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���ƒ�™…���ƒ� ˆ‡�’���Œ 235U

‚.�.„³¨É·¨¥¢¸±¨°1, �.�.�Ê¸ ±µ¢¨Î2, �.‚.‘¥·£¥¥¢ 3

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

‚ · ¡µÉ¥ · ¸¸Î¨É ´ ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¸¶¥±É·  ¤¥²¥´¨Ö ¢ µ¤´µ·µ¤´µ° ¸³¥¸¨
238U+235U, ±µÉµ·Ò° µ¶·¥¤¥²Ö¥É ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´¨Ö Ô²¥±É·µÖ¤¥·´µ£µ ³¥Éµ¤  ¤²Ö Ô´¥·£¥É¨-
Î¥¸±µ£µ Ê¸¨²¨É¥²Ö. ˆ§²µ¦¥´ ³¥Éµ¤ · ¸Î¥É  ¨§³¥´¥´¨Ö ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ¶·¨ ´ ±µ¶²¥´¨¨
µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨ É· ´¸Ê· ´µ¢ÒÌ Ô²¥³¥´Éµ¢ ¶µ ·¥ ±Í¨¨ n, γ.

The ˇssion inducing neutron breeding coefˇcient for a heterogeneous 238U +235 U mixture is
calculated, which is important for determining the possibility of using the electronuclear method for the
energy ampliˇer. The method of calculating variation of the breeding coefˇcient with accumulation of
ˇssion fragments and transuranium elements from the n, γ-reaction is described.

�²¥±É·µÖ¤¥·´Ò° ³¥Éµ¤ ¶µ²ÊÎ¥´¨Ö Ô´¥·£¨¨ ¡ §¨·Ê¥É¸Ö ´  ¢´¥Ï´¥³ ¨¸ÉµÎ´¨±¥ ´¥°É·µ-
´µ¢, ±µÉµ·Ò° µ¡¥¸¶¥Î¨¢ ¥É ¢Ò¤¥²¥´¨¥ Ô´¥·£¨¨ § ¤ ´´µ° ³µÐ´µ¸É¨ ¢ ¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö.
„²Ö ¶µ²ÊÎ¥´¨Ö ÔÉµ° ³µÐ´µ¸É¨ ¶µ¤±·¨É¨Î´µ¸ÉÓ (±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢
k < 1) ¤µ²¦¥´ ¨³¥ÉÓ µ¶·¥¤¥²¥´´µ¥ §´ Î¥´¨¥ ¤²Ö ¸É Í¨µ´ ·´µ£µ ¸¶¥±É·  ´¥°É·µ´µ¢. …¸²¨
k 
 1, ÎÉµ ¨³¥¥É ³¥¸Éµ ¤²Ö ¨§µÉµ¶  238U, Ô²¥±É·µÖ¤¥·´Ò° ³¥Éµ¤ ¶µ²ÊÎ¥´¨Ö Ô´¥·£¨¨
µ± §Ò¢ ¥É¸Ö ´¥ÔËË¥±É¨¢´Ò³ [1] ¤²Ö ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ´¥°É·µ´´ÒÌ ¨¸ÉµÎ´¨±µ¢ ´  µ¸´µ¢¥
Ê¸±µ·¨É¥²¥° § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

‚ ´ ¸ÉµÖÐ¥³ ¨¸¸²¥¤µ¢ ´¨¨ ¢Ò¶µ²´¥´Ò µÍ¥´µÎ´Ò¥ · ¸Î¥ÉÒ ¶µ µ¶·¥¤¥²¥´¨Õ § ¤ ´´µ°
¶µ¤±·¨É¨Î´µ¸É¨ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¸µ¤¥·¦ ´¨Ö ¨§µÉµ¶  235U ¢ ¥¸É¥¸É¢¥´´µ³ Ê· ´¥.

1. Œ�����…�ƒ…’ˆ—…‘Šˆ… �…‰’���›

Ÿ¤¥·´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·µ´µ¢ ¸ ¢¥Ð¥¸É¢µ³ µ¶¨¸Ò¢ ¥É¸Ö
¸¥Î¥´¨¥³ ¢§ ¨³µ¤¥°¸É¢¨Ö ¤²Ö ± ¦¤µ£µ ¶·µÍ¥¸¸  σ, ±µÉµ·µ¥ ¶·¨ Ê³´µ¦¥´¨¨ ´  Î¨¸²µ
Ö¤¥· ¢ ¸³3 (N ) µ¶·¥¤¥²Ö¥É ¢¥·µÖÉ´µ¸ÉÓ Ö¤¥·´µ° ·¥ ±Í¨¨ ´  ¥¤¨´¨Í¥ ¤²¨´Ò (¸³) ¶·µ¡¥£ 
¢ ¢¥Ð¥¸É¢¥ ∑

= σN

[
1
¸³

]
. (1)

1e-mail: vpd@nusun.jinr.ru
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3e-mail: nata@nusun.jinr.ru
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“³¥´ÓÏ¥´¨¥ ¶µÉµ±  ´¥°É·µ´µ¢ Φ ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´µ° ·¥ ±Í¨¨ ¶·µ¶µ·Í¨µ´ ²Ó´µ
¶µÉµ±Ê (Φ) ¨ Ô²¥³¥´ÉÊ ¤²¨´Ò ¶·µ¡¥£  ¢ ¢¥Ð¥¸É¢¥ (dx)

dΦ = −ΦΣdx,

¨²¨
Φ = Φ0e−ΣX . (2)

‚Ò· ¦¥´¨¥ (2) Î ¸Éµ ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö µ¶·¥¤¥²¥´¨Ö Ö¤¥·´µ£µ ¸¥Î¥´¨Ö.
�·¨ ´ ²¨Î¨¨ ´¥¸±µ²Ó±¨Ì Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°

∑
i ¶µ²´µ¥ ¸¥Î¥´¨¥ µ¶·¥¤¥²Ö¥É¸Ö

± ± ¸Ê³³  ¶ ·Í¨ ²Ó´ÒÌ ¸¥Î¥´¨° ∑
t
=

n∑
i=1

Σi. (3)

“³¥´ÓÏ¥´¨¥ ¶µÉµ±  ´¥°É·µ´µ¢ ¢ ÔÉµ³ ¸²ÊÎ ¥

Φ = Φ0e−ΣtX . (4)

�µ£²µÐ¥´¨¥ ´¥°É·µ´µ¢ ¶ ·Í¨ ²Ó´Ò³ ¸¥Î¥´¨¥³ ¡Ê¤¥É, ¸µ£² ¸´µ (2), · ¢´µ

dΦi = −Φ0e−ΣtXΣidx. (5)

ˆ´É¥£·¨·µ¢ ´¨¥ (5) µ¶·¥¤¥²Ö¥É ´µ·³¨·µ¢ ´´Ò° ¶ ·Í¨ ²Ó´Ò° § Ì¢ É ´¥°É·µ´µ¢ ¶·µ-
Í¥¸¸µ³

Φi = −Φ0Σi

∞∫
0

e−ΣtXdx = −Φ0
Σi

Σt
. (6)

�É´µÏ¥´¨¥
Σi

Σt
µ¶·¥¤¥²Ö¥É ¢¥·µÖÉ´µ¸ÉÓ § Ì¢ É  ´¥°É·µ´µ¢ ¢ Ö¤¥·´Ò° ¶·µÍ¥¸¸ ¸ ¨´-

¤¥±¸µ³ ®i¯ ¢ µ¤´µ·µ¤´µ° ¡¥¸±µ´¥Î´µ° ³¨Ï¥´¨.
� ¸¸³µÉ·¨³ µ¤´µ·µ¤´ÊÕ ³¨Ï¥´Ó ¨§ Ê· ´ , µ¡µ£ Ð¥´´µ£µ ¨§µÉµ¶µ³ 235U, ¸É¥¶¥´Ó

µ¡µ£ Ð¥´¨Ö ±µÉµ·µ£µ Ì · ±É¥·¨§Ê¥É¸Ö ±µÔËË¨Í¨¥´Éµ³ ξ:

N235 = Nξ, (7)

£¤¥ N Å Î¨¸²µ Ö¤¥· ¢ ¥¤¨´¨Í¥ µ¡Ñ¥³  µ¤´µ·µ¤´µ° ¸³¥¸¨.
�£· ´¨Î¨¢ Ö¸Ó Éµ²Ó±µ ¸¥Î¥´¨Ö³¨ ¤¥²¥´¨Ö (σf ) ¨ § Ì¢ É  ´¥°É·µ´µ¢ (σγ), ¨§ (6) ´¥¶µ-

¸·¥¤¸É¢¥´´µ ¶µ²ÊÎ ¥³

w235
f =

Σ235
f

Σ235
f + Σ238

f + Σ235
γ + Σ238

γ

, (8)

£¤¥ w235
f Å ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö Ê· ´  235U ¢ µ¤´µ·µ¤´µ° ¸³¥¸¨. ‚Ò· ¦¥´¨¥ (8) ³µ¦´µ

¶·¥¤¸É ¢¨ÉÓ ¢ Ëµ·³¥

wf =
1

1 +
1 − ξ

ξ

σ238
f

σ235
f

+
σ235

γ

σ235
f

+
1 − ξ

ξ

σ238
γ

σ235
f

. (9)
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�¨¸. 1. �É´µÏ¥´¨¥ ¸¥Î¥´¨°
σf

σγ
¤²Ö 235U ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ´¥°É·µ´ 

�¨¸. 2. Šµ²¨Î¥¸É¢µ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ ¶·¨ ¤¥²¥´¨¨ 235U ´¥°É·µ´ ³¨ · §´ÒÌ Ô´¥·£¨°

�·¨ ξ = 1 (Î¨¸ÉÒ° ¨§µÉµ¶ 235U)

wf =
1

1 + α
, (10)

£¤¥ α = σγ/σf . �±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ ¢¥²¨Î¨´Ò α µÉ Ô´¥·£¨¨ ´¥°É·µ´  ¶·¨-
¢¥¤¥´  ´  ·¨¸. 1. ŠµÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¢ ³¨Ï¥´¨

k = νwf , (11)
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£¤¥ ν Å Î¨¸²µ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ ´   ±É ¤¥²¥´¨Ö. ’ ± ± ± ¤²Ö 235U §´ Î¥´¨¥
ν > 2 (·¨¸. 2),   α ≤ 0, 4, ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö k ¢¸¥£¤  ¡µ²ÓÏ¥ ¥¤¨´¨ÍÒ ¤²Ö ¢¸¥£µ
¸¶¥±É·  ´¥°É·µ´µ¢ ¤¥²¥´¨Ö (0Ä10 ŒÔ‚). �·¨ ξ = 0 ¨³¥¥É ³¥¸Éµ µÎ¥¢¨¤´Ò° ·¥§Ê²ÓÉ É

k = 0.

�¨¸. 3. ŠµÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ξ

¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¶¥·¢µ£µ ´¥°É·µ´ 

„²Ö Ô´¥·£¥É¨Î¥¸±µ£µ Ê¸¨²¨É¥²Ö ´¥µ¡Ìµ-
¤¨³Ò § ¤ ´´Ò¥ ¶·µ³¥¦ÊÉµÎ´Ò¥ §´ Î¥´¨Ö:

k = 0, 9 − 0, 95, (12)

±µÉµ·Ò¥ µ¡¥¸¶¥Î¨¢ ÕÉ¸Ö ¶·¨ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ¢¥²¨Î¨´ Ì ξ. ’µ²Ó±µ ¶·¨ ÔÉ¨Ì §´ -
Î¥´¨ÖÌ k Ê¸¨²¥´¨¥ ³µÐ´µ¸É¨ ³µ¦¥É ¡ÒÉÓ
Ô´¥·£¥É¨Î¥¸±¨ Í¥²¥¸µµ¡· §´Ò³.

ŠµÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö k, µ¶·¥¤¥-
²Ö¥³Ò° (11), ¨³¥¥É Ë¨§¨Î¥¸±¨° ¸³Ò¸²
Éµ²Ó±µ ¤²Ö ³µ´µÔ´¥·£¥É¨Î¥¸±µ£µ ¶ÊÎ± 
´¥°É·µ´µ¢. �±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·¥´´µ¥
§´ Î¥´¨¥ ν (·¨¸. 2) µÉ´µ¸¨É¸Ö ± ¸¶¥±É·Ê ¤¥-
²¥´¨Ö, ±µÉµ·Ò° ¨§³¥·Ö²¸Ö ¢µ ³´µ£¨Ì ² -
¡µ· Éµ·¨ÖÌ [2, 3, 4], ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¤²Ö
É¥¶²µ¢µ£µ ¸¶¥±É·  ´¥°É·µ´µ¢, ¢Ò§Ò¢ Õ-
Ð¨Ì ¤¥²¥´¨¥. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò £· Ë¨±¨
±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¢
µ¤´µ·µ¤´µ° ¸¡µ·±¥ ¶·¨ · §²¨Î´µ³ ¸µ¤¥·-
¦ ´¨¨ 235U (±µÔËË¨Í¨¥´É ξ).

2. �…‰’���› ‘�…Š’�� „…‹…�ˆŸ

„²Ö µÍ¥´±¨ ·¥ ²Ó´µ£µ ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ´¥µ¡Ìµ¤¨³µ §´ ÉÓ Ë ±É¨Î¥¸±¨¥
Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·µ´µ¢ ¢ ¸¡µ·±¥ ¶·¨ ¸É Í¨µ´ ·´µ³ ·¥¦¨³¥. �Éµ · ¸-
¶·¥¤¥²¥´¨¥ § ¢¨¸¨É µÉ Ô´¥·£¨¨ ´¥°É·µ´ , ¢Ò§¢ ¢Ï¥£µ ¤¥²¥´¨¥, ¨ µ¡ÒÎ´µ Ì · ±É¥·¨§Ê¥É¸Ö
µ¤´¨³ ¶ · ³¥É·µ³ Å É¥³¶¥· ÉÊ·µ° ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  T .

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¢ÒÌµ¤  ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ ¶µ Ô´¥·£¨¨ Ê± §Ò-
¢ ÕÉ ´  ¢µ§³µ¦´µ¸ÉÓ µ¶¨¸ ´¨Ö ¸¶¥±É·  ³ ±¸¢¥²²µ¢¸±¨³ · ¸¶·¥¤¥²¥´¨¥³ [5, 6]

f(E) =
2√
πT 3

√
Ee−

E
T (13)

¸ Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ° ¸É¥¶¥´ÓÕ ÉµÎ´µ¸É¨ (10 %)[7].
Œ´µ£µÎ¨¸²¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¸¶¥±É·  ´¥°É·µ´µ¢ ¤¥²¥´¨Ö

[8Ä11] Ê· ´ -235 ¶·¨ Ï¨·µ±µ³ Ô´¥·£¥É¨Î¥¸±µ³ ¸¶¥±É·¥ ¶¥·¢¨Î´ÒÌ ´¥°É·µ´µ¢ (0Ä14 ŒÔ‚)
¶µ± §Ò¢ ÕÉ, ÎÉµ É¥³¶¥· ÉÊ·  ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  235U ±µ²¥¡²¥É¸Ö ¢ ´¥Ï¨·µ±¨Ì ¶·¥¤¥² Ì:

T = (1, 3 ∓ 0, 1)ŒÔ‚ (14)
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�¨¸. 4. ŠµÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¸¶¥±É·  ¤¥²¥´¨Ö ¢ µ¤´µ·µ¤´µ° ¸³¥¸¨ Ê· ´ -238 ¨

Ê· ´ -235 ± ± ËÊ´±Í¨Ö ¸µ¤¥·¦ ´¨Ö 235U

¶·¨ ¸·¥¤´¥° Ô´¥·£¨¨ ¸¶¥±É· 

E =
3
2
T = (2 ± 0, 15)ŒÔ‚.

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö · ¸Î¥É´µ£µ ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ¤²Ö ¸¶¥±É· 
´¥°É·µ´µ¢ ¤¥²¥´¨Ö Ê· ´ -235:

kp =

∞∫
0

νwff(E)dE, (15)

± ± ξ-ËÊ´±Í¨Ö Ê· ´ -235 ¢ ³¨Ï¥´¨. ˆ§ ÔÉµ£µ £· Ë¨±  ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¶µ²ÊÎ¥´¨Ö ±µ-
ÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö k = 0, 9 ´¥µ¡Ìµ¤¨³  ³¨Ï¥´Ó ¸ 10 %-³ ¸µ¤¥·¦ ´¨¥³ 235U,
· ¢´µ³¥·´µ · ¸¶·¥¤¥²¥´´µ£µ ¶µ µ¡Ñ¥³Ê.

� ¸¸³µÉ·¥´´ Ö ¸Ì¥³  · ¸Î¥É  ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¸¢Ö§ ´  ¸ ´¥±µ-
Éµ·Ò³¨ ´¥ÉµÎ´µ¸ÉÖ³, µ¸´µ¢´Ò¥ ¨§ ±µÉµ·ÒÌ:

 ) �·¥¤¶µ²µ¦¥´¨¥ µ ´ ²¨Î¨¨ ¢ ¸¡µ·±¥ ¸¶¥±É·  ´¥°É·µ´µ¢, ¸µ¢¶ ¤ ÕÐ¥£µ ¸µ ¸¶¥±É-
·µ³ ¤¥²¥´¨Ö. �Éµ ¶·¥¤¶µ²µ¦¥´¨¥ µ¡µ¸´µ¢Ò¢ ¥É¸Ö µÉ¸ÊÉ¸É¢¨¥³ § ³¥¤²¨É¥²Ö ¢ ¸¡µ·±¥
(§ ³¥¤²¨É¥²¥³ Ö¢²ÖÕÉ¸Ö 238U ¨ 235U). ’ ± ± ± ¸¥Î¥´¨¥ Ê¶·Ê£µ£µ · ¸¸¥Ö´¨Ö, ±µÉµ·µ¥
µ¶·¥¤¥²¥É § ³¥¤²¥´¨¥ ¢ 238U, ±µ²¥¡²¥É¸Ö ¢ Ï¨·µ±¨Ì ¶·¥¤¥² Ì ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¸¶¥±É·  ´¥°É·µ´µ¢ ¤¥²¥´¨Ö σ = 73, 5−2, 91 ¡, ±µ²¨Î¥¸É¢µ Ê¶·Ê£¨Ì ¸Éµ²±´µ¢¥´¨° (¤µ
§ Ì¢ É  ´¥°É·µ´ ) ³µ¦¥É ¸µ¸É ¢²ÖÉÓ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ´¥°É·µ´  5Ä30.

�¤´ ±µ ¨§³¥´¥´¨¥ ¸¶¥±É·  ¶·¨ É ±µ³ ±µ²¨Î¥¸É¢¥ ¸µÊ¤ ·¥´¨° ¨¸± ¦ ¥É ¨¸Ìµ¤´Ò°
¸¶¥±É· ¤¥²¥´¨Ö Éµ²Ó±µ ´  ´¥¸±µ²Ó±µ ¶·µÍ¥´Éµ¢.

¡) �É¸ÊÉ¸É¢¨¥ £· ´¨ÍÒ ¸¡µ·±¨ (¡¥¸±µ´¥Î´ Ö ¸·¥¤ ). �Éµ ¶·¨¢µ¤¨É ± ´¥ÊÎ¥ÉÊ ´¥°É·µ-
´µ¢, ¶µ±¨¤ ÕÐ¨Ì ¸¡µ·±Ê ´  £· ´¨Í¥, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ÊÎÉ¥´Ò Éµ²Ó±µ ¶·¨ · ¸Î¥É¥
·¥ ²Ó´µ° ³¨Ï¥´¨ [13].
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¢) � ¸Î¥É ¨³¥¥É ¸³Ò¸² Éµ²Ó±µ ¶·¨ ´¥¨§³¥´´µ³ ¶·µÍ¥´É´µ³ ¸µ¤¥·¦ ´¨¨ ±µ³¶µ´¥´Éµ¢
³¨Ï¥´¨ (235U, 238U) Å ´ Î ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥, ÎÉµ µ¡µ¸´µ¢Ò¢ ¥É¸Ö ³¥¤²¥´´Ò³ ´ ±µ¶²¥-
´¨¥³ ± ± µ¸±µ²±µ¢ ¤¥²¥´¨Ö, É ± ¨ 236U, 239U ¶µ ·¥ ±Í¨¨ n, γ. ‘±µ·µ¸ÉÓ ´ ±µ¶²¥´¨Ö
¶·µ¤Ê±Éµ¢ ¤¥²¥´¨Ö ¨ ¸µ¶ÊÉ¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° µ¶·¥¤¥²ÖeÉ¸Ö É¥¶²µ¢µ°
³µÐ´µ¸ÉÓÕ, ¢Ò¤¥²Ö¥³µ° ¢ ³¨Ï¥´¨, W (‚É) ¨ ¢¥·µÖÉ´µ¸ÉÓÕ § Ì¢ É  ´¥°É·µ´  ¢ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨° ¶·µÍ¥¸¸

W = 3, 0410−11dN

dt
; (16)

dN

dt
Å Î¨¸²µ ¤¥²¥´¨° ¢ ¸¥±Ê´¤Ê.

‚¥·µÖÉ´µ¸ÉÓ § Ì¢ É  ´¥°É·µ´  ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¶·µÍ¥¸¸ µ¶·¥¤¥²Ö¥É¸Ö (7). ‚ É ¡-
²¨Í¥ ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö σf ¨ σγ ¤²Ö ´¥°É·µ´µ¢ ¸¶¥±É·  ¤¥²¥´¨Ö (T = 1, 3 ŒÔ‚).

∞∫

0

σff(E)dE
∞∫

0

σγf(E)dE

235U 1,2805 0,0864
238U 0,0312 0,0713

�·¨ § ¤ ´´µ° É¥¶²µ¢µ° ³µÐ´µ¸É¨ (W ) ¨§¢¥¸É´µ ±µ²¨Î¥¸É¢µ ´¥°É·µ´µ¢, § Ì¢ ÉÒ¢ ¥-
³ÒÌ ¢ ¶·µÍ¥¸¸¥ ¤¥²¥´¨Ö [16]; µÉ´µÏ¥´¨¥ ±µ²¨Î¥¸É¢  ´¥°É·µ´µ¢, § Ì¢ Î¥´´ÒÌ ¢ ±µ´±Ê·¨-
·ÊÕÐ¨° ¶·µÍ¥¸¸, µ¶·¥¤¥²Ö¥É¸Ö ¨§ (7):

dNγ

dt
=

Σγ

Σf

dN

dt
. (17)

„²Ö ¸¶¥±É·  ¤¥²¥´¨Ö ¢ · ¸¸³ É·¨¢ ¥³µ° µ¤´µ·µ¤´µ° ¸¡µ·±¥ ÔÉ  ¢¥²¨Î¨´  · ¢´ 

dNγ

dt
=

1
ξ

∞∫
0

σγf(E)dE

∞∫
0

σff(E)dE

dN

dt
. (18)

ˆ¸¶µ²Ó§ÊÖ ¤ ´´Ò¥ É ¡²¨ÍÒ, ¢Ò· ¦¥´¨¥ (18) ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ Ëµ·³¥

dNγ

dt
=

0, 0871
ξ

dN

dt
, (19)

ÎÉµ ¶·¨ ξ = 0, 1 ¸µµÉ¢¥É¸É¢Ê¥É ¸±µ·µ¸É¨ ´ ±µ¶²¥´¨Ö ¶²ÊÉµ´¨Ö ¢ ±µ²¨Î¥¸É¢¥ 0,571 µÉ
¸¦¨£ ¥³µ£µ Ê· ´ -235.

�ÉµÉ · ¸Î¥É ¶µ± §Ò¢ ¥É, ÎÉµ ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö (15) ¡Ê¤¥É ³¥¤²¥´´µ Ê³¥´Ó-
Ï ÉÓ¸Ö ¸µ ¢·¥³¥´¥³, É ± ± ± ±·µ³¥ ¸´¨¦¥´¨Ö ¶·µÍ¥´É´µ£µ ¸µ¤¥·¦ ´¨Ö Ê· ´ -235 ¡Ê¤ÊÉ
´ ± ¶²¨¢ ÉÓ¸Ö µ¸±µ²±¨ ¤¥²¥´¨Ö, ±µÉµ·Ò¥ É ±¦¥ ¡Ê¤ÊÉ ¸´¨¦ ÉÓ kp.

„²Ö ¶µ¤¤¥·¦ ´¨Ö ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨ (W ) ¶µÉ·¥¡Ê¥É¸Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ³¥¤²¥´´µ¥
Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ Ê¸±µ·¥´´µ£µ ¶ÊÎ± , µ¶·¥¤¥²ÖÕÐ¥£µ ¶¥·¢¨Î´Ò° ¶ÊÎµ± ¨¸¶ ·¨-
É¥²Ó´ÒÌ ´¥°É·µ´µ¢.



54 „³¨É·¨¥¢¸±¨° ‚.�., �Ê¸ ±µ¢¨Î �.�., ‘¥·£¥¥¢  �.‚.

� ¸¸³µÉ·¥´´ Ö ¸Ì¥³  ¨¸¶µ²Ó§µ¢ ´¨Ö Ê¸±µ·¨É¥²¥° ¤²Ö Ô²¥±É·µÖ¤¥·´µ£µ ³¥Éµ¤  Å µ¤´µ
¨§ ¢µ§³µ¦´ÒÌ ´ ¶· ¢²¥´¨° ¨¸¸²¥¤µ¢ ´¨°, ±µÉµ·Ò¥ ´¥µ¡Ìµ¤¨³Ò ¶·¨ ·¥Ï¥´¨¨ ÔÉµ° ¶·µ-
¡²¥³Ò. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨³¥¥É¸Ö ·Ö¤ ¶·¥¤²µ¦¥´¨° ¶µ · §²¨Î´Ò³ ¸Ì¥³ ³ ¨¸¶µ²Ó§µ¢ -
´¨Ö Ê¸±µ·¨É¥²¥° ± ± ¢ ¶µ¤±·¨É¨Î¥¸±¨Ì ¸¡µ·± Ì, É ± ¨ ¤²Ö É· ´¸³ÊÉ Í¨¨ · ¤¨µ ±É¨¢´ÒÌ
µÉÌµ¤µ¢ [14, 15].

‡�Š‹	—…�ˆ…

‚ · ¡µÉ¥ ¨§²µ¦¥´  ³¥Éµ¤¨±  · ¸Î¥É  ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¢ ¶µ¤-
±·¨É¨Î¥¸±µ° ³¨Ï¥´¨, ¸µ¸ÉµÖÐ¥° ¨§ ¸³¥¸¨ ¤¢ÊÌ ¨§µÉµ¶µ¢ (238U, 235U), · ¢´µ³¥·´µ · ¸-
¶·¥¤¥²¥´´ÒÌ ¶µ µ¡Ñ¥³Ê ³¨Ï¥´¨ ¤²Ö ¸¶¥±É·  ´¥°É·µ´µ¢ ¤¥²¥´¨Ö 235U. �µ± § ´µ, ÎÉµ ¶·¨
10 %-° ±µ´Í¥´É· Í¨¨ Ê· ´ -235 ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢ ¡Ê¤¥É ¤µ¸É Éµ-
Î¥´ ¤²Ö ÔËË¥±É¨¢´µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ¸Ì¥³Ò Ô´¥·£¥É¨Î¥¸±µ£µ Ê¸¨²¨É¥²Ö, ¶·¥¤²µ¦¥´´µ°
�.Œ.
 ²¤¨´Ò³.

„ ²Ó´¥°Ï Ö · §· ¡µÉ±  ¸Ì¥³Ò ¸¢Ö§ ´  ¸ · ¸Î¥Éµ³ ¨§³¥´¥´¨Ö ±µ´Í¥´É· Í¨¨
Ê· ´ -235 ¶µ ³¥·¥ ¥£µ ¢Ò£µ· ´¨Ö,   É ±¦¥ ¸ ´ ±µ¶²¥´¨¥³ ¶·µ¤Ê±Éµ¢ ¤¥²¥´¨Ö ¨ É· ´¸Ê· -
´µ¢ÒÌ ¨§µÉµ¶µ¢, ±µÉµ·Ò¥ µ¡· §ÊÕÉ¸Ö ¢ ·¥ ±Í¨ÖÌ É¨¶  n, γ.
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