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�¥¦¤³ °®¤»© ¨±²¨²³² ²¥®°¨¨ ¯°®£®§  §¥¬«¥²°¿±¥¨©

¨ ¬ ²¥¬ ²¨·¥±ª®© £¥®´¨§¨ª¨ �®±±¨©±ª®©  ª ¤¥¬¨¨  ³ª, �®±ª¢ ,

2

�¡±¥°¢ ²®°¨¿ �¥§³¢¨¿, �¥ ¯®«¼, �² «¨¿,

3

�¨¢¥°±¨²¥² �°¨¥±² , �°¨¥±², �² «¨¿

�±±«¥¤³¥²±¿ ¢®§¬®¦®±²¼ ¯°®£®§  §¥¬«¥²°¿±¥¨© ¢ §®¥ ¢³«ª   �¥§³¢¨© ± ¯®-

¬®¹¼¾  «£®°¨²¬  ��. �²®²  «£®°¨²¬, ±®§¤ »© ¤«¿ ¤¨ £®±²¨ª¨ ¯¥°¨®¤®¢ ¯®-

¢»¸¥®© ¢¥°®¿²®±²¨ ±¨«¼»µ §¥¬«¥²°¿±¥¨©, ¯°¨¬¥¿¥²±¿ ¢¯¥°¢»¥ ¤«¿   «¨§ 

¢³«ª ¨·¥±ª®© ±¥©±¬¨·®±²¨. � ±±¬ ²°¨¢ ¥²±¿ ±¥©±¬¨·¥±ª ¿  ª²¨¢®±²¼ ¢ §®¥ ¢³«-

ª   ¢ ¯¥°¨®¤ ± ´¥¢° «¿ 1972 £. ¯® ®ª²¿¡°¼ 2002 £. � ª ·¥±²¢¥ ±¨«¼»µ §¥¬«¥²°¿±¥-

¨© ° ±±¬ ²°¨¢ ¾²±¿ ±®¡»²¨¿ ± ¬ £¨²³¤®© ¢»¸¥ 3:0� 3:3. �¥§³«¼² ²» ³±¯¥¸®£®

°¥²°®±¯¥ª²¨¢®£® ¯°®£®§  §¥¬«¥²°¿±¥¨© ² ª®© ¬ «®© ¬ £¨²³¤» ¯®«³·¥» ¢¢¥¤¥-

¨¥¬ ±®®²¢¥²±²¢³¾¹¥© ¸ª «» ¢°¥¬¥¨. � · ±²®±²¨, ¥±«¨ ¤«¨  ¢°¥¬¥�®£® ®ª ,

¨±¯®«¼§³¥¬®£® ¢ ±² ¤ °²®© ¢¥°±¨¨  «£®°¨²¬  ��, ³¬¥¼¸¥  ¢ 2.5{3 ° § , 90%

±¨«¼¥©¸¨µ ¢³«ª ¨·¥±ª¨µ §¥¬«¥²°¿±¥¨© ¯°®¨±µ®¤¿² ¢ ¤¨ £®±²¨°®¢ »¥  «£®-

°¨²¬®¬ ¯¥°¨®¤» ²°¥¢®£. �³¬¬ °® ½²¨ ¯¥°¨®¤» § ¨¬ ¾² ®ª®«® 30% ¢±¥£® ¨±±«¥¤³-

¥¬®£® ¢°¥¬¥¨. �®²°®«¼»¥ ½ª±¯¥°¨¬¥²» \�¥©±¬¨·¥±ª ¿ ¨±²®°¨¿" ¯®¤²¢¥°¦¤ ¾²

±² ¡¨«¼®±²¼ °¥§³«¼² ²®¢ ¨ ¯®ª §»¢ ¾², ·²®  «£®°¨²¬ ¬®¦¥² ¡»²¼ ¨±¯®«¼§®¢  ¤«¿

¤ «¼¥©¸¥£® ¬®¨²®°¨£  ±¥©±¬¨·®±²¨ ¢¯¥°¥¤ ¢ §®¥ ¢³«ª   �¥§³¢¨©.
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The possibility of earthquake prediction at Mt. Vesuvius by means of the algorithm

CN is explored. The intermediate-term prediction algorithm CN was originally designed

to identify the Times of Increased Probability for the occurrence of strong tectonic earth-

quakes. Here this algorithm is applied, for the �rst time, to the analysis of volcanic seis-

micity. The earthquakes recorded at Mt. Vesuvius, during the period from February 1972

to October 2002, are considered and the magnitude threshold, selecting strong events to

be predicted, is varied within the range: 3:0 � 3:3. Satisfactory prediction results for

c
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so small magnitudes are obtained, by retrospective analysis, when a time scaling is in-

troduced. In particular, when the length of the time windows is reduced by a factor 2.5

{ 3, with respect to the standard version of CN algorithm, more than 90% of the strong

events occur within the alarm intervals occupying about 30% of the total time considered.

The control experiment \Seismic History" demonstrates the stability of the obtained re-

sults and indicates that the algorithm CN can be applied to monitor the preparation of

impending earthquakes with M � 3:0 at Mt. Vesuvius.

�¢¥¤¥¨¥

�¥§³¢¨© ¿¢«¿¥²±¿ ®¤¨¬ ¨§ ¨§¢¥±²¥©¸¨µ ¢³«ª ®¢ ¬¨°  ±® ¢°¥¬¥

 ²¨·®±²¨ ¨ ¤®  ¸¨µ ¤¥©. �¥©· ± ¢ ¥£® ®ª°¥±²®±²¨ (¢ ° ¤¨³±¥

¯®°¿¤ª  10 ª¬) ¯°®¦¨¢ ¥² ®ª®«® 700 ²»±¿· ·¥«®¢¥ª,   ¢ �¥ ¯®«¥, ®²-

±²®¿¹¥¬ ®² ª° ²¥°    20 ª¬, { ±¢»¸¥ ¤¢³µ ¬¨««¨®®¢. �§¢¥°¦¥¨¥

�¥§³¢¨¿ ¬®¦¥² ¯°¨¢¥±²¨ ª ¡®«¼¸¨¬ ¯®²¥°¿¬ ª ª «¾¤±ª¨¬, ² ª ¨ ¬ -

²¥°¨ «¼»¬. � ¯°®¨§®¸¥¤¸¥£® ¢ 1944 £®¤³ ¯®±«¥¤¥£® ¨§¢¥°¦¥¨¿ �¥-

§³¢¨©  µ®¤¨²±¿ ¢ ±² ¤¨¨ ®²®±¨²¥«¼®£® § ²¨¸¼¿, ¯°®¿¢«¿¿ ¯°¨§ ª¨

«®ª «¼®© ¢³«ª ¨·¥±ª®© ±¥©±¬¨·®±²¨. �¥¬«¥²°¿±¥¨¿ ½²®© §®» ¥

®·¥¼ ±¨«¼», ® ¨§-§  ¨µ ¬ «®© £«³¡¨», ¥ ¯°¥¢»¸ ¾¹¥© 5 ª¬ [1{3],

®¨ ± ¬¨ ¯® ±¥¡¥ ¬®£³² ¢»§¢ ²¼ § ·¨²¥«¼»© ³¹¥°¡. � ª, ®±®¢»¢ ¿±¼

  ¨±²®°¨·¥±ª¨µ µ°®¨ª µ, §¥¬«¥²°¿±¥¨¥, ° §°³¸¨¢¸¥¥ ¤°¥¢¥°¨¬±ª¨¥

£®°®¤  �®¬¯¥¨ ¨ �¥°ª³«³¬, ®¶¥¨¢ ¥²±¿ ¬ £¨²³¤®©M ' 4 [4]; ¯®½²®¬³

¨²¥°¥± ¯°¥¤±² ¢«¿¥² ¯°®£®§ §¥¬«¥²°¿±¥¨© ¤ ¦¥ ² ª®© ±¨«».

� ¤ ®© ° ¡®²¥ ¨±±«¥¤®¢ « ±¼ ¢®§¬®¦®±²¼ ±°¥¤¥±°®·®£® ¯°®-

£®§  ±¨«¼¥©¸¨µ §¥¬«¥²°¿±¥¨© ¢ §®¥ �¥§³¢¨¿ ± ¯®¬®¹¼¾  «£®°¨²¬ 

�� [5]   ¡ §¥ ª ² «®£  ±¥©±¬¨·®±²¨ �¥§³¢¨¿, ±®§¤ ®£® ±² ¶¨¥©

OVO [4]. �²®²  «£®°¨²¬, ±´®°¬³«¨°®¢ »© ¯°¨¬¥¨²¥«¼® ª °¥£¨®³

� «¨´®°¨¨ ¨ �¥¢ ¤» ¤«¿ ¯°®£®§  §¥¬«¥²°¿±¥¨© ± �

0

� 6:4, ¨±¯®«¼-

§®¢ «±¿ ¤«¿ ¯°®£®§  ¯¥°¨®¤®¢ ¯®¢»¸¥®© ¢¥°®¿²®±²¨ (���) ±¨«¼-

»µ §¥¬«¥²°¿±¥¨© ¢® ¬®£¨µ ²¥ª²®¨·¥±ª¨µ °¥£¨® µ ¬¨° . �¨«¼»¬¨

±·¨² ¾²±¿ §¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© � ��

0

, ¯°¨·¥¬ ¬ £¨²³¤»©

¯®°®£ �

0

¢»¡¨° ¥²±¿ ¢ ª ¦¤®¬ ¨±±«¥¤³¥¬®¬ °¥£¨®¥ ¢ ±®®²¢¥²±²¢¨¨ ±

¥£® ³°®¢¥¬ ±¥©±¬¨·®±²¨.

� ª±¨¬ «¼ ¿ ¬ £¨²³¤  ¨±²°³¬¥² «¼® § ´¨ª±¨°®¢ ®£® ±®¡»-

²¨¿ ¢ §®¥ �¥§³¢¨¿ ° ¢  3.6, ¯®½²®¬³ ¯°¨¬¥¥¨¥  «£®°¨²¬  �� ¤«¿

¯°®£®§  ² ª¨µ ±« ¡»µ §¥¬«¥²°¿±¥¨© ¬®¦¥² ¯®²°¥¡®¢ ²¼ ¤°³£®© ¬ ±-

¸² ¡ ¯°®±²° ±²¢¥®-¢°¥¬¥�®£® ®ª , ¨±¯®«¼§³¥¬®£® ¢  «£®°¨²¬¥.

� ±¸² ¡¨°®¢ ¨¥ ¯°¥¤¢¥±²¨ª®¢®© §®» ®²®±¨²¥«¼®�

0

¯® ¬¥²®¤¨ª¥,

¯°¥¤«®¦¥®© ¢ [6,7], ¢ ±«³· ¥ �¥§³¢¨¿ ¥¢®§¬®¦®, ² ª ª ª ¯°®±²° -

±²¢¥»© ®¡º¥¬, £¤¥ «®ª «¨§®¢ » £¨¯®¶¥²°» §¥¬«¥²°¿±¥¨©, ®·¥¼

¬ « (6� 6 � 8 ª¬

3

) [3], ¯®½²®¬³ ª®®°¤¨ ²» §¥¬«¥²°¿±¥¨© ¢ ª ² «®£¥

®²±³²±²¢³¾².

� ° ¡®²¥ [8] ¡»«® ±¤¥« ® ¯°¥¤¯®«®¦¥¨¥, ·²®  «£®°¨²¬» ±°¥¤¥-

±°®·®£® ¯°®£®§  �� ¨ �8 [9] ¥ ³¦¤ ¾²±¿ ¢® ¢°¥¬¥�®¬ ¬ ±¸² -
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¡¨°®¢ ¨¨. �®£« ±® § ª®³ �³²¥¡¥°£ {�¨µ²¥°  ±°¥¤¥¥ ¢°¥¬¿ ¬¥¦¤³

§¥¬«¥²°¿±¥¨¿¬¨ ¬ £¨²³¤» � ¯°®¯®°¶¨® «¼® 10

b�

, ¨ ±« ¡»¥ §¥¬«¥-

²°¿±¥¨¿, ¯® ±° ¢¥¨¾ ± ±¨«¼»¬¨, ¤®«¦» ¯°®¨±µ®¤¨²¼ · ¹¥. �¤ ª®

¢ ²® ¢°¥¬¿ ª ª ¢¥«¨·¨  b ¢ ¤ ®¬ °¥£¨®¥ ®¤  ¨ ²  ¦¥ ¤«¿ ° §»µ

� , ¯°¥¤¢¥±²¨ª¨ ®¯°¥¤¥«¿¾²±¿ ¤«¿ ®¡« ±²¥©, «¨¥©»¥ ° §¬¥°» ª®²®-

°»µ ¯°®¯®°¶¨® «¼» 10

��

0

, £¤¥ � ¨§¬¥¿¥²±¿ ®² 0.5 ¤® 1.0 [10, 11].

�«¥¤®¢ ²¥«¼®, ±°¥¤¥¥ ¢°¥¬¿ ¬¥¦¤³ §¥¬«¥²°¿±¥¨¿¬¨ ¢ §®¥ ¯°¥¤¢¥±²-

¨ª®¢   ±² ¤¨¨ ±°¥¤¥±°®·®£® ¯°®£®§  ¯°®¯®°¶¨® «¼® 10

(b���)�

0

,

£¤¥ � { ´° ª² «¼ ¿ ° §¬¥°®±²¼ ®¡« ª®¢ ½¯¨¶¥²°®¢ ¢ ¤ ®¬ °¥£¨®¥

[6, 7, 12,13]. �«¿ ²¥ª²®¨·¥±ª¨µ §¥¬«¥²°¿±¥¨© ±³¹¥±²¢³¾¹¨¥ ®¶¥ª¨

¢¥«¨·¨ b (� 1), �(0; 5� 1:0) ¨ �(1:2 � 2:0) ¥ ¯°®²¨¢®°¥· ² £¨¯®²¥§¥,

·²® ¢¥«¨·¨  (b � ��) ¡«¨§ª  ª ³«¾. �«¥¤®¢ ²¥«¼®, §¥¬«¥²°¿±¥¨¿ ±

° §»¬¨ ¬ £¨²³¤ ¬¨   ±² ¤¨¨ ±°¥¤¥±°®·®£® ¯°®£®§  ¬®£³² ¨¬¥²¼

®¤¨ ¨ ²®² ¦¥ ¯¥°¨®¤ ¯®¢²®°¿¥¬®±²¨ ¢ §®¥ ¯®¤£®²®¢ª¨.

� ¬¥²¨¬, ®¤ ª®, ·²® ¥±«¨ ¢¥«¨·¨  (b � ��) 6= 0, ²® ¬ ±¸² ¡¨°®-

¢ ¨¥ ¢°¥¬¥¨ ¬®¦¥² ®ª § ²¼±¿ ¥®¡µ®¤¨¬»¬. �¯°¥¤¥«¨²¼ ¢¥«¨·¨³

� ¤«¿ §®» �¥§³¢¨¿ ¥¢®§¬®¦®, ¯®±ª®«¼ª³ ª®®°¤¨ ²» §¥¬«¥²°¿±¥-

¨© ¢ ª ² «®£¥ ®²±³²±²¢³¾². �¥² ¢®§¬®¦®±²¨ ®¯°¥¤¥«¨²¼ ¨ ¯¥°¨®¤

¯®¢²®°¿¥¬®±²¨ ±¨«¼¥©¸¨µ §¥¬«¥²°¿±¥¨© ¢ ½²®© §®¥, ¯®±ª®«¼ª³ ¤«¨-

²¥«¼®±²¼ ¨±²°³¬¥² «¼»µ  ¡«¾¤¥¨© ¤«¿ ² ª®© ®¶¥ª¨ ¥¤®±² -

²®· . �®½²®¬³ ¢®¯°®± ® ¥®¡µ®¤¨¬®±²¨ ¯¥°¥¬ ±¸² ¡¨°®¢ ¨¿ ¢°¥-

¬¥�»µ ®ª®, ¨±¯®«¼§³¥¬»µ ¤«¿ ¯®¤±·¥²  ¯°®£®±²¨·¥±ª¨µ ´³ª¶¨® -

«®¢ ¢  «£®°¨²¬¥ �� ¨ ¤«¨²¥«¼®±²¨ ���, §¤¥±¼ °¥¸ ¥²±¿ ½¬¯¨°¨·¥±ª¨

¢ § ¢¨±¨¬®±²¨ ®² °¥§³«¼² ²®¢ ¯°®£®§  §¥¬«¥²°¿±¥¨© ²®© ¨«¨ ¨®©

¬ £¨²³¤».

�«£®°¨²¬ ��

�«£®°¨²¬ �� ¤«¿ ±°¥¤¥±°®·®£® ¯°®£®§  ±¨«¼»µ §¥¬«¥²°¿±¥¨©

¤®±² ²®·® ¸¨°®ª® ®¯¨± , ¢ ²®¬ ·¨±«¥ ¢ ° ¡®² µ [5, 14], ¯®½²®¬³ ¯°¨¢¥-

¤¥¬ «¨¸¼ ®±®¢»¥ ±¢¥¤¥¨¿ ® ¥¬. �®±«¥ ¨±ª«¾·¥¨¿  ´²¥°¸®ª®¢, ·¨-

±«® ª®²®°»µ ±«³¦¨² ¢ ¤ «¼¥©¸¥¬ ¬¥°®© ¯°®±²° ±²¢¥®-¢°¥¬¥�®£®

£°³¯¯¨°®¢ ¨¿ §¥¬«¥²°¿±¥¨©, ¢  «£®°¨²¬¥ ¨±¯®«¼§³¾²±¿ ±«¥¤³¾¹¨¥

µ ° ª²¥°¨±²¨ª¨ ¯®²®ª  ®±®¢»µ ²®«·ª®¢ ¨±±«¥¤³¥¬®£® °¥£¨® :

{ ³°®¢¥¼ ±¥©±¬¨·¥±ª®©  ª²¨¢®±²¨,

{ ¨§¬¥¥¨¥ ½²®£® ³°®¢¿ ¢® ¢°¥¬¥¨,

{ ³°®¢¥¼ £°³¯¯¨°³¥¬®±²¨ §¥¬«¥²°¿±¥¨© ¢ ¯°®±²° ±²¢¥ ¨ ¢® ¢°¥¬¥¨.

�²¨ µ ° ª²¥°¨±²¨ª¨ ¯°¥¤±² ¢«¥» ¢ ¢¨¤¥ ¤¥¢¿²¨ ´³ª¶¨® «®¢, ¢¥-

«¨·¨» ª®²®°»µ ¢»·¨±«¿¾²±¿ ¢ ±ª®«¼§¿¹¥¬ ¢°¥¬¥�®¬ ®ª¥ ®¯°¥¤¥-

«¥®© ¤«¨²¥«¼®±²¨. �®°¬ «¼®¥ ®¯¨± ¨¥ ½²¨µ ´³ª¶¨® «®¢ ¨ ¨µ

¯ ° ¬¥²°» ¯°¨¢¥¤¥» ¢ ° ¡®² µ [5, 14]. �³ª¶¨® «» ®°¬¨°³¾²±¿ ®²-
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®±¨²¥«¼® ±¥©±¬¨·¥±ª®©  ª²¨¢®±²¨ °¥£¨®  ¨ ¬ £¨²³¤» ¯°®£®§¨°³-

¥¬»µ §¥¬«¥²°¿±¥¨©, ·²® ¯®§¢®«¿¥² ¯°¨¬¥¿²¼  «£®°¨²¬ ¢ °¥£¨® µ ±

° §»¬ ³°®¢¥¬ ±¥©±¬¨·¥±ª®©  ª²¨¢®±²¨. �®°¬¨°®¢ª  ´³ª¶¨® «®¢

®±³¹¥±²¢«¿¥²±¿ ¢»¡®°®¬ ¬ £¨²³¤»µ ¯®°®£®¢ ¯® ±®¡»²¨¿¬ § ° ¥¥

´¨ª±¨°®¢ ®£® ¨ ¤®±² ²®·® ¡®«¼¸®£® ¯¥°¨®¤  ¢»¡®°  ¯®°®£®¢ (TSP

{ Threshold Setting Period). �¡»·® TSP ¢ª«¾· ¥² ¢ ±¥¡¿ ¢¥±¼ ¯¥°¨®¤

¢°¥¬¥¨, ¤«¿ ª®²®°®£® ¨§¢¥±²¥ ª ² «®£. � ª¦¥ ¯® ½²®¬³ ¯¥°¨®¤³ ®¯°¥-

¤¥«¿¾²±¿ ¯®°®£¨ ¤«¿ ¤¨±ª°¥²¨§ ¶¨¨ ¢¥«¨·¨ ª ¦¤®£® ¨§ ¤¥¢¿²¨ ´³ª-

¶¨® «®¢   ¡®«¼¸¨¥, ±°¥¤¨¥ ¨ ¬ «»¥ ¢¥«¨·¨». � ¦¤»© ¨§ ´³ª-

¶¨® «®¢ ¯®¤±·¨²»¢ ¥²±¿ ¢® ¢°¥¬¥�®¬ ®ª¥ [t � �

i

; t] (i = 1; 2; : : : ; 9)

¨ ¤¨±ª°¥²¨§¨°³¥²±¿. � § ¢¨±¨¬®±²¨ ®² ²¨¯  ´³ª¶¨® «  �

i

¬®¦¥²

±®±² ¢«¿²¼ 1, 2 ¨«¨ 3 £®¤ . � ª®©  ¡®° ¨§ ¤¥¢¿²¨ ¤¨±ª°¥²¨§¨°®¢ -

»µ ´³ª¶¨® «®¢ ¨ ±®±² ¢«¿¥² ®¯¨± ¨¥ ª ¦¤®£® ¬®¬¥²  ¢°¥¬¥¨ t,

¢§¿²®£® ± ¸ £®¬ ¤¢  ¬¥±¿¶  ¤«¿ ¢±¥£® ¨±±«¥¤³¥¬®£® ¯¥°¨®¤ .

�¥²°®±¯¥ª²¨¢»©   «¨§ ±¥©±¬¨·®±²¨ °¥£¨®  � «¨´®°¨¨ ¨ �¥-

¢ ¤» §  ¯¥°¨®¤ ± 1932 ¯® 1983 £. ± ¯®¬®¹¼¾ ¬¥²®¤®¢ ° ±¯®§ ¢ ¨¿

®¡° §®¢ [5, 15] ¯®§¢®«¨«  ©²¨ ¤¢  °¿¤  ª®¬¡¨ ¶¨© ¤¨±ª°¥²¨§¨°®¢ -

»µ ´³ª¶¨® «®¢. �¤¨ ¨§ ¨µ { ª®¬¡¨ ¶¨¨, µ ° ª²¥°»¥ ¤«¿ ¯¥°¨®-

¤®¢, ¯°¥¤¸¥±²¢³¾¹¨µ ±¨«¼»¬ §¥¬«¥²°¿±¥¨¿¬ (D-¯°¨§ ª¨),   ¢²®°®©

{ ¤«¿ ±¯®ª®©»µ ¯¥°¨®¤®¢, ¤ «¥ª¨µ ¯® ¢°¥¬¥¨ ®² ±¨«¼»µ §¥¬«¥²°¿±¥-

¨© (N -¯°¨§ ª¨). �²¨ ª®¬¡¨ ¶¨¨ ¨ ¡»«¨ ¨±¯®«¼§®¢ » ¢ ¤ «¼¥©¸¥¬

¤«¿ ¢±¥µ ¨±±«¥¤³¥¬»µ °¥£¨®®¢, ¢ª«¾· ¿ §®³ �¥§³¢¨¿. ��� ®¡º¿¢«¿-

¥²±¿ ±°®ª®¬   1 £®¤ ¢ ²®² ¬®¬¥² ¢°¥¬¥¨ t, ¤«¿ ª®²®°®£® ¢»¯®«¥»

¤¢  ±«¥¤³¾¹¨¥ ³±«®¢¨¿:

� �(t) = (p

D

� p

N

) � 5, £¤¥ p

D

, p

N

{ ±®®²¢¥²±²¢¥®,·¨±«® D ¨ N

¯°¨§ ª®¢, ¢±²°¥²¨¢¸¨µ±¿ ¢ ¬®¬¥² t;

� �(t) � �

i

(10

M

i

)=10

M

0

< 4:9, £¤¥M

0

{ ¬ £¨²³¤»© ¯®°®£ ¤«¿ ®¯°¥-

¤¥«¥¨¿ ±¨«¼»µ §¥¬«¥²°¿±¥¨©, M

i

{ ¬ £¨²³¤  i{£® §¥¬«¥²°¿±¥¨¿,

ª®²®°®¥ ¯°®¨§®¸«® ¢ 3-µ «¥²¨© ¨²¥°¢ « ¤® ¬®¬¥²  t ¢ ¤ ®¬ °¥-

£¨®¥.

� ¬¥²¨¬, ·²® ��� ¬®£³² ¯¥°¥ª°»¢ ²¼ ¨ ¯°®¤«¥¢ ²¼ ¤°³£ ¤°³£ .

���, ¢ ¯°¥¤¥« µ ª®²®°®£® ¥ ¯°®¨§®¸«® ±¨«¼®¥ §¥¬«¥²°¿±¥¨¥, ¿¢«¿-

¥²±¿ «®¦®© ²°¥¢®£®©,   ±¨«¼®¥ §¥¬«¥²°¿±¥¨¥, ¢®§¨ª¸¥¥ ¢¥ ���,

¿¢«¿¥²±¿ ¯°®¯³±ª®¬ ¶¥«¨.

�«£®°¨²¬ �� ¡»« ¯°¨¬¥¥ ¢ 22 °¥£¨® µ ¬¨°  ±® ±«¥¤³¾¹¨¬¨ ®¡-

¹¨¬¨ °¥§³«¼² ² ¬¨: ��� ¢ ±°¥¤¥¬ § ¨¬ «¨ ®ª®«® 30% ¨±±«¥¤®¢ -

®£® ¯¥°¨®¤  ¨ ¯°¥¤¸¥±²¢®¢ «¨ 80% ±¨«¼»µ §¥¬«¥²°¿±¥¨© [16{23].

�®£« ±® ¬¥²®¤¨ª¥, ¯°¥¤«®¦¥®© ¢ [24], ª ·¥±²¢® ¯°®£®§  ¬®¦¥²

¡»²¼ ®¶¥¥® ¢¥«¨·¨ ¬¨ � = 1�n=N ¨ � = t

�

=T , £¤¥ n=N { ®²®¸¥¨¥

·¨±«  ¯°¥¤±ª § »µ ±¨«¼»µ §¥¬«¥²°¿±¥¨© ª ®¡¹¥¬³ ·¨±«³ ±¨«¼»µ

§¥¬«¥²°¿±¥¨©,   t

�

=T { ®²®¸¥¨¥ ®¡¹¥£® ¯¥°¨®¤  ¢°¥¬¥¨, § ¿²®£®
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���, ª ¤«¨²¥«¼®±²¨ ¢±¥£® ¨±±«¥¤³¥¬®£® ¯¥°¨®¤ . � ·¥±²¢® ¯°®£®§ 

²¥¬ «³·¸¥, ·¥¬ ¬¥¼¸¥ ¢¥«¨·¨  (� + �), ¯°¨ (� + �) = 1 ¯°®£®§ ¿¢«¿-

¥²±¿ ±«³· ©»¬. �®¯®«¨²¥«¼®© ¬¥°®© ª ·¥±²¢  ¿¢«¿¥²±¿ ®²®¸¥¨¥

·¨±«  «®¦»µ ²°¥¢®£ ª ®¡¹¥¬³ ·¨±«³ ²°¥¢®£ { = k=K. �«¿ 22 °¥£¨®®¢

¬¨°  ¢¥«¨·¨  (�+ �) ¤«¿  «£®°¨²¬  �� ¢ °¼¨°®¢ «®±¼ ®² 0.2 ¤® 0.8,  

¢¥«¨·¨  { { ®² 0 ¤® 0.67.

� «¨§ ¤ »µ

� ² «®£ §¥¬«¥²°¿±¥¨© §®» �¥§³¢¨¿ ¡ §¨°³¥²±¿   ¤ »µ ±² ¶¨¨

OVO, ³±² ®¢«¥®© ¢ 1972 £®¤³ ®¡±¥°¢ ²®°¨¥© �¥§³¢¨¿. �±¯®«¼§³¥¬ ¿

¢ ½²®© ° ¡®²¥ ¢¥°±¨¿ ª ² «®£  ¯®ª°»¢ ¥² ¯¥°¨®¤ 23.02.1972 { 12.10.2002

¨ ±®¤¥°¦¨² 9478 ±®¡»²¨©. � ¦¤®¥ ±®¡»²¨¥ µ ° ª²¥°¨§³¥²±¿ ¢°¥¬¥-

¥¬ ¥£® ¢®§¨ª®¢¥¨¿ ¨ ¬ £¨²³¤®©, ³±²  ¢«¨¢ ¥¬®© ¯® ¤«¨²¥«¼®±²¨

ª®¤». �®®°¤¨ ²» £¨¯®¶¥²°  ¢ ª ² «®£¥ ®²±³²±²¢³¾². � ² «®£ ¤®-

±² ²®·® ®¤®°®¤¥ ¤«¿ ¢±¥£® ¯¥°¨®¤  ¢°¥¬¥¨, ² ª ª ª ®¡®°³¤®¢ ¨¥

¨ ¬¥²®¤¨ª  ®¯°¥¤¥«¥¨¿ ¯ ° ¬¥²°®¢ §¥¬«¥²°¿±¥¨©   ±² ¶¨¨ OVO

¥ ¬¥¿«¨±¼ ± ¬®¬¥²  ¥¥ ³±² ®¢ª¨. �®«¥¥ ¤¥² «¼ ¿ ¨´®°¬ ¶¨¿ ®

ª ² «®£¥ OVO ¨ ®¡¹¨µ µ ° ª²¥°¨±²¨ª µ ±¥©±¬¨·®±²¨ ½²®£® °¥£¨® 

¨§«®¦¥  ¢ ° ¡®²¥ [4].

M ³0 M ³1 M ³2

1980 1990 2000
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Ãîäû

N

�¨±. 1. �¨±²®£° ¬¬  ·¨±«  §¥¬«¥²°¿±¥¨© N ª ª ´³ª¶¨¨ ¢°¥¬¥¨

¤«¿ ° §»µ ¨²¥°¢ «®¢ ¬ £¨²³¤

� ±¯°¥¤¥«¥¨¥ ·¨±«  §¥¬«¥²°¿±¥¨© ª ² «®£  ¯® ¢°¥¬¥¨ ¢ ° §»µ

¨²¥°¢ « µ ¬ £¨²³¤ ¯°¨¢¥¤¥®   °¨±. 1.
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�° ´¨ª ¯®¢²®°¿¥¬®±²¨ ¤«¿ ½²®£® °¥£¨®  µ ° ª²¥°¨§³¥²±¿ ¡®«¼¸®© ¢¥-

«¨·¨®© ³£«   ª«®  b (°¨±. 2), ·²® ²¨¯¨·® ¤«¿ ¢³«ª ¨·¥±ª¨µ §®

[4, 25]. �¥«¨·¨» b, ¯° ª²¨·¥±ª¨, ¢±¥£¤  ¡®«¼¸¥ ¢ ¢³«ª ¨·¥±ª¨µ §® µ,

·¥¬ ¢ ²¥ª²®¨·¥±ª¨µ [26], ·²® ®¡º¿±¿¥²±¿ ¢»±®ª¨¬ ³°®¢¥¬  ¯°¿¦¥-

¨¿, ²¨¯¨·»¬ ¤«¿ ¢³«ª ¨·¥±ª¨µ °®¥¢ [27].

0 1 2 3

1

10

100

1000

1 -

2 -

3 -

N

M

�¨±. 2. � ¢¨±¨¬®±²¼ ·¨±«  §¥¬«¥-

²°¿±¥¨© N ®² ¬ £¨²³¤» � ¢ ° §-

»¥ ¯¥°¨®¤» ¢°¥¬¥¨:

1 { 01.1972{10.2002, 2 { 01.1982{

10.2002, 3 { 01.1992{10.2002

�¥«¨·¨  b ¢ ° §»¥ ¯¥°¨®¤» ³¬¥¼¸ ¥²±¿ ¢® ¢°¥¬¥¨ ®² 1.8 ¤® 1.0

[4, 25]. �±±«¥¤®¢ ¨¿ ¨ « ¡®° ²®°»¥ ½ª±¯¥°¨¬¥²» ¯®ª §»¢ ¾², ·²®

¢¥«¨·¨  b ¢ ¢³«ª ¨·¥±ª¨µ §® µ ¬®¦¥² ±³¹¥±²¢¥® ³¬¥¼¸ ²¼±¿ ¢

°¥§³«¼² ²¥ ±«¨¿¨¿ ¬¥«ª¨µ ²°¥¹¨ ¢ ¡®«¼¸¨¥ [28,29]. �³¹¥±²¢³¥² £¨¯®-

²¥§ , ·²® ¨§¢¥°¦¥¨¥ ¢³«ª   ¯°®¨±µ®¤¨² ¢ ²®² ¬®¬¥², ª®£¤  ¡®«¼¸ ¿

²°¥¹¨  ¤®±²¨£ ¥² ¢³«ª ¨·¥±ª®© ª ¬¥°» [30]. � ° ¬ª µ ² ª¨µ ¯°¥¤-

±² ¢«¥¨© ¯°¥¤¢¥±²¨ª®¬ ¨§¢¥°¦¥¨¿ ¢³«ª   ¬®¦¥² ¿¢«¿²¼±¿ ³±¨«¨¢ -

¾¹ ¿±¿ ±¥©±¬¨·®±²¼, ª®²®° ¿ ±®¯°®¢®¦¤ ¥²±¿ ³¢¥«¨·¥¨¥¬ ¬ £¨²³¤

¨ ³¬¥¼¸¥¨¥¬ ¢¥«¨·¨» b.

1.9 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.5
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�¨±. 3. �¨±²®£° ¬¬  ·¨±«  ®±®¢-

»µ ²®«·ª®¢ N ¤«¿ ° §»µ ¬ £¨-

²³¤»µ ¨²¥°¢ «®¢

�«¿ ®¯°¥¤¥«¥¨¿ ¢¥«¨·¨» �

0

¤«¿ ¯°®£®§¨°³¥¬»µ §¥¬«¥²°¿±¥¨©

¨±¯®«¼§®¢   £¨±²®£° ¬¬  ·¨±«  ®±®¢»µ ²®«·ª®¢ ± � � 2:0 (°¨±. 3).
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�¨¤¥ «®ª «¼»© ¬¨¨¬³¬ £¨±²®£° ¬¬» ¯°¨ � = 3:1, ·²® ¯®§¢®«¿¥²

®¯°¥¤¥«¨²¼ ¨²¥°¢ « �

0

®² 3.0 ¤® 3.3. �¯¨±®ª ®±®¢»µ ²®«·ª®¢ ± ¬ £-

¨²³¤®© � � 3:0 ¯°¨¢¥¤¥ ¢ ² ¡«. 1.

������� 1. �±®¢»¥ ²®«·ª¨ ª ² «®£  OVO

§  ¯¥°¨®¤ 23.02.1972{12.10.2002 ± M � 3:0

N � ²  �°¥¬¿, � £¨²³¤ ,

·.¬¨. �

1 29.01.1989 20:00 3.0

2 19.03.1989 19:22 3.3

3 21.10.1989 04:04 3.0

4 04.03.1990 23:39 3.0

5 08.07.1990 03:49 3.1

6 10.09.1990 23:58 3.3

7 02.08.1995 04:07 3.2

8 16.09.1995 11:03 3.2

9 25.04.1996 22:55 3.3

10 05.11.1997 11:28 3.0

11 09.10.1999 05:41 3.6

12 22. 01.2000 03:34 3.0

13 27.09.2000 07:01 3.0

� ±¯°¥¤¥«¥¨¥ ¬®¬¥²®¢ ¢®§¨ª®¢¥¨¿ ½²¨µ ±®¡»²¨© (°¨±. 4) ¤¥¬®-

±²°¨°³¥² ¨µ  ®¬ «¼³¾ £°³¯¯¨°³¥¬®±²¼ ¢® ¢°¥¬¥¨. �²®² ½´´¥ª²

¯®¤°®¡® ®¡±³¦¤ ¥²±¿ ¢ ° ¡®² µ [25,31, 32].

1972 1977 1982 1987 1992 1997 2002

2.8

3.0

3.2

3.4

3.6

Ãîäû

M

�¨±.4. �®¬¥²» ¢®§¨ª®¢¥¨¿ ±¨«¼»µ §¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© M � 3:0

§  ¯¥°¨®¤ ± 01.1972 £. ¯® 10.2002 £.

�»±®²  ¢¥°²¨ª «¼»µ «¨¨© ±®®²¢¥²±²¢³¥² ¬ £¨²³¤¥ ±®¡»²¨¿



194 �¥©±¬¨·®±²¼, ¯°®£®§ ¨ ¬®¤¥«¨

� ° ¬¥²°»  «£®°¨²¬  �� ¤«¿ ¯°®£®§ 

¢³«ª ¨·¥±ª®© ±¥©±¬¨·®±²¨

�°¨¬¥¥¨¥  «£®°¨²¬  �� ª §®¥ ± ¨§ª®© ±¥©±¬¨·¥±ª®©  ª²¨¢®-

±²¼¾ ²°¥¡³¥² ¥ª®²®°»µ ¨§¬¥¥¨© ¢ ¯ ° ¬¥²° µ  «£®°¨²¬  ¯® ±° ¢¥-

¨¾ ± ¨µ ±² ¤ °²»¬¨ ¢¥«¨·¨ ¬¨.

1. �¨¦¨© ¯®°®£ ¯® ¬ £¨²³¤¥ ¤«¿  ´²¥°¸®ª®¢, ±®£« ±® ±² ¤ °²-

®¬³ ®¯°¥¤¥«¥¨¾, ¤®«¦¥ ³¤®¢«¥²¢®°¿²¼ ³±«®¢¨¾�

 

= (�

0

�3) > M

c

,

£¤¥ M

c

{ ¯®°®£ ¯°¥¤±² ¢¨²¥«¼®±²¨ ª ² «®£ . �«¿ ª ² «®£  OVO ½²®

³±«®¢¨¥ ¥ ¢»¯®«¨¬®, ² ª ª ª M

c

®¶¥¨¢ ¥²±¿ ª ª 1.8 { 2.0 [4, 25],

¢ ²® ¢°¥¬¿ ª ª ¢¥«¨·¨  (�

0

� 3) ¡«¨§ª  ª ³«¾. � ª ¯° ¢¨«®, ¢ ² ª¨µ

±«³· ¿µ ° ±±¬ ²°¨¢ ¾²±¿ ¢±¥  ´²¥°¸®ª¨ ¡¥§ ®£° ¨·¥¨¿ ¯® ¬ £¨-

²³¤¥.

2. �°¨ ®¡º¿¢«¥¨¨ ��� ¥ ¡³¤¥² ¨±¯®«¼§®¢ ²¼±¿ ³±«®¢¨¥ �(t) < 4:9,

¢¢¥¤¥®¥ ¢  «£®°¨²¬¥ �� ¤«¿ ³¬¥¼¸¥¨¿ ¤«¨²¥«¼®±²¨ ²°¥¢®£¨ ¯®±«¥

±¨«¼®£® ±®¡»²¨¿, ¯®±ª®«¼ª³ ±¨«¼¥©¸¨¥ ¢³«ª ¨·¥±ª¨¥ §¥¬«¥²°¿±¥¨¿

¨¬¥¾² ²¥¤¥¶¨¾ ª £®° §¤® ¡®«¼¸¥© £°³¯¯¨°³¥¬®±²¨ ¢® ¢°¥¬¥¨, ·¥¬

²¥ª²®¨·¥±ª¨¥.

3. �¢®¤¨²±¿ ª®½´´¨¶¨¥² # ¬ ±¸² ¡¨°®¢ ¨¿ ¤«¨²¥«¼®±²¨ ¨²¥°-

¢ «®¢ ¢°¥¬¥¨, ¨±¯®«¼§³¥¬»µ ¢  «£®°¨²¬¥. �»¬¨ ±«®¢ ¬¨, ¢±¥ ´³ª-

¶¨® «» ¢»·¨±«¿¾²±¿ ¢ ±ª®«¼§¿¹¨µ ¢°¥¬¥�»µ ®ª µ, ¤«¨²¥«¼®±²¼ ª®-

²®°»µ ³¬¥¼¸¥  ¢ # ° § ¯® ±° ¢¥¨¾ ± ¨µ ±² ¤ °²®© ¤«¿  «£®°¨²¬ 

�� ¢¥«¨·¨®©. �°®¬¥ ²®£®, ��� ®¡º¿¢«¿¥²±¿   ¢°¥¬¿ 12=# ¬¥±¿¶¥¢,

¢¬¥±²® ®¤®£® £®¤ .

�¥°¨®¤ TSP ¤«¿ ®°¬¨°®¢ª¨ ¨ ¤¨±ª°¥²¨§ ¶¨¨ ´³ª¶¨® «®¢ ¢ ®±®¢-

®¬ ¢ °¨ ²¥ ¢§¿² ± 1972 ¯® 2002 £®¤.

�¥§³«¼² ²»

�²®¡» ¢»¿±¨²¼ ¢«¨¿¨¥ ¢¥«¨·¨» #   °¥§³«¼² ²» ¤¨ £®±²¨ª¨

���,  «£®°¨²¬ �� ¯°¨¬¥¿«±¿ ¯®±«¥¤®¢ ²¥«¼® ¤«¿ ¯°®£®§  §¥¬«¥-

²°¿±¥¨© ± �

0

= 3:0, 3.1, 3.2 ¨ 3.3, ¯°¨ ½²®¬ ¤«¿ ª ¦¤®£® § ·¥¨¿

¬ £¨²³¤» �

0

¢¥«¨·¨  # ¬¥¿« ±¼ ®² 1 ¤® 3.5 ± ¸ £®¬ 0.5.

�  °¨±. 5 ¯°¨¢¥¤¥  § ¢¨±¨¬®±²¼ ª ·¥±²¢  ¯°®£®§  ¤«¿ ° §»µ �

0

®² ¢¥«¨·¨» ª®½´´¨¶¨¥²  #. �¨¤®, ·²®  ¨«³·¸¨¥ °¥§³«¼² ²» ¤®-

±²¨£ ¾²±¿ ¯°¨ # = 2:5�3 ¤«¿ ¢±¥µ ° ±±¬®²°¥»µ § ·¥¨© ¬ £¨²³¤»

�

0

. �®«¥¥ ²®£®, °¥§³«¼² ²» ¡«¨§ª¨ ª ±«³· ©»¬, ¥±«¨ # = 1, ².¥. ª®£¤ 

¬ ±¸² ¡¨°®¢ ¨¥ ¢°¥¬¥¨ ¥ ¢¢®¤¨²±¿. �²® ¯®¤²¢¥°¦¤ ¥² £¨¯®²¥§³ ®

¥®¡µ®¤¨¬®±²¨ ¢°¥¬¥�®£® ¬ ±¸² ¡¨°®¢ ¨¿ ¯°¨ ¯°®£®§¥ §¥¬«¥²°¿±¥-

¨© ¬ «®© ¬ £¨²³¤».
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�¨±. 5. � ¢¨±¨¬®±²¼ ª ·¥±²¢  ¯°®-

£®§  (� + �) ®² ª®½´´¨¶¨¥²  ¬ ±-

¸² ¡¨°®¢ ¨¿ ¤«¨²¥«¼®±²¨ ¨²¥°-

¢ «®¢ ¢°¥¬¥¨ # ¤«¿ ° §»µ § ·¥-

¨© ¬ £¨²³¤» M

0

:

1 { M

0

= 3:0, 2 { M

0

= 3:1, 3 {

M

0

= 3:2; 4 { M

0

= 3:3
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1 -
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4 -

� ¨«³·¸¨¥ °¥§³«¼² ²» ¯°®£®§  ¤«¿ ° §»µ�

0

¯°¨¢¥¤¥»   °¨±. 6

¨ ¢ ² ¡«.2. �¨ ¯®ª §»¢ ¾², ·²® ¢±¥ ±¨«¼»¥ §¥¬«¥²°¿±¥¨¿, §  ¨±-

ª«¾·¥¨¥¬ ±®¡»²¨¿ 05.11.1997 ± � = 3:0, ¯®¯ ¤ ¾² ¢ ¯¥°¨®¤» ²°¥¢®£.

�¡¹ ¿ ¤«¨²¥«¼®±²¼ ²°¥¢®£ ¬¥¿¥²±¿ ®² 31% ¤® 39% ®² ®¡¹¥£® ¯¥°¨®¤ 

¢°¥¬¥¨. � ·¥±²¢® ¯°®£®§®¢ ±² ¡¨«¼® ¨ ¬ «® § ¢¨±¨² ®² �

0

, ¡®«¥¥

²®£®, ¢¥«¨·¨» (�+ �) ¨ { ¡«¨§ª¨ ª   «®£¨·»¬ ¢¥«¨·¨ ¬ ¤«¿ ²¥ª²®-

¨·¥±ª¨µ °¥£¨®®¢.

������� 2. � ¨«³·¸¨¥ °¥§³«¼² ²» ¯°®£®§ 

±¨«¼»µ §¥¬«¥²°¿±¥¨© ± M �M

0

M

0

# n N � � � + � {

3.0 3 12 13 0.08 0.31 0.39 0.37

3.1 2.5 7 7 0.0 0.31 0.31 0.50

3.2 2.5 6 6 0.0 0.32 0.32 0.53

3.3 3 4 4 0.0 0.33 0.33 0.64

�°¨¬¥· ¨¥: # { ª®½´´¨¶¨¥² ¬ ±¸² ¡¨°®¢ ¨¿ ¢°¥¬¥¨; n { ·¨±«® ¯°¥¤±ª § »µ

®±®¢»µ ²®«·ª®¢ ± M �M

0

; N { ®¡¹¥¥ ·¨±«® ½²¨µ ®±®¢»µ ²®«·ª®¢; � = 1� n=N

{ ±² ²¨±²¨ª  ¯°®¯³±ª®¢ ¶¥«¨; � = �

�

=T { ±² ²¨±²ª  ¢°¥¬¥¨ ²°¥¢®£¨; { = k=K {

±² ²¨±²¨ª  «®¦»µ ²°¥¢®£, £¤¥ k { ·¨±«® «®¦»µ ²°¥¢®£, K { ®¡¹¥¥ ·¨±«® ²°¥¢®£

� ¤¥¦®±²¼ ¨ ±² ¡¨«¼®±²¼ °¥§³«¼² ²®¢ ¯®¤²¢¥°¦¤ ¥²±¿ ² ª¦¥ ½ª±-

¯¥°¨¬¥²®¬ \�¥©±¬¨·¥±ª ¿ ¨±²®°¨¿" [15], ª®²®°»© ±®±²®¨² ¢ ±«¥¤³¾-

¹¥¬. �®¥¶ ¯¥°¨®¤  ®°¬¨°®¢ª¨ ¨ ¤¨±ª°¥²¨§ ¶¨¨ ´³ª¶¨® «®¢ TSP

±¤¢¨£ ¥²±¿ ¯®±«¥¤®¢ ²¥«¼® ¸ £ §  ¸ £®¬ ª  · «³ ª ² «®£  ² ª, ·²®¡»

¥£® ¤«¨²¥«¼®±²¼ ³¬¥¼¸ « ±¼. �°¨ ½²®¬ ¯°®£®§¨°³¾²±¿ «¨¸¼ ±¨«¼-

»¥ §¥¬«¥²°¿±¥¨¿, ¯°®¨§®¸¥¤¸¨¥ ¯®±«¥ ª®¶  TSP, ·²® ¿¢«¿¥²±¿, ¯®

±³²¨, ¯°®£®§®¬ ¢¯¥°¥¤. �²¨¬ ¯°®¢¥°¿¥²±¿ ±² ¡¨«¼®±²¼ °¥§³«¼² ²®¢

¢ § ¢¨±¨¬®±²¨ ®² ¯°®¤®«¦¨²¥«¼®±²¨ TSP.
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1974 1978 1982 1986 1990 1994 1998 2002 Ãîäû

0

1

2

3

M

à

1974 1978 1982 1986 1990 1994 1998 2002 Ãîäû

0

1

2

3

M
á

1974 1978 1982 1986 1990 1994 1998 2002 Ãîäû

0

1

2

3

M

1974 1978 1982 1986 1990 1994 1998 2002 Ãîäû

0

1

2

3

M

â

ã

1 2 3 4

�¨±. 6. ��� ¨ ±¨«¼»¥ §¥¬«¥²°¿±¥¨¿ ¤«¿ ° §«¨·»µ § ·¥¨¨© ¬ £¨²³¤» M

0

¯°¨ ¬ ª±¨¬ «¼®¬ ª ·¥±²¢¥ ¯°®£®§ :

  { M

0

= 3:0 (# = 3:0), ¡ { M

0

= 3:1 (# = 2:5), ¢ { M

0

= 3:2 (# = 2:5), £ { M

0

= 3:3

(# = 3:0); 1 { ���, ¯°¥¤¸¥±²¢³¾¹¨¥ ±¨«¼»¬ §¥¬«¥²°¿±¥¨¿¬, 2 { «®¦»¥ ²°¥¢®£¨,

3 { ¯°¥¤±ª § »¥ ¬®¬¥²» ±¨«¼»µ §¥¬«¥²°¿±¥¨©, 4 { ¯°®¯³±ª¨ ¶¥«¨
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�¨±. 7. ��� ¨ ±¨«¼»¥ §¥¬«¥²°¿±¥¨¿ ¤«¿ ° §«¨·»µ ¯¥°¨®¤®¢ TSP ¢ ½ª±¯¥°¨¬¥²¥

\�¥©±¬¨·¥±ª ¿ ¨±²®°¨¿":

a { 22.02.1998 £., ¡ { 24.06.1996 £., ¢ { 24.10.1995 £., £ { 24.10.1990 £., ¤ { 24.10.1989 £.

� · «® ª ¦¤®£® ¨§ TSP ±®¢¯ ¤ ¥² ±  · «®¬ ª ² «®£  OVO (23.02.1972). �²°¥«ª®©

®¡®§ ·¥» ¬®¬¥²» ®ª®· ¨¿ TSP. �¡®§ ·¥¨¿ 1{4 ª ª   °¨±. 6
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� ª®© ½ª±¯¥°¨¬¥² ¡»« ¯°®¢¥¤¥ ¤«¿ ¬ ª±¨¬ «¼®£® ·¨±«  ±¨«¼»µ

±®¡»²¨©, ².¥. ¯°¨ �

0

= 3:0 ¨ # = 3. �¡®§ ·¨¢ ·¥°¥§ N

P

{ ·¨±«®

¯°®£®§¨°³¥¬»µ ®±®¢»µ ²®«·ª®¢ ± � � 3 ¢ ¯¥°¨®¤ ¯®±«¥ ®ª®· ¨¿

TSP,   ·¥°¥§ n

P

{ ·¨±«® ¯°¥¤±ª § »µ ±°¥¤¨ ¨µ, ®¶¥¨¬ °¥§³«¼² ²»

² ª®£® ¯°®£®§  \¢¯¥°¥¤" (°¨±. 7 ¨ ² ¡«.3).

������� 3. �¥§³«¼² ²» ½ª±¯¥°¨¬¥²  \�¥©±¬¨·¥±ª ¿ ¨±²®°¨¿",

M

0

= 3, # = 3

�®¥¶ TSP � � � + � { n

P

=N

P

01.01.2000 0.08 0.31 0.39 0.37 2/2

22.02.1998 0.08 0.31 0.39 0.43 3/3

24.06.1996 0.15 0.24 0.4 0.35 3/4

24.10.1995 0.15 0.26 0.41 0.31 3/5

24.10.1990 0.15 0.27 0.43 0.35 5/7

24.10.1989 0.08 0.35 0.43 0.37 9/10

�°¨¬¥· ¨¥: N

P

{ ®¡¹¥¥ ·¨±«® ®±®¢»µ ²®«·ª®¢ ± � � 3 ¯®±«¥ ®ª®· ¨¿ TSP,

n

P

{ ·¨±«® ¯°¥¤±ª § »µ §¥¬«¥²°¿±¥¨© ±� � 3 ¢ ²®² ¦¥ ¯¥°¨®¤ ¢°¥¬¥¨. �±² «¼-

»¥ ®¡®§ ·¥¨¿ ª ª ¢ ² ¡«. 2

� ·¥±²¢® ¯°®£®§  ¯® ¬¥°¥ ±®ª° ¹¥¨¿ TSP ±¨¦ ¥²±¿ ¥§ ·¨²¥«¼®

¨ (� + �) ¬¥¿¥²±¿ ®² 0.39 ¤® 0.49. �®«¥¥ ²®£®, ¤ ¦¥ ª®£¤  ¯¥°¨®¤ TSP

±®ª° ¹ ¥²±¿ ¤® 24.10.1989 ¨ ±®¤¥°¦¨² ¨´®°¬ ¶¨¾ «¨¸¼ ® ²°¥µ §¥¬-

«¥²°¿±¥¨¿µ ± � � 3:0, ½²®£® ®ª §»¢ ¥²±¿ ¤®±² ²®·® ¤«¿ ¯°®£®§ 

¯®±«¥¤³¾¹¨µ 9 ¨§ 10 ±¨«¼»µ §¥¬«¥²°¿±¥¨©.

�»¢®¤»

�°¨¢¥¤¥»¥ ¢»¸¥ °¥§³«¼² ²» ¯°®£®§  ¢ §®¥ �¥§³¢¨¿ ¤ ¾² ®±®-

¢ ¨¥ ¯®« £ ²¼, ·²®  «£®°¨²¬ �� ¯°¨¬¥¨¬ ¤«¿ ¯°®£®§  ±¨«¼¥©¸¨µ

§¥¬«¥²°¿±¥¨© ¥ ²®«¼ª® ¢ ²¥ª²®¨·¥±ª¨µ °¥£¨® µ, ® ¨ ¢ ¢³«ª ¨·¥-

±ª¨µ §® µ. �«¥¤®¢ ²¥«¼®, ¯°®¶¥±±» ¯®¤£®²®¢ª¨ ±¨«¼»µ ²¥ª²®¨·¥-

±ª¨µ ¨ ¢³«ª ¨·¥±ª¨µ §¥¬«¥²°¿±¥¨©, ± ²®·ª¨ §°¥¨¿ ¨µ ¯°¥¤¢¥±²¨ª®¢,

¢® ¬®£®¬   «®£¨·». �²® ¯°¥¤¯®«®¦¥¨¥, ¥±²¥±²¢¥®, ¥®¡µ®¤¨¬®

¯®¤²¢¥°¤¨²¼ °¥§³«¼² ² ¬¨ ¯°®£®§  ¢ ¤°³£¨µ ¢³«ª ¨·¥±ª¨µ §® µ ¨

°¥§³«¼² ² ¬¨ ²¥ª³¹¥£® ¯°®£®§  ¢ §®¥ �¥§³¢¨¿.

�°³£®©, ¥ ¬¥¥¥ ¢ ¦»©, ¢»¢®¤ ±®±²®¨² ¢ ²®¬, ·²® ¤«¿ ³±¯¥¸®£®

¯°®£®§  ¢ °¥£¨® µ ± ¨§ª¨¬ ³°®¢¥¬ ±¥©±¬¨·¥±ª®©  ª²¨¢®±²¨ ¥-

®¡µ®¤¨¬® ¢¢®¤¨²¼ ¬ ±¸² ¡¨°®¢ ¨¥ ¢°¥¬¥¨, ±®ª° ¹ ¿ ¤«¨²¥«¼®±²¼

¢°¥¬¥�»µ ®ª®, ¨±¯®«¼§³¥¬»µ ¢  «£®°¨²¬¥ ��. �¥®¡µ®¤¨¬  ¤ «¼¥©-

¸ ¿ ¯°®¢¥°ª  ¯°®£®§  ¤«¿ ±« ¡®±¥©±¬¨·»µ ²¥ª²®¨·¥±ª¨µ °¥£¨®®¢

± ¨±¯®«¼§®¢ ¨¥¬ ¬ ±¸² ¡¨°®¢ ¨¿ ¢°¥¬¥¨. �  ¬®¦¥² ¯®¬®·¼  ©²¨

§ ¢¨±¨¬®±²¼ ¬ ±¸² ¡¨°®¢ ¨¿ ®² ¬ £¨²³¤».

�±²¥±²¢¥®, °¥§³«¼² ²» ¯°®£®§  §¥¬«¥²°¿±¥¨© ± � � 3 ¤«¿ §®»

�¥§³¢¨¿ ¥ ¬®£³² ¤ ²¼ ®²¢¥²   ¢®¯°®± { ¿¢«¿¥²±¿ «¨ ¢®§¨ª®¢¥¨¥
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§¥¬«¥²°¿±¥¨© ² ª®© ¨«¨ ¡®«¼¸¥© ±¨«» ¯°¥¤¢¥±²¨ª®¬ ¨§¢¥°¦¥¨¿ ¢³«-

ª  , µ®²¿ ¨ ±³¹¥±²¢³¾² ³¤ ·»¥ ±«³· ¨ ¯°®£®§  ¨§¢¥°¦¥¨© ¢³«ª -

®¢   ®±®¢¥ µ ° ª²¥°»µ ¨§¬¥¥¨© ¢¥«¨·¨» b ¢ § ª®¥ �³²¥¡¥°£ {

�¨µ²¥°  [33{36].

� ¡®²  ¢»¯®«¥  ¯°¨ ¯®¤¤¥°¦ª¥ �¥¦¤³ °®¤®£® ¶¥²°  ²¥®°¥²¨-

·¥±ª®© ´¨§¨ª¨ ¨¬. �¡¤³± � « ¬ , �°³¯¯» � ¶¨® «¼®© �² «¼¿±ª®©

�³«ª ®«®£¨¨, �¥¦¤³ °®¤®£®  ³·®-²¥µ¨·¥±ª®£® ¶¥²°  (¯°®¥ª²

1538 M�T�) ¨ SfP ���� (¯°®¥ª² 972266).
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�®¤¯¨±¨ ª °¨±³ª ¬.

�¨±. 1. �¨±²®£° ¬¬  ·¨±«  §¥¬«¥²°¿±¥¨© N ª ª ´³ª¶¨¨ ¢°¥¬¥¨

¤«¿ ° §»µ ¨²¥°¢ «®¢ ¬ £¨²³¤

�¨±. 2. � ¢¨±¨¬®±²¼ ·¨±«  §¥¬«¥²°¿±¥¨© N ®² ¬ £¨²³¤» � ¢

° §»¥ ¯¥°¨®¤» ¢°¥¬¥¨:

1 { 01.1972{10.2002, 2 { 01.1982{10.2002, 3 { 01.1992{10.2002

�¨±. 3. �¨±²®£° ¬¬  ·¨±«  ®±®¢»µ ²®«·ª®¢ N ¤«¿ ° §»µ ¬ £¨-

²³¤»µ ¨²¥°¢ «®¢

�¨±.4. �®¬¥²» ¢®§¨ª®¢¥¨¿ ±¨«¼»µ §¥¬«¥²°¿±¥¨© ± M � 3:0

§  ¯¥°¨®¤ 01.1972{10.2002.

�»±®²  ¢¥°²¨ª «¼»µ «¨¨© ±®®²¢¥²±²¢³¥² ¬ £¨²³¤¥ ±®¡»²¨¿

�¨±. 5. � ¢¨±¨¬®±²¼ ª ·¥±²¢  ¯°®£®§  (� + �) ®² ª®½´´¨¶¨¥² 

¬ ±¸² ¡¨°®¢ ¨¿ ¤«¨²¥«¼®±²¨ ¨²¥°¢ «®¢ ¢°¥¬¥¨ # ¤«¿ ° §»µ § -

·¥¨© M

0

:

1 { M

0

= 3:0, 2 { M

0

= 3:1, 3 { M

0

= 3:2; 4 { M

0

= 3:3

�¨±. 6. ��� ¨ ±¨«¼»¥ §¥¬«¥²°¿±¥¨¿ ¯°¨ ¬ ª±¨¬ «¼®¬ ª ·¥±²¢¥

¯°®£®§  ¤«¿ ° §»µ § ·¥¨© M

0

:

  { M

0

= 3:0 (# = 3:0), ¡ { M

0

= 3:1 (# = 2:5), ¢ { M

0

= 3:2 (# = 2:5),

£ { M

0

= 3:3 (# = 3:0).

1 { ���, ¯°¥¤¸¥±²¢³¾¹¨¥ ±¨«¼»¬ §¥¬«¥²°¿±¥¨¿¬, 2 { «®¦»¥ ²°¥-

¢®£¨, 3 { ¯°¥¤±ª § »¥ ¬®¬¥²» ±¨«¼»µ §¥¬«¥²°¿±¥¨©, 4 { ¯°®¯³±ª¨

¶¥«¨

�¨±. 7. ��� ¨ ±¨«¼»¥ §¥¬«¥²°¿±¥¨¿ ¤«¿ ° §»µ ¯¥°¨®¤®¢ TSP ¢

½ª±¯¥°¨¬¥²¥ \�¥©±¬¨·¥±ª ¿ ¨±²®°¨¿":

a { 22.02.1998 £., ¡ { 24.06.1996 £., ¢ { 24.10.1995 £., £ { 24.10.1990 £.,

¤ { 24.10.1989 £.

� · «® ª ¦¤®£® ¨§ TSP ±®¢¯ ¤ ¥² ±  · «®¬ ª ² «®£  OVO (23.02.1972),

c²°¥«ª®© ®¡®§ ·¥» ¬®¬¥²» ®ª®· ¨¿ TSP. �¡®§ ·¥¨¿ 1{4 ª ª  

°¨±. 6


