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‚ ¸μ¸É ¢ ´ ÊÎ´μ°  ¶¶ · ÉÊ·Ò ¸¶ÊÉ´¨±  ®‹μ³μ´μ¸μ¢¯ ¢Ìμ¤¨É ±μ³¶²¥±¸ ¶·¨¡μ·μ¢,
¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö £ ³³ -¨§²ÊÎ¥´¨Ö ¨ μ¶É¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ±μ¸-
³¨Î¥¸±¨Ì £ ³³ -¢¸¶²¥¸±μ¢. ƒ ³³ -¸¶¥±É·μ³¥É· 	„�ƒ μ¡¥¸¶¥Î¨¢ ¥É ¢Ò· ¡μÉ±Ê É·¨£-
£¥·  £ ³³ -¢¸¶²¥¸±  ¨ ¨¸¸²¥¤μ¢ ´¨¥ ¥£μ ¸¢μ°¸É¢ ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨
10Ä3000 ±Ô‚,   É ±¦¥ μ¶·¥¤¥²¥´¨¥ ±μμ·¤¨´ É ¨¸ÉμÎ´¨±  ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¶μ± § ´¨°
É·¥Ì · §´μ´ ¶· ¢²¥´´ÒÌ ¤¥É¥±Éμ·μ¢. �¶É¨Î¥¸±¨¥ ± ³¥·Ò ˜�Š, ¨³¥ÕÐ¨¥ ¶μ²¥ §·¥-
´¨Ö ∼ 20×40◦ , Ë¨±¸¨·ÊÕÉ ¶μ É·¨££¥·Ê £ ³³ -¢¸¶²¥¸±  ´ ¡μ· ¨§μ¡· ¦¥´¨° ¸ Î ¸ÉμÉμ°
∼ 5 ± ¤·μ¢/¸, ¶·¥¤Ï¥¸É¢ÊÕÐ¨° É·¨££¥·Ê ¨ ¸²¥¤ÊÕÐ¨° §  ´¨³. �·¨¡μ· UFFO ¨³¥¥É ¢
¸¢μ¥³ ¸μ¸É ¢¥ É¥²¥¸±μ¶ ¸ ±μ¤¨·ÊÕÐ¥° ³ ¸±μ° UBAT ¤²Ö ¨§³¥·¥´¨° ¢ ¦¥¸É±μ³ ·¥´É-
£¥´μ¢¸±μ³ ¨ ³Ö£±μ³ £ ³³ -¤¨ ¶ §μ´ Ì ¨ μ¶É¨Î¥¸±¨° É¥²¥¸±μ¶ ¸ ¶μ¢μ· Î¨¢ ÕÐ¨³¸Ö
§¥·± ²μ³ SMT, ´ ¢μ¤ÖÐ¨°¸Ö §  ¢·¥³Ö ∼ 1 ¸ ¤²Ö ¨§³¥·¥´¨Ö μ¶É¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö
£ ³³ -¢¸¶²¥¸±μ¢ ´  · ´´¨Ì ¸É ¤¨ÖÌ.

The scientiˇc instruments on board ©Lomonosovª satellite include a set of detectors
designed to study gamma-ray and optical emission of cosmic gamma-ray bursts (GRB).
Gamma spectrometer BDRG provides GRB trigger production and study of GRB spectral
and temporal properties in the energy range 10Ä3000 keV as well as determining of the
GRB source location by comparison of the readings of three differently directed detectors
with an accuracy of a few degrees. Wide-ˇeld SHOK optical cameras have a ˇeld of view
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of ∼ 20× 40 deg. They ˇx by the GRB trigger a set of images with a frequency of about
5 frames per second prior to the trigger and following it. UFFO instrument incorporates
UBAT telescope with coding mask for measurements in hard X rays and soft gamma rays
and optical telescope with a rotating mirror SMT, directed to the GRB source for ∼ 1 s to
measure GRB prompt emission at the early stages.

PACS: 96.40.Tf; 96.60.qe

‚‚…„…�ˆ…

Š ± ¨§¢¥¸É´μ, 28  ¶·¥²Ö 2016 £. ¸ ±μ¸³μ¤·μ³  ®‚μ¸ÉμÎ´Ò°¯ ¡Ò² Ê¸-
¶¥Ï´μ μ¸ÊÐ¥¸É¢²¥´ § ¶Ê¸± ±μ¸³¨Î¥¸±μ£μ  ¶¶ · É  (Š�) ®‹μ³μ´μ¸μ¢¯ ¸ ´ ÊÎ-
´μ°  ¶¶ · ÉÊ·μ°, ¶·¥¤´ §´ Î¥´´μ° ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶·¥-
¤¥²Ó´μ ¢Ò¸μ±¨Ì Ô´¥·£¨°, ±μ¸³¨Î¥¸±¨Ì £ ³³ -¢¸¶²¥¸±μ¢, É· ´§¨¥´É´ÒÌ  É³μ-
¸Ë¥·´ÒÌ Ö¢²¥´¨°, ¶·μÍ¥¸¸μ¢ Ê¸±μ·¥´¨Ö ¨ ¢Ò¸Ò¶ ´¨° ³ £´¨Éμ¸Ë¥·´ÒÌ Ô²¥±-
É·μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°, · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±¨ ¢ μ±μ²μ§¥³´μ³ ±μ¸³¨-
Î¥¸±μ³ ¶·μ¸É· ´¸É¢¥,   É ±¦¥ Ê¸±μ·¥´¨° ¢ Ê¸²μ¢¨ÖÌ ³¨±·μ£· ¢¨É Í¨¨ [1].
‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¡Ê¤¥É · ¸¸³μÉ·¥´ Ô±¸¶¥·¨³¥´É ¶μ ´ ¡²Õ¤¥´¨Ö³ ±μ¸-
³¨Î¥¸±¨Ì £ ³³ -¢¸¶²¥¸±μ¢ ¢ · §²¨Î´ÒÌ ¤¨ ¶ §μ´ Ì Ô²¥±É·μ³ £´¨É´μ£μ
¸¶¥±É· .

Šμ¸³¨Î¥¸±¨¥ £ ³³ -¢¸¶²¥¸±¨ (Šƒ‚) Å ´ ¨¡μ²¥¥ ³μÐ´Ò¥ Ö¢²¥´¨Ö ¢μ
‚¸¥²¥´´μ° (¢Ò¤¥²ÖÕÐ Ö¸Ö ³μÐ´μ¸ÉÓ ¢ ¨¸ÉμÎ´¨±¥ ³μ¦¥É ¤μ¸É¨£ ÉÓ 1051Ä
1053 Ô·£/¸). ‘Î¨É ¥É¸Ö, ÎÉμ ¨Ì ¨¸ÉμÎ´¨±¨ ´ Ìμ¤ÖÉ¸Ö ´  μÎ¥´Ó ¤ ²¥±¨Ì Å
±μ¸³μ²μ£¨Î¥¸±¨Ì Å · ¸¸ÉμÖ´¨ÖÌ. ˆ§-§  ´¥μ¡ÒÎ´μ ¡μ²ÓÏμ° Ö·±μ¸É¨ Šƒ‚
¨§ÊÎ¥´¨¥ ¨Ì ¸¢μ°¸É¢ ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ É¥²Ö³ § £²Ö´ÊÉÓ ¢ Ô¶μÌÊ · ´´¥° ‚¸¥-
²¥´´μ°, É. ¥. ¨§ÊÎ ÉÓ Ô¢μ²ÕÍ¨Õ §¢¥§¤ ¨ §¢¥§¤´ÒÌ ¶μ¶Ê²ÖÍ¨° ¢ Ï¨·μ±μ³ ¤¨ -
¶ §μ´¥ ±· ¸´μ£μ ¸³¥Ð¥´¨Ö z Å μÉ ∼ 0,1 ¤μ ∼ 15−20, É. ¥. ¡μ²¥¥ Î¥³ ´  98 %
¢μ§· ¸É  ‚¸¥²¥´´μ°. �¥¸³μÉ·Ö ´  μ¡¨²¨¥ É¥μ·¥É¨Î¥¸±¨Ì ³μ¤¥²¥°, ¶·¨·μ¤ 
ÔÉμ£μ ´¥μ¡ÒÎ´μ£μ Ö¢²¥´¨Ö ¤μ ¸¨Ì ¶μ· ¶μ²´μ¸ÉÓÕ ´¥ ¨§ÊÎ¥´ . “± § ´´Ò¥ μ¡-
¸ÉμÖÉ¥²Ó¸É¢  ¤¥² ÕÉ ¨¸¸²¥¤μ¢ ´¨Ö Šƒ‚ μ¤´μ° ¨§ ¸ ³ÒÌ  ±ÉÊ ²Ó´ÒÌ § ¤ Î
¸μ¢·¥³¥´´μ°  ¸É·μË¨§¨±¨.

‚ Ô±¸¶¥·¨³¥´É¥ ´  ¸¶ÊÉ´¨±¥ ®‹μ³μ´μ¸μ¢¯ ¢¶¥·¢Ò¥ ¡Ê¤¥É ·¥ ²¨§μ¢ ´ 
¢μ§³μ¦´μ¸ÉÓ μ¤´μ¢·¥³¥´´ÒÌ ´ ¡²Õ¤¥´¨° ¢ μ¶É¨Î¥¸±μ³, “”-, ·¥´É£¥´μ¢¸±μ³
¨ £ ³³ -¤¨ ¶ §μ´ Ì ¸μ¡¸É¢¥´´μ£μ (É. ¥. ¢μ§´¨± ÕÐ¥£μ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ³μ-
³¥´É · ¡μÉÒ ®Í¥´É· ²Ó´μ° ³ Ï¨´Ò¯) ¨§²ÊÎ¥´¨Ö ¨ ¶·¥¤¢¥¸É´¨±μ¢ Šƒ‚, ÎÉμ
Ö¢²Ö¥É¸Ö Î·¥§¢ÒÎ °´μ ¢ ¦´Ò³ ¤²Ö ¶μ´¨³ ´¨Ö ¶·¨·μ¤Ò ¤ ´´μ£μ Ö¢²¥´¨Ö. „²Ö
ÔÉμ£μ ¢ ¸μ¸É ¢ ±μ³¶²¥±¸   ¶¶ · ÉÊ·Ò ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Šƒ‚ ¢±²ÕÎ¥´Ò É·¨
¶·¨¡μ· : ³μ´¨Éμ· £ ³³ -¢¸¶²¥¸±μ¢ 	„�ƒ, μ¶É¨Î¥¸±¨¥ ± ³¥·Ò Ï¨·μ±μ£μ ¶μ²Ö
˜�Š,   É ±¦¥ ¶·¨¡μ· UFFO ¢ ¸μ¸É ¢¥ ·¥´É£¥´μ¢¸±μ£μ ¨ ¡Ò¸É·μ´ ¢μ¤ÖÐ¥-
£μ¸Ö “”-É¥²¥¸±μ¶μ¢ (UBAT ¨ SMT ¸μμÉ¢¥É¸É¢¥´´μ). �¨¦¥ ¡Ê¤ÊÉ ¶·¥¤¸É -
¢²¥´Ò Ì · ±É¥·¨¸É¨±¨ ÔÉ¨Ì ¶·¨¡μ·μ¢,   É ±¦¥ ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ²¥É´ÒÌ
¨¸¶ÒÉ ´¨°.
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Œμ´¨Éμ· £ ³³ -¢¸¶²¥¸±μ¢ �„�ƒ. �·¨¡μ· 	„�ƒ [2] ¸μ¸Éμ¨É ¨§ É·¥Ì
¨¤¥´É¨Î´ÒÌ ¡²μ±μ¢ ¤¥É¥±É¨·μ¢ ´¨Ö 	„�ƒ-1, . . . , 	„�ƒ-3 ¨ ¡²μ±  Ô²¥±É·μ´¨±¨
	�-	„�ƒ. �μ¸²¥¤´¨° μ¡¥¸¶¥Î¨¢ ¥É ¸¢Ö§Ó ¸ μ¸´μ¢´Ò³ ¡²μ±μ³ Ô²¥±É·μ´¨±¨ 	ˆ,
¢ Éμ³ Î¨¸²¥ ¶μ¤ ÎÊ ´  ¡²μ±¨ ¤¥É¥±É¨·μ¢ ´¨Ö ¶¨É ´¨Ö ¨ Ê¶· ¢²ÖÕÐ¨Ì ±μ³ ´¤,
Ëμ·³¨·μ¢ ´¨¥ ¢ÒÌμ¤´ÒÌ ³ ¸¸¨¢μ¢ ¤ ´´ÒÌ ¨ ¨Ì É· ´¸²ÖÍ¨Õ ¢ 	ˆ. �¸´μ¢´Ò¥
Ì · ±É¥·¨¸É¨±¨ ¶·¨¡μ·  	„�ƒ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

Š ¦¤Ò° ¡²μ± ¤¥É¥±É¨·μ¢ ´¨Ö ¢±²ÕÎ ¥É ¤¥É¥±Éμ·´Ò° Ê§¥², ¶² ÉÒ Ô²¥±-
É·μ´¨±¨ ¨ Ô²¥³¥´ÉÒ ³¥Ì ´¨Î¥¸±μ° ±μ´¸É·Ê±Í¨¨. „¥É¥±Éμ·´Ò¥ Ê§²Ò ¶·¥¤¸É -
¢²ÖÕÉ ¸μ¡μ° Ëμ¸¢¨Î ¨§ ¸Í¨´É¨²²ÖÉμ·μ¢ NaI(Tl)/CsI(Tl) ¤¨ ³¥É·μ³ 13 ¸³ ¨
¶μ²´μ° Éμ²Ð¨´μ° 2 ¸³ (¶·¨ ÔÉμ³ Éμ²Ð¨´  ±·¨¸É ²²  NaI(Tl) 0,3 ¸³, ±·¨-
¸É ²²  CsI(Tl) 1,7 ¸³). �¡  ¸Í¨´É¨²²ÖÉμ·  ´ Ìμ¤ÖÉ¸Ö ¢ μ¶É¨Î¥¸±μ³ ±μ´É ±É¥
¨ ¶·μ¸³ É·¨¢ ÕÉ¸Ö ¸μ ¸Éμ·μ´Ò CsI(Tl) μ¤´¨³ ËμÉμÔ²¥±É·μ´´Ò³ Ê³´μ¦¨É¥²¥³
(”�“ Hammamatsu R877). �μ¤μ¡´ Ö ±μ³¶μ´μ¢±  ¶μ§¢μ²Ö¥É §  ¸Î¥É · §´μ£μ
¢·¥³¥´¨ ¢Ò¸¢¥Î¨¢ ´¨Ö (∼ 0,25 ³±¸ ¤²Ö ±·¨¸É ²²  NaI(Tl), ∼ 2 ³±¸ ¤²Ö ±·¨-
¸É ²²  CsI(Tl)) ÔËË¥±É¨¢´μ · §¤¥²¨ÉÓ ¸μ¡ÒÉ¨Ö ¢ μ¡μ¨Ì ¸Í¨´É¨²²ÖÉμ· Ì ¨
É¥³ ¸ ³Ò³, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ¨ÉÓ ·¥£¨¸É· Í¨Õ Ëμ´μ¢ÒÌ
£ ³³ -±¢ ´Éμ¢ ¢ Éμ´±μ³ ±·¨¸É ²²¥ NaI(Tl),   ¸ ¤·Ê£μ° Å · ¸Ï¨·¨ÉÓ Ô´¥·-
£¥É¨Î¥¸±¨° ¤¨ ¶ §μ´ ¡² £μ¤ ·Ö ¨¸¶μ²Ó§μ¢ ´¨Õ Éμ²¸Éμ£μ ±·¨¸É ²²  CsI(Tl).
ˆ¸¶μ²Ó§μ¢ ´¨¥ Ëμ¸¢¨Î  NaI(Tl)/CsI(Tl) É ±¦¥ ¤ ¥É ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢μ§³μ¦-
´μ¸ÉÓ · §¤¥²ÖÉÓ ¸μ¡ÒÉ¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ·¥£¨¸É· Í¨¥° ¢¸¶²¥¸±μ¢ ¸μ¡¸É¢¥´´μ
£ ³³ -¨§²ÊÎ¥´¨Ö ¨ ¢Ò¸Ò¶ ´¨° ³ £´¨Éμ¸Ë¥·´ÒÌ Ô²¥±É·μ´μ¢.

’ ¡²¨Í  1

� · ³¥É·, ¥¤¨´¨Í  ¨§³¥·¥´¨Ö ‡´ Î¥´¨¥

�´¥·£¥É¨Î¥¸±¨° ¤¨ ¶ §μ´, ŒÔ‚ 0,01Ä3,0
�ËË¥±É¨¢´ Ö ¶²μÐ ¤Ó
(¤²Ö É·¥Ì ¤¥É¥±Éμ·μ¢), ¸³2 ∼ 360
‚·¥³¥´´�μ¥ · §·¥Ï¥´¨¥, ³¸ 1 (¤²Ö ¢¸¶²¥¸±μ¢μ£μ ·¥¦¨³ )
Œ ¸¸  (μ¤¨´ ¡²μ±), ±£ 5,5
ˆ´Ëμ·³ É¨¢´μ¸ÉÓ, M¡ °É/¸ÊÉ ∼ 300
�μ²¥ §·¥´¨Ö, ¸· 2π
’¥²¥¸´Ò° Ê£μ² μ¡² ¸É¨ ²μ± Í¨¨
¢¸¶²¥¸±μ¢ π/2
—Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ·¥£¨¸É· Í¨¨
¢¸¶²¥¸± , Ô·£/c³2 ∼ 10−7

’μÎ´μ¸ÉÓ ²μ± Í¨¨ ¢¸¶²¥¸± , ◦ ∼ 2−4 (¤²Ö Ö·±¨Ì ¸μ¡ÒÉ¨°)
�¦¨¤ ¥³μ¥ ±μ²¨Î¥¸É¢μ ·¥£¨¸É·¨·Ê¥³ÒÌ
¢¸¶²¥¸±μ¢ ¢ £μ¤ ∼ 100
�μÉ·¥¡²Ö¥³ Ö ³μÐ´μ¸ÉÓ, ‚É 2,5 (μ¤¨´ ¡²μ±)
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�¸¨ É·¥Ì ¡²μ±μ¢ ¤¥É¥±É¨·μ¢ ´¨Ö · §´¥¸¥´Ò ¢ ¶·μ¸É· ´¸É¢¥ ¶μ¤ Ê£² ³¨
90◦ ¤·Ê£ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ , μ¡· §ÊÖ ± ± ¡Ò ¤¥± ·Éμ¢Ê ¸¨¸É¥³Ê ±μμ·¤¨-
´ É. �Éμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ ¸μμÉ´μÏ¥´¨Õ ¶μ± § ´¨° μÉ¤¥²Ó´ÒÌ ¤¥É¥±Éμ·μ¢
μ¶·¥¤¥²ÖÉÓ ´ ¶· ¢²¥´¨¥ ´  ¨¸ÉμÎ´¨± ·¥£¨¸É·¨·Ê¥³μ£μ ¢¸¶²¥¸± .

�·¨¡μ· · ¡μÉ ¥É ¢ ¤¢ÊÌ ·¥¦¨³ Ì Å ³μ´¨Éμ·´μ³ ¨ ¢¸¶²¥¸±μ¢μ³. ‚ ³μ-
´¨Éμ·´μ³ ·¥¦¨³¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´ Ö § ¶¨¸Ó ¸·¥¤´¨Ì §  0,1 ¸ ¸±μ-
·μ¸É¥° ¸Î¥É  ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ¨´É¥·¢ ² Ì ¤²Ö ¸μ¡ÒÉ¨° ¢ ± ¦¤μ³ ¨§ ±·¨-
¸É ²²μ¢. Š·μ³¥ Éμ£μ, ¸ ¶μ³μÐÓÕ ³´μ£μ± ´ ²Ó´ÒÌ �–� ¨§³¥·ÖÕÉ¸Ö ¸·¥¤´¨¥
§  15 ¸ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò (É ±¦¥ ¤²Ö μ¡μ¨Ì ±·¨¸É ²²μ¢). ‚μ ¢¸¶²¥-
¸±μ¢μ³ ·¥¦¨³¥ ¢Ò· ¡ ÉÒ¢ ÕÉ¸Ö É·¨ É¨¶  É·¨££¥· , · §²¨Î ÕÐ¨¥¸Ö ¢·¥³¥´¥³
Ô±¸¶μ§¨Í¨¨, §  ±μÉμ·μ¥ ´ ± ¶²¨¢ ÕÉ¸Ö ¸μ¡ÒÉ¨Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö Ê·μ¢´Ö ¶·¥-
¢ÒÏ¥´¨Ö Ëμ´ : 10 ³¸ (®¡Ò¸É·Ò°¯), 1 ¸ (®³¥¤²¥´´Ò°¯), 20 ¸ (®¸¢¥·Ì³¥¤²¥´-
´Ò°¯). �μ É·¨££¥·Ê ¢ · °μ´¥ ³μ³¥´É  ¥£μ ¢Ò· ¡μÉ±¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¡μ²¥¥
¶μ¤·μ¡´ Ö § ¶¨¸Ó ± ± ¸±μ·μ¸É¥° ¸Î¥É  (¤μ 1 ³¸), É ± ¨ ¸·¥¤´¨Ì Ô´¥·£¥É¨-
Î¥¸±¨Ì ¸¶¥±É·μ¢ (¢¶²μÉÓ ¤μ 1 ¸), ¶·¨ ÔÉμ³ ¤²Ö ± ¦¤μ£μ ·¥£¨¸É·¨·Ê¥³μ£μ
¸μ¡ÒÉ¨Ö (±¢ ´É  ¨²¨ Î ¸É¨ÍÒ) ¶·μ¢μ¤¨É¸Ö ¨§³¥·¥´¨¥  ³¶²¨ÉÊ¤ Ô´¥·£μ¢Ò¤¥²¥-
´¨° ¢ μ¡μ¨Ì ±·¨¸É ²² Ì. Š·μ³¥ Éμ£μ, É·¨££¥·´Ò¥ ¸¨£´ ²Ò ¶μ¸ÉÊ¶ ÕÉ ¢ ¡²μ±¨
μ¶É¨Î¥¸±¨Ì ± ³¥· Ï¨·μ±μ£μ ¶μ²Ö ˜�Š ¨ ´  ¶·¨¡μ· UFFO. �μ É·¨££¥· ³
	„�ƒ É ±¦¥ Ëμ·³¨·ÊÕÉ¸Ö É¥²¥£· ³³Ò, ¸μ¤¥·¦ Ð¨¥ μ¶¥· É¨¢´ÊÕ ¨´Ëμ·³ -
Í¨Õ μ ·¥£¨¸É·¨·Ê¥³μ³ ¢¸¶²¥¸±¥ ¤²Ö ¶¥·¥¤ Î¨ ¢ ³¨·μ¢ÊÕ ¸¥ÉÓ ·¥£¨¸É· Í¨¨
Šƒ‚ GCN.

�¶É¨Î¥¸±¨¥ ± ³¥·Ò Ï¨·μ±μ£μ ¶μ²Ö §·¥´¨Ö ˜�Š. ‚ ¸μ¸É ¢  ¶¶ · ÉÊ·Ò
±μ¸³¨Î¥¸±μ£μ  ¶¶ · É  ®‹μ³μ´μ¸μ¢¯ ¢Ìμ¤ÖÉ ¤¢  ¨¤¥´É¨Î´ÒÌ ¡²μ±  μ¶É¨Î¥-
¸±¨Ì ± ³¥· Ï¨·μ±μ£μ ¶μ²Ö §·¥´¨Ö ˜�Š-1 ¨ ˜�Š-2. �¡  ¡²μ±  ¸μ¥¤¨´¥´Ò
´¥¶μ¸·¥¤¸É¢¥´´μ ¸ Í¥´É· ²Ó´Ò³ ¡²μ±μ³ Ô²¥±É·μ´¨±¨ 	ˆ, Î¥·¥§ ±μÉμ·Ò° μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¸¢Ö§Ó ¸ ¡μ·Éμ¢Ò³¨ ¸¨¸É¥³ ³¨ ¨ ¤·Ê£¨³¨ ¶·¨¡μ· ³¨ ±μ³¶²¥±¸ .
�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ± ³¥· ˜�Š ¶·¨¢¥¤¥´Ò ¢ É ¡². 2. �Éμ ± ³¥·Ò Éμ£μ
¦¥ É¨¶ , ÎÉμ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ´ §¥³´μ° ¸¥É¨ ·μ¡μÉμ¢-É¥²¥¸±μ¶μ¢ Œ�‘’…� ¤²Ö
¶μ¨¸±  μ¶É¨Î¥¸±¨Ì É· ´§¨¥´Éμ¢, ¢ Éμ³ Î¨¸²¥ ¨ Šƒ‚ [3].

Š ¦¤ Ö ± ³¥·  ¢Ò¶μ²´¥´  ´  μ¸´μ¢¥ μ¡Ñ¥±É¨¢  Nikkor ¨ �‡‘-³ É·¨ÍÒ
Kodak KAI-11002. Š ³¥·Ò μ¡² ¤ ÕÉ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ´  Ê·μ¢´¥ 9Ä10m

§¢¥§¤´μ° ¢¥²¨Î¨´Ò. Š ¦¤ Ö ± ³¥·  μ·¨¥´É¨·μ¢ ´  É ±¨³ μ¡· §μ³, ÎÉμ ¥¥
¶μ²¥ §·¥´¨Ö ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì ¶μ²Ö §·¥´¨Ö μ¤´μ£μ ¨§ £ ³³ -¤¥É¥±Éμ·μ¢
	„�ƒ. ‚ ¡²μ± Ì μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´¥¶·¥·Ò¢´ Ö § ¶¨¸Ó ¨§μ¡· ¦¥´¨° ¸ ¢·¥³¥´-
´Ò³ · §·¥Ï¥´¨¥³ 0,2 ¸. ‚ ¸²ÊÎ ¥ ¶μ¸ÉÊ¶²¥´¨Ö É·¨££¥·  μÉ ¡²μ±μ¢ 	„�ƒ
¨²¨ ·¥´É£¥´μ¢¸±μ£μ É¥²¥¸±μ¶  UBAT ¶·¨¡μ·  UFFO μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ë¨±-
¸ Í¨Ö ¤ ´´ÒÌ §  1 ³¨´ ¤μ ¨ 2 ³¨´ ¶μ¸²¥ É·¨££¥· . 	² £μ¤ ·Ö ¸μμ¸´μ¸É¨ ¸
£ ³³ -¤¥É¥±Éμ· ³¨ 	„�ƒ ÔÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ·¥£¨¸É·¨·μ¢ ÉÓ Šƒ‚ μ¤´μ-
¢·¥³¥´´μ μ¡μ¨³¨ ¶·¨¡μ· ³¨ ¨ ¶μ²ÊÎ ÉÓ μ¶É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ ± ± ´¥¶μ-
¸·¥¤¸É¢¥´´μ ¢ ³μ³¥´É, É ± ¨ ¤μ ¢¸¶²¥¸± . �·¨ ÔÉμ³ ¢Ò¡· ´´Ò¥ ¢·¥³¥´´Ò¥
¨´É¥·¢ ²Ò Ë¨±¸ Í¨¨ ¤ ´´ÒÌ ¶¥·¥±·Ò¢ ÕÉ É¨¶¨Î´Ò¥ ¢·¥³¥´  ³¥¦¤Ê ¶·¥¤-
¢¥¸É´¨±μ³ ¨ ¢¸¶²¥¸±μ³. �·¥¤Ê¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ Ë¨±¸ Í¨¨ ¨§μ¡· ¦¥´¨°
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’ ¡²¨Í  2

� · ³¥É·, ¥¤¨´¨Í  ¨§³¥·¥´¨Ö ‡´ Î¥´¨¥

„¨ ¶ §μ´ ¤²¨´ ¢μ²´, ´³ 330Ä820
„¨ ³¥É· ²¨´§Ò μ¡Ñ¥±É¨¢ /Ëμ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥, ³³ 50 × 52
‚·¥³¥´´�μ¥ · §·¥Ï¥´¨¥, ± ¤·μ¢ §  1 ¸ 5
Œ ¸¸  (μ¤¨´ ¡²μ±), ±£ 5,5
ˆ´Ëμ·³ É¨¢´μ¸ÉÓ, ƒ¡ °É/¸ÊÉ ∼ 850
�μ²¥ §·¥´¨Ö, ◦ 26,5 × 39,9
—Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ 9Ä10m (0,2 c), 13m (20 c)
�μ§¨Í¨μ´´μ¥ · §·¥Ï¥´¨¥, ±μ²¨Î¥¸É¢μ ¶¨±¸¥²¥° 4008 × 2672
�μÉ·¥¡²Ö¥³ Ö ³μÐ´μ¸ÉÓ, ‚É 26 (μ¤¨´ ¡²μ±)

˜�Š ¶μ É·¨££¥·Ê ¸ ‡¥³²¨, É. ¥. ¶μ ¢¸¶²¥¸± ³, Ë¨±¸¨·Ê¥³Ò³ ³¨·μ¢μ° ¸¥-
ÉÓÕ GCN. Š ³¥·Ò É ±¦¥ ³μ£ÊÉ μ¸ÊÐ¥¸É¢²ÖÉÓ ´ ¡²Õ¤¥´¨Ö ¢ ·¥¦¨³¥ ¶μ¨¸± 
μ¶É¨Î¥¸±¨Ì É· ´§¨¥´Éμ¢ Å ¶μ ¸μ¡¸É¢¥´´μ³Ê É·¨££¥·Ê. ‚ ÔÉμ³ ¸²ÊÎ ¥ μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö  ¢Éμ³ É¨Î¥¸±μ¥ ¸· ¢´¥´¨¥ ± ¦¤μ£μ ¶μ¸²¥¤ÊÕÐ¥£μ ¨§μ¡· ¦¥´¨Ö
¸ ¶·¥¤Ò¤ÊÐ¨³ ¨ ¢ ¸²ÊÎ ¥ ¨§³¥´¥´¨Ö Ö·±μ¸É¨ ¨²¨ ¶μÖ¢²¥´¨Ö ´μ¢μ£μ μ¡Ñ¥±É  ¢
¶μ²¥ §·¥´¨Ö ± ³¥·Ò ¨§μ¡· ¦¥´¨¥ Ë¨±¸¨·Ê¥É¸Ö. �ÉμÉ ·¥¦¨³ ³μ¦¥É ¨¸¶μ²Ó§μ-
¢ ÉÓ¸Ö ´¥ Éμ²Ó±μ ¤²Ö ´ ¡²Õ¤¥´¨°  ¸É·μË¨§¨Î¥¸±¨Ì Ö¢²¥´¨° É¨¶  ¸¢¥·Ì´μ¢ÒÌ,
´μ¢ÒÌ, ´μ ¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ±μ¸³¨Î¥¸±μ£μ ³Ê¸μ· , ³¥É¥μ·¨É´μ° μ¶ ¸´μ-
¸É¨ ¨ É. ¶.

�·¨¡μ· UFFO. �·¨¡μ· UFFO ¢±²ÕÎ ¥É ·¥´É£¥´μ¢¸±¨° É¥²¥¸±μ¶ UBAT
¨ ¡Ò¸É·μ ´ ¢μ¤ÖÐ¨°¸Ö μ¶É¨Î¥¸±¨° ¨ “”-É¥²¥¸±μ¶ SMT [4]. ’¥²¥¸±μ¶ UBAT
μ¸´μ¢ ´ ´  ±μ³¡¨´ Í¨¨ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¤¥É¥±Éμ·  (�—„) ¨ ±μ-
¤¨·ÊÕÐ¥° ³ ¸±¨. �—„ É¥²¥¸±μ¶ , É ± ¦¥ ± ± ¨ ±μ¤¨·ÊÕÐ Ö ³ ¸± , ¨³¥¥É ¶²μ-
¸±ÊÕ ±μ´Ë¨£Ê· Í¨Õ ¨ ¸μ¸Éμ¨É ¨§ 48×48 ¶¨±¸¥²¥°, ¢Ò¶μ²´¥´´ÒÌ ¨§ ¸Í¨´É¨²-
²ÖÍ¨μ´´ÒÌ ±·¨¸É ²²μ¢ YSO, ¶·μ¸³ É·¨¢ ¥³ÒÌ ³Ê²ÓÉ¨ ´μ¤´Ò³¨ ”�“. � §³¥·
μ¤´μ£μ ¶¨±¸¥²Ö 2,8 × 2,8 ³³, μ¡Ð Ö ¶²μÐ ¤Ó �—„ 191 ¸³2. �μ²¥ §·¥-
´¨Ö É¥²¥¸±μ¶  70,4 × 70,4◦. �´ ¶μ§¢μ²Ö¥É ·¥£¨¸É·¨·μ¢ ÉÓ £ ³³ -¢¸¶²¥¸±
¢ ¦¥¸É±μ³ ·¥´É£¥´μ¢¸±μ³ ¤¨ ¶ §μ´¥ (5Ä150 ±Ô‚) ¨ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ
(∼ 10′) μ¶·¥¤¥²ÖÉÓ ±μμ·¤¨´ ÉÒ ¥£μ ¨¸ÉμÎ´¨± , ¶·¨ ÔÉμ³ ¢·¥³Ö ´ ±μ¶²¥-
´¨Ö ¤ ´´ÒÌ ¤²Ö μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ É ¨¸ÉμÎ´¨±  ¢¸¶²¥¸±  ¸μ¸É ¢²Ö¥É 0,1 ¸.
�μ É·¨££¥·Ê UBAT μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¡Ò¸É·μ¥ ´ ¢¥¤¥´¨¥ É¥²¥¸±μ¶  SMT, ÎÊ¢-
¸É¢¨É¥²Ó´μ£μ ¢ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ 200Ä650 ´³, ¢ μ¡² ¸ÉÓ ²μ± ²¨§ Í¨¨
¢¸¶²¥¸± . ‚ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¤μ²¦´μ ¡ÒÉÓ ¤μ¸É¨£´ÊÉμ ·¥±μ·¤´μ¥ ´  ¸¥-
£μ¤´ÖÏ´¨° ¤¥´Ó ¢·¥³Ö ´ ¢¥¤¥´¨Ö μ¶É¨Î¥¸±μ£μ É¥²¥¸±μ¶  Å μ±μ²μ 1 ¸. „²Ö
¸· ¢´¥´¨Ö ¸ ³ Ö ¡Ò¸É· Ö ¨§ · ¡μÉ ÕÐ¨Ì ¸¥£μ¤´Ö ´  μ·¡¨É¥  ³¥·¨± ´¸± Ö
μ¡¸¥·¢ Éμ·¨Ö SWIFT μ¡¥¸¶¥Î¨¢ ¥É ´ ¢¥¤¥´¨¥ μ¶É¨Î¥¸±μ£μ É¥²¥¸±μ¶ 
§  ∼ 30 ¸. �Éμ É ±¦¥ ¶μ§¢μ²¨É § ¶¨¸Ò¢ ÉÓ μ¶É¨Î¥¸±ÊÕ ±·¨¢ÊÕ ¡²¥¸±  ´¥¶μ-
¸·¥¤¸É¢¥´´μ ¢μ ¢·¥³Ö ¸ ³μ£μ £ ³³ -¢¸¶²¥¸±  ¸ ¢Ò¸μ±¨³ ¢·¥³¥´´�Ò³ · §·¥Ï¥-
´¨¥³.
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�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò ¢·¥³¥´´�Ò¥ § ¢¨¸¨³μ¸É¨ ¸±μ·μ¸É¥° ¸Î¥É  ¢ ± ´ -
² Ì ·¥£¨¸É· Í¨¨ £ ³³ -±¢ ´Éμ¢ μ¤´μ£μ ¨§ ¤¥É¥±Éμ·´ÒÌ ¡²μ±μ¢ ¶·¨¡μ·  	„�ƒ.
‚¨¤´Ò É¨¶¨Î´Ò¥ ¤²Ö ´¨§±¨Ì μ·¡¨É ¢ ·¨ Í¨¨ Ëμ´  £ ³³ -¨§²ÊÎ¥´¨Ö, μ¡Ê¸²μ-
¢²¥´´Ò¥ ·¥£¨¸É· Í¨¥° Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö Ô²¥±É·μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¶·¨
¶¥·¥¸¥Î¥´¨¨ ¸¶ÊÉ´¨±μ³ §μ´ § Ì¢ Î¥´´μ° · ¤¨ Í¨¨.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ¶·¨³¥·Ò ¨§μ¡· ¦¥´¨° ´¥¡ , ¶μ²ÊÎ¥´´ÒÌ ¸ ¶μ³μÐÓÕ
± ³¥·Ò ˜�Š. �  ÔÉ¨Ì ¨§μ¡· ¦¥´¨ÖÌ ¢¨¤´Ò §¢¥§¤Ò (¸¢¥É²Ò¥ ÉμÎ±¨) ¨ ¶μ¶ -
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�¨¸. 1. ‘±μ·μ¸É¨ ¸Î¥É  ¶·¨¡μ·  	„�ƒ (¡²μ± 	„�ƒ-3) ¢ ± ´ ² Ì: 1 Å NaI(Tl), Ô´¥·£μ-
¢Ò¤¥²¥´¨¥ 30Ä50 ±Ô‚; 2 Å NaI(Tl), Ô´¥·£μ¢Ò¤¥²¥´¨¥ 100Ä200 ±Ô‚

�¨¸. 2. ˆ§μ¡· ¦¥´¨Ö ´¥¡ , ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ ± ³¥· Ï¨·μ±μ£μ ¶μ²Ö §·¥´¨Ö ˜�Š
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¤ ÕÐ¨¥ ¢ ¶μ²¥ §·¥´¨Ö ¤¢¨¦ÊÐ¨¥¸Ö μ¡Ñ¥±ÉÒ ¨¸±Ê¸¸É¢¥´´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö
(Ö·±¨¥ ÏÉ·¨Ì¨).

’ ±¨³ μ¡· §μ³, ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶·¨¡μ·Ò, ¶·¥¤´ §´ Î¥´-
´Ò¥ ¤²Ö ¨§ÊÎ¥´¨Ö £ ³³ -¢¸¶²¥¸±μ¢, ´  ¡μ·ÉÊ ¸¶ÊÉ´¨±  ®‹μ³μ´μ¸μ¢¯ · ¡μÉ ÕÉ
ÏÉ É´μ.

�² £μ¤ ·´μ¸É¨. �±¸¶¥·¨³¥´ÉÒ ´  ¸¶ÊÉ´¨±¥ ®‹μ³μ´μ¸μ¢¯ μ¸ÊÐ¥¸É¢²Ö-
ÕÉ¸Ö ¢ · ³± Ì ¶·μ£· ³³Ò ®�¥·¸¶¥±É¨¢´Ò¥ ´ ¶· ¢²¥´¨Ö · §¢¨É¨Ö¯ Œμ¸±μ¢-
¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É .
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