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

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

� °¨¦±ª¨© ¨±²¨²³² ´¨§¨ª¨ �¥¬«¨, � °¨¦, �° ¶¨¿

�  ®±®¢ ¨¨   «¨§  ±®¡° ®£® §  ®¤¨ £®¤  °µ¨¢  ª °² ¢¥°®¿²®±²¥© ¨ ª -

² «®£  §¥¬«¥²°¿±¥¨© §  ²®² ¦¥ ¯¥°¨®¤, ¤¥« ¥²±¿ ¢»¢®¤ ® ²®¬, ·²® ¨´®°¬ ²¨¢-

®±²¼ ¬¥²®¤  �¦¥ª±® {� £   \�° ²ª®±°®·»© ¯°®£®§ §¥¬«¥²°¿±¥¨© ± ¬ £¨²³-

¤®© MwHRV � 5:8 ¤«¿ § ¯ ¤  �¨µ®£® ®ª¥  " ¤«¿ ®¯°¥¤¥«¥¨¿ ¯°®±²° ±²¢ -¢°¥¬¥¨

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

«®¦¨²¼, ¯® ª° ©¥© ¬¥°¥, ¥³¤ ·®±²¼ ¢»¡®°  ¯ ° ¬¥²°®¢ ª®ª°¥²®© °¥ «¨§ ¶¨¨

¬®¤¥«¨ ½¯¨¤¥¬¨·¥±ª®£® ± ¬®¢®±¯°®¨§¢®¤±²¢  §¥¬«¥²°¿±¥¨©, «¥¦ ¹¥© ¢ ®±®¢¥ ¬¥-

²®¤ .

\THE WEST PACIFIC SHORT-TERM FORECAST

OF EARTHQUAKES WITH MAGNITUDE MwHRV � 5:8"

BY D.JACKSON { Y.KAGAN:

AN INDEPENDENT EVALUATION OF EFFICIENCY

V.G.KOSSOBOKOV

International Institute of Earthquake Prediction Theory

and Mathematical Geophysics, Russian Academy of Sciences, Moscow,

Institute de Physique du Globe de Paris, Paris, France

Analyzing one-year archive of the probability maps from \The West Paci�c short-term

forecast of earthquakes with magnitude MwHRV � 5:8" and the catalog of earthquakes for

the same period the conclusion is drawn that the Jackson{Kagan method's comprehension

of locating the space-time of large earthquakes is rather doubtful, while the universality

of the underlying realization of the epidemic-type self exciting model is a superstition.
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�¢¥¤¥¨¥

�¹¥ ±® ¢°¥¬¥ �¦®  �¨«  ¯°®£®§ §¥¬«¥²°¿±¥¨© ° ±±¬ ²°¨¢ -

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

²¥«¼® {  ±ª®«¼ª® ¬®£® ° ±¯«»¢· ²»µ ¢»±ª §»¢ ¨© ±¥©±¬®«®£®¢ ¨

£¥®´¨§¨ª®¢ ° ±¶¥¨¢ ¾²±¿ ¨¬¨ ª ª ¯°®£®§ §¥¬«¥²°¿±¥¨©, ¨  ±ª®«¼ª®

¬ «® ±¨±²¥¬ ²¨·¥±ª¨µ ¨±±«¥¤®¢ ¨©, ¯®±¢¿¹¥»µ ±®¡±²¢¥® ª®ª°¥²-

®¬³ ½ª±¯¥°¨¬¥² «¼®¬³ ¯°®£®§³. �.�¥««¥° ®¯³¡«¨ª®¢ « ¤®¢®«¼®

¯®«»© ª°¨²¨·¥±ª¨© ®¡§®° [1], ¢ ª®²®°®¬  ³· ¿ ¶¥®±²¼ ¡®«¼¸¨-

±²¢  ° ¡®², ®²®±¿¹¨µ±¿ ª ¯°®£®§³ §¥¬«¥²°¿±¥¨©, ±² ¢¨²±¿ ¯®¤ ±®-

¬¥¨¥ ¯°¥¦¤¥ ¢±¥£® ¨§-§  ®²±³²±²¢¨¿ ²®·»µ ®¯°¥¤¥«¥¨©. �·¥¢¨¤®,

·²®  ³·»© ¯°®£®§ §¥¬«¥²°¿±¥¨© ¨ ¥£®   «¨§ ¥¢®§¬®¦» ¡¥§ ²®·-

»µ ®¯°¥¤¥«¥¨© ®¦¨¤ ¥¬®£® ¿¢«¥¨¿ ¨ ¯° ¢¨«, ¯® ª®²®°»¬ ¬®¦® ®¤-

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

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

¯®°®¦¤ ¾² ®¡¨«¨¥ ¯°®²¨¢®°¥·¨¢»µ ¯³¡«¨ª ¶¨© [2{4] ¨ ¤¨±ª³±±¨© [5].

� §®·²¥¨¿¬ ±¯®±®¡±²¢³¥² ¥ ¢¯®«¥ ³±² ®¢¨¢¸ ¿±¿ ²¥°¬¨®«®£¨¿,

¢ ª®²®°®© ¯®¤ ¯°®£®§®¬ ° §»¥  ¢²®°» ¯®¨¬ ¾² ¨ ¢»±ª §»¢ ¨¥ ®

¤¥²¥°¬¨¨°®¢ ®© ¢®§¬®¦®±²¨ §¥¬«¥²°¿±¥¨¿ [6, 7], ¨ ®¶¥ª³ ³±«®¢-

®© ¨²¥±¨¢®±²¨ ¯®¿¢«¥¨¿ ±®¡»²¨©, ².¥. ®¶¥ª³ ³±«®¢®© ¢¥°®¿²®-

±²¨ ¡³¤³¹¥£® §¥¬«¥²°¿±¥¨¿ ¢ ¤ ®© ²®·ª¥ [8, 9]. � ª®¥¶, ±®£« ±®

�.�.�®«· ³ [10], ¯®¿²¨¥ ¯°®£®§  ¤®«¦® ¢ª«¾· ²¼ ¶¥«¥¢³¾ ´³ª-

¶¨¾. �°¨ ½²®¬ ²¥°¬¨» ¯°®£®§ (prediction) ¨ ¯°®£®§¨°®¢ ¨¥ (fore-

cast) ®²®±¿²±¿ ª ¯°¥¤±ª § ¨¿¬ ¢ ±¬»±«¥ [6, 7] ¨ ¢ ±¬»±«¥ [8, 9], ±®®²-

¢¥²±²¢¥®. �  ±²®¿¹¥¥ ¢°¥¬¿, ª ª ³¦¥ ®²¬¥· «®±¼ ¢»¸¥, ²¥°¬¨»

\¯°¥¤±ª § ¨¥", \¯°®£®§", \¯°®£®§¨°®¢ ¨¥" ±¢®¡®¤® ¨±¯®«¼§³¾²±¿

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

«¥²°¿±¥¨© [10{12] ¤ ¥² ®²¢¥²   ¢®¯°®±, ª ª ¨±¯®«¼§®¢ ²¼ ®¶¥ª³ ³±«®¢-

®© ¨²¥±¨¢®±²¨, ¥±«¨ ¶¥«¨ ¯°®£®§  ®¯°¥¤¥«¥». �» (¢ · ±²®±²¨ ¢

½²®© ° ¡®²¥) ¯°¨¤¥°¦¨¢ ¥¬±¿ ±«¥¤³¾¹¥£® ¯°®±²®£® ¨ ³¤®¡®£® ®¯°¥¤¥-

«¥¨¿, ª®²®°®¥ ¡»«® ¢»° ¡®² ® ¨ ±®£« ±®¢ ® ®¡¹¨¬¨ ³±¨«¨¿¬¨ ±¯¥-

¶¨ «¼® ®°£ ¨§®¢ ®© ¯°¥¤±² ¢¨²¥«¼®© �®¬¨±±¨¨ ¯® ¯°®£®§³ §¥¬-

«¥²°¿±¥¨© � ¶¨® «¼®© �ª ¤¥¬¨¨ � ³ª ��� ([13], ±.7):

\An earthquake prediction must specify the expected magnitude range,

the geographical area within which it will occur, and the time interval

within which it will happen with su�cient precision so that the ultimate

success or failure of the prediction can readily be judged. Only by care-

ful recording and analysis of failures as well as successes can the even-

tual success of the total e�ort be evaluated and future directions charted.

Moreover, scientists should also assign a con�dence level to each predic-

tion."
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\�°®£®§ §¥¬«¥²°¿±¥¨¿ ¤®«¦¥ ®¯°¥¤¥«¿²¼ ®¦¨¤ ¥¬»© ¬ £¨-

²³¤»© ¤¨ ¯ §®, £¥®£° ´¨·¥±ª³¾ ®¡« ±²¼, £¤¥ ®® ¯°®¨§®©¤¥², ¨

¨²¥°¢ « ¢°¥¬¥¨, ª®£¤  ®® ¬®¦¥² ±«³·¨²¼±¿, ± ²®·®±²¼¾, ¤®-

±² ²®·®© ¤«¿ ²®£®, ·²®¡» ±³¦¤¥¨¥ ®¡ ®ª®· ²¥«¼®¬ ³±¯¥µ¥

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

¨¨ ²¹ ²¥«¼®© § ¯¨±¨ ¨   «¨§  ®¸¨¡®ª, ° ¢® ª ª ¨ ³±¯¥µ®¢,

¬®¦¥² ¡»²¼ ®¶¥¥ ®ª®· ²¥«¼»© ³±¯¥µ ¢±¥£® ®¯»²  ¨  ¬¥-

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

®¯°¥¤¥«¨²¼ ¤®¢¥°¨²¥«¼»© ³°®¢¥¼ ª ¦¤®£® ¯°®£®§ ."

� § «®±¼ ¡» ¤®¢®«¼® «¥£ª® ³¤®¢«¥²¢®°¨²¼ ½²® ¯°®±²®¥ ®¯°¥¤¥«¥-

¨¥,   §  ·¥²¢¥°²¼ ±²®«¥²¨¿ ± ¬®¬¥²  ¥£® ¯³¡«¨ª ¶¨¨ ¬®£«¨ ¡» ¡»²¼

¯°¥¤º¿¢«¥» °¥§³«¼² ²» { ª ª ¯®«®¦¨²¥«¼»¥, ² ª ¨ ®²°¨¶ ²¥«¼»¥ {

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

ª¨¥ ½ª±¯¥°²» ¢ ®¡« ±²¨ ¯°®£®§  ª ª �.�.�¥¤®²®¢, �. � ©ª±, �.�¨±±,

�.�¢¨±® ¨ ¤°³£¨¥ ¯®µ®¦¥ ¨§¡¥£ ¾² ½ª±¯¥°¨¬¥²®¢ ¯® ¯° ª²¨·¥±ª®©

¯°®¢¥°ª¥ ¯°¥¤«®¦¥»µ ¨¬¨ ¬¥²®¤®¢. � «¨§ ¬¥²®¤®¢ ¯°®£®§  ¢  -

±²®¿¹¥¥ ¢°¥¬¿ ±¬¥±²¨«±¿ ¢ ±²®°®³ ²¥®°¥²¨·¥±ª¨µ ¤¨±ª³±±¨© { ¯°¥¤-

±ª §³¥¬» ¨«¨ ¥² ±¥©±¬¨·¥±ª¨¥ ±®¡»²¨¿ [5]. �°¨ ½²®¬ °¥ «¼ ¿ ±¥©-

±¬¨·®±²¼ ¯®¤¬¥¥  ¥¥ ¬®¤¥«¿¬¨, ¥ ¯°®¸¥¤¸¨¬¨ ½² ¯ ¯°®¢¥°ª¨  

 ¤¥ª¢ ²®±²¼  ¡«¾¤¥¨¿¬,   § ·¨² ¥¥ ±¢®©±²¢ , ¢ ²®¬ ·¨±«¥ ¨ ¯°¥¤-

¢¥±²¨ª®¢»¥, ®ª § «¨±¼ ¢¥ ¯°¥¤¬¥²  ¤¨±ª³±±¨¨.

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

°®ª ¬¥²®¤®¢ ¯°®£®§ , ° ±±¬®²°¥¢ ¢¥¤³¹¨©±¿ ¢®² ³¦¥ ¡®«¥¥ ²°¥µ «¥²

½ª±¯¥°¨¬¥² �.�¦¥ª±®  ¨ �.� £   [8, 9].

�³«¥¢ ¿ £¨¯®²¥§  { \±¥©±¬¨·¥±ª ¿ °³«¥²ª "

� ª ®¶¥¨²¼ °¥§³«¼² ²» ¯°®£®§ ? �² ²¨±²¨·¥±ª¨¥ ¢»¢®¤» ® ¤®-

±²®¢¥°®±²¨ ¨  ¤¥¦®±²¨ ¬¥²®¤  ¯°®£®§  ¬®£³² ¡»²¼ ±¤¥« »  

®±®¢ ¨¨ ±«¥¤³¾¹¥£® ¯°®±²®£® ° ±±¬®²°¥¨¿ [14].

�³±²¼ T ¨ S { ° ±±¬ ²°¨¢ ¥¬»¥ ¢ ±®¢®ª³¯®±²¨ ¢°¥¬¿ ¨ ¯°®±²° -

±²¢®; A

t

{ · ±²¼ ¯°®±²° ±²¢ , ¢ ª®²®°®© ®¡º¿¢«¥  ²°¥¢®£  ¢ ¤ -

»© ¬®¬¥² ¢°¥¬¥¨ t; � � � { ¬¥°    T�S (®£° ¨·¨¢ ¿±¼ ¬¥°®©

¯°¿¬®£® ¯°®¨§¢¥¤¥¨¿ � � �, ¬» °¥§¥°¢¨°³¥¬ ®¡¹¨© ±«³· © ¬¥°» �

± ¯°®±²° ±²¢¥®-¢°¥¬¥�®© § ¢¨±¨¬®±²¼¾ ¤«¿ ¡³¤³¹¨µ ¡®«¥¥ ¨§®¹-

°¥»µ ³«¥¢»µ £¨¯®²¥§); N § ¤ ¥² ®¡¹¥¥ ·¨±«® ±¨«¼»µ §¥¬«¥²°¿±¥-

¨© ± ¬ £¨²³¤®© M ¨§ ¤¨ ¯ §®  M

0

+ = [M

0

;M

0

+ �M ] ¢ ¯°¥¤¥« µ

T�S,   n { ·¨±«® ²¥µ ¨§ ¨µ, ·²® ¯°¥¤±ª § »  «£®°¨²¬®¬, ®¯°¥¤¥«¿¾-

¹¨¬ ²°¥¢®£¨. �¡º¥¬ ¯°®±²° ±²¢ -¢°¥¬¥¨, § ¿²»© ¢±¥© ±®¢®ª³¯®-

±²¼¾ ²°¥¢®£ A =

S

T

A

t

, ®²¥±¥»© ª ° ±±¬®²°¥®¬³ ®¡¹¥¬³ ®¡º¥¬³,

° ¢¿¥²±¿
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p =

Z

A

d(� � �)=

Z

T�S

d(� � �):

�¢®©±²¢¥»¥ ¯® ®²®¸¥¨¾ ¤°³£ ª ¤°³£³ ±² ²¨±²¨·¥±ª¨¥ ³°®¢¨ § -

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

1� B(n� 1; N; p) ¨ B(n � 1; N; p);

£¤¥ B { ´³ª¶¨¿ ª³¬³«¿²¨¢®£® ¡¨®¬¨ «¼®£® ° ±¯°¥¤¥«¥¨¿ [15]. �¥¬

¨¦¥ ³°®¢¥¼ ±² ²¨±²¨·¥±ª®© § ·¨¬®±²¨ ¨,  ®¡®°®², ·¥¬ ¢»¸¥ ³°®-

¢¥¼ ¤®¢¥°¨¿, ²¥¬ § ·¨²¥«¼¥¥ ®²«¨·¨¥ ¤®±²¨£³²»µ °¥§³«¼² ²®¢ ¯°®-

£®§  ®² °¥§³«¼² ²®¢ ±«³· ©®£® ³£ ¤»¢ ¨¿ ¢ ³±«®¢¨¿µ ³«¥¢®© £¨¯®-

²¥§». � ¡®«¼¸¨±²¢¥ ¯°¨«®¦¥¨© ¤«¿ ®¯°¥¤¥«¥¨¿ § ·¨¬»µ °¥§³«¼² -

²®¢ ®¡»·® ¨±¯®«¼§³¾²±¿ § ·¥¨¿ ³°®¢¿ ¤®¢¥°¨¿ ¢ 95% ¨ 99%, µ®²¿

¢ ®²¤¥«¼»µ ±«³· ¿µ ²°¥¡³¥²±¿ ¤¥¬®±²° ¶¨¿ ¡®«¥¥ ¢»±®ª¨µ ª°¨²¥°¨¥¢

§ ·¨¬®±²¨.

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

¢»¡° ²¼ ¬¥°³ � � � ±«¥¤³¾¹¨¬ ®¡° §®¬. �«¿ ¢°¥¬¥¨ ¢®§¼¬¥¬ ° ¢®-

¬¥°® ° ±¯°¥¤¥«¥³¾ ¬¥°³ � , ±®®²¢¥²±¢³¾¹³¾ ±«³· ©®© ° ¢®¢¥°®-

¿²®© ¯®¢²®°¿¥¬®±²¨ §¥¬«¥²°¿±¥¨©. �«¿ ¯°®±²° ±²¢  ¯®«®¦¨¬ ¬¥°³

� ¯°®¯®°¶¨® «¼®© ¯°®±²° ±²¢¥®© ¯«®²®±²¨ £¨¯®¶¥²°®¢. �®-

ª°¥²¥¥, ®¯°¥¤¥«¨¬ ¬¥°³ � ¯°®±²° ±²¢¥®© ®¡« ±²¨, ¯°®¯®°¶¨® «¼-

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

®£® ª ² «®£  {  ¯°¨¬¥°, ¨§ ª ² «®£  ¤®±²®¢¥°® § °¥£¨±²°¨°®¢ »µ

§¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© ®² ¥ª®²®°®£® ´¨ª±¨°®¢ ®£® ¯®°®£  ¨

¢»¸¥. � ª,  ¯°¨¬¥°, ª ² «®£ §¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© ®² 4 ¨ ¢»¸¥

§  1964{1984££., ±®±² ¢«¥»© NEIC, ¤ ¥²  ¤¥ª¢ ²®¥ ¯°¥¤±² ¢«¥¨¥ ®

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

·¥±ª®© § ·¨¬®±²¨ £«®¡ «¼®£® ½ª±¯¥°¨¬¥²  ¯® ¯°®£®§³ ±¨«¼¥©¸¨µ

§¥¬«¥²°¿±¥¨© ¬¨°  [17,18]. �²  ¥±²¥±²¢¥ ¿ ½¬¯¨°¨·¥±ª ¿ ¬¥°  ¯°®-

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

¤«¿ ®¶¥®ª ±¥©±¬¨·¥±ª®© ®¯ ±®±²¨ ²¥°°¨²®°¨© [17,18]. � ¯°®²¨¢, ¤®-

¢®«¼® ° ±¯°®±²° ¥®¥ ¨±¯®«¼§®¢ ¨¥ £¥®¬¥²°¨·¥±ª®© ¯«®¹ ¤¨ ®¡« -

±²¨ ²°¥¢®£¨ (¢ ª¬

2

) ¬®¦¥² ¯°¨¢¥±²¨ (¨ ¯°¨¢®¤¨²) ª ±³¹¥±²¢¥®© ¯¥°¥-

®¶¥ª¥ § ·¨¬®±²¨ °¥§³«¼² ²®¢ ¯°®£®§ , ¯®±ª®«¼ª³ ®® ¯°¨° ¢¨¢ ¥²

° ¢®¢¥«¨ª¨¥ ®¡« ±²¨ ¢»±®ª®© ¨ ¨§ª®© ±¥©±¬¨·¥±ª®©  ª²¨¢®±²¨ (¢

· ±²®±²¨ { ±¥©±¬®®¯ ±»¥ ¨  ±¥©±¬¨·»¥ ° ©®»).

�¥¶¥¯² ¯° ª²¨·¥±ª®£® ¨±¯®«¼§®¢ ¨¿ ¬¥°» � ¤«¿ ¯®¤±·¥²  · ±²¨

¯°®±²° ±²¢¥®-¢°¥¬¥�®£® ®¡º¥¬  p, § ¿²®£® ²°¥¢®£®©, ª° ©¥ ¯°®±²:

� �»¡¥°¨²¥ ½² «®»© ª ² «®£ \§¥¬«¥²°¿±¥¨©{®¡° §¶®¢". �®«¨-

·¥±²¢® ±®¡»²¨© ¢³²°¨ ¢±¥© ° ±±¬ ²°¨¢ ¥¬®© ²¥°°¨²®°¨¨ ¨±¯®«¼§³©²¥

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

«¨·¥±²¢® ±®¡»²¨© ¢³²°¨ ±®¢®ª³¯®±²¨ ²¥ª³¹¨µ ®¡« ±²¥© ²°¥¢®£¨  

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

� �±°¥¤¨²¥ ¤°®¡¼ ¯® ¢±¥¬³ ¯¥°¨®¤³ ¯°®£®§ . �®«³·¥®¥ ±°¥¤¥¥

§ ·¥¨¥ ° ¢® p.

�²®² ¯°®±²¥©¸¨© °¥¶¥¯² ¨¬¥¥² ¨§¿¹³¾   «®£¨¾, ª®²®° ¿ ®¡®±®-

¢»¢ ¥² ¨±¯®«¼§®¢ ¨¥ ±² ²¨±²¨·¥±ª¨µ ¬¥²®¤®¢, ¤®±²³¯»µ ±® ¢°¥¬¥

�«¥§  � ±ª «¿ (Blaise Pascal, 1623{1662):

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

·¨±«® ª®²®°»µ ±®¢¯ ¤ ¥² ± ·¨±«®¬ ±®¡»²¨© ¢ ½² «®®¬ ª ² «®£¥ §¥¬-

«¥²°¿±¥¨©, ¨ ª ¦¤®¬³ ±¥ª²®°³ ±®®²¢¥²±²¢³¥² °®¢® ®¤® ±®¡»²¨¥. �¥-

« ©²¥ ±² ¢ª¨ ±®£« ±® ¨¬¥¾¹¥¬³±¿ ¯°®£®§³ ±«¥¤³¾¹¨¬ ®¡° §®¬:

� ®¯°¥¤¥«¨²¥ ±®¡»²¨¿ ½² «®®£® ª ² «®£ , ª®²®°»¥ ¯®¯ ¤ ¾² ¢

®¡« ±²¼ ²°¥¢®£¨,

� ¯®±² ¢¼²¥ ¯® ´¨¸ª¥   ±®®²¢¥²±²¢³¾¹¨¥ ¨¬ ±¥ª²®° .

� �°¨°®¤  ¢° ¹ ¥² ª®«¥±®.

�±«¨ �¥©±¬¨·¥±ª ¿ �³«¥²ª  ¥ ¨¤¥ «¼ , ²® ¬®¦® ¢»¨£°»¢ ²¼ ±¨-

±²¥¬ ²¨·¥±ª¨! ...¥±«¨, ª®¥·®, ¢»¡°  ¯®¤µ®¤¿¹¨© ¬¥²®¤ ¨ ±²° ²¥£¨¿

¯°®£®§ .

�¶¥ª  ±² ²¨±²¨·¥±ª®© § ·¨¬®±²¨ ¨ ¤®±²®¢¥°®±²¨ ¬¥²®¤  ¯°®-

£®§  ¥®¡µ®¤¨¬  µ®²¿ ¡» ¤«¿ ²®£®, ·²®¡» ³²¢¥°¦¤ ²¼ ¥£® ¯°¥¨¬³¹¥-

±²¢® ¢ ±° ¢¥¨¨ ±® ±«³· ©»¬ ³£ ¤»¢ ¨¥¬. �¥¢»±®ª¨© ¤®¢¥°¨²¥«¼-

»© ³°®¢¥¼ (¨¦¥ 95%) ®±² ¢«¿¥² ¢¯®«¥ ®¡®±®¢ »¬¨ ±®¬¥¨¿ ¢

²®¬, ·²® ² ª®¥ ¯°¥¨¬³¹¥±²¢® ¥±²¼ [19]. �¥¢»±®ª®¥ § ·¥¨¥ ¤®¢¥°¨²¥«¼-

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

³¤ ·, ·²® µ ° ª²¥°® ¤«¿ ¡®«¼¸¨±²¢  ¨§¢¥±²»µ \ª ¤¨¤ ²®¢ ¢ ¯°¥¤-

¢¥±²¨ª¨" ¨ \¯°¥¤¢¥±²¨ª®¢" [2, 4]. �¥©±²¢¨²¥«¼®,  ¨¡®«¥¥ ¯®«»¬¨

 ¡«¾¤¥¨¿¬¨, ª®²®°»¥ ¨±¯®«¼§³¾²±¿ ¤«¿ ´®°¬¨°®¢ ¨¿  «£®°¨²¬®¢

¯°®£®§ , ¯°®¤®«¦ ¾² ®±² ¢ ²¼±¿ ª ² «®£¨ §¥¬«¥²°¿±¥¨©, ®²®±¿¹¨-

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

»µ §¥¬«¥²°¿±¥¨©, ¯°¥¤±² ¢«¿¾¹¨µ ¯° ª²¨·¥±ª¨© ¨²¥°¥± ¤«¿ ¯°®-

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

±¥°¼¥§»µ ¯®¯»²®ª ®¶¥¨¢ ¨¿ ±² ²¨±²¨·¥±ª®© § ·¨¬®±²¨.

�¨²³ ¶¨¿ ¢ ª®°¥ ¬¥¿¥²±¿, ¥±«¨ ³¤ ¥²±¿ ° ±¯°®±²° ¨²¼ ¯°®¢¥°ª³

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

£«®¡ «¼®© ¯°®¢¥°ª¥ ²°¥¡³¥²±¿ ¯®°®© ¢¥±¼¬  ¯°®¤®«¦¨²¥«¼®¥ ¢°¥¬¿

¤«¿  ª®¯«¥¨¿ ¤®±² ²®·®© ±² ²¨±²¨ª¨ ³±¯¥µ®¢ ¨ ¥³¤ ·, ¯®§¢®«¿¾¹¥©

®²¢¥°£³²¼ £¨¯®²¥§³ ®¡ ¨µ ±«³· ©®±²¨. � ª,  ¯°¨¬¥°, ¤«¿ ¤®ª § -

²¥«¼±²¢  ±² ²¨±²¨·¥±ª®© § ·¨¬®±²¨ ± ³°®¢¥¬ ¤®¢¥°¨¿ 95% ¯°¥¤¢¥±²-

¨ª  \¢§°»¢  ´²¥°¸®ª®¢" (\burst of aftershocks", precursor B) [20] ¯®²°¥-

¡®¢ «®±¼ ¥£® °¥²°®±¯¥ª²¨¢®¥ ° ±¯°®±²° ¥¨¥ ¢® ¬®£¨¥ °¥£¨®» ¬¨° 

[6] ¨ ®ª®«® ¤¥±¿²¨ «¥² ¯¥°±¯¥ª²¨¢®£® ¯°¨¬¥¥¨¿ [21]. \�§°»¢  ´²¥°-
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¸®ª®¢" ¿¢«¿¥²±¿, ¯®-¢¨¤¨¬®¬³, ¥¤¨±²¢¥»¬ ¯°¥¤¢¥±²¨ª®¬ ¯°®±²®£®

²¨¯ , ¯°®¸¥¤¸¨¬ ª  ±²®¿¹¥¬³ ¢°¥¬¥¨ ±²°®£³¾ ¯°®¢¥°ª³. �±±«¥¤®-

¢ ¨¿ ¯® ¥£® ° ±¯°®±²° ¥¨¾ ¨ ¬®¤¨´¨ª ¶¨¨ [22,23] ±¯®±®¡±²¢®¢ «¨

¡®«¥¥ ¸¨°®ª®¬³ ¨ ±¨±²¥¬ ²¨·¥±ª®¬³ ¯®¨±ª³ ±¥©±¬¨·¥±ª¨µ ¯°¨§ ª®¢

±«®¦®© ¯°¨°®¤», ª®²®°»© ®¡º¥¤¨¿¥² ¥±ª®«¼ª® ¯°®±²»µ ¯ ° ¬¥²°®¢

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

³²¢¥°¦¤¥¨¿ ¢»±®ª®© ±² ²¨±²¨·¥±ª®© § ·¨¬®±²¨ ¯°®£®§  ±¨«¼¥©¸¨µ

§¥¬«¥²°¿±¥¨© ¬¨°  ¯®  «£®°¨²¬³ �8 [14,16].

�¥®°¨¿ ±² ²¨±²¨·¥±ª¨µ ¢»¢®¤®¢ £ ° ²¨°³¥² ¤®±²¨¦¥¨¥ ±ª®«¼ ³£®¤-

® ¢»±®ª®£® ¤®¢¥°¨²¥«¼®£® ³°®¢¿ (¬¥¼¸¥ 100%) «¾¡®¬³  «£®°¨²¬³,

¨¬¥¾¹¥¬³ ±ª®«¼ ³£®¤® ¬¨¨¬ «¼®¥ ¯°¥¨¬³¹¥±²¢® ¯¥°¥¤ ±«³· ©»¬

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

±«¨¸ª®¬ ¯°®¤®«¦¨²¥«¼®¥ ¢°¥¬¿. �²±³²±²¢¨¥ ±²°®£®© ¯°®¢¥°ª¨ ±² ²¨-

±²¨·¥±ª®© § ·¨¬®±²¨ °¥§³«¼² ²®¢ ¯®°®¦¤ ¥² ¢®§¬®¦®±²¼ ¨, ª ª ±«¥¤-

±²¢¨¥, ¢¥¤°¥¨¥ ¯°¥¤° ±±³¤ª®¢ ¢ ±¥©±¬®«®£¨·¥±ª®¥ ±®®¡¹¥±²¢®, ·²® ¥

¬®¦¥² ¥ ±ª § ²¼±¿   ®¡¹¥¬ ³°®¢¥ ° ¡®² ¯® ¯°®£®§³ §¥¬«¥²°¿±¥¨©.

�° ²ª®±°®·»© ¢¥°®¿²®±²»© ¯°®£®§

�¦¥ª±® {� £  

�¶¥¨¬ ±² ²¨±²¨·¥±ª³¾ § ·¨¬®±²¼ ¯°®£®§®¢ ¯® ¥¦¥¤¥¢® ®¡-

®¢«¿¥¬»¬ ª °² ¬ �¦¥ª±® {� £   \�° ²ª®±°®·»© ¯°®£®§ §¥¬-

«¥²°¿±¥¨© ± ¬ £¨²³¤®© MwHRV � 5:8 ¤«¿ § ¯ ¤  �¨µ®£® ®ª¥  "

(http://scec.ess.ucla.edu/�ykagan/predictions index.html [8, 9]). �®²¿, ¢®-

®¡¹¥ £®¢®°¿, ½²¨ ª °²» ¥ ¿¢«¿¾²±¿ ¯°®£®§»¬¨, ¯®±ª®«¼ª³ ¿¢® ¥

®¯°¥¤¥«¿¾² ®¡« ±²¨ ®¦¨¤ ¥¬»µ §¥¬«¥²°¿±¥¨©, ±³¹¥±²¢³¥² ¯® ª° ©¥©

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

§ ·® ±¤¥« ²¼ «¨¡® ¯® ¯°¥¢»¸¥¨¾ ª °²¨°®¢ ®© \ª° ²ª®±°®·®©

¢¥°®¿²®±²¨ p" ´¨ª±¨°®¢ ®£® ¯®°®£ , «¨¡® ¯® ¯°¥¢»¸¥¨¾ \®²®¸¥-

¨¿ ª° ²ª®±°®·®© ¨ ¤®«£®±°®·®© ¢¥°®¿²®±²¨ p=P" ¯®°®£®¢®£® § -

·¥¨¿. � ¬¥²¨¬, ·²® ±®£« ±® [10{12] ±«¥¤³¥² ®¦¨¤ ²¼ ¡®«¼¸³¾ ½´´¥ª-

²¨¢®±²¼ ¯°®£®§  ¯°¨ ¨±¯®«¼§®¢ ¨¨ ®²®¸¥¨¿ p/P , °¥ «¨§³¾¹¥£®

®¯²¨¬ «¼³¾ ±²° ²¥£¨¾ ¤«¿ ¸¨°®ª®£® ª« ±±  ¯°®¶¥±±®¢, ¬®¤¥«¨°³¾-

¹¨µ ±¥©±¬¨·®±²¼. � ±®¦ «¥¨¾, �.�¦¥ª±® ¨ �.� £  [8, 9] ¥ ¤¥« ¾²

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

²°¥¢®£¨, ¥¦¥¤¥¢® µ ° ª²¥°¨§³¿ § ·¥¨¿¬¨ p ¨ p=P ¿·¥©ª¨ ° §¬¥° 

0:5

�

� 0:5

�

  ²¥°°¨²®°¨¨ § ¯ ¤  �¨µ®£® ®ª¥   (±¬. °¨±. 1   ¢ª«¥©ª¥).

�®¯°®± ® ¢°¥¬¥�®© ²®·®±²¨ \ª° ²ª®±°®·®£® ¯°®£®§ " ² ª¦¥ ¥

¨±±«¥¤®¢  ¤®«¦»¬ ®¡° §®¬, µ®²¿ ¬®¦® § ¢¥¤®¬® ³²¢¥°¦¤ ²¼, ·²®

¯°¨ ¥ ±«¨¸ª®¬ ¢»±®ª¨µ ¯®°®£®¢»µ § ·¥¨¿µ · ±²¼ ²¥°°¨²®°¨¨ § -

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

½ª±¯¥°¨¬¥² .
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�«¿ ®¶¥ª¨ ª ·¥±²¢  ¯°®£®§®¢, ¯®°®¦¤ ¥¬»µ ª °² ¬¨ �¦¥ª±® {

� £  , ®¯°¥¤¥«¨¬ ¤«¿ ª ¦¤®£® ¨§ §¥¬«¥²°¿±¥¨©-¶¥«¥© (�) § ·¥¨¿

p(E) ¨ p=P (E). �²¨ § ·¥¨¿ ¯®« £ ¾²±¿ ° ¢»¬¨ ¢¥°®¿²®±²¨ p ¨ ®²-

®¸¥¨¾ ¢¥°®¿²®±²¥© p=P ¢ ¿·¥©ª¥   ¬®¬¥² ½²®£® §¥¬«¥²°¿±¥¨¿.

�¡¥ ¢¥«¨·¨» ®¯°¥¤¥«¿¾²±¿  ª ³¥ ¨ ¢ ½²®² ¬®¬¥² ³¦¥ ¨§¢¥±²».

� ·¥¨¿ p(E) ¨ p=P (E) ®¤®§ ·® ®¯°¥¤¥«¿¾² ®¡« ±²¨ ²°¥¢®£¨, ¢ ª®-

²®°»µ p � p(E) ¨ p=P � p=P (E). � ±¢®¾ ®·¥°¥¤¼, ®¤®§ ·® ®¯°¥¤¥«¿-

¾²±¿ § ·¥¨¿ ¬¥°» �

p

(E) ¨ �

p=P

(E), ±®®²¢¥²±²¢³¾¹¨¥ ½²¨¬ ®¡« ±²¿¬

²°¥¢®£¨. �°µ¨¢ ª °²

1

¯®§¢®«¿¥² ±®±² ¢¨²¼ ¢»¡®°ª¨ § ·¥¨© f�

p

(E)g ¨

f�

p=P

(E)g, ±®®²¢¥²±²¢³¾¹¨¥ ¢±¥¬ §¥¬«¥²°¿±¥¨¿¬-¶¥«¿¬ fEg, ª®²®°»¥

¯°®¨§®¸«¨ §  ¢°¥¬¿ ½ª±¯¥°¨¬¥² .

�¥§³«¼² ²» ¯°®£®§®¢ ®¯°¥¤¥«¿¾² ¯ °» ·¨±¥« (�; �), £¤¥ � { ·¨±«®

¯°®¯³±ª®¢ ¶¥«¨, ®°¬ «¨§®¢ ®¥ ª ®¡¹¥¬³ ·¨±«³ §¥¬«¥²°¿±¥¨© ¢ fEg,

  � { ¯°®¶¥² ¯°®±²° ±²¢¥®-¢°¥¬¥�®£® ®¡º¥¬ , § ¿²®£® ²°¥¢®£®©.
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�¨±. 2. �¨ £° ¬¬» ¯°®¶¥²  ¯°®¯³±ª®¢ ¶¥«¨ � ª ª ´³ª¶¨¨ ¬¥°» ²°¥¢®£¨ � ¤«¿ ¢±¥µ

80 §¥¬«¥²°¿±¥¨© §  ¯¥°¨®¤ 10.04.2002 { 09.04.2003 ( ) ¨ ¤«¿ 68 ®±®¢»µ ²®«·ª®¢ (¡):

1 { ±«³· ©»© ¯°®£®§, 2, 3 { £° ¨¶  95% (2) ¨ 99% (3) ¤®¢¥°¨²¥«¼®£® ³°®¢¿,

4, 5 { ¯°®£®§ ¯® ¯®°®£®¢®¬³ § ·¥¨¾ ¢¥°®¿²®±²¨ p (4) ¨ ®²®¸¥¨¿ p=P (5)

�  °¨±. 2 ¯°¨¢¥¤¥» ¤¨ £° ¬¬» (�; �), ª®²®°»¥ µ ° ª²¥°¨§³¾² ½´-

´¥ª²¨¢®±²¼ ¯°®£®§®¢ ¯® ¯°¥¢»¸¥¨¾ ª °²¨°®¢ ®© ¢¥°®¿²®±²¨ p

´¨ª±¨°®¢ ®£® ¯®°®£  p

�

¨ ¯® ¯°¥¢»¸¥¨¾ ®²®¸¥¨¿ ª° ²ª®±°®·-

1

�  ¯°¥«¥ 2002 £®¤  ¬» ³§ «¨, ·²®  °µ¨¢ ½ª±¯¥°¨¬¥²  [8, 9] ®²±³²±²¢³¥², ¨ ¯®¯°®±¨«¨

¥¦¥¤¥¢® ¢»±»« ²¼  ¬ ¯® ½«¥ª²°®®© ¯®·²¥ § ·¥¨¿ p ¨ p=P   § ¢²°  ¤«¿ ¢±¥© ²¥°°¨-

²®°¨¨ § ¯ ¤  �¨µ®£® ®ª¥  . �« £®¤ °¿ «¾¡¥§®¬³ ±®¤¥©±²¢¨¾ �.�¦¥ª±®  ¨ �.� £   ¢

 ±²®¿¹¨© ¬®¬¥²  °µ¨¢ ª °² p ¨ p=P ,  ª®¯¨¢¸¨©±¿ ³  ± ¨ ¤®±²³¯»© ¤«¿ ¥§ ¢¨±¨¬®£®

¨±±«¥¤®¢ ¨¿, ¯®ª°»¢ ¥² ¯¥°¨®¤ ¡®«¥¥ ®¤®£® £®¤ .
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®© ¨ ¤®«£®±°®·®© ¢¥°®¿²®±²¥© p=P ¯®°®£®¢®£® § ·¥¨¿ p=P

�

¢ ¯¥-

°¨®¤ ± 10.04.2002 ¯® 09.04.2003. � ²¥·¥¨¥ ½²®£® £®¤    § ¯ ¤¥ �¨-

µ®£® ®ª¥   (¢ ¯°¥¤¥« µ ª °² �¦¥ª±® {� £  ) § °¥£¨±²°¨°®¢ ® 80

§¥¬«¥²°¿±¥¨©-¶¥«¥© ± ¬ £¨²³¤®© MwHRV ®² 5.8 ¨ ¢»¸¥ ¨ ± £«³¡¨-

®© ¤® 100 ª¬. �®·ª¨ ¤¨ £° ¬¬» ±®®²¢¥²±²¢³¾² °¥§³«¼² ² ¬ ¯°®-

£®§  ¯°¨ ° §»µ § ·¥¨¿µ ¯®°®£®¢ p

�

¨ p=P

�

. �«¼²¥° ²¨¢®¬³

±«³· ©®¬³ ³£ ¤»¢ ¨¾ ±®®²¢¥²±²¢³¥² ¤¨ £® «¼, ±®¥¤¨¿¾¹ ¿ ¯°®-

£®§ \®¯²¨¬¨±² " { ²®·ª  (100%, 0) ± ¯°®£®§®¬ \¯¥±±¨¬¨±² " { ²®·ª 

(0, 100%) [12]. �¨ £® «¼ ±®¯°®¢®¦¤ ¥²±¿ ¤¢³¬¿ £° ¨¶ ¬¨, ®²¢¥· -

¾¹¨¬¨ ¤®¢¥°¨²¥«¼»¬ ³°®¢¿¬ (1 � �) ° ¢»¬ 95% ¨ 99% ¤«¿ ¢»-

¡®°ª¨ ¨§ ¥§ ¢¨±¨¬»µ ±®¡»²¨©, ·¨±«® ª®²®°»µ ° ¢® ·¨±«³ °¥ «¼»µ

§¥¬«¥²°¿±¥¨©. (�®ª°¥²¥¥, ¤«¿ £° ¨¶» �

�

= (�

�

(�); �) § ·¥¨¥

�

�

(�) = 1 � minfnjB(n � 1; N; �) > 1 � �g=N , £¤¥ N ° ¢® ®¡¹¥¬³

·¨±«³ §¥¬«¥²°¿±¥¨©-¶¥«¥©, ¨±¯®«¼§®¢ »µ ¯°¨ ¯®±²°®¥¨¨ ±®®²¢¥²-

±²¢³¾¹¥© (�; �)-¤¨ £° ¬¬»; � = 5% ¨ 1%.)

�¨ £° ¬¬»   °¨±. 2,  ¤ ¾² ®±®¢ ¨¥ ¯°¥¤¯®«®¦¨²¼, ·²® ¯°®£®§

¯® ª °² ¬ �¦¥ª±® {� £   § ·¨¬® ®²«¨· ¥²±¿ ®² ±«³· ©®£® «¨¸¼

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

¬¥°» ²°¥¢®£¨ �. �°¨ ½²®¬ ¯°®£®§ ¯® ¯®°®£®¢»¬ § ·¥¨¿¬ ¯®§¢®«¿¥²

¯° ¢¨«¼® ¯°¥¤±ª §»¢ ²¼ ¤® ²°¥²¨ ±¨«¼»µ §¥¬«¥²°¿±¥¨©. �¨²³ ¶¨¿

¬¥¿¥²±¿, ¥±«¨ ³·¥±²¼, ·²® ¥ª®²®°»¥ ¨§ 80 ±®¡»²¨© § ¢¨±¨¬»: ±°¥¤¨

¨µ, ¯® ª° ©¥© ¬¥°¥, 12 ¿¢«¿¾²±¿  ´²¥°¸®ª ¬¨ (°¨±. 2,¡).
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�¨±. 3. �¨ £° ¬¬» ¯°®¶¥²  ¯°®¯³±ª®¢ ¶¥«¨ � ª ª ´³ª¶¨¨ ¬¥°» ²°¥¢®£¨ � ¤«¿

¤¢³µ £°³¯¯ §¥¬«¥²°¿±¥¨© ± MwHRV ¤® 6.1 ¨ ¢»¸¥ 6.1 ¯® ¯®°®£®¢®¬³ § ·¥¨¾ ¢¥-

°®¿²®±²¨ p ( ) ¨ ®²®¸¥¨¿ p=P (¡):

1 { ±«³· ©»© ¯°®£®§, 2, 3 { £° ¨¶  95% (2) ¨ 99% (3) ¤®¢¥°¨²¥«¼®£® ³°®¢¿,

4, 5 { ¯°®£®§ §¥¬«¥²°¿±¥¨© ± MwHRV> 6:1 (4) ¨ ± MwHRV� 6:1 (5)
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�¨ £° ¬¬»   °¨±. 3,  ¨ 3,¡ ¯®ª §»¢ ¾², ·²® ®²ª«®¥¨¥ ®² ±«³-

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

¯°®£®§ §¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© MwHRV ®² 6.1 ¨ ¢»¸¥ ¯®·²¨ ¥-

®²«¨·¨¬ ®² ±«³· ©®£®. � ª®¥¶, ° ±±¬®²°¨¬ °¥²°®±¯¥ª²¨¢® \ ¡±³°¤-

»© ¯°®£®§" 66 §¥¬«¥²°¿±¥¨© ¢  ¯°¥«¥-®ª²¿¡°¥ 1995 £®¤  ¯® ª °² ¬,

° ±±·¨² »¬   ²¥ ¦¥ ¤ ²» ¢ 2002 £®¤³.

�¨±. 4. �¨ £° ¬¬» ¯°®¶¥²  ¯°®-

¯³±ª®¢ ¶¥«¨ � ª ª ´³ª¶¨¨ ¬¥°» ²°¥-

¢®£¨ � ¤«¿ \ ¡±³°¤®£® ¯°®£®§ ":

1 { ±«³· ©»© ¯°®£®§, 2, 3 { £° -

¨¶  95% (2) ¨ 99% (3) ¤®¢¥°¨²¥«¼-

®£® ³°®¢¿.

�°®£®§ §  ¯®«£®¤  10.04.2002 {

09.10.2002 ±®¯®±² ¢«¥ ± ¤ ² ¬¨ 66

§¥¬«¥²°¿±¥¨© ± MwHRV� 5:8 §  ¯®«-

£®¤  10.04.2005 { 09.10.1995. �±¯¥µ®¬

±·¨² ¥²±¿ ±¨²³ ¶¨¿, ª®£¤  § ·¥¨¥

p (¨«¨ p=P ) ¢ ¬¥±²¥, £¤¥ ¯°®¨§®¸«®

§¥¬«¥²°¿±¥¨¥ 1995 £®¤ , ¯°¥¢»¸ ¥²

¯®°®£ °®¢® ·¥°¥§ ±¥¬¼ «¥² ¯®±«¥ ¥£®

¢®§¨ª®¢¥¨¿ (².¥. ¢ ²®² ¦¥ ¤¥¼ ¨

¬¥±¿¶, ® 2002 £®¤ )
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�°¨¢¥¤¥»¥   °¨±. 4 (�; �)-¤¨ £° ¬¬» ®²ª«®¿¾²±¿ ®² ¤¨ £® «¨

¥ ¬¥¼¸¥, ·¥¬ ¢ «¾¡®¬ ¨§ °¥ «¼»µ ¯°®£®§®¢   °¨±. 2, ¨ 3. �«¥-

¤®¢ ²¥«¼® ¬®¦® ±¤¥« ²¼ ¢»¢®¤: ¨´®°¬ ²¨¢®±²¼ \�° ²ª®±°®·®£®

¯°®£®§  §¥¬«¥²°¿±¥¨© ± ¬ £¨²³¤®© MwHRV � 5:8 ¤«¿ § ¯ ¤  �¨µ®£®

®ª¥  " [8, 9] ¤«¿ ®¯°¥¤¥«¥¨¿ ¯°®±²° ±²¢ -¢°¥¬¥¨ ±¨«¼»µ §¥¬«¥²°¿-

±¥¨© ¤®¢®«¼® ±®¬¨²¥«¼ . � ±¢®¾ ®·¥°¥¤¼, ¯®±ª®«¼ª³ ¥¤¨±²¢¥-

»¬ ¤®¯®«¥¨¥¬ ª ³«¥¢®© £¨¯®²¥§¥ ® ¥®¤®°®¤®¬ ° ±¯°¥¤¥«¥¨¨

±² ¡¨«¼®© ¤®«£®±°®·®© ¨²¥±¨¢®±²¨ � ¿¢«¿¥²±¿ ª®ª°¥² ¿ °¥ «¨-

§ ¶¨¿ �¦¥ª±® {� £   ¬®¤¥«¨ ½¯¨¤¥¬¨·¥±ª®£® ¢®±¯°®¨§¢®¤±²¢  §¥¬-

«¥²°¿±¥¨© [24], ¬®¦® ¯°¥¤¯®«®¦¨²¼ ¯®, ª° ©¥© ¬¥°¥, ¥³¤ ·®±²¼

¢»¡®°  ¯ ° ¬¥²°®¢ ¬®¤¥«¨, ¨±¯®«¼§®¢ »µ ¯°¨ ° ±·¥²¥ ½²¨µ ª °².

�¡¹¥¥ § ¬¥· ¨¥

�®£¨¥ ¨§ ±³¹¥±²¢³¾¹¨µ \¯°¥¤¢¥±²¨ª®¢" ¨ \ª ¤¨¤ ²®¢ ¢ ¯°¥¤-

¢¥±²¨ª¨" ±¨«¼»µ §¥¬«¥²°¿±¥¨© ¤®¯³±ª ¾²  «£®°¨²¬¨·¥±ª®¥ ®¯°¥-

¤¥«¥¨¥, ·²® ¤ ¥² ¢®§¬®¦®±²¼ ¨µ ®¡º¥ª²¨¢®© ¢¥°¨´¨ª ¶¨¨ ¢ ½ª±¯¥-

°¨¬¥² «¼®¬ ¯°®£®§¥ ¢ °¥ «¼®¬ ¢°¥¬¥¨. �±¯¥µ ¨«¨ ¥³¤ ·  ¤ ¦¥

®¤®£® ² ª®£® ½ª±¯¥°¨¬¥²  ¯°®¿±¿¥² ¯°¥¤±² ¢«¥¨¿ ® ±¥©±¬¨·¥±ª®¬



210 �¥©±¬¨·®±²¼, ¯°®£®§ ¨ ¬®¤¥«¨

¯°®¶¥±±¥, ¯®¤²¢¥°¦¤ ¿ ®¤¨ ¨ ®¯°®¢¥°£ ¿ ¤°³£¨¥ £¨¯®²¥§» ¯®¤£®²®¢ª¨

¨ ¢®§¨ª®¢¥¨¿  ¨¡®«¥¥ ±¨«¼»µ §¥¬«¥²°¿±¥¨©. �®«¼ª® ¯® °¥§³«¼² -

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

§¥¬«¥²°¿±¥¨©.

�¢²®° ¨±ª°¥¥ ¡« £®¤ °¥ �.�¦¥ª±®³ ¨ �.� £ ³ §  °¥ «¼³¾

¢®§¬®¦®±²¼ ¯°®¢¥°ª¨ ¨µ ¬¥²®¤  ®¶¥ª¨ ¢¥°®¿²®±²¨ ¢®§¨ª®¢¥¨¿

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

· ³ §  ª°¨²¨·¥±ª¨¥ § ¬¥· ¨¿.

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

·¥±ª®£® ¶¥²°  (¯°®¥ª² 1538-00 ����), �®¤  �¦¥©¬±  �. � ª�®-

¥««  (¯°®¥ª² \Understanding and Prediction of Critical Transitions in

Complex Systems" ¢ ° ¬ª µ ¯°®£° ¬¬» \The 21th Century Collaborative

Activity Award for Studying Complex Systems") ¨ �°®£° ¬¬» ´³¤ ¬¥-

² «¼»µ ¨±±«¥¤®¢ ¨© �°¥§¨¤¨³¬  ��� N 13 \�§¬¥¥¨¥ ®ª°³¦ ¾¹¥©

±°¥¤» ¨ ª«¨¬ ² : ¯°¨°®¤»¥ ª ² ±²°®´»".
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