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‘É·Ê±ÉÊ·  ³¨Í¥²² Ìμ² É  ´ É·¨Ö

•μ² É ´ É·¨Ö Ö¢²Ö¥É¸Ö ¸μ²ÓÕ ¦¥²Î´μ° ±¨¸²μÉÒ ¨ ¶·¨³¥´Ö¥É¸Ö ± ± ¡¨μ²μ£¨-
Î¥¸±¨° ¤¥É¥·£¥´É. ‘³¥Ï ´´Ò¥ ¸¨¸É¥³Ò Ëμ¸Ëμ²¨¶¨¤/Ìμ² É ´ É·¨Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö
¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸  ¸ ³μ¸¡μ·±¨ ³¨Í¥²² ¨ μ¡· §μ¢ ´¨Ö ³¨Í¥²²Ö·´ÒÌ ¸¨¸-
É¥³. Œ¨Í¥²²Ò, ¸μ¸ÉμÖÐ¨¥ ¨§ ¸³¥¸¨ Ëμ¸Ëμ²¨¶¨¤/Ìμ² É ´ É·¨Ö, ¢Ò¸ÉÊ¶ ÕÉ ¶¥·¥-
´μ¸Î¨± ³¨ ²¥± ·¸É¢ Î¥·¥§ ±μ¦Ê. ‚ · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´  ¸É·Ê±ÉÊ·  ³¨Í¥²² Ìμ² É 
´ É·¨Ö ³¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢. “¸É ´μ¢²¥´μ, ÎÉμ ¸·¥¤´¨°
· ¤¨Ê¸ ³¨Í¥²² Ìμ² É  ´ É·¨Ö ¸μ¸É ¢²Ö¥É (10,14 ± 0,01) �A ¢ ¨´É¥·¢ ²¥ ±μ´Í¥´É-
· Í¨° Ìμ² É  ´ É·¨Ö μÉ 25 ¤μ 100 ³³μ²Ó.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2016

Maslova V.A., Kiselev M. A. P3-2016-81
The Structure of Sodium Cholate Micelles

Sodium cholate is a bile acid salt and is used as a biological detergent. The mixed
systems of sodium phospholipid/cholate are used to study the self-assembly process
of the formation of micelles and micellar systems. Micelles composed of a mixture
of a phospholipid/sodium cholate are used as carriers of drugs through the skin.
We have studied the structure of micelles of sodium cholate by small-angle neutron
scattering. It was established that the average radius of sodium cholate micelles was
(10.14 ± 0.01) �A in the sodium cholate concentration range from 25 to 100 mM.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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ˆ¸¸²¥¤μ¢ ´¨Ö ³¨Í¥²²Ö·´ÒÌ ¸¨¸É¥³ ¨´É¥·¥¸´Ò ¤²Ö ¶μ´¨³ ´¨Ö ¶·μÍ¥¸¸ 
¸ ³μ¸¡μ·±¨ ´ ¤³μ²¥±Ê²Ö·´ÒÌ  £·¥£ Éμ¢ ¨ ¶·¥¦¤¥ ¢¸¥£μ ¤²Ö · §· ¡μÉ±¨ ´μ-
¢ÒÌ É¥Ì´μ²μ£¨° ¸μ§¤ ´¨Ö É· ´¸¶μ·É´ÒÌ ¸¨¸É¥³ ¤²Ö ²¥± ·¸É¢. �¸μ¡Ò° ¨´É¥·¥¸
¶·¥¤¸É ¢²ÖÕÉ ¸¨¸É¥³Ò ´  μ¸´μ¢¥ ¸μ²¥° ¦¥²Î´ÒÌ ±¨¸²μÉ, ±μÉμ·Ò¥ ¸¶μ¸μ¡´Ò
± ± ¸μ²Õ¡¨²¨§¨·μ¢ ÉÓ ¢μ¤μ´¥· ¸É¢μ·¨³Ò¥ ²¥± ·¸É¢¥´´Ò¥ ¢¥Ð¥¸É¢  ¢ ³¨Í¥²-
²Ö·´μ° Ëμ·³¥, É ± ¨ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ μ¡· §μ¢Ò¢ ÉÓ ¸³¥Ï ´´Ò¥
¢¥§¨±Ê²Ò Ëμ¸Ëμ²¨¶¨¤/¸μ²Ó ¦¥²Î´μ° ±¨¸²μÉÒ, ±μÉμ·Ò¥ ¸μ²Õ¡¨²¨§¨·ÊÕÉ ¢μ-
¤μ´¥· ¸É¢μ·¨³Ò¥ ¨ ¢μ¤μ· ¸É¢μ·¨³Ò¥ ³μ²¥±Ê²Ò ²¥± ·¸É¢  [1Ä4].

‘μ²Ó ¦¥²Î´μ° ±¨¸²μÉÒ Å Ìμ² É ´ É·¨Ö (C24H39NaO5) (·¨¸. 1) Å Ö¢²Ö¥É¸Ö
¡¨μ²μ£¨Î¥¸±¨³ ¨μ´´Ò³ ¤¥É¥·£¥´Éμ³, ¶·¨³¥´Ö¥³Ò³ ¶·¨ ·¥±μ´¸É·Ê±Í¨¨ ³¥³-
¡· ´´ÒÌ ¡¥²±μ¢,   É ±¦¥ ¤²Ö ¸μ§¤ ´¨Ö ¢¥§¨±Ê²Ö·´ÒÌ ¶¥·¥´μ¸Î¨±μ¢ ²¥± ·¸É¢
Î¥·¥§ ±μ¦Ê [1, 2]. ’¥³¶¥· ÉÊ·μÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸³¥Ï ´´Ò¥ ¸¨¸É¥³Ò Ëμ¸Ëμ-
²¨¶¨¤/Ìμ² É ´ É·¨Ö μÎ¥´Ó Ê¤μ¡´Ò ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢ ¸ ³μ¸¡μ·±¨
²¨¶¨¤´μ£μ ¡¨¸²μÖ ¨ μ¡· §μ¢ ´¨Ö ¢¥§¨±Ê²Ö·´ÒÌ ¸¨¸É¥³. �·¨ ¨§³¥´¥´¨¨ É¥³-
¶¥· ÉÊ·Ò É ±¨Ì ¸¨¸É¥³ ¢ μ¤´μ³ μ¡· §Í¥ ³μ¦´μ ´ ¡²Õ¤ ÉÓ ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸ÉÓ ³μ·Ëμ²μ£¨Î¥¸±¨Ì ¶·¥μ¡· §μ¢ ´¨° ³¨Í¥²²Ö·´ÒÌ ¸¨¸É¥³ ¢ ¢¥§¨±Ê²Ö·-
´Ò¥ ¨ μ¡· É´μ [1]. 	ËË¥±É¨¢´Ò³ ³¥Éμ¤μ³ ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ¨ ¸¢μ°¸É¢
¸³¥Ï ´´ÒÌ ¸¨¸É¥³ Ëμ¸Ëμ²¨¶¨¤/Ìμ² É ´ É·¨Ö Ö¢²Ö¥É¸Ö ³ ²μÊ£²μ¢μ¥ · ¸¸¥Ö´¨¥
´¥°É·μ´μ¢ [5]. ‚ ¦´Ò° ¢μ¶·μ¸ ¤²Ö ¨´É¥·¶·¥É Í¨¨ ·¥§Ê²ÓÉ Éμ¢ ÔÉ¨Ì ¨¸¸²¥-

O

C
HO

O Na� �

HO OH
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�¨¸. 2. „¨³¥· ³μ²¥±Ê²Ò Ìμ² É  ´ É·¨Ö

¤μ¢ ´¨° Å ¢μ¶·μ¸ μ ¸É·Ê±ÉÊ·¥ ¨ ¸¢μ°¸É¢ Ì ³¨Í¥²², ¸μ¸ÉμÖÐ¨Ì ¨§ ³μ²¥±Ê²
Ìμ² É  ´ É·¨Ö.

‚ ¶·¥¤Ò¤ÊÐ¨¥ £μ¤Ò ¡μ²ÓÏμ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö²μ¸Ó ¨¸¸²¥¤μ¢ ´¨Õ ¸É·Ê±ÉÊ·-
´ÒÌ ¶·¥μ¡· §μ¢ ´¨° ¢ ¸³¥Ï ´´ÒÌ ¤¢μ°´ÒÌ ¸¨¸É¥³ Ì ¸μ²Ó ¦¥²Î´μ° ±¨¸²μ-
ÉÒ/Ëμ¸Ëμ²¨¶¨¤ [3, 4, 6Ä12]. ‚ ÔÉ¨Ì · ¡μÉ Ì ¤¥² ²¸Ö  ±Í¥´É ´  ¸É·Ê±ÉÊ·Ê
 £·¥£ Éμ¢, ¶·¥¤Ï¥¸É¢ÊÕÐ¨Ì μ¡· §μ¢ ´¨Õ ²¨¶¨¤´μ£μ ¡¨¸²μÖ (¸ ³μ¸¡μ·±  ³¥³-
¡· ´Ò). ˆ¸¸²¥¤μ¢ ´¨Õ ¸É·Ê±ÉÊ·Ò ³¨Í¥²²Ö·´ÒÌ ¸¨¸É¥³, ¸μ¸ÉμÖÐ¨Ì Éμ²Ó±μ ¨§
Ìμ² É  ´ É·¨Ö, Ê¤¥²Ö²μ¸Ó ´¥¤μ¸É ÉμÎ´μ¥ ¢´¨³ ´¨¥. 	Éμ ¸¢Ö§ ´μ ¶·¥¦¤¥ ¢¸¥£μ
¸ ³ ²μ¸ÉÓÕ · §³¥·μ¢ É ±¨Ì ³¨Í¥²² ¨ ¸²μ¦´μ¸ÉÓÕ ´¥°É·μ´´μ£μ Ô±¸¶¥·¨³¥´É .


Ò²μ ¶·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ¸É·Ê±ÉÊ·Ò ³¨Í¥²² Ìμ² É  ´ É·¨Ö ¨ ¤¥§μ±-
¸¨Ìμ² É  ´ É·¨Ö ³¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ (Œ“��) [13].
�·¨ ÔÉμ³ ±μ´Í¥´É· Í¨Ö Ìμ² É  ´ É·¨Ö ¨ ¤¥§μ±¸¨Ìμ² É  ´ É·¨Ö ¸ÊÐ¥¸É¢¥´´μ
¶·¥¢ÒÏ ²  ŠŠŒ (±·¨É¨Î¥¸±ÊÕ ±μ´Í¥´É· Í¨Õ ³¨Í¥²²μμ¡· §μ¢ ´¨Ö) ¨ ¸μ¸É ¢-
²Ö²  100 ³³μ²Ó.

�¸´μ¢´Ò³ ·¥§Ê²ÓÉ Éμ³ · ¡μÉÒ [13] ¡Ò²μ μ¶·¥¤¥²¥´¨¥ ¸É·Ê±ÉÊ·Ò ³¨Í¥²²,
±μÉμ· Ö μ¡· §Ê¥É¸Ö ¶·¨ ¢Ò¸μ±μ° ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö ¨ ¤¥§μ±¸¨Ìμ-
² É  ´ É·¨Ö. 
Ò²μ ¶μ± § ´μ, ÎÉμ μ¸´μ¢´Ò³ Ô²¥³¥´Éμ³ ¸É·Ê±ÉÊ·Ò ³¨Í¥²²Ò
Ö¢²Ö¥É¸Ö ´¥ ³μ´μ³¥· ³μ²¥±Ê²Ò Ìμ² É  ´ É·¨Ö,   ¤¨³¥· ³μ²¥±Ê²Ò (·¨¸. 2) [13].

Œμ²¥±Ê²  Ìμ² É  ´ É·¨Ö, ¶μ ¤ ´´Ò³ [13], ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ¤¨³¥·μ¢
(·¨¸. 3). �¢Éμ·Ò · ¡μÉÒ [13] ¨¸Ìμ¤Ö ¨§ ³μ²¥±Ê²Ö·´μ° ¸É·Ê±ÉÊ·Ò ³μ²¥±Ê²Ò
Ìμ² É  ´ É·¨Ö ¶·¥¤¶μ² £ ²¨, ÎÉμ ¶·¨ ´¨§±¨Ì ±μ´Í¥´É· Í¨ÖÌ Ìμ² É  ´ É·¨Ö
(±μ´Í¥´É· Í¨ÖÌ, ¡²¨§±¨Ì ± ŠŠŒ) ¸É·Ê±ÉÊ·  ³¨Í¥²²Ò ¡Ê¤¥É ¤¨³¥·μ³ (¶¥·¢¨Î-
´ Ö ¸É·Ê±ÉÊ· ),   ¶·¨ ¶μ¢ÒÏ¥´¨¨ ±μ´Í¥´É· Í¨¨ ¤¨³¥·Ò ¡Ê¤ÊÉ  £·¥£¨·μ¢ ÉÓ ¨
μ¡· §μ¢Ò¢ ÉÓ ¸É·Ê±ÉÊ·Ê, ´ §¢ ´´ÊÕ ¢Éμ·¨Î´μ° ¨ ¨§μ¡· ¦¥´´ÊÕ ´  ·¨¸. 3.

�¡· §μ¢ ´¨¥ ¢Éμ·¨Î´μ° ¸É·Ê±ÉÊ·Ò ³¨Í¥²² ¸¢Ö§ ´μ ¸ μ¸μ¡¥´´μ¸ÉÖ³¨
¸É·Ê±ÉÊ·Ò ¸μ²¥° ¦¥²Î´ÒÌ ±¨¸²μÉ (¸³. ·¨¸. 1). Œμ²¥±Ê²  Ìμ² É  ´ É·¨Ö ¨³¥¥É
£¨¤·μËμ¡´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ ´  ¢Ò¶Ê±²μ° ¸Éμ·μ´¥ ¸É¥·μ¨¤´μ£μ ¸±¥²¥É  ¨ £¨-
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�¨¸. 3. ‘É·Ê±ÉÊ·  ³¨Í¥²² NaC ¶·¨ ±μ´Í¥´É· Í¨¨ 100 ³³μ²Ó. a = c = 8 �A, b = 18, 4 �A

¤·μË¨²Ó´ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ, ¸μ¸ÉμÖÐÊÕ ¨§ £¨¤·μ±¸¨²  ¨ ± ·¡μ±¸¨² É´ÒÌ £·Ê¶¶,
´  ¢μ£´ÊÉμ° ¸Éμ·μ´¥ ¸É¥·μ¨¤´μ£μ ¸±¥²¥É . ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê £¨¤·μËμ¡-
´Ò³¨ £· ´Ö³¨ ¶·¨¢μ¤¨É ± μ¡· §μ¢ ´¨Õ ¢Éμ·¨Î´μ° ¸É·Ê±ÉÊ·Ò ³¨Í¥²² [13].
Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¤¥°¸É¢ÊÕÉ ±μ·μÉ±μ¤¥°¸É¢ÊÕÐ¨¥
¸² ¡Ò¥ ¸¨²Ò ¶·¨ÉÖ¦¥´¨Ö ³¥¦¤Ê ¸μ¸¥¤´¨³¨ £¨¤·μËμ¡´Ò³¨ £· ´Ö³¨ Å ¸¨²Ò
‚ ´ ¤¥· ‚  ²Ó¸ . �·¨ÉÖ¦¥´¨¥ ¢μ§´¨± ¥É §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ¨´¤Ê-
Í¨·μ¢ ´´Ò³¨ ¤¨¶μ²Ö³¨ [14].

‚ · ¡μÉ¥ [13] ¨¸¸²¥¤μ¢ ²¨¸Ó Éμ²Ó±μ ¢Ò¸μ±¨¥ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö
(100 ³³μ²Ó), ¸³. ·¨¸. 3. ‚Ò¸μ±¨¥ ¶μÉμ±¨ Ê¸É ´μ¢±¨ �Œ� ´  ¨³¶Ê²Ó¸´μ³
·¥ ±Éμ·¥ ˆ
�-2 ¢ ¸μÎ¥É ´¨¨ ¸ ¨§³¥·¥´¨¥³ ¢¥²¨Î¨´Ò ¢¥±Éμ·  · ¸¸¥Ö´¨Ö ¶μ
³¥Éμ¤Ê ¢·¥³¥´¨ ¶·μ²¥É  ¶μ§¢μ²ÖÕÉ §  ±μ·μÉ±¨¥ ¢·¥³¥´  ¶·μ¢μ¤¨ÉÓ ´ ¡μ·
¸¶¥±É·μ¢ μÉ ³¨Í¥²²Ö·´ÒÌ ¸¨¸É¥³ Ìμ² É  ´ É·¨Ö ¶·¨ ¨Ì ´¨§±¨Ì ±μ´Í¥´É· Í¨ÖÌ
(25, 40, 50, 100 ³³μ²Ó).

�·¥¤¸É ¢²¥´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ¨¸¸²¥¤μ¢ ´¨Õ ¸É·Ê±ÉÊ·Ò ³¨Í¥²² Ìμ-
² É  ´ É·¨Ö ¶·¨ ´¨§±¨Ì ±μ´Í¥´É· Í¨ÖÌ, ¨¸±²ÕÎ ÕÐ¨Ì ³¥¦³¨Í¥²²Ö·´μ¥ ¢§ ¨-
³μ¤¥°¸É¢¨¥.

Œ�’…�ˆ�‹› ˆ Œ…’�„›

•μ² É ´ É·¨Ö, C24H39O5Na, 99,9 % Î¨¸ÉμÉÒ ¡Ò² ¶μ²ÊÎ¥´ μÉ Ë¨·³Ò
Serva. 
ÊË¥·´Ò° · ¸É¢μ· ´  μ¸´μ¢¥ D2O (·� 8,02) ¸μ¤¥·¦ ² 1 ³³μ²Ó EDTA,
75 ³³μ²Ó NaCl, 10 ³³μ²Ó ’·¨¸-HCl, 0,02 %  §¨¤  ´ É·¨Ö.

	±¸¶¥·¨³¥´É ¡Ò² ¢Ò¶μ²´¥´ ´  ³ ²μÊ£²μ¢μ° Ê¸É ´μ¢±¥ �Œ� ¨³¶Ê²Ó¸´μ£μ
·¥ ±Éμ·  ˆ
�-2 ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ 
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�¨¸. 4. ‘Ì¥³  ³ ²μÊ£²μ¢μ£μ Ô±¸¶¥·¨³¥´É 

Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ) [15]. ‘Ì¥³  ³ ²μÊ£²μ¢μ£μ Ô±¸¶¥·¨³¥´É  ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 4. � ¤ ÕÐ¨° ¶ÊÎμ± ´¥°É·μ´μ¢ ¨´É¥´¸¨¢´μ¸ÉÓÕ I0 · ¸¸¥¨¢ -
¥É¸Ö ´  μ¡· §Í¥ ´  Ê£μ² 2Θ. ˆ´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´´μ£μ ¶ÊÎ±  I(q) ·¥£¨¸É·¨-
·Ê¥É¸Ö ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò³ ¤¥É¥±Éμ·μ³. �μ·³¨·μ¢±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¢ ´ ¤¨¥¢Ò³ ¸É ´¤ ·Éμ³. �¡· §ÍÒ ¸ · §²¨Î´Ò³¨ ±μ´Í¥´É· Í¨Ö³¨ § ²¨¢ ²¨¸Ó
¢ · §´Ò¥ ±Õ¢¥ÉÒ (Éμ²Ð¨´μ° 2 ³³), ¶μ¸²¥ Î¥£μ ¶μ³¥Ð ²¨¸Ó ¢ ¸¶¥Í¨ ²Ó´Ò¥
¤¥·¦ É¥²¨. � ¡μ· ¸¶¥±É·μ¢ ¶·μ¨¸Ìμ¤¨² ¶·¨ É·¥Ì ¶μ²μ¦¥´¨ÖÌ ¤¥É¥±Éμ· , ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸¸ÉμÖ´¨Ö³ μ¡· §¥ÍÄ¤¥É¥±Éμ· Lsd = 2, 6, 8 ³. ’¥³¶¥· ÉÊ· 
μ¡· §Í  ¸μ¸É ¢²Ö²  20 ◦C.

	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ μ¡· ¡ ÉÒ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò SANS
View. � ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¶μ ³μ¤¥²¨ μ¤´μ·μ¤´μ° ¸Ë¥·Ò, ¢ ±μÉμ·μ° ³ ±·μ-
¸±μ¶¨Î¥¸±μ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö μ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³ [5]

dΣ
dΩ

(q) =
Scale

V

[
3V Δρ [sin (qR) − qR cos (qR)]

(qR)3

]2

+ Bg. (1)

‡¤¥¸Ó Scale = nV , n Å ±μ²¨Î¥¸É¢μ ³¨Í¥²² ¢ 1 ¸³3, V Å μ¡Ñ¥³ ³¨Í¥²²Ò;
R Å · ¤¨Ê¸ ¸Ë¥·¨Î¥¸±μ° ³¨Í¥²²Ò; Bg Å Ê·μ¢¥´Ó ´¥±μ£¥·¥´É´μ£μ Ëμ´ ,  
Δρ = (ρD2O−ρNaC) Å ±μ´É· ¸É ³¥¦¤Ê ÉÖ¦¥²μ° ¢μ¤μ° ¨ ³¨Í¥²²μ°, £¤¥ ρD2O Å
¶²μÉ´μ¸ÉÓ ¤²¨´Ò · ¸¸¥Ö´¨Ö D2O, ρNaC Å ¸·¥¤´ÖÖ ¶²μÉ´μ¸ÉÓ ¤²¨´Ò · ¸¸¥Ö´¨Ö
´¥°É·μ´  ³¨Í¥²²μ° Ìμ² É  ´ É·¨Ö (NaC); q Å ¢¥±Éμ· · ¸¸¥Ö´¨Ö:

q =
4π sin θ

λ
, (2)

|q| = |k − k0| ; (3)

§¤¥¸Ó |q| Å ³μ¤Ê²Ó ¢¥±Éμ·  · ¸¸¥Ö´¨Ö, £¤¥ k ¨ k0 Å ¢μ²´μ¢μ° ¢¥±Éμ· · ¸-
¸¥Ö´´μ° ¢μ²´Ò ¨ ¢μ²´μ¢μ° ¢¥±Éμ· ¶ ¤ ÕÐ¥° ¢μ²´Ò ¸μμÉ¢¥É¸É¢¥´´μ:

k =
2π

λ
, (4)

£¤¥ λ Å ¤²¨´  ¢μ²´Ò ´¥°É·μ´ .
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Š·¨É¨Î¥¸± Ö ±μ´Í¥´É· Í¨Ö ³¨Í¥²²μμ¡· §μ¢ ´¨Ö (ŠŠŒ) ¤²Ö Ìμ² É  ´ É-
·¨Ö ¸μ¸É ¢²Ö¥É 13 ³³μ²Ó, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É 7,83 · 1018 NaC/¸³3 [13]. �·¨ ±μ´-
Í¥´É· Í¨¨ 100 ³³μ²Ó ¶μÖ¢²Ö¥É¸Ö ³¥¦³¨Í¥²²Ö·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, ±μÉμ·μ¥
³Ò ÊÎ¨ÉÒ¢ ¥³ ¶·¨ ¶μ³μÐ¨ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ¢ Ëμ·³¥ Hayter MSA Struc-
ture (¸¨¸É¥³  § ·Ö¦¥´´ÒÌ ¸Ë¥·¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢ ¢ ¤¨Ô²¥±É·¨Î¥¸±μ° ¸·¥¤¥).
	Éμ ¶μ§¢μ²Ö¥É ÊÎ¨ÉÒ¢ ÉÓ ÔËË¥±ÉÒ ³¥¦³¨Í¥²²Ö·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¢μ§´¨-
± ÕÐ¥£μ ¢ ¨¸¸²¥¤Ê¥³μ° ¸¨¸É¥³¥ ¶·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ ³¨Í¥²² Ìμ² É 
´ É·¨Ö. �£·¥£ Í¨μ´´μ¥ Î¨¸²μ ¤²Ö ³¨Í¥²²Ò Ìμ² É  ´ É·¨Ö · ¢´μ 8 [13].

�  μ¸´μ¢¥ ³μ¤¥²¨ μ¤´μ·μ¤´μ° ¸Ë¥·Ò ¸ ÊÎ¥Éμ³ ³¥¦³¨Í¥²²Ö·´μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö ¡Ò²¨ μ¶¨¸ ´Ò ¸¶¥±É·Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ¤²Ö
¸²¥¤ÊÕÐ¨Ì ±μ´Í¥´É· Í¨° Ìμ² É  ´ É·¨Ö: 25, 40, 50, 100 ³³μ²Ó ¶·¨ pH = 8,1
(É ¡². 1 ¨ 2). ‚ ´ Ï¨Ì · ¸Î¥É Ì ¶·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ³¨Í¥²²Ö·´ Ö ¸¨¸É¥³ 
³μ´μ¤¨¸¶¥·¸´ . “Î¥É ¶μ²¨¤¨¸¶¥·¸´μ¸É¨ (· ¸¶·¥¤¥²¥´¨¥ ³¨Í¥²² ¶μ · §³¥· ³)
³¨Í¥²²Ö·´μ° ¸¨¸É¥³Ò É·¥¡Ê¥É (¢¢¨¤Ê ³ ²μ¸É¨ · §³¥·μ¢ ³¨Í¥²²) ¡μ²¥¥ ÉÐ -
É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¢ ¨´É¥·¢ ²¥ ¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö, ¡μ²ÓÏ¨Ì 0,3 �A−1.

“Î¥É ¶μ²¨¤¨¸¶¥·¸´μ¸É¨ ³¨Í¥²²Ö·´μ° ¸¨¸É¥³Ò ¸ ¶μ³μÐÓÕ · ¸¶·¥¤¥²¥´¨Ö
ƒ Ê¸¸  ¶μ± § ², ÎÉμ ¶μ²¨¤¨¸¶¥·¸´μ¸ÉÓ · §³¥·  ³¨Í¥²²Ò ¶·¥´¥¡·¥¦¨³μ ³ ² 
(¸Ìμ¤¨É¸Ö ± ´Ê²Õ). �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É· (ÉμÎ±¨)
¨ · ¸Î¥É´ Ö ±·¨¢ Ö (¸¶²μÏ´ Ö ²¨´¨Ö) ¸ ÊÎ¥Éμ³ ¶μ²¨¤¨¸¶¥·¸´μ¸É¨ ¸¨¸É¥³Ò.
� ¸Î¥É´ Ö ±·¨¢ Ö Ìμ·μÏμ μ¶¨¸Ò¢ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É·, ± ± ¶μ± -
§ ´μ ´  ·¨¸. 6. � ¸Î¥É ¤ ¥É μ¤¨´ ±μ¢Ò° ·¥§Ê²ÓÉ É ¸ ÊÎ¥Éμ³ ¶μ²¨¤¨¸¶¥·¸´μ¸É¨
¨ ¡¥§ ´¥£μ. �μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¥³ ¶μ²¨¤¨¸¶¥·¸´μ¸ÉÓ ¸¨¸É¥³Ò ´¥ ÊÎ¨ÉÒ¢ ² ¸Ó.

„²Ö ¢¸¥Ì ±μ´Í¥´É· Í¨° ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¶μ μ¶¨¸ ´¨Õ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¸¶¥±É·μ¢ ´  μ¸´μ¢¥ Ëμ·³Ê²Ò (1). �μ²ÊÎ¥´´Ò¥ ¶ · ³¥É·Ò ³¨Í¥²²

’ ¡²¨Í  1. � · ³¥É·Ò ³¨Í¥²² Ìμ² É  ´ É·¨Ö ¢ μ¡² ¸É¨ ³ ²ÒÌ ±μ´Í¥´É· Í¨° ¶·¨
ρNaC = 5,24 · 10−17	A

−2

Šμ´Í¥´É· Í¨Ö,
Bg, ¸³−1 Scale R, �A χ2

³³μ²Ó

25 0,006(1) 0,00100(1) 11,92(3) 1,1

40 0,007(1) 0,00350(3) 10,14(1) 9,3

50 0,006(1) 0,00680(4) 9,68(1) 11,7

’ ¡²¨Í  2. � · ³¥É·Ò ³¨Í¥²² NaC ¶·¨ ±μ´Í¥´É· Í¨¨ 100 ³³μ²Ó, T = const =
293 Š

‡ ·Ö¤

„¨Ô²¥±É·¨-

R, �A
Šμ´Í¥´-
É· Í¨Ö
¸μ²¨

Scale χ2Bg, Î¥¸± Ö SldSph, �¡Ñ¥³´ Ö
¸³−1 ¶·μ´¨- �A−2 ¤μ²Ö

Í ¥³μ¸ÉÓ

0,0460(4) 7,2(5) 5,9(4) 11,50(1) 0,0092(5) 0,63(7) 0,258· 10−6 0,012(1) 1,6
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�¨¸. 5. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ¤²Ö ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö 25 ³³μ²Ó
¸ ÊÎ¥Éμ³ ¶μ²¨¤¨¸¶¥·¸´μ¸É¨ · §³¥·  ³¨Í¥²²Ò. ’μÎ±¨ Å Ô±¸¶¥·¨³¥´É, ¸¶²μÏ´ Ö ²¨-
´¨Ö Å · ¸Î¥É
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25 ммоль

�¨¸. 6. ‘¶¥±É·Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ (ÉμÎ±¨) ¨ · ¸Î¥É´Ò¥ ±·¨¢Ò¥ ¤²Ö
±μ´Í¥´É· Í¨° Ìμ² É  ´ É·¨Ö: 25, 40, 50, 100 ³³μ²Ó; T = 20 ◦C

¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1 ¨ 2. �¨¸Ê´μ± 6 ¨ χ2 ¢ É ¡². 1 ¨ 2 ¤¥³μ´¸É·¨·ÊÕÉ Ìμ-
·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨ · ¸Î¥É´μ° ±·¨¢ÒÌ.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´Ò ±·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö μÉ ³¨Í¥²²Ö·-
´ÒÌ ¸¨¸É¥³ Ìμ² É  ´ É·¨Ö ¶·¨ ±μ´Í¥´É· Í¨ÖÌ Ìμ² É  ´ É·¨Ö 25, 40, 50 ¨
100 ³³μ²Ó. ‡¤¥¸Ó ÉμÎ±¨ μ¡μ§´ Î ÕÉ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò° ¸¶¥±É·
³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ μÉ ³¨Í¥²²Ö·´μ° ¸¨¸É¥³Ò Ìμ² É  ´ É·¨Ö,  
²¨´¨¨ Å · ¸Î¥É´Ò¥ ±·¨¢Ò¥.
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�·¨ ±μ´Í¥´É· Í¨ÖÌ NaC 25 ¨ 40 ³³μ²Ó ³¥¦³¨Í¥²²Ö·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥
¸² ¡μ¥, ¨ ¥£μ ³μ¦´μ ´¥ ÊÎ¨ÉÒ¢ ÉÓ, ¶μÔÉμ³Ê ±·¨¢Ò¥ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö
Ëμ·³Ë ±Éμ·μ³ ³¨Í¥²²Ò. �·¨ 50 ³³μ²Ó ³¥¦³¨Í¥²²Ö·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥
´ Î¨´ ¥É ¶μÖ¢²ÖÉÓ¸Ö, ´μ ´¥ É·¥¡Ê¥É ¤¥É ²Ó´μ£μ μ¶¨¸ ´¨Ö ¨ ¢¢¥¤¥´¨Ö ¸É·Ê±-
ÉÊ·´μ£μ Ë ±Éμ· . �·¨ 100 ³³μ²Ó ¢§ ¨³μ¤¥°¸É¢¨¥ ¢Ò· ¦ ¥É¸Ö μÎ¥´Ó Ö¢´μ, ¨
¥£μ ¶·¨Ìμ¤¨É¸Ö μ¶¨¸Ò¢ ÉÓ, ¢¢μ¤Ö ¸É·Ê±ÉÊ·´Ò° Ë ±Éμ·. �  ·¨¸. 6 ¢¨¤´μ, ÎÉμ
¶·¨ ³ ²ÒÌ ±μ´Í¥´É· Í¨ÖÌ ±·¨¢ÊÕ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É ¸Ë¥·¨Î¥¸± Ö ³μ¤¥²Ó.

‡�Š‹
—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¡Ò²  ¨¸¸²¥¤μ¢ ´  ¸É·Ê±ÉÊ·  ³¨Í¥²² Ìμ² É  ´ É·¨Ö ¢
μ¡² ¸É¨ ³ ²ÒÌ ±μ´Í¥´É· Í¨° ³¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢.
‘¶¥±É·Ò μÉ μ¡· §Íμ¢ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ´  Ê¸É ´μ¢±¥ �Œ�. �¡· ¡μÉ±  ´¥°É·μ-
´μ£· ³³ ¶·μ¢μ¤¨² ¸Ó ¢ ¶·μ£· ³³¥ SansView ¢ ¶·¨¡²¨¦¥´¨¨ ³μ´μ¤¨¸¶¥·¸´μ°
¸Ë¥·¨Î¥¸±μ° ¸¨¸É¥³Ò.

“¸É ´μ¢²¥´μ, ÎÉμ ¸Ë¥·¨Î¥¸±μ¥ ¶·¨¡²¨¦¥´¨¥ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò-
¢ ¥É Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É·. � ¤¨Ê¸ ³¨Í¥²² ¸μ¸É ¢²Ö¥É (11,92 ± 0,02) �A
¶·¨ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö 25 ³³μ²Ó. �·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨
Ìμ² É  ´ É·¨Ö ¶·μ¨¸Ìμ¤¨É ´¥§´ Î¨É¥²Ó´μ¥ Ê³¥´ÓÏ¥´¨¥ · ¤¨Ê¸  ³¨Í¥²²Ò R:
R = (10,14 ± 0,01) �A ¶·¨ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö 40 ³³μ²Ó ¨ R = (9,68 ±
0,01) �A ¶·¨ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö 50 ³³μ²Ó. “Î¥É ¸É·Ê±ÉÊ·´μ£μ Ë ±-
Éμ·  ¶·¨ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö 100 ³³μ²Ó ¤ ¥É R = (11,50 ± 0,01) �A,
ÎÉμ ¤μ¸É ÉμÎ´μ ¡²¨§±μ ± §´ Î¥´¨Õ · ¤¨Ê¸  (11,90 ± 0,02) �A, ¶μ²ÊÎ¥´´μ³Ê
¶·¨ 25 ³³μ²Ó Ìμ² É  ´ É·¨Ö. “¢¥²¨Î¥´¨¥ ±μ´Í¥´É· Í¨¨ Ìμ² É  ´ É·¨Ö ´¥
¸μ¶·μ¢μ¦¤ ¥É¸Ö Ê¢¥²¨Î¥´¨¥³ · §³¥·  ³¨Í¥²². “¸·¥¤´¥´´μ¥ §´ Î¥´¨¥ · ¤¨Ê¸ 
¶μ ¢¸¥³ ±μ´Í¥´É· Í¨Ö³ ¸μ¸É ¢²Ö¥É 〈R〉 = 10,8 �A.

�¶·¥¤¥²¥´Ò ±μ´Í¥´É· Í¨¨, ¶·¨ ±μÉμ·ÒÌ ³¥¦³¨Í¥²²Ö·´μ¥ ¢§ ¨³μ¤¥°-
¸É¢¨¥ ¶·¥´¥¡·¥¦¨³μ ³ ²μ (25Ä40 ³³μ²Ó) ¨ ¸¶¥±É·Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö
¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ¸Ö ¡¥§ ¢¢¥¤¥´¨Ö ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· .

ˆ§ ·¥§Ê²ÓÉ Éμ¢ ¢¨¤´μ, ÎÉμ ¶·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ ¶μÖ¢²Ö¥É¸Ö ³¥¦-
³¨Í¥²²Ö·´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥, ¢ ±μÉμ·μ³ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¸É·Ê±ÉÊ·´Ò°
Ë ±Éμ·, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ Hayter MSA Structure.

‚ ¦´Ò³ ·¥§Ê²ÓÉ Éμ³ Ö¢²Ö¥É¸Ö ³μ´μ¤¨¸¶¥·¸´μ¸ÉÓ ³¨Í¥²²Ö·´μ° ¸¨¸É¥³Ò.
� ¡μÉ  Ë¨´ ´¸¨·μ¢ ² ¸Ó ��”, £· ´É 14-12-00516.
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