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�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ¨¸±  ²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ ³Õμ´´ÒÌ ´¥°É·¨´μ ¶μ
¤ ´´Ò³ 	 ±¸ ´¸±μ£μ ¶μ¤§¥³´μ£μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ É¥²¥¸±μ¶ . ‡  ¶¥·¨μ¤ ¸ ¤¥± ¡·Ö
1978 £. ¶μ ³ ° 2017 £. (¦¨¢μ¥ ¢·¥³Ö Å 31,05 £μ¤ ) § ·¥£¨¸É·¨·μ¢ ´μ 1635 ´¥°É·¨´´ÒÌ
¸μ¡ÒÉ¨° ¢ ¤¨ ¶ §μ´¥ §¥´¨É´ÒÌ Ê£²μ¢ 95Ä180◦. ‹μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ ³Õμ´´ÒÌ ´¥°-
É·¨´μ ¸ Ô´¥·£¨Ö³¨ � 1 ƒÔ‚ ´¥ μ¡´ ·Ê¦¥´μ. “¸É ´μ¢²¥´Ò ¢¥·Ì´¨¥ ¶·¥¤¥²Ò ´  ¶μÉμ±
´¥°É·¨´μ μÉ ¨§¢¥¸É´ÒÌ  ¸É·μË¨§¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢.

The results of a search for muon neutrino local sources based on the data collected
with the Baksan Underground Scintillation Telescope are presented. For the period from
December 1978 to May 2017 (live time = 31.05 y), 1635 neutrino-induced muons were
detected in the zenith angle range of 95Ä180◦. No signiˇcant excess of muon neutrinos
with energy � 1 GeV produced by astrophysical sources is found. An upper limit on muon
neutrino 
ux for known point-like sources is determined.

PACS: 29.40.Mc; 95.55.Vj
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�¥°É·¨´μ ¡² £μ¤ ·Ö ¸¢μ¥° ¶·μ´¨± ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ´¥¸ÊÉ Ê´¨± ²Ó´ÊÕ
¨´Ëμ·³ Í¨Õ μ¡  ¸É·μË¨§¨Î¥¸±¨Ì μ¡Ñ¥±É Ì, ¢ ±μÉμ·ÒÌ μ´¨ £¥´¥·¨·ÊÕÉ¸Ö.
�·¨ ¶¥·¥¸¥Î¥´¨¨ ±μ¸³¨Î¥¸±μ£μ ¶·μ¸É· ´¸É¢  É· ¥±Éμ·¨Ö ´¥°É·¨´μ ´¥ μÉ-
±²μ´Ö¥É¸Ö μÉ ¶·Ö³μ°, ¨ ±μμ·¤¨´ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ ´¥°É·¨´´μ³ Ô±¸¶¥·¨-
³¥´É¥, ¡Ê¤ÊÉ ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ¨¸É¨´´μ³Ê ¶μ²μ¦¥´¨Õ  ¸É·μË¨§¨Î¥¸±¨Ì μ¡Ñ-
¥±Éμ¢. ‚ · ³± Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¥²¥° £¥´¥· Í¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶·¥¤-
¶μ² £ ¥É¸Ö, ÎÉμ ¡μ²ÓÏ¨¥ ¶μÉμ±¨ ´¥°É·¨´μ ¢Ò¸μ±¨Ì Ô´¥·£¨° ³μ£ÊÉ £¥´¥·¨-
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·μ¢ ÉÓ¸Ö  ¸É·μË¨§¨Î¥¸±¨³¨ μ¡Ñ¥±É ³¨. ‚ ± Î¥¸É¢¥ ¶μÉ¥´Í¨ ²Ó´ÒÌ ¨¸ÉμÎ´¨-
±μ¢ ´¥°É·¨´μ · ¸¸³ É·¨¢ ÕÉ¸Ö ¨§¢¥¸É´Ò¥  ¸É·μË¨§¨Î¥¸±¨¥ μ¡Ñ¥±ÉÒ:  ±É¨¢-
´Ò¥ Ö¤·  £ ² ±É¨±, μ¸É É±¨ ¸¢¥·Ì´μ¢ÒÌ, ¨¸ÉμÎ´¨±¨ £ ³³ -¢¸¶²¥¸±μ¢,   É ±¦¥
É ± ´ §Ò¢ ¥³Ò¥ ®¸±·ÒÉÒ¥ ¨¸ÉμÎ´¨±¨¯ ´¥°É·¨´μ [1Ä4]. ‘ÊÐ¥¸É¢ÊÕÐ¨¥ ³μ-
¤¥²¨ £¥´¥· Í¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸μ¤¥·¦ É ³´μ¦¥¸É¢μ ´¥μ¶·¥¤¥²¥´´ÒÌ ¶ -
· ³¥É·μ¢, ¶μÔÉμ³Ê ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ ¶μÉμ± ³
´¥°É·¨´μ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¶·¥¤¸É ¢²ÖÕÉ ¡μ²ÓÏμ° ¨´É¥·¥¸ ¤²Ö  ¸É·μË¨§¨±¨.
�μ¨¸±  ¸É·μË¨§¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ´¥°É·¨´μ ¢¥¤¥É¸Ö ´  ¢¸¥Ì ¤¥°¸É¢ÊÕÐ¨Ì
´¥°É·¨´´ÒÌ É¥²¥¸±μ¶ Ì: Super-Kamiokande, ®	 °± ²¯, MINOS ¢ ‘¥¢¥·´μ³
¶μ²ÊÏ ·¨¨, IceCube ¢ �¦´μ³ ¶μ²ÊÏ ·¨¨ [5Ä8]. �¡´ ·Ê¦¥´¨¥ ²μ± ²Ó´ÒÌ
¨¸ÉμÎ´¨±μ¢ ´¥°É·¨´μ ¨ ¨§³¥·¥´¨¥ ¢¥²¨Î¨´Ò ¨Ì ´¥°É·¨´´μ° ¸¢¥É¨³μ¸É¨ ¶μ-
§¢μ²ÖÉ ¶·μ¤¢¨´ÊÉÓ¸Ö ¢ ¶μ´¨³ ´¨¨ ¶·μ¡²¥³Ò ¶·μ¨¸Ìμ¦¤¥´¨Ö ¨ ³¥Ì ´¨§³μ¢
Ê¸±μ·¥´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

�±¸¶¥·¨³¥´ÉÒ ¶μ ·¥£¨¸É· Í¨¨ ¶·μ´¨± ÕÐ¨Ì Î ¸É¨Í ´  	 ±¸ ´¸±μ³ ¶μ¤-
§¥³´μ³ ¸Í¨´É¨²²ÖÍ¨μ´´μ³ É¥²¥¸±μ¶¥ (	�‘’) ¡Ò²¨ ´ Î ÉÒ ¢ 1978 £. 	�‘’
· ¸¶μ²μ¦¥´ ¶μ¤ £μ·μ° �´¤Ò·Î¨ ´  ÔËË¥±É¨¢´μ° £²Ê¡¨´¥ 8,5 · 104 £/¸³2

(850 ³ ¢. Ô.) [9]. “¸É ´μ¢±  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·Ö³μÊ£μ²Ó´Ò° ¶ · ²²¥²¥-
¶¨¶¥¤ · §³¥·μ³ 17× 17× 11 ³ ¨ ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì £μ·¨§μ´É ²Ó´ÒÌ ¨ Î¥ÉÒ-
·¥Ì ¢¥·É¨± ²Ó´ÒÌ ¶²μ¸±μ¸É¥°, ±μÉμ·Ò¥ ¶μ²´μ¸ÉÓÕ § ¸É ¢²¥´Ò ¸É ´¤ ·É´Ò³¨
¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸Î¥ÉÎ¨± ³¨. ‚¥·Ì´ÖÖ £μ·¨§μ´É ²Ó´ Ö ¶²μ¸±μ¸ÉÓ ¸μ¸Éμ¨É
¨§ 576 (24× 24) ¸Î¥ÉÎ¨±μ¢, É·¨ ´¨¦´¨¥ ¶²μ¸±μ¸É¨ ¸μ¤¥·¦ É ¶μ 400 (20× 20)
¸Î¥ÉÎ¨±μ¢ ± ¦¤ Ö. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê £μ·¨§μ´É ²Ó´Ò³¨ ¶²μ¸±μ¸ÉÖ³¨ 3,6 ³.
„¢¥ ¶·μÉ¨¢μ¶μ²μ¦´Ò¥ ¢¥·É¨± ²Ó´Ò¥ ¶²μ¸±μ¸É¨ ¨¤¥´É¨Î´Ò ¨ ¸μ¸ÉμÖÉ ¨§ 15 ·Ö-
¤μ¢ ¶μ 24 ¸Î¥ÉÎ¨± . „¢¥ ¤·Ê£¨¥ ¢¥·É¨± ²Ó´Ò¥ ¶²μ¸±μ¸É¨ ¸μ¤¥·¦ É 15 ·Ö¤μ¢
¶μ 22 ¸Î¥ÉÎ¨± . �¡Ð Ö Éμ²Ð¨´  μ¤´μ£μ ¸²μÖ É¥²¥¸±μ¶  (¸²μ° ¸Í¨´É¨²²Ö-
Éμ·  ¶²Õ¸ ´¥¸ÊÐ¥¥ ¶¥·¥±·ÒÉ¨¥) 165 £/¸³2. ‘É ´¤ ·É´Ò° ¸Î¥ÉÎ¨± ¶·¥¤¸É -
¢²Ö¥É ¸μ¡μ°  ²Õ³¨´¨¥¢Ò° ±μ´É¥°´¥· · §³¥·μ³ 0,7×0,7×0,3 ³, § ¶μ²´¥´´Ò°
¦¨¤±¨³ μ·£ ´¨Î¥¸±¨³ ¸Í¨´É¨²²ÖÉμ·μ³, ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´Ò³ ¤²Ö ÔÉμ£μ
Ô±¸¶¥·¨³¥´É  [10], ´  μ¸´μ¢¥ Ê °É-¸¶¨·¨É  (CnH2n+2, n ≈ 9) ¸ ¤μ¡ ¢±μ°
PPO (1 £/²). „²Ö Éμ£μ ÎÉμ¡Ò ¶¥·¥¢¥¸É¨ ¨§²ÊÎ¥´¨¥ ¨§ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ° μ¡² -
¸É¨ ¢ ¢¨¤¨³ÊÕ Î ¸ÉÓ ¸¶¥±É· , ¢ ¸Í¨´É¨²²ÖÉμ·¥ · ¸É¢μ·¥´ POPOP (0,03 £/²).
�¡Ñ¥³ ¸Í¨´É¨²²ÖÉμ·  ¶·μ¸³ É·¨¢ ¥É¸Ö μ¤´¨³ ËμÉμÔ²¥±É·μ´´Ò³ Ê³´μ¦¨É¥-
²¥³ ”�“-49 ¸ ¤¨ ³¥É·μ³ ËμÉμ± Éμ¤  15 ¸³ Î¥·¥§ ¨²²Õ³¨´ Éμ· ¨§ μ·£¸É¥±² 
Éμ²Ð¨´μ° 10 ¸³ (Éμ²¸ÉÒ° ¨²²Õ³¨´ Éμ· ¸²Ê¦¨É ¤²Ö Ê³¥´ÓÏ¥´¨Ö ´¥μ¤´μ·μ¤´μ-
¸É¨ ¸¢¥Éμ¸¡μ· ). � ¨¡μ²¥¥ ¢¥·μÖÉ´μ¥ Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ ¸Î¥ÉÎ¨±¥ μÉ ³Õμ´μ¢
· ¢´μ 50 ŒÔ‚.

ˆ´Ëμ·³ Í¨Ö ¸ ± ¦¤μ£μ ¸Î¥ÉÎ¨±  ¸´¨³ ¥É¸Ö ¶μ ´¥¸±μ²Ó±¨³ ¶ · ²²¥²Ó-
´Ò³ ± ´ ² ³. �´μ¤´Ò° ¸¨£´ ² ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¸· ¡ ÉÒ-
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¢ ´¨Ö ¶²μ¸±μ¸É¨ ¨ ¨§³¥·¥´¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¤μ 2,5 ƒÔ‚. �ÉμÉ ¸¨£´ ² ¤μ
2000 £. ¨¸¶μ²Ó§μ¢ ²¸Ö É ±¦¥ ± ± Ê¶· ¢²ÖÕÐ¨° ¸¨£´ ² ¤²Ö ¸¨¸É¥³Ò ·¥£¨¸É· -
Í¨¨ 	�‘’. „²Ö ±μ´É·μ²Ö ¨ ´ ¸É·μ°±¨ ±μÔËË¨Í¨¥´Éμ¢ Ê¸¨²¥´¨Ö ”�“ ¨¸¶μ²Ó-
§Ê¥É¸Ö  ´μ¤´Ò° ¸¨£´ ², ¶·μ¶ÊÐ¥´´Ò° Î¥·¥§ ¨´É¥£·¨·ÊÕÐÊÕ Í¥¶μÎ±Ê (Éμ±μ-
¢Ò° ¢ÒÌμ¤). ‘¨£´ ² ¸ 12-£μ ¤¨´μ¤  ËμÉμÊ³´μ¦¨É¥²Ö ¶μ¸ÉÊ¶ ¥É ´  ¨´É¥£· ²Ó-
´Ò° ¤¨¸±·¨³¨´ Éμ·-Ëμ·³¨·μ¢ É¥²Ó (É ± ´ §Ò¢ ¥³Ò° ¨³¶Ê²Ó¸´Ò° ± ´ ²), ±μ-
Éμ·Ò° ¢Ò· ¡ ÉÒ¢ ¥É ¸É ´¤ ·É´Ò° ¸¨£´ ² ¤²Ö Ë¨±¸¨·μ¢ ´¨Ö ´μ³¥·μ¢ ¸· ¡μ-
É ¢Ï¨Ì ¸Î¥ÉÎ¨±μ¢. �μ·μ£ ¸· ¡ ÉÒ¢ ´¨Ö ¤¨¸±·¨³¨´ Éμ· -Ëμ·³¨·μ¢ É¥²Ö Å
8 ŒÔ‚ ¤²Ö £μ·¨§μ´É ²Ó´ÒÌ ¶²μ¸±μ¸É¥° ¨ 10 ŒÔ‚ ¤²Ö ¢¥·É¨± ²Ó´ÒÌ ¶²μ¸-
±μ¸É¥° (¤μ 1986 £. Å 12,5 ŒÔ‚ ¤²Ö ¢¸¥Ì ¸Î¥ÉÎ¨±μ¢). ‘ 2000 £. É·¨££¥·μ³
¤²Ö § ¶Ê¸±  ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ 	�‘’ Ö¢²Ö¥É¸Ö ¸· ¡ ÉÒ¢ ´¨¥ ¨³¶Ê²Ó¸´μ£μ
± ´ ²  ²Õ¡μ£μ ¸Î¥ÉÎ¨± . ’¥³¶ ¸Î¥É  ¤ ´´μ£μ É·¨££¥·  17 ¸−1. ‘¨£´ ² ¸ ¶Ö-
Éμ£μ ¤¨´μ¤  ”�“ ¶μ¸ÉÊ¶ ¥É ´  ¢Ìμ¤ ²μ£ ·¨Ë³¨Î¥¸±μ£μ ¶·¥μ¡· §μ¢ É¥²Ö ¤²Ö
¨§³¥·¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó ¢ ¨´¤¨¢¨¤Ê ²Ó´μ³ ¸Î¥ÉÎ¨±¥ ¢ ¤¨ ¶ §μ´¥
0,5Ä600 ƒÔ‚.

	�‘’ Ö¢²Ö¥É¸Ö ³´μ£μÍ¥²¥¢Ò³ ¤¥É¥±Éμ·μ³, ¶·¥¤´ §´ Î¥´´Ò³ ¤²Ö Ï¨·μ-
±μ£μ ¤¨ ¶ §μ´  ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ Ë¨§¨±¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¨ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í. “£²μ¢μ¥ · §·¥Ï¥´¨¥ É¥²¥¸±μ¶  § ¢¨¸¨É μÉ É· ¥±Éμ·¨¨
¶·μ´¨± ÕÐ¥° Î ¸É¨ÍÒ. “¸·¥¤´¥´´μ¥ §´ Î¥´¨¥ Ê£²μ¢μ£μ · §·¥Ï¥´¨Ö Ê¸É ´μ¢-
±¨ 2◦. ‚·¥³¥´´μ¥ · §·¥Ï¥´¨¥ É¥²¥¸±μ¶  5 ´¸. 	μ²¥¥ ¶μ¤·μ¡´μ μ¡ Ê£²μ¢μ³ ¨
¢·¥³¥´´μ³ · §·¥Ï¥´¨¨ 	�‘’ ¸³. ¢ · ¡μÉ Ì [11, 12].

„²Ö ¸¨´Ì·μ´¨§ Í¨¨ ¢·¥³¥´¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨£´ ² GPS. ’μÎ´μ¸ÉÓ ¸¨´Ì·μ-
´¨§ Í¨¨ ¤¨±ÉÊ¥É¸Ö ³¨´¨³ ²Ó´Ò³ Ï £μ³ ¢´ÊÉ·¥´´¨Ì Î ¸μ¢ ¸¨¸É¥³Ò ·¥£¨¸É· -
Í¨¨ ¨ · ¢´  0,2 ³¸. 	�‘’ ¨³¥¥É ¢Ò¸μ±ÊÕ ¸É¥¶¥´Ó ¸É ¡¨²Ó´μ¸É¨ · ¡μÉÒ,
¦¨¢μ¥ ¢·¥³Ö ·¥£¨¸É· Í¨¨ §  ¢¥¸Ó ¶¥·¨μ¤ · ¡μÉÒ ¸μ¸É ¢²Ö¥É 90 % ± ²¥´¤ ·-
´μ£μ ¢·¥³¥´¨.
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ŒÕμ´Ò, ¶¥·¥¸¥± ÕÐ¨¥ É¥²¥¸±μ¶ ¢ ´ ¶· ¢²¥´¨¨ ¸´¨§Ê ¢¢¥·Ì, ¢Ò¤¥²ÖÕÉ¸Ö
¨§ μ¡Ð¥£μ ¶μÉμ±  ¢·¥³Ö¶·μ²¥É´Ò³ ³¥Éμ¤μ³ [13]. ‚ 1978Ä1999 ££. ¤²Ö ·¥-
£¨¸É· Í¨¨ ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° ¨§-§  μ£· ´¨Î¥´¨°, ¸¢Ö§ ´´ÒÌ ¸ ´μ¸¨É¥²Ö³¨
¨´Ëμ·³ Í¨¨, ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢  Ô²¥±É·μ´´ÒÌ É·¨££¥· . �¤¨´ É·¨££¥· ¢Ò-
¤¥²Ö² ³Õμ´Ò, ¶¥·¥¸¥± ÕÐ¨¥ É¥²¥¸±μ¶ ¢ ¤¨ ¶ §μ´¥ §¥´¨É´ÒÌ Ê£²μ¢ 95Ä180◦.
‚Éμ·μ° É·¨££¥· μÉ¡¨· ² £μ·¨§μ´É ²Ó´Ò¥ ³Õμ´Ò ¢ ¤¨ ¶ §μ´¥ 80Ä100◦. �ËË¥±-
É¨¢´μ¸ÉÓ ÔÉ¨Ì É·¨££¥·μ¢, ¶μ²ÊÎ¥´´ Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μÉμ±   É³μ¸Ë¥·´ÒÌ
³Õμ´μ¢, ¸μ¸É ¢²Ö²  99%. ‘ 2000 £. ¤²Ö μÉ¡μ·  ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° Ô²¥±-
É·μ´´Ò¥ É·¨££¥·Ò ´¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö, ¢¸Ö ¨´Ëμ·³ Í¨Ö, ¶μ¸ÉÊ¶ ÕÐ Ö ¸ 	�‘’,
§ ¶¨¸Ò¢ ¥É¸Ö ¨ ¸μÌ· ´Ö¥É¸Ö. �·¨ μÉ¡μ·¥ ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨° ¨¸¶μ²Ó§Ê¥É¸Ö
μÉ´μÏ¥´¨¥ ¸±μ·μ¸É¨ ¸¢¥É  ± ¸±μ·μ¸É¨ ³Õμ´ , ¶¥·¥¸¥± ÕÐ¥£μ Ê¸É ´μ¢±Ê (¶ -
· ³¥É· 1/β). ‡´ Î¥´¨¥ 1/β ¢ ¶·¥¤¥² Ì +1 ¸μμÉ¢¥É¸É¢Ê¥É ³Õμ´ ³, ¨¤ÊÐ¨³
¸¢¥·ÌÊ,   1/β μ±μ²μ −1 Å ¨¤ÊÐ¨³ ¸´¨§Ê Î ¸É¨Í ³. Š ´¤¨¤ É ³¨ ´  ´¥°-
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É·¨´´Ò¥ ¸μ¡ÒÉ¨Ö ¸Î¨É ÕÉ¸Ö Éμ²Ó±μ É ±¨¥ ¸μ¡ÒÉ¨Ö, ±μ£¤  ³μ¦´μ ¢μ¸¸É ´μ-
¢¨ÉÓ μ¤´Ê É· ¥±Éμ·¨Õ ¨ ¶ · ³¥É· 1/β ´ Ìμ¤¨É¸Ö ¢ ¤¨ ¶ §μ´¥ −1,3 ÷ −0,7,
ÌμÉÖ ²Õ¡Ò¥ ¸μ¡ÒÉ¨Ö ¸ μÉ·¨Í É¥²Ó´Ò³ §´ Î¥´¨¥³ ¶ · ³¥É·  1/β ¶μ¤¢¥·£ ÕÉ¸Ö
¢¨§Ê ²Ó´μ³Ê  ´ ²¨§Ê.

�¸´μ¢´Ò³ Ëμ´μ³ ¤²Ö § ¤ Î¨ ¶μ ¶μ¨¸±Ê ²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ Ö¢²ÖÕÉ¸Ö
 É³μ¸Ë¥·´Ò¥ ´¥°É·¨´μ. �μÉμ± ³Õμ´μ¢ ¸ Ô´¥·£¨¥° ¡μ²ÓÏ¥ 1 ƒÔ‚, ¶μ²ÊÎ¥´´Ò°
´  	�‘’ [14], · ¢¥´ (2,72±0,16) · 10−13 ¸³−2· ¸−1· ¸·−1, ÎÉμ ¸μ£² ¸Ê¥É¸Ö ¸
μ¦¨¤ ¥³Ò³ §´ Î¥´¨¥³ (2,62−2,94) · 10−13 ¸³−2· ¸−1· ¸·−1.

„²Ö ¶μ¨¸±  ²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´¥μ¡Ìμ¤¨³μ §´ ÉÓ μ¦¨¤ ¥³Ò° ¶μ-
Éμ±  É³μ¸Ë¥·´ÒÌ ´¥°É·¨´μ ¶μ · §´Ò³ Ê£²μ¢Ò³ ÖÎ¥°± ³. ’ ± ± ± É¥²¥¸±μ¶
¨³¥¥É Ëμ·³Ê ¶·Ö³μÊ£μ²Ó´μ£μ ¶ · ²²¥²¥¶¨¶¥¤ , μ¸´μ¢ ´¨¥ ±μÉμ·μ£μ ¡μ²ÓÏ¥
¢Ò¸μÉÒ, ÔËË¥±É¨¢´ Ö ¶²μÐ ¤Ó § ¢¨¸¨É μÉ §¥´¨É´μ£μ Ê£²  ¶·¨Ìμ¤  Î ¸É¨Í. � 
·¨¸. 1 ¨§μ¡· ¦¥´μ · ¸¶·¥¤¥²¥´¨¥ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ³Õμ´μ¢, ¨¤ÊÐ¨Ì ¸´¨§Ê,
  É ±¦¥ ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ÔËË¥±É¨¢´μ° ¶²μÐ ¤¨ É¥²¥¸±μ¶  μÉ §¥´¨É´μ£μ
Ê£² . ‚¨¤´μ, ÎÉμ ´ ¨³¥´ÓÏ Ö ÔËË¥±É¨¢´ Ö ¶²μÐ ¤Ó Å ¢ ¢¥·É¨± ²Ó´μ³ ´ ¶· -
¢²¥´¨¨. ‚ ÔÉμ · ¸¶·¥¤¥²¥´¨¥ ¢±²ÕÎ¥´Ò ¢¸¥ ´¥°É·¨´´Ò¥ ¸μ¡ÒÉ¨Ö, § ·¥£¨¸É·¨-
·μ¢ ´´Ò¥ ´  	�‘’. ‚ ¶·μ£· ³³Ê ¶μ ¶μ¨¸±Ê ²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ ´¥°É·¨´μ
¨§  ´ ²¨§  ´¥ ¢Ìμ¤ÖÉ ¸μ¡ÒÉ¨Ö ¸ §¥´¨É´Ò³¨ Ê£² ³¨ ¢ ¤¨ ¶ §μ´¥ 90Ä110◦. �Éμ
¸¢Ö§ ´μ ¸ É¥³, ÎÉμ £μ·¨§μ´É ²Ó´Ò¥  É³μ¸Ë¥·´Ò¥ ³Õμ´Ò ³μ£ÊÉ ¢ ·¥§Ê²ÓÉ É¥
· ¸¸¥Ö´¨Ö ¨³¨É¨·μ¢ ÉÓ ¸μ¡ÒÉ¨Ö ¸´¨§Ê.

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ´¥°É·¨´´ÒÌ ¸μ-
¡ÒÉ¨° ¶μ §¥´¨É´μ³Ê Ê£²Ê (θ)

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ 1635 § ·¥£¨¸É·¨-
·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨° ¶μ ¸±²μ´¥´¨Õ (δ)

Š ± ¡Ò²μ Ê± § ´μ · ´¥¥, Ê¸·¥¤´¥´´μ¥ ¶μ · §´μ° ¤²¨´¥ É· ¥±Éμ·¨° ³Õμ-
´μ¢ Ê£²μ¢μ¥ · §·¥Ï¥´¨¥ É¥²¥¸±μ¶  · ¢´μ 2◦. „²Ö ± ¦¤μ£μ ´¥°É·¨´´μ£μ ¸μ¡Ò-
É¨Ö, § ·¥£¨¸É·¨·μ¢ ´´μ£μ ´  	�‘’, μ¶·¥¤¥²ÖÕÉ¸Ö §¢¥§¤´Ò¥ ¨ £ ² ±É¨Î¥¸±¨¥
±μμ·¤¨´ ÉÒ. � ¸¶·¥¤¥²¥´¨¥ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨° ¶μ ¸±²μ´¥´¨Õ (δ)
¶μ± § ´μ ´  ·¨¸. 2. ‡´ Î¨É¥²Ó´μ¥ · ¸Ìμ¦¤¥´¨¥ ±μ²¨Î¥¸É¢  § ·¥£¨¸É·¨·μ¢ ´-
´ÒÌ ¸μ¡ÒÉ¨° ¶μ¤ · §´Ò³¨ Ê£² ³¨ ¸±²μ´¥´¨Ö μ¡ÑÖ¸´Ö¥É¸Ö ¤¢Ê³Ö ¶·¨Î¨´ ³¨:
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¦¨¢μ£μ ¢·¥³¥´¨ ·¥£¨¸É· Í¨¨ μÉ ¸±²μ´¥´¨Ö (δ). �¥·¨μ¤ · ¡μÉÒ
	�‘’: ¤¥± ¡·Ó 1978 £. Ä ¤¥± ¡·Ó 2016 £.

§ ¢¨¸¨³μ¸ÉÓÕ ÔËË¥±É¨¢´μ° ¶²μÐ ¤¨ μÉ §¥´¨É´μ£μ Ê£²  ¨ § ¢¨¸¨³μ¸ÉÓÕ ¢·¥-
³¥´¨ ´ ¡²Õ¤¥´¨Ö μÉ §¢¥§¤´ÒÌ ±μμ·¤¨´ É. �¥±μÉμ·Ò¥ μ¡² ¸É¨ §¢¥§¤´μ£μ ´¥¡ 
(δ � +47◦) ´¥ ¤μ¸ÉÊ¶´Ò ¤²Ö ´ ¡²Õ¤¥´¨Ö ¢ ´¥°É·¨´´μ³ Ô±¸¶¥·¨³¥´É¥, ¤·Ê£¨¥
μ¡² ¸É¨ ´ Ìμ¤ÖÉ¸Ö ¢¸¥ ¢·¥³Ö ¶μ¤ £μ·¨§μ´Éμ³ (δ � −47◦) ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
¤μ¸ÉÊ¶´Ò ¤²Ö ´ ¡²Õ¤¥´¨Ö (·¨¸. 3).

�μ¨¸± ²μ± ²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¶μ Ê£²μ¢Ò³ ÖÎ¥°± ³ ¸ · -
¤¨Ê¸μ³ 5◦, ¢ Í¥´É·¥ ±μÉμ·ÒÌ · ¸¶μ²μ¦¥´Ò ¨¸¸²¥¤Ê¥³Ò¥  ¸É·μË¨§¨Î¥¸±¨¥
μ¡Ñ¥±ÉÒ. �¶É¨³ ²Ó´Ò° · §³¥· ÖÎ¥°±¨ ¡Ò² ¶μ²ÊÎ¥´ ·μ§Ò£·ÒÏ¥³ ¸μ¡ÒÉ¨° ¶μ
³¥Éμ¤Ê Œμ´É¥-Š ·²μ ¸ ÊÎ¥Éμ³ Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ´¥°É·¨´μ, ³´μ£μ±· É-
´μ£μ ±Ê²μ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö ³Õμ´μ¢ μÉ ´¥°É·¨´μ ¢ £μ·´μ° ¶μ·μ¤¥ ¨ Ê£²μ¢μ£μ
· §·¥Ï¥´¨Ö 	�‘’.

�£· ´¨Î¥´¨Ö ´  ¶μÉμ± ³Õμ´´ÒÌ ´¥°É·¨´μ ¶μ ¤ ´´Ò³ 	�‘’

�¡Ñ¥±É α, ◦ δ, ◦ ”μ´
�±¸¶¥-
·¨³¥´É

Fμ, 10−14 ¸³−2· ¸−1

(90%-° Ê·μ¢¥´Ó
¤μ¸Éμ¢¥·´μ¸É¨)

G.C. 265,6 Ä28,9 6,5 5 0,32
NGC 1952 83,6 + 22,0 1,9 0 0,87
Vela X-1 135,5 Ä40,3 6,5 4 0,15
SS433 288,0 +5,0 2,8 1 0,63
3c273 187,3 + 2,0 2,9 4 0,52
NGC 5128 201,4 Ä43,0 6,8 5 0,15
Cen. X-3 170,3 Ä60,6 6,3 3 0,11
Cyg. X-3 307,7 + 40,8 0,1 0 0,99
Scorp. X-1 245,0 Ä15,6 4,2 3 0,37
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�´ ²¨§ ¤ ´´ÒÌ 	�‘’ (1635 ´¥°É·¨´´ÒÌ ¸μ¡ÒÉ¨°) ´¥ ¢ÒÖ¢¨² §´ Î¨³ÒÌ
¶·¥¢ÒÏ¥´¨° ´ ¤ Ëμ´μ³ ´¨ ¢ μ¤´μ° ¨§ Ê£²μ¢ÒÌ ÖÎ¥¥± ¸ · ¤¨Ê¸μ³ 5◦. „²Ö
μÍ¥´±¨ μ¦¨¤ ¥³μ£μ Ëμ´  ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ¶μÉμ±  É³μ¸Ë¥·´ÒÌ ´¥°É·¨´μ ¨§
· ¡μÉÒ [15]. „²Ö ¨§¢¥¸É´ÒÌ  ¸É·μË¨§¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢ ¡Ò²¨ Ê¸É ´μ¢²¥´Ò
μ£· ´¨Î¥´¨Ö ´  ¶μÉμ± ³Õμ´μ¢, ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ´¥°É·¨´μ. ‚ É ¡²¨Í¥ ¶·¨¢¥-
¤¥´Ò μ¦¨¤ ¥³μ¥ ±μ²¨Î¥¸É¢μ ³Õμ´μ¢, ¨¤ÊÐ¨Ì ¸´¨§Ê ¨§ ÖÎ¥°±¨ ¸ · ¤¨Ê¸μ³ 5◦,
¢ Í¥´É·¥ ±μÉμ·μ° ´ Ìμ¤¨É¸Ö  ¸É·μË¨§¨Î¥¸±¨° μ¡Ñ¥±É, ±μ²¨Î¥¸É¢μ § ·¥£¨¸É·¨-
·μ¢ ´´ÒÌ ³Õμ´μ¢ ¨ μ£· ´¨Î¥´¨¥ ´  ¶μÉμ± ³Õμ´μ¢ μÉ ´¥°É·¨´μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ´  “�“ 	 ±¸ ´¸±¨° ¶μ¤§¥³´Ò° ¸Í¨´É¨²²ÖÍ¨μ´´Ò° É¥-
²¥¸±μ¶ ¶·¨ ¶μ¤¤¥·¦±¥ ¶·μ£· ³³Ò ËÊ´¤ ³¥´É ²Ó´ÒÌ ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
�·¥§¨¤¨Ê³  ��� ®”¨§¨±  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨ Ö¤¥·´Ò¥ É¥Ì-
´μ²μ£¨¨¯.
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