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Œμ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ · ¸É¢μ·μ¢
³μ´μ± ·¡μ´μ¢ÒÌ ±¨¸²μÉ ¢ ¤¥± ²¨´¥

Œ¥Éμ¤μ³ ³μ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¨¸¸²¥¤μ¢ ´Ò Î¨¸ÉÒ¥
· ¸É¢μ·Ò ¤¥± ²¨´  ¶·¨ · §²¨Î´μ³ ¸μ¤¥·¦ ´¨¨ ¥£μ ¨§μ³¥·´ÒÌ Ëμ·³. � ¸¸³μ-
É·¥´Ò ¶·¥¤¥²Ó´Ò¥ · ¸É¢μ·Ò ¦¨·´ÒÌ ±¨¸²μÉ ¸ · §²¨Î´μ° ¤²¨´μ° Ê£²¥¢μ¤μ·μ¤´μ°
Í¥¶¨ ¢ ¤¥± ²¨´¥. �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ μ¸μ¡¥´´μ¸É¥° ¸É·Ê±ÉÊ·´μ° μ·£ ´¨§ Í¨¨
¨§μ³¥·μ¢ ¤¥± ²¨´  ¢ μ±·¥¸É´μ¸É¨ ³μ²¥±Ê² ´ ¸ÒÐ¥´´ÒÌ (³¨·¨¸É¨´μ¢μ°, ¸É¥ ·¨-
´μ¢μ°) ¨ ´¥´ ¸ÒÐ¥´´μ° (μ²¥¨´μ¢μ°) ±¨¸²μÉ. ‘ ¶μ³μÐÓÕ ´ °¤¥´´ÒÌ ËÊ´±Í¨°
· ¤¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö  Éμ³μ¢ ¢ · ¸É¢μ·¥ μ¶·¥¤¥²¥´Ò ¶·¥¤¥²Ó´Ò¥ ¶ ·Í¨ ²Ó-
´Ò¥ ³μ²Ó´Ò¥ μ¡Ñ¥³Ò ±¨¸²μÉ. ‚ μÉ²¨Î¨¥ μÉ · ´´¨Ì ¤ ´´ÒÌ ¶μ ¡¥´§μ²Ê, ¢ ¤ ´´μ³
¸²ÊÎ ¥ ¶μ²ÊÎ¥´μ ¸ÊÐ¥¸É¢¥´´μ¥ · §²¨Î¨¥ ¢ §´ Î¥´¨ÖÌ μ¡Ñ¥³μ¢ ¤²Ö ¸É¥ ·¨´μ¢μ°
¨ μ²¥¨´μ¢μ° ±¨¸²μÉ, ±μÉμ·μ¥ μ¡ÑÖ¸´¥´μ ¡μ²¥¥ ¸²μ¦´μ° ¸É·Ê±ÉÊ·μ° ¤¥± ²¨´ ,
ÎÊ¢¸É¢¨É¥²Ó´μ° ± ¨§£¨¡Ê ´¥´ ¸ÒÐ¥´´μ° ±¨¸²μÉÒ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨ �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Eremin R.A. et al. P17-2012-23
Molecular Dynamics Simulations of Monocarboxylic Acid
Solutions in Decalin

Pure decalin solutions are investigated using the molecular dynamics simulation
method at different contents of stereoisomers. Limiting solutions of monocarboxylic
acids with different length of the hydrocarbon chains are studied. A comparison of
the features of the structural organization of decalin stereoisomers in the vicinity of
saturated (myristic and stearic) and non-saturated (oleic) acid molecules is carried
out. The limiting partial molar volumes of the acids are calculated using radial
distribution functions. In contrast to earlier data on benzene, a signiˇcant difference
in the volumes of stearic and oleic acids is observed and explained by the more
complex molecular structure of decalin, which is sensitive to the bending of the
non-saturated acid molecule.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.
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� §¢¨É¨¥ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò ³¥Éμ¤μ¢ ³μ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ£μ (Œ„)
³μ¤¥²¨·μ¢ ´¨Ö, ¸¢Ö§ ´´μ¥ ¸ ·μ¸Éμ³ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ³μÐ´μ¸É¥°, ¶μ§¢μ²Ö¥É
¸É ¢¨ÉÓ § ¤ Î¨ ±μ²¨Î¥¸É¢¥´´μ£μ ¨§ÊÎ¥´¨Ö · ¸É¢μ·μ¢ ´  μ¸´μ¢¥ ¨Ì ³μ¤¥²¨·μ-
¢ ´¨Ö [1, 2]. �·¨³¥· É ±μ£μ ¨§ÊÎ¥´¨Ö Å ´¥¤ ¢´ÖÖ · ¡μÉ  ¶μ μ¶·¥¤¥²¥´¨Õ
¶·¥¤¥²Ó´μ£μ ¶ ·Í¨ ²Ó´μ£μ ³μ²Ö·´μ£μ μ¡Ñ¥³  · ¸É¢μ·μ¢ ¦¨·´ÒÌ ³μ´μ± ·¡μ-
´μ¢ÒÌ ±¨¸²μÉ ¢ ¡¥´§μ²¥ [3]. �·¨ ÔÉμ³ ¤²Ö Î¨¸²  ³μ²¥±Ê² · ¸É¢μ·¨É¥²Ö Ê¦¥
´  Ê·μ¢´¥ 2000 ¤μ¸É¨£ ¥É¸Ö ¶·¨¥³²¥³ Ö (¶μ£·¥Ï´μ¸ÉÓ μ±μ²μ 3 %) ÉμÎ´μ¸ÉÓ
μ¶·¥¤¥²¥´¨Ö É ±μ£μ μ¡Ñ¥³  ¢ Ìμ·μÏ¥³ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
¤ ´´Ò³¨. Š ± ·¥§Ê²ÓÉ É, ¶μ± § ´μ, ÎÉμ ±μ´Ë¨£Ê· Í¨Ö ±¨¸²μÉ ´¥ ¢²¨Ö¥É ´ 
¢§ ¨³μ¤¥°¸É¢¨¥ ±¨¸²μÉ Ä· ¸É¢μ·¨É¥²Ó. –¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å · ¸Ï¨-
·¨ÉÓ ¶·¥¤²μ¦¥´´ÊÕ ³¥Éμ¤¨±Ê μÍ¥´±¨ μ¡Ñ¥³  ¤ ´´ÒÌ ±¨¸²μÉ ¨ · ¸¸³μÉ·¥ÉÓ
¢§ ¨³μ¤¥°¸É¢¨¥ ±¨¸²μÉ Ä· ¸É¢μ·¨É¥²Ó ¤²Ö ¡μ²¥¥ ¸²μ¦´μ£μ · ¸É¢μ·¨É¥²Ö.

‚ ± Î¥¸É¢¥ μ¡Ñ¥±Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ¢Ò¡· ´Ò · ¸É¢μ·Ò É¥Ì ¦¥ ±¨¸²μÉ ¢ ¤¥-
± ²¨´¥. ‚ ¸· ¢´¥´¨¨ ¸ ³μ²¥±Ê²μ° ¡¥´§μ²  ³μ²¥±Ê²  ¤¥± ²¨´  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ
Ï¥¸É¨Î²¥´´ÒÌ Ê£²¥·μ¤´ÒÌ Í¨±²μ¢. �μ²¥¥ Éμ£μ, ¢ ¸É·Ê±ÉÊ·¥ ¤¥± ²¨´  ¨³¥¥É
³¥¸Éμ ¸É¥·¥μ¨§μ³¥·¨Ö (·¨¸. 1), μÉ¢¥Î ÕÐ Ö · §²¨Î´Ò³ ¢§ ¨³´Ò³ · ¸¶μ²μ¦¥-
´¨Ö³ Ê£²¥·μ¤´ÒÌ Í¨±²μ¢ (Í¨¸- ¨ É· ´¸¨§μ³¥·Ò). �μ ¤ ´´Ò³ [4], É¥Ì´¨Î¥¸±¨°
¤¥± ²¨´ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸³¥¸Ó ¨§μ³¥·μ¢ ¢ ¶·μ¶μ·Í¨¨, ¡²¨§±μ° ± 1 : 1.
�μÔÉμ³Ê ¢μ§´¨± ¥É ¤μ¶μ²´¨É¥²Ó´Ò° ¢μ¶·μ¸ μ Éμ³, ´ ¸±μ²Ó±μ ´ ²¨Î¨¥ É ±μ£μ
ÔËË¥±É  ¢²¨Ö¥É ´  ¸É·Ê±ÉÊ·´ÊÕ μ·£ ´¨§ Í¨Õ · ¸É¢μ·¨É¥²Ö ´  £· ´¨Í¥ · §¤¥² 
¸ · ¸É¢μ·¥´´Ò³¨ ³μ²¥±Ê² ³¨. ‚²¨Ö´¨¥ ¸É¥·¥μ¨§μ³¥·´μ£μ ÔËË¥±É  ´  ¶²μÉ-
´μ¸É´Ò¥ ¸¢μ°¸É¢  ¸³¥¸¥° Í¨¸- ¨ É· ´¸-¤¥± ²¨´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤ ¢²¥´¨Ö
¨ É¥³¶¥· ÉÊ·Ò ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ³¥Éμ¤ ³¨ ¢¨¡· Í¨μ´´μ° ¤¥´¸¨Éμ³¥É·¨¨ ¨

�¨¸. 1. ‘²¥¢  ´ ¶· ¢μ: Í¨¸- ¨ É· ´¸¨§μ³¥·´Ò¥ Ëμ·³Ò ¤¥± ²¨´ 
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Œ„-³μ¤¥²¨·μ¢ ´¨Ö ¢ [5]. �μ¸²¥¤´¥¥ ¶μ§¢μ²¨²μ  ¢Éμ· ³ ¶·¥¤¸± § ÉÓ §´ Î¥´¨Ö
¶²μÉ´μ¸É¥° ¸³¥¸¥° ¢ ³μ¤¥²¨ É¢¥·¤ÒÌ ¸Ë¥·, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¶μ¸·¥¤¸É¢μ³
¸¨² ‚ ´-¤¥·-‚  ²Ó¸ . ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ± ± ¢§ ¨³μ¤¥°¸É¢¨¥
‚ ´-¤¥·-‚  ²Ó¸ , É ± ¨ Ô²¥±É·μ¸É É¨Î¥¸±μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥,   ³μ²¥±Ê²  ± -
¦¤μ£μ ¨§ ¨§μ³¥·μ¢ ³μ¤¥²¨·Ê¥É¸Ö ± ± ¸¨¸É¥³  ¦¥¸É±μ ¸¢Ö§ ´´ÒÌ ¤·Ê£ ¸ ¤·Ê£μ³
 Éμ³μ¢, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¡μ²¥¥ ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö μ¸μ¡¥´´μ¸É¥° ¸É·Ê±-
ÉÊ·´μ° μ·£ ´¨§ Í¨¨ · ¸É¢μ·¨É¥²Ö ¸ ÊÎ¥Éμ³ ¸É¥·¥μ¨§μ³¥·´μ£μ ÔËË¥±É .

„¥± ²¨´ (¤¥± £¨¤·μ´ ËÉ ²¨´), É ± ¦¥ ± ± ¡¥´§μ², ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥
μ¸´μ¢Ò ¶·¨ ¸¨´É¥§¥ ¦¨¤±¨Ì ¤¨¸¶¥·¸¨° ³ £´¨É´ÒÌ ³ É¥·¨ ²μ¢ (³ £´¨É´ÒÌ
¦¨¤±μ¸É¥°) [6Ä8], £¤¥ ´ ´μÎ ¸É¨ÍÒ ³ £´¥É¨É  ¸É ¡¨²¨§¨·ÊÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³
 ¤¸μ·¡Í¨μ´´ÒÌ ¸²μ¥¢ ³μ´μ± ·¡μ´μ¢ÒÌ ±¨¸²μÉ. ˆ§ÊÎ¥´¨¥ ¶μ¢¥¤¥´¨Ö ¤ ´´ÒÌ
±¨¸²μÉ ¢ Î¨¸ÉÒÌ · ¸É¢μ·¨É¥²ÖÌ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ Ï £μ³ ¢ ¶μ´¨³ ´¨¨ μ¸μ¡¥´-
´μ¸É¥° ³¥Ì ´¨§³μ¢ ¸É ¡¨²¨§ Í¨¨ ¸²μ¦´ÒÌ · ¸É¢μ·μ¢ ¸ ´ ´μÎ ¸É¨Í ³¨.
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� · ³¥É·Ò ¶μÉ¥´Í¨ ² . Œ¥¦³μ²¥±Ê²Ö·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ¸¨¸É¥³¥
³μ¤¥²¨·μ¢ ²μ¸Ó ¸Ê³³μ° ±μ·μÉ±μ¤¥°¸É¢ÊÕÐ¥£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ‚ ´-¤¥·-‚  ²Ó-
¸ , μ¶¨¸Ò¢ ¥³μ£μ ¶μÉ¥´Í¨ ²μ³ ‹¥´ ·¤ -„¦μ´¸ , ¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö [9]:
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∑
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£¤¥ σij , εij Å ¶ · ³¥É·Ò ¢ ´-¤¥·-¢  ²Ó¸μ¢¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö i-£μ ¨ j-£μ
 Éμ³μ¢; rij Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ´¨³¨; qi, qj Å ¨Ì § ·Ö¤Ò. „²Ö μ¶·¥¤¥²¥´¨Ö
¶ · ³¥É·μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê  Éμ³ ³¨ · §²¨Î´μ£μ É¨¶  ¨¸¶μ²Ó§μ¢ ²¨
±μ³¡¨´ Í¨μ´´μ¥ ¶· ¢¨²μ ‹μ·¥´Í Ä�¥·Ï¥²μÉ :

σij =
σii + σjj

2
, εij =

√
εii, εjj . (2)

„²Ö  Éμ³μ¢ Ê£²¥·μ¤  ¢ ³μ²¥±Ê²¥ ¤¥± ²¨´  (´¥§ ¢¨¸¨³μ μÉ É¨¶  ¸É¥·¥μ-
¨§μ³¥·¨¨) ¡Ò²¨ ¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢: σC = 3,35 	A,
εC = 0,06 ±± ²/³μ²Ó. � · ³¥É·Ò ¤²Ö  Éμ³μ¢ ¢μ¤μ·μ¤  ¡Ò²¨ μ¶·¥¤¥²¥´Ò
³¥Éμ¤μ³ ¸· ¢´¥´¨Ö · ¸Î¥É´ÒÌ §´ Î¥´¨° ¶²μÉ´μ¸É¥° ¸¨¸É¥³ ¸ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨, μ¶¨¸ ´´Ò³ ¢ [10], ¨ ¸μ¸É ¢¨²¨ ¤²Ö Í¨¸-¤¥± ²¨´  σHc =
2,23 	A, εHc = 0,02 ±± ²/³μ²Ó, ¤²Ö É· ´¸-¤¥± ²¨´  σHt = 2,25 	A, εHt =
0,02 ±± ²/³μ²Ó. — ¸É¨Î´Ò¥ § ·Ö¤Ò  Éμ³μ¢ ¢ ¸μ¸É ¢¥ ³μ²¥±Ê² ¸É¥·¥μ¨§μ³¥·μ¢
¤¥± ²¨´  ¨ ±¨¸²μÉ μ¶·¥¤¥²Ö²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²ÊÔ³¶¨·¨Î¥¸±μ£μ ³¥Éμ¤ 
±¢ ´Éμ¢μ° Ì¨³¨¨ AustinModel 1 [11]. �μ²ÊÎ¨²¨ ¨ ¨¸¶μ²Ó§μ¢ ²¨ ¸²¥¤ÊÕ-
Ð¨¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö § ·Ö¤μ¢ Ê£²¥·μ¤  ¨ ¢μ¤μ·μ¤  ¢ ³μ²¥±Ê² Ì ¤¥± ²¨´  ¨
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¦¨·´ÒÌ ±¨¸²μÉ: qC = −0,14e, qH = 0,08e, £¤¥ e Å ¢¥²¨Î¨´  § ·Ö¤  Ô²¥±-
É·μ´ . „²Ö  Éμ³μ¢ Ê£²¥·μ¤  ¨ ¢μ¤μ·μ¤  ³μ²¥±Ê² ¦¨·´ÒÌ ±¨¸²μÉ ¨¸¶μ²Ó§μ¢ ²¨
σCa = 3,92 	A ¨ σHa = 2,42 	A, ¶μ²ÊÎ¥´´Ò¥ ¢ [12]. „²Ö  Éμ³μ¢ ±¨¸²μ·μ¤ ,
¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ ±¨¸²μÉÒ, σO = 2,81 	A, εO = 0,20 ±± ²/³μ²Ó [13], ¸·¥¤´¨°
§ ·Ö¤ qO = −0,34e. � ¤¨Ê¸Ò μÉ¸¥Î¥´¨Ö ¢ ´-¤¥·-¢  ²Ó¸μ¢¸±μ£μ ¨ Ô²¥±É·μ¸É -
É¨Î¥¸±μ£μ (¢ ·¥ ²Ó´μ³ ¶·μ¸É· ´¸É¢¥) ¢§ ¨³μ¤¥°¸É¢¨° ¡Ò²¨ ¢Ò¡· ´Ò · ¢´Ò³¨
¸μμÉ¢¥É¸É¢¥´´μ 10 ¨ 20 	A. � ¸Î¥É Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μ-
¢μ¤¨²¸Ö ³¥Éμ¤μ³ 
¢ ²Ó¤  [9] ¢ ·¥Ï¥É±¥ μ¡· É´μ£μ ¶·μ¸É· ´¸É¢  6 × 6 × 6
¸ ¶ · ³¥É·μ³ ¸Ìμ¤¨³μ¸É¨ α = 1,15 	A−1.

� Î ²Ó´ Ö ±μ´Ë¨£Ê· Í¨Ö. Œμ²¥±Ê²Ò ± ¦¤μ£μ ¨§ ¨§μ³¥·μ¢ ¤¥± ²¨´  ¨
±¨¸²μÉ ¡Ò²¨ μ¶¨¸ ´Ò ± ± ¦¥¸É±¨¥ ¥¤¨´¨ÍÒ ¸ ¶μ¸ÉμÖ´´Ò³¨ ¢ Ìμ¤¥ ³μ¤¥²¨-
·μ¢ ´¨Ö ¤²¨´ ³¨ ¸¢Ö§¥° ¨ ¢¥²¨Î¨´ ³¨ ¢ ²¥´É´ÒÌ Ê£²μ¢. Šμμ·¤¨´ ÉÒ  Éμ³μ¢
¶·¨ § ¤ ´¨¨ ´ Î ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ ¸μμÉ¢¥É¸É¢μ¢ ²¨ ±·¨¸É ²²¨Î¥¸±μ³Ê ¸μ-
¸ÉμÖ´¨Õ É· ´¸-¤¥± ²¨´  ¶·¨ 100 K (³μ´μ±²¨´´ Ö ·¥Ï¥É± , ¶ · ³¥É·Ò Ô²¥-
³¥´É ·´μ° ÖÎ¥°±¨ a = 7,810 	A, b = 10,469 	A, c = 5,264 	A, β = 90,990◦,
Z = 2) [14], ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¸³¥¸¥° É· ´¸- ¨ Í¨¸-¤¥± ²¨´  ¶·μ¢μ¤¨² ¸Ó
Î ¸É¨Î´ Ö § ³¥´  ¢ ±·¨¸É ²²¨Î¥¸±μ° ÖÎ¥°±¥ ³μ²¥±Ê² É· ´¸-¤¥± ²¨´  ¶¸¥¢-
¤μ¸²ÊÎ °´Ò³ μ¡· §μ³. Œ„-ÖÎ¥°±  ¢±²ÕÎ ²  ¢ ¸¥¡Ö 700 ³μ²¥±Ê² ¤¥± ²¨´ 
(19 600  Éμ³μ¢), ¥¥ · §³¥· ¢ ´ Î ²¥ ³μ¤¥²¨·μ¢ ´¨Ö ¸μ¸É ¢²Ö² 55×53×53 	A3.
�·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¶·¥¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ³μ´μ± ·¡μ´μ¢ÒÌ ±¨¸²μÉ ¢ Í¥´É·
Ê± § ´´μ° ÖÎ¥°±¨ ¶μ³¥Ð ² ¸Ó ³μ²¥±Ê²  ±¨¸²μÉÒ ¨ ¨¸±²ÕÎ ²¨¸Ó ¢¸¥ ³μ²¥-
±Ê²Ò ¤¥± ²¨´ , ¶¥·¥¸¥± ÕÐ¨¥¸Ö ¸ ´¥°.

’¥Ì´¨±  ³μ¤¥²¨·μ¢ ´¨Ö. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ±μ¤ μ¡-
Ð¥£μ ´ §´ Î¥´¨Ö DL POLY 2.18 [15, 16]. �¥·¢μ´ Î ²Ó´μ ¢ NPT- ´¸ ³¡²¥
•Ê¢¥·  (¶μ¸ÉμÖ´´μ¥ Î¨¸²μ Î ¸É¨Í, ¤ ¢²¥´¨¥ ¨ É¥³¶¥· ÉÊ· ; ¢·¥³Ö ·¥² ±¸ Í¨¨
¡ ·μ¸É É  ¨ É¥·³μ¸É É  0,3 ¶¸) ¢ É¥Î¥´¨¥ 100 ¶¸ ³μ¤¥²¨·μ¢ ² ¸Ó ¸¨¸É¥³ ,
¸μ¤¥·¦ Ð Ö ¸³¥¸Ó · §²¨Î´ÒÌ ¸É¥·¥μ¨§μ³¥·μ¢ ¤¥± ²¨´ , ¶·¨ ´μ·³ ²Ó´μ³  É-
³μ¸Ë¥·´μ³ ¤ ¢²¥´¨¨ ¨ É¥³¶¥· ÉÊ·¥ 303,15 K. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨
· ¸É¢μ·μ¢ ¸· ¢´¨¢ ²¨¸Ó ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [5]. �´ ²μ£¨Î´ Ö
¶·μÍ¥¤Ê·  ¡Ò²  ¶·μ¢¥¤¥´  ¤²Ö ¶·¥¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ± ¦¤μ° ¨§ ±¨¸²μÉ, ¶μ-
¸²¥ Î¥£μ ¶·¨ ¶μ¸ÉμÖ´´μ³ μ¡Ñ¥³¥ ¸ ¶μ¸ÉμÖ´´Ò³ Î¨¸²μ³ Î ¸É¨Í (NVT- ´¸ ³¡²Ó
�μ§¥Ä•Ê¢¥· ; ¢·¥³Ö ·¥² ±¸ Í¨¨ É¥·³μ¸É É  0,01 ¶¸) ¢ É¥Î¥´¨¥ 3 ´¸ ¶·μ¢μ-
¤¨²μ¸Ó ³μ¤¥²¨·μ¢ ´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ËÊ´±Í¨° · ¤¨ ²Ó´μ£μ
· ¸¶·¥¤¥²¥´¨Ö (Ï £ Ê¸·¥¤´¥´¨Ö ¶μ ¢·¥³¥´¨ 0,1 ¶¸). ˜ £ ¨´É¥£·¨·μ¢ ´¨Ö
Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¢ ± ¦¤μ³ ¨§  ´¸ ³¡²¥° ¸μ¸É ¢²Ö² 0,001 ¶¸.

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

Œμ¤¥²¨·μ¢ ´¨¥ Î¨¸Éμ£μ ¤¥± ²¨´ . �´ ²¨§ ³¥¦ Éμ³´ÒÌ ±μ··¥²ÖÍ¨°
¢ · ¸É¢μ·¥ ¶·μ¢μ¤¨²¨ ¢ É¥·³¨´ Ì ËÊ´±Í¨° · ¤¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö (”��).
”�� g(r) μÉ· ¦ ¥É ¢²¨Ö´¨¥ ¶μ²μ¦¥´¨Ö μ¤´μ£μ  Éμ³  ¢ ³´μ£μÎ ¸É¨Î´μ° ¸¨-
¸É¥³¥ ´  ¶μ²μ¦¥´¨¥ μ¸É ²Ó´ÒÌ  Éμ³μ¢: μ´  ¶·μ¶μ·Í¨μ´ ²Ó´  Ê¸·¥¤´¥´´μ°
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¶μ ¢·¥³¥´¨ ¢¥·μÖÉ´μ¸É¨ μ¡´ ·Ê¦¨ÉÓ  Éμ³ μ¶·¥¤¥²¥´´μ£μ É¨¶  ¢ ¸Ë¥·¨Î¥¸±μ³
¸²μ¥ · ¤¨Ê¸  r ¨ Éμ²Ð¨´Ò dr ¸ Í¥´É·μ³ ¢ ¢Ò¤¥²¥´´μ³  Éμ³¥. �μ μ¶·¥¤¥²¥-
´¨Õ [13]

ρg(r̄) =
1
N

〈
N∑
i

N∑
j �=i

δ(r̄ − r̄ij)

〉
, (3)

£¤¥ N Å ¶μ²´μ¥ Î¨¸²μ  Éμ³μ¢ ¢ ¸¨¸É¥³¥; ρ = N/V Å ±μ´Í¥´É· Í¨Ö  Éμ³μ¢;
rij Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê Í¥´É· ³¨ i-£μ ¨ j-£μ  Éμ³μ¢,   Ê£²μ¢Ò¥ ¸±μ¡±¨ ¨³¥ÕÉ
¸³Ò¸² Ê¸·¥¤´¥´¨Ö ¶μ ¢·¥³¥´¨. „²Ö · ¸¸ÉμÖ´¨° ¢ ¶·¥¤¥² Ì  Éμ³´μ£μ · ¤¨Ê¸ 
g(r) = 0, ÎÉμ μÉ¢¥Î ¥É μÉ¸ÊÉ¸É¢¨Õ ¤·Ê£¨Ì  Éμ³μ¢ ¢ ÔÉμ° μ¡² ¸É¨. „²Ö ¸¨²Ó´μ
Ê¤ ²¥´´ÒÌ  Éμ³μ¢ g(r) = 1, ÎÉμ μÉ¢¥Î ¥É ¶μ²´μ³Ê μÉ¸ÊÉ¸É¢¨Õ ±μ··¥²ÖÍ¨°
¢μ ¢§ ¨³´μ³ · ¸¶μ²μ¦¥´¨¨  Éμ³μ¢ ´  ¡μ²ÓÏ¨Ì · ¸¸ÉμÖ´¨ÖÌ ¢ ¨§μÉ·μ¶´μ°
¦¨¤±μ¸É¨.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ ¶μ¢¥¤¥´¨¥ μ¡Ñ¥³  Œ„-ÖÎ¥°±¨ ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨
¢ NPT- ´¸ ³¡²¥ ¤²Ö ¸³¥¸¥° ¸ · §²¨Î´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨ Í¨¸- ¨ É· ´¸-
¤¥± ²¨´ : 1 : 4, 1 : 1 ¨ 4 : 1. ‚¨¤´μ, ÎÉμ ¸¨¸É¥³  ¶¥·¥Ìμ¤¨É ¢ · ¢´μ¢¥¸´μ¥
¸μ¸ÉμÖ´¨¥ §  ¢·¥³Ö ∼ 20 ¶¸ ¶μ¸²¥ ´ Î ²  ³μ¤¥²¨·μ¢ ´¨Ö ¢ ¸²ÊÎ ¥ ± ¦¤μ° ¨§
¸³¥¸¥°. �¥§±μ¥ Ê¢¥²¨Î¥´¨¥ μ¡Ñ¥³  · ¸É¢μ·  ´  ¶¥·¢ÒÌ Ï £ Ì ³μ¤¥²¨·μ¢ ´¨Ö
´  ·¨¸. 2 μ¡Ê¸²μ¢²¥´μ ³ ²Ò³ §´ Î¥´¨¥³ ¶ · ³¥É·  ¢·¥³¥´¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸
É¥·³μ¸É Éμ³.

�¨¸. 2. „¨´ ³¨±  ¨§³¥´¥´¨Ö μ¡Ñ¥³  Œ„-ÖÎ¥°±¨ Î¨¸Éμ£μ ¤¥± ²¨´  ¨ ¥£μ ¸·¥¤´¥¥ §´ Î¥-
´¨¥ ¢ · ¢´μ¢¥¸´μ³ ¸μ¸ÉμÖ´¨¨ ¶·¨ · §²¨Î´ÒÌ ³μ²Ö·´ÒÌ ¸μμÉ´μÏ¥´¨ÖÌ Í¨¸- ¨ É· ´¸-
¸É¥·¥μ¨§μ³¥·μ¢ ¢ ¸³¥¸¨ (¸μμÉ¢¥É¸É¢¥´´μ 1 : 4, 1 : 1, 4 : 1)
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‚ É ¡². 1 · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¥° ¡¨´ ·´ÒÌ ¸¨¸É¥³ ¢ · ¢´μ¢¥¸´μ³
¸μ¸ÉμÖ´¨¨ ¸· ¢´¨¢ ÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨§ · ¡μÉÒ [5] ¤²Ö
 ´ ²μ£¨Î´ÒÌ ¸³¥¸¥° ¨ Ê¸²μ¢¨°. Œμ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¸ ÊÎ¥Éμ³ μÏ¨¡μ±
¢ μ¶·¥¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ · ¢´μ¢¥¸´μ£μ · ¸É¢μ· , ¢Ò§¢ ´´ÒÌ Ë²Ê±ÉÊ Í¨Ö³¨
μ¡Ñ¥³ , ³¥Éμ¤ Œ„-³μ¤¥²¨·μ¢ ´¨Ö ¶·¨ Ê± § ´´μ³ ´ ¡μ·¥ ¶ · ³¥É·μ¢ ÉμÎ´μ
μ¶¨¸Ò¢ ¥É ¶²μÉ´μ¸É´Ò¥ ¸¢μ°¸É¢  ¡¨´ ·´ÒÌ ¸¨¸É¥³.

’ ¡²¨Í  1. �²μÉ´μ¸É¨ ¤¥± ²¨´  ¤²Ö · §²¨Î´ÒÌ ¸μ¸É ¢μ¢ ¸É¥·¥μ¨§μ³¥·μ¢ ¶μ ¤ ´´Ò³
Œ„-³μ¤¥²¨·μ¢ ´¨Ö (ρMD) ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ (ρexp) ¨§ · ¡μÉÒ [5] (¶·¨
T = 303,15 K ¨ ´μ·³ ²Ó´μ³ ¤ ¢²¥´¨¨)

Í¨¸-/É· ´¸- ρMD, £/³² ρexp, £/³²

1 : 4 0,867 ± 0,006 0,8674 ± 0,0005

1 : 1 0,874 ± 0,005 0,8755 ± 0,0005

4 : 1 0,882 ± 0,005 0,8834 ± 0,0005

Œμ¤¥²¨·μ¢ ´¨¥ ¶·¥¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ³μ´μ± ·¡μ´μ¢ÒÌ ±¨¸²μÉ. �·¨
³μ¤¥²¨·μ¢ ´¨¨ ¶·¥¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ³μ´μ± ·¡μ´μ¢ÒÌ ±¨¸²μÉ ¨¸¶μ²Ó§μ¢ -
² ¸Ó ¸³¥¸Ó ¸É¥·¥μ¨§μ³¥·´ÒÌ Ëμ·³ ¤¥± ²¨´  1 : 1. ’ ± ¦¥ ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³
¸²ÊÎ ¥, ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¢ NPT- ´¸ ³¡²¥ ¸¨¸É¥³Ò ¶·¨Ìμ¤¨²¨ ± · ¢´μ¢¥¸-
´μ³Ê ¸μ¸ÉμÖ´¨Õ §  ¢·¥³Ö ∼ 20 ¶¸. • · ±É¥· ¨§³¥´¥´¨Ö μ¡Ñ¥³μ¢ Œ„-ÖÎ¥°±¨
¤²Ö ± ¦¤μ° ¨§ ±¨¸²μÉ ¶μ¢Éμ·Ö² ¸²ÊÎ ° Î¨¸Éμ£μ ¤¥± ²¨´  (·¨¸. 2). „²Ö ¶·¥-
¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ±¨¸²μÉ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö μ¡Ñ-
¥³μ¢ Œ„-ÖÎ¥¥± ¢ · ¢´μ¢¥¸´μ³ ¸μ¸ÉμÖ´¨¨: 182 500 ± 1000 	A3 (³¨·¨¸É¨´μ¢ Ö
±¨¸²μÉ ), 182 200±1100 	A3 (¸É¥ ·¨´μ¢ Ö ±¨¸²μÉ ) ¨ 182 100±1100 	A3 (μ²¥¨-
´μ¢ Ö ±¨¸²μÉ ).

�μ¸²¥ ¤μ¸É¨¦¥´¨Ö · ¢´μ¢¥¸´μ£μ ¸μ¸ÉμÖ´¨Ö ¤²Ö Î¨¸Éμ£μ ¤¥± ²¨´  ¨ ± -
¦¤μ£μ ¨§ ¶·¥¤¥²Ó´ÒÌ · ¸É¢μ·μ¢ ¶·μ¢μ¤¨²μ¸Ó ³μ¤¥²¨·μ¢ ´¨¥ ¶·¨ ¶μ¸ÉμÖ´´μ³
μ¡Ñ¥³¥ ¸¨¸É¥³Ò ¤²Ö · ¸Î¥É  ”�� ¢ · ¤¨Ê¸¥ ¤μ 20 	A ¤²Ö ¶ ·  Éμ³ ±¨¸²μÉÒ Ä
 Éμ³ · ¸É¢μ·¨É¥²Ö. �μ²ÊÎ¥´´Ò¥ ”�� ¤²Ö · §²¨Î´ÒÌ ¶ ·  Éμ³μ¢ ³μ²¥±Ê²Ò
±¨¸²μÉÒ ¨ ¤¥± ²¨´  ¸ ÊÎ¥Éμ³ ¸É¥·¥μ¨§μ³¥·¨¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3.

�μ¸É·μ¥´´Ò¥ ¶ ·Í¨ ²Ó´Ò¥ ”�� ¤²Ö ¶ ·  Éμ³ ±¨¸²μÉÒ Ä  Éμ³ · ¸É¢μ·¨-
É¥²Ö (·¨¸. 3) Ê± §Ò¢ ÕÉ ´  ´¥¡μ²ÓÏÊÕ  ¸¨³³¥É·¨Õ ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¨§μ³¥-
·μ¢ ¢μ±·Ê£ É·¥Ì ¨¸¸²¥¤μ¢ ´´ÒÌ ±¨¸²μÉ. �·¨ ÔÉμ³ ¤²Ö · §´ÒÌ ±¨¸²μÉ ¨³¥¥É¸Ö
· §²¨Î¨¥ ¢ ”��, ±μÉμ·μ¥, μ¤´ ±μ, ¨¸Î¥§ ¥É ¶·¨ μ¡· ¡μÉ±¥ ¡¥§ ÊÎ¥É  ¢¨¤  ¸É¥-
·¥μ¨§μ³¥·¨¨ (·¨¸. 4). �μ¸²¥¤´¥¥  ´ ²μ£¨Î´μ · ¸¶·¥¤¥²¥´¨Õ ¡¥´§μ²  ¢μ±·Ê£
±¨¸²μÉ, ±μÉμ·μ¥ ³μ¤¥²¨·μ¢ ²μ¸Ó · ´¥¥ [3] ¨ É ±¦¥ ´¥ § ¢¨¸¥²μ μÉ ±¨¸²μÉÒ.

�·¥¤¥²Ó´Ò° ¶ ·Í¨ ²Ó´Ò° ³μ²Ó´Ò° μ¡Ñ¥³. „²Ö μ¶·¥¤¥²¥´¨Ö ¶·¥¤¥²Ó-
´μ£μ ¶ ·Í¨ ²Ó´μ£μ ³μ²Ó´μ£μ μ¡Ñ¥³  ³μ²¥±Ê² ¦¨·´ÒÌ ±¨¸²μÉ ¶μ ¤ ´´Ò³ Œ„-
³μ¤¥²¨·μ¢ ´¨Ö ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ³¥Éμ¤¨± , ¶·¥¤²μ¦¥´´ Ö ¨  ¶·μ¡¨·μ¢ ´-
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�¨¸. 3. �¶·¥¤¥²¥´´Ò¥ ¨§ Œ„-³μ¤¥²¨·μ¢ ´¨Ö ¶ ·Í¨ ²Ó´Ò¥ ”��  Éμ³ ¤¥± ²¨´  Ä  Éμ³

±¨¸²μÉÒ: a Å Ê£²¥·μ¤ÄÊ£²¥·μ¤; ¡ Å Ê£²¥·μ¤Ä¢μ¤μ·μ¤; ¢ Å ¢μ¤μ·μ¤ÄÊ£²¥·μ¤; £ Å
¢μ¤μ·μ¤Ä¢μ¤μ·μ¤. �¡μ§´ Î¥´¨Ö ±¨¸²μÉ: 1 Å ³¨·¨¸É¨´μ¢ Ö; 2 Å ¸É¥ ·¨´μ¢ Ö; 3 Å

μ²¥¨´μ¢ Ö. ‘²¥¢  £· Ë¨±¨ ¤²Ö Í¨¸¨§μ³¥·´μ° Ëμ·³Ò, ¸¶· ¢  Å ¤²Ö É· ´¸¨§μ³¥·´μ°
Ëμ·³Ò
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�¨¸. 4. ”�� ¤²Ö ¶ ·  Éμ³μ¢ ¤¥± ²¨´  ¨ · ¸É¢μ·¥´´μ° ±¨¸²μÉÒ ¡¥§ ÊÎ¥É  ¨§μ³¥·¨¨:
  Å Ê£²¥·μ¤ ¤¥± ²¨´  Ä Ê£²¥·μ¤ ±¨¸²μÉÒ; ¡ Å Ê£²¥·μ¤ ¤¥± ²¨´  Ä ¢μ¤μ·μ¤ ±¨¸²μÉÒ;
¢ Å ¢μ¤μ·μ¤ ¤¥± ²¨´  Ä Ê£²¥·μ¤ ±¨¸²μÉÒ; £ Å ¢μ¤μ·μ¤ ¤¥± ²¨´  Ä ¢μ¤μ·μ¤ ±¨¸²μÉÒ.
�¡μ§´ Î¥´¨Ö ±¨¸²μÉ: 1 Å ³¨·¨¸É¨´μ¢ Ö; 2 Å ¸É¥ ·¨´μ¢ Ö; 3 Å μ²¥¨´μ¢ Ö

´ Ö ¢ [3]. �·¥¤¥²Ó´Ò° ¶ ·Í¨ ²Ó´Ò° ³μ²Ó´Ò° μ¡Ñ¥³ · ¸É¢μ·¥´´μ° ³μ²¥±Ê²Ò
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° · §´¨ÍÊ ³¥¦¤Ê μ¡Ñ¥³ ³¨ ¶·¥¤¥²Ó´μ£μ · ¸É¢μ·  V ¨ Î¨-
¸Éμ£μ · ¸É¢μ·¨É¥²Ö:

V
∞

= V − NVS , (4)

£¤¥ N Å ±μ²¨Î¥¸É¢μ ³μ²¥±Ê² · ¸É¢μ·¨É¥²Ö,   VS Å μ¡Ñ¥³ μ¤´μ° ³μ²¥±Ê²Ò
· ¸É¢μ·¨É¥²Ö. …¸²¨ μ¡μ§´ Î¨ÉÓ Î¥·¥§ λ · ¸¸ÉμÖ´¨¥, ´  ±μÉμ·μ³ ”�� ¤²Ö Î¨-
¸Éμ£μ · ¸É¢μ·  ´¥ μÉ²¨Î ¥É¸Ö μÉ  ´ ²μ£¨Î´ÒÌ ËÊ´±Í¨° ¢ · ¸É¢μ·¥, É. ¥. · ¸-
¸ÉμÖ´¨¥, ´  ±μÉμ·μ³ ³μ²¥±Ê²  · ¸É¢μ·¥´´μ£μ ¢¥Ð¥¸É¢  ¶¥·¥¸É ¥É ¨¸± ¦ ÉÓ
¸É·Ê±ÉÊ·Ê · ¸É¢μ·¨É¥²Ö ¢μ±·Ê£ ´¥¥, Éμ

V
∞

=

λ∫
|r|=0

g(r̄) dr̄ − NλVS , (5)
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£¤¥
λ∫

|r|=0

g(r̄) dr̄ Å ¨´É¥£· ² ”�� ¶μ μ¡² ¸É¨ §´ Î¥´¨° · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê

 Éμ³ ³¨ · ¸É¢μ·¥´´μ° ³μ²¥±Ê²Ò ¨  Éμ³ ³¨ ³μ²¥±Ê² · ¸É¢μ·¨É¥²Ö ³¥´ÓÏ¥ λ;
Nλ Å Î¨¸²μ ³μ²¥±Ê² · ¸É¢μ·¨É¥²Ö ¢ Ê± § ´´μ° μ¡² ¸É¨. �¸É ²Ó´ Ö Î ¸ÉÓ

μ¡Ñ¥³  · ¸É¢μ·  V −
λ∫

|r|=0

g(r̄) dr̄ § ¶μ²´¥´  N−Nλ-³μ²¥±Ê² ³¨ · ¸É¢μ·¨É¥²Ö,

¶μÔÉμ³Ê

VS =

⎛
⎜⎝V −

λ∫
|r|=0

g(r̄) dr̄

⎞
⎟⎠

/
(N − Nλ). (6)

ˆ§ μ¶·¥¤¥²¥´¨Ö ”�� ¨³¥¥³

Nλ =
N

V

λ∫
|r|=0

g(r̄) dr̄. (7)

’μ£¤  Ëμ·³Ê²  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¶·¥¤¥²Ó´μ£μ ¶ ·Í¨ ²Ó´μ£μ ³μ²Ó´μ£μ μ¡Ñ¥³ 
· ¸É¢μ·¥´´μ° ³μ²¥±Ê²Ò ¸ ÊÎ¥Éμ³ ¨§μÉ·μ¶¨¨ · ¸É¢μ·  ¶·¨´¨³ ¥É ¢¨¤

V
∞

=

⎛
⎜⎝

λ∫
|r|=0

4πr2[1 − g(r)] dr

⎞
⎟⎠

/ ⎛
⎜⎝1 − 1

V

λ∫
|r|=0

4πr2 g(r) dr

⎞
⎟⎠ . (8)

”��  Éμ³μ¢ Ê£²¥·μ¤  ¢ Î¨¸Éμ³ ¤¥± ²¨´¥ ¨ ¤²Ö ¶ ·Ò Ê£²¥·μ¤ ±¨¸²μÉÒ Ä
Ê£²¥·μ¤ ¤¥± ²¨´  ¢ · ¸É¢μ·¥ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5. •μ·μÏμ ¢¨¤´μ ¨§
£· Ë¨± , ÎÉμ ´ Î¨´ Ö c 18 	A ”�� ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÉ, ÔÉμ Ê± §Ò¢ ¥É

�¨¸. 5. ”�� ³¥¦¤Ê  Éμ³ ³¨ Ê£²¥·μ¤  ¢ Î¨¸Éμ³ ¤¥± ²¨´¥ (1) ¨  Éμ³ ³¨ Ê£²¥·μ¤  ¸É¥ -
·¨´μ¢μ° ±¨¸²μÉÒ ¨ ¤¥± ²¨´  ¢ · ¸É¢μ·¥ (2)
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ μÉ §´ Î¥´¨Ö ¶ · ³¥É·  λ ¶·¥¤¥²Ó´μ£μ ¶ ·Í¨ ²Ó´μ£μ μ¡Ñ¥³  ±¨-
¸²μÉ, ¢ÒÎ¨¸²¥´´μ£μ ¶μ g(r) ¤²Ö · §²¨Î´ÒÌ ¶ ·  Éμ³ ±¨¸²μÉÒ Ä  Éμ³ ¤¥± ²¨´ : 1 Å
³¨·¨¸É¨´μ¢μ°; 2 Å ¸É¥ ·¨´μ¢μ°; 3 Å μ²¥¨´μ¢μ°

´  μÉ¸ÊÉ¸É¢¨¥ ¢²¨Ö´¨Ö ³μ²¥±Ê²Ò ±¨¸²μÉÒ ´  ¸É·Ê±ÉÊ·Ê · ¸É¢μ·¨É¥²Ö ¢ ÔÉμ°
μ¡² ¸É¨.

„²Ö μ¶·¥¤¥²¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ μ¡Ñ¥³μ¢ ³μ²¥±Ê² ±¨¸²μÉ ´  ·¨¸. 6 ¶μ¸É·μ-
¥´Ò § ¢¨¸¨³μ¸É¨ V

∞
(λ) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ”�� ¢¸¥Ì ¶ ·  Éμ³ ±¨¸²μÉÒ Ä  Éμ³

· ¸É¢μ·¨É¥²Ö (CÄC, CÄH, HÄ‘, HÄH).

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·¥¤¥²Ó´ÒÌ ¶ ·Í¨ ²Ó´ÒÌ ³μ²Ó´ÒÌ μ¡Ñ¥³μ¢ ¦¨·-
´ÒÌ ±¨¸²μÉ ¢ ¤¥± ²¨´¥ (VD) ¨ ¨Ì ¸· ¢´¥´¨¥ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ §´ Î¥´¨Ö³¨ ¤²Ö
¡¥´§μ²  (VB) ¨§ · ¡μÉÒ [3]

Š¨¸²μÉ 
‡´ Î¥´¨¥ ¶μ ± ¦¤μ° ¨§ ¶ ·

 Éμ³ ±¨¸²μÉÒ Ä  Éμ³
· ¸É¢μ·¨É¥²Ö, 	A3

VD, 	A3 VB , 	A3 ΔV , 	A3

Œ¨·¨¸É¨´μ¢ Ö

CÄC 410

412 ± 2 370 ± 9 42
CÄH 413
HÄC 411
HÄH 415

�²¥¨´μ¢ Ö

CÄC 556

547 ± 7 460 ± 12 87
CÄH 545
HÄC 546
HÄH 540

‘É¥ ·¨´μ¢ Ö

CÄC 508

502 ± 5 454 ± 7 48
CÄH 504
HÄC 500
HÄH 497
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‚¨¤´μ, ÎÉμ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¶ · ³¥É·  λ ¶·¥¤¥²Ó´Ò° ¶ ·Í¨ ²Ó´Ò° ³μ²Ó-
´Ò° μ¡Ñ¥³ ± ¦¤μ° ¨§ ±¨¸²μÉ, ´¥§ ¢¨¸¨³μ μÉ ¢Ò¡μ·  ¶ ·Ò  Éμ³ ±¨¸²μÉÒ Å
 Éμ³ · ¸É¢μ·¨É¥²Ö, ¸É·¥³¨É¸Ö ± ¸¢μ¥³Ê  ¸¨³¶ÉμÉ¨Î¥¸±μ³Ê §´ Î¥´¨Õ. �¥§Ê²Ó-
É ÉÒ Ê¸·¥¤´¥´¨Ö §´ Î¥´¨° μ¡Ñ¥³μ¢ ¨ ¨Ì ¸· ¢´¥´¨¥ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ §´ -
Î¥´¨Ö³¨ ¤²Ö ¡¥´§μ²  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

„²Ö ´ ¸ÒÐ¥´´ÒÌ ³¨·¨¸É¨´μ¢μ° ¨ ¸É¥ ·¨´μ¢μ° ±¨¸²μÉ ¶μ²ÊÎ¥´´Ò¥ ¢ ´ -
¸ÉμÖÐ¥° · ¡μÉ¥ §´ Î¥´¨Ö ¶·¥¤¥²Ó´ÒÌ ³μ²Ó´ÒÌ μ¡Ñ¥³μ¢ ¡μ²ÓÏ¥ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨Ì §´ Î¥´¨° ¤²Ö ¡¥´§μ²  (¢ É ¡². 2: ΔV = VD−VB Å  ¡¸μ²ÕÉ´μ¥ ¨§-
³¥´¥´¨¥ μ¡Ñ¥³ ). �¤´ ±μ, ± ± ¨ ¢ ¸²ÊÎ ¥ ¡¥´§μ² , μÉ´μÏ¥´¨¥ μ¡Ñ¥³μ¢ ¤¢ÊÌ
²¨´¥°´ÒÌ ±¨¸²μÉ V

∞
M

/
V

∞
S ≈ 0,8 ¸μ¢¶ ¤ ¥É ¸ μÉ´μÏ¥´¨¥³ ¤²¨´ ³μ²¥±Ê²,

· ¸¸Î¨É ´´ÒÌ ¶μ Ëμ·³Ê²¥ ’ ´Ëμ·¤  [17], É. ¥. ¤²Ö ´ ¸ÒÐ¥´´ÒÌ ±¨¸²μÉ ¢ ¤¥-
± ²¨´¥ ¨³¥¥³ μ¤´μ·μ¤´μ¥ Ê¢¥²¨Î¥´¨¥ μ¡Ñ¥³  ¶μ ¸· ¢´¥´¨Õ ¸ ¡¥´§μ²μ³ ¨§-§ 
Ê¢¥²¨Î¥´¨Ö ¤²¨´Ò ³μ²¥±Ê²Ò · ¸É¢μ·¨É¥²Ö. � §´¨Í  ¢ · §³¥· Ì ³μ²¥±Ê² · ¸-
É¢μ·¨É¥²Ö ¶·μÖ¢²Ö¥É¸Ö ¨ ¢ ¨Ì μ·£ ´¨§ Í¨¨ ¢μ±·Ê£ ´¥´ ¸ÒÐ¥´´μ° μ²¥¨´μ¢μ°
±¨¸²μÉÒ ¸ ¨§²μ³μ³ ¢ Í¥´É·¥. ‡¤¥¸Ó, ¢ μÉ²¨Î¨¥ μÉ ¡¥´§μ² , ¨³¥¥³ § ³¥É´μ¥
(V

∞
O

/
V

∞
S ≈ 1,1) ¶·¥¢ÒÏ¥´¨¥ μ¡Ñ¥³  ´ ¤ μ¡Ñ¥³μ³ ¥¥ ´ ¸ÒÐ¥´´μ£μ  ´ ²μ£  Å

¸É¥ ·¨´μ¢μ° ±¨¸²μÉÒ. �μ-¢¨¤¨³μ³Ê, ¡�o²ÓÏ¨¥ ³μ²¥±Ê²Ò ¤¥± ²¨´  ´¥ ³μ£ÊÉ
¸ Éμ° ¦¥ ¶²μÉ´μ¸ÉÓÕ § ¶μ²´ÖÉÓ ¶Ê¸ÉμÉÊ ¢μ ¢´ÊÉ·¥´´¥° μ¡² ¸É¨ ¨§²μ³ , ÎÉμ
¶·¨¢μ¤¨É ± ÔËË¥±É¨¢´μ³Ê Ê¢¥²¨Î¥´¨Õ Ê¤¥²Ó´μ£μ μ¡Ñ¥³ .

’ ±¨³ μ¡· §μ³, ¶·¨ · §³¥·¥ ³μ²¥±Ê² · ¸É¢μ·¨É¥²Ö, ¸· ¢´¨³μ³ ¸ ²¨´¥°-
´Ò³ · §³¥·μ³ ±¨¸²μÉÒ, ¨ ´ ·ÊÏ¥´¨¨ ¥¥ ²¨´¥°´μ£μ ¸É·μ¥´¨Ö (´ ²¨Î¨¥ ´¥´ -
¸ÒÐ¥´´μ° ¸¢Ö§¨) ¶·μÖ¢²Ö¥É¸Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¥¥ ¶·¥¤¥²Ó´μ£μ ¶ ·Í¨ ²Ó´μ£μ
μ¡Ñ¥³  ± μ·£ ´¨§ Í¨¨ · ¸É¢μ·¨É¥²Ö ´  £· ´¨Í¥ ¸ · ¸É¢μ·¥´´μ° ±¨¸²μÉμ°.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ -
Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° (�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ )
§  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¶·¨ ¶·μ¢¥¤¥´¨¨ · ¸Î¥Éμ¢ ±μ³¶ÓÕÉ¥·´μ£μ ±² -
¸É¥·  Í¥´É· ²Ó´μ£μ ¨´Ëμ·³ Í¨μ´´μ-¢ÒÎ¨¸²¨É¥²Ó´μ£μ ±μ³¶²¥±¸  (–ˆ‚Š).
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