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�Ò¸É·¨Í±¨° ‚. Œ. ¨ ¤·. „15-2006-23
�±¸¶¥·¨³¥´É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¶·μÍ¥¸¸  · ¤¨ Í¨μ´´μ£μ
§ Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ 3He

�·¥¤¸É ¢²¥´ ¶·μ¥±É Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° · ¤¨ Í¨μ´´μ£μ § Ì¢ É 
É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨ 3�¥ ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨ ¤¢ÊÌ γ-±¢ ´Éμ¢ (nth+3He
→ α + γ(2γ)). ˆ´É¥·¥¸ ± ¨§ÊÎ¥´¨Õ ¤ ´´ÒÌ ¶·μÍ¥¸¸μ¢ ¶·μ¤¨±Éμ¢ ´ ¸²¥¤ÊÕÐ¨³¨ μ¡-
¸ÉμÖÉ¥²Ó¸É¢ ³¨: ¢μ§³μ¦´μ¸ÉÓÕ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ¶ · ³¥É· Ì ´Ê±²μ´´μ£μ (NÄN)-
¶μÉ¥´Í¨ ²  ¨ μ ¸É·Ê±ÉÊ·¥ μ¡³¥´´ÒÌ ³¥§μ´´ÒÌ Éμ±μ¢; ¢μ§³μ¦´μ¸ÉÓÕ ¶·μ¢¥·±¨ ³μ¤¥²¨
³¥Ì ´¨§³  § Ì¢ É  ´Ê±²μ´  Ö¤·μ³ 3�¥ ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨; ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ
· §·¥Ï¥´¨Ö ·Ö¤  ¢μ¶·μ¸μ¢, ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¢  ¸É·μË¨§¨±¥. ‚Ò¶μ²´¥´¨¥ Ô±¸¶¥·¨³¥´É  ¶² -
´¨·Ê¥É¸Ö μ¸ÊÐ¥¸É¢¨ÉÓ ´  ¶ÊÎ±¥ PF1B ·¥ ±Éμ·  ILL (ƒ·¥´μ¡²Ó). Œ¨Ï¥´Ó ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¶μ²Ò° Í¨²¨´¤· ¨§ Î¨¸Éμ£μ  ²Õ³¨´¨Ö (∅140×80 ³³), § ¶μ²´Ö¥³Ò° 3�¥ ¨ 4�¥ (Ëμ-
´μ¢Ò° Ô±¸¶¥·¨³¥´É) ¶·¨ ¤ ¢²¥´¨¨ 2  É³. �¥£¨¸É· Í¨Ö γ-±¢ ´Éμ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥ÉÒ·Ó³Ö
¤¥É¥±Éμ· ³¨ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ BGO (∅100×70 ³³). ‘μ£² ¸´μ · ¸Î¥É ³, ¢Ò¶μ²´¥´¨¥
Ô±¸¶¥·¨³¥´É  ¶μ§¢μ²¨É §  400Ä500 Î · ¡μÉÒ ´  ¶ÊÎ±¥ PF1B ¢¶¥·¢Ò¥ ¨§³¥·¨ÉÓ ¸¥Î¥´¨Ö
Ê± § ´´ÒÌ ·¥ ±Í¨° ¸ ÉμÎ´μ¸ÉÓÕ 2Ä4% (μ¤´μ±¢ ´Éμ¢Ò° ¶·μÍ¥¸¸) ¨ 7Ä10% (¤¢ÊÌ±¢ ´Éμ-
¢Ò°), ÎÉμ ¢¶μ²´¥ μÉ¢¥Î ¥É Í¥²Ö³ ¶·μ¥±É .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ 	¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°.

‘μμ¡Ð¥´¨¥ 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2006

Bystritsky V.M. et al. D15-2006-23
Experimental Research of the Radiative Capture of Thermal Neutrons in 3He

A project of an experiment on measurement of the cross sections of radiative thermal
neutron capture by 3He nuclei with production of one and two γ-quanta (nth+3He → α +
γ(2γ)) is presented. The interest in studying the processes is dictated by the following
factors: a possibility of obtaining information on parameters of the nucleon NÄN potential and
structure of exchange meson currents; a possibility of verifying the model of the mechanism for
nucleon capture by the nucleus 3He in the low-energy region; necessity to solve some questions
existing in astrophysics. The experiment is planned to be carried out on the PF1B beam of
ILL reactor (Grenoble). The target is a hollow cylinder of pure aluminium (∅140×80 mm)
ˇlled with 3He and 4He (background experiment) at the pressure 2 atm. Registration of the
γ-quanta is carried out by four BGO crystal (∅100×70 mm) detectors. According to the
calculations the experiment, with 400Ä500 h of the PF1B beam running time, will allow cross
sections for the above reactions to be measured for the ˇrst time with an accuracy of 2Ä4 %
(one-quantum process) and 7Ä10 % (two-quantum process), which quite meets the purposes
of the project.

The investigation has been performed at the Joint Institute for Nuclear Research.

Communication of the Joint Institute for Nuclear Research. Dubna, 2006
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ˆ¸¸²¥¤μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¢ ³ ²μ´Ê±²μ´´ÒÌ ¸¨¸É¥³ Ì ¢
μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° (∼ ±Ô‚), ¢¥¸Ó³   ±ÉÊ ²Ó´μ ¨ ¸¢Ö§ ´μ ¸ ¢μ§³μ¦-
´μ¸ÉÓÕ μ¶¨¸ ´¨Ö ¸²μ¦´μ° ¸¨¸É¥³Ò ´  μ¸´μ¢¥ ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤  ¢
· ³± Ì ¸μ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° μ ´Ê±²μ´-´Ê±²μ´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨.

	¤´ ±μ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ¨§ÊÎ¥´¨¥ ·¥ ±Í¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´μ¢ ¸
²¥£±¨³¨ Ö¤· ³¨ ¢ Ê± § ´´μ° μ¡² ¸É¨ Ô´¥·£¨¨ ¢¥¸Ó³  ¶·μ¡²¥³ É¨Î´μ. ‘ μ¤´μ°
¸Éμ·μ´Ò, ÔÉμ ¸¢Ö§ ´μ ¸ ±· °´¥ ³ ²μ° ¢¥²¨Î¨´μ° ¸¥Î¥´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨°
¢ ¤ ´´μ° μ¡² ¸É¨ Ô´¥·£¨°,   ¸ ¤·Ê£μ° Å ¸ ´¨§±μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ¶ÊÎ±μ¢
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶μ²ÊÎ ¥³ÒÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±² ¸¸¨Î¥¸±¨Ì Ê¸±μ·¨É¥-
²¥°. ’¥³ ´¥ ³¥´¥¥ ¨´Ëμ·³ Í¨Ö μ Ì · ±É¥·¨¸É¨± Ì ¤ ´´ÒÌ ¶·μÍ¥¸¸μ¢ ³μ¦¥É
¡ÒÉÓ ¶μ²ÊÎ¥´  ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ ÉμÎ´μ¸É¨ ¶ÊÉ¥³ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ
¨§ÊÎ¥´¨Ö §¥·± ²Ó´ÒÌ ·¥ ±Í¨° ´  ²¥£±¨Ì Ö¤· Ì ¶μ¤ ¤¥°¸É¢¨¥³ ´¥°É·μ´μ¢.

’ ±¨³ μ¡· §μ³, ¸· ¢´¥´¨¥ ³¥¦¤Ê ¸μ¡μ° ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  ¸¥Î¥´¨° ¨¸-
¸²¥¤Ê¥³ÒÌ ·¥ ±Í¨° ¶μ¤ ¤¥°¸É¢¨¥³ ¶·μÉμ´μ¢ ¨ ´¥°É·μ´μ¢, ¤²¨´ ¨ Ë § · ¸¸¥-
Ö´¨Ö (¢Ò¶μ²´¥´´ÒÌ ¢ · ³± Ì μ¤´μ£μ ¨ Éμ£μ ¦¥ ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ¶μ¤Ìμ¤ ),
  É ±¦¥ ¸· ¢´¥´¨¥ ¨Ì ¸ ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ´  ¶ÊÎ-
± Ì ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢, ¶μ§¢μ²¨É: ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ ¶μÉ¥´Í¨ ²¥
(NÄN )-¢§ ¨³μ¤¥°¸É¢¨Ö; ¶·μ¢¥·¨ÉÓ ±μ··¥±É´μ¸ÉÓ  ²£μ·¨É³  ¢ÒÎ¨¸²¥´¨Ö Ì -
· ±É¥·¨¸É¨± §¥·± ²Ó´ÒÌ ·¥ ±Í¨°.

‚ ¸¢¥É¥ ¸± § ´´μ£μ § ¸²Ê¦¨¢ ¥É ¢´¨³ ´¨Ö ¨§ÊÎ¥´¨¥ ·¥ ±Í¨° · ¤¨ Í¨μ´-
´μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨ 3�¥ ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨ ¤¢ÊÌ
γ-±¢ ´Éμ¢: 3He(nth, γ)4He ¨ 3He(nth, 2γ)4He.

ˆ´É¥·¥¸ ± ¨§ÊÎ¥´¨Õ É ±¨Ì ¶·μÍ¥¸¸μ¢ ¶·μ¤¨±Éμ¢ ´ Í¥²Ò³ ·Ö¤μ³ μ¡¸ÉμÖ-
É¥²Ó¸É¢:

1) ¢μ§³μ¦´μ¸ÉÓÕ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ¸É·Ê±ÉÊ·¥ ´Ê±²μ´´μ£μ (NÄ
N )-¶μÉ¥´Í¨ ² ;

2) ¢μ§³μ¦´μ¸ÉÓÕ ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò μ¡³¥´´ÒÌ ³¥§μ´´ÒÌ Éμ±μ¢, ¢±² ¤
±μÉμ·ÒÌ ¸ÊÐ¥¸É¢¥´ ¢  ¸É·μË¨§¨Î¥¸±μ° μ¡² ¸É¨ Ô´¥·£¨° [1];

3) ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ · §·¥Ï¥´¨Ö ·Ö¤  ¢μ¶·μ¸μ¢, ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¢  ¸É·μ-
Ë¨§¨±¥. Ÿ¤¥·´Ò¥ ·¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ ¶·μÉμ´μ¢ ¨£· ÕÉ ¸ÊÐ¥¸É¢¥´´ÊÕ
·μ²Ó ¢ ¶· ¢¨²Ó´μ° ¨´É¥·¶·¥É Í¨¨ ¢¸¥° ± ·É¨´Ò ¶·μÍ¥¸¸μ¢, ¶·μÉ¥± ÕÐ¨Ì ´ 
‘μ²´Í¥. �μÔÉμ³Ê ¨´Ëμ·³ Í¨Ö μ Ì · ±É¥·¨¸É¨± Ì ÔÉ¨Ì ¶·μÍ¥¸¸μ¢, ¨ ¢ Î ¸É-
´μ¸É¨ μ ·¥ ±Í¨¨ 3He(p, e+, υe)4He, ¶μ²ÊÎ¥´´ Ö ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§ÊÎ¥-
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´¨Õ §¥·± ²Ó´μ° ·¥ ±Í¨¨ 3He(nth, γ)4He, ¶μ§¢μ²¨É ¶· ¢¨²Ó´μ μÍ¥´¨ÉÓ ¨´É¥´-
¸¨¢´μ¸É¨ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ ¨§ pp-Í¨±² : É¨¶ 
pp(p + p → d + e+ + νe) ¨ ppe(p + p + e+ → d + e+ + νe). � ÔÉμ, ¢ ¸¢μÕ
μÎ¥·¥¤Ó, ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´ÒÌ μ¸Í¨²²ÖÍ¨° ³¥¦¤Ê pp-, ppe-, hep-, 7Be-, 13N-
¨ 15	-´¥°É·¨´μ ¶μ§¢μ²¨É ¶·μ¢¥·¨ÉÓ ¶·¨³¥´¨³μ¸ÉÓ ¸É ´¤ ·É´μ° ³μ¤¥²¨ ¤²Ö
μ¶¨¸ ´¨Ö ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ´  ‘μ²´Í¥ [2Ä6]. �μ-
Éμ± ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ, £¥´¥·¨·Ê¥³Ò° ¢ ·¥ ±Í¨¨ 3He(p, e+, υe)4He, ³μ¦¥É
¡ÒÉÓ § ·¥£¨¸É·¨·μ¢ ´ ´μ¢Ò³ ¶μ±μ²¥´¨¥³ ¤¥É¥±Éμ·μ¢, μ¡² ¤ ÕÐ¨Ì ¢Ò¸μ±¨³
Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ (§  ¸Î¥É · ¸¸¥Ö´¨Ö ´¥°É·¨´μ ´  Ô²¥±É·μ´¥ ¨²¨
¶μ£²μÐ¥´¨Ö ´¥°É·¨´μ). ’ ± ± ± Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ ·¥ ±Í¨¨ 3He(p, e+, υe)4He
¤μ¸É ÉμÎ´μ ¢¥²¨±μ (Q = 19,735 ŒÔ‚) ¨ ¤¥É¥±Éμ· ´¥°É·¨´μ ¨³¥¥É ¤μ¸É ÉμÎ´μ
¢Ò¸μ±μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥, Éμ ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ·¥£¨¸É· Í¨¨
´¥¡μ²ÓÏμ° Î ¸É¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ° ±μ³¶μ´¥´ÉÒ ¶μÉμ±  ¸μ²´¥Î´ÒÌ ´¥°-
É·¨´μ, ±μÉμ· Ö ¸ÊÐ¥¸É¢¥´´μ μÉ¤¥²¥´  μÉ ¸¶¥±É·  ´¥°É·¨´μ, μ¡· §ÊÕÐ¨Ì¸Ö
¢ ¤·Ê£¨Ì ·¥ ±Í¨ÖÌ. „²Ö ±μ··¥±É´μ° ¨´É¥·¶·¥É Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö
¶μÉμ±  ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ ´¥μ¡Ìμ¤¨³μ ¸· ¢´¥´¨¥ ¨Ì ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
· ¸Î¥É´Ò³¨ ¢¥²¨Î¨´ ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ · ³± Ì ¸É ´¤ ·É´μ° ¸μ²´¥Î´μ° ³μ-
¤¥²¨. „ ´´ Ö ³μ¤¥²Ó ¨§-§  μÉ¸ÊÉ¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ (¶·¨
¸μ²´¥Î´ÒÌ É¥³¶¥· ÉÊ· Ì ¸·¥¤´ÖÖ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¶·μÉμ´μ¢ (∼ 1 ±Ô‚)
¸ÊÐ¥¸É¢¥´´μ ´¨¦¥ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  Ö¤·  3�¥ ¨, ± ± ¸²¥¤¸É¢¨¥, ¨§³¥-
·¥´¨¥ ±· °´¥ ³ ²μ£μ ¸¥Î¥´¨Ö § Ì¢ É  ¶·μÉμ´  Ö¤·μ³ 3�¥ ¸É ´μ¢¨É¸Ö ¶· ±-
É¨Î¥¸±¨ ´¥μ¸ÊÐ¥¸É¢¨³Ò³) ¡ §¨·Ê¥É¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ · ¸Î¥É´ÒÌ §´ Î¥-
´¨° ¸¥Î¥´¨Ö 3He(p, e+, υe)4He-·¥ ±Í¨¨. ‚ ¸¢μÕ μÎ¥·¥¤Ó, ¢ÒÎ¨¸²¥´¨¥ ¸¥Î¥´¨°
3He(p, e+, υe)4He-¶·μÍ¥¸¸  ¸ ³μ ¶μ ¸¥¡¥ ¶·μ¡²¥³ É¨Î´μ. 	¤´ ±μ ¸ÊÐ¥¸É¢ÊÕ-
Ð Ö μ¤´μ§´ Î´ Ö É¥μ·¥É¨Î¥¸± Ö ¸¢Ö§Ó ³¥¦¤Ê ³ É·¨Î´Ò³¨ Ô²¥³¥´É ³¨ ¸² ¡μ£μ
¶·μÍ¥¸¸ 3He(p, e+, υe)4He ¨ ¶·μÍ¥¸¸  · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´  Ö¤·μ³
3He 3He(nth, γ)4He ¢ μ¡² ¸É¨  ¸É·μË¨§¨Î¥¸±¨Ì Ô´¥·£¨° ¸¶ ¸ ¥É ¸¨ÉÊ Í¨Õ
[7Ä9].

„ ´´μ¥ ÊÉ¢¥·¦¤¥´¨¥ ¡ §¨·Ê¥É¸Ö ´  ¸²¥¤ÊÕÐ¥³:
• ‚ μ¡μ¨Ì Ê± § ´´ÒÌ ¶·μÍ¥¸¸ Ì ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° (1Ä

10 ±Ô‚) § Ì¢ É ´¥°É·μ´  ¨ ¶·μÉμ´  ¶·μ¨¸Ìμ¤¨É ¨§ S-¸μ¸ÉμÖ´¨Ö ´Ê±²μ´ . �μ-
ÔÉμ³Ê ´¥ Éμ²Ó±μ ¢μ²´μ¢ Ö ËÊ´±Í¨Ö Ö¤·  ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ (μ¸´μ¢´μ¥
¸μ¸ÉμÖ´¨¥ 4�¥), ´μ É ±¦¥ ¨ ´ Î ²Ó´Ò¥ ¸μ¸ÉμÖ´¨Ö ¸¨¸É¥³ 3�¥+p ¨ 3�¥+n
¨¤¥´É¨Î´Ò (§  ¨¸±²ÕÎ¥´¨¥³ § ·Ö¤μ¢μ-§ ¢¨¸¨³ÒÌ Ë ±Éμ·μ¢);

• ‚ ¨³¶Ê²Ó¸´μ³ ¶·¨¡²¨¦¥´¨¨ ´¥·¥²ÖÉ¨¢¨¸É¸±¨¥ Ëμ·³Ò μ¤´μÎ ¸É¨Î´μ£μ
¤¨¶μ²Ó´μ£μ ³ £´¨É´μ£μ M1 ¨ £ ³μ¢-É¥²²¥·μ¢¸±μ£μ (GT) μ¶¥· Éμ·μ¢ ¶μ¤μ¡´Ò
§  ¨¸±²ÕÎ¥´¨¥³ ¢· Ð¥´¨Ö ¢ ¶·μ¸É· ´¸É¢¥ ¨§μ¸¶¨´ . ˆ ÌμÉÖ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö
¸ÊÐ¥¸É¢μ¢ ¢Ï Ö · ´¥¥ § £ ¤±  ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ, ¸¢Ö§ ´´ Ö ¸ ¤¥Ë¨Í¨Éμ³
¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ®¡μ·´ÒÌ¯ ¨ ®¡¥·¨²²¨¥¢ÒÌ¯ ´¥°É·¨´μ, · §·¥Ï¥´  ´ 
μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ ¤μ¸Éμ¢¥·´μ¸É¨ (μ¡´ ·Ê¦¥´Ò μ¸Í¨²²ÖÍ¨¨ ³¥¦¤Ê Ô²¥±-
É·μ´´Ò³¨, ³Õμ´´Ò³¨ ¨ É Ê-´¥°É·¨´μ), É¥³ ´¥ ³¥´¥¥, ¤²Ö ÊÉμÎ´¥´¨Ö ¡ ² ´¸ 
³¥¦¤Ê ¨´É¥´¸¨¢´μ¸ÉÖ³¨ É·¥Ì É¨¶μ¢ ¸μ²´¥Î´ÒÌ ´¥°É·¨´μ ¦¥² É¥²Ó´μ ¶μ²ÊÎ¥-
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´¨¥ ´¥§ ¢¨¸¨³μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ μ ± ¦¤μ³ ¶·μÍ¥¸¸¥, ¢Ìμ¤Ö-
Ð¥³ ¢ ¸Éμ²Ó · §¢¥É¢²¥´´ÊÕ Í¥¶μÎ±Ê ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ´  ‘μ²´Í¥;

• ‚μ§³μ¦´μ¸ÉÓÕ ¶·μ¢¥·±¨ ³μ¤¥²¨ ³¥Ì ´¨§³  § Ì¢ É  ´Ê±²μ´  Ö¤·μ³ 3�¥
¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ (S-¢μ²´ ). ‚ · ³± Ì ¤ ´´μ° ³μ¤¥²¨ ¤μ³¨´¨-
·ÊÕÐ¨¥ ±μ³¶μ´¥´ÉÒ ¢ ¢μ²´μ¢ÒÌ ËÊ´±Í¨ÖÌ, μ¶¨¸Ò¢ ÕÐ¨Ì ¸μ¸ÉμÖ´¨¥ ¸¨¸É¥³Ò
¤μ ¨ ¶μ¸²¥ § Ì¢ É  ´Ê±²μ´ , ¨³¥ÕÉ ¸¨³³¥É·¨Õ ¶μ μ·¡¨É ²Ó´μ° ¶¥·¥¸É ´μ¢±¥,
¨ μ¤´μÎ ¸É¨Î´Ò¥ ¶¥·¥Ìμ¤Ò M1 ¨²¨ GT ¢ μ¡μ¨Ì Ê± § ´´ÒÌ ¸²ÊÎ ÖÌ ³μ£ÊÉ
¶·μ¨¸Ìμ¤¨ÉÓ Î¥·¥§ ³ ²Ò¥ ±μ³¶μ´¥´ÉÒ ´¨§±μμ·¡¨É ²Ó´μ° ¸¨³³¥É·¨¨;

• ˆ§³¥·¥´¨¥ ¸¥Î¥´¨Ö ¤¢ÊÌ±¢ ´Éμ¢μ£μ ¶·μÍ¥¸¸  ¨ μÉ´μÏ¥´¨Ö ¸¥Î¥´¨°
3He(nth, 2γ)4He- ¨ 3He(nth, γ)4He-·¥ ±Í¨° ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ
μ ¸É·Ê±ÉÊ· Ì Ö¤¥·´ÒÌ ¸μ¸ÉμÖ´¨°, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ¶·μÍ¥¸¸¥ ¶·μÉ¥± ´¨Ö ¤ ´´ÒÌ
·¥ ±Í¨°, ÎÉμ ±· °´¥ ¢ ¦´μ ¤²Ö ¶·μ¢¥¤¥´¨Ö ±μ··¥±É´μ£μ ¸· ¢´¥´¨Ö É¥μ·¨¨ ¸
Ô±¸¶¥·¨³¥´Éμ³ [10].

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¢Ò¶μ²´¥´ ·Ö¤ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥-
´¨° · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢ Ö¤· ³¨ 3He:

σ(nth, γ) < 100 ³¡ [11] (1960) (ILL, ƒ·¥´μ¡²Ó),
=(60 ± 30) ³¡ [12] (1973) (ANL, ‘˜�),
=(60 ± 12) ³¡ [13] (1979) (ILL, ƒ·¥´μ¡²Ó),
=(27 ± 9) ³¡ [14] (1979) (ˆ��-30, „Ê¡´ )
= (54 ± 6) ³¡ [15] (1979) (ILL, ƒ·¥´μ¡²Ó),
=(55 ± 3) ³¡ [16] (1991) (Petten, �¨¤¥·² ´¤Ò),

σ(nth, 2γ) = (17 ± 5) ³¡ [13] (1979) (ILL, ƒ·¥´μ¡²Ó).

‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¢μ§·μ¸ ¨´É¥·¥¸ ± ¶·μ¡²¥³¥ ¤¢ÊÌ±¢ ´Éμ¢μ£μ · ¤¨ Í¨-
μ´´μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¶·μ¸É¥°Ï¨³¨ Ö¤· ³¨. ‘ Í¥²ÓÕ ¢μ§³μ¦-
´μ° ¶·μ¢¥·±¨ ±¢ ´Éμ¢μ° Ì·μ³μ¤¨´ ³¨±¨ ¢ ´¥°É·μ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ ¢Ò¶μ²-
´¥´Ò ³´μ£μÎ¨¸²¥´´Ò¥ ³μ¤¥²Ó´Ò¥ · ¸Î¥ÉÒ, ÊÎ¨ÉÒ¢ ÕÐ¨¥ · §²¨Î´Ò¥ Éμ´±¨¥
¶μ¶· ¢±¨. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É ¡μ²ÓÏμ° ¤¨¸±·¨¶ ´¸ (¡μ²ÓÏ¥, Î¥³
´  ¶μ·Ö¤μ±) ³¥¦¤Ê · ¸Î¥É´Ò³ §´ Î¥´¨¥³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 3He(nth, 2γ)4He
(σγγ(3He)) [17, 18] ¨ ¥¤¨´¸É¢¥´´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° μÍ¥´±μ° ¤ ´´μ° ¢¥-
²¨Î¨´Ò [13]. ’μÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö σγγ(3He) ¸μ¸É ¢²Ö¥É ∼ 35%.

–¥²ÓÕ ´ ¸ÉμÖÐ¥£μ ¶·μ¥±É  Ö¢²Ö¥É¸Ö ¨¸¸²¥¤μ¢ ´¨¥ ¶·μÍ¥¸¸  · ¤¨ Í¨μ´-
´μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨ 3He ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨ ¤¢ÊÌ
γ-±¢ ´Éμ¢:

→4 He + γ (1 )

3He + nth

→4 He + 2γ. (1¡)
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢Ò¶μ²´¥´¨¥ ´ ¸ÉμÖÐ¥£μ ¶·μ¥±É  ¶μ§¢μ²¨É ¶·μ-
Ö¸´¨ÉÓ ¶·¨·μ¤Ê ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¤¨¸±·¨¶ ´¸  ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨
· ¸Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ ¸¥Î¥´¨Ö ¤¢ÊÌ±¢ ´Éμ¢μ£μ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  É¥-
¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨ 3�¥.

1. ��‘’���‚Š� �Š‘�…�ˆŒ…�’�

�·¨ ¶μ¸É ´μ¢±¥ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° ·¥ ±Í¨° (1a) ¨
(1¡) ¨³¥¥É¸Ö ·Ö¤ É·Ê¤´μ¸É¥°, £² ¢´Ò¥ ¨§ ±μÉμ·ÒÌ:

a) ³ ² Ö ¢¥²¨Î¨´  ¸¥Î¥´¨° ¨§ÊÎ ¥³ÒÌ ¶·μÍ¥¸¸μ¢;
b) ´ ²¨Î¨¥ ±μ´±Ê·¨·ÊÕÐ¥£μ ± ´ ²  (·¥ ±Í¨Ö 3He(nth, p)t), ¨´É¥´¸¨¢´μ¸ÉÓ

±μÉμ·μ£μ ¢ 108 ¨ ¢ 4·108 · § ¶·¥¢ÒÏ ¥É ¨´É¥´¸¨¢´μ¸É¨ ¶·μÍ¥¸¸μ¢ (1a) ¨ (1¡)
¸μμÉ¢¥É¸É¢¥´´μ;

c) ¤μ¸É ÉμÎ´μ ´¨§± Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¦¥¸É±μ£μ γ-¨§²ÊÎ¥´¨Ö
¸ Ô´¥·£¨¥° 10Ä20 ŒÔ‚ ¶·¨ É· ¤¨Í¨μ´´μ³ ¨¸¶μ²Ó§μ¢ ´¨¨ γ-¤¥É¥±Éμ·μ¢ ´ 
μ¸´μ¢¥ NaI(Tl);

d) ¢Ò¸μ±¨° Ê·μ¢¥´Ó Ëμ´  ¶μ μÉ´μÏ¥´¨Õ ± ¨§ÊÎ ¥³μ³Ê ¶·μÍ¥¸¸Ê.
‚ ´ ¸ÉμÖÐ¥³ ¶·μ¥±É¥, ¤²Ö ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨° (1a) ¨ (1¡) ¸ ¢Ò-

¸μ±μ° ÉμÎ´μ¸ÉÓÕ, ¶·¥¤Ê¸³μÉ·¥´ ·Ö¤ ¨§³¥´¥´¨° ¢ ¶μ¸É ´μ¢±¥ μ¶ÒÉ  ¶μ ¸· ¢-
´¥´¨Õ ¸ ¶·¥¤Ï¥¸É¢ÊÕÐ¨³¨ Ô±¸¶¥·¨³¥´É ³¨ [11Ä16].

Š É ±¨³ ¨§³¥´¥´¨Ö³ μÉ´μ¸ÖÉ¸Ö:
1) · ¸¶μ²μ¦¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ´  ¢Ò¸μ±μ¨´É¥´¸¨¢´μ³

¶ÊÎ±¥ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ PF1B ·¥ ±Éμ·  ILL (ƒ·¥´μ¡²Ó);
2) § ³¥´  ¤¥É¥±Éμ·μ¢ γ-±¢ ´Éμ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl) ¤¥É¥±Éμ· ³¨

¸ ±·¨¸É ²² ³¨ BGO, μ¡² ¤ ÕÐ¨³¨, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¡μ²¥¥ ¢Ò¸μ±μ° ÔËË¥±-
É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ ¦¥¸É±¨Ì γ-±¢ ´Éμ¢ (Eγ = 10Ä20 ŒÔ‚),   ¸ ¤·Ê£μ° Å
¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¶μ μÉ´μÏ¥´¨Õ ± ¤¥É¥±É¨·μ¢ ´¨Õ
· ¸¸¥Ö´´μ£μ ´¥°É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö;

3) ¶·¥Í¨§¨μ´´μ¥ μ¶·¥¤¥²¥´¨¥  ¡¸μ²ÕÉ´μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨
γ-±¢ ´Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±μ° ¶ÊÉ¥³ ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ
¨§³¥·¥´¨° ´  Ê¸±μ·¨É¥²¥ ‚ ´ ¤¥ ƒ·  Ë  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μÉμ±  ®³¥Î¥´ÒÌ¯
γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨° t(p, γ)α (Q ≈19,8 ŒÔ‚) ¨ 7Li (p, γ)8Be (Q ≈17,3 ŒÔ‚),
  É ±¦¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´ ¡μ·  ¸É ´¤ ·É´ÒÌ · ¤¨μ ±É¨¢´ÒÌ ¨¸ÉμÎ´¨±μ¢;

4) μ¤´μ¢·¥³¥´´μ¥ ¨¸¶μ²Ó§μ¢ ´¨¥  ±É¨¢ Í¨μ´´μ° ¨ ¢·¥³Ö¶·μ²¥É´μ° ³¥Éμ-
¤¨± ¤²Ö ¨§³¥·¥´¨Ö ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸É¨ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥-
´¨Ö ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó;

5) Ê¢¥²¨Î¥´¨¥ ±μ²¨Î¥¸É¢  γ-¤¥É¥±Éμ·μ¢. �Éμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶μ§¢μ²¨É
¨§³¥·¨ÉÓ ´¥ Éμ²Ó±μ μÉ´μÏ¥´¨¥ ¢¥·μÖÉ´μ¸É¥° ·¥ ±Í¨° (1a) ¨ (1¡), ´μ ¨  ¡¸μ-
²ÕÉ´Ò¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ¤ ´´ÒÌ ¶·μÍ¥¸¸μ¢;

6) μ¶É¨³¨§ Í¨Ö ¶ ¸¸¨¢´μ° § Ð¨ÉÒ γ-¤¥É¥±Éμ·μ¢ ¸ Í¥²ÓÕ ¶μ¤ ¢²¥´¨Ö Ëμ-
´μ¢μ° § £·Ê§±¨ ¤μ Ê·μ¢´Ö, μ¶·¥¤¥²Ö¥³μ£μ É·¥¡μ¢ ´¨Ö³¨ ´ ¸ÉμÖÐ¥£μ ¶·μ¥±É .
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�¥ ²¨§ Í¨Ö ¶¶. 1Ä6, ¶μ ³´¥´¨Õ  ¢Éμ·μ¢ ¶·μ¥±É , ¶μ§¢μ²¨É ¸ÊÐ¥¸É¢¥´´μ
¶μ¢Ò¸¨ÉÓ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ¶·μÍ¥¸¸μ¢ (1a) ¨ (1¡).

1.1. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± . �  ·¨¸. 1 ¶·¨¢¥¤¥´  ¸Ì¥³  Ô±¸¶¥·¨-
³¥´É ²Ó´μ° Ê¸É ´μ¢±¨, · ¸¶μ²μ¦¥´´μ° ´  ¶ÊÎ±¥ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢. “¸É -

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨: 1 Å £¥²¨¥¢ Ö ³¨Ï¥´Ó; 2, 3 Å ±μ²²¨-
³ Éμ·, ¸μ¸ÉμÖÐ¨° ¨§ 6LiF-¶² ¸É¨´ ¨ ¶μ²μ£μ Í¨²¨´¤·  ¨§ ¶μ²¨ÔÉ¨²¥´ ; 4, 5, 6 Å
±μ³¡¨´¨·μ¢ ´´ Ö § Ð¨É  γ-¤¥É¥±Éμ·  ¨§ 6LiF-¶² ¸É¨´, Í¨²¨´¤·  ¨§ ¶μ²¨ÔÉ¨²¥´  ¨
Pb; 7 Å Î¥ÉÒ·¥ γ-¤¥É¥±Éμ·  ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ BGO

´μ¢±  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö: ±μ²²¨³ Éμ·, £ §μ¢ÊÕ £¥²¨¥¢ÊÕ ³¨Ï¥´Ó, γ-¤¥É¥±Éμ·Ò
¸ ±μ³¡¨´¨·μ¢ ´´μ° § Ð¨Éμ° ¨§ Pb, 6LiF ¨ ¶μ²¨ÔÉ¨²¥´ . �¥°É·μ´´Ò° ¶μ-
Éμ± Ëμ·³¨·Ê¥É¸Ö ±μ²²¨³ Éμ·μ³, ¸μ¸ÉμÖÐ¨³ ¨§ ¤¢ÊÌ 6LiF-¶² ¸É¨´ (± ¦¤ Ö
¶² ¸É¨´  Éμ²Ð¨´μ° ∼10 ³³ ¸  ¶¥·ÉÊ·μ° ¤²Ö ¶ÊÎ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
120×60 ³³) ¨ ¶μ²μ£μ Í¨²¨´¤·  ¨§ ¶μ²¨ÔÉ¨²¥´  (¤²¨´μ° 200 ³³ ¨ c Éμ²Ð¨-
´μ° ¸É¥´±¨ 120 ³³). �μÉμ± É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° 4,0·10−3

Ô‚ ¨ ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸ÉÓÕ ∼ 3·109 ´¥°É·μ´/¸³2· c ¶ ¤ ¥É ´  £¥²¨¥¢ÊÕ
³¨Ï¥´Ó, · ¸¶μ²μ¦¥´´ÊÕ Ê ¢ÒÌμ¤´μ£μ μ±´  ±μ²²¨³ Éμ·  ¨ ¶·¥¤¸É ¢²ÖÕÐÊÕ
¸μ¡μ° Í¨²¨´¤· ¨§ Al (∅ 140×80 ³³), § ¶μ²´¥´´Ò° Î¨¸ÉÒ³ 3He ¶·¨ ¤ ¢²¥´¨¨
2  É³. ’μ²Ð¨´Ò ¡μ±μ¢μ° ¸É¥´±¨, ¢Ìμ¤´μ£μ ¨ ¢ÒÌμ¤´μ£μ μ±´  ³¨Ï¥´¨ ¸μ¸É -
¢²ÖÕÉ 0,5; 0,1 ¨ 0,1 ³³ ¸μμÉ¢¥É¸É¢¥´´μ. 	¡Ñ¥³ ³¨Ï¥´¨ · ¢¥´ 1230 ¸³3. ‘
Í¥²ÓÕ ¶μ¤ ¢²¥´¨Ö Ëμ´μ¢μ° § £·Ê§±¨ γ-¤¥É¥±Éμ·μ¢, μ¡Ê¸²μ¢²¥´´μ° § Ì¢ Éμ³
´¥°É·μ´μ¢ ¢ ¸É¥´± Ì ³¨Ï¥´¨, ¤¨ ³¥É· ¥¥ ¢Ìμ¤´μ£μ μ±´  ¶·¥¢ÒÏ ¥É · §³¥·
¤¨ £μ´ ²¨ ¸¥Î¥´¨Ö ¶ÊÎ±  ´¥°É·μ´μ¢ (60×120 ³³). —¥ÉÒ·¥ γ-¤¥É¥±Éμ·  ´ 
μ¸´μ¢¥ ±·¨¸É ²²μ¢ BGO (∅ = 100 ³³, h = 70 ³³) · ¸¶μ²μ¦¥´Ò ¢μ±·Ê£ μ¸¨
¶μÉμ±  ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´Ó (¸³. ·¨¸. 1). “£μ² ³¥¦¤Ê μ¸ÓÕ ± -
¦¤μ£μ ¨§ γ-¤¥É¥±Éμ·μ¢ ¨ ´ ¶· ¢²¥´¨¥³ ´¥°É·μ´´μ£μ ¶μÉμ±  ¸μ¸É ¢²Ö¥É 45◦.
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„¥É¥±Éμ·Ò γ-±¢ ´Éμ¢ Ê¸É ´μ¢²¥´Ò ´  · ¸¸ÉμÖ´¨¨ 50 ¸³ μÉ Í¥´É·  £¥²¨¥¢μ°
³¨Ï¥´¨.

	É´μ¸¨É¥²Ó´Ò° É¥²¥¸´Ò° Ê£μ² γ-¤¥É¥±Éμ·  · ¢¥´ 2,5·10−3,   ÔËË¥±É¨¢-
´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ ∼ 20,6 ŒÔ‚ (¶μ ¶¨±Ê ¶μ²´μ£μ
¶μ£²μÐ¥´¨Ö) ¸μ¸É ¢²Ö¥É 5%. �¥£¨¸É· Í¨Ö ¦¥ ·¥ ±Í¨¨ (1¡) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¶ÊÉ¥³ μÉ¡μ·  ¸μ¡ÒÉ¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ²Õ¡Ò³¨ ¤¢Ê³Ö γ-¤¥É¥±Éμ· ³¨
¶·¨ ¢Ò¶μ²´¥´¨¨ ¸²¥¤ÊÕÐ¨Ì ±·¨É¥·¨¥¢: ´ ²¨Î¨¥ ¸μ¢¶ ¤¥´¨° ¸¨£´ ²μ¢ ¸ ²Õ-
¡ÒÌ ¤¢ÊÌ γ-¤¥É¥±Éμ·μ¢ ¢ É¥Î¥´¨¥ · §·¥Ï ÕÐ¥£μ ¢·¥³¥´¨ 50 ´¸ ¶·¨ Ê¸²μ¢¨¨,
ÎÉμ ¨Ì  ³¶²¨ÉÊ¤Ò ¸μμÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¥³Ê ¨´É¥·¢ ²Ê Ô´¥·£¨° γ-±¢ ´Éμ¢:
Ethr < Eγ < 10,3 ŒÔ‚ + 3 σE , (Ethr Å Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ·¥£¨¸É·¨·ÊÕ-
Ð¥°  ¶¶ · ÉÊ·Ò, σE = 0,25 ŒÔ‚ Å Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ γ-¤¥É¥±Éμ· 
¶·¨ Ô´¥·£¨¨ γ-±¢ ´É  Eγ = 10,3 ŒÔ‚).

„²Ö ¸ÊÐ¥¸É¢¥´´μ£μ ¶μ¤ ¢²¥´¨Ö ·¥²ÖÉ¨¢¨¸É¸±μ° ±μ³¶μ´¥´ÉÒ Ëμ´μ¢μ° § -
£·Ê§±¨ γ-¤¥É¥±Éμ·μ¢ μ´¨ μ±·Ê¦¥´Ò § Ð¨Éμ° ¨§ ¸¢¨´Í  Éμ²Ð¨´μ° 10 ¸³. �μ¤ -
¢²¥´¨¥ ¦¥ Ëμ´ , μ¡Ê¸²μ¢²¥´´μ£μ § £·Ê§±μ° γ-¤¥É¥±Éμ·μ¢ ´¥°É·μ´´Ò³ ¨§²ÊÎ¥-
´¨¥³, ¢μ§´¨± ÕÐ¨³ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
¸ ³¨Ï¥´ÓÕ, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ±μ³¡¨´¨·μ¢ ´´Ò³ ¶μ£²μÉ¨É¥²¥³, ¸μ¸ÉμÖÐ¨³ ¨§
¸²μ¥¢ 6LiF (Éμ²Ð¨´μ° 5 ³³) ¨ ¶μ²¨ÔÉ¨²¥´  (150 ³³).

„²Ö ¶·¥Í¨§¨μ´´μ£μ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° · ¤¨ Í¨μ´´μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢ ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨ ¤¢ÊÌ γ-±¢ ´Éμ¢ (¶·μÍ¥¸¸Ò (1a) ¨ (1¡)),
´¥μ¡Ìμ¤¨³μ ¶·¥¤¢ ·¨É¥²Ó´μ ¢Ò¶μ²´¨ÉÓ Í¥²Ò° ·Ö¤ ¤μ¶μ²´¨É¥²Ó´ÒÌ Ô±¸¶¥·¨-
³¥´Éμ¢ Í¥²ÓÕ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö:

1) ¨§³¥·¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥-
 ±Í¨ÖÌ (1a) ¨ (1¡), Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±μ°;

2) μ¶É¨³¨§ Í¨Ö ¶μ Ê·μ¢´Õ Ëμ´  § Ð¨ÉÒ γ-¤¥É¥±Éμ·μ¢;
3) ¨§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ ¨ ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨° ´¥°-

É·μ´μ¢ ¢ ¶μÉμ±¥ PF1B (·¥ ±Éμ·  ILL) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³  ±É¨¢ Í¨μ´´μ° ¨
¢·¥³Ö¶·μ²¥É´μ° ³¥Éμ¤¨±.

1.2. ˆ§³¥·¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢. 	¶·¥¤¥²¥´¨¥
ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±μ° ¶·¨
¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨° (1a) ¨ (1¡) ¶·¥¤¶μ² £ ¥É ¨§ÊÎ¥´¨¥ μÉ±²¨±μ¢ γ-¤¥É¥±-
Éμ·μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ·¥£¨¸É·¨·Ê¥³ÒÌ γ-±¢ ´Éμ¢ μÉ 1 ¤μ 22
ŒÔ‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ± ± ´ ¡μ·  ¸É ´¤ ·É´ÒÌ ¨¸ÉμÎ´¨±μ¢ γ-±¢ ´Éμ¢ (137Cs,
60Co, 88Y, 228Th, PoÄBe), É ± ¨ ·¥ ±Í¨° ´  ²¥£±¨Ì Ö¤· Ì t(p, γ)α (Eγ =
Ep−Eα+ 19,8 ŒÔ‚; Ep ¨ Eα Å Ô´¥·£¨¨ ¶·μÉμ´  ¨ α-Î ¸É¨ÍÒ ¢ ² ¡μ· Éμ·´μ°
¸¨¸É¥³¥) ¨ 7Li(p, γ)8Be (Eγ = Ep − EBe+17,3 ŒÔ‚). 	É³¥É¨³, ÎÉμ ¨¸¶μ²Ó-
§μ¢ ´¨¥ ·¥ ±Í¨¨ t(p, γ)α ¶μ§¢μ²Ö¥É Ëμ·³¨·μ¢ ÉÓ ¶μÉμ± ®³¥Î¥´ÒÌ¯ γ-±¢ ´Éμ¢
¶ÊÉ¥³ μ¤´μ¢·¥³¥´´μ° ·¥£¨¸É· Í¨¨ γ-±¢ ´É  ¨ α-Î ¸É¨ÍÒ, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢
¤ ´´μ° ·¥ ±Í¨¨ (²μ± ²¨§ Í¨Ö É· ¥±Éμ·¨¨ α-Î ¸É¨ÍÒ μ¤´μ§´ Î´μ μ¶·¥¤¥²Ö¥É
´ ¶· ¢²¥´¨¥ ¢Ò²¥É  γ-±¢ ´É ).

„²Ö ¸ÊÐ¥¸É¢¥´´μ£μ ¶μ¤ ¢²¥´¨Ö ¤μ¸É ÉμÎ´μ ¨´É¥´¸¨¢´μ° ³Ö£±μ° ±μ³¶μ-
´¥´ÉÒ Ëμ´μ¢μ° § £·Ê§±¨ γ-¤¥É¥±Éμ·μ¢, ¢μ§´¨± ÕÐ¥° ¶·¨ · ¡μÉ¥ ´  ¶ÊÎ±¥
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É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ ¢ ¸¶¥±É·μ³¥-
É·¨Î¥¸±μ³ ± ´ ²¥ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸μ¸É ¢²Ö² ¢¥²¨Î¨´Ê ´¥ ´¨¦¥ 3 ŒÔ‚.

�  ·¨¸. 2 ¶·¨¢¥¤¥´  ¸Ì¥³  μ¶ÒÉ  ¶μ ¨§³¥·¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨ ®³¥Î¥´ÒÌ¯ γ-±¢ ´Éμ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ t(p, γ)α.

�¨¸. 2. ˆ§³¥·¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É -
´μ¢±μ°. 1 Å É·¨É¨¥¢ Ö ³¨Ï¥´Ó (TiT2, Éμ²Ð¨´μ° d = 2 ³±³); 2 Å ¶² ¸É¨´  ¨§ 6LiF;
3 Å Í¨²¨´¤· ¨§ ¶μ²¨ÔÉ¨²¥´ ; 4 Å γ-¤¥É¥±Éμ·; 5 Å § Ð¨É  γ-¤¥É¥±Éμ·  ¨§ Pb; 6 Å
Si α-¤¥É¥±Éμ·. ’μ± ¶ÊÎ±  ¶·μÉμ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, Ip ≈ 0,5Ä1 ³±A

�±¸¶¥·¨³¥´É ²Ó´μ¥ μ¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢
Ê¸É ´μ¢±μ° ¶·μ¨§¢μ¤¨É¸Ö ± ±

εγ = Nαγ/Nα,

£¤¥ Nαγ Å Î¨¸²μ αγ-¸μ¢¶ ¤¥´¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ Î¨¸²Ê § ·¥£¨¸É·¨·μ¢ ´´ÒÌ
Si-¤¥É¥±Éμ·μ³ α-Î ¸É¨Í Nα.

Š ± ¢¨¤´μ, ¨¸¶μ²Ó§μ¢ ´¨¥ ³¥Éμ¤¨±¨ ®³¥Î¥´ÒÌ¯ γ-±¢ ´Éμ¢ ¶μ§¢μ²Ö¥É ¸
¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¨§³¥·¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨
¶μ μÉ´μÏ¥´¨Õ ± ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1a).

�μ²ÊÎ¥´¨¥ ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ ®³¥Î¥´ÒÌ¯ γ-±¢ ´Éμ¢ ¶² ´¨·Ê-
¥É¸Ö ·¥ ²¨§μ¢ ÉÓ ´  Ê¸±μ·¨É¥²¥ ‚ ´ ¤¥ ƒ·  Ë  	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·-
´ÒÌ ¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ). �·¨Î¥³ μ¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨
γ-±¢ ´Éμ¢ ¤μ²¦´μ ¶·μ¨§¢μ¤¨ÉÓ¸Ö ¢ Ê¸²μ¢¨ÖÌ, ¨¤¥´É¨Î´ÒÌ Ê¸²μ¢¨Ö³ ¶·μ¢¥¤¥-
´¨Ö Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥·¥´¨Õ ¸¥Î¥´¨° · ¤¨ Í¨μ´´μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢ Ö¤· ³¨ 3He.
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—Éμ ± ¸ ¥É¸Ö ¨§ÊÎ¥´¨Ö ·¥ ±Í¨¨ (1¡), Éμ ¤²Ö ±μ··¥±É´μ£μ ¨§³¥·¥´¨Ö ¸¥Î¥-
´¨Ö ¤ ´´μ£μ ¶·μÍ¥¸¸  (ÊÎ¨ÉÒ¢ Ö Éμ, ÎÉμ ¸¶¥±É· Ô´¥·£¨° γ-±¢ ´Éμ¢ ¢ ¨´É¥·¢ ²¥
μÉ 0 ¤μ 21 ŒÔ‚ ¸¶²μÏ´μ°), ´¥μ¡Ìμ¤¨³μ §´ ´¨¥ § ¢¨¸¨³μ¸É¨ ÔËË¥±É¨¢´μ¸É¨
·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¢ ¨´É¥·¢ ²¥ 0Ä21 ŒÔ‚. Œ¥Éμ¤
μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¸´μ¢ ´ ´ 
¸μ¶μ¸É ¢²¥´¨¨ ¶μ Ëμ·³¥  ³¶²¨ÉÊ¤´ÒÌ · ¸¶·¥¤¥²¥´¨°, ¨§³¥·¥´´ÒÌ ¸ Ê± § ´-
´Ò³¨ ¢ÒÏ¥ ¨¸ÉμÎ´¨± ³¨ γ-±¢ ´Éμ¢, ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ · ¸¶·¥¤¥²¥´¨Ö³¨,
¶μ²ÊÎ¥´´Ò³¨ ¢ ·¥§Ê²ÓÉ É¥ ³μ¤¥²¨·μ¢ ´¨Ö (¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-
Š ·²μ) ¶·μÍ¥¸¸μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ ¸ ±·¨¸É ²²μ³ BGO. ’ ±¨³ μ¡· -
§μ³, § ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ μÉ Ô´¥·£¨¨ μ¶·¥¤¥²Ö-
¥É¸Ö · ¸Î¥É´Ò³ ¶ÊÉ¥³ ¶·¨ Ê¸²μ¢¨¨ ¸μ¢¶ ¤¥´¨Ö ¶μ Ëμ·³¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨ ´ ¨£· ´´ÒÌ  ³¶²¨ÉÊ¤´ÒÌ · ¸¶·¥¤¥²¥´¨° ¸μ¡ÒÉ¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-
¤¥É¥±Éμ·μ³.

‘ Í¥²ÓÕ ¢Ò¡μ·  μ¶É¨³ ²Ó´μ° ±μ´¸É·Ê±Í¨¨ ¨ ±μ³¶μ§¨Í¨μ´´μ£μ ¸μ¸É ¢ 
§ Ð¨ÉÒ γ-¤¥É¥±Éμ·μ¢ μÉ Ëμ´μ¢μ£μ ¨§²ÊÎ¥´¨Ö ¶·¥¤¶μ² £ ¥É¸Ö ¶·μ¢¥¤¥´¨¥ ¶·¥¤-
¢ ·¨É¥²Ó´ÒÌ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¸ ¤ ´´Ò³¨ ¤¥É¥±Éμ· ³¨ ´  ·¥ ±-
Éμ·¥ ˆ��-2 	ˆŸˆ. Š·μ³¥ Éμ£μ, ¶·¥¤¢ ·¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ´  ·¥ ±Éμ·¥
¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö É ±¦¥ μÉ· ¡μÉ±Ê ³¥Éμ¤¨± ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¨ ¶·μ-
¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨° É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ ¶ÊÎ±¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
± ±  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ , É ± ¨ ¢·¥³Ö¶·μ²¥É´μ° ³¥Éμ¤¨±¨. ‚Ò¶μ²´¥´¨¥
¶¥·¥Î¨¸²¥´´ÒÌ ¨§³¥·¥´¨° ´  ·¥ ±Éμ·¥ ˆ��-2 	ˆŸˆ ¸ÊÐ¥¸É¢¥´´μ ¸μ±· É¨É
¢·¥³Ö, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ·¥ ²¨§ Í¨¨ ´ ¸ÉμÖÐ¥£μ ¶·μ¥±É  ´  ¶ÊÎ±¥ PF1B ·¥-
 ±Éμ·  ILL.

�μ¸²¥ ¢Ò¶μ²´¥´¨Ö ¢ „Ê¡´¥ ¢¸¥Ì ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ · ¡μÉ Ô±¸¶¥·¨³¥´-
É ²Ó´ Ö Ê¸É ´μ¢±  ¶¥·¥¤¨¸²μÍ¨·Ê¥É¸Ö ´  ·¥ ±Éμ· ILL, £¤¥ ¡Ê¤¥É ¶·μ¢¥¤¥´μ
¨§³¥·¥´¨¥ ´  ¶ÊÎ±¥ PF1B ± ± ¶·μ¸É· ´¸É¢¥´´μ£μ, É ± ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸-
¶·¥¤¥²¥´¨° ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó.

�¨¦¥ ¡μ²¥¥ ¶μ¤·μ¡´μ ¨§²μ¦¥´Ò ³¥Éμ¤¨±¨ ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ
¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨° ´¥°É·μ´μ¢ ¢ ¶ÊÎ±¥ PF1B.

1.3. ˆ§³¥·¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö
´¥°É·μ´μ¢. ‚ ¶·¥¤²μ¦¥´´μ° ¸Ì¥³¥ ¶μ¸É ´μ¢±¨ Ô±¸¶¥·¨³¥´É  ³μ¦´μ μ¤´μ-
§´ Î´μ · ¸¸³ É·¨¢ ÉÓ ´¥°É·μ´´Ò° ¶μÉμ±, ¶ ¤ ÕÐ¨° ´  ³¨Ï¥´Ó, ± ± ¶²μ¸±μ-
¶ · ²²¥²Ó´Ò°. „ ´´μ¥ ÊÉ¢¥·¦¤¥´¨¥ μ¡μ¸´μ¢ ´μ ±μ´¸É·Ê±Í¨¥° ±μ²²¨³ Éμ· ,
· §³¥· ³¨ ¨ · ¸¶μ²μ¦¥´¨¥³ £¥²¨¥¢μ° ³¨Ï¥´¨ μÉ´μ¸¨É¥²Ó´μ ´¥£μ, ¢¥²¨Î¨´μ°
Ê£²μ¢μ° · ¸Ìμ¤¨³μ¸É¨ ´¥°É·μ´´μ£μ ¶μÉμ± ,   É ±¦¥ ·¥§Ê²ÓÉ É ³¨ Í¥²μ£μ ·Ö¤ 
Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¢
¶ÊÎ±¥ PF1B, ¢Ò¶μ²´¥´´ÒÌ · ´¥¥ ¢ ILL.

„²Ö ¶·¥Í¨§¨μ´´μ£μ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨° (1a) ¨ (1¡), σγ ¨ σγγ , ´¥-
μ¡Ìμ¤¨³μ §´ ÉÓ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ Ô´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ Φn(E)
´¥°É·μ´μ¢ ¢ ¶μÉμ±¥, ¶ ¤ ÕÐ¥³ ´  ³¨Ï¥´Ó, § ¶μ²´¥´´ÊÕ 3He. ’ ± ± ± ¨§-
³¥·Ö¥³Ò¥ ¸¥Î¥´¨Ö σγ ¨ σγγ Ö¢²ÖÕÉ¸Ö ·¥§Ê²ÓÉ Éμ³ Ê¸·¥¤´¥´¨Ö ¶μ Ô´¥·£¥-
É¨Î¥¸±μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó (¸ ÊÎ¥Éμ³ ³ ±¸¢¥²²μ¢-
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¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö  Éμ³μ¢ ³¨Ï¥´¨ ¶μ ¸±μ·μ¸ÉÖ³), Éμ ¨¸¶μ²Ó§ÊÕÉ ÔËË¥±É¨¢-
´μ¥ ¸¥Î¥´¨¥ σγ (th) (¢ ÉμÎ±¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Ô´¥·£¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
Eth = 0,0253 Ô‚ [19]).

‚ Î ¸É´μ¸É¨, Ëμ·³Ê²  ¤²Ö μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ£μ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
(1a), σγ (th), ¨³¥¥É ¢¨¤

σγ(th) =
(Nγ/T )σt(th)
2ΦnS kεγΩγ

√
πEth/En

1 − e−n〈σtot〉l
, (2)

£¤¥ Nγ Å Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1a); l Å Éμ²Ð¨´ 
³¨Ï¥´¨ ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ± ; k Å Î¨¸²μ γ-¤¥É¥±Éμ·μ¢;
εγ Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¤¥É¥±Éμ·μ³ ¶μ ¶¨±Ê ¶μ²´μ£μ ¶μ-
£²μÐ¥´¨Ö; Ωγ Å É¥²¥¸´Ò° Ê£μ² γ-¤¥É¥±Éμ· ; σtot = σp,t + σs + σγ + σγγ Å
¸Ê³³  ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ¢ÒÌμ¤´ÒÌ ± ´ ²μ¢ n3

thHe-·¥ ±Í¨¨ ¢ É¥¶²μ¢μ°
ÉμÎ±¥ (Eth = 0,0253 Ô‚); 〈σtot〉 Å ¶μ²´μ¥ ¸¥Î¥´¨¥ (n3

thHe)-¢§ ¨³μ¤¥°¸É¢¨Ö,
Ê¸·¥¤´¥´´μ¥ ¶μ Ô´¥·£¥É¨Î¥¸±μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó;
S Å ¶²μÐ ¤Ó ¸¥Î¥´¨Ö ´¥°É·μ´´μ£μ ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´Ó; En Å
Ô´¥·£¨Ö ´¥°É·μ´ , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³ ±¸¨³Ê³Ê ³ ±¸¢¥²²μ¢¸±μ£μ · ¸¶·¥¤¥²¥-
´¨Ö Φn(E); T Å ¢·¥³Ö ¨§³¥·¥´¨Ö. Š ± ¢¨¤´μ, ¢Éμ·μ° Î²¥´ ¢ Ëμ·³Ê²¥ (2)
ÊÎ¨ÉÒ¢ ¥É ¸³¥Ð¥´¨¥ ³ ±¸¨³Ê³  ³ ±¸¢¥²²μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö (En) μÉ´μ-
¸¨É¥²Ó´μ ¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³ , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ É¥¶²μ¢μ° Ô´¥·£¨¨.

‡ ¤ Î  ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ Φn(E) ¢ ³¥-
¸É¥ · ¸¶μ²μ¦¥´¨Ö ³¨Ï¥´¨ ³μ¦¥É ¡ÒÉÓ ·¥Ï¥´  · §²¨Î´Ò³¨ ³¥Éμ¤ ³¨, ´ ¶·¨-
³¥·, ¸ ¶μ³μÐÓÕ  ±É¨¢ Í¨μ´´μ° ³¥Éμ¤¨±¨.

„ ´´ Ö ³¥Éμ¤¨±  ¶·¥¤¶μ² £ ¥É ¨¸¶μ²Ó§μ¢ ´¨¥ ´ ¡μ·  ¨§ m Ëμ²Ó£ ¶²μÐ -
¤ÓÕ 3×3 ¸³ ¨ ¸Ê³³ ·´μ° Éμ²Ð¨´μ° É ±μ°, ÎÉμ ¶μ£²μÐ¥´¨¥ ´¥°É·μ´μ¢ ¤ ´-
´Ò³ ´ ¡μ·μ³ Ëμ²Ó£ ¡Ê¤¥É ³¥´ÓÏ¥ 10 %. �·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¤¢ÊÌ
É ±¨Ì ´ ¡μ·μ¢ Ëμ²Ó£ ¶¥·¥¤ ¢Ìμ¤´Ò³ ¨ ¢ÒÌμ¤´Ò³ μ±´ ³¨ ³¨Ï¥´¨. ’ ± Ö ¶μ-
¸É ´μ¢±  ³¥Éμ¤¨Î¥¸±μ£μ Ô±¸¶¥·¨³¥´É  ¶μ§¢μ²Ö¥É ±μ··¥±É´μ ÊÎ¥¸ÉÓ ¤¨´ ³¨±Ê
¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¥£μ Î¥·¥§ ³¨Ï¥´Ó, § -
¶μ²´¥´´ÊÕ 3He. � ¢¥¤¥´´ Ö  ±É¨¢´μ¸ÉÓ ¢ k-° Ëμ²Ó£¥ Ak ¢ · ¸Î¥É¥ ´  μ¤¨´
 Éμ³ ³¨Ï¥´¨ ¸¢Ö§ ´  ¸ ËÊ´±Í¨¥° · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¶μ Ô´¥·£¨¨ ”n(E)
¨ ¸¥Î¥´¨¥³  ±É¨¢ Í¨¨ ³¥¤¨ σCu

k (E) ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³ [16]

Ak =

∞∫

0

Φn(E)σCu
k (E)dE (k = 1, . . ., m). (3)

�μÔÉμ³Ê, ¨§³¥·ÖÖ ´ ¢¥¤¥´´ÊÕ  ±É¨¢´μ¸ÉÓ ¢ ± ¦¤μ° ¨§ Ëμ²Ó£, ³μ¦´μ ¨§-
¢²¥ÎÓ ´¥μ¡Ìμ¤¨³ÊÕ ¨´Ëμ·³ Í¨Õ μ¡ Ô´¥·£¥É¨Î¥¸±μ³ · ¸¶·¥¤¥²¥´¨¨ ´¥°É·μ-
´μ¢ ¢ ¶ÊÎ±¥. 	¶·¥¤¥²¥´¨¥ ËÊ´±Í¨¨ ”n(E) ¶·μ¨§¢μ¤¨É¸Ö ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¸
¶μ³μÐÓÕ χ2- ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ° § ¢¨¸¨³μ¸É¨ ´ ¢¥¤¥´´μ°
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 ±É¨¢´μ¸É¨ A ¢ Cu-Ëμ²Ó£¥ μÉ ´μ³¥·  Ëμ²Ó£¨ ¸  ´ ²μ£¨Î´μ° · ¸Î¥É´μ° § ¢¨-
¸¨³μ¸ÉÓÕ, ¶μ²ÊÎ¥´´μ° ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥°
¢¶μ²´¥ μ¶·¥¤¥²¥´´μ³Ê Ô´¥·£¥É¨Î¥¸±μ³Ê · ¸¶·¥¤¥²¥´¨Õ ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì
´  ³¨Ï¥´Ó. ‚ ·Ó¨·ÊÖ ¶ · ³¥É·Ò ËÊ´±Í¨¨ ”n(E) ¨ ¨¸¶μ²Ó§ÊÖ ¤¢  ´ ¡μ· 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Ak , ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¢Ê³ ´ ¡μ· ³ Cu-Ëμ²Ó£,
³μ¦´μ ¸ ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ ¨§¢²¥ÎÓ ¨´Ëμ·³ Í¨Õ μ¡ Ô´¥·£¥É¨-
Î¥¸±μ³ · ¸¶·¥¤¥²¥´¨¨ ´¥°É·μ´μ¢ ´  ¢ÒÌμ¤¥ ±μ²²¨³ Éμ· . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ,
ÎÉμ μÏ¨¡±¨ ¨§³¥·¥´¨Ö ´ ¢¥¤¥´´ÒÌ  ±É¨¢´μ¸É¥° Ak ¢ Cu-Ëμ²Ó£ Ì, ¸μ£² ¸´μ
·¥§Ê²ÓÉ É ³ ³μ¤¥²¨·μ¢ ´¨Ö, ´¥ ¶·¥¢ÒÏ ÕÉ 1Ä2 %. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢
 ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¨  ³¶²¨ÉÊ¤´ÒÌ ¸¶¥±É·μ¢ γ-±¢ ´Éμ¢, § ·¥£¨¸É·¨·μ-
¢ ´´ÒÌ γ-¤¥É¥±Éμ· ³¨, ¸ ¶μ± § ´¨Ö³¨ ³μ´¨Éμ·  ¶ÊÎ±  ´¥°É·μ´μ¢ ¶μ§¢μ²¨É ¢
¶·μÍ¥¸¸¥ ¢Ò¶μ²´¥´¨Ö Ô±¸¶¥·¨³¥´É  ±μ´É·μ²¨·μ¢ ÉÓ ¶ · ³¥É·Ò ´¥°É·μ´´μ£μ
¶μÉμ±  ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨.

Š·μ³¥ ÔÉμ£μ, ¨§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ Φn(E)
¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö ³¨Ï¥´¨ ³μ¦¥É ¡ÒÉÓ ¢Ò¶μ²´¥´μ É ±¦¥ ¨ ¸ ¶μ³μÐÓÕ
³¥Ì ´¨Î¥¸±μ£μ ³μ´μÌ·μ³ Éμ· .

1.4. ˆ¸ÉμÎ´¨±¨ Ëμ´ . ’ ± ± ± ¸¥Î¥´¨Ö ¨¸¸²¥¤Ê¥³ÒÌ ¶·μÍ¥¸¸μ¢ (·¥ ±Í¨¨
(1a) ¨ (1¡)) ±· °´¥ ³ ²Ò, Éμ ¸É ´μ¢¨É¸Ö ¢¥¸Ó³  ¢ ¦´Ò³ ¨§ÊÎ¥´¨¥ ¶·¨·μ¤Ò
¨¸ÉμÎ´¨±μ¢ Ëμ´  ¸ Í¥²ÓÕ ¨Ì ¸ÊÐ¥¸É¢¥´´μ£μ ¶μ¤ ¢²¥´¨Ö ¶μ μÉ´μÏ¥´¨Õ ±
ÔËË¥±ÉÊ.

Š ¨¸ÉμÎ´¨± ³ Ëμ´  μÉ´μ¸ÖÉ¸Ö:  ) Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ γ-
±¢ ´Éμ¢ ¨ ´¥°É·μ´μ¢, ¶·μÉ¥± ÕÐ¨¥ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶μÉμ±  É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢ ¸μ ¢Ìμ¤´Ò³ μ±´μ³ ³¨Ï¥´¨ ¨ ¥¥ ¡μ±μ¢Ò³¨ ¸É¥´± ³¨ (Al(nth, n‘γ)
Al) ; b) ¶·μÍ¥¸¸ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ´  Ö¤· Ì 3He ¸
¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¨Ì γ-¤¥É¥±Éμ· ³¨; ¸) (p, γ)- ¨ (t, γ)-·¥ ±Í¨¨, ¶·μ-
É¥± ÕÐ¨¥ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μÉμ´μ¢ ¨ É·¨Éμ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±-
Í¨¨ 3He(nth, p)t, ¸μ ¸É¥´± ³¨ ³¨Ï¥´¨; d) § ¤¥·¦ ´´Ò¥ ´¥°É·μ´Ò ¢ Ô±¸¶¥-
·¨³¥´É ²Ó´μ³ § ²¥; e) (n, γ)-·¥ ±Í¨¨ ´  ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ² Ì Ô±¸-
¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨; f) Í¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· -
Í¨¥° γ-±¢ ´Éμ¢ ¤¥É¥±Éμ· ³¨ BGO: 3He(nth, p)t →3He(t, d)4He →3He(d, γ)5Li;
g) Í¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ γ-
¤¥É¥±Éμ· ³¨: 3He(nth, p)t →3He(t, pn)4He; h) Í¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥-
¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¦¥¸É±¨Ì γ-±¢ ´Éμ¢ ¤¥É¥±Éμ· ³¨ BGO: 3He(nth, p)t →
3He(t, γ)6Li; i) § ·Ö¦¥´´ Ö ¨ ´¥°É· ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥-
´¨Ö.

�¨¦¥ ¤ ´Ò μÍ¥´±¨ ¨´É¥´¸¨¢´μ¸É¥° ¶·¨¢¥¤¥´´ÒÌ ¨¸ÉμÎ´¨±μ¢ Ëμ´  ¶μ
μÉ´μÏ¥´¨Õ ± μ¦¨¤ ¥³Ò³ ¢ÒÌμ¤ ³ ·¥ ±Í¨° (1a) ¨ (1¡).

2. ‚›•�„ γ-Š‚��’�‚ ˆ‡ �…�Š–ˆ‰ (1a) ˆ (1¡)

2.1. �¤´μ±¢ ´Éμ¢ Ö ³μ¤ . �±¸¶¥·¨³¥´É ²Ó´Ò° ¢ÒÌμ¤ γ-±¢ ´Éμ¢ Yγ ,
μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨¨ (1a), ³μ¦´μ § ¶¨¸ ÉÓ ¸²¥¤Ê-
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ÕÐ¨³ μ¡· §μ³ (μ¡Ñ¥³ ³¨Ï¥´¨, § ¤ ¢ ¥³Ò° · §³¥· ³¨ ±μ²²¨³ Éμ·  ´¥°É·μ´-
´μ£μ ¶μÉμ± , · ¢¥´ V=a×b×l):

Yγ = εγΩγk

a∫

x=0

b∫

y=0

l∫

z=0

Φn(x, y, z) < σγ > ndxdydz, (4)

£¤¥ Φn(x, y, z) Å ¶μ¢¥·Ì´μ¸É´ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, ¶·¨-
Ìμ¤ÖÐ¥£μ¸Ö ´  ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ ¶²μÐ ¤±Ê ³¨Ï¥´¨ ¢ 1 ¸³2 ¢ ÉμÎ±¥ ¸ ±μμ·-
¤¨´ É ³¨ (x, y, z); 〈σγ〉 Å ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  (1a), Ê¸·¥¤´¥´´μ¥ ¶μ Ô´¥·£¥É¨-
Î¥¸±μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó; n Å Ö¤¥·´ Ö ¶²μÉ´μ¸ÉÓ
³¨Ï¥´¨.

‚Ò· ¦¥´¨¥ (4), ¸ ÊÎ¥Éμ³ μ¸² ¡²¥´¨Ö ´¥°É·μ´´μ£μ ¶μÉμ±  ¶·¨ ¶·μÌμ¦¤¥-
´¨¨ ¥£μ Î¥·¥§ ³¨Ï¥´Ó ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö μ¸¨ Z, ¶·¨´¨³ ¥É ¢¨¤

Yγ = kεγΩγS

l∫

0

Φn(x, y, z)〈σγ〉ndz = Φ0SkεγΩγ(1 − e−n〈σtot〉l)
〈σγ〉
〈σtot〉

, (5)

Φn(x, y, z) = Φ0e
−n〈σtot〉z, (6)

£¤¥ S = a×b Å ¶²μÐ ¤Ó ¸¥Î¥´¨Ö ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´Ó (¶²μ¸±μ¸ÉÓ XÄ
Y ); l Å Éμ²Ð¨´  ³¨Ï¥´¨ ¢ ´ ¶· ¢²¥´¨¨ μ¸¨ Z; ”n(x, y, 0) Å ¶μ¢¥·Ì´μ¸É´ Ö
¶²μÉ´μ¸ÉÓ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ ÉμÎ±¥ (x, y, 0).

‚ ÔÉμ³ ¸²ÊÎ ¥ ¸¥Î¥´¨¥ μ¤´μ±¢ ´Éμ¢μ£μ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨
3He μ¶·¥¤¥²Ö¥É¸Ö ± ±

〈σγ〉 =
Nγ〈σtot〉

ΦnS(1 − e−n〈σtot〉L)kεγΩγT
, (7)

£¤¥ Nγ Å Î¨¸²μ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ = 20,6 ŒÔ‚, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ
§  ¢·¥³Ö ¨§³¥·¥´¨Ö T .

�¥ ²Ó´μ ¦¥ ¢ÒÌμ¤ γ-±¢ ´Éμ¢ μ¶¨¸Ò¢ ¥É¸Ö ¡μ²¥¥ ¸²μ¦´μ° Ëμ·³Ê²μ°, ÊÎ¨-
ÉÒ¢ ÕÐ¥° ³´μ£μ±· É´μ¥ Ê¶·Ê£μ¥ · ¸¸¥Ö´¨¥ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ´  ¸É¥´± Ì
³¨Ï¥´¨ ¨ ¢ 3He. ‚±² ¤ Ê± § ´´ÒÌ ¶·μÍ¥¸¸μ¢ ±μ··¥±É´μ ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ. �μÔÉμ³Ê ¢ Ëμ·³Ê²¥ (7) ¢¥²¨Î¨´  L ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¶μ²´Ò° ¶·μ¡¥£ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Å ¶·μ¡¥£ ´¥°É·μ´  ¢ ³¨Ï¥´¨ ¶μ
²μ³ ´μ° É· ¥±Éμ·¨¨ μÉ ÉμÎ±¨ ¶μ¶ ¤ ´¨Ö ¥£μ ¢ ³¨Ï¥´Ó ¤μ ÉμÎ±¨ · ¤¨ Í¨μ´-
´μ£μ § Ì¢ É  ´¥°É·μ´  ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨²¨ ¤¢ÊÌ γ-±¢ ´Éμ¢ (¸ ÊÎ¥Éμ³
Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  Ö¤· Ì 3He ¨ ¶¥·¥· ¸¸¥Ö´¨Ö ´  ¸É¥´± Ì ³¨-
Ï¥´¨), Ê¸·¥¤´¥´´Ò° ¶μ ·¥ ²Ó´μ³Ê · ¸¶·¥¤¥²¥´¨Õ ¶·μ¡¥£μ¢ ¢ ³¨Ï¥´¨.
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2.2. „¢ÊÌ±¢ ´Éμ¢ Ö ³μ¤ . „²Ö ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö σγγ ´¥μ¡Ìμ¤¨³μ ¶·μ-
¨§¢μ¤¨ÉÓ μÉ¡μ· ¸μ¡ÒÉ¨°, μ¤´μ¢·¥³¥´´μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¢Ê³Ö γ-¤¥É¥±-
Éμ· ³¨ ¶·¨ ¢Ò¶μ²´¥´¨¨ ±·¨É¥·¨Ö Eγ1 + Eγ2 = B, £¤¥ Eγ1, Eγ2 Å Ô´¥·£¨¨
γ-±¢ ´Éμ¢, B Å Ô´¥·£¨Ö ¸¢Ö§¨ ´¥°É·μ´  ¢ Ö¤·¥ 3�¥. ‘¢Ö§Ó ³¥¦¤Ê ¸¥Î¥´¨Ö³¨
·¥ ±Í¨° (1a) ¨ (1¡), Ê¸·¥¤´¥´´Ò³¨ ¶μ Ô´¥·£¥É¨Î¥¸±μ³Ê ¸¶¥±É·Ê ´¥°É·μ´μ¢,
¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [20]:

〈σγγ〉 = 〈σγ〉
Nγγ

Nγ

ε(B)
m[ε1(Eγ1)ε2(B − Eγ1)]Ω2

, (8)

£¤¥ Nγ Å Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1a); Nγγ Å Î¨-
¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γγ-¸μ¢¶ ¤¥´¨° ¢ ¸²ÊÎ ¥ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨¨ (1¡);
ε1 ¨ ε2 Å ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1¡) ± ¦¤Ò³
¨§ ¤¢ÊÌ γ-¤¥É¥±Éμ·μ¢, ¢±²ÕÎ¥´´ÒÌ ´  ¸μ¢¶ ¤¥´¨¥ (¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¢¥-
²¨Î¨´Ò, Ê¸·¥¤´¥´´Ò¥ ¶μ ´¥¶·¥·Ò¢´μ³Ê ¸¶¥±É·Ê γ-¨§²ÊÎ¥´¨Ö ¤¢ÊÌ±¢ ´Éμ¢μ£μ
§ Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨ 3He).

‚ÒÌμ¤ ·¥ ±Í¨¨ (1¡) ¸ ¨¸¶Ê¸± ´¨¥³ ¤¢ÊÌ γ-±¢ ´Éμ¢ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ · ¢-
´μ³¥·´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸É¨ ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´Ó
´¥°É·μ´´μ£μ ¶μÉμ±  ”0 ¸μ¸É ¢²Ö¥É

Yγγ = SεγγmkΩ2
γ

l∫

0

Φn(E)e−n〈σtot〉z〈σγγ〉ndz =

= Φ0SεγγmkΩ2
γ(1 − e−n〈σt〉l)

〈σγγ〉
〈σtot〉

, (9)

£¤¥ εγγ = εγ1(Eγ) εγ2(20,6−Eγ)+εγ2(Eγ)εγ1(20,6−Eγ) Å ¸μ¡¸É¢¥´´ Ö ÔË-
Ë¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¤¢ÊÌ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1¡) ¶ ·μ° γ-¤¥É¥±Éμ·μ¢,
¢±²ÕÎ¥´´ÒÌ ´  ¸μ¢¶ ¤¥´¨¥ (¤ ´´ Ö ¢¥²¨Î¨´  Ê¸·¥¤´¥´  ¶μ ¢μ§³μ¦´Ò³ ±¨-
´¥³ É¨Î¥¸±¨³ ±μ³¡¨´ Í¨Ö³ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ³¥¦¤Ê ¤¢Ê³Ö ¤¥É¥±É¨·Ê¥-
³Ò³¨ γ-±¢ ´É ³¨; Ωγ Å É¥²¥¸´Ò° Ê£μ² γ-¤¥É¥±Éμ· ; k Å Î¨¸²μ γ-¤¥É¥±Éμ·μ¢;
m Å Î¨¸²μ ¢μ§³μ¦´ÒÌ ¶ ·´ÒÌ ±μ³¡¨´ Í¨° γ-¤¥É¥±Éμ·μ¢.

�ËË¥±É¨¢´μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (1¡), Ê¸·¥¤´¥´´μ¥ ¶μ Ô´¥·£¥É¨Î¥¸±μ³Ê
¸¶¥±É·Ê ´¥°É·μ´μ¢, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸ 3He, μ¶·¥¤¥²Ö¥É¸Ö ± ±

〈σγγ〉 =
Nγγ〈σtot〉

Φ0S(1 − e−n〈σtot〉L)εγγkmΩ2
γT

. (10)

2.3. �Í¥´±  ¢ÒÌμ¤μ¢ ·¥ ±Í¨° (1a) ¨ (1¡). ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò μÍ¥´±¨
¢·¥³¥´¨ ´ ¡μ·  ¸É É¨¸É¨±¨ ´  ¶ÊÎ±¥ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ PF1B ·¥ ±Éμ· 
ILL, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ¨§³¥·¥´¨Ö ¸¥Î¥´¨° < σγ > ¨ < σγγ > ¸ É·¥¡Ê¥³μ°
μÉ´μ¸¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ δ.
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’ ¡²¨Í  1. ‚·¥³Ö Ô±¸¶μ§¨Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ T ´  ¶ÊÎ±¥ ·¥ ±Éμ· 
PF1B ILL ¤²Ö ¨§³¥·¥´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨° (1a) ¨ (1¡) ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ δ (%)

’μÎ´μ¸ÉÓ δ, %
�¥ ±Í¨Ö (nth, γ) �¥ ±Í¨Ö (nth, 2γ)
Texp,Î Nγ Texp,Î Nγγ

10 0,1 330 140 100
5 0,25 830 560 400
2 1,5 5000 3500 2500

	Í¥´±¨ ¶μ²ÊÎ¥´Ò ¶·¨ ¸²¥¤ÊÕÐ¨Ì §´ Î¥´¨ÖÌ ¢¥²¨Î¨´: S = 72 ¸³2, εγ =
5·10−2 (¸μ¡¸É¢¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (1a) ¶μ
¶¨±Ê ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö Eγ −3σE < Eγ < Eγ +3σE(Eγ = 20,6 ŒÔ‚; σE =
0,5 ŒÔ‚ Å Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ γ-¤¥É¥±Éμ·  ´  ²¨´¨¨ 20,6 ŒÔ‚);
εγγ Å ¸μ¡¸É¢¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¤¢ÊÌ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨
(1¡) ²Õ¡μ° ¶ ·μ° ¨§ Î¥ÉÒ·¥Ì γ-¤¥É¥±Éμ·μ¢ (¢±²ÕÎ¥´´ÒÌ ´  ¸μ¢¶ ¤¥´¨¥); εγγ=

6,4 10−3, Ethr < Eγ < 10,3 ŒÔ‚ +3 σE (σE = 0,25 ŒÔ‚ ¶·¨ Eγ = 10,3 ŒÔ‚),
Ωγ = 2,5·10−3 Å É¥²¥¸´Ò° Ê£μ² γ-¤¥É¥±Éμ· , 〈σγ〉 = 50 ³±¡, l = 8 ¸³, 〈σγγ〉 =
10 ³±¡, ”0 = 3·109 ´¥°É·μ´/c³2·¸, 〈σt〉 = 5300 ¡, n = 5,4·1019 1/¸³3.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μÍ¥´±¨ Ê·μ¢´Ö Ëμ´ , μ¡Ê¸²μ¢²¥´´μ£μ · §²¨Î´Ò³¨
¨¸ÉμÎ´¨± ³¨, ¶¥·¥Î¨¸²¥´´Ò³¨ ¢ · §¤¥²¥ 1.4, ¶μ²ÊÎ¥´Ò ¢ ¶·¥¤¶μ²μ¦¥´¨¨
¢Ò¶μ²´¥´¨Ö μ¶·¥¤¥²¥´´ÒÌ ±·¨É¥·¨¥¢. ’ ±, ¶·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨ (1a) ¤²Ö
 ´ ²¨§  μÉ¡¨· ÕÉ¸Ö Éμ²Ó±μ ¸μ¡ÒÉ¨Ö, ²¥¦ Ð¨¥ ¢ μ¡² ¸É¨ Ô´¥·£¨° γ-±¢ ´Éμ¢
Eγ − 3σE < Eγ < Eγ + 3σE (Eγ = 20,6 ŒÔ‚, σE = 0,5 ŒÔ‚ Å Ô´¥·£¥É¨Î¥-
¸±μ¥ · §·¥Ï¥´¨¥ γ-¤¥É¥±Éμ·  ´  ²¨´¨¨ 20,6 ŒÔ‚),   ¶·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨
(1¡) Å ²¥¦ Ð¨¥ ¢ μ¡² ¸É¨ Ô´¥·£¨° Ethr < Eγ < 10,3 ŒÔ‚ +3 σE (σE =
0,25 ŒÔ‚ ¶·¨ Eγ = 10,3 ŒÔ‚). ˆ³¨É Í¨Ö ¨¸¸²¥¤Ê¥³ÒÌ ¶·μÍ¥¸¸μ¢ (1a) ¨ (1¡)
§  ¸Î¥É ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨¸ÉμÎ´¨±μ¢ Ëμ´ , ¸μ£² ¸´μ ¸Éμ²Ó ¦¥¸É±¨³ ±·¨É¥·¨Ö³
μÉ¡μ·  ¸μ¡ÒÉ¨°, ¢μ§³μ¦´  Éμ²Ó±μ ¶·¨ Ê¸²μ¢¨¨ ¤¥É¥±É¨·μ¢ ´¨Ö ¢ É¥Î¥´¨¥ · §-
·¥Ï ÕÐ¥£μ ¢·¥³¥´¨ ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò 50 ´¸ ´¥¸±μ²Ó±¨Ì Ëμ´μ¢ÒÌ
γ-±¢ ´Éμ¢ (μ¤´¨³ γ-¤¥É¥±Éμ·μ³ ¢ ¸²ÊÎ ¥ ¨§ÊÎ¥´¨Ö ·¥ ±Í¨¨ (1a) ²¨¡μ ¤¢Ê³Ö γ-
¤¥É¥±Éμ· ³¨ ¢ ¸²ÊÎ ¥ ¨§ÊÎ¥´¨Ö ·¥ ±Í¨¨ (1¡)). �·¨Î¥³ ·¥§Ê²ÓÉ¨·ÊÕÐ Ö  ³¶²¨-
ÉÊ¤  ¸¨£´ ²  ¤μ²¦´  ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ¶·¨¢¥¤¥´´Ò³ ¢ÒÏ¥ ±·¨É¥·¨Ö³ μÉ¡μ· 
¸μ¡ÒÉ¨° ¶μ Ô´¥·£¨¨, É¥·Ö¥³μ° γ-±¢ ´É ³¨ ¢ ±·¨¸É ²²¥ BGO.

‘ ¶μ³μÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ ´ ³¨ ¡Ò²¨ ¤¥É ²Ó´μ · ¸¸³μÉ·¥´Ò ¨¸-
ÉμÎ´¨±¨ Ëμ´   Äh. ‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´´ÒÌ ¢ÒÎ¨¸²¥´¨° μ± § ²μ¸Ó, ÎÉμ
¢¥²¨Î¨´  ¸Ê³³ ·´μ£μ Ëμ´  ¶μ μÉ´μÏ¥´¨Õ ± ¢ÒÌμ¤Ê ·¥ ±Í¨¨ (1a) ´¥ ¶·¥¢Ò-
Ï ¥É 40%,   ± ¢ÒÌμ¤Ê ·¥ ±Í¨¨ (1¡) Å ´¥ ¡μ²¥¥ 1 %.

—Éμ ± ¸ ¥É¸Ö Ëμ´ , μ¡Ê¸²μ¢²¥´´μ£μ ±μ¸³¨Î¥¸±¨³ ¨§²ÊÎ¥´¨¥³, Éμ Ê·μ¢¥´Ó
¥£μ μ¶·¥¤¥²Ö²¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥Ì ¦¥ γ-¤¥É¥±Éμ·μ¢ ¨
¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì É· ±Éμ¢, ÎÉμ ¨ ¢ ¶² ´¨·Ê¥³μ³ Ô±¸¶¥·¨³¥´É¥. �·¨Î¥³ ¢
± Î¥¸É¢¥ § Ð¨ÉÒ γ-¤¥É¥±Éμ·μ¢ ¶·¨³¥´Ö² ¸Ó É  ¦¥ ±μ³¡¨´¨·μ¢ ´´ Ö § Ð¨É 
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¨§ ¸²μ¥¢ ¶μ²¨ÔÉ¨²¥´ , 6LiF ¨ Pb, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö Ê¸²μ¢¨Ö³ ¶·μ¢¥¤¥´¨Ö Ô±¸-
¶¥·¨³¥´É  ´  ¶ÊÎ±¥ ·¥ ±Éμ·  ILL.

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ Ê·μ¢¥´Ó Ëμ´  ¶μ μÉ´μ-
Ï¥´¨Õ ± ¢ÒÌμ¤Ê ·¥ ±Í¨¨ (1a) ¸μ¸É ¢²Ö¥É 5% ¨ ¶·¥´¥¡·¥¦¨³μ ³ ² ¢ ¸²ÊÎ ¥
¨§ÊÎ¥´¨Ö ·¥ ±Í¨¨ (1¡).

�  ·¨¸. 3 ¨ 4 ¶·¨¢¥¤¥´Ò £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö ¢¥²¨-
Î¨´ σγ ¨ σγγ μÉ ¢·¥³¥´¨ ´ ¡μ·  ¸É É¨¸É¨±¨.

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö < σγ > μÉ ¢·¥³¥´¨ ´ ¡μ·  ¸É É¨-
¸É¨±¨

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö < σγγ > μÉ ¢·¥³¥´¨ ´ ¡μ·  ¸É É¨-
¸É¨±¨
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‘ Í¥²ÓÕ ¶·μ¢¥·±¨ ¶μ²ÊÎ¥´´ÒÌ · ¸Î¥É´ÒÌ μÍ¥´μ± Ê·μ¢´¥° Ëμ´ ,   É ±¦¥
¶μ²ÊÎ¥´¨Ö ¡μ²¥¥ ¶·¥Í¨§¨μ´´μ° ¨´Ëμ·³ Í¨¨ μ¡ ¨Ì ¢¥²¨Î¨´ Ì ´ ³¨ ¶·¥¤¶μ-
² £ ¥É¸Ö ¶·μ¢¥¤¥´¨¥ μÉ¤¥²Ó´μ£μ Ëμ´μ¢μ£μ Ô±¸¶¥·¨³¥´É  ¸ ³¨Ï¥´ÓÕ, § ¶μ²-
´Ö¥³μ° £ §μμ¡· §´Ò³ 4He ¤μ ¤ ¢²¥´¨Ö 2  É³.

2.4. ”μ´μ¢Ò° μ¶ÒÉ. ‚ ¤ ´´μ³ μ¶ÒÉ¥ ¨¸¶μ²Ó§Ê¥É¸Ö É  ¦¥ ³¨Ï¥´Ó, ÎÉμ ¨
¢ Ô±¸¶¥·¨³¥´É¥ ¸ Î¨¸ÉÒ³ 3He. ‘μμÉ´μÏ¥´¨Ö ³¥¦¤Ê · ¸Î¥É´Ò³¨ §´ Î¥´¨Ö³¨
¨´É¥´¸¨¢´μ¸É¥° · §²¨Î´ÒÌ Ëμ´μ¢ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ¸²ÊÎ ¥ § ¶μ²´¥´¨Ö ³¨Ï¥´¨
3He ¨ 4He ¶·¨ ¤ ¢²¥´¨¨ 2  É³ ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. ‘· ¢´¥´¨¥ μÍ¥´μ± ¨´É¥´¸¨¢´μ¸É¥° · §²¨Î´ÒÌ ¨¸ÉμÎ´¨±μ¢ Ëμ´  ¢ μ¶Ò-
É Ì ¸ ³¨Ï¥´ÓÕ, § ¶μ²´¥´´μ° 3He ¨ 4He. � ¢¥´¸É¢μ Ê·μ¢´¥° Ëμ´  ¢ Ô±¸¶μ§¨Í¨ÖÌ ¸
3He ¨ 4He μÉ³¥Î¥´μ §´ ±μ³ ®+¯ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ²μ´± Ì; ±μ³¡¨´ Í¨Ö §´ ±μ¢
®+¯ ¨ ®Ä¯ μ§´ Î ¥É ¶·¥¢ÒÏ¥´¨¥ Ê·μ¢´Ö Ëμ´  ¢ Ô±¸¶μ§¨Í¨¨, ±μÉμ·μ° ¸μμÉ¢¥É¸É¢Ê¥É
§´ ± ®+¯

º
ˆ¸ÉμÎ´¨±¨ Ëμ´ 

Œ¨Ï¥´Ó 3He Œ¨Ï¥´Ó 4He
(2  É³) (2  É³)

1 ‚§ ¨³μ¤¥°¸É¢¨¥ ´¥°É·μ´´μ£μ ¶μÉμ±  + +
¸ ±μ²²¨³ Éμ·μ³

2 ‚§ ¨³μ¤¥°¸É¢¨¥ ´¥°É·μ´´μ£μ ¶μÉμ±  + +
¸ ¶¥·¥¤´¥° ¸É¥´±μ° ³¨Ï¥´¨

3 ‚§ ¨³μ¤¥°¸É¢¨¥ ¶μÉμ±  ´¥°É·μ´μ¢, ¶·μÏ¥¤Ï¥£μ Ä +
Î¥·¥§ ³¨Ï¥´Ó, ¸ ¥¥ § ¤´¥° ¸É¥´±μ°

4 ‚§ ¨³μ¤¥°¸É¢¨¥ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ 3He(nth, p)t + Ä
¸μ ¸É¥´± ³¨ ³¨Ï¥´¨

5 ‚§ ¨³μ¤¥°¸É¢¨¥ ¶μÉμ±  ´¥°É·μ´μ¢, · ¸¸¥Ö´´μ£μ Ä +
´  £ §¥ (3He; 4He) ¸μ ¸É¥´± ³¨ ³¨Ï¥´¨

6 � ¸¸¥Ö´¨¥ ¶μÉμ±  ´¥°É·μ´μ¢ ´  (3He; 4He) Ä +
¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¨Ì γ-¤¥É¥±Éμ· ³¨

7 –¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° + Ä
γ-±¢ ´Éμ¢ ¤¥É¥±Éμ· ³¨ BGO:
3He(nth, p)t →3He(t, d)4He→3He(d, γ)5Li

8 –¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° + Ä
¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ γ-¤¥É¥±Éμ· ³¨:
3He(nth, p)t →3He(t, pn)4He

9 –¥¶μÎ±  ¶·μÍ¥¸¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° + Ä
¦¥¸É±¨Ì γ-±¢ ´Éμ¢ ¤¥É¥±Éμ· ³¨ BGO:
3He(nth, p)t →3He(t, γ)6Li

‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  ¨´É¥´¸¨¢´μ¸É¥° · §²¨Î´ÒÌ ¨¸ÉμÎ´¨±μ¢
Ëμ´  ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ · §²¨Î¨¥ ¸Ê³³ ·´ÒÌ
Ê·μ¢´¥° Ëμ´  ¢ μ¶ÒÉ Ì ¸ 4He ¨ 3He η ´¥ ¶·¥¢ÒÏ ¥É ≈ 15 %:

η = (Nbackg
cal (4He) − Nbackg

cal (3He))
/
Nbackg

cal (3He) ≈ 0, 15, (11)
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£¤¥ Nbackg
cal (3He), Nbackg

cal (4He) Å · ¸Î¥É´Ò¥ Î¨¸²  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ Ëμ´μ-
¢ÒÌ ¸μ¡ÒÉ¨° ¢ μ¶ÒÉ Ì ¸ 3He ¨ 4He, ¨³¨É¨·ÊÕÐ¨Ì  ±É ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢
¨§ ·¥ ±Í¨¨ (1a) (´μ·³¨·μ¢ ´´Ò¥ ´  μ¤´μ ¨ Éμ ¦¥ ¢·¥³Ö ¨§³¥·¥´¨Ö).

�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ÉμÎ´μ¸ÉÓ ¢ÒÎ¨¸²¥´¨Ö ¢¥²¨Î¨´Ò η(δη = 0,05),  
É ±¦¥ Ê·μ¢¥´Ó ¸Ê³³ ·´μ£μ Ëμ´  ξ, ¨§³¥·¥´´μ£μ ¢ μ¶ÒÉ¥ ¸ 4He (¸μ£² ¸´μ
· ¸Î¥É ³, ´μ·³¨·μ¢ ´´ Ö ¢¥²¨Î¨´  ξ ¶μ μÉ´μÏ¥´¨Õ ± ¢ÒÌμ¤Ê ·¥ ±Í¨¨ (1a)
¢ μ¶ÒÉ¥ ¸ 3He ¸μ¸É ¢²Ö¥É ≈ 50 %), ³μ¦´μ μ¤´μ§´ Î´μ μ¶·¥¤¥²¨ÉÓ ¢¥²¨Î¨´Ê
Ê·μ¢´Ö Ëμ´  ¢ μ¶ÒÉ¥ ¸ 3He ¸ Ê± § ´¨¥³ μÏ¨¡±¨ ¥£μ ¨§³¥·¥´¨Ö:

Nbackg(3He) = ξ(1 − η), (12)

ξ = Nbackg
measur(

4He)Φn(3He)/Φn(4He),

£¤¥ Φn(3He), Φn(4He) Å ¶μ²´Ò¥ ¶μÉμ±¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´ 
³¨Ï¥´Ó ¢ μ¶ÒÉ Ì ¸ 3He ¨ 4He ¸μμÉ¢¥É¸É¢¥´´μ.

‘μ£² ¸´μ ¶·¨¢¥¤¥´´Ò³ · ¸Î¥É´Ò³ μÍ¥´± ³ ¢¥²¨Î¨´ ξ, η ¨ δη, ¤μ¶μ²-
´¨É¥²Ó´ Ö μÏ¨¡±  ¨§³¥·¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (1a) §  ¸Î¥É ¶·¥¤²μ¦¥´´μ°
¶·μÍ¥¤Ê·Ò μ¶·¥¤¥²¥´¨Ö Ëμ´  ¢ μ¶ÒÉ¥ ¸ 3He ¸μ¸É ¢²Ö¥É ≈ 0,7 %.

—Éμ ± ¸ ¥É¸Ö ¨§³¥·¥´¨Ö Ê·μ¢´Ö Ëμ´  ¢ ¸²ÊÎ ¥ ¨¸¸²¥¤μ¢ ´¨Ö ·¥ ±Í¨¨ (1¡),
Éμ §¤¥¸Ó ¸¨ÉÊ Í¨Ö ´μ¸¨É ¡μ²¥¥ É·¨¢¨ ²Ó´Ò° Ì · ±É¥·. �Éμ μ¡Ê¸²μ¢²¥´μ ¸²¥-
¤ÊÕÐ¨³¨ μ¡¸ÉμÖÉ¥²Ó¸É¢ ³¨. ‚μ-¶¥·¢ÒÌ, · §²¨Î¨¥ ³¥¦¤Ê · ¸Î¥É´Ò³¨ (´μ·³¨-
·μ¢ ´´Ò³¨) Ê·μ¢´Ö³¨ Ëμ´  ¶·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨ (1¡) ¢ ¸²ÊÎ ¥ Ô±¸¶μ§¨Í¨¨
¸ 3He ¨ 4He ¶·¥´¥¡·¥¦¨³μ ³ ²μ. ‚μ-¢Éμ·ÒÌ,  ¡¸μ²ÕÉ´ Ö ¢¥²¨Î¨´  Ëμ´  ¢
Ô±¸¶μ§¨Í¨¨ ¸ 3He ¶μ μÉ´μÏ¥´¨Õ ± ·¥ ±Í¨¨ (1¡) (¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê± § ´-
´ÒÌ ¢ É¥±¸É¥ ¶·μ¥±É  ±·¨É¥·¨¥¢ μÉ¡μ·  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨°) ±· °´¥
³ ²  (� 1%). ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É, ÎÉμ ¢¥²¨Î¨´  Ëμ´ , ¨§³¥·¥´´ Ö ¢ μ¶ÒÉ¥ ¸
4He ¨ ´μ·³¨·μ¢ ´´ Ö ´  Ô±¸¶μ§¨Í¨Õ ¸ 3He, μ¶·¥¤¥²Ö¥É ¸μ¡μ° ¸ ¤μ¸É ÉμÎ´μ
¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ Ê·μ¢¥´Ó Ëμ´  ¢ ¸²ÊÎ ¥ μ¶ÒÉ  ¸ 3He.

‚›‚�„›

	Í¥´¨¢ ¢ÒÌμ¤Ò ·¥ ±Í¨° (1a) ¨ (1¡),   É ±¦¥ ¨§ÊÎ¨¢ ¢μ§³μ¦´Ò¥ ¨¸ÉμÎ´¨±¨
Ëμ´  ¨ ¢²¨Ö´¨¥ ¨Ì ´  ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ¸¥Î¥´¨° Ê± § ´´ÒÌ ·¥ ±Í¨°, ³μ¦´μ
¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò:

‚Ò¶μ²´¥´¨¥ ´ ¸ÉμÖÐ¥£μ ¶·μ¥±É  ´  ¶ÊÎ±¥ PF1B ·¥ ±Éμ·  ILL ¶μ§¢μ²¨É
§  ¢·¥³Ö (∼ 400Ä500 Î) ¢¶¥·¢Ò¥ ¨§³¥·¨ÉÓ ¸¥Î¥´¨¥ ¶·μÍ¥¸¸  (1¡) ¸μ ¸É É¨¸É¨-
Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ ∼ 7Ä10 % ¨  ¡¸μ²ÕÉ´μ¥ §´ Î¥´¨¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (1a) ¸
ÉμÎ´μ¸ÉÓÕ ∼ 2Ä4 %.

‡´ ´¨¥ ¸¥Î¥´¨° ¶·μÍ¥¸¸μ¢ (1 ) ¨ (1¡) ¸ Ê± § ´´μ° ÉμÎ´μ¸ÉÓÕ ¶μ§¢μ²¨É:
• ÊÉμÎ´¨ÉÓ · ¸Î¥ÉÒ Í¥¶μÎ±¨ Ö¤¥·´ÒÌ ¶·μÍ¥¸¸μ¢ ¢ · ³± Ì ¸É ´¤ ·É´μ°

¸μ²´¥Î´μ° ³μ¤¥²¨;
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• ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ μ¸´μ¢´ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥· 3He ¨ 4He;
• ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ ´Ê±²μ´-´Ê±²μ´´μ³ ¶μÉ¥´Í¨ ²¥ ¨ μ ¢±² ¤¥ ¢μ

¢§ ¨³μ¤¥°¸É¢¨¥ μ¡³¥´´ÒÌ ³¥§μ´´ÒÌ Éμ±μ¢.
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