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‚ · ¡μÉ¥ ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸É É¨¸É¨Î¥¸±μ£μ  ´ ²¨§  Ë²Ê±-
ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ §  ¶μ²´Ò° Í¨±² · ¡μÉÒ ·¥ ±Éμ·  ˆ
�-2Œ ¤²¨É¥²Ó-
´μ¸ÉÓÕ 11 ¸ÊÉ. �μ²ÊÎ¥´Ò ¤ ´´Ò¥ μ ¤¨´ ³¨±¥ ¨§³¥´¥´¨Ö ÏÊ³μ¢μ£μ ¸μ¸ÉμÖ´¨Ö
·¥ ±Éμ·  §  Í¨±². �·¥¤¸É ¢²¥´Ò ¤¨ ¶ §μ´Ò Î ¸ÉμÉ, Ê·μ¢¥´Ó ±μ²¥¡ ´¨°, Ê± § ´Ò
¢μ§³μ¦´Ò¥ ¶·¨Î¨´Ò ¶μÖ¢²¥´¨Ö ±μ²¥¡ ´¨° ¢ ÏÊ³ Ì Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢. 	É³¥Î¥´
´¥¸¨³³¥É·¨Î´Ò° Ì · ±É¥· · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, μ¡Ê¸²μ¢²¥´´Ò° ´¥-
²¨´¥°´Ò³ ¶μ¢¥¤¥´¨¥³ ¡Ò¸É·μ° ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨. �μ± § ´μ, ÎÉμ 4 %
¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì ±μ²¥¡ ´¨° ³μÐ´μ¸É¨ ¨§ ¶μ²´ÒÌ 6 % ¢Ò§¢ ´Ò ¢¨¡· Í¨Ö³¨
²μ¶ ¸É¥° ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°. �¨§±¨° Ê·μ¢¥´Ó ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸μ¢ ¨ ¸É ¡¨²Ó´μ¸ÉÓ ¸¶¥±É· ²Ó´μ£μ ¸μ¸É ¢  ±μ²¥¡ ´¨° ¶μ¤É¢¥·¦¤ ÕÉ ´ ¤¥¦´μ¸ÉÓ
¨ ¡¥§μ¶ ¸´μ¸ÉÓ · ¡μÉÒ ·¥ ±Éμ·  ´  ´μ³¨´ ²Ó´μ° ³μÐ´μ¸É¨ 2 Œ‚É.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
	ˆŸˆ.

‘μμ¡Ð¥´¨¥ 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Pepelyshev Yu.N., Rogov A.D., Tsogtsaikhan Ts. P13-2012-131
Statistical Analysis for the Pulse Energy Fluctuations
of the IBR-2M Reactor

We present main results of the statistical analysis for the pulse energy �uctuations
at the full cycle of the IBR-2M reactor. The data on the dynamics of the noise
state of the reactor in the cycle are obtained. The frequence ranges, level of the
�uctuations and the possible causes of the �uctuations in the noise energy pulses are
presented. Asymmetrical distribution of energy pulses and non-linear behavior due
to fast power feedback have been observed. It is shown that 4% of the mean square
power �uctuations of the full 6% are due to vibrations of blades of the movable
re�ectors. The low level of pulse energy �uctuations and stability of their spectral
components conˇrm the reliability and reactor safety at the average power 2 MW.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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ˆ³¶Ê²Ó¸´Ò° ·¥ ±Éμ· ˆ
�-2Œ, ¶ÊÐ¥´´Ò° ¢ Ô±¸¶²Ê É Í¨Õ ¢ 2012 £., ¥¸ÉÓ
³μ¤¥·´¨§¨·μ¢ ´´ Ö ¢¥·¸¨Ö ·¥ ±Éμ·  ˆ
�-2, μ¸É ´μ¢²¥´´μ£μ ¢ 2006 £. ¢ ¸¢Ö§¨
¸ ¢Ò· ¡μÉ±μ° ·¥¸Ê·¸ . 	¸μ¡¥´´μ¸ÉÓÕ ·¥ ±Éμ·  É¨¶  ˆ
�-2 Ö¢²Ö¥É¸Ö ¢Ò¸μ± Ö
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± Ë²Ê±ÉÊ Í¨Ö³ ·¥ ±É¨¢´μ¸É¨, ¢ 40 · § ¢ÒÏ¥, Î¥³, ´ ¶·¨³¥·,
Ê ·¥ ±Éμ·  ¸É Í¨μ´ ·´μ£μ É¨¶  ¸ Ê· ´μ¢Ò³ Éμ¶²¨¢μ³. ‘²ÊÎ °´Ò¥ ±μ²¥¡ ´¨Ö
·¥ ±É¨¢´μ¸É¨ ˆ
�-2Œ ´  ³μÐ´μ¸É¨ ¢Ò§¢ ´Ò · ¡μÉμ° · §²¨Î´ÒÌ É¥Ì´μ²μ-
£¨Î¥¸±¨Ì ¸¨¸É¥³, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ´μ·³ ²Ó´μ¥ ËÊ´±Í¨μ´¨·μ¢ ´¨¥ ·¥ ±Éμ· 
(¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö  ±É¨¢´μ° §μ´Ò, ¢· Ð ÕÐ¥£μ¸Ö ³μ¤Ê²ÖÉμ·  ·¥ ±É¨¢´μ-
¸É¨ ¨ É. ¤.),   É ±¦¥ ¨§³¥´¥´¨¥³ ¤¨´ ³¨Î¥¸±¨Ì ¸¢μ°¸É¢ ·¥ ±Éμ·  ¢ ¶·μÍ¥¸¸¥
Ô±¸¶²Ê É Í¨¨. Šμ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ´¥¨§¡¥¦´Ò ¨ ¢ ¸μÎ¥É ´¨¨ ¸ ¢Ò¸μ±μ°
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ·¥ ±Éμ·  ¢Ò§Ò¢ ÕÉ ¢Ò¸μ±¨° Ê·μ¢¥´Ó ÏÊ³μ¢ Ô´¥·£¨¨ ¨³-
¶Ê²Ó¸μ¢. �´ ²¨§ ÏÊ³μ¢ ³μÐ´μ¸É¨ ˆ
�-2Œ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ · §²¨Î´Ò¥
¨§³¥´¥´¨Ö ¨ ´ ·ÊÏ¥´¨Ö ¢ · ¡μÉ¥ ·¥ ±Éμ·  ¨ ¤¨ £´μ¸É¨·μ¢ ÉÓ ¨§³¥´¥´´μ¥
(´¥É¨¶¨Î´μ¥) ¸μ¸ÉμÖ´¨¥ ·¥ ±Éμ·  ´  · ´´¥° ¸É ¤¨¨ · §¢¨É¨Ö ¤¥Ë¥±É . ˆ¸¸²¥-
¤μ¢ ´¨¥ ÏÊ³μ¢ ´  ¶·μÉÖ¦¥´¨¨ ¶μ²´μ£μ ·¥ ±Éμ·´μ£μ Í¨±²  ¨³¥¥É ¡μ²ÓÏμ¥
§´ Î¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö Ê¸²μ¢¨° ¡¥§μ¶ ¸´μ° ¨ ´ ¤¥¦´μ° · ¡μÉÒ ·¥ ±Éμ· .
„²Ö ÔÉμ° Í¥²¨ ¡Ò²  ¸μ§¤ ´  ¸¨¸É¥³  ¨§³¥·¥´¨Ö ·¥ ±Éμ·´ÒÌ ¶ · ³¥É·μ¢ ¸
¢μ§³μ¦´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ ¡μ²ÓÏ¨Ì ³ ¸¸¨¢μ¢ ¤ ´´ÒÌ ¢ É¥Î¥´¨¥ ¢¸¥£μ ·¥ ±-
Éμ·´μ£μ Í¨±²  (10Ä14 ¸ÊÉ). ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ´¥±μÉμ·Ò¥ μ¸μ¡¥´´μ¸É¨
¸É É¨¸É¨Î¥¸±μ£μ  ´ ²¨§  ¤ ´´ÒÌ ¶μ ÏÊ³ ³ ³μÐ´μ¸É¨ ˆ
�-2Œ ¨ ¶·¨¢¥¤¥´Ò
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

1. Œ…’�„ˆŠ� ‘’�’ˆ‘’ˆ—…‘Š�‰ ������’Šˆ
‚�…Œ…��›• �Ÿ„�‚

	¡· ¡μÉ±  ¤ ´´ÒÌ μ¸´μ¢Ò¢ ² ¸Ó ´  ¸É É¨¸É¨Î¥¸±μ³  ´ ²¨§¥ ¢·¥³¥´´ÒÌ
·Ö¤μ¢. ˆ¸Ìμ¤´Ò° ¢·¥³¥´´μ° ·Ö¤ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³ ¸¸¨¢ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ
§´ Î¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ É¥Î¥´¨¥ ¶μ²´μ£μ ·¥ ±Éμ·-
´μ£μ Í¨±²  ¤²¨É¥²Ó´μ¸ÉÓÕ ¤μ 20 ¸ÊÉ. „²¨´  ¢·¥³¥´´μ£μ ·Ö¤  ¢ ¶· ±É¨Î¥¸±¨Ì
¨§³¥·¥´¨ÖÌ ³μ¦¥É ¸μ¸É ¢²ÖÉÓ ¤μ ∼ 5 · 107 §´ Î¥´¨°. „ ´´Ò¥ μ¡ Ô´¥·£¨¨ ¨³-
¶Ê²Ó¸μ¢ ·¥£¨¸É·¨·μ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ ÏÉ É´ÒÌ ¤¥É¥±Éμ·μ¢ ´¥°É·μ´μ¢, · ¸-
¶μ²μ¦¥´´ÒÌ ¢μ±·Ê£  ±É¨¢´μ° §μ´Ò (�‡) (¡μ·´ÒÌ ¨μ´¨§ Í¨μ´´ÒÌ ± ³¥· ¢
Éμ±μ¢μ³ ·¥¦¨³¥, ¸³. ·¨¸. 1). � ±μ¶²¥´¨¥ ¤ ´´ÒÌ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶μ³μÐÓÕ
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�¨¸. 1. � ¸¶μ²μ¦¥´¨¥ ± ³¥· ±μ´É·μ²Ö ³μÐ´μ¸É¨: 1 Å 5-° ¶ÊÎμ±, 115,3 ¸³ μÉ Í¥´É· 
�‡; 2 Å 8-° ¶ÊÎμ±, 119,2 ¸³ μÉ Í¥´É·  �‡; 3 Å 13-° ¶ÊÎμ±, 116,7 ¸³ μÉ Í¥´É·  �‡

¸¨¸É¥³Ò ¨§³¥·¥´¨Ö ·¥ ±Éμ·´ÒÌ ¶ · ³¥É·μ¢, ¶·¥¤´ §´ Î¥´´μ° ¤²Ö ¨¸¸²¥¤μ-
¢ ´¨Ö ·¥ ±Éμ·  ´  ¸É ¤¨¨ Ë¨§¨Î¥¸±μ£μ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¶Ê¸± . �¥§Ê²ÓÉ ÉÒ
¨§³¥·¥´¨° § ¶¨¸Ò¢ ²¨¸Ó ¸ Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢, · ¢´μ° 5 ¸−1,
³¥É±μ°  ¸É·μ´μ³¨Î¥¸±μ£μ ¢·¥³¥´¨.

�μ²´Ò° ¢·¥³¥´´μ° ·Ö¤ X(t), § ·¥£¨¸É·¨·μ¢ ´´Ò° ¢ É¥Î¥´¨¥ ¢¸¥£μ ·¥-
 ±Éμ·´μ£μ Í¨±² , · §¡¨¢ ¥É¸Ö ´  N μÉ¤¥²Ó´ÒÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¢·¥³¥´´ÒÌ
·Ö¤μ¢ Xi ¤²¨´μ° 8192. „ ²¥¥ ¤²Ö ± ¦¤μ£μ ¢·¥³¥´´μ£μ ·Ö¤  Xi ¶·μ¢μ¤¨É¸Ö
¶·¥¤¢ ·¨É¥²Ó´ Ö μ¡· ¡μÉ± , ¸ÊÉÓ ±μÉμ·μ° § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³. ‚ ´ -
Î ²¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ë¨²ÓÉ· Í¨Ö ¢·¥³¥´´μ£μ ·Ö¤  ¤²Ö ¨¸±²ÕÎ¥´¨Ö ´¥¶· ¢-
¤μ¶μ¤μ¡´ÒÌ §´ Î¥´¨°, ¢Ò§¢ ´´ÒÌ · §²¨Î´Ò³¨ ¢μ§³μ¦´Ò³¨ ¸¡μÖ³¨ ¨§³¥·¨-
É¥²Ó´μ° ¸¨¸É¥³Ò ¨²¨ ¨¸± ¦¥´¨Ö³¨ ¢ ± ´ ²¥ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ ( ¶¶ · ÉÊ·´ÒÌ
¢Ò¡·μ¸μ¢), § É¥³ ¶·μ¢μ¤ÖÉ¸Ö μ¶¥· Í¨¨ Ê¤ ²¥´¨Ö ¶μ²¨´μ³¨ ²Ó´μ£μ É·¥´¤  ¨
Í¥´É·¨·μ¢ ´¨¥. � ²¨Î¨¥ ¢Ò¡·μ¸  ¢ ÉμÎ±¥ i Xi μ¶·¥¤¥²Ö²μ¸Ó ¶μ ±·¨É¥·¨Õ [1]

|Xi − X |
σX

� k, (σ2
L − σ2

X)/σ2
X � m,

£¤¥ X Å ¸·¥¤´¥¥ §´ Î¥´¨¥ ¢·¥³¥´´μ£μ ·Ö¤  , L = 116 Å Î¨¸²μ · §¡¨¥´¨°
¢·¥³¥´´μ£μ ·Ö¤  Xi ¶μ 512 §´ Î¥´¨°, i = 1, 512 Å É¥±ÊÐ¨° ¨´¤¥±¸, σX , σL Å
¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥, μ¶·¥¤¥²¥´´μ¥ ¶μ ¢¸¥³Ê ·Ö¤Ê Xi ¨ ´  ÊÎ ¸É±¥ ¢·¥³¥´-
´μ£μ ·Ö¤  (L-³ ¸¥£³¥´É¥) ¤²¨´μ° 512. ‡´ Î¥´¨Ö k ¨ m § ¢¨¸ÖÉ μÉ ¶²μÉ´μ¸É¨
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· ¸¶·¥¤¥²¥´¨Ö ¨ ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ ¢·¥³¥´´ÒÌ ·Ö¤μ¢ ¢Ò¡¨· ²¨¸Ó · ¢´Ò³¨ 6.
�·¨ ³ ²μ³ Î¨¸²¥ ¢Ò¡·μ¸μ¢ (³¥´¥¥ 10) §´ Î¥´¨¥ ¢Ò¡·μ¸  ¢ ÉμÎ±¥ i § ³¥´Ö²μ¸Ó
´  (Xi−1 + Xi+1)/2. �·¨ ´¥¸μ¡²Õ¤¥´¨¨ Ê¸²μ¢¨° ¸É Í¨μ´ ·´μ¸É¨ ¢ Ï¨·μ±μ³
¸³Ò¸²¥ ¢·¥³¥´´μ° ·Ö¤ ¶·¨¢μ¤¨²¸Ö ± ¸É Í¨μ´ ·´μ³Ê ¢¨¤Ê ¸ ¶μÉ¥·¥° Î ¸É¨
¨´Ëμ·³ Í¨¨ ¢ ´¨§±μÎ ¸ÉμÉ´μ° μ¡² ¸É¨ ¸¶¥±É· . „²Ö ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¸¥£-
³¥´Éμ¢ ¢·¥³¥´´μ£μ ·Ö¤  ¤²¨´μ° 512 Ê¸É· ´Ö²¸Ö ²¨´¥°´Ò° Yt = a + bx ¨²¨
±¢ ¤· É¨Î´Ò° Yt = a + bx + cx2 É·¥´¤. ŠμÔËË¨Í¨¥´ÉÒ a, b ¨ c μ¶·¥¤¥²Ö²¨¸Ó
³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢. ‚ ¤ ²Ó´¥°Ï¥³ ¨¸¸²¥¤μ¢ ²¸Ö Í¥´É·¨·μ¢ ´´Ò°
¢·¥³¥´´μ° ·Ö¤:

X(t) = X(t) − Yt.

‚ μ¡Ð¥° ¸É É¨¸É¨Î¥¸±μ° μ¡· ¡μÉ±¥ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ÊÎ¨ÉÒ¢ -
²μ¸Ó Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ÎÉμ ¤ ´´Ò¥ μ¡ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¶μ¸ÉÊ¶ ÕÉ ¸ É·¥Ì
´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±Éμ·μ¢, μ±·Ê¦ ÕÐ¨Ì  ±É¨¢´ÊÕ §μ´Ê. ˆÌ ¶μ± § ´¨Ö ³μ£ÊÉ
±μ··¥²¨·μ¢ ÉÓ ¸ ¤¢¨¦¥´¨¥³ ±μ·¶Ê¸   ±É¨¢´μ° §μ´Ò ± ± Í¥²μ£μ, ¨ ¸ ¤¢¨-
¦¥´¨¥³ μÉ¤¥²Ó´ÒÌ Ô²¥³¥´Éμ¢, μ±·Ê¦ ÕÐ¨Ì  ±É¨¢´ÊÕ §μ´Ê. Š·μ³¥ Éμ£μ,
¨§¢¥¸É´μ, ÎÉμ ´  ±μ²¥¡ ´¨Ö ³μÐ´μ¸É¨ ¢²¨Ö¥É Í¥²Ò° ·Ö¤ ·¥ ±Éμ·´ÒÌ ¶ · -
³¥É·μ¢, ¢μ§³ÊÐ¥´¨Ö ±μÉμ·ÒÌ ¢Ò§Ò¢ ÕÉ ±μ²¥¡ ´¨Ö ·¥ ±É¨¢´μ¸É¨ ¨ ¸μμÉ¢¥É-
¸É¢¥´´μ ±μ²¥¡ ´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢. �μÔÉμ³Ê ¢ ¸É É¨¸É¨Î¥¸±ÊÕ μ¡· ¡μÉ±Ê
¡Ò²¨ ¢±²ÕÎ¥´Ò É ±¦¥ ¨ ¶·μÍ¥¤Ê·Ò ¢§ ¨³´μ£μ ¸¶¥±É· ²Ó´μ£μ ¨ ±μ··¥²ÖÍ¨μ´-
´μ£μ  ´ ²¨§ . ‚ÒÎ¨¸²Ö²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ì · ±É¥·¨¸É¨±¨ ¢·¥³¥´´μ£μ ·Ö¤ :

1) ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ P (Xn) ¨ μÉ±²μ´¥´¨°
P (ΔXn), ΔXn = Xn+1 − Xn, ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨Ö Å ¶¥·¢Ò¥ Î¥ÉÒ·¥
Í¥´É· ²Ó´ÒÌ ³μ³¥´É  (¸·¥¤´¥¥ §´ Î¥´¨¥, ¤¨¸¶¥·¸¨Ö, ±μÔËË¨Í¨¥´É  ¸¨³³¥-
É·¨¨ ¨ Ô±¸Í¥¸¸);

2)  ¢Éμ¸¶¥±É· (¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨) SXX(f), f Å Î ¸ÉμÉ ;
3) ¶²μÉ´μ¸ÉÓ ±·μ¸¸-¸¶¥±É·  (¢§ ¨³´ Ö ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨) SXY (f);
4) ¢ ·¨ Í¨Ö ( ¢Éμ¢ ·¨ Í¨μ´´ Ö ËÊ´±Í¨Ö) RXX(τ), τ Å ¢·¥³¥´´μ° ¸¤¢¨£;
5) ±μ¢ ·¨ Í¨Ö (¢§ ¨³´ Ö  ¢Éμ±μ¢ ·¨ Í¨μ´´ Ö ËÊ´±Í¨Ö) RXY (τ);
6) Ë §μ¢Ò° ¸¤¢¨£;
7) ËÊ´±Í¨Ö ±μ£¥·¥´É´μ¸É¨;
8) ¢ÒÎ¨¸²¥´¨¥ ¸¶¥±É· ²Ó´ÒÌ μÍ¥´μ±.

2. ‚›—ˆ‘‹…�ˆ… ‘�…Š’��‹œ�›• �–…��Š

‚ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É  ¢ ¶ ³ÖÉ¨ �‚Œ Ëμ·³¨·Ê¥É¸Ö ±μ´¥Î´Ò° ¤¨¸-
±·¥É´Ò° ¢·¥³¥´´μ° ·Ö¤

X(nΔt) = X∗(nΔt) · ft(nΔt), (1)

£¤¥ n = 0, . . .T−1, T Å ¤²¨´  ·Ö¤  (Î¨¸²μ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸μ¢), Δt Å ¶¥·¨μ¤ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨, X∗(nΔt) Å ¡¥¸±μ´¥-
Î´Ò° ¢·¥³¥´´μ° ·Ö¤, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ·¥ ²Ó´μ³Ê Ë¨§¨Î¥¸±μ³Ê ¶·μÍ¥¸¸Ê,
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ft(nΔt) Å ¶·Ö³μÊ£μ²Ó´μ¥ ¢¥¸μ¢μ¥ μ±´μ ¤ ´´ÒÌ. �¥¶μ¸·¥¤¸É¢¥´´Ò° ¶¥·¥-
Ìμ¤ μÉ ¢·¥³¥´´ÒÌ ¸μμÉ´μÏ¥´¨°, μ¶·¥¤¥²Ö¥³ÒÌ ¢Ò· ¦¥´¨¥³ (1), ± Î ¸ÉμÉ´Ò³

Fx(kΔf) = F ∗
x (kΔf) ∗ F (kΔf), (2)

£¤¥ Δf = f0/2T ; −∞ < k < ∞; f0 Å Î ¸ÉμÉ  μ¶·μ¸ ; F Å μ¶¥· Éμ·
ËÊ·Ó¥-¶·¥μ¡· §μ¢ ´¨Ö; §´ Î±μ³ ∗ μ¡μ§´ Î¥´ μ¶¥· Éμ· ¸¢¥·É±¨, ¶·¨¢μ¤¨É ±
¨¸± ¦¥´´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ¸¶¥±É· ²Ó´μ° μÍ¥´±¨, ¢ ±μÉμ·μ° ±μ³¶μ´¥´ÉÒ
¢·¥³¥´´μ£μ ·Ö¤  ¸ Î ¸ÉμÉμ°, ´¥ ±· É´μ° ¢¥²¨Î¨´¥ 1/T , μ± §Ò¢ ÕÉ¸Ö ®· §³Ò-
ÉÒ³¨¯ ¶μ ¢¸¥³ ¢μ§³μ¦´Ò³ Î ¸ÉμÉ ³ ¢ÒÎ¨¸²¥´´μ£μ ¸¶¥±É· . „²Ö ¶μ¢ÒÏ¥´¨Ö
¸É É¨¸É¨Î¥¸±μ° Ê¸Éμ°Î¨¢μ¸É¨  ¢Éμ- ¨ ±·μ¸¸-¸¶¥±É·μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕ-
Ð¨¥ ³¥Éμ¤Ò:

1) ¢¢¥¤¥´¨¥ ¢·¥³¥´´μ£μ μ±´ ;
2) ¶·¨³¥´¥´¨¥ ³¥Éμ¤  ¶¥·¨μ¤μ£· ³³ ¸ Ê¸·¥¤´¥´¨¥³.
	¸´μ¢Ê ³¥Éμ¤  ¶¥·¨μ¤μ£· ³³ ¢ ¤ ´´μ³ ¶ ±¥É¥ μ¡· ¡μÉ±¨ ¸μ¸É ¢²Ö¥É Ê¸·¥¤-

´¥´¨¥ ¸¶¥±É· ²Ó´ÒÌ μÍ¥´μ±, ¶μ²ÊÎ ¥³ÒÌ ´  ±μ·μÉ±¨Ì ÊÎ ¸É± Ì (¸¥£³¥´É Ì)
¨¸Ìμ¤´μ£μ ¢·¥³¥´´μ£μ ·Ö¤  X(nΔt), n = 0,1, . . .T−1. �Ö¤ X(nΔt) · §¡¨-
¢ ¥É¸Ö ´  L ÊÎ ¸É±μ¢ ¤²¨´μ° M = 512. „²Ö ± ¦¤μ£μ i-£μ ¸¥£³¥´É  X(i)

¢ÒÎ¨¸²Ö¥É¸Ö ±μ´¥Î´μ¥ ¤¨¸±·¥É´μ¥ ¶·¥μ¡· §μ¢ ´¨Ö ”Ê·Ó¥ S(i) (f), ´  μ¸´μ¢¥
±μÉμ·μ£μ μ¶·¥¤¥²ÖÕÉ¸Ö É¥±ÊÐ¨¥ i-¥ ¶¥·¨μ¤μ£· ³³Ò

|S(i) (f)|2 = Re2 [S(i) (f)] + Im2 [S(i) (f)];

	Í¥´±μ°  ¢Éμ (SXX )- ¨ ±·μ¸¸-¸¶¥±É·μ¢ (SXY ) Ö¢²ÖÕÉ¸Ö μÍ¥´±¨ Ê¸·¥¤´¥´´ÒÌ
¶¥·¨μ¤μ£· ³³

SXX (f) =
1
L

L∑
i=1

|S(i)
XX (f)|2; SXY (f) =

1
L

L∑
i=1

|S(i)
XY (f)|2;

	Í¥´±¨ Ë §μ¢μ£μ ¸¶¥±É·  ΦXY (f) ¨ ËÊ´±Í¨Ö ±μ£¥·¥´É´μ¸É¨ γ2
XY (f) § ¤ -

ÕÉ¸Ö ¢ ¢¨¤¥

ΦXY (f) = arctg
Im[SXY ]
Re[SXY ]

, γ2
XY (f) =

S
2

XY

SXX SY Y
,

  ¢ ·¨ Í¨Ö RXX ¨ ±μ¢ ·¨ Í¨Ö RXY ¢ÒÎ¨¸²ÖÕÉ¸Ö ¨§ μ¡· É´μ£μ ¤¨¸±·¥É´μ£μ
¶·¥μ¡· §μ¢ ´¨Ö ”Ê·Ó¥.

RXX (τ) = F−1 (SXX), RXY (τ) = F−1 (SXY ),

£¤¥ τ Å ¢·¥³¥´´μ° ¸¤¢¨£.
Œ¥Éμ¤ ³μ¤¨Ë¨Í¨·μ¢ ´´ÒÌ ¶¥·¨μ¤μ£· ³³ ¶μ§¢μ²Ö¥É ¢

√
L Ê³¥´ÓÏ¨ÉÓ ¸É ´-

¤ ·É´ÊÕ μÏ¨¡±Ê ¸¶¥±É· ²Ó´ÒÌ μÍ¥´μ±, ¸μÌ· ´¨¢ ¶·¨ ÔÉμ³ ¢Ò¸μ±ÊÕ · §·¥Ï -
ÕÐÊÕ ¸¶μ¸μ¡´μ¸ÉÓ, ¸¢μ°¸É¢¥´´ÊÕ μÉ¤¥²Ó´μ° ¶¥·¨μ¤μ£· ³³¥. ‚ ´ Î ²¥ μ¡· -
¡μÉ±¨ ¶μ ³¥Éμ¤Ê ¶¥·¨μ¤μ£· ³³ ¢¢μ¤¨É¸Ö ¤μ¶μ²´¨É¥²Ó´μ¥ Ê¸·¥¤´¥´¨¥ ± ¦¤μ°
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¶¥·¨μ¤μ£· ³³Ò ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¢Ò¡· ´´Ò³ ¸¶¥±É· ²Ó´μ³ μ±´μ³, ÎÉμ Ô±¢¨-
¢ ²¥´É´μ Ê³´μ¦¥´¨Õ μÉ¤¥²Ó´μ£μ i-£μ ¸¥£³¥´É  ¢·¥³¥´´μ£μ ·Ö¤  ´  ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥¥ ¢·¥³¥´´μ¥ μ±´μ. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó μ¤´μ ¨§ μ¶É¨³ ²Ó´ÒÌ
¢·¥³¥´´ÒÌ μ±μ´ Å μ±´μ Š °§¥· Ä
¥¸¸¥²Ö [2].

„²Ö μÍ¥´±¨ ¸É É¨¸É¨Î¥¸±μ£μ · §¡·μ¸  Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó
¸²¥¤ÊÕÐ¨¥ Ì · ±É¥·¨¸É¨±¨:

1. „¨¸¶¥·¸¨Ö

σ2
t =

1
n − 1

n∑
i=1

(Xi − X)2,

£¤¥ Xi Å ¢·¥³¥´´μ° ·Ö¤, X Å ¸·¥¤´¥¥ §´ Î¥´¨¥, n Å ¤²¨´  ¢·¥³¥´´μ£μ
·Ö¤ . „¨¸¶¥·¸¨Ö ¶μ ¸¶¥±É·Ê

σ2
f =

z∑
j=1

|S(i)(f)|2Δf,

£¤¥ |S(i)(f)|2 Å ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ; z = 256 Å Î¨¸²μ ¤¨¸±·¥É´ÒÌ
§´ Î¥´¨° ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨; f Å Î ¸ÉμÉ . �·¨ ¢¢¥¤¥´¨¨ ¢·¥³¥´´μ£μ
μ±´  Ê¸²μ¢¨¥ · ¢¥´¸É¢  ¤¨¸¶¥·¸¨° ¶μ ¢·¥³¥´¨ ¨ ¸¶¥±É·Ê ´¥ ¢Ò¶μ²´Ö¥É¸Ö,
É. ¥. σ2

t �= σ2
f ,   ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ³¥¦¤Ê ´¨³¨ ¶·¨ Ê¸É· ´¥´¨¨ É·¥´¤  ¨

¶¥·¥Ìμ¤¥ μÉ μ¤´μ£μ ¢·¥³¥´´μ£μ ·Ö¤  ± ¤·Ê£μ³Ê ³μ¦¥É ³¥´ÖÉÓ¸Ö. �μÔÉμ³Ê
¨¸¶μ²Ó§μ¢ ²¨¸Ó μ¡¥ μÍ¥´±¨ ¤¨¸¶¥·¸¨¨.

2. 	É´μ¸¨É¥²Ó´μ¥ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ σQ/Q ¨ μÉ´μ¸¨É¥²Ó´Ò° · §³ Ì
±μ²¥¡ ´¨°

ΔQm/Q, ΔQm = Qmax − Qmin,

£¤¥ Qmax, Qmin Å ³ ±¸¨³ ²Ó´μ¥ ¨ ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢.
3. 	É´μ¸¨É¥²Ó´ Ö ¶ ·Í¨ ²Ó´ Ö ¤¨¸¶¥·¸¨Ö

η2
j =

(
σ2

fj

σ2
f

)
· 100 %,

£¤¥ σ2
fj

Å ¤¨¸¶¥·¸¨Ö ±μ²¥¡ ´¨° ´  ¸·¥¤´¥° Î ¸ÉμÉ¥ fj ¢ ¤¨ ¶ §μ´¥ Δfj

σ2
fj

=
∑
Δfj

|S(i)(f)|2Δf,

¨ μÉ´μ¸¨É¥²Ó´μ¥ ¶ ·Í¨ ²Ó´μ¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ¥ μÉ±²μ´¥´¨¥

ηj =

(√
σ2

fj

σ2
f

)
· σt

Q
· 100 %.
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	Í¥´±¨ ¶ ·Í¨ ²Ó´ÒÌ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì μÉ±²μ´¥´¨° ´  Î ¸ÉμÉ¥ fj ¢¢¥-
¤¥´Ò ¸ Í¥²ÓÕ ¶μ± § ÉÓ, ± ±¨¥ ¡Ò²¨ ¡Ò ±μ²¥¡ ´¨Ö ³μÐ´μ¸É¨, ¥¸²¨ ¡Ò ¤·Ê£¨¥
¨¸ÉμÎ´¨±¨ ¢μ§³ÊÐ¥´¨° ±·μ³¥ j-£μ μÉ¸ÊÉ¸É¢μ¢ ²¨.

4. ŠμÔËË¨Í¨¥´É  ¸¨³³¥É·¨¨ A =
μ3

σ3
t

, £¤¥ μ3 =

n∑
i=1

(Xi − X)3

n − 1
, ¨ Ô±¸Í¥¸¸

E =
μ4

σ4
t

− 3, £¤¥ μ4 =

n∑
i=1

(Xi − X)4

n − 1
. „²Ö ¸¨³³¥É·¨Î´ÒÌ · ¸¶·¥¤¥²¥´¨° ±μ-

ÔËË¨Í¨¥´É  ¸¨³³¥É·¨¨ · ¢¥´ ´Ê²Õ. �±¸Í¥¸¸ Ì · ±É¥·¨§Ê¥É μÉ´μ¸¨É¥²Ó´ÊÕ
μ¸É·μ±μ´¥Î´μ¸ÉÓ ¨²¨ ¸£² ¦¥´´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ ´μ·³ ²Ó-
´Ò³, ¤²Ö ±μÉμ·μ£μ Ô±¸Í¥¸¸ · ¢¥´ ´Ê²Õ.

3. �‘��‚�›… �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›
ˆ ˆ• ���‹ˆ‡

‚ ± Î¥¸É¢¥ ¨¸Ìμ¤´μ£μ ¢·¥³¥´´μ£μ ·Ö¤  ¨¸¶μ²Ó§μ¢ ²¨¸Ó 4,75 · 106 ¶μ-
¸²¥¤μ¢ É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, ± ¦¤μ¥ ¨§ ±μÉμ·ÒÌ ¶·¥¤¸É -
¢²Ö²μ ¸μ¡μ° Ê¸·¥¤´¥´´μ¥ ¶μ É·¥³ ´¥§ ¢¨¸¨³Ò³ ¨§³¥·¨É¥²Ó´Ò³ ± ´ ² ³ §´ -
Î¥´¨¥ (¸³. ·¨¸. 1). ’ ± Ö ¤²¨´  ¢·¥³¥´´μ£μ ·Ö¤  ¸μμÉ¢¥É¸É¢μ¢ ²  11 ¸ÊÉ.
´¥¶·¥·Ò¢´μ° · ¡μÉÒ ·¥ ±Éμ·  ´  ¸·¥¤´¥° ³μÐ´μ¸É¨ 2 Œ‚É. “¸·¥¤´¥´´ Ö
¶μ ¢¸¥³Ê ·¥ ±Éμ·´μ³Ê Í¨±²Ê ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢
¶·¨¢¥¤¥´  ´  ·¨¸. 2. ‚ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ÔÉμ£μ · ¸-
¶·¥¤¥²¥´¨Ö.

Š ± ¢¨¤´μ ¨§ ·¨¸. 2 ¨ É ¡². 1, · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´¥¸¨³³¥-
É·¨Î´μ: μ´μ ¸³¥Ð¥´μ ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì §´ Î¥´¨° Ô´¥·£¨°. �·¨ ÔÉμ³ ´Ê¦´μ
μÉ³¥É¨ÉÓ, ÎÉμ ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö ¨³¶Ê²Ó¸μ¢ ¢ £·Ê¶¶¥ ¸ ³ÒÌ ¡μ²ÓÏ¨Ì

1500 1750 2000 2500

0,0

5,0 10� 4

1,0 10� 5

1,5 10� 5 а

�4 �2 0 2 4

0,0

4,0 10� 4

8,0 10� 4

1,2 10� 5 б

P W( ) P( )�W

W, кВт ( )/Q Q� �Q

�¨¸. 2. �²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸μ¢ (P ) ´  ³μÐ´μ¸É¨ 2 Œ‚É ¶·¨ · ¸Ìμ¤¥ ´ -
É·¨Ö Î¥·¥§  ±É¨¢´ÊÕ §μ´Ê 90 ³3/Î:   Å ¶μ ³μÐ´μ¸É¨ §  ¶¥·¨μ¤ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢,
¡ Å ¢ ¤μ²ÖÌ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢. ‹¨´¨¥° ¶μ± § ´ ·¥§Ê²ÓÉ É
 ¶¶·μ±¸¨³ Í¨¨ ¶μ ƒ Ê¸¸Ê
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’ ¡²¨Í  1. ‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨
¨³¶Ê²Ó¸μ¢ ´  ³μÐ´μ¸É¨ 2 Œ‚É ¨ · ¸Ìμ¤¥ ´ É·¨Ö Î¥·¥§  ±É¨¢´ÊÕ §μ´Ê 90 ³3/Î

� ¸¶·¥¤¥²¥´¨¥
¶μ ³μÐ´μ¸É¨,

±‚É

� ¸¶·¥¤¥²¥´¨¥ ¶μ

� §¢ ´¨¥ ¶ · ³¥É· 
μÉ´μ¸¨É¥²Ó´μ³Ê μÉ±²μ´¥´¨Õ

Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢,
(Q − Q)/σt

‘·¥¤´¥¥ §´ Î¥´¨¥ 1960 0
‘É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ 110 1
Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥

560 (28%) 5,2
μÉ ¸·¥¤´¥£μ ¢ ¡μ²ÓÏÊÕ ¸Éμ·μ´Ê
Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥

Ä430 (22%) Ä3,9
μÉ ¸·¥¤´¥£μ ¢ ³¥´ÓÏÊÕ ¸Éμ·μ´Ê
	É´μ¸¨É¥²Ó´Ò° · §³ Ì 990 (50%) 9,1
ŠμÔËË¨Í¨¥´É  ¸¨³³¥É·¨¨ 0,34
�±¸Í¥¸¸ 0,19

Ô´¥·£¨° ¢ÒÏ¥, Î¥³ ¨³¶Ê²Ó¸μ¢ ¸ ¸ ³Ò³¨ ³ ²Ò³¨ Ô´¥·£¨Ö³¨. ‘μ£² ¸´μ ¤ ´-
´Ò³ É ¡². 1, μÉ±²μ´¥´¨¥ §´ Î¥´¨Ö ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ ¨³¶Ê²Ó¸  μÉ ¸·¥¤-
´¥£μ ¢ 1,33 · §  ¢ÒÏ¥, Î¥³ μÉ±²μ´¥´¨¥ ¨³¶Ê²Ó¸  ¸ ³¨´¨³ ²Ó´μ° Ô´¥·£¨¥°.
�μ²´Ò° · §³ Ì ±μ²¥¡ ´¨° ³μÐ´μ¸É¨, · ¢´Ò° 9,1 σt, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É
· §³ Ì ´μ·³ ²Ó´μ£μ Ê¸¥Î¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö (∼ 6 σt). ‡¤¥¸Ó ¨ ¤ ²¥¥ ¢ É¥±-
¸É¥ ¶μ´ÖÉ¨Ö · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ ¨ · ¸¶·¥¤¥²¥´¨¥ ³μÐ´μ¸É¨ Ô±¢¨¢ ²¥´É´Ò,
¶μ¸±μ²Ó±Ê ¶·¨ ¶μ¸ÉμÖ´´μ° ¨ ¸É ¡¨²Ó´μ° ¤²¨É¥²Ó´μ¸É¨ ¢¸¶ÒÏ±¨ ¸μμÉ´μÏ¥-
´¨¥ ³¥¦¤Ê Ô´¥·£¨¥° ¢¸¶ÒÏ±¨ ¨ Ëμ´  ´¥ ³¥´Ö¥É¸Ö, ¨ ³μÐ´μ¸ÉÓ ¥¸ÉÓ ¶·μ¸Éμ
Ô´¥·£¨Ö §  ¶¥·¨μ¤. ‘·¥¤´¥±¢ ¤· É¨Î¥¸±¨¥ μÉ±²μ´¥´¨Ö ±μ²¥¡ ´¨° ³μÐ´μ¸É¨
¢ ¸·¥¤´¥³ ¸μ¸É ¢²ÖÕÉ 110 ±‚É ¨²¨ 5,5 % μÉ ¸·¥¤´¥° ³μÐ´μ¸É¨, ÎÉμ ³ ²μ.
� ¶·μÉ¨¢, · §³ Ì ±μ²¥¡ ´¨° ³μÐ´μ¸É¨ μÉ´μ¸¨É¥²Ó´μ ¸·¥¤´¥£μ §´ Î¥´¨Ö § 
¶μ²´Ò° Í¨±² · ¡μÉÒ ·¥ ±Éμ·  ¤μ¸É ÉμÎ´μ ¢¥²¨± (50 %), ÌμÉÖ ¨ ´ Ìμ¤¨É¸Ö
¢ ¶·¥¤¥² Ì ¤μ¶Ê¸É¨³ÒÌ É·¥¡μ¢ ´¨°. „²Ö μÍ¥´±¨ ¸É¥¶¥´¨ ¡¥§μ¶ ¸´μ¸É¨ ·¥ ±-
Éμ·  ˆ
�-2Œ ¢ ¦´Ò ´¥ Éμ²Ó±μ Ì · ±É¥·¨¸É¨±¨ · §¡·μ¸  Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢,
´μ ¨ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨Ö É ± ´ §Ò¢ ¥³ÒÌ ¡Ò¸É·ÒÌ μÉ±²μ´¥´¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸μ¢, É. ¥. μÉ±²μ´¥´¨° Ô´¥·£¨¨ ¢ ¸μ¸¥¤´¨Ì ¨³¶Ê²Ó¸ Ì (μÉ i-£μ ¤μ
i + 1 ¨³¶Ê²Ó¸ ). �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·ÒÌ
μÉ±²μ´¥´¨° Ô´¥·£¨¨, ¢ É ¡². 2 Å ¶ · ³¥É·Ò ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö.

• · ±É¥·´μ, ÎÉμ  ¸¨³³¥É·¨Ö · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·ÒÌ ±μ²¥¡ ´¨° ³μÐ´μ-
¸É¨ (¸³. ·¨¸. 3) §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥  ¸¨³³¥É·¨¨ ¢ · ¸¶·¥¤¥²¥´¨¨ ¨³¶Ê²Ó-
¸μ¢ ¶μ Ô´¥·£¨¨. ‚ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¨ ¨§³¥·¥´¨° ¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ
³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ³ ±¸¨³ ²Ó´Ò¥ ¡Ò¸É·Ò¥ μÉ±²μ´¥´¨Ö ³μÐ´μ¸É¨ ¢ ¸Éμ·μ´Ê
¥¥ Ê³¥´ÓÏ¥´¨Ö ¨ Ê¢¥²¨Î¥´¨Ö ¢ ¸·¥¤´¥³ · ¢´Ò ³¥¦¤Ê ¸μ¡μ° ¨ ¸μ¸É ¢²ÖÕÉ
±800 ±‚É. �Éμ £μ¢μ·¨É μ Éμ³, ÎÉμ ¢ μÉ¤¥²Ó´ÒÌ ·¥¤±¨Ì ¸²ÊÎ ÖÌ Ô´¥·£¨Ö
¨³¶Ê²Ó¸  ³μ¦¥É ¸± Î±μ³ ³¥´ÖÉÓ¸Ö ¶· ±É¨Î¥¸±¨ μÉ ³¨´¨³ ²Ó´μ£μ ¤μ ³ ±-
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�¨¸. 3. �²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·ÒÌ μÉ±²μ´¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  ¸·¥¤´¥°
³μÐ´μ¸É¨ 2 Œ‚É ¨ ¶·¨ · ¸Ìμ¤¥ ´ É·¨Ö Î¥·¥§  ±É¨¢´ÊÕ §μ´Ê 90 ³3/Î:   Å ¶μ ³μÐ-
´μ¸É¨ (ΔQ, ±‚É), ¡ Å ¢ ¤μ²ÖÌ ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö. ‹¨´¨¥° ¶μ± § ´ ·¥§Ê²ÓÉ É
 ¶¶·μ±¸¨³ Í¨¨ ¶μ ƒ Ê¸¸Ê

’ ¡²¨Í  2. ‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¡Ò¸É·ÒÌ ±μ²¥¡ ´¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  ³μÐ´μ¸É¨ 2 Œ‚É ¶·¨ · ¸Ìμ¤¥ ´ É·¨Ö Î¥·¥§  ±É¨¢´ÊÕ §μ´Ê
90 ³3/Î

� ¸¶·¥¤¥²¥´¨¥
¶μ ³μÐ´μ¸É¨

ΔQ, ±‚É

� ¸¶·¥¤¥²¥´¨¥

� §¢ ´¨¥ ¶ · ³¥É· 
¶μ μÉ´μ¸¨É¥²Ó´μ³Ê μÉ±²μ´¥´¨Õ

Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢,
ΔQ/σ

‘·¥¤´¥¥ §´ Î¥´¨¥ 0
‘É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ 158 1
Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥

814 (40%) 5,1
¢ ¡μ²ÓÏÊÕ ¸Éμ·μ´Ê
Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥

Ä776 (39) Ä4,9
¢ ³¥´ÓÏÊÕ ¸Éμ·μ´Ê
ŠμÔËË¨Í¨¥´É  ¸¨³³¥É·¨¨ 0,14
�±¸Í¥¸¸ 0,23

¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö. „²Ö ¡Ò¸É·ÒÌ μÉ±²μ´¥´¨° ¤μ 170 ±‚É ¶·¥μ¡² ¤ ÕÉ
μÉ±²μ´¥´¨Ö ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì §´ Î¥´¨° ³μÐ´μ¸É¨. �¸¨³³¥É·¨Ö ¢ · ¸¶·¥¤¥-
²¥´¨¨ ¨³¶Ê²Ó¸μ¢ ¶μ Ô´¥·£¨¨ μ¡Ê¸²μ¢²¥´  ´¥²¨´¥°´Ò³ Ì · ±É¥·μ³ ¡Ò¸É·μ°
³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨. �μ¸²¥¤´ÖÖ ¢ ˆ
�-2Œ É ±μ¢ , ÎÉμ ¶·¨ μ¤´μ³
¨ Éμ³ ¦¥ ¡Ò¸É·μ³ ¢μ§³ÊÐ¥´¨¨ ·¥ ±É¨¢´μ¸É¨ ¨§³¥´¥´¨¥ ³μÐ´μ¸É¨ ¢ ¸Éμ-
·μ´Ê Ê³¥´ÓÏ¥´¨Ö ¡Ê¤¥É ³¥´ÓÏ¥, Î¥³ ¢ ¸Éμ·μ´Ê Ê¢¥²¨Î¥´¨Ö. “¸É ´μ¢²¥´¨¥
Ë¨§¨Î¥¸±¨Ì ¶·¨Î¨´ ¡Ò¸É·μ° ³μÐ´μ¸É´μ° μ¡· É´μ° ¸¢Ö§¨ ¥¸ÉÓ Î·¥§¢ÒÎ °´μ
¸²μ¦´ Ö § ¤ Î , ±μÉμ· Ö É·¥¡Ê¥É μÉ¤¥²Ó´μ£μ ¨§ÊÎ¥´¨Ö ¨ §¤¥¸Ó ´¥ · ¸¸³ É·¨-
¢ ¥É¸Ö. 	É³¥É¨³ Éμ²Ó±μ, ÎÉμ ¢¸¥ ³´μ£μμ¡· §¨¥ ¡Ò¸É·ÒÌ ÔËË¥±Éμ¢ μ¡· É´μ°
¸¢Ö§¨ ¢Ò§¢ ´μ É¥³¶¥· ÉÊ·´Ò³¨ ¨§³¥´¥´¨Ö³¨ ¢  ±É¨¢´μ° §μ´¥ ¶·¨ ¨§³¥´¥´¨¨
³μÐ´μ¸É¨.
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‘¶¥±É· ²Ó´Ò° ¸μ¸É ¢ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¶μ± § ´ ´  ·¨¸. 4,
£¤¥ ¶·¨¢¥¤¥´  Ê¸·¥¤´¥´´ Ö §  Í¨±² ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ±μ²¥¡ ´¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸μ¢. ˆ§ ·¨¸. 4 ¢¨¤´μ, ÎÉμ ¢ ¸¶¥±É·¥ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢
¨³¥ÕÉ¸Ö ¤¢  ¡μ²ÓÏ¨Ì ¶¨±  ´  Î ¸ÉμÉ Ì 0,82 ¨ 1,78 ƒÍ ¨ É·¨ ¶¨±  ³¥´ÓÏ¥°
¨´É¥´¸¨¢´μ¸É¨ ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 0,92Ä1,63 ƒÍ. Š ± ¶μ± § ² ¢§ ¨³´Ò° ¸¶¥±-
É· ²Ó´Ò°  ´ ²¨§, Ê± § ´´Ò¥ ¶¨±¨ ¥¸ÉÓ ¤¥É¥·³¨´¨·μ¢ ´´Ò¥ (£ ·³μ´¨Î¥¸±μ£μ
É¨¶ ) ±μ²¥¡ ´¨Ö ³μÐ´μ¸É¨, μ¡Ê¸²μ¢²¥´´Ò¥ μ¸¥¢Ò³¨ ¢¨¡· Í¨Ö³¨ ²μ¶ ¸É¥° ¶μ-
¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥° [3]. — ¸ÉμÉ´Ò° ¸μ¸É ¢ ¤¥É¥·³¨´¨·μ¢ ´´ÒÌ ±μ²¥¡ ´¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¶·¥¤¸É ¢²¥´ ¢ É ¡². 3. 	É³¥É¨³, ÎÉμ Ê± § ´´Ò¥ Î ¸ÉμÉÒ
¥¸ÉÓ Î ¸ÉμÉÒ ·¥ ²Ó´ÒÌ ±μ²¥¡ ´¨°, ®§ ³ ¸±¨·μ¢ ´´ÒÌ¯ ¢ ¸¶¥±É·¥ ±μ²¥¡ ´¨°
³μÐ´μ¸É¨ ¢ Î ¸ÉμÉ´μ³ ¤¨ ¶ §μ´¥ ´¨¦¥ ±·¨É¨Î¥¸±μ° Î ¸ÉμÉÒ � °±¢¨¸É , · ¢-
´μ° ¤²Ö ˆ
�-2Œ 2,5 ƒÍ.
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�¨¸. 4. “¸·¥¤´¥´´ Ö §  Í¨±² ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢
ˆ
�-2Œ (SQ) ¶·¨ ³μÐ´μ¸É¨ 2 Œ‚É, f Å Î ¸ÉμÉ . –¨Ë· ³¨ μÉ³¥Î¥´Ò ¶¨±¨ ´ 
Î ¸ÉμÉ Ì: 1 Å 0,82, 2 Å 0,93, 3 Å 1,40, 4 Å 1,63, 5 Å 1,78 ¨ 6 Å 2,38 ƒÍ

’ ¡²¨Í  3. ‘· ¢´¨É¥²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  μ¸´μ¢-
´ÒÌ ¤¥É¥·³¨´¨·μ¢ ´´ÒÌ Î ¸ÉμÉ Ì

º
¶¨± 

f , ƒÍ SQ
ˆ¸ÉμÎ´¨±

¢μ§³ÊÐ¥´¨°
1 0,82 18,19

	¸¥¢Ò¥
±μ²¥¡ ´¨Ö
¶μ¤¢¨¦´ÒÌ
μÉ· ¦ É¥²¥°

2 0,93 1,74
3 1,40 1,84
4 1,63 4,55
5 1,78 14,5
6 2,38 1,43
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�¨¸. 5. ˆ§³¥´¥´¨¥ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ˆ
�-2Œ § 
Í¨±² ¤²¨É¥²Ó´μ¸ÉÓÕ 11 ¸ÊÉ. �·¥¤¸É ¢²¥´Ò 565 ¸¶¥±É·μ¢

ˆ§³¥´¥´¨¥ ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨ ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ˆ
�-
2Œ §  Í¨±² μÉ ³μ³¥´É  ¢ÒÌμ¤  ´  ³μÐ´μ¸ÉÓ 2 Œ‚É ¶·¨¢¥¤¥´μ ´  ·¨¸. 5.
‚ ¶·μÍ¥¸¸¥ · ¡μÉÒ ·¥ ±Éμ· , ± ± ¢¨¤´μ ¨§ ·¨¸. 5, ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ
±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¸² ¡μ ³¥´Ö¥É¸Ö ¢μ ¢·¥³¥´¨, ÎÉμ ¢ Í¥²μ³ £μ-
¢μ·¨É μ ¤μ¸É ÉμÎ´μ ¸É ¡¨²Ó´μ° · ¡μÉ¥ ·¥ ±Éμ·  ¨ ³μ¤Ê²ÖÉμ·  ·¥ ±É¨¢´μ-
¸É¨. ˆ§³¥´¥´¨¥ ¢¥²¨Î¨´Ò μÉ´μ¸¨É¥²Ó´μ° ¶ ·Í¨ ²Ó´μ° ¤¨¸¶¥·¸¨¨ ±μ²¥¡ ´¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, μ¡Ê¸²μ¢²¥´´ÒÌ ¢¨¡· Í¨Ö³¨ ²μ¶ ¸É¥° ¶μ¤¢¨¦´ÒÌ μÉ· ¦ -
É¥²¥° §  ¶μ²´Ò° 11-¸ÊÉ ·¥ ±Éμ·´Ò° Í¨±², ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 6. ’ ³ ¦¥
¶·¨¢¥¤¥´μ ¨§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨Ì μÉ±²μ´¥´¨° Ë²Ê±ÉÊ -
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�¨¸. 6. ˆ§³¥´¥´¨¥ ¢¥²¨Î¨´Ò μÉ´μ¸¨É¥²Ó´μ° ¶ ·Í¨ ²Ó´μ° ¤¨¸¶¥·¸¨¨ ( ) ¨ μÉ´μ¸¨É¥²Ó-
´μ£μ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ£μ μÉ±²μ´¥´¨Ö (¡) ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  μ¸´μ¢-
´ÒÌ Î ¸ÉμÉ Ì: 0 Å ¶μ²´Ò¥ ±μ²¥¡ ´¨Ö; 1 Å ´  Î ¸ÉμÉ Ì, ¸¢Ö§ ´´ÒÌ ¸ ¢¨¡· Í¨Ö³¨
²μ¶ ¸É¥° ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°; 2Å 0,82; 3 Å 1,78; 4 Å 1,40; 5 Å 1,63 ƒÍ
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Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢. �¥·¥Ìμ¤´ Ö μ¡² ¸ÉÓ ·μ¸É  ±μ²¥¡ ´¨°, ´ ¡²Õ¤ ¥³ Ö
¢ ¸¶¥±É· Ì ´  ¢¸¥Ì μ¸´μ¢´ÒÌ Î ¸ÉμÉ Ì ¶μ¸²¥ ¢ÒÌμ¤  ·¥ ±Éμ·  ´  ³μÐ´μ¸ÉÓ
(¸³. ·¨¸. 5 ¨ 6), ¸¢Ö§ ´  ¸ ¶·μ£·¥¢μ³ ²μ¶ ¸É¥° ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°. “¸¨-
²¥´¨¥ ±μ²¥¡ ´¨° ³μÐ´μ¸É¨ ¢ ´ Î ²¥ Í¨±²  ´  ´ ¨¡μ²¥¥ ¨´É¥´¸¨¢´μ° Î -
¸ÉμÉ¥ 0,82 ƒÍ, ± ± ¶μ± § ²  ´ ²¨§, ¢Ò§¢ ´μ ·μ¸Éμ³ μ¸¥¢ÒÌ (¶μ ´ ¶· ¢²¥´¨Õ
±  ±É¨¢´μ° §μ´¥) ±μ²¥¡ ´¨° ²μ¶ ¸É¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ¶μ¤¢¨¦´μ£μ μÉ· ¦ -
É¥²Ö. —¥·¥§ 10 Î · ¡μÉÒ ·¥ ±Éμ·  ´  ³μÐ´μ¸É¨ Ê·μ¢¥´Ó ¤¥É¥·³¨´¨·μ¢ ´-
´ÒÌ ±μ²¥¡ ´¨° ¸É ¡¨²¨§¨·Ê¥É¸Ö, ¨ ¤ ²¥¥ ¨Ì ¨´É¥´¸¨¢´μ¸ÉÓ ¸² ¡μ ³¥´Ö¥É¸Ö
¢μ ¢·¥³¥´¨.

„¢¥ μ¸´μ¢´Ò¥ Î ¸ÉμÉÒ ±μ²¥¡ ´¨°, ¢μ§¡Ê¦¤ ¥³Ò¥ ¢ ³μÐ´μ¸É¨ ¸μ ¸Éμ·μ´Ò
³μ¤Ê²ÖÉμ·  ·¥ ±É¨¢´μ¸É¨ 0,82 ¨ 1,78 ƒÍ, ¤ ÕÉ ¢ ¸·¥¤´¥³ ¶μ 20% μÉ ¶μ²-
´μ° ¤¨¸¶¥·¸¨¨ ÏÊ³μ¢. ‘Ê³³ ·´ Ö ¤¨¸¶¥·¸¨Ö ±μ²¥¡ ´¨° ³μÐ´μ¸É¨ ´  Ï¥¸É¨
¤¥É¥·³¨´¨·μ¢ ´´ÒÌ Î ¸ÉμÉ Ì (¸³. É ¡². 2) ¸μ¸É ¢²Ö¥É 50 % μÉ ¶μ²´μ° ¤¨¸¶¥-
·¸¨¨. ’ ±¨³ μ¡· §μ³, μ¸´μ¢´μ° ¢±² ¤, 50% ¢ ¤¨¸¶¥·¸¨Õ ÏÊ³μ¢ ³μÐ´μ¸É¨
¢´μ¸ÖÉ ´¥±μ´É·μ²¨·Ê¥³Ò¥ ¢¨¡· Í¨¨ ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°, ¨ ÔÉμÉ ¢±² ¤ ¢
¸·¥¤´¥³ ¸μÌ· ´Ö¥É¸Ö ¢ É¥Î¥´¨¥ ¢¸¥£μ ·¥ ±Éμ·´μ£μ Í¨±² .

‚›‚�„›

‘μ§¤ ´  ¶·μ£· ³³  ¤²Ö ¸É É¨¸É¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¢·¥³¥´´ÒÌ ·Ö¤μ¢ ¡μ²Ó-
Ïμ° ¤²¨É¥²Ó´μ¸É¨ ¤μ ∼ 5·107 ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¸μ¡ÒÉ¨°, ¸ ¶μ³μÐÓÕ ±μÉμ·μ°
¶μ²ÊÎ¥´Ò ¤ ´´Ò¥ μ ÏÊ³μ¢μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  ´  ¸É ¤¨¨ ¥£μ ´ Î ²Ó´μ° Ô±¸-
¶²Ê É Í¨¨ ¢ 2011 £. �μ± § ´μ, ÎÉμ ¸¶¥±É· ²Ó´Ò° ¸μ¸É ¢ ±μ²¥¡ ´¨° Ô´¥·£¨¨
¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ·  ´  50% μ¡Ê¸²μ¢²¥´ ¤¥É¥·³¨´¨·μ¢ ´´Ò³¨ (£ ·³μ´¨Î¥-
¸±μ£μ É¨¶ ) ±μ²¥¡ ´¨Ö³¨ ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥° ¨ ÎÉμ ¨´É¥´¸¨¢´μ¸ÉÓ ±μ-
²¥¡ ´¨° ¸² ¡μ ³¥´Ö¥É¸Ö ¢ É¥Î¥´¨¥ ·¥ ±Éμ·´μ£μ Í¨±²  ¤²¨É¥²Ó´μ¸ÉÓÕ 11 ¸ÊÉ.
�μ²´Ò¥ μÉ´μ¸¨É¥²Ó´Ò¥ ¸É ´¤ ·É´Ò¥ μÉ±²μ´¥´¨Ö ±μ²¥¡ ´¨° ³μÐ´μ¸É¨ §  Í¨±²
´¥ ¶·¥¢ÒÏ ÕÉ 6 %, ¨§ ±μÉμ·ÒÌ 4 % ¸¢Ö§ ´Ò ¸ ±μ²¥¡ ´¨Ö³¨ ¶μ¤¢¨¦´ÒÌ μÉ-
· ¦ É¥²¥°. �¨§±¨° Ê·μ¢¥´Ó ±μ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢, ¨Ì ¸¶¥±É· ²Ó´Ò°
¸μ¸É ¢ ¨ ¸É ¡¨²Ó´μ¸ÉÓ ¢μ ¢·¥³¥´¨ ¶μ¤É¢¥·¦¤ ÕÉ ´ ¤¥¦´μ¸ÉÓ, ¸É ¡¨²Ó´μ¸ÉÓ ¨
¡¥§μ¶ ¸´μ¸ÉÓ · ¡μÉÒ ·¥ ±Éμ·  ´  ´μ³¨´ ²Ó´μ° ³μÐ´μ¸É¨ 2 Œ‚É.
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