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¡ Œ¥¦¤Ê´ ·μ¤´Ò° Ê´¨¢¥·¸¨É¥É ¶·¨·μ¤Ò, μ¡Ð¥¸É¢  ¨ Î¥²μ¢¥±  ®„Ê¡´ ¯, „Ê¡´ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¶μ μ¶É¨³¨§ Í¨¨ ¸μ¸É ¢  ´μ¢μ£μ ¦¨¤±μ£μ ¸Í¨´É¨²²ÖÉμ· 
(†‘) ´  μ¸´μ¢¥ ²¨´¥°´μ£μ  ²±¨²¡¥´§μ² . ˆ§³¥·¥´Ò ¸¢¥Éμ¢ÒÌμ¤, ¶·μ§· Î´μ¸ÉÓ, ¸¶¥±É·Ò ¶μ£²μÐ¥-
´¨Ö ¨ ²Õ³¨´¥¸Í¥´Í¨¨. „²Ö μ¡· §Íμ¢ †‘, ¶μ³¥Ð¥´´ÒÌ ¢ É¥Ë²μ´μ¢ÊÕ Í¨²¨´¤·¨Î¥¸±ÊÕ ±Õ¢¥ÉÊ
· §³¥·μ³ 50 × 50 ³³, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥, ¨§³¥·¥´´μ¥ ¤²Ö Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° 1 ŒÔ‚
(207Bi), ¸μ¸É ¢¨²μ 8%.

The results of the optimization of the composition of the new liquid scintillator (LS) based on the
linear alkylbenzene are presented in the paper. The light output, transparency, absorption and emission
spectra have been measured. The energy resolution of the LS samples placed into the cylindrical cell
(50 × 50 mm) measured for the 1 MeV (207Bi) forms 8%.

PACS: 29.40.Mc

‚‚…„…�ˆ…

„²Ö ÔËË¥±É¨¢´μ° ·¥£¨¸É· Í¨¨ ´¥°É·¨´μ, ¨³¥ÕÐ¨Ì ³ ²μ¥ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸
¢¥Ð¥¸É¢μ³, ´¥μ¡Ìμ¤¨³Ò ¤¥É¥±Éμ·Ò ¡μ²ÓÏμ° ³ ¸¸Ò ¸ ¢Ò¸μ±¨³ ¸μ¤¥·¦ ´¨¥³ ¢μ¤μ·μ¤ .
‚ ± Î¥¸É¢¥ · ¡μÎ¥£μ ¢¥Ð¥¸É¢  É ±¨Ì ¤¥É¥±Éμ·μ¢ ´ ¨¡μ²ÓÏ¥¥ · ¸¶·μ¸É· ´¥´¨¥ ¶μ²ÊÎ¨²¨
¦¨¤±¨¥ ¸Í¨´É¨²²ÖÉμ·Ò. �¶¨¸ ´¨¥ ¨Ì ¸¢μ°¸É¢ ¨ μ¡² ¸É¥° ¶·¨³¥´¥´¨Ö ³μ¦´μ ´ °É¨
¢ Í¥²μ³ ·Ö¤¥ μ¡§μ·μ¢ ¨ ³μ´μ£· Ë¨°, ¢ Î ¸É´μ¸É¨, ¢ [1Ä4]. �¥¸μ³´¥´´Ò³¨ ¤μ¸Éμ¨´-
¸É¢ ³¨ ÔÉ¨Ì ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¶² ¸É³ ¸¸μ¢Ò³¨ ¨ ±·¨¸É ²-
²¨Î¥¸±¨³¨ Ö¢²ÖÕÉ¸Ö ¢Ò¸μ± Ö ¶·μ§· Î´μ¸ÉÓ ¤²Ö ¸μ¡¸É¢¥´´μ£μ ¨§²ÊÎ¥´¨Ö, ´¨§± Ö Í¥´  ¨
¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö ´  ¨Ì μ¸´μ¢¥ ¤¥É¥±Éμ·μ¢ ¡μ²ÓÏμ£μ μ¡Ñ¥³  ¨ ¶· ±É¨Î¥¸±¨ ²Õ¡μ°
Ëμ·³Ò. †‘ μ¡ÒÎ´μ ¨³¥ÕÉ ´¨§±¨° ¸μ¡¸É¢¥´´Ò° · ¤¨μ ±É¨¢´Ò° Ëμ´ ¨ ³μ£ÊÉ ¡ÒÉÓ ¶μ¤-
¢¥·£´ÊÉÒ ¶·μ¸ÉÒ³ ³¥Éμ¤ ³ μÎ¨¸É±¨ ¤²Ö ¥£μ ¤ ²Ó´¥°Ï¥£μ ¸´¨¦¥´¨Ö. ˆ¸¶μ²Ó§μ¢ ´¨¥ †‘
¢ ±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ ´¥°É·¨´´ÒÌ ¤¥É¥±Éμ· Ì ¶·¥¤¶μ² £ ¥É ¢Ò¶μ²´¥´¨¥ ·Ö¤  ¤μ¶μ²´¨-
É¥²Ó´ÒÌ Ê¸²μ¢¨°,   ¨³¥´´μ:

Å ¢Ò¸μ± Ö É¥³¶¥· ÉÊ·  ¢¸¶ÒÏ±¨;
Å ´¨§± Ö Éμ±¸¨Î´μ¸ÉÓ;
Å ´¨§± Ö ±μ··μ§¨μ´´ Ö  ±É¨¢´μ¸ÉÓ ¶μ μÉ´μÏ¥´¨Õ ± ¶μ²¨³¥· ³  ±·¨²μ¢μ£μ ·Ö¤ ;
Å ¤μ¸ÉÊ¶´μ¸ÉÓ ¨ ´¨§± Ö ¸Éμ¨³μ¸ÉÓ.
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�¤´μ¢·¥³¥´´ Ö ·¥ ²¨§ Í¨Ö ÔÉ¨Ì Ê¸²μ¢¨° Ö¢²Ö¥É¸Ö ´¥¶·μ¸Éμ° § ¤ Î¥°, ·¥Ï ÉÓ ±μÉμ·ÊÕ
¶·¨Ìμ¤¨É¸Ö Ê¦¥ ´  ¶¥·¢μ³ ÔÉ ¶¥ · §· ¡μÉ±¨ ¸Í¨´É¨²²ÖÉμ·  Å ÔÉ ¶¥ ¢Ò¡μ·  · ¸É¢μ·¨-
É¥²Ö (μ¸´μ¢´μ£μ ¢¥Ð¥¸É¢ ). ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´ Ï¥ ¢´¨³ ´¨¥ ¶·¨¢²¥± ²¨´¥°´Ò°  ²±¨²¡¥´-
§μ² (‹�	) Å ±·Ê¶´μÉμ´´ ¦´Ò° ¶·μ¤Ê±É ´¥ËÉ¥Ì¨³¨Î¥¸±μ° ¶·μ³ÒÏ²¥´´μ¸É¨, Ï¨·μ±μ
¨¸¶μ²Ó§Ê¥³Ò° ¤²Ö ¶·μ¨§¢μ¤¸É¢  ¡¨μ· §² £ ÕÐ¨Ì¸Ö ¸¨´É¥É¨Î¥¸±¨Ì ³μÕÐ¨Ì ¸·¥¤¸É¢.

‹¨´¥°´Ò°  ²±¨²¡¥´§μ² Å Éμ·£μ¢μ¥ ´ ¨³¥´μ¢ ´¨¥ ¸³¥¸¨ ´¥¸±μ²Ó±¨Ì ³μ´μ ²±¨²¶·μ-
¨§¢μ¤´ÒÌ ¡¥´§μ² . �¸´μ¢´Ò¥ ±μ³¶μ´¥´ÉÒ ‹�	 ¸μ¤¥·¦ É μÉ 10 ¤μ 13  Éμ³μ¢ Ê£²¥·μ¤  ¢
¡μ±μ¢μ° Í¥¶¨ (É ¡². 1).

�±μ²μ 80−85 % ±μ³¶μ´¥´Éμ¢ ‹�	 ¨³¥ÕÉ ¸É·Ê±ÉÊ·Ê 1-Ë¥´¨² ²± ´μ¢ ¨ 15−20 % Å
2-Ë¥´¨² ²± ´μ¢ (·¨¸. 1).

’ ¡²¨Í  1. Cμ¸É ¢ ‹��

Šμ³¶μ´¥´ÉÒ �³¶¨·¨Î¥¸± Ö �·¨³¥·´μ¥ ¸μ¤¥·¦ ´¨¥,
‹�	 Ëμ·³Ê²  ³ ¸¸μ¢ Ö ¤μ²Ö, %

„¥Í¨²¡¥´§μ²Ò C16H26 13
“´¤¥Í¨²¡¥´§μ²Ò C17H28 27
„μ¤¥Í¨²¡¥´§μ²Ò C18H30 35
’·¨¤¥Í¨²¡¥´§μ²Ò C19H32 25

�¨¸. 1. ‘É·Ê±ÉÊ·´Ò¥ Ëμ·³Ê²Ò ±μ³¶μ´¥´Éμ¢ ²¨´¥°´μ£μ  ²±¨²¡¥´§μ² :  ) ±μ³¶μ´¥´ÉÒ £μ³μ²μ£¨Î¥-
¸±μ£μ ·Ö¤  1-Ë¥´¨² ²± ´μ¢; ¡) ±μ³¶μ´¥´ÉÒ £μ³μ²μ£¨Î¥¸±μ£μ ·Ö¤  2-Ë¥´¨² ²± ´μ¢

’ ¡²¨Í  2. ”¨§¨±μ-Ì¨³¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ‹��

�²μÉ´μ¸ÉÓ, £/¸³3 0,858Ä0,862
’¥³¶¥· ÉÊ·  ±¨¶¥´¨Ö, ◦C 280Ä311
’¥³¶¥· ÉÊ·  ¢¸¶ÒÏ±¨, ◦C 147

Šμ²¨Î¥¸É¢μ  Éμ³μ¢ ¢μ¤μ·μ¤ , 1022 ¸³−3 6,29

�·μ³ É¨Î¥¸±¨° Ì · ±É¥· ‹�	 ¶μ§¢μ²Ö¥É μ¦¨¤ ÉÓ ´ ²¨Î¨Ö Ê ´¥£μ ¢Ò¸μ±μ° ±μ´¢¥·-
¸¨μ´´μ° ÔËË¥±É¨¢´μ¸É¨, μ¡¥¸¶¥Î¨¢ ÕÐ¥° ¢Ò¸μ±¨° ¸¢¥Éμ¢ÒÌμ¤ †‘. �Î¥´Ó ¢ ¦´μ, ÎÉμ
Ë¨§¨±μ-Ì¨³¨Î¥¸±¨¥ ¸¢μ°¸É¢  ²¨´¥°´μ£μ  ²±¨²¡¥´§μ²  (¢Ò¸μ±¨¥ É¥³¶¥· ÉÊ·Ò ±¨¶¥´¨Ö ¨
¢¸¶ÒÏ±¨, ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ ¢μ¤μ·μ¤ ) ¶μ²´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢ÊÕÉ É·¥¡μ¢ ´¨Ö³, ¶·¥¤Ñ-
Ö¢²Ö¥³Ò³ ± ¤¥É¥±Éμ· ³ ¸ ¡μ²ÓÏμ° ³ ¸¸μ° · ¡μÎ¥£μ ¢¥Ð¥¸É¢ , ¨¸¶μ²Ó§Ê¥³Ò³ ¢ ¶μ¤§¥³´ÒÌ
² ¡μ· Éμ·¨ÖÌ (É ¡². 2).

1. �Š‘	…�ˆŒ…�’�‹œ��Ÿ —�‘’œ

„²Ö · ¡μÉÒ ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ²¨´¥°´Ò°  ²±¨²¡¥´§μ² ¶·μ¨§¢μ¤¸É¢  ��� ®�� Š¨·¨Ï¨-
´¥ËÉ¥μ·£¸¨´É¥§¯. …£μ μÎ¨¸É±Ê ¶·μ¢μ¤¨²¨ ´  ¸É¥±²Ö´´ÒÌ Ì·μ³ Éμ£· Ë¨Î¥¸±¨Ì ±μ²μ´± Ì,
§ ¶μ²´¥´´ÒÌ μ±¨¸ÓÕ  ²Õ³¨´¨Ö, ¶·μ± ²¥´´μ° ¶·¨ É¥³¶¥· ÉÊ·¥ 700 ◦‘.
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�¨¸. 2. ‘Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö ¨§³¥·¥´¨Ö ¸¢¥Éμ-
¢ÒÌμ¤  ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö †‘: 1 Å

¸¢¥Éμ§ Ð¨É´Ò° ±μ·μ¡; 2 Å · ¤¨μ ±É¨¢´Ò° ¨¸ÉμÎ-

´¨±; 3 Å ±Õ¢¥É  ¸ ¨¸¸²¥¤Ê¥³Ò³ †‘; 4 Å ”�“;
5 Å ¨¸ÉμÎ´¨± ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö; 6 Å ¶·¥¤Ê-

¸¨²¨É¥²Ó; 7 Å Ê¸¨²¨É¥²Ó; 8 Å ¶·¥μ¡· §μ¢ É¥²Ó

¸¨£´ ² 

�¨¸. 3. ‘¶¥±É· ¶·μ¶Ê¸± ´¨Ö ¢¨μ²¥¢μ£μ ¸É¥±² 

‘¶¥±É·Ò ¶μ£²μÐ¥´¨Ö μ¡· §Íμ¢ ‹�	 ¨ †‘ ¨§³¥·Ö²¨ ´  ¸¶¥±É·μËμÉμ³¥É·¥ ‘”-46 ¢
±¢ ·Í¥¢ÒÌ ±Õ¢¥É Ì (10 ¸³ μÉ´μ¸¨É¥²Ó´μ 1 ¸³).

‘¶¥±É·Ò ¨§²ÊÎ¥´¨Ö ¨§³¥·¥´Ò ´  ¸¶¥±É·μË²Êμ·¨³¥É·¥ ‘”‹-1211A ¶·¨ ¤²¨´¥ ¢μ²´Ò
¢μ§¡Ê¦¤¥´¨Ö 275 ´³.

‘¢¥Éμ¢ÒÌμ¤ ¨ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ †‘ ¡Ò²¨ ¨§³¥·¥´Ò ´  Ê¸É ´μ¢±¥, ¸Ì¥³ 
±μÉμ·μ° ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2.

†‘ ¶μ³¥Ð ²¨ ¢ É¥Ë²μ´μ¢Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ±Õ¢¥ÉÒ · §³¥·μ³ 50 × 50 ³³ ¸ ¢ÒÌμ¤-
´Ò³¨ μ±´ ³¨ ¨§ ¢¨μ²¥¢μ£μ ¸É¥±² , ¶·μ§· Î´μ£μ ¢ ¡²¨¦´¥° Ê²ÓÉ· Ë¨μ²¥Éμ¢μ° ¨ ¢¨¤¨³μ°
μ¡² ¸ÉÖÌ ¸¶¥±É·  (·¨¸. 3).

ŠÕ¢¥ÉÒ Ê¸É ´ ¢²¨¢ ²¨¸Ó ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¢Ìμ¤´μ¥ μ±´μ 5 ′′ ”�“ R 6594 ¶·μ¨§-
¢μ¤¸É¢  HAMAMATSU. �¶É¨Î¥¸±¨° ±μ´É ±É ¤μ¸É¨£ ²¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸³ §±¨ BC-630.
„²Ö ¨¸¸²¥¤μ¢ ´¨° μ¶É¨³¨§ Í¨¨ ¸μ¸É ¢  †‘ ¢ ± Î¥¸É¢¥ · ¤¨μ ±É¨¢´μ£μ ¨¸ÉμÎ´¨±  ¨¸-
¶μ²Ó§μ¢ ²¨ 137Cs, ¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö Å 207Bi.

2. �—ˆ‘’Š� ‹ˆ�…‰��ƒ� �‹Šˆ‹�…�‡�‹�

‘¶¥±É·Ò ¶μ£²μÐ¥´¨Ö ´¥μÎ¨Ð¥´´μ£μ ‹�	 Ì · ±É¥·¨§ÊÕÉ¸Ö ´ ²¨Î¨¥³ É·¥Ì ¤μ¸É ÉμÎ´μ
¨´É¥´¸¨¢´ÒÌ ¶μ²μ¸ ¶μ£²μÐ¥´¨Ö ¢ μ¡² ¸É¨ 350Ä400 ´³ ¨ É·¥Ì ¶μ²μ¸ ²Õ³¨´¥¸Í¥´Í¨¨ ¢
μ¡² ¸É¨ 380Ä450 ´³ (·¨¸. 4). �É¨ ¶μ²μ¸Ò ´¥ Ì · ±É¥·´Ò ¤²Ö ³μ´μ ²±¨²¶·μ¨§¢μ¤´ÒÌ
¡¥´§μ²  ¨, ¶μ ´ Ï¥³Ê ³´¥´¨Õ, ¨³¥ÕÉ ®¶·¨³¥¸´μ¥¯ ¶·μ¨¸Ìμ¦¤¥´¨¥.
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�¨¸. 4. ‘¶¥±É·Ò ¶μ£²μÐ¥´¨Ö ¨ ²Õ³¨´¥¸Í¥´Í¨¨ ´¥μÎ¨Ð¥´´μ£μ ‹�	: 1 Å ¶μ£²μÐ¥´¨¥; 2 Å

²Õ³¨´¥¸Í¥´Í¨Ö

�¨¸. 5. ‘¶¥±É·Ò ¶μ£²μÐ¥´¨Ö (a) ¨ ²Õ³¨´¥¸Í¥´Í¨¨ ‹�	 (¡), μÎ¨Ð¥´´μ£μ ¢ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ:

1, 4 Å ¶·μ± ²¥´´ Ö μ±¨¸Ó  ²Õ³¨´¨Ö, ±μ²μ´±  Å H : D = 10 : 1; 2 Å ¶·μ± ²¥´´ Ö μ±¨¸Ó

 ²Õ³¨´¨Ö, ±μ²μ´±  Å H : D = 5 : 1; 3, 5 Å ´¥¶·μ± ²¥´´ Ö μ±¨¸Ó  ²Õ³¨´¨Ö, ±μ²μ´±  Å
H : D = 10 : 1

�Î¨¸É±Ê ²¨´¥°´μ£μ  ²±¨²¡¥´§μ²  ¶·μ¢μ¤¨²¨ ¢ ¸É¥±²Ö´´ÒÌ Ì·μ³ Éμ£· Ë¨Î¥¸±¨Ì ±μ-
²μ´± Ì, § ¶μ²´¥´´ÒÌ μ±¨¸ÓÕ  ²Õ³¨´¨Ö, ¸ · §²¨Î´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨ ¢Ò¸μÉ  (H) : ¤¨ -
³¥É· (D). � ¨²ÊÎÏ Ö ¶·μ§· Î´μ¸ÉÓ ¶μ²ÊÎ¥´  ´  ¸¢¥¦¥¶·μ± ²¥´´μ° μ±¨¸¨  ²Õ³¨´¨Ö ¢
±μ²μ´±¥ ¸ ¸μμÉ´μÏ¥´¨¥³ H : D = 10 : 1 (·¨¸. 5).

‚ ·¥§Ê²ÓÉ É¥ μÎ¨¸É±¨ ‹�	 μ¤´μ¢·¥³¥´´μ ¸ Ê³¥´ÓÏ¥´¨¥³ ¶μ£²μÐ¥´¨Ö ¸¢¥É  ´ ¡²Õ¤ -
¥É¸Ö ¸´¨¦¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ²Õ³¨´¥¸Í¥´Í¨¨ ¢ ®¶·¨³¥¸´μ°¯ μ¡² ¸É¨ ¨ Ê¢¥²¨Î¥´¨¥ ¥¥ ¢
μ¡² ¸É¨ μ¸´μ¢´μ£μ ³ ±¸¨³Ê³  (342 ´³, ·¨¸. 5).

3. �	’ˆŒˆ‡�–ˆŸ ‘�‘’�‚� †‘

�¶É¨³¨§ Í¨Ö ¸μ¸É ¢  ´μ¢μ£μ †‘ ¶·μ¢μ¤¨² ¸Ó ´  μ¸´μ¢¥ ¨§³¥·¥´¨Ö ¸¢¥Éμ¢ÒÌμ¤  ± ±
ËÊ´±Í¨¨ ±μ´Í¥´É· Í¨¨ ¶¥·¢¨Î´μ° ¨ ¢Éμ·¨Î´μ° ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤μ¡ ¢μ±. �·¨ μ¶·¥¤¥-
²¥´¨¨ μ¶É¨³ ²Ó´ÒÌ ±μ´Í¥´É· Í¨° ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤μ¡ ¢μ± ¸¢¥Éμ¢ÒÌμ¤ ´μ·³¨·μ¢ ²¨
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�¨¸. 6. ‘Ì¥³  ¨§³¥·¥´¨Ö ¸¢¥Éμ¢ÒÌμ¤  ¦¨¤±¨Ì ¸Í¨´É¨²-
²ÖÉμ·μ¢ ´  μ¸´μ¢¥ ‹�	: 1 Å · ¤¨μ ±É¨¢´Ò° ¨¸ÉμÎ´¨±

(137Cs); 2 Å μ¡· §¥Í ¸Í¨´É¨²²ÖÉμ· ; 3 Å ±·ÒÏ±  ±Õ-

¢¥ÉÒ; 4 Å ±Õ¢¥É ; 5 Å ¢¨μ²¥¢μ¥ ¸É¥±²μ

´  ¥¤¨´¨ÍÊ. „²Ö ¨§³¥·¥´¨° ¨¸¶μ²Ó§μ¢ ²¨ ±Õ¢¥ÉÊ ¸ ±·ÒÏ±μ°, ¨§£μÉμ¢²¥´´Ò¥ ¨§ É¥Ë²μ´ 
(·¨¸. 6). � ¤¨μ ±É¨¢´Ò° ¨¸ÉμÎ´¨± Å 137Cs.

� ¨¡μ²¥¥ · ¸¶·μ¸É· ´¥´´Ò³ ¢ ± Î¥¸É¢¥ ¶¥·¢¨Î´μ° ¤μ¡ ¢±¨ ¤²Ö ¦¨¤±¨Ì ¸Í¨´É¨²²Ö-
Éμ·μ¢ Ö¢²Ö¥É¸Ö 2,5-¤¨Ë¥´¨²μ±¸ §μ² (���) (·¨¸. 7). �Éμ ¢¥Ð¥¸É¢μ Ìμ·μÏμ · ¸É¢μ·Ö¥É¸Ö

�¨¸. 7. ‘É·Ê±ÉÊ·´ Ö Ëμ·³Ê² 

2,5-¤¨Ë¥´¨²μ±¸ §μ² 

¢μ ³´μ£¨Ì μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨É¥²ÖÌ, ¤μ¸ÉÊ¶´μ ¨ ¨³¥¥É
μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ±ÊÕ ¸Éμ¨³μ¸ÉÓ.

‚ ·Ó¨·μ¢ ´¨¥³ ±μ´Í¥´É· Í¨¨ ��� ¢ ¤¢ÊÌ±μ³¶μ´¥´É-
´ÒÌ ¸¨¸É¥³ Ì ´  μ¸´μ¢¥ ‹�	 Ê¸É ´μ¢²¥´μ, ÎÉμ μ¶É¨-
³ ²Ó´μ¥ ¥¥ §´ Î¥´¨¥ ¤μ¸É¨£ ¥É¸Ö Ê¦¥ ¶·¨ ³ ¸¸μ¢μ°
¤μ²¥ 0,5 % (·¨¸. 8).

‚ ± Î¥¸É¢¥ ± ´¤¨¤ Éμ¢ ´  ¨¸¶μ²Ó§μ¢ ´¨¥ ¢Éμ·¨Î-
´Ò³¨ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¤μ¡ ¢± ³¨ ¡Ò²¨ ¢Ò¡· ´Ò É·¨
¸μ¥¤¨´¥´¨Ö: 1,4-¡¨¸(5-Ë¥´¨²-2-μ±¸ §μ²¨²)¡¥´§μ², Ìμ-

·μÏμ ¨§¢¥¸É´Ò° ± ± POPOP, ¥£μ £μ³μ²μ£ 1,4-¡¨¸(4-³¥É¨²-5-Ë¥´¨²-2-μ±¸ §μ²¨²)¡¥´§μ²
(¤¨³¥É¨²-POPOP) ¨ 1,4-¡¨¸(2-³¥É¨²¸É¨·¨²)¡¥´§μ² (bis-MSB) (·¨¸. 9).

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥Éμ¢ÒÌμ¤  · ¸É¢μ·  ��� ¢ ‹�	 μÉ ³ ¸¸μ¢μ° ¤μ²¨ ���
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�¨¸. 9. ‘É·Ê±ÉÊ·´Ò¥ Ëμ·³Ê²Ò ����� ( ), ¤¨³¥É¨²-����� (¡) ¨ bis-MSB (¢)

�¨¸. 10. ‡ ¢¨¸¨³μ¸ÉÓ ¸¢¥Éμ¢ÒÌμ¤  ¸Í¨´É¨²²ÖÉμ·  ´  μ¸´μ¢¥ ‹�	, ¸μ¤¥·¦ Ð¥£μ 0,5 % ���, μÉ
³ ¸¸μ¢μ° ¤μ²¨ �����, ¤¨³¥É¨²-����� ¨ bis-MSB

„²Ö μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´ÒÌ ±μ´Í¥´É· Í¨° ÔÉ¨Ì ¢¥Ð¥¸É¢ ¢ †‘ ¨¸¸²¥¤μ¢ ´Ò É·¥Ì-
±μ³¶μ´¥´É´Ò¥ · ¸É¢μ·Ò ´  μ¸´μ¢¥ ‹�	, ¸μ¤¥·¦ Ð¨¥ ¶μ¸ÉμÖ´´ÊÕ ±μ´Í¥´É· Í¨Õ ���
(0,5 %) ¨ ¶¥·¥³¥´´ÊÕ ±μ´Í¥´É· Í¨Õ ����� ¨²¨ ¤¨³¥É¨²-�����, ¨²¨ bis-MSB. “¸É -
´μ¢²¥´μ, ÎÉμ ¤²Ö É·¥Ì ¨¸¸²¥¤μ¢ ´´ÒÌ ²Õ³¨´μËμ·μ¢ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¸¢¥Éμ¢ÒÌμ¤ 
¤μ¸É¨£ ¥É¸Ö Ê¦¥ ¶·¨ ³ ¸¸μ¢μ° ¤μ²¥ 0,0025% (·¨¸. 10).



224 �¥³Î¥´μ± ˆ. �. ¨ ¤·.

�¨¸. 11. ‘¶¥±É·Ò ²Õ³¨´¥¸Í¥´Í¨¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ±μ³¶μ§¨Í¨° ´  μ¸´μ¢¥ ‹�	

„μ¶μ²´¨É¥²Ó´μ¥ ¶μ¤É¢¥·¦¤¥´¨¥ ¶· ¢¨²Ó´μ¸É¨ ¶μ¤¡μ·  ¸μ¸É ¢  ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ
±μ³¶μ§¨Í¨° ´  μ¸´μ¢¥ ‹�	 ¶μ²ÊÎ¥´μ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¸¶¥±É·μ¢ ¨Ì ²Õ³¨´¥¸Í¥´-
Í¨¨ (·¨¸. 11). ‚ ¸¶¥±É· Ì ¨§²ÊÎ¥´¨Ö †‘ μÉ¸ÊÉ¸É¢ÊÕÉ ¶μ²μ¸Ò ¨§²ÊÎ¥´¨Ö · ¸É¢μ·¨É¥²Ö
(‹�	) ¨ ¶¥·¢¨Î´μ° ¤μ¡ ¢±¨ (���), ÎÉμ Ö¢²Ö¥É¸Ö ´ ¤¥¦´Ò³ ¸¢¨¤¥É¥²Ó¸É¢μ³ ÔËË¥±É¨¢-
´μ£μ ¨ ¶μ²´μ£μ ¶¥·¥´μ¸  Ô´¥·£¨¨.

„²Ö μ±μ´Î É¥²Ó´μ£μ ¢Ò¡μ·  ¸μ¸É ¢  †‘ ¡Ò²  ¨§³¥·¥´  ¶·μ§· Î´μ¸ÉÓ (¤²¨´  μ¸² ¡²¥-
´¨Ö ¸¢¥É  ¢ ¥ · §) É·¥Ì ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ±μ³¶μ§¨Í¨°:

• ‹�	 + 0, 5 % ��� + 0, 0025 % �����;

• ‹�	 + 0, 5 % ��� + 0, 0025 % ¤¨³¥É¨²-�����;

• ‹�	 + 0, 5 % ��� + 0, 0025 % bis-MSB.

„²¨´  μ¸² ¡²¥´¨Ö (É ¡². 3) ¶μ²ÊÎ¥´  μ¡· ¡μÉ±μ° §´ Î¥´¨° μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨,
¨§³¥·¥´´μ° ¶·¨ 430 ´³, ¶μ Ëμ·³Ê²¥

Λ =
x

A
lg e = 0, 4343

x

A
,

£¤¥ Λ Å ¤²¨´  μ¸² ¡²¥´¨Ö ¸¢¥É  ¢ ¥ · §; x Å μ¶É¨Î¥¸± Ö ¤²¨´  ¶ÊÉ¨ (9 ¸³); A Å
μ¶É¨Î¥¸± Ö ¶²μÉ´μ¸ÉÓ ¶·¨ 430 ´³.
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’ ¡²¨Í  3. 	·μ§· Î´μ¸ÉÓ †‘ ´  μ¸´μ¢¥ ‹��

‘μ¸É ¢ ¸Í¨´É¨²²ÖÉμ· 
„²¨´  μ¸² ¡²¥´¨Ö ¸¢¥É  ¢ ¥ · §, ³

�¥·¢¨Î´ Ö ¤μ¡ ¢± , % ��� ‚Éμ·¨Î´ Ö ¤μ¡ ¢± , %
0,5 0,0025 ����� 9,8
0,5 0,0025 ¤¨³¥É¨²-����� 3,0
0,5 0,0025 bis-MSB 9,8

�¨¸. 12. ‘¶¥±É·Ò ¶μ£²μÐ¥´¨Ö ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ´  μ¸´μ¢¥ ‹�	: 1 Å †‘, ¸μ¤¥·¦ Ð¨°
�����; 2 Å †‘, ¸μ¤¥·¦ Ð¨° bis-MSB; 3 Å †‘, ¸μ¤¥·¦ Ð¨° ¤¨³¥É¨²-�����

ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢ ±¢ ·Í¥¢μ° ±Õ¢¥É¥ ¤²¨´μ° 10 ¸³ μÉ´μ¸¨É¥²Ó´μ ±¢ ·Í¥¢μ°
±Õ¢¥ÉÒ ¸· ¢´¥´¨Ö ¤²¨´μ° 1 ¸³, § ¶μ²´¥´´μ° ¸Í¨´É¨²²ÖÉμ·μ³ Éμ£μ ¦¥ ¸μ¸É ¢  (·¨¸. 12).

4. ��…�ƒ…’ˆ—…‘Š�… ��‡�…˜…�ˆ… †‘
�� �‘��‚… ‹ˆ�…‰��ƒ� �‹Šˆ‹�…�‡�‹�

�¥·¸¶¥±É¨¢Ò ¨¸¶μ²Ó§μ¢ ´¨Ö ¦¨¤±μ£μ ¸Í¨´É¨²²ÖÉμ·  ´  μ¸´μ¢¥ ‹�	 ¢ ±·Ê¶´μ³ ¸-
ÏÉ ¡´ÒÌ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´É Ì ¶·¥¤¶μ² £ ÕÉ §´ ´¨¥ ¥£μ ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì Ì -
· ±É¥·¨¸É¨±. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨§³¥·Ö²¨ ¶μ ¶¨±Ê ±μ´¢¥·¸¨μ´´ÒÌ Ô²¥±É·μ´μ¢
207Bi ¸ Ô´¥·£¨¥° 976 ±Ô‚. ‘¶¥±É· ±μ´¢¥·¸¨μ´´ÒÌ Ô²¥±É·μ´μ¢ 207Bi (·¨¸. 13) ¶μ²ÊÎ ²¨
± ± · §´μ¸ÉÓ ³¥¦¤Ê ¸¶¥±É· ³¨, ¨§³¥·¥´´Ò³¨ ¡¥§ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
 ²Õ³¨´¨¥¢μ£μ Ë¨²ÓÉ·  Éμ²Ð¨´μ° 5 ³³, Ê¸É ´μ¢²¥´´μ£μ ³¥¦¤Ê ¨¸ÉμÎ´¨±μ³ ¨§²ÊÎ¥´¨Ö ¨
±Õ¢¥Éμ° ¸ †‘ (·¨¸. 14).

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ³¥Ð¥´Ò ¢ ¨Éμ£μ¢ÊÕ É ¡². 4.
‚¸¥ É·¨ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ±μ³¶μ§¨Í¨¨ ¤¥³μ´¸É·¨·ÊÕÉ ¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢Ò¥ §´ -

Î¥´¨Ö ¸¢¥Éμ¢ÒÌμ¤  ¨ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö. �¤´ ±μ ¸Í¨´É¨²²ÖÉμ·, ¸μ¤¥·¦ Ð¨° ¢
± Î¥¸É¢¥ ¢Éμ·¨Î´μ° ¤μ¡ ¢±¨ ¤¨³¥É¨²-�����, μ± § ²¸Ö ¸ÊÐ¥¸É¢¥´´μ ³¥´¥¥ ¶·μ§· Î´Ò³.
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�¨¸. 13. �·¨³¥·Ò ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ¨§³¥·¥´¨¨ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö †‘ ´  μ¸´μ¢¥

‹�	:  ) ek + γ-¸¶¥±É· (¡¥§  ²Õ³¨´¨¥¢μ£μ Ë¨²ÓÉ· ); ¡) γ-¸¶¥±É· (¸  ²Õ³¨´¨¥¢Ò³ Ë¨²ÓÉ·μ³);

¢) ek-¸¶¥±É· (· §´μ¸É´Ò° ¸¶¥±É·)

�¨¸. 14. ‘Ì¥³  ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö: 1 Å ¨¸ÉμÎ´¨± ¨§²ÊÎ¥´¨Ö (207Bi); 2 Å

 ²Õ³¨´¨¥¢Ò° Ë¨²ÓÉ·; 3 Å É¥Ë²μ´μ¢ Ö ±Õ¢¥É ; 4 Å ¨¸¸²¥¤Ê¥³Ò° †‘; 5 Å ³ °² ·; 6 Å ¢¨μ²¥¢μ¥
¸É¥±²μ
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’ ¡²¨Í  4. ‘Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸¢μ°¸É¢  †‘ ´  μ¸´μ¢¥ ‹��

‘μ¸É ¢

‘¢¥Éμ¢ÒÌμ¤*

„²¨´ 
μ¸² ¡²¥´¨Ö

¸¢¥É  ¢ ¥ · §,
³

�´¥·£¥É¨Î¥¸±μ¥
· §·¥Ï¥´¨¥, %

¸Í¨´É¨²²ÖÉμ· 
�¥·¢¨Î´ Ö ‚Éμ·¨Î´ Ö

¤μ¡ ¢± , % PPO ¤μ¡ ¢± , %
0,5 0,0025 ����� 1,02 9,8 7,95
0,5 0,0025 ¤¨³¥É¨²-����� 1,00 3,0 7,96
0,5 0,0025 bis-MSB 1,02 9,8 7,92

ÅÅÅÅÅÅÅÅÄ
∗ �É´μ¸¨É¥²Ó´μ ¦¨¤±μ£μ ¸Í¨´É¨²²ÖÉμ·  ¸μ¸É ¢ : · ¸É¢μ·¨É¥²Ó Å ¶¸¥¢¤μ±Ê³μ²; ¶¥·¢¨Î´ Ö

¤μ¡ ¢±  Å PPO (5 £/²); ¢Éμ·¨Î´ Ö ¤μ¡ ¢±  Å bis-MSB (10 ³£/²).

’ ±¨³ μ¡· §μ³, ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨³¨ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ±μ³¶μ§¨Í¨¨ ´ 
μ¸´μ¢¥ ����� ¨ bis-MSB.

‡�Š‹
—…�ˆ…

�¶É¨³¨§¨·μ¢ ´ ¸μ¸É ¢ ´μ¢ÒÌ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ´  μ¸´μ¢¥ ²¨´¥°´μ£μ  ²±¨²-
¡¥´§μ² . �μ²ÊÎ¥´´Ò¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ³ É¥·¨ ²Ò μ¡² ¤ ÕÉ ±μ³¶²¥±¸μ³ ¸¢μ°¸É¢, ¶μ-
§¢μ²ÖÕÐ¨Ì ·¥±μ³¥´¤μ¢ ÉÓ ¨Ì ± ¨¸¶μ²Ó§μ¢ ´¨Õ ¢ ±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥-
·¨³¥´É Ì ¶μ ·¥£¨¸É· Í¨¨ ´¥°É·¨´μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ, £· ´ÉÒ º06-02-39010-ƒ”…�   ¨ º10-02-
91159-ƒ”…�  .
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