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

Œ¥Éμ¤ ³¨ ² §¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò μ¶É¨Î¥¸±¨Ì
²¨´¨° ¨§μÉμ¶μ¢ 151,152,153Eu ´   Éμ³´μ³ ¶¥·¥Ìμ¤¥ 4f76s2 8S7/2 → 4f76s6p 6P5/2 ¸ λ ≈ 564,58 ´³.
ˆ§ ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö, ¨§³¥·¥´´μ£μ c ¢Ò¸μ±¨³ · §·¥Ï¥´¨¥³, ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ³ £´¨É-
´ÒÌ ¤¨¶μ²Ó´ÒÌ ¨ Ô²¥±É·¨Î¥¸±¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´Éμ¢ ÔÉ¨Ì Ö¤¥· ¨ ¨§¢²¥Î¥´Ò §´ Î¥´¨Ö ¸¢¥·Ì-
Éμ´±μ° ³ £´¨É´μ°  ´μ³ ²¨¨ ¢ ¨§μÉμ¶¨Î¥¸±¨Ì ¶ · Ì 151,152Eu ¨ 152,153Eu. �¡¸μ²ÕÉ´μ¥ §´ Î¥´¨¥
¸¢¥·ÌÉμ´±μ° ³ £´¨É´μ°  ´μ³ ²¨¨ ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ ´¥μ¡ÒÎ´μ ¡μ²ÓÏμ¥ Å 5(1)%. �¡¸Ê¦¤ ÕÉ¸Ö
¢μ§³μ¦´Ò¥ ¶·¨Î¨´Ò ¢μ§´¨±´μ¢¥´¨Ö É ±μ°  ´μ³ ²¨¨.

High-resolution laser spectroscopy measurements of optical hyperˇne splitting on the 151,152,153Eu
isotopes were performed on the atomic transition 4f76s2 8S7/2 → 4f76s6p6P5/2 at λ ≈ 564.58 nm.
Values of the nuclear magnetic dipole and electric quadrupole moments are obtained from the measured
hyperˇne splitting and the magnetic hyperˇne anomalies in the isotope pairs 151,152Eu and 152,153Eu
are deduced. The absolute values of the hyperˇne anomaly in both cases are unusually large: 5(1)%.
The possible sources causing these anomalies are discussed.

PACS: 21.10.Ft, 21.10.Ky, 32.10.Fn

ˆ¸¸²¥¤μ¢ ´¨¥ ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò ¢ μ¶É¨Î¥¸±¨Ì ¸¶¥±É· Ì  Éμ³μ¢ ¨²¨ ¨μ´μ¢ ¶·¨
¶μ³μÐ¨ ² §¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨ Ö¢²Ö¥É¸Ö ³μÐ´Ò³ ¸·¥¤¸É¢μ³ ¤²Ö ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò
Ö¤· , ¢ Î ¸É´μ¸É¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨Ì ³Ê²ÓÉ¨¶μ²Ó´ÒÌ ³μ³¥´Éμ¢. „²Ö ¡μ²ÓÏμ£μ ±·Ê£  Ô²¥-
³¥´Éμ¢ Ê¦¥ ¶·μ¢¥¤¥´Ò ¸¨¸É¥³ É¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ¤²¨´´ÒÌ Í¥¶μÎ± Ì ¨§μÉμ¶μ¢ ± ±
¢ μ¸´μ¢´μ³, É ± ¨ ¢ ¨§μ³¥·´μ³ ¸μ¸ÉμÖ´¨¨. ‚ ¶·¥¤¥² Ì É ±¨Ì Í¥¶μÎ¥± ¢¸¥ ¥Ð¥ ¸ÊÐ¥¸É¢ÊÕÉ
Ö¤· , ±μÉμ·Ò¥, ¡² £μ¤ ·Ö ¸¢μ¥° ¸¶¥Í¨Ë¨±¥, μ¸É ¢ ²¨¸Ó ¤μ²£μ¥ ¢·¥³Ö ´¥¤μ¸ÉÊ¶´Ò³¨ ¤²Ö
¨§ÊÎ¥´¨Ö, ¨²¨ Ö¤· , ¨´Ëμ·³ Í¨Ö ¤²Ö ±μÉμ·ÒÌ ¶μ²ÊÎ¥´  ¸ ´¥¤μ¸É ÉμÎ´μ° ÉμÎ´μ¸ÉÓÕ. �μ-
²ÊÎ¥´¨¥ ´μ¢ÒÌ ¤ ´´ÒÌ ¨²¨ ¤ ´´ÒÌ ¸ ¶μ¢ÒÏ¥´´μ° ÉμÎ´μ¸ÉÓÕ Ö¢²Ö¥É¸Ö § ¤ Î¥° ´¥ ³¥´¥¥
¢ ¦´μ°, Î¥³ ¶·μ¤²¥´¨¥ ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ ¸¨²Ó´μ ´¥¸É ¡¨²Ó´ÒÌ Ö¤¥·. ’ ±¨¥ ¨¸-
¸²¥¤μ¢ ´¨Ö ¤μ¶μ²´ÖÕÉ μ¡ÐÊÕ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ ¸¨¸É¥³ É¨±Ê ·¥§Ê²ÓÉ Éμ¢ ¤²Ö ¤ ´´μ£μ
Ô²¥³¥´É  ¨ ¤ ÕÉ μ¸´μ¢Ê · §¢¨É¨Ö É¥μ·¥É¨Î¥¸±¨Ì ³μ¤¥²¥°, ¢ Éμ³ Î¨¸²¥ ³μ¤¥²¥°, μ¶¨¸Ò¢ -
ÕÐ¨Ì ¡μ²¥¥ Éμ´±¨¥ ÔËË¥±ÉÒ.

“¦¥ ¸ÊÐ¥¸É¢Ê¥É ·Ö¤ ¤ ´´ÒÌ μ ¸¶¨´ Ì, ³μ³¥´É Ì ¨ ¨§³¥´¥´¨ÖÌ ¸·¥¤´¥±¢ ¤· É¨Î´ÒÌ
§ ·Ö¤μ¢ÒÌ · ¤¨Ê¸μ¢ ¢ ¤²¨´´μ° Í¥¶μÎ±¥ ¥¢·μ¶¨Ö 137−159Eu. �´¨ ¶μ²ÊÎ¥´Ò ³¥Éμ¤μ³
±μ²²¨´¥ ·´μ° ² §¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨ [1Ä4]. �¤´ ±μ ¤ ´´Ò¥ μ Ö¤¥·´ÒÌ ³μ³¥´É Ì, ¢
Î ¸É´μ¸É¨ μ ±¢ ¤·Ê¶μ²Ó´ÒÌ ³μ³¥´É Ì · ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢, ´¥ μÉ²¨Î ÕÉ¸Ö Ìμ·μÏ¥°
ÉμÎ´μ¸ÉÓÕ. Š·μ³¥ Éμ£μ, ¥Ð¥ ´¥É ¤μ¸É ÉμÎ´μ° ¨´Ëμ·³ Í¨¨ μ ¸¢¥·ÌÉμ´±μ° ³ £´¨É´μ°  ´μ-
³ ²¨¨ (‘Œ�) ¢ ÔÉμ° Í¥¶μÎ±¥. ‘Œ� μÉ· ¦ ¥É · §²¨Î¨¥ ¶·μ¸É· ´¸É¢¥´´ÒÌ · ¸¶·¥¤¥²¥´¨°
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³ £´¨É´μ£μ ³μ³¥´É  ¢ ¸μ¸¥¤´¨Ì ¨§μÉμ¶ Ì ¨ ¶·μÖ¢²Ö¥É¸Ö μ¸μ¡¥´´μ ¸¨²Ó´μ ¢ É¥Ì ¸²ÊÎ ÖÌ,
±μ£¤  μ´¨ ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´μ · §²¨Î ÕÐÊÕ¸Ö Ö¤¥·´ÊÕ ¸É·Ê±ÉÊ·Ê. �Éμ, ¢ Î ¸É´μ¸É¨, μÉ-
´μ¸¨É¸Ö ± ¨§μÉμ¶Ê 152Eu ¨ ¥£μ ¡²¨¦ °Ï¥³Ê μ±·Ê¦¥´¨Õ. �±¸¶¥·¨³¥´É ²Ó´μ ‘Œ�, 1Δ2,
¶·μÖ¢²Ö¥É¸Ö ¢ Éμ³, ÎÉμ μÉ´μÏ¥´¨¥ ³ £´¨É´ÒÌ ¤¨¶μ²Ó´ÒÌ ±μ´¸É ´É A1 ¨ A2 ¤¢ÊÌ ¨§μÉμ¶μ¢
1 ¨ 2 μÉ²¨Î ¥É¸Ö μÉ μÉ´μÏ¥´¨Ö ¨Ì g-Ë ±Éμ·μ¢ (g = μ/I , £¤¥ μ Å ³ £´¨É´Ò° ¤¨¶μ²Ó´Ò°
³μ³¥´É Ö¤· , I Å ¥£μ ¸¶¨´):

1Δ2 = 1 − A1/A2

g1/g2
= 1 − A1

A2

μ2I1

μ1I2
. (1)

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¸¢¥·ÌÉμ´-
±μ° ¸É·Ê±ÉÊ·Ò · ¤¨μ ±É¨¢´μ£μ ¨§μÉμ¶  152Eu, ¨§³¥·¥´´μ° ´   Éμ³´μ³ ¶¥·¥Ìμ¤¥ 4f76s2

8S7/2 (0 ¸³−1) → 4f76s6p 6P5/2 (17707 ¸³−1) ¸ ¤²¨´μ° ¢μ²´Ò 564,58 ´³, ¥£μ Ö¤¥·-
´ÒÌ ³μ³¥´Éμ¢ ¨ ¸¢¥·ÌÉμ´±μ° ³ £´¨É´μ°  ´μ³ ²¨¨. �É¨ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ³¥Éμ¤μ³
² §¥·´μ-¨´¤ÊÍ¨·μ¢ ´´μ° ·¥§μ´ ´¸´μ° Ë²Êμ·¥¸Í¥´Í¨¨ ¢  Éμ³´μ³ ¶ÊÎ±¥. �±¸¶¥·¨³¥´ÉÒ
¶·μ¢μ¤¨²¨¸Ó ´  ² §¥·´μ³ ¸¶¥±É·μ³¥É·¥ ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ [5]. �¥-
¤ ¢´ÖÖ ³μ¤¨Ë¨± Í¨Ö ÔÉμ° Ê¸É ´μ¢±¨ ¶·¨¢¥²  ± ¸ÊÐ¥¸É¢¥´´μ³Ê Ê²ÊÎÏ¥´¨Õ ¥¥ ¶ · ³¥É·μ¢,
ÎÉμ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò, ¸μμÉ¢¥É¸É¢¥´´μ
μ¶·¥¤¥²ÖÉÓ Ö¤¥·´Ò¥ ³ £´¨É´Ò¥ ¤¨¶μ²Ó´Ò¥ ¨ Ô²¥±É·¨Î¥¸±¨¥ ±¢ ¤·Ê¶μ²Ó´Ò¥ ³μ³¥´ÉÒ ¸
¤μ¸É ÉμÎ´μ Ìμ·μÏ¥° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ (∼1012  Éμ³μ¢ ¢ μ¡· §Í¥) ¨ ¢Ò¸μ±¨³ · §·¥Ï¥-
´¨¥³ (¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ŒƒÍ). � §·¥Ï¥´¨¥ ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ ¥¸É¥¸É¢¥´´μ° Ï¨·¨´Ò
²¨´¨¨ ¥¢·μ¶¨Ö ´  ¨§ÊÎ ¥³μ³ μ¶É¨Î¥¸±μ³ ¶¥·¥Ìμ¤¥. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸Ê´±¥ ¶μ-
± § ´ ¸¶¥±É· ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö ´¨¦´¥£μ Ê·μ¢´Ö ¨¸¸²¥¤Ê¥³μ£μ ¶¥·¥Ìμ¤ .

’·¨¶²¥É´ Ö £·Ê¶¶  ¢ ¸¶¥±É·¥ 152Eu, μÉ¢¥Î ÕÐ Ö ¶¥·¥Ìμ¤ ³ ¸ ±μ³¶μ´¥´ÉÒ F ′ = 5,5 ¸¢¥·ÌÉμ´±μ°
¸É·Ê±ÉÊ·Ò ¢μ§¡Ê¦¤¥´´μ£μ 6P5/2-Ê·μ¢´Ö ± ±μ³¶μ´¥´É ³ F = 6,5, 5,5, 4,5 ¸¢¥·ÌÉμ´±μ° ¸É·Ê±ÉÊ·Ò

μ¸´μ¢´μ£μ 8S7/2-Ê·μ¢´Ö. ‡¤¥¸Ó F Å ¶μ²´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ ¶μ¤Ê·μ¢´Ö ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö.
�±¸¶¥·¨³¥´É ²Ó´ Ö Ï¨·¨´  μÉ¤¥²Ó´ÒÌ ²¨´¨° Å 9 ŒƒÍ

ˆ§μÉμ¶ 152Eu (T1/2 = 13,542 £.) ¶μ²ÊÎ ²¸Ö ¨§ ¸É ¡¨²Ó´μ£μ ¨§μÉμ¶  151Eu ¢ ·¥ ±Í¨¨
151Eu(n, γ)152Eu. �ÊÉ¥³ Ì¨³¨Î¥¸±μ° ¸¥¶ · Í¨¨ ¥¢·μ¶¨° ¨§¢²¥± ²¸Ö ¨§ ³¨Ï¥´¨ ¢ ¢¨¤¥
¸μ¥¤¨´¥´¨Ö Eu(NO3)3×6H2O. ‚μ¤´Ò° · ¸É¢μ· ÔÉμ£μ ¸μ¥¤¨´¥´¨Ö ´ ´μ¸¨²¸Ö ´  É ´É ²μ-
¢ÊÕ Ëμ²Ó£Ê ¨ ¢Ò¸ÊÏ¨¢ ²¸Ö. ˆ§μÉμ¶´Ò° ¸μ¸É ¢ μ¡· §Íμ¢ ¡Ò² ¸²¥¤ÊÕÐ¨°: 152Eu : 153Eu :
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151Eu = 1 : 102 : 5 · 103. ‡´ Î¨É¥²Ó´μ¥ ¸μ¤¥·¦ ´¨¥ ¸É ¡¨²Ó´ÒÌ ¨§μÉμ¶μ¢ ¥¢·μ¶¨Ö ¢
μ¡· §Í Ì ¶·¨¢μ¤¨²μ ± ¸¨²Ó´μ³Ê ¸³¥Ï¨¢ ´¨Õ ¸¢¥·ÌÉμ´±¨Ì ¸É·Ê±ÉÊ· ¨¸¸²¥¤Ê¥³ÒÌ ¨§μ-
Éμ¶μ¢. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¸² ¡μ¨´É¥´¸¨¢´Ò¥ ²¨´¨¨ 152Eu ¶¥·¥±·Ò¢ ÕÉ¸Ö ¨´É¥´¸¨¢´Ò³¨
²¨´¨Ö³¨ ¸É ¡¨²Ó´ÒÌ ¨§μÉμ¶μ¢ ¨/¨²¨ ¨Ì ¶·μ¤μ²Ó´Ò³¨ ³μ¤ ³¨. �μÔÉμ³Ê ¡Ò²  § ·¥£¨¸É·¨-
·μ¢ ´  Éμ²Ó±μ Î ¸ÉÓ ±μ³¶μ´¥´É ‘’‘ · ¤¨μ ±É¨¢´μ£μ ¨§μÉμ¶ .

ˆ§ ¸¶¥±É·μ¢ ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ -
¤· Éμ¢ ¶μ ¤¢ÊÌ¶ · ³¥É·¨Î¥¸±μ° Ëμ·³Ê²¥ Š §¨³¨·  [6] μ¶·¥¤¥²¥´Ò ±μ´¸É ´ÉÒ ³ £´¨É-
´μ£μ ¤¨¶μ²Ó´μ£μ (A) ¨ Ô²¥±É·¨Î¥¸±μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ (B) · ¸Ð¥¶²¥´¨Ö Ê·μ¢´Ö 4f76s2

¢ 152Eu (¸³. É ¡². 1). � ÉμÎ´μ¸É¨ ¶·¨³¥´Ö¥³μ£μ ¢ ÔÉμ° · ¡μÉ¥ ³¥Éμ¤  ³μ¦´μ ¸Ê¤¨ÉÓ,
¸· ¢´¨¢ Ö ·¥§Ê²ÓÉ ÉÒ ¸ ¤ ´´Ò³¨ [7], ¶μ²ÊÎ¥´´Ò³¨ ¶·¥Í¨§¨μ´´Ò³ ³¥Éμ¤μ³ ³ £´¨É´μ£μ
·¥§μ´ ´¸  ¢  Éμ³´μ³ ¶ÊÎ±¥. Š ± ¢¨¤´μ, ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤μ¸É¨£´ÊÉ  ´¥ Éμ²Ó±μ ¡μ²Ó-
Ï Ö ÉμÎ´μ¸ÉÓ, ´μ ¨ ¢¶¥·¢Ò¥ μ¶·¥¤¥²¥´ §´ ± ³ £´¨É´μ° ¤¨¶μ²Ó´μ° ±μ´¸É ´ÉÒ μ¸´μ¢´μ£μ
 Éμ³´μ£μ Ê·μ¢´Ö 152Eu.

’ ¡²¨Í  1. Šμ´¸É ´ÉÒ ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö ´¨¦´¥£μ ¨ ¢¥·Ì´¥£μ Ê·μ¢´Ö μ¶É¨Î¥¸±μ£μ
¶¥·¥Ìμ¤  ¸ λ = 564,58 ´³ ¤²Ö 152Eu. „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¨§ ¤·Ê£¨Ì · ¡μÉ

“·μ¢¥´Ó A, ŒƒÍ B, ŒƒÍ ‘¸Ò²± 
8S7/2 +9,343(6) Ä2,055 �É  · ¡μÉ 

+9,345(6) ± 1,930(165) [7]
6P5/2 +262,2 Ä1038(21) �É  · ¡μÉ 

’ ¡²¨Í  2. Œ £´¨É´Ò° ¤¨¶μ²Ó´Ò° ¨ Ô²¥±É·¨Î¥¸±¨° ±¢ ¤·Ê¶μ²Ó´Ò° ³μ³¥´ÉÒ 152…u. Œ £-
´¨É´Ò° ³μ³¥´É ¸±μ··¥±É¨·μ¢ ´ ´  ¤¨ ³ £´¥É¨§³. �¥§Ê²ÓÉ ÉÒ ¤·Ê£¨Ì · ¡μÉ ¶μ²ÊÎ¥´Ò ³¥Éμ¤μ³
±μ²²¨´¥ ·´μ° ² §¥·´μ° ¸¶¥±É·μ¸±μ¶¨¨ ´  μ¶É¨Î¥¸±¨Ì ¶¥·¥Ìμ¤ Ì ¨μ´μ¢ …u

I μ, μN ‘¸Ò²±  Qs, b ‘¸Ò²± 

3− Ä1,9411(12) �É  · ¡μÉ  +2,71(5) �É  · ¡μÉ 
Ä1,9413(14) [3] +2,86(18) [3]
Ä1,94401(8)∗ [8] +2,71(3)∗ [8]

∗ �É¨ §´ Î¥´¨Ö μ ¨ Qs [8] ¶μ²ÊÎ¥´Ò ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö
¤ ´´ÒÌ ¶μ ³´μ£¨³ ¶¥·¥Ìμ¤ ³.

‡´ Î¥´¨¥ ³ £´¨É´μ£μ ¤¨¶μ²Ó´μ£μ ³μ³¥´É  (¸³. É ¡². 2) ¨§¢²¥Î¥´μ ¨§ ±μ´¸É ´ÉÒ
A(8S7/2) ¨§μÉμ¶  152Eu ¶μ μÉ´μÏ¥´¨Õ ± ³ £´¨É´μ³Ê ³μ³¥´ÉÊ 151Eu ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¸μμÉ´μÏ¥´¨Ö (1) ¢ ¶·¨¡²¨¦¥´¨¨ 1Δ2 = 0. Š ± ¶μ± § ´μ ¢ [9], §´ Î¥´¨Ö ‘Œ� ¤²Ö μ¸´μ¢-
´μ£μ Ê·μ¢´Ö ·¥¤±μ§¥³¥²Ó´ÒÌ Ô²¥³¥´Éμ¢, ¢ Éμ³ Î¨¸²¥ ¨ ¥¢·μ¶¨Ö, ±μ´Ë¨£Ê· Í¨Ö ±μÉμ·μ£μ
¸μ¤¥·¦¨É ¸¶ ·¥´´Ò¥ s-Ô²¥±É·μ´Ò, ³¥´ÓÏ¥ 10−3 ¨ ¥Õ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. „²Ö ± ²¨¡·μ¢±¨
¢Ò¡· ´ 151Eu, É ± ± ± ¥£μ ³ £´¨É´Ò° ³μ³¥´É μ(151) = 3,4717(6)μN ¶μ²ÊÎ¥´ ¸ ¡μ²ÓÏμ°
ÉμÎ´μ¸ÉÓÕ ³¥Éμ¤μ³ ³ £´¨É´μ£μ ·¥§μ´ ´¸  ¢  Éμ³´μ³ ¶ÊÎ±¥ [10].

�²¥±É·¨Î¥¸±¨° ±¢ ¤·Ê¶μ²Ó´Ò° ³μ³¥´É 152Eu μ¶·¥¤¥²¥´ ¸ ¶μ³μÐÓÕ ¨§¢¥¸É´μ£μ ¸μμÉ-
´μÏ¥´¨Ö:

Q152
s

QA
s

=
B152

BA
. (2)
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„²Ö ± ²¨¡·μ¢±¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó §´ Î¥´¨Ö Qs ¸É ¡¨²Ó´ÒÌ ¨§μÉμ¶μ¢ ¥¢·μ¶¨Ö 151Eu ¨
153Eu [11], μ¶·¥¤¥²¥´´ÒÌ ¶μ ¸¶¥±É· ³ ³¥§μ Éμ³μ¢. �´¨ ¨³¥ÕÉ ¸ ³ÊÕ ¢Ò¸μ±ÊÕ ÉμÎ´μ¸ÉÓ
(μÏ¨¡±  ³¥´ÓÏ¥ 1%), ¨ ¢ ´¨Ì ´¥ ´ ¤μ ¢¢μ¤¨ÉÓ ¶μ¶· ¢±Ê ˜É¥·´Ì¥°³¥· . ‚ É ¡². 2 ¶·¨¢¥-
¤¥´μ ¸·¥¤´¥¥ ¨§ ¶μ²ÊÎ¥´´ÒÌ ¤¢ÊÌ §´ Î¥´¨° ¸¶¥±É·μ¸±μ¶¨Î¥¸±μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É 
152Eu. �¥§Ê²ÓÉ ÉÒ ¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±ÊÕ ÉμÎ´μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ³¥Éμ¤ .

„²Ö ¶μ²ÊÎ¥´¨Ö ±μ´¸É ´É ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö ¢μ§¡Ê¦¤¥´´μ£μ Ê·μ¢´Ö 4f76s6p
6P5/2 ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤, μ¶¨¸ ´´Ò° ¢ ´ Ï¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ ¶μ 155Eu [12]. �´ ¤ ¥É
¢μ§³μ¦´μ¸ÉÓ ¨§¢²¥ÎÓ A(6P5/2) ¨ B(6P5/2) ¸ ¡μ²ÓÏ¥° ÉμÎ´μ¸ÉÓÕ, Î¥³ ¶·Ö³μ¥ μ¶·¥¤¥²¥´¨¥
³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ ¨§ Ëμ·³Ê²Ò Š §¨³¨· . „¥²μ ¢ Éμ³, ÎÉμ ¶·¥Í¨§¨μ´´μ¸ÉÓ
Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ³¥Éμ¤ , ¨¸¶μ²Ó§μ¢ ´´μ£μ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ¸¨²Ó´μ Ê³¥´ÓÏ ¥É¸Ö
¶·¨ · ¡μÉ¥ ¸ ´¥· §¤¥²¥´´Ò³¨ ¨§μÉμ¶ ³¨ ¨§-§  ¶¥·¥±·ÒÉ¨Ö ±μ³¶μ´¥´É ¸¢¥·ÌÉμ´±μ£μ · ¸-
Ð¥¶²¥´¨Ö ¸É ¡¨²Ó´ÒÌ ¨§μÉμ¶μ¢ ¨ 152Eu. ‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¡Ò²  μ¶·¥¤¥²¥´  ±μ´¸É ´É 
Ô²¥±É·¨Î¥¸±μ£μ ±¢ ¤·Ê¶μ²Ó´μ£μ ³μ³¥´É  ¸ ÊÎ¥Éμ³ Éμ£μ Ë ±É , ÎÉμ μÉ´μÏ¥´¨Ö Ô²¥±É·¨Î¥-
¸±¨Ì ±¢ ¤·Ê¶μ²Ó´ÒÌ ±μ´¸É ´É μ¡μ¨Ì Ê·μ¢´¥° μ¶É¨Î¥¸±μ£μ ¶¥·¥Ìμ¤  ¤μ²¦´Ò ¡ÒÉÓ μ¤¨´ -
±μ¢Ò³¨ ¤²Ö ¢¸¥Ì ¨§μÉμ¶μ¢ ¤ ´´μ£μ Ô²¥³¥´É :

B(151, 8S7/2)
B(151, 6P5/2)

=
B(153, 8S7/2)
B(153, 6P5/2)

=
B(152, 8S7/2)
B(152, 6P5/2)

. (3)

‘μ §´ Î¥´¨Ö³¨ B(151), B(153) ¤²Ö μ¸´μ¢´μ£μ 8S7/2 ¨§ [10], B(151), B(153) ¤²Ö ¢μ§-
¡Ê¦¤¥´´μ£μ 6P5/2-Ê·μ¢´Ö ¨§ [12] ¨ μ¶·¥¤¥²¥´´μ° ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ±μ´¸É ´Éμ° B(152,
8S7/2) ¶μ²ÊÎ ¥É¸Ö: B(152, 6P5/2) = Ä1016(24) ŒƒÍ ¨ B(152, 6P5/2) = Ä1060(25) ŒƒÍ
¸μμÉ¢¥É¸É¢¥´´μ ¨§ ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ μÉ´μÏ¥´¨° (3). �¥¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê μ¡μ¨³¨
§´ Î¥´¨Ö³¨ ¶μ·Ö¤±  4 % ´¥ ¨³¥¥É ¸ÊÐ¥¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ´  ¤ ²Ó´¥°Ï¨¥ ·¥§Ê²ÓÉ ÉÒ.
�μÔÉμ³Ê ³Ò μ¶·¥¤¥²Ö¥³ B(6P5/2, 152) ± ± ¸·¥¤´¥¥ ¨§ ¤¢ÊÌ ¶μ²ÊÎ¥´´ÒÌ §´ Î¥´¨°. �Éμ
§´ Î¥´¨¥ ¸μ ¸É ´¤ ·É´Ò³ μÉ±²μ´¥´¨¥³ ¶·¨¢¥¤¥´μ ¢ É ¡². 1. „ ²¥¥ ¨§ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ §´ Î¥´¨° ¨´É¥·¢ ²μ¢ ΔW (F , FÄ1) ¨ Ëμ·³Ê²Ò Š §¨³¨·  μ¶·¥¤¥²¥´  ±μ´¸É ´É 
A(6P5/2, 152) (É ¡². 1). �μ¤¸É ¢²ÖÖ §´ Î¥´¨¥ A(6P5/2, 152) ¢ Ëμ·³Ê²Ê (1) ¤²Ö ‘Œ�
¢ ¨§μÉμ¶¨Î¥¸±¨Ì ¶ · Ì 151,152…u ¨ 152,153…u, ¨³¥¥³

151Δ152 = −5,1(9)% ¨ 152Δ153 = 5,7(8)%. (4)

�·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ²μ¸Ó §´ Î¥´¨¥ ³ £´¨É´μ£μ ³μ³¥´É  μ (152) ¨§ ´ ¸ÉμÖÐ¥° · ¡μÉÒ,
  É ±¦¥ ³ £´¨É´Ò¥ ¤¨¶μ²Ó´Ò¥ ±μ´¸É ´ÉÒ A(6P5/2) ¨ ³ £´¨É´Ò¥ ³μ³¥´ÉÒ ¨§μÉμ¶μ¢ 151…u
(153…u) ¨§ [12] ¨ [8] ¸μμÉ¢¥É¸É¢¥´´μ.

�μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ‘Œ� μ± § ²¨¸Ó ´¥μ¡ÒÎ´μ ¡μ²ÓÏ¨³¨, §´ Î¨É¥²Ó´μ ¢ÒÏ¥ ¡μ²Ó-
Ï¨´¸É¢  ¨§¢¥¸É´ÒÌ ‘Œ� [13]. ’ ±¨¥ §´ Î¥´¨Ö ‘Œ� μÉ· ¦ ÕÉ ¸ÊÐ¥¸É¢¥´´μ¥ · §²¨Î¨¥
· ¸¶·¥¤¥²¥´¨° Ö¤¥·´μ£μ ³ £´¥É¨§³  ¢ ¸· ¢´¨¢ ¥³ÒÌ Ö¤· Ì, ´μ ¢μ§³μ¦´Ò ¨ ¤·Ê£¨¥ ÔË-
Ë¥±ÉÒ. �É¨ ÔËË¥±ÉÒ ¢²¨ÖÕÉ ´  ³ £´¨É´Ò¥ ¤¨¶μ²Ó´Ò¥ ±μ´¸É ´ÉÒ, ¨ ¨Ì ´Ê¦´μ ÊÎ¥¸ÉÓ,
ÎÉμ¡Ò ¨§¢²¥ÎÓ ¢ Î¨¸Éμ³ ¢¨¤¥ ¢±² ¤ Ö¤¥·´ÒÌ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢. �·μÍ¥¤Ê·  ¸μ¸Éμ¨É
¢μ ¢¢¥¤¥´¨¨ ¶μ¶· ¢μ± ´  ¶·¨¢¥¤¥´´ÊÕ ³ ¸¸Ê Î ¸É¨Í, ´  · ¸¶·¥¤¥²¥´¨¥ § ·Ö¤  ¶μ μ¡Ñ-
¥³Ê Ö¤·  (ÔËË¥±É 	·¥°É Ä�μ§¥´É ²Ö) ¨ ´  ÔËË¥±ÉÒ ¢Éμ·μ£μ ¶μ·Ö¤±  (É ± ´ §Ò¢ ¥³Ò¥
´¥¤¨ £μ´ ²Ó´Ò¥ ÔËË¥±ÉÒ). �¤´ ±μ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶¥·¢μ° ¶μ¶· ¢±μ° ¤²Ö ¸·¥¤´¨Ì
¨ ÉÖ¦¥²ÒÌ Ö¤¥· ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. �μ¶· ¢±  	·¥°É Ä�μ§¥´É ²Ö εBR ¨³¥¥É ¡μ²ÓÏ¨¥
§´ Î¥´¨Ö ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥· (´ ¶·¨³¥·, ¸μ¸É ¢²Ö¥É 20 % ¤²Ö Z = 90), ´μ ¥¥ ¨§μÉμ¶´Ò¥
¢ ·¨ Í¨¨ μ¡ÒÎ´μ ³ ²Ò, ¶μ·Ö¤±  10−4. �¥¤¨ £μ´ ²Ó´Ò¥ ÔËË¥±ÉÒ ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥
¸³¥Ï¨¢ ´¨Ö ±μ´Ë¨£Ê· Í¨°. ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ±μ³¶μ´¥´É ³¨ ‘’‘ ¸ ¤ ´´Ò³ ¶μ²´Ò³
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±¢ ´Éμ¢Ò³ Î¨¸²μ³ F , ´μ ¶·¨´ ¤²¥¦ Ð¨³¨ ± · §´Ò³ Ê·μ¢´Ö³ J , ¶·¨¢μ¤¨É ± ¨§³¥´¥´¨Õ
Ô´¥·£¨¨ W (F ) ¸¢¥·ÌÉμ´±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨ μÉ¸Õ¤  Å ± ¨§³¥´¥´¨Õ ±μ´¸É ´É A, B ¨
± ± ¦ÊÐ¥³Ê¸Ö ´ ²¨Î¨Õ ‘Œ�.

‘³¥Ï¨¢ ´¨¥ Ô²¥±É·μ´´ÒÌ ±μ´Ë¨£Ê· Í¨° ³μ¦¥É ¨³¥ÉÓ §´ Î¨É¥²Ó´μ¥ ¢²¨Ö´¨¥ ´  ¸¢¥·Ì-
Éμ´±μ¥ · ¸Ð¥¶²¥´¨¥ ¢ ¨§μÉμ¶ Ì ¥¢·μ¶¨Ö [14]. �ÉμÉ ÔËË¥±É Ê¦¥ μ¡¸Ê¦¤ ²¸Ö ¤¥É ²Ó´μ ¢
´ Ï¥° ¶·¥¤Ò¤ÊÐ¥° · ¡μÉ¥ μ …u [12]. 	Ò²μ ¶μ± § ´μ, ÎÉμ ¤²Ö μ¸´μ¢´μ£μ  Éμ³´μ£μ Ê·μ¢´Ö
¥¢·μ¶¨Ö,   É ±¦¥ ¤·Ê£¨Ì ·¥¤±¨Ì §¥³¥²Ó, ÔËË¥±É ¢Éμ·μ£μ ¶μ·Ö¤±  ¶·¥´¥¡·¥¦¨³μ ³ ².
‚ ¸²ÊÎ ¥ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ± ·É¨´  ¡μ²¥¥ ¸²μ¦´ Ö, É ± ± ± ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ°
¡²¨§μ¸É¨ μÉ · ¸¸³ É·¨¢ ¥³μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ´ Ìμ¤¨É¸Ö Í¥²Ò° ·Ö¤ Ê·μ¢´¥°
· §²¨Î´ÒÌ É¥·³μ¢, ¢²¨Ö´¨¥ ±μÉμ·ÒÌ ¤μ²¦´μ ¡ÒÉÓ ÊÎÉ¥´μ. � ¸Î¥ÉÒ ¤²Ö 151…u,153…u ¨
155…u [9, 12] ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶μ¶· ¢±¨ ± ¨´É¥·¢ ² ³ ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö ¨³¥ÕÉ
¢¥²¨Î¨´Ê ¶μ·Ö¤±  2 ŒƒÍ,   ± ±μ´¸É ´É ³ A Å ´¥ ¶·¥¢ÒÏ ÕÉ 1 ŒƒÍ. ‚ ¸²ÊÎ ¥ 152…u
Î¨¸²μ ¨§³¥·¥´´ÒÌ ¨´É¥·¢ ²μ¢ ‘’�, ΔWP5/2(F , FÄ1), Ê·μ¢´Ö 6P5/2 ´¥ ¶μ§¢μ²Ö²μ ¶·μ-
¢¥¸É¨ · ¸Î¥ÉÒ ¶μ¶· ¢μ±, μ¶¨¸ ´´Ò¥ ¢ [12]. �μÔÉμ³Ê ¢ ¶·μÍ¥¤Ê·¥ ¨§¢²¥Î¥´¨Ö (· ¢¥´¸É¢μ
(3)) ±μ´¸É ´ÉÒ A(6P5/2, 152) ¥¤¨´¸É¢¥´´Ò¥ ¢¥²¨Î¨´Ò, ´¥ ¸±μ··¥±É¨·μ¢ ´´Ò¥ ´  ¢²¨-
Ö´¨¥ ÔËË¥±Éμ¢ ¢Éμ·μ£μ ¶μ·Ö¤± , Å ÔÉμ ¨´É¥·¢ ²Ò ΔWP5/2(F , FÄ1). �¤´ ±μ ¸²¥¤Ê¥É
§ ³¥É¨ÉÓ, ÎÉμ ¨§³¥´¥´¨¥ §´ Î¥´¨Ö ÔÉ¨Ì ¨´É¥·¢ ²μ¢ ¤ ¦¥ ´  ´¥·¥ ²Ó´μ ¡μ²ÓÏÊÕ ¢¥²¨Î¨´Ê
≈ 10 ŒƒÍ ¶·¨¢μ¤¨É ²¨ÏÓ ± ´¥§´ Î¨É¥²Ó´μ³Ê ¨§³¥´¥´¨Õ §´ Î¥´¨° ‘Œ� (· ¢¥´¸É¢μ (4)),
Ê±² ¤Ò¢ ÕÐ¥³Ê¸Ö ¢ ¶·¥¤¥²Ò μÏ¨¡±¨.

„μ¶μ²´¨É¥²Ó´μ¥ μ¡μ¸´μ¢ ´¨¥ ¤μ¸Éμ¢¥·´μ¸É¨ ¶μ²ÊÎ¥´´μ° ´¥μ¡ÒÎ´μ ¡μ²ÓÏμ° ‘Œ� ¢
¨§μÉμ¶¨Î¥¸±¨Ì ¶ · Ì 152,151Eu ¨ 152,153Eu § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³. „μ¶Ê¸É¨³, ÎÉμ ¢ ¨§μ-
Éμ¶¨Î¥¸±¨Ì ¶ · Ì 151,152Eu ¨ 152,152Eu ´¥ ¸ÊÐ¥¸É¢Ê¥É ‘Œ�. ’μ£¤  ±μ´¸É ´ÉÊ A(152Eu)
³ £´¨É´μ£μ ¤¨¶μ²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢μ§¡Ê¦¤¥´´μ£μ Ê·μ¢´Ö 6P5/2 ³μ¦´μ ¨§¢²¥ÎÓ ¨§
Ëμ·³Ê²Ò (1), ¢ ±μÉμ·μ° ¶μ²μ¦¥´μ 152Δ151 = 0 (152Δ153 = 0). ‘ ÔÉ¨³¨ §´ Î¥´¨Ö³¨
A(6P5/2,

152Eu) ¨ ¸ B(6P5/2,
152Eu) ¨§ É ¡². 1, ´ ¶·¨³¥·, ¤²Ö ¨´É¥·¢ ²  ΔW (F , FÄ1)

= W (5,5) Ä W (4,5) ¶μ²ÊÎ ¥³: 958(9) ŒƒÍ ¨ 945(10) ŒƒÍ, ¸μμÉ¢¥É¸É¢¥´´μ ¸ ¤ ´´Ò³¨ ¤²Ö
151Eu ¨ 153Eu. �±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ÔÉμ£μ ¨´É¥·¢ ²  871,32(42) ŒƒÍ. � §´μ¸ÉÓ
³¥¦¤Ê Ô±¸¶¥·¨³¥´Éμ³ ¨ ¶·¥¤¸± § ´¨¥³ ³´μ£μ±· É´μ ¶·¥¢ÒÏ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ´¥-
μ¶·¥¤¥²¥´´μ¸É¨ ¨ ¶·¨¢μ¤¨É ± μÎ¥¢¨¤´μ³Ê § ±²ÕÎ¥´¨Õ μ ´ ²¨Î¨¨ ¡μ²ÓÏμ° ‘Œ�.

�¸μ¡¥´´μ¸ÉÓÕ Ö¤¥· ¢ Í¥¶μÎ±¥ 151−153Eu Ö¢²Ö¥É¸Ö ·¥§±¨° ¸± Îμ± ¤¥Ëμ·³ Í¨¨ ³¥¦¤Ê
N = 88 ¨ N = 89. � ¶·¨³¥·, ¤²Ö ¨§μÉμ¶¨Î¥¸±μ° ¶ ·Ò 151,153Eu §´ Î¥´¨¥ ‘Œ�
151Δ153 = 0,76(4)% [12] Ö¢´μ ¸¢Ö§ ´μ ¸ ´ ¡²Õ¤ ¥³Ò³ ¸± Î±μ³ ¤¥Ëμ·³ Í¨¨ ¢ ¶¥·¥Ìμ¤-
´μ° μ¡² ¸É¨. �ÉμÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ·¥§Ê²ÓÉ É ¶μ¤É¢¥·¦¤¥´ ´¥¤ ¢´¨³¨ · ¸Î¥É ³¨ [15],
μ¸´μ¢Ò¢ ÕÐ¨³¨¸Ö ´  ³μ¤¥²¨ Î ¸É¨Í -·μÉμ·, É ±¨³ μ¡· §μ³ ÊÎ¨ÉÒ¢ ÕÐ¨³¨ ¨§³¥´¥´¨¥
¤¥Ëμ·³ Í¨¨. � ¤μ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ μÉ ¸Ë¥·¨Î¥¸±μ£μ ± ¤¥Ëμ·³¨·μ¢ ´´μ³Ê
Ö¤·Ê ¶μ¶· ¢±  	·¥°É Ä�μ§¥´É ²Ö εBR ³μ¦¥É μ± § ÉÓ¸Ö ¡μ²ÓÏμ° [13], É. ¥. ¨§³¥·¥´´ Ö
‘Œ� ³μ¦¥É ¡ÒÉÓ ·¥§Ê²ÓÉ Éμ³ ´¥ Éμ²Ó±μ ¨§³¥´¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´ÒÌ ³μ³¥´Éμ¢,
´μ ¨ ¨§³¥´¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤μ¢ ¶μ μ¡Ñ¥³Ê Ö¤· .

‚Éμ·μ° μ¸μ¡¥´´μ¸ÉÓÕ ¢ Í¥¶μÎ±¥ 151−153Eu Ö¢²Ö¥É¸Ö ¤μ¡ ¢²¥´¨¥ ´¥¸¶ ·¥´´μ£μ ´¥°-
É·μ´  ± Ö¤·Ê 152Eu, ±μÉμ·Ò° Ê¢¥²¨Î¨¢ ¥É ¤μ²Õ ¸¶¨´μ¢μ° ±μ³¶μ´¥´ÉÒ ¢ ³ £´¨É´μ³ ³μ-
³¥´É¥ Ö¤·  ¨ ¶·¨¢μ¤¨É ± ·μ¸ÉÊ ¸·¥¤´¥£μ · ¤¨Ê¸  · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ Éμ± 
¨ ¨´¤ÊÍ¨·Ê¥³μ£μ ¨³ ³ £´¨É´μ£μ ³μ³¥´É . 	μ²ÓÏμ¥ §´ Î¥´¨¥ ‘Œ� ¤²Ö ¨§μÉμ¶¨Î¥¸±μ°
¶ ·Ò 151,152Eu ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¸μÎ¥É ´¨¥³ ¤¢ÊÌ ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ Ë ±Éμ·μ¢: ¨§³¥-
´¥´¨¥³ Ëμ·³Ò ¨ ¤μ¡ ¢²¥´¨¥³ ´¥¸¶ ·¥´´μ£μ ´¥°É·μ´ . �¤´ ±μ §´ Î¥´¨¥ ‘Œ� Éμ£μ ¦¥
¸ ³μ£μ ¶μ·Ö¤±  ¢ ¨§μÉμ¶¨Î¥¸±μ° ¶ ·¥ 152,153Eu ¢·Ö¤ ²¨ ¸¢Ö§ ´μ ¸ ¨§³¥´¥´¨¥³ Ëμ·³Ò, É ±
± ± μ¡  ¨§μÉμ¶  152Eu ¨ 153Eu ¨³¥ÕÉ ¶·¨¡²¨§¨É¥²Ó´μ μ¤¨´ ±μ¢ÊÕ ¤¥Ëμ·³ Í¨Õ. ‚¨¤¨³μ,
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¢¸¥-É ±¨ ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ ¶·¥μ¡² ¤ ÕÐÊÕ ·μ²Ó ¨£· ¥É ´ ²¨Î¨¥ ´¥¸¶ ·¥´´μ£μ ´¥°É·μ´ 
¢ Ö¤·¥ 152Eu. Š ¸μ¦ ²¥´¨Õ, ´ ¸±μ²Ó±μ ´ ³ ¨§¢¥¸É´μ, ¶μ±  ´¥É É¥μ·¥É¨Î¥¸±¨Ì · ¸Î¥Éμ¢,
μ¶¨¸Ò¢ ÕÐ¨Ì ‘Œ� ³¥¦¤Ê ¨§μÉμ¶ ³¨ ¸ Î¥É´Ò³ ¨ ´¥Î¥É´Ò³ Î¨¸²μ³ ´¥°É·μ´μ¢. ‚ ¤ ²Ó-
´¥°Ï¥³ ¶·¥¤¶μ² £ ¥É¸Ö ¶·μ¢¥¸É¨ ¨§³¥·¥´¨Ö ‘Œ� ¨ ¤²Ö ¤·Ê£¨Ì ¨§μÉμ¶μ¢ ¥¢·μ¶¨Ö, £¤¥
ÔÉ¨ ÔËË¥±ÉÒ ³μ£ÊÉ ¶·μÖ¢²ÖÉÓ¸Ö ¸¨²Ó´¥¥.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ 
. �.�¥´¨μ´¦±¥¢¨ÎÊ ¨ 
. –.�£ ´¥¸Ö-
´Ê §  ¶μ¸ÉμÖ´´Ò° ¨´É¥·¥¸ ¨ ¶μ¤¤¥·¦±Ê · ¡μÉÒ. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ
(£· ´É º 06-02-16675) ¨ ”μ´¤  �²¥±¸ ´¤·  Ëμ´ ƒÊ³¡μ²Ó¤É .
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