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„¨¤Ò± �.�. ¨ ¤·. P15-2018-3
‘¨´É¥§ É¢¥·¤μÉ¥²Ó´ÒÌ ¸É·Ê±ÉÊ· ¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢
¶·¨ μ¡²ÊÎ¥´¨¨ Éμ·³μ§´Ò³¨ γ-±¢ ´É ³¨ ¸ Emax = 10 ŒÔ‚
±μ´¤¥´¸¨·μ¢ ´´μ£μ ¤¥°É¥·¨Ö ¤ ¢²¥´¨¥³ 2,2 ±¡ ·

Š ³¥·  ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¤¥°É¥·¨Ö (D��‘) (2,2 ±¡ ·) μ¡²ÊÎ ² ¸Ó Éμ·³μ§-
´Ò³¨ γ-±¢ ´É ³¨ ¸ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° 10 ŒÔ‚ ¢ É¥Î¥´¨¥ 49 Î. 	μ¸²¥ μ¡²Ê-
Î¥´¨Ö ¨§ D��‘ ¢Ò¶ ²μ ´¥¸±μ²Ó±μ Î ¸É¨Í ¸ · §³¥· ³¨ ¤μ 1 ³³. �  ¢´ÊÉ·¥´´¨Ì
¶μ¢¥·Ì´μ¸ÉÖÌ D��‘ ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¢´μ¢Ó μ¡· §μ¢ ¢Ï¨¥¸Ö É¢¥·¤μÉ¥²Ó´Ò¥ ³¨-
±·μμ¡Ñ¥±ÉÒ ¢ ¢¨¤¥ ±·¨¸É ²²¨Î¥¸±¨Ì ¨  ³μ·Ë´ÒÌ ³¨±·μÎ ¸É¨Í, ´¨É¥°, ´ ¶²Ò¢μ¢
¨ ¢±· ¶²¥´¨°. ˆ¸¸²¥¤μ¢ ´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢ÒÖ¢²¥´´ÒÌ ¸É·Ê±ÉÊ·, ¶·μ¢¥-
¤¥´´Ò¥ ¸ ¶μ³μÐÓÕ ·¥´É£¥´μ¢¸±μ£μ ³¨±·μ§μ´¤μ¢μ£μ  ´ ²¨§ , ¶μ± § ²¨ ´ ²¨Î¨¥ ¢
´¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, μÉ¸ÊÉ¸É¢ÊÕÐ¨Ì ¢ ·¥ ±Í¨μ´´μ° ± ³¥·¥ ¤μ μ¡²ÊÎ¥´¨Ö.
‡ ·¥£¨¸É·¨·μ¢ ´Ò Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ: 6C, 7N, 8O, 11Na, 12Mg, 13Al, 14Si,

15P, 16S, 17Cl, 19K, 20Ca, 21Sc, 22Ti, 24Cr, 25Mn, 26Fe, 28Ni, 30Zn, 33As,   É ±¦¥
μ²μ¢μ 50Sn ¨ ¸¢¨´¥Í 82Pb. 	·μ¢¥¤¥´´Ò° Ô±¸¶¥·¨³¥´É ¶μ ¸¨´É¥§Ê Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éμ¢ ¢ ¤¥°É¥·¨¨ ¶μ¤É¢¥·¦¤ ¥É ·¥§Ê²ÓÉ ÉÒ ¶·¥¤Ò¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ¢Ò-
¶μ²´¥´´ÒÌ ¸ ¤·Ê£¨³¨ £ § ³¨: ¢μ¤μ·μ¤μ³, £¥²¨¥³ ¨ ±¸¥´μ´μ³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2018

Didyk A.Yu. et al. P15-2018-3
Synthesis of Solid-State Structures and Chemical Elements
under Irradiation by Bremsstrahlung γ Rays with a Maximum Energy
of 10 MeV in Condensed Deuterium at a Pressure of 2.2 kbar

A high-pressure chamber ˇlled with deuterium (DHPC) under initial pressure
2.2 kbar was irradiated during 49 h by bremsstrahlung γ rays with a maximum
energy of 10 MeV. After irradiation, several particles with dimensions up to 1 mm
fell out of the DHPC. On the inner surfaces of the DHPC, newly formed solid
micro-objects were found in the form of crystalline and amorphous microparticles,
ˇlaments, nodules and inclusions. Investigations of the elemental composition of the
revealed structures, carried out with the help of X-ray microprobe analysis, showed
the presence of chemical elements in them, which were absent in the reaction chamber
prior to the onset of irradiation. The following chemical elements were registered:

6C, 7N, 8O, 11Na, 12Mg, 13Al, 14Si, 15P, 16S, 17Cl, 19K, 20Ca, 21Sc, 22Ti, 24Cr,

25Mn, 26Fe, 28Ni, 30Zn, 33As, as well as 50Sn and 82Pb. The experiment on
the synthesis of chemical elements in deuterium conˇrms the results of previous
experiments performed with other gases: hydrogen, helium and xenon.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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	¥·¢Ò° Ô±¸¶¥·¨³¥´É ¶μ ¸¨´É¥§Ê ´μ¢ÒÌ ¸É·Ê±ÉÊ· ¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´-
Éμ¢ ¶μ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢ ¡Ò² ¶·μ¢¥¤¥´ �.�. „¨¤Ò±μ³ ¨ �. ‚¨Ï´¥¢¸±¨³
¸ μ¡· §Íμ³ ¶ ²² ¤¨Ö ¢ ¢¨¤¥ ¸É¥·¦´Ö ¶·¨ ¤ ¢²¥´¨¨ ¤¥°É¥·¨Ö ∼ 3 ±¡ · [1Ä5].
�¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¢ É¥Î¥´¨¥ ∼ 6 Î ´  ³¨±·μÉ·μ´¥ Œ’-25 [6] ‹ ¡μ-
· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ ¸ Ô´¥·£¨¥° Ô²¥±É·μ´μ¢
9,3 ŒÔ‚ ¶·¨ ¸·¥¤´¥³ Éμ±¥ Ô²¥±É·μ´μ¢ ∼ 4,4 · 1013 ¸−1. ‚ ·¥§Ê²ÓÉ É¥ μ¡-
²ÊÎ¥´¨Ö ¢ ·¥ ±Í¨μ´´μ° ± ³¥·¥ ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ´¥μ¡ÒÎ´Ò¥ É¢¥·¤μÉ¥²Ó´Ò¥
¸É·Ê±ÉÊ·Ò ¨ ®¶μ¸Éμ·μ´´¨¥¯ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, μÉ¸ÊÉ¸É¢ÊÕÐ¨¥ ¢ ·¥ ±Í¨-
μ´´μ° ± ³¥·¥ ¤μ ´ Î ²  Ô±¸¶¥·¨³¥´É . 
Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò É ±¨¥ Ô²¥-
³¥´ÉÒ, ± ±: Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Fe, Ga, Ru, Rh.
‡ É¥³ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¶μ¤μ¡´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸ μ¡· §Í ³¨ ¤·Ê£¨Ì ³¥É ²²μ¢
¨ ¸¶² ¢μ¢: Al, V, Cu, Sn, Re, YMn2, ¢ ¢¨¤¥ ¸É¥·¦´¥° ¨ ¶·μ¢μ²μ±. �¡· §ÍÒ
´ Ìμ¤¨²¨¸Ó ¢  É³μ¸Ë¥·¥ £ §μμ¡· §´μ£μ ¤¥°É¥·¨Ö ¶·¨ ¢Ò¸μ±μ³ ¤ ¢²¥´¨¨ ¸μ-
É¥´, ÉÒ¸ÖÎ ¡ · ¨ μ¡²ÊÎ ²¨¸Ó Éμ·³μ§´Ò³ γ-¨§²ÊÎ¥´¨¥³ ¸ Emax = 10 ŒÔ‚
¨ Emax = 23 ŒÔ‚ [7Ä11]. 	·¨ É ±¨Ì ¤ ¢²¥´¨ÖÌ ¶²μÉ´μ¸ÉÓ  Éμ³μ¢ £ §μ¢
¸· ¢´¨³  ¸ ¶²μÉ´μ¸ÉÓÕ  Éμ³μ¢ ¢ É¢¥·¤μ³ É¥²¥ ¨ ¦¨¤±μ¸ÉÖÌ. 	μÔÉμ³Ê ¤ ²¥¥
Ê¶μÉ·¥¡²Ö¥É¸Ö É¥·³¨´ ±μ´¤¥´¸¨·μ¢ ´´Ò° £ §. 	μ²μ¦¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ
¸¨´É¥§Ê ´μ¢ÒÌ ¸É·Ê±ÉÊ· ¨ ®¶μ¸Éμ·μ´´¨Ì¯ Ô²¥³¥´Éμ¢ ¢  É³μ¸Ë¥·¥ ¤¥°É¥·¨Ö
¶·¨¢¥²¨ ± ¶·μ¢¥¤¥´¨Õ  ´ ²μ£¨Î´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¸ ±μ´¤¥´¸¨·μ¢ ´´Ò³ ¢μ-
¤μ·μ¤μ³ ¸ ¶ ²² ¤¨¥¢Ò³ [12, 13] ¨ μ²μ¢Ö´´Ò³ [14Ä16] ¸É¥·¦´Ö³¨ ¢´ÊÉ·¨ ¨ ¸
±μ´¤¥´¸¨·μ¢ ´´Ò³ £¥²¨¥³ ¸ ¶ ²² ¤¨¥¢Ò³ ¸É¥·¦´¥³ [17, 18]. ’ ±¨¥ ¦¥ ¨¸¸²¥-
¤μ¢ ´¨Ö ¡Ò²¨ ¢Ò¶μ²´¥´Ò ¢ ± ³¥· Ì ¸ ±μ´¤¥´¸¨·μ¢ ´´Ò³¨ Î¨¸ÉÒ³¨ £ § ³¨:
¢μ¤μ·μ¤μ³ [19Ä21], £¥²¨¥³ [22Ä25] ¨ ±¸¥´μ´μ³ [26Ä30] ¶·¨ μ¡²ÊÎ¥´¨¨ ¨Ì
Éμ·³μ§´Ò³¨ γ-±¢ ´É ³¨ ¸ Emax = 10 ŒÔ‚. �¡§μ· Ô±¸¶¥·¨³¥´Éμ¢ ¢ £ § Ì
H2, D2 ¨ �¥ ¶·¥¤¸É ¢²¥´ ¢ [31Ä32]. ‚ ÔÉμ° ¸É ÉÓ¥ ³Ò ¶·¨¢μ¤¨³ μ¸´μ¢´Ò¥
·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶μ ¸¨´É¥§Ê ´μ¢ÒÌ ¸É·Ê±ÉÊ· ¨ ®¶μ¸Éμ·μ´´¨Ì¯ Ô²¥-
³¥´Éμ¢ ¢ ±μ´¤¥´¸¨·μ¢ ´´μ³ ¤¥°É¥·¨¨ ¸ ¤ ¢²¥´¨¥³ 2,2 ±¡ · ¶μ¤ ¤¥°¸É¢¨¥³
Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¸ Emax = 10 ŒÔ‚.

1. Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

�  ·¨¸. 1 ¨§μ¡· ¦¥´  ¤¥°É¥·¨¥¢ Ö ± ³¥·  ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö (D��‘).
�  ³μ³¥´É ´ Î ²  μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¤ ¢²¥´¨¥ ¢ ± ³¥·¥ ¡Ò²μ 2,2 ±¡ ·.
� ¶μ²´¥´¨¥ ¤¥°É¥·¨¥³ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö D��‘ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó
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�¨¸. 1. Š ³¥·  ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö

¸ ¶·¥¤¢ ·¨É¥²Ó´Ò³ É·¥Ì±· É´Ò³ ¶μ¢Éμ·¥´¨¥³ μ¶¥· Í¨¨: § ¶μ²´¥´¨¥³ ± ³¥·Ò
¤¥°É¥·¨¥³ ¤μ ¤ ¢²¥´¨Ö 150 ¡ ·, ¸¡·μ¸μ³ ¤ ¢²¥´¨Ö ¤μ  É³μ¸Ë¥·´μ£μ ¨ μ¶ÖÉÓ
§ ¶μ²´¥´¨¥³ ¤¥°É¥·¨¥³ ¤μ 150 ±¡ ·. ‘É¥¶¥´Ó μÎ¨¸É±¨ μÉ  É³μ¸Ë¥·´ÒÌ £ -
§μ¢ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ (1/150)3 ≈ 3 · 10−7. Šμ·¶Ê¸ ± ³¥·Ò (3, ·¨¸. 1) ¨
¢Ìμ¤´μ¥, Ê¶²μÉ´ÖÕÐ¥¥ ³¥É ²² ¶μ ³¥É ²²Ê, μ±´μ (2) ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¨§ ¡¥-
·¨²²¨¥¢μ° ¡·μ´§Ò Cu0,98Be0,02. ‚ ±μ·¶Ê¸ ± ³¥·Ò ¢¸É ¢²Ö²¨¸Ó ¢±² ¤ÒÏ (5)
¨ ¸¡μ·´¨± (6), ¨§£μÉμ¢²¥´´Ò¥ ¨§ Î¨¸Éμ° ³¥¤¨ Å 99,99 %. ‚´ÊÉ·¥´´¨¥ · §-
³¥·Ò ± ³¥·Ò, § ¶μ²´¥´´μ° ¤¥°É¥·¨¥³ (4): ¤²¨´  Å 15 ³³, ¤¨ ³¥É· Å 8 ³³,
μ¡Ñ¥³ Å 0,75 ¸³3. „ ¢²¥´¨¥ ¤¥°É¥·¨Ö ¶μ¸²¥ § ¶μ²´¥´¨Ö ¨³ D��‘ ¶¥·¥¤
´ Î ²μ³ μ¡²ÊÎ¥´¨Ö ±μ´É·μ²¨·μ¢ ²μ¸Ó ¸ ¶μ³μÐÓÕ É¥´§μ¤ ÉÎ¨±  (7) ¢ É¥Î¥´¨¥
¡μ²¥¥ ¤¢ÊÌ ´¥¤¥²Ó. ‡  ÔÉμ ¢·¥³Ö ¤ ¢²¥´¨¥ ¢ ± ³¥·¥ ´¥ ¨§³¥´¨²μ¸Ó. 	·¨ ¤ -
¢²¥´¨¨ ¤¥°É¥·¨Ö 2,2 ±¡ · ¥£μ  Éμ³´ Ö ¶²μÉ´μ¸ÉÓ ND2 ∼ 1022  Éμ³. D · ¸³−3,
  ³ ¸¸μ¢ Ö ¶²μÉ´μ¸ÉÓ ρD2 ∼ 67 ³£ · ¸³−3 [33].

�¡²ÊÎ¥´¨¥ D��‘ ¶·μ¢μ¤¨²μ¸Ó ´  Ê¸±μ·¨É¥²¥ Ô²¥±É·μ´μ¢ Œ’-25 ‹ ¡μ· -
Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  ¶μ 7Ä8 Î ¢ ¤¥´Ó ¢ É¥Î¥´¨¥ 1,76 ·105 ¸
(49 Î). �´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¡Ò²  10 ŒÔ‚. ’μ± Ô²¥±É·μ´μ¢ ´  ¢μ²ÓË-
· ³μ¢μ³ ±μ´¢¥±Éμ·¥-¤¨¸±¥ ¤¨ ³¥É·μ³ 40 ³³ ¨ Éμ²Ð¨´μ° 2,5 ³³, ¶·¥μ¡· §Ê-
ÕÐ¥³ ¶μÉμ± Ô²¥±É·μ´μ¢ ¢ γ-±¢ ´ÉÒ (1, ·¨¸. 1), ¸μ¸É ¢²Ö² (1,2−1,3) ·1014 ¸−1.
„¨ ³¥É· ¶ÊÎ±  Ô²¥±É·μ´μ¢ Å 6−7 ³³. � ¸Ìμ¤¨³μ¸ÉÓ ¶ÊÎ±  γ-±¢ ´Éμ¢ ´ 
¶μ²Ê¢Ò¸μÉ¥ ¨´É¥´¸¨¢´μ¸É¨ ¸μ¸É ¢²Ö²  ¶μ £μ·¨§μ´É ²¨ 10◦ ± 1◦ ¨ 8◦ ± 1◦

¶μ ¢¥·É¨± ²¨. ‡  ±μ´¢¥±Éμ·μ³ ¢¶²μÉ´ÊÕ · ¸¶μ² £ ²¸Ö ¶μ£²μÉ¨É¥²Ó Ô²¥±É·μ-
´μ¢ Éμ²Ð¨´μ° 25 ³³, ¨§£μÉμ¢²¥´´Ò° ¨§ ¤Õ· ²Õ³¨´¨Ö „16’. ˆ´É¥£· ²Ó´Ò°
¶μÉμ± Ô²¥±É·μ´μ¢ ´  Éμ·³μ§´ÊÕ ³¨Ï¥´Ó §  ¶μ²´μ¥ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¡Ò²
Φ ≈ 2,5 · 1019 Ô²¥±É·μ´μ¢. 	μ¸²¥ § ¢¥·Ï¥´¨Ö μ¡²ÊÎ¥´¨Ö ¤ ¢²¥´¨¥ ¢ ± ³¥·¥
DHPC ¨§³¥·Ö²μ¸Ó ¢ É¥Î¥´¨¥ μ¤´μ£μ ³¥¸ÖÍ . “É¥Î±¨ £ §  ´¥ ¡Ò²μ.

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’› ��Œ- ˆ �Œ‡�-���‹ˆ‡�

2.1. �´μ³ ²¨¨ ´  ¢Ìμ¤´μ³ μ±´¥. 	μ¸²¥ μ¡²ÊÎ¥´¨Ö ¤¥°É¥·¨° ¢Ò¶Ê¸± ²¸Ö
¨§ D��‘ ¢ μ±·Ê¦ ÕÐÊÕ ¸·¥¤Ê ¨ ± ³¥·  ¢¸±·Ò¢ ² ¸Ó. 	·¨ ¢¸±·ÒÉ¨¨ DHPC ¢
Ê¸É·μ°¸É¢¥ ¤²Ö ´ ¶Ê¸±  £ §  ¨ ¨§³¥·¥´¨Ö ¥£μ ¤ ¢²¥´¨Ö (·¨¸. 1, 7) §  Ê¶²μÉ-

2



´¥´¨¥³ ³¥É ²² ¶μ ³¥É ²²Ê ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ± ¶²¨, ¶μÌμ¦¨¥ ´  ¦¨¤±¨¥
Ê£²¥¢μ¤μ·μ¤Ò, ¨ ´¥¸±μ²Ó±μ ¢¨¤¨³ÒÌ Î ¸É¨Í ¸ · §³¥· ³¨ ¤μ 1 ³³. � ¸É·μ-
¢Ò° Ô²¥±É·μ´´μ-³¨±·μ¸±μ¶¨Î¥¸±¨°  ´ ²¨§ (��Œ) ¨ ·¥´É£¥´μ¢¸±¨° ³¨±·μ-
§μ´¤μ¢Ò°  ´ ²¨§ (�Œ‡�) ¸ ¨§³¥·¥´¨¥³ ¸¶¥±É·μ¢ Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É-
£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö (‘•�ˆ) ¶·μ¢μ¤¨²¨¸Ó ¢  ´ ²¨É¨Î¥¸±μ³ Í¥´É·¥ ®� ÊÎ´μ-
¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ ¶¥·¸¶¥±É¨¢´ÒÌ ³ É¥·¨ ²μ¢ ¨ É¥Ì´μ²μ£¨°¯
”
ƒ“	. �  ·¨¸. 2 ¶·¨¢¥¤¥´  μ¤´  ¨§ ¸É·Ê±ÉÊ· ¢ ¢¨¤¥ Î ¸É¨Í, μ¡´ ·Ê¦¥´´ Ö
´  ¢Ìμ¤´μ³ μ±´¥ ( ), ¨ É¨¶¨Î´Ò° ·¥´É£¥´μ¢¸±¨° ¸¶¥±É· ‘•�ˆ (¡), ¶μ²ÊÎ¥´-
´Ò° ³¥Éμ¤μ³ �Œ‡�. 	μ¤ ËμÉμ ¶·¨¢¥¤¥´Ò Ï¨·¨´Ò ¸´¨³±μ¢ ¢ ³¨±·μ´ Ì.
�  ·¨¸. 3 ¨§μ¡· ¦¥´Ò ¸É·Ê±ÉÊ·Ò, μ¡´ ·Ê¦¥´´Ò¥ ´  ¢Ìμ¤´μ³ μ±´¥ (‚�), ¨§-
£μÉμ¢²¥´´μ³ ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò:  Ä£ Å ±·Ê¶´Ò¥ ¸É·Ê±ÉÊ·Ò; ¥ Å μ¤¨´
¨§ ´ ¶²Ò¢μ¢ ´  ±· Õ ‚O; ¦ Å ¸É·Ê±ÉÊ·Ò ´  ¶μ¢¥·Ì´μ¸É¨ ‚�. ‚ É ¡². 1
¶·¨¢¥¤¥´Ò ¶μ²ÊÎ¥´´Ò¥ ³¥Éμ¤μ³ �Œ‡� ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢
¸É·Ê±ÉÊ·, ¶μ± § ´´ÒÌ ´  ·¨¸. 2,   ¨ 3.

�¨¸. 2.  ) ‘É·Ê±ÉÊ·  ¢ ¢¨¤¥ Î ¸É¨Í; ¡) ·¥´É£¥´μ¢¸±¨° ¸¶¥±É· ‘•�ˆ

�¨¸. 3. ��Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ· ´  ¶μ¢¥·Ì´μ¸É¨ ¢Ìμ¤´μ£μ μ±´ 
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’ ¡²¨Í  1. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¸É·Ê±ÉÊ· ´  ¢Ìμ¤´μ³ μ±´¥,  É. %

�²¥³¥´É Z
�¡Ñ¥±É (¸³. ·¨¸.)

2,   3,   3, ¡ 3, ¢ 3, £ 3, ¤ 3, ¥ 3, ¦

“£²¥·μ¤ 6 63,05 70,86 60,41 12,06 64,3 ± 4,7 65,64 67,87 64,48
�§μÉ 7 8,91 Å Å Å Å Å Å Å

Š¨¸²μ·μ¤ 8 15,36 7,82 29,15 69,06 28,7 ± 2,3 20,84 28,63 27,31
� É·¨° 11 Å Å Å 0,74 2,3 ± 0,1 Å Å Å
Œ £´¨° 12 Å Å 0,19 8,87 0,15 ± 0,03 Å Å 1,19

�²Õ³¨´¨° 13 0,06 0,47 0,13 Å 0,14 ± 0,03 0,24 0,19 0,15
Š·¥³´¨° 14 0,05 0,16 0,06 Å 0,08 ± 0,02 0,07 0,11 0,83
”μ¸Ëμ· 15 Å Å Å Å 0,03 ± 0,01 Å Å Å

‘¥·  16 0,54 0,25 1,84 Å 0,15 ± 0,01 0,08 0,13 0,07
•²μ· 17 0,27 0,13 Å Å 0,32 ± 0,02 1,31 0,09 0,08
Š ²¨° 19 0,17 Å Å 0,11 0,63 ± 0,02 0,46 0,09 0,09

Š ²ÓÍ¨° 20 0,17 0,28 2,09 8,58 0,29 ± 0,02 0,81 0,12 0,09
‘± ´¤¨° 21 Å Å Å Å Å 0,06 Å Å
†¥²¥§μ 26 Å Å Å 0,08 0,15 ± 0,01 0,07 0,08 Å
�¨±¥²Ó 28 Å Å Å Å Å 0,15 0,26 Å
Œ¥¤Ó 29 11,42 20,02 6,13 0,49 2,76 ± 0,05 9,94 2,42 5,72
–¨´± 30 Å Å Å Å Å 0,32 Å Å

2.2. �´μ³ ²¨¨ ´  ¶μ¢¥·Ì´μ¸É¨ ¢±² ¤ÒÏ . �  ·¨¸. 4,   ¨§μ¡· ¦¥´ ÊÎ -
¸Éμ± ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¢±² ¤ÒÏ  (·¨¸. 1, 8), · §·¥§ ´´μ£μ ¶μ¶μ² ³,
¸ É¥³´Ò³¨ ¶ÖÉ´ ³¨ ´  £² ¤±μ³ ÊÎ ¸É±¥. �  ·¨¸. 4, ¡Ä¨ ¶·¥¤¸É ¢²¥´Ò ��Œ-
¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ·, μ¡´ ·Ê¦¥´´ÒÌ ´  ¥£μ ¶μ¢¥·Ì´μ¸É¨: ¡ Å
²¨´¥°´ Ö ¸É·Ê±ÉÊ·  ¸ Ï · ³¨ ´  ¶μ¢¥·Ì´μ¸É¨; ¢ Å ¸É·Ê±ÉÊ·  ¢μ²μ¸Ö´μ£μ
É¨¶ ; £ Å ±·¨¸É ²²¨Î¥¸± Ö ¸É·Ê±ÉÊ· ; ¤ Å ¸É·Ê±ÉÊ·  ¢ ¢¨¤¥ Ï¨·μ±μ° ¶μ²μ¸Ò
¸ ´ ·μ¸É ³¨; ¥ Å ¸É·Ê±ÉÊ·  ¢ ¢¨¤¥ ´¨É¨ Éμ²Ð¨´μ° ∼ 13 ³±³ ¸ ´ ·μ¸É ³¨
· §³¥·μ³ ∼ 40 ³±³; ¦ Å Î ¸É¨Í  ¸²μ¦´μ° Ëμ·³Ò; §, ¨ Å ÊÎ ¸É±¨ ·¥§Ó¡Ò ¸
±· ¡μ¢¨¤´Ò³¨ ¸É·Ê±ÉÊ· ³¨. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éμ¢ ¸É·Ê±ÉÊ·, μ¡´ ·Ê¦¥´´ÒÌ ´  ¢±² ¤ÒÏ¥ ¨ ¨§μ¡· ¦¥´´Ò¥ ´  ·¨¸. 4.

2.3. �´μ³ ²¨¨ ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± . �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ ¢´¥Ï´¨°
¢¨¤ Éμ·Í  ¸¡μ·´¨±  ( ) ¨ ±· ° Éμ·Í  ¸ ¤¢Ê³Ö ¶·μÉÖ¦¥´´Ò³¨ μ¡Ñ¥±É ³¨ ¢
¢¨¤¥ ´¨É¥° (¡). �  ·¨¸. 6,  Ä¨ ¤ ´Ò ��Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ·,
μ¡´ ·Ê¦¥´´Ò¥ ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± :   Å ¤¢¥ ±·Ê¶´Ò¥ Î ¸É¨ÍÒ ¢ ¢¨¤¥
¶μ²μ¸, ²¥¦ Ð¨Ì μ¤´  ´  ¤·Ê£μ°; ¡ Å Î ¸É¨Í  ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± ; ¢ Å
±μ³¶²¥±¸ Î ¸É¨Í; £ Å ±·Ê¶´ Ö ¸É·Ê±ÉÊ·  ¢ ¢¨¤¥ ¸É¥·¦´Ö ¤²¨´μ° ∼ 280 ³±³
¨ ¤¨ ³¥É·μ³ 25 ³±³ ¨ ¡μ²¥¥ ³¥²±¨¥ Î ¸É¨ÍÒ; ¤ Å ±·Ê¶´ Ö Î ¸É¨Í  ¤²¨´μ°
100 ³±³ ¨ Ï¨·¨´μ° ¤μ 90 ³±³; ¥ Å ±·Ê¶´ Ö Î ¸É¨Í  ¤²¨´μ° 75 ¨ Ï¨·¨´μ° ¤μ
43 ³±³; ¦ Å ¸É·Ê±ÉÊ· , ¶²μÉ´μ ¶·¨²¥£ ÕÐ Ö ± ¸¡μ·´¨±Ê, ¤²¨´μ° 107 ³±³ ¨
Ï¨·¨´μ° ¤μ 77 ³±³; § Å ®· ¸¶² ¢²¥´´ Ö ¶²¥´± ¯ ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± ;
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�¨¸. 4. ��Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ· ´  ¶μ¢¥·Ì´μ¸É¨ ¢±² ¤ÒÏ 

�¨¸. 5. ��Œ-¨§μ¡· ¦¥´¨¥ Éμ·Í  ¸¡μ·´¨±  ( ) ¨ ±· Ö Éμ·Í  ¸ ¤¢Ê³Ö ¶·μÉÖ¦¥´´Ò³¨
μ¡Ñ¥±É ³¨ (¡)

¨ Å ¶·μÉÖ¦¥´´ Ö ¸É·Ê±ÉÊ·  ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± . ‚ É ¡². 3 ¶·¨¢¥¤¥´Ò
¶μ²ÊÎ¥´´Ò¥ ³¥Éμ¤μ³ �Œ‡� ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¸É·Ê±ÉÊ·,
¶μ± § ´´ÒÌ ´  ·¨¸. 6.

2.4. �²¥³¥´É´Ò° ¸μ¸É ¢ ¸¨´É¥§¨·μ¢ ´´ÒÌ Î ¸É¨Í. 	·¨ ¢¸±·ÒÉ¨¨ DHPC
¢ ± ³¥·¥ (·¨¸. 1), ¸²¥¢  ¨ ¸¶· ¢  μÉ ¸¡μ·´¨±  (6) ¡Ò²μ μ¡´ ·Ê¦¥´μ ´¥¸±μ²Ó±μ
³¨±·μÎ ¸É¨Í. �  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ��Œ-¨§μ¡· ¦¥´¨Ö Î ¸É¨Í, ´ °¤¥´´ÒÌ
§  ¨ ¶¥·¥¤ ¸¡μ·´¨±μ³:   Å Î ¸É¨Í , ¸μ¸ÉμÖÐ Ö ¨§ ¸±·ÊÎ¥´´ÒÌ ¶μ²μ¸μ±; ¡Å
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’ ¡²¨Í  2. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¸É·Ê±ÉÊ· ´  ¢±² ¤ÒÏ¥,  É. %

�²¥³¥´É Z
�¡Ñ¥±É (¸³. ·¨¸.)

4,   4,   4, ¡ 4, ¢ 4, £ 4, ¤ 4, ¥ 4,¦ 4, § 4, ¨

“£²¥·μ¤ 6 54,92 65,94 68,60 65,17 26,32 37,61 67,33 60,4 ± 8,2 62,05 61,58

Š¨¸²μ·μ¤ 8 18,36 33,20 30,85 32,48 55,36 18,64 29,30 31,8 ± 4,4 27,15 36,03

Œ £´¨° 12 Å Å 0,19 Å Å Å 0,03 Å Å Å

�²Õ³¨´¨° 13 Å Å Å Å Å 0,90 0,02 0,28 ± 0,03 Å Å

Š·¥³´¨° 14 0,17 Å 0,03 Å 17,66 4,27 0,03 0,06 ± 0,02 Å 0,03

”μ¸Ëμ· 15 Å Å Å Å Å 3,96 0,11 0,03 ± 0,01 Å Å

‘¥·  16 Å Å Å Å Å 2,02 0,12 0,14 ± 0,02 Å Å

•²μ· 17 Å Å 0,04 Å Å 0,87 Å 0,04 ± 0,02 Å Å

Š ²¨° 19 Å Å 0,05 0,12 Å 1,63 0,14 0,04 ± 0,01 Å 0,03

Š ²ÓÍ¨° 20 Å Å Å Å Å 3,87 Å 0,16 ± 0,02 Å 0,02

†¥²¥§μ 26 Å Å 0,07 0,03 Å 2,18 Å 0,09 ± 0,01 Å 0,05

Œ¥¤Ó 29 26,54 0,86 0,17 2,19 0,67 24,05 2,94 4,69 ± 0,15 7,21 2,26

–¨´± 30 Å Å Å Å Å Å Å 2,33 ± 0,08 3,58 Å

�¨¸. 6. ��Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ· ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨± 
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�¨¸. 7. ��Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ Î ¸É¨Í

¤¢¥ Î ¸É¨ÍÒ, μ¤´  ¨§ ±μÉμ·ÒÌ ¨³¥¥É ¤²¨´Ê ∼ 270 ³±³ ¨ Ï¨·¨´Ê ∼ 186 ³±³;
¢ Å Î ¸É¨Í ; £ Å Î ¸É¨Í  ¢ ¢¨¤¥ Éμ´±μ£μ ®¢μ²μ¸ ¯, ´ °¤¥´´ Ö §  ¸¡μ·´¨±μ³;
¤ Å ¶ÖÉ Ö Î ¸É¨Í , ¸μ¸ÉμÖÐ Ö ¨§ ¸±·ÊÎ¥´´ÒÌ ¶μ²μ¸μ±; ¥ Å ±μ³¶²¥±¸ Î ¸É¨Í
¸²μ¦´μ° Ëμ·³Ò ¤²¨´μ° μ±μ²μ 90 ³±³ ¨ Ï¨·¨´μ° 48 ³±³, ¸μ¸ÉμÖÐ¨° ¨§
μÉ¤¥²Ó´ÒÌ ¸¶·¥¸¸μ¢ ´´ÒÌ Î ¸É¨Î¥±; ¦ Å Ï¥¸É Ö Î ¸É¨Í  ¨§ ·¨¸. 7, ¥ ¤²¨´μ°
100 ³±³ ¨ Ï¨·¨´μ° 64 ³±³; § Å ¸¥¤Ó³ Ö Î ¸É¨Í  ¨§ ·¨¸. 7, ¥ ¤¨ ³¥É·μ³
∼ 330 ³±³; ¨ Å ¢μ¸Ó³ Ö Î ¸É¨Í  ¨§ ·¨¸. 7, ¥ ¤²¨´μ° ∼ 220 ³±³; ± Å ¤¥¢ÖÉ Ö
Î ¸É¨Í  ¸ ¤²¨´μ° 131 ³±³ ¨ Ï¨·¨´μ° 103 ³±³; ² Å ¤¥¸ÖÉ Ö Î ¸É¨Í  ¸ ¤²¨´μ°
188 ³±³ ¨ Ï¨·¨´μ° 59 ³±³; ³ Å μ¤¨´´ ¤Í É Ö Î ¸É¨Í  ¸ ¤²¨´μ° 100 ³±³ ¨
Ï¨·¨´μ° 84 ³±³; ´ Å Î ¸ÉÓ ®¢μ²μ¸± ¯ ¤²¨´μ° 158 ³±³. ®‚μ²μ¸μ±¯ Å ¤²¨´ 
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∼ 3,9 ³³ ¨ Éμ²Ð¨´  36Ä40 ³±³. ‚ É ¡². 4 ¶·¨¢¥¤¥´Ò ¶μ²ÊÎ¥´´Ò¥ ³¥Éμ¤μ³
�Œ‡� ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ Î ¸É¨Í, ¶μ± § ´´ÒÌ ´  ·¨¸. 7.
‘μ¸É ¢ ¤¥¢ÖÉμ° Î ¸É¨ÍÒ ´  ·¨¸. 7, ± μÎ¥´Ó ¶μÌμ¦ ´  ¸μ¸É ¢ Ï¥¸Éμ° Î ¸É¨ÍÒ
´  ·¨¸. 7,¦. ‚ ¤¥¢ÖÉμ° Î ¸É¨Í¥ ³´μ£μ ±¨¸²μ·μ¤ , ³ £´¨Ö, ±·¥³´¨Ö ¨ ± ²ÓÍ¨Ö.
	·¨¸ÊÉ¸É¢Ê¥É É ±¦¥ É¨É ´ 22Ti.

�	‘“†„…�ˆ…

�¥´É£¥´μ¢¸±¨° ³¨±·μ§μ´¤μ¢Ò°  ´ ²¨§ ¶·μ¢μ¤¨²¸Ö ¢ ·¥¦¨³¥ ¢ ®ÉμÎ±¥¯,
±μ£¤  ¶²μÐ ¤Ó ¢μ§¡Ê¦¤¥´¨¨ ¨¸¸²¥¤Ê¥³μ£μ μ¡Ñ¥±É  ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢ ¸μ¸É -
¢²Ö²  ∼ 1−4 ³±³2,   £²Ê¡¨´  ¢μ§¡Ê¦¤¥´¨Ö ∼ 1−2 ³±³. �É³¥É¨³ ´¥¸±μ²Ó±μ
¢ ¦´ÒÌ ³μ³¥´Éμ¢ ¢ ´ Ï¨Ì ��Œ- ¨ �Œ‡�-¨¸¸²¥¤μ¢ ´¨ÖÌ:

Å ¶·μ£· ³³  μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¸ ¶μ³μÐÓÕ �Œ‡�, μÉ¡¨-
· ¥É Éμ²Ó±μ ²¨´¨¨ É¥Ì Ô²¥³¥´Éμ¢, ±μÉμ·Ò¥ ¶·¥¢ÒÏ ÕÉ ´¥ ³¥´¥¥ Î¥³ ¢ É·¨
· §  μÏ¨¡±Ê ¨§³¥·¥´¨Ö;

Å ¶·μ£· ³³  ¸ ³  · ¸¸Î¨ÉÒ¢ ¥É ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢ ¢¥¸μ¢ÒÌ ¨
 Éμ³´ÒÌ ¶·μÍ¥´É Ì ¶·¨ ´ ²¨Î¨¨ ¢ ¸¶¥±É·¥ £² ¢´ÒÌ Ì · ±É¥·¨¸É¨Î¥¸±¨Ì ·¥´É-
£¥´μ¢¸±¨Ì ²¨´¨° ¤ ´´ÒÌ Ô²¥³¥´Éμ¢;

Å ¶·¨¢¥¤¥´´Ò¥ ±μ´Í¥´É· Í¨¨ ®¶μ¸Éμ·μ´´¨Ì¯ Ô²¥³¥´Éμ¢ ¢ μ¡Ñ¥±É Ì
¨³¥ÕÉ ´¥ ±μ²¨Î¥¸É¢¥´´Ò°,   ± Î¥¸É¢¥´´Ò° Ì · ±É¥·. ‚Ò¡μ· μ¡Ñ¥±Éμ¢ ¤²Ö
¨§³¥·¥´¨° ´μ¸¨² ¨¸±²ÕÎ¨É¥²Ó´μ ¸Ê¡Ñ¥±É¨¢´Ò° Ì · ±É¥·. Š ± ¶· ¢¨²μ, μ¡-
³¥·Ö²¨¸Ó ´ ¨¡μ²¥¥ ¶·¨¢²¥± É¥²Ó´Ò¥, Ö·±¨¥, ¸¢¥É²Ò¥ μ¡Ñ¥±ÉÒ ¸ ´ ²¨Î¨¥³ Ô²¥-
³¥´Éμ¢ ¸ ¡μ²ÓÏ¨³¨  Éμ³´Ò³¨ ´μ³¥· ³¨;

Å ¤²Ö ¤μ¸Éμ¢¥·´μ° μ¡· ¡μÉ±¨ ¸¶¥±É·μ¢ É·¥¡Ê¥É¸Ö ´ ¡μ· §´ Î¨É¥²Ó´μ°
¸É É¨¸É¨±¨, ±μÉμ·Ò° ¢ ´ Ï¨Ì ¨§³¥·¥´¨ÖÌ ´¥ ¢¸¥£¤  ¶·μ¨§¢μ¤¨²¸Ö;

Å ¢ ± Î¥¸É¢¥ μ¡Ñ¥±Éμ¢ ¤²Ö ¨§³¥·¥´¨°, ± ± ¶· ¢¨²μ, ¢Ò¡¨· ²¨¸Ó ³¨±·μÎ -
¸É¨ÍÒ ¨ ¸É·Ê±ÉÊ·Ò, · ¸¶μ²μ¦¥´´Ò¥ ´  ¶μ¢¥·Ì´μ¸É¨ ¢Ìμ¤´μ£μ μ±´ , ¢±² ¤ÒÏ 
¨ ¸¡μ·´¨± ;

Å · §³¥·Ò ¨§ÊÎ ¥³ÒÌ μ¡Ñ¥±Éμ¢ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥, Î¥³ μ¡² ¸ÉÓ ¢μ§¡Ê-
¦¤¥´¨Ö ¨ Ô³¨¸¸¨¨ Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö. 	μÔÉμ³Ê
¸¤¥² ´´Ò¥ ¨§³¥·¥´¨Ö ³μ£ÊÉ ´¥ ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢μ
¢¸¥³ μ¡Ñ¥³¥ μ¡³¥·Ö¥³ÒÌ μ¡Ñ¥±Éμ¢;

Å ¶·¨ ¨§³¥·¥´¨¨ μ¡Ñ¥±Éμ¢ ¢ ®ÉμÎ±¥¯ ²μ± ²Ó´ Ö ±μ´Í¥´É· Í¨Ö ¢´μ¢Ó
μ¡· §μ¢ ¢Ï¨Ì¸Ö Ô²¥³¥´Éμ¢ ³μ£²  ¸μ¸É ¢²ÖÉÓ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ¶·μÍ¥´Éμ¢.
Š·μ³¥ Éμ£μ, É ±¨¥ ¨§³¥·¥´¨Ö ¨³¥ÕÉ μ£· ´¨Î¥´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¶·μ¸É· ´¸É¢¥´-
´Ò³ · §·¥Ï¥´¨¥³ ¶·¨³¥´Ö¥³μ£μ μ¡μ·Ê¤μ¢ ´¨Ö.

‚ ¸Éμ²¡Í Ì 3, £ É ¡². 1; 4,¦ É ¡². 2; 6,¦ É ¡². 3 ¨ 7, ¨ É ¡². 4 ¶·¨¢¥¤¥´Ò
 ¶¶ · ÉÊ·´Ò¥ μÏ¨¡±¨ ¨§³¥·¥´¨°. ‚ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢´μ¸É¨ ²¨´¨¨
¢ ¸¶¥±É·¥ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÉ´μ¸¨É¥²Ó´Ò¥ μÏ¨¡±¨ ³¥´ÖÕÉ¸Ö μÉ 3
¤μ 50 %. ‚ ¸Éμ²¡Í Ì 6, ¡Ä6, ¡; 6,¦Ä6,¦; 6, §Ä6, § É ¡². 3 ¨ 7,  Ä7,   É ¡². 4
¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´¨Ö, ¸¤¥² ´´Ò¥ ¤²Ö μ¤´μ£μ ¨ Éμ£μ ¦¥ μ¡Ñ¥±É , ´μ ¢ ¤¢ÊÌ
· §´ÒÌ ÉμÎ± Ì. ˆ§ ¸· ¢´¥´¨Ö ¢¨¤´μ, ÎÉμ ¸μμÉ´μÏ¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢
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¢ · §´ÒÌ ÉμÎ± Ì ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö ¢ ´¥¸±μ²Ó±μ · §. ‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ Ì¨-
³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, μ¡´ ·Ê¦¥´´Ò¥ ¢ μ¤´μ° ÉμÎ±¥, ´¥ ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò
¢ ¤·Ê£μ°.

’·¨¢¨ ²Ó´Ò³ μ¡ÑÖ¸´¥´¨¥³ ¶μÖ¢²¥´¨Ö ¢¸¥Ì § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ Ô±¸¶¥-
·¨³¥´É Ì ®¶μ¸Éμ·μ´´¨Ì¯ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ Ö¢²Ö¥É¸Ö ´¥±μ´É·μ²¨·Ê¥³Ò°
¨Ì § ´μ¸ ¢μ ¢´ÊÉ·¥´´¨° μ¡Ñ¥³ ·¥ ±Í¨μ´´μ° ± ³¥·Ò ¢ ¶·μÍ¥¸¸¥ § ¶μ²´¥´¨Ö
± ³¥·Ò ¤¥°É¥·¨¥³. „²Ö ¶·μ¢¥·±¨ ÔÉμ£μ ¶·¥¤¶μ²μ¦¥´¨Ö ¡Ò²¨ ¶μ¢¥¤¥´Ò ¸¶¥-
Í¨ ²Ó´Ò¥, ®Ëμ´μ¢Ò¥¯ Ô±¸¶¥·¨³¥´ÉÒ. 	μ¸²¥ μ¤´μ° ¨§ ¶·μÍ¥¤Ê· § ¶μ²´¥´¨Ö
¤¥°É¥·¨¥³ D��‘ ± ³¥·  ¡Ò²  ¢¸±·ÒÉ  ¡¥§ μ¡²ÊÎ¥´¨Ö. ‚ ¤·Ê£μ³ μ¶ÒÉ¥ ¢ ± -
³¥·¥ ´ Ìμ¤¨²¸Ö μ¡· §¥Í Pd, ±μÉμ·Ò° ¢Ò¤¥·¦¨¢ ²¸Ö ¢ D��‘ ¢ É¥Î¥´¨¥ 105 ¸
¡¥§ μ¡²ÊÎ¥´¨Ö ¶·¨ ¤ ¢²¥´¨¨ ¤¥°É¥·¨Ö ∼ 20 ±¡ ·. ‚ ¸²¥¤ÊÕÐ¥³ Ô±¸¶¥·¨³¥´É¥
± ³¥·  ¡Ò²  § ¶μ²´¥´  ¤¥°É¥·¨¥³ ¤μ ¤ ¢²¥´¨Ö 60 ¡ · ¸ ¶ ²² ¤¨¥¢Ò³ Í¨²¨´-
¤·μ³ Pd (Ø 0,5 × 0,8 ³³) ¢´ÊÉ·¨. 	 ²² ¤¨° ¡Ò² Î¨¸ÉμÉμ° 99,997 %. �ÉμÉ
Ô±¸¶¥·¨³¥´É ¡Ò² ´ Í¥²¥´ ´  ¶μ²ÊÎ¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶·¨ ¤ ¢²¥-
´¨¨ ¤¥°É¥·¨Ö, ¶μ´¨¦¥´´μ³ ¶μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ Ô±¸¶¥·¨³¥´É ³¨, ¢ ±μ-
Éμ·ÒÌ ¤ ¢²¥´¨¥ ¤¥°É¥·¨Ö ¸μ¸É ¢²Ö²μ 1,2 ¨ 3 ±¡ · [1, 2]. �¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨-
²μ¸Ó ¶·¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 10 ŒÔ‚, ¶·¨ ¸·¥¤´¥³ Éμ±¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
∼ 1,1 · 1014 ¸−1. ‚·¥³Ö μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢¨²μ 1,3 · 105 ¸. ‘ É ±¨³¨ ¦¥ ¶ · ³¥-
É· ³¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò μ¡²ÊÎ¥´¨¥ μ¡· §Í  Pd ´  ¢μ§¤ÊÌ¥ ¨ μ¡²ÊÎ¥´¨¥ ¶Ê¸Éμ°
HPC ¶·¨ ¢ ±ÊÊ³¥ 10−4 	 . ‚μ ¢¸¥Ì ¸²ÊÎ ÖÌ ��Œ- ¨ �Œ‡�-¨¸¸²¥¤μ¢ ´¨Ö
¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸É¥° ¢±² ¤ÒÏ¥°, ¸¡μ·´¨±μ¢ ¨ ¶μ¢¥·Ì´μ¸É¥° ¶ ²² ¤¨¥-
¢ÒÌ μ¡· §Íμ¢ ¶μ± § ²¨ μÉ¸ÊÉ¸É¢¨¥ ¢ ´¨Ì ± ±¨Ì-²¨¡μ ´μ¢ÒÌ ¸¨´É¥§¨·μ¢ ´´ÒÌ
¸É·Ê±ÉÊ· ¨ ¨§³¥´¥´´μ£μ Ô²¥³¥´É´μ£μ ¸μ¸É ¢ .

‘²¥¤μ¢ É¥²Ó´μ, ¶μÖ¢²¥´¨¥ É¢¥·¤μÉ¥²Ó´ÒÌ ¸É·Ê±ÉÊ· ¨ ®¶μ¸Éμ·μ´´¨Ì¯ Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´  ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ ± ³¥·Ò D��‘, ¸ ¢Ò¸μ±μ°
¸É¥¶¥´ÓÕ ¢¥·μÖÉ´μ¸É¨, μ¶·¥¤¥²Ö¥É¸Ö ´¥Ö¤¥·´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ γ-¨§²ÊÎ¥´¨Ö
± ± ¸ ±μ´¤¥´¸¨·μ¢ ´´Ò³ ¤¥°É¥·¨¥³, É ± ¨ ¸  Éμ³ ³¨, ´ Ìμ¤ÖÐ¨³¨¸Ö ¢ ¶μ¢¥·Ì-
´μ¸Éμ³ ¸²μ¥ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ±μ´¤¥´¸¨·μ¢ ´´μ£μ
¤¥°É¥·¨Ö.

�  ·¨¸. 8 ¤²Ö ¢Ìμ¤´μ£μ μ±´  ¶·¥¤¸É ¢²¥´Ò Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢μ¸Ó³¨ ¸É·Ê±ÉÊ· ¶μ ¨§³¥·¥´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 1.

�  ·¨¸. 9 ¤²Ö ¢ÉÊ²±¨ ¤ ´Ò Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥-
³¥´Éμ¢ ¶μ ¤¥¸ÖÉ¨ ¨§³¥·¥´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 2.

�  ·¨¸. 10 ¤²Ö ¸¡μ·´¨±  ¶·¥¤¸É ¢²¥´Ò Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨-
Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¤¥¢ÖÉ¨ ¸É·Ê±ÉÊ· ¶μ 12 ¨§³¥·¥´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 3.

�  ·¨¸. 11 ¤²Ö 11 Î ¸É¨Í ¤ ´Ò Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éμ¢ ¶μ 12 ¨§³¥·¥´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 4.

	·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ¢¸Õ ¸μ¢μ±Ê¶´μ¸ÉÓ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³
�Œ‡�, ³μ¦´μ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ ¢ Ô±¸¶¥·¨³¥´É¥ ¶μ μ¡²ÊÎ¥´¨Õ γ-±¢ ´É ³¨
±μ´¤¥´¸¨·μ¢ ´´μ£μ ¤¥°É¥·¨Ö ´¥ ´ ¡²Õ¤ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ£μ · §²¨Î¨Ö ¢ · ¸-
¶·¥¤¥²¥´¨ÖÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¤²Ö ¢Ìμ¤´μ£μ μ±´ , ¢±² ¤ÒÏ , ¸¡μ·´¨± 
¨ Î ¸É¨Í.
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�¨¸. 8. “¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ ¢μ¸Ó³¨ ¨§³¥·¥´¨Ö³
¢Ìμ¤´μ£μ μ±´ 

�¨¸. 9. “¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ 10 ¨§³¥·¥´¨Ö³ ¢±² -
¤ÒÏ 

• · ±É¥·´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¤²Ö ¢¸¥Ì ¶μ²ÊÎ¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° Ö¢²Ö¥É¸Ö
¶μ¸ÉμÖ´´μ¥ ¶·¨¸ÊÉ¸É¢¨¥ £·Ê¶¶Ò ²¥£±¨Ì Ô²¥³¥´Éμ¢ ¸ Z � 30, μÉ Ê£²¥·μ¤ 
¤μ Í¨´± . �²¥³¥´ÉÒ ¤μ Ê£²¥·μ¤  ´¥ ·¥£¨¸É·¨·ÊÕÉ¸Ö ³¥Éμ¤μ³ ·¥´É£¥´μ¢¸±μ£μ
³¨±·μ§μ´¤μ¢μ£μ  ´ ²¨§ .

�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ Ë ±É, ÎÉμ ¢μ ³´μ£¨Ì ¸É·Ê±ÉÊ· Ì, μ¡´ ·Ê¦¥´-
´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨±  (É ¡². 3), § ·¥£¨¸É·¨·μ¢ ´Ò Ì¨³¨Î¥¸±¨¥ Ô²¥-
³¥´ÉÒ: 33As, 50Sn, 82Pb. Š ± ¨§¢¥¸É´μ, Ö¤·  50Sn ¨ 82Pb ¨³¥ÕÉ § ³±´ÊÉÒ¥

12



�¨¸. 10. “¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ 12 ¨§³¥·¥´¨Ö³ ¸¡μ·-
´¨± 

�¨¸. 11. “¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ 12 ¨§³¥·¥´¨Ö³ Î ¸É¨Í

μ¡μ²μÎ±¨ ¶μ ¶·μÉμ´ ³ (Z = 50 ¨ Z = 82),   ¸¢¨´¥Í ¨³¥¥É § ³±´ÊÉÊÕ μ¡μ-
²μÎ±Ê ¶μ ´¥°É·μ´ ³ (N = 126). �É³¥É¨³, ÎÉμ ¸¡μ·´¨± ´ ¨¡μ²¥¥ ¶μ¤¢¥·¦¥´
¢μ§¤¥°¸É¢¨Õ ±μ³¶Éμ´μ¢¸±¨Ì Ô²¥±É·μ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö ¸  Éμ³´Ò³¨ Ô²¥±É·μ´ ³¨ ¤¥°É¥·¨Ö.

Œ¥Éμ¤μ³ ·¥´É£¥´μ¢¸±μ£μ ³¨±·μ§μ´¤μ¢μ£μ  ´ ²¨§  ´  ¶μ¢¥·Ì´μ¸ÉÖÌ, ¨³¥¢-
Ï¨Ì ±μ´É ±É ¸ ¤¥°É¥·¨¥³, ¨ ¢ μ¡´ ·Ê¦¥´´ÒÌ ³¨±·μÎ ¸É¨Í Ì ¨ ¸É·Ê±ÉÊ· Ì
§ ·¥£¨¸É·¨·μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ μÉ¸ÊÉ¸É¢μ¢ ¢Ï¨¥ · ´¥¥ ¢ ·¥ ±Í¨μ´´μ° ± ³¥·¥
Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ: 6C, 7N, 8O, 11Na, 12Mg, 13Al, 14Si, 15P, 16S, 17Cl, 19K,
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�¨¸. 12. “¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ 42 ¨§³¥·¥´¨Ö³

�¨¸. 13. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, Ê¸·¥¤´¥´´Ò¥ ¶μ 35 ¨§³¥·¥´¨Ö³ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¸ H2

20Ca, 22Ti, 23Sc, 24Cr, 25Mn, 26Fe, 28Ni, 30Zn, 33As, 50Sn, 82Pb. �  ·¨¸. 12
¶·¥¤¸É ¢²¥´Ò Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶μ ¢¸¥³ 42
¨§³¥·¥´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 1Ä4.

�  ·¨¸. 13 ¶·¨¢μ¤ÖÉ¸Ö Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ¤¢ÊÌ Ô±¸¶¥·¨³¥´É Ì ¸ ¢μ¤μ·μ¤μ³ ¶·¨ P = 1 ¨ 3,4 ±¡ ·
¶μ 35 ¨§³¥·¥´¨Ö³.

�  ·¨¸. 14 ¶·¨¢μ¤ÖÉ¸Ö Ê¸·¥¤´¥´´Ò¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ¤¢ÊÌ Ô±¸¶¥·¨³¥´É Ì ¸ £¥²¨¥³ ¶·¨ P = 1,1 ¨ 3,05 ±¡ ·
¶μ 28 ¨§³¥·¥´¨Ö³.
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�¨¸. 14. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, Ê¸·¥¤´¥´´Ò¥ ¶μ 28 ¨§³¥·¥´¨Ö³ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¸ He

�¨¸. 15. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, Ê¸·¥¤´¥´´Ò¥ ¶μ 282 ¨§³¥·¥´¨Ö³ ¢
Ô±¸¶¥·¨³¥´É Ì ¸ Xe

�  ·¨¸. 15 ¶·¥¤¸É ¢²¥´Ò ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, Ê¸·¥¤´¥´-
´Ò¥ ¶μ É·¥³ Ô±¸¶¥·¨³¥´É ³ ¸ ±¸¥´μ´μ³ ¸ P = 250, 270 ¨ 550 ¡ ·. ‚ ÔÉμ³
· ¸¶·¥¤¥²¥´¨¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ·¥§Ê²ÓÉ ÉÒ 282 ¨§³¥·¥´¨°.

	·¨ ¸· ¢´¥´¨¨ ·¨¸Ê´±μ¢ ¸É ´μ¢¨É¸Ö μÎ¥¢¨¤´Ò³, ÎÉμ ¢μ ¢¸¥Ì · ¸¶·¥¤¥²¥-
´¨ÖÌ ¶μ¸ÉμÖ´´μ ¶·¨¸ÊÉ¸É¢Ê¥É £·Ê¶¶  ²¥£±¨Ì Ô²¥³¥´Éμ¢ ¸ Z � 30, μÉ Ê£²¥·μ¤ 
¤μ Í¨´± . Š·μ³¥ Éμ£μ, ¸ Ê¢¥²¨Î¥´¨¥³ § ·Ö¤  ¨ ³ ¸¸Ò μ¡²ÊÎ ¥³μ£μ £ §  ¢μ§· -
¸É ¥É ±μ²¨Î¥¸É¢μ ¸¨´É¥§¨·μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢ ¸ Z > 30. ’ ±, ¶·¨ μ¡²ÊÎ¥´¨¨
±¸¥´μ´  ¢ ´¥³ ¸¨´É¥§¨·ÊÕÉ¸Ö ®¶· ±É¨Î¥¸±¨ ¢¸¥¯ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ É -
¡²¨ÍÒ Œ¥´¤¥²¥¥¢  (·¨¸. 15).
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’ ±¨³ μ¡· §μ³, ¶·μ¢¥¤¥´´Ò° Ô±¸¶¥·¨³¥´É ¸ μ¡²ÊÎ¥´¨¥³ Éμ·³μ§´Ò³¨
γ-±¢ ´É ³¨ ±μ´¤¥´¸¨·μ¢ ´´μ£μ ¤¥°É¥·¨Ö ¶μ¤É¢¥·¦¤ ¥É ·¥§Ê²ÓÉ ÉÒ ¶μ ¸¨´É¥§Ê
Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶·¥¤Ò¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ¸ ¤·Ê£¨³¨
±μ´¤¥´¸¨·μ¢ ´´Ò³¨ £ § ³¨: ¢μ¤μ·μ¤μ³, £¥²¨¥³ ¨ ±¸¥´μ´μ³ [19Ä32]. ‚ ÔÉ¨Ì
Ô±¸¶¥·¨³¥´É Ì É ±¦¥ ¡Ò²¨ μ¡´ ·Ê¦¥´Ò É¢¥·¤μÉ¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò, ¸μ¤¥·¦ -
Ð¨¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, μÉ¸ÊÉ¸É¢ÊÕÐ¨¥ ¢ μ¡Ñ¥³¥ ·¥ ±Í¨μ´´μ° ± ³¥·Ò ¤μ
´ Î ²  μ¡²ÊÎ¥´¨Ö. „¨ ¶ §μ´ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ¸¨´É¥§¨·Ê¥³ÒÌ ¢ ÔÉ¨Ì
Ô±¸¶¥·¨³¥´É Ì, ¶·μ¸É¨· ¥É¸Ö μÉ Ê£²¥·μ¤  ¤μ ¢¨¸³ÊÉ .

	·¨ ¸· ¢´¥´¨¨ · ¸¶·¥¤¥²¥´¨° ¶μ ¢ÒÌμ¤Ê Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ·¥ ±-
Í¨ÖÌ γ-¨§²ÊÎ¥´¨Ö ¸ ±μ´¤¥´¸¨·μ¢ ´´Ò³¨ £ § ³¨ ¡Ò²  ¶μ²ÊÎ¥´  ´μ¢ Ö ¨´Ëμ·-
³ Í¨Ö, ¸É ²μ μÎ¥¢¨¤´Ò³, ÎÉμ

• ¢μ ¢¸¥Ì Ô±¸¶¥·¨³¥´É Ì ¶μÖ¢²ÖÕÉ¸Ö ²¥£±¨¥ Ô²¥³¥´ÉÒ ¸ 6 � Z � 30, μÉ
Ê£²¥·μ¤  ¤μ Í¨´± ,   É ±¦¥ ¸¢¨´¥Í,

• ¸ Ê¢¥²¨Î¥´¨¥³ § ·Ö¤  ¨ ³ ¸¸Ò μ¡²ÊÎ ¥³μ£μ £ §  ¢μ§· ¸É ¥É Î¨¸²μ Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¸ Z > 30. ’ ±, ¶·¨ μ¡²ÊÎ¥´¨¨ ±¸¥´μ´  ¢ ´¥³ ¸¨´É¥-
§¨·ÊÕÉ¸Ö ®¶· ±É¨Î¥¸±¨ ¢¸¥¯ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢ ,  
É ±¦¥ § ·¥£¨¸É·¨·μ¢ ´Ò · ¤¨μ ±É¨¢´Ò¥ Ô²¥³¥´ÉÒ: É¥Ì´¥Í¨°, Ë· ´Í¨°,  ±É¨-
´¨° [28Ä29].

ˆ§ ¸μ¶μ¸É ¢²¥´¨Ö ¶·μ¢¥¤¥´´ÒÌ ¨ ®Ëμ´μ¢ÒÌ¯ Ô±¸¶¥·¨³¥´Éμ¢ ¤¥² ¥É¸Ö
¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ ¶μÖ¢²¥´¨¥ É¢¥·¤μÉ¥²Ó´ÒÌ ¸É·Ê±ÉÊ· ¨ ®¶μ¸Éμ·μ´´¨Ì¯ Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ³μ¦¥É μ¶·¥¤¥²ÖÉÓ¸Ö ´¥Ö¤¥·´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ γ-¨§²Ê-
Î¥´¨Ö ± ± ¸ ±μ´¤¥´¸¨·μ¢ ´´Ò³ ¤¥°É¥·¨¥³, É ± ¨ ¸  Éμ³ ³¨, ´ Ìμ¤ÖÐ¨³¨¸Ö
¢ ¶μ¢¥·Ì´μ¸É´μ³ ¸²μ¥ ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ±μ´¤¥´-
¸¨·μ¢ ´´μ£μ ¤¥°É¥·¨Ö.
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