´Ê¸µ¨¤ ²Ó´µ£µ ¸¨£´ ²  ´ ± Î±¨
 ±Ê¸É¨Î¥¸±µ£µ ·¥§µ´ Éµ· , ¸ ¢µ§³µ¦´µ¸ÉÓÕ ¢Ò¡µ·  ±· É´µ¸É¨ Î ¸ÉµÉÒ ¸²¥¤µ-
¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ ¸¨´Ì·µ´¨§ Í¨¨ Î ¸ÉµÉ¥ ´ ± Î±¨. �²µ± ¸¨´Ì·µ´¨§ Í¨¨ ¢Ò-
¶µ²´¥´ ¢ ¸É ´¤ ·É¥ Š�Œ�Š ¨ ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ µ·£ ´Ò Ê¶· ¢²¥´¨Ö:
• · §Ñ¥³ ‚•�„, ¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ¤ Î¨ ¢Ìµ¤´µ£µ ¸¨£´ ²  ¸¨´Ê¸µ¨¤ ²Ó´µ£µ
¸¨£´ ² , ± µ¶·¥¤¥²¥´´µ° Ë §¥ ±µÉµ·µ£µ ¶·¨¢Ö§Ò¢ ¥É¸Ö ¢ÒÌµ¤´µ° ¸¨£´ ² ¸¨´-
Ì·µ´¨§ Í¨¨;
• · §Ñ¥³ ‚›•�„, ¶·¥¤´ §´ Î¥´ ¤²Ö ¸´ÖÉ¨Ö ¢ÒÌµ¤´µ£µ ¸¨£´ ² ;
• ¶¥·¥±²ÕÎ É¥²Ó ®+¯ Å ®Ä¯, ¶·¥¤´ §´ Î¥´ ¤²Ö ¢Ò¡µ·  ¶µ²µ¦¨É¥²Ó´µ£µ ¨²¨
µÉ·¨Í É¥²Ó´µ£µ ¶µ²Ê¶¥·¨µ¤  (ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¤¨ ¶ §µ´ ³ ¨§³¥´¥´¨Ö Ë §Ò
0◦. . . 180◦, Ä180◦. . . 360◦);
• ¶¥·¥±²ÕÎ É¥²Ó ®64. . . 2048¯, ¶·¥¤´ §´ Î¥´ ¤²Ö ¢Ò¡µ·  ±· É´µ¸É¨ ¢ÒÌµ¤´µ£µ
¨³¶Ê²Ó¸ ;
• ¶¥·¥³¥´´Ò° ·¥§¨¸Éµ· ‡�„…�†Š�, ¶·¥¤´ §´ Î¥´ ¤²Ö ·¥£Ê²¨·µ¢±¨ § ¤¥·¦±¨
¢ÒÌµ¤´µ£µ ¨³¶Ê²Ó¸  ¢ ¶·¥¤¥² Ì ¢Ò¡· ´´µ£µ ¶µ²Ê¶¥·¨µ¤ .

Œ¨´¨³ ²Ó´ Ö  ³¶²¨ÉÊ¤  ¢Ìµ¤´µ£µ ¸¨£´ ² , ¶µ¤ ¢ ¥³ Ö ´  · §Ñ¥³ ‚•�„,
¶·¨ ±µÉµ·µ° ¶·µ¨¸Ìµ¤¨É ¸· ¡ ÉÒ¢ ´¨¥ ¢Ìµ¤´µ£µ ±µ³¶ · Éµ· , ¶µ·Ö¤±  0,2 ‚.

� ¡µÉ  ¶µ¤¤¥·¦ ´  Œ¥¦¤Ê´ ·µ¤´Ò³ ´ ÊÎ´µ-É¥Ì´¨Î¥¸±¨³ Í¥´É·µ³ (¶·µ-
¥±É 1471) ¨ �µ¸¸¨°¸±¨³ Ëµ´¤µ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (¶·µ¥±ÉÒ
02-01-00606 ¨ 02-02-16397).
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