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  ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, Œμ¸±¢ 
¡ �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

„ ¥É¸Ö ³μ¤¥²Ó´μ¥ μ¶¨¸ ´¨¥  ±É¨¢ Í¨μ´´μ£μ ¤¥É¥±É¨·μ¢ ´¨Ö Ê£²¥·μ¤ , ¨¸¶μ²Ó§ÊÕÐ¥£μ ·¥£¨-
¸É· Í¨Õ  ±É¨¢´μ¸É¨ 12B, μ¡· §Ê¥³μ° ¢ £· Ë¨Éμ¢μ° ³¨Ï¥´¨ ¶·¨ μ¡²ÊÎ¥´¨¨ ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢ ¸
Ô´¥·£¨¥° 50 ŒÔ‚ §  ¸Î¥É ËμÉμÖ¤¥·´μ° ·¥ ±Í¨¨ 13C(γ, p). �¶¨¸ ´¨¥ ¶·μ¢μ¤¨É¸Ö ¸ ÊÎ¥Éμ³ ¢²¨Ö-
´¨Ö μ¸´μ¢´μ£μ Ëμ´μ¢μ£μ ¶·μÍ¥¸¸ , ¸¢Ö§ ´´μ£μ ¸ μ¡· §μ¢ ´¨¥³ ¶·¨ μ¡²ÊÎ¥´¨¨ ËμÉμ´¥°É·μ´μ¢ ¨
¢Ò§¢ ´´ÒÌ ¨³¨ ¢Éμ·¨Î´ÒÌ Ëμ´μ¢ÒÌ γ′-±¢ ´Éμ¢. �μ²ÊÎ¥´μ ¶·¨¥³²¥³μ¥ ¸μ£² ¸¨¥ ¸ ·¥§Ê²ÓÉ É ³¨
Ô±¸¶¥·¨³¥´Éμ¢ ¸ ÊÎ¥Éμ³ ´¥¶μ²´μÉÒ ¤ ´´ÒÌ μ¡ Ê¸²μ¢¨ÖÌ ¶·μ¢¥¤¥´¨Ö ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éμ¢.

A model description of carbon detecting with registration of 12B activity, produced in a graphite
target by a beam of electrons with their energy the 50 MeV due to the photonuclear reaction 13C(γ, p),
is given. This description was carried out taking into account the main background process connected
with production of photoneutrons at irradiation and secondary background γ′ quanta caused by them.
Acceptable agreement with experimental results, taking into account incompleteness of data about the
conditions of these experiments, was obtained.
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„²Ö ´ ·Ê¦´μ£μ ±μ´É·μ²Ö μ¡Ñ¥±Éμ¢ ¸ Í¥²ÓÕ μ¡´ ·Ê¦¥´¨Ö ¸±·ÒÉÒÌ ¢§·Ò¢Î ÉÒÌ ¢¥-
Ð¥¸É¢ ¨ ´ ·±μÉ¨±μ¢ ¶·¥¤²μ¦¥´ ¢ É·¥Ì ³μ¤¨Ë¨± Í¨ÖÌ [1, 2] ¨ [3] ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´ 
£¥´¥· Í¨¨ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì · ¤¨μ¨§μÉμ¶μ¢ 12N (β+-· ¸¶ ¤, ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  T1/2

∼=
11,0 ³¸, ³ ±¸¨³ ²Ó´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¨¸¶Ê¸± ¥³ÒÌ ¢ · ¸¶ ¤¥ β-Î ¸É¨Í Eβ max ≈
16,3 ŒÔ‚ [4]) ¨ 12B (β−-· ¸¶ ¤, T1/2

∼= 20,2 ³¸, Eβ max ≈ 13,4 ŒÔ‚ [4]) ¢ ·¥ ±Í¨ÖÌ:

γ + 14N(η¨ ≈ 99,6 %) → 12N + 2n (¶μ·μ£ ·¥ ±Í¨¨ E¶
∼= 30,6 ŒÔ‚ [4]), (1)

γ + 14N(η¨ ≈ 99,6 %) → 12B + 2p (E¶
∼= 25,1 ŒÔ‚ [4]), (2)

γ + 13C(η¨ ≈ 1,1 %) → 12B + p (E¶
∼= 17,5 ŒÔ‚ [4Ä7]). (3)
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‚ ¶¥·¢μ° ³μ¤¨Ë¨± Í¨¨ [1] ³¥Éμ¤  ¶·¥¤² £ ²μ¸Ó ¨¸¶μ²Ó§μ¢ ÉÓ Éμ²Ó±μ ·¥ ±Í¨Õ (1) ¸ ·¥-
£¨¸É· Í¨¥° ´  ¸μ¢¶ ¤¥´¨Ö §  ¢·¥³Ö ∼ 100 ³¸ ³¥¦¤Ê ±μ·μÉ±¨³¨ (∼ 10−6−10−5 c) ¨³¶Ê²Ó-
¸ ³¨ ¶ÊÎ±  Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ¤¢ÊÌ γ′-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° ∼= 511 ±Ô‚, ¨¸¶Ê¸± ¥³ÒÌ
¶·¨ ¤¢ÊÌËμÉμ´´μ°  ´´¨£¨²ÖÍ¨¨ § Éμ·³μ§¨¢Ï¨Ì¸Ö ¶μ§¨É·μ´μ¢ μÉ β+-· ¸¶ ¤μ¢, μ¡· §μ¢ ´-
´ÒÌ ¢ ³¨Ï¥´¨ Ö¤¥· 12N. ‚μ ¢Éμ·μ° ³μ¤¨Ë¨± Í¨¨ [2] ³¥Éμ¤  ¶·¥¤² £ ²μ¸Ó ¨¸¶μ²Ó§μ¢ ÉÓ
·¥ ±Í¨¨ (1)Ä(3) ¸ ·¥£¨¸É· Í¨¥° ¢Éμ·¨Î´ÒÌ γ′-±¢ ´Éμ¢ (¶·¥¦¤¥ ¢¸¥£μ, Éμ·³μ§´ÒÌ), ¨¸¶Ê¸-
± ¥³ÒÌ ¶·¨ · ¸¶ ¤ Ì μ¡· §μ¢ ´´ÒÌ ¢ ³¨Ï¥´¨ · ¤¨μ¨§μÉμ¶μ¢ 12N ¨ 12B. �·¨ ÔÉμ³ ¢μ ¢Éμ-
·μ° ³μ¤¨Ë¨± Í¨¨ ³¥Éμ¤  ¤²Ö ¤¥É¥±É¨·μ¢ ´¨Ö ¸±·ÒÉÒÌ ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢ ·¥ ±Í¨Ö (3)
· ¸¸³ É·¨¢ ² ¸Ó ± ± ¨¸ÉμÎ´¨± Ëμ´ , ±μÉμ·Ò° ´ ¤μ ¨¸±²ÕÎ ÉÓ. ‚ É·¥ÉÓ¥° ³μ¤¨Ë¨± -
Í¨¨ [3] ³¥Éμ¤  ¶·¥¤² £ ²μ¸Ó ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö μ¡´ ·Ê¦¥´¨Ö ¨ ¨¤¥´É¨Ë¨± Í¨¨ ¢§·Ò¢Î -
ÉÒÌ ¢¥Ð¥¸É¢ ¨ ´ ·±μÉ¨±μ¢ ¢¸¥ É·¨ ·¥ ±Í¨¨ (1)Ä(3) ¸ · §¤¥²¥´¨¥³ ¢±² ¤μ¢ γ′-±¢ ´Éμ¢ μÉ
· ¸¶ ¤μ¢ 12N ¨ 12B ¶μ § ¢¨¸¨³μ¸É¨ ¸±μ·μ¸É¨ ¸Î¥É  μÉ ¢·¥³¥´¨ ¶μ¸²¥ ¨³¶Ê²Ó¸  ¶ÊÎ± .

Š ± μÉ³¥Î ²μ¸Ó, ¢ Î ¸É´μ¸É¨, ¢ [2], ¨§μÉμ¶Ò 12N ¨ 12B Ö¢²ÖÕÉ¸Ö ¶· ±É¨Î¥¸±¨ Ê´¨-
± ²Ó´Ò³¨ ¤²Ö μ¡² ¸É¨, ¢ ±μÉμ·μ° T1/2 ≈ 3−80 ³¸,   E¶ � 50 ŒÔ‚. �´¨ É ±μ¢Ò ¸·¥¤¨
· ¤¨μ¨§μÉμ¶μ¢, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¢ ÔÉμ° μ¡² ¸É¨ ¢ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¸
Ê¤ ²¥´¨¥³ � 3 ´Ê±²μ´μ¢ ¨§ ¸É ¡¨²Ó´ÒÌ Ö¤¥·-³¨Ï¥´¥°, ´¥ Ö¢²ÖÕÐ¨Ì¸Ö ¨§μÉμ¶ ³¨  §μÉ 
¨²¨ Ê£²¥·μ¤  ¨ ¨³¥ÕÐ¨Ì ¥¸É¥¸É¢¥´´μ¥ ¨§μÉμ¶´μ¥ ¸μ¤¥·¦ ´¨¥ η¨ � 1 %. …¤¨´¸É¢¥´´μ¥
¨¸±²ÕÎ¥´¨¥ Å ¨§μÉμ¶ 13B (β−-· ¸¶ ¤, T1/2 ≈ 17,4 ¸, Eβ max ≈ 13,4 ŒÔ‚ [4]) ¨§ ·¥ ±Í¨¨
γ + 16O (η¨ ≈ 99,8 %) → 13B + 3p (E¶

∼= 43,2 ŒÔ‚ [4]), ´μ ¥¸ÉÓ μ¸´μ¢ ´¨Ö μ¦¨¤ ÉÓ, ÎÉμ
¢ÒÌμ¤ ÔÉμ° ·¥ ±Í¨¨ ³ ².

“± § ´´Ò¥ μ¸μ¡¥´´μ¸É¨ · ¸¶ ¤´ÒÌ ¸¢μ°¸É¢ 12N ¨ 12B (¢±²ÕÎ Ö ¨ §´ Î¥´¨Ö Eβ max,
¸³. ¶μ¤·μ¡´¥¥ ¢ ´ Ï¥° · ¡μÉ¥ [8]) ¶·¨¢²¥± É¥²Ó´Ò ¤²Ö § ¤ Î ¢Ò¤¥²¥´¨Ö ¨Ì · ¸¶ ¤μ¢
¢ μ¡· §Ê¥³ÒÌ  ±É¨¢´μ¸ÉÖÌ γ-μ¡²ÊÎ¥´´ÒÌ μ¡Ñ¥±Éμ¢ ¨ ¤μ¸É¨¦¥´¨Ö ¢Ò¸μ±μ£μ ¡Ò¸É·μ¤¥°-
¸É¢¨Ö μ¡¸Ê¦¤ ¥³μ£μ ËμÉμÖ¤¥·´μ£μ ¤¥É¥±Éμ·  ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢ ¨ ´ ·±μÉ¨±μ¢ („‚‚�),
¢ Î ¸É´μ¸É¨, ¡² £μ¤ ·Ö Éμ³Ê, ÎÉμ ¶¥·¨μ¤Ò · ¸¶ ¤  12B ¨ 12N ¢ ∼ 5 · 104 · § ¡μ²¥¥ ±μ-
·μÉ±¨¥, Î¥³ Ê 11C (T1/2 ≈ 20,4 ³¨´ [4]) ¨ 13N (T1/2 ≈ 10,0 ³¨´ [4]), ¶μ²ÊÎ ¥³ÒÌ ¨§
·¥ ±Í¨° 12C(γ, n)11C ¨ 14N(γ, n)13N ¢ ¡μ²¥¥ É· ¤¨Í¨μ´´μ³ ËμÉμÖ¤¥·´μ³  ±É¨¢ Í¨μ´´μ³
 ´ ²¨§¥ (¸³., ´ ¶·¨³¥·, [9]). �μ ¤²Ö „‚‚�, μ¸´μ¢ ´´μ£μ ´  ËμÉμÖ¤¥·´μ³ ¶μ²ÊÎ¥´¨¨
12N ¨ 12B, ¨³¥ÕÉ¸Ö ¸¥·Ó¥§´Ò¥ ¶·μ¡²¥³Ò ¨§-§  Ëμ´ , μ¡· §Ê¥³μ£μ ËμÉμ´¥°É·μ´ ³¨, £¥-
´¥·¨·Ê¥³Ò³¨ §  ¢·¥³Ö ¨³¶Ê²Ó¸  Ê¸±μ·¨É¥²Ö. ”μ´, ¸¢Ö§ ´´Ò° ¸ ËμÉμ´¥°É·μ´ ³¨, ³μ-
¦¥É ¶·¨¢μ¤¨ÉÓ ± ®²μ¦´Ò³¯ ¸μ¸É ¢²ÖÕÐ¨³ ¸Ê³³ ·´μ°  ±É¨¢´μ¸É¨ 12B §  ¸Î¥É ·¥ ±Í¨¨
n + 12C (η¨ ≈ 98,9 %) → 12B + p (En ¶

∼= 12,6 ŒÔ‚ [4]) ¨ ¢ ¸²ÊÎ ¥ ¶·¨¸ÊÉ¸É¢¨Ö ¡μ·  ¢
·¥ ±Í¨¨ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢ n + 11B → 12B + γ′ (¸³. μ¡ ÔÉμ³, ´ ¶·¨³¥·,
¢ [10]). �¤´ ±μ §´ Î¨É¥²Ó´μ μ¶ ¸´¥¥ · ¸ÉÖ´ÊÉÒ° ¢μ ¢·¥³¥´¨ ¶μ¸²¥ ¨³¶Ê²Ó¸  ¶ÊÎ±  Ëμ´ μÉ
γ′-±¢ ´Éμ¢ μÉ ·¥ ±Í¨° · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢, § ³¥¤²ÖÕÐ¨Ì¸Ö ¨ ®£Ê²ÖÕÐ¨Ì¯
¶μ § ²Ê μ¡²ÊÎ¥´¨Ö ¶·μ¢¥·Ö¥³ÒÌ μ¡Ñ¥±Éμ¢ (´ ¶·¨³¥·,  ¢¨ ¡ £ ¦ ).

� ¸ÉμÖÐ Ö · ¡μÉ  ´ ¶· ¢²¥´  ´  ¢ÒÖ¸´¥´¨¥ ·¥ ²¨¸É¨Î´μ¸É¨ ÔÉμ£μ ³¥Éμ¤ . � ¡μÉ 
„‚‚� μ¶·¥¤¥²Ö¥É¸Ö ¸μ¢μ±Ê¶´μ¸ÉÓÕ ¸· ¢´¨É¥²Ó´μ ¸²μ¦´ÒÌ ¶·μÍ¥¸¸μ¢, § ¢¨¸ÖÐ¨Ì μÉ · §-
²¨Î´ÒÌ Ë ±Éμ·μ¢. �μ ±· °´¥° ³¥·¥, Î ¸ÉÓ ¨§ ÔÉ¨Ì Ë ±Éμ·μ¢ É·Ê¤´μ ¨ ¤μ·μ£μ μ¶¥· É¨¢´μ
¢¨¤μ¨§³¥´ÖÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ. � ¸ÉμÖÉ¥²Ó´μ ´¥μ¡Ìμ¤¨³Ò  ¤¥±¢ É´Ò¥ ³μ¤¥²Ó´Ò¥ μ¶¨-
¸ ´¨Ö ¨ ¤¥É ²Ó´Ò¥ · ¸Î¥ÉÒ ÔËË¥±É¨¢´μ¸É¥° ·¥£¨¸É· Í¨¨ ¤¥É¥±Éμ·μ¢ ¨ μ¦¨¤ ¥³ÒÌ Ëμ´μ¢.
„μ ¸¨Ì ¶μ· ¶μ¤μ¡´Ò¥ · ¸Î¥ÉÒ ´¥ ¶·μ¢μ¤¨²¨¸Ó,   ¶·¥¤¶μ²μ¦¥´¨Ö μ ¢¥²¨Î¨´¥ ¨ ¢·¥³¥´´μ°
§ ¢¨¸¨³μ¸É¨ μ¦¨¤ ¥³ÒÌ Ëμ´μ¢ ¡Ò²¨ ¤ ²¥±¨ μÉ ·¥ ²Ó´μ¸É¨. Šμ´¥Î´μ, ¤²Ö É ±¨Ì ³μ¤¥²Ó-
´ÒÌ μ¶¨¸ ´¨°, ¶·¥¦¤¥ ¢¸¥£μ, ´¥μ¡Ìμ¤¨³  ¨´Ëμ·³ Í¨Ö μ ¸¥Î¥´¨ÖÌ ¨ ¢ÒÌμ¤ Ì ¢μ¢²¥Î¥´´ÒÌ
Ö¤¥·´ÒÌ ·¥ ±Í¨°. ‚ ´ Ï¥° · ¡μÉ¥ [11] ¶·μ ´ ²¨§¨·μ¢ ´  ¨³¥ÕÐ Ö¸Ö ¨´Ëμ·³ Í¨Ö μ ¸¥-
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Î¥´¨ÖÌ ¨ ¢ÒÌμ¤ Ì ·¥ ±Í¨° (1)Ä(3) ¨ ¶μ± § ´μ, ÎÉμ Éμ²Ó±μ ¤²Ö ·¥ ±Í¨¨ (3) ¨³¥¥É¸Ö, ± ±
¶·¥¤¸É ¢²Ö¥É¸Ö, ¶·¨¥³²¥³ Ö ¶μ ÉμÎ´μ¸É¨ ¨´Ëμ·³ Í¨Ö μ ¥¥ ¸¥Î¥´¨ÖÌ. ‘ ¤·Ê£μ° ¸Éμ-
·μ´Ò, ¤²Ö ÔÉμ° ·¥ ±Í¨¨ ¤μ¸ÉÊ¶´  μ£· ´¨Î¥´´ Ö ¨´Ëμ·³ Í¨Ö ¨§ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸
Ê£²¥·μ¤´Ò³¨ ³¨Ï¥´Ö³¨ ¶·¨·μ¤´μ£μ ¸μ¸É ¢  [2]. –¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å ³μ¤¥²Ó´μ¥
μ¶¨¸ ´¨¥ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö „‚‚� ¤²Ö ¸²ÊÎ Ö Ê£²¥·μ¤´μ° ³¨Ï¥´¨ ¨ ¥£μ ¸μ¶μ¸É ¢²¥´¨¥ ¸
¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ É ³¨. �·μ¢μ¤¨³μ¥ §¤¥¸Ó ³μ¤¥²Ó´μ¥ μ¶¨¸ ´¨¥
¡ §¨·Ê¥É¸Ö ´  · ¸Î¥É Ì ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¶μ ¶·μ£· ³³¥ MCNP•-5 [12].

1. �“—�Š �‹…Š’����‚, ‡�‹ ��‹“—…�ˆ‰
ˆ �…ƒˆ‘’��–ˆŸ ‚’��ˆ—�›• γ′-Š‚��’�‚

‚ · ¡μÉ¥ [2] Ô´¥·£¨Ö ¶ ¤ ÕÐ¨Ì (¶μ μ¸¨ x) Ô²¥±É·μ´μ¢ Ee
∼= 50 ŒÔ‚; ¨³¶Ê²Ó¸´Ò° Éμ±

Ô²¥±É·μ´μ¢ ∼= 4 ³�; ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ¶ÊÎ±  ∼= 5 ³±¸; Î¨¸²μ Ô²¥±É·μ´μ¢ ¢ ¨³¶Ê²Ó¸¥
Ne

∼= 1,25 · 1011, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ∼ 0,02 ³±Š²; · ¤¨ Éμ·  ´¥É Å Éμ·³μ§´Ò¥ ËμÉμ´Ò
μ¡· §ÊÕÉ¸Ö ¢ ¸ ³μ° μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨. Š ¸μ¦ ²¥´¨Õ, ¢ [2] ´¥É ¨´Ëμ·³ Í¨¨ μ § ²¥, ¢
±μÉμ·μ³ ¶·μ¢μ¤¨²μ¸Ó μ¡²ÊÎ¥´¨¥ ³¨Ï¥´¥°. ‚ ´ Ï¥° ³μ¤¥²¨ § ² ¢Ò¸μÉμ° 4 ³, ¤²¨´μ° ¨
Ï¨·¨´μ° 6 ³; ´  ³¨Ï¥´Ó ¶ ¤ ¥É ¢¥·É¨± ²Ó´μ ¶ÊÎμ± Ô²¥±É·μ´μ¢, · ¸¸ÉμÖ´¨¥ μÉ ³¨Ï¥´¨
¤μ ¶μ²  1 ³; ¸É¥´Ò, ¶μ² ¨ ¶μÉμ²μ± § ²  ¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ Éμ²Ð¨´Ê 1 ³ ¨ ¢Ò¶μ²´¥´Ò
¨§ ¡¥Éμ´ , ¸μ¸É ¢ ±μÉμ·μ£μ ¢ ¶·μÍ¥´É Ì ¶μ Î¨¸²Ê  Éμ³μ¢ Ê± § ´ ¢ É ¡². 1. ‚ [2] ¨ ¢
³μ¤¥²¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³¨Ï¥´¨ ¨§ ¶¨·μ²¨É¨Î¥¸±μ£μ £· Ë¨É , Ì · ±É¥·¨¸É¨±¨ ±μÉμ·ÒÌ
(Z Å  Éμ³´Ò° ´μ³¥·; M Å ³μ²¥±Ê²Ö·´Ò° ¢¥¸; ηx Å Ì¨³¨Î¥¸±¨° ¨ η¨ Å ¨§μÉμ¶´Ò°

’ ¡²¨Í  1. �²¥³¥´É´Ò° ¸μ¸É ¢ ¡¥Éμ´  ¸É¥´ § ²  μ¡²ÊÎ¥´¨° (¢ %)

H O Na C Al Si K Ca Fe

8,476 60,41 0,947 0,3 2,48 24,2 0,6855 2,05 0,46

’ ¡²¨Í  2. • · ±É¥·¨¸É¨±¨ ³¨Ï¥´¨ ¨§ ¶¨·μ²¨É¨Î¥¸±μ£μ £· Ë¨É 

‚¥²¨Î¨´  [2] „ ´´ Ö ³μ¤¥²Ó

Z 6 6

M , £/³μ²Ó 12,011 12,011

ηx 1 1
η12C 0,989 0,989
η13C 0,011 0,011

X0, £ · ¸³−2 43,35 43,35

ρ, £ · ¸³−3 ∼ 2,3 2,3

m, £ 300 325,2

Z³, ¸³ 5,08
∅ 6

Y³, ¸³ 5,08

S³, ¸³2 25,81 28,27

X³, ¸³ 5,054 5
X³, £ · ¸³−2 11,625 11,5
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�¨¸. 1. ˆ¸¶μ²Ó§Ê¥³ Ö ¢ MCNP-· ¸Î¥É Ì ®£¥μ³¥É·¨Ö¯ Î ¸É¨ § ²  μ¡²ÊÎ¥´¨° ¨ ·¥£¨¸É· Í¨¨. ƒ· Ë¨-

Éμ¢ Ö ³¨Ï¥´Ó ¢ Í¥´É·¥, ¶ÊÎμ± Ô²¥±É·μ´μ¢ ¶ ¤ ¥É ´  ³¨Ï¥´Ó ´μ·³ ²Ó´μ ± ¶²μ¸±μ¸É¨ ·¨¸Ê´± 

¸μ¸É ¢Ò; X0 Å · ¤¨ Í¨μ´´ Ö ¤²¨´  ¸μ£² ¸´μ [13, 14]; ρ Å ¶²μÉ´μ¸ÉÓ; m Å ³ ¸¸ ; X³,
Y³, Z³ Å · §³¥·Ò ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ μ¸Ö³ ±μμ·¤¨´ É) ¶·¨¢¥¤¥´Ò ¢ É ¡². 2. ‚ ³μ¤¥²¨
(¡²¨§±μ ± Éμ³Ê, ± ± ÔÉμ ¡Ò²μ ¢ [2]) ¤²Ö ·¥£¨¸É· Í¨¨ ¢Éμ·¨Î´ÒÌ γ′-±¢ ´Éμ¢ ¨¸¶μ²Ó§μ¢ ²μ¸Ó
Î¥ÉÒ·¥ ¶² ¸É¨Î¥¸±¨Ì ¸Í¨´É¨²²ÖÉμ·  ¸ Éμ²Ð¨´μ° h ∼= 6 ¸³ ¨ ¤¨ ³¥É·μ³ d = 12 ¸³,
· ¸¶μ²μ¦¥´´ÒÌ ´  · ¸¸ÉμÖ´¨¨ ≈ 50 ¸³ μÉ Í¥´É·  ³¨Ï¥´¨ ¨ ¶μ£·Ê¦¥´´ÒÌ ¢ ¸¢¨´Íμ¢Ò¥
§ Ð¨É´Ò¥ ®¸É ± ´Ò¯ ¸ Éμ²Ð¨´ ³¨ ¸É¥´μ± ¨ ¤´  10 ¸³ (¸³. ´  ·¨¸. 1 ¸Ì¥³Ê Î ¸É¨ § ² 
μ¡²ÊÎ¥´¨° ¨ ·¥£¨¸É· Í¨¨ ¢Éμ·¨Î´μ£μ ¨§²ÊÎ¥´¨Ö). ‘Í¨´É¨²²ÖÉμ·Ò ¶μ³¥Ð¥´Ò ¢´ÊÉ·¨ ´ 
¤´¥ ¶μ²μ¸É¥° ± ¦¤μ£μ ¨§ ÔÉ¨Ì ®¸É ± ´μ¢¯, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¨³¥¥É ¶μ²´ÊÕ £²Ê¡¨´Ê 16 ¸³
¨ ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· d = 12 ¸³ ¨ μ¡· Ð¥´  μÉ±·ÒÉÒ³ Éμ·Íμ³ ¢ ¸Éμ·μ´Ê ³¨Ï¥´¨.

2. ‘…—…�ˆŸ, ‚›•�„› ˆ Š�‹ˆ—…‘’‚� �Š’�‚ �…�Š–ˆˆ 13C(γ, p)12B

� ¸Î¥É £¥´¥· Í¨¨ 12‚ ¢ ³¨Ï¥´¨ ¶·μ¢μ¤¨É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶¥±É·μ¢ ¶μÉμ±μ¢
Éμ·³μ§´ÒÌ ËμÉμ´μ¢, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¸¥Î¥´¨Ö
¨§ [5Ä7] ¤²Ö ·¥ ±Í¨¨ (3) ¶μ± § ´Ò ´  ·¨¸. 2.

�·¨ · ¡μÉ¥ ¸ Éμ·³μ§´Ò³¨ ËμÉμ´ ³¨ ¢ÒÌμ¤ ·¥ ±Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö ¸¢¥·É±μ° Y (Ee)
¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¸μ ¸¶¥±É·μ³ Éμ·³μ§´ÒÌ ËμÉμ´μ¢. ˆ³¥¥³ ´  μ¤¨´ ¶ ¤ ÕÐ¨° Ô²¥±É·μ´:

Y (Ee) dx³ ≡ dx³

Ee∫
Eγ¶

Nγ(Eγ , Ee)σ(Eγ) dEγ ,

£¤¥ dx³ Å Ô²¥³¥´É Éμ²Ð¨´Ò Ë¨§¨Î¥¸±μ° ³¨Ï¥´¨; σ(Eγ) Å ¸¥Î¥´¨¥ ËμÉμÖ¤¥·´μ° ·¥ ±-
Í¨¨; Eγ ¶ Å ¶μ·μ£ ÔÉμ° ·¥ ±Í¨¨. ‚ ¸μ£² ¸¨¨, ´ ¶·¨³¥·, ¸ [15] ¤²Ö ¨´É¥·¥¸ÊÕÐ¨Ì ´ ¸
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�¨¸. 2. „ ´´Ò¥ ¨§³¥·¥´¨° [5Ä7] § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 13C(γ, p)12B μÉ Eγ . ‘¶²μÏ´ Ö

²¨´¨Ö Å [5]; Î¥·´Ò¥ ±·Ê¦±¨ ¸ ®Ê¸ ³¨¯ μÏ¨¡μ± Å [6]; ¢¥·É¨± ²Ó´Ò¥ ÏÉ·¨Ì¨ Å [7]

�¨¸. 3. � ¸¸Î¨É ´´Ò¥ Ê¸·¥¤´¥´´Ò¥ ¶μ μ¡Ñ¥³Ê ¸²μ¥¢ £· Ë¨Éμ¢μ° ³¨Ï¥´¨ ¸¶¥±É· ²Ó´Ò¥ ¶²μÉ´μ-
¸É¨ Éμ·³μ§´ÒÌ γ-±¢ ´Éμ¢. –¨Ë·Ò μ¡μ§´ Î ÕÉ ´μ³¥·  ¸²μ¥¢ ¶μ ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö ¶ÊÎ± 

Ô²¥±É·μ´μ¢

Ê¸²μ¢¨° (Éμ²Ð¨´Ò ³¨Ï¥´¥° ¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢) ¢±² ¤ ³¨ Ô²¥±É·μÖ¤¥·´ÒÌ ·¥ ±Í¨°
³μ¦´μ ¶·¥´¥¡·¥ÎÓ.

Œ¨Ï¥´Ó · §¡¨¢ ² ¸Ó ´  ¶ÖÉÓ ¸²μ¥¢ μ¤¨´ ±μ¢μ° Éμ²Ð¨´Ò Δx = 1 ¸³. Œ¥Éμ¤μ³ Œμ´É¥-
Š ·²μ ¤²Ö Ê§±μ£μ ¶ÊÎ±  ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó Ô²¥±É·μ´μ¢ ¡Ò²¨ · ¸¸Î¨É ´Ò ¸ ®Ï £μ³¯
ΔEγ = 1 ŒÔ‚ Ê¸·¥¤´¥´´Ò¥ ¶μ μ¡Ñ¥³Ê ± ¦¤μ£μ ¸²μÖ ³¨Ï¥´¨ ¸¶¥±É· ²Ó´Ò¥ ¶²μÉ´μ-
¸É¨ Éμ·³μ§´ÒÌ γ-±¢ ´Éμ¢ Nj (Eγi), μ¡· §Ê¥³Ò¥ ´  μ¤¨´ ¶ ¤ ÕÐ¨° ´  ³¨Ï¥´Ó Ô²¥±É·μ´
(·¨¸. 3). ‡¤¥¸Ó ¨´¤¥±¸ i Ê± §Ò¢ ¥É ¨´É¥·¢ ² Ô´¥·£¨° Eγ ,   ¨´¤¥±¸ j Å ¸²μ° ³¨Ï¥´¨.
�·¨ ÔÉμ³ ¸Î¨É ²μ¸Ó, ÎÉμ É ±¨¥ Éμ·³μ§´Ò¥ ËμÉμ´Ò ®· ¡μÉ ÕÉ¯ ¶μ ¢¸¥° Éμ²Ð¨´¥ · ¸¸³ -
É·¨¢ ¥³μ£μ j-£μ ¸²μÖ ³¨Ï¥´¨. ‚ ·¥§Ê²ÓÉ É¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ ¸²μÖ³ ¤²Ö ¢¸¥° ³¨Ï¥´¨ ¢
· ¸Î¥É¥ ´  μ¤¨´ ¶ ¤ ÕÐ¨° ´  ³¨Ï¥´Ó Ô²¥±É·μ´ ¸ Ô´¥·£¨¥° 50 ŒÔ‚ ¨³¥¥³ ¶μ²´μ¥ Î¨¸²μ
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μ¡· §μ¢ ´´ÒÌ Ö¤¥· 12B N12B = ΣNij ≈ 1,39 · 10−6. �Éμ ¸μμÉ¢¥É¸É¢Ê¥É 1,73 · 105 Ö¤¥· 12B
´  ¨³¶Ê²Ó¸ Ê¸±μ·¨É¥²Ö ¢ Ô±¸¶¥·¨³¥´É¥ [2]. �·¨ · ¸¸Î¨É ´´μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨ γ-±¢ ´Éμ¢ ¨ Ô²¥±É·μ´μ¢ μÉ · ¸¶ ¤μ¢ 12B ¤¥É¥±Éμ·μ³ ¢ [2] ¶·¨ ¶μ·μ£¥ 10 ±Ô‚, · ¢´μ°
7 · 10−4, ³Ò ¨³¥¥³ μ¦¨¤ ¥³ÊÕ ¸±μ·μ¸ÉÓ ¸Î¥É  ¤¥É¥±Éμ·  N(t) = 3,9 exp (−t/29) (¢·¥³Ö
¢ ³¸).

3. �…‡“‹œ’�’› ��‘—…’�‚ �””…Š’� ˆ ”���

‚ ¦´μ ¨³¥ÉÓ ¨´Ëμ·³ Í¨Õ μ ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ μ¦¨¤ ¥³μ£μ Ëμ´  ´¥°É·μ´μ¢ ¢
§ ²¥ ¨ ¥£μ ¸μμÉ´μÏ¥´¨¨ ¸ ¨§³¥·Ö¥³Ò³ ÔËË¥±Éμ³ μÉ · ¸¶ ¤  μ¡· §μ¢ ´´ÒÌ Ö¤¥· 12‚.
�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¨²²Õ¸É·¨·ÊÕÉ¸Ö ·¨¸. 4. ‚¨¤´  Ìμ·μÏ Ö ±μ··¥²ÖÍ¨Ö ¢·¥³¥´´ÒÌ § -

�¨¸. 4. � ¸¸Î¨É ´´Ò¥ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ γ-±¢ ´Éμ¢ ¨ ´¥°É·μ´μ¢ ¢ ¸Í¨´-

É¨²²ÖÍ¨μ´´μ³ ¤¥É¥±Éμ·¥ ¨ § ²¥ μ¡²ÊÎ¥´¨Ö: 1 Å ¸·¥¤´ÖÖ ¶μ § ²Ê ¶²μÉ´μ¸ÉÓ ¶μÉμ±  γ-±¢ ´Éμ¢,

¢Ò§¢ ´´ÒÌ μ¡· §μ¢ ´´Ò³¨ ´¥°É·μ´ ³¨; 2 Å ¶²μÉ´μ¸ÉÓ ¶μÉμ±  γ-±¢ ´Éμ¢ ¢ ¸Í¨´É¨²²ÖÍ¨μ´´μ³
¤¥É¥±Éμ·¥ μÉ · ¸¶ ¤μ¢ 12‚ ¢ £· Ë¨Éμ¢μ° ³¨Ï¥´¨; 3 Å ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ¢ § ²¥

�¨¸. 5. ‘μ¶μ¸É ¢²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ·¥§Ê²ÓÉ É  [2] ¸ · ¸Î¥Éμ³ (¶μÖ¸´¥´¨Ö ¢ É¥±¸É¥)
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¢¨¸¨³μ¸É¥° ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ γ′-±¢ ´Éμ¢ ¨ ´¥°É·μ´μ¢ ¢ § ²¥ μ¡²ÊÎ¥´¨Ö,   É ±¦¥ Ö¢´μ¥
¤μ³¨´¨·μ¢ ´¨¥ ÔËË¥±É  μÉ · ¸¶ ¤μ¢ Ö¤¥· 12‚ ´ ¤ Ëμ´μ³.

�¨¸. 5 ¶μ± §Ò¢ ¥É ¸μ¶μ¸É ¢²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ·¥§Ê²ÓÉ É  · ¡μÉÒ [2] ¸ · ¸-
Î¥Éμ³. ’μÎ±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ÉμÎ± ³ ·¨¸. 5 ¨§ [2], ±·¨¢ Ö 1 ¤ ¥É
 ¶¶·μ±¸¨³ Í¨Õ ÔÉ¨Ì ¤ ´´ÒÌ:

N(t) = (0,32 ± 0,03) + (11,4 ± 1,4) exp
(

−t

2,54 ± 1,4

)
+ (3,7 ± 0,2) exp

(
−t

33 ± 2,3

)
,

±·¨¢ Ö 2 Å · ¸¸Î¨É ´´ Ö ±·¨¢ Ö ¸Î¥É  ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  μÉ ´ · ¡μÉ ´´μ£μ
¢ £· Ë¨Éμ¢μ° ³¨Ï¥´¨ 12B ¢ · ¸Î¥É¥ ´  μ¤¨´ ¨³¶Ê²Ó¸ Ê¸±μ·¨É¥²Ö ¶·¨ ¶μ·μ£¥ ¤¥É¥±Éμ· 
10 ±Ô‚. � ¸¸Î¨É ´´ Ö ±·¨¢ Ö · ¸¶ ¤  N(t) = 3,9 exp (−t/29) (¢·¥³Ö ¢ ³¸) ´¥¶²μÌμ ¸μ£² -
¸Ê¥É¸Ö ¸ μ¸´μ¢´μ° ±μ³¶μ´¥´Éμ° ¨§³¥·¥´´μ° ¢ Ô±¸¶¥·¨³¥´É¥ [2] ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨
¸±μ·μ¸É¨ ¸Î¥É  ¤¥É¥±Éμ· : N(t) = (3,7 ± 0,2) exp (−t/(33 ± 2,3)).

‡�Š‹
—…�ˆ…

� ¸Î¥É ¶μ± §Ò¢ ¥É ´¥¶²μÌμ¥ ¸μμÉ¢¥É¸É¢¨¥ Ô±¸¶¥·¨³¥´ÉÊ [2]. �Î¥¢¨¤´μ, ÎÉμ ¤²Ö μ¡´ -
·Ê¦¥´¨Ö ¸±·ÒÉÒÌ ¸μ¥¤¨´¥´¨° Ê£²¥·μ¤  É·¥¡ÊÕÉ¸Ö ¡μ²¥¥ ³μÐ´Ò¥ ¨³¶Ê²Ó¸Ò Ê¸±μ·¨É¥²Ö
Ô²¥±É·μ´μ¢ Å ´  Ê·μ¢´¥ 0,1Ä1 ³±Š (± ± Ê ¨§¢¥¸É´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ·¥§μ´ ´¸´ÒÌ ²¨´¥°-
´ÒÌ Ê¸±μ·¨É¥²¥° Ô²¥±É·μ´μ¢) ¨ ¡μ²¥¥ ÔËË¥±É¨¢´Ò¥ ¤¥É¥±Éμ·Ò §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö ¨Ì
· §³¥·μ¢.

‚±² ¤Ò ¢ Ëμ´ μÉ ËμÉμ´¥°É·μ´μ¢, μ¡· §μ¢ ´´ÒÌ ¢ ¶μ²¥ § ²  μ¡²ÊÎ¥´¨°, ³μ£ÊÉ ¡ÒÉÓ
¸ÊÐ¥¸É¢¥´´μ μ¸² ¡²¥´Ò, ¶μ¸±μ²Ó±Ê ´ Ï¨ ´ Î ²Ó´Ò¥ ³μ¤¥²Ó´Ò¥ μÍ¥´±¨ ¶μ± § ²¨, ÎÉμ ¨¸-
¶μ²Ó§μ¢ ´¨¥ ®²μ¢ÊÏ±¨ ¶ÊÎ± ¯ ¶μ§¢μ²Ö¥É μ¸² ¡¨ÉÓ ÔÉμÉ ¢±² ¤ ¶·¨³¥·´μ ´  ¤¢  ¶μ·Ö¤± .
�·¥¤¸É ¢²Ö¥É¸Ö É ±¦¥, ÎÉμ ³μ¦´μ §´ Î¨É¥²Ó´μ Ê¸±μ·¨ÉÓ ¸¶ ¤ Ëμ´  μÉ ËμÉμ´¥°É·μ´μ¢ ¸
Ìμ¤μ³ ¢·¥³¥´¨ ¶μ¸²¥ ¨³¶Ê²Ó¸  ¶ÊÎ±  ¶·¨ ¶μ±·ÒÉ¨¨ ¢¸¥Ì ¶μ¢¥·Ì´μ¸É¥° ¸É¥´, ¶μÉμ²± 
¨ ¶μ²  (¨ Ê¶μ³Ö´ÊÉμ° ®²μ¢ÊÏ±¨ ¶ÊÎ± ¯) § ²  μ¡²ÊÎ¥´¨° ¶·μ¢¥·Ö¥³ÒÌ μ¡Ñ¥±Éμ¢ ¸²μ¥³
³ É¥·¨ ²μ¢, ¨³¥ÕÐ¨Ì ¡μ²ÓÏ¨¥ ¸¥Î¥´¨Ö § Ì¢ É  ´¥°É·μ´μ¢. Œμ£ÊÉ ¶μ³μÎÓ É ±¦¥ § Ð¨É 
¨§ 6Li ¤²Ö μ·£ ´¨Î¥¸±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢,   É ±¦¥ ¨¸¶μ²Ó§μ¢ ´¨¥ ¤¥°É¥·¨·μ¢ ´´ÒÌ μ·£ -
´¨Î¥¸±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢.

�μ´ÖÉ´μ, ÎÉμ ¢μ§³μ¦´μ¸É¨ Ê± § ´´ÒÌ Ê²ÊÎÏ¥´¨° ³¥Éμ¤¨±¨ É·¥¡ÊÕÉ ¸¢μ¥£μ ¤ ²Ó´¥°-
Ï¥£μ  ±±Ê· É´μ£μ ³μ¤¥²Ó´μ£μ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö.
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