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‘É·Ê±ÉÊ·  ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢ ¢Ò¸μ±¨Ì £¥´¥· Í¨°

Œ¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¨¸¸²¥¤μ¢ ´  ¸É·Ê±ÉÊ·  ±·¥³´¨°-
μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢ ¤¥¢ÖÉμ° £¥´¥· Í¨¨ ¸ Î¥ÉÒ·¥ÌËÊ´±Í¨μ´ ²Ó´Ò³ Ö¤·μ³
¨ ¡ÊÉ¨²Ó´Ò³¨ ±μ´Í¥¢Ò³¨ £·Ê¶¶ ³¨. �μ± § ´μ, ÎÉμ ¨¸¸²¥¤Ê¥³Ò¥ ¤¥´¤·¨³¥·Ò
Ö¢²ÖÕÉ¸Ö ³μ´μ¤¨¸¶¥·¸´Ò³¨ μ¡Ñ¥±É ³¨  ´¨§μ³¥É·¨Î´μ° Ëμ·³Ò. ‘ ¶μ³μÐÓÕ
³¥Éμ¤  ¢ ·¨ Í¨¨ ±μ´É· ¸É  μ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ¶ ·Í¨ ²Ó´μ£μ μ¡Ñ¥³  ¨ §´ -
Î¥´¨¥ ¸·¥¤´¥° · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨. „¥³μ´¸É·¨·Ê¥É¸Ö ¨¤¥´É¨Î´μ¸ÉÓ ¤·Ê£
¤·Ê£Ê ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥·μ¢ ¶μ £ ¡ ·¨É´Ò³ · §³¥· ³ ¨ · ¸¶·¥¤¥²¥´¨Õ · ¸-
¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨. “¸É ´μ¢²¥´μ, ÎÉμ 20% £ ¡ ·¨É´μ£μ μ¡Ñ¥³  ¤¥´¤·¨³¥· 
¤μ¸ÉÊ¶´μ ¤²Ö ¶·μ´¨±´μ¢¥´¨Ö · ¸É¢μ·¨É¥²Ö. ‚Ò¶μ²´¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ ¨ ¢μ¸¸É ´μ¢²¥´μ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥-
¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ ¤²¨´Ò · ¸¸¥Ö´¨Ö ¢ ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥· Ì, μ¡´ ·Ê¦¥´μ
¨§³¥´¥´¨¥ ¨¸±²ÕÎ¥´´μ£μ μ¡Ñ¥³  ¤²Ö · §´ÒÌ ±μ´É· ¸Éμ¢. �¡¸Ê¦¤ ÕÉ¸Ö μ¸μ¡¥´-
´μ¸É¨ ¶·μ¸É· ´¸É¢¥´´μ° ¸É·Ê±ÉÊ·Ò ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢ ¢Ò¸μ±¨Ì
£¥´¥· Í¨°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Rogachev A.V. et al. P14-2008-192
The Structure of Carbosilane Dendrimers of Higher Generations

Using small-angle neutron scattering method, we investigate the structure of
carbosilane dendrimers of the ninth generation with a four-function core and butyl
terminal groups. It is shown that the dendrimers in question are monodispersive
objects having anisometric form. The values of the partial volume and the mean
scattering length density are determined with the contrast variation method. The
studied dendrimers exhibit the same size and distribution of the scattering length
density. It is found that about 20% of the interior dendrimer volume is permeable
to a solvent. Performing a Monte Carlo simulation, we reconstruct the spatial
distribution of scattering length density over the dendrimers and reveal changing
of the excluded volume for different contrasts. The spatial structure features of
carbosilane dendrimers of higher generations are discussed.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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„¥´¤·¨³¥·Ò Å ¸¢¥·Ì· §¢¥É¢²¥´´Ò¥ ± ¸± ¤´Ò¥ ¶μ²¨³¥·Ò ·¥£Ê²Ö·´μ£μ
¸É·μ¥´¨Ö, ¶μ²ÊÎ ¥³Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ·¥£Ê²¨·Ê¥³μ£μ ¸¨´É¥§ , Å μÉ´μ¸ÖÉ¸Ö ±
μ¸μ¡μ³Ê ±² ¸¸Ê ¶μ²¨³¥·´ÒÌ ³ É¥·¨ ²μ¢, ´ §Ò¢ ¥³μ³Ê ®³μ²¥±Ê²Ö·´Ò³¨ ´ -
´μμ¡Ñ¥±É ³¨¯ [1, 2]. „¥´¤·¨³¥·Ò μ¤´μ¢·¥³¥´´μ ¸μÎ¥É ÕÉ ¢ ¸¥¡¥ ¸¢μ°¸É¢ 
³ ±·μ³μ²¥±Ê²Ò ¨ Î ¸É¨ÍÒ, μ¡² ¤ ÕÉ Ìμ·μÏ¥° · ¸É¢μ·¨³μ¸ÉÓÕ ¨ ´¨§±μ° ¢Ö§-
±μ¸ÉÓÕ ¢ · ¸É¢μ· Ì. 	É¨ ¸¢μ°¸É¢  ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ¢ É ±¨Ì ¶·¨±² ¤´ÒÌ
μ¡² ¸ÉÖÌ, ± ± ¡¨μ²μ£¨Ö, ³¥¤¨Í¨´ , Ë ·³ ±μ²μ£¨Ö, ± É ²¨§ ¨ ¤·. � ¶·¨³¥·,
¤¥´¤·¨³¥·Ò ³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ ± Î¥¸É¢¥ ´ ´μ·¥ ±Éμ·μ¢ ¤²Ö Ëμ·³¨·μ¢ -
´¨Ö ´ ´μÎ ¸É¨Í. �¤´ ±μ ÔËË¥±É¨¢´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¤¥´¤·¨³¥·μ¢ É¥¸´μ ¸¢Ö-
§ ´  ¸μ §´ ´¨¥³ ¤¥É ²¥° ¨Ì ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò. ’¥±ÊÐ¨¥ ¶·¥¤¸É ¢²¥´¨Ö μ
¢´ÊÉ·¥´´¥° μ·£ ´¨§ Í¨¨ É ±¨Ì ¶μ²¨³¥·μ¢ Ö¢²ÖÕÉ¸Ö ¶·μÉ¨¢μ·¥Î¨¢Ò³¨ [3Ä5].

‚ · ¡μÉ Ì [6, 7] ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö 4Ä7 £¥´¥· Í¨° ±·¥³-
´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢, ¸Ì¥³  ¸¨´É¥§  ±μÉμ·ÒÌ · §· ¡μÉ ´  ¢ ˆ´¸É¨-
ÉÊÉ¥ ¸¨´É¥É¨Î¥¸±¨Ì ¶μ²¨³¥·´ÒÌ ³ É¥·¨ ²μ¢ ¨³. �. ‘. …´¨±μ²μ¶μ¢  ��� [8] ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¨ ·¥´É£¥´μ¢¸±¨Ì
²ÊÎ¥°. 
Ò²¨ μ¶·¥¤¥²¥´Ò ²¨´¥°´Ò¥ · §³¥·Ò ¨ Ëμ·³  ¤¥´¤·¨³¥·μ¢, ¶μ²ÊÎ¥´Ò
¤ ´´Ò¥ μ ²μ± ²¨§ Í¨¨ ±μ´Í¥¢ÒÌ £·Ê¶¶ ¢ ¸É·Ê±ÉÊ·¥ ¤¥´¤·¨³¥· , Ê¸É ´μ¢²¥´μ
¶·μ´¨±´μ¢¥´¨¥ · ¸É¢μ·¨É¥²Ö ¢μ ¢´ÊÉ·¥´´¨° μ¡Ñ¥³ ¤¥´¤·¨³¥·μ¢. ‚ · ¡μÉ¥ [9]
¤²Ö ¤¥´¤·¨³¥·μ¢ ¸ É·¥Ì- ¨ Î¥ÉÒ·¥ÌËÊ´±Í¨μ´ ²Ó´Ò³ Ö¤·μ³ 4Ä8 £¥´¥· Í¨°
¡Ò²  Ê¸É ´μ¢²¥´   ´¨§μ³¥É·¨Î´μ¸ÉÓ ¨Ì Ëμ·³Ò. ’ ³ ¦¥ ¡Ò²¨ ¢μ¸¸É ´μ¢²¥´Ò
³μ¤¥²¨ · ¸¶·¥¤¥²¥´¨Ö · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨ ¨ μÉ³¥Î¥´ ¤¥Ë¨Í¨É ¶²μÉ´μ-
¸É¨ ´  ¶¥·¨Ë¥·¨¨ ¨ ¢ Í¥´É·¥ ¶·μ¸É· ´¸É¢¥´´μ° ¸É·Ê±ÉÊ·Ò ¤¥´¤·¨³¥· .

‚ · ¡μÉ¥ [10] ¶·¥¤¸± §Ò¢ ÕÉ¸Ö ¢μ§³μ¦´μ¸ÉÓ μ¡· §μ¢ ´¨Ö § ±·ÒÉÒÌ ¶μ-
²μ¸É¥° ¨ ¶·¥±· Ð¥´¨¥ ¤ ²Ó´¥°Ï¥£μ ·¥£Ê²Ö·´μ£μ ·μ¸É  ¢¢¨¤Ê ¶·μ¸É· ´¸É¢¥´-
´μ£μ ¶¥·¥¶μ²´¥´¨Ö ¢ · ¸ÉÊÐ¥³ ¶μ¢¥·Ì´μ¸É´μ³ ¸²μ¥ ¤¥´¤·¨³¥·´μ° ³ ±·μ³μ-
²¥±Ê²Ò. ’ ±μ° ÔËË¥±É Ô±¸¶¥·¨³¥´É ²Ó´μ ³μ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö ¤²Ö ¢Ò¸μ±¨Ì
£¥´¥· Í¨° ¤¥´¤·¨³¥·μ¢. �μÔÉμ³Ê ¨§ÊÎ¥´¨¥ ¤¥´¤·¨³¥·μ¢ ¸É ·Ï¨Ì £¥´¥· Í¨°
¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¸ ÉμÎ±¨ §·¥´¨Ö ¢ÒÖ¢²¥´¨Ö μ¸μ¡¥´´μ¸É¥° μ·£ ´¨§ Í¨¨ ¨Ì
¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò. ’ ±, ¢ · ¡μÉ¥ [11] ¨§ÊÎ ² ¸Ó ¸É·Ê±ÉÊ·  ¤¥¢ÖÉμ° £¥´¥-
· Í¨¨ ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢. „²Ö μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¡Ò²  ¶·¥¤²μ¦¥´  ³μ¤¥²Ó, ¢ · ³± Ì ±μÉμ·μ° ¶μ± § ´μ, ÎÉμ ¨¸¸²¥¤Ê-
¥³ Ö ¸É·Ê±ÉÊ·  ¤μ²¦´  ¨³¥ÉÓ ¡μ²¥¥ ¸²μ¦´ÊÕ μ·£ ´¨§ Í¨Õ, Î¥³ ¤¥´¤·¨³¥·Ò
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´¨§±¨Ì £¥´¥· Í¨°. ’ ³ ¦¥ ¡Ò²¨ ¸¤¥² ´Ò ¶·¥¤¶μ²μ¦¥´¨Ö μ ¸ÊÐ¥¸É¢μ¢ ´¨¨
¶μ²μ¸É¥°, ¨³¥ÕÐ¨Ì μÉ²¨Î´ÊÕ μÉ ¤¥´¤·¨³¥·μ¢ ¨ · ¸É¢μ·¨É¥²Ö ¶²μÉ´μ¸ÉÓ (¸Ê-
Ð¥¸É¢μ¢ ´¨¥ ´¥μ¤´μ·μ¤´μ¸É¥°).

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¸ ¶·¨¢²¥Î¥´¨¥³ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³¥Éμ¤μ¢  ´ ²¨§ 
¤ ´´ÒÌ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ³Ò ¤¥É ²Ó´μ · ¸¸³ É·¨¢ ¥³ ¢´ÊÉ·¥´´ÕÕ μ·-
£ ´¨§ Í¨Õ ¤¥¢ÖÉμ° £¥´¥· Í¨¨ ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢.

1. ��š…Š’› ˆ Œ…’�„› ˆ‘‘‹…„�‚��ˆŸ

�¡Ñ¥±Éμ³ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²Ö²¨¸Ó · ¸É¢μ·Ò ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨-
³¥·μ¢ ¤¥¢ÖÉμ° £¥´¥· Í¨¨ ¸ Î¥ÉÒ·¥ÌËÊ´±Í¨μ´ ²Ó´Ò³ Ö¤·μ³ ¨ ¡ÊÉ¨²Ó´Ò³¨
±μ´Í¥¢Ò³¨ £·Ê¶¶ ³¨ [8]. •¨³¨Î¥¸± Ö ¸É·Ê±ÉÊ·  ±·¥³´¨°μ·£ ´¨Î¥¸±μ£μ ¤¥´-
¤·¨³¥·  ¤¥¢ÖÉμ° £¥´¥· Í¨¨:

‹¨´¥°´Ò° · §³¥· ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥·μ¢ ¸μ¸É ¢²Ö¥É μ±μ²μ 100 �A [8].
„ ´´Ò° É¨¶ ¤¥´¤·¨³¥·μ¢ Ö¢²Ö¥É¸Ö ¸É ¡¨²Ó´μ° ´¥ËÊ´±Í¨μ´ ²Ó´μ° Ëμ·³μ°
¶μ²¨ ²²¨²± ·¡μ¸¨² ´μ¢μ£μ ¤¥´¤·¨³¥· . ‚¢¨¤Ê μÉ¸ÊÉ¸É¢¨Ö ·¥ ±Í¨μ´´μ° ¸¶μ-
¸μ¡´μ¸É¨ ±μ´Í¥¢ÒÌ £·Ê¶¶ É ±¨¥ ¤¥´¤·¨³¥·Ò Ê¸Éμ°Î¨¢Ò ± ¢μ§¤¥°¸É¢¨Õ μ±·Ê-
¦ ÕÐ¥° ¸·¥¤Ò ¨ μ¡¥¸¶¥Î¨¢ ÕÉ ¤μ²£μ¢·¥³¥´´ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ Ì¨³¨Î¥¸±μ°
¸É·Ê±ÉÊ·Ò ¢ Ê¸²μ¢¨ÖÌ Ô±¸¶¥·¨³¥´É .

	±¸¶¥·¨³¥´É ¶μ ³ ²μÊ£²μ¢μ³Ê · ¸¸¥Ö´¨Õ ´¥°É·μ´μ¢ μ¸ÊÐ¥¸É¢²¥´ ´  ¸¶¥±-
É·μ³¥É·¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö �Œ� (Î¥É¢¥·ÉÒ° ± ´ ² ¨³¶Ê²Ó¸´μ£μ ·¥ ±-
Éμ·  ˆ
�-2, �ˆŸˆ, „Ê¡´ ) ¢ ¤¢ÊÌ¤¥É¥±Éμ·´μ³ ¢ ·¨ ´É¥ ¶μ ³¥Éμ¤Ê ¢·¥³¥´¨
¶·μ²¥É  [12, 13]. „¨ ¶ §μ´ ¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö ¸μ¸É ¢¨² 0,08Ä0,35 �A−1. ˆ¸-
¶μ²Ó§μ¢ ´¨¥ ¶·¨ ´μ·³¨·μ¢±¥ ¢ ´ ¤¨¥¢μ£μ ¸É ´¤ ·É  ¶μ§¢μ²¨²μ μ¶·¥¤¥²¨ÉÓ
¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¢  ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í Ì. �·¨ μ¡· ¡μÉ±¥
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ÊÎ¨ÉÒ¢ ²¨¸Ó ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ-
´μ¢ ¤¥É¥±Éμ· ³¨, ËÊ´±Í¨Ö · §·¥Ï¥´¨Ö Ê¸É ´μ¢±¨ ¤²Ö ¤ ´´ÒÌ Ê¸²μ¢¨° Ô±¸¶¥-
·¨³¥´É , ¶μ¶· ¢±¨ ´  ¶μ£²μÐ¥´¨¥ μ¡· §Íμ³, Ëμ´μ¢Ò¥ Ê¸²μ¢¨Ö ¨ ´¥±μ£¥·¥´É-
´μ¥ · ¸¸¥Ö´¨¥ [13Ä15].

� ¸É¢μ·Ò ¤¥´¤·¨³¥·μ¢ ¡Ò²¨ ¶μ³¥Ð¥´Ò ¢ ±¢ ·Í¥¢Ò¥ ±Õ¢¥ÉÒ (Hellma) Éμ²-
Ð¨´μ° 1 ³³. ‚ ± Î¥¸É¢¥ · ¸É¢μ·¨É¥²Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸³¥¸¨ C6D6/C6H6 ¸μ
¸²¥¤ÊÕÐ¨³¨ ¢¥¸μ¢Ò³¨ ¶·μÍ¥´É´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨ (%/%): 100/0, 75/25,
50/50, 25/75, 0/100. Šμ´Í¥´É· Í¨Ö ¤¥´¤·¨³¥·  ¢ · ¸É¢μ· Ì ¸μ¸É ¢²Ö² 
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20 ³£/¸³3. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ É¥·³μ¸É É¨Î¥¸±μ³ ¡μ±¸¥ ¶·¨ É¥³¶¥-
· ÉÊ·¥ 20 ◦‘. ‡´ Î¥´¨¥ ¶²μÉ´μ¸É¨ ¤²¨´Ò · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¤²Ö ¨¸¸²¥¤Ê-
¥³ÒÌ ¤¥´¤·¨³¥·μ¢, · ¸¸Î¨É ´´μ¥ ¨§ ¨Ì ¸É·Ê±ÉÊ·´μ° Ëμ·³Ê²Ò ¤²Ö ¡²μÎ´μ£μ
¸μ¸ÉμÖ´¨Ö, ¸μ¸É ¢¨²μ −0,37 × 1010 ¸³−2 [11].

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

	±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´Ò¥ ±·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ-
´μ¢ ´  · ¸É¢μ· Ì ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥·μ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1.

„²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ¢μ¸¸É ´μ¢²¥´Ò ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö
¶μ · ¸¸ÉμÖ´¨Ö³ p(R), ±μÉμ·Ò¥ ¸¢Ö§ ´Ò ± ± ¸ £¥μ³¥É·¨¥° Î ¸É¨ÍÒ, É ± ¨
¸ · ¸¶·¥¤¥²¥´¨¥³ ¢´ÊÉ·¨Î ¸É¨Î´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥° [16]. �¥§Ê²ÓÉ ÉÒ ¶·¥¤-
¸É ¢²¥´Ò ´  ·¨¸. 2. Šμ²μ±μ²μμ¡· §´ Ö Ëμ·³  ËÊ´±Í¨¨ p(R) Å ¸¢¨¤¥É¥²Ó¸É¢μ
£²μ¡Ê²Ö·´μ¸É¨ ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥·μ¢. �É¸ÊÉ¸É¢¨¥ μÉ±²μ´¥´¨° ¶μ²μ¦¥´¨Ö
³ ±¸¨³Ê³  ËÊ´±Í¨° p(R) ¤²Ö ¢¸¥Ì ±μ´É· ¸Éμ¢ μ§´ Î ¥É μÉ¸ÊÉ¸É¢¨¥ ¤¨¸¶¥·¸¨¨
¶μ ²¨´¥°´Ò³ · §³¥· ³.

„²Ö ¨§ÊÎ¥´¨Ö ¢²¨Ö´¨Ö · ¸É¢μ·¨É¥²Ö ¶·μ¢¥¤¥´   ¶¶·μ±¸¨³ Í¨Ö Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ³μ¤¥²Ó´Ò³¨ ±·¨¢Ò³¨
· ¸¸¥Ö´¨Ö ´  μ¤´μ·μ¤´ÒÌ £²μ¡Ê²Ö·´ÒÌ Î ¸É¨Í Ì ¶·μ¸Éμ° Ëμ·³Ò: Ï ·  ¨ Ô²-
²¨¶¸μ¨¤  ¢· Ð¥´¨Ö. ‚ ± Î¥¸É¢¥ ±·¨É¥·¨Ö §´ Î¨³μ¸É¨ ³μ¤¥²¥° ¨¸¶μ²Ó§μ¢ ²¸Ö
χ2-±·¨É¥·¨°. �¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

ˆ§ ¤ ´´ÒÌ É ¡². 1 ¸²¥¤Ê¥É, ÎÉμ ¸É¥¶¥´Ó ¤¥°É¥·¨·μ¢ ´¨Ö · ¸É¢μ·¨É¥²Ö ´¥
μ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ´  ¶ · ³¥É·Ò  ¶¶·μ±¸¨³¨·ÊÕÐ¨Ì ³μ¤¥-

�¨¸. 1. 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ±·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  · ¸É¢μ· Ì
±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥·μ¢ ¤¥¢ÖÉμ° £¥´¥· Í¨¨: C6D6/C6H6 (%/%) 1 Å 100/0,
2 Å 75/25, 3 Å 50/50, 4 Å 25/75, 5 Å 0/100
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�¨¸. 2. ”Ê´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ · ¸¸ÉμÖ´¨Ö³, ¶μ²ÊÎ¥´´Ò¥ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
±·¨¢ÒÌ ·¨¸. 1. C6D6/C6H6 (%/%): 1 Å 100/0, 2 Å 75/25, 3 Å 50/50, 4 Å 25/75, 5 Å
0/100

’ ¡²¨Í  1. �¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ³ ²μÊ£²μ¢μ£μ
· ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ³μ¤¥²Ó´Ò³¨ ±·¨¢Ò³¨

� ¸É¢μ·¨É¥²Ó
C6D6/C6H6 (%/%)

˜ · 	²²¨¶¸μ¨¤ ¢· Ð¥´¨Ö

R, �A χ2 a = b, �A
χ2

e, �A

100/0 46,17 ± 0,07 22,2
40,40 ± 0,12

7,6
1,58 ± 0,02

75/25 46,24 ± 0,09 12,7
40,00 ± 0,16

3,6
1,63 ± 0,03

50/50 46,37 ± 0,14 5,2
39,75 ± 0,25

1
1,64 ± 0,04

25/75 46,43 ± 0,21 1,98
39,76 ± 0,4

0,57
1,64 ± 0,05

0/100 46,63 ± 0,6 0,58
41,6 ± 1,92

0,56
1,4 ± 0,18

²¥°. �μ ±·¨É¥·¨Õ χ2 ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´  ³μ¤¥²Ó Ô²²¨¶¸μ¨¤  ¢· Ð¥´¨Ö.
	Éμ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥, ÎÉμ ¨¸¸²¥¤Ê¥³Ò¥ ¤¥´¤·¨³¥·Ò Ö¢²ÖÕÉ¸Ö
£²μ¡Ê²Ö·´Ò³¨ μ¡Ñ¥±É ³¨  ´¨§μ³¥É·¨Î´μ° Ëμ·³Ò. ‚ Éμ ¦¥ ¢·¥³Ö μÉ¸ÊÉ¸É¢¨¥
Ìμ·μÏ¥£μ ¸μμÉ¢¥É¸É¢¨Ö ³μ¤¥²Ó´ÒÌ ±·¨¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ Å ¸¢¨¤¥É¥²Ó-
¸É¢μ ¡μ²¥¥ ¸²μ¦´μ° ¸É·Ê±ÉÊ·Ò ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´¤·¨³¥·μ¢.
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ˆ§¢¥¸É´μ, ÎÉμ ´ Î ²Ó´ Ö Î ¸ÉÓ ±·¨¢μ° · ¸¸¥Ö´¨Ö ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ ±μ´-
±·¥É´μ£μ ¸É·μ¥´¨Ö Î ¸É¨ÍÒ μ¶¨¸Ò¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ ¤¢ÊÌ ¶ · ³¥É·μ¢: I(0) Å
Ì · ±É¥·¨§Ê¥É μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ · ¸¸¥¨¢ ÕÐ¥° ³ É¥·¨¨; Rg Å · ¤¨Ê¸ ¨´¥·-
Í¨¨, ´¥¸ÊÐ¨° ¨´Ëμ·³ Í¨Õ μ ¥¥ · ¸¶·¥¤¥²¥´¨¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ³ ¸¸Ò
Î ¸É¨ÍÒ [17]:

I (q) = I (0) exp
(
−q2R2

g

/
3
)
.

�μÔÉμ³Ê ¨§ ´ ±²μ´  ¶·Ö³μ²¨´¥°´μ£μ ÊÎ ¸É±  § ¢¨¸¨³μ¸É¨ ln I(q) μÉ q2 ( ¶-
¶·μ±¸¨³ Í¨Ö ƒ¨´Ó¥) ³μ¦´μ μ¶·¥¤¥²¨ÉÓ §´ Î¥´¨Ö I(0) ¨ Rg . �¥§Ê²ÓÉ ÉÒ  ¶-
¶·μ±¸¨³ Í¨° ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. � ¸Î¥É ¨´¢ ·¨ ´Éμ¢ ¨§ £· Ë¨±  ƒ¨´Ó¥

� ¸É¢μ·¨É¥²Ó
Rg , �A I(0), ¸³−1

C6D6/C6H6, %/%

100/0 38,6 ± 1,2 16,08 ± 0,3

75/25 37,9 ± 1,3 10,1 ± 0,2

50/50 38,1 ± 1,5 5,97 ± 0,14

25/75 37,6 ± 2,1 2,87 ± 0,1

0/100 36,9 ± 1,4 0,93 ± 0,04

‚ μ¸´μ¢¥ ®³¥Éμ¤  ¢ ·¨ Í¨¨ ±μ´É· ¸É ¯ ²¥¦¨É  ´ ²¨§ § ¢¨¸¨³μ¸É¨ μÉ
±μ´É· ¸É  (· §´μ¸É¨ ³¥¦¤Ê ¸·¥¤´¨³¨ ¶²μÉ´μ¸ÉÖ³¨ · ¸¸¥Ö´¨Ö · ¸É¢μ·¨É¥²Ö ¨
Î ¸É¨ÍÒ Δρ = ρ̄ − ρs) £¥μ³¥É·¨Î¥¸±¨Ì ¨ ¢¥¸μ¢ÒÌ ¨´¢ ·¨ ´Éμ¢ [17].

�´ ²¨§ § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö μÉ ±μ´É· ¸É  ¤²Ö ´Ê²¥¢μ£μ
Ê£² : I(0) = nV 2

p (Δρ)2, £¤¥ n Å ±μ²¨Î¥¸É¢μ · ¸¸¥¨¢ ÕÐ¨Ì Î ¸É¨Í ¢ ¥¤¨´¨Í¥
μ¡Ñ¥³  Å ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¶ ·Í¨ ²Ó´Ò° μ¡Ñ¥³ Î ¸É¨ÍÒ Vp.

�¶·¥¤¥²¥´¨¥ ÉμÎ±¨ ±μ³¶¥´¸ Í¨¨, ¢ ±μÉμ·μ° Δρ = 0,   ρ̄ = ρs, ¤ ¥É
§´ Î¥´¨¥ ¸·¥¤´¥° · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨ Î ¸É¨ÍÒ. ‡ ¢¨¸¨³μ¸ÉÓ

√
I(0) μÉ

±μ´É· ¸É  ρs ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 3. �É¸ÊÉ¸É¢¨¥ μÉ±²μ´¥´¨Ö μÉ ²¨´¥°´μ°
§ ¢¨¸¨³μ¸É¨ μ§´ Î ¥É ¨¤¥´É¨Î´μ¸ÉÓ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò ¨¸¸²¥¤Ê¥³ÒÌ ¤¥´-
¤·¨³¥·μ¢. �μ²ÊÎ¥´μ §´ Î¥´¨¥ ¶ ·Í¨ ²Ó´μ£μ μ¡Ñ¥³  Vp = 3,60(±0,05)·105 �A3.
‡´ Î¥´¨¥ ¸·¥¤´¥° · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨ ¨¸¸²¥¤Ê¥³μ£μ ¤¥´¤·¨³¥·  ¸μ¸É -
¢¨²μ ρ̄ = −0,040(±0,015) · 1010 ¸³−2, ÎÉμ ¢ ¶·¥¤¥² Ì ¤μ¢¥·¨É¥²Ó´μ£μ ¨´-
É¥·¢ ²  Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ ¸μ£² ¸Ê¥É¸Ö ¸μ §´ Î¥´¨Ö³¨, · ¸¸Î¨É ´´Ò³¨ ¤²Ö
¡²μÎ´μ£μ ¸μ¸ÉμÖ´¨Ö,   É ±¦¥ ¸μ §´ Î¥´¨Ö³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ · ¡μÉ Ì [6, 7, 9]
¤²Ö ¤¥´¤·¨³¥·μ¢ ´¨§±¨Ì £¥´¥· Í¨°.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ §´ Î¥´¨Ö ±¢ ¤· É  · ¤¨Ê¸  ¨´¥·-
Í¨¨ R2

g, · ¸¸Î¨É ´´μ£μ ¨§  ¶¶·μ±¸¨³ Í¨¨ ƒ¨´Ó¥ ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨°
¶²μÉ´μ¸É¨ ¤²¨´Ò · ¸¸¥Ö´¨Ö · ¸É¢μ·¨É¥²Ö ρs (¸³¥¸¨ C6D6/C6H6), μÉ ¢¥²¨-
Î¨´Ò, μ¡· É´μ° ±μ´É· ¸ÉÊ 1/Δρ. �É¸ÊÉ¸É¢¨¥ ¢ ¶·¥¤¥² Ì Ô±¸¶¥·¨³¥´É ²Ó´μ°
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö μÉ ±μ´É· ¸É  Δρ = ρ̄−ρs

¤²Ö ´Ê²¥¢μ£μ Ê£²  ¨ ¥¥ ²¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö

�¨¸. 4. ‡´ Î¥´¨¥ ±¢ ¤· É  · ¤¨Ê¸  ¨´¥·Í¨¨ R2
g ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò, μ¡· É´μ°

±μ´É· ¸ÉÊ 1/Δρ, ¨ ¥£μ ¸·¥¤´¥¥ §´ Î¥´¨¥

μÏ¨¡±¨ § ¢¨¸¨³μ¸É¨ §´ Î¥´¨° R2
g μÉ 1/Δρ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥ μ

· ¢´μ³¥·´μ³ · ¸¶·¥¤¥²¥´¨¨ · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨ ¢ μ¡Ñ¥³¥ ¨¸¸²¥¤Ê¥³ÒÌ
¤¥´¤·¨³¥·μ¢.


μ²¥¥ ¤¥É ²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ ¨§ ³ ²μÊ£²μ¢ÒÌ ¤ ´´ÒÌ μ ¸É·Ê±ÉÊ·¥ ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ³μ¤¥²¨·μ¢ ´¨¥³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ. „²Ö ÔÉμ£μ
μ¡Ñ¥±É ¶·¥¤¸É ¢²Ö¥É¸Ö ¸μ¢μ±Ê¶´μ¸ÉÓÕ n μ¤´μ·μ¤´ÒÌ Ï ·μ¢ ¸ § ¤ ´´Ò³¨ · -
¤¨Ê¸ ³¨ ¨ · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸ÉÓÕ. ˜ ·Ò ¶²μÉ´μ Ê¶ ±μ¢Ò¢ ÕÉ¸Ö ¢ μ¡Ñ¥³.
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�¨¸. 5. Œμ¤¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò, ¢μ¸¸É ´μ¢²¥´´Ò¥ ¶·μ£· ³³μ° DAMMIN, ¢ § ¢¨¸¨³μ¸É¨
μÉ ¸É¥¶¥´¨ ¤¥°É¥·¨·μ¢ ´¨Ö · ¸É¢μ·¨É¥²Ö. �·¥¤¸É ¢²¥´¨¥ ¢ ¶μ²Ê¶·μ§· Î´μ³ ¢¨¤¥

�¨¸. 6. ‡´ Î¥´¨Ö μ¡Ñ¥³μ¢ ³μ¤¥²¥° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸É¥¶¥´¨ ¤¥°É¥·¨·μ¢ ´¨Ö · ¸É¢μ-
·¨É¥²Ö: 1 Å μ¡Ñ¥³ Ô±¢¨¢ ²¥´É´μ£μ Ô²²¨¶¸μ¨¤ , 2 Å ¸Ê³³ ·´Ò° μ¡Ñ¥³ ³μ¤¥²Ó´ÒÌ
 Éμ³μ¢

� ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ Ö ³μ¤¥²Ó´ Ö ±·¨¢ Ö ¢Ò¡¨· ¥É¸Ö ¶¥·¥¡μ·μ³ ¢¸¥¢μ§³μ¦-
´ÒÌ ±μ³¡¨´ Í¨° · ¸¶μ²μ¦¥´¨Ö ³μ¤¥²Ó´ÒÌ Í¥´É·μ¢ · ¸¸¥Ö´¨Ö. ‘³μ¤¥²¨·μ-
¢ ´´ Ö ¸É·Ê±ÉÊ·  ¶μ± §Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥ · ¸¸¥¨¢ ÕÐ¥° ¶²μÉ´μ¸É¨ ¢ ¨¸-
¸²¥¤Ê¥³μ³ μ¡Ñ¥±É¥.

’ ±μ° ¶μ¤Ìμ¤ ·¥ ²¨§μ¢ ´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò DAMMIN ¶·μ-
£· ³³´μ£μ ±μ³¶²¥±¸  ATSAS [16, 18Ä20]. ‚μ¸¸É ´μ¢²¥´´Ò¥ ¸É·Ê±ÉÊ·Ò ¤²Ö
· §²¨Î´ÒÌ §´ Î¥´¨° ±μ´É· ¸Éμ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5. ”μ·³  ¸É·Ê±ÉÊ·
¡²¨§±  ± Ô²²¨¶¸μ¨¤Ê ¢· Ð¥´¨Ö. 	±¢¨¢ ²¥´É´Ò° ¸É·Ê±ÉÊ·¥ Ô²²¨¶¸μ¨¤ ¢· -
Ð¥´¨Ö ¤ ²¥¥ ¡Ê¤¥³ ´ §Ò¢ ÉÓ μ¡μ²μÎ±μ°. � ¸¸Î¨É ´Ò μ¡Ñ¥³Ò · ¸¸¥¨¢ ÕÐ¥°
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�¨¸. 7. ‡´ Î¥´¨¥ Ë ±Éμ·   ´¨§μ³¥É·¨¨ ³μ¤¥²¥° (μÉ´μÏ¥´¨¥ ¤²¨´ μ¸¥° Ô²²¨¶¸μ¨¤ 
¢· Ð¥´¨Ö) ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸É¥¶¥´¨ ¤¥°É¥·¨·μ¢ ´¨Ö · ¸É¢μ·¨É¥²Ö

³ ¸¸Ò ¨ μ¡μ²μÎ±¨ (·¨¸. 6), ¶ · ³¥É·Ò  ´¨§μ³¥É·¨¨ μ¡μ²μÎ±¨ (·¨¸. 7). ‘·¥¤-
´¥¥ §´ Î¥´¨¥ μ¡Ñ¥³  μ¡μ²μÎ±¨ ¸μ¸É ¢²Ö¥É 4,29(±0,05) · 105 �A3. ‘μ¶μ¸É ¢²¥-
´¨¥ ÔÉμ£μ §´ Î¥´¨Ö ¸ ¶ ·Í¨ ²Ó´Ò³ μ¡Ñ¥³μ³ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥
μ ´ ²¨Î¨¨ ¢ ¶·¥¤¥² Ì £ ¡ ·¨É´μ£μ μ¡Ñ¥³  ±·¥³´¨°μ·£ ´¨Î¥¸±¨Ì ¤¥´¤·¨³¥-
·μ¢ ¤¥¢ÖÉμ° £¥´¥· Í¨¨ μ¡² ¸É¥°, ¤μ¸ÉÊ¶´ÒÌ ¤²Ö ¶·μ´¨±´μ¢¥´¨Ö · ¸É¢μ·¨É¥²Ö.
�¡Ñ¥³´ Ö ¤μ²Ö É ±¨Ì μ¡² ¸É¥° ¸μ¸É ¢²Ö¥É μ±μ²μ 20%. ’ ± Ö ¦¥ ¢¥²¨Î¨´ 
¶μ²ÊÎ¥´  ¢ · ¡μÉ¥ [11].

‚ ³μ¤¥²Ó´ÒÌ ¸É·Ê±ÉÊ· Ì (·¨¸. 5) ¸ ¨§³¥´¥´¨¥³ ±μ´É· ¸É  ¢ ¸Éμ·μ´Ê Ê³¥´Ó-
Ï¥´¨Ö ¸μ¤¥·¦ ´¨Ö ¤¥°É¥·¨·μ¢ ´´μ£μ ¡¥´§μ²  ¸Ê³³ ·´Ò° μ¡Ñ¥³ ³μ¤¥²Ó´ÒÌ
 Éμ³μ¢ Ê³¥´ÓÏ ¥É¸Ö (¶·¨ ÔÉμ³ ¢´¥Ï´ÖÖ μ¡μ²μÎ±  μ¸É ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¡¥§
¨§³¥´¥´¨°),   ¸μμÉ¢¥É¸É¢ÊÕÐ¨° μ¡Ñ¥³ ¨¸±²ÕÎ¥´´μ° μ¡² ¸É¨ · ¸É¥É (·¨¸. 6).

‡�Š‹
—…�ˆ…

ˆ¸¸²¥¤μ¢ ´´Ò¥ ±·¥³´¨°μ·£ ´¨Î¥¸±¨¥ ¤¥´¤·¨³¥·Ò ¤¥¢ÖÉμ° £¥´¥· Í¨¨
¨³¥ÕÉ μ¡Ð¨¥ Î¥·ÉÒ ¸ ¤¥´¤·¨³¥· ³¨ ´¨§±¨Ì £¥´¥· Í¨°: £²μ¡Ê²Ö·´μ¸ÉÓ, ³μ-
´μ¤¨¸¶¥·¸´μ¸ÉÓ ¨  ´¨§μ³¥É·¨Ö Ëμ·³Ò. Š ± ¨ ¤¥´¤·¨³¥·Ò ´¨§±¨Ì £¥´¥· -
Í¨°, ¨¸¸²¥¤Ê¥³Ò¥ ¤¥´¤·¨³¥·Ò ¨³¥ÕÉ ¨¤¥´É¨Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ · ¸¸¥¨¢ Õ-
Ð¥° ¶²μÉ´μ¸É¨. �¤´ ±μ ¶μ²ÊÎ¥´´ Ö ¤μ²Ö μ¡Ñ¥³ , ¤μ¸ÉÊ¶´ Ö ¶·μ´¨±´μ¢¥´¨Õ
· ¸É¢μ·¨É¥²Ö, ³¥´ÓÏ¥, Î¥³ ¤²Ö ¤¥´¤·¨³¥·μ¢ ´¨§±¨Ì £¥´¥· Í¨°.

‚μ¸¸É ´μ¢²¥´´Ò¥ ¸É·Ê±ÉÊ·Ò ¤²Ö · §´ÒÌ ±μ´É· ¸Éμ¢ ¨³¥ÕÉ ¡²¨§±¨¥ £ ¡ -
·¨É´Ò¥ · §³¥·Ò, ´μ ¶·¨ ÔÉμ³ ´ ¡²Õ¤ ¥É¸Ö ¨§³¥´¥´¨¥ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò ¨
Ê³¥´ÓÏ¥´¨¥ ¨¸±²ÕÎ¥´´μ£μ μ¡Ñ¥³  ³μ¤¥²¨. 	ÉμÉ ·¥§Ê²ÓÉ É É·¥¡Ê¥É ¸¢μ¥£μ μÉ-
¤¥²Ó´μ£μ · ¸¸³μÉ·¥´¨Ö ¨ μ¡ÑÖ¸´¥´¨Ö, ¶μ¸±μ²Ó±Ê ¢ÒÏ¥ ¡Ò²μ ¶μ± § ´μ (·¨¸. 4),
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ÎÉμ ¤¥´¤·¨³¥· Ö¢²Ö¥É¸Ö μ¤´μ·μ¤´Ò³ · ¸¸¥¨¢ ÕÐ¨³ μ¡Ñ¥±Éμ³. ‚μ§³μ¦´μ, ÎÉμ
´ ¡²Õ¤ ¥³Ò° ÔËË¥±É Å ¸²¥¤¸É¢¨¥ Î ¸É¨Î´μ£μ ¤¥°É¥·μμ¡³¥´  ¶·¨ ¶·μ¢¥¤¥-
´¨¨ ¨§³¥·¥´¨°. 
μ²¥¥ ¶μ¤·μ¡´μ ÔÉμÉ ¢μ¶·μ¸ ¶·¥¤¶μ² £ ¥É¸Ö ¨§ÊÎ¨ÉÓ ¢ · ³± Ì
¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ¤É¢¥·¦¤ ÕÉ ¶·¥¤¶μ²μ¦¥´¨Ö μ ¡μ²¥¥ ¸²μ¦´μ°,
Î¥³ ¤²Ö ¤¥´¤·¨³¥·μ¢ ´¨§±¨Ì £¥´¥· Í¨°, ¸É·Ê±ÉÊ·¥ ¤¥´¤·¨³¥·μ¢ ¢Ò¸μ±¨Ì £¥-
´¥· Í¨° [10].
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“¸². ¶¥Î. ². 0,81. “Î.-¨§¤. ². 0,92. ’¨· ¦ 290 Ô±§. ‡ ± § º 56507.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.
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