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�·¨¢μ¤¨É¸Ö μ¡§μ· ·¥§Ê²ÓÉ Éμ¢ ¶·¥Í¨§¨μ´´ÒÌ ¨§³¥·¥´¨° ¶μÉμ±μ¢ · §²¨Î´ÒÌ § -
·Ö¦¥´´ÒÌ ±μ³¶μ´¥´É £ ² ±É¨Î¥¸±¨Ì ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° (¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢,
¶·μÉμ´μ¢ ¨ Ö¤¥· £¥²¨Ö) ¢ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ´  ³ £´¨É´ÒÌ ¸¶¥±É·μ³¥É· Ì
PAMELA ¨ AMS-02, ±μÉμ·Ò¥ Ê¦¥ ´¥¸±μ²Ó±μ ²¥É (¸ 2006 ¨ 2011 £. ¸μμÉ¢¥É¸É¢¥´´μ)
Ê¸¶¥Ï´μ · ¡μÉ ÕÉ ´  μ±μ²μ§¥³´μ° μ·¡¨É¥. �¡μ§´ Î ¥É¸Ö ¶·¨μ·¨É¥É ´ ÊÎ´ÒÌ μÉ±·Ò-
É¨° ¸¶¥±É·μ³¥É·  PAMELA, ¨ μÉ³¥Î ¥É¸Ö ¢Ò¸μ± Ö ¸É É¨¸É¨Î¥¸± Ö ¤μ¸Éμ¢¥·´μ¸ÉÓ ¨§-
³¥·¥´¨° ¢ Ô±¸¶¥·¨³¥´É¥ AMS-02, ±μÉμ·Ò¥ ´ ¤¥¦´μ ¶μ¤É¢¥·¤¨²¨ ¶·¥¤Ò¤ÊÐ¨¥ ¤ ´´Ò¥,
  É ±¦¥ ¶·μ¤¢¨´Ê²¨¸Ó ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì Ô´¥·£¨°.

The paper provides an overview of the results of precision measurements of 	uxes
of different charged components of galactic cosmic rays (positrons and antiprotons, pro-
tons and helium nuclei) in modern experiments on magnetic spectrometers PAMELA
and AMS-02, working successfully for several years (since 2006 and 2011 respectively)
in the Earth orbit. A priority of the PAMELA spectrometer scientiˇc discoveries is
represented and a high statistical accuracy is noted of the measurements in AMS-02 ex-
periment, which reliably conˇrmed previous data, being able to move also to higher
energies.
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‘¥£μ¤´Ö ¸ ¶μÖ¢²¥´¨¥³ ´  μ±μ²μ§¥³´μ° μ·¡¨É¥ ¶·¨¡μ·μ¢ ´μ¢μ£μ ¶μ±μ²¥-
´¨Ö μ¶·¥¤¥²¥´¨¥ Ì · ±É¥·¨¸É¨± ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶·¨μ¡·¥É ¥É μ¸μ¡ÊÕ ¢ ¦-
´μ¸ÉÓ ¤²Ö ËÊ´¤ ³¥´É ²Ó´μ° ´ Ê±¨. �μ²ÊÎ ¥³ Ö ¢ ·¥§Ê²ÓÉ É¥ ¶·¥Í¨§¨μ´´ÒÌ
¨§³¥·¥´¨° ¨´Ëμ·³ Í¨Ö μ ¶μÉμ± Ì £ ² ±É¨Î¥¸±¨Ì ¶μ§¨É·μ´μ¢ ¨ Ô²¥±É·μ´μ¢,
¶·μÉμ´μ¢ ¨  ´É¨¶·μÉμ´μ¢, ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· ¨ ¨§μÉμ¶μ¢,  ´ ²¨§ Ê£²μ¢μ£μ
· ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¨ ¤·Ê£¨¥ ¸¢¥¤¥´¨Ö  ±É¨¢´μ ¸¶μ¸μ¡¸É¢ÊÕÉ · §¢¨É¨Õ ´ -
Ï¨Ì ¶·¥¤¸É ¢²¥´¨° μ¡ Ô¢μ²ÕÍ¨¨ ‚¸¥²¥´´μ°, ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨ £¨¶μÉ¥É¨Î¥-
¸±¨Ì Ëμ·³ Ì ³ É¥·¨¨, · ¸¶·μ¸É· ´¥´¨¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¢ ³¥¦§¢¥§¤´μ°
¸·¥¤¥ ¨ ³´μ£μ³ ¤·Ê£μ³. ‚ ¨Õ´¥ 2006 £. ´  μ±μ²μ§¥³´ÊÕ μ·¡¨ÉÊ ¡Ò² ¢Ò¢¥¤¥´
·μ¸¸¨°¸±¨° ±μ¸³¨Î¥¸±¨°  ¶¶ · É ®�¥¸Ê·¸-„Š1¯, ´  ¡μ·ÉÊ ±μÉμ·μ£μ · §³¥-
Ð ²¸Ö ³ £´¨É´Ò° ¸¶¥±É·μ³¥É· PAMELA [1]. �´ ¡Ò² ¸μ§¤ ´ ³¥¦¤Ê´ ·μ¤´μ°
£·Ê¶¶μ° ÊÎ¥´ÒÌ ¨§ �μ¸¸¨¨, ˆÉ ²¨¨, ˜¢¥Í¨¨ ¨ ƒ¥·³ ´¨¨ ¤²Ö ¶·μ¢¥¤¥´¨Ö
¤²¨É¥²Ó´ÒÌ ¶·¥Í¨§¨μ´´ÒÌ ¨§³¥·¥´¨° ¶μÉμ±μ¢ § ·Ö¦¥´´ÒÌ ±μ¸³¨Î¥¸±¨Ì ²Ê-
Î¥° ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¨¤¥´É¨Ë¨± Í¨¨  ´É¨Î ¸É¨Í ¸ Í¥²ÓÕ ËÊ´¤ ³¥´É ²Ó´ÒÌ
¨¸¸²¥¤μ¢ ´¨° ¢ ±μ¸³μË¨§¨±¥, ±μ¸³μ²μ£¨¨, Ë¨§¨±¥ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¨ ¤·Ê-
£¨Ì ¸³¥¦´ÒÌ ´ Ê± Ì. ‚ Ê¸¶¥Ï´μ ËÊ´±Í¨μ´¨·ÊÕÐ¥³ ¸ ³μ³¥´É  § ¶Ê¸±  ¶μ
´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´É¥ PAMELA ¸¤¥² ´μ ´¥¸±μ²Ó±μ ¢ ¦´ÒÌ μÉ±·Ò-
É¨°, ±μÉμ·Ò¥ ¸¢Ö§ ´Ò £² ¢´Ò³ μ¡· §μ³ ¸ ¨§³¥·¥´¨Ö³¨ ¶μÉμ±μ¢ £ ² ±É¨Î¥¸±¨Ì
 ´É¨Î ¸É¨Í Å ¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢ [2Ä4]. �¤´ ±μ ´¥ ³¥´ÓÏÊÕ §´ -
Î¨³μ¸ÉÓ ¶·¥¤¸É ¢²ÖÕÉ ¨ ¤·Ê£¨¥ ·¥§Ê²ÓÉ ÉÒ, ´ ¶·¨³¥·, ¨§³¥·¥´¨Ö ¶μÉμ±μ¢
¶·μÉμ´μ¢ ¨ Ö¤¥· £¥²¨Ö ¤μ Ô´¥·£¨¨ ∼ 1,2 ’Ô‚ [5]. ‚ ³ ¥ 2011 £. ¸μ¸ÉμÖ² ¸Ó
Ê¸¶¥Ï´ Ö Ê¸É ´μ¢±  ´  ¡μ·É Œ¥¦¤Ê´ ·μ¤´μ° ±μ¸³¨Î¥¸±μ° ¸É ´Í¨¨ (ŒŠ‘)
´μ¢μ£μ ³ £´¨É´μ£μ ¸¶¥±É·μ³¥É·  AMS-02 [6]. �´ ¡Ò² ¸μ§¤ ´ ´¥§ ¢¨¸¨³μ
¤·Ê£μ° ³¥¦¤Ê´ ·μ¤´μ° £·Ê¶¶μ° ÊÎ¥´ÒÌ ¶μ¤ Ô£¨¤μ° NASA ¨ ¨³¥¥É  ´ ²μ-
£¨Î´Ò¥ § ¤ Î¨. �μ ¸· ¢´¥´¨Õ ¸ ¶·¨¡μ·μ³ PAMELA ¸¶¥±É·μ³¥É· AMS-02
¨³¥¥É ¡μ²ÓÏ¨° £¥μ³¥É·¨Î¥¸±¨° Ë ±Éμ·, §  ¸Î¥É Î¥£μ ¡Ò¸É·¥¥ ´ ¡¨· ¥É ¸É -
É¨¸É¨±Ê, ´μ ¨§-§  ³ ²μ£μ ´ ±²μ´¥´¨Ö μ·¡¨ÉÒ ¨ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏμ° ¢Ò-
¸μÉÒ ŒŠ‘ ¶·¨¡μ· ¡�μ²ÓÏÊÕ Î ¸ÉÓ ¢·¥³¥´¨ ´ Ìμ¤¨É¸Ö ¢ μ¡² ¸ÉÖÌ ¸ ¡μ²ÓÏ¨³¨
¶μ·μ£ ³¨ £¥μ³ £´¨É´μ£μ μ¡·¥§ ´¨Ö, ´¥ ¶μ§¢μ²ÖÕÐ¨³¨ ÔËË¥±É¨¢´μ ¨§³¥·ÖÉÓ
¶μÉμ±¨  ´É¨Î ¸É¨Í ¸ ¦¥¸É±μ¸ÉÖ³¨ ¤μ ∼ 20 ƒ‚. �¨¦¥ ¶·¨¢μ¤¨É¸Ö μ¡§μ· ·¥-
§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¶μÉμ±μ¢ · §²¨Î´ÒÌ § ·Ö¦¥´´ÒÌ ±μ³¶μ´¥´É ±μ¸³¨Î¥¸±¨Ì
²ÊÎ¥° (¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢, ¶·μÉμ´μ¢ ¨ Ö¤¥· £¥²¨Ö), ¢Ò¶μ²´¥´´ÒÌ ¢
Ô±¸¶¥·¨³¥´É Ì PAMELA ¨ AMS-02.

1. ˆ‡Œ…�…�ˆ… ��’�Š�‚ ��‡ˆ’����‚ ˆ ��’ˆ���’���‚
ƒ�‹�Š’ˆ—…‘Šˆ• Š�‘Œˆ—…‘Šˆ• ‹“—…‰

‚¶¥·¢Ò¥ ¶μ§¨É·μ´Ò ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¢ É·¨¤Í ÉÒÌ
£μ¤ Ì ¶·μÏ²μ£μ ¸Éμ²¥É¨Ö,   μÉ±·ÒÉ¨¥ £ ² ±É¨Î¥¸±¨Ì  ´É¨¶·μÉμ´μ¢ ¸μ¸ÉμÖ-
²μ¸Ó ¸¶Ê¸ÉÖ ¥Ð¥ ¶μ²¢¥±  [7]. „μ²£¨¥ £μ¤Ò μ¸´μ¢´ Ö ¶·¨Î¨´ , μ¡Ê¸² ¢²¨¢ ¢-
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Ï Ö ¨´É¥·¥¸ ± ¨Ì ¨§ÊÎ¥´¨Õ, ¡Ò²  ¸¢Ö§ ´  ¸ ·¥Ï¥´¨¥³ ¶·μ¡²¥³Ò ¡ ·¨μ´-
´μ°  ¸¨³³¥É·¨¨ ‚¸¥²¥´´μ°, ´μ ¸¥£μ¤´Ö Ìμ·μÏμ ¨§¢¥¸É´μ, ÎÉμ  ´É¨Î ¸É¨ÍÒ
³μ£ÊÉ ·μ¦¤ ÉÓ¸Ö ¢μ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ° Ö¤¥·´μ° ±μ³¶μ-
´¥´ÉÒ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¸ ³¥¦§¢¥§¤´Ò³ £ §μ³. ’¥³ ´¥ ³¥´¥¥ ¨´É¥·¥¸
± ¨§ÊÎ¥´¨Õ ¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢ ¸μÌ· ´¨²¸Ö ¨ μ¶·¥¤¥²Ö¥É¸Ö ¶μ¨¸± ³¨
·¥Ï¥´¨Ö ¶·μ¡²¥³ £¥´¥· Í¨¨, Ê¸±μ·¥´¨Ö ¨ · ¸¶·μ¸É· ´¥´¨Ö ±μ¸³¨Î¥¸±¨Ì ²Ê-
Î¥° ¢ ƒ ² ±É¨±¥. ‚ Î ¸É´μ¸É¨, ¨§ÊÎ¥´¨¥ ¶μÉμ±μ¢ ¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢
³μ¦¥É ¶μ³μÎÓ ¢ ·¥Ï¥´¨¨ μ¤´μ° ¨§ μ¸´μ¢´ÒÌ ¸μ¢·¥³¥´´ÒÌ  ¸É·μË¨§¨Î¥¸±¨Ì
¶·μ¡²¥³ Å ¢ÒÖ¸´¥´¨¨ ¶·¨·μ¤Ò ®É¥³´μ°¯ ³ É¥·¨¨, ±μÉμ· Ö, ¶μ-¢¨¤¨³μ³Ê,
¸μ¸Éμ¨É ¨§ ¸² ¡μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ³ ¸¸¨¢´ÒÌ Î ¸É¨Í, ÎÓ¥ ¸ÊÐ¥¸É¢μ¢ ´¨¥
¢ÒÌμ¤¨É §  · ³±¨ ¸É ´¤ ·É´μ° ³μ¤¥²¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í ¨ · ¸¸³ -
É·¨¢ ¥É¸Ö ¢ ³μ¤¥²ÖÌ ¸Ê¶¥·¸¨³³¥É·¨¨, ³´μ£μ³¥·´μ£μ ¶·μ¸É· ´¸É¢ , É¥Ì´¨Í¢¥É 
¨ ¤·. [8]. �¤´μ ¨§ ¶·¥¤¶μ² £ ¥³ÒÌ ¶·¨´Í¨¶¨ ²Ó´ÒÌ ¸¢μ°¸É¢ Î ¸É¨Í ®É¥³´μ°¯
³ É¥·¨¨ Å ¨Ì ¢§ ¨³´ Ö  ´´¨£¨²ÖÍ¨Ö ¸ μ¡· §μ¢ ´¨¥³ ¶ · ¨§¢¥¸É´ÒÌ Î ¸É¨Í
¨  ´É¨Î ¸É¨Í, ´ ¶·¨³¥·, Ô²¥±É·μ´μ¢/¶μ§¨É·μ´μ¢ ¨²¨ ¶·μÉμ´μ¢/ ´É¨¶·μÉμ´μ¢;
É ±¦¥ ´¥ ¨¸±²ÕÎ ¥É¸Ö ¨Ì · ¸¶ ¤ ¸ μ¡· §μ¢ ´¨¥³ μ¤´μ£μ ¨²¨ ´¥¸±μ²Ó±¨Ì ¶μ§¨-
É·μ´μ¢ ¨²¨  ´É¨¶·μÉμ´μ¢. ‚ 2009 £. ¢ Ô±¸¶¥·¨³¥´É¥ PAMELA ¡Ò²μ ¸¤¥² ´μ
¢ ¦´μ¥ ´ ÊÎ´μ¥ μÉ±·ÒÉ¨¥ Å μ¡´ ·Ê¦¥´ ¨§¡ÒÉμ± ¢Ò¸μ±μÔ´¥·£¨Î´ÒÌ ¶μ§¨É·μ-
´μ¢ ¢ £ ² ±É¨Î¥¸±μ³ ¨§²ÊÎ¥´¨¨ [2, 3] ¶μ ¸· ¢´¥´¨Õ ¸ ¶·¥¤¸± § ´¨Ö³¨ ¸É ´-
¤ ·É´μ° ³μ¤¥²¨ Ë¨§¨±¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° [9]. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶μÉμ± 
¶μ§¨É·μ´μ¢ ¶μ μÉ´μÏ¥´¨Õ ± ¸Ê³³ ·´μ³Ê ¶μÉμ±Ê ¶μ§¨É·μ´μ¢ ¨ Ô²¥±É·μ´μ¢
(¤μ²¨ ¶μ§¨É·μ´μ¢), ¸¤¥² ´´Ò¥ ¸¶¥±É·μ³¥É·μ³ PAMELA ¨ ¶μ§¤´¥¥ ¶μ¤É¢¥·-
¦¤¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É Ì AMS-02 ¨ Fermi, ¶μ± § ´Ò ´  ·¨¸. 1.

�¨¸. 1. „μ²Ö £ ² ±É¨Î¥¸±¨Ì ¶μ§¨É·μ´μ¢ ¢ ¸Ê³³ ·´μ³ ¶μÉμ±¥ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢;
¸¥· Ö μ¡² ¸ÉÓ ¢ ´¨¦´¥° Î ¸É¨ ·¨¸Ê´±  ¶μ± §Ò¢ ¥É ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ É¥μ·¥É¨Î¥¸±¨Ì
· ¸Î¥Éμ¢ ¢ ¸²ÊÎ ¥ Éμ²Ó±μ ¢Éμ·¨Î´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö ¶μ§¨É·μ´μ¢ ¢ ƒ ² ±É¨±¥
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’ ±¨³ μ¡· §μ³, ¢¶¥·¢Ò¥ ¡Ò²  ´ ¤¥¦´μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ´¥μ¡Ìμ¤¨-
³μ¸ÉÓ ¢¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ£μ ¨¸ÉμÎ´¨±  ¶μ§¨É·μ´μ¢ ¤²Ö μ¡ÑÖ¸´¥´¨Ö Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, μ± § ¢Ï¨Ì¸Ö §´ Î¨É¥²Ó´μ ¢ÒÏ¥ μ¦¨¤ ¥³ÒÌ É¥μ·¥-
É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨°. Š ± Ê¶μ³¨´ ²μ¸Ó ¢ÒÏ¥, ´  ·μ²Ó ´¥¨§¢¥¸É´μ£μ ¨¸-
ÉμÎ´¨±  ¶·¥¢μ¸Ìμ¤´μ ¶μ¤Ìμ¤¨É ¸±·ÒÉ Ö μÉ ¶·Ö³ÒÌ ´ ¡²Õ¤¥´¨° ¨ ¶μ±  ¶·μ-
Ö¢²ÖÕÐ Ö ¸¥¡Ö Éμ²Ó±μ ¢ £· ¢¨É Í¨μ´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨ ®É¥³´ Ö¯ ³ É¥·¨Ö.
‘ÊÐ¥¸É¢ÊÕÉ ¶μ¶ÒÉ±¨ μ¡ÑÖ¸´¥´¨Ö, ´¥ ¶·¨¢²¥± ÕÐ¨¥ ®´μ¢ÊÕ¯ Ë¨§¨±Ê ¨ ¸¢Ö§Ò-
¢ ÕÐ¨¥ ¶·μ¨¸Ìμ¦¤¥´¨¥ ¨§¡ÒÉ±  ¶μ§¨É·μ´μ¢ ¸ ¶Ê²Ó¸ · ³¨ ¨ μ¸É É± ³¨ ¸¢¥·Ì-
´μ¢ÒÌ (¸³., ´ ¶·¨³¥·, [10Ä12]), ´μ ¢¸¥ μ´¨ ´¥ Ö¢²ÖÕÉ¸Ö ¥¸É¥¸É¢¥´´Ò³ ¸²¥¤-
¸É¢¨¥³ ¨§¢¥¸É´μ° Ë¨§¨±¨ ÔÉ¨Ì μ¡Ñ¥±Éμ¢. ‚ ¨Éμ£¥ ¶μÖ¢¨²μ¸Ó ¡μ²ÓÏμ¥ ±μ²¨Î¥-
¸É¢μ É¥μ·¥É¨Î¥¸±¨Ì · ¡μÉ ¸ ¢μ§³μ¦´Ò³¨ μ¡ÑÖ¸´¥´¨Ö³¨ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ

�¨¸. 2. �É´μÏ¥´¨¥ ¶μÉμ±μ¢  ´É¨¶·μÉμ´μ¢ ¨ ¶·μÉμ´μ¢ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¶μ ¤ ´´Ò³
¸¶¥±É·μ³¥É·μ¢ BESS, PAMELA ¨ AMS-02
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·¥§Ê²ÓÉ É , ±μÉμ·Ò° ³´μ£¨¥ ¸¥£μ¤´Ö ´ §Ò¢ ÕÉ ® ´μ³ ²Ó´Ò° ÔËË¥±É Ô±¸¶¥·¨-
³¥´É  PAMELA¯. �μ§¤´¥¥ (¢ 2012 £.) ·¥§Ê²ÓÉ É ¡Ò² ¶μ¤É¢¥·¦¤¥´ ´¥§ ¢¨¸¨³μ
¢ Ô±¸¶¥·¨³¥´É¥ Fermi [13],   ¢ 2013 £. Å ¢ Ô±¸¶¥·¨³¥´É¥ AMS-02 [14]. ‘Éμ¨É
μÉ³¥É¨ÉÓ, ÎÉμ ¸¶¥±É·μ³¥É· AMS-02, ± ± ¨ μ¦¨¤ ²μ¸Ó, ¢Ò¶μ²´¨² ¨§³¥·¥´¨Ö ¸
¸ ³μ° ¢Ò¸μ±μ° ´  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ¸É É¨¸É¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ ¨ ¸³μ£ ¶·μ-
¤¢¨´ÊÉÓ¸Ö ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì Ô´¥·£¨°. �Éμ ¶μ§¢μ²¨²μ ÊÉμÎ´¨ÉÓ É¥μ·¥É¨Î¥¸±¨¥
³μ¤¥²¨ £¥´¥· Í¨¨ ¶μ§¨É·μ´μ¢ ¢ ƒ ² ±É¨±¥, ´μ ¶μ±  ´¥ ¶·¨¢¥²μ ± ´μ¢Ò³ ¢Ò¢μ-
¤ ³ ¨²¨ ± ¸ÊÐ¥¸É¢¥´´μ³Ê ¶¥·¥¸³μÉ·Ê Ê¦¥ ¸μ§¤ ´´ÒÌ ³μ¤¥²¥°. ‘¥£μ¤´Ö ´¥²Ó§Ö
£μ¢μ·¨ÉÓ μ Éμ³, ÎÉμ ÔÉ¨ ¨§³¥·¥´¨Ö ¨¸Î¥·¶ ²¨ ¸¥¡Ö. ‚μ-¶¥·¢ÒÌ, μ¡· ¡μÉ ´Ò
´¥ ¢¸¥ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  PAMELA,   ¢μ-¢Éμ·ÒÌ, · ¡μÉ  ¶·¨¡μ·  AMS-02
§ Ö¢²¥´  ¤μ 2018 £.,   §´ Î¨É, ÊÎ¥´Ò¥ μ¦¨¤ ÕÉ ´μ¢ÒÌ ¤ ´´ÒÌ ¨ ¶·μ¤¢¨¦¥-
´¨Ö ¢ μ¡² ¸ÉÓ ¥Ð¥ ¡μ²ÓÏ¨Ì Ô´¥·£¨°. �¡Ð¨°  ´ ²¨§ ¸μ¢·¥³¥´´ÒÌ ³μ¤¥²Ó´ÒÌ
· ¸Î¥Éμ¢ ¤μ²¨ ¶μ§¨É·μ´μ¢ ¶μ± §Ò¢ ¥É ¨Ì ¢Ò¸μ±ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¨³¥´´μ
± §´ Î¥´¨Ö³ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ.

„μ²£μ¥ ¢·¥³Ö μ¸É ¢ ²¸Ö μÉ±·ÒÉÒ³ ¢μ¶·μ¸ μ ¢μ§³μ¦´μ¸É¨ ´ ¡²Õ¤¥´¨Ö
 ´ ²μ£¨Î´μ£μ ¨§¡ÒÉ±  ¢ ¶μÉμ±¥  ´É¨¶·μÉμ´μ¢, É ± ± ± ÔÉμ ³μ£²μ ¡Ò ¸¨²Ó´μ
μ£· ´¨Î¨ÉÓ ¸¢μ°¸É¢  Î ¸É¨Í ®É¥³´μ°¯ ³ É¥·¨¨. �μ¸²¥¤´¨¥ μ¶Ê¡²¨±μ¢ ´´Ò¥
¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  PAMELA ¶μ  ´É¨¶·μÉμ´ ³ ¤ É¨·μ¢ ´Ò 2012 £. [4].
�¥§Ê²ÓÉ É ¨§³¥·¥´¨Ö μÉ´μÏ¥´¨Ö ¶μÉμ±μ¢  ´É¨¶·μÉμ´μ¢ ¨ ¶·μÉμ´μ¢ ¶μ± § ´
´  ·¨¸. 2.

‚ ÔÉμ° ¦¥ · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ ¨´É¥·¶·¥É Í¨¨ Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¸·¥¤¨ ±μÉμ·ÒÌ ¥¸ÉÓ ¨ μ¡ÑÖ¸´¥´¨¥ ¸ ¶μ³μÐÓÕ ¢¢¥-
¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ£μ ¨¸ÉμÎ´¨±   ´É¨¶·μÉμ´μ¢. �É  ¢μ§³μ¦´μ¸ÉÓ, ´  ±μ-
Éμ·ÊÕ ¢¶¥·¢Ò¥ Ê± § ²¨ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  PAMELA [4], ¸¨²Ó´μ § ¢¨¸¨É,
μ¤´ ±μ, μÉ ³μ¤¥²¨ £¥´¥· Í¨¨ ¢Éμ·¨Î´ÒÌ  ´É¨¶·μÉμ´μ¢ ¨ ¨Ì · ¸¶·μ¸É· ´¥-
´¨Ö ¢ ³¥¦§¢¥§¤´μ° ¸·¥¤¥. �μ ÔÉμ° ¶·¨Î¨´¥, ¤ ¦¥ ´¥¸³μÉ·Ö ´  μ¡´ ·μ¤μ¢ ´¨¥
¡μ²¥¥ ÉμÎ´ÒÌ ¤ ´´ÒÌ ¸¶¥±É·μ³¥É·  AMS-02 [15], μ¤´μ§´ Î´μ ÊÉ¢¥·¦¤ ÉÓ μ
¸ÊÐ¥¸É¢μ¢ ´¨¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ¨¸ÉμÎ´¨±   ´É¨¶·μÉμ´μ¢ ¢ ƒ ² ±É¨±¥ ¶μ± 
¶·¥¦¤¥¢·¥³¥´´μ.

2. ˆ‡Œ…�…�ˆ… ��’�Š�‚ ���’���‚ ˆ Ÿ„…� ƒ…‹ˆŸ
ƒ�‹�Š’ˆ—…‘Šˆ• Š�‘Œˆ—…‘Šˆ• ‹“—…‰

„¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¶·μÉμ´μ¢ ¨ Ö¤¥· £¥²¨Ö ¤μ
Ô´¥·£¨¨ ∼ 1,2 ’Ô‚/´Ê±²μ´ ¨ ∼ 600 ƒÔ‚/´Ê±²μ´ ¸μμÉ¢¥É¸É¢¥´´μ ¡Ò²¨ ¶μ²Ê-
Î¥´Ò ¢ Ô±¸¶¥·¨³¥´É¥ PAMELA ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É·¥±μ¢μ° ¸¨¸É¥³Ò ¢ ³ £-
´¨É´μ³ ¶μ²¥ [5]. �¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ¡ μÉ±²μ´¥´¨¨ Ëμ·³Ò Ô´¥·-
£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ ± ± ¶·μÉμ´μ¢, É ± ¨ Ö¤¥· £¥²¨Ö μÉ ¸É¥¶¥´´μ£μ § ±μ´ :
¶μ± § É¥²Ó ¨§³¥´Ö¥É¸Ö ¶·¨ ¦¥¸É±μ¸ÉÖÌ 230Ä240 ƒ‚, ¸¶¥±É· ¸É ´μ¢¨É¸Ö ¡μ²¥¥
¦¥¸É±¨³. ‘ Ë¨§¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö ÔÉμ ³μ¦¥É μ§´ Î ÉÓ, ÎÉμ ¢ ƒ ² ±É¨±¥
¶·¨¸ÊÉ¸É¢ÊÕÉ ´¥¸±μ²Ó±μ ¨¸ÉμÎ´¨±μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. �´¨ Ëμ·³¨·ÊÕÉ · §-
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²¨Î´Ò¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò, ¨ ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ´ ¡²Õ¤ ¥É¸Ö ¸²μ-
¦¥´¨¥ ¶μÉμ±μ¢ μÉ ÔÉ¨Ì ¨¸ÉμÎ´¨±μ¢.

�  ´¥¤ ¢´μ ¶·μÏ¥¤Ï¥° ¢ –…�� ±μ´Ë¥·¥´Í¨¨, ¶μ¸¢ÖÐ¥´´μ° Ô±¸¶¥·¨-
³¥´ÉÊ AMS-02, ¡Ò²¨ μ¡´ ·μ¤μ¢ ´Ò ´μ¢Ò¥ ¤ ´´Ò¥ [15]. �·μ¤¢¨´Ê¢Ï¨¸Ó ¢
μ¡² ¸ÉÓ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨ ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨¢ ¸É É¨¸É¨Î¥¸±ÊÕ ÉμÎ-
´μ¸ÉÓ, ¸¶¥±É·μ³¥É· AMS-02 ¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶μ¤É¢¥·¤¨² ¶· ¢¨²Ó´μ¸ÉÓ ·¥§Ê²Ó-
É Éμ¢ ¨ ¢Ò¢μ¤μ¢, ¶μ²ÊÎ¥´´ÒÌ · ´¥¥ ¢ Ô±¸¶¥·¨³¥´É¥ PAMELA.

3. ��…�ƒ…’ˆ—…‘Šˆ… ‘�…Š’�›
ƒ�‹�Š’ˆ—…‘Šˆ• �‹…Š’����‚

‚ · ¡μÉ¥ [16] μ¶Ê¡²¨±μ¢ ´Ò ¶·¥Í¨§¨μ´´Ò¥ ¨§³¥·¥´¨Ö ¸¶¥±É·  £ ² ±É¨Î¥-
¸±¨Ì Ô²¥±É·μ´μ¢ ¶μ ¤ ´´Ò³ ¸¶¥±É·μ³¥É·  PAMELA ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¨´É¥·-
¢ ²¥ μÉ 1 ¤μ 625 ƒÔ‚. �¶¶·μ±¸¨³ Í¨Ö ¸¶¥±É·  μ¤´μ¸É¥¶¥´´μ° ËÊ´±Í¨¥° (¤²Ö
Ô´¥·£¨¨ ¸¢ÒÏ¥ 30 ƒÔ‚) ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É ¥£μ Ëμ·³Ê ¸ ¶μ± § É¥-
²¥³ −3,18±0,05. �É³¥É¨³, ÎÉμ ÔÉμÉ ·¥§Ê²ÓÉ É ´¥ ¸μ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¸± § ´¨¥³
³Ö£±μ£μ ¸¶¥±É·  Ô²¥±É·μ´μ¢ ¢ · ¡μÉ¥ [17], ±μ£¤  ´ ¡²Õ¤ ¥³ Ö ¤μ²Ö ¶μ§¨É·μ-
´μ¢ ³μ£²  ¡Ò ¡ÒÉÓ μ¡ÑÖ¸´¥´  ¢ · ³± Ì ¸É ´¤ ·É´μ° ³μ¤¥²¨ · ¸¶·μ¸É· ´¥´¨Ö
±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. ‚Ò¢μ¤ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¢ÒÎ¨¸²¥´¨Ö³¨ ¶μÉμ±  £ ² ±É¨Î¥-
¸±¨Ì Ô²¥±É·μ´μ¢ ¢ ³μ¤¥²¨ GALPROP [9]: ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¨ ´ ¡²Õ¤¥´¨°
¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¸μ¢¶ ¤ ÕÉ ¢ μ¡² ¸É¨ Ô´¥·£¨¨ ¢ÒÏ¥ 10 ƒÔ‚, μ¤´ ±μ · §-
´¨Í  ³¥¦¤Ê ¶·¥¤¸± § ´´μ° ¨ ¨§³¥·¥´´μ° Ëμ·³ ³¨ ¸¶¥±É·  ¢¸¥ ¦¥ ¥¸ÉÓ [16].
�μ-¢¨¤¨³μ³Ê, ³μ¤¥²Ó · ¸¶·μ¸É· ´¥´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ´Ê¦¤ ¥É¸Ö ¢ Ê²ÊÎ-
Ï¥´¨¨ ¨²¨ É·¥¡Ê¥É¸Ö ¢¢¥¤¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨¸ÉμÎ´¨±μ¢ Ô²¥±É·μ´μ¢ ¨ ¶μ-
§¨É·μ´μ¢ ¢ ƒ ² ±É¨±¥.

‚ 2015 £. ¡Ò²¨ μ¶Ê¡²¨±μ¢ ´Ò ¤ ´´Ò¥ ¸¶¥±É·μ³¥É·  AMS-02, ¶μ¤É¢¥·¤¨¢-
Ï¨¥ ¤ ´´Ò¥ ¸¶¥±É·μ³¥É·  PAMELA ¸ ¡μ²ÓÏ¥° ¸É É¨¸É¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ.
� §²¨Î¨¥ ¢ μ¡² ¸É¨ Ô´¥·£¨¨ ¤μ 10 ƒÔ‚ μ¡ÑÖ¸´Ö¥É¸Ö ÔËË¥±Éμ³ ¸μ²´¥Î´μ° ³μ-
¤Ê²ÖÍ¨¨, ¶μ¸±μ²Ó±Ê ¨§³¥·¥´¨Ö, ¶·μ¢μ¤¨³Ò¥ · ´¥¥, ¡Ò²¨ ¸¤¥² ´Ò ¢ Ê¸²μ¢¨ÖÌ
¤·Ê£μ£μ Ê·μ¢´Ö ¸μ²´¥Î´μ°  ±É¨¢´μ¸É¨.

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¶μÉμ±μ¢ § ·Ö¦¥´´ÒÌ ±μ³-
¶μ´¥´É £ ² ±É¨Î¥¸±¨Ì ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° (¶μ§¨É·μ´μ¢ ¨  ´É¨¶·μÉμ´μ¢, ¶·μ-
Éμ´μ¢ ¨ Ö¤¥· £¥²¨Ö) ¢ Ô±¸¶¥·¨³¥´É Ì ´  ³ £´¨É´ÒÌ ¸¶¥±É·μ³¥É· Ì PAMELA
¨ AMS-02. ‚ Ô±¸¶¥·¨³¥´É¥ PAMELA ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ´¥¸±μ²Ó±μ ¢ ¦´ÒÌ
μ¸μ¡¥´´μ¸É¥° ¢ ¶μ¢¥¤¥´¨¨ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ § ·Ö¦¥´´ÒÌ ±μ³¶μ´¥´É
±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. �É¨ ·¥§Ê²ÓÉ ÉÒ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¶μ¤É¢¥·¦¤¥´Ò ¢
Ô±¸¶¥·¨³¥´É¥ AMS-02. �¥§Ê²ÓÉ ÉÒ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¡Ê¤ÊÉ ¨´É¥·¥¸´Ò
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¤²Ö · §¢¨É¨Ö ³μ¤¥²¥° £¥´¥· Í¨¨ ¨ Ê¸±μ·¥´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°,   É ±¦¥ ¤²Ö
¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ £¨¶μÉ¥É¨Î¥¸±¨Ì Î ¸É¨Í ®É¥³´μ°¯ ³ É¥·¨¨.

ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤ 
(¶·μ¥±É º15-12-10039). � ¡μÉ  £·Ê¶¶Ò �ˆŸ“ Œˆ”ˆ (Š. Œ. 
., �. ˆ. 
.,
�.Œ. ƒ., Œ.�.Œ., ‚. ‚.Œ., ‘.�. �.) ¶μ  ´ ²¨§Ê ³μ¤¥²¥° £¥´¥· Í¨¨ ¢Éμ·¨Î´ÒÌ
 ´É¨¶·μÉμ´μ¢ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´μ¢ ¸ ¢¥Ð¥¸É¢μ³ ³¥¦§¢¥§¤-
´μ£μ £ §  ¨ ´¥±μÉμ·ÒÌ ³¥Ì ´¨§³μ¢ £¥´¥· Í¨¨ ¸ ÊÎ ¸É¨¥³ Î ¸É¨Í ®É¥³´μ°¯
³ É¥·¨¨ ¢Ò¶μ²´¥´  ¢ –¥´É·¥ ®”Ê´¤ ³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¨ Ë¨§¨±  Î -
¸É¨Í¯ ¶·¨ £μ¸Ê¤ ·¸É¢¥´´μ° ¶μ¤¤¥·¦±¥ �·μ£· ³³Ò ¶μ¢ÒÏ¥´¨Ö ±μ´±Ê·¥´Éμ-
¸¶μ¸μ¡´μ¸É¨ �ˆŸ“ Œˆ”ˆ (‘μ£² Ï¥´¨¥ ¸ Œ¨´μ¡·´ Ê±¨ �” μÉ 27  ¢£Ê¸É 
2013 £. º02. 03.21.0005).
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