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Š ¢μ¶·μ¸Ê μ ³¥Ì ´¨§³¥ Ê¶· ¢²¥´¨Ö Ëμ·³μ° ¶μ· ¢ É·¥±μ¢ÒÌ ³¥³¡· ´ Ì:
¨¸¸²¥¤μ¢ ´¨¥ ¸μ¸ÉμÖ´¨Ö ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´ÒÌ ¢¥Ð¥¸É¢ ¢ · ¸É¢μ· Ì,
¶·¨³¥´Ö¥³ÒÌ ¶·¨ É· ¢²¥´¨¨ É·¥±μ¢

�μ¢¥·Ì´μ¸É´μ- ±É¨¢´Ò¥ ¢¥Ð¥¸É¢  (��‚) ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ É· ¢²¥´¨¨ É·¥±μ¢ÒÌ ³¥³-
¡· ´ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¶μ· μ¸μ¡μ° £¥μ³¥É·¨¨, ´ ¶·¨³¥·, c Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ³¥³¡· ´ ¶μ-
¢ÒÏ¥´´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨. „²Ö ¶μ´¨³ ´¨Ö ³¥Ì ´¨§³μ¢ ¢μ§¤¥°¸É¢¨Ö ��‚ ´  ¶·μÍ¥¸¸
É· ¢²¥´¨Ö É·¥±μ¢ ¢ ¦´μ §´ ÉÓ ¸μ¸ÉμÖ´¨¥ ³μ²¥±Ê² ��‚ ¢ · ¡μÎ¨Ì · ¸É¢μ· Ì, ¢ Î ¸É´μ¸É¨
§ ±μ´μ³¥·´μ¸É¨ ¨Ì  £·¥£ Í¨¨. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö
³¨Í¥²²μμ¡· §μ¢ ´¨Ö ¤μ¤¥Í¨²(¸Ê²ÓËμË¥´μ±¸¨)¡¥´§μ²¸Ê²ÓËμ´ É  ´ É·¨Ö ¨ ´μ´¨²¡¥´§μ²¤¥-
± ÔÉ¨²¥´μ±¸¨¤  ¢ ´¥°É· ²Ó´ÒÌ ¨ Ð¥²μÎ´ÒÌ · ¸É¢μ· Ì Ô²¥±É·μ²¨Éμ¢ · §²¨Î´ÒÌ ±μ´Í¥´-
É· Í¨°. ˆ§³¥·¥´¨Ö ¶·μ¢¥¤¥´Ò ³¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢. �μ± § ´μ, ÎÉμ
μ¡· §ÊÕÐ¨¥¸Ö ¢ · ¸É¢μ· Ì ³¨Í¥²²Ò ¨³¥ÕÉ Í¨²¨´¤·¨Î¥¸±ÊÕ (Ô²²¨¶¸μ¨¤ ²Ó´ÊÕ) Ëμ·³Ê.
�¶·¥¤¥²¥´Ò Ì · ±É¥·´Ò¥ · §³¥·Ò ³¨Í¥²² ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ ��‚ ¨ ¤μ-
¡ ¢²Ö¥³μ£μ Ô²¥±É·μ²¨É . �¡¸Ê¦¤ ¥É¸Ö ±μ··¥²ÖÍ¨Ö ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¸ £¥μ³¥É·¨¥° ¨
¤¨´ ³¨±μ° É· ¢²¥´¨Ö ®É·¥±μ¢ÒÌ¯ ´ ´μ¶μ· ¢ ��‚-¸μ¤¥·¦ Ð¨Ì · ¸É¢μ· Ì.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

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

Kovalev Yu. S. et al. �18-2008-164
Controlling the Pore Structure in Track Membranes: The Behavior
of Surface-active Substances in Track-Etching Solutions

Surfactants are used in track-membrane etching in order to obtain special pore geometries,
for instance, with the aim of manufacturing high-productivity membranes. To understand
how the surfactants affect the track etching process, it is necessary to know the behavior of
surfactant molecules in etching solutions. In particular, it is necessary to know how they
aggregate in track-etching solutions. We present here the results of our investigations of the
micelle formation for the dodecyl sulfophenoxy benzene sulfonate and nonyl benzene deca
ethyleneoxide (NBDEO) in neutral and alkaline solutions of electrolytes. The measurements
are performed using the method of Small-Angle Neutron Scattering (SANS). We found that
the micelles formed in etching solutions are cylindrical (elliptical) in shape. We also study
the in
uence of the surfactant concentration and of the type of added electrolytes on the
characteristic micelle sizes. We end the paper by discussing how the obtained data is related
to the geometry and dynamics of ®track¯ nanopores etching in surfactant-enhanced solutions.

The investigation has been performed at the Flerov Laboratory of Neutron Reactions,
JINR.
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’·¥±μ¢Ò¥ ³¥³¡· ´Ò (’Œ) μ¡² ¤ ÕÉ ·Ö¤μ³ Ê´¨± ²Ó´ÒÌ ¸¢μ°¸É¢, ¸·¥¤¨
±μÉμ·ÒÌ Å ¢Ò¸μ± Ö μ¤´μ·μ¤´μ¸ÉÓ ¶μ·, ³¥Ì ´¨Î¥¸± Ö ¶·μÎ´μ¸ÉÓ, Ì¨³¨Î¥¸± Ö
¸Éμ°±μ¸ÉÓ, ¢μ§³μ¦´μ¸ÉÓ ¢ ·Ó¨·μ¢ ´¨Ö ¢ Ï¨·μ±¨Ì ¶·¥¤¥² Ì ¤¨ ³¥É·  ¨ ¶²μÉ-
´μ¸É¨ ¶μ·. �É¨ ¨ ¤·Ê£¨¥ ± Î¥¸É¢  ’Œ ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ Ï¨·μ±μ ¨¸¶μ²Ó§μ¢ ÉÓ
¨Ì ¢ ´ Ê±¥ ¨ É¥Ì´¨±¥ ¢ ± Î¥¸É¢¥ ³μ¤¥²Ó´ÒÌ μ¡Ñ¥±Éμ¢, ¸μ¤¥·¦ Ð¨Ì ³ ¸¸¨¢ ¶μ·
¸ § ¤ ´´Ò³¨ ¶ · ³¥É· ³¨,   É ±¦¥ ¢ ´¥±μÉμ·ÒÌ ¶·μ³ÒÏ²¥´´ÒÌ ¶·μÍ¥¸¸ Ì,
É ±¨Ì ± ± μÎ¨¸É± , · §¤¥²¥´¨¥, ±μ´Í¥´É·¨·μ¢ ´¨¥ ¨ ¤·. [1].

Œ¥Ì ´¨§³Ò É· ¢²¥´¨Ö É·¥±  ¢ ¶·μÍ¥¸¸¥ Ì¨³¨Î¥¸±μ° μ¡· ¡μÉ±¨ μ¡²ÊÎ¥´-
´μ£μ ¨μ´ ³¨ ¶μ²¨³¥·  Ö¢²ÖÕÉ¸Ö ¶·¥¤³¥Éμ³ ¨¸¸²¥¤μ¢ ´¨°, ´ Í¥²¥´´ÒÌ ´ 
¸μ¢¥·Ï¥´¸É¢μ¢ ´¨¥ ¸¢μ°¸É¢ ’Œ ¨ · §¢¨É¨¥ ³¥Éμ¤μ¢ ¶μ²ÊÎ¥´¨Ö ´μ¢ÒÌ ´ ´μ- ¨
³¨±·μ¸É·Ê±ÉÊ·. ”μ·³  μ¡· §ÊÕÐ¥°¸Ö ®É·¥±μ¢μ°¯ ¶μ·Ò μ¶·¥¤¥²Ö¥É¸Ö ¢ μ¸´μ¢-
´μ³ ¤¢Ê³Ö ¢¥²¨Î¨´ ³¨ Å ¸±μ·μ¸ÉÓÕ É· ¢²¥´¨Ö ² É¥´É´μ£μ É·¥±  Î ¸É¨ÍÒ ¨
¸±μ·μ¸ÉÓÕ É· ¢²¥´¨Ö ´¥μ¡²ÊÎ¥´´μ£μ ¶μ²¨³¥·´μ£μ ³ É¥·¨ ² . ‚ § ¢¨¸¨³μ¸É¨
μÉ ¨Ì ¸μμÉ´μÏ¥´¨Ö μ¡· §ÊÕÐ¨¥¸Ö ¶·¨ É· ¢²¥´¨¨ ¶μ·Ò ¶·¨´¨³ ÕÉ · §²¨Î-
´ÊÕ Ëμ·³Ê Å Í¨²¨´¤· , ±μ´Ê¸ , ¶¥¸μÎ´ÒÌ Î ¸μ¢ ¨ ¤·. �  Ëμ·³Ê ¶μ· É ±¦¥
μ± §Ò¢ ¥É ¢²¨Ö´¨¥ ¶·¨¸ÊÉ¸É¢¨¥ ¢ É· ¢¨²Ó´μ³ · ¸É¢μ·¥ ��‚, ±μÉμ·Ò° ¨§´ -
Î ²Ó´μ ¤μ¡ ¢²Ö²¨ ¤²Ö ²ÊÎÏ¥£μ ¸³ Î¨¢ ´¨Ö ¨ μ¡¥¸¶¥Î¥´¨Ö ¡μ²¥¥ μ¤´μ·μ¤´μ°
μ¡· ¡μÉ±¨. �¥¤ ¢´μ ¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ ¶μ³¨³μ ¸³ Î¨¢ ÕÐ¥£μ ÔËË¥±É 
³μ²¥±Ê²Ò ��‚ ³μ£ÊÉ μ± §Ò¢ ÉÓ ¡μ²¥¥ ±μ³¶²¥±¸´μ¥ ¢μ§¤¥°¸É¢¨¥ ´  ¶·μÍ¥¸¸
Ëμ·³¨·μ¢ ´¨Ö ´ ´μ³¥É·μ¢ÒÌ ¶μ· [2, 3]. “¶·μÐ¥´´μ ¢²¨Ö´¨¥ ��‚ ´  É· ¢²¥-
´¨¥ É·¥±  ¢ ¶μ²¨³¥·¥ ³μ¦´μ μ¶¨¸ ÉÓ ¨¸Ìμ¤Ö ¨§ ¸²¥¤ÊÕÐ¨Ì ¶·¥¤¶μ¸Ò²μ±:

Å  ¤¸μ·¡Í¨Ö ��‚ ¨ μ¡· §μ¢ ´¨¥  ¤¸μ·¡Í¨μ´´μ£μ ¸²μÖ ¸´¨¦ ¥É ¢μ¸¶·¨-
¨³Î¨¢μ¸ÉÓ ¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·  ± ¢μ§¤¥°¸É¢¨Õ É· ¢¨²Ó´μ£μ · ¸É¢μ· ;

Å ³μ²¥±Ê²Ò ��‚ ¨³¥ÕÉ · §³¥· ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ´ ´μ³¥É·μ¢, ÎÉμ
¸· ¢´¨³μ ¸ · ¤¨Ê¸μ³ ¸¥·¤Í¥¢¨´Ò É·¥± ;

Å ±μÔËË¨Í¨¥´É ¤¨ËËÊ§¨¨ ³μ²¥±Ê² ��‚ ¶μ ±· °´¥° ³¥·¥ ´  ¶μ·Ö¤μ±
³¥´ÓÏ¥, Î¥³ ±μÔËË¨Í¨¥´É ¤¨ËËÊ§¨¨ ¨μ´μ¢ É· ¢¨É¥²Ö.

�·¨ ±μ´É ±É¥ É· ¢¨²Ó´μ£μ · ¸É¢μ·  ¸ ¶μ²¨³¥·μ³ ³μ²¥±Ê²Ò ��‚  ¤¸μ·-
¡¨·ÊÕÉ¸Ö ´  ¥£μ ¶μ¢¥·Ì´μ¸É¨, μ·¨¥´É¨·ÊÖ¸Ó ¸¢μ¨³¨ £¨¤·μËμ¡´Ò³¨ £·Ê¶¶ ³¨
± ¶μ²¨³¥·Ê,   ¶μ²Ö·´Ò³¨ £·Ê¶¶ ³¨ Å ¢ ¸Éμ·μ´Ê ¢μ¤´μ° Ë §Ò. �¡· §μ¢ ¢-
Ï¨°¸Ö ¸²μ° ��‚ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¡ ·Ó¥· ¤²Ö ¶·μ´¨±´μ¢¥´¨Ö Ð¥²μÎ¨ ( 
¨³¥´´μ ¨μ´μ¢ £¨¤·μ±¸¨¤ ) ± ¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥· , ¶μÔÉμ³Ê ¸±μ·μ¸ÉÓ É· -
¢²¥´¨Ö ¢ ¶·¨¸ÊÉ¸É¢¨¨ ��‚ ´¨¦¥, ´¥¦¥²¨ ¢ ¥£μ μÉ¸ÊÉ¸É¢¨¥. ’¥³ ´¥ ³¥´¥¥
 ¤¸μ·¡Í¨μ´´Ò° ¸²μ° Î ¸É¨Î´μ ¶·μ´¨Í ¥³ ¤²Ö É· ¢¨É¥²Ö. ‚ ·¥§Ê²ÓÉ É¥ Î¥-
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·¥§ ´¥±μÉμ·μ¥ ¢·¥³Ö ¢ ³¥¸É Ì ¢Ìμ¤  É·¥±μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ Ëμ·³¨·ÊÕÉ¸Ö
¶μ·Ò, ¸μ· §³¥·´Ò¥ ³μ²¥±Ê² ³ ��‚. �¤¸μ·¡Í¨Ö ³μ²¥±Ê² ��‚ ¢μ ¢Ìμ¤´ÒÌ
μÉ¢¥·¸É¨ÖÌ ¶·¨¢μ¤¨É ± μ¡· §μ¢ ´¨Õ ®¶·μ¡μ±¯, ±μÉμ·Ò¥ ¶·¥¶ÖÉ¸É¢ÊÕÉ ¤ ²Ó-
´¥°Ï¥³Ê ¶·μ´¨±´μ¢¥´¨Õ ��‚ ¢ £²Ê¡Ó ¶μ· [3], ¢ Éμ ¢·¥³Ö ± ± ¢μ§³μ¦´μ¸ÉÓ
¤²Ö ¤¨ËËÊ§¨¨ £¨¤·μ±¸¨¤-¨μ´μ¢ ¸μÌ· ´Ö¥É¸Ö. ‚ ·¥§Ê²ÓÉ É¥ ´¥±μÉμ·μ¥ ¢·¥³Ö
¢´ÊÉ·¥´´¨° μ¡Ñ¥³ ¶μ·Ò μ± §Ò¢ ¥É¸Ö ¸¢μ¡μ¤´Ò³ μÉ ³μ²¥±Ê² ��‚, ¨ ¶μÔÉμ³Ê
¤¨ ³¥É· ± ´ ²  ¢ £²Ê¡¨´¥ ¶μ·Ò · ¸É¥É ¡Ò¸É·¥¥, Î¥³ ¤¨ ³¥É· ¢Ìμ¤´μ£μ μÉ¢¥·-
¸É¨Ö. ‘μ ¢·¥³¥´¥³ · §³¥· ¢Ìμ¤´μ£μ μÉ¢¥·¸É¨Ö Ê¢¥²¨Î¨¢ ¥É¸Ö ¤μ¸É ÉμÎ´μ ¤²Ö
¶·μ´¨±´μ¢¥´¨Ö ��‚ ¢´ÊÉ·Ó ± ´ ²  ¨  ¤¸μ·¡Í¨¨ ´  ¸É¥´± Ì ¶μ·, ¨ ¤ ²Ó´¥°Ï¥¥
É· ¢²¥´¨¥ ¶·μ¨¸Ìμ¤¨É ¸ μ¤¨´ ±μ¢μ° ¸±μ·μ¸ÉÓÕ ¢ ± ¦¤μ° ÉμÎ±¥ ³¥¦Ë §´μ°
¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·/· ¸É¢μ·.

�ÉμÉ ÔËË¥±É ¡Ò² Ê¸¶¥Ï´μ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö Ê¶· ¢²¥´¨Ö Ëμ·³μ° ¶μ· ¢
É·¥±μ¢ÒÌ ³¥³¡· ´ Ì ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê²ÓÉ· - ¨ ³¨±·μË¨²ÓÉ· Í¨μ´´ÒÌ ³¥³-
¡· ´ ¶μ¢ÒÏ¥´´μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ [5Ä7],   É ±¦¥ ¤²Ö ¸μ§¤ ´¨Ö ´ ´μ¶μ-
·¨¸ÉÒÌ ¸¨¸É¥³ ¸ ¨´Ò³¨ ¶¥·¸¶¥±É¨¢´Ò³¨ ¸¢μ°¸É¢ ³¨ ¨ ¶·¨³¥´¥´¨Ö³¨ [8, 9].
�²¥±É·μ´´μ-³¨±·μ¸±μ¶¨Î¥¸±¨¥ ¨§μ¡· ¦¥´¨Ö ´  ·¨¸. 1 ¨²²Õ¸É·¨·ÊÕÉ ¢μ§³μ¦-
´μ¸ÉÓ Ê¶· ¢²¥´¨Ö Ëμ·³μ° ³¨±·μ- ¨ ´ ´μ¶μ· ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ��‚ ¢ É· ¢¨²Ó-
´Ò¥ · ¸É¢μ·Ò ¨ ¢ ·Ó¨·μ¢ ´¨Ö ±μ´Í¥´É· Í¨¨ Ð¥²μÎ¨. �  ·¨¸. 1,   ¶μ± § ´
¸±μ² É·¥±μ¢μ° ³¥³¡· ´Ò, ¶μ²ÊÎ¥´´μ° É· ¢²¥´¨¥³ É·¥±μ¢ ¢ μÉ¸ÊÉ¸É¢¨¥ ��‚.
Š ´ ²Ò Ì · ±É¥·¨§ÊÕÉ¸Ö μ¡ÒÎ´μ° Í¨²¨´¤·¨Î¥¸±μ° £¥μ³¥É·¨¥°. �  ·¨¸. 1, ¡
¶μ± § ´  ³¥³¡· ´  ¸ ¸¨£ ·μμ¡· §´Ò³¨ ¶μ· ³¨, ¶μ²ÊÎ¥´´ Ö É· ¢²¥´¨¥³ ¢ ±μ´-
Í¥´É·¨·μ¢ ´´μ° Ð¥²μÎ¨ (6 ³μ²Ó/²) ¸ ¤μ¡ ¢²¥´¨¥³ ¤μ¤¥Í¨²(¸Ê²ÓËμË¥´μ±¸¨)-
¡¥´§μ²¸Ê²ÓËμ´ É  (DBA-Na). ‘´¨¦¥´¨¥ ±μ´Í¥´É· Í¨¨ Ð¥²μÎ¨ ¢¥¤¥É ± ¶μ²Ê-
Î¥´¨Õ ± ´ ²μ¢ ¶μ· ¸ ³¥´¥¥ ·¥§±¨³ ¨§³¥´¥´¨¥³ ¶·μË¨²Ö ¶μ ¤²¨´¥ (·¨¸. 1, ¢),

�¨¸. 1. �·¨³¥·Ò Ëμ·³Ò ¶μ· ’Œ, μ¡· §ÊÕÐ¨Ì¸Ö ¢ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ É· ¢²¥´¨Ö
��’”-¶²¥´±¨, μ¡²ÊÎ¥´´μ° ¶ · ²²¥²Ó´Ò³ ¶ÊÎ±μ³ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ±·¨¶Éμ´  [6, 9].
 ) 2 ³μ²Ó NaOH, É· ¢²¥´¨¥ ¢ μÉ¸ÊÉ¸É¢¨¥ ��‚, 80 ◦C; ¡) 6 ³μ²Ó NaOH ¸ ¤μ¡ ¢²¥´¨¥³
DBA-Na, 70 ◦C; ¢) 3 ³μ²Ó NaOH ¸ ¤μ¡ ¢²¥´¨¥³ DBA-Na, 80 ◦C. ’μ²Ð¨´  ¶²¥´±¨
5 ³±³
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ÎÉμ ¸¢Ö§ ´μ, ¶μ-¢¨¤¨³μ³Ê, ¸ ¨§³¥´¥´¨¥³ ¸μμÉ´μÏ¥´¨Ö ¤¨ËËÊ§¨μ´´ÒÌ ¶μÉμ±μ¢
³μ²¥±Ê² ��‚ ¨ Ð¥²μÎ¨ ¢ ¶μ·Ê. ‚ · ¡μÉ Ì [2, 3] ¶·¥¤¸É ¢²¥´μ ± Î¥¸É¢¥´´μ¥
μ¶¨¸ ´¨¥ ¶·μÍ¥¸¸  μ¡· §μ¢ ´¨Ö ¶μ· ¢ ��‚-¸μ¤¥·¦ Ð¨Ì É· ¢¨É¥²ÖÌ (£· Ë¨-
Î¥¸± Ö ¨²²Õ¸É· Í¨Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2,  ); É¥³ ´¥ ³¥´¥¥ ³´μ£¨¥  ¸¶¥±ÉÒ
¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ³¥Ì ´¨§³  μ¸É ÕÉ¸Ö ´¥ ¢ÒÖ¸´¥´´Ò³¨. ‚ Î ¸É´μ¸É¨, ´¥ ¨§-
¢¥¸É´μ Å ¢ ± ±μ° ³¥·¥ ¤¨ËËÊ§¨Ö μ¤¨´μÎ´ÒÌ ³μ²¥±Ê² ��‚ ¨ ¤¨ËËÊ§¨Ö ³¨-
Í¥²² ³μ£ÊÉ ¢´μ¸¨ÉÓ ¢±² ¤ ¢ É· ´¸¶μ·É ��‚ ¢´ÊÉ·Ó ± ´ ²  ¶μ·Ò. ’ ±¦¥ ´¥
¨§¢¥¸É´μ, ± ±μ¢ · §³¥· ¨ Ëμ·³  ³¨Í¥²² ¢ ¨¸¶μ²Ó§Ê¥³ÒÌ · ¸É¢μ· Ì ¨ ± ±μ¢μ

�¨¸. 2. ‘Ì¥³  μ¡· §μ¢ ´¨Ö ¶μ·Ò ¢ μ¡²ÊÎ¥´´μ° ¨μ´ ³¨ ¶μ²¨³¥·´μ° ¶²¥´±¥ ¢ ¶·¨¸ÊÉ-
¸É¢¨¨ ��‚ ¢ É· ¢¨²Ó´μ³ · ¸É¢μ·¥. �¡¥ ¸Éμ·μ´Ò ¶²¥´±¨ ±μ´É ±É¨·ÊÕÉ ¸ · ¸É¢μ·μ³.
‘É·¥²±¨ ¶μ± §Ò¢ ÕÉ ¤¨ËËÊ§¨μ´´Ò¥ ¶μÉμ±¨ Ð¥²μÎ¨ ¢´ÊÉ·Ó ¶μ·Ò. ’μ²Ð¨´  ¶²¥´±¨
¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ¥É ¤¨ ³¥É· ¶μ·Ò.  ) ¡¥§ ÊÎ¥É  ³¨Í¥²²; ¡) ¸ ÊÎ¥Éμ³ · §³¥·μ¢ ¨
Ëμ·³Ò ³¨Í¥²²
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¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê Î¨¸²μ³ ³μ²¥±Ê² ��‚, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ · ¸É¢μ·¥ ¨ ¢ ³¨Í¥²-
² Ì. „²Ö ²ÊÎÏ¥£μ ¶μ´¨³ ´¨Ö ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¶·μÍ¥¸¸μ¢ ¢ ¶μ· Ì, · ¤¨Ê¸ ±μÉμ-
·ÒÌ ¸· ¢´¨³ ¸ · ¤¨Ê¸ ³¨ ³¨Í¥²², ¨¸¸²¥¤μ¢ ´¨¥ ¢ÒÏ¥¶¥·¥Î¨¸²¥´´ÒÌ ¢μ¶·μ-
¸μ¢ ¶·¥¤¸É ¢²Ö²μ¸Ó Í¥²¥¸μμ¡· §´Ò³. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¡Ò²  ¶·¥¤¶·¨´ÖÉ 
¶μ¶ÒÉ±  ¨¸¸²¥¤μ¢ ÉÓ ¸μ¸ÉμÖ´¨¥ ¶μ¢¥·Ì´μ¸É´μ- ±É¨¢´ÒÌ ¢¥Ð¥¸É¢ ¢ · ¸É¢μ· Ì,
±μÉμ·Ò¥, ± ± ¡Ò²μ ¶μ± § ´μ · ´¥¥, ÔËË¥±É¨¢´Ò ¢ ¶·μÍ¥¸¸ Ì ³μ¤¨Ë¨± Í¨¨
Ëμ·³Ò ®É·¥±μ¢ÒÌ¯ ¶μ·. 	Ò²¨ ¢Ò¡· ´Ò ¢¥Ð¥¸É¢ , μÉ´μ¸ÖÐ¨¥¸Ö ± ¤¢Ê³ · §-
²¨Î´Ò³ ±² ¸¸ ³ ��‚, Å  ´¨μ´´μ¥ (DBA-Na) ¨ ¢ ± Î¥¸É¢¥ ´¥¨μ´μ£¥´´μ£μ Å
¤μ¤¥Í¨²(¸Ê²ÓËμË¥´μ±¸¨)¡¥´§μ²¸Ê²ÓËμ´ É  (NBDEO). ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨
³¥Éμ¤μ³ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ±μÉμ·Ò° ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ
Ì · ±É¥·¨¸É¨±¨ ´ ´μ· §³¥·´ÒÌ ¤¨¸¶¥·¸´ÒÌ ¸¨¸É¥³. ‚ ± Î¥¸É¢¥ Ô²¥±É·μ²¨Éμ¢
¡Ò²¨ ¢Ò¡· ´Ò ¤¢  ¢¥Ð¥¸É¢  Å £¨¤·μ±¸¨¤ ´ É·¨Ö ¨ Ì²μ·¨¤ ± ²¨Ö. �¥·¢μ¥ ¢¥-
Ð¥¸É¢μ Å ÔÉμ ±μ³¶μ´¥´É É· ¢ÖÐ¨Ì · ¸É¢μ·μ¢, ¶·¨³¥´Ö¥³ÒÌ ¤²Ö ¶·μÖ¢²¥´¨Ö
´ ´μ- ¨ ³¨±·μ¶μ· ¢ μ¡²ÊÎ¥´´ÒÌ ¨μ´ ³¨ ¶μ²¨³¥·´ÒÌ ¶²¥´± Ì, ¢ Î ¸É´μ¸É¨ ¢
¶μ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É¥ ¨ ¶μ²¨± ·¡μ´ É¥ [1]. ’ ±¨³ μ¡· §μ³, Ô±¸¶¥·¨³¥´ÉÒ ¸
��‚-¸μ¤¥·¦ Ð¨³¨ · ¸É¢μ· ³¨ NaOH ¶·¥¤¸É ¢²Ö²¨ ¸μ¡μ° ´¥¶μ¸·¥¤¸É¢¥´´μ¥
¨¸¸²¥¤μ¢ ´¨¥ · ¡μÎ¥° ¸¨¸É¥³Ò. �¥¤μ¸É É±μ³ ÔÉμ° ¸¨¸É¥³Ò (¢ ¶² ´¥ ¶μ¸É -
´μ¢±¨ Ô±¸¶¥·¨³¥´É  ¶μ ³ ²μÊ£²μ¢μ³Ê · ¸¸¥Ö´¨Õ ´¥°É·μ´μ¢) Ö¢²Ö²μ¸Ó Éμ, ÎÉμ
¨¸¶μ²Ó§Ê¥³Ò° ·¥ ±É¨¢ NaOH ¸μ¤¥·¦ ² μ¡ÒÎ´Ò° ¢μ¤μ·μ¤ (´¥ ¤¥°É¥·¨°), ÎÉμ
¶·¨ ¡μ²ÓÏ¨Ì ±μ´Í¥´É· Í¨ÖÌ £¨¤·μ±¸¨¤  ¶·¨¢μ¤¨²μ ± ¶μ¢ÒÏ¥´¨Õ ´¥±μ£¥-
·¥´É´μ° ¸μ¸É ¢²ÖÕÐ¥° Ëμ´ . ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¶ · ²²¥²Ó´Ò¥
¨§³¥·¥´¨Ö ´  ¸¨¸É¥³¥ ¸ ´¥°É· ²Ó´Ò³ Ô²¥±É·μ²¨Éμ³ (KCl), ´¥ ¸μ¤¥·¦ Ð¨³
¢μ¤μ·μ¤ . �Éμ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ ¤ ´´Ò¥ μ ¸É·Ê±ÉÊ·¥ μ¡· §Íμ¢ ¸ ³¥´Ó-
Ï¨³¨ ±μ´Í¥´É· Í¨Ö³¨ ³¨Í¥²² ¨, ¸²¥¤μ¢ É¥²Ó´μ, ³¥´ÓÏ¥° ¨´É¥´¸¨¢´μ¸ÉÓÕ
· ¸¸¥Ö´¨Ö.

Œ�’…�ˆ�‹› ˆ Œ…’�„›

„²Ö ¶·¨£μÉμ¢²¥´¨Ö · ¸É¢μ·μ¢ ��‚ ¨¸¶μ²Ó§μ¢ ²¨ Dowfax 2�1 (¶·μ¨§¢μ¤-
¸É¢  ®Dow ‘hemicals¯), ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° 50 %-° ¢μ¤´Ò° · ¸É¢μ· ¤μ¤¥-
Í¨²(¸Ê²ÓËμË¥´μ±¸¨)¡¥´§μ²¸Ê²ÓËμ´ É  ´ É·¨Ö, ´μ´¨²¡¥´§μ²¤¥± ÔÉ¨²¥´μ±¸¨¤
¶·μ¨§¢μ¤¸É¢  Ë¨·³Ò ®Chameleon¯ (Ÿ¶μ´¨Ö) ¨ ÉÖ¦¥²ÊÕ ¢μ¤Ê (D2O) ¶·μ¨§-
¢μ¤¸É¢  ®ˆ§μÉμ¶¯ (‘.-�¥É¥·¡Ê·£, �μ¸¸¨Ö). •²μ·¨¤ ± ²¨Ö ¨ £¨¤·μ±¸¨¤ ´ É·¨Ö
¡Ò²¨ ±¢ ²¨Ë¨± Í¨¨ —„�. �¥ ±É¨¢Ò ¶·¥¤¢ ·¨É¥²Ó´μ ¢Ò¸ÊÏ¨¢ ²¨ ¤μ ¶μ¸Éμ-
Ö´´μ° ³ ¸¸Ò ¶·¨ É¥³¶¥· ÉÊ·¥ 85 ◦‘, ¶μ¸²¥ Î¥£μ ¤¥² ²¨ ´ ¢¥¸±¨ ±μ³¶μ´¥´Éμ¢
¨ £μÉμ¢¨²¨ · ¸É¢μ·Ò ´¥μ¡Ìμ¤¨³μ° ±μ´Í¥´É· Í¨¨.

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢±¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢
�Œ� ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´±  �ˆŸˆ ¢Ò¸μ±μ¶μ-
ÉμÎ´μ£μ ·¥ ±Éμ·  ˆ	�-2 [10] ¢ ¤¢ÊÌ¤¥É¥±Éμ·´μ° ±μ´Ë¨£Ê· Í¨¨ Ê¸É ´μ¢±¨ [11].
‚μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  Ê¶· ¢²¥´¨¥ μÉ¤¥²Ó´Ò³¨ Ê§² ³¨ ´ Ìμ¤¨²μ¸Ó ¶μ¤ ±μ´-
É·μ²¥³ ¶ ±¥É  ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Sonix [12]. �¡· §¥Í ¶μ³¥Ð ²¨ ¢
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¸É ´¤ ·É´Ò¥ ±¢ ·Í¥¢Ò¥ ±Õ¢¥ÉÒ ®Hellma¯ Éμ²Ð¨´μ° 2 ¨ 5 ³³. ŠÕ¢¥ÉÒ · §-
³¥Ð ²¨ ¢ É¥·³μ¡μ±¸¥. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 20 ◦‘. ’¥³¶¥-
· ÉÊ·Ê ¢μ ¢·¥³Ö ¨§³¥·¥´¨° ¶μ¤¤¥·¦¨¢ ²¨ É¥·³μ¸É Éμ³ ®Lauda¯ [13] ¸ ÉμÎ´μ-
¸ÉÓÕ ¤μ 0,3 ◦‘. �¥·¢¨Î´ÊÕ μ¡· ¡μÉ±Ê ¤ ´´ÒÌ ¶·μ¨§¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ ¶·μ-
£· ³³Ò SAS [14],   ¶μ¤£μ´±Ê Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ±·¨¢ÒÌ ± ³μ¤¥²Ó´Ò³ Å ¸
¶μ³μÐÓÕ ¶·μ£· ³³Ò Fitter [15].

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

„²Ö  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨¸¶μ²Ó§μ¢ ²¨ ´μ·³¨·μ¢±Ê ´  ¢ -
´ ¤¨° [16], ÎÉμ ¤ ²μ ¢μ§³μ¦´μ¸ÉÓ ¶·¥¤¸É ¢¨ÉÓ ¶μ²ÊÎ¥´´Ò¥ ±·¨¢Ò¥ · ¸¸¥Ö´¨Ö
¢  ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í Ì ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¨´¢ ·¨ ´Éμ¢ · ¸¸¥Ö´¨Ö.

Š·¨¢Ò¥ · ¸¸¥Ö´¨Ö, ¶·¨¢¥¤¥´´Ò¥ ± μ¤´μ° ¨´É¥´¸¨¢´μ¸É¨, ¤²Ö ¨¸¸²¥¤μ-
¢ ´´ÒÌ ¸¥·¨° μ¡· §Íμ¢ · ¸É¢μ·μ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4Ä7. ‚¨¤ ±·¨¢ÒÌ ´ 
·¨¸. 5 ¨ 7 ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ ¸Ê·Ë ±-
É ´É , ÎÉμ £μ¢μ·¨É μ Éμ³, ÎÉμ Ëμ·³  ³¨Í¥²² É ±¦¥ ¶μ¸ÉμÖ´´ . �¥¡μ²ÓÏμ¥
¨§³¥´¥´¨¥ ´ ±²μ´  ±·¨¢ÒÌ ¢ ¤¨ ¶ §μ´¥ ¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö Q ¤μ 0,03 A−1

¶·¨ ¶μ¢ÒÏ¥´¨¨ ±μ´Í¥´É· Í¨¨ ��‚ ¸¢Ö§ ´μ ¸ ¢§ ¨³μ¤¥°¸É¢¨¥³ ³¥¦¤Ê ³¨-
Í¥²² ³¨ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¸ ¶μÖ¢²¥´¨¥³ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ· . �  ·¨¸. 4 ¨ 6
¶μ± § ´μ ¨§³¥´¥´¨¥ Ëμ·³Ò ³¨Í¥²² ¶·¨ ¤μ¡ ¢²¥´¨¨ NaOH ¨²¨ KCl.

�μ¤£μ´±  ³μ¤¥²Ó´Ò³¨ ±·¨¢Ò³¨ ¶μ± §Ò¢ ¥É ´ ¨²ÊÎÏ¥¥ ¸μ¢¶ ¤¥´¨¥ ¤²Ö
³μ¤¥²¥° ¢ÒÉÖ´ÊÉÒÌ μ¡Ñ¥±Éμ¢ ¸ μ¸¥¢μ° ¸¨³³¥É·¨¥° (Í¨²¨´¤·, Ô²²¨¶¸μ¨¤ ¢· -
Ð¥´¨Ö ¨ É. ¶.), ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸ Ë¨§¨Î¥¸±¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ μ Ëμ·³¥ ³¨-
Í¥²². „²Ö μÍ¥´±¨ £¥μ³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ μ¡Ñ¥±Éμ¢ ¡Ò²  ¢Ò¡· ´  ³μ¤¥²Ó
¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢.

„²Ö μ¡μ¨Ì ¢¨¤μ¢ ��‚ ¢μ ¢¸¥Ì Ô±¸¶¥·¨³¥´É Ì ´ ¡²Õ¤ ÕÉ¸Ö ¢ÒÉÖ´ÊÉÒ¥ Í¨-
²¨´¤·¨Î¥¸±¨¥ ³¨Í¥²²Ò ¸ · ¤¨Ê¸μ³ μ¸´μ¢ ´¨Ö, · ¢´Ò³ ¤²¨´¥ ³μ²¥±Ê²Ò ¸Ê·-
Ë ±É ´É . � ¤¨Ê¸ ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö¥É¸Ö ¶·¨ ¨§³¥´¥´¨ÖÌ ±μ´Í¥´É· Í¨¨
��‚. ’¨¶¨Î´ Ö ±·¨¢ Ö Ë¨É¨·μ¢ ´¨Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 3. ƒ¥μ³¥É·¨Î¥-
¸±¨¥ ¶ · ³¥É·Ò ³¨Í¥²², ¶μ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö, ¶·¨¢¥¤¥´Ò ¢
É ¡². 1Ä4.ˆ§ ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 1, 2 ¤ ´´ÒÌ ¸²¥¤Ê¥É, ÎÉμ ¶·¨ ¤μ¡ ¢²¥´¨¨ Ô²¥±-
É·μ²¨É  ± · ¸É¢μ· ³ DBA-Na ¤²¨´  ³¨Í¥²² Ê¢¥²¨Î¨¢ ¥É¸Ö. �ËË¥±É Ê¢¥²¨-
Î¥´¨Ö ¤²¨´Ò ¸É ´μ¢¨É¸Ö § ³¥É´Ò³ ¶·¨ ±μ´Í¥´É· Í¨ÖÌ Ô²¥±É·μ²¨É  ¸¢ÒÏ¥
3 ³μ²Ó (Ê¤²¨´¥´¨¥ ¢ 3Ä4 · §  ¤²Ö KCl ¨ ¢ μÉ 2 ¤μ 7 · § ¤²Ö NaOH), ¶·¨
±μ´Í¥´É· Í¨¨ 1 ³μ²Ó ÔÉμÉ ÔËË¥±É ´¥ ´ ¡²Õ¤ ¥É¸Ö. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¸
·μ¸Éμ³ ±μ´Í¥´É· Í¨¨ NaOH ¤²¨´  ³¨Í¥²² DBA-Na Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ ³¥´ÓÏ¥°
¸É¥¶¥´¨, Î¥³ ¶·¨ ¤μ¡ ¢²¥´¨¨ Éμ£μ ¦¥ ±μ²¨Î¥¸É¢  KCl,   ¤²Ö NBDEO ¢ ¡μ²Ó-
Ï¥° ¸É¥¶¥´¨ (¶·¨ ±μ´Í¥´É· Í¨¨ Ô²¥±É·μ²¨É  1 ³μ²Ó Ê¤²¨´¥´¨¥ ¢ 1,5 · §  ¤²Ö
KCl ¨ ¢ 9 · § ¤²Ö NaOH, É ¡². 3, 4).

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²ÖÕÉ ¢Ò¸± § ÉÓ ¶·¥¤¶μ²μ¦¥´¨Ö μÉ´μ¸¨É¥²Ó-
´μ ¤¥É ²¥° ¶·μÍ¥¸¸  É· ¢²¥´¨Ö É·¥±μ¢ ��‚-¸μ¤¥·¦ Ð¨³¨ · ¸É¢μ· ³¨. “¢¥²¨-
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’ ¡²¨Í  1. ƒ¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³¨Í¥²² DBA-Na ¢ ¶·¨¸ÊÉ¸É¢¨¨ KCl, ¶μ²Ê-
Î¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö ³μ¤¥²ÓÕ ¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢

Šμ´Í¥´É· Í¨Ö Šμ´Í¥´É· Í¨Ö � ¤¨Ê¸ „²¨´ 
¸Ê·Ë ±É ´É  DBA-Na, % Ô²¥±É·μ²¨É  KCl, ³μ²Ó Í¨²¨´¤· , ´³ Í¨²¨´¤· , ´³

0,45 1,5 6,3
0,8 0 1,6 6,7
2,3 1,5 8,1
0,15 1,6 5,4
0,4 1 1,4 7,3
1,2 1,5 6,3
4,5 1,5 6,3
0,2 1,6 21,8
2 3 1,5 22,2

7,5 1,4 19,6

�¨¸. 3. Š·¨¢ Ö ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  μ¡· §Í¥ 1,50% DBA-Na + 1 ³μ²Ó
NaOH ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¥° ±·¨¢ Ö Ë¨É¨·μ¢ ´¨Ö. �  £· Ë¨±¥ μ¡μ§´ Î¥´Ò: 1 Å
±·¨¢ Ö ¶μ¤£μ´±¨ ³μ¤¥²ÓÕ ¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢; 2 Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
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’ ¡²¨Í  2. ƒ¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³¨Í¥²² DBA-Na ¢ ¶·¨¸ÊÉ¸É¢¨¨ NaOH, ¶μ-
²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö ³μ¤¥²ÓÕ ¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢

Šμ´Í¥´É· Í¨Ö Šμ´Í¥´É· Í¨Ö � ¤¨Ê¸ „²¨´ 
¸Ê·Ë ±É ´É  DBA-Na, % Ô²¥±É·μ²¨É  NaOH, ³μ²Ó Í¨²¨´¤· , ´³ Í¨²¨´¤· , ´³

0,45 1,5 6,3
0,8 0 1,6 6,7
2,3 1,5 8,1
0,15 1,5 6,0
0,5 1 1,5 6,3
1,5 1,5 5,7
0,03 1,5 7,8
0,05 1,6 7,7
0,15 3 1,5 6,9
0,25 1,4 7,8
0,7 1,4 8,1
0,06 0,9 13,5
0,15 6 1,5 29,4
0,25 1,7 48,9
0,6 2,3 57,5

Î¥´¨¥ · §³¥·μ¢ ³¨Í¥²² ¶·¨ ·μ¸É¥ ±μ´Í¥´É· Í¨¨ £¨¤·μ±¸¨¤  μÉ 3 ¤μ 6 ³μ²Ó/²
±μ··¥²¨·Ê¥É ¸ ´ ¡²Õ¤ ¢Ï¨³¸Ö ¡μ²¥¥ ·¥§±¨³ (®¶Ê²¥μ¡· §´Ò³¯) ¶·μË¨²¥³
´ ´μ¶μ·, ¶μ²ÊÎ¥´´ÒÌ É· ¢²¥´¨¥³ É·¥±μ¢ ¢ ¡μ²¥¥ ±μ´Í¥´É·¨·μ¢ ´´μ° Ð¥-
²μÎ¨ [9]. �μ-¢¨¤¨³μ³Ê, ÔÉμ ¸¢Ö§ ´μ ¸ Ê¢¥²¨Î¥´¨¥³ ¶²μÉ´μ¸É¨  ¤¸μ·¡Í¨μ´´μ£μ
¸²μÖ ¨, ¢μ§³μ¦´μ, ¸ Ê³¥´ÓÏ¥´¨¥³ ¶μ¤¢¨¦´μ¸É¨ ³μ²¥±Ê² ��‚ ¢ ´¥³. �É³¥É¨³
É ±¦¥, ÎÉμ ¢¸¥ ¨¸¸²¥¤μ¢ ´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ · ¸É¢μ·Ò μ¡´ ·Ê¦¨¢ ²¨ Ì · ±-
É¥·´ÊÕ ¤²Ö ³¨Í¥²² ± ·É¨´Ê · ¸¸¥Ö´¨Ö. ‘²¥¤μ¢ É¥²Ó´μ, ±μ´Í¥´É· Í¨Ö ��‚ ¢
É¨¶¨Î´μ³ ®É· ¢¨²Ó´μ³¯ · ¸É¢μ·¥ (6 ³μ²Ó NaOH + 0,05% ��‚) ¸ÊÐ¥¸É¢¥´´μ
¶·¥¢ÒÏ ¥É ±·¨É¨Î¥¸±ÊÕ ±μ´Í¥´É· Í¨Õ ³¨Í¥²²μμ¡· §μ¢ ´¨Ö. �Éμ μ§´ Î ¥É,
ÎÉμ ¶μ¸É ¢Ð¨± ³¨ ®¸É·μ¨É¥²Ó´μ£μ ³ É¥·¨ ² ¯ ¤²Ö  ¤¸μ·¡Í¨μ´´μ£μ ¸²μÖ ´ 
¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·  Ö¢²ÖÕÉ¸Ö ± ± ³¨Í¥²²Ò, É ± ¨ μ¤¨´μÎ´Ò¥ ³μ²¥±Ê²Ò
 ´¨μ´´μ£μ ��‚ ¢ · ¸É¢μ·¥.

‚ ¸¢Ö§¨ ¸ ¶μ²ÊÎ¥´´Ò³¨ ¤ ´´Ò³¨ £· Ë¨Î¥¸± Ö ¨²²Õ¸É· Í¨Ö ¢μ§³μ¦´μ£μ
³¥Ì ´¨§³  μ¡· §μ¢ ´¨Ö É·¥±  ¢ ¶·μÍ¥¸¸¥ Ì¨³¨Î¥¸±μ° μ¡· ¡μÉ±¨ μ¡²ÊÎ¥´´μ£μ
¨μ´ ³¨ ¶μ²¨³¥·  ¢ ��‚-¸μ¤¥·¦ Ð¨Ì É· ¢¨É¥²ÖÌ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2, ¡,
±μÉμ·Ò°, ¶μ ¸ÊÉ¨, ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ÊÉμÎ´¥´¨¥ ³μ¤¥²¨, ¨§μ¡· ¦¥´´μ° ´ 
·¨¸. 2,  . �μ¸±μ²Ó±Ê ¤²¨´  ³¨Í¥²² ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥ ¤¨ ³¥É·  ®É·¥±μ¢μ°¯
¶μ·Ò ´  ´ Î ²Ó´μ° ¸É ¤¨¨ ¥¥ μ¡· §μ¢ ´¨Ö, ¶·μ´¨±´μ¢¥´¨¥ ³¨Í¥²² ¢ ¶μ·Ê
§  ¸Î¥É ¤¨ËËÊ§¨¨ ¶· ±É¨Î¥¸±¨ ¨¸±²ÕÎ¥´μ, ¨, ¸²¥¤μ¢ É¥²Ó´μ,  ¤¸μ·¡Í¨μ´´Ò°
¸²μ° ¢´ÊÉ·¨ ¶μ·Ò ³μ¦¥É Ëμ·³¨·μ¢ ÉÓ¸Ö Éμ²Ó±μ §  ¸Î¥É ¤¨ËËÊ§¨¨ μ¤¨´μÎ´ÒÌ
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’ ¡²¨Í  3. ƒ¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³¨Í¥²² NBDEO ¢ ¶·¨¸ÊÉ¸É¢¨¨ KCl, ¶μ²Ê-
Î¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö ³μ¤¥²ÓÕ ¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢

Šμ´Í¥´É· Í¨Ö Šμ´Í¥´É· Í¨Ö � ¤¨Ê¸ „²¨´ 
¸Ê·Ë ±É ´É  NBDEO, % Ô²¥±É·μ²¨É  KCl, ³μ²Ó Í¨²¨´¤· , ´³ Í¨²¨´¤· , ´³

0,4 2,3 15,2
0,8 0 2,3 18,0
0,9 2,3 18,0
1,0 2,2 17,2
0,1 2,1 25,6
0,3 1 2,4 24,4
0,9 2,3 28,5
1,2 3 2,4 163,2

�¨¸. 4. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ´μ·³¨·μ¢ ´´Ò¥ ´  ±μ´Í¥´É· Í¨Õ
��‚ ¢ μ¡· §Í¥. �  £· Ë¨±¥ μ¡μ§´ Î¥´Ò: 1 Å DBA-Na + 3 ³μ²Ó KCl; 2 Å DBA-Na +
3 ³μ²Ó NaOH; 3 Å DBA-Na

³μ²¥±Ê² ��‚. ’ ±¨³ μ¡· §μ³, ´  ¸É ¤¨¨ ¶·μÖ¢²¥´¨Ö ³ ²ÒÌ (´ ´μ³¥É·μ¢ÒÌ)
¶μ·, É. ¥. ´  ´ Î ²Ó´μ° ¸É ¤¨¨ É· ¢²¥´¨Ö, ¸μ¡ÒÉ¨Ö · §¢μ· Î¨¢ ÕÉ¸Ö ¢μ ¢·¥-
³¥´¨ ¢ ¸²¥¤ÊÕÐ¥° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨. ‚´ Î ²¥ ¢´ÊÉ·¥´´¨° μ¡Ñ¥³ ¶μ·Ò ´¥-
¤μ¸ÉÊ¶¥´ ± ± ¤²Ö μ¤¨´μÎ´ÒÌ ³μ²¥±Ê² ��‚, É ± ¨ ¤²Ö ³¨Í¥²², ¨ ¢´ÊÉ·Ó ¶μ·Ò
¶μ¸ÉÊ¶ ÕÉ ²¨ÏÓ ± É¨μ´Ò ´ É·¨Ö ¨ £¨¤·μ±¸¨¤-¨μ´Ò. �μ¸²¥¤´¨¥ ·¥ £¨·ÊÕÉ
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’ ¡²¨Í  4. ƒ¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³¨Í¥²² NBDEO ¢ ¶·¨¸ÊÉ¸É¢¨¨ NaOH, ¶μ²Ê-
Î¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö ³μ¤¥²ÓÕ ¢ÒÉÖ´ÊÉÒÌ Í¨²¨´¤·μ¢

Šμ´Í¥´É· Í¨Ö Šμ´Í¥´É· Í¨Ö � ¤¨Ê¸ „²¨´ 
¸Ê·Ë ±É ´É  NBDEO, % Ô²¥±É·μ²¨É  NaOH, ³μ²Ó Í¨²¨´¤· , ´³ Í¨²¨´¤· , ´³

0,4 2,3 15,2
0,8 0 2,3 18,0
0,9 2,3 18,0
1,0 2,2 17,2
0,15 2,5 175,0
0,4 1 2,5 180,0
0,9 2,4 148,8
1,3 2,5 145,0

�¨¸. 5. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ´μ·³¨·μ¢ ´´Ò¥ ´  ±μ´Í¥´É· Í¨Õ
��‚ ¢ μ¡· §Í¥. �  £· Ë¨±¥ μ¡μ§´ Î¥´Ò: 1 Å 0,15% DBA-Na + 1 ³μ²Ó NaOH; 2 Å
0,50% DBA-Na + 1 ³μ²Ó NaOH; 3 Å 1,50% DBA-Na + 1 ³μ²Ó NaOH

¸μ ¸É¥´± ³¨ ¶μ·Ò, · ¸Ï¨·ÖÖ ¥¥. ‚ ¤ ²Ó´¥°Ï¥³ μÉ±·Ò¢ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¤²Ö
¤¨ËËÊ§¨¨ ³μ²¥±Ê² ��‚ ¢´ÊÉ·Ó ¶μ·Ò, μ¤´ ±μ ³¨Í¥²²Ò ¶μ-¶·¥¦´¥³Ê ´¥ ³μ£ÊÉ
¶·μ´¨±´ÊÉÓ ¢ ®É·¥±μ¢Ò°¯ ± ´ ². �·μ´¨± ÕÐ¨¥ ¢ ± ´ ²Ò μ¤¨´μÎ´Ò¥ ³μ²¥-
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�¨¸. 6. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ´μ·³¨·μ¢ ´´Ò¥ ´  ±μ´Í¥´É· Í¨Õ
��‚ ¢ μ¡· §Í¥. �  £· Ë¨±¥ μ¡μ§´ Î¥´Ò: 1 Å NBDEO + 1 ³μ²Ó KCl; 2 Å NBDEO +
1 ³μ²Ó NaON; 3 Å NBDEO

±Ê²Ò ��‚ Ê¸É¨² ÕÉ ¶·¥¦¤¥ ¢¸¥£μ ¡²¨¦ °ÏÊÕ μ±·¥¸É´μ¸ÉÓ Ê¸ÉÓÖ ¶μ·Ò. �·¨
ÔÉμ³ ¸·¥¤´ÖÖ  ±É¨¢´μ¸ÉÓ ��‚ ¢ ¶μ·¥ ¸ÊÐ¥¸É¢¥´´μ ´¨¦¥, Î¥³ ¢´¥ ¶μ·Ò, £¤¥ ¥£μ
±μ´Í¥´É· Í¨Ö £μ· §¤μ ¢ÒÏ¥ ŠŠŒ [17]. “¸²μ¢¨Ö ¤²Ö Ëμ·³¨·μ¢ ´¨Ö  ¤¸μ·¡Í¨-
μ´´μ£μ ¸²μÖ ¢´ÊÉ·¨ ¶μ·Ò ¨ ¸´ ·Ê¦¨ ´  £² ¤±μ° ¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·  ¸· ¢-
´¨¢ ÕÉ¸Ö, ¸±μ·¥¥ ¢¸¥£μ, ²¨ÏÓ ±μ£¤  ¢Ìμ¤´μ¥ μÉ¢¥·¸É¨¥ ¶μ·Ò Ê¢¥²¨Î¨¢ ¥É¸Ö
¤μ · ¤¨Ê¸ , ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÐ¥£μ ¤²¨´Ê ³¨Í¥²²Ò. Œμ¦´μ ¶μ² £ ÉÓ,
ÎÉμ ¨³¥´´μ ¸ ÔÉ¨³ ¸¢Ö§ ´ ÉμÉ Ë ±É, ÎÉμ ¸¨£ ·μμ¡· §´Ò° ¶·μË¨²Ó ¶μ· ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ¶·¨ ¢Ìμ¤´μ³ μÉ¢¥·¸É¨¨ ¡μ²¥¥ 100 ´³, É. ¥. ¶·¨ · §³¥·¥, ¡μ²¥¥ Î¥³
´  ¶μ·Ö¤μ± ¶·¥¢ÒÏ ÕÐ¥³ · §³¥· ³μ²¥±Ê²Ò ��‚ ¨ Éμ²Ð¨´Ê  ¤¸μ·¡Í¨μ´´μ£μ
¸²μÖ.

� ¸¸³μÉ·¥´¨¥ ·¥§Ê²ÓÉ Éμ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 3, 4, ¶μ§¢μ²Ö¥É § ±²Õ-
Î¨ÉÓ, ÎÉμ ¢¸¥ ¢ÒÏ¥¸± § ´´μ¥ ¸¶· ¢¥¤²¨¢μ ¨ ¤²Ö · ¸É¢μ·μ¢ NBDEO, μ¤´ ±μ
¤²Ö ÔÉμ£μ ��‚ ¢²¨Ö´¨¥ ¸μ²¨ ´  ¤²¨´Ê ³¨Í¥²² ¸¨²Ó´¥¥ ¢Ò· ¦¥´μ. ‚ μÉ²¨Î¨¥
μÉ  ´¨μ´´μ£μ ��‚, ¶·¨ ±μ´Í¥´É· Í¨ÖÌ NaOH ¡μ²¥¥ 3 ³μ²Ó ·¥§±μ ¶ ¤ ¥É ¨´-
É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö · ¸É¢μ·μ¢ NBDEO. �Éμ ¸¢Ö§ ´μ ¸ ÔËË¥±Éμ³ ®¢Ò¸ ²¨-
¢ ´¨Ö¯: Î ¸ÉÓ ��‚ ¢Ò¶ ¤ ¥É ¨§ · ¸É¢μ· , ¨ ¥£μ ±μ´Í¥´É· Í¨Ö ¢ ³¨Í¥²²Ö·´μ°
Ëμ·³¥ Ê³¥´ÓÏ ¥É¸Ö. �Éμ ±μ··¥²¨·Ê¥É ¸ ¨§¢¥¸É´Ò³ Ë ±Éμ³ ¶μ´¨¦¥´¨Ö É¥³¶¥-
· ÉÊ·Ò ¶μ³ÊÉ´¥´¨Ö · ¸É¢μ·μ¢ ��‚ ´  μ¸´μ¢¥ μ±¸¨¤  ÔÉ¨²¥´  ¶·¨ ¤μ¡ ¢²¥´¨¨
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�¨¸. 7. Š·¨¢Ò¥ ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢, ´μ·³¨·μ¢ ´´Ò¥ ´  ±μ´Í¥´É· Í¨Õ
��‚ ¢ μ¡· §Í¥. �  £· Ë¨±¥ μ¡μ§´ Î¥´Ò: 1 Å 0,1% NBDEO + 1 ³μ²Ó NaON; 2 Å
0,3% NBDEO + 1 ³μ²Ó NaON; 3 Å1,0% NBDEO + 1 ³μ²Ó NaON

¸μ²¥° [18]. �¸μ¡¥´´μ ¸¨²Ó´μ ÔÉμÉ ÔËË¥±É ¶·μÖ¢²Ö¥É¸Ö ¶·¨ ¤μ¡ ¢²¥´¨¨ Ð¥-
²μÎ¨ ¨²¨ ¸μ²¨, ¶μ¢ÒÏ ÕÐ¥° ·� · ¸É¢μ· . �É  § ±μ´μ³¥·´μ¸ÉÓ μ¡ÑÖ¸´Ö¥É¸Ö
· §·ÊÏ¥´¨¥³ ¢μ¤μ·μ¤´ÒÌ ¸¢Ö§¥° ³¥¦¤Ê ³μ²¥±Ê² ³¨ ¢μ¤Ò ¨ ÔË¨·´Ò³¨  Éμ-
³ ³¨ ±¨¸²μ·μ¤  [18]. �μÔÉμ³Ê, ¤ ¦¥ ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¶·¨ ´¥±μÉμ·ÒÌ
Ê¸²μ¢¨ÖÌ NBDEO μ¡¥¸¶¥Î¨¢ ¥É ¸¨²Ó´Ò° § Ð¨É´Ò° ÔËË¥±É ¶·¨ É· ¢²¥´¨¨
¶μ¢¥·Ì´μ¸É¨ ¶μ²¨³¥·  [3], ÔÉμÉ ¢¨¤ ��‚ ³¥´¥¥ Ê¤μ¡¥´ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢
¶·μÍ¥¸¸ Ì Ëμ·³¨·μ¢ ´¨Ö É·¥±μ¢ÒÌ ´ ´μ¶μ· · §²¨Î´μ° £¥μ³¥É·¨¨, ¶μ¸±μ²Ó±Ê
μ´ ´¥ ¶μ§¢μ²Ö¥É · ¡μÉ ÉÓ ¢ Ï¨·μ±¨Ì ¨´É¥·¢ ² Ì ±μ´Í¥´É· Í¨° Ð¥²μÎ¨ ¨
É¥³¶¥· ÉÊ·Ò.

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ³¨Í¥²²μμ¡· §μ¢ ´¨Ö  ´¨μ´´μ£μ (DBA-Na) ¨ ´¥-
¨μ´μ£¥´´μ£μ (NBDEO) ��‚ ¢ ´¥°É· ²Ó´ÒÌ ¨ Ð¥²μÎ´ÒÌ · ¸É¢μ· Ì Ô²¥±É·μ-
²¨Éμ¢ · §²¨Î´ÒÌ ±μ´Í¥´É· Í¨° ¶·¨ ¶μ³μÐ¨ ³¥Éμ¤  ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö
´¥°É·μ´μ¢.
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�μ± § ´μ, ÎÉμ μ¡· §ÊÕÐ¨¥¸Ö ¢ · ¸É¢μ· Ì ³¨Í¥²²Ò ¨³¥ÕÉ Í¨²¨´¤·¨Î¥-
¸±ÊÕ (Ô²²¨¶¸μ¨¤ ²Ó´ÊÕ) Ëμ·³Ê ¸ ¤²¨´μ° ³ ²μ° ¶μ²Êμ¸¨ (¢ ¸·¥¤´¥³) 1,5 ´³
¤²Ö DBA-Na ¨ 2,3 ´³ ¤²Ö NBDEO. �·¨ ¤μ¡ ¢²¥´¨¨ Ô²¥±É·μ²¨É  (NaOH ¨²¨
KCl) ¤²¨´  ³¨Í¥²² Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ 2Ä4 · §  ¶·¨ ¶μ¸ÉμÖ´´μ³ · ¤¨Ê¸¥, · ¢-
´μ³ ¤²¨´¥ ³μ²¥±Ê²Ò ��‚. �ËË¥±É Ê¢¥²¨Î¥´¨Ö ¤²¨´Ò ¸É ´μ¢¨É¸Ö § ³¥É´Ò³
¶·¨ ±μ´Í¥´É· Í¨ÖÌ Ô²¥±É·μ²¨É  ¸¢ÒÏ¥ 3 ³μ²Ó ¤²Ö DBA-Na ¨ ¶·¨ ±μ´Í¥´-
É· Í¨¨ 1 ³μ²Ó ¤²Ö NBDEO. �·¨ ¢Ò¸μ±¨Ì ±μ´Í¥´É· Í¨ÖÌ NaOH (3Ä6 ³μ²Ó/²)
¢ · ¸É¢μ· Ì NBDEO ´ ¡²Õ¤ ¥É¸Ö ·¥§±μ¥ Ê³¥´ÓÏ¥´¨¥ ±μ²¨Î¥¸É¢  · ¸¸¥¨¢ Õ-
Ð¨Ì ³¨Í¥²². ‚ · ¸É¢μ· Ì DBA-Na ¶μ¤μ¡´μ£μ ÔËË¥±É  ´¥ ´ ¡²Õ¤ ¥É¸Ö, ÎÉμ
£μ¢μ·¨É μ ¶·¥¤¶μÎÉ¨É¥²Ó´μ³ ¨¸¶μ²Ó§μ¢ ´¨¨ DBA-Na ¢ ¶·μÍ¥¸¸ Ì Ëμ·³¨·μ-
¢ ´¨Ö É·¥±μ¢ÒÌ ´ ´μ¶μ· · §²¨Î´μ° £¥μ³¥É·¨¨. �  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥-
§Ê²ÓÉ Éμ¢ ¸¤¥² ´Ò ¶·¥¤¶μ²μ¦¥´¨Ö μÉ´μ¸¨É¥²Ó´μ ´¥±μÉμ·ÒÌ ¤¥É ²¥° ¶·μÍ¥¸¸ 
É· ¢²¥´¨Ö É·¥±μ¢ ��‚-¸μ¤¥·¦ Ð¨³¨ · ¸É¢μ· ³¨.
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