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�·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ Ô·¨É·μÍ¨Éμ¢ Î¥²μ¢¥±  ¶·¨ ¢μ§¤¥°¸É¢¨¨ ´ 
¸Ê¸¶¥´§¨Õ ±·μ¢¨ γ-¨§²ÊÎ¥´¨¥³ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¤μ§ (2Ä1000 ƒ·, ³μÐ´μ¸ÉÓ μ¡²ÊÎ¥´¨Ö
2,75 ƒ·/³¨´). �μ± § ´μ, ÎÉμ μ¡²ÊÎ¥´¨¥ ¢ ¤¨ ¶ §μ´¥ ¶μ£²μÐ¥´´ÒÌ ¤μ§ μÉ 600 ƒ· ¨ ¢ÒÏ¥ ¢¥¤¥É
± £¥³μ²¨§Ê Ô·¨É·μÍ¨Éμ¢ ¸· §Ê (¨²¨ Î¥·¥§ ´¥¸±μ²Ó±μ Î ¸μ¢) ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨ §´ Î¥´¨¥ ±μ´¸É ´ÉÒ
¸±μ·μ¸É¨ £¥³μ²¨§  · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¶μ£²μÐ¥´´μ° ¤μ§Ò. „²Ö ¢ÒÖ¢²¥´¨Ö ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥´¨°
³¥³¡· ´, ¢μ§´¨± ÕÐ¨Ì Î¥·¥§ ´¥¸±μ²Ó±μ Î ¸μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¢ ³¥´ÓÏ¨Ì ¤μ§ Ì, ´  ¸Ê¸¶¥´§¨Õ ¢μ§-
¤¥°¸É¢μ¢ ²¨ ¨³¶Ê²Ó¸´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ (ˆ��) ¡μ²ÓÏμ° ´ ¶·Ö¦¥´´μ¸É¨. �Ò²μ ¶μ± § ´μ,
ÎÉμ ¤²Ö ¤¨ ¶ §μ´  ¶μ£²μÐ¥´´ÒÌ ¤μ§ μÉ 2 ¤μ ∼ 350 ƒ· ´¥ ´ ¡²Õ¤ ²μ¸Ó Ö¢´μ£μ Ê¢¥²¨Î¥´¨Ö ¸±μ·μ¸É¨
£¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö ´  ¸Ê¸¶¥´§¨Õ ˆ�� ¶μ ¸· ¢´¥´¨Õ ¸ ´¥μ¡²ÊÎ¥´´μ° ¸Ê¸¶¥´-
§¨¥°. �Éμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¢ ÔÉμ³ ¤¨ ¶ §μ´¥ ¤μ§ ¸É¥¶¥´Ó ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ ³ ² Ö ¨
¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É μÉ ¢¥²¨Î¨´Ò ¶μ£²μÐ¥´´μ° ¤μ§Ò. „²Ö ¤μ§ μÉ 400 ¤μ ∼ 550 ƒ· ´ ¡²Õ¤ ²μ¸Ó
Ö¢´μ¥ Ê¢¥²¨Î¥´¨¥ ¸±μ·μ¸É¨ £¥³μ²¨§  ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö ˆ��, · ¸ÉÊÐ¥¥ ¸ ¢¥²¨Î¨´μ° ¶μ£²μÐ¥´´μ°
¤μ§Ò.

The investigation of erythrocyte membrane damages under the action of γ-radiation in doses of wide
range (2Ä1000 Gy, irradiation power 2.75 Gy/min) was performed. It was shown that the irradiation in
the absorbed doses range over 600 Gy results in an immediate (or in a few hours after the radiation)
hemolysis of erythrocytes, and the value of the hemolysis rate constant grows with increasing of the
absorbed dose. To reveal the hidden membrane damages appearing in a few hours after the smaller
doses irradiation the suspension was affected by heavy intensity impulse electric ˇeld (IEF). It was
demonstrated that for the absorbed doses in the range from 2 to ∼ 350 Gy the obvious increasing of
the erythrocyte hemolysis rate after the affection IEF on the suspension with the comparison to the
unirradiated suspension was not observed. Hence in this dose range the membrane damage degree is
small and practically does not depend on the irradiation dose value. For doses from 400 to ∼ 550 Gy
after the affection of IEF the obvious hemolysis rate growing with the increasing of the irradiation dose
value was observed.

PACS: 87.50.Gi

ˆ¸¸²¥¤μ¢ ´¨¥ Ëμ·³¨·μ¢ ´¨Ö · ¤¨ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¡¨μ²μ£¨Î¥¸±¨Ì ³¥³¡· ´
¶·¨ ¤¥°¸É¢¨¨ · §²¨Î´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨Ö, ¢ Î ¸É´μ¸É¨ γ-¨§²ÊÎ¥´¨Ö, Ö¢²Ö¥É¸Ö μ¤´μ° ¨§
 ±ÉÊ ²Ó´ÒÌ § ¤ Î ¸μ¢·¥³¥´´μ° ¡¨μË¨§¨±¨. ‚ ·Ö¤¥ · ¡μÉ · ¸¸³ É·¨¢ ÕÉ¸Ö ³¥Ì ´¨§³Ò
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¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ ¶μ¤ ¢μ§¤¥°¸É¢¨¥³ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° [1Ä3]. „²Ö ÔËË¥±-
Éμ¢ ¢μ§¤¥°¸É¢¨Ö ´  ¡¨μ²μ£¨Î¥¸±¨¥ ³¥³¡· ´Ò Ì · ±É¥·´μ ¶μÖ¢²¥´¨¥ ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥-
´¨° [1, 4]. ’ ±¨¥ ¶μ¢·¥¦¤¥´¨Ö ³μ£ÊÉ ´  ¶·μÉÖ¦¥´¨¨ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ´¥ μ¡´ ·Ê-
¦¨¢ ÉÓ ¸¥¡Ö ¨§³¥´¥´¨¥³ ËÊ´±Í¨μ´ ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö ¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢ · §´μ°
¸É¥¶¥´¨ ¸²μ¦´μ¸É¨. �·¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¢μ§¤¥°¸É¢¨ÖÌ (´ £·¥¢ ´¨¥, ¶μ¢ÒÏ¥´¨¥ ¶ ·Í¨-
 ²Ó´μ£μ ¤ ¢²¥´¨Ö ±¨¸²μ·μ¤ , ¢μ§¤¥°¸É¢¨¥ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¤·.) ¸±·ÒÉμ¥
¶μ¢·¥¦¤¥´¨¥ ³μ¦¥É ¶·μÖ¢²ÖÉÓ¸Ö. „·Ê£μ° μ¸μ¡¥´´μ¸ÉÓÕ ¢§ ¨³μ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì
¨§²ÊÎ¥´¨° ¸ ¡¨μ²μ£¨Î¥¸±¨³¨ μ¡Ñ¥±É ³¨ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ ¡¨μ²μ£¨Î¥¸±μ£μ
ÔËË¥±É  μÉ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¤¨ ¶ §μ´¥ ¸Ê¡²¥É ²Ó´ÒÌ (³ ²ÒÌ) ¤μ§ ´μ¸¨É ´¥³μ´μÉμ´-
´Ò° (±μ²¥¡ É¥²Ó´Ò°) Ì · ±É¥·,   É ±¦¥ ¸¢Ö§ ´  ¸ ³μÐ´μ¸ÉÓÕ ¤μ§Ò ¨ Ô¢μ²ÕÍ¨μ´¨·Ê¥É
¢μ ¢·¥³¥´¨ [1]. �Ö¤ ¨¸¸²¥¤μ¢ É¥²¥° ¶·μ¢μ¤ÖÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¡μÉÒ ¶μ ¨§ÊÎ¥´¨Õ
¢μ§¤¥°¸É¢¨Ö ´  ¡¨μ²μ£¨Î¥¸±¨¥ ³¥³¡· ´Ò ¸¢¥·Ì³ ²ÒÌ ¤μ§, ¤²Ö ±μÉμ·ÒÌ Ì · ±É¥·´μ ¶μ-
Ö¢²¥´¨¥ ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥´¨° [4, 5]. „·Ê£¨¥ · ¸¸³ É·¨¢ ÕÉ ¤¥°¸É¢¨¥ ´  ³¥³¡· ´Ò ²¥-
É ²Ó´ÒÌ ¤μ§, ¢¥¤ÊÐ¨Ì ± · §·ÊÏ¥´¨Õ ³¥³¡· ´ ¨ £¨¡¥²¨ ±²¥Éμ±, Éμ ¥¸ÉÓ ¢Ò§Ò¢ ÕÐ¨Ì
Ö¢´Ò¥ ¶μ¢·¥¦¤¥´¨Ö [6].

–¥²Ó ¤ ´´μ° · ¡μÉÒ Å ¨¸¸²¥¤μ¢ ´¨¥ ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥´¨° ³¥³¡· ´ ¶·¨ ¢μ§¤¥°¸É¢¨¨
γ-¨§²ÊÎ¥´¨Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¤μ§ ¨ Ê¸É ´μ¢²¥´¨¥ § ¢¨¸¨³μ¸É¨ ¡¨μ²μ£¨Î¥¸±μ£μ ÔË-
Ë¥±É  μÉ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö.

1. Œ�’…�ˆ�‹› ˆ Œ…’�„›

‚ ± Î¥¸É¢¥ ¨¸¸²¥¤Ê¥³μ° ³μ¤¥²¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ±²¥É±¨ ±·μ¢¨ Î¥²μ¢¥±  Å Ô·¨É·μ-
Í¨ÉÒ. �¡Ð Ö ¸Ì¥³  μ¶ÒÉμ¢ ¸μ¸ÉμÖ²  ¢ ¸²¥¤ÊÕÐ¥³. �·¨£μÉ ¢²¨¢ ²¨¸Ó Î¥ÉÒ·¥ μ¡· §Í  ¸Ê¸-
¶¥´§¨¨ Ô·¨É·μÍ¨Éμ¢ ¢ 0,9% · ¸É¢μ·¥ Ì²μ·¨¸Éμ£μ ´ É·¨Ö (¸ £¥³ Éμ±·¨Éμ³ 0,2 %). �¥·¢Ò°
μ¡· §¥Í ¸²Ê¦¨² ±μ´É·μ²¥³; ¢Éμ·μ° ¶μ¤¢¥·£ ²¨ ¢μ§¤¥°¸É¢¨Õ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö, ±μÉμ·μ¥ ¢Ò§Ò¢ ²μ £¥³μ²¨§ Ô·¨É·μÍ¨Éμ¢. ’·¥É¨° μ¡· §¥Í ¶μ¤¢¥·£ ²¨ ¢μ§¤¥°¸É¢¨Õ
γ-¨§²ÊÎ¥´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¥³Ê ¤¥°¸É¢¨Õ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö; Î¥É¢¥·ÉÒ°
¦¥ Éμ²Ó±μ μ¡²ÊÎ ²¨. ‡ É¥³ ¸· ¢´¨¢ ²¨ ±¨´¥É¨±Ê £¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ.
γ-¨§²ÊÎ¥´¨¥, ¤¥°¸É¢ÊÖ ´  ³¥³¡· ´Ò Ô·¨É·μÍ¨Éμ¢ ¨ · §¡ ¢²¥´´ÊÕ ¶² §³Ê ±·μ¢¨, ¢Ò§Ò¢ ²μ
´¥Ö¢´Ò¥, ¸±·ÒÉÒ¥ ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´. ˆ³¶Ê²Ó¸´μ¥ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ¢μ§¤¥°¸É¢ÊÖ
´  ³¥³¡· ´Ò ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö, ¶·μÖ¢²Ö²μ ¨Ì ¸±·ÒÉÒ¥ ¶μ¢·¥¦¤¥´¨Ö, ¨§³¥´ÖÖ ±¨´¥É¨±Ê
£¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ [4, 5].

‚ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  γ-¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ 60Co, ¨³¥ÕÐ¨° ¸¶¥±É· ²Ó´Ò¥ ²¨´¨¨
¨§²ÊÎ¥´¨Ö 1,17 ¨ 1,33 ŒÔ‚. �·¨£μÉμ¢²¥´´Ò¥ μ¡· §ÍÒ ¸Ê¸¶¥´§¨¨ ±·μ¢¨ Î¥²μ¢¥±  ¶μ¤¢¥·-
£ ²¨¸Ó ¢μ§¤¥°¸É¢¨Õ γ-¨§²ÊÎ¥´¨Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¤μ§ μÉ 2 ¤μ 1000 ƒ·. ŒμÐ´μ¸ÉÓ
μ¡²ÊÎ¥´¨Ö · ¢´Ö² ¸Ó 2,75 ƒ·/³¨´. „μ§Ê μ¡²ÊÎ¥´¨Ö Ê¸É ´ ¢²¨¢ ²¨ ¶ÊÉ¥³ ¢ ·Ó¨·μ¢ ´¨Ö
¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö (μÉ ´¥¸±μ²Ó±¨Ì ³¨´ÊÉ ¤μ ´¥¸±μ²Ó±¨Ì Î ¸μ¢). �μ¸²¥ Î¥£μ ¸Ê¸¶¥´§¨Õ
É¥·³μ¸É É¨·μ¢ ²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 20 ◦‘, ÎÉμ ´ Ìμ¤¨É¸Ö ´¨¦¥ ÉμÎ±¨ ¸É·Ê±ÉÊ·´μ£μ ¶¥·¥-
Ìμ¤  ¤²Ö ³¥³¡· ´ Ô·¨É·μÍ¨Éμ¢ [7, 8]. ‡ É¥³ ¸Ê¸¶¥´§¨Õ ¢Ò¤¥·¦¨¢ ²¨ ´¥±μÉμ·μ¥ ¢·¥³Ö,
¤²Ö Éμ£μ ÎÉμ¡Ò ¢μ§´¨±Ï¨¥ ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ ³μ£²¨ · §¢¨ÉÓ¸Ö,   É ±¦¥ ¤²Ö Éμ£μ ÎÉμ¡Ò
¶·μ¸²¥¤¨ÉÓ Ô¢μ²ÕÍ¨Õ ¨Ì ¶μ¢·¥¦¤¥´¨° ¢μ ¢·¥³¥´¨. �μ¸²¥ Î¥£μ μ¡²ÊÎ¥´´Ò¥ μ¡· §ÍÒ, ¶μ-
²ÊÎ¨¢Ï¨¥ · §²¨Î´Ò¥ ¤μ§Ò, ¶μ¤¢¥·£ ²¨ ¢μ§¤¥°¸É¢¨Õ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
¤²Ö ¢ÒÖ¢²¥´¨Ö ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥´¨° ³¥³¡· ´.

„²Ö Ô²¥±É·μ¶μ· Í¨¨ ³¥³¡· ´ Ô·¨É·μÍ¨Éμ¢ ¨¸¶μ²Ó§μ¢ ²¨ ±²¨´¨Î¥¸±¨° ¤¥Ë¨¡·¨²²Ö-
Éμ·, ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ¶μ²ÊÎ ²¨ μ¤´μ¶μ²Ö·´Ò¥ Ô²¥±É·¨Î¥¸±¨¥ ¨³¶Ê²Ó¸Ò ¸ ¤²¨É¥²Ó´μ-
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¸ÉÓÕ ∼ 10 ³¸ ¨ ¸ Ô´¥·£¨¥° ¤μ 300 „¦. �²¥±É·¨Î¥¸±¨° ¨³¶Ê²Ó¸ ¶μ¤¢μ¤¨²¨ ± É¨É ´μ¢Ò³
Ô²¥±É·μ¤ ³, ±μÉμ·Ò¥ ¶μ³¥Ð ²¨¸Ó ¢ ±¢ ·Í¥¢ÊÕ ±Õ¢¥ÉÊ. ‚ ´¥¥ ´ ²¨¢ ²¨ 2,4 ³² ¸Ê¸¶¥´§¨¨.
� ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸¨²μ¢Ò³¨ Ô²¥±É·μ¤ ³¨ 15 ³³. �²¥±É·μ¤Ò ¶μ²´μ¸ÉÓÕ ¶μ±·Ò¢ ²¨ ¡μ±μ-
¢Ò¥ ¸Éμ·μ´Ò ±Õ¢¥ÉÒ, ÎÉμ μ¡¥¸¶¥Î¨¢ ²μ μ¤´μ·μ¤´μ¸ÉÓ ¸μ§¤ ¢ ¥³μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
¢ · ¸É¢μ·¥. ‚ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¨ Ô´¥·£¨Õ ¨³¶Ê²Ó¸  180 „¦. �·¨ ÔÉμ³
Ì · ±É¥·´μ¥ ¢·¥³Ö £¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ ¢ ·¥§Ê²ÓÉ É¥ Ô²¥±É·μ¶μ· Í¨¨ (¡¥§ μ¡²ÊÎ¥´¨Ö)
¸μ¸É ¢²Ö²μ ¶μ·Ö¤±  30 ³¨´.

‘±μ·μ¸ÉÓ £¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ ¶μ¸²¥ Ô²¥±É·μ¶μ· Í¨¨ μÍ¥´¨¢ ²¨ ¶μ ¨§³¥´¥´¨Õ μ¶É¨-
Î¥¸±μ° ¶²μÉ´μ¸É¨ μ¡· §Íμ¢ ¸ ¶μ³μÐÓÕ ËμÉμÔ²¥±É·μ± ²μ·¨³¥É·  (”�Š). �¸² ¡²¥´¨¥
¸¢¥É  ¢ ·¥§Ê²ÓÉ É¥ · ¸¸¥Ö´¨Ö μ¶¨¸Ò¢ ¥É¸Ö § ±μ´μ³ �Ê£¥· Ä‹ ³¡¥·É Ä�¥· . „²Ö · §¡ -
¢²¥´´μ° ¸Ê¸¶¥´§¨¨ μ¶É¨Î¥¸± Ö ¶²μÉ´μ¸ÉÓ D ¶·μ¶μ·Í¨μ´ ²Ó´  ±μ´Í¥´É· Í¨¨ Ô·¨É·μÍ¨-
Éμ¢: D = Knl, n Å ±μ´Í¥´É· Í¨Ö Ô·¨É·μÍ¨Éμ¢, l Å Éμ²Ð¨´  μ¡· §Í , K Å ±μÔËË¨Í¨¥´É
¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨. ‡ ¢¨¸¨³μ¸ÉÓ D(t) (±¨´¥É¨Î¥¸± Ö ±·¨¢ Ö £¥³μ²¨§ )  ¶¶·μ±¸¨³¨·μ-
¢ ²¨ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ËÊ´±Í¨¥°:

y = y0 + A1 exp (−βt), (1)

£¤¥ β Å ±μ´¸É ´É  ¸±μ·μ¸É¨ £¥³μ²¨§ . y0, A1, β Å ¶ · ³¥É·Ò ±¨´¥É¨Î¥¸±μ° ±·¨¢μ°.
‚¸¥£μ ¶·μ¢¥¤¥´μ 76 μ¶ÒÉμ¢, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ ¡Ò²¨ μ¡· ¡μÉ ´Ò ¸μ¢·¥³¥´´Ò³¨ ³¥-
Éμ¤ ³¨ ³ É¥³ É¨Î¥¸±μ° ¸É É¨¸É¨±¨ ¸ ¶μ³μÐÓÕ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³ÒÌ ±μ³¶ÓÕÉ¥·´ÒÌ
¶·μ£· ³³.

�μ¤·μ¡´μ ³¥Éμ¤¨±  μ¶ÒÉμ¢ ¨§²μ¦¥´  ´ ³¨ · ´¥¥ ¢ · ¡μÉ¥ [9].

2. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

‚ ¶¥·¢μ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ μ¡· §ÍÒ ¶μ¤¢¥·£ ²¨¸Ó μ¡²ÊÎ¥´¨Õ ¢ ¤μ§ Ì μÉ 2 ¤μ
500 ƒ· (2, 20, 100, 180, 260, 340, 420, 500 ƒ·). „²Ö ÔÉμ£μ ¤¨ ¶ §μ´  ¤μ§ μ¡²ÊÎ¥´´Ò¥
μ¡· §ÍÒ ¸μÌ· ´Ö²¨ ¨¸Ìμ¤´μ¥ §´ Î¥´¨¥ μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨, · ¢´μ¥ 1,0, ¶·¨ Éμ²Ð¨´¥
¸²μÖ 5 ³³. ’μ ¥¸ÉÓ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-¨§²ÊÎ¥´¨Ö £¥³μ²¨§ Ô·¨É·μÍ¨Éμ¢ ´¥ ¶·μ¨¸Ìμ¤¨².
�¡²ÊÎ¥´´Ò¥ μ¡· §ÍÒ ¨³¥²¨ ´¥¸±μ²Ó±μ ¶μ¢ÒÏ¥´´μ¥ §´ Î¥´¨¥ ´ Î ²Ó´μ° (¤μ Ô²¥±É·μ-
¶μ· Í¨¨) μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨ ´  5Ä20% ¢ μÉ²¨Î¨¥ μÉ ±μ´É·μ²Ó´μ° (´¥ μ¡²ÊÎ¥´´μ°)
¸Ê¸¶¥´§¨¨. �²¥±É·μ¶μ· Í¨Ö ¶·μ¢μ¤¨² ¸Ó Î¥·¥§ 1 Î ¨ Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. 	 
·¨¸. 1, ¶·¥¤¸É ¢²¥´Ò ±¨´¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ £¥³μ²¨§  ¶μ¸²¥ Ô²¥±É·μ¶μ· Í¨¨, ¶μ²ÊÎ¥´´Ò¥
¢ ÔÉμ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢: Ô²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; Ô²¥±É·μ¶μ· Í¨Ö
Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö.

‚μ ¢Éμ·μ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¢μ§¤¥°¸É¢μ¢ ²¨ ¡μ²¥¥ ¢Ò¸μ±¨³¨ ¤μ§ ³¨ μ¡²ÊÎ¥´¨Ö Å
¤μ 1000 ƒ· (250, 375, 500, 600, 700, 800, 1000 ƒ·). �¡· §ÍÒ, ¶μ²ÊÎ¨¢Ï¨¥ ¤μ§Ò 700Ä
1000 ƒ·, ¸· §Ê ¦¥ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨³¥²¨ §´ Î¥´¨¥ μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨ ¸ÊÐ¥¸É¢¥´´μ
´¨¦¥ ¨¸Ìμ¤´μ°, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢μ¢ ²μ μ ¶μ²´μ³ ¨²¨ Î ¸É¨Î´μ³ £¥³μ²¨§¥ Ô·¨É·μÍ¨Éμ¢. ‚
μ¡· §Í¥, ¶μ²ÊÎ¨¢Ï¥³ ¤μ§Ê 600 ƒ·, ´ ¡²Õ¤ ²μ¸Ó ¸´¨¦¥´¨¥ μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨ Éμ²Ó±μ
Î¥·¥§ ´¥¸±μ²Ó±μ Î ¸μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. �²¥±É·μ¶μ· Í¨Ö μ¡· §Íμ¢, ¶μ²ÊÎ¨¢Ï¨Ì ³¥´ÓÏ¨¥
¤μ§Ò, ¶·μ¢μ¤¨² ¸Ó Î¥·¥§ 4 Î ¨ Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. „²Ö ´¨Ì ¶μ¢·¥¦¤¥´¨Ö
Ö¢²Ö²¨¸Ó ¸±·ÒÉÒ³¨ ¨ ´¥ ¶·¨¢μ¤¨²¨ ± ¡Ò¸É·μ³Ê £¥³μ²¨§Ê.

„²Ö  ´ ²¨§  ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¡Ò²¨ ¶μ¸É·μ¥´Ò ±·¨¢Ò¥ § ¢¨¸¨³μ¸É¨ μÉ´μ¸¨-
É¥²Ó´ÒÌ (μÉ´μ¸¨É¥²Ó´μ ±μ´É·μ²Ö) ±μ´¸É ´É ¸±μ·μ¸É¨ £¥³μ²¨§  (1) μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢
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�¨¸. 1. Š¨´¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ £¥³μ²¨§  Ô·¨É·μÍ¨Éμ¢ ¶·¨ ±μ³¡¨´¨·μ¢ ´´μ³ ¢μ§¤¥°¸É¢¨¨ ´  ¸Ê¸-

¶¥´§¨Õ γ-¨§²ÊÎ¥´¨Ö (¢ ¤¨ ¶ §μ´¥ ¤μ§ μÉ 2 ¤μ 500 ƒ·) ¨ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (Ô²¥±-
É·μ¶μ· Í¨Ö).  ) �²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; ¡) Ô²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥

μ¡²ÊÎ¥´¨Ö

μÉ ¶μ²ÊÎ¥´´μ° ¨³¨ ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö ¤²Ö ¶¥·¢μ° ¨ ¢Éμ·μ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢ (·¨¸. 2, 3)
¸μμÉ¢¥É¸É¢¥´´μ. ˆ§¢¥¸É´μ, ÎÉμ ¶μ¢·¥¦¤¥´¨Ö ¡¨μ²μ£¨Î¥¸±¨Ì ¸¨¸É¥³ · §¢¨¢ ÕÉ¸Ö ¸ É¥Î¥-
´¨¥³ ¢·¥³¥´¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö [1]. �μÔÉμ³Ê ¸±μ·μ¸ÉÓ £¥³μ²¨§  ¶μ¸²¥ Ô²¥±É·μ¶μ· Í¨¨
Éμ¦¥ § ¢¨¸¥²  μÉ Éμ£μ, Î¥·¥§ ± ±μ¥ ¢·¥³Ö ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¢μ§¤¥°¸É¢μ¢ ²¨ ¨³¶Ê²Ó¸´Ò³
Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³.

ˆ§ ¶μ²ÊÎ¥´´ÒÌ § ¢¨¸¨³μ¸É¥° ¢¨¤´μ, ÎÉμ ¢μ§¤¥°¸É¢¨¥ γ-¨§²ÊÎ¥´¨Ö ´  ¸Ê¸¶¥´§¨Õ ¢
¤μ§ Ì ¤μ 500Ä600 ƒ· ´¥ ¶·¨¢μ¤¨²μ ± £¥³μ²¨§Ê Ô·¨É·μÍ¨Éμ¢. ’ ±¦¥ ¢¨¤´μ, ÎÉμ ¢ Ï¨·μ-
±μ³ ¤¨ ¶ §μ´¥ ¤μ§ (¤μ ¢¥²¨Î¨´Ò ∼ 350 ƒ·), ¤ ¦¥ ¶μ¸²¥ ¤μ¶μ²´¨É¥²Ó´μ£μ ¢μ§¤¥°¸É¢¨Ö
¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¸ Í¥²ÓÕ ¢ÒÖ¢²¥´¨Ö ¸±·ÒÉÒÌ ¶μ¢·¥¦¤¥´¨° ³¥³¡· ´
¶μ¸²¥ ¨Ì μ¡²ÊÎ¥´¨Ö, ´¥ ´ ¡²Õ¤ ²μ¸Ó Ö¢´μ£μ Ê¢¥²¨Î¥´¨Ö ¸±μ·μ¸É¨ £¥³μ²¨§  Ô·¨É·μÍ¨-
Éμ¢ (¶μ ¸· ¢´¥´¨Õ ¸ ±μ´É·μ²¥³). �Éμ ¸¢¨¤¥É¥²Ó¸É¢μ¢ ²μ μ Éμ³, ÎÉμ ¤ ¦¥ ¡μ²ÓÏ¨¥ ¤μ§Ò
γ-¨§²ÊÎ¥´¨Ö ´¥ ¶·¨¢μ¤¨²¨ ± ¸ÊÐ¥¸É¢¥´´Ò³ ¤¥Ë¥±É ³ ³¥³¡· ´, ±μÉμ·Ò¥ ¤μ²¦´Ò ¡Ò²¨
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ £¥³μ²¨§  (βγ+ˆ��/βˆ��) ¶·¨ ±μ³¡¨´¨·μ-
¢ ´´μ³ ¢μ§¤¥°¸É¢¨¨ ´  ¸Ê¸¶¥´§¨Õ γ-¨§²ÊÎ¥´¨Ö ¨ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (ˆ��) μÉ ¤μ§Ò

μ¡²ÊÎ¥´¨Ö.  ) �²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; ¡) Ô²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥

μ¡²ÊÎ¥´¨Ö

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ £¥³μ²¨§  (βγ+ˆ��/βˆ��) ¶·¨ ±μ³¡¨´¨·μ-

¢ ´´μ³ ¢μ§¤¥°¸É¢¨¨ ´  ¸Ê¸¶¥´§¨Õ γ-¨§²ÊÎ¥´¨Ö ¨ ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (ˆ��) μÉ ¤μ§Ò

μ¡²ÊÎ¥´¨Ö.  ) �²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 4 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; ¡) Ô²¥±É·μ¶μ· Í¨Ö Î¥·¥§ 1 ¸ÊÉ ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö

¶·μÖ¢¨ÉÓ¸Ö ¶·¨ Ô²¥±É·μ¶μ· Í¨¨. 	¥§´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ¸±μ·μ¸É¨ £¥³μ²¨§  ¶μ¸²¥
Ô²¥±É·μ¶μ· Í¨¨ ²¥¦ ²¨ ¢ ¶·¥¤¥² Ì μÏ¨¡±¨ Ô±¸¶¥·¨³¥´É . �´¨ ´μ¸¨²¨ Ì · ±É¥· ´¥³μ-
´μÉμ´´ÒÌ ±μ²¥¡ ´¨° ¢μ§²¥ ±μ´É·μ²Ö, § ¢¨¸¨³ÒÌ μÉ ¤μ§Ò. �Éμ, ¸±μ·¥¥ ¢¸¥£μ, Ê± §Ò¢ ¥É ´ 
Éμ, ÎÉμ ¢ ³¥³¡· ´ Ì ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶·μ¨¸Ìμ¤¨²¨ ¸²μ¦´Ò¥ ¶·μÍ¥¸¸Ò, ´μ¸ÖÐ¨¥ μÉÎ ¸É¨
Ë²Ê±ÉÊ Í¨μ´´Ò° Ì · ±É¥·.

ˆ Éμ²Ó±μ μ¡· §ÍÒ, ¶μ²ÊÎ¨¢Ï¨¥ ¤μ§Ò ¶μ·Ö¤±  350Ä550 ƒ·, ¶μ± § ²¨ § ³¥É´μ¥ Ê¢¥²¨-
Î¥´¨¥ ¸±μ·μ¸É¨ £¥³μ²¨§  ¶μ¸²¥ Ô²¥±É·μ¶μ· Í¨¨ (¢ 1,5Ä2 · § ) μÉ´μ¸¨É¥²Ó´μ ±μ´É·μ²Ö ¨
Ê¢¥²¨Î¥´¨¥ ¥¥ ¸ ·μ¸Éμ³ ¶μ£²μÐ¥´´μ° ¤μ§Ò. �Éμ ¸¢¨¤¥É¥²Ó¸É¢μ¢ ²μ μ ´ ²¨Î¨¨ ¸±·ÒÉÒÌ
¤¥Ë¥±Éμ¢ ³¥³¡· ´, ±μÉμ·Ò¥ ¶·μÖ¢¨²¨¸Ó ¶·¨ Ô²¥±É·μ¶μ· Í¨¨. ‡¤¥¸Ó ¢ ¦´μ ¶μ¤Î¥·±´ÊÉÓ,
ÎÉμ ±μ²¨Î¥¸É¢μ ¨ ¸É¥¶¥´Ó ¶μ¢·¥¦¤¥´¨° ¡Ò²¨ ¶·μ¶μ·Í¨μ´ ²Ó´Ò ¶μ£²μÐ¥´´μ° ¤μ§¥ ¨§²Ê-
Î¥´¨Ö ¢ μÉ²¨Î¨¥ μÉ ÔÉ¨Ì ¶μ± § É¥²¥° ¢ ¢ÒÏ¥Ê± § ´´μ³ ¤¨ ¶ §μ´¥.

�·¨ ÔÉμ³, ± ± ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, £¥³μ²¨§ Ô·¨É·μÍ¨Éμ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ´¥ ¶·μ-
¨¸Ìμ¤¨², ¨ μ¡²ÊÎ¥´´Ò¥ μ¡· §ÍÒ ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ¶μ¤¤¥·¦¨¢ ²¨ §´ Î¥´¨¥
μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨, ¡²¨§±μ¥ ± ±μ´É·μ²Õ. 	  ·¨¸. 4 ¶·¥¤¸É ¢²¥´μ ¨§³¥´¥´¨¥ μ¶É¨Î¥-
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨ ¸Ê¸¶¥´§¨¨ μÉ ¢·¥³¥´¨ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-¨§²ÊÎ¥´¨Ö

(¢ ¤¨ ¶ §μ´¥ ¤μ§ μÉ 2 ¤μ 1000 ƒ·) ¨ ¢ ±μ´É·μ²Ó´μ° ¸Ê¸¶¥´§¨¨ ¡¥§ μ¡²ÊÎ¥´¨Ö

¸±μ° ¶²μÉ´μ¸É¨ μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢ ¨ ±μ´É·μ²Ö ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ¶μ¸²¥
¶·¨£μÉμ¢²¥´¨Ö ¸Ê¸¶¥´§¨¨ ¡¥§ ¢μ§¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. ˆ§ ÔÉ¨Ì
§ ¢¨¸¨³μ¸É¥° ¸²¥¤Ê¥É, ÎÉμ μ¡· §ÍÒ, ¶μ²ÊÎ¨¢Ï¨¥ ¤μ§Ò ¤μ ¢¥²¨Î¨´Ò ∼ 350 ƒ·, ¢¥²¨ ¸¥¡Ö
¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì ¸ÊÉμ± ¶· ±É¨Î¥¸±¨ ± ± ±μ´É·μ²Ó. �¡· §ÍÒ, ¶μ²ÊÎ¨¢Ï¨¥ ¤μ§Ò ¶μ-
·Ö¤±  350Ä500 ƒ·, ¢ É¥Î¥´¨¥ ³´μ£¨Ì Î ¸μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö É ±¦¥ É·Ê¤´μ ¡Ò²μ μÉ²¨Î¨ÉÓ
μÉ ±μ´É·μ²Ö ¨ É¥³ ¡μ²¥¥ ¤¨ËË¥·¥´Í¨·μ¢ ÉÓ ¶μ ¢¥²¨Î¨´¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò. ˆ Éμ²Ó±μ
´ Î¨´ Ö ¸ ¤μ§ ∼ 550 ƒ· ¶·μ¨¸Ìμ¤¨²¨ Ö¢´Ò¥ ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ Ô·¨É·μÍ¨Éμ¢, ¶·¨¢μ-
¤ÖÐ¨¥ Î¥·¥§ ´¥¸±μ²Ó±μ Î ¸μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨²¨ ¸· §Ê ± £¥³μ²¨§Ê ¡¥§ Ô²¥±É·μ¶μ· Í¨¨.

‡�Š‹	—…�ˆ…

’ ±¨³ μ¡· §μ³, ¶μ Ì · ±É¥·Ê ¢ § ¢¨¸¨³μ¸É¨ μÉ´μ¸¨É¥²Ó´μ° ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ £¥-
³μ²¨§  Ô·¨É·μÍ¨Éμ¢ μÉ ¶μ£²μÐ¥´´μ° ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ
¸ÊÐ¥¸É¢Ê¥É ´¥±μÉμ·Ò° ¤¨ ¶ §μ´, ¢ ±μÉμ·μ³ ¸É¥¶¥´Ó ¶μ¢·¥¦¤¥´¨Ö ³¥³¡· ´ Ö¢²Ö¥É¸Ö ³ -
²μ° ¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É μÉ ¤μ§Ò (Ë §  ¶² Éμ), ¨ ¤¨ ¶ §μ´, £¤¥ ¸É¥¶¥´Ó ¤¥Ë¥±Éμ¢
³¥³¡· ´ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö · ¸É¥É ¸ ·μ¸Éμ³ ¶μ£²μÐ¥´´μ° ¤μ§Ò. �É¨ ·¥§Ê²ÓÉ ÉÒ Ìμ·μÏμ
¸μ£² ¸ÊÕÉ¸Ö ¸ μ¶ÒÉ ³¨, ¶·μ¢¥¤¥´´Ò³¨ ´  ¤·Ê£¨Ì ¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±É Ì ¨ Ê± §Ò¢ Õ-
Ð¨³¨ ´  ´¥³μ´μÉμ´´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ ¡¨μ²μ£¨Î¥¸±μ£μ ÔËË¥±É  μ¡²ÊÎ¥´¨Ö μÉ
¢¥²¨Î¨´Ò ¤μ§Ò μ¡²ÊÎ¥´¨Ö.
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