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�¡¸Ê¦¤a¥É¸Ö ¶·µ¡²¥³  Ê¸É ´µ¢²¥´¨Ö ³¨±·µ¸±µ¶¨Î¥¸±µ° ¶·¨·µ¤Ò ¨´¤ÊÍ¨·µ¢ ´´µ£µ ±µ£¥-
·¥´É´µ£µ ¨§²ÊÎ¥´¨Ö  Éµ³µ¢ ¸·¥¤Ò, ¢µ§´¨± ÕÐ¥£µ ¶µ¤ ¤¥°¸É¢¨¥³ ¶·µÌµ¤ÖÐ¥° § ·Ö¦¥´´µ° Î -
¸É¨ÍÒ. �Éµ ±µ£¥·¥´É´µ¥ ¨§²ÊÎ¥´¨¥ ¢ µ¶É¨Î¥¸±¨ ¶·µ§· Î´µ° ¸·¥¤¥ ¸É ´µ¢¨É¸Ö ´ ¡²Õ¤ ¥³Ò³ ¶·¨
Ê¸²µ¢¨¨, ±µ£¤  Ë §µ¢ Ö ¸±µ·µ¸ÉÓ ¥£µ · ¸¶·µ¸É· ´¥´¨Ö µ± §Ò¢ ¥É¸Ö ³¥´ÓÏ¥ ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö § -
·Ö¦¥´´µ° Î ¸É¨ÍÒ. �´µ ¶·¨¢µ¤¨É ± Ìµ·µÏµ ¨§¢¥¸É´µ³Ê ³ ±·µ¸±µ¶¨Î¥¸±µ³Ê ¶·µÍ¥¸¸Ê ¢µ§´¨±´µ-
¢¥´¨Ö ´ ¶· ¢²¥´´µ£µ ¨§²ÊÎ¥´¨Ö ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ . ˆ§² £ ¥É¸Ö ¨¸Éµ·¨Ö ¢ÒÖ¸´¥´¨Ö Ë¨§¨Î¥¸±µ°
¶·¨·µ¤Ò ÔÉµ£µ ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö  Éµ³µ¢, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ÔËË¥±É  ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ .

The presented review is dedicated to the discussion of the problem on deˇning the microscopic
nature of induced coherent radiation of the medium atoms which appears under the passing charged
particle. This coherent radiation in optically transparent medium becomes observable under the
condition when the phase velocity of its spreading turns out to be less than the velocity of the
charged particle movement. It leads to a well-known macroscopic process when the directed VavilovÄ
Cherenkov radiation occurs. The history of clarifying the physical origin of this primary atomic
radiation lying in the basis of the VavilovÄCherenkov effect is discussed.

‚‚…„…�ˆ…

‘ ¸ ³µ£µ ´ Î ²  µÉ±·ÒÉ¨Ö �.�.—¥·¥´±µ¢Ò³ ¢ 1934 £. ´¥µ¡ÒÎ´µ£µ, ¥¤¢ 
§ ³¥É´µ£µ ¸¨´¥-Ë¨µ²¥Éµ¢µ£µ ¸¢¥Î¥´¨Ö ¢ ¦¨¤±¨Ì ¸·¥¤ Ì, ¢Ò§¢ ´´µ£µ £ ³³ -
²ÊÎ ³¨ µÉ ¶·¥¶ · É  · ¤¨Ö, ¡Ò²  Ê¸É ´µ¢²¥´  ±· É±µ¢·¥³¥´´µ¸ÉÓ ¥£µ ¢µ§-
´¨±´µ¢¥´¨Ö, ¨³¥¢Ï Ö ¶·Ö³µ¥ µÉ´µÏ¥´¨¥ ± ¸¢µ°¸É¢ ³ ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö.
�µ ¶·¥¤²µ¦¥´¨Õ ‘.ˆ.‚ ¢¨²µ¢  ¢ ¦¨¤±¨° · ¤¨ Éµ· ¤µ¡ ¢²Ö²¨¸Ó · §²¨Î´Ò¥
£ ¸¨É¥²¨ ²Õ³¨´¥¸Í¥´Í¨¨. ˆ§-§  µÉ¸ÊÉ¸É¢¨Ö ÔËË¥±É  ÉÊÏ¥´¨Ö ´ ¡²Õ¤ ¥³µ£µ
¨§²ÊÎ¥´¨Ö ¡Ò² ¸¤¥² ´ ¢Ò¢µ¤, ÎÉµ ¤²¨É¥²Ó´µ¸ÉÓ ÔÉµ£µ ¸¢¥Î¥´¨Ö ´¥ ¶·¥¢ÒÏ ¥É
¤¥¸ÖÉ¨ ¶¨±µ¸¥±Ê´¤, ¨, ¸²¥¤µ¢ É¥²Ó´µ, µ¡´ ·Ê¦¥´´µ¥ ¨§²ÊÎ¥´¨¥ ¨³¥¥É ¨´ÊÕ
Ë¨§¨Î¥¸±ÊÕ ¶·¨·µ¤Ê [1, 2]. ‘.ˆ.‚ ¢¨²µ¢ ¢Ò¸± § ² ³´¥´¨¥, ÎÉµ ÔÉµ ¸² ¡µ¥
¸¢¥Î¥´¨¥ ¦¨¤±µ¸É¨ ¢Ò§¢ ´µ ±µ³¶Éµ´µ¢¸±¨³¨ Ô²¥±É·µ´ ³¨, µ¡· §µ¢ ´´Ò³¨
γ-²ÊÎ ³¨. �´ É ±¦¥ ¶µ¤Î¥·±´Ê² Ê´¨¢¥·¸ ²Ó´µ¸ÉÓ µ¡´ ·Ê¦¥´´µ£µ Ö¢²¥´¨Ö, § -
±²ÕÎ ÕÐ¥£µ¸Ö ¢ · ¢¥´¸É¢¥ ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥Î¥´¨Ö ¤²Ö · §²¨Î´ÒÌ ¶µ Ì¨-
³¨Î¥¸±µ³Ê ¸µ¸É ¢Ê ¢¥Ð¥¸É¢. ‘²¥¤µ¢ É¥²Ó´µ, ¨ ²¥¦ Ð¥¥ ¢ µ¸´µ¢¥ ¶¥·¢¨Î´µ¥
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¨§²ÊÎ¥´¨¥ ¤µ²¦´µ ¨³¥ÉÓ Ê´¨¢¥·¸ ²Ó´ÊÕ ¶·¨·µ¤Ê. � ¨¡µ²¥¥ ¢¥·µÖÉ´µ° ¶·¨-
Î¨´µ° γ-¸¢¥Î¥´¨Ö ‚ ¢¨²µ¢ ¸Î¨É ² ¨§²ÊÎ¥´¨¥ ¶·¨ Éµ·³µ¦¥´¨¨ ±µ³¶Éµ´µ¢-
¸±¨Ì Ô²¥±É·µ´µ¢. ®�²¥±É·µ´Ò, µ¸¢µ¡µ¤¨¢Ï¨¥¸Ö ¢´ÊÉ·¨ ¶²µÉ´µ° ¦¨¤±µ¸É¨, Å
¶¨¸ ² µ´, Å ³µ£ÊÉ § ³¥É´µ Éµ·³µ§¨ÉÓ¸Ö Ê¦¥ ´  ´¨ÎÉµ¦´ÒÌ · ¸¸ÉµÖ´¨ÖÌ,
ÎÉµ ¤µ²¦´µ ¸µ¶·µ¢µ¦¤ ÉÓ¸Ö ¨§²ÊÎ¥´¨¥³ ´¥¶·¥·Ò¢´µ£µ ¸¶¥±É· ¯ [2, c.458].
�· ¢¤ , É¥µ·¨Ö ´¥ ¶µ¤É¢¥·¦¤ ²  ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶µ¤µ¡´µ£µ ¨§²ÊÎ¥´¨Ö ¢ µ¡² -
¸É¨ Î ¸ÉµÉ ¢¨¤¨³µ£µ ¸¢¥É , ´¥¶µ¸·¥¤¸É¢¥´´µ ¨¸¶Ê¸± ¥³µ£µ ±µ³¶Éµ´µ¢¸±¨³¨
Ô²¥±É·µ´ ³¨. �¤´ ±µ ¨ ¢ ¸²¥¤ÊÕÐ¥³ ¸¢µ¥³ ¢Ò¸ÉÊ¶²¥´¨¨ ¢ �± ¤¥³¨¨ ´ Ê± ¢
1935 £. ‚ ¢¨²µ¢ ¶·µ¤µ²¦ ² ´ ¸É ¨¢ ÉÓ ´  Éµ·³µ§´µ³ ³¥Ì ´¨§³¥ µ¡´ ·Ê¦¥´-
´µ£µ ¸¢¥Î¥´¨Ö. �  ¸ ³µ³ ¤¥²¥, ¡µ²¥¥ µ¶· ¢¤ ´´Ò³ ¡Ò²µ ¡Ò ¶·¥¤¶µ²µ¦¥´¨¥,
ÎÉµ ËµÉµ´Ò ¢¨¤¨³µ£µ ¸¶¥±É·  ¨¸¶Ê¸± ÕÉ¸Ö ¢Éµ·¨Î´Ò³¨ Ô²¥±É·µ´ ³¨, ¢µ§´¨±-
Ï¨³¨ µÉ ¨µ´¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò ¶¥·¢¨Î´Ò³¨ ±µ³¶Éµ´µ¢¸±¨³¨ Ô²¥±É·µ´ ³¨.
’µ·³µ§Ö¸Ó ¢ ¸·¥¤¥, É ±¨¥ Ô²¥±É·µ´Ò ¨µ´¨§ Í¨¨ ³µ£²¨ ¡Ò Î ¸ÉÓ ¸¢µ¥° Ô´¥·£¨¨
¢Ò¤¥²ÖÉÓ ¢ ¢¨¤¥ ¸¢¥É . �µ É ±µ¥ ¡µ²¥¥ ¥¸É¥¸É¢¥´´µ¥ ¶·¥¤¶µ²µ¦¥´¨¥ ¢µµ¡Ð¥
´¥ µ¡¸Ê¦¤ ²µ¸Ó.

„µ±² ¤ ‘.ˆ.‚ ¢¨²µ¢  ¢ �± ¤¥³¨¨ ´ Ê±, ¸É¥´µ£· ³³  ±µÉµ·µ£µ ¡Ò²  µ¶Ê-
¡²¨±µ¢ ´  ¢ ¦Ê·´ ²¥ [3], ¨´É¥·¥¸¥´ ¥Ð¥ ¨ É¥³, ÎÉµ ¢ ´¥³ Ê¶µ³¨´ ²µ¸Ó µ
Ë· ´ÍÊ§¸±µ³ ÊÎ¥´µ³ Œ ²²¥, ±µÉµ·Ò° ¢ 1926Ä1929 ££. ´ ¡²Õ¤ ² ¶µ¤µ¡´µ¥ ¦¥
¸¢¥Î¥´¨¥ ¢ ¶·µ§· Î´ÒÌ ¦¨¤±µ¸ÉÖÌ. ®Œ ²²¥, Å µÉ³¥É¨² ¢ ¸¢µ¥³ ¤µ±² ¤¥ ‚ -
¢¨²µ¢, Å · ¸¶µ² £ ² µÎ¥´Ó ¸¨²Ó´Ò³ ¶·¥¶ · Éµ³ · ¤¨Ö ¨ µÎ¥´Ó ¸¢¥Éµ¸¨²Ó´Ò³
¸¶¥±É·µ£· Ëµ³, ¶µ§¢µ²¨¢Ï¨³ ¥³Ê ¸¤¥² ÉÓ ¸¶¥±É· ²Ó´Ò¥ ¸´¨³±¨. ‚ ·¥§Ê²ÓÉ É¥
µ¶ÒÉµ¢ Œ ²²¥ µ± § ²µ¸Ó, ÎÉµ ¸¶¥±É· ¸¢¥Î¥´¨Ö ¶·µ¸É¨· ¥É¸Ö ¤ ²¥±µ ¢ Ê²ÓÉ· -
Ë¨µ²¥Éµ¢ÊÕ µ¡² ¸ÉÓ. ‚µ ¢¸Ö±µ³ ¸²ÊÎ ¥ ¤²Ö ¢µ¤Ò Œ ²²¥ ¶·µ¸²¥¤¨² ¥£µ ¶µ
±· °´¥° ³¥·¥ ¤µ 2500 �A¯ [3, ¸.131]. Š ÔÉµ³Ê ¸²¥¤Ê¥É ¤µ¡ ¢¨ÉÓ, ÎÉµ Œ ²²¥ ¢
Ê± § ´´Ò¥ ¢ÒÏ¥ £µ¤Ò µ¶Ê¡²¨±µ¢ ² É·¨ · ¡µÉÒ [4] ¨ ÎÉµ ¶·¨ ¨§³¥·¥´¨¨ ¸¶¥±-
É·  ¨³ ¡Ò² Ê¸É ´µ¢²¥´ ·µ¸É ¨´É¥´¸¨¢´µ¸É¨ ¸ Ê¢¥²¨Î¥´¨¥³ Î ¸ÉµÉÒ ¸¢¥Î¥´¨Ö.
‡ ³¥É¨³, ÎÉµ ÔÉ  ¢ ¦´¥°Ï Ö Ì · ±É¥·¨¸É¨±  µ¡´ ·Ê¦¥´´µ£µ ¸¢¥Î¥´¨Ö ¨³¥¥É
¶·Ö³µ¥ µÉ´µÏ¥´¨¥ ± µ¡¸Ê¦¤ ¥³µ³Ê §¤¥¸Ó ¶¥·¢¨Î´µ³Ê∗ ³¨±·µ³¥Ì ´¨§³Ê ¸¢¥-
Î¥´¨Ö ¦¨¤±µ¸É¥° ¶µ¤ ¤¥°¸É¢¨¥³ £ ³³ -²ÊÎ¥°. �ÉµÉ ¢Ò¢µ¤ ´¥ ¡Ò², µ¤´ ±µ,
¸¤¥² ´ ´¨ ¢ ¶¥·¢Ò¥ £µ¤Ò ¨¸¸²¥¤µ¢ ´¨Ö, ´¨ ¢ ¶µ¸²¥¤ÊÕÐ¨¥ £µ¤Ò, ±µ£¤  ¸Î¨-
É ²µ¸Ó, ÎÉµ µ¡´ ·Ê¦¥´´µ¥ ¸¢¥Î¥´¨¥ ¶µ²ÊÎ¨²µ ¨¸Î¥·¶Ò¢ ÕÐ¥¥ É¥µ·¥É¨Î¥¸±µ¥
µ¡ÑÖ¸´¥´¨¥. ˆ Ê¸É ´µ¢²¥´¨¥ ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ¶µ¸²Ê¦¨²µ µ¤´µ° ¨§ ¶·¨-
Î¨´ ´ ¶¨¸ ´¨Ö ¤ ´´µ£µ µ¡§µ· . �µ±  ¦¥ ²¨ÏÓ µÉ³¥É¨³, ÎÉµ ´ Ï ¢Ò¢µ¤ µ¡
µÉ´µÏ¥´¨¨ ¸¶¥±É·  ¸¢¥Î¥´¨Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ± ¸ ³µ³Ê ¶¥·¢¨Î´µ³Ê ³¥Ì -
´¨§³Ê ¨§²ÊÎ¥´¨Ö ¨³¥¥É ¢¶µ²´¥ µÎ¥¢¨¤´µ¥ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µ¡µ¸´µ¢ ´¨¥ ¢
¥£µ ´¥§ ¢¨¸¨³µ¸É¨ ´¨ µÉ ¢¥²¨Î¨´Ò ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö ¶¥·¢¨Î´µ° Î ¸É¨ÍÒ,
´¨ µÉ ¢¥Ð¥¸É¢  ¶·µ§· Î´ÒÌ ¸·¥¤, ¢ ±µÉµ·ÒÌ ¢µ§´¨± ¥É ÔÉµ ¸¢¥Î¥´¨¥.

∗ŒÒ ´ §Ò¢ ¥³ ÔÉµ ¨§²ÊÎ¥´¨¥ ²¨ÏÓ Ê¸²µ¢´µ ¶¥·¢¨Î´Ò³, ÊÎ¨ÉÒ¢ Ö ¥£µ µÉ´µÏ¥´¨¥ ± µ¡· §ÊÕ-
Ð¥³Ê¸Ö ¨§ ´¥£µ Î¥·¥´±µ¢¸±µ³Ê ¨§²ÊÎ¥´¨Õ. �µ µÉ´µÏ¥´¨Õ ¦¥ ± ¶¥·¢¨Î´µ° Î ¸É¨Í¥ ÔÉµ ¨§²ÊÎ¥´¨¥
¨³¥¥É, ±µ´¥Î´µ, ¢Éµ·¨Î´ÊÕ ¶·¨·µ¤Ê.
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‚ ¢¨²µ¢ ¸Î¨É ², ÎÉµ ÔÉ¨ ´ ¡²Õ¤¥´¨Ö Ë· ´ÍÊ§¸±µ£µ ÊÎ¥´µ£µ ¸ÊÐ¥¸É¢¥´´µ
¤µ¶µ²´ÖÕÉ µ¡¸Ê¦¤ ¥³µ¥ ¢ ¥£µ ¤µ±² ¤¥ ¸¢¥Î¥´¨¥, µ¡´ ·Ê¦¥´´µ¥ —¥·¥´±µ¢Ò³,
±µÉo·µ¥ ¢Ò§¢ ´µ £ ³³ -²ÊÎ ³¨ ¨ ´¥ ¶µ¤¤ ¥É¸Ö ÉÊÏ¥´¨Õ. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³
ÊÉ¢¥·¦¤¥´¨¥³ µÉ³¥É¨³, ÎÉµ Œ ²²¥ ¤¥°¸É¢¨É¥²Ó´µ ´  ¶ÖÉÓ ²¥É · ´ÓÏ¥ ¶µ²Ê-
Î¨² ¡µ²¥¥ ÉµÎ´Ò¥ ¸¢¥¤¥´¨Ö µ ¸¢¥Î¥´¨¨ ¶·µ§· Î´ÒÌ ¦¨¤±µ¸É¥° ¶µ¤ ¤¥°¸É¢¨¥³
£ ³³ -²ÊÎ¥°. �µ ·Ö¤µ³ ¸ ´¨³ ´¥ ¡Ò²µ É ±µ£µ ¸¶¥Í¨ ²¨¸É  ¶µ ÉÊÏ¥´¨Õ ²Õ-
³¨´¥¸Í¥´É´µ£µ ¨§²ÊÎ¥´¨Ö, ± ± ‘.ˆ.‚ ¢¨²µ¢∗, ±µÉµ·Ò° ¶µ¸µ¢¥Éµ¢ ² ¡Ò ¥³Ê
±¢ ²¨Ë¨Í¨·µ¢ ´´µ ¶·µ¢¥¸É¨ ·¥Ï ÕÐ¨° Ô±¸¶¥·¨³¥´É ¶µ £ Ï¥´¨Õ ²Õ³¨´e¸-
Í¥´Í¨¨ ¨ É¥³ ¸ ³Ò³ ¤µ± § ÉÓ ´¥µ¡ÒÎ´µ¸ÉÓ ¶·¨·µ¤Ò ¨§ÊÎ ¥³µ£µ Ö¢²¥´¨Ö.
•µÉÖ Œ ²²¥ ¨ ¢Ò¸± §Ò¢ ² ¶·¥¤¶µ²µ¦¥´¨¥ µ § £ ¤µÎ´µ° ¶·¨·µ¤¥ µ¡´ ·Ê¦¥´-
´µ£µ ¨³ ¸¢¥Î¥´¨Ö, µ´ ¢¸¥ ¦¥ ´¥ ¨³¥² Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¤µ± § É¥²Ó¸É¢  ¤²Ö
µÉ±²µ´¥´¨Ö ²Õ³¨´¥¸Í¥´É´µ° ¶·¨·µ¤Ò ´ ¡²Õ¤ ¥³µ£µ ¨§²ÊÎ¥´¨Ö. � ¢¥¤Ó ¢µ
”· ´Í¨¨ ¨§¤ ¢´  ¡Ò²¨ ¸¶¥Í¨ ²¨¸ÉÒ ¶µ ²Õ³¨´¥¸Í¥´É´µ³Ê ¨§²ÊÎ¥´¨Õ∗∗.

∗‘.ˆ.‚ ¢¨²µ¢ ¡Ò² Éµ£¤  ±·Ê¶´¥°Ï¨³ ¸¶¥Í¨ ²¨¸Éµ³ ¢ ³¨·¥ ¶µ ¤ ´´µ³Ê ¢ ¦´¥°Ï¥³Ê · §-
¤¥²Ê ±¨´¥É¨±¨ ²Õ³¨´¥¸Í¥´Í¨¨ Å É¥µ·¨¨ ¤¨ËËÊ§´µ£µ ÉÊÏ¥´¨Ö ²Õ³¨´¥¸Í¥´Í¨¨ · ¸É¢µ·µ¢. ‚
1929 £. ¨³ ¡Ò²  ¸µ§¤ ´  É¥µ·¨Ö ÔÉµ£µ Ö¢²¥´¨Ö, ¶µ§¢µ²¨¢Ï Ö ¶· ¢¨²Ó´µ µ¶·¥¤¥²ÖÉÓ ¢¥²¨Î¨´Ê
¤²¨É¥²Ó´µ¸É¨ ¢µ§¡Ê¦¤¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ³µ²¥±Ê². ‡  ¡µ²¥¥ ¶µ¤·µ¡´Ò³¨ ¸¢¥¤¥´¨Ö³¨ µ¡ ÔÉµ° ¤¥Ö-
É¥²Ó´µ¸É¨ ‚ ¢¨²µ¢  ·¥±µ³¥´¤ÊÕ µ¡· É¨ÉÓ¸Ö ± ¸É ÉÓ¥ ‘¢¥Ï´¨±µ¢  [5], µ¶Ê¡²¨±µ¢ ´´µ° ¢ Î¥¸ÉÓ
¸¥³¨¤¥¸ÖÉ¨²¥É¨Ö ¸µ ¤´Ö ·µ¦¤¥´¨Ö ‘.ˆ.‚ ¢¨²µ¢  ¨ ¢ ¶ ³ÖÉÓ ¤¥¸ÖÉ¨²¥É¨Ö ¸µ ¤´Ö ¥£µ ±µ´Î¨´Ò.
“Î ¸É¨¥ ‘.ˆ.‚ ¢¨²µ¢  ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ³ µ¡µ¸´µ¢ ´¨¨ ´µ¢µ£µ ¨§²ÊÎ¥´¨Ö ¡Ò²µ µ¶·¥¤¥²ÖÕ-
Ð¨³. �µÔÉµ³Ê ¶·¥¤²µ¦¥´¨¥ ˆ.Œ. ”· ´±  ´ §Ò¢ ÉÓ µÉ±·ÒÉµ¥ ¨§²ÊÎ¥´¨¥ ®ÔËË¥±Éµ³ ‚ ¢¨²µ¢ Ä
—¥·¥´±µ¢ ¯ ¢¶µ²´¥ µ¶· ¢¤ ´´µ. Š ¸µ¦ ²¥´¨Õ, ÔÉµ ¶·¥¤²µ¦¥´¨¥ ¡Ò²µ ¸¤¥² ´µ Éµ²Ó±µ ¢ 1956 £.,
±µ£¤  ¢ ´ ÊÎ´µ° ²¨É¥· ÉÊ·¥ § ¶ ¤´ÒÌ ¸É· ´ Ê¦¥ ÊÉ¢¥·¤¨²µ¸Ó ´ §¢ ´¨¥ ®¨§²ÊÎ¥´¨¥ —¥·¥´±µ¢ ¯
¨²¨ ®Î¥·¥´±µ¢¸±µ¥ ¨§²ÊÎ¥´¨¥¯.

∗∗•µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¢ ¸¥·¥¤¨´¥ •I• ¢¥±  �²¥±¸ ´¤· 	¥±±¥·¥²Ó ¢Ò¶µ²´¨² Ï¨·µ±¨°
Í¨±² ¨¸¸²¥¤µ¢ ´¨° ¶µ Ëµ¸Ëµ·¥¸Í¥´Í¨¨,   ¸µ§¤ ´´ Ö ¨³ ¢ � ·¨¦¥ ¸¶¥Í¨ ²Ó´ Ö ² ¡µ· Éµ·¨Ö ´ 
± Ë¥¤·¥ Ë¨§¨±¨ ¶·¨ ŒÊ§¥¥ ¥¸É¥¸É¢¥´´µ° ¨¸Éµ·¨¨ ¨§¢¥¸É´  ¡Ò²  ¸¢µ¥° ¡µ£ Éµ° ±µ²²¥±Í¨¥° · §-
²¨Î´ÒÌ ²Õ³¨´µËµ·µ¢. ˆ³¥´´µ ¢ ÔÉµ° ² ¡µ· Éµ·¨¨ ¥£µ ¸Ò´ �´·¨ 	¥±±¥·¥²Ó ¢ 1896 £. § ´Ö²¸Ö
¶·µ¢¥·±µ° £¨¶µÉ¥§Ò �.�Ê ´± ·¥ µ ¢µ§³µ¦´µ³ ¨¸¶Ê¸± ´¨¨ ²Õ³¨´µËµ· ³¨ Éµ²Ó±µ ÎÉµ µÉ±·ÒÉÒÌ
‚.�¥´É£¥´µ³ ¶·µ´¨± ÕÐ¨Ì ²ÊÎ¥°. �Éµ ¨¸¸²¥¤µ¢ ´¨¥ ¶·¨¢¥²µ, ± ± ¨§¢¥¸É´µ, ± ´¥µ¦¨¤ ´´µ³Ê,
¢Ò¤ ÕÐ¥³Ê¸Ö µÉ±·ÒÉ¨Õ · ¤¨µ ±É¨¢´µ¸É¨. ˆ ¢µÉ ¢ 30-¥ £µ¤Ò ¤¢ ¤Í Éµ£µ ¸Éµ²¥É¨Ö ¨¸¸²¥¤µ¢ ´¨Ö,
¸¢Ö§ ´´Ò¥ ¸ ²Õ³¨´¥¸Í¥´Í¨¥°, ¸´µ¢  ¶·¨¢¥²¨ ± ´¥µ¦¨¤ ´´µ³Ê µÉ±·ÒÉ¨Õ ¸µ¢¥·Ï¥´´µ § £ ¤µÎ´µ£µ
Ö¢²¥´¨Ö. ‘.ˆ.‚ ¢¨²µ¢ ¶µ·ÊÎ¨² ¸¢µ¥³Ê  ¸¶¨· ´ÉÊ �.�.—¥·¥´±µ¢Ê ¨¸¸²¥¤µ¢ ÉÓ ¸¢¥Î¥´¨¥ ²Õ³¨´µ-
Ëµ·µ¢ ¶·¨ µ¡²ÊÎ¥´¨¨ £ ³³ -²ÊÎ ³¨ · ¤¨Ö, ÎÉµ¡Ò § É¥³ ¸· ¢´¨ÉÓ ¥£µ ¸ ¨§¢¥¸É´Ò³ ¸¢¥Î¥´¨¥³
Éµ£µ ¦¥ ²Õ³¨´µËµ·  ¶·¨ ¢µ§¤¥°¸É¢¨¨ ´  ´¥£µ Ê²ÓÉ· Ë¨µ²¥Éµ¢µ£µ ¸¢¥É . �¸¶¨· ´É ¦¥ ´ Î ²
¶µ·ÊÎ¥´´µ¥ ¨¸¸²¥¤µ¢ ´¨¥, ¥¸É¥¸É¢¥´´µ, ¸ Éµ£µ, ÎÉµ ¶¥·¥¤ · ¸É¢µ·¥´¨¥³ ²Õ³¨´¥¸Í¨·ÊÕÐ¥° ¸µ²¨
¤²Ö ¶·µ¢¥·±¨ Î¨¸ÉµÉÒ ¸ ³µ£µ · ¸É¢µ·¨É¥²Ö µ¡²ÊÎ¨² ¥£µ £ ³³ -²ÊÎ ³¨ ¨ ¶µ¸²¥ ¶·µ¤µ²¦¨É¥²Ó-
´µ£µ ¨ ÉÐ É¥²Ó´µ£µ ´ ¡²Õ¤¥´¨Ö µ¡´ ·Ê¦¨² µÎ¥´Ó ¸² ¡µ¥ ¸¨´¥¥ ¸¢¥Î¥´¨¥ ¸ ³µ£µ · ¸É¢µ·¨É¥²Ö.
Šµ´¥Î´µ, ¢´ Î ²¥ ¥£µ ¶·¨´Ö²¨ §  ¸¢¨¤¥É¥²Ó¸É¢µ § £·Ö§´¥´¨Ö · ¸É¢µ·¨É¥²Ö ± ±µ°-Éµ ´¥¨§¢¥¸É´µ°
¸² ¡µ²Õ³¨´¥¸Í¨·ÊÕÐ¥° ¸µ²ÓÕ. �¤´ ±µ ¸µ³´¥´¨Ö ¢ ÔÉµ³ µ¡ÑÖ¸´¥´¨¨ ¶µÖ¢¨²¨¸Ó, ±µ£¤  É ±µ¥
¦¥ ¸² ¡µ¥ ¸¨´¥¥ ¸¢¥Î¥´¨¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ ¨ ¢µ ¢¸¥Ì ¤·Ê£¨Ì ¦¨¤±µ¸ÉÖÌ,   ¡Ò²µ ¨¸¶ÒÉ ´µ 15
· §²¨Î´ÒÌ · ¸É¢µ·¨É¥²¥°. �µÎÉ¨ ¢µ ¢¸¥Ì ¦¨¤±µ¸ÉÖÌ ´ ¡²Õ¤ ² ¸Ó ¶·¨³¥·´µ µ¤¨´ ±µ¢ Ö ¨´É¥´-
¸¨¢´µ¸ÉÓ § £ ¤µÎ´µ£µ ¨§²ÊÎ¥´¨Ö ¨ ²¨ÏÓ ¢ ¸¥·´µ° ±¨¸²µÉ¥ ¨ ¢ Î¥ÉÒ·¥ÌÌ²µ·¨¸Éµ³ Ê£²¥·µ¤¥ ¥£µ
¨´É¥´¸¨¢´µ¸ÉÓ ¢µ§· ¸É ²  ¢ ¤¢  · § . ‚µÉ ¶µ¸²¥ ÔÉµ£µ ‘.ˆ. ‚ ¢¨²µ¢Ò³ ¨ ¡Ò² ¶·¥¤²µ¦¥´ ·¥Ï Õ-
Ð¨° Ô±¸¶¥·¨³¥´É ¸ ¸¨²Ó´Ò³¨ £ ¸¨É¥²Ö³¨ ²Õ³¨´¥¸Í¥´Í¨¨, ¶µ§¢µ²¨¢Ï¨° µ±µ´Î É¥²Ó´µ ¤µ± § ÉÓ,
ÎÉµ µ¡´ ·Ê¦¥´´µ¥ ¸¢¥Î¥´¨¥ ¨³¥¥É ¸µ¢¥·Ï¥´´µ ´µ¢ÊÕ Ë¨§¨Î¥¸±ÊÕ ¶·¨·µ¤Ê, ±µÉµ·ÊÕ ¶·¥¤¸ÉµÖ²µ
¥Ð¥ Ê¸É ´µ¢¨ÉÓ ´  µ¸´µ¢¥ ¤ ²Ó´¥°Ï¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°.
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� ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ µ¡´ ·Ê¦¥´´µ£µ ¸¢¥Î¥´¨Ö —¥·¥´±µ¢ ¸µµ¡-
Ð¨² ¢ 1936 £. [6]. �³¶Ê²  ¸ ¦¨¤±µ¸ÉÓÕ ¶µ³¥Ð ² ¸Ó ¢ ³ £´¨É´µ¥ ¶µ²¥ ´ -
¶·Ö¦¥´´µ¸ÉÓÕ 9,5 ±ƒ¸,   ¨§³¥·¥´¨Ö Ö·±µ¸É¨ ¸¢¥Î¥´¨Ö ¶·µ¨§¢µ¤¨²¨¸Ó ¶·¨
É·¥Ì ¶µ²µ¦¥´¨ÖÌ ¨¸ÉµÎ´¨±  £ ³³ -²ÊÎ¥°. � ¡²Õ¤ ²µ¸Ó ¨§³¥´¥´¨¥ Ö·±µ¸É¨
¸¢¥Î¥´¨Ö ¢ Î¥ÉÒ·¥ · § , ÎÉµ ¶µ§¢µ²¨²µ ¸¤¥² ÉÓ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ´ ¶· ¢²¥-
´¨¥ ¨§²ÊÎ¥´¨Ö ¢ µ¸´µ¢´µ³ ¸µ¢¶ ¤ ¥É ¸ ´ ¶· ¢²¥´¨¥³ ¢Ò²¥É  ±µ³¶Éµ´µ¢¸±¨Ì
Ô²¥±É·µ´µ¢. �¢Éµ· § ±²ÕÎ ¥É ¸¢µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ¸²¥¤ÊÕÐ¨³ ÊÉ¢¥·¦¤¥´¨¥³:
®‚¸¥ ¢ÒÏ¥¨§²µ¦¥´´Ò¥ Ë ±ÉÒ ¶µ§¢µ²ÖÕÉ ¸ ´¥¸µ³´¥´´µ¸ÉÓÕ § ±²ÕÎ¨ÉÓ, ÎÉµ
¢ µ¸´µ¢¥ ³¥Ì ´¨§³  γ-¨§²ÊÎ¥´¨Ö ²¥¦¨É Ô²¥±É·µ³ £´¨É´µ¥ Éµ·³µ¦¥´¨¥ Ô²¥±-
É·µ´µ¢, ¤¢¨¦ÊÐ¨Ì¸Ö ¢ ¦¨¤±µ¸É¨¯ [6, c.416]. �µ, ´¥¸³µÉ·Ö ´  µÏ¨¡µÎ´µ¸ÉÓ
§ ±²ÕÎ¨É¥²Ó´µ£µ ¢Ò¢µ¤ , ¸ ³¨ Ê¸É ´µ¢²¥´´Ò¥ Ë ±ÉÒ µ ´ ¶· ¢²¥´´µ¸É¨ ¸¢¥-
Î¥´¨Ö, ¡¥§Ê¸²µ¢´µ, ¸Ò£· ²¨ ¢ ¦´ÊÕ ·µ²Ó ¢ Ê¸É ´µ¢²¥´¨¨ µ¸´µ¢´µ£µ ¸¢µ°¸É¢ 
µ¡´ ·Ê¦¥´´µ£µ ¸¢¥Î¥´¨Ö.

‚ ¸²¥¤ÊÕÐ¥³ 1937 £. ¶µÖ¢¨² ¸Ó · ¡µÉ  ˆ.….’ ³³  ¨ ˆ.Œ.”· ´±  [7], ¢
±µÉµ·µ° ¨¸¶µ²Ó§µ¢ ²¨¸Ó ·¥§Ê²ÓÉ ÉÒ ¤µ¶µ²´¨É¥²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° �.�.—¥-
·¥´±µ¢  ¨ ¤ ¢ ²µ¸Ó µ¡ÑÖ¸´¥´¨¥ ÔËË¥±É  ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ . �¢Éµ·Ò ¶·¥-
¦¤¥ ¢¸¥£µ µÉ³¥É¨²¨, ÎÉµ £¨¶µÉ¥§  µ Éµ·³µ§´µ³ ¨§²ÊÎ¥´¨¨ ±µ³¶Éµ´µ¢¸±¨Ì
Ô²¥±É·µ´µ¢ ´¥ ³µ¦¥É ¡ÒÉÓ ¶·¨´ÖÉ , ¶µ¸±µ²Ó±Ê ¢ ¢¨¤¨³µ° µ¡² ¸É¨ ¸¶¥±É· 
µ´  ¤ ¥É ´  Î¥ÉÒ·¥ ¶µ·Ö¤±  ³¥´ÓÏ¥ ´ ¡²Õ¤ ¥³µ° ¨´É¥´¸¨¢´µ¸É¨ ¸¢¥É . ‡ -
É¥³  ¢Éµ·Ò ¸Ëµ·³Ê²¨·µ¢ ²¨ ¸²¥¤ÊÕÐ¥¥ µ¸´µ¢´µ¥ ¶µ²µ¦¥´¨¥ ¸¢µ¥£µ µ¡ÑÖ¸-
´¥´¨Ö, ¢Ò¤¥²¨¢ ¢ ´¥³ ±Ê·¸¨¢µ³ £² ¢´ÊÕ Î ¸ÉÓ: ®�Éµ Ö¢²¥´¨¥ ³µ¦¥É ¡ÒÉÓ,
µ¤´ ±µ, µ¡ÑÖ¸´¥´µ ± ± ± Î¥¸É¢¥´´µ, É ± ¨ ±µ²¨Î¥¸É¢¥´´µ, ¥¸²¨ ¶·¨´ÖÉÓ ¢µ
¢´¨³ ´¨¥, ÎÉµ Ô²¥±É·µ´, ¤¢¨¦ÊÐ¨°¸Ö ¢ ¸·¥¤¥, ¨§²ÊÎ ¥É ¸¢¥É ¤ ¦¥ ¶·¨ · ¢-
´µ³¥·´µ³ ¤¢¨¦¥´¨¨, ¥¸²¨ Éµ²Ó±µ ¥£µ ¸±µ·µ¸ÉÓ ¶·¥¢ÒÏ ¥É ¸±µ·µ¸ÉÓ ¸¢¥É 
¢ ÔÉµ° ¸·¥¤¥¯ [7, c.107]. ‚ ÔÉµ³ ¶¥·¢µ³ É¥µ·¥É¨Î¥¸±µ³ ¨¸¸²¥¤µ¢ ´¨¨ ´µ-
¢µ£µ Ë¨§¨Î¥¸±µ£µ Ö¢²¥´¨Ö ¡Ò²¨ É ±¦¥ Î¥É±µ Ê¸É ´µ¢²¥´Ò ¨ ¤·Ê£¨¥ µ¡Ð¨¥
µ¸µ¡¥´´µ¸É¨ ¨§²ÊÎ¥´¨Ö, É ±¨¥ ± ± ¥£µ ¸É·µ£ Ö ´ ¶· ¢²¥´´µ¸ÉÓ ¨ µ¶·¥¤¥²¥´-
´Ò° ¶µ·µ£ ¢µ§´¨±´µ¢¥´¨Ö. ˆ, ´ ¤µ ¸± § ÉÓ, ¢ÒÖ¢²¥´¨Õ ÔÉ¨Ì ¢ ¦´ÒÌ µ¡Ð¨Ì
µ¸µ¡¥´´µ¸É¥° ¶·µÍ¥¸¸  ¸µ¤¥°¸É¢µ¢ ² , ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¨¤¥ ²¨§ Í¨Ö ¶·µ¢¥-
¤¥´´µ£µ  ¢Éµ· ³¨ · ¸¸³µÉ·¥´¨Ö. ’ ±,  ¢Éµ·Ò · ¸¸³µÉ·¥²¨ ¶·µÍ¥¸¸ ¨§²ÊÎ¥´¨Ö
¶·¨ ¶µ¸ÉµÖ´´µ° ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´  ¢ ¡¥¸±µ´¥Î´µ° µ¤-
´µ·µ¤´µ° µ¶É¨Î¥¸±µ° ¸·¥¤¥. ˆ³¥´´µ ÔÉµ ´¥·¥ ²Ó´µ¥ ¤µ¶ÊÐ¥´¨¥ ¶µ§¢µ²¨²µ
 ¢Éµ· ³ ´ ¨¡µ²¥¥ ¶·µ¸Éµ ¨ Ê¡¥¤¨É¥²Ó´µ ¶·µ¤¥³µ´¸É·¨·µ¢ ÉÓ, ÎÉµ ¤²Ö · ¸-
¸³ É·¨¢ ¥³µ£µ ¨§²ÊÎ¥´¨Ö ¢ ¸·¥¤¥ ¢µ¢¸¥ ´¥ É·¥¡Ê¥É¸Ö Ê¸±µ·¥´¨Ö ¶¥·¢¨Î´µ°
§ ·Ö¦¥´´µ° Î ¸É¨ÍÒ.

“¸¢µ¨¢ ÔÉµÉ ´¥µ¡ÒÎ´Ò° Ë ±É, ´ Ìµ¤¨¢Ï¨°¸Ö (¤²Ö ¸²ÊÎ Ö ¤¢¨¦¥´¨Ö ¢
¸·¥¤¥) ²¨ÏÓ ¢ ± ¦ÊÐ¥³¸Ö ¶·µÉ¨¢µ·¥Î¨¨ ¸ · ´¥¥ Ê¸É ´µ¢²¥´´Ò³¨ § ±µ´ ³¨,
³µ¦´µ ¡Ò²µ § É¥³ ÊÎ¥¸ÉÓ ¨ ·¥ ²Ó´Ò¥ Ê¸²µ¢¨Ö ¤¢¨¦¥´¨Ö ¢ Éµ·³µ§ÖÐ¥° ¸·¥¤¥.
�Éµ ¶·¨¢¥¤¥É ± ¶µ¸É¥¶¥´´µ³Ê Ê³¥´ÓÏ¥´¨Õ ¨´É¥´¸¨¢´µ¸É¨ ¨§²ÊÎ¥´¨Ö,   É ±¦¥
± ¶µ¸É¥¶¥´´µ³Ê Ê³¥´ÓÏ¥´¨Õ Ê£²  ¨§²ÊÎ¥´¨Ö,   § É¥³ ± ¡µ²¥¥ ·¥§±µ³Ê ¨§³¥´¥-
´¨Õ ¨ ¸ ³µ£µ ´ ¶· ¢²¥´¨Ö ¨§²ÊÎ¥´¨Ö ¨§-§  ¢µ§· ¸É ´¨Ö · ¸¸¥Ö´¨Ö ¶¥·¢¨Î´µ°
Î ¸É¨ÍÒ, ¨, ´ ±µ´¥Í, ¸ ³µ ¸¢¥Î¥´¨¥ ¤µ²¦´µ ¸µ¢¸¥³ ¶·¥±· É¨ÉÓ¸Ö, ±µ£¤  Ô´¥·-



ŒˆŠ��‘Š��ˆ—…‘Š�Ÿ ��ˆ��„� ˆ‡‹“—…�ˆŸ 951

£¨Ö ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´  ¸É ´¥É ´¨¦¥ ¶µ·µ£  ¨§²ÊÎ¥´¨Ö. ’ ±¨¥ µÉ±²µ´¥´¨Ö
µÉ ¨¤¥ ²Ó´µ° ± ·É¨´Ò ¶·µÍ¥¸¸  µ¸µ¡¥´´µ ·¥§±µ ¶·µÖ¢²ÖÕÉ¸Ö ± ± · § ¤²Ö ¸¢¥-
Î¥´¨Ö, ¢µ§¡Ê¦¤ ¥³µ£µ ±µ³¶Éµ´µ¢¸±¨³¨ Ô²¥±É·µ´ ³¨. ˆ ¨§ ÔÉµ£µ ¥¤¨´¸É¢¥´-
´µ£µ ¶·¨³¥· , ±µÉµ·Ò³ · ¸¶µ² £ ²¨ Éµ£¤  ÊÎ¥´Ò¥, ¶·¨Ï²µ¸Ó ¨¸Ìµ¤¨ÉÓ ¨³ ¢
¸¢µ¥³ ¶µ¸É·µ¥´¨¨ ¨¤¥ ²Ó´µ° É¥µ·¥É¨Î¥¸±µ° ± ·É¨´Ò ¸µ¢¥·Ï¥´´µ ´µ¢µ£µ Ë¨-
§¨Î¥¸±µ£µ Ö¢²¥´¨Ö. ’ ± Ö ¨¤¥ ²¨§ Í¨Ö µ¶· ¢¤ ´´ , ¶µ¸±µ²Ó±Ê µ´  µ¡´ ¦ ¥É
¨¸É¨´´Ò¥ £²Ê¡µ±¨¥  ¸¶¥±ÉÒ ´µ¢µ£µ Ö¢²¥´¨Ö. …¥ ´¥ ¸²¥¤Ê¥É ¶ÊÉ ÉÓ ¸ Ê¶·µÐ¥-
´¨Ö³¨, ±µÉµ·Ò¥ Ê¢µ¤ÖÉ µÉ ¶·µ´¨±´µ¢¥´¨Ö ¢ ¸ÊÉÓ Ö¢²¥´¨Ö. ˆ É ±µ° ¶·¨³¥·
Ê±²µ´¥´¨Ö µÉ ¡µ²¥¥ £²Ê¡µ±µ£µ ¶µ´¨³ ´¨Ö ¸ÊÉ¨ Ö¢²¥´¨Ö ³Ò ´ Ìµ¤¨³ ¢ Éµ° ¦¥
¸É ÉÓ¥ [7].

‘É·¥³Ö¸Ó ¸±µ·¥°Ï¨³ ¶ÊÉ¥³ ¶µ²ÊÎ¨ÉÓ µ¡ÑÖ¸´¥´¨¥ ³ ±·µ¸±µ¶¨Î¥¸±µ° ± ·-
É¨´Ò Ö¢²¥´¨Ö, ’ ³³ ¨ ”· ´± ¸µ§´ É¥²Ó´µ Ê±²µ´¨²¨¸Ó µÉ ¢ÒÖ¸´¥´¨Ö ³¨±·µ-
¸±µ¶¨Î¥¸±µ£µ ³¥Ì ´¨§³  ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ÔËË¥±É 
‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ . ‘Ê¤Ö ¶µ ¢µ¸¶µ³¨´ ´¨Ö³ ˆ.Œ.”· ´±  [8, 30], ¨³¥´´µ µÉ
´¥£µ ¢ ¡
µ²ÓÏ¥° ¸É¥¶¥´¨ ¨¸Ìµ¤¨²  ¨´¨Í¨ É¨¢  ´¥ Ê£²Ê¡²ÖÉÓ¸Ö ¢ ³¨±·µ¸±µ¶¨Î¥-
¸±ÊÕ ± ·É¨´Ê Ö¢²¥´¨Ö. ˆ ¤¥°¸É¢¨É¥²Ó´µ, ¢§ÖÉÒ°  ¢Éµ· ³¨ ±Ê·¸ ´  ¶µ¸É·µ¥´¨¥
É¥µ·¨¨ ²¨ÏÓ ³ ±·µ¸±µ¶¨Î¥¸±µ° ¸Éµ·µ´Ò Ö¢²¥´¨Ö ¶µ§¢µ²¨² ¨³ ³¨´µ¢ ÉÓ É·Ê¤-
´µ¸É¨ ¢ÒÖ¢²¥´¨Ö ³¨±·µ¸±µ¶¨Î¥¸±µ£µ µ¡µ¸´µ¢ ´¨Ö ¤²Ö ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö,
²¥¦ Ð¥£µ ¢ ¸ ³µ° µ¸´µ¢¥ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. ’ ±µ° ¶ÊÉÓ ¢¶µ²´¥ µ¶· ¢-
¤ ´ ¤²Ö ¶µ¸É·µ¥´¨Ö ¶¥·¢µ£µ É¥µ·¥É¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö ÔÉµ£µ ´µ¢µ£µ Ö¢²¥´¨Ö.
‘µ§¤ É¥²Ö³ ³ ±·µ¸±µ¶¨Î¥¸±µ° É¥µ·¨¨ Ê¤ ²µ¸Ó Ê¸¶¥Ï´µ µ¡ÑÖ¸´¨ÉÓ ¢¸¥ ¨§¢¥¸É-
´Ò¥ Éµ£¤  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ë ±ÉÒ µ § £ ¤µÎ´µ³ ¸¢¥Î¥´¨¨ ¦¨¤±µ¸É¥° ¶µ¤
¤¥°¸É¢¨¥³ £ ³³ -²ÊÎ¥° ¨ ¶·¥¤¸± § ÉÓ ´µ¢Ò° ÔËË¥±É Å ¨§²ÊÎ¥´¨e ¸¢¥É  ¶µ¤
¸É·µ£µ µ¶·¥¤¥²¥´´Ò³ Ê£²µ³ ± ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´ ,
¢µ§¡Ê¦¤ ÕÐ¥£µ ÔÉµ ¸¢¥Î¥´¨¥.

�µ, ± ¸µ¦ ²¥´¨Õ, ÔÉ¨ Ê¸¶¥Ì¨ ¶¥·¢µ£µ É¥µ·¥É¨Î¥¸±µ£µ µ¶¨¸ ´¨Ö Î¥·¥´±µ¢-
¸±µ£µ ¨§²ÊÎ¥´¨Ö ¨ ¢ ¶µ¸²¥¤ÊÕÐ¨Ì É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ ¸¶µ¸µ¡¸É¢µ-
¢ ²¨ Ê±²µ´¥´¨Õ µÉ ¢ÒÖ¸´¥´¨Ö ¶·¨Î¨´ ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö.
’ ±, ´ ¶·¨³¥·, ¢ 1939 £. ˆ.….’ ³³ µ¶Ê¡²¨±µ¢ ² ´µ¢µ¥ É¥µ·¥É¨Î¥¸±µ¥ ¨¸-
¸²¥¤µ¢ ´¨¥ [9], ¢ ±µÉµ·µ³ ¨³ ¡Ò² ¸µ§¤ ´ ¢ ¦´Ò° Ëµ·³ ²¨§³ ¤²Ö µ¶¨¸ ´¨Ö
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, ¢Ò§¢ ´´µ£µ ·¥²ÖÉ¨¢¨¸É¸±µ° Î ¸É¨Í¥° ´  µÉ·¥§±¥
±µ´¥Î´µ° ¤²¨´Ò. �µ ¨´É¥·¥¸ÊÕÐ¥³Ê ´ ¸ ¢µ¶·µ¸Ê ¢ ±µ´Í¥ ¢¢¥¤¥´¨Ö ’ ³³
¸¤¥² ² ¸²¥¤ÊÕÐ¥¥ ¢ ¦´¥°Ï¥¥ ÊÉ¢¥·¦¤¥´¨¥: ®‘ ÉµÎ±¨ §·¥´¨Ö ³¨±·µ¸±µ¶¨-
Î¥¸±µ° É¥µ·¨¨ · ¸¸³ É·¨¢ ¥³µ¥ ¨§²ÊÎ¥´¨¥ ´¥ ¨¸¶Ê¸± ¥É¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ
Ô²¥±É·µ´µ³,   ¨³¥¥É ¸¢µ¥° ¶·¨Î¨´µ° ±µ£¥·¥´É´Ò¥ ±µ²¥¡ ´¨Ö ³µ²¥±Ê² ¸·¥¤Ò,
¢µ§¡Ê¦¤ ¥³ÒÌ Ô²¥±É·µ´µ³. ŒÒ, µ¤´ ±µ, ´¥ ¢Ìµ¤¨³ §¤¥¸Ó ¢ ³¨±·µ¸±µ¶¨Î¥¸±µ¥
· ¸¸³µÉ·¥´¨¥ ¶·µ¡²¥³Ò¯ [10, c.79]. Š § ²µ¸Ó ¡Ò, ¶µ¸²¥ É ±µ£µ ±µ´±·¥É´µ£µ ¨
£²Ê¡µ±µ ¸µ¤¥·¦ É¥²Ó´µ£µ Ê± § ´¨Ö Ï¥Ë  ¸µÉ·Ê¤´¨± ³ É¥µ·¥É¨Î¥¸±µ£µ µÉ¤¥² 
”ˆ�� ¸²¥¤µ¢ ²µ ¡Ò ´¥¶µ¸·¥¤¸É¢¥´´µ § ´ÖÉÓ¸Ö ¢ÒÖ¸´¥´¨¥³ ³¥Ì ´¨§³  ¢µ§-
¡Ê¦¤¥´¨Ö ±µ²¥¡ ´¨° ¢ ³µ²¥±Ê²¥ ¨²¨ ÌµÉÖ ¡Ò Ê¸¢µ¨ÉÓ ± É¥£µ·¨Î¥¸±µ¥ ÊÉ¢¥·-
¦¤¥´¨¥ Ï¥Ë , ÎÉµ ®· ¸¸³ É·¨¢ ¥³µ¥ ¨§²ÊÎ¥´¨¥ ´¥ ¨¸¶Ê¸± ¥É¸Ö ´¥¶µ¸·¥¤-
¸É¢¥´´µ Ô²¥±É·µ´µ³¯. �µ ´¨±Éµ ¨§ ¶µ¸²¥¤µ¢ É¥²¥° ’ ³³  ¤ ¦¥ ´¥ µ¡· É¨²
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¢´¨³ ´¨Ö ´  ¸Éµ²Ó ¢ ¦´µ¥ Ê± § ´¨¥, § Éµ µ´¨ ¶·¨´Ö²¨ ± ¡¥§Ê¸²µ¢´µ³Ê ¨¸¶µ²-
´¥´¨Õ ¢ ¸¢µ¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ ¥£µ, ±¸É É¨, ´¥ ¸µ¢¸¥³ ¢¥·´µ¥ ¢Ò¸± §Ò¢ ´¨¥:
®...´¥ ¢Ìµ¤¨³ §¤¥¸Ó ¢ ³¨±·µ¸±µ¶¨Î¥¸±µ¥ · ¸¸³µÉ·¥´¨¥ ¶·µ¡²¥³Ò¯.

�  ¸ ³µ³ ¦¥ ¤¥²¥ Ê¦¥ ¢ ¶¥·¢µ° ¨Ì ¸É ÉÓ¥ ¶·¨¢µ¤¨É¸Ö ÊÉ¢¥·¦¤¥´¨¥ µ Éµ³,
ÎÉµ ¶µ²¥ ¤¢¨¦ÊÐ¥£µ¸Ö ¢ ¸·¥¤¥ Ô²¥±É·µ´  ®³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ·¥§Ê²Ó-
É É ¸Ê¶¥·¶µ§¨Í¨¨ ¢µ²´ § ¶ §¤Ò¢ ÕÐ¥£µ ¶µÉ¥´Í¨ ² , ´¥¶·¥·Ò¢´µ ¨§²ÊÎ ¥³ÒÌ
Ô²¥±É·µ´µ³ ¨ · ¸¶·µ¸É· ´ÖÕÐ¨Ì¸Ö ¸µ ¸±µ·µ¸ÉÓÕ c/n¯ [7, c.68]. ŒÒ ¶·µÍ¨-
É¨·µ¢ ²¨ ÔÉÊ Ë· §Ê, ¶µ¸±µ²Ó±Ê µ´  ¸µ¤¥·¦¨É ¥¤¨´¸É¢¥´´µ¥ ¢ ¤ ´´µ° ¸É ÉÓ¥
ÊÉ¢¥·¦¤¥´¨¥, Ö¢´µ µÉ´µ¸ÖÐ¥¥¸Ö ± ¨´É¥·¥¸ÊÕÐ¥³Ê ´ ¸ ¶¥·¢¨Î´µ³Ê ¨§²ÊÎ¥´¨Õ.
ˆ¸Éµ·¨Ö ¢µ§´¨±´µ¢¥´¨Ö É ±µ£µ ¶µ¤Ìµ¤  Ö¢´µ ¸¢Ö§ ´  ¸ · ¡µÉµ° ‚¨²ÓÖ³¸ 
(1935 £.). Š ± ¢¸¶µ³¨´ ¥É ¸ ³ ˆ.Œ.”· ´± ¢ ¸¢µ¥° ±´¨£¥ [8, c.29], ¥£µ ¢´¨³ -
´¨¥ ´  ¸É ÉÓÕ ‚¨²ÓÖ³¸  µ¡· É¨² „.‚.‘±µ¡¥²ÓÍÒ´. ‚ ÔÉµ° ¸É ÉÓ¥ µ¡µ¸´µ¢Ò-
¢ ²¸Ö ³¥Éµ¤, ±µÉµ·Ò° ¶µ§¤´¥¥ ¸É ²¨ ´ §Ò¢ ÉÓ ³¥Éµ¤µ³ ¶¸¥¢¤µËµÉµ´µ¢. �ÉµÉ
³¥Éµ¤ ¸µ¸ÉµÖ² ¢ · §²µ¦¥´¨¨ ¶µ²Ö ¤¢¨¦ÊÐ¥°¸Ö ¢ ¸·¥¤¥ Î ¸É¨ÍÒ ¢ ´¥¶·¥·Ò¢-
´Ò° ¸¶¥±É· Î ¸ÉµÉ, ¨ § É¥³ ÊÎ¨ÉÒ¢ ²µ¸Ó ¢§ ¨³µ¤¥°¸É¢¨¥ ± ¦¤µ° ¸µ¸É ¢²ÖÕ-
Ð¥° ¶µ²Ö ¸  Éµ³ ³¨ ¸·¥¤Ò, ±µ²¥¡ ´¨Ö ¢ ±µÉµ·ÒÌ ¨ ¸É ´µ¢¨²¨¸Ó, Ë ±É¨Î¥¸±¨,
¨¸ÉµÎ´¨±µ³ · ¸Ìµ¤ÖÐ¨Ì¸Ö ¢µ²´. ®‘²¥¤ÊÖ ‚¨²ÓÖ³¸Ê, Å ¶¨Ï¥É ˆ.Œ.”· ´±, Å
¤²Ö ÔÉµ£µ É·¥¡µ¢ ²µ¸Ó ´ °É¨ ³ ²µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶µ²Ö Î ¸É¨ÍÒ ¸  Éµ³ ³¨
¨ Ö¤· ³¨, · ¸¶µ²µ¦¥´´Ò³¨ ¢¤µ²Ó ¥¥ ¶ÊÉ¨, ±µ²¥¡ ´¨Ö ±µÉµ·ÒÌ ¨ Ö¢²ÖÕÉ¸Ö
¨¸ÉµÎ´¨± ³¨ ¢µ²´¯ [8, c.29]. �µ ¶µ¢µ¤Ê ¦¥ ¶µ¶ÒÉµ± ¶µ¨¸±  ®³¥Ì ´¨§³  É -
±µ° É· ´¸Ëµ·³ Í¨¨ ¶µ²Ö Î ¸É¨ÍÒ ¢ · ¸Ìµ¤ÖÐ¨¥¸Ö ¢µ²´Ò¯ ”· ´± ¤ ²¥¥ ¶µÎÉ¨
¶· ¢¨²Ó´µ § ³¥Î ¥É: ®ƒµ¢µ·Ö ¸µ¢·¥³¥´´Ò³ Ö§Ò±µ³, ÔÉµ ¡Ò²  ¶µ¶ÒÉ±  ¶µ-
¸É·µ¨ÉÓ ³¨±·µ¸±µ¶¨Î¥¸±ÊÕ É¥µ·¨Õ ÔËË¥±É  ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ , ¢ Î¥³ ´¥
¡Ò²µ ´ ¤µ¡´µ¸É¨¯ [8, c.30].

ŒÒ, ¥¸É¥¸É¢¥´´µ, ´¥ ¸µ£² ¸´Ò ²¨ÏÓ ¸ ¶µ¸²¥¤´¨³¨ ¸²µ¢ ³¨  ¢Éµ·  Å
®¢ Î¥³ ´¥ ¡Ò²µ ´ ¤µ¡´µ¸É¨¯. „¥°¸É¢¨É¥²Ó´µ, Ëµ·³ ²Ó´Ò° ÊÎ¥É É ±µ° É· ´¸-
Ëµ·³ Í¨¨ ¶µ²Ö ¤¢¨¦ÊÐ¥°¸Ö ¢ ¸·¥¤¥ Î ¸É¨ÍÒ ¢ · ¸Ìµ¤ÖÐ¨¥¸Ö ¢µ²´Ò Å ¥¸ÉÓ
´¥µ¡Ìµ¤¨³Ò° ´ Î ²Ó´Ò° ÔÉ ¶ ´  ¶ÊÉ¨ ± ¶µ¸É·µ¥´¨Õ ³¨±·µ¸±µ¶¨Î¥¸±µ° É¥µ-
·¨¨ ÔÉµ£µ ÔËË¥±É , ¢ ±µÉµ·µ³ ²¨ÏÓ ¶µ¸ÉÊ²¨·Ê¥É¸Ö Ë ±É ¨¸¶Ê¸± ´¨Ö  Éµ³ ³¨
· ¸Ìµ¤ÖÐ¨Ì¸Ö ¢µ²´. ’¥µ·¨Ö ¦¥ ³¨±·µ¶·µÍ¥¸¸  ¤µ²¦´  ÊÎ¥¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨¥
¢µ²´Ò ¸ Ô²¥±É·µ´ ³¨  Éµ³  ¨ ¶µ²ÊÎ¨ÉÓ ¸¶¥±É· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ £¥´¥·¨-
·Ê¥³ÒÌ ¢µ²´, ±µÉµ·µ¥, ± ± Ê¦¥ ¢ÒÏ¥ ¡Ò²µ µ¸µ¡µ µÉ³¥Î¥´µ, ´¥ § ¢¨¸¨É ´¨ µÉ
¸±µ·µ¸É¨ Î ¸É¨ÍÒ, ´¨ µÉ ¢¥Ð¥¸É¢  · ¤¨ Éµ· . ˆ ÔÉµ ¶·¨¤ ¥É ËÊ´¤ ³¥´É ²Ó-
´µ¥ §´ Î¥´¨¥ ± ± Ô±¸¶¥·¨³¥´É ²Ó´µ³Ê ¨¸¸²¥¤µ¢ ´¨Õ, É ± ¨ É¥µ·¥É¨Î¥¸±µ³Ê
µ¡µ¸´µ¢ ´¨Õ ¸¶¥±É·  ¨§²ÊÎ¥´¨Ö, µÉ±·ÒÉµ£µ ‚ ¢¨²µ¢Ò³ ¨ —¥·¥´±µ¢Ò³.

�¤´ ±µ ¢µ¶·¥±¨ ÊÉ¢¥·¦¤¥´¨Õ  ¢Éµ·µ¢ [7] µ Éµ³, ÎÉµ µ´¨ ¢ ÔÉµ° · ¡µÉ¥
¸µ§´ É¥²Ó´µ Ê±²µ´¨²¨¸Ó µÉ ¢ÒÖ¸´¥´¨Ö ³¨±·µ³¥Ì ´¨§³ , ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, µ´¨ ´  ¸ ³µ³ ¤¥²¥ ¢ Éµ° ¦¥ · ¡µÉ¥ ¨¸¶µ²Ó§µ¢ ²¨
¶· ¢¨²Ó´Ò° ¸¶¥±É· ¨§²ÊÎ¥´¨Ö ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¶µ²´µ° Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö.
‘²¥¤µ¢ É¥²Ó´µ, ’ ³³ ¨ ”· ´± ¨¸¶µ²Ó§µ¢ ²¨ ¢ ¸¢µ¨Ì · ¸Î¥É Ì ¢¥²¨Î¨´Ò, ´¥-
¶µ¸·¥¤¸É¢¥´´µ ¸¢Ö§ ´´Ò¥ ¸ ³¨±·µ³¥Ì ´¨§³µ³ Ö¢²¥´¨Ö, ´¥ µÉ¤ ¢ Ö ¸¥¡¥ ¢ ÔÉµ³
µÉÎ¥É . ‚ÒÖ¸´¥´¨¥ ÔÉµ£µ ´¥¤µ· §Ê³¥´¨Ö ¨ ¶µ¸²Ê¦¨²µ µ¸´µ¢´Ò³ ¶µ¢µ¤µ³ ¤²Ö
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´ ¶¨¸ ´¨Ö ¤ ´´µ£µ µ¡§µ· . ‘µµÉ¢¥É¸É¢¥´´µ, ³Ò ¤ ²¥¥ ¡Ê¤¥³ · §ÑÖ¸´ÖÉÓ Éµ²Ó±µ
ÔÉÊ ¸±·ÒÉÊÕ ¸¢Ö§Ó ¸ ³¨±·µ³¥Ì ´¨§³µ³ Ö¢²¥´¨Ö, µ¸É ¢²ÖÖ ¢ ¸Éµ·µ´¥ Ê¦¥ µÉ³¥-
Î¥´´Ò¥ §¤¥¸Ó ¢ ¦´Ò¥ ¤µ¸É¨¦¥´¨Ö ¢ Ê¸É ´µ¢²¥´¨¨ ³ ±·µ¸±µ¶¨Î¥¸±¨Ì ¸¢µ°¸É¢
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. „·Ê£¨³ ³µÉ¨¢µ³ ´ ¶¨¸ ´¨Ö µ¡§µ·  ¸É ²µ ±· É-
±µ¥ µ¸¢¥Ð¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ ¨¸¸²¥¤µ¢ ´¨° ´µ¢ÒÌ ¸¢µ°¸É¢ Î¥·¥´±µ¢¸±µ£µ ¨§-
²ÊÎ¥´¨Ö, ¶·µ¢¥¤¥´´ÒÌ ´  Ê´¨± ²Ó´µ³ ¶ÊÎ±¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢ ¸¢¨´Í  ¢
–…��.

1. ŒˆŠ��‘Š��ˆ—…‘Š�Ÿ ��ˆ��„� ˆ‡Œ…�…�ˆŸ
�‹…Š’��Œ�ƒ�ˆ’�›• ‘‚�‰‘’‚ Œ�’…�ˆ�‹œ�›• ‘�…„

„²Ö ´¥¶·µ¢µ¤ÖÐ¥° ¸·¥¤Ò ¢¥±Éµ·Ò Ô²¥±É·¨Î¥¸±µ£µ D ¨ ³ £´¨É´µ£µ B ¶µ-
²¥° Í¥²¥¸µµ¡· §´µ ¢Ò· §¨ÉÓ ¸ ¶µ³µÐÓÕ ¸²¥¤ÊÕÐ¨Ì ® ¤¤¨É¨¢´ÒÌ ¸µµÉ´µÏ¥-
´¨°¯:

D = E + 4πP,

B = H + 4πM,

£¤¥ P Å Ô²¥±É·¨Î¥¸± Ö,   M Å ³ £´¨É´ Ö ¶µ²Ö·¨§ Í¨Ö.
Š ± µÉ³¥Î ÕÉ ¢ ¸¢µ¥° ±´¨£¥ [11] Œ.	µ·´ ¨ �.‚µ²ÓË, Ô²¥±É·¨Î¥¸± Ö ¶µ²Ö-

·¨§ Í¨Ö ¨ ³ £´¨É´ Ö ¶µ²Ö·¨§ Í¨Ö (´ ³ £´¨Î¨¢ ´¨¥) ®... ¨³¥ÕÉ ËÊ´¤ ³¥´É ²Ó-
´µ¥ §´ Î¥´¨¥ ¢ É¥µ·¨¨  Éµ³´µ£µ ¸É·µ¥´¨Ö ¢¥Ð¥¸É¢ ... ‚ ÔÉµ° É¥µ·¨¨ ¢¥Ð¥-
¸É¢µ · ¸¸³ É·¨¢ ¥É¸Ö ± ± ¸µ¢µ±Ê¶´µ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ( Éµ³µ¢
¨ ³µ²¥±Ê²), ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ¢ ±ÊÊ³¥. ’ ±¨¥ Î ¸É¨ÍÒ µ¡· §ÊÕÉ ¶µ²¥, ±µÉµ·µ¥
¨¸¶ÒÉÒ¢ ¥É ¡µ²ÓÏ¨¥ ²µ± ²Ó´Ò¥ ±µ²¥¡ ´¨Ö ¢´ÊÉ·¨ ¢¥Ð¥¸É¢ . �Éµ ¢´ÊÉ·¥´´¥¥
¶µ²¥ ¢¨¤µ¨§³¥´Ö¥É¸Ö ²Õ¡Ò³ ¶µ²¥³, ±µÉµ·µ¥ ¶·¨±² ¤Ò¢ ¥É¸Ö ¨§¢´¥, ¨ ¸¢µ°-
¸É¢  ¢¥Ð¥¸É¢  ´ Ìµ¤ÖÉ¸Ö ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶µ ¶µ²´µ³Ê ¶µ²Õ ¢´ÊÉ·¨ ´¥£µ...
‚ ÔÉµ³ ¶·¨¡²¨¦¥´¨¨ ¤²Ö ¤µ¸É ÉµÎ´µ ¸² ¡ÒÌ ¶µ²¥° ³Ò ³µ¦¥³ ¶·¥¤¶µ²µ¦¨ÉÓ,
ÎÉµ P ¨ M ¶·µ¶µ·Í¨µ´ ²Ó´Ò, ¸µµÉ¢¥É¸É¢¥´´µ, E ¨ H, É. ¥. P = ηE, M = χH.
Œ´µ¦¨É¥²Ó η ´ §Ò¢ ¥É¸Ö ¤¨Ô²¥±É·¨Î¥¸±µ° ¢µ¸¶·¨¨³Î¨¢µ¸ÉÓÕ,   χ Å ³ £-
´¨É´µ° ¢µ¸¶·¨¨³Î¨¢µ¸ÉÓÕ, ...¤¨Ô²¥±É·¨Î¥¸± Ö ¶·µ´¨Í ¥³µ¸ÉÓ ε ¨ ³ £´¨É´ Ö
¶·µ´¨Í ¥³µ¸ÉÓ µ ¸¢Ö§ ´Ò ¸ ¤¨Ô²¥±É·¨Î¥¸±µ° ¨ ³ £´¨É´µ° ¢µ¸¶·¨¨³Î¨¢µ¸ÉÖ³¨
¸µµÉ´µÏ¥´¨Ö³¨ ε = 1 + 4πη , µ = 1 + 4πχ. ...�·µ¸É¥°Ï¥¥ ¶·¥¤¶µ²µ¦¥´¨¥,
¸²Ê¦ Ð¥¥ ¶¥·¢Ò³ Ï £µ³ ÊÎ¥É   Éµ³´µ° ¸É·Ê±ÉÊ·Ò ¢¥Ð¥¸É¢ , § ±²ÕÎ ¥É¸Ö ¢
· ¸¸³µÉ·¥´¨¨ ¢¥Ð¥¸É¢  ± ± ¸µ¢µ±Ê¶´µ¸É¨ µ¶·¥¤¥²¥´´ÒÌ Ë¨§¨Î¥¸±¨Ì µ¡Ñ¥±-
Éµ¢ Å ³µ²¥±Ê², ±µÉµ·Ò¥ ³µ£ÊÉ ¶µ²Ö·¨§µ¢ ÉÓ¸Ö ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¶·¨µ¡·¥-
É ÉÓ ¶µ¤ ¤¥°¸É¢¨¥³ ¢´¥Ï´¥£µ ¶µ²Ö Ô²¥±É·¨Î¥¸±¨° ¨ ³ £´¨É´Ò° ³µ³¥´ÉÒ¯
[11, c.110, 111].

„ ²¥¥  ¢Éµ·Ò ¢¢µ¤ÖÉ ÔËË¥±É¨¢´µ¥ ¶µ²¥ E′, H′, ¤¥°¸É¢ÊÕÐ¥¥ ´  ³µ²¥±Ê²Ê
¨ µÉ²¨Î ÕÐ¥¥¸Ö µÉ ´ ¡²Õ¤ ¥³µ£µ ¶µ²Ö E, H, ±µÉµ·µ¥ ¶µ²ÊÎ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥
Ê¸·¥¤´¥´¨Ö ¶µ µ¡² ¸É¨, ¸µ¤¥·¦ Ð¥° ¡µ²ÓÏµ¥ Î¨¸²µ ³µ²¥±Ê². „²Ö Ô²¥±É·¨Î¥-
¸±¨Ì ¶µ²¥°  ¢Éµ·Ò ¶µ²ÊÎ ÕÉ ¸µµÉ´µÏ¥´¨¥ E′ = E + 4π/3 P. �´ ²µ£¨Î´µ¥
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¸µµÉ´µÏ¥´¨¥ ¤µ²¦´µ ¡ÒÉÓ ¨ ¤²Ö ³ £´¨É´ÒÌ ¶µ²¥° H′ = H + 4π/3M. „²Ö
± ¦¤µ° ³µ²¥±Ê²Ò ¢µ§´¨± ¥É Ô²¥±É·¨Î¥¸±¨° ¤¨¶µ²Ó´Ò° ³µ³¥´É p ¶µ¤ ¤¥°-
¸É¢¨¥³ ÔËË¥±É¨¢´µ£µ ¶µ²Ö: p = α E′. ‡¤¥¸Ó α Å ¸·¥¤´ÖÖ ¶µ²Ö·¨§Ê¥³µ¸ÉÓ
³µ²¥±Ê², ±µÉµ· Ö ¨³¥¥É · §³¥·´µ¸ÉÓ µ¡Ñ¥³ . ˆ ¥¸²¨ N Å Î¨¸²µ ³µ²¥±Ê²
¢ ¥¤¨´¨Í¥ µ¡Ñ¥³ , Éµ ¶µ²´Ò° Ô²¥±É·¨Î¥¸±¨° ³µ³¥´É ¥¤¨´¨ÍÒ µ¡Ñ¥³  ¡Ê¤¥É
· ¢¥´ P = Np = NαE′.

‡ É¥³  ¢Éµ·Ò ¶·¨¢µ¤ÖÉ ¢Ò· ¦¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¨¥ ¤¨Ô²¥±É·¨Î¥¸±ÊÕ ¢µ¸-
¶·¨¨³Î¨¢µ¸ÉÓ η ¨ ¤¨Ô²¥±É·¨Î¥¸±ÊÕ ¶·µ´¨Í ¥³µ¸ÉÓ ε ¸µ ¸·¥¤´¥° ¶µ²Ö·¨§Ê¥-
³µ¸ÉÓÕ α. „ ²¥¥, ¨¸¶µ²Ó§ÊÖ ¸µµÉ´µÏ¥´¨¥ Œ ±¸¢¥²²  ε = n2, ¶µ²ÊÎ ÕÉ Ëµ·-
³Ê²Ê ‹µ·¥´ÉÍ Ä‹µ·¥´Í , ¢Ò· ¦ ÕÐÊÕ ¸·¥¤´ÕÕ ¶µ²Ö·¨§Ê¥³µ¸ÉÓ Î¥·¥§ ±¢ -
¤· É ¶µ± § É¥²Ö ¶·¥²µ³²¥´¨Ö ¸·¥¤Ò. „²Ö £ §  ÔÉ  Ëµ·³Ê²  ¨³¥¥É ¶·µ¸Éµ°
¢¨¤: 4πNα ∼= n2 − 1. �É³¥Î ¥É¸Ö, ÎÉµ ¶µ¸²¥¤´ÖÖ ¢¥²¨Î¨´  ¨§³¥´Ö¥É¸Ö ¶µÎÉ¨
¶·µ¶µ·Í¨µ´ ²Ó´µ ¶²µÉ´µ¸É¨ £ §  [11, c.115].

�É¤¥²Ó´Ò° ¶ · £· Ë  ¢Éµ·Ò ±´¨£¨ ¶µ¸¢ÖÉ¨²¨ µ¶¨¸ ´¨Õ ¶µ²Ö ²¨´¥°-
´µ£µ ¤¨¶µ²Ö. ’ ±µ° ¤¨¶µ²Ó Ì · ±É¥·¨§Ê¥É¸Ö Ô²¥±É·¨Î¥¸±µ° ¶µ²Ö·¨§ Í¨¥°
p(r, t) = p(t)δ(r − r0)n, £¤¥ n Å ¥¤¨´¨Î´Ò° ¢¥±Éµ·, § ¤ ÕÐ¨° ´ ¶· ¢²¥´¨¥
±µ²¥¡ ´¨° Ô²¥±É·µ´   Éµ³  ¤ ´´µ£µ ¤¨¶µ²Ö,   r0 Å ±µµ·¤¨´ É  · ¸¶µ²µ¦¥´¨Ö
¤¨¶µ²Ö. �µ²¥ ¤¨¶µ²Ö · ¸¸³ É·¨¢ ¥É¸Ö ¢ ¢µ²´µ¢µ° §µ´¥, ±µ£¤  ³µ¦´µ µ£· ´¨-
Î¨ÉÓ¸Ö · ¸¸³µÉ·¥´¨¥³ ¢¥²¨Î¨´ ¶¥·¢µ£µ ¶µ·Ö¤±  µÉ´µ¸¨É¥²Ó´µ 1/R, £¤¥ R Å
· ¸¸ÉµÖ´¨¥ µÉ ÉµÎ±¨ r ¤µ ÉµÎ±¨ r0,   ËÊ´±Í¨Ö p(t) Ö¢²Ö¥É¸Ö ¶¥·¨µ¤¨Î¥¸±µ°
¸ Ê£²µ¢µ° Î ¸ÉµÉµ° ω. „²Ö ÔÉµ£µ ¸²ÊÎ Ö  ¢Éµ·Ò ¶µ²ÊÎ ÕÉ ¶µ²¥ ¨§²ÊÎ¥´¨Ö ¨
Ô´¥·£¨Õ ¨§²ÊÎ¥´¨Ö ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ´  ¤ ´´µ° Î ¸ÉµÉ¥ [11, c.107Ä110].

’ ±¨³ µ¡· §µ³, ¶·µ¢¥¤¥´´µ¥  ¢Éµ· ³¨ · ¸¸³µÉ·¥´¨¥ ´ £²Ö¤´µ ¶µ± §Ò¢ ¥É
¶·Ö³ÊÕ ¸¢Ö§Ó ¢¥²¨Î¨´, µÉ´µ¸ÖÐ¨Ì¸Ö ± ³ ±·µ¸±µ¶¨Î¥¸±¨³ Ê· ¢´¥´¨Ö³ Ô²¥±-
É·µ³ £´¨É´µ£µ ¶µ²Ö ¢ ³ É¥·¨ ²Ó´µ° ¸·¥¤¥, ¸  ´ ²µ£¨Î´Ò³¨ ¢¥²¨Î¨´ ³¨ ¤²Ö
³¨±·µ¸±µ¶¨Î¥¸±µ° Ô²¥±É·µ¤¨´ ³¨±¨ ¢ ¢ ±ÊÊ³¥. ’ ±¨¥ ¢¥²¨Î¨´Ò, ± ± ¢¥±Éµ·Ò
Ô²¥±É·¨Î¥¸±µ° D ¨ ³ £´¨É´µ° B ¨´¤Ê±Í¨¨,   É ±¦¥ ¶µ± § É¥²Ó ¶·¥²µ³²¥´¨Ö
µ¶É¨Î¥¸±µ° ¸·¥¤Ò n µ± § ²¨¸Ó § ¢¨¸¨³Ò³¨ µÉ Ô²¥±É·¨Î¥¸±µ° ¨ ³ £´¨É´µ°
¶µ²Ö·¨§ Í¨¨ µÉ¤¥²Ó´ÒÌ  Éµ³µ¢ ¨ ³µ²¥±Ê² Î¥·¥§ ¢¥±Éµ·´ÊÕ ¸Ê³³Ê ÔÉ¨Ì ³¨-
±·µ¸±µ¶¨Î¥¸±¨Ì ¢¥²¨Î¨´. ŒÒ ¶µ± ¦¥³ ¤ ²¥¥, ÎÉµ, ´¥ µÉ¤ ¢ Ö ¸¥¡¥ ¢ ÔÉµ³
µÉÎ¥É , ¸µ§¤ É¥²¨ ¶¥·¢µ£µ É¥µ·¥É¨Î¥¸±µ£µ µ¡ÑÖ¸´¥´¨Ö µÉ±·ÒÉµ£µ —¥·¥´±µ¢Ò³
¨§²ÊÎ¥´¨Ö, ¨¸¶µ²Ó§ÊÖ ¸Ê³³ ·´ÊÕ ¶µ²Ö·¨§ Í¨Õ, ¶µ²ÊÎ¨²¨ ¨ É ±ÊÕ µ¸´µ¢´ÊÕ
Ì · ±É¥·¨¸É¨±Ê ¸±·ÒÉµ£µ ³¨±·µ¶·µÍ¥¸¸ , ± ± ¸¶¥±É· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥
ÔÉµ£µ ¨§²ÊÎ¥´¨Ö.

� ¸¸³µÉ·¥´´Ò°  ¢Éµ· ³¨ ±´¨£¨ [11] ¸²ÊÎ ° ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¶µ¤ ¤¥°-
¸É¢¨¥³ Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö ¢µ²´Ò ¶µ²¥§¥´ ¤²Ö ·¥Ï¥´¨Ö ¨´É¥·¥¸ÊÕÐ¥°
´ ¸ § ¤ Î¨ µ ¢µ§´¨±´µ¢¥´¨¨ ¨§²ÊÎ¥´¨Ö ¸¢¥É , ¨¸¶Ê¸± ¥³µ£µ  Éµ³ ³¨ ¸·¥¤Ò
¶µ¤ ¤¥°¸É¢¨¥³ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶·µÌµ¤ÖÐ¥° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. Ÿ¸´µ,
ÎÉµ ÔÉµ ¢µ§¤¥°¸É¢¨¥ ¡Ê¤¥É µÉ²¨Î ÉÓ¸Ö ³ ²Ò³ ¢·¥³¥´´Ò³ ¨´É¥·¢ ²µ³, ´µ ³¨-
±·µ¸±µ¶¨Î¥¸± Ö ¶·¨·µ¤  ¢µ§´¨±´µ¢¥´¨Ö ÔÉµ£µ ¸¢¥É  ¤µ²¦´  ¡ÒÉÓ µ¸´µ¢ ´ 
¶µ-¶·¥¦´¥³Ê ´  Ô²¥±É·¨Î¥¸±µ° ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¨ ³µ²¥±Ê². „¥°¸É¢¨-
É¥²Ó´µ, ¥¸²¨ ¤¨¶µ²Ó, ¶µ²Ö·¨§µ¢ ´´Ò° Ô²¥±É·µ³ £´¨É´µ° ¢µ²´µ°, ¨§²ÊÎ ¥É
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¸¢¥É, Éµ ¨ ¤¨¶µ²¨, ¸µ§¤ ¢ ¥³Ò¥ § ·Ö¦¥´´µ° Î ¸É¨Í¥° ¢ ³µ³¥´É ¥¥ ¶·µÌµ-
¦¤¥´¨Ö, ³µ£ÊÉ ¡ÒÉÓ ¨¸ÉµÎ´¨± ³¨ ±µ£¥·¥´É´ÒÌ ¨§²ÊÎ¥´¨°, ±µÉµ·Ò¥ ¶·¨ µ¶·¥-
¤¥²¥´´ÒÌ Ê¸²µ¢¨ÖÌ ¡Ê¤ÊÉ µ¡Ñ¥¤¨´ÖÉÓ¸Ö ¢ ´ ¶· ¢²¥´´µ¥ Î¥·¥´±µ¢¸±µ¥ ¨§²ÊÎ¥-
´¨¥. „²Ö ÔÉµ£µ ³ ±·µ¸±µ¶¨Î¥¸±µ£µ Ö¢²¥´¨Ö Ì · ±É¥·¥´ µ¶·¥¤¥²¥´´Ò° ¶µ·µ£
¨§²ÊÎ¥´¨Ö, ´ Î¨´ Ö ¸ ±µÉµ·µ£µ ¢Ò¶µ²´ÖÕÉ¸Ö Ê¸²µ¢¨Ö ´ ¡²Õ¤¥´¨Ö ÔÉµ£µ ¨§²Ê-
Î¥´¨Ö. �¤´ ±µ ± ¸ ³µ³Ê ¶¥·¢¨Î´µ³Ê ¨§²ÊÎ¥´¨Õ, ¶µÖ¢²ÖÕÐ¥³Ê¸Ö ¢ ·¥§Ê²ÓÉ É¥
¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò ¶µ¤ ¤¥°¸É¢¨¥³ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶·µ²¥É ÕÐ¥°
§ ·Ö¦¥´´µ° Î ¸É¨ÍÒ, ÔÉ¨ Ê¸²µ¢¨Ö ¶µ·µ£  ¨§²ÊÎ¥´¨Ö ´¥ µÉ´µ¸ÖÉ¸Ö. �µÔÉµ³Ê
É·¥¡µ¢ ´¨¥ ¶µ·µ£  ¤²Ö ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ Î¥·¥´-
±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, Ö¢²Ö¥É¸Ö £·Ê¡¥°Ï¥° µÏ¨¡±µ°∗. ‘²¥¤Ê¥É É ±¦¥ µ¡· -
É¨ÉÓ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¢¥±Éµ· ¶µ²Ö·¨§ Í¨¨ ¸·¥¤Ò, Ö¢²ÖÕÐ¨°¸Ö ¢¥±Éµ·´µ°
¸Ê³³µ° ¶µ²Ö·¨§ Í¨¨ µÉ¤¥²Ó´ÒÌ  Éµ³µ¢, ¨¸¶µ²Ó§Ê¥É¸Ö ± ± ¤²Ö ³¨±·µ¸±µ¶¨Î¥-
¸±µ£µ µ¡µ¸´µ¢ ´¨Ö µ¶É¨Î¥¸±¨Ì ¸¢µ°¸É¢ ¸·¥¤Ò, ÎÉµ ¶µ± § ´µ ¢ ¶·¨¢¥¤¥´´µ³
µÉ·Ò¢±¥ ¨§ ±´¨£¨ [11], É ± ¨ ¢ ¸²ÊÎ ¥ ¶µ²ÊÎ¥´¨Ö ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö ¤¨¶µ-
²¥°, ¢µ§´¨± ÕÐ¨Ì ¢ ·¥§Ê²ÓÉ É¥ Éµ£µ ¦¥ ¶·µÍ¥¸¸  ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò.
„ ²¥¥ ³Ò ¶·µ ´ ²¨§¨·Ê¥³ ±µ´±·¥É´Ò¥ · ¡µÉÒ, ¢ ±µÉµ·ÒÌ ´¥¤µµÍ¥´±  ÔÉµ°
¤¢µ°¸É¢¥´´µ° ·µ²¨ ¨¸¶µ²Ó§µ¢ ´¨Ö ¢¥±Éµ·  ¶µ²Ö·¨§ Í¨¨ ¶·¨¢µ¤¨²  ± µ¶·¥¤¥-
²¥´´µ³Ê ´¥¤µ¶µ´¨³ ´¨Õ ¶µ²ÊÎ¥´´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ·¥§Ê²ÓÉ Éµ¢.

2. � �…Ÿ‚��Œ “—…’… �…�‚ˆ—��ƒ� ˆ‡‹“—…�ˆŸ
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� ¡µÉ  [7], ¢ ±µÉµ·µ° ’ ³³µ³ ¨ ”· ´±µ³ ¢¶¥·¢Ò¥ ¡Ò²µ ¤ ´µ É¥µ·¥É¨Î¥-
¸±µ¥ µ¡ÑÖ¸´¥´¨¥ µ¡´ ·Ê¦¥´´µ£µ —¥·¥´±µ¢Ò³ ¨§²ÊÎ¥´¨Ö, Ë ±É¨Î¥¸±¨ ´ Î¨-
´ ² ¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨Ö ¨§¢¥¸É´µ£µ ¤¨´ ³¨Î¥¸±µ£µ ¸µµÉ´µÏ¥´¨Ö ®...³¥¦¤Ê
¶µ²Ö·¨§ Í¨¥° P ¨ Ô²¥±É·¨Î¥¸±µ° ¸¨²µ° E¯ [10, ¸.69], ±µÉµ·µ¥ § É¥³ ¶µ-
¸²¥ ¶·¨³¥´¥´¨Ö ËÊ·Ó¥-¶·¥µ¡· §µ¢ ´¨Ö ¡Ò²µ § ³¥´¥´µ ¸µµÉ´µÏ¥´¨¥³ 4πPω =
(n2 − 1)Eω ¤²Ö Î ¸ÉµÉÒ ω. �Éµ³Ê Ê· ¢´¥´¨Õ ¢ ¸É ÉÓ¥ ¡Ò² ¶·¨¸¢µ¥´ ´µ³¥·
(3),   ¨´É¥£· ²Ó´Ò³ ¶·¥µ¡· §µ¢ ´¨Ö³ ”Ê·Ó¥ ¸µµÉ¢¥É¸É¢µ¢ ² ´µ³¥· (2). „ -
²¥¥ ¸µµÉ´µÏ¥´¨Ö (2) ¨ (3), ± ± µÉ³¥Î ²¨  ¢Éµ·Ò, ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¨³¨
¤²Ö ¶µ²ÊÎ¥´¨Ö Ê· ¢´¥´¨° Œ ±¸¢¥²²  ¤²Ö ¢¥²¨Î¨´, µÉ´µ¸ÖÐ¨Ì¸Ö ± § ¤ ´´µ°
Î ¸ÉµÉ¥ ω.

�µ¸²¥ ·Ö¤  ¸²µ¦´ÒÌ ¶·¥µ¡· §µ¢ ´¨°  ¢Éµ·Ò ¸¢¥²¨ § ¤ ÎÊ µ¡ ¨§²ÊÎ¥-
´¨¨ ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´  ¢ ¸·¥¤¥ ± µÉÒ¸± ´¨Õ Í¨²¨´¤·¨Î¥¸±µ° ËÊ´±Í¨¨,
Ê¤µ¢²¥É¢µ·ÖÕÐ¥° Ê· ¢´¥´¨Õ 	¥¸¸¥²Ö ¢¸Õ¤Ê, ±·µ³¥ ¶µ²Õ¸  ρ = 0. �¥Ï¥-
´¨¥, Ê¤µ¢²¥É¢µ·ÖÕÐ¥¥ ÔÉµ³Ê Ê¸²µ¢¨Õ, ¢ ¸²ÊÎ ¥ ³ ²ÒÌ ¸±µ·µ¸É¥° ¶¥·¢¨Î´µ°
Î ¸É¨ÍÒ ¡Ò²µ ´ °¤¥´µ ¢ ¢¨¤¥ ËÊ´±Í¨¨ • ´±¥²Ö ¶¥·¢µ£µ ·µ¤ . ‚µ¸¶µ²Ó§µ-
¢ ¢Ï¨¸Ó  ¸¨³¶ÉµÉ¨Î¥¸±¨³ ¢Ò· ¦¥´¨¥³ ÔÉµ° ËÊ´±Í¨¨,  ¢Éµ·Ò ¶µ± § ²¨, ÎÉµ

∗�Éµ ÊÉ¢¥·¦¤¥´¨¥ Î¨¸²¥´´µ ¤µ± §Ò¢ ¥É¸Ö ¢ · ¡µÉ Ì [25Ä27].
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¢ ÔÉµ³ ¸²ÊÎ ¥ ®...³Ò ¨³¥¥³ Ô±¸¶µ´¥´Í¨ ²Ó´µ¥ § ÉÊÌ ´¨¥ ¶µ²Ö ¸ · ¸¸ÉµÖ-
´¨¥³¯ [10, c.71]. �¤´ ±µ ¤²Ö ¡µ²ÓÏµ° ¸±µ·µ¸É¨ ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´  ¨
¤²Ö Î ¸ÉµÉ, Ê¤µ¢²¥É¢µ·ÖÕÐ¨Ì Ê¸²µ¢¨Õ βn(ω) > 1,  ¢Éµ·Ò ¶µ²ÊÎ¨²¨ ´¥§ ÉÊ-
Ì ÕÐÊÕ Í¨²¨´¤·¨Î¥¸±ÊÕ ¢µ²´Ê, ÊÌµ¤ÖÐÊÕ ¢ ´ ¶· ¢²¥´¨¨ θ, ¤²Ö ±µÉµ·µ£µ
cos θ = 1/βn(ω). �µ¸²¥ ÔÉµ£µ  ¢Éµ·Ò ¶·¨¢µ¤ÖÉ ¨´É¥£· ²Ó´Ò¥ ¢Ò· ¦¥´¨Ö
¤²Ö ´¥´Ê²¥¢ÒÌ ±µ³¶µ´¥´É ¶µ²Ö ¨§²ÊÎ¥´¨Ö Hϕ, Eρ ¨ Ez, ¶µ²ÊÎ¥´´Ò¥ ¨§ · -
´¥¥ ´ °¤¥´´ÒÌ Ê· ¢´¥´¨° Œ ±¸¢¥²²  ¤²Ö Î ¸ÉµÉ´ÒÌ ±µ³¶µ´¥´É ¶µ²Ö ¸ ÊÎ¥Éµ³
Ê· ¢´¥´¨Ö ¸¢Ö§¨ ¸ ¶µ²Ö·¨§ Í¨¥°. �µ¤Ò´É¥£· ²Ó´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ±µ³¶µ´¥´É
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö E ¸µ¤¥·¦ É ¶·µ¨§¢¥¤¥´¨¥ ωdω, Ì · ±É¥·¨§ÊÕÐ¥¥ ¸¶¥±-
É· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ÔËË¥±É 
‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ . �µÔÉµ³Ê ´¥Ê¤¨¢¨É¥²Ó´µ, ÎÉµ ’ ³³ ¨ ”· ´± ¤ ²¥¥, ¨¸-
¶µ²Ó§ÊÖ ÔÉ¨ ±µ³¶µ´¥´ÉÒ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ô´¥·£¨¨ ¨§²Ê-
Î¥´¨Ö, ¶µ²ÊÎ¨²¨ ¨ ¢ ¶µ¤Ò´É¥£· ²Ó´µ³ ¢Ò· ¦¥´¨¨ ¤²Ö Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö ÉÊ
¦¥ ¢¥²¨Î¨´Ê ¶·µ¨§¢¥¤¥´¨Ö ωdω, ±µÉµ· Ö ¸µ¢¥·Ï¥´´µ ´¥ § ¢¨¸¨É µÉ ¢¥²¨Î¨´
¨¸¶µ²Ó§Ê¥³ÒÌ ³ ±·µ¸±µ¶¨Î¥¸±¨Ì ¶ · ³¥É·µ¢.

‚ 1939 £. ¢ ¸¢µ¥° ¸²¥¤ÊÕÐ¥° · ¡µÉ¥ [10, c.75], ¶µ¸¢ÖÐ¥´´µ° ¶·µ¡²¥³¥
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, ’ ³³ ¢ § 2 ¢µ¸¶·µ¨§¢µ¤¨É µ¸´µ¢´µ¥ ¸µ¤¥·¦ ´¨¥ ¸µ-
¢³¥¸É´µ° ¸ ”· ´±µ³ ¸É ÉÓ¨ [7], ¢´µ¸Ö ¢ ¥¥ É¥±¸É ´¥±µÉµ·Ò¥ ´¥§´ Î¨É¥²Ó´Ò¥
¨¸¶· ¢²¥´¨Ö. � ¢ ¸²¥¤ÊÕÐ¥³ ¶ · £· Ë¥, ± ± ¶¨Ï¥É ’ ³³, ¨³ ¤ ¥É¸Ö ®...¡µ²¥¥
¸É·µ£µ¥ ¤µ± § É¥²Ó¸É¢µ µ¸´µ¢´µ° Ëµ·³Ê²Ò, µ¶·¥¤¥²ÖÕÐ¥° ¨´É¥´¸¨¢´µ¸ÉÓ ¨
¸¶¥±É· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¨§²ÊÎ¥´¨Ö¯ [10, c.79]. �¤´ ±µ Ê¦¥ ¢ ¶·¥µ¡· §µ-
¢ ´¨ÖÌ ”Ê·Ó¥ ¢³¥¸Éµ ¨´É¥£· ²  ¤²Ö ¢¥±Éµ·  ¶µ²Ö·¨§ Í¨¨ P ¢ ¸É ÉÓ¥ ’ ³³ 
¶·¨¢¥¤¥´ ¨´É¥£· ² ”Ê·Ó¥ ¤²Ö ¢¥±Éµ·  ¨´¤Ê±Í¨¨ D. ‡ É¥³ ¶·¨¢µ¤ÖÉ¸Ö Ê· ¢´¥-
´¨Ö Œ ±¸¢¥²²  ¤²Ö ±µ³¶µ´¥´É ¶µ²¥° Hω, Eω, ¶µÉ¥´Í¨ ²µ¢ ϕω , �ω ¨ ¢¥²¨Î¨´
ρω, jω, ´µ, ¢ µÉ²¨Î¨¥ µÉ ¶·¥¦´¥° ¸É ÉÓ¨ 1937 £., Ê¦¥ ´¥ µÉ³¥Î ¥É¸Ö, ÎÉµ ¤²Ö
¶µ²ÊÎ¥´¨Ö ÔÉ¨Ì Ê· ¢´¥´¨° ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ ¸µµÉ´µÏ¥´¨¥ ¤²Ö ±µ³¶µ´¥´É
¢¥±Éµ·  ¶µ²Ö·¨§ Í¨¨. �ÉµÉ · §¤¥² ¸É ÉÓ¨ ’ ³³  § ± ´Î¨¢ ¥É¸Ö ¶µ²ÊÎ¥´¨¥³
´¥´Ê²¥¢ÒÌ ±µ³¶µ´¥´É ¶µ²Ö ¨§²ÊÎ¥´¨Ö Hϕ, Eρ ¨ Ez, ¨§ ±µÉµ·ÒÌ Éµ²Ó±µ ¶µ-
¸²¥¤´ÖÖ ¢ ¶µ¤Ò´É¥£· ²Ó´µ³ ¢Ò· ¦¥´¨¨ ¸µÌ· ´¨²  ¢ ¦´µ¥ ¤²Ö ´ Ï¥£µ  ´ ²¨§ 
¶·µ¨§¢¥¤¥´¨¥ ωdω.

�·¨ ¢ÒÎ¨¸²¥´¨¨ Ô´¥·£¨¨, ¨§²ÊÎ¥´´µ° Ô²¥±É·µ´µ³ ´  ¥¤¨´¨Î´µ³ ¶ÊÉ¨,
”· ´± ¨ ’ ³³ ¢ · ¡µÉ¥ [7] ¨¸¶µ²Ó§µ¢ ²¨  ¸¨³¶ÉµÉ¨Î¥¸±µ¥ ¢Ò· ¦¥´¨¥ ËÊ´±-
Í¨¨ • ´±¥²Ö ¤²Ö ¡µ²ÓÏ¨Ì §´ Î¥´¨°  ·£Ê³¥´É . ’¥¶¥·Ó ¦¥ ¢ § 3 ¸¢µ¥° ´µ¢µ°
¸É ÉÓ¨ [10, c.83] ’ ³³ ¶·¥¤¶µÎ¥² ¤ ÉÓ ¤·Ê£µ¥ ¤µ± § É¥²Ó¸É¢µ ÔÉµ° ¢ ¦´¥°-
Ï¥° Ëµ·³Ê²Ò ¨Ì É¥µ·¨¨. �´ · ¸¸³µÉ·¥² · ¤¨ ²Ó´ÊÕ ±µ³¶µ´¥´ÉÊ ¢¥±Éµ· 
�µ°´É¨´£  Sρ = /4πEzHϕ. ‚ ÔÉµ ¢Ò· ¦¥´¨¥ ¢³¥¸É¥ ¸ ±µ³¶µ´¥´Éµ° ¶µ²Ö
Ez ¢µÏ²µ ¨ ¶·µ¨§¢¥¤¥´¨¥ ωdω. ‚¸¥ ÔÉµ ¨ µ¡¥¸¶¥Î¨²µ ¶µ²ÊÎ¥´¨¥ ¶·¥¦-
´¥° Ëµ·³Ê²Ò ¤²Ö ¶µÉ¥·Ó Ô´¥·£¨¨ ´  ¨§²ÊÎ¥´¨¥ ´  ¥¤¨´¨ÍÊ ¶ÊÉ¨ dW/dl, ¢
¶µ¤Ò´É¥£· ²Ó´µ¥ ¢Ò· ¦¥´¨¥ ±µÉµ·µ£µ ¢µÏ²µ ¶·µ¨§¢¥¤¥´¨¥ ωdω, ´¥ § ¢¨¸Ö-
Ð¥¥ ´¨ µÉ ± ±¨Ì ³ ±·µ¸±µ¶¨Î¥¸±¨Ì ¶ · ³¥É·µ¢ · ¸¸³ É·¨¢ ¥³µ° ¸·¥¤Ò. “¦¥
ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¤ ¢ ²µ ¶µ²´µ¥ µ¸´µ¢ ´¨¥ Ê¸µ³´¨ÉÓ¸Ö ¢ Éµ³, ÎÉµ ¶·µ¢¥-
¤¥´´µ¥ · ¸¸³µÉ·¥´¨¥ Í¥²¨±µ³ µÉ´µ¸¨É¸Ö ± Ê¸É ´µ¢²¥´¨Õ ³ ±·µ¸±µ¶¨Î¥¸±µ°
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± ·É¨´Ò ¢µ§´¨±´µ¢¥´¨Ö Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. �µ  ¢Éµ·Ò ´¥ ¸¤¥² ²¨ ¶µ-
¤µ¡´µ£µ ¢Ò¢µ¤ . Šµ´¥Î´µ, ¢ ¦´¥¥ ¡Ò²µ ¶µ²ÊÎ¨ÉÓ ¡µ²¥¥ ¶µ²´µ¥ É¥µ·¥É¨Î¥¸±µ¥
µ¶¨¸ ´¨¥ Ö¢²¥´¨Ö, ¢±²ÕÎ ÕÐ¥¥ ¨ ¸¶¥±É· ²Ó´µ¥ · ¸¶·¥¤¥²¥´¨¥ Î¥·¥´±µ¢¸±µ£µ
¨§²ÊÎ¥´¨Ö, ÌµÉÖ ¤²Ö ÔÉµ£µ ¨ ¶·¨Ï²µ¸Ó ´ ·ÊÏ¨ÉÓ ¢§ÖÉÒ° ±Ê·¸ ²¨ÏÓ ´  ³ ±·µ-
¸±µ¶¨Î¥¸±µ¥ ¨¸¸²¥¤µ¢ ´¨¥.

“¦¥ ¢ ¶¥·¢µ° · ¡µÉ¥, ¶µ¸¢ÖÐ¥´´µ° µ¡ÑÖ¸´¥´¨Õ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö,
”· ´± ¨ ’ ³³ £² ¢´µ° Ëµ·³Ê²µ° ¸¢µ¥£µ ¨¸¸²¥¤µ¢ ´¨Ö ¸Î¨É ²¨ ¶µ²ÊÎ¥´´µ¥
¨´É¥£· ²Ó´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö Ô´¥·£¨¨, ¨§²ÊÎ¥´´µ° ¤¢¨¦ÊÐ¨³¸Ö ®Ô²¥±É·µ´µ³
Î¥·¥§ ¶µ¢¥·Ì´µ¸ÉÓ Í¨²¨´¤·  ¤²¨´Ò l (¸ µ¸ÓÕ, ¸µ¢¶ ¤ ÕÐ¥° ¸ ²¨´¨¥° ¤¢¨¦¥-
´¨Ö Ô²¥±É·µ´ )¯ [10, c.72]. ‚ ¸¡µ·´¨±¥ ¸É É¥° [12] ”· ´± ¶·¨¢µ¤¨É ¸´¨³µ±,
Ê± §Ò¢ Ö, ÎÉµ ´  ´¥³ µ´ ¢µ¸¶·µ¨§¢µ¤¨É ®ËµÉµ±µ¶¨Õ µ¤´µ° ¨§ ¸É· ´¨Î¥± § -
¶¨¸¥° ’ ³³ , ¸µ¤¥·¦ ÐÊÕ µ±µ´Î É¥²Ó´ÊÕ Ëµ·³Ê²Ê¯ (¸.254). ’ ± ÎÉµ ´¥²Ó§Ö
¸Î¨É ÉÓ, ÎÉµ  ¢Éµ·Ò ¶µ²ÊÎ¨²¨ ÔÉÊ ¢ ¦´ÊÕ Ëµ·³Ê²Ê, ´¥ ¶·¨¤ ¢ ¥° ¤µ²¦´µ£µ
§´ Î¥´¨Ö. ‘±µ·¥¥ ¢¸¥£µ §¤¥¸Ó ¢¸¥ ¦¥ ¡Ò²µ ´¥¤µ· §Ê³¥´¨¥, ¸¢Ö§ ´´µ¥ ¸ Ê¢¥-
·¥´´µ¸ÉÓÕ, ÎÉµ µ´¨ ´¥ ¸É ¢¨²¨ ¶¥·¥¤ ¸µ¡µ° § ¤ ÎÊ µÉÌµ¤  µÉ · ¸¸³µÉ·¥´¨Ö
³ ±·µ¸±µ¶¨Î¥¸±µ° ± ·É¨´Ò ÔÉµ£µ Ö¢²¥´¨Ö. “É¢¥·¦¤¥´¨Õ ¦¥ ÔÉµ£µ ´¥¤µ· -
§Ê³¥´¨Ö ¢ ¡µ²ÓÏµ° ¸É¥¶¥´¨ ¸¶µ¸µ¡¸É¢µ¢ ²µ µÉ³¥Î¥´´µ¥ Ê¦¥ ´ ³¨ ¢ ±µ´Í¥
¶·¥¤Ò¤ÊÐ¥£µ · §¤¥²  µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ¢¥±Éµ· ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò
¨³¥¥É ¤¢  ¸µ¢¥·Ï¥´´µ · §²¨Î´ÒÌ  ¸¶¥±É  ¶·¨³¥´¥´¨Ö: ¤²Ö µ¡µ¸´µ¢ ´¨Ö ³ -
±·µ¸±µ¶¨Î¥¸±¨Ì ¸¢µ°¸É¢ µ¶É¨Î¥¸±¨Ì ¸·¥¤ ¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶¥·¢¨Î´µ£µ ¨§²Ê-
Î¥´¨Ö ¤¨¶µ²¥°, ¢µ§´¨± ÕÐ¨Ì ¢ ¶·µÍ¥¸¸¥ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò. �Éµ
¨§²ÊÎ¥´¨¥ ¤¨¶µ²¥° ¨ ¸µ¸É ¢²Ö¥É ³¨±·µ¸±µ¶¨Î¥¸±ÊÕ µ¸´µ¢Ê ¤²Ö ¢µ§´¨±´µ¢¥-
´¨Ö ³ ±·µ¸±µ¶¨Î¥¸±µ£µ Ö¢²¥´¨Ö Å ¨§²ÊÎ¥´¨Ö ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ .

�¸´µ¢´ Ö Ëµ·³Ê²  ’ ³³ Ä”· ´±  ¶µ¤·µ¡´µ µ¡¸Ê¦¤ ¥É¸Ö ¢ Éµ³¥ 1 ¨§¢¥¸É-
´µ° ³µ´µ£· Ë¨¨ ‚.�.‡·¥²µ¢  [13, c.90]∗. ’ ³ ¤ ´Ò · §²¨Î´Ò¥ Ëµ·³Ò ¶·¥¤-
¸É ¢²¥´¨Ö ÔÉµ° Ëµ·³Ê²Ò ¨, ¢ Î ¸É´µ¸É¨, µ¸µ¡µ ¶µ¤Î¥·±´ÊÉµ, ÎÉµ µ¸´µ¢´ Ö
Î ¸ÉÓ Ô´¥·£¨¨ ÔÉµ£µ ¨§²ÊÎ¥´¨Ö ¸µ¸·¥¤µÉµÎ¥´  ¢ Ê²ÓÉ· Ë¨µ²¥Éµ¢µ° µ¡² ¸É¨
¨§²ÊÎ¥´¨Ö∗∗. �µ ¨ ¢ ÔÉµ³ ¶µ¤·µ¡´µ³ ¨¸¸²¥¤µ¢ ´¨¨ ´¥ ¡Ò²µ µ¡· Ð¥´µ ¢´¨³ -
´¨¥ ´  Éµ, ÎÉµ ¢ Ëµ·³Ê²¥ ’ ³³ Ä”· ´±  · ¸ÉÊÐ Ö ¸ Î ¸ÉµÉµ° ¨´É¥´¸¨¢´µ¸ÉÓ
¨§²ÊÎ¥´¨Ö ¢µ§´¨±²  µÉ ´¥Ö¢´µ£µ ÊÎ¥É  ¤¨¶µ²Ó´µ£µ ¢µ§¡Ê¦¤¥´¨Ö  Éµ³µ¢ µ¶É¨-
Î¥¸±µ° ¸·¥¤Ò ¶µ²¥³ ¶·µÌµ¤ÖÐ¥° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ˆ ¢µµ¡Ð¥, ‡·¥²µ¢ ¢

∗Œµ´µ£· Ë¨Ö ‚.�.‡·¥²µ¢  ¸Ò£· ²  §´ Î¨É¥²Ó´ÊÕ ·µ²Ó ¢ · §¢¨É¨¨ ¨ · ¸¶·µ¸É· ´¥´¨¨ ³¥Éµ-
¤¨±¨ ¤¥É¥±É¨·µ¢ ´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í, µ¸´µ¢ ´´µ° ´  ·¥£¨¸É· Í¨¨ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥-
´¨Ö. ‚ ¶¥·¢µ° Î ¸É¨ ³µ´µ£· Ë¨¨ µ¡¸ÉµÖÉ¥²Ó´µ ¨§²µ¦¥´  É¥µ·¨Ö ¨§²ÊÎ¥´¨Ö ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ 
¨ ¤ ´µ µ¶¨¸ ´¨¥ · §´µµ¡· §´ÒÌ ¸¢µ°¸É¢ ÔÉµ£µ ¨§²ÊÎ¥´¨Ö.

∗∗„¥°¸É¢¨É¥²Ó´µ, ¶µ§¦¥, ¢ 1977 (T.Upsilantis) ¨ ¢ 1978 ££. (G.Charpak, F.Sauli) ¡Ò²¨ ¸¤¥² ´Ò
¶·¥¤²µ¦¥´¨Ö ·¥£¨¸É·¨·µ¢ ÉÓ Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò¥ ±¢ ´ÉÒ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö µÉ µÉ¤¥²Ó´ÒÌ
·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¨ ¶µ ´¥¸±µ²Ó±¨³ § ·¥£¨¸É·¨·µ¢ ´´Ò³ ±µµ·¤¨´ É ³ ±µ²ÓÍ  Î¥·¥´±µ¢¸±µ£µ
¨§²ÊÎ¥´¨Ö ¶µ²ÊÎ ÉÓ Í¥´´ÊÕ ¨´Ëµ·³ Í¨Õ µ ¸±µ·µ¸É¨ ± ¦¤µ° Î ¸É¨ÍÒ. �Ò´¥ ÔÉ  ³¥Éµ¤¨± , ¶µ-
²ÊÎ¨¢Ï Ö ´ §¢ ´¨¥ RICH-¤¥É¥±Éµ·µ¢ (Ring Imaging Cherenkov), ¸µ¸É ¢²Ö¥É ¢ ¦´¥°ÏÊÕ Î ¸ÉÓ
¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨ ¶·µ¥±É¨·Ê¥³ÒÌ ¤¥É¥±Éµ·µ¢ ¤²Ö ·¥£¨¸É· Í¨¨ ³´µ£µÎ ¸É¨Î´ÒÌ ¸µ¡ÒÉ¨° ´  ¸µ-
¢·¥³¥´´ÒÌ Ê¸±µ·¨É¥²ÖÌ.
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¸¢µ¥° ³µ´µ£· Ë¨¨ ¢µ§¤¥·¦ ²¸Ö µÉ ± ±¨Ì-²¨¡µ ¢Ò¸± §Ò¢ ´¨° ¶µ ¶µ¢µ¤Ê ¶¥·-
¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ÔËË¥±É  ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ .

Œ¥¦¤Ê É¥³ ¶·¥¤¶µ²µ¦¥´¨¥ µ Éµ³, ÎÉµ ¶µ¸ÉÊ²¨·µ¢ ´´µ¥ ¢ É¥µ·¨¨ ’ ³³ 
¨ ”· ´±  ¶¥·¢¨Î´µ¥ ¨§²ÊÎ¥´¨¥  Éµ³µ¢ ¸·¥¤Ò ¢ ³µ³¥´É ¶·µÌµ¦¤¥´¨Ö § ·Ö-
¦¥´´µ° Î ¸É¨ÍÒ ³µ¦¥É ¨³¥ÉÓ ¨³¥´´µ ¶µ²Ö·¨§ Í¨µ´´ÊÕ ¶·¨·µ¤Ê, ¡Ò²µ ¡Ò
¸ ³Ò³ ¥¸É¥¸É¢¥´´Ò³ ¢Ò¢µ¤µ³, µ¸µ¡¥´´µ ¶µ¸²¥ · §ÑÖ¸´¥´¨° ¢ 1940 £. ”¥·³¨:
®‘²¥¤Ê¥É Ê± § ÉÓ, ÎÉµ, ± ± ¢ÒÉ¥± ¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ Ëµ·³Ê², Î¥·¥´±µ¢¸±µ¥
¨§²ÊÎ¥´¨¥ ´¥ ¶·¥¤¸É ¢²Ö¥É Ô´¥·£¥É¨Î¥¸±¨¥ ¶µÉ¥·¨, ±µÉµ·Ò¥ ´ ¤µ ¤µ¡ ¢²ÖÉÓ
± ¶µÉ¥·Ö³, ¢ÒÎ¨¸²¥´´Ò³ ¶µ É¥µ·¨¨ 	µ· ,   µ¡· §Ê¥É Î ¸ÉÓ ¶µÉ¥·Ó ¢ É¥µ·¨¨
	µ· ¯ [14, c.30]. ’¥µ·¨Ö 	µ·  [15], ± ± ¨§¢¥¸É´µ, ÊÎ¨ÉÒ¢ ²  Ô´¥·£¥É¨Î¥¸±¨¥
¶µÉ¥·¨ ´  ¨µ´¨§ Í¨Õ, ´  ¢µ§¡Ê¦¤¥´¨¥ ¨ ´  ¶µ²Ö·¨§ Í¨Õ  Éµ³µ¢. ˆ Éµ²Ó±µ
Î ¸ÉÓ Ô´¥·£¨¨, ¨¤ÊÐ¥° ´  ¶µ²Ö·¨§ Í¨Õ, ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨Ö βn > 1
·¥ ²¨§Ê¥É¸Ö ¢ Î¥·¥´±µ¢¸±µ³ ¨§²ÊÎ¥´¨¨. � ¡µÉ  ¦¥ ”¥·³¨ [14] ¸¶¥Í¨ ²Ó´µ
¡Ò²  ¶µ¸¢ÖÐ¥´  ÊÎ¥ÉÊ Ê³¥´ÓÏ¥´¨Ö ¨µ´¨§ Í¨µ´´ÒÌ ¶µÉ¥·Ó, µ¡Ê¸²µ¢²¥´´µ£µ
Ô±· ´¨·ÊÕÐ¨³ ¤¥°¸É¢¨¥³ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò.

ŒÒ § ± ´Î¨¢ ¥³ ´ ¸ÉµÖÐ¨° · §¤¥² · §¡µ·µ³ ¥Ð¥ µ¤´µ° ¸µ¢³¥¸É´µ° ¸É -
ÉÓ¨ ’ ³³  ¨ ”· ´± , µ¶Ê¡²¨±µ¢ ´´µ° ¢ 1944 £. ¢ ®’·Ê¤ Ì ”ˆ��¯ [16]. ‚
ÔÉµ° ¸É ÉÓ¥  ¢Éµ·Ò, Ë ±É¨Î¥¸±¨ ´¥Ö¢´µ, ¢¥·´Ê²¨¸Ó ± ·¥ ²¨§ Í¨¨ ¶µ¤Ìµ¤  ‚¨-
²ÓÖ³¸  [17], µ¸´µ¢ ´´µ£µ ´  ³¥Éµ¤¥ ¶¸¥¢¤µËµÉµ´µ¢. ŒÒ Ê¦¥ Ê¶µ³¨´ ²¨ µ¡
ÔÉµ³ ³¥Éµ¤¥ ¢ ±µ´Í¥ ¢¢¥¤¥´¨Ö ¢ ¸¢Ö§¨ ¸ µ¡¸Ê¦¤¥´¨¥³ µ¤´µ° Ë· §Ò ¨§ · ¡µÉÒ
[7]. � ¡µÉ  [16] ¨´É¥·¥¸´  ¥Ð¥ ¨ É¥³, ÎÉµ ¢ ´¥° ¶µÖ¢¨² ¸Ó ·¥ ±Í¨Ö  ¢Éµ·µ¢
´  · ¡µÉÊ ”¥·³¨ [14], ¢ ±µÉµ·µ°, ¡² £µ¤ ·Ö ÊÎ¥ÉÊ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò
¶µ²¥³ ¶·µÌµ¤ÖÐ¥° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ ¶·¨ ¸±µ·µ¸É¨, ¶·¥¢ÒÏ ÕÐ¥° c/n,
 ¢Éµ³ É¨Î¥¸±¨ ¶µÖ¢¨²µ¸Ó ¨§²ÊÎ¥´¨¥ —¥·¥´±µ¢ .

‚ µ¡¸Ê¦¤ ¥³µ° · ¡µÉ¥ [16]  ¢Éµ·Ò ¢¢µ¤ÖÉ ´¥¶·¥·Ò¢´ÊÕ ¸µ¢µ±Ê¶´µ¸ÉÓ
´¥¶µ¤¢¨¦´ÒÌ £ ·³µ´¨Î¥¸±¨Ì µ¸Í¨²²ÖÉµ·µ¢, · ¸¶µ²µ¦¥´´ÒÌ ¢¤µ²Ó É· ¥±Éµ-
·¨¨ ¶¥·¢¨Î´µ£µ Ô²¥±É·µ´ . �É¨ µ¸Í¨²²ÖÉµ·Ò ¤µ²¦´Ò ¤ ÉÓ ¶µ²¥ ¨§²ÊÎ¥´¨Ö
É ±µ¥ ¦¥, ± ± ¶µ²¥ ¤¢¨¦ÊÐ¥£µ¸Ö ¢ ¸·¥¤¥ ¡Ò¸É·µ£µ Ô²¥±É·µ´ . ®„²Ö ÔÉµ£µ, Å
ÊÉ¢¥·¦¤ ÕÉ  ¢Éµ·Ò, Å ¤µ¸É ÉµÎ´µ ²¨ÏÓ ¶·¨¶¨¸ ÉÓ µ¸Í¨²²ÖÉµ· ³, ´ Ìµ¤Ö-
Ð¨³¸Ö ´  ²Õ¡µ³ µÉ·¥§±¥ µÉ z ¤µ z + dz, Ô²¥±É·¨Î¥¸±¨° ³µ³¥´É
p = e/πω sin ω(t − z/v)dz, µ·¨¥´É¨·µ¢ ´´Ò° ¶µ ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö
Ô²¥±É·µ´ . �µ  ¢Éµ·Ò ¸Î¨É ²¨ ÔÉµÉ ·Ö¤ ¨§²ÊÎ ÕÐ¨Ì µ¸Í¨²²ÖÉµ·µ¢ ´¥ ¸ÊÐ´µ-
¸ÉÓÕ ¸ ³µ° ³¨±·µ¶·¨·µ¤Ò ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ
¢ µ¸´µ¢¥ ¨§²ÊÎ¥´¨Ö ‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ ,   ²¨ÏÓ Ê¤ Î´µ° ¨³¨É Í¨¥° É ±µ£µ
¶µ²Ö ¨§²ÊÎ¥´¨Ö. ’ ± ÎÉµ ¢ ÔÉµ° · ¡µÉ¥ (1944 £.)  ¢Éµ·Ò ³ ±¸¨³ ²Ó´µ ¶·¨¡²¨-
§¨²¨¸Ó ± Ê¸É ´µ¢²¥´¨Õ ³¨±·µ¸±µ¶¨Î¥¸±µ£µ ³¥Ì ´¨§³  ¢µ§´¨±´µ¢¥´¨Ö ¶¥·¢¨Î-
´µ£µ ¨§²ÊÎ¥´¨Ö, ²¥¦ Ð¥£µ ¢ µ¸´µ¢¥ ³ ±·µ¸±µ¶¨Î¥¸±µ£µ Ö¢²¥´¨Ö Å ¨§²ÊÎ¥´¨Ö
‚ ¢¨²µ¢ Ä—¥·¥´±µ¢ , ´µ É ± ¨ ´¥ ¸¤¥² ²¨ ¥¸É¥¸É¢¥´´µ£µ ¢Ò¢µ¤  µ ³¨±·µ¶·¨-
·µ¤¥ ÔÉµ£µ ¨§²ÊÎ¥´¨Ö.
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‘·¥¤¨ § ¶ ¤´ÒÌ Ë¨§¨±µ¢ ¶¥·¢Ò³ ¸É ² µ¡¸Ê¦¤ ÉÓ ´¥¶µ¸·¥¤¸É¢¥´´µ ³¨±·µ-
³¥Ì ´¨§³ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö �.	µ· ¢ · ¡µÉ¥ [18], µ¶Ê¡²¨±µ¢ ´´µ° ´ 
·Ê¸¸±µ³ Ö§Ò±¥ ¢ ± Î¥¸É¢¥ ¶·¨²µ¦¥´¨¨ ± ±´¨£¥ �.	µ·  [18, a]. �.	µ· ´ Î ²
¸¢µÕ ¸É ÉÓÕ ¸ Ê¶µ³¨´ ´¨Ö · ¡µÉÒ ‘¢ ´´ , ¢ ±µÉµ·µ° ¡Ò²  ¢Ò¸± § ´  ³Ò¸²Ó
µ¡ Ô±· ´¨§¨·ÊÕÐ¥³ ¤¥°¸É¢¨¨ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò, ¸µ§¤ ¢ ¥³µ° ¶µ²¥³
¶·µÌµ¤ÖÐ¥° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ, ¨ µÉ³¥É¨², ÎÉµ ”¥·³¨ ¢ 1940 £. ¤¥É ²Ó´µ
¨¸¸²¥¤µ¢ ² ÔÉÊ ¨¤¥Õ ¨ ¶·¨Ï¥² ± ¢Ò¢µ¤Ê, ÎÉµ ®ÔÉµ Ö¢²¥´¨¥ ³µ¦¥É ¨³¥ÉÓ ¡µ²Ó-
Ïµ¥ §´ Î¥´¨¥ ¤²Ö µÎ¥´Ó ¡Ò¸É·ÒÌ Î ¸É¨Í¯ [18, a, ¸.105]. „ ²¥¥ �.	µ· µÉ³¥Î ¥É
¸¢µ¥ ´ ³¥·¥´¨¥ ®¨¸¸²¥¤µ¢ ÉÓ ¸¢Ö§Ó ³¥¦¤Ê  Éµ³ ³¨ ¢¥Ð¥¸É¢  ¸ ³¨±·µ¸±µ¶¨Î¥-
¸±µ° ÉµÎ±¨ §·¥´¨Ö¯ ¨ µ¡¥Ð ¥É, ÎÉµ ®É ±µ° ¶µ¤Ìµ¤ ¶µ§¢µ²¨É ¶µ²ÊÎ¨ÉÓ ¶·µ¸ÉÒ¥
µ¡µ¡Ð¥´¨Ö Ëµ·³Ê² ”¥·³¨¯ (c.106). ‚ ±µ´Í¥ Éµ° ¦¥ ¸É· ´¨ÍÒ  ¢Éµ· ¶µ ¶µ-
¢µ¤Ê Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö ¶¨Ï¥É: ®‘ ³¨±·µ¸±µ¶¨Î¥¸±µ° ÉµÎ±¨ §·¥´¨Ö
Ö¢²¥´¨¥ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ Î ¸ÉÓ Ô´¥·£¨¨, ¶¥·¥¤ ¢ ¥³µ° Î ¸É¨Í¥°  Éµ³´Ò³
Ô²¥±É·µ´ ³, § É¥³ ¨§²ÊÎ ¥É¸Ö ¢ ¢¨¤¥ ±µ£¥·¥´É´ÒÌ Ô²¥±É·µ³ £´¨É´ÒÌ ¢µ²´¯.
� ³¥Î¥´´µ¥ ¢ ÔÉµ° · ¡µÉ¥ ´¥ ¡Ò²µ ¢Ò¶µ²´¥´µ ¶µ²´µ¸ÉÓÕ, ´µ ¢µ¶·µ¸ µ ³¨-
±·µ¸±µ¶¨Î¥¸±µ° ¶·¨·µ¤¥ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö ´  µ¸´µ¢¥ ¶µ²Ö·¨§ Í¨¨
 Éµ³µ¢ ¸·¥¤Ò ¶µ²ÊÎ¨² ¶µ¸²¥¤ÊÕÐ¥¥ · §¢¨É¨¥ ¢ Í¥²µ³ ·Ö¤¥ · ¡µÉ § ¶ ¤´ÒÌ
ÊÎ¥´ÒÌ.

„¥°¸É¢¨É¥²Ó´µ, ¢¥¤Ó ¶µ²ÊÎ¥´´Ò¥ ”¥·³¨ Ëµ·³Ê²Ò ¶·¨¢¥²¨  ¢Éµ·  ± ¢Ò-
¢µ¤Ê, ÎÉµ ¶·¨ v > c/n ¢ ´¨Ì ¤µ¶µ²´¨É¥²Ó´µ ¶µÖ¢²Ö¥É¸Ö Î ¸ÉÓ, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ Ö ¨§²ÊÎ¥´¨Õ, µ¡´ ·Ê¦¥´´µ³Ê · ´¥¥ —¥·¥´±µ¢Ò³. „ ²¥¥  ¢Éµ· µÉ³¥Î ¥É,
ÎÉµ ®É¥µ·¨Ö É ±µ£µ ¨§²ÊÎ¥´¨Ö ¡Ò²  · §¢¨É  ’ ³³µ³ ¨ ”· ´±µ³; µ´¨ ¶µ²Ó-
§µ¢ ²¨¸Ó ³¥Éµ¤ ³¨, ¡²¨§±¨³¨ ± ¨¸¶µ²Ó§µ¢ ´´Ò³ ´ ³¨, ¨ ¶µ²ÊÎ¨²¨ ¡²¨§±¨¥
·¥§Ê²ÓÉ ÉÒ¯ [14, c.30]. �µ, ´¥¸³µÉ·Ö ´  ¡²¨§µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´´ÒÌ É¥µ·¥É¨Î¥-
¸±¨Ì ³¥Éµ¤µ¢ ¨ ¸µµÉ¢¥É¸É¢¨¥ ±µ´¥Î´ÒÌ ·¥§Ê²ÓÉ Éµ¢, · ¡µÉ  ”¥·³¨, ´  ¸ ³µ³
¤¥²¥, ¶·¨µÉ±·Ò²  ¶¥·¢¨Î´ÊÕ ¶·¨·µ¤Ê Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. ˆ ÊÖ¸´¥´¨Õ
ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ³Ò µ¡Ö§ ´Ò  ´ ²¨§Ê, ¶·µ¢¥¤¥´´µ³Ê ¢ · ¡µÉ¥ �.	µ· 
[18]. ‚ ¶µ¸²¥¤ÊÕÐ¨Ì É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ Ì, · §¢¨¢ ÕÐ¨Ì ³¨±·µ³¥Ì ´¨§³
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö,  ¢Éµ·Ò ´¥¶µ¸·¥¤¸É¢¥´´µ ¨¸Ìµ¤¨²¨ ¨§ ¶¥·¢¨Î´µ£µ
¨§²ÊÎ¥´¨Ö, ¨¸¶Ê¸± ¥³µ£µ  Éµ³´Ò³¨ Ô²¥±É·µ´ ³¨ ¢ ³µ³¥´É ¶µ²Ö·¨§ Í¨¨ ¨Ì
¶µ¤ ¤¥°¸É¢¨¥³ ¶µ²Ö ¤¢¨¦ÊÐ¥°¸Ö ¢ ¸·¥¤¥ § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ’ ±, É¥µ·¥É¨±
¨§ Ê´¨¢¥·¸¨É¥É  ‘¨¤´¥Ö ’¨¤³ ´ ±· É±µ¥ ¸µµ¡Ð¥´¨¥ µ ¸¢µ¥° · ¡µÉ¥ ´ Î¨´ ¥É
¸ ÔËË¥±É  ¶µ²Ö·¨§ Í¨¨, · ¸¸Î¨É ´´µ£µ ¢¶¥·¢Ò¥ ”¥·³¨, ¨ ¶µ²ÊÎ¥´´µ£µ ¨³
¨§²ÊÎ¥´¨Ö, ¨¤¥´É¨Î´µ£µ ¨§²ÊÎ¥´¨Õ —¥·¥´±µ¢  [19]. ‚ ¥£µ ¶µ¤·µ¡´µ° ¸É ÉÓ¥
[20] ¨³¥¥É¸Ö ¸¸Ò²±  ¨ ´  µ¡¸Ê¦¤ ¥³ÊÕ ¸É ÉÓÕ �.	µ· . …£µ ¨¤¥Ö ¸µ¸Éµ¨É ¢
Éµ³, ÎÉµ ¢ ³µ³¥´É ¶µ²Ö·¨§ Í¨¨  Éµ³  ¸·¥¤Ò ¢µ§´¨± ¥É ¶¥·¢¨Î´µ¥ ¨§²ÊÎ¥´¨¥,
±µÉµ·µ¥ § É¥³, ¢ ¸¨²Ê ¥£µ ±µ£¥·¥´É´µ¸É¨, ¸±² ¤Ò¢ ¥É¸Ö ¢ ³ ±·µ¸±µ¶¨Î¥¸±¨ ´ -
¡²Õ¤ ¥³µ¥ Ö¢²¥´¨¥, ¥¸²¨ Éµ²Ó±µ µ´µ ¨§²ÊÎ ¥É¸Ö ¶µ¤ Ê£²µ³, ±µ¸¨´Ê¸ ±µÉµ·µ£µ
· ¢¥´ c/vn. �Éµ ¨§²ÊÎ¥´¨¥ ¨ ¡Ò²µ µÉ±·ÒÉµ ¢ 1934 £. —¥·¥´±µ¢Ò³.
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’¨¤³ ´ ¢µ¢¸¥ ´¥ ¡Ò² ¶¥·¢Ò³, ±Éµ ¢µ¸¶·¨´Ö² ÔÉÊ ¨¤¥Õ µ¡ ¨§²ÊÎ¥´¨¨,
¢µ§´¨± ÕÐ¥³ ¶·¨ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò. –¥²Ò° ·Ö¤ ÊÎ¥´ÒÌ µÉ±²¨±´Ê-
²¨¸Ó ´  ¨¤¥Õ �.	µ·  ¢ ¸ ³µ³ ´ Î ²¥ 50-Ì £µ¤µ¢. �·¨¢¥¤Ê ¢ ± Î¥¸É¢¥ ¶·¨-
³¥·  ´¥¸±µ²Ó±µ ¸É É¥° Éµ£µ ¢·¥³¥´¨. ’ ±, ¡µ²¥¥ · ´´¨³¨ ¡Ò²¨, ´ ¶·¨³¥·,
¸É ÉÓ¨ •ÓÕ¡·¥ÌÉ¸  ¨ ˜ß´¡¥·£  [21] ¨ �¨³É ´  [22], ¢ ±µÉµ·ÒÌ ¸¸Ò²±¨ ´ 
· ¡µÉÊ �.	µ·  1948 £. Ê± §Ò¢ ÕÉ, ÎÉµ ¨³¨ ¨¸¶µ²Ó§µ¢ ´  ¥£µ · ¸Ï¨Ë·µ¢± 
· ¡µÉÒ ”¥·³¨ µ ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò. � ¡µÉ  ’¨¤³ ´  ®Š¢ ´Éµ¢ Ö
É¥µ·¨Ö ±µÔËË¨Í¨¥´É  ¶·¥²µ³²¥´¨Ö, Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö ¨ Ô´¥·£¥É¨Î¥-
¸±¨Ì ¶µÉ¥·Ó ¡Ò¸É·µ° § ·Ö¦¥´´µ° Î ¸É¨ÍÒ¯ µÉ²¨Î ² ¸Ó ËÊ´¤ ³¥´É ²Ó´µ¸ÉÓÕ
¶µ¸É ¢²¥´´µ£µ ¢µ¶·µ¸ . �µ¤²¨´´ÊÕ ±¢ ´Éµ¢ÊÕ É¥µ·¨Õ Î¥·¥´±µ¢¸±µ£µ ¨§²Ê-
Î¥´¨Ö ³µ¦´µ ¡Ò²µ ¶µ¸É·µ¨ÉÓ Éµ²Ó±µ ´  µ¸´µ¢¥ Ê¸É ´µ¢²¥´¨Ö ±µ´±·¥É´µ£µ
³¨±·µ³¥Ì ´¨§³  ÔÉµ£µ ¨§²ÊÎ¥´¨Ö. �µ¸É·µ¥´¨¥ ¦¥ ±¢ ´Éµ¢µ° É¥µ·¨¨ É ±µ£µ
¶·µÍ¥¸¸  ¤µ ¢ÒÖ¸´¥´¨Ö ¨§²ÊÎ ÕÐ¥£µ Ô²¥³¥´É  ¡Ò²µ Ö¢´µ ´¥µ¡µ¸´µ¢ ´´Ò³.
’ ±ÊÕ ¢µ²Ó´µ¸ÉÓ ¶µ§¢µ²¨² ¸¥¡¥ ƒ¨´§¡Ê·£, ¢Ò¤¢¨´Ê¢Ï¨° ¢ 1940 £. ¶¥·¢ÊÕ
±¢ ´Éµ¢ÊÕ É¥µ·¨Õ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö [23]. ‚ ¸¢µ¥° · ¡µÉ¥ µ´ ¶·¥´¥-
¡·¥£ Ê± § ´¨¥³ ’ ³³  µ Éµ³, ÎÉµ Î¥·¥´±µ¢¸±µ¥ ®¨§²ÊÎ¥´¨¥ ´¥ ¨¸¶Ê¸± ¥É¸Ö
´¥¶µ¸·¥¤¸É¢¥´´µ Ô²¥±É·µ´µ³,   ¨³¥¥É ¸¢µ¥° ¶·¨Î¨´µ° ±µ£¥·¥´É´Ò¥ ±µ²¥¡ -
´¨Ö ³µ²¥±Ê² ¸·¥¤Ò, ¢µ§¡Ê¦¤ ¥³Ò¥ Ô²¥±É·µ´µ³¯ [10, ¸.79], µ´ ¶·µ¸Éµ ¶·¨´Ö²,
ÎÉµ Î¥·¥´±µ¢¸±¨° ËµÉµ´ ¨§²ÊÎ ¥É¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶¥·¢¨Î´Ò³ Ô²¥±É·µ´µ³,
¨ ¶µ²ÊÎ¨², ¥¸É¥¸É¢¥´´µ, § ¢¥¤µ³µ ²µ¦´Ò¥ ±¢ ´Éµ¢Ò¥ ¶µ¶· ¢±¨, ´  ´¥¸Ê· §-
´µ¸ÉÓ ±µÉµ·ÒÌ ¤µ ¸¨Ì ¶µ· ´¨±Éµ ´¥ µ¡· É¨² ¢´¨³ ´¨¥. ‘ ³µ¥ Ê¤¨¢¨É¥²Ó´µ¥,
ÎÉµ ¨ ’ ³³ ¢ ¸¢µ¨Ì ¶µ¸²¥¤ÊÕÐ¨Ì · ¡µÉ Ì ¶·µ¤µ²¦ ² ¸¸Ò² ÉÓ¸Ö ´  ÔÉÊ ¸É -
ÉÓÕ [23], ´¥ § ³¥É¨¢, ÎÉµ µ´  ¡Ò²  ¶µ¸É·µ¥´  ¢ ¶µ²´µ³ ¶·µÉ¨¢µ·¥Î¨¨ ¸ ¥£µ
¸¶· ¢¥¤²¨¢Ò³ ÊÉ¢¥·¦¤¥´¨¥³ µ ¢Éµ·¨Î´µ° ¶·¨·µ¤¥ ¢µ§´¨±´µ¢¥´¨Ö ËµÉµ´µ¢
Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. ‹Õ¡µ¶ÒÉ´µ ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ · ¸¸³µÉ·¥ÉÓ ¶·¨¢¥-
¤¥´´µ¥ ¢ ±´¨£¥ ‡·¥²µ¢  ¸µ¶µ¸É ¢²¥´¨¥ Ëµ·³Ê² ¶µ ±¢ ´Éµ¢µ° É¥µ·¨¨ Î¥·¥´-
±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, ¶µ²ÊÎ¥´´ÒÌ ¢ · ¡µÉ Ì ƒ¨´§¡Ê·£  ¨ ’¨¤³ ´ . ‚ ¸¢µ¥°
±´¨£¥  ¢Éµ· ¶µ¸²¥¤µ¢ É¥²Ó´µ ¨§²µ¦¨² ±¢ ´Éµ¢ÊÕ É¥µ·¨Õ ¨§²ÊÎ¥´¨Ö —¥·¥´-
±µ¢ , · §¢¨ÉÊÕ ’¨¤³ ´µ³, ´µ ¢ ±µ´Í¥ µÉ³¥É¨² · ¸Ìµ¦¤¥´¨¥ ¸ · ´¥¥ ¸µ§¤ ´´µ°
Ëµ·³Ê²µ° ƒ¨´§¡Ê·£  ¨ ¢ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢Ò´¥¸ ¸²¥¤ÊÕÐÊÕ µÏ¨¡µÎ´ÊÕ ·¥§µ²Õ-
Í¨Õ: ®‚.‹.ƒ¨´§¡Ê·£ ÉµÎ´µ ÊÎ¥² § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨... „µ¡ ¢µÎ´Ò¥
Î²¥´Ò ¶µ·Ö¤±  hν/mc ¢ Ëµ·³Ê²¥ ¤ ¦¥ ¤²Ö Ô²¥±É·µ´µ¢ ¶·¥´¥¡·¥¦¨³µ ³ ²Ò¯
[13, É.1, ¸.32]. ’ ±¨³ µ¡· §µ³, Ê ‡·¥²µ¢  ¶µ²ÊÎ¨²µ¸Ó, ÎÉµ Ëµ·³Ê²  ƒ¨´§-
¡Ê·£ , ±µ´¥Î´µ, ¡µ²¥¥ ÉµÎ´ Ö, ¶µ¸±µ²Ó±Ê ¨³ ÊÎÉ¥´ § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨,
´µ · ¸Ìµ¦¤¥´¨Ö ¸ Ëµ·³Ê²µ° ’¨¤³ ´  ´¨ÎÉµ¦´Ò. �  ¸ ³µ³ ¦¥ ¤¥²¥ ¢¸¥ ÔÉµ
· ¸Ìµ¦¤¥´¨¥ µ¡Ê¸²µ¢²¥´µ ¶·µ¨§¢µ²Ó´Ò³ ¤µ¶ÊÐ¥´¨¥³, ÎÉµ Î¥·¥´±µ¢¸±¨° Ëµ-
Éµ´ ¨¸¶ÊÐ¥´ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶¥·¢¨Î´µ° Î ¸É¨Í¥°,   ´¥ ¢µ§¡Ê¦¤¥´´Ò³  Éµ-
³µ³ ¸·¥¤Ò ¢ ·¥§Ê²ÓÉ É¥ ¥£µ ¶µ²Ö·¨§ Í¨¨ ¢ ³µ³¥´É ¶·µÌµ¦¤¥´¨Ö ¶¥·¢¨Î´µ°
Î ¸É¨ÍÒ.

Œ¨±·µ¸É·Ê±ÉÊ·  ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö ¡Ò²  ¶· ¢¨²Ó´µ µÉ· ¦¥´  ¢ ¶¥·-
¢µ° ¦¥ ³µ´µ£· Ë¨¨ ¶µ Î¥·¥´±µ¢¸±µ³Ê ¨§²ÊÎ¥´¨Õ, ¢ÒÏ¥¤Ï¥° ¢ 1958 £. [28].
…¥  ¢Éµ·, ¨§¢¥¸É´Ò° ¸¶¥Í¨ ²¨¸É ¶µ ¶·¨³¥´¥´¨Õ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö
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„¦¥²²¨, ´ £²Ö¤´µ ¶µÖ¸´¨² ¶µÖ¢²¥´¨¥ ¨´¤ÊÍ¨·µ¢ ´´µ£µ ¨§²ÊÎ¥´¨Ö ¢ ³µ³¥´É
¶·µÌµ¦¤¥´¨Ö § ·Ö¦¥´´µ° ·¥²ÖÉ¨¢¨¸É¸±µ° Î ¸É¨ÍÒ ¨§-§  ¶µ²Ö·¨§ Í¨¨  Éµ³µ¢
¸·¥¤Ò. �´ ¶µ± § ² É ±¦¥, ÎÉµ ¸¶¥±É· ¢µ§´¨± ÕÐ¥£µ ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö
ωdω ¸µ¢¥·Ï¥´´µ ´¥ § ¢¨¸¨É µÉ · ¸¸ÉµÖ´¨Ö  Éµ³  ¸·¥¤Ò µÉ É·¥±  § ·Ö¦¥´´µ°
Î ¸É¨ÍÒ. �É ÔÉµ£µ · ¸¸ÉµÖ´¨Ö, ´ ¤µ ¶µ² £ ÉÓ, ¸¨²Ó´µ § ¢¨¸¨É ²¨ÏÓ ¨´É¥´-
¸¨¢´µ¸ÉÓ ¶µ²Ö·¨§ Í¨µ´´µ£µ ¨§²ÊÎ¥´¨Ö. �µ²ÊÎ¨¢ ¸¶¥±É· ¨§²ÊÎ¥´¨Ö,  ¢Éµ· µÉ-
³¥É¨² ¥£µ ¸µ£² ¸¨¥ ¸µ ¸¶¥±É· ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³, ´ °¤¥´´Ò³ ”· ´±µ³ ¨
’ ³³µ³ ¢ · ¡µÉ¥ 1937 £µ¤ . ’ ±¨³ µ¡· §µ³, ¸·¥¤¨ § ¶ ¤´ÒÌ ÊÎ¥´ÒÌ Ï¨·µ±µ
ÊÉ¢¥·¤¨²µ¸Ó ³´¥´¨¥, ÎÉµ ¢ µ¸´µ¢¥ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö ²¥¦¨É ³¨±·µ¸±µ-
¶¨Î¥¸±¨° ¶·µÍ¥¸¸ ¨¸¶Ê¸± ´¨Ö ±µ£¥·¥´É´µ£µ ¸¢¥É , ¸µ¶·µ¢µ¦¤ ÕÐ¨° Ö¢²¥´¨¥
¶µ²Ö·¨§ Í¨¨  Éµ³µ¢ ¸·¥¤Ò Ô²¥±É·¨Î¥¸±¨³ ¶µ²¥³ ¶·µÌµ¤ÖÐ¥° Î ¸É¨ÍÒ. ˆ´-
É¥·¥¸´  ·¥ ±Í¨Ö ´  ÔÉµ ³´¥´¨¥ ¸µ¢¥É¸±¨Ì ¸¶¥Í¨ ²¨¸Éµ¢ ¶µ Î¥·¥´±µ¢¸±µ³Ê
¨§²ÊÎ¥´¨Õ. ‚ ¦Ê·´ ²¥ ®“¸¶¥Ì¨ Ë¨§¨Î¥¸±¨Ì ´ Ê±¯ ¡Ò²  µ¶Ê¡²¨±µ¢ ´  ·¥Í¥´-
§¨Ö ´  ±´¨£Ê „¦¥²²¨ ¶¥·¥¤ ¥¥ ¶¥·¥¢µ¤µ³ ´  ·Ê¸¸±¨° Ö§Ò±. �´  ¡Ò²  ´ ¶¨¸ ´ 
¨§¢¥¸É´Ò³ ¸¶¥Í¨ ²¨¸Éµ³ ¶µ É¥µ·¨¨ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö 	µ²µÉµ¢¸±¨³ ¨
Ô±¸¶¥·¨³¥´É Éµ·µ³, ¡Ê¤ÊÐ¨³ ¶¥·¥¢µ¤Î¨±µ³ ÔÉµ° ±´¨£¨ ‹¥°±¨´Ò³. �¢Éµ·Ò
ÔÉµ° ·¥Í¥´§¨¨ ¢Ò¸± § ²¨¸Ó Ö¢´µ ´¥µ¤µ¡·¨É¥²Ó´µ ¶µ ¶µ¢µ¤Ê ¶µ¶ÒÉ±¨ „¦¥²²¨
®¶·¨¢¥¸É¨ É ±¦¥ ³¨±·µ± ·É¨´Ê Ö¢²¥´¨Ö¯ [24, ¸.694].

‚ § ±²ÕÎ¥´¨¥ ¸Î¨É Õ ´¥µ¡Ìµ¤¨³Ò³ µÉ³¥É¨ÉÓ ¥Ð¥ µ¤´Ê ¢ ¦´ÊÕ ¸Éµ-
·µ´Ê ¸µ§¤ ´´µ° ’¨¤³ ´µ³ ±¢ ´Éµ¢µ° É¥µ·¨¨ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö. ‚
¥£µ µ¸´µ¢´µ° · ¡µÉ¥ [20] µÉ¤¥²Ó´Ò° · §¤¥² ¡Ò² ¶µ¸¢ÖÐ¥´ ¶µ¸²¥¤µ¢ É¥²Ó´µ³Ê
¶·¨³¥´¥´¨Õ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¨, ¸µ£² ¸´µ ±µÉµ·µ°, ¥¸²¨ ¨³¥¥É¸Ö µ¶·¥¤¥-
²¥´´Ò° ³¥Ì ´¨§³ ¨§²ÊÎ¥´¨Ö µÉ¤¥²Ó´ÒÌ ËµÉµ´µ¢, Éµ ¸ ¢¥·µÖÉ´µ¸ÉÓÕ 1/137
¤µ²¦´µ ¶·µ¨¸Ìµ¤¨ÉÓ ¨ µ¤´µ¢·¥³¥´´µ¥ ¨§²ÊÎ¥´¨¥ ¤¢ÊÌ ËµÉµ´µ¢. Š¢ ´Éµ¢ Ö
É¥µ·¨Ö ’¨¤³ ´  ¶µ¤·µ¡´µ ¨§² £ ² ¸Ó ¢ ±´¨£¥ ‡·¥²µ¢  [13, É.1, ¸.28Ä32]. ‚
ÔÉµ° ±´¨£¥ ¶·¨¢¥¤¥´  ¨ Ëµ·³Ê²  ’¨¤³ ´  ¤²Ö ¤¢ÊÌËµÉµ´´µ£µ ¨§²ÊÎ¥´¨Ö. …Ð¥
· ´ÓÏ¥, ¢ 1968 £., ¤¢ÊÌËµÉµ´´µ¥ ¨§²ÊÎ¥´¨¥ · ¸¸³ É·¨¢ ²µ¸Ó ”· ´±µ³ [29].
�·µ¡²¥³  ¤¢ÊÌËµÉµ´´µ£µ ¨§²ÊÎ¥´¨Ö µ¡¸Ê¦¤ ² ¸Ó ”· ´±µ³ ¨ ¢ ¥£µ ¶µ¸²¥¤´¥°
³µ´µ£· Ë¨¨ [8, c.99]. �µ ¢µ ¢¸¥Ì ÔÉ¨Ì · ¡µÉ Ì · ¸¸³ É·¨¢ ² ¸Ó ¢¥·µÖÉ´µ¸ÉÓ
¨§²ÊÎ¥´¨Ö ¶ · ËµÉµ´µ¢ ¡¥§ ÊÎ¥É  ¢µ§³µ¦´µ¸É¨ ¨Ì ´ ¡²Õ¤¥´¨Ö. � ¢¥¤Ó ¢
µ¡Ð¥³ ¸²ÊÎ ¥ ÔÉ¨ ¶ ·Ò ËµÉµ´µ¢ ¸Éµ²Ó ¦¥ ´¥´ ¡²Õ¤ ¥³Ò, ± ± ¨ µ¤¨´µÎ´Ò¥
ËµÉµ´Ò, ±µÉµ·Ò¥ ³Ò Ê¸²µ¢´µ ´ §¢ ²¨ ¶¥·¢¨Î´Ò³¨ ¶µ µÉ´µÏ¥´¨Õ ± É ±¨³ ¦¥
ËµÉµ´ ³, ´µ ¢µÏ¥¤Ï¨³ ¢ ³ ±·µ¸±µ¶¨Î¥¸±¨° ¶·µÍ¥¸¸ µ¡· §µ¢ ´¨Ö Î¥·¥´±µ¢-
¸±µ£µ ¨§²ÊÎ¥´¨Ö. ’ ±, µÉ³¥Î Ö ± ± ´¥¤µ· §Ê³¥´¨¥ ÉµÉ Ë ±É, ÎÉµ ¢µ ¢¸¥Ì ¶·¥¤-
Ï¥¸É¢ÊÕÐ¨Ì · ¸¸³µÉ·¥´¨ÖÌ ¤¢ÊÌËµÉµ´´µ¥ ¨§²ÊÎ¥´¨¥ ¶·µ¢µ¤¨²µ¸Ó ¡¥§ ÊÎ¥É 
´ ¡²Õ¤¥´¨Ö É ±¨Ì ¶ ·, ³Ò ¶µ¤Î¥·±¨¢ ¥³, ÎÉµ ¸ ´¥¸µ³´¥´´µ¸ÉÓÕ ¸²¥¤Ê¥É · ¸-
¸³ É·¨¢ ÉÓ Éµ²Ó±µ É ±¨¥ ¶ ·Ò ËµÉµ´µ¢, ¢ ±µÉµ·ÒÌ µ¤¨´ ¨§ ËµÉµ´µ¢ µ± § ²¸Ö
¨§²ÊÎ¥´´Ò³ ¶µ¤ Ê£²µ³, ¸É·µ£µ µÉ¢¥Î ÕÐ¨³ µ¡· §µ¢ ´¨Õ Î¥·¥´±µ¢¸±µ£µ ¨§²Ê-
Î¥´¨Ö. ’µ£¤  ¨ ¢Éµ·µ° ËµÉµ´ µ± ¦¥É¸Ö ´ ¡²Õ¤ ¥³Ò³ ± ± ¸µ¶·µ¢µ¦¤ ÕÐ¨°
³ ±·µ¸±µ¶¨Î¥¸±¨ µ·£ ´¨§µ¢ ´´Ò° ¶·µÍ¥¸¸ µ¡· §µ¢ ´¨Ö Î¥·¥´±µ¢¸±µ£µ ¨§²Ê-
Î¥´¨Ö. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¨ ÔÉµ³ ¶¥·¢Ò° ËµÉµ´, µ¡¥¸¶¥Î¨¢Ï¨° ¶·¨-
´ ¤²¥¦´µ¸ÉÓ ¤ ´´µ° ¶ ·Ò ËµÉµ´µ¢ ± ·¥£¨¸É·¨·Ê¥³µ³Ê ³ ±·µ¸±µ¶¨Î¥¸±µ³Ê
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¶·µÍ¥¸¸Ê, ¸ ³ ³µ¦¥É ¨ ´¥ ¤µ°É¨ ¤µ ·¥£¨¸É· Éµ·  ¨§-§  ¶µ£²µÐ¥´¨Ö ¢ £ §¥
· ¤¨ Éµ·  ¨²¨ ¢ ¸É¥±²¥ µ¶É¨Î¥¸±µ° ¸¨¸É¥³Ò.

‚ ¨¸¸²¥¤µ¢ ´¨ÖÌ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö, ¶·µ¢¥¤¥´´ÒÌ ´  Ê´¨± ²Ó´µ³
¶ÊÎ±¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢ ¸¢¨´Í  Ê¸±µ·¨É¥²Ö SPS (CERN) ¶·¨  É³µ¸Ë¥·-
´µ³ ¤ ¢²¥´¨¨ ¢µ§¤ÊÌ  ¢ £ §µ¢µ³ Î¥·¥´±µ¢¸±µ³ ¸Î¥ÉÎ¨±¥, ¡Ò²  ¶µ²ÊÎ¥´  Ëµ-
Éµ£· Ë¨Ö, ´  ±µÉµ·µ° ¢¨¤´µ Ê§±µ¥ ±µ²ÓÍµ Ö·±µ£µ Î¥·¥´±µ¢¸±µ£µ ¸¢¥É , · ¸¶µ-
²µ¦¥´´µ¥ ¢ ¸¥·¥¤¨´¥ ¡µ²¥¥ Ï¨·µ±µ£µ ¨ ³¥´¥¥ ¨´É¥´¸¨¢´µ£µ ¸¢¥Éµ¢µ£µ ±µ²ÓÍ 
¸ Î¥É±µ µ¡µ§´ Î¥´´Ò³¨ ±· Ö³¨. ‚¶µ²´¥ ¢µ§³µ¦´µ, ÎÉµ ÔÉµ Ï¨·µ±µ¥ ±µ²ÓÍµ
µ¡· §µ¢ ²µ¸Ó §  ¸Î¥É ·¥£¨¸É· Í¨¨ ¢Éµ·µ£µ ËµÉµ´  ¶·¨ ¨§²ÊÎ¥´¨¨ ¶ · ËµÉµ-
´µ¢. ‘Ê³³ ·´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¸¢¥É  ¢ ÔÉµ³ Ï¨·µ±µ³ ±µ²ÓÍ¥, ±µ´¥Î´µ, ¢¥¸Ó³ 
§´ Î¨É¥²Ó´ , ´µ ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ, ÎÉµ ±¢ ¤· É § ·Ö¤  ¤²Ö ¸¢¨´Í  ¢ 6724 · § 
¶·¥¢ÒÏ ¥É ±¢ ¤· É ¢¥²¨Î¨´Ò § ·Ö¤  ¶·µÉµ´ . �ÉµÉ Ë ±Éµ· §´ Î¨É¥²Ó´µ ±µ³-
¶¥´¸¨·Ê¥É ¢Éµ·µ° ¶µ·Ö¤µ± ¶·µÍ¥¸¸  ¢ ±¢ ´Éµ¢µ° Ô²¥±É·µ¤¨´ ³¨±¥. Š ¸µ¦ ²¥-
´¨Õ, ¶µ ÔÉ¨³ ¨¸¸²¥¤µ¢ ´¨Ö³ Î¥·¥´±µ¢¸±µ£µ ¨§²ÊÎ¥´¨Ö ´  Ê´¨± ²Ó´µ³ ¶ÊÎ±¥
·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢ ¸¢¨´Í  ¶µ±  µ¶Ê¡²¨±µ¢ ´Ò ²¨ÏÓ ¤¢  ±· É±¨Ì ¸µµ¡Ð¥-
´¨Ö µ ¶µ²ÊÎ¥´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê± § ´¨° ´  ¢µ§³µ¦´µ¥ ¸ÊÐ¥¸É¢µ¢ ´¨¥
¢¥¸Ó³  Ô±§µÉ¨Î¥¸±¨Ì Ö¢²¥´¨° [30,31].
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