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�·¥¤¸É ¢²¥´Ò  ±ÉÊ ²Ó´μ¸ÉÓ ¨ ¶·¥¨³ÊÐ¥¸É¢  ´μ¢μ° £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA
(Tunka Advanced Instrument for cosmic ray physics and Gamma Astronomy), ¸μ§¤ -
¢ ¥³μ° ¢ ’Ê´±¨´¸±μ° ¤μ²¨´¥ ¢ 50 ±³ μÉ μ§. � °± ². � §²¨Î´Ò¥ ¤¥É¥±Éμ·Ò Ï¥¸É¨
Ê¸É ´μ¢μ± £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA ·¥£¨¸É·¨·ÊÕÉ Î¥·¥´±μ¢¸±μ¥ ¨ · ¤¨μ¨§²ÊÎ¥-
´¨Ö,   É ±¦¥ Ô²¥±É·μ´´ÊÕ ¨ ³Õμ´´ÊÕ ±μ³¶μ´¥´ÉÒ ˜�‹. �¸´μ¢´ Ö § ¤ Î  £ ³³ -
μ¡¸¥·¢ Éμ·¨¨ TAIGA Å ¨¸¸²¥¤μ¢ ´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ° Î ¸É¨ ¸¶¥±É·  £ ³³ -
¨§²ÊÎ¥´¨Ö, ¢ Î ¸É´μ¸É¨, ¸ Í¥²ÓÕ ¶μ¨¸±  £ ² ±É¨Î¥¸±¨Ì ¶Ô¢ É·μ´μ¢. ‚ μ¡¸¥·¢ Éμ·¨¨
¶μ ¤ ´´Ò³ Ï¨·μ±μÊ£μ²Ó´ÒÌ Î¥·¥´±μ¢¸±¨Ì ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢±¨ TAIGA-HiSCORE
¢μ¸¸É ´ ¢²¨¢ ÕÉ¸Ö Ô´¥·£¨Ö, ´ ¶· ¢²¥´¨¥ ¨ ¶μ²μ¦¥´¨¥ μ¸¨ ˜�‹. ‚Ò¤¥²¥´¨¥ ¶μ·μ-
¦¤¥´´ÒÌ £ ³³ -±¢ ´É ³¨ ˜�‹ ¨§  ¤·μ´´μ£μ Ëμ´  ¸ ÊÎ¥Éμ³ ÔÉμ° ¨´Ëμ·³ Í¨¨ ¶·μ-
¨§¢μ¤¨É¸Ö ¶μ ¤ ´´Ò³, ¶μ²ÊÎ ¥³Ò³ ¸ ¶μ³μÐÓÕ É¥²¥¸±μ¶μ¢, ·¥£¨¸É·¨·ÊÕÐ¨Ì ¨§μ¡· -
¦¥´¨¥ ˜�‹ ¢ Î¥·¥´±μ¢¸±μ³ ¸¢¥É¥, ¨ ³Õμ´´ÒÌ ¤¥É¥±Éμ·μ¢. �·¨ É ±μ³ £¨¡·¨¤´μ³
·¥¦¨³¥ · ¡μÉÒ  É³μ¸Ë¥·´Ò¥ Î¥·¥´±μ¢¸±¨¥ É¥²¥¸±μ¶Ò ³μ£ÊÉ · ¡μÉ ÉÓ ¢ ³μ´μ·¥¦¨³¥
¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ´¨³¨ ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´μ ¤μ 800Ä1000 ³, ÎÉμ ¶μ§¢μ²Ö¥É ¸μ§¤ ÉÓ
Ê¸É ´μ¢±Ê ¶²μÐ ¤ÓÕ 5 ±³ ¨ ¡μ²¥¥ ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏ¨Ì § É· É Ì ¨ ¢ ±μ·μÉ-
±¨¥ ¸·μ±¨. Š 2019 £. ¡Ê¤¥É ¶μ¸É·μ¥´  ¶¥·¢ Ö μÎ¥·¥¤Ó £ ³³ -μ¡¸¥·¢ Éμ·¨¨ ¶²μÐ ¤ÓÕ
1 ±³2, ¥¥ μ¦¨¤ ¥³ Ö ¨´É¥£· ²Ó´ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤²Ö ·¥£¨¸É· Í¨¨ £ ³³ -¨§²ÊÎ¥´¨Ö
¸ Ô´¥·£¨¥° 100 ’Ô‚ ¶·¨ ´ ¡²Õ¤¥´¨¨ ¢ É¥Î¥´¨¥ 300 Î §  ¨¸ÉμÎ´¨±μ³ ¡Ê¤¥É ¶·¨³¥·´μ
2,5 · 10−13 ’Ô‚ · ¸³−2· ¸−1.

The article presents the relevance and advantages of the new gamma-observatory
TAIGA (Tunka Advanced Instrument for cosmic ray physics and Gamma Astronomy),
which is being created in the Tunka Valley 50 km from Lake Baikal. The various
detectors of six TAIGA gamma-observatory installations register Cherenkov and radio
radiation, as well as the electronic and muon components of the EAS. The main task of the
gamma-observatory TAIGA is to study the high-energy part of the gamma-ray spectrum,
in particular, in order to search for Galactic PeVatrons. In the observatory, according to
the data of the wide-angle Cherenkov detectors of the TAIGA-HiSCORE experiment, the
energy, direction and position of the EAS axis are reconstructed. The selection of gamma
quanta from the hadron background, taking into account this information, is carried out
from data obtained by means of telescopes registering the EAS image in the Cherenkov
light and muon detectors. In this hybrid mode of operation, atmospheric Cherenkov
telescopes can operate in mono mode and the distance between them can be increased
to 800Ä1000 m, which makes it possible to create an installation with an area of 5 km and
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more at relatively low costs and in a short time. By 2019, the ˇrst stage of the gamma-
observatory with an area of 1 km2 will be constructed, its expected integral sensitivity
for registration of gamma radiation with an energy of 100 TeV for observation for 300 h
behind the source will be approximately 2.5 · 10−13 TeV · cm−2 · s−1.

PACS: 98.70.Rz; 98.70.Sa
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ˆ¸¸²¥¤μ¢ ´¨¥ ¶μÉμ±μ¢ £ ³³ -±¢ ´Éμ¢, ¶μ·μ¦¤ ¥³ÒÌ ¢ μ±·¥¸É´μ¸É¨ £ ² ±-
É¨Î¥¸±¨Ì ¨ ³¥É £ ² ±É¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢Ò¸μ±¨Ì Ô´¥·-
£¨°, Å ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò° ¸¶μ¸μ¡ ¨§ÊÎ¥´¨Ö ¨Ì ¶·¨·μ¤Ò. Š ´ ¸ÉμÖÐ¥³Ê
¢·¥³¥´¨ ´ ¨¡μ²¥¥ §´ Î¨³Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ £ ³³ - ¸É·μ´μ³¨¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°
¶μ²ÊÎ¥´Ò ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢μ± HEGRA, H.E.S.S., VERITAS ¨ MAGIC, ±μ-
Éμ·Ò¥ ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö μÉ ¤¢ÊÌ ¤μ ¶ÖÉ¨ É ± ´ §Ò¢ ¥³ÒÌ Imaging Atmospheric
Cherenkov Telescope (IACT) ¸ ¤¨ ³¥É·μ³ ¸μ¸É ¢´μ£μ §¥·± ²  μÉ 4 ¤μ 28 ³
¨ ¸ ³´μ£μ± ´ ²Ó´μ° ± ³¥·μ°, ·¥£¨¸É·¨·ÊÕÐ¥° ¨§μ¡· ¦¥´¨¥ Î¥·¥´±μ¢¸±μ£μ
¨§²ÊÎ¥´¨Ö Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´¥° (˜�‹). ‚ ·Ê¸¸±μÖ§ÒÎ´μ° ²¨É¥· -
ÉÊ·¥ ´¥É Ê¸ÉμÖ¢Ï¥£μ¸Ö ´ §¢ ´¨Ö ¤²Ö IACT, ³Ò ¡Ê¤¥³ ¨Ì ´ §Ò¢ ÉÓ  É³μ¸Ë¥·-
´Ò³¨ Î¥·¥´±μ¢¸±¨³¨ É¥²¥¸±μ¶ ³¨ (�—’). „²Ö ¤μ¸Éμ¢¥·´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö
¶ · ³¥É·μ¢ ˜�‹ ¨ μ¶·¥¤¥²¥´¨Ö ¶·¨·μ¤Ò ¶μ·μ¤¨¢Ï¥° ¥£μ Î ¸É¨ÍÒ ˜�‹
¤μ²¦´Ò ·¥£¨¸É·¨·μ¢ ÉÓ¸Ö ´¥¸±μ²Ó±¨³¨ �—’ (¢ ¸É¥·¥μ¸±μ¶¨Î¥¸±μ³ ·¥¦¨³¥).
‚Ò¤¥²¥´¨¥ ¸μ¡ÒÉ¨°, ¶μ·μ¦¤¥´´ÒÌ £ ³³ -±¢ ´É ³¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°, μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ´  μ¸´μ¢¥  ´ ²¨§  Ëμ·³Ò Î¥·¥´±μ¢¸±μ£μ ¨§μ¡· ¦¥´¨Ö ˜�‹ ¶μ
³¥Éμ¤¨±¥, ¶·¥¤²μ¦¥´´μ° •¨²² ¸μ³ [1]. ‘·¥¤¨ ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ Ê¸É ´μ-
¢μ± �—’ · ¸¶μ²μ¦¥´Ò ´  · ¸¸ÉμÖ´¨¨ ¶μ·Ö¤±  100 ³ ¤·Ê£ μÉ ¤·Ê£ , ¨ μ´¨
μÎ¥´Ó ÔËË¥±É¨¢´Ò ¤²Ö ·¥£¨¸É· Í¨¨ £ ³³ -±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° ¤μ 30 ’Ô‚. �¤-
´ ±μ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏ Ö ¶²μÐ ¤Ó ¤¥°¸É¢ÊÕÐ¨Ì Ê¸É ´μ¢μ± ´¥ ¶μ§¢μ²Ö¥É
·¥£¨¸É·¨·μ¢ ÉÓ ¸ ¤μ¸É ÉμÎ´μ° ¸É É¨¸É¨±μ° ËμÉμ´Ò ¸ ¡μ²¥¥ ¢Ò¸μ±μ° Ô´¥·-
£¨¥°. „²Ö Ô´¥·£¨° ¢ÒÏ¥ 250 ’Ô‚ Ê¸É ´μ¢²¥´Ò μ£· ´¨Î¥´¨Ö ²¨ÏÓ ´  ¶μÉμ±
£ ³³ -±¢ ´Éμ¢ ¶μ ¤ ´´Ò³ Ô±¸¶¥·¨³¥´Éμ¢ KASCADE, CASA-MIA ¨ ¤·.

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö £ ³³ -¨§²ÊÎ¥´¨Ö ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 50 ’Ô‚ ´Ê¦´Ò Ê¸É -
´μ¢±¨ ¸ ÔËË¥±É¨¢´μ° ¶²μÐ ¤ÓÕ ´¥ ³¥´¥¥ 1 ±³2. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ¶μ¸²¥¤´¨¥
£μ¤Ò  ±É¨¢´μ · §· ¡ ÉÒ¢ ¥É¸Ö ¶·μ¥±É Ê¸É ´μ¢±¨ ‘’� (Cherenkov Telescope
Array). �Éμ ´ ¨¡μ²¥¥  ³¡¨Í¨μ§´Ò° ¨ ¤μ·μ£μ° ¶·μ¥±É, ¢ · ³± Ì ±μÉμ·μ£μ
¶·¥¤¶μ² £ ¥É¸Ö ¶μ¸É·μ¨ÉÓ ¶μÎÉ¨ 100 �—’ ¸ §¥·± ² ³¨ ¤¨ ³¥É·μ³ μÉ 4 ¤μ 30 ³.

‚ £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA (Tunka Advanced Instrument for cosmic ray
physics and Gamma Astronomy) ¸ £¨¡·¨¤´μ° ¸¨¸É¥³μ° ¸μ¢³¥¸É´μ · ¡μÉ ÕÐ¨Ì
¤¥É¥±Éμ·μ¢, ±μÉμ· Ö ¸μ§¤ ¥É¸Ö ¢ ’Ê´±¨´¸±μ° ¤μ²¨´¥ ¢ 50 ±³ μÉ μ§. � °± ²,
· §¢¨¢ ¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´μ ´μ¢Ò° ¶μ¤Ìμ¤ ± ¨¸¸²¥¤μ¢ ´¨Ö³ £ ³³ -¨§²ÊÎ¥´¨Ö
¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨°. �¸´μ¢´ Ö ¥£μ μ¸μ¡¥´´μ¸ÉÓ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¢ ÔÉμ³
¶·μ¥±É¥ ¶·¥Í¨§¨μ´´μ¥ ¢μ¸¸É ´μ¢²¥´¨¥ Ô´¥·£¨¨, ¶μ²μ¦¥´¨Ö ¨ ´ ¶· ¢²¥´¨Ö μ¸¨
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˜�‹ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ ¤ ´´Ò³ Ï¨·μ±μÊ£μ²Ó´μ° Î¥·¥´±μ¢¸±μ° Ê¸É ´μ¢±¨
TAIGA-HiSCORE (High Sensitivity COsmic Rays and gamma Explorer) [2]. „²Ö
μ¶·¥¤¥²¥´¨Ö ¢¨¤  Î ¸É¨ÍÒ, ¶μ·μ¤¨¢Ï¥° ˜�‹ (¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ¢Ò¤¥²¥´¨Ö
˜�‹ μÉ £ ³³ -±¢ ´Éμ¢ ¨§ ¸μ§¤ ¢ ¥³μ£μ Ö¤· ³¨ Ëμ´ ), ¡Ê¤ÊÉ ¢ μ¸´μ¢´μ³ ¨¸-
¶μ²Ó§μ¢ ÉÓ¸Ö ¤ ´´Ò¥, ¶μ²ÊÎ ¥³Ò¥ ¸ ¶μ³μÐÓÕ �—’ Ê¸É ´μ¢±¨ TAIGA-IACT.
‚ ¦´μ, ÎÉμ ¶·¨ ´ ²¨Î¨¨ ¨´Ëμ·³ Í¨¨ μ¡ Ô´¥·£¨¨, ¶μ²μ¦¥´¨¨ ¨ ´ ¶· ¢²¥´¨¨
μ¸¨ ²¨¢´Ö ¤μ¸É ÉμÎ´μ, ÎÉμ¡Ò ¥£μ Î¥·¥´±μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ ¡Ò²μ § ·¥£¨¸É·¨-
·μ¢ ´μ Éμ²Ó±μ μ¤´¨³ É¥²¥¸±μ¶μ³, É. ¥. ¢ ³μ´μ·¥¦¨³¥, ÎÉμ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
·¥§Ê²ÓÉ É ³¨ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¤μ·μ£μ-
¸ÉμÖÐ¨³¨ �—’ ± ± ³¨´¨³Ê³ ¤μ 600 ³,   ¢μ§³μ¦´μ, ¨ ¤μ 1000 ³.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¢ ¸μ¸É ¢¥ £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA ´  ¶²μÐ ¤¨
μ±μ²μ 0,6 ±³2 · §¢¥·´ÊÉμ 60 Ï¨·μ±μÊ£μ²Ó´ÒÌ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨° Ê¸É ´μ¢±¨
TAIGA-HiSCORE ¨ ¶¥·¢Ò° �—’ Ê¸É ´μ¢±¨ TAIGA-IACT. Š ±μ´ÍÊ 2018 £.
±μ²¨Î¥¸É¢μ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨° Ê¸É ´μ¢±¨ TAIGA-HiSCORE ¡Ê¤¥É Ê¤¢μ¥´μ
¨ · §¢¥·´ÊÉμ ¥Ð¥ ¤¢  �—’ Ê¸É ´μ¢±¨ TAIGA-IACT. ’ ±¦¥ ¶² ´¨·Ê¥É¸Ö · §-
¢¥·´ÊÉÓ ³Õμ´´Ò¥ ¤¥É¥±Éμ·Ò μ¡Ð¥° ¶²μÐ ¤ÓÕ 250 ³2. ’ ±μ° ±μ³¶²¥±¸ ´ 
¶²μÐ ¤¨ μ±μ²μ 1 ±³2 ´¥ Éμ²Ó±μ ¶μ§¢μ²¨É Ô±¸¶¥·¨³¥´É ²Ó´μ ¶·μ¢¥·¨ÉÓ ÔË-
Ë¥±É¨¢´μ¸ÉÓ ¸μ¢³¥¸É´μ° · ¡μÉÒ Ï¨·μ±μÊ£μ²Ó´μ° Î¥·¥´±μ¢¸±μ° Ê¸É ´μ¢±¨,
�—’ ¨ ³Õμ´´ÒÌ ¤¥É¥±Éμ·μ¢ ¤²Ö ·¥£¨¸É· Í¨¨ £ ³³ -±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° ¢ÒÏ¥
30 ’Ô‚, ´μ ¨ ¸É ´¥É ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò³ ¨´¸É·Ê³¥´Éμ³ ¤²Ö ·¥Ï¥´¨Ö

�¨¸. 1 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö Ê¸É ´μ¢μ± ¤²Ö ¨¸¸²¥¤μ-
¢ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ ’Ê´±¨´¸±μ° ¤μ²¨´¥. “¸É ´μ¢±  Tunka-133 ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
175 Î¥·¥´±μ¢¸±¨Ì ¤¥É¥±Éμ·μ¢ ´  ¶²μÐ ¤¨ 3 ±³2, Ê¸É ´μ¢±  Tunka-Grande ¸μ¸Éμ¨É ¨§
19 ¸É ´Í¨° (¸¨´¨¥ ±·Ê¦±¨), ¸ ´ §¥³´Ò³¨ ¨ ¶μ¤§¥³´Ò³¨ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¤¥É¥±-
Éμ· ³¨ μ¡Ð¨³ Î¨¸²μ³ 380 ÏÉ. ‚ Ê¸É ´μ¢±¥ Tunka-Rex ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö 63  ´É¥´´Ò
(±· ¸´Ò¥ ±·Ê¦±¨)
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§ ¤ Î £ ³³ - ¸É·μ´μ³¨¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°,   É ±¦¥ ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ ´  ·¥-
±μ·¤´μ³ Ê·μ¢´¥ ¸É É¨¸É¨±¨ ¨ ÉμÎ´μ¸É¨ ¤ ´´Ò¥ μ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¸ Ô´¥·-
£¨¥° ¢ÒÏ¥ 100 ’Ô‚.

�¤´μ¢·¥³¥´´μ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶μÉμ±μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°, ¶μ¨¸± 
£ ³³ -±¢ ´Éμ¢ ¨ ´¥°É·¨´μ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°  ±É¨¢´μ · §¢¨¢ ¥É¸Ö ³¥-
Éμ¤¨±  ·¥£¨¸É· Í¨¨ · ¤¨μ¨§²ÊÎ¥´¨Ö ˜�‹ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢±¨ Tunka-Rex
(¸ ¶μ·μ£μ³ ·¥£¨¸É· Í¨¨  ¤·μ´´ÒÌ ˜�‹ 100 �Ô‚, ¶μ·μ¦¤¥´´ÒÌ £ ³³ -±¢ ´-
É ³¨ Ô²¥±É·μ³ £´¨É´ÒÌ ˜�‹ 10 �Ô‚), · ¡μÉ ÕÐ¥° ¸μ¢³¥¸É´μ ¸ Ê¸É ´μ¢±μ°
Tunka-133 (¸ ¶μ·μ£μ³ ·¥£¨¸É· Í¨¨  ¤·μ´´ÒÌ ˜�‹ 5 �Ô‚, ¶μ·μ¦¤¥´´ÒÌ
£ ³³ -±¢ ´É ³¨ Ô²¥±É·μ³ £´¨É´ÒÌ ˜�‹ 500 ’Ô‚) ¨ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨
Ê¸É ´μ¢± ³¨ Tunka-Grande ¨ TAIGA-Muon.

�Ò¸É·Ò° ¶·μ£·¥¸¸ ¢ ¸μ§¤ ´¨¨ £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA ¡ §¨·Ê¥É¸Ö
´  ¡μ²ÓÏμ³ ³¥Éμ¤¨Î¥¸±μ³ ¨ É¥Ì´¨Î¥¸±μ³ μ¶ÒÉ¥, ´ ±μ¶²¥´´μ³ ¶·¨ ¸μ§¤ -
´¨¨ ·Ö¤  Ï¨·μ±μÊ£μ²Ó´ÒÌ Î¥·¥´±μ¢¸±¨Ì Ê¸É ´μ¢μ± Tunka-13, Tunka-25 [3],
Tunka-133 [4],   É ±¦¥ · ¤¨μÊ¸É ´μ¢±¨ Tunka-Rex [5] ¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ°
Ê¸É ´μ¢±¨ Tunka-Grande [6] (·¨¸. 1), ´ Í¥²¥´´ÒÌ ´  ¨¸¸²¥¤μ¢ ´¨¥ ±μ¸³¨Î¥-
¸±¨Ì ²ÊÎ¥° ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 1 �Ô‚.

1. ˜ˆ��Š�“ƒ�‹œ��Ÿ —…�…�Š�‚‘Š�Ÿ “‘’���‚Š�
TAIGA-HiSCORE

Š ¦¤ Ö μ¶É¨Î¥¸± Ö ¸É ´Í¨Ö Ê¸É ´μ¢±¨ TAIGA-HiSCORE ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
¤¢  ±μ´É¥°´¥· . ‚ μ¤´μ³ ¨§ ´¨Ì (Î¥·¥´±μ¢¸±μ³ ±μ´É¥°´¥·¥, ·¨¸. 2) · ¸¶μ²μ-
¦¥´Ò Î¥ÉÒ·¥ ËμÉμÔ²¥±É·μ´´ÒÌ Ê³´μ¦¨É¥²Ö (”�“) ¸ ¤¨ ³¥É·μ³ ËμÉμ± Éμ¤ 
20 ¨²¨ 25 ¸³ (ET9352KB, R5912 ¨ R7081). Š ¦¤Ò° ”�“ ¸´ ¡¦¥´ ±μ´Ê¸μ³
‚¨´¸Éμ´ , ¨§£μÉμ¢²¥´´Ò³ ¨§ §¥·± ²Ó´μ£μ ³ É¥·¨ ²  Alanod 4300 UD, ÎÉμ Ê¢¥-
²¨Î¨¢ ¥É ÔËË¥±É¨¢´ÊÕ ¶²μÐ ¤Ó ¸¢¥Éμ¸¡μ·  ¢ Î¥ÉÒ·¥ · § . “£μ² μ¡§μ·  ±μ´Ê¸ 
±30◦ (∼ 0,6 c·). �´ ²μ£μ¢Ò¥ ¸¨£´ ²Ò ¸  ´μ¤μ¢ ¨ ¤²Ö · ¸Ï¨·¥´¨Ö ¤¨´ ³¨Î¥-
¸±μ£μ ¤¨ ¶ §μ´  ¸ ¶ÖÉμ£μ ¤¨´μ¤  ± ¦¤μ£μ ”�“ ¶¥·¥¤ ÕÉ¸Ö ¢μ ¢Éμ·μ° · ¸¶μ²μ-
¦¥´´Ò° ·Ö¤μ³ ®Ô²¥±É·μ´´Ò° ±μ´É¥°´¥·¯, £¤¥ ¶·μ¨¸Ìμ¤¨É ¨Ì ¸Ê³³¨·μ¢ ´¨¥,
μÍ¨Ë·μ¢±  ¨ ¶·¥¤¢ ·¨É¥²Ó´Ò° μÉ¡μ· ¶μ § ¤ ´´Ò³ ±·¨É¥·¨Ö³. ‘¢¥Éμ¸μ¡¨· Õ-
Ð¨¥ ±μ´Ê¸Ò § ±·ÒÉÒ ¸¢¥·ÌÊ ¸¶¥Í¨ ²Ó´Ò³ ¶·μ¶Ê¸± ÕÐ¨³ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ¥
¨§²ÊÎ¥´¨¥ μ·£ ´¨Î¥¸±¨³ ¸É¥±²μ³ ¤²Ö § Ð¨ÉÒ μÉ ¶Ò²¨ ¨ ¢² £¨ (¨§³μ·μ§¨).
‚ Î¥·¥´±μ¢¸±μ³ ±μ´É¥°´¥·¥ ¢ Í¥²μ³ É¥³¶¥· ÉÊ·  ´¥ ·¥£Ê²¨·Ê¥É¸Ö, ´μ ®μ±-
´ ¯ ¶μ¤μ£·¥¢ ÕÉ¸Ö ¤²Ö § Ð¨ÉÒ μÉ μ¡³¥·§ ´¨Ö, É ± ÎÉμ μ´¨ μ¸É ÕÉ¸Ö Î¨¸ÉÒ³¨
¤ ¦¥ ¶·¨ É¥³¶¥· ÉÊ·¥ ´¨¦¥ −40 ◦C. „²Ö § Ð¨ÉÒ ”�“ μÉ ¸μ²´¥Î´μ£μ ¸¢¥É 
¨ μ¸ ¤±μ¢ ¢ ¶²μÌÊÕ ¶μ£μ¤Ê Î¥·¥´±μ¢¸±¨¥ ±μ´É¥°´¥·Ò ¨³¥ÕÉ ±·ÒÏ±¨, ±μÉμ-
·Ò¥ μÉ±·Ò¢ ÕÉ¸Ö ¨ § ±·Ò¢ ÕÉ¸Ö ¸ ¶μ³μÐÓÕ Ô²¥±É·μ¤¢¨£ É¥²¥°. „²Ö Ê¶· ¢²¥-
´¨Ö ¤¢¨£ É¥²Ö³¨ Ê¸É ´μ¢±¨, ´ ¶·Ö¦¥´¨¥³ ´  ¨¸ÉμÎ´¨± Ì ¶¨É ´¨Ö ¤²Ö ”�“,
³μ´¨Éμ·¨´£   ´μ¤´ÒÌ Éμ±μ¢ ¨ ¤·Ê£¨Ì ËÊ´±Í¨° ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥
±μ´É·μ²²¥·Ò Î¥·¥´±μ¢¸±¨Ì ±μ´É¥°´¥·μ¢. ‚Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥ μÉ±²ÕÎ ¥É¸Ö,
¥¸²¨  ´μ¤´Ò¥ Éμ±¨ ¶·¥¢μ¸Ìμ¤ÖÉ Ê¸É ´μ¢²¥´´Ò¥ ¶·¥¤¥²Ó´Ò¥ §´ Î¥´¨Ö.
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�¨¸. 2. ‘Ì¥³  (a) ¨ ËμÉμ (¡) ±μ´É¥°´¥·  ¸ ”�“ μ¶É¨Î¥¸±μ° ¸É ´Í¨¨ Ê¸É ´μ¢±¨ TAIGA-
HiSCORE

„²Ö Ê³¥´ÓÏ¥´¨Ö  ´μ¤´μ£μ Éμ±  Ï¥¸Éμ° ¨ ¶μ¸²¥¤ÊÕÐ¨¥ ¤¨´μ¤Ò ”�“ § -
±μ·μÎ¥´Ò ´   ´μ¤, ¶·¨ ÔÉμ³ ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ”�“ Å ¶μ·Ö¤±  104,   ¢
¡¥§²Ê´´Ò¥ Ö¸´Ò¥ ´μÎ¨  ´μ¤´Ò¥ Éμ±¨ ”�“ Å ¢ ¶·¥¤¥² Ì 70Ä80 ³±�. —Éμ¡Ò
±μ³¶¥´¸¨·μ¢ ÉÓ ³ ²μ¸ÉÓ Ê¸¨²¥´¨Ö ”�“,  ´μ¤´Ò° ¨ ¤¨´μ¤´Ò° ¶·¥¤¢ ·¨É¥²Ó-
´Ò¥ Ê¸¨²¨É¥²¨ ¨³¥ÕÉ ±μÔËË¨Í¨¥´ÉÒ Ê¸¨²¥´¨Ö 30 ¨ 4 ¸μμÉ¢¥É¸É¢¥´´μ.

‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ Ê¸É ´μ¢±¨ TAIGA-HiSCORE ¨³¥¥É ¨¥· ·Ì¨Î¥¸±ÊÕ
¸É·Ê±ÉÊ·Ê. �¶É¨Î¥¸±¨¥ ¸É ´Í¨¨ Ê¸É ´μ¢±¨ · §¡¨ÉÒ ´  ±² ¸É¥·Ò, ¢ ± ¦¤μ³ ¨§
±μÉμ·ÒÌ μ±μ²μ 30 ¸É ´Í¨°. ‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ ± ¦¤μ£μ ±² ¸É¥·  (·¨¸. 3)
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¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢¥ Î ¸É¨: Ô²¥±É·μ´¨±Ê ¸¡μ·  ¤ ´´ÒÌ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨°
(Station DAQ), ±μÉμ· Ö ´ Ìμ¤¨É¸Ö ¢ É¥·³μ¸É ¡¨²¨§¨·μ¢ ´´ÒÌ ±μ´É¥°´¥· Ì,
· ¸¶μ²μ¦¥´´ÒÌ ´  · ¸¸ÉμÖ´¨¨ μ±μ²μ 1,5 ³ μÉ Î¥·¥´±μ¢¸±¨Ì ±μ´É¥°´¥·μ¢, ¨
Í¥´É· ²Ó´ÊÕ Î ¸ÉÓ (Central DAQ), · ¸¶μ²μ¦¥´´ÊÕ ¢ £¥μ³¥É·¨Î¥¸±μ³ Í¥´É·¥
±² ¸É¥· . Š ¦¤ Ö μ¶É¨Î¥¸± Ö ¸É ´Í¨Ö ¸μ¥¤¨´¥´  ¸ Í¥´É· ²Ó´μ° Ô²¥±É·μ´¨-
±μ° ±² ¸É¥·  μ¶É¨Î¥¸±¨³ ± ¡¥²¥³, ¶μ ±μÉμ·μ³Ê ¶·μ¨¸Ìμ¤ÖÉ ¶¥·¥¤ Î  ¤ ´´ÒÌ
¨ ¸¨´Ì·μ´¨§ Í¨Ö. �μ¸²¥¤´ÖÖ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¸Ê¡´ ´μ¸¥±Ê´¤´μ° ÉμÎ´μ¸ÉÓÕ
¸ ¶μ³μÐÓÕ £¨¡·¨¤´μ° ¸¨¸É¥³Ò, ¶μ± § ´´μ° ´  ·¨¸. 3. �´  μ¡Ñ¥¤¨´Ö¥É ¸¨-
¸É¥³Ê É· ¤¨Í¨μ´´μ° ¸¨´Ì·μ´¨§ Í¨¨ ´  Î ¸ÉμÉ¥ 100 ŒƒÍ ¨ ¢·¥³¥´´ÊÕ ¸¨¸É¥³Ê
White Rabbit (WR) Ethernet-based [7, 8]. �μ¸²¥¤´ÖÖ μ¡¥¸¶¥Î¨¢ ¥É ¶·¨¢Ö§±Ê
± Í¥´É· ²Ó´Ò³ Î ¸ ³ ´  ¡ §¥ GSP-disciplined Rubidium Oscillator (GPSDO).
‘É ¡¨²Ó´μ¸ÉÓ ¸¨´Ì·μ´¨§ Í¨¨ Å ¶μ·Ö¤±  0,2 ´¸. ’μÎ´μ¥ §´ Î¥´¨¥ ¢·¥³¥´´ÒÌ
§ ¤¥·¦¥± ¤²Ö μÉ¤¥²Ó´ÒÌ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨° μ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ¨Ì § ¸¢¥É±¨
¢´¥Ï´¨³ ¨¸ÉμÎ´¨±μ³ ¸¢¥É .

�¨¸. 3. ‘¨¸É¥³  ¸¡μ·  ¤ ´´ÒÌ ±² ¸É¥·  Ê¸É ´μ¢±¨ TAIGA-HiSCORE

ƒ² ¢´Ò³¨ ±μ³¶μ´¥´É ³¨ Ô²¥±É·μ´¨±¨ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨° Ö¢²ÖÕÉ¸Ö  ´ -
²μ£μ¢Ò¥ ¸Ê³³ Éμ·Ò ¨ 8-± ´ ²Ó´Ò¥  ´ ²μ£μ-Í¨Ë·μ¢Ò¥ ¶·¥μ¡· §μ¢ É¥²¨ ´  ¡ §¥
³¨±·μ¸Ì¥³ DRS-4, ¸ ¶μ³μÐÓÕ ±μÉμ·ÒÌ ¸¨£´ ²Ò ¸  ´μ¤μ¢ ¨ ¤¨´μ¤μ¢ μÍ¨-
Ë·μ¢Ò¢ ÕÉ¸Ö ¸ Ï £μ³ 0,5 ´¸ ¢ É¥Î¥´¨¥ ¢·¥³¥´´μ£μ μ±´  ¶·μ¤μ²¦¨É¥²Ó´μ-
¸ÉÓÕ 200 ´¸ ¶μ¸²¥ ¢Ò· ¡μÉ±¨ É·¨££¥· . “¸²μ¢¨¥ Ëμ·³¨·μ¢ ´¨Ö É·¨££¥·  Å
¶·¥¢ÒÏ¥´¨¥ ¸Ê³³ ·´Ò³  ´μ¤´Ò³ ¸¨£´ ²μ³ ¶μ·μ£ , ±μÉμ·Ò° Ê¸É ´ ¢²¨¢ ¥É¸Ö
´  Ê·μ¢´¥ 200 ËμÉμÔ²¥±É·μ´μ¢, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ´μ¸É¨ ¶μÉμ±  Î¥·¥´-
±μ¢¸±μ£μ ¸¢¥É  ¶μ·Ö¤±  0,3 ËμÉμ´ /¸³2 [9]. �·¨ É ±μ³ Ê¸²μ¢¨¨ Î ¸ÉμÉ 
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¢Ò· ¡μÉ±¨ É·¨££¥·  μÉ¤¥²Ó´Ò³¨ ¸É ´Í¨Ö³¨ Å ¶μ·Ö¤±  10Ä15 ƒÍ. ‡  ¸Î¥É
¨¸¶μ²Ó§μ¢ ´¨Ö ¸¢¥Éμ¸μ¡¨· ÕÐ¨Ì ±μ´Ê¸μ¢ ¨ ¸Ê³³¨·μ¢ ´¨Ö ¸¨£´ ²μ¢ ¸ Î¥ÉÒ-
·¥Ì ”�“ Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ Ê¸É ´μ¢±¨ TAIGA-HiSCORE ¶·¨³¥·´μ ¢ 20
· § ´¨¦¥, Î¥³ ¤²Ö Ê¸É ´μ¢±¨ Tunka-133, ¨ ¸μ¸É ¢²Ö¥É 80Ä100 ’Ô‚ ¤²Ö ·¥£¨-
¸É· Í¨¨  ¤·μ´´ÒÌ ˜�‹ ¨ 40Ä50 ’Ô‚ ¤²Ö ·¥£¨¸É· Í¨¨ ¶μ·μ¦¤¥´´ÒÌ £ ³³ -
±¢ ´É ³¨ ˜�‹.

‚ É¥Î¥´¨¥ §¨³´¥£μ ¸¥§μ´  2016Ä2017 ££. ¢ ¨§³¥·¥´¨ÖÌ ÊÎ ¸É¢μ¢ ²μ 28 μ¶-
É¨Î¥¸±¨Ì ¸É ´Í¨° ¶¥·¢μ£μ ±² ¸É¥·  Ê¸É ´μ¢±¨ TAIGA-HiSCORE (·¨¸. 4). �´¨
· ¸¶μ²μ¦¥´Ò ´  ¶²μÐ ¤¨ 0,25 ±³2 ¢ Ê§² Ì ·¥£Ê²Ö·´μ° ¸¥É±¨ ¸ ³¨´¨³ ²Ó´Ò³
· ¸¸ÉμÖ´¨¥³ ³¥¦¤Ê ¸É ´Í¨Ö³¨ 106 ³. ‚¸¥ ¸É ´Í¨¨ ¡Ò²¨ ´ ±²μ´¥´Ò ¢ Õ¦-
´μ³ ´ ¶· ¢²¥´¨¨ ´  25◦ ¤²Ö Ê¢¥²¨Î¥´¨Ö ¢·¥³¥´¨ ´ ¡²Õ¤¥´¨Ö §  ¨¸ÉμÎ´¨±μ³
£ ³³ -±¢ ´Éμ¢ ¢ Š· ¡μ¢¨¤´μ° ÉÊ³ ´´μ¸É¨.

�¨¸. 4.  ) � ¸¶μ²μ¦¥´¨¥ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨° Ê¸É ´μ¢±¨ TAIGA-HiSCORE (±¢ ¤· ÉÒ)
¨ ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢±¨ Tunka-133 (±·Ê¦±¨). ¡) ƒ·Ê¶¶  μ¶É¨Î¥¸±¨Ì ¸É ´Í¨°

‚μ¸¸É ´μ¢²¥´¨¥ ¶ · ³¥É·μ¢ ˜�‹ ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨ TAIGA-
HiSCORE ¶·μ¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ³¥Éμ¤¨± ¨  ²£μ·¨É³μ¢, · §· ¡μÉ ´´ÒÌ ¤²Ö
μ¡· ¡μÉ±¨ ¤ ´´ÒÌ Ê¸É ´μ¢±¨ Tunka-133 [10,11]. � ¶· ¢²¥´¨¥ ¶·¨Ìμ¤  ˜�‹
μ¶·¥¤¥²Ö¥É¸Ö ¶μ μÉ´μ¸¨É¥²Ó´μ° § ¤¥·¦±¥ ¢·¥³¥´¨ ·¥£¨¸É· Í¨¨ Î¥·¥´±μ¢¸±μ£μ
¨³¶Ê²Ó¸  ± ¦¤μ° ¸É ´Í¨¥°. �´¥·£¨Ö ¶¥·¢¨Î´μ° Î ¸É¨ÍÒ ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö
¶μ ¶²μÉ´μ¸É¨ ¶μÉμ±  Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  (Q200) ´  · ¸¸ÉμÖ´¨¨ 200 ³ μÉ
μ¸¨ ˜�‹ [11] ¸ ÉμÎ´μ¸ÉÓÕ μ±μ²μ 15%. ’μÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ´ ¶· ¢²¥´¨Ö
¶·¨Ìμ¤  ˜�‹ ¸¨²Ó´μ § ¢¨¸¨É μÉ ±μ²¨Î¥¸É¢  ¸· ¡μÉ ¢Ï¨Ì ¸É ´Í¨°. “£²μ¢μ¥
· §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É 0,4−0,5◦ ¤²Ö ¸μ¡ÒÉ¨° ¸ 4Ä5 ¸· ¡μÉ ¢Ï¨³¨ ¸É ´Í¨-
Ö³¨ ¨ μ±μ²μ 0,10◦ ¤²Ö ¸μ¡ÒÉ¨° ¸ ¡μ²¥¥ Î¥³ 10 ¸· ¡μÉ ¢Ï¨³¨ ¸É ´Í¨Ö³¨.
„μ¶μ²´¨É¥²Ó´μ ÉμÎ´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö ´ ¶· ¢²¥´¨Ö ˜�‹ ³μ¦¥É ¡ÒÉÓ ¶·μ-
¢¥·¥´  ¶·¨ ·¥£¨¸É· Í¨¨ ¸¢¥É  μÉ ²¨¤ · , Ê¸É ´μ¢²¥´´μ£μ ´  ³¥¦¤Ê´ ·μ¤´μ°
±μ¸³¨Î¥¸±μ° ¸É ´Í¨¨ (ŒŠ‘) [12] (·¨¸. 5). ‡ ³¥Î É¥²Ó´μ, ÎÉμ ´ ¡²Õ¤ ¥É¸Ö
¸μ¢¶ ¤¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ§¨Í¨¨ ŒŠ‘ ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨
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�¨¸. 5 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �¥£¨¸É· Í¨Ö Ê¸É ´μ¢²¥´´μ£μ ´  ŒŠ‘ ²¨¤ · 
Ê¸É ´μ¢±μ° TAIGA-HiSCORE.  ) ‘¢μ¤±  ¶μ 10 ¶·μÌμ¤ ³ ŒŠ‘ ¢ 2015Ä2017 ££.: ²¨-
´¨¨ Å É· ¥±Éμ·¨¨ ŒŠ‘; ÉμÎ±¨ Å ·¥§Ê²ÓÉ ÉÒ ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ§¨Í¨¨ ŒŠ‘ ¶μ ¤ ´-
´Ò³ Ê¸É ´μ¢±¨ TAIGA-HiSCORE. ¡) ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ§¨Í¨¨
ŒŠ‘ ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨ TAIGA-HiSCORE ¨ É¥²¥¸±μ¶ -·μ¡μÉa ¸¨¸É¥³Ò Œ�‘’…�

TAIGA-HiSCORE ¨ · ¸¶μ²μ¦¥´´μ£μ É ³ ¦¥ É¥²¥¸±μ¶ -·μ¡μÉ  ¸¨¸É¥³Ò Œ�-
‘’…� [13] ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  0,2◦.

�  ·¨¸. 6,   ¶·¨¢¥¤¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢μ¸¸É ´μ¢²¥´¨Ö Ô´¥·-
£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨ TAIGA-
HiSCORE ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ´ Ï¨Ì ¶·¥¤Ò¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¢
’Ê´±¨´¸±μ° ¤μ²¨´¥,   É ±¦¥ ¸ ·¥§Ê²ÓÉ É ³¨ ¡ ²²μ´´μ£μ Ô±¸¶¥·¨³¥´É 
�’ˆŠ-2 [14] ¨ ¸¶ÊÉ´¨±μ¢μ£μ Ô±¸¶¥·¨³¥´É  �“Š‹�� [15].

�¸É Éμ± ¸¢¥·Ì´μ¢μ° SN1054 Å Š· ¡μ¢¨¤´ Ö ÉÊ³ ´´μ¸ÉÓ (¤ ²¥¥
®Š· ¡¯) Å Ö¢²Ö¥É¸Ö Ö·Î °Ï¨³ ¨¸ÉμÎ´¨±μ³ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ£μ £ ³³ -
¨§²ÊÎ¥´¨Ö. �¡ÒÎ´μ ¢ μ¡² ¸É¨ Ô´¥·£¨° ¤μ 10 ’Ô‚ ¶μÉμ± ËμÉμ´μ¢ μÉ ®Š· ¡ ¯
¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ± ²¨¡·μ¢±¨ ´μ¢ÒÌ Ê¸É ´μ¢μ±. �¡² ¸ÉÓ Ô´¥·£¨° ¢ÒÏ¥ 30 ’Ô‚,
±μÉμ·ÊÕ ¶² ´¨·Ê¥É¸Ö ¨¸¸²¥¤μ¢ ÉÓ ´  Ê¸É ´μ¢±¥ TAIGA-HiSCORE, μ¸É ¥É¸Ö
¶· ±É¨Î¥¸±¨ ´¥¨§ÊÎ¥´´μ°, § ·¥£¨¸É·¨·μ¢ ´Ò ²¨ÏÓ ¥¤¨´¨Î´Ò¥ ¸μ¡ÒÉ¨Ö, ÎÉμ
³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö £·Ê¡μ° μÍ¥´±¨ μ¦¨¤ ¥³μ£μ ¶μÉμ±  £ ³³ -±¢ ´Éμ¢
μÉ ®Š· ¡ ¯ ¢ μ¡² ¸É¨ Ô´¥·£¨°, ¤μ¸ÉÊ¶´μ° ¤²Ö Ê¸É ´μ¢±¨ TAIGA-HiSCORE.
�  ·¨¸. 6, ¡ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ É ±μ£μ ¶μ¨¸± . �·¥¤¢ ·¨É¥²Ó´μ ³μ¦´μ £μ-
¢μ·¨ÉÓ μ ¢μ§³μ¦´μ³ ¶·¥¢ÒÏ¥´¨¨ ±μ²¨Î¥¸É¢  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ˜�‹ ¢
¤¨ ¶ §μ´¥ Ô´¥·£¨¨ 40Ä100 ’Ô‚ ¢ ÖÎ¥°±¥ ¢¥²¨Î¨´μ° 0,3−0,4◦ ¢ ´ ¶· ¢²¥´¨¨
´  ®Š· ¡¯ ´ ¤ Ëμ´μ³ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸ ¤μ¸Éμ¢¥·´μ¸ÉÓÕ 2−2,5σ.



1040 �“„�…‚ �.Œ. ˆ „�.

�¨¸. 6.  ) �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ¶¥·¢¨Î´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨
TAIGA-HiSCORE ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢. ¡) �¥§Ê²ÓÉ ÉÒ
¶μ¨¸±  ¨§¡ÒÉ±  ˜�‹ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨¨ 40Ä100 ’Ô‚ ¢ ÖÎ¥°±¥ ¢¥²¨Î¨´μ° 0,3−0,4◦

¢ ´ ¶· ¢²¥´¨¨ ´  ®Š· ¡¯ ´ ¤ Ëμ´μ³ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°
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2. “‘’���‚Š� TAIGA-IACT

�É³μ¸Ë¥·´Ò¥ Î¥·¥´±μ¢¸±¨¥ É¥²¥¸±μ¶Ò Ê¸É ´μ¢±¨ TAIGA-IACT ¶·¥¤¸É ¢-
²ÖÕÉ ¸μ¡μ° É¥²¥¸±μ¶Ò-·¥Ë²¥±Éμ·Ò, ¢Ò¶μ²´¥´´Ò¥ ¢ ±μ´¸É·Ê±Í¨¨ „Ô¢¨¸ Ä
ŠμÉÉμ´ . ‘μ¸É ¢´Ò¥ §¥·± ²  É¥²¥¸±μ¶μ¢ ¡Ê¤ÊÉ ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö 34 ¸¥£³¥´É 
§¥·± ² ¸¶¥Í¨ ²Ó´μ° ¸Ë¥·¨Î¥¸±μ° Ëμ·³Ò ¤¨ ³¥É·μ³ 60 ¸³. ‘Ê³³ ·´ Ö ¶²μ-
Ð ¤Ó §¥·± ² ± ¦¤μ£μ É¥²¥¸±μ¶  ¸μ¸É ¢¨É ∼10 ³2, μ¡Ð¨° ¤¨ ³¥É· Å 4,32 ³,
Ëμ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥ Å 4,75 ³. „²Ö § Ð¨ÉÒ μÉ μ¡³¥·§ ´¨Ö ¢¸¥ §¥·± ²  μ¡-
¤Ê¢ ÕÉ¸Ö ¶μ¤μ£·¥ÉÒ³ ¢μ§¤ÊÌμ³. �·¨ Ô±¸¶²Ê É Í¨¨ ¶¥·¢μ£μ �—’ (·¨¸. 7, a)
¢ É¥¸Éμ¢μ³ ·¥¦¨³¥ ¢ É¥Î¥´¨¥ §¨³´¥£μ ¸¥§μ´  2016Ä2017 ££. ´  ³μ´É¨·μ¢±¥
¡Ò²μ Ê¸É ´μ¢²¥´μ Éμ²Ó±μ Ï¥¸ÉÓ §¥·± ². ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ê¸É ´μ¢²¥´Ò ¢¸¥
29 ¨³¥ÕÐ¨Ì¸Ö §¥·± ² (·¨¸. 7, ¡).

�¨¸. 7. �¥·¢Ò° �—’ ¢ £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA ¢ ¶¥·¨μ¤ É¥¸Éμ¢μ° Ô±¸¶²Ê É Í¨¨ ( )
¨ ¶μ¸²¥ Ê¸É ´μ¢±¨ 29 §¥·± ² (¡)

‚ Ëμ±Ê¸¥ §¥·± ² É¥²¥¸±μ¶  Ê¸É ´μ¢²¥´  ± ³¥·  ¸ Ê£²μ³ μ¡§μ·  9,72 ×
9,72◦, ¸ ¶μ³μÐÓÕ ±μÉμ·μ° ·¥£¨¸É·¨·Ê¥É¸Ö Î¥·¥´±μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ μÉ ˜�‹.
Š ³¥·  ¶¥·¢μ£μ É¥²¥¸±μ¶  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö 547 ”�“ •�1911 ¤¨ ³¥É·μ³
19 ³³. �¡Ð¨° ¤¨ ³¥É· ± ³¥·Ò ¸μ¸É ¢²Ö¥É ∼ 110 ¸³. ‚Ìμ¤´μ¥ μ±´μ ± ³¥·Ò
¨§£μÉμ¢²¥´μ ¨§ μ·£¸É¥±²  Éμ²Ð¨´μ° 15 ³³, ±μÉμ·μ¥ μ¡¤Ê¢ ¥É¸Ö É¥¶²Ò³ ¢μ§-
¤ÊÌμ³ ¤²Ö § Ð¨ÉÒ μÉ ·μ¸Ò ¨ μ¡³¥·§ ´¨Ö ¨ § Ð¨Ð¥´μ μÉ ¸μ²´¥Î´μ£μ ¸¢¥É ,
¶Ò²¨ ¨ μ¸ ¤±μ¢ ¸ ¶μ³μÐÓÕ ¦ ²Õ§¨ (·¨¸. 7,  ).

‚¸¥ ”�“-± ³¥·Ò · ¸¶·¥¤¥²¥´Ò ¢ ±² ¸É¥·Ò (·¨¸. 8), ¢ ¡μ²ÓÏ¨´¸É¢¥ ±² -
¸É¥·μ¢ Å Î¥ÉÒ·¥ £·Ê¶¶Ò ¶μ ¸¥³Ó ”�“, ¨³¥ÕÐ¨Ì ¥¤¨´ÊÕ ¶² ÉÊ ¤¥²¨É¥²¥°
¨ ¥¤¨´Ò° ¢Ò¸μ±μ¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö. ƒ·Ê¶¶Ò ±² ¸É¥·  μ¡Ñ¥¤¨´Ö-
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�¨¸. 8. a) Š² ¸É¥· ”�“-± ³¥·Ò �—’ Ê¸É ´μ¢±¨ TAIGA-HiSCORE. ¡) Š ³¥·  ¶¥·¢μ£μ
�—’

ÕÉ¸Ö μ¤´μ° ±·μ¸¸-¶² Éμ°, ´  ±μÉμ·μ° Ê¸É ´μ¢²¥´Ò –�� ¤²Ö Ê¶· ¢²¥´¨Ö ¢Ò-
¸μ±μ¢μ²ÓÉ´Ò³¨ ¨¸ÉμÎ´¨± ³¨ ¨ �–� ¤²Ö ¨§³¥·¥´¨Ö Éμ±  ¢¸¥Ì ”�“ ±² ¸É¥· .
“¸¨²¥´¨¥ ”�“ μ£· ´¨Î¥´μ ¤μ¶Ê¸É¨³μ° ¢¥²¨Î¨´μ° Ëμ´μ¢μ£μ  ´μ¤´μ£μ Éμ± 
μÉ ´μÎ´μ£μ ´¥¡ . �·¨ ¢Ò¡· ´´μ³ · ¡μÎ¥³ ±μÔËË¨Í¨¥´É¥ Ê¸¨²¥´¨Ö 105 Éμ±
”�“ ¸μ¸É ¢²Ö¥É 2 ³±�. �·¨ Éμ±¥ 50 ³±� (¶μÖ¢²¥´¨¨ Ö·±μ° §¢¥§¤Ò ¢ ¶μ²¥
§·¥´¨Ö ”�“) ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥ ¸ ¤¥²¨É¥²Ö ”�“ ¸´¨³ ¥É¸Ö. �  ±·μ¸¸-
¶² É¥ Ê¸É ´μ¢²¥´ 64-± ´ ²Ó´Ò° ¡²μ± μÍ¨Ë·μ¢±¨ ¨³¶Ê²Ó¸μ¢ ´  μ¸´μ¢¥ ¸¶¥-
Í¨ ²¨§¨·μ¢ ´´μ° ¨´É¥£· ²Ó´μ° ³¨±·μ¸Ì¥³Ò ASIC MAROC-3. ‚ ¸μ¸É ¢ ± -
¦¤μ£μ ± ´ ²  ¢Ìμ¤ÖÉ ¶·¥¤Ê¸¨²¨É¥²Ó ¸ ¨§³¥´Ö¥³Ò³ ±μÔËË¨Í¨¥´Éμ³ Ê¸¨²¥´¨Ö,
§ ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´Ò° Ê¸¨²¨É¥²Ó ¸ ¶¥·¥³¥´´Ò³ ¢·¥³¥´¥³ ¨´É¥£·¨·μ¢ ´¨Ö ¨
±μ³¶ · Éμ· ¸ Ê¶· ¢²Ö¥³Ò³ ¶μ·μ£μ³. �É  ³¨±·μ¸Ì¥³  ¸μ¤¥·¦¨É  ´ ²μ£μ¢Ò°
³Ê²ÓÉ¨¶²¥±¸¨·μ¢ ´´Ò° ¢ÒÌμ¤, ¸ ±μÉμ·μ£μ ¸¨£´ ²Ò ¶μ¤ ÕÉ¸Ö ´  12-¡¨É´Ò¥
�–�. Š ¦¤Ò° ”�“ ¶μ¤±²ÕÎ ¥É¸Ö ± ¤¢Ê³ ¨§³¥·¨É¥²Ó´Ò³ ± ´ ² ³. � §²¨-
Î¨¥ ±μÔËË¨Í¨¥´Éμ¢ Ê¸¨²¥´¨Ö ÔÉ¨Ì ± ´ ²μ¢ ¸μ¸É ¢²Ö¥É ¢ 30 · §, ÎÉμ ¶μ§¢μ-
²Ö¥É ¨³¥ÉÓ ²¨´¥°´μ¸ÉÓ ¶·¥μ¡· §μ¢ ´¨Ö § ·Ö¤Ä±μ¤ ¤μ 3000 ËμÉμÔ²¥±É·μ´μ¢
¶·¨ ±μÔËË¨Í¨¥´É¥ Ê¸¨²¥´¨Ö ”�“ 105. �²μ± É ±¦¥ ¸μ¤¥·¦¨É ³ ¦μ·¨É ·-
´ÊÕ ¸Ì¥³Ê ¸μ¢¶ ¤¥´¨Ö, ±μÉμ· Ö ¶μ§¢μ²Ö¥É Ëμ·³¨·μ¢ ÉÓ ²μ± ²Ó´Ò° É·¨££¥·
±² ¸É¥· . � ¶·Ö¦¥´¨¥ ¶¨É ´¨Ö +12 ‚ ¨ +24 ‚ ¶μ¤ ¥É¸Ö ¢ ±² ¸É¥· Î¥·¥§
±μ´É·μ²²¥· ¶¨É ´¨Ö. Š² ¸É¥·Ò ”�“ ³μ´É¨·ÊÕÉ¸Ö ´  ´¥¸ÊÐÊÕ ¤Õ· ²¥¢ÊÕ
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¶²¨ÉÊ. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò ± ¶²¨É¥ ±·¥¶ÖÉ¸Ö ±μ´Ê¸Ò ‚¨´¸Éμ´ , Ê¢¥²¨Î¨¢ ÕÐ¨¥
¶²μÐ ¤Ó ¸¢¥Éμ¸¡μ·  ¢ 3 · § . “£μ² μ¡§μ·  ± ¦¤μ£μ ±μ´Ê¸  ¸μ¸É ¢²Ö¥É 35◦ ¨
¶¥·¥±·Ò¢ ¥É ¢¸¥ §¥·± ²  É¥²¥¸±μ¶ .

ˆ§³¥·¥´¨Ö ¸ ¶μ³μÐÓÕ ¶¥·¢μ£μ �—’ Ê¸É ´μ¢±¨ TAIGA-IACT ¡Ò²¨ ´ -
Î ÉÒ ¢ ±μ´Í¥ Ö´¢ ·Ö 2017 £. �μ²´Ò° É¥³¶ ¸Î¥É  É·¨££¥·μ¢ É¥²¥¸±μ¶  ¸μ¸É ¢²Ö²
μ±μ²μ 30 ƒÍ, ¶·¨ ÔÉμ³ É¥³¶ ¸Î¥É  ¸μ¡ÒÉ¨°, ¢ ±μÉμ·ÒÌ ·¥£¨¸É·¨·μ¢ ²¸Ö ¸¨£-
´ ² μÉ ˜�‹, ¸μ¸É ¢²Ö² μ±μ²μ 2 ƒÍ,   É¥³¶ ¸Î¥É  ¸μ¡ÒÉ¨°, ¸μ¢³¥¸É´ÒÌ ¸
Ê¸É ´μ¢±μ° TAIGA-HiSCORE, ¸μ¸É ¢¨² ∼ 0,3 ƒÍ. „²Ö ¸μ¢³¥¸É´ÒÌ ¸μ¡ÒÉ¨°
´ ¶· ¢²¥´¨Ö ´  ¶μ²μ¦¥´¨¥ μ¸¨ ˜�‹ ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨ TAIGA-HiSCORE
(±· ¸´Ò¥ ²¨´¨¨ 1 ´  ·¨¸. 9) Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ´ ¶· ¢²¥´¨Ö³¨ £² ¢´ÒÌ
μ¸¥° Ô²²¨¶¸μ¢ ¨§μ¡· ¦¥´¨° ˜�‹ ¢ ± ³¥·¥ �—’ (Î¥·´Ò¥ ²¨´¨¨ 2 ´  ·¨¸. 9),
ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¸μμÉ¢¥É¸É¢¨¨ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ É¥²¥¸±μ¶μ³ ¨§μ¡· -
¦¥´¨° ¤ ´´Ò³ ˜�‹.

�¨¸. 9 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ˆ§μ¡· ¦¥´¨Ö ˜�‹ ¢ ± ³¥·¥ �—’: ±· ¸´Ò¥
²¨´¨¨ (1) Å ´ ¶· ¢²¥´¨Ö ´  μ¸¨ ˜�‹, μ¶·¥¤¥²¥´´Ò¥ ¶μ ¤ ´´Ò³ Ê¸É ´μ¢±¨ TAIGA-
HiSCORE; Î¥·´Ò¥ ²¨´¨¨ (2) Å £² ¢´Ò¥ μ¸¨ Ô²²¨¶¸μ¢ ¨§μ¡· ¦¥´¨°

•μ·μÏ¥¥ ¸μ£² ¸¨¥ É ±¦¥ ´ ¡²Õ¤ ¥É¸Ö ³¥¦¤Ê · ¸¸Î¨É ´´Ò³¨ ³¥Éμ¤μ³
Œμ´É¥-Š ·²μ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ É ± ´ §Ò-
¢ ¥³μ£μ ®· §³¥·  ¨§μ¡· ¦¥´¨Ö¯, É. ¥. ¸Ê³³Ò ¸¨£´ ²μ¢ ¶μ ¢¸¥³ ¶¨±¸¥²Ö³ ± -
³¥·Ò �—’ ¶μ¸²¥ μÎ¨Ð¥´¨Ö ¨§μ¡· ¦¥´¨° μÉ Ëμ´μ¢μ° § ¸¢¥É±¨ ´μÎ´μ£μ ´¥¡ 
(·¨¸. 10). �±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É· ¸μ¢³¥¸É´ÒÌ ¸μ¡ÒÉ¨° (Î¥·´ Ö ²¨´¨Ö 2)
Ìμ·μÏμ ¸μ¢¶ ¤ ¥É ¸μ ¸¶¥±É·μ³ ³μ¤¥²¨·μ¢ ´´ÒÌ ˜�‹ (Î¥·´Ò¥ ±·Ê¦±¨) ¶·¨
Ô´¥·£¨¨, ¶·¥¢ÒÏ ÕÐ¥° ¶μ·μ£ ·¥£¨¸É· Í¨¨ Ê¸É ´μ¢±¨ TAIGA-HiSCORE. ‘μ-
¢¶ ¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸¶¥±É·  ¢¸¥Ì ¸μ¡ÒÉ¨° (±· ¸´ Ö ²¨´¨Ö 1)
¸μ ¸¶¥±É·μ³ ˜�‹, ¸³μ¤¥²¨·μ¢ ´´Ò³ ¢ ¡μ²¥¥ Ï¨·μ±μ³ Ô´¥·£¥É¨Î¥¸±μ³ ¨´-
É¥·¢ ²¥ Å μÉ 3 ¤μ 1000 ’Ô‚ (±· ¸´Ò¥ ±·Ê¦±¨), ´ ¡²Õ¤ ¥É¸Ö ¤²Ö ¶ · ³¥É· 
size > 150 ËμÉμÔ²¥±É·μ´μ¢, ¶μ¸±μ²Ó±Ê ³¥´ÓÏ¨° · §³¥· ¨§μ¡· ¦¥´¨° ¸μμÉ¢¥É-
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�¨¸. 10 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ˆ´É¥£· ²Ó´Ò° ¸¶¥±É· ¶ · ³¥É·  ®· §³¥· ¨§μ-
¡· ¦¥´¨Ö¯ §  μ¤´Ê ´μÎÓ ´ ¡²Õ¤¥´¨°: ±· ¸´ Ö ²¨´¨Ö (1) Å ¢¸¥ § ·¥£¨¸É·¨·μ¢ ´´Ò¥
É¥²¥¸±μ¶μ³ ¸μ¡ÒÉ¨Ö; Î¥·´ Ö ²¨´¨Ö (2) Å Éμ²Ó±μ ¸μ¢³¥¸É´Ò¥ ¸μ¡ÒÉ¨Ö ¸ Ê¸É ´μ¢±μ°
TAIGA-HiSCORE. Œμ¤¥²¨·μ¢ ´¨¥ ˜�‹ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¸ · §²¨Î´Ò³¨ Ô´¥·-
£¥É¨Î¥¸±¨³¨ ¶μ·μ£ ³¨: 3Ä1000 ’Ô‚ (±· ¸´Ò¥ ±·Ê¦±¨); 100Ä1000 ’Ô‚ (Î¥·´Ò¥)

¸É¢Ê¥É ¸μ¡ÒÉ¨Ö³ ´¥ μÉ ˜�‹,   μÉ Ëμ´μ¢μ° § ¸¢¥É±¨ ´μÎ´μ£μ ´¥¡ . �μ¸²¥
Ê¸É ´μ¢±¨ ¢¸¥Ì §¥·± ² ¨ ¶¥·¥Ìμ¤  μÉ É¥¸Éμ¢μ° · ¡μÉÒ ± ¶μ²´μÍ¥´´μ³Ê ËÊ´±-
Í¨μ´¨·μ¢ ´¨Õ Ô´¥·£¥É¨Î¥¸±¨° ¶μ·μ£ �—’ ¤²Ö ·¥£¨¸É· Í¨¨ ˜�‹ μ¦¨¤ ¥É¸Ö
¢ μ¡² ¸É¨ 3 ’Ô‚.

3. ‘–ˆ�’ˆ‹‹Ÿ–ˆ���›… “‘’���‚Šˆ
‚ ‘�‘’�‚… ƒ�ŒŒ�-��‘…�‚�’��ˆˆ TAIGA

‘ ³Ò³ §´ Î¨É¥²Ó´Ò³ ´¥¤μ¸É É±μ³ Î¥·¥´±μ¢¸±¨Ì ¤¥É¥±Éμ·μ¢ ¤²Ö ·¥Ï¥-
´¨Ö § ¤ Î Ë¨§¨±¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¨ £ ³³ - ¸É·μ´μ³¨¨ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ
μ´¨ ³μ£ÊÉ · ¡μÉ ÉÓ Éμ²Ó±μ ¢ ¡¥§²Ê´´Ò¥ ´μÎ¨ ¶·¨ Ìμ·μÏ¥° ¶μ£μ¤¥, ÎÉμ ¶·¨-
³¥·´μ ´  ¶μ·Ö¤μ± ¸μ±· Ð ¥É ¢·¥³Ö ´ ¡μ·  ¸É É¨¸É¨±¨. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥
¤¥É¥±Éμ·Ò Î ¸É¨Í ¶μ§¢μ²ÖÕÉ ´¥ Éμ²Ó±μ ¤¥² ÉÓ ´ ¡²Õ¤¥´¨Ö ±·Ê£²μ¸ÊÉμÎ´Ò³¨
¨ ¢¸¥¶μ£μ¤´Ò³¨, ´μ ¨ ·¥Ï ÉÓ ·Ö¤ ¢ ¦´ÒÌ Ë¨§¨Î¥¸±¨Ì § ¤ Î, ¢ Î ¸É´μ¸É¨,
¤ ´´Ò¥ μ Î¨¸²¥ ³Õμ´μ¢ μÎ¥´Ó ¶μ²¥§´Ò ¤²Ö μ¶·¥¤¥²¥´¨Ö É¨¶  ¶¥·¢¨Î´μ° Î -
¸É¨ÍÒ, ¶μ·μ¤¨¢Ï¥° ˜�‹, ¨ μ¸μ¡¥´´μ ¢Ò¤¥²¥´¨Ö £ ³³ -±¢ ´Éμ¢, ¶μ¸±μ²Ó±Ê
¶·¨ ¤ ´´μ° Ô´¥·£¨¨ Î¨¸²μ ³Õμ´μ¢ ¢ ˜�‹ μÉ ¶·μÉμ´  ¢ 30 · § ³¥´ÓÏ¥, Î¥³
¢ ˜�‹ μÉ ËμÉμ´ .

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ 2013Ä2015 ££. ¡Ò²  ¶μ¸É·μ¥´  Ê¸É ´μ¢±  Tunka-Grande
¢ ¸μ¸É ¢¥ 19 ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É ´Í¨° ´  ¶²μÐ ¤¨ 1 ±³2 [6] ´  ¡ §¥ ¸Î¥É-
Î¨±μ¢, · ´¥¥ · ¡μÉ ¢Ï¨Ì ¢ ¸μ¸É ¢¥ Ê¸É ´μ¢±¨ KASCADE-Grande. ‚ ± ¦¤μ°
¸É ´Í¨¨ ¨³¥ÕÉ¸Ö ³Õμ´´Ò¥ ¤¥É¥±Éμ·Ò ¶²μÐ ¤ÓÕ μ±μ²μ 5 ³2. �¤´ ±μ ¤²Ö
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´ ¤¥¦´μ£μ ¢Ò¤¥²¥´¨Ö ˜�‹ μÉ £ ³³ -±¢ ´Éμ¢ ¸Ê³³ ·´ Ö ¶²μÐ ¤Ó ³Õμ´´ÒÌ
¤¥É¥±Éμ·μ¢ ¤μ²¦´  ¡ÒÉÓ ´¥ ³¥´¥¥ 0,2 % μÉ ¶²μÐ ¤¨ Ê¸É ´μ¢±¨. �μÔÉμ³Ê ± ´ -
¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ · §· ¡μÉ ´Ò ¨ ¨¸¶ÒÉ ´Ò ´μ¢Ò¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥É-
Î¨±¨, ´  ¡ §¥ ±μÉμ·ÒÌ ¡Ê¤¥É ¶μ¸É·μ¥´  Ê¸É ´μ¢±  TAIGA-Muon, ¢ ±μÉμ·μ°
μ¡Ð Ö ¶²μÐ ¤Ó ³Õμ´´ÒÌ ¤¥É¥±Éμ·μ¢ ¸μ¸É ¢¨É 2Ä3 ÉÒ¸. ³2.

�¨¸. 11. ‘Ì¥³  ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ· :
1 Å ¶² ¸É¨±μ¢Ò° ¸Í¨´É¨²²ÖÉμ·; 2 Å ¶¥·¥¨§-
²ÊÎ ÕÐ Ö ¶² ¸É¨´  ¸¢¥Éμ¢μ¤ ; 3 Å ”�“

‘Ì¥³  ´μ¢μ£μ ³Õμ´´μ£μ
¸Î¥ÉÎ¨±  ¶²μÐ ¤ÓÕ 1 ³2 ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 11. ‘¡μ· ¸Í¨´-
É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ¢ ¸Î¥É-
Î¨±¥ ¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ
¶² ¸É¨´-¸¢¥Éμ¢μ¤μ¢ ¸ ¸¥Î¥´¨¥³
5× 20 ³³ ¨ ¸ ¶¥·¥¨§²ÊÎ Õ-
Ð¥° ¤μ¡ ¢±μ° BBQ ¸ ±μ´Í¥´-
É· Í¨¥° 100 ³£/±£. „ ´´Ò° ¸¶μ-
¸μ¡ ¸¡μ·  ¸¢¥É  μÉ ¸Í¨´É¨²-
²ÖÍ¨μ´´μ° ¢¸¶ÒÏ±¨ ¶μ§¢μ²Ö¥É
¨¸¶μ²Ó§μ¢ ÉÓ ¤¥Ï¥¢Ò¥ ”�“-85
¶·μ¨§¢μ¤¸É¢  Œ�‹‡ (Œμ¸±¢ )
¸ ³ ²Ò³ · §³¥·μ³ ËμÉμ± Éμ¤ 
¨ ±¢ ´Éμ¢μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ
μ±μ²μ 20% ¢ ±· ¸´μ° μ¡² ¸É¨, £¤¥ ´ Ìμ¤¨É¸Ö ³ ±¸¨³Ê³ ¸¶¥±É·  ¨§²ÊÎ¥´¨Ö
¶¥·¥¨§²ÊÎ É¥²¥°. „²Ö ¢Ò· ¢´¨¢ ´¨Ö ¢¥²¨Î¨´Ò ¸¨£´ ²  ¢ ¤ ²Ó´¥° μÉ ”�“
Î ¸É¨ ¸Í¨´É¨²²ÖÉμ· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¡μ·±Ê ¨§ ¤¢ÊÌ ¶² ¸É¨´ Éμ²Ð¨´μ°
10 ³³, ¢ ¸·¥¤´¥° ¨ ¡²¨¦´¥° Î ¸ÉÖÌ ¨¸¶μ²Ó§ÊÕÉ¸Ö μ¤¨´μÎ´Ò¥ ¶² ¸É¨´Ò Éμ²-
Ð¨´μ° 10 ³³. ’μ·ÍÒ ¶² ¸É¨´ μÉ¶μ²¨·μ¢ ´Ò, Î ¸ÉÓ Éμ·Í  ¡²¨¦´¥° ¶² ¸É¨´Ò
¶·¨±·ÒÉ  Î¥·´μ° ¡Ê³ £μ° ¤²Ö ¢Ò· ¢´¨¢ ´¨Ö  ³¶²¨ÉÊ¤Ò ¸¨£´ ² , μ¶É¨Î¥¸±¨°
±μ´É ±É ³¥¦¤Ê ”�“ ¨ ¸¢¥Éμ¢μ¤μ³ μÉ¸ÊÉ¸É¢Ê¥É. ‚ ¤ ´´μ° ±μ´Ë¨£Ê· Í¨¨ ´ 
±μ¸³¨Î¥¸±¨Ì ³Õμ´ Ì ¡Ò²  ¨§³¥·¥´  ´¥μ¤´μ·μ¤´μ¸ÉÓ  ³¶²¨ÉÊ¤Ò ¶μ ±μμ·-
¤¨´ É¥ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨ÍÒ Î¥·¥§ ¸Î¥ÉÎ¨±. ‘·¥¤´ÖÖ  ³¶²¨ÉÊ¤  ¸μ¸É ¢¨² 
23,1 ËμÉμÔ²¥±É·μ´ , ´¥μ¤´μ·μ¤´μ¸ÉÓ ±15 % (³¨´¨³Ê³Ä³ ±¸¨³Ê³). ‚·¥³¥´-
´μ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨±  ´¥ ³¥´¥¥ 5 ´¸.

‡�Š‹�—…�ˆ…

� Ï  ¡²¨¦ °Ï Ö Í¥²Ó Å ¶μ¸É·μ¨ÉÓ ¤μ ±μ´Í  2019 £. ¶¥·¢ÊÕ μÎ¥·¥¤Ó
£ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA, ±μÉμ· Ö ¡Ê¤¥É ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö 110Ä120 Ï¨·μ±μ-
Ê£μ²Ó´ÒÌ μ¶É¨Î¥¸±¨Ì ¸É ´Í¨°, · ¸¶μ²μ¦¥´´ÒÌ ´  ¶²μÐ ¤¨ 1 ±³2, É·¨ �—’
¨ 250 ³2 ¤¥É¥±Éμ·μ¢ ³Õμ´μ¢ (·¨¸. 12).

�¦¨¤ ¥³ Ö ¨´É¥£· ²Ó´ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ÔÉμ£μ ±μ³¶²¥±¸  ¤²Ö ·¥£¨¸É· -
Í¨¨ £ ³³ -¨§²ÊÎ¥´¨Ö ¸ Ô´¥·£¨¥° 100 ’Ô‚ ¶·¨ ´ ¡²Õ¤¥´¨¨ ¢ É¥Î¥´¨¥ 300 Î § 
¨¸ÉμÎ´¨±μ³ ¡Ê¤¥É ¶·¨³¥·´μ 2,5 · 10−13 ’Ô‚ · ¸³−2· ¸−1 (·¨¸. 13), ÎÉμ ¢ÒÏ¥,
Î¥³ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ Ô±¸¶²Ê É¨·Ê¥³ÒÌ ¨ ¶² ´¨·Ê¥³ÒÌ Ê¸É ´μ¢μ± ¢ ÔÉμ° μ¡² -
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�¨¸. 12. �² ´ · §¢¨É¨Ö £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA ¤μ 2019 £.

�¨¸. 13. ˆ´É¥£· ²Ó´ Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ £ ³³ -μ¡¸¥·¢ Éμ·¨¨ TAIGA

¸É¨ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨°. ‘ ÔÉμ° Ê¸É ´μ¢±μ° ³μ¦´μ ·¥Ï ÉÓ ¸²¥¤ÊÕÐ¨¥
§ ¤ Î¨:

1. ˆ§ÊÎ¥´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ£μ ±· Ö ¸¶¥±É·  ¸ ³ÒÌ Ö·±¨Ì £ ² ±É¨-
Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ £ ³³ -¨§²ÊÎ¥´¨Ö. �μ¨¸± £ ² ±É¨Î¥¸±¨Ì ¶Ô¢ É·μ´μ¢.



�Š‘�…�ˆŒ…�’ TAIGA 1047

2. �·¨³¥´¥´¨¥ ´μ¢μ£μ £¨¡·¨¤´μ£μ ¶μ¤Ìμ¤  ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ³ ¸¸μ¢μ£μ
¸μ¸É ¢  ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ μ¡² ¸É¨ ®¨§²μ³ ¯ (1014−1016 Ô‚).

3. ˆ¸¸²¥¤μ¢ ´¨¥ μ¡² ¸É¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥ Ö·-
±¨Ì ¢´¥£ ² ±É¨Î¥¸±¨Ì ¨¸ÉμÎ´¨±μ¢ (Mkr421).

4. ˆ¸¸²¥¤μ¢ ´¨¥  ´¨§μÉ·μ¶¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ μ¡² ¸É¨ Ô´¥·£¨¨
100Ä3000 ’Ô‚.

TAIGA ¡Ê¤¥É ¸ ³μ° ¸¥¢¥·´μ° £ ³³ -μ¡¸¥·¢ Éμ·¨¥°, ÔÉμ · ¸¶μ²μ¦¥´¨¥
μ¡¥¸¶¥Î¨¢ ¥É μ¶·¥¤¥²¥´´Ò¥ ¶·¥¨³ÊÐ¥¸É¢  ¤²Ö ´ ¡²Õ¤¥´¨Ö ¨¸ÉμÎ´¨±μ¢
¸ ¡μ²ÓÏ¨³¨ ¸±²μ´¥´¨Ö³¨. ’ ±, ¨¸ÉμÎ´¨± £ ³³ -¨§²ÊÎ¥´¨Ö ¢ μ¸É É±¥ ¸¢¥·Ì´μ-
¢μ° ’¨Ìμ �· £¥, ¶· ±É¨Î¥¸±¨ ´¥¤μ¸ÉÊ¶´Ò° ¤²Ö Ê¸É ´μ¢μ± HAWC [30]
¨ LHAASO [31], ¡Ê¤¥É ¢ ¶μ²¥ §·¥´¨Ö ¤¥É¥±Éμ·μ¢ μ¡¸¥·¢ Éμ·¨¨ TAIGA ¢
É¥Î¥´¨¥ 500 Î ¢ £μ¤.

�² £μ¤ ·´μ¸É¨. � ¡μÉ  ¶μ¤¤¥·¦ ´  ±μ´É· ±É ³¨ Œ¨´μ¡·´ Ê±¨ �μ¸¸¨¨
(º14.B25.31.0010, º3.9678.2017/8.9, º3.904.2017/4.6, º3.6787.2017/7.8,
º1.6790.2017/7.8), £· ´É ³¨ �””ˆ (º 16-29-13035, º16-02-00738,
º16-32-00329, º17-02-00905) ¨ £· ´Éμ³ ��” º15-12-20022 (· §¤. 3). � -
¡μÉ  ¢Ò¶μ²´¥´  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ¡μ·Ê¤μ¢ ´¨Ö –Š�, ¶μ¤¤¥·¦ ´´μ£μ
Œ¨´μ¡·´ Ê±¨ �μ¸¸¨¨ ¢ · ³± Ì ¢Ò¶μ²´¥´¨Ö ¸μ£² Ï¥´¨Ö º14.593.21.0005 μÉ
25.08.2017.
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