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„¥°¸É¢¨¥ γ-¨§²ÊÎ¥´¨Ö ´  ±²¥É±¨ ¢μ¤μ·μ¸²¨ Euglena gracilis

‚ ¸¢Ö§¨ ¸ ¶¥·¸¶¥±É¨¢´μ¸ÉÓÕ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢μ¤μ·μ¸²¨ Euglena ¢ ¸μ¸É ¢¥ ¡¨μ²μ£¨Î¥-
¸±¨Ì ¸¨¸É¥³ ¦¨§´¥μ¡¥¸¶¥Î¥´¨Ö Î¥²μ¢¥±  ¨§ÊÎ ²¨ ÔËË¥±ÉÒ ³ ²ÒÌ ¤μ§ μ¡²ÊÎ¥´¨Ö ¨ ³μ¤¨-
Ë¨Í¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ £¥´μÉ¨¶  ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± ¢μ¤μ·μ¸²¨. �¡²ÊÎ¥´¨¥
´¥¸±μ²Ó±¨Ì ÏÉ ³³μ¢ ¢μ¤μ·μ¸²¨ Euglena gracilis γ-²ÊÎ ³¨ (60Co) ¶μ± § ²μ, ÎÉμ ´ ¨¡μ²Ó-
ÏÊÕ · ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ ¶·μÖ¢²Ö² ÏÉ ³³ Euglena gracilis ²¨´¨¨ Z. �·μ¨§¢μ¤´Ò° μÉ
´¥£μ ÏÉ ³³ OFL, ÊÉ· É¨¢Ï¨° Ì²μ·μ¶² ¸ÉÒ, μ¡´ ·Ê¦¨² ¶μ¢ÒÏ¥´´ÊÕ · ¤¨μÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓ. ˜É ³³ E. bacillaris ¨ ¶·μ¨§¢μ¤´Ò¥ μÉ ´¥£μ ÏÉ ³³Ò ¡¥§ Ì²μ·μË¨²²  W3 ¨ W10
Ì · ±É¥·¨§μ¢ ²¨¸Ó ¶·μ³¥¦ÊÉμÎ´μ° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ. �¡²ÊÎ¥´¨¥ ¢ ¤μ§ Ì ¤μ 10 ƒ·
¢Ò§Ò¢ ²μ £μ·³¥§¨¸´Ò° ÔËË¥±É Ê ¨¸Ìμ¤´ÒÌ ÏÉ ³³μ¢. ƒ¨¡¥²Ó ±²¥Éμ± ´ ¡²Õ¤ ² ¸Ó ²¨ÏÓ
¶·¨ μ¡²ÊÎ¥´¨¨ ¢ ¤μ§ Ì ¸¢ÒÏ¥ 100 ƒ·. ‘É¨³Ê²¨·ÊÕÐ¨° ÔËË¥±É μ¡²ÊÎ¥´¨Ö ´ ¡²Õ¤ ²¸Ö
¢ μÉ´μÏ¥´¨¨ ± ± · ¤¨μ·¥§¨¸É¥´É´μ¸É¨, É ± ¨ ¸±μ·μ¸É¨ ·μ¸É . ˆ¸¶μ²Ó§μ¢ ´¨¥ ±· ¸¨É¥-
²¥° ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ¡Ò¸É·ÊÕ μÍ¥´±Ê ¤μ²¨ ¦¨¢ÒÌ ¨ ³¥·É¢ÒÌ ±²¥Éμ±. ‘· ¢´¥´¨¥
¤¢ÊÌ É¥¸Éμ¢ μ¶·¥¤¥²¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ ¶μ± § ²μ, ÎÉμ ±² ¸¸¨Î¥¸±¨° ³¥Éμ¤ ¢Ò¸¥¢  ´  ¶¨-
É É¥²Ó´ÊÕ ¸·¥¤Ê ¤ ¥É § ¢ÒÏ¥´´ÊÕ ¢¥²¨Î¨´Ê £¨¡¥²¨ ±²¥Éμ±, É ± ± ± ¶·¨ ÔÉμ³ ³¥Éμ¤¥ ´¥
ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¦¨¢Ò¥ ´¥¶·μ²¨Ë¥·¨·ÊÕÐ¨¥ ±²¥É±¨.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2011

Hlinkova E. et al. P19-2011-53
Effect of γ-Irradiation on Euglena gracilis Algae

Given the prospects for using Euglena algae as part of the biological systems of human life
support in long-term space 	ights, we studied the effects of low doses of radiation and genotype
in	uence on the radiosensitivity of Euglena cells. Irradition of several Euglena gracilis strains
with 60Co γ-rays shows that strain Z is the most radioresistant. Its chloroplastless derivate
OFL strain shows increased radiosensitivity. The E. bacillaris strain and its derivates W3 and
W10 without chlorophyll have intermediate radiosensitivity. Irradiation up to 10 Gy had the
hormesis effect on the initial strains, and it is only above 100 Gy that cell death was observed.
The hormesis effect was observed concerning both radioresistance and growth rate. The use
of methylen blue and 	uorochrome dyes allows a rapid estimation of the share of the living
and dead cells. A comparison of two survival rate tests shows that the classical method of
plating on a growth medium yields an increased death rate because this method does not take
into account the living non-dividing cells.

The investigation has been performed at the Laboratory of Radiation Biology, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2011
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�¤´μ±²¥ÉμÎ´ Ö ¦£ÊÉ¨±μ¢ Ö ¢μ¤μ·μ¸²Ó Euglena gracilis ¶μ ¸· ¢´¥´¨Õ ¸
¢Ò¸Ï¨³¨ · ¸É¥´¨Ö³¨ μ¡² ¤ ¥É ³´μ£¨³¨ ¶·¥¨³ÊÐ¥¸É¢ ³¨ ¶·¨ ¨§ÊÎ¥´¨¨ ± ±
Ö¤¥·´μ°, É ± ¨ ¢´¥Ö¤¥·´μ° ´ ¸²¥¤¸É¢¥´´μ¸É¨. …¥ ¢¥£¥É É¨¢´Ò¥ ±²¥É±¨ ¸μ¤¥·-
¦ É μ¤´μ £ ¶²μ¨¤´μ¥ Ö¤·μ, μ±μ²μ 10Ä15 Ì²μ·μ¶² ¸Éμ¢ ¨ μ£·μ³´ÊÕ · §¢¥É¢²¥´-
´ÊÕ ³¨ÉμÌμ´¤·¨Õ [3]. �·£ ´¥²²Ò ¸μ¤¥·¦ É ¸¢μ¨ ¸μ¡¸É¢¥´´Ò¥ £¥´μ³Ò. 
ÉμÉ
μ·£ ´¨§³ ³μ¦´μ ¢Ò· Ð¨¢ ÉÓ ´  ¸¨´É¥É¨Î¥¸±μ° ¸·¥¤¥. ‘ ´¨³ ³μ¦´μ · ¡μÉ ÉÓ,
¨¸¶μ²Ó§ÊÖ ¸É ´¤ ·É´Ò¥ ³¨±·μ¡¨μ²μ£¨Î¥¸±¨¥ ³¥Éμ¤Ò.

‘·¥¤¨ μ¤´μ±²¥ÉμÎ´ÒÌ ÔÊ± ·¨μÉ¨Î¥¸±¨Ì μ·£ ´¨§³μ¢ Euglena, μ¸μ¡¥´´μ E.
gracilis, Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö Ë¨§¨μ²μ£¨Î¥¸±¨Ì ¨ ¡¨μÌ¨³¨Î¥¸±¨Ì ¨¸¸²¥-
¤μ¢ ´¨°. �Ò²μ ¶μ± § ´μ, ÎÉμ ÔËË¥±É¨¢´μ¸ÉÓ ËμÉμ¸¨´É¥§  Ê E. gracilis ¶·¨-
³¥·´μ ¢ 60 · § ¢ÒÏ¥, Î¥³ Ê ·¨¸ ,   ÔËË¥±É¨¢´μ¸ÉÓ ¶·¥¢· Ð¥´¨Ö Ê£²¥±¨¸²μ£μ
£ §  ¢ ±¨¸²μ·μ¤ ¢ 2 · §  ¢ÒÏ¥, Î¥³ Ê Ì²μ·¥²²Ò [13]. �¨Ð¥¢ Ö Í¥´´μ¸ÉÓ
±²¥ÉμÎ´ÒÌ ±μ³¶μ´¥´Éμ¢ Euglena ¶·¥¢ÒÏ ¥É ¶¨Ð¥¢ÊÕ Í¥´´μ¸ÉÓ ¦¨¢μÉ´ÒÌ,
É ±¨Ì ± ± ³ÒÏ¨ ¨ ±·Ò¸Ò [1, 11, 14]. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ¸¢Ö§¨ ¸ ¶² ´¨·μ¢ -
´¨¥³ ¤²¨É¥²Ó´ÒÌ ±μ¸³¨Î¥¸±¨Ì ¶μ²¥Éμ¢ · §· ¡ ÉÒ¢ ÕÉ¸Ö § ³±´ÊÉÒ¥ ¸¨¸É¥³Ò
¦¨§´¥μ¡¥¸¶¥Î¥´¨Ö, ¨¸¸²¥¤ÊÕÉ¸Ö ÔËË¥±É¨¢´Ò¥ ¸¨¸É¥³Ò ¶·μ¨§¢μ¤¸É¢  ¶¨Ð¨
¨ ·¥£¥´¥· Í¨¨ ±¨¸²μ·μ¤ . ˆ§-§  ¢Ò¸μ±μ° ËμÉμ¸¨´É¥É¨Î¥¸±μ° ¸¶μ¸μ¡´μ¸É¨ ¨
¶¨Ð¥¢ÒÌ ± Î¥¸É¢ E. gracilis · ¸¸³ É·¨¢ ¥É¸Ö ± ± ¶·¨¢²¥± É¥²Ó´Ò° ¡¨μ²μ£¨-
Î¥¸±¨° ±μ³¶μ´¥´É ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¡¨μ²μ£¨Î¥¸±¨Ì ¸¨¸É¥³ Ì ¦¨§´¥μ¡¥¸-
¶¥Î¥´¨Ö Î¥²μ¢¥±  [13].

‚ ±μ¸³¨Î¥¸±μ³ ¶·μ¸É· ´¸É¢¥ μ·£ ´¨§³Ò ¶μ¤¢¥·£ ÕÉ¸Ö ¢μ§¤¥°¸É¢¨Õ ¨μ´¨-
§¨·ÊÕÐ¥° · ¤¨ Í¨¨, ¶·¨Î¥³ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¸ ¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ ²¨´¥°´μ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨ (‹�
) ¨ μÉ´μ¸¨É¥²Ó´μ°
¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ (��
). ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´ Î ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö
¤¥°¸É¢¨Ö ´  Euglena ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ Ï¨·μ±¨³ ¤¨ ¶ §μ´μ³ ‹�
. �Ò²μ ¶μ± -
§ ´μ, ÎÉμ ¶·¨ μ¡²ÊÎ¥´¨¨ ¢ μ¡² ¸É¨ ¤μ§ μÉ 100 ¤μ 400 ƒ· ¶¨± ��
 ¤²Ö Euglena
´ Ìμ¤¨É¸Ö ¢ μ¡² ¸É¨ 196 ±Ô‚/³±³, ¢ Éμ ¢·¥³Ö ± ± ¤²Ö ±²¥Éμ± ³²¥±μ¶¨É Õ-
Ð¨Ì ∼ 150 ±Ô‚/³±³ [16] ¨ ¤²Ö ¢Ò¸Ï¨Ì · ¸É¥´¨° ∼ 240 ±Ô‚/³±³ [10]. LD90
¤²Ö γ-¨§²ÊÎ¥´¨Ö ¨ ¨μ´μ¢ Ê£²¥·μ¤  (‹�
 108 ±Ô‚/³±³) ¸μ¸É ¢²Ö¥É 5,5 [23] ¨
1,7 ƒ· [15] ¤²Ö ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì (±²¥É±¨ ‘��) ¨ 290 ¨ 67 ƒ· ¤²Ö E.
gracilis ¸μμÉ¢¥É¸É¢¥´´μ [10], É. ¥. · ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ ¢μ¤μ·μ¸²¨ ¢ 40Ä50 · §
¢ÒÏ¥, Î¥³ Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì.
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Ÿ¶μ´¸±¨³¨ ±μ²²¥£ ³¨ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¢²¨Ö´¨¥ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥-
´¨Ö ´  ·μ¸É ¢μ¤μ·μ¸²¨ ¶·¥´¥¡·¥¦¨³μ ³ ²μ [10]. Œ¨´¨³ ²Ó´ Ö ÔËË¥±É¨¢´ Ö
¤μ§  ¤²Ö ¶ÊÎ±  ¨μ´μ¢ ‘5+, ¨³¥ÕÐ¥£μ ´ ¨¡μ²ÓÏ¨° ²¥É ²Ó´Ò° ÔËË¥±É, ¸μ¸É -
¢²Ö¥É 40 ƒ·. 
É  ¢¥²¨Î¨´  ´ ³´μ£μ ¶·¥¢μ¸Ìμ¤¨É Ê·μ¢¥´Ó ¤μ§ ±μ¸³¨Î¥¸±μ°
· ¤¨ Í¨¨, ¶μ²ÊÎ¥´´μ° §  μ¤´Ê £¥´¥· Í¨Õ Euglena. �μ ¤ ´´Ò³ ˆ´¸É¨ÉÊÉ 
³¥¤¨±μ-¡¨μ²μ£¨Î¥¸±¨Ì ¶·μ¡²¥³ ¶μ£²μÐ¥´´ Ö ¤μ§  ´  ¢Ò¸μÉ¥ 400Ä500 ±³ μÉ
‡¥³²¨ ¸μ¸É ¢²Ö²  50Ä800 ³±ƒ·/¸ÊÉ ´  ¸É ´Í¨¨ ®Œ¨·¯ ¨ 50Ä350 ³±ƒ·/¸ÊÉ ´ 
ŒŠ‘. �μ¸±μ²Ó±Ê ¢·¥³Ö £¥´¥· Í¨¨ Euglena ¸μ¸É ¢²Ö¥É 6 Î, μ¡Ð Ö ¶μ£²μÐ¥´-
´ Ö ¤μ§  ´  £¥´¥· Í¨Õ μÍ¥´¨¢ ¥É¸Ö ± ± 0,1 ³ƒ·. �É´μ¸¨É¥²Ó´μ ¡μ²¥¥ ¢Ò¸μ± Ö
· ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ ± ÉÖ¦¥²Ò³ ¨μ´ ³ ¶μ¤É¢¥·¦¤ ¥É ¶·¨¥³²¥³μ¸ÉÓ Euglena
¢ ± Î¥¸É¢¥ ¡¨μ²μ£¨Î¥¸±μ£μ ±μ³¶μ´¥´É  § ³±´ÊÉÒÌ ¸¨¸É¥³ ±μ¸³¨Î¥¸±¨Ì ¸É ´-
Í¨°. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢μ§· ¸É ¥É ¨´É¥·¥¸ ± · ¤¨μ¡¨μ²μ£¨Î¥¸±¨³ Ì · ±É¥·¨-
¸É¨± ³ Euglena. �¤´ ±μ ¤¥°¸É¢¨¥ ·¥¤±μ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ¨§ÊÎ¥´μ
´¥¤μ¸É ÉμÎ´μ. �¸μ¡Ò° ¨´É¥·¥¸ ¢Ò§Ò¢ ¥É ¤¨ ¶ §μ´ ³ ²ÒÌ ¤μ§. ‚ ¤ ´´μ° · -
¡μÉ¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ÔËË¥±ÉÒ ³ ²ÒÌ ¤μ§ μ¡²ÊÎ¥´¨Ö ¨ ¢²¨Ö´¨¥ £¥´μÉ¨¶  ´ 
· ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ Euglena.
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˜É ³³Ò. ˆ¸¶μ²Ó§μ¢ ²¨ ÏÉ ³³Ò ¤¨±μ£μ É¨¶  Euglena gracilis Pringsheim
var. ²¨´¨¨ Z, E. gracilis Klebs var. E. bacillaris Cori ¨ É·¨ ¸É ¡¨²Ó´ÒÌ μ¡¥¸-
Í¢¥Î¥´´ÒÌ ³ÊÉ ´É  ¸ ´¥ËÊ´±Í¨μ´ ²Ó´Ò³¨ Ì²μ·μ¶² ¸É ³¨: WgmZO	L (¶·μ¨§-
¢μ¤´Ò° μÉ ²¨´¨¨ Z), W3BUL ¨ W10BSml (¶·μ¨§¢μ¤´Ò¥ μÉ E. bacillaris) [22].

‘·¥¤Ò. „²Ö ±Ê²ÓÉ¨¢¨·μ¢ ´¨Ö ¸Ê¸¶¥´§¨° ¨ ±μ²μ´¨° ¨¸¶μ²Ó§μ¢ ²¨ ¸¨´É¥-
É¨Î¥¸±ÊÕ ¸μ²¥¢ÊÕ ¸·¥¤Ê • É´¥·  [19].

�¡²ÊÎ¥´¨¥. ŠÊ²ÓÉÊ·Ò ¢μ¤μ·μ¸²¨ · ¸É¨²¨ ¢μ Ë² ±μ´ Ì ¢ 100 ³² ¦¨¤±μ°
¸¨´É¥É¨Î¥¸±μ° ¸·¥¤Ò ¶·¨ É¥³¶¥· ÉÊ·¥ 26 ◦‘ ¢ ·¥¦¨³¥ ¥¸É¥¸É¢¥´´μ£μ μ¸¢¥-
Ð¥´¨Ö (ËμÉμ¶¥·¨μ¤ 18/6 Î). ‘¥³¨¸ÊÉμÎ´Ò¥ (¸¨´Ì·μ´¨§ Í¨Ö ¢ · ´´¥° ¸É -
Í¨μ´ ·´μ° Ë §¥) ±Ê²ÓÉÊ·Ò ¢ ±μ´Í¥´É· Í¨¨ 109−1010 ±²¥Éμ±/³² μ¡²ÊÎ ²¨ ¢
¸É¥·¨²Ó´ÒÌ 1,5-³² ¶·μ¡¨·± Ì 
¶¶¥´¤μ·Ë ´  É¥· ¶¥¢É¨Î¥¸±μ³  ¶¶ · É¥ ®�μ-
±Ê¸¯ (¨¸ÉμÎ´¨± γ-¨§²ÊÎ¥´¨Ö 60‘μ, E = 1, 17; 1,33 ŒÔ‚, ‹�
 = 0,25 ±Ô‚/³±³;
³μÐ´μ¸ÉÓ ¤μ§Ò 0,7 ƒ·/³¨´).

�¶·¥¤¥²¥´¨¥ ¸±μ·μ¸É¨ ·μ¸É . �¡²ÊÎ¥´´Ò¥ ±Ê²ÓÉÊ·Ò · §¢μ¤¨²¨ ¢ ¸·¥¤¥
• É´¥·  ¨ ¨´±Ê¡¨·μ¢ ²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 26 ◦‘ ¢ ·¥¦¨³¥ ¥¸É¥¸É¢¥´´μ£μ μ¸¢¥-
Ð¥´¨Ö. ‚ ¦¨¤±¨Ì ¸Ê¸¶¥´§¨ÖÌ ±Ê²ÓÉÊ· Î¥·¥§ ± ¦¤Ò¥ 24 Î ¶μ¤¸Î¨ÉÒ¢ ²¨ É¨É·
±²¥Éμ± ¸ ¶μ³μÐÓÕ ± ³¥·Ò ƒμ·Ö¥¢ .

�¶·¥¤¥²¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ³¥Éμ¤μ³ ¢Ò¸¥¢  ´  ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê. �¡-
²ÊÎ¥´´ÊÕ ¸Ê¸¶¥´§¨Õ ¶μ¸²¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · §¢¥¤¥´¨Ö ¢ ¸·¥¤¥ • É´¥·  · ¸-
¸¥¢ ²¨ ´  ¤¢¥ Î Ï±¨ ¤²Ö ± ¦¤μ° ¤μ§Ò ¨§ · ¸Î¥É  200Ä2000 ¢Ò¦¨¢Ï¨Ì ±²¥Éμ±
´  Î Ï±Ê  £ ·¨§μ¢ ´´μ° ¸·¥¤Ò ¨ · ¸É¨²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 26 ◦‘ ¢ ·¥¦¨³¥
¥¸É¥¸É¢¥´´μ£μ μ¸¢¥Ð¥´¨Ö. 
ËË¥±É¨¢´μ¸ÉÓ ¶μ¸¥¢  ¨ ¢Ò¦¨¢ ¥³μ¸ÉÓ ±Ê²ÓÉÊ·
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μ¶·¥¤¥²Ö²¨ ´  ¸¥¤Ó³Ò¥ ¸ÊÉ±¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. „²Ö μ¡· §μ¢ ´¨Ö ±μ²μ´¨°
´¥μ¡²ÊÎ¥´´Ò³ ±²¥É± ³ μ¡ÒÎ´μ É·¥¡Ê¥É¸Ö 7 ¸ÊÉ ¨ 10 ¸ÊÉ Å μ¡²ÊÎ¥´´Ò³ ³Ê-
É ´É´Ò³ ±²¥É± ³.

�¶·¥¤¥²¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ³¥Éμ¤μ³ ¢¨É ²Ó´μ£μ μ±· Ï¨¢ ´¨Ö ±²¥Éμ±.
�¶·¥¤¥²¥´¨¥ Î¨¸²  ³¥·É¢ÒÌ ±²¥Éμ± ¶·μ¢μ¤¨²¨ ³¨±·μ¸±μ¶¨·μ¢ ´¨¥³, μ±· -
¸¨¢ ¶·¥¶ · É · ¸É¢μ·μ³ 1 %-£μ ³¥É¨²¥´μ¢μ£μ ¸¨´¥£μ (Œ‘) ¸ ·� 4,6, ¢μ¤´Ò³
· ¸É¢μ·μ³ 0,1 %-£μ  ±·¨¤¨´μ¢μ£μ μ· ´¦¥¢μ£μ (��) ¨²¨ · ¸É¢μ·μ³ °μ¤¨¸Éμ£μ
¶·μ¶¨¤¨Ö (PI) ¢ ±μ´Í¥´É· Í¨¨ 1 ³£/³². �  ¶·¥¤³¥É´μ¥ ¸É¥±²μ ´ ´μ¸¨²¨ 8 ³±²
¸Ê¸¶¥´§¨¨ ¨ 2 ³±² ±· ¸±¨, ± ¶²Õ ´ ±·Ò¢ ²¨ ¶μ±·μ¢´Ò³ ¸É¥±²μ³. „²Ö ± ¦¤μ°
¤μ§Ò ¤¥² ²¨ ´¥¸±μ²Ó±μ ¸´¨³±μ¢. ‚ 10 ¶μ²ÖÌ §·¥´¨Ö ¶·¥¶ · É  ¶μ¤¸Î¨ÉÒ¢ ²¨
μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ ±²¥Éμ± ¨ ±²¥Éμ±, μ±· Ï¥´´ÒÌ ¢ ¸¨´¨° (Œ‘) ¨²¨ ±· ¸´Ò°
Í¢¥É (��, PI). �¡Ð¥¥ Î¨¸²μ ¶·μ¸³μÉ·¥´´ÒÌ ±²¥Éμ± ¤²Ö ± ¦¤μ° ÉμÎ±¨ ¸μ-
¸É ¢²Ö²μ μ±μ²μ 1000. „μ²Ö μ±· Ï¥´´ÒÌ ±²¥Éμ± ¸μμÉ¢¥É¸É¢Ê¥É ¤μ²¥ ³¥·É¢ÒÌ
±²¥Éμ± ¢ ¸Ê¸¶¥´§¨¨ [18]. ‚·¥³Ö “”-μ¸¢¥Ð¥´¨Ö ±²¥Éμ±, μ±· Ï¥´´ÒÌ Ë²Êμ-
·¥¸Í¥´É´Ò³ ±· ¸¨É¥²¥³, ³¨´¨³¨§¨·μ¢ ²¨, ¶μ¸±μ²Ó±Ê ±²¥É±¨, “”-Ô±¸¶μ§¨Í¨Ö
±μÉμ·ÒÌ ¶·¥¢ÒÏ ²  1 ³¨´, · §·ÊÏ ÕÉ¸Ö.

”μÉμ£· Ë¨·μ¢ ´¨¥. Œ¨±·μËμÉμ£· Ë¨¨ ¶μ²ÊÎ ²¨ ´  Ë²Êμ·¥¸Í¥´É´μ³ ³¨-
±·μ¸±μ¶¥ Œ¨±·μ³¥¤ 3 ‹�Œ (�ˆŸˆ, „Ê¡´ ) c ¶μ³μÐÓÕ Í¨Ë·μ¢μ° ± ³¥·Ò
Nikon Coolpix 4500 (4.0 Mega pixels, ×4 zoom). �·¥§¥´É É¨¢´Ò¥ ËμÉμ£· -
Ë¨¨ ²Õ¡¥§´μ ¢Ò¶μ²´¥´Ò �.�.Šμ²Éμ¢Ò³ ´  Ë²Êμ·¥¸Í¥´É´μ³ ³¨¸±·μ¸±μ¶¥
Nikon-Eclipse 80i (ˆ‘�, Œμ¸±¢ ).

�…‡“‹œ’�’›

‘±μ·μ¸ÉÓ ·μ¸É . Š²¥É±¨ Euglena · ¸É¨²¨ ¢ Ê¸²μ¢¨ÖÌ ¥¸É¥¸É¢¥´´μ£μ μ¸¢¥-
Ð¥´¨Ö ¢ ¦¨¤±μ° ¸¨´É¥É¨Î¥¸±μ° ¸·¥¤¥. ˆ§¢¥¸É´μ, ÎÉμ ´  ¶ÖÉÒ¥ ¸ÊÉ±¨ ¨´±Ê-
¡¨·μ¢ ´¨Ö Euglena ¢¸ÉÊ¶ ¥É ¢ · ´´ÕÕ ¸É Í¨μ´ ·´ÊÕ Ë §Ê. „²Ö γ-μ¡²ÊÎ¥´¨Ö
³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¸¥³¨¸ÊÉμÎ´Ò¥, É. ¥. ¸¨´Ì·μ´¨§μ¢ ´´Ò¥ ¸É Í¨μ´ ·´Ò¥ ±Ê²Ó-
ÉÊ·Ò ±²¥Éμ±. �μ¸²¥ μ¡²ÊÎ¥´¨Ö ±Ê²ÓÉÊ· · §´μ£μ £¥´μÉ¨¶  ¢ É¥Î¥´¨¥ ´¥¤¥²¨
¥¦¥¤´¥¢´μ μ¶·¥¤¥²Ö²¨ ¸±μ·μ¸ÉÓ ·μ¸É  ±Ê²ÓÉÊ·. „²Ö ¢¸¥Ì ±Ê²ÓÉÊ· ¢ É¥Î¥´¨¥
¶¥·¢ÒÌ É·¥Ì ¸ÊÉμ± ´ ¡²Õ¤ ²¸Ö ³¥¤²¥´´Ò° ·μ¸É, ´  4Ä5 ¸ÊÉ±¨ ¶·μ¨¸Ìμ¤¨² ³ ±-
¸¨³ ²Ó´Ò° ¶·¨·μ¸É, § É¥³ ¶·¨·μ¸É ±²¥Éμ± ¸´¨¦ ²¸Ö. � ¨¡μ²¥¥ ¡Ò¸É·μ ·μ¸
ÏÉ ³³ ¤¨±μ£μ É¨¶  Euglena gracilis (Eg), ¢Éμ·μ° ÏÉ ³³ ¤¨±μ£μ É¨¶  E. bacil-
laris (Eb) ¤¥²¨²¸Ö ³¥¤²¥´´¥¥ (·¨¸. 1, a). � ¡²Õ¤ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ ¸±μ·μ¸É¨
·μ¸É  μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö: Ê ¤¨±μ£μ ÏÉ ³³  Eg ¶·¨ ¤μ§¥ μ¡²ÊÎ¥´¨Ö < 1 ƒ·
¸±μ·μ¸ÉÓ ·μ¸É  ¢μ§· ¸É ²  ¶μ ¸· ¢´¥´¨Õ ¸μ ¸±μ·μ¸ÉÓÕ ·μ¸É  Ê ´¥μ¡²ÊÎ¥´-
´μ° ±Ê²ÓÉÊ·Ò, ¶·¨ Ê¢¥²¨Î¥´¨¨ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¸±μ·μ¸ÉÓ ·μ¸É  ¸´¨¦ ² ¸Ó; Ê
ÏÉ ³³  Eb ´¥ ´ ¡²Õ¤ ²μ¸Ó ¸É¨³Ê²¨·ÊÕÐ¥£μ ÔËË¥±É  μ¡²ÊÎ¥´¨Ö (·¨¸. 1, ¢); Ê
μ¡¥¸Í¢¥Î¥´´μ£μ ³ÊÉ ´É  OFL ´ ¡²Õ¤ ² ¸Ó ¸É¨³Ê²ÖÍ¨Ö ·μ¸É  ³ ²Ò³¨ ¤μ§ ³¨,
²¨ÏÓ ¤μ§Ò > 50 ƒ· ¢Ò§Ò¢ ²¨ ¶μ¤ ¢²¥´¨¥ ¸±μ·μ¸É¨ ·μ¸É  (·¨¸. 1, ¡).
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�¨¸. 1. �μ¸É ´¥μ¡²ÊÎ¥´´ÒÌ ¨ μ¡²ÊÎ¥´´ÒÌ ¸Ê¸¶¥´§¨° ÏÉ ³³μ¢ Euglena · §´μ£μ £¥´μÉ¨¶ 
¶μ¸²¥ γ-μ¡²ÊÎ¥´¨Ö (a Å Eg; ¡ Å OFL, ¢ Å Eb). �·¨¢¥¤¥´ ¨´¤¥±¸ ·μ¸É  GI = Ni/N0,
£¤¥ Ni Å ±μ²¨Î¥¸É¢μ ±²¥Éμ± ´  i-° ¤¥´Ó ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö, N0 Å ±μ²¨Î¥¸É¢μ ±²¥Éμ±
¸· §Ê ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö (´Ê²¥¢μ° ¤¥´Ó). �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ μ¤´μ£μ Ô±¸¶¥·¨³¥´É 
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�¨¸. 2. ‚Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ± Euglena gracilis · §²¨Î´μ£μ £¥´μÉ¨¶  ¶μ¸²¥ γ-μ¡²ÊÎ¥´¨Ö:
a Å ³ ²Ò¥ ¤μ§Ò, ¡ Å ¡μ²ÓÏ¨¥ ¤μ§Ò. ‚Ò¦¨¢ ¥³μ¸ÉÓ μ¶·¥¤¥²Ö²¨ ¶μ ÔËË¥±É¨¢´μ¸É¨
¶μ¸¥¢ . �¡μ§´ Î¥´¨¥ ÏÉ ³³μ¢: Eg Å Euglena gracilis; Eb Å Euglena bacillaris; OFL Å
WgmZO	L; W3 Å W3BUL; W10 Å W10BSml. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ, Ê¸·¥¤´¥´´Ò¥
¶μ É·¥³ Ô±¸¶¥·¨³¥´É ³, ¨ ¸·¥¤´¨¥ ±¢ ¤· É¨Î´Ò¥ μÏ¨¡±¨

‚Ò¦¨¢ ¥³μ¸ÉÓ (±² ¸¸¨Î¥¸±¨° ³¥Éμ¤ ¢Ò¸¥¢  ´  ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê). �¥-
μ¡²ÊÎ¥´´Ò¥ ¨ μ¡²ÊÎ¥´´Ò¥ ±Ê²ÓÉÊ·Ò · ¸¸¥¢ ²¨ ´   £ ·¨§μ¢ ´´ÊÕ ¶¨É É¥²Ó´ÊÕ
¸·¥¤Ê ¨ ´  ¸¥¤Ó³Ò¥ ¸ÊÉ±¨ μ¶·¥¤¥²Ö²¨ ÔËË¥±É¨¢´μ¸ÉÓ ¶μ¸¥¢  ¨ ¢Ò¦¨¢ ¥³μ¸ÉÓ.
� ¨¡μ²ÓÏ¥° ÔËË¥±É¨¢´μ¸ÉÓÕ ¶μ¸¥¢  μ¡² ¤ ²¨ ´¥μ¡²ÊÎ¥´´Ò¥ ±Ê²ÓÉÊ·Ò ¤¨-
±μ£μ ÏÉ ³³  Eg, ÔËË¥±É¨¢´μ¸ÉÓ ¶μ¸¥¢  ±μÉμ·ÒÌ ¸μ¸É ¢²Ö²  ∼ 30%. 
ËË¥±-
É¨¢´μ¸ÉÓ ¶μ¸¥¢  μ¸É ²Ó´ÒÌ ÏÉ ³³μ¢ ¡Ò²  ´¨¦¥ ¨ ¸μ¸É ¢²Ö²  5Ä15 %.

‚Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ± μ¶·¥¤¥²Ö²¨ ±² ¸¸¨Î¥¸±¨³ ³¥Éμ¤μ³ ¶μ ¸¶μ¸μ¡´μ-
¸É¨ ±²¥Éμ± μ¡· §μ¢Ò¢ ÉÓ ±μ²μ´¨¨. Šμ²¨Î¥¸É¢μ ±μ²μ´¨°, ¢Ò·μ¸Ï¨Ì ´  Î Ï-
± Ì, ´μ·³¨·μ¢ ²¨ ´  ÔËË¥±É¨¢´μ¸ÉÓ ¶μ¸¥¢ , ±μÉμ·ÊÕ ¶·¨´¨³ ²¨ §  100 %.
� ¡²Õ¤ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ ¢Ò¦¨¢ ¥³μ¸É¨ μÉ £¥´μÉ¨¶  μ¡²ÊÎ¥´´ÒÌ ¢μ¤μ·μ¸²¥°
(·¨¸. 2). Š²¥É±¨ ¤¨±μ£μ É¨¶  Eg ¡Ò²¨ ´ ¨¡μ²¥¥ · ¤¨μ·¥§¨¸É¥´É´Ò³¨. ˜É ³³
OFL, ÊÉ· É¨¢Ï¨° Ì²μ·μ¶² ¸ÉÒ, ¶·μÖ¢²Ö² § ³¥É´μ ¡μ²¥¥ ¢Ò¸μ±ÊÕ ÎÊ¢¸É¢¨-
É¥²Ó´μ¸ÉÓ, Î¥³ ¤¨±¨° ÏÉ ³³ Eg. �¤´ ±μ ÏÉ ³³ Eb, ¨³¥ÕÐ¨° Ì²μ·μ¶² ¸ÉÒ,
É ±¦¥ μ¡² ¤ ² ¶μ¢ÒÏ¥´´μ° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ. ‚ Éμ ¦¥ ¢·¥³Ö ¶·μ¨§-
¢μ¤´Ò° μÉ ´¥£μ ÏÉ ³³ W10, ÊÉ· É¨¢Ï¨° Ì²μ·μ¶² ¸ÉÒ, ¶·μÖ¢²Ö² · ¤¨μÎÊ¢-
¸É¢¨É¥²Ó´μ¸ÉÓ, ¸Ìμ¤´ÊÕ ¸ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¨¸Ìμ¤´μ£μ ÏÉ ³³  Eb.

�¡²ÊÎ¥´¨¥ ¢ ¤μ§ Ì ¤μ 100 ƒ· μ± §Ò¢ ²μ ¸É¨³Ê²¨·ÊÕÐ¨° ÔËË¥±É Ê ÏÉ ³³ 
Eg, (·¨¸. 2,  ). �  ³ ²ÒÌ ¤μ§ Ì ´ ¡²Õ¤ ²¸Ö ¸¨²Ó´Ò° £μ·³¥§¨¸´Ò° ÔËË¥±É Å
¢Ò¦¨¢ ¥³μ¸ÉÓ ÏÉ ³³  Eg ¶μ¢ÒÏ ² ¸Ó ¤μ 140 % μÉ ±μ´É·μ²Ö ¶·¨ ¤μ§¥ μ¡-
²ÊÎ¥´¨Ö 0,1 ƒ·. •μÉÖ ÏÉ ³³ Eb ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²¥´ ± μ¡²ÊÎ¥´¨Õ, ´μ ¨ Ê
´¥£μ ´ ¡²Õ¤ ²¸Ö £μ·³¥§¨¸´Ò° ÔËË¥±É ¶·¨ ¤μ§ Ì, ³¥´ÓÏ¨Ì 5 ƒ·, ¶·¨ ¡μ²Ó-
Ï¨Ì ¤μ§ Ì ´ ¡²Õ¤ ²¸Ö ²¥É ²Ó´Ò° ÔËË¥±É. ‚ ¶·μÉ¨¢μ¶μ²μ¦´μ¸ÉÓ ¨³ ÏÉ ³³Ò,
ÊÉ· É¨¢Ï¨¥ Ì²μ·μ¶² ¸ÉÒ, ´  ³ ²ÒÌ ¤μ§ Ì ¶·μÖ¢²Ö²¨ £¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ.

‚Ò¦¨¢ ¥³μ¸ÉÓ (¢¨É ²Ó´μ¥ μ±· Ï¨¢ ´¨¥). �¶·¥¤¥²¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨
±² ¸¸¨Î¥¸±¨³ ³¥Éμ¤μ³ ¢Ò¸¥¢  ´  ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê ¤ ¥É μÍ¥´±Ê ¤μ²¨ ¦¨¢ÒÌ
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�¨¸. 3. ‘É·¥²±μ° Ê± § ´  ±²¥É±  Euglena gracilis ¸ · §μ·¢ ´´μ° μ¡μ²μÎ±μ° ¶μ¸²¥ μ±· -
Ï¨¢ ´¨Ö ³¥É¨²¥´μ¢Ò³ ¸¨´¨³ (Ë²Êμ·¥¸Í¥´É´Ò° ³¨±·μ¸±μ¶ Nikon-Eclipse 80i, μ¡Ñ¥±-
É¨¢ ×100)

¤¥²ÖÐ¨Ì¸Ö ±²¥Éμ±. †¨¢Ò¥ ±²¥É±¨, ÊÉ· É¨¢Ï¨¥ ¶·μ²¨Ë¥· É¨¢´ÊÕ  ±É¨¢´μ¸ÉÓ,
¢ ¤ ´´μ³ ³¥Éμ¤¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ± ± ³¥·É¢Ò¥. „²Ö μÍ¥´±¨ ¦¨¢ÒÌ ±²¥Éμ±, ¸μ-
Ì· ´¨¢Ï¨Ì ³¥É ¡μ²¨Î¥¸±ÊÕ  ±É¨¢´μ¸ÉÓ, ¨¸¶μ²Ó§μ¢ ²¨ ¤μ¶μ²´¨É¥²Ó´Ò° ³¥Éμ¤
¢¨É ²Ó´μ£μ μ±· Ï¨¢ ´¨Ö. Š·μ³¥ Éμ£μ, μ±· ¸±  ±²¥Éμ± · §²¨Î´Ò³¨ ±· ¸¨É¥-
²Ö³¨, ¢ Éμ³ Î¨¸²¥ ³¥É¨²¥´μ¢Ò³ ¸¨´¨³ (Œ‘) ¨ Ë²Êμ·μÌ·μ³ ³¨, ¢ ¸μ¢μ±Ê¶-
´μ¸É¨ ¸ ¤·Ê£¨³¨ ³¥Éμ¤ ³¨ ¶μ§¢μ²Ö¥É ¢ÒÖ¢¨ÉÓ ¸É·Ê±ÉÊ·´Ò¥ μ¸μ¡¥´´μ¸É¨ ¨
³¥Ì ´¨§³ £¨¡¥²¨ ±²¥Éμ±. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨§¢¥¸É´μ ´¥¸±μ²Ó±μ ³¥Ì ´¨§³μ¢
£¨¡¥²¨ ±²¥Éμ±, ¸·¥¤¨ ´¨Ì £¥´¥É¨Î¥¸±¨ ¤¥É¥·³¨´¨·μ¢ ´´Ò¥  ¶μ¶Éμ§ ¨ ´¥±·μ§.

�·¨ ¢¨É ²Ó´μ³ μ±· Ï¨¢ ´¨¨ Œ‘ ¶·μ´¨± ¥É ¢ ´¥¶μ¢·¥¦¤¥´´Ò¥ ±²¥É±¨,
¶·¨ ÔÉμ³ ´ ¡²Õ¤ ¥É¸Ö ¸² ¡μ¥ μ±· Ï¨¢ ´¨¥ Í¨Éμ¶² §³Ò. ‚ ¶μ¢·¥¦¤¥´´ÒÌ
±²¥É± Ì ¶·μ´¨Í ¥³μ¸ÉÓ ¶μ¢ÒÏ ¥É¸Ö, ÎÉμ ¶·¨¢μ¤¨É ± ¸¨²Ó´μ³Ê μ±· Ï¨¢ ´¨Õ
±²¥Éμ±. �±· ¸±Ê Œ‘ ¶·μ¨§¢μ¤¨²¨ ¸¶Ê¸ÉÖ 2Ä6 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. ˆ¸¶μ²Ó§μ-
¢ ´¨¥ ³¨±·μ¸±μ¶  Nikon Eclipse 80i ¶μ§¢μ²¨²μ · ¸¸³μÉ·¥ÉÓ ¤¥É ²¨ ¸É·μ¥´¨Ö
±²¥Éμ± Euglena (·¨¸. 3). ‚ μ±· Ï¥´´ÒÌ Œ‘ ±Ê²ÓÉÊ· Ì ´ ¡²Õ¤ ²¨ Î¥ÉÒ·¥ É¨¶ 
±²¥Éμ±: ´¥μ±· Ï¥´´Ò¥, ¸² ¡μ μ±· Ï¥´´Ò¥, É¥³´μ-¸¨´¨¥ ¨ ¸ · §μ·¢ ´´μ° μ¡μ-
²μÎ±μ°. ’ ±¨³ μ¡· §μ³, μ±· ¸±  ±²¥Éμ± Œ‘ ¶μ§¢μ²¨²  ´ ¶·Ö³ÊÕ ¢ÒÖ¢²ÖÉÓ
¶μ¢·¥¦¤¥´¨Ö ±²¥Éμ±, ¸μ¶·μ¢μ¦¤ ÕÐ¨¥¸Ö ´ ·ÊÏ¥´¨¥³ ±²¥ÉμÎ´μ° ³¥³¡· ´Ò
¨ ¢ÒÉ¥± ´¨¥³ Í¨Éμ¶² §³Ò, ±· Ì³ ²  ¨ Ì²μ·μË¨²²  ¨§ ±²¥Éμ± (·¨¸. 4). ’ -
± Ö Ëμ·³  £¨¡¥²¨ ±²¥Éμ± Ì · ±É¥·´  ¤²Ö ´¥±·μ§ , μ¤´ ±μ ´¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ
¨ ³¥Ì ´¨Î¥¸±μ¥ · §·ÊÏ¥´¨¥ ±²¥Éμ± ¢ ¶·μÍ¥¸¸¥ ¶·¨£μÉμ¢²¥´¨Ö ¶·¥¶ · É . “
Euglena ´¥É ±²¥ÉμÎ´μ° ¸É¥´±¨, ±²¥É±  μ±·Ê¦¥´  ±²¥ÉμÎ´μ° ¤¢ÊÌ¸²μ°´μ° ³¥³-
¡· ´μ° ¨ Ô±§μ¸±¥²¥Éμ³ (¶¥²²¨±Ê²μ°), ³¥³¡· ´´μ° ¸É·Ê±ÉÊ·μ°, ¶μ§¢μ²ÖÕÐ¥°
μ·£ ´¨§³Ê ¢ÒÉÖ£¨¢ ÉÓ¸Ö ¨ ¸μ±· Ð ÉÓ¸Ö, μ¸´μ¢´Ò³ Ô²¥³¥´Éμ³ ±μÉμ·μ° Ö¢²Ö-
¥É¸Ö ¶μ²¨¸ Ì ·¨¤ Ì¨É¨´. �É¸ÊÉ¸É¢¨¥ ¶·μÎ´μ° ±²¥ÉμÎ´μ° ¸É¥´±¨ ¤¥² ¥É Eu-
glena ÎÊ¢¸É¢¨É¥²Ó´μ° ± ³¥Ì ´¨Î¥¸±¨³ ¢μ§¤¥°¸É¢¨Ö³. �¤´ ±μ ¢ ´ Ï¨Ì Ô±¸¶¥-
·¨³¥´É Ì ¤μ²Ö · §·ÊÏ¥´´ÒÌ ±²¥Éμ± ¡Ò²  ´¥¢¥²¨±  ¶·¨ μ±· Ï¨¢ ´¨¨ ±²¥Éμ±
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�¨¸. 4. �±· ¸±  μ¡²ÊÎ¥´´ÒÌ ±²¥Éμ± Euglena gracilis ³¥É¨²¥´μ¢Ò³ ¸¨´¨³. Egb Å
±²¥É±¨, μ±· Ï¥´´Ò¥ ¢ É¥³´μ-¸¨´¨° Í¢¥É, Egv Å ±²¥É±¨ ¸ · §·ÊÏ¥´´μ° ³¥³¡· ´μ°,
Egbl Å ±²¥É±¨, μ±· Ï¥´´Ò¥ ¢ ¡²¥¤´μ-£μ²Ê¡μ° Í¢¥É, Egw Å ´¥μ±· Ï¥´´Ò¥ ±²¥É±¨.

´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨ ¸μ¸É ¢²Ö²  μ±μ²μ ´¥¸±μ²Ó±¨Ì ¶·μÍ¥´Éμ¢
(·¨¸. 5). „²Ö ³ ²ÒÌ ¤μ§ ´ ¡²Õ¤ ²μ¸Ó ·¥§±μ¥ ¸´¨¦¥´¨¥ Î ¸ÉμÉÒ · §·ÊÏ¥´´ÒÌ
±²¥Éμ±, ÎÉμ ´ Ìμ¤¨É¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¤ ´´Ò³¨ ¶μ Ê¢¥²¨Î¥´¨Õ ¢Ò¦¨¢ -
¥³μ¸É¨ ¶·¨ ¢Ò¸¥¢¥ ´  ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê. „²Ö ÉμÎ´μ° ¤¨ËË¥·¥´Í¨·μ¢±¨
³¥Ì ´¨§³  £¨¡¥²¨ ( ¶μ¶Éμ§ ¨²¨ ´¥±·μ§) ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤μ¶μ²´¨-
É¥²Ó´Ò¥, ¢ Éμ³ Î¨¸²¥ ¶·Ö³Ò¥, É¥¸ÉÒ. „μ²Ö ¡²¥¤´μ-£μ²Ê¡ÒÌ ¨ ¸¨´¨Ì ±²¥Éμ±
É ±¦¥ ´¨§±  ¤ ¦¥ ¶·¨ ¢Ò¸μ±¨Ì ¤μ§ Ì μ¡ÊÎ¥´¨Ö, ´μ § ³¥É´  ¶·¨ ´¨§±¨Ì ¤μ§ Ì
μ¡²ÊÎ¥´¨Ö. �  ³ ²ÒÌ ¤μ§ Ì ´ ¡²Õ¤ ²¸Ö ¶¨± (·¨¸. 4).

„²Ö μ¶·¥¤¥²¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ Ë²Êμ·μÌ·μ³Ò, ´ -
¶·¨³¥·,  ±·¨¤¨´μ¢Ò° μ· ´¦¥¢Ò° [18] ¨²¨ °μ¤¨¸ÉÒ° ¶·μ¶¨¤¨° [8]. ˆ¸¶μ²Ó-
§μ¢ ´¨¥ �� ¤²Ö ¢¨É ²Ó´μ£μ μ±· Ï¨¢ ´¨Ö Euglena μ± § ²μ¸Ó ´¥¶·¨¥³²¥³Ò³
¨§-§   ¢ÉμË²Êμ·¥¸Í¥´Í¨¨ Ì²μ·μË¨²² , Ë²Êμ·¥¸Í¥´Í¨Ö ±μÉμ·μ£μ ´ ¡²Õ¤ ¥É¸Ö
¢ ±· ¸´μ° μ¡² ¸É¨. �¤´ ±μ μ±· Ï¨¢ ´¨¥ �� ¶μ§¢μ²Ö¥É ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ
±²¥É±¨, ÊÉ· É¨¢Ï¨¥ Ì²μ·μË¨²². ˆ§¢¥¸É´μ, ÎÉμ Ë¨§¨Î¥¸±¨¥ ¢μ§¤¥°¸É¢¨Ö, É -
±¨¥ ± ± É¥³¶¥· ÉÊ· , “”-¸¢¥É, ¨μ´¨§¨·ÊÕÐ Ö · ¤¨ Í¨Ö, ¨´¤ÊÍ¨·ÊÕÉ Ì²μ-
·μ¶² ¸É´Ò¥ ³ÊÉ ´ÉÒ. �´ ²¨§ ¶μ± § ², ÎÉμ ¢ ¨¸¶μ²Ó§μ¢ ´´μ³ ¤¨ ¶ §μ´¥ ¤μ§
γ-¨§²ÊÎ¥´¨¥ ´¥ ¨´¤ÊÍ¨·μ¢ ²μ ¡¥§Ì²μ·μË¨²Ó´ÒÌ ³ÊÉ ´Éμ¢. ‚ ±μ´É·μ²¥ ´ ¡²Õ-
¤ ²μ¸Ó ´¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ É ±¨Ì ±²¥Éμ±, ¨ ¤μ²Ö ¨Ì ´¥ ¨§³¥´Ö² ¸Ó ¸ ·μ¸Éμ³
¤μ§Ò (¤ ´´Ò¥ ´¥ ¶·¨¢¥¤¥´Ò). • · ±É¥· μ±· Ï¨¢ ´¨Ö ±²¥Éμ± PI ¸μ¢¶ ¤ ² ¢
μ¸´μ¢´ÒÌ Î¥·É Ì ¸ μ±· ¸±μ° Œ‘ (·¨¸. 5).

�Í¥´±  ¤μ²¨ ³¥·É¢ÒÌ ±²¥Éμ± ¸¨²Ó´μ μÉ²¨Î ² ¸Ó ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤¢ÊÌ
³¥Éμ¤μ¢ Å ¶μ¤¸Î¥É  ±μ²μ´¨¥μ¡· §ÊÕÐ¨Ì ¥¤¨´¨Í ¨ ¢¨É ²Ó´μ° μ±· ¸±¨ ±²¥-
Éμ± (·¨¸. 5). Š² ¸¸¨Î¥¸±¨° ³¥Éμ¤, ± ± ¨ μ¦¨¤ ²μ¸Ó, ¤ ² § ¢ÒÏ¥´´ÊÕ ¤μ²Õ
®³¥·É¢ÒÌ¯ ±²¥Éμ±. ‚ ±μ´É·μ²¥ ¶·¨ μ±· ¸±¥ Œ‘ ¤μ²Ö ³¥·É¢ÒÌ ±²¥Éμ± Ê Eg
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�¨¸. 5. �¶·¥¤¥²¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¸ ¶μ³μÐÓÕ · §²¨Î´ÒÌ ³¥Éμ¤μ¢: ±² ¸¸¨Î¥¸±μ£μ
¢Ò¸¥¢  ´  ¶¨É É¥²Ó´Ò¥ ¸·¥¤Ò (L) ¨ ¢¨É ²Ó´μ° μ±· ¸±¨ (Œ‘ ¨ PI) ±²¥Éμ± ÏÉ ³³μ¢ Eg
( ) ¨ OFL (¡).

¸μ¸É ¢²Ö²  ∼ 10%,   ¶·¨ ±² ¸¸¨Î¥¸±μ³ ³¥Éμ¤¥ μ¶·¥¤¥²¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨
∼ 70%, ¶μ-¢¨¤¨³μ³Ê, ∼ 60% ±²¥Éμ± ¡Ò²¨ ¦¨¢Ò¥, ´μ ´¥ ¤¥²ÖÐ¨¥¸Ö. 
É¨
±²¥É±¨ ³μ£ÊÉ ¸μ¸É ¢²ÖÉÓ ·¥§¥·¢, μ¡ÑÖ¸´ÖÕÐ¨° ´ ¡²Õ¤ ¥³Ò° £μ·³¥§¨¸ ¨ ¢μ§-
· ¸É ´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ´  40%. �μ¸±μ²Ó±Ê ¢ ¨¸¶μ²Ó§Ê¥³μ³ ¤¨ ¶ §μ´¥ ¤μ§
Ê ÏÉ ³³  Eg ´¥ ´ ¡²Õ¤ ²μ¸Ó ²¥É ²Ó´μ£μ ÔËË¥±É , ¢ ¶μ²´μ³ ¸μμÉ¢¥É¸É¢¨¨ ¸
ÔÉ¨³ ³Ò ´¥ ´ ¡²Õ¤ ²¨ ¢μ§· ¸É ´¨Ö ¤μ²¨ ³¥·É¢ÒÌ ±²¥Éμ±, μ¶·¥¤¥²Ö¥³μ° ¸
¶μ³μÐÓÕ μ±· Ï¨¢ ´¨Ö Œ‘.

��‘“†„…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ ²¨ ¤¥°¸É¢¨¥ γ-¨§²ÊÎ¥´¨Ö ´  ÏÉ ³³Ò Euglena · §-
´μ£μ £¥´μÉ¨¶ . � ¨¡μ²ÓÏÊÕ · ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ ¶·μÖ¢¨² ÏÉ ³³ Euglena
gracilis ²¨´¨¨ Z, ¤²Ö ±μÉμ·μ£μ ´¥¡μ²ÓÏμ¥ ¸´¨¦¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ´ ¡²Õ-
¤ ²¨ ²¨ÏÓ ¶·¨ ³ ±¸¨³ ²Ó´μ° ¨¸¶μ²Ó§Ê¥³μ° ¤μ§¥ 100 ƒ·. �μ²ÊÎ¥´´Ò¥ ´ ³¨
¤ ´´Ò¥ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ¤ ´´Ò³¨ ¤·Ê£¨Ì  ¢Éμ·μ¢, ¸μ£² ¸´μ ±μÉμ·Ò³
Ê Euglena gracilis ²¨´¨¨ Z ´¥ ´ ¡²Õ¤ ²¨ ²¥É ²Ó´μ£μ ÔËË¥±É  ¢ ¶·¥¤¥² Ì
¤μ§ ¤μ 100 ƒ·, ¸´¨¦¥´¨¥ ¢Ò¦¨¢ ¥³μ¸É¨ ´ ¡²Õ¤ ²μ¸Ó ²¨ÏÓ ¶·¨ ¤μ§ Ì 250 ¨
400 ƒ· [10, 20]. “ ¶·μ¨§¢μ¤´μ£μ μÉ ²¨´¨¨ Z ÏÉ ³³  OFL, ÊÉ· É¨¢Ï¥£μ Ì²μ·μ-
¶² ¸ÉÒ, · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¡Ò²  ¢ÒÏ¥. 
ËË¥±É ¢²¨Ö´¨Ö Ì²μ·μ¶² ¸Éμ¢ ´ 
· ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ ¡Ò² μ¡´ ·Ê¦¥´ · ´¥¥ [9]. �Ò²μ ¶μ± § ´μ, ÎÉμ ´  ¸¢¥ÉÊ
¢μ¤μ·μ¸²¨ · ¤¨μÊ¸Éμ°Î¨¢¥¥, Î¥³ ¢ É¥³´μÉ¥. ˜É ³³ E. bacillaris ¨ ¶·μ¨§¢μ¤-
´Ò¥ μÉ ´¥£μ ÏÉ ³³Ò ¡¥§ Ì²μ·μË¨²²  W3 ¨ W10 Ì · ±É¥·¨§μ¢ ²¨¸Ó ¶·μ³¥-
¦ÊÉμÎ´μ° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ. �μ-¢¨¤¨³μ³Ê, ¶μ³¨³μ Ì²μ·μ¶² ¸Éμ¢ ´ 
· ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ÏÉ ³³  Eb ¢²¨Ö²¨ ¤μ¶μ²´¨É¥²Ó´Ò¥, ´¥ ¨¤¥´É¨Ë¨Í¨-
·μ¢ ´´Ò¥ Ë ±Éμ·Ò, ¢μ§³μ¦´μ, ¢²¨ÖÕÐ¨¥ ´  ·¥¶ · Í¨Õ ¨ ¸´¨³ ÕÐ¨¥ ÔËË¥±É
Ì²μ·μ¶² ¸Éμ¢.

8



ˆ§¢¥¸É´μ, ÎÉμ Ô´¥·£¥É¨±  ±²¥É±¨ ¢²¨Ö¥É ´  ·¥¶ · Í¨Õ ¨ ³¥Ì ´¨§³ £¨¡¥²¨
±²¥Éμ±. ’ ±,  ¶μ¶Éμ§ Å Ô´¥·£μ§ ¢¨¸¨³Ò° ¶·μÍ¥¸¸, ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ¸ÉÓ ¥³Ê
´¥±·μ§ Ì · ±É¥·¨§Ê¥É¸Ö μ¸² ¡²¥´¨¥³ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨. � ¶·¨³¥·,
Ê ³¨ÉμÌμ´¤·¨ ²Ó´ÒÌ ¤ÒÌ É¥²Ó´μ-´¥±μ³¶¥É¥´É´ÒÌ ³ÊÉ ´Éμ¢ ¤·μ¦¦¥° (petite)
¤μ²Ö  ¶μ¶ÉμÉ¨Î¥¸±¨Ì ±²¥Éμ± ¸´¨¦¥´ , ¨ μ´¨ £¨¡´ÊÉ ¶μ ³¥Ì ´¨§³Ê ´¥±·μ§ ,
¶·¨ ÔÉμ³ ÊÉ· É  Í¥²μ¸É´μ¸É¨ ±²¥ÉμÎ´μ° ¸É¥´±¨ ´¥ ¸μ¶·μ¢μ¦¤ ¥É¸Ö Ë· £³¥´-
É Í¨¥° Ö¤¥·´μ° „�Š ¨²¨ ±μ´¤¥´¸ Í¨¥° Ì·μ³μ¸μ³ [21]. ‚ ¤ ´´μ° · ¡μÉ¥ Ê
²¨´¨¨ Z ¤μ²Ö ±²¥Éμ± ¸ · §μ·¢ ´´μ° ±²¥ÉμÎ´μ° ³¥³¡· ´μ° (¢μ§³μ¦´Ò¥ ´¥±·μ-
É¨Î¥¸±¨¥ ±²¥É±¨) ³¥´ÓÏ¥, Î¥³ Ê μ¡¥¸Í¢¥Î¥´´μ£μ ÏÉ ³³  OFL ¸ ´ ·ÊÏ¥´´Ò³
ËμÉμ¸¨´É¥§μ³ (·¨¸. 5).

�  ³ ²ÒÌ ¤μ§ Ì ¢ ¤¨ ¶ §μ´¥ ¤μ 0,5 ƒ· ´ ¡²Õ¤ ²¸Ö ¸¨²Ó´Ò° £μ·³¥§¨¸´Ò°
ÔËË¥±É Å ¢Ò¦¨¢ ¥³μ¸ÉÓ Eg ¶μ¢ÒÏ ² ¸Ó ¤μ 140 % ¶·¨ ¤μ§¥ μ¡²ÊÎ¥´¨Ö 0,1 ƒ·.
ƒμ·³¥§¨¸´Ò¥ ÔËË¥±ÉÒ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ¨§¢¥¸É´Ò ¤ ¢´μ ¨
´ ¡²Õ¤ ²¨¸Ó ± ± ¤²Ö ¶·μ¸É¥°Ï¨Ì ±²¥ÉμÎ´ÒÌ ¸¨¸É¥³ ¸¨´¥-§¥²¥´ÒÌ ¢μ¤μ·μ-
¸²¥°, ¨´ËÊ§μ·¨°, É ± ¨ ¤²Ö ¢Ò¸Ï¨Ì · ¸É¥´¨°, ¦¨¢μÉ´ÒÌ ¨ Î¥²μ¢¥±  (¸³. [2,
17, 12]). �  ¢¥¸Ó³  · ¤¨μÊ¸Éμ°Î¨¢ÒÌ ±²¥É± Ì ¨´ËÊ§μ·¨¨ Paramecium ¡Ò²μ
¶μ± § ´μ, ÎÉμ ¨Ì Ì·μ´¨Î¥¸±μ¥ γ-μ¡²ÊÎ¥´¨¥ ¢ É¥Î¥´¨¥ 100 Î ¶·¨ ³μÐ´μ¸É¨
Éμ²Ó±μ ¢ 10 · § ¶·¥¢μ¸Ìμ¤ÖÐ¥° ³μÐ´μ¸ÉÓ ¶·¨·μ¤´μ£μ · ¤¨ Í¨μ´´μ£μ Ëμ´ ,
É. ¥. ¢ ¸Ê³³ ·´μ° ¤μ§¥ 0,22 ¸ƒ·, ¶·¨¢μ¤¨²μ ± Ê¸±μ·¥´¨Õ ¤¥²¥´¨Ö ¨ Ê¢¥²¨Î¥-
´¨Õ ±μ²¨Î¥¸É¢  ±²¥Éμ± ¤μ 130 % μÉ ±μ´É·μ²Ö [7]. ‚ Éμ ¦¥ ¢·¥³Ö μ¡²ÊÎ¥´¨¥
¤μ 450 ƒ· ¢ É¥Î¥´¨¥ 1 ³¨´ ´¥ μ¡´ ·Ê¦¨²μ ¸´¨¦¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥-
Éμ± [4], Éμ²Ó±μ ¶·¨ ¤μ§¥ ∼3000 ƒ· ´ ¡²Õ¤ ² ¸Ó 50 %-Ö £¨¡¥²Ó μ¡²ÊÎ¥´´ÒÌ
±²¥Éμ± [5]. „ ´´Ò¥ μ · §³´μ¦¥´¨¨ μ¤´μ±²¥ÉμÎ´μ° ¢μ¤μ·μ¸²¨ Synechococ-
cus lividus ¢ Ê¸²μ¢¨ÖÌ ¸´¨¦¥´´μ£μ Ëμ´  ¶μ¤É¢¥·¤¨²¨ ¥£μ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¤²Ö
· §³´μ¦¥´¨Ö, μ¸μ¡¥´´μ ¢ ´ Î ²Ó´ÒÌ Ë § Ì ¢Ìμ¦¤¥´¨Ö ±Ê²ÓÉÊ·Ò ¢ Ô±¸¶μ´¥´-
Í¨ ²Ó´ÊÕ Ë §Ê ·μ¸É  [6].

—Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± Euglena ¢ μ¡² ¸É¨ ³ ²ÒÌ ¤μ§ ¶·¥¤¸É ¢²Ö¥É ¨´-
É¥·¥¸ ¨ ´Ê¦¤ ¥É¸Ö ¢ ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ. �¥¡μ²ÓÏμ° · ¤¨ Í¨μ´´Ò°
Ëμ´ ´  ±μ¸³¨Î¥¸±¨Ì ¸É ´Í¨ÖÌ ³μ¦¥É ¨³¥ÉÓ ¸É¨³Ê²¨·ÊÕÐ¨° ÔËË¥±É ¢ μÉ-
´μÏ¥´¨¨ ´ · Ð¨¢ ´¨Ö ¡¨μ³ ¸¸Ò. ‚ ¤ ²Ó´¥°Ï¥³ ¨³¥¥É ¸³Ò¸² ¨¸¸²¥¤μ¢ ÉÓ
Ì·μ´¨Î¥¸±μ¥ μ¡²ÊÎ¥´¨¥ Euglena ¢ ³ ²ÒÌ ¤μ§ Ì.

�¢Éμ·Ò ¶·¨´μ¸ÖÉ ¡² £μ¤ ·´μ¸ÉÓ �. Š· °Îμ¢¨Î (“´¨¢¥·¸¨É¥É ¨³. Ÿ.�.Šμ-
³¥´¸±μ£μ, �· É¨¸² ¢ ) ¨ …. �.Š· ¸ ¢¨´Ê §  ¨´É¥·¥¸ ± · ¡μÉ¥, …. �.� ¸μ´μ¢μ°
§  ±·¨É¨Î¥¸±μ¥ ¶·μÎÉ¥´¨¥ ·Ê±μ¶¨¸¨, ’. �. � §²μ¢μ° §  É¥Ì´¨Î¥¸±ÊÕ ¶μ³μÐÓ.
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