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‚¨´μ£· ¤μ¢  �.‚. ¨ ¤·. P19-2013-54
�μ¢·¥¦¤¥´¨¥ ¨ ËÊ´±Í¨μ´ ²Ó´μ¥ ¢μ¸¸É ´μ¢²¥´¨¥ ¸¥ÉÎ É±¨ Ê ³ÒÏ¥°
¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö £¥´μÉμ±¸¨Î¥¸±¨Ì  £¥´Éμ¢

Š ± ¨§¢¥¸É´μ, §·¥² Ö ¸¥ÉÎ É±  Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¸μ±μ° · ¤¨μÊ¸Éμ°Î¨¢μ¸ÉÓÕ. � ´¥¥ ³Ò ¶μ-
± § ²¨, ÎÉμ ¨μ´¨§¨·ÊÕÐ Ö · ¤¨ Í¨Ö ¢ ¤μ§¥ � 25 ƒ· ¨ Ì¨³¨Î¥¸±¨° £¥´μÉμ±¸¨Î¥¸±¨°  £¥´É ³¥É¨²-
´¨É·μ§μ³μÎ¥¢¨´  (Œ�Œ) ¢ ±μ´Í¥´É· Í¨¨ � 60 ³£/±£ ¨´¤ÊÍ¨·μ¢ ²  μ¸É·ÊÕ ¤¥£¥´¥· Í¨Õ ¸¥ÉÎ É±¨,
¸μÎ¥É ÕÐÊÕ¸Ö ¸ Ô±¸¶·¥¸¸¨¥° ¶·μ ¶μ¶ÉμÉ¨Î¥¸±¨Ì ¡¥²±μ¢. �·μÍ¥¸¸ ¨³¥² ¢Ò¸μ±¨° £¥´μÉμ±¸¨Î¥¸±¨°
¶μ·μ£, ´¨¦¥ ±μÉμ·μ£μ ¶·¨§´ ±¨ ¤¥£¥´¥· Í¨¨ ´¥ ¶·μ¸²¥¦¨¢ ²¨¸Ó.

–¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å μÍ¥´±  ¶μ¢·¥¦¤ ÕÐ¥£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨ ¨ Œ�Œ
´  ËÊ´±Í¨μ´ ²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ ¸¥ÉÎ É±¨ ¨ ¥¥ ¸¶μ¸μ¡´μ¸É¨ ± ¢μ¸¸É ´μ¢²¥´¨Õ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö ÔÉ¨Ì
£¥´μÉμ±¸¨± ´Éμ¢. ”Ê´±Í¨μ´ ²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ ¸¥ÉÎ É±¨ Ê ³ÒÏ¥° μÍ¥´¨¢ ²¨ ¶μ Ô²¥±Éμ·¥É¨´μ£· ³³¥
(	�ƒ). � · ²²¥²Ó´μ ¶·μ¢μ¤¨²¸Ö ±μ´É·μ²Ó ³μ·Ëμ²μ£¨Î¥¸±¨Ì ¨§³¥´¥´¨° ¸¥ÉÎ É±¨ ¨ TUNEL-¤¥É¥±Í¨Ö
£¨¡¥²¨ ¥¥ ±²¥ÉμÎ´ÒÌ Ô²¥³¥´Éμ¢. �μ± § ´μ, ÎÉμ μ¡²ÊÎ¥´¨¥ ¢ ¤μ§¥ ¤μ 15 ƒ· £ ³³ -±¢ ´É ³¨ ¨²¨ Ê¸±μ-
·¥´´Ò³¨ ¶·μÉμ´ ³¨ ´¥ ¢Ò§Ò¢ ¥É ¸É·Ê±ÉÊ·´ÒÌ ¨ ËÊ´±Í¨μ´ ²Ó´ÒÌ ¨§³¥´¥´¨° ¸¥ÉÎ É±¨ Ê ³ÒÏ¥°,
ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ¢Ò¸μ±ÊÕ · ¤¨μ·¥§¨¸É¥´É´μ¸ÉÓ §·¥²μ° ¸¥ÉÎ É±¨. �¡²ÊÎ¥´¨¥ ¢ ¡μ²¥¥ ¢Ò¸μ±μ° ¤μ§¥
25 ƒ· ¢Ò§Ò¢ ¥É ¤¥¸É·Ê±Í¨Õ ¸²μÖ ËμÉμ·¥Í¥¶Éμ·´ÒÌ ±²¥Éμ±. �·¨ ÔÉμ³ ´ ¡²Õ¤ ¥É¸Ö Ê¢¥²¨Î¥´¨¥ Î¨¸² 
TUNEL-¶μ§¨É¨¢´ÒÌ ËμÉμ·¥Í¥¶Éμ·μ¢, ¸·¥¤¨ ±μÉμ·ÒÌ μÉ³¥Î ÕÉ¸Ö ±²¥É±¨ ¸ Ì · ±É¥·´Ò³¨ ¤²Ö  ¶μ-
¶Éμ§  Ë· £³¥´É¨·μ¢ ´´Ò³¨ Ö¤· ³¨. Œ�Œ ¢ ±μ´Í¥´É· Í¨¨ 70 ³£/±£ ¶·¨¢μ¤¨É ± ´¥μ¡· É¨³μ° ÊÉ· É¥
Ô²¥±É·¨Î¥¸±μ°  ±É¨¢´μ¸É¨ ¸¥ÉÎ É±¨, ³μ·Ëμ²μ£¨Î¥¸±μ° ¤¥£¥´¥· Í¨¨ ËμÉμ·¥Í¥¶Éμ·μ¢ ¨ ¨Ì ³ ¸¸μ¢μ°
£¨¡¥²¨. ‚ Éμ ¦¥ ¢·¥³Ö Œ�Œ ¢ ¤μ§¥ 35 ³£/±£ ´¥ μ± §Ò¢ ²  Í¨ÉμÉμ±¸¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ´  ¸¥ÉÎ É±Ê.

μ²¥¥ Éμ£μ, ¶·¨ É ±μ° ¤μ§¥ ´ ¡²Õ¤ ²μ¸Ó μ¡· É¨³μ¥ ¸´¨¦¥´¨¥  ³¶²¨ÉÊ¤Ò 	�ƒ. 
Ò²μ ¢ÒÖ¢²¥´μ É ±¦¥
´ ²¨Î¨¥ Ê ¸¥ÉÎ É±¨  ¤ ¶É¨¢´μ£μ μÉ¢¥É , ±μÉμ·Ò° ¶·μÖ¢²Ö²¸Ö ¶·¨ Ê¸²μ¢¨¨ ¤¢ÊÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ
¨´Ñ¥±Í¨° ³ÒÏ ³ Œ�Œ ¸´ Î ²  ¢ ¤μ§¥ 17 ³£/±£,   § É¥³ ¢ Í¨ÉμÉμ±¸¨Î¥¸±μ° ¤μ§¥ 70 ³£/±£.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ê± §Ò¢ ÕÉ ´  ¢μ§³μ¦´μ¸ÉÓ ÔËË¥±É  ´¥°·μ£μ·³¥§¨¸ , μ¶¨¸ ´´μ£μ ¤²Ö
¸¥ÉÎ É±¨ ¶·¨ ¤¥°¸É¢¨¨ ´  ´¥¥ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨ ¨ ´¥±μÉμ·ÒÌ Ì¨³¨Î¥¸±¨Ì ¢¥Ð¥¸É¢.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2013

Vinogradova Yu.V. et al. P19-2013-54
Damage and Functional Recovery of the Mouse Retina after Exposure
to Genotoxic Agents

As is known, the mature retina is characterized by high radiation resistance. We showed earlier
that ionizing radiation at a dose of � 25 Gy and the chemical genotoxic agent methylnitrosourea (MNU)
in a concentration of � 60 mg/kg induce acute retinal degeneration, combined with proapoptotic protein
expression. The process has a high genotoxic threshold, below which no degeneration signs were traced.

The aim of this work was to study the damaging effect of ionizing radiation and MNU on the functional
activity of the retina and its ability to recover after exposure to these genotoxicants. The functional activity
of the mouse retina was evaluated with electroretinograms (ERG). In parallel, morphological changes in
the retina were controlled, and the TUNEL detection of the death of its cell elements was performed.
It has been shown that gamma rays or accelerated proton irradiation below 15 Gy cause no structural
or functional changes in the mouse retina, which conˇrms the mature retina's high radiation resistance.
Irradiation with a higher dose of 25 Gy leads to photoreceptor layer destruction. This goes along with an
increase in the number of the TUNEL-positive photoreceptors, among which are cells with fragmented
nuclei, which are typical of apoptosis. MNU in a concentration of 70 mg/kg caused the irreversible loss
of the retina's physiological activity, and the morphological degeneration of photoreceptors and their mass
death. In a concentration of 35 mg/kg, however, MNU had no cytotoxic effect on the retina. Moreover,
this dose caused a reversible ERG amplitude decrease. Also, adaptive response was observed in the retina,
which became apparent after two consecutive MNU injections Å ˇrst, at a dose of 17 mg/kg; then, at a
cytotoxic dose of 70 mg/kg. These results point to the possibility of the neurohormesis effect, which was
described concerning the retina's exposure to ionizing radiation and some chemicals.

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 2013
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‚ 1990-Ì ££. ¡Ò² μ¶¨¸ ´ ¤¥£¥´¥· É¨¢´Ò° ¶·μÍ¥¸¸ ¢ ¸¥ÉÎ É±¥ Ê ³ÒÏ¥°
¨ ±·Ò¸, ¨´¤ÊÍ¨·μ¢ ´´Ò° ³¥É¨²´¨É·μ§μ³μÎ¥¢¨´μ° (Œ�Œ) [6]. ‚ μ¸´μ¢¥ ·¥-
É¨´μÉμ±¸¨Î¥¸±μ£μ ÔËË¥±É  ²¥¦ ²   ¶μ¶ÉμÉ¨Î¥¸± Ö £¨¡¥²Ó ËμÉμ·¥Í¥¶Éμ·μ¢.
‚ ¶μ¸²¥¤ÊÕÐ¨¥ £μ¤Ò ¢μ ³´μ£¨Ì · ¡μÉ Ì Œ�Œ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ± Î¥¸É¢¥
¨´¤Ê±Éμ·  £¨¡¥²¨ ËμÉμ·¥Í¥¶Éμ·μ¢ in situ [7]. Œ�Œ Å ³μ´μËÊ´±Í¨μ´ ²Ó-
´Ò°  ²±¨²¨·ÊÕÐ¨°  £¥´É, ³μ¤¨Ë¨Í¨·ÊÕÐ¨° μ¸´μ¢ ´¨Ö ¢ „�Š. ‚ ¸¨²Ê ÔÉμ£μ
Œ�Œ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥ ¨´¤Ê±Éμ·  Ô±¸Í¨§¨μ´´ÒÌ ³¥Ì ´¨§³μ¢ ·¥¶ · -
Í¨¨ „�Š [8],   ¢ ¸²ÊÎ ¥ ¸¥ÉÎ É±¨ Å ¤μ·¥¶²¨± É¨¢´μ° ·¥¶ · Í¨¨ (BER) [9].
—Éμ ± ¸ ¥É¸Ö ¤¥°¸É¢¨Ö ´  ¸¥ÉÎ É±Ê ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨, Éμ, ± ± ¡Ò²μ ¶μ-
± § ´μ, §·¥² Ö ¸¥ÉÎ É±  Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¸μ±μ° · ¤¨μÊ¸Éμ°Î¨¢μ¸ÉÓÕ [9Ä11].
Š ± ¨μ´¨§¨·ÊÕÐ Ö · ¤¨ Í¨Ö, É ± ¨ Œ�Œ ¸¶μ¸μ¡´Ò ¨´¤ÊÍ¨·μ¢ ÉÓ μ¸É·ÊÕ ¤¥-
£¥´¥· Í¨Õ ¸¥ÉÎ É±¨, ¸μÎ¥É ÕÐÊÕ¸Ö ¸ Ô±¸¶·¥¸¸¨¥° ¶·μ ¶μ¶ÉμÉ¨Î¥¸±¨Ì ¡¥²±μ¢
PARP, Bax, AP-1 [1, 12]. ‘²¥¤Ê¥É ¶μ¤Î¥·±´ÊÉÓ, ÎÉμ ¨´¤ÊÍ¨·μ¢ ´´ Ö ¤¥£¥´¥· -
Í¨Ö ¸¥ÉÎ É±¨ ¨³¥¥É ¢Ò¸μ±¨° £¥´μÉμ±¸¨Î¥¸±¨° ¶μ·μ£, ´¨¦¥ ±μÉμ·μ£μ ¶·¨§´ ±¨
¤¥£¥´¥· Í¨¨ ´¥ ¶·μ¸²¥¦¨¢ ÕÉ¸Ö [1].

–¥²ÓÕ ´ Ï¥° · ¡μÉÒ ¡Ò²  μÍ¥´±  ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨
¨ Œ�Œ ´  ËÊ´±Í¨μ´ ²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ ¸¥ÉÎ É±¨ Å Ô²¥±É·μ·¥É¨´μ£· ³³Ê
(	�ƒ) ¨ ´  ¥¥ ¸¶μ¸μ¡´μ¸ÉÓ ± ¢μ¸¸É ´μ¢²¥´¨Õ ¶μ¸²¥ ¤¥°¸É¢¨Ö ÔÉ¨Ì £¥´μÉμ±¸¨-
± ´Éμ¢. � · ²²¥²Ó´μ ¸ ·¥£¨¸É· Í¨¥° 	�ƒ ±μ´É·μ²¨·μ¢ ²¨¸Ó ³μ·Ëμ²μ£¨Î¥¸±¨¥
¨§³¥´¥´¨Ö ±²¥ÉμÎ´ÒÌ ¸²μ¥¢ ¸¥ÉÎ É±¨ ¨ ¶·μ¢μ¤¨² ¸Ó TUNEL-¤¥É¥±Í¨Ö £¨¡¥²¨
¥¥ ±²¥ÉμÎ´ÒÌ Ô²¥³¥´Éμ¢.
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†¨¢μÉ´Ò¥. ˆ¸¸²¥¤μ¢ ´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  ¶μ²μ¢μ§·¥²ÒÌ ³ÒÏ Ì ²¨´¨¨
CBAxC57Bl ( ), ¢ ¢μ§· ¸É¥ 2,5 ³¥¸. †¨¢μÉ´Ò¥ ¸μ¤¥·¦ ²¨¸Ó ¢ ¸É ´¤ ·É-
´ÒÌ ² ¡μ· Éμ·´ÒÌ Ê¸²μ¢¨ÖÌ ((22± 2) ◦‘, μÉ´μ¸¨É¥²Ó´ Ö ¢² ¦´μ¸ÉÓ ¢μ§¤ÊÌ 
(60± 10)% ¨ 12-Î ¸μ¢μ° ¸¢¥Éμ¢μ° ¶¥·¨μ¤), ¨³¥²¨ ¸¢μ¡μ¤´Ò° ¤μ¸ÉÊ¶ ± ¢μ¤¥ ¨
±μ³³¥·Î¥¸±μ³Ê ¶¨É ´¨Õ.

�¡²ÊÎ¥´¨¥. ŒÒÏ¥° ¶μ¤¢¥·£ ²¨ ÉμÉ ²Ó´μ³Ê £ ³³ -μ¡²ÊÎ¥´¨Õ (60‘μ) ¢ ¤μ§¥
14 ƒ· ´  É¥· ¶¥¢É¨Î¥¸±μ° Ê¸É ´μ¢±¥ ®�μ±Ê¸-Œ¯ (�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ
Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ ), ³μÐ´μ¸ÉÓ ¶μ£²μÐ¥´´μ° ¤μ§Ò 0,64 ƒ·/³¨´,
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  É ±¦¥ Ê¸±μ·¥´´Ò³¨ ¶·μÉμ´ ³¨ (´  ³¥¤¨±μ-É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥) Å Éμ-
É ²Ó´μ ¢ ¤μ§¥ 14 ƒ· ¨ μ¡² ¸ÉÓ £μ²μ¢Ò ¢ ¤μ§¥ 25 ƒ· (�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ
Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ ). 	´¥·£¨Ö Î ¸É¨Í ¢ ¶ÊÎ±¥ 150 ŒÔ‚/´Ê±²μ´, ‹�	
10 ±Ô‚/³±³, ³μÐ´μ¸ÉÓ ¤μ§Ò 1 ƒ·/³¨´.

Œμ·Ëμ²μ£¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö. 5-³±³ ¸·¥§Ò ¸¥ÉÎ É±¨ ´  ¶·¥¤³¥É´μ³
¸É¥±²¥ μ±· Ï¨¢ ²¨ ¸³¥¸ÓÕ £¥³ Éμ±¸¨²¨´ÄÔμ§¨´ ¨ ³¨±·μ¸±μ¶¨·μ¢ ²¨ ¢ ¶·μ-
Ìμ¤ÖÐ¥³ ¸¢¥É¥. Œμ·Ëμ³¥É·¨Î¥¸±¨¥ ¨§³¥·¥´¨Ö ¶μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ μ±Ê²Ö·-
´μ° ²¨´¥°±¨.

TUNEL-¤¥É¥±Í¨Ö £¨¡¥²¨ ±²¥Éμ±. ˆ¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´Ò° ´ ¡μ· ¤²Ö
¶·μ¢¥¤¥´¨Ö ·¥ ±Í¨¨ TUNEL ¢ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¸·¥§ Ì ¸¥ÉÎ É±¨ ´  ¶·¥¤-
³¥É´μ³ ¸É¥±²¥ (Trevigen, http://www.trevigen.com/item/508/TACS 2 TdT Fluo-
rescein Kit/). ‚¸¥ μ¶¥· Í¨¨ ¢Ò¶μ²´Ö²¨¸Ó ¸μ£² ¸´μ ¶·¨² £ ¥³μ° ¨´¸É·Ê±Í¨¨.
‚¨§Ê ²¨§ Í¨Õ ¶·μ¢μ¤¨²¨ ´  Ë²Êμ·¥¸Í¥´É´μ³ ³¨±·μ¸±μ¶¥ ¸ ´ ¡μ·μ³ Ë¨²Ó-
É·μ¢ ¤²Ö FITC-Ë²Êμ·¥¸Í¥´Í¨¨.

�¥£¨¸É· Í¨Ö ��ƒ. ŒÒÏ¨ ¶¥·¥¤ ·¥£¨¸É· Í¨¥° 	�ƒ ¶·μÌμ¤¨²¨ É¥³´μ¢ÊÕ
 ¤ ¶É Í¨Õ (´¥ ³¥´¥¥ 12 Î) ¨ ²¨Ï ²¨¸Ó ¥¤Ò ´  24 Î. �·¨ ÉÊ¸±²μ³ ¸¢¥É¥ ³ÒÏ¨
¡Ò²¨  ´¥¸É¥§¨·μ¢ ´Ò ¢´ÊÉ·¨³ÒÏ¥Î´μ° ¨´Ñ¥±Í¨¥° ¸³¥¸¨ §μ²¨É¨²Ä±¸¨² §¨´
1/1, ¤μ§  0,2 ³² ´  100 £ ¢¥¸  ¦¨¢μÉ´μ£μ. „²Ö · ¸Ï¨·¥´¨Ö §· Î±  ¢ £² § § ± -
¶Ò¢ ²¨ 0,5 %-° · ¸É¢μ· ³¨¤·¨ Í¨² . 	²¥±É·μ¤ μ¶Ê¸± ²¸Ö ´  £² §´μ¥ Ö¡²μ±μ,
± ± ±μ´É ±É´ Ö ²¨´§ ; ¨£μ²ÓÎ ÉÒ¥ Ô²¥±É·μ¤Ò ¸· ¢´¥´¨Ö ¨ § §¥³²¥´¨Ö ¢¢μ¤¨-
²¨¸Ó ¶μ¤ ±μ¦Ê μ±μ²μ ÊÏ¥°. 	�ƒ § ¶¨¸Ò¢ ² ¸Ó Ô²¥±É·μË¨§¨μ²μ£¨Î¥¸±μ° ¸¨¸É¥-
³μ° ®�¥°·μ¸μËÉ¯ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò �¥°·μ-Œ‚�.NET. ‘É¨³Ê²Ö-
Í¨Õ μÉ¢¥É  ¸¥ÉÎ É±¨ μ¸ÊÐ¥¸É¢²Ö²¨ ¸ ¶μ³μÐÓÕ ³¨´¨-£ ´ÍË¥²Ó¤-¸É¨³Ê²ÖÉμ· .
„²¨É¥²Ó´μ¸ÉÓ ¢¸¶ÒÏ±¨ 5 ³¸, ²μ£ ·¨Ë³ ¨´É¥´¸¨¢´μ¸É¨ ¢ ·Ó¨·μ¢ ²¸Ö μÉ Ä3 ¤μ
Ä0,5. 	�ƒ Ì · ±É¥·¨§μ¢ ² ¸Ó  ³¶²¨ÉÊ¤μ°, · ¢´μ° ¸Ê³³¥ a- ¨ b-¢μ²´. �¥§Ê²ÓÉ É
¶·¥¤¸É ¢²Ö²¸Ö ¢ ¢¨¤¥ ¸·¥¤´¥£μ §´ Î¥´¨Ö, ´ °¤¥´´μ£μ ¨§ É·¥Ì ¶μ¸²¥¤μ¢ É¥²Ó´μ
¸´ÖÉÒÌ 	�ƒ ¶·¨ §´ Î¥´¨ÖÌ ²μ£ ·¨Ë³  ¨´É¥´¸¨¢´μ¸É¨ ¢¸¶ÒÏ¥± Ä1,5, Ä1 ¨ Ä
0,5 ¸ ¨´É¥·¢ ²μ³ ³¥¦¤Ê ´¨³¨ 5 ³¨´. �·¨ É ±μ³ ·¥¦¨³¥ ·¥£¨¸É· Í¨¨ ¢ ÔÉμ³
¤¨ ¶ §μ´¥ § ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò 	�ƒ μÉ ¨´É¥´¸¨¢´μ¸É¨ ¢¸¶ÒÏ±¨ ¢ÒÌμ¤¨É
´  ¶² Éμ, ÎÉμ ¶μ§¢μ²Ö¥É ±μ··¥±É´μ ¶·μ¢μ¤¨ÉÓ ¸· ¢´¥´¨¥ ÔÉμ£μ ¶ · ³¥É· .

�…‡“‹œ’�’›

1. ƒ ³³ -μ¡²ÊÎ¥´¨¥ ¨ Ê¸±μ·¥´´Ò¥ ¶·μÉμ´Ò ¢ ¤μ§¥ 14 ƒ· ´¥ ¨§³¥´ÖÕÉ
³μ·Ëμ²μ£¨Õ ¸¥ÉÎ É±¨ ¨  ³¶²¨ÉÊ¤Ê ��ƒ.

Š ± ¶μ± § ²¨ ³¨±·μ¸±μ¶¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸·¥§μ¢ ¸¥ÉÎ É±¨, ³μ·Ëμ-
²μ£¨Ö ±²¥ÉμÎ´ÒÌ ¸²μ¥¢ ¨ ¸¥ÉÎ É±¨ ¢ Í¥²μ³ ¢ ·¥§Ê²ÓÉ É¥ μ¡²ÊÎ¥´¨Ö £ ³³ -
±¢ ´É ³¨ ¨ Ê¸±μ·¥´´Ò³¨ ¶·μÉμ´ ³¨ ¢ ¤μ§¥ 14 ƒ· ´¥ ¨§³¥´Ö¥É¸Ö ¢ É¥Î¥´¨¥
¢¸¥£μ ¢·¥³¥´¨ ¦¨§´¨ ³ÒÏ¥° (� 7 ¸ÊÉ). 	Éμ μÉ· ¦¥´μ ´  ·¨¸. 1,  . ‡¤¥¸Ó ¦¥
¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ·Ëμ³¥É·¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¸·¥§μ¢ ¸¥ÉÎ É±¨, ±μ-
Éμ·Ò¥ ¶μ¤É¢¥·¦¤ ÕÉ μÉ¸ÊÉ¸É¢¨¥ ¨§³¥´¥´¨° (·¨¸. 1, ¡).
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�¨¸. 1. �¡²ÊÎ¥´¨¥ £ ³³ -±¢ ´É ³¨ (γ) ¨ Ê¸±μ·¥´´Ò³¨ ¶·μÉμ´ ³¨ (p) ¢ ¤μ§¥ 14 ƒ·.
Œμ·Ëμ²μ£¨Î¥¸±¨Ì ¨§³¥´¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ ±μ´É·μ²¥³ (Š) ¢ ¸¥ÉÎ É±¥ ³ÒÏ¥° ¸¶Ê¸ÉÖ
3Ä5 ¸ÊÉ ¶μ¸²¥ ÉμÉ ²Ó´μ£μ μ¡²ÊÎ¥´¨Ö ¦¨¢μÉ´ÒÌ ´¥ ¢ÒÖ¢²¥´μ

�¨¸. 2.  ) �·μË¨²Ó 	�ƒ ³ÒÏ¥° ¶μ¸²¥ ÉμÉ ²Ó´μ£μ μ¡²ÊÎ¥´¨Ö ¢ ¤μ§¥ 14 ƒ·; ¡) § ¢¨¸¨-
³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò μÉ ¨´É¥´¸¨¢´μ¸É¨ ¢¸¶ÒÏ±¨: 1 Å ±μ´É·μ²Ó, 2 Å Î¥·¥§ 15 Î ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö, 3 Å Î¥·¥§ 20 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; ¢) £¨¸Éμ£· ³³   ³¶²¨ÉÊ¤ ¢ ³ ±¸¨³Ê³¥
¶μ¸²¥ ÉμÉ ²Ó´μ£μ μ¡²ÊÎ¥´¨Ö ¦¨¢μÉ´ÒÌ ¢ ¤μ§¥ 14 ƒ·

„²Ö ¨´É ±É´ÒÌ ¨ μ¡²ÊÎ¥´´ÒÌ ¢ ¤μ§¥ 14 ƒ· ¦¨¢μÉ´ÒÌ μ¶·¥¤¥²Ö²¨ § ¢¨¸¨-
³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò 	�ƒ μÉ ¨´É¥´¸¨¢´μ¸É¨ ¢μ§¡Ê¦¤ ÕÐ¥° ¢¸¶ÒÏ±¨ ¸ ¨´É¥·¢ -
²μ³ ³¥¦¤Ê ¢¸¶ÒÏ± ³¨ 5 ³¨´ (·¨¸. 2, ¡). Š ± ¢¨¤´μ, ¨ ¤²Ö ±μ´É·μ²Ó´ÒÌ, ¨ ¤²Ö
μ¡²ÊÎ¥´´ÒÌ ¦¨¢μÉ´ÒÌ § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤¨É ´  ¶² Éμ ¢ μ¡² ¸É¨ ¨´É¥´¸¨¢-
´μ¸É¥° Ä1,5÷ Ä0,5 ²μ£. ¥¤. 	Éμ ¤¥² ¥É ¶· ¢μ³μÎ´Ò³ Ê¸·¥¤´¥´¨¥  ³¶²¨ÉÊ¤Ò
	�ƒ ¢ ÔÉμ³ ¤¨ ¶ §μ´¥ ¨´É¥´¸¨¢´μ¸É¥°. � °¤¥´´Ò¥ É ±¨³ μ¡· §μ³ ¸·¥¤´¨¥
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§´ Î¥´¨Ö  ³¶²¨ÉÊ¤Ò 	�ƒ μÉ· ¦¥´Ò ¢ £¨¸Éμ£· ³³¥ (·¨¸. 2, ¢). ˆ§ £¨¸Éμ£· ³³Ò
¸²¥¤Ê¥É, ÎÉμ ¤μ¸Éμ¢¥·´Ò¥ μÉ²¨Î¨Ö ³¥¦¤Ê ±μ´É·μ²Ó´Ò³¨ ¨ μ¡²ÊÎ¥´´Ò³¨ ¦¨-
¢μÉ´Ò³¨ μÉ¸ÊÉ¸É¢ÊÕÉ. ’ ±¨³ μ¡· §μ³, ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ μ¡²ÊÎ¥´¨¥ ³Ò-
Ï¥° £ ³³ -±¢ ´É ³¨ ¨ Ê¸±μ·¥´´Ò³¨ ¶·μÉμ´ ³¨ ¢ ¤μ§¥ ¤μ 14 ƒ· ´¥ ¢Ò§Ò¢ ¥É
¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ¨ ËÊ´±Í¨μ´ ²Ó´ÒÌ ´ ·ÊÏ¥´¨° ¸¥ÉÎ É±¨, ÎÉμ ¨²²Õ-
¸É·¨·Ê¥É¸Ö ·¨¸. 2,  .

2. �¡²ÊÎ¥´¨¥ Ê¸±μ·¥´´Ò³¨ ¶·μÉμ´ ³¨ ¢ ¤μ§¥ 25 ƒ· ¢Ò§Ò¢ ¥É £¨¡¥²Ó
ËμÉμ·¥Í¥¶Éμ·μ¢ ¨ ¸´¨¦ ¥É  ³¶²¨ÉÊ¤Ê ��ƒ.

“¢¥²¨Î¥´¨¥ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¶·μÉμ´ ³¨ ¤μ 25 ƒ· ¢Ò§Ò¢ ¥É § ³¥É´ÊÕ
³μ·Ëμ²μ£¨Î¥¸±ÊÕ ¤¥¸É·Ê±Í¨Õ ¸¥ÉÎ É±¨ ¸¶Ê¸ÉÖ 3 ¸ÊÉ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö
(·¨¸. 3,  , ¢). Š ± ¶μ± §Ò¢ ¥É TUNEL-É¥¸É¨·μ¢ ´¨¥, ÔÉμÉ ¶·μÍ¥¸¸ ¸μ¶·μ¢μ-
¦¤ ¥É¸Ö ³ ¸¸μ¢μ° £¨¡¥²ÓÕ ËμÉμ·¥Í¥¶Éμ·μ¢ (·¨¸. 3, ¡, £). ‘É·μ£μ £μ¢μ·Ö, ´ 
μ¸´μ¢ ´¨¨ Éμ²Ó±μ ·¥§Ê²ÓÉ Éμ¢ TUNEL ´¥²Ó§Ö ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ³¥Ì ´¨§³¥ ±²¥-
ÉμÎ´μ° £¨¡¥²¨ ( ¶μ¶Éμ§Ä´¥±·μ§), ¶μ¸±μ²Ó±Ê ¢ μ¸´μ¢¥ ³¥Éμ¤  ²¥¦¨É ·¥ ±Í¨Ö
É¥·³¨´ ²Ó´μ° ´Ê±²¥μÉ¨¤É· ´¸Ë¥· §Ò, ³ ·±¨·ÊÕÐ¥° · §·Ò¢Ò „�Š. ’¥³ ´¥
³¥´¥¥ ³Ò ´¥ ¨¸±²ÕÎ ¥³ ÊÎ ¸É¨Ö ¢ £¨¡¥²¨ ËμÉμ·¥Í¥¶Éμ·μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö

�¨¸. 3. „¥£¥´¥· Í¨Ö ¸¥ÉÎ É±¨ Ê ³ÒÏ¥° ¶μ¤ ¤¥°¸É¢¨¥³ μ¡²ÊÎ¥´¨Ö Ê¸±μ·¥´´Ò³¨ ¶·μÉμ-
´ ³¨ ¢ ¤μ§¥ 25 ƒ·.  , ¢) ³μ·Ëμ²μ£¨Î¥¸± Ö ¤¥¸É·Ê±Í¨Ö; ¡, £, ¤) TUNEL-¤¥É¥±É¨·Ê¥³ Ö
£¨¡¥²Ó ËμÉμ·¥Í¥¶Éμ·μ¢

�¨¸. 4.  ) ˆ§³¥´¥´¨¥ ¶·μË¨²Ö 	�ƒ; ¡)  ³¶²¨ÉÊ¤Ò a- (É¥³´Ò¥ ±·Ê¦±¨) ¨ b- (É¥³´Ò¥
±¢ ¤· ÉÒ) ¢μ²´ 	�ƒ ³ÒÏ¥° ¢ μÉ¢¥É ´  μ¡²ÊÎ¥´¨¥ ¶·μÉμ´ ³¨ ¢ ¤μ§¥ 25 ƒ· ¶μ ¸· ¢´¥´¨Õ
¸ ±μ´É·μ²¥³ (¸¢¥É²Ò¥ ±·Ê¦±¨ ¨ ±¢ ¤· ÉÒ)
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¶·μÉμ´ ³¨ ³¥Ì ´¨§³   ¶μ¶Éμ§ , ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ´ ²¨Î¨¥³ ¢ Ö¤¥·´μ³ ¸²μ¥
ËμÉμ·¥Í¥¶Éμ·μ¢ Ì · ±É¥·´ÒÌ Ë· £³¥´É¨·μ¢ ´´ÒÌ Ö¤¥· ¨ Ö¤¥·, ¸μ¤¥·¦ Ð¨Ì
±μ´¤¥´¸¨·μ¢ ´´Ò° Ì·μ³ É¨´ (·¨¸. 3, ¤).

�  ·¨¸. 4,   ¶·¥¤¸É ¢²¥´μ ¨§³¥´¥´¨¥ ¶·μË¨²Ö 	�ƒ Ê ³ÒÏ¥°, μ¡²ÊÎ¥´´ÒÌ
¶·μÉμ´ ³¨ ¢ ¤μ§¥ 25 ƒ·, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢´μ¸É¨ ¸¢¥Éμ¢μ£μ ¸É¨³Ê² .
Š ± ¢¨¤´μ, μ¡²ÊÎ¥´¨¥ ¢Ò§Ò¢ ¥É ¸´¨¦¥´¨¥ ¢μ ¢·¥³¥´¨  ³¶²¨ÉÊ¤Ò 	�ƒ ¢μ ¢¸¥³
¨¸¸²¥¤Ê¥³μ³ ¤¨ ¶ §μ´¥ ¨´É¥´¸¨¢´μ¸É¥° ¢μ§¡Ê¦¤¥´¨Ö. 	É  ¦¥ § ¢¨¸¨³μ¸ÉÓ ¤²Ö
a- ¨ b-¢μ²´ 	�ƒ ¶μ± § ´  ´  ·¨¸. 4, ¡, ¨§ ±μÉμ·μ£μ ¸²¥¤Ê¥É, ÎÉμ ¶ ¤¥´¨¥ 	�ƒ
´ · ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¨´É¥´¸¨¢´μ¸É¨ ¸¢¥Éμ¢μ£μ ¸É¨³Ê² .

3. „¥°¸É¢¨¥ Œ�Œ ´  ¸É·Ê±ÉÊ·Ê ¨ ËÊ´±Í¨μ´ ²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ ¸¥É-
Î É±¨.

‚ ´ Ï¥° · ¡μÉ¥ Í¨ÉμÉμ±¸¨Î¥¸±μ° ¤μ§μ° Œ�Œ ¤²Ö ¸¥ÉÎ É±¨ ¡Ò²  ¤μ§ 
70 ³£/±£. �·¨ É ±μ° ¢Ò¸μ±μ° ¤μ§¥, ± ± ¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶·μÉμ´ ³¨ ¢ ¤μ§¥
25 ƒ·, ³Ò ´ ¡²Õ¤ ²¨ ¤¥¸É·Ê±Í¨Õ ¸¥ÉÎ É±¨,   ¨³¥´´μ ¤¥¸É·Ê±Í¨Õ ¸²μÖ ËμÉμ-
·¥Í¥¶Éμ·´ÒÌ ±²¥Éμ± (·¨¸. 5,  ). ‚ ÔÉμ³ ¦¥ ·Ö¤Ê ³¨±·μËμÉμ£· Ë¨° ¶·¥¤¸É ¢²¥´
Ê¢¥²¨Î¥´´Ò° Ë· £³¥´É Ö¤¥·´μ£μ ¸²μÖ ËμÉμ·¥Í¥¶Éμ·μ¢, ´  ±μÉμ·μ³ ¸É·¥²± ³¨
μÉ³¥Î¥´Ò Ì · ±É¥·´Ò¥ ¤²Ö  ¶μ¶Éμ§  Ë· £³¥´É¨·μ¢ ´´Ò¥ Ö¤· . 	Éμ Ê± §Ò¢ ¥É
´  Éμ, ÎÉμ £¨¡¥²Ó ËμÉμ·¥Í¥¶Éμ·´ÒÌ ±²¥Éμ± ¶·¨ ¤¥°¸É¢¨¨ Œ�Œ (70 ³£/±£)
¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¨  ¶μ¶Éμ§. –¨ÉμÉμ±¸¨Î¥¸± Ö ¤μ§  Œ�Œ 70 ³£/±£ ³μ´μÉμ´´μ
¨ ´¥μ¡· É¨³μ ¸´¨¦ ¥É  ³¶²¨ÉÊ¤Ê 	�ƒ ³ÒÏ¥°, ± ± ÔÉμ ¸²¥¤Ê¥É ¨§ ·¨¸. 5, ¡.

• · ±É¥·´μ, ÎÉμ ¶μ ³μ·Ëμ²μ£¨Î¥¸±¨³ ¶μ± § É¥²Ö³ ¤μ§  Œ�Œ 35 ³£/±£,
± ± ¨ ¤μ§  μ¡²ÊÎ¥´¨Ö 14 ƒ·, ´¥ Ö¢²Ö¥É¸Ö Í¨ÉμÉμ±¸¨Î¥¸±μ°. 	Éμ ¶μ¤É¢¥·¦¤ ¥É
³¨±·μËμÉμ£· Ë¨Ö ¸¥ÉÎ É±¨ ¶μ¸²¥ ¨´Ñ¥±Í¨¨ Œ�Œ ¢ ¤μ§¥ 35 ³£/±£ (·¨¸. 5,  ).
�¤´ ±μ ¨´Ñ¥±Í¨Ö ³ÒÏ ³ Œ�Œ ¢ ¤μ§¥ 35 ³£/±£ ¶·¨¢μ¤¨É ± ¤μ¸Éμ¢¥·´μ³Ê
¸´¨¦¥´¨Õ 	�ƒ (·¨¸. 5, ¡). ‘ÊÐ¥¸É¢¥´´μ, ÎÉμ ÔÉμ ¸´¨¦¥´¨¥ μ± §Ò¢ ¥É¸Ö μ¡· -
É¨³Ò³ (¸¥· Ö £¨¸Éμ£· ³³  ´  ·¨¸. 5, ¡).

�¨¸. 5.  ) –¨ÉμÉμ±¸¨Î¥¸±¨° ÔËË¥±É ³¥É¨²´¨É·μ§μ³μÎ¥¢¨´Ò ´  ³μ·Ëμ²μ£¨Õ ¸¥ÉÎ É±¨
Ê ³ÒÏ¥° ¸¶Ê¸ÉÖ 3 ¸ÊÉ ¶μ¸²¥ μ¤´μ±· É´μ£μ ¢¢¥¤¥´¨Ö  £¥´É ; ¸É·¥²± ³¨ ¶μ± § ´Ò Ë· £-
³¥´É¨·μ¢ ´´Ò¥  ¶μ¶ÉμÉ¨Î¥¸±¨¥ Ö¤·  ËμÉμ·¥Í¥¶Éμ·μ¢. ¡) ‚²¨Ö´¨¥ Œ�Œ ´   ³¶²¨ÉÊ¤Ê
	�ƒ Ê ³ÒÏ¥° ¸¶Ê¸ÉÖ · §´μ¥ ¢·¥³Ö ¶μ¸²¥ μ¤´μ±· É´μ£μ ¢¢¥¤¥´¨Ö  £¥´É  ¦¨¢μÉ´Ò³ ¢
¤μ§ Ì 35 ³£/±£ (¸¥· Ö £¨¸Éμ£· ³³ ) ¨ 70 ³£/±£ (Î¥·´ Ö £¨¸Éμ£· ³³ )
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4. �¤ ¶É¨¢´Ò° μÉ¢¥É ��ƒ ¸¥ÉÎ É±¨ Ê ³ÒÏ¥° ´  Œ�Œ.
�·¥¤¸É ¢²¥´´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¢Ò¸μ±μ³ £¥´μÉμ±¸¨-

Î¥¸±μ³ ¶μ·μ£¥ Ê ¸¥ÉÎ É±¨. ‚ ¸²ÊÎ ¥ ´¥Éμ±¸¨Î´μ° ¨²¨ ³ ²μÉμ±¸¨Î´μ° ¤μ§Ò
μ¡²ÊÎ¥´¨Ö (14 ƒ·) ¨ Œ�Œ (35 ³£/±£) μ¡´ ·Ê¦¨¢ ¥É¸Ö ¸¶μ¸μ¡´μ¸ÉÓ ¸¥ÉÎ É±¨ ±
¢μ¸¸É ´μ¢²¥´¨Õ ¥¥ ËÊ´±Í¨μ´ ²Ó´μ°  ±É¨¢´μ¸É¨: ¶μ¢ÒÏ¥´¨¥  ³¶²¨ÉÊ¤Ò 	�ƒ.
’ ±μ¥ ¢μ¸¸É ´μ¢²¥´¨¥ Ë¨§¨μ²μ£¨Î¥¸±μ°  ±É¨¢´μ¸É¨ ¶μ¸²¥ Ê³¥·¥´´μ£μ £¥´μ-
Éμ±¸¨Î¥¸±μ£μ ¸É·¥¸¸  Ê± §Ò¢ ¥É ´  ¸¶μ¸μ¡´μ¸ÉÓ ¸¥ÉÎ É±¨ ±  ¤ ¶É¨¢´μ³Ê μÉ-
¢¥ÉÊ. ˆ´Ò³¨ ¸²μ¢ ³¨, ·¥ÎÓ ¨¤¥É μ ®§ Ð¨É´μ³¯ ¤¥°¸É¢¨¨ ³ ²μ° ¤μ§Ò Ì¨³¨Î¥-
¸±μ£μ £¥´μÉμ±¸¨± ´É  (Œ�Œ) ¢ μÉ´μÏ¥´¨¨ ¶μ¸²¥¤ÊÕÐ¥£μ ¢¢¥¤¥´¨Ö ÔÉμ£μ ¦¥
£¥´μÉμ±¸¨± ´É , ´μ Ê¦¥ ¢ ¡μ²ÓÏ¥°, ´¥¸μ³´¥´´μ Éμ±¸¨Î´μ°, ¤μ§¥.

�¨¸. 6. ‘Ì¥³  ( ) ¨ ·¥§Ê²ÓÉ É (¡) Ô±¸¶¥·¨³¥´É  ¶μ ¢²¨Ö´¨Õ Ë· ±Í¨μ´¨·μ¢ ´´μ£μ
(17 + 70 ³£/±£) ¢¢¥¤¥´¨Ö Œ�Œ ´  	�ƒ Ê ³ÒÏ¥°

�¨¸. 6 ¶·¥¤¸É ¢²Ö¥É ¸Ì¥³Ê ( ) ¨ ·¥§Ê²ÓÉ É (¡) μ¶ÒÉ  ¶μ  ¤ ¶É¨¢´μ³Ê μÉ-
¢¥ÉÊ ¸¥ÉÎ É±¨ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ ¢μ§¤¥°¸É¢¨¥ Œ�Œ ¸´ Î ²  ¢ ´¥Éμ±¸¨Î¥-
¸±μ° (17 ³£/±£) ¨ ¸¶Ê¸ÉÖ 4 Î ¢ Éμ±¸¨Î¥¸±μ° ¤μ§¥ 70 ³£/±£. Š ± ¢¨¤´μ, Î¥·¥§
6 Î ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö Œ�Œ ¢ ¤μ§¥ 70 ³£/±£ ¶·μË¨²Ó 	�ƒ ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö.
•μÉÖ  ³¶²¨ÉÊ¤  	�ƒ μ¸É ¥É¸Ö ¸´¨¦¥´´μ° ¶μ ¸· ¢´¥´¨Õ ¸ ±μ´É·μ²Ó´μ° ¸¥É-
Î É±μ° (·¨¸. 6, ¡), μ´  É¥³ ´¥ ³¥´¥¥ ¤μ¸Éμ¢¥·´μ ¢ÒÏ¥  ³¶²¨ÉÊ¤Ò 	�ƒ ¶μ¸²¥
¥¤¨´¸É¢¥´´μ° ¨´Ñ¥±Í¨¨ Œ�Œ ¢ ¤μ§¥ 70 ³£/±£.

��‘“†„…�ˆ…

ˆ§¢¥¸É´μ, ÎÉμ Œ�Œ, ¢ μÉ²¨Î¨¥ μÉ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨, ¸¥²¥±É¨¢-
´μ ¤¥°¸É¢Ê¥É ´  ¸¥ÉÎ É±Ê Ê ³ÒÏ¥°, ¢Ò§Ò¢ Ö £¨¡¥²Ó Éμ²Ó±μ ËμÉμ·¥Í¥¶Éμ-
·μ¢ [1, 11, 13]. 	ÉμÉ ¤¥¸É·Ê±É¨¢´Ò° ÔËË¥±É Ê¸Éμ°Î¨¢ ¨ ¢μ¸¶·μ¨§¢μ¤¨³ ¶·¨
μ¤´μ±· É´μ³ ¢¢¥¤¥´¨¨ Œ�Œ ¢ ¤μ§¥ � 60 ³£/±£. Š ± ¸²¥¤Ê¥É ¨§ ·¥§Ê²ÓÉ Éμ¢
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´ Ï¥° · ¡μÉÒ, Í¨ÉμÉμ±¸¨Î¥¸± Ö ¤μ§  Œ�Œ ¢Ò§Ò¢ ¥É ³μ´μÉμ´´μ¥ ¨ ´¥μ¡· -
É¨³μ¥ ¸´¨¦¥´¨¥ Ô²¥±É·¨Î¥¸±μ°  ±É¨¢´μ¸É¨ ¸¥ÉÎ É±¨, § ¢¥·Ï ÕÐ¥¥¸Ö ¶μ²´μ°
ÊÉ· Éμ° §·¥´¨Ö Ê ¦¨¢μÉ´ÒÌ Î¥·¥§ 6Ä8 ¤´¥° ¶μ¸²¥ ¢¢¥¤¥´¨Ö  £¥´É . ‚³¥¸É¥ ¸
É¥³ μÉ³¥Î ¥É¸Ö ·¥§± Ö § ¢¨¸¨³μ¸ÉÓ Í¨ÉμÉμ±¸¨Î¥¸±μ£μ ÔËË¥±É  Œ�Œ μÉ ¤μ§Ò
 £¥´É : 35 ³£/±£ ´¥ ¢Ò§Ò¢ ÕÉ ¤¥¸É·Ê±É¨¢´ÒÌ ¨§³¥´¥´¨° ¢ ¸¥ÉÎ É±¥ (·¨¸. 1,  ).

„·Ê£μ° £¥´μÉμ±¸¨Î¥¸±¨°  £¥´É Å ¨μ´¨§¨·ÊÕÐ Ö · ¤¨ Í¨Ö ¢ ¤μ§¥ 25 ƒ· Å
É ±¦¥ ¢Ò§Ò¢ ¥É ¤¥¸É·Ê±Í¨Õ ¸¥ÉÎ É±¨, μ¡Ê¸²μ¢²¥´´ÊÕ £¨¡¥²ÓÕ ËμÉμ·¥Í¥¶Éμ-
·μ¢, ¨ ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¸´¨¦¥´¨¥³  ³¶²¨ÉÊ¤Ò a- ¨ b-¢μ²´ 	�ƒ. 	Éμ ¸´¨¦¥´¨¥
Ô²¥±É·¨Î¥¸±μ°  ±É¨¢´μ¸É¨ ¸¥ÉÎ É±¨ Ê μ¡²ÊÎ¥´´ÒÌ ¦¨¢μÉ´ÒÌ ¸μÌ· ´Ö²μ¸Ó ¢
É¥Î¥´¨¥ ¢·¥³¥´¨ ¨Ì ¦¨§´¨ (9 ¸ÊÉ). ‚Ò¸μ± Ö · ¤¨μÊ¸Éμ°Î¨¢μ¸ÉÓ ¸¥ÉÎ É±¨ ¢ ¨´-
É¥·¢ ²¥ ¤μ§ £ ³³ -¨§²ÊÎ¥´¨Ö ¨ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ � 20 ƒ· ¨ ·¥§± Ö ±μ´Í¥´-
É· Í¨μ´´ Ö § ¢¨¸¨³μ¸ÉÓ Í¨ÉμÉμ±¸¨Î¥¸±μ£μ ÔËË¥±É  Œ�Œ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ
´ ²¨Î¨¨ ¢Ò¸μ±μ£μ £¥´μÉμ±¸¨Î¥¸±μ£μ ¶μ·μ£  Ê §·¥²μ° ¸¥ÉÎ É±¨ ³ÒÏ¥°. ‘ ³μ
¶μ ¸¥¡¥ ´ ²¨Î¨¥ £¥´μÉμ±¸¨Î¥¸±μ£μ ¶μ·μ£  ³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ μ ¶·μÉ¥±-
Éμ·´μ³ ³¥Ì ´¨§³¥ ¨²¨ ³¥Ì ´¨§³¥ ¢μ¸¸É ´μ¢²¥´¨Ö ¸¥ÉÎ É±¨ μÉ ¶μ¢·¥¦¤¥´¨Ö.
„¥°¸É¢¨É¥²Ó´μ, ¤μ§  Œ�Œ, ¢¤¢μ¥ ³¥´ÓÏ Ö Í¨ÉμÉμ±¸¨Î¥¸±μ°, ¢Ò§Ò¢ ¥É ³¥´Ó-
Ï¥¥ ¨, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ, μ¡· É¨³μ¥ ¸´¨¦¥´¨¥  ³¶²¨ÉÊ¤Ò 	�ƒ. 	ÉμÉ Ë ±É,  
É ±¦¥ ¶·μÉ¥±Éμ·´μ¥ ¤¥°¸É¢¨¥ ¶·¥¤¢ ·¨É¥²Ó´μ ¢¢¥¤¥´´μ° ³ ²μ° ¤μ§Ò Œ�Œ ¢
μÉ´μÏ¥´¨¨ ¶μ¸²¥¤ÊÕÐ¥£μ ¢¢¥¤¥´¨Ö Ö¢´μ Í¨ÉμÉμ±¸¨Î¥¸±μ° ¤μ§Ò Ê± §Ò¢ ÕÉ ´ 
¸¶μ¸μ¡´μ¸ÉÓ ¸¥ÉÎ É±¨ ±  ¤ ¶É¨¢´μ³Ê μÉ¢¥ÉÊ ´  É ±μ¥ ¢μ§¤¥°¸É¢¨¥.

‚ Éμ±¸¨±μ²μ£¨¨ É ±μ°  ¤ ¶É¨¢´Ò° μÉ¢¥É ¶μ²ÊÎ¨² ´ §¢ ´¨¥ ®´¥°·μ£μ·-
³¥§¨¸¯ [14]. �´ ¡Ò² μ¶¨¸ ´ ¢ μÉ´μÏ¥´¨¨ ¤¥°¸É¢¨Ö · ¤¨ Í¨¨ ´  £² § Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¦¨¢μÉ´ÒÌ [2, 15]. “ Î¥²μ¢¥±  ± ¶μ¤μ¡´μ³Ê Ö¢²¥´¨Õ ³μ¦´μ
μÉ´¥¸É¨ Ô¶¨¤¥³¨μ²μ£¨Î¥¸±¨¥ ¤ ´´Ò¥ μ ¸´¨¦¥´¨¨ Î ¸ÉμÉÒ § ¡μ²¥¢ ´¨Ö £² Ê±μ-
³μ° ¢ ¶μ¶Ê²ÖÍ¨¨ ²Õ¤¥°, ¶¥·¥¦¨¢Ï¨Ì  Éμ³´ÊÕ ¡μ³¡ ·¤¨·μ¢±Ê ¢ Ÿ¶μ´¨¨ [3, 4].
Œ¥Ì ´¨§³ ´¥°·μ£μ·³¥§¨¸  ¢ μÉ¢¥É ´  £¥´μÉμ±¸¨Î¥¸±μ¥ Ì¨³¨Î¥¸±μ¥ [5] ¨²¨ · -
¤¨ Í¨μ´´μ¥ ¢μ§¤¥°¸É¢¨¥ ´¥¨§¢¥¸É¥´. �¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ± ±ÊÕ-Éμ ·μ²Ó ¢ ÔÉμ³
³μ£ÊÉ ¨£· ÉÓ μ¡· §ÊÕÐ¨¥¸Ö ¢ ¸¥ÉÎ É±¥ Ô´¤μ£¥´´Ò¥ ¶·μÉ¥±Éμ·Ò, ¶μ¢ÒÏ ÕÐ¨¥
¥¥ Ê¸Éμ°Î¨¢μ¸ÉÓ ± μ±¨¸²¨É¥²Ó´μ³Ê ¨ £¥´μÉμ±¸¨Î¥¸±μ³Ê ¸É·¥¸¸ ³ [16].

‚μ§³μ¦´μ É ±¦¥, ÎÉμ ¢  ¤ ¶É¨¢´μ³ μÉ¢¥É¥ ¸¥ÉÎ É±¨ ´  £¥´μÉμ±¸¨Î¥¸±¨°
¸É·¥¸¸ ³μ£ÊÉ ¶·¨´¨³ ÉÓ ÊÎ ¸É¨¥ ¥¥ £²¨ ²Ó´Ò¥ ³Õ²²¥·μ¢¸±¨¥ ±²¥É±¨, ÎÊÉ±μ
·¥ £¨·ÊÕÐ¨¥ ´  · §²¨Î´Ò¥ ¤¥¸É·Ê±É¨¢´Ò¥ ¨§³¥´¥´¨Ö [17]. ‚ ¶μ¸²¥¤ÊÕÐ¨Ì
Ô±¸¶¥·¨³¥´É Ì ³Ò ´ ³¥·¥´Ò ¨¸¸²¥¤μ¢ ÉÓ  ¤ ¶É¨¢´Ò° μÉ¢¥É ÔÉ¨Ì ±²¥Éμ± ´ 
¤¥°¸É¢¨¥ · ¤¨ Í¨¨ ¨ Œ�Œ.
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