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Šμ³¶ ±É´Ò° ¸¥¶ · Éμ· ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì Ô²¥±É·μ´μ¢

�¶¨¸Ò¢ ¥É¸Ö ¸¥¶ · Éμ· ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì Ô²¥±É·μ´μ¢ ´  μ¸´μ¢¥ ¤¢ÊÌ ¢¨¤μ¢
¸¡μ·μ± ³ £´¨É´ÒÌ Ë¨²ÓÉ·μ¢ É¨¶  ®³¨´¨- ¶¥²Ó¸¨´¯ (¶μ 6 ³ £´¨Éμ¢ ¢ ± ¦¤μ°). ‚
± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¨§μÉμ¶ 207Bi,  ±É¨¢´μ¸ÉÓ 240 ±	±
(7 ³K¨), ¨§²ÊÎ ÕÐ¨° ±μ´¢¥·¸¨μ´´Ò¥ Ô²¥±É·μ´Ò K1063 ¨ Š1770. ‚ § ¢¨¸¨³μ-
¸É¨ μÉ ¢¨¤  ¸¡μ·μ± ¨´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° ∼ 970 ¨ ∼1680 ±Ô‚
¸μ¶·μ¢μ¦¤ ¥É¸Ö ¸μμÉ¢¥É¸É¢¥´´μ 3- ¨ 4-±· É´Ò³ Ê¢¥²¨Î¥´¨¥³ ¨´É¥´¸¨¢´μ¸É¨ ¨§-
²ÊÎ¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ ¨§³¥·¥´¨Ö³¨ ¡¥§ ³ £´¨É´ÒÌ Ë¨²ÓÉ·μ¢, ¸ Ô´¥·£¥É¨Î¥¸±¨³
· §·¥Ï¥´¨¥³ ∼ 30 ±Ô‚. �¤´μ±· É´ Ö μÉ± Î±  ± ³¥·Ò μ¡¥¸¶¥Î¨¢ ²  ¶μ¸ÉμÖ´¸É¢μ
¶ · ³¥É·μ¢ ¶·¨¡μ·  ¢ É¥Î¥´¨¥ μ¤´μ£μ ³¥¸ÖÍ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Kalinin A. I. et al. P13-2008-30
The Separator of the Mono-Energy Electrons

The separator of the mono-energy electrons employing two types of the mini-
orange form magnetic ˇlters assemblies (by 6 magnets in each) is described. The
isotope 207Bi with radioactivity 240 kBq (7 mCi) is used as an electron source radi-
ating conversion electrons K1063 and K1770. Electrons with the energy ∼970 and
∼1680 keV are accompanied by the 3- and 4-times radiation intensity increases de-
pending on the assembly type accordingly in comparison with measurements without
magnetic ˇlters, with the energy resolution ∼20 keV. The one-fold pumping-out of
the cell provided the instrument parameters constancy in the course of one month.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2008
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‚‚…„…�ˆ…

‚ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸μÉ´¨ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó-
´ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ¶² ¸É¨± . �¡ÒÎ´μ μ´¨ ¢Ò¶μ²´ÖÕÉ¸Ö ¢ ¢¨¤¥ ´ ¡μ· 
¶ · ²²¥²Ó´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢, ¨´Ëμ·³ Í¨Ö ¸ ±μÉμ·ÒÌ ¢Ò¢μ¤¨É¸Ö
´  ”�“ ¸ ¶μ³μÐÓÕ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì μ¶É¨Î¥¸±¨Ì ¢μ²μ±μ´. Š ± ¶· ¢¨²μ,
ÔÉ¨ ¤¥É¥±Éμ·Ò ¶¥·¥¤ μ±μ´Î É¥²Ó´μ° Ê¸É ´μ¢±μ° ¶·μÌμ¤ÖÉ ¶·¥¤¢ ·¨É¥²Ó´Ò°
μÉ¡μ·, ´ ¸É·μ°±Ê ¨ ± ²¨¡·μ¢±Ê [1]. �¡Ð¥¶·¨´ÖÉμ ± ²¨¡·μ¢ ÉÓ ¨ ¨§ÊÎ ÉÓ
É ±¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±Éμ·Ò ¶·¨ ¶μ³μÐ¨ ±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢, ±μ-
Éμ·Ò¥ ¨³¥ÕÉ ¢Ò¸μ±ÊÕ ¶·μ´¨± ÕÐÊÕ ¸¶μ¸μ¡´μ¸ÉÓ ¨ ¸μ§¤ ÕÉ ³¨´¨³ ²Ó´Ò¥
¨μ´¨§¨·ÊÕÐ¨¥ ¶μÉ¥·¨ (Œˆ�) Ô´¥·£¨¨ ¢ ¤¥É¥±Éμ·¥. �¤´ ±μ ¤²Ö ´ ¡μ·  ´¥μ¡-
Ìμ¤¨³μ° ¸É É¨¸É¨±¨ É ± Ö ± ²¨¡·μ¢±  É·¥¡Ê¥É ³´μ£μ ¢·¥³¥´¨, É ± ± ± ¶μÉμ±
±μ¸³¨Î¥¸±¨Ì ³Õμ´μ¢ μÎ¥´Ó ³ ², ¶·¨³¥·´μ 1/¤³2 · ¸. �μÔÉμ³Ê ¥¸É¥¸É¢¥´´μ
¦¥² ´¨¥ Ô±¸¶¥·¨³¥´É Éμ·μ¢ ± ²¨¡·μ¢ ÉÓ  ¶¶ · ÉÊ·Ê ¡μ²¥¥ ¨´É¥´¸¨¢´Ò³¨ ¨¸-
ÉμÎ´¨± ³¨ ¨§²ÊÎ¥´¨°, ´ ¶·¨³¥·, · ¤¨μ ±É¨¢´Ò³¨ ¨¸ÉμÎ´¨± ³¨ Ô²¥±É·μ´μ¢
¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ° Ô´¥·£¨¨. ‚μ§³μ¦´μ¸ÉÓ É ±μ° § ³¥´Ò μ¡ÑÖ¸´Ö¥É¸Ö É¥³,
ÎÉμ Ô²¥±É·μ´Ò Ê¦¥ ¶·¨ Ô´¥·£¨¨ 1 ŒÔ‚ ¸É ´μ¢ÖÉ¸Ö ·¥²ÖÉ¨¢¨¸É¸±¨³¨, ¨ ÔÉμ
§´ Î¨É, ÎÉμ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ Ô²¥±É·μ´μ¢ ¢ ¶² ¸É¨±¥ ¶· ±É¨Î¥¸±¨ É ±¨¥
¦¥, ± ± ¨ Ê ³Õμ´μ¢, ¶·¨³¥·´μ 2 ŒÔ‚/¸³2.

„²Ö ¨§ÊÎ¥´¨Ö ¸¢¥Éμ¢ÒÌμ¤μ¢ ¢ · §²¨Î´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³ É¥·¨ ² Ì,
±μÉμ·Ò¥ § ¢¨¸ÖÉ μÉ ± Î¥¸É¢  ¸Í¨´É¨²²ÖÉμ· , É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö, ¢·¥-
³¥´¨ Ô±¸¶²Ê É Í¨¨ ¨ ¶·., ´Ê¦¥´ ³μ´μÔ´¥·£¥É¨Î¥¸±¨° ¨¸ÉμÎ´¨± Ô²¥±É·μ´μ¢,
¦¥² É¥²Ó´μ ¸ Ô´¥·£¨¥° ∼ 1 ŒÔ‚.

— Ð¥ ¢¸¥£μ ¤²Ö ÔÉμ£μ ¶·¨³¥´ÖÕÉ ¨¸ÉμÎ´¨±¨ ´  μ¸´μ¢¥ ¡¥É -· ¸¶ ¤  90Sr
(E³ ±¸ = 2,3 ŒÔ‚) ¨²¨ 106Ru (E³ ±¸ = 3,5 ŒÔ‚). ‚ ÔÉ¨Ì ¨¸ÉμÎ´¨± Ì ¸¶¥±É·Ò
Ô²¥±É·μ´μ¢ ´¥¶·¥·Ò¢´Ò¥ ¨ ¶·μ¸É¨· ÕÉ¸Ö μÉ 0 ¤μ E³ ±¸, ¶·¨Î¥³ ³ ±¸¨³Ê³ ¨´-
É¥´¸¨¢´μ¸É¨ ´ Ìμ¤¨É¸Ö μ±μ²μ E³ ±¸/3. ’ ±¨³ μ¡· §μ³, ¥¸²¨ ¤²Ö ± ²¨¡·μ¢±¨
¨¸¶μ²Ó§μ¢ ÉÓ ¢¥·Ì´ÕÕ Î ¸ÉÓ ¸¶¥±É· , Éμ ¡μ²ÓÏ Ö, ¸ ³ Ö ¨´É¥´¸¨¢´ Ö Î ¸ÉÓ
¸¶¥±É·  μ¸É ¥É¸Ö ¶μ³¥Ìμ°, Ëμ´μ³. ˆ§¡ ¢¨ÉÓ¸Ö μÉ ´¥¥ ´¥¶·μ¸Éμ ¤ ¦¥ ¶·¨ ¶μ-
³μÐ¨ ³ £´¨É´μ° ¸¥²¥±Í¨¨, É ± ± ± ³μÐ´ Ö Ëμ´μ¢ Ö ¸μ¸É ¢²ÖÕÐ Ö, ¤ ¦¥ ¶μ-
¤ ¢²¥´´ Ö ³ £´¨É´Ò³ Ë¨²ÓÉ·μ³, ¸μ§¤ ¥É μÐÊÉ¨³Ò° ¢±² ¤ ¢ ¢ÒÌμ¤´μ° ¸¶¥±É·
¶μ¸²¥ · ¸¸¥Ö´¨Ö ¢ ¸É¥´± Ì.

ˆ§¢¥¸É¥´ μ¶ÒÉ ¸μ§¤ ´¨Ö Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ´  μ¸´μ¢¥ 106Ru [1] ¸ ³ £-
´¨É´μ° ¸¥²¥±Í¨¥° ¢ μ¤´μ° ¶²μ¸±μ¸É¨. ‘ ¤μ¸É ÉμÎ´μ  ±É¨¢´Ò³ ¨¸ÉμÎ´¨±μ³
∼ 2 ³Š¨ ¶μ¸²¥ ¢ÒÌμ¤´μ£μ ±μ²²¨³ Éμ·  ¤¨ ³¥É·μ³ 27 ³³ ¶μ²ÊÎ¥´ ¶μÉμ±
Ô²¥±É·μ´μ¢ 2000 ¸−1 ¸ · §¡·μ¸μ³ ¶μ Ô´¥·£¨¨ 35 %.
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„²Ö ´ ¸É·μ°±¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ ¢μ ”· ´Í¨¨ ¡Ò² ¨§£μÉμ¢²¥´
³ £´¨É´Ò° £¥´¥· Éμ· Ô²¥±É·μ´μ¢ ´  μ¸´μ¢¥ 90Sr [2]. „¨ ³¥É· ¢ÒÌμ¤´μ£μ
±μ²²¨³ Éμ·  ¤²Ö μÉ¡μ·  ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì Ô²¥±É·μ´μ¢ ¶μ¸²¥ ¶μ¢μ·μÉ  ´ 
90◦ ¸μ¸É ¢²Ö² μ±μ²μ 1 ³³, ¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶μÉμ±  Ô²¥±É·μ´μ¢ 1000 ¸−1 É ±¦¥
É·¥¡μ¢ ²¸Ö ¨¸ÉμÎ´¨± ¸ μÎ¥´Ó ¢Ò¸μ±μ°  ±É¨¢´μ¸ÉÓÕ (¤¥¸ÖÉ±¨ ³Š¨).

ˆ¸¶μ²Ó§μ¢ ÉÓ Ê¸±μ·¨É¥²¨ Ô²¥±É·μ´μ¢ ´¥ ¢¸¥£¤  ¢μ§³μ¦´μ. ‚ ± ±μ°-Éμ ¸É¥-
¶¥´¨ ·¥Ï ÉÓ É ±¨¥ § ¤ Î¨ ³μ¦´μ ¸ ¶μ³μÐÓÕ ³ £´¨É´ÒÌ ¡¥É -¸¶¥±É·μ³¥É·μ¢,
¶·¨³¥´Ö¥³ÒÌ ¢ ¡¥É -¸¶¥±É·μ¸±μ¶¨¨ [3, 4].

1. ��ˆ‘��ˆ… “‘’���‚Šˆ

ŒÒ ¶·¥¤² £ ¥³ ¸¥¶ · Éμ·, ¸μ¸ÉμÖÐ¨° ¨§ ¤Õ· ²¥¢μ£μ ÉÊ¡Ê¸ , ¨¸ÉμÎ´¨± 
¨§²ÊÎ¥´¨Ö Ô²¥±É·μ´μ¢ ¨ ¤¢ÊÌ ¸³¥´´ÒÌ ¸¡μ·μ± ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ (·¨¸. 1).

�¨¸. 1. �¸±¨§ ¸¥¶ · Éμ·  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ £´¨É´ÒÌ Ë¨²ÓÉ·μ¢ ¨ · ¤¨μ ±É¨¢´μ£μ
¨¸ÉμÎ´¨±  207Bi

‚ ± Î¥¸É¢¥ Ô³¨ÉÉ¥·  Ô²¥±É·μ´μ¢ ¢§ÖÉ ¨§μÉμ¶ 207Bi (T1/2 = 31,8 ²¥É)
¸ ²¨´¨Ö³¨ ±μ´¢¥·¸¨μ´´ÒÌ Ô²¥±É·μ´μ¢ μÉ É·¥Ì ¤ ²¥±μ μÉ¸ÉμÖÐ¨Ì ¤·Ê£ μÉ
¤·Ê£  £ ³³ -¶¥·¥Ìμ¤μ¢: 569 ±Ô‚ (γ 97,74%, IK+L+M/Iγ = 0,022), 1063 ±Ô‚
(γ 75,5 %, IK+L+M/Iγ = 0,134) ¨ 1770 ±Ô‚ (γ 6,95 %, IK+L+M/Iγ = 0,0043).
ˆ¸ÉμÎ´¨± ¡Ò² ¨§£μÉμ¢²¥´ ´  Ê¸±μ·¨É¥²¥ ‹Ÿ� �ˆŸˆ ³¥Éμ¤μ³ ¢´¥¤·¥´¨Ö ¢
É¥Ë²μ´μ¢ÊÕ ¶μ¤²μ¦±Ê ¸ ¶μ³μÐÓÕ ³ ¸¸-¸¥¶ · Éμ·  [5] ¨ ¶μ§¢μ²Ö² ¶·μ¢μ¤¨ÉÓ
¨§³¥·¥´¨Ö ¢ ¢ ±ÊÊ³´μ° ¸·¥¤¥. �±É¨¢´μ¸ÉÓ Ô³¨ÉÉ¥·  ¸μ¸É ¢²Ö²  240 ±	±.

ŒÒ · ¸¶μ² £ ²¨ ´ ¡μ·μ³ ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ ¶·μ¨§¢μ¤¸É¢  Ë¨·³Ò
Brown-Boweri (˜¢¥°Í ·¨Ö) ¨§ ³ É¥·¨ ²  RECOMA-20 [6]. Œ £´¨ÉÒ ¨³¥ÕÉ
±²¨´μμ¡· §´ÊÕ Ëμ·³Ê, ¢Ò¸μÉÊ 38 ³³ ¨ Éμ²Ð¨´Ê μ±μ²μ Í¥´É·  ¶μ£²μÉ¨É¥²Ö
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2 ³³ ¨ ¸ ´ ·Ê¦´μ° ¸Éμ·μ´Ò 15 ³³ (É¨¶ 6�) ¨ 7,5 ³³ (É¨¶ 6‚). Š ¦¤ Ö
¸¡μ·±  ¸μ¸ÉμÖ²  ¨§ Ï¥¸É¨ ³ £´¨Éμ¢, ±μÉμ·Ò¥ ¢¤¢¨£ ²¨¸Ó ¢μ ¢´ÊÉ·¥´´¨¥ ¶ §Ò
Al-Í¨²¨´¤·  (¢´¥Ï´¨° ¤¨ ³¥É· · ¢¥´ 62 ³³) ¨ Ë¨±¸¨·μ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ
¢´ÊÉ·¥´´¥£μ Í¨²¨´¤·  ¨§ Pb, ¢Ò¶μ²´Ö¢Ï¥£μ ¶ · ²²¥²Ó´μ ËÊ´±Í¨Õ § Ð¨ÉÒ
μÉ £ ³³ -²ÊÎ¥° (¶·¨ ÔÉμ³ μ¡Ð Ö ¤²¨´  ¶μ£²μÉ¨É¥²Ö £ ³³ -²ÊÎ¥° ¸μ¸É ¢¨² 
∼ 70 ³³). �¸É ÉμÎ´ Ö ¨´¤Ê±Í¨Ö ³ É¥·¨ ²  ³ £´¨Éμ¢ Br = 0,95 T².

„²Ö ¨¸¸²¥¤μ¢ ´¨° ¸¶¥±É·μ¢ Ô²¥±É·μ´μ¢ ¶·¨³¥´Ö²¸Ö HPGe-¤¥É¥±Éμ· ¤¨ -
³¥É·μ³ 16 ³³, ¸ £²Ê¡¨´μ° ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¸²μÖ 9 ³³, ¸ ¢Ìμ¤´Ò³ μ±´μ³ ¨§
É¨É ´  Éμ²Ð¨´μ° 0,6 ³£/¸³2. �´ ¢Ò¡· ´ ¨§ É¥Ì ¸μμ¡· ¦¥´¨°, ÎÉμ ³μ¦¥É ·¥£¨-
¸É·¨·μ¢ ÉÓ ¨ Ô²¥±É·μ´Ò, ¨ £ ³³ -²ÊÎ¨, ÎÉμ ¢ ¦´μ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨
μ ¢¨¤¥ ¨§²ÊÎ¥´¨° ´  ¢ÒÌμ¤¥ ¸¥¶ · Éμ· .

�¨¸. 2,  , ¡ ¨²²Õ¸É·¨·Ê¥É ÔÉ¨ ¢μ§³μ¦´μ¸É¨.

�¨¸. 2. ‘¶¥±É·Ò 207Bi, ¨§³¥·¥´´Ò¥ HPGe-¤¥É¥±Éμ·μ³

�·¨¢¥¤¥´´Ò° ´  ·¨¸. 2, ¢ ¢¨·ÉÊ ²Ó´Ò° (· §´μ¸É´Ò°) ¸¶¥±É· ¶μ²ÊÎ¥´ ¨¸-
±Ê¸¸É¢¥´´μ Å ¢ÒÎ¨É ´¨¥³ ¸¶¥±É·  2, ¡, ¶·¥¤¢ ·¨É¥²Ó´μ ¨§³¥·¥´´μ£μ ¸  ²Õ³¨-
´¨¥¢Ò³ 3-³³ Ë¨²ÓÉ·μ³, Ê¸É ´μ¢²¥´´Ò³ ¶¥·¥¤ ¤¥É¥±Éμ·μ³, ¨§ ¸¶¥±É·  2,  ,
¨§³¥·¥´´μ£μ ¡¥§ Al-Ë¨²ÓÉ· , ÎÉμ ¶μ§¢μ²Ö¥É Ê¢¨¤¥ÉÓ Éμ²Ó±μ ¸¶¥±É· Ô²¥±É·μ´μ¢.

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ¢¨·ÉÊ ²Ó´Ò¥ (· §´μ¸É´Ò¥) ¸¶¥±É·Ò Ô²¥±É·μ´μ¢ 207Bi,
¶μ²ÊÎ¥´´Ò¥ ¶ÊÉ¥³ ¢ÒÎ¨É ´¨Ö γ-¸¶¥±É· , ¨§³¥·¥´´μ£μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
 ²Õ³¨´¨¥¢μ£μ 3-³³ Ë¨²ÓÉ·  ¨§ γ-¸¶¥±É· , ¨§³¥·¥´´μ£μ ¡¥§ Ë¨²ÓÉ· , ± ± ¶μ-
± § ´μ ´  ·¨¸. 2:
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• ¢ ¢ ±ÊÊ³¥ ¡¥§ ³ £´¨Éμ¢ (·¨¸. 3,  );

• ¢ ¢ ±ÊÊ³¥, ¸ ³ £´¨É´Ò³ Ë¨²ÓÉ·μ³ É¨¶  6‚ (·¨¸. 3, ¡). �·¨ ÔÉμ³ ¨´É¥´-
¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¢ μ¡² ¸É¨ ∼ 0,94 ŒÔ‚ Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ ∼ 3 · § ;

• ¢ ¢ ±ÊÊ³¥, ¸ ³ £´¨É´Ò³ Ë¨²ÓÉ·μ³ É¨¶  6� (·¨¸. 3, ¢). ˆ´É¥´¸¨¢´μ¸ÉÓ
Ô²¥±É·μ´μ¢ ¢ μ¡² ¸É¨ ∼ 1,65 ŒÔ‚ Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ ∼ 10 · §.

�¨¸. 3. ‚¨·ÉÊ ²Ó´Ò¥ ¸¶¥±É·Ò Ô²¥±É·μ´μ¢ ¸ · §²¨Î´Ò³¨ ³ £´¨É´Ò³¨ ¸¡μ·± ³¨ ¶μ¸²¥
±μ··¥±Í¨¨ ¶μ ·¥§Ê²ÓÉ É ³ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¸  ²Õ³¨´¨¥¢Ò³ 3-³³ Ë¨²ÓÉ·μ³

�  ·¨¸. 4 ¶μ± § ´Ò ·¥ ²Ó´Ò¥ ¸¶¥±É·Ò Ô²¥±É·μ´μ¢ 207Bi, ¶μ²ÊÎ¥´´Ò¥ ¸
¤μ¶μ²´¨É¥²Ó´μ° Pb-§ Ð¨Éμ° μÉ ¸μ¶ÊÉ¸É¢ÊÕÐ¥£μ γ-¨§²ÊÎ¥´¨Ö:

• ¢ ¢ ±ÊÊ³¥, ¸ ³ £´¨É´Ò³ Ë¨²ÓÉ·μ³ É¨¶  6‚ (·¨¸. 4,  ), Pb-§ Ð¨É  · ¢´ 
45 ³³;

• ¢ ¢ ±ÊÊ³¥, ¸ ³ £´¨É´Ò³ Ë¨²ÓÉ·μ³ É¨¶  6� (·¨¸. 4, ¡), Pb-§ Ð¨É  · ¢´ 
70 ³³.

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¸· ¢´¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ¢¨·ÉÊ ²Ó´ÒÌ ¨
·¥ ²Ó´ÒÌ ¸¶¥±É·μ¢ ¨§²ÊÎ¥´¨°, ¨§³¥·¥´´Òe HPGe-¤¥É¥±Éμ·μ³ ¨ ¶·¨¢¥¤¥´´Ò¥
± 1-Î ¸μ¢μ° Ô±¸¶μ§¨Í¨¨.
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�¨¸. 4. �¥ ²Ó´Ò¥ ¸¶¥±É·Ò Ô²¥±É·μ´μ¢, ¨§³¥·¥´´Ò¥ ¸¥¶ · Éμ·μ³ ¸ · §²¨Î´Ò³¨ ³ £´¨É-
´Ò³¨ ¸¡μ·± ³¨ ¸ Pb-§ Ð¨Éμ° μÉ ¸μ¶ÊÉ¸É¢ÊÕÐ¥£μ γ-¨§²ÊÎ¥´¨Ö

’ ¡²¨Í  1. �¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ¢¨·ÉÊ ²Ó´ÒÌ ¨ ·¥ ²Ó´ÒÌ ¸¶¥±É·μ¢ Ô²¥±É·μ´μ¢

�¨¸Ê- EK,L,M1063 , IK,L,M1063 , fwhm, EK1770 , I1770 , fwhm,
´μ± ±Ô‚ Î−1 ±Ô‚ ±Ô‚ Î−1 ±Ô‚

	¥§ ³ £´¨Éμ¢, ¡¥§
2, ¢ 932(3) 96480(230) 17(3) 1659(2) 133(15) 14(3)

±μ²²¨³ Éμ·  (‚)
	¥§ ³ £´¨Éμ¢, ¸

3,   943(4) 4260(140) 15(3) 1630(12) 15(5) 8(5)
±μ²²¨³ Éμ·μ³ (‚)
Œ £´¨É 6‚ ¸

3, ¡ 931(7) 11050(130) 20(3) Ä Ä Ä
±μ²²¨³ Éμ·μ³ (‚)
Œ £´¨É 6� ¸

3, ¢ 930(18) 51(15) 38(7) 1647(2) 54(17) 15(5)
±μ²²¨³ Éμ·μ³ (‚)
Œ £´¨É 6‚ ¸

4,   928(45) 9054(141) 31(8) Ä Ä Ä
±μ²²¨³ Éμ·μ³ (�)
Œ £´¨É 6� ¸

4, ¡ Ä Ä Ä 1639(7) 32(7) 17(5)
±μ²²¨³ Éμ·μ³ (�)
�·¨³¥Î ´¨¥. (‚) Å ¢¨·ÉÊ ²Ó´Ò¥ ¸¶¥±É·Ò, (�) Å ·¥ ²Ó´Ò¥ ¸¶¥±É·Ò.

2. ‚›��� Š��‘’�“Š’ˆ‚�›• �…˜…�ˆ‰

„μ¸Éμ¨´¸É¢μ ³ £´¨É´μ£μ ¸¥¶ · Éμ·  ´  μ¸´μ¢¥ ®³¨´¨- ¶¥²Ó¸¨´ ¯ ¸μ¸Éμ¨É
¢ ¥£μ ¢Ò¸μ±μ° ¸¢¥Éμ¸¨²¥, É ± ± ± Ô²¥±É·μ´Ò, ¶·μÏ¥¤Ï¨¥ ³ £´¨É´Ò° Ë¨²ÓÉ·,
¸μ¡¨· ÕÉ¸Ö μÉ ÉμÎ¥Î´μ£μ ¨¸ÉμÎ´¨±  ¨§ ¡
μ²ÓÏ¥£μ É¥²¥¸´μ£μ Ê£² , Î¥³ ¢ ¸²ÊÎ ¥
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¶²μ¸±μ£μ Ë¨²ÓÉ· , ÎÉμ ¶μ§¢μ²Ö¥É · ¡μÉ ÉÓ ¸ ³ ²μ ±É¨¢´Ò³ · ¤¨μ ±É¨¢´Ò³
¨¸ÉμÎ´¨±μ³.

„²Ö ¢Ò¡μ·  μ¶É¨³ ²Ó´ÒÌ ±μ´¸É·Ê±É¨¢´ÒÌ ·¥Ï¥´¨° ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¶·¥¤-
¢ ·¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö § ¢¨¸¨³μ¸É¨ ·¥£¨¸É· Í¨¨ ¨´É¥´¸¨¢´μ¸É¨ Ô²¥±É·μ´μ¢
μÉ ¸μμÉ´μÏ¥´¨Ö · ¸¸ÉμÖ´¨° ¤¥É¥±Éμ· Ä μ¸¥¢ Ö ²¨´¨Ö ¸¡μ·±¨ ³ £´¨Éμ¢ (g) ¨
μ¸¥¢ Ö ²¨´¨Ö ¸¡μ·±¨ ³ £´¨Éμ¢ Ä · ¤¨μ ±É¨¢´Ò° ¨¸ÉμÎ´¨± (f ). �¥§Ê²ÓÉ ÉÒ
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5.

�¨¸. 5. ‡ ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ Ô²¥±É·μ´μ¢ μÉ ¢§ ¨³´μ£μ · ¸¶μ²μ¦¥´¨Ö ³ £´¨É´ÒÌ
¸¡μ·μ±, ¨¸ÉμÎ´¨±  ¨ ¤¥É¥±Éμ·  ¨§²ÊÎ¥´¨°

�´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶μ§¢μ²¨², ¢μ-¶¥·¢ÒÌ, ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥
μ Éμ³, ÎÉμ ³ ±¸¨³ ²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¤μ¸É¨£ ¥É¸Ö ¶·¨ ¸¨³³¥-
É·¨Î´μ³ · ¸¶μ²μ¦¥´¨¨ ¤¥É¥±Éμ·  ¨ ¨¸ÉμÎ´¨±  μÉ´μ¸¨É¥²Ó´μ μ¸¥¢μ° ²¨´¨¨
³ £´¨É´μ° ¸¡μ·±¨ (ÔÉμ ¸μ£² ¸Ê¥É¸Ö ¸ ¢Ò¢μ¤ ³¨  ¢Éμ·μ¢ · ¡μÉÒ [7]), ¨, ¢μ-
¢Éμ·ÒÌ, μ¶·¥¤¥²¨ÉÓ¸Ö ¢ ¢Ò¡μ·¥ μ¶É¨³ ²Ó´μ£μ · ¸¸ÉμÖ´¨Ö ¤¥É¥±Éμ·Ä¨¸ÉμÎ´¨±,
· ¢´μ£μ 100 ³³.

3. Š�‹ˆ—…‘’‚…��›… �–…�Šˆ ‚›•�„�›• ����Œ…’��‚
��ˆ���� �� �‘��‚… ”“�Š–ˆˆ �’Š‹ˆŠ�

„²Ö ¶μ²ÊÎ¥´¨Ö ¨§ ¶·¨¡μ·´μ£μ (¨¸± ¦¥´´μ£μ ÔËË¥±É ³¨ μ¡· É´μ£μ ¨ ¡μ-
±μ¢μ£μ · ¸¸¥Ö´¨Ö, ¢Ò²¥É ³¨ Ô²¥±É·μ´μ¢, · ¸¸¥Ö´¨¥³ ¢  É³μ¸Ë¥·¥ ¨ ¤·.) ¨¸-
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É¨´´μ£μ (¨¤¥ ²Ó´μ£μ) ¸¶¥±É·  Ô²¥±É·μ´μ¢ ´  ¢ÒÌμ¤¥ ¸¥¶ · Éμ·  ´¥μ¡Ìμ¤¨³μ
¢μ¸¸É ´μ¢¨ÉÓ ¶¥·¢¨Î´ÊÕ Ëμ·³Ê ¸¶¥±É· .

‘É·μ£¨° ¶μ¤Ìμ¤ ± ¢μ¸¸É ´μ¢²¥´¨Õ ¶¥·¢¨Î´μ° Ëμ·³Ò ¸¶¥±É·  É·¥¡Ê¥É
μ¶·¥¤¥²¥´¨Ö ËÊ´±Í¨¨ μÉ±²¨±  ¨¸¶μ²Ó§Ê¥³μ£μ ¤¥É¥±Éμ·  ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³
¤¨ ¶ §μ´¥ Ô´¥·£¨°.

�¨¸. 6. ‚μ¸¸É ´μ¢²¥´´Ò° (¡) ¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨ μÉ±²¨±  ¸¶¥±É· ¸ ³ £´¨É´μ° ¸¡μ·±μ°
6B. Œμ¤¥²Ó ËÊ´±Í¨¨ μÉ±²¨± 

�¨¸. 7. ‚μ¸¸É ´μ¢²¥´´Ò° (¡) ¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨ μÉ±²¨±  ¸¶¥±É· ¸ ³ £´¨É´μ° ¸¡μ·-
±μ° 6�
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�¶·¥¤¥²¥´¨¥ ËÊ´±Í¨¨ μÉ±²¨±  ¤¥É¥±Éμ·  Ö¢²Ö¥É¸Ö ¸²μ¦´μ° § ¤ Î¥°, É ±
± ± É·¥¡Ê¥É¸Ö ´ ¡μ· ¨¸ÉμÎ´¨±μ¢ ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì Ô²¥±É·μ´μ¢. ‚ [8Ä10]
¶μ± § ´μ, ÎÉμ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¤μ ∼ 4 ŒÔ‚ ËÊ´±Í¨Ö μÉ±²¨±  ¸μ¸Éμ¨É ¨§
μ¸´μ¢´μ£μ ¶¨±  Sa ¨ ¶²μ¸±μ£μ Ì¢μ¸É  ¢ μ¡² ¸É¨ ³¥´ÓÏ¨Ì Ô´¥·£¨° Sb (·¨¸. 6).

ŒÒ ¢Ò¡· ²¨ Ê¶·μÐ¥´´ÊÕ Ëμ·³Ê ËÊ´±Í¨¨ μÉ±²¨±  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ-
¸ÉÒÌ ³ É¥³ É¨Î¥¸±¨Ì ³¥Éμ¤μ¢, μ¶¨· Ö¸Ó Éμ²Ó±μ ´  ¶¥·¢μ¥ ¶·¨¡²¨¦¥´¨¥, ¡¥§
·¥Ï¥´¨° Ê· ¢´¥´¨° ”·¥¤£μ²Ó³  2-£μ ¶μ·Ö¤± .

Šμ²¨Î¥¸É¢¥´´Ò¥ §´ Î¥´¨Ö μ¸´μ¢´μ£μ ¶ · ³¥É·  ËÊ´±Í¨¨ μÉ±²¨±  RS =
Sb/(Sa + Sb) μ¶·¥¤¥²Ö²¨¸Ó ¨§ ¢¨·ÉÊ ²Ó´ÒÌ ¸¶¥±É·μ¢, ¶·¥¤¸É ¢²ÖÕÐ¨Ì ¸¶¥±-
É·Ò Ô²¥±É·μ´μ¢, μÎ¨Ð¥´´Ò¥ μÉ γ-²ÊÎ¥°. �É¨ §´ Î¥´¨Ö ¢ ¤ ²Ó´¥°Ï¥³ ¶·¨³¥-
´Ö²¨¸Ó ± ·¥ ²Ó´Ò³ ¸¶¥±É· ³. ‚ É ¡². 2 ¨ ´  ·¨¸. 6, 7 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²Ó-
É ÉÒ μ¡· ¡μÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Pb-§ Ð¨ÉÒ μÉ
£ ³³ -²ÊÎ¥°, ¢μ¸¸É ´μ¢²¥´´ÒÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ËÊ´±Í¨¨ μÉ±²¨± .

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ·¥ ²Ó´ÒÌ ¸¶¥±É·μ¢ Ô²¥±É·μ´μ¢, ¢μ¸¸É ´μ¢²¥´´ÒÌ
¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨ μÉ±²¨± 

Œ £´¨É 6‚ ¸ ±μ²²¨³ Éμ·μ³ Œ £´¨É 6A ¸ ±μ²²¨³ Éμ·μ³
K, L, M1063 (·¨¸. 6, ¡) K1770 (·¨¸. 7, ¡)

I , Î−1 I , Î−1

19561(190) 99(10)

4. �…‡“‹œ’�’›

• ‚¢¥¤¥´¨¥ ±μ²²¨³ Éμ·  ¤¨ ³¥É·μ³ 3,5 ³³ ¶¥·¥¤ ¤¥É¥±Éμ·μ³ ¶·¨¢μ¤¨É ±
Ê³¥´ÓÏ¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ Ô²¥±É·μ´μ¢ ¶·¨³¥·´μ ¢ 20 · §.

• �·¨³¥´¥´¨¥ ³ £´¨É´μ£μ Ë¨²ÓÉ·  ¸μ ¸¡μ·±μ° 6B ¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ
¨´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° ∼940 ±Ô‚ ¶·¨³¥·´μ ¢ 3 · § . �´¥·£¥-
É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É μ±μ²μ 20 ±Ô‚.

• �·¨³¥´¥´¨¥ ³ £´¨É´μ£μ Ë¨²ÓÉ·  ¸μ ¸¡μ·±μ° 6� ¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ
¨´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° ∼1680 ±Ô‚ ¶·¨³¥·´μ ¢ 4 · § . �´¥·-
£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É μ±μ²μ 30 ±Ô‚. ˆ³¥¥É ³¥¸Éμ ¸ÊÐ¥¸É¢¥´´μ¥
Ê³¥´ÓÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° ∼970 ±Ô‚.

• ‚μ¸¸É ´μ¢²¥´¨¥ Ëμ·³Ò ¸¶¥±É·μ¢ Ô²¥±É·μ´μ¢ ¶μ¸·¥¤¸É¢μ³ ¶·¨³¥´¥´¨Ö
ËÊ´±Í¨¨ μÉ±²¨±  ¶μ§¢μ²¨²μ μÉμ¡· §¨ÉÓ ¡μ²¥¥ ·¥ ²Ó´ÊÕ Ëμ·³Ê ¸¶¥±É· ²Ó´μ£μ
· ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ´  ¢ÒÌμ¤¥ ¸¥¶ · Éμ· . �·¨ ÔÉμ³ ¨´É¥´¸¨¢´μ¸ÉÓ
Ô²¥±É·μ´μ¢ μ± § ² ¸Ó ¶·¨³¥·´μ ¢ ¤¢  · §  ¡μ²ÓÏ¥, Î¥³ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¸¶¥±É· Ì.
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• �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³ £´¨É´μ° ¸¡μ·±¨ 6‚ ¨´É¥´¸¨¢´μ¸ÉÓ K + L + M -
Ô²¥±É·μ´μ¢ ¶¥·¥Ìμ¤  1063 ±Ô‚ ¸μ¸É ¢²Ö¥É ∼ 19 · 103 Î−1. Šμ´¢¥·¸¨μ´´Ò¥
Ô²¥±É·μ´Ò K1770 ¶· ±É¨Î¥¸±¨ μÉ¸¥Î¥´Ò.

• �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸¡μ·±¨ 6� ¨´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ K1770 · ¢´ 
∼100 Î−1. ˆ´É¥´¸¨¢´μ¸ÉÓ Ô²¥±É·μ´μ¢ K1063 ¶μ¤ ¢²¥´  ¢ ∼ 100 · §.

‡�Š‹	—…�ˆ…

„²Ö ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ μÉ · ¤¨μ ±É¨¢´μ£μ ¨¸ÉμÎ´¨±  207Bi
¡Ò² · §· ¡μÉ ´, ¨§£μÉμ¢²¥´ ¨ μ¶·μ¡μ¢ ´ ±μ³¶ ±É´Ò° ¸¥¶ · Éμ· Ô²¥±É·μ´μ¢,
¸μ¸ÉμÖÐ¨° ¨§ ¤Õ· ²¥¢μ° ± ³¥·Ò ¨ ¤¢ÊÌ ¸³¥´´ÒÌ ®³¨´¨- ¶¥²Ó¸¨´μ¢¯ (¸¡μ·±¨
³ £´¨Éμ¢ É¨¶  6� ¨ 6‚ Ë¨·³Ò Brown-Boweri), ±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ¶·¨³¥-
´¥´ ¶·¨ ¨§ÊÎ¥´¨¨ ¸¢¥Éμ¢ÒÌμ¤μ¢ ¢ · §²¨Î´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³ É¥·¨ ² Ì,
§ ¢¨¸ÖÐ¨Ì μÉ ± Î¥¸É¢  ¸Í¨´É¨²²ÖÉμ· , É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö, ¢·¥³¥´¨ Ô±¸-
¶²Ê É Í¨¨ ¨ ¶·.

‘¥¶ · Éμ· ³μ¦¥É É ±¦¥ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ Ö¤¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨, ´ ¶·¨-
³¥·, ¤²Ö μ¶·¥¤¥²¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¢´ÊÉ·¥´´¥° ±μ´¢¥·¸¨¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (¶·μ¥±É 04-02-
17144).
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