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2 ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���, Œμ¸±¢ 

’¥¶²μ¢Ò¥ ´¥°É·μ´Ò ¢ Ô´-¤¥É¥±Éμ·¥ ·¥£¨¸É·¨·ÊÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³ ¸Í¨´É¨²²ÖÉμ· 
´  μ¸´μ¢¥ ¸¢¥Éμ¸μ¸É ¢  ¨§ ZnS(Ag) ¸ ¶·¨³¥¸ÓÕ B2�3. �¨§± Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¥-
É¥±Éμ·  ± μ¤¨´μÎ´Ò³ § ·Ö¦¥´´Ò³ Î ¸É¨Í ³ μ¡Ê¸²μ¢²¥´  ³ ²μ° Éμ²Ð¨´μ° ¸Í¨´É¨²-
²ÖÉμ·  (50 ³£/¸³2), ¶·¨ ±μÉμ·μ° ¸¨£´ ² μÉ μ¤¨´μÎ´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´ Ìμ¤¨É¸Ö
´  Ê·μ¢´¥ ÏÊ³μ¢, ÎÉμ ¨ μ¶·¥¤¥²Ö¥É ´¨§±μËμ´μ¢μ¸ÉÓ ¸ ÉμÎ±¨ §·¥´¨Ö ¨¸¶μ²Ó§μ¢ ´¨Ö
¥£μ ¤²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì. „¥É¥±Éμ· ¤ ´´μ£μ É¨¶  ¶·¥¤¶μ² £ ¥É¸Ö
¨¸¶μ²Ó§μ¢ ÉÓ ¢ Ê¸É ´μ¢± Ì ¤²Ö ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢-
´¥° (˜�‹).

Thermal neutrons are recorded by a detector based on a scintillator compound made
of ZnS(Ag) with an admixture of B2O3. Low sensitivity of the detector to charged single
particles is caused by a small scintillator thickness (50 mg/cm2). The latter determines
that a single charged particle produces a pulse on a noise level, making the detector a low
background one, in terms of the usage in cosmic-ray experiments. The detector is to be
used for neutron detection in extensive air showers (EAS).

PACS: 96.50.sd

�¥£¨¸É· Í¨Ö ´¥°É·μ´´μ° ±μ³¶μ´¥´ÉÒ Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´¥°
(˜�‹) ¶·¥¤¸É ¢²Ö¥É ¡μ²ÓÏμ° ¨´É¥·¥¸, É ± ± ± ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ ÉÓ  ¤·μ´-
´ÊÕ ±μ³¶μ´¥´ÉÊ ˜�‹ ¶μ ¢¸¥° ¶²μÐ ¤¨ Ê¸É ´μ¢±¨. „²Ö ¶·μ¢¥·±¨ ¤ ´´μ£μ
³¥Éμ¤  ¨¸¸²¥¤μ¢ ´¨°, · §· ¡μÉ ´´μ£μ ¢ ˆŸˆ ��� (¶·μ¥±É PRISMA), ¡Ò²¨
¸μ§¤ ´Ò ¶·μÉμÉ¨¶Ò PRISMA-32 [1] ¨ PRISMA-YBJ [2], ¢ ±μÉμ·ÒÌ ¨¸¶μ²Ó-
§μ¢ ²¸Ö Éμ´±¨° ¸Í¨´É¨²²ÖÉμ· ZnS+ LiF. „¥É¥±Éμ·Ò ¸ É ±¨³ ¸Í¨´É¨²²ÖÉμ·μ³
¶μ§¢μ²ÖÕÉ μ¤´μ¢·¥³¥´´μ ·¥£¨¸É·¨·μ¢ ÉÓ ¤¢¥ μ¸´μ¢´Ò¥ ±μ³¶μ´¥´ÉÒ ˜�‹:

∗E-mail: DMGromushkin@MEPhI.ru
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Ô²¥±É·μ´´ÊÕ, ¶·¨ £·Ê¶¶μ¢μ³ ¶·μÌμ¦¤¥´¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¨  ¤·μ´´ÊÕ,
¶μ¸·¥¤¸É¢μ³ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
 ¤·μ´μ¢ ¸ Ö¤· ³¨  É³μ¸Ë¥·Ò ¨ ¢¥Ð¥¸É¢  (Ô´-¤¥É¥±Éμ·). ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢
�ˆŸ“ Œˆ”ˆ ¢¥¤¥É¸Ö ¸μ§¤ ´¨¥ Ê¸É ´μ¢±¨ ¤²Ö ·¥£¨¸É· Í¨¨  É³μ¸Ë¥·´ÒÌ ´¥°-
É·μ´μ¢ ˜�‹ (“���) [3]. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö ´¥°É·μ´μ¢ ¢ ˜�‹ ´  Ê¸É ´μ¢±¥
“��� ¨¸¶μ²Ó§Ê¥É¸Ö ¡μ²¥¥ ¤¥Ï¥¢Ò° ¸Í¨´É¨²²ÖÉμ· ´  μ¸´μ¢¥ ¥¸É¥¸É¢¥´´μ£μ
¡μ·  (¶·μ¨§¢μ¤¨É¥²¨ · ´¥¥ ¨¸¶μ²Ó§μ¢ ¢Ï¥£μ¸Ö ¸Í¨´É¨²²ÖÉμ· , ´  μ¸´μ¢¥ 6Li,
´¥ ¨³¥ÕÉ ¢μ§³μ¦´μ¸É¨ ¶·μ¨§¢μ¤¨ÉÓ ¡μ²ÓÏ¨¥ ¶ ·É¨¨, É·¥¡Ê¥³Ò¥ ¤²Ö ¸μ§¤ ´¨Ö
±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ Ê¸É ´μ¢μ±).

��ˆ‘��ˆ… ‘–ˆ�’ˆ‹‹Ÿ’���
ˆ Š��‘’�“Š–ˆˆ ��-„…’…Š’���

�μ¢Ò° É¨¶ ±μ³¶ Ê´¤-¸Í¨´É¨²²ÖÉμ·  ZnS(Ag)+ B2�3 ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
£· ´Ê²Ò ¸¶² ¢  ¸³¥¸¨ ¸Í¨´É¨²²ÖÉμ·  ZnS(Ag) ¨ B2�3 (¸ ´¥μ¡μ£ Ð¥´´Ò³ ¡μ-
·μ³) ¢ ¢¨¤¥ ¶μ·μÏ±  (±μ³¶μ§¨Í¨Ö ‹�	-1, ¨§£μÉ ¢²¨¢ ¥³ Ö ‡�� ��” ®‹Õ³¨-
´μËμ·¯, £. ‘É ¢·μ¶μ²Ó, �μ¸¸¨Ö). ‘μ¤¥·¦ ´¨¥ ¨§μÉμ¶  10B ¢ ´ ÉÊ· ²Ó´μ³ ¡μ·¥
¸μ¸É ¢²Ö¥É μ±μ²μ 20%,   ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ´  10B ¢ ∼ 4 · §  ¡μ²ÓÏ¥, Î¥³
´  6Li. ‚ ·¥§Ê²ÓÉ É¥ ÔËË¥±É¨¢´μ¸ÉÓ ¡μ·´μ£μ ¸¢¥Éμ¸μ¸É ¢  ¡¥§ μ¡μ£ Ð¥´¨Ö
¨§μÉμ¶μ³ 10B ¶·¨³¥·´μ · ¢´  ÔËË¥±É¨¢´μ¸É¨ ¸¢¥Éμ¸μ¸É ¢  ¸ μ¡μ£ Ð¥´´Ò³
²¨É¨¥³. �¥£¨¸É· Í¨Ö ´¥°É·μ´μ¢ ¸Í¨´É¨²²ÖÉμ·μ³ ZnS(Ag) +B2�3 ¶·μ¨¸Ìμ¤¨É
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�¨¸. 1. Šμ´¸É·Ê±Í¨Ö Ô´-¤¥É¥±Éμ· : 1 Å ¸¢¥Éμ§ Ð¨É´Ò° ±μ·¶Ê¸ ¤¥É¥±Éμ· ; 2 Å ±·ÒÏ± 
¸ ¶μ¤¢¥¸±μ°; 3 Å ”�“-200; 4 Å ¸Í¨´É¨²²ÖÉμ· ZnS(Ag)+B2�3; 5 Å ¸¢¥ÉμμÉ· ¦ -
ÕÐ¨° ±μ´Ê¸; 6 Å ¢´¥Ï´¨° ±μ·¶Ê¸ (μÍ¨´±μ¢ ´´ Ö ¸É ²Ó)
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¶μ ¸²¥¤ÊÕÐ¨³ ·¥ ±Í¨Ö³ § Ì¢ É  (σ = 3838 ¡):

10B + n → 7Li + α + 2,792 ŒÔ‚
10B + n → 7Li∗ + α + 2,31 ŒÔ‚

↓
7Li + γ + 0,48 ŒÔ‚.

‘Í¨´É¨²²ÖÍ¨μ´´Ò° ¨³¶Ê²Ó¸ ¸μ§¤ ¥É¸Ö ¸¨²Ó´μ ¨μ´¨§ÊÕÐ¨³¨ ÉÖ¦¥²Ò³¨
Î ¸É¨Í ³¨ (α-Î ¸É¨Í¥° ¨ 7Li), ¢Ò¤¥²ÖÕÐ¨³¨ ¢¸Õ Ô´¥·£¨Õ ¢´ÊÉ·¨ μ¤´μ° £· -
´Ê²Ò. ZnS(Ag) Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´Ò³ ¸Í¨´É¨²²ÖÉμ·μ³ ¤²Ö ·¥£¨-
¸É· Í¨¨ ÉÖ¦¥²ÒÌ Î ¸É¨Í ¸ ·¥±μ·¤´Ò³ α/e-¸μμÉ´μÏ¥´¨¥³ [4, 5]. ‘Í¨´É¨²²Ö-
Éμ· ¨§£μÉ ¢²¨¢ ¥É¸Ö ¢ ¢¨¤¥ ¸¨²¨±μ´μ¢μ° ¶² ¸É¨´Ò ¶²μÐ ¤ÓÕ 0,36 ³2 ¨ Éμ²-
Ð¨´μ° 5 ³³, ¶·¨ ÔÉμ³ Éμ²Ð¨´  ¸Í¨´É¨²²ÖÍ¨μ´´μ° ±μ³¶μ§¨Í¨¨ ¸μ¸É ¢²Ö¥É
50 ³£/¸³2, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
´  Ê·μ¢´¥ ∼ 20%.

‘Í¨´É¨²²ÖÉμ· · ¸¶μ² £ ¥É¸Ö ´  ¤´¥ ¸¢¥Éμ´¥¶·μ´¨Í ¥³μ£μ ¶² ¸É¨±μ¢μ£μ
¡ ±  μ¡Ñ¥³μ³ 200 ². „²Ö Ê²ÊÎÏ¥´¨Ö ¸¢¥Éμ¸¡μ·  ¨¸¶μ²Ó§Ê¥É¸Ö ¸¢¥Éμ¸μ¡¨· -
ÕÐ¨° ±μ´Ê¸ ¸ ¤¨ËËÊ§´μ° ¶μ¢¥·Ì´μ¸ÉÓÕ. ‚ ¢¥·Ï¨´¥ ±μ´Ê¸  · ¸¶μ²μ¦¥´
”�“ (”�“-200, £. �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö), ±μÉμ·Ò° § ±·¥¶²¥´ ´  ±·ÒÏ±¥ ¡ ± .
‘Ì¥³  Ô´-¤¥É¥±Éμ·  ¤²Ö Ê¸É ´μ¢±¨ “��� ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1.

�’Š‹ˆŠ ��-„…’…Š’��� �� ���•�†„…�ˆ…
‡��Ÿ†…��›• —�‘’ˆ–

�¸´μ¢´μ¥ ´ §´ Î¥´¨¥ Ô´-¤¥É¥±Éμ·  Å ·¥£¨¸É· Í¨Ö É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢.
�¤´ ±μ ¶μ¸ÉμÖ´´μ ¶·¨¸ÊÉ¸É¢ÊÕÐ¨° ¶μÉμ± § ·Ö¦¥´´ÒÌ Î ¸É¨Í ³μ¦¥É ¨¸± -
¦ ÉÓ ¤ ´´Ò¥ μ ´¥°É·μ´ Ì, ¶μÔÉμ³Ê ¤²Ö μÍ¥´±¨ μÉ±²¨±  ´  § ·Ö¦¥´´Ò¥ Î -
¸É¨ÍÒ ¡Ò²μ ¶·μ¢¥¤¥´μ É¥¸É¨·μ¢ ´¨¥ ¶·¨ ¶μ³μÐ¨ ¸Ê¶¥·³μ¤Ê²Ö (‘Œ) Ê¸É -
´μ¢±¨ “��ƒ�� [6]. ‘Œ Ö¢²Ö¥É¸Ö ±μμ·¤¨´ É´μ-É·¥±μ¢Ò³ ¤¥É¥±Éμ·μ³, ¸μ-
¸ÉμÖÐ¨³ ¨§ ¢μ¸Ó³¨ ¶²μ¸±μ¸É¥°. •μ·μÏ¨¥ ¶·μ¸É· ´¸É¢¥´´μ¥ ¨ Ê£²μ¢μ¥ · §-
·¥Ï¥´¨Ö ‘Œ (1 ¸³ ¨ ∼ 1◦) ¶μ§¢μ²ÖÕÉ ¤¥É ²Ó´μ ¨§ÊÎ ÉÓ ¸É·Ê±ÉÊ·Ê ¸Í¨´É¨²-
²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢, · ¸¶μ²μ¦¥´´ÒÌ ´  ¥£μ ¶μ¢¥·Ì´μ¸É¨. ‚ Ìμ¤¥ É ±μ£μ
¨¸¸²¥¤μ¢ ´¨Ö ¶μ²ÊÎ¥´Ò ¤¥É ²Ó´Ò¥ ³ É·¨ÍÒ  ³¶²¨ÉÊ¤Ò μÉ±²¨±  ¸Î¥ÉÎ¨±  ¨
ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ μ±μ²μ ¢¥·É¨± ²Ó´μ£μ ³Õμ´ 
Î¥·¥§ · §´Ò¥ ÊÎ ¸É±¨ · ¡μÎ¥£μ μ¡Ñ¥³  ¸Í¨´É¨²²ÖÉμ· . �·¨³¥· ³ É·¨Í ¶·¨
μÉ¡μ·¥ ¸¨£´ ²μ¢ ¸ ¶μ·μ£μ³ 10 ³‚ ¶μ± § ´ ´  ·¨¸. 2. „²Ö Ê¸¨²¥´¨Ö ¸¨£´ ²μ¢
¨¸¶μ²Ó§μ¢ ²¸Ö ¨´É¥£·¨·ÊÕÐ¨° ¶·¥¤Ê¸¨²¨É¥²Ó, ±μÉμ·Ò° ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö
¶·¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ˜�‹ ¢ Ê¸É ´μ¢±¥ “���.

�  ·¨¸. 2 ³μ¦´μ ¢¨¤¥ÉÓ μÎ¥·É ´¨¥ ¸Í¨´É¨²²ÖÉμ· , ¢ ±μÉμ·μ³ §´ Î¥´¨Ö
 ³¶²¨ÉÊ¤ ¡²¨§±¨ ± Ê·μ¢´Õ ÏÊ³μ¢μ° ²¨´¨¨. • · ±É¥·´ Ö  ³¶²¨ÉÊ¤  ¸¨£´ -
²μ¢ ¶·¨ ·¥£¨¸É· Í¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ É ±μ° ±μ´Ë¨£Ê· Í¨¨ ¤¥É¥±Éμ· 
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�¨¸. 2. Œ É·¨ÍÒ ¶μ ÔËË¥±É¨¢´μ¸É¨ (a) ¨ ¸·¥¤´¥°  ³¶²¨ÉÊ¤¥ μÉ±²¨±  (¡) ´  Ê·μ¢´¥
¸Í¨´É¨²²ÖÉμ·  ¤²Ö É·¥±μ¢, ´¥ ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ”�“ (¶μ·μ£ 10 ³‚)
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¸μ¸É ¢²Ö¥É 20Ä50 ³‚. �Í¥´±  ÔËË¥±É¨¢´μ¸É¨ ¸· ¡ ÉÒ¢ ´¨Ö ¤¥É¥±Éμ·  ¶·¨
¶μ·μ£¥ 10 ³‚ ´  § ·Ö¦¥´´ÊÕ Î ¸É¨ÍÊ ¸μ¸É ¢¨²  14%. �¤´ ±μ ¶·¨ ³´μ¦¥-
¸É¢¥´´μ³ ¶·μÌμ¦¤¥´¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (¸μ¡ÒÉ¨Ö μÉ ¶·μÌμ¦¤¥´¨Ö ˜�‹)
Ô´-¤¥É¥±Éμ· ¶μ± §Ò¢ ¥É Ìμ·μÏ¨° μÉ±²¨± ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¶μ§¢μ²Ö¥É ¶·μ¨§-
¢μ¤¨ÉÓ μÍ¥´±Ê ¨Ì Î¨¸² .

�””…Š’ˆ‚��‘’œ �…ƒˆ‘’��–ˆˆ �…‰’����‚

‚Éμ·μ° ¢ ¦´μ° Ì · ±É¥·¨¸É¨±μ° Ô´-¤¥É¥±Éμ·  Ö¢²Ö¥É¸Ö ÔËË¥±É¨¢´μ¸ÉÓ
·¥£¨¸É· Í¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢. „²Ö Ê¢¥²¨Î¥´¨Ö ¸É É¨¸É¨±¨ ¨ ³¨´¨³¨§ -
Í¨¨ ¢²¨Ö´¨Ö Ë ±Éμ·μ¢ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¶·¨ ¨§³¥·¥´¨ÖÌ ¨¸¶μ²Ó§μ¢ ²¸Ö
¨¸ÉμÎ´¨± ´¥°É·μ´μ¢ 252Cf ¸ ¶μÉμ±μ³ ´¥°É·μ´μ¢ ∼ 1000 ¸−1. ˆ¸ÉμÎ´¨± ¶μ-
³¥Ð ²¸Ö ¶μ¤ Ô´-¤¥É¥±Éμ·μ³ ¢ ¡μ±¸¥-§ ³¥¤²¨É¥²¥, ¸μ¸ÉμÖÐ¥³ ¨§ ¢μ¤μ·μ¤μ¸μ-
¤¥·¦ Ð¥£μ ¢¥Ð¥¸É¢  (¶μ²¨ÔÉ¨²¥´  Éμ²Ð¨´μ° 100 ³³). �Í¨Ë·μ¢±  ¸¨£´ ²μ¢
¶·μ¨¸Ìμ¤¨²  ¸ ¶μ³μÐÓÕ ¤¢ÊÌ± ´ ²Ó´μ£μ Í¨Ë·μ¢μ£μ μ¸Í¨²²μ£· Ë  Velleman
PCSU1000. �É¡μ· ´¥°É·μ´μ¢ μ¸´μ¢Ò¢ ²¸Ö ´  ³¥Éμ¤¨±¥ · §¤¥²¥´¨Ö ¸¨£´ ²μ¢
¶μ Ëμ·³¥ ¨³¶Ê²Ó¸ , ¤²Ö ²ÊÎÏ¥£μ · §¤¥²¥´¨Ö ¸¨£´ ²Ò ¨´É¥£·¨·μ¢ ²¨¸Ó ¸μ ¢·¥-
³¥´¥³ 10 ³±¸. ‚¸¥ ¨§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  μ¤´μ³ ”�“ (”�“-200) ¶·¨
μ¤´μ³ ±μÔËË¨Í¨¥´É¥ Ê¸¨²¥´¨Ö.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò ´¥°É·μ´μ¢, ´ ¡· ´´Ò¥ μÉ ¥¸É¥¸É¢¥´´μ£μ
Ëμ´  ¨ μÉ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ Ê¢¥²¨-
Î¨¢ ¥É É¥³¶ ¸Î¥É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¶μÎÉ¨ ¢ 10 · §.

‘· ¢´¥´¨¥ Ô´-¤¥É¥±Éμ·μ¢ cμ ¸Í¨´É¨²²ÖÉμ·μ³ ´  ¥¸É¥¸É¢¥´´μ³ ¡μ·¥ ¸ ¤¥-
É¥±Éμ· ³¨, ¢ ±μÉμ·ÒÌ ¨¸¶μ²Ó§μ¢ ²¸Ö ¸Í¨´É¨²²ÖÉμ· ´  μ¸´μ¢¥ 6Li (30 ³£/¸³2),
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�¨¸. 3. ‘¶¥±É·  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ μÉ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ (�) ¨ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨¸ÉμÎ´¨±  Å μÉ Ëμ´  (�)



�ˆ‡Š�”���‚›‰ ��-„…’…Š’�� „‹Ÿ ˆ‘‘‹…„�‚��ˆŸ 83

¶μ± § ²μ (·¨¸. 4), ÎÉμ · §´μ¸ÉÓ É¥³¶  ¸Î¥É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¤²Ö ÔÉ¨Ì
¸Í¨´É¨²²ÖÉμ·μ¢ ¸μ¸É ¢²Ö¥É ´¥ ¡μ²¥¥ 10% (6Li Å 4 ¸−1, 10B Å 3,7 ¸−1),  
¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³  ¸¶¥±É·  ¤²Ö 6Li ¢ ¶μ²Éμ·  · §  ¡μ²ÓÏ¥, Î¥³ ¤²Ö 10B
(Ô´¥·£¨Ö α-Î ¸É¨Í μÉ § Ì¢ É  ´¥°É·μ´μ¢ 6Li Å 4,5 ŒÔ‚,   10B Å 2,3 ŒÔ‚).

„²Ö μÍ¥´±¨ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸Í¨´É¨²-
²ÖÉμ·μ³ ZnS(Ag)+ B2�3 ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°-
É·μ´μ¢ ¸ μ¤´¨³ ¸²μ¥³ ¸Í¨´É¨²²ÖÉμ·  ¨ ¸ ¤¢Ê³Ö ¸²μÖ³¨. ‚Éμ·μ° ¸²μ° ¸Í¨´-
É¨²²ÖÉμ·  (¸μ ¸¢¥Éμ¨§μ²ÖÍ¨¥° ¨§ Î¥·´μ° ¡Ê³ £¨) ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ± Î¥¸É¢¥
¶μ£²μÐ ÕÐ¥£μ Ô±· ´  (·¨¸. 5). �·μ¢¥¤¥´μ ´¥¸±μ²Ó±μ ´ ¡μ·μ¢ ¨§³¥·¥´¨°,
¢·¥³Ö ± ¦¤μ£μ ´ ¡μ·  ¸μ¸É ¢²Ö²μ 60 ³¨´. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¥´μ, ÎÉμ É¥³¶
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�¨¸. 5. ‘¶¥±É·Ò § ·¥£¨¸É·¨·μ¢ ´´ÒÌ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¶·¨ Ô±· ´¨·μ¢±¥ ¢Éμ·Ò³
²¨¸Éμ³ ¸Í¨´É¨²²ÖÉμ·  (1) ¨ ¡¥§ Ô±· ´¨·μ¢±¨ (2)
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¸Î¥É  ¸ Ô±· ´¨·μ¢±μ° ¸μ¸É ¢¨² (2,7 ± 0,2) ¸−1,   ¤²Ö Éμ£μ ¦¥ ¸Í¨´É¨²²Ö-
Éμ·  ¡¥§ Ô±· ´¨·μ¢±¨ Å (3,5 ± 0,2) ¸−1. ‘μμÉ¢¥É¸É¢¥´´μ, μÍ¥´±  ÔËË¥±É¨¢-
´μ¸É¨ § Ì¢ É  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ (ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨) ¸μ¸É ¢²Ö¥É
(3,5−2,7)/3,5 = 0,23 ¨²¨ 23 %.

‡�Š‹�—…�ˆ…

�·μ¢¥¤¥´μ É¥¸É¨·μ¢ ´¨¥ Ô´-¤¥É¥±Éμ·  ¤²Ö ¸μ§¤ ¢ ¥³μ° Ê¸É ´μ¢±¨ “���.
„¥É¥±Éμ· ¸μ ¸Í¨´É¨²²ÖÉμ·μ³ ´  ¥¸É¥¸É¢¥´´μ³ ¡μ·¥ ´¥ Ê¸ÉÊ¶ ¥É ¶μ ¸¢μ¨³
Ì · ±É¥·¨¸É¨± ³ ¨¸¶μ²Ó§μ¢ ¢Ï¥³Ê¸Ö · ´¥¥ ¸Í¨´É¨²²ÖÉμ·Ê ´  6Li. �μ± § ´μ,
ÎÉμ ¤¥É¥±Éμ· μ¡² ¤ ¥É ¸² ¡μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ± μ¤¨´μÎ´Ò³ § ·Ö¦¥´´Ò³
Î ¸É¨Í ³ ¨ ¢ Éμ ¦¥ ¢·¥³Ö ³μ¦¥É ·¥£¨¸É·¨·μ¢ ÉÓ £·Ê¶¶μ¢μ¥ ¶·μÌμ¦¤¥´¨¥
Î ¸É¨Í. �μ²ÊÎ¥´´ Ö μÍ¥´±  ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
É ±¨³ ¤¥É¥±Éμ·μ³ ¸μ¸É ¢²Ö¥É μ±μ²μ 23%.

� ¡μÉ  ¢Ò¶μ²´¥´  ´  Ê´¨± ²Ó´μ° ´ ÊÎ´μ° Ê¸É ´μ¢±¥ ®�±¸¶¥·¨³¥´É ²Ó-
´Ò° ±μ³¶²¥±¸ �…‚�„¯ ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ �” ¢ · ³-
± Ì ¸μÉ·Ê¤´¨Î¥¸É¢  � ÊÎ´μ-μ¡· §μ¢ É¥²Ó´μ£μ Í¥´É·  �…‚�„ (�ˆŸ“ Œˆ”ˆ)
¨ ˆ´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ���,   É ±¦¥ £· ´Éμ¢ �””ˆ (º14-02-
00996 ¨ º16-32-00054).
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