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� ÊÎ´µ-¨¸¸²¥¤µ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ Ö¤¥·´µ° Ë¨§¨±¨ Œƒ“, Œµ¸±¢ 

‚ µ¡§µ·¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¢µ¶·µ¸Ò ¶µ²ÊÎ¥´¨Ö ¨´Ëµ·³ Í¨¨ µ Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨ÖÌ. 7µ²Ó-
Ïµ¥ ¢´¨³ ´¨¥ Ê¤¥²¥´µ  ´ ²¨§Ê ¶·µÍ¥¸¸  µÉµ¡· ¦¥´¨Ö Å ± ± ¢µ§¤¥°¸É¢¨Õ ¨ ¢µ¸¶·¨ÖÉ¨Õ ¸¨£´ -
²µ¢, É ± ¨ ¨Ì ¶µ¸²¥¤ÊÕÐ¥° ¤¨¸±·¥É¨§ Í¨¨. ˆ¸Ìµ¤Ö ¨§ ¨´Ëµ·³ Í¨µ´´ÒÌ ¶µ·µ£µ¢ÒÌ ¨ ¶·¥¤¥²Ó´ÒÌ
¸µµÉ´µÏ¥´¨° µ¡¸Ê¦¤ ¥É¸Ö ¢µ§³µ¦´ Ö Ëµ·³  ¨ ¶ · ³¥É·Ò ¸¨£´ ²µ¢ ¢ ¶·µÍ¥¸¸ Ì ¢§ ¨³µ¤¥°¸É¢¨Ö
¢ ³¨±·µ³¨·¥.

�µ¸±µ²Ó±Ê ¢µ¸¶·¨´¨³ ¥³Ò° ¸¨£´ ² ¶·¨´Í¨¶¨ ²Ó´µ ´¥ÉµÎ´µ µ¶·¥¤¥²¥´, ¶µ± § ´µ, ± ± ¶µ²Ê-
Î¨ÉÓ µ¸´µ¢´Ò¥ ¸µµÉ´µÏ¥´¨Ö µ ±µ²¨Î¥¸É¢¥ ¤ ´´ÒÌ ¨ ¸µ¤¥·¦ Ð¥°¸Ö ¢ ´¨Ì ¨´Ëµ·³ Í¨¨ ´  µ¸´µ¢¥
® ´ ²¨§  Í¥²ÒÌ Î¨¸¥²¯, ´¥ ¶·¨¡¥£ Ö ± ±² ¸¸¨Î¥¸±¨³ ³ É¥³ É¨Î¥¸±¨³ ¶µ´ÖÉ¨Ö³ ¡¥¸±µ´¥Î´µ ³ -
²ÒÌ ¨ ¡¥¸±µ´¥Î´ÒÌ ¶·µÍ¥¤Ê·. Š· É±µ · ¸¸³µÉ·¥´Ò µ¸´µ¢´Ò¥ ¶· ±É¨Î¥¸±¨¥ ¶·¨¥³Ò ±µ¤¨·µ¢ ´¨Ö
¨´Ëµ·³ Í¨¨.

The problems of information getting about the physical phenomena are described. The analysis
of a signal affecting from a source side and signal sensing from receiver side is the ˇrst point
analysed in detail, the second one is the signal discretization rules. The ®micro¯-signal parameters
and their possible shape in the microcosm are discussed as it follows from the so-called ®threshold¯
and ®up-limit¯ boundary informatics relations.

It is shown how to get the main equations for the amount of data and information they contain
basing on the analysis of ®integer variables¯ (without using formal mathematics inˇnitesimal values
and inˇnite procedures).

The main practical methods of data conversion (coding) to the information are described shortly.

‚‚…„…�ˆ…

�µ´ÖÉ¨Ö Ô´É·µ¶¨¨, ¸¨£´ ²  ¨ ¨´Ëµ·³ Í¨¨ ¤µ¸É ÉµÎ´µ ¤ ¢´µ ¨§¢¥¸É´Ò,
¶µ¤·µ¡´µ ¨¸¸²¥¤µ¢ ´Ò ¨ µ¶¨¸ ´Ò ¢ ¡µ²ÓÏµ³ Î¨¸²¥ ¶Ê¡²¨± Í¨° [1Ä35]. �µ-
¶·µ¡Ê¥³, µ¤´ ±µ, ¶·µ¢¥¸É¨ ´¥¡µ²ÓÏµ° Ô±¸¶¥·¨³¥´É ¨ ¶·¥¤²µ¦¨ÉÓ Î¨É É¥²Õ
µÉ¢¥É¨ÉÓ ´  ¸²¥¤ÊÕÐ¨¥ ¶·µ¸ÉÒ¥ ¢µ¶·µ¸Ò:

1) ˆ´Ëµ·³ Í¨Ö, ± ± ¨§¢¥¸É´µ, ¨§³¥·Ö¥É¸Ö ¢ ®±Ê¸µÎ± Ì¯ Å ¡¨É Ì: 1,2,3,...;
³µ¦¥É ²¨ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¶µ²ÊÎ ¥³µ¥ ¶·¨ µ¤´µ³ ¨§³¥·¥´¨¨, ¡ÒÉÓ
³´µ£µ ³¥´ÓÏ¥ 1 ¡¨É ?

2) Œµ¦¥É ²¨ ¢ ¸µ¢µ±Ê¶´µ¸É¨ · ¢´µ³¥·´µ · ¸¶·¥¤¥²¥´´ÒÌ (· ¢´µ¢¥·µÖÉ-
´ÒÌ) µÉ¸Î¥Éµ¢ ¸µ¤¥·¦ ÉÓ¸Ö ¶·¥´¥¡·¥¦¨³µ ³ ²µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨?

3) Œµ¦´µ ²¨ ¢ ·¥ ²Ó´µ³ ¢·¥³¥´¨ ¶¥·¥¤ ÉÓ ¶µ ²¨´¨¨ ¸¢Ö§¨ ¸¨£´ ² ¸
¶µ²µ¸µ° Î ¸ÉµÉ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥°, Î¥³ ¶µ²µ¸  ¶·µ¶Ê¸± ´¨Ö ²¨´¨¨?
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4) “¢¥²¨Î¨É¸Ö ²¨ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¥¸²¨ ¢ É¥±¸É¥ ¸µµ¡Ð¥´¨Ö ¸²Ê-
Î °´Ò³ µ¡· §µ³ ¶¥·¥¸É ¢¨ÉÓ ¡Ê±¢Ò ³¥¸É ³¨, É.¥. ¶·¥¢· É¨ÉÓ ¥£µ ¢ ÏÊ³?

‡´ Î¨É¥²Ó´ Ö ¤µ²Ö µÏ¨¡µÎ´ÒÌ µÉ¢¥Éµ¢ ®´¥É¯, ¤ ÕÐ¨Ì¸Ö µ¡ÒÎ´µ ´  ÔÉ¨
¢µ¶·µ¸Ò, § ¸É ¢²Ö¥É § ¤Ê³ ÉÓ¸Ö, ¶µÎ¥³Ê ¢µ§´¨± ÕÉ ¶µ¤µ¡´Ò¥ ´¥ÉµÎ´µ¸É¨ ¨
µÏ¨¡±¨ (  ¸¶¨¸µ± É¥¸Éµ¢ÒÌ ¢µ¶·µ¸µ¢ ²¥£±µ ¶·µ¤µ²¦¨ÉÓ), ±µ£¤  ·¥ÎÓ § Ìµ¤¨É
µ¡ ¨´Ëµ·³ Í¨¨. Œµ¦´µ Ê± § ÉÓ ´  ¸²¥¤ÊÕÐ¨¥ ¶·¨Î¨´Ò:

 ) · §¡·µ¸ ´´µ¸ÉÓ ¸¢¥¤¥´¨°, ± ¸ ÕÐ¨Ì¸Ö ¨´Ëµ·³ Í¨µ´´ÒÌ ± É¥£µ·¨°, ¶µ
· §²¨Î´Ò³ ¥¸É¥¸É¢¥´´Ò³ ¤¨¸Í¨¶²¨´ ³ (É¥µ·¨Ö ¸¢Ö§¨, ¸É É¨¸É¨Î¥¸± Ö Ë¨§¨± ,
±¢ ´Éµ¢ Ö ³¥Ì ´¨±  ¨ É.¤.), ¢ ·¥§Ê²ÓÉ É¥ Î¥£µ Ê § ¨´É¥·¥¸µ¢ ´´µ£µ, ´µ ¶·µ-
Ë¥¸¸¨µ´ ²Ó´µ Ê§±µ µ·¨¥´É¨·µ¢ ´´µ£µ Î¨É É¥²Ö ´¥ ¢Ò· ¡ ÉÒ¢ ¥É¸Ö ´ ¡µ·  ¶µ-
´ÖÉ¨°, µ¡² ¤ ÕÐ¥£µ ´¥µ¡Ìµ¤¨³µ° ´ Î ²Ó´µ° ¶µ²´µÉµ°;

¡) ¸²µ¦´Ò°, ¸ £·µ³µ§¤±µ° ³ É¥³ É¨±µ° Ö§Ò± µ¶¨¸ ´¨Ö (Î¥³ µ¸µ¡¥´´µ
£·¥Ï É µÉ¥Î¥¸É¢¥´´Ò¥ ¨§¤ ´¨Ö), ¶·¨§¢ ´´Ò° ¸µ§¤ ÉÓ ¨²²Õ§¨Õ ¸É·µ£µ¸É¨ ¨§-
²µ¦¥´¨Ö, ¶µ ¸ÊÐ¥¸É¢Ê, Î ¸É´ÒÌ ¢µ¶·µ¸µ¢ (´ ¶·¨³¥·, Éµ²Ó±µ ¸É Í¨µ´ ·´µ£µ
¶µ¢¥¤¥´¨Ö ³µ¤¥²¥°), µ£· ´¨Î¥´´µ  ¤¥±¢ É´ÒÌ ¶·µÍ¥¸¸ ³ ·¥ ²Ó´µ£µ ³¨· ;

¢) ´¥¶· ¢µ³¥·´Ò° ¶¥·¥´µ¸ Î ¸É´ÒÌ ¸Ê¦¤¥´¨° ´  ¡µ²¥¥ µ¡Ð¨¥ ¶µ²µ¦¥´¨Ö,
¢µ§´¨± ÕÐ¨° ± ± ¸²¥¤¸É¢¨¥ ¶¥·¢ÒÌ ¤¢ÊÌ ¶·¨Î¨´.

–¥²ÓÕ ´ ¸ÉµÖÐ¥° · ¡µÉÒ ¡Ò²µ ¦¥² ´¨¥ µ¡µ¡Ð¨ÉÓ ³ É¥·¨ ², ¸µ¤¥·¦ -
Ð¨°¸Ö ¢ ²¨É¥· ÉÊ·¥, ¨ ¤ ÉÓ ¶µ ¢µ§³µ¦´µ¸É¨ ¶µ²´µ¥, ¶·µ¸Éµ¥ ¨ ¶µ¸²¥¤µ¢ -
É¥²Ó´µ¥ ¨§²µ¦¥´¨¥ É¥µ·¥É¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥° ¶µ²ÊÎ¥´¨Ö ¨§³¥·¨É¥²Ó-
´µ° ¨´Ëµ·³ Í¨¨ ¢ Ö¤¥·´µ° Ë¨§¨±¥. �¥¸³µÉ·Ö ´  ¡µ²ÓÏÊÕ ¨¸Éµ·¨Õ, ¤ ²¥±µ
´¥ ¢¸¥ ¢ ÔÉµ° µ¡² ¸É¨ ´ Ï²µ ¸¢µ¥ · §·¥Ï¥´¨¥. � ¶·¨³¥·, ¤µ ¸¨Ì ¶µ· ´¥Ö¸´µ,
ÎÉµ ¶·¥¤¸É ¢²Ö¥É ¨§ ¸¥¡Ö ¸¨£´ ² ¢ ³¨±·µ³¨·¥. ‡¤¥¸Ó ¸¤¥² ´  ¶µ¶ÒÉ±  ÌµÉÖ ¡Ò
Î ¸É¨Î´µ µ¸¢¥É¨ÉÓ ¶µ¤µ¡´Ò¥ ¢µ¶·µ¸Ò ¨ ¶·¨¢²¥ÎÓ ¢´¨³ ´¨¥ ± ¨Ì ·¥Ï¥´¨Õ.

�´ ²¨§ ²¨É¥· ÉÊ·´ÒÌ ¨¸ÉµÎ´¨±µ¢ ¨³¥² É ±¦¥ Í¥²Ó Å ¶µ± § ÉÓ µ¸´µ¢-
´Ò¥ ¨´Ëµ·³ Í¨µ´´Ò¥ ¶µ²µ¦¥´¨Ö ¨ ¸¢Ö§¨ ³¥¦¤Ê ´¨³¨ ¸ É¥Ì ¸Éµ·µ´, ±µÉµ·Ò¥
µ¡ÒÎ´µ µ¸É ÕÉ¸Ö ¢ É¥´¨; ¢¸²¥¤¸É¢¨¥ ÔÉµ£µ ¶·¨´ÖÉÒ° ¸¶µ¸µ¡ ¨§²µ¦¥´¨Ö ¨,
Î ¸É¨Î´µ, É¥·³¨´µ²µ£¨Ö ´¥ ¢¸¥£¤  ¸µ¢¶ ¤ ÕÉ ¸ É· ¤¨Í¨µ´´Ò³¨.

�É²¨Î¨É¥²Ó´Ò¥ Î¥·ÉÒ ¨ ¶µ´ÖÉ¨Ö ¨´Ëµ·³ É¨±¨. ˆ³¥¥É¸Ö µ¶·¥¤¥²¥´´µ¥
¸Ìµ¤¸É¢µ ³¥¦¤Ê ³ É¥³ É¨±µ° ¨ ¨´Ëµ·³ É¨±µ°. …¸²¨ µ¸É ²Ó´Ò¥ ¥¸É¥¸É¢¥´´Ò¥
´ Ê±¨ ¨³¥ÕÉ ¶·¥¤³¥É´µ µ¶·¥¤¥²¥´´Ò¥ µ¡² ¸É¨ ¨¸¸²¥¤µ¢ ´¨° (Ë¨§¨± , Ì¨³¨Ö,
 ¸É·µ´µ³¨Ö), Éµ ³ É¥³ É¨±  ¨ ¨´Ëµ·³ É¨±  ¢Ò· ¦ ÕÉ µ¡Ð¨¥ Î¨¸²¥´´Ò¥ ¨
²µ£¨Î¥¸±¨¥ § ±µ´µ³¥·´µ¸É¨ ¢ Ö¢²¥´¨ÖÌ ¶·¨·µ¤Ò ¨ ¤¥ÖÉ¥²Ó´µ¸É¨ Î¥²µ¢¥± .
 §´¨Í  ³¥¦¤Ê ´¨³¨, µ¤´ ±µ, ¢ Éµ³, ÎÉµ ¥¸²¨ ³ É¥³ É¨Î¥¸±¨¥ ³µ¤¥²¨ ¢ §´ -
Î¨É¥²Ó´µ° ³¥·¥ Ê³µ§·¨É¥²Ó´Ò (µ´¨ ´¥ µ¡Ö§ ´Ò ·¥ ²Ó´µ ¸ÊÐ¥¸É¢µ¢ ÉÓ), Éµ ¨´-
Ëµ·³ Í¨µ´´Ò¥ ³µ¤¥²¨ ¸É·µÖÉ¸Ö ®¶µ ¶· ¢¨² ³¯ ·¥ ²Ó´µ£µ ³¨· . ’ ±,  ¶¶ · É
±² ¸¸¨Î¥¸±µ£µ ³ É¥³ É¨Î¥¸±µ£µ  ´ ²¨§  ¡ §¨·Ê¥É¸Ö ´  ¶µ´ÖÉ¨¨ ¡¥¸±µ´¥Î´µ
³ ²µ° ¢¥²¨Î¨´Ò ¨ ¶·µÍ¥¤Ê·¥ ®¶·¥¤¥²Ó´µ£µ ¶¥·¥Ìµ¤ ¯, ±µ£¤  Éµ ¨²¨ ¨´µ¥
µ¶·¥¤¥²¥´¨¥ (´ ¶·¨³¥·, ¨·· Í¨µ´ ²Ó´µ£µ Î¨¸² ) ¢¢µ¤¨É¸Ö ± ± Ê¸É ´ ¢²¨¢ Õ-
Ð¥¥¸Ö §´ Î¥´¨¥ µ¶·¥¤¥²ÖÕÐ¥° ËÊ´±Í¨¨ ´  ¡¥¸±µ´¥Î´µ³ Î¨¸²¥ (¡¥¸±µ´¥Î´µ
³ ²ÒÌ) Ï £µ¢. ‚ ÔÉµ³ ®Ê³¥´¨¨ µ¡· Ð ÉÓ¸Ö ¸ ¡¥¸±µ´¥Î´µ¸ÉÖ³¨¯ ¨ ¸µ¸Éµ¨É, ¶µ
¸²µ¢ ³ �Ê ´± ·¥, ³µ£ÊÐ¥¸É¢µ ³ É¥³ É¨±¨.
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¨¸. 1. ‘¨£´ ² ± ± µÉµ¡· ¦¥´¨¥ ·¥ ²Ó´µ ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¶·µÍ¥¸¸µ¢ ¨²¨ Ö¢²¥´¨°:  ) ¸¨£-
´ ² ¶·¨ ´ ²¨Î¨¨ ÏÊ³µ¢; ¡) Ë¨²ÓÉ· Í¨Ö ÏÊ³  ¢ ¸¨£´ ²¥ ³¥¤²¥´´Ò³ ·¥£¨¸É· Éµ·µ³
(¨´É¥£·¨·ÊÕÉ¸Ö 20 ¶·¥¤Ò¤ÊÐ¨Ì §´ Î¥´¨°); ¢) ¨¸Ìµ¤´ Ö ³ É¥³ É¨Î¥¸± Ö ËÊ´±Í¨Ö y(x);
£) ¤¨¸±·¥É¨§µ¢ ´´ Ö ²µ£¨Î¥¸± Ö ËÊ´±Í¨Ö S(L)

ˆ´Ëµ·³ É¨±  ¦¥ ¨§´ Î ²Ó´µ ¨³¥¥É ¤¥²µ ²¨ÏÓ ¸ µ£· ´¨Î¥´´Ò³¨ ¨ ¶·¨´-
Í¨¶¨ ²Ó´µ ´¥ÉµÎ´µ µ¶·¥¤¥²¥´´Ò³¨ ¢¥²¨Î¨´ ³¨. �·¨¢¥¤¥³ ¶·µ¸Éµ° ¶·¨³¥·:
¢¸¥£¤  ¨³¥ÕÐ¨¥¸Ö (´µ, ±µ´¥Î´µ, ¤µ¶Ê¸É¨³Ò¥ ¶µ ¢¥²¨Î¨´¥) ¶µ£·¥Ï´µ¸É¨ ¢Ò-
Î¨¸²¥´¨° ´  ±µ³¶ÓÕÉ¥·¥ ´¥ ¢²¨ÖÕÉ ´  ¸ÊÐ´µ¸ÉÓ ¶µ²ÊÎ¥´´µ£µ ·¥§Ê²ÓÉ É .

�´ ²µ£µ¢µ¥ µÉµ¡· ¦¥´¨¥ Éµ£µ ¨²¨ ¨´µ£µ ¶·µÍ¥¸¸  ¨²¨ Ö¢²¥´¨Ö ¢ ·¥ ²Ó-
´µ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ³µ¦´µ ´ §¢ ÉÓ ¸¨£´ ²µ³ ¨²¨ ËÊ´±Í¨¥° µÉµ¡· ¦¥´¨Ö.
�µ´ÖÉ¨¥ ¸¨£´ ²  ¶µ¤· §Ê³¥¢ ¥É µ¶·¥¤¥²¥´´ÊÕ ¶·µÍ¥¤Ê·Ê ¢µ§¤¥°¸É¢¨Ö ¸µ ¸Éµ-
·µ´Ò ¨¸ÉµÎ´¨±  ¨ ¶·µÍ¥¤Ê·Ê ¢µ¸¶·¨ÖÉ¨Ö ¸µ ¸Éµ·µ´Ò ¶·¨¥³´¨±  ¨´Ëµ·³ Í¨¨.
‚µ¸¶·¨´¨³ ¥³Ò° ¸¨£´ ² (¸³.·¨¸.1) ´¨±µ£¤  ÉµÎ´µ ´¥ ¸µµÉ¢¥É¸É¢Ê¥É ¸¨£´ ²Ê
¨¸ÉµÎ´¨±  ¢ ¸¨²Ê ·Ö¤  ¶·¨Î¨´:

1) ´¥¸µµÉ¢¥É¸É¢¨¥ Ì · ±É¥·¨¸É¨± ¶·¨¥³´¨±  ¨ ¨¸ÉµÎ´¨±  (´ ¶·¨³¥·, ¸¨£-
´ ² ¨¸ÉµÎ´¨±  ³µ¦¥É ´¥¸É¨ £µ· §¤µ ¡µ²ÓÏ¥ ¨´Ëµ·³ Í¨¨, Î¥³ ¸¶µ¸µ¡¥´ ¢µ¸-
¶·¨´ÖÉÓ ¶·¨¥³´¨±);

2) ¤ ¦¥ ¶·¨ µ¶É¨³ ²Ó´µ³ ¸µ£² ¸µ¢ ´¨¨ Ì · ±É¥·¨¸É¨± Î ¸ÉÓ ¸¨£´ ² 
®· ¸Ìµ¤Ê¥É¸Ö ´  µ¡¥¸¶¥Î¥´¨¥¯ ¶·µÍ¥¸¸  ¢µ¸¶·¨ÖÉ¨Ö;
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3) ¶·µÍ¥¸¸ ¢µ§¤¥°¸É¢¨Ö ¸¨£´ ²  Î ¸Éµ ¡Ò¢ ¥É ´¥ ¨§µ²¨·µ¢ ´´Ò³ µÉ ¤·Ê£¨Ì
¸²ÊÎ °´ÒÌ ¶µ µÉ´µÏ¥´¨Õ ± ´¥³Ê ¶·µÍ¥¸¸µ¢ (É.¥. ÏÊ³µ¢);

4) ¸ ³ ¨¸ÉµÎ´¨±, µ¸µ¡¥´´µ ¢ ³¨±·µ³¨·¥, ³µ¦¥É ¶·¨¢´µ¸¨ÉÓ ¢´ÊÉ·¥´´ÕÕ
´¥µ¶·¥¤¥²¥´´µ¸ÉÓ (¢´ÊÉ·¥´´¨° ÏÊ³), ±µÉµ· Ö ®· §³Ò¢ ¥É¯ ¢µ¸¶·¨´¨³ ¥³Ò°
¸¨£´ ².

�·¨´Í¨¶¨ ²Ó´ Ö ¤µ¶Ê¸É¨³µ¸ÉÓ · §¡·µ¸  ¸¨£´ ²µ¢ ¤¥² ¥É (¸³. ·¨¸.1,£) ¢µ§-
³µ¦´µ° ¶·µÍ¥¤Ê·Ê ¤¨¸±·¥É¨§ Í¨¨, É.¥. ¢¢¥¤¥´¨Ö Ë¨±¸¨·µ¢ ´´ÒÌ, ¡ §µ¢ÒÌ ¸µ-
¸ÉµÖ´¨° ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö, µÉ¸ÉµÖÐ¨Ì ¤·Ê£ µÉ ¤·Ê£  ´  ¨´É¥·¢ ²Ò, ¸µ-
¶µ¸É ¢¨³Ò¥ ¸ ¢¥²¨Î¨´µ° · §¡·µ¸ . �µ¸±µ²Ó±Ê Ê± § ´´Ò¥ ¨´É¥·¢ ²Ò ¨³¥ÕÉ
µ¶·¥¤¥²¥´´Ò¥ · §³¥·Ò, Î¨¸²µ ¸µ¸ÉµÖ´¨°  ·£Ê³¥´É  ËÊ´±Í¨¨ ¨ ¸ ³µ° ËÊ´±-
Í¨¨ µÉµ¡· ¦¥´¨Ö µ± §Ò¢ ¥É¸Ö ±µ´¥Î´Ò³. �£· ´¨Î¥´´µ¸ÉÓ Î¨¸²  ¸µ¸ÉµÖ´¨°
¶µ§¢µ²Ö¥É ¢¢¥¸É¨ Ê± § É¥²Ó ´  ± ¦¤µ¥ ¨§ ´¨Ì, É.¥. ±µ¤ ¸µ¸ÉµÖ´¨Ö. � ¨¡µ²¥¥
Ô±µ´µ³¨Î´ Ö ¸¨¸É¥³  Ê± § É¥²¥° ´  ¢¥¸Ó ´ ¡µ· ¸µ¸ÉµÖ´¨° ¸É·µ¨É¸Ö ¶µ ¤·¥-
¢µ¢¨¤´µ³Ê, ¨¥· ·Ì¨Î¥¸±µ³Ê ¶·¨´Í¨¶Ê ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ ¤¥²¥´¨Ö ´  £·Ê¶¶Ò,
¶µ¤£·Ê¶¶Ò ¨ É.¤., ¢ ·¥§Ê²ÓÉ É¥ Î¥£µ ¤²¨´  Ê± § É¥²Ö ¥¸ÉÓ ²µ£ ·¨Ë³ µ¡Ð¥£µ
Î¨¸²  ¸µ¸ÉµÖ´¨°. �µ²ÊÎ¥´´µ¥ ¤¨¸±·¥É´µ¥ µÉµ¡· ¦¥´¨¥ ¢Ò£²Ö¤¨É ± ± ´ ¡µ·
§´ ±µ¢, Î Ð¥ ¢¸¥£µ Í¨Ë·µ¢ÒÌ, ±µÉµ·Ò¥ ¶·¨´ÖÉµ ´ §Ò¢ ÉÓ ¤ ´´Ò³¨ (¨§³¥·¥-
´¨Ö, Ô±¸¶¥·¨³¥´É ).

Šµ¤Ò ¸µ¸ÉµÖ´¨°, ¶µ¢Éµ·ÖÕÐ¨Ì¸Ö Î Ð¥ ¤·Ê£¨Ì, § ´¨³ ÕÉ µ¸´µ¢´µ° µ¡Ñ¥³
¢ ¤ ´´ÒÌ. �·¨´Í¨¶ ³¨´¨³Ê³  Ê¸¨²¨° Å ®±² ¤¨ ¡²¨¦¥ Éµ, ÎÉµ ´Ê¦´µ Î -
Ð¥¯ Å ¶µ¤¸± §Ò¢ ¥É, ÎÉµ ¤²Ö ¸µ±· Ð¥´¨Ö µ¡Ð¥£µ µ¡Ñ¥³  ¤ ´´ÒÌ ´ ¤µ:

 ) ¨¸¶µ²Ó§µ¢ ÉÓ ´ Î ²Ó´µ¥ §´ ´¨¥ ¨²¨ §´ ´¨¥, ¶·¨µ¡·¥É¥´´µ¥ ¢ ¶·µÍ¥¸¸¥
¢µ¸¶·¨ÖÉ¨Ö, ¤²Ö ¢Ò¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ ¶µ¢Éµ·ÖÕÐ¨Ì¸Ö ¸µ¸ÉµÖ´¨°;

¡) ¨¸¶µ²Ó§µ¢ ÉÓ ±µ¤Ò ¶¥·¥³¥´´µ° ¤²¨´Ò Å ³¥´ÓÏ¥° ¤²Ö ¡µ²¥¥ ¨´É¥´-
¸¨¢´µ ¶µ¢Éµ·ÖÕÐ¨Ì¸Ö ¸µ¸ÉµÖ´¨° ¨²¨ ¢¢µ¤¨ÉÓ ³ ±·µ¸Ò Å £·Ê¶¶Ò ¶µ¢Éµ·ÖÕ-
Ð¨Ì¸Ö ¸µÎ¥É ´¨° ¸µ¸ÉµÖ´¨°.
„µ¸É¨¦¨³Ò° ¢ ¶·¥¤¥²¥ ±µ¤ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ£µ µ¡Ñ¥³  ¨ Ö¢²Ö¥É¸Ö ¨´-
Ëµ·³ Í¨¥°.

Šµ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ¥É ¸ ±µ²¨Î¥¸É¢µ³ ¤ ´´ÒÌ
(³ ±¸¨³ ²Ó´µ) ¢ ¤¢ÊÌ ¸²ÊÎ ÖÌ:

1) ¶·¨ ±µ·µÉ±µ° ¶¥·¥¤ Î¥ ¨ ¶µ²´µ³ µÉ¸ÊÉ¸É¢¨¨ ´ Î ²Ó´µ£µ §´ ´¨Ö µ · ¸-
¶·¥¤¥²¥´¨¨ ¸µ¸ÉµÖ´¨° ¶µ É¥³¶Ê ¨Ì ¶µ¢Éµ·¥´¨Ö;

2) ¶·¨ ¶µ²´µ¸ÉÓÕ ¸²ÊÎ °´µ³ ¨ · ¢´µ³¥·´µ³ · ¸¶·¥¤¥²¥´¨¨ ¸µ¸ÉµÖ´¨°,
É.¥. ¢ ÏÊ³¥ (µÉ¢¥É ´  Î¥É¢¥·ÉÒ° ¢µ¶·µ¸ ¢ ´ Î ²¥ ¢¢¥¤¥´¨Ö).
…¸²¨ · ¸¶·¥¤¥²¥´¨¥ ¸µ¸ÉµÖ´¨° · ¢´µ³¥·´µ¥, ´µ ´¥ ¸²ÊÎ °´µ¥, Éµ ±µ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨ ³µ¦¥É ¡ÒÉÓ ³ ²Ò³ (µÉ¢¥É ´  ¢Éµ·µ° ¢µ¶·µ¸), ¶µ¸±µ²Ó±Ê ¨´Ëµ·-
³ Í¨Ö Ö¢²Ö¥É¸Ö ³¥·µ° ´¥µ¦¨¤ ´´µ¸É¨ ¸µ¸ÉµÖ´¨°. Š ± ¢¨¤¨³, ¶µ´ÖÉ¨¥ ¨´Ëµ·-
³ Í¨¨ (·¨¸.2) Ö¢²Ö¥É¸Ö ¸²µ¦´Ò³ ¨ µÌ¢ ÉÒ¢ ¥É Í¥²ÊÕ Í¥¶µÎ±Ê ¶·µ³¥¦ÊÉµÎ´ÒÌ
¶µ´ÖÉ¨°. Š ± ¶µ± § ´µ ´  ·¨¸.2, µ´µ ¶·¨³¥´¨³µ ± ± ¸·¥¤¸É¢µ µÉµ¡· ¦¥´¨Ö
¶µ¢¥¤¥´¨Ö · §²¨Î´ÒÌ ¶·¨·µ¤´ÒÌ µ¡Ñ¥±Éµ¢. �É¨³ ¦¥ § ±µ´µ³¥·´µ¸ÉÖ³ ¶µ¤Î¨-
´¥´Ò ¨ ¶·µÍ¥¸¸Ò ´ ¡²Õ¤¥´¨Ö, ·¥£¨¸É· Í¨¨, ¶µ¸±µ²Ó±Ê ¢ ´¨Ì Í¥²¥´ ¶· ¢²¥´´µ
¨¸¶µ²Ó§ÊÕÉ¸Ö ¸¢µ°¸É¢  ¶·¨·µ¤´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. � ±µ´¥Í, ¨´Ëµ·³ Í¨µ´-
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¨¸. 2. ‘É·Ê±ÉÊ·  ¶·¥¤¸É ¢²¥´¨°, ¢Ìµ¤ÖÐ¨Ì ¢ ¶µ´ÖÉ¨¥ ¨´Ëµ·³ Í¨¨

´Ò¥ § ±µ´µ³¥·´µ¸É¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¸µ§¤ ¢ ¥³ÒÌ Î¥²µ¢¥±µ³ ¸¨¸É¥³ Ì ¶¥·¥-
¤ Î¨ ¨ Ì· ´¥´¨Ö ¸¢¥¤¥´¨° ¨ §´ ´¨°.

�µ¸²¥ ¶·¨¢¥¤¥´´µ£µ ¢ÒÏ¥ ±· É±µ£µ ¶¥·¥Î´Ö ¨´Ëµ·³ Í¨µ´´ÒÌ ¶µ´ÖÉ¨°
· ¸¸³µÉ·¨³ ± ¦¤µ¥ ¨§ ´¨Ì ¨ ¸¢Ö§¨ ³¥¦¤Ê ´¨³¨ ¡µ²¥¥ ¶µ¤·µ¡´µ.

1. ‘ˆƒ��‹, …ƒ� ����ƒ�‚�Ÿ ˆ ��…„…‹œ��Ÿ ��‘’�Ÿ��›…

�¡¸Ê¦¤ ¥³Ò¥ ´¨¦¥ ¶µ²µ¦¥´¨Ö ¡ §¨·ÊÕÉ¸Ö ´  ¸²¥¤ÊÕÐ¨Ì µ¡Ð¨Ì ¨´Ëµ·-
³ Í¨µ´´ÒÌ ¶·¨´Í¨¶ Ì:

1) µ¡Ñ¥±ÉÒ ´ Ï¥£µ ³¨·  ¢µ¸¶·¨´¨³ ¥³Ò (·¥£¨¸É·¨·Ê¥³Ò) ¤²Ö ´ ¡²Õ¤ -
É¥²Ö ¨ ¤·Ê£ ¤²Ö ¤·Ê£ , ¶µÔÉµ³Ê ¨Ì ¢§ ¨³µ¤¥°¸É¢¨¥ ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ, ± ±
¶·µÍ¥¸¸ µ¡³¥´  ¸¨£´ ² ³¨;

2) ¶·µÍ¥¸¸ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢¸¥£¤  ¶·µ¨¸Ìµ¤¨É ¸ µ¡³¥´µ³ ±µ´¥Î´µ£µ ±µ-
²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨.

“¸²µ¢¨Ö ±µ´¥Î´µ¸É¨ ¨´Ëµ·³ Í¨¨ ¢ ¸¨£´ ²¥. “± § ´´Ò¥ ¶·¨´Í¨¶Ò ¶µ¤-
· §Ê³¥¢ ÕÉ ´ ²¨Î¨¥ Ê ± ¦¤µ£µ ¶·¨·µ¤´µ£µ Ö¢²¥´¨Ö µ¶·¥¤¥²¥´´ÒÌ ¶µ·µ£µ¢ÒÌ
¨ ¶·¥¤¥²Ó´ÒÌ µ£· ´¨Î¥´¨° [36]. ’ ±, ±µ£¤  ³Ò Ê§´ ¥³ ¢ ·¥§Ê²ÓÉ É¥ µ¶ÒÉ 
(µÉ¸Î¥É ), ÎÉµ ¨´É¥·¥¸ÊÕÐ Ö ´ ¸ ÉµÎ±  ´  ®¡µ²ÓÏµ³¯ ¨´É¥·¢ ²¥ ∆Y ²¥¦¨É
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¢ ¶·¥¤¥² Ì ´¥¡µ²ÓÏµ£µ ¨´É¥·¢ ²  ∆y, Éµ ¶·¨µ¡·¥É ¥³µ¥ ´ ³¨ ±µ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨ [20]

I ≤ log (∆Y/∆y). (1)

Šµ´¥Î´µ¸ÉÓ ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ (1) É·¥¡Ê¥É, ÎÉµ¡Ò ∆Y ´¥ ¡Ò²  ¡µ²ÓÏ¥
´¥±µÉµ·µ£µ ¶·¥¤¥² ,   ∆y ´¥ ¡Ò²  ³¥´ÓÏ¥ ´¥±µÉµ·µ£µ ¶µ·µ£ , § ¤ ¢ ¥³µ£µ
±µ´±·¥É´Ò³¨ Ê¸²µ¢¨Ö³¨ ¨§³¥·¥´¨Ö.

ˆ¸Ìµ¤Ö ¨§ (1) ´¥É·Ê¤´µ ¶µ´ÖÉÓ, ÎÉµ ¶·µ¨§¢µ²Ó´ Ö ËÊ´±Í¨Ö y(x) ³µ¦¥É
´¥¸É¨ ®É·¨¦¤Ò ¡¥¸±µ´¥Î´µ¥¯ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¶µ¸±µ²Ó±Ê

1) ²Õ¡ Ö ¥¥ ÉµÎ±  ³µ¦¥É ¶·¨´¨³ ÉÓ ¡¥¸±µ´¥Î´µ¥ §´ Î¥´¨¥ (∆Y → ∞);
2) ± ¦¤ Ö ÉµÎ±  ´¥ ¨³¥¥É · §³¥·  (∆y → 0);
3) ´  ²Õ¡µ³ ±µ´¥Î´µ³ ¨´É¥·¢ ²¥ ∆x ¸µ¤¥·¦¨É¸Ö ¡¥¸±µ´¥Î´µ¥ ±µ²¨Î¥¸É¢µ

ÉµÎ¥±.
‡ ¤ ¤¨³¸Ö ¢µ¶·µ¸µ³: ± ±¨¥ µ£· ´¨Î¥´¨Ö ´¥µ¡Ìµ¤¨³µ ´ ²µ¦¨ÉÓ ´  ³ -

É¥³ É¨Î¥¸±ÊÕ ËÊ´±Í¨Õ y(x), ¥¸²¨ ³Ò ÌµÉ¨³ ¶·¥¤¸É ¢¨ÉÓ ¥¥ ± ± ·¥ ²Ó´Ò°
¸¨£´ ²? „²Ö Éµ£µ ÎÉµ¡Ò µÉµ¡· ¦ ÉÓ ·¥ ²Ó´Ò° ¸¨£´ ², ËÊ´±Í¨Ö y(x) ¤µ²¦´ 
¨³¥ÉÓ ¶·¥¤¥²Ó´µ¥ µ£· ´¨Î¥´¨¥ ¶µ  ³¶²¨ÉÊ¤¥ (¢ÒÉ¥± ¥É ¨§ ¶¥·¢µ£µ ¶Ê´±É ):

∆Y ≤
√

RS (2)

¨ Ê¤µ¢²¥É¢µ·ÖÉÓ ¶µ·µ£µ¢µ³Ê µ£· ´¨Î¥´¨Õ (¢ÒÉ¥± ÕÐ¥³Ê ¨§ ¢Éµ·µ£µ ¨ É·¥-
ÉÓ¥£µ ¶Ê´±Éµ¢):

∆x∆y ≥
√

QS , (3)

§¤¥¸Ó RS ¨ QS Å ¶·¥¤¥²Ó´ Ö ¨ ¶µ·µ£µ¢ Ö ¨´Ëµ·³ Í¨µ´´Ò¥ ¶µ¸ÉµÖ´´Ò¥ ¸¨£-
´ ² .

…Ð¥ µ¤´µ µ£· ´¨Î¥´¨¥ ¸²¥¤Ê¥É ¨§ ¸ ³µ° ¶·¨·µ¤Ò ¸¨£´ ²  Å ¶¥·¥³¥´´Ò¥
x ¨ y ³µ£ÊÉ ¨³¥ÉÓ ¸ ³ÊÕ · §²¨Î´ÊÕ · §³¥·´µ¸ÉÓ ¨ Ë¨§¨Î¥¸±¨° ¸³Ò¸², ´µ
µ¡Ö§ É¥²Ó´µ ¢Ò¶µ²´¥´¨¥ ¸²¥¤ÊÕÐ¥£µ Ê¸²µ¢¨Ö: ±¢ ¤· É ËÊ´±Í¨¨, Ê³´µ¦¥´´Ò°
´  ¶·¨· Ð¥´¨¥  ·£Ê³¥´É , ¤µ²¦¥´ ¡ÒÉÓ · ¢¥´ ¨§³¥´¥´¨Õ Ô´¥·£¨¨ ¸¨£´ ² :

dE = y2dx. (4)

‘³Ò¸² Ëµ·³ ²Ó´µ ¢¢¥¤¥´´ÒÌ ¢ (2), (3) ±¢ ¤· É´ÒÌ ±µ·´¥° ¨ ¸µ¸Éµ¨É ¢ Éµ³,
ÎÉµ ¨´Ëµ·³ Í¨µ´´Ò¥ ¶µ¸ÉµÖ´´Ò¥ R ¨ Q ¸¢Ö§ ´Ò ¸ ¢¥²¨Î¨´ ³¨ Ô´¥·£¨¨ (¸ y2).

ˆ§ (2), (3) ¸²¥¤Ê¥É, ÎÉµ ¶µ²´Ò° ¶¥·¥¶ ¤ §´ Î¥´¨° ËÊ´±Í¨¨ ∆Y § ´¨³ ¥É
³¨´¨³ ²Ó´Ò° ¨ ±µ´¥Î´Ò° ¨´É¥·¢ ² §´ Î¥´¨°  ·£Ê³¥´É :

∆xmin ≥
√

QS/RS . (5)

�Éµ Ê¸²µ¢¨¥ § ¤ ¥É ¨´Ëµ·³ Í¨µ´´µ µ¡µ¸´µ¢ ´´ÊÕ ¥¤¨´¨ÍÊ ¤²¨´Ò, µ§´ Î -
ÕÐÊÕ, ÎÉµ ´  ¨´É¥·¢ ² Ì, ³¥´ÓÏ¨Ì ∆xmin, ¤¥É ²¨ ¶µ¢¥¤¥´¨Ö ËÊ´±Í¨¨ ´¥
Ö¢²ÖÕÉ¸Ö µ¶·¥¤¥²¨³Ò³¨ ¨ ´¥ ´¥¸ÊÉ ¶µÔÉµ³Ê ´¨± ±µ° ¨´Ëµ·³ Í¨¨.
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‚¢¨¤Ê · ¸¶·µ¸É· ´¥´´µ¸É¨ ¸¨£´ ²  ¶µ µ¸¨  ¡¸Í¨¸¸ (5) ³Ò ¡Ê¤¥³ ¶µ²Ó§µ-
¢ ÉÓ¸Ö ¶µ´ÖÉ¨¥³ ¥£µ ¸¶¥±É· , ¢¢o¤Ö ¸²¥¤ÊÕÐ¨¥ µ¡µ§´ Î¥´¨Ö: χ Å ¶¥·¥³¥´´ Ö,
µ¡· É´ Ö x ¶µ · §³¥·´µ¸É¨ ([χ] = [1/x]); G(χ) Å ¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ  ³-
¶²¨ÉÊ¤Ò ¸¨£´ ² . ’µ£¤  Ê¸²µ¢¨¥ (5) µ§´ Î ¥É µ£· ´¨Î¥´´µ¸ÉÓ Ï¨·¨´Ò ¸¶¥±É· 
¸¨£´ ²  (¶µ χ).

”Ê´±Í¨µ´ ²Ó´ Ö ¸Ì¥³  ·¥£¨¸É·¨·ÊÕÐ¥£µ ¶·¨¡µ· . Š ¦¤Ò° ·¥ ²Ó´Ò°
Ë¨§¨Î¥¸±¨° ¶·¨¡µ· µ¡² ¤ ¥É ¸¢µ°¸É¢µ³ µ£· ´¨Î¥´´µ¸É¨ ¡Ò¸É·µ¤¥°¸É¢¨Ö, É.¥.
´¥ ³µ¦¥É ·¥ £¨·µ¢ ÉÓ ´  ¸±µ²Ó Ê£µ¤´µ ±µ·µÉ±¨° ¸¨£´ ². �Î¥¢¨¤´µ É ±¦¥,
ÎÉµ ¤²Ö ·¥£¨¸É· Í¨¨ ¸¨£´ ²  µ¡Ñ¥±É ¤µ²¦¥´ ¶µ²ÊÎ¨ÉÓ µÉ ´¥£µ µ¶·¥¤¥²¥´´ÊÕ
Ô´¥·£¨Õ. �µÔÉµ³Ê ¸ÊÉÓ ¶·µÍ¥¸¸  ³µ¦´µ µÉµ¡· §¨ÉÓ [37,38] ¸ ¶µ³µÐÓÕ µ¡µ¡-
Ð¥´´µ° ËÊ´±Í¨µ´ ²Ó´µ° ¸Ì¥³Ò, ¶µ± § ´´µ° ´  ·¨¸. 3 ¨ ¢±²ÕÎ ÕÐ¥° ¤¢ 
¶·¨´Í¨¶¨ ²Ó´ÒÌ Ê§² :

1) Ë¨²ÓÉ· (¶·µ¶Ê¸± É¥²Ó) ´¨¦´¨Ì £ ·³µ´¨± ¸¨£´ ² , µÉ· ¦ ÕÐ¨° ¨´¥·-
Í¨µ´´µ¸ÉÓ ¶·¨¡µ· ;

2) Ê§¥² ®ËÊ´±Í¨µ´ ²Ó´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö¯, É·¥¡ÊÕÐ¨° ¶µ¸ÉÊ¶²¥´¨Ö µ¶·¥-
¤¥²¥´´µ° Ô´¥·£¨¨ ´  ¥£µ ¢Ìµ¤ (¢ ¶·µ¸É¥°Ï¥³ ¸²ÊÎ ¥, ¶µ± § ´´µ³ ´  ·¨¸. 3,
ÔÉµ ¤¨¸±·¨³¨´ Éµ· ´ ²¨Î¨Ö ¨²¨ µÉ¸ÊÉ¸É¢¨Ö ¸¨£´ ² ).

¨¸. 3. „¥°¸É¢¨¥ ·¥£¨¸É· Éµ· :  ) ËÊ´±Í¨µ´ ²Ó´ Ö ¸Ì¥³ , ¸µ¸ÉµÖÐ Ö ¨§ Ë¨²ÓÉ·  ´¨¦-
´¨Ì £ ·³µ´¨± χ < χR ¨ Ô²¥³¥´É  ¶·¥µ¡· §µ¢ ´¨Ö Ô´¥·£¨¨ ¸¨£´ ²  ¢ ¢ÒÌµ¤´ÊÕ ¢¥²¨-
Î¨´Ê (¤¨¸±·¨³¨´ Éµ· ); ¡) ³¥Ì ´¨§³ § ¤¥·¦±¨ ¸· ¡ ÉÒ¢ ´¨Ö Å Ë¨²ÓÉ· ·¥£¨¸É· Éµ· 
¨´É¥£·¨·Ê¥É ¢Ìµ¤´µ° (¸ÉÊ¶¥´Î ÉÒ°) ¸¨£´ ², µ¡² ¸ÉÓ Ô´¥·£¨¨, É·¥¡ÊÕÐ¥°¸Ö ËÊ´±Í¨µ-
´ ²Ó´µ³Ê ¶·¥µ¡· §µ¢ É¥²Õ, § ÏÉ·¨Ìµ¢ ´ , ±µ´¥Í § ÏÉ·¨Ìµ¢ ´´µ° §µ´Ò ¥¸ÉÓ ³µ³¥´É
¸· ¡ ÉÒ¢ ´¨Ö ·¥£¨¸É· Éµ· 
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�É´µÏ¥´¨¥ ´¥µ¡Ìµ¤¨³µ° ¢Ìµ¤´µ° Ô´¥·£¨¨ ER ± ¶µ²µ¸¥ ¶·µ¶Ê¸± ´¨Ö
Ë¨²ÓÉ·  χR:

QR = ER/χR (6)

¥¸ÉÓ ¨´Ëµ·³ Í¨µ´´ Ö ¶µ·µ£µ¢ Ö ¶µ¸ÉµÖ´´ Ö ¶·¨¡µ· . ‚ [37] ¶µ± § ´µ, ÎÉµ
¤²Ö Éµ£µ, ÎÉµ¡Ò ¸¨£´ ² ¸ ¶µ·µ£µ¢Ò³ ¶ · ³¥É·µ³ QS = ESxS (3) ¢µ¸¶·¨´¨-
³ ²¸Ö, ´¥µ¡Ìµ¤¨³µ, ¶µ³¨³µ µÎ¥¢¨¤´µ£µ ES ≥ ER, ¢Ò¶µ²´¥´¨¥ µ¡Ö§ É¥²Ó´µ£µ
Ê¸²µ¢¨Ö

QS ≥ QR. (7)

�µ¸ÉµÖ´´ Ö QR µ¶·¥¤¥²Ö¥É ´¥ Éµ²Ó±µ ³¨´¨³ ²Ó´Ò° ¶µ·µ£ ·¥£¨¸É· Í¨¨, ´µ
¨ ¶·¨· Ð¥´¨¥ Ô´¥·£¨¨ ¸¨£´ ² , ±µÉµ·µ¥ ³µ¦¥É ¡ÒÉÓ § ·¥£¨¸É·¨·µ¢ ´µ. „·Ê-
£¨³¨ ¸²µ¢ ³¨, ¶µ·µ£µ¢µ¥ Ê¸²µ¢¨¥ (6) µ¶·¥¤¥²Ö¥É · §·¥Ï¥´¨¥ ¨§³¥·¨É¥²Ó´µ£µ
¶·¨¡µ· .

‘µµÉ´µÏ¥´¨¥ ¢¨¤  (6) ¡Ò²µ ¶µ²ÊÎ¥´µ ƒ¥°§¥´¡¥·£µ³ [24] ¶·¨  ´ ²¨§¥
¶·µ¡²¥³Ò ¤µ¸É¨¦¨³µ£µ · §·¥Ï¥´¨Ö ¶·¨¡µ·  (³¨±·µ¸±µ¶ ƒ¥°§¥´¡¥·£ ); ¨³
¡Ò²µ ¶µ± § ´µ, ÎÉµ ³¨´¨³ ²Ó´µ° ¶·¨·µ¤´µ° ¢¥²¨Î¨´µ° ¤²Ö QR ¢ ¸²ÊÎ ¥
Ô²¥±É·µ³ £´¨É´ÒÌ ¸¨£´ ²µ¢ Ö¢²Ö¥É¸Ö ¶µ¸ÉµÖ´´ Ö �² ´± .

„µ¸É¨£´ÊÉÒ° ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ³ ¸¸µ¢Ò° É¥Ì´µ²µ£¨Î¥¸±¨° Ê·µ¢¥´Ó ¶·µ-
¨§¢µ¤¸É¢ , ´ ¶·¨³¥·, Ô²¥±É·µ´´ÒÌ ±µ³¶µ´¥´Éµ¢ ³µ¦´µ µÌ · ±É¥·¨§µ¢ ÉÓ ± ±
®µ¤¨´ ¢µ²ÓÉ Å µ¤¨´ ³¨²²¨ ³¶¥· Å µ¤´  ´ ´µ¸¥±Ê´¤ ¯, ÎÉµ ´  ∼ 13 ¤¥¸ÖÉ¨Î-
´ÒÌ ¶µ·Ö¤±µ¢ ¢ÒÏ¥ ¶µ¸ÉµÖ´´µ° �² ´± . Œµ¦´µ Ê± § ÉÓ [39] ´  ´¥±µÉµ·Ò¥
É¥Ì´¨Î¥¸±¨¥ ¸²¥¤¸É¢¨Ö ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¨´Ëµ·³ Í¨µ´´µ£µ ¶µ·µ£ :

1) ÔËË¥±É ®£Ê²Ö´¨Ö¯ ¶µ ¢·¥³¥´¨ ¢ÒÌµ¤´µ£µ ¨³¶Ê²Ó¸  ·¥£¨¸É· Éµ·  ¶·¨
¨§³¥´¥´¨¨  ³¶²¨ÉÊ¤Ò ¸ÉÊ¶¥´Î Éµ£µ ¢Ìµ¤´µ£µ ¸¨£´ ²  (¸³. ·¨¸. 3,¡);

2) µ¡Ö§ É¥²Ó´µ¸ÉÓ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ´¥±µÉµ·µ£µ ±µ´¥Î´µ£µ ¶¥·¥±·ÒÉ¨Ö ¸¨£-
´ ²µ¢ ¤²Ö ´ Î ²  ¢Ò¤¥²¥´¨Ö ¨Ì ¸µ¢¶ ¤¥´¨Ö.

�µ·µ£µ¢µ¥ ¸µµÉ´µÏ¥´¨¥ ´¥µ¶·¥¤¥²¨³µ¸É¨ (6), ÌµÉÖ µ´µ ¨ ¶µ²ÊÎ¥´µ ¤²Ö
¨§³¥·¨É¥²Ó´µ£µ ¶·¨¡µ· , ¨³¥¥É £µ· §¤µ ¡µ²¥¥ Ï¨·µ±¨° ¸³Ò¸² ± ± µ¡µ¡Ð¥´-
´µ¥ Ê¸²µ¢¨¥ ¢µ¸¶·¨ÖÉ¨Ö. �µÔÉµ³Ê ¤ ²¥¥ ³Ò ¡Ê¤¥³ ´ §Ò¢ ÉÓ ·¥£¨¸É· Éµ·µ³
²Õ¡µ° µ¡Ñ¥±É, µ¡² ¤ ÕÐ¨° ¸¶µ¸µ¡´µ¸ÉÓÕ ¢µ¸¶·¨ÖÉ¨Ö.

�·¥¤¸É ¢²¥´¨¥ ¶·µ¸Éµ£µ ¸¨£´ ²  ËÊ´±Í¨¥° µÉ¸Î¥Éµ¢. ‘Ì¥³ , ¶·¨¢¥¤¥´-
´ Ö ´  ·¨¸. 3, ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥ µ¡ µ¶É¨³ ²Ó´µ° Ëµ·³¥
¸¨£´ ² : µ´ ¤µ²¦¥´ ¨³¥ÉÓ ¶²µ¸±¨° ¸¶¥±É· £ ·³µ´¨± (¸µ¢¶ ¤ ÕÐ¨° ¶µ Ï¨·¨´¥
¸ χr). Š·µ³¥ Éµ£µ, ¸¨£´ ² ¤µ²¦¥´ ¨³¥ÉÓ ³¨´¨³ ²Ó´ÊÕ Ô´É·µ¶¨Õ, É.¥. ³ ±-
¸¨³ ²Ó´ÊÕ Ê¶µ·Ö¤µÎ¥´´µ¸ÉÓ, ¤²Ö Î¥£µ ¢¸¥ ¥£µ £ ·³µ´¨±¨ ¤µ²¦´Ò ¸µ¢¶ ¤ ÉÓ
(¸Ìµ¤¨ÉÓ¸Ö) ®£µ·¡ ³¨¯ ¸¨´Ê¸µ¨¤ ¢ µ¤´µ° ÉµÎ±¥. ”Ê´±Í¨Ö ¢¨¤  sin(x)/x, Ê¤µ-
¢²¥É¢µ·ÖÕÐ Ö ÔÉ¨³ Ê¸²µ¢¨Ö³, ´ §Ò¢ ¥É¸Ö ¢ ¨´Ëµ·³ É¨±¥ ËÊ´±Í¨¥° µÉ¸Î¥Éµ¢
[23], µ´  ¨³¥¥É ±µ²µ±µ²µµ¡· §´Ò° ¢¨¤ ¨ ¶µ± § ´  ´  ·¨¸. 4,¡. ‚ ¤ ²Ó´¥°-
Ï¥³ ³Ò ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¸¨£´ ² ¶µ¤µ¡´µ° Ëµ·³Ò ¶·µ¸ÉÒ³, ¨³¥Ö ¢ ¢¨¤Ê, ÎÉµ
¢µ§³µ¦´Ò ¸¨£´ ²Ò ¸ ¡µ²¥¥ ¸²µ¦´Ò³ ¸¶¥±É·µ³.
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¨¸. 4. ‘¶¥±É·Ò Î ¸ÉµÉ:  ) Ï¨·µ±µ¶µ²µ¸´µ£µ ¨ Ê§±µ¶µ²µ¸´µ£µ ¸¨´Ê¸µ¨¤ ²Ó´ÒÌ ¶ -
±¥Éµ¢ (Ï¨·¨´  ¸¶¥±É·  Ê§±µ¶µ²µ¸´µ£µ ¶ ±¥É  ¢ 5 · § ³¥´ÓÏ¥ ´¥¸ÊÐ¥° Î ¸ÉµÉÒ, ¥£µ
¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ ¤²Ö ´ £²Ö¤´µ¸É¨ Ê¢¥²¨Î¥´  ¢ 5 · §); ¡) Ï¨·µ±µ¶µ²µ¸´Ò° ¶ -
±¥É Å ËÊ´±Í¨Ö µÉ¸Î¥Éµ¢ sin (2πx)/2πx; ¢) Ï¨·µ±µ¶µ²µ¸´Ò° ¨ Ê§±µ¶µ²µ¸´Ò° ¶ ±¥ÉÒ
¢ Ê³¥´ÓÏ¥´´µ³ ¢ 10 · § ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨

�¥±µÉµ·Ò¥ ¸¢µ°¸É¢  ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢. ”Ê´±Í¨Ö µÉ¸Î¥Éµ¢ Ö¢²Ö¥É¸Ö Ï¨-
·µ±µ¶µ²µ¸´Ò³ (¸¶¥±É· ´ Î¨´ ¥É¸Ö ¸ ´Ê²¥¢µ° £ ·³µ´¨±¨ Å ·¨¸. 4, ) ¶ ±¥Éµ³
±µ¸¨´Ê¸µ¨¤ (¨²¨ ¸Ë §¨·µ¢ ´´ÒÌ ¸¨´Ê¸µ¨¤). �´  ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢
¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

φ(x) = A[sin (2π∆χx)/(2π∆χx)], (8)

£¤¥ A Å  ³¶²¨ÉÊ¤  ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢ (¢Ò¸µÉ  ¥¥ Í¥´É· ²Ó´µ£µ ¶¨± ). „ ²¥¥ χ
¶µ´¨³ ¥É¸Ö ± ± Í¥´É· ²Ó´ Ö (´¥¸ÊÐ Ö) £ ·³µ´¨±  ¸¶¥±É· , ¨³¥ÕÐ¥£µ Ï¨·¨´Ê
∆χ: χ = ∆χ/2, ¸³. ·¨¸. 4, ,¡.

• · ±É¥·¨¸É¨Î¥¸± Ö Ï¨·¨´  Í¥´É· ²Ó´µ£µ ¶¨±  (·¨¸. 4,¡) ¸¢Ö§ ´  ¸ Ï¨-
·¨´µ° ¸¶¥±É·  ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢:

∆x = 1/∆χ; (9)

  ¥£µ  ³¶²¨ÉÊ¤  ¸¢Ö§ ´  ¸µ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸ÉÓÕ  ³¶²¨ÉÊ¤Ò G:

A = 2G∆χ. (10)
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�´¥·£¨Ö ¶ ±¥É  ¸¨´Ê¸µ¨¤ ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¤¢Ê³Ö ¸¶µ¸µ¡ ³¨:

E = A2∆x/2 = R∆x/2, (11)

E = 2G2∆χ = 2Q∆χ; (12)

ÔÉµ µ§´ Î ¥É, ÎÉµ ¤²Ö ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢

E = AG. (13)

Š ± ¢¨¤¨³, ¶µ·µ£µ¢ Ö ¨ ¶·¥¤¥²Ó´ Ö ¶µ¸ÉµÖ´´Ò¥ ¶·µ¸Éµ£µ ¸¨£´ ²  ¨³¥ÕÉ ¸²¥-
¤ÊÕÐ¨° ¸³Ò¸²: R Å ¶µ± § É¥²Ó ¸µ¤¥·¦ ´¨Ö Ô´¥·£¨¨ ¢ ®¥¤¨´¨Í¥ · §³¥· ¯
(11); Q Å ¶µ± § É¥²Ó ¸µ¤¥·¦ ´¨Ö Ô´¥·£¨¨ ¢ ®¥¤¨´¨Í¥ ¸¶¥±É· ¯ (12).

�·¨· ¢´Ö¢ (11) ¨ (12) ¸ ÊÎ¥Éµ³ (9), ´¥É·Ê¤´µ ¶µ²ÊÎ¨ÉÓ [37] ¸¢Ö§Ó ³¥¦¤Ê
¶µ·µ£µ¢Ò³ ¨ ¶·¥¤¥²Ó´Ò³ ¶ · ³¥É· ³¨ ¢ ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢:

R = Q/(∆x/2)2, (14)

¶¥·¥Ìµ¤ÖÐÊÕ ¢ (5) ¤²Ö ∆xmin = ∆x/2. ˆ§ (11) ¶·Ö³µ ¸²¥¤Ê¥É, ÎÉµ µ¡µ¡-
Ð¥´´µ¥ ¶·¥¤¥²Ó´µ¥ ¸µµÉ´µÏ¥´¨¥ ¶·¨ µ¶¨¸ ´¨¨ ¸¨£´ ²  ËÊ´±Í¨¥° µÉ¸Î¥Éµ¢
¶·¨´¨³ ¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

E∆χ = Rmax/2. (15)

�¡µ¡Ð¥´´µ¥ ¶µ·µ£µ¢µ¥ ¸µµÉ´µÏ¥´¨¥ ¨§ (9) ¨ (12) ¢Ò· ¦ ¥É¸Ö ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:

E∆x = 2Qmin. (16)

� §²µ¦¥´¨¥ ¸²µ¦´ÒÌ ¸¨£´ ²µ¢ ´  ¶·µ¸ÉÒ¥. ˆ§ ¸µµ¡· ¦¥´¨° ±µ´¥Î´µ-
¸É¨ Ô´¥·£¨¨ ¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ ¶·µ¨§¢µ²Ó´µ£µ ¸¨£´ ²  ¢ µ¡² ¸É¨ ´¨¦´¨Ì
£ ·³µ´¨± ¤µ²¦´  ¡ÒÉÓ µ£· ´¨Î¥´  ´¥±µÉµ·µ° ¢¥²¨Î¨´µ° Å Gm. ‚ µ¡² ¸É¨
¢Ò¸Ï¨Ì £ ·³µ´¨± ¸¶¥±É· µ¤¨´µÎ´µ£µ ¶·µ¨§¢µ²Ó´µ£µ ¸¨£´ ²  Ö¢²Ö¥É¸Ö ¡¥¸±µ-
´¥Î´Ò³ [23], ´µ ¨§ É¥Ì ¦¥ ¸µµ¡· ¦¥´¨° ±µ´¥Î´µ¸É¨ Ô´¥·£¨¨ µ´ ¤µ²¦¥´ ¡ÒÉÓ
µ£· ´¨Î¥´ £¨¶¥·¡µ²µ°. ’µ£¤ :

G(χ) ≤ Gm · ∆χm/χ, (17)

£¤¥ ∆χm Å Ï¨·¨´  ¸¶¥±É·  ¸¨£´ ²  ¸ ¶²µÉ´µ¸ÉÓÕ  ³¶²¨ÉÊ¤Ò ∼ Gm.
�²µÐ ¤Ó ¸¨£´ ² , É.¥. ¥£µ ¨´É¥£· ² (Ê¸·¥¤´¥´¨¥ ¸ ÊÎ¥Éµ³ §´ ± ), ¢¸¥-

£¤  · ¢´  G0 Å ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨  ³¶²¨ÉÊ¤Ò ¥£µ ´Ê²¥¢µ° £ ·³µ´¨±¨
[23]. Š¢ ¤· É ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ QS ³µ¦´µ ´ §¢ ÉÓ ¤¥°¸É¢¨¥³ ¶·µ¸Éµ£µ
¸¨£´ ²  (¥¸²¨ ¸¨£´ ² Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° ¢·¥³¥´¨, Éµ ±¢ ¤· É ¸¶¥±É· ²Ó´µ°
¶²µÉ´µ¸É¨  ³¶²¨ÉÊ¤Ò ¨³¥¥É · §³¥·´µ¸ÉÓ ¢¥²¨Î¨´Ò, ´ §Ò¢ ¥³µ° ¢ ³¥Ì ´¨±¥
®¤¥°¸É¢¨¥³¯). ‘²¥¤Ê¥É µ¡· É¨ÉÓ µ¸µ¡µ¥ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¶µ·µ£µ¢ Ö ¨´-
Ëµ·³ Í¨µ´´ Ö ¶µ¸ÉµÖ´´ Ö QR ¥¸ÉÓ ¶µ·µ£ ¤¥°¸É¢¨Ö ¸¨£´ ²  (6).
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¨¸. 5. �·¥¤¸É ¢²¥´¨¥ ¶µ¸ÉµÖ´´µ° ËÊ´±Í¨¨ (¶·Ö³µÊ£µ²Ó´µ£µ ¸¨£´ ² ) ¸ ¶µ³µÐÓÕ ¨´-
É¥£· ²  ”Ê·Ó¥ ¨ ËÊ´±Í¨° µÉ¸Î¥Éµ¢ ŠµÉ¥²Ó´¨±µ¢ ; ²¥¢ Ö ±µ²µ´±  Å ¸¶¥±É· Î ¸ÉµÉ ¶·Ö-
³µÊ£µ²Ó´µ° ËÊ´±Í¨¨ (¨³¥¥É ¢¨¤ sin (χ)/χ) ¢ · ¸Ï¨·Ö¥³µ³ ¶µ § ±µ´Ê 1/2, 1, 2, 3, 4,...
¸¶¥±É· ²Ó´µ³ ¤¨ ¶ §µ´¥, ¶µ± § ´ É ±¦¥ ¶²µ¸±¨° ¸¶¥±É· ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢ (Q → 0
¶·¨ ¢µ§· ¸É ´¨¨ ¥¥ ´µ³¥· ); ¸·¥¤´ÖÖ ±µ²µ´±  Å ¶·¥¤¸É ¢²¥´¨¥ ”Ê·Ó¥; ¶· ¢ Ö ±µ-
²µ´±  Å ¶·¥¤¸É ¢²¥´¨¥ ŠµÉ¥²Ó´¨±µ¢ ; · §´¨Í  ³¥¦¤Ê ¨¸Ìµ¤´Ò³ (¶·Ö³µÊ£µ²Ó´Ò³)
¨ ®¢µ¸¶·¨´ÖÉÒ³¯ ( ¶¶·µ±¸¨³¨·ÊÕÐ¨³) ¸¨£´ ² ³¨ ¶µ± §Ò¢ ¥É ¤¨ ¶ §µ´ ¢µ§³µ¦´ÒÌ
¶µ¤¶µ·µ£µ¢ÒÌ µÉ±²µ´¥´¨° ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö

�µ·µ£µ¢µ¥ µ£· ´¨Î¥´¨¥ ¶µ G2 (12) ¤ ¥É Ê¸²µ¢¨¥ µ¡·¥§ ´¨Ö ¸¶¥±É·  ¶·µ¨§-
¢µ²Ó´µ£µ ¸¨£´ ²  (5) ¨ ³¥·Ê ¶µ£·¥Ï´µ¸É¨ ¶·¨ ¢Ò· ¦¥´¨¨ ¶µ¸²¥¤´¥£µ ¸Ê³³µ°
¶·µ¸ÉÒÌ ¸¨£´ ²µ¢. ‚µ¸¶·¨´ÖÉÒ° ¸¨£´ ² (¸ § ¢¥¤µ³µ µ£· ´¨Î¥´´Ò³ ¸¶¥±É·µ³)
· §² £ ¥É¸Ö ´  ¶·µ¸ÉÒ¥ ³ É¥³ É¨Î¥¸±¨ ÉµÎ´µ ¸µ£² ¸´µ É¥µ·¥³¥ ŠµÉ¥²Ó´¨-
±µ¢  [23]. „²Ö ¶·¨³¥·  ´  ·¨¸. 5 ¶µ± § ´  ¸¥·¨Ö · §²µ¦¥´¨° ¶·Ö³µÊ£µ²Ó´µ£µ
¨³¶Ê²Ó¸  ´  ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢ ¸ ¶µ¸²¥¤µ¢ É¥²Ó´µ · ¸Ï¨·ÖÕÐ¥°¸Ö Ï¨·¨´µ°
¸¶¥±É·  ¨ Ê³¥´ÓÏ ÕÐ¥°¸Ö ¶µ·µ£µ¢µ° ¶µ¸ÉµÖ´´µ°. —¥³ ³¥´ÓÏ¥ Q, É¥³ ÉµÎ-
´¥¥ ¸µ¢µ±Ê¶´µ¸ÉÓ ¶·µ¸ÉÒÌ ¸¨£´ ²µ¢ µ¶¨¸Ò¢ ¥É ËÊ´±Í¨Õ y(x). ‚ ¶·¥¤¥²¥
¶·¨ Q → 0 (∆χ → ∞) ¨´Ëµ·³ Í¨µ´´µ¥ µ¶¨¸ ´¨¥ ¸µ¢¶ ¤ ¥É ¸ ³ É¥³ É¨Î¥-
¸±¨³. �µ¸²¥¤´¥¥ ¨³¥¥É Ö¢´ÊÕ  ´ ²µ£¨Õ ¸ ÊÉ¢¥·¦¤¥´¨¥³, ¢¶¥·¢Ò¥ ¢Ò¸± § ´-
´Ò³ �² ´±µ³ [40], ÎÉµ ¶·¨ h → 0 ±¢ ´Éµ¢µ-³¥Ì ´¨Î¥¸±µ¥ µ¶¨¸ ´¨¥ ¶·¨¢µ¤¨É
± Ëµ·³Ê² ³ ±² ¸¸¨Î¥¸±µ° Ë¨§¨±¨.

„¥²ÓÉ -ËÊ´±Í¨Ö µÉ¸Î¥Éµ¢. „¥²ÓÉ -ËÊ´±Í¨Ö „¨· ±  [41] ³µ¦¥É ¡ÒÉÓ ¶·¥¤-
¸É ¢²¥´  ± ± ËÊ´±Í¨Ö µÉ¸Î¥Éµ¢ (8) ¸ ´¥µ£· ´¨Î¥´´µ · ¸ÉÊÐ¥° Ï¨·¨´µ° ¸¶¥±-
É· . �¸µ¡¥´´µ¸ÉÓ ¤¥²ÓÉ -ËÊ´±Í¨¨ „¨· ± , ± ± ¨§¢¥¸É´µ, ¢ Éµ³, ÎÉµ ¥¥ ¶²µ-
Ð ¤Ó ¶·¨· ¢´¨¢ ¥É¸Ö ¥¤¨´¨Í¥. ˆ§ Ê¸²µ¢¨Ö ´µ·³¨·µ¢±¨ ¢ Ëµ·³Ê²¥ ¤²Ö δ„(x)
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¶µÖ¢²Ö¥É¸Ö µ¡· É´ Ö ¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ  ³¶²¨ÉÊ¤Ò:

δ„(x) = φ(x)/G, ¶·¨ ∆χ → ∞, (18)

Éµ£¤ 

E„ = A/G, A → ∞. (19)

„¥²ÓÉ -ËÊ´±Í¨¨ δ(x), ´¥ ´µ·³¨·µ¢ ´´Ò¥ ´  ¥¤¨´¨ÍÊ, ³µ£ÊÉ ¡ÒÉÓ ¶µ¤· §-
¤¥²¥´Ò ¶µ ¢¥²¨Î¨´¥ ¤¥°¸É¢¨Ö ´  ¶µ¤¶µ·µ£µ¢Ò¥ ¨ ´ ¤¶µ·µ£µ¢Ò¥ ¤²Ö ±µ´±·¥É-
´µ£µ ·¥£¨¸É· Éµ· . •µÉÖ µ¤¨´µÎ´ Ö ¶µ¤¶µ·µ£µ¢ Ö ¤¥²ÓÉ -ËÊ´±Í¨Ö ¨ ¨³¥¥É
¡¥¸±µ´¥Î´ÊÕ Ô´¥·£¨Õ (13), µ´  ´¥ ¢µ¸¶·¨´¨³ ¥É¸Ö ·¥£¨¸É· Éµ·µ³. � ¤¶µ·µ-
£µ¢ Ö ¤¥²ÓÉ -ËÊ´±Í¨Ö ®É¥·Ö¥É¯ ¢ Ë¨²ÓÉ·¥ ·¥£¨¸É· Éµ·  (·¨¸. 3) ¢¸¥ ¢¥·Ì´¨¥
£ ·³µ´¨±¨ (¨ ¸¢Ö§ ´´ÊÕ ¸ ´¨³¨ Ô´¥·£¨Õ) ¨ ¢µ§¤¥°¸É¢Ê¥É ´  ·¥£¨¸É· Éµ· ± ±
¸¨£´ ² ±µ´¥Î´µ° Ô´¥·£¨¨ (12) ¶·µÉÖ¦¥´´µ¸ÉÓÕ ∆xR = 1/∆χR.

˜Ê³, ¥£µ ¤¥°¸É¢¨¥ ¨ ¨´É¥´¸¨¢´µ¸ÉÓ. ”Ê´±Í¨Ö µÉµ¡· ¦¥´¨Ö, ¶·¨´¨³ -
ÕÐ Ö ¸²ÊÎ °´Ò¥ §´ Î¥´¨Ö, ¸ ÉµÎ±¨ §·¥´¨Ö É¥µ·¨¨ ¸¨£´ ²µ¢ Ö¢²Ö¥É¸Ö ÏÊ³µ³.
Œ É¥³ É¨Î¥¸±¨ ®¡¥²Ò°¯ Å ¸¶¥±É· ²Ó´µ ´¥µ£· ´¨Î¥´´Ò° ÏÊ³ Å ³µ¦¥É ¡ÒÉÓ
¶·¥¤¸É ¢²¥´ ± ± ¸µ¢µ±Ê¶´µ¸ÉÓ ¤¥²ÓÉ -ËÊ´±Í¨°, ¸²ÊÎ °´µ · ¸¶·¥¤¥²¥´´ÒÌ ¶µ
µ¸¨ X [23]. ’µ£¤  ¶ · ³¥É· ³¨ ÏÊ³  Ö¢²ÖÕÉ¸Ö ¤¥°¸É¢¨¥ µ¡· §ÊÕÐ¨Ì ¥£µ
¤¥²ÓÉ -ËÊ´±Í¨° ¨ ¸·¥¤´ÖÖ ¨´É¥´¸¨¢´µ¸ÉÓ ¨Ì ¶µÖ¢²¥´¨Ö ´  ¨´É¥·¢ ²¥ ∆xR.

…¸²¨ ¤¥²ÓÉ -ËÊ´±Í¨¨ ¶µÖ¢²ÖÕÉ¸Ö ¤µ¸É ÉµÎ´µ ·¥¤±µ, Éµ ·¥£¨¸É· Éµ· ¸· -
¡ ÉÒ¢ ¥É ´  ± ¦¤ÊÕ ¨§ ´¨Ì ¢ µÉ¤¥²Ó´µ¸É¨ (¤·µ¡µ¢µ° ÏÊ³ [1]), ²¨¡µ ´¥ ¸· ¡ -
ÉÒ¢ ¥É ¢µ¢¸¥, ±µ£¤  ¤¥²ÓÉ -ËÊ´±Í¨¨ ¶µ¤¶µ·µ£µ¢Ò¥. �·¨³¥·µ³ ´ ¤¶µ·µ£µ¢µ£µ
¤·µ¡´µ£µ ÏÊ³  Ö¢²Ö¥É¸Ö ¢ÒÌµ¤´µ° ÏÊ³ ”�“.

…¸²¨ ¦¥ ÏÊ³ ¨´É¥´¸¨¢´Ò° (¸·¥¤´¨° ¨´É¥·¢ ² ³¥¦¤Ê ¤¥²ÓÉ -ËÊ´±Í¨Ö³¨
³´µ£µ ³¥´ÓÏ¥ ∆xR), Éµ ¤²Ö ·¥£¨¸É· Éµ·  µ´ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´¥¶·¥·Ò¢´ÊÕ
±·¨¢ÊÕ, Ö¢²ÖÕÐÊÕ¸Ö ¸Ê³³µ° µ£¨¡ ÕÐ¨Ì Ë¨²ÓÉ·µ¢ ´´ÒÌ ¤¥²ÓÉ -ËÊ´±Í¨°.
Œ£´µ¢¥´´µ¥ §´ Î¥´¨¥  ³¶²¨ÉÊ¤Ò ´¥¶·¥·Ò¢´µ£µ ÏÊ³  · ¸¶·¥¤¥²¥´µ ¶µ § ±µ´Ê
ƒ Ê¸¸  [17]. ’¥¶²µ¢µ° ÏÊ³ ¢ Ô²¥±É·µ´´ÒÌ ±µ³¶µ´¥´É Ì [2] Ö¢²Ö¥É¸Ö ¨´É¥´-
¸¨¢´Ò³ ÏÊ³µ³. �´ ´ ¤¶µ·µ£µ¢Ò°, ¶µ¸±µ²Ó±Ê ¶µ¸ÉµÖ´´ Ö ¢µ¸¶·¨ÖÉ¨Ö Ô²¥±-
É·µ´´µ£µ ·¥£¨¸É· Éµ·  ³µ¦¥É ¡ÒÉÓ ¸¤¥² ´  ¤µ¸É ÉµÎ´µ ³ ²µ° (´  Ê·µ¢´¥ 106 h
¨ ´¨¦¥). � ¶·µÉ¨¢, ´¥¶·¥·Ò¢´Ò° É¥¶²µ¢µ° ÏÊ³ ¤¢¨¦¥´¨Ö ³µ²¥±Ê² ¢µ§¤ÊÌ 
Ö¢²Ö¥É¸Ö ¤²Ö Î¥²µ¢¥Î¥¸±µ£µ ÊÌ  ¶µ¤¶µ·µ£µ¢Ò³ (¶µ·µ£ ¢µ¸¶·¨ÖÉ¨Ö ∼ 1011 h).

…¸²¨ ¤¥°¸É¢¨¥ ÏÊ³  ´¥ ´ ³´µ£µ ´¨¦¥ ¶µ·µ£ , Éµ ¨³¥¥É¸Ö §´ Î¨É¥²Ó´ Ö ¢¥-
·µÖÉ´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¥£µ ¶¨±µ¢ ± ± ¤·µ¡µ¢µ£µ ÏÊ³  [18]. �É¨ ¶¨±¨ µ¡· §Ê-
ÕÉ¸Ö ¶·¨ ¸²ÊÎ °´ÒÌ ´ ²µ¦¥´¨ÖÌ ´¥¸±µ²Ó±¨Ì Ë¨²ÓÉ·µ¢ ´´ÒÌ ¤¥²ÓÉ -ËÊ´±Í¨°
¤·Ê£ ´  ¤·Ê£ , ¨ ¨Ì ¸Ê³³ ·´µ¥ ¤¥°¸É¢¨¥ ³µ¦¥É ¸É ÉÓ ¢ÒÏ¥ ¶µ·µ£  ¢µ¸¶·¨ÖÉ¨Ö.
’ ±¨³ ÏÊ³µ³ Ö¢²Ö¥É¸Ö É¥¶²µ¢µ¥ ¤¢¨¦¥´¨¥ ³µ²¥±Ê² £ §  ¨²¨ ¦¨¤±µ¸É¨ ¤²Ö
¡·µÊ´µ¢¸±¨Ì Î ¸É¨Í.

ˆ, ´ ±µ´¥Í, ¥¸²¨ ÏÊ³ ¨³¥¥É ¢¥¸Ó³  ¢Ò¸µ±ÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ, Éµ ¤ ¦¥
¶·¨ ¶µ¤¶µ·µ£µ¢µ³ ¤¥°¸É¢¨¨ ¤²Ö ·¥£¨¸É· Éµ·  µ´ Ö¢²Ö¥É¸Ö ¸¨£´ ²µ³ ¶· ±É¨-
Î¥¸±¨ ¶µ¸ÉµÖ´´µ° ¢¥²¨Î¨´Ò, É.±. ¢ ¸¨²Ê ¢¥¸Ó³  ¢Ò¸µ±µ° ³´µ¦¥¸É¢¥´´µ¸É¨
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´ ²µ¦¥´¨° Ë¨²ÓÉ·µ¢ ´´ÒÌ ¤¥²ÓÉ -ËÊ´±Í¨° £ Ê¸¸µ¢¸±¨° · §¡·µ¸ ¸Ê³³ ·´µ°
 ³¶²¨ÉÊ¤Ò ¸É ´µ¢¨É¸Ö ¢¥¸Ó³  ³ ²Ò³. �·¨³¥·µ³ Éµ³Ê Ö¢²Ö¥É¸Ö ¶µ¸ÉµÖ´´Ò°
Ô²¥±É·¨Î¥¸±¨° Éµ±. �ËË¥±É ¸£² ¦¨¢ ´¨Ö ÏÊ³  (¸³. ·¨¸. 1, ,¡) ¶·µÖ¢²Ö¥É¸Ö
É¥³ ¸¨²Ó´¥¥, Î¥³ mÊ¦¥ ¸¶¥±É· ¶·µ¶Ê¸± ´¨Ö ·¥£¨¸É· Éµ·  ∆χR. …¸²¨ µ¡· §ÊÕ-
Ð¨¥ ¢Ò¸µ±µ¨´É¥´¸¨¢´Ò° ÏÊ³ ¤¥²ÓÉ -ËÊ´±Í¨¨ ¤¢Ê¶µ²Ö·´Ò (¥£µ ¨´É¥£· ²Ó´µ¥
¢µ§¤¥°¸É¢¨¥ · ¢´µ ´Ê²Õ), Éµ ³¥¤²¥´´Ò° ·¥£¨¸É· Éµ· ¶· ±É¨Î¥¸±¨ ´¥ ¢µ¸¶·¨-
´¨³ ¥É É ±µ° ÏÊ³.

‘¨£´ ² ¢ ³¨±·µ³¨·¥. ‚ ±² ¸¸¨Î¥¸±µ³ ³ ±·µ³¨·¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¶· ±-
É¨Î¥¸±¨ ¡¥¸±µ´¥Î´µ¥ ±µ²¨Î¥¸É¢µ ¸¨£´ ²µ¢ µ¡ µ¡Ñ¥±É¥ ¨²¨ µÉ µ¡Ñ¥±É , ´¥
¨§³¥´ÖÖ ¢¨¤¨³Ò³ µ¡· §µ³ ¥£µ ¸ÊÐ´µ¸É¨. �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¨´Ëµ·³ -
Í¨µ´´ Ö ¶µ·µ£µ¢ Ö ¶µ¸ÉµÖ´´ Ö ¶·¥¤¶µ² £ ¥É¸Ö ¡¥¸±µ´¥Î´µ (¶·¥´¥¡·¥¦¨³µ)
³ ²µ°.

‚ ³¨±·µ³¨·¥, ± ± ¨§¢¥¸É´µ, ´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ ¸¢¥¤¥´¨° µ Î ¸É¨Í¥, ´¥ ¨§³¥-
´¨¢ ¸ÊÐ¥¸É¢¥´´µ ¥¥ ¸µ¸ÉµÖ´¨Ö. ‘ ¶µ§¨Í¨° ¨´Ëµ·³ É¨±¨ ¨¸É¨´´µ Ô²¥³¥´É ·-
´µ° ³µ¦´µ ´ §¢ ÉÓ Î ¸É¨ÍÊ, ¥¸²¨ µ´  Ö¢²Ö¥É¸Ö ´µ¸¨É¥²¥³ ¶µ·µ£µ¢µ£µ ¸¨£´ ² 
µ ¸ ³µ° ¸¥¡¥ ¨ ¤²Ö ¢µ¸¶·¨ÖÉ¨Ö (·¥£¨¸É· Í¨¨) ´¥µ¡Ìµ¤¨³ , ¢ Î ¸É´µ¸É¨, ¢¸Ö
¥¥ Ô´¥·£¨Ö. Ÿ¸´µ, ÎÉµ ± ´¤¨¤ É ³¨ ¢ ÔÉÊ ± É¥£µ·¨Õ Ö¢²ÖÕÉ¸Ö ¶·¥¦¤¥ ¢¸¥£µ
Î ¸É¨ÍÒ Å ¶¥·¥´µ¸Î¨±¨ ¶µ²¥°, ´ ¶·¨³¥· ËµÉµ´Ò.

�¥µ¡ÒÎ´µ¸ÉÓ ¶µ·µ£µ¢µ£µ ³¨±·µ¸¨£´ ²  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¥£µ Ëµ·³  ´¥
³µ¦¥É ¡ÒÉÓ ¶·Ö³µ ¶µ¤É¢¥·¦¤¥´  Ô±¸¶¥·¨³¥´Éµ³, ¨¡µ ¤²Ö ¨§³¥·¥´¨Ö  ³¶²¨-
ÉÊ¤ ¥£µ (¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ) Î ¸É¥° É·¥¡ÊÕÉ¸Ö ¨´¸É·Ê³¥´ÉÒ ¸ ´¥¤µ¸É¨¦¨³µ°
¶µ¤¶µ·µ£µ¢µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ.

Š ±¨¥ Ë¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò Ö¢²ÖÕÉ¸Ö Q- ¨ R-¶µ¸ÉµÖ´´Ò³¨. ”¨§¨Î¥-
¸±¨ ¢¥²¨Î¨´µ° y Ö¢²Ö¥É¸Ö (4) ±µ·¥´Ó ±¢ ¤· É´Ò° ¨§ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ E,  
¢¥²¨Î¨´µ° x ³µ£ÊÉ ¡ÒÉÓ ±µµ·¤¨´ É  r ¨²¨ ¢·¥³Ö t.

Šµµ·¤¨´ É¥ µ¡· É´µ ¢µ²´µ¢µ¥ Î¨¸²µ k; ¢ ÔÉµ° ¶ ·¥ (¸ Ô´¥·£¨¥°) R-
¶µ¸ÉµÖ´´ÊÕ ¶·¥¤¥²Ó´µ° ±µµ·¤¨´ É´µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ³Ò ¡Ê¤¥³ µ¡µ§´ -
Î ÉÓ Î¥·¥§ D (d ¢ ³¨±·µ³¨·¥),   ¶µ·µ£µ¢ÊÕ Q-¶µ¸ÉµÖ´´ÊÕ, ¨³¥ÕÐÊÕ · §³¥·-
´µ¸ÉÓ [E · r], ³Ò ¡Ê¤¥³ µ¡µ§´ Î ÉÓ Î¥·¥§ B (b ¢ ³¨±·µ³¨·¥).

‚·¥³¥´¨ µ¡· É´  Î ¸ÉµÉ  ω; §¤¥¸Ó R-¶µ¸ÉµÖ´´ Ö ¨³¥¥É · §³¥·´µ¸ÉÓ ³µÐ-
´µ¸É¨ P ,   Q-¶µ¸ÉµÖ´´µ° Ö¢²Ö¥É¸Ö ¤¥°¸É¢¨¥ H (h ¢ ³¨±·µ³¨·¥). ‡ ³¥É¨³,
ÎÉµ k ¨ ω ¢ µÉ²¨Î¨¥ µÉ χ Ö¢²ÖÕÉ¸Ö ±·Ê£µ¢Ò³¨ ¸¶¥±É· ²Ó´Ò³¨ ¶¥·¥³¥´´Ò³¨
(k, ω → 2πχ).

�µ¸ÉµÖ´´Ò¥ B ¨ D ¸¢Ö§ ´Ò Éµ²Ó±µ ¸ ¶·µ¸É· ´¸É¢¥´´µ° ±µµ·¤¨´ Éµ°; ÔÉµ
µ§´ Î ¥É, ÎÉµ ¶µ·µ£µ¢µ¥ Ê¸²µ¢¨¥ (16) ¨ ¶·¥¤¥²Ó´µ¥ (15) ¤µ²¦´Ò ¸ÊÐ¥¸É¢µ¢ ÉÓ
¤²Ö ¸É É¨Î¥¸±¨Ì Ë¨§¨Î¥¸±¨Ì Ö¢²¥´¨°.

‚ ¤¢¨¦¥´¨¨ ±µµ·¤¨´ É  ¨ ¢·¥³Ö ¶·¨µ¡·¥É ÕÉ ¢§ ¨³´ÊÕ ¸¢Ö§Ó Î¥·¥§ ¸±µ-
·µ¸ÉÓ: U = r/t, ¸µµÉ¢¥É¸É¢¥´´µ, ¶µÖ¢²Ö¥É¸Ö ¢§ ¨³µ¸¢Ö§Ó ³¥¦¤Ê Ê¶µ³Ö´ÊÉÒ³¨
¶ · ³¨ £· ´¨Î´ÒÌ ¶µ¸ÉµÖ´´ÒÌ: H = B/U ¨ P = DU , Éµ£¤ 

B/H = P/D = U. (20)
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„·Ê£¨³¨ ¸²µ¢ ³¨, ¸É Í¨µ´ ·´Ò° B,D-¶ ±¥É ¸¨´Ê¸µ¨¤ (8) ¢ (· ¢´µ³¥·´µ³)
¤¢¨¦¥´¨¨ ¶·¨µ¡·¥É ¥É H- ¨ P -¶µ¸ÉµÖ´´Ò¥. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¢µ²´µ¢µ° ¶ -
±¥É ¨§´ Î ²Ó´µ µ¡² ¤ ¥É ¢¸¥³¨ Î¥ÉÒ·Ó³Ö £· ´¨Î´Ò³¨ ¶µ¸ÉµÖ´´Ò³¨.

ˆ§ Î¥ÉÒ·¥Ì ¢¥²¨Î¨´ D, B, P , H ¢ ± Î¥¸É¢¥ ¨§¢¥¸É´ÒÌ ¶·¥¤¥²Ó´ÒÌ ¨²¨
¶µ·µ£µ¢ÒÌ ±µ´¸É ´É Ê¢¥·¥´´µ ³µ¦´µ Ê± § ÉÓ Éµ²Ó±µ ¶µ¸²¥¤´ÕÕ Å ÔÉµ ¶µ-
¸ÉµÖ´´ Ö �² ´±  h. �·¥¤¥²Ó´ Ö Ë¨§¨Î¥¸± Ö ¢¥²¨Î¨´  Å ¸±µ·µ¸ÉÓ ¸¢¥É  c ´¥
¢Ìµ¤¨É ¶·Ö³µ ¢ Î¨¸²µ £· ´¨Î´ÒÌ ¨´Ëµ·³ Í¨µ´´ÒÌ ¶µ¸ÉµÖ´´ÒÌ; µ¤´ ±µ Ëµ·-
³Ê²  (20) ¶µ± §Ò¢ ¥É, ÎÉµ ¶·¨ § ¤ ´´ÒÌ h ¨ d µ´  µ¶·¥¤¥²Ö¥É ³ ±¸¨³ ²Ó´µ
¢µ§³µ¦´Ò¥ ¢¥²¨Î¨´Ò b ¨ P :

b = hc, (21)

P = dc. (22)

�µ¸ÉµÖ´´Ò¥ Í¥´É· ²Ó´µ-¸¨³³¥É·¨Î´µ£µ ¶µ²Ö. „²Ö ¨²²Õ¸É· Í¨¨ ¶·¨-
¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¶µ²µ¦¥´¨° · ¸¸³µÉ·¨³ [37], ± ± ³µ£ÊÉ ¢Ò£²Ö¤¥ÉÓ ¶µ·µ£µ¢Ò¥
¨ ¶·¥¤¥²Ó´Ò¥ ¶µ¸ÉµÖ´´Ò¥ ¢ § ±µ´ Ì �ÓÕÉµ´  ¨ ŠÊ²µ´ , É.¥. ¢ Í¥´É· ²Ó´µ-
¸¨³³¥É·¨Î´µ³ ¶µ²¥ ¢¨¤ 

F = q2
m/r2, (23)

§¤¥¸Ó qm Å µ¡µ¡Ð¥´´Ò° § ·Ö¤, ±µÉµ·µ³Ê ¸µµÉ¢¥É¸É¢ÊÕÉ ¶µ²¥¢ Ö ³ ¸¸  m
(É.¥. Ô´¥·£¨Ö Em = mc2) ¨ ±² ¸¸¨Î¥¸±¨° · ¤¨Ê¸ rm = q2

m/Em. �·¥¤¥²Ó´ Ö
±µ´Í¥´É· Í¨Ö Ô´¥·£¨¨ ¶µ²Ö ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¶·¥¤¥²Ó´ Ö ¨´Ëµ·³ Í¨µ´´ Ö
¶µ¸ÉµÖ´´ Ö:

dm = Em/rm = E2
m/q2

m. (24)

”µ·³ ²Ó´µ D ¨³¥¥É · §³¥·´µ¸ÉÓ ¸¨²Ò, ¶µ¸±µ²Ó±Ê [E/r] = [∆E/∆r], ¶µÔÉµ³Ê
¶·¥¤¥²Ó´ Ö ¶µ¸ÉµÖ´´ Ö (24) Î¨¸²¥´´µ ¸µ¢¶ ¤ ¥É ¸ ±² ¸¸¨Î¥¸±¨³¨ ¢¥²¨Î¨´ ³¨
¶·¥¤¥²Ó´µ° ¸¨²Ò, ´ ¶·¨³¥·, £· ¢¨É Í¨µ´´µ£µ ¨²¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²¥°. ’ ±,
¤²Ö Ô²¥±É·µ´  de = 4, 6 „¦/³ [37].

‚ ¸¢µÕ µÎ¥·¥¤Ó, ¨§ (14) ¨³¥¥³ ¤²Ö ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨:

bm = Emrm = q2
m. (25)

‘· ¢´¨¢ Ö (25) ¨ (21), ´¥É·Ê¤´µ § ³¥É¨ÉÓ, ÎÉµ ¢¥²¨Î¨´  b ¥¸ÉÓ ±¢ ¤· É ³ ±-
¸¨³ ²Ó´µ ¢µ§³µ¦´µ£µ §´ Î¥´¨Ö µ¡µ¡Ð¥´´µ£µ § ·Ö¤ .

�É´µÏ¥´¨¥ bm/c, ¨³¥ÕÐ¥¥ · §³¥·´µ¸ÉÓ ¤¥°¸É¢¨Ö (21), ¤²Ö Ô²¥±É·µ´ ,
´ ¶·¨³¥·, ¶µ²ÊÎ ¥É¸Ö · ¢´Ò³ αh, £¤¥ α = 1/137 Å ¶µ¸ÉµÖ´´ Ö Éµ´±µ°
¸É·Ê±ÉÊ·Ò [41]. Š ± ¨§¢¥¸É´µ, ¶·¨ ¤¢¨¦¥´¨¨ ´  ¶¥·¢µ° µ·¡¨É¥  Éµ³  ¢µ-
¤µ·µ¤  ¸±µ·µ¸ÉÓ Ô²¥±É·µ´  ´ ¨¡µ²ÓÏ Ö ¨ · ¢´  αc; ÔÉµ µ§´ Î ¥É (20), ÎÉµ
¤¥°¸É¢¨¥ ¥£µ Ô²¥±É·¨Î¥¸±µ° ³ ¸¸Ò · ¢´µ ¶µ¸ÉµÖ´´µ° �² ´± , É.¥. ¶µ·µ£µ¢µ°
¶µ¸ÉµÖ´´µ° ¢ ³¨±·µ³¨·¥.
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Œ¨±·µ¸¨£´ ² ± ± Ê¸·¥¤´¥´¨¥ · ¸¶·¥¤¥²¥´´µ¸É¨ Î ¸É¨ÍÒ. Š ± ÔÉµ ´¨
¸É· ´´µ, ´µ Ë¨§¨±  ³¨±·µ³¨· , µ¶¥·¨·ÊÖ ¶µ´ÖÉ¨¥³ ¸¨£´ ² , ¤µ ¸¨Ì ¶µ· ´¥
¢Ò· ¡µÉ ²  ¸·¥¤¸É¢ ¤²Ö ¥£µ µ¶¨¸ ´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ Ö¢²¥´¨Ö ³¨±·µ³¨·  µ¶¨-
¸Ò¢ ÕÉ¸Ö µ¡ÒÎ´µ ²¨ÏÓ ¢ É¥·³¨´ Ì ®¤µ¯ ¨ ®¶µ¸²¥¯, ¨¸±²ÕÎ Ö ¸ ³ ¶·µÍ¥¸¸
¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í.

�·¨´Í¨¶¨ ²Ó´µ° É·Ê¤´µ¸ÉÓÕ Ö¢²Ö¥É¸Ö ¢Ò· ¦¥´¨¥ Î¥·¥§ ¸¨£´ ² ¸¢µ¥µ¡· §-
´µ¸É¨ ®¶µ¢¥¤¥´¨Ö¯ ³¨±·µÎ ¸É¨ÍÒ Å Ö¢²ÖÖ¸Ó ²µ± ²¨§µ¢ ´´Ò³ ®ÉµÎ¥Î´Ò³¯
µ¡Ñ¥±Éµ³, µ´  Ö¢´µ ´¥ ´ Ìµ¤¨É¸Ö ¢ µ¤´µ° ÉµÎ±¥ ¶·µ¸É· ´¸É¢  [41]. ‚µ-¶¥·¢ÒÌ,
µ´  ¤¢¨¦¥É¸Ö ´¥ ¶µ µ¤´µ³Ê,   ¶µ ´¥±µ° ¸µ¢µ±Ê¶´µ¸É¨ ¶ÊÉ¥° ¢ µ±·¥¸É´µ¸É¨
±² ¸¸¨Î¥¸±µ° É· ¥±Éµ·¨¨. ‚µ-¢Éµ·ÒÌ, ¶ · ¤µ±¸ ²Ó´µ¸ÉÓ ¢ ±² ¸¸¨Î¥¸±µ³ ¶µ-
´¨³ ´¨¨ ¤¢¨¦¥´¨Ö ¶·µÖ¢²Ö¥É¸Ö ¢ Éµ³, ÎÉµ Î ¸É¨Í  ± ± ¡Ò µ¤´µ¢·¥³¥´´µ
¶·µÌµ¤¨É ¶µ ± ¦¤µ³Ê ¨§ ÔÉ¨Ì ¶ÊÉ¥°, É.¥. ¢ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ´ ¡²Õ¤ ¥³ÒÌ
³¨±·µ¶·µÍ¥¸¸µ¢ µ´  ®³£´µ¢¥´´µ¯ · ¸¶·¥¤¥²¥´  ¶µ ´¨³. ‚-É·¥ÉÓ¨Ì, ÔÉ  ³£´µ-
¢¥´´ Ö ¶·µ¸É· ´¸É¢¥´´ Ö · ¸¶·¥¤¥²¥´´µ¸ÉÓ ´¥µ¤´µ·µ¤´  Å µ£¨¡ ÕÐ Ö · ¸-
¶·¥¤¥²¥´¨Ö Ê³¥´ÓÏ ¥É¸Ö ¶µ  ³¶²¨ÉÊ¤¥ ¶µ ³¥·¥ Ê¤ ²¥´¨Ö µÉ ÉµÎ±¨ ±² ¸¸¨Î¥-
¸±µ£µ ¶µ²µ¦¥´¨Ö Î ¸É¨ÍÒ. Œ É¥³ É¨Î¥¸±¨ ¶·µ¸É· ´¸É¢¥´´ÊÕ · ¸¶·¥¤¥²¥´-
´µ¸ÉÓ ³¨±·µÎ ¸É¨ÍÒ ³µ¦´µ ¸Î¨É ÉÓ ¸É É¨¸É¨Î¥¸±¨³ ¶·µÍ¥¸¸µ³ ¨ µÉµ¡· §¨ÉÓ
¥¥ ¸ ¶µ³µÐÓÕ ψ-ËÊ´±Í¨¨ ¶²µÉ´µ¸ÉÓÕ · c¶·¥¤¥²¥´¨Ö ¢¥·µÖÉ´µ¸É¨ [41]. �É 
¶²µÉ´µ¸ÉÓ ¢¥·µÖÉ´µ¸É¨ ´¥ ¨§³¥·Ö¥É¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ, ¢ Éµ³ Î¨¸²¥ ¨§-§ 
¨´É¥´¸¨¢´µ¸É´µ£µ Ì · ±É¥·  · ¸¶·¥¤¥²¥´¨Ö: ¢ É¥Î¥´¨¥ ·¥ ²Ó´µ£µ ¢·¥³¥´¨ ¨§-
³¥·¥´¨Ö ³¨±·µÎ ¸É¨Í  ®Ê¸¶¥¥É ¶µ¡Ò¢ ÉÓ¯ ¢ ± ¦¤µ³ ¨§ ¶µ²µ¦¥´¨° ¶µ ³´µ£Ê
· §. ‚¥¸Ó³  ¢Ò¸µ± Ö ³´µ¦¥¸É¢¥´´µ¸ÉÓ Ëµ·³ ²Ó´µ° ¸É É¨¸É¨±¨ ¤µ²¦´  ¶·¨¢µ-
¤¨ÉÓ ± ¢Ò¸µ±µ° ÉµÎ´µ¸É¨ § ¤ ´¨Ö µ£¨¡ ÕÐ¥° · ¸¶·¥¤¥²¥´¨Ö ± ¦¤µ° Î ¸É¨ÍÒ
¢ µÉ¤¥²Ó´µ¸É¨ (¤¥°¸É¢¨É¥²Ó´µ, ψ-ËÊ´±Í¨Ö § ¤ ¥É ¢¥²¨Î¨´Ò ¢¥·µÖÉ´µ¸É¥° ¸
³ É¥³ É¨Î¥¸±µ° ÉµÎ´µ¸ÉÓÕ).

‚ · ¡µÉ¥ [37] ¢Ò¸± § ´µ ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ²µ± ²Ó´ Ö (¢ Ì · ±É¥·¨¸É¨-
Î¥¸±µ³ ¸³Ò¸²¥) ¨ ¨´É¥´¸¨¢´µ¸É´ Ö · ¸¶·¥¤¥²¥´´µ¸ÉÓ ³¨±·µÎ ¸É¨ÍÒ ³µ¦¥É
¢µ¸¶·¨´¨³ ÉÓ¸Ö ± ± ¥¤¨´µ¥ ¨´É¥£·¨·µ¢ ´´µ¥ Í¥²µ¥, É.¥. ± ± ¸¨£´ ² µ ´ ²¨-
Î¨¨ Î ¸É¨ÍÒ, ´µ¸¨É¥²¥³ ±µÉµ·µ£µ ¸²Ê¦¨É µ´  ¸ ³ . ‚ ÔÉµ³ ¸²ÊÎ ¥:

1) ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¤¢¨¦¥´¨Ö ³¨±·µÎ ¸É¨ÍÒ ¤µ²¦´  ¨³¥ÉÓ µ¶·¥¤¥²¥´´µ¥
· ¸¶·¥¤¥²¥´¨¥ ¢ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ (Î¥³, ¸µ¡¸É¢¥´´µ, ¨ Ö¢²Ö¥É¸Ö ¸¨£´ ²);

2) ¨´Ëµ·³ Í¨µ´´µ° ¶µ·µ£µ¢µ° ¶µ¸ÉµÖ´´µ° (± ± ¢ ¸É É¨±¥, É ± ¨ ¢ ¤¨´ -
³¨±¥) ¤µ²¦´  Ö¢²ÖÉÓ¸Ö ¸¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨ (12), ¤²Ö ³¨±·µ¸¨£-
´ ²  ÔÉµ µ§´ Î ¥É, ÎÉµ ¶µ·µ£µ¢µ° ¢¥²¨Î¨´µ° Ö¢²Ö¥É¸Ö ¥£µ ¤¥°¸É¢¨¥;

3) ¨´Ëµ·³ Í¨µ´´µ° ¶·¥¤¥²Ó´µ° ¶µ¸ÉµÖ´´µ° ¤µ²¦´µ Ö¢²ÖÉÓ¸Ö µ£· ´¨Î¥-
´¨¥ ´   ³¶²¨ÉÊ¤Ê ¸¨£´ ²  (11), É.¥. ¶·¥¤¥² ²¨´¥°´µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ³¨-
±·µÎ ¸É¨ÍÒ.

�¥¨§³¥·¨³µ¸ÉÓ Ëµ·³Ò ¶µ·µ£µ¢µ£µ ³¨±·µ¸¨£´ ²  ´¥ µ§´ Î ¥É, ÎÉµ ¶µ-
¸²¥¤´ÖÖ ³µ¦¥É ¡ÒÉÓ ¶·µ¨§¢µ²Ó´µ°, É.±. ¸ ¨§³¥´¥´¨¥³ Ëµ·³Ò (¶·¨ ¸µÌ· ´¥-
´¨¨ Ô´¥·£¨¨) ³¥´ÖÕÉ¸Ö ± ± ¶µ·µ£µ¢Ò¥, É ± ¨ ¶·¥¤¥²Ó´Ò¥ ¶µ¸ÉµÖ´´Ò¥. ”µ·³ 
¸¨£´ ²  ¤µ²¦´  ¸µµÉ¢¥É¸É¢µ¢ ÉÓ ¢µ§³µ¦´µ³Ê ³ ±¸¨³Ê³Ê ¤¥°¸É¢¨Ö ¨ ¢ ¶·µ-
¸É¥°Ï¥³ ¸²ÊÎ ¥ ³µ¦¥É µ¶¨¸Ò¢ ÉÓ¸Ö ËÊ´±Í¨¥° µÉ¸Î¥Éµ¢.
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˜Ê³ ¢ ³¨±·µ³¨·¥. Š ± ¨§¢¥¸É´µ [41], Ì · ±É¥·¨¸É¨±¨ ³¨±·µÎ ¸É¨ÍÒ (¢
Î ¸É´µ¸É¨, ¥¥ Ô´¥·£¨Ö) ´¥ Ö¢²ÖÕÉ¸Ö ¸É ¡¨²Ó´Ò³¨ ¢¥²¨Î¨´ ³¨,   ¶µ¤¢¥·¦¥´Ò
¸²ÊÎ °´Ò³ Ë²Ê±ÉÊ Í¨Ö³, É.¥. ÏÊ³Ê. ‚ ±ÊÊ³, ± ± ¶·µ¸É· ´¸É¢µ ¤²Ö · ¸¶·µ-
¸É· ´¥´¨Ö ¸¨£´ ²µ¢, ¨³¥¥É ´¥±µÉµ·ÊÕ, ÌµÉÖ ¨ ¤ ²¥±ÊÕ,  ´ ²µ£¨Õ ¸ £ §µ³, ¢
±µÉµ·µ³ · ¸¶·µ¸É· ´ÖÕÉ¸Ö §¢Ê±µ¢Ò¥ ±µ²¥¡ ´¨Ö, ´¥¸ÊÐ¨¥ ¨´Ëµ·³ Í¨Õ. ƒ §
µ¡² ¤ ¥É µ¶·¥¤¥²¥´´µ° ÏÊ³µ¢µ° Ô´¥·£¨¥° (É¥¶²µ¢µ£µ ¤¢¨¦¥´¨Ö ³µ²¥±Ê²), ¢ -
±ÊÊ³ Å ´¥±µÉµ·µ° ®´Ê²¥¢µ°¯ Ô´¥·£¨¥° [41], ±µÉµ· Ö Ë²Ê±ÉÊ¨·Ê¥É. �±Ê¸É¨-
Î¥¸±¨° ÏÊ³ ´¥ Ö¢²Ö¥É¸Ö ¡¥²Ò³ (¥£µ ¸¶¥±É· ¨ Ô´¥·£¨Ö ±µ´¥Î´Ò), ¶µ¸±µ²Ó±Ê
µ¡· §ÊÕÐ¨¥ ¥£µ ¤¥²ÓÉ -ËÊ´±Í¨¨ ¨³¥ÕÉ ±µ´¥Î´µ¥ Ì · ±É¥·¨¸É¨Î¥¸±µ¥ ¢·¥³Ö,
¸¢Ö§ ´´µ¥ ¸ · §³¥· ³¨ ³µ²¥±Ê², ¨ ±µ´¥Î´Ò° ¸·¥¤´¨° ¶¥·¨µ¤ ¶µÖ¢²¥´¨Ö (¸·¥¤-
´¨° ¶¥·¨µ¤ ¸Éµ²±´µ¢¥´¨Ö ³µ²¥±Ê²). ‚¸²¥¤¸É¢¨¥ ¶µ¸²¥¤´¥£µ £ § µ¡² ¤ ¥É ±µ-
´¥Î´µ° ¶µ²µ¸µ° Î ¸ÉµÉ ¶·µ¶Ê¸± ´¨Ö ¸¨£´ ²µ¢, ¢Ò· ¦ ÕÐ¥°¸Ö, ¢ Î ¸É´µ¸É¨, ¢
¤¨¸¶¥·¸¨¨ ®¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ¯ Ê²ÓÉ· §¢Ê±µ¢ÒÌ ¢µ²´.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ®ÏÊ³ ¢ ±ÊÊ³ ¯ ¶·¨´ÖÉµ ¸Î¨É ÉÓ ¡¥²Ò³ (ÎÉµ ¸ ¶µ§¨Í¨°
¨´Ëµ·³ É¨±¨ ³ ²µ¢¥·µÖÉ´µ),   ¥£µ ®´Ê²¥¢ÊÕ Ô´¥·£¨Õ¯ ¡¥¸±µ´¥Î´µ° [41]. ‚
µ¡¸Ê¦¤ ¥³ÒÌ É¥·³¨´ Ì ÏÊ³ (Ô²¥±É·µ³ £´¨É´µ£µ) ¢ ±ÊÊ³ , ¢¨¤¨³µ, Ö¢²Ö¥É¸Ö
¶µ¤¶µ·µ£µ¢Ò³ ¨ ¸·¥¤´¥¨´É¥´¸¨¢´Ò³, ¢ ¶µ²Ó§Ê Î¥£µ £µ¢µ·¨É ¸²¥¤ÊÕÐ¥¥: 1) ¶µ-
·µ¦¤ ¥³Ò¥ ¨³ ¢¨·ÉÊ ²Ó´Ò¥ Î ¸É¨ÍÒ ´¥ Ö¢²ÖÕÉ¸Ö ·¥£¨¸É·¨·Ê¥³Ò³¨, 2) ´¥¶µ-
¸·¥¤¸É¢¥´´µ ´ ¡²Õ¤ ¥³Ò¥ ¢ ±ÊÊ³´Ò¥ ÔËË¥±ÉÒ [41,42], É ±¨¥, ± ± ®¤·µ¦ ´¨¥¯
Ô²¥±É·µ´  ( ´ ²µ£ ¡·µÊ´µ¢¸±µ£µ ¤¢¨¦¥´¨Ö), Ö¢²ÖÕÉ¸Ö ¤µ¸É ÉµÎ´µ ¸² ¡Ò³¨ ¨
·¥¤±¨³¨.

�µ¸ÉµÖ´´ Ö ¸£² ¦¨¢ ´¨Ö ÏÊ³µ¢ ¢ ³¨±·µ³¨·¥. •µÉÖ ÏÊ³ ³µ¦¥É ¡ÒÉÓ
¶·¥¤¸É ¢²¥´ ¸²ÊÎ °´µ° ±µ³¡¨´ Í¨¥° ¸¨£´ ²µ¢, ¢ ¤ ²Ó´¥°Ï¥³ É¥·³¨´ ®¸¨£-
´ ²¯, ± ± ÔÉµ µ¡ÒÎ´µ ¶·¨´ÖÉµ, ³Ò ¡Ê¤¥³ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö ËÊ´±Í¨¨ µÉµ¡· -
¦¥´¨Ö Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ¨ Ö¢²¥´¨°. ŒÒ Ê¦¥ £µ¢µ·¨²¨, ÎÉµ ¸£² ¦¨¢ -
´¨¥ ÏÊ³  ·¥£¨¸É· Éµ·µ³ ¡Ê¤¥É É¥³ ¸¨²Ó´¥¥, Î¥³ ¡µ²ÓÏ¥ ¢·¥³¥´¨ µ´ · ¸Ìµ¤Ê¥É
´   ±É ¨§³¥·¥´¨Ö, ¸µµÉ¢¥É¸É¢¥´´µ, É¥³ ³¥´ÓÏ¥ ¡Ê¤¥É ¶µ£·¥Ï´µ¸ÉÓ ¨§³¥·¥´¨Ö.
Œ É¥³ É¨Î¥¸±¨ ÔÉµ § ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

∆ER∆tR = QR. (26)

‘µµÉ´µÏ¥´¨¥ (26), ±µ£¤  QR = h, ¥¸ÉÓ ´¥ ÎÉµ ¨´µ¥, ± ± ¸µµÉ´µÏ¥´¨¥
´¥µ¶·¥¤¥²¥´´µ¸É¨ ƒ¥°§¥´¡¥·£  [24,40Ä42]. ‘µ¢¶ ¤¥´¨¥ ¶µ·µ£  ´¥µ¶·¥¤¥²¥´-
´µ¸É¨ (26) ¨ ¶µ·µ£  ·¥£¨¸É· Í¨¨ (6) µ§´ Î ¥É, ÎÉµ ¨§¢²¥Î¥´¨¥ Ê¶µ·Ö¤µÎ¥´´ÒÌ
¸¢¥¤¥´¨° ¸É ´µ¢¨É¸Ö ¢µ§³µ¦´Ò³, ± ± Éµ²Ó±µ ¸¨£´ ²Ò ´ Î¨´ ÕÉ ¢Ò¤¥²ÖÉÓ¸Ö
´  Ëµ´¥ ÏÊ³µ¢. �  ¶µ·µ£µ¢µ³ Ê·µ¢´¥ ³¨±·µ¸¨£´ ² Ö¢²Ö¥É¸Ö ¤µ¢µ²Ó´µ ®§ -
ÏÊ³²¥´´Ò³¯, ¢¸²¥¤¸É¢¨¥ Î¥£µ µ¤´µ±· É´Ò¥ ¨§³¥·¥´¨Ö ´¥ ¶·¨¢µ¤ÖÉ ± µ¶·¥¤¥-
²¥´´µ³Ê ·¥§Ê²ÓÉ ÉÊ. �¤´ ±µ ³´µ¦¥¸É¢¥´´Ò¥ ¨§³¥·¥´¨Ö ¶µ§¢µ²ÖÕÉ ¢Ò¤¥²¨ÉÓ
¸¨£´ ² ¨§ ÏÊ³µ¢, ¶µÔÉµ³Ê ³µ¦´µ £µ¢µ·¨ÉÓ ¤µ¸É ÉµÎ´µ µ¶·¥¤¥²¥´´µ µ¡ Ê¸·¥¤-
´¥´´ÒÌ ¶ · ³¥É· Ì ³¨±·µ¸¨£´ ² , ¢ Éµ³ Î¨¸²¥ ¨ µ ¥£µ Ëµ·³¥.

�µ·µ£µ¢Ò¥ ¤¨´ ³¨Î¥¸±¨¥ ¶µ¸ÉµÖ´´Ò¥ ¸¨£´ ² . ‚ ¸²ÊÎ ¥ ¸¢µ¡µ¤´µ£µ
¤¢¨¦¥´¨Ö ¶ · ³¥É·Ò ¶µ·µ£µ¢µ£µ ¢µ²´µ¢µ£µ ¶ ±¥É  (8) ¤µ²¦´Ò ¸µµÉ¢¥É¸É¢µ-
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¢ ÉÓ ¨³¶Ê²Ó¸Ê p ¨ ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ EK Ô²¥³¥´É ·´µ° Î ¸É¨ÍÒ. ‡ ¶¨-
Ï¥³ Ê± § ´´Ò¥ ¸µµÉ¢¥É¸É¢¨Ö [37] ± ± Î¥·¥§ ´¥¸ÊÐÊÕ Î ¸ÉµÉÊ, É ± ¨ Î¥·¥§
Ï¨·¨´Ê ¸¶¥±É·  ϕ(x) (9) ¤²Ö Ë¨§¨Î¥¸±¨Ì ¶·µ¸É· ´¸É¢¥´´ÒÌ ¨ ¢·¥³¥´´ÒÌ
¶¥·¥³¥´´ÒÌ. ’µ£¤ 

p = hk ≡ h∆k/2 = ∆p, (27)

¶µ¸±µ²Ó±Ê hc = b (21), Éµ, ¢¢µ¤Ö EP = pc, ÔÉÊ ¶ ·Ê Éµ¦¤¥¸É¢¥´´ÒÌ Ê· ¢´¥´¨°
³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

EP = bk ≡ b∆k/2 = ∆EP ; (28)

±·µ³¥ Éµ£µ,

EK = hω ≡ h∆ω/2 = ∆EK . (29)

‡¤¥¸Ó ¶µ·µ£µ¢Ò¥ ¶µ¸ÉµÖ´´Ò¥ b ¨ h Å ®±·Ê£µ¢Ò¥¯ (¶µ¤¥²¥´´Ò¥ ´  2π). �´¥·-
£¨Ö ¨ ¨³¶Ê²Ó¸ ¢ (27)Ä(29) Ö¢²ÖÕÉ¸Ö ¶µ·µ£µ¢Ò³¨ ¢¥²¨Î¨´ ³¨, ¶µÔÉµ³Ê ¨Ì ¶·¨-
· Ð¥´¨¥ · ¢´µ ¸ ³µ° ¢¥²¨Î¨´¥, ÎÉµ ¨ µ¶·¥¤¥²¨²µ ¨Ì Ëµ·³Ê § ¶¨¸¨.

Š ± ¢¨¤¨³, ¸¶· ¢  µÉ §´ ±  Éµ¦¤¥¸É¢  ¢ (27) ¨ (29) µ± §Ò¢ ÕÉ¸Ö ¸µµÉ´µ-
Ï¥´¨Ö ƒ¥°§¥´¡¥·£ ,   ¸²¥¢  ¨³¥¥³ ¸µµÉ´µÏ¥´¨Ö ¤¥ 7·µ°²Ö ¨ �² ´±  [40,41].
ˆ É¥, ¨ ¤·Ê£¨¥ §¤¥¸Ó ¢Ò· ¦ ÕÉ ¶µ·µ£µ¢µ¥ Ê¸²µ¢¨¥, § ¶¨¸ ´´µ¥ ¢ µ¤´µ³ ¸²Ê-
Î ¥ Î¥·¥§ ´¥¸ÊÐÊÕ Î ¸ÉµÉÊ,   ¢µ ¢Éµ·µ³ Å Î¥·¥§ Ï¨·¨´Ê ¸¶¥±É· . � ²¨Î¨¥
¤¢ÊÌ Ê· ¢´¥´¨° ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ Ê ¢µ²´µ¢µ£µ ¶ ±¥É  (8) ¤µ²¦´µ ¡ÒÉÓ ¤¢¥
¶µ·µ£µ¢ÒÌ ¶µ¸ÉµÖ´´ÒÌ ¢¨¤  (12) Å ¶·µ¸É· ´¸É¢¥´´ Ö (28) ¨ ¢·¥³¥´´ Ö (29).

�µ¸±µ²Ó±Ê ¸µµÉ´µÏ¥´¨Ö �² ´± Å¤¥7·µ°²Ö ¶·Ö³µ ¸¢Ö§ ´Ò ¸ ¤²¨´µ° ¨
Î ¸ÉµÉµ° ψ-¢µ²´Ò, Éµ ¶µ²ÊÎ ¥É¸Ö, ÎÉµ ¶µ¸²¥¤´ÖÖ ¸µµÉ¢¥É¸É¢Ê¥É ´¥¸ÊÐ¥° £ ·-
³µ´¨±¥ ¢ ¸¶¥±É·¥ Ô´¥·£¨¨ ³¨±·µÎ ¸É¨ÍÒ. „·Ê£¨³¨ ¸²µ¢ ³¨, Ô´¥·£¨Ö (¤¢¨-
¦¥´¨Ö) ³¨±·µÎ ¸É¨ÍÒ ¸µ¸·¥¤µÉµÎ¥´  ¢ µ¸´µ¢´µ³ ´  ¨´É¥·¢ ²¥, · ¢´µ³ ¤²¨´¥
ψ-¢µ²´Ò. …¸²¨ ÔÉµ É ±, Éµ ¶µ·µ£µ¢Ò¥ ¨ ¶·¥¤¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ³¨±·µ-
¸¨£´ ²  ¤µ²¦´Ò ¢ Éµ° ¨²¨ ¨´µ° Ëµ·³¥ ¢Ìµ¤¨ÉÓ ¢ ¢µ²´µ¢µ¥ Ê· ¢´¥´¨¥ ¤²Ö
ψ-¢µ²´Ò [37].

�µ·µ£µ¢ Ö Ëµ·³  Ê· ¢´¥´¨Ö ¤²Ö ψ-ËÊ´±Í¨¨. �Î¥¢¨¤´µ, ÎÉµ ¶·¨ ¶¥·¥³¥-
Ð¥´¨¨ ³¨±·µ¸¨£´ ²  ¢ ¶·µ¸É· ´¸É¢¥-¢·¥³¥´¨ ¤¢¨¦¥´¨¥ ´¥¸ÊÐ¥° £ ·³µ´¨±¨
¥£µ ¸¶¥±É· ,   ¸µµÉ¢¥É¸É¢¥´´µ, ¨ ψ-¢µ²´Ò, ¤µ²¦´µ µ¶¨¸Ò¢ ÉÓ¸Ö µ¡ÒÎ´Ò³ ¢µ²-
´µ¢Ò³ Ê· ¢´¥´¨¥³:

r2
S(∂2ψ/∂r2) − t2S(∂2ψ/∂t2) = 0, (30)

£¤¥ rS , tS Å Ì · ±É¥·¨¸É¨Î¥¸±¨¥ (±·Ê£µ¢Ò¥) ¶ · ³¥É·Ò ³¨±·µ¸¨£´ ² ,   ¨³¥´-
´µ: Ï¨·¨´  Í¥´É· ²Ó´µ£µ ¶¨±  ËÊ´±Í¨¨ µÉ¸Î¥Éµ¢ ¶µ ¶·µ¸É· ´¸É¢¥´´µ° ¨ ¢·¥-
³¥´´µ° ±µµ·¤¨´ É ³,   É ±¦¥ ¤²¨´  ¨ ¶¥·¨µ¤ ψ-¢µ²´Ò (¶µ¤¥²¥´´Ò¥ ´  2π).

�¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (30) ¤²Ö ψ-¢µ²´Ò ¨³¥¥É ¢¨¤

ψ(r, t) = exp[i{(r/rS) − (t/tS)}]. (31)
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¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ Ì · ±É¥·¨¸É¨Î¥¸±¨Ì · §³¥·µ¢ ¢µ²´µ¢µ£µ ¶ ±¥É  Ô´¥·£¨¨ ¤¢¨¦¥´¨Ö
rS ¨ tS (B- ¨ H-²¨´¨¨ ¸µµÉ¢¥É¸É¢¥´´µ) µÉ ¶µ²´µ° Ô´¥·£¨¨ ³¨±·µÎ ¸É¨ÍÒ

‚¥²¨Î¨´Ò rS ¨ tS ¤µ²¦´Ò ¶µ¤Î¨´ÖÉÓ¸Ö µ¶¨¸ ´´Ò³ ¢ÒÏ¥ ¶µ·µ£µ¢Ò³ ¨ ¶·¥-
¤¥²Ó´Ò³ µ£· ´¨Î¥´¨Ö³, ¶µ¸±µ²Ó±Ê ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¢ ¸¨£´ ²¥ ¤µ²¦´µ
¡ÒÉÓ ±µ´¥Î´Ò³.

�·¨ ¶µ·µ£µ¢ÒÌ µ£· ´¨Î¥´¨ÖÌ ¢¥²¨Î¨´Ò rS ¨ tS ³µ£ÊÉ ¡ÒÉÓ ¢§ÖÉÒ ¢ ¸µµÉ-
¢¥É¸É¢¨¨ ¸ (28) ¨ (29):

rS = 1/k = b/EP , (32)

tS = 1/ω = h/ET , (33)

£¤¥ ET ¢ µ¡Ð¥³ ¸²ÊÎ ¥ [42] ¥¸ÉÓ ¸Ê³³  ±¨´¥É¨Î¥¸±µ° ¨ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·-
£¨° Î ¸É¨ÍÒ.

‚ · ¡µÉ¥ [37] ¶µ± § ´µ, ÎÉµ ¶µ ±· °´¥° ³¥·¥ ¤²Ö § ³±´ÊÉµ° ¸¨¸É¥³Ò
(E = const) Ê· ¢´¥´¨¥ (30) ¸ ¶ · ³¥É· ³¨ (32), (33) ¶¥·¥Ìµ¤¨É ¢ Ê· ¢´¥´¨¥
˜·¥¤¨´£¥·  ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° µ¡² ¸É¨.

“· ¢´¥´¨¥ (30) ¤µ¶Ê¸± ¥É · §¤¥²¥´¨¥ ¶¥·¥³¥´´ÒÌ: ψ(r, t) = ϕ(r)f(t). ‚
[37] ¶µ± § ´µ É ±¦¥, ÎÉµ ¸É Í¨µ´ ·´ Ö Ëµ·³  (30), ¨³¥ÕÐ Ö ¢¨¤

r2
S(∂2ϕ/∂r2) + ϕ = 0, (34)

¤²Ö rS , µ¶·¥¤¥²Ö¥³µ£µ ¨§ ¶µ·µ£µ¢µ£µ ¸µµÉ´µÏ¥´¨Ö (32), ¸µ¢¶ ¤ ¥É ¸µ ¸É -
Í¨µ´ ·´µ° Ëµ·³µ° Ê· ¢´¥´¨Ö Š²¥°´ Åƒµ·¤µ´  [42], É.¥. ¤ ¥É, ´ ¶·¨³¥·,
´¥µ¡Ìµ¤¨³Ò¥ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶µ¶· ¢±¨ ¤²Ö ±¢ ´Éµ¢ ´´ÒÌ ¢¥²¨Î¨´ Ô´¥·£¨¨ ¨
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¨³¶Ê²Ó¸ . ‘²¥¤µ¢ É¥²Ó´µ, Ê· ¢´¥´¨e (30) ³µ¦¥É ¸²Ê¦¨ÉÓ µ¡µ¡Ð¥´¨¥³ Ê· ¢-
´¥´¨° ˜·¥¤¨´£¥·  ¨ Š²¥°´ Åƒµ·¤µ´ .

�¸¨³¶ÉµÉÒ ¤²Ö § ¢¨¸¨³µ¸É¥° rS , tS(E). �  ·¨¸. 6 ¶µ± § ´ ¢¨¤ § ¢¨-
¸¨³µ¸É¥° rS ¨ tS µÉ E (£· Ë¨±¨ ¸µ¢³¥Ð¥´Ò; ¸Î¨É ¥É¸Ö, ÎÉµ c = 1; ¤ ²¥¥
¸µ¢³¥Ð¥´´Ò¥ ¢¥²¨Î¨´Ò ¶¨ÏÊÉ¸Ö Î¥·¥§ § ¶ÖÉÊÕ). ‚¨¤´µ, ÎÉµ ¢ µ¡¸Ê¦¤ ¥³µ°
¶µ·µ£µ¢µ° µ¡² ¸É¨ (¸²¥¢ ) ±·¨¢Ò¥ rS , tS(E) ¨³¥ÕÉ ¤¢¥  ¸¨³¶ÉµÉÒ: 1) ¢¥·-
É¨± ²Ó´ÊÕ ¶·Ö³ÊÕ ¶·¨ E = Em, £¤¥ rS , tS → ∞; 2) ¶µ·µ£µ¢ÊÕ £¨¶¥·¡µ²Ê
r, t = (b, h)/E, ± ±µÉµ·µ° ¸É·¥³ÖÉ¸Ö µ¡¥ ±·¨¢Ò¥ ¶·¨ E >> Em. ‚Éµ·µ¥
µ§´ Î ¥É, ÎÉµ ¶µ·µ£µ¢Ò¥ µ£· ´¨Î¥´¨Ö (´  ¸¶¥±É· ²Ó´ÊÕ ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨)
rS ¨ tS µ¡· É´µ ¶·µ¶µ·Í¨µ´ ²Ó´Ò ¶µ²´µ° Ô´¥·£¨¨: rS , tS � const/E.

�·¥¤¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ¥¸ÉÓ µ£· ´¨Î¥´¨Ö ´  ²¨´¥°´ÊÕ ¶²µÉ´µ¸ÉÓ Ô´¥·-
£¨¨: E/(rS , tS) � const. �Éµ µ§´ Î ¥É, ÎÉµ § ¢¨¸¨³µ¸É¨ rS , tS(E) ¤µ²¦´Ò
¸É ´µ¢¨ÉÓ¸Ö ¶·Ö³µ ¶·µ¶µ·Í¨µ´ ²Ó´Ò³¨ Ô´¥·£¨¨, É.¥. ¶·¥¤¥²Ó´ Ö  ¸¨³¶ÉµÉ 
¥¸ÉÓ ¶·Ö³ Ö, ¢ÒÌµ¤ÖÐ Ö ¨§ ´ Î ²  ±µµ·¤¨´ É. Š ± ¢¨¤´µ ¨§ ·¨¸. 6 (¸¶· ¢ ),
¶·¨ ¢Ìµ¤¥ ¢ µ¡² ¸ÉÓ ¶·¥¤¥²Ó´ÒÌ µ£· ´¨Î¥´¨° ¸²¥¤Ê¥É µ¦¨¤ ÉÓ ÊÏ¨·¥´¨Ö §µ´Ò
· ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ³¨±·µ¸¨£´ ²  ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¤²¨´Ò ¨ ¶¥·¨µ¤ 
ψ-¢µ²´Ò. 7µ²¥¥ ¶µ¤·µ¡´Ò¥ ¸¢¥¤¥´¨Ö µ¡ ÔÉµ³ ³µ¦´µ ´ °É¨ ¢ [37].

2. „ˆ‘Š�…’ˆ‡�–ˆŸ ˆ ‚ˆ„› ��‚’���‚ ‚ ”“�Š–ˆˆ
�’�;��†…�ˆŸ

ˆ§ (5) ¸²¥¤Ê¥É, ÎÉµ ·¥£¨¸É· Éµ· ®µ¡·¥§ ¥É¯ ¢Ò¸Ï¨¥ £ ·³µ´¨±¨ ¸¶¥±É· 
(É.¥. ¶·¨¢µ¤¨É ¸¶¥±É· ¢ ¸µµÉ¢¥É¸É¢¨¥ ¸ Ê¸²µ¢¨Ö³¨ É¥µ·¥³Ò ŠµÉ¥²Ó´¨±µ¢ ,
·¨¸. 5) ¨ ¢Ò¤¥²Ö¥É ±µ´¥Î´µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¤ ¦¥ ¥¸²¨ ¸¨£´ ² ®³ -
É¥³ É¨Î¥¸±¨°¯. Œµ¦´µ ¸± § ÉÓ, ÎÉµ ·¥£¨¸É· Éµ· ¢³¥¸Éµ ¡¥¸±µ´¥Î´µ£µ ³´µ-
¦¥¸É¢  ¢¨·ÉÊ ²Ó´ÒÌ ³ É¥³ É¨Î¥¸±¨Ì ËÊ´±Í¨°, ±µÉµ·Ò¥ ³µ£ÊÉ ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢
±µ·¨¤µ·¥ ∆x#∆y, µÉ²¨Î Ö¸Ó ´¥· §²¨Î¨³Ò³¨ ¶·¨¡µ·µ³ ¤¥É ²Ö³¨, ¢µ¸¶·¨´¨-
³ ¥É ´¥±ÊÕ µ¡µ¡Ð¥´´ÊÕ, ¡ §µ¢ÊÕ ²µ£¨Î¥¸±ÊÕ ËÊ´±Í¨Õ.

�µ¤Î¥·±´¥³, ÎÉµ ¨´Ëµ·³ Í¨µ´´ Ö ¤¨¸±·¥É¨§ Í¨Ö µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´¥ § 
¸Î¥É ´¥²¨´¥°´µ¸É¨ (¶µ ¢Ìµ¤Ê),   ¢¸²¥¤¸É¢¨¥ Ô´¥·£µ-¸¶¥±É· ²Ó´ÒÌ µ£· ´¨Î¥´¨°
(¢Ìµ¤´µ¥ Ê¸É·µ°¸É¢µ ·¥£¨¸É· Éµ·  ´  ·¨¸. 3 ²¨´¥°´µ ¨ ¨³¥¥É ´Ê²¥¢µ° ¶µ·µ£
¶µ  ³¶²¨ÉÊ¤¥).

�µ²ÊÎ¥´¨¥ ¤ ´´ÒÌ.  ¸¸³µÉ·¨³, ± ± ¶·µ¨¸Ìµ¤¨É ¢Ò¤¥²¥´¨¥ ¡ §µ¢ÒÌ ¸µ-
¸ÉµÖ´¨° ²µ£¨Î¥¸±µ° ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö ¨ ± ±¨³ µ¡· §µ³ ¨³ ¸É ¢¨É¸Ö ¢
¸µµÉ¢¥É¸É¢¨¥ Ëµ·³ ²Ó´Ò° ´ ¡µ· ®µ¶µ§´ ¢ É¥²Ó´ÒÌ §´ ±µ¢¯ Å ±µ¤µ¢.

„¨¸±·¥É¨§ Í¨Ö ¸µ¸ÉµÖ´¨°. �µ´ÖÉ¨¥ ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ µ¸´µ¢ ´µ ´ 
§ ³¥´¥ (µÉµ¡· ¦¥´¨¨) ´¥¶·¥·Ò¢´µ° ³ É¥³ É¨Î¥¸±µ° ËÊ´±Í¨¨ y(x) (·¨¸. 1,¢)
¤¨¸±·¥É´µ° (²µ£¨Î¥¸±µ°) ËÊ´±Í¨¥° s(l) (·¨¸.1,£) ¸ ¤¨ ¶ §µ´µ³ §´ Î¥´¨°

L = ∆X/∆x,

S = (∆Y/∆y)2. (35)
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‡¤¥¸Ó ∆X , ∆Y Å ¶·¥¤¥²Ò ¨§³¥´¥´¨Ö  ·£Ê³¥´É  ¨ ËÊ´±Í¨¨, ∆x, ∆y Å
¶µ·µ£µ¢Ò¥ ¢¥²¨Î¨´Ò ¨ Ï £ ¶·¨· Ð¥´¨Ö  ·£Ê³¥´É  ¨ ËÊ´±Í¨¨, µ¶·¥¤¥²Ö¥³Ò¥
¨§ Ê¸²µ¢¨Ö (5).

‚ É¥Ì´¨±¥ Î ¸Éµ ¨¸¶µ²Ó§ÊÕÉ ²¨´¥°´ÊÕ Ï± ²Ê ´¥ ¶µ Ô´¥·£¨¨,   ¶µ  ³¶²¨-
ÉÊ¤¥, Éµ£¤ 

S = ∆Y/∆y. (36)

‡´ Î¥´¨¥ ∆x ³µ¦¥É µ¶·¥¤¥²ÖÉÓ¸Ö Ï¨·¨´µ° ¸¶¥±É·  ¸¨£´ ²  ¨¸ÉµÎ´¨± ,  
∆y Å Ê·µ¢´¥³ ÏÊ³  ´  ¢Ìµ¤¥ ¶·¨¥³´¨± .

‚ ¡¨µ²µ£¨Î¥¸±¨Ì ¸¨¸É¥³ Ì ËÊ´±Í¨Ö µÉµ¡· ¦¥´¨Ö, ± ± ¶· ¢¨²µ, ²µ£ ·¨Ë-
³¨Î¥¸± Ö (§ ±µ´ ”¥Ì´¥· Å‚¥¡¥·  [32]):

S = ln(∆Y/∆y), (37)

ÎÉµ ¸¢Ö§ ´µ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¨³¥ÉÓ ¡µ²ÓÏµ° ¤¨´ ³¨Î¥¸±¨° ¤¨ ¶ §µ´ µÉµ-
¡· ¦¥´¨Ö ¶·¨ ¸· ¢´¨É¥²Ó´µ ´¥¢Ò¸µ±µ³ · §·¥Ï¥´¨¨ (ÔÉµ° ¦¥ Í¥²¨ ¶µ¤Î¨´¥´µ
¢¢¥¤¥´¨¥ Î¨¸¥² ¸ ®¶² ¢ ÕÐ¥°¯ § ¶ÖÉµ° ¢ ±µ³¶ÓÕÉ¥· Ì). ‹µ£ ·¨Ë³¨Î¥¸± Ö
§ ¢¨¸¨³µ¸ÉÓ (37) ¤µ¸É¨£ ¥É¸Ö ²¨¡µ ¢¢¥¤¥´¨¥³ ¢ ·¥£¨¸É· Éµ· ´¥²¨´¥°´µ£µ Ê§² 
(¢§ ¨³µ¤¥°¸É¢¨¥ ®³µ²µÉµÎ± ¯ ¨ ®´ ±µ¢ ²Ó´¨¯ ¢ ÊÌ¥), ²¨¡µ §  ¸Î¥É µÉ·¨Í É¥²Ó-
´µ° µ¡· É´µ° ¸¢Ö§¨ (¸µ±· Ð¥´¨¥ ¤¨ ³¥É·  §· Î±  £² §  ¶·¨ ·µ¸É¥ ¸Ê³³ ·´µ°
µ¸¢¥Ð¥´´µ¸É¨).

‚ ²Õ¡µ³ ¸²ÊÎ ¥ (¸³. ·¨¸. 1,£) ¶¥·¥³¥´´Ò¥ l ¨ s µ¡· §ÊÕÉ ²µ£¨Î¥¸±µ¥ (¤¨¸-
±·¥É´µ¥) ¶µ²¥ ¡¥§· §³¥·´ÒÌ ¢¥²¨Î¨´. ‡´ Î¥´¨¥ ¶µ·µ£µ¢µ° ¶µ¸ÉµÖ´´µ° ´  ²µ-
£¨Î¥¸±µ³ ¶µ²¥ · ¢´µ ¥¤¨´¨Î´µ³Ê ±¢ ¤· ÉÊ; ¢¥²¨Î¨´  ¶·¥¤¥²Ó´µ° ¶µ¸ÉµÖ´´µ°
· ¢´  S. „²Ö ± ¦¤µ£µ §´ Î¥´¨Ö l ²µ£¨Î¥¸± Ö ËÊ´±Í¨Ö ³µ¦¥É ¶·¨´ÖÉÓ ²Õ¡µ¥
¨§ S ¸µ¸ÉµÖ´¨°, ¶µÔÉµ³Ê µ¡Ð¥¥ ±µ²¨Î¥¸É¢µ ¢µ§³µ¦´ÒÌ ²µ£¨Î¥¸±¨Ì ËÊ´±Í¨°
(¢ ·¨ ´Éµ¢ ¶µ¢¥¤¥´¨Ö) ´  ²µ£¨Î¥¸±µ³ ¶µ²¥ ¸µ¸É ¢²Ö¥É SL. �Éµ µ§´ Î ¥É, ÎÉµ
¥¸²¨ ¢Ò¸É·µ¨ÉÓ ¢¸¥ ¢µ§³µ¦´Ò¥ ²µ£¨Î¥¸±¨¥ ËÊ´±Í¨¨ ¤·Ê£ §  ¤·Ê£µ³ ¢¤µ²Ó µ¸¨
L, Éµ ¸µ ¸²¥¤ÊÕÐ¥£µ ¶µ²Ö ¢ ·¨ ´ÉÒ ¶µ¢¥¤¥´¨Ö ´¥³¨´Ê¥³µ ´ Î´ÊÉ ¶µ¢Éµ·ÖÉÓ¸Ö.

Šµ¤¨·µ¢ ´¨¥ ¸µ¸ÉµÖ´¨°. Š ¦¤µ³Ê ¨§ S ¸µ¸ÉµÖ´¨° ³µ¦´µ ¶µ¸É ¢¨ÉÓ ¢ ¸µ-
µÉ¢¥É¸É¢¨¥ §´ ±µ¢Ò° Ê± § É¥²Ó, ¨³¥ÕÐ¨° Éµ ¦¥ Î¨¸²µ ¸µ¸ÉµÖ´¨°. ‡´ ±µ¢Ò°
Ê± § É¥²Ó, ¢ µÉ²¨Î¨¥ µÉ ¸¨³¢µ²Ó´µ£µ Ê± § É¥²Ö,  ¡¸µ²ÕÉ´µ ´¥ ¸¢Ö§ ´ ¸ ¸µ¤¥·-
¦ ´¨¥³ ¨ ¶·¨·µ¤µ° ± ¦¤µ£µ ¸µ¸ÉµÖ´¨Ö (¶µ´ÖÉ¨¥ ¸¥³ ´É¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨
[33] ´¥ µ¡¸Ê¦¤ ¥É¸Ö ¢ ¤ ´´µ° · ¡µÉ¥).

Œµ¦´µ ¸µ¸É ¢¨ÉÓ Ê± § É¥²Ó ¨§ S §´ ±µ¢, ¶·Ö³µ (²¨´¥°´µ) ¸µ¶µ¸É ¢¨¢
§´ ±¨ ¨ ¸µ¸ÉµÖ´¨Ö ¤·Ê£ ¤·Ê£Ê. ’µ£¤  ¤²Ö Ê± § ´¨Ö µ¤´µ£µ ¨²¨ ´¥¸±µ²Ó±¨Ì
¸µ¸ÉµÖ´¨° (¨ ´¥Ê± § ´¨Ö µ¸É ²Ó´ÒÌ) ¤µ¸É ÉµÎ´µ ¢¸¥£µ ¤¢ÊÌ ¢ ·¨ ´Éµ¢ §´ ±µ¢.
�µ²ÊÎ¥´´Ò° ±µ¤ (³¥É±¨ ´  ²¨´¨¨ ¨§ S ÖÎ¥¥±) ³µ¦´µ ´ §¢ ÉÓ ²¨´¥°´Ò³,
µ´ ¶µ§¢µ²Ö¥É ±µ¤¨·µ¢ ÉÓ ³´µ£µ§´ Î´Ò¥ ËÊ´±Í¨¨ (É.¥. Ô´É·µ¶¨Õ, ±µÉµ· Ö ´¥
µ¡¸Ê¦¤ ¥É¸Ö ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥). ‚ ± Î¥¸É¢¥ ¤·Ê£µ£µ ¶·¥¤¥²Ó´µ£µ ¸²ÊÎ Ö
³µ¦´µ ¢§ÖÉÓ Ê± § É¥²Ó, ¢±²ÕÎ ÕÐ¨° ¢¸¥£µ µ¤¨´ §´ ±, ´µ Éµ£¤  ¶µ¸²¥¤´¨°
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¸ ³ ¤µ²¦¥´ ¨³¥ÉÓ S ¢ ·¨ ´Éµ¢, ÎÉµ ¶·¨ ¡µ²ÓÏµ³ S ¤¥² ¥É ¨Ì · ¸¶µ§´ ¢ ´¨¥
§ É·Ê¤´¨É¥²Ó´Ò³ (±¨É °¸± Ö ¶¨¸Ó³¥´´µ¸ÉÓ).

�·¨ Î¨¸²¥ §´ ±µ¢ ¢ Ê± § É¥²¥ g ¨ ´¥¡µ²ÓÏµ³ Î¨¸²¥ ¨Ì ¢ ·¨ ´Éµ¢ v µ¡Ð¥¥
±µ²¨Î¥¸É¢µ ±µ³¡¨´ Í¨° §´ ±µ¢ (Ê± § É¥²¥°) ¤µ²¦´µ ¡ÒÉÓ · ¢´µ Î¨¸²Ê ¸µ¸Éµ-
Ö´¨°: vg = S. ‘²¥¤µ¢ É¥²Ó´µ, ¤²¨´  ±µ¤  (  ÔÉµ Î¨¸²µ §´ ±µ¢ ¢ Ê± § É¥²¥)
µ£· ´¨Î¥´  ¢¥²¨Î¨´µ° logv(S). Š ¶µÖ¢²¥´¨Õ ²µ£ ·¨Ë³  ¢ (1) ³µ¦´µ ¶·¨°É¨ ¨
¶µ-¤·Ê£µ³Ê. Œµ¦´µ · §¡¨ÉÓ ±µ¤¨·Ê¥³Ò¥ ¸µ¸ÉµÖ´¨Ö ´  £·Ê¶¶Ò ¨§ v ¸µ¸ÉµÖ´¨°,
¢ ± ¦¤µ° £·Ê¶¶¥ ±µ¤¨·µ¢ ´¨¥ ¢Ò¶µ²´Ö¥É¸Ö µ¤´µÉ¨¶´µ ¶µ ¶·¨´Í¨¶Ê ²¨´¥°´µ£µ
¸µµÉ¢¥É¸É¢¨Ö ¸µ¸ÉµÖ´¨Ö ¢ ·¨ ´ÉÊ §´ ± ; § É¥³ ± ¦¤Ò¥ v £·Ê¶¶ µ¡Ñ¥¤¨´ÖÕÉ¸Ö
¢ ´ ¤£·Ê¶¶Ò, ¶·µÍ¥¤Ê·  ±µ¤¨·µ¢ ´¨Ö £·Ê¶¶ ¢ ´ ¤£·Ê¶¶¥ É  ¦¥. �·µÍ¥¸¸ ¶·µ-
¤µ²¦ ¥É¸Ö ¤µ É¥Ì ¶µ·, ¶µ±  ´¥ µ¸É ´¥É¸Ö µ¤´  ¸Ê¶¥·£·Ê¶¶ . ˆ¥· ·Ì¨Î¥¸± Ö
¤·¥¢µ¢¨¤´ Ö ¸É·Ê±ÉÊ· , ¸É·µÖÐ Ö¸Ö ¢ É ±µ³ ¶·µÍ¥¸¸¥ ´ ¤ ¸µ¸ÉµÖ´¨Ö³¨, ¶µ± -
§ ´  ´  ·¨¸. 7,  (¤²Ö v = 2, S = 64). Š ± ´¥É·Ê¤´µ ¶µ´ÖÉÓ, ¶·µÍ¥¸¸ É·¥¡Ê¥É
logv(S) Ï £µ¢ ¤²Ö ¶µ¸É·µ¥´¨Ö ¤¥·¥¢  Ê± § É¥²¥° ´  ¢¸¥ ¸µ¸ÉµÖ´¨Ö.

Šµ¤¨·µ¢ ´¨¥ ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö. ‚¥·´¥³¸Ö É¥¶¥·Ó ± Î¨¸²Ê ¢ ·¨ ´-
Éµ¢ ·¥ ²¨§ Í¨¨ ²µ£¨Î¥¸±¨Ì ËÊ´±Í¨° s(l), ±µÉµ·µ¥ · ¢´µ SL. ‚§Ö¢ ²µ£ ·¨Ë³
SL, ¶µ²ÊÎ¨³ ³ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¢ µ¤´µ§´ Î´µ° ËÊ´±Í¨¨
´  ²µ£¨Î¥¸±µ³ ¶µ²¥:

Imax(S,L) = L logv(S); (38)

Ëµ·³ ²Ó´µ µ´µ § ¢¨¸¨É µÉ µ¸´µ¢ ´¨Ö ¸¨¸É¥³Ò ¸Î¨¸²¥´¨Ö (µ¸´µ¢ ´¨Ö ²µ£ -
·¨Ë³ ). …¸²¨ v = 10, Éµ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¨§³¥·Ö¥É¸Ö ¢ ¤¨É Ì; ¥¸²¨
v=2ÅÉµ ¢ ¡¨É Ì;   ¥¸²¨ v=2, 718...= eÅÉµ ¢ ´ É Ì. ‚ ¶µ¸²¥¤´¥³ ¸²ÊÎ ¥
¨¥· ·Ì¨Î¥¸± Ö ¤¨¸±·¥É´ Ö ¸É·Ê±ÉÊ·  §´ ±µ¢ ¢ Ê± § É¥²¥ Ö¢²Ö¥É¸Ö ¸±·ÒÉµ°, ¶µ-
¸±µ²Ó±Ê ¢ µ¸´µ¢ ´¨¨ ²µ£ ·¨Ë³  v ¶·µ¨§¢¥¤¥´ Ëµ·³ ²Ó´Ò° ³ É¥³ É¨Î¥¸±¨°
¶¥·¥Ìµ¤ µÉ Í¥²ÒÌ Î¨¸¥² ± ¨·· Í¨µ´ ²Ó´Ò³. ’ ±µ° ¶¥·¥Ìµ¤ ¤µ¶Ê¸É¨³ ¤²Ö
ËÊ´±Í¨° µÉo¡· ¦¥´¨° ¸ Î·¥§¢ÒÎ °´µ ¡µ²ÓÏ¨³ Î¨¸²µ³ ¸µ¸ÉµÖ´¨° (¸µ¸ÉµÖ´¨Ö
³µ²¥±Ê² ¢ £ §¥,  Éµ³µ¢ É¢¥·¤µ£µ É¥²  ¨ É.¤.). Š ± ÔÉµ ¸¤¥² ´µ ¢ (1), É ± ¨ ¤ ²¥¥
³Ò ´¥ ¡Ê¤¥³ Ê± §Ò¢ ÉÓ µ¸´µ¢ ´¨¥ ²µ£ ·¨Ë³  É ³, £¤¥ ÔÉµ ´¥¸ÊÐ¥¸É¢¥´´µ.

�É³¥É¨³, ÎÉµ Ëµ·³Ê²  (38) ¶·Ö³µ ¸²¥¤Ê¥É ¨§ (1), ¶µ¸±µ²Ó±Ê log (S) ¥¸ÉÓ
±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ´  ± ¦¤µ³ Ï £¥ ¶µ L.

ˆ´É¥£·¨·µ¢ ´¨¥ Í¥¶µÎ±¨ µÉ¸Î¥Éµ¢. •µÉÖ S ¨ Ö¢²Ö¥É¸Ö ¤¨¸±·¥É¨§µ¢ ´´µ°
¶¥·¥³¥´´µ°, ´¨ÎÉµ ´¥ § ¶·¥Ð ¥É ¸Î¨É ÉÓ ¤¨¸±·¥É´Ò¥ ¨´É¥·¢ ²Ò ∆s ¤¥²¨-
³Ò³¨, É.¥. µ¡² ¤ ÕÐ¨³¨ ¶µ´ÖÉ¨¥³ ¤²¨´Ò. Š ¦¤Ò° ¨§ ¶¥·¢¨Î´ÒÌ ¨´É¥·¢ ²µ¢
∆s1 = ∆S/S ³µ¦´µ · §¡¨ÉÓ ¥Ð¥ ´  S Î ¸É¥°: ∆s2 = ∆S/S2, É.¥. ¶µ¤¸µ¸Éµ-
Ö´¨°. ˆ³¥Ö ¤¢  Ê·µ¢´Ö · §¡¨¥´¨Ö ∆S, ³Ò ³µ¦¥³ ¥¤¨´µ¢·¥³¥´´µ Ê± § ÉÓ ¤¢ 
¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ µÉ¸Î¥É . Œ É¥³ É¨Î¥¸±¨ ¶·µÍ¥¸¸Ê ¤·µ¡²¥´¨Ö ∆S ¨ µ¡Ñ¥¤¨-
´¥´¨Ö µÉ¸Î¥Éµ¢ ´¥É ¶·¥¤¥² , ¨ Ëµ·³Ê²  (38) ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢ ¢¨¤¥

Imax(S, L) = (L/C) logv(SC), (39)

£¤¥ C Å ±µ²¨Î¥¸É¢µ ¨´É¥£·¨·µ¢ ´´ÒÌ µÉ¸Î¥Éµ¢ ¢ Í¥¶µÎ±¥ (C ≤ L). ”µ·-
³Ê²  (39) ´ £²Ö¤´µ ¶µ± §Ò¢ ¥É, ÎÉµ ¸µ¸ÉµÖ´¨Ö (¨²¨  ³¶²¨ÉÊ¤ ) ¨ µÉ¸Î¥ÉÒ
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¨¸. 7. Šµ¤¨·ÊÕÐ¨¥ ¤¥·¥¢ÓÖ, ¶µ± §Ò¢ ÕÐ¨¥ ¸É·Ê±ÉÊ·Ê Ê± § É¥²¥°:  ) ²µ£¨Î¥¸±¨¥ ¸µ-
¸ÉµÖ´¨Ö (¤ ´´Ò¥) Å ¤¥·¥¢µ ±µ¤µ¢ · ¢´µ° ¤²¨´Ò; ¡) ±µ²¨Î¥¸É¢o § ·¥£¨¸É·¨·µ¢ ´´ÒÌ
¸µ¸ÉµÖ´¨° (¨´Ëµ·³ Í¨Ö) Å ®±µ¸µ¥¯ ¤¥·¥¢µ (¢¥·Ï¨´Ò Î ¸É´ÒÌ ¤¥·¥¢Ó¥¢ ¸µ¸ÉµÖ´¨°
¶µ³¥Î¥´Ò ±·Ê¦± ³¨)

(¨²¨ ¤²¨´ ) ´¥Ô±¢¨¢ ²¥´É´Ò ¤²Ö ¶·¥¤¸É ¢²¥´¨Ö ¨´Ëµ·³ Í¨¨: ¥¸²¨ ¢Éµ·Ò¥
³¥´ÖÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ, Éµ ¶¥·¢Ò¥ Å Ô±¸¶µ´¥´Í¨ ²Ó´µ ¶·¨ ¨§³¥´¥´¨¨
¥¥ ±µ²¨Î¥¸É¢ .
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’¥Ì´¨Î¥¸±¨ ¶·¥¤¥² ¨´É¥£·¨·µ¢ ´¨Õ µÉ¸Î¥Éµ¢ ¤µ¸É¨£ ¥É¸Ö ¤µ¢µ²Ó´µ ¡Ò-
¸É·µ ¨§-§  Ô±¸¶µ´¥´Í¨ ²Ó´µ£µ ·µ¸É  Î¨¸²  · §¡¨¥´¨° ¨ µ£· ´¨Î¥´´µ¸É¨ · §-
·¥Ï¥´¨Ö ÏÊ³ ³¨, µ¤´ ±µ ÔÉµ ´¥ µ§´ Î ¥É, ÎÉµ C ¢¸¥£¤  ¤µ²¦´µ · ¢´ÖÉÓ¸Ö
¥¤¨´¨Í¥. � ¶·¨³¥·, ¥¸²¨ ¢ É¥²¥¢¨§¨µ´´µ³ Î¥·´µ-¡¥²µ³ ¸¨£´ ²¥ ¤µ¸É ÉµÎ´µ
8 £· ¤ Í¨° Ö·±µ¸É¨, Éµ ÔÉµ µ§´ Î ¥É, ÎÉµ ¥£µ ¶µ²µ¸  Î ¸ÉµÉ ³µ¦¥É ¡ÒÉÓ ¸Ê-
¦¥´  ¢ C = 3 · § , ¥¸²¨  ¶¶ · ÉÊ·  ¸¶µ¸µ¡´  ¶¥·¥¤ ¢ ÉÓ 83 = 512 £· ¤ Í¨°
¸¨£´ ²  (µÉ¢¥É ´  É·¥É¨° ¢µ¶·µ¸ ¢¢¥¤¥´¨Ö).

‚Ò¤¥²¥´¨¥ ¨´Ëµ·³ Í¨¨. Š ± ¢¨¤¨³, ¶µ²´ Ö ¤²¨´  ±µ¤  (32) ¸¢Ö§ ´ 
¸ Í¥²µÎ¨¸²¥´´µ° ¤²¨´µ° ¨´É¥·¢ ²  ¶µ¢Éµ·¥´¨Ö ËÊ´±Í¨° (¶µ µ¸¨ µÉ¸Î¥Éµ¢).
‚Éµ·µ° ¸µ³´µ¦¨É¥²Ó ¢ Ëµ·³Ê²¥ (38) µÉ· ¦ ¥É ¸·¥¤´ÕÕ ¤²¨´Ê ¨´É¥·¢ ²  ¶µ-
¢Éµ·¥´¨Ö ¸µ¸ÉµÖ´¨° ¢ ËÊ´±Í¨ÖÌ s(l) ¶·¨ L >> S. �¤´ ±µ · ¸¶·¥¤¥²¥´¨¥
¨´É¥´¸¨¢´µ¸É¥° ¶µÖ¢²¥´¨Ö ¸µ¸ÉµÖ´¨° ¢ ± ¦¤µ° ±µ´±·¥É´µ° ËÊ´±Í¨¨ s(l) ¨§
SL ¢µ§³µ¦´ÒÌ Å ¨´¤¨¢¨¤Ê ²Ó´µ, ¢ ±· °´¨Ì ¸²ÊÎ ÖÌ µ´µ ³µ¦¥É ¡ÒÉÓ ± ±
· ¢´µ³¥·´Ò³, É ± ¨ ¢Ò·µ¦¤¥´´Ò³ (¢¸¥ ¸µ¸ÉµÖ´¨Ö µ¤¨´ ±µ¢Ò).  §µ¡· ´´Ò°
´ ³¨ ³¥Ì ´¨§³ ±µ¤¨·µ¢ ´¨Ö ¤ ´´ÒÌ ´¨± ± ´¥ ÊÎ¨ÉÒ¢ ¥É · §²¨Î¨Ö ¢ ¨´É¥´-
¸¨¢´µ¸ÉÖÌ ¸µ¸ÉµÖ´¨°. „ ¦¥ ¤²Ö ¶µ²´µ£µ ¨´É¥£·¨·µ¢ ´¨Ö µÉ¸Î¥Éµ¢ (C = L) ¢
(39) ¤µ¸É ÉµÎ´µ §´ ÉÓ Éµ²Ó±µ S ¨ L, ÎÉµ¡Ò ¥Ð¥ ¤µ ´ Î ²  ¨§³¥·¥´¨° ¶·µ¢¥¸É¨
· §¡¨¥´¨¥ ∆S ´  SL · ¢´ÒÌ Î ¸É¥°.

Šµ¤¨·µ¢ ´¨¥ ¨´É¥·¢ ²µ¢ ¶µ¢Éµ·¥´¨Ö ¸µ¸ÉµÖ´¨°. „²Ö ÊÎ¥É  ¨´É¥´¸¨¢-
´µ¸É¨ ¶µÖ¢²¥´¨Ö ¸µ¸ÉµÖ´¨° ¶·µÍ¥¸¸ ±µ¤¨·µ¢ ´¨Ö ¨´Ëµ·³ Í¨¨ ¤µ²¦¥´ ¡ÒÉÓ
¤µ¶µ²´¥´ ¶·µÍ¥¤Ê·µ° § ¶µ³¨´ ´¨Ö ±µ²¨Î¥¸É¢ Ê¦¥ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¸µ¸Éµ-
Ö´¨°.

…¸²¨ ¶¥·¥¤ ´ Î ²µ³ ¨§³¥·¥´¨° ³Ò ´¥ µ¡² ¤ ¥³ ¶·¥¤¢ ·¨É¥²Ó´Ò³ §´ -
´¨¥³ µ ¶µ¢¥¤¥´¨¨ ¨¸Ìµ¤´µ° ËÊ´±Í¨¨ y(x), Éµ Éµ£¤  ¸²¥¤Ê¥É ¶·¥¤¶µ²µ¦¨ÉÓ
(¸³. ·¨¸. 7, ), ÎÉµ ¢¸¥ ¢µ§³µ¦´Ò¥ ¸µ¸ÉµÖ´¨Ö ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö s(l) · ¢-
´µ¢¥·µÖÉ´Ò. �Éµ ¡Ê¤¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ ¶¥·¢¨Î´µ³Ê · §¡¨¥´¨Õ ±µ¤µ¢µ£µ ¨´-
É¥·¢ ²  ∆S ´  S · ¢´ÒÌ Î ¸É¥°. ’µ£¤  ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨,  ¶·¨µ·¨
¸µ¤¥·¦ Ð¥°¸Ö ¢ ËÊ´±Í¨¨ s(l), ¥¸ÉÓ

IS(0) = log (S), (40)

µ´µ µÉ· ¦ ¥É ´ Ï¥ ´ Î ²Ó´µ¥ §´ ´¨¥ µ Î¨¸²¥ ¸µ¸ÉµÖ´¨° S.
�µ²ÊÎ¨¢ µÉ¸Î¥É, · §µ¡Ó¥³ ∆s1 ´  ¢Éµ·µ³ Ï £¥ [25] ´  (S + 1) Î ¸É¥°, ´ 

É·¥ÉÓ¥³ · §µ¡Ñ¥³ ∆s2 ´  (S + 2) Î ¸É¥° ¨ É.¤., ¶·¨Î¥³ ± ¦¤µ¥ ¶µ²ÊÎ¥´´µ¥ ¢
·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨Ö ¸µ¸ÉµÖ´¨¥ ¡Ê¤¥³ µ¡Ñ¥¤¨´ÖÉÓ ¸ µ¤´µ¨³¥´´Ò³¨. ‚ ¨Éµ£¥
³Ò ¡Ê¤¥³ ¶µ²ÊÎ ÉÓ ¢¸¥£¤  É¥ ¦¥ S µÉ·¥§±µ¢ ´  ± ¦¤µ³ ÔÉ ¶¥, ´µ · §´µ° ¤²¨´Ò,
¶·µ¶µ·Í¨µ´ ²Ó´µ° ±µ²¨Î¥¸É¢Ê ¶µÖ¢²¥´¨° ± ¦¤µ£µ ¸µ¸ÉµÖ´¨Ö ¶²Õ¸ 1. �ÉµÉ
¶·µÍ¥¸¸ (¤²Ö S = 4) ¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 8.

…¸²¨ ± ±µ¥-²¨¡µ ¨§ S ¸µ¸ÉµÖ´¨° ¢¶¥·¢Ò¥ ¶µÖ¢²Ö¥É¸Ö ´  µ¶·¥¤¥²¥´´µ³
Ï £¥ ¶µ L, Éµ ¸µ£² ¸´µ Ê± § ´´µ° ³µ¤¥²¨ (1) µ´µ ¡Ê¤¥É ´¥¸É¨ ¸²¥¤ÊÕÐ¥¥
±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨:

IS(1) = log[(S + L1)/1], (41)
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¨¸. 8. �·¨Ë³¥É¨Î¥¸± Ö ³µ¤¥²Ó ¶µ¸²¥¤µ¢ É¥²Ó´µ£µ · §¡¨¥´¨Ö ¥¤¨´¨Î´µ£µ ±µ¤µ¢µ£µ
µÉ·¥§±  ³ É¥³ É¨Î¥¸±µ° Î¨¸²µ¢µ° µ¸¨ ´  ¨´É¥·¢ ²Ò, µÉ¢¥Î ÕÐ¨¥ ¢¸¥³ ¢µ§³µ¦´Ò³
¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÖ³ ¶µÖ¢²¥´¨Ö ¸µ¸ÉµÖ´¨°:  ) Î ¸É´Ò° ±µ¤µ¢Ò° ¨´É¥·¢ ² ± ¦¤µ£µ
¸²¥¤ÊÕÐ¥£µ ¸µ¸ÉµÖ´¨Ö ³ ¸ÏÉ ¡¨·µ¢ ´ ± µÉ·¥§±Ê ¥¤¨´¨Î´µ° ¤²¨´Ò (·¥ ²Ó´Ò¥ ¶µ²µ¦¥-
´¨Ö ±· ¥¢ ¨´É¥·¢ ²  Ê± § ´Ò Î¨¸² ³¨ ¸²¥¢  ¨ ¸¶· ¢ ); ¡) ·¥ ²Ó´Ò¥ ¤²¨´Ò ¨ ¶µ²µ¦¥´¨Ö
±µ¤µ¢ÒÌ ¨´É¥·¢ ²µ¢ ´  ³ É¥³ É¨Î¥¸±µ° µ¸¨ ¤²Ö ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ b-c-b-b

£¤¥ L1 Å ´µ³¥· Ï £ , ´  ±µÉµ·µ³ ¢¶¥·¢Ò¥ ¶µÖ¢¨²µ¸Ó ¤ ´´µ¥ ¸µ¸ÉµÖ´¨¥.
Š ± ¢¨¤´µ ¨§ (41), Î¥³ ¶µ§¦¥ ´  µ¸¨ L ¶µÖ¢²Ö¥É¸Ö ¢ ¶¥·¢Ò° · § ± ±µ¥-²¨¡µ
¸µ¸ÉµÖ´¨¥, É¥³ ¡µ²ÓÏ¥¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ µ´µ ´¥¸¥É (¸³. ±·¨¢Ò¥ IS(1)
´  ·¨¸. 9).

Šµ£¤  ÔÉµ ¦¥ ¸µ¸ÉµÖ´¨¥ ¶µÖ¢²Ö¥É¸Ö ¢Éµ·¨Î´µ, Éµ µ¡Ð¥¥ ±µ²¨Î¥¸É¢µ ±µ¤µ-
¢ÒÌ µÉ·¥§±µ¢ · ¢´µ (S+L2), Ï¨·¨´  ¸Ê³³ ·´µ£µ µÉ·¥§±  ¤²Ö ÔÉµ£µ ¸µ¸ÉµÖ´¨Ö
¤¢µ°´ Ö (µÉ´µÏ¥´¨¥ Î¨¸¥² ¥¸ÉÓ (S+L2)/2), ¨ µ¡¥ ¸µ¸É ¢²ÖÕÐ¨¥ · ¢´µ¶· ¢´Ò
¶µ ±µ²¨Î¥¸É¢Ê ¨´Ëµ·³ Í¨¨, ¶µÔÉµ³Ê

IS(2) = 2 log [(S + L2)/2]. (42)

 ¸¸Ê¦¤ Ö ¤ ²¥¥ ¶µ  ´ ²µ£¨¨, ¶µ²ÊÎ¨³, ÎÉµ ¤²Ö ¢¸¥£µ ¨´É¥·¢ ²  L ±µ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨, ¸µ¤¥·¦ Ð¥¥¸Ö ¢ µ¤´µ³ ¨§ S ¸µ¸ÉµÖ´¨°:

IS(N) = NS log [(S + L)/NS ], NS ≥ 1, (43)

£¤¥ NS Å ±µ²¨Î¥¸É¢µ ¶µ¢Éµ·¥´¨° ¤ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ´  ¨´É¥·¢ ²¥ L. ”µ·-
³Ê²  (43) ¶·¨ L >> S ¸µ¢¶ ¤ ¥É ¸ ±² ¸¸¨Î¥¸±µ° Ëµ·³Ê²µ° ˜¥´´µ´ 
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¨¸. 9. Šµ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¶·¨ ¸¶²µÏ´ÒÌ ¶µ¢Éµ· Ì µ¤´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ²µ£¨-
Î¥¸±µ° ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö; IS(T ) Å ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ´  µ¤¨´ Ï £ ¶µ L,
I(T ) Å ¸Ê³³ ·´µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¶·¨ Î¨¸²¥ ¸µ¸ÉµÖ´¨° µÉ 2 ¤µ 16;
IS(1) Å ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¶·¨ ¶¥·¢µ³ ¶µÖ¢²¥´¨¨ ¸µ¸ÉµÖ´¨Ö ´  µ¶·¥¤¥²¥´´µ³
Ï £¥ ¶µ L

(¢ ±µÉµ·µ° µÉ¸ÊÉ¸É¢Ê¥É S), ´µ, ¢ µÉ²¨Î¨¥ µÉ ¶µ¸²¥¤´¥°, ÊÎ¨ÉÒ¢ ¥É ¶·µÍ¥¸¸
Ê¸É ´µ¢²¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¸µ¸ÉµÖ´¨° N(S).

 ¸¸³µÉ·¨³, ± ± ¢Ò£²Ö¤¨É µ¶¨¸ ´´Ò° ¢ÒÏ¥ ¶·µÍ¥¸¸ ÊÎ¥É  ¶·¥¤Ò¤ÊÐ¨Ì
¸µ¸ÉµÖ´¨° ´  ¨¥· ·Ì¨Î¥¸±µ³ ¤¥·¥¢¥ Å ¸³. ·¨¸. 7,¡. 7Ê¤¥³ ¸Î¨É ÉÓ, ÎÉµ É ±
¦¥, ± ± ´  ·¨¸. 8, ¨³¥¥É¸Ö 4 ¸µ¸ÉµÖ´¨Ö ¨ ¶µ²ÊÎ¥´µ 64 µÉ¸Î¥É , ¶·¨Î¥³ Na =
= 32, Nb = 16, Nc = Nd = 8 (¸³. · §£· ´¨Î¥´¨Ö ´  ·¨¸. 7,¡). � ¤ £·Ê¶¶ ³¨
¸µ¸ÉµÖ´¨° a,b,c,d ³µ¦´µ ¶µ¸É·µ¨ÉÓ Î ¸É´Ò¥ ¨¥· ·Ì¨Î¥¸±¨¥ ¤¥·¥¢ÓÖ, ¢Ò¸µÉ 
¨Ì ¡Ê¤¥É É¥³ ¡µ²ÓÏ¥, Î¥³ ¡µ²¥¥ ¨´É¥´¸¨¢´µ Éµ ¨²¨ ¨´µ¥ ¸µ¸ÉµÖ´¨¥. ’µ£¤ 
¤²¨´  Ê± § É¥²Ö ´  ¸µ¸ÉµÖ´¨¥ ¡Ê¤¥É · ¢´  ±µ²¨Î¥¸É¢Ê ¸ÉÊ¶¥´¥° µÉ ¢¥·Ï¨´Ò
¶µ²´µ£µ ¤¥·¥¢  ¤µ ¢¥·Ï¨´Ò Î ¸É´µ£µ, É.¥. É¥³ ±µ·µÎ¥, Î¥³ ¨´É¥´¸¨¢´¥¥ ¤ ´´µ¥
¸µ¸ÉµÖ´¨¥; ÔÉµ ¨ µÉ· ¦ ¥É Ëµ·³Ê²  (43).

„²Ö Éµ£µ ÎÉµ¡Ò ´ °É¨ ¶µ²´µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, ¸µ¤¥·¦ Ð¥°¸Ö ¢
s(l), ´¥µ¡Ìµ¤¨³µ ¶·µ¸Ê³³¨·µ¢ ÉÓ (43) ¶µ ¢¸¥³ ¸µ¸ÉµÖ´¨Ö³:

I =
∑

S

(L/LS) log [{(S/L) + 1}LS], (44)
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£¤¥ LS = L/NS Å ¸·¥¤´ÖÖ ¤²¨´  ¨´É¥·¢ ²  ¶µ¢Éµ·¥´¨Ö ±µ´±·¥É´µ£µ ¸µ¸ÉµÖ-
´¨Ö ¢ ±µ´±·¥É´µ° ËÊ´±Í¨¨ s(l).

�·¨ L >> S ¶µÖ¢²¥´¨¥ µ¤´µ£µ ¨§ S ¸µ¸ÉµÖ´¨° ¸µ¤¥·¦¨É ¢ ¸·¥¤´¥³ ±µ-
²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, · ¢´µ¥ log (LS). …¸²¨ Ê¸É ´µ¢¨¢Ï¥¥¸Ö · ¸¶·¥¤¥²¥´¨¥
¸µ¸ÉµÖ´¨° · ¢´µ³¥·´µ (LS = S), Éµ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ³ ±¸¨³ ²Ó´µ ¨
· ¢´µ (38).

�µ²ÊÎ¥´´ÊÕ Ëµ·³Ê²Ê ´¥É·Ê¤´µ µ¡µ¡Ð¨ÉÓ ´  ¸²ÊÎ °, ±µ£¤  · ¸¶·¥¤¥²¥´¨¥
¸µ¸ÉµÖ´¨° ¨§¢¥¸É´µ  ¶·¨µ·¨; ¤²Ö ÔÉµ£µ ´ ¤µ ¢±²ÕÎ¨ÉÓ  ¶·¨µ·´Ò¥ §´ Î¥´¨Ö
¨²¨ µÍ¥´±¨ L ¨ NS ± ± ¸² £ ¥³Ò¥ ¢ Î¨¸²¨É¥²Ó ¨ §´ ³¥´ É¥²Ó ¤·µ¡¨ ¢ (43), ¢
·¥§Ê²ÓÉ É¥ ¶µ²ÊÎ¨³

I =
∑

S

(L/LS) log [(L0 + L)/{(L0/LS0) + (L/LS)}], (45)

£¤¥ L0 Å ¸Ê³³ ·´µ¥ ±µ²¨Î¥¸É¢µ µÉ¸Î¥Éµ¢ ¤µ ¤ ´´µ° ¸¥·¨¨ ¨§³¥·¥´¨°, LS0 Å
¸·¥¤´¨° ¨´É¥·¢ ² ¶µ¢Éµ·¥´¨Ö ¸µ¸ÉµÖ´¨Ö ¢ ÔÉ¨Ì ¸¥·¨ÖÌ. �Î¥¢¨¤´µ, ÎÉµ  ¶·¨-
µ·´µ ± ¦¤µ¥ ¸µ¸ÉµÖ´¨¥ ´¥¸¥É ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨, · ¢´µ¥ log (LS0). �É-
´µÏ¥´¨¥ L0/L ³µ¦´µ ¸Î¨É ÉÓ ¤µ¢¥·¨É¥²Ó´Ò³ ¢¥¸µ³ ¶·¥¤¢ ·¨É¥²Ó´µ£µ §´ ´¨Ö
¨ ³¥·µ° Éµ£µ, ´ ¸±µ²Ó±µ · ¸¶·¥¤¥²¥´¨¥ N(S) ³µ¦¥É ¨§³¥´¨ÉÓ¸Ö ¢ ¶·µÍ¥¸¸¥
¨§³¥·¥´¨°. �É³¥É¨³, ÎÉµ Ëµ·³Ê²Ò (40)Ä(45) µ¸´µ¢ ´Ò ´  ® ´ ²¨§¥ Í¥²ÒÌ Î¨-
¸¥²¯,   ´¥ ´   ´ ²¨§¥ ®¡¥¸±µ´¥Î´µ ³ ²ÒÌ¯ ¨ ´¥ É·¥¡ÊÕÉ ¢¢¥¤¥´¨Ö ³ É¥³ É¨Î¥-
¸±µ£µ ¶µ´ÖÉ¨Ö ¢¥·µÖÉ´µ¸É¨ ¶µÖ¢²¥´¨Ö ¸µ¸ÉµÖ´¨° PS ≈ 1/LS, µ¶·¥¤¥²¥´´µ£µ
[34] ¶·¨ L → ∞ ²¨ÏÓ ¤²Ö ¸É Í¨µ´ ·´ÒÌ · ¸¶·¥¤¥²¥´¨°.

�¥¶·¥·Ò¢´Ò° ¶µ¢Éµ· ¸µ¸ÉµÖ´¨°. �·µ¨²²Õ¸É·¨·Ê¥³ · §´¨ÍÊ ³¥¦¤Ê (43)
¨ ±² ¸¸¨Î¥¸±µ° Ëµ·³Ê²µ° ˜¥´´µ´  [4] ´  ¶·¨³¥·¥ [38], ±µ£¤  ´  ´¥±µÉµ·µ³
ÊÎ ¸É±¥ (¶µ L) ¶µ¢Éµ·Ö¥É¸Ö µ¤´µ ¨ Éµ ¦¥ §´ Î¥´¨¥ ËÊ´±Í¨¨ S = const, Éµ£¤ 
± ± ¤µ ÔÉµ£µ Ï £  ¢¸¥ S §´ Î¥´¨° ËÊ´±Í¨¨ ¡Ò²¨ · ¢´µ¢¥·µÖÉ´Ò³¨ (¥¸²¨
¶µ¢Éµ·¥´¨Ö ¨¤ÊÉ ¸ ¸ ³µ£µ ´ Î ²  L, Éµ ÔÉµ (40) ¶·¥¤¶µ² £ ¥É¸Ö).

…¸²¨ ¢ ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö ¶µ¢Éµ·Ö¥É¸Ö µ¤´µ ¨ Éµ ¦¥ ¸µ¸ÉµÖ´¨¥, ÔÉµ
µ§´ Î ¥É, ÎÉµ ´  Î ¸É´µ³ ±µ¤µ¢µ³ ¨´É¥·¢ ²¥ ∆si ¸Ê³³ ·´Ò° µÉ·¥§µ±, ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨° ÔÉµ³Ê ¸µ¸ÉµÖ´¨Õ, ¶µ¸É¥¶¥´´µ ´ Î´¥É ®¢ÒÉ¥¸´ÖÉÓ¯ ¢¸¥ µ¸É ²Ó´Ò¥
(¸³. ·¨¸. 8), ¶·¨¡²¨¦ Ö¸Ó ¶µ ¨´Ëµ·³ É¨¢´µ¸É¨ ± ´Ê²Õ. ˆ§ (43) ´¥É·Ê¤´µ ¶µ-
²ÊÎ¨ÉÓ Ëµ·³Ê²Ê ¤²Ö ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ ¶·¨ ¶µ¢Éµ·¥´¨¨ µ¤´µ£µ ¨§ S
¸µ¸ÉµÖ´¨°:

IS(T ) = T log [(S + T )/T ], T ≥ 1, (46)

£¤¥ T Å ±µ²¨Î¥¸É¢µ ¸¶²µÏ´ÒÌ ¶µ¢Éµ·µ¢.
ƒ· Ë¨± ËÊ´±Í¨¨ IS(T ) ¶µ± § ´ ´  ·¨¸. 9 ¤²Ö · §´ÒÌ S. ‚ ¶·¥¤¥²¥ (Ê¸É -

´µ¢¨¢Ï¨°¸Ö ¶·µÍ¥¸¸) ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ´  ± ¦¤µ³ Ï £¥ · ¢´µ ´Ê²Õ,
± ± ÔÉµ ¨ ¸²¥¤Ê¥É ¨§ Ëµ·³Ê²Ò ˜¥´´µ´ , ´µ µ¡Ð¥¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨
¨§-§  ´ Î ²Ó´µ£µ ¶¥·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸  Ö¢´µ ´¥´Ê²¥¢µ¥ (¸³. ¨´É¥£· ²Ó´Ò¥
±·¨¢Ò¥ I(T ) ´  ·¨¸. 9).
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Œ ±·µ- ¨ ³¨±·µ¸µ¸ÉµÖ´¨Ö. …¸²¨  ´ ²¨§¨·µ¢ ÉÓ ¶µ¢¥¤¥´¨¥ ËÊ´±Í¨° s(l),
¢Ìµ¤ÖÐ¨Ì ¢ ¶µ²´µ¥ ³´µ¦¥¸É¢µ ·¥ ²¨§ Í¨° SL, Éµ ¢µ ³´µ£¨Ì ¨§ ´¨Ì µ¡´ ·Ê-
¦¨É¸Ö ¶µ¢Éµ·¥´¨¥ ¸µÎ¥É ´¨° ¸µ¸ÉµÖ´¨°. �µ¢Éµ·Ö¥³µ¸ÉÓ ¸µÎ¥É ´¨° ¸µ¸ÉµÖ´¨°
µÎ¥¢¨¤´Ò³ µ¡· §µ³ ¸¢Ö§ ´  ¸ ¶µ¢Éµ·Ö¥³µ¸ÉÓÕ ¸µ¸ÉµÖ´¨°, ±µÉµ·Ò¥ ¢ ´¥¥ ¢Ìµ-
¤ÖÉ. �¤´ ±µ ¢ ¸¨²Ê Ê¶µ·Ö¤µÎ¥´´µ¸É¨ (¶·¥¤¸± §Ê¥³µ¸É¨) ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨
¸µ¸ÉµÖ´¨° ¢´ÊÉ·¨ ± ¦¤µ£µ ¸²¥¤ÊÕÐ¥£µ ¸µÎ¥É ´¨Ö ¤ ´´µ£µ ¢¨¤  ±µ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨ ¶µ´¨¦ ¥É¸Ö ¸¨²Ó´¥¥, Î¥³ ÔÉµ ¸²¥¤Ê¥É ¨§ (43). „¥°¸É¢¨É¥²Ó´µ,
¤²Ö µ¶¨¸ ´¨Ö ¶µ¢Éµ·ÖÕÐ¥£µ¸Ö ¸µÎ¥É ´¨Ö ¸µ¸ÉµÖ´¨° ¤µ¸É ÉµÎ´µ µ¶¨¸ ÉÓ ¥£µ ¢
¶¥·¢Ò° · §,   § É¥³ Ê± §Ò¢ ÉÓ ²¨ÏÓ Ë ±É ¥£µ ¶µÖ¢²¥´¨Ö:

IC = I(S,C) + NC log [(S + 1 + L)/(NCC)], (47)

§¤¥¸Ó C Å ¤²¨´  ¸µÎ¥É ´¨Ö ¸µ¸ÉµÖ´¨°,   NC Å ±µ²¨Î¥¸É¢µ ¥£µ ¶µÖ¢²¥´¨°.
�µ¢Éµ·Ö¥³ Ö Í¥¶µÎ±  ¸µ¸ÉµÖ´¨° ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ¤µ¶µ²´¨-

É¥²Ó´µ¥ ³ ±·µ¸µ¸ÉµÖ´¨¥ ¨ ³µ¦¥É ¡ÒÉÓ ¤µ¡ ¢²¥´µ ± ´ Î ²Ó´µ ¨§¢¥¸É´µ³Ê ´ -
¡µ·Ê ¸µ¸ÉµÖ´¨° S (¸³. (S + 1) ¢ Ëµ·³Ê²¥ (47)). Š ¦¤µ¥ ³ ±·µ¸µ¸ÉµÖ´¨¥
¢´µ¸¨É ´¥ µ¤¨´,   C µÉ·¥§±µ¢ ¢ ±µ¤µ¢Ò° ¨´É¥·¢ ², ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸¢µ¥°
¤²¨´µ° (§´ ³¥´ É¥²Ó ¶·¨ ²µ£ ·¨Ë³¥ ¢ (47)), É.¥. ¢ C · §  ±É¨¢´¥¥ ®¢ÒÉ¥¸´Ö¥É¯
µ¤¨´µÎ´Ò¥ ¸µ¸ÉµÖ´¨Ö ´  Î ¸É´µ³ ±µ¤µ¢µ³ ¨´É¥·¢ ²¥.

Œ ±·µ¸ ± ± µ¡Ñ¥¤¨´¨É¥²Ó ¶µ¢Éµ·ÖÕÐ¥°¸Ö Í¥¶µÎ±¨ ¸µ¸ÉµÖ´¨° Ô±¢¨¢ ²¥´-
É¥´ ¶µ´ÖÉ¨Õ ¶µ¤¶·µ£· ³³Ò (µ¡Ñ¥¤¨´¥´¨¥ ¶µ¢Éµ·ÖÕÐ¥°¸Ö Í¥¶µÎ±¨ ¤¥°¸É¢¨°)
¢  ²£µ·¨É³¨Î¥¸±µ³ Ö§Ò±¥ ¶·µ£· ³³¨·µ¢ ´¨Ö. �µ¢Éµ·ÖÕÐ¨¥¸Ö ³ ±·µ¸µ¸ÉµÖ-
´¨Ö, ± ± ¨ ¶µ¤¶·µ£· ³³Ò, ³µ£ÊÉ, ¢ ¸¢µÕ µÎ¥·¥¤Ó, µ¡Ñ¥¤¨´ÖÉÓ¸Ö ¢ ³ ±·µ¸Ò
¡µ²¥¥ ¢Ò¸µ±µ£µ Ê·µ¢´Ö ¨¥· ·Ì¨¨ (¸³. ·¨¸. 2).

�  ±µ¤µ¢µ³ ¤¥·¥¢¥, ¶µ± § ´´µ³ ´  ·¨¸. 7, ³ ±·µ¸Ò µ¡· §ÊÕÉ¸Ö ´  ¥£µ
´¨¦´¨Ì ¢¥É¢ÖÌ Å ÔÉµ £·Ê¶¶Ò ¸µ¸ÉµÖ´¨°, µ¡Ñ¥¤¨´¥´´Ò¥ ¶µ¸·¥¤¸É¢µ³ Î ¸É´ÒÌ
¤¥·¥¢Ó¥¢. ‡´ Ö ¸É·µ¥´¨¥ Î ¸É´µ£µ ¤¥·¥¢ , ¤µ¸É ÉµÎ´µ Ê± §Ò¢ ÉÓ ²¨ÏÓ ´  ¥£µ
¢¥·Ï¨´Ê, ¸µ±· Ð Ö ¶µ²´Ò° Ê± § É¥²Ó ´  ¢Ò¸µÉÊ Î ¸É´µ£µ ¤¥·¥¢ .

� £²Ö¤´Ò³ ¶·¨³¥·µ³ ¨¸¶µ²Ó§µ¢ ´¨Ö ³ ±·µ¸µ¢ Ö¢²Ö¥É¸Ö ¶¥·¥¤ Î  É¥±¸É .
Œµ¦´µ ¶¥·¥¤ ¢ ÉÓ É¥±¸É, ± ¦¤Ò° · § · §¡¨¢ Ö ¶¥·¥¤ ÎÊ ¡Ê±¢Ò ´  ÉµÎ±¨, · ¸-
¶µ²µ¦¥´¨¥ ±µÉµ·ÒÌ µÉµ¡· ¦ ¥É ¥¥ ´ Î¥·É ´¨¥. Ÿ¸´µ, ÎÉµ ¢ É ±µ° ¶¥·¥¤ Î¥
®· §¡¨¥´¨Ö¯ ¡Ê¤ÊÉ Î ¸Éµ ¶µ¢Éµ·ÖÉÓ¸Ö. ‘ÊÐ¥¸É¢¥´´µ ¢Ò£µ¤´¥¥ µ¶·¥¤¥²¨ÉÓ ³ -
±·µ¸Ò ´ Î¥·É ´¨° ¡Ê±¢ (¢ ·¨ ´É Ï·¨ËÉ ) ¢ ¢¨¤¥ ´ ¡µ·  ÉµÎ¥± § · ´¥¥ (¶·¥¤-
¢ ·¨É¥²Ó´µ¥ §´ ´¨¥) ¨²¨ ¢ ´ Î ²¥ ¶¥·¥¤ Î¨ (µ¡ÊÎ ¥³µ¸ÉÓ),   § É¥³ Ê± §Ò¢ ÉÓ
²¨ÏÓ ´  ¢ ·¨ ´É ³ ±·µ¸  ¡Ê±¢Ò.

Š ¦¤µ¥ ¸µ¸ÉµÖ´¨¥, ¶µ²ÊÎ¥´´µ¥ ¶·¨ ¤¨¸±·¥É¨§ Í¨¨ (35), ³µ¦¥É µ± § ÉÓ¸Ö
³ ±·µ¸µ³. …¸²¨ ¶µ´¨§¨ÉÓ ¶µ·µ£ ¢µ¸¶·¨ÖÉ¨Ö Q, Éµ, ¸±µ·¥¥ ¢¸¥£µ, µ¡´ ·Ê¦¨É¸Ö,
ÎÉµ ± ¦¤µ¥ ¸µ¸ÉµÖ´¨¥ · §¤¥²¨É¸Ö ´  ·Ö¤ ³¨±·µ¸µ¸ÉµÖ´¨°, ¸±·ÒÉÒÌ ´  ¶·¥¤Ò-
¤ÊÐ¥³ Ê·µ¢´¥ ¢µ¸¶·¨ÖÉ¨Ö.

ˆ´Ëµ·³ Í¨Ö ± ± ³¥·  Ì µÉ¨Î´µ¸É¨ ¶µ¢¥¤¥´¨Ö. �  ·¨¸. 10 ¨ ·¨¸. 11
¶·¥¤¸É ¢²¥´Ò ¤¢  ¶·¨³¥·  ËÊ´±Í¨° ¨§ ´ ¡µ·  SL, ¨³¥ÕÐ¨x · ¢´µ³¥·´µ¥
· ¸¶·¥¤¥²¥´¨¥ ¸µ¸ÉµÖ´¨° ¨²¨ ³ ±·µ¸µ¸ÉµÖ´¨° ´  ¨´É¥·¢ ²¥ L. Š § ²µ¸Ó
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¨¸. 10. ‹µ± ²¨§ Í¨Ö ¸µ¸ÉµÖ´¨° ²µ£¨Î¥¸±µ° ËÊ´±Í¨¨:  ) ¶·¨³¥· ²µ± ²¨§ Í¨¨ ¢ §µ´ Ì
Z×K ¶·¨ µ¡Ð¥³ · ¢´µ³¥·´µ³ · ¸¶·¥¤¥²¥´¨¨ ¸µ¸ÉµÖ´¨°; ¡) ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨
´  Ï £ ¶µ L ¶·¨ ¶µ¤µ¡´µ³ · ¸¶·¥¤¥²¥´¨¨

¡Ò, ÎÉµ ¤²Ö ´¨Ì ¤µ²¦´  ¡ÒÉÓ ¶·¨³¥´¨³  Ëµ·³Ê²  (39) ¨²¨, ¶µ ±· °´¥° ³¥·¥,
(43). �¥É·Ê¤´µ § ³¥É¨ÉÓ, µ¤´ ±µ, ÎÉµ ÔÉ¨ ËÊ´±Í¨¨ ´¥ Ê¤µ¢²¥É¢µ·ÖÕÉ ¢ ¶µ²´µ°
³¥·¥ É·¥¡µ¢ ´¨Õ ´¥¶·¥¤¸± §Ê¥³µ¸É¨ (¸²ÊÎ °´µ¸É¨) ¶µ¢¥¤¥´¨Ö: ¶¥·¢ Ö Å ¶µ
µ¸¨ ¸µ¸ÉµÖ´¨° S, ¢Éµ· Ö Å ¶µ µ¸¨ µÉ¸Î¥Éµ¢ L.

‹µ± ²¨§ Í¨Ö ¸µ¸ÉµÖ´¨°. ‚ ·¥ ²Ó´ÒÌ ¨¸Ìµ¤´ÒÌ ËÊ´±Í¨ÖÌ y(x) ¢ ¸¨²Ê
¸¶ ¤ ÕÐ¥£µ Ì · ±É¥·  ¨Ì ¸¶¥±É·  ·¥§±¨¥ ´¥¡µ²ÓÏ¨¥ ¨§³¥´¥´¨Ö ¸µ¸ÉµÖ´¨°
¶·µ¨¸Ìµ¤ÖÉ £µ· §¤µ Î Ð¥, Î¥³ ¨§³¥´¥´¨Ö ¢ ¶µ²´µ³ ¤¨ ¶ §µ´¥ (¶·µ¨¸Ìµ¤ÖÐ¨¥
¶² ¢´µ). �Éµ µ§´ Î ¥É, ÎÉµ §´ Î¥´¨Ö ËÊ´±Í¨° s(l), ± ± ¶· ¢¨²µ, ²µ± ²¨§ÊÕÉ¸Ö
´  ¤µ¸É ÉµÎ´µ ¶·µÉÖ¦¥´´ÒÌ ÊÎ ¸É± Ì K ¢ ¸· ¢´¨É¥²Ó´µ ³ ²ÒÌ µ¡² ¸ÉÖÌ §´ -
Î¥´¨° ËÊ´±Í¨¨ Z (¸³. ·¨¸. 10,  ¢ ± Î¥¸É¢¥ ¶·¨³¥· ).

‘µ¡¸É¢¥´´µ, ³Ò Ê¦¥ ¢Éµ·µ° · § £µ¢µ·¨³ µ ²µ± ²¨§ Í¨¨. ‘´ Î ²  ¨§ µ¡Ð¥°
¸·¥¤´¥°, · ¢´µ³¥·´µ° ¶µ S ± ·É¨´Ò ¶µ¢¥¤¥´¨Ö ¢¸¥Ì ¢µ§³µ¦´ÒÌ ²µ£¨Î¥¸±¨Ì
ËÊ´±Í¨° µÉµ¡· ¦¥´¨Ö ³Ò ¢Ò¤¥²¨²¨ ± ¦¤ÊÕ ËÊ´±Í¨Õ ¶µ ¥¥ ¨´¤¨¢¨¤Ê ²Ó-
´µ³Ê ¶µ¢¥¤¥´¨Õ (44). ‘¥°Î ¸ ³Ò ÌµÉ¨³ ¢Ò¤¥²¨ÉÓ ¢ ± ¦¤µ° ËÊ´±Í¨¨ ÊÎ ¸É±¨
®¨´¤¨¢¨¤Ê ²Ó´µ£µ¯ ¸É Í¨µ´ ·´µ£µ ¶µ¢¥¤¥´¨Ö ¢ ´¥±µÉµ·µ° §µ´¥ Z < S.



662 7�‘ˆ‹�„‡… ‘.ƒ.

¨¸. 11. �·¨³¥·Ò Í¨±²¨Î¥¸±¨Ì ¶µ¢Éµ·µ¢ ( ,¡), ¶·¨ ±µÉµ·ÒÌ ¸µ¸ÉµÖ´¨Ö · ¢´µ³¥·´µ
· ¸¶·¥¤¥²¥´Ò; ¢) ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ (¢ ¡¨É Ì) ´  Ï £ ¶µ L

”µ·³Ê²Ê (43) ³µ¦´µ · ¸¶·µ¸É· ´¨ÉÓ ´  ¸²ÊÎ ° ²µ± ²Ó´µ ¢Ò¤¥²¥´´µ° ¨´-
É¥´¸¨¢´µ¸É¨ ¢ §µ´¥ ¸µ¸ÉµÖ´¨°. ‚ ÔÉµ³ ¸²ÊÎ ¥ ®¢ÒÉ¥¸´ÖÕÐ¨³¨¯ µ¸É ²Ó´ÒÌ
¡Ê¤ÊÉ Z · ¢´ÒÌ ±µ¤µ¢ÒÌ µÉ·¥§±µ¢, Éµ£¤  ¤²Ö ¢¸¥° §µ´Ò:

I(Z,K) =
∑

Z

NZ log [(S + K)/NZ], NZ ≥ 1. (48)

‘·¥¤´ÖÖ ¢¥²¨Î¨´  ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ ´  ± ¦¤µ³ Ï £¥ I(Z,K)/K =
= log (Z) ¶·¨ · ¢´µ³¥·´µ³ · ¸¶·¥¤¥²¥´¨¨ NK(Z) = K/Z (K >> Z). ‘µ¶µ-
¸É ¢¨¢ (48) ¸ (43), ´¥É·Ê¤´µ ¢¨¤¥ÉÓ, ÎÉµ ´¥É · §´¨ÍÒ ¢ ¶· ¢¨² Ì µ¶·¥¤¥²¥´¨Ö
¸·¥¤´¥£µ Ê¸É ´µ¢¨¢Ï¥£µ¸Ö ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ ¤²Ö ¶µ²´µ£µ ¤¨ ¶ §µ´ 
§´ Î¥´¨° ËÊ´±Í¨¨ S ¨²¨ ¤²Ö ¥£µ Î ¸É¨ Z, §  ¨¸±²ÕÎ¥´¨¥³ Éµ£µ, ÎÉµ ¸ÊÐ¥-
¸É¢Ê¥É µ¶·¥¤¥²¥´´Ò° ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸ µÉ S ± Z ¸µ¸ÉµÖ´¨Ö³ ¶·¨ ¢Ìµ¤¥ ¢
®§µ´Ê¯ (¶µ¤ §´ ±µ³ ²µ£ ·¨Ë³  ¢ (48) ¸Éµ¨É S,   ´¥ Z).

Šµ¤¨·µ¢ ´¨¥ ²µ± ²¨§µ¢ ´´ÒÌ ¢¥²¨Î¨´ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¶¥·¥-
Ìµ¤ µÉ ¨Ì  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö ± µÉ´µ¸¨É¥²Ó´Ò³. �µ¤· §Ê³¥¢ ¥É¸Ö, ÎÉµ
¸¤¢¨£ ÉµÎ±¨ µÉ¸Î¥É  ¶·¨¢µ¤¨É ± ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¨³ §´ Î¥´¨Ö³ µÉ±²µ´¥-
´¨° ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö, É.¥. Ê¸É· ´Ö¥É ¶µ¢Éµ·Ö¥³µ¸ÉÓ §´ ±µ¢ ¢ ¸É ·Ï¨Ì
· §·Ö¤ Ì Ê± § É¥²Ö. �Éµ ¤ ¥É ±²ÕÎ ± · ¸¶µ§´ ¢ ´¨Õ §µ´ ²µ± ²¨§ Í¨¨: ¥¸²¨
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Ê± § ´¨¥ ¸¤¢¨£  ÉµÎ±¨ µÉ¸Î¥É  ¨ · §·Ö¤´µ¸É¨ ²µ± ²Ó´µ£µ Ê± § É¥²Ö,   É ±¦¥
¶µ¸²¥¤ÊÕÐ¥¥ Ê± § ´¨¥ µÉ¸Î¥Éµ¢ ¢  ´ ²¨§¨·Ê¥³µ° ¸¥·¨¨ É·¥¡Ê¥É ¸ÊÐ¥¸É¢¥´´µ
³¥´ÓÏ¥£µ Î¨¸²  §´ ±µ¢, Î¥³ ¶·¨ ¸µÌ· ´¥´¨¨ £²µ¡ ²Ó´µ£µ Ê± § É¥²Ö, Éµ ¶¥·¥¤
´ ³¨ Ö¢´Ò° ®²µ± ²¯.

‚µµ¡Ð¥ £µ¢µ·Ö, ¥¸²¨ §µ´  ²µ± ²¨§ Í¨¨ ¤µ¸É ÉµÎ´µ ¶·µ¤µ²¦¨É¥²Ó´ , Éµ
¶µ¢ÒÏ¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ µ£· ´¨Î¥´´µ° £·Ê¶¶Ò ¸µ¸ÉµÖ´¨° ¶µ¸É¥¶¥´´µ ¶·µ-
Ö¢¨É¸Ö ¨ ¢ Ëµ·³Ê²¥ (44), ´µ ´  ¶·¥µ¤µ²¥´¨¥ ®´ ±µ¶²¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö¯
¶·¥¤Ò¤ÊÐ¨Ì µÉ¸Î¥Éµ¢ (45) ¶µÉ·¥¡Ê¥É¸Ö ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ¥ Î¨¸²µ Ï £µ¢.

–¨±²¨Î¥¸±µ¥ ¶µ¢Éµ·¥´¨¥ ¸µ¸ÉµÖ´¨°. �·¨ Í¨±²¨Î¥¸±µ³ ¶µ¢Éµ·¥´¨¨ ¸µ-
¸ÉµÖ´¨° ¨Ì · ¸¶·¥¤¥²¥´¨¥ · ¢´µ³¥·´µ: LS = S, ´µ ± ¦¤Ò° Í¨±² µ¡· §Ê¥É
³ ±·µ¸µ¸ÉµÖ´¨¥, ¶µ¢Éµ·ÖÕÐ¥¥¸Ö ´¥¶·¥·Ò¢´µ.

�  ·¨¸.11, ,¡ ¶·¨¢¥¤¥´Ò ¶·¨³¥·Ò ´¥¶·¥·Ò¢´µ£µ ¶µ¢Éµ·  ³ ±·µ¸µ¸ÉµÖ-
´¨°, § ´¨³ ÕÐ¨Ì ¢¥¸Ó ¤¨ ¶ §µ´ ¸µ¸ÉµÖ´¨° (Z = S = 8), É.¥. ´ Î¨´ ÕÐ¥£µ¸Ö
Í¨±²¨Î¥¸±µ£µ ¶·µÍ¥¸¸  (L = NCK). Šµ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¤²Ö µ¶¨¸ ´¨Ö
¶¥·¢µ£µ ®±µ²¥¡ ´¨Ö¯ · ¢´µ 8 · 3 = 24 ¡¨É (²¥¢µ¥ ¸² £ ¥³µ¥ (48)). Šµ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨ ´  Ê¸É ´µ¢²¥´¨¥ ¶µ¢Éµ·ÖÕÐ¥£µ¸Ö ¶·µÍ¥¸¸  ¸µ¸É ¢²Ö¥É ∼ 12 ¡¨É
(¸³. ±·¨¢ÊÕ I(T ) ¤²Ö S = 2 ´  ·¨¸. 9). ‚ Ê¸É ´µ¢¨¢Ï¥³¸Ö ·¥¦¨³¥ (¶·¨ ²Õ¡µ³
¢¨¤¥ ±µ²¥¡ ´¨°) ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ´  ± ¦¤µ³ Ï £¥ ¶µ L · ¢´µ ´Ê²Õ,
ÌµÉÖ ¨§ Ëµ·³Ê²Ò (43), É ± ¦¥, ± ± ¨§ Ëµ·³Ê²Ò ˜¥´´µ´ , ¨³¥¥³ 3 ¡¨É/Ï £
¤²Ö ·¨¸. 11 (Ëµ·³ ²Ó´µ ¸µ¸ÉµÖ´¨Ö · ¢´µ³¥·´µ · ¸¶·¥¤¥²¥´Ò).

ˆ³¥´´µ ¢ ¸¨²Ê ¸¢µ°¸É¢  ²µ± ²¨§ Í¨¨ ³Ò ¨§¡¥£ ²¨ ¢ ¤ ´´µ° · ¡µÉ¥ µ¶·¥-
¤¥²¥´¨Ö ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ Î¥·¥§ ³ É¥³ É¨Î¥¸±µ¥ ¶µ´ÖÉ¨¥ ¢¥·µÖÉ´µ¸É¨
¸µ¸ÉµÖ´¨°, ¶µ¸±µ²Ó±Ê µ´µ ¡¥§· §²¨Î´µ Ê¸·¥¤´Ö¥É ²µ± ²Ó´µ ¢Ò¤¥²¥´´Ò¥ ¨ Í¨-
±²¨Î¥¸±¨¥ ¶µ¢Éµ·Ò ¸µ¸ÉµÖ´¨°.

3. ���Š’ˆ—…‘Šˆ… ��ˆ…Œ› Š�„ˆ��‚��ˆŸ ˆ�”��Œ�–ˆˆ

ƒ¨¸Éµ£· ³³  ¨ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨. ‘·¥¤¨ ³´µ¦¥¸É¢  ·¥£¨¸É·¨·Ê¥-
³ÒÌ ¸µ¡ÒÉ¨° ²¨ÏÓ ´¥¡µ²ÓÏ Ö ¨Ì Î ¸ÉÓ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¤²Ö Ô±¸¶¥·¨³¥´-
É Éµ· . �¤´¨³ ¨§ ¸¶µ¸µ¡µ¢ ¢Ò¤¥²¥´¨Ö ¨¸±µ³ÒÌ ¸µ¡ÒÉ¨° Ö¢²Ö¥É¸Ö ¶µ¸É·µ¥´¨¥
£¨¸Éµ£· ³³, É.¥. · ¸¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥° ¶µÖ¢²¥´¨Ö É¥Ì ¨²¨ ¨´ÒÌ ¸µ-
¸ÉµÖ´¨° ¨§³¥·Ö¥³ÒÌ ¶ · ³¥É·µ¢.

‚ £¨¸Éµ£· ³³¥ Î¨¸²µ ±µ²µ´µ± · ¢´µ S, ¢Ò¸µÉ  ± ¦¤µ° ±µ²µ´±¨ NS,  
¸Ê³³  ¢¸¥Ì ¢Ò¸µÉ Å L ¤²Ö ¤ ´´µ£µ ¶ · ³¥É· . �µÔÉµ³Ê ± ¦¤ Ö ±µ²µ´± 
£¨¸Éµ£· ³³Ò ¸µ¶·Ö¦¥´  ¸ µ¶·¥¤¥²¥´´Ò³ ±µ²¨Î¥¸É¢µ³ ¨´Ëµ·³ Í¨¨ ¤²Ö µ¶·¥-
¤¥²¥´´µ£µ ¸µ¸ÉµÖ´¨Ö, ¢ÒÉ¥± ÕÐ¨³ ¨§ Ê· ¢´¥´¨Ö (43).

� ´¦¨·µ¢ ´´ Ö £¨¸Éµ£· ³³ . �¥¸³µÉ·Ö ´  ³´µ£µµ¡· §¨¥ Ëµ·³ £¨¸Éµ-
£· ³³ ¨Ì ³µ¦´µ ¸£·Ê¶¶¨·µ¢ ÉÓ ¶µ É¨¶ ³ ¸ µ¤¨´ ±µ¢Ò³ µ¡Ð¨³ ®±µ²¨Î¥¸É¢µ³
¨´Ëµ·³ Í¨¨¯, ¥¸²¨ · ¸¶µ² £ ÉÓ ¸µ¸ÉµÖ´¨Ö ¢ ¶µ·Ö¤±¥ Ê¡Ò¢ ´¨Ö ¨Ì ¨´É¥´-
¸¨¢´µ¸É¨. �·¨³¥·Ò É ±¨Ì · ´¦¨·µ¢ ´´ÒÌ £¨¸Éµ£· ³³ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 12.
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¨¸. 12. Šµ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¶·¨ · §´ÒÌ ¢¨¤ Ì · ¸¶·¥¤¥²¥´¨Ö ¸µ¸ÉµÖ´¨° Å ¢
· ´¦¨·µ¢ ´´ÒÌ £¨¸Éµ£· ³³ Ì:  ) ²¨´¥°´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´µ¸É¥°; ¡) · ¸¶·¥-
¤¥²¥´¨¥ ¶µ £¨¶¥·¡µ²¥; ¢) ±¢ ¤· É¨Î´ Ö £¨¶¥·¡µ² ; £) · ¸¶·¥¤¥²¥´¨¥ ¶µ Ô±¸¶µ´¥´É¥;
¤) £ Ê¸¸µ¢µ · ¸¶·¥¤¥²¥´¨¥. �  £· Ë¨± Ì Ê± § ´Ò Ì · ±É¥·¨¸É¨Î¥¸± Ö ¶µ¸ÉµÖ´´ Ö (³ -
É¥³ É¨Î¥¸± Ö ¥¤¨´¨Í  ¤²¨´Ò) ¨ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨

’¨¶¨Î´Ò³¨  ³¶²¨ÉÊ¤´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¢ Ö¤¥·´µ° Ë¨§¨±¥ Ö¢²ÖÕÉ¸Ö Ô±¸-
¶µ´¥´Í¨ ²Ó´µ¥ (·¨¸.12,£):

NS(S) = 1/ exp (S/S0) (49)

¨ £ Ê¸¸µ¢¸±µ¥ (·¨¸.12,¤):

NS(S) = 1/ exp [(S/S0)2]. (50)

�  ·¨¸. 12 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ±µ²¨Î¥-
¸É¢  ¨´Ëµ·³ Í¨¨ ´  µ¤´µ ¨§³¥·¥´¨¥ ¶·¨ · §²¨Î´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ  ³¶²¨-
ÉÊ¤ (Ëµ·³ Ì · ´¦¨·µ¢ ´´ÒÌ £¨¸Éµ£· ³³). ‚¨¤´µ, ÎÉµ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ -
Í¨¨ ¸² ¡µ § ¢¨¸¨É µÉ ¢¨¤  · ¸¶·¥¤¥²¥´¨Ö ¨ ¶µ´¨¦ ¥É¸Ö ¶·¨³¥·´µ ¢¤¢µ¥ ¶·¨
(S/S0) ∼= 20. Œ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ (38) ®¸µ¤¥·¦¨É¯ ¶²µ¸-
± Ö £¨¸Éµ£· ³³  (¶µ± § ´  ¶Ê´±É¨·µ³ ´  ·¨¸.12, ). �µ¸±µ²Ó±Ê ¨¸±µ³Ò¥ ¸µ¡Ò-
É¨Ö ¢Ò¤¥²ÖÕÉ¸Ö µ¡ÒÎ´µ ± ± ¶¨± ´  £¨¸Éµ£· ³³¥, Ê ´¨Ì ³¥´ÓÏ¥ ¨´Ëµ·³ É¨¢-
´µ¸ÉÓ, Î¥³ Ê Ëµ´ ,   µ¡Ð¥¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¢¸¥£¤  ´¨¦¥ ±µ²¨Î¥¸É¢ 
¤ ´´ÒÌ, ´  µ¸´µ¢¥ ±µÉµ·ÒÌ ¶µ¸É·µ¥´  £¨¸Éµ£· ³³ .
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Šµ³¶·¥¸¸¨Ö ¤ ´´ÒÌ. �µ¢Éµ·¨³, ÎÉµ ¤ ´´Ò¥ ¨§³¥·¥´¨Ö ¶µ²ÊÎ ÕÉ¸Ö ¢
·¥§Ê²ÓÉ É¥ ¶·µÍ¥¤Ê·Ò ¤¨¸±·¥É¨§ Í¨¨ ¸¨£´ ²  ¨ ±µ¤¨·µ¢ ´¨Ö ¸µ¸ÉµÖ´¨° ¶µ
Ëµ·³Ê² ³ (38), (39) ¡¥§ ÊÎ¥É  ¨´É¥´¸¨¢´µ¸É¨ ¨Ì ¶µÖ¢²¥´¨Ö ¢ É¥±ÊÐ¥° ¸¥·¨¨
µÉ¸Î¥Éµ¢. �µ²ÊÎ¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ ¸µµÉ¢¥É¸É¢Ê¥É ±µ¤¨·µ-
¢ ´¨Õ ¶µ Ëµ·³Ê²¥ (44). ˆ´Ëµ·³ Í¨Ö ³µ¦¥É ¡ÒÉÓ ¢Ò¤¥²¥´  Ê¦¥ ¶µ¸²¥ ¶µ²Ê-
Î¥´¨Ö ¤ ´´ÒÌ, ÔÉµÉ ¶·µÍ¥¸¸ ¶µ²ÊÎ¨² ´ §¢ ´¨¥ ±µ³¶·¥¸¸¨¨ ¤ ´´ÒÌ [30]. ’·¨
µ¸´µ¢´ÒÌ ¸¶µ¸µ¡  ±µ³¶·¥¸¸¨¨ ¤ ´´ÒÌ ±· É±µ µ¡¸Ê¦¤ ÕÉ¸Ö ´¨¦¥.

Šµ¤Ò • ËË³ ´ . Š ¦¤µ¥ ¸µ¸ÉµÖ´¨¥ ¢ ¤ ´´ÒÌ ±µ¤¨·Ê¥É¸Ö ¨´¤¨¢¨¤Ê ²Ó´µ
±µ¤µ³ ¶µ¸ÉµÖ´´µ° ¤²¨´Ò (¶µ²´Ò³ ¤¥·¥¢µ³ Å ·¨¸.7, ). …¸²¨ ±µ¤¨·µ¢ ÉÓ ¨´-
Ëµ·³ Í¨Õ ¤²Ö ± ¦¤µ£µ ¸µ¸ÉµÖ´¨Ö, Éµ ±µ¤, ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ëµ·³Ê²µ° (43),
¤µ²¦¥´ ¨³¥ÉÓ ¶¥·¥³¥´´ÊÕ ¤²¨´Ê (¨¸¶µ²Ó§Ê¥É¸Ö ®±µ¸µ¥¯ ¤¥·¥¢µ ¸ ¶¥·¥³¥´´µ°
¤²¨´µ° ¢¥É¢¥° Å ¸³. ±·Ê¦±¨ ´  ·¨¸.7,¡). ‘¥³¥°¸É¢µ ±µ¤µ¢ ¶¥·¥³¥´´µ° ¤²¨´Ò
´ §Ò¢ ¥É¸Ö ±µ¤ ³¨ • ËË³ ´  [5]. ‚Ò¡µ· ¤²¨´ ±µ¤µ¢ ¶·µ¨¸Ìµ¤¨É ¢ ·¥§Ê²ÓÉ É¥
 ´ ²¨§  · ´¦¨·µ¢ ´´µ° £¨¸Éµ£· ³³Ò ¸µ¸ÉµÖ´¨°.

�·µ¡²¥³µ° ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ±µ¤µ¢ ¶¥·¥³¥´´µ° ¤²¨´Ò Ö¢²Ö¥É¸Ö ¶µ¸²¥-
¤ÊÕÐ¥¥ · ¸¶µ§´ ¢ ´¨¥ ±µ¤  ±µ´±·¥É´µ£µ µÉ¸Î¥É  ¢ µ¡Ð¥° ¶µ²ÊÎ¥´´µ° ¸¥·¨¨
§´ ±µ¢. �É  ¶·µ¡²¥³  ³µ¦¥É ¡ÒÉÓ ·¥Ï¥´  ´¥¸±µ²Ó±¨³¨ ¸¶µ¸µ¡ ³¨:

1) ¢¢¥¤¥´¨¥³ §´ ±  ®¶·µ¡¥²¯ ¶·¨ v > 2 É ± ¦¥, ± ± ¢ µ¡ÒÎ´µ³ É¥±¸É¥;
2) ± ¦¤Ò° ±µ´±·¥É´Ò° ±µ¤ ³µ¦¥É ¸µ¤¥·¦ ÉÓ ¢´ÊÉ·¥´´¨° Ê± § É¥²Ó ´ 

¸¢µÕ ¤²¨´Ê [38];
3) ¸É·Ê±ÉÊ·  ±µ¸µ£µ ¤¥·¥¢  ³µ¦¥É ¡ÒÉÓ § · ´¥¥ ¨§¢¥¸É´ .
�µ¸±µ²Ó±Ê ± ¦¤µ¥ ¸µ¸ÉµÖ´¨¥ ±µ¤¨·Ê¥É¸Ö ¨´¤¨¢¨¤Ê ²Ó´µ ¨ ¤²¨´  ± ¦¤µ£µ

±µ¤  ¤¨¸±·¥É´ , Éµ ¨´Ëµ·³ Í¨Ö ®¶µ • ËË³ ´Ê¯ ¢¸¥£¤  ±· É´  Í¥²µ³Ê Î¨¸²Ê
(¡¨É, ¤¨É,...). �Éµ ¨ ¶µ·µ¦¤ ¥É § ¡²Ê¦¤¥´¨¥, ÎÉµ ¤¨¸±·¥É´µ ¨ ±µ²¨Î¥¸É¢µ
¨´Ëµ·³ Í¨¨ (¸³. ¶¥·¢Ò° ¢µ¶·µ¸ ¢¢¥¤¥´¨Ö). �·µ¢¥¤¥´´Ò° ¢ÒÏ¥  ´ ²¨§ Ö¸´µ
¶µ± §Ò¢ ¥É, ÎÉµ ¨´Ëµ·³ Í¨Ö Ö¢²Ö¥É¸Ö  ´ ²µ£µ¢µ° (´¥¶·¥·Ò¢´µ°) ¢¥²¨Î¨´µ°,
  ¶·¨´Í¨¶¨ ²Ó´µ ¤¨¸±·¥É´Ò³¨ Ö¢²ÖÕÉ¸Ö ²¨ÏÓ ¸µ¸ÉµÖ´¨Ö.

Šµ£¤  ¸·¥¤´¥¥ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ (´  Ï £ ¶µ L) ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥
¥¤¨´¨ÍÒ, Éµ ¶µ¤µ¡´µ¥ µ±·Ê£²¥´¨¥ ¤µ Í¥²µ£µ ´¥ ¨£· ¥É ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨ ´ 
¶· ±É¨±¥. �¤´ ±µ ¶·¨ ³ ²µ³ Î¨¸²¥ ¸µ¸ÉµÖ´¨° ¨²¨ ±µ£¤  µ¤´µ ¨§ ´¨Ì ¤µ-
³¨´¨·Ê¥É ¢ S(L), ®µÏ¨¡±  µ±·Ê£²¥´¨Ö¯ ³µ¦¥É ¸É ÉÓ §´ Î¨É¥²Ó´µ°. …¸²¨,
´ ¶·¨³¥·, ± ±µ¥-Éµ ¸µ¸ÉµÖ´¨¥ ¶µ¢Éµ·Ö¥É¸Ö ¢ 10 · § Î Ð¥ µ¸É ²Ó´ÒÌ, Éµ ±µ²¨-
Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¶·¨ ¶µÖ¢²¥´¨¨ ÔÉµ£µ ¸µ¸ÉµÖ´¨Ö ¥¸ÉÓ (44): log2(11/10) =
= 0, 14 ¡¨É. ’µ£¤  µÏ¨¡±  µÉ ¨¸¶µ²Ó§µ¢ ´¨Ö ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ±µ¤µ¢ ¤²Ö ± -
¦¤µ£µ ¸µ¸ÉµÖ´¨Ö (¤ ¦¥ ¥¸²¨ µ´¨ ¶¥·¥³¥´´µ° ¤²¨´Ò, ¨ ¸ ³Ò° ±µ·µÉ±¨° ±µ¤
Å ÔÉµ µ¤¨´ §´ ±) ¡Ê¤¥É, ± ± ³¨´¨³Ê³, 7-±· É´µ°.

Šµ¤Ò ¸ ¨´É¥£·¨·µ¢ ´¨¥³ ¸µ¸ÉµÖ´¨°. …¸²¨ ³Ò ÌµÉ¨³ ±µ¤¨·µ¢ ÉÓ ¨´Ëµ·-
³ Í¨Õ ¡µ²¥¥ ÉµÎ´µ, ´¥µ¡Ìµ¤¨³µ ¨¸¶µ²Ó§µ¢ ÉÓ ¨´É¥£·¨·µ¢ ´¨¥ ¸µ¸ÉµÖ´¨°, É.¥.
Ê¢¥²¨Î¨¢ ÉÓ Í¥¶µÎ±Ê ¸µ¸ÉµÖ´¨°, µ¶¨¸Ò¢ ¥³ÊÕ ±µ¤µ³ Ë¨±¸¨·µ¢ ´´µ° ¤²¨´Ò.

Šµ¤Ò LZW. ‘ ³Ò³ ¶·µ¸ÉÒ³ Ö¢²Ö¥É¸Ö ±µ¤¨·µ¢ ´¨¥ ¶µ¢Éµ·ÖÕÐ¨Ì¸Ö ¸µÎ¥-
É ´¨° ¸µ¸ÉµÖ´¨°, É.¥ ³ ±·µ¸µ¢, ÎÉµ ·¥ ²¨§Ê¥É¸Ö ¢ LZW-±µ¤ Ì [14]. „²¨´ 
±µ¤  LZW µ¡ÒÎ´µ ∼ 12 ¡¨É, ÎÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¨³¥ÉÓ ¸²µ¢ ·Ó ¥³±µ¸ÉÓÕ
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∼ 4000 ³ ±·µ¸µ¢. �Éµ, ± ± ¶· ¢¨²µ, ¤µ¸É ÉµÎ´µ ¤²Ö ±µ¤¨·µ¢ ´¨Ö ¨´Ëµ·-
³ Í¨¨ ¶·¥¤³¥É´µ µ·¨¥´É¨·µ¢ ´´µ£µ ¸µµ¡Ð¥´¨Ö. …¸²¨ ¶·¥¤³¥É´ Ö µ¡² ¸ÉÓ
¨§¢¥¸É´  § · ´¥¥, Éµ ¨ ®¸²µ¢ ·Ó ¸µ±· Ð¥´¨°¯ ³µ¦¥É ¡ÒÉÓ ¸µ¸É ¢²¥´ § · ´¥¥;
¥¸²¨ ´¥É, Éµ ¢Ò¤¥²¥´¨¥ ³ ±·µ¸µ¸ÉµÖ´¨° ¨¤¥É ¶·Ö³µ ¢ ¶·µÍ¥¸¸¥  ¤ ¶É¨¢´µ£µ
±µ¤¨·µ¢ ´¨Ö.

„²¨´   ´ ²¨§¨·Ê¥³ÒÌ Í¥¶µÎ¥± ¸µ¸ÉµÖ´¨° ¢ LZW-±µ¤ Ì µ¡ÒÎ´µ ´¥ ¡µ-
²¥¥ Î¥ÉÒ·¥Ì (¶·¨ ¡mµ²ÓÏ¥° ¤²¨´¥ ·¥§±µ ¢µ§· ¸É ¥É µ¡Ñ¥³ ¸²µ¢ ·Ö). �µÔÉµ³Ê
¸¶²µÏ´Ò¥ ¶µ¢Éµ·Ò ¸µ¸ÉµÖ´¨° ±µ¤¨·ÊÕÉ¸Ö (¸¦¨³ ÕÉ¸Ö) ´¥ µÎ¥´Ó ÔËË¥±É¨¢´µ.
„ ¦¥ ¥¸²¨ ¸¤¥² ÉÓ ¤²¨´Ê LZW-±µ¤  ¶¥·¥³¥´´µ° (± ± ¢ ³¥Éµ¤¥ • ËË³ ´ ),
Éµ ¸¶²µÏ´µ° ¶µ¢Éµ· ¡Ê¤¥É ¤ ¢ ÉÓ ´¥ ³¥´¥¥ 0,25 ¡¨É/Ï £.

�·¨Ë³¥É¨Î¥¸±µ¥ ±µ¤¨·µ¢ ´¨¥. ˆ¤¥Ö ÔÉµ£µ ¸¶µ¸µ¡  ±µ¤¨·µ¢ ´¨Ö ¸µ¸Éµ¨É
¢ Éµ³, ÎÉµ¡Ò ¶µ¤¸Î¨ÉÒ¢ ÉÓ ±µ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¢ ± ¦¤µ³ ¸µ¸ÉµÖ´¨¨ ¨´-
¤¨¢¨¤Ê ²Ó´µ, ´µ ¶·¥¤¸É ¢²ÖÉÓ ¨Ì ¨´É¥£·¨·µ¢ ´´Ò³ ±µ¤µ³ ¡µ²ÓÏµ° · §·Ö¤´µ-
¸É¨ (16Ä32 ¡¨É ). Œ¥Éµ¤ ¶µ¤¸Î¥É  ±µ²¨Î¥¸É¢  ¨´Ëµ·³ Í¨¨ ¡Ò² µ¶¨¸ ´ ¶·¨
¢Ò¢µ¤¥ Ëµ·³Ê²Ò (44), ¸³. ·¨¸.8.

Š ± ¢¨¤´µ ¨§ ·¨¸.8,¡, ± ¦¤Ò° · § ¶·¨ ¶µÖ¢²¥´¨¨ ´µ¢µ£µ ¸µ¸ÉµÖ´¨Ö ¨´-
É¥·¢ ² ∆si ¶¥·¥³¥Ð ¥É¸Ö ´  ´µ¢µ¥ ³¥¸Éµ ´  ¶µ²´µ³ ±µ¤µ¢µ³ µÉ·¥§±¥ ¨ ¸µ±· -
Ð ¥É¸Ö ¶µ ¤²¨´¥, ¶µÔÉµ³Ê ¤²Ö ¥£µ Ê± § ´¨Ö É·¥¡Ê¥É¸Ö Î¨¸²µ ¸µ ¢¸¥ ¡µ²ÓÏ¥°
ÉµÎ´µ¸ÉÓÕ, É.¥. ¸µ ¢¸¥ ¡µ²ÓÏ¨³ ±µ²¨Î¥¸É¢µ³ §´ ±µ¢. Šµ£¤  ±µ²¨Î¥¸É¢µ §´ ±µ¢
¢ Î¨¸²¥ ¤µ¸É¨£ ¥É 16Ä32, ¨´É¥£·¨·µ¢ ´¨¥ ¸µ¸ÉµÖ´¨° § ¢¥·Ï ¥É¸Ö ¨ ´ Î¨´ ¥É¸Ö
´µ¢Ò° Í¨±² ±µ¤¨·µ¢ ´¨Ö.

�¸µ¡¥´´µ¸ÉÓ  ·¨Ë³¥É¨Î¥¸±µ£µ ±µ¤¨·µ¢ ´¨Ö [25] ¢ Éµ³, ÎÉµ ¶·¨ ®¢ÒÉ¥¸-
´¥´¨¨¯ ± ±¨³-²¨¡µ (Î Ð¥ ¶µ¢Éµ·ÖÕÐ¨³¸Ö) ¸µ¸ÉµÖ´¨¥³ µ¸É ²Ó´ÒÌ ´  Î ¸É´µ³
±µ¤µ¢µ³ ¨´É¥·¢ ²¥  ¢Éµ³ É¨Î¥¸±¨ ¢µ§· ¸É ¥É µÉ´µ¸¨É¥²Ó´ Ö ¤²¨´  ∆si. ’ -
±¨³ µ¡· §µ³ ¢ ®¥¤¨´¨Í¥ ¨´Ëµ·³ Í¨¨¯ ³µ¦¥É ¡ÒÉÓ ¨´É¥£·¨·µ¢ ´µ ¤µ¸É ÉµÎ´µ
¡µ²ÓÏµ¥ Î¨¸²µ ¨´É¥´¸¨¢´ÒÌ ¸µ¸ÉµÖ´¨°.

�¥¸³µÉ·Ö ´  · §²¨Î¨¥ ¢  ²£µ·¨É³ Ì ¢Ò¤¥²¥´¨Ö ¨´Ëµ·³ Í¨¨, ¢¸¥ µ¶¨¸ ´-
´Ò¥ ¸¶µ¸µ¡Ò ¤ ÕÉ ¸Ìµ¤´Ò¥ ·¥§Ê²ÓÉ ÉÒ ±µ³¶·¥¸¸¨¨ Å É¥µ·¥É¨Î¥¸±¨ ¤µ± § ´ 
¨Ì Ô±¢¨¢ ²¥´É´µ¸ÉÓ [30] ¤²Ö ´¥¢Ò·µ¦¤¥´´µ£µ ´ ¡µ·  ¸µ¸ÉµÖ´¨°. �Éµ ´¥É·Ê¤´µ
¶µ´ÖÉÓ: ¨§-§  µ£· ´¨Î¥´´µ¸É¨ ¤¨ ¶ §µ´  ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö ¢Ò¤¥²¥´´µ¸ÉÓ
¨´É¥´¸¨¢´µ¸É¨ É¥Ì ¨²¨ ¨´ÒÌ ¸µ¸ÉµÖ´¨° ´¥¨§¡¥¦´µ ¶·¨¢µ¤¨É ± ¢Ò¤¥²¥´´µ¸É¨
¨´É¥´¸¨¢´µ¸É¨ ±µ·p¥²ÖÍ¨° ³¥¦¤Ê ÔÉ¨³¨ ¦¥ ¸µ¸ÉµÖ´¨Ö³¨.

Šµ³¶ ±É¨§ Í¨Ö ¤ ´´ÒÌ. Šµ¤ ¤ ´´µ£µ, ÌµÉÖ µ´ ¨ ¤²¨´´¥¥ ±µ¤  ¨´Ëµ·³ -
Í¨¨ Å ®¨´Ëµ±µ¤ ¯, µ¡² ¤ ¥É µ¤´¨³ ´¥¸µ³´¥´´Ò³ ¤µ¸Éµ¨´¸É¢µ³: µ´ µÉ· ¦ ¥É
 ³¶²¨ÉÊ¤Ê ¸¨£´ ²  ¢ É¥±ÊÐ¥³ µÉ¸Î¥É¥ ¨ ¶µÔÉµ³Ê ¶·¨£µ¤¥´ ¤²Ö ¶·µ¢¥¤¥´¨Ö ¢Ò-
Î¨¸²¥´¨° ¶·¨ µ¡· ¡µÉ±¥ ·¥§Ê²ÓÉ Éµ¢. ˆ´Ëµ±µ¤ µÉ· ¦ ¥É ²¨ÏÓ ¨´É¥´¸¨¢´µ¸ÉÓ
¶µÖ¢²¥´¨Ö ¸µ¸ÉµÖ´¨Ö ¨ ¥£µ ± ¦¤Ò° · § ´¥µ¡Ìµ¤¨³µ ¶·¥µ¡· §µ¢Ò¢ ÉÓ ¢  ³¶²¨-
ÉÊ¤Ê ¶·¨ µ¡· ¡µÉ±¥. ˆ³¥¥É¸Ö, µ¤´ ±µ, ¶·µ³¥¦ÊÉµÎ´ Ö ¢µ§³µ¦´µ¸ÉÓ ¸¤¥² ÉÓ
¤ ´´Ò¥ ¡µ²¥¥ ±µ³¶ ±É´Ò³¨, ¸µÌ· ´¨¢ ¥¸²¨ ´¥  ¡¸µ²ÕÉ´µ¥, Éµ µÉ´µ¸¨É¥²Ó´µ¥
Î¨¸²¥´´µ¥ ¸µµÉ¢¥É¸É¢¨¥ ¨Ì  ³¶²¨ÉÊ¤¥ ¸¨£´ ² . Œ¥Éµ¤ ±µ³¶ ±É¨§ Í¨¨ ¤ ´´ÒÌ
[38] µ¸´µ¢ ´ ´  ¸¢µ°¸É¢¥ ²µ± ²¨§ Í¨¨ ¸µ¸ÉµÖ´¨°, µ¡¸Ê¦¤ ¢Ï¥³¸Ö ¢ÒÏ¥.
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Ÿ§Ò± µ¶¨¸ ´¨Ö ¤ ´´ÒÌ. Š S ¸µ¸ÉµÖ´¨Ö³ ¤ ´´ÒÌ ³µ¦´µ ¤µ¡ ¢¨ÉÓ ´¥-
¡µ²ÓÏµ¥ Î¨¸²µ (¸± ¦¥³ 16) ¸µ¸ÉµÖ´¨° Ê¶· ¢²¥´¨Ö, ¸ ¶µ³µÐÓÕ ±µÉµ·ÒÌ ³µ¦´µ
Ê± §Ò¢ ÉÓ ´  ¸¤¢¨£ ÉµÎ±¨ µÉ¸Î¥É , ¨§³¥´¥´¨¥ · §·Ö¤´µ¸É¨ ¤ ´´ÒÌ ¨ É.¤. „²Ö
± ¦¤µ° ¶µ¤µ¡´µ° ¶·µÍ¥¤Ê·Ò ¶µÉ·¥¡Ê¥É¸Ö µÉ µ¤´µ£µ ¤µ É·¥Ì ±µ¤µ¢ Ê¶· ¢²¥´¨Ö.

� §·Ö¤´µ¸ÉÓ (...). …¸²¨ ¢¢¥¸É¨ Ê¶· ¢²¥´¨¥ · §·Ö¤´µ¸ÉÓÕ, Éµ ¥¥ ´ Î ²Ó´ Ö
¢¥²¨Î¨´  ³µ¦¥É ¡ÒÉÓ µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏµ°, ´ ¶·¨³¥·, 8 ¡¨É. ‘¨³¢µ²µ³
¸³¥´Ò · §·Ö¤´µ¸É¨ ³µ¦¥É Ö¢²ÖÉÓ¸Ö ¶¥·¢Ò° ¨§ 16 ±µ¤µ¢ Ê¶· ¢²¥´¨Ö. ‚¢¥¤¥³
¤²Ö Ê¤µ¡¸É¢  µ¶¨¸ ´¨Ö ¢ É¥±¸É¥ ¥£µ ³´¥³µ´¨Î¥¸±µ¥ µ¡µ§´ Î¥´¨¥, É.¥. ¡Ê¤¥³
´ §Ò¢ ÉÓ ¥£µ ®µÉ±·Ò¢ ÕÐ Ö¸Ö ±·Ê£² Ö ¸±µ¡± ¯. �¥·¥¤ ¸±µ¡±µ° ¤µ²¦´µ ´ Ìµ-
¤¨ÉÓ¸Ö Î¨¸²µ-¨¤¥´É¨Ë¨± Éµ·, ¶µ± §Ò¢ ÕÐ¥¥ ´µ¢ÊÕ · §·Ö¤´µ¸ÉÓ ¤ ´´ÒÌ (¸³.
§ £µ²µ¢µ±). �µ¸²¥ § ±·Ò¢ ÕÐ¥°¸Ö ¸±µ¡±¨ (¢Éµ·µ° ±µ¤ Ê¶· ¢²¥´¨Ö) ¢µ¸¸É ´ -
¢²¨¢ ¥É¸Ö ¶·¥¦´¥¥ §´ Î¥´¨¥ · §·Ö¤´µ¸É¨.

“¶· ¢²¥´¨¥ · §·Ö¤´µ¸ÉÓÕ Ë ±É¨Î¥¸±¨ µ¶·¥¤¥²Ö¥É ®²µ± ²¯ Å ¢ ´ Î ²¥ É¥-
±ÊÐ¥° Ï± ²Ò µÉ¸Î¥É  (²¥¢ Ö ¶·µ¨§¢µ²Ó´ Ö Î ¸ÉÓ ¤¥·¥¢  Ê± § É¥²¥° ´  ·¨¸.7, ).
�´µ É ±¦¥ § ¤ ¥É · §³¥· ÔÉµ£µ ²µ± ²  ¶µ S, ±µÉµ·Ò° · ¢¥´ 2n, £¤¥ n Å ¢¥-
²¨Î¨´  · §·Ö¤´µ¸É¨.

‹µ± ² {...}. „ ´´Ò¥, ´ Ìµ¤ÖÐ¨¥¸Ö ¢ Ë¨£Ê·´ÒÌ ¸±µ¡± Ì (³´¥³µ±µ¤Ò ¸²¥-
¤ÊÕÐ¥° ¶ ·Ò ±µ¤µ¢ Ê¶· ¢²¥´¨Ö), ¶·¨´ ¤²¥¦ É µ¤´µ³Ê Ê·µ¢´Õ ¨¥· ·Ì¨¨ §´ -
±µ¢, É.¥. ¨³¥ÕÉ µ¡Ð¨¥ ¸É ·Ï¨¥ · §·Ö¤Ò. ‹µ£¨Î¥¸±¨³ ¨¤¥´É¨Ë¨± Éµ·µ³ ²µ-
± ²  ¸²Ê¦¨É Í¥¶µÎ±  Ê± § É¥²¥°, ´ Î¨´ Ö ¸ ¢¥·Ï¨´Ò ±µ¤µ¢µ£µ ¤¥·¥¢ ; Î¥³
¡µ²ÓÏ¥ ¢ ´¥° §´ ±µ¢, É¥³ ³¥´ÓÏ¥ §µ´  ²µ± ² . � ¶·¨³¥·, § ¶¨¸Ó

100{000 010 101 111} (51)

Ô±¢¨¢ ²¥´É´  ¶·Ö³µ³Ê Ê± § ´¨Õ ¸²¥¤ÊÕÐ¨Ì ¸µ¸ÉµÖ´¨°:

100000 100010 100101 100111, (52)

¢Ò¨£·ÒÏ ²¥£±µ · §²¨Î¨³ ¶µ ¤²¨´¥ ±µ¤µ¢. �É³¥É¨³, ÎÉµ ¢Ò¡µ· ¨ ¸¤¢¨£ ²µ-
± ²  ¢¸¥£¤  µ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ®¸ ÉµÎ´µ¸ÉÓÕ¯ ¤µ Ï¨·¨´Ò §µ´Ò. ‚Ò¸µÉ  ¤¥·¥¢ 
µ¶·¥¤¥²Ö¥É¸Ö É¥±ÊÐ¨³ Ê± § É¥²¥³ · §·Ö¤´µ¸É¨ n.

Š ± ¨ ¶·¨ ²Õ¡ÒÌ ¸±µ¡± Ì, ¤µ¶Ê¸É¨³  ¢²µ¦¥´´µ¸ÉÓ ²µ± ²µ¢, É.¥. ¸É¥±µ¢ Ö
¨²¨ ¨¥· ·Ì¨Î¥¸± Ö ¸É·Ê±ÉÊ· .

Œ ±·µ¸µ¸ÉµÖ´¨¥ $...;. ‘¨³¢µ²Ò ¸ ³´¥³µ±µ¤ ³¨ ®$¯ ¨ ®;¯ µ§´ Î ÕÉ ´ -
Î ²µ ¨ ±µ´¥Í µ¶·¥¤¥²¥´¨Ö ³ ±·µ¸µ¸ÉµÖ´¨Ö. �¥·¥¤ Ê¶· ¢²ÖÕÐ¨³ ¸¨³¢µ²µ³
®$¯, ¤µ²¦¥´ § ¶¨¸Ò¢ ÉÓ¸Ö ¨¤¥´É¨Ë¨± Éµ· ³ ±·µ¸µ¸ÉµÖ´¨Ö.

Œ ±·µ¸ @. ‘¨³¢µ² ®@¯ ¶µ± §Ò¢ ¥É, ÎÉµ ¤ ´´Ò¥ ´  ´¥±µÉµ·µ³ ¨´É¥·¢ ²¥
L § ³¥´ÖÕÉ¸Ö Ê¦¥ ¨§¢¥¸É´Ò³ ³ ±·µ¸µ³; ¨¤¥´É¨Ë¨± Éµ· ¶µ¸²¥¤´¥£µ ¤µ²¦¥´
´ Ìµ¤¨ÉÓ¸Ö ¶¥·¥¤ ®@¯.

–¨±² < ... >. —¨¸²µ ¶¥·¥¤ µÉ±·Ò¢ ÕÐ¥°¸Ö Ê£²µ¢µ° ¸±µ¡±µ° ¶µ± §Ò¢ ¥É
±µ²¨Î¥¸É¢µ ¶µ¢Éµ·¥´¨° ¤ ´´ÒÌ, ²µ± ²µ¢ ¨²¨ ³ ±·µ¸µ¢, ¶µ³¥Ð¥´´ÒÌ ³¥¦¤Ê
Ê£²µ¢Ò³¨ ¸±µ¡± ³¨.
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‘¶¨¸µ± ±µ³ ´¤ Ê¶· ¢²¥´¨Ö ´¥É·Ê¤´µ ¶·µ¤µ²¦¨ÉÓ Ê± § ´¨¥³ ¶µ¢Éµ·ÖÕ-
Ð¨Ì¸Ö ¶·¨· Ð¥´¨°  ³¶²¨ÉÊ¤Ò, µ¡Ð¥£µ ¸² £ ¥³µ£µ (¸¤¢¨£ ) ¨ É.¤. ‚µ¸¸É ´µ-
¢²¥´¨¥ ¶µ²´µ£µ §´ Î¥´¨Ö  ³¶²¨ÉÊ¤Ò ¢¸¥£¤  ¶·µ¨¸Ìµ¤¨É §  µ¤´Ê µ¶¥· Í¨Õ
¸Ê³³¨·µ¢ ´¨Ö.

‡�Š‹@—…�ˆ…

�·¨´Í¨¶¨ ²Ó´Ò³ µÉ²¨Î¨¥³ ®¨´Ëµ·³ Í¨µ´´µ£µ  ´ ²¨§ ¯ µÉ ±² ¸¸¨Î¥-
¸±µ£µ ³ É¥³ É¨Î¥¸±µ£µ  ´ ²¨§  ¡¥¸±µ´¥Î´µ ³ ²ÒÌ/¡µ²ÓÏ¨Ì ¢¥²¨Î¨´ Ö¢²Ö¥É¸Ö
¨¸Ìµ¤´µ¥ ´ ²µ¦¥´¨¥ µ£· ´¨Î¥´¨° ®¸´¨§Ê¯ Å ∆x, ∆y ¨ ®¸¢¥·ÌÊ¯ Å ∆X ,
∆Y ´  µ¶¨¸Ò¢ ¥³Ò¥ ¢¥²¨Î¨´Ò. ‚¥·Ì´¨¥ Å ¶·¥¤¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ¸¢¨¤¥-
É¥²Ó¸É¢ÊÕÉ µ ±µ´¥Î´µ¸É¨ ·¥¸Ê·¸µ¢ ®´ · Ð¨¢ ¥³µ¸É¨¯, ´¨¦´¨¥ Å ¶µ·µ£µ¢Ò¥
µ£· ´¨Î¥´¨Ö £µ¢µ·ÖÉ µ ±µ´¥Î´µ° ®¤·µ¡¨³µ¸É¨¯ ¢¥²¨Î¨´.

�µ·µ£µ¢Ò¥ µ£· ´¨Î¥´¨Ö É¥¸´µ ¸¢Ö§ ´Ò ¸ § ±µ´µ³¥·´µ¸ÉÖ³¨ µÉµ¡· ¦¥´¨Ö,
É.¥. ¢µ§¤¥°¸É¢¨Ö ¨ ¢µ¸¶·¨ÖÉ¨Ö  ´ ²µ£µ¢ÒÌ ¢¥²¨Î¨´ Å ¸¨£´ ²µ¢. ‘ÊÐ´µ¸ÉÓ
µÉµ¡· ¦¥´¨Ö Ê¸Éµ°Î¨¢µ ¶¥·¥¤ ¥É¸Ö ¶·¨ ´¥±µÉµ·ÒÌ µÉ±²µ´¥´¨ÖÌ  ³¶²¨ÉÊ¤Ò
¸¨£´ ² , ¡² £µ¤ ·Ö Î¥³Ê ³µ¦´µ ¢¢¥¸É¨ ¤¨¸±·¥É´Ò¥ ¡ §µ¢Ò¥ ¸µ¸ÉµÖ´¨Ö, µÉ-
¸ÉµÖÐ¨¥ ¤·Ê£ µÉ ¤·Ê£  ´  ¶µ·µ£µ¢Ò° ®¨´É¥·¢ ² · §²¨Î¨³µ¸É¨¯. ˆ´É¥·¢ ²
· §²¨Î¨³µ¸É¨ ¸ÊÐ¥¸É¢Ê¥É ¨ ¶µ ±µµ·¤¨´ É´µ° µ¸¨ (¶·µÉÖ¦¥´´µ¸É¨ ¸¨£´ ² ),
µ´ Ö¢²Ö¥É¸Ö ¨´Ëµ·³ Í¨µ´´µ µ¡µ¸´µ¢ ´´µ° ¥¤¨´¨Í¥° ¤²¨´Ò.

�·¨´Í¨¶¨ ²Ó´ Ö µ£· ´¨Î¥´´µ¸ÉÓ ¢¥²¨Î¨´ ¶·¨¢µ¤¨É ± µ£· ´¨Î¥´´µ¸É¨ ¢ -
·¨ ´Éµ¢ ¶µ¢¥¤¥´¨Ö, É.¥. ¢¨¤µ¢ ËÊ´±Í¨µ´ ²Ó´ÒÌ § ¢¨¸¨³µ¸É¥° y(x) ¶µÉµ³Ê, ÎÉµ
®¶·µ¸É· ´¸É¢µ ¶µ¢¥¤¥´¨Ö¯ ËÊ´±Í¨¨ µÉµ¡· ¦¥´¨Ö µ± §Ò¢ ¥É¸Ö ¤¨¸±·¥É´Ò³ ¨
±µ´¥Î´Ò³: (∆X/∆x) × (∆Y/∆y).

„ ´´Ò¥, ± ± ´ ¡µ· Ê± § É¥²¥° ´  ¤¨¸±·¥É´Ò¥ ¸µ¸ÉµÖ´¨Ö, µ¶·¥¤¥²ÖÕÉ¸Ö
´¥ ¢ ¶·µ¸É· ´¸É¢¥ ¶µ¢¥¤¥´¨Ö,   ¢ ®¶·µ¸É· ´¸É¢¥ ±µ³¡¨´ Í¨°¯ ¸µ¸ÉµÖ´¨°:
(∆X/∆x)×log(∆Y/∆y). ‚ ¸¨²Ê ÔÉµ£µ  ·£Ê³¥´É ¨ ¸ ³  ËÊ´±Í¨Ö µÉµ¡· ¦¥´¨Ö
´¥ Ô±¢¨¢ ²¥´É´Ò ¸ ÉµÎ±¨ §·¥´¨Ö ¶¥·¥¤ Î¨ ¤ ´´ÒÌ. �¡Ð¥¥ ±µ²¨Î¥¸É¢µ ¤ ´´ÒÌ
µ£· ´¨Î¨¢ ¥É¸Ö £²µ¡ ²Ó´µ° ¶µ¢Éµ·Ö¥³µ¸ÉÓÕ ËÊ´±Í¨° µÉµ¡· ¦¥´¨Ö.

ˆ´Ëµ·³ Í¨Ö ¥¸ÉÓ ³¥·  ²µ± ²Ó´µ° · ¸¶·¥¤¥²¥´´µ¸É¨ ¤ ´´ÒÌ. ’· ¤¨Í¨-
µ´´µ ²µ± ²¨§Ê¥É¸Ö (¢Ò¤¥²Ö¥É¸Ö ¨§ µ¡Ð¥£µ) ¶µ¢¥¤¥´¨¥ µÉ¤¥²Ó´µ° ËÊ´±Í¨¨ µÉµ-
¡· ¦¥´¨Ö. Š ± ¡Ò²µ ¶µ± § ´µ, ¶·¨ ¡µ²ÓÏ¨Ì ∆X ¶µ¢¥¤¥´¨¥ ËÊ´±Í¨¨ µÉµ-
¡· ¦¥´¨Ö ²µ± ²¨§Ê¥É¸Ö ¨ ¢ µ¶·¥¤¥²¥´´ÒÌ §µ´ Ì, ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¨Ì, Î¥³
∆X .

‡µ´Ò ²µ± ²¨§ Í¨¨ ¸ ³¨ ³µ£ÊÉ ¸µ¤¥·¦ ÉÓ ²µ± ²Ó´Ò¥ µ¡· §µ¢ ´¨Ö ¨²¨
Ö¢²ÖÉÓ¸Ö Î ¸ÉÓÕ ²µ± ²¨§µ¢ ´´ÒÌ ¸É·Ê±ÉÊ· ¡µ²¥¥ ¢Ò¸µ±µ£µ Ê·µ¢´Ö ¨¥· ·Ì¨¨.

‘µµ¡· §´µ ¸ ¶µ´ÖÉ¨¥³ ¤ ´´ÒÌ ¨ ¨´Ëµ·³ Í¨¨ ¸ÊÐ¥¸É¢ÊÕÉ ¤¢  µ¸´µ¢´ÒÌ
¢¨¤  ±µ¤¨·µ¢ ´¨Ö:

Å ±µ¤¨·µ¢ ´¨¥ ¸µ¸ÉµÖ´¨°, ¨²¨ S-±µ¤¨·µ¢ ´¨¥;
Å ±µ¤¨·µ¢ ´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¶µ¢Éµ·¥´¨°, ¨²¨ L-±µ¤¨·µ¢ ´¨¥.
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�·¨ ¶¥·¢µ³ ¸¶µ¸µ¡¥ ±µ¤¨·µ¢ ´¨Ö ¤²¨´  ±µ¤  ¸¢Ö§ ´  Éµ²Ó±µ ¸ ±µ²¨-
Î¥¸É¢µ³ (²µ£ ·¨Ë³µ³) ¸µ¸ÉµÖ´¨°. �·¨ L-±µ¤¨·µ¢ ´¨¨ ¸·¥¤´ÖÖ ¤²¨´  ±µ¤ 
³µ¦¥É ¸² ¡µ § ¢¨¸¥ÉÓ µÉ µ¡Ð¥£µ Î¨¸²  ¸µ¸ÉµÖ´¨°, ¶µ¸±µ²Ó±Ê µ´  µ¶·¥¤¥-
²Ö¥É¸Ö Éµ²Ó±µ ±µ²¨Î¥¸É¢µ³ ¨´É¥´¸¨¢´ÒÌ ¸µ¸ÉµÖ´¨°; ¤²¨´  L-±µ¤  ¢ ¸¨²Ê
ÔÉµ£µ ³¥´ÓÏ¥. �· ±É¨Î¥¸±µ° Í¥´´µ¸ÉÓÕ S-±µ¤µ¢ Ö¢²Ö¥É¸Ö ¨Ì ¸¢Ö§Ó ¸  ³-
¶²¨ÉÊ¤µ° µÉµ¡· ¦ ¥³µ£µ ¸¨£´ ² , ÎÉµ ¤¥² ¥É ¨Ì ¶·¨£µ¤´Ò³¨ ¤²Ö ¶·µ¢¥¤¥´¨Ö
¢ÒÎ¨¸²¥´¨°.

‚ Í¥²µ³ ¸ÊÐ¥¸É¢Ê¥É ¤µ¸É ÉµÎ´µ ¡µ²ÓÏµ¥ Î¨¸²µ ± ± É¨¶µ¢ÒÌ, É ± ¨ Î ¸É-
´ÒÌ ¶·¨¥³µ¢, ¶µ´¨¦ ÕÐ¨Ì ±µ²¨Î¥¸É¢µ ¤ ´´ÒÌ ¸ ¸µÌ· ´¥´¨¥³ ¨Ì ¸µ¤¥·¦ -
´¨Ö. Šµ²¨Î¥¸É¢µ ¨´Ëµ·³ Í¨¨ ¥¸ÉÓ ´¥±¨° ¶·¥¤¥²Ó´Ò° ³¨´¨³Ê³, ¤µ¸É¨¦¨³Ò°,
¢¨¤¨³µ, ²¨ÏÓ ¢ ¨¤¥ ²¥ (± ±  ¡¸µ²ÕÉ´Ò° ´Ê²Ó É¥³¶¥· ÉÊ·Ò).

�¸´µ¢Ò ¶·¥¤¸É ¢²¥´¨° µ ¤¨¸±·¥É´µ¸É¨ Å ¨¤¥Ö  Éµ³ ·´µ¸É¨ ± ± µ£· ´¨-
Î¥´´µ¸É¨ ¤¥²¨³µ¸É¨; ÊÉ¢¥·¦¤¥´¨¥ µ Éµ³, ÎÉµ ®³¨·µ³ ¶· ¢ÖÉ (Í¥²Ò¥) Î¨¸² ¯,
¡Ò²o § ²µ¦¥´o ¥Ð¥ ¢ ¤·¥¢´µ¸É¨. Š ± ¶µ± § ´µ ¢ÒÏ¥, µ¡¸Ê¦¤ ¢Ï¨¥¸Ö ¶µ-
·µ£µ¢Ò¥ ¨´Ëµ·³ Í¨µ´´Ò¥ µ£· ´¨Î¥´¨Ö ¤¥-Ë ±Éµ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¢ Ê· ¢´¥´¨ÖÌ
Ë¨§¨±¨ ³¨±·µ³¨· . �¤´ ±µ ¢Éµ·µ¥, ¡µ²¥¥ ¶·µ¸Éµ¥ ¨¸Ìµ¤´µ¥ ¨´Ëµ·³ Í¨µ´-
´µ¥ ¶µ²µ¦¥´¨¥ Å µ£· ´¨Î¥´´µ¸ÉÓ ·¥¸Ê·¸µ¢ ¨ § ³±´ÊÉµ¸ÉÓ ·¥ ²Ó´ÒÌ Ö¢²¥´¨°
(¸¢Ö§Ó µ£· ´¨Î¥´´µ¸É¨ ∆y ¸ µ£· ´¨Î¥´´µ¸ÉÓÕ ∆Y ), ÌµÉÖ ¨ µ¸µ§´ ¥É¸Ö, ´µ,
´ ¸±µ²Ó±µ ¨§¢¥¸É´µ, ¥Ð¥ ´¥ ´ Ï²o ¸¢µ¥£µ ¢Ò· ¦¥´¨Ö ¢ ±µ²¨Î¥¸É¢¥´´ÒÌ ¸µµÉ-
´µÏ¥´¨ÖÌ. ’¥µ·¨Ö ¨´Ëµ·³ Í¨¨, ±µ´¥Î´µ, ´¥ ³µ¦¥É ¶µ¤¸± § ÉÓ ±µ´±·¥É´Ò¥
¢¥²¨Î¨´Ò Ë¨§¨Î¥¸±¨Ì ¶·¥¤¥²Ó´ÒÌ ¶µ¸ÉµÖ´´ÒÌ, ´µ ¢ ¸µ¸ÉµÖ´¨¨ Ê± § ÉÓ ´ 
¢µ§³µ¦´Ò° Ì · ±É¥· µ£· ´¨Î¥´¨°.
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