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”Ê´±Í¨¨ ¢μ§¡Ê¦¤¥´¨Ö ¨ ¢ÒÌμ¤Ò μ¸±μ²±μ¢ ¶·¨ ËμÉμ¤¥²¥´¨¨ 238U

ˆ§³¥·¥´Ò ¢ÒÌμ¤Ò ¨ ¸¥Î¥´¨Ö ·¥ ±Í¨° μ¡· §μ¢ ´¨Ö ¨§μÉμ¶μ¢ 92Sr, 97Zr, 97Nb
¨ 135I ¶·¨ ËμÉμ¤¥²¥´¨¨ 238U. 
É¨ μ¸±μ²±¨ ¤¥²¥´¨Ö Ì · ±É¥·¨§ÊÕÉ¸Ö ·Ö¤μ³ μ¸μ-
¡¥´´μ¸É¥° Ö¤¥·´μ° ¸É·Ê±ÉÊ·Ò ¨ ¶· ±É¨Î¥¸±μ£μ ¶·¨³¥´¥´¨Ö. ˆ§³¥·¥´¨Ö ¡Ò²¨
¶·μ¢¥¤¥´Ò ´  Éμ·³μ§´μ³ ¨§²ÊÎ¥´¨¨ ³¨±·μÉ·μ´  ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°
¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° Ô²¥±É·μ´μ¢ 10Ä22 ŒÔ‚. ˆ§³¥·¥-
´¨Ö ¢ÒÌμ¤μ¢ μ¸±μ²±μ¢ ¶·μ¨§¢μ¤¨²¨¸Ó  ±É¨¢ Í¨μ´´Ò³ ³¥Éμ¤μ³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Ge(Li)-¤¥É¥±Éμ·  γ-¨§²ÊÎ¥´¨Ö.

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.
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Excitation Functions and Yields at the Photoˇssion of 238U

The yields and reaction cross-sections of 92Sr, 97Zr, 97Nb and 135I at the photoˇs-
sion of 238U were measured. These ˇssion-fragments have some peculiarities in
nuclear structure or in practical using. The measurements were performed on the
bremsstrahlung of FLNR JINR microtron, in the electron energy range 10Ä22 MeV.
The activation method with Ge(Li) detector was used in these measurements.

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

”μÉμÖ¤¥·´Ò¥ ·¥ ±Í¨¨ § ´¨³ ÕÉ μ¸μ¡μ¥ ³¥¸Éμ ¢ Ö¤¥·´μ° Ë¨§¨±¥. 
Éμ
μ¡ÑÖ¸´Ö¥É¸Ö ·Ö¤μ³ ¨Ì μ¸μ¡¥´´μ¸É¥°. ‚μ-¶¥·¢ÒÌ, ¢§ ¨³μ¤¥°¸É¢¨¥ γ-¨§²ÊÎ¥´¨Ö
¸ Ö¤· ³¨ Ö¢²Ö¥É¸Ö Í¥²¨±μ³ Ô²¥±É·μ³ £´¨É´Ò³, ÎÉμ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ±μ·-
·¥±É´μ¥ μ¶¨¸ ´¨¥ ÔÉμ£μ ¶·μÍ¥¸¸  [1]. �μÔÉμ³Ê ¤ ´´Ò¥ μ ¸É·Ê±ÉÊ·¥ ¨§ÊÎ ¥³ÒÌ
¢ É ±¨Ì ·¥ ±Í¨ÖÌ Ö¤¥· Ö¢²ÖÕÉ¸Ö ´ ¨¡μ²¥¥ μ¶·¥¤¥²¥´´Ò³¨ ¨ ³ ²μ § ¢¨¸ÖÐ¨³¨
μÉ ³μ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°. ‚μ-¢Éμ·ÒÌ, ¢Ò¸μ± Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¨ ¡μ²ÓÏ Ö
¶·μ´¨± ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ γ-¨§²ÊÎ¥´¨Ö, ¶μ²ÊÎ ¥³μ£μ ´  ¸μ¢·¥³¥´´ÒÌ Ê¸±μ-
·¨É¥²ÖÌ Ô²¥±É·μ´μ¢, ¶μ§¢μ²Ö¥É ¤μ¸É¨£ ÉÓ ¡μ²ÓÏ¨Ì ¢ÒÌμ¤μ¢ ¨¸¸²¥¤Ê¥³ÒÌ ´Ê-
±²¨¤μ¢.

�¤´¨³ ¨§ ´ ¶· ¢²¥´¨° ¨¸¸²¥¤μ¢ ´¨° ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²Ö¥É¸Ö Ëμ-
Éμ¤¥²¥´¨¥ Ö¤¥·. ‚ ÔÉμ³ ¶·μÍ¥¸¸¥ ¸μ ¸· ¢´¨³Ò³¨ ¢ÒÌμ¤ ³¨ μ¡· §Ê¥É¸Ö ¡μ²Ó-
Ïμ¥ ±μ²¨Î¥¸É¢μ μ¸±μ²±μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Z ¨ A. 
É¨ μ¸±μ²±¨ ´ Ìμ-
¤ÖÉ · §´μμ¡· §´μ¥ ¶·¨³¥´¨¥ ± ± ¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ, É ± ¨
¢ ¶· ±É¨Î¥¸±¨Ì · ¡μÉ Ì. ‚ÒÌμ¤Ò ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ÔÉμ£μ μ¸±μ²±μ¢ § ¢¨¸ÖÉ,
¥¸É¥¸É¢¥´´μ, ¨ μÉ ¤¥²ÖÐ¥£μ¸Ö Ö¤·  ³¨Ï¥´¨, ¨ μÉ ¸μ·É  ¨ Ô´¥·£¨¨ ¡μ³¡ ·-
¤¨·ÊÕÐ¨Ì Î ¸É¨Í. �μÔÉμ³Ê ¢¸¥¸Éμ·μ´´¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ÔÉμ³ ´ ¶· ¢²¥´¨¨
¶·¥¤¸É ¢²ÖÕÉ ¡μ²ÓÏμ° ¨´É¥·¥¸ ¨ ¨³¥ÕÉ ¢ ¦´μ¥ ¶· ±É¨Î¥¸±μ¥ §´ Î¥´¨¥. �´¨
· ¸Ï¨·ÖÕÉ ¸¨¸É¥³ É¨±Ê ¸¥Î¥´¨° ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨°,   ¨Ì ¸· ¢´¥´¨¥ ¸ · ¸-
Î¥É ³¨ ¶·¨´μ¸¨É ´μ¢ÊÕ ¨´Ëμ·³ Í¨Õ μ ¢§ ¨³μ¤¥°¸É¢¨¨ Ô²¥±É·μ³ £´¨É´μ£μ
¨§²ÊÎ¥´¨Ö ¸ Ö¤· ³¨.

’ ¡²¨Í  1. ‘¶¥±É·μ¸±μ¶¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨§ÊÎ ¥³ÒÌ ¨§μÉμ¶μ¢

ˆ§μÉμ¶ �¸μ¡¥´´μ¸ÉÓ T1/2, Î Eγ, ±Ô‚ Iγ, %

92Sr
‡ ¸¥²¥´¨¥ ³ £´¨É´ÒÌ ¤¨¶μ²Ó´ÒÌ

2.71 1383,93 0,9
¢μ§¡Ê¦¤¥´¨° ¶·¨ β-· ¸¶ ¤¥

97Zr �¡· §μ¢ ´¨¥ ¨§μ³¥·  ¸ ´¨§±¨³ ¸¶¨´μ³ 16,91 743 0,93

97Nb
‚μ§¡Ê¦¤¥´¨¥ Ô²¥±É·¨Î¥¸±¨Ì

1,2 658,8 0,98
±¢ ¤·Ê¶μ²Ó´¨Ì ±μ²¥¡ ´¨°

135I∗
Œ¥¤¨Í¨´¸±¨° ¶·¥¶ · É ¤²Ö ¤¨ £´μ¸É¨±¨

6,5 1260,4 0,289
· ±μ¢ÒÌ μ¶ÊÌμ²¥°
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–¥²ÓÕ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥  ¡¸μ²ÕÉ´ÒÌ ¢ÒÌμ¤μ¢
·Ö¤  μ¸±μ²±μ¢ ¨ ¸¥Î¥´¨° ·¥ ±Í¨° ¨Ì μ¡· §μ¢ ´¨Ö ¶·¨ ËμÉμ¤¥²¥´¨¨ 238U ¸
¨¸¶μ²Ó§μ¢ ´¨¥³  ±É¨¢ Í¨μ´´μ° ³¥Éμ¤¨±¨ ¶·¨ Ô´¥·£¨ÖÌ ¢μ§¡Ê¦¤¥´¨Ö ¢ · °-
μ´¥ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸ . ‚ ± Î¥¸É¢¥ μ¡Ñ¥±Éμ¢ ¨¸¸²¥¤μ¢ ´¨°
¢Ò¡· ´Ò μ¸±μ²±¨, ²¨¡μ ´ Ìμ¤ÖÐ¨¥ ¶· ±É¨Î¥¸±μ¥ ¶·¨³¥´¥´¨¥, ²¨¡μ Ì · ±É¥-
·¨§ÊÕÐ¨¥¸Ö ± ±¨³¨-²¨¡μ μ¸μ¡¥´´μ¸ÉÖ³¨ Ö¤¥·´μ° ¸É·Ê±ÉÊ·Ò (μ´¨ μÉ³¥Î¥´Ò
¢ É ¡². 1).

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

ˆ§³¥·¥´¨Ö  ¡¸μ²ÕÉ´ÒÌ ¢ÒÌμ¤μ¢ ¨ ¸¥Î¥´¨° ·¥ ±Í¨° ËμÉμ¤¥²¥´¨° ¶·μ¢μ-
¤¨²¨¸Ó ´  Éμ·³μ§´μ³ ¨§²ÊÎ¥´¨¨ Ô²¥±É·μ´μ¢. ˆ¸ÉμÎ´¨±μ³ Éμ·³μ§´μ£μ ¨§²ÊÎ¥-
´¨Ö Ö¢²Ö²¸Ö ¢Ò¢¥¤¥´´Ò° ¶ÊÎμ± Ô²¥±É·μ´μ¢ ³¨±·μÉ·μ´  Œ’-25 ‹ ¡μ· Éμ·¨¨
Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ. „²Ö ÔÉμ£μ ¶ÊÎμ± Ô²¥±É·μ´μ¢ ´ -
¶· ¢²Ö²¸Ö ´  μÌ² ¦¤ ¥³Ò° ¢μ¤μ° ¢μ²ÓË· ³μ¢Ò° ¤¨¸± Éμ²Ð¨´μ° 2 ³³ (Éμ·-
³μ§´ÊÕ ³¨Ï¥´Ó), §  ±μÉμ·Ò³ · ¸¶μ² £ ²¸Ö  ²Õ³¨´¨¥¢Ò° ¶μ£²μÉ¨É¥²Ó Éμ²-
Ð¨´μ° 30 ³³. ’μ·³μ§´ Ö ³¨Ï¥´Ó ¸²Ê¦¨²  É ±¦¥ ±μ²²¥±Éμ·μ³ Éμ±  Ô²¥±-
É·μ´μ¢, ±μÉμ·Ò° ¨§³¥·Ö²¸Ö ¸ ¶μ³μÐÓÕ ¨´É¥£· Éμ·  Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ .
�·μÌμ¦¤¥´¨¥ ¤¨ ¶ §μ´  Ô´¥·£¨° Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö μÉ 10 ¤μ 22 ŒÔ‚ ¶·μ-
¨¸Ìμ¤¨²μ ¢ É·¨ ÔÉ ¶ , ÎÉμ ¡Ò²μ ¸¢Ö§ ´μ ¸ ±μ´¸É·Ê±É¨¢´Ò³¨ μ¸μ¡¥´´μ¸ÉÖ³¨
Œ’-25: 22Ä19 ŒÔ‚, 19Ä14 ŒÔ‚, 14Ä10 ŒÔ‚.

�¡²ÊÎ ¥³Ò¥ ³¨Ï¥´¨ ¶μ³¥Ð ²¨¸Ó ´  · ¸¸ÉμÖ´¨¨ 30 ³³ μÉ  ²Õ³¨´¨¥¢μ£μ
¶μ£²μÉ¨É¥²Ö. ‚ ± Î¥¸É¢¥ ¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ¸²μ° μ±¨¸¨
Ê· ´  (U3O8) Éμ²Ð¨´μ° 3 ³£/¸³2, ´ ´¥¸¥´´Ò° ´   ²Õ³¨´¨¥¢ÊÕ ¶μ¤²μ¦±Ê
Éμ²Ð¨´μ° 20 ³±³. ‚Ò²¥É¥¢Ï¨¥ ¨§ ³¨Ï¥´¨ μ¸±μ²±¨ Éμ·³μ§¨²¨¸Ó ¢ ¸¡μ·´¨± Ì.
‚·¥³Ö μ¡²ÊÎ¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ³¥´Ö²μ¸Ó μÉ 30 ³¨´
¤μ 2 Î. �μ¸²¥ μ¡²ÊÎ¥´¨Ö ¸¡μ·´¨±¨ μÌ² ¦¤ ²¨¸Ó μÉ 3 ¤μ 5 Î.

ˆ¤¥´É¨Ë¨± Í¨Ö μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨ÖÌ (γ, f ) μ¸±μ²±μ¢ ¶·μ¢μ¤¨² ¸Ó
¶μ ¨Ì γ-¨§²ÊÎ¥´¨Õ ¨ ¶¥·¨μ¤Ê ¶μ²Ê· ¸¶ ¤ . „²Ö ¨§ÊÎ¥´¨Ö ¡Ò²¨ ¢Ò¡· ´Ò Î¥-
ÉÒ·¥ · §²¨Î´ÒÌ μ¸±μ²± , ¨´É¥·¥¸´ÒÌ ¸ ÉμÎ±¨ §·¥´¨Ö ¨Ì Ö¤¥·´μ° ¸É·Ê±ÉÊ·Ò
(92Sr, 97Zr ¨ 97Nb) ¨ ¶· ±É¨Î¥¸±μ£μ ¶·¨³¥´¥´¨Ö (135I). ˆÌ ¸¶¥±É·μ¸±μ¶¨-
Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨,   É ±¦¥ μ¸μ¡¥´´μ¸É¨ Ö¤¥·´μ° ¸É·Ê±ÉÊ·Ò ¨ μ¡² -
¸É¨ ¢μ§³μ¦´μ£μ ¶· ±É¨Î¥¸±μ£μ ¶·¨³¥´¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1. ‘¶¥±-
É·Ò γ-¨§²ÊÎ¥´¨Ö Î¥·¥§ ¢Ò¡· ´´Ò¥ ¶·μ³¥¦ÊÉ±¨ ¢·¥³¥´¨ ¨³¥·Ö²¨¸Ó Ge(Li)-
¤¥É¥±Éμ·μ³ μ¡Ñ¥³μ³ 60 ¸³3 ¸ · §·¥Ï¥´¨¥³ 2,8 ±Ô‚ ¤²Ö ²¨´¨¨ 1332 ±Ô‚ 60Co.

„²Ö ¶μ¸É·μ¥´¨Ö ¸¶¥±É·μ¢ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¶μ²¨-
´μ³¨´ ²Ó´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¸¶¥±É·μ¢ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö Ô²¥±É·μ´μ¢ ¸
Ô´¥·£¨¥° 10Ä20 ŒÔ‚ [2]. �Ò²  · §· ¡μÉ ´  ¶·μ£· ³³  ´  Ö§Ò±¥ Fortran. �²-
£μ·¨É³ ¶·μ£· ³³Ò ¶μ§¢μ²Ö² ¶μ²ÊÎ ÉÓ ¸¶¥±É·Ò Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¸ Ô´¥·-
£¨¥° γ-±¢ ´Éμ¢ μÉ 1 ŒÔ‚ ¤μ 0,95 (¤μ 95 %) Ô´¥·£¨¨ Ô²¥±É·μ´μ¢. ‘ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¶μ²ÊÎ¥´´ÒÌ ¸¶¥±É·μ¢, ¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  [3] ¨ Ê£²μ¢μ£μ
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· ¸¶·¥¤¥²¥´¨Ö Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö [4] ¡Ò²¨ · ¸¸Î¨É ´Ò ¸¶¥±É·Ò γ-±¢ ´Éμ¢,
¶μ¶ ¤ ÕÏ¨Ì ´  ³¨Ï¥´¨. �·¨³¥·Ò · ¸¸Î¨É ´´ÒÌ ¸¶¥±É·μ¢ ¶·¥¤¸É ¢²¥´Ò ´ 
·¨¸. 1.

	¨¸. 1. ”μ·³Ò Éμ·³μ§´μ£μ ¸¶¥±É·  ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ Ô²¥±É·μ´μ¢

2. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

�´ ²¨§ ¨§³¥·¥´´ÒÌ ¸¶¥±É·μ¢ γ-¨§²ÊÎ¥´¨Ö ¶μ§¢μ²¨² μ¶·¥¤¥²¨ÉÓ ¶²μÐ ¤¨
γ-²¨´¨°, ¸¢Ö§ ´´ÒÌ ¸ · ¸¶ ¤μ³ μ¸±μ²±μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ËμÉμÖ¤¥·´ÒÌ ·¥-
 ±Í¨ÖÌ (γ, f ). ˆ§ ÔÉ¨Ì ¶²μÐ ¤¥° ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ÒÌμ¤Ò ·¥ ±Í¨°:

Υ =
λ · S
ε · Kγ

· 1
(1 − e−λt1) · e−λt2 · (1 − e−λt3)

, (1)

£¤¥ λ Å ¶μ¸ÉμÖ´´ Ö ¶μ²Ê· ¸¶ ¤ ; S Å ¶²μÐ ¤Ó ¶¨±  ¢Ò¡· ´´μ° ²¨´¨¨ ¢
γ-¸¶¥±É·¥; ε Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-¨§²ÊÎ¥´¨Ö ¤ ´´μ° γ-²¨´¨¨;
Kγ Å ¢ÒÌμ¤ ¤ ´´μ° γ-²¨´¨¨ ¶·¨ β-· ¸¶ ¤¥ μ¸±μ²± ; t1, t2, t3 Å ¸μμÉ¢¥É-
¸É¢¥´´μ ¢·¥³¥´  μ¡²ÊÎ¥´¨Ö, μÌ² ¦¤¥´¨Ö ¨ ¨§³¥·¥´¨Ö.


É¨ ¢ÒÌμ¤Ò Å Î¨¸²  μ¡· §ÊÕÐ¨Ì¸Ö μ¸±μ²±μ¢, μÉ´¥¸¥´´Ò¥ ± Î¨¸² ³ ¶μ-
¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó γ-±¢ ´Éμ¢ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö, Å ¶·¥¤¸É ¢²¥´Ò ¢
É ¡². 2.

�¸μ¡¥´´μ¸ÉÓÕ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° Ö¢²Ö¥É¸Ö ¡μ²ÓÏμ° ¶·μ¡¥£ ¢ μ¡²ÊÎ ¥-
³μ³ ¢¥Ð¥¸É¢¥ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö. 
Éμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¤μ¸É ÉμÎ´μ
Éμ²¸ÉÒ¥ ³¨Ï¥´¨ (¢¥¸μ³ ¤μ ´¥¸±μ²Ó±¨Ì £· ³³μ¢), ÎÉμ §´ Î¨É¥²Ó´μ (¢ ÉÒ¸ÖÎ¨
· §) Ê¢¥²¨Î¨¢ ¥É ¢ÒÌμ¤Ò ·¥ ±Í¨¨ ¶μ ¸· ¢´¥´¨Õ ¸ ¶·¥¤¸É ¢²¥´´Ò³¨ ¢ É ¡². 2.
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’ ¡²¨Í  2. ‚ÒÌμ¤Ò μ¸±μ²±μ¢ ¤¥²¥´¨Ö [×10−101/e]

�¸±μ²±¨
ƒ· ´¨Î´ Ö Ô´¥·£¨Ö Éμ·³μ§´μ£μ ¸¶¥±É· , ŒÔ‚

19 18 17 16 15 14 13 12 11 10
92Sr 2,13 3,33 3,64 3,76 3,84 3,76 3,22 1,97 1,39 1,15
97Zr 2,28 3,52 3,76 3,93 3,91 4,08 3,93 2,39 1,46 0,97
97Nb 2,33 3,53 3,82 4,07 4,22 4,69 2 1,12 1,04 1,13
135I∗ 2,48 3,76 4,08 4,36 4,57 4,58 3,96 2,31 1,49 1,23
135I∗∗ 2,44 3,75 3,98 4,19 4,33 3,53 4,02 2,07 1,81 1,20
135I∗∗∗ 2,49 3,82 3,74 3,99 4,06 3,17 3,97 2,19 1,74 1,28

3. �	��	�’Š� �Š‘�…�ˆŒ…�’�‹œ�›• �…‡“‹œ’�’�‚

ˆ§³¥·¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤μ¢ μ¸±μ²±μ¢ μÉ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·-
³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¶μ§¢μ²¨²¨ ¶μ²ÊÎ¨ÉÓ ¨  ´ ²μ£¨Î´Ò¥ § ¢¨¸¨³μ¸É¨ ¤²Ö ¸¥Î¥-
´¨° ¸ μ¡· §μ¢ ´¨¥³ ¢Ò¡· ´´ÒÌ μ¸±μ²±μ¢ ËÊ´±Í¨° ¢μ§¡Ê¦¤¥´¨Ö. ‘¢Ö§Ó ³¥¦¤Ê
ÔÉ¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ·¥ ±Í¨° μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Y = N

Emax∫
Eth

σ(E)Φ(E)dE, (2)

£¤¥ N Å ±μ²¨Î¥¸É¢μ Ö¤¥·, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ³¨Ï¥´¨; σ (E) Å ¸¥Î¥´¨¥ Ëμ-
Éμ¤¥²¥´¨Ö; Φ (E) Å ¨´É¥´¸¨¢´μ¸ÉÓ ¶μÉμ±  γ-±¢ ´Éμ¢ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨°
Eth − Emax; Emax Å ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö γ-±¢ ´Éμ¢; Eth Å ¶μ·μ£μ¢ Ö
Ô´¥·£¨Ö ËμÉμ¤¥²¥´¨Ö.

ˆ§³¥·¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤μ¢ μ¸±μ²±μ¢ μÉ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·-
³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.

ˆ§ ¢Ò· ¦¥´¨Ö (2) ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ËμÉμ¤¥²¥´¨Ö ¢
¥¤¨´¨Î´μ³ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ γ-±¢ ´Éμ¢

σ =
Y2 − Y1

N

(
E2∫

Eth

Φ2(E)dE −
E1∫

Eth

Φ1(E)dE

) , (3)

£¤¥ Y1, Y2 Å ¸μμÉ¢¥É¸É¢¥´´μ ¢ÒÌμ¤Ò ËμÉμ¤¥²¥´¨Ö ¤²Ö ¢Ò¡· ´´ÒÌ ¨´É¥·¢ ²μ¢
Ô´¥·£¨¨ γ-±¢ ´Éμ¢.
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	¨¸. 2. ‡ ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤μ¢ ·¥ ±Í¨¨ (γ, f ) Å Î¨¸²  μ¡· §ÊÕÐ¨Ì¸Ö μ¸±μ²±μ¢ ´ 
1 ³±Š¨ ¶μÉμ±  Ô²¥±É·μ´μ¢ μÉ £· ´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö μ¸±μ²±μ¢
97Zr ¨ 97Nb

“Î¨ÉÒ¢ Ö ±μ²¨Î¥¸É¢μ Ö¤¥·, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ³¨Ï¥´¨, ¶¥·¥¶¨Ï¥³ (3) ¢
Ëμ·³¥

σ =
A · (Y2 − Y1)

NA · m · θ ·
(

E2∫
Eth

Φ2(E)dE −
E1∫

Eth

Φ1(E)dE

) . (4)

N = NA · m

A
· θ, (5)

£¤¥ A Å ³ ¸¸μ¢μ¥ Î¨¸²μ; NA Å ¶μ¸ÉμÖ´´ Ö �¢μ£ ¤·μ; m Å ³ ¸¸  ³¨Ï¥´¨;
θ Å · ¸¶·μ¸É· ´¥´´μ¸ÉÓ ¤ ´´μ£μ ¨§μÉμ¶ .

	 ¸¸Î¨É ´´Ò¥ É ±¨³ μ¡· §μ³  ¡¸μ²ÕÉ´Ò¥ ¸¥Î¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ £· -
´¨Î´μ° Ô´¥·£¨¨ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3. �´¨ ¨³¥ÕÉ
¢¨¤ ±·¨¢μ° ¸ ³ ±¸¨³Ê³μ³, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ Ô´¥·£¨¨ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ
·¥§μ´ ´¸ ,   ¸¥Î¥´¨¥ ¢ ³ ±¸¨³Ê³¥ ¤μ¸É¨£ ¥É ´¥¸±μ²Ó±¨Ì ³¡.


É¨ ¤ ´´Ò¥ μ ¸¥Î¥´¨ÖÌ ¨ ¨Ì § ¢¨¸¨³μ¸ÉÖÌ μÉ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ³μ£ÊÉ
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ ¶² ´¨·μ¢ ´¨¨ ´μ¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸ γ-¨§²ÊÎ¥´¨¥³.
�´¨ ¶μ§¢μ²ÖÉ μ¶É¨³¨§¨·μ¢ ÉÓ Ê¸²μ¢¨Ö ¶μ²ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¨¸¸²¥¤μ-
¢ ´¨° μ¸±μ²±μ¢ ¤¥²¥´¨Ö.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‘.�. „³¨É·¨¥¢Ê (�ˆŸˆ)
¨ — ´ „ ± ’Ì¥´Ê (ˆ”
) §  ¢´¨³ ´¨¥ ± · ¡μÉ¥.

	 ¡μÉ  ¶μ¤¤¥·¦ ´  	””ˆ (£· ´É 07-02-90005).
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	¨¸. 3. ‡ ¢¨¸¨³μ¸É¨  ¡¸μ²ÕÉ´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, f ) μÉ Ô´¥·£¨¨ γ-±¢ ´Éμ¢ ¤²Ö
μ¸±μ²±μ¢:   Å 97Nb, ¡ Å 97Zr, ¢ Å 135I, £ Å 92Sr
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