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‚ ‹�” �ˆŸˆ ´  μ¸´μ¢¥ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° ¤μ 50 ŒÔ‚ ¸μ§¤ ´ 
Ê¸É ´μ¢±  ˆ�…� ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ ´¥°É·μ´´μ° Ë¨§¨±¨. „²Ö ¢Ò¶μ²´¥´¨Ö · §²¨Î´ÒÌ
· ¡μÉ ´¥μ¡Ìμ¤¨³μ ¨§³¥·¨ÉÓ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨° Å μÉ
É¥¶²μ¢ÒÌ ¤μ ¡Ò¸É·ÒÌ. �É  § ¤ Î  ·¥Ï ¥É¸Ö ³¥Éμ¤μ³ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¸ ¶μ³μ-
ÐÓÕ γ-¸¶¥±É·μ¸±μ¶¨¨ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö. „²Ö ¡μ²¥¥ ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ
´¥°É·μ´μ¢ ´¥μ¡Ìμ¤¨³μ · ¸¸Î¨É ÉÓ ÔËË¥±É¨¢´Ò¥ ·¥§μ´ ´¸´Ò¥ ¨´É¥£· ²Ò ¸ ÊÎ¥Éμ³ μ¸μ¡¥´´μ¸É¥° ·¥-
 ²Ó´μ£μ ¸¶¥±É·  ´¥°É·μ´μ¢,   É ±¦¥ ÊÎ¥¸ÉÓ É¥¶²μ¢μ¥ ¤¢¨¦¥´¨¥ ¨ ¶μ£²μÐ¥´¨¥ ´¥°É·μ´μ¢ ¢ μ¡· §Í¥.
„²Ö ÔÉμ° Í¥²¨ ¡Ò²  ¸μ§¤ ´  ¶·μ£· ³³  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ÔËË¥±É¨¢´ÒÌ ·¥§μ´ ´¸´ÒÌ ¨´É¥£· ²μ¢.
‘ ¶μ³μÐÓÕ ÔÉμ° ¶·μ£· ³³Ò ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ÔËË¥±É¨¢´Ò¥ ·¥§μ´ ´¸´Ò¥ ¨´É¥£· ²Ò ¤²Ö 197Au,
94Zr, 96Zr, 63Cu, ±μÉμ·Ò¥ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö μÉ ¢¥²¨Î¨´, ¶·¨¢¥¤¥´´ÒÌ ¢ ¸¶· ¢μÎ´¨±¥. �É¨
·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´Ö²¨¸Ó ¤²Ö ¡μ²¥¥ ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢.

At JINR FLNP, on the basis of linear electron accelerator with an energy of up to 50 MeV, the
IREN facility was created for research in the ˇeld of neutron physics. To perform various tasks, it is
necessary to measure the neutron 	ux density in a wide range of energies Å from thermal to fast. This
problem is solved by the method of neutron activation analysis by means of gamma spectroscopy of
high resolution. For a more accurate determination of the 	ux of resonance neutrons, it is necessary to
calculate the effective resonance integrals in terms of the features of a real spectrum of neutrons and
to take into account the thermal motion and absorption of neutrons in the sample. For this purpose,
the program for computation of effective resonance integrals was created. Using this program, effective
resonance integrals for 197Au, 94Zr, 96Zr, 63 Cu were calculated, which are signiˇcantly different from
the values given in the reference book. These results were applied for a more exact determination of
	ux density of neutrons.

PACS: 29.25Dz; 29.30Hs
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�μ¸²¥ μÉ±·ÒÉ¨Ö  Éμ³´μ° Ô´¥·£¨¨ ¨ ¸μ§¤ ´¨Ö  Éμ³´ÒÌ ·¥ ±Éμ·μ¢ ¢μ§´¨± ¨ · §¢¨²¸Ö
´¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§. �¡²ÊÎ¥´¨¥ É¥¶²μ¢Ò³¨ ´¥°É·μ´ ³¨ ¢ ·¥ ±Éμ· Ì ¸É -
´μ¢¨É¸Ö ¢¥¤ÊÐ¨³ ³¥Éμ¤μ³  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . �¥°É·μ´´μ- ±É¨¢ Í¨μ´´Ò°  ´ ²¨§
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(���) Å ³¥Éμ¤ μ¶·¥¤¥²¥´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢¥Ð¥¸É¢ , μ¸´μ¢ ´´Ò° ´  ¨§³¥·¥´¨¨
Ì · ±É¥·¨¸É¨± ¨§²ÊÎ¥´¨Ö, ¨¸¶Ê¸± ¥³μ£μ · ¤¨μ ±É¨¢´Ò³¨ Ö¤· ³¨, ¶μÖ¢¨¢Ï¨³¨¸Ö ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö ´¥°É·μ´ ³¨. ��� ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ¸μ¤¥·¦ ´¨¥ ¡μ²¥¥ 40 Ô²¥³¥´Éμ¢ ¸
¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ. ‚¸¥ ÔÉ¨ ¤μ¸Éμ¨´¸É¢  ��� ¶·¨¢¥²¨ ± Ï¨·μ±μ³Ê ¨¸¶μ²Ó§μ¢ -
´¨Õ ¤ ´´μ£μ ³¥Éμ¤  ¢μ ³´μ£¨Ì μÉ· ¸²ÖÌ ´ Ê±¨ ¨ ´ ·μ¤´μ£μ Ìμ§Ö°¸É¢ . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
´¥°É·μ´´Ò°  ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ´ Ìμ¤¨É Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ £¥μ²μ£¨¨, Ô±μ²μ£¨¨
¨ ¤·Ê£¨Ì ´ ¶· ¢²¥´¨ÖÌ ¨¸¸²¥¤μ¢ ´¨°.

ˆ¸¸²¥¤μ¢ ´¨Ö ³¥Éμ¤μ³ ��� Ï¨·μ±μ ¢¥¤ÊÉ¸Ö ´  Ê¸É ´μ¢± Ì ‹�” �ˆŸˆÄˆ�…�,
±μÉμ· Ö ¸μ¸Éμ¨É ¨§ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢, ´¥°É·μ´μ¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´¨ ¨ § ³¥¤²¨-
É¥²Ö [1].

�ÉμÉ ¨¸ÉμÎ´¨± ´¥°É·μ´μ¢ Ì · ±É¥·¨§ÊÕÉ¸Ö ¡μ²ÓÏ¨³ ¢±² ¤μ³ ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢
(¸ Ô´¥·£¨¥° En � 0,5 Ô‚).

�μÔÉμ³Ê ¤²Ö ´ Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° ´¥μ¡Ìμ¤¨³μ ¡μ²¥¥ ÉμÎ´μ¥ μ¶·¥¤¥²¥´¨¥ ·¥§μ´ ´¸´ÒÌ
¨´É¥£· ²μ¢, ÊÎ¨ÉÒ¢ ÕÐ¥¥ ·¥ ²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ μÉ Ô´¥·£¨¨,
É¥³¶¥· ÉÊ·Ê ¨ Éμ²Ð¨´Ê μ¡· §Í  [2].

1. �…‰’����›… �…‡����‘›

�¥°É·μ´´Ò¥ ·¥§μ´ ´¸Ò ¶·μÖ¢²ÖÕÉ ¸¥¡Ö ± ± Ê§±¨¥ ³ ±¸¨³Ê³Ò ¢ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨-
¸¨³μ¸É¨ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸ Ö¤· ³¨ σ(E) (·¨¸. 1, 2). �μÖ¢²ÖÕÉ¸Ö μ´¨
¶·¨ É ±¨Ì Ô´¥·£¨ÖÌ ´¥°É·μ´ , ¶·¨ ±μÉμ·ÒÌ ¢ ¸¨¸É¥³¥ ¸μ¸É ¢´μ£μ Ö¤·  ®´¥°É·μ´+ Ö¤·μ-
³¨Ï¥´Ó¯ ¢μ§³μ¦´μ μ¡· §μ¢ ´¨¥ μÎ¥·¥¤´μ£μ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö. Š ± ¨ ¤μ²¦´μ
¡ÒÉÓ ¢μ ¢¸Ö±μ° ±¢ ´Éμ¢μ° ¸¨¸É¥³¥, Ô´¥·£¨Ö É ±¨Ì ¸μ¸ÉμÖ´¨° ´μ¸¨É ¤¨¸±·¥É´Ò° Ì · ±É¥·.
˜¨·¨´  Γ ·¥§μ´ ´¸´μ£μ ³ ±¸¨³Ê³  μ¶·¥¤¥²Ö¥É¸Ö ¢·¥³¥´¥³ ¦¨§´¨ ·¥§μ´ ´¸  τres = �/Γ
¶μ μÉ´μÏ¥´¨Õ ± · ¸¶ ¤Ê ¸μ¸É ¢´μ£μ Ö¤·  ¸ ¨¸¶Ê¸± ´¨¥³ γ-²ÊÎ¥°, ´¥°É·μ´μ¢ ¨²¨ ¤·Ê£¨Ì
¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨.

�¨¸. 1. �´¥·£¥É¨Î¥¸±¨¥ Ê·μ¢´¨ Ö¤¥· ¨ μ¡· §μ¢ ´¨¥ ´¥°É·μ´´ÒÌ ·¥§μ´ ´¸μ¢
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�¨¸. 2. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¸¥Î¥´¨Ö · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ´μ¢ Ö¤· ³¨ 197Au

‘¥Î¥´¨¥ μ¡· §μ¢ ´¨Ö ¸μ¸É ¢´μ£μ Ö¤·  ¢ μ¡² ¸É¨ ·¥§μ´ ´¸  μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

·¥°É Ä‚¨£´¥· :

σnγ =
π

k2

gΓnΓγ

(E − Er)2 + Γ2/4
, (1)

£¤¥ k = 0,002197
√

(A/(A + 1))E Å ¢μ²´μ¢μ¥ Î¨¸²μ ´¥°É·μ´  ¢ ¥¤¨´¨Í Ì 1012 ¸³−1

(Ô´¥·£¨Ö ¶·¨¢¥¤¥´  ¢ Ô‚; A Å  Éμ³´Ò° ¢¥¸ Ö¤· -³¨Ï¥´¨); Er Å Ô´¥·£¨Ö ·¥§μ´ ´¸ ;
Γn, Γγ Å ´¥°É·μ´´ Ö ¨ · ¤¨ Í¨μ´´ Ö Ï¨·¨´Ò, Γ = Γn + Γγ Å ¶μ²´ Ö Ï¨·¨´  ·¥-
§μ´ ´¸ ; g = (2J + 1)/[2(2I + 1)] Å ¸É É¨¸É¨Î¥¸±¨° ¢¥¸, § ¢¨¸ÖÐ¨° μÉ ¸¶¨´μ¢ Ö¤· -
³¨Ï¥´¨ ¨ ¶μ²´μ£μ ³μ³¥´É  ·¥§μ´ ´¸ .

2. �‹�’��‘’œ ��’�Š� �…‰’����‚

�¥°É·μ´Ò ¶μ Ô´¥·£¨¨ ¶·¨´ÖÉμ ¤¥²¨ÉÓ ´  ´¥¸±μ²Ó±μ £·Ê¶¶. ‚Ò¤¥²ÖÕÉ É¥¶²μ¢Ò¥ ´¥°-
É·μ´Ò (¸·¥¤´ÖÖ Ô´¥·£¨Ö 0,025 Ô‚), ·¥§μ´ ´¸´Ò¥ (μÉ 0,5 ¤μ 5 ·105 Ô‚) ¨ ¡Ò¸É·Ò¥. ƒ² ¢´Ò°
¢±² ¤ ¢ μ¡· §μ¢ ´¨¥ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¤ ÕÉ É¥¶²μ¢Ò¥ ¨ ·¥§μ´ ´¸´Ò¥ ´¥°É·μ´Ò. �±¸-
¶¥·¨³¥´É ²Ó´μ É¥¶²μ¢Ò¥ ¨ ·¥§μ´ ´¸´Ò¥ ´¥°É·μ´Ò · §¤¥²ÖÕÉ ¸ ¶μ³μÐÓÕ ± ¤³¨Ö, É ± ± ±
¨§μÉμ¶ 113Cd ¨³¥¥É μ£·μ³´μ¥ ¸¥Î¥´¨¥ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ (¶μ·Ö¤±  20000 ¡)
¨ ³ ²μ¥ ¸¥Î¥´¨¥ § Ì¢ É  ¤²Ö ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢. ƒ· ´¨Í  ³¥¦¤Ê É¥¶²μ¢Ò³¨ ¨ ·¥§μ-
´ ´¸´Ò³¨ ´¥°É·μ´ ³¨ (± ¤³¨¥¢ Ö £· ´¨Í ) · ¢´  0,55 Ô‚.

‘¶¥±É· É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Å ³ ±¸¢¥²²μ¢¸±¨°, ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°-
É·μ´μ¢ ¢ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ Ê¡Ò¢ ¥É μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ Ô´¥·£¨¨ ´¥°É·μ´μ¢.

�²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

ϕ(En) = ΦthfM (En, T ) +
Φres 1

E1−α
n

, (2)

£¤¥ ¢Ò¤¥²¥´Ò ¢±² ¤Ò É¥¶²μ¢ÒÌ ¨ ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢. ”Ê´±Í¨Ö f(E, T ) μ¶¨¸Ò¢ ¥É
· ¸¶·¥¤¥²¥´¨¥ Œ ±¸¢¥²² . ‚ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ α = 0. ’ ±¨³ μ¡· §μ³, Φres 1 Å ÔÉμ
¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ¶·¨ 1 Ô‚.
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„²Ö μ¶·¥¤¥²¥´¨Ö ¶μÉμ±  É¥¶²μ¢ÒÌ Φth ¨ ·¥§μ´ ´¸´ÒÌ Φres ´¥°É·μ´μ¢ ¢³¥¸É¥ ¸ μ¡· §-
Íμ³ μ¡²ÊÎ ÕÉ ¨´¤¨± Éμ·Ò, É. ¥. Ô²¥³¥´ÉÒ ¸ Ìμ·μÏμ ¨§¢¥¸É´Ò³¨ ¸¥Î¥´¨Ö³¨ § Ì¢ É .

ˆ´¤¨± Éμ·Ò μ¤´μ£μ É¨¶  μ¡²ÊÎ ÕÉ ¢ μ¡μ²μÎ±¥ ¨§ Cd ¨ ¡¥§ ´¥¥ ¢ μ¤´¨Ì ¨ É¥Ì ¦¥
Ê¸²μ¢¨ÖÌ. ˆ§ ¨§³¥·¥´¨°  ±É¨¢´μ¸É¨ ¨´¤¨± Éμ·  ³ ¸¸μ° m2, μ¡²ÊÎ¥´´μ£μ ¢ ± ¤³¨¥¢μ°
§ Ð¨É¥, ³μ¦´μ μ¶·¥¤¥²¨ÉÓ Φres:

Φres =
Nγ2Mλ eλtd2

m2NAγεθIres[1 − exp (−λtirr)][1 − exp (−λtmeas)]
, (3)

Ires Å ·¥§μ´ ´¸´Ò° ¨´É¥£· ²; θ Å ¸μ¤¥·¦ ´¨¥ ¨§μÉμ¶  ¢ ¥¸É¥¸É¢¥´´μ° ¸³¥¸¨; M Å
 Éμ³´ Ö ³ ¸¸ , NA = 6,022 · 1023 ³μ²Ó−1 Å Î¨¸²μ �¢μ£ ¤·μ; tirr Å ¢·¥³Ö μ¡²ÊÎ¥´¨Ö;
td Å ¢·¥³Ö, ¶·μÏ¥¤Ï¥¥ μÉ ±μ´Í  μ¡²ÊÎ¥´¨Ö ¤μ ´ Î ²  ¨§³¥·¥´¨Ö; tmeas Å ¢·¥³Ö ¨§³¥-
·¥´¨Ö; γ Å ¢ÒÌμ¤ (¢¥·μÖÉ´μ¸ÉÓ ¨¸¶Ê¸± ´¨Ö) γ-±¢ ´Éμ¢ ¸ μ¶·¥¤¥²¥´´μ° Ô´¥·£¨¥°; ε Å
ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ· .

ˆ§³¥·¥´¨¥  ±É¨¢´μ¸É¨ ¨´¤¨± Éμ· , μ¡²ÊÎ¥´´μ£μ ¡¥§ ± ¤³¨Ö, ¤ ¥É ¢¥²¨Î¨´Ê, ¶·μ¶μ·-
Í¨μ´ ²Ó´ÊÕ ¢¥²¨Î¨´¥ R = σthΦth + IresΦres, É ± ± ±  ±É¨¢ Í¨Ö ¶·μ¨§¢μ¤¨É¸Ö ¨ É¥¶²μ-
¢Ò³¨, ¨ ·¥§μ´ ´¸´Ò³¨ ´¥°É·μ´ ³¨. ˆ§³¥·¥´¨¥  ±É¨¢´μ¸É¨ ¨´¤¨± Éμ·μ¢, μ¡²ÊÎ¥´´ÒÌ ¢
Cd-§ Ð¨É¥ ¨ ¡¥§ ´¥¥, ¶·μ¢μ¤¨É¸Ö ¢ É¥Î¥´¨¥ μ¤¨´ ±μ¢μ£μ ¢·¥³¥´¨. �Éμ μ§´ Î ¥É, ÎÉμ
´¥μ¡Ìμ¤¨³μ ¢ÒÎ¥¸ÉÓ ¢±² ¤ ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨³

Φth =
R − ΦresIres

σth
=

r

σth

(
Nγ1

exp (λtd1)
m1

− Nγ2
exp (λtd2)

m2

)
, (4)

£¤¥ r =
Mλ

NAγεθ[1 − exp (−λtirr)][1 − exp (−λtmeas)]
Å μ¡Ð¨° ¸μ³´μ¦¨É¥²Ó; σth Å ¸¥-

Î¥´¨¥ § Ì¢ É  ¤²Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢, Nγ1, Nγ2 Å Î¨¸²μ μÉ¸Î¥Éμ¢ ¤¥É¥±Éμ·  ¤²Ö μ¶·¥-
¤¥²¥´´μ° ²¨´¨¨ (¶²μÐ ¤Ó ¶¨±  ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö γ-±¢ ´Éμ¢ μ¶·¥¤¥²¥´´μ° Ô´¥·£¨¨
¶μ¸²¥ ¢ÒÎ¥É  Ëμ´ ).

3. ��‘—…’› �””…Š’ˆ‚�›• �…‡����‘�›• ˆ�’…ƒ��‹�‚

‚ ± Î¥¸É¢¥ ¨´É¥£· ²Ó´μ° Ì · ±É¥·¨¸É¨±¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢
¸ · §²¨Î´Ò³¨ ¨§μÉμ¶ ³¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¢¥²¨Î¨´  ·¥§μ´ ´¸´μ£μ ¨´É¥£· ² :

Jres 0 =

∞∫
ECd

σnγ(E)
dE

E
, (5)

£¤¥ σnγ(E) Å ¸¥Î¥´¨¥ · ¤¨ Í¨μ´´μ£μ § Ì¢ É ; ECd Å ± ¤³¨¥¢ Ö £· ´¨Í , ¶·¨³¥·´μ
· ¢´ Ö 0,5Ä0,55 Ô‚ (¢ § ¢¨¸¨³μ¸É¨ μÉ Éμ²Ð¨´Ò ‘d).

‚¥²¨Î¨´Ò Jres 0 ¤²Ö · §²¨Î´ÒÌ Ö¤¥· ¶·¨¢μ¤ÖÉ¸Ö ¢ ¸¶· ¢μÎ´¨± Ì [3]. �Éμ μ¶·¥¤¥²¥´¨¥
¸μμÉ¢¥É¸É¢Ê¥É ¶·¥¤¶μ²μ¦¥´¨Õ, ÎÉμ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ Ê¡Ò¢ ¥É
μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ Ô´¥·£¨¨ (¸¶¥±É· ”¥·³¨).

�ËË¥±É¨¢´Ò¥ ·¥§μ´ ´¸´Ò¥ ¨´É¥£· ²Ò μÉ²¨Î ÕÉ¸Ö μÉ §´ Î¥´¨°, ¶·¨¢¥¤¥´´ÒÌ ¢ ¸¶· -
¢μÎ´¨±¥, ¨§-§  Éμ£μ, ÎÉμ ·¥ ²Ó´Ò° ¸¶¥±É· ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´ , ± ± ¶· ¢¨²μ, μÉ²¨-
Î ¥É¸Ö μÉ ¸¶¥±É·  ”¥·³¨. � ¶·¨³¥·, ¶μÉμ± ´¥°É·μ´μ¢ ´  Ê¸É ´μ¢±¥ ˆ�…� ¨³¥¥É ¸²¥¤Ê-
ÕÐ¨¥ μ¸μ¡¥´´μ¸É¨: ³ ±¸¨³Ê³ ¨´É¥´¸¨¢´μ¸É¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸μμÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨
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40Ä50 ³Ô‚ ¨ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ § ¢¨¸¨É μÉ Ô´¥·£¨¨ ´¥°É·μ´μ¢,

φ(En) =
Φres 1

E1−α
n

, (6)

£¤¥ α = 0,05−0,1, Φres 1 Å ¢¥²¨Î¨´  ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ¶·¨ 1 Ô‚.

μ²¥¥ ÉμÎ´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ·¥§μ´ ´¸´μ£μ ¨´É¥£· ² :

Jres(α) =

∞∫
ECd

σnγ(E)
dE

E1−α
. (7)

‚¶¥·¢Ò¥ ¶μ¶ÒÉ±Ê μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ ¸¶¥±É·  ´¥°É·μ´μ¢ ´  ·¥§μ´ ´¸´Ò° ¨´É¥£· ² ¸¤¥-
² ²¨ „¥ Šμ·É¥ ¨ ¤·. [4]. �´¨ ¢¢¥²¨ ¶·¥¤¸É ¢²¥´¨¥ μ¡ ÔËË¥±É¨¢´μ³ ·¥§μ´ ´¸¥, Ô´¥·£¨Ö
±μÉμ·μ£μ ¡²¨§±  ± Ô´¥·£¨¨ ´ ¨¡μ²¥¥ ¸¨²Ó´μ£μ ·¥ ²Ó´μ£μ ·¥§μ´ ´¸  ¸ ³ ²μ° Ô´¥·£¨¥°.
� ´¥¥ ¸¶¥±É· ´¥°É·μ´μ¢ μÉ ·¥ ±Éμ·  ˆ
�-2 ¨§ÊÎ ²¸Ö ¢ · ¡μÉ¥ [5] ³¥Éμ¤μ³  ±É¨¢ Í¨μ´-
´μ£μ  ´ ²¨§ . �·¨ ÔÉμ³ ¤¥² ² ¸Ó ¶μ¶· ¢±  ¶μ ³¥Éμ¤Ê „¥ Šμ·É¥. ‚ ÔÉμ³ ¶·¨¡²¨¦¥´¨¨ ´¥
ÊÎ¨ÉÒ¢ ¥É¸Ö ¶μ£²μÐ¥´¨¥ ¢ μ¡· §Í¥, ¶μÔÉμ³Ê ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤² £ ÕÉ¸Ö ³¥Éμ¤Ò
¡μ²¥¥ ÉμÎ´μ£μ · ¸Î¥É  ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸´μ£μ ¨´É¥£· ² .

Š ¦¤Ò° ¨§μÉμ¶ μ¡² ¤ ¥É ³´μ¦¥¸É¢μ³ ·¥§μ´ ´¸μ¢. �· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥Ì Ö¤¥· ¨§-
¢¥¸É´Ò ¨Ì ¶ · ³¥É·Ò. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μÖ¢¨² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥¸É¨ · ¸Î¥ÉÒ,
ÊÎ¨ÉÒ¢ ÕÐ¨¥ Í¥²Ò° ·Ö¤ ·¥§μ´ ´¸μ¢ ¸ ³ ²μ° Ô´¥·£¨¥°, ±μÉμ·Ò¥ ¤ ÕÉ μ¸´μ¢´μ° ¢±² ¤ ¢
·¥§μ´ ´¸´Ò° ¨´É¥£· ².

�·¨¢¥¤¥³ ÉμÎ´Ò¥ Ëμ·³Ê²Ò, μ¶¨¸Ò¢ ÕÐ¨¥ § Ì¢ É ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ Ö¤· ³¨.
„μ¶Ê¸É¨³, ÎÉμ ¶μÉμ± ´¥°É·μ´μ¢ ¶ ¤ ¥É ¶¥·¶¥´¤¨±Ê²Ö·´μ μ¡· §ÍÊ. —¨¸²μ μ¡· §μ¢ ¢Ï¨Ì¸Ö
· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¸ ÊÎ¥Éμ³ ¶μ£²μÐ¥´¨Ö ´¥°É·μ´μ¢ · ¢´μ

dNa = Φres 1

∞∫
ECd

σnγ

σt
[1 − exp (−σtn)]

dE

E1−α
S dtmeas. (8)

‚ ÔÉμ° Ëμ·³Ê²¥ n Å Éμ²Ð¨´  μ¡· §Í  n = t∗Nt, É. ¥. Î¨¸²μ Ö¤¥·, ¶·¨Ìμ¤ÖÐ¨Ì¸Ö ´  1 ¸³2,
σt Å ¶μ²´μ¥ ¸¥Î¥´¨¥.

�ËË¥±É¨¢´Ò° ·¥§μ´ ´¸´Ò° ¨´É¥£· ²:

Ires(α) =
1
n

∞∫
ECd

σnγ

σt
[1 − exp (−σtn)]

dE

E1−α
. (9)

‹¥£±μ ¢¨¤¥ÉÓ, ÎÉμ ¶·¨ n → 0 ¨ α = 0 §´ Î¥´¨¥ ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸´μ£μ ¨´É¥£· ² 
¸É·¥³¨É¸Ö ± Jres 0. �É´μÏ¥´¨¥ σnγ/σt, ± ± ¶· ¢¨²μ, · ¢´μ ¥¤¨´¨Í¥.

� ¸¸³μÉ·¨³ ¸´ Î ²  · ¸Î¥É Ires(α) ¡¥§ ÊÎ¥É  ¶μ£²μÐ¥´¨Ö.
�´ ²μ£¨Î´μ, ± ± ¢ · ¡μÉ¥ [4], · §¤¥²¨³ ¸¥Î¥´¨¥, ±μÉμ·μ¥ Ê± § ´μ ¢ Ëμ·³Ê²¥ (1), ´  ¤¢¥

Î ¸É¨ Å ´¨§±μÔ´¥·£¥É¨Î¥¸±ÊÕ (¸²¥¤ÊÕÐÊÕ § ±μ´Ê 1/v) ¨ ·¥§μ´ ´¸´ÊÕ, É. ¥. ¶·¥¤¸É ¢¨³
¸¥Î¥´¨¥ § Ì¢ É  ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

σnγ =
σth

√
0,0253√
En

+
∑

i

π

k2

giΓniΓγi

(En − Eri)2 + (1/4)Γ2
i

. (10)
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�¥·¢Ò° Î²¥´ μ¶¨¸Ò¢ ¥É ¢±² ¤ ¢ ¸¥Î¥´¨¥ μÉ μÉ·¨Í É¥²Ó´ÒÌ ·¥§μ´ ´¸μ¢ ¨ ÊÎ¨ÉÒ¢ ¥É
§ ±μ´ 1/v, σth Å ¸¥Î¥´¨¥ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢. ‚Éμ·μ° Î²¥´ μ¶¨¸Ò¢ ¥É ¢±² ¤
·¥§μ´ ´¸μ¢ ¸ ¶μ²μ¦¨É¥²Ó´μ° Ô´¥·£¨¥°.

„²Ö Ê§±¨Ì ·¥§μ´ ´¸μ¢ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ § ¢¨¸¨³μ¸ÉÓÕ ´¥°É·μ´´μ° Ï¨·¨´Ò μÉ Ô´¥·-
£¨¨. „¥² Ö § ³¥´Ê x = (2(E − Er))/Γ, ¶μ²ÊÎ¨³ ¤²Ö ¸¥Î¥´¨Ö § Ì¢ É  ¢¡²¨§¨ ·¥§μ´ ´¸ 

σnγ =
4π

k2

gΓnΓγ

Γ2

1
1 + x2

=
σ0

1 + x2

Γγ

Γ
, (11)

£¤¥ σ0 = (4π/k2)gJ(Γn/Γ) Å ¶μ²´μ¥ ¸¥Î¥´¨¥ ¢ ³ ±¸¨³Ê³¥ ·¥§μ´ ´¸ .
�²μÐ ¤Ó ·¥§μ´ ´¸  · ¢´ 

A =

∞∫
−∞

σnγ(E) dE = σ0
Γγ

Γ
Γ
2

∞∫
−∞

dx

1 + x2
= σ0

Γγ

2

∞∫
−∞

dx

1 + x2
=

π

2
σ0Γγ . (12)

’ ±¨³ μ¡· §μ³, ¢±² ¤ ¢ ·¥§μ´ ´¸´Ò° ¨´É¥£· ² μÉ μ¤´μ£μ ·¥§μ´ ´¸ :

Ires i =
π

2
σ0i(kri)

Γi

E1−α
ri

. (13)

�μ²´Ò° ·¥§μ´ ´¸´Ò° ¨´É¥£· ² · ¢¥´ ¸Ê³³¥ ¢±² ¤μ¢ μÉ μÉ¤¥²Ó´ÒÌ ·¥§μ´ ´¸μ¢ ¨ ¨´-
É¥£· ²Ê μÉ Î ¸É¨ ¸¥Î¥´¨Ö, ¸²¥¤ÊÕÐ¥° § ±μ´Ê 1/v

Ires(α) =

∞∫
ECd

σth
√

0,0253√
EE1−α

dE +
π

2

∑
i

σ0i(kri)Γγi

E1−α
ri

. (14)

ˆ´É¥£·¨·ÊÖ ¨ ¶μ¤¸É ¢²ÖÖ Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±μ´¸É ´É ¨ ÊÎ¨ÉÒ¢ Ö, ÎÉμ k2
ri =

(0,002197)2 Eri = 4,827 · 10−6Eri, ¶μ²ÊÎ¨³

Ires(α) =
σth

√
0,0253

(0,5 − α)
Eα−0,5

Cd + 4,0895 · 106
∑

i

giΓniΓγi

ΓiE
2−α
ri

. (14 )

�¤´ ±μ ÔÉμ ¢Ò· ¦¥´¨¥ ´¥ ÊÎ¨ÉÒ¢ ¥É ¶μ£²μÐ¥´¨¥ ´¥°É·μ´μ¢ ¢ ¨´¤¨± Éμ·¥ ¨ É¥¶²μ¢μ¥
¤¢¨¦¥´¨¥ Ö¤¥· ³¨Ï¥´¨.

3.1. “Î¥É § ¢¨¸¨³μ¸É¨ Ëμ·³Ò ·¥§μ´ ´¸  μÉ É¥³¶¥· ÉÊ·Ò, É¥¶²μ¢μ£μ ¤¢¨¦¥´¨Ö ¨ Éμ²-
Ð¨´Ò μ¡· §Í . Ÿ¤·  ³¨Ï¥´¨ ´ Ìμ¤ÖÉ¸Ö ¢ É¥¶²μ¢μ³ ¤¢¨¦¥´¨¨, ÎÉμ ¢ ¸²ÊÎ ¥ μÉ´μ¸¨É¥²Ó´μ
Ê§±¨Ì ·¥§μ´ ´¸μ¢ ³μ¦¥É ¸± §Ò¢ ÉÓ¸Ö ´  Ëμ·³¥ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨°.

‚¥·μÖÉ´μ¸ÉÓ § Ì¢ É  ´¥°É·μ´  μ¡· §Íμ³ Éμ²Ð¨´μ° t:

Pa(t) =

1∫
0

μ dμ

+∞∫
−∞

(
1 − exp

(
− t

μ
Ntσ0ψ(θ, x)

))
dx, (15)

£¤¥ μ = cosα; Nt Å Î¨¸²μ Ö¤¥· ³¨Ï¥´¨ ¢ ¥¤¨´¨Í¥ μ¡Ñ¥³ ; ψ(θ, x) Å ËÊ´±Í¨Ö ¤μ¶²¥-
·μ¢¸±μ£μ ÊÏ¨·¥´¨Ö.

„²Ö μÎ¥´Ó Éμ´±μ£μ μ¡· §Í 

Pa(t → 0) = tNtσ0π. (16)
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‘μ£² ¸´μ 
¥É¥ ¨ �² Î¥±Ê [6]

ψ(θ, x) =
θ

2
√

π

∞∫
−∞

exp
(
−1

4
θ2(x − y)2

)

1 + y2
dy. (17)

£¤¥ θ = Γ/Δ, Δ = 2
√

kTE/(A + 1) Å ¤μ¶²¥·μ¢¸± Ö Ï¨·¨´ ; k Å ±μ´¸É ´É  
μ²ÓÍ³ ´ ,
T Å  ¡¸μ²ÕÉ´ Ö É¥³¶¥· ÉÊ·  μ¡· §Í .

‚¢¥¤¥³ ·¥§μ´ ´¸´Ò° Ë ±Éμ· ¸ ³μ¶μ£²μÐ¥´¨Ö

Gres =
Pa(t)

Pa(t → 0)
. (18)

� ¸Î¥ÉÒ ËÊ´±Í¨¨ ψ(θ, x) ¨ Ë ±Éμ·  Gres Å ¸²μ¦´ Ö § ¤ Î . Š ± ¶μ± § ´μ ¢ · ¡μ-
É Ì [7,8], § ¤ Î  ¸¢μ¤¨É¸Ö ± ¢ÒÎ¨¸²¥´¨Õ ¨´É¥£· ² :

Gres(θ, τ) =
τ

π

∞∫
τ

dy

y3

+∞∫
−∞

(1 − exp (−yψ(θ, x)) dx, (19)

£¤¥ τ = tNtσ0(Γγ/Γ).
�É¨ Ë ±Éμ·Ò · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¤²Ö ± ¦¤μ£μ ·¥§μ´ ´¸  ¢ μÉ¤¥²Ó´μ¸É¨. ’ ±¨³ μ¡· §μ³,

μ±μ´Î É¥²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸ :

Ieff.res = Iv(α) +
π

2

∑ σ0iGi

E1−α
ri

Γγi. (20)

„²Ö ¢ÒÎ¨¸²¥´¨Ö ËÊ´±Í¨¨ ψ(θ, x) ¡Ò² ¶·¥¤²μ¦¥´ ³¥Éμ¤ ¶·¨¡²¨¦¥´¨Ö � ¤¥ [9]:

ψ(θ, x) = h
a0 + a2(hx)2 + a4(hx)4

b0 + b2(hx)2 + b4(hx)4 + b6(hx)6 + b8(hx)8
. (21)

‚ ÔÉμ° Ëμ·³Ê²¥ h = θ/2,   ¢Ò· ¦¥´¨Ö ¤²Ö ±μÔËË¨Í¨¥´Éμ¢ ai, bi, piqi ¶·¨¢¥¤¥´Ò ¢
· ¡μÉ¥ [9]. �  ·¨¸. 3 ¶μ± § ´Ò §´ Î¥´¨Ö ËÊ´±Í¨° ψ(θ, x).

—Éμ¡Ò ÊÎ¥¸ÉÓ G-Ë ±Éμ·Ò, ´¥μ¡Ìμ¤¨³μ Î¨¸²¥´´μ μ¶·¥¤¥²¨ÉÓ ¨´É¥£· ² (19). ˆ´É¥£·¨-
·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ³¥Éμ¤μ³ ‘¨³¶¸μ´ . ‡ É¥³ ¸ ¶μ³μÐÓÕ Ëμ·³Ê²Ò (20) ¢ÒÎ¨¸²Ö¥É¸Ö
ÔËË¥±É¨¢´Ò° ·¥§μ´ ´¸´Ò° ¨´É¥£· ². � · ³¥É·Ò ·¥§μ´ ´¸μ¢ ¢§ÖÉÒ ¨§ [10].

3.2. �¶·¥¤¥²¥´¨¥ ¶μÉμ±  ´¥°É·μ´μ¢ ´  Ê¸É ´μ¢±¥ ˆ�…�. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò
¶ · ³¥É·Ò ·¥§μ´ ´¸μ¢ 197Au, 94Zr, 96Zr, 63Cu, ±μÉμ·Ò¥ ¤ ÕÉ μ¸´μ¢´μ° ¢±² ¤ ¶·¨ · ¸Î¥É¥
ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸´μ£μ ¨´É¥£· ² .

‚ÒÎ¨¸²¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Mathcad15. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢
¸· ¢´¨¢ ÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨, ±μÉμ·Ò¥ ¶·¨¢¥¤¥´Ò ¢ ¸¶· ¢μÎ´¨±¥.

�μ · ¸Î¥É ³ ¶·¨ α = 0,1 ÔËË¥±É¨¢´Ò° ·¥§μ´ ´¸´Ò° ¨´É¥£· ² (É ¡². 2, ·¨¸. 4) ¸ÊÐ¥-
¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ §´ Î¥´¨° ¢ ¸¶· ¢μÎ´¨±¥. �Éμ μ¡ÑÖ¸´Ö¥É¸Ö É¥³ ÎÉμ ¶·¨ α = 0,1
¶μÉμ± ´¥°É·μ´μ¢ (En > 10 ±Ô‚) ¡μ²ÓÏ¥ ¨ ¸μμÉ¢¥É¸É¢¥´´μ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ£μ ·¥§μ-
´ ´¸´μ£μ ¨´É¥£· ²  ¢ÒÏ¥. �μÔÉμ³Ê ÔÉa ¶μ¶· ¢±  ¸ÊÐ¥¸É¢¥´´ .

ˆ´¤¨± Éμ·Ò ¸ ³ ¸¸ ³¨ 0,2Ä0,3 £ ¡Ò²¨ μ¡²ÊÎ¥´Ò ´  Ê¸É ´μ¢±¥ ˆ�…� ‹ ¡μ· Éμ·¨¨ ´¥°-
É·μ´´μ° Ë¨§¨±¨ �ˆŸˆ. Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¤μ¸É¨£ ²  ¢¥²¨Î¨´Ò 50 ŒÔ‚.
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�¨¸. 3. ”Ê´±Í¨Ö ψ(θ, x) ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° θ

’ ¡²¨Í  1. � · ³¥É·Ò ´¨§±μ²¥¦ Ð¨Ì ´¥°É·μ´´ÒÌ ·¥§μ´ ´¸μ¢ [10]

�´¥·£¨Ö
E0, Ô‚

�¥°É·μ´´ Ö
Ï¨·¨´ 

2gΓn, ³Ô‚

� ¤¨ Í¨μ´´ Ö
Ï¨·¨´ 
Γγ , ³Ô‚

’¥¶²μ¢μ¥
¸¥Î¥´¨¥ σth, ¡�²¥³¥´É

197Au
4,906 19,0 124

98,65 ± 0,09
60,25 81,2 110

94Zr

2239 2460 97
(49,9 ± 2,4) ×

10−35755 25400 44

5814 10649 180

96Zr

3818 7860 175
(22,9 ± 1,0) ×

10−34133 29800 175

5443 50600 130

63Cu
Ä1870 2680 500

4,5 ± 2,0
2038 32,0 500

’ ¡²¨Í  2. ‡´ Î¥´¨Ö ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸´μ£μ ¨´É¥£· ²  ¤²Ö 197Au, 94Zr, 96Zr ,63Cu

—¨¸²μ
·¥§μ´ ´¸μ¢

�¥§μ´ ´¸´Ò°
¨´É¥£· ²
Ires, ¡ [3]

�ËË¥±É¨¢´Ò° ·¥§μ´ ´¸´Ò°

�²¥³¥´É ¨´É¥£· ² Ires, ¡

α = 0 α = 0,05 α = 0,1
197Au 24 1550 1577 1707 1849
94Zr 18 0,23 0,30 0,49 0,78
96Zr 18 5,3 6,43 11,2 19,46
63Cu 24 4,97 4,95 6,87 9,52
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�¨¸. 4. � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö ÔËË¥±É¨¢´μ£μ ·¥§μ´ ´¸´μ£μ ¨´É¥£· ²  ¢ § ¢¨¸¨³μ¸É¨ μÉ Éμ²Ð¨´Ò
Ëμ²Ó£¨ ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  α

‘·¥¤´¨° Éμ± Ô²¥±É·μ´μ¢, ¤μ¸É¨£ ÕÐ¨Ì ³¨Ï¥´¨, ¡Ò² ¶μ·Ö¤±  1 ³±�. �¡²ÊÎ¥´¨¥ ¶·μ-
¢μ¤¨²μ¸Ó ´  ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ¢ É¥Î¥´¨¥ 2 ¸ÊÉ. ˆ§³¥·¥´¨Ö ¢¥²¨¸Ó ¸ ¶μ³μÐÓÕ
HPGe-¤¥É¥±Éμ· .

‘¡μ· ¨  ´ ²¨§ ¤ ´´ÒÌ ¶·μ¢μ¤¨²¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò GenieTM 2000 Ë¨·-
³Ò Canberra. � ¸Ï¨Ë·μ¢±  ¸¶¥±É·μ¢ (¨¤¥´É¨Ë¨± Í¨Ö ¶¨±μ¢) ¢Ò¶μ²´Ö² ¸Ó ¸ ¶μ³μÐÓÕ
μ´² °´-¡¨¡²¨μÉ¥±¨ WWW Table of Radioactive Isotopes [11].

‡ É¥³ ¸ ¶μ³μÐÓÕ Ëμ·³Ê²Ò (3) μ¶·¥¤¥²Ö²¸Ö ¶μÉμ± ´¥°É·μ´μ¢. • · ±É¥·¨¸É¨±¨ ¨´¤¨-
± Éμ·μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö · ¸Î¥É , ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.

‚ ·¥§Ê²ÓÉ É¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ¤²Ö α = 0,1
¸ ¶μ³μÐÓÕ ¸²¥¤ÊÕÐ¨Ì ¨´¤¨± Éμ·μ¢: 197Au (Φres = 2,28 · 106 ¸³−2 · ¸−1), 94Zr (Φres =
2,3·106 ¸³−2 ·¸−1), 63Cu (Φres = 2,07·106 ¸³−2 ·¸−1). �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ
· §²¨Î´ÒÌ ¨´¤¨± Éμ·μ¢, Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ°. �²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢
¡Ò²  μ¶·¥¤¥²¥´  ¸ ÉμÎ´μ¸ÉÓÕ ∼ 10%.

’ ¡²¨Í  3. • · ±É¥·¨¸É¨±¨ ³¨Ï¥´¥°, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°-
É·μ´μ¢

�´¥·£¥É¨Î¥¸±¨¥
²¨´¨° Eγ , ±Ô‚

‚ÒÌμ¤
γ-±¢ ´É 

Iγ , %

�¥·¨μ¤
¶μ²Ê· ¸¶ ¤ 

T1/2, Î
�²¥³¥´É

198Au 411,8 96,0 64,8

94Zr
724,2 44,2

1536,5
756,7 54,0

96Zr
507,7 5,03

16,91
743,4 93,0

64Cu 1345,9 0,47 12,7
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‡�Š‹	—…�ˆ…

‘μ§¤ ´  ¶·μ£· ³³  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ÔËË¥±É¨¢´ÒÌ ·¥§μ´ ´¸´ÒÌ ¨´É¥£· ²μ¢, ÊÎ¨ÉÒ-
¢ ÕÐ Ö ·¥ ²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶²μÉ´μ¸É¨ ¶μÉμ±  μÉ Ô´¥·£¨¨, É¥³¶¥· ÉÊ·Ê ¨ Éμ²Ð¨´Ê
μ¡· §Í . „²Ö · ¸Î¥Éμ¢ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¶ · ³¥É·Ò ·¥§μ´ ´¸μ¢, ¨§¢¥¸É´Ò¥ ¨§ ²¨É¥· -
ÉÊ·Ò. �·¨ ÔÉμ³ ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¢Ò¤¥²ÖÉÓ ¢±² ¤ É¥¶²μ¢μ£μ ¸¥Î¥´¨Ö,   ³μ¦´μ ¨¸¶μ²Ó§μ-
¢ ÉÓ ¶·¥¤¸É ¢²¥´¨Ö μ¡ μÉ·¨Í É¥²Ó´ÒÌ ·¥§μ´ ´¸ Ì, ¶ · ³¥É·Ò ±μÉμ·ÒÌ É ±¦¥ ¶·¨¢¥¤¥´Ò ¢
¸¶· ¢μÎ´¨± Ì. ‘ ¶μ³μÐÓÕ ÔÉμ° ¶·μ£· ³³Ò ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ÔËË¥±É¨¢´Ò¥ ·¥§μ´ ´¸´Ò¥
¨´É¥£· ²Ò ¤²Ö 197Au, 94Zr, 96Zr, 63Cu, ±μÉμ·Ò¥ ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö μÉ ¶·¨¢¥¤¥´´ÒÌ
¢ ¸¶· ¢μÎ´¨±¥.

�É¨ ·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´Ö²¨¸Ó ¤²Ö ¡μ²¥¥ ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°-
É·μ´μ¢ ´  Ê¸É ´μ¢±¥ ˆ�…�. �ÉÊ ¶·μ£· ³³Ê ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨ ¶·¨ ¶·μ¢¥¤¥´¨¨  ±É¨-
¢ Í¨μ´´μ£μ  ´ ²¨§  ´  ¤·Ê£¨Ì Ê¸É ´μ¢± Ì.
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