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�¡§µ· ¶µ¸¢ÖÐ¥´ ¨¸¸²¥¤µ¢ ´¨Õ ³¥Éµ¤ ³¨ ³ É¥³ É¨Î¥¸±µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¥°¸É¢¨Ö ¨µ´¨-
§¨·ÊÕÐ¥° · ¤¨ Í¨¨ ´  ¤¨´ ³¨±Ê ¶µ¶Ê²ÖÍ¨° ³²¥±µ¶¨É ÕÐ¨Ì. �¸´µ¢´µ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö
³µ¤¥²Ö³, ¢ ±µÉµ·ÒÌ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¦´Ò°  ¸¶¥±É ¤ ´´µ° ¶·µ¡²¥³Ò,   ¨³¥´´µ ¸¢Ö§Ó · ¤¨ Í¨µ´´µ°
¸³¥·É´µ¸É¨ ¨´¤¨¢¨¤ÊÊ³µ¢ ¸ ¶µ· ¦¥´¨¥³ É ± ´ §Ò¢ ¥³ÒÌ ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³ Å · ¤¨µÎÊ¢¸É¢¨-
É¥²Ó´ÒÌ ¸¨¸É¥³ µ·£ ´¨§³ , ¢Ò¶µ²´ÖÕÐ¨Ì ¦¨§´¥´´µ ¢ ¦´Ò¥ ËÊ´±Í¨¨. ‘É·Ê±ÉÊ·  ÔÉ¨Ì ³µ¤¥²¥°
µÉ· ¦ ¥É £² ¢´Ò¥ Ê·µ¢´¨ Ëµ·³¨·µ¢ ´¨Ö · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ÔËË¥±Éµ¢ Ê ³²¥±µ¶¨É ÕÐ¨Ì: ±·¨-
É¨Î¥¸± Ö ¸¨¸É¥³  µ·£ ´¨§³ , ¨´¤¨¢¨¤ÊÊ³, ¶µ¶Ê²ÖÍ¨Ö. ˆ³¥´´µ É ±¨¥ ¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´Ò¥ ³µ-
¤¥²¨ ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¶·¥¤¸± § ´¨Ö · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ÔËË¥±Éµ¢, ±µÉµ·Ò¥ É·Ê¤´µ
¨²¨ ¶·¨´Í¨¶¨ ²Ó´µ ´¥¢µ§³µ¦´µ ¨¸¸²¥¤µ¢ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ. �Éµ ± ¸ ¥É¸Ö, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó,
¶·µ£´µ§¨·µ¢ ´¨Ö ¢²¨Ö´¨Ö ¶µ¦¨§´¥´´ÒÌ ¸² ¡ÒÌ · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨° ´  ¤¨´ ³¨±Ê ¶µ¶Ê²Ö-
Í¨µ´´µ° ¸³¥·É´µ¸É¨ ±·Ê¶´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥± . �±ÉÊ ²Ó´µ¸ÉÓ ¤ ´´µ° ¶·µ¡²¥³Ò µ¡Ê-
¸²µ¢²¥´  ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ µ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨ ¡µ²ÓÏ¨Ì £·Ê¶¶ ´ ¸¥²¥´¨Ö,
¶·µ¦¨¢ ÕÐ¥£µ ´  É¥··¨Éµ·¨ÖÌ ¸ ¶µ¢ÒÏ¥´´Ò³ · ¤¨ Í¨µ´´Ò³ Ëµ´µ³,   É ±¦¥ ²¨Í, ¶µ¤¢¥·£ Õ-
Ð¨Ì¸Ö Ì·µ´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ ¢ ¸¨²Ê ¸¢µ¥° ¶·µË¥¸¸¨µ´ ²Ó´µ° ¤¥ÖÉ¥²Ó´µ¸É¨. ˆ¸¶µ²Ó§µ¢ ´¨¥
¤²Ö ÔÉ¨Ì Í¥²¥° ¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´ÒÌ ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥° ¶µ§¢µ²¨É ¤ ¢ ÉÓ ´ ÊÎ´µ µ¡µ¸´µ-
¢ ´´Ò° ¤¥³µ£· Ë¨Î¥¸±¨° ¶·µ£´µ§ ¨ É¥³ ¸ ³Ò³ µ¡Ñ¥±É¨¢´µ µÍ¥´¨¢ ÉÓ ·¥ ²Ó´ÊÕ µ¶ ¸´µ¸ÉÓ ¤²Ö
Î¥²µ¢¥±  ¸² ¡ÒÌ · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨°.

The survey is devoted to the investigation of ionizing radiation effects on the dynamics of mam-
malian population by making use of mathematical modeling methods. The basic attention is paid to the
models which take into account an important aspect of the problem under study, namely, the relation
of radiation mortality of specimens with damage of the so-called critical systems, i. e., radiosensitive
vital body systems. The structure of these models re�ects the basic levels of radiation effect formation
in mammals: critical body system, individual, population. It is these reason-consequence models that
can be used for predictions of radiobiological effects which are difˇcult for laboratory studies or
cannot, in principal, be investigated experimentally. Fist of all, it concerns the prediction of low
level radiation effects on the dynamics of population mortality of large mammals and humans. The
urgency of this problem is brought about by necessity to ensure the radiation safety of large groups
of population residing in areas with elevated radiation background as well as of persons subjected
to occupational exposure. The employment for these purposes of reason-consequence mathematical
models enables one to do reliable demography predictions and consequently to estimate objectively
the real hazard of low level exposures for human.
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ˆ§ÊÎ¥´¨¥ ÔËË¥±Éµ¢ ¨µ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨, ¶·µÖ¢²ÖÕÐ¨Ì¸Ö ´  ¶µ¶Ê-
²ÖÍ¨µ´´µ³ Ê·µ¢´¥, ¸É ²µ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò  ±ÉÊ ²Ó´µ° ¶·µ¡²¥³µ°. �Éµ µ¡Ê-
¸²µ¢²¥´µ, ¶·¥¦¤¥ ¢¸¥£µ, § £·Ö§´¥´¨¥³ · ¤¨µ´Ê±²¨¤ ³¨ ·Ö¤  £Ê¸Éµ´ ¸¥²¥´´ÒÌ
É¥··¨Éµ·¨° ¢ ·¥§Ê²ÓÉ É¥  ¢ ·¨° ´   Éµ³´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì Ê¸É ´µ¢± Ì,  
É ±¦¥ · ¸Ï¨·¥´¨¥³ ±·Ê£  ²¨Í, ¨³¥ÕÐ¨Ì ¶µ ·µ¤Ê ¸¢µ¥° ¶·µË¥¸¸¨µ´ ²Ó´µ°
¤¥ÖÉ¥²Ó´µ¸É¨ ±µ´É ±É ¸ ¨¸ÉµÎ´¨± ³¨ ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö. �ËË¥±-
É¨¢´µ¥ ·¥Ï¥´¨¥ Ê± § ´´µ° ¶·µ¡²¥³Ò ¶·¥¤Ê¸³ É·¨¢ ¥É µ¡Ñ¥¤¨´¥´¨¥ Ê¸¨²¨°
³¥¤¨±µ¢, · ¤¨µ¡¨µ²µ£µ¢, ¤¥³µ£· Ëµ¢,   É ±¦¥ ¸¶¥Í¨ ²¨¸Éµ¢, · ¡µÉ ÕÐ¨Ì ¢
µ¡² ¸É¨ ³ É¥³ É¨Î¥¸±µ° ¡¨µË¨§¨±¨. ‡ ¤ Î  ¶µ¸²¥¤´¨Ì Å · §· ¡µÉ±  ³ É¥³ -
É¨Î¥¸±¨Ì ³µ¤¥²¥°, ¢ · ³± Ì ±µÉµ·ÒÌ ³µ¦´µ ¡Ò²µ ¡Ò ¶·µ£´µ§¨·µ¢ ÉÓ ¢²¨Ö´¨¥
µ¡²ÊÎ¥´¨Ö ´  ¤¨´ ³¨±Ê ¶µ¶Ê²ÖÍ¨µ´´µ° ¸³¥·É´µ¸É¨ ¨ É¥³ ¸ ³Ò³ ¤ ¢ ÉÓ ´ -
ÊÎ´µ µ¡µ¸´µ¢ ´´ÊÕ µÍ¥´±Ê · ¤¨ Í¨µ´´µ£µ ·¨¸± .

	
µ²ÓÏ Ö Î ¸ÉÓ ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥°, ¨¸¶µ²Ó§Ê¥³ÒÌ ¤²Ö µ¶¨¸ ´¨Ö · -
¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ¨ µÍ¥´±¨ ·¨¸± , Å ÔÉµ ³µ¤¥²¨ É¨¶  ®Î¥·´µ£µ ÖÐ¨± ¯
(¸³., ´ ¶·¨³¥·, [1Ä7]). ‚¥·µÖÉ´µ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ £¨¡¥²¨ ¡¨µµ¡Ñ¥±Éµ¢
¶·¥¤¸É ¢²¥´Ò ¢ É ±¨Ì ³µ¤¥²ÖÌ ¢ ¢¨¤¥ ´ ¡µ·  ËÊ´±Í¨°,  ¶¶·µ±¸¨³¨·ÊÕÐ¨Ì
·¥§Ê²ÓÉ ÉÒ ±²¨´¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨° ¨²¨ µ¶ÒÉ´Ò¥ ¤ ´´Ò¥. �µÔÉµ³Ê ¶·¥¤¸± -
§ É¥²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ¶µ¤µ¡´µ£µ ·µ¤  ³µ¤¥²¥° µ£· ´¨Î¨¢ ÕÉ¸Ö µ¡² ¸ÉÓÕ
Ê¸²µ¢¨°, ¡²¨§±¨Ì ± Ê¦¥ ¨§ÊÎ¥´´Ò³. �¤´ ±µ ¢ Í¥²ÖÌ ¶·µ£´µ§¨·µ¢ ´¨Ö ´ ¨¡µ-
²¥¥ ¶¥·¸¶¥±É¨¢´Ò, ´  ´ Ï ¢§£²Ö¤, ³µ¤¥²¨, ¢ ±µÉµ·ÒÌ ´¥ ¨£´µ·¨·Ê¥É¸Ö µÎ¥´Ó
¢ ¦´ Ö Î ¸ÉÓ ¶·µ¡²¥³Ò,   ¨³¥´´µ ¢´ÊÉ·¥´´¨¥ ¸¢µ°¸É¢  µ·£ ´¨§³  ³²¥±µ¶¨É -
ÕÐ¨Ì, ¶µ¤¢¥·£´ÊÉÒÌ ¤¥°¸É¢¨Õ · ¤¨ Í¨¨. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ µ¡Ð¥¶·¨§´ ´´µ°
· ¤¨µ¡¨µ²µ£¨Î¥¸±µ° ±µ´Í¥¶Í¨¥° · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ [8] ÔÉ¨ ³µ¤¥²¨
µ¶¨¸Ò¢ ÕÉ ¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´Ò¥ µÉ´µÏ¥´¨Ö ³¥¦¤Ê · ¤¨ Í¨µ´´Ò³ ¶µ· -
¦¥´¨¥³ É ± ´ §Ò¢ ¥³ÒÌ ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³ (· ¤¨µÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¸¨¸É¥³
µ·£ ´¨§³ , ¢Ò¶µ²´ÖÕÐ¨Ì ¦¨§´¥´´µ ¢ ¦´Ò¥ ËÊ´±Í¨¨) ¨ £¨¡¥²ÓÕ µÉ¤¥²Ó´ÒÌ
µ¸µ¡¥° ¶µ¶Ê²ÖÍ¨¨. � §Ê³¥¥É¸Ö, ¶µ¤ ®¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´Ò³¨ µÉ´µÏ¥´¨Ö³¨¯
§¤¥¸Ó ¶µ¤· §Ê³¥¢ ¥É¸Ö ¡µ²¥¥ Ï¨·µ±µ¥ ¶µ´ÖÉ¨¥, Î¥³ ±² ¸¸¨Î¥¸±¨° ¤¥± ·Éµ¢-
¸±¨° ¤¥É¥·³¨´¨§³.

‘É·Ê±ÉÊ·  ¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´ÒÌ ³µ¤¥²¥° µÉ· ¦ ¥É £² ¢´Ò¥ Ê·µ¢´¨ Ëµ·-
³¨·µ¢ ´¨Ö · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ÔËË¥±Éµ¢ Ê ³²¥±µ¶¨É ÕÐ¨Ì: ±·¨É¨Î¥¸± Ö
¸¨¸É¥³ , ¨´¤¨¢¨¤ÊÊ³, ¶µ¶Ê²ÖÍ¨Ö. 	Ê¤ÊÎ¨ ¨¤¥´É¨Ë¨Í¨·µ¢ ´´Ò³¨ ¸ ¶µ³µÐÓÕ
Ê¦¥ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨²¨ ±²¨´¨Î¥¸±¨Ì ¤ ´´ÒÌ, É ±¨¥ ³µ¤¥²¨,
µ¶¨¸Ò¢ ÕÐ¨¥ ·¥ ²Ó´Ò¥ ¶·µÍ¥¸¸Ò ¢ µ·£ ´¨§³¥ µ¡²ÊÎ¥´´ÒÌ µ¸µ¡¥°, ¸¶µ¸µ¡´Ò
¶·¥¤¸± §Ò¢ ÉÓ ¶µ¶Ê²ÖÍ¨µ´´ÊÕ ¸³¥·É´µ¸ÉÓ ¤²Ö ·¥¦¨³µ¢ µ¡²ÊÎ¥´¨Ö, ´¥ ¨¸-
¸²¥¤µ¢ ¢Ï¨Ì¸Ö · ´¥¥. �Éµ µ¸µ¡¥´´µ ¢ ¦´µ ¶·¨ ¶·µ£´µ§¨·µ¢ ´¨¨ ÔËË¥±Éµ¢
· ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨°, Ô±¸¶¥·¨³¥´É ²Ó´µ¥ ¨§ÊÎ¥´¨¥ ±µÉµ·ÒÌ § É·Ê¤´¥´µ
¨²¨ ¶·¨´Í¨¶¨ ²Ó´µ ´¥¢µ§³µ¦´µ, ± ±, ´ ¶·¨³¥·, ¶µ¶Ê²ÖÍ¨µ´´Ò¥ ÔËË¥±ÉÒ
¶µ¦¨§´¥´´µ£µ ´¨§±µ¨´É¥´¸¨¢´µ£µ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ±·Ê¶´ÒÌ ³²¥±µ-
¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥± . ‚µÉ ¶µÎ¥³Ê ¨³¥´´µ ¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´Ò³ ³ É¥³ -
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É¨Î¥¸±¨³ ³µ¤¥²Ö³ ¤¨´ ³¨±¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ³²¥±µ¶¨É ÕÐ¨Ì ¨
¶µ¸¢ÖÐ¥´ ¤ ´´Ò° µ¡§µ·.
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1.1. ‘ÉµÌ ¸É¨Î¥¸±¨° ¶µ¤Ìµ¤ ± ³µ¤¥²¨·µ¢ ´¨Õ ¤¨´ ³¨±¨ ¶µ¶Ê²ÖÍ¨µ´-
´µ° ¸³¥·É´µ¸É¨. ‚ Ô±¸¶¥·¨³¥´É Ì ¶µ ¨§ÊÎ¥´¨Õ ¤¨´ ³¨±¨ ¸³¥·É´µ¸É¨ ³²¥±µ-
¶¨É ÕÐ¨Ì, ± ± ¶· ¢¨²µ, ¨§³¥·ÖÕÉ É·¨ ¸É É¨¸É¨Î¥¸±¨¥ ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±-
Í¨¨: ¢¥·µÖÉ´µ¸ÉÓ ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ S(t), ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ ¤²¨É¥²Ó´µ-
¸É¨ ¦¨§´¨ w(t) ¨ ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨ µ(t). �µ¸²¥¤´ÕÕ ËÊ´±Í¨Õ ´ §Ò¢ ÕÉ
É ±¦¥ ¨´É¥´¸¨¢´µ¸ÉÓÕ ¨²¨ ¸¨²µ° ¸³¥·É´µ¸É¨ [9]. ”Ê´±Í¨Ö S(t) µ¶·¥¤¥²Ö¥É
µÉ´µÏ¥´¨¥ Î¨¸²  µ¸µ¡¥° n(t), ¤µ¦¨¢Ï¨Ì ¤µ ¢µ§· ¸É  t, ± ¨¸Ìµ¤´µ³Ê ¨Ì ±µ-
²¨Î¥¸É¢Ê n0: S(t) = n(t)/n0. �µÔÉµ³Ê ¢ ¤¥³µ£· Ë¨¨ ¨¸¶µ²Ó§ÊÕÉ ¥Ð¥ µ¤¨´
É¥·³¨´ ¤²Ö ¥¥ µ¡µ§´ Î¥´¨Ö Å ËÊ´±Í¨Ö ¤µ¦¨É¨Ö. 	¨µ³¥É·¨Î¥¸± Ö ËÊ´±Í¨Ö
w(t) Ì · ±É¥·¨§Ê¥É ¸±µ·µ¸ÉÓ Ê³¥´ÓÏ¥´¨Ö Î¨¸²  µ¸µ¡¥° ¢ ·¥§Ê²ÓÉ É¥ £¨¡¥²¨
¢ ¢µ§· ¸É¥ t, µÉ´¥¸¥´´ÊÕ ± ¨¸Ìµ¤´µ³Ê ¨Ì ±µ²¨Î¥¸É¢Ê: w(t) = −(dn/dt)/n0.
”Ê´±Í¨Ö µ(t) µ¶¨¸Ò¢ ¥É ¸±µ·µ¸ÉÓ Ê³¥´ÓÏ¥´¨Ö Î¨¸²  µ¸µ¡¥° ¢ ·¥§Ê²ÓÉ É¥
£¨¡¥²¨ ¢ ¢µ§· ¸É¥ t, µÉ´¥¸¥´´ÊÕ ± Î¨¸²Ê µ¸µ¡¥°, ¤µ¦¨¢Ï¨Ì ¤µ ¢µ§· ¸É  t:
µ(t) = −(dn/dt)/n(t). 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨
w(t) ¨ ¢¥·µÖÉ´µ¸ÉÓ S(t) ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ ¸¢Ö§ ´Ò ¸ ËÊ´±Í¨¥° ¸±µ·µ¸É¨
¸³¥·É´µ¸É¨ µ(t) ¸²¥¤ÊÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨:

w(t) = µ(t) exp


−

t∫
0

µ(τ) dτ


 , (1.1)

S(t) = exp


−

t∫
0

µ(τ) dτ


 . (1.2)

‘ÉµÌ ¸É¨Î¥¸±¨° ¶µ¤Ìµ¤, ¶µ§¢µ²ÖÕÐ¨° Ê¸É ´ ¢²¨¢ ÉÓ § ¢¨¸¨³µ¸ÉÓ ¡¨µ-
³¥É·¨Î¥¸±¨Ì ËÊ´±Í¨° µÉ ¸µ¸ÉµÖ´¨Ö µ·£ ´¨§³  µ¸µ¡¥°, ¸µ¸É ¢²ÖÕÐ¨Ì ¶µ¶Ê-
²ÖÍ¨Õ, ¢¶¥·¢Ò¥ ¡Ò² ¶·¥¤²µ¦¥´ ¢ · ¡µÉ¥ [10]. �µ§¤´¥¥ µ´ ¶µ²ÊÎ¨² ¡µ²¥¥
£²Ê¡µ±µ¥ ³ É¥³ É¨Î¥¸±µ¥ µ¡µ¸´µ¢ ´¨¥ ¢ · ¡µÉ¥ [11]. ‚ ± Î¥¸É¢¥ µ¡Ñ¥±É  ³µ-
¤¥²¨·µ¢ ´¨Ö ¢ [10] · ¸¸³ É·¨¢ ² ¸Ó £µ³µ£¥´´ Ö ¶µ¶Ê²ÖÍ¨Ö, ± ¦¤Ò° Î²¥´ ±µ-
Éµ·µ° Ì · ±É¥·¨§Ê¥É¸Ö µ¤¨´ ±µ¢Ò³¨ ¤²Ö ¢¸¥Ì µ¸µ¡¥° ¸·¥¤´¨³¨ §´ Î¥´¨Ö³¨ ¨
¨¤¥´É¨Î´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ Ë²Ê±ÉÊ Í¨° ¢¸¥Ì Ë¨§¨µ²µ£¨Î¥¸±¨Ì ¶¥·¥³¥´-
´ÒÌ. „ ´´ Ö ¶µ¶Ê²ÖÍ¨Ö ¡Ò²  µ¶¨¸ ´  ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° ξ Å ¶µ± § É¥²¥³
Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö. �·¨ ÔÉµ³ ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ µÉ±²µ´¥´¨¥ y
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¢¥²¨Î¨´Ò ξ µÉ ¸¢µ¥£µ ¸·¥¤´¥£µ §´ Î¥´¨Ö ξ̄ (y = ξ − ξ̄) ¶µ¤Î¨´Ö¥É¸Ö ¸ÉµÌ ¸É¨-
Î¥¸±µ³Ê ¤¨ËË¥·¥´Í¨ ²Ó´µ³Ê Ê· ¢´¥´¨Õ

dy

dt
+ ω y = η (t), (1.3)

£¤¥ η(t) Å £ Ê¸¸µ¢¸±¨° ¸²ÊÎ °´Ò° ¶·µÍ¥¸¸ ¸ ´Ê²¥¢Ò³ ¸·¥¤´¨³ §´ Î¥´¨¥³ ¨
¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸ÉÓÕ 4Ω = 4s2ω (ω−1 Å ¸·¥¤´¥¥ ¢·¥³Ö ·¥² ±¸ Í¨¨ ¢
¸¨¸É¥³¥ (1.3); s Å ¸·¥¤´¥¥ ±¢ ¤· É¨Î´µ¥ µÉ±²µ´¥´¨¥ ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò y).

� ¸¶·¥¤¥²¥´¨¥ ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò y ρ(y0|y, t) Ê¤µ¢²¥É¢µ·Ö¥É Ê· ¢´¥´¨Õ
”µ±±¥· Ä�² ´± , ±µÉµ·µ¥ ¢ · ¸¸³ É·¨¢ ¥³µ³ ¸²ÊÎ ¥ ¨³¥¥É ¢¨¤

∂ρ

∂t
= ω

∂

∂y
(yρ) + Ω

∂2ρ

∂y2
. (1.4)

‡¤¥¸Ó ρ(y0 | y, t)dy ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥·µÖÉ´µ¸ÉÓ ´ ¡²Õ¤¥´¨Ö ¢ ¸¨¸É¥³¥
(1.3) ¢ ³µ³¥´É ¢·¥³¥´¨ t §´ Î¥´¨Ö ³¥¦¤Ê y ¨ y + dy, ¥¸²¨ ¶·¨ t = 0 ´ -
¡²Õ¤ ²µ¸Ó §´ Î¥´¨¥ y0. ‘É Í¨µ´ ·´µ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (1.4) µ¶·¥¤¥²Ö¥É¸Ö
¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

ρ(y) =
(
2πs2

)−1/2
exp (−y2/2s2). (1.5)

„ ²¥¥ ¸Î¨É ²µ¸Ó, ÎÉµ  ´ ²µ£µ³ £¨¡¥²¨ ³µ¦¥É ¸²Ê¦¨ÉÓ ¸¨ÉÊ Í¨Ö, ±µ£¤  ¢¥-
²¨Î¨´  ξ, Ì · ±É¥·¨§ÊÕÐ Ö ´¥±ÊÕ µ¸µ¡Ó, ¤µ¸É¨£´¥É ¨²¨ ¶·¥¢Ò¸¨É ¶µ·µ£µ¢µ¥
§´ Î¥´¨¥ L. �µ¤µ¡´Ò¥ µ¸µ¡¨ ®¶µ±¨¤ ÕÉ¯ ¶µ¶Ê²ÖÍ¨Õ. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ÔÉ¨³
¶·¥¤¶µ²µ¦¥´¨¥³ · ¸¶·¥¤¥²¥´¨¥ ρ(y) ¡Ò²µ ³µ¤¨Ë¨Í¨·µ¢ ´µ:

ρM (y) =




(
2πs2

)−1/2 exp (−y2/2s2)

(2πs2)−1/2
λ∫

−∞
exp (−y2/2s2) dy

¶·¨ y < λ ,

0 ¶·¨ y � λ ,

(1.6)

£¤¥
λ = L − ξ̄. (1.7)

ˆ¸Ìµ¤Ö ¨§ (1.6) ¡Ò²µ ´ °¤¥´µ, ÎÉµ ¸±µ·µ¸ÉÓ, ¸ ±µÉµ·µ° µ¸µ¡¨ ®¶µ±¨¤ ÕÉ¯
¶µ¶Ê²ÖÍ¨Õ, É. ¥. ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨, µ¶¨¸Ò¢ ¥É¸Ö Ëµ·³Ê²µ°

µ = ω (2πs2)−1/2λ exp (−λ2/2s2)/Φ(U). (1.8)

‡¤¥¸Ó U = λ/s Å ¡¥§· §³¥·´ Ö ±µ´¸É ´É ; Φ(U) Å ´µ·³ ²Ó´ Ö ËÊ´±Í¨Ö
· ¸¶·¥¤¥²¥´¨Ö ¸É ´¤ ·É¨§µ¢ ´´µ° ´µ·³ ²Ó´µ° ¢¥²¨Î¨´Ò u = y/s:

Φ(U) = (2π)−1/2

U∫
−∞

e−u2/2du. (1.9)
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�·¨ λ � 2s ¤²Ö · ¸Î¥É  ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö
¶·¨¡²¨¦¥´´µ¥ ¸µµÉ´µÏ¥´¨¥

µ = ω (2πs2)−1/2λ exp (−λ2/2s2). (1.10)

Š ± ¸²¥¤Ê¥É ¨§ É ¡²¨ÍÒ ËÊ´±Í¨¨ Φ(U) [12], ´¥ÉµÎ´µ¸ÉÓ ¢ µÍ¥´±¥ µ ¡Ê¤¥É
¸µ¸É ¢²ÖÉÓ ¶·¨ ÔÉµ³ ³¥´¥¥ 2,3 %.

‘³Ò¸² ¶µ± § É¥²Ö Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö ¢ · ¡µÉ¥ [10] ´¥ ¡Ò² ±µ´-
±·¥É¨§¨·µ¢ ´. �µÔÉµ³Ê Ëµ·³Ê²  (1.10) ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¢ [10], ¶µ ¸ÊÐ¥¸É¢Ê,
²¨ÏÓ ¤²Ö  ¶¶·µ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

1.2. � ¤¨ Í¨µ´´ Ö ¸³¥·É´µ¸ÉÓ ¨ ±·¨É¨Î¥¸±¨¥ ¸¨¸É¥³Ò. „ ²Ó´¥°Ï¥¥
· §¢¨É¨¥ ¨§²µ¦¥´´Ò° ¢ÒÏ¥ ¸ÉµÌ ¸É¨Î¥¸±¨° ¶µ¤Ìµ¤ ± ³µ¤¥²¨·µ¢ ´¨Õ ¶µ¶Ê-
²ÖÍ¨µ´´µ° ¸³¥·É´µ¸É¨ [10] ¶µ²ÊÎ¨² ¢ · ¡µÉ Ì [13Ä18]. � §· ¡µÉ ´´ Ö ¢ [13]
¨ ¤¥É ²Ó´µ ¶·¥¤¸É ¢²¥´´ Ö ¢ [14] ¸ÉµÌ ¸É¨Î¥¸± Ö ³µ¤¥²Ó ¤¨´ ³¨±¨ · ¤¨ Í¨-
µ´´µ° ¸³¥·É´µ¸É¨ ³²¥±µ¶¨É ÕÐ¨Ì ¡ §¨·Ê¥É¸Ö ´  µ¡Ð¥¶·¨´ÖÉµ° · ¤¨µ¡¨µ²µ-
£¨Î¥¸±µ° ±µ´Í¥¶Í¨¨ ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò [8]. ‘µ£² ¸´µ ÔÉµ° ±µ´Í¥¶Í¨¨ ¤²Ö
µ¶·¥¤¥²¥´´ÒÌ ¨´É¥·¢ ²µ¢ ¤µ§ · ¤¨ Í¨¨ ³µ¦´µ ¢Ò¤¥²¨ÉÓ ¦¨§´¥´´µ ¢ ¦´ÊÕ
(±·¨É¨Î¥¸±ÊÕ) ¸¨¸É¥³Ê µ·£ ´¨§³ , ¶µ· ¦¥´¨¥ ±µÉµ·µ° ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·µ²Ó
¢ · §¢¨É¨¨ ²ÊÎ¥¢µ° ¶ Éµ²µ£¨¨ ¨, ¢ ±µ´¥Î´µ³ ¸Î¥É¥, ¢ ²¥É ²Ó´µ³ ¨¸Ìµ¤¥. ‚
¸¢µÕ µÎ¥·¥¤Ó, · ¤¨ Í¨µ´´µ¥ ¶µ· ¦¥´¨¥ ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¶·µÖ¢²Ö¥É¸Ö ¢
¸´¨¦¥´¨¨ ±µ´Í¥´É· Í¨¨ ¥¥ ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ´¨¦¥ Ê·µ¢´Ö, ´¥µ¡Ìµ¤¨-
³µ£µ ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¦¨§´¥¤¥ÖÉ¥²Ó´µ¸É¨.

‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ´ ¡²Õ¤¥´¨Ö³¨ ¢Ò¤¥²ÖÕÉ É·¨ £² ¢-
´Ò¥ ±·¨É¨Î¥¸±¨¥ ¸¨¸É¥³Ò. �·¨ ¸Ê¡²¥É ²Ó´ÒÌ ¤µ§ Ì · ¤¨ Í¨¨ (D = 2÷ 7 ƒ·)
´ ¨¡µ²¥¥ ¸¨²Ó´µ ¶µ· ¦ ¥É¸Ö ¸¨¸É¥³  ±µ¸É´µ-³µ§£µ¢µ£µ ±·µ¢¥É¢µ·¥´¨Ö. ƒ¨-
¡¥²Ó ´ ¸ÉÊ¶ ¥É Î¥·¥§ 14Ä20 ¸ÊÉ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö. �·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì ²¥-
É ²Ó´ÒÌ ¤µ§ Ì (D = 10 ÷ 200 ƒ·) ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¶µ· ¦ ¥É¸Ö ¦¥²Ê¤µÎ´µ-
±¨Ï¥Î´ Ö ¸¨¸É¥³ . �Éµ ¢Ò§Ò¢ ¥É ¶µÉ¥·Õ µ·£ ´¨§³µ³ ¦¨¤±µ¸É¨, ¸£ÊÐ¥´¨¥
±·µ¢¨ ¨ ±µ²² ¶¸. ‘³¥·ÉÓ ´ ¸ÉÊ¶ ¥É Î¥·¥§ 3Ä5 ¸ÊÉ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö, ±µ£¤ 
¶µ¸²¥¤¸É¢¨Ö ¶µ· ¦¥´¨Ö ±·µ¢¥É¢µ·¥´¨Ö ¨ ¤·Ê£¨Ì ¸¨¸É¥³ ¥Ð¥ ´¥ Ê¸¶¥¢ ÕÉ · §-
¢¨ÉÓ¸Ö. �·¨ ¸¢¥·Ì¢Ò¸µ±¨Ì ¤µ§ Ì · ¤¨ Í¨¨ (D > 200 ƒ·) ¶·µ¨¸Ìµ¤¨É ¶µ· ¦¥-
´¨¥ Í¥´É· ²Ó´µ° ´¥·¢´µ° ¸¨¸É¥³Ò ¢ ·¥§Ê²ÓÉ É¥ · §·ÊÏ¥´¨Ö ´¥°·µ´µ¢ ±µ·Ò
£µ²µ¢´µ£µ ³µ§£  ¨ ´ ·ÊÏ¥´¨Ö ±·µ¢µµ¡· Ð¥´¨Ö ¢ ´¥³. ‚ § ¢¨¸¨³µ¸É¨ µÉ ¤µ§Ò
¸³¥·É¥²Ó´Ò° ¨¸Ìµ¤ ´ ¸ÉÊ¶ ¥É Î¥·¥§ ´¥¸±µ²Ó±µ Î ¸µ¢ ¨²¨ ¤ ¦¥ ³¨´ÊÉ ¶µ¸²¥
µ¡²ÊÎ¥´¨Ö. �É¨ É·¨ · §´ÒÌ ³¥Ì ´¨§³ , ¶·¨¢µ¤ÖÐ¨Ì ± £¨¡¥²¨ µ¡²ÊÎ¥´´ÒÌ
³²¥±µ¶¨É ÕÐ¨Ì ¢ É¥Î¥´¨¥ É·¥Ì ´¥ ¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ -
²µ¢, ¶µ²ÊÎ¨²¨ ´ §¢ ´¨¥ ±µ¸É´µ-³µ§£µ¢µ£µ, ¦¥²Ê¤µÎ´µ-±¨Ï¥Î´µ£µ ¸¨´¤·µ³µ¢
¨ ¸¨´¤·µ³  Í¥´É· ²Ó´µ° ´¥·¢´µ° ¸¨¸É¥³Ò.

‚ · ¡µÉ¥ [13], ± ± ¨ ¢ [10], ¢ ± Î¥¸É¢¥ µ¡Ñ¥±É  ³µ¤¥²¨·µ¢ ´¨Ö · ¸¸³ -
É·¨¢ ² ¸Ó £µ³µ£¥´´ Ö ¶µ¶Ê²ÖÍ¨Ö ³²¥±µ¶¨É ÕÐ¨Ì, µ¶¨¸Ò¢ ¥³ Ö ¸²ÊÎ °´µ° ¢¥-
²¨Î¨´µ° ξ Å ¶µ± § É¥²¥³ Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö. �´ ²µ£µ³ £¨¡¥²¨,
± ± ¨ ¢ [10], ¸Î¨É ² ¸Ó ¸¨ÉÊ Í¨Ö, ±µ£¤  ¢¥²¨Î¨´  ξ, Ì · ±É¥·¨§ÊÕÐ Ö ´¥±ÊÕ
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µ¸µ¡Ó, ¤µ¸É¨£´¥É ¨²¨ ¶·¥¢Ò¸¨É ´¥±µÉµ·µ¥ ¶µ·µ£µ¢µ¥ §´ Î¥´¨¥ L. ‚ µÉ²¨Î¨¥
µÉ ³µ¤¥²¨ [10], ¢ · ¡µÉ¥ [13] ¸³Ò¸² ¶µ± § É¥²Ö Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö
¡Ò² ±µ´±·¥É¨§¨·µ¢ ´ ´  µ¸´µ¢¥ · ¤¨µ¡¨µ²µ£¨Î¥¸±µ° ±µ´Í¥¶Í¨¨ ±·¨É¨Î¥¸±µ°
¸¨¸É¥³Ò. ‚ ± Î¥¸É¢¥ ¤ ´´µ£µ ¶µ± § É¥²Ö ¡Ò²  ¢Ò¡· ´  ¢¥²¨Î¨´ , Ì · ±É¥·¨-
§ÊÕÐ Ö µÉ±²µ´¥´¨¥ µÉ Ê·µ¢´Ö ´µ·³Ò ±µ´Í¥´É· Í¨¨ ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ±
±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò. ‚¥¤Ó ¨³¥´´µ ¶·¨ ¶µ·µ£µ¢µ³ (±·¨É¨Î¥¸±µ³ ¤²Ö ¦¨§´¨)
§´ Î¥´¨¨ ÔÉµ£µ µÉ±²µ´¥´¨Ö ¨ ´ ¸ÉÊ¶ ¥É, ± ± ¶· ¢¨²µ, £¨¡¥²Ó µ·£ ´¨§³  [8]. ‚
± Î¥¸É¢¥ ¶·¨Î¨´, ¶·¨¢µ¤ÖÐ¨Ì ± µÉ±²µ´¥´¨Õ ±µ´Í¥´É· Í¨¨ ËÊ´±Í¨µ´ ²Ó´ÒÌ
±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò µÉ Ê·µ¢´Ö ´µ·³Ò, ¢ · ¡µÉ¥ [13], ¶µ³¨³µ ¸²Ê-
Î °´ÒÌ Ë²Ê±ÉÊ Í¨°, · ¸¸³ É·¨¢ ²¨¸Ó · ¤¨ Í¨µ´´µ¥ ¢µ§¤¥°¸É¢¨¥ ¨ ¶·µÍ¥¸¸
¥¸É¥¸É¢¥´´µ£µ ¸É ·¥´¨Ö.

�  µ¸´µ¢¥ ¨§²µ¦¥´´ÒÌ ¢ÒÏ¥ ¶·¥¤¶µ²µ¦¥´¨° ¨ · §¢¨Éµ³ ¢ [10] ³ É¥³ -
É¨Î¥¸±µ³ Ëµ·³ ²¨§³¥ (¸³. ¶. 1.1) ¢ · ¡µÉ¥ [13] ¡Ò²  ¶·¥¤²µ¦¥´  ³ É¥³ -
É¨Î¥¸± Ö ³µ¤¥²Ó, ¢ ±µÉµ·µ° µ¶¨¸ ´  ¸¢Ö§Ó ¸É É¨¸É¨Î¥¸±¨Ì ¡¨µ³¥É·¨Î¥¸±¨Ì
ËÊ´±Í¨° ¸µ ¸É É¨¸É¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ¨ ¤¨´ ³¨±µ° ±·¨É¨Î¥¸±µ°
¸¨¸É¥³Ò µ·£ ´¨§³  µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì. �·¨ · §· ¡µÉ±¥ ÔÉµ° ³µ-
¤¥²¨ ¡Ò²  ¢¢¥¤¥´  ¢¥²¨Î¨´  z0, µ¶·¥¤¥²ÖÕÐ Ö Ê·µ¢¥´Ó ´µ·³Ò ±µ´Í¥´É· Í¨¨
ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò. �´  · ¢´  ¸·¥¤´¥³Ê §´ Î¥´¨Õ
±µ´Í¥´É· Í¨¨ Ê± § ´´ÒÌ ±²¥Éµ± Ê ³µ²µ¤µ£µ §¤µ·µ¢µ£µ ´¥µ¡²ÊÎ¥´´µ£µ µ·£ -
´¨§³ . —¥·¥§ z(t) ¡Ò²µ µ¡µ§´ Î¥´µ ¸·¥¤´¥¥ §´ Î¥´¨¥ ±µ´Í¥´É· Í¨¨ ËÊ´±Í¨-
µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¢ ³µ³¥´É ¢·¥³¥´¨ t. ‚ ¸µµÉ¢¥É¸É¢¨¨
¸ ¢¢¥¤¥´´Ò³¨ µ¡µ§´ Î¥´¨Ö³¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò ξ · ¢´µ

ξ̄(t) = z0 − z(t). (1.11)

�·¨ ¢Ò¢µ¤¥ Ëµ·³Ê²Ò ¤²Ö z(t) ¶µ² £ ²µ¸Ó, ÎÉµ ¢ ·¥§Ê²ÓÉ É¥ ¥¸É¥¸É¢¥´´µ£µ ¸É -
·¥´¨Ö ±µ´Í¥´É· Í¨Ö ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ²¨´¥°´µ
Ê¡Ò¢ ¥É ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨. „ ´´µ¥ ¶·¥¤¶µ²µ¦¥´¨¥ ¡ §¨·Ê¥É¸Ö ´  ¨§¢¥¸É-
´ÒÌ ¨§ ¡¨µ²µ£¨¨ ¨ ³¥¤¨Í¨´Ò Ë ±É Ì, ¸µ£² ¸´µ ±µÉµ·Ò³ §´ Î¥´¨Ö ³´µ£¨Ì
Ë¨§¨µ²µ£¨Î¥¸±¨Ì ¶µ± § É¥²¥° ¸ ¢µ§· ¸Éµ³ ´¥§´ Î¨É¥²Ó´µ ¸´¨¦ ÕÉ¸Ö. Š·µ³¥
ÔÉµ£µ ¢¢µ¤¨É¸Ö ËÊ´±Í¨Ö zR(t), µ¶¨¸Ò¢ ÕÐ Ö ¸·¥¤´ÕÕ ±µ´Í¥´É· Í¨Õ ËÊ´±-
Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò µ·£ ´¨§³  Ê µ¸µ¡¥°, ±µÉµ·Ò¥ ¸ ³µ-
³¥´É  ¢·¥³¥´¨ tR ¶µ¤¢¥·£ ÕÉ¸Ö µ¡²ÊÎ¥´¨Õ. ‚ ¨Éµ£¥ ¶µ²ÊÎ¥´µ ¸²¥¤ÊÕÐ¥¥
¢Ò· ¦¥´¨¥:

z(t) =
{

z0 − κt ¶·¨ t < tR,
zR(t) − κt ¶·¨ t � tR.

(1.12)

‚ (1.12) ±µ´¸É ´É  κ Å ¸±µ·µ¸ÉÓ ¢µ§· ¸É´µ£µ ¸´¨¦¥´¨Ö ±µ´Í¥´É· Í¨¨ ËÊ´±-
Í¨µ´ ²Ó´ÒÌ ±²¥Éµ±, ¶·¨Î¥³

κ t � z0 ¶·¨ t < TI , (1.13)

£¤¥ TI Å ¸·¥¤´ÖÖ ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ¦¨§´¨ ´¥µ¡²ÊÎ¥´´ÒÌ (¨´É ±É´ÒÌ)
µ¸µ¡¥°.
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�µ¤¸É ´µ¢±  Ëµ·³Ê²Ò (1.12) ¢ (1.11) ¤ ¥É

ξ̄(t) =
{

κ t ¶·¨ t < tR,
z0 − zR(t) + κt ¶·¨ t � tR.

(1.14)

‘ ÊÎ¥Éµ³ (1.14) ¨ (1.7) ¸µµÉ´µÏ¥´¨¥ (1.8) ¶·¨´¨³ ¥É ¢¨¤

µ(t) = ω (2π)−1/2U exp (−U2/2)/Φ(U), (1.15)

£¤¥

U =

{
(L − κt)/s ¶·¨ t < tR,

[ L − (z0 − zR(t)) − κt]/s ¶·¨ t � tR.
(1.16)

‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¶ · ³¥É·Ò ³µ¤¥²¨ L ¨ s É ±¦¥ µ¡·¥É ÕÉ ±µ´±·¥É´Ò°
¸³Ò¸². ‚¥²¨Î¨´  L ¢ (1.16) § ¤ ¥É ¶µ·µ£µ¢µ¥ §´ Î¥´¨¥ µÉ±²µ´¥´¨Ö ±µ´Í¥´É· -
Í¨¨ ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò µÉ Ê·µ¢´Ö ´µ·³Ò, ¤µ¸É¨-
¦¥´¨¥ ¨²¨ ¶·¥¢ÒÏ¥´¨¥ ±µÉµ·µ£µ ¶·¨¢µ¤¨É ± £¨¡¥²¨ µ¸µ¡¨. ‚ ¸¢µÕ µÎ¥·¥¤Ó,
±µ´¸É ´É  s ¢ (1.16) · ¢´  Ê¸·¥¤´¥´´µ³Ê §´ Î¥´¨Õ ¸·¥¤´¥£µ ±¢ ¤· É¨Î´µ£µ
µÉ±²µ´¥´¨Ö ±µ´Í¥´É· Í¨¨ ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò µÉ
¸·¥¤´¥£µ §´ Î¥´¨Ö z(t).

�µ¸²¥ ¢¢¥¤¥´¨Ö ¡¥§· §³¥·´ÒÌ ¶ · ³¥É·µ¢ q = z0/L ¨ Q = s/L, ±µÔË-
Ë¨Í¨¥´É  k = κ/L, ¨³¥ÕÐ¥£µ · §³¥·´µ¸ÉÓ t−1, ¨ ¡¥§· §³¥·´µ° ¶¥·¥³¥´´µ°
z̃R(t) = zR(t)/z0 ¶µ²ÊÎ ¥³

µ(t) = µ1R exp
[
1 − R2

2Q2

]
, (1.17)

£¤¥
µ1 = µ0Φ(1/Q)/Φ(R/Q), (1.18)

R = R(t) =
{

1 − kt ¶·¨ t < tR,
1 − q[1 − z̃R(t)] − kt ¶·¨ t � tR,

(1.19)

µ0 = ω(2πQ2)−1/2 exp [−1/(2Q2)]/Φ(1/Q). (1.20)

”Ê´±Í¨Ö R(t) ¢ (1.17) ¨ (1.18) ¶·µ¶µ·Í¨µ´ ²Ó´  · §´µ¸É¨ ³¥¦¤Ê ¶µ·µ£µ¢Ò³
(±·¨É¨Î¥¸±¨³ ¤²Ö ¦¨§´¨) µÉ±²µ´¥´¨¥³ ±µ´Í¥´É· Í¨¨ · ¸¸³ É·¨¢ ¥³ÒÌ ËÊ´±-
Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± µÉ Ê·µ¢´Ö ´µ·³Ò ¨ ¸·¥¤´¨³ §´ Î¥´¨¥³ ÔÉµ£µ µÉ±²µ´¥´¨Ö ¢
³µ³¥´É ¢·¥³¥´¨ t. ”Ê´±Í¨Ö R(t) ¢¸¥£¤  ¶µ²µ¦¨É¥²Ó´  ¢ ¸¨²Ê ¶·¥¤¶µ²µ¦¥´¨°,
¸¤¥² ´´ÒÌ ¶·¨ ¢Ò¢µ¤¥ Ëµ·³Ê² (1.17)Ä(1.20).

�·¨ µ¶¨¸ ´¨¨ ¤¨´ ³¨±¨ ¸³¥·É´µ¸É¨ ´¥µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì ³µ-
¤¥²Ó (1.17)Ä(1.20) ¶·¨´¨³ ¥É ¢¨¤

µ(t) = µ0

[
Φ(1/Q)

Φ((1 − kt)/Q)

]
(1 − kt) exp

[
1 − (1 − kt)2

2Q2

]
. (1.21)
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…¸²¨ t ´¥ ¶·¥¢ÒÏ ¥É §´ Î¥´¨Ö ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ TI , Éµ ¸µ-
µÉ´µÏ¥´¨¥ (1.13) ¶µ§¢µ²Ö¥É ¶·¥´¥¡·¥ÎÓ ¢ (1.21) Î²¥´µ³ − kt/Q ¢  ·£Ê³¥´É¥
´µ·³ ²Ó´µ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö Φ, ²¨´¥°´Ò³ Î²¥´µ³ − kt ¢ ³´µ¦¨É¥²¥
¶¥·¥¤ Ô±¸¶µ´¥´Éµ° ¨ ±¢ ¤· É¨Î´Ò³ Î²¥´µ³ − k2t2/(2Q2) ¢ ¶µ± § É¥²¥ Ô±¸-
¶µ´¥´ÉÒ. ‚ ÔÉµ³ ¸²ÊÎ ¥ Ê· ¢´¥´¨¥ (1.21) ¸¢µ¤¨É¸Ö ± ±² ¸¸¨Î¥¸±µ° Ëµ·³Ê²¥
ƒµ³¶¥·Í  [7]:

µ(t) = µ0 exp (γ t), γ = k/Q2. (1.22)

‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ Ëµ·³Ê²  (1.22)  ¤¥±¢ É´µ µ¶¨¸Ò¢ ¥É ¸±µ·µ¸ÉÓ ¸³¥·É-
´µ¸É¨ µ(t) Ê ´¥µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì, ´ Ìµ¤ÖÐ¨Ì¸Ö ¨³¥´´µ ¢ ¸·¥¤´¥³
¢µ§· ¸É¥, ´µ ´¥ ¢µ¸¶·µ¨§¢µ¤¨É Ì · ±É¥·´µ¥ µÉ±²µ´¥´¨¥ µÉ Ô±¸¶µ´¥´Í¨ ²Ó´µ°
§ ¢¨¸¨³µ¸É¨ ËÊ´±Í¨¨ µ(t) ¶·¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ t.

”Ê´±Í¨Ö µ(t) µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö¥É ¤¢¥ ¤·Ê£¨¥ ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±-
Í¨¨: w(t) ¨ S(t) (¸³. Ëµ·³Ê²Ò (1.1) ¨ (1.2)). ‚ ¸¢µÕ µÎ¥·¥¤Ó, ËÊ´±Í¨Ö w(t)
¶µ§¢µ²Ö¥É · ¸¸Î¨É ÉÓ ¢ ¦´¥°ÏÊÕ ¨´É¥£· ²Ó´ÊÕ Ì · ±É¥·¨¸É¨±Ê · ¤¨ Í¨µ´-
´µ° ¸³¥·É´µ¸É¨ Å ¸µ±· Ð¥´¨¥ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ ¨´¤¨¢¨-
¤ÊÊ³µ¢, ¢Ò§¢ ´´µ¥ · ¤¨ Í¨µ´´Ò³ ¢µ§¤¥°¸É¢¨¥³. �´µ · ¢´µ · §´µ¸É¨ ³¥¦¤Ê
¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓÕ ¦¨§´¨ ¨´É ±É´ÒÌ (´¥µ¡²ÊÎ¥´´ÒÌ) µ¸µ¡¥° TI ¨
¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓÕ ¦¨§´¨ µ¡²ÊÎ¥´´ÒÌ µ¸µ¡¥° TR:

r = TI − TR =

∞∫
0

t wI(t) dt −
∞∫
0

t wR(t) dt. (1.23)

‚ (1.23) wI(t) ¨ wR(t) Å ¶²µÉ´µ¸É¨ ¢¥·µÖÉ´µ¸É¨ ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ ´¥µ¡-
²ÊÎ¥´´ÒÌ ¨ µ¡²ÊÎ¥´´ÒÌ ¨´¤¨¢¨¤ÊÊ³µ¢; t Å ¢·¥³Ö.

’ ±¨³ µ¡· §µ³, ¢ [13] · §· ¡µÉ ´  ³µ¤¥²Ó (1.17)Ä(1.21), ±µÉµ· Ö µ¶¨¸Ò-
¢ ¥É ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ µ¡²ÊÎ¥´´ÒÌ ¨ ´¥µ¡²ÊÎ¥´-
´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ÔÉµ° ³µ¤¥²¨, ¶·µ¢¥¤¥´´ÒÌ ¢
· ¡µÉ Ì [13Ä18], ¶·¥¤¸É ¢²¥´Ò ¢ ¸²¥¤ÊÕÐ¨Ì ¤¢ÊÌ · §¤¥² Ì ¤ ´´µ£µ µ¡§µ· .

1.3. Šµ¸É´µ-³µ§£µ¢ Ö Ëµ·³  £¨¡¥²¨. ‚ · ¡µÉ Ì [13Ä17] ³µ¤¥²Ó (1.17)Ä
(1.20) ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¤²Ö · ¸Î¥Éµ¢ ¡¨µ³¥É·¨Î¥¸±¨Ì ËÊ´±Í¨° S(t), w(t) ¨
µ(t), ±µÉµ·Ò¥ ¶·µ£´µ§¨·ÊÕÉ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ³ÒÏ¥°, ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö
´¨§±µ¨´É¥´¸¨¢´µ³Ê Ì·µ´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ. ‚ ÔÉµ³ ¸²ÊÎ ¥ ±·¨É¨Î¥¸±µ°
Ö¢²Ö¥É¸Ö ¸¨¸É¥³  ±µ¸É´µ-³µ§£µ¢µ£µ ±·µ¢¥É¢µ·¥´¨Ö,   ¨³¥´´µ ¸¨¸É¥³  É·µ³-
¡µÍ¨Éµ¶µÔ§  [19]. Šµ´Í¥´É· Í¨Ö ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ÔÉµ° ¸¨¸É¥³Ò Å
É·µ³¡µÍ¨Éµ¢ É ±¦¥ µ¶·¥¤¥²Ö² ¸Ó ¢ · ³± Ì ³ É¥³ É¨Î¥¸±µ° ³µ¤¥²¨ [14, 20Ä
23]. ‚·¥³Ö ¨³¨É Í¨¨ ¤¨´ ³¨±¨ ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¨ ¸³¥·É´µ¸É¨ ¦¨¢µÉ´ÒÌ
¢Ò¡· ´µ · ¢´Ò³ 1000 ¸ÊÉ,   ¢µ§· ¸É ¦¨¢µÉ´ÒÌ ¢ ³µ³¥´É ´ Î ²  µ¡²ÊÎ¥´¨Ö Å
100 ¸ÊÉ. ˆ³¥´´µ É ±µ¢Ò Ê¸²µ¢¨Ö ¶·¥¤¸É ¢²¥´´µ£µ ¢ [24] ·¥ ²Ó´µ£µ Ô±¸¶¥·¨-
³¥´É , ¸ ¤ ´´Ò³¨ ±µÉµ·µ£µ ¸· ¢´¨¢ ²¨¸Ó ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö.

� · ³¥É·Ò µ0 = exp (−11, 7) ¸ÊÉ−1, k = 0a,0005 ¸ÊÉ−1 ´ °¤¥´Ò ³¥Éµ¤µ³
´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éµ¢ ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨Ö³ ¸±µ·µ¸É¨ ¸³¥·É´µ-
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¸É¨ ´¥µ¡²ÊÎ¥´´ÒÌ ³ÒÏ¥° ²¨´¨° BCF1 ¨ LAF1 [24]. �·¨ µÍ¥´±¥ ±µÔËË¨-
Í¨¥´Éµ¢ q ¨ Q ¡Ò²¨ ¶·¨¢²¥Î¥´Ò ¨§¢¥¸É´Ò¥ µ¶ÒÉ´Ò¥ Ë ±ÉÒ. ƒ¨¡¥²Ó µ¡²Ê-
Î¥´´ÒÌ ³ÒÏ¥° ´ ¸ÉÊ¶ ¥É, ¥¸²¨ Ê·µ¢¥´Ó ±µ´Í¥´É· Í¨¨ É·µ³¡µÍ¨Éµ¢ ¤µ¸É¨£ ¥É
10 % µÉ ´µ·³Ò [19]. ‘²¥¤µ¢ É¥²Ó´µ, ¶µ·µ£µ¢µ¥ §´ Î¥´¨¥ L = 0, 9z0. �É¸Õ¤ 

�¨¸. 1. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±-
Í¨¨ µ(t), µ¶¨¸Ò¢ ÕÐ¨¥ ¸±µ·µ¸ÉÓ
¸³¥·É´µ¸É¨ ³ÒÏ¥°, ´¥µ¡²ÊÎ¥´´ÒÌ
(±·¨¢ Ö 1) ¨ ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö ¤¥°-
¸É¢¨Õ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ¸
³µÐ´µ¸ÉÖ³¨ ¤µ§ N = 0,022
(±·¨¢ Ö 2), 0,044 (±·¨¢ Ö 3),
0,088 ƒ·/¸ÊÉ−1 (±·¨¢ Ö 4). ‡´ Î-
± ³¨ +, ×, ♦, � µÉ³¥Î¥´Ò ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥ ¶µ ¤¨´ ³¨±¥ ¸±µ·µ¸É¨ ¸³¥·É-
´µ¸É¨ ³ÒÏ¥° ²¨´¨¨ LAF1 [24];
t Å ¢µ§· ¸É ³ÒÏ¥°

q = 1, 1. � · ³¥É· s Å Ê¸·¥¤´¥´´µ¥ §´ -
Î¥´¨¥ ¸·¥¤´¥£µ ±¢ ¤· É¨Î´µ£µ µÉ±²µ´¥´¨Ö
±µ´Í¥´É· Í¨¨ É·µ³¡µÍ¨Éµ¢ Å ¸µ¸É ¢²Ö¥É
¤²Ö ³ÒÏ¥° ∼ 0, 2z0 [19], ¨, É ±¨³ µ¡· §µ³,
Q2 = 0,05.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò · ¸¸Î¨É ´´Ò¥
¢ · ³± Ì ³µ¤¥²¨ ËÊ´±Í¨¨ µ(t), µ¶¨¸Ò¢ -
ÕÐ¨¥ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ´¥µ¡²ÊÎ¥´´ÒÌ
³ÒÏ¥° ¨ ³ÒÏ¥°, ±µÉµ·Ò¥ ¶µ¤¢¥·£²¨¸Ó Ì·µ-
´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ ¸ É·¥³Ö · §²¨Î´Ò³¨
³µÐ´µ¸ÉÖ³¨ ¤µ§ N . ‡¤¥¸Ó ¦¥ ¤ ´Ò ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
[24], ¶µ²ÊÎ¥´´Ò¥ ´  ³ÒÏ Ì ²¨´¨¨ LAF1.
ˆ§ ·¨¸. 1 ¢¨¤´µ, ÎÉµ ³µ¤¥²Ó  ¤¥±¢ É´µ ¢µ¸-
¶·µ¨§¢µ¤¨É ·¥§Ê²ÓÉ ÉÒ µ¶ÒÉµ¢. ’ ±, ¢ µÉ-
¸ÊÉ¸É¢¨¥ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö ¸±µ-
·µ¸ÉÓ ¸³¥·É´µ¸É¨ µ(t) Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ¢µ§-
· ¸Éµ³ t. �·¨Î¥³, ¢ µÉ²¨Î¨¥ µÉ Ï¨·µ±µ
¨¸¶µ²Ó§Ê¥³µ° Ëµ·³Ê²Ò ƒµ³¶¥·Í , ³µ¤¥²Ó
µ¶¨¸Ò¢ ¥É ´ ¡²Õ¤ ¥³µ¥ Ô±¸¶¥·¨³¥´É ²Ó´µ
µÉ±²µ´¥´¨¥ ËÊ´±Í¨¨ µ(t) µÉ Ô±¸¶µ´¥´ÉÒ
¢ µ¡² ¸É¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨° t. ‡ ³¥É¨³,
ÎÉµ ³µ¤¥²Ó (1.17)Ä(1.20) ´¥ ¢µ¸¶·µ¨§¢µ¤¨É
ÔËË¥±É É ± ´ §Ò¢ ¥³µ° ® ´µ³ ²Ó´µ°¯ ¤¥É-
¸±µ° ¸³¥·É´µ¸É¨, ±µÉµ·Ò° ¶·µÖ¢²Ö¥É¸Ö ¢
´¥¡µ²ÓÏµ³ Ê¢¥²¨Î¥´¨¨ µ(t) ¶·¨ t → 0.
�¤´ ±µ Ê¸²µ¢¨Ö ¨³¨É¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´-
Éµ¢ É ±µ¢Ò, ÎÉµ ÉµÎ´µ¥ µ¶¨¸ ´¨¥ ¸±µ·µ¸É¨
¸³¥·É´µ¸É¨ ¦¨¢µÉ´ÒÌ ¶¥·¢ÒÌ É·¥Ì ³¥¸ÖÍ¥¢

¦¨§´¨ ´¥ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³. Œµ¤¥²¨·µ¢ ´¨¥ ÔËË¥±É  ® ´µ³ ²Ó´µ°¯ ¤¥É¸±µ°
¸³¥·É´µ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° µÉ¤¥²Ó´ÊÕ ¶·µ¡²¥³Ê, ±µÉµ· Ö ¡Ê¤¥É · ¸¸³µ-
É·¥´  ¤ ²¥¥. ‚µ§¢· Ð Ö¸Ó ± ·¥§Ê²ÓÉ É ³, ¶·¨¢¥¤¥´´Ò³ ´  ·¨¸. 1, µÉ³¥É¨³
¸²¥¤ÊÕÐ¥¥. ‚ ¤¨´ ³¨±¥ ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ µ¡²ÊÎ¥´´ÒÌ µ¸µ¡¥° ³µ¦´µ ¢Ò-
¤¥²¨ÉÓ ¤¢¥ Ì · ±É¥·´Òe Ë §Ò. ‚ É¥Î¥´¨¥ ¶¥·¢µ° §´ Î¥´¨Ö µ(t) ±µ²¥¡²ÕÉ¸Ö
¢µ±·Ê£ ¶µ¸ÉµÖ´´µ · ¸ÉÊÐ¥£µ Ê·µ¢´Ö ¸ § ÉÊÌ ´¨¥³. �É  Ë §  ¸µµÉ¢¥É¸É¢Ê¥É ±µ-
²¥¡ É¥²Ó´µ³Ê ¶¥·¥Ìµ¤´µ³Ê ¶·µÍ¥¸¸Ê ¢ ¤¨´ ³¨±¥ ¸¨¸É¥³Ò É·µ³¡µÍ¨Éµ¶µÔ§ ,
±µÉµ·Ò° ¶·¥¤Ï¥¸É¢Ê¥É Ê¸É ´µ¢²¥´¨Õ ¢ Ê± § ´´µ° ¸¨¸É¥³¥ ´µ¢µ£µ ¤¨´ ³¨Î¥-
¸±µ£µ · ¢´µ¢¥¸¨Ö Å £µ³¥µ¸É §  (¸³. [14, 20Ä23]). ‚ É¥Î¥´¨¥ ¢Éµ·µ° Ë §Ò
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ËÊ´±Í¨Ö µ(t) · ¸É¥É. �·¨Î¥³, ± ± ¨ ¢ Ô±¸¶¥·¨³¥´É Ì [24], ¤²Ö Ë¨±¸¨·µ¢ ´-
´µ£µ ¢µ§· ¸É  t ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨ ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ ¶·µ²µ´£¨·µ¢ ´´µ³
µ¡²ÊÎ¥´¨¨ É¥³ ¢ÒÏ¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶µ± § É¥²Ö ¤²Ö ´¥µ¡²ÊÎ¥´´ÒÌ µ¸µ¡¥°,
Î¥³ ¡µ²ÓÏ¥ ³µÐ´µ¸ÉÓ ¤µ§Ò Ì·µ´¨Î¥¸±µ£µ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö N .

‚ ³µ¤¥²¨ · ¸¸Î¨ÉÒ¢ ²µ¸Ó É ±¦¥ ¸µ±· Ð¥´¨¥ ¸·¥¤´¥£µ ¢·¥³¥´¨ ¦¨§´¨ ³Ò-
Ï¥°, ¢Ò§¢ ´´µ£µ ´¨§±µ¨´É¥´¸¨¢´Ò³ Ì·µ´¨Î¥¸±¨³ µ¡²ÊÎ¥´¨¥³ (¸³. Ëµ·³Ê²Ê
(1.23)). �·¨ N = 0, 013; 0,026; 0,06 ƒ·/¸ÊÉ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¢¥²¨-
Î¨´Ò: r = 30, 64 ¨ 166 ¸ÊÉ. �´¨ ¤µ¸É ÉµÎ´µ ¡²¨§±¨ ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³
µÍ¥´± ³ [24]: 34, 67, 146 ¸ÊÉ ¸µµÉ¢¥É¸É¢¥´´µ.

�·¨¢¥¤¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ³ É¥³ É¨Î¥¸± Ö ³µ-
¤¥²Ó (1.17)Ä(1.20) ´  ±µ²¨Î¥¸É¢¥´´µ³ Ê·µ¢´¥ µ¶¨¸Ò¢ ¥É ¤¨´ ³¨±Ê ¨ ¨´É¥-
£· ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì
(²¨´¥°´ÒÌ ³ÒÏ¥°), ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö ´¨§±µ¨´É¥´¸¨¢´Ò³ Ì·µ´¨Î¥¸±¨³ · ¤¨-
 Í¨µ´´Ò³ ¢µ§¤¥°¸É¢¨Ö³, ¶·¨ ±µÉµ·ÒÌ ¶µ· ¦ ¥É¸Ö ¸¨¸É¥³  ±µ¸É´µ-³µ§£µ¢µ£µ
±·µ¢¥É¢µ·¥´¨Ö.

1.4. †¥²Ê¤µÎ´µ-±¨Ï¥Î´ Ö Ëµ·³  £¨¡¥²¨ µ¡²ÊÎ¥´´ÒÌ ¦¨¢µÉ´ÒÌ. ‚ · -
¡µÉ Ì [14, 17, 18] ¢ · ³± Ì ³µ¤¥²¨ (1.17)Ä(1.20) · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¡¨µ³¥É·¨Î¥-
¸±¨¥ ËÊ´±Í¨¨ S(t), w(t) ¨ µ(t), ±µÉµ·Ò¥ ¶·µ£´µ§¨·ÊÕÉ ¤¨´ ³¨±Ê · ¤¨ Í¨µ´-
´µ° ¸³¥·É´µ¸É¨ ³ÒÏ¥° ¶·¨ ¢Ò¸µ±¨Ì Ê·µ¢´ÖÌ ¤µ§ ¨ ³µÐ´µ¸É¥° ¤µ§ µ¸É·µ£µ ¨
Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö. ‚ ¢Ò¡· ´´ÒÌ ¤¨ ¶ §µ´ Ì ¤µ§ ¨ ³µÐ´µ¸É¥° ¤µ§ · ¤¨-
 Í¨¨ ±·¨É¨Î¥¸±µ° Ö¢²Ö¥É¸Ö ¦¥²Ê¤µÎ´µ-±¨Ï¥Î´ Ö ¸¨¸É¥³ ,   ¨³¥´´µ ¸¨¸É¥³ 
Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨± . „¨´ ³¨±  ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ¤ ´´µ° ¸¨-
¸É¥³Ò (Ô´É¥·µÍ¨Éµ¢) É ±¦¥ µ¶·¥¤¥²Ö² ¸Ó ¢ · ³± Ì ³ É¥³ É¨Î¥¸±µ° ³µ¤¥²¨
[14, 25, 26]. ‚·¥³Ö ¨³¨É Í¨¨ ¤¨´ ³¨±¨ ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¨ ¸³¥·É´µ-
¸É¨ ¦¨¢µÉ´ÒÌ ¡Ò²µ µ£· ´¨Î¥´µ 12 ¸ÊÉ. �Éµ ¶¥·¨µ¤, ¢ É¥Î¥´¨¥ ±µÉµ·µ£µ ¢
¸¨¸É¥³¥ Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨±  ¶µ²´µ¸ÉÓÕ § ¢¥·Ï ÕÉ¸Ö ¶¥·¥Ìµ¤´Ò°
¶·µÍ¥¸¸ ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¨ ¢µ¸¸É ´µ¢¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¶µ¸²¥
µ¸É·µ£µ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö.

�·¨ ¨¤¥´É¨Ë¨± Í¨¨ ³µ¤¥²¨ (1.17)Ä(1.20) §´ Î¥´¨Ö ¶ · ³¥É·µ¢ µ0 =
exp (−11, 7) ¸ÊÉ−1 ¨ k = 0, 0005 ¸ÊÉ−1 ´ °¤¥´Ò ³¥Éµ¤µ³ ´ ¨³¥´ÓÏ¨Ì ±¢ -
¤· Éµ¢ ¶µ ¶·¥¤¸É ¢²¥´´Ò³ ¢ [24] Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¶µ ¸±µ·µ¸É¨
¸³¥·É´µ¸É¨ ´¥µ¡²ÊÎ¥´´ÒÌ ³ÒÏ¥° ²¨´¨° BCF1 ¨ LAF1. �·¨ µÍ¥´±¥ ±µÔË-
Ë¨Í¨¥´Éµ¢ q ¨ Q ¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ µ¶ÒÉ´Ò¥ Ë ±ÉÒ. ƒ¨¡¥²Ó µ¡²Ê-
Î¥´´ÒÌ ³ÒÏ¥° ´ ¸ÉÊ¶ ¥É, ¥¸²¨ Ê·µ¢¥´Ó ±µ´Í¥´É· Í¨¨ ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥-
Éµ± ¸¨¸É¥³Ò Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨±  (Ô´É¥·µÍ¨Éµ¢) ¤µ¸É¨£ ¥É 10 % µÉ
´µ·³Ò (z0) [27], ¨, É ±¨³ µ¡· §µ³, ¶µ·µ£µ¢µ¥ §´ Î¥´¨¥ L = 0, 9 z0. �É¸Õ¤ 
q = 1,1. � · ³¥É· s Å Ê¸·¥¤´¥´´µ¥ §´ Î¥´¨¥ ¸·¥¤´¥£µ ±¢ ¤· É¨Î´µ£µ µÉ±²µ-
´¥´¨Ö ±µ´Í¥´É· Í¨¨ Ô´É¥·µÍ¨Éµ¢ ¸µ¸É ¢²Ö¥É ¤²Ö ³ÒÏ¥° ∼ 0, 175 z0 [28], ¨,
¸²¥¤µ¢ É¥²Ó´µ, Q2 = 0,038.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò É·¨ ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ S(t). �´¨ ¢µ¸¶·µ-
¨§¢µ¤ÖÉ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ³ÒÏ¥° ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¸ É·¥³Ö
³µÐ´µ¸ÉÖ³¨ ¤µ§ N . ‚µ§· ¸É ¦¨¢µÉ´ÒÌ ¢ ³µ³¥´É ´ Î ²  · ¤¨ Í¨µ´´µ£µ
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¢µ§¤¥°¸É¢¨Ö Å 100 ¸ÊÉ. �·¨ ± ¦¤µ³ ¨§ ¢Ò¡· ´´ÒÌ §´ Î¥´¨° N ËÊ´±Í¨Ö
¢¥·µÖÉ´µ¸É¨ ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ S(t) ¶· ±É¨Î¥¸±¨ ´¥ µÉ±²µ´Ö¥É¸Ö µÉ ¸¢µ-
¥£µ ¶¥·¢µ´ Î ²Ó´µ£µ §´ Î¥´¨Ö ¡µ²¥¥ ¤¢ÊÌ ¸ÊÉµ± ¸ ³µ³¥´É  ´ Î ²  Ì·µ´¨-
Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö. „ ²¥¥ µ´  Ê¡Ò¢ ¥É ¨ ¤µ¸É¨£ ¥É ³¥´ÓÏ¨Ì Ê·µ¢´¥° ¶·¨
¡
o²ÓÏ¨Ì N . �É¨ ·¥§Ê²ÓÉ ÉÒ ± Î¥¸É¢¥´´µ,   ´  ¨´É¥·¢ ²¥ ¢·¥³¥´¨ 0 ÷
7 ¸ÊÉ ¨ ±µ²¨Î¥¸É¢¥´´µ, ¸µ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ [6],

1
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3
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t, ñóò

0,2

0,4

0,6

0,8

1,0

S t( )

�¨¸. 2. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ S(t),
µ¶¨¸Ò¢ ÕÐ¨¥ ¢¥·µÖÉ´µ¸ÉÓ ¤²¨É¥²Ó´µ¸É¨
¦¨§´¨ ³ÒÏ¥° ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²Ê-
Î¥´¨¨ ¸ ³µÐ´µ¸ÉÖ³¨ ¤µ§ N = 2 (±·¨-
¢ Ö 1); 3 (±·¨¢ Ö 2); 5 ƒ·/¸ÊÉ (±·¨-
¢ Ö 3). ‡´ Î± ³¨ �, ×, + µÉ³¥Î¥´Ò ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥ ¶µ ¤¨´ ³¨±¥ ¸³¥·É´µ¸É¨ ²¨´¥°´ÒÌ
³ÒÏ¥° [6]; t Å ¢·¥³Ö µÉ ´ Î ²  µ¡²ÊÎ¥-
´¨Ö

¶·¥¤¸É ¢²¥´´Ò³¨ ´  ÔÉµ³ ¦¥ ·¨-
¸Ê´±¥. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¤µ²¨ µ¸µ-
¡¥°, µ¸É ¢Ï¨Ì¸Ö ¢ ¦¨¢ÒÌ Î¥·¥§ 9 ¨ 11
¸ÊÉ µ¡²ÊÎ¥´¨Ö ¸ ³µÐ´µ¸ÉÓÕ ¤µ§Ò N =
2 ƒ·/¸ÊÉ, ´¥¸±µ²Ó±µ ¶·¥¢ÒÏ ÕÉ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¢¥²¨-
Î¨´Ò [6]. �Éµ · ¸Ìµ¦¤¥´¨¥ ¸¢¨¤¥É¥²Ó-
¸É¢Ê¥É µ Éµ³, ÎÉµ ¶µ· ¦¥´¨¥ Éµ´±µ£µ
±¨Ï¥Î´¨±  ¢ ÔÉµÉ ¸·µ± Ê¦¥ ´¥ Ö¢²Ö¥É¸Ö
¥¤¨´¸É¢¥´´µ° ¶·¨Î¨´µ° £¨¡¥²¨ ¦¨¢µÉ-
´ÒÌ.

‚ · ³± Ì ³µ¤¥²¨ (1.17)Ä(1.20)
¨³¨É¨·µ¢ ² ¸Ó ¤¨´ ³¨±  ¸³¥·É´µ¸É¨
³ÒÏ¥°, ±µÉµ·Ò¥ ¶µ¤¢¥·£²¨¸Ó ¢ ¢µ§· -
¸É¥ tR = 100 ¸ÊÉ µ¸É·µ³Ê µ¡²ÊÎ¥´¨Õ ¢
· §´ÒÌ ¤µ§ Ì D. � °¤¥´µ, ÎÉµ ¶·¨ ± -
¦¤µ³ ¨§ ¢Ò¡· ´´ÒÌ §´ Î¥´¨° D ËÊ´±-
Í¨Ö S(t) ¢ É¥Î¥´¨¥ ¶µ²ÊÉµ·  ¸ÊÉµ± ¶µ-
¸²¥ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö ¶· ±-
É¨Î¥¸±¨ ´¥ µÉ±²µ´Ö¥É¸Ö µÉ ¸¢µ¥£µ §´ -
Î¥´¨Ö ¢ ³µ³¥´É ¢·¥³¥´¨ tR. ‡ É¥³
S(t) Ê¡Ò¢ ¥É ¨ ± ±µ´ÍÊ Î¥É¢¥·ÉÒÌ ¸Ê-
Éµ± ¢ÒÌµ¤¨É ´  ¸É Í¨µ´ ·´Ò° Ê·µ¢¥´Ó,
±µÉµ·Ò° É¥³ ´¨¦¥, Î¥³ ¢ÒÏ¥ ¤µ§  µ¡-
²ÊÎ¥´¨Ö D. �Éµ µ§´ Î ¥É, ÎÉµ Î¥·¥§ 4

¸ÊÉ ¶µ¸²¥ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö µ¸É ¥É¸Ö ¢ ¦¨¢ÒÌ ³¥´ÓÏ¥ ¦¨¢µÉ´ÒÌ ¶·¨
¡µ²ÓÏ¥° ¤µ§¥ D. �·¨Î¥³ ¶·¨ D = 9 ƒ· ¨³¥¥É ³¥¸Éµ 50 % ¸³¥·É´µ¸ÉÓ. �ÉµÉ
·¥§Ê²ÓÉ É ³µ¤¥²¨·µ¢ ´¨Ö ¸µ£² ¸Ê¥É¸Ö ¸ µ¶ÒÉ´Ò³¨ ¤ ´´Ò³¨ [29], ¸µ£² ¸´µ
±µÉµ·Ò³ ¤µ§ , ¢Ò§Ò¢ ÕÐ Ö Î¥·¥§ 4 ¸ÊÉ 50 % £¨¡¥²Ó ¤¢¥´ ¤Í É¨´¥¤¥²Ó´ÒÌ
³ÒÏ¥° ²¨´¨¨ ‘5761/6, · ¢´  LD50/4 = (8, 8 ± 0, 13) ƒ·. �Í¥´±¨ ¸·¥¤´¨Ì
²¥É ²Ó´ÒÌ ¤µ§ LD50/5, LD50/6, LD50/7, ¢Ò¶µ²´¥´´Ò¥ ¢ [30], É ±¦¥ ¡²¨§±¨ ±
¶·¨¢¥¤¥´´µ° ¢ÒÏ¥: (8, 5÷ 13) ƒ·. „ ²¥¥ ËÊ´±Í¨Ö S(t) ¶· ±É¨Î¥¸±¨ ´¥ ¡Ê¤¥É
³¥´ÖÉÓ¸Ö ¤µ É¥Ì ¶µ·, ¶µ±  ¨³¥¥É ³¥¸Éµ Éµ²Ó±µ ¦¥²Ê¤µÎ´µ-±¨Ï¥Î´ Ö Ëµ·³ 
£¨¡¥²¨ ¦¨¢µÉ´ÒÌ. ‘µ£² ¸´µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ [6], ÔÉµÉ ¸·µ± µ£· -
´¨Î¨¢ ¥É¸Ö 5Ä7 ¸ÊÉ ¶·¨ ¢Ò¡· ´´µ³ ¨´É¥·¢ ²¥ ¤µ§ D. ‘²¥¤µ¢ É¥²Ó´µ, ³µ¤¥²Ó
(1.17)Ä(1.20)  ¤¥±¢ É´µ µ¶¨¸Ò¢ ¥É ¸³¥·É´µ¸ÉÓ ²¨´¥°´ÒÌ ³ÒÏ¥°, ¢Ò§¢ ´´ÊÕ,
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¶µ³¨³µ ¥¸É¥¸É¢¥´´ÒÌ ¶·¨Î¨´, ¶µ· ¦¥´¨¥³ ¸¨¸É¥³Ò Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨-
Ï¥Î´¨±  ¶·¨ ¢Ò¸µ±¨Ì Ê·µ¢´ÖÌ ¤µ§ µ¸É·µ£µ ¨ ³µÐ´µ¸É¥° ¤µ§ Ì·µ´¨Î¥¸±µ£µ
µ¡²ÊÎ¥´¨Ö.

1.5. �·µ£´µ§¨·µ¢ ´¨¥ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ £µ³µ£¥´´ÒÌ ¶µ¶Ê²Ö-
Í¨° ³²¥±µ¶¨É ÕÐ¨Ì. ‚ · ¡µÉ Ì [13Ä18] ¶·¥¤¸É ¢²¥´Ò ³ É¥³ É¨Î¥¸±¨¥ ³µ-
¤¥²¨ ¤¨´ ³¨±¨ ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É Õ-
Ð¨Ì. �É¨ ³µ¤¥²¨ ¸¢Ö§Ò¢ ÕÉ ¸É É¨¸É¨Î¥¸±¨¥ ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ Å ¸±µ-
·µ¸ÉÓ ¸³¥·É´µ¸É¨, ¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ ¨ ¢¥·µÖÉ´µ¸ÉÓ ¤²¨É¥²Ó´µ¸É¨
¦¨§´¨ Å ¸µ ¸É É¨¸É¨Î¥¸±¨³¨ ¨ ¤¨´ ³¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ±·¨É¨-
Î¥¸±¨Ì ¸¨¸É¥³ µ·£ ´¨§³ . ‚ ± Î¥¸É¢¥ ±·¨É¨Î¥¸±¨Ì · ¸¸³ É·¨¢ ²¨¸Ó ¸¨¸É¥³ 
±µ¸É´µ-³µ§£µ¢µ£µ ±·µ¢¥É¢µ·¥´¨Ö (  ¨³¥´´µ É·µ³¡µÍ¨Éµ¶µÔ§) ¶·¨ ´¨§±µ¨´É¥´-
¸¨¢´µ³ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨, ¤²¨É¥²Ó´µ¸ÉÓ ±µÉµ·µ£µ ¸µ¨§³¥·¨³  ¸ ³ ±¸¨-
³ ²Ó´Ò³ ¢·¥³¥´¥³ ¦¨§´¨ ¨´É ±É´ÒÌ ¦¨¢µÉ´ÒÌ,   É ±¦¥ ¸¨¸É¥³  Ô¶¨É¥²¨Ö
Éµ´±µ£µ ±¨Ï¥Î´¨±  ¶·¨ µ¡²ÊÎ¥´¨¨ ¢ µÎ¥´Ó ¢Ò¸µ±¨Ì ¤µ§ Ì ¶·¨ ¨³¶Ê²Ó¸´µ°
¨²¨ ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨. —¨¸²µ ËÊ´±Í¨µ´ ²Ó´ÒÌ Ô²¥³¥´Éµ¢ ÔÉ¨Ì ¸¨¸É¥³ Å
±·µ¢Ö´ÒÌ ¶² ¸É¨´µ± ¨ Ô´É¥·µÍ¨Éµ¢ Å µ¶·¥¤¥²Ö²µ¸Ó ¨§ ·¥Ï¥´¨Ö ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥°. �µ²ÊÎ¥´µ ± Î¥¸É¢¥´´µ¥ ¨ ±µ²¨Î¥¸É¢¥´´µ¥
¸µ£² ¸¨¥ ·¥§Ê²ÓÉ Éµ¢ ³µ¤¥²¨·µ¢ ´¨Ö ¨ µ¶ÒÉ´ÒÌ ¤ ´´ÒÌ ¶µ ¤¨´ ³¨±¥ ¸³¥·É-
´µ¸É¨ ¨ ¸µ±· Ð¥´¨Õ ¸·¥¤´¥° ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ ²¨´¥°´ÒÌ ³ÒÏ¥° ¶·¨ Ê± -
§ ´´ÒÌ ·¥¦¨³ Ì · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨°.

’ ±¨³ µ¡· §µ³, ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨ [13Ä18] ¢µ¸¶·µ¨§¢µ¤ÖÉ ¤¨´ ³¨±Ê
¨ ¨´É¥£· ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸³¥·É´µ¸É¨ £µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ³²¥±µ-
¶¨É ÕÐ¨Ì (²¨´¥°´ÒÌ ³ÒÏ¥°), ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö · ¤¨ Í¨µ´´Ò³ ¢µ§¤¥°¸É¢¨Ö³
¢ Ï¨·µ±¨Ì ¤¨ ¶ §µ´ Ì ¤µ§ ¨ ³µÐ´µ¸É¥° ¤µ§. ’¥³ ¸ ³Ò³ ´  ±µ²¨Î¥¸É¢¥´´µ³
Ê·µ¢´¥ ¶µ¤É¢¥·¦¤ ¥É¸Ö · ¤¨µ¡¨µ²µ£¨Î¥¸± Ö ±µ´Í¥¶Í¨Ö ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò,
¸µ£² ¸´µ ±µÉµ·µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ µ·£ ´¨§³  ¢ Í¥²µ³ É¥¸´µ ±µ··¥²¨-
·Ê¥É ¸ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¨, ¢
±µ´¥Î´µ³ ¸Î¥É¥, ¸ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ¥¥ ±²¥Éµ±. � §· ¡µÉ ´´Ò¥ ³µ¤¥²¨
³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¶·µ£´µ§¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ £µ³µ£¥´´ÒÌ ¶µ¶Ê²Ö-
Í¨° ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ ±¨Ï¥Î´µ° ¨ ±µ¸É´µ-³µ§£µ¢µ° Ëµ·³ Ì · ¤¨ Í¨µ´´µ°
£¨¡¥²¨ µ¸µ¡¥°.

2. Œ�„…‹ˆ „ˆ��ŒˆŠˆ ��„ˆ�–ˆ����‰ ‘Œ…�’��‘’ˆ
�…ƒ�Œ�ƒ…��›• ���“‹Ÿ–ˆ‰

2.1. Œµ¤¥²¨·µ¢ ´¨¥ ¤¨´ ³¨±¨ ¸³¥·É´µ¸É¨ µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É Õ-
Ð¨Ì ¸ ÊÎ¥Éµ³ ¢ ·¨ ¡¥²Ó´µ¸É¨ ¨´¤¨¢¨¤Ê ²Ó´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨.
‚ ¶. 1.2 ¶·¥¤¸É ¢²¥´  ³ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó [13], ±µÉµ· Ö µ¶¨¸Ò¢ ¥É ¤¨´ -
³¨±Ê ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ · ¤¨ Í¨µ´´ÒÌ
¢µ§¤¥°¸É¢¨ÖÌ. �·¨ ¥¥ ¶µ¸É·µ¥´¨¨ ¨¸¶µ²Ó§µ¢ ²µ¸Ó Ê¶·µÐ ÕÐ¥¥ ¶·¥¤¶µ²µ-
¦¥´¨¥ µ¡ µ¤´µ·µ¤´µ¸É¨ · ¸¸³ É·¨¢ ¥³µ° ¶µ¶Ê²ÖÍ¨¨ ¡¨µµ¡Ñ¥±Éµ¢ ¶µ ¢¸¥³
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Ë¨§¨µ²µ£¨Î¥¸±¨³ ¶µ± § É¥²Ö³, ¢±²ÕÎ Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ±²¥Éµ± ±·¨-
É¨Î¥¸±¨Ì ¸¨¸É¥³. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ÔÉµ° ³µ¤¥²¨, ¶·µ¢¥¤¥´´Ò¥ ¢ [14Ä
18] ¨ ¶·¥¤¸É ¢²¥´´Ò¥ ¢ ¶¶. 1.3 ¨ 1.4, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¤ ´´ Ö
³µ¤¥²Ó ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¶·µ£´µ§¨·Ê¥É ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ µ¤´µ·µ¤´µ°
¶µ¶Ê²ÖÍ¨¨ ² ¡µ· Éµ·´ÒÌ ¦¨¢µÉ´ÒÌ (²¨´¥°´ÒÌ ³ÒÏ¥°), µ¡²ÊÎ¥´´ÒÌ ¢ ¨´É¥·-
¢ ² Ì ¤µ§ µ¸É·µ£µ ¨ ³µÐ´µ¸É¥° ¤µ§ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö, ¶·¨ ±µÉµ·ÒÌ
±·¨É¨Î¥¸±¨³¨ Ö¢²ÖÕÉ¸Ö ¸¨¸É¥³Ò Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨±  ¨ £¥³µ¶µÔ§ 
(É·µ³¡µÍ¨Éµ¶µÔ§ ). �¤´ ±µ ´µ¢Ò¥ ¤ ´´Ò¥ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ É ± ´ §Ò¢ ¥³µ°
£¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´µ° ± ¤¥°¸É¢¨Õ · ¤¨ Í¨¨ ¸Ê¡¶µ¶Ê²ÖÍ¨¨ ²Õ¤¥° [31, 32] ¤¥-
² ÕÉ  ±ÉÊ ²Ó´µ° ¶·µ¡²¥³Ê ³µ¤¥²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ · ¤¨ Í¨µ´´µ°
¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì.

‚ · ¡µÉ¥ [14] ¶·¥¤¸É ¢²¥´  ³µ¤¥²Ó · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨, · §· ¡µ-
É ´´ Ö ¸ ÊÎ¥Éµ³ ¢ ·¨ ¡¥²Ó´µ¸É¨ ¨´¤¨¢¨¤Ê ²Ó´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ³²¥-
±µ¶¨É ÕÐ¨Ì. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ÔÉµ° ³µ¤¥²¨ ¶·¨¢¥¤¥´Ò
¢ [14, 33Ä38].

‚ µ¸´µ¢Ê ³µ¤¥²¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥-
±µ¶¨É ÕÐ¨Ì ¶µ²µ¦¥´  · ¤¨µ¡¨µ²µ£¨Î¥¸± Ö ±µ´Í¥¶Í¨Ö ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò.
‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ´¥° ¶·¨ ¶µ¸É·µ¥´¨¨ ³µ¤¥²¨ ¶µ² £ ²µ¸Ó, ÎÉµ ´¥£µ³µ£¥´´µ¸ÉÓ
¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì ¶µ µÉ´µÏ¥´¨Õ ± ¤¥°¸É¢¨Õ · ¤¨ Í¨¨ µ¡Ê¸²µ¢²¥´ ,
£² ¢´Ò³ µ¡· §µ³, ´¥µ¤´µ·µ¤´µ¸ÉÓÕ ¥¥ µ¸µ¡¥° ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨-
É¥²Ó´µ¸É¨ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò. ‚ · ¤¨µ¡¨µ²µ£¨¨ ¶µ± § É¥²¥³ · ¤¨µ-
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ¶·¨´ÖÉµ ¸Î¨É ÉÓ ¤µ§Ê D0, ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö ±µÉµ·µ°
Î¨¸²µ ±²¥Éµ±, µ¸É ¢Ï¨Ì¸Ö ´¥¶µ¢·¥¦¤¥´´Ò³¨, ¢ e = 2, 718 . . . · § ³¥´ÓÏ¥ ¨Ì
¨¸Ìµ¤´µ£µ ±µ²¨Î¥¸É¢ . �µÔÉµ³Ê ¨³¥´´µ ¶ · ³¥É· D0, Ì · ±É¥·¨§ÊÕÐ¨° · -
¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò, ¨¸¶µ²Ó§µ¢ ²¸Ö ¢ ³µ¤¥²¨ ¢
± Î¥¸É¢¥ ¶µ± § É¥²Ö ´¥£µ³µ£¥´´µ¸É¨ (¶µ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨) ¶µ¶Ê²ÖÍ¨¨
³²¥±µ¶¨É ÕÐ¨Ì. ‘ ÊÎ¥Éµ³ ÔÉµ£µ · ¸¶·¥¤¥²¥´¨¥ µ¸µ¡¥° ¢ ´¥£µ³µ£¥´´µ° ¶µ-
¶Ê²ÖÍ¨¨ ¶µ ¶ · ³¥É·Ê D0 µ¶¨¸ ´µ ¢ [14] ´¥±µÉµ·µ° ´¥¶·¥·Ò¢´µ° ËÊ´±Í¨¥°
ϕ(D0). ‡ É¥³, ¤²Ö Ê¶·µÐ¥´¨Ö ¶·µ¡²¥³Ò, ¸¤¥² ´ ¶¥·¥Ìµ¤ µÉ ´¥¶·¥·Ò¢´µ£µ
· ¸¶·¥¤¥²¥´¨Ö ϕ(D0) ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D ± ¤¨¸±·¥É´µ³Ê. ‘ ÔÉµ° Í¥-
²ÓÕ µ¡² ¸ÉÓ ¨§³¥´¥´¨Ö ´¥¶·¥·Ò¢´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0 · §¤¥²¥´  ´ 
±µ´¥Î´µ¥ Î¨¸²µ ¨´É¥·¢ ²µ¢ I . „ ´´ Ö µ¶¥· Í¨Ö ¸µµÉ¢¥É¸É¢Ê¥É · §¡¨¥´¨Õ
¶µ¶Ê²ÖÍ¨¨ ´  I £·Ê¶¶ µ¸µ¡¥°, Ê ±µÉµ·ÒÌ ¶µ± § É¥²Ó · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò D0 ¶·¨´ ¤²¥¦¨É ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ i-³ ¨´-
É¥·¢ ² ³ (D′

0i, D′′
0i), i = 1, . . . , I. „µ²Ö µ¸µ¡¥°, ¸µ¸É ¢²ÖÕÐ¨Ì i-Õ £·Ê¶¶Ê,

¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¶²µÉ´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥° ϕ(D0) ¸²¥¤ÊÕÐ¨³
µ¡· §µ³ [39]:

ni =

D′′
0i∫

D′
0i

ϕ(D0) dD0. (2.1)
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‘·¥¤´¥¥ §´ Î¥´¨¥ ¢¥²¨Î¨´Ò D0 ¤²Ö µ¸µ¡¥° i-° £·Ê¶¶Ò · ¢´µ [39]

D̄0i =
1
ni

D′′
0i∫

D′
0i

D0 ϕ(D0) dD0. (2.2)

ˆ¸Ìµ¤´µ¥ ´¥¶·¥·Ò¢´µ¥ · ¸¶·¥¤¥²¥´¨¥ ϕ(D0)  ¶¶·µ±¸¨³¨·µ¢ ´µ ¢ [14]
¤¨¸±·¥É´Ò³ · ¸¶·¥¤¥²¥´¨¥³, ¶µ¸É·µ¥´´Ò³ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. ‘Î¨É ²µ¸Ó,
ÎÉµ ¸²ÊÎ °´ Ö ¢¥²¨Î¨´  D0 ¶·¨´¨³ ¥É ¤¨¸±·¥É´Ò¥ §´ Î¥´¨Ö D̄0i (i = 1, . . . , I)
(Ëµ·³Ê²  (2.2)) ¸ ¢¥·µÖÉ´µ¸ÉÓÕ

P(D0 = D̄0i) = ni, i = 1, . . . , I, (2.3)

£¤¥ ni µ¶·¥¤¥²ÖÕÉ¸Ö Ëµ·³Ê²µ° (2.1).

„ ´´Ò° ¶¥·¥Ìµ¤ µÉ ´¥¶·¥·Ò¢´µ£µ · ¸¶·¥¤¥²¥´¨Ö ± ¤¨¸±·¥É´µ³Ê Ô±¢¨¢ -
²¥´É¥´ ¶·¥¤¸É ¢²¥´¨Õ ¨¸Ìµ¤´µ° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¢ ¢¨¤¥ ¸µ¢µ±Ê¶´µ-
¸É¨ ±µ´¥Î´µ£µ Î¨¸²  £µ³µ£¥´´ÒÌ ¸Ê¡¶µ¶Ê²ÖÍ¨°. �·¨ ÔÉµ³ Î¨¸²µ µ¸µ¡¥° ¢ i-°
£µ³µ£¥´´µ° ¸Ê¡¶µ¶Ê²ÖÍ¨¨ ¸µ¢¶ ¤ ¥É ¸ Î¨¸²µ³ µ¸µ¡¥° ¢ i-° £·Ê¶¶¥ ¨¸Ìµ¤´µ°
¶µ¶Ê²ÖÍ¨¨, Ê ±µÉµ·ÒÌ §´ Î¥´¨¥ ¢¥²¨Î¨´Ò D0 ¶·¨´ ¤²¥¦¨É i-³Ê ¨´É¥·¢ ²Ê.
� · ³¥É· D̄0i, Ì · ±É¥·¨§ÊÕÐ¨° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ±²¥Éµ± ±·¨É¨Î¥¸±µ°
¸¨¸É¥³Ò Ê µ¸µ¡¥° i-° £µ³µ£¥´´µ° ¸Ê¡¶µ¶Ê²ÖÍ¨¨, · ¢¥´ ¸·¥¤´¥³Ê §´ Î¥´¨Õ
¢¥²¨Î¨´Ò D0 ¤²Ö µ¸µ¡¥° i-° £·Ê¶¶Ò ¨¸Ìµ¤´µ° ¶µ¶Ê²ÖÍ¨¨. ‚ ¦´µ µÉ³¥É¨ÉÓ,
ÎÉµ ¶·¨ ²Õ¡µ³ ¸¶µ¸µ¡¥ · §¡¨¥´¨Ö µ¡² ¸É¨ ¨§³¥´¥´¨Ö ´¥¶·¥·Ò¢´µ° ¸²ÊÎ °´µ°
¢¥²¨Î¨´Ò D0 ´  ¨´É¥·¢ ²Ò ¸·¥¤´¨¥ §´ Î¥´¨Ö ¶µ± § É¥²Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ-
¸É¨ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò Ê µ¸µ¡¥° ¨¸Ìµ¤´µ° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨
¨ Ê µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸µ¡µ° ¸µ¢µ±Ê¶´µ¸ÉÓ µÉ-
¤¥²Ó´ÒÌ £µ³µ£¥´´ÒÌ ¸Ê¡¶µ¶Ê²ÖÍ¨° ¸ µ¶·¥¤¥²¥´´Ò³¨ ¢ÒÏ¥ ¶ · ³¥É· ³¨ ni

¨ D̄0i (i = 1, . . . , I), · ¢´Ò ³¥¦¤Ê ¸µ¡µ°. �Éµ ¸²¥¤Ê¥É ¨§ · ¢¥´¸É¢  §´ Î¥-
´¨° ³ É¥³ É¨Î¥¸±µ£µ µ¦¨¤ ´¨Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0, µ¶¨¸Ò¢ ¥³µ° ´¥-
¶·¥·Ò¢´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ϕ(D0), ¨ ³ É¥³ É¨Î¥¸±µ£µ µ¦¨¤ ´¨Ö ¸²ÊÎ °´µ°
¢¥²¨Î¨´Ò D0, µ¶¨¸Ò¢ ¥³µ° ¤¨¸±·¥É´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (2.3).

Œ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó ¤¨´ ³¨±¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì (¸³. ¶. 1.2), ¤µ¶µ²´¥´´ Ö ³ É¥³ É¨Î¥¸±µ° ³µ¤¥-
²ÓÕ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò, ¶µ§¢µ²Ö¥É · ¸¸Î¨É ÉÓ ¤¨´ ³¨±Ê
· ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ± ¦¤µ° i-° £µ³µ£¥´´µ° ¸Ê¡¶µ¶Ê²ÖÍ¨¨, µ¸µ¡¨ ±µ-
Éµ·µ° Ì · ±É¥·¨§ÊÕÉ¸Ö ¨´¤¨¢¨¤Ê ²Ó´Ò³ §´ Î¥´¨¥³ D̄0i ¶µ± § É¥²Ö · ¤¨µÎÊ¢-
¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò. �µ²ÊÎ¥´´Ò¥ ¶·¨ ÔÉµ³ ´ ¡µ·Ò
§´ Î¥´¨° ¡¨µ³¥É·¨Î¥¸±¨Ì ËÊ´±Í¨° µi(t), wi(t) ¨ Si(t) (i = 1, . . . , I) § ¤ ÕÉ
¤¨´ ³¨±Ê £¨¡¥²¨ ¢¸¥Ì £µ³µ£¥´´ÒÌ ¸Ê¡¶µ¶Ê²ÖÍ¨° ¶·¨ ¢Ò¡· ´´µ³ ·¥¦¨³¥ µ¡-
²ÊÎ¥´¨Ö. ‚ ¸¢µÕ µÎ¥·¥¤Ó, ÔÉ¨ ËÊ´±Í¨¨, ± ± ¶µ± § ´µ ¢ [14], µ¤´µ§´ Î´Ò³
µ¡· §µ³ µ¶·¥¤¥²ÖÕÉ ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ µΣ(t), wΣ(t) ¨ SΣ(t), Ì · ±-
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É¥·¨§ÊÕÐ¨¥ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ¶µ¶Ê²ÖÍ¨¨ ¢ Í¥²µ³:

SΣ(t) =
I∑

i=1

Si(t)ni, (2.4)

wΣ(t) =
I∑

i=1

wi(t)ni, (2.5)

µΣ(t) =
∑I

i=1 µi(t)Si(t)ni∑I
i=1 Si(t)ni

=
1

SΣ(t)

I∑
i=1

µi(t)Si(t)ni. (2.6)

„¢  ´ ¨¡µ²¥¥ Î ¸Éµ ¨¸¶µ²Ó§Ê¥³ÒÌ ¢ · ¤¨µ¡¨µ²µ£¨¨ É¨¶  · ¸¶·¥¤¥²¥´¨Ö,
´µ·³ ²Ó´µ¥ ¨ ²µ£-´µ·³ ²Ó´µ¥, ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¢ [14] ¤²Ö µ¶¨¸ ´¨Ö · ¸-
¶·¥¤¥²¥´¨Ö µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó-
´µ¸É¨ D0 ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò. �µ²ÊÎ¥´´Ò¥ ¶·¨ ÔÉµ³ Ëµ·³Ê²Ò ¤²Ö
· ¸Î¥É  ±²ÕÎ¥¢ÒÌ ¶ · ³¥É·µ¢ ni ¨ D̄0i ³µ¤¥²¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨
´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·¥¤¸É ¢²¥´Ò ´¨¦¥.

2.2. �µ¶Ê²ÖÍ¨¨ ¸ ´µ·³ ²Ó´Ò³ ¨ ²µ£-´µ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³
µ¸µ¡¥° ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³.
‚ · ¡µÉ¥ [14] ¸´ Î ²  · ¸¸³ É·¨¢ ²¸Ö ¸²ÊÎ °, ±µ£¤  · ¸¶·¥¤¥²¥´¨¥ µ¸µ¡¥°
´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ±·¨-
É¨Î¥¸±µ° ¸¨¸É¥³Ò D0 ¶µ¤Î¨´Ö¥É¸Ö § ±µ´Ê ƒ Ê¸¸  [39]:

ϕN (D0) =
1

σ
√

2 π
exp

{
− (D0 − D̄0)2

2 σ2

}
. (2.7)

‚ (2.7) ¶ · ³¥É·Ò D̄0 ¨ σ · ¢´Ò, ¸µµÉ¢¥É¸É¢¥´´µ, ³ É¥³ É¨Î¥¸±µ³Ê µ¦¨¤ -
´¨Õ (¸·¥¤´¥³Ê §´ Î¥´¨Õ) ¨ ¸·¥¤´¥³Ê ±¢ ¤· É¨Î´µ³Ê µÉ±²µ´¥´¨Õ ¸²ÊÎ °´µ°
¢¥²¨Î¨´Ò D0,   σ2 Å ¤¨¸¶¥·¸¨¨ V ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥°
ϕN (D0).

�¡² ¸ÉÓ ¨§³¥´¥´¨Ö D0 ¢ (2.7) Å ÔÉµ ¢¥Ð¥¸É¢¥´´Ò¥ Î¨¸²  µÉ −∞ ¤µ
+∞. ‘ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ µÉ´µÏ¥´¨¥ ¸·¥¤´¥£µ ±¢ ¤· É¨Î´µ£µ µÉ±²µ´¥´¨Ö
± ¸·¥¤´¥³Ê §´ Î¥´¨Õ ¤²Ö ³´µ£¨Ì ¡¨µ²µ£¨Î¥¸±¨Ì ¶µ± § É¥²¥°, µ¶¨¸Ò¢ ¥³ÒÌ
´µ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³, ´¥ ¶·¥¢ÒÏ ¥É 0,3 [40], ¢ [14] · ¸¸³ É·¨¢ ² ¸Ó
±µ´¥Î´ Ö µ¡² ¸ÉÓ ¨§³¥´¥´¨Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0: (D̄0 − 3σ, D̄0 + 3σ).
ˆ³¥´´µ ¢ ¤ ´´µ° µ¡² ¸É¨ ¸²ÊÎ °´ Ö ¢¥²¨Î¨´  D0 ¶µ²µ¦¨É¥²Ó´ , É. ¥. ¨³¥¥É
·¥ ²Ó´Ò° Ë¨§¨Î¥¸±¨° ¸³Ò¸². ‚¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ ´µ·³ ²Ó´ Ö ¸²ÊÎ °´ Ö ¢¥-
²¨Î¨´  ¶·¨³¥É §´ Î¥´¨Ö, ´ Ìµ¤ÖÐ¨¥¸Ö ¢´¥ Ê± § ´´µ° µ¡² ¸É¨, ¶·¥´¥¡·¥¦¨³µ
³ ²  (0,0027) [12]. �µÔÉµ³Ê ¶·µ¢¥¤¥´¨¥ ¶¥·¥´µ·³¨·µ¢±¨ ËÊ´±Í¨¨ ¶²µÉ´µ¸É¨
· ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥° (2.7) ´¥ É·¥¡Ê¥É¸Ö.



Œ�’…Œ�’ˆ—…‘Š�… Œ�„…‹ˆ��‚��ˆ… ‚‹ˆŸ�ˆŸ ��„ˆ�–ˆˆ 1451

�·¨ ¶¥·¥Ìµ¤¥ ± ¤¨¸±·¥É´µ³Ê · ¸¶·¥¤¥²¥´¨Õ (2.3) ¢Ò¡· ´´ Ö µ¡² ¸ÉÓ ¨§-
³¥´¥´¨Ö ´¥¶·¥·Ò¢´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0 ¡Ò²  · §¤¥²¥´  ´  Ï¥¸ÉÓ ¸¨³-
³¥É·¨Î´ÒÌ µÉ´µ¸¨É¥²Ó´µ D̄0 ¨´É¥·¢ ²µ¢ ¸µ ¸²¥¤ÊÕÐ¨³¨ £· ´¨Í ³¨:

D̄0 − 3 σ, D̄0 − 2 σ, D̄0 − σ, D̄0, D̄0 + σ, D̄0 + 2 σ, D̄0 + 3 σ. (2.8)

ˆ¸Ìµ¤Ö ¨§ ¸µµÉ´µÏ¥´¨° (2.1), (2.2), (2.7), ¶µ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ Ëµ·³Ê²Ò,
µ¶·¥¤¥²ÖÕÐ¨¥ ¢¥²¨Î¨´Ò ni ¨ D̄0i ¢ ¤¨¸±·¥É´µ³ · ¸¶·¥¤¥²¥´¨¨ (2.3):

ni = Φ(U ′′
i ) − Φ(U ′

i), (2.9)

D̄0i = D̄0 −
1
ni

σ√
2 π

[
exp

{
− (U ′′

i )2

2

}
− exp

{
− (U ′

i)
2

2

}]
. (2.10)

‚ (2.9) Φ Å ´µ·³ ²Ó´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¸É ´¤ ·É¨§µ¢ ´´µ° ´µ·-
³ ²Ó´µ° ¢¥²¨Î¨´Ò [12],   ¢¥²¨Î¨´Ò U ′

i ¨ U ′′
i ¢ (2.9), (2.10) ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§

£· ´¨Î´Ò¥ §´ Î¥´¨Ö ¨´É¥·¢ ²µ¢ D′
0i ¨ D′′

0i (2.8) ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

U ′
i = (D′

0i − D̄0)/σ, U ′′
i = (D′′

0i − D̄0)/σ. (2.11)

„ ²¥¥ ¢ [14] · ¸¸³ É·¨¢ ²¸Ö ¸²ÊÎ ° ²µ£-´µ·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö µ¸µ-
¡¥° ¢ ¶µ¶Ê²ÖÍ¨¨ ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ D0 ±²¥Éµ± ±·¨É¨Î¥-
¸±µ° ¸¨¸É¥³Ò. �Éµ µ§´ Î ¥É, ÎÉµ ¶µ ´µ·³ ²Ó´µ³Ê § ±µ´Ê · ¸¶·¥¤¥²¥´  ´¥
¸ ³  ¸²ÊÎ °´ Ö ¢¥²¨Î¨´  D0,   ¥¥ ²µ£ ·¨Ë³ X = ln D0. �²µÉ´µ¸ÉÓ · ¸¶·¥-
¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥° ϕLN (D0) ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0 ¢Ò· ¦ ¥É¸Ö Î¥·¥§
³ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ m ¨ ¸·¥¤´¥¥ ±¢ ¤· É¨Î´µ¥ µÉ±²µ´¥´¨¥ σ ´µ·³ ²Ó-
´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò X ¸²¥¤ÊÕÐ¨³ µ¡· §µ³ [39]:

ϕLN (D0) =
1

σ
√

2 π

1
D0

exp
{
− (ln D0 − m)2

2 σ2

}
. (2.12)

� · ³¥É·Ò m ¨ σ µ¶·¥¤¥²ÖÕÉ É ±¦¥ ³ É¥³ É¨Î¥¸±µ¥ µ¦¨¤ ´¨¥ D̄0 ¸²ÊÎ °-
´µ° ¢¥²¨Î¨´Ò D0 ¨ ¤¨¸¶¥·¸¨Õ V ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥°
ϕLN (D0) [39]:

D̄0 = exp
{

m +
σ2

2

}
, (2.13)

V = exp (2 m + σ2)
[
exp (σ2) − 1

]
. (2.14)

�¡² ¸ÉÓ ¨§³¥´¥´¨Ö ´µ·³ ²Ó´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò X Å ÔÉµ ¢¥Ð¥¸É¢¥´-
´Ò¥ Î¨¸²  µÉ −∞ ¤µ +∞. ‘µµÉ¢¥É¸É¢ÊÕÐ Ö ¥° µ¡² ¸ÉÓ ¨§³¥´¥´¨Ö ¸²ÊÎ °´µ°
¢¥²¨Î¨´Ò D0 Å ¶µ²µ¦¨É¥²Ó´Ò¥ ¢¥Ð¥¸É¢¥´´Ò¥ Î¨¸² . ’ ±¨³ µ¡· §µ³, ¸²Ê-
Î °´ Ö ¢¥²¨Î¨´  D0, µ¶¨¸Ò¢ ¥³ Ö ²µ£-´µ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (2.12),
¨³¥¥É ·¥ ²Ó´Ò° Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¢µ ¢¸¥° µ¡² ¸É¨ ¸¢µ¥£µ µ¶·¥¤¥²¥´¨Ö.



1452 ‘�Š�‚ˆ— ‚. �., ‘Œˆ���‚� �. �.

�·¨ ¶¥·¥Ìµ¤¥ ± ¤¨¸±·¥É´µ³Ê · ¸¶·¥¤¥²¥´¨Õ (2.3) ¸´ Î ²  µ¶¥·¨·µ¢ ²¨
¸ ´µ·³ ²Ó´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° X = ln D0. Š ± ¨ ¢ ¶¥·¢µ³ ¢ ·¨-
 ´É¥, · ¸¸³ É·¨¢ ² ¸Ó ±µ´¥Î´ Ö µ¡² ¸ÉÓ ¨§³¥´¥´¨Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò X :
(m − 5 σ, m + 5 σ). ‚¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ ´µ·³ ²Ó´ Ö ¸²ÊÎ °´ Ö ¢¥²¨Î¨´ 
¶·¨³¥É §´ Î¥´¨Ö, ¢ÒÌµ¤ÖÐ¨¥ §  Ê± § ´´Ò¥ £· ´¨ÍÒ ¤ ´´µ° µ¡² ¸É¨, ¶· ±É¨-
Î¥¸±¨ · ¢´  ´Ê²Õ (5, 734 · 10−7) [12]. �µÔÉµ³Ê ¶¥·¥´µ·³¨·µ¢±  ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ËÊ´±Í¨° · ¸¶·¥¤¥²¥´¨Ö ´¥ É·¥¡Ê¥É¸Ö. “± § ´´ Ö µ¡² ¸ÉÓ ¨§³¥´¥´¨Ö
´µ·³ ²Ó´µ° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò X ¡Ò²  · §¡¨É  ´  Ï¥¸ÉÓ ¸¨³³¥É·¨Î´ÒÌ
µÉ´µ¸¨É¥²Ó´µ ¥¥ ¸·¥¤´¥£µ §´ Î¥´¨Ö m ¨´É¥·¢ ²µ¢:

m − 5 σ, m − 2 σ, m − σ, m, m + σ, m + 2 σ, m + 5 σ. (2.15)

‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ £· ´¨ÍÒ ¨´É¥·¢ ²µ¢ D′
0i ¨ D′′

0i µ¡² ¸É¨ ¨§³¥´¥´¨Ö ¸²ÊÎ °-
´µ° ¢¥²¨Î¨´Ò D0 ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ ¶ · ³¥É·Ò m ¨ σ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

em−5σ, em−2σ, em−σ, em, em+σ, em+2σ, em+5σ. (2.16)

ˆ¸Ìµ¤Ö ¨§ ¸µµÉ´µÏ¥´¨° (2.1), (2.2) ¨ (2.12), ¶µ²ÊÎ ¥³ Ëµ·³Ê²Ò, µ¶·¥¤¥-
²ÖÕÐ¨¥ ¢¥²¨Î¨´Ò ni ¨ D̄0i ¢ ¤¨¸±·¥É´µ³ · ¸¶·¥¤¥²¥´¨¨ (2.3):

ni = Φ(U ′′) − Φ(U ′), (2.17)

D̄0i =
1
ni

em

√
2 π

U ′′
i∫

U ′
i

exp
{
− u2

2
+ σ u

}
du. (2.18)

‚ (2.17), (2.18) U ′
i ¨ U ′′

i ¢Ò· ¦ ÕÉ¸Ö Î¥·¥§ £· ´¨Î´Ò¥ §´ Î¥´¨Ö ¨´É¥·¢ ²µ¢
D′

0i ¨ D′′
0i (2.16) ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

U ′
i = (ln D′

0i − m) /σ, U ′′
i = (ln D′′

0i − m) /σ. (2.19)

‚ (2.17) Φ Å ´µ·³ ²Ó´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¸É ´¤ ·É¨§µ¢ ´´µ° ´µ·-
³ ²Ó´µ° ¢¥²¨Î¨´Ò [12].

ˆÉ ±, ¢ · ¡µÉ¥ [14] ¶·¥¤²µ¦¥´Ò ¤¢  ¢ ·¨ ´É  Ëµ·³Ê² ¤²Ö · ¸Î¥É  ¶ · ³¥-
É·µ¢ ni ¨ D̄0i (i = 1, . . . , I), ¢Ìµ¤ÖÐ¨Ì ¢ ³µ¤¥²Ó · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥-
£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì. �É¨ Ëµ·³Ê²Ò ((2.9), (2.10) ¨ (2.17),
(2.18)) ¶·¨³¥´ÖÕÉ¸Ö ¢ ¸²ÊÎ ÖÌ, ±µ£¤  · ¸¶·¥¤¥²¥´¨¥ ϕ(D0) µ¸µ¡¥° ¢ ¶µ¶Ê²Ö-
Í¨¨ ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò D0

¸Î¨É ¥É¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ´µ·³ ²Ó´Ò³ ¨ ²µ£-´µ·³ ²Ó´Ò³. �·¨ ¨¸¸²¥¤µ¢ -
´¨¨ ³µ¤¥²¨ ¨§ÊÎ ² ¸Ó § ¢¨¸¨³µ¸ÉÓ ¤¨´ ³¨±¨ ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê-
²ÖÍ¨¨ µÉ É¨¶  ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ϕ(D0). Š·µ³¥ Éµ£µ,  ´ ²¨§¨·µ¢ ² ¸Ó
§ ¢¨¸¨³µ¸ÉÓ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ¶µ¶Ê²ÖÍ¨¨ µÉ ¸É¥¶¥´¨ ´¥£µ³µ£¥´´µ-
¸É¨ ¶µ¸²¥¤´¥°, É. ¥. µÉ Ï¨·µÉÒ · §¡·µ¸  §´ Î¥´¨° ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0
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µÉ´µ¸¨É¥²Ó´µ Ë¨±¸¨·µ¢ ´´µ£µ ¸·¥¤´¥£µ §´ Î¥´¨Ö D̄0. ‚ ± Î¥¸É¢¥ ¶ · ³¥É· ,
µ¶·¥¤¥²ÖÕÐ¥£µ ¸É¥¶¥´Ó ´¥£µ³µ£¥´´µ¸É¨ ¶µ¶Ê²ÖÍ¨¨, ¡Ò²  ¢Ò¡· ´  ¡¥§· §³¥·-
´ Ö ¢¥²¨Î¨´  κ, · ¢´ Ö µÉ´µÏ¥´¨Õ ±µ·´Ö ±¢ ¤· É´µ£µ ¨§ ¤¨¸¶¥·¸¨¨ Å

√
V

± ¸·¥¤´¥³Ê D̄0 ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¥° ϕ(D0) ¸²ÊÎ °´µ° ¢¥-
²¨Î¨´Ò D0:

κ =
√

V /D̄0. (2.20)

�¥§Ê²ÓÉ ÉÒ ¶·µ¢¥¤¥´´µ£µ ¢ · ¡µÉ Ì [14, 33Ä38] Î¨¸²¥´´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö
³µ¤¥²¨ ¤¨´ ³¨±¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ-
¶¨É ÕÐ¨Ì ¶·¥¤¸É ¢²¥´Ò ´¨¦¥.

2.3. ‚²¨Ö´¨¥ ¶µ¢ÒÏ¥´´µ£µ · ¤¨ Í¨µ´´µ£µ Ëµ´  ´  ¶µ¶Ê²ÖÍ¨µ´´ÊÕ
¸³¥·É´µ¸ÉÓ. ‚ · ¡µÉ Ì [14, 33Ä38] ¨¸¸²¥¤µ¢ ² ¸Ó ¤¨´ ³¨±  ´¥£µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì (³ÒÏ¥°), ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö ¶µ¦¨§´¥´´µ³Ê ´¨§±µ-
¨´É¥´¸¨¢´µ³Ê Ì·µ´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ. �·¨ É ±¨Ì ·¥¦¨³ Ì · ¤¨ Í¨µ´-
´µ£µ ¢µ§¤¥°¸É¢¨Ö, ± ± Ê¦¥ µÉ³¥Î ²µ¸Ó, ±·¨É¨Î¥¸±µ° Ö¢²Ö¥É¸Ö ¸¨¸É¥³  ±µ¸É´µ-
³µ§£µ¢µ£µ ±·µ¢¥É¢µ·¥´¨Ö,   ¨³¥´´µ ¸¨¸É¥³  É·µ³¡µÍ¨Éµ¶µÔ§ . �µÔÉµ³Ê ¢ ± -
Î¥¸É¢¥ ¸µ¸É ¢´µ° Î ¸É¨ ¢ ³µ¤¥²Ó ¤¨´ ³¨±¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¢µÏ² 
³µ¤¥²Ó · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ [13, 14] (¸³. ¶. 1.4),
±µÉµ· Ö, ¢ ¸¢µÕ µÎ¥·¥¤Ó, ¢±²ÕÎ ¥É ³µ¤¥²Ó ¤¨´ ³¨±¨ É·µ³¡µÍ¨Éµ¶µÔ§  [14,
33]. � ¤¨µÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ±²¥É± ³¨ É·µ³¡µÍ¨Éµ¶µÔ§  Ö¢²ÖÕÉ¸Ö ¸¶µ¸µ¡´Ò¥
± ¤¥²¥´¨Õ ±µ¸É´µ-³µ§£µ¢Ò¥ ±²¥É±¨-¶·¥¤Ï¥¸É¢¥´´¨±¨ ÔÉµ° ¸¨¸É¥³Ò. �µÔÉµ³Ê
¡Ò²µ ¶µ²µ¦¥´µ, ÎÉµ ±²ÕÎ¥¢µ° ¶ · ³¥É· ³µ¤¥²¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥-
£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ D̄0 · ¢¥´ Ê¸·¥¤´¥´´µ³Ê §´ Î¥´¨Õ ¶µ± § É¥²Ö · ¤¨µ-
ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ê± § ´´ÒÌ ±²¥Éµ± Ê ³ÒÏ¥°. ‚ Ìµ¤¥ ¨¸¸²¥¤µ¢ ´¨Ö ³µ¤¥²¨
¢ ·Ó¨·µ¢ ²¨¸Ó ¶ · ³¥É· κ ¨ §´ Î¥´¨¥ ³µÐ´µ¸É¨ ¤µ§Ò Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥-
´¨Ö N . �·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ®³µ¤¥²Ó´µ£µ Ô±¸¶¥·¨³¥´É ¯ ¨ ¢µ§· ¸É ¦¨¢µÉ´ÒÌ
¢ ³µ³¥´É ´ Î ²  · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö ¡Ò²¨ ¢Ò¡· ´Ò · ¢´Ò³¨ 1000 ¨
100 ¸ÊÉ ¸µµÉ¢¥É¸É¢¥´´µ.

�¸É ´µ¢¨³¸Ö ¸´ Î ²  ´  ·¥§Ê²ÓÉ É Ì ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ´¥£µ³µ-
£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ´¥µ¡²ÊÎ¥´´ÒÌ ¨ µ¡²ÊÎ¥´´ÒÌ ³ÒÏ¥°, ¶µ²ÊÎ¥´´ÒÌ ¤²Ö ¸²Ê-
Î Ö ´µ·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö µ¸µ¡¥° ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ¸¨¸É¥³Ò É·µ³¡µÍ¨Éµ¶µÔ§ . �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò
¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ µΣ(t). �´¨ Ì · ±É¥·¨§ÊÕÉ ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨
´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ Ê± § ´´ÒÌ ² ¡µ· Éµ·´ÒÌ ¦¨¢µÉ´ÒÌ ¢ µÉ¸ÊÉ¸É¢¨¥ · -
¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö ¨ ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¸ É·¥³Ö · §²¨Î´Ò³¨
³µÐ´µ¸ÉÖ³¨ ¤µ§ N . ‡´ Î¥´¨¥ ¶ · ³¥É·  κ (Ëµ·³Ê²  (2.20)) ¢ ¤ ´´µ³ · ¸Î¥É¥
¡²¨§±µ ± ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ³Ê ¶·¨ · ¸¸³ É·¨¢ ¥³µ³ É¨¶¥ · ¸¶·¥¤¥²¥´¨Ö
(¸³. ¶. 2.2). �  ÔÉµ³ ·¨¸Ê´±¥ ¨ ´   ´ ²µ£¨Î´µ³ ·¨¸Ê´±¥ ¤ ²¥¥ ¶·¥¤¸É ¢²¥´Ò
ËÊ´±Í¨¨ µ(t). �´¨ µ¶·¥¤¥²ÖÕÉ ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²Ö-
Í¨¨ ³ÒÏ¥°, ´¥ µ¡²ÊÎ¥´´ÒÌ ¨ ¶µ¤¢¥·£ ÕÐ¨Ì¸Ö Ì·µ´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ ¸
É¥³¨ ¦¥ ³µÐ´µ¸ÉÖ³¨ ¤µ§, ÎÉµ ¨ ¦¨¢µÉ´Ò¥ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨. �µ± § -
É¥²Ó · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ É·µ³¡µÍ¨Éµ¢ Ê µ¸µ¡¥°
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£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ · ¢¥´ ³ É¥³ É¨Î¥¸±µ³Ê µ¦¨¤ ´¨Õ D̄0 ¸²ÊÎ °´µ° ¢¥-
²¨Î¨´Ò D0, ±µÉµ· Ö µ¶¨¸Ò¢ ¥É ÔÉµÉ ¶µ± § É¥²Ó Ê µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê-
²ÖÍ¨¨. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò É ±¦¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¤¨´ ³¨±¥
¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ´¥µ¡²ÊÎ¥´´ÒÌ ¨ µ¡²ÊÎ¥´´ÒÌ ³ÒÏ¥° ²¨´¨¨ LAF1 [24].

�¨¸. 3. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨
µ(t) ¨ µΣ(t), µ¶¨¸Ò¢ ÕÐ¨¥ ¸±µ·µ¸ÉÓ
¸³¥·É´µ¸É¨ ³ÒÏ¥° £µ³µ£¥´´µ° ¨ ´¥-
£µ³µ£¥´´µ° (´µ·³ ²Ó´µ¥ · ¸¶·¥¤¥²¥-
´¨¥, κ = 0, 3) ¶µ¶Ê²ÖÍ¨° ¢ µÉ-
¸ÊÉ¸É¢¨¥ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö
(±·¨¢ Ö 1) ¨ ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡-
²ÊÎ¥´¨¨ ¸ ³µÐ´µ¸ÉÖ³¨ ¤µ§ N =
0,022 (±·¨¢Ò¥ 2 ¨ 2′), 0,044 (±·¨-
¢Ò¥ 3 ¨ 3′), 0,088 ƒ·/¸ÊÉ (±·¨-
¢Ò¥ 4 ¨ 4′). ‡´ Î± ³¨ +, ×, ♦,
� µÉ³¥Î¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¤¨´ ³¨±¥
¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ³ÒÏ¥° ²¨´¨¨
LAF1 [24]; t Å ¢µ§· ¸É ³ÒÏ¥°

ˆ§ ·¨¸. 3 ¸²¥¤Ê¥É, ÎÉµ ¤¨´ ³¨±  ¸±µ-
·µ¸É¨ ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¨ ´¥£µ³µ-
£¥´´µ° ¶µ¶Ê²ÖÍ¨° ³²¥±µ¶¨É ÕÐ¨Ì ¢ µÉ-
¸ÊÉ¸É¢¨¥ · ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö µ¤´ 
¨ É  ¦¥. �ÉµÉ ·¥§Ê²ÓÉ É ¸µ¢¥·Ï¥´´µ µÎ¥-
¢¨¤¥´, É ± ± ± ¶µ Ê¸²µ¢¨Ö³ ¶µ¸É·µ¥´¨Ö
³µ¤¥²¨ · §²¨Î¨¥ ³¥¦¤Ê µ¸µ¡Ö³¨ £µ³µ£¥´-
´µ° ¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° ¶·µÖ¢²Ö-
¥É¸Ö Éµ²Ó±µ ¶·¨ µ¡²ÊÎ¥´¨¨. �·¨ ÔÉµ³
¢ ¦´µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ³µ¤¥²Ó´ Ö ¤¨-
´ ³¨±  ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ´¥µ¡²ÊÎ¥´-
´ÒÌ ¦¨¢µÉ´ÒÌ ´  ±µ²¨Î¥¸É¢¥´´µ³ Ê·µ¢´¥
¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  ²¨´¥°´ÒÌ ¦¨¢µÉ-
´ÒÌ [24].

ˆ§ ¸· ¢´¥´¨Ö ËÊ´±Í¨° µΣ(t) ¨ µ(t),
¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 3, ¢¨¤´µ, ÎÉµ ¶·¨
´ ¨³¥´ÓÏ¥° ¨§ ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ · ¸Î¥É¥
³µÐ´µ¸É¥° ¤µ§ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö
N ³µ¤¥²Ó ¤¨´ ³¨±¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê-
²ÖÍ¨¨ ´  ¢¸¥³ · ¸¸³ É·¨¢ ¥³µ³ ¢·¥³¥´-
´µ³ ¨´É¥·¢ ²¥ ¶·µ£´µ§¨·Ê¥É ¡µ²¥¥ ¢Ò¸µ-
±¨¥ §´ Î¥´¨Ö ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨, Î¥³
³µ¤¥²Ó ¤¨´ ³¨±¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨:
µΣ(t) > µ(t). �·¨ ¤¢ÊÌ ¤·Ê£¨Ì ³µÐ´µ-
¸ÉÖÌ ¤µ§ N Ì · ±É¥· § ¢¨¸¨³µ¸É¨ ³¥¦¤Ê
µΣ(t) ¨ µ(t)  ´ ²µ£¨Î¥´ µ¶¨¸ ´´µ³Ê ¢ÒÏ¥
´  ¶¥·¢µ³ ÔÉ ¶¥,   ´  ¢Éµ·µ³ ³¥´Ö¥É¸Ö
´  ¶·µÉ¨¢µ¶µ²µ¦´Ò°: µΣ(t) < µ(t). �¤-
´ ±µ · §´µ¸ÉÓ ³¥¦¤Ê µΣ(t) ¨ µ(t) ¢ ±µ´Í¥
®³µ¤¥²Ó´µ£µ Ô±¸¶¥·¨³¥´É ¯ ¸Éµ²Ó ´¥¢¥-
²¨±  ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥, ÎÉµ ¸³¥´ 

¥¥ §´ ± , ± ± ¶µ± § ²¨ · ¸Î¥ÉÒ, ´¥ ¨§³¥´Ö¥É ¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê §´ Î¥´¨-
Ö³¨ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¨ £µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨°. “ ¶¥·¢ÒÌ µ´  ³¥´ÓÏ¥, Î¥³ Ê ¢Éµ·ÒÌ ¶·¨ ¢¸¥Ì ¨¸¶µ²Ó§µ¢ ´´ÒÌ
¢ · ¸Î¥É¥ ³µÐ´µ¸ÉÖÌ ¤µ§ N . ‘µµÉ¢¥É¸É¢¥´´µ ¸µ±· Ð¥´¨¥ ¸·¥¤´¥° ¶·µ¤µ²-
¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ r (Ëµ·³Ê²  (1.23)) Ê ¦¨¢µÉ´ÒÌ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨
¡µ²ÓÏ¥, Î¥³ Ê ¦¨¢µÉ´ÒÌ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨.
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�¨¸. 4. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±-
Í¨¨ µ(t) ¨ µΣ(t), µ¶¨¸Ò¢ ÕÐ¨¥
¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨ ³ÒÏ¥° £µ-
³µ£¥´´µ° ¨ ´¥£µ³µ£¥´´µ° (²µ£-
´µ·³ ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥, κ =
1, 0) ¶µ¶Ê²ÖÍ¨° ¢ µÉ¸ÊÉ¸É¢¨¥ · ¤¨-
 Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö (±·¨¢ Ö 1)
¨ ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¸
³µÐ´µ¸ÉÖ³¨ ¤µ§ N = 0,011 (±·¨-
¢Ò¥ 2 ¨ 2′), 0,022 (±·¨¢Ò¥ 3 ¨ 3′),
0,033 ƒ·/¸ÊÉ (±·¨¢Ò¥ 4 ¨ 4′). ‡´ Î-
± ³¨ +, × µÉ³¥Î¥´Ò ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ
¤¨´ ³¨±¥ ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ³Ò-
Ï¥° ²¨´¨¨ LAF1 ¢ µÉ¸ÊÉ¸É¢¨¥ µ¡²Ê-
Î¥´¨Ö ¨ ¶p¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥-
´¨¨ ¸ N = 0, 022 ƒ·/¸ÊÉ [24]; t Å
¢µ§· ¸É ³ÒÏ¥°

Š Î¥¸É¢¥´´µ ¸Ìµ¤´Ò¥ ¤ ´´Ò¥ ¡Ò²¨ ¶µ-
²ÊÎ¥´Ò ¢ Ìµ¤¥ ³µ¤¥²¨·µ¢ ´¨Ö ¸³¥·É´µ¸É¨
´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·¨ ¤·Ê£¨Ì §´ Î¥-
´¨ÖÌ ¶ · ³¥É·  κ (0 < κ < 1/3) ¨ ¶·¨ ¤·Ê-
£¨Ì, ´µ ¨³¥ÕÐ¨Ì ÉµÉ ¦¥ ¶µ·Ö¤µ± ³µÐ´µ-
¸ÉÖÌ ¤µ§ N . � °¤¥´µ, ÎÉµ ¶·¨ µ¤´µ³ ¨ Éµ³
¦¥ ·¥¦¨³¥ µ¡²ÊÎ¥´¨Ö · §²¨Î¨Ö ¢ ¶·µ£´µ§ Ì
¸³¥·É´µ¸É¨ ¤²Ö ´¥£µ³µ£¥´´µ° ¨ £µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨° (¶·¨ · ¢´ÒÌ D̄0) ¶·µÖ¢²ÖÕÉ¸Ö ¢
¡µ²ÓÏ¥° ¸É¥¶¥´¨ ¶·¨ ¡µ²ÓÏ¥³ §´ Î¥´¨¨ κ,
É. ¥. ¶·¨ ¡µ²ÓÏ¥° ¤¨¸¶¥·¸¨¨ V · ¸¶·¥¤¥²¥-
´¨Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0. ‚ Î ¸É´µ¸É¨,
¶·¨ N = 0, 022, 0, 044, 0, 088 ƒ·/¸ÊÉ ¢¥²¨-
Î¨´Ò r ¤²Ö £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ · ¢´Ò
53, 116, 250 ¸ÊÉ,   ¤²Ö ¤¢ÊÌ ´¥£µ³µ£¥´´ÒÌ
¸µ¸É ¢²ÖÕÉ 54, 120, 254 ¸ÊÉ (κ = 0, 15) ¨
61, 132, 266 ¸ÊÉ (κ = 0, 3).

� ¸¸³µÉ·¨³ É¥¶¥·Ó ·¥§Ê²ÓÉ ÉÒ ³µ¤¥-
²¨·µ¢ ´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¤²Ö ¸²ÊÎ Ö ²µ£-
´µ·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö µ¸µ¡¥° ¶µ¶Ê²Ö-
Í¨¨ ¶µ ¶µ± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ¸¨¸É¥³Ò É·µ³¡µ-
Í¨Éµ¶µÔ§ . �  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ¡¨µ³¥É·¨-
Î¥¸±¨¥ ËÊ´±Í¨¨ µΣ(t) ¨ µ(t), µ¶¨¸Ò¢ -
ÕÐ¨¥ ¸±µ·µ¸ÉÓ ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ°
¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° ¢ µÉ¸ÊÉ¸É¢¨¥ µ¡-
²ÊÎ¥´¨Ö ¨ ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¸
É·¥³Ö ³µÐ´µ¸ÉÖ³¨ ¤µ§ N . ‚ ÔÉ¨Ì · ¸Î¥É Ì
§´ Î¥´¨¥ ¶ · ³¥É·  κ ¤µ¸É ÉµÎ´µ ¢¥²¨±µ.
�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò É ±¦¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¤ ´´Ò¥ [24] ¶µ ¤¨´ ³¨±¥ ¸±µ·µ¸É¨
¸³¥·É´µ¸É¨ ³ÒÏ¥° ²¨´¨¨ LAF1, ¶µ¤¢¥·£ ¢-
Ï¨Ì¸Ö Ì·µ´¨Î¥¸±µ³Ê µ¡²ÊÎ¥´¨Õ ¸ µ¤´µ° ¨§
³µÐ´µ¸É¥° ¤µ§ N . ‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ÔÉ¨ ¤ ´´Ò¥ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ³µ-
¤¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¤¨´ ³¨±¥ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³ÒÏ¥° ¸µ£² ¸ÊÕÉ¸Ö
¤·Ê£ ¸ ¤·Ê£µ³.

ˆ§ ·¨¸. 4 ¢¨¤´µ, ÎÉµ ¶·¨ ¢¸¥Ì É·¥Ì ³µÐ´µ¸ÉÖÌ ¤µ§ Ì·µ´¨Î¥¸±µ£µ µ¡-
²ÊÎ¥´¨Ö N ³µ¤¥²Ó ¤¨´ ³¨±¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·µ£´µ§¨·Ê¥É ¡µ²¥¥
¢Ò¸µ±¨¥ §´ Î¥´¨Ö ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨, Î¥³ ³µ¤¥²Ó ¤¨´ ³¨±¨ £µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨¨: µΣ(t) > µ(t). �·¨Î¥³ · §²¨Î¨Ö ³¥¦¤Ê ËÊ´±Í¨Ö³¨ µΣ(t) ¨ µ(t)
Ê³¥´ÓÏ ÕÉ¸Ö ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¨ ± ±µ´ÍÊ ®³µ¤¥²Ó´µ£µ Ô±¸¶¥·¨³¥´É ¯ ¶µ-
ÎÉ¨ ´¨¢¥²¨·ÊÕÉ¸Ö.
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� ¸Î¥ÉÒ, ¢Ò¶µ²´¥´´Ò¥ ¶·¨ ¤·Ê£¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·  κ ¨ ¶·¨ ¤·Ê£¨Ì,
´µ ¨³¥ÕÐ¨Ì ÉµÉ ¦¥ ¶µ·Ö¤µ± ³µÐ´µ¸ÉÖÌ ¤µ§ N , ¶µ± § ²¨ ¸²¥¤ÊÕÐ¥¥. Š ± ¨
¢ ¸²ÊÎ ¥ ´µ·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö, ¶·¨ µ¤´µ³ ¨ Éµ³ ¦¥ ·¥¦¨³¥ µ¡²ÊÎ¥-
´¨Ö · §²¨Î¨Ö ¢ ¶·µ£´µ§ Ì ¤¨´ ³¨±¨ ¸±µ·µ¸É¨ ¸³¥·É´µ¸É¨ ¤²Ö ´¥£µ³µ£¥´´µ°
¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° (¶·¨ · ¢´ÒÌ D̄0) ¶·µÖ¢²ÖÕÉ¸Ö ¢ ¡µ²ÓÏ¥° ¸É¥¶¥´¨
¶·¨ ¡µ²ÓÏ¥³ §´ Î¥´¨¨ κ, É. ¥. ¶·¨ ¡µ²ÓÏ¥° ¤¨¸¶¥·¸¨¨ V ²µ£-´µ·³ ²Ó´µ£µ
· ¸¶·¥¤¥²¥´¨Ö. ‚ ¸¢µÕ µÎ¥·¥¤Ó, Î¥³ ¡µ²ÓÏ¥ κ, É¥³ ¸¨²Ó´¥¥ µÉ²¨Î ÕÉ¸Ö ¤·Ê£
µÉ ¤·Ê£  §´ Î¥´¨Ö ¸µ±· Ð¥´¨Ö ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ µ¸µ¡¥° £µ-
³µ£¥´´µ° ¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° ¶·¨ µ¤¨´ ±µ¢ÒÌ ·¥¦¨³ Ì µ¡²ÊÎ¥´¨Ö.
’ ±, ¶·¨ N = 0,022 ƒ·/¸ÊÉ ¢¥²¨Î¨´  r, · ¸¸Î¨É ´´ Ö ¤²Ö ³ÒÏ¥° £µ³µ£¥´-
´µ° ¶µ¶Ê²ÖÍ¨¨, ¸µ¸É ¢²Ö¥É 53 ¸ÊÉ,   ¤²Ö Î¥ÉÒ·¥Ì ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨°
r = 54 (κ = 0, 15), 59 (κ = 0, 3), 113 (κ = 1, 0), 160 ¸ÊÉ (κ = 1, 5). Š ±
¶µ± § ²¨ · ¸Î¥ÉÒ, ¨§³¥´¥´¨¥ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨ µ¸µ¡¥° ¶µ-
¶Ê²ÖÍ¨¨ ¶·µ¨¸Ìµ¤¨É ¢ µ¸´µ¢´µ³ §  ¸Î¥É ¶·¥¦¤¥¢·¥³¥´´µ° £¨¡¥²¨ ¦¨¢µÉ´ÒÌ
¸ £¨¶¥·· ¤¨µÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ±²¥É± ³¨-¶·¥¤Ï¥¸É¢¥´´¨± ³¨ ¸¨¸É¥³Ò É·µ³-
¡µÍ¨Éµ¶µÔ§ .

2.4. �¸µ¡¥´´µ¸É¨ ¤¨´ ³¨±¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·¨ µ¡²ÊÎ¥´¨¨ ¢
¢Ò¸µ±¨Ì ¤µ§ Ì. ‚ · ¡µÉ Ì [14, 34Ä36] ¨§ÊÎ ²µ¸Ó ¢²¨Ö´¨¥ µ¸É·ÒÌ ¨ Ì·µ-
´¨Î¥¸±¨Ì · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨° ¸ ¢Ò¸µ±¨³¨ Ê·µ¢´Ö³¨ ¤µ§ ¨ ³µÐ´µ¸É¥°
¤µ§ ´  ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì (¡¥¸-
¶µ·µ¤´ÒÌ ³ÒÏ¥°). �·¨ ¢Ò¡· ´´ÒÌ ·¥¦¨³ Ì µ¡²ÊÎ¥´¨Ö ±·¨É¨Î¥¸±µ° Ö¢²Ö¥É¸Ö
¸¨¸É¥³  Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨± . ‘µµÉ¢¥É¸É¢¥´´µ ¢ ³µ¤¥²Ó · ¤¨ Í¨µ´-
´µ° ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¢ ± Î¥¸É¢¥ ¸µ¸É ¢´ÒÌ Î ¸É¥° ¢µÏ²¨
³ É¥³ É¨Î¥¸± Ö ³µ¤¥²Ó ¤¨´ ³¨±¨ ¤ ´´µ° ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò [25, 26] ¨ ³µ-
¤¥²Ó · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ [14, 18] (¸³. ¶¶. 1.2
¨ 1.3). � ¤¨µÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ±²¥É± ³¨ ¸¨¸É¥³Ò Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î-
´¨±  Ö¢²ÖÕÉ¸Ö ¸¶µ¸µ¡´Ò¥ ± ¤¥²¥´¨Õ ±²¥É±¨-¶·¥¤Ï¥¸É¢¥´´¨±¨, ´ Ìµ¤ÖÐ¨-
¥¸Ö ¢ µ¸´µ¢ ´¨ÖÌ ±·¨¶É. �µÔÉµ³Ê ±²ÕÎ¥¢µ° ¶ · ³¥É· ³µ¤¥²¨ · ¤¨ Í¨µ´´µ°
¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì D̄0 ¡Ò² ¶µ²µ¦¥´ · ¢-
´Ò³ ¸·¥¤´¥³Ê §´ Î¥´¨Õ ¶µ± § É¥²Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ê± § ´´ÒÌ ¢ÒÏ¥
±²¥Éµ± Ê ³ÒÏ¥°.

‚ Ìµ¤¥ ¨¸¸²¥¤µ¢ ´¨Ö ³µ¤¥²¨ ¶ · ³¥É· D̄0 ¡Ò² Ë¨±¸¨·µ¢ ´. ‚ ·Ó¨·µ¢ ²¸Ö
¡¥§· §³¥·´Ò° ¶ · ³¥É· κ, ±µÉµ·Ò° Ì · ±É¥·¨§Ê¥É ¤¨¸¶¥·¸¨Õ V · ¸¶·¥¤¥²¥-
´¨Ö, µ¶¨¸Ò¢ ÕÐ¥£µ ¸²ÊÎ °´ÊÕ ¢¥²¨Î¨´Ê D0. ‚·¥³Ö ®³µ¤¥²Ó´µ£µ Ô±¸¶¥·¨-
³¥´É ¯ ¡Ò²µ ¢Ò¡· ´µ · ¢´Ò³ 12 ¸ÊÉ,   ¢µ§· ¸É ¦¨¢µÉ´ÒÌ ¢ ³µ³¥´É ´ Î ² 
· ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö ¸Î¨É ²¸Ö · ¢´Ò³ 100 ¸ÊÉ.

�¸É ´µ¢¨³¸Ö ´  ·¥§Ê²ÓÉ É Ì, ¶µ²ÊÎ¥´´ÒÌ ¶·¨ ¨³¨É Í¨¨ ¢ · ³± Ì ³µ-
¤¥²¨ ¢²¨Ö´¨Ö ¢Ò¸µ±µ¨´É¥´¸¨¢´µ£µ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ´  ¸³¥·É´µ¸ÉÓ
³ÒÏ¥°. �  ·¨¸. 5 ¨ 6 ¶·¨¢¥¤¥´Ò ¡¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨ SΣ(t). �´¨
µ¶¨¸Ò¢ ÕÉ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ³ÒÏ¥° ¸µµÉ¢¥É-
¸É¢¥´´µ ¸ ´µ·³ ²Ó´Ò³ ¨ ²µ£-´µ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ µ¸µ¡¥° ¶µ ¶ · -
³¥É·Ê D0. � ¸Î¥ÉÒ ¢Ò¶µ²´¥´Ò ¶·¨ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥-
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É·  κ ¨ ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ³µÐ´µ¸É¨ ¤µ§Ò N . �  ÔÉ¨Ì ¦¥ ·¨¸Ê´-
± Ì ¤ ´Ò ËÊ´±Í¨¨ S(t). �´¨ µ¶·¥¤¥²ÖÕÉ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ £µ³µ£¥´´µ°
¶µ¶Ê²ÖÍ¨¨ ³ÒÏ¥° ¶·¨ É¥Ì ¦¥ ·¥¦¨³ Ì · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨°. �¸µ¡¨
£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ Ì · ±É¥·¨§ÊÕÉ¸Ö ¶µ± § É¥²¥³ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨
±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ¸¨¸É¥³Ò Ô¶¨É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨± , · ¢´Ò³ ³ -
É¥³ É¨Î¥¸±µ³Ê µ¦¨¤ ´¨Õ D̄0 ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0, ±µÉµ· Ö µ¶¨¸Ò¢ ¥É
ÔÉµÉ ¶µ± § É¥²Ó Ê µ¸µ¡¥° · ¸¸³ É·¨¢ ¥³ÒÌ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨°. �É³¥-
É¨³, ÎÉµ ËÊ´±Í¨¨ S(t)  ¤¥±¢ É´µ ¢µ¸¶·µ¨§¢µ¤ÖÉ ¶·¥¤¸É ¢²¥´´Ò¥ ´  ÔÉ¨Ì ¦¥
·¨¸Ê´± Ì µ¶ÒÉ´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ´  ²¨´¥°´ÒÌ ³ÒÏ Ì [6].
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�¨¸. 5. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨
S(t) ¨ SΣ(t), µ¶¨¸Ò¢ ÕÐ¨¥ ¢¥·µ-
ÖÉ´µ¸ÉÓ ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ ³ÒÏ¥°
£µ³µ£¥´´µ° ¨ ´¥£µ³µ£¥´´µ° (´µ·-
³ ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥, κ = 0, 3)
¶µ¶Ê²ÖÍ¨° ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²Ê-
Î¥´¨¨ ¸ ³µÐ´µ¸ÉÖ³¨ ¤µ§ N = 0,5
(±·¨¢Ò¥ 1 ¨ 1′), 0,75 (±·¨¢Ò¥ 2 ¨ 2′),
1,5 ƒ·/¸ÊÉ (±·¨¢Ò¥ 3 ¨ 3′). ‡´ Î± ³¨
�, ×, + µÉ³¥Î¥´Ò ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ
¤¨´ ³¨±¥ ¸³¥·É´µ¸É¨ ²¨´¥°´ÒÌ ³Ò-
Ï¥° [6]. t Å ¢·¥³Ö µÉ ´ Î ²  µ¡²Ê-
Î¥´¨Ö
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�¨¸. 6. 	¨µ³¥É·¨Î¥¸±¨¥ ËÊ´±Í¨¨
S(t) ¨ SΣ(t), µ¶¨¸Ò¢ ÕÐ¨¥ ¢¥·µ-
ÖÉ´µ¸ÉÓ ¤²¨É¥²Ó´µ¸É¨ ¦¨§´¨ ³ÒÏ¥°
£µ³µ£¥´´µ° ¨ ´¥£µ³µ£¥´´µ° (²µ£-
´µ·³ ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥, κ = 1, 0)
¶µ¶Ê²ÖÍ¨° ¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥-
´¨¨ ¸ ³µÐ´µ¸ÉÖ³¨ ¤µ§ N = 0,2 (±·¨-
¢Ò¥ 1 ¨ 1′), 0,3 (±·¨¢Ò¥ 2 ¨ 2′),
0,5 ƒ·/¸ÊÉ (±·¨¢Ò¥ 3 ¨ 3′). × Å
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¤¨´ -
³¨±¥ ¸³¥·É´µ¸É¨ ²¨´¥°´ÒÌ ³ÒÏ¥°
¶·¨ Ì·µ´¨Î¥¸±µ³ µ¡²ÊÎ¥´¨¨ ¸ N =
0, 5 ƒ·/¸ÊÉ [6]; t Å ¢·¥³Ö µÉ ´ Î ² 
µ¡²ÊÎ¥´¨Ö

Š ± ¢¨¤´µ ¨§ ·¨¸. 5, 6 ¨ ± ± ¶µ± §Ò¢ ÕÉ · ¸Î¥ÉÒ, ¢Ò¶µ²´¥´´Ò¥ ¶·¨ ¤·Ê-
£¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·µ¢ κ ¨ N , ¶·¨ ¢¸¥Ì ¢Ò¡· ´´ÒÌ §´ Î¥´¨ÖÌ ³µÐ´µ¸É¨
¤µ§Ò N ³µ¤¥²Ó ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ (¸ ´µ·³ ²Ó´Ò³ ¨ ¸ ²µ£-
´µ·³ ²Ó´Ò³ É¨¶µ³ · ¸¶·¥¤¥²¥´¨Ö µ¸µ¡¥° ¶µ ¶ · ³¥É·Ê D0) ¶·µ£´µ§¨·Ê¥É
³¥´ÓÏÊÕ ¢Ò¦¨¢ ¥³µ¸ÉÓ µ¸µ¡¥°, Î¥³ ÔÉµ ¤¥³µ´¸É·¨·ÊÕÉ ¤ ´´Ò¥, ¶µ²ÊÎ¥´-
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´Ò¥ ´  ²¨´¥°´ÒÌ ¦¨¢µÉ´ÒÌ [6], ¨ Î¥³ ÔÉµ ¶·¥¤¸± §Ò¢ ¥É ³µ¤¥²Ó ¸³¥·É´µ¸É¨
£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨: SΣ(t) < S(t). �·¨ µ¤¨´ ±µ¢ÒÌ ³µÐ´µ¸ÉÖÌ ¤µ§ N
Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö · §²¨Î¨¥ ¢ ¶·µ£´µ§ Ì ¸³¥·É´µ¸É¨ ¤²Ö £µ³µ£¥´´µ°
¨ ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° É¥³ §´ Î¨É¥²Ó´¥¥, Î¥³ ¡µ²ÓÏ¥ ¶ · ³¥É· κ, É. e.
Î¥³ ¡µ²ÓÏ¥ ¤¨¸¶¥·¸¨Ö V · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´Ò D0. �·¨Î¥³
´ ¨¡µ²¥¥ ´ £²Ö¤´µ ÔÉµ · §²¨Î¨¥ ¶·µÖ¢²Ö¥É¸Ö, ±µ£¤  · ¸¶·¥¤¥²¥´¨¥ µ¸µ¡¥°
´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶µ ¶ · ³¥É·Ê D̄0 Ö¢²Ö¥É¸Ö ²µ£-´µ·³ ²Ó´Ò³ ¸ ¤µ¸É -
ÉµÎ´µ ¡µ²ÓÏ¨³ §´ Î¥´¨¥³ ¤¨¸¶¥·¸¨¨ V . ’ ±, ¶·¨ κ = 1, 5 ¡Ò²¨ ¶µ²ÊÎ¥´Ò
¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ. �µ¸²¥ 12 ¸ÊÉ ´¨§±µ¨´É¥´¸¨¢´µ£µ Ì·µ´¨Î¥¸±µ£µ µ¡-
²ÊÎ¥´¨Ö (N = 0, 1 ƒ·/¸ÊÉ) ¢ ¶µ¶Ê²ÖÍ¨¨ µ¸É ´¥É¸Ö 96,68 % µ¸µ¡¥°. �·¨Î¥³
µ¸´µ¢´µ° ¢±² ¤ ¢ ¶µ¶Ê²ÖÍ¨µ´´ÊÕ ¸³¥·É´µ¸ÉÓ ¤ ¤ÊÉ ¦¨¢µÉ´Ò¥ ´ ¨¡µ²¥¥ · -
¤¨µÎÊ¢¸É¢¨É¥²Ó´µ° ¸Ê¡¶µ¶Ê²ÖÍ¨¨, ¢ ±µÉµ·µ° ¢Ò¦¨¢ÊÉ Éµ²Ó±µ 7,7 %. �·¨
³¥´ÓÏ¥³ §´ Î¥´¨¨ ¤¨¸¶¥·¸¨¨ V (κ = 0, 15) ¢ ¶µ¶Ê²ÖÍ¨¨ µ¸É ´ÊÉ¸Ö ¦¨¢Ò³¨
¶µÎÉ¨ ¢¸¥ µ¸µ¡¨: 99,908 %. �ÉµÉ ·¥§Ê²ÓÉ É ¶µÎÉ¨ ´¥ µÉ²¨Î ¥É¸Ö µÉ ¶·µ£´µ§ 
¢Ò¦¨¢ ¥³µ¸É¨ ¤²Ö £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·¨ Ê± § ´´µ³ ·¥¦¨³¥ µ¡²ÊÎ¥´¨Ö:
99,910 %.

�´ ²¨§ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¶·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¤¥°¸É¢¨Ö µ¸É·µ£µ
µ¡²ÊÎ¥´¨Ö ´  £¨¡¥²Ó ³ÒÏ¥°, ¶µ§¢µ²¨² ¢ÒÖ¢¨ÉÓ ¸²¥¤ÊÕÐ¨¥ § ±µ´µ³¥·´µ¸É¨.
�·¨ µ¤¨´ ±µ¢µ° ¤µ§¥ µ¡²ÊÎ¥´¨Ö D · §²¨Î¨Ö ¢ ¶·µ£´µ§ Ì ¸³¥·É´µ¸É¨ ¤²Ö
´¥£µ³µ£¥´´µ° ¨ £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨° É¥³ ¸¨²Ó´¥¥ ¢Ò· ¦¥´Ò, Î¥³ ¡µ²ÓÏ¥
¶ · ³¥É· κ, É. ¥. Î¥³ ¡µ²ÓÏ¥ ¤¨¸¶¥·¸¨Ö V · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´µ° ¢¥²¨-
Î¨´Ò D0. Š ± ¨ ¢ · ¸¸³µÉ·¥´´µ³ ¢ÒÏ¥ ¸²ÊÎ ¥ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö, ¶·¨
µ¸É·µ³ µ¡²ÊÎ¥´¨¨ ´ ¨¡µ²¥¥ ¸¨²Ó´µ · §²¨Î¨¥ ¢ ¶·µ£´µ§ Ì ¶·µÖ¢²Ö¥É¸Ö, ±µ£¤ 
· ¸¶·¥¤¥²¥´¨¥ µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶µ ¶ · ³¥É·Ê D̄0 Ö¢²Ö¥É¸Ö
²µ£-´µ·³ ²Ó´Ò³ ¨ Ì · ±É¥·¨§Ê¥É¸Ö ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨³ §´ Î¥´¨¥³ ¤¨¸¶¥·-
¸¨¨ V . ’ ±, ¶·¨ κ = 1, 5 ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ. —¥·¥§
12 ¸ÊÉ ¶µ¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ¢ ´¥¢Ò¸µ±µ° ¤µ§¥ (D = 0, 5 ƒ·) ¢ ¶µ¶Ê²ÖÍ¨¨
µ¸É ´¥É¸Ö 97 % µ¸µ¡¥°. �·¨Î¥³ µ¸´µ¢´µ° ¢±² ¤ ¢ ¶µ¶Ê²ÖÍ¨µ´´ÊÕ ¸³¥·É´µ¸ÉÓ
¤ ¤ÊÉ ¦¨¢µÉ´Ò¥ ´ ¨¡µ²¥¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ° ¸Ê¡¶µ¶Ê²ÖÍ¨¨, ¢ ±µÉµ·µ° ¢Ò-
¦¨¢¥É Éµ²Ó±µ 37,88 %. �·¨ ³¥´ÓÏ¥³ §´ Î¥´¨¨ ¤¨¸¶¥·¸¨¨ V (κ = 0, 15) ¢
¶µ¶Ê²ÖÍ¨¨ µ¸É ´ÊÉ¸Ö ¦¨¢Ò³¨ ¶µÎÉ¨ ¢¸¥ µ¸µ¡¨: 99,98 %, ÎÉµ ¶· ±É¨Î¥¸±¨ ¸µ-
¢¶ ¤ ¥É ¸ ¶·µ£´µ§µ³ ¢Ò¦¨¢ ¥³µ¸É¨ ¤²Ö £µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶·¨ Ê± § ´´µ³
·¥¦¨³¥ µ¡²ÊÎ¥´¨Ö.

2.5. �·µ£´µ§¨·µ¢ ´¨¥ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²Ö-
Í¨° ³²¥±µ¶¨É ÕÐ¨Ì. ‚ [14, 33Ä38] · §· ¡µÉ ´Ò ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨, ±µ-
Éµ·Ò¥ µ¶¨¸Ò¢ ÕÉ ¤¨´ ³¨±Ê ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´ÒÌ (¶µ · ¤¨µÎÊ¢¸É¢¨É¥²Ó-
´µ¸É¨) ¶µ¶Ê²ÖÍ¨° µ¡²ÊÎ¥´´ÒÌ ³²¥±µ¶¨É ÕÐ¨Ì, ¨¸Ìµ¤Ö ¨§ ¤¨´ ³¨±¨ · ¤¨ Í¨-
µ´´ÒÌ ¶µ¢·¥¦¤¥´¨° ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³ µ·£ ´¨§³  µ¸µ¡¥° ÔÉ¨Ì ¶µ¶Ê²ÖÍ¨°. ‚
³µ¤¥²ÖÌ Ê¸É ´µ¢²¥´  ¸¢Ö§Ó ¸É É¨¸É¨Î¥¸±¨Ì ¡¨µ³¥É·¨Î¥¸±¨Ì ËÊ´±Í¨° ¸µ ¸É -
É¨¸É¨Î¥¸±¨³¨ ¨ ¤¨´ ³¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³ µ·£ -
´¨§³ . �·¨ ¶µ¸É·µ¥´¨¨ ³µ¤¥²¥° ¡Ò²  ÊÎÉ¥´  ¢ ·¨ ¡¥²Ó´µ¸ÉÓ ¨´¤¨¢¨¤Ê ²Ó´µ°
· ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ±·¨É¨Î¥-
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¸±µ° ¸¨¸É¥³Ò. �·¨ µ¶¨¸ ´¨¨ · ¸¶·¥¤¥²¥´¨Ö µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨
¶µ Ê± § ´´µ³Ê ¶µ± § É¥²Õ ¨¸¶µ²Ó§µ¢ ´Ò ¤¢  ´ ¨¡µ²¥¥ Î ¸Éµ ¢¸É·¥Î ÕÐ¨Ì¸Ö ¢
¡¨µ²µ£¨¨ É¨¶  · ¸¶·¥¤¥²¥´¨Ö Å ´µ·³ ²Ó´µ¥ (£ Ê¸¸µ¢¸±µ¥) ¨ ²µ£-´µ·³ ²Ó´µ¥.

‘É·Ê±ÉÊ·  ³µ¤¥²¥° · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨°
µÉ· ¦ ¥É ·¥ ²Ó´µ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ê·µ¢´¨ ¶·µÖ¢²¥´¨Ö ´¥¡² £µ¶·¨ÖÉ´µ£µ ¢µ§-
¤¥°¸É¢¨Ö µ¡²ÊÎ¥´¨Ö ´  ³²¥±µ¶¨É ÕÐ¨Ì. �·¥¦¤¥ ¢¸¥£µ, ÔÉµ Ê·µ¢¥´Ó ±·¨É¨-
Î¥¸±µ° ¸¨¸É¥³Ò, · ¤¨ Í¨µ´´µ¥ ¶µ· ¦¥´¨¥ ±µÉµ·µ° µ¶·¥¤¥²Ö¥É¸Ö, ¢ §´ Î¨-
É¥²Ó´µ° ³¥·¥, · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ¸µ¸É ¢²ÖÕÐ¨Ì ¥¥ ±²¥Éµ±. ‘²¥¤ÊÕÐ¨°
Ê·µ¢¥´Ó Å ÔÉµ Ê·µ¢¥´Ó µÉ¤¥²Ó´µ£µ µ·£ ´¨§³ . ‡¤¥¸Ó ¢¥·µÖÉ´Ò° ¨¸Ìµ¤ ¤¥°-
¸É¢¨Ö µ¡²ÊÎ¥´¨Ö § ¢¨¸¨É, £² ¢´Ò³ µ¡· §µ³, µÉ ¸É¥¶¥´¨ · ¤¨ Í¨µ´´µ£µ ¶µ· -
¦¥´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò ¨, ¸²¥¤µ¢ É¥²Ó´µ, µÉ ¶·¨¸ÊÐ¥°
±µ´±·¥É´µ³Ê ¨´¤¨¢¨¤ÊÊ³Ê · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ± ÔÉµ° ¸¨¸É¥³Ò. ˆ,
´ ±µ´¥Í, ÔÉµ Ê·µ¢¥´Ó ¶µ¶Ê²ÖÍ¨¨, ¢±²ÕÎ ÕÐ¥° µ¸µ¡¥° ¸ · §²¨Î´µ° ¨´¤¨¢¨¤Ê-
 ²Ó´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ±²¥Éµ± ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³. ’ ±¨³ µ¡· §µ³,
· §· ¡µÉ ´´Ò¥ ³µ¤¥²¨ Ö¢²ÖÕÉ¸Ö, ¶µ ¸ÊÐ¥¸É¢Ê, ³ É¥³ É¨Î¥¸±¨³ µ¶¨¸ ´¨¥³
¶·¨Î¨´´µ-¸²¥¤¸É¢¥´´ÒÌ ¸¢Ö§¥°, ¸±² ¤Ò¢ ÕÐ¨Ì¸Ö ¢ Ìµ¤¥ · ¤¨ Í¨µ´´µ£µ ¶µ-
· ¦¥´¨Ö ³²¥±µ¶¨É ÕÐ¨Ì.

‚ ± Î¥¸É¢¥ µ¡Ñ¥±É  ³µ¤¥²¨·µ¢ ´¨Ö ¢ [14, 33Ä38] ¡Ò²¨ ¢Ò¡· ´Ò ³¥²-
±¨¥ ² ¡µ· Éµ·´Ò¥ ¦¨¢µÉ´Ò¥ Å ³ÒÏ¨. ˆ³¨É¨·µ¢ ²¨¸Ó · §²¨Î´Ò¥ ·¥¦¨³Ò
· ¤¨ Í¨µ´´µ£µ ¢µ§¤¥°¸É¢¨Ö: ¶·µ²µ´£¨·µ¢ ´´µ¥ µ¡²ÊÎ¥´¨¥ ¸ ´¨§±¨³¨ ³µÐ-
´µ¸ÉÖ³¨ ¤µ§, ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ±µÉµ·µ£µ ¸µ¨§³¥·¨³  ¸ ³ ±¸¨³ ²Ó´Ò³ ¢·¥-
³¥´¥³ ¦¨§´¨ ¨´É ±É´ÒÌ ¦¨¢µÉ´ÒÌ, ¨ µ¡²ÊÎ¥´¨¥ ¢ µÎ¥´Ó ¢Ò¸µ±¨Ì ¤µ§ Ì ¶·¨
¨³¶Ê²Ó¸´µ° ¨²¨ ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ±·¨É¨Î¥¸±µ° ¸Î¨É -
² ¸Ó ¸¨¸É¥³  ±µ¸É´µ-³µ§£µ¢µ£µ É·µ³¡µÍ¨Éµ¶µÔ§ , ¢µ ¢Éµ·µ³ Å ¸¨¸É¥³  Ô¶¨-
É¥²¨Ö Éµ´±µ£µ ±¨Ï¥Î´¨± . —¨¸²µ ËÊ´±Í¨µ´ ²Ó´ÒÌ Ô²¥³¥´Éµ¢ ÔÉ¨Ì ¸¨¸É¥³ Å
±·µ¢Ö´ÒÌ ¶² ¸É¨´µ± ¨ ±²¥Éµ± ¢µ·¸¨´µ± Å µ¶·¥¤¥²Ö²µ¸Ó ¨§ ·¥Ï¥´¨Ö ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨Ì ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥°.

‚ · ³± Ì ³µ¤¥²¥° ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ¨¸¸²¥¤µ¢ ´  § ¢¨¸¨³µ¸ÉÓ ¤¨-
´ ³¨±¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ± ± µÉ É¨¶  · ¸¶·¥¤¥²¥´¨Ö ¥¥ µ¸µ¡¥° ¶µ ¶µ-
± § É¥²Õ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ±·¨É¨Î¥¸±¨Ì ¸¨-
¸É¥³, É ± ¨ µÉ ¢¥²¨Î¨´Ò ¢ ¦´¥°Ï¥£µ ¶ · ³¥É·  · ¸¶·¥¤¥²¥´¨° Å ¤¨¸¶¥·¸¨¨.
�µ²ÊÎ¥´´Ò¥ ¢ [14, 33Ä38] ·¥§Ê²ÓÉ ÉÒ ¶µ§¢µ²¨²¨  ¢Éµ· ³ ÔÉ¨Ì · ¡µÉ ¸¤¥² ÉÓ
¸²¥¤ÊÕÐ¨¥ ¢Ò¢µ¤Ò. Œµ¤¥²¨ ¤¨´ ³¨±¨ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ¶·µ£´µ§¨-
·ÊÕÉ ¡µ²¥¥ ¢Ò¸µ±¨¥ É¥³¶Ò · ¤¨ Í¨µ´´µ° £¨¡¥²¨ µ¸µ¡¥° ¨ ¡µ²¥¥ ´¨§±ÊÕ
¢Ò¦¨¢ ¥³µ¸ÉÓ, Î¥³ ³µ¦´µ ¡Ò²µ ¡Ò ¶·¥¤¸± § ÉÓ, ¨¸Ìµ¤Ö Éµ²Ó±µ ¨§ Ê¸·¥¤´¥´-
´ÒÌ §´ Î¥´¨° ¶µ± § É¥²Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³. � §²¨Î¨Ö ¢ ¶·µ£´µ§ Ì ¶·µÖ¢²ÖÕÉ¸Ö
¢ ¡µ²ÓÏ¥° ³¥·¥ ¶·¨ ¡µ²ÓÏ¥³ · §¡·µ¸¥ §´ Î¥´¨° ¶µ± § É¥²Ö ¨´¤¨¢¨¤Ê ²Ó-
´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ±·¨É¨Î¥¸±µ° ¸¨¸É¥³Ò
Ê µ¸µ¡¥° ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨°. �·¨Î¥³ ÔÉ¨ · §²¨Î¨Ö ´ ¨¡µ²¥¥ §´ Î¨-
É¥²Ó´Ò, ±µ£¤  · ¸¶·¥¤¥²¥´¨¥ µ¸µ¡¥° ´¥£µ³µ£¥´´µ° ¶µ¶Ê²ÖÍ¨¨ Ö¢²Ö¥É¸Ö ²µ£-
´µ·³ ²Ó´Ò³ ¨ Ì · ±É¥·¨§Ê¥É¸Ö ¡µ²ÓÏ¨³ §´ Î¥´¨¥³ ¤¨¸¶¥·¸¨¨. ‚ ¸¢µÕ µÎ¥-
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·¥¤Ó, Ê·µ¢¥´Ó ¤µ§ ¨ ³µÐ´µ¸É¥° ¤µ§ µ¸É·ÒÌ ¨ Ì·µ´¨Î¥¸±¨Ì · ¤¨ Í¨µ´´ÒÌ
¢µ§¤¥°¸É¢¨°, ¶·¥¤¸É ¢²ÖÕÐ¨Ì ¤²Ö ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ³²¥±µ¶¨É ÕÐ¨Ì
µ¶·¥¤¥²¥´´ÊÕ µ¶ ¸´µ¸ÉÓ, É¥³ ´¨¦¥, Î¥³ ¡µ²ÓÏ¥ · §¡·µ¸ §´ Î¥´¨° ¶µ± § É¥²Ö
¨´¤¨¢¨¤Ê ²Ó´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±-¶·¥¤Ï¥¸É¢¥´´¨±µ¢ ±·¨É¨Î¥-
¸±¨Ì ¸¨¸É¥³ µ·£ ´¨§³  Ê µ¸µ¡¥° ÔÉ¨Ì ¶µ¶Ê²ÖÍ¨°. �·¨Î¥³ ¤²Ö ³²¥±µ¶¨É Õ-
Ð¨Ì, Ê ±µÉµ·ÒÌ ±²¥É±¨ ±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³ ¶·µÖ¢²ÖÕÉ £¨¶¥·· ¤¨µÎÊ¢¸É¢¨-
É¥²Ó´µ¸ÉÓ, ¤ ¦¥ ¸² ¡Ò¥ · ¤¨ Í¨µ´´Ò¥ ¢µ§¤¥°¸É¢¨Ö ³µ£ÊÉ ¨³¥ÉÓ Ë É ²Ó´Ò¥
¶µ¸²¥¤¸É¢¨Ö.

’¥³ ¸ ³Ò³ ¢ · ¡µÉ Ì [14, 33Ä38] ¡Ò²  ¶·µ¤¥³µ´¸É·¨·µ¢ ´  ¢ ¦´µ¸ÉÓ
ÊÎ¥É  ¢ ·¨ ¡¥²Ó´µ¸É¨ ¨´¤¨¢¨¤Ê ²Ó´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¶·¨ ¶·µ£´µ§¨-
·µ¢ ´¨¨ ÔËË¥±Éµ¢ ¸² ¡ÒÌ · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨° ´  ¤¨´ ³¨±Ê ¸³¥·É´µ-
¸É¨ ´¥£µ³µ£¥´´ÒÌ ¶µ¶Ê²ÖÍ¨° ³²¥±µ¶¨É ÕÐ¨Ì. �É¨ ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ -
´¨Ö ¨³¥ÕÉ ¡µ²ÓÏµ¥ É¥µ·¥É¨Î¥¸±µ¥ ¨ ¶· ±É¨Î¥¸±µ¥ §´ Î¥´¨¥. �´¨ Ê± §Ò¢ ÕÉ
´µ¢Ò¥ ¶ÊÉ¨ ¢ · §¢¨É¨¨ ³¥Éµ¤µ¢ µÍ¥´±¨ · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¨ ¢ ¸É· É¥£¨¨
µ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨.

3. ��ƒ�“‡�—�›… Œ�„…‹ˆ ��„ˆ�–ˆ����ƒ� �ˆ‘Š�

3.1. Œ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ¸É¨ ¨ µÍ¥´±  ·¨¸± .
‚ ÔÉµ³ · §¤¥²¥ ¶·¥¤¸É ¢²¥´Ò ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨ · ¤¨ Í¨µ´´µ° ¸³¥·É´µ-
¸É¨, ±µÉµ·Ò¥ ¡Ò²¨ · §· ¡µÉ ´Ò ¤²Ö ´µ·³¨·µ¢ ´¨Ö · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¶·¨
¤²¨É¥²Ó´ÒÌ ±µ¸³¨Î¥¸±¨Ì ¶µ²¥É Ì ¨ ¤²Ö ¸É ´¤ ·É¨§ Í¨¨ ³¥Éµ¤  ¥£µ µÍ¥´±¨
[41Ä45]. � ´¥¥, ´ Î¨´ Ö ¸ 1976 £., ¤²Ö ÊÎ¥É  ¢¥·µÖÉ´µ¸É´µ£µ Ì · ±É¥·  ¶·µ-
Éµ´´ÒÌ ¸µ²´¥Î´ÒÌ ¢¸¶ÒÏ¥± ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨
±µ¸³¨Î¥¸±¨Ì ¶µ²¥Éµ¢ ¨¸¶µ²Ó§µ¢ ²¨ ¢¥·µÖÉ´µ¸ÉÓ ¶·¥¢ÒÏ¥´¨Ö ´µ·³ É¨¢´µ£µ
§´ Î¥´¨Ö ¤µ§Ò µ¶· ¢¤ ´´µ£µ ·¨¸±  [46].

�¸´µ¢ ´¨¥³ ¤²Ö · §· ¡µÉ±¨ ÔÉµ° ³µ¤¥²¨ ¶µ¸²Ê¦¨²¨ ³ É¥·¨ ²Ò ¤µ±² ¤ 
´  ƒ¥´¥· ²Ó´µ° �¸¸ ³¡²¥¥ ¢ 1982 £. � ÊÎ´µ£µ ±µ³¨É¥É  ��� ¶µ ¤¥°¸É¢¨Õ
 Éµ³´µ° · ¤¨ Í¨¨ ®ˆµ´¨§¨·ÊÕÐ¥¥ ¨§²ÊÎ¥´¨¥: ¨¸ÉµÎ´¨±¨ ¨ ¡¨µ²µ£¨Î¥¸±¨¥
ÔËË¥±ÉÒ¯ (¤µ±² ¤ �Š„��) [24], ¢ ±µÉµ·µ³ µ¡µ¡Ð¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ µ ¢Ò¦¨¢ ¥³µ¸É¨ ¦¨¢µÉ´ÒÌ ¶·¨ · §²¨Î´ÒÌ ¢·¥³¥´´ÒÌ ·¥¦¨³ Ì µ¡²Ê-
Î¥´¨Ö, µ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ³µ¤¨Ë¨± Í¨¨ ±·¨¢µ° ¢µ§· ¸É´µ° § ¢¨¸¨³µ¸É¨ ¨´-
É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨ (‚‡ˆ‘) ¨ ¸µ±· Ð¥´¨¨ ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨,  
É ±¦¥ ¢ÒÖ¢²¥´´Ò¥ ¶·¨ ÔÉµ³ § ±µ´µ³¥·´µ¸É¨.

Œµ¤¥²Ó, ±µÉµ·ÊÕ ¡Ê¤¥³ ¤ ²¥¥ ´ §Ò¢ ÉÓ ®´ £·Ê§µÎ´µ°¯, ´¥ Ö¢²Ö¥É¸Ö ¸¶¥-
Í¨Ë¨Î¥¸±¨ · ¤¨ Í¨µ´´µ°, ¨ ¶µÔÉµ³Ê µ´ , ´  ´ Ï ¢§£²Ö¤, § ¸²Ê¦¨¢ ¥É ¢´¨-
³ ´¨Ö ¢ ¸¢Ö§¨ ¸  ±ÉÊ ²Ó´µ¸ÉÓÕ ¸µ¶µ¸É ¢²¥´¨Ö ·¨¸±µ¢, µ¡Ê¸²µ¢²¥´´ÒÌ Ì¨³¨-
Î¥¸±¨³¨ ¢¥Ð¥¸É¢ ³¨ ¨ Ë¨§¨Î¥¸±¨³¨ Ë ±Éµ· ³¨, ¶·¨¸ÊÉ¸É¢ÊÕÐ¨³¨ ¢ µ±·Ê-
¦ ÕÐ¥° ¸·¥¤¥ [47],   É ±¦¥ ¢ ¸¢Ö§¨ ¸ § ¤ Î¥° ÔËË¥±É¨¢´µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö
µÉ¥Î¥¸É¢¥´´ÒÌ ¡ ´±µ¢ ³¥¤¨±µ-¤µ§¨³¥É·¨Î¥¸±¨Ì ¤ ´´ÒÌ ¢ ¨´É¥·¥¸ Ì ·¥£Ê²¨·µ-
¢ ´¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨. ˆ³¥¥É¸Ö ¢ ¢¨¤Ê, ÎÉµ ÔÉ  ¦¥ ³µ¤¥²Ó ¤µ²¦´ 
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¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¢ Ê± § ´´ÒÌ Í¥²ÖÌ ± ± ¨´¸É·Ê³¥´É Ô±¸É· ¶µ²ÖÍ¨¨ · ¤¨µ¡¨µ-
²µ£¨Î¥¸±¨Ì ¤ ´´ÒÌ µÉ ¦¨¢µÉ´ÒÌ ± Î¥²µ¢¥±Ê.

�¥£Ê²¨·µ¢ ´¨¥ · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö, ± ± ¨§¢¥¸É´µ,
´  Ê·µ¢´¥ ®³ ²ÒÌ ¤µ§¯, µ¶ ¸´µ¸ÉÓ ±µÉµ·ÒÌ, ± ± ¶µ² £ ÕÉ, § ±²ÕÎ ¥É¸Ö ¢ ´¥-
¡µ²ÓÏµ° ¢¥·µÖÉ´µ¸É¨ ¢µ§´¨±´µ¢¥´¨Ö µÉ¤ ²¥´´ÒÌ, ´¥¸¶¥Í¨Ë¨Î¥¸±¨Ì ÔËË¥±-
Éµ¢. �µÔÉµ³Ê É·¥¡ÊÕÉ¸Ö ´ ¡²Õ¤¥´¨Ö (Ô¶¨¤¥³¨µ²µ£¨Î¥¸±¨¥ ¨²¨ · ¤¨µ¡¨µ²µ-
£¨Î¥¸±¨¥) ´ ¤ ¡µ²ÓÏ¨³ Î¨¸²µ³ µ¸µ¡¥°. …¸²¨ ´¥ ¨³¥ÉÓ ¢ ¢¨¤Ê ¢¶µ²´¥ µ¶·¥-
¤¥²e´´Ò¥ ÔËË¥±ÉÒ, ± ±, ´ ¶·¨³¥·, ¸³¥·É¥²Ó´Ò¥ · ±¨,   · ¸¸³ É·¨¢ ÉÓ ¨§³¥-
´¥´¨¥ ‚‡ˆ‘ ¶µ ¢¸¥³ ¶·¨Î¨´ ³, Éµ Î¨¸²µ ´ ¡²Õ¤ ¥³ÒÌ µ¸µ¡¥° ¤µ²¦´µ ¸µ-
¸É ¢²ÖÉÓ µÉ ´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ±µ¢ ÉÒ¸ÖÎ ¢ ¸²ÊÎ ¥ Ô±¸¶¥·¨³¥´Éµ¢ ´  ¦¨¢µÉ´ÒÌ
¨ ¤µ ´¥¸±µ²Ó±¨Ì ³¨²²¨µ´µ¢ ¢ ¸²ÊÎ ¥  ´ ²¨§  ¤¥³µ£· Ë¨Î¥¸±¨Ì ¤ ´´ÒÌ. „²Ö
 ´ ²¨§  ·¥§Ê²ÓÉ Éµ¢ É ±¨Ì ´ ¡²Õ¤¥´¨° ´¥µ¡Ìµ¤¨³Ò ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥-
²¨ ‚‡ˆ‘.

�·¨ ÔÉµ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  ¶·µ¡²¥³ É¨Î´Ò³ Ê¸É ´µ¢¨ÉÓ ¶·Ö³ÊÕ ±µ-
²¨Î¥¸É¢¥´´ÊÕ § ¢¨¸¨³µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ £¨¡¥²¨ ¨´¤¨¢¨¤ÊÊ³  µÉ ¶µ± § É¥²¥°
¸µ¸ÉµÖ´¨Ö ¸¨¸É¥³ ¨ É± ´¥° µ·£ ´¨§³  ¶µ¤ ¤¥°¸É¢¨¥³ ´¥¡² £µ¶·¨ÖÉ´ÒÌ Ô±µ²µ-
£¨Î¥¸±¨Ì Ë ±Éµ·µ¢ ´  Ê·µ¢´¥ ¤µ¶Ê¸É¨³µ£µ ¶µ ¸µ¢·¥³¥´´Ò³ ´µ·³ ³. �µÔÉµ³Ê
³¥Éµ¤µ²µ£¨Ö ±µ²¨Î¥¸É¢¥´´µ£µ  ´ ²¨§  ·¥§Ê²ÓÉ Éµ¢ ¸ ´¥¨§¡¥¦´µ¸ÉÓÕ ¤µ²¦´ 
¸µ¤¥·¦ ÉÓ ¢ ¸¥¡¥ ¸¢Ö§Ó ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥° ‚‡ˆ‘ ¸ ³ É¥³ É¨Î¥¸±¨³¨
³µ¤¥²Ö³¨, ¢ Î ¸É´µ¸É¨, · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ÔËË¥±Éµ¢. �·¨Î¥³ É ±ÊÕ ¸¢Ö§Ó,
±µÉµ· Ö ¶µ ¸¢µ¥° Ëµ·³¥ ¡Ò²  ¡Ò ´¥¸¶¥Í¨Ë¨Î¥¸±µ° ¶µ µÉ´µÏ¥´¨Õ ± ¨µ´¨§¨-
·ÊÕÐ¥³Ê ¨§²ÊÎ¥´¨Õ. �ÉÊ ¸¢Ö§Ó ¢ ¸µ¸ÉµÖ´¨¨ µ¸ÊÐ¥¸É¢¨ÉÓ ¨¸¶µ²Ó§Ê¥³ Ö ´ ³¨
¢¸¶µ³µ£ É¥²Ó´ Ö ËÊ´±Í¨Ö Å ¨´É¥´¸¨¢´µ¸ÉÓ ´ £·Ê§±¨.

3.2. � §µ¢ Ö ´ £·Ê§µÎ´ Ö ³µ¤¥²Ó. ˆ¸Ìµ¤´µ° ¢¥²¨Î¨´µ°, Î¥·¥§ ±µÉµ·ÊÕ
µ¶·¥¤¥²ÖÕÉ · ¤¨ Í¨µ´´Ò° ·¨¸± ¨ ¸µ±· Ð¥´¨¥ ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨,
Ö¢²Ö¥É¸Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¸³¥·É´µ¸É¨ (ˆ‘) Å µ(t). �µÔÉµ³Ê ¶·¨ · §· ¡µÉ±¥
¨§² £ ¥³µ° ³µ¤¥²¨ ¸É ¢¨² ¸Ó Í¥²Ó, ÎÉµ¡Ò ¢ µÉ¸ÊÉ¸É¢¨¥ µ¡²ÊÎ¥´¨Ö ³µ¤¥²Ó ¢µ¸-
¶·µ¨§¢µ¤¨²  Ì · ±É¥·´ÊÕ ¤²Ö ¢§·µ¸²ÒÌ Ô±¸¶µ´¥´Í¨ ²Ó´ÊÕ ¢µ§· ¸É´ÊÕ § ¢¨-
¸¨³µ¸ÉÓ ˆ‘, ¨³¥´Ê¥³ÊÕ § ±µ´µ³ ƒµ³¶¥·Í  [7]:

µ(t) = µ(t0) eγ0(t−t0). (3.1)

‚ · ¡µÉ¥ [48], ´ ¶·¨³¥·, · ¸¸³µÉ·¥´µ ³´µ£µ ³µ¤¥²¥° ¸³¥·É´µ¸É¨, ±µ-
Éµ·Ò¥ ¢µ¸¶·µ¨§¢µ¤ÖÉ § ±µ´ ƒµ³¶¥·Í , µ¤´ ±µ ¢ ´¨Ì ´¥ ¸É ¢¨² ¸Ó Í¥²Ó ¸³µ-
¤¥²¨·µ¢ ÉÓ ¢²¨Ö´¨¥ § £·Ö§´¥´¨Ö µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ´  ¢µ§· ¸É´ÊÕ § ¢¨¸¨-
³µ¸ÉÓ ˆ‘.

�¡Ð¥¶·¨§´ ´´ Ö ËÊ´¤ ³¥´É ²Ó´µ¸ÉÓ Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ (¨²¨ ¶µÎÉ¨ Ô±¸-
¶µ´¥´Í¨ ²Ó´µ£µ) ·µ¸É  ˆ‘ ¢ §·¥²µ³ ¢µ§· ¸É¥, Ì · ±É¥·´µ£µ ¤²Ö ¢¸¥Ì ¦¨¢µÉ-
´ÒÌ (· §Ê³¥¥É¸Ö, ¸µ ¸¢µ¨³¨ §´ Î¥´¨Ö³¨ γ0), ¤¥² ¥É Í¥²¥¸µµ¡· §´Ò³  ´ ²¨§
´ ±²µ´  £· Ë¨±  µ(t) ¢ ²µ£ ·¨Ë³¨Î¥¸±µ³ ³ ¸ÏÉ ¡¥, É. ¥.  ´ ²¨§ ¢¥²¨Î¨´Ò

γ(t) =
d

dt
ln µ(t), (3.2)
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¨ ¤¨±ÉÊ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ ³µ¤¥²¨·µ¢ ´¨Ö ¨³¥´´µ ¥¥ § ¢¨¸¨³µ¸É¨ µÉ ¢µ§¤¥°-
¸É¢¨Ö ¢·¥¤´ÒÌ Ë ±Éµ·µ¢ ´  µ·£ ´¨§³ Î¥²µ¢¥± .

‚ ¶·¥¤²µ¦¥´´µ° [45] ³µ¤¥²¨ ¶·¨´ÖÉµ, ÎÉµ ¤²Ö ¸² ¡ÒÌ ¢µ§¤¥°¸É¢¨°

γ(t) = γ0
h(t)
h0

, (3.3)

£¤¥ h(t) ´ §¢ ´  ¨´É¥´¸¨¢´µ¸ÉÓÕ ´ £·Ê§±¨ (¤ ²¥¥ ¤²Ö ±· É±µ¸É¨ ¡Ê¤¥³ ´ §Ò-
¢ ÉÓ ´ £·Ê§±µ°) ´  µ·£ ´¨§³. „²Ö ´ Î ²  ÔÉµ ´¥ ¡µ²¥¥ Î¥³ § ³¥´  µ¡µ§´ Î¥´¨Ö
γ(t) ´  ¤·Ê£µ¥ Å h(t). �µ ¨ µ´µ ¸µ¤¥·¦¨É É¥³ ´¥ ³¥´¥¥ ¢¶µ²´¥ µ¶·¥¤¥²¥´-
´Ò¥ ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö. ’ ±, ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h0 ¸µµÉ¢¥É¸É¢Ê¥É
Ô±¸¶µ´¥´Í¨ ²Ó´Ò° ·µ¸É µ(t) ¸ ¶µ± § É¥²¥³ γ0.

…¸²¨ ¶µ¸ÉµÖ´´ Ö ´ £·Ê§±  h0 Ê¢¥²¨Î¨¢ ¥É¸Ö ´  ∆h(t), Éµ

µ(t, ∆h) = µ(t1) exp


γ0(t − t1) + γ0

t∫
t1

∆h(t′)
h0

dt′


, (3.4)

É. ¥. µ(t) Ê¢¥²¨Î¨¢ ¥É¸Ö ´  ³´µ¦¨É¥²Ó exp


γ0

t∫
t1

∆h(t′)
h0

dt′


, ±µÉµ·Ò° ¨´É¥-

£·¨·Ê¥É, ± ± ¢¨¤´µ, ¶·¥¤Ò¸Éµ·¨Õ ´¥¡² £µ¶·¨ÖÉ´µ£µ ¢µ§¤¥°¸É¢¨Ö. �·¥¤¶µ² -
£ ¥É¸Ö, ÎÉµ ¢ÒÖ¢²ÖÉÓ ¨  ´ ²¨§¨·µ¢ ÉÓ § ¢¨¸¨³µ¸ÉÓ ¤µ¶µ²´¨É¥²Ó´µ° ´ £·Ê§±¨
∆h(t) µÉ ¢µ§¤¥°¸É¢¨Ö ¢·¥¤´ÒÌ Ë ±Éµ·µ¢ ²¥£Î¥, Î¥³ ¨§³¥´¥´¨Ö µ(t) ´  Ëµ´¥
¢µ§· ¸É´µ£µ Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ ·µ¸É .

� ¶·¨³¥·, ¶·¨´¨³ Ö, ÎÉµ ¢ ¸²ÊÎ ¥ Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ¸ ´¥¡µ²Ó-
Ïµ° ³µÐ´µ¸ÉÓÕ ¤µ§Ò ´ £·Ê§±  ¶·µ¶µ·Í¨µ´ ²Ó´  ³µÐ´µ¸É¨ ¤µ§Ò, ¶µ²ÊÎ ¥³
¨§¢¥¸É´µ¥ ¨§ Ô±¸¶¥·¨³¥´Éµ¢ [24] Ê¢¥²¨Î¥´¨¥ ¶µ± § É¥²Ö Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ
·µ¸É  ‚‡ˆ‘:

γ = γ0 + kr
dD

dt
.

‡¤¥¸Ó kr Å ±µÔËË¨Í¨¥´É · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¢ ¥£µ É· ¤¨Í¨µ´´µ³ ¶µ´¨³ -
´¨¨ [1, 49Ä51]:

µr/µ = ekrD ≈ 1 + krD. (3.5)

ˆ§ ¸É·Ê±ÉÊ·Ò ³µ¤¥²¨ ¢¨¤´µ, ÎÉµ ¶·µ¸É¥°Ï¥¥ ¶·¥¤¶µ²µ¦¥´¨¥ µ¡  ¤¤¨É¨¢-
´µ¸É¨ ³ ²ÒÌ ¤µ¶µ²´¨É¥²Ó´ÒÌ ´ £·Ê§µ±, É. ¥. Ê¸²µ¢¨¥ ∆h =

∑
j

∆hj , ´ Î¨´ Ö ¸

µ¶·¥¤¥²e´´µ£µ Ê·µ¢´Ö, ¶·¨¢µ¤¨É ± ´¥ ¤¤¨É¨¢´µ¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì∆µj(t).
ˆ´ Î¥ £µ¢µ·Ö, ¨¸Ìµ¤Ö ¨§ ³µ¤¥²¨, ³µ¦´µ µ¦¨¤ ÉÓ ´¥ ¤¤¨É¨¢´µ¥ Ê¢¥²¨Î¥´¨¥ ¨´-
É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨ µÉ ¸µ¢³¥¸É´µ£µ ¤¥°¸É¢¨Ö ´¥¸±µ²Ó±¨Ì ¢·¥¤´ÒÌ Ë ±Éµ-
·µ¢ ¡¥§ ¸¨´¥·£¨§³  ¢ ¸³Ò¸²¥ ¢§ ¨³´µ£µ Ê¸¨²¥´¨Ö ÔËË¥±Éµ¢ ´  ¡¨µË¨§¨Î¥¸±µ³
¨²¨ ¡¨µÌ¨³¨Î¥¸±µ³ Ê·µ¢´ÖÌ. ’ ±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¤¥°¸É¢¨É¥²Ó´µ ³µ¦¥É
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¶·µ¨¸Ìµ¤¨ÉÓ, ¥¸²¨, ´ ¶·¨³¥·, ¢·¥¤´Ò¥ Ë ±Éµ·Ò ¢µ§¤¥°¸É¢ÊÕÉ ´  · §²¨Î´Ò¥
É± ´¨, µ·£ ´Ò ¨²¨ ¸¨¸É¥³Ò µ·£ ´¨§³ , ¶µ¸²¥¤ÊÕÐ¥¥ ´µ·³ ²Ó´µ¥ ËÊ´±Í¨µ-
´ ²Ó´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ±µÉµ·ÒÌ ± ± · § ¨ µ¡Ê¸²µ¢²¨¢ ¥É ´ ¡²Õ¤ ¥³ÊÕ ± ·-
É¨´Ê Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ ·µ¸É  ˆ‘.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶µ´ÖÉ¨Ö ¤µ¶µ²´¨É¥²Ó´µ° ´ £·Ê§±¨ ¤¥² ¥É ²µ£¨Î´Ò³ ¨¸-
¶µ²Ó§µ¢ ´¨¥ É ±¦¥ ¢¥²¨Î¨´Ò

∆t(t1, t) =

t∫
t1

∆h(t′)
h0

dt′, (3.6)

±µÉµ·ÊÕ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ · §³¥·´µ¸ÉÓÕ Ê³¥¸É´µ ´ §¢ ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò³ ¸É -
·¥´¨¥³. ‚ ÔÉµ³ ¸²ÊÎ ¥ ·¥§Ê²ÓÉ É ¢µ§¤¥°¸É¢¨Ö ´¥±µÉµ·µ£µ Ë ±Éµ· , ´ ¶·¨³¥·
¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö, Ëµ·³ ²Ó´µ § ¶¨¸Ò¢ ¥É¸Ö ± ±

µr(t) = µ(t1) exp {γ0[t − t1 + ∆tr(t1, t)]}. (3.7)

�µ¸±µ²Ó±Ê Ìµ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¤²¨É¥²Ó´µ¥ µ¡²ÊÎ¥´¨¥ ¤¥°¸É¢¨É¥²Ó´µ
¶·µ¨§¢µ¤¨É ¢ µ·£ ´ Ì ¨ É± ´ÖÌ ¨§³¥´¥´¨Ö, Ô±¢¨¢ ²¥´É´Ò¥ ¸É ·¥´¨Õ, ³µ¦´µ
¸± § ÉÓ, ÎÉµ ¤¥³µ£· Ë¨Î¥¸± Ö ± ·É¨´  ´¥¸¶¥Í¨Ë¨Î¥¸±µ£µ Ê¢¥²¨Î¥´¨Ö ¸³¥·É-
´µ¸É¨ ¨§-§  µ¡²ÊÎ¥´¨Ö ¢ ¶·¨´Í¨¶¥ (± Î¥¸É¢¥´´µ) ¸µ£² ¸Ê¥É¸Ö ¸ ± ·É¨´µ° ´¥-
¸¶¥Í¨Ë¨Î¥¸±¨Ì ¢µ§· ¸É´ÒÌ ¨§³¥´¥´¨° ¢ µ¡²ÊÎ ¥³µ³ µ·£ ´¨§³¥, ¨ ÔÉµ ¶µ-
¤·µ¡´µ µ¡¸Ê¦¤ ¥É¸Ö ¢ [24].

ˆÉ ±, ¢¨¤´µ, ÎÉµ ¢¸¥£µ ²¨ÏÓ § ³¥´  Ö§Ò±  µ¶¨¸ ´¨Ö ¶µ§¢µ²Ö¥É ¶µ-¨´µ³Ê
¸³µÉ·¥ÉÓ ´  § ¢¨¸¨³µ¸ÉÓ ¸³¥·É´µ¸É¨ µÉ ¢µ§¤¥°¸É¢¨Ö ¢´¥Ï´¨Ì Ë ±Éµ·µ¢.

�·¥¤²µ¦¥´´Ò° ¢ÒÏ¥ Ö§Ò± µ¶¨¸ ´¨Ö ¤ ¥É, µ¤´ ±µ, Éµ²Ó±µ ¢µ§· ¸É ´¨¥
µ(t), ±µÉµ·µ¥ ´ ¡²Õ¤ ¥É¸Ö ¶·¨ ¸² ¡ÒÌ ¤²¨É¥²Ó´ÒÌ ¢µ§¤¥°¸É¢¨ÖÌ, ¢ Éµ ¢·¥³Ö
± ± ¶·¨ µ¸É·ÒÌ ¢µ§¤¥°¸É¢¨ÖÌ, ¢Ò§Ò¢ ÕÐ¨Ì Î ¸É¨Î´ÊÕ £¨¡¥²Ó ¢ ¡²¨¦ °Ï¥¥
¢·¥³Ö, µ(t) ·¥§±µ ¢µ§· ¸É ¥É ¨ § É¥³ ¸¶ ¤ ¥É. „²Ö ³µ¤¥²¨·µ¢ ´¨Ö ÔÉµ£µ ÔË-
Ë¥±É , Ìµ·µÏµ ¨§ÊÎ¥´´µ£µ ¢ · ¤¨µ¡¨µ²µ£¨¨, ¢ ¶·¥¤²µ¦¥´´µ° ³µ¤¥²¨ ¶·¨´ÖÉµ,
ÎÉµ ˆ‘, É. ¥. µ(t), ¶·µ¶µ·Í¨µ´ ²Ó´  ´ £·Ê§±¥ ¢ É¥±ÊÐ¨° ³µ³¥´É ¢·¥³¥´¨:

µ(t) = µ(t1)
h(t)
h(t1)

exp

{
γ0

t∫
t1

h(t′)
h0

dt′

}
(3.8)

¨, ¸µµÉ¢¥É¸É¢¥´´µ,

µ(t, ∆h) = µ(t)
[
1 +

∆h(t)
h(t)

]
exp

{
γ0

t∫
t1

∆h(t′)
h0

dt′

}
. (3.9)

�·¨ ³ ²µ° ¤µ¶µ²´¨É¥²Ó´µ° ´ £·Ê§±¥, É. ¥. ∆h(t) � h(t), ¶µ²ÊÎ ¥É¸Ö · ¸-
¸³µÉ·¥´´Ò° ¢ÒÏ¥ ¢ ·¨ ´É.
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�·¨ ¡µ²ÓÏµ° ±· É±µ¢·¥³¥´´µ° ´ £·Ê§±¥ ¶µ²ÊÎ ¥É¸Ö ∆µ(t) ∼= ∆h(t), ÎÉµ
¶µ§¢µ²Ö¥É ²¥£±µ ¸Ê¤¨ÉÓ µ § ¢¨¸¨³µ¸É¨ ∆h(t) ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³.

ˆ§¢¥¸É´µ, ÎÉµ ¶µ¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö Ê ¢Ò¦¨¢Ï¨Ì ¦¨¢µÉ´ÒÌ Î¥·¥§
30Ä60 ¸ÊÉ (¢ § ¢¨¸¨³µ¸É¨ µÉ ¢¨¤ ) ¢ µ¸´µ¢´µ³ § ¢¥·Ï ÕÉ¸Ö ¢µ¸¸É ´µ¢¨É¥²Ó´Ò¥
¶·µÍ¥¸¸Ò ¢ ±·µ¢¥É¢µ·´µ° ¸¨¸É¥³¥ (¶µ ±· °´¥° ³¥·¥) ¨ µ(t, ∆h) Ê³¥´ÓÏ ¥É¸Ö
¤µ Ê·µ¢´Ö, ´¥¸±µ²Ó±µ ¶·¥¢ÒÏ ÕÐ¥£µ ¨¸Ìµ¤´Ò° Ê·µ¢¥´Ó. � § É¥³ µ(t, ∆h) ¸
¢µ§· ¸Éµ³ Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê¢¥²¨Î¨¢ ¥É¸Ö, ¶·¨Îe³ ¸ É¥³ ¦¥ ¶µ± § É¥²¥³, ÎÉµ
¨ Ê ´¥µ¡²ÊÎe´´ÒÌ ¦¨¢µÉ´ÒÌ [24], É. ¥. Ê¢¥²¨Î¨¢ ¥É¸Ö, ¸µÌ· ´ÖÖ ¶·¥¢ÒÏ¥´¨¥
´ ¤ ˆ‘ ±µ´É·µ²Ó´ÒÌ ¦¨¢µÉ´ÒÌ ´  ¶µ¸ÉµÖ´´Ò° ³´µ¦¨É¥²Ó

ω =
µ(t, ∆h)

µ(t)
. (3.10)

’ ±ÊÕ ± ·É¨´Ê ¶µ¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ³µ¦´µ É ±¦¥ ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ±
¸¤¢¨£ ±·¨¢µ° µ(t) ¢ ²µ£ ·¨Ë³¨Î¥¸±µ³ ³ ¸ÏÉ ¡¥ ¢²¥¢µ, É. ¥. ¸É ·¥´¨¥ ¦¨¢µÉ-
´µ£µ ´ 

∆tr(∆h) =
ln ω

γ0
. (3.11)

…¸²¨ ¶µ²Ó§µ¢ ÉÓ¸Ö É¥·³¨´µ²µ£¨¥°, ´ ¶·¨³¥·, · ¡µÉÒ [1], Éµ ¤ ´´ÊÕ ³µ-
¤¥²Ó ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¥¥ ¸É·Ê±ÉÊ·µ° ¸²¥¤µ¢ ²µ ¡Ò ´ §Ò¢ ÉÓ  ¤¤¨É¨¢´µ-³Ê²Ó-
É¨¶²¨± É¨¢´µ°, ÌµÉÖ ¥¥ ¸³Ò¸² ÉµÎ´¥¥, ´  ´ Ï ¢§£²Ö¤, µÉ· ¦ ¥É¸Ö µ¶·¥¤¥²¥-
´¨¥³ ®´ £·Ê§µÎ´ Ö¯ ³µ¤¥²Ó ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨. ‡ ¢¨¸¨³µ¸ÉÓ ´ £·Ê§±¨
µÉ ¤µ§Ò µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö · ¸¸³µÉ·¨³ ¶µ§¤´¥¥.

ƒ² ¢´µ¥ ¢ ¤ ´´µ° ³µ¤¥²¨ Éµ, ÎÉµ ¸³¥·É´µ¸ÉÓ (¨²¨ ¥e µÉ±²µ´¥´¨Ö µÉ ®´µ·-
³Ò¯) ¸¢Ö§Ò¢ ¥É¸Ö ¢ ´¥° ¸ ¤¢Ê³Ö ¶·¨Î¨´ ³¨: ¸ ´ £·Ê§±µ°, ´ ±µ¶²¥´´µ° § 
¶·¥¤Ï¥¸É¢ÊÕÐÊÕ ¦¨§´Ó, ¨ ¸ ´ £·Ê§±µ° ¢ É¥±ÊÐ¨° ³µ³¥´É ¢·¥³¥´¨.

“± § ´´ Ö µ·¨£¨´ ²Ó´ Ö ±µ´¸É·Ê±Í¨Ö ³µ¤¥²¨ µ¡Ê¸²µ¢²¨¢ ¥É ¥¥ ¸²¥¤ÊÕ-
Ð¨¥ Ê¤µ¡´Ò¥ ®É¥Ì´µ²µ£¨Î¥¸±¨¥¯ ¸¢µ°¸É¢ .

�¸´µ¢´µ¥ ®É¥Ì´µ²µ£¨Î¥¸±µ¥¯ ¸¢µ°¸É¢µ ³µ¤¥²¨, µ¡Ê¸²µ¢²¥´´µ¥ ¤¢µ°´Ò³
¶·¨¸ÊÉ¸É¢¨¥³ ´ £·Ê§±¨, § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢Ò· ¦¥´¨¥ ¤²Ö ËÊ´±Í¨¨ ·¨¸± 
(¨²¨ ¸·¥¤´¥° Î ¸ÉµÉÒ ¸³¥·É¨) ³µ¦´µ ¶·µ¨´É¥£·¨·µ¢ ÉÓ ¢ Ô²¥³¥´É ·´ÒÌ ËÊ´±-
Í¨ÖÌ, ´¥ ¶·¨¡¥£ Ö ± Î¨¸²¥´´µ³Ê ¨´É¥£·¨·µ¢ ´¨Õ, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ µ¡²¥£Î ¥É
 ´ ²¨§ ¤·Ê£¨Ì ¸¢µ°¸É¢ ³µ¤¥²¨ ¨ Ë ±É¨Î¥¸±¨Ì ¤ ´´ÒÌ:

M(t1, t) ≡ − lnQ(t1, t) ≡
t∫

t1

µ(t′)dt′ =
h0

γ0

[
µ(t)
h(t)

− µ(t1)
h(t1)

]
, (3.12)

£¤¥ Q(t1, t) = e−M(t1,t) Å ËÊ´±Í¨Ö ¢Ò¦¨¢ ´¨Ö (¢Ò¦¨¢ ¥³µ¸ÉÓ) §  ¢·¥³Ö µÉ
t1 ¤µ t.

„ ²¥¥ ¶µ²ÊÎ ¥³ ¶·¨· Ð¥´¨¥ ËÊ´±Í¨¨ ·¨¸± 

∆M(t1, t, ∆h) =
µ(t)h0

γ0h(t1)
{eγ0∆t(t) − 1}. (3.13)
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�Éµ ¶·¨· Ð¥´¨¥ ¶·¨ ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h(t) = h0 · ¢´µ

∆M(t1, t, ∆h) =
µ(t)
γ0

{eγ0∆t(t) − 1}. (3.14)

ˆ§³¥´¥´¨¥ ¢Ò¦¨¢ ¥³µ¸É¨

∆Q(t1, t, ∆h) = Q(t1, t) − Q(t1, t, ∆h) = Q(t1, t)
[
1 − e−∆M(t1,t)

]
. (3.15)

Š ± ´ ³¨ ¡Ò²µ ¶µ± § ´µ [52] (¨ ¤ ²¥¥ ÔÉµ³Ê Ê¤¥²¨³ ¢´¨³ ´¨¥), ¤ ´´ Ö
¢¥²¨Î¨´  ¸ÊÐ¥¸É¢¥´´  ¤²Ö ¢Ò¡µ·  ±·¨É¥·¨¥¢ · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨.

…¸²¨ ¸Î¨É ÉÓ, ÎÉµ ¤µ¶µ²´¨É¥²Ó´ Ö ´ £·Ê§±  ¶·µ¶µ·Í¨µ´ ²Ó´  ³µÐ´µ¸É¨
¤µ§Ò µ¡²ÊÎ¥´¨Ö ∆h(t) = krh0Ḋ/γ0, £¤¥ kr Å ±µÔËË¨Í¨¥´É · ¤¨ Í¨µ´´µ£µ
·¨¸± , Éµ ²¥£±µ ¶µ²ÊÎ¨ÉÓ ¶·µ¸ÉÒ¥, ¢ Éµ³ Î¨¸²¥ ¨§¢¥¸É´Ò¥, ¸µµÉ´µÏ¥´¨Ö ¤²Ö
¢¥²¨Î¨´, ¶· ±É¨Î¥¸±¨ §´ Î¨³ÒÌ ¶·¨  ´ ²¨§¥ Ô±µ²µ£¨Î¥¸±µ£µ, ¢ Î ¸É´µ¸É¨
· ¤¨ Í¨µ´´µ£µ, ·¨¸± .

’ ±, ¶·¨ µ¡²ÊÎ¥´¨¨ ´¥¡µ²ÓÏ¨³¨ ¤µ§ ³¨, ´ ¶·¨³¥· É ±¨³¨, ÎÉµ µ´¨ ´¥
¢Ò§Ò¢ ÕÉ ¤¥É¥·³¨´¨·µ¢ ´´ÒÌ ÔËË¥±Éµ¢ (± ± ¡Ò²µ Ê¦¥ µÉ³¥Î¥´µ),

µr ≡ µ(t1, t, D(t′)) = µ(t) exp krD ≈ µ(t)[1 + krD(t)], (3.16)

∆tr(t) = krD(t)/γ0. (3.17)

‡ É¥³ ¶µ²ÊÎ ¥³, ¶µ¸²¥¤µ¢ É¥²Ó´µ · §² £ Ö ¢ ·Ö¤ (¥¸²¨ ¨³¥ÕÉ¸Ö ´  Éµ
µ¸´µ¢ ´¨Ö):

∆Q(t1, t, ∆h) ≈ Q(t1, t)∆M(t1, t, ∆h) ≈
≈ Q(t1, t)µ(t)∆t(t1, t) = Q(t1, t)µ(t)krD(t)/γ0. (3.18)

�µ¸±µ²Ó±Ê ¸·¥¤´ÖÖ ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ¶·¥¤¸ÉµÖÐ¥° ¦¨§´¨ (‘�†) ´ 
³µ³¥´É t1 ¶µ µ¶·¥¤¥²¥´¨Õ · ¢´ 

T (t1) =

∞∫
t1

tµ(t)Q(t1, t)dt =

∞∫
t1

Q(t1, t)dt, (3.19)

Éµ ¥e ¸µ±· Ð¥´¨¥ ¨§-§  µ¡²ÊÎ¥´¨Ö ¢ µ¸´µ¢´ÒÌ ¤µ§µ¢ÒÌ ¶·¥¤¥² Ì

∆T (t1, t, ∆h) =

∞∫
t1

∆Q(t1, t, ∆h)dt =

∞∫
t1

Q(t1, t)µ(t)krD(t)/γ0dt, (3.20)

¨, ¢ Î ¸É´µ¸É¨, ¶·¨ µ¡²ÊÎ¥´¨¨ ¸ ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸ÉÓÕ ¤µ§Ò ¢ É¥Î¥´¨¥ ¢¸¥°
¦¨§´¨:

∆T (0, t, ∆h) =

∞∫
0

∆Q(0, t, ∆h)dt = krḊ(t)T (0)/γ0. (3.21)
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…¸²¨ ¶·¨³¥´¨É¥²Ó´µ ± µ¡²ÊÎ¥´¨Õ ¸Î¨É ÉÓ §´ Î¥´¨¥ kr ¶µ¸ÉµÖ´´Ò³ ´¥§ -
¢¨¸¨³µ µÉ ¤µ§Ò ¨ ¢µ§· ¸É , ± ± ÔÉµ ¶·¨´ÖÉµ ¶·¨ µ¡¥¸¶¥Î¥´¨¨ · ¤¨ Í¨µ´´µ°
¡¥§µ¶ ¸´µ¸É¨, É. ¥. ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¥³ ¤¨ ¶ §µ´¥ ¤µ§, Éµ ¸µ±· Ð¥´¨¥ ‘�†
¥¸ÉÓ ®¸É ·¥´¨¥¯, Ê¸·¥¤´e´´µ¥ ¶µ ¢µ§· ¸ÉÊ ¸ ³´µ¦¨É¥²¥³ Q(t)µ(t), ¨³¥´Ê¥-
³Ò³ ¸³¥·É´µ¸ÉÓÕ. �µ¸±µ²Ó±Ê ¸³¥·É´µ¸ÉÓ ¨³¥¥É ·¥§±µ ¢Ò· ¦¥´´Ò° ³ ±¸¨-
³Ê³ ¢ ¢µ§· ¸É¥ 70Ä75 ²¥É, Éµ ¶· ±É¨Î¥¸±¨ ¢ ¦´  ¤µ§ , ´ ±µ¶²¥´´ Ö ± ÔÉµ³Ê
¢µ§· ¸ÉÊ. � ¥¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ § ±µ´µ³ ƒµ³¶¥·Í  ¢ ³ ±¸¨³Ê³¥
¸³¥·É´µ¸É¨ µ(t) = γ0,   ¢ ÔÉµ³ ¢µ§· ¸É¥ µ´ ¤µ¢µ²Ó´µ Ìµ·µÏµ ¸µ¡²Õ¤ ¥É¸Ö, Éµ

∆T ≈ krD(tmax)/γ0 = ∆tr(tmax). (3.22)

„²Ö ¶·µË¥¸¸¨µ´ ²Ó´µ£µ µ¡²ÊÎ¥´¨Ö ÔÉµ ¸µµÉ´µÏ¥´¨¥ É¥³ ¡µ²¥¥ ¸¶· ¢¥¤-
²¨¢µ, É. ±. µ´µ § ¢¥·Ï ¥É¸Ö ¤µ ¤ ´´µ£µ ¢µ§· ¸É .

…¸²¨ ±µÔËË¨Í¨¥´É · ¤¨ Í¨µ´´µ£µ ·¨¸±  ´¥ ¸Î¨É ÉÓ ¶µ¸ÉµÖ´´Ò³, Éµ ¶µ-
¤µ¡´µ¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨ ¶ÊÉe³ ¶·Ö³µ£µ ¤¨ËË¥·¥´Í¨·µ¢ ´¨Ö:

dT

dD
(t) = kr(t, D)D(t)/γ0. (3.23)

—¨¸²¥´´Ò¥ µÍ¥´±¨ ¶µ± §Ò¢ ÕÉ, ÎÉµ · ¸ÎeÉÒ ¶µ (3.22), É. ¥. ¢ ¶·¨¡²¨¦¥-
´¨¨ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ µÉ ¤µ§Ò, ¤ ÕÉ § ´¨¦¥´¨¥ ´¥ ¡µ²¥¥ 5 % ¢¶²µÉÓ ¤µ
¤¢Ê±· É´µ£µ ¸µ±· Ð¥´¨Ö ‘�†.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ · ³± Ì ¸¶· ¢¥¤²¨¢µ¸É¨ § ±µ´  ƒµ³¶¥·Í , É. ¥.
¶·¨ h(t) = h0,

T (t1) =

∞∫
t1

exp
{
−µ(t1)

γ0

[
eγ0(t−t1) − 1

]}
dt =

= eµ(t1)/γ0

∞∫
0

exp
(
−µ(t1)

γ0
exp (γ0x)

)
dx =

=
1
γ0

eµ(t1)/γ0

−µ(t1)/γ0∫
−∞

ey

y
dy =

1
γ0

eµ(t1)/γ0E1

[
µ(t1)
γ0

]
, (3.24)

£¤¥ E1 Å ¨´É¥£· ²Ó´ Ö ¶µ± § É¥²Ó´ Ö ËÊ´±Í¨Ö (É ¡Ê²¨·µ¢ ´´ Ö ¢ ¸¶· ¢µÎ-
´¨± Ì). �·¨ ÔÉµ³ ¢ ¤¨ ¶ §µ´¥ §´ Î¥´¨° µ(t1)/γ0, ¶µ ±· °´¥° ³¥·¥ ¢¶²µÉÓ
¤µ §´ Î¥´¨Ö 0,003 (ÔÉµ£µ ¤¨ ¶ §µ´  ¤µ¸É ÉµÎ´µ ¤²Ö ¦¨¢µÉ´ÒÌ ¨ Î¥²µ¢¥± ),
¨§ ¸µµÉ´µÏ¥´¨Ö (3.24) ¸²¥¤Ê¥É, ÎÉµ ‘�† (±µ´¥Î´µ, ¶·¨ Ê¸²µ¢¨¨ Ô±¸¶µ´¥´-
Í¨ ²Ó´µ£µ ·µ¸É  ˆ‘ ¸ ¢µ§· ¸Éµ³) ¶·µ¶µ·Í¨µ´ ²Ó´  ²µ£ ·¨Ë³Ê µÉ ¤ ´´µ£µ
 ·£Ê³¥´É .

�±¸¶µ´¥´Í¨ ²Ó´Ò° ·µ¸É ¶·¨ µ¡²ÊÎ¥´¨¨ ¸µÌ· ´Ö¥É¸Ö ¢ ¤¢ÊÌ ¸²ÊÎ ÖÌ: ¶µ-
¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ¨²¨ ¶·¨ ¤²¨É¥²Ó´µ³ µ¡²ÊÎ¥´¨¨ ¸ ¶µ¸ÉµÖ´´µ° ³µÐ´µ-
¸ÉÓÕ ¤µ§Ò.
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‚ ¶¥·¢µ³ ¸²ÊÎ ¥ Ê¢¥²¨Î¨¢ ¥É¸Ö µ(t1) ¨ ¢ ·¥§Ê²ÓÉ É¥ ¸µ±· Ð¥´¨¥ ‘�†
µ± §Ò¢ ¥É¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´Ò³ ¨´É¥£· ²Ê µÉ ´ £·Ê§±¨ ¨²¨ ®¸É ·¥´¨Õ¯. ‹¨-
´¥°´ Ö § ¢¨¸¨³µ¸ÉÓ ´ £·Ê§±¨ µÉ ³µÐ´µ¸É¨ ¤µ§Ò  ¢Éµ³ É¨Î¥¸±¨ ¤ eÉ ¸µ±· -
Ð¥´¨¥ ‘�†, ¶·µ¶µ·Í¨µ´ ²Ó´µ¥ ¤µ§¥.

‚µ ¢Éµ·µ³ ¸²ÊÎ ¥ Ê¢¥²¨Î¨¢ ¥É¸Ö §´ Î¥´¨¥ ¶µ± § É¥²Ö Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ
·µ¸É  ˆ‘, ¶·¨Îe³ ´  ¢¥²¨Î¨´Ê, É ±¦¥ ¶·µ¶µ·Í¨µ´ ²Ó´ÊÕ ¨´É¥£· ²Ê µÉ ´ -
£·Ê§±¨ ¨²¨ ®¸É ·¥´¨Õ¯. �É  ¢¥²¨Î¨´  ¸µ¤¥·¦¨É¸Ö ± ± ¢ ¸µ¸É ¢¥  ·£Ê³¥´É 
µÉ³¥Î¥´´µ° ¢ÒÏ¥ ²µ£ ·¨Ë³¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨, É ± ¨ ¢ §´ ³¥´ É¥²¥ ³´µ-
¦¨É¥²Ö ¶¥·¥¤ ²µ£ ·¨Ë³µ³, ¶·¨Îe³ ¶·¨ ´¥¡µ²ÓÏµ° ³µÐ´µ¸É¨ ¤µ§Ò ÔÉµÉ §´ -
³¥´ É¥²Ó ¡Ê¤¥É µ¶·¥¤¥²ÖÕÐ¨³.

’ ±¨³ µ¡· §µ³, § ±µ´µ³¥·´µ¸É¨ ¸µ±· Ð¥´¨Ö ‘�† ¢ ·¥§Ê²ÓÉ É¥ µ¡²ÊÎ¥-
´¨Ö ¢ Í¥²µ³ µ¶·¥¤¥²ÖÕÉ¸Ö Ô±¸¶µ´¥´Í¨ ²Ó´Ò³ ·µ¸Éµ³ ˆ‘ ¨ ¨´É¥£· ²µ³ µÉ
´ £·Ê§±¨. �µÔÉµ³Ê ¶µ ¸µ±· Ð¥´¨Õ ‘�† ²¥£±µ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ § ¢¨¸¨³µ¸ÉÓ
´ £·Ê§±¨ µÉ µ¡²ÊÎ¥´¨Ö.

�µÎÉ¨ µÎ¥¢¨¤´µ ¸µµÉ´µÏ¥´¨¥, ±µÉµ·µ¥ ¶µ²ÊÎ ¥É¸Ö ¤²Ö ¸µ±· Ð¥´¨Ö ³¥-
¤¨ ´´µ° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¶·¥¤¸ÉµÖÐ¥° ¦¨§´¨ ¶·¨ Ê¸²µ¢¨¨ ¶µ¸ÉµÖ´¸É¢ 
¥¸É¥¸É¢¥´´µ° ´ £·Ê§±¨ h(t) ≡ h0:

∆Tm(t0, D) =

t0+Tm(t0,D)∫
t0

∆h(t′, D)
h0

dt′. (3.25)

�·¨ ¶µ¸ÉµÖ´´µ° ³µÐ´µ¸É¨ ¤µ§Ò Ḋ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥
∆h ÔÉµ ¤ eÉ

∆Tm(t0, D) = Tm(t0)∆h(Ḋ)/[h0 + ∆h(Ḋ)]. (3.26)

�·¨´ÖÉµ¥ µ¶·¥¤¥²¥´¨¥ · ¤¨ Í¨µ´´µ£µ ·¨¸±  (±µÉµ·Ò° ¶µ¤· §Ê³¥¢ ¥É¸Ö
± ± ¶µ¦¨§´¥´´Ò°,   ¢ ¶·µÉ¨¢´µ³ ¸²ÊÎ ¥ ¥£µ ¸³Ò¸² ¸É ´µ¢¨É¸Ö ´¥µ¶·¥¤¥²e´-
´Ò³ [50, 51]) ¢ µ¡µ§´ Î¥´¨ÖÌ ¤ ´´µ£µ É¥±¸É  ¢Ò· ¦ ¥É¸Ö Ëµ·³Ê²µ°

∆R =

∞∫
0

[µr(t) − µ(t)]Qr(0, t)dt =

∞∫
0

µ(t)∆Qr(0, t)dt. (3.27)

‚¨¤´µ, ÎÉµ ÔÉµÉ · ¤¨ Í¨µ´´Ò° ·¨¸± ¥¸ÉÓ ËÊ´±Í¨µ´ ² µÉ ¸µ±· Ð¥´¨Ö
ËÊ´±Í¨¨ ¢Ò¦¨¢ ´¨Ö, ± ± ¨ ¸µ±· Ð¥´¨¥ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ ¦¨§´¨,
´µ ¸ ¢¥¸µ¢Ò³ ³´µ¦¨É¥²¥³ µ(t). ’ ±µ° ³´µ¦¨É¥²Ó ¶·¨ · ¸ÎeÉ¥ · ¤¨ Í¨µ´´µ£µ
·¨¸±  ¶·¨¢µ¤¨É ± ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥° §´ Î¨³µ¸É¨ ¸µ±· Ð¥´¨Ö ËÊ´±Í¨¨
¢Ò¦¨¢ ´¨Ö ¢ ¸É ·Ï¨Ì ¢µ§· ¸É Ì, Î¥³ ¶·¨ · ¸ÎeÉ¥ ¸µ±· Ð¥´¨Ö ‘�†.

� ·Ö¤Ê ¸ ¶·¨´ÖÉÒ³ ¶µ´ÖÉ¨¥³ ·¨¸±  É ±¦¥ ¨³¥¥É ¶· ¢µ ´  ¸ÊÐ¥¸É¢µ¢ -
´¨¥ ¶µ´ÖÉ¨¥ · ¤¨ Í¨µ´´µ£µ ·¨¸±  §  ±µ´¥Î´Ò° µÉ·¥§µ± ¢·¥³¥´¨ (´ ¶·¨³¥·,
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§  ¢·¥³Ö ¢Ò¶µ²´¥´¨Ö ´¥±µÉµ·µ° · ¤¨ Í¨µ´´µ µ¶ ¸´µ° µ¶¥· Í¨¨:  ¢ ·¨Ö, ·¥-
³µ´É, ±µ¸³¨Î¥¸±¨° ¶µ²eÉ ¨ É. ¶.). ˆ³¥´´µ É ±µ° ·¨¸± ¶·¨´ÖÉ ¢ ± Î¥¸É¢¥
µ¤´µ£µ ¨§ ±·¨É¥·¨¥¢ · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨ ±µ¸³¨Î¥¸±¨Ì ¶µ²eÉµ¢ [43].
�ÉµÉ · ¤¨ Í¨µ´´Ò° ·¨¸±, ¶µ-¢¨¤¨³µ³Ê, Ê³¥¸É´µ ´ §Ò¢ ÉÓ µ¶¥· É¨¢´Ò³. ‚
µÉ²¨Î¨¥ µÉ ¶·¨¢¥¤e´´µ£µ ¢ÒÏ¥ ¸µµÉ´µÏ¥´¨Ö ¤²Ö · ¸ÎeÉ  ¶µ¦¨§´¥´´µ£µ · -
¤¨ Í¨µ´´µ£µ ·¨¸±  µ´ µ¡Ö§ É¥²Ó´µ ¤µ²¦¥´ ¡ÒÉÓ · §´µ¸ÉÓÕ ¸µ¶µ¸É ¢¨³ÒÌ ¢¥-
²¨Î¨´ (ÎÉµ ¢ ¸µµÉ´µÏ¥´¨¨ (3.27) ´¥ ¸µ¡²Õ¤ ¥É¸Ö):

∆R∗(t1, t2) =

t2∫
t1

[µrQr − µQ]dt =

= Q(t1, t2) − Qr(t1, t2) = ∆Qr(t1, t2). (3.28)

�·¨ ÔÉµ³ Î ¸É´Ò³ ¸²ÊÎ ¥³ Ö¢²Ö¥É¸Ö ¸µ±· Ð¥´¨¥ ¢Ò¦¨¢ ´¨Ö ± µ¶·¥¤¥²e´´µ³Ê
¢µ§· ¸ÉÊ:

∆R∗(0, t) = ∆Qr(0, t), (3.29)

±µÉµ·µ¥ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ËÊ´±Í¨µ´ ², ¶µ¤µ¡´Ò° · ¤¨ Í¨µ´´µ³Ê
·¨¸±Ê ¨²¨ ¸µ±· Ð¥´¨Õ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨, ´µ ¸ ¢¥¸µ¢Ò³
³´µ¦¨É¥²¥³ ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨¨ δ(t, t′).

‘ÊÐ¥¸É¢¥´´µ, ÎÉµ

∆R∗[0, t, D(t)] ≈ Q(0, t)
µ(t)
γ0

krD(t), (3.30)

¨ ¶µÔÉµ³Ê ¶·¨ t = tmax, É. ¥. ±µ£¤  ¸³¥·É´µ¸ÉÓ µQ ¤µ¸É¨£ ¥É ³ ±¸¨³Ê³ ,  
¤²Ö Î¥²µ¢¥±  ÔÉµ 70Ä75 ²¥É, ¤µ¸É¨£ ¥É¸Ö · ¢¥´¸É¢µ µ(tmax) = γ0 ¨ ¶µ²ÊÎ ¥É¸Ö
¶·µ¸Éµ¥ ¸µµÉ´µÏ¥´¨¥:

∆R∗(tmax) = Q(0, tmax)krD(tmax). (3.31)

„ ´´ Ö ¢¥²¨Î¨´ , ´  ´ Ï ¢§£²Ö¤, Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥ ¶µ¤Ìµ¤ÖÐ¥° ´  ·µ²Ó
±·¨É¥·¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨ ¶µ ¸· ¢´¥´¨Õ ¸ ¶·¨´ÖÉµ° ¢¥²¨Î¨´µ°
· ¤¨ Í¨µ´´µ£µ ·¨¸±  ¨ ¸ ¸µ±· Ð¥´¨¥³ ¸·¥¤´¥° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨.
�¶·¥¤¥²¥´¨¥ ÔÉµ° ¢¥²¨Î¨´Ò ¶µ ¤¥³µ£· Ë¨Î¥¸±¨³ ¤ ´´Ò³ ´¥ ¢Ò§Ò¢ ¥É É·Ê¤-
´µ¸É¥°, É. ±. ´¥ É·¥¡Ê¥É¸Ö ¦¤ ÉÓ ¸³¥·É¨ ¶µ¸²¥¤´¥£µ ¨´¤¨¢¨¤ÊÊ³  ¨§ ¶µ±µ²¥´¨Ö.
Œµ¦¥É, ±µ´¥Î´µ, ¶µ± § ÉÓ¸Ö ´¥¤µ¸É É±µ³ Éµ, ÎÉµ ¶·¨ ´µ·³ É¨¢´µ³ µ£· ´¨Î¥-
´¨¨ ¤ ´´µ° ¢¥²¨Î¨´Ò, É. ¥. ¶·¨ µ£· ´¨Î¥´¨¨ ¤µ§Ò, ´ ± ¶²¨¢ ¥³µ° ± ¤ ´´µ³Ê
¢µ§· ¸ÉÊ, ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö µ¡²ÊÎ¥´¨¥ ¢ ¸É ·Ï¨Ì ¢µ§· ¸É Ì. �µ ¤²Ö ¶¥·¸µ´ ² ,
· ¡µÉ ¢Ï¥£µ · ´¥¥ ¸ ¨¸ÉµÎ´¨± ³¨ ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö, ÔÉµ ´¥ ¨³¥¥É
§´ Î¥´¨Ö,   µ£· ´¨Î¥´¨¥ µ¡²ÊÎ¥´¨Ö ´ ¸¥²¥´¨Ö, ¶·¥¤¶·¨´ÖÉµ¥ ¤²Ö ¢µ§· ¸Éµ¢
³¥´¥¥ 70Ä75 ²¥É, · ¸¶·µ¸É· ´Ö¥É¸Ö µ¤´µ¢·¥³¥´´µ ¨ ´  ¡µ²ÓÏ¨¥ ¢µ§· ¸É . ˆ
¢µµ¡Ð¥, É·Ê¤´µ ¶·¥¤¸É ¢¨ÉÓ ¸²ÊÎ °, ¢ ±µÉµ·µ³ É·¥¡µ¢ ²µ¸Ó ¡Ò µ£· ´¨Î¨¢ ÉÓ
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µ¡²ÊÎ¥´¨¥ ¸¶¥Í¨ ²Ó´µ ¤²Ö ±µ´É¨´£¥´É  ¢ ¢µ§· ¸É¥ ¸É ·Ï¥ 70Ä75 ²¥É. Š·µ³¥
Éµ£µ, ¸µ±· Ð¥´¨¥ ¢Ò¦¨¢ ´¨Ö ± 70Ä75 £µ¤ ³ ¢¶µ²´¥ ¨´Ëµ·³ É¨¢´µ É ±¦¥ ¢
µÉ´µÏ¥´¨¨ ¸µ±· Ð¥´¨Ö Î¨¸²¥´´µ¸É¨ É·Ê¤µ¸¶µ¸µ¡´µ£µ ´ ¸¥²¥´¨Ö.

„·Ê£ Ö ¢¥²¨Î¨´ , É ±¦¥ ¢¥¸Ó³  ¶¥·¸¶¥±É¨¢´ Ö, ´  ´ Ï ¢§£²Ö¤, ¤²Ö ¨¸¶µ²Ó-
§µ¢ ´¨Ö ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨, ÔÉµ ¤µ¶µ²´¨É¥²Ó-

´µ¥ (®· ¤¨ Í¨µ´´µ¥¯) ¸É ·¥´¨¥: ∆tr(t) =
1
γ0

ln
µr(t)
µ(t)

. �´  § ¢¨¸¨É Éµ²Ó±µ µÉ

¤µ§Ò (¶·¨ ³ ²µ° ¤µ§¥ ¶·µ¶µ·Í¨µ´ ²Ó´  ¥°), É. ¥. ´¥ § ¢¨¸¨É µÉ ¢µ§· ¸É  ¶µ¸²¥
µ±µ´Î ´¨Ö µ¡²ÊÎ¥´¨Ö; µ´  ´¥ ´µ¸¨É ¸ÉµÌ ¸É¨Î¥¸±µ£µ Ì · ±É¥· , ± ± · ¤¨ -
Í¨µ´´Ò° ·¨¸±; ¨ ¸ ³µ ¶µ´ÖÉ¨¥ ¸É ·¥´¨Ö ´¥ ¢Ò§Ò¢ ¥É ÎÊ¢¸É¢  µ¶ ¸´µ¸É¨, ´¥
 ¸¸µÍ¨¨·Ê¥É¸Ö ¸ µ´±µ²µ£¨Î¥¸±¨³ § ¡µ²¥¢ ´¨¥³.

�µ¸±µ²Ó±Ê γ0 ≈ 0,1/£µ¤, Éµ ±µÔËË¨Í¨¥´ÉÊ · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¢
0,04 ‡¢−1 ¸µµÉ¢¥É¸É¢Ê¥É ±µÔËË¨Í¨¥´É ¤µ¶µ²´¨É¥²Ó´µ£µ ®· ¤¨ Í¨µ´´µ£µ¯ ¸É -
·¥´¨Ö 0,4 £µ¤/‡¢, É. ¥. ¤²Ö ¶¥·¸µ´ ² , µ¡²ÊÎ¥´¨¥ ±µÉµ·µ£µ ´ Ìµ¤¨É¸Ö ¢ ´µ·-
³ É¨¢´ÒÌ ¶·¥¤¥² Ì, ³ ±¸¨³ ²Ó´µ¥ ¸É ·¥´¨¥ ³µ¦¥É ¸µ¸É ¢¨ÉÓ ¤µ ¶µ²Ê£µ¤ .
„µ§µ¢µ³Ê ¶·¥¤¥²Ê É¥Ì´µ£¥´´µ£µ µ¡²ÊÎ¥´¨Ö ´ ¸¥²¥´¨Ö ¢ 0,07 ‡¢ §  ¢¸Õ ¦¨§´Ó
¸ ±µÔËË¨Í¨¥´Éµ³ · ¤¨ Í¨µ´´µ£µ ·¨¸±  0,07 £µ¤/‡¢ ¸µµÉ¢¥É¸É¢Ê¥É ¸É ·¥´¨¥
0,035 £µ¤ , É. ¥. 13 ¤´¥°. ’ ±µ¥ ¸É ·¥´¨¥ ¢·Ö¤ ²¨ ¤µ²¦´µ ¢Ò§Ò¢ ÉÓ ¡¥¸¶µ±µ°-
¸É¢µ.

‚Éµ·µ¥ ®É¥Ì´µ²µ£¨Î¥¸±µ¥¯ ¸¢µ°¸É¢µ, É ±¦¥ µ¡Ê¸²µ¢²¥´´µ¥ ¤¢µ°´Ò³ ¶·¨-
¸ÊÉ¸É¢¨¥³ ´ £·Ê§±¨ ¢ ³µ¤¥²¨, § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ µ´  Ê¸É ´ ¢²¨¢ ¥É ¸¢Ö§Ó
¢Ò¦¨¢ ¥³µ¸É¨ ¶µ¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ¸ Ìµ¤µ³ ˆ‘ Ê ¢Ò¦¨¢Ï¨Ì. Š ± ¸²¥-
¤Ê¥É ¨§ (3.4) ¨ (3.14), ¢Ò¦¨¢ ¥³µ¸ÉÓ ∆Q (¨²¨ ËÊ´±Í¨Ö ·¨¸±  ∆M) ¶µ¸²¥
µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ± ³µ³¥´ÉÊ § ¢¥·Ï¥´¨Ö ¢µ¸¸É ´µ¢¨É¥²Ó´ÒÌ ¶·µÍ¥¸¸µ¢ t⊗

¤µ¢µ²Ó´µ ¶·µ¸Éµ ¸¢Ö§ ´  ¸ µÉ´µ¸¨É¥²Ó´Ò³ Ê¢¥²¨Î¥´¨¥³ ˆ‘ Ê µ¸É ¢Ï¨Ì¸Ö ¢
¦¨¢ÒÌ Å ω.

” ±É¨Î¥¸±¨¥ §´ Î¥´¨Ö γ0 ¤²Ö · §²¨Î´ÒÌ ¦¨¢µÉ´ÒÌ É ±µ¢Ò, ÎÉµ γ0(t⊗ −
t1) � 1 ¨ ¶µÔÉµ³Ê ¤²Ö ¶·¨¡²¨¦e´´ÒÌ µÍ¥´µ± ³µ¦´µ ¶·¨´ÖÉÓ: Q(t1, t⊗) = 1
¨ µ(t⊗) ≈ µ(t1). ‚ Í¥²ÖÌ  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¸Î¨É Ö, ÎÉµ ¢
¨´É¥·¢ ²¥ ¢·¥³¥´¨ µÉ t1 ¤µ t⊗ ³µ¦´µ É ±¦¥ ¶·¨´ÖÉÓ h(t⊗) = h0, ¶µ²ÊÎ ¥³

µ(t⊗, ∆h)/µ(t1) ≡ ω(∆h) = 1 + γ0∆M(t1, t⊗, ∆h)/µ(t1). (3.32)

‘¶· ¢¥¤²¨¢µ¸ÉÓ ÔÉµ£µ ¸µµÉ´µÏ¥´¨Ö,   ¶µÉµ³Ê ¨ ¸¶· ¢¥¤²¨¢µ¸ÉÓ ³µ¤¥²¨,
³µ¦´µ ²¥£±µ ¶·µ¢¥·¨ÉÓ ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³, ¶·¨Î¥³ ¡¥§ ¨¸¶µ²Ó-
§µ¢ ´¨Ö ±µ´±·¥É´µ° § ¢¨¸¨³µ¸É¨ ∆h(t), ¡¥§ §´ ´¨Ö ¸¨²Ò ±· É±µ¢·¥³¥´´µ£µ
¢µ§¤¥°¸É¢¨Ö ¨ ¤ ¦¥ ¥£µ ¢¨¤ . „²Ö ¶·µ¢¥·±¨ ÔÉµ£µ ¸µµÉ´µÏ¥´¨Ö £µ¤ÖÉ¸Ö ·¥-
§Ê²ÓÉ ÉÒ ²Õ¡ÒÌ, ´ ¶·¨³¥· · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì, Ô±¸¶¥·¨³¥´Éµ¢, ¥¸²¨ µ´¨
¸µ¤¥·¦ É §´ Î¥´¨¥ ¢Ò¦¨¢ ¥³µ¸É¨ ¶µ¸²¥ µ¸É·µ£µ µ¡²ÊÎ¥´¨Ö ¨ ¸³¥·É´µ¸ÉÓ ¢
µÉ¤ ²¥´´Ò¥ ¸·µ±¨. Š ± ¸²¥¤¸É¢¨¥, · §²¨Î¨¥ ·¥§Ê²ÓÉ Éµ¢ · ¸ÎeÉµ¢ ¨ Ô±¸¶¥·¨-
³¥´Éµ¢ ´¥²Ó§Ö ¸¶¨¸ ÉÓ ´  ¶µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö Ê·µ¢´Ö ¢µ§¤¥°¸É¢¨Ö, ¨ ÔÉµ
Ö¢²Ö¥É¸Ö µÎ¥´Ó ¸É·µ£¨³ Ê¸²µ¢¨¥³ ¶·µ¢¥·±¨ ¸É¥¶¥´¨ ¸¶· ¢¥¤²¨¢µ¸É¨ ³µ¤¥²¨.
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‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¢ ¶·¥¤¥² Ì ¸¶· ¢¥¤²¨¢µ¸É¨ ³µ¤¥²¨ ¢Ò¦¨¢ ¥³µ¸ÉÓ ¶·¨
µ¸É·ÒÌ ¢µ§¤¥°¸É¢¨ÖÌ ¶µ§¢µ²¨²  ¡Ò ¸¤¥² ÉÓ ¶·µ£´µ§ ¨§³¥´¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨
¸³¥·É´µ¸É¨ ¢ ¶µ¸²¥¤ÊÕÐ¥° ¦¨§´¨ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¶·µ£´µ§ ¶·µ¤µ²¦¨É¥²Ó-
´µ¸É¨ ¦¨§´¨. �µ §¤¥¸Ó ´¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥,
´ ¶·¨³¥·, µ ¸³¥·É´µ¸É¨ ¦¨¢µÉ´ÒÌ ¢ µÉ¤ ²¥´´Ò° ¶¥·¨µ¤ ¶µ¸²¥ µ¸É·µ£µ µ¡²Ê-
Î¥´¨Ö ¢ ¤µ§¥, ¶·¨¢µ¤ÖÐ¥° ± ¢Ò¦¨¢ ¥³µ¸É¨ 80Ä20 %, ±· °´¥ µ£· ´¨Î¥´Ò.

’·¥ÉÓ¥ ®É¥Ì´µ²µ£¨Î¥¸±µ¥ ¸¢µ°¸É¢µ¯ § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢ · ³± Ì
¤ ´´µ° ³µ¤¥²¨ ´ £·Ê§±  ¸¢Ö§ ´  ¸ ¢Ò¦¨¢ ¥³µ¸ÉÓÕ ¶·µ¸ÉÒ³ ¸µµÉ´µÏ¥´¨¥³:

h(t)
h(t1)

=
µ(t)
µ(t1)

{
1 + M(t1, t)

h(t1)γ0

h0µ(t1)

}−1

, (3.33)

±µÉµ·µ¥, ¢ ¶·¨´Í¨¶¥, ¶µ§¢µ²Ö¥É ´¥¶µ¸·¥¤¸É¢¥´´µ µ¶·¥¤¥²ÖÉÓ h(t)/h0 ¶µ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³ ¨²¨ Ô¶¨¤¥³¨µ²µ£¨Î¥¸±¨³ ¤ ´´Ò³. 	µ²¥¥ Éµ£µ, ³µ¦´µ ¶µ¶Ò-
É ÉÓ¸Ö µ¶·¥¤¥²¨ÉÓ

hj(t)
h(t1)

=
µj(t)
µ(t1)

{
1 + M(t1, t)

h(t1)γ0

h0µ(t1)

}−1

. (3.34)

�¤´ ±µ ´  ·¥§Ê²ÓÉ É ¸ÊÐ¥¸É¢¥´´µ ¢²¨Ö¥É ¶·¥¤¶µ²µ¦¥´¨¥ µ §´ Î¥´¨¨ h(t1).
Ÿ¸´µ, ¶µ ±· °´¥° ³¥·¥, ÎÉµ ¸²¥¤Ê¥É ¶·¨´¨³ ÉÓ h(t1) � h0. �´ ²¨§ ¤¥³µ-
£· Ë¨Î¥¸±¨Ì ¤ ´´ÒÌ ¤²Ö µ¶·¥¤¥²¥´¨Ö hj(t) ¶·¥¤¸É ¢²Ö¥É ¸ ³µ¸ÉµÖÉ¥²Ó´ÊÕ
§ ¤ ÎÊ, ±µÉµ· Ö ¢ ¤ ´´µ° ¸É ÉÓ¥ ´¥ · ¸¸³ É·¨¢ ¥É¸Ö.

3.3. �¡µ¸´µ¢ ´¨¥ ¡ §µ¢µ° ´ £·Ê§µÎ´µ° ³µ¤¥²¨. Š ±¨¥ ¶·¥¤¸É ¢²¥´¨Ö µ
¶·µÍ¥¸¸ Ì ¢ µ·£ ´¨§³¥ ³µ£²¨ ¡Ò ¢Ò· ¦ ÉÓ¸Ö ¢ ¢¨¤¥ ¨§²µ¦¥´´µ° ¢ÒÏ¥ ³µ¤¥²¨?
„ ´´ Ö ³µ¤¥²Ó ¡Ò²  ¶µ²ÊÎ¥´  ± ± ·¥Ï¥´¨¥ ¸¨¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢-
´¥´¨°, ¸µ¸É ¢²¥´´ÒÌ ¢ ¸²¥¤ÊÕÐ¨Ì ¶·¥¤¶µ²µ¦¥´¨ÖÌ.

1. ˆ´É¥´¸¨¢´µ¸ÉÓ ¸³¥·É´µ¸É¨ µ(t) · ¢´  ¶·µ¨§¢¥¤¥´¨Õ ´ £·Ê§±¨ h(t),
±µÉµ·ÊÕ ¨¸¶ÒÉÒ¢ ¥É µ·£ ´¨§³, ¨ ¢¥·µÖÉ´µ¸É¨ ρ(t) Éµ£µ, ÎÉµ µ´ ¶µ£¨¡ ¥É ¢
·¥§Ê²ÓÉ É¥ ®´¥¶·¥µ¤µ²¥´¨Ö¯ ¥¤¨´¨Î´µ° ´ £·Ê§±¨:

µ(t) = h(t)ρ(t). (3.35)

2. ®� ¤¥¦´µ¸ÉÓ ËÊ´±Í¨µ´¨·µ¢ ´¨Ö µ·£ ´¨§³  ¶µ ¶·¥µ¤µ²¥´¨Õ ¥¤¨´¨Î-
´µ° ´ £·Ê§±¨¯, É. ¥. 1 − ρ(t), Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê¡Ò¢ ¥É ¸ ·µ¸Éµ³ ±µ²¨Î¥¸É¢ 
®¤¥Ë¥±Éµ¢¯ ¢ µ·£ ´¨§³¥:

1 − ρ(t) = e−qN(t). (3.36)

3. Šµ²¨Î¥¸É¢µ ®¤¥Ë¥±Éµ¢¯ N(t) Ê¢¥²¨Î¨¢ ¥É¸Ö ¸µ ¸±µ·µ¸ÉÓÕ, ±µÉµ· Ö
É ±¦¥ ¶·µ¶µ·Í¨µ´ ²Ó´  ¶·µ¨§¢¥¤¥´¨Õ ´ £·Ê§±¨ ´  ´¥´ ¤¥¦´µ¸ÉÓ, É. ¥.

dN(t)/dt = εh(t)ρ(t). (3.37)
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‘µ¢³¥¸É´µ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° (3.36) ¨ (3.37) ¤ ¥É

µ(t) =

µ(t1)
h(t)
h(t1)

exp


γ0

t∫
t1

h(t′)
h0

dt′




1 +
µ(t1)
h(t1)


exp


γ0

t∫
t1

h(t′)
h0

dt′


− 1




, (3.38)

£¤¥ γ0/h0 ≡ εq. �·¥¤¥²Ó´µ¥ §´ Î¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨, ± ± ¢¨¤´µ,
· ¢´µ §´ Î¥´¨Õ h(t) ¢ ¸É ·Î¥¸±µ³ ¢µ§· ¸É¥, ±µ£¤  ´¥´ ¤e¦´µ¸ÉÓ ¶·¨´¨³ ¥É
³ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ρmax = 1. �·¨ ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h(t) = h0 ¶µ²Ê-
Î ¥É¸Ö ²µ£¨¸É¨Î¥¸± Ö ±·¨¢ Ö

µ(t) = µ(t1) eγ0(t−t1)/{1 + [µ(t1)/h0][ eγ0(t−t1) − 1]} (3.39)

¸ ³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ ˆ‘: µmax = h0.
„²Ö ¤¨ ¶ §µ´  ¢µ§· ¸Éµ¢, ±µ£¤  ¸µ¡²Õ¤ ¥É¸Ö Ê¸²µ¢¨¥ ρ(t)=µ(t)/h(t) � 1,

  ¤²Ö ²Õ¤¥° ÔÉµ ¤µ ∼ 80 ²¥É, ¶· ¢µ° Î ¸ÉÓÕ §´ ³¥´ É¥²Ö ¢ ¸µµÉ´µÏ¥´¨¨
(3.38) ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¶µ ¸· ¢´¥´¨Õ ¸ ¥¤¨´¨Í¥°, ¨ µ´µ Ê¶·µÐ ¥É¸Ö ¤µ
¸µµÉ´µÏ¥´¨Ö (3.8). �·¨ ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h(t) = h0 ¶µ²ÊÎ ¥É¸Ö, ± ± ¨
¸É ¢¨²µ¸Ó Í¥²ÓÕ, § ±µ´ ƒµ³¶¥·Í .

‡¤¥¸Ó ¦¥ µÉ³¥É¨³, ÎÉµ ¢ µ¡Ð¥³ ¸²ÊÎ ¥, É. ¥. ¨§ Ëµ·³Ê²Ò (3.38), ¸²¥¤Ê¥É

Q(t, t1) =


1 +

µ(t1)
h(t1)


exp


γ0

t∫
t0

h(τ)
h0

dτ


− 1






−h0/γ0

. (3.40)

�É²¨Î¨¥ ¸µµÉ´µÏ¥´¨Ö (3.39) µÉ ¸µµÉ´µÏ¥´¨Ö (3.8) µ§´ Î ¥É, ÎÉµ ¢ µ¡Ð¥³
¸²ÊÎ ¥ ¢Éµ·µ¥ ®É¥Ì´µ²µ£¨Î¥¸±µ¥¯ ¸¢µ°¸É¢µ ³µ¤¥²¨ ¸²¥¤Ê¥É ¸¢¥·ÖÉÓ ¸ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¨¸¶µ²Ó§ÊÖ ´¥ ¸µµÉ´µÏ¥´¨¥ (3.32),   ´¥¸±µ²Ó±µ ¨´µ¥:

µ(t⊗, ∆h)/µ(t1) ≡ ω(∆h) = 1 + [h0/µ(t1)]{e[γ0/h0]∆M(t1,t⊗,∆h) − 1}. (3.41)

Š ± ¢¨¤´µ, ¶·¨ ¡µ²ÓÏ¨Ì Ê·µ¢´ÖÌ ¸³¥·É´µ¸É¨ ¶µ¸²¥ µ¸É·µ£µ ¢µ§¤¥°¸É¢¨¨
¶µ²ÊÎ ¥É¸Ö §´ Î¥´¨¥ ω(∆h) ¡µ²ÓÏ¥¥, Î¥³ ¶µ (3.32).

“³¥¸É´µ ¥Ðe · § Ê¤¥²¨ÉÓ ¢´¨³ ´¨¥ ¸³Ò¸²µ¢µ° ¸Éµ·µ´¥ ³µ¤¥²¨. �´  § -
±²ÕÎ ¥É¸Ö ¢ Éµ³, ¢ Î ¸É´µ¸É¨, ÎÉµ ¸ ¢µ§· ¸Éµ³ ´¥´ ¤¥¦´µ¸ÉÓ µ·£ ´¨§³  · ¸ÉeÉ
¢¶²µÉÓ ¤µ ¥¤¨´¨ÍÒ ¨ ¸µµÉ¢¥É¸É¢¥´´µ · ¸ÉeÉ ¶·µ¨§¢¥¤¥´¨¥ ´¥´ ¤e¦´µ¸É¨ ¨ ´ -
£·Ê§±¨. ‚ ·¥§Ê²ÓÉ É¥ ¸ ¢µ§· ¸Éµ³ · ¸É¥É ¨´É¥´¸¨¢´µ¸ÉÓ ¸³¥·É´µ¸É¨ ¶· ±É¨Î¥-
¸±¨ ¶µ ¢¸¥³ £·Ê¶¶ ³ ¶·¨Î¨´ ¸³¥·É¨. �·¨ ÔÉµ³ ·µ¸É ´¥´ ¤¥¦´µ¸É¨ ³µ¦¥É ¡ÒÉÓ
µ¡Ê¸²µ¢²¥´ µ¤´¨³¨ ´¥¡² £µ¶·¨ÖÉ´Ò³¨ Ë ±Éµ· ³¨,   ¸³¥·ÉÓ ³µ¦¥É ¶·µ¨§µ°É¨
¢ ·¥§Ê²ÓÉ É¥ ¤¥°¸É¢¨Ö ¢ É¥±ÊÐ¨° ³µ³¥´É ¤·Ê£µ£µ Ë ±Éµ·  (¤·Ê£µ° ´ £·Ê§±¨).
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� ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ±· °´¥ ¢ ¦´Ò³ ÊÎ¨ÉÒ¢ ÉÓ ÔÉµ ¶·¨  ´ ²¨§¥ ¢²¨Ö´¨Ö Ô±µ-
²µ£¨Î¥¸±µ° µ¡¸É ´µ¢±¨ ´  ¸³¥·É´µ¸ÉÓ ¨ ¸µ¸ÉµÖ´¨¥ §¤µ·µ¢ÓÖ ´ ¸¥²¥´¨Ö ¶µ
·¥§Ê²ÓÉ É ³ ¸ ´¨É ·´µ-£¨£¨¥´¨Î¥¸±µ£µ ³µ´¨Éµ·¨´£ .

—Éµ ± ¸ ¥É¸Ö ¶·¨·µ¤Ò ·µ¸É  ´¥´ ¤¥¦´µ¸É¨ µ·£ ´¨§³  ¸ ¢µ§· ¸Éµ³, Éµ
¸ ¶µ§¨Í¨¨ ´ £·Ê§µÎ´µ° ³µ¤¥²¨ µ´  § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢´ Î ²¥, É. ¥. ¢
µÉ·µÎ¥¸±µ³ ¢µ§· ¸É¥, ¢Ò¸µ± Ö ´ ¤¥¦´µ¸ÉÓ µ·£ ´¨§³  µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶·¥µ¤µ-
²¥´¨¥³ ´ £·Ê§±¨, ±µÉµ·µ¥ ¶·µ¨¸Ìµ¤¨É ¡² £µ¤ ·Ö ¤¥°¸É¢¨Õ ´¥±µÉµ·ÒÌ ¥£µ ¶µ¤-
¸¨¸É¥³ ±µ³¶¥´¸ Í¨¨ ¨ ¢µ¸¸É ´µ¢²¥´¨Ö. � § É¥³ ¸ ¢µ§· ¸Éµ³ ÔËË¥±É¨¢´µ¸ÉÓ
ÔÉ¨Ì ¶µ¤¸¨¸É¥³ É ±¦¥ Ê³¥´ÓÏ ¥É¸Ö ¶µ¤ ¤¥°¸É¢¨¥³ ´ £·Ê§±¨ ¨ ¢ ·¥§Ê²ÓÉ É¥
¶·µ¨¸Ìµ¤¨É ·¥§±¨° Ô±¸¶µ´¥´Í¨ ²Ó´Ò° ·µ¸É ´¥´ ¤¥¦´µ¸É¨ µ·£ ´¨§³ . �Éµ ¨
µ¡Ê¸²µ¢²¨¢ ¥É ´ ¡²Õ¤ ¥³Ò° ·µ¸É ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É¨ ¶µÎÉ¨ ¶µ ¢¸¥³ ¶·¨-
Î¨´ ³ ¨ ¸µ§¤ ¥É ÔËË¥±É § ¶·µ£· ³³¨·µ¢ ´´µ° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ ¦¨§´¨.

‘ÊÐ¥¸É¢¥´´µ, ÎÉµ ¨ ¤²Ö ¦¨¢µÉ´ÒÌ Ì · ±É¥·¥´ Ô±¸¶µ´¥´Í¨ ²Ó´Ò° ·µ¸É
¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨ ¸ ¢µ§· ¸Éµ³. �·¨ ÔÉµ³ · §²¨Î¨¥ ¶µ± § É¥²¥° Ô±¸-
¶µ´¥´ÉÒ µ¡Ê¸²o¢²¨¢ ¥É ´ ¡²Õ¤ ¥³µ¥ ¢¨¤µ¢µ¥ · §²¨Î¨¥ ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨
¦¨§´¨. ‚ µÉ²¨Î¨¥ µÉ ÔÉµ£µ Ê ´¥¦¨¢ÒÌ ¸¨¸É¥³ Î ¸ÉµÉ  µÉ± §µ¢ µ(t), ± ± ¶· -
¢¨²µ, ¶µ¸ÉµÖ´´  ¢ É¥Î¥´¨¥ µ¸´µ¢´µ£µ ¸·µ±  ¨Ì ¨¸¶µ²Ó§µ¢ ´¨Ö (ÌµÉÖ ¤²Ö É¥Ì-
´¨Î¥¸±¨Ì ¸¨¸É¥³ É ±¦¥ ¨³¥¥É ³¥¸Éµ ÔËË¥±É ®¸É ·¥´¨Ö¯, ¤²Ö µ¶¨¸ ´¨Ö ±µÉµ-
·µ£µ É ±¦¥ ¸ÊÐ¥¸É¢ÊÕÉ ¸¢µ¨ ³µ¤¥²¨). �µÔÉµ³Ê ¸ ¶µ§¨Í¨¨ ´ £·Ê§µÎ´µ° ³µ¤¥²¨
³µ¦´µ ¸± § ÉÓ, ÎÉµ µ·£ ´¨§³ ¦¨¢µÉ´ÒÌ ± ± ¸²µ¦´ Ö ¸¨¸É¥³  Ê¸É·µ¥´ É ±, ÎÉµ
§  ¢Ò¸µ±ÊÕ ´ ¤¥¦´µ¸ÉÓ ¢ ³µ²µ¤µ³ ¢µ§· ¸É¥ ¶·¨Ìµ¤¨É¸Ö · ¸¶² Î¨¢ ÉÓ¸Ö ¶µ¸²¥-
¤ÊÕÐ¨³ ¡Ò¸É·Ò³ ¸É ·¥´¨¥³. ˆ´ Î¥ £µ¢µ·Ö, ËÊ´±Í¨µ´¨·µ¢ ´¨¥ ¸¨¸É¥³ ±µ³-
¶¥´¸ Í¨¨, ¢µ¸¸É ´µ¢²¥´¨Ö,  ¤ ¶É Í¨¨, ¶µ¤¤¥·¦ ´¨Ö £µ³¥µ¸É §  ¨ É. ¶. (± ± ¡Ò
¨Ì ´¨ ´ §Ò¢ ÉÓ), ±µÉµ·µ¥ ´¥ ¶µ§¢µ²Ö¥É ¶·µÖ¢¨ÉÓ¸Ö ±µ´±·¥É´Ò³ ¶µ¸²¥¤¸É¢¨Ö³
¢µ§¤¥°¸É¢¨Ö ´¥¡² £µ¶·¨ÖÉ´ÒÌ Ë ±Éµ·µ¢, ¸¢µ¤¨É¸Ö ± ¸É ·¥´¨Õ µ·£ ´¨§³ .

ˆ³¥´´µ ¶µÔÉµ³Ê µÉ¸ÊÉ¸É¢¨¥ ¶µ¸²¥¤¸É¢¨° ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö, µ Îe³
£µ¢µ·ÖÉ, ¨³¥Ö ¢ ¢¨¤Ê ±µ´±·¥É´Ò¥ ÔËË¥±ÉÒ, ´¥ Éµ¦¤¥¸É¢¥´´µ ¶µ²´µ³Ê µÉ-
¸ÊÉ¸É¢¨Õ ¶µ¸²¥¤¸É¢¨° ¢µ§¤¥°¸É¢¨Ö. �µ¸±µ²Ó±Ê ¶·µÍ¥¸¸Ò ¢ µ·£ ´¨§³¥ ¨¤ÊÉ,
¶µ¸±µ²Ó±Ê µ´ ËÊ´±Í¨µ´¨·Ê¥É, ¶µ¸Éµ²Ó±Ê µ´ ¸É ·¥¥É. ˆ ·¥ÎÓ ³µ¦¥É ¨¤É¨
²¨ÏÓ Éµ²Ó±µ µ Éµ³, ´ ¸±µ²Ó±µ ÔÉµ § ³¥É´µ ¨ §´ Î¨³µ, Î¥³Ê · ´¥¥ ¡Ò²¨ ¤ ´Ò
±µ²¨Î¥¸É¢¥´´Ò¥ µÍ¥´±¨.

ˆ§²µ¦¥´´µ¥ ¢ÒÏ¥ ³µ¦´µ Éµ²Ó±µ Ê¸²µ¢´µ ´ §¢ ÉÓ µ¡µ¸´µ¢ ´¨¥³ ³µ¤¥²¨.
’µÎ´¥¥, ÔÉµ ¢µ§³µ¦´Ò° ¢ ·¨ ´É µ¡µ¸´µ¢ ´¨Ö ³µ¤¥²¨ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¥³Ê
¶·¥¤¸É ¢²¥´¨°, É. ¥. ¤ ´´µ¥ µ¡µ¸´µ¢ ´¨¥ ´¥ ¨¸±²ÕÎ ¥É ¤·Ê£¨Ì ¢ ·¨ ´Éµ¢ µ¡Ñ-
Ö¸´¥´¨Ö ¨ µ¡µ¸´µ¢ ´¨Ö ¶·¥¤²µ¦¥´´ÒÌ Ëµ·³Ê².

3.4. Œµ¤¨Ë¨± Í¨Ö ¡ §µ¢µ° ³µ¤¥²¨ ¶·¨³¥´¨É¥²Ó´µ ± ¤¥É¸±µ³Ê ¢µ§· ¸ÉÊ.
„ ²Ó´¥°Ï¥¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ¶µ´ÖÉ¨Ö ´ £·Ê§±¨ ¡Ò²µ ¶·¥¤¶·¨´ÖÉµ ¤²Ö ³µ¤¨Ë¨-
± Í¨¨ ¨¸Ìµ¤´µ° ³µ¤¥²¨ É ±¨³ µ¡· §µ³, ÎÉµ¡Ò µ¶¨¸Ò¢ ÉÓ ¸´¨¦¥´¨¥ ¨´É¥´-
¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨, ¶·µ¨¸Ìµ¤ÖÐ¥¥ ´  ¢·¥³¥´´µ³ ¨´É¥·¢ ²¥ µÉ ·µ¦¤¥´¨Ö ±
µÉ·µÎ¥¸É¢Ê [45]. ‚ ¶·¨´Í¨¶¥ ¨§²µ¦¥´´ Ö ¢ÒÏ¥ ³µ¤¥²Ó Ëµ·³ ²Ó´µ ¶µ§¢µ²Ö¥É
¨´É¥·¶·¥É¨·µ¢ ÉÓ ´ §¢ ´´µ¥ ¢ÒÏ¥ ³² ¤¥´Î¥¸±µ¥ ¸´¨¦¥´¨¥ ˆ‘ ± ± ¸´¨¦¥´¨¥
´ £·Ê§±¨, ¸¢Ö§ ´´µ° ¸ ·µ¦¤¥´¨¥³. �¤´ ±µ ´ ³¨ ¡Ò² ¨§¡· ´ ¤·Ê£µ° ¶µ¤Ìµ¤.
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‚ ³µ¤¨Ë¨Í¨·µ¢ ´´µ° ³µ¤¥²¨ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ¤¥É¸±¨° µ·£ ´¨§³ ¸ ·µ-
¦¤¥´¨Ö ¨³¥¥É N(0), ¨ ¢ Ìµ¤¥ Ëµ·³¨·µ¢ ´¨Ö µ·£ ´¨§³ , ´ ·Ö¤Ê ¸ Ê¢¥²¨Î¥´¨¥³
±µ²¨Î¥¸É¢  ®¤¥Ë¥±Éµ¢¯ ¶µ Ê± § ´´µ° ¢ÒÏ¥ ¸Ì¥³¥, µ¤´µ¢·¥³¥´´µ ¶·µ¨¸Ìµ¤¨É
¨Ì Ê¡Ò¢ ´¨¥ ¸µ ¸±µ·µ¸ÉÓÕ f(t), É. ¥.

dN(t)/dt = ε{h(t)[1 − e−qN(t)] − f(t)}, (3.42)

¶·¨Î¥³ ¶µ¤· §Ê³¥¢ ¥É¸Ö, ÎÉµ f(t) ¥¸ÉÓ ³µ´µÉµ´´µ Ê¡Ò¢ ÕÐ Ö ËÊ´±Í¨Ö É¨¶ 
f(0) e−λt.

�¥Ï¥´¨¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ Ê· ¢´¥´¨Ö (3.42) ¨³¥¥É ¢¨¤ (± ± ¨ · ´¥¥,
γ0/h0 ≡ εq):

eqN = 1 + exp


 t∫

0

γ0

h0
[h(t′) − f(t′)]dt′


{

ρ(0)
1 − ρ(0)

−

−
t∫

0

γ0

h0
f(t′) exp


−

t′∫
0

γ0

h0
[h(t′′) − f(t′′)]dt′′


 dt′

}
, (3.43)

ÎÉµ ¶·¨ ρ(t) � 1 ¤ eÉ (´ ¶µ³´¨³, ÎÉµ ÔÉµ ¸µµÉ¢¥É¸É¢Ê¥É ÊÎ ¸É±Ê ‚‡ˆ‘,
±µÉµ·Ò° ¸ÊÐ¥¸É¢¥´´µ µÉ¸Éµ¨É µÉ ¢ÒÌµ¤  ´  ¶² Éµ):

ρ(t) =


ρ(0) −

t∫
0

γ0

h0
f(t′) exp


−

t′∫
0

γ0

h0
h̃(t′′)dt′′


 dt′


 exp

t∫
0

γ0

h0
h̃(t′)dt′,

(3.44)
£¤¥

h̃(t) = h(t) − f(t). (3.45)

‚Éµ·µ¥ ¸² £ ¥³µ¥ ¢ (3.44) ¸ ¢µ§· ¸Éµ³ Ê¢¥²¨Î¨¢ ¥É¸Ö, ÎÉµ ¶·¨¢µ¤¨É ±
Ê³¥´ÓÏ¥´¨Õ ρ(t) ¨ ¸µµÉ¢¥É¸É¢¥´´µ ± Ê³¥´ÓÏ¥´¨Õ µ(t), ÎÉµ ¨ ´ ¡²Õ¤ ¥É¸Ö
¢ ¤¥É¸±µ³ ¢µ§· ¸É¥. �µ ³¥·¥ ¶·¨¡²¨¦¥´¨Ö f(t) ± ´Ê²Õ ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö
³µ¤¥²Ó ¶¥·¥Ìµ¤¨É ¢ ¨¸Ìµ¤´ÊÕ. ‚ ·¥§Ê²ÓÉ É¥, ´ Î¨´ Ö ¸ ¢µ§· ¸É  t∗, ±µ£¤ 
§´ Î¥´¨¥ ËÊ´±Í¨¨ f(t∗) ³µ¦´µ ¸Î¨É ÉÓ · ¢´Ò³ ´Ê²Õ,

µ(t > t∗) = ρ(t∗)h(t) exp

t∫
t∗

γ0

h0
h(t′)dt′, (3.46)

£¤¥

ρ(t∗) =


ρ(0) −

t∗∫
0

γ0

h0
f(t′) exp


−

t′∫
0

γ0

h0
h̃(t′′)dt′′


 dt′


 exp


 t∗∫

0

γ0

h0
h̃(t′)dt′


 .

(3.47)



1474 ‘�Š�‚ˆ— ‚. �., ‘Œˆ���‚� �. �.

„ ²¥¥, ¶·¨³¥´ÖÖ ¨´É¥£·¨·µ¢ ´¨¥ ¶µ Î ¸ÉÖ³, ¶µ²ÊÎ ¥³

M(0, t) =

t∫
0

h(t′)ρ(t′)dt′ = e

t∫

0
(γ0/h0)h̃(t′)dt′

{
h0

γ0
ρ(0)−

−
t∫

0

f(t′)e
−

t′∫

0
(γ0/h0)h̃(t′′)dt′′

dt′

}
− h0

γ0
ρ(0) +

t∫
0

f(t′)×

×


1 + e

t′∫

0
(γ0/h0)h̃(t′′)dt′′


ρ(0) −

t′∫
0

γ0

h0
f(t′′)e

−
t′′∫

0
(γ0/h0)h̃(t′′′)dt′′′

dt′′




 dt′.

(3.48)

…Ðe ¡µ²¥¥ £·µ³µ§¤±¨³ ¨ ´¥Ê¤µ¡´Ò³ ¤²Ö ¶· ±É¨Î¥¸±µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö,
ÌµÉÖ ¨ ¡µ²¥¥ ÉµÎ´Ò³, Ö¢²Ö¥É¸Ö ¢Ò· ¦¥´¨¥ ¤²Ö µ¶·¥¤¥²¥´¨Ö ∆M(0, t, ∆h).

	µ²¥¥ ¶·µ¸ÉÒ¥ ¢Ò· ¦¥´¨Ö ¶µ²ÊÎ ÕÉ¸Ö, ¥¸²¨ ¶·¨¡²¨¦¥´¨¥ ρ(t) � 1 ¶·¨-
³¥´¨ÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ± ¨¸Ìµ¤´µ³Ê ¤¨ËË¥·¥´Í¨ ²Ó´µ³Ê Ê· ¢´¥´¨Õ (3.42):

ρ(t) =


ρ(0) −

t∫
0

γ0

h0
f(t′) exp


−

t′∫
0

γ0

h0
h(t′′)dt′′


 dt′


 exp

t∫
0

γ0

h0
h(t′)dt′,

(3.49)
¨ ¸µµÉ´µÏ¥´¨Ö, ¸²¥¤ÊÕÐ¨¥ ¨§ ´¥£µ ¢ ·¥§Ê²ÓÉ É¥ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ Î ¸ÉÖ³:

M(0, t) =
h0

γ0
ρ(0)


e

t∫

0
(γ0/h0)h(t′)dt′

− 1


− e

t∫

0
(γ0/h0)h(t′)dt′

t∫
0

f(t′)×

× e
−

t′∫

0
(γ0/h0)h(t′′)dt′′

dt′ +

t∫
0

f(t′)dt′ =
h0

γ0
ρ(0)


e

t∫

0
(γ0/h0)h(t′)dt′

− 1


−

−
t∫

0

f(t′)


e

t∫

t′
(γ0/h0)h(t′′)dt′′

− 1


 dt′, (3.50)

∆M(0, t, ∆h) =
h0

γ0
ρ(0) e

t∫

0
(γ0/h0)h(t′)dt′


e

t∫

0
(γ0/h0)∆h(t′)dt′

− 1


−

−
t∫

0

f(t′) e

t∫

t′
(γ0/h0)h(t′′)dt′′


e

t∫

t′
(γ0/h0)∆h(t′)dt′′

− 1


 dt′. (3.51)
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‡¤¥¸Ó, ± ± ¢¨¤´µ, ´ £·Ê§±  h(t) ´¥ § ³¥´¨² ¸Ó ´  h̃(t), ± ± ¢ ¸µµÉ´µÏ¥´¨¨
(3.48).

„ ²¥¥ µ¶·¥¤¥²¨³ §´ Î¥´¨Ö f(0) ¨ λ,   § É¥³ ¢ÒÖ¸´¨³ ·µ²Ó ¤µ¶µ²´¨É¥²Ó-
´µ° ´ £·Ê§±¨ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥.

�Í¥´±Ê §´ Î¥´¨° f(0) ¨ λ ³µ¦´µ ¶·µ¨§¢¥¸É¨ ¶µ ¤¥³µ£· Ë¨Î¥¸±¨³ ¤ ´-
´Ò³ ¨§ ¸²¥¤ÊÕÐ¨Ì Ê¸²µ¢¨°. �·¨ t = 0 ¨³¥¥³

d ln µ(t)/dt = γ(0), (3.52)

¨ ¢ ¢µ§· ¸É¥, ±µ£¤  ˆ‘ ¤µ¸É¨£ ¥É ³¨´¨³ ²Ó´µ£µ §´ Î¥´¨Ö (12Ä14 ²¥É),

d ln µ(tmin)/dt ≡ γ(tmin) = 0. (3.53)

ˆ§ (3.41) ¸²¥¤Ê¥É, ÎÉµ

d ln µ(t)/dt =
dh(t)/dt

h(t)
+

γ0

h0
h(t)−

− γ0

h0
f(t) e

−
t∫

0
(γ0/h0)h(t′)dt′

/
ρ(0) −

t∫
0

γ0

h0
f(t′) e

−
t′∫

0
(γ0/h0)h(t′′)dt′′

dt′


 .

(3.54)

‚ ¶·¨¡²¨¦¥´¨¨ h(t) = h0 ¶µ²ÊÎ ¥É¸Ö

γ0

h0
f(0) = ρ(0)[γ0 − γ(0)], (3.55)

µÉ±Ê¤  ¸²¥¤Ê¥É, ÎÉµ

ρ(t) = ρ(0)
[
1 −

t∫
0

[γ0 − γ(0)]×

× exp
{
−λt′ −

t′∫
0

γ0

h0
h(t′′)dt′′

}
dt′
]

exp
{ t∫

0

γ0

h0
h(t′)dt′

}
(3.56)

¨ ¸µµÉ¢¥É¸É¢¥´´µ

M(0, t) =
∫

µ(t′)dt′ = ρ(0)
h0

γ0

{
e

t∫

0
(γ0/h0)h(t′)dt′

− 1
}
− γ0 − γ(0)

γ0
×

× e

t∫

0
(γ0/h0)h(t′)dt′

t∫
0

e−λt′ e
−

t′∫

0
(γ0/h0)h(t′′)dt′′

dt′ +
γ0 − γ(0)

γ0

t∫
0

e−λt′dt′.

(3.57)
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‡´ Î¥´¨¥ λ µ¶·¥¤¥²Ö¥É¸Ö É· ´¸Í¥´¤¥´É´Ò³ Ê· ¢´¥´¨¥³, ±µÉµ·µ¥ ¸²¥¤Ê¥É ¨§
(3.54) ¶·¨ ¶µ¤¸É ´µ¢±¥ ¢ ´¥£µ (3.55):

{λ[γ0 − γ(0)]/γ0} e−[γ0+λ]tmin = λ + γ(0). (3.58)

—¨¸²¥´´Ò¥ µÍ¥´±¨ ¶µ± §Ò¢ ÕÉ, ÎÉµ λ ¢¸¥£µ ´  0,5Ä1,5 % ¡µ²ÓÏ¥, Î¥³
−γ(0). �¤´ ±µ ¶·¨´ÖÉÓ ¡Ê±¢ ²Ó´µ λ = −γ(0) ´¥²Ó§Ö, É. ±. ¢ ·Ö¤¥ ¸ÊÐ¥-
¸É¢¥´´ÒÌ ¸²ÊÎ ¥¢ ÔÉµ ¤ eÉ ´¥¶·¨¥³²¥³Ò° ·¥§Ê²ÓÉ É. …¸²¨ ¦¥ ¸Î¨É ÉÓ, ÎÉµ
λ = ∆λ − γ(0), Éµ Éµ£¤  ¶µ²ÊÎ ¥É¸Ö

∆λ = [1 + γ0/γ(0)[γ0 − γ(0)] exp {[γ(0) − γ0]tmin}]−1
. (3.59)

�·¨ ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h(t) = h0 ± ·É¨´  Ê¶·µÐ ¥É¸Ö ¨ Ìµ·µÏµ ¢¨¤´ 
·µ²Ó f(t):

ρ(t) = ρ(0)
{

1 − γ0 − γ(0)
γ0 + λ

[1 − e−(γ0+λ)t]
}

eγ0t. (3.60)

�·¨ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ³ §´ Î¥´¨¨ t ¶µ²ÊÎ ¥É¸Ö ρ(t) = ρ(0)
λ+γ(0)
λ+γ0

eγ0t =

ρ0 eγ0t, £¤¥ ρ0 ¥¸ÉÓ §´ Î¥´¨¥ ρ(t) = µ(t)/h0, Ô±¸É· ¶µ²¨·µ¢ ´´µ¥ µÉ §·¥²µ£µ
¢µ§· ¸É  ± ³µ³¥´ÉÊ t = 0 ¶µ Ô±¸¶µ´¥´É¥ ¸ ¶µ± § É¥²¥³ γ0. ‘µµÉ¢¥É¸É¢¥´´µ
¶·¨ ¶µ¸ÉµÖ´´µ° ´ £·Ê§±¥ h(t) = h0 ¶µ²ÊÎ ¥É¸Ö

µ(t) = µ0eγ0t + [µ(0) − µ0] e−λt, (3.61)

  É ±¦¥
M(0, t) = µ0[eγ0t − 1]/γ0 + [µ(0) − µ0][1 − e−λt]/λ. (3.62)

� §¢ ´´µ¥ ¢ÒÏ¥ µÉ²¨Î¨¥ ¢ 0,5Ä1,5 % ± ± · § ¸µ¸É ¢²ÖeÉ Ë ±É¨Î¥¸±µ¥
¸µµÉ´µÏ¥´¨¥ µ0/(µ(0)).

‘µµÉ´µÏ¥´¨¥ (3.61) ³µ¦´µ ¡Ò²µ ¡Ò ¸· §Ê ¶·¨´ÖÉÓ ± ±  ¶¶·µ±¸¨³ Í¨Õ
µ(t), ¸Ê¤Ö ¶µ ¢´¥Ï´¥³Ê ¢¨¤Ê ‚‡ˆ‘ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥, ´¥ ¶·¨¡¥£ Ö ± ¨§²µ¦¥´-
´µ³Ê ¢ÒÏ¥ ¶µ¸É·µ¥´¨Õ ³µ¤¨Ë¨Í¨·µ¢ ´´µ° ³µ¤¥²¨. �¤´ ±µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ´¥
¡Ò²µ ¡Ò ¢¨¤´µ, ±Ê¤  ¢¢µ¤¨ÉÓ ¤µ¶µ²´¨É¥²Ó´ÊÕ ´ £·Ê§±Ê, µ Îe³ ·¥ÎÓ ´¥¸±µ²Ó±µ
¶µ§¦¥.

‹µ£¨Î¥¸±¨ ¢µ§³µ¦¥´ ¥Ð¥ µ¤¨´ ¢ ·¨ ´É ³µ¤¨Ë¨± Í¨¨ ³µ¤¥²¨ ¶·¨³¥´¨-
É¥²Ó´µ ± ¤¥É¸±µ³Ê ¢µ§· ¸ÉÊ. Œµ¦´µ ¶·¥¤¸É ¢¨ÉÓ, ÎÉµ ´ ¤¥¦´µ¸ÉÓ µ·£ ´¨§³ 
Ëµ·³¨·Ê¥É¸Ö ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥, Ê¢¥²¨Î¨¢ Ö¸Ó ¸ ´¥±µÉµ·µ° ³ ²µ° ¢¥²¨Î¨´Ò
¤µ ¥¤¨´¨ÍÒ, µ¤´µ¢·¥³¥´´µ ¸ ´ ±µ¶²¥´¨¥³ ¤¥Ë¥±Éµ¢ ¨§-§  ¤¥°¸É¢¨Ö ´ £·Ê§±¨,
É. ¥. ¢³¥¸Éµ (3.44) ³µ¦´µ ´ ¶¨¸ ÉÓ

1 − ρ(t) = g(t) e−qN(t). (3.63)
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�¤´ ±µ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ Ê· ¢´¥´¨¥ ¨³¥¥É Éµ ¦¥ ·¥-
Ï¥´¨¥, ÎÉµ ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³ ¢ ·¨ ´É¥, É ± ÎÉµ

g(t) = g(0) exp


 t∫

0

γ0

h0
f(t′)dt′


 . (3.64)

3.5. Œµ¤¥²Ó ¤µ¶µ²´¨É¥²Ó´µ° ´ £·Ê§±¨ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥. �·¨· Ð¥´¨¥
ËÊ´±Í¨¨ ·¨¸± , µ¡Ê¸²µ¢²¥´´µ¥ µ¡²ÊÎ¥´¨¥³, ´ Î¨´ Ö ¸ ¤¥É¸±µ£µ ¢µ§· ¸É , ³µ-
¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´µ · §²¨Î´Ò³ µ¡· §µ³. ’ ±, ¤²Ö Ê¤µ¡¸É¢  ¸· ¢´¥´¨Ö ¸
¶·¨· Ð¥´¨¥³ ËÊ´±Í¨¨ ·¨¸±  ¢ §·¥²µ³ ¢µ§· ¸É¥ ¸µµÉ´µÏ¥´¨¥ (3.61) ³µ¦´µ
¶·¥¤¸É ¢¨ÉÓ ¢ ´¥¸±µ²Ó±µ ¨´µ³ ¢¨¤¥:

∆M(0, t, ∆h) =
h0

γ0

{
ρ(0) e

t∗∫

0
(γ0/h0)h(t′)dt′

ρ(t∗)

}
×

× ρ(t∗) e

t∫

t∗
(γ0/h0)h(t′)dt′

[
e

t∫

0
(γ0/h0)∆h(t′)dt′

− 1
]
−

−
t∫

0

f(t′) e′
t∫

t′
(γ0/h0)h(t′′)dt′′

[
e′

t∫

t′
(γ0/h0)∆h(t′)dt′′

− 1
]
dt′. (3.65)

‚¨¤´µ, ÎÉµ ¶·¨· Ð¥´¨¥ ËÊ´±Í¨¨ ·¨¸±  ¤²Ö ¢§·µ¸²ÒÌ Ê¢¥²¨Î¥´µ ¨§-§ 
µ¡²ÊÎ¥´¨Ö ¢ ¤¥É¸É¢¥ ´  ³´µ¦¨É¥²Ó ¢ Ë¨£Ê·´ÒÌ ¸±µ¡± Ì,   ÔÉµ ¶µ·Ö¤±  100,
´µ § É¥³ Ê³¥´ÓÏ¥´  ´  ¢Éµ·µ¥ ¸² £ ¥³µ¥. ‚ ÔÉµ³ ¢Ò· ¦¥´¨¨, ±µÉµ·µ¥ Ö¢²Ö¥É
¸µ¡µ° µ¡Ð¨° ¸²ÊÎ °, É¥³ ´¥ ³¥´¥¥ É·Ê¤´µ ¶µ²´µ¸ÉÓÕ Ê¢¨¤¥ÉÓ ·µ²Ó µ¡²ÊÎ¥´¨Ö
¢ ¤¥É¸É¢¥. �µ ³µ¦´µ ¢Ò· ¦¥´¨¥ (3.61) ¶·¥¤¸É ¢¨ÉÓ ¨ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

∆M(0, t, ∆h)=
h0

γ0
e

t∫

0
(γ0/h0)h(t′)dt′

[
ρ(0) −

t∫
0

γ0

h0
f(t′) e

−
t′∫

0
(γ0/h0)h(t′′)dt′′

dt′
]
×

×




e

t∫

0
(γ0/h0)∆h(t′)dt′

ρ(0) −
t∫

0

γ0

h0
f(t′) e

−
t′∫

0
(γ0/h0)h(t′′)+∆h(t′′)dt′′

dt′

ρ(0) −
t∫

0

γ0

h0
f(t′) e

−
t′∫

0
(γ0/h0)h(t′′)dt′′

dt′

− 1




≡

≡ h0

h(0)
µ(t)
γ0

[
e

t∫

0
(γ0/h0)∆h(t′)dt′

ϑ(t) − 1
]
. (3.66)
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’ ±¨³ µ¡· §µ³, ËÊ´±Í¨Ö ·¨¸±  Ê ¢§·µ¸²ÒÌ ¨§-§  µ¡²ÊÎ¥´¨Ö, ´ Î¨´ ÕÐ¥-
£µ¸Ö ¸ ¤¥É¸±µ£µ ¢µ§· ¸É , ¢Ò£²Ö¤¨É É ± ¦¥, ± ± ¨ · ´¥¥, É. ¥. ¶·¨ µ¡²ÊÎ¥´¨¨
¢§·µ¸²ÒÌ, ´µ ¶µÖ¢²Ö¥É¸Ö ±µÔËË¨Í¨¥´É ¸¶¥Í¨Ë¨Î¥¸±µ£µ ¢²¨Ö´¨Ö ´ £·Ê§±¨ ¢
¤¥É¸±µ³ ¢µ§· ¸É¥ ϑ(t∗):

ϑ(t∗) ≡ ρ(t∗, ∆h)
ρ(t∗)

=

1 −
t∗∫

0

γ0

ρ(0)h0
f(t) e

−
t∫

0
(γ0/h0)[h(t′)+∆h(t′)]dt′

dt

1 −
t∗∫

0

γ0

ρ(0)h0
f(t) e

−
t∫

0
(γ0/h0)h(t′)dt′

dt

. (3.67)

‚¨¤´µ, ÎÉµ Î¥³ ¡µ²ÓÏ¥ ´ £·Ê§± , É¥³ ³¥´ÓÏ Ö ¢¥²¨Î¨´  ¢ÒÎ¨É ¥É¸Ö ¨§
¥¤¨´¨ÍÒ ¢ Î¨¸²¨É¥²¥ ¸µµÉ´µÏ¥´¨Ö (3.67).

‚ ³ ±¸¨³ ²Ó´µ° ¸É¥¶¥´¨ ÔÉµÉ ÔËË¥±É ¶·µÖ¢²Ö¥É¸Ö ¶·¨ ±· É±µ¢·¥³¥´´µ³
¢µ§¤¥°¸É¢¨¨ ¢ ³µ³¥´É ·µ¦¤¥´¨Ö. …¸²¨ ¨³¥ÉÓ ¢ ¢¨¤Ê µ¤´µ±· É´µ¥ µ¡²ÊÎ¥-
´¨¥, Éµ ¢·¥³Ö t⊗, ±µ£¤  § ¢¥·Ï ÕÉ¸Ö ¢µ¸¸É ´µ¢¨É¥²Ó´Ò¥ ¶·µÍ¥¸¸Ò ¨ ´ £·Ê§± 
Ê³¥´ÓÏ ¥É¸Ö ¤µ ´Ê²Ö, ¶µ¤Î¨´Ö¥É¸Ö ¸µµÉ´µÏ¥´¨Õ t⊗ � t∗, ¨ ¶µÔÉµ³Ê ¢ ¤ ´´µ³
¸²ÊÎ ¥ ω(t⊗) ³µ¦´µ ¢Ò´¥¸É¨ ¨§-¶µ¤ ¨´É¥£· ²  ¨ ¸Î¨É ÉÓ, ÎÉµ

ϑ(t∗) =

ρ(0) − e
−

t⊗∫

0
(γ0/h0)∆h(t)dt

t∗∫
0

γ0

h0
f(t) e

−
t∫

0
(γ0/h0)h(t′)dt′

dt

ρ(0) −
t∗∫

0

γ0

h0
f(t) e

−
t∫

0
(γ0/h0)h(t′)dt′

dt

=

=
ρ(0)
ρ(t∗)

e

t∗∫

0
(γ0/h0)h(t)dt

+
[
1 − ρ(0)

ρ(t∗)
e

t∗∫

0
(γ0/h0)h(t)dt

]
e
−

t∗∫

0
(γ0/h0)∆h(t)dt

.

(3.68)

‚ ¶·¨¡²¨¦¥´¨¨ h(t) = h0 ³µ¦´µ ¶·¨´ÖÉÓ ρ(0)/ρ(t∗) e−γ0t = µ(0)/µ0, £¤¥,
± ± ¨ ¢ (3.61), µ0 = ρ0h0, É. ¥. §´ Î¥´¨¥ µ(t) Ô±¸É· ¶µ²¨·µ¢ ´µ µÉ §·¥²µ£µ
¢µ§· ¸É  ± t = 0 ¶µ Ô±¸¶µ´¥´É¥ ¸ ¶µ± § É¥²¥³ γ0.

‚ ·¥§Ê²ÓÉ É¥ ¤²Ö ´¥¡µ²ÓÏ¨Ì, ¶· ±É¨Î¥¸±¨ §´ Î¨³ÒÌ §´ Î¥´¨° ¤µ§Ò µ¡-
²ÊÎ¥´¨Ö ¶·¨ ·µ¦¤¥´¨¨ ¶µ²ÊÎ ¥³ ¢ Ê± § ´´µ³ ¶·¨¡²¨¦¥´¨¨ ³ ±¸¨³ ²Ó´µ¥
§´ Î¥´¨¥ ¸¶¥Í¨Ë¨Î¥¸±µ£µ µÉ´µ¸¨É¥²Ó´µ£µ Ê¢¥²¨Î¥´¨Ö ˆ‘ ¨§-§  µ¡²ÊÎ¥´¨Ö ¢
¤¥É¸±µ³ ¢µ§· ¸É¥ ¢ ¤µ¶µ²´¥´¨e ± Ê¢¥²¨Î¥´¨Õ, ±µÉµ·µ¥ ´¥ § ¢¨¸¨É µÉ ¢µ§· ¸É :

ϑ∗ = (µ0 + ∆µ0r)/µ0 = 1 + [µ(0)/µ0]krD. (3.69)

‘ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ §´ Î¥´¨¥ µ(0)/µ0 ¸µ¸É ¢²Ö¥É ¶µ·Ö¤±  100, ²¥£±µ ¢¨¤¥ÉÓ,
¢µ ¸±µ²Ó±µ · § ÔËË¥±É¨¢´Ò° ±µÔËË¨Í¨¥´É · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¶·¨ µ¡-
²ÊÎ¥´¨¨ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥ ³µ¦¥É ¡ÒÉÓ ¡µ²ÓÏ¥ ¢ ¶·¥¤¥²Ó´µ³ ¸²ÊÎ ¥, Î¥³
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±µÔËË¨Í¨¥´É · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¤²Ö ¢§·µ¸²ÒÌ. „²Ö §´ Î¥´¨Ö ±µÔËË¨Í¨-
¥´É  · ¤¨ Í¨µ´´µ£µ ·¨¸±  (¸³¥·É¨ µÉ § ¡µ²¥¢ ´¨Ö · ±µ³) 0,04 ‡¢−1 [1] ¶·¨
¤µ§¥ 1 ‡¢ ÔÉµ ¸µ¸É ¢²Ö¥É 5,0, ¶·¨ ¤µ§¥ 0,1 ‡¢ Å1,4 ¨ ¶·¨ ¤µ§¥ 0,01 ‡¢ Å1,04.
�µ¸²¥¤´¥¥ ¸µµÉ¢¥É¸É¢Ê¥É µ¡²ÊÎ¥´¨Õ ¢§·µ¸²µ£µ Î¥²µ¢¥±  ¢ ¤µ§¥ 1 ‡¢.

„²Ö Ì·µ´¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ÉµÎ´µ É ± ¦¥, É. ¥. ¶·¨´Ö¢ h(t) = h0, ³µ¦´µ
¶µ²ÊÎ¨ÉÓ

ϑ∗ = (µ0 + ∆µ0r)/µ0 = 1 + krḊµ(0)/[γ0 − γ(0)]µ0. (3.70)

�·¨ ³µÐ´µ¸É¨ ¤µ§Ò Ḋ = 1 ³‡¢/£µ¤ (´ ¶µ³´¨³, ÎÉµ γ0 − γ(0) ≈ 0,43)
¤µ¶µ²´¨É¥²Ó´µ¥ µÉ´µ¸¨É¥²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨ ¨§-§ 
µ¡²ÊÎ¥´¨Ö ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥ ¸µ¸É ¢²Ö¥É ¶µ·Ö¤±  1,01. �Éµ Ê¢¥²¨Î¥´¨¥ ³µ-
¦¥É ¶µ± § ÉÓ¸Ö ´¥§´ Î¨É¥²Ó´Ò³, ´µ µ´µ Ô±¢¨¢ ²¥´É´µ µ¡²ÊÎ¥´¨Õ ¸ Éµ° ¦¥
³µÐ´µ¸ÉÓÕ ¤µ§Ò ¢µ ¢§·µ¸²µ³ ¢µ§· ¸É¥ ¢ É¥Î¥´¨¥ 200Ä250 ²¥É, É. ¥. ± ¤µ§¥
µ¡²ÊÎ¥´¨Ö §  ¢¸Õ ¦¨§´Ó 70 ³‡¢ ± ± ¡Ò ¤µ¡ ¢²Ö¥É¸Ö ¤µ§  ¢ 200Ä250 ³‡¢.

�µ¤µ¡´ÊÕ µÍ¥´±Ê ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨ ¶µ-¤·Ê£µ³Ê, Ê³´µ¦¨¢ ¨ · §¤¥²¨¢
¢Éµ·µ¥ ¸² £ ¥³µ¥ ´  70 ²¥É ¦¨§´¨. �µ²ÊÎ¨É¸Ö ÔËË¥±É¨¢´µ¥ Ê¢¥²¨Î¥´¨¥ ±µ-
ÔËË¨Í¨¥´É  · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¢ 3,3 · § .

‚ÒÏ¥ ¡Ò²¨ ¶·¨¢¥¤¥´Ò · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ § ¶¨¸¨ Ê¢¥²¨Î¥´¨Ö ËÊ´±Í¨¨
·¨¸±  ¸ ÊÎeÉµ³ µ¡²ÊÎ¥´¨Ö ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥. …¸²¨ ¦¥ ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ ¶·¨
µ¡²ÊÎ¥´¨¨ ¢ ´µ·³ É¨¢´ÒÌ ¶·¥¤¥² Ì §´ Î¥´¨Ö ´ £·Ê§±¨ ¶µ§¢µ²ÖÕÉ · §²µ¦¨ÉÓ
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ Ô±¸¶µ´¥´ÉÒ ¢ ·Ö¤ ¤µ ¶¥·¢µ£µ Î²¥´ , Éµ

∆M(0, t, ∆h) = [µ(t)h0/h(t)γ0]


ϑ∗


1 +

t∫
0

γ0

h0
∆h(t′)dt′


− 1


 . (3.71)

ˆ³¥Ö ¢ ¢¨¤Ê, ÎÉµ f(t) = f(0) e−λt =
h0

γ0
ρ(0)[γ0−γ(0)] eγ(0)t, ¨ ¨´É¥£·¨·ÊÖ

¶µ Î ¸ÉÖ³, ¶µ²ÊÎ ¥³

ϑ(t∗) = 1 +

t∗∫
0

ρ(0)[γ0 − γ(0)] e−[γ0−γ(0)]t

t∫
0

krḊ(t′)dt′dt

ρ(t∗)
=

= 1 +
µ(0)
µ0

t∗∫
0

γ0

h0
∆h(t) e−[γ0−γ(0)]tdt. (3.72)

�±µ´Î É¥²Ó´µ ¢ ²¨´¥°´µ³ ¶·¨¡²¨¦¥´¨¨ § ¢¨¸¨³µ¸É¨ ´ £·Ê§±¨ µÉ ³µÐ-
´µ¸É¨ ¤µ§Ò ¶µ²ÊÎ ¥³

∆M(0, t, Ḋ(t′)) =
µ(t)h0

γ0h(t)
kr


D(t) +

µ(0)
µ0

t∗∫
0

Ḋ(t) e−[γ0−γ(0)]tdt


 . (3.73)
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’ ±¨³ µ¡· §µ³, ¢ ²¨´¥°´µ³ ¶·¨¡²¨¦¥´¨¨ ± ¤µ§¥ §  ¢¸Õ ¦¨§´Ó ± ± ¡Ò
¤µ¡ ¢²Ö¥É¸Ö ¸¶¥Í¨Ë¨Î¥¸± Ö ¤¥É¸± Ö ¤µ§  Dsch Å ·¥§Ê²ÓÉ É ¨´É¥£·¨·µ¢ ´¨Ö
³µÐ´µ¸É¨ ¤µ§Ò ¢ ¤¥É¸É¢¥ ¸ Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê¡Ò¢ ÕÐ¨³ ¢¥¸µ¢Ò³ ³´µ¦¨É¥-
²¥³, Ê³´µ¦¥´´Ò° ´  µ(0)/µ0. Ÿ¸´µ, ÎÉµ ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ´¥µ¡Ìµ¤¨³µ §´ ÉÓ
¢·¥³¥´´µ° ·¥¦¨³ µ¡²ÊÎ¥´¨Ö.

ˆÉ ±, ¶·¥¤¸É ¢²¥´´ Ö ³µ¤¥²Ó ˆ‘ ´ Î¨´ Ö ¸ ·µ¦¤¥´¨Ö ®µ¡ÑÖ¸´Ö¥É¯ (¢µ¸-
¶·µ¨§¢µ¤¨É) ¶µ¢ÒÏ¥´´ÊÕ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ± µ¡²ÊÎ¥´¨Õ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥
É¥³¨ ¦¥ ¶·¨Î¨´ ³¨, ¶µ ±µÉµ·Ò³ ˆ‘ Ê³¥´ÓÏ ¥É¸Ö ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥. �·¨
ÔÉµ³ ¤²Ö µÍ¥´±¨ É ±µ° ¶µ¢ÒÏ¥´´µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¤µ¸É ÉµÎ´µ ¨¸¶µ²Ó§µ-
¢ ÉÓ §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  · ¤¨ Í¨µ´´µ£µ ·¨¸±  ¤²Ö ¢§·µ¸²ÒÌ, ¢·¥³¥´´µ°
·¥¦¨³ µ¡²ÊÎ¥´¨Ö ¢ ¤¥É¸É¢¥ ¨ ¶ · ³¥É·Ò ³µ¤¥²¨, µ¶·¥¤¥²Ö¥³Ò¥ ¶µ ‚‡ˆ‘ ¢
µÉ¸ÊÉ¸É¢¨¥ µ¡²ÊÎ¥´¨Ö, ´¥ ¢¢µ¤Ö ¤·Ê£¨Ì ¤µ¶µ²´¨É¥²Ó´ÒÌ ¶ · ³¥É·µ¢.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ´ £·Ê§±¨ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥, ± ±
¸²¥¤Ê¥É ¨§ ³µ¤¥²¨, ³µ¦¥É ·¥ ²¨§µ¢ ÉÓ¸Ö ´¥ Éµ²Ó±µ ¶µ¢ÒÏ¥´´ Ö ÎÊ¢¸É¢¨É¥²Ó-
´µ¸ÉÓ µ·£ ´¨§³ , ´µ ¨ ´ ¡²Õ¤ ÉÓ¸Ö ´¥²¨´¥°´ Ö § ¢¨¸¨³µ¸ÉÓ µÉ ´ £·Ê§±¨.

�¸´µ¢´µ° ¢Ò¢µ¤, ¢ÒÉ¥± ÕÐ¨° ¨§ ¶·¨¢¥¤¥´´ÒÌ µÍ¥´µ± (±µ´¥Î´µ, ¢ ¶·¥¤-
¶µ²µ¦¥´¨¨ ¸¶· ¢¥¤²¨¢µ¸É¨ ³µ¤¥²¨), § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ¢·¥¤ µÉ ¢µ§¤¥°-
¸É¢¨Ö ¶µ¸ÉµÖ´´µ ¤¥°¸É¢ÊÕÐ¥£µ Ë ±Éµ·  ¤²Ö ¢¸¥° ¶µ¸²¥¤ÊÕÐ¥° ¦¨§´¨ (¢ Éµ³
Î¨¸²¥ ¨ µÉ µ¡²ÊÎ¥´¨Ö) ¢ µ¸´µ¢´µ³ Ëµ·³¨·Ê¥É¸Ö ¢ ¤¥É¸É¢¥. �É¸Õ¤  ¸²¥¤Ê¥É
´¥µ¡Ìµ¤¨³µ¸ÉÓ ¶·¨ µ¶·¥¤¥²¥´¨¨ ±µÔËË¨Í¨¥´Éµ¢ ·¨¸±  ¡µ²ÓÏ¥ Ê¤¥²ÖÉÓ ¢´¨-
³ ´¨Ö ·¥¦¨³Ê ¢µ§¤¥°¸É¢¨Ö ¢ ¤¥É¸É¢¥,   É ±¦¥ ¸¶ ¤Ê ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ-
¸É¨ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥, É¥³ ¡µ²¥¥ ÎÉµ ¨³¥´´µ ¢ ÔÉµ³ ¢µ§· ¸É¥ ´ ¡²Õ¤ ÕÉ¸Ö
µ¸´µ¢´Ò¥ ¨§³¥´¥´¨Ö ¨ · §²¨Î¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¸³¥·É´µ¸É¨ Ê · §²¨Î´ÒÌ ±µ´-
É¨´£¥´Éµ¢.

�¤´µ¢·¥³¥´´µ ¢µ§´¨± ¥É ¢µ¶·µ¸ µ¡ µÉ´µ¸¨É¥²Ó´µ° §´ Î¨³µ¸É¨ µ¡²ÊÎ¥´¨Ö
¢ ¶·µ¨§¢µ¤¸É¢¥´´ÒÌ Ê¸²µ¢¨ÖÌ, ¶µ ¸· ¢´¥´¨Õ ¸ µ¡²ÊÎ¥´¨¥³ ¢ É¥Î¥´¨¥ ¢¸¥°
¦¨§´¨, ¶·¨·µ¤´Ò³¨ ¨§²ÊÎ¥´¨Ö³¨.

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¶µ± § ´´Ò¥ ¸¢µ°¸É¢  ³µ¤¥²¨ ¶·¨³¥´¨É¥²Ó´µ ±
¤¥É¸±µ³Ê ¢µ§· ¸ÉÊ µ¡Ê¸²µ¢²¨¢ ÕÉ¸Ö ¥e ¸É·Ê±ÉÊ·µ°, ¨ ÔÉµ ¶µ§¢µ²Ö¥É ¸Î¨É ÉÓ
³µ¤¥²Ó ¤µ¸É ÉµÎ´µ  ¤¥±¢ É´µ° ·¥ ²Ó´µ¸É¨. ‚ ¤ ´´µ³ ¸²ÊÎ ¥ ¨¸¶µ²Ó§µ¢ ´¨¥
¶µ´ÖÉ¨Ö ´ £·Ê§±¨ Ê¦¥ ´¥ ¸¢µ¤¨É¸Ö Éµ²Ó±µ ± § ³¥´¥ Ö§Ò±  µ¶¨¸ ´¨Ö ¢µ§· ¸É-
´µ£µ ¨§³¥´¥´¨Ö ˆ‘. ‡¤¥¸Ó ¶µ´ÖÉ¨¥ ´ £·Ê§±¨ ¶µ§¢µ²¨²µ µ¶¨¸ ÉÓ ¤µ¸É ÉµÎ´µ
¸²µ¦´µ¥ Ö¢²¥´¨¥.

‚ Îe³ É¥³ ´¥ ³¥´¥¥ ³µ¦´µ ¢¨¤¥ÉÓ ´¥ ¤¥±¢ É´µ¸ÉÓ ³µ¤¥²¨? ‚ ´ Î ²¥ ¨§²µ-
¦¥´¨Ö ³µ¤¥²¨ ¤²Ö ¤¥É¸±µ° ¸³¥·É´µ¸É¨ ¡Ò²µ µÉ³¥Î¥´µ, ÎÉµ ³µ¤¥²Ó Ëµ·³ ²Ó´µ
¶µ§¢µ²Ö¥É ¨´É¥·¶·¥É¨·µ¢ ÉÓ ´ §¢ ´´µ¥ ¢ÒÏ¥ ³² ¤¥´Î¥¸±µ¥ ¸´¨¦¥´¨¥ ˆ‘ ± ±
¸´¨¦¥´¨¥ ´ £·Ê§±¨, ¸¢Ö§ ´´µ° ¸ ·µ¦¤¥´¨¥³. „¥°¸É¢¨É¥²Ó´µ, µÉ¤¥²Ó´Ò¥ ¶·¨-
³¥·Ò ´¥ ¶µ§¢µ²ÖÕÉ µ¤´µ§´ Î´µ µÉ¢¥·£´ÊÉÓ É ±ÊÕ ¨´É¥·¶·¥É Í¨Õ.

’ ±, µ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ÉµÉ Ë ±É, ÎÉµ ˆ‘ ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥
§  ¸ÎeÉ ¡µ²¥§´¥° ¸¥·¤¥Î´µ-¸µ¸Ê¤¨¸Éµ° ¸¨¸É¥³Ò ´ Ìµ¤¨É¸Ö ´  µÉ´µ¸¨É¥²Ó´µ
´¨§±o³ Ê·µ¢´¥ ¶µ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ¶·¨Î¨´ ³¨. ‚ É¥·³¨´ Ì ³µ¤¥²¨ É ±µ°
± ·É¨´¥ ¸µµÉ¢¥É¸É¢Ê¥É ³¥´ÓÏ¥¥ §´ Î¥´¨¥ µ(0), Î¥³ ¤²Ö ¤·Ê£¨Ì ¶·¨Î¨´ ¸³¥·É¨,
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ÎÉµ ¶·µÉ¨¢µ·¥Î¨É ³µ¤¥²¨. ‚ Éµ ¦¥ ¢·¥³Ö Ö¸´µ, ÎÉµ ÔÉ  ¸¨¸É¥³ , ¢ µÉ²¨Î¨¥ µÉ
¤·Ê£¨Ì, ´ Î ²  ËÊ´±Í¨µ´¨·µ¢ ÉÓ ¤µ ·µ¦¤¥´¨Ö.

�µÔÉµ³Ê, ³µ¦¥É ¡ÒÉÓ, ¤²Ö ¤·Ê£¨Ì ¸¨¸É¥³, ¢ µÉ²¨Î¨¥ ¸¥·¤¥Î´µ-¸µ¸Ê¤¨¸Éµ°,
·µ¦¤¥´¨¥, É. ¥. ´ Î ²µ ¨Ì ËÊ´±Í¨µ´¨·µ¢ ´¨Ö, Ö¢²Ö¥É¸Ö ´ £·Ê§±µ°. ‚ ÔÉµ³ ¸²Ê-
Î ¥ ¢ ± ·É¨´¥ ¸¶ ¤  ¤¥É¸±µ° ¸³¥·É´µ¸É¨ µÉ ·µ¦¤¥´¨Ö ± µÉ·µÎ¥¸É¢Ê, ¢µ§³µ¦´µ,
¸µ¤¥·¦ É¸Ö ¤¢a ±µ³¶µ´¥´Éa: ´ £·Ê§±  ¨ Ëµ·³¨·µ¢ ´¨¥ µ·£ ´¨§³  (¸É ´µ¢²¥-
´¨¥ ËÊ´±Í¨µ´¨·µ¢ ´¨Ö ¥£µ ¸¨¸É¥³). ’µ£¤  ·µ²Ó µ¡²ÊÎ¥´¨Ö ¢ ¤¥É¸±µ³ ¢µ§· ¸É¥
³¥´ÓÏ¥, Î¥³ ¤ ÕÉ ¸¤¥² ´´Ò¥ ¢ÒÏ¥ µÍ¥´±¨. ’ ±¨³ µ¡· §µ³, ¶·¥¤² £ ¥³ Ö
³µ¤¥²Ó ´¥ ¸Éµ²Ó µ¤´µ§´ Î´ , ± ± ¨§²µ¦¥´µ, ¨ ³µ¦¥É ³µ¤¨Ë¨Í¨·µ¢ ÉÓ¸Ö ¢
§ ¢¨¸¨³µ¸É¨ µÉ ¶·¨´¨³ ¥³ÒÌ ¢µ ¢´¨³ ´¨¥ Ë ±É¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥°.

‚ÒÖ¢²¥´¨¥ ¢¨¤  ¶ ·Í¨ ²Ó´ÒÌ ´ £·Ê§µ±, ¸¢Ö§ ´´ÒÌ ¸ ·µ¦¤¥´¨¥³, ± ± ¨
¢¨¤  ¶ ·Í¨ ²Ó´ÒÌ ´ £·Ê§µ± Ê ¢§·µ¸²ÒÌ, ¶·¥¤¸É ¢²Ö¥É ¸ ³µ¸ÉµÖÉ¥²Ó´ÊÕ § ¤ ÎÊ,
¤²Ö ·¥Ï¥´¨Ö ±µÉµ·µ° ¨ ¶·¥¤´ §´ Î¥´µ É·¥ÉÓ¥ ®É¥Ì´µ²µ£¨Î¥¸±µ¥¯ ¸¢µ°¸É¢µ
³µ¤¥²¨.

‡�Š‹�—…�ˆ…

‚ µ¡§µ·¥ ¶·¥¤¸É ¢²¥´ ´µ¢Ò° ¶µ¤Ìµ¤ ± ³µ¤¥²¨·µ¢ ´¨Õ ¢²¨Ö´¨Ö · ¤¨ Í¨¨
´  ¸³¥·É´µ¸ÉÓ ³²¥±µ¶¨É ÕÐ¨Ì. �´ ¡ §¨·Ê¥É¸Ö ´  ¨§¢¥¸É´µ° · ¤¨µ¡¨µ²µ£¨-
Î¥¸±µ° ±µ´Í¥¶Í¨¨, ¸µ£² ¸´µ ±µÉµ·µ° µ¸´µ¢´µ° ¶·¨Î¨´µ° £¨¡¥²¨ ³²¥±µ¶¨É -
ÕÐ¨Ì ¶·¨ · ¤¨ Í¨µ´´ÒÌ ¢µ§¤¥°¸É¢¨ÖÌ Ö¢²Ö¥É¸Ö ´¥¤µ¸É ÉµÎ´µ¸ÉÓ ¦¨§´¥´´µ
¢ ¦´ÒÌ (±·¨É¨Î¥¸±¨Ì) ¸¨¸É¥³ µ·£ ´¨§³ . �´  ¢Ò§Ò¢ ¥É¸Ö · ¤¨ Í¨µ´´Ò³ ¶µ-
· ¦¥´¨¥³ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´ÒÌ ±²¥Éµ± ¨ ¶·µÖ¢²Ö¥É¸Ö ¢ ´ ·ÊÏ¥´¨¨ ±²¥ÉµÎ´µ°
±¨´¥É¨±¨ ¨ ¸´¨¦¥´¨¨ ±µ²¨Î¥¸É¢  ËÊ´±Í¨µ´ ²Ó´ÒÌ ±²¥Éµ± ÔÉ¨Ì ¸¨¸É¥³ ´¨¦¥
Ê·µ¢´Ö, ´¥µ¡Ìµ¤¨³µ£µ ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¦¨§´¥¤¥ÖÉ¥²Ó´µ¸É¨. �µ¸É·µ¥´´Ò¥ ¢
· ³± Ì ÔÉµ£µ ¶µ¤Ìµ¤  ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨ ¶µ§¢µ²ÖÕÉ ´  ±µ²¨Î¥¸É¢¥´´µ³
Ê·µ¢´¥ ¶·µ£´µ§¨·µ¢ ÉÓ ¤¥°¸É¢¨¥ µ¡²ÊÎ¥´¨Ö ´  £µ³µ£¥´´Ò¥ ¨ ´¥ £µ³µ£¥´´Ò¥
¶µ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¶µ¶Ê²ÖÍ¨¨ ³²¥±µ¶¨É ÕÐ¨Ì. „ ´´Ò¥ ³µ¤¥²¨ ³µ-
£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¶·¨ ¸µ§¤ ´¨¨ ´µ¢ÒÌ ³¥Éµ¤µ¢ µÍ¥´±¨ · ¤¨ Í¨µ´´µ£µ
·¨¸± .
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