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� ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨¸¸²¥¤μ¢ ´¨Õ Ì · ±É¥·¨¸É¨± pd-·¥ ±Í¨¨ (p + d → 3He+ γ (5,5 ŒÔ‚)),
¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ É¨É ´  ¢ μ¡² ¸É¨  ¸É·μË¨§¨Î¥¸±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢
¸ ¤¥°É·μ´ ³¨ μÉ 5,3 ¤μ 10,5 ±Ô‚. �±¸¶¥·¨³¥´ÉÒ ¢Ò¶μ²´Ö²¨¸Ó ´  ¨³¶Ê²Ó¸´μ³ ¶² §³¥´´μ³
Ê¸±μ·¨É¥²¥ •μ²²  �ˆ’�“ (’μ³¸±, �μ¸¸¨Ö). —¨¸²μ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ¨³¶Ê²Ó¸¥ ¤²¨É¥²Ó-

´μ¸ÉÓÕ 10 ³±¸ ¸μ¸É ¢²Ö²μ 5 · 1014 ¶·¨ Î ¸ÉμÉ¥ ¸²¥¤μ¢ ´¨Ö 7 · 10−2 ƒÍ. �¥£¨¸É· Í¨Ö γ-±¢ ´Éμ¢
¸ Ô´¥·£¨¥° 5,5 ŒÔ‚ μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¢μ¸Ó³¨ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl)
(100 × 100 × 400 ³³), · ¸¶μ²μ¦¥´´ÒÌ ¢μ±·Ê£ ³¨Ï¥´¨ ¨§ TiD. ‚¶¥·¢Ò¥ ¨§³¥·¥´Ò § ¢¨¸¨³μ¸ÉÓ
 ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  ¤²Ö pd-·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨,
¶μÉ¥´Í¨ ² Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¤¥°É¥·¨¤¥
É¨É ´ .

The article is devoted to the study of the characteristics of pd-reaction (p+d → 3He + γ (5.5 MeV))
undergoing in titanium deuteride in the astrophysical collision energy region of protons and deuterons
from 5.3 to 10.5 keV. The experiments have been performed using a pulsed plasma accelerator
Hall NRTPU (Tomsk, Russia). Number of accelerated protons in the pulse of 10 μs duration was
5 · 1014 at a repetition rate 7 · 10−2 Hz. Detection of the gamma rays with energy 5.5 MeV was carried
out using eight detectors based on crystals of NaI(Tl) (100 × 100 × 400 mm) placed around the TiD
target. The dependence of the pd-reaction astrophysical S-factor from protonÄdeuteron collision energy,
and the potential electronic screening of the interacting protons and deuterons in titanium deuteride have
been measured for the ˇrst time.
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‚‚…„…�ˆ…

‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¢μ§·μ¸ ¨´É¥·¥¸ ± ¨§ÊÎ¥´¨Õ ³¥Ì ´¨§³μ¢ ¶·μÉ¥± ´¨Ö ·¥ ±Í¨° ³¥¦¤Ê
²¥£±¨³¨ Ö¤· ³¨ (pd, dd) ¢ ³¥É ²² Ì, ´ ¸ÒÐ¥´´ÒÌ ¨§μÉμ¶ ³¨ ¢μ¤μ·μ¤ , ¢ μ¡² ¸É¨ Ê²ÓÉ· -
´¨§±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö Î ¸É¨Í ¢μ ¢Ìμ¤´ÒÌ ± ´ ² Ì Ê± § ´´ÒÌ ·¥ ±Í¨° [1Ä11].

�¥§Ê²ÓÉ ÉÒ ¨§ÊÎ¥´¨Ö ·¥ ±Í¨°
D(d, n)3He, (1 )

D(d, p)t (1¡)

´  ¶·μÉÖ¦¥´¨¨ ¶μ¸²¥¤´¥£μ ¤¥¸ÖÉ¨²¥É¨Ö [1Ä11] ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¸ÊÐ¥¸É¢μ¢ ´¨¨ ÔË-
Ë¥±É  Ê¸¨²¥´¨Ö ·¥ ±Í¨¨ dd-¸¨´É¥§  ¢ ¤¥°É¥·¨¤ Ì ³¥É ²²μ¢ §  ¸Î¥É ´ ²¨Î¨Ö Ô²¥±É·μ´-
´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¤¥°É·μ´μ¢. „²Ö ¶·μ¢¥·±¨ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¤ ´-
´μ£μ ÔËË¥±É  ´ ³¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ´  ¶ÊÎ±¥ Ê¸±μ·¥´´ÒÌ ¤¥°É·μ´μ¢ ¨³-
¶Ê²Ó¸´μ£μ Ê¸±μ·¨É¥²Ö •μ²²  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¥° ¨§ ¤¥°É¥·¨¤μ¢ É¨É ´ , Í¨·±μ´¨Ö
¨ É ´É ²  [8Ä11].

‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´¨Ö ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ μ¶·¥¤¥²¥´Ò ¶μÉ¥´Í¨ ²Ò Ô²¥±É·μ´-
´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¤¥°É·μ´μ¢ ¢ ¤¥°É¥·¨¤ Ì · §²¨Î´ÒÌ ³¥É ²²μ¢,
  É ±¦¥ ¨§³¥·¥´Ò § ¢¨¸¨³μ¸É¨  ¸É·μË¨§¨Î¥¸±¨Ì S-Ë ±Éμ·μ¢ ¤²Ö dd-·¥ ±Í¨¨ μÉ Ô´¥·£¨¨
¸Éμ²±´μ¢¥´¨Ö ¤¥°É·μ´μ¢.

�´ ²μ£¨Î´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ´¥μ¡Ìμ¤¨³μ ¢Ò¶μ²´¨ÉÓ ¤²Ö ¨§ÊÎ¥´¨Ö ÔËË¥±É  Ê¸¨²¥´¨Ö
pd-·¥ ±Í¨¨

D(p, γ)3He, (2 )

H(d, γ)3He, (2¡)

¶·μÉ¥± ÕÐ¥° ¢ ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´ÖÌ, ´ ¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³ (·¥ ±Í¨Ö (2 )) ¨²¨ ¢μ-
¤μ·μ¤μ³ (·¥ ±Í¨Ö (2¡)).

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ± ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¢ ²¨É¥· ÉÊ·¥ μÉ¸ÊÉ¸É¢Ê¥É ± ± Ô±¸¶¥·¨-
³¥´É ²Ó´ Ö, É ± ¨ É¥μ·¥É¨Î¥¸± Ö ¨´Ëμ·³ Í¨Ö μ pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤ Ì
(£¨¤·¨¤ Ì) ³¥É ²²μ¢ ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ-
´ ³¨. ˆ³¥¥É¸Ö ²¨ÏÓ ¢¥¸Ó³  μ£· ´¨Î¥´´μ¥ Î¨¸²μ ¶Ê¡²¨± Í¨°, ¶μ¸¢ÖÐ¥´´ÒÌ ¨§ÊÎ¥´¨Õ
pd-·¥ ±Í¨¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¥° ¨§ £ §μμ¡· §´μ£μ ¤¥°É¥·¨Ö [12], ÉÖ¦¥²μ° ¢μ¤Ò
D2O [13Ä15] ¨ ¤¥°É¥·¨·μ¢ ´´μ£μ ¶μ²¨ÔÉ¨²¥´  [16Ä18].

�¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¸²¥¤μ¢ ´¨° pd-·¥ ±Í¨¨ ¢ ³¥É ²² Ì, ´ ¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³ (¢μ¤μ-
·μ¤μ³), μ¸´μ¢ ´  ´  ¶·¨³¥·¥ ¨§ÊÎ¥´¨Ö ³¥Ì ´¨§³μ¢ ¶·μÉ¥± ´¨Ö dd-·¥ ±Í¨¨ ¢ ´¥±μÉμ·ÒÌ
³¥É ²² Ì, ´ ¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³. �±¸¶¥·¨³¥´ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨-
Ï¥´¥° ¨§ ¤¥°É¥·¨¤μ¢ ¤ ´´ÒÌ ³¥É ²²μ¢, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¶μÉ¥´Í¨ ² Ô²¥±É·μ´-
´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¤²Ö dd-·¥ ±Í¨¨ ¢μ§· ¸É ¥É ´  ¶μ·Ö¤μ± ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³
¨¸¶μ²Ó§μ¢ ´¨Ö ³¨Ï¥´¥° ¨§ £ §μμ¡· §´μ£μ ¤¥°É¥·¨Ö [18], ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶·¨¢μ¤¨É ±
§´ Î¨É¥²Ó´μ³Ê ·μ¸ÉÊ  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  ¢ μ¡² ¸É¨ Ô´¥·£¨°, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¶μ²μ¦¥´¨Õ ¶¨±  ƒ ³μ¢ . �¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ¨ ¤²Ö pd-·¥ ±Í¨¨ ¢μ§³μ¦´μ É ±μ¥ ¦¥ ¶·μ-
Ö¢²¥´¨¥ ÔËË¥±É  Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´ ³¨ ¢¶¥·¢Ò¥ ¡Ò² ¢Ò¶μ²´¥´ Ô±¸¶¥·¨³¥´É ¶μ ¨§ÊÎ¥´¨Õ pd-·¥ ±Í¨¨
(·¥ ±Í¨Ö (2 )) ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¶·μÉμ´μ¢ ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥ 9Ä11 ±Ô‚ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  Í¨·±μ´¨Ö [19, 20]. � °¤¥´´Ò¥ §´ Î¥´¨Ö S-Ë ±Éμ· 
´ Ìμ¤ÖÉ¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ·¥§Ê²ÓÉ Éμ³ · ¡μÉÒ [12], ¢Ò¶μ²´¥´´μ° ¢ £ §μμ¡· §´μ³
¤¥°É¥·¨¨, ¶·¥¢ÒÏ ÕÐ¨³ ·¥§Ê²ÓÉ É [14], ¶μ²ÊÎ¥´´Ò° ¸ ³¨Ï¥´ÓÕ ¨§ ÉÖ¦¥²μ° ¢μ¤Ò D2O.
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�¥§Ê²ÓÉ ÉÒ ´ Ï¨Ì · ¡μÉ [19, 20] ¶μ¤É¢¥·¦¤ ÕÉ ¢ ¶·¥¤¥² Ì μÏ¨¡μ± ¨§³¥·¥´¨Ö ´ ²¨Î¨¥
· ¸ÉÊÐ¥° § ¢¨¸¨³μ¸É¨  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢
¸ ¤¥°É·μ´ ³¨, ¨§³¥·¥´´μ° ¢ · ¡μÉ¥ [12]. �Éμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¥¸²¨ ÔËË¥±É
Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ ¨ ¸ÊÐ¥¸É¢Ê¥É, Éμ, ¨§-§  ¸¢μ¥° ³ ²μ¸É¨, μ´ ´¥ ¶·μÖ¢²Ö¥É¸Ö ´ 
Ô±¸¶¥·¨³¥´É ²Ó´μ ´ ¡²Õ¤ ¥³μ³ Ê·μ¢´¥ ¢ ¤¥°É¥·¨¤¥ Í¨·±μ´¨Ö. ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É, ÎÉμ
¢²¨Ö´¨¥ ÔËË¥±É  Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö ´  ¨´É¥´¸¨¢´μ¸ÉÓ ¶·μÉ¥± ´¨Ö pd-·¥ ±Í¨¨
¢ ¤¥°É¥·¨¤¥ Í¨·±μ´¨Ö ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥, Î¥³ ¤²Ö dd-·¥ ±Í¨¨.

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö²μ¸Ó ¨§³¥·¥´¨¥ § ¢¨¸¨³μ¸É¨  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±-
Éμ·  ¤²Ö pd-·¥ ±Í¨¨ (2 ) μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¨´É¥·¢ ²¥
Ô´¥·£¨° 5,3Ä10,5 ±Ô‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  É¨É ´  TiD. ‚Ò¶μ²´¥´¨¥
¤ ´´μ£μ Ô±¸¶¥·¨³¥´É  ¶μ§¢μ²¨É É ±¦¥ μ¶·¥¤¥²¨ÉÓ ¢±² ¤ ÔËË¥±É  Ô²¥±É·μ´´μ° Ô±· ´¨-
·μ¢±¨ ¢ ¢¥²¨Î¨´Ê S-Ë ±Éμ· , ¥¸²¨ ¢¥²¨Î¨´  ¤ ´´μ£μ ¢±² ¤  ¶·¥¢ÒÏ ¥É μÏ¨¡±Ê ¨§³¥·¥´¨Ö
 ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ· .

1. Œ…’�„ ˆ‡Œ…�…�ˆŸ

�±¸¶¥·¨³¥´É ²Ó´μ¥ μ¶·¥¤¥²¥´¨¥ §´ Î¥´¨°  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  ¨ Ë ±Éμ· 
Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö μ¸´μ¢ ´μ ´  ¨§³¥-
·¥´¨¨ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,5 ŒÔ‚ ¨§ ·¥ ±Í¨° (2 ) ¨ (2¡) ¨ ´  ¨¸¶μ²Ó§μ¢ ´¨¨
¶ · ³¥É·¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ¸¥Î¥´¨Ö ¤ ´´μ° ·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ-
´μ¢ ¸ ¤¥°É·μ´ ³¨ [9, 10, 15, 19, 20]:

N exp
γ = Np(d)εγ

∞∫
0

f(E) dE

E∫
0

σscr
pd (E′)n(x)

(
−dE′

dx

)−1

dE′, (3)

σscr
pd (E) = σb

pd(E + Ue) = σb
pd(E)fpd(E, Ue), (4)

σb
pd(E) =

Sb
pd(E)
E

exp (−2πη), 2πη = 31,29
√

μ

E
, (5)

Sscr
pd (E) = Sb

pd(E)fpd (¸μ£² ¸´μ (5)), (6)

£¤¥ μ Å ¶·¨¢¥¤¥´´ Ö ³ ¸¸  ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶·μÉμ´  ¨ ¤¥°É·μ´ ; N exr
γ Å Î¨¸²μ

§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ γ-±¢ ´Éμ¢ ¨§ pd-·¥ ±Í¨¨; Np(d) Å Î¨¸²μ ¶·μÉμ´μ¢ (¤¥°É·μ´μ¢), ¶μ-
¶ ¢Ï¨Ì ¢ ³¨Ï¥´Ó; E Å Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¸¨¸É¥³¥ Í¥´É· 
³ ¸¸; εγ Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨° (2 ) ¨ (2¡); n(x) Å ¶²μÉ-
´μ¸ÉÓ ¤¥°É·μ´μ¢ (¶·μÉμ´μ¢) ¢ ³¨Ï¥´¨; dE/dx Å Ê¤¥²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¶·μÉμ´μ¢
(¤¥°É·μ´μ¢) ¢ ³¨Ï¥´¨; f(E) Å ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶·μÉμ´μ¢ (¤¥°É·μ´μ¢), ¶ ¤ Õ-
Ð¨Ì ´  ³¨Ï¥´Ó; Spd(E) Å  ¸É·μË¨§¨Î¥¸±¨° S-Ë ±Éμ· ¤²Ö pd-·¥ ±Í¨¨ ¶·¨ Ô´¥·£¨¨
¸Éμ²±´μ¢¥´¨Ö E; η Å ¶ · ³¥É· ‡μ³³¥·Ë¥²Ó¤ ; σb

pd(E), Sb
pd(E) Å ¸¥Î¥´¨¥ ¨  ¸É·μË¨-

§¨Î¥¸±¨° S-Ë ±Éμ· ¤²Ö pd-·¥ ±Í¨¨ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ®£μ²ÒÌ¯ ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨
¸μμÉ¢¥É¸É¢¥´´μ; σscr

pd (E) Å ¸¥Î¥´¨¥ pd-·¥ ±Í¨¨ ¶·¨ ´ ²¨Î¨¨ Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨;
Ue Å ¶μÉ¥´Í¨ ² Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ ¤²Ö pd-·¥ ±Í¨¨; fpd Å Ë ±Éμ· Ê¸¨²¥´¨Ö pd-
·¥ ±Í¨¨ §  ¸Î¥É Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨.

“· ¢´¥´¨¥ (3) ¶μ²ÊÎ¥´μ ¸ ÊÎ¥Éμ³ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¶·μÉμ´μ¢ (¤¥°É·μ´μ¢),
¶ ¤ ÕÐ¨Ì ´  ¤¥°É¥·¨¥¢ÊÕ (¢μ¤μ·μ¤´ÊÕ) ³¨Ï¥´Ó,   É ±¦¥ ±Ê²μ´μ¢¸±¨Ì ¶μÉ¥·Ó Ô´¥·£¨¨
¶·μÉμ´μ¢ (¤¥°É·μ´μ¢) ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨Ì ¸  Éμ³ ³¨ (³μ²¥±Ê² ³¨) ³¨Ï¥´¨.
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‚Ò· ¦¥´¨¥ ¤²Ö Ë ±Éμ·  Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ fpd ¨³¥¥É ¢¨¤

fpd =
E

E + Ue
exp (−2πη (E + Ue) + 2πη (E)). (7)

�·¨ Ue � E Ë ±Éμ· Ê¸¨²¥´¨Ö ¨³¥¥É ¡μ²¥¥ ¶·μ¸Éμ° ¢¨¤

fpd ∼ exp (πη (E)Ue/E) . (8)

‡´ Î¥´¨¥ ¶μÉ¥´Í¨ ²  Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö Ue μ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³  ¶¶·μ±¸¨³ -
Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ° § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ N exr

γ ¨§ ·¥ ±Í¨¨ (2 )
μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢Ò· ¦¥´¨¥³

N exp
γ = Np(d)εγ

∞∫
0

f(E) dE

E∫
0

Sb
pd(E

′)
(E′ + Ue)

exp (−2πη (E′ + Ue))n(x)
(
−dE′

dx

)−1

dE′. (9)

’ ±¨³ μ¡· §μ³,  ¶¶·μ±¸¨³ Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ° § ¢¨¸¨³μ¸É¨ N exr
γ ¢Ò· -

¦¥´¨¥³ (9) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ ´¥³ ¢ ± Î¥¸É¢¥ § ¢¨¸¨³μ¸É¨ Sb
pd(E) § ¢¨¸¨³μ¸É¨ Spd(E),

´ °¤¥´´μ° ¢ · ¡μÉ¥ [12], ¶μ§¢μ²Ö¥É μ¤´μ§´ Î´μ ¨§¢²¥ÎÓ ¨´Ëμ·³ Í¨Õ μ ¢¥²¨Î¨´¥ ¶μ-
É¥´Í¨ ²  Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ pd-·¥ ±Í¨¨ Ue, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ ³¥É ²² ,
´ ¸ÒÐ¥´´μ³ ¤¥°É¥·¨¥³.

�±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ Ë ±Éμ·  Ê¸¨²¥´¨Ö f exp
pd (E) μ¶·¥¤¥²Ö¥É¸Ö ± ±

f exp
pd (E) = N exp

γ (E)/N calc
γ (E, Ue = 0), (10)

£¤¥ N calc
γ (E, Ue = 0) Å · ¸Î¥É´Ò° ¢ÒÌμ¤ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (2 ), ¶μ²ÊÎ¥´´Ò° ¸μ-

£² ¸´μ Ëμ·³Ê²¥ (3) ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ Ue = 0.
�¶·¥¤¥²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨°  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  Sscr

pd (E) ¤²Ö
pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ É¨É ´  ¢ Ê± § ´´μ³ ¢ÒÏ¥ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¸Éμ²±-
´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨, ¶·μ¨§¢μ¤¨²μ¸Ó ¸μ£² ¸´μ Ê· ¢´¥´¨Õ (6), ¢ ±μÉμ·μ¥ ¢³¥-
¸Éμ §´ Î¥´¨° Sb

pd(E) ¶μ¤¸É ¢²Ö²¨¸Ó §´ Î¥´¨Ö  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ· , ´ °¤¥´´Ò¥ ¢
· ¡μÉ¥ [12].

�¶·¥¤¥²¥´´Ò¥ É ±¨³ μ¡· §μ³ §´ Î¥´¨Ö  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  ¤²Ö pd-·¥ ±Í¨¨
¸μμÉ¢¥É¸É¢ÊÕÉ ¸·¥¤´¨³ §´ Î¥´¨Ö³ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ Ecol ¢
¤¥°É¥·¨¤¥ É¨É ´ :

Ecol =

∞∫
0

EP (E) dE, (11)

P (E) =
e−2πη(E+Ue)D(E)

∞∫
E

n(x(E, E′))f(E′) dE′

∞∫
0

e−2πη(E+Ue)D(E) dE
∞∫
E

n(x(E, E′))f(E′) dE′
, (12)

D (E) = − 1
E

dx

dE
, (13)
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£¤¥ n(x(E, E′)) Å ¶²μÉ´μ¸ÉÓ ¤¥°É·μ´μ¢ ³¨Ï¥´¨ ´  £²Ê¡¨´¥ x, ¨³¥ÕÐ¨Ì Ô´¥·£¨Õ E ¶·¨
´ Î ²Ó´μ° Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¢μ ¢Ìμ¤´μ³ ± ´ ²¥ E′; P (E) Å ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö
¢¥·μÖÉ´μ¸É¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¶μ Ô´¥·£¨¨ ¸ μ¡· §μ¢ ´¨¥³ γ-±¢ ´Éμ¢
¨§ ·¥ ±Í¨¨ (2 ); Ecol Å Ô´¥·£¨Ö ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨, Ê¸·¥¤´¥´´ Ö ¶μ
ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö P (E).

2. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

�±¸¶¥·¨³¥´É ¶μ ¨§³¥·¥´¨Õ  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ· , ¶μÉ¥´Í¨ ²  Ô²¥±É·μ´´μ£μ
Ô±· ´¨·μ¢ ´¨Ö ¨ ÔËË¥±É¨¢´μ£μ ¸¥Î¥´¨Ö pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ É¨É ´ 
TiD, ¢Ò¶μ²´Ö²¸Ö ´  ¨³¶Ê²Ó¸´μ³ ¶² §³¥´´μ³ Ê¸±μ·¨É¥²¥ •μ²²  ¶·¨ Ô´¥·£¨ÖÌ Ê¸±μ·¥´-
´ÒÌ ¶·μÉμ´μ¢ ¢ ¨´É¥·¢ ²¥ 9Ä19 ±Ô‚. �  ·¨¸. 1 ¶·¨¢¥¤¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É -

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± : 1 Å É¢¥·¤μÉ¥²Ó´ Ö ³¨Ï¥´Ó ¨§ TiD; 2 Å ³´μ£μ¸¥ÉμÎ´Ò°  ´ -
²¨§ Éμ· Ô´¥·£¨¨; 3 Å ¤¥É¥±Éμ·Ò γ-±¢ ´Éμ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI(Tl); 4 Å ±μ·¶Ê¸ ¶² §³¥´´μ£μ

Ê¸±μ·¨É¥²Ö •μ²² ; 5 Å ¸¥É± 
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´μ¢±¨, μ¶¨¸ ´´ Ö ¢ · ¡μÉ Ì [8Ä10, 15, 19Ä21]. —¨¸²μ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ¨³¶Ê²Ó¸¥,
¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó ¨§ ¤¥°É¥·¨¤  É¨É ´ , ¸μ¸É ¢²Ö²μ 5 · 1014.

„²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ¸μ¸É ¢²Ö²  10 ³±¸. — ¸ÉμÉ  ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ 7 ·10−2 ƒÍ.
�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ±  ¶·μÉμ´μ¢ ¢ ¨´É¥·¢ ²¥ 9Ä19 ±Ô‚ ¢ ¸·¥¤´¥³ ¸μ¸É ¢²Ö²
FWHM ≈ 16 %. ˆ§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶·μÉμ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨-
Ï¥´Ó, μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶μ³μÐÓÕ ³´μ£μ¸¥ÉμÎ´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¸¶¥±É·μ³¥É·  § -
·Ö¦¥´´ÒÌ Î ¸É¨Í (Ê¸É ´μ¢²¥´´μ£μ §  ³¨Ï¥´ÓÕ ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ¶ ¤ ÕÐ¥£μ ¶ÊÎ±  ¶·μ-
Éμ´μ¢),   ¨§³¥·¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö Å ¸ ¶μ³μÐÓÕ ²¨´¥°±¨ Í¨²¨´¤·μ¢
” · ¤¥Ö, Ê¸É ´μ¢²¥´´ÒÌ ¶μ · ¤¨Ê¸Ê ³¨Ï¥´¨. Š·μ³¥ ÔÉμ£μ, ¤²Ö ¶· ¢¨²Ó´μ° ¨´É¥·¶·¥É -
Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ ¸¶¥Í¨ ²Ó´ÒÌ μ¶ÒÉ Ì ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤¨±¨ ¶μ
¢·¥³¥´¨ ¶·μ²¥É  [22Ä24] ¨§³¥·Ö²¸Ö ·Ö¤ ¶ · ³¥É·μ¢ ¶μÉμ±  ¨μ´μ¢, ¶ ¤ ÕÐ¥£μ ´  ³¨Ï¥´Ó:
ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ ¶μÉμ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ Ê£²μ¢ 0−20 ◦

μÉ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¤μ ³¥¸É  · ¸¶μ²μ¦¥´¨Ö ³¨Ï¥´¨ ´  ¡ §¥ 300 ³³ ¨ ¸μ¸É ¢ ¶ÊÎ± .
�·¨³¥¸Ó ³μ²¥±Ê²Ö·´ÒÌ ¨μ´μ¢ ¢μ¤μ·μ¤  ¢ ¶ÊÎ±¥ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ´¥ ¶·¥¢ÒÏ ¥É
10%,   ¤μ²Ö ´¥°É· ²μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¶·μÍ¥¸¸  ¶¥·¥§ ·Ö¤±¨ ¨μ´μ¢ ¢μ¤μ·μ¤ 
´  μ¸É ÉμÎ´μ³ £ §¥ ¢ ¨§³¥·¨É¥²Ó´μ° ± ³¥·¥ Ê¸±μ·¨É¥²Ö ¶·¨ É· ´¸¶μ·É¨·μ¢±¥ ³¨Ï¥´¨,
¸μ¸É ¢²Ö¥É 1Ä2 % ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¸²μ¢¨° ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  (´ Î ²Ó´μ£μ ±μ³¶μ-
§¨Í¨μ´´μ£μ ¸μ¸É ¢  ¨μ´μ¢ ¶ÊÎ±  ¨¸ÉμÎ´¨±  •μ²² , ¶ ·Í¨ ²Ó´μ£μ ¤ ¢²¥´¨Ö μ¸É ÉμÎ´μ£μ
£ §  ¢ ¨§³¥·¨É¥²Ó´μ° ± ³¥·¥ Ê¸±μ·¨É¥²Ö, ¢ ±μÉμ·μ° Ê¸É ´μ¢²¥´  ³¨Ï¥´Ó ¨§ TiD).

� ´¥¸¥´¨¥ ¸²μÖ ¤¥°É¥·¨¤  É¨É ´  ´  ¶μ¤²μ¦±Ê ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó
³¥Éμ¤μ³ ³ £´¥É·μ´´μ£μ · ¸¶Ò²¥´¨Ö. ’μ²Ð¨´  ´ ´¥¸¥´´μ£μ ¸²μÖ ¨§ ¤¥°É¥·¨¤  É¨É ´  ¸μ-
¸É ¢²Ö²  1,5Ä2 ³±³, ¤¨ ³¥É· ³¨Ï¥´¨ Å 97 ³³. ˆ§³¥·¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨
¤¥°É·μ´μ¢ ¶μ £²Ê¡¨´¥ ³¨Ï¥´¨ ¶·μ¨§¢μ¤¨²μ¸Ó ³¥Éμ¤μ³ ERD (³¥Éμ¤ Ö¤¥· μÉ¤ Î¨) ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±  α-Î ¸É¨Í ¸ Ô´¥·£¨¥° 2,3 ŒÔ‚, ¸μ§¤ ¢ ¥³μ£μ ¸ ¶μ³μÐÓÕ Ê¸±μ·¨É¥²Ö
‚ ´ ¤¥ ƒ· Ë  [25Ä27]. �¤´μ¢·¥³¥´´μ ¸ ·¥£¨¸É· Í¨¥° ¤¥°É·μ´μ¢ μÉ¤ Î¨ ¤¥É¥±É¨·μ¢ ²¨¸Ó
α-Î ¸É¨ÍÒ, · ¸¸¥Ö´´Ò¥ ´  Ö¤· Ì ³¨Ï¥´¨ ¢ § ¤´ÕÕ ¶μ²Ê¸Ë¥·Ê (RBS-³¥Éμ¤). ‘μ¢³¥¸É´Ò°
 ´ ²¨§ ERD- ¨ RBS-¸¶¥±É·μ¢ ¶μ§¢μ²Ö¥É ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ μ¶·¥¤¥²ÖÉÓ · ¸¶·¥¤¥²¥´¨¥
¤¥°É·μ´μ¢ ¶μ £²Ê¡¨´¥ ³¨Ï¥´¨.

Š·μ³¥ ÔÉμ£μ, ¸ ¶μ³μÐÓÕ μ¦¥-¸¶¥±É·μ³¥É·  [28] ¨ ±¢ ·Í¥¢ÒÌ ¢¥¸μ¢ [29] μ¶·¥¤¥²Ö-
²¨¸Ó ¸μ¸É ¢ ¨ Éμ²Ð¨´  ®¶ · §¨É´μ°¯ ¶²¥´±¨, μ¡· §ÊÕÐ¥°¸Ö ´  ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨ ¨§
¤¥°É¥·¨¤  É¨É ´  §  ¸Î¥É μ¸É ÉμÎ´μ£μ £ §  ¢ ¨§³¥·¨É¥²Ó´μ° ± ³¥·¥ Ê¸±μ·¨É¥²Ö.

‚ ±ÊÊ³¨·μ¢ ´¨¥ ¨§³¥·¨É¥²Ó´μ° ± ³¥·Ò Ê¸±μ·¨É¥²Ö μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
ÉÊ·¡μ³μ²¥±Ê²Ö·´μ£μ ¨ ±·¨μ£¥´´μ£μ ´ ¸μ¸μ¢. “·μ¢¥´Ó · ¡μÎ¥£μ ¢ ±ÊÊ³  ¢ ¨§³¥·¨É¥²Ó´μ°
± ³¥·¥ ¸μ¸É ¢²Ö² < 10−7 ³³ ·É. ¸É. �¥£¨¸É· Í¨Ö γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 5,5 ŒÔ‚ ¨§ ·¥ ±-
Í¨¨ (2 ) μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¢μ¸¥³ÓÕ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸¶¥±É·μ³¥É· ³¨ ´  μ¸´μ¢¥ ±·¨-
¸É ²²μ¢ NaI(Tl) (100 × 100× 400 ³³), · ¸¶μ²μ¦¥´´Ò³¨ ¢μ±·Ê£ ³¨Ï¥´¨. �ËË¥±É¨¢´μ¸ÉÓ
·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (2 ) μ¶·¥¤¥²Ö² ¸Ó ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ. �·¨ Ô´¥·£¥-
É¨Î¥¸±μ³ ¶μ·μ£¥ ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò 3 ŒÔ‚ μ´  ¸μ¸É ¢²Ö²  εγ = 0,300± 0,006.
‚Ò¡μ· ¤ ´´μ£μ ¶μ·μ£  ¡Ò² μ¡Ê¸²μ¢²¥´ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¶μ¤ ¢²¥´¨Ö ¢±² ¤  Ëμ´  §  ¸Î¥É
·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨¨ dd-¸¨´É¥§  (d + d → 3He + n (2,5 ŒÔ‚), ¶·μÉ¥± ´¨¥
±μÉμ·μ° ·¥ ²Ó´μ §  ¸Î¥É ´ ²¨Î¨Ö ¶·¨³¥¸¨ ¤¥°É¥·¨Ö ¢ ¶ÊÎ±¥ ¶·μÉμ´μ¢ (μÉ´μ¸¨É¥²Ó´ Ö
±μ´Í¥´É· Í¨Ö ¤¥°É¥·¨Ö ¢ ¢μ¤μ·μ¤¥ ¸μ¸É ¢²Ö¥É ∼ 10−4,   ¸¥Î¥´¨¥ dd-·¥ ±Í¨¨ ¢ ¨¸¸²¥-
¤Ê¥³μ° μ¡² ¸É¨ Ô´¥·£¨° ´  3Ä4 ¶μ·Ö¤±  ¡μ²ÓÏ¥, Î¥³ ¸¥Î¥´¨¥ pd-·¥ ±Í¨¨). ‚ É¥Î¥´¨¥
Ô±¸¶¥·¨³¥´Éμ¢ ´¥¶·¥·Ò¢´μ ¶·μ¢μ¤¨²¨¸Ó ¨§³¥·¥´¨Ö Ëμ´ , μ¡Ê¸²μ¢²¥´´μ£μ ±μ¸³¨Î¥¸±¨³
¨§²ÊÎ¥´¨¥³ ¨ ¥¸É¥¸É¢¥´´μ° · ¤¨μ ±É¨¢´μ¸ÉÓÕ. „²Ö ÔÉμ£μ ¢ ¶·μ³¥¦ÊÉ± Ì ³¥¦¤Ê · ¡μÎ¨³¨
¨³¶Ê²Ó¸ ³¨ Ê¸±μ·¨É¥²Ö ¤²¨É¥²Ó´μ¸ÉÓÕ 10 ³±¸, ¢ É¥Î¥´¨¥ ±μÉμ·ÒÌ ¶ÊÎμ± Ê¸±μ·¥´´ÒÌ ¶·μ-
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Éμ´μ¢ ¶ ¤ ² ´  ³¨Ï¥´Ó ¨§ TiD, ·¥£¨¸É·¨·μ¢ ²¨¸Ó Ëμ´μ¢Ò¥ ¸μ¡ÒÉ¨Ö ¢ É¥Î¥´¨¥ É ±μ£μ ¦¥
¶·μ³¥¦ÊÉ±  ¢·¥³¥´¨. �¶·¥¤¥²¥´´Ò° É ±¨³ μ¡· §μ³ Ê·μ¢¥´Ó Ëμ´  ¸μ¸É ¢²Ö² 15Ä1,5% ¢
¨´É¥·¢ ²¥ Ô´¥·£¨° ¶·μÉμ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ³¨Ï¥´Ó, 9Ä19 ±Ô‚. �´¥·£¥É¨Î¥¸±μ¥ · §·¥-
Ï¥´¨¥, Ê¸·¥¤´¥´´μ¥ ¶μ ¢¸¥³ ¢μ¸Ó³¨ γ-¤¥É¥±Éμ· ³, ¨§³¥·¥´´μ¥ ´  ²¨´¨¨ ¶¨±  ¶μ²´μ£μ
¶μ£²μÐ¥´¨Ö 2,5 ŒÔ‚ ¨¸ÉμÎ´¨±  60‘o, ¸μ¸É ¢¨²μ 4,3 %.

3. ��‘’���‚Š� �Š‘�…�ˆŒ…�’�. ���‹ˆ‡ „���›•

�±¸¶¥·¨³¥´É ¢±²ÕÎ ² ¢ ¸¥¡Ö ·Ö¤ Ô±¸¶μ§¨Í¨° ´  ¶ÊÎ±¥ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° μÉ 9 ¤μ
19 ±Ô‚. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨, μÉ· ¦ ÕÐ¨¥ Ê¸²μ¢¨Ö ¶·μ¢¥¤¥-
´¨Ö Ô±¸¶¥·¨³¥´É  ¶μ ¨¸¸²¥¤μ¢ ´¨Õ pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì
Ô´¥·£¨° ¢ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  É¨É ´ .

’ ¡²¨Í  1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ Ê¸²μ¢¨Ö

Œ¨Ï¥´Ó Ep, ±Ô‚ Ecm, ±Ô‚ Np, 1016 FWHME, %

TiD

9 6,00 472,4

16

11 7,33 200,9
13 8,66 100,5
15 10,00 139,7
17 11,33 90,8
19 12,66 66,6

ÅÅÅÅÅÅÅÅÄ
�·¨³¥Î ´¨¥. Np Å Î¨¸²μ ¶·μÉμ´μ¢, ¶μ¶ ¢Ï¨Ì ¢ ³¨Ï¥´Ó;
Ep Å Ô´¥·£¨Ö ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ ². ¸.; Ecm Å Ô´¥·£¨Ö
¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¸. Í. ³.

‚ ·¥§Ê²ÓÉ É¥  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ²ÊÎ¥´ ´ ¡μ· §´ Î¥´¨° ¶ · ³¥É·μ¢
pd-·¥ ±Í¨¨ (2 ), ¶·¨¢¥¤¥´´Ò° ¢ É ¡². 2.

‡´ Î¥´¨Ö ¶μÉ¥´Í¨ ²  Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö Ue ¶μ²ÊÎ¥´Ò ± ± ·¥§Ê²ÓÉ É Ë¨-
É¨·μ¢ ´¨Ö ¢Ò· ¦¥´¨¥³ (9) Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ£μ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¨§ ·¥ ±-
Í¨¨ (2 ) ± ± ËÊ´±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨. �·¨ ÔÉμ³ ¢
¢Ò· ¦¥´¨¥ (9) ¢ ± Î¥¸É¢¥ § ¢¨¸¨³μ¸É¨ Sb

pd(E) ¶μ¤¸É ¢²Ö² ¸Ó § ¢¨¸¨³μ¸ÉÓ Spd(E), ¶μ-
²ÊÎ¥´´ Ö ¢ · ¡μÉ¥ [12]. ’ ±¨³ μ¡· §μ³, ¢ ± Î¥¸É¢¥ ·¥Ï¥´¨Ö ¡Ò²μ ´ °¤¥´μ §´ Î¥´¨¥
¢ ·Ó¨·Ê¥³μ£μ ¶ · ³¥É·  Ue, ±μÉμ·μ¥ ¶·¨¢¥¤¥´μ ¢ É ¡². 2.

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ (Ecol Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¸Éμ²±´μ-
¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¤¥°É¥·¨¤¥ É¨É ´ )

Ep, ±Ô‚ Ecol, ±Ô‚ Sscr
pd (Ecol), Ô‚ · ¡ Ue, Ô‚ fexp

pd (Ecol)

9 5,28 0,30 ± 0,04

242 ± 64

1,23 ± 0,14
11 6,35 0,29 ± 0,03 1,19 ± 0,11
13 7,41 0,29 ± 0,03 1,10 ± 0,10
15 8,45 0,29 ± 0,02 1,14 ± 0,06
17 9,48 0,29 ± 0,02 1,09 ± 0,06
19 10,49 0,30 ± 0,02 1,07 ± 0,05
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ Ë ±Éμ·  Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ fexp
pd μÉ ¸·¥¤´¥° Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μ-

Éμ´μ¢ ¸ ¤¥°É·μ´ ³¨ Ecol. ‘¶²μÏ´ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ¨§³¥·¥´´μ° § ¢¨¸¨³μ¸É¨

fexp
pd (Ecol) ¢Ò· ¦¥´¨¥³ (14)

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ¨§³¥·¥´´μ£μ Ë ±Éμ·  Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ f exp
pd μÉ

¸·¥¤´¥° Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ Ecol ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¶·μÉμ´μ¢
9Ä19 ±Ô‚, ±μÉμ·Ò¥ ¢ÒÎ¨¸²Ö²¨¸Ó ¶μ Ëμ·³Ê²¥ (10).

�  ÔÉμ³ ¦¥ ·¨¸Ê´±¥ ¸¶²μÏ´μ° ²¨´¨¥° μÉ· ¦¥´ ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ¨§³¥·¥´´μ°
§ ¢¨¸¨³μ¸É¨ f exp

pd (E) ËÊ´±Í¨¥° ¢¨¤ 

f theor
pd (E) = Nfit

γ (E)/N calc
γ (E, Ue = 0), (14)

£¤¥ Nfit
γ (E) Å ËÊ´±Í¨Ö, μ¶¨¸Ò¢ ÕÐ Ö ¨§³¥·¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¢Ò-

Ìμ¤  γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (2 ) μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ Ecol.
Š ± ¢¨¤´μ ¨§ ·¨¸. 2, Ô±¸¶¥·¨³¥´É ²Ó´μ ´ °¤¥´´Ò¥ §´ Î¥´¨Ö Ë ±Éμ·  Ê¸¨²¥´¨Ö pd-

·¥ ±Í¨¨ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ · ¸Î¥É´Ò³¨ §´ Î¥´¨Ö³¨ ¤ ´´μ° ¢¥-
²¨Î¨´Ò, ¢ÒÎ¨¸²¥´´Ò³¨ ¶μ Ëμ·³Ê²¥ (14). „ ´´Ò° Ë ±É ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¶·μÖ¢²¥´¨¨
´  ´ ¡²Õ¤ ¥³μ³ Ê·μ¢´¥ ÔËË¥±É  Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ §  ¸Î¥É Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨
¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¢ ¤¥°É¥·¨¤¥ É¨É ´  ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì
Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö Ecol μÉ 5,3 ¤μ 10,5 ±Ô‚.

�  ·¨¸. 3 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  Sscr
pd (Ecol) ¤²Ö pd-

·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨, ¶μ²ÊÎ¥´´ Ö ¢ ¨´É¥·¢ ²¥ Ô´¥·-
£¨° Ecol μÉ 5,3 ¤μ 10,5 ±Ô‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  É¨É ´  TiD. �±¸¶¥-
·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  ¤²Ö pd-·¥ ±Í¨¨ ¢ Ê± § ´´μ³ ¤¨ -
¶ §μ´¥ Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¶μ²ÊÎ¥´Ò ¸μ£² ¸´μ Ëμ·³Ê²¥ (6).
�Ï¨¡±¨ ´ °¤¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Sscr

pd (Ecol) μ¶·¥¤¥²Ö²¨¸Ó ± ± ·¥§Ê²ÓÉ É
¸Ê¶¥·¶μ§¨Í¨¨ μÏ¨¡μ± ¨§³¥·¥´¨Ö ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¨§ ·¥ ±Í¨¨ (2 ), Î¨¸²  ¨ Ô´¥·£¥É¨Î¥-
¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶·μÉμ´μ¢, ¶μ¶ ¢Ï¨Ì ¢ ³¨Ï¥´Ó, · ¸¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨¨ ¤¥°-
É¥·¨Ö ¶μ £²Ê¡¨´¥ ³¨Ï¥´¨ ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ¶ÊÎ±  Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢, ¶ ¤ ÕÐ¨Ì ´ 
´¥¥,   É ±¦¥ μÏ¨¡μ±, ¸¢Ö§ ´´ÒÌ ¸ ¢ÒÎ¨¸²¥´¨¥³ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢
¨ ¢¥²¨Î¨´Ò Ê¤¥²Ó´ÒÌ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¶·μÉμ´μ¢ ¢ ¤¥°É¥·¨¤¥ É¨É ´  ¢
μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö.

� °¤¥´´Ò¥ ´ ³¨ §´ Î¥´¨Ö ¶μÉ¥´Í¨ ²μ¢ Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö Ue ¤²Ö pd-·¥ ±-
Í¨¨ ¢ ¤¥°É¥·¨¤¥ É¨É ´  § ³¥É´μ ¶·¥¢ÒÏ ÕÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥²¨Î¨´Ò ¤²Ö dd-·¥ ±Í¨¨,
¶·μÉ¥± ÕÐ¥° ¢  ´ ²μ£¨Î´μ° ³¨Ï¥´¨ ¨ ¢ É ±μ° ¦¥ μ¡² ¸É¨ Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¤¥°-
É·μ´μ¢ [3, 8Ä11]. �Éμ ¸μ¢¸¥³ ´¥μ¦¨¤ ´´Ò° ·¥§Ê²ÓÉ É, É ± ± ±, ¸μ£² ¸´μ É¥μ·¥É¨Î¥¸±¨³
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ·  Sscr
pd (Ecol) ¤²Ö pd-·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±-

´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ Ecol. ‘¢¥É²Ò¥ ±·Ê¦±¨ Å ·¥§Ê²ÓÉ É ´ ¸ÉμÖÐ¥° · ¡μÉÒ; É¥³´Ò¥

±·Ê¦±¨ Å ·¥§Ê²ÓÉ É · ¡μÉÒ [12]; ¸¶²μÏ´ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ¤ ´´ÒÌ · ¡μÉÒ [12]

²¨´¥°´μ° § ¢¨¸¨³μ¸ÉÓÕ: Spd(Ecol) = 0,216 + 0,0059 Ecol

μÍ¥´± ³, ¶·μÖ¢²¥´¨¥ ÔËË¥±É  Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¢ Ê± § ´´μ° μ¡² ¸É¨ Ô´¥·-
£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ´  Ô±¸¶¥·¨³¥´É ²Ó´μ μ¡´ ·Ê¦¨¢ ¥³μ³ Ê·μ¢´¥
¶· ±É¨Î¥¸±¨ ¨¸±²ÕÎ¥´μ. �·¨·μ¤  ¸Éμ²Ó §´ Î¨³μ£μ ¶μ ¢¥²¨Î¨´¥ ÔËË¥±É  Ô²¥±É·μ´´μ£μ
Ô±· ´¨·μ¢ ´¨Ö ¤²Ö pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ É¨É ´ , μ¸É ¥É¸Ö ¶μ±  ´¥¶μ´ÖÉ-
´μ°. �¥¶μ´ÖÉ´μ ¨ Éμ, ÎÉμ ¶μÉ¥´Í¨ ² Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¤²Ö pd-·¥ ±Í¨¨ ¡μ²¥¥
Î¥³ ¢ ¤¢  · §  ¶·¥¢ÒÏ ¥É  ´ ²μ£¨Î´ÊÕ ¢¥²¨Î¨´Ê ¤²Ö dd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ Éμ°
¦¥ μ¡² ¸É¨  ¸É·μË¨§¨Î¥¸±¨Ì Ô´¥·£¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¨ ¨§ μ¤´μ£μ ¨ Éμ£μ ¦¥ ³ -
É¥·¨ ² . —Éμ ± ¸ ¥É¸Ö ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö § ¢¨¸¨³μ¸É¨  ¸É·μË¨§¨Î¥¸±μ£μ S-Ë ±Éμ· 
¤²Ö pd-·¥ ±Í¨¨ μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö Î ¸É¨Í ¢μ ¢Ìμ¤´μ³ ± ´ ²¥, Éμ §¤¥¸Ó ´¥μ¡Ìμ-
¤¨³μ μÉ³¥É¨ÉÓ μ¤´μ ¢ ¦´μ¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ¸¢Ö§ ´´μ¥ ¸ Ì · ±É¥·μ³ ¤ ´´μ° § ¢¨¸¨³μ¸É¨.
� ¡²Õ¤ ¥³μ¥ ¢ ´¥±μÉμ·μ° ¸É¥¶¥´¨ ¶μ¸ÉμÖ´¸É¢μ § ¢¨¸¨³μ¸É¨ Sscr

pd (Ecol) ¢ ¨¸¸²¥¤Ê¥³μ³
¨´É¥·¢ ²¥ Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ μ¡Ê¸²μ¢²¥´μ, ´  ´ Ï ¢§£²Ö¤,
±μ³¶¥´¸ Í¨¥° ¶ ¤¥´¨Ö S-Ë ±Éμ·  ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö §  ¸Î¥É ´ ²¨Î¨Ö
ÔËË¥±É  Ô²¥±É·μ´´μ° Ô±· ´¨·μ¢±¨ ¤²Ö pd-¢§ ¨³μ¤¥°¸É¢¨Ö. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ¥Ð¥ μ¤¨´
·¥§Ê²ÓÉ É, ±μÉμ·Ò° É ±¦¥ ± ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ´¥ ¨³¥¥É μ¡ÑÖ¸´¥´¨Ö: Ô±¸¶¥·¨³¥´É ²Ó´μ
μ¡´ ·Ê¦¥´ ÔËË¥±É Ê¸¨²¥´¨Ö pd-·¥ ±Í¨¨ ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö
¶·¨ ¶·μÉ¥± ´¨¨ ¥¥ ¢ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  É¨É ´  ¨ μÉ¸ÊÉ¸É¢¨¥ ¥£μ ¶·¨ ¶·μ¢¥¤¥´¨¨
μ¶ÒÉμ¢ ¸ ¤¥°É¥·¨¤μ³ ZrD [19, 20].

„²Ö ¶μ²ÊÎ¥´¨Ö μÉ¢¥Éμ¢ ´  ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¢μ¶·μ¸Ò ´¥μ¡Ìμ¤¨³μ ¢Ò¶μ²´¨ÉÓ ¡μ²¥¥ ¶·¥-
Í¨§¨μ´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¨§ÊÎ¥´¨Õ pd-·¥ ±Í¨¨ ¢ ¡μ²¥¥ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ Ô´¥·£¨°
¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¨Ï¥´¥° ¨§ ¤¥°É¥·¨¤μ¢ ³¥É ²-
²μ¢, μÉ´μ¸ÖÐ¨Ì¸Ö ± · §²¨Î´Ò³ ¶¥·¨μ¤ ³ ¨ £·Ê¶¶ ³ ¶¥·¨μ¤¨Î¥¸±μ° ¸¨¸É¥³Ò Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éμ¢.

ˆ¸Ìμ¤Ö ¨§  ´ ²¨§  ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ´ ³¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¶μ ¨¸¸²¥¤μ¢ ´¨Õ pd-·¥ ±Í¨¨ ¢ μ¡² ¸É¨ Ê²ÓÉ· ´¨§±¨Ì Ô´¥·£¨° ³μ¦´μ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ

• ¢¶¥·¢Ò¥ ´  ¤μ¸Éμ¢¥·´μ³ Ê·μ¢´¥ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¡´ ·Ê¦¥´μ Ö¢²¥´¨¥ Ô²¥±É·μ´-
´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¤²Ö pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢ ¤¥°É¥·¨¤¥ É¨É ´ ;

• μÉ¸ÊÉ¸É¢Ê¥É ÔËË¥±É Ô²¥±É·μ´´μ£μ Ô±· ´¨·μ¢ ´¨Ö ¤²Ö pd-·¥ ±Í¨¨, ¶·μÉ¥± ÕÐ¥° ¢
¤¥°É¥·¨¤¥ Í¨·±μ´¨Ö, ÉÖ¦¥²μ° ¢μ¤¥ D2O ¨ ¢ ¤¥°É¥·¨·μ¢ ´´μ³ ¶μ²¨ÔÉ¨²¥´¥.
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„²Ö ¶·μÖ¸´¥´¨Ö ¶·¨·μ¤Ò ¸ÊÐ¥¸É¢ÊÕÐ¥£μ · §²¨Î¨Ö ³¥¦¤Ê ³¥Ì ´¨§³ ³¨ ¶·μÉ¥± ´¨Ö
pd-·¥ ±Í¨¨ ¢ · §²¨Î´ÒÌ ¢¥Ð¥¸É¢ Ì ´¥μ¡Ìμ¤¨³μ ¶·μ¤μ²¦¨ÉÓ ¤ ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ ¡μ²¥¥
Ï¨·μ±μ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¸Éμ²±´μ¢¥´¨Ö ¶·μÉμ´μ¢ ¸ ¤¥°É·μ´ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢
± Î¥¸É¢¥ ³¨Ï¥´¥° · §´μμ¡· §´ÒÌ ¢¥Ð¥¸É¢: ³¥É ²²μ¢, ´ ¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³ ¨ μÉ´μ¸Ö-
Ð¨Ì¸Ö ± · §´Ò³ £·Ê¶¶ ³ ¨ ¶¥·¨μ¤ ³ ¸¨¸É¥³Ò Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢; ¶μ²Ê¶·μ¢μ¤´¨±μ¢
¸ · §²¨Î´Ò³¨ É¨¶ ³¨ ¶·μ¢μ¤¨³μ¸É¨; ¨§μ²ÖÉμ·μ¢.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¨¸±·¥´´ÕÕ ¡² £μ¤ ·´μ¸ÉÓ �.�.Šμ¡§¥¢Ê §  ¶·μ¢¥¤¥´¨¥ ¨§³¥·¥´¨°
· ¸¶·¥¤¥²¥´¨°  Éμ³ ·´ÒÌ ±μ´Í¥´É· Í¨° ¤¥°É¥·¨Ö ¨ É¨É ´  ¢ ³¨Ï¥´¨ ¨§ ¤¥°É¥·¨¤  É¨-
É ´ , ˆ.�. —¥¶Ê·Î¥´±μ §  μ¡¥¸¶¥Î¥´¨¥ ¡¥¸¶¥·¥¡μ°´μ° · ¡μÉÒ Ê¸±μ·¨É¥²Ö ‚ ´ ¤¥ ƒ·  Ë ,
….ˆ.�´¤·¥¥¢Ê §  ¶μ³μÐÓ ¶·¨ μËμ·³²¥´¨¨ ·Ê±μ¶¨¸¨.

� ¡μÉ  ¶μ¤¤¥·¦ ´  Ëμ´¤μ³ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° Å £· ´É �””ˆ º12-
02-00086- , £· ´Éμ³ ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö ¶· ¢¨É¥²Ó¸É¢  �μ²ÓÏ¨ ¢ �¡Ñ¥¤¨´¥´-
´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, Œ¨´¨¸É¥·¸É¢μ³ μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �”, ¶·μ¥±É
º2.1704.2011, £μ¸Ê¤ ·¸É¢¥´´Ò° § ± § ¶μ ¶·μ£· ³³¥ ®� Ê± ¯, Î ¸É¨Î´μ μ´  ¢Ò¶μ²´¥´ 
§  ¸Î¥É £· ´É  º2023/GF3 Œ¨´¨¸É¥·¸É¢  μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �¥¸¶Ê¡²¨±¨ Š § Ì¸É ´,
£· ´É  ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö ¶· ¢¨É¥²Ó¸É¢  ‘²μ¢ ±¨¨ ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥
Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°.
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