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‚ ‹�” �ˆŸˆ ´  ¨³¶Ê²Ó¸´μ³ ´¥°É·μ´´μ³ ¨¸ÉμÎ´¨±¥ ˆ�…� ¶·μ¢μ¤ÖÉ¸Ö ¨¸¸²¥¤μ¢ ´¨Ö ´¥°É·μ´-
Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨ ¶·¨±² ¤´ÒÌ Í¥²ÖÌ. Š ¶μ¸²¥¤´¨³, ¢ Î ¸É´μ¸É¨,
μÉ´μ¸¨É¸Ö Ô²¥³¥´É´Ò°  ´ ²¨§ ³ É¥·¨ ²μ¢ ¨ Ê§²μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ ±μ´¸É·Ê±Í¨° · §²¨Î´ÒÌ
Ê¸É·μ°¸É¢. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¶¨¸ ´  ³¥Éμ¤¨±  ¨§³¥·¥´¨Ö ¨ ·¥§Ê²ÓÉ ÉÒ ±μ²¨Î¥¸É¢¥´´μ£μ μ¶·¥-
¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö ¶ ²² ¤¨Ö ¢ Ô²¥³¥´É Ì ±μ´¸É·Ê±Í¨¨ ¤¢¨£ É¥²Ö · ±¥ÉÒ ®�·μÉμ´¯. �μ± § ´μ,
ÎÉμ ³¥Éμ¤ ´¥°É·μ´´μ£μ ·¥§μ´ ´¸´μ£μ  ´ ²¨§  Ô²¥³¥´É´μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¢ ¥£μ ´Ò´¥Ï´¥° ·¥ -
²¨§ Í¨¨ ´  Ê¸É ´μ¢±¥ ®�μ³ Ï± ¯ ¶μ§¢μ²Ö¥É Ê¢¥·¥´´μ μ¶·¥¤¥²ÖÉÓ ¸μ¤¥·¦ ´¨¥ ¶ ²² ¤¨Ö ´  Ê·μ¢´¥
2 ³£/£ ¤²Ö μ¡· §Íμ¢ ³ ¸¸μ° ¶μ·Ö¤±  60 £. „ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ³¥Éμ¤  ¶μ§¢μ²¨É ¶μ¢Ò¸¨ÉÓ ¥£μ
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¨ ¶·μ¢μ¤¨ÉÓ Ô²¥³¥´É´Ò°  ´ ²¨§ ¡μ²¥¥ ±·Ê¶´ÒÌ ¤¥É ²¥° ¨ ¨Ì ¸¡μ·μ±.

The IREN neutron source (FLNP, JINR) provides neutron-nuclear research for both fundamental and
applied purposes. The latter include an element analysis of materials and parts of different devices. The
present paper describes a method of measurement and the results of quantitative analysis of palladium
presence in the parts of ©Protonª rocket engine. It is shown that the given method of neutron resonance
analysis provided by ©Romashkaª installation allows determination of palladium quantity at the level of
2 mg/g for the samples of the order of 60 g. Further development of the method will gain its sensitivity
and allows one to analyze bigger parts and their assemblies.

PACS: 29.25.Dz; 29.30.Kv; 29.40.Mc; 29.85.Fj; 29.85.Ca
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‚‚…„…�ˆ…

‚ ‹�” �ˆŸˆ · ¡μÉ ¥É ¨³¶Ê²Ó¸´Ò° ¨¸ÉμÎ´¨± ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ˆ�…� ´  ¡ §¥
Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ¸ ´¥· §³´μ¦ ÕÐ¥° ´¥°É·μ´μ¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´ÓÕ [1Ä3]. ˆ³-
¶Ê²Ó¸´Ò° Ì · ±É¥· ¨¸ÉμÎ´¨±  ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ³¥Éμ¤¨±Ê ¢·¥³¥´¨ ¶·μ²¥É  (TOF)
¤²Ö μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ´¥°É·μ´μ¢ ¨ § ¢¨¸ÖÐ¨Ì μÉ ´¥¥ ¸¥Î¥´¨° ´¥°É·μ´-Ö¤¥·´ÒÌ ¢§ -
¨³μ¤¥°¸É¢¨° ¨ ¸¢Ö§ ´´ÒÌ ¸ ´¨³¨ ¢¥²¨Î¨´. ‚ Î ¸É´μ¸É¨, ¸ ¶μ³μÐÓÕ ¤ ´´μ° ³¥Éμ¤¨±¨
¶μ Ì · ±É¥·¨¸É¨Î¥¸±¨³ ´¥°É·μ´´Ò³ ·¥§μ´ ´¸ ³ ³μ¦´μ μ¶·¥¤¥²ÖÉÓ Ô²¥³¥´É´Ò° ¨ ¨§μ-
Éμ¶´Ò° ¸μ¸É ¢ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢ [4]. ‘¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸ ¢¥Ð¥-
¸É¢ ³¨ ¢ μ¡² ¸É¨ Ô´¥·£¨° ´¥°É·μ´μ¢ μÉ ¤μ²¥° Ô‚ ¤μ ¸μÉ¥´ ±Ô‚ ¨³¥ÕÉ Ö·±μ ¢Ò· ¦¥´´ÊÕ
·¥§μ´ ´¸´ÊÕ ¸É·Ê±ÉÊ·Ê, ¶·¨Î¥³ ¶μ²μ¦¥´¨¥ ´¥°É·μ´´ÒÌ ·¥§μ´ ´¸μ¢,   É ±¦¥ ¨Ì ¨´É¥´-
¸¨¢´μ¸ÉÓ ¨ ¶²μÐ ¤Ó ¶μ¤ ·¥§μ´ ´¸μ³ ¨´¤¨¢¨¤Ê ²Ó´Ò ¤²Ö ± ¦¤μ£μ ¨§μÉμ¶ . �Éμ ¶μ§¢μ²Ö¥É
¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ · §²¨Î´Ò¥ Ô²¥³¥´ÉÒ,   É ±¦¥ ¨Ì ¨§μÉμ¶Ò ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ. —Ê¢-
¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  · §²¨Î´  ¤²Ö · §´ÒÌ Ô²¥³¥´Éμ¢ ¨ § ¢¨¸¨É μÉ ´ ²¨Î¨Ö ·¥§μ´ ´¸μ¢
¢ ´Ê¦´μ° μ¡² ¸É¨ Ô´¥·£¨° ´¥°É·μ´μ¢, ¢¥²¨Î¨´Ò ´¥°É·μ´´μ£μ ¸¥Î¥´¨Ö ¢ μ¡² ¸É¨ ·¥§μ´ ´-
¸μ¢, ´ ²¨Î¨Ö ¢ ÔÉμ° ¦¥ μ¡² ¸É¨ Ô´¥·£¨° Ëμ´μ¢ÒÌ ·¥§μ´ ´¸μ¢ μÉ ¤·Ê£¨Ì Ô²¥³¥´Éμ¢ ¨ É. ¶.
�·μ´¨± ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ ´¥°É·μ´μ¢ ¤μ¢μ²Ó´μ ¢Ò¸μ± , ¶μÔÉμ³Ê ·¥§μ´ ´¸´Ò° ³¥Éμ¤ ¨§μ-
Éμ¶´μ° ¨¤¥´É¨Ë¨± Í¨¨ ¶μ§¢μ²Ö¥É  ´ ²¨§¨·μ¢ ÉÓ ¤μ¸É ÉμÎ´μ ³ ¸¸¨¢´Ò¥ μ¡· §ÍÒ ¨, ± ±
¶· ¢¨²μ, ´¥ É·¥¡Ê¥É ¨Ì ¸¶¥Í¨ ²Ó´μ° ¶μ¤£μÉμ¢±¨.

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö μ¶¨¸ ´´μ£μ ³¥Éμ¤  ¤²Ö μ¶·¥-
¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¶ ²² ¤¨Ö (Pd) ¢ ¶·¨¶μ¥, ±μÉμ·Ò³ ¸μ¥¤¨´ÖÕÉ¸Ö ´¥±μÉμ·Ò¥ Ê§²Ò · -
±¥É´μ£μ ¤¢¨£ É¥²Ö. � ²² ¤¨° Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ¤²Ö ±μÉμ·μ£μ
¶·¨³¥´¨³μ¸ÉÓ ·¥§μ´ ´¸´μ£μ ³¥Éμ¤  Í¥²¥¸μμ¡· §´ , É ± ± ± ¢ ¥£μ ´¥°É·μ´-Ö¤¥·´μ³ ¸¥Î¥-
´¨¨ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ¤μ 100 Ô‚, £¤¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ± ,
¶·¨¸ÊÉ¸É¢ÊÕÉ ¤μ¸É ÉμÎ´μ ¸¨²Ó´Ò¥ ·¥§μ´ ´¸Ò. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ
´ ²¨Î¨¥ ¶ ²² ¤¨Ö ¤ ¦¥ ¢ ¢¥¸Ó³  ´¥¡μ²ÓÏ¨Ì ±μ²¨Î¥¸É¢ Ì ¢ μ¡· §Í¥.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

ˆ§³¥·¨É¥²Ó´ Ö Ê¸É ´μ¢±  ®�μ³ Ï± ¯ ¸μ¸Éμ¨É ¨§ 24 ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢
γ-±¢ ´Éμ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl), ±μÉμ·Ò¥ ¸¨³³¥É·¨Î´μ · ¸¶μ² £ ÕÉ¸Ö ´  μ¸¨
´¥°É·μ´´μ£μ ¶ÊÎ±  [5]. ®�μ³ Ï± ¯ ¡Ò²  Ê¸É ´μ¢²¥´  ´  ¢·¥³Ö¶·μ²¥É´μ° ¡ §¥ 11,4 ³ 4-£μ

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¨ ®�μ³ Ï± ¯
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¶ÊÎ±  ´¥°É·μ´μ¢ ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ ˆ�…�. „²Ö Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±  ´¥°É·μ´μ¢,
¶ ¤ ÕÐ¨Ì ´  ¨¸¸²¥¤Ê¥³Ò° μ¡· §¥Í, ¶·¨³¥´Ö²¸Ö ¢Ìμ¤´μ° ±μ²²¨³ Éμ· ¨§ ¡μ·¨·μ¢ ´´μ£μ
¶μ²¨ÔÉ¨²¥´  (	�…) Éμ²Ð¨´μ° 10 ¸³. —Éμ¡Ò ¶·¥¤μÉ¢· É¨ÉÓ ¶μ¶ ¤ ´¨¥ ´¥°É·μ´μ¢, · ¸¸¥-
Ö´´ÒÌ ´  μ¡· §Í¥, ¢ ¤¥É¥±Éμ·Ò, ¢μ±·Ê£ μ¡· §Í  ¡Ò² Ê¸É ´μ¢²¥´ ¤μ¶μ²´¨É¥²Ó´Ò° ±μ²ÓÍ¥-
¢μ° Ô±· ´ Éμ²Ð¨´μ° 10 ³³ ¨§ ± ·¡¨¤  ¡μ·  (B4C) ¸ μ¡μ£ Ð¥´¨¥³ ¶μ 10‚ 94%. ‘Ì¥³ 
Ê¸É ´μ¢±¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1.

�¥£¨¸É·¨·ÊÕÐ Ö Ô²¥±É·μ´¨±  ¢±²ÕÎ ²  16-± ´ ²Ó´Ò°  ´ ²μ£μ-Í¨Ë·μ¢μ° ¶·¥μ¡· §μ-
¢ É¥²Ó (�–�), ±μ´¸É·Ê±É¨¢´μ ¢Ò¶μ²´¥´´Ò° ¢ ¢¨¤¥ ¤¢ÊÌ ¶² É ¢ ¸É ´¤ ·É¥ PCI, ¶μ§¢μ²Ö-
ÕÐ¨° ¥£μ Ê¸É ´μ¢±Ê ¢ · §Ñ¥³ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥·  ¨ · ¡μÉÊ ¶μ¤ ¥£μ Ê¶· ¢²¥´¨¥³
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ï¨´Ò PCI-E ¤²Ö μ¡³¥´  ¨´Ëμ·³ Í¨¥° [6].

2. ˆ‡Œ…�Ÿ…Œ›… ����‡–›

�¡· §Íμ³ Ö¢²Ö²¸Ö Ô²¥³¥´É · ±¥É´μ£μ ¤¢¨£ É¥²Ö, ¶·¥¤μ¸É ¢²¥´´Ò° ®�μ¸±μ¸³μ¸μ³¯,
³ ¸¸μ° μ±μ²μ 120 £, ¢¶μ¸²¥¤¸É¢¨¨ · ¸¶¨²¥´´Ò° ´  ¤¢¥ ¶·¨³¥·´μ · ¢´Ò¥ Î ¸É¨ (·¨¸. 2).
� ²¨Î¨¥ Pd ¢ ¶·¨¶μ¥ Éμ²Ó±μ μ¤´μ° ¨§ ÔÉ¨Ì Î ¸É¥° (³ ¸¸μ° ∼ 60 £) ¡Ò²μ ¶·¥¤¢ ·¨É¥²Ó´μ
Ê¸É ´μ¢²¥´μ ¸ ¶μ³μÐÓÕ ·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ£μ  ´ ²¨§ , ¢Ò¶μ²´¥´´μ£μ ¢ ˆ´¸É¨ÉÊÉ¥
Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨Ì ¶·μ¡²¥³ (ˆ”’�).

�¨¸. 2. �²¥³¥´ÉÒ · ±¥É´μ£μ ¤¢¨£ É¥²Ö, ¨¸¶μ²Ó§μ¢ ¢Ï¨¥¸Ö ¢ ± Î¥¸É¢¥ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Íμ¢.
–¨Ë·μ° ®1¯ ´  ¶· ¢μ° ¶μ²μ¢¨´±¥ Ê± § ´μ ³¥¸Éμ, £¤¥ ¶μ ¤ ´´Ò³ ·¥´É£¥´μË²Êμ·¥¸Í¥´É´μ£μ  ´ -

²¨§  μ¡´ ·Ê¦¥´ Pd. ‚ ²¥¢μ° ¶μ²μ¢¨´±¥ Pd ´¥É

‚ ± Î¥¸É¢¥ ±μ´É·μ²Ó´μ£μ μ¡· §Í  ¤²Ö μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢¥´´μ£μ ¸μ¤¥·¦ ´¨Ö Pd
¢ ¶·¨¶μ¥ ¨¸¶μ²Ó§μ¢ ² ¸Ó Ëμ²Ó£  ¨§ ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨ ¨§μÉμ¶μ¢ ¶ ²² ¤¨Ö ³ ¸¸μ° 5 £.

3. ��…�ƒ…’ˆ—…‘Š�Ÿ Š�‹ˆ���‚Š� ‚�…ŒŸ���‹…’�›• ‘�…Š’��‚

„²Ö ± ²¨¡·μ¢±¨ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö ±μ´É·μ²Ó´Ò° μ¡· §¥Í Pd
³ ¸¸μ° 5 £. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ¢·¥³Ö¶·μ²¥É´Ò¥ ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¨ ¶·¨¢¥¤¥´Ò
§´ Î¥´¨Ö Ô´¥·£¨° ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μ²μ¦¥´¨Ö³ ¶¨±μ¢.
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�¨¸. 3. ‚·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É·, ¨§³¥·¥´´Ò° ¸ ±μ´É·μ²Ó´Ò³ μ¡· §Íμ³ ¨§ Pd

‡´ Î¥´¨Ö Ô´¥·£¨° ´¥°É·μ´μ¢ ¶·¨ · ¤¨ Í¨μ´´μ³ ·¥§μ´ ´¸´μ³ § Ì¢ É¥ ¨Ì Ö¤· ³¨ ¨§μ-
Éμ¶  105Pd ¸μ¸É ¢²ÖÕÉ 11,79, 13,22, 25,15, 55,21 ¨ 77,71 Ô‚,   ¶·¨ § Ì¢ É¥ ´¥°É·μ´μ¢
Ö¤· ³¨ ¨§μÉμ¶  108Pd Å 33,10 ¨ 90,81 Ô‚.

4. ˆ‡Œ…�…�ˆŸ ‘ ˆ‘‘‹…„“…Œ›Œˆ ����‡–�Œˆ

ˆ§³¥·¥´¨Ö ¸ ± ¦¤Ò³ ¨§ μ¡· §Íμ¢ ¶·μ¢μ¤¨²¨¸Ó ¢ É¥Î¥´¨¥ 45 Î, ¸ Ëμ²Ó£μ° ¨§ ¶ ²² ¤¨Ö
³ ¸¸μ° 5 £ Å 1 Î. ‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ ´¥°É·μ´´μ£μ ¨¸ÉμÎ´¨±  ˆ�…� ¸μ¸É ¢²Ö² 
∼ 3 · 1011 ¸−1, ¤²¨É¥²Ó´μ¸ÉÓ ´¥°É·μ´´μ£μ ¨³¶Ê²Ó¸  ∼ 100 ´¸. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4Ä6 ¤²Ö ¸μ¢¶ ¤¥´¨° ¸¨£´ ²μ¢ γ-¤¥É¥±Éμ·μ¢ · §´μ° ±· É´μ¸É¨.

‘¶¥±É·Ò, μÎ¥·Î¥´´Ò¥ ¸¶²μÏ´Ò³¨ ²¨´¨Ö³¨, ¨§³¥·¥´Ò ¸ ¤¥É ²ÓÕ ¡¥§ ¶ ²² ¤¨Ö (²¥¢μ°
´  ·¨¸. 2). ˜É·¨Ìμ¢Ò¥ ±·¨¢Ò¥ ¶μ²ÊÎ¥´Ò ¶·¨ μ¡²ÊÎ¥´¨¨ ´¥°É·μ´ ³¨ μ¡· §Í  ¸ ¶ ²² -
¤¨¥³ (¶· ¢μ£μ ´  ·¨¸. 2). �Ê´±É¨·´Ò¥ ±·¨¢Ò¥ Å ¸¶¥±É·, ¨§³¥·¥´´Ò° ¸ ±μ´É·μ²Ó´Ò³
μ¡· §Íμ³ Pd. ”μ´μ¢ Ö ¶μ¤²μ¦±  ´  ·¨¸. 4, 5 μ¡Ê¸²μ¢²¥´  ¢ μ¸´μ¢´μ³ ·¥§μ´ ´¸´Ò³ · -
¤¨ Í¨μ´´Ò³ § Ì¢ Éμ³ · ¸¸¥Ö´´ÒÌ μ¡· §Íμ³ ´¥°É·μ´μ¢ Ö¤· ³¨ °μ¤  ¢ ¸ ³μ³ ¢¥Ð¥¸É¢¥
¤¥É¥±Éμ· . � ¶·¨³¥·, ¸ ³Ò° ¸¨²Ó´Ò° ·¥§μ´ ´¸ ¶ ²² ¤¨Ö 33,10 Ô‚ (108Pd) ³ ¸±¨·Ê¥É¸Ö

�¨¸. 4. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ´¥°É·μ´μ¢ 9Ä1000 Ô‚, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥

¶μ²´μ³Ê Î¨¸²Ê μÉ¸Î¥Éμ¢ ¢¸¥³¨ 24 ¤¥É¥±Éμ· ³¨ Ê¸É ´μ¢±¨ ®�μ³ Ï± ¯
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�¨¸. 5. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° ´¥°É·μ´μ¢ 9Ä1000 Ô‚, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥

¶ÖÉ¨±· É´Ò³ ¸μ¢¶ ¤¥´¨Ö³ ³¥¦¤Ê ²Õ¡Ò³¨ 5 ¨§ 24 ¤¥É¥±Éμ·μ¢

�¨¸. 6. �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ·¨¸. 5, ¶μ¸É·μ¥´´Ò° ¤²Ö ¤¨ ¶ §μ´  Ô´¥·£¨°
´¥°É·μ´μ¢ 8Ä18 Ô‚

ÔËË¥±Éμ³ μÉ ·¥§μ´ ´¸  31,25 Ô‚ (127I). �Éμ μ¸²μ¦´Ö¥É  ´ ²¨§, ´μ É¥³ ´¥ ³¥´¥¥ ¶ ²² ¤¨°
¢ μ¡· §Í¥ Ê¢¥·¥´´μ ¨¤¥´É¨Ë¨Í¨·Ê¥É¸Ö ¶μ ·¥§μ´ ´¸ ³ 13,22 ¨ 25,15 Ô‚. ‚¨¤´μ, ÎÉμ ¶μ-
¢ÒÏ¥´¨¥ ±· É´μ¸É¨ ¸μ¢¶ ¤¥´¨° Ê²ÊÎÏ ¥É ¸μμÉ´μÏ¥´¨¥ ¶¨±Ä¶μ¤²μ¦±  (ÔËË¥±ÉÄËμ´), ´μ
Ê³¥´ÓÏ ¥É ¸É É¨¸É¨±Ê. �μÔÉμ³Ê ¤²Ö μ±μ´Î É¥²Ó´μ° μ¡· ¡μÉ±¨ ¢Ò¡¨· ²¨¸Ó ¸μ¢¶ ¤¥´¨Ö ¸
±· É´μ¸ÉÓÕ μÉ 3 ¤μ 7.

5. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

ˆ§ ¶μ²ÊÎ¥´´ÒÌ ¸¶¥±É·μ¢ ¡Ò²μ μ¶·¥¤¥²¥´μ ¸μ¤¥·¦ ´¨¥ Pd ¢ μ¡· §Í¥ ³ ¸¸μ° 60 £
(¶· ¢Ò° ´  ·¨¸. 2) ¶μ ¢ÒÌμ¤Ê γ-±¢ ´Éμ¢ ¢ ·¥§μ´ ´¸¥ 13,22 Ô‚ ¨§μÉμ¶  105Pd. „²Ö ±μ·-
·¥±É´μ° μÍ¥´±¨ ±μ²¨Î¥¸É¢  ¶ ²² ¤¨Ö ¢ ¤ ´´μ³ μ¡· §Í¥ ¢¸¥ ¶μ²ÊÎ¥´´Ò¥ ¸¶¥±É·Ò ¡Ò²¨
μÉ´μ·³¨·μ¢ ´Ò ´  ¢·¥³Ö ¨§³¥·¥´¨°. �  ·¨¸. 7,   ¶·¨¢¥¤¥´ · §´μ¸É´Ò° ¸¶¥±É·: ¨§ ¸¶¥±-
É· , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶μ²μ¢¨´¥ ¤¥É ²¨ Ê§²  · ±¥ÉÒ c Pd, ¢ÒÎ¨É ²¸Ö ¶μ± ´ ²Ó´μ ¸¶¥±É·,
¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶μ²μ¢¨´¥ ¤¥É ²¨ ¡¥§ Pd.

� §´μ¸É´Ò° ¸¶¥±É·, ¶·¨¢¥¤¥´´Ò° ´  ·¨¸. 7,  , ¢ μ¡² ¸É¨ ¶¨±   ¶¶·μ±¸¨³¨·μ¢ ²¸Ö ¸Ê-
¶¥·¶μ§¨Í¨¥° ²¨´¥°´μ° ËÊ´±Í¨¨ ¨ ËÊ´±Í¨¨ ƒ Ê¸¸ . �´ ²μ£¨Î´ Ö ¶·μÍ¥¤Ê·  ¢Ò¶μ²´¥´ 
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�¨¸. 7. ‘¶¥±É·Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¢Ê³ ¶μ²μ¢¨´ ³ Ô²¥³¥´É  ¤¢¨£ É¥²Ö ( ) ¨ ¸ Ëμ²Ó£μ° ¨§ Pd (¡).
�μÖ¸´¥´¨Ö ¸³. ¢ É¥±¸É¥

�¨¸. 8. ‡´ Î¥´¨Ö ³ ¸¸Ò Pd ¢ μ¡· §Í¥, ¶μ²ÊÎ¥´´Ò¥ ¨§ ¸¶¥±É·μ¢ ¸μ¢¶ ¤¥´¨° ±· É´μ¸É¨ μÉ 4 ¤μ 7,

¨ ¸·¥¤´¥¢§¢¥Ï¥´´μ¥ §´ Î¥´¨¥ ³ ¸¸Ò Pd (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö)
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¤²Ö ¸¶¥±É· , ¨§³¥·¥´´μ£μ ¸ Ëμ²Ó£μ° ¨§ Pd (·¨¸. 7, ¡). Š·¨¢ Ö ®Peak A¯ ´  ·¨¸. 7, ¡ ¸μμÉ-
¢¥É¸É¢Ê¥É · ¤¨ Í¨μ´´μ³Ê § Ì¢ ÉÊ ´¥°É·μ´μ¢ Ö¤· ³¨ ¨§μÉμ¶  105Pd ¸ Ô´¥·£¨¥° 13,22 Ô‚,
  ±·¨¢ Ö ®Peak B¯ Å ·¥§μ´ ´¸´μ³Ê § Ì¢ ÉÊ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 11,79 Ô‚. �μ¸²¥ ¢Ò-
Î¨¸²¥´¨Ö ¶²μÐ ¤¥° ¶μ¤ ¶¨± ³¨ ´  ·¨¸. 7, a, ¡ μ¶·¥¤¥²Ö²μ¸Ó ¸μ¤¥·¦ ´¨¥ Pd ¢ ¶μ²μ¢¨´¥
Ô²¥³¥´É  ¤¢¨£ É¥²Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨§¢¥¸É´μ° ³ ¸¸Ò ¶ ²² ¤¨¥¢μ° Ëμ²Ó£¨.

‡´ Î¥´¨Ö ³ ¸¸Ò Pd ¢ ¨¸¸²¥¤Ê¥³μ³ μ¡· §Í¥ ¤²Ö ¸μ¢¶ ¤¥´¨° ±· É´μ¸É¨ μÉ 4 ¤μ 7 ¶μ± -
§ ´Ò ´  ·¨¸. 8. �μ²ÊÎ¥´´μ¥ ¸·¥¤´¥¥ §´ Î¥´¨¥ ³ ¸¸Ò Pd ¢ Ô²¥³¥´É¥ 1 (·¨¸. 2) ¤¢¨£ É¥²Ö
· ±¥ÉÒ ¸μ¸É ¢¨²μ mPd = (0,099 ± 0,007) £ (¸·¥¤´¥¥  ·¨Ë³¥É¨Î¥¸±μ¥ ¶μ ±· É´μ¸ÉÖ³ ¸μ-
¢¶ ¤¥´¨° μÉ 4 ¤μ 7). ‘¨¸É¥³ É¨Î¥¸± Ö μÏ¨¡±  μÍ¥´¥´  ± ± ´ ¨¡μ²ÓÏ¥¥ μÉ±²μ´¥´¨¥
¨§³¥·¥´´ÒÌ §´ Î¥´¨° ³ ¸¸Ò Pd, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö μÉ¤¥²Ó´ÒÌ ³´μ¦¥¸É¢¥´´μ¸É¥°, μÉ ¸·¥¤-
´¥£μ §´ Î¥´¨Ö mPd ¨ ¸μ¸É ¢²Ö¥É ∼ 0,015 £.

’ ±¨³ μ¡· §μ³, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤  ¨¸¶μ²Ó§μ¢ ´¨Ö ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ¤²Ö
Ô²¥³¥´É´μ£μ  ´ ²¨§  · §²¨Î´ÒÌ ±μ´¸É·Ê±Í¨° ¢ ´ ¸ÉμÖÐ¥³ ¨¸¶μ²´¥´¨¨ ¸μ¸É ¢²Ö¥É
∼ 2 ³£/£.

‡�Š‹	—…�ˆ… ˆ ‚›‚�„›

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ´  ¶·¨³¥·¥ ¶ ²² ¤¨Ö ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¶· ±É¨Î¥¸± Ö ¶·¨-
³¥´¨³μ¸ÉÓ ´¥°É·μ´´μ£μ ·¥§μ´ ´¸´μ£μ ³¥Éμ¤  ¤²Ö Ô²¥³¥´É´μ£μ  ´ ²¨§  μ¡· §Íμ¢, ¢ Éμ³
Î¨¸²¥ ¨ ´  £μÉμ¢ÒÌ É¥Ì´¨Î¥¸±¨Ì ¨§¤¥²¨ÖÌ. �μ± § ´μ, ÎÉμ ¢ ´Ò´¥Ï´¥³ ¢¨¤¥ ³¥Éμ¤¨± 
¶μ§¢μ²Ö¥É ´ ¤¥¦´μ ¤¨ £´μ¸É¨·μ¢ ÉÓ ±μ²¨Î¥¸É¢μ ¶ ²² ¤¨Ö ¢ μ¡· §Í Ì ³ ¸¸μ° ∼ 60 £ ´ 
Ê·μ¢´¥ 0,1 £. ‘²¥¤ÊÕÐ¨³ Ï £μ³ ³μ¦¥É ¸É ÉÓ ¨¸¸²¥¤μ¢ ´¨¥ ¡μ²¥¥ ±·Ê¶´ÒÌ ¤¥É ²¥° ¨ ¨Ì
¸¡μ·μ±. Œ ±¸¨³ ²Ó´Ò° · §³¥· É¥Ì´¨Î¥¸±¨Ì ¨§¤¥²¨°, ¶·¨£μ¤´ÒÌ ¤²Ö  ´ ²¨§ , ¢¨¤¨³μ, ¡Ê-
¤¥É μ£· ´¨Î¨¢ ÉÓ¸Ö ± ± · §³¥· ³¨ ¨§³¥·¨É¥²Ó´μ° Ê¸É ´μ¢±¨, É ± ¨ Ëμ´μ¢Ò³¨ Ê¸²μ¢¨Ö³¨
¨§³¥·¥´¨°. Š·μ³¥ Éμ£μ, ¤¥É¥±Éμ·Ò Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ´¥ ¤μ²¦´Ò ¸μ¤¥·¦ ÉÓ
Ô²¥³¥´ÉÒ, ´¥°É·μ´´Ò¥ ·¥§μ´ ´¸Ò ¤²Ö ±μÉμ·ÒÌ ¶¥·¥±·Ò¢ ÕÉ¸Ö ¸ ·¥§μ´ ´¸ ³¨ ¨¸±μ³ÒÌ
Ô²¥³¥´Éμ¢ ¢ μ¡· §Í¥.
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