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ŠÊ±²¨´ �.ˆ. ¨ ¤·. P13-2008-199
“¸É ´μ¢±  ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö
´  ³ ²μÊ£²μ¢μ³ ¸¶¥±É·μ³¥É·¥ �Œ�

� §· ¡μÉ ´ , ¸μ§¤ ´  ¨ Ê¸É ´μ¢²¥´  ´  ³ ²μÊ£²μ¢μ³ ¸¶¥±É·μ³¥É·¥ �Œ�  ¢-
Éμ³ É¨§¨·μ¢ ´´ Ö Ê¸É ´μ¢±  ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö, ¸¶μ¸μ¡´ Ö
¸μ§¤ ¢ ÉÓ ¤ ¢²¥´¨¥ ¤μ 4000 ¡ ·. �·¨¢¥¤¥´Ò ¸Ì¥³ , μ¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ, ±μ´-
¸É·Ê±Í¨μ´´Ò¥ μ¸μ¡¥´´μ¸É¨ Ê¸É·μ°¸É¢ . �¶¨¸ ´  ³¥Éμ¤¨±  § ¶μ²´¥´¨Ö μ¡· §Í ,
Õ¸É¨·μ¢±¨ ¨ · ¡μÉÒ ¸ Ê¸É ´μ¢±μ° ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö. �μ²ÊÎ¥´Ò ±·¨¢Ò¥ · ¸-
¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  ²¨¶¨¤´ÒÌ ³¥³¡· ´ Ì ¨ ³¨Í¥²²Ö·´ÒÌ μ¡Ñ¥±É Ì. �¡· §ÍÒ
¡Ò²¨ ¶μ³¥Ð¥´Ò ¢ ± ³¥·Ê ¤ ¢²¥´¨Ö, ¶μ¤¸μ¥¤¨´¥´´ÊÕ ± μ¶¨¸Ò¢ ¥³μ° Ê¸É ´μ¢±¥.
„²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥´Ò ±·¨¢Ò¥ · ¸¸¥Ö´¨Ö μÉ ²¨¶¨¤´ÒÌ ³¥³¡· ´, ¶μ³¥Ð¥´´ÒÌ
¢ ±¢ ·Í¥¢Ò¥ ±Õ¢¥ÉÒ ®Hellma¯ ¨ ¢ ± ³¥·Ê ¤ ¢²¥´¨Ö.

�¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¢²¨Ö´¨Õ ¤ ¢²¥´¨Ö ´  ²¨¶¨¤´Ò¥ ³¥³¡· ´Ò ¨ ³¨-
Í¥²²Ö·´Ò¥ μ¡Ñ¥±ÉÒ ¶μ± § ²¨ ¢Ò¸μ±ÊÕ ´ ¤¥¦´μ¸ÉÓ ± ³¥·Ò ¢Ò¸μ±μ£μ £¨¤·μ¸É -
É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö ¨ ¥¥ ¶μ²´ÊÕ  ¤¥±¢ É´μ¸ÉÓ ³¥Éμ¤Ê ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö
´¥°É·μ´μ¢.

� ¡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¡´ , 2008

Kuklin A. I. et al. P13-2008-199
The Hydrostatic High Pressure Setup for the Small Angle Neutron
Spectrometer YuMO

The automated hydrostatic high pressure setup was designed, constructed and
installed at the small angle neutron spectrometer YuMO (Dubna, JINR). It can
produce pressure up to 4000 bar. The scheme, basic elements and structural features
of this device are presented. The procedure of ˇlling pressure chamber with the
sample, its positioning in the neutron beam was described. The neutron scattering
curves of lipids and micelles objects were obtained. The samples were placed in
a high pressure chamber connected to the described setup. The comparison of
scattering curves for lipids in the Hellma cells and in the special pressure cell at
p = 1 atm was performed. The ˇrst experiments on in	uence of pressure on lipid
membranes and micelles objects showed high ˇdelity of the high hydrostatic pressure
chamber and its full adequacy to small angle neutron scattering.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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‚ ¶μ¸²¥¤´¨¥ £μ¤Ò  ±Í¥´É ¨¸¸²¥¤μ¢ ´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥°É·μ´´μ£μ ¨
·¥´É£¥´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ¢¸¥ ¡μ²ÓÏ¥ ¸³¥Ð ¥É¸Ö ¢ ¸Éμ·μ´Ê ¨§ÊÎ¥´¨Ö ¶·μÍ¥¸-
¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¶·¨ · §²¨Î´ÒÌ ¢¨¤ Ì ¢´¥Ï´¥£μ ¢μ§¤¥°¸É¢¨Ö (É¥³¶¥· ÉÊ· ,
¤ ¢²¥´¨¥, μ¡²ÊÎ¥´¨¥ ¸¢¥Éμ³ ¨ É. ¶.). �¸μ¡Ò° ¨´É¥·¥¸ Ê ¨¸¸²¥¤μ¢ É¥²¥° ¢Ò§Ò-
¢ ¥É ¨§ÊÎ¥´¨¥ ¨§³¥´¥´¨° ¨ ¶·μÍ¥¸¸μ¢, ¸¢Ö§ ´´ÒÌ ¸ ¢²¨Ö´¨¥³ ¤ ¢²¥´¨Ö [1Ä4].
ˆ¸¸²¥¤μ¢ ´¨¥ · ¸É¢μ·μ¢ ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´ÒÌ ¢¥Ð¥¸É¢, ¡¨μ²μ£¨Î¥¸±¨Ì ¨
³μ¤¥²Ó´ÒÌ ²¨¶¨¤´ÒÌ ³¥³¡· ´ ¶·μ¢μ¤¨É¸Ö ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ±¨Ì ¤ -
¢²¥´¨ÖÌ (¢ ¸· ¢´¥´¨¨ ¸ É¢¥·¤Ò³ É¥²μ³, ´ ¶·¨³¥·) Å ¤μ ´¥¸±μ²Ó±¨Ì ±¡ ·.
�μÔÉμ³Ê ¢±²ÕÎ¥´¨¥ ¤ ¢²¥´¨Ö ³¥´Ö¥É ¶·¥¤¸É ¢²¥´¨¥ μ ¸É ¢Ï¨Ì Ê¦¥ ±² ¸¸¨Î¥-
¸±¨³¨ ³¥Éμ¤ Ì [5]. ‚Ò¸μ± Ö ¶·μ´¨± ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ ´¥°É·μ´μ¢ ¨ £ ³³ -
²ÊÎ¥° ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö É ±μ£μ É¨¶  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ± ³¥·
¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö.

ˆ´É¥·¥¸´Ò¥ ¨ ³´μ£μμ¡¥Ð ÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ ¤ ²¨ ¶¥·¢Ò¥ μ¶ÒÉÒ ¨¸¶μ²Ó-
§μ¢ ´¨Ö ± ³¥·Ò ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö ´  Ê¸É ´μ¢±¥ ³ ²μ-
Ê£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  ·¥ ±Éμ·¥ ˆ
�-2 (· ¡μÉÒ ¸ ³¨Í¥²²Ö·´Ò³
· ¸É¢μ·μ³ TDMAO [3]). 
Ò² μ¡´ ·Ê¦¥´ Ë §μ¢Ò° ¸É·Ê±ÉÊ·´Ò° ¶¥·¥Ìμ¤ ¢
¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ· ³¥¦¤Ê 287 ¨ 325 Š. ‘ Ê¢¥²¨Î¥´¨¥³ ¤ ¢²¥´¨Ö ±·¨É¨-
Î¥¸± Ö É¥³¶¥· ÉÊ·  ¢μ§· ¸É ¥É: dTm/dP � 0,31◦ M� −1. �·¨ ´¨§±¨Ì ¤ -
¢²¥´¨ÖÌ μ¡· §ÊÕÉ¸Ö Í¨²¨´¤·¨Î¥¸±¨¥ ³¨Í¥²²Ò ¸ · ¤¨Ê¸μ³ 1,94 ´³. Š ³¥· 
¤ ¢²¥´¨Ö ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ¡Ò²  ¢Ò¶μ²´¥´  ¨§ TiZr-¸¶² ¢  ¸ ´Ê²¥¢μ°
³ É·¨Í¥° ¨ · ¡μÉ ²  ¶μ ¶·¨´Í¨¶Ê ¶μ·Ï¥´ÓÄÍ¨²¨´¤·. „ ¢²¥´¨¥ ¸μ§¤ ¢ ²μ¸Ó
¶·¥¸¸μ³, ¶μ§¢μ²ÖÕÐ¨³ §  ¸Î¥É μÉ´μÏ¥´¨° ¶²μÐ ¤¥° ¤μ¸É¨ÎÓ ¢Ò¸μ±¨Ì ¤ -
¢²¥´¨°. Š ³¥·  ¡Ò²  · ¸¸Î¨É ´  ´  ¤ ¢²¥´¨Ö ¤μ 10 ±¡ · ¨ É¥³¶¥· ÉÊ·Ò μÉ
10 ¤μ 80 ◦‘ [6]. �±¸¶¥·¨³¥´ÉÒ, μ¸ÊÐ¥¸É¢²¥´´Ò¥ ¸ TiZr-± ³¥·μ°, ¶μ§¢μ²¨²¨
±μ´±·¥É¨§¨·μ¢ ÉÓ É·¥¡μ¢ ´¨Ö ± Ê¸É ´μ¢±¥ ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¨, ¢ Î ¸É´μ¸É¨,
μ¶·¥¤¥²¨ÉÓ¸Ö ¸ ´¥μ¡Ìμ¤¨³Ò³ · ¡μÎ¨³ ¤¨ ¶ §μ´μ³ ¤ ¢²¥´¨° [3]. ’¥Ì´¨Î¥¸±¨
¸²μ¦´μ¥ ¨¸¶μ²´¥´¨¥ ± ³¥·Ò ¨ ¡μ²ÓÏ¨¥ É·Ê¤´μ¸É¨ ¢  ¢Éμ³ É¨§ Í¨¨ ¶μ± § ²¨
´¥μ¡Ìμ¤¨³μ¸ÉÓ Ê¶·μÐ¥´¨Ö ¨ ¸É ´¤ ·É¨§ Í¨¨ Ê¸É ´μ¢±¨. �Éμ ¶·¨¢¥²μ ± ¸μ§¤ -
´¨Õ ¨ ¨¸¶μ²Ó§μ¢ ´¨Õ ± ³¥· ¤ ¢²¥´¨Ö ¦¨¤±μ¸É´μ£μ É¨¶ ,   ¶·μ¢¥¤¥´´ Ö ´ 
¸¶¥±É·μ³¥É·¥ �Œ� ³μ¤¥·´¨§ Í¨Ö Ê¸É ´μ¢±¨ [7Ä9] ¶μ§¢μ²¨²  ²¥£±μ ¢±²ÕÎ ÉÓ
¨ ±μ´É·μ²¨·μ¢ ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò¥ Ê¸É·μ°¸É¢ .

1



1. ��ˆ‘��ˆ… “‘’���‚Šˆ

“¸É ´μ¢±  ¶μ ¸μ§¤ ´¨Õ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö (¤μ 4 ±¡ ·)
¨§£μÉμ¢²¥´  ´  μ¸´μ¢¥ ³¥Ì ´¨Î¥¸±¨Ì ±μ³¶μ´¥´É Ë¨·³Ò SITEC (˜¢¥°Í ·¨Ö).
‘Ì¥³  Ê¸É ´μ¢±¨ ¶·¨¢¥¤¥´  ´  ·¨¸. 1. �¸´μ¢´Ò³¨ ±μ³¶μ´¥´É ³¨ Ê¸É ´μ¢±¨
Ö¢²ÖÕÉ¸Ö: ·ÊÎ´μ° ¶·¥¸¸, ¤μ¶μ²´¨É¥²Ó´ Ö ¥³±μ¸ÉÓ ¤²Ö ¦¨¤±μ¸É¨, ³ ´μ³¥É·,
¢¥´É¨²¨ ¨ ¸μ¥¤¨´¨É¥²Ó´Ò¥ É·Ê¡±¨. “¶²μÉ´¥´¨¥ ·¥ ²¨§Ê¥É¸Ö ¶μ ±μ´Ê¸Ê (¸É ´-
¤ ·É Œ16× 1,5). �¡Ñ¥³ ´ ¸μ¸  Å 7,5 ³², μ¡Ð¨° μ¡Ñ¥³ (¡¥§ ± ³¥·Ò ¤ ¢²¥´¨Ö
¤μ ¢¥´É¨²Ö, ¡²¨¦ °Ï¥£μ ± ´¥°) Å ¶·¨³¥·´μ 26 ³². „ ¢²¥´¨¥ Ê¸É ´ ¢²¨¢ ¥É¸Ö
´  Ê¤ ²¥´¨¨ ¶μ¸·¥¤¸É¢μ³ Ï £μ¢μ£μ ¤¢¨£ É¥²Ö. � ¡²Õ¤¥´¨¥ §  ¸μ¸ÉμÖ´¨¥³ ¤ -
¢²¥´¨Ö ¢¥¤¥É¸Ö ¸ ¶μ³μÐÓÕ ³ ´μ³¥É· , ´  ±μÉμ·Ò° ´ ¶· ¢²¥´  ¢¨¤¥μ± ³¥· .
’ ±¨³ μ¡· §μ³, ¸³¥´  ¨ ±μ´É·μ²Ó ¤ ¢²¥´¨Ö ¢¥¤ÊÉ¸Ö ¢¨§Ê ²Ó´μ ¸ Ê¤ ²¥´´μ£μ
É¥·³¨´ ² . ’ ±μ° ¶μ¤Ìμ¤ ¶μ§¢μ²¨² ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨ÉÓ Î¨¸²μ Ô±¸¶¥·¨³¥´-
Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö ´  ³ ²μÊ£²μ¢μ°
Ê¸É ´μ¢±¥. ‚ ¤ ²Ó´¥°Ï¥³ ¶² ´¨·Ê¥É¸Ö Ê¸É ´μ¢¨ÉÓ ¤ ÉÎ¨± ¤ ¢²¥´¨Ö, ÎÉμ ¶μ-
§¢μ²¨É ¸¤¥² ÉÓ ¸¨¸É¥³Ê ¸ μ¡· É´μ° ¸¢Ö§ÓÕ.

‚¨¤ Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö, ¢±²ÕÎ¥´´μ° ¢ ¸É ´¤ ·É´ÊÕ ¸Ì¥³Ê ¨§-
³¥·¥´¨° ´  ¸¶¥±É·μ³¥É·¥ �Œ�, ¶μ± § ´ ´  ·¨¸. 2. „²Ö É¥¸É  ¨ ¶·μ¢¥·±¨
Ê¸É ´μ¢±¨ ¡Ò²  ¨§£μÉμ¢²¥´  ± ³¥·  ¤ ¢²¥´¨Ö, ¶μÌμ¦ Ö ¶μ Ê¸É·μ°¸É¢Ê ´  ± -
³¥·Ê ¶·μË. �. ‚¨´É¥·  (Ê´¨¢¥·¸¨É¥É £. „μ·É³Ê´¤ , ƒ¥·³ ´¨Ö) (¸³. Fig. 1(d)
· ¡μÉÒ [2]). Š ³¥·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ²Ò° Í¨²¨´¤·, ¸ μ¤´μ° ¸Éμ·μ´Ò
¨³¥ÕÐ¨° ³¥É ²²¨Î¥¸±ÊÕ § £²ÊÏ±Ê ¶μ É¨¶Ê ±μ´Ê¸ ,   ¸ ¤·Ê£μ° Å É¥Ë²μ´μ¢Ò°
¸¥¶ · Éμ·, · §¤¥²ÖÕÐ¨° ¢´ÊÉ·¥´´ÕÕ Î ¸ÉÓ ± ³¥·Ò ¸ μ¡· §Íμ³ ¨ · ¡μÎÊÕ

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ ¨ ± ³¥·Ò ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö
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�¨¸. 2. �¡Ð¨° ¢¨¤ Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö. ‚¨¤´Ò ·ÊÎ´μ°
¶·¥¸¸, ³ ´μ³¥É·, ¢¥´É¨²¨, ¸μ¥¤¨´¨É¥²Ó´Ò¥ É·Ê¡±¨ ¨ ± ³¥·  ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥-
¸±μ£μ ¤ ¢²¥´¨Ö

¦¨¤±μ¸ÉÓ, ±μÉμ· Ö ¶¥·¥¤ ¥É ¤ ¢²¥´¨¥ μÉ ´ ¸μ¸  ± μ¡· §ÍÊ. ‚ ± Î¥¸É¢¥ · ¡μ-
Î¥° ¦¨¤±μ¸É¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤¨¸É¨²²¨·μ¢ ´´ Ö ¢μ¤ . …¥ ¢Ò¡μ· μ¡Ê¸²μ¢²¥´
³ ²μ° ¸¦¨³ ¥³μ¸ÉÓÕ. 
Ò²  ¶·μ¢¥¤¥´  ¶·μ¢¥·±  · ¡μÉÒ ³ ´μ³¥É·  Ê¸É ´μ¢±¨
¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö. ‘ ÔÉμ° Í¥²ÓÕ ± ´¨¦´¥° Î ¸É¨ ± ³¥·Ò ¡Ò² ¶μ¤¸μ¥¤¨´¥´
¤μ¶μ²´¨É¥²Ó´Ò° ³ ´μ³¥É· ±² ¸¸  ÉμÎ´μ¸É¨ 1,5. �·μ¢¥¤¥´´ Ö ¶·μ¢¥·±  ¶μ± -
§ ²  ¸μ¢¶ ¤¥´¨¥ ¶μ± § ´¨° ¤ ¢²¥´¨Ö ³ ´μ³¥É·  Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö
¨ ±μ´É·μ²Ó´μ£μ ³ ´μ³¥É·  ¢ ¤¨ ¶ §μ´¥ ¤ ¢²¥´¨° ¤μ 1600  É³.

�¨¸. 3. Š ³¥·  ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö (¸²¥¢ ), É¥·³μ¤ ÉÎ¨± (¶² É¨´μ¢μ¥
¸μ¶·μÉ¨¢²¥´¨¥ Pt100) ¨ É¥·³μ¸É É
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„²Ö Ê³¥´ÓÏ¥´¨Ö ¢±² ¤  ¢ · ¸¸¥Ö´¨¥ μÉ ¸É¥´μ± ± ³¥·Ò ¡Ò²μ ¨§£μÉμ¢²¥´μ
± ¤³¨¥¢μ¥ ±μ²ÓÍμ ¸ ¤¢Ê³Ö μÉ¢¥·¸É¨Ö³¨.

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  ³μ¤¥·´¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¥ �Œ� ¢ ¤¢ÊÌ¤¥-
É¥±Éμ·´μ³ ¢ ·¨ ´É¥ [7, 8], ¤¥É¥±Éμ·Ò ´ Ìμ¤¨²¨¸Ó ´  · ¸¸ÉμÖ´¨¨ 5,18 ¨ 12,96 ³
μÉ μ¡· §Í . ˆ¸¶μ²Ó§μ¢ ´´Ò° ¤¨ ¶ §μ´ ¤²¨´ ¢μ²´ Å μÉ 0,7 ¤μ 6 �A. �¸É¨·μ¢± 
± ³¥·Ò μÉ´μ¸¨É¥²Ó´μ ¶ÊÎ±  ¶·μ¢μ¤¨² ¸Ó ¢¨§Ê ²Ó´μ, ¶μ ² §¥·´μ³Ê ²ÊÎÊ. ‹ -
§¥· Ê¸É ´μ¢²¥´ ´  ¤¨¸±¥ Õ¸É¨·Ê¥³μ£μ ±μ²²¨³ Éμ·  [9]. ’¥³¶¥· ÉÊ·´Ò° ·¥-
¦¨³ § ¤ ¢ ²¸Ö ¶·μÉμ±μ³ ¦¨¤±μ¸É¨ μÉ É¥·³μ¸É É  ®Lauda¯ ± ¢´ÊÉ·¥´´¥° Î ¸É¨
± ³¥·Ò (¸³. Fig. 1(d) · ¡μÉÒ [2]). Šμ´É·μ²Ó μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶μ³μÐÓÕ ¶² É¨-
´μ¢μ£μ ¸μ¶·μÉ¨¢²¥´¨Ö ¸ £· ¤Ê¨·μ¢±μ° Pt100, · §³¥Ð¥´´μ° ´  ±μ·¶Ê¸¥ ± ³¥·Ò
¤ ¢²¥´¨Ö (·¨¸. 3). 
μ²ÓÏμ° μ¡Ñ¥³ ± ³¥·Ò ¶μ§¢μ²Ö¥É ´ ¤¥ÖÉÓ¸Ö ´  μÉ¸ÊÉ¸É¢¨¥
£· ¤¨¥´Éμ¢ ¨ ¤μ¸É ÉμÎ´μ ¡Ò¸É·μ¥ ¶·μ£·¥¢ ´¨¥ (μÌ² ¦¤¥´¨¥) μ¡· §Í .

„²Ö ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ ¨ ¶·μ¢¥·±¨ μ¡· §Í  ¶μ¸²¥ § ¢¥·Ï¥´¨Ö Ô±¸¶¥-
·¨³¥´É  ¶·μ¢μ¤¨²¨¸Ó ¤μ¶μ²´¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö, ¢ ±μÉμ·ÒÌ · ¸É¢μ·Ò ¶μ³¥-
Ð ²¨¸Ó ¢ ±¢ ·Í¥¢Ò¥ ±Õ¢¥ÉÒ ®Hellma¯ ¸ ¢´ÊÉ·¥´´¥° Éμ²Ð¨´μ° 1 ¨ 2 ³³.

�¸´μ¢´Ò¥ É¥Ì´¨Î¥¸±¨¥ ¶ · ³¥É·Ò Ê¸É ´μ¢±¨ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.
�¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö ´ 

¸¶¥±É·μ³¥É·¥ �Œ�

’¥Ì´¨Î¥¸±¨° ¶ · ³¥É· ‡´ Î¥´¨¥ �·¨³¥Î ´¨¥

„ ¢²¥´¨¥, ¡ · 0Ä4000 Œ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ¥ ¤²Ö
¸ ³μ° Ê¸É ´μ¢±¨, ¨¸±²ÕÎ Ö
± ³¥·Ê ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö

’μÎ´μ¸ÉÓ, % 2,5Ä10 ‡ ¢¨¸¨É μÉ ¤ ¢²¥´¨Ö

’¥³¶¥· ÉÊ· , ◦‘ 0Ä130 �¶·¥¤¥²Ö¥É¸Ö ¨¸¶μ²Ó§Ê¥³μ°
± ³¥·μ° ¤ ¢²¥´¨Ö

� ¡μÎ¨° μ¡Ñ¥³ 4 — ¸ÉÓ μ¡· §Í  É¥·Ö¥É¸Ö
± ³¥·Ò, ³² ¶·¨ § ¶μ²´¥´¨¨

� ¡μÎ¨° μ¡Ñ¥³ 7,5 Å
´ ¸μ¸ , ³²

�¡Ð¨° μ¡Ñ¥³, ³² 26 „μ ¢¥´É¨²Ö ¶¥·¥¤
± ³¥·μ° ¤ ¢²¥´¨Ö

‘É ´¤ ·É ¸μ¥¤¨´¥´¨° Œ16× 1,5 Šμ´Ê¸ ¸μ£² ¸´μ ¸É ´¤ ·É ³
SITEC

Šμ´É·μ²Ó §  0Ä4000 ‚¨§Ê ²Ó´μ ¸ ¶μ³μÐÓÕ
¤ ¢²¥´¨¥³, ¡ · ¢¨¤¥μ± ³¥·Ò ¶μ ³ ´μ³¥É·Ê,

· ¸¶μ²μ¦¥´´μ³Ê
´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ ´ ¸μ¸ 

ˆ§³¥´¥´¨¥ ¤ ¢²¥´¨Ö, ¡ · 0Ä4000 ‚ μ±´¥ ¸É ´¤ ·É´μ° ¶·μ£· ³³Ò
Ê¶· ¢²¥´¨Ö ¸¶¥±É·μ³¥É·μ³
¸ Ê¤ ²¥´´μ£μ É¥·³¨´ ² 
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2. �…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

�¥·¢Ò¥ É¥¸ÉÒ Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö, ¶·μ¢¥¤¥´-
´Ò¥ ´  ¸¶¥±É·μ³¥É·¥ �Œ�, ¶μ± § ²¨ ¥¥ ¢Ò¸μ±ÊÕ ´ ¤¥¦´μ¸ÉÓ ¨ · ¡μÉμ¸¶μ-
¸μ¡´μ¸ÉÓ. 
Ò²  μÉ· ¡μÉ ´  ¶·μÍ¥¤Ê·  μ¡¥§£ ¦¨¢ ´¨Ö £¨¤·μ¸É É¨Î¥¸±μ£μ ´μ-
¸¨É¥²Ö, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ³μ¦´μ ¶·μ¢μ¤¨ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¸ ¸ÊÐ¥¸É¢ÊÕÐ¥° ± -
³¥·μ° ¢ É¥Î¥´¨¥ 3 Î ¶·¨ ¤ ¢²¥´¨¨ ¤μ 1,5 ±¡ ·. �·¨ ¡μ²ÓÏ¨Ì ¤ ¢²¥´¨ÖÌ Ô±¸¶¥-
·¨³¥´ÉÒ ´¥ ¶·μ¢μ¤¨²¨¸Ó ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ± ³¥·Ò ¤ ¢²¥´¨Ö.
’μÎ´μ¸ÉÓ § ¤ ´¨Ö ¤ ¢²¥´¨Ö ¢ ¶μ²Ê ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¸μ¸É ¢²Ö¥É μÉ 2,5
¤μ 10% ¢ ¨¸¶μ²Ó§Ê¥³μ³ ¤¨ ¶ §μ´¥. �É· ¡μÉ ´  ³¥Éμ¤¨±  § ¶μ²´¥´¨Ö ± ³¥·Ò
¤ ¢²¥´¨Ö μ¡· §Íμ³, Õ¸É¨·μ¢±¨ ± ³¥·Ò μÉ´μ¸¨É¥²Ó´μ ¶ÊÎ±  ´¥°É·μ´μ¢, ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¨ ¨ μ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·μ¢ ¶·¨ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É .

’¥¸Éμ¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ, ¶·μ¢¥¤¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸É ´μ¢±¨ ¢Ò¸μ-
±μ£μ ¤ ¢²¥´¨Ö ¨ μ¶¨¸ ´´μ° ¢ÒÏ¥ ± ³¥·Ò, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4. ˆ§ · ¸-
¸³μÉ·¥´¨Ö £· Ë¨±  ¸²¥¤Ê¥É, ÎÉμ ´ ±²μ´ ±·¨¢ÒÌ · ¸¸¥Ö´¨Ö μÉ ³´μ£μ¸²μ°´ÒÌ
²¨¶¨¤´ÒÌ ¡¨¸²μ¥¢ DMPC ¢ ±¢ ·Í¥¢μ° ±Õ¢¥É¥ ®Hellma¯ ¨ ¢ ± ³¥·¥ ¤ ¢²¥-
´¨Ö ¸μ¢¶ ¤ ¥É, ÎÉμ Ê± §Ò¢ ¥É ´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö É ±μ° ± ³¥·Ò
¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ²¨¶¨¤´ÒÌ ³¥³¡· ´. ˆ§ μÉ´μÏ¥´¨Ö ±·¨¢ÒÌ (·¨¸. 4) ¶μ²Ê-
Î¥´  ÔËË¥±É¨¢´ Ö Éμ²Ð¨´  ± ³¥·Ò. �  ·¨¸. 5 ¶·¨¢¥¤¥´Ò ±·¨¢Ò¥ · ¸¸¥Ö´¨Ö ¢
 ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í Ì, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔËË¥±É¨¢´μ° Éμ²Ð¨´Ò
± ³¥·Ò, μÉ±Ê¤  ¸²¥¤Ê¥É, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ´¥
¢´μ¸¨É ´¥±μ´É·μ²¨·Ê¥³μ¥ ¤μ¶μ²´¨É¥²Ó´μ¥ · ¸¸¥Ö´¨¥ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ´¥
É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ° ±μ··¥±Í¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢.

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ln(Iq2)μÉ q2 (¶μ¸É·μ¥´¨¥ ƒ¨´Ó¥ ¤²Ö ¶²μ¸±¨Ì μ¡Ñ¥±Éμ¢),
¶μ²ÊÎ¥´´ Ö ¢ Ô±¸¶¥·¨³¥´É¥ · ¸¸¥Ö´¨Ö ´  ²¨¶¨¤´ÒÌ ³¥³¡· ´ Ì. � ±²μ´ μ¶·¥¤¥²Ö¥É
Éμ²Ð¨´Ê ³¥³¡· ´Ò
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�¨¸. 5. ’¥¸Éμ¢Ò¥ ¨§³¥·¥´¨Ö DMPC. Š·¨¢ Ö p = 0 ¡ · ¶μ²ÊÎ¥´  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
±¢ ·Í¥¢μ° ±Õ¢¥ÉÒ, p = 200−900 ¡ · Å ¸ ± ³¥·μ° ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö

�¨¸. 6. Š·¨¢Ò¥ · ¸¸¥Ö´¨Ö, ¶·¥¤¸É ¢²¥´´Ò¥ ¢  ¡¸μ²ÕÉ´μ° Ï± ²¥ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö
± ± ËÊ´±Í¨Ö ¢¥±Éμ·  · ¸¸¥Ö´¨Ö ¤²Ö ³¨Í¥²²Ö·´μ£μ · ¸É¢μ·  TTAB (±μ´Í¥´É· Í¨Ö
25 ³³μ²Ó), ¨§³¥·¥´´Ò¥ §  10 ³¨´ ¢ ±¢ ·Í¥¢μ° ±Õ¢¥É¥ ¨ ¢ ± ³¥·¥ ¤ ¢²¥´¨Ö

ˆ§ÊÎ¥´¨¥ ¢²¨Ö´¨Ö ¤ ¢²¥´¨Ö ¸¢Ö§ ´μ, ¶·¥¦¤¥ ¢¸¥£μ, ¸ Ë §μ¢Ò³¨ ¶¥·¥Ìμ-
¤ ³¨ ¨²¨ ¡Ò¸É·Ò³¨ ¸É·Ê±ÉÊ·´Ò³¨ ¨§³¥´¥´¨Ö³¨ μ¡· §Í , ÎÉμ ´ ±² ¤Ò¢ ¥É ¸Ê-
Ð¥¸É¢¥´´Ò¥ μ£· ´¨Î¥´¨Ö ´  ¢·¥³Ö Ô±¸¶¥·¨³¥´É . �  ·¨¸. 6 ¶·¥¤¸É ¢²¥´  ±·¨-
¢ Ö · ¸¸¥Ö´¨Ö μÉ ³¨Í¥²²Ö·´μ£μ · ¸É¢μ·  ± É¨μ´´μ£μ ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´μ£μ
¢¥Ð¥¸É¢  ’’�‚r (É¥É· ¤¥Í¨² É·¨³¥É¨²  ³³μ´¨° ¡·μ³¨¤) ¢  ¡¸μ²ÕÉ´ÒÌ ¥¤¨-
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´¨Í Ì ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö, ¶μ²ÊÎ¥´´ Ö ¸ 10-³¨´ÊÉ´μ° Ô±¸¶μ§¨Í¨¥°. ’ ±μ¥ ±μ-
·μÉ±μ¥ ¢·¥³Ö ¨§³¥·¥´¨Ö ¤μ¸É ÉμÎ´μ ¤²Ö ¤ ´´μ£μ μ¡· §Í . �´μ ¤μ¸É¨£´ÊÉμ
¡² £μ¤ ·Ö ¢Ò¸μ±μ³Ê ±μÔËË¨Í¨¥´ÉÊ ¶·μ¶Ê¸± ´¨Ö ± ³¥·Ò ¤ ¢²¥´¨Ö, ¡μ²ÓÏ¨³
¶μÉμ± ³ ´¥°É·μ´μ¢ ´  4-³ ± ´ ²¥ ·¥ ±Éμ·  ˆ
�-2 [10] ¨ μ¸μ¡¥´´μ¸ÉÖ³ ¸¶¥±-
É·μ³¥É·  �Œ� [11]. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥-
¸±μ£μ ¤ ¢²¥´¨Ö ¤²Ö ³¨Í¥²²Ö·´μ° ¸¨¸É¥³Ò ’’�Br ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò Ë §μ¢Ò¥
¶¥·¥Ìμ¤Ò ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ É¥³¶¥· ÉÊ·, ¤ ¢²¥´¨° ¨ ±μ´Í¥´É· Í¨°. �μ± -
§ ´μ ¸μ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¦¨¤±μ° ¨ É¢¥·¤μ° Ë § [12].

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´´ Ö, ¸±μ´¸É·Ê¨·μ¢ ´´ Ö ¨ Ê¸É ´μ¢²¥´´ Ö ´  4-³ ± ´ ²¥ ·¥-
 ±Éμ·  ˆ
�-2 (¸¶¥±É·μ³¥É· �Œ�) Ê¸É ´μ¢±  ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ
¤ ¢²¥´¨Ö ´ Î ²  Ê¸¶¥Ï´μ · ¡μÉ ÉÓ ¢ 2000 £μ¤Ê. ‘·¥¤¸É¢   ¢Éμ³ É¨§ Í¨¨,
¶μ§¢μ²ÖÕÐ¨¥ Ê¶· ¢²ÖÉÓ ¥Õ ¸ Ê¤ ²¥´´μ£μ É¥·³¨´ ² , ¸ÊÐ¥¸É¢¥´´μ Ê¶·μ¸É¨²¨
Ô±¸¶¥·¨³¥´É ¨ ¸μ±· É¨²¨ ¢·¥³Ö ´  ¥£μ ¶·μ¢¥¤¥´¨¥. “¦¥ ¶¥·¢Ò¥ ¶μ²ÊÎ¥´´Ò¥
¤ ´´Ò¥ μ ¸É·Ê±ÉÊ·¥ ²¨¶¨¤´ÒÌ ³¥³¡· ´ ¨ ³¨Í¥²²Ö·´ÒÌ · ¸É¢μ·μ¢ ¶μ§¢μ²ÖÕÉ
£μ¢μ·¨ÉÓ, ÎÉμ ·¥§Ê²ÓÉ ÉÒ, ±μÉμ·Ò¥ ¡Ê¤ÊÉ ¶μ²ÊÎ¥´Ò ¸ ¶μ³μÐÓÕ ´¥°É·μ´´μ£μ
· ¸¸¥Ö´¨Ö ¨ ¸ ¶·¨³¥´¥´¨¥³ ¢Ò¸μ±μ£μ £¨¤·μ¸É É¨Î¥¸±μ£μ ¤ ¢²¥´¨Ö, ¤ ¤ÊÉ ´μ-
¢ÊÕ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ¢¥Ð¥¸É¢  ¨ Ë §μ¢ÒÌ ¶¥·¥Ìμ¤ Ì ¢ ¶μ²¨³¥·´ÒÌ,
¡¨μ²μ£¨Î¥¸±¨Ì ¨ ±μ²²μ¨¤´ÒÌ μ¡Ñ¥±É Ì.

‚μ§³μ¦´μ ¶μ¤±²ÕÎ¥´¨¥ ± Ê¸É ´μ¢±¥ ²Õ¡ÒÌ ± ³¥· ¤ ¢²¥´¨Ö, Ê¤μ¢²¥É¢μ·Ö-
ÕÐ¨Ì É·¥¡μ¢ ´¨Ö³ ³ ²μÊ£²μ¢μ£μ Ô±¸¶¥·¨³¥´É  ¨ ¨³¥ÕÐ¨Ì ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
· §Ñ¥³ ¤²Ö ¶μ¤¸μ¥¤¨´¥´¨Ö.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ¶·μË. �. ‚¨´É¥·  §  ¶·¥¤μ¸É ¢²¥´´Ò° μ¡· §¥Í ± ³¥·Ò
¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö, ±μ²²¥£ §  ¶μ³μÐÓ ¢ ¸μ§¤ ´¨¨ Ê¸É ´μ¢±¨ ¢Ò¸μ±μ£μ ¤ ¢²¥-
´¨Ö, §  ±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö ¨ ÎÉ¥´¨¥ Î¥·´μ¢¨±  ¸É ÉÓ¨.
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