
�¨¸Ó³  ¢ �—�Ÿ. 2019. ’. 16, º 6(225). ‘. 620Ä626

Œ…’�„ˆŠ� ”ˆ‡ˆ—…‘Š�ƒ� �Š‘�…�ˆŒ…�’�

ˆ‡Œ…�…�ˆ… ‚�…Œ…�ˆ ���‹…’� ‡��Ÿ†…��›•
—�‘’ˆ– ‚�…Œ…��›Œ „…’…Š’���Œ

�� �‘��‚… ŒŠ� „‹Ÿ “‘’���‚Šˆ Œ�‚�

„.�§´ ¡ ¥¢  , ¡, 1, ‚. ˆ.‘³¨·´μ¢  , �. ˆ¸ Éμ¢  , ¢,
Š.Œ¥´¤¨¡ ¥¢  , ¡, ’. ˆ¸ É ¥¢  , ¡

  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨, �²³ -�É , �¥¸¶Ê¡²¨±  Š § Ì¸É ´

¡ …¢· §¨°¸±¨° ´ Í¨μ´ ²Ó´Ò° Ê´¨¢¥·¸¨É¥É ¨³.‹. �. ƒÊ³¨²¥¢ , �Ê·-‘Ê²É ´

‚ · ³± Ì ¨§ÊÎ¥´¨Ö ¢·¥³Ö¶·μ²¥É´μ£μ ³¥Éμ¤  ¡Ò²  ¸μ§¤ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³  ¤²Ö ¶·μ-
¢¥¤¥´¨Ö É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨° ¨ ¶μ²ÊÎ¥´Ò ¶¥·¢Ò¥ É¥¸Éμ¢Ò¥ ¤ ´´Ò¥, ¢ ¶μ²´μ° ³¥·¥ ¤¥³μ´¸É·¨·ÊÕ-
Ð¨¥ ÔËË¥±É¨¢´ÊÕ · ¡μÉÊ ¤ ´´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö. ‚ ± Î¥¸É¢¥ ¸É ·Éμ¢μ£μ ¤¥É¥±Éμ·  ¨¸¶μ²Ó§μ¢ ²¸Ö
ŒŠ�-¤¥É¥±Éμ·. ‚μ ¢·¥³Ö · ¡μÉÒ ´  ¤ ´´μ° Ê¸É ´μ¢±¥ ¡Ò²μ ¨§³¥·¥´μ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¢
§ ¢¨¸¨³μ¸É¨ μÉ · §²¨Î´ÒÌ ¶ · ³¥É·μ¢ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° (³ ¸¸Ò, § ·Ö¤ , Ô´¥·£¨¨). �·μ¢¥¤¥´Ò
¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢ ¤¥É¥±Éμ·  ´  Ê¸±μ·¨É¥²¥ ˆ–-100 (‹Ÿ�, �ˆŸˆ). �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¤²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ³ ¸¸.

As part of the study of the time-of-	ight method, an appropriate system was created and the ˇrst
test data were obtained, fully demonstrating the effective operation of this equipment. An MCP detector
was used as the start detector. During the work at this facility, the temporal resolution was measured
depending on various parameters of the reaction products (mass, charge, and energy). Measurements
were made of the detector characteristics at the IC-100 accelerator (FLNR, JINR). The obtained results
have demonstrated a high temporal resolution for charged particles in a wide mass range.
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�±¸¶¥·¨³¥´ÉÒ ´  ¶ÊÎ± Ì · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· Å ´ ¶· ¢²¥´¨¥ Ö¤¥·´μ° Ë¨§¨±¨, ±μ-
Éμ·μ¥ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¸Ó³  ¨´É¥´¸¨¢´μ · §¢¨¢ ¥É¸Ö. ˆ¸¶μ²Ó§μ¢ ´¨¥ É ±¨Ì ¶ÊÎ±μ¢
¢ ¸μ¢·¥³¥´´ÒÌ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¸¢Ö§ ´μ ¸ ´¥±μÉμ·Ò³¨ ¶·μ¡²¥³ ³¨,
É ±¨³¨ ± ± ¶μ²ÊÎ¥´¨¥ ¸ ³¨Ì ¶ÊÎ±μ¢ ´¥μ¡Ìμ¤¨³μ° ¨´É¥´¸¨¢´μ¸É¨, Ê¸±μ·¥´¨¥ ¨Ì ¤μ É·¥-
¡Ê¥³μ° Ô´¥·£¨¨ ¨ ·¥£¨¸É· Í¨Ö ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°. ‡ ¤ Î¨ ·¥£¨¸É· Í¨¨ ¨ ¤ ²Ó-
´¥°Ï¥£μ ¨§ÊÎ¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¢ ¸¨²Ê ¸²μ¦´μ¸É¨ Ô±¸¶¥·¨³¥´Éμ¢ (¡μ²ÓÏμ£μ ³´μ-
£μμ¡· §¨Ö ± ´ ²μ¢ ·¥ ±Í¨°, ¶·¨¸ÊÉ¸É¢¨Ö ´¥°É·μ´´μ£μ ¨ £ ³³ -Ëμ´  ¨ É. ¤.) ¶·¥¤ÑÖ¢²ÖÕÉ
μ¸μ¡Ò¥ É·¥¡μ¢ ´¨Ö ± Ì · ±É¥·¨¸É¨± ³ ¨¸¶μ²Ó§Ê¥³μ°  ¶¶ · ÉÊ·Ò. �Éμ ¸¢Ö§ ´μ ¸ ´¨§±¨³
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¢ÒÌμ¤μ³ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ´¨§±μ° ¨´É¥´¸¨¢´μ¸É¨ (102Ä104 ¸−1). �μÔÉμ³Ê
¶μ¸É ´μ¢±  Ô±¸¶¥·¨³¥´Éμ¢ É·¥¡Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´μ°  ¶¶ · ÉÊ·Ò, μÉ¢¥Î ÕÐ¥° μ¶·¥-
¤¥²¥´´Ò³ Ê¸²μ¢¨Ö³. ‘·¥¤¨ ´¨Ì: ¢Ò¸μ±μ¥ · §·¥Ï¥´¨¥ ¶μ Ô´¥·£¨¨ ¨ ¢·¥³¥´¨ ¶·μ²¥É ,
¢Ò¸μ±¨° ±μÔËË¨Í¨¥´É μÎ¨¸É±¨ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ μÉ ¶¥·¢¨Î´μ£μ ¶ÊÎ± , ¨´É¥´¸¨¢´μ¸ÉÓ
±μÉμ·μ£μ ¢ÒÏ¥ ´  ¶μ·Ö¤±¨ [1]. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ μ¤´¨³ ¨§ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ ¨¸-
¶μ²Ó§Ê¥³ÒÌ ³¥Éμ¤μ¢ μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ Î ¸É¨ÍÒ Ö¢²Ö¥É¸Ö ³¥Éμ¤ ¢·¥³¥´¨ ¶·μ²¥É  [2],
±μÉμ·Ò° § ±²ÕÎ ¥É¸Ö ¢ μ¶·¥¤¥²¥´¨¨ Ô´¥·£¨¨ Î ¸É¨ÍÒ EK ¶μ ¢·¥³¥´¨ ¶·μ²¥É  t, ±μÉμ·μ¥
μ´  § É· É¨É ´  ¶·¥μ¤μ²¥´¨¥ Ë¨±¸¨·μ¢ ´´μ£μ · ¸¸ÉμÖ´¨Ö L [3]:

EK =
E0β

2

(1 +
√

1 − β2 − β2)
, (1)

£¤¥ E0 = m0c
2 Å Ô´¥·£¨Ö ¶μ±μÖ ¨μ´μ¢; V = L/t Å ¸±μ·μ¸ÉÓ ¨μ´μ¢; β = V/c Å

μÉ´μ¸¨É¥²Ó´ Ö ¸±μ·μ¸ÉÓ ¨μ´μ¢.
‚·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò ³¥¦¤Ê ¸¨£´ ² ³¨ ¤¥É¥±Éμ·μ¢ ´¥¸ÊÉ ¢ ¦´ÊÕ Ë¨§¨Î¥¸±ÊÕ ¨´Ëμ·-

³ Í¨Õ (μ ¶¥·¨μ¤¥ ¶μ²Ê· ¸¶ ¤  Ö¤¥·, ¢·¥³¥´¨ ¦¨§´¨ ¢μ§¡Ê¦¤¥´´ÒÌ ¸μ¸ÉμÖ´¨°, ¸±μ·μ¸É¨
Î ¸É¨Í ¨ É. ¤.). Œ¥Éμ¤ ³¨ ¢·¥³¥´´μ£μ  ´ ²¨§  ³μ¦´μ ¨§ÊÎ ÉÓ ¤¨´ ³¨±Ê Ë¨§¨Î¥¸±¨Ì ¶·μ-
Í¥¸¸μ¢, ¢μ¸¸É ´ ¢²¨¢ ÉÓ ¶·μ¸É· ´¸É¢¥´´ÊÕ ± ·É¨´Ê Ö¢²¥´¨°, μÉ¤¥²ÖÉÓ ¶μ²¥§´Ò¥ ¸μ¡ÒÉ¨Ö
μÉ Ëμ´μ¢ÒÌ ¨ É. ¤.

‚ ¦´Ò³ Ô²¥³¥´Éμ³ ³¥Éμ¤  ¢·¥³¥´¨ ¶·μ²¥É  Ö¢²Ö¥É¸Ö ¸É ·Éμ¢Ò° ¤¥É¥±Éμ·, ±μÉμ·Ò°
¤μ²¦¥´ μ¡² ¤ ÉÓ ¢Ò¸μ±¨³ ¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³, ³¨´¨³ ²Ó´Ò³¨ Éμ·³μ§´Ò³¨ ¶μÉ¥-
·Ö³¨ ¶·¨ ·¥£¨¸É· Í¨¨ ÉÖ¦¥²ÒÌ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨°, ´¨§±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ± Ëμ´Ê
²¥£±¨Ì Î ¸É¨Í ¨ ¸Éμ°±μ¸ÉÓÕ ± · ¤¨ Í¨μ´´Ò³ ¶μ¢·¥¦¤¥´¨Ö³.

‚ · ³± Ì ¨§ÊÎ¥´¨Ö ¤ ´´μ£μ ³¥Éμ¤  ¶¥·¢μ´ Î ²Ó´μ ¡Ò²  ¶μ¸É ¢²¥´  § ¤ Î  ¸μ§¤ -
´¨Ö ¸¨¸É¥³Ò ¤²Ö ¶·μ¢¥¤¥´¨Ö É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨° ¢·¥³¥´¨ ¶·μ²¥É  α-Î ¸É¨ÍÒ ¢ ¢ ±ÊÊ³-
´μ° ± ³¥·¥. ‚·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  μ¶·¥¤¥²Ö²μ¸Ó ¨§ ¢·¥³Ö¶·μ²¥É´μ£μ ¸¶¥±É· 
α-Î ¸É¨Í 226Ra, ¨§³¥·¥´´μ£μ ¤¢Ê³Ö ¨¤¥´É¨Î´Ò³¨ ŒŠ�-¤¥É¥±Éμ· ³¨ ´  ¶·μ²¥É´μ° ¡ §¥
10 ¸³, ¨ ¸μ¸É ¢¨²μ 355 ¶¸.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  Ê¸É ´μ¢± , ¨¸¶μ²Ó§μ¢ ´´ Ö ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É 
α-Î ¸É¨ÍÒ.

�¨¸. 1. ’¥¸Éμ¢ Ö Ê¸É ´μ¢±  ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É :  ) ¢ ±ÊÊ³´ Ö ± ³¥· ; ¡) ¸¨¸É¥³  ¸¡μ· 
¤ ´´ÒÌ
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‚ ± Î¥¸É¢¥ ¸É ·Éμ¢μ£μ ¤¥É¥±Éμ·  ¢ ¤ ´´μ° · ¡μÉ¥ ¡Ò² ¢Ò¡· ´ ŒŠ�-¤¥É¥±Éμ·
(¤¥É¥±Éμ· ´  μ¸´μ¢¥ ³¨±·μ± ´ ²Ó´ÒÌ ¶² ¸É¨´) [5]. „¥É¥±Éμ· ¸μ¸Éμ¨É ¨§ ±μ´¢¥·¸¨μ´´μ°
Ëμ²Ó£¨, Ê¸±μ·ÖÕÐ¥° ¸¥É±¨, Ô²¥±É·μ¸É É¨Î¥¸±μ£μ §¥·± ² , ¸¡μ·±¨ ³¨±·μ± ´ ²Ó´ÒÌ ¶² -
¸É¨´ (ŒŠ�). �·¨´Í¨¶ · ¡μÉÒ É ±μ£μ ¤¥É¥±Éμ·  ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³: ·¥£¨¸É·¨·Ê¥³ Ö
Î ¸É¨Í  ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ Ëμ²Ó£Ê ¢Ò¡¨¢ ¥É ¨§ ´¥¥ Ô²¥±É·μ´Ò. �³¨¸¸¨μ´´Ò¥ Ô²¥±-
É·μ´Ò Ê¸±μ·ÖÕÉ¸Ö ¢ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥ ³¥¦¤Ê Ëμ²Ó£μ° ¨ Ê¸±μ·ÖÕÐ¥° ¸¥É±μ° ¤μ Ô´¥·£¨¨
¶μ·Ö¤±  3 ±Ô‚. ‚ ¶·μ¸É· ´¸É¢¥ ³¥¦¤Ê ¤¢Ê³Ö Ô²¥±É·μ¸É É¨Î¥¸±¨³¨ §¥·± ² ³¨ Ê¸±μ·¥´´Ò¥
Ô²¥±É·μ´Ò · §¢μ· Î¨¢ ÕÉ¸Ö ´  90◦ ¨ ¶μ¸²¥ ÔÉμ£μ ¶μ¶ ¤ ÕÉ ´  ¸¡μ·±Ê ŒŠ�. �¥§ ¢¨¸¨³μ
μÉ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨ÍÒ Î¥·¥§ ¢Ìμ¤´ÊÕ Ëμ²Ó£Ê É· ¥±Éμ·¨¨ Ô²¥±É·μ´μ¢ ¨³¥ÕÉ μ¤´Ê ¨ ÉÊ
¦¥ ¤²¨´Ê §  ¸Î¥É ±μ´¸É·Ê±Í¨¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ §¥·± ² , ¶μÔÉμ³Ê ¢ÒÌμ¤´μ° ¢·¥³¥´-
´μ° ¸¨£´ ² ¤¥É¥±Éμ·  Ö¢²Ö¥É¸Ö ¶μ§¨Í¨μ´´μ ´¥§ ¢¨¸¨³Ò³.

‚ ± Î¥¸É¢¥ ¢Ìμ¤´μ° Ëμ²Ó£¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³ °² ·μ¢Ò¥ ¶²¥´±¨ Éμ²Ð¨´μ°
70Ä150 ³±£/¸³2 ¸ §μ²μÉÒ³ ¨²¨  ²Õ³¨´¨¥¢Ò³ ´ ¶Ò²¥´¨¥³ Éμ²Ð¨´μ° 20Ä30 ³±£/¸³2, § 
¸Î¥É ±μÉμ·μ£μ ¡Ê¤¥É §´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ÉÓ¸Ö ±μÔËË¨Í¨¥´É ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ Ô²¥±-
É·μ´μ¢. � §³¥· ¢Ìμ¤´μ° Ëμ²Ó£¨ ¨ · ¡μÎ¥° §μ´Ò ŒŠ� 20 × 30 ¨ 30 × 40 ³³. — ¸É¨Í 
¶·μÌμ¤¨É Î¥·¥§ ¢¸¥ ¶μ²Ö, μ¡· §μ¢ ´´Ò¥ ¸¥É± ³¨, ¶· ±É¨Î¥¸±¨ ´¥ μÉ±²μ´ÖÖ¸Ó μÉ ¸¢μ¥£μ
¶¥·¢μ´ Î ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö ¨ ´¥ ³¥´ÖÖ ´ Î ²Ó´μ° ¸±μ·μ¸É¨. 
² £μ¤ ·Ö ¨¸¶μ²Ó§μ¢ ´¨Õ
Éμ´±¨Ì ¶²¥´μ± ¢ ± Î¥¸É¢¥ ±μ´¢¥·¸¨μ´´ÒÌ Ëμ²Ó£ ¨§³¥´¥´¨¥ ´ ¶· ¢²¥´¨Ö Î ¸É¨ÍÒ ¨§-§ 
¸μÊ¤ ·¥´¨° ¸  Éμ³ ³¨ Ëμ²Ó£¨ ¶·¥´¥¡·¥¦¨³μ ³ ²μ.

Œ¨±·μ± ´ ²Ó´Ò¥ ¶² ¸É¨´Ò § ±·¥¶²¥´Ò ¢ ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ · ³± Ì ´ ¤ ³¥É ²²¨-
§¨·μ¢ ´´Ò³  ´μ¤μ³. ‚ÒÌμ¤´μ° ¸¨£´ ² ¸´¨³ ¥É¸Ö ¸  ´μ¤  ¨ ¤ ²¥¥ Ê¸¨²¨¢ ¥É¸Ö ¢ 10 · §
¶μ  ³¶²¨ÉÊ¤¥, ¶·¨ ÔÉμ³ Ë·μ´É ¢·¥³¥´´μ£μ ¸¨£´ ²  ¸μ¸É ¢²Ö¥É 1,5 ´¸. � ¶·Ö¦¥´¨¥ ´ 
ŒŠ�, ±μ´¢¥·¸¨μ´´ÊÕ Ëμ²Ó£Ê ¨ ¸¥É±¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ §¥·± ²  ¶μ¤ ¥É¸Ö Î¥·¥§ ¢Ò¸μ-
±μ¢μ²ÓÉ´Ò° ¤¥²¨É¥²Ó [4]. ‘Ì¥³  ŒŠ�-¤¥É¥±Éμ·  ¶μ± § ´  ´  ·¨¸. 2.

�¨¸. 2. ‘Ì¥³  ŒŠ�-¤¥É¥±Éμ·  [4]

�² ¸É¨´Ò ¨§£μÉ ¢²¨¢ ÕÉ¸Ö ¨§ ¸¢¨´Íμ¢μ£μ ¸É¥±²  Éμ²Ð¨´μ° 0,5Ä1 ³³. Œ¨±·μ± ´ ²Ó-
´Ò¥ ¶² ¸É¨´Ò ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸μÉμ¢Ò¥ ¸É·Ê±ÉÊ·Ò, μ¡· §μ¢ ´´Ò¥ ¡μ²ÓÏ¨³ Î¨¸²μ³
¸É¥±²Ö´´ÒÌ É·Ê¡μ± (± ´ ²μ¢) ¤¨ ³¥É·μ³ 5Ä15 ³±³ ¸ ¢´ÊÉ·¥´´¥° ¶μ²Ê¶·μ¢μ¤ÖÐ¥° ¶μ-
¢¥·Ì´μ¸ÉÓÕ, ¨³¥ÕÐ¥° ¸μ¶·μÉ¨¢²¥´¨¥ μÉ 20 ¤μ 1000 Œ�³ (·¨¸. 3). ’ ±¨³ μ¡· §μ³, ŒŠ�
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�¨¸. 3. ŒŠ�-¤¥É¥±Éμ· (±μ´¸É·Ê±Í¨Ö ¤¥É¥±Éμ·  μ¶É¨³¨§¨·μ¢ ´  ¸ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó´μ°

· ¡μÎ¥° μ¡² ¸É¨ ¶·¨ ³¨´¨³ ²Ó´μ³ · §³¥·¥)

¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¡μ·±Ê ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  (´¥¸±μ²Ó±μ ³¨²²¨μ´μ¢) ± ´ ²Ó´ÒÌ Ô²¥±-
É·μ´´ÒÌ Ê³´μ¦¨É¥²¥° [3, 4].

‚ ¤¥É¥±Éμ·¥ ´  μ¸´μ¢¥ ŒŠ� ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ¡²μ±¨ Ô²¥±É·μ´¨±¨:
1) ¶·¥¤Ê¸¨²¨É¥²Ó 1 ƒƒÍ (ORTEC 9306, preampliˇer, PF);
2) ¢Ò¸μ±μ¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö (ORTEC 556, HIGH VOLTAGE POWER

SUPPLY);
3) ¤¨¸±·¨³¨´ Éμ· (ORTEC 935, QUAD Constant Fraction Discriminator-200 MHz, CFD);
4) ¢·¥³Ö- ³¶²¨ÉÊ¤´Ò° ¶·¥μ¡· §μ¢ É¥²Ó (ORTEC 566, Time-to-Amplitude conver-

ter, TAC.
‘¨£´ ²Ò ¸É ·Éμ¢μ£μ ŒŠ�-¤¥É¥±Éμ·  ¨ ¸Éμ¶μ¢μ£μ ¤¥É¥±Éμ·  ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö PF

(¶·¥¤Ê¸¨²¨É¥²Ö) ¶μ¸ÉÊ¶ ÕÉ ´  CFD (¤¨¸±·¨³¨´ Éμ·). „ ²¥¥ ¸¨£´ ²Ò ¶μ¸ÉÊ¶ ÕÉ ´ 
TAC (¢·¥³Ö- ³¶²¨ÉÊ¤´Ò° ¶·¥μ¡· §μ¢ É¥²Ó) ®Start¯ ¨ ®Stop¯,   ¢ ¤ ²Ó´¥°Ï¥³ ¢ÒÌμ¤-
´μ° ¸¨£´ ² ¨¤¥É ´  ADC ( ´ ²μ£μ-Í¨Ë·μ¢μ° ¶·¥μ¡· §μ¢ É¥²Ó). „ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥
¸μ ¢¸¥Ì ³μ¤Ê²¥°, ¶¥·¥¤ ÕÉ¸Ö ¢ ¸¨¸É¥³Ê ´ ±μ¶²¥´¨Ö ¨´Ëμ·³ Í¨¨ (DAQ) ¨ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ Î¥·¥§ USB Å ¢ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥. Šμ³¶ÓÕÉ¥· �Š, ¸¢Ö§ ´´Ò° ¸ ŠŠ-
¨´É¥·Ë¥°¸μ³, ¶·μ¨§¢μ¤¨É § ¶¨¸Ó ¸μ¡ÒÉ¨° ¨ ¶μ§¢μ²Ö¥É ´ ± ¶²¨¢ ÉÓ ¸μ¡ÒÉ¨Ö ¸ ¶μ¸²¥-
¤ÊÕÐ¨³ μÉ¡μ·μ³ ¸μ£² ¸´μ ¶·¨¢¥¤¥´´μ° ¢ÒÏ¥ ²μ£¨±¥. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ ¢¨¤¥
¡¨´ ·´ÒÌ Ë °²μ¢ ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¤ ²Ó´¥°Ï¥£μ  ´ ²¨§  ¨ μ¡· ¡μÉ±¨ ¤ ´-
´ÒÌ. �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  Ô²¥±É·μ´´ Ö ¡²μ±-¸Ì¥³  μÉ ¶μ¸ÉÊ¶²¥´¨Ö ¸¨£´ ²  ¤μ ¸¨¸É¥³Ò
´ ¡μ·  ¤ ´´ÒÌ.


Ò²¨ ¶·μ¢¥¤¥´Ò É ±¦¥ ¨§³¥·¥´¨Ö ´  ¶·Ö³μ³ ¶ÊÎ±¥ 51V ¸ Ô´¥·£¨¥° EK =
1,2 ŒÔ‚/´Ê±²μ´ ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ ˆ–-100 (·¨¸. 5 ¨ 6). „ ´´μ¥ §´ Î¥´¨¥
Ô´¥·£¨¨ Ö¢²Ö¥É¸Ö · ¸Î¥É´Ò³ ¨ ³μ¦¥É ´¥³´μ£μ μÉ²¨Î ÉÓ¸Ö μÉ ·¥ ²Ó´μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢.

“¸±μ·¨É¥²Ó ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ μÉ ´¥μ´  (22Ne4+) ¤μ ±¸¥´μ´  (132Xe24+) ¸ Ë¨±-
¸¨·μ¢ ´´μ° Ô´¥·£¨¥° μ±μ²μ 1,2 ŒÔ‚/´Ê±²μ´ ¶·¨ Ê¸±μ·¥´¨¨ ´  4-° £ ·³μ´¨±¥ ¢Ò¸μ±μÎ ¸-
ÉμÉ´μ° (‚—) ¸¨¸É¥³Ò ¨ μ±μ²μ 0,6 ŒÔ‚/´Ê±²μ´ ¶·¨ Ê¸±μ·¥´¨¨ ´  6-° £ ·³μ´¨±¥ ‚— [7].

„²¨´  ¢·¥³Ö¶·μ²¥É´μ° ¡ §Ò Ê¸É ´μ¢±¨ ¸μ¸É ¢¨²  L = 280 ³³,   ¢·¥³Ö ¶·μ²¥É  Î ¸É¨-
Í¥° ÔÉμ£μ · ¸¸ÉμÖ´¨Ö Å t = 20 ´¸.
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�¨¸. 4. 
²μ±-¸Ì¥³  Ô²¥±É·μ´¨±¨

�¨¸. 5. “¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ˆ–-100 [8]

�¨¸. 6. � ¸¶μ²μ¦¥´¨¥ ¤¥É¥±Éμ·μ¢



ˆ§³¥·¥´¨¥ ¢·¥³¥´¨ ¶·μ²¥É  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢·¥³¥´´Ò³ ¤¥É¥±Éμ·μ³ 625

�¨¸. 7. ‚·¥³¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ (¤ ´´Ò¥ ¸ ˆ–-100)

�μ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ¤ ´´Ò¥ ¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §-
·¥Ï¥´¨¥ (Δt = 350 ¶¸) ¤²Ö 51V. Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Î ¸É¨ÍÒ ¸μ£² ¸´μ Ëμ·³Ê²¥ (1)
¸μ¸É ¢¨²  EK = 1,04 ŒÔ‚/´Ê±²μ´. �·¨ ÔÉμ³ · §²¨Î¨¥ §´ Î¥´¨° Ô´¥·£¨¨ ¶·Ö³μ£μ ¶ÊÎ±  ¨
Ô´¥·£¨¨, ¨§³¥·¥´´μ° ¶·¨ ¶μ³μÐ¨ ŒŠ�-¤¥É¥±Éμ· , § ±²ÕÎ ¥É¸Ö, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, ¢ Éμ³,
ÎÉμ ÔÉμ ¡Ò² ¶¥·¢Ò° μ¶ÒÉ Ê¸±μ·¥´¨Ö ¨μ´μ¢ 51V ´  ¤ ´´μ³ Í¨±²μÉ·μ´¥, ¨ ¤μ¶Ê¸É¨³Ò
¶μ£·¥Ï´μ¸É¨ ¶·¨ ¶μ¤¡μ·¥ μ¶É¨³ ²Ó´μ£μ ·¥¦¨³  Ê¸±μ·¥´¨Ö ¶ÊÎ± . �  ·¨¸. 7 ¶μ± § ´μ
¢·¥³¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥.

�…‡“‹œ’�’› ˆ �‹��ˆ�“…Œ›… ����’›

�·¨ ¤μ¢μ²Ó´μ ¢Ò¸μ±¨Ì É·¥¡μ¢ ´¨ÖÌ ± ·¥£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·¥ ¡Ò² ¢Ò¡· ´ ³¥Éμ¤
¢·¥³¥´¨ ¶·μ²¥É  ¤²Ö μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ Î ¸É¨Í. „²Ö ¶·μ¢¥¤¥´¨Ö É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨°
¡Ò²  ¸μ§¤ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¸¨¸É¥³ , ¶μ²ÊÎ¥´Ò ¶¥·¢Ò¥ É¥¸Éμ¢Ò¥ ¤ ´´Ò¥.


Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ ˆ–-100. �μ²ÊÎ¥´´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ ¤¥³μ´¸É·¨·ÊÕÉ ¢Ò¸μ±μ¥ ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í. �¥-
§Ê²ÓÉ ÉÒ ¶μ¤μ¡´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¨³¥ÕÉ ¶· ±É¨Î¥¸±μ¥ §´ Î¥´¨¥ ¤²Ö ¸μ¢·¥³¥´´ÒÌ Ö¤¥·´μ-
Ë¨§¨Î¥¸±¨Ì ¨§³¥·¥´¨°. ‚ Î ¸É´μ¸É¨, ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¤ ´´μ£μ Ô²¥±É·μ´´μ£μ
μ¡μ·Ê¤μ¢ ´¨Ö ± ± Î ¸É¨ ¸¨¸É¥³Ò ¸¡μ·  ¤ ´´ÒÌ Ö¤¥·´μ-Ë¨§¨Î¥¸±μ° Ê¸É ´μ¢±¨ Œ�‚�
(³ £´¨É´Ò°  ´ ²¨§ ¢Ò¸μ±μ£μ · §·¥Ï¥´¨Ö) [6].

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¶·μË¥¸¸μ·Ê �. �.�¥´¨μ´¦±¥¢¨ÎÊ, ‚.�. ‘±Ê· Éμ¢Ê
¨ £·Ê¶¶¥ Ô±¸¶²Ê É Í¨¨ Í¨±²μÉ·μ´  ˆ–-100 §  ¶μ²ÊÎ¥´¨¥ ± Î¥¸É¢¥´´ÒÌ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ
¨μ´μ¢.

„ ´´ Ö · ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì ¶·μ¥±É  ��” 12-01170 ¨ ¶μ¤¤¥·¦ ´  £· ´Éμ³
¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö ¶· ¢¨É¥²Ó¸É¢  �¥¸¶Ê¡²¨±¨ Š § Ì¸É ´ ¢ �ˆŸˆ.
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