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�μ¢ÒÏ¥´¨¥ μÉ± §μÊ¸Éμ°Î¨¢μ¸É¨ ¸¨¸É¥³ ³ ¸¸μ¢μ£μ
μ¡¸²Ê¦¨¢ ´¨Ö ¢ Ê¸²μ¢¨ÖÌ ¸É·¥¸¸μ¢μ° ´ £·Ê§±¨

� §²¨Î´Ò¥ ¨´Ëμ·³ Í¨μ´´Ò¥ ¸¨¸É¥³Ò ¶μÉμ±μ¢μ° μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨ (¸¨-
¸É¥³Ò ¡¨·¦¥¢ÒÌ Éμ·£μ¢, web-¸¥·¢¥·Ò, SCADA-¸¨¸É¥³Ò) ¸É ²±¨¢ ÕÉ¸Ö ¸ ´¥¶·¥¤-
¢¨¤¥´´Ò³¨ ¸¨ÉÊ Í¨Ö³¨ ¢ · ¡μÉ¥, ±μ£¤  ¨´Ëμ·³ Í¨μ´´Ò° ¶μÉμ±, É·¥¡ÊÕÐ¨°  ´ -
²¨§  ¨ μÉ¢¥É´μ° ·¥ ±Í¨¨, ³´μ£μ±· É´μ ¢μ§· ¸É ¥É, ¶·¥¢μ¸Ìμ¤Ö ¢μ§³μ¦´μ¸É¨ ¸¨-
¸É¥³Ò ¢ μ¡· ¡μÉ±¥. �μ¤μ¡´Ò¥ ¸¨ÉÊ Í¨¨ ¸É·¥¸¸μ¢ÒÌ ´ £·Ê§μ± ´¥·¥¤±μ É·¥¡ÊÕÉ
¢³¥Ï É¥²Ó¸É¢  ¤¨¸¶¥ÉÎ¥·  ¨²¨  ¤³¨´¨¸É· Éμ· , ¶μÔÉμ³Ê ±·¨É¨Î¥¸±¨ ¢ ¦´Ò³
μ± §Ò¢ ¥É¸Ö ¢·¥³Ö ´ ¸ÉÊ¶²¥´¨Ö ¶¥·¢μ£μ μÉ± §  ¸¨¸É¥³Ò ¢ μ¡¸²Ê¦¨¢ ´¨¨.

‚ ¸É ÉÓ¥ · ¸¸³ É·¨¢ ÕÉ¸Ö · ¸¶·μ¸É· ´¥´´ Ö  ·Ì¨É¥±ÉÊ·  ¸¨¸É¥³ ³ ¸¸μ¢μ£μ
μ¡¸²Ê¦¨¢ ´¨Ö ´  μ¸´μ¢¥ μ¡³¥´  ¸μμ¡Ð¥´¨Ö³¨ ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¶μ¤Ìμ¤Ò ± · ¸-
¶·¥¤¥²¥´¨Õ ¶·μÍ¥¸¸μ·´μ£μ ¢·¥³¥´¨ ¤²Ö ¥¥ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö.

�·¥¤² £ ¥É¸Ö ´μ¢Ò° ¶μ¤Ìμ¤, μ·¨¥´É¨·μ¢ ´´Ò° ´  μÉ¸·μÎ¨¢ ´¨¥ ¶¥·¢μ£μ μÉ-
± § .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Nikonov E. G., Florko A. B. P10-2009-85
Fault Tolerance Improvement for Queuing Systems
under Stress Load

Various kinds of queuing information systems (exchange auctions systems, web
servers, SCADA) are faced to unpredictable situations during operation, when infor-
mation 
ow that requires being analyzed and processed rises extremely. Such stress
load situations often require human (dispatcher's or administrator's) intervention that
is the reason why the time of the ˇrst denial of service is extremely important.

Common queuing systems architecture is described. Existing approaches to
computing resource management are considered. A new late-ˇrst-denial-of-service
resource management approach is proposed.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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‘ ³Ò° Ï¨·μ±¨° ¸¶¥±É· ¸μ¢·¥³¥´´ÒÌ ¨´Ëμ·³ Í¨μ´´ÒÌ ¸¨¸É¥³ ³ ¸¸μ¢μ£μ
μ¡¸²Ê¦¨¢ ´¨Ö ¶·¥¤¶μ² £ ¥É ¶μÔÉ ¶´ÊÕ μ¡· ¡μÉ±Ê ¶μ¸ÉÊ¶ ÕÐ¨Ì ¢ ¸¨¸É¥³Ê § -
¶·μ¸μ¢. ‚ μÉ¢¥É ´  ¶μ¸ÉÊ¶¨¢Ï¨° § ¶·μ¸ (¡Ê¤Ó Éμ ¶·¨´ÖÉ¨¥ ±²¨¥´É¸±μ£μ ¶ ±¥É 
¨§ ¸¥É¨, ¢¢μ¤ ¤ ´´ÒÌ ¶μ²Ó§μ¢ É¥²¥³ ¨²¨ ¶μÖ¢²¥´¨¥ ¢ ¸¨¸É¥³¥ ¶¥·¨μ¤¨Î¥¸±μ£μ
¸μ¡ÒÉ¨Ö) É ±¨¥ ¸¨¸É¥³Ò ¢Ò¶μ²´ÖÕÉ μ¶·¥¤¥²¥´´ÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¤¥°-
¸É¢¨° ¶μ μ¡· ¡μÉ±¥ ¤ ´´ÒÌ ¸μμ¡Ð¥´¨Ö, ¢±²ÕÎ ÕÐÊÕ, ¢ μ¡Ð¥³ ¸²ÊÎ ¥, ´¥-
¸±μ²Ó±μ ÔÉ ¶μ¢. Š ¶·¨³¥·Ê, web-¸¥·¢¥· ¢ μÉ¢¥É ´  § ¶·μ¸ ¸É É¨Î¥¸±μ° HTML-
¸É· ´¨ÍÒ ¶μ¸²¥¤μ¢ É¥²Ó´μ · §¡¨· ¥É  ¤·¥¸ ¸É· ´¨ÍÒ, ¢Ò¶μ²´Ö¥É ¥¥ ¶μ¨¸± ¢
²μ± ²Ó´μ³ ±¥Ï¥, § É¥³ (¥¸²¨ ´¥μ¡Ìμ¤¨³μ) μ¡· Ð ¥É¸Ö ± ¦¥¸É±μ³Ê ¤¨¸±Ê, Î¨-
É ¥É ¤ ´´Ò¥, ¶μ¤£μÉ ¢²¨¢ ¥É μÉ¢¥É´Ò° ¶ ±¥É ¨ μÉ¶· ¢²Ö¥É ¥£μ ±²¨¥´ÉÊ.

�¤¨´ ¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì  ·Ì¨É¥±ÉÊ·´ÒÌ ¶μ¤Ìμ¤μ¢, ¶·¨³¥´Ö¥³ÒÌ ¤²Ö ¸μ-
§¤ ´¨Ö ³ ¸ÏÉ ¡¨·Ê¥³ÒÌ ³´μ£μÔÉ ¶´ÒÌ ¸μ¡ÒÉ¨°´μ-Ê¶· ¢²Ö¥³ÒÌ ¨´Ëμ·³ Í¨-
μ´´ÒÌ ¸¨¸É¥³ ³ ¸¸μ¢μ£μ μ¡¸²Ê¦¨¢ ´¨Ö, · ¸¸³ É·¨¢ ¥É ¸¨¸É¥³Ê ± ± ¸¥ÉÓ ±μ³-
¶μ´¥´É, μ¡³¥´¨¢ ÕÐ¨Ì¸Ö ¸μμ¡Ð¥´¨Ö³¨ (·¨¸. 1).

�¨¸. 1. ‘¨¸É¥³Ò ³´μ£μÔÉ ¶´μ° μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨

‘ ± ¦¤μ° ±μ³¶μ´¥´Éμ° ¸¨¸É¥³Ò  ¸¸μÍ¨¨·μ¢ ´  μÎ¥·¥¤Ó ¢Ìμ¤ÖÐ¨Ì ¸μμ¡-
Ð¥´¨° Ë¨±¸¨·μ¢ ´´μ£μ · §³¥·  ¨ ¶Ê² ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢, ¢Ò¤¥²¥´´ÒÌ ¤²Ö
¥¥ μ¡· ¡μÉ±¨. ‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¸μμ¡Ð¥´¨¥ ¶·μÌμ¤¨É ³ ·Ï·ÊÉ ¨§ ´¥¸±μ²Ó±¨Ì
±μ³¶μ´¥´É (± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¢Ò¶μ²´Ö¥É μ¶·¥¤¥²¥´´ÊÕ · ¡μÉÊ ´ ¤ ¤ ´´Ò³¨
¸μμ¡Ð¥´¨Ö), ¶·¥¦¤¥ Î¥³ ¸μμ¡Ð¥´¨¥ Ê¤ ²Ö¥É¸Ö ¨§ ¸¨¸É¥³Ò.
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‘·¥¤¨ ¨´Ëμ·³ Í¨μ´´ÒÌ ¸¨¸É¥³, ¨¸¶μ²Ó§ÊÕÐ¨Ì · ¸¸³μÉ·¥´´Ò°  ·Ì¨É¥±-
ÉÊ·´Ò° ¶μ¤Ìμ¤, ³μ¦´μ ¶¥·¥Î¨¸²¨ÉÓ ¸²¥¤ÊÕÐ¨¥:

• ¸¨¸É¥³Ò ¶μÉμ±μ¢μ° μ¡· ¡μÉ±¨ ¤ ´´ÒÌ∗;

• web-¸¥·¢¥·Ò∗∗;

• ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¡ § ³¨ ¤ ´´ÒÌ∗∗∗;

• ¸¨¸É¥³Ò∗∗∗∗ ·¥ ²Ó´μ£μ ¢·¥³¥´¨∗∗∗∗∗.

�μ¸±μ²Ó±Ê ¶¥·¥Î¨¸²¥´´Ò¥ ¸¨¸É¥³Ò ¶·¨³¥´ÖÕÉ¸Ö ¢μ ³´μ£¨Ì ¢ ¦´ÒÌ ¤²Ö
Î¥²μ¢¥Î¥¸±μ° ¦¨§´¥¤¥ÖÉ¥²Ó´μ¸É¨ μ¡² ¸ÉÖÌ (¢μ¥´´μ°,  Ô·μ±μ¸³¨Î¥¸±μ°, Ì¨-
³¨Î¥¸±μ°, É· ´¸¶μ·É´μ°), μ¸μ¡μ¥ ¢´¨³ ´¨¥ ¶·¨ · §· ¡μÉ±¥ ¸²¥¤Ê¥É Ê¤¥²ÖÉÓ
μÉ± §μÊ¸Éμ°Î¨¢μ¸É¨. �μ¤ μÉ± §μÊ¸Éμ°Î¨¢μ¸ÉÓÕ ¶μ´¨³ ¥É¸Ö ¸¶μ¸μ¡´μ¸ÉÓ ¢Ò-
Î¨¸²¨É¥²Ó´μ° ¸¨¸É¥³Ò ¶·μ¤μ²¦ ÉÓ ¤¥°¸É¢¨Ö, § ¤ ´´Ò¥ ¶·μ£· ³³μ°, ¶μ¸²¥
¢μ§´¨±´μ¢¥´¨Ö ´¥¨¸¶· ¢´μ¸É¥° [8]. ’·¥¡μ¢ ´¨¥ μÉ± §μÊ¸Éμ°Î¨¢μ¸É¨ ¢ ¶μ-
¸²¥¤´¨¥ £μ¤Ò ¸É ²μ μ¸μ¡¥´´μ  ±ÉÊ ²Ó´Ò³ ± ± ¢ ¸¢Ö§¨ ¸ Ô±¸¶μ´¥´Í¨ ²Ó´Ò³
·μ¸Éμ³ Î¨¸²  É¥··μ·¨¸É¨Î¥¸±¨Ì  É ± ¶μ ¢¸¥³Ê ³¨·Ê, É ± ¨ ¸ ¥¦¥£μ¤´Ò³ Ê¢¥-
²¨Î¥´¨¥³ Î¨¸²  ·¥£¨¸É·¨·Ê¥³ÒÌ ¶·¨·μ¤´ÒÌ ¨ É¥Ì´μ£¥´´ÒÌ ± É ¸É·μË. ‚ Éμ
¢·¥³Ö ± ± ´¥¸¶μ¸μ¡´μ¸ÉÓ ¸¨¸É¥³Ò ¸¶· ¢¨ÉÓ¸Ö ¸ ´ £·Ê§±μ° ¢ ¸²ÊÎ ¥ ¨´É¥·´¥É-
¸¥·¢¥·  ³μ¦¥É § ±μ´Î¨ÉÓ¸Ö ¸Ê¤¥¡´Ò³¨ ¨¸± ³¨ ¶μ±Ê¶ É¥²¥°∗∗∗∗∗∗, ¢ ¸²ÊÎ ¥ ¸μ
SCADA Å É¥Ì´μ£¥´´Ò³¨  ¢ ·¨Ö³¨ ¨ Î¥²μ¢¥Î¥¸±¨³ ¦¥·É¢ ³¨.

‘·¥¤¨ ¢¸¥¢μ§³μ¦´ÒÌ ¶·¨Î¨´, ¢¥¤ÊÐ¨Ì ± μÉ± §Ê ¸¨¸É¥³Ò (´¥¨¸¶· ¢´μ¸ÉÓ
μ¡μ·Ê¤μ¢ ´¨Ö, ¨¸Î¥·¶ ´¨¥ ¤μ¸ÉÊ¶´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ·¥¸Ê·¸μ¢), ¢ ¸É ÉÓ¥ · ¸-
¸³ É·¨¢ ÕÉ¸Ö ¸Í¥´ ·¨¨ ¸É·¥¸¸μ¢μ° ´ £·Ê§±¨, ¢ ±μÉμ·ÒÌ Î¨¸²μ ¶·¨´¨³ ¥³ÒÌ
¸¨¸É¥³μ° ¸μμ¡Ð¥´¨° ¶·¥¢μ¸Ìμ¤¨É ¸¶μ¸μ¡´μ¸ÉÓ ¸¨¸É¥³Ò ± μ¡· ¡μÉ±¥. ‚Ìμ¤Ö-
Ð¨¥ ¸μμ¡Ð¥´¨Ö ´ Î¨´ ÕÉ ¢Ò¸É· ¨¢ ÉÓ¸Ö ¢ μÎ¥·¥¤Ó, ¨ μÉ± § ¸¨¸É¥³Ò ¢μ§´¨± ¥É
¶·¨ ¶μ¶ÒÉ±¥ ¶μ¸É ¢¨ÉÓ ¸μμ¡Ð¥´¨¥ ¢ μÎ¥·¥¤Ó, ¤μ¸É¨£ÏÊÕ ¶·¥¤¥²Ó´μ£μ · §³¥· 
Ê μ¤´μ° ¨§ ±μ³¶μ´¥´É.

�¥·¥£·Ê§±  ³μ¦¥É ´μ¸¨ÉÓ ¢·¥³¥´´Ò°, ´¥¶·¥¤¸± §Ê¥³Ò° Ì · ±É¥·. ’ ±,
´ ¶·¨³¥·, ¢μ ¢·¥³Ö ¸μ¡ÒÉ¨° 11 ¸¥´ÉÖ¡·Ö 2001 £. ´μ¢μ¸É´μ° ¸ °É CNN ¨¸-
¶ÒÉÒ¢ ² 20-±· É´ÊÕ ¶¥·¥£·Ê§±Ê ¶μ ¸· ¢´¥´¨Õ ¸ § ¶² ´¨·μ¢ ´´Ò³ ¶¨±μ³ ´ 
¶·μÉÖ¦¥´¨¨ ¤¢ÊÌ ¸ ¶μ²μ¢¨´μ° Î ¸μ¢. SCADA-¸¨¸É¥³Ò ¶μ¸²¥ ¢¢μ¤  ¢ Ô±¸-
¶²Ê É Í¨Õ ³μ£ÊÉ ¸Éμ²±´ÊÉÓ¸Ö ¸ ´¥¨¸¶· ¢´μ¸ÉÓÕ μ¡μ·Ê¤μ¢ ´¨Ö, ¶μ¸Ò² ÕÐ¥£μ

∗� ¶·¨³¥·, ¶·μÍ¥¸¸μ·Ò μ¡· ¡μÉ±¨ ¶μÉμ±μ¢ (stream processing engines) Aurora [5],
STREAM [6], TelegraphCQ [7].

∗∗� ¶·¨³¥·, Flash [1].
∗∗∗� ¶·¨³¥·, SQL Server 2000 [4].
∗∗∗∗� ¶·¨³¥·, ¡·μ±¥· § ¶·μ¸μ¢ ¤²Ö ¶·¨²μ¦¥´¨° ·¥ ²Ó´μ£μ ¢·¥³¥´¨ Real Time CORBA

ORB [3]
∗∗∗∗∗‘¨¸É¥³Ò μ¡ÒÎ´μ ¸Î¨É ÕÉ¸Ö ¸¨¸É¥³ ³¨ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, ¥¸²¨ ¢·¥³Ö ¨Ì ·¥ ±Í¨¨

¨³¥¥É ¶μ·Ö¤μ± ³¨²²¨¸¥±Ê´¤; ¤¨ ²μ£μ¢Ò³¨ ¸Î¨É ÕÉ¸Ö ¸¨¸É¥³Ò ¸ ¢·¥³¥´¥³ ·¥ ±Í¨¨ ¶μ·Ö¤± 
´¥¸±μ²Ó±¨Ì ¸¥±Ê´¤,   ¢ ¸¨¸É¥³ Ì ¶ ±¥É´μ° μ¡· ¡μÉ±¨ ¢·¥³Ö ·¥ ±Í¨¨ ¨§³¥·Ö¥É¸Ö Î ¸ ³¨ ¨²¨
¤´Ö³¨ [10].

∗∗∗∗∗∗—Éμ ¨³¥²μ ³¥¸Éμ ¶·μÉ¨¢ ±μ³¶ ´¨¨ E*Trade [9].
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´  μ¡· ¡μÉ±Ê ´¥¶·¥¤Ê¸³μÉ·¥´´μ¥ Î¨¸²μ ±μ³ ´¤,   web-¸¥·¢¥·Ò ¤μ²¦´Ò ¡ÒÉÓ
£μÉμ¢Ò ±  É ± ³, ´ ¶· ¢²¥´´Ò³ ´  μÉ± § ¢ μ¡¸²Ê¦¨¢ ´¨¨ (denial of service).

‚ · ¸¸³μÉ·¥´´ÒÌ ¸Í¥´ ·¨ÖÌ ¸É·¥¸¸μ¢μ° ´ £·Ê§±¨ ¶μ¤ μÉ± §μÊ¸Éμ°Î¨¢μ-
¸ÉÓÕ ¡Ê¤¥³ ¶μ´¨³ ÉÓ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¶·¥¤¥²¥´¨¥³, ¶·¨¢¥¤¥´´Ò³ ¢ÒÏ¥,
¸¶μ¸μ¡´μ¸ÉÓ ¸¨¸É¥³Ò ¶·μ¤μ²¦ ÉÓ · ¡μÉÊ ¶μ¸²¥ ¢μ§´¨±´μ¢¥´¨Ö ´¥¨¸¶· ¢´μ-
¸É¥° ³ ±¸¨³ ²Ó´μ ¶·μ¤μ²¦¨É¥²Ó´μ¥ ¢·¥³Ö, ¤μ¸É ÉμÎ´μ¥ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¢Ò-
¶μ²´¨ÉÓ ±·¨É¨Î¥¸±¨ ¢ ¦´μ¥ Ê¶· ¢²ÖÕÐ¥¥ ¢μ§¤¥°¸É¢¨¥, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ´¥°-
É· ²¨§ Í¨¨ ¢μ§´¨±Ï¥° ´¥ÏÉ É´μ° ¸¨ÉÊ Í¨¨.

��•ˆ’…Š’“�� Œ��ƒ��’���›• ‘��›’ˆ‰��-“���‚‹Ÿ…Œ›•
‘ˆ‘’…Œ

‚ μ¤´μ³ ¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì  ·Ì¨É¥±ÉÊ·´ÒÌ ¶μ¤Ìμ¤μ¢, ¶·¨³¥´Ö¥³ÒÌ ¤²Ö
¸μ§¤ ´¨Ö ³ ¸ÏÉ ¡¨·Ê¥³ÒÌ ¨´Ëμ·³ Í¨μ´´ÒÌ ¸¨¸É¥³ ³ ¸¸μ¢μ£μ μ¡¸²Ê¦¨¢ ´¨Ö,
É ±¨Ì ± ± ¸¨¸É¥³Ò SCADA (Supervisory Control and Data Acquisition), web-
¸¥·¢¥·Ò∗ (¨ ¤·Ê£¨¥ ¸¨¸É¥³Ò ¶μÉμ±μ¢μ° μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨), ¶·¨²μ¦¥´¨¥
· ¸¸³ É·¨¢ ¥É¸Ö ± ± ¸μ¢μ±Ê¶´μ¸ÉÓ ¶μ¤¸¨¸É¥³, μ¡³¥´¨¢ ÕÐ¨Ì¸Ö ³¥¦¤Ê ¸μ¡μ°
¸μμ¡Ð¥´¨Ö³¨ (·¨¸. 2).

�¨¸. 2. Œ´μ£μÔÉ ¶´ Ö ¸μ¡ÒÉ¨°´μ-Ê¶· ¢²Ö¥³ Ö ¸¨¸É¥³  (Œ‘“‘) ´  μ¸´μ¢¥ μ¡³¥´  ¸μ-
μ¡Ð¥´¨Ö³¨

Œ‘“‘ ´  μ¸´μ¢¥ μ¡³¥´  ¸μμ¡Ð¥´¨Ö³¨ ¸μ¸Éμ¨É ¨§ N ¶μ¤¸¨¸É¥³, μ¡³¥´¨-
¢ ÕÐ¨Ì¸Ö ³¥¦¤Ê ¸μ¡μ° ¸μμ¡Ð¥´¨Ö³¨ ¸ Î ¸ÉμÉμ° λij(t), § ¢¨¸ÖÐ¥° μÉ ¢·¥³¥´¨
£¤¥ i Å ¨´¤¥±¸ ¶μ¤¸¨¸É¥³Ò-μÉ¶· ¢¨É¥²Ö, j Å ¨´¤¥±¸ ¶μ¤¸¨¸É¥³Ò-¶μ²ÊÎ É¥²Ö

∗‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³μ¦´μ ¶·¨¢¥¸É¨ web-¸¥·¢¥· Flash [1].
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i, j = 1, N . ‚μ§´¨±´μ¢¥´¨¥ ¸μμ¡Ð¥´¨Ö ¢ i-° ¶μ¤¸¨¸É¥³¥ μ¡Ö§ ´μ ± ±μ³Ê-
Éμ ¢´¥Ï´¥³Ê ¸μ¡ÒÉ¨Õ, ´ ¶·¨³¥·, ¶μ¸ÉÊ¶²¥´¨Õ ¤ ´´ÒÌ μÉ ¨§³¥·¨É¥²Ó´μ£μ
μ¡μ·Ê¤μ¢ ´¨Ö. ‚¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ¸μμ¡Ð¥´¨Ö ¢ i-° ¶μ¤¸¨¸É¥³¥ ¶μ¤-
Î¨´Ö¥É¸Ö § ±μ´Ê · ¸¶·¥¤¥²¥´¨Ö Pi(t). ‘μμ¡Ð¥´¨¥ ¸μ¤¥·¦¨É ¢¸¥ ¢ ¦´Ò¥ ¤²Ö
μ¡· ¡μÉ±¨ ¸μ¡ÒÉ¨Ö ¤ ´´Ò¥. ‘μμ¡Ð¥´¨¥ ¶·μÌμ¤¨É ³ ·Ï·ÊÉ ¨§ ´¥¸±μ²Ó±¨Ì
¶μ¤¸¨¸É¥³, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¢Ò¶μ²´Ö¥É ´ ¤ ¤ ´´Ò³¨ ¸μμ¡Ð¥´¨Ö · ¡μÉÊ § 
¢·¥³Ö μ¡¸²Ê¦¨¢ ´¨Ö τi(t), § ¢¨¸ÖÐ¥¥ ± ± μÉ Ì · ±É¥·  · ¡μÉÒ, ¢Ò¶μ²´Ö¥³μ°
´  ¶μ¤¸¨¸É¥³¥, É ± ¨ μÉ § ´ÖÉμ¸É¨ ¢¸¥Ì ¶μ¤¸¨¸É¥³, · §¤¥²ÖÕÐ¨Ì μ¡Ð¨¥ ¢ÒÎ¨-
¸²¨É¥²Ó´Ò¥ ·¥¸Ê·¸Ò (¶·μÍ¥¸¸μ·, μ¶¥· É¨¢´ÊÕ ¶ ³ÖÉÓ). Šμ£¤  i-Ö ¶μ¤¸¨¸É¥³ 
´¥ Ê¸¶¥¢ ¥É μ¡· ¡ ÉÒ¢ ÉÓ ¶μ¸ÉÊ¶ ÕÐ¨¥ ¸μμ¡Ð¥´¨Ö, ¸μμ¡Ð¥´¨Ö ¢Ò¸É· ¨¢ -
ÕÉ¸Ö ¢ μÎ¥·¥¤Ó ¸ ¶·¥¤¥²Ó´Ò³ · §³¥·μ³ qi.

�μ¤ μÉ± §μ³ ¸¨¸É¥³Ò ¢ ¤ ´´μ° · ¡μÉ¥ ¶μ¤· §Ê³¥¢ ¥É¸Ö ¶μ¶ÒÉ±  ¶μ¸É -
¢¨ÉÓ ¸μμ¡Ð¥´¨¥ ´  μ¤´μ³ ¨§ ÔÉ ¶μ¢ ¥£μ μ¡· ¡μÉ±¨ ¢ μÎ¥·¥¤Ó, ¤μ¸É¨£ÏÊÕ
¶·¥¤¥²Ó´μ£μ · §³¥· .

—¨¸²μ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢ li,  ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ μÎ¥·¥¤ÓÕ ¸μμ¡Ð¥´¨°
i-° ¶μ¤¸¨¸É¥³Ò, ³μ¦¥É ¡ÒÉÓ · §´Ò³. ’ ± ¢ ¸²ÊÎ ¥ μ¤´μ£μ ¸¨¸É¥³´μ£μ ¶μ-
Éμ± , ¢Ò¤¥²¥´´μ£μ ´  μ¡· ¡μÉ±Ê μÎ¥·¥¤¨, ¸μμ¡Ð¥´¨Ö ¡Ê¤ÊÉ μ¡· ¡ ÉÒ¢ ÉÓ¸Ö
¶μ¸²¥¤μ¢ É¥²Ó´μ, ¢ Éμ ¢·¥³Ö ± ± ¡μ²ÓÏ¥¥ Î¨¸²μ · ¡μÎ¨Ì ¶μÉμ±μ¢ ¶μ§¢μ²¨É
μ¡· ¡ ÉÒ¢ ÉÓ ¸μμ¡Ð¥´¨Ö ¶ · ²²¥²Ó´μ. �¡Ð¥¥ Î¨¸²μ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢ ´¥
¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ Ë¨±¸¨·μ¢ ´´μ°  ¤³¨´¨¸É· Éμ·μ³ ¢¥²¨Î¨´Ò T , ¸¢Ö§ ´´μ°
¸ μ£· ´¨Î¥´¨Ö³¨ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò:

T =
N∑

i=1

li. (1)

…¸²¨ μ¶·¥¤¥²¨ÉÓ Î¨¸²μ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢ li, ¢Ò¤¥²¥´´ÒÌ ´  μ¡· ¡μÉ±Ê
¸μμ¡Ð¥´¨° ± ¦¤μ° ¶μ¤¸¨¸É¥³Ò, ³μ¦´μ μ¶É¨³¨§¨·μ¢ ÉÓ · ¸¶·¥¤¥²¥´¨¥ ¢Ò-
Î¨¸²¨É¥²Ó´ÒÌ ·¥¸Ê·¸μ¢ · ¡μÎ¥° ¸É ´Í¨¨ (¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¶·μÍ¥¸¸μ· ) ¤²Ö
¶μ¢ÒÏ¥´¨Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ μÉ¤¥²Ó´ÒÌ ³ ·Ï·ÊÉμ¢ §  ¸Î¥É ¤·Ê£¨Ì.

��‡�� ‘“™…‘’‚“	™ˆ• ��„•�„�‚ Š “���‚‹…�ˆ	

‘ÊÐ¥¸É¢ÊÕÉ · §²¨Î´Ò¥ ¶μ¤Ìμ¤Ò ± Ê¶· ¢²¥´¨Õ Î¨¸²μ³ ¶μÉμ±μ¢ ¢ Œ‘“‘.
Š² ¸¸¨Î¥¸±¨³ ·¥Ï¥´¨¥³ Ö¢²Ö¥É¸Ö Ë¨±¸¨·μ¢ ´´Ò° ¶Ê² ¶μÉμ±μ¢, £¤¥ Î¨-

¸²μ ¶μÉμ±μ¢, μÉ¤ ´´ÒÌ ± ¦¤μ° ¨§ ¶μ¤¸¨¸É¥³, μ¶·¥¤¥²Ö¥É¸Ö  ¤³¨´¨¸É· Éμ·μ³
Ô¢·¨¸É¨Î¥¸±¨ ¨ μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³ ¢¸¥ ¢·¥³Ö · ¡μÉÒ ¸¨¸É¥³Ò: li = const.
�μ¤Ìμ¤ Ìμ·μÏμ § ·¥±μ³¥´¤μ¢ ² ¸¥¡Ö ¶·¨ ¶·μ£´μ§¨·Ê¥³ÒÌ ³ ·Ï·ÊÉ Ì · ¡μÉÒ
¸¨¸É¥³Ò ¨ ¨§¢¥¸É´μ³ ¢·¥³¥´¨ μ¡¸²Ê¦¨¢ ´¨Ö τi ± ¦¤μ° ¨§ ¶μ¤¸¨¸É¥³. �¤´ ±μ,
¥¸²¨ Ì · ±É¥· ¶μ¢¥¤¥´¨Ö ¸¨¸É¥³Ò ¨§³¥´Ö¥É¸Ö (´ ¶·¨³¥·, ¨§³¥´Ö¥É¸Ö Ì · ±É¥·
¶μÖ¢²¥´¨Ö ¢´¥Ï´¨Ì ¸μ¡ÒÉ¨° Pi(t), ¨, ± ± ¸²¥¤¸É¢¨¥ ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥-
´¨Ö ³ ·Ï·ÊÉμ¢ ¢ ¸¨¸É¥³¥), ¢Ò¡· ´´μ¥ μ¤´ ¦¤Ò Î¨¸²μ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢
³μ¦¥É μ± § ÉÓ¸Ö ´¥μ¶É¨³ ²Ó´Ò³.
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„²Ö ¶·¥μ¤μ²¥´¨Ö Ê± § ´´μ£μ ´¥¤μ¸É É±  ±² ¸¸¨Î¥¸±μ£μ ·¥Ï¥´¨Ö ¢ · -
¡μÉ¥ [2] ¡Ò² ¶·¥¤²μ¦¥´  ¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤, μ¸´μ¢ ´´Ò° ´  ´ ¡²Õ¤¥´¨ÖÌ
¸¨¸É¥³Ò Î¥·¥§ · ¢´Ò¥ ¨´É¥·¢ ²Ò ¢·¥³¥´¨. �μ ¶·μÏ¥¸É¢¨¨ ± ¦¤μ£μ ¨´É¥·-
¢ ²  ¶·¨´¨³ ¥É¸Ö ·¥Ï¥´¨¥ μ Î¨¸²¥ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢, ¢Ò¤¥²¥´´ÒÌ ¶μ¤-
¸¨¸É¥³¥ ¤²Ö ³¨´¨³¨§ Í¨¨ ¢·¥³¥´¨ μ¡¸²Ê¦¨¢ ´¨Ö ± ¦¤μ£μ ¸μμ¡Ð¥´¨Ö ¶μ¤¸¨-
¸É¥³μ°. „²Ö ¶μ¨¸±  ²μ± ²Ó´μ£μ ³¨´¨³Ê³  ¢·¥³¥´¨ μ¡¸²Ê¦¨¢ ´¨Ö ¶μ¤¸¨¸É¥³Ò
μÉ Î¨¸²   ¸¸μÍ¨¨·μ¢ ´´ÒÌ ¸ μÎ¥·¥¤ÓÕ ¸μμ¡Ð¥´¨° ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢ ¶·¨-
³¥´ÖÕÉ¸Ö £· ¤¨¥´É´Ò¥ ³¥Éμ¤Ò. ‚ ¤μ¶μ²´¥´¨¥ ¨¸¶μ²Ó§Ê¥É¸Ö Ô¢·¨¸É¨Î¥¸±μ¥
¶· ¢¨²μ, Ê³¥´ÓÏ ÕÐ¥¥ Î¨¸²μ ¸¨¸É¥³´ÒÌ ¶μÉμ±μ¢ ¶μ¤¸¨¸É¥³Ò ¢ ¸²ÊÎ ¥ ¨Ì
¡¥§¤¥°¸É¢¨Ö ¤μ²ÓÏ¥ § ¤ ´´μ£μ  ¤³¨´¨¸É· Éμ·μ³ ¶¥·¨μ¤  ¢·¥³¥´¨.

�·¥¤²μ¦¥´´Ò° ¶μ¤Ìμ¤ [2] ¶μ§¢μ²Ö² ¸¨¸É¥³ ³  ¤ ¶É¨·μ¢ ÉÓ¸Ö ± ¨§³¥´Ö-
ÕÐ¨³¸Ö Ê¸²μ¢¨Ö³ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö, μ¤´ ±μ ¶·¨´¨³ ¥³Ò¥ Ô¢·¨¸É¨Î¥¸±¨³
¶· ¢¨²μ³ ¨ £· ¤¨¥´É´Ò³¨ ³¥Éμ¤ ³¨ ·¥Ï¥´¨Ö μ Î¨¸²¥ ¶μÉμ±μ¢ ´¥·¥¤±μ ¢¸ÉÊ-
¶ ²¨ ¢ ¶·μÉ¨¢μ·¥Î¨Ö. ’ ±, ¶·¨³¥´Ö¢Ï¨¥¸Ö £· ¤¨¥´É´Ò¥ ³¥Éμ¤Ò ´¥ μ¡² ¤ ²¨
ÉμÎ´μ° μÍ¥´±μ° ¶·¨·μ¸É /¶ ¤¥´¨Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¶μ¤¸¨¸É¥³Ò ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ¶·¨´ÖÉÒÌ · ´¥¥ ·¥Ï¥´¨° μ Î¨¸²¥ ¶μÉμ±μ¢, ¶μÉμ³Ê ÎÉμ ¸¢μ° ¢±² ¤
¢ ¨§³¥´¥´¨¥ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¶μ¤¸¨¸É¥³Ò ¢´μ¸¨²¨  ¡¸μ²ÕÉ´μ ¢¸¥ ·¥Ï¥-
´¨Ö ¤²Ö ¢¸¥Ì ¶μ¤¸¨¸É¥³ (¶μ¤¸¨¸É¥³Ò · §¤¥²ÖÕÉ μ¡Ð¨¥ ¢ÒÎ¨¸²¨É¥²Ó´Ò¥ ·¥-
¸Ê·¸Ò Å μ¤¨´ ¶·μÍ¥¸¸μ· ¨ μ¤´Ê μ¶¥· É¨¢´ÊÕ ¶ ³ÖÉÓ).

�’Š�‡�“‘’�‰—ˆ‚�‘’œ Œ��ƒ��’���›•
‘��›’ˆ‰��-“���‚‹Ÿ…Œ›• ‘ˆ‘’…Œ

� ¸¸³μÉ·¥´´Ò¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ·¥Ï¥´¨Ö: Ë¨±¸¨·μ¢ ´´Ò° ¶Ê² ¶μÉμ±μ¢ ¨
 ¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤ [2] Å ¡Ò²¨ ¶·¨§¢ ´Ò ¤μ¸É¨ÎÓ ³ ±¸¨³ ²Ó´μ° ¶·μ¨§¢μ-
¤¨É¥²Ó´μ¸É¨ ¸¨¸É¥³Ò, μ¤´ ±μ ¤²Ö ¸μ§¤ ´¨Ö ¸¨¸É¥³ ¢ ¦¨§´¥´´μ ¢ ¦´ÒÌ ¤²Ö
Î¥²μ¢¥±  μ¡² ¸ÉÖÌ ´¥ ³¥´¥¥  ±ÉÊ ²¥´ ¶μ¤Ìμ¤, μ·¨¥´É¨·μ¢ ´´Ò° ´  ¶μ¢ÒÏ¥-
´¨¥ μÉ± §μÊ¸Éμ°Î¨¢μ¸É¨.

�μ¤ μÉ± §μÊ¸Éμ°Î¨¢μ¸ÉÓÕ ¶μ¤· §Ê³¥¢ ¥É¸Ö ¸¶μ¸μ¡´μ¸ÉÓ ¸¨¸É¥³Ò μÉ²μ-
¦¨ÉÓ ¢·¥³Ö ¶¥·¢μ£μ μÉ± §  ¶μ ¶·¨Î¨´¥ ¶¥·¥¶μ²´¥´¨Ö μÎ¥·¥¤¨ ¢ ¸Í¥´ ·¨ÖÌ
¶¨±μ¢ÒÌ ´ £·Ê§μ±, Ì · ±É¥·´ÒÌ ¤²Ö SCADA-¸¨¸É¥³, ±μ£¤  Î¨¸²μ ¶·¨´¨³ ¥-
³ÒÌ ¸¨¸É¥³μ° ¸μμ¡Ð¥´¨° ¶·¥¢ÒÏ ¥É ¸¶μ¸μ¡´μ¸É¨ ¸¨¸É¥³Ò ± μ¡· ¡μÉ±¥. �¨-
±μ¢Ò¥ ´ £·Ê§±¨ ³μ£ÊÉ ¢μ§´¨± ÉÓ ¶μ ¶·¨Î¨´¥ ´¥¨¸¶· ¢´μ¸É¨ μ¡μ·Ê¤μ¢ ´¨Ö ¨²¨
´¥¶·¥¤¢¨¤¥´´μ£μ ¶μ¢¥¤¥´¨Ö μ¡Ñ¥±É  ´ ¡²Õ¤¥´¨Ö, É·¥¡ÊÕÐ¥£μ ´¥§ ³¥¤²¨É¥²Ó-
´μ£μ ¢³¥Ï É¥²Ó¸É¢  ¤¨¸¶¥ÉÎ¥· .

��…„‹�ƒ�…Œ›‰ ��„•�„ Š “���‚‹…�ˆ	, �����‚‹…��›‰ ��
��‚›˜…�ˆ… �’Š�‡�“‘’�‰—ˆ‚�‘’ˆ

�·¥¤² £ ¥É¸Ö  ¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤ ¸ ¤¢Ê³Ö μ·¨£¨´ ²Ó´Ò³¨ ±μ´É·μ²²¥· ³¨.
„ ´´Ò° ¶μ¤Ìμ¤ μ¸´μ¢ ´ ´  ´ ¡²Õ¤¥´¨ÖÌ ¸¨¸É¥³Ò ¢ · ¢´Ò¥ ¨´É¥·¢ ²Ò ¢·¥-
³¥´¨  ´ ²μ£¨Î´μ ¶μ¤Ìμ¤Ê, ¶·¥¤²μ¦¥´´μ³Ê ¢ · ¡μÉ¥ [2].
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�¥·¢Ò° ±μ´É·μ²²¥· ¶·¨´¨³ ¥É ·¥Ï¥´¨¥ μ Î¨¸²¥ ¸¨¸É¥³´ÒÌ ¶μ¤Ìμ¤μ¢ ¨§
¸²¥¤ÊÕÐ¨Ì ¸μμ¡· ¦¥´¨°.

�¨¸. 3. ‚·¥³Ö μ¡¸²Ê¦¨¢ ´¨Ö ¤¢ÊÌ ¶μ¤¸¨¸É¥³ μÉ²¨Î ¥É¸Ö ¢ 4 · § 

�·¥¤¶μ²μ¦¨³, ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¶μ¤¸¨¸É¥³, £¤¥ ¢·¥³Ö μ¡¸²Ê¦¨-
¢ ´¨Ö ¶¥·¢μ° τ1(t) = 1 ¸ ¢ 4 · §  ³¥´ÓÏ¥ ¢·¥³¥´¨ μ¡¸²Ê¦¨¢ ´¨Ö ¢Éμ·μ°
τ2(t) = 4 ¸,   · §³¥· ¶Ê²  ¶μÉμ±μ¢ T = 5, ± ± ¶μ± § ´μ ´  ·¨¸. 3.

� ¸¸³μÉ·¨³ ¸Í¥´ ·¨°, ¢ ±μÉμ·μ³ ¶¥·¢ Ö ¶μ¤¸¨¸É¥³  ¶·¨´¨³ ¥É ¸μμ¡Ð¥-
´¨Ö ¸ · ¢´Ò³¨ ¨´É¥·¢ ² ³¨, ¶¥·¥¤ ¢ Ö ¨Ì ´  μ¡· ¡μÉ±Ê ¢Éμ·μ° ¶μ¤¸¨¸É¥³¥.

‚ ¸²ÊÎ ¥, ±μ£¤  ¶μ¤¸¨¸É¥³ ³ ¡Ê¤¥É ¢Ò¤¥²¥´μ ¶μ μ¤´μ³Ê ¸¨¸É¥³´μ³Ê ¶μ-
Éμ±Ê (l1 = l2 = 1), ¶¥·¢ Ö ¶μ¤¸¨¸É¥³  ¡Ê¤¥É Ê¸¶¥¢ ÉÓ μ¡· ¡ ÉÒ¢ ÉÓ Î¥ÉÒ·¥
¸μμ¡Ð¥´¨Ö ¨ ¶¥·¥¤ ¢ ÉÓ ¨Ì ¢Éμ·μ° §  ¢·¥³Ö, ´¥μ¡Ìμ¤¨³μ¥ ¢Éμ·μ°, ÎÉμ¡Ò
Ê¸¶¥ÉÓ μ¡· ¡μÉ ÉÓ ²¨ÏÓ μ¤´μ. �Î¥·¥¤Ó ¸μμ¡Ð¥´¨° ¢Éμ·μ° ¶μ¤¸¨¸É¥³Ò ´ Î´¥É
Ê¢¥²¨Î¨¢ ÉÓ¸Ö, ÎÉμ ¶·¨¢¥¤¥É ± ¶μÖ¢²¥´¨Õ μÉ± §  ¢ ¸¨¸É¥³¥.

…¸²¨ ¢Éμ·μ° ¶μ¤¸¨¸É¥³¥ ¢Ò¤¥²¨ÉÓ l2 = 4 ¸¨¸É¥³´ÒÌ ¶μÉμ± , μ¸É ¢¨¢
¶¥·¢μ° l1 = 1 ¶·μ¶μ·Í¨μ´ ²Ó´μ μÉ´μÏ¥´¨Õ ¢·¥³¥´ μ¡¸²Ê¦¨¢ ´¨Ö τ1(t) ±
τ2(t) ¨¸Ìμ¤Ö ¨§ μ¡Ð¥£μ Î¨¸²  ¶μÉμ±μ¢ T = 5:

l1 = T · τ1(t)/(τ2(t) + τ1(t)),
l2 = T · τ2(t)/(τ2(t) + τ1(t)),

Éμ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ μ¡¥¨Ì ¶μ¤¸¨¸É¥³ μ± ¦¥É¸Ö · ¢´μ° Å ¢Éμ· Ö ¶μ¤¸¨-
¸É¥³  ¡Ê¤¥É Ê¸¶¥¢ ÉÓ μ¡· ¡ ÉÒ¢ ÉÓ ¢¥¸Ó ¶μÉμ± ¢Ìμ¤ÖÐ¨Ì ¸μμ¡Ð¥´¨° μÉ ¶¥·-
¢μ° ¶μ¤¸¨¸É¥³Ò. ’¥¶¥·Ó, ±μ£¤  Î¨¸²μ ¶·¨´¨³ ¥³ÒÌ ¶¥·¢μ° ¶μ¤¸¨¸É¥³μ°
¸μμ¡Ð¥´¨° ¶·¥¢Ò¸¨É ¢μ§³μ¦´μ¸É¨ ¸¨¸É¥³Ò ± μ¡· ¡μÉ±¥, μÎ¥·¥¤¨ ´ Î´ÊÉ Ê¢¥-
²¨Î¨¢ ÉÓ¸Ö ´  μ¡¥¨Ì ¶μ¤¸¨¸É¥³ Ì μ¤´μ¢·¥³¥´´μ. ‘Í¥´ ·¨° ¶¥·¥¶μ²´¥´¨Ö ¸
μ¤´μ¢·¥³¥´´Ò³ ·μ¸Éμ³ ¤¢ÊÌ μÎ¥·¥¤¥° ¸μμ¡Ð¥´¨° ¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´Ò³,
Î¥³ ¸Í¥´ ·¨° ·μ¸É  ²¨ÏÓ μ¤´μ° ¨§ μÎ¥·¥¤¥°, ¶μ¸±μ²Ó±Ê ¶¥·¢Ò° μÉ± § ¸¨¸É¥³Ò
μÉ±² ¤Ò¢ ¥É¸Ö §  ¸Î¥É Ê¤¥·¦ ´¨Ö ¢ μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨ ¡μ²ÓÏ¥£μ Î¨¸²  ¸μ-
μ¡Ð¥´¨°, μ¦¨¤ ÕÐ¨Ì μ¡· ¡μÉ±¨, Î¥³ ¢ ¶¥·¢μ³ ¸Í¥´ ·¨¨ (l1 + l2 > l2).
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�¡μ¡Ð Ö · ¸¸Ê¦¤¥´¨Ö ´  N ¶μ¤¸¨¸É¥³, ³Ò ¶μ²ÊÎ ¥³ ¶· ¢¨²μ, ¸μ£² ¸´μ
±μÉμ·μ³Ê Î¨¸²μ ¶μÉμ±μ¢ li, ¢Ò¤¥²¥´´ÒÌ i-° ¶μ¤¸¨¸É¥³¥, μ¶·¥¤¥²Ö¥É¸Ö ¨§ μÉ-
´μÏ¥´¨Ö ¸Ê³³ ·´μ£μ ¢·¥³¥´¨

li = T
τini

N∑
j=1

τjnj

μ¡· ¡μÉ±¨ ¸μμ¡Ð¥´¨° i-° ¶μ¤¸¨¸É¥³Ò (τi · ni) ± ¸Ê³³ ·´μ³Ê ¢·¥³¥´¨ μ¡· -
¡μÉ±¨ ¢¸¥Ì ¸μμ¡Ð¥´¨° ¸¥É¨ ± ±

li = T
τini

N∑
j=1

τjnj

.

‚Éμ·μ° ¶·¥¤²μ¦¥´´Ò° ³¥Ì ´¨§³ Ê¶· ¢²¥´¨Ö (±μ´É·μ²²¥· μ¡· É´μ£μ ¤ -
¢²¥´¨Ö) ¸μ¸Éμ¨É ¢ ¶·¨μ¸É ´μ¢±¥ μ¡· ¡μÉ±¨ ¸μμ¡Ð¥´¨° ´  ¶μ¤¸¨¸É¥³¥-μÉ¶· ¢¨-
É¥²¥, ÎÉμ ¶μ§¢μ²Ö¥É ¶μ¤¸¨¸É¥³¥-¶μ²ÊÎ É¥²Õ μ¡· ¡μÉ ÉÓ μÎ¥·¥¤Ó ¸μμ¡Ð¥´¨°,
¶·¨¡²¨¦ ÕÐÊÕ¸Ö ± ¶¥·¥¶μ²´¥´¨Õ. ‚ ¸²ÊÎ ¥ ´¥¸±μ²Ó±¨Ì ¶μ¤¸¨¸É¥³ μÉ¶· -
¢¨É¥²¥° ¤²¨É¥²Ó´μ¸ÉÓ ¶·¨μ¸É ´μ¢±¨ ± ¦¤μ° ¨§ ´¨Ì μ¶·¥¤¥²Ö¥É¸Ö ¶·μ¶μ·Í¨-
μ´ ²Ó´μ ¢±² ¤Ê (λij ) ¶μ¤¸¨¸É¥³Ò-μÉ¶· ¢¨É¥²Ö ¢ ¶¥·¥¶μ²´¥´¨¥ μÎ¥·¥¤¨ ¶μ²Ê-
Î É¥²Ö qj ¸μ£² ¸´μ ÏÉ· Ë´μ° ËÊ´±Í¨¨ f(λij , qj). ‚¨¤ ÏÉ· Ë´μ° ËÊ´±Í¨¨ f
¢Ò¡¨· ¥É¸Ö Ô¢·¨¸É¨Î¥¸±¨, ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¢¥²¨Î¨´  ÏÉ· Ë  μ± §Ò¢ ¥É¸Ö É¥³
¡μ²ÓÏ¥, Î¥³ ¡²¨¦¥ μÎ¥·¥¤Ó ¶μ¤¸¨¸É¥³Ò ¶μ²ÊÎ É¥²Ö ± ¶¥·¥¶μ²´¥´¨Õ.

‘��‚�ˆ’…‹œ�›‰ ���‹ˆ‡

‘· ¢´¨É¥²Ó´Ò°  ´ ²¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶μ¤Ìμ¤μ¢ ¨ ¶·¥¤²μ¦¥´´μ£μ ¶μ¤-
Ìμ¤  ¡Ò² ¢Ò¶μ²´¥´ ´  ¶·¨³¥·¥ É¨¶μ¢μ£μ ¶·¨²μ¦¥´¨Ö ¶μÉμ±μ¢μ° μ¡· ¡μÉ±¨
·¥ ²Ó´μ£μ ¢·¥³¥´¨ (¢·¥³¥´ μ¡· ¡μÉ±¨ ¸μμ¡Ð¥´¨°, ¢·¥³¥´ μÉ±²¨± ?). ‚ ± -
Î¥¸É¢¥ É ±μ£μ ¶·¨²μ¦¥´¨Ö ¡Ò² ¢Ò¡· ´ £¨¶μÉ¥É¨Î¥¸±¨° ¸¥·¢¥· ¸¡μ·  ¨ μ¡· -
¡μÉ±¨ ¨´Ëμ·³ Í¨¨, ± ± ´  ·¨¸. 4. ‚ μ¡Ö§ ´´μ¸É¨ ¸¥·¢¥·  ¸¡μ·  ¨ μ¡· ¡μÉ±¨
¨´Ëμ·³ Í¨¨ ¢Ìμ¤¨É ¶·¨´ÖÉ¨¥ ¸μμ¡Ð¥´¨° μÉ ¨§³¥·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö,
μ¡· ¡μÉ±  ¶μ¸ÉÊ¶¨¢Ï¨Ì ¤ ´´ÒÌ ¨ ¸μÌ· ´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ μ¡· ¡μÉ±¨ ¢ ¡ §¥
¤ ´´ÒÌ.

„²Ö ³¨´¨³¨§ Í¨¨ ¶μ£·¥Ï´μ¸É¨ ¢ ¸¥·¨¨ É¥¸Éμ¢ ·¥ ²Ó´μ μ¸ÊÐ¥¸É¢²Ö¥³ Ö
· ¡μÉ  ¡Ò²  § ³¥´¥´  ´  Ô±¢¨¢ ²¥´É´Ò¥ ¶μ ¢·¥³¥´¨ Í¨±²Ò, ¨¸¶μ²Ó§ÊÕÐ¨¥
·¥¸Ê·¸Ò ¶·μÍ¥¸¸μ· , ¨¸±²ÕÎ ÕÐ¨¥ μ¡· Ð¥´¨¥ ± ¢´¥Ï´¨³ ¸¨¸É¥³ ³. �μ¤μ¡-
´Ò° ¶μ¤Ìμ¤ ± ¶·μ¢¥¤¥´¨Õ É¥¸É¨·μ¢ ´¨Ö ¶μ§¢μ²¨² ³¨´¨³¨§¨·μ¢ ÉÓ Ë ±Éμ·
¸²ÊÎ °´μ¸É¨, ÎÉμ ¶μ§¢μ²¨²μ ¡μ²¥¥ ÉμÎ´μ ¨¸¸²¥¤μ¢ ÉÓ μ¸μ¡¥´´μ¸É¨ ¶μ¤Ìμ¤μ¢
± Ê¶· ¢²¥´¨Õ ·¥¸Ê·¸ ³¨. �·μ¢¥¤¥´´Ò¥ É¥¸ÉÒ μÉ· ¦ ÕÉ μ¸μ¡¥´´μ¸É¨ ËÊ´±Í¨-
μ´¨·μ¢ ´¨Ö ¸¨¸É¥³ ¶μÉμ±μ¢μ° μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨, ¨¸¶μ²Ó§ÊÕÐ¨Ì ¢¸É·μ-
¥´´ÊÕ (in-memory) ¡ §Ê ¤ ´´ÒÌ.
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�¨¸. 4. �·Ì¨É¥±ÉÊ·  £¨¶μÉ¥É¨Î¥¸±μ£μ ¸¥·¢¥·  ¸¡μ·  ¨ μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨

‚μ ¢¸¥Ì ¶·¥¤² £ ¥³ÒÌ ¤ ²¥¥ É¥¸É Ì ¨¸¸²¥¤μ¢ ²¨¸Ó ¸Í¥´ ·¨¨ ¶¥·¥£·Ê§±¨
¸¨¸É¥³Ò. � ¨¡μ²¥¥ μÉÎ¥É²¨¢μ · §²¨Î¨¥ ¶·¥¤¸É ¢²¥´´ÒÌ ¶μ¤Ìμ¤μ¢ ¶·μÖ¢¨²μ¸Ó
¢ ¸Í¥´ ·¨ÖÌ ±· É±μ¢·¥³¥´´μ° ¶¥·¥£·Ê§±¨. ’ ±, ¤μ É¥Ì ¶μ· ¶μ±  ¸¨¸É¥³  ¢ ¸μ-
¸ÉμÖ´¨¨ ¸¶· ¢²ÖÉÓ¸Ö ¸ Î¨¸²μ³ ¶μ¸ÉÊ¶ ÕÐ¨Ì ¢ ´¥¥ ¸μμ¡Ð¥´¨°, ¢¸¥ ¶μ¤Ìμ¤Ò
¢¥¤ÊÉ ¸¥¡Ö μ¤¨´ ±μ¢μ Ìμ·μÏμ. Šμ£¤  ¸¨¸É¥³  ´ Ìμ¤¨É¸Ö ¢ ¸μ¸ÉμÖ´¨¨ ¤²¨É¥²Ó-
´μ° ¶¥·¥£·Ê§±¨, ¢¸¥ ¶μ¤Ìμ¤Ò ¢¥¤ÊÉ ¸¥¡Ö μ¤¨´ ±μ¢μ ¶²μÌμ ¶μÉμ³Ê, ÎÉμ Î¨¸²μ
¸μμ¡Ð¥´¨°, ±μÉμ·μ¥ ¸¨¸É¥³  ³μ¦¥É μ¡· ¡μÉ ÉÓ ¢ ¸¥±Ê´¤Ê, ´¥ § ¢¨¸¨É μÉ ¢Ò-
¡· ´´μ£μ ³¥Éμ¤  Ê¶· ¢²¥´¨Ö ·¥¸Ê·¸ ³¨. �¨ μ¤¨´ ¶μ¤Ìμ¤ ´¥ ³μ¦¥É Ê¢¥²¨Î¨ÉÓ
¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ¶·μÍ¥¸¸μ·  ¨²¨ μ¶É¨³¨§¨·μ¢ ÉÓ ¶μ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨
μ¤´ ¦¤Ò ¸μ§¤ ´´Ò° · §· ¡μÉÎ¨±μ³ ±μ¤. � §²¨Î¨¥ ¶μ¤Ìμ¤μ¢ ¶·μÖ¢²Ö¥É¸Ö ¢ É¥
¢·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò, ±μ£¤  ¢ ¸¨¸É¥³Ê ¶μ¸ÉÊ¶ ¥É Î¨¸²μ ¶ ±¥Éμ¢, ¶·¥¢ÒÏ Õ-
Ð¥¥ ¸¶μ¸μ¡´μ¸É¨ ¸¨¸É¥³Ò ± μ¡· ¡μÉ±¥, ´μ ¶¥·¥¶μ²´¥´¨¥ μÎ¥·¥¤¥° ´¥ ´μ¸¨É
¶¥·³ ´¥´É´μ£μ Ì · ±É¥· .

‘ ÉμÎ±¨ §·¥´¨Ö ³´μ£μÔÉ ¶´μ° ¸μ¡ÒÉ¨°´μ-Ê¶· ¢²Ö¥³μ°  ·Ì¨É¥±ÉÊ·Ò ¢ ¢Ò-
¡· ´´μ° ¤²Ö É¥¸É  ¸¨¸É¥³¥ ·¨¸. 4 ¶·¨¸ÊÉ¸É¢Ê¥É É·¨ ¸²μÖ:

• ¸²μ°, μÉ¢¥Î ÕÐ¨° §  ¶·¨´ÖÉ¨¥ ±²¨¥´É¸±¨Ì ¶ ±¥Éμ¢. ‡¤¥¸Ó ¸μ§¤ ÕÉ¸Ö
¸μμ¡Ð¥´¨Ö, ¸μ¤¥·¦ Ð¨¥ ¶μ²ÊÎ¥´´Ò¥ μÉ ¨§³¥·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö
¤ ´´Ò¥;

• ¸²μ°, μÉ¢¥Î ÕÐ¨° §  ¶·¥μ¡· §μ¢ ´¨¥ ¨ μ¡· ¡μÉ±Ê ¤ ´´ÒÌ. ‡¤¥¸Ó ¶·μ-
¨§¢μ¤¨É¸Ö ¶·¥μ¡· §μ¢ ´¨¥ ¨ μ¡· ¡μÉ±  ¸μμ¡Ð¥´¨°;

• ¸²μ°, μÉ¢¥Î ÕÐ¨° §  ¢§ ¨³μ¤¥°¸É¢¨¥ ¸ ¡ §μ° ¤ ´´ÒÌ. ˆ¸¶μ²Ó§Ê¥É¸Ö
¢¸É· ¨¢ ¥³ Ö (in-memory) ‘“�„.

�¶¥· Í¨Ö ¶μ²ÊÎ¥´¨Ö ¶ ±¥Éμ¢ μÉ ¨§³¥·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö § ´¨³ ¥É
´¨ÎÉμ¦´μ ³ ²μ¥ ¢·¥³Ö. „ ´´Ò¥ ¶ ±¥É  Ê¶ ±μ¢Ò¢ ÕÉ¸Ö ¢ ¸μμ¡Ð¥´¨¥, ±μÉμ·μ¥
¶μ¸ÉÊ¶ ¥É ´  μ¡· ¡μÉ±Ê ¢ ¶μ¤¸¨¸É¥³Ò ¸²μÖ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. ‚ ÔÉμ³ ¸²μ¥
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± ¦¤ Ö ¶μ¤¸¨¸É¥³  μÉ¢¥Î ¥É §  μ¡· ¡μÉ±Ê ¤ ´´ÒÌ μ¤´μ£μ-¥¤¨´¸É¢¥´´μ£μ É¨¶ 
¶ ±¥É . ‚ § ¢¨¸¨³μ¸É¨ μÉ · §³¥·  ¤ ´´ÒÌ ¶ ±¥É  ¨ ¥£μ ¸É·Ê±ÉÊ·Ò μ¡· ¡μÉ± 
´  ÔÉμ³ Ê·μ¢´¥ § ´¨³ ¥É 1Ä3 ³¸, μ¡· Ð¥´¨¥ ± ¡ §¥ ¤ ´´ÒÌ ¨ ¢Ò¶μ²´¥´¨¥
Ì· ´¨³μ° ¶·μÍ¥¤Ê·Ò ´  ¸²¥¤ÊÕÐ¥³ ¸²μ¥ ¢Ò¶μ²´Ö¥É¸Ö §  50 ³¸ ¢ μÉ¸ÊÉ¸É¢¨¥
¤·Ê£¨Ì § ¤ Î.

�¨¸. 5. ‘Í¥´ ·¨° ËÊ´±Í¨μ´¨·μ¢ ´¨Ö ¸¥·¢¥·  ¸¡μ·  ¨ μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨

‚ ¶μ¸²¥¤ÊÕÐ¨Ì É¥¸É Ì ¤²Ö · ¸¸³μÉ·¥´´μ° ¸¨¸É¥³Ò ¡Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ
¨§³¥·¨É¥²Ó´μ¥ μ¡μ·Ê¤μ¢ ´¨¥ ¶·¨¸Ò² ¥É ¶ ±¥ÉÒ É·¥Ì É¨¶μ¢, ´  μ¡· ¡μÉ±Ê ± -
¦¤μ£μ ¨§ ±μÉμ·ÒÌ § É· Î¨¢ ¥É¸Ö 1, 2 ¨ 3 ³¸. � ±¥ÉÒ · §²¨Î´ÒÌ É¨¶μ¢ ¶·¨Ìμ-
¤ÖÉ ¸ ¢¥·μÖÉ´μ¸ÉÖ³¨ 0,4, 0,2 ¨ 0,4, ± ± ¶μ± § ´μ ´  ·¨¸. 5. ‚ É¥¸É Ì · §³¥·Ò
μÎ¥·¥¤¥° ¶μ¤¸¨¸É¥³ qi ¢Ò¸É ¢²¥´Ò ¢ 200 ¸μμ¡Ð¥´¨°. ‚ É ±μ° ±μ´Ë¨£Ê· -
Í¨¨ μ¤´μ¶·μÍ¥¸¸μ·´ Ö ¸¨¸É¥³  ¸¶μ¸μ¡´  μ¡· ¡μÉ ÉÓ μ±μ²μ 19 ¸μμ¡Ð¥´¨° ¢
¸¥±Ê´¤Ê: 1000/(50 + (1 · 0,4 + 2 · 0,2 + 3 · 0,4)).

‚ ¶¥·¢μ³ É¥¸É¥ ¸μ§¤ ¢ ² ¸Ó ±· É±μ¢·¥³¥´´ Ö ¶¨±μ¢ Ö ´ £·Ê§± , § É¥³
¢Ò¤¥·¦¨¢ ² ¸Ó ´¥¡μ²ÓÏ Ö ¶ Ê§ , ¨ ¸¥·¢¥· ¢Ìμ¤¨² ¢ ·¥¦¨³ ¤²¨É¥²Ó´μ° ¶¥·¥-
£·Ê§±¨, £¤¥ ¢ ± ¦¤ÊÕ ¸¥±Ê´¤Ê ¸¥·¢¥· ¶·¨´¨³ ² ´  5Ä6 ¶ ±¥Éμ¢ ¡μ²ÓÏ¥, Î¥³
¡Ò² ¢ ¸μ¸ÉμÖ´¨¨ μ¡· ¡μÉ ÉÓ (·¨¸. 6).

‚ É¥Î¥´¨¥ ¤¢ÊÌ ³¨´ÊÉ ¸¥·¢¥· ¶·¨´Ö² 3125 ¶ ±¥Éμ¢. ‘μμ¡Ð¥´¨Ö ´ Î¨´ ²¨
¢Ò¸É· ¨¢ ÉÓ¸Ö ¢ μÎ¥·¥¤¨, μ¦¨¤ Ö μ¡· ¡μÉ±¨, ÎÉμ ¶·¨¢μ¤¨²μ ¢ ¤ ²Ó´¥°Ï¥³ ±
·¥£Ê²Ö·´Ò³ μÉ± § ³ ¢ μ¡¸²Ê¦¨¢ ´¨¨.

�μ ·¥§Ê²ÓÉ É ³ É¥¸É  ´  ·¨¸. 7 ´ ¨³¥´ÓÏ¥¥ Î¨¸²μ ¶μÉ¥·Ö´´ÒÌ ¸μμ¡Ð¥´¨°
(¶²μÐ ¤Ó ¶μ¤ £· Ë¨± ³¨) ¡Ò²μ ¤μ¸É¨£´ÊÉμ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·¥¤² £ ¥³μ£μ
¶μ¤Ìμ¤  (451, ÎÉμ ´  5 % ²ÊÎÏ¥ ±² ¸¸¨Î¥¸±μ£μ ·¥Ï¥´¨Ö ¸ Ë¨±¸¨·μ¢ ´´Ò³
¶Ê²μ³ ¶μÉμ±μ¢).

�¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤ [2] ¶μ± § ² ¶· ±É¨Î¥¸±¨ Ô±¢¨¢ ²¥´É´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¸ ±² ¸¸¨Î¥¸±¨³ Ë¨±¸¨·μ¢ ´´Ò³ ¶Ê²μ³ ¶μÉμ±μ¢.

�É²¨Î¨É¥²Ó´μ° Î¥·Éμ° ¶·¥¤² £ ¥³μ£μ ¶μ¤Ìμ¤  Ö¢²Ö¥É¸Ö ®Ï¥·μÌμ¢ Éμ¸ÉÓ¯
£· Ë¨±  μÉ± §μ¢. �Éμ μ¡ÑÖ¸´Ö¥É¸Ö · ¡μÉμ° ±μ´É·μ²²¥·  μ¡· É´μ£μ ¤ ¢²¥´¨Ö,
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�¨¸. 6. ‘Í¥´ ·¨° É¥¸É 

�¨¸. 7. �¥μ¡· ¡μÉ ´´Ò¥ ¸μμ¡Ð¥´¨Ö ¸ ¶·¨³¥´¥´¨¥³ · §²¨Î´ÒÌ ¸É· É¥£¨° Ê¶· ¢²¥´¨Ö
·¥¸Ê·¸ ³¨ ¢ É¥¸É¥ 1

¶·¨μ¸É ´ ¢²¨¢ ¢Ï¥£μ · ¡μÉÊ ¶μ¤¸¨¸É¥³ ¶·¥μ¡· §μ¢ ´¨Ö ¶·¨ ´ ¶μ²´¥´¨¨ μÎ¥-
·¥¤¨ ¶μ¤¸¨¸É¥³Ò, μÉ¢¥Î ÕÐ¥° §  μ¡· Ð¥´¨¥ ± ‘“�„. ‚ ·¥§Ê²ÓÉ É¥ μÉ± §
´  ¶μ¤¸¨¸É¥³¥ É·¥ÉÓ¥£μ ¸²μÖ μÉ±² ¤Ò¢ ²¸Ö, ´μ ¸μ§¤ ¢ ²¨¸Ó ¶·¥¤¶μ¸Ò²±¨ ¤²Ö
¶·¥¦¤¥¢·¥³¥´´μ£μ μÉ± §  ´  ¶·¨μ¸É ´μ¢²¥´´ÒÌ ¶μ¤¸¨¸É¥³ Ì, É ± ± ± É¥¶¥·Ó
Ê¦¥ ¨Ì μÎ¥·¥¤¨ ´ Î¨´ ²¨ Ê¸±μ·¥´´μ ´ ¶μ²´ÖÉÓ¸Ö. ‘ μ¤´μ° ¸Éμ·μ´Ò, ¨¸±Ê¸-
¸É¢¥´´ Ö ¶·¨μ¸É ´μ¢±  ¶μ§¢μ²Ö²  · ¢´μ³¥·´μ · ¸¶·¥¤¥²¨ÉÓ ¸μμ¡Ð¥´¨Ö ³¥¦¤Ê
μÎ¥·¥¤Ö³¨, ÎÉμ μÉ±² ¤Ò¢ ²μ ¶μ ¢·¥³¥´¨ ´ ¸ÉÊ¶²¥´¨¥ ¶¥·¢μ£μ μÉ± § , ¸ ¤·Ê-
£μ° ¸Éμ·μ´Ò Å μÉ± § ´  ¡μ²¥¥ · ´´¥³ ÔÉ ¶¥ μ¡· ¡μÉ±¨ (¢ ¸²ÊÎ ¥ ¶¥·¥¶μ²-
´¥´¨Ö μÎ¥·¥¤¨ ¶μ¤¸¨¸É¥³Ò ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸²μÖ) ¶μ§¢μ²Ö² ¢Ò¸¢μ¡μ¤¨ÉÓ
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¢ÒÎ¨¸²¨É¥²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ ¤²Ö μ¡· ¡μÉ±¨ ¶μ¸ÉÊ¶ ÕÐ¨Ì ¸μμ¡Ð¥´¨°, ÎÉμ
Ê³¥´ÓÏ ²μ μ¡Ð¥¥ Î¨¸²μ μÉ± §μ¢.

� ¸¸³μÉ·¥´´Ò° É¥¸É ¤ ¥É ¶·¥¤¸É ¢²¥´¨¥ μ Éμ³, ¶μÎ¥³Ê ±μ´É·μ²²¥· μ¡· É-
´μ£μ ¤ ¢²¥´¨Ö ¶μ§¢μ²Ö¥É ¸¨¸É¥³ ³, ¶μ¸É·μ¥´´Ò³ ¸ ¶·¨³¥´¥´¨¥³ ¶·¥¤² £ ¥-
³μ£μ ¶μ¤Ìμ¤ , Ê³¥´ÓÏ¨ÉÓ Î¨¸²μ μÉ± §μ¢. ‚ · ¸¸³ É·¨¢ ¥³μ³ É¥¸É¥ ¡μ²ÓÏÊÕ
Î ¸ÉÓ ¢·¥³¥´¨ ¸¨¸É¥³  ¶·μ¢μ¤¨²  ¢ μ¡· ¡μÉ±¥ ¸μμ¡Ð¥´¨°, ¨§¢²¥± ¥³ÒÌ ¨§
μ¤´μ°-¥¤¨´¸É¢¥´´μ° μÎ¥·¥¤¨, ¨ ´ ¨¡μ²¥¥ Ê¤ Î´Ò° ¶μ¤Ìμ¤ μ± §Ò¢ ²¸Ö ÉμÉ,
ÎÉμ ³μ£ ®Ê¢¥²¨Î¨ÉÓ¯ ¥¥ · §³¥· §  ¸Î¥É ¢·¥³¥´´μ£μ ´ ¶μ²´¥´¨Ö μÎ¥·¥¤¥° ¶μ¤-
¸¨¸É¥³ Å ¨¸ÉμÎ´¨±μ¢ ¸μμ¡Ð¥´¨°.

�¤´ ±μ · ¸¸³μÉ·¥´´ Ö ±μ´Ë¨£Ê· Í¨Ö ´¥ ¶μ§¢μ²Ö²  ¨§ÊÎ¨ÉÓ ¢μ§³μ¦´μ¸É¨
Ê¶· ¢²¥´¨Ö Î¨¸²μ³ ¶μÉμ±μ¢ ´  μÎ¥·¥¤ÖÌ ¸μμ¡Ð¥´¨°.

„²Ö ¤¥³μ´¸É· Í¨¨ ¶·¥¨³ÊÐ¥¸É¢ Ê¶· ¢²¥´¨Ö Î¨¸²μ³ ¶μÉμ±μ¢ ´  ¶μ¤¸¨-
¸É¥³¥ ¶·μÉ¨¢ ±² ¸¸¨Î¥¸±μ£μ Ë¨±¸¨·μ¢ ´´μ£μ ¶Ê²  ¡Ò²μ ·¥Ï¥´μ Ê¢¥²¨Î¨ÉÓ
¢·¥³Ö μ¡· ¡μÉ±¨ ¸μμ¡Ð¥´¨° ´  ¶μ¤¸¨¸É¥³ Ì ¸²μÖ μ¡· ¡μÉ±¨ ¢ 10 · §. ’¥¶¥·Ó
¢·¥³¥´  μ¡· ¡μÉ±¨ ¸μμ¡Ð¥´¨° μ± §Ò¢ ²¨¸Ó ¡μ²¥¥ · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´-
´Ò³¨ ³¥¦¤Ê ¶μ¤¸¨¸É¥³ ³¨, ¨ ÔËË¥±É ®¥¤¨´¸É¢¥´´μ° μÎ¥·¥¤¨¯ ¶·¥¤Ò¤ÊÐ¥£μ
É¥¸É  ´¨¢¥²¨·μ¢ ²¸Ö.

�¨¸. 8. ’¥¸É ±μ´É·μ²²¥·  ¶Ê²  ¶μÉμ±μ¢

‚μ ¢Éμ·μ³ É¥¸É¥ ´  ¸¨¸É¥³Ê ¡Ò²μ μ± § ´μ Î¥ÉÒ·¥ 15-¸¥±Ê´¤´ÒÌ ¸É·¥¸-
¸μ¢ÒÌ ¶μÉμ±  ¶ ±¥Éμ¢ μÉ ¨§³¥·¨É¥²Ó´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö (·¨¸. 8), ¢ ± ¦¤Ò°
¨§ ±μÉμ·ÒÌ ¸¨¸É¥³  ¶·¨´¨³ ²  ± ± ³¨´¨³Ê³ ¢ Î¥ÉÒ·¥ · §  ¡μ²ÓÏ¥ ¶ ±¥Éμ¢,
Î¥³ ¡Ò²  ¸¶μ¸μ¡´  μ¡· ¡μÉ ÉÓ. ‡  ¶μ²Éμ·Ò ³¨´ÊÉÒ ¢ ¸¨¸É¥³Ê ¶·¨Ï²μ 3850
¸μμ¡Ð¥´¨°, ÎÉμ ¢ ¤¢  · §  ¨´É¥´¸¨¢´¥¥ ¶¥·¢μ£μ É¥¸É .

�¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤ [2], μÉ· ¦¥´´Ò° ´  ·¨¸. 9 ¶·μ¤¥³μ´¸É·¨·μ¢ ² §´ -
Î¨É¥²Ó´μ ²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ ¢ ¸· ¢´¥´¨¨ ¸ Ë¨±¸¨·μ¢ ´´Ò³ ¶Ê²μ³ ¶μÉμ±μ¢,
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�¨¸. 9. �¡μ¡Ð¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö ±μ´É·μ²²¥·  ¶Ê²  ¶μÉμ±μ¢

¶μÉ¥·Ö¢ ´  20 % ³¥´ÓÏ¥ ¸μμ¡Ð¥´¨°. �¡ÑÖ¸´¥´¨¥ ³μ¦´μ ´ °É¨ ¢ £· Ë¨±¥
¶μÉ¥·Ó Ë¨±¸¨·μ¢ ´´ÒÌ ¶Ê²μ¢ ¶μÉμ±μ¢ ¢ ¶¥·¨μ¤Ò ¸¶ ¤μ¢ ´ £·Ê§±¨ (55Ä65 ¨
80Ä110 ¸). �·¨ Ë¨±¸¨·μ¢ ´´μ³ Î¨¸²¥ ¶μÉμ±μ¢ ®²¥£±μ¢¥¸´Ò¥¯ ¶μ¤¸¨¸É¥³Ò
(¶μ¤¸¨¸É¥³Ò ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¸²μÖ ¸ ³ ²Ò³ ¢·¥³¥´¥³ μ¡¸²Ê¦¨¢ ´¨Ö) μ¡² -
¤ ²¨ ¡μ²ÓÏ¨³¨ ¢ÒÎ¨¸²¨É¥²Ó´Ò³¨ ·¥¸Ê·¸ ³¨ ¶μ ¸· ¢´¥´¨Õ ¸ É¥³, ÎÉμ ¶μ§¢μ-
²¨² ¨³ ¢Ò¤¥²¨ÉÓ  ¤ ¶É¨¢´Ò° ¶μ¤Ìμ¤ [2]. ‚ ·¥§Ê²ÓÉ É¥ ²¥£±μ¢¥¸´Ò¥ ¶μ¤¸¨-
¸É¥³Ò ¶μ¸É ¢²Ö²¨ ¡μ²ÓÏ¥¥ Î¨¸²μ ¸μμ¡Ð¥´¨°, Î¥³ ³μ£²  μ¡· ¡μÉ ÉÓ ¸²¥¤ÊÕ-
Ð Ö ´  ³ ·Ï·ÊÉ¥ ®ÉÖ¦¥²μ¢¥¸´ Ö¯ ¶μ¤¸¨¸É¥³ , ÎÉμ ¶·¨¢μ¤¨²μ ± ¤ ²Ó´¥°Ï¥³Ê
¶¥·¥¶μ²´¥´¨Õ μÎ¥·¥¤¨ ÉÖ¦¥²μ¢¥¸´μ° ¸¨¸É¥³Ò ¨ μÉ± § ³ ¤ ¦¥ ¢ μÉ¸ÊÉ¸É¢¨¥
¶μ¸ÉÊ¶²¥´¨Ö ´μ¢ÒÌ ¸μμ¡Ð¥´¨° ¢ ¸¨¸É¥³Ê. �·¨ Ê¶· ¢²¥´¨¨ Î¨¸²μ³ ¶μÉμ±μ¢
Ê¤ ¢ ²μ¸Ó Ê³¥´ÓÏ¨ÉÓ ¶μÉ¥·¨ §  ¸Î¥É · ¢´μ³¥·´μ£μ § ¶μ²´¥´¨Ö μÎ¥·¥¤¥° ¢¸¥Ì
¶μ¤¸¨¸É¥³. �·¥¤²μ¦¥´´Ò° ¢ ¤ ´´μ° · ¡μÉ¥ ±μ´É·μ²²¥· ¶Ê²  ¶μÉμ±μ¢ ¢ ÔÉμ³
É¥¸É¥ μ± § ²¸Ö · ¢´μÍ¥´¥´ ¢ ± Î¥¸É¢¥ Ê¶· ¢²¥´¨Ö ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ±μ´É·μ²-
²¥·μ¢  ¤ ¶É¨¢´μ£μ ¶μ¤Ìμ¤  [2] (2281 ¨ 2302 ¶μÉ¥·Ö´´ÒÌ ¸μμ¡Ð¥´¨Ö (·¨¸. 9)).
�μ ¨³¥´´μ ±μ´É·μ²²¥· μ¡· É´μ£μ ¤ ¢²¥´¨Ö ¶μ§¢μ²¨² ¢Ò¢¥¸É¨ ¶·¥¤² £ ¥³Ò°
¶μ¤Ìμ¤ ¢¶¥·¥¤ ¶μ ·¥§Ê²ÓÉ É ³ ¢¸¥Ì É¥¸Éμ¢, μ¡¥¸¶¥Î¨¢ ´  5 % ³¥´ÓÏ¥ ¶μÉ¥·Ó
¶·¨ ¶μ£·¥Ï´μ¸É¨ ¨§³¥·¥´¨° ¢ 1%.

‡�Š‹	—…�ˆ…

�·¥¤²μ¦¥´´Ò° ¶μ¤Ìμ¤ ³μ¦¥É ÔËË¥±É¨¢´μ ¶·¨³¥´ÖÉÓ¸Ö ¢ Œ‘“‘ ´  μ¸´μ-
¢¥ μ¡³¥´  ¸μμ¡Ð¥´¨Ö³¨, ¢¥·μÖÉ´μ¸ÉÓ ¸Í¥´ ·¨¥¢ · ¡μÉÒ ±μÉμ·ÒÌ § · ´¥¥ ´¥
¨§¢¥¸É´ . „ ´´Ò° ¶μ¤Ìμ¤ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ³Ê ¶μ¢ÒÏ¥´¨Õ μÉ± §μÊ¸Éμ°-
Î¨¢μ¸É¨ ¢ ¸Í¥´ ·¨ÖÌ ¶¨±μ¢ÒÌ ´ £·Ê§μ±. �·¥¤²μ¦¥´´Ò° ¶μ¤Ìμ¤ ³μ¦¥É ¶·¨-
³¥´ÖÉÓ¸Ö ¢ · §²¨Î´ÒÌ ¸¨¸É¥³ Ì ³ ¸¸μ¢μ£μ μ¡¸²Ê¦¨¢ ´¨Ö, É ±¨Ì ± ± web-
¸¥·¢¥·Ò, SCADA-¸¨¸É¥³Ò, ¡¨·¦¥¢Ò¥ ¸¨¸É¥³Ò, ³ É¥³ É¨Î¥¸±¨¥ ¶·¨²μ¦¥´¨Ö
¸ ¶ · ²²¥²Ó´Ò³¨ ¢ÒÎ¨¸²¥´¨Ö³¨.
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