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�. �. �Ëμ´¨´ ∗, ‘. ‚. ‡Ê¥¢, …. ‘. Šμ´μ¡¥¥¢¸±¨°

ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

� ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ËμÉμ´¥°-
É·μ´´μ£μ WÄBe-¨¸ÉμÎ´¨±  ¸ ¶μ³μÐÓÕ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  μ¡· §Íμ¢
Ag, Mn, Fe, Mn ¨ Ti. ‚ ± Î¥¸É¢¥ ¢ ·¨ ´É  ¢μ¸¸É ´μ¢²¥´¨Ö μ¡¸Ê¦¤ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥
¶·μ¸ÉÒÌ ËÊ´±Í¨° ¢¨¤  AE−B , μ¶¨¸Ò¢ ÕÐ¨Ì μÉ¤¥²Ó´Ò¥ μ¡² ¸É¨ ¸¶¥±É· . ˆ¸¸²¥¤μ¢ ´ 
§ ¢¨¸¨³μ¸ÉÓ μÉ±²μ´¥´¨Ö ¨§³¥·¥´´ÒÌ ¸±μ·μ¸É¥° ·¥ ±Í¨¨ μÉ · ¸Î¥É´ÒÌ ¶ · ³¥É·μ¢  ¶-
¶·μ±¸¨³¨·ÊÕÐ¨Ì ËÊ´±Í¨°. ‘Ìμ¤¨³μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ²ÊÎ ¥É¸Ö ¸ Ê¢¥-
²¨Î¥´¨¥³ ±μ²¨Î¥¸É¢  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �ÉμÉ ³¥Éμ¤ ¢μ¸¸É ´μ¢²¥´¨Ö ³μ¦¥É
¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö μ¶¥· É¨¢´μ£μ ¨§³¥·¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
¨¸ÉμÎ´¨±  ËμÉμ´¥°É·μ´μ¢ ¨ ¤²Ö μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ ¨¸ÉμÎ´¨± .

A possibility of recovering neutron 	ux density of WÄBe photoneutron source using
neutron activation analysis of Ag, Mn, Fe, Mn, and Ti samples are considered. As a
recovery option, the use of simple functions of AE−B form, describing certain regions of
the spectrum, is discussed. The dependence of the deviation of the measured reaction rates
from the calculated ones on the approximating functions parameters is investigated. The
convergence of the recovery results is obtained with increasing the number of experimental
data. This recovery method can be used for the operational measurement of the thermal
neutron 	ux density of the photoneutron source and for optimizing the source parameters.

PACS: 29.25.Dz
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� §· ¡μÉ±  ´μ¢ÒÌ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì Ê¸É ´μ¢μ± É·¥¡Ê¥É ¨´¸É·Ê³¥´Éμ¢ ¨
³¥Éμ¤μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ÉμÎ´μ¥ ¨ ´ ¤¥¦´μ¥ ¨§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± ÔÉ¨Ì
Ê¸É ´μ¢μ±. �¸´μ¢´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¨¸ÉμÎ´¨±  ËμÉμ´¥°É·μ´μ¢ Ö¢²ÖÕÉ¸Ö
Ì · ±É¥·¨¸É¨±¨ ´¥°É·μ´´μ£μ ¶μ²Ö, ¢μ§´¨± ÕÐ¥£μ ¶·¨ ¥£μ · ¡μÉ¥. �´¨ ¨´¤¨-
¢¨¤Ê ²Ó´Ò ¤²Ö ± ¦¤μ£μ ¨¸ÉμÎ´¨±  ¨ § ¢¨¸ÖÉ μÉ ¥£μ ±μ´¸É·Ê±É¨¢´ÒÌ μ¸μ¡¥´´μ-
¸É¥°. �μ³¨³μ ´¥μ¡Ìμ¤¨³μ¸É¨ ¨§³¥·¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ¢´ÊÉ·¨

∗E-mail: afonin@inr.ru
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¨ ¸´ ·Ê¦¨ ¨¸ÉμÎ´¨±  É ±¦¥ ´¥μ¡Ìμ¤¨³μ §´ ÉÓ ¨ Ê³¥ÉÓ ¨§³¥·ÖÉÓ · ¸¶·¥¤¥²¥-
´¨¥ Ô´¥·£¨¨ (¸¶¥±É·) ´¥°É·μ´μ¢ ¢´ÊÉ·¨ ¨¸ÉμÎ´¨±  ¨ ´  ¢ÒÌμ¤¥ ¨§³¥·¨É¥²Ó-
´ÒÌ ´¥°É·μ´´ÒÌ ± ´ ²μ¢. �¸μ¡¥´´μ ´¥μ¡Ìμ¤¨³Ò §´ ´¨Ö ¶μ Ô´¥·£¥É¨Î¥¸±μ³Ê
· ¸¶·¥¤¥²¥´¨Õ ¶²μÉ´μ¸É¨ ´¥°É·μ´´μ£μ ¶μÉμ±  ¢ · ¡μÉ Ì ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ .

”�’��…‰’����›‰ ˆ‘’�—�ˆŠ �…‰’����‚ ˆŸˆ ���

”μÉμ´¥°É·μ´´Ò° WÄBe-¨¸ÉμÎ´¨± ´¥°É·μ´μ¢ IN-LUE (·¨¸. 1) [1, 2] ¸μ-
§¤ ´ ´  ¡ §¥ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ‹“�-8-5 ˆ´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ
¨¸¸²¥¤μ¢ ´¨° ���. Œμ¤¥²¨·μ¢ ´¨¥ Ì · ±É¥·¨¸É¨± ¨¸ÉμÎ´¨±  ¶μ± § ²μ, ÎÉμ
¸¶¥±É· ´¥°É·μ´μ¢ ¨¸ÉμÎ´¨±  ¨³¥¥É ¸²μ¦´Ò° ¢¨¤. �μ³¨³μ μ¸´μ¢´μ£μ ¢±² ¤ 
É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ μ´ ¸μ¤¥·¦¨É ¢±² ¤Ò Ô¶¨É¥¶²μ¢ÒÌ ¨ ¡Ò¸É·ÒÌ ´¥°É·μ-
´μ¢ [3]. ‚ · ¡μÉ¥ [1] ¶μ± § ´μ, ÎÉμ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨¥ Î ¸É¨ ¸¶¥±É·  ³μ£ÊÉ
¡ÒÉÓ  ¶¶·μ±¸¨³¨·μ¢ ´Ò ²¨´¥°´Ò³¨ ËÊ´±Í¨Ö³¨ ¢ ²μ£ ·¨Ë³¨Î¥¸±¨Ì ±μμ·¤¨-
´ É Ì ¢¤μ²Ó μ¸¥°  ¡¸Í¨¸¸ ¨ μ·¤¨´ É ¨²¨ Ô±¸¶μ´¥´Í¨ ²Ó´Ò³¨ ËÊ´±Í¨Ö³¨ ¢¨¤ 
Φ = AE−B ¢ μ¡ÒÎ´ÒÌ ±μμ·¤¨´ É Ì. ‡¤¥¸Ó Φ ¨ E Å ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ¨
Ô´¥·£¨Ö ´¥°É·μ´μ¢.

�¨¸. 1. ”μÉμ´¥°É·μ´´Ò° WÄBe-¨¸ÉμÎ´¨± ˆŸˆ ���

�Š’ˆ‚�–ˆ���›‰ Œ…’�„ ˆ‡Œ…�…�ˆŸ
����Œ…’��‚ �…‰’�����ƒ� ��‹Ÿ

�²μÉ´μ¸ÉÓ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢´ÊÉ·¨ ¨ ¸´ ·Ê¦¨ ¨¸ÉμÎ´¨±  ¨§-
³¥·Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  (���) [4] ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·μ¢  ±É¨¢ Í¨¨ ¨§ ³ É¥·¨ ²μ¢ ¸ ¨§¢¥¸É´Ò³¨ ¸¥Î¥´¨Ö³¨
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(n, γ)-·¥ ±Í¨°. ‚¸¥ ¨§³¥·¥´¨Ö μ¸´μ¢ ´Ò ´  μ¶·¥¤¥²¥´¨¨  ±É¨¢´μ¸É¨, ¢Ò§¢ ´-
´μ° ´¥°É·μ´ ³¨ ¢ ¢¥Ð¥¸É¢¥ ¤¥É¥±Éμ· .

‚ · ³± Ì ��� ¨§³¥·ÖÕÉ ¶²μÐ ¤¨ ¶¨±μ¢ · ¤¨μ´Ê±²¨¤μ¢ ¢ £ ³³ -¸¶¥±É·¥
 ±É¨¢¨·μ¢ ´´μ£μ ¤¥É¥±Éμ·  ¨ ¶μ²ÊÎ ÕÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ¸±μ·μ¸É¨ ·¥ ±Í¨¨ J Å ¨´É¥£· ²  ¸¢¥·É±¨:

Ji =

∞∫

0

σi(E)ϕ(E) dE, (1)

£¤¥ σ(E) Å ¸¥Î¥´¨¥  ±É¨¢¨·ÊÕÐ¥° Ö¤¥·´μ° ·¥ ±Í¨¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·-
£¨¨ ´¥°É·μ´  E; ϕ(E) Å ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢. �±¸-
¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö J , ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ´ ¡μ·  ¤¥É¥±Éμ·μ¢  ±É¨¢ Í¨¨,
¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢.

�´ ²¨§ ¸¥Î¥´¨° ·¥ ±Í¨° § Ì¢ É  ¤²Ö · §´ÒÌ Ö¤¥· ¶μ± § ², ÎÉμ ³μ¦´μ
¶μ¤μ¡· ÉÓ ·Ö¤ Ô²¥³¥´Éμ¢ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ± Î¥¸É¢¥  ±É¨¢ Í¨μ´´ÒÌ ¤¥É¥±-
Éμ·μ¢ (μ¡· §Íμ¢), ±μÉμ·Ò¥ ¡Ê¤ÊÉ ÎÊ¢¸É¢¨É¥²Ó´Ò ¢ μ¸´μ¢´μ³ ± ´¥°É·μ´ ³ ¨§
É¥¶²μ¢μ° μ¡² ¸É¨ (´ ¶·¨³¥· 23Na, 26Mg, 27Al, 37Cl, 50Ti, 63Cu ¨ ¤·.). ‚ ÔÉμ³
¸²ÊÎ ¥, ¶·¥¤¸É ¢²ÖÖ ¨´É¥£· ² ¸¢¥·É±¨ (1) ¢ ¢¨¤¥ ¸Ê³³Ò ¨§ mÉ Î²¥´μ¢, ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨Ì ´¨§±μÔ´¥·£¥É¨Î¥¸±μ³Ê (®É¥¶²μ¢μ³Ê¯) ÊÎ ¸É±Ê ¸¶¥±É· , ¶μ²ÊÎ ÕÉ
¸¨¸É¥³Ê Ê· ¢´¥´¨° ¤²Ö k ¤¥É¥±Éμ·μ¢:

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

mÉ∑
m=0

σ1(Em)Φ(Em) = J1,

mÉ∑
m=0

σk(Em)Φ(Em) = Jk,

(2)

£¤¥ Φ(E) Å ¨¸±μ³ Ö Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°-
É·μ´μ¢.

�¶¶·μ±¸¨³¨·ÊÖ ÔÉÊ ®É¥¶²μ¢ÊÕ¯ μ¡² ¸ÉÓ ´¥°É·μ´´μ£μ ¸¶¥±É·  ¶μ± § É¥²Ó-
´μ° ËÊ´±Í¨¥° ¢¨¤  Φ = A1E

−B1 , ³μ¦´μ ·¥Ï ÉÓ ¸¨¸É¥³Ê (2) μÉ´μ¸¨É¥²Ó´μ

¤¢ÊÌ ´¥¨§¢¥¸É´ÒÌ A1 ¨ B1. �·¨ ÔÉμ³ §´ Î¥´¨¥ ΦÉ = A1optE
−B1opt
É ¶·¨ É¥-

¶²μ¢μ° Ô´¥·£¨¨ ´¥°É·μ´μ¢ EÉ = 0,025 Ô‚ ¡Ê¤¥É ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ¢¥²¨Î¨´¥
¶²μÉ´μ¸É¨ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ËμÉμ´¥°É·μ´´μ£μ ¨¸ÉμÎ´¨± . ‡¤¥¸Ó
A1opt ¨ B1opt Å ·¥Ï¥´¨Ö ¸¨¸É¥³Ò (2).

�μ¤¡¨· Ö ·Ö¤ Ô²¥³¥´Éμ¢ ¤²Ö  ±É¨¢ Í¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢, ±μÉμ·Ò¥ ¡Ê¤ÊÉ
ÎÊ¢¸É¢¨É¥²Ó´Ò É ±¦¥ ¨ ± ´¥°É·μ´ ³ ¡μ²ÓÏ¨Ì Ô´¥·£¨° (μ¡² ¸ÉÓ Ô¶¨É¥¶²μ¢ÒÌ ¨
·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢) (´ ¶·¨³¥· 107Ag, 55Mn ¨ ¤·.) ¨ ÊÎ¨ÉÒ¢ Ö ´ °¤¥´´Ò¥
§´ Î¥´¨Ö A1opt ¨ B1opt, ¸¨¸É¥³Ê (2) ³μ¦´μ ¤μ¶μ²´¨ÉÓ ¸Ê³³ ³¨ ¨§ m· Î²¥´μ¢,
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ®¶·μ³¥¦ÊÉμÎ´μ³Ê¯ (Ô¶¨É¥¶²μ¢Ò¥ ¨ ·¥§μ´ ´¸´Ò¥ ´¥°É·μ´Ò)
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ÊÎ ¸É±Ê ¸¶¥±É· :⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

mÉ∑
m=0

σ1(Em)A1optE
B1opt
m +

m·∑
j=mÉ+1

σ1(Ej)Φ(Ej) = J1,

mÉ∑
m=0

σk(Em)A1optE
B1opt
m +

m·∑
j=mÉ+1

σk(Ej)Φ(Ej) = Jk.

(3)

�¶¶·μ±¸¨³¨·ÊÖ É¥¶¥·Ó ®¶·μ³¥¦ÊÉμÎ´ÊÕ¯ μ¡² ¸ÉÓ ´¥°É·μ´´μ£μ ¸¶¥±É· 
¶μ± § É¥²Ó´μ° ËÊ´±Í¨¥° ¢¨¤  Φ = A2E

−B2 , ³μ¦´μ ·¥Ï ÉÓ ¸¨¸É¥³Ê (3) μÉ-
´μ¸¨É¥²Ó´μ ¤¢ÊÌ ´¥¨§¢¥¸É´ÒÌ A2 ¨ B2. �·¨ ÔÉμ³ §´ Î¥´¨¥ A2 ´ Ìμ¤¨É¸Ö ¨§
Ê¸²μ¢¨Ö ®¸Ï¨¢±¨¯ ¤¢ÊÌ ÊÎ ¸É±μ¢ ¸¶¥±É·  ¶·¨ Ô´¥·£¨¨ Ec:

A1optE
−B1opt
c = A2E

−B2
c . (4)

‚�‘‘’���‚‹…�ˆ… ‘�…Š’�� �…‰’����‚

„²Ö ·¥Ï¥´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¸¢¥·É±¨ (2) ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ·¥§Ê²Ó-
É ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨§³¥·¥´¨° ¸±μ·μ¸É¨ ·¥ ±Í¨¨ J ¶ÖÉÓÕ  ±É¨¢ Í¨μ´-
´Ò³¨ ¤¥É¥±Éμ· ³¨ ´  μ¸´μ¢¥ 107Ag (´Ê±²¨¤ 108Ag, ²¨´¨Ö 633 ±Ô‚), 58Fe
(59Fe, 1292 ±Ô‚), 26Mg (27Mg, 844 ±Ô‚), 55Mn (56Mn, 847 ±Ô‚) ¨ 50Ti (51Ti,
320 ±Ô‚). ‘¥Î¥´¨Ö ¢ ¸Ê³³ Ì (2) ¡¥·¥³ ¢ ¨´É¥·¢ ²¥ 0,01Ä0,3 Ô‚.

�±¸¶¥·¨³¥´É ²Ó´ Ö ¢¥²¨Î¨´  J ¨§³¥·Ö¥É¸Ö ¸ ¶μ£·¥Ï´μ¸ÉÓÕ ΔJ . �μÔÉμ³Ê
·¥Ï¥´¨¥ ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¸¢¥·É±¨ (2) ¡Ê¤¥³ ¨¸± ÉÓ ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨
ËÊ´±Í¨μ´ ²  χ2:

χ2 =
k∑

i=1

χ2
i , (5)

£¤¥

χ2
i =

⎛
⎜⎜⎝

mÉ∑
j=0

σi(Ej)Φ(Ej) − Ji

ΔJi

⎞
⎟⎟⎠

2

. (6)

Šμ´ÉÊ·´ Ö ¤¨ £· ³³  B1ÄA1 ËÊ´±Í¨μ´ ²  χ2 Ì · ±É¥·¨§Ê¥É¸Ö ´ ²¨Î¨¥³
·Ö¤  ²μ± ²Ó´ÒÌ ³¨´¨³Ê³μ¢ · §´μ° £²Ê¡¨´Ò (·¨¸. 2). �¥Ï¥´¨¥³ Ö¢²Ö¥É¸Ö £²μ-
¡ ²Ó´Ò° ³¨´¨³Ê³, É. ¥. ³¨´¨³Ê³ ¸ ´ ¨³¥´ÓÏ¨³ §´ Î¥´¨¥³ χ2.

�μ¤μ¡´Ò° ¢¨¤ ¤¨ £· ³³Ò B1ÄA1 Ì · ±É¥·¥´ ± ± ¤²Ö ¸²ÊÎ Ö μ¤´μ£μ ²Õ-
¡μ£μ μ¡· §Í , É ± ¨ ²Õ¡μ° ±μ³¡¨´ Í¨¨ ¨§ ¶ÖÉ¨. �·¨ Ê¢¥²¨Î¥´¨¨ ±μ²¨Î¥¸É¢ 
¨¸¶μ²Ó§Ê¥³ÒÌ μ¡· §Íμ¢ (Î¨¸²  Ê· ¢´¥´¨° ¢ ¸¨¸É¥³¥ (2) ¨ Î²¥´μ¢ ¢ ËÊ´±-
Í¨μ´ ²¥ χ2 (5)) Î¨¸²μ ¨ ¶μ²μ¦¥´¨¥ ³¨´¨³Ê³μ¢ ´¥ ¨§³¥´Ö¥É¸Ö, ¸ ³¨ μ´¨
¸É ´μ¢ÖÉ¸Ö ¡μ²¥¥ Ê§±¨³¨ ¨ ÉμÎ´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ A1 ¨ B1

¶·¨ ÔÉμ³ Ê²ÊÎÏ ¥É¸Ö.
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�¨¸. 2. Šμ´ÉÊ·´ Ö ¤¨ £· ³³  B1ÄA1 ËÊ´±Í¨μ´ ²  χ2 (5), (6). ‘¶²μÏ´Ò³¨ ²¨´¨-
Ö³¨ ¶μ± § ´Ò ²¨´¨¨ Ê·μ¢´¥° (¨§μ²¨´¨¨) ¨ ¶·¨¢¥¤¥´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ §´ Î¥´¨Ö
ËÊ´±Í¨μ´ ² 

�μ²ÊÎ¥´´Ò¥ μ¶É¨³ ²Ó´Ò¥ §´ Î¥´¨Ö A1opt ¨ B1opt ¤²Ö ± ¦¤μ£μ ´ ¡μ· 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° J ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö ¢ÒÎ¨¸²¥´¨Ö §´ Î¥´¨°

¶²μÉ´μ¸É¨ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ΦÉ=A1optE
−B1opt
É ¶·¨ EÉ=0,025 Ô‚.

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ¢¥²¨Î¨´Ò ¶μ²ÊÎ¥´´ÒÌ ¸·¥¤´¨Ì §´ Î¥´¨° ¶²μÉ´μ¸É¨ ¶μ-
Éμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ΦÉ ¤²Ö · §´μ£μ ±μ²¨Î¥¸É¢  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Éμ-
Î¥± (μ¡· §Íμ¢). ‚ ± Î¥¸É¢¥ μÏ¨¡μ± ¤²Ö ¸·¥¤´¨Ì §´ Î¥´¨° ¶μ ´ ¡μ· ³ ¨§
1Ä4 μ¡· §Íμ¢ Ê± § ´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸·¥¤´¨¥ ±¢ ¤· É¨Î´Ò¥ ¶μ£·¥Ï´μ¸É¨.
‚¨¤´μ, ÎÉμ ¸ Ê¢¥²¨Î¥´¨¥³ Î¨¸²  ¤ ´´ÒÌ Ê³¥´ÓÏ ¥É¸Ö ¶μ£·¥Ï´μ¸ÉÓ ¢ μ¶·¥-
¤¥²¥´¨¨ ΦÉ. �·¨ Ê¢¥²¨Î¥´¨¨ Î¨¸²  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´ ¡²Õ¤ ¥É¸Ö
¸Ìμ¤¨³μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¢μ¸¸É ´μ¢²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ-
´μ¢ ± §´ Î¥´¨Õ ΦÉ ∼ 107 ¸³−2 · ¸−1.

�¨¸. 3. ‘·¥¤´¨¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨ ¶μ-
Éμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ΦÉ ¤²Ö · §-
²¨Î´μ£μ ±μ²¨Î¥¸É¢  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
ÉμÎ¥±

�¨¸. 4. Œ¨´¨³Ê³ ËÊ´±Í¨μ´ ²  χ2 (5), (7)
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�·¨ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò (3) ¸¥Î¥´¨Ö ¢ ¸Ê³³ Ì ¶μ ®¶·μ³¥¦ÊÉμÎ´μ°¯ μ¡² ¸É¨
´¥°É·μ´´μ£μ ¸¶¥±É·  ¡¥·ÊÉ¸Ö ¢ ¨´É¥·¢ ²¥ 0,3 Ô‚ Ä 10 ±Ô‚. ‚ ÔÉμ³ ¸²ÊÎ ¥
¨Ð¥É¸Ö ³¨´¨³Ê³ ËÊ´±Í¨μ´ ²  χ2 (5), £¤¥

χ2
i =

⎛
⎜⎜⎝

mÉ∑
m=0

σm(Ej)A1optE
B1opt
m +

mP∑
j=mÉ+1

σi(Ej)Φ(Ej) − Ji

ΔJi

⎞
⎟⎟⎠

2

. (7)

„¨ £· ³³  ËÊ´±Í¨μ´ ²  χ2 Ì · ±É¥·¨§Ê¥É¸Ö Ö·±μ ¢Ò· ¦¥´´Ò³ ²μ± ²Ó´Ò³
³¨´¨³Ê³μ³ (·¨¸. 4).

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´Ò ¢μ§³μ¦´μ¸É¨ ¢μ¸¸É ´μ¢²¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨
¶²μÉ´μ¸É¨ ¶μÉμ±  (Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É· ) ´¥°É·μ´μ¢ ËμÉμ´¥°É·μ´´μ£μ ¨¸-
ÉμÎ´¨±  ¶μ ¤ ´´Ò³ ´¥°É·μ´´μ- ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . ‚ ± Î¥¸É¢¥ ¢ ·¨ ´É 
¢μ¸¸É ´μ¢²¥´¨Ö ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ´¨¥ ¶·μ¸ÉÒÌ ËÊ´±Í¨°, μ¶¨¸Ò¢ ÕÐ¨Ì
É¥¶²μ¢μ° ¨ ¶·μ³¥¦ÊÉμÎ´Ò° ÊÎ ¸É±¨ ¸¶¥±É· . �μ¨¸± μ¶É¨³ ²Ó´ÒÌ ¶ · ³¥-
É·μ¢ ÔÉ¨Ì ËÊ´±Í¨° ¶·μ¢μ¤¨²¸Ö ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ²  χ2 ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¤´μ¢·¥³¥´´μ°
 ±É¨¢ Í¨¨ ¢ ËμÉμ´¥°É·μ´´μ³ ¨¸ÉμÎ´¨±¥ ¶ÖÉ¨  ±É¨¢ Í¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ´ 
μ¸´μ¢¥ Ag, Mn, Fe, Mn ¨ Ti. ˆ¸¸²¥¤μ¢ ´μ ¶μ¢¥¤¥´¨¥ § ¢¨¸¨³μ¸É¨ χ2 μÉ ¶ · -
³¥É·μ¢  ¶¶·μ±¸¨³¨·Ê¥³ÒÌ ËÊ´±Í¨°. �μ²ÊÎ¥´  ¸Ìμ¤¨³μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¢μ¸-
¸É ´μ¢²¥´¨Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ Î¨¸²  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ± §´ Î¥´¨Õ
ΦÉ ∼ 107 ¸³−2 · ¸−1. „ ´´Ò° ³¥Éμ¤ ¢μ¸¸É ´μ¢²¥´¨Ö ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´
¤²Ö μ¶¥· É¨¢´μ£μ ¨§³¥·¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ ËμÉμ-
´¥°É·μ´´μ³ ¨¸ÉμÎ´¨±¥ ¨ ¶·¨ μ¶É¨³¨§ Í¨¨ ¥£μ ¶ · ³¥É·μ¢.
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