
�¨¸Ó³  ¢ �—�Ÿ. 2010. ’. 7, º2(158). ‘. 232Ä241

Œ…’�„ˆŠ� ”ˆ‡ˆ—…‘Š�ƒ� �Š‘�…�ˆŒ…�’�

Œ�„…‹ˆ��‚��ˆ… ���–…‘‘�‚
��‘���‘’���…�ˆŸ �‹…Š’��Œ�ƒ�ˆ’�›•

ˆŒ�“‹œ‘�‚ ‚ „‚“•Š�Œ���…�’��‰
‘–ˆ�’ˆ‹‹ˆ�“�™…‰ ‘�…„…

�. �. ‡ °³¨¤μ·μ£ , �.ˆ.‘É·¥²ÓÍμ¢ , Š. �. ”μ³¥´±μ
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

‚ · ¡μÉ¥ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ · ¸¶·μ¸É· ´¥´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ¨³¶Ê²Ó¸μ¢ ¢
¤¢ÊÌ±μ³¶μ´¥´É´μ° ¸Í¨´É¨²²¨·ÊÕÐ¥° ¸·¥¤¥. ˆ¸¸²¥¤μ¢ ´  ¶·μ¸É· ´¸É¢¥´´ Ö Ô¢μ²ÕÍ¨Ö Ô²¥±É·μ³ £-
´¨É´ÒÌ ¢μ§¡Ê¦¤¥´¨°, ¢μ§´¨± ÕÐ¨Ì ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ¸Í¨´É¨²²¨·ÊÕÐÊÕ ¸·¥¤Ê Ô²¥³¥´É ·´ÒÌ
Î ¸É¨Í. �μ²ÊÎ¥´Ò ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¶·μË¨²¥° ¸¢¥Éμ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¨§²Ê-
Î¥´¨Ö ¨ ¢·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ³¥¦¤Ê ±μ³¶μ´¥´É ³¨ ¸·¥¤Ò ¨ ¨§²ÊÎ¥´¨¥³,
¤ ´  μÍ¥´±  ¤²¨´Ò Ëμ·³¨·μ¢ ´¨Ö ·¥£¨¸É·¨·Ê¥³μ£μ ¸¨£´ ² .

The propagation of electromagnetic pulses in binary scintillator media has been modeled. The
spatial evolution of electromagnetic excitations caused by particle passing through the scintillator has
been studied. SpaceÄtime dependence of light proˇles, time dependence of light-media energy balance
and estimation of signal formation length were obtained.
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‚‚…„…�ˆ…

‚ ¸μ¢·¥³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶μ Ë¨§¨±¥ Î ¸É¨Í [1, 2] Ï¨·μ±μ¥ · ¸¶·μ¸É· ´¥´¨¥
¶μ²ÊÎ¨²¨ ¤¥É¥±Éμ·Ò, ¨¸¶μ²Ó§ÊÕÐ¨¥ ËμÉμÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸·¥¤Ò ´  μ¸´μ¢¥ ¸Í¨´É¨²²ÖÉμ-
·μ¢ Å ¢¥Ð¥¸É¢, ¸¶μ¸μ¡´ÒÌ ¶μ£²μÐ¥´´ÊÕ ¢ ·¥§Ê²ÓÉ É¥ · ¸¸¥Ö´¨Ö ±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ
Î ¸É¨Í ¶·¥μ¡· §μ¢Ò¢ ÉÓ ¢ Ô²¥±É·μ³ £´¨É´μ¥ ¨§²ÊÎ¥´¨¥ (¢ Éμ³ Î¨¸²¥, ¨ ¢¨¤¨³μ° μ¡² ¸É¨
¸¶¥±É· ). Š ± ¶· ¢¨²μ, ¨§²ÊÎ¥´´Ò° ¸¢¥É Ê² ¢²¨¢ ¥É¸Ö ËμÉμÔ²¥±É·μ´´Ò³¨ Ê³´μ¦¨É¥²Ö³¨
(”�“), ±μÉμ·Ò¥ ±μ´¢¥·É¨·ÊÕÉ ¸¢¥É ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ ·¥£¨¸É·¨·Ê¥³Ò¥ ¨³¶Ê²Ó¸Ò Ô²¥±-
É·¨Î¥¸±μ£μ Éμ± .

ˆ´Ëμ·³ Í¨Ö μ¡ Ô´¥·£¨¨ ¤¥É¥±É¨·Ê¥³μ° Î ¸É¨ÍÒ ³μ¦¥É ¡ÒÉÓ ¢μ¸¸É ´μ¢²¥´  ¶μ ±μ-
²¨Î¥¸É¢Ê ·¥£¨¸É·¨·Ê¥³μ£μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É , ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´ Ö ¦¥ ¨´-
Ëμ·³ Í¨Ö μ Î ¸É¨Í¥ ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö ¶μ ¢·¥³¥´ ³ ·¥£¨¸É· Í¨¨ Ë·μ´Éμ¢ ¨§²ÊÎ¥´¨Ö. ‚
¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´μ° § ¤ Î  ¢μ¸¸É ´μ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨ μ
Î ¸É¨Í¥ ¸ ³ ±¸¨³ ²Ó´μ ¤μ¸É¨¦¨³Ò³ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³. „²Ö ·¥-
Ï¥´¨Ö ¤ ´´μ° § ¤ Î¨ ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ Î¥É±μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ¡ Ô¢μ²ÕÍ¨¨ ¨³¶Ê²Ó¸μ¢
¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ´  ¨Ì ¶ÊÉ¨ μÉ ÉμÎ±¨ ¢μ§´¨±´μ¢¥´¨Ö (Éμ ¥¸ÉÓ ÉμÎ±¨ ¢§ ¨³μ-
¤¥°¸É¢¨Ö ¤¥É¥±É¨·Ê¥³μ° Î ¸É¨ÍÒ ¸ ³μ²¥±Ê² ³¨ ¸Í¨´É¨²²ÖÉμ· ) ¤μ ÉμÎ±¨ ·¥£¨¸É· Í¨¨
(ËμÉμÔ²¥±É·μ´´ÒÌ Ê³´μ¦¨É¥²¥°). �¥Ï¥´¨Õ ¨³¥´´μ ÔÉμ° § ¤ Î¨ ¨ ¶μ¸¢ÖÐ¥´  ´ ¸ÉμÖÐ Ö
· ¡μÉ .



Œμ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ · ¸¶·μ¸É· ´¥´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ¨³¶Ê²Ó¸μ¢ 233

�¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´  ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐ Ö · ¸¶·μ¸É· ´¥´¨¥
¨³¶Ê²Ó¸μ¢ ¸¢¥É  ¢ ¦¨¤±μ° ¤¢ÊÌ±μ³¶μ´¥´É´μ° ¸Í¨´É¨²²¨·ÊÕÐ¥° ¸·¥¤¥ ´  μ¸´μ¢¥ ¸¨¸É¥³Ò
´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¶¥·¢μ£μ ¶μ·Ö¤± , ¶μ§¢μ²ÖÕÐ¨Ì μ¶·¥¤¥²¨ÉÓ
Ô¢μ²ÕÍ¨Õ ¶²μÉ´μ¸É¥° ¨³¶Ê²Ó¸μ¢ ¸¢¥É  ¨ § ¸¥²¥´´μ¸É¥° Ê·μ¢´¥° ¸·¥¤Ò. �É³¥É¨³, ÎÉμ
¶·¥¤²μ¦¥´´ Ö ³μ¤¥²Ó μÉ· ¦ ¥É μ¸´μ¢´Ò¥ μ¸μ¡¥´´μ¸É¨ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ · ¸¶·μ-
¸É· ´¥´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¨§²ÊÎ¥´¨Ö ¢ ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ ¸Í¨´É¨²²¨·ÊÕÐ¨Ì ¸·¥¤ Ì.

1. Œ�„…‹œ „‚“•Š�Œ���…�’��‰ ‘–ˆ�’ˆ‹‹ˆ�“�™…‰ ‘�…„›

„²Ö ¶μ¸É·μ¥´¨Ö ³μ¤¥²¨ · ¸¸³μÉ·¨³ ±· É±μ Ë¨§¨Î¥¸±¨¥ Ö¢²¥´¨Ö, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¢
¸Í¨´É¨²²ÖÉμ·¥ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í [3].

�·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¸ Ô²¥±É·μ´´Ò³¨ μ¡μ²μÎ± ³¨ ³μ²¥±Ê² ¸Í¨´-
É¨²²ÖÉμ·  ¶μ¸²¥¤´¨¥ ³μ£ÊÉ ²¨¡μ ¢μ§¡Ê¦¤ ÉÓ¸Ö, É. ¥. ¶¥·¥Ìμ¤¨ÉÓ ¢ ¸μ¸ÉμÖ´¨¥ ¸ ¨§¡ÒÉμÎ´μ°
Ô´¥·£¨¥°, ²¨¡μ ¨μ´¨§μ¢ ÉÓ¸Ö, É. ¥. É¥·ÖÉÓ Ô²¥±É·μ´. ˆ§¡ÒÉμÎ´ Ö Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´´ÒÌ
³μ²¥±Ê² ¸¡· ¸Ò¢ ¥É¸Ö ¶ÊÉ¥³ ¨§²ÊÎ¥´¨¨ ¸¢¥É ; § Ì¢ É Ô²¥±É·μ´  ¨μ´¨§μ¢ ´´μ° ³μ²¥±Ê-
²μ° (·¥±μ³¡¨´ Í¨Ö) É ±¦¥ ³μ¦¥É ¶·μÌμ¤¨ÉÓ ¸ ¨§²ÊÎ¥´¨¥³. ’ ±¨³ μ¡· §μ³, ±¨´¥É¨Î¥¸± Ö
Ô´¥·£¨Ö Î ¸É¨ÍÒ ¶¥·¥¤ ¥É¸Ö ³μ²¥±Ê² ³ ¸Í¨´É¨²²ÖÉμ·  ¨ ¶·¥μ¡· §Ê¥É¸Ö ¢ ¸Í¨´É¨²²ÖÍ¨μ´-
´Ò° ¸¢¥É. ‘¶¥±É· ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  μ¶·¥¤¥²ÖÕÉ¸Ö Éμ²Ó±μ
É¨¶μ³ ¸Í¨´É¨²²ÖÉμ·  ¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸ÖÉ ´¨ μÉ É¨¶  § ·Ö¦¥´´μ° Î ¸É¨ÍÒ, ´¨ μÉ
¥¥ Ô´¥·£¨¨.

�  ¶· ±É¨±¥ Î ¸Éμ ¢¸É·¥Î ¥É¸Ö ¸¨ÉÊ Í¨Ö, ±μ£¤  ³ ±¸¨³Ê³ ¸¶¥±É·  ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ
¸¢¥É  (´ ¶·¨³¥·, Ê²ÓÉ· Ë¨μ²¥É) ´ Ìμ¤¨É¸Ö ¤ ²¥±μ μÉ μ¡² ¸É¨ ¸¶¥±É· ²Ó´μ° ÎÊ¢¸É¢¨É¥²Ó-
´μ¸É¨ ËμÉμÔ²¥±É·μ´´ÒÌ Ê³´μ¦¨É¥²¥° (¢¨¤¨³Ò° ¸¢¥É). ‚ ÔÉμ³ ¸²ÊÎ ¥ ²¨ÏÓ ´¥¡μ²ÓÏ Ö
¤μ²Ö ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ³μ¦¥É ¡ÒÉÓ § ·¥£¨¸É·¨·μ¢ ´  ”�“ ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
μ¡Ð Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ μ± §Ò¢ ¥É¸Ö ´¨§±μ°. „²Ö ¸¤¢¨£  ¸¶¥±É·  ¸Í¨´É¨²²Ö-
Í¨μ´´μ£μ ¸¢¥É  ¢ μ¡² ¸ÉÓ ¸¶¥±É· ²Ó´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ”�“ ¢ ¸Í¨´É¨²²ÖÉμ· ¢¢μ¤¨É¸Ö
¤μ¡ ¢±  Å Ï¨ËÉ¥· (shifter Å ®¸³¥¸É¨É¥²Ó, ¸¤¢¨£ É¥²Ó¯), μ¸ÊÐ¥¸É¢²ÖÕÐ Ö ¶¥·¥¨§²ÊÎ¥-
´¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É  ¢ ¡μ²¥¥ ¤²¨´´μ¢μ²´μ¢ÊÕ μ¡² ¸ÉÓ. Š ± ¶· ¢¨²μ, ±μ´Í¥´-
É· Í¨Ö Ï¨ËÉ¥·  ¢ ¤¥¸ÖÉ±¨-¸μÉ´¨ · § ³¥´ÓÏ¥ ±μ´Í¥´É· Í¨¨ ¸Í¨´É¨²²ÖÉμ· . ‚ ¦¨¤±¨Ì
¸Í¨´É¨²²¨·ÊÕÐ¨Ì ¸³¥¸ÖÌ ¶μ¤ ¤¥°¸É¢¨¥³ ¢ ´¤¥·¢  ²Ó¸μ¢ÒÌ ¸¨² ³μ²¥±Ê²Ò ¸Í¨´É¨²²ÖÉμ· 
μ±·Ê¦ ÕÉ ³μ²¥±Ê²Ò Ï¨ËÉ¥·  ¨ μ¡· §ÊÕÉ ¤¢ÊÌ±μ³¶μ´¥´É´Ò° · ¸É¢μ· [3,5].

�¨¸. 1. ‘Ì¥³  Ê·μ¢´¥° μ¤´μ- ¨ ¤¢ÊÌ±μ³¶μ´¥´É´μ£μ ¸Í¨´É¨²²ÖÉμ·μ¢. �  ¸Ì¥³¥ ¨§μ¡· ¦¥´Ò Ô´¥·£¥É¨-

Î¥¸±¨¥ Ê·μ¢´¨ μ¸´μ¢´μ£μ ¨ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨° μ¤´μ- ¨ ¤¢ÊÌ±μ³¶μ´¥´É´μ° ¸Í¨´É¨²²¨·ÊÕÐ¨Ì
¸·¥¤, ¶·Ö³Ò¥ ¸É·¥²±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ¡¥§Ò§²ÊÎ É¥²Ó´Ò³ ¶¥·¥Ìμ¤ ³ ³¥¦¤Ê Ê·μ¢´Ö³¨ (¢μ§¡Ê¦¤¥´¨Õ

¨ ¶μ£²μÐ¥´¨Õ,   É ±¦¥ ¶¥·¥¤ Î¥ Ô´¥·£¨¨ μÉ ¸Í¨´É¨²²ÖÉμ·  ± Ï¨ËÉ¥·Ê), ¢μ²´¨¸ÉÒ¥ Å ¶¥·¥Ìμ¤ ³

¸ ¨¸¶Ê¸± ´¨¥³ ¸¢¥É 
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’ ± ± ± μÉ´μ¸¨É¥²Ó´ Ö ±μ´Í¥´É· Í¨Ö Ï¨ËÉ¥·  ³ ² , Éμ Î ¸É¨Í , ¶·μÌμ¤Ö Î¥·¥§ ¸·¥¤Ê,
¢§ ¨³μ¤¥°¸É¢Ê¥É, ¶·¥¨³ÊÐ¥¸É¢¥´´μ, ¸ ³μ²¥±Ê² ³¨ ¸Í¨´É¨²²ÖÉμ· . �μ¸²¥¤´¨¥ ¦¥ ³μ£ÊÉ
¸¡· ¸Ò¢ ÉÓ Ô´¥·£¨Õ ¢μ§¡Ê¦¤¥´¨Ö ´¥ Éμ²Ó±μ ¨§²ÊÎ¥´¨¥³ ¸¢¥É , ´μ ¨ ¡¥§Ò§²ÊÎ É¥²Ó´μ°
¶¥·¥¤ Î¥° ¥¥ ³μ²¥±Ê² ³ Ï¨ËÉ¥·  [3]. �μ¸±μ²Ó±Ê Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö ³μ²¥±Ê² Ï¨ËÉ¥· 
³¥´ÓÏ¥, Î¥³ ³μ²¥±Ê² ¸Í¨´É¨²²ÖÉμ· , Éμ, ¢μ-¶¥·¢ÒÌ, μ¡· É´ Ö ¶¥·¥¤ Î  Ô´¥·£¨¨ μÉ Ï¨Ë-
É¥·  ± ¸Í¨´É¨²²ÖÉμ·Ê ´¥¢μ§³μ¦´ , ¨, ¢μ-¢Éμ·ÒÌ, ¸¶¥±É· Ô²¥±É·μ³ £´¨É´μ£μ ¨§²ÊÎ¥´¨Ö
Ï¨ËÉ¥·  ¸³¥Ð ¥É¸Ö ¢ ¤²¨´´μ¢μ²´μ¢ÊÕ μ¡² ¸ÉÓ (·¨¸. 1).

2. Œ�’…Œ�’ˆ—…‘Š�Ÿ Œ�„…‹œ ˆ ‚›—ˆ‘‹ˆ’…‹œ��Ÿ ‘•…Œ�

2.1. �¸´μ¢´Ò¥ Ê· ¢´¥´¨Ö. �·¨ Ëμ·³Ê²¨·μ¢±¥ Ê· ¢´¥´¨° ¡Ê¤¥³ ¨¸Ìμ¤¨ÉÓ ¨§ Éμ£μ,
ÎÉμ ¸¶¥±É·Ò ¨§²ÊÎ¥´¨° ¸Í¨´É¨²²ÖÉμ·  ¨ Ï¨ËÉ¥·  ³μ´μÌ·μ³ É¨Î´Ò. �Éμ ¶·¨¡²¨¦¥´¨¥
μ¶· ¢¤ ´´μ, ¥¸²¨ μ¡² ¸ÉÓ ¶¥·¥±·ÒÉ¨Ö ¸¶¥±É·μ¢ ¨§²ÊÎ¥´¨Ö ¸Í¨´É¨²²ÖÉμ·  ¨ Ï¨ËÉ¥· 
³ ²  [3,4].

„²Ö μ¶¨¸ ´¨Ö Ô¢μ²ÕÍ¨¨ ¸¢¥Éμ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¢¢¥¤¥³ ¶²μÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö Ï¨ËÉ¥· 
f1(t, r) ¨ ¸Í¨´É¨²²ÖÉμ·  f2(t, r), ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ±μ²¨Î¥¸É¢μ ¸¢¥É , ¨§²ÊÎ¥´´μ£μ
¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ±μ³¶μ´¥´É ³¨ ¸·¥¤Ò, ¢ ¥¤¨´¨Í¥ μ¡Ñ¥³ . Šμ´Í¥´É· Í¨¨ ³μ²¥±Ê² Ï¨Ë-
É¥·  ¨ ¸Í¨´É¨²²ÖÉμ·  μ¡μ§´ Î¨³ Î¥·¥§ D1 ¨ D2 (¶·¨Î¥³, ¸μ£² ¸´μ ¢ÒÏ¥¸± § ´´μ³Ê,
D1 � D2), ¸±μ·μ¸ÉÓ · ¸¶·μ¸É· ´¥´¨Ö ¨§²ÊÎ¥´¨Ö Ï¨ËÉ¥·  ¢ ¸·¥¤¥ Å c1, ¨§²ÊÎ¥´¨Ö
¸Í¨´É¨²²ÖÉμ·  Å c2.

Œμ²¥±Ê²  ± ± Ï¨ËÉ¥· , É ± ¨ ¸Í¨´É¨²²ÖÉμ·  ³μ¦¥É ¡ÒÉÓ ¢ μ¤´μ³ ¨§ ¤¢ÊÌ ¸μ¸ÉμÖ-
´¨° Å ²¨¡μ ´¥¢μ§¡Ê¦¤¥´´μ³ (´ §Ò¢ ¥³μ³ É ±¦¥ μ¸´μ¢´Ò³), ²¨¡μ ¢μ§¡Ê¦¤¥´´μ³ (·¨¸. 2).
�·¨³¥³ §  Nl(t, r), l = 0, 1, 2, 3, ´ ¸¥²¥´´μ¸É¨ Ê·μ¢´¥° l, μ¶·¥¤¥²Ö¥³Ò¥ ± ± Î¨¸²μ ³μ²¥-
±Ê² ¢ ¸μ¸ÉμÖ´¨¨ l ¢ ¥¤¨´¨Í¥ μ¡Ñ¥³ . ‘μ£² ¸´μ ¢¢¥¤¥´´Ò³ · ´¥¥ μ¡μ§´ Î¥´¨Ö³:

N0(t, r) + N1(t, r) = D1, (1)

N3(t, r) + N2(t, r) = D2. (2)

ˆ§³¥´¥´¨¥ ´ ¸¥²¥´´μ¸É¥° Ê·μ¢´¥° ¶·μ¨¸Ìμ¤¨É ¤¢Ê³Ö ¶ÊÉÖ³¨ [5, 6]: ¸¶μ´É ´´μ ¨ ¢Ò-
´Ê¦¤¥´´μ.

�·¨ ¸¶μ´É ´´ÒÌ ¶¥·¥Ìμ¤ Ì Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö ³μ²¥±Ê²Ò ¸¡· ¸Ò¢ ¥É¸Ö ¸ ³μ¶·μ-
¨§¢μ²Ó´μ ¶ÊÉ¥³ ¨§²ÊÎ¥´¨Ö ¸¢¥É  ²¨¡μ ¶¥·¥¤ ¥É¸Ö ¤·Ê£μ° (´¥¢μ§¡Ê¦¤¥´´μ°) ³μ²¥±Ê²¥, ¨
³μ²¥±Ê²  ¶¥·¥Ìμ¤¨É ¢ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥. —¨¸²μ ¢μ§¡Ê¦¤¥´´ÒÌ ³μ²¥±Ê² N(t) ¨§³¥´Ö-
¥É¸Ö ¸μ ¢·¥³¥´¥³ ¸μ£² ¸´μ § ±μ´Ê N(t) = NA exp (−t/τ), £¤¥ τ Å ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨
¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ¤²Ö ¤ ´´μ£μ ¶·μÍ¥¸¸  (¨§²ÊÎ¥´¨Ö ¨²¨ ¶¥·¥¤ Î¨), NA Å ´ -
Î ²Ó´μ¥ Î¨¸²μ ³μ²¥±Ê² ¢ ¢μ§¡Ê¦¤¥´´μ³ ¸μ¸ÉμÖ´¨¨. �¡μ§´ Î¨³ ± ± τ sc

s ¨ τ sh
s Å ¸·¥¤´¨¥

¢·¥³¥´  ¦¨§´¨ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨° ¸Í¨´É¨²²ÖÉμ·  ¨ Ï¨ËÉ¥·  ¸μμÉ¢¥É¸É¢¥´´μ, τi Å

�¨¸. 2. Œμ¤¥²Ó ¤¢ÊÌ±μ³¶μ´¥´É´μ£μ ¸Í¨´-
É¨²²ÖÉμ· . –¨Ë· ³¨ μ¡μ§´ Î¥´Ò ´μ³¥· 

Ê·μ¢´¥° l, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μ¸´μ¢´μ³Ê (0)

¨ ¢μ§¡Ê¦¤¥´´μ³Ê (1) ¸μ¸ÉμÖ´¨Ö³ Ï¨ËÉ¥· ,
μ¸´μ¢´μ³Ê (3) ¨ ¢μ§¡Ê¦¤¥´´μ³Ê (2) ¸μ¸Éμ-

Ö´¨Ö³ ¸Í¨´É¨²²ÖÉμ· . �¶·¥¤¥²¥´¨¥ μ¸É ²Ó-
´ÒÌ μ¡μ§´ Î¥´¨° ¶·¨¢¥¤¥´μ ¢ É¥±¸É¥
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¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ¸Í¨´É¨²²ÖÉμ·  ¶·¨ ¸¡·μ¸¥ ¢μ§¡Ê¦¤¥´¨Ö
¶ÊÉ¥³ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ Ï¨ËÉ¥·Ê. �É³¥É¨³ ¸· §Ê, ÎÉμ ¶·¨ τi � τ sc

s Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥-
´¨Ö ³μ²¥±Ê² ¸Í¨´É¨²²ÖÉμ·  ¡Ê¤¥É ¸´¨³ ÉÓ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¶¥·¥¤ Î¥° ¥¥ ³μ²¥±Ê² ³
Ï¨ËÉ¥· ,   ´¥ ¢Ò¸¢¥Î¨¢ ´¨¥³.

‚Ò´Ê¦¤¥´´Ò¥ ¶¥·¥Ìμ¤Ò ¶·μ¨¸Ìμ¤ÖÉ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ³μ²¥±Ê² ¸·¥¤Ò ¨ ¸Í¨´É¨²²Ö-
Í¨μ´´μ£μ ¸¢¥É . �·¨ ÔÉμ³ ¢μ§¡Ê¦¤¥´´Ò¥ ³μ²¥±Ê²Ò ¸¡· ¸Ò¢ ÕÉ ¢μ§¡Ê¦¤¥´¨¥ ¨§²ÊÎ¥´¨¥³
¸¢¥É  ¨ ¶¥·¥Ìμ¤ÖÉ ¢ μ¸´μ¢´μ¥ ¸μ¸ÉμÖ´¨¥,   ³μ²¥±Ê²Ò ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ ¶μ£²μÐ ÕÉ
¸¢¥É ¨ ¶¥·¥Ìμ¤ÖÉ ¢ ¢μ§¡Ê¦¤¥´´μ¥ ¸μ¸ÉμÖ´¨¥. —¨¸²μ ¢Ò´Ê¦¤¥´´ÒÌ ¶¥·¥Ìμ¤μ¢ ¢ ¥¤¨´¨ÍÊ
¢·¥³¥´¨ ¶·μ¶μ·Í¨μ´ ²Ó´μ ¶²μÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö f(t, r), Î¨¸²Ê ³μ²¥±Ê² ¢ ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¥³ ¸μ¸ÉμÖ´¨¨ N(t, r) ¨ ¸¥Î¥´¨Õ ¶μ£²μÐ¥´¨Ö σ, ±μÉμ·μ¥ μ¤¨´ ±μ¢μ [6] ¤²Ö ¢μ§¡Ê¦¤¥´´ÒÌ
³μ²¥±Ê² ¨ ³μ²¥±Ê² ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨.

’ ±¨³ μ¡· §μ³, Ô¢μ²ÕÍ¨Õ ´ ¸¥²¥´´μ¸É¥° Nl(t, r) ³μ¦´μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

∂N1(t, r)
∂t

= −c1f1(t, r)σ1(N1(t, r) − N0(t, r)) − γ1N1(t, r) + γ2N2(t, r), (3)

∂N2(t, r)
∂t

= −c2f2(t, r)σ2(N2(t, r) − N3(t, r)) − γ3N2(t, r) − γ2N2(t, r), (4)

£¤¥ γ1 = 1/τ sh
s , γ3 = 1/τ sc

s , γ2 = 1/τi, σ1 ¨ σ2 Å ¸¥Î¥´¨Ö ¶μ£²μÐ¥´¨Ö ³μ²¥±Ê² Ï¨ËÉ¥· 
¨ ¸Í¨´É¨²²ÖÉμ·  ¸μμÉ¢¥É¸É¢¥´´μ ¨ c1,2 = |c1,2|. —²¥´Ò ¸ γ2 ¢ ¶· ¢ÒÌ Î ¸ÉÖÌ Ê· ¢´¥-
´¨° (3), (4) μ¶¨¸Ò¢ ÕÉ ¶¥·¥¤ ÎÊ Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö μÉ ¸Í¨´É¨²²ÖÉμ·  (−γ2N2(t, r)) ±
Ï¨ËÉ¥·Ê (+γ2N2(t, r)). ˆ§³¥´¥´¨¥ ´ ¸¥²¥´´μ¸É¥°, ¢Ò§¢ ´´μ¥ ¤¢¨¦¥´¨¥³ ³μ²¥±Ê² ¸·¥¤Ò
¢ ¶·μ¸É· ´¸É¢¥, ¶·¥´¥¡·¥¦¨³μ ³ ²μ §  ¢·¥³Ö · ¸¶·μ¸É· ´¥´¨Ö ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¢¥É ,
¶μÔÉμ³Ê ¢ Ê· ¢´¥´¨Ö (3), (4) ´¥ ¢Ìμ¤ÖÉ Î²¥´Ò ¸ ¶·μ¸É· ´¸É¢¥´´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨.

‚ ¶·¨´ÖÉμ³ ´ ³¨ ¶μ¤Ìμ¤¥ ³μ´μÌ·μ³ É¨Î¥¸±¨° ¸¢¥É ¢ ¢ ±ÊÊ³¥ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¶μÉμ± ±¢ §¨Î ¸É¨Í Å ËμÉμ´μ¢ Å ¨ μ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨¥³ ¶¥·¥´μ¸  [7]: ∂f(t, r)/∂t +
div(cf(t, r)) = 0, £¤¥ f(t, r) Å ¶²μÉ´μ¸ÉÓ ËμÉμ´μ¢, c Å ¨Ì ¸±μ·μ¸ÉÓ ¢ ¢ ±ÊÊ³¥. �μ²Ó
¢ ¶· ¢μ° Î ¸É¨ Ê· ¢´¥´¨Ö ¶¥·¥´μ¸  ¢Ò· ¦ ¥É ¸μ¡μ° Ë ±É μÉ¸ÊÉ¸É¢¨Ö ¨¸ÉμÎ´¨±μ¢, É. ¥.
¸μÌ· ´¥´¨Ö Î¨¸²  ËμÉμ´μ¢ ¸μ ¢·¥³¥´¥³. „²Ö μ¶¨¸ ´¨Ö Ô¢μ²ÕÍ¨¨ ¨³¶Ê²Ó¸μ¢ ¸Í¨´É¨²-
²ÖÍ¨μ´´μ£μ ¸¢¥É  f1(t, r) ¨ f2(t, r) ¢ ¸·¥¤¥ ¢ ¶· ¢ÊÕ Î ¸ÉÓ Ê· ¢´¥´¨Ö ¶¥·¥´μ¸  ´Ê¦´μ
¤μ¡ ¢¨ÉÓ ¨¸ÉμÎ´¨±¨: ¸¶μ´É ´´Ò¥ ¨ ¢Ò´Ê¦¤¥´´Ò¥ ¶¥·¥Ìμ¤Ò ¢ ¸·¥¤¥,   É ±¦¥ ¤¨¸¸¨¶ Í¨Õ
¨³¶Ê²Ó¸μ¢ §  ¸Î¥É Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢, ´¥ ÊÎÉ¥´´ÒÌ ¢ ³μ¤¥²¨. ˆ³¥¥³

∂f1(t, r)
∂t

+ div(c1f1(t, r)) = c1f1(t, r){σ1(N1(t, r) − N0(t, r)) − k1} + γ1N1(t, r), (5)

∂f2(t, r)
∂t

+ div(c2f2(t, r)) = c2f2(t, r){σ2(N2(t, r) − N3(t, r)) − k2} + γ3N2(t, r). (6)

‡¤¥¸Ó k1 ¨ k2 Å ²¨´¥°´Ò¥ ±μÔËË¨Í¨¥´ÉÒ ¶μ£²μÐ¥´¨Ö (¤¨¸¸¨¶ Í¨¨) ¨³¶Ê²Ó¸μ¢ f1(t, r) ¨
f2(t, r) ¸μμÉ¢¥É¸É¢¥´´μ.

‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¤¨¸¸¨¶ É¨¢´ÒÌ ¶μÉ¥·Ó (k1 = k2 = 0) ¤²Ö Ê· ¢´¥´¨° (1), (6)
¸ÊÐ¥¸É¢Ê¥É  ´ ²μ£ § ±μ´  ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨, § ±²ÕÎ ÕÐ¨°¸Ö ¢ Éμ³, ÎÉμ ¸Ê³³ ·´μ¥ ±μ-
²¨Î¥¸É¢μ Ô²¥³¥´É ·´ÒÌ ¢μ§¡Ê¦¤¥´¨° (±¢ ´Éμ¢ ¸¢¥É  ¨ ¢μ§¡Ê¦¤¥´¨° ³μ²¥±Ê²) ¸μÌ· ´Ö¥É¸Ö
¸μ ¢·¥³¥´¥³: ∫∫∫

(f1(t, r) + f2(t, r) + N1(t, r) + N2(t, r))d3r = Q0, (7)

£¤¥ ¨´É¥£·¨·μ¢ ´¨¥ ¢Ò¶μ²´Ö¥É¸Ö ¶μ ¢¸¥³Ê μ¡Ñ¥³Ê ¨ Q0 = const.
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„¥°¸É¢¨Õ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ, ¨£· ÕÐ¥° ·μ²Ó ¶¥·¢¨Î´μ£μ ¢μ§¡Ê¤¨É¥²Ö ³μ²¥±Ê² Ï¨Ë-
É¥·  ¨ ¸Í¨´É¨²²ÖÉμ· , ¸μ¶μ¸É ¢¨³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ´ Î ²Ó´Ò¥ Ê¸²μ¢¨Ö ´  ¸μ¸ÉμÖ´¨¥
¸·¥¤Ò. �Î¥¢¨¤´μ, ÔÉμ μ¡μ¸´μ¢ ´μ ¢ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ¢·¥³Ö ¢§ ¨³μ¤¥°¸É¢¨Ö Î ¸É¨ÍÒ ¸μ
¸·¥¤μ° τp � τ sc

s , τ sh
s .

‘Ëμ·³Ê²¨·μ¢ ´´Ò¥ ¢ÒÏ¥ Ê· ¢´¥´¨Ö ³Ò ¡Ê¤¥³ ·¥Ï ÉÓ ¤²Ö μ¤´μ³¥·´μ£μ ¸²ÊÎ Ö, ¶μ-
¸±μ²Ó±Ê ¤¨´ ³¨Î¥¸± Ö ± ·É¨´  ¶·μÍ¥¸¸μ¢ · ¸¶·μ¸É· ´¥´¨Ö ¸¢¥É  ¢ ¸Í¨´É¨²²¨·ÊÕÐ¥°
¸·¥¤¥ ´¥ ¤μ²¦´  § ¢¨¸¥ÉÓ μÉ · §³¥·´μ¸É¨ § ¤ Î¨.

2.2. � Î ²Ó´Ò¥ Ê¸²μ¢¨Ö. ‡´ Î¥´¨Ö ËÊ´±Í¨° ¢ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ ¨ ¶ · ³¥-
É·Ò ¸·¥¤Ò ¸μμÉ¢¥É¸É¢ÊÕÉ Ì · ±É¥·´Ò³ §´ Î¥´¨Ö³ ¤²Ö Ô±¸¶¥·¨³¥´É  BOREXINO [3,4].

�·¨³¥³, ÎÉμ ¢ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ ¸¢¥É ¢ ¸·¥¤¥ μÉ¸ÊÉ¸É¢Ê¥É:

f1(0, x) ≡ 0, f2(0, x) ≡ 0. (8)

�·¨ μÉ¸ÊÉ¸É¢¨¨ ¢´¥Ï´¨Ì ¢μ§¤¥°¸É¢¨° ³μ²¥±Ê²Ò ¸Í¨´É¨²²ÖÉμ·  ¨ Ï¨ËÉ¥·  ´ Ìμ¤ÖÉ¸Ö
¢ μ¸´μ¢´μ³ (´¥¢μ§¡Ê¦¤¥´´μ³) ¸μ¸ÉμÖ´¨¨: ∀t ∈ [−∞, 0): N1(t, x) ≡ 0, N2(t, x) ≡ 0,
N3(t, x) ≡ D2, N0(t, x) ≡ D1. — ¸É¨Í , ¶·μÌμ¤Ö ¢ ¸·¥¤¥, μ¸É ¢²Ö¥É ®¸²¥¤¯ ¨§ ¢μ§¡Ê-
¦¤¥´´ÒÌ ³μ²¥±Ê², μ¶¨¸Ò¢ ¥³Ò° ËÊ´±Í¨Ö³¨ N1(0, x) ¨ N2(0, x). ”μ·³Ê ÔÉμ£μ ¸²¥¤  ³Ò
¶·¨³¥³ £ Ê¸¸μ¢μ° ¸ Í¥´É·μ³ ¢ ´ Î ²¥ ±μμ·¤¨´ É. ‘μ¡ÒÉ¨Õ ¸ Ô´¥·£μ¢Ò¤¥²¥´¨¥³ ¢ 1 ŒÔ‚
¸μμÉ¢¥É¸É¢Ê¥É ¶μ·Ö¤±  a1 � 1,0 · 101 ¶¥·¥Ìμ¤μ¢ ¢ ¢μ§¡Ê¦¤¥´´μ¥ ¸μ¸ÉμÖ´¨¥ ³μ²¥±Ê² Ï¨Ë-
É¥·  ¨ a2 � 1,2 · 104 ¶¥·¥Ìμ¤μ¢ ³μ²¥±Ê² ¸Í¨´É¨²²ÖÉμ· ; ¤²¨´  ®¸²¥¤ ¯, É. ¥. ¤²¨´ , ´ 
±μÉμ·μ° ¶μ£²μÐ ¥É¸Ö Ô´¥·£¨Ö ¤¥É¥±É¨·Ê¥³μ° Î ¸É¨ÍÒ, ¸μ¸É ¢²Ö¥É λ � 1,0 · 10−1 ¸³.

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ´ Î ²Ó´Ò¥ Ê¸²μ¢¨Ö ´  ¸μ¸ÉμÖ´¨¥ ¸·¥¤Ò ¨³¥ÕÉ ¢¨¤

N1(0, x) =
a1√
2πλ

exp
[
− x2

2λ2

]
, N0(0, x) = D1 − N1(0, x),

(9)

N2(0, x) =
a2√
2πλ

exp
[
− x2

2λ2

]
, N3(0, x) = D2 − N2(0, x).

Šμ´¸É ´ÉÒ, Ì · ±É¥·¨§ÊÕÐ¨¥ ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ ¤¥É¥±Éμ·¥ BOREXINO ¸Í¨´É¨²²ÖÉμ·
¨ Ï¨ËÉ¥·, · ¢´Ò [3]: σ1 = σ2 = 3,0 · 10−22, γ1 = 6,7 · 108 ¸−1, γ2 = 4,0 · 108 ¸−1,
γ3 = 3,5 · 107 ¸−1, k1 = k2 = 1,0 · 10−6 ¸³−1, D1 = 4,5 · 1018 ¸³−1, D2 = 4,5 · 1021 ¸³−1,
c1 ∼ c2 ∼ c = 3,0 · 1010 ¸³/¸.

�¥¶μ¸·¥¤¸É¢¥´´μ ¤¥É¥±É¨·Ê¥³Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ Î ¸É¨ÍÒ Å Ô²¥±É·μ´Ò Å ¶·¨ Ô´¥·-
£¨ÖÌ ¢ 1 ŒÔ‚ ¤¢¨¦ÊÉ¸Ö ¸μ ¸±μ·μ¸ÉÖ³¨ v ∼ c, ¨ ¢·¥³Ö ¢§ ¨³μ¤¥°¸É¢¨Ö Ô²¥±É·μ´  ¸μ ¸·¥¤μ°
³μ¦´μ μÍ¥´¨ÉÓ ± ± τp ∼ λ/v � τ sc

s , τ sh
s ; É ±¨³ μ¡· §μ³, ¶·¨¡²¨¦¥´¨¥ ¤¥°¸É¢¨Ö Î ¸É¨ÍÒ

´ Î ²Ó´Ò³¨ ¤ ´´Ò³¨ ± ¸μ¸ÉμÖ´¨Õ ¸·¥¤Ò ±μ··¥±É´μ.
2.3. Š· ¥¢Ò¥ Ê¸²μ¢¨Ö. �·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ´ Î ²Ó´μ¥ μÉ¸ÊÉ¸É¢¨¥ ¸¢¥É  ¢ ¸·¥¤¥,

±μ´¥Î´μ¸ÉÓ ¸±μ·μ¸É¨ · ¸¶·μ¸É· ´¥´¨Ö ¸¢¥É  ¨ μ£· ´¨Î¥´´μ¸ÉÓ μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö
Î ¸É¨ÍÒ ¸μ ¸·¥¤μ°, ¥¸É¥¸É¢¥´´Ò³ ±· ¥¢Ò³ Ê¸²μ¢¨¥³ ¤²Ö ËÊ´±Í¨° ¶²μÉ´μ¸É¥° ¨§²ÊÎ¥´¨Ö
f1(x, t), f2(x, t) ¡Ê¤¥³ ¸Î¨É ÉÓ ¨Ì · ¢¥´¸É¢μ ´Ê²Õ ¶·¨ Ê¤ ²¥´¨¨ μÉ ¨¸ÉμÎ´¨±  ¨§²ÊÎ¥-
´¨Ö Å ®¸²¥¤ ¯ Î ¸É¨ÍÒ: lim

x→±∞
f1(x, t) = 0, lim

x→±∞
f2(x, t) = 0. � ¸Î¥É ¶·μ¢μ¤¨²¸Ö ¢

μ¡² ¸É¨ x ∈ [−L, L], £¤¥ L > 0 ¡· ²μ¸Ó ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³, É ± ÎÉμ¡Ò §  ¢·¥³Ö ¸Î¥É 
t ∈ [0, T ], T > 0, ¨³¶Ê²Ó¸Ò f1, f2 ´¥ Ê¸¶¥¢ ²¨ ¤μ¸É¨ÎÓ £· ´¨Í. �μÔÉμ³Ê ±· ¥¢Ò¥ Ê¸²μ¢¨Ö,
¸Ëμ·³Ê²¨·μ¢ ´´Ò¥ ¢ÒÏ¥ ´  ¡¥¸±μ´¥Î´μ¸É¨, ³Ò § ¶¨Ï¥³ ¸· §Ê ¤²Ö ±μ´¥Î´μ° · ¸Î¥É´μ°
μ¡² ¸É¨:

f1(x, t)|x=±L = 0, f2(x, t)|x=±L = 0. (10)
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� ¸¸Ê¦¤ Ö  ´ ²μ£¨Î´μ ¨ ÊÎ¨ÉÒ¢ Ö Ê· ¢´¥´¨Ö (1), (2), ±· ¥¢Ò¥ Ê¸²μ¢¨Ö ¤²Ö ËÊ´±Í¨°
´ ¸¥²¥´´μ¸É¥° Nl(x, t), l = 0, 1, 2, 3, ¢Ò· §¨³ ± ±

N1(x, t)|x=±L = 0, N2(x, t)|x=±L = 0,
(11)

N0(x, t)|x=±L = D1, N3(x, t)|x=±L = D2.

2.4. ‚ÒÎ¨¸²¨É¥²Ó´ Ö ¸Ì¥³ . „²Ö ¶μ¸É·μ¥´¨Ö · §´μ¸É´μ° ¸Ì¥³Ò ¢ μ¡² ¸É¨ G = {−L �
x � L, 0 � t � T } ¢¢¥¤¥³ · ¢´μ³¥·´Ò¥ ¸¥É±¨ ¸ Ï £μ³ h ¶μ ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨-
´ É¥ ¨ τ ¶μ ¢·¥³¥´¨:

Ω = {ωx · ωτ},
ωx = {x = −L + ih, K = 2L/h, i = 0, 1, . . . , K} , (12)

ωτ = {t = jτ, τ = h/c, j = 0, 1, . . . , T/τ} .

�¶·¥¤¥²¨³ ´  Ω ¸¥ÉμÎ´Ò¥ ËÊ´±Í¨¨: f1,i, f2,i, N0,i, N1,i, N2,i, N3,i, i = 0, 1, . . . ,
K − 1, K; ¶·¨ ÔÉμ³ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ μ¡μ§´ Î¥´¨Ö

φi = φ(xi, tj), φ̂i = φ(xi, tj+1), (13)

£¤¥ φ Å μ¤´  ¨§ ¢¢¥¤¥´´ÒÌ ¢ÒÏ¥ ¸¥ÉμÎ´ÒÌ ËÊ´±Í¨°.
�μ¸É·μ¨³ · §´μ¸É´ÊÕ ¸Ì¥³Ê ¸ ¢¥¸ ³¨ w ¤²Ö § ¤ Î¨ (1)Ä(6), (8)Ä(11). �¡μ§´ Î Ö ¤²Ö

Ê¤μ¡¸É¢  R1,i = c1f1,i{σ1(N1,i − N0,i) − k1} + γ1N1,i, R2,i = c2f2,i{σ2(N2,i − N3,i) −
k2}+γ3N2,i, Λxφi = (φi+1−φi−1)/(2h), · §´μ¸É´ÊÕ ¸Ì¥³Ê ¤²Ö Ê· ¢´¥´¨° (1)Ä(6) § ¶¨Ï¥³
¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

(f̂s+1
1,i − f1,i)/τ = −wΛxf̂s

1,i − (1 − w)Λxf1,i + R1,i,

(f̂s+1
2,i − f2,i)/τ = −wΛxf̂s

2,i − (1 − w)Λxf2,i + R2,i,

(N̂1,i − N1,i)/τ = −c1f1,iσ1(N1,i − N0,i) − γ1N1,i + γ2N2,i,
(14)

(N̂2,i − N2,i)/τ = −c2f2,iσ2(N2,i − N3,i) − γ3N2,i − γ2N2,i,

N̂0,i = D1 − N̂1,i,

N̂3,i = D2 − N̂2,i,

£¤¥ s Å ´μ³¥· ¨É¥· Í¨¨, f̂0
1,i = f1,i, i ∈ [1, K − 1]. ‚ÒÌμ¤ ¨§ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸ 

μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ Ê¸²μ¢¨Õ max
i∈[1,...K−1]

∣∣∣φ̂s+1
i − φ̂s

i

∣∣∣ � ε, £¤¥ ε Å ±μ´¸É ´É , Ë¨±¸¨·ÊÕÐ Ö

ÉμÎ´μ¸ÉÓ ¢ÒÎ¨¸²¥´¨°. �¶¨¸ ´´ Ö ¸Ì¥³  μ¡² ¤ ¥É ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  O(τ + h2) [8].
� Î ²Ó´Ò¥ ¤ ´´Ò¥ (8), (9) ¤²Ö ¸¥ÉμÎ´ÒÌ ËÊ´±Í¨° ¶·¨³ÊÉ ¢¨¤

f1,i = 0, f2,i = 0,

N1,i =
a1√
2πλ

exp
[
− (−L + ih)2

2λ2

]
,

(15)

N2,i =
a2√
2πλ

exp
[
− (−L + ih)2

2λ2

]
,

N0,i = D1 − N1,i, N3,i = D2 − N2,i,
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£¤¥ i ∈ [1, K − 1]. ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö (10), (11):

f1,0 = f1,K = 0, f2,0 = f2,K = 0,

N1,0 = N1,K = 0, N2,0 = N2,K = 0, (16)

N0,0 = N0,K = D1, N3,0 = N3,K = D2.

„²Ö ¶·μ¢¥·±¨ ¶·¨³¥´¨³μ¸É¨ Ê¸²μ¢¨° ®´  ¡¥¸±μ´¥Î´μ¸É¨¯ μÉ¸²¥¦¨¢ ²μ¸Ó μÉ¸ÊÉ¸É¢¨¥ ¢μ§-
³ÊÐ¥´¨° ¢ Ê§² Ì, ¶·¨²¥£ ÕÐ¨Ì ± £· ´¨Î´Ò³.

� §´μ¸É´Ò°  ´ ²μ£ ¨´É¥£· ²  ¸¨¸É¥³Ò (7) ¸²¥¤ÊÕÐ¨°:

Q(tj) =
K∑

i=0

(f1,i + f2,i + N1,i + N2,i) . (17)

‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¤¨¸¸¨¶ É¨¢´ÒÌ ¶μÉ¥·Ó (k1 = k2 = 0) μÉ²¨Î¨¥ Q(tj) μÉ Q0 ≡ Q(0)
³μ¦¥É ¸²Ê¦¨ÉÓ μÍ¥´±μ° ±μ´¸¥·¢ É¨¢´μ¸É¨ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò (12)Ä(16).

3. �…‡“‹œ’�’› Œ�„…‹ˆ��‚��ˆŸ ˆ ‚›‚�„›

� ¸Î¥É ¢Ò¶μ²´¥´ ¤²Ö L = 600 ¸³, h = 5,0 · 10−3 ¸³, T = 1,9 · 10−8 ¸, w = 0,1,
ε = 1,0 · 10−9, ´ Î ²Ó´μ-±· ¥¢ÒÌ Ê¸²μ¢¨° (8)Ä(11) ¨ §´ Î¥´¨° ¶ · ³¥É·μ¢, ¶·¨¢¥¤¥´-
´ÒÌ ¢ ¶. 2.2. ‘ Í¥²ÓÕ ¶·μ¢¥·±¨ ±μ´¸¥·¢ É¨¢´μ¸É¨ ¶μ¸É·μ¥´´μ° ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò

�¨¸. 3. �É´μÏ¥´¨¥ ¸Ê³³ ·´μ£μ Î¨¸²  Ô²¥³¥´-
É ·´ÒÌ ¢μ§¡Ê¦¤¥´¨° Q(tj) ± ¶¥·¢μ´ Î ²Ó´μ³Ê

Î¨¸²Ê ¢μ§¡Ê¦¤¥´¨° Q0 = Q(0) ¶μ ¸· ¢´¥-
´¨Õ ¸ 1

´  ± ¦¤μ³ ¢·¥³¥´´μ³ ¸²μ¥ ¢ÒÎ¨¸²Ö² ¸Ó ¢¥-
²¨Î¨´  Q(tj)/Q0; ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¤¨¸¸¨¶ -
É¨¢´ÒÌ ¶μÉ¥·Ó (k1 = k2 = 0) μÉ±²μ´¥-
´¨¥ μÉ ¥¤¨´¨ÍÒ ¤²Ö ¢¸¥Ì tj ∈ [0, T ] ¸μ-

¸É ¢¨²μ

∣∣∣∣Q(tj)
Q0

− 1
∣∣∣∣ < 4 · 10−9. �É´μÏ¥-

´¨¥ Q(tj)/Q0 ¤²Ö §´ Î¥´¨° ±μÔËË¨Í¨¥´-
Éμ¢ ²¨´¥°´μ£μ ¶μ£²μÐ¥´¨Ö ¨§ ¶. 2.2 ¶μ± § ´μ
´  ·¨¸. 3; ¢¢¨¤Ê ³ ²μ¸É¨ ¤¨¸¸¨¶ É¨¢´ÒÌ ¶μ-

É¥·Ó

(∣∣∣∣Q(T )
Q0

− 1
∣∣∣∣ < 5 · 10−4

)
¶μ ¸· ¢´¥´¨Õ

¸μ ¢¸¥³¨ μ¡¸Ê¦¤ ¥³Ò³¨ ´¨¦¥ ÔËË¥±É ³¨ ¢
¤ ²Ó´¥°Ï¥³ ¨³¨ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ.

� Î ²Ó´ Ö (t � 1,0 · 10−9 ¸) Ô¢μ²ÕÍ¨Ö
ËÊ´±Í¨° ¶²μÉ´μ¸É¥° ¨§²ÊÎ¥´¨° f1 ¨ f2 ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 4. �μ¸²¥¤μ¢ É¥²Ó´μ ¶·¨-
¢¥¤¥´Ò £· Ë¨±¨ ËÊ´±Í¨° ¤²Ö ¢·¥³¥´: tr =

{1,0 · 10−12, 2,0 · 10−12, 3,0 · 10−12, 5,0 · 10−12, 1,1 · 10−11, 5,0 · 10−11, 1,5 · 10−10,
3,0 · 10−10, 5,1 · 10−10, 1,0 · 10−9} ¸. Š ± ¢¨¤´μ, ¶¥·¢μ´ Î ²Ó´μ¥ ¢μ§· ¸É ´¨¥  ³¶²¨ÉÊ¤Ò
¢μ²´Ò f2, μ¡Ê¸²μ¢²¥´´μ¥ ¸¶μ´É ´´Ò³¨ (  § É¥³ ¨ ¢Ò´Ê¦¤¥´´Ò³¨) ¶¥·¥Ìμ¤ ³¨ ³μ²¥±Ê²
¸Í¨´É¨²²ÖÉμ·  ¨§ ¢μ§¡Ê¦¤¥´´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ μ¸´μ¢´μ¥, §  ¢·¥³Ö ∼ 5,0·10−11 ¸ ¸³¥´Ö¥É¸Ö
§ ÉÊÌ ´¨¥³ ¶μ ¶·¨Î¨´¥ ¸¨²Ó´μ£μ ¶μ£²μÐ¥´¨Ö ¸Í¨´É¨²²ÖÉμ·´μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¡¥§Ò§²ÊÎ -
É¥²Ó´μ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨ μÉ ¸Í¨´É¨²²ÖÉμ·  ± Ï¨ËÉ¥·Ê. � ¶·μÉ¨¢, ¨§²ÊÎ¥´¨¥ Ï¨ËÉ¥· 
f1 ¨§-§  ¶¥·¥· ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ μÉ ¸Í¨´É¨²²ÖÉμ·  ± Ï¨ËÉ¥·Ê ¨ ³ ²μ£μ ¶μ£²μÐ¥´¨Ö
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�¨¸. 4. � Î ²Ó´ Ö Ô¢μ²ÕÍ¨Ö ËÊ´±Í¨¨ ¶²μÉ´μ¸É¨ ¨§²ÊÎ¥´¨Ö Ï¨ËÉ¥·  f1 ( ) ¨ ¸Í¨´É¨²²ÖÉμ·  f2 (¡),
t < 1 · 10−9 ¸

· ¸¶·μ¸É· ´Ö¥É¸Ö ¸ ¢μ§· ¸É ´¨¥³  ³¶²¨ÉÊ¤Ò ´  ¢¸¥° ¤²¨´¥ ³μ¤¥²¨·μ¢ ´¨Ö L. �¥·¥¤-
´¨¥ Ë·μ´ÉÒ μ¡μ¨Ì ¨§²ÊÎ¥´¨° · ¸¶·μ¸É· ´ÖÕÉ¸Ö ¸μ ¸±μ·μ¸ÉÓÕ c, μ¤´ ±μ Ë·μ´É ¢μ²´Ò f2

¸¨²Ó´μ ¶μ¤ ¢²¥´ ¶μ£²μÐ¥´¨¥³.
„²Ö ¨²²Õ¸É· Í¨¨ ¶·μÍ¥¸¸μ¢ ¶¥·¥· ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ³¥¦¤Ê ¸·¥¤μ° ¨ ¨§²ÊÎ¥´¨¥³

Ê¤μ¡´μ ¢¢¥¸É¨ ¨´É¥£· ²Ó´Ò¥ ¢¥²¨Î¨´Ò

Qf1
ph(tj) =

K∑
i=0

(f1,i) , Qf2
ph(tj) =

K∑
i=0

(f2,i) , Qtot
ph (tj) =

K∑
i=0

(f1,i + f2,i) , (18)

¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ±μ²¨Î¥¸É¢μ ¸¢¥É  (±μ²¨Î¥¸É¢μ ËμÉμ´μ¢) ¢ ¨§²ÊÎ¥´¨¨ Ï¨ËÉ¥· 
(Qf1

ph), ¸Í¨´É¨²²ÖÉμ·  (Qf2
ph) ¨ ¸Ê³³ ·´μ¥ ±μ²¨Î¥¸É¢μ ¸¢¥É  (Qtot

ph ),   É ±¦¥

QN1
ex (tj) =

K∑
i=0

(N1,i) , QN2
ex (tj) =

K∑
i=0

(N2,i) , Qtot
ex (tj) =

K∑
i=0

(N1,i + N2,i) (19)

Å ±μ²¨Î¥¸É¢μ ¢μ§¡Ê¦¤¥´´ÒÌ ³μ²¥±Ê² Ï¨ËÉ¥·  (QN1
ex ), ¸Í¨´É¨²²ÖÉμ·  (QN2

ex ) ¨ ¸Ê³³ ·´μ¥
±μ²¨Î¥¸É¢μ ¢μ§¡Ê¦¤¥´´ÒÌ ³μ²¥±Ê² (Qtot

ex ).
ƒ· Ë¨±¨ ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ Qf1

ph ¨ Qf2
ph ¤²Ö ¢¸¥£μ · ¸Î¥É´μ£μ ¢·¥³¥´¨ ¨ ¤²Ö

t � 1,0 · 10−9 ¸ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 5. ‡  ¢·¥³Ö τc ∼ 10 ´¸ ±μ²¨Î¥¸É¢μ ¸¢¥É  Ï¨ËÉ¥·  Qf1
ph

¶· ±É¨Î¥¸±¨ ¤μ¸É¨£ ¥É ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö,   ±μ²¨Î¥¸É¢μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ
¸¢¥É  Qf2

ph ¸É ´μ¢¨É¸Ö ¶μ·Ö¤±  1 ¨ Ô±¸¶μ´¥´Í¨ ²Ó´μ ¶ ¤ ¥É ¸μ ¢·¥³¥´¥³. � ¸¸ÉμÖ´¨¥,
¶·μ°¤¥´´μ¥ §  ÔÉμ ¢·¥³Ö ¶¥·¥¤´¨³ Ë·μ´Éμ³ ¢μ²´Ò f1, ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¤²¨´Ê
Ëμ·³¨·μ¢ ´¨Ö ·¥£¨¸É·¨·Ê¥³μ£μ ¸¨£´ ² : Lc = cτc ∼ 300 ¸³. „²Ö ¸μ¡ÒÉ¨°, ¶·μ¨§μÏ¥¤-
Ï¨Ì ´  · ¸¸ÉμÖ´¨ÖÌ R < Lc μÉ ”�“, ¤μ²¦´  ¡ÒÉÓ ¢¢¥¤¥´  ¶μ¶· ¢± , ÊÎ¨ÉÒ¢ ÕÐ Ö
´¥¤μËμ·³¨·μ¢ ´¨¥ ¸¨£´ ² : § ·¥£¨¸É·¨·μ¢ ´´μ¥ ±μ²¨Î¥¸É¢μ ¸¢¥É  ¤μ²¦´μ ¡ÒÉÓ ¤μ³´μ-

¦¥´μ ´  ¢¥²¨Î¨´Ê
Qf1

ph(τc)

Qf1
ph(R/c)

. ‡ ³¥É¨³, ÎÉμ ¤²Ö μÉ¸¥Î¥´¨Ö Ëμ´  μÉ ¸ ³¨Ì ”�“ ¸μ¡ÒÉ¨Ö,

¶·μ¨§μÏ¥¤Ï¨¥ ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ° ¡²¨§μ¸É¨ ± ± ±μ³Ê-²¨¡μ ¨§ ËμÉμÊ³´μ¦¨É¥²¥°, ¢ Ô±¸-
¶¥·¨³¥´É¥ BOREXINO ´¥ · ¸¸³ É·¨¢ ÕÉ¸Ö [1].

�¨¸. 6,   ¶μ± §Ò¢ ¥É ¢·¥³¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¸Ê³³ ·´μ£μ ±μ²¨Î¥¸É¢  ¢μ§¡Ê¦¤¥´¨° ³μ-
²¥±Ê² Ï¨ËÉ¥·  ¨ ¸Í¨´É¨²²ÖÉμ· . —¨¸²μ ¢μ§¡Ê¦¤¥´¨° ¸Í¨´É¨²²ÖÉμ·  QN2

ex Ô±¸¶μ´¥´Í¨-
 ²Ó´μ ¶ ¤ ¥É ¸μ ¢·¥³¥´¥³; ¶μ¤£μ´±  QN2

ex (t) Ô±¸¶μ´¥´Í¨ ²Ó´μ° ËÊ´±Í¨¥° ¤ ¥É γsc
tot =
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¸Ê³³ ·´μ£μ ±μ²¨Î¥¸É¢  ¸¢¥É  ¢ ¨§²ÊÎ¥´¨¨ Ï¨ËÉ¥·  Qf1
ph ¨ ¸Í¨´-

É¨²²ÖÉμ·  Qf2
ph:  ) ¤²Ö ¢¸¥£μ · ¸Î¥É´μ£μ ¢·¥³¥´¨ t � T ; ¡) ´  ³ ²ÒÌ ¢·¥³¥´´ÒÌ ³ ¸ÏÉ ¡ Ì

t < 1 · 10−9 ¸

�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ±μ²¨Î¥¸É¢  ¢μ§¡Ê¦¤¥´¨° ³μ²¥±Ê² Ï¨ËÉ¥·  QN1
ex ¨ ¸Í¨´É¨²²ÖÉμ· 

QN2
ex ( ) ¨ μÉ´μÏ¥´¨¥ μ¡Ð¥£μ ±μ²¨Î¥¸É¢  ¸¢¥É  ± μ¡Ð¥³Ê ±μ²¨Î¥¸É¢Ê ¢μ§¡Ê¦¤¥´¨° ³μ²¥±Ê² ¸·¥¤Ò

Qtot
ph /Qtot

ex (¡)

(4,0014 ± 0,0001) · 108 ¸−1, ÎÉμ ¸μ¢¶ ¤ ¥É ¸ γ2 = 1/τi. ’ ±¨³ μ¡· §μ³, ¤μ³¨´¨·ÊÕ-
Ð¨³ ¶·μÍ¥¸¸μ³, μ¶·¥¤¥²ÖÕÐ¨³ ·¥² ±¸ Í¨Õ ¸Í¨´É¨²²ÖÉμ· , Ö¢²Ö¥É¸Ö ¡¥§Ò§²ÊÎ É¥²Ó´ Ö
¶¥·¥¤ Î  Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨Ö ³μ²¥±Ê² ³ Ï¨ËÉ¥· . ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ Î¨¸²  ¢μ§¡Ê-
¦¤¥´¨° Ï¨ËÉ¥·  QN1

ex μ¡ÑÖ¸´Ö¥É¸Ö ¤¥°¸É¢¨¥³ ¤¢ÊÌ ±μ´±Ê·¨·ÊÕÐ¨Ì ¶·μÍ¥¸¸μ¢: ¶¥·¥¤ Î¥°
Ô´¥·£¨¨ μÉ ³μ²¥±Ê² ¸Í¨´É¨²²ÖÉμ·  (¶¥·¢μ´ Î ²Ó´Ò° ·μ¸É ¤μ ¢·¥³¥´ ¶μ·Ö¤±  ∼ 3 ´¸) ¨
¸¡·μ¸μ³ ¢μ§¡Ê¦¤¥´¨Ö ¨§²ÊÎ¥´¨¥³ ¸¢¥É  (¶ ¤¥´¨¥ £· Ë¨±  ¶μ¸²¥ 3 ´¸). ‚ÒÌμ¤ QN1

ex ´ 
¶² Éμ ¢ · °μ´¥ 13−15 ´¸ μ¡Ê¸²μ¢²¥´ ¸² ¡Ò³ ¶μ£²μÐ¥´¨¥³ Ï¨ËÉ¥·μ³ ¸¢μ¥£μ ¸μ¡¸É¢¥´-
´μ£μ ¨§²ÊÎ¥´¨Ö f1.

�¨¸. 6, ¡ ¶μ§¢μ²Ö¥É ¸Ê¤¨ÉÓ μ ¶¥·¥· ¸¶·¥¤¥²¥´¨¨ Ô´¥·£¨¨ ¤¥É¥±É¨·Ê¥³μ° Î ¸É¨ÍÒ ³¥¦¤Ê
¨§²ÊÎ¥´¨¥³ ¨ ¢μ§¡Ê¦¤¥´¨Ö³¨ ¸·¥¤Ò. �  ¤²¨´¥ Ëμ·³¨·μ¢ ´¨Ö ¸¨£´ ²  Lc ³¥´¥¥ 7 % ¶¥·-
¢μ´ Î ²Ó´μ° Ô´¥·£¨¨ ¢μ§¡Ê¦¤¥´¨° ¸·¥¤Ò μ¸É ¥É¸Ö ´¥ ±μ´¢¥·É¨·μ¢ ´´μ° ¢ ¸¢¥É. �¤´ ±μ
μÉ´μÏ¥´¨¥ Qtot

ph /Qtot
ex ´ Î¨´ ¥É ¢ÒÌμ¤¨ÉÓ ´  ¶² Éμ ²¨ÏÓ ±μ ¢·¥³¥´ ³ t ∼ T . ˆ´Ò³¨

¸²μ¢ ³¨, ±¢ §¨¸É Í¨μ´ ·´Ò° ·¥¦¨³ · ¸¶·μ¸É· ´¥´¨Ö ¨§²ÊÎ¥´¨Ö Ê¸É ´ ¢²¨¢ ¥É¸Ö ²¨ÏÓ
´  ³ ¸ÏÉ ¡ Ì ¶μ·Ö¤±  cT ∼ 600 ¸³. �·¨ ÔÉμ³ ¤μ²Ö Ô´¥·£¨¨, ´¥ ±μ´¢¥·É¨·μ¢ ´´μ° ¸Í¨´-
É¨²²ÖÍ¨μ´´μ° ¸·¥¤μ° ¢ ¨§²ÊÎ¥´¨¥, ´¥ ¶·¥¢ÒÏ ¥É 2 %.
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‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ ¶·¥¤²μ¦¥´´ Ö ³μ¤¥²Ó μÉ· ¦ ¥É μ¸´μ¢´Ò¥ μ¸μ¡¥´´μ¸É¨ Ë¨-
§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ · ¸¶·μ¸É· ´¥´¨Ö Ô²¥±É·μ³ £´¨É´μ£μ ¨§²ÊÎ¥´¨Ö ¢ ¤¢ÊÌ±μ³¶μ´¥´É´ÒÌ
¸Í¨´É¨²²¨·ÊÕÐ¨Ì ¸·¥¤ Ì. �¥Ï¥´¨¥ ¸Ëμ·³Ê²¨·μ¢ ´´ÒÌ ¢ · ¡μÉ¥ Ê· ¢´¥´¨° (1)Ä(6) ¤²Ö
É·¥Ì³¥·´μ£μ ¸²ÊÎ Ö ¶·¥¤¸É ¢²Ö¥É ´¥¸μ³´¥´´Ò° ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢
¶μ Ë¨§¨±¥ Î ¸É¨Í, μ¸´μ¢´Ò³¨ ·¥£¨¸É·¨·ÊÕÐ¨³¨ ¸·¥¤ ³¨ ±μÉμ·ÒÌ Ö¢²ÖÕÉ¸Ö ¤¢ÊÌ±μ³¶μ-
´¥´É´Ò¥ ¸Í¨´É¨²²ÖÉμ·Ò (´ ¶·¨³¥·, Ê¸É ´μ¢±¨ BOREXINO [1,4] ¨ KamLAND [2]).
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