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„ ´ ±· É±¨° µ¡§µ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ´  � ±¸ ´¸±µ³
¶µ¤§¥³´µ³ ¸Í¨´É¨²²ÖÍ¨µ´´µ³ É¥²¥¸±µ¶¥. �¸ÊÐ¥¸É¢²¥´µ ¨¸¸²¥¤µ¢ ´¨¥ ¶µÉµ±µ¢
´¥°É·¨´µ µÉ £ ² ±É¨Î¥¸±¨Ì ¨¸ÉµÎ´¨±µ¢ ¨ Ê¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  ¨Ì ¶µÉµ±. �·¨
¶µ¨¸±¥ ³¥¤²¥´´ÒÌ ¨µ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í Ê¸É ´µ¢²¥´ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¶µÉµ± ÉÖ¦¥-
²ÒÌ ³ £´¨É´ÒÌ ³µ´µ¶µ²¥°. ‡ ·¥£¨¸É·¨·µ¢ ´ ¸¨£´ ² µÉ ´¥°É·¨´´µ£µ ¨³¶Ê²Ó¸  µÉ ¶·µ-
Í¥¸¸  ·µ¦¤¥´¨Ö ¸¢¥·Ì´µ¢µ°. “¸É ´µ¢²¥´µ µ£· ´¨Î¥´¨¥ ´  · ¸¶ ¤ ¶·µÉµ´ . �·¨ ·¥-
£¨¸É· Í¨¨ ³Õµ´µ¢ µÉ Ï¨·µ±¨Ì  É³µ¸Ë¥·´ÒÌ ²¨¢´¥° Ê¸É ´µ¢²¥´µ ¶µ¸ÉµÖ´¸É¢µ ¨Ì Ì¨-
³¨Î¥¸±µ£µ ¸µ¸É ¢  ¤µ 5 ⋅ 1015 Ô‚.

Experimental results obtained at the Baksan underground scintillation telescope are
reviewed. Galactic source neutrino fluxes were investigated. In slow ionizing particle
searches an upper limit was established on a heavy magnetic monopole flux. A neutrino
pulse from a supernovae birth was regist¥red. An upper limit on a proton decay time was
established. By means of a muon registration originated from wide atmospheric showers
and absence of a variation of their chemical composition was established up to 5 ⋅ 105 eV.

1. ‚‚…„…�ˆ…

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶µÉµ±   É³µ¸Ë¥·´ÒÌ ´¥°É·¨´µ ¢Ò¸µ±µ° Ô´¥·£¨¨ ¤²Ö
¨§ÊÎ¥´¨Ö Ì · ±É¥·¨¸É¨± ¸² ¡ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¡Ò²µ ¶·¥¤²µ¦¥´o
Œ.�.Œ ·±µ¢Ò³ [1,2]. „²Ö ÔÉµ£µ ¶·¥¤² £ ²µ¸Ó ·¥£¨¸É·¨·µ¢ ÉÓ ¢µ§´¨± ÕÐ¨°
¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·¨´µ ¸ ¢¥Ð¥¸É¢µ³ ¢ Éµ²Ð¥ ‡¥³²¨ ¶µÉµ±
³Õµ´µ¢, ¶·¨Ìµ¤ÖÐ¨Ì ¨§ ´¨¦´¥° ¶µ²Ê¸Ë¥·Ò. ‚ · ¡µÉ¥ Œ.�.Œ ·±µ¢  ¨
ˆ.Œ.†¥²¥§´ÒÌ [3] ¡Ò²  · ¸¸³µÉ·¥´  ¢µ§³µ¦´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¢ É ±¨Ì Ô±¸-
¶¥·¨³¥´É Ì ´¥°É·¨´µ µÉ £ ² ±É¨Î¥¸±¨Ì ¨¸ÉµÎ´¨±µ¢. �É¨ ¨¤¥¨ ¡Ò²¨ ·¥ -
²¨§µ¢ ´Ò ´  ¶µ¤§¥³´µ³ ¸Í¨´É¨²²ÖÍ¨µ´´µ³ É¥²¥¸±µ¶¥ � ±¸ ´¸±µ° ´¥°É·¨´-
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´µ° µ¡¸¥·¢ Éµ·¨¨ ˆŸˆ ���. ‚µ§³µ¦´µ¸É¨ ¸µ§¤ ´´µ° Ê¸É ´µ¢±¨ µ± § ²¨¸Ó
§´ Î¨É¥²Ó´µ Ï¨·¥. ‚ ¤ ´´µ° ¸É ÉÓ¥ ±· É±µ µ¶¨¸ ´Ò µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ,
¶µ²ÊÎ¥´´Ò¥ ´  É¥²¥¸±µ¶¥.

2. ˆ‡“—…�ˆ… �…‰’�ˆ�� ‚›‘�Šˆ• ��…�ƒˆ‰

’¥²¥¸±µ¶ ´ Ìµ¤¨É¸Ö ¢ ¶µ¤§¥³´µ° ¢Ò· ¡µÉ±¥ µ¡Ñ¥³µ³ 24 × 24 × 16 ³ ¶µ¤
¸±²µ´µ³ £µ·Ò �´¤Ò·Î¨ ´  · ¸¸ÉµÖ´¨¨ 550 ³ µÉ ¢Ìµ¤  ¢ £µ·¨§µ´É ²Ó´ÊÕ
ÏÉµ²Ó´Õ. �´ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Î¥ÉÒ·¥ÌÔÉ ¦´µ¥ §¤ ´¨¥ · §³¥·µ³ 16,7 ×
× 16,7 × 11,1 ³. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ÔÉ ¦ ³¨ · ¢´µ 3,6 ³. ‚¸¥ Ï¥¸ÉÓ ¢´¥Ï´¨Ì
¨ ¤¢¥ ¢´ÊÉ·¥´´¨¥ ¶²µ¸±µ¸É¨ §¤ ´¨Ö ¸¶²µÏÓ ¶µ±·ÒÉÒ ¸Í¨´É¨²²ÖÍ¨µ´´Ò³¨

¤¥É¥±Éµ· ³¨. �²µÐ ¤Ó ± ¦¤µ£µ ¤¥É¥±Éµ·  0,5 ³2. �¡Ð¥¥ Î¨¸²µ ¤¥É¥±Éµ·µ¢
· ¢´µ 3150,   ¢¥¸ ¸Í¨´É¨²²ÖÉµ·  ¢ ´¨Ì Å 330 Éµ´´. ƒ²Ê¡¨´  § ²µ¦¥´¨Ö
É¥²¥¸±µ¶  850 ³.¢.Ô.

„²Ö µÉ¡µ·  ³Õµ´µ¢, ¨¤ÊÐ¨Ì ¸´¨§Ê, ¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¢·¥³Ö¶·µ²¥É´ Ö
³¥Éµ¤¨± . ‡  ¡µ²¥¥ Î¥³ 10 ²¥É ®Î¨¸Éµ£µ¯ ¢·¥³¥´¨ ´ ¡²Õ¤¥´¨° ´  É¥²¥¸±µ¶¥
§ ·¥£¨¸É·¨·µ¢ ´µ µ±µ²µ 700 ¸µ¡ÒÉ¨° ¶·µÌµ¦¤¥´¨Ö Î¥·¥§ É¥²¥¸±µ¶ ³Õµ´µ¢
¨§ ´¨¦´¥° ¶µ²Ê¸Ë¥·Ò µÉ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·¨´µ ¸ ¢¥Ð¥¸É¢µ³ ¨²¨
(0,177 ± 0,006) ¸µ¡ÒÉ¨° ¢ ¸ÊÉ±¨, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶µÉµ±Ê:

I(E > 1 ƒÔ‚) = (2,72 ± 0,16) ⋅ 10−13 ̧ ³−2 ⋅ c−1 ⋅ cp−1.

‚ ¶·¥¤¥² Ì ´¥µ¶·¥¤¥²¥´´µ¸É¥° ¨§³¥·¥´´Ò° É¥³¶ ¸Î¥É  ´ Ìµ¤¨É¸Ö ¢ ¸µ-
£² ¸¨¨ ¸ µ¦¨¤ ¥³Ò³, ÎÉµ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ ´  90% ¤µ¢¥·¨É¥²Ó´µ³
Ê·µ¢´¥ ¸²¥¤ÊÕÐ¨¥ µ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É·Ò νµ → ντ  µ¸Í¨²²ÖÍ¨°:

∆m2 < 2,73 ⋅ 10−4 Ô‚2   ¶·¨   sin2 (2θ) = 1

sin2 (2θ) < 0,23   ¶·¨   ∆m2 > 3,20 ⋅ 10−2 Ô‚2

¨, ¸µµÉ¢¥É¸É¢¥´´µ, νµ → νe :

∆m2 < 3,12 ⋅ 10−3 Ô‚2   ¶·¨   sin2 (2θ) = 0,95,

sin2 (2θ) < 0,03   ¶·¨   ∆m2 > 3,03 ⋅ 10−3 Ô‚2.

‚ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ µ¸Í¨²²ÖÍ¨¨ ´¥°É·¨´µ µÉ¸ÊÉ¸É¢ÊÕÉ, ³µ¦´µ ¸¤¥-
² ÉÓ µ£· ´¨Î¥´¨¥ ´  ¶µÉµ± ´¥°É·¨´µ ¢´¥ É³µ¸Ë¥·´µ£µ ¶·µ¨¸Ìµ¦¤¥´¨Ö, ¨²¨
¶·µ¢¥¸É¨ ¶µ¨¸± ¶µÉµ±µ¢ ´¥°É·¨´µ µÉ ²µ± ²Ó´ÒÌ ¨¸ÉµÎ´¨±µ¢. „²Ö ¶µ¨¸± 
¨¸ÉµÎ´¨±µ¢ ¡Ò²µ ¨¸¶µ²Ó§µ¢ ´µ ´¥¸±µ²Ó±µ ³¥Éµ¤µ¢.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ µ¡· ¡µÉ±¨ ¤ ´´ÒÌ ¤²Ö 11 ´ ¨¡µ²¥¥
¨§¢¥¸É´ÒÌ ¨¸ÉµÎ´¨±µ¢, ¢¨¤¨³ÒÌ ¢ £ ³³ -¤¨ ¶ §µ´¥, ¤µ¸ÉÊ¶´ÒÌ ¤²Ö ´ ¡²Õ-
¤¥´¨Ö ´ Ï¥° Ê¸É ´µ¢±µ°.
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ˆ§ É ¡²¨ÍÒ ¢¨¤´µ, ÎÉµ ¶µ ¤ ´´Ò³ É¥²¥¸±µ¶  ´¥É ´¨± ±¨Ì Ê± § ´¨° ´ 
¸ÊÐ¥¸É¢µ¢ ´¨¥ §´ Î¨³ÒÌ ¶µÉµ±µ¢ ´¥°É·¨´µ ¢Ò¸µ±¨Ì Ô´¥·£¨° µÉ ¨¸ÉµÎ´¨-
±µ¢, ¢¨¤¨³ÒÌ ¢ £ ³³ -¤¨ ¶ §µ´¥.

�É´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏ Ö £²Ê¡¨´  § ²µ¦¥´¨Ö É¥²¥¸±µ¶  ¶µ§¢µ²Ö¥É ·¥-
Ï ÉÓ § ¤ Î¨, ¸¢Ö§ ´´Ò¥ ± ± ¸ ´¨§±¨³ Ëµ´µ³ (¶µ¨¸± ³ £´¨É´µ£µ ³µ´µ¶µ²Ö,
·¥£¨¸É· Í¨Ö ´¥°É·¨´µ µÉ ±µ²² ¶¸  §¢¥§¤ ¨ ¤·.), É ± ¨ ¸ ³Õµ´ ³¨ ±µ¸³¨-
Î¥¸±¨Ì ²ÊÎ¥°, ¶µÉµ± ±µÉµ·ÒÌ ´  ¤ ´´µ° £²Ê¡¨´¥ ¤µ¸É ÉµÎ´µ ¢¥²¨± (14 ¢
¸¥±Ê´¤Ê).

3. ��ˆ‘Š ’Ÿ†…‹�ƒ� Œ�ƒ�ˆ’��ƒ� Œ�����‹Ÿ

‚ 1974 £µ¤Ê ¡Ò²µ ¶µ± § ´µ, ÎÉµ ³ £´¨É´Ò¥ ³µ´µ¶µ²¨ ̧  ́ ¥µ¡Ìµ¤¨³µ¸ÉÓÕ
¢µ§´¨± ÕÉ ¢ Ï¨·µ±µ³ ±² ¸¸¥ É¥µ·¨° ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö. ‚ ÔÉ¨Ì É¥µ·¨ÖÌ
¶·¥¤¸± §Ò¢ ¥É¸Ö ́ ¥ Éµ²Ó±µ § ·Ö¤, ¸µ¢¶ ¤ ÕÐ¨° ¸ § ·Ö¤µ³ ³µ´µ¶µ²Ö „¨· ± ,

´µ ¨ ³ ¸¸  Î ¸É¨ÍÒ, ¤µ¸É¨£ ÕÐ Ö ¢¥²¨Î¨´Ò 1016 − 1017 ƒÔ‚. �Î¥¢¨¤´µ, ÎÉµ

’ ¡²¨Í 

ˆ¸ÉµÎ´¨± Šµµ·¤¨´ ÉÒ —¨¸²µ
¸µ¡ÒÉ¨°
¢ µ±´¥

”µ´ �£· ´¨Î¥´¨Ö
´  ¶µÉµ±

× 10−14 ̧ ³−2 ⋅ c−1α δ

SMC X-1 1:15 − 73 3 2,9 0,81

LMC X-4 5:32 − 66 2 2,3 0,70

LMC X-3 5:38 − 64 1 2,0 0,53

Cen X-3 11:19 − 60,3 1 2,0 0,56

Cir X-1 15:16 − 57 0 2,1 0,41

Cen A 13:25 − 42,8 4 1,7 3,8

Vela X-1 9:02 − 40,5 1 1,5 0,77

Gal Cen 17:42 − 30 0 1,8 0,67

Sco X-1 16:19 − 15 2 1,3 1,5

3C273 12:28 + 2,1 2 1,1 2,0

Crab Psr 5:32 + 22 0 0,7 1,9
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Î ¸É¨ÍÒ ¸ É ±µ° ³ ¸¸µ° ³µ£²¨ ·µ¦¤ ÉÓ¸Ö Éµ²Ó±µ ´  · ´´¥° ¸É ¤¨¨ µ¡· §µ-
¢ ´¨Ö ‚¸¥²¥´´µ° ¨ ¢ ¤ ²Ó´¥°Ï¥³, Ê¸±µ·ÖÖ¸Ó ¢ £ ² ±É¨Î¥¸±¨Ì ³ £´¨É´ÒÌ

¶µ²ÖÌ, ¶·¨µ¡·¥É ÉÓ ¸±µ·µ¸É¨ ¶µ·Ö¤±  10−3 − 10−2 ¸.
„²Ö ´ ¡²Õ¤¥´¨Ö ³µ´µ¶µ²¥° ¶·µ¨§¢µ¤¨²¸Ö ¶µ¨¸± ³¥¤²¥´´ÒÌ ¨µ´¨-

§¨·ÊÕÐ¨Ì Î ¸É¨Í, ¶·µÌµ¤ÖÐ¨Ì Î¥·¥§ É¥²¥¸±µ¶, ¢ ¤¨ ¶ §µ´¥ ¸±µ·µ¸É¥°

2 ⋅ 10−4 ÷ 10−1 ¸ ¶µ ¢·¥³¥´¨ ¶·µ²¥É . �·¨  ´ ²¨§¥ ¤ ´´ÒÌ, ´ ¡· ´´ÒÌ § 
63030 Î ¸µ¢ ¦¨¢µ£µ ¢·¥³¥´¨, ´¥ ¡Ò²µ ´ °¤¥´µ ± ´¤¨¤ Éµ¢, Ê¤µ¢²¥É¢µ·¨¢-
Ï¨Ì ±·¨É¥·¨Ö³ µÉ¡µ· . �Éµ ¶µ§¢µ²¨²µ Ê¸É ´µ¢¨ÉÓ ¢¥·Ì´¨° ¶·¥¤¥² ´  ¶µÉµ±
¸¢¥·ÌÉÖ¦¥²ÒÌ ³ £´¨É´ÒÌ ³µ´µ¶µ²¥°:

f < 2,0 ⋅ 10−16 ̧ ³−2 ⋅ c−1 cp−1.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ÔÉµÉ ¶·¥¤¥² É ±¦¥ ¸¶· ¢¥¤²¨¢ ¨ ¤²Ö ²Õ¡ÒÌ ³¥¤²¥´-
´ÒÌ ¨µ´¨§ÊÕÐ¨Ì¸Ö Î ¸É¨Í, ¸¶µ¸µ¡´ÒÌ ¶·µ´¨± ÉÓ £²Ê¡µ±µ ¶µ¤ §¥³²Õ.

4. �…ƒˆ‘’��–ˆŸ ‚‘�‹…‘Š�‚
�…‰’�ˆ���ƒ� ˆ‡‹“—…�ˆŸ, ‘����‚�†„��™ˆ•

ƒ��‚ˆ’�–ˆ���›‰ Š�‹‹��‘ ‡‚…‡„

‘µ£² ¸´µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ±µ²² ¶¸¨·ÊÕÐ Ö ¢ ±µ´Í¥ ¸¢µ¥°
Ô¢µ²ÕÍ¨¨ ³ ¸¸¨¢´ Ö §¢¥§¤  ³µ¦¥É ¤ ÉÓ ±µ·µÉ±¨°, ´µ ³µÐ´Ò° ¢¸¶²¥¸± Ô´¥·-
£¥É¨Î´ÒÌ (~ 10 ŒÔ‚) ´¥°É·¨´µ. ‘Í¨´É¨²²ÖÉµ· ¤¥É¥±Éµ·µ¢ É¥²¥¸±µ¶  ¸ ¢Ò-
¸µ±¨³ ¸µ¤¥·¦ ´¨¥³ ¢µ¤µ·µ¤  ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö µ¡´ ·Ê¦¥´¨Ö Ô²¥±É·µ´´ÒÌ
 ´É¨´¥°É·¨´µ ¶µ ·¥ ±Í¨Ö³ ¨Ì § Ì¢ É  ¶·µÉµ´ ³¨:

ν
__
e + p → n + e+.

�µ¸±µ²Ó±Ê ¶·µ¡¥£ µ¡· §µ¢ ¢Ï¥£µ¸Ö ¶µ§¨É·µ´  ³ ², µ´ ¶µ²´µ¸ÉÓÕ Ê±² -
¤Ò¢ ¥É¸Ö ¢ µ¡Ñ¥³¥ ¤¥É¥±Éµ· . ‘¥·¨Ö µ¤¨´µÎ´ÒÌ ¸· ¡µÉ ¢Ï¨Ì ¤¥É¥±Éµ·µ¢ ¢
É¥Î¥´¨¥ ±µ·µÉ±µ£µ ¶¥·¨µ¤  ¢·¥³¥´¨, µ¶·¥¤¥²Ö¥³µ£µ ¤²¨É¥²Ó´µ¸ÉÓÕ ´¥°-
É·¨´´µ° ¢¸¶ÒÏ±¨, ¶µ§¢µ²Ö¥É µÉ²¨Î¨ÉÓ ÔËË¥±É µÉ Ëµ´  ¸²ÊÎ °´µ · ¸¶·¥¤¥-
²¥´´ÒÌ ÏÊ³µ¢ÒÌ ¸¨£´ ²µ¢.

�ËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ́ ¥°É·¨´µ ¡µ²ÓÏ¥ 80%, ¥¸²¨ ̧ ¶¥±É· Å É¥¶-
²µ¢µ° ¸ ®É¥³¶¥· ÉÊ·µ°¯ ´¥°É·¨´µ, · ¢´µ° 3,5 ŒÔ‚.

�·µ¢¥·±µ° £µÉµ¢´µ¸É¨ É¥²¥¸±µ¶  Ö¢¨² ¸Ó ·¥£¨¸É· Í¨Ö ´¥°É·¨´´µ£µ ¸¨£-
´ ²  µÉ ¸¢¥·Ì´µ¢µ° ‘� 1987�, ¢¸¶ÒÌ´Ê¢Ï¥° ¢ ¸µ¸¥¤´¥° £ ² ±É¨±¥ �µ²ÓÏµ¥
Œ £¥²² ´µ¢µ  �¡² ±µ  23 Ë¥¢· ²Ö 1987 £µ¤ , ´ Ìµ¤ÖÐ¥°¸Ö ´  · ¸¸ÉµÖ´¨¨
50 ±¶¸. �¤´µ¢·¥³¥´´µ ¸ Ö¶µ´¸±¨³ ¤¥É¥±Éµ·µ³ Kamiokande II ¨  ³¥·¨± ´-
¸±¨³ ¤¥É¥±Éµ·µ³ IMB, ¡Ò² µ¡´ ·Ê¦¥´ ¸¨£´ ² ¨§ 5 ¸µ¡ÒÉ¨° ¢ É¥Î¥´¨¥ 9,1 ¸
¢ ³ ¸¸¥ ³¨Ï¥´¨ 200 É.
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�¥¶·¥·Ò¢´Ò° ´ ¡µ· ¨´Ëµ·³ Í¨¨ ¡Ò² ´ Î É ¢ 1980 £. ‚ 1997 £. ¶µ²´µ¥
¢·¥³Ö ´ ¡²Õ¤¥´¨Ö ¸µ¸É ¢¨²µ 15 ²¥É. ‡  ÔÉµ ¢·¥³Ö ´¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ ´¨
µ¤´µ£µ ¸¨£´ ² , ±µÉµ·Ò° ¤µ¸Éµ¢¥·´µ ³µ¦´µ ¡Ò²µ ¡Ò ¨´É¥·¶·¥É¨·µ¢ ÉÓ ± ±
¢¸¶²¥¸± £ ² ±É¨Î¥¸±¨Ì Ô²¥±É·µ´´ÒÌ  ´É¨´¥°É·¨´µ. �É¸Õ¤  ³µ¦´µ ¶µ²Ê-
Î¨ÉÓ ´¨¦´¥¥ µ£· ´¨Î¥´¨¥ ´  ¸·¥¤´¨° ¨´É¥·¢ ² ³¥¦¤Ê £· ¢¨É Í¨µ´´Ò³¨
±µ²² ¶¸ ³¨  ¢  ƒ ² ±É¨±¥,  ¤µ¶Ê¸± Ö,  ÎÉµ  ¨Ì  Î ¸ÉµÉ   ¶µ¤Î¨´Ö¥É¸Ö § ±µ´Ê
�Ê ¸¸µ´ . �·¨´¨³ Ö ¢¥·µÖÉ´µ¸ÉÓ ¶·µ¶Ê¸±  ¸¨£´ ² , · ¢´µ° 10%, ¶µ²ÊÎ ¥³
¸²¥¤ÊÕÐ¥¥ µ£· ´¨Î¥´¨¥ ´  90% Ê·µ¢´¥ ¤µ¸Éµ¢¥·´µ¸É¨: T > 6,5 ²¥É.

5. ��ˆ‘Š ��‘��„� ���’���

ˆ§ É¥µ·¨° ¢¥²¨±µ£µ µ¡Ñ¥¤¨´¥´¨Ö ¸²¥¤Ê¥É, ÎÉµ ¶·µÉµ´ ́ ¥¸É ¡¨²¥´ ¨ ¤µ²-
¦¥´  · ¸¶ ¤ ÉÓ¸Ö  ¸  ´ ·ÊÏ¥´¨¥³  § ±µ´  ¸µÌ· ´¥´¨Ö ¡ ·¨µ´´µ£µ Î¨¸² .
� ¡²Õ¤¥´¨¥ É ±µ£µ ¶·µÍ¥¸¸  ´  µ¶ÒÉ¥ Ö¢¨²µ¸Ó ¡Ò ¶·Ö³Ò³ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ ¨¤¥¨ µ¡Ñ¥¤¨´¥´¨Ö.

’¥²¥¸±µ¶ ´¥ ¶·¥¤´ §´ Î ²¸Ö ¸¶¥Í¨ ²Ó´µ ¤²Ö ¨§ÊÎ¥´¨Ö ´¥¸É ¡¨²Ó´µ¸É¨
´Ê±²µ´ , ¶µÔÉµ³Ê ¶·¨ ¶µ¸É ´µ¢±¥ ¨ ¶·µ¢¥¤¥´¨¨ ÔÉµ£µ Ô±¸¶¥·¨³¥´É  ´Ê¦´µ
¡Ò²µ ¨¸Ìµ¤¨ÉÓ ¨§ ¨³¥ÕÐ¨Ì¸Ö ¢µ§³µ¦´µ¸É¥° Ê¦¥ ¤¥°¸É¢ÊÕÐ¥° Ê¸É ´µ¢±¨.

�¥ ²Ó´µ ¢ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·Ö²µ¸Ó µ¡Ð¥¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ µ¤´µ³ ¨§
¤¢ÊÌ ¢´ÊÉ·¥´´¨Ì ¸²µ¥¢ ¸Í¨´É¨²²ÖÉµ·µ¢ ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ´¨ ¢ µ¤´µ³ ¨§ ´ -
·Ê¦´ÒÌ,   É ±¦¥ ¢ ¤·Ê£¨Ì ¢´ÊÉ·¥´´¨Ì ¸²µÖÌ ´¥É ¸¨£´ ²  ´  Ê·µ¢´¥ 5 ŒÔ‚.
‚Éµ·µ¥ É·¥¡µ¢ ´¨¥ ¸µ¸ÉµÖ²µ ¢ Éµ³, ÎÉµ¡Ò Î¨¸²µ ̧ · ¡µÉ ¢Ï¨Ì ¢ ¤ ´´µ³ ¸²µ¥
¤¥É¥±Éµ·µ¢ (µ¡ÒÎ´µ ¸³¥¦´ÒÌ) ¡Ò²µ ´¥ ³¥´¥¥ ¤¢ÊÌ. „ ²¥¥ ¶µ²ÊÎ¥´´µ¥ Ô´¥·-
£¥É¨Î¥¸±µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸· ¢´¨¢ ²µ¸Ó ¸ · ¸Î¥É´Ò³.

ˆ§ ¸· ¢´¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨ É¥µ·¥É¨Î¥¸±µ£µ · ¸¶·¥¤¥²¥´¨° ¡Ò²

¶µ²ÊÎ¥´ ´¨¦´¨° ¶·¥¤¥² ´  ¢·¥³Ö ¦¨§´¨ ¶·µÉµ´  (´¥°É·µ´ ) 1,25 ⋅ 1030 ²¥É
(90% ¤µ¢¥·¨É¥²Ó´Ò° Ê·µ¢¥´Ó) ¤²Ö ¢¸¥Ì ¡¥§´¥°É·¨´´ÒÌ ³µ¤ · ¸¶ ¤ .

6. ˆ‡“—…�ˆ… •ˆŒˆ—…‘Š�ƒ� ‘�‘’�‚�
�…�‚ˆ—�›• Š�‘Œˆ—…‘Šˆ• ‹“—…‰

�·¨ Ô´¥·£¨¨ ¢ÒÏ¥ 105 ƒÔ‚/´Ê±²µ´ ¥¤¨´¸É¢¥´´Ò³ ¨¸ÉµÎ´¨±µ³ ¸¢¥¤¥´¨°
µ Ì¨³¨Î¥¸±µ³ ¸µ¸É ¢¥ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸É ´µ¢ÖÉ¸Ö ±µ¸¢¥´´Ò¥ ³¥Éµ¤Ò
¨§³¥·¥´¨°: Ï¨·µ±¨¥  É³µ¸Ë¥·´Ò¥ ²¨¢´¨ ¨ ¨§ÊÎ¥´¨¥ ¨Ì µ¸É É±µ¢ ¢ ¶µ¤§¥³-
´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ± ±¨³¨ Ö¢²ÖÕÉ¸Ö ³Õµ´´Ò¥ £·Ê¶¶Ò.

Šµ´¸É·Ê±Í¨Ö É¥²¥¸±µ¶  ¨ ¥£µ · ¸¶µ²µ¦¥´¨¥ ´  µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²Ó-
Ïµ° £²Ê¡¨´¥ ¶µ§¢µ²ÖÕÉ ¨¸¸²¥¤µ¢ ÉÓ Ì · ±É¥·¨¸É¨±¨ £·Ê¶¶ ³Õµ´µ¢ ¢ Ï¨-
·µ±µ³ ¤¨ ¶ §µ´¥ §¥´¨É´ÒÌ Ê£²µ¢ ¨ · ¸¸ÉµÖ´¨° ³¥¦¤Ê ³Õµ´ ³¨ ¢ £·Ê¶¶ Ì.
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�´ ²¨§ ¸¶¥±É·µ¢ ±· É´µ¸É¥° ³Õµ´µ¢ ¤²Ö £²Ê¡¨´ 1000 ÷ 5000 ££/¸³2 ¸µ¢-
³¥¸É´µ ¸  ´ ²¨§µ³ ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ´  ¤·Ê£¨Ì Ê¸É ´µ¢± Ì, ¶µ± § ², ÎÉµ
¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ¶µ ³Õµ´´Ò³ £·Ê¶¶ ³ ´¥ ¶·µÉ¨¢µ·¥Î É ¶µ¸ÉµÖ´´µ³Ê

Ì¨³¨Î¥¸±µ³Ê ¸µ¸É ¢Ê ¤µ Ô´¥·£¨° 5 ⋅ 1015 Ô‚. ‘É É¨¸É¨Î¥¸±¨¥ µÏ¨¡±¨ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¶·¨ ´ ¨¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ´¥ ¶µ§¢µ²ÖÕÉ Ê¢¨¤¥ÉÓ ¶·¥¤¶µ² £ ¥-
³Ò° ¨§²µ³ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É·  ¶¥·¢¨Î´µ£µ ¨§²ÊÎ¥´¨Ö ¶·¨ Ô´¥·£¨¨

3 ⋅ 1015 Ô‚.

‘�ˆ‘�Š ‹ˆ’…��’“�›
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