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Œ¥Éμ¤¨±  ¨§³¥·¥´¨° ¶ · ³¥É·  ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨
Ö¤¥· É· ´¸Ê· ´μ¢ÒÌ Ô²¥³¥´Éμ¢

� ¸¸³ É·¨¢ ¥É¸Ö ³¥Éμ¤ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·  ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨
Ö¤¥· É· ´¸Ê· ´μ¢ÒÌ Ô²¥³¥´Éμ¢, μ¸´μ¢ ´´Ò° ´  · ¸Ð¥¶²¥´¨¨ £¨£ ´É¸±μ£μ ¤¨-
¶μ²Ó´μ£μ ·¥§μ´ ´¸  ¢ ¸¥Î¥´¨¨ ËμÉμ¤¥²¥´¨Ö. �¶¨¸Ò¢ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö
Ê¸É ´μ¢± , ¢±²ÕÎ ÕÐ Ö ² ¢¨´´Ò° ¸Î¥ÉÎ¨± μ¸±μ²±μ¢ ¤¥²¥´¨Ö, ¨ ¸¶μ¸μ¡ ¢μ¸-
¸É ´μ¢²¥´¨Ö ¸¥Î¥´¨Ö ¨§ ¨§³¥·Ö¥³μ° § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  ·¥ ±Í¨¨ ËμÉμ¤¥²¥´¨Ö
μÉ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¸¶¥±É· . �·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨Ö
Ê¸É ´μ¢±¨ ´  ¶ÊÎ±¥ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ³¨±·μÉ·μ´  Œ’-25 ‹Ÿ� �ˆŸˆ [1],
¢±²ÕÎ ÕÐ¨¥ ¨§³¥·¥´¨Ö ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ ËμÉμ¤¥²¥´¨Ö Ê· ´ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. 	.”²¥·μ¢  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Testov D.A. et al. P13-2007-155
Measurement of Quadrupole Deformation for the Nuclei
of Actinide Elements

The method of determination of the quadrupole deformation parameter is dis-
cussed. This method is based on splitting of the giant dipole resonance. The ex-
perimental setup including an avalanche-meter and the method of reconstruction of
cross-section are described. The cross-section was reconstructed from the measured
dependence of the photoˇssion yield on the boundary energy of bremsstrahlung. The
results of a setup test on the microtron bremsstrahlung beam (MT-25, FLNR, JINR)
[1] including measurement of the excitation function for the photoˇssion of 238U are
presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚‚…„…�ˆ…

Œ´μ£μÎ¨¸²¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ë ±ÉÒ Ê± §Ò¢ ÕÉ ´  Éμ, ÎÉμ Ëμ·³ 
Í¥²μ£μ ·Ö¤  Ö¤¥· § ³¥É´μ μÉ²¨Î ¥É¸Ö μÉ ¸Ë¥·¨Î¥¸±μ° ¨ ¸±μ·¥¥ ¸μμÉ¢¥É¸É¢Ê¥É
¢ÒÉÖ´ÊÉμ³Ê ¨²¨ ¸¶²Õ¸´ÊÉμ³Ê Ô²²¨¶¸μ¨¤Ê [2]. �É±²μ´¥´¨¥ Ëμ·³Ò Ö¤·  μÉ
¸Ë¥·Ò μ¡ÒÎ´μ Ì · ±É¥·¨§ÊÕÉ ¶ · ³¥É·μ³ ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ (β),
¸¢Ö§Ó ±μÉμ·μ£μ ¸ μ¸Ö³¨ Ô²²¨¶¸μ¨¤  (¡μ²ÓÏμ° a ¨ ³ ²μ° b) ¨³¥¥É ¢¨¤

β =
2
3

(a − b)
3
√

ab2
,

¢¢μ¤Ö μ¡μ§´ Î¥´¨¥ a = k · b, ¨³¥¥³

β =
2
3

1 − k
3
√

k
. (1)

� · ³¥É· ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ μ¸´μ¢´ÒÌ Ì · ±É¥-
·¨¸É¨± ¤¥Ëμ·³¨·μ¢ ´´ÒÌ Ö¤¥·. �´ μ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  Í¥-
²Ò° ·Ö¤ Ö¤¥·´ÒÌ ¸¢μ°¸É¢ Å ¸¶¥±É· ¢μ§¡Ê¦¤¥´´ÒÌ Ê·μ¢´¥°, Ô²¥±É·¨Î¥¸±¨°
¨ ³ £´¨É´Ò° ³Ê²ÓÉ¨¶μ²Ó´Ò¥ ³μ³¥´ÉÒ, ¸¥Î¥´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨°. �μ¸²¥¤´¥¥
μ¸μ¡¥´´μ ¢ ¦´μ ¢ ¸²ÊÎ ¥ μÎ¥´Ó ³ ²ÒÌ ¸¥Î¥´¨° (³¥´¥¥ 1 ³±¡), ´ ¶·¨³¥· ¶·¨
¸¨´É¥§¥ ´μ¢ÒÌ É· ´¸Ê· ´μ¢ÒÌ Ô²¥³¥´Éμ¢, ±μ£¤  ¤²Ö ¶μ¤ ¢²¥´¨Ö ±μ´±Ê·¨·Ê-
ÕÐ¥° ·¥ ±Í¨¨ ¤¥²¥´¨Ö ¶·¨Ìμ¤¨É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤μ¸É ÉμÎ´μ ´¨§±¨¥ Ô´¥·£¨¨
¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í. �μÔÉμ³Ê §´ ´¨¥ ¶ · ³¥É·μ¢ ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·-
³ Í¨¨ ´¥μ¡Ìμ¤¨³μ ¤²Ö ¨§ÊÎ¥´¨Ö Í¥²μ£μ ·Ö¤  Ö¤¥·´ÒÌ ¶·μÍ¥¸¸μ¢, ¨ ¨§³¥·¥´¨¥
¨Ì Ö¢²Ö¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´μ° § ¤ Î¥°.

ˆ§¢¥¸É´Ò ¤¢¥ μ¸´μ¢´Ò¥ μ¡² ¸É¨ ¤¥Ëμ·³¨·μ¢ ´´ÒÌ Ö¤¥·. �¤´  ¨§ ´¨Ì
¢±²ÕÎ ¥É Ö¤·  ² ´É ´μ¨¤´ÒÌ Ô²¥³¥´Éμ¢ ¸ Î¨¸²μ³ ´¥°É·μ´μ¢ N > 90, ¤·Ê-
£ Ö Å Ö¤·   ±É¨´μ¨¤´ÒÌ Ô²¥³¥´Éμ¢ ¸ N > 134, · ¸¶μ²μ¦¥´´ÒÌ ´  £· ´¨Í¥
É ¡²¨ÍÒ „. ˆ.Œ¥´¤¥²¥¥¢  (¨§¢¥¸É´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ±¢ ¤·Ê¶μ²Ó´μ° ¤¥-
Ëμ·³ Í¨¨ ¶·¥¤¸É ¢²¥´Ò ¢ μ¡§μ·¥ [3]). ‚¨¤´μ, ÎÉμ ¤ ´´Ò¥ μ ¤¥Ëμ·³ Í¨ÖÌ
Ö¤¥· ¢Éμ·μ° μ¡² ¸É¨ §´ Î¨É¥²Ó´μ ¡¥¤´¥¥, Î¥³ ¶¥·¢μ°. �É¨ Ö¤·  Ö¢²ÖÕÉ¸Ö
¶·¥¨³ÊÐ¥¸É¢¥´´μ · ¤¨μ ±É¨¢´Ò³¨, ³´μ£¨¥ ¨§ ´¨Ì ¨¸¶ÒÉÒ¢ ÕÉ α-· ¸¶ ¤ ¨²¨
¸¶μ´É ´´μ¥ ¤¥²¥´¨¥. ‘¢Ö§Ó Ì · ±É¥·¨¸É¨± ÔÉμ£μ · ¸¶ ¤  (Ô´¥·£¨Ö · ¸¶ ¤ ,
¢·¥³Ö ¦¨§´¨) c ¶ · ³¥É·μ³ ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ
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´μ¢ÊÕ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ÔÉ¨Ì Ö¤¥·, ± ± ¶· ¢¨²μ, ¥Ð¥ ´¥¤μ¸É ÉμÎ´μ
¨§ÊÎ¥´´ÒÌ.

� · ³¥É· ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ μ¡ÒÎ´μ μ¶·¥¤¥²ÖÕÉ ¨§ ±¢ ¤·Ê¶μ²Ó-
´μ£μ ³μ³¥´É  Ö¤·  (Q), ¸¢Ö§ ´´μ£μ ¸ ´¨³ ¸μμÉ´μÏ¥´¨¥³

Q =
1√
5π

ZR2β(1 + 0.156β + ...), (2)

£¤¥ Z Å  Éμ³´Ò° ´μ³¥·, R Å · ¤¨Ê¸ Ö¤· .
ˆ§¢¥¸É¥´ Í¥²Ò° ·Ö¤ ³¥Éμ¤μ¢ μ¶·¥¤¥²¥´¨Ö ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É  Ö¤· .

�´¨ μ¸´μ¢ ´Ò ²¨¡μ ´  ¢²¨Ö´¨¨ ¥£μ ´  Ö¤¥·´Ò¥ Ì · ±É¥·¨¸É¨±¨ (´ ¶·¨³¥·,
¢·¥³¥´  ¦¨§´¨ Ê·μ¢´¥°), ²¨¡μ ´  ¢μ§³ÊÐ¥´¨¨ ¢ Ô²¥±É·μ´´μ° μ¡μ²μÎ±¥  Éμ³ 
(· ¸Ð¥¶²¥´¨¥  Éμ³´ÒÌ Ê·μ¢´¥°), ²¨¡μ ´  ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ¡μ³¡ ·¤¨·ÊÕ-
Ð¨³¨ Ö¤·μ Î ¸É¨Í ³¨. ‚ ¸²ÊÎ ¥ γ-±¢ ´Éμ¢ ÔÉμ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶·¨¢μ¤¨É ±
· ¸Ð¥¶²¥´¨Õ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  ¢ ËÊ´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥-
 ±Í¨¨ ËμÉμ¶μ£²μÐ¥´¨Ö ´  ¤¢¥ ±μ³¶μ´¥´ÉÒ [4]. �¡ÑÖ¸´¥´¨¥ ÔÉμ£μ · ¸Ð¥¶-
²¥´¨Ö ¢ Éμ³, ÎÉμ Î ¸ÉμÉÒ ¤¨¶μ²Ó´ÒÌ ±μ²¥¡ ´¨° Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¢¤μ²Ó
¡μ²ÓÏμ° ¨ ³ ²μ° μ¸¥° ¤¥Ëμ·³¨·μ¢ ´´μ£μ Ö¤·  · §²¨Î´Ò. �É´μÏ¥´¨¥ Ô´¥·-
£¨° ÔÉ¨Ì ±μ³¶μ´¥´É (E1 ¨ E2) μ¶·¥¤¥²Ö¥É ¢´ÊÉ·¥´´¨° ±¢ ¤·Ê¶μ²Ó´Ò° ³μ³¥´É
Ö¤·  ¨ ¶ · ³¥É· ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨:

E1

E2
= 0, 911

a

b
+ 0, 089. (3)

“± § ´´Ò° ³¥Éμ¤ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ Ê´¨¢¥·¸ ²Ó´Ò³. �´ ¶·¨³¥´¨³ ± Ö¤· ³
´¥§ ¢¨¸¨³μ μÉ ¨Ì ¸¶¨´ , ¢ Éμ³ Î¨¸²¥ ¨ ± Î¥É´μ-Î¥É´Ò³ ¸ I = 0,   μ¶·¥-
¤¥²Ö¥³ Ö ¤¥Ëμ·³ Í¨Ö ¢±²ÕÎ ¥É ¨ ´Ê²¥¢Ò¥ ±μ²¥¡ ´¨Ö Ö¤¥·´μ° ¶μ¢¥·Ì´μ¸É¨.
�μÔÉμ³Ê ¤ ´´Ò° ³¥Éμ¤ ¨ ¡Ò² ¢Ò¡· ´ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ±¢ ¤·Ê-
¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ É· ´¸Ê· ´μ¢ÒÌ Ö¤¥·.

1. ‚�‘‘’���‚‹…�ˆ… ‘…—…�ˆŸ

	¥μ¡Ìμ¤¨³Ò° ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μÉμ± γ-¨§²ÊÎ¥´¨Ö μ¡ÒÎ´μ ¶μ²ÊÎ ÕÉ
¶·¨ Éμ·³μ¦¥´¨¨ Ô²¥±É·μ´μ¢ ¢ ³¨Ï¥´¨ ¨§ ± ±μ£μ-²¨¡μ ÉÖ¦¥²μ£μ Ô²¥³¥´É .
�¡· §ÊÕÐ¨°¸Ö ¶·¨ ÔÉμ³ Éμ·³μ§´μ° ¸¶¥±É· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´¥¶·¥·Ò¢´μ¥
· ¸¶·¥¤¥²¥´¨¥ μÉ ´Ê²Ö ¤μ Ô´¥·£¨¨ Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢. ‚ Ô±¸¶¥·¨³¥´É Ì
¶μ μ¶·¥¤¥²¥´¨Õ ¶ · ³¥É·  ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ ¨§³¥·Ö¥É¸Ö § ¢¨¸¨-
³μ¸ÉÓ ¢ÒÌμ¤  ·¥ ±Í¨¨ ËμÉμ¶μ£²μÐ¥´¨Ö ¨²¨ · ¸¶ ¤  μ¡· §ÊÕÐ¥£μ ¸μ¸É ¢´μ£μ
Ö¤·  μÉ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¸¶¥±É· . „ ²¥¥ μÉ ÔÉμ° § ¢¨¸¨³μ¸É¨
´¥μ¡Ìμ¤¨³μ ¶¥·¥°É¨ ±  ´ ²μ£¨Î´μ° § ¢¨¸¨³μ¸É¨ ¤²Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨. „²Ö
¢μ¸¸É ´μ¢²¥´¨Ö ¸¥Î¥´¨Ö σ(Eγ) ¨§ ¶μ²ÊÎ¥´´μ£μ ¢ÒÌμ¤  ·¥ ±Í¨¨ N(T ) ´¥μ¡-
Ìμ¤¨³μ ·¥Ï¨ÉÓ ¨´É¥£· ²Ó´μ¥ Ê· ¢´¥´¨¥:

N(T ) = εAD(T )
∫ T

0

σ(Eγ)W (Eγ , T )dEγ , (4)
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£¤¥ W (Eγ,T ) Å Î¨¸²μ ËμÉμ´μ¢ ¸ Ô´¥·£¨¥° Eγ ¢ ¥¤¨´¨Î´μ³ ¨´É¥·¢ ²¥ Ô´¥·-
£¨° Éμ·³μ§´μ£μ ¸¶¥±É· , μ´μ § ¢¨¸¨É μÉ Ëμ·³Ò Éμ·³μ§´μ£μ ¸¶¥±É· , ±μÉμ· Ö
μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³ (5) [5]; D(T ) Å ¤μ§  Éμ·³μ§´μ£μ γ-¨§²ÊÎ¥´¨Ö ¸
¢¥·Ì´¥° £· ´¨Í¥° T , ¶μ£²μÐ¥´ Ö ³¨Ï¥´ÓÕ; A Å ±μ²¨Î¥¸É¢μ ¨¸¸²¥¤Ê¥³ÒÌ
Ö¤¥· ´  1 ¸³2 ³¨Ï¥´¨; ε Å ÔËË¥±É¨¢´μ¸ÉÓ Ê¸É ´μ¢±¨, ¤¥É¥±É¨·ÊÕÐ¥° ¶·μ-
¤Ê±ÉÒ ËμÉμÖ¤¥·´μ° ·¥ ±Í¨¨.

W (Eγ , T ) =
i=5,j=4∑

i,j=0

Ci,j
Ei

e

T j
, (5)

£¤¥ Ci,j Å ±μÔËË¨Í¨¥´ÉÒ · §²μ¦¥´¨Ö.
�Ö¤ ¶·¨³¥·μ¢ Éμ·³μ§´ÒÌ ¸¶¥±É·μ¢, · ¸¸Î¨É ´´ÒÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò-

· ¦¥´¨Ö (5), ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1.

�¨¸. 1. ”μ·³Ò Éμ·³μ§´ÒÌ ¸¶¥±É·μ¢ ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ Ô²¥±É·μ´μ¢ (1 Å 12 ŒÔ‚,
2 Å 14 ŒÔ‚, 3 Å 18 ŒÔ‚, 4 Å 22 ŒÔ‚)

�¶·¥¤¥²¥´¨¥ σ(Eγ) ¶μ Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê ¢ÒÌμ¤Ê ¥¸ÉÓ É¨¶¨Î´ Ö μ¡· É-
´ Ö § ¤ Î . ‘ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¸¶μ¸μ¡μ¢ ·¥Ï¥´¨Ö É ±¨Ì § ¤ Î. „²Ö ¢μ¸¸É -
´μ¢²¥´¨Ö ¸¥Î¥´¨Ö ´ ³¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ ·¥¤Ê±Í¨¨, ¶·¨³¥´Ö¥³Ò°
¢ 	ˆˆŸ” Œƒ“ [6]. Œ¥Éμ¤ ·¥¤Ê±Í¨¨ ¶μ§¢μ²Ö¥É ¶·¥μ¡· §μ¢Ò¢ ÉÓ ¸¥Î¥´¨¥
·¥ ±Í¨¨ μÉ ¢¨¤ , ±μÉμ·Ò° μ´μ ¨³¥¥É, ¡Ê¤ÊÎ¨ ¶μ²ÊÎ¥´´Ò³ ¶·¨ μ¤´μ° Ëμ·³¥
ÔËË¥±É¨¢´μ£μ ¸¶¥±É·  ËμÉμ´μ¢, ± ¢¨¤Ê, ±μÉμ·Ò° μ´μ ¨³¥²μ ¡Ò, ¥¸²¨ ¡Ò ËμÉμ-
´´Ò° ¸¶¥±É· ¨³¥² ¤·Ê£ÊÕ Ëμ·³Ê, ´ ¶·¨³¥·, ¶· ¢¨²Ó´ÊÕ £ Ê¸¸¨ ´μ¶μ¤μ¡´ÊÕ.

2. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

”μÉμÖ¤¥·´Ò¥ ·¥ ±Í¨¨ ¸ É· ´¸Ê· ´μ¢Ò³¨ Ô²¥³¥´É ³¨ ¨³¥ÕÉ ·Ö¤ μ¸μ¡¥´-
´μ¸É¥°, ±μÉμ·Ò¥, ¥¸É¥¸É¢¥´´μ, μÉ· ¦ ÕÉ¸Ö ´  ¨¸¶μ²Ó§Ê¥³μ° ¤²Ö ¨Ì ¨¸¸²¥¤μ-
¢ ´¨° Ô±¸¶¥·¨³¥´É ²Ó´μ° ³¥Éμ¤¨±¥.
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1. ‡´ Î¨É¥²Ó´ÊÕ ¤μ²Õ μÉ ¶μ²´μ£μ ¸¥Î¥´¨Ö ¶μ£²μÐ¥´¨Ö γ-±¢ ´Éμ¢ ¸μ¸É -
¢²Ö¥É ¸¥Î¥´¨¥ ËμÉμ¤¥²¥´¨Ö μ¡· §ÊÕÐ¥£μ¸Ö ¢μ§¡Ê¦¤¥´´μ£μ Ö¤· . �μÔÉμ³Ê ¤²Ö
μ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö ËμÉμ¶μ£²μÐ¥´¨Ö ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨§³¥·¥´¨Ö ¢ÒÌμ-
¤μ¢ μ¸±μ²±μ¢ ËμÉμ¤¥²¥´¨Ö ¨§ÊÎ ¥³ÒÌ Ö¤¥·. ’ ±¨³ ¸¶μ¸μ¡μ³ ³μ¦´μ ¶· ±É¨Î¥-
¸±¨ ¶μ²´μ¸ÉÓÕ ¨¸±²ÕÎ¨ÉÓ ¢²¨Ö´¨¥ ¶·¨³¥¸¥° ²¥£±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡²ÊÎ ¥³μ°
³¨Ï¥´¨.

2. �¸±μ²±¨ ¤¥²¥´¨Ö ¨³¥ÕÉ ³ ²Ò° ¶·μ¡¥£ ¢ ¢¥Ð¥¸É¢¥ (´¥ ¡μ²¥¥
5 ³£/¸³2) [7], ¨§-§  Î¥£μ ¢ ¨§³¥·Ö¥³Ò° ¢ÒÌμ¤ μ¸±μ²±μ¢ ¢±² ¤ ¢´μ¸¨É ²¨ÏÓ
Éμ´±¨° ¸²μ° ¢¥Ð¥¸É¢  ³¨Ï¥´¨. �μÔÉμ³Ê ¤²Ö ¤μ¸É¨¦¥´¨Ö ´¥μ¡Ìμ¤¨³μ° ¸É É¨-
¸É¨±¨ μÉ¸Î¥Éμ¢ §  ³¨´¨³ ²Ó´μ¥ ¢·¥³Ö ¤¥É¥±Éμ· ¤μ²¦¥´ μ¡² ¤ ÉÓ ¤μ¸É ÉμÎ´μ
¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö, ´μ ¢ Éμ ¦¥ ¢·¥³Ö
¡ÒÉÓ ¶· ±É¨Î¥¸±¨ ´¥ÎÊ¢¸É¢¨É¥²Ó´Ò³ ± α-Î ¸É¨Í ³ ¨§ μ¡²ÊÎ ¥³ÒÌ ³¨Ï¥´¥°
¨ ± Éμ·³μ§´μ³Ê ¨§²ÊÎ¥´¨Õ Ê¸±μ·¨É¥²Ö.

3. „¥É¥±Éμ· μ¸±μ²±μ¢ ¤μ²¦¥´ ¨³¥ÉÓ ¢Ò¸μ±ÊÕ · ¤¨ Í¨μ´´ÊÕ ¸Éμ°±μ¸ÉÓ
¶μ μÉ´μÏ¥´¨Õ ± Éμ·³μ§´μ³Ê ¨§²ÊÎ¥´¨Õ ¸ É¥³, ÎÉμ¡Ò ¥£μ Ì · ±É¥·¨¸É¨±¨
¸ÊÐ¥¸É¢¥´´μ ´¥ ³¥´Ö²¨¸Ó §  ¢·¥³Ö Ô±¸¶¥·¨³¥´É .

‚¸¥³ ÔÉ¨³ É·¥¡μ¢ ´¨Ö³ ¢ ´ ¨¡μ²ÓÏ¥° ¸É¥¶¥´¨ Ê¤μ¢²¥É¢μ·ÖÕÉ £ §μ¢Ò¥ ¤¥-
É¥±Éμ·Ò [8]. ‚ ¤ ´´μ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¢ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  μ¸±μ²±μ¢
¤¥²¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö ² ¢¨´´Ò° ¸Î¥ÉÎ¨±, ¸Ì¥³  ±μÉμ·μ£μ ¶·¥¤¸É ¢²¥´  ´ 
·¨¸. 2. „ ´´Ò° ¸Î¥ÉÎ¨± Ö¢²Ö¥É¸Ö ¡¥¸±μ·¶Ê¸´Ò³ ¢ ·¨ ´Éμ³ ¸Î¥ÉÎ¨± , μ¶¨¸ ´-
´μ£μ ¢ [9]. �´ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° É·¥ÌÔ²¥±É·μ¤´ÊÕ ±μ´¸É·Ê±Í¨Õ ¸ ¶²¥´μÎ-
´Ò³ ³¥É ²²¨§¨·μ¢ ´´Ò³ ± Éμ¤μ³, · ¸¶μ²μ¦¥´´Ò³ ³¥¦¤Ê ¤¢Ê³Ö ¶·μ¢μ²μÎ-
´Ò³¨  ´μ¤ ³¨. �´μ¤Ò ¨³¥ÕÉ ´Ê²¥¢μ° ¶μÉ¥´Í¨ ², ´  ± Éμ¤ ¶μ¤ ¥É¸Ö μÉ·¨Í -
É¥²Ó´μ¥ ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥, ¸ ´¥£μ ¦¥ ¸´¨³ ¥É¸Ö ¨ ¢ÒÌμ¤´μ° ¸¨£´ ². Š Éμ¤
¨§£μÉμ¢²¥´ ¨§ ³ °² ·μ¢μ° ¶²¥´±¨ Éμ²Ð¨´μ° 1,2 ³±³, ±μÉμ· Ö § ¶Ò²Ö¥É¸Ö ¸
μ¡¥¨Ì ¸Éμ·μ´ §μ²μÉμ³ Éμ²Ð¨´μ° 40 ³±£/¸³2. �´μ¤Ò ¨§£μÉμ¢²¥´Ò ¨§ ³¥¤´μ-
¡¥·¨²²¨¥¢μ° ¡·μ´§μ¢μ° ¶·μ¢μ²μ±¨ Éμ²Ð¨´μ° 50 ³±³, ´ ³μÉ ´´μ° ¸ Ï £μ³
1 ³³. ‘Î¥ÉÎ¨± ¨ μ¡²ÊÎ ¥³ Ö ³¨Ï¥´Ó ¶μ³¥Ð ²¨¸Ó ¢ ·¥ ±Í¨μ´´ÊÕ ± ³¥·Ê,
±μÉμ· Ö ¶μ¸²¥ ¶·¥¤¢ ·¨É¥²Ó´μ° μÉ± Î±¨ § ¶μ²´Ö² ¸Ó ¶¥´É ´μ³ ¤μ ¤ ¢²¥´¨Ö
´¥¸±μ²Ó±μ Éμ··. ˆ§-§  ¢Ò¸μ±μ° ¶·μ´¨± ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ γ-¨§²ÊÎ¥´¨Ö ¢

�¨¸. 2. ‘Ì¥³  ² ¢¨´´μ£μ ¸Î¥ÉÎ¨±  μ¸±μ²±μ¢ ¤¥²¥´¨Ö
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± ³¥·¥ ´¥ ¡Ò²μ ¶·¥¤Ê¸³μÉ·¥´μ ¸¶¥Í¨ ²Ó´ÒÌ ¢Ìμ¤´ÒÌ μ±μ´, ¨ μ´μ ³μ£²μ ¶μ-
¶ ¤ ÉÓ ´  ³¨Ï¥´Ó ¸ ²Õ¡μ£μ ´ ¶· ¢²¥´¨Ö. ‚¥²¨Î¨´Ò · ¡μÎ¥£μ ¤ ¢²¥´¨Ö ¶¥´-
É ´  ¨ ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö ¶μ¤¡¨· ²¨¸Ó ¨§ Ê¸²μ¢¨Ö ³ ±¸¨³Ê³  μÉ´μÏ¥´¨Ö
 ³¶²¨ÉÊ¤ ¨³¶Ê²Ó¸μ¢ μ¸±μ²±μ¢ ¤¥²¥´¨Ö ¨ α-Î ¸É¨Í ¤²Ö ¨Ì ´ ¤¥¦´μ° ¤¨¸±·¨-
³¨´ Í¨¨. ‚ ¤ ´´μ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¸Î¥ÉÎ¨± · ¡μÉ ² ¶·¨ ´ ¶·Ö¦¥´¨¨
Ä450 ‚ ¨ ¤ ¢²¥´¨¨ ¶¥´É ´  4 Éμ··. �·¨ ´ ¶·Ö¦¥´¨¨ Ä450 ‚ ¸´¨³ ¥³Ò°
¸ ± Éμ¤  ¨³¶Ê²Ó¸ ¢ ¸²ÊÎ ¥ μ¸±μ²±μ¢ ¤¥²¥´¨Ö ¨³¥²  ³¶²¨ÉÊ¤Ê ∼ 10 ³‚ ¶·¨
¤²¨É¥²Ó´μ¸É¨ 7 ´¸ ´  50-�³ ´ £·Ê§±¥.

„¥É¥±Éμ· § ¶μ²´Ö²¸Ö ¶¥´É ´μ³, ¤ ¢²¥´¨¥ ±μÉμ·μ£μ ·¥£Ê²¨·μ¢ ²μ¸Ó.
�¡ÒÎ´μ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤ ¢²¥´¨¥ ¢ ´¥¸±μ²Ó±μ Éμ··, ¶·¨ ÔÉμ³ ¶μÉ¥·¨ Ô´¥·£¨¨
α-Î ¸É¨Í ¢ ÎÊ¢¸É¢¨É¥²Ó´μ³ μ¡Ñ¥³¥ ¸Î¥ÉÎ¨±  ¡Ò²¨ ¢ ´¥¸±μ²Ó±μ · § ³¥´ÓÏ¥,
Î¥³ Ê μ¸±μ²±μ¢ ¤¥²¥´¨Ö. ’ ±μ¥ · §²¨Î¨¥ ¶μÉ¥·Ó Ô´¥·£¨¨ ¶μ§¢μ²Ö²μ ¢Ò¤¥²ÖÉÓ
μ¸±μ²±¨ ¤¥²¥´¨Ö ´  Ëμ´¥ ¨´É¥´¸¨¢´μ£μ ¶μÉμ±  α-Î ¸É¨Í, ÎÉμ ¡Ò²μ ¶·μ¤¥-
³μ´¸É·¨·μ¢ ´μ ´  ³¨Ï¥´ÖÌ 237Np. �¡²ÊÎ ¥³ Ö ³¨Ï¥´Ó ¤¨ ³¥É·μ³ 1,5 ¸³
· ¸¶μ² £ ² ¸Ó ¶μ¤ Ê£²μ³ 45◦ ± ´ ¶· ¢²¥´¨Õ ¶ÊÎ±  Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¨
§ ±·¥¶²Ö² ¸Ó ´  · ¸¸ÉμÖ´¨¨ 3 ¸³ μÉ ÎÊ¢¸É¢¨É¥²Ó´μ£μ μ¡Ñ¥³ . ’ ±μ¥ · ¸¶μ²μ-
¦¥´¨¥ ³¨Ï¥´¨ ¶·¨ ±μ²²¨³ Í¨¨ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¶μ§¢μ²Ö²μ §´ Î¨É¥²Ó´μ
¸´¨§¨ÉÓ ¥£μ ¨´É¥´¸¨¢´μ¸ÉÓ ¢ ÎÊ¢¸É¢¨É¥²Ó´μ³ μ¡Ñ¥³¥ ¸Î¥ÉÎ¨± . �·¨ ÔÉμ³ £¥μ-
³¥É·¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ μ¸±μ²±μ¢ ¤¥²¥´¨Ö ¸μ¸É ¢²Ö²  ¢¥²¨-
Î¨´Ê ∼ 1 %.

ˆ¸¶ÒÉ ´¨¥ Ê¸É ´μ¢±¨ ¸ Í¥²ÓÕ ¨§³¥·¥´¨Ö ¥¥ Ì · ±É¥·¨¸É¨± ¨ ¢Ò¡μ· 
μ¶É¨³ ²Ó´ÒÌ Ê¸²μ¢¨° ¤²Ö ·¥£¨¸É· Í¨¨ μ¸±μ²±μ¢ ËμÉμ¤¥²¥´¨Ö ¶·μ¢μ¤¨²μ¸Ó
´  Éμ·³μ§´μ³ ¨§²ÊÎ¥´¨¨ ³¨±·μÉ·μ´  Œ’-25 ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°
�ˆŸˆ [1]. �ÉμÉ Ê¸±μ·¨É¥²Ó ¸ ¤¨ ³¥É·μ³ ¶μ²Õ¸μ¢ ³ £´¨É  1520 ³³ ¶μ§¢μ²Ö²
¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ ËμÉμ´μ¢ ¸ ¶² ¢´μ ¨§³¥´ÖÕÐ¥°¸Ö £· ´¨Î´μ° Ô´¥·£¨¥° μÉ 5 ¤μ
25 ŒÔ‚ ¶·¨ ³μ´μÌ·μ³ É¨Î´μ¸É¨ 50 ±Ô‚ ¨ ¨´É¥´¸¨¢´μ¸É¨ ¤μ 20 ³±�. — ¸ÉμÉ 
¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ Ô²¥±É·μ´μ¢ ¸μ¸É ¢²Ö²  400 ƒÍ, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸ 
2,5 ³±¸.

„²Ö ¨¸¶ÒÉ ´¨° Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¨ ³¥Éμ¤¨±¨ μ¡· ¡μÉ±¨ ¡Ò² 
¢Ò¡· ´  ·¥ ±Í¨Ö 238U(γ, f), ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ±μÉμ·μ° Ìμ·μÏμ
¨§¢¥¸É´  [10]. ˆ§³¥·Ö² ¸Ó § ¢¨¸¨³μ¸ÉÓ ¸Î¥É  μ¸±μ²±μ¢, μÉ´¥¸¥´´ÒÌ ± ¶μ-
Éμ±Ê Ô²¥±É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  Éμ·³μ§´ÊÕ ³¨Ï¥´Ó, μÉ £· ´¨Î´μ° Ô´¥·£¨¨
Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° Ô²¥±-
É·μ´μ¢ 11Ä17,2 ŒÔ‚, ¢ ±μÉμ·μ³ · ¸¶μ²μ¦¥´Ò μ¡¥ ±μ³¶μ´¥´ÉÒ · ¸Ð¥¶²¥´¨Ö
£¨£ ´É¸±μ£μ ·¥§μ´ ´¸  ¸ Ï £μ³ 0,2 ŒÔ‚. �·¨ ´μ·³¨·μ¢±¥ ¢ÒÌμ¤  μ¸±μ²±μ¢ ±
¨´É¥´¸¨¢´μ¸É¨ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ÊÎ¨ÉÒ¢ ²μ¸Ó, ÎÉμ ËμÉμ¤¥²¥´¨¥ ¢Ò§Ò¢ ¥É
´¥ ¢¥¸Ó Éμ·³μ§´μ° ¸¶¥±É·,   Éμ²Ó±μ ¥£μ Î ¸ÉÓ, · ¸¶μ²μ¦¥´´ Ö ¢ÒÏ¥ ¶μ·μ£ 
¤¥²¥´¨Ö Ê· ´  (6,5 ŒÔ‚).

�μ²ÊÎ¥´´ Ö É ±¨³ ¸¶μ¸μ¡μ³ ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 238U(γ, f)
¶·¥¤¸É ¢²¥´  ´  ·¨¸. 3. „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´  ËÊ´±Í¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¸¥Î¥-
´¨Ö ËμÉμ¤¥²¥´¨Ö 238U μÉ Ô´¥·£¨¨ γ-±¢ ´Éμ¢, ¨§³¥·¥´´ Ö ¢ [10]. Š ± ¢¨¤´μ ¨§
·¨¸. 3, ´ ¡²Õ¤ ¥É¸Ö Ìμ·μÏ¥¥ ¸μ£² ¸¨¥ ¶μ²ÊÎ¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
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�¨¸. 3. ”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨¨ 238U(γ, f )

´ÒÌ ¸ ¨§¢¥¸É´Ò³¨ · ´¥¥. �·μ¢¥¤¥´´Ò¥ ¨¸¶ÒÉ ´¨Ö ¶μ± § ²¨, ÎÉμ μ¶¨¸ ´´ Ö
Ê¸É ´μ¢±  ³μ¦¥É Ê¸¶¥Ï´μ · ¡μÉ ÉÓ ¢ ¨´É¥´¸¨¢´ÒÌ ¶μ²ÖÌ · §²¨Î´μ£μ ¨μ´¨§¨-
·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö: μ¸±μ²±μ¢ ¤¥²¥´¨Ö (´¥¸±μ²Ó±μ ¸μÉ¥´ μ¸±μ²±μ¢ ¢ ¸¥±Ê´¤Ê),
ËμÉμ´μ¢ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¤μ 1012 ¸,   É ±¦¥ α-¨§²ÊÎ¥´¨Ö. �Éμ ¸¢¨¤¥-
É¥²Ó¸É¢Ê¥É μ ¶·¨³¥´¨³μ¸É¨ ¤ ´´μ° ³¥Éμ¤¨±¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨§³¥·¥´¨Õ
ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö ·¥ ±Í¨° ËμÉμ¤¥²¥´¨Ö ¨ ¶μ²ÊÎ¥´¨Õ ¨§ ´¨Ì §´ Î¥´¨°
¶ · ³¥É·μ¢ ±¢ ¤·Ê¶μ²Ó´μ° ¤¥Ëμ·³ Í¨¨ ¤²Ö Ï¨·μ±μ£μ ±·Ê£  Ö¤¥· É· ´¸Ê· ´μ-
¢ÒÌ Ô²¥³¥´Éμ¢ μÉ U(Z = 92) ¤μ Cm(Z = 96), Ì · ±É¥·¨§ÊÕÐ¨Ì¸Ö ¢Ò¸μ±¨³
Ê·μ¢´¥³ α-¨§²ÊÎ¥´¨Ö.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.–.�£ ´¥¸Ö´Ê,
‘.	. „³¨É·¨¥¢Ê ¨ 
. ‘.ˆÏÌ ´μ¢Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö, �. ƒ. 
¥²μ¢Ê § 
μ¡¥¸¶¥Î¥´¨¥ · ¡μÉÒ ³¨±·μÉ·μ´  ¨ „.�. �Ê¤¥´±μ §  ¶μ³μÐÓ ¢ ´ ² ¤±¥ ¶·μ-
£· ³³Ò μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢.
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