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T(4He, γ)7Li ��ˆ ��…�ƒˆˆ Ecm = 15,7 ±Ô‚
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�¸É·μË¨§¨Î¥¸±¨° S-Ë ±Éμ· ·¥ ±Í¨¨ T(4He, γ)7Li ¢¶¥·¢Ò¥ ¨§³¥·¥´ ¶·¨ Ô´¥·£¨¨ ¢ ¸¨¸É¥³¥
Í¥´É·  ³ ¸¸ Ecm = 15,7 ±Ô‚, ³¥´ÓÏ¥° ¤¨ ¶ §μ´  Ô´¥·£¨¨ ¸É ´¤ ·É´μ° ³μ¤¥²¨ Big Bang Nucleo-
synthesis (SBBN). �±¸¶¥·¨³¥´É ¢Ò¶μ²´¥´ ´  ¨³¶Ê²Ó¸´μ³ Ê¸±μ·¨É¥²¥ Ìμ²²μ¢¸±μ£μ É¨¶  (’�“,
’μ³¸±). „²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Ê¸±μ·¥´¨Ö 10 ³±¸ ¶μ§¢μ²Ö¥É ´  ¶ÖÉÓ ¶μ·Ö¤±μ¢ ¶μ¤ ¢¨ÉÓ Ëμ´ ±μ¸-
³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò. ˆ´É¥´¸¨¢´μ¸ÉÓ Ê¸±μ·¨É¥²Ö ∼ 5 · 1014 ¨μ´μ¢ 4He+ § 
¨³¶Ê²Ó¸ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨§³¥·¨ÉÓ ¶·¥¤¥²Ó´μ ´¨§±¨° ¢ÒÌμ¤ ·¥ ±Í¨¨. ‚ÒÌμ¤ γ-±¢ ´Éμ¢ ¸ Ô´¥·-
£¨Ö³¨ E0

γ = 2483,7 ±Ô‚ ¨ E1
γ = 2006,1 ±Ô‚ ¨§ ·¥ ±Í¨¨ ·¥£¨¸É·¨·μ¢ ²¸Ö NaI(Tl)-¤¥É¥±Éμ· ³¨

¸ ÔËË¥±É¨¢´μ¸ÉÓÕ ε = 0,331 ± 0,026. ‘¶μ¸μ¡ ¶·Ö³μ£μ ¨§³¥·¥´¨Ö Ëμ´  μÉ Í¥¶μÎ±¨ ·¥ ±Í¨°
T(4He, 4He)T → T(T, 2n)X → (n, γ) ¨/¨²¨ (n, n′γ), § ± ´Î¨¢ ÕÐ¥°¸Ö  ±É¨¢ Í¨¥° ´¥°É·μ´ ³¨
³ É¥·¨ ²μ¢, μ±·Ê¦ ÕÐ¨Ì ³¨Ï¥´Ó, ¶·¥¤²μ¦¥´ ¨ ·¥ ²¨§μ¢ ´ ¢ · ¡μÉ¥. ‚¥²¨Î¨´   ¸É·μË¨§¨Î¥¸±μ£μ
S-Ë ±Éμ·  ·¥ ±Í¨¨ T(4He, γ)7Li Sαt(Ecm = 15,7 ±Ô‚) = (0,091±0,032) ±Ô‚ · ¡, ¶μ²ÊÎ¥´´ Ö ´ ³¨,
¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¡μ· ¨§ ´ ¡μ·  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ  ¸É·μË¨§¨Î¥¸±μ³Ê Sαt-Ë ±Éμ-
·Ê ¢ ¶μ²Ó§Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ (Brune et al.) ¸ Sαt(Ecm = 0) = (0, 1067± 0, 0064) ±Ô‚ · ¡.

Astrophysical S-factor of T(4He, γ)7Li reaction is for the ˇrst time measured at energy in the system
of center mass Ecm = 15.7 keV, smaller than energy range of the Standard Big Bang Nucleosynthesis
(SBBN) model. The experiment is executed on a pulsed accelerator of Hall type (TPU, Tomsk). The
pulse length of acceleration of 10 μs allows one to suppress the background of space radiation and
surrounding medium by 5 orders. Intensity of the accelerator ∼ 5 · 1014 4He+ ions per impulse
gives the chance to measure extremely low reaction yield. The yield of γ quanta with energies of
E0

γ = 2483.7 keV and E1
γ = 2006.1 keV from the reaction was registered by NaI(Tl) detectors with

effectiveness ε = 0.331 ± 0.026. A method of direct measurement of the background from the chain
reaction T(4He, 4He)T → T(T, 2n)X → (n, γ) and/or (n, n′γ) resulting in neutron activation of
materials surrounding the target is proposed and implemented in this work. The size of an astrophysical
S-factor of T(4He, γ)7Li reaction of Sαt(Ecm = 15.7 keV) = (0.091 ± 0.032) keV · b obtained by us
allows one to make a choice from a set of experimental data for the astrophysical Sαt-factor in favor
of experimental data (Brune et al.) with Sαt(Ecm = 0) = (0.1067 ± 0.0064) keV · b.

PACS: 26.35.+c; 98.80.Ft; 27.20.+n

1E-mail: bystvm@jinr.ru
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‚ ¶·μ¡²¥³¥ ®±μ¸³μ²μ£¨Î¥¸±μ£μ ²¨É¨Ö¯ ¢μ¶·μ¸ μ ²¨É¨¨-7 § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¥£μ
· ¸¶·μ¸É· ´¥´´μ¸ÉÓ (¶μ μÉ´μÏ¥´¨Õ ± · ¸¶·μ¸É· ´¥´´μ¸É¨ ¢μ¤μ·μ¤ ), ¨§³¥·¥´´ Ö ¸·¥¤¸É-
¢ ³¨ ´ ¡²Õ¤ É¥²Ó´μ°  ¸É·μ´μ³¨¨ Å 7Li/H = (1,58 ± 0,31) · 10−10, ¶μÎÉ¨ ¢ É·¨ · § 
³¥´ÓÏ¥ ·¥§Ê²ÓÉ É  · ¸Î¥É  ¶μ ¸É ´¤ ·É´μ° ³μ¤¥²¨ Big Bang Nucleosynthesis (SBBN) Å
7Li/H = (4,68 ± 0, 67) · 10−10 [1, 2]. ‘Î¨É ¥É¸Ö, ÎÉμ μ¸´μ¢´μ° ·¥ ±Í¨¥° ´ · ¡μÉ±¨ 7Li
¢ Ô¶μÌÊ ¶¥·¢¨Î´μ£μ ´Ê±²¥μ¸¨´É¥§  Ö¢²Ö¥É¸Ö ·¥ ±Í¨Ö 3He(4He, γ)7Be ¸ ¶¥·¥Ìμ¤μ³ 7Be ¶μ
β+-· ¸¶ ¤Ê ¢ 7Li. ‚Éμ·μ° ¶μ §´ Î¨³μ¸É¨ ·¥ ±Í¨¥° Ö¢²Ö¥É¸Ö ·¥ ±Í¨Ö T(4He, γ)7Li [2].
�±¸¶¥·¨³¥´É ²Ó´Ò³ ¶μ¤É¢¥·¦¤¥´¨¥³ · ¸Î¥Éμ¢ ¶μ BBN-³μ¤¥²¨ ¤μ²¦´Ò ¸²Ê¦¨ÉÓ ·¥§Ê²Ó-
É ÉÒ Ê¸±μ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ¢ ±μÉμ·ÒÌ ¨§¢²¥± ÕÉ¸Ö ¤ ´´Ò¥ μ ¸¥Î¥´¨ÖÌ ¨  ¸É·μ-
Ë¨§¨Î¥¸±¨Ì S-Ë ±Éμ· Ì ¶·μÍ¥¸¸μ¢ [3]. �¤´ ±μ ´  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ´¥É Ê¸±μ·¨É¥²Ó´ÒÌ
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤μ± § É¥²Ó¸É¢, ¶μ¤É¢¥·¦¤ ÕÐ¨Ì · ¸Î¥ÉÒ ¶μ SBBN-³μ¤¥²¨, ÎÉμ ¸É -
¢¨É ¶μ¤ ¸μ³´¥´¨¥ ³μ¤¥²Ó 	μ²ÓÏμ£μ ¢§·Ò¢  ²¨¡μ É·¥¡Ê¥É ¶·¨¢²¥Î¥´¨Ö ®´¥¸É ´¤ ·É´μ°
Ë¨§¨±¨¯ [2]. Š ± ¶μ± § ´μ ¢ · ¡μÉ¥ [4], ·¥ ±Í¨Ö T(4He, γ)7Li Ö¢²Ö¥É¸Ö μ¶·¥¤¥²ÖÕÐ¥°
¤²Ö ´ · ¡μÉ±¨ 7Li ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ 30 < Ecm < 150 ±Ô‚.
�·Ö³Ò¥ ¨§³¥·¥´¨Ö S-Ë ±Éμ·  ·¥ ±Í¨¨ T(4He, γ)7Li ¡Ò²¨ ¢Ò¶μ²´¥´Ò ¢ Î¥ÉÒ·¥Ì Ô±¸-
¶¥·¨³¥´É Ì [4Ä7]. „¢  ¤·Ê£¨Ì ·¥§Ê²ÓÉ É  ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ´¥¶·Ö³ÒÌ Ô±¸¶¥·¨³¥´É Ì,
¨¸¶μ²Ó§ÊÕÐ¨Ì ³¥Éμ¤ ±Ê²μ´μ¢¸±μ° ¤¨¸¸μÍ¨ Í¨¨ Ö¤·  7Li ¢ αt-± ´ ² ¢ ¶μ²¥ ÉÖ¦¥²μ£μ
Ö¤·  [8, 9]. ‚¸¥ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¶μ± § ´Ò ´  ·¨¸. 1.
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ S-Ë ±Éμ·  ·¥ ±Í¨¨ T(4He, γ)7Li μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¨μ´μ¢ 4He+ ¨

Ö¤¥· É·¨É¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ (cm). ‘¶²μÏ´ Ö ±·¨¢ Ö Å · ¸Î¥É [9]. �¥§Ê²ÓÉ ÉÒ ¶·Ö³ÒÌ

¨§³¥·¥´¨°: ¸¢¥É²Ò¥ ±¢ ¤· ÉÒ Å Grifˇths et al. [5]; ¶¥·¥Î¥·±´ÊÉÒ¥ ±¢ ¤· ÉÒ Å Burzyn'ski et al. [6];
±·¥¸É¨±¨ Å Schroder et al. [7]; É¥³´Ò¥ ·μ³¡Ò Å Brune et al. [4]. �¥§Ê²ÓÉ ÉÒ ´¥¶·Ö³ÒÌ ¨§³¥·¥´¨°:

¸¢¥É²Ò¥ É·¥Ê£μ²Ó´¨±¨ Å H. Utsunomiya et al. [8]; É¥³´Ò¥ É·¥Ê£μ²Ó´¨±¨, É¥³´Ò¥ ±·Ê¦±¨ Å ¤¢ 
´ ¡μ·  ¤ ´´ÒÌ ¨§ · ¡μÉÒ Y.Tokimoto et al. [9]. ˆ¸¶μ²Ó§μ¢ ´ ·¨¸. 26, c ¨§ [9]
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� ¡²Õ¤ ¥É¸Ö ¡μ²ÓÏμ° · §¡·μ¸ ¢ ¢¥²¨Î¨´ Ì S-Ë ±Éμ·μ¢ ¨ ³ ²μ ÉμÎ¥± ¶·¨ Ô´¥·£¨ÖÌ
< 100 ±Ô‚. –¥²Ó ´ Ï¥£μ Ô±¸¶¥·¨³¥´É  § ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ¡Ò ¨§³¥·¨ÉÓ ¸¥Î¥´¨¥ ¨
S-Ë ±Éμ· ·¥ ±Í¨¨ T(4He, γ)7Li ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 4He+ Eα = 39 ±Ô‚ ¢ ² ¡μ· Éμ·-
´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É (Ecm = 16,7 ±Ô‚). �Éμ ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö, ±μÉμ·ÊÕ ¶μ§¢μ-
²Ö¥É ¶μ²ÊÎ¨ÉÓ Ê¸±μ·¨É¥²Ó Ìμ²²μ¢¸±μ£μ É¨¶  (’�“). � ³ ¶·¥¤¸É ¢²Ö¥É¸Ö, ÎÉμ ¶μ²ÊÎ¥´¨¥
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨Ö ¨ S-Ë ±Éμ·  ¶·¨ ³¨´¨³ ²Ó´μ° Ô´¥·£¨¨ 4HeÄ3H-
¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ§¢μ²¨É ÊÉμÎ´¨ÉÓ ¤ ´´Ò¥ ¶μ S-Ë ±Éμ·Ê ·¥ ±Í¨¨ T(4He, γ)7Li [10].
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„¨ËË¥·¥´Í¨ ²Ó´μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ T(4He, γ)7Li ¤²Ö ´ Ï¥° μ¡² ¸É¨ Ô´¥·£¨° ¨μ´μ¢
4He ¶· ±É¨Î¥¸±¨ ¨§μÉ·μ¶´μ, É. ¥. ´¥ § ¢¨¸¨É μÉ Ê£²  ¢Ò²¥É  γ-±¢ ´Éμ¢ [4], ¶μÔÉμ³Ê ¤²Ö
μ¶·¥¤¥²¥´¨Ö ¶μ²´μ£μ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³¥Éμ¤ ®Éμ²¸Éμ° ³¨Ï¥´¨¯,
¶·¨³¥´¥´´Ò° ´ ³¨ · ´¥¥ [11Ä13].

‚ ¸¢μÕ μÎ¥·¥¤Ó, Ô´¥·£¨Ö γ-±¢ ´Éμ¢ Eγ É ±¦¥ ¸² ¡μ § ¢¨¸¨É μÉ Ê£²  ¢Ò²¥É . �´¥·£¨Ö
γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ T(4He, γ)7Li μ¶·¥¤¥²Ö² ¸Ó ¶μ Ëμ·³Ê²¥

Eγ = Q + E ± ΔEDop − Erec, (1)

£¤¥ Q = (mT + mα − mLi-7)c2 = 2467,0 ±Ô‚ Å Ô´¥·£¨Ö ·¥ ±Í¨¨; ΔEDop =
v

c
Eγ cos θ ≈

4,5 ±Ô‚ Å ¤μ¶²¥·μ¢¸±μ¥ ÊÏ¨·¥´¨¥ ²¨´¨¨; Erec =
E2

γ

2(mLi-7)c2
≈ 0,2 ±Ô‚ Å Ô´¥·£¨Ö

μÉ¤ Î¨ Ö¤·  7Li; E = Eα
mT

mT + mα
Å Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö ¨μ´μ¢ £¥²¨Ö ¸ É·¨Éμ´ ³¨

¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸; mT , mα, mLi-7 Å ³ ¸¸Ò Ö¤¥· É·¨É¨Ö, £¥²¨Ö, ²¨É¨Ö; cos θ Å
Ê£μ² ³¥¦¤Ê ´ ¶· ¢²¥´¨Ö³¨ ¤¢¨¦¥´¨Ö γ-±¢ ´É  ¨ Ö¤·  7Li; Eα Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö
¨μ´μ¢ £¥²¨Ö.

‚ ·¥ ±Í¨¨ T(4He, γ)7Li μ¡· §Ê¥É¸Ö É·¨ É¨¶  γ-±¢ ´Éμ¢: E0
γ , E1

γ , E2
γ .

1. ‘ ¢¥·μÖÉ´μ¸ÉÓÕ ∼ 60 % ·¥ ±Í¨Ö ¨¤¥É Î¥·¥§ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥ 3/2− Ö¤·  7Li. ‚
ÔÉμ³ ¸²ÊÎ ¥ μ¡· §ÊÕÉ¸Ö γ-±¢ ´ÉÒ ¸ Ô´¥·£¨¥° E0

γ = (2483,7±4,5) ±Ô‚, ±μÉμ·Ò¥ ·¥£¨¸É·¨-
·ÊÕÉ¸Ö γ-¤¥É¥±Éμ· ³¨, ¨, ± ± ·¥§Ê²ÓÉ É, ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ
¸μ¡ÒÉ¨° ¶μÖ¢²ÖÕÉ¸Ö É·¨ ¶¨± : ¶¨± ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö Ô´¥·£¨¨ ¤ ´´ÒÌ γ-±¢ ´Éμ¢,  
É ±¦¥ ¤¢  ¶¨± , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ´¥¶μ²´μ³Ê ¶μ£²μÐ¥´¨Õ Ô´¥·£¨¨ γ-±¢ ´Éμ¢ ¢ ±·¨¸É ²²¥
γ-¤¥É¥±Éμ·  §  ¸Î¥É ÊÉ¥Î±¨ ¨§ ±·¨¸É ²²  μ¤´μ£μ ¨ ¤¢ÊÌ, ¸μμÉ¢¥É¸É¢¥´´μ,  ´´¨£¨²ÖÍ¨μ´-
´ÒÌ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 0,511 ŒÔ‚. �¥·¢Ò° ¶¨± μÉ¢¥Î ¥É ¶μÉ¥·¥ Ô´¥·£¨¨ γ-±¢ ´É 
¸ Ô´¥·£¨¥° E0

γ = (2483,7 ± 4,5) ±Ô‚, ¢Ò¤¥²¥´´μ° ¢ ±·¨¸É ²²¥ γ-¤¥É¥±Éμ· , ¢Éμ·μ° ¶¨±
¸μμÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ E0

γ1 = 1972,7 ±Ô‚; É·¥É¨° ¶¨± Å Ô´¥·£¨¨ E0
γ2 = 1461,7 ±Ô‚.

2. ‘ ¢¥·μÖÉ´μ¸ÉÓÕ ∼ 40% ·¥ ±Í¨Ö ¨¤¥É Î¥·¥§ ¶¥·¢μ¥ ¢μ§¡Ê¦¤¥´´μ¥ ¸μ¸ÉμÖ´¨¥ 1/2−

Ö¤·  7Li T(4He, γ)7Li∗. �´¥·£¨Ö ¶¥·¢μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö 1/2− Ö¤·  7Li∗ E =
477,6 ±Ô‚. ‚ ÔÉμ³ ¸²ÊÎ ¥ μ¡· §ÊÕÉ¸Ö γ-±¢ ´ÉÒ ¸ Ô´¥·£¨¥° E1

γ = (2006,1 ± 4,1) ±Ô‚,
¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶¨± ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥ ¨ ¶¨±¨ ´¥¶μ²´μ£μ
¶μ£²μÐ¥´¨Ö §  ¸Î¥É ¢Ò²¥É  ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ  ´´¨£¨²ÖÍ¨μ´´ÒÌ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥°
0,511 ŒÔ‚: E1

γ1 = 1495,1 ±Ô‚, E1
γ2 = 984,1 ±Ô‚.

3. Š·μ³¥ Éμ£μ, ¨§μÉ·μ¶´μ ¨ μ¤´μ¢·¥³¥´´μ ¢Ò²¥É ¥É γ-±¢ ´É ¸ Ô´¥·£¨¥° E1
γ ,   É ±¦¥

¢Ò²¥É ¥É γ-±¢ ´É ¸ Ô´¥·£¨¥° E2
γ = 477,6 ±Ô‚, ¶¥·¥Ìμ¤ 1/2− → 3/2−.
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�¨¸. 2.  ) ‘Ì¥³  Ô±¸¶¥·¨³¥´É : 1 Å ³¨Ï¥´Ó ¨§ É·¨É¨¤  É¨É ´  TiT; 2, 3 Å NaI(Tl)-¤¥É¥±Éμ·Ò
γ-±¢ ´Éμ¢; 4 Å 3He-¤¥É¥±Éμ·Ò ´¥°É·μ´μ¢; 5 Å ¨μ´´Ò° Ê¸±μ·¨É¥²Ó •μ²² . ¡) � ¸¶μ²μ¦¥´¨¥ ¤¥É¥±-

Éμ·μ¢: 1 Å ¨μ´´Ò° Ê¸±μ·¨É¥²Ó •μ²² ; 2 Å ¸¥É± ; 3 Å ³¨Ï¥´Ó TiT; 4 Å ¤μ¶μ²´¨É¥²Ó´ Ö § Ð¨É 

¤¥É¥±Éμ·μ¢; PMT Å ËμÉμÔ²¥±É·μ´´Ò° Ê³´μ¦¨É¥²Ó

ˆ¸¸²¥¤μ¢ ´¨¥ ·¥ ±Í¨¨ T(4He, γ)7Li ¡Ò²μ ¢Ò¶μ²´¥´μ ´  ¨³¶Ê²Ó¸´μ³ ¶² §³¥´´μ³
Ê¸±μ·¨É¥²¥ •μ²²  (’�“) ¶·¨ Ô´¥·£¨¨ ¨μ´μ¢ 4He+, · ¢´μ° Eα = 39 ±Ô‚ (Ô´¥·£¨Ö ¸Éμ²±-
´μ¢¥´¨Ö ¨μ´μ¢ £¥²¨Ö ¸  Éμ³ ³¨ É·¨É¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¸μ¸É ¢²Ö¥É Ecm = 16,7 ±Ô‚),
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸É ´μ¢±¨, ¨§μ¡· ¦¥´´μ° ´  ·¨¸. 2,  , ¡.

“¸±μ·¨É¥²Ó •μ²²  ¤μ¸É ÉμÎ´μ ¶μ¤·μ¡´μ μ¶¨¸ ´ ¢ · ¡μÉ¥ [14]. ˆ§³¥·¨É¥²Ó´ Ö ± -
³¥·  Ê¸±μ·¨É¥²Ö ¢ ±ÊÊ³¨·μ¢ ² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÉÊ·¡μ³μ²¥±Ê²Ö·´μ£μ ¨ ±·¨μ£¥´´μ£μ
´ ¸μ¸μ¢. “·μ¢¥´Ó · ¡μÎ¥£μ ¢ ±ÊÊ³  ¢ ¨§³¥·¨É¥²Ó´μ° ± ³¥·¥ ¸μ¸É ¢²Ö² < 10−7 ³³ ·É. ¸É.
�¶¥· É¨¢´Ò° ±μ´É·μ²Ó §  ¶·μÍ¥¸¸ ³¨ ¸μ·¡Í¨¨ (¤¥¸μ·¡Í¨¨) ´  ³¨Ï¥´¨ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸
¶μ³μÐÓÕ ±¢ ·Í¥¢ÒÌ ¢¥¸μ¢ ¸ · §·¥Ï ÕÐ¥° ¸¶μ¸μ¡´μ¸ÉÓÕ ¶μ Î ¸ÉμÉ¥ ∼ 1 ƒÍ (ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓ 10−2 ³±£/ƒÍ). ˆ¸¶μ²Ó§Ê¥³ Ö ³¥Éμ¤¨±  μ¶·¥¤¥²¥´¨Ö Î¨¸ÉμÉÒ ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨
¶μ§¢μ²Ö²  μ¶¥· É¨¢´μ ±μ´É·μ²¨·μ¢ ÉÓ ± Î¥¸É¢μ ¸¨¸É¥³Ò ¢ ±ÊÊ³´μ° μÉ± Î±¨ ¨§³¥·¨É¥²Ó-
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´μ° ± ³¥·Ò Ê¸±μ·¨É¥²Ö ¨ μ¡Ñ¥³  Ê¸±μ·ÖÕÐ¥£μ ¨μ´´μ£μ ¤¨μ¤  ¸ Í¥²ÓÕ ¢ÒÖ¢²¥´¨Ö ¨
Ê¸É· ´¥´¨Ö Ë ±Éμ·μ¢, ¢²¨ÖÕÐ¨Ì ´  § £·Ö§´¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨ §  ¸Î¥É ´ ²¨Î¨Ö
μ¸É ÉμÎ´ÒÌ £ §μ¢.

—¨¸²μ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 4He+, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó ¨§ É·¨É¨¤  É¨É ´ , ¸μ¸É ¢-
²Ö²μ ¢ ¨³¶Ê²Ó¸¥ ∼ 5 · 1014. „²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Ê¸±μ·¥´¨Ö · ¢´  10 ³±¸, ÎÉμ ¶μ§-
¢μ²Ö²μ ¶μ¤ ¢¨ÉÓ ·¥£¨¸É· Í¨Õ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨°, μ¡Ê¸²μ¢²¥´´ÒÌ ±μ¸³¨Î¥¸±¨³ ¨§²ÊÎ¥-
´¨¥³ ¨ ¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸ÉÓÕ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò, ¢ 105 · §. ˆ§-§  ¸¶¥Í¨Ë¨±¨
· ¡μÉÒ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¨³¶Ê²Ó¸´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö Ê¸±μ·¨É¥²Ö (§ ·Ö¤ ¨ · §·Ö¤ ¢Ò¸μ-
±μ¢μ²ÓÉ´μ° ¥³±μ¸É¨), ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨ ¶ · ³¥É·μ¢ ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ (Í¨Ë·μ¢Ò¥ μ¸Í¨²²μ£· ËÒ) ¨§³¥·¨É¥²Ó´ Ö ¶·μÍ¥¤Ê·  ¢Ò£²Ö¤¥²  ¸²¥¤ÊÕÐ¨³ μ¡· -
§μ³. ‘´ Î ²  ¶μ¤ ¢ ²¸Ö Ê¸±μ·ÖÕÐ¨° ¨³¶Ê²Ó¸ ¤²¨É¥²Ó´μ¸ÉÓÕ 10 ³±¸ (¢μ ¢·¥³Ö ±μÉμ·μ£μ
¨§³¥·Ö²¨¸Ó ¢ÒÌμ¤ γ-±¢ ´Éμ¢ ·¥ ±Í¨¨, ´¥°É·μ´μ¢ ¨ ¶ · ³¥É·Ò ¶ÊÎ± ), § É¥³ Î¥·¥§ 6 ¸ ¢ É¥-
Î¥´¨¥ 10 ³±¸ ¢Ò¶μ²´Ö²¨¸Ó ¨§³¥·¥´¨Ö Ëμ´  ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ · ¤¨μ ±É¨¢´μ¸É¨
μ±·Ê¦ ÕÐ¨Ì ¤¥É¥±Éμ·Ò ³ É¥·¨ ²μ¢ ¡¥§ ¶μ¤ Î¨ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö, ¤ ²¥¥ ´ Î¨-
´ ²¸Ö § ·Ö¤ ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¥³±μ¸É¨. ˆ§³¥·¨É¥²Ó´Ò° Í¨±² ¸μ¸É ¢²Ö² 14,28 ¸ (Î ¸ÉμÉ 
¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ 0,07 ƒÍ). ’ ±¨³ μ¡· §μ³, ¢ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É , ¶ · ²²¥²Ó´μ
¸ ´ ±μ¶²¥´¨¥³ ¸μ¡ÒÉ¨° ¸ ¤¥É¥±Éμ·μ¢ §  ¢·¥³Ö Ê¸±μ·¥´¨Ö, ´¥¶·¥·Ò¢´μ ´ ± ¶²¨¢ ²¨¸Ó
¸μ¡ÒÉ¨Ö, μ¡Ê¸²μ¢²¥´´Ò¥ Éμ²Ó±μ ¢´¥Ï´¨³ Ëμ´μ³ §  Éμ ¦¥ ¢·¥³Ö.

�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ±  ¨μ´μ¢ 4He+ ¸μ¸É ¢²Ö¥É FWHM ≈ 19,9 % [15]. ˆ§³¥-
·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨μ´μ¢ 4He+, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, μ¸ÊÐ¥¸É¢²Ö-
²μ¸Ó ¸ ¶μ³μÐÓÕ ³´μ£μ¸¥ÉμÎ´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¸¶¥±É·μ³¥É·  § ·Ö¦¥´´ÒÌ Î ¸É¨Í.
„²Ö μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¡Ò¸É·ÒÌ ´¥°É· ²μ¢ ¨ ¢¥²¨Î¨´Ò ±μÔËË¨Í¨¥´É  ¢Éμ·¨Î´μ°
¨μ´-Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨ ³ É¥·¨ ²  ³¨Ï¥´¨ É ±¦¥ ¨¸¶μ²Ó§μ¢ ²¸Ö Ô²¥±É·μ¸É É¨Î¥¸±¨°
 ´ ²¨§ Éμ· Ô´¥·£¨¨, · ¸¶μ² £ ¢Ï¨°¸Ö ¢ ¸¶¥Í¨ ²Ó´μ³ Ô±¸¶¥·¨³¥´É¥ ¶¥·¥¤ ³¨Ï¥´ÓÕ [15].
�¥§Ê²ÓÉ É ¶μ²ÊÎ¥´ ¸²¥¤ÊÕÐ¨°: ¢¥·Ì´ÖÖ £· ´¨Í  μÉ´μ¸¨É¥²Ó´μ£μ ¸μ¤¥·¦ ´¨Ö ¡Ò¸É·ÒÌ
´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¢ ¶μÉμ±¥ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ < 2,1% ¸ ¢¥·μÖÉ´μ¸ÉÓÕ P = 0,95.
Šμ²¨Î¥¸É¢μ ¨μ´μ¢ 4He+, ¶·μ¢§ ¨³μ¤¥°¸É¢μ¢ ¢Ï¨Ì ¸ ³¨Ï¥´ÓÕ, ¢ ± ¦¤μ³ ¨³¶Ê²Ó¸¥ μ¶·¥-
¤¥²Ö²μ¸Ó ¨´É¥£·¨·μ¢ ´¨¥³ Éμ±  ³¨Ï¥´¨ (3). „²Ö ¶μ¤ ¢²¥´¨Ö Ô³¨¸¸¨¨ Ô²¥±É·μ´μ¢ ¨§
³¨Ï¥´¨ ¶¥·¥¤ ´¥°, ´  · ¸¸ÉμÖ´¨¨ 1 ¸³, Ê¸É ´ ¢²¨¢ ² ¸Ó ³¥É ²²¨Î¥¸± Ö ¸¥É±  (2) ¸ ¶·μ§-
· Î´μ¸ÉÓÕ 93%, ´ Ìμ¤¨¢Ï Ö¸Ö ¶μ¤ ¶μÉ¥´Í¨ ²μ³ −150 ‚, ·¨¸. 2, ¡.

�¥ ±Í¨Ö T(4He, γ)7Li ¨¸¸²¥¤μ¢ ² ¸Ó ´  ³¨Ï¥´ÖÌ ¨§ É·¨É¨¤  É¨É ´  (TiT). ’¥Ì´μ²μ-
£¨Ö ¨§£μÉμ¢²¥´¨Ö ³¨Ï¥´¥° § ±²ÕÎ ² ¸Ó ¢ Éμ³, ÎÉμ ¸ ¶μ³μÐÓÕ ³ £´¥É·μ´  ´  ¶μ¤²μ¦±Ê
¨§ ³μ²¨¡¤¥´  (¤¨ ³¥É·μ³ 97 ³³) ´ ´μ¸¨²¸Ö ¸²μ° É¨É ´  Éμ²Ð¨´μ° ¶μ·Ö¤±  1,5Ä2 ³±³,
§ É¥³ ¨§¤¥²¨¥ ¶μ³¥Ð ²μ¸Ó ¢ Ê¸É ´μ¢±Ê ‘¨¢¥·É¸  ¨ ¸²μ° É¨É ´  ´ ¸ÒÐ ²¸Ö É·¨É¨¥³ ¤μ
´Ê¦´μ° ¸É¥Ì¨μ³¥É·¨¨. ‚ 2015 £. ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¤¢¥ ³¨Ï¥´¨ TiT. ˆ§³¥·¥´¨¥ · ¸¶·¥-
¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ É·¨Éμ´μ¢ ¶μ £²Ê¡¨´¥ ³¨Ï¥´¨ ¶·μ¢μ¤¨²μ¸Ó ³¥Éμ¤μ³ ERD (³¥Éμ¤ Ö¤¥·
μÉ¤ Î¨) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±  α-Î ¸É¨Í ¸ Ô´¥·£¨¥° 2,3 ŒÔ‚, ¸μ§¤ ¢ ¥³μ£μ ¸ ¶μ³μ-
ÐÓÕ Ê¸±μ·¨É¥²Ö ‚ ´ ¤¥ ƒ· Ë  (�ˆŸˆ, „Ê¡´ ). �¤´μ¢·¥³¥´´μ ¸ ·¥£¨¸É· Í¨¥° É·¨Éμ´μ¢
μÉ¤ Î¨ ¤¥É¥±É¨·μ¢ ²¨¸Ó α-Î ¸É¨ÍÒ, · ¸¸¥Ö´´Ò¥ ´  Ö¤· Ì ³¨Ï¥´¨ ¢ § ¤´ÕÕ ¶μ²Ê¸Ë¥·Ê
(μ¡· É´μ¥ ·¥§¥·Ëμ·¤μ¢¸±μ¥ · ¸¸¥Ö´¨¥ Å RBS-³¥Éμ¤) [16]. ‘μ¢³¥¸É´Ò°  ´ ²¨§ ERD-
¨ RBS-¸¶¥±É·μ¢ ¶μ§¢μ²Ö¥É ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ μ¶·¥¤¥²ÖÉÓ · ¸¶·¥¤¥²¥´¨¥ É·¨Éμ´μ¢ ¨
 Éμ³μ¢ ¶·¨³¥¸¥° ¶μ £²Ê¡¨´¥ ³¨Ï¥´¨. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ³¨Ï¥´¥° ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 3.

Š·μ³¥ Éμ£μ, · ¢´μ³¥·´μ¸ÉÓ ´ ¸ÒÐ¥´¨Ö ¸²μÖ É¨É ´  É·¨É¨¥³ ¶μ ¶²μÐ ¤¨ ¨ ¶μ £²Ê¡¨´¥
³¨Ï¥´¨ ¤¨ ³¥É·μ³ 97 ³³ ¨¸¸²¥¤μ¢ ² ¸Ó ¸ ¶μ³μÐÓÕ ³¥Éμ¤  Ô²¥±É·μ´´μ-Ë²Êμ·¥¸Í¥´É´μ£μ
 ´ ²¨§ . Œ¨Ï¥´Ó ¡Ò²  ¶·μ¸± ´¨·μ¢ ´  ¶μ ¢¸¥° ¶²μÐ ¤¨ ±μ²²¨³¨·μ¢ ´´Ò³ ¶μ²Ê¶·μ-
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�¨¸. 4. ‘¶¥±É· Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨§ ³¨Ï¥´¨ TiT ¨ ¸¶¥±É· ¨¸ÉμÎ´¨± 
241Am. 1 Å ´¥· §·¥Ï¥´´Ò¥ Kα1-, Kβ1-²¨´¨¨ Ti Å Er = 4,51, 4,93 ±Ô‚; 2, 3 Å ·¥´É£¥´μ¢¸±¨¥

²¨´¨¨ ¨¸ÉμÎ´¨±  241Am

¢μ¤´¨±μ¢Ò³ ±·¥³´¨¥¢Ò³ ¤¥É¥±Éμ·μ³ ¸ ¢Ìμ¤´Ò³ μ±´μ³ ¨§ ¡¥·¨²²¨Ö Éμ²Ð¨´μ° 25 ³±³.
�¥£¨¸É·¨·μ¢ ²μ¸Ó Ì · ±É¥·¨¸É¨Î¥¸±μ¥ ·¥´É£¥´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥  Éμ³μ¢ É¨É ´  Kα1, Kβ1

¸ Ô´¥·£¨Ö³¨ Er = 4,51, 4,93 ±Ô‚, ¢μ§´¨± ÕÐ¥¥ ¢ É¨É ´¥ ¶μ¤ ¤¥°¸É¢¨¥³ β−-Î ¸É¨Í · ¸-
¶ ¤  É·¨É¨Ö. �¥· ¢´μ³¥·´μ¸ÉÓ ´ ¸ÒÐ¥´¨Ö É·¨É¨¥³ É¨É ´μ¢μ° ¶μ¤²μ¦±¨ ¸μ¸É ¢²Ö¥É ´¥
¡μ²¥¥ 7%. �  ·¨¸. 4 ¶·¨¢¥¤¥´ ¸¶¥±É· Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨§
³¨Ï¥´¨ TiT ¸μ¢³¥¸É´μ ¸ ± ²¨¡·μ¢μÎ´Ò³ ·¥´É£¥´μ¢¸±¨³ ¸¶¥±É·μ³ ¨¸ÉμÎ´¨±  241Am.

„¥É¥±Éμ· ´¥°É·μ´μ¢ ´  μ¸´μ¢¥ 3He-¸Î¥ÉÎ¨±μ¢, ¨§μ¡· ¦¥´´Ò° ´  ·¨¸. 2, ¶·¥¤´ §´ Î¥´
¤²Ö ¨§³¥·¥´¨Ö Ëμ´μ¢ÒÌ ´¥°É·μ´μ¢. �¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ ´¥°É·μ´´μ£μ Ëμ´  ¶·¨ ¨¸-
¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨¨ T(4He, γ)7Li Ö¢²Ö¥É¸Ö ¶·μÍ¥¸¸ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¨μ´μ¢ 4He+ ´ 
 Éμ³ Ì É·¨É¨Ö ¸ ¶¥·¥¤ Î¥° Ô´¥·£¨¨ Ö¤· ³ É·¨É¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¨³¨ ·¥ ±Í¨Ö³¨ ¢§ ¨³μ-
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¤¥°¸É¢¨Ö Ö¤¥· É·¨É¨Ö ¸ Ö¤· ³¨ É·¨É¨Ö ³¨Ï¥´¨:

T(t, nn)4He, Q = 11,33 ŒÔ‚, (2)

T(t, n1)5He∗, Q = 9,24 ŒÔ‚, (3)

T(t, n0)5He, Q = 10,4 ŒÔ‚. (4)

‚ ÔÉ¨Ì ·¥ ±Í¨ÖÌ μ¡· §ÊÕÉ¸Ö ±μ··¥²¨·μ¢ ´´Ò¥ ¢μ ¢·¥³¥´¨ ¶ ·Ò ´¥°É·μ´μ¢. „¥É¥±Éμ·
´¥°É·μ´μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¡μ·±Ê ¨§ 10 ¸Î¥ÉÎ¨±μ¢ ¢ ¢¨¤¥ É·Ê¡μ± ¤¨ ³¥É·μ³ 3 ¸³ ¨
¤²¨´μ° 50 ¸³, ´ ¶μ²´¥´´ÒÌ ¸³¥¸ÓÕ 3He+Ar+CO2 ¶·¨ ¤ ¢²¥´¨¨ 4  É³, · ¸¶μ²μ¦¥´´ÒÌ
¢ § ³¥¤²¨É¥²¥ ¨§ ¶μ²¨ÔÉ¨²¥´ . ƒ ¡ ·¨É´Ò¥ · §³¥·Ò ¤¥É¥±Éμ·  15 × 30 × 54 ¸³. ‘¡μ·± 
¨§ 10 3He-¸Î¥ÉÎ¨±μ¢ ´ Ìμ¤¨² ¸Ó ¢ ¤¢μ°´μ³ ±μ·¶Ê¸¥ ¨§  ²Õ³¨´¨Ö ¤²Ö μ¸² ¡²¥´¨Ö ¢²¨Ö-
´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ´ ¢μ¤μ±. �ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢, ¨¸¶Ê¸± ¥³ÒÌ
¨¸ÉμÎ´¨±μ³ AmBe, 3He-¤¥É¥±Éμ·μ³, ¸μ¸É ¢²Ö¥É 15 %. • · ±É¥·´μ° μ¸μ¡¥´´μ¸ÉÓÕ É ±¨Ì
¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö ¨Ì ¸² ¡ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± γ-±¢ ´É ³.

�¥£¨¸É· Í¨Ö γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¢μ¸Ó³¨ ¸Í¨´É¨²²ÖÍ¨-
μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl) (100 × 100 × 400 ³³), · ¸¶μ²μ¦¥´´ÒÌ
¢μ±·Ê£ ³¨Ï¥´¨ ¨§ É·¨É¨¤  É¨É ´  (TiT), ¨ ¤¥¢ÖÉμ£μ NaI(Tl)-¤¥É¥±Éμ·  (¤¨ ³¥É· Å 150 ³³,
Éμ²Ð¨´  Å 100 ³³), ¶·¨¸ÉÒ±μ¢ ´´μ£μ ± ÉÒ²Ó´μ° ¸Éμ·μ´¥ ³¨Ï¥´´μ° ± ³¥·Ò ´  · ¸¸Éμ-
Ö´¨¨ 3 ¸³ μÉ ³¨Ï¥´¨. ‘¨£´ ²Ò ¸ NaI(Tl)-¤¥É¥±Éμ·μ¢ μÍ¨Ë·μ¢Ò¢ ²¨¸Ó ´  § ¶μ³¨´ ÕÐ¨Ì
μ¸Í¨²²μ£· Ë Ì TektronixDPO2024. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨-
¸É· Í¨¨ ¤¥É¥±Éμ·μ¢ ¤²Ö Ô´¥·£¨¨ γ-±¢ ´Éμ¢ Eγ = 2,484 ŒÔ‚ μ¶·¥¤¥²Ö²¨¸Ó ¸ ¶μ³μÐÓÕ
¨¸ÉμÎ´¨±  γ-±¢ ´Éμ¢ 232Th ¨ · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò ´  μ¸´μ¢¥ ³¥Éμ¤ 
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�¨¸. 5. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· γ-±¢ ´Éμ¢ μÉ ¨¸ÉμÎ´¨±  232Th. � ¸Ï¨Ë·μ¢±  γ-²¨´¨° ¨§μÉμ¶μ¢

μÉ Í¥¶μÎ±¨ · ¸¶ ¤μ¢ 232Th . . . → 228Th . . . → 208Tl → 208Pb [17]: 1 Å Eγ = 583,19 ŒÔ‚; 2 Å
Eγ = 911,2 ŒÔ‚; 3 Å Eγ = 968,97 ŒÔ‚; 4 Å Eγ = 1115,97 ŒÔ‚; 5 Å Eγ = 1592,5 ŒÔ‚; 6 Å

Eγ = 2103,5 ŒÔ‚ (¶¨±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¢Ò²¥ÉÊ μ¤´μ£μ  ´´¨£¨²ÖÍ¨μ´´μ£μ γ-±¢ ´É  ¸ Ô´¥·£¨¥°
0,511 ŒÔ‚ ¶·¨ ·¥£¨¸É· Í¨¨ Eγ = 2614,5 ŒÔ‚); 7 Å Eγ = 2614,5 ŒÔ‚; 8 Å Eγ = 3197,7 ŒÔ‚

(¶¨± ¸Ê³³¨·μ¢ ´¨Ö Ô´¥·£¨° γ-±¢ ´Éμ¢ 208Tl Å Eγ = 583,19 ŒÔ‚ ¨ Eγ = 2614,5 ŒÔ‚); 9 Å

Eγ = 3476,6 ŒÔ‚
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�¨¸. 6. �ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ = 2,006 ŒÔ‚ (a) ¨ Eγ =

2,484 ŒÔ‚ (¡) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ·μ£  ·¥£¨¸É· Í¨¨

Œμ´É¥-Š ·²μ. �  ·¨¸. 5 ¶·¨¢¥¤¥´ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· γ-±¢ ´Éμ¢, ¶μ²ÊÎ¥´´Ò° ´  μ¤-
´μ³ ¨§ ¤¥É¥±Éμ·μ¢ μÉ ¨¸ÉμÎ´¨±  232Th. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  (FWHM)
¤²Ö Ô´¥·£¨¨ Eγ = 2,614 ŒÔ‚ μ¶·¥¤¥²¥´μ · ¢´Ò³ ΔE = 5,1%. �ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· -
Í¨¨ γ-±¢ ´Éμ¢ ¸ ÔÉμ° Ô´¥·£¨¥° ¸¨¸É¥³μ° ¨§ ¤¥¢ÖÉ¨ NaI(Tl)-¤¥É¥±Éμ·μ¢ μ¶·¥¤¥²Ö² ¸Ó ¶·¨
¶μ³¥Ð¥´¨¨ ¨¸ÉμÎ´¨±  232Th ¶μ Í¥´É·Ê É·¨É¨¥¢μ° ³¨Ï¥´¨, μ´  · ¢´  ε = 0,28 ¶·¨ ¶μ-
·μ£¥ ·¥£¨¸É· Í¨¨ Eγ = 1,9 ŒÔ‚. �μ¸±μ²Ó±Ê ³Ò ´¥ ³μ£²¨ ¢ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ · §¤¥²¨ÉÓ
¢ÒÌμ¤Ò ·¥ ±Í¨¨ T(4He, γ)7Li ¸ Ö¤·μ³ 7Li ¢ μ¸´μ¢´μ³ (Eγ = 2,484 ŒÔ‚) ¨ ¢ ¢μ§¡Ê¦-
¤¥´´μ³ (Eγ = 2,006 ŒÔ‚) ¸μ¸ÉμÖ´¨ÖÌ, Éμ ¤²Ö μ¶·¥¤¥²¥´¨Ö Ê¸·¥¤´¥´´μ° ÔËË¥±É¨¢´μ¸É¨
·¥£¨¸É· Í¨¨ ¶μ²´μ£μ ¢ÒÌμ¤  ³Ò ¢μ¸¶μ²Ó§μ¢ ²¨¸Ó · ¸Î¥Éμ³.

�  ·¨¸. 6,  , ¡ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´-
Éμ¢ ¸ Ô´¥·£¨Ö³¨ Eγ = 2,484 ŒÔ‚ ¨ Eγ = 2,006 ŒÔ‚ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ·μ£  ·¥£¨¸-
É· Í¨¨.

’μ£¤  Ê¸·¥¤´¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ·¥ ±Í¨¨ T(4He, γ)7Li, ¨¤ÊÐ¥° Î¥·¥§
Ö¤·μ 7Li ¢ ¢μ§¡Ê¦¤¥´´μ³ (Eγ = 2,006 ŒÔ‚) ¨ ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨ÖÌ (Eγ = 2,484 ŒÔ‚)
(¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¢¥·μÖÉ´μ¸ÉÓ ¶·μÍ¥¸¸  ¸ ¢μ§¡Ê¦¤¥´¨¥³ ¸μ¸É ¢²Ö¥É 40% μÉ ¶μ²´μ°
¢¥·μÖÉ´μ¸É¨ ¶·μÍ¥¸¸  [4]), μ¶·¥¤¥²¥´  · ¢´μ° ε = 0,331± 0,026 ¶·¨ ¶μ·μ£¥ ·¥£¨¸É· Í¨¨
Eγ = 1,4 ŒÔ‚. ‡¤¥¸Ó ³Ò ÊÎ²¨ Éμ, ÎÉμ ¤²Ö γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° Eγ = 2,006 ŒÔ‚ ¢
Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥ ¡Ê¤¥É ¶·¨¸ÊÉ¸É¢μ¢ ÉÓ ¶¨± ¢Ò²¥É  ¶¥·¢μ£μ γ-±¢ ´É  ¸ Ô´¥·£¨¥°
Eγ = 2,006Ä0,511 ŒÔ‚ = 1,495 ŒÔ‚.

Š· °´¥ ³ ²μ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ T(4He, γ)7Li ¢ Ê± § ´´μ° μ¡² ¸É¨ Ô´¥·£¨° É·¥¡Ê¥É
ÉÐ É¥²Ó´μ£μ  ´ ²¨§  ¢¸¥Ì Ëμ´μ¢ÒÌ ·¥ ±Í¨° ¨ ¨Ì ³¨´¨³¨§ Í¨¨. �¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³
Ëμ´  Ö¢²ÖÕÉ¸Ö ·¥ ±Í¨¨ (2)Ä(4) ¸ ¶μÖ¢²¥´¨¥³ ¤¢ÊÌ ±μ··¥²¨·μ¢ ´´ÒÌ ¢μ ¢·¥³¥´¨ ´¥°-
É·μ´μ¢, ¢§ ¨³μ¤¥°¸É¢¨¥ ´¥°É·μ´μ¢ ¸ ³ É¥·¨ ² ³¨, μ±·Ê¦ ÕÐ¨³¨ ³¨Ï¥´Ó, ¶μ ·¥ ±Í¨Ö³
(n, γ) ¨²¨ (n, n′γ) ¨ ¢μ§´¨±´μ¢¥´¨¥ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨ ¢ ¨¸±μ³μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨°
Eγ = 1,4Ä2,8 ŒÔ‚ (·¨¸. 7).

ˆ¸ÉμÎ´¨±¨ Ëμ´μ¢ÒÌ γ-±¢ ´Éμ¢ ¡Ò²¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò ¶μ ³ É¥·¨ ² ³ ¨¸¸²¥¤μ¢ -
´¨° [20Ä25],   É ±¦¥ ¶μ ·¥§Ê²ÓÉ É ³ ´ Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° [13]. ‘¨¸É¥³  ¤¥É¥±É¨·μ¢ ´¨Ö
γ-±¢ ´Éμ¢ ´ Ï¥° Ê¸É ´μ¢±¨, ¶·¥¤´ §´ Î¥´´μ° ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ·¥ ±Í¨° · ¤¨ Í¨μ´´μ£μ
§ Ì¢ É , ¸μ¸Éμ¨É ¨§ ¢μ¸Ó³¨ NaI(Tl)-¤¥É¥±Éμ·μ¢ ¸ · §³¥· ³¨ 10 × 10 × 40 ¸³ [11Ä13] ¨
¤¥¢ÖÉμ£μ NaI(Tl)-¤¥É¥±Éμ·  (¤¨ ³¥É· 150 ³³, Éμ²Ð¨´  100 ³³). Œ ¸¸  ¢¸¥Ì γ-¤¥É¥±Éμ·μ¢
· ¢´  ∼ 117 ±£, ¶·¨Î¥³ ¶ ·Í¨ ²Ó´Ò¥ ³ ¸¸Ò °μ¤ , ´ É·¨Ö ¨ É ²²¨Ö ¸μ¸É ¢²ÖÕÉ 98,7, 17,8
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�¨¸. 7. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨° (2)Ä(4). ‚ÒÌμ¤Ò ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨° (2),
(3), (4) ¸μμÉ´μ¸ÖÉ¸Ö ± ± 70 : 20 : 10 ¸μμÉ¢¥É¸É¢¥´´μ [19]. (�¨¸. 8 ¨§ · ¡μÉÒ [18])

• · ±É¥·¨¸É¨±¨ Ëμ´ . �´¥·£¨¨ γ-±¢ ´Éμ¢ ¨ ·¥ ±Í¨¨, ¢ ±μÉμ·ÒÌ μ´¨ μ¡· §ÊÕÉ¸Ö

Eγ , ±Ô‚ �¥ ±Í¨Ö Eγ , ±Ô‚ �¥ ±Í¨Ö Eγ , ±Ô‚ �¥ ±Í¨Ö

1408 54Fe(n, n′γ)54Fe 1726 207Pb(n, n′γ)207Pb 2093 207Pb(n, n′γ)207Pb

1434 52Cr(n, n′γ)52Cr 1770 207Pb(n, n′γ)207Pb 2212 27Al(n, n′γ)27Al

1467 206Pb(n, n′γ)206Pb 1778 27Al(n, γ)27Al 2223 1H(n, γ)2H

1636 23Na(n, n′γ)23Na 1810 56Fe(n, n′γ)56Fe 2615 208Pb(n, n′γ)208Pb

1720 27Al(n, n′γ)27Al 1844 206Pb(n, n′γ)206Pb 2982 27Al(n, n′γ)27Al

¨ 0,5 ±£ ¸μμÉ¢¥É¸É¢¥´´μ. 	Ò²  ¸Ëμ·³Ê²¨·μ¢ ´  § ¤ Î , ¸μ¸ÉμÖÐ Ö ¢ μ¶·¥¤¥²¥´¨¨ ¨ ¸· ¢-
´¥´¨¨ Ê·μ¢´¥° Ëμ´ , ¢μ§´¨± ÕÐ¥£μ §  ¸Î¥É ·¥ ±Í¨° ¡Ò¸É·ÒÌ ¨ ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢
¸ μ±·Ê¦ ÕÐ¨³¨ ¢¥Ð¥¸É¢ ³¨ (¢ Éμ³ Î¨¸²¥ ¨ ¸ ³ É¥·¨ ² ³¨ NaI(Tl)-¤¥É¥±Éμ·μ¢). …¸²¨
Ëμ´μ¢Ò° ¢±² ¤ μÉ ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ ³¥´ÓÏ¥, Î¥³ μÉ ¡Ò¸É·ÒÌ, Éμ ¨³¥²μ ¸³Ò¸² § -
³¥¤²¨ÉÓ ´¥°É·μ´Ò ¸ Ô´¥·£¨Ö³¨ En = 0,5Ä9,5 ŒÔ‚ μÉ ·¥ ±Í¨¨ tt-¸¨´É¥§  ¤μ É¥¶²μ¢ÒÌ
Ô´¥·£¨° ¤μ ³μ³¥´É  ¨Ì ¶μ¶ ¤ ´¨Ö ¢ NaI(Tl)-¤¥É¥±Éμ·Ò. ‘ ÔÉμ° Í¥²ÓÕ ¡Ò²¨ ¢Ò¶μ²´¥´Ò
¤¢  Ô±¸¶¥·¨³¥´É  ¸ ¨¸ÉμÎ´¨± ³¨ ´¥°É·μ´μ¢: ¡Ò¸É·Ò³¨ Å AmBe; É¥¶²μ¢Ò³¨ Å 252Cf ¢
¶μ²¨ÔÉ¨²¥´μ¢μ³ § ³¥¤²¨É¥²¥ [13]. ˆ¸ÉμÎ´¨±¨ μ¡²ÊÎ ²¨ NaI(Tl)-±·¨¸É ²² (¤¨ ³¥É· 80 ³³,
¢Ò¸μÉ  80 ³³), Ê¸É ´μ¢²¥´´Ò° ´  HPGe-¤¥É¥±Éμ·¥. �± § ²μ¸Ó, ÎÉμ μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³
Ëμ´μ¢μ° ±μ³¶Éμ´μ¢¸±μ° ¶μ¤²μ¦±¨ Ö¢²ÖÕÉ¸Ö γ-±¢ ´ÉÒ (Eγ = 2223,1 ±Ô‚) μÉ ·¥ ±Í¨¨
· ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢ ´  ¢μ¤μ·μ¤¥ ¶μ²¨ÔÉ¨²¥´ -§ ³¥¤²¨É¥²Ö ´¥°É·μ´μ¢ [13].
ˆ ¨³¥´´μ ÔÉ¨ γ-±¢ ´ÉÒ μÉ¢¥É¸É¢¥´´Ò §  ¶μ¤Ñ¥³ Ê·μ¢´Ö ±μ³¶Éμ´μ¢¸±μ° ¶μ¤²μ¦±¨ ¢ ¨¸-
¸²¥¤Ê¥³μ° μ¡² ¸É¨ Ô´¥·£¨°. ‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ μ Éμ³, ¢ ± ±¨Ì ·¥ ±Í¨ÖÌ
¢μ§´¨± ÕÉ Ëμ´μ¢Ò¥ γ-±¢ ´ÉÒ ¸ Ô´¥·£¨Ö³¨, ¶μ¶ ¤ ÕÐ¨³¨ ¢ μ¡² ¸ÉÓ ´ Ï¨Ì ¨´É¥·¥¸μ¢
Eγ = 1,4Ä2,8 ŒÔ‚.
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’ ±¨³ μ¡· §μ³, ¢ ·¥§Ê²ÓÉ É¥ ¨¸¸²¥¤μ¢ ´¨Ö Ëμ´μ¢ÒÌ Ê¸²μ¢¨° ³Ò ¶·¨Ï²¨ ± ¸²¥¤ÊÕ-
Ð¥³Ê § ±²ÕÎ¥´¨Õ: ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥ ¤μ²¦´Ò ´¥ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¨²¨ ¨¸-
¶μ²Ó§μ¢ ÉÓ¸Ö ¶μ ³¨´¨³Ê³Ê É ±¨¥ ³ É¥·¨ ²Ò, ± ± ¸¢¨´¥Í,  ²Õ³¨´¨°, ¶μ²¨ÔÉ¨²¥´, ¦¥²¥§μ.

�Š‘�…�ˆŒ…�’. �…‡“‹œ’�’›

�¥·¢Ò¥ ¸¥ ´¸Ò ¨§³¥·¥´¨° ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ T(4He, γ)7Li ¶μ± § ²¨ ¶·¨-
¸ÊÉ¸É¢¨¥ §´ Î¨É¥²Ó´μ£μ Ëμ´ . ’¨¶¨Î´Ò¥ μ¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ Éμ±  Ê¸±μ·¨É¥²Ö ¨
¨³¶Ê²Ó¸μ¢ ¸ NaI(Tl)-¤¥É¥±Éμ·μ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8,  .

„²Ö Ê³¥´ÓÏ¥´¨Ö Ëμ´μ¢μ° § £·Ê§±¨ ¤¥É¥±Éμ·μ¢ ¡Ò¸É·Ò³¨ ´¥°É·μ´ ³¨ ¨§ ·¥ ±Í¨°
(2)Ä(4) ³¥¦¤Ê ¤¥É¥±Éμ· ³¨ ¨ ³¨Ï¥´ÓÕ ¡Ò²  Ê¸É ´μ¢²¥´  ¤μ¶μ²´¨É¥²Ó´ Ö § Ð¨É  (4,
·¨¸. 2, ¡), ¸Ì¥³  ±μÉμ·μ° ¶μ± § ´  ´  ·¨¸. 9.

� ¸Î¥É ¤ ² μ¸² ¡²¥´¨¥ ¶μÉμ±  ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¢ 2,2 · § . �±¸¶¥·¨³¥´É, ¶·μ¢¥-
¤¥´´Ò° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ´¨Éμ·´μ£μ ¤¥É¥±Éμ·  ´¥°É·μ´μ¢, ¶μ± § ² μ¸² ¡²¥´¨¥ ¶μÉμ± 
´¥°É·μ´μ¢ ¢ 2,1 · § .

„μ¶μ²´¨É¥²Ó´ Ö ¶·μ¡²¥³  ¶·¨ μ¡· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¢μ§´¨± ¥É
¨§-§  ´ ²μ¦¥´¨Ö ¨³¶Ê²Ó¸μ¢ (·¨¸. 8,  , ¡). � ²μ¦¥´¨¥ ¨³¶Ê²Ó¸μ¢ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ
¶·μ£· ³³  μ¡· ¡μÉ±¨ μ¸Í¨²²μ£· ³³ ¶·¨´¨³ ¥É ¤¢  ¨³¶Ê²Ó¸  §  μ¤¨´ ¨³¶Ê²Ó¸ ¡μ²ÓÏμ°
 ³¶²¨ÉÊ¤Ò, ÎÉμ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ³Ê ¨¸± ¦¥´¨Õ · ¸¶·¥¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ¶μ Ô´¥·-
£¨¨. —Éμ¡Ò Ê¸É· ´¨ÉÓ ÔÉÊ ¶·μ¡²¥³Ê, ¡Ò²  · §· ¡μÉ ´  ¶·μ£· ³³  (on-line) μÉ¡· ±μ¢±¨
´ ²μ¦¥´¨Ö ¨³¶Ê²Ó¸μ¢. �¸Í¨²²μ£· ³³  ¸¨£´ ² , § ·¥£¨¸É·¨·μ¢ ´´ Ö Í¨Ë·μ¢Ò³ μ¸Í¨²²μ-
£· Ëμ³, ¶·¥¤¢ ·¨É¥²Ó´μ ¸£² ¦¨¢ ¥É¸Ö £ Ê¸¸μ¢¸±¨³ Ë¨²ÓÉ·μ³ (·¨¸. 8, ¡, ±·¨¢ Ö 1) ¸ ¶ -
· ³¥É· ³¨, μ¡¥¸¶¥Î¨¢ ÕÐ¨³¨ ¶μ²ÊÎ¥´¨¥ ´ ¨²ÊÎÏ¥£μ  ³¶²¨ÉÊ¤´μ£μ · §·¥Ï¥´¨Ö ¸¶¥±É· 
γ-±¢ ´Éμ¢. ‘£² ¦¥´´ Ö μ¸Í¨²²μ£· ³³  ¤¨ËË¥·¥´Í¨·Ê¥É¸Ö (·¨¸. 8, ¡, ±·¨¢ Ö 2), ÎÉμ ¶μ-
§¢μ²Ö¥É · §¤¥²¨ÉÓ ´ ²μ¦¥´´Ò¥ ¨³¶Ê²Ó¸Ò γ-±¢ ´Éμ¢. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É·, ¶μ¸É·μ¥´´Ò°
´  μ¸´μ¢¥ ¶·μ¤¨ËË¥·¥´Í¨·μ¢ ´´μ£μ ¸¨£´ ² , ¨³¥¥É ÌÊ¤Ï¥¥  ³¶²¨ÉÊ¤´μ¥ · §·¥Ï¥´¨¥,
´μ ¶·¨ ÔÉμ³ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶μ²´ Ö ¤¨¸±·¨³¨´ Í¨Ö ´ ²μ¦¥´¨° ¢ Ê¸²μ-
¢¨ÖÌ ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É . �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  (FWHM) ¤²Ö Ô´¥·£¨¨
Eγ = 2,614 ŒÔ‚ μ¶·¥¤¥²¥´μ · ¢´Ò³ ΔE = 6,5% ¢ μÉ²¨Î¨¥ μÉ · §·¥Ï¥´¨Ö ΔE = 5,1%,
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�¨¸. 8.  ) 1 Å μ¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ Éμ±  Ê¸±μ·¨É¥²Ö; 2 Å μ¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ ¸

NaI(Tl)-¤¥É¥±Éμ·μ¢. ¡) �¸Í¨²²μ£· ³³  ¸¨£´ ²μ¢ ¸ NaI-¤¥É¥±Éμ·  (Ë· £³¥´É): 1 Å μ¸Í¨²²μ£· ³³ 
¨¸Ìμ¤´μ£μ ¸¨£´ ² ; 2 Å μ¸Í¨²²μ£· ³³  ¶·μ¤¨ËË¥·¥´Í¨·μ¢ ´´μ£μ ¸¨£´ ² 
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�¨¸. 9. ‘Ì¥³  ¤μ¶μ²´¨É¥²Ó´μ° § Ð¨ÉÒ NaI(Tl)-¤¥É¥±Éμ·μ¢ μÉ ´¥°É·μ´μ¢. 1 Å NaI(Tl)-¤¥É¥±Éμ·Ò;
2 Å ¸²μ° ± ¤³¨Ö (Í¨²¨´¤· ¸ Éμ²Ð¨´μ° ¸É¥´±¨ 0,5 ³³); 3 Å ¸²μ° ´¨É·¨¤  ¡μ·  (Éμ²Ð¨´  ¸²μÖ

¶μ·μÏ±  5 ³³); 4 Å ¸²μ° D2O (Éμ²Ð¨´  ¸²μÖ ÉÖ¦¥²μ° ¢μ¤Ò 35 ³³); Œ Å TiT-³¨Ï¥´Ó

¶μ²ÊÎ¥´´μ£μ ¤μ Í¨Ë·μ¢μ£μ ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö ¸¨£´ ² . Š·μ³¥ Éμ£μ, ¶·μ£· ³³  ¶μ§¢μ-
²Ö¥É ¤¨¸±·¨³¨´¨·μ¢ ÉÓ ¶μÖ¢²¥´¨¥ ¢ ¨³¶Ê²Ó¸¥ Ê¸±μ·¨É¥²Ö ±μ··¥²¨·μ¢ ´´ÒÌ ¢μ ¢·¥³¥´¨
(¸ ÉμÎ´μ¸ÉÓÕ 10 ´¸) ¤¢ÊÌ ¨ ¡μ²¥¥ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨, ¶·¥¢ÒÏ ÕÐ¨³¨ Ô´¥·£¥É¨Î¥¸±¨°
¶μ·μ£, Å Eγ = 0,9 ŒÔ‚. �É¨ γ-±¢ ´ÉÒ ¶μÖ¢²ÖÕÉ¸Ö §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ±μ··¥²¨·μ-
¢ ´´ÒÌ ¢μ ¢·¥³¥´¨ ´¥°É·μ´μ¢ ¸ μ±·Ê¦ ÕÐ¨³¨ ³¨Ï¥´Ó ³ É¥·¨ ² ³¨, ¨ ¢ Éμ³ Î¨¸²¥ ¸
³ É¥·¨ ² ³¨ ¤¥É¥±Éμ·μ¢ NaI(Tl). �¥ ±Í¨¨ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  (n, γ) ¨²¨ ´¥Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö (n, n′γ) Ì · ±É¥·¨§ÊÕÉ¸Ö ¢·¥³¥´ ³¨ ¶μ·Ö¤±  10−12Ä10−14 ¸. ‚¥·μÖÉ´μ¸ÉÓ ¦¥
¶μÖ¢²¥´¨Ö ±μ··¥²¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ T(4He, γ)7Li ´  ¨³¶Ê²Ó¸ Ê¸±μ·¨É¥²Ö
³ ² . �Éμ ³μ¦¥É ¡ÒÉÓ Éμ²Ó±μ ¸²ÊÎ °´μ¥ ¸μ¢¶ ¤¥´¨¥ ¢μ ¢·¥³¥´¨ (¨´É¥·¢ ² 10 ´¸) γ-±¢ ´-
Éμ¢ ¸ Ô´¥·£¨Ö³¨ E0

γ = 2483,7 ±Ô‚ ¨ E1
γ = 2006,1 ±Ô‚. Šμ··¥²¨·μ¢ ´´Ò¥ ¢μ ¢·¥³¥´¨

γ-±¢ ´ÉÒ ¸ Ô´¥·£¨Ö³¨ E1
γ = 2006,1 ±Ô‚ ¨ E2

γ = 477,6 ±Ô‚ ´¥ ¤¨¸±·¨³¨´¨·ÊÕÉ¸Ö, É ± ± ±
E2

γ = 477,6 ±Ô‚ ´ Ìμ¤¨É¸Ö ´¨¦¥ ¶μ·μ£  ·¥£¨¸É· Í¨¨. �·¨ μÍ¥´± Ì ³Ò ¢μ¸¶μ²Ó§μ¢ ²¨¸Ó
Ëμ·³Ê²μ° ƒ ³μ¢  ¤²Ö ¸¥Î¥´¨Ö ¢ ´¥·¥§μ´ ´¸´μ° μ¡² ¸É¨ Ô´¥·£¨°: EGamov = 6735 ±Ô‚ Å
Ô´¥·£¨Ö ƒ ³μ¢  ¤²Ö ·¥ ±Í¨¨ T(4He, γ)7Li Å ¨ É¥³ Ë ±Éμ³, ÎÉμ ¢ ¨³¶Ê²Ó¸¥ Ê¸±μ·¨É¥²Ö
´  É·¨É¨¥¢ÊÕ ³¨Ï¥´Ó ¶ ¤ ¥É ¢ ¸·¥¤´¥³ ∼ 5 · 1014 ¨μ´μ¢ 4He+.

σαt(E) =
Sαt(E)

E
exp

(
−82,067√

E

)
. (5)

‡¤¥¸Ó Sαt(E) = 0,1 ±Ô‚ · ¡ Å Ê¸·¥¤´¥´´Ò° S-Ë ±Éμ·; E = 16,7 ±Ô‚ Å Ô´¥·£¨Ö ·¥ ±Í¨¨
¢ ¸. Í. ³.

’ ±¨³ μ¡· §μ³, ¥Ð¥ Ê¤ ²μ¸Ó Ê³¥´ÓÏ¨ÉÓ Ëμ´ ¢ Î¥ÉÒ·¥ · § , · ¸¶·¥¤¥²¥´¨¥ γ-±¢ ´Éμ¢
¶μ Ô´¥·£¨¨ ¢ ¡μ²ÓÏμ³ ¸¥ ´¸¥ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´μ ´  ·¨¸. 10,  . �μ ¶·¨¢¥¤¥´´μ³Ê ¸¶¥±É-
·Ê ¢¨¤´μ, ÎÉμ ¶·¨³¥´¥´´ÒÌ ³¥· on-line μÉ¡μ·  ¸μ¡ÒÉ¨° ¡Ò²μ ´¥¤μ¸É ÉμÎ´μ, ÎÉμ¡Ò ¢Ò-
¤¥²¨ÉÓ ¨§ Ëμ´  ¨¸±μ³Ò° ¶·μÍ¥¸¸. �μÔÉμ³Ê ¡Ò²μ ·¥Ï¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·Ö³μ° ³¥Éμ¤
¨§³¥·¥´¨Ö ¨ ¢ÒÎ¨É ´¨Ö Ëμ´ , ¢μ§´¨± ÕÐ¥£μ ¢ ·¥§Ê²ÓÉ É¥ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨° ¢§ ¨³μ¤¥°-
¸É¢¨Ö ´¥°É·μ´μ¢ ¸ ³ É¥·¨ ² ³¨, μ±·Ê¦ ÕÐ¨³¨ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê, ¢ ±μÉμ·μ° ´ Ìμ¤¨² ¸Ó
³¨Ï¥´Ó, ¨ NaI(Tl)-¤¥É¥±Éμ· ³¨. Œ¥Éμ¤ ¡Ò² · §· ¡μÉ ´ ´ ³¨ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ·¥ ±Í¨¨
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�¨¸. 10.  ) ‘¶¥±É· γ-±¢ ´Éμ¢, ¶μ²ÊÎ¥´´Ò° ¢ ¸¥ ´¸ Ì ¨§³¥·¥´¨°. ¡) � §´μ¸ÉÓ Ô´¥·£¥É¨Î¥¸±¨Ì

¸¶¥±É·μ¢ γ-±¢ ´Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ £¥²¨¥³ ¨ É·¨É¨¥³

2H(4He, γ)6Li [13]. � · ²²¥²Ó´μ ¸ ´ ¡μ·μ³ ¸É É¨¸É¨±¨ γ-±¢ ´Éμ¢ ¸ ¶μ³μÐÓÕ NaI(Tl)-
¤¥É¥±Éμ·μ¢ ¢μ ¢·¥³Ö ¸¥ ´¸  ¨§³¥·¥´¨° μ¶·¥¤¥²Ö²μ¸Ó ±μ²¨Î¥¸É¢μ ´¥°É·μ´μ¢, § ·¥£¨¸É·¨-
·μ¢ ´´ÒÌ 3He-¤¥É¥±Éμ·μ³. ‡ É¥³ ¢ ¨μ´´μ³ ¨¸ÉμÎ´¨±¥ £ § 4He ¡Ò² § ³¥´¥´ £ §μμ¡· §´Ò³
É·¨É¨¥³ (3H) ¨ ¨§³¥·Ö²¸Ö Ëμ´, ¸μ¶ÊÉ¸É¢ÊÕÐ¨° ·¥ ±Í¨¨ T(4He, γ)7Li, ¢ μÉ¤¥²Ó´μ³ ¸¥-
 ´¸¥ ¨§³¥·¥´¨°. “¸±μ·¥´¨¥ ¨μ´μ¢ 3H+ ¶·μ¨§¢μ¤¨²μ¸Ó ¤μ Ô´¥·£¨¨ 10 ±Ô‚. ‘¥Î¥´¨¥
·¥ ±Í¨¨ T(t, 2n)4He ¶·¨ ÔÉμ° Ô´¥·£¨¨ ¸μ¸É ¢²Ö¥É ∼ 10−30 ¸³2 [26]. „ ´´μ¥ §´ Î¥´¨¥
Ô´¥·£¨¨ ¡Ò²μ ¶·μ¤¨±Éμ¢ ´μ É·¥¡μ¢ ´¨¥³ ´¥ ¤μ¶Ê¸É¨ÉÓ ¶¥·¥£·Ê§±Ê NaI(Tl)-¤¥É¥±Éμ·μ¢
§  ¸Î¥É ·¥£¨¸É· Í¨¨ ¨³¨ ± ± ´¥°É·μ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ T(t, 2n)4He, É ± ¨
γ-±¢ ´Éμ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ (n,γ), (n, n′γ) ¢ ¢¥Ð¥¸É¢ Ì, μ±·Ê¦ ÕÐ¨Ì ³¨Ï¥´Ó.
‚·¥³Ö ¨§³¥·¥´¨Ö ¢ÒÌμ¤  ·¥ ±Í¨¨ T(t, 2n)4He μ¶·¥¤¥²Ö²μ¸Ó ¢·¥³¥´¥³ ´ ¡μ·  ¸É É¨¸É¨±¨
¸μ¡ÒÉ¨° ´¥°É·μ´μ¢ ¤¥É¥±Éμ·μ³ ´¥°É·μ´μ¢ 3He, · ¢´Ò³ ¢·¥³¥´¨ ´ ¡μ·  É ±μ£μ ¦¥ ±μ-
²¨Î¥¸É¢  ´¥°É·μ´μ¢, ± ±μ¥ ¡Ò²μ § ·¥£¨¸É·¨·μ¢ ´μ ¢ ¸¥ ´¸¥ ¨§³¥·¥´¨° ¢ÒÌμ¤  ·¥ ±Í¨¨
T(4He, γ)7Li. �μ¸±μ²Ó±Ê ¸¥Î¥´¨¥ ·¥ ±Í¨¨ T(t, 2n)4He ¡μ²ÓÏμ¥, Éμ ¢·¥³Ö ¨§³¥·¥´¨Ö
Ëμ´ , ¸μμÉ¢¥É¸É¢¥´´μ, ´¥§´ Î¨É¥²Ó´μ¥. �·¨ ÔÉμ³ ¶·μÍ¥¤Ê·  on-line μÉ¡μ·  ¸μ¡ÒÉ¨° ¡Ò² 
É ± Ö ¦¥, ± ± ¨ ¶·¨ ¨§³¥·¥´¨¨ ¢ÒÌμ¤  ·¥ ±Í¨¨ T(4He, γ)7Li. �¥§Ê²ÓÉ É ¢ ¢¨¤¥ · §´μ¸É¨
Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ γ-±¢ ´Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ £¥²¨¥³ ¨ É·¨É¨¥³,
¶·¥¤¸É ¢²¥´ ´  ·¨¸. 10, ¡.

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚. �	‘“†„…�ˆ… �…‡“‹œ’�’�‚

‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¡Ò² ¶μ²ÊÎ¥´ ¢ÒÌμ¤ ·¥ ±Í¨¨ T(4He, γ)7Li
¶·¨ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¨μ´μ¢ £¥²¨Ö 4He+ ¸ É·¨Éμ´ ³¨ 3H, · ¢´μ° 16,7 ±Ô‚ ¢ ¸. Í. ³.
—¥·¥§ ³¨Ï¥´Ó ¡Ò²μ ¶·μ¶ÊÐ¥´μ 1,1 · 1020 α-Î ¸É¨Í. ‚ ·¥§Ê²ÓÉ É¥ ¸É É¨¸É¨Î¥¸±μ° μ¡· -
¡μÉ±¨ ¤ ´´ÒÌ Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ μ¶·¥¤¥²¥´μ · ¢´Ò³ N exp

γ = 71 ± 25.
„²Ö Ê¤μ¡¸É¢  § ¶¨¸¥° ¢ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ μ¡μ§´ Î ÉÓ ¨μ´Ò £¥²¨Ö 4He+ ± ± α-Î ¸É¨ÍÒ,
 Éμ³Ò É·¨É¨Ö 3H ± ± É·¨Éμ´Ò, ·¥ ±Í¨Õ T(4He, γ)7Li ± ± αt-·¥ ±Í¨Õ.

�±¸¶¥·¨³¥´É ²Ó´μ¥ μ¶·¥¤¥²¥´¨¥ §´ Î¥´¨°  ¸É·μË¨§¨Î¥¸±μ£μ Sαt-Ë ±Éμ·  ¨ ÔËË¥±-
É¨¢´μ£μ ¸¥Î¥´¨Ö αt-·¥ ±Í¨¨ ¢ μ¡² ¸É¨  ¸É·μË¨§¨Î¥¸±¨Ì Ô´¥·£¨° μ¸´μ¢ ´μ ´  ¨§³¥·¥´¨¨
¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨ 2,484, 2,006 ŒÔ‚ ¨ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¶ · ³¥É·¨§ Í¨¨
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§ ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¤ ´´μ° ·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö α-Î ¸É¨Í ¸ É·¨Éμ´ ³¨ ¢
¢¨¤¥ [12, 27]:

N tot
γ = Nαεγ

∞∫
0

f(E) dE

∞∫
0

σαt(E′)n(x)
(

dE′

dx

)−1

dE′, (6)

σ(E) =
Sαt(E)

E
exp

(
−β√

E

)
, (7)

¢ ¸²ÊÎ ¥ αt-·¥ ±Í¨¨ β = 2πZ1Z2
√

μ = 31,29Z1Z2
√

μ, £¤¥ β/
√

E Å ¶ · ³¥É· ‡μ³³¥·-
Ë¥²Ó¤ ; Z1, Z2, μ Å § ·Ö¤Ò ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¨ ¶·¨¢¥¤¥´´ Ö ³ ¸¸  ¢§ ¨³μ¤¥°-
¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¢μ ¢Ìμ¤´μ³ ± ´ ²¥ ·¥ ±Í¨¨ ¢ ¥¤¨´¨Í Ì  . ¥. ³.; E Å Ô´¥·£¨Ö ¸Éμ²±-
´μ¢¥´¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸; Sαt(E) Å  ¸É·μË¨§¨Î¥¸±¨° S-Ë ±Éμ· ¤²Ö αt-·¥ ±Í¨¨;
N tot

γ Å ¶μ²´μ¥ Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢; σαt(E) Å ¸¥Î¥´¨¥ αt-·¥ ±Í¨¨;
dE/dx Å Ê¤¥²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ α-Î ¸É¨Í ¢ ³¨Ï¥´¨; n(x) Å ¶²μÉ´μ¸ÉÓ É·¨Éμ´μ¢ ¢
³¨Ï¥´¨ ´  £²Ê¡¨´¥ x; f(E) Å ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ α-Î ¸É¨Í, ¶ ¤ ÕÐ¨Ì ´ 
³¨Ï¥´Ó; εγ Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ αt-·¥ ±Í¨¨; Nα Å Î¨¸²μ α-Î ¸-
É¨Í, ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ³¨Ï¥´Ó. „ ´´ Ö ¶ · ³¥É·¨§ Í¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ T(4He, γ)7Li
¶·¥¤¶μ² £ ¥É ¢§ ¨³μ¤¥°¸É¢¨¥ ®£μ²ÒÌ¯ α-Î ¸É¨Í ¸ É·¨Éμ´ ³¨.

�·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ α-Î ¸É¨Í, ¶ ¤ ÕÐ¨Ì ´  É·¨É¨¥¢ÊÕ
³¨Ï¥´Ó,   É ±¦¥ ±Ê²μ´μ¢¸±¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ α-Î ¸É¨Í ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¨Ì ¸  Éμ³ ³¨ ³¨Ï¥´¨, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö S-Ë ±Éμ·  ¤²Ö αt-·¥ ±Í¨¨ ³μ¦´μ
μ¶·¥¤¥²¨ÉÓ ± ± [12, 27, 28]:

Sαt(E) =

∞∫
E

Sαt(E)P (E) dE = Sαt (Ecol) =
N exp

γ

Nαεγ

∞∫
0

f (E) dE

∞∫
0

e−2πηn(x′)
E′ (E, x′)

dx′

, (8)

£¤¥ 2πη =
β√
E

, P (E) =

e−2πηD(E)

∞∫
E

n(x(E, E′)) f(E′) dE′

∞∫
0

e−2πηD(E) dE

∞∫
E

n(x(E, E′)) f(E′) dE′

, (9)

D(E) = − 1
E

dx

dE
, (10)

Ecol =
∫
E

EP (E) dE, (11)

Sαt(E) = Sαt(Ecol), (12)

£¤¥ N exp
γ Å Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¨§ αt-·¥ ±Í¨¨; n(x′) Å ¶²μÉ´μ¸ÉÓ É·¨-

Éμ´μ¢ ¢ ³¨Ï¥´¨ ´  £²Ê¡¨´¥ x′; E′(Ecm, x′) Å Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö α-Î ¸É¨Í ¸ É·¨Éμ´μ³
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¢ ³¨Ï¥´¨ ´  £²Ê¡¨´¥ x′; P (E) Å ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¢¥·μÖÉ´μ¸É¨ ¸Éμ²±´μ¢¥´¨Ö
α-Î ¸É¨Í ¸ É·¨Éμ´ ³¨ ¸ ¶μ¸²¥¤ÊÕÐ¥° ·¥£¨¸É· Í¨¥° ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¨§ αt-·¥ ±Í¨¨;
Ecol Å Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö α-Î ¸É¨Í ¸ É·¨Éμ´ ³¨, Ê¸·¥¤´¥´´ Ö ¶μ ËÊ´±Í¨¨ · ¸¶·¥¤¥-
²¥´¨Ö P (E).

‚ ·¥§Ê²ÓÉ É¥ ¡Ò²μ ¶μ²ÊÎ¥´μ §´ Î¥´¨¥ Sαt(E)-Ë ±Éμ· :

Sαt(Ecol = 15,7 ±Ô‚) = (0,091 ± 0,032(¸É É.) ± 0,011(¸¨¸É.)) ±Ô‚ · ¡. (13)

‡¤¥¸Ó ®¸É É.¯ μ¡μ§´ Î ¥É ¸É É¨¸É¨Î¥¸±ÊÕ μÏ¨¡±Ê; ®¸¨¸É.¯ Å ¸¨¸É¥³ É¨Î¥¸±ÊÕ μÏ¨¡±Ê.
�μ²´ Ö ¸¨¸É¥³ É¨Î¥¸± Ö μÏ¨¡±  · ¢´  12% ¨ ¸±² ¤Ò¢ ¥É¸Ö ¨§ μÏ¨¡μ± ¢ μ¶·¥¤¥²¥-
´¨¨: ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ Å 8%; ±μ²¨Î¥¸É¢   Éμ³μ¢ É·¨É¨Ö ¢ ³¨Ï¥-
´¨ Å 7 %; ±μ²¨Î¥¸É¢  ¨μ´μ¢ 4He+, ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ³¨Ï¥´Ó, Å 5 %.

� Ï ·¥§Ê²ÓÉ É, ¢³¥¸É¥ ¸μ ¢¸¥³¨ ¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ É ³¨ ¶μ
Sαt-Ë ±Éμ·Ê, ¶·¨¢¥¤¥´ ´  ·¨¸. 11. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ ´ Ï ·¥§Ê²ÓÉ É ¶μ²ÊÎ¥´ ¸ ¡μ²ÓÏμ°
μÏ¨¡±μ° (¨§¢¥¸É´ Ö É·Ê¤´μ¸ÉÓ ¶·¨ ¨§³¥·¥´¨¨ ¢ÒÌμ¤  Ö¤¥·´μ° ·¥ ±Í¨¨ ¢ μ¡² ¸É¨ Ê²ÓÉ· -
´¨§±¨Ì Ô´¥·£¨°), μ´ ¢¸¥-É ±¨ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ´¥±μÉμ·Ò¥ ¢Ò¢μ¤Ò. ‚¨¤´μ, ÎÉμ ´ Ï
·¥§Ê²ÓÉ É ´¥ ¶μ¤¤¥·¦¨¢ ¥É ·¥§Ê²ÓÉ ÉÒ ¢¸¥Ì ´¥¶·Ö³ÒÌ ¨§³¥·¥´¨° (H.Utsunomiya et al.,
Y. Tokimoto et al.). ˆ ´¥ ¶μ¤¤¥·¦¨¢ ¥É μ¤¨´ ·¥§Ê²ÓÉ É ¶·Ö³ÒÌ ¨§³¥·¥´¨° (Schroder et al.),
¢ ±μÉμ·μ³ S-Ë ±Éμ· ¤²Ö Ô´¥·£¨¨ αt-¢§ ¨³μ¤¥°¸É¢¨Ö, · ¢´μ° ´Ê²Õ, ¡Ò² μ¶·¥¤¥²¥´ · ¢´Ò³
Sαt(E = 0) = (0,14 ± 0,02) ±Ô‚ · ¡.

‚ · ¡μÉ Ì Brune et al. [4], Grifˇths et al. [5] S-Ë ±Éμ·Ò ¡Ò²¨ μ¶·¥¤¥²¥´Ò · ¢´Ò³¨
Sαt(E = 0) = (0,1067 ± 0,0064) ±Ô‚ · ¡, Sαt(E = 0) = (0,064 ± 0,016) ±Ô‚ · ¡ ¸μμÉ¢¥É-
¸É¢¥´´μ, ¨ ´ Ï ·¥§Ê²ÓÉ É ¨³ ´¥ ¶·μÉ¨¢μ·¥Î¨É. —Éμ ± ¸ ¥É¸Ö É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢, Éμ
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Burzyn’ski et al. (1987)
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Brune et al. (1994)
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Our result (2016)

�¨¸. 11. �¸É·μË¨§¨Î¥¸±¨° S-Ë ±Éμ· ¤²Ö ·¥ ±Í¨¨ T(4He, γ)7Li. �¥§Ê²ÓÉ ÉÒ ¶·Ö³ÒÌ ¨§³¥·¥´¨°:
É¥³´Ò¥ É·¥Ê£μ²Ó´¨±¨ Å Grifˇths et al. [5]; É¥³´Ò¥ ±¢ ¤· ÉÒ Å Burzyn'ski et al. [6]; ¸¢¥É²Ò¥

±¢ ¤· ÉÒ Å Schroder et al. [7]; É¥³´Ò¥ ±·Ê¦±¨ Å Brune et al. [4]. �¥§Ê²ÓÉ ÉÒ ´¥¶·Ö³ÒÌ ¨§³¥·¥´¨°:
¸¢¥É²Ò¥ ±·Ê¦±¨ Å H.Utsunomiya et al. [8]; ¸¢¥É²Ò¥ É·¥Ê£μ²Ó´¨±¨ Å Y. Tokimoto et al. [9]
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· ¸Î¥É [29] ¤ ¥É Sαt(E = 0) = 0,098 ±Ô‚ · ¡, · ¸Î¥É [30] Å Sαt(E = 0) = 0,1 ±Ô‚ · ¡,
· ¸Î¥É [31] Å Sαt(E = 0) = 0,1 ±Ô‚ · ¡, · ¸Î¥É [32] Å Sαt(E = 0) = 0,0974 ±Ô‚ · ¡, ÎÉμ
¶·¥±· ¸´μ ¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ É ³¨ [4] ¨ ¸ ´ Ï¨³ ·¥§Ê²ÓÉ Éμ³.

‡�Š‹
—…�ˆ…

‚¶¥·¢Ò¥ ¢Ò¶μ²´¥´ Ô±¸¶¥·¨³¥´É, Í¥²ÓÕ ±μÉμ·μ£μ Ö¢²Ö²μ¸Ó ¨§³¥·¥´¨¥ Sαt-Ë ±Éμ· 
·¥ ±Í¨¨ T(4He, γ)7Li ¶·¨ Ô´¥·£¨¨, ³¨´¨³ ²Ó´μ° ¤²Ö 3HÄ4He-¸¨¸É¥³Ò. �μ²ÊÎ¥´´μ¥ ´ ³¨
§´ Î¥´¨¥  ¸É·μË¨§¨Î¥¸±μ£μ Sαt-Ë ±Éμ·  ¶·¨ Ô´¥·£¨¨ Ecm = Ecol = 15,7 ±Ô‚ Sαt(Ecm =
15,7 ±Ô‚) = 0,091± 0,032 ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¡μ· ¢ ¶μ²Ó§Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ,
¶μ²ÊÎ¥´´ÒÌ ¢ [4] ¸ Sαt(E = 0) = (0,1067± 0,0064) ±Ô‚ · ¡.

� ¡μÉ  ¶μ¤¤¥·¦ ´  �μ¸¸¨°¸±¨³ Ëμ´¤μ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (£· ´É �””ˆ
º14-22-03039- ), £· ´Éμ³ ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö ¶· ¢¨É¥²Ó¸É¢  �μ²ÓÏ¨ ¢ �¡Ñ¥¤¨-
´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°.
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