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ˆ´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° � Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É· 
®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯, �·μÉ¢¨´μ

„ ´μ ¶μ¤·μ¡´μ¥ ¨§²μ¦¥´¨¥  ²£μ·¨É³μ¢ ¨ Ëμ·³Ê² ´μ¢μ° ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨, ·¥ ²¨§μ¢ ´´μ°
¢ ¶·μ£· ³³¥ EVAP15. „²Ö μ¶¨¸ ´¨Ö ¶²μÉ´μ¸É¨ Ê·μ¢´¥° ¢μ§¡Ê¦¤¥´´ÒÌ Ö¤¥· ¢ ¶·μ£· ³³¥ ¨¸¶μ²Ó-
§Ê¥É¸Ö ¸μ¸É ¢´ Ö Ëμ·³Ê²  „¦¨²Ó¡¥·É  ¨ Š ³¥·μ´  ¸ ¶ · ³¥É· ³¨, ·¥±μ³¥´¤μ¢ ´´Ò³¨ · ¡μÎ¥°
£·Ê¶¶μ° Œ�ƒ�’� RIPL-3. �¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´μ ¸¥Î¥´¨Ö³ μ¡· É´ÒÌ ·¥ ±Í¨°, ¢ Î ¸É´μ¸É¨,
¸¥Î¥´¨Ö³ ·¥ ±Í¨¨ ´¥°É·μ´μ¢ ³ ²ÒÌ Ô´¥·£¨° ¸ Ö¤· ³¨ ¨ ¶μ¤¡ ·Ó¥·´μ³Ê ¶·μÌμ¦¤¥´¨Õ ´¨§±μÔ´¥·-
£¥É¨Î¥¸±¨Ì § ·Ö¦¥´´ÒÌ Î ¸É¨Í. �·¨¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  ¸ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·μ¢ Î ¸É¨Í, ¨¸¶Ê¸± ¥³ÒÌ ¢ ·¥ ±Í¨ÖÌ (n, xn), (n, xp) ¨ (n, xα) ¶·¨ Ô´¥·-
£¨¨ ´¥°É·μ´μ¢ μ±μ²μ 14 ŒÔ‚,   É ±¦¥ ¸ Î¥ÉÒ·Ó³Ö (p, xp)-¸¶¥±É· ³¨ ¶·¨ Ô´¥·£¨¨ ¶·μÉμ´μ¢ 62 ŒÔ‚.

A detailed representation of algorithms and formulae of the new evaporation model, realized in the
EVAP15 code, is given. The composite formula by Gilbert and Cameron with parameters recommended
by the IAEA working group RIPL-3 is used in the program for the description of level density of excited
nuclei. A special attention is paid to inverse reaction cross sections, in particular, to the reaction cross
sections μf low energy neutrons with nuclei and to crossing Coulomb barrier by low energy charged
particles. Results of calculations are compared with a large number of experimental spectra of particles
emitted in the reactions (n, xn), (n, xp) and (n, xα) at neutron energy nearby 14 MeV as well as with
four (p, xp)-spectra at proton energy 62 MeV.

PACS: 24.10.Lx; 24.10.Pa; 24.60.Dr
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ˆ¸¶ ·¨É¥²Ó´ Ö ³μ¤¥²Ó Ï¨·μ±μ ¶·¨³¥´Ö¥É¸Ö ¢ · §²¨Î´ÒÌ ³μ¤¥²ÖÌ  ¤·μ´-Ö¤¥·´ÒÌ ¢§ -
¨³μ¤¥°¸É¢¨° ¤²Ö · ¸Î¥É  ¸´ÖÉ¨Ö ¢μ§¡Ê¦¤¥´¨Ö Ö¤·  ´  ±μ´¥Î´μ° ¸É ¤¨¨ Ö¤¥·´μ° ·¥ ±Í¨¨
¶ÊÉ¥³ ¨¸¶Ê¸± ´¨Ö ²¥£±¨Ì Î ¸É¨Í ¨ γ-±¢ ´Éμ¢. � ¸¸³μÉ·¨³ ¢μ§¡Ê¦¤¥´´μ¥ Ö¤·μ ¸ § ·Ö-
¤μ³ Z ¨  Éμ³´Ò³ ¢¥¸μ³ A, ±μÉμ·μ¥ ´ Ìμ¤¨É¸Ö ¢ ¸μ¸ÉμÖ´¨¨ ¸É É¨¸É¨Î¥¸±μ£μ · ¢´μ¢¥¸¨Ö
¨ ³μ¦¥É · ¸¶ ¤ ÉÓ¸Ö ¸ ¨¸¶Ê¸± ´¨¥³ · §²¨Î´ÒÌ Î ¸É¨Í: (Z, A) → (Zd, Ad)+ (Zj , Aj), £¤¥
¨´¤¥±¸ d μ¡μ§´ Î ¥É μ¸É ÉμÎ´μ¥ Ö¤·μ,   j Å É¨¶ Î ¸É¨ÍÒ. ‘μ£² ¸´μ Ëμ·³Ê²¥ ‚ °¸±μ¶Ë Ä
�¢¨´£  [1] ¢¥·μÖÉ´μ¸ÉÓ ¨¸¶Ê¸± ´¨Ö ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ Î ¸É¨ÍÒ j-£μ É¨¶  ¸ Ô´¥·£¨¥° μÉ T
¤μ T + dT ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¨§ Ö¤·  ¸ Ô´¥·£¨¥° ¢μ§¡Ê¦¤¥´¨Ö E∗ ¨³¥¥É ¢¨¤

λj(T ) dT = cjσj(T )
ρj(E∗ − Bj − T )

ρ(E∗)
T dT, (1)

1E-mail: sannikov@ihep.ru
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£¤¥ Bj Å Ô´¥·£¨Ö μÉ¤¥²¥´¨Ö Î ¸É¨ÍÒ j μÉ Ö¤· ; σj(T ) Å ¸¥Î¥´¨¥ μ¡· É´μ° ·¥ ±Í¨¨;
ρ(E∗) Å ¶²μÉ´μ¸ÉÓ Ê·μ¢´¥° ¢μ§¡Ê¦¤¥´´μ£μ Ö¤·  ¨ ρj(E∗−Bj −T ) Å ¶²μÉ´μ¸ÉÓ Ê·μ¢´¥°
μ¸É ÉμÎ´μ£μ Ö¤·  ¶μ¸²¥ ¢Ò²¥É  Î ¸É¨ÍÒ j ¸ Ô´¥·£¨¥° T . cj = (2sj + 1)μj/π2

�
2, £¤¥ sj

¨ μj Å ¸¶¨´ ¨ ¶·¨¢¥¤¥´´ Ö ³ ¸¸  Î ¸É¨ÍÒ. ‘¥Î¥´¨¥ μ¡· É´μ° ·¥ ±Í¨¨  ¸¸μÍ¨¨·Ê¥É¸Ö
μ¡ÒÎ´μ ¸ ¸¥Î¥´¨¥³ ¶μ£²μÐ¥´¨Ö σabs ¨²¨ ¸ ¸¥Î¥´¨¥³ ´¥Ê¶·Ê£μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö σnon.
‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¨¸¶Ê¸± ´¨¥ n, p, d, t, 3He ¨ α-Î ¸É¨Í (j = 1,6), Ô´¥·£¨¨
μÉ¤¥²¥´¨Ö Î ¸É¨Í μÉ Ö¤·  ´ Ìμ¤ÖÉ¸Ö ¨§ É ¡²¨Í ³ ¸¸ �Ê¤¨ ¨ ‚ ¶¸É·  [2].

�·¨ · ¸Î¥É¥ ¢¥·μÖÉ´μ¸É¥° ¢ÒÌμ¤  · §²¨Î´ÒÌ Î ¸É¨Í ´¥μ¡Ìμ¤¨³μ · ¸¸Î¨ÉÒ¢ ÉÓ ¨´-
É¥£· ²Ò ¶μ ¸¶¥±É· ³ (1), ¶μÔÉμ³Ê ¢ ± ¸± ¤´μ-¨¸¶ ·¨É¥²Ó´ÒÌ ¨ ¶μ¤μ¡´ÒÌ ¨³ ³μ¤¥²ÖÌ
¤²Ö Ô±μ´μ³¨¨ ¸Î¥É´μ£μ ¢·¥³¥´¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö μ¡ÒÎ´μ Ê¶·μÐ¥´´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¸¥Î¥-
´¨° σj(T ) ¨ ¶²μÉ´μ¸É¥° Ê·μ¢´¥° ρ(E∗), ¶μ§¢μ²ÖÕÐ¨¥  ´ ²¨É¨Î¥¸±¨ ¨´É¥£·¨·μ¢ ÉÓ ¸¶¥±-
É·Ò (1). ’ ±, ´ ¶·¨³¥·, ¢ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÐ¥°¸Ö ¢ É¥Î¥´¨¥ ³´μ£¨Ì ¤¥¸ÖÉ¨²¥É¨° ¨¸¶ ·¨-
É¥²Ó´μ° ³μ¤¥²¨ „μ¸É·μ¢¸±μ£μ [3] ¶·¨³¥´Ö¥É¸Ö ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶²μÉ´μ¸É¨ Ê·μ¢-

´¥°: ρ(E∗) = exp (2
√

a(E∗ − δ)), £¤¥ a Å ¶ · ³¥É· ¶²μÉ´μ¸É¨ Ê·μ¢´¥° ¨ δ Å ¶μ¶· ¢± 
´  ÔËË¥±É ¸¶ ·¨¢ ´¨Ö. ‘¥Î¥´¨Ö μ¡· É´ÒÌ ·¥ ±Í¨° ¨³¥ÕÉ ¢¨¤ σj(T ) = αj(1 + βj/T ).
‚ ´¥¤ ¢´¥¥ ¢·¥³Ö ”Ê·¨Ì É  · §· ¡μÉ ² ¶·μ£· ³³Ê GEM [4], ¢ ±μÉμ·μ° ¨¸¶μ²Ó§ÊÕÉ¸Ö ¡μ-
²¥¥ ·¥ ²¨¸É¨Î¥¸±¨¥ ¶²μÉ´μ¸É¨ Ê·μ¢´¥° ¶μ „¦¨²Ó¡¥·ÉÊÄŠ ³¥·μ´Ê [5]. ‘¥Î¥´¨Ö μ¡· É´ÒÌ
·¥ ±Í¨°, μ¤´ ±μ, ¶μ-¶·¥¦´¥³Ê · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ Ëμ·³Ê²¥ „μ¸É·μ¢¸±μ£μ. �·¨ ¨´É¥£·¨-
·μ¢ ´¨¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨¡²¨¦¥´´Ò¥ Ëμ·³Ê²Ò.

–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ ¡Ò²μ ¸μ§¤ ´¨¥ ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨, ¸¢μ¡μ¤´μ° μÉ Ê± § ´-
´ÒÌ ¢ÒÏ¥ ´¥¤μ¸É É±μ¢. ‚Ò· ¦¥´¨Ö ¨ ¶ · ³¥É·Ò ¤²Ö ¶²μÉ´μ¸É¨ Ê·μ¢´¥° Ö¤¥· ¢§ÖÉÒ ¨§
¸μ¢·¥³¥´´ÒÌ ·¥±μ³¥´¤ Í¨° · ¡μÎ¥° £·Ê¶¶Ò Œ�ƒ�’� RIPL-3 [6]. ‘¥Î¥´¨Ö μ¡· É´ÒÌ
·¥ ±Í¨° μ¶¨¸Ò¢ ÕÉ¸Ö Ëμ·³Ê² ³¨, ¶·¥¤²μ¦¥´´Ò³¨ ´ ³¨ ¢ · ¡μÉ¥ [7]. � · ³¥É·Ò ÔÉ¨Ì
Ëμ·³Ê² ¶μ¤¡¨· ²¨¸Ó ´  μ¸´μ¢¥ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ · ¸Î¥É ³¨
¶μ μ¶É¨Î¥¸±μ° ³μ¤¥²¨. „²Ö ¸· ¢´¥´¨Ö ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ ¸ Ô±¸¶¥·¨³¥´Éμ³ ¡Ò²¨ ¨¸-
¶μ²Ó§μ¢ ´Ò ¸¶¥±É·Ò ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¨§ ·¥ ±Í¨° ´¥°É·μ´μ¢ ¸ Ô´¥·£¨Ö³¨ 14Ä14,8 ŒÔ‚ ¸
· §²¨Î´Ò³¨ Ö¤· ³¨ ¨§ ¡ §Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ö¤¥·´ÒÌ ¤ ´´ÒÌ EXFOR [8]. �ÉμÉ ¢Ò¡μ·
μ¡Ê¸²μ¢²¥´ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ,   É ±¦¥ ¶·¥μ¡² ¤ ÕÐ¨³
¢±² ¤μ³ ¨¸¶ ·¨É¥²Ó´μ£μ ± ´ ²  ¢ ¸¶¥±É· Ì Î ¸É¨Í ¶·¨ ÔÉ¨Ì Ô´¥·£¨ÖÌ.

1. �‹�’��‘’œ “��‚�…‰ �� „†ˆ‹œ�…�’“ÄŠ�Œ…���“
‚ ”��Œ“‹ˆ��‚Š… RIPL-3

‚ ¸μ¸É ¢´μ° Ëμ·³Ê²¥ „¦¨²Ó¡¥·É ÄŠ ³¥·μ´  [5] ³μ¤¥²Ó Ë¥·³¨-£ §  ¶·¨³¥´Ö¥É¸Ö
Éμ²Ó±μ ¶·¨ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö E∗ > EM , ´¨¦¥ ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤¥²Ó ¶μ¸ÉμÖ´´μ°
É¥³¶¥· ÉÊ·Ò:

ρ(E∗) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

ρC(E∗) =
1
t

exp
(

E∗ − E0

t

)
, E∗ � EM ,

ρF (E∗) =
1√

2πσ2

√
π

12
exp [2

√
a(E∗ − δ)]

a1/4(E∗ − δ)5/4
, E∗ > EM .

(2)

‡¤¥¸Ó t Å É¥³¶¥· ÉÊ·  Ö¤·  ¶·¨ E∗ � EM ; E0 Å ¸¢μ¡μ¤´Ò° ¶ · ³¥É·, μ¶·¥¤¥²Ö¥³Ò°
Ê¸²μ¢¨¥³ ¸Ï¨¢±¨ ³μ¤¥²¥°; δ Å ¶μ¶· ¢±  ´  ÔËË¥±É ¸¶ ·¨¢ ´¨Ö, ¤²Ö ÊÎ¥É  ±μÉμ·μ£μ
¢¢μ¤¨É¸Ö ÔËË¥±É¨¢´ Ö Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö U = E∗− δ; σ Å ¶ · ³¥É· μ¡·¥§ ´¨Ö ¸¶¨´ .

‚Ò· ¦¥´¨Ö (2) ¨ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¨´ÖÉÒ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ·¥±μ³¥´¤ Í¨Ö³¨ · -
¡μÎ¥° £·Ê¶¶Ò Œ�ƒ�’� RIPL-3 [6] ¤²Ö ¢ ·¨ ´É , ¢ ±μÉμ·μ³ ´¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¤¨¸±·¥É´Ò¥
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Ê·μ¢´¨ ¢μ§¡Ê¦¤¥´¨Ö. ”¥·³¨¥¢¸± Ö ¶²μÉ´μ¸ÉÓ Ê·μ¢´¥° μÉ²¨Î ¥É¸Ö μÉ μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥-

³ÒÌ ¢Ò· ¦¥´¨° ¸¶¨´μ¢μ° § ¢¨¸¨³μ¸ÉÓÕ 1/
√

2πσ2. „²Ö Ô´¥·£¨° ¸¶ ·¨¢ ´¨Ö δ(Z, A) ¢§ÖÉ 
´ ¨¡μ²¥¥ ¶·μ¸É Ö Ëμ·³Ê²  ¨§ ¶·¥¤²μ¦¥´´ÒÌ · ´¥¥:

δ = n
12√
A

, (3)

£¤¥ n = 0, 1 ¨ 2 ¤²Ö ´¥Î¥É´μ-´¥Î¥É´ÒÌ, ´¥Î¥É´ÒÌ A, ¨ Î¥É´μ-Î¥É´ÒÌ Ö¤¥· ¸μμÉ¢¥É¸É¢¥´´μ.
�´¥·£¨Ö ¸Ï¨¢±¨ EM · ¢´ 

EM = 2,33 +
253
A

+ δ. (4)

� · ³¥É· ¶²μÉ´μ¸É¨ Ê·μ¢´¥° a(Z, A, U) ¢ μ¡Ð¥¶·¨´ÖÉμ³ ¶μ¤Ìμ¤¥ ˆ£´ ÉÕ±  ¨ ¤·. [9]
¨³¥¥É ¢¨¤

a(Z, A, U) = ã

[
1 + δW

1 − exp (−γU)
U

]
, (5)

£¤¥ ã = αA + βA2/3 Å  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  ¶·¨ ¡μ²ÓÏ¨Ì Ô´¥·£¨ÖÌ
¢μ§¡Ê¦¤¥´¨Ö,   δW (Z, A) Å μ¡μ²μÎ¥Î´ Ö ¶μ¶· ¢±  ¶μ Œ °¥·¸Ê ¨ ‘¢ÖÉ¥Í±¨ [10] ¸ ¶ -
· ³¥É· ³¨ Œ¥´£μ´¨ ¨ � ± ¤¦¨³  [11]. ‡´ Î¥´¨Ö α, β ¨ γ [ŒÔ‚−1] · ¢´Ò 0,069256,
0,28277 ¨ 0,433/A1/3 ¸μμÉ¢¥É¸É¢¥´´μ. � · ³¥É· μ¡·¥§ ´¨Ö ¸¶¨´  σ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶μ
Ëμ·³Ê²¥

σ2 = 0,01389
A5/3

ã

√
aU. (6)

‘ ÊÎ¥Éμ³ ÔÉμ£μ ¢Ò· ¦¥´¨Ö Ë¥·³¨¥¢¸± Ö ¶²μÉ´μ¸ÉÓ Ê·μ¢´¥° ¶·¨μ¡·¥É ¥É ¢¨¤

ρF (E∗) = cF
exp (2

√
aU)

a1/2U3/2
, (7)

£¤¥

cF =

√
ã

4A5/3
. (8)

„²Ö ¸Ï¨¢±¨ ¶²μÉ´μ¸É¥° Ê·μ¢´¥° ¶·¨ E∗ = EM (U = UM = EM − δ) ¶μ² £ ¥³ ρC = ρF

¨ d ln ρC/dE∗ = d ln ρF /dE∗ = d ln ρF /dU , μÉ±Ê¤  ¶μ²ÊÎ ¥³

E0 = EM − t(ln (cF t/UM ) − 0,5 ln (aUM ) + 2
√

aUM ),

t =
(√

a

UM
− 1,5

UM

)−1

.
(9)

� ¨¡μ²¥¥ ¶μ¤·μ¡´ Ö ¨´Ëμ·³ Í¨Ö μ ¶²μÉ´μ¸ÉÖÌ Ê·μ¢´¥° Ö¤¥·, ´  ±μÉμ·μ° μ¸´μ¢Ò¢ ÕÉ¸Ö
¢Ò¢μ¤Ò ¨ ¶ · ³¥É·¨§ Í¨Ö RIPL-3, ¶μ²ÊÎ¥´  ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö E∗ ≈ Bn

¨§  ´ ²¨§  ¤ ´´ÒÌ ¶μ ´¥°É·μ´´Ò³ ·¥§μ´ ´¸ ³. „·Ê£¨³ ¨¸ÉμÎ´¨±μ³ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì
¤ ´´ÒÌ Ö¢²Ö¥É¸Ö ¶μ¤¸Î¥É ±Ê³Ê²ÖÉ¨¢´μ£μ Î¨¸²  ´¨§±μ²¥¦ Ð¨Ì Ê·μ¢´¥° ¢μ§¡Ê¦¤¥´¨Ö. Šμ-
²¨Î¥¸É¢μ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¤²Ö ¡μ²ÓÏ¨Ì Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö ³ ²μ, ¨ μ´¨
´¥¤μ¸É ÉμÎ´μ ´ ¤¥¦´Ò.

�  ·¨¸. 1 ¶·¨¢¥¤¥´  Î ¸ÉÓ É ±¨Ì ¤ ´´ÒÌ ρ(E∗) ¤²Ö ¤¨ ¶ §μ´  Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö
¤μ 25 ŒÔ‚ ¨§ ¶μ¤¡μ·±¨ [12] ¤²Ö ¸· ¢´¥´¨Ö ¸ μ¶¨¸ ´´μ° ¢ÒÏ¥ ³μ¤¥²ÓÕ. �¥§Ê²ÓÉ ÉÒ · ¸-
Î¥É  ´¥¶²μÌμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �·μ¢¥·±  ³μ¤¥²¨ ¸ ¤·Ê£¨³¨
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�¨¸. 1. ‘· ¢´¥´¨¥ · ¸Î¥É´ÒÌ (Ëμ·³Ê²Ò (2)Ä(9)) ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ [12] ¶²μÉ´μ¸É¥° Ê·μ¢´¥°

Ö¤¥· ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö ¤μ 25 ŒÔ‚

´ ¡μ· ³¨ ¶ · ³¥É·μ¢ a, δ, EM , σ ¨§ · ¡μÉ [4, 5, 11, 12] ¨ ¤·. ¶μ± § ² , ÎÉμ ¢Ò¡· ´´ Ö
¶ · ³¥É·¨§ Í¨Ö Ö¢²Ö¥É¸Ö μ¶É¨³ ²Ó´μ°.

2. ‘…—…�ˆŸ ����’�›• �…�Š–ˆ‰

‚ ± Î¥¸É¢¥ ¸¥Î¥´¨° μ¡· É´ÒÌ ·¥ ±Í¨° ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤¨Ë¨± Í¨Ö ¶ · ³¥É·¨§ Í¨¨
¸¥Î¥´¨° ·¥ ±Í¨¨ ²¥£±¨Ì Î ¸É¨Í ¸ Ö¤· ³¨, ¨¸¶μ²Ó§Ê¥³μ° ¢ ¢¥·¸¨¨ HADR99 [7] ¶·μ£· ³³Ò
HADRON:

σj(T ) =

⎧⎪⎨
⎪⎩

[
σjH + σjL

(
1 − T

Emj

)] (
1 − Vj

T

)
, T � Emj ,

σnH , T > Emj , j = 1, 2,

(10)
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£¤¥ Vj Å ±Ê²μ´μ¢¸±¨° ¡ ·Ó¥·, Emj = max (60, 15,4+14 lnAd)Aj [ŒÔ‚] (Aj Å Î¨¸²μ ´Ê-
±²μ´μ¢ ¢ Î ¸É¨Í¥),   σjH ¨ σjL Å ±μ´¸É ´ÉÒ. „¨ ¶ §μ´ ¶·¨³¥´¨³μ¸É¨ ¢Ò· ¦¥´¨° (10),
¢ ±μÉμ·μ³ ¶·μ¢μ¤¨²¸Ö ¢Ò¡μ· ¶ · ³¥É·μ¢, ¸μ¸É ¢²Ö¥É T � 100 ŒÔ‚, ´¨¦´ÖÖ Ëμ·³Ê² 
¨¸¶μ²Ó§Ê¥É¸Ö Éμ²Ó±μ ¤²Ö ´Ê±²μ´μ¢. �Éμ£μ ¤¨ ¶ §μ´  ¤μ¸É ÉμÎ´μ ± ± ¤²Ö · ¸Î¥É  ¨¸¶ ·¨-
É¥²Ó´μ£μ ± ¸± ¤  ¸ ¨¸¶Ê¸± ´¨¥³ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì Î ¸É¨Í, É ± ¨ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨
¤²Ö ¶·¥¤· ¢´μ¢¥¸´μ° ¸É ¤¨¨ ¸ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° Î ¸É¨Í ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ŒÔ‚.

� · ³¥É·Ò  ¶¶·μ±¸¨³ Í¨¨ (10) μ¶·¥¤¥²Ö²¨¸Ó ´  ¶¥·¢μ³ ÔÉ ¶¥ ¨§ ¸· ¢´¥´¨Ö ¸ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ σnon [8, 13] ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸¥Î¥´¨Ö³¨ ¨§ ¡¨¡²¨μÉ¥±¨
TENDL-2012 [14], · ¸¸Î¨É ´´Ò³¨ ¶μ μ¶É¨Î¥¸±μ° ³μ¤¥²¨. „ ²¥¥ ¢ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ´Ê-
±²μ´μ¢ ¸ Ö¤· ³¨ ¢¢μ¤¨²¨¸Ó ¶μ¶· ¢±¨ ¨¸Ìμ¤Ö ¨§ ·¥§Ê²ÓÉ Éμ¢ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´Éμ³
· ¸Î¥É´ÒÌ ¸¶¥±É·μ¢ ¢Éμ·¨Î´ÒÌ ´Ê±²μ´μ¢ ¢ ·¥ ±Í¨ÖÌ (n, xN ). „²Ö ¸²μ¦´ÒÌ Î ¸É¨Í ¢¢¥-
¤¥´¨Ö ¶μ¶· ¢μ± ´¥ ¶μÉ·¥¡μ¢ ²μ¸Ó.

ŠÊ²μ´μ¢¸±¨° ¡ ·Ó¥· [ŒÔ‚] ¤²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¡¥§ ÊÎ¥É  ¶μ¤¡ ·Ó¥·´μ£μ ¶·μÌμ-
¦¤¥´¨Ö · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¶μ Ëμ·³Ê²¥

V0j = 1,44ZjZd/RCj . (11)

ŠÊ²μ´μ¢¸±¨° · ¤¨Ê¸ [Ë³] ¶·¨´ÖÉ · ¢´Ò³

RCj =

⎧⎨
⎩

1,58A
1/3
d , j = 2,

r0j(A
1/3
d + A

1/3
j ), j > 2.

(12)

‡´ Î¥´¨Ö r0j ¨³¥ÕÉ ¢¨¤

r0j =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

1,73 + 1067A−1,8274
d , d,

1,56 + 961A−1,8274
d , t,

1,50 + 27,5A−1,135
d , 3He,

1,47 + 26,9A−1,135
d , α.

(13)

�μ¤¡ ·Ó¥·´μ¥ ¶·μÌμ¦¤¥´¨¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ÊÎ¨ÉÒ¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ ±μÔËË¨Í¨-
¥´É  kp (¤²Ö ¶·μÉμ´μ¢) ¨ ¸²ÊÎ °´μ£μ ·μ§Ò£·ÒÏ  ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¶μ Ëμ·³Ê² ³

Vj = η(U)

{
kpV0jξ

α, j = 2,

(V0j + 1)ξα, j > 2,
(14)

£¤¥ η(U) = 1−U/(81a) Å ¶·¥¤²μ¦¥´´μ¥ „μ¸É·μ¢¸±¨³ [3] ¢Ò· ¦¥´¨¥ ¤²Ö ÊÎ¥É  É¥¶²μ¢μ£μ
· ¸Ï¨·¥´¨Ö ¨ ¶μ¢¥·Ì´μ¸É´ÒÌ ±μ²¥¡ ´¨° Ö¤·  ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö,
  ξ Å ¸²ÊÎ °´μ¥ Î¨¸²μ, · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´´μ¥ ¢ ¨´É¥·¢ ²¥ [0, 1]. � · ³¥É· α
μ¶¨¸Ò¢ ¥É ´ ±²μ´ ¸É¥¶¥´´μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¶μ¤¡ ·Ó¥·´μ°
μ¡² ¸É¨ ¨  ¶¶·μ±¸¨³¨·μ¢ ´ ¢Ò· ¦¥´¨Ö³¨

α =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

0,95 − 0,136 lnAd, p,

0,36 − 0,051 lnAd (Zd � 36), d, t,

0,43 − 0,061 lnAd (Zd > 36), d, t,

0,26 − 0,037 lnAd,
3He, α.

(15)
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Šμ´¸É ´ÉÒ σjL ¨ σjH [³¡] ¤²Ö ´Ê±²μ´μ¢ μ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ Ëμ·³Ê² ³¨:

σnL = 82,37 + 745,6
(

1 − exp
(
− Ad

29,705

))
,

σpL = 53,74 + 880,5
(

1 − exp
(
− Ad

32,42

))
,

σnH = 44,29A0,704
d ,

σpH =
σnH

1 − Vp/Emp
.

(16)

‘¥Î¥´¨Ö ·¥ ±Í¨¨ ´¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ ¶·¨´ÖÉÒ μ¤¨´ ±μ¢Ò³¨ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ Emj .
�É¨ ¸¥Î¥´¨Ö ¶μ²ÊÎ¥´Ò ¨§  ¶¶·μ±¸¨³ Í¨¨ ´ ¤¥¦´ÒÌ ¤ ´´ÒÌ Š¨·±¡¨ ¨ ‹¨´±  [15], ¨§³¥-
·¨¢Ï¨Ì ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¶·μÉμ´μ¢ ¸ ¡μ²¥¥ Î¥³ ¸μ·μ±  Ö¤· ³¨ ¶·¨
Ô´¥·£¨¨ μ±μ²μ 100 ŒÔ‚. „²Ö Î ¸É¨Í ÉÖ¦¥²¥¥ ¶·μÉμ´ 

σjL = 806 − 2,7Ad,

σjH = 10π(rjHA
1/3
d )2,

(17)

£¤¥

rjH =

⎧⎪⎪⎨
⎪⎪⎩

1,4075 + 0,069 lnAd, d,

max (1,5, 1,62 − 52,67A−1,8468
d ), t, 3He,

max (1,54, 1,65 − 235A−2,334
d ), α.

(18)

�¥±μÉμ·Ò¥  ¢Éμ·Ò, ´ ¶·¨³¥· Š ²Ó¡ Ì [16], ¢±²ÕÎ ÕÉ ¢ ¶ · ³¥É·¨§ Í¨Õ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
´¥°É·μ´μ¢ ¸ Ö¤· ³¨ ±μ³¶μ´¥´É ν/T ,  ¸¸μÍ¨¨·ÊÕÐ¨°¸Ö ¸ ¸¥Î¥´¨¥³ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö
Î¥·¥§ ¸μ¸É ¢´μ¥ Ö¤·μ σcomp

el ¨ Ê²ÊÎÏ ÕÐ¨° ¨¸¶ ·¨É¥²Ó´Ò¥ ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¨§ ²¥£±¨Ì
Ö¤¥·. �´ É ±¦¥ ¶·¨¸ÊÉ¸É¢Ê¥É ¢ Ëμ·³Ê²¥ „μ¸É·μ¢¸±μ£μ. �·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¸¶¥±É·μ¢
´¥°É·μ´μ¢ ¢ ·¥ ±Í¨ÖÌ (n, xn) ¶·¨ 14 ŒÔ‚ ¶μ¤É¢¥·¤¨²¨ ¢Ò¢μ¤Ò · ¡μÉÒ [16]. �¶É¨-
³ ²Ó´Ò³ ¶ÊÉ¥³ ÊÎ¥É  ±μ³¶μ´¥´É  σcomp

el ¡¥§ ¨§³¥´¥´¨Ö Ëμ·³Ê²Ò (10) Ö¢²Ö¥É¸Ö ¢¢¥¤¥´¨¥
Ë¨±É¨¢´μ£μ μÉ·¨Í É¥²Ó´μ£μ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· :

Vn = −4
[A2/3

d (1,55A
2/3
d − 106,1) + 1280,8]
σnL + σnH

, (19)

£¤¥ ¢Ò· ¦¥´¨¥ ¢ ±¢ ¤· É´ÒÌ ¸±μ¡± Ì ¢§ÖÉμ ¨§ · ¡μÉÒ [16].
�μ¸±μ²Ó±Ê ¢ ²¨É¥· ÉÊ·¥ ¨³¥ÕÉ ³¥¸Éμ · §´μÎÉ¥´¨Ö μÉ´μ¸¨É¥²Ó´μ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ σreac

¨ ¸¥Î¥´¨Ö ´¥Ê¶·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨° σnon ¨ § Î ¸ÉÊÕ μ´¨ ´¥ · §²¨Î ÕÉ¸Ö, μ¶·¥¤¥²¨³ ÔÉ¨
¢¥²¨Î¨´Ò ¨ ¨Ì ¸¢Ö§Ó ¸ ¶μ²´Ò³ ¸¥Î¥´¨¥³ ¢§ ¨³μ¤¥°¸É¢¨Ö σtot ¨ ¶μ²´Ò³ ¸¥Î¥´¨¥³ Ê¶·Ê£μ£μ
· ¸¸¥Ö´¨Ö σel ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶μ¤Ìμ¤μ³ [17]:

σtot = σel + σnon = σpot
el + σreac,

σel = σpot
el + σcomp

el ,

σreac = σnon + σcomp
el ,

(20)
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£¤¥ σpot
el Å ¸¥Î¥´¨¥ Ê¶·Ê£μ£μ ¶μÉ¥´Í¨ ²Ó´μ£μ · ¸¸¥Ö´¨Ö. ‚ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·ÖÕÉ¸Ö

Éμ²Ó±μ ¢¥²¨Î¨´Ò σnon ¨ σel, ±μÉμ·Ò¥ ¨ ¶·¨¢μ¤ÖÉ¸Ö ¢ · §²¨Î´ÒÌ ¡ § Ì ¤ ´´ÒÌ. �·¨
¸· ¢´¥´¨¨ ¸¥Î¥´¨° ·¥ ±Í¨¨ ´¥°É·μ´μ¢ ¸ ¸¥Î¥´¨Ö³¨ σnon ´Ê¦´μ ÊÎ¨ÉÒ¢ ÉÓ §´ Î¨É¥²Ó´ÊÕ
· §´¨ÍÊ ³¥¦¤Ê ÔÉ¨³¨ ¢¥²¨Î¨´ ³¨ ¤²Ö ²¥£±¨Ì Ö¤¥· ¨ ³ ²ÒÌ Ô´¥·£¨° ´¥°É·μ´μ¢.

‘¥Î¥´¨Ö ·¥ ±Í¨¨ ´Ê±²μ´μ¢ σreac ¸ · §²¨Î´Ò³¨ Ö¤· ³¨ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¤μ
100 ŒÔ‚, · ¸¸Î¨É ´´Ò¥ ¶μ Ëμ·³Ê² ³ (10)Ä(19) ¸ ±μÔËË¨Í¨¥´É ³¨ η = 1 ¨ kp = 1 (Ëμ·-
³Ê²  (14)), ¶μ± § ´Ò ´  ·¨¸. 2 ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ σnon [8, 13]
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¸¥Î¥´¨Ö³¨ ¨§ ¡¨¡²¨μÉ¥± ENDF/B-VII [18] ¨ TENDL-2012 [14]. �·¨-
¢¥¤¥´Ò É ±¦¥ Ô´¥·£¥É¨Î¥¸±¨¥ § ¢¨¸¨³μ¸É¨ σreac ¶μ ¶ · ³¥É·¨§ Í¨Ö³ „μ¸É·μ¢¸±μ£μ [3] ¨
�¨¨É  [19]. � · ³¥É·¨§ Í¨Ö ¤ ´´μ° · ¡μÉÒ ¨ Ëμ·³Ê²  „μ¸É·μ¢¸±μ£μ ¶·¥¤´ §´ Î¥´Ò
¤²Ö · ¸Î¥É  ¨¸¶ ·¨É¥²Ó´μ£μ ± ¸± ¤  ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸, ¶μÔÉμ³Ê ¤²Ö ¸· ¢´¥´¨Ö ¸
Ô±¸¶¥·¨³¥´Éμ³ ¸¥Î¥´¨Ö ¡Ò²¨ ¶¥·¥¸Î¨É ´Ò ¢ ² ¡μ· Éμ·´ÊÕ ¸¨¸É¥³Ê μÉ¸Î¥É .

Œμ¦´μ ¢¨¤¥ÉÓ, ÎÉμ ´ Ï   ¶¶·μ±¸¨³ Í¨Ö §´ Î¨É¥²Ó´μ ²ÊÎÏ¥ ¸μ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨-
³¥´Éμ³ ¨ ¤ ´´Ò³¨ ENDF/B-VII ¨ TENDL-2012, Î¥³ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³ Ö ¶ · ³¥É·¨§ -

�¨¸. 2. � · ³¥É·¨§ Í¨Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ σreac ´Ê±²μ´μ¢ ¸ Ö¤· ³¨ (10)Ä(19) (Î¥·´Ò¥ ²¨´¨¨) ¢

¸· ¢´¥´¨¨ ¸ ¶ · ³¥É·¨§ Í¨Ö³¨ �¨¨É  [19] (Ë¨μ²¥Éμ¢Ò¥ ²¨´¨¨) ¨ „μ¸É·μ¢¸±μ£μ (ÏÉ·¨Ìμ¢Ò¥ ²¨´¨¨).
‘¥Î¥´¨Ö ´¥Ê¶·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨° σnon: Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ [8, 13] (¸¢¥É²Ò¥ ÉμÎ±¨ Å

´¥°É·μ´Ò, É¥³´Ò¥ Å ¶·μÉμ´Ò), μÍ¥´±¨ ENDF/B-VII [18] (±· ¸´Ò¥ ²¨´¨¨) ¨ TENDL-2012 [14]

(§¥²¥´Ò¥ ²¨´¨¨)
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Í¨Ö „μ¸É·μ¢¸±μ£μ. ‘²ÊÎ °´Ò° ·μ§Ò£·ÒÏ ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· , ¤²Ö ·¥ ²¨§ Í¨¨ ±μÉμ·μ£μ
³¥Éμ¤μ³ Œμ´É¥-Š ·²μ · §Ò£·Ò¢ ²μ¸Ó 104 ¢ ·¨ ´Éμ¢ ¶·¨ ± ¦¤μ° Ô´¥·£¨¨, Ìμ·μÏμ μ¶¨-
¸Ò¢ ¥É ¶μ¤¡ ·Ó¥·´μ¥ ¶·μÌμ¦¤¥´¨¥ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¶·μÉμ´μ¢. �·μ¡²¥³´Ò³ Ö¢²Ö¥É¸Ö
Ö¤·μ 27Al, ¤²Ö ±μÉμ·μ£μ ¶·¨ Ô´¥·£¨ÖÌ ¶·μÉμ´μ¢ ´¨¦¥ 9 ŒÔ‚ ´¥É Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ ¨ ´ ¡²Õ¤ ÕÉ¸Ö ¡μ²ÓÏ¨¥ · ¸Ìμ¦¤¥´¨Ö ¸¥Î¥´¨° ENDF/B-VII, TENDL-2012 ¨ �¨¨É .
‘¥Î¥´¨Ö (10)Ä(18) ²ÊÎÏ¥ ¸μ£² ¸ÊÕÉ¸Ö ¢ ÔÉμ³ ¸²ÊÎ ¥ ¸ ¤ ´´Ò³¨ TENDL-2012.

‚ ¸¥Î¥´¨ÖÌ ENDF/B-VII ¨ TENDL-2012 ¢ μ¡² ¸É¨ ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ´ ¡²Õ¤ ¥É¸Ö
Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£, ¸¢Ö§ ´´Ò° ¸ ¤¨¸±·¥É´Ò³¨ ´¨§±μ²¥¦ Ð¨³¨ Ê·μ¢´Ö³¨ ¢μ§¡Ê¦¤¥´¨Ö,
£² ¢´Ò³ μ¡· §μ³, ¸ ¶¥·¢Ò³ Ê·μ¢´¥³. �³¶¨·¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ÔËË¥±É¨¢´μ£μ ¶μ·μ£ ,
´ °¤¥´´Ò¥ ¨§ ¸· ¢´¥´¨Ö · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¢ (n, xn)-
·¥ ±Í¨ÖÌ, ¶·¨¢¥¤¥´Ò ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥. ‡ ³¥É´Ò° ¢±² ¤ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Î¥·¥§
¸μ¸É ¢´μ¥ Ö¤·μ σcomp

el ¢ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ´¥°É·μ´μ¢ ¸ Ö¤· ³¨ ¢ ´ Ï¥° ³μ¤¥²¨ ´ ¡²Õ¤ ¥É¸Ö
Éμ²Ó±μ ¤²Ö Ö¤¥· ²¥£Î¥ ¦¥²¥§ , ¢ μÉ²¨Î¨¥ μÉ ¶ · ³¥É·¨§ Í¨¨ �¨¨É .

�  ·¨¸. 3 ¨ 4 ¶·¥¤¸É ¢²¥´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ Î ¸É¨Í ÉÖ¦¥²¥¥ ´Ê±²μ´  ¸ Ö¤· ³¨ 27Al
¨ 208Pb, · ¸¸Î¨É ´´Ò¥ ¶μ Ëμ·³Ê² ³ (10)Ä(18), ¢ ¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ TENDL-2012, ±μ-
Éμ·Ò¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¢Ò¡μ·  ¶ · ³¥É·μ¢ ´ Ï¥°  ¶¶·μ±¸¨³ Í¨¨. ’ ³ ¦¥ ¶·¨¢¥¤¥´Ò
·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶μ Ëμ·³Ê²¥ „μ¸É·μ¢¸±μ£μ. �μ¸²¥¤´ÖÖ ¸¨¸É¥³ É¨Î¥¸±¨ § ¢ÒÏ ¥É ¸¥-
Î¥´¨Ö ·¥ ±Í¨¨ ¸²μ¦´ÒÌ Î ¸É¨Í. �ÉÎ ¸É¨ ÔÉμ ¸¢Ö§ ´μ ¸ ´¨§±¨³ ±Ê²μ´μ¢¸±¨³ ¡ ·Ó¥·μ³,

�¨¸. 3. � · ³¥É·¨§ Í¨Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ ¸²μ¦´ÒÌ Î ¸É¨Í (10)Ä(18) ¸ Ö¤· ³¨ 27Al (Î¥·´Ò¥ ²¨´¨¨) ¢

¸· ¢´¥´¨¨ ¸ ¤ ´´Ò³¨ TENDL-2012 (§¥²¥´Ò¥ ²¨´¨¨) ¨ ¶ · ³¥É·¨§ Í¨¥° „μ¸É·μ¢¸±μ£μ (ÏÉ·¨Ìμ¢Ò¥

²¨´¨¨)
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�¨¸. 4. ’μ ¦¥, ÎÉμ ´  ·¨¸. 3, ¤²Ö Ö¤¥· 208Pb

±μÉμ·Ò° ±μ³¶¥´¸¨·Ê¥É ¢ Ëμ·³Ê²¥ „μ¸É·μ¢¸±μ£μ μÉ¸ÊÉ¸É¢¨¥ ³¥Ì ´¨§³  ¶μ¤¡ ·Ó¥·´μ£μ
¶·μÌμ¦¤¥´¨Ö Î ¸É¨Í.

3. ‚…��Ÿ’��‘’ˆ ˆ‘�“‘Š��ˆŸ —�‘’ˆ–

‚¥·μÖÉ´μ¸É¨ ¨¸¶Ê¸± ´¨Ö Î ¸É¨Í É¨¶  j μ¶¨¸Ò¢ ÕÉ¸Ö Ëμ·³Ê²μ°

Γj = Pj/
∑

j

Pj , (21)

£¤¥

Pj(E∗) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Tmax∫
Tmin

λC(T ) dT, E∗ − B − EM � Tmin,

E∗−B−EM∫
Tmin

λF (T ) dT +

Tmax∫
E∗−B−EM

λC(T ) dT, Tmin < E∗ − B − EM < Em,

Tmax∫
Tmin

λF (T ) dT, E∗ − B − EM � Em.

(22)
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ˆ´¤¥±¸ É¨¶  Î ¸É¨ÍÒ §¤¥¸Ó ¨ ¢ ¤ ²Ó´¥°Ï¥³ μ¶Ê¸± ¥³. λC(T ) ¨ λF (T ) μ¡μ§´ Î ÕÉ ¸¶¥±-
É·Ò Î ¸É¨Í (1), ¢ ±μÉμ·ÒÌ ¶²μÉ´μ¸ÉÓ Ê·μ¢´¥° (2) μ¶¨¸Ò¢ ¥É¸Ö ³μ¤¥²ÓÕ ¶μ¸ÉμÖ´´μ° É¥³-
¶¥· ÉÊ·Ò ¨ ³μ¤¥²ÓÕ Ë¥·³¨-£ §  ¸μμÉ¢¥É¸É¢¥´´μ. ‡´ Î¥´¨Ö Tmin ¨ Tmax μ¶·¥¤¥²ÖÕÉ¸Ö
¢Ò· ¦¥´¨Ö³¨

Tmin =

{
T n

min, j = 1,

V, j > 1,

Tmax = min (E∗ − B, Em).

(23)

�£· ´¨Î¥´¨¥ Tmax, Ê¶·μÐ ÕÐ¥¥ ¢ÒÎ¨¸²¥´¨¥ ¨´É¥£· ²μ¢ ¨ ·μ§Ò£·ÒÏ ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¨ Î ¸É¨Í ¶·¨ ¡μ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö, μ¡Ê¸²μ¢²¥´μ ³Ö£±μ¸ÉÓÕ ¨¸¶ ·¨-
É¥²Ó´ÒÌ ¸¶¥±É·μ¢ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¶·¥´¥¡·¥¦¨³μ ³ ²Ò³ ¢±² ¤μ³ ¤¨ ¶ §μ´  Ô´¥·£¨°
T > Em ¢ ¨´É¥£· ²Ò Pj(E∗). “Î¥É T n

min ¶·¥¤²μ¦¥´ ¢ · ¡μÉ¥ [16], £¤¥ μÉ³¥Î¥´μ ¡μ²ÓÏμ¥
¢²¨Ö´¨¥ ÔÉμ£μ ¶μ·μ£  ´  ¢Ò¸μÉÊ ¨ ¶μ²μ¦¥´¨¥ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ£μ ´¥°É·μ´´μ£μ ¶¨±  ¢
(n, xn)-·¥ ±Í¨ÖÌ. ‚ ± Î¥¸É¢¥ ¸É ´¤ ·É´μ£μ ¤²Ö ¢¸¥Ì Ö¤¥· ¢ · ¡μÉ¥ [16] ¢Ò¡· ´μ §´ Î¥´¨¥
T n

min = 0,5 ŒÔ‚. ‚ ´ Ï¥° ¶ · ³¥É·¨§ Í¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¡μ²¥¥ ¸²μ¦´ Ö Ô³¶¨·¨Î¥¸± Ö
§ ¢¨¸¨³μ¸ÉÓ, ¤ ÕÐ Ö ²ÊÎÏ¥¥ μ¶¨¸ ´¨¥ ´¥°É·μ´´ÒÌ ¸¶¥±É·μ¢:

T n
min =

{
E∗

1 (Zd, Ad)ξ3, Zd � 36,

1,581 − 0,2885 lnAd, Zd > 36,
(24)

£¤¥ E∗
1 (Zd, Ad) Å Ô´¥·£¨Ö ¶¥·¢μ£μ Ê·μ¢´Ö ¢μ§¡Ê¦¤¥´¨Ö Ö¤· , §´ Î¥´¨¥ ±μÉμ·μ° ¡¥·¥É¸Ö

¨§ ¡ §Ò ¤ ´´ÒÌ ENSDF [20]; ξ Å ¸²ÊÎ °´μ¥ Î¨¸²μ.

ˆ´É¥£· ²Ò ¶μ λC(T ) ¢ Ëμ·³Ê²¥ (22) ¨³¥ÕÉ ¢¨¤

PC =
c

ρ(E∗)t

∫ [
σH + σL

(
1 − T

Em

)]
(T − V ) exp

(
E∗ − B − T − E0

t

)
dT. (25)

‘¤¥² ¥³ § ³¥´Ê ¶¥·¥³¥´´μ° (E∗ − B − T − E0)/t = x ¨ ¶·¥μ¡· §Ê¥³ ¶μ¤Ò´É¥£· ²Ó´μ¥
¢Ò· ¦¥´¨¥ (R = E∗ − B − V , R0 = E∗ − B − E0):

λC = c

[
σH +

σL

Em
(Em − R0 + tx)

]
(R − E0 − tx) ex−x0 = λC1 + λC2, (26)

λC1 = b1(Rt − x) ex−x0 ,

λC2 = b2(Rt − x)x ex−x0 ,
(27)

£¤¥ b1 = ct

[
σH + σL

(
1 − R0

Em

)]
, b2 =

cσLt2

Em
, Rt =

R − E0

t
.

‚³¥¸Éμ ÉμÎ´μ£μ §´ Î¥´¨Ö ρ(E∗) ¢ Ëμ·³Ê² Ì (26), (27) ¨¸¶μ²Ó§Ê¥É¸Ö exp (x0), £¤¥ x0 =
2
√

aE∗, É ± ± ± ρ(E∗) μ¤¨´ ±μ¢  ¤²Ö ¢¸¥Ì Pj , ¢Ìμ¤ÖÐ¨Ì ¢ Ëμ·³Ê²Ê (21). ‚¥²¨Î¨´  x0

¸²Ê¦¨É ¤²Ö ¨¸±²ÕÎ¥´¨Ö ¸²ÊÎ ¥¢ ¶¥·¥¶μ²´¥´¨Ö ¶ÊÉ¥³ § ³¥´Ò ex ´  ex−x0 .
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‡ ¶¨Ï¥³ ¸¥°Î ¸ ¨´É¥£· ²Ò ¶μ λC1 ¨ λC2 ¢ Ö¢´μ³ ¢¨¤¥ ¸ ÊÎ¥Éμ³ ¶·¥¤¥²μ¢ ¨´É¥£·¨-
·μ¢ ´¨Ö:

PC1 = b1

x2∫
x1

(Rt − x) ex−x0 dx,

PC2 = b2

x2∫
x1

(Rt − x)x ex−x0 dx,

(28)

x1 =
R0 − Tmax

t
,

x2 =

⎧⎪⎪⎨
⎪⎪⎩

R0 − Tmin

t
, Tmax − EM � Tmin,

R0 − Tmax + EM

t
, Tmax − EM > Tmin.

(29)

‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ¨´É¥£· ²μ¢ PC1 ¨ PC2 ¶μ²ÊÎ ¥³

PC1 = b1(Rt + 1 − x) ex−x0 |x2
x1

,

PC2 = b2[(Rt + 2)(x − 1) − x2] ex−x0|x2
x1

.
(30)

ˆ´É¥£· ² ¶μ Ë¥·³¨¥¢¸±μ³Ê ¸¶¥±É·Ê ¨³¥¥É ¢¨¤

PF =
ccF

ex0

∫ [
σH + σL

(
1 − T

Em

)]
(T − V )

exp [2
√

a(E∗ − B − δ − T )]
a1/2(E∗ − B − δ − T )3/2

dT. (31)

‡¤¥¸Ó ³Ò É ±¦¥ ´¥ · ¸¸³ É·¨¢ ¥³ ´¨¦´ÕÕ Î ¸ÉÓ Ëμ·³Ê²Ò (10), É ± ± ± ¢±² ¤ ¢Ò¸μ-
±μÔ´¥·£¥É¨Î¥¸±μ£μ ®Ì¢μ¸É ¯ c T > Em ¶·¥´¥¡·¥¦¨³μ ³ ² ¶·¨ ²Õ¡ÒÌ Ô´¥·£¨ÖÌ ¢μ§¡Ê-
¦¤¥´¨Ö. ‚Ò¶μ²´¨³ § ³¥´Ê ¶¥·¥³¥´´μ° ¨ ¶·¨¢¥¤¥³ ¢Ò· ¦¥´¨Ö, Ê¶·μÐ ÕÐ¨¥ ¨´É¥£· ²:
Tm = E∗−B−δ, x = 2

√
a(Tm − T ), T = Tm−x2/4a, dT a−1/2(Tm−T )−3/2 = −4dx/x2.

�É¸Õ¤  ¶μ²ÊÎ ¥³

PF =
ccF

a

xmax∫
xmin

[
σH + σL

(
1 − Tm

Em
+

x2

4aEm

)]
(x̃2 − x2)

ex−x0

x2
dx, (32)

£¤¥ x̃2 = 4a(Tm − V ) ¨

xmin = 2
√

a1(Tm − Tmax + EM ),

xmax = 2
√

a2(Tm − Tmin).
(33)

ˆ´¤¥±¸ ¶·¨ ¶ · ³¥É·¥ ¶²μÉ´μ¸É¨ Ê·μ¢´¥°   ¢ ¢Ò· ¦¥´¨ÖÌ (33) Ê± §Ò¢ ¥É, ÎÉμ É ±¨³
μ¡· §μ³ ÊÎ¨ÉÒ¢ ¥É¸Ö ¥£μ § ¢¨¸¨³μ¸ÉÓ μÉ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö μ¸É ÉμÎ´μ£μ Ö¤·  ¶μ¸²¥
¢Ò²¥É  Î ¸É¨ÍÒ: a1 = a(U = Tm − Tmax + EM ), a2 = a(U = Tm − Tmin). ‚ ± Î¥¸É¢¥
¶ · ³¥É·  a ¢ ¢Ò· ¦¥´¨¨ (32) ¡¥·¥³ ¸·¥¤´¥¥ §´ Î¥´¨¥ ā, ±μÉμ·μ¥ ¡Ê¤¥É μ¶·¥¤¥²¥´μ ´¨¦¥.
‚³¥¸Éμ ρ(E∗) É ± ¦¥, ± ± ¨ · ´¥¥, ¨¸¶μ²Ó§Ê¥É¸Ö exp (x0).
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„ ²¥¥ ¨´É¥£· ² PF (32)  ´ ²μ£¨Î´μ PC ¤²Ö Ê¤μ¡¸É¢  ¤ ²Ó´¥°Ï¥£μ ·μ§Ò£·ÒÏ  ±¨´¥-
É¨Î¥¸±μ° Ô´¥·£¨¨ · §¡¨¢ ¥³ ´  ¤¢  ¨´É¥£· ² :

PF = PF1 + PF2 = d1

xmax∫
xmin

(x̃2 − x2)
ex−x0

x2
dx + d2

xmax∫
xmin

(x̃2 − x2) ex−x0 dx, (34)

£¤¥ d1 =
ccF

ā

[
σH + σL

(
1 − Tm

Em

)]
, d2 =

ccF σL

4ā2Em
. �´ ²¨É¨Î¥¸±¨¥ ¢Ò· ¦¥´¨Ö ¨´É¥£· -

²μ¢ (34) ¨³¥ÕÉ ¢¨¤

PF1 = d1[x̃2(Ei(x) e−x0 − ex−x0/x) − ex−x0 ]|xmax
xmin

,

PF2 = d2[x̃2 − x2 + 2(x − 1)] ex−x0 |xmax
xmin

,
(35)

£¤¥ Ei(x) Å Ô±¸¶μ´¥´Í¨ ²Ó´Ò° ¨´É¥£· ², §´ Î¥´¨Ö ±μÉμ·μ£μ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ ¶·μ-
£· ³³¥ REXPIN ¨§ ¡¨¡²¨μÉ¥±¨ ¶·μ£· ³³ ‘ERNLIB [21]. �μ¸²¥ ¶·μ¢¥¤¥´¨Ö · ¸Î¥Éμ¢ ¶μ
Ëμ·³Ê² ³ (35) ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ¨ Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö ¨ ¸· ¢´¥´¨Ö ¸ ·¥§Ê²ÓÉ É ³¨
Î¨¸²¥´´μ£μ ¨´É¥£·¨·μ¢ ´¨Ö Ëμ·³Ê²Ò (1) ¸ ÉμÎ´Ò³¨ §´ Î¥´¨Ö³¨ ¶ · ³¥É·  ¶²μÉ´μ¸É¨
Ê·μ¢´¥° ¡Ò²μ ¢Ò¡· ´μ μ¶É¨³ ²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ā, ¶·¨ ±μÉμ·μ³ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ÉμÎ-
´μ¸ÉÓ ¶·¨¡²¨¦¥´´ÒÌ ¨´É¥£· ²μ¢ ¢ ¶·¥¤¥² Ì 1Ä2 %:

ā =

⎧⎪⎪⎨
⎪⎪⎩

a

(
U =

(xmax − 1,3)2

4a2

)
, xmax − xmin > 1,3,

a1 + a2

2
, xmax − xmin � 1,3.

(36)

Œ¥Éμ¤¨±  ·μ§Ò£·ÒÏ  ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢Ò²¥É ÕÐ¨Ì Î ¸É¨Í ¨ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö
¶μ²ÊÎ¥´´ÒÌ ¸¶¥±É·μ¢ ¸ Î¨¸²¥´´Ò³¨ · ¸Î¥É ³¨ ¶·¨¢¥¤¥´Ò ¢ ¶·¨²μ¦¥´¨¨.

4. ‘�…Š’�› ‚’��ˆ—�›• —�‘’ˆ–,
ˆ‘�“‘Š�…Œ›• ‚ �…�Š–ˆŸ• (n, xn), (n, xp) ˆ (n, xα)

��ˆ ��…�ƒˆˆ �…‰’����‚ �Š�‹� 14 ŒÔ‚

� ¸Î¥ÉÒ ¸¶¥±É·μ¢ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥°
14Ä14,8 ŒÔ‚ ¸ Ö¤· ³¨ μÉ 19F ¤μ 209Bi ¶·μ¢μ¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ¡μ¡Ð¥´´μ° ± ¸-
± ¤´μ° ³μ¤¥²¨ (�ŠŒ) [22, 23], ¨³¥ÕÐ¥° ¤¨ ¶ §μ´ ¶·¨³¥´¨³μ¸É¨ μÉ 10 ŒÔ‚ ¤μ 5 ƒÔ‚.
�¸´μ¢´Ò³¨ μÉ²¨Î¨É¥²Ó´Ò³¨ μ¸μ¡¥´´μ¸ÉÖ³¨ �ŠŒ μÉ ¶·¥¤Ò¤ÊÐ¨Ì ± ¸± ¤´ÒÌ ³μ¤¥²¥°
Ö¢²ÖÕÉ¸Ö:

Å ¸ ³μ¸μ£² ¸μ¢ ´´ Ö ³μ¤¥²Ó Ö¤¥·´μ£μ ¶μÉ¥´Í¨ ²  ¨ ¶²μÉ´μ¸É¨ ´Ê±²μ´μ¢ ¢ Ö¤·¥, μ¸´μ-
¢ ´´ Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ;

Å ÉμÎ´Ò° · ¸Î¥É ±² ¸¸¨Î¥¸±¨Ì É· ¥±Éμ·¨° ´Ê±²μ´μ¢ ¢ ¶μ²¥ Ö¤·  ¤²Ö ÊÎ¥É  ¶·¥²μ³-
²¥´¨Ö;

Å μ¶¨¸ ´¨¥ ´Ê±²μ´μ¢ ¢μ²´μ¢Ò³¨ ¶ ±¥É ³¨ ¢ ±μμ·¤¨´ É´μ³ ¨ ¨³¶Ê²Ó¸´μ³ ¶·μ¸É· ´-
¸É¢ Ì, ¶μ§¢μ²ÖÕÐ¥¥ ÊÎ¥¸ÉÓ ´¥²μ± ²Ó´μ¸ÉÓ ´Ê±²μ´-´Ê±²μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¢ Ö¤·¥;

Å ÊÎ¥É § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨° ´Ê±²μ´-´Ê±²μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° μÉ ¶²μÉ´μ¸É¨ Ö¤¥·-
´μ£μ ¢¥Ð¥¸É¢ .
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� ¸Ï¨·¥´¨¥ ¤¨ ¶ §μ´  ¶·¨³¥´¨³μ¸É¨ ± ¸± ¤´μ° ³μ¤¥²¨ ¢ μ¡² ¸ÉÓ ´¨§±¨Ì Ô´¥·£¨°
¶μ§¢μ²¨²μ μÉ± § ÉÓ¸Ö μÉ ¶·¥¤· ¢´μ¢¥¸´μ° ¸É ¤¨¨ Ö¤¥·´μ° ·¥ ±Í¨¨, ¶·¥¤Ï¥¸É¢ÊÕÐ¥° ¨¸-
¶ ·¨É¥²Ó´μ³Ê ± ¸± ¤Ê. �¥·¥Ìμ¤ μÉ ± ¸± ¤´μ° ± ¨¸¶ ·¨É¥²Ó´μ° ¸É ¤¨¨ Ö¤¥·´μ° ·¥ ±Í¨¨
¶·μ¨¸Ìμ¤¨É ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ¢¸¥ ¢μ§¡Ê¦¤¥´´Ò¥ ´Ê±²μ´Ò ¨³¥ÕÉ Ô´¥·£¨¨, ´¥¤μ¸É ÉμÎ-
´Ò¥ ¤²Ö ¢Ò²¥É  ¨§ Ö¤· . ‘´ÖÉ¨¥ ¢μ§¡Ê¦¤¥´¨Ö Ö¤·  ¸ ¨¸¶Ê¸± ´¨¥³ ²¥£±¨Ì Î ¸É¨Í · ¸-
¸Î¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì μ¶¨¸ ´´μ° ¢ÒÏ¥ ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ ¶μ ¶·μ£· ³³¥ · ¸Î¥É 
¨¸¶ ·¨É¥²Ó´μ£μ ± ¸± ¤  ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ EVAP15.

�  ·¨¸. 5 ¨ 6 ¶·¥¤¸É ¢²¥´Ò 18 · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ [8] ¸¶¥±É·μ¢ ¢Éμ·¨Î-
´ÒÌ ´¥°É·μ´μ¢ ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨, £¤¥ ¢±² ¤ ¨¸¶ ·¨É¥²Ó´μ£μ ± ´ ²  ¤μ¸É -
ÉμÎ´μ ¢¥²¨±. ’ ³ ¦¥ ¶μ± § ´Ò ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¶μ ·¥§Ê²ÓÉ É ³ μÍ¥´μ± TENDL-2012
¨ ENDF/B-VII. �μ¸²¥¤´¨¥ £¥´¥·¨·ÊÕÉ¸Ö ´  ¸ °É¥ [8] ¢ ·¥¦¨³¥ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¨ μÍ¥´¥´´ÒÌ ¤ ´´ÒÌ. �¡¥ ¡¨¡²¨μÉ¥±¨ ¸μ¤¥·¦ É ¤ ´´Ò¥ Éμ²Ó±μ ¤²Ö μÉ¤¥²Ó´ÒÌ
´Ê±²¨¤μ¢, ¶μÔÉμ³Ê ¤²Ö ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨ ¨§μÉμ¶μ¢ ¶μ± § ´Ò ¸¶¥±É·Ò ¨§ ¡¨¡²¨μÉ¥±¨
CENDL-2, ¤μ¸ÉÊ¶´Ò¥ ´  Éμ³ ¦¥ ¸ °É¥. ˆ¸±²ÕÎ¥´¨¥ ¸μ¸É ¢²Ö¥É Fe, ¤²Ö ±μÉμ·μ£μ ¶·¨-
¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ± ± ¤²Ö natFe, É ± ¨ ¤²Ö 56Fe ¨ ¶μ± § ´Ò ¸¶¥±É·Ò
TENDL-2012 ¨ ENDF/B-VII ¤²Ö 56Fe. Š·μ³¥ Éμ£μ, ¤²Ö natCu ¨ natAg ¶·¥¤¸É ¢²¥´Ò ¸¶¥±-
É·Ò TENDL-2012, ¶μ²ÊÎ¥´´Ò¥ ¨§ ¤ ´´ÒÌ ¤²Ö ¤¢ÊÌ ¨§μÉμ¶μ¢. �μ²´Ò° ¸¶¨¸μ± ¨¸±²ÕÎ¥´¨°
¨§ μ¡Ð¨Ì ¶· ¢¨² ¶·¥¤¸É ¢²¥´¨Ö ¤ ´´ÒÌ ¶·¨¢¥¤¥´ ¢ É ¡². 1.

�Ê¦´μ Ê± § ÉÓ, ÎÉμ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ · §´ÒÌ  ¢Éμ·μ¢, ±μÉμ·Ò¥ μÉ³¥-
Î¥´Ò · §²¨Î´Ò³¨ ¸¨³¢μ² ³¨, ¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ § ³¥É´μ μÉ²¨Î ÕÉ¸Ö ¤·Ê£ μÉ ¤·Ê£ 
¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ´¥°É·μ´μ¢. ‘¶¥±É·Ò ¨§ μÍ¥´¥´´ÒÌ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ ¤ ´´ÒÌ μ¡-
´ ·Ê¦¨¢ ÕÉ ¥Ð¥ ¡μ²ÓÏ¨¥ · ¸Ìμ¦¤¥´¨Ö ¤·Ê£ ¸ ¤·Ê£μ³ ¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¸¶¥±-
É· ³¨. � ¨¡μ²ÓÏ¥¥ μÉ±²μ´¥´¨¥ ¸¶¥±É·μ¢ ENDF/B-VII μÉ Ô±¸¶¥·¨³¥´É  ´ ¡²Õ¤ ¥É¸Ö ¤²Ö
Ö¤¥· 19F, 208Pb ¨ 209Bi, ¤ ´´Ò¥ TENDL-2012 ¨ CENDL-2 É ±¦¥ ¤ ÕÉ § ´¨¦¥´´Ò¥ ¢ÒÌμ¤Ò
´¥°É·μ´μ¢ ¨§ ÉÖ¦¥²ÒÌ Ö¤¥· 208Pb ¨ natPb.

� ¸Î¥É´Ò¥ ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¤ ´´μ° · ¡μÉÒ ¢ Í¥²μ³ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³
²ÊÎÏ¥, Î¥³ ¤ ´´Ò¥ ¨§ μÍ¥´¥´´ÒÌ ¡¨¡²¨μÉ¥±. �Éμ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ É¥³, ÎÉμ ¶·¨¢¥¤¥´´Ò¥
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¢Ò¡μ·  μ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·μ¢ ¸¥Î¥´¨°
μ¡· É´ÒÌ ·¥ ±Í¨°. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸¨¸É¥³ É¨±  ¡¥§
¶·¨³¥´¥´¨Ö ¶μ¤£μ´μÎ´ÒÌ ¶ · ³¥É·μ¢ ¤²Ö μÉ¤¥²Ó´ÒÌ Ö¤¥·. �Ê´±É¨·´Ò³¨ £¨¸Éμ£· ³³ ³¨
´  ·¨¸. 5 ¶μ± § ´Ò · ¸Î¥É´Ò¥ ¸¶¥±É·Ò ± ¸± ¤´ÒÌ ´¥°É·μ´μ¢. ‚¨¤´μ, ÎÉμ Ê¦¥ ¤²Ö Ö¤¥·
± ²ÓÍ¨Ö ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ 6 ŒÔ‚ ¢±² ¤ ¨¸¶ ·¨É¥²Ó´ÒÌ ´¥°É·μ´μ¢ ¢ ¸Ê³³ ·´Ò° ¸¶¥±É·
³ ². ‘ ·μ¸Éμ³  Éμ³´μ£μ ¢¥¸  Ö¤·  ¶·μ¨¸Ìμ¤¨É ¸³Ö£Î¥´¨¥ ¨¸¶ ·¨É¥²Ó´ÒÌ ¸¶¥±É·μ¢ ¨§-§ 
Ê¢¥²¨Î¥´¨Ö ¶ · ³¥É·  ¶²μÉ´μ¸É¨ Ê·μ¢´¥° a. •μ·μÏ¥¥ ¸μ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´Éμ³ ®Ì¢μ-
¸Éμ¢¯ · ¸Î¥É´ÒÌ ´¥°É·μ´´ÒÌ ¸¶¥±É·μ¢ ¸²¥¤Ê¥É μÉ´¥¸É¨ ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ ± ± Î¥¸É¢¥´´μ³Ê
μ¶¨¸ ´¨Õ ± ¸± ¤´μ£μ ±μ³¶μ´¥´É .

� ¸Î¥É ¶·μÉμ´´ÒÌ ¸¶¥±É·μ¢ μ± § ²¸Ö §´ Î¨É¥²Ó´μ ¡μ²¥¥ ¸²μ¦´μ° § ¤ Î¥° ¶μ ¸· ¢´¥-
´¨Õ ¸ ´¥°É·μ´´Ò³¨ ¸¶¥±É· ³¨. ‚μ-¶¥·¢ÒÌ, ¢ÒÌμ¤ ¶·μÉμ´μ¢ ¸¨²Ó´μ § ¢¨¸¨É μÉ ±μ´±Ê·¨-
·ÊÕÐ¥£μ ¨ ¶·¥μ¡² ¤ ÕÐ¥£μ ¢ÒÌμ¤  ´¥°É·μ´μ¢. ‚μ-¢Éμ·ÒÌ, μ¡´ ·Ê¦¨²μ¸Ó ¡μ²ÓÏμ¥ · §-
²¨Î¨¥ ¢ÒÌμ¤  ¶·μÉμ´μ¢ ¨§ · §´ÒÌ ¨§μÉμ¶μ¢ μ¤´μ£μ Ô²¥³¥´É  (´ ¶·¨³¥·, ¤²Ö 50Cr ¨ 52Cr
¸¥Î¥´¨Ö ¢ ³ ±¸¨³Ê³¥ ¸μ¸É ¢²ÖÕÉ ¡μ²¥¥ 200 ¨ 35 ³¡/ŒÔ‚ ¸μμÉ¢¥É¸É¢¥´´μ). �¸´μ¢´ÊÕ
·μ²Ó ¢ ¸¥Î¥´¨¨ ¨¸¶Ê¸± ´¨Ö ¶·μÉμ´μ¢ ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ¨£· ¥É ¢¥²¨Î¨´ 
±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· . �μ¸²¥ ¶·μ¢¥·±¨ · §²¨Î´ÒÌ ËÊ´±Í¨μ´ ²μ¢ ¡Ò²  ¢Ò¡· ´  ¸²¥¤ÊÕ-
Ð Ö Ô³¶¨·¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  kp(Z, A) ¢ Ëμ·³Ê²¥ (14) ¤²Ö ±Ê²μ´μ¢¸±μ£μ
¡ ·Ó¥· :

kp = vk max (0,5, 1 − 0,23(Z − Zst)), (37)
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�¨¸. 5. ‘¶¥±É·Ò ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨° (n, xn) ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° μ±μ²μ
14 ŒÔ‚ ¸ Ö¤· ³¨ μÉ 19F ¤μ natCu, · ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò EVAP15 (£¨¸Éμ-

£· ³³Ò), ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [8] (ÉμÎ±¨). �Í¥´±¨ ¨§ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ

¤ ´´ÒÌ Å TENDL-2012 (§¥²¥´Ò¥ ²¨´¨¨) ¨ ENDF/B-VII (CENDL-2 ¤²Ö ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨ ¨§μ-
Éμ¶μ¢) (±· ¸´Ò¥ ²¨´¨¨). �Ê´±É¨·´Ò¥ £¨¸Éμ£· ³³Ò Å ¢±² ¤ ± ¸± ¤´μ£μ ±μ³¶μ´¥´É  ¢ · ¸Î¥É´Ò¥

¸¶¥±É·Ò ´¥°É·μ´μ¢. �μ¤·μ¡´μ¸É¨ ¢ É¥±¸É¥ ¨ É ¡². 1

£¤¥ Zst Å § ·Ö¤ Ö¤· , ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ²¨´¨¨ β-¸É ¡¨²Ó´μ¸É¨:

Zst =
A

1,98 + 0,016A2/3
. (38)
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�¨¸. 6. ’μ ¦¥, ÎÉμ ´  ·¨¸. 5, ¤²Ö Ö¤¥· μÉ natZr ¤μ 209Bi

Z ¨ A Å ÔÉμ  Éμ³´Ò° ´μ³¥· ¨ ³ ¸¸  Ö¤·  ¢ ´ Î ²¥ ¨¸¶ ·¨É¥²Ó´μ° ¸É ¤¨¨ Ö¤¥·´μ°
·¥ ±Í¨¨. ‡´ Î¥´¨Ö vk ¢ Ëμ·³Ê²¥ (37) ¢ § ¢¨¸¨³μ¸É¨ μÉ Z ¶·¨¢¥¤¥´Ò ¢ É ¡². 2. �·¨Î¨´ 
¸Éμ²Ó ·¥§±μ£μ ¸± Î±  ±μÔËË¨Í¨¥´É  vk ¢ ¤¨ ¶ §μ´¥ Z μÉ 22 ¤μ 27 ´¥Ö¸´ .

� ¸Î¥É´Ò¥ ¸¶¥±É·Ò ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨° (n, xp) ¶μ± § ´Ò ´  ·¨¸. 7 ¨ 8 É ±¦¥ ¢
¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´Éμ³ [8] ¨ ¸¶¥±É· ³¨ ¨§ ¡¨¡²¨μÉ¥± TENDL-2012 ¨ ENDF/B-VII
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’ ¡²¨Í  1. ‘¶¨¸μ± ¨¸±²ÕÎ¥´¨° ¨§ μ¡Ð¥£μ ¶· ¢¨²  ¶·¥¤¸É ¢²¥´¨Ö ¤ ´´ÒÌ ´  ·¨¸. 5Ä9, ¸μ£² ¸´μ
±μÉμ·μ³Ê ¸¶¥±É·Ò TENDL-2012 ¨ ENDF/B-VII ¶·¨¢μ¤ÖÉ¸Ö Éμ²Ó±μ ¤²Ö μÉ¤¥²Ó´ÒÌ ´Ê±²¨¤μ¢,  
¤²Ö ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨ ¨§μÉμ¶μ¢ ¢³¥¸Éμ ENDF/B-VII ¶μ± § ´Ò ¸¶¥±É·Ò CENDL-2

Ÿ¤·μ �±¸¶¥·¨³¥´É TENDL-2012 ENDF/B-VII

(n, xn)
natCa 40Ca ENDF/B-VI
natFe natFe ¨ 56Fe 56Fe 56Fe
natCu 63Cu+ 65Cu
natAg 107Ag+ 109Ag CENDL-3

(n, xp)
natSi 28Si ENDF/B-VI
natFe natFe ¨ 56Fe 56Fe 56Fe
natCu 63Cu+ 65Cu 63Cu+ 65Cu
92Mo CENDL-3

(n, xα)
natSi 28Si ENDF/B-VI
natFe natFe ¨ 56Fe 56Fe 56Fe
natCu 63Cu+ 65Cu CENDL-3

’ ¡²¨Í  2. �·¨´ÖÉ Ö § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  vk(Z) ¢ Ëμ·³Ê²¥ (37)

Z � 22 23 24 26 � 27

vk 0,7 0,77 0,84 1,05 1,17

(¤²Ö ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨ ¨§μÉμ¶μ¢ natSi ¨ natCu ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ENDF/B-VI ¨ Ê¸·¥¤-
´¥´´Ò¥ ¶μ ¤¢Ê³ ¨§μÉμ¶ ³ ³¥¤¨ ¤ ´´Ò¥ ENDF/B-VII ¸μμÉ¢¥É¸É¢¥´´μ). �·¨³¥´¨É¥²Ó´μ ±
TENDL-2012 ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ ¤ ´Ò ¸¶¥±É·Ò ¤²Ö 28Si ¨ É ±¦¥ Ê¸·¥¤´¥´´Ò¥ ¤ ´´Ò¥ ¶μ
¤¢Ê³ ¨§μÉμ¶ ³ ³¥¤¨. � ¸¸Î¨É ´´Ò¥ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò EVAP15 ¸¶¥±É·Ò ¢ Í¥²μ³
²ÊÎÏ¥ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³, Î¥³ ¤ ´´Ò¥ μÍ¥´μ±, ´¥¸³μÉ·Ö ´  §´ Î¨É¥²Ó´μ ¡μ²¥¥
¸²μ¦´Ò¥ ³¥Éμ¤Ò · ¸Î¥É  ¢ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥.

‚¢¥¤¥´¨¥ ±μÔËË¨Í¨¥´É  kp(Z, A) �= 1 (37), §´ Î¨É¥²Ó´μ Ê²ÊÎÏ ÕÐ¥¥ ¸μ£² ¸¨¥ · ¸-
Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·μ¢ ¶·μÉμ´μ¢, ÊÌÊ¤Ï ¥É ¶·¨ ÔÉμ³ μ¶¨¸ ´¨¥ ¸¥Î¥´¨°
¶·Ö³μ° ·¥ ±Í¨¨ ¶·μÉμ´μ¢ ¸ Ö¤· ³¨. ƒ² ¢´μ° ¶·¨Î¨´μ°, ´  ´ Ï ¢§£²Ö¤, Ö¢²Ö¥É¸Ö ¶·¨´-
Í¨¶¨ ²Ó´μ¥ · §²¨Î¨¥ ¸¥Î¥´¨° ¶·Ö³μ° ¨ μ¡· É´μ° ·¥ ±Í¨°. „¥²μ ¢ Éμ³, ÎÉμ ¢ É¥Î¥´¨¥
³¥¤²¥´´μ° ¨¸¶ ·¨É¥²Ó´μ° ¸É ¤¨¨ Ö¤¥·´μ° ·¥ ±Í¨¨ ¢μ§¡Ê¦¤¥´´Ò° ¶·μÉμ´ ³μ¦¥É ¨³¥ÉÓ
³´μ£μ ¶μ¶ÒÉμ± ¶·¥μ¤μ²¥ÉÓ ±Ê²μ´μ¢¸±¨° ¡ ·Ó¥· ¢ μÉ²¨Î¨¥ μÉ ¥¤¨´¸É¢¥´´μ° ¶μ¶ÒÉ±¨ ¢
¶·Ö³μ° ·¥ ±Í¨¨. Š·μ³¥ Éμ£μ, ¡μ²ÓÏ Ö § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨Ö μ¡· É´μ° ·¥ ±Í¨¨ ¶·μÉμ-
´μ¢ μÉ ³ ²μ£μ μÉ±²μ´¥´¨Ö § ·Ö¤  Ö¤·  μÉ ²¨´¨¨ β-¸É ¡¨²Ó´μ¸É¨ ¢ ¶·Ö³μ° ·¥ ±Í¨¨ ´¥
´ ¡²Õ¤ ¥É¸Ö.

�  ·¨¸. 9 ¶·¨¢¥¤¥´Ò · ¸Î¥É´Ò¥ ¸¶¥±É·Ò α-Î ¸É¨Í ¤²Ö Ö¤¥· μÉ Al ¤μ Cu ¢ ¸· ¢´¥-
´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¡¨¡²¨μÉ¥±¨ EXFOR ¨ μÍ¥´± ³¨ TENDL-2012 ¨
ENDF/B-VII. Œμ¦´μ μÉ³¥É¨ÉÓ É ±¦¥ ´¥¶²μÌμ¥ ¸μ£² ¸¨¥ · ¸Î¥É  ¸ Ô±¸¶¥·¨³¥´Éμ³, ¶·¨-
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�¨¸. 7. ‘¶¥±É·Ò ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨° (n, xp) ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° μ±μ²μ

14 ŒÔ‚ ¸ Ö¤· ³¨ μÉ 27�l ¤μ 59Cμ, · ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò EVAP15 (£¨¸Éμ-

£· ³³Ò), ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [8] (ÉμÎ±¨). �Í¥´±¨ ¨§ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ
¤ ´´ÒÌ Å TENDL-2012 (§¥²¥´Ò¥ ²¨´¨¨) ¨ ENDF/B-VII (±· ¸´Ò¥ ²¨´¨¨). �μ¤·μ¡´μ¸É¨ ¢ É¥±¸É¥

¨ É ¡². 1
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�¨¸. 8. ’μ ¦¥, ÎÉμ ´  ·¨¸. 7, ¤²Ö Ö¤¥· μÉ 58Ni ¤μ natŒμ

Î¥³ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¡¥§ ¢¢¥¤¥´¨Ö ± ±¨Ì-²¨¡μ ¶μ¶· ¢μ± ¢ ¸¥Î¥´¨Ö ¨ ±Ê²μ´μ¢¸±¨¥ ¡ ·Ó¥·Ò.
‘¶¥±É·Ò TENDL-2012 ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ §´ Î¨É¥²Ó´μ ÌÊ¦¥,
¶·¨ ÔÉμ³ ´ ¡²Õ¤ ¥É¸Ö ¸¨¸É¥³ É¨Î¥¸±¨° ¸¤¢¨£ ¢¶· ¢μ. �·¨Î¨´  ÔÉμ£μ ´¥¶μ´ÖÉ´ , ¥¸²¨
ÊÎ¥¸ÉÓ ÉμÉ Ë ±É, ÎÉμ ´ Ï  ¶ · ³¥É·¨§ Í¨Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ α-Î ¸É¨Í ¸ Ö¤· ³¨ μ¸´μ¢ ´ 
´  ¤ ´´ÒÌ TENDL-2012.
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�¨¸. 9. ‘¶¥±É·Ò α-Î ¸É¨Í ¨§ ·¥ ±Í¨° (n, xα) ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° μ±μ²μ

14 ŒÔ‚ ¸ Ö¤· ³¨ μÉ 27�l ¤μ natCu, · ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò EVAP15 (£¨¸Éμ-
£· ³³Ò), ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [8] (ÉμÎ±¨). �Í¥´±¨ ¨§ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ

¤ ´´ÒÌ Å TENDL-2012 (§¥²¥´Ò¥ ²¨´¨¨), ENDF/B-VII (±· ¸´Ò¥ ²¨´¨¨). �μ¤·μ¡´μ¸É¨ ¢ É ¡². 1
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5. ‘�…Š’�› ‚’��ˆ—�›• ���’���‚ ˆ‡ �…�Š–ˆ‰ (p, xp)
��ˆ ��…�ƒˆˆ 62 ŒÔ‚

„²Ö ¶·μ¢¥·±¨ ¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ¨ ¤²Ö
ÉÖ¦¥²ÒÌ Ö¤¥·, £¤¥ ¢ÒÌμ¤ ¶·μÉμ´μ¢ ¢ ·¥ ±Í¨ÖÌ (n, xp) ´  14 ŒÔ‚ ±· °´¥ ³ ² ¨²¨ ¤ ´´Ò¥
μÉ¸ÊÉ¸É¢ÊÕÉ, ¡Ò²¨ ¢Ò¶μ²´¥´Ò · ¸Î¥ÉÒ ¸¶¥±É·μ¢ ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨° (p, xp) ¶·¨ Ô´¥·£¨¨
62 ŒÔ‚ ´  Ö¤· Ì 27�l, 56Fe, 120Sn ¨ 208Pb. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 10 ¢
¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´Éμ³ [8] ¨ ¸¶¥±É· ³¨ ¨§ ¡¨¡²¨μÉ¥±¨ TENDL-2012.

ˆ¸¶ ·¨É¥²Ó´Ò¥ ¶¨±¨ · ¸Î¥É´ÒÌ ¸¶¥±É·μ¢ ¶·μÉμ´μ¢ ¨§ Ö¤¥· 27�l ¨ 56Fe Ìμ·μÏμ ¸μ-
£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³ ¡¥§ ¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢ ¶·¥¤¸É ¢²¥´´μ° ¢ÒÏ¥ ³μ¤¥²¨. „²Ö
Ö¤·  208Pb ¶ · ³¥É· α ¢ ¢Ò· ¦¥´¨¨ (15) ¤²Ö ¶·μÉμ´μ¢ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ Ê³¥´ÓÏ¨ÉÓ
¶·¨³¥·´μ ¤μ 0,15, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¢ · ¸Î¥É´μ³ ¸¶¥±É·¥ ¶μÖ¢²Ö²¸Ö ·¥§±¨° ¶¨± ¶·¨
Ô´¥·£¨¨ μ±μ²μ 5 ŒÔ‚, ¶·μÉ¨¢μ·¥Î Ð¨° Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. ‘ ÊÎ¥Éμ³ ¤ ´´ÒÌ

�¨¸. 10. ‘¶¥±É·Ò ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨° (p, xp) ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° μ±μ²μ
62 ŒÔ‚ ¸ Ö¤· ³¨ 27�l, 56Fe, 120Sn ¨ 208Pb, · ¸¸Î¨É ´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò EVAP15

(£¨¸Éμ£· ³³Ò), ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [8] (ÉμÎ±¨). �Í¥´±¨ ¨§ ¡¨¡²¨μÉ¥±¨
Ö¤¥·´ÒÌ ¤ ´´ÒÌ TENDL-2012 Å §¥²¥´Ò¥ ²¨´¨¨
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¤²Ö Ö¤·  120Sn ¶ · ³¥É· α ¶·¨ Ad > 100 ¡Ò² ¶·¨´ÖÉ · ¢´Ò³

α = 1,442 − 0,243 lnAd. (39)

ˆ§ ·¥§Ê²ÓÉ Éμ¢ ¸· ¢´¥´¨Ö · ¸Î¥É  ¨ Ô±¸¶¥·¨³¥´É  ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¸¶¥±É·Ò
¶·μÉμ´μ¢ ¨§ Ö¤¥· 120Sn ¨ 208Pb ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ μ¶¨¸Ò¢ ÕÉ¸Ö ± ¸± ¤´μ° ¸μ¸É -
¢²ÖÕÐ¥°, ¶·¨Î¥³ ¨³¥ÕÐ¨¥¸Ö · ¸Ìμ¦¤¥´¨Ö ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ ¶·μÉμ´μ¢ μ¡ÑÖ¸´ÖÕÉ¸Ö
´¥ÊÎ¥Éμ³ ¶μ¤¡ ·Ó¥·´μ£μ ¶·μÌμ¦¤¥´¨Ö ± ¸± ¤´ÒÌ ¶·μÉμ´μ¢.

‡�Š‹
—…�ˆ…

� §· ¡μÉ ´  ´μ¢ Ö ¨¸¶ ·¨É¥²Ó´ Ö ³μ¤¥²Ó, ´  μ¸´μ¢¥ ±μÉμ·μ° ¸μ§¤ ´  ¶·μ£· ³³ 
EVAP15. „²Ö μ¶¨¸ ´¨Ö ¶²μÉ´μ¸É¨ Ê·μ¢´¥° ¢ ³μ¤¥²¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸μ¸É ¢´ Ö Ëμ·³Ê² 
„¦¨²Ó¡¥·É ÄŠ ³¥·μ´  ¢ Ëμ·³Ê²¨·μ¢±¥ ¨ ¸ ¶ · ³¥É· ³¨, ·¥±μ³¥´¤μ¢ ´´Ò³¨ · ¡μÎ¥°
£·Ê¶¶μ° Œ�ƒ�’� RIPL-3. ”μ·³Ê²  ¤²Ö Ë¥·³¨¥¢¸±μ° ¶²μÉ´μ¸É¨ Ê·μ¢´¥° ¢±²ÕÎ ¥É § ¢¨-
¸¨³μ¸ÉÓ μÉ ¶ · ³¥É·  μ¡·¥§ ´¨Ö ¸¶¨´ , ÎÉμ ¶·¨¢μ¤¨É ± ¡μ²¥¥ ¶·μ¸ÉÒ³ ¢Ò· ¦¥´¨Ö³ ¤²Ö
¨´É¥£· ²μ¢ ¶μ ¸¶¥±É· ³ ¨ Ê¶·μÐ ¥É ·μ§Ò£·ÒÏ Ô´¥·£¨¨ ¢Ò²¥É ÕÐ¨Ì Î ¸É¨Í.

‚ ± Î¥¸É¢¥ ¸¥Î¥´¨° μ¡· É´ÒÌ ·¥ ±Í¨° ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤¨Ë¨± Í¨Ö ¶·¥¤²μ¦¥´´ÒÌ  ¢-
Éμ· ³¨ · ´¥¥ ¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ¶·μ£· ³³¥ HADR99 ¢Ò· ¦¥´¨°. ‚ ´μ¢μ° ¶ · ³¥É·¨§ Í¨¨
¸¥Î¥´¨° ·¥ ±Í¨¨ ´¥°É·μ´μ¢ ¸ Ö¤· ³¨ ± ¸¥Î¥´¨Õ ´¥Ê¶·Ê£¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ¤μ¡ ¢²Ö¥É¸Ö
±μ³¶μ´¥´É, ³μ¤¥²¨·ÊÕÐ¨° ¸¥Î¥´¨¥ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö Î¥·¥§ ¸μ¸É ¢´μ¥ Ö¤·μ, ÎÉμ Ê²ÊÎ-
Ï ¥É ¸¶¥±É·Ò ¢Éμ·¨Î´ÒÌ ´¥°É·μ´μ¢ ¢ ·¥ ±Í¨ÖÌ (n, xn) ´  ²¥£±¨Ì Ö¤· Ì ¶·¨ ³ ²ÒÌ Ô´¥·-
£¨ÖÌ ¨¸¶Ê¸± ¥³ÒÌ ´¥°É·μ´μ¢. ‚ ¶ · ³¥É·¨§ Í¨¨ ¸¥Î¥´¨° ·¥ ±Í¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¤²Ö μ¶¨¸ ´¨Ö ¶μ¤¡ ·Ó¥·´μ£μ ¶·μÌμ¦¤¥´¨Ö ¶·¨³¥´¥´ ³¥Éμ¤ ¸²ÊÎ °´μ£μ ·μ§Ò£·ÒÏ  §´ -
Î¥´¨Ö ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ¶·¨ · ¸Î¥É¥ ¨¸¶ ·¨É¥²Ó´μ£μ ± ¸± ¤  ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ,
³μ¤¥²¨·ÊÕÐ¨° ¸É¥¶¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨° ¢¶²μÉÓ ¤μ μÎ¥´Ó ´¨§±¨Ì Ô´¥·£¨° § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í.

�·μ£· ³³  EVAP15 ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¢ · ¸Î¥É Ì 45 ¸¶¥±É·μ¢ ´¥°É·μ´μ¢, ¶·μÉμ´μ¢
¨ α-Î ¸É¨Í, ¨¸¶Ê¸± ¥³ÒÌ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° μ±μ²μ 14 ŒÔ‚ ¸
Ö¤· ³¨ μÉ 19F ¤μ 209Bi. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸· ¢´¨¢ ÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨ ¨ μÍ¥´± ³¨ ¨§ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ ¤ ´´ÒÌ TENDL-2012, ENDF/B-VII ¨ CENDL-2.
�¥¸³μÉ·Ö ´  §´ Î¨É¥²Ó´μ ¡μ²¥¥ ¸²μ¦´Ò¥ ³¥Éμ¤Ò, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ · ¸Î¥É Ì ¶μ¸²¥¤´¨Ì,
´ Ï¨ ¤ ´´Ò¥ ¢ Í¥²μ³ ²ÊÎÏ¥ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´Éμ³. � ¨¡μ²¥¥ ¸¥·Ó¥§´μ° ¶·μ¡²¥-
³μ° ¢ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉ¥ Ö¢²Ö²μ¸Ó μ¶¨¸ ´¨¥ ¶·μÉμ´´ÒÌ ¸¶¥±É·μ¢. �μ¸±μ²Ó±Ê μ´¨
¸¨²Ó´μ § ¢¨¸ÖÉ μÉ ¢¥²¨Î¨´Ò ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥· , ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¸ ·μ¸Éμ³ Ô´¥·£¨¨
¢μ§¡Ê¦¤¥´¨Ö ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸ Ê¢¥²¨Î¥´¨¥³ ¦¥¸É±μ¸É¨ ¸¶¥±É·μ¢ ¶·μÉμ´μ¢ ´¥·¥£Ê²Ö·-
´μ¸É¨ ¢ ±μÔËË¨Í¨¥´É¥ kp (14) ¡Ê¤ÊÉ ¨£· ÉÓ ³¥´ÓÏÊÕ ·μ²Ó ¢ ·¥§Ê²ÓÉ É Ì · ¸Î¥É . � ¸Î¥ÉÒ
¸¶¥±É·μ¢ ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨° (p, xp) ¶·¨ Ô´¥·£¨¨ 62 ŒÔ‚ ¶μ± § ²¨ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ÊÉμÎ-
´¥´¨Ö ± ¸± ¤´μ-¨¸¶ ·¨É¥²Ó´μ° ³μ¤¥²¨ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¨ ¶·μ¢¥·±¨ ¥¥ ¢ ¡μ²¥¥ Ï¨·μ±μ³
¤¨ ¶ §μ´¥ Ô´¥·£¨°, ÎÉμ ¡Ê¤¥É Ö¢²ÖÉÓ¸Ö ¶·¥¤³¥Éμ³ ¤ ²Ó´¥°Ï¥° · ¡μÉÒ.

�·¨²μ¦¥´¨¥
��‡›ƒ�›˜ Šˆ�…’ˆ—…‘Š�‰ ��…�ƒˆˆ ˆ‡ ‘�…Š’��‚ λC(T ) ¨ λF (T )

�·¨ ·μ§Ò£·ÒÏ¥ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¨¸¶ ·¨É¥²Ó´ÒÌ Î ¸É¨Í ¶·¨³¥´Ö¥É¸Ö ³¥Éμ¤ ¸Ê-
¶¥·¶μ§¨Í¨¨, ±μÉμ·Ò° Ëμ·³Ê²¨·Ê¥É¸Ö ¢ μ¡Ð¥³ ¢¨¤¥ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �Ê¸ÉÓ ËÊ´±Í¨Ö
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· ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´μ° ¢¥²¨Î¨´Ò x ¨³¥¥É ¢¨¤

f(x) =
n∑

i=1

αifi(x)gi(x), £¤¥ αi > 0, fi(x) � 0, gi(x) ∈ [0, 1]. (�.1)

1) �¶·¥¤¥²Ö¥³ ¨´¤¥±¸ i ¨§ ¢Ò· ¦¥´¨Ö
i−1∑
j=1

αj < ξ1

n∑
j=1

αj �
i∑

j=1

αj , £¤¥ ξ1 Å · ¢´μ-

³¥·´μ · ¸¶·¥¤¥²¥´´μ¥ ´  ¨´É¥·¢ ²¥ [0, 1] ¸²ÊÎ °´μ¥ Î¨¸²μ.

2) � Ìμ¤¨³ x ¨§ Ê· ¢´¥´¨Ö
x∫

xmin

fi(x) dx/
xmax∫
xmin

fi(x) dx = ξ2.

3) �·¨´¨³ ¥³ x, ¥¸²¨ ξ3 < gi(x), ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¢μ§¢· Ð ¥³¸Ö ± ¶. 1.
Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö T · §Ò£·Ò¢ ¥É¸Ö ¨§ ¸¶¥±É·  λC(T ) ¢ ¸²ÊÎ ¥ ξ(PC +PF ) � PC .

‘¶¥±É· λC(T ) ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¸² £ ¥³ÒÌ (27), ¢±² ¤ ±μÉμ·ÒÌ μ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· -
² ³¨ (30). �μÔÉμ³Ê ¶·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö ξ1PC � PC1 ³μ¤¥²¨·Ê¥É¸Ö ±μ³¶μ´¥´É
¸¶¥±É·  λC1, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ Å λC2. ‚ ± Î¥¸É¢¥ fi(x) ¶·¨´¨³ ¥É¸Ö ËÊ´±Í¨Ö ex−x0 ,
§´ Î¥´¨¥ x ¨§ ±μÉμ·μ° ´ Ìμ¤¨É¸Ö ¶μ Ëμ·³Ê²¥

x = x0 + ln [ex1−x0 + ξ2(ex2−x0 − ex1−x0)]. (�.2)

 ) λC1. ”Ê´±Í¨Ö g1(x) = Rt − x ¨³¥¥É ³ ±¸¨³Ê³ ¶·¨ x = x1, ¶μÔÉμ³Ê x ¶·¨´¨³ ¥³,
¥¸²¨

ξ3(Rt − x1) < Rt − x. (�.3)

¡) λC2. ”Ê´±Í¨Ö g2(x) = (Rt − x)x Å ÔÉμ ¶ · ¡μ² , ¨³¥ÕÐ Ö ³ ±¸¨³Ê³ ¶·¨ x =
Rt/2. ‘ ÊÎ¥Éμ³ μ£· ´¨Î¥´´μ° μ¡² ¸É¨ x ∈ [x1, x2] ÉμÎ±  ³ ±¸¨³Ê³  ËÊ´±Í¨¨ ´ Ìμ¤¨É¸Ö
¨§ Ê¸²μ¢¨Ö xm = min (x2, max (Rt/2, x1)). ‡´ Î¥´¨¥ x ¶·¨´¨³ ¥É¸Ö, ¥¸²¨

ξ3(Rt − xm)xm < (Rt − x)x. (�.4)

Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ · ¢´  T = R0 − tx.
‚ ¸²ÊÎ ¥ Ë¥·³¨¥¢¸±μ£μ ¸¶¥±É·  ¢ ± Î¥¸É¢¥ fi(x) É ±¦¥ ¶·¨´¨³ ¥³ ËÊ´±Í¨Õ ex−x0 ,

§´ Î¥´¨¥ x ¨§ ±μÉμ·μ° · §Ò£·Ò¢ ¥É¸Ö ¶μ Ëμ·³Ê²¥ x = x0 + ln [exmin−x0 + ξ2(exmax−x0 −
exmin−x0)].

¢) ξ1PF � PF1. ”Ê´±Í¨Ö g1(x) = (x̃/x)2−1 Å ³μ´μÉμ´´μ Ê¡Ò¢ ÕÐ Ö ¸ ³ ±¸¨³Ê³μ³
¶·¨ x = xmin. ‡´ Î¥´¨¥ x ¶·¨´¨³ ¥³, ¥¸²¨

ξ3

((
x̃

xmin

)2

− 1

)
<

(
x̃

x

)2

− 1. (�.5)

£) ξ1PF > PF1. ”Ê´±Í¨Ö g2(x) = x̃2 − x2 ¨³¥¥É ³ ±¸¨³Ê³ ¶·¨ §´ Î¥´¨¨ xmin,
¶μÔÉμ³Ê x ¶·¨´¨³ ¥É¸Ö, ¥¸²¨

ξ3(x̃2 − x2
min) < x̃2 − x2. (�.6)
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Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö T μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

T = Tm − x2/4a(x), (�.7)

£¤¥ a(x) ´ Ìμ¤¨É¸Ö ¨´É¥·¶μ²ÖÍ¨¥° §´ Î¥´¨° a1 ¨ a2 ¨§ Ëμ·³Ê² (33).
�  ·¨¸. �.1 ¨ �.2 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸¶¥±É·μ¢ ¶¥·¢ÒÌ Î ¸É¨Í, ¨¸¶Ê¸-

± ¥³ÒÌ Ö¤· ³¨ 27�l ¨ 56Fe ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö, ¢ ¸· ¢´¥´¨¨ ¸ ÉμÎ´Ò³
· ¸Î¥Éμ³ ¸¶¥±É·μ¢ ¶μ Ëμ·³Ê²¥ (1) ¨ ¢¥·μÖÉ´μ¸É¥° ¢Ò²¥É  · §²¨Î´ÒÌ Î ¸É¨Í ³¥Éμ¤μ³
Î¨¸²¥´´μ£μ ¨´É¥£·¨·μ¢ ´¨Ö. �¥ ²¨§μ¢ ´´ Ö ¢ ¶·μ£· ³³¥ EVAP15 ³¥Éμ¤¨±  · ¸Î¥É  Ìμ-
·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ÉμÎ´Ò³ · ¸Î¥Éμ³ ¤²Ö ¢¸¥Ì Î ¸É¨Í ¨ Ô´¥·£¨° ¢μ§¡Ê¦¤¥´¨Ö. �¸´μ¢´Ò³¨
±μ³¶μ´¥´É ³¨ ¨§²ÊÎ¥´¨Ö ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ Ö¢²ÖÕÉ¸Ö ´¥°É·μ´Ò ¨ ¶·μÉμ´Ò. „ ²¥¥ ¸²¥¤ÊÕÉ
α-Î ¸É¨ÍÒ ¨ ¤¥°Éμ´Ò, ¶·¨ ÔÉμ³ ¢ÒÌμ¤ ¶μ¸²¥¤´¨Ì μ¡ÒÎ´μ ³ ² ¨ ¸· ¢´¨¢ ¥É¸Ö ¸ ¢ÒÌμ¤μ³
α-Î ¸É¨Í Éμ²Ó±μ ¶·¨ ¡μ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ∼ 100 ŒÔ‚. �ÉμÉ Ë ±É, É ± ¦¥

�¨¸. �.1. ‘¶¥±É·Ò ¶¥·¢ÒÌ Î ¸É¨Í, ¨¸¶Ê¸± ¥³ÒÌ Ö¤·μ³ 27�l ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö.

‘Ê³³ ·´Ò° ¢ÒÌμ¤ Î ¸É¨Í · ¢¥´ ¥¤¨´¨Í¥. ƒ¨¸Éμ£· ³³Ò Å EVAP15, ±·¨¢Ò¥ Å ÉμÎ´Ò° · ¸Î¥É ¸
Î¨¸²¥´´Ò³ ¨´É¥£·¨·μ¢ ´¨¥³ ¸¶¥±É·μ¢ (1)
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�¨¸. �.2. ’μ ¦¥, ÎÉμ ´  ·¨¸.�.1, ¤²Ö Ö¤·  56Fe

± ± ¨ ¶·¥´¥¡·¥¦¨³μ ³ ²Ò° ¢ÒÌμ¤ É·¨Éμ´μ¢ ¨ Ö¤¥· 3�¥, ¸¢Ö§ ´ ¸ ¡μ²ÓÏ¨³¨ Ô´¥·£¨Ö³¨
μÉ¤¥²¥´¨Ö ÔÉ¨Ì Î ¸É¨Í μÉ Ö¤·  Bj .
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