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ŠÊ±²¨´ �.ˆ. ¨ ¤·. P14-2009-128
� ´μ³ ¸ÏÉ ¡´Ò¥ · §³¥·´Ò¥ ÔËË¥±ÉÒ

‚ ´¥¡μ²ÓÏμ³ μ¡§μ·¥ ¶·¨¢¥¤¥´ ·Ö¤ · ¡μÉ, ¢±²ÕÎ Ö  ¢Éμ·¸±¨¥, £¤¥ · ¸¸³μÉ·¥´Ò
¢μ¶·μ¸Ò · §³¥·´ÒÌ ÔËË¥±Éμ¢. �  ·Ö¤¥ ¶·¨³¥·μ¢ ¶μ± § ´μ, ÎÉμ Ö¢²¥´¨Ö ¨§³¥-
´¥´¨Ö ·Ö¤  ³ ±·μ¸±μ¶¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¶·μ¨¸Ìμ¤ÖÉ ´  ³ ¸ÏÉ ¡ Ì μÉ 200
¤μ 40 �A. 	·¥¤²μ¦¥´ ³¥Éμ¤ μ¶·¥¤¥²¥´¨Ö ÉμÎ±¨ ±·¨É¨Î¥¸±¨Ì ¨§³¥´¥´¨°. 	μ± -
§ ´μ, ÎÉμ ±·¨É¨Î¥¸±¨¥ ¨§³¥´¥´¨Ö ¸²ÊÎ ÕÉ¸Ö ´  · §³¥· Ì 40Ä60 �A. „²Ö ³ £´¨É-
´ÒÌ ¸¨¸É¥³ ÔÉ  ¢¥²¨Î¨´  ¸μ¸É ¢²Ö¥É μÉ 120 ¤μ 200 �A. 	·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ
³¥Éμ¤ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¨ ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° μ¡¥¸¶¥Î¨¢ ¥É
³¥É·μ²μ£¨Î¥¸±ÊÕ ¶μ¤¤¥·¦±Ê ´  ³ ¸ÏÉ ¡ Ì μÉ 100 ¤μ 10 �A.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Kuklin A. I. et al. P14-2009-128
Nanoscale Size Effects

In this short paper we review a series of publications, some of which are of our
own authorship, where various aspects of size effects were examined. By analyzing
a series of examples we show that various intensive macroscopic characteristics of
nanoobjects exhibit non-trivial size dependencies on the scale from 200 to 40 �A.
A method for determining the point of critical changes is suggested. It is shown that
drastic variations take place for sizes in the region 40Ä60 �A for ordinary systems
and 120Ä200 �A in the case of magnetic systems. We argue that X-ray and neutron
scattering provides metrological support in the domain from 100 to 10 �A.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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�μ¢Ò° ¨³¶Ê²Ó¸ ¨¸¸²¥¤μ¢ ´¨Õ ´ ´μ¤¨¸¶¥·¸´ÒÌ ¸É·Ê±ÉÊ· ¶·¨¤ ¥É ¡Ê·-
´μ¥ · §¢¨É¨¥ ´ ´μÉ¥Ì´μ²μ£¨° ¨ ¶μÖ¢²¥´¨¥ ¸¢Ö§ ´´ÒÌ ¸ ÔÉ¨³ ´ ÊÎ´ÒÌ § -
¤ Î [1, 2]. �  ³ ¸ÏÉ ¡¥ · §³¥·μ¢ ´ ¤³μ²¥±Ê²Ö·´ÒÌ ¸É·Ê±ÉÊ· ³μ¦´μ É ±¦¥
μ¦¨¤ ÉÓ ¶·μÖ¢²¥´¨Ö · §³¥·´ÒÌ ÔËË¥±Éμ¢. Šμ²¨Î¥¸É¢¥´´ Ö Ì · ±É¥·¨¸É¨± 
¸É·Ê±ÉÊ·Ò ´ ´μ¤¨¸¶¥·¸´ÒÌ μ¡Ñ¥±Éμ¢ Ö¢²Ö¥É¸Ö μ¸´μ¢μ° ¤²Ö ¶μ´¨³ ´¨Ö ¨Ì
¸¢μ°¸É¢ ¨ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò μ¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö-
¥É¸Ö ¶μ²¨³¥· ³, ¶·¥¤¸É ¢²ÖÕÐ¨³ ¨´É¥·¥¸ ¸ ÉμÎ±¨ §·¥´¨Ö ËÊ´¤ ³¥´É ²Ó´μ°
´ Ê±¨ ¨ ¨³¥ÕÐ¨³ ¢ ¦´Ò¥ ¶· ±É¨Î¥¸±¨¥ ¶·¨³¥´¥´¨Ö. ’ ± ¤¥´¤·¨³¥·Ò Å ÔÉμ
μ¡Ñ¥±ÉÒ ¸Ëμ·³¨·μ¢ ¢Ï¥£μ¸Ö ´μ¢μ£μ ´ ÊÎ´μ£μ ´ ¶· ¢²¥´¨Ö Å ´ ´μÌ¨³¨¨ [2].

É¨ ¶μ²¨³¥·Ò ³μ£ÊÉ ¢Ò¸ÉÊ¶ ÉÓ ¢ ± Î¥¸É¢¥ ´ ´μ·¥ ±Éμ·μ¢ ¤²Ö ¸¨´É¥§  ´ -
´μÎ ¸É¨Í ³¥É ²²μ¢ [3, 4], μ¡¸Ê¦¤ ÕÉ É ±¦¥ ¶¥·¸¶¥±É¨¢Ò ¡¨μ²μ£¨Î¥¸±μ£μ ¨
³¥¤¨Í¨´¸±μ£μ ¶·¨³¥´¥´¨Ö ¤¥´¤·¨³¥·μ¢ [5Ä8]. ’ ± Ö ¦¥ ¸¨ÉÊ Í¨Ö ¸ É·¥±μ-
¢Ò³¨ ³¥³¡· ´ ³¨ Å μ´¨ Ê¦¥ Ï¨·μ±μ ¶·¨³¥´ÖÕÉ¸Ö ¢ ¨´¤Ê¸É·¨¨, ³¥¤¨Í¨´¥ ¨
´ Ê±¥ [9Ä12], ´μ, ¢ Î ¸É´μ¸É¨, ±μ²¨Î¥¸É¢¥´´μ¥ μ¶¨¸ ´¨¥ ¶μ²¨- ¨ ³μ´μ¤¨¸-
¶¥·¸´μ¸É¨ Ìμ·μÏμ μ·¨¥´É¨·μ¢ ´´ÒÌ É·¥±μ¢ Ö¢²Ö¥É¸Ö ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨
¤¨¸±Ê¸¸¨μ´´Ò³. �É¸ÊÉ¸É¢¨¥ ÉμÎ´ÒÌ §´ ´¨° μ ¸É·Ê±ÉÊ·¥ ¸¤¥·¦¨¢ ¥É · §· -
¡μÉ±Ê ´μ¢ÒÌ ´ ´μ¤¨¸¶¥·¸´ÒÌ μ¡Ñ¥±Éμ¢, ¡μ²¥¥ ÔËË¥±É¨¢´ÒÌ ¤²Ö ¶·¨³¥´¥´¨Ö.

ƒ. �. ‘¥·£¥¥¢ ¸Î¨É ¥É, ÎÉμ ´¥μ¡Ìμ¤¨³μ · §²¨Î ÉÓ ¤¢  É¨¶  · §³¥·´ÒÌ ÔË-
Ë¥±Éμ¢: ¸μ¡¸É¢¥´´Ò°, ¸¢Ö§ ´´Ò° ¸ ¨§³¥´¥´¨Ö³¨ ¢ ¸¢μ°¸É¢ Ì Î ¸É¨ÍÒ (¶μ¢¥·Ì-
´μ¸É´Ò¥, μ¡Ñ¥³´Ò¥), ¨ ¢´¥Ï´¨°, Ö¢²ÖÕÐ¨°¸Ö, ¶μ ¸ÊÐ¥¸É¢Ê, · §³¥·´μ´¥§ ¢¨-
¸¨³Ò³ μÉ¢¥Éμ³ ´  ¢´¥Ï´¥¥ ¤¥°¸É¢¨¥ ¸¨² [13]. Š·μ³¥ Éμ£μ (É ³ ¦¥),  ¢Éμ·
¸Î¨É ¥É ´¥ · §³¥·,   Î¨¸²μ Î ¸É¨Í ¡μ²¥¥ ËÊ´¤ ³¥´É ²Ó´μ° ¢¥²¨Î¨´μ° [13].

‚ · ¡μÉ¥ [14] · ¸¸³μÉ·¥´ ·Ö¤ ¶·μ¡²¥³, ¸¢Ö§ ´´ÒÌ ¸ · §³¥·´Ò³ ÔËË¥±Éμ³.
�¢Éμ·Ò ÊÉ¢¥·¦¤ ÕÉ, ÎÉμ ¤²Ö ± ¦¤μ£μ Ö¢²¥´¨Ö (Ë¨§¨Î¥¸±μ£μ ¶ · ³¥É· ) ¸ÊÐ¥-
¸É¢Ê¥É ¸¢μ° · §³¥·, ´ Î¨´ Ö ¸ ±μÉμ·μ£μ ¶·μÖ¢²ÖÕÉ¸Ö · §³¥·´Ò¥ ÔËË¥±ÉÒ.

ŒÒ · ¸¸³μÉ·¨³ ´¥¸±μ²Ó±μ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡μÉ, ¢ Éμ³ Î¨¸²¥ ¨  ¢-
Éμ·¸±¨Ì, £¤¥ ¶μ± § ´μ, ÎÉμ · §³¥· μÉ 200 ¤μ 30Ä40 �A Ö¢²Ö¥É¸Ö μ¡² ¸ÉÓÕ
¶μÖ¢²¥´¨Ö · §³¥·´ÒÌ Ö¢²¥´¨°.

��‡Œ…��›… �””…Š’› ˆ ‘‚�‰‘’‚� Œ�’…�ˆ�‹�‚

‘²μ¦´μ¸ÉÓ μ¡´ ·Ê¦¥´¨Ö · §³¥·´ÒÌ ÔËË¥±Éμ¢ ¸¢Ö§ ´ , ¢ ¶¥·¢ÊÕ μÎ¥-
·¥¤Ó, ¸ μÉ¸ÊÉ¸É¢¨¥³ Ìμ·μÏ¥° ³¥É·μ²μ£¨Î¥¸±¨° ¶μ¤¤¥·¦±¨ ¢ ¤¨ ¶ §μ´¥ μÉ 100
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¤μ 10 �A. Œ¥Éμ¤Ò ³¨±·μ¸±μ¶¨¨ ¨ ³¥Éμ¤Ò · ¸¸¥Ö´¨Ö ¸μ¤¥·¦ É ·Ö¤ ¤μ¸Éμ¨´¸É¢
¨ ´¥¤μ¸É É±μ¢, ±μÉμ·Ò¥ ¨ μ¶·¥¤¥²ÖÕÉ μ¡² ¸É¨ ¨Ì ¶·¨³¥´¨³μ¸É¨. ‚ É ¡². 1
¤ ´Ò ¸· ¢´¨É¥²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ê± § ´´ÒÌ ¢ÒÏ¥ ³¥Éμ¤μ¢.

’ ¡²¨Í  1. ‘· ¢´¥´¨¥ ³¥Éμ¤μ¢ ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò

	 · ³¥É· Œ“�� Œ“� Œ¨±·μ¸±μ¶¨Ö
• · ±É¥·
´ ¡²Õ¤¥´¨Ö

ˆ´É¥£· ²Ó´Ò¥
Ì · ±É¥·¨¸É¨±¨

ˆ´É¥£· ²Ó´Ò¥
Ì · ±É¥·¨¸É¨±¨

‹μ± ²Ó´μ¥ ¶μ²¥

� §³¥·Ò μ¡Ñ-
¥±É , �A

10Ä10000 10Ä10000 20-³³

	·μ¸É· ´¸É¢μ
¨§μ¡· ¦¥´¨Ö

�¡· É´μ¥ �¡· É´μ¥ 	·Ö³μ¥

�¡² ¸ÉÓ
´ ¡²Õ¤¥´¨Ö

�¡Ñ¥³ �¡Ñ¥³ 	μ¢¥·Ì´μ¸ÉÓ,
Î ¸É¨ÍÒ ´ 
¶μ¢¥·Ì´μ¸É¨

�¡² ¸ÉÓ
¶·¨³¥´¨³μ¸É¨

ƒ §μ¢Ò°, ¦¨¤±¨°,
É¢¥·¤Ò° ¸ Ìμ·μÏ¨³
Ö¤¥·´Ò³ (³ £´¨É-
´Ò³) ±μ´É· ¸Éμ³

ƒ §μ¢Ò°, ¦¨¤±¨°,
É¢¥·¤Ò° ¸ Ìμ·μÏ¨³
±μ´É· ¸Éμ³ Ô²¥±-
É·μ´´μ° ¶²μÉ´μ¸É¨

	·¥¤¶μÎÉ¨É¥²Ó´μ
É¢¥·¤Ò¥

�¶·¥¤¥²Ö¥³Ò¥
¶ · ³¥É·Ò

”μ·³  ¨ · §³¥·
Î ¸É¨Í ¢ ³ É·¨Í¥,
· ¸¶·¥¤¥²¥´¨¥ ¶μ
· §³¥· ³, ¶²μÉ´μ¸ÉÓ
¢´ÊÉ·¨ Î ¸É¨ÍÒ,
¶ · ³¥É·Ò ¸É·Ê±ÉÊ·-
´μ° μ·£ ´¨§ Í¨¨,
³μ²¥±Ê²Ö·´Ò°
¢¥¸,  £·¥£ Í¨μ´´μ¥
Î¨¸²μ, ¤²¨´ 
¶¥·¸¨¸É¥´É´μ¸É¨,
Éμ²Ð¨´Ò ¸²μ¥¢,
Ë· ±É ²Ó´ Ö · §³¥·-
´μ¸ÉÓ, ³μ§ ¨Î´μ¸ÉÓ

”μ·³  ¨ · §³¥·
Î ¸É¨Í, · ¸¶·¥¤¥²¥-
´¨¥ ¶μ · §³¥· ³,
¶²μÉ´μ¸ÉÓ ¢´ÊÉ·¨
Î ¸É¨ÍÒ, ¶ · ³¥É·Ò
¸É·Ê±ÉÊ·´μ° μ·£ ´¨-
§ Í¨¨, ³μ²¥±Ê²Ö·-
´Ò° ¢¥¸,  £·¥£ Í¨μ´-
´μ¥ Î¨¸²μ, ¤²¨´ 
¶¥·¸¨¸É¥´É´μ¸É¨,
Éμ²Ð¨´Ò ¸²μ¥¢,
Ë· ±É ²Ó´ Ö · §³¥·-
´μ¸ÉÓ, ³μ§ ¨Î´μ¸ÉÓ

� §³¥· ¨ Ëμ·³ 
Î ¸É¨Í ¢ ·¥ ²Ó´μ³
¶·μ¸É· ´¸É¢¥,
· ¸¶·¥¤¥²¥´¨¥ ¶μ
· §³¥· ³
¶μ¸²¥ μ¡· ¡μÉ±¨
¸ÊÐ¥¸É¢¥´´μ°
¶²μÐ ¤¨ μ¡Ñ¥±É 

�¸μ¡¥´´μ¸É¨ Šμ´É· ¸É ¸μ§¤ ¥É¸Ö
· §´μ¸ÉÓÕ ¶²μÉ´μ-
¸É¥° ¤²¨´ · ¸¸¥Ö´¨Ö
³¥¦¤Ê ³ É·¨Í¥° ¨
£²μ¡Ê²μ° (μ¡Ñ¥±É )

Šμ´É· ¸É ¸μ§¤ ¥É¸Ö
Ô²¥±É·μ´´μ°
¶²μÉ´μ¸ÉÓÕ μ¡Ñ¥±É 

Šμ´É· ¸É ¸μ§¤ ¥É¸Ö
Ô²¥±É·μ´´μ° ¶²μÉ-
´μ¸ÉÓÕ,
Ô²¥±É·μ´´μ°,
·¥´É£¥´μ¢¸±μ° ¨
¸¢¥Éμ¢μ°
μÉ· ¦ ÕÐ¨³¨
¸¶μ¸μ¡´μ¸ÉÖ³¨

	·¥¨³ÊÐ¥¸É¢  ‚ ·¨ Í¨Ö ±μ´É· ¸É ,
¢Ò¸μ± Ö ¸É¥¶¥´Ó
¶·μ´¨±´μ¢¥´¨Ö
¢ ¢¥Ð¥¸É¢μ, ®³Ö£-
±μ¸ÉÓ¯ ¶μ μÉ´μÏ¥-
´¨Õ ± ¡¨μ²μ£¨Î¥-
¸±¨³ ¨ ¶μ²¨³¥·´Ò³
μ¡Ñ¥±É ³,
¢μ§³μ¦´μ¸ÉÓ ¨§ÊÎ ÉÓ
³ £´¨É´Ò¥
¸É·Ê±ÉÊ·Ò

‚Ò¸μ± Ö ¸±μ·μ¸ÉÓ
´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ,
¤μ¸ÉÊ¶´μ¸ÉÓ ¨ μÉ´μ-
¸¨É¥²Ó´ Ö
¤¥Ï¥¢¨§´ 

� £²Ö¤´μ¸ÉÓ,
μ¤´μ§´ Î´μ¸ÉÓ
¨´É¥·¶·¥É Í¨¨
¶μ²ÊÎ¥´´μ£μ
·¥§Ê²ÓÉ É 
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�¸´μ¢´Ò³¨ ¤μ¸Éμ¨´¸É¢ ³¨ ³¥Éμ¤μ¢ ³¨±·μ¸±μ¶¨¨ Ö¢²Ö¥É¸Ö ´ £²Ö¤´μ¸ÉÓ ¨
¶μ²ÊÎ¥´¨¥ ·¥§Ê²ÓÉ É  ¢ ·¥ ²Ó´μ³ ¶·μ¸É· ´¸É¢¥. „²Ö ³¥Éμ¤μ¢ · ¸¸¥Ö´¨Ö ¶·¥-
¨³ÊÐ¥¸É¢ ³¨ Ö¢²ÖÕÉ¸Ö · ¡μÉ  ¸ μ¡Ñ¥³μ³ ¨ ²Õ¡Ò³ ¸μ¸ÉμÖ´¨¥³ ¢¥Ð¥¸É¢ ,  
É ±¦¥ ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·¥ Î ¸É¨ÍÒ.

‚ · ¡μÉ¥ [14] ¶·¨¢¥¤¥´ ·Ö¤ · §³¥·´ÒÌ ÔËË¥±Éμ¢. �¢Éμ· ÊÉ¢¥·¦¤ ¥É, ÎÉμ
· §´Ò¥ Ë¨§¨Î¥¸±¨¥ ¸¢μ°¸É¢  ±² ¸É¥·μ¢ ¤μ¸É¨£ ÕÉ §´ Î¥´¨°, Ì · ±É¥·´ÒÌ ¤²Ö
μ¡Ñ¥³´ÒÌ ³ É¥·¨ ²μ¢, ¶·¨ · §´ÒÌ · §³¥· Ì ±² ¸É¥· ,   · §³¥·Ò ±² ¸É¥· ,
¢ ¸¢μÕ μÎ¥·¥¤Ó, μ± §Ò¢ ÕÉ¸Ö § ¢¨¸ÖÐ¨³¨ μÉ ¨§³¥·Ö¥³μ° Ì · ±É¥·¨¸É¨±¨.
‚μ§³μ¦´μ, ÎÉμ ±·¨É¥·¨¥³ ¤μ²¦´  ¡ÒÉÓ ´¥ · §³¥·´ Ö ¢¥²¨Î¨´  ³ ¸ÏÉ ¡ ,  
´¥±μÉμ· Ö ¡¥§· §³¥·´ Ö ¢¥²¨Î¨´ .

ŒÒ ¸Î¨É ¥³, ÎÉμ ´ ²¨Î¨¥ É ±μ° £¥μ³¥É·¨Î¥¸±μ° £· ´¨ÍÒ ¤²Ö ¶ · ³¥É·μ¢
¢ÒÉ¥± ¥É ¨§ Ê¦¥ ´ ¡²Õ¤ ¥³ÒÌ ÔËË¥±Éμ¢ [14, ¸. 131, 92, 84, 167]. ˆ§³¥´¥´¨Ö
´ Î¨´ ÕÉ¸Ö ´  ³ ¸ÏÉ ¡ Ì 200 �A,   ÔËË¥±É ¤μ¸É¨£ ¥É¸Ö ¶·¨ 40 �A. ‚¥·μÖÉ´μ,
ÎÉμ μÉ¸ÊÉ¸É¢¨¥ Î¥É±μ° £· ´¨ÍÒ ¸¢Ö§ ´μ ¸ ¶μ²¨¤¨¸¶¥·¸´μ¸ÉÓÕ ¶μ · §³¥· ³
¨§ÊÎ ¥³ÒÌ μ¡Ñ¥±Éμ¢. � ¸¸³μÉ·¥´Ò ¸²¥¤ÊÕÐ¨¥ Ë¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨:
É¥³¶¥· ÉÊ·  ¶² ¢²¥´¨Ö, ³μ¤Ê²Ó �´£  (´μ·³¨·μ¢ ´´Ò°), μÉ´μÏ¥´¨¥ ¤²¨´ μ¸¥°
Ô²¥³¥´É ·´μ° ÖÎ¥°±¨, ³ £´¨Éμ¸μ¶·μÉ¨¢²¥´¨¥. Š ± ¶· ¢¨²μ, Î¥É±μ° £· ´¨ÍÒ
¤²Ö · §³¥·´ÒÌ ÔËË¥±Éμ¢ ´¥É, μ¤´ ±μ ´¥¸²μ¦´μ ¶μ²ÊÎ¨ÉÓ £· ´¨Î´μ¥ §´ Î¥´¨¥
¸ ¶μ³μÐÓÕ ¤¢ÊÌ ¶·Ö³ÒÌ, ±μÉμ·Ò¥  ¶¶·μ±¸¨³¨·ÊÕÉ ¤ ´´Ò¥ ¸¢ÒÏ¥ 200 �A ¨
´¨¦¥ 50 �A. ’μÎ±  ¶¥·¥¸¥Î¥´¨Ö ¤ ¥É ¨¸±μ³Ò° · §³¥·. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò
¤ ´´Ò¥ ¨§ · ¡μÉÒ [14], ¶μ²ÊÎ¥´´Ò¥ ÔÉ¨³ ³¥Éμ¤μ³.

’ ¡²¨Í  2. ‡ ¢¨¸¨³μ¸ÉÓ ÔËË¥±É  μÉ · §³¥·  ±² ¸É¥·  (§¥·´ )

	 · ³¥É· � §³¥· (ÉμÎ±  ¨§-
²μ³  ±·¨¢μ°), �A

‘¸Ò²± 

�É´μÏ¥´¨¥ ¤²¨´ μ¸¥°
Ô²¥³¥´É ·´μ° ÖÎ¥°±¨

50Ä60 [14], ¸. 84

’¥³¶¥· ÉÊ·  ¶² ¢²¥´¨Ö
Ô§μ²μÉ 

40Ä50 [14], ¸. 92

Œμ¤Ê²Ó �´£ 
(´μ·³¨·μ¢ ´´Ò°)

60Ä70 [14], ¸. 131

Œ £´¨Éμ¸μ¶·μÉ¨¢²¥´¨¥ 40Ä80 [14], ¸. 167

ˆ§ ¤ ´´ÒÌ É ¡². 2 ¸²¥¤Ê¥É ¸·¥¤´¥¥ §´ Î¥´¨¥ · §³¥· , £¤¥ ´ Î¨´ ¥É ¶·μ-
Ö¢²ÖÉÓ¸Ö · §³¥·´Ò° ÔËË¥±É, Å 60 �A. ‚¥·μÖÉ´μ, ÎÉμ ¶·μÖ¢²¥´¨¥ £¥μ³¥É·¨Î¥-
¸±μ£μ Ë ±Éμ·  ¸¢Ö§ ´μ ¸ ¨§³¥´¥´¨¥³ ¸μμÉ´μÏ¥´¨Ö μ¡Ñ¥³/¶μ¢¥·Ì´μ¸ÉÓ.

	·¨ ´ ²¨Î¨¨ ¶μ²μ¸É¨, · §³¥· ±μÉμ·μ° ¶·¨¡²¨¦ ¥É¸Ö ± · §³¥·Ê ³μ²¥±Ê²,
±μÉμ·Ò¥ ³Ò ÌμÉ¨³ ÉÊ¤  ¶μ³¥¸É¨ÉÓ, É ±¦¥ ¢μ§³μ¦´Ò · §³¥·´Ò¥ ÔËË¥±ÉÒ. �μ
¶μ²ÊÎ¥´¨¥ ±μ´±·¥É´μ£μ §´ Î¥´¨Ö · §³¥· , ¶·¨ ±μÉμ·μ³ ´ Î¨´ ÕÉ ¶·μÖ¢²ÖÉÓ¸Ö
´μ¢Ò¥ ¸¢μ°¸É¢ , É·¥¡Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¶μ¤É¢¥·¦¤¥´¨Ö. 	·¨³¥·μ³ É -
±μ£μ ¶μ¤Ìμ¤  Ö¢²Ö¥É¸Ö · ¡μÉ , ¸¤¥² ´´ Ö ´  ³ ²μÊ£²μ¢μ° Ê¸É ´μ¢±¥ Œ“��
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¢ „Ê¡´¥. ‚μ¤ , ± ± Ìμ·μÏμ ¨§¢¥¸É´μ, Ö¢²Ö¥É¸Ö ¸μ¸É ¢´μ° Î ¸ÉÓÕ ¡μ²ÓÏ¨´-
¸É¢  ¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢ ¨ · ¸É¢μ·μ¢. 	·¨ ÔÉμ³ § ´¨³ ¥³Ò¥ ¥Õ μ¡Ñ¥³Ò
Î ¸Éμ ¸· ¢´¨³Ò ¸ É¥³¨, ¤²Ö ±μÉμ·ÒÌ ³μ¦´μ μ¦¨¤ ÉÓ ´ ²¨Î¨¥ · §³¥·´ÒÌ ÔË-
Ë¥±Éμ¢. 	·μ¸Éμ¥ ¨¸¶μ²Ó§μ¢ ´¨¥ ¢ ÔÉ¨Ì ¸²ÊÎ ÖÌ ¨§¢¥¸É´ÒÌ ³ ±·μ¸±μ¶¨Î¥¸±¨Ì
§´ Î¥´¨° ¨´É¥´¸¨¢´ÒÌ ¶ · ³¥É·μ¢ ¤²Ö μ¶¨¸ ´¨Ö É ±μ£μ ·μ¤  ¢μ¤´ÒÌ ¢±· -
¶²¥´¨° ´¥ ¶·¨¢¥¤¥É ±  ¤¥±¢ É´Ò³ ·¥§Ê²ÓÉ É ³. ‚ · ¡μÉ Ì [15, 16] ¸ ÔÉμ°
Í¥²ÓÕ ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¸¢μ°¸É¢μ ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´ÒÌ ¢¥Ð¥¸É¢ (¸Ê·Ë ±-
É ´Éμ¢) μ¡· §μ¢Ò¢ ÉÓ ¢ £¨¤·μËμ¡´ÒÌ · ¸É¢μ·¨É¥²ÖÌ, É ±¨Ì ± ±, ´ ¶·¨³¥·,
‘6H6 ¨ CCl4, μ¡· Ð¥´´Ò¥ ³¨Í¥²²Ò. ’ ± ¸Ê·Ë ±É ´É ��’ (´ É·¨¥¢ Ö ¸μ²Ó
1,4-¡¨¸-(2-ÔÉ¨²£¥±¸¨²)-2-¸Ê²ÓËμ¸Ê±Í¨´μ¢μ° ±¨¸²μÉÒ) ¶·¨ ±·¨É¨Î¥¸±μ° ±μ´-
Í¥´É· Í¨¨ ³¨Í¥²²μμ¡· §μ¢ ´¨Ö ¨ ¢ÒÏ¥ ¢ ¡¥´§μ²¥ ¨ ¤¥± ´¥ μ¡· §Ê¥É μ¡· -
Ð¥´´Ò¥ Ï ·μμ¡· §´Ò¥ ³¨Í¥²²Ò. 	·¨ ¤μ¡ ¢±¥ ¢ ÔÉ¨ ¸¨¸É¥³Ò ¢μ¤Ò ¢μ§´¨± ÕÉ
μ¡· Ð¥´´Ò¥ Ï ·μμ¡· §´Ò¥ ³¨Í¥²²Ò ¸ Í¥´É· ²Ó´Ò³ ¢μ¤´Ò³ Ö¤·μ³ ¸ · ¤¨Ê¸μ³
R = A + K(Caq/Cs), £¤¥ A, K Å±μÔËË¨Í¨¥´ÉÒ,   Caq ¨ Cs Å ±μ´Í¥´É· -
Í¨¨ ¢μ¤Ò ¨ ¸Ê·Ë ±É ´É  ¸μμÉ¢¥É¸É¢¥´´μ. ’ ±¨³ μ¡· §μ³, ¶ÊÉ¥³ ¨§³¥´¥´¨Ö
μÉ´μÏ¥´¨Ö ±μ´Í¥´É· Í¨° ¢μ¤Ò Caq/Cs ¢ ¸¨¸É¥³¥ ³μ¦´μ ´ ¶· ¢²¥´´μ ¶·¨£μ-
É ¢²¨¢ ÉÓ Ê¸Éμ°Î¨¢Ò¥ ¢μ¤´Ò¥ ± ¶²¨ ¸ ´¥μ¡Ìμ¤¨³Ò³¨ · ¤¨Ê¸ ³¨ ¢ ¤¨ ¶ §μ´¥
∼ 10Ä1000 �A. 	μ²ÊÎ¥´´Ò¥ É ±¨³ μ¡· §μ³ μ¡Ñ¥³Ò ¶·¨ ³ ²ÒÌ · ¤¨Ê¸ Ì §´ -
Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÉ Ìμ·μÏμ ¨§¢¥¸É´μ¥ §´ Î¥´¨¥ μ¡Ñ¥³  ³μ²¥±Ê²Ò ¢μ¤Ò ¢
¢μ¤¥, · ¢´μ¥ 30 �A3. 	μ ³¥·¥ Ê¢¥²¨Î¥´¨Ö · §³¥·  ¢μ¤´μ£μ Ö¤·  ¶·μ¨¸Ìμ-
¤¨É ·¥§±μ¥ Ê³¥´ÓÏ¥´¨¥ μ¡Ñ¥³ , ¨ ¶·¨ · ¤¨Ê¸ Ì ¢μ¤´ÒÌ Ö¤¥· ¢ ¶·¥¤¥² Ì
20 < Rh < 30 �A ¤μ¸É¨£ ¥É¸Ö ³ ±·μ¸±μ¶¨Î¥¸±μ¥ §´ Î¥´¨¥ μ¡Ñ¥³  μ¤´μ° ³μ²¥-
±Ê²Ò ¢μ¤Ò ¢ 30 �A3, ±μÉμ·μ¥ ¢ · ³± Ì ÉμÎ´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ´¥ ¨§³¥´Ö¥É¸Ö ¶·¨
¤ ²Ó´¥°Ï¥³ ·μ¸É¥ · §³¥·μ¢ ¢μ¤´ÒÌ Ö¤¥·. �¤´ ±μ ¢μ¶·μ¸ ¶μ²¨¤¨¸¶¥·¸´μ¸É¨
Î·¥§¢ÒÎ °´μ ¢ ¦¥´ ¶·¨ ÔÉ¨Ì ¨§³¥·¥´¨ÖÌ ¨, ± ¸μ¦ ²¥´¨Õ, ´¥ ¡Ò² · ¸¸³μ-
É·¥´  ¢Éμ· ³¨. ’¥³ ´¥ ³¥´¥¥ ¶μ²ÊÎ¥´´Ò° · §³¥· 40Ä60 �A (¤¨ ³¥É· ± ¶²¨)
´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ ¤ ´´Ò³¨ ¤·Ê£¨Ì  ¢Éμ·μ¢, ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥-
¤μ¢ ´¨° ±μÉμ·ÒÌ ¡Ò²¨ ¤ ´Ò ¢ÒÏ¥.

‘ ¢μ§´¨±´μ¢¥´¨¥³ ´μ¢μ£μ ±² ¸¸  ¶μ²¨³¥·μ¢ Å ¤¥´¤·¨³¥·μ¢ ¶μÖ¢¨² ¸Ó
¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ¢ ÉÓ ³μ´μ¤¨¸¶¥·¸´Ò¥ μ¡Ñ¥±ÉÒ. ‚ · ¡μÉ Ì [17, 18] ¡Ò²μ
¶μ± § ´μ, ÎÉμ · ¸É¢μ·¨É¥²Ó ¶·μ´¨± ¥É ¢´ÊÉ·Ó ³μ²¥±Ê²Ò ¤¥´¤·¨³¥· . �Ò² 
¶·¥¤²μ¦¥´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó ¤²Ö μ¶¨¸ ´¨Ö ±·¨¢ÒÌ · ¸¸¥Ö´¨Ö μÉ ¤¥´-
¤·¨³¥·μ¢ ¸É ·Ï¨Ì £¥´¥· Í¨° [19].

	·¥¤²μ¦¥´´ Ö ³μ¤¥²Ó ± Î¥¸É¢¥´´μ μ¶¨¸Ò¢ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²Ó-
É ÉÒ,   ¨³¥´´μ: ¢´ÊÉ·¥´´ÖÖ Î ¸ÉÓ ¤¥´¤·¨³¥·  μÉ±·ÒÉ  ¤²Ö · ¸É¢μ·¨É¥²Ö,
μ¡Ñ¥³ ¶μ²μ¸É¥° ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 18%,   ¶²μÉ´μ¸ÉÓ · ¸É¢μ·¨É¥²Ö ¢´ÊÉ·¨
¤¥´¤·¨³¥·  ¢ ¤¢  · §  ³¥´ÓÏ¥, Î¥³ ³ ±·μ¸±μ¶¨Î¥¸± Ö. Œμ¦¥É ¶μ± § ÉÓ¸Ö, ÎÉμ
ÔÉμÉ ¢Ò¢μ¤ § ²μ¦¥´ Ê¦¥ ¢ ³μ¤¥²¨. �¤´ ±μ ¸²¥¤Ê¥É ¶μ´¨³ ÉÓ, ÎÉμ ·¨¸. 1 Å
ÔÉμ ¸Ì¥³ , ¶μ± § ´´ Ö ¤²Ö ´ £²Ö¤´μ¸É¨. ‚ ·¥ ²Ó´μ° ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨
¶μ¢¥·Ì´μ¸É¨ ±μ´Ê¸μ¢ ³μ£ÊÉ ± ¸ ÉÓ¸Ö ¤·Ê£ ¤·Ê£  ¨ ¤ ¦¥ ´ ±² ¤Ò¢ ÉÓ¸Ö. ‘ ¤·Ê-
£μ° ¸Éμ·μ´Ò, ¤ ´´Ò° ¢Ò¢μ¤ μÉ´μ¸¨É¸Ö ± Ö¤¥·´μ° ¶²μÉ´μ¸É¨ ¤¥´¤·¨³¥· , É. ¥.
Ë ±É¨Î¥¸±¨ ± · ¸¸¥¨¢ ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ³ ±·μ³μ²¥±Ê²Ò, ¨ ¸¤¥² ´ ¢ · ³-
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�¨¸. 1. ‘Ì¥³  ³μ¤¥²¨, ¨¸¶μ²Ó§μ¢ ´´ Ö ¤²Ö μ¶¨-
¸ ´¨Ö ±·¨¢ÒÌ · ¸¸¥Ö´¨Ö μÉ ¤¥´¤·¨³¥·μ¢ ¤¥¢Ö-
Éμ° £¥´¥· Í¨¨

± Ì ¶·¥¤²μ¦¥´´μ° ³μ¤¥²¨. � §-
³¥·Ò ¤¥´¤·¨³¥·´μ° ³μ²¥±Ê²Ò,
¶·¨ ±μÉμ·ÒÌ ´ ¡²Õ¤ ¥É¸Ö ÔË-
Ë¥±É Å 50Ä60 �A (³μ²¥±Ê²   ´¨-
§μ³¥É·¨Î´ ).

� °¤¥´´Ò¥ §´ Î¥´¨Ö · §-
³¥·´ÒÌ ÔËË¥±Éμ¢ ¤²Ö ³ £´¨É-
´ÒÌ ¶ · ³¥É·μ¢ ¤·Ê£¨¥. � 
·¨¸. 2 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¨§ · -
¡μÉÒ [20]. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ
· ¸¸¥Ö´¨Ö ³μ£ÊÉ ¡ÒÉÓ μ¶¨¸ ´Ò
¢ · ³± Ì ³μ¤¥²¨ �·´ÏÉ¥°´ Ä
–¥·´¨±¥ ¨ Ë· ±É ²Ó´μ° · §³¥·-
´μ¸É¨. ‚ · ¡μÉ¥ ¶μ± § ´μ, ÎÉμ
¶·μ¨¸Ìμ¤ÖÐ¨¥ ¨§³¥´¥´¨Ö ¢ ±·¨-
¢μ° · ¸¸¥Ö´¨Ö ¶·¨ ¨§³¥´¥´¨¨
¸μ¸É ¢  ¸ 41 ´  46% ¨ ¢ÒÏ¥
¶·¨¢μ¤ÖÉ ¨ ± ¨§³¥´¥´¨Õ ¢ ³ £-
´¨É´ÒÌ ¸¢μ°¸É¢ Ì. �Í¥´±  · §-
³¥·μ¢, ¶·¨ ±μÉμ·ÒÌ ¶μÖ¢²Ö¥É¸Ö Ë· ±É ²Ó´ Ö § ¢¨¸¨³μ¸ÉÓ, Å 120Ä130 �A. 	·¨-
³¥·´μ É ±¨¥ ¦¥ · §³¥·Ò Ê± § ´Ò ¢ · ¡μÉ¥ [14, p. 159]. 	·¨¢¥¤¥´Ò ¤ ´´Ò¥
§ ¢¨¸¨³μ¸É¨ ´ ³ £´¨Î¥´´μ¸É¨ ´ ¸ÒÐ¥´¨Ö Í¨´±μ¢μ£μ Ë¥··¨É  ± ± ËÊ´±Í¨¨
· §³¥·  Î ¸É¨Í. ‘· ¢´¥´¨¥ Ì · ±É¥·¨¸É¨±, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 2 ¨ ¶μ²Ê-
Î¥´´ÒÌ ¢ [20] ¨ [14], ³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ, ÎÉμ · §³¥·´Ò¥ ÔËË¥±ÉÒ ¤²Ö
³ £´¨É´ÒÌ ¸¢μ°¸É¢ ¶·μ¨¸Ìμ¤ÖÉ ´  ¤·Ê£μ³ ¶·μ¸É· ´¸É¢¥´´μ³ ³ ¸ÏÉ ¡¥.

�¨¸. 2. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¤²Ö ´ ´μ±μ³¶μ§¨É  (Co)x(SiO2)1−x

¸ · §²¨Î´Ò³¨ ±μ´Í¥´É· Í¨Ö³¨ Co: x = 41, 46, 54, 57, 60 ¨ 72%
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’· ¤¨Í¨μ´´Ò¥ μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö É·¥±μ¢ÒÌ ³¥³¡· ´ (Ë¨²ÓÉ· Í¨Ö, Ê²Ó-
É· Ë¨²ÓÉ· Í¨Ö, ¶·¨£μÉμ¢²¥´¨¥ μ¤¨´μÎ´ÒÌ ²¨¶¨¤´ÒÌ ³¥³¡· ´ (¢¥§¨±Ê²)
¨ É. ¶.) ¢ ¸¢Ö§¨ ¸ · §¢¨É¨¥³ ´ ´μÉ¥Ì´μ²μ£¨° ³μ£ÊÉ ¡ÒÉÓ ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨-
·¥´Ò. ’ ± ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É·¥±μ¢ÒÌ ³¥³¡· ´ ¨ É¥Ì´¨±¨ ÉμÎ¥Î´μ° ± ³¥·Ò
¡Ò²¨ ¶μ²ÊÎ¥´Ò ³¥Éμ¤μ³ ´ ¶Ò²¥´¨Ö ´ ´μμ¡Ñ¥±ÉÒ [11]. �¢Éμ·Ò ´¥ Éμ²Ó±μ
¶·¥¤²μ¦¨²¨ ´ ´μÉ¥Ì´μ²μ£¨Î¥¸±¨° ¶·μ¥±É Å ´ ´μ²¨Éμ£· Ë¨Õ, ´μ ¨ ·¥ ²¨-
§μ¢ ²¨ ¥£μ. 	μ²ÊÎ¥´μ · §·¥Ï¥´¨¥ ¢ 500 �A. ˆ§¤¥²¨Ö ¨§  Éμ³μ¢ Cr ¨³¥ÕÉ
Î¥É±ÊÕ Ëμ·³Ê c · §³¥· ³¨ μ±μ²μ 700 �A. 	μ²¨¤¨¸¶¥·¸´μ¸ÉÓ ³¥³¡· ´Ò μ¶·¥-
¤¥²Ö¥É ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶μ²¨¤¨¸¶¥·¸´μ¸ÉÓ ¶μ²ÊÎ ¥³ÒÌ μ¡Ñ¥±Éμ¢,   · §³¥·Ò ¡Ê-
¤ÊÉ μ¶·¥¤¥²ÖÉÓ¸Ö · §³¥· ³¨ ¶μ·, Ï¥·μÌμ¢ Éμ¸ÉÓ ± ´ ²  ¶μ¢²¨Ö¥É ´  £· ´¨ÍÒ
¨§μ¡· ¦¥´¨Ö (·¥¶²¨±¨). ’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§μ¢ ´¨¥ É·¥±μ¢ÒÌ ³¥³¡· ´ ¢
´ ´μÉ¥Ì´μ²μ£¨¨ ¸ÊÐ¥¸É¢¥´´Ò³ μ¡· §μ³ § ¢¨¸¨É μÉ ± Î¥¸É¢  ¶²¥´±¨. �¤´ ±μ
¤²Ö ´ ´μ²¨Éμ£· Ë¨Î¥¸±¨Ì · ¡μÉ ¶μÉ·¥¡Ê¥É¸Ö É·¥±μ¢ Ö ³¥³¡· ´  ¸ Ìμ·μÏ¥°
³μ´μ¤¨¸¶¥·¸´μ¸ÉÓÕ. C Ìμ·μÏ¥° ÉμÎ´μ¸ÉÓÕ ¸ ¶μ³μÐÓÕ ³ ²μÊ£²μ¢μ£μ · ¸¸¥-
Ö´¨Ö ³μ¦´μ μ¶·¥¤¥²ÖÉÓ ¶μ²¨- ¨ ³μ´μ¤¨¸¶¥·¸´μ¸ÉÓ, É ± ¦¥ ± ± ¨ Ï¥·μÌμ-
¢ Éμ¸ÉÓ ¶μ¢¥·Ì´μ¸É¨ ³¥³¡· ´, É. ¥. ¸¢μ°¸É¢ , ±μÉμ·Ò¥ μ¶·¥¤¥²ÖÕÉ ± Î¥¸É¢μ
ÔÉ¨Ì ³ É¥·¨ ²μ¢ ¤²Ö ¶·μ³ÒÏ²¥´´ÒÌ ¶·¨³¥´¥´¨°. Šμ²¨Î¥¸É¢¥´´μ¥ μ¶·¥¤¥²¥-
´¨¥ ¸É¥¶¥´¨ ³μ´μ¤¨¸¶¥·¸´μ¸É¨ ¡Ò²μ ·¥ ²¨§μ¢ ´μ ¢ · ¡μÉ Ì [21Ä23]. �Ò² 
· §· ¡μÉ ´  ³¥Éμ¤¨±  ¨ ´ °¤¥´Ò ³ É¥·¨ ²Ò, ¢ ±μÉμ·ÒÌ É·¥±μ¢Ò¥ ¶μ·Ò ¨³¥ÕÉ
¨¸±²ÕÎ¨É¥²Ó´μ ¢Ò¸μ±ÊÕ ³μ´μ¤¨¸¶¥·¸´μ¸ÉÓ. ˆ³¥´´μ É ±¨¥ É·¥±μ¢Ò¥ ³¥³-
¡· ´Ò ¨ É·¥¡ÊÕÉ¸Ö ¤²Ö ´ ´μÉ¥Ì´μ²μ£¨Î¥¸±¨Ì ¶·¨³¥´¥´¨°.

‡�Š‹	—…�ˆ…

‚ ÔÉμ³ ´¥¡μ²ÓÏμ³ μ¡§μ·¥ ¶μ± § ´μ, ÎÉμ £· ´¨Í¥° · §³¥·´ÒÌ ÔËË¥±-
Éμ¢ ¤²Ö ·Ö¤  Ë¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ³ É¥·¨ ²  ³μ¦´μ ¸Î¨É ÉÓ ¢¥²¨Î¨´Ê
¢ 40Ä60 �A,   ¤²Ö ³ £´¨É´ÒÌ ¡μ²¥¥ Î¥³ ¢ ¤¢  · §  ¡μ²ÓÏÊÕ. ‚ ¦´μ° ¸μ¸É ¢²Ö-
ÕÐ¥° ¶·¨ ·¥Ï¥´¨¨ ´ ´μÉ¥Ì´μ²μ£¨Î¥¸±¨Ì § ¤ Î Ö¢²Ö¥É¸Ö É·¥¡μ¢ ´¨¥ ³μ´μ¤¨¸-
¶¥·¸´μ¸É¨ μ¡Ñ¥±É , ¢ Î ¸É´μ¸É¨, ¶μ · §³¥· ³. �¤´ ±μ ¸²μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö
¤ ´´ÒÌ μ ÉμÎ´ÒÌ §´ Î¥´¨ÖÌ · §³¥·´ÒÌ ÔËË¥±Éμ¢ ¸¢Ö§ ´ , ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó,
¸ μÉ¸ÊÉ¸É¢¨¥³ Ìμ·μÏ¥° ³¥É·μ²μ£¨Î¥¸±¨° ¶μ¤¤¥·¦±¨ ¢ ¤¨ ¶ §μ´¥ μÉ 100 ¤μ
10 �A. Œ ²μÊ£²μ¢μ¥ ·¥´É£¥´μ¢¸±μ¥ ¨ ´¥°É·μ´´μ¥ · ¸¸¥Ö´¨¥ Ö¢²Ö¥É¸Ö μ¤´¨³
¨§ ³¥Éμ¤μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ±μ²¨Î¥¸É¢¥´´μ¥ μ¶¨¸ ´¨¥ · §³¥·μ¢ ¢ ´ ´μ¤¨ -
¶ §μ´¥.
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“¸². ¶¥Î. ². 0,69. “Î.-¨§¤. ². 0,83. ’¨· ¦ 300 Ô±§. ‡ ± § º 56756.
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141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.
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