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

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶¥·¢µ° ¶µ¶ÒÉ±¨ ¶µ¨¸±  ¤¨´¥°É·µ´  ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨ É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢ ¸ ¤¥°É·µ´ ³¨. ˆ§³¥·¥´¨Ö ¸¤¥² ´Ò ´  ´¥°É·µ´´µ³ ± ´ ²¥ ·¥ ±Éµ·  ˆ��-2. Œ¥Éµ¤ ¨§³¥-
·¥´¨° § ±²ÕÎ ²¸Ö ¢ ¶µ¨¸±¥ ¶·µÉµ´µ¢, ¢µ§´¨± ÕÐ¨Ì ¢ ·¥§Ê²ÓÉ É¥ ·¥ ±Í¨¨ n + d → 2n + p. ” ±É
·¥£¨¸É· Í¨¨ ¶·µÉµ´  ¤µ± §Ò¢ ² ¡Ò ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¨´¥°É·µ´ ,   ¥£µ Ô´¥·£¨Ö ¸¢Ö§ ´  ¸ Ô´¥·£¨¥°
¸¢Ö§¨ ¤¨´¥°É·µ´ . „²Ö ·¥£¨¸É· Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨¸¶µ²Ó§µ¢ ²¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´Ò° ¸Î¥ÉÎ¨±,
´ ¶µ²´¥´´Ò° D2 (¶·¨ P = 1,5  É³), Ar (¶·¨ P = 0,5  É³) ¨ 3He (¶·¨ P = 10−2 Éµ··). ‚
·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ¶µ²ÊÎ¥´  ¢¥·Ì´ÖÖ µÍ¥´±  ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ¤¨´¥°É·µ´  (¸ Ô´¥·£¨¥° ¸¢Ö§¨
¤¨´¥°É·µ´  B2 ¢ ¨´É¥·¢ ²¥ 2,67 < B2 < 3,01 ŒÔ‚) σ(n + d → 2n + p) < 0,2 ³¡.

A ˇrst attempt to search for the dineutron in the interaction of thermal neutrons with deuterons is
presented. Measurements were carried out at a neutron channel of the IBR-2 reactor. The measuring
method consists in searching for protons, which can appear as a result of the reaction n + d → 2n + p.
The fact of the registration will prove existence of the dineutron and its energy is connected with the
dineutron binding energy. A proportional counter ˇlled by D2 (at P = 1.5 atm), Ar (at P = 0.5 atm)
and 3He (at P = 10−2 Torr) was used to detect charged particles. An estimation for cross-section (with
the dineutron binding energy B2 in the interval 2.67 < B2 < 3.01 MeV) σ(n+ d → 2n + p) < 0.2 mb
is obtained.

‚‚…„…�ˆ…

•µÉÖ ¶µ¨¸± ³ ¤¨´¥°É·µ´  ¡Ò²¨ ¶µ¸¢ÖÐ¥´Ò ¤¥¸ÖÉ±¨ · ¡µÉ, ¶·µ¡²¥³  ¥£µ ¸ÊÐ¥¸É¢µ-
¢ ´¨Ö ´¥ ·¥Ï¥´  µ±µ´Î É¥²Ó´µ. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶µÖ¢¨²¸Ö ·Ö¤ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
· ¡µÉ, ±µÉµ·Ò¥ ³µ¦´µ É· ±Éµ¢ ÉÓ ± ± ¶·Ö³Ò¥ ¨²¨ ±µ¸¢¥´´Ò¥ Ê± § ´¨Ö ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥
¤¨´¥°É·µ´ .

	¥°É·µ´-´¥°É·µ´´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¢µ§³µ¦´µ Éµ²Ó±µ ¢ ¸¨´-
£²¥É´µ³ ¸µ¸ÉµÖ´¨¨ [1, 2]. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ 1S0-¸µ¸ÉµÖ´¨¨ ¶µ´¨³ ¥É¸Ö
± ± ¶·µÖ¢²¥´¨¥ ¢¨·ÉÊ ²Ó´µ£µ Ê·µ¢´Ö, ÌµÉÖ Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¥£µ ´¥ Ö¸¥´. �µ²ÓÏ¨´¸É¢µ
¸¶¥Í¨ ²¨¸Éµ¢ Ê¢¥·¥´µ, ÎÉµ ¤¥°É·µ´ É ±¦¥ ´¥ ¨³¥¥É ¸¢Ö§ ´´µ£µ ¸¨´£²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö,
µ¤´ ±µ ÔÉµÉ ¢µ¶·µ¸ ¤µ ¸¨Ì ¶µ· ´¥ ¨¸¸²¥¤µ¢ ´ Ô±¸¶¥·¨³¥´É ²Ó´µ. 	¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ,
ÎÉµ ¸ÊÐ¥¸É¢ÊÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ê± § ´¨Ö ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥ ·¥§µ´ ´¸  ¶·¨ ´¨§±µ°
Ô´¥·£¨¨ ¢ ¶·µÉµ´-¶·µÉµ´´µ³ · ¸¸¥Ö´¨¨ [3]. ‚ ¸¨²Ê ¶·¨´Í¨¶  ¨§µÉµ¶¨Î¥¸±µ° ¨´¢ ·¨-
 ´É´µ¸É¨ ¤µ²¦´µ ¸ÊÐ¥¸É¢µ¢ ÉÓ ±¢ §¨¸É Í¨µ´ ·´µ¥ ¸µ¸ÉµÖ´¨¥ ¶·¨¡²¨§¨É¥²Ó´µ ¸ É ±µ° ¦¥
³ ¸¸µ° ¢ ¸¨¸É¥³ Ì np ¨ nn.

‚ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ³Ò ¶µ¶ÒÉ ¥³¸Ö ¶µ± § ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¨´¥°É·µ´  ´¥
¶·µÉ¨¢µ·¥Î¨É ´¨± ±¨³ Ë¨§¨Î¥¸±¨³ § ±µ´ ³ ¸µÌ· ´¥´¨Ö ¨ É¥µ·¥É¨Î¥¸±¨³ ³µ¤¥²Ö³, ¨
¶·¥¤¸É ¢¨³ ·¥§Ê²ÓÉ ÉÒ ¶¥·¢µ° ¶µ¶ÒÉ±¨ ¶µ¨¸±  ¤¨´¥°É·µ´  ¢ ·¥ ±Í¨¨ § Ì¢ É  É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢ ¤¥°É·µ´ ³¨. �É¨ ¢µ¶·µ¸Ò µ¡¸Ê¦¤ ÕÉ¸Ö É ±¦¥ ¢ · ¡µÉ Ì [4, 5].
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…¸²¨ ¤¨´¥°É·µ´ ¸ÊÐ¥¸É¢Ê¥É, Éµ ¢µ§´¨± ¥É ¢µ¶·µ¸ µ ¥£µ · ¸¶ ¤¥. ‚µ§³µ¦´ Ö Ô´¥·£¨Ö
¸¢Ö§¨ ¤¨´¥°É·µ´  ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  ¨§ Ê¸²µ¢¨Ö β-· ¸¶ ¤  ¤¨´¥°É·µ´  ´  ¤¥°É·µ´,
Ô²¥±É·µ´ ¨  ´É¨´¥°É·¨´µ.

‘µµÉ´µÏ¥´¨¥ ³¥¦¤Ê ³ ¸¸ ³¨ ´Ê±²µ´´ÒÌ ¶ · (pp, np, nn) ¶µ± § ´µ ´  ·¨¸. 1.
Œ ¸¸  ´¥°É·µ´  ¡µ²ÓÏ¥ ³ ¸¸Ò ¶·µÉµ´  ´  1,296 ŒÔ‚. 	¥°É·µ´ ¨ ¶·µÉµ´ µ¡· §ÊÕÉ

¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ Å ¤¥°É·µ´ ¸ Ô´¥·£¨¥° ¸¢Ö§¨ Bd = 2,224 ŒÔ‚, ¶µ²´Ò³ ¸¶¨´µ³ ¨
Î¥É´µ¸ÉÓÕ J = 1+ ¨ ¨§µÉµ¶¨Î¥¸±¨³ ¸¶¨´µ³ T = 0 [2].

ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ ¨ Ê¸²µ¢¨Ö

m(2n) = 2mn−B2 > md + me = mn + mp − Bd + me, (1)

£¤¥ md Å ³ ¸¸  ¤¥°É·µ´  ¨ me Å ³ ¸¸  Ô²¥±É·µ´ , ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢¥·Ì´ÕÕ µÍ¥´±Ê
¤²Ö Ô´¥·£¨¨ ¸¢Ö§¨ ¤¨´¥°É·µ´  B2:

B2 = 2mn − m(2n) ≤ mn − mp + Bd − me = 3,01 ŒÔ‚. (2)

‚¶¥·¢Ò¥, ¢¨¤¨³µ, ÔÉ  µÍ¥´±  ¡Ò²  ¶µ²ÊÎ¥´  ¢ · ¡µÉ¥ [6].

�¨¸. 1. Œ ¸¸Ò ´Ê±²µ´´ÒÌ ¶ · ¢ Ô´¥·-

£¥É¨Î¥¸±µ° Ï± ²¥

� ¸¸³µÉ·¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¡µÉÒ, ¶µ¸¢Ö-
Ð¥´´Ò¥ µ¡¸Ê¦¤ ¥³µ° É¥³¥. �¡§µ· ´¥±µÉµ·ÒÌ · ¡µÉ,
¶µ¸¢ÖÐ¥´´ÒÌ ¶µ¨¸± ³ ¤¨´¥°É·µ´ , ³µ¦´µ ´ °É¨
¢ [7, 8]. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶µÖ¢¨²¸Ö Í¥²Ò° ·Ö¤
´µ¢ÒÌ · ¡µÉ. �¢Éµ·Ò · ¡µÉÒ [3], ¨§ÊÎ Ö pp-¢§ ¨-
³µ¤¥°¸É¢¨¥ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨, µ¡´ ·Ê¦¨²¨ ·¥-
§µ´ ´¸ ¨ µ¶·¥¤¥²¨²¨ ¥£µ ¶µ²µ¦¥´¨¥ 0,4 ŒÔ‚ ¨ Ï¨-
·¨´Ê 0,15 ŒÔ‚. ‘²¥¤ÊÖ ¶·¨´Í¨¶Ê § ·Ö¤µ¢µ° ¨´-
¢ ·¨ ´É´µ¸É¨, ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤, ÎÉµ ¢ np- ¨
nn-¢§ ¨³µ¤¥°¸É¢¨¨ ¤µ²¦´Ò ¶·µÖ¢²ÖÉÓ¸Ö ·¥§µ´ ´¸Ò
¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ ¶µ·µ£  · §¢ ² . ˆÌ ¶µ²µ¦¥´¨¥
¶µ± § ´µ ¶Ê´±É¨·µ³ ´  ·¨¸. 1.

‚ · ¡µÉ¥ [9] ¨§ÊÎ ²¨¸Ó · ¸¶ ¤Ò Ö¤¥· 6He, 6Li, 6Be ¨§ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸µ
¸¶¨´µ³ 2+. ˆ§³¥·Ö²¨¸Ó ¸¶¥±É·Ò α-Î ¸É¨Í. ‚ ¸²ÊÎ ¥ 6He ¨ 6Li ¢ ¸¶¥±É· Ì ¡Ò²¨ µ¡´ -
·Ê¦¥´Ò Ê§±¨¥ ¶¨±¨, ÎÉµ Ê± §Ò¢ ¥É ´  · ¸¶ ¤ ´  ¤¢¥ Î ¸É¨ÍÒ: 4He ¨ nn- ¨²¨ np-¶ ·Ê
¸µµÉ¢¥É¸É¢¥´´µ. �µ¶ÒÉ±¨ µ¶¨¸ ÉÓ ÔÉ¨ ¶¨±¨ ± ± ¶·µÖ¢²¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¤¢ÊÌ ´Ê±²µ-
´µ¢ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¶·¨¢µ¤ÖÉ ± µ£·µ³´Ò³ ¤²¨´ ³ · ¸¸¥Ö´¨Ö (¶µ·Ö¤±  50Ä100 Ë³).
�É¨ ·¥§Ê²ÓÉ ÉÒ ³µ¦´µ ¶µ´ÖÉÓ, ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ · ¸¶ ¤Ò ´  α-Î ¸É¨ÍÊ ¨ ¸¨´£²¥É´Ò°
¤¥°É·µ´ (¢ ¸²ÊÎ ¥ 6Li) ¨ α-Î ¸É¨ÍÊ ¨ ¤¨´¥°É·µ´ (¢ ¸²ÊÎ ¥ 6He). 	¥µ¡Ìµ¤¨³µ ¶µ¤Î¥·±´ÊÉÓ,
ÎÉµ ÔÉµÉ ¢Ò¢µ¤ Ö¢²Ö¥É¸Ö ¶·Ö³Ò³ ¸²¥¤¸É¢¨¥³ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸ .

„²Ö ¶µ¨¸±  ´¥°É· ²Ó´ÒÌ Î ¸É¨Í Î ¸Éµ ¶·¨³¥´ÖÕÉ  ±É¨¢ Í¨µ´´ÊÕ ³¥Éµ¤¨±Ê. ‘ÊÉÓ
¥¥ § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¨¸¸²¥¤Ê¥É¸Ö ´ ¢¥¤¥´´ Ö  ±É¨¢´µ¸ÉÓ, ±µÉµ· Ö ¶µÖ¢²Ö¥É¸Ö ¶·¨
§ Ì¢ É¥ ± ±¨³-²¨¡µ ¸É ¡¨²Ó´Ò³ ¨§µÉµ¶µ³ ´¥°É· ²Ó´µ° Î ¸É¨ÍÒ. ‚ Ô±¸¶¥·¨³¥´É¥ ³¥¦¤Ê
¨¸ÉµÎ´¨±µ³ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¨ ¤¥É¥±Éµ·µ³ ¶µ³¥Ð ÕÉ ¤µ¸É ÉµÎ´µ Éµ²¸ÉÒ° Ë¨²ÓÉ·,
±µÉµ·Ò° ¶µ£²µÐ ¥É ¢¸¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ, ´µ ¶·µ¶Ê¸± ¥É ´¥°É· ²Ó´Ò¥. „¥É· § ¢ · ¡µÉ¥
[10] ¨§³¥·Ö²  ±É¨¢´µ¸ÉÓ, ¢µ§´¨± ÕÐÊÕ ¶µ¸²¥ ¡µ³¡ ·¤¨·µ¢±¨ 235U ¶·µÉµ´ ³¨ ¸ Ô´¥·£¨¥°
24 ƒÔ‚, ¨ ¶·¨Ï¥² ± ¢Ò¢µ¤Ê µ¡ ¨¸¶Ê¸± ´¨¨ ´¥°É· ²Ó´ÒÌ Ö¤¥·. „¥É¥±Éµ·µ³ ´¥°É· ²Ó´ÒÌ
Ö¤¥· ¸²Ê¦¨²  ·¥ ±Í¨Ö § Ì¢ É  ¤¢ÊÌ ´¥°É·µ´µ¢:

2n + 70Zn → 72Zn.
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‚ ¶µ¸²¥¤ÊÕÐ¥³ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶µ¤¢¥·£´ÊÉÒ ±·¨É¨±¥, ´µ ´¥ ¢ µÉ´µÏ¥´¨¨ ¤¨-
´¥°É·µ´ .

„. ‚. �²¥±¸ ´¤·µ¢ ¨ ¤·. [11] ¨§ÊÎ ²¨ ¨¸¶Ê¸± ´¨¥ ´¥°É· ²Ó´ÒÌ Ö¤¥· ¢ ¸¶µ´É ´´µ³
¤¥²¥´¨¨. �´¨ ¨¸¶µ²Ó§µ¢ ²¨ ¢ ± Î¥¸É¢¥ ¨¸ÉµÎ´¨±  252Cf ¨´É¥´¸¨¢´µ¸ÉÓÕ 107 ¤¥²¥´¨° ¢
¸¥±Ê´¤Ê. �±É¨¢ Éµ·µ³ ¸²Ê¦¨²¨ µ¡· §ÍÒ 26Mg ¢¥¸µ³ µÉ 0,1 ¤µ 6 £, · ¸¶µ² £ ¢Ï¨¥¸Ö ´ 
· ¸¸ÉµÖ´¨¨ 3 ³³ µÉ ¨¸ÉµÎ´¨± . �¤´µ µ¡²ÊÎ¥´¨¥ ¤²¨²µ¸Ó 40Ä48 Î ¸µ¢. �·¥¤¶µ² £ ²µ¸Ó,
ÎÉµ ¢ ·¥ ±Í¨¨ 26Mg (kn, (k−2)n)28Mg ¤µ²¦¥´ µ¡· §µ¢ ÉÓ¸Ö ´¥¸É ¡¨²Ó´Ò° ¨§µÉµ¶ 28Mg ¸
¶µ¸²¥¤ÊÕÐ¨³ · ¸¶ ¤µ³ ¢ 28Al ¨ 28Si. γ-±¢ ´ÉÒ ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò³
¤¥É¥±Éµ·µ³ ¨§ ¸¢¥·ÌÎ¨¸Éµ£µ £¥·³ ´¨Ö µ¡Ñ¥³µ³ 120 ¸³3. ‚ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨°  ¢Éµ·Ò
· ¡µÉÒ ¶µ²ÊÎ¨²¨ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¢¥·µÖÉ´µ¸ÉÓ ¨¸¶Ê¸± ´¨Ö ¤¨´¥°É·µ´  10−7 ´  µ¤¨´
 ±É ¤¥²¥´¨Ö. ‚ ¤¥²¥´¨¨ ¢¥·µÖÉ´µ¸ÉÓ ¨¸¶Ê¸± ´¨Ö ¤¨´¥°É·µ´  µÎ¥´Ó ³ ² , ¶µ¸±µ²Ó±Ê µ´ 
¸¨²Ó´µ § ¢¨¸¨É µÉ · §´µ¸É¨ ³¥¦¤Ê § ·Ö¤µ³ ¨¸¶Ê¸± ¥³µ° Î ¸É¨ÍÒ ¨ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³
§´ Î¥´¨¥³ § ·Ö¤ , ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ³ ±¸¨³Ê³Ê ¢ § ·Ö¤µ¢µ³ · ¸¶·¥¤¥²¥´¨¨ µ¸±µ²±µ¢.

“± § ´¨Ö ´  ¨¸¶Ê¸± ´¨¥ ´¥°É· ²Ó´ÒÌ Ö¤¥· ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ · ¡µÉ¥ [12].
‘¥É ¨ � ·±¥· ¨§ÊÎ ²¨ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥§µ´µ¢ ¸ Ö¤· ³¨ 6Li ¨ 9Be [13]. ‚ Ô±¸¶¥·¨-

³¥´É¥ ¨§³¥·Ö²¨¸Ó ¸¶¥±É·Ò ³¥§µ´µ¢ ¨ ¶·µÉµ´µ¢, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¸²¥¤ÊÕÐ¨Ì
·¥ ±Í¨°:

a) 6Li(π−, π+)6H; ¡) 9Be(π−, p)8He; ¢) 6Li(π−, p)5H.

ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¶·¨ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì ³¥§µ´µ¢ 220 ŒÔ‚ (¤²Ö ·¥ ±Í¨¨ (a)) ¨
125 ŒÔ‚ (·¥ ±Í¨¨ (¡) ¨ (¢)). Šµ´¥Î´Ò³ ¶·µ¤Ê±Éµ³ ¢¸¥Ì É·¥Ì ·¥ ±Í¨° Ö¢²ÖÕÉ¸Ö ´¥¸É -
¡¨²Ó´Ò¥ Ö¤· . ‚ÒÌµ¤ ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í ¢ § ¢¨¸¨³µ¸É¨ µÉ ÔËË¥±É¨¢´µ° ³ ¸¸Ò §´ -
Î¨É¥²Ó´µ ²ÊÎÏ¥ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ µ¡· -
§µ¢ ´¨¥ ¤¨´¥°É·µ´ . �´¥·£¨Ö ¸¢Ö§¨ ¤¨´¥°É·µ´  ¶·¥¤¶µ² £ ² ¸Ó · ¢´µ° ´Ê²Õ.

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¡µ²ÓÏµ° ¨´É¥·¥¸ ¢Ò§Ò¢ ÕÉ Ô±¸¶¥·¨³¥´ÉÒ ¸ · ¤¨µ ±É¨¢´Ò³¨ ¶ÊÎ-
± ³¨. ‚ · ¡µÉ¥ [14] ¨¸¸²¥¤µ¢ ²µ¸Ó Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ · ¸¸¥Ö´¨Ö 6He ´  4He. �¥§Ê²Ó-
É ÉÒ ¶µ± §Ò¢ ÕÉ, ÎÉµ ¸ ¡µ²ÓÏµ° ¢¥·µÖÉ´µ¸ÉÓÕ ¶·µÍ¥¸¸ ¨¤¥É ¸ ¶¥·¥¤ Î¥° ¤¢ÊÌ ´¥°É·µ´µ¢.
�¢Éµ·Ò · ¡µÉÒ ¤¥² ÕÉ ¢Ò¢µ¤, ÎÉµ ¤¨´¥°É·µ´ ¸ÊÐ¥¸É¢Ê¥É ¢ ¸¢Ö§ ´´µ³ ¸µ¸ÉµÖ´¨¨ ¢ Ö¤·¥
6He. �ÉµÉ Ë ±É É ±¦¥ ³µ¦´µ ¸Î¨É ÉÓ Ê± § ´¨¥³ ´  ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¨´¥°É·µ´  ¢ ¸¢µ¡µ¤-
´µ³ ¸µ¸ÉµÖ´¨¨.

ˆ´É¥·¥¸´µ É ±¦¥ µÉ³¥É¨ÉÓ · ¡µÉÊ [20], ¢ ±µÉµ·µ° ¤¥² ¥É¸Ö ¶µ¶ÒÉ±  µ¡ÑÖ¸´¨ÉÓ ±µ¸-
³µË¨§¨Î¥¸±¨¥ ¶·µÍ¥¸¸Ò µ¡· §µ¢ ´¨Ö · ¤¨µ ±É¨¢´ÒÌ ¨§µÉµ¶µ¢ £¥·³ ´¨Ö ¸ ¶µ³µÐÓÕ ¤¨-
´¥°É·µ´´µ£µ · ¸¶ ¤  Ö¤¥· ¶µ¸²¥ § Ì¢ É  ¨³¨ ´¥°É·¨´µ.

’ ±¨³ µ¡· §µ³, ¸ÊÐ¥¸É¢Ê¥É ·Ö¤ Ô±¸¶¥·¨³¥´Éµ¢, ¢ ±µÉµ·ÒÌ ¶µ²ÊÎ¥´Ò Ê± § ´¨Ö ´ 
¸ÊÐ¥¸É¢µ¢ ´¨¥ ¤¨´¥°É·µ´ . �¤´ ±µ ¤µ ¸¨Ì ¶µ· ´¥ Ö¸´µ, ± ±µ¢  ¢¥²¨Î¨´  ¥£µ Ô´¥·£¨¨
¸¢Ö§¨.
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„¨´¥°É·µ´ ³µ¦¥É ¡ÒÉÓ µ¡´ ·Ê¦¥´ ¢ ·¥ ±Í¨¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ ¤¥°É·µ´ ³¨:

n + d → 2n + p. (3)

ˆ¤¥Ö Ô±¸¶¥·¨³¥´É  ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ÔÉµ° ·¥ ±Í¨¨ ¢¶¥·¢Ò¥ µ¡¸Ê¦¤ ¥É¸Ö ¢ · ¡µÉ¥ [15].
�·¥¤² £ ²µ¸Ó ¨¸± ÉÓ ¸± Îµ± ¢ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö ¢¡²¨§¨ ¶µ·µ£  · §¢ ²  ¤¥°É·µ´ , ¢Ò§¢ ´-
´Ò° µ¡· §µ¢ ´¨¥³ ¤¨´¥°É·µ´ . Š ± ¨§¢¥¸É´µ, · ¸¸¥Ö´¨¥ ´¥°É·µ´µ¢ ¤¥°É·µ´ ³¨ ³µ¦¥É
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¶·µ¨¸Ìµ¤¨ÉÓ ¸ ¶µ²´Ò³ ¸¶¨´µ³ 1/2 ¨²¨ 3/2. ‚ Éµ ¢·¥³Ö ´¥ ¡Ò² ¨§¢¥¸É¥´ ¨¸É¨´´Ò° ´ ¡µ·
¤²¨´ · ¸¸¥Ö´¨Ö ¤²Ö ¸¨¸É¥³Ò n + d. �¢Éµ·Ò · ¡µÉÒ [15] ¨¸¶µ²Ó§µ¢ ²¨ ¢ ¸¢µ¨Ì · ¸Î¥É Ì
¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ad(J = 1/2) = 8,26 Ë³; aq(J = 3/2) = 2,6 Ë³. ’ ± ± ± ¤¨´¥°É·µ´
¤µ²¦¥´ ¨³¥ÉÓ ´Ê²¥¢µ° ¸¶¨´, ·¥ ±Í¨Ö (3) ¢µ§³µ¦´  Éµ²Ó±µ ¢ ¤Ê¡²¥É´µ³ ¸µ¸ÉµÖ´¨¨. � ¸Î¥É
¡Ò² ¶·¨¢¥¤¥´ ¤²Ö É·¥Ì §´ Î¥´¨° Ô´¥·£¨¨ ¸¢Ö§¨ ¤¨´¥°É·µ´ : 50, 150 ¨ 300 ±Ô‚. �Ò²µ
¶µ± § ´µ, ÎÉµ ¢ ¸²ÊÎ ¥ µ¡· §µ¢ ´¨Ö ¤¨´¥°É·µ´  ¢ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö ¤µ²¦´  ¶·µÖ¢²ÖÉÓ¸Ö
¸ÉÊ¶¥´Ó±  ¶µ·Ö¤±  10Ä15 % ¶·¨ ¶µ²´µ³ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö ¶µ·Ö¤±  2 ¡. ‚¶µ¸²¥¤¸É¢¨¨,
¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ¸ ¶µ²Ö·¨§µ¢ ´´Ò³¨ ´¥°É·µ´ ³¨ ¨ ¶µ²Ö·¨§µ¢ ´´µ° ¤¥°É·µ´´µ°
³¨Ï¥´ÓÕ, ¢ÒÖ¸´¨²µ¸Ó, ÎÉµ ¢¥·¥´ ¤·Ê£µ° ´ ¡µ· ¤²¨´ · ¸¸¥Ö´¨Ö (ad = 0,65; aq = 6,35 Ë³
[16], ¸³. É ±¦¥ [17]) ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¸± Îµ± ¢ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥,
¶µ¸±µ²Ó±Ê · ¸¸¥Ö´¨¥ ¢ ¤Ê¡²¥É´µ³ ¸µ¸ÉµÖ´¨¨ §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ ¢ ±¢ ·É¥É´µ³.
�Í¥´±  ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ¤¨´¥°É·µ´  ¸ Ô´¥·£¨¥° ¸¢Ö§¨ 300 ±Ô‚ ¤ ¥É ¢¥²¨Î¨´Ê ¶µ-
·Ö¤±  10 ³¡.

�¥·¢ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶µ¶ÒÉ±  ¶µ¨¸±  ¤¨´¥°É·µ´  ¢ ·¥ ±Í¨¨ n+d → n+d ¡Ò² 
¸¤¥² ´  ƒ² §£µ ¨ ”µ¸É¥·µ³ [18]. �´¨ ¨§³¥·¨²¨ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¢ Ô´¥·£¥É¨Î¥¸±µ³
¨´É¥·¢ ²¥ 2,25Ä15 ŒÔ‚ (¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥) ¸ ÉµÎ´µ¸ÉÓÕ 1,2Ä5,6 % ¨ ¶µ²ÊÎ¨²¨
¢¥·Ì´¨° ¶·¥¤¥² µ¡· §µ¢ ´¨Ö ¤¨´¥°É·µ´  100Ä1000 ³±¡.

�µ¨¸± ¤¨´¥°É·µ´  ¢ ·¥ ±Í¨¨ (3) ³µ¦´µ µ¸ÊÐ¥¸É¢¨ÉÓ, ·¥£¨¸É·¨·ÊÖ ¶·µÉµ´. �´¥·£¨Ö
¶·µÉµ´  ¸¢Ö§ ´  ¸ Ô´¥·£¨¥° ´ ²¥É ÕÐ¥£µ ´¥°É·µ´  ¨ § ¢¨¸¨É µÉ B2:

Ep = 2/3(B2 − Bd + En). (4)

…¸²¨ Ô´¥·£¨Ö ¸¢Ö§¨ ¤¨´¥°É·µ´  ¤µ¸É ÉµÎ´µ ¢¥²¨± , ·¥ ±Í¨Ö (3) ¢µ§³µ¦´  ¸ É¥¶²µ¢Ò³¨
´¥°É·µ´ ³¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ Ô´¥·£¨Ö ¶·µÉµ´  ³µ¦¥É ¤µ¸É¨£ ÉÓ ¢¥²¨Î¨´Ò 0,53 ŒÔ‚ (¥¸²¨
B2 = 3 ŒÔ‚).

ˆ¤¥Ö Ô±¸¶¥·¨³¥´É  ¸µ¸Éµ¨É ¢ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤¥°É¥·¨Ö ¢ ± Î¥¸É¢¥ ³¨Ï¥´¨ ¢´ÊÉ·¨
¸Î¥ÉÎ¨±  ¤²Ö ¤¥É¥±É¨·µ¢ ´¨Ö ¶·µÉµ´ . ‚ ± Î¥¸É¢¥ ¸É ´¤ ·É  ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¨§µÉµ¶
¸ Ìµ·µÏµ ¨§¢¥¸É´Ò³ ¸¥Î¥´¨¥³ § Ì¢ É , ´ ¶·¨³¥· 3He. —¨¸²µ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¶·µ-
Éµ´µ¢, ¶µÖ¢¨¢Ï¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ·¥ ±Í¨¨ (3), ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´µ ¸µ£² ¸´µ ¸²¥¤ÊÕÐ¥°
Ëµ·³Ê²¥:

Np = Φnndσdtε, (5)

£¤¥ Φn Å ¶µÉµ± ´¥°É·µ´µ¢; nd Å Î¨¸²µ ¤¥°É·µ´µ¢ ¢ ³¨Ï¥´¨; t Å ¢·¥³Ö ¨§³¥·¥´¨° ¨
ε Å ÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ· . ‘¥Î¥´¨¥ ¨¸¸²¥¤Ê¥³µ° ·¥ ±Í¨¨ µ¡µ§´ Î¥´µ ± ± σd.

�´ ²µ£¨Î´µ¥ ¢Ò· ¦¥´¨¥ ³µ¦´µ ´ ¶¨¸ ÉÓ ¤²Ö Î¨¸²  ¶·µÉµ´µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢ ·¥-
§Ê²ÓÉ É¥ ·¥ ±Í¨¨ n+3He → T + p:

N3 = Φnn3σ3tε. (6)

ˆ§ ÔÉ¨Ì Ëµ·³Ê² ²¥£±µ ¶µ²ÊÎ¨ÉÓ ¨¸±µ³µ¥ ¸¥Î¥´¨¥:

σd =
n3σ3

nd

Nd

N3
. (7)

�±¸¶¥·¨³¥´É ¡Ò² ¶·µ¢¥¤¥´ ´  ´¥°É·µ´´µ³ ± ´ ²¥ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2.
�µÉµ± ´¥°É·µ´µ¢ ¡Ò² · ¢¥´ ¶·¨¡²¨§¨É¥²Ó´µ 106 ¸³−2 · c−1. „²Ö ·¥£¨¸É· Í¨¨ ¶·µÉµ-
´µ¢ ¨¸¶µ²Ó§µ¢ ²¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´Ò° ¸Î¥ÉÎ¨± ¸ £ §µ¢µ° ¸³¥¸ÓÕ, ¸µ¸ÉµÖÐ¥° ¨§ D2 (¶·¨
P = 1,5  É³), Ar (¶·¨ P = 0,5  É³) ¨ 3He (¶·¨ P = 10−2 Éµ··).
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�¨¸. 2. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· § ·Ö¦¥´´ÒÌ Î ¸É¨Í,
¶µ²ÊÎ¥´´Ò° ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ´¥°É·µ´µ¢ ¸ £ §µ-

¢µ° ¸³¥¸ÓÕ D2 + Ar + 3He

‘Î¥ÉÎ¨± ¨³¥² Ëµ·³Ê Í¨²¨´¤·  ¤²¨-
´µ° 30 ¸³ ¨ ¤¨ ³¥É·µ³ 50 ³³. „²Ö Ê³¥´Ó-
Ï¥´¨Ö Ëµ´  ´¥°É·µ´Ò ¶·µ¶Ê¸± ²¨¸Ó Î¥-
·¥§ ±µ²²¨³ Éµ· · §³¥·µ³ 1,5 × 5 ¸³,
É ± ÎÉµ¡Ò µ¡²ÊÎ ² ¸Ó Éµ²Ó±µ Í¥´É· ²Ó-
´ Ö Î ¸ÉÓ ¸Î¥ÉÎ¨± . „¥É¥±Éµ· ¡Ò² · ¸-
¶µ²µ¦¥´ ´  · ¸¸ÉµÖ´¨¨ 27 ³ µÉ  ±É¨¢-
´µ° §µ´Ò ·¥ ±Éµ· . �²¥±É·µ´´µ¥ µ¡µ·Ê-
¤µ¢ ´¨¥ ¶µ§¢µ²Ö²µ § ¶¨¸Ò¢ ÉÓ ¢ ¶ ³ÖÉÓ
¶¥·¸µ´ ²Ó´µ£µ ±µ³¶ÓÕÉ¥·  ±µ¤Ò  ³¶²¨-
ÉÊ¤Ò ¨ ¢·¥³¥´¨ ¶·µ²¥É  ± ¦¤µ£µ ¸µ¡Ò-
É¨Ö. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É·, ¶µ²ÊÎ¥´´Ò°
¢µ ¢·¥³¥´´µ³ µ±´¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ É¥-
¶²µ¢Ò³ ´¥°É·µ´ ³, ¶µ± § ´ ´  ·¨¸. 2.
‚·¥³Ö ¨§³¥·¥´¨Ö · ¢´Ö²µ¸Ó ¶·¨¡²¨§¨-
É¥²Ó´µ 120 Î. 	  ·¨¸. 2 Ìµ·µÏµ ¢¨¤´Ò ¶¨±¨ µÉ 3He (764 ±Ô‚) ¨ µÉ ¸²¥¤µ¢  §µÉ  N2

(626 ±Ô‚). �¨± , ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ·¥ ±Í¨¨ (3), ´¥ µ¡´ ·Ê¦¥´µ ¢ ¶·¥¤¥² Ì Ô±¸¶¥·¨-
³¥´É ²Ó´µ° ÉµÎ´µ¸É¨. ˆ¸¶µ²Ó§ÊÖ ¨§¢¥¸É´µ¥ §´ Î¥´¨¥ ¸¥Î¥´¨Ö § Ì¢ É  ¤²Ö 3He (5327 ¡
[19]), ³Ò ¶µ²ÊÎ¨²¨ ¢¥·Ì´ÕÕ µÍ¥´±Ê ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (3) (¢ Ô´¥·£¥É¨Î¥¸±µ³ ¨´É¥·¢ ²¥
0,3 < Ep < 0,55 ŒÔ‚, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É 2,67 < B2 < 3,01 ŒÔ‚) σd < 0,2 ³¡. ‚ § ±²ÕÎ¥-
´¨¥ ´¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥ ¢¶¥·¢Ò¥ ¶µ²ÊÎ¥´  ¢¥·Ì´ÖÖ µÍ¥´± 
¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ¤¨´¥°É·µ´µ¢ ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¸ ¤¥°É·µ´ ³¨.

�¢Éµ·Ò · ¡µÉÒ ¡² £µ¤ ·´Ò ‚. ˆ. ŒÊ·µ³Í¥¢Ê §  µ¡¸Ê¦¤¥´¨¥ ¨¤¥¨ Ô±¸¶¥·¨³¥´É ,
‚. 	. ˜¢¥Íµ¢Ê §  ¶µ¤¤¥·¦±Ê ¤ ´´µ° · ¡µÉÒ ¨ 
. ‚. ƒ·¨£µ·Ó¥¢Ê §  ¶·¥¤µ¸É ¢²¥´¨¥ Ô²¥±-
É·µ´´µ°  ¶¶ · ÉÊ·Ò ¤²Ö ·¥£¨¸É· Í¨¨  ³¶²¨ÉÊ¤´ÒÌ ¸¶¥±É·µ¢.
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