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�·¥¤¸É ¢²¥´Ò Ì · ±É¥·¨¸É¨±¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  ¸ ³ É·¨Í ³¨ ¨§
±·¥³´¨¥¢ÒÌ ËμÉμÊ³´μ¦¨É¥²¥° (Š”�“) ¢ ± Î¥¸É¢¥ ³´μ£μ± ´ ²Ó´ÒÌ ËμÉμ¶·¨¥³´¨±μ¢.
� ¸¸³ É·¨¢ ¥É¸Ö ¤¥É¥±Éμ·, ¢ ±μÉμ·μ³ ³ É·¨ÍÒ ¨§ Š”�“, ¶·¨±·¥¶²¥´´Ò¥ ´¥¶μ¸·¥¤-
¸É¢¥´´μ ± ¶² ¸É¨Î¥¸±μ³Ê ¸Í¨´É¨²²ÖÉμ·Ê, ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶μ²ÊÎ¥´¨Ö μ¡· §  ¸μ¡ÒÉ¨Ö
¢ ¥£μ μ¡Ñ¥³¥.

The results of characterization study of the scintillation detector with SiPMs matrices
as multichannel photosensors are presented. The SiPMs matrices attached to a plastic scin-
tillator give a snapshot of the glowing track of charged particle traversing the scintillator.
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Œ É·¨ÍÒ ¨§ Š”�“, ± ± ËμÉμ´´Ò¥ ±μμ·¤¨´ É´Ò¥ ¤¥É¥±Éμ·Ò, ¶μ§¢μ²ÖÕÉ
¶μ²ÊÎ ÉÓ ¸´¨³±¨ ¸¢¥ÉÖÐ¨Ì¸Ö É·¥±μ¢, ¶·μÌμ¤ÖÐ¨Ì Î¥·¥§ ¸Í¨´É¨²²ÖÉμ· § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨Ì ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ±μ²²¥±Éμ·μ³ μ¶É¨-
Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö. �μ¤μ¡´Ò° ³¥Éμ¤ ¸Ñ¥³  ¨´Ëμ·³ Í¨¨ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ
· §¤¥²ÖÉÓ ¨ ¨§ÊÎ ÉÓ · §²¨Î´Ò¥ É¨¶Ò ¸μ¡ÒÉ¨° (¢§ ¨³μ¤¥°¸É¢¨Ö Î ¸É¨Í) ¢ ¸Í¨´-
É¨²²ÖÍ¨μ´´μ³ ¤¥É¥±Éμ·¥. �¦¨¤ ¥É¸Ö, ÎÉμ ¶·¥¤² £ ¥³ Ö ³¥Éμ¤¨±  ·¥£¨¸É· Í¨¨
Î ¸É¨Í ³μ¦¥É μ± § ÉÓ¸Ö ¶μ²¥§´μ° ¶·¨ ¸μ§¤ ´¨¨ ´μ¢ÒÌ ¡μ²ÓÏ¨Ì ¤¥É¥±Éμ·μ¢
¤²Ö ´¥°É·¨´´μ°  ¸É·μË¨§¨±¨ ¨ £¥μË¨§¨±¨ [1]. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ˆŸˆ
��� · §· ¡ ÉÒ¢ ¥É¸Ö ¶·μÉμÉ¨¶ É ±μ£μ ¤¥É¥±Éμ· , ¢ ±μÉμ·μ³ ¢ ± Î¥¸É¢¥ Ëμ-
Éμ¶·¨¥³´¨±μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³ É·¨ÍÒ ArrayC-60035-65P-PCB Ë¨·³Ò SensL,
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¸μ¸ÉμÖÐ¨¥ ¨§ 64 ¨´¤¨¢¨¤Ê ²Ó´ÒÌ Š”�“ ¸¥·¨¨ C [2, 3]. Œ ±¸¨³Ê³ ÎÊ¢-
¸É¢¨É¥²Ó´μ¸É¨ Š”�“ ¸¥·¨¨ C ¸μ¢¶ ¤ ¥É ¸ ³ ±¸¨³Ê³μ³ ¸¶¥±É·  ¨¸¶Ê¸± ´¨Ö
¨¸¶μ²Ó§Ê¥³μ£μ ´ ³¨ ¶² ¸É¨Î¥¸±μ£μ ¸Í¨´É¨²²ÖÉμ·  ´  μ¸´μ¢¥ ¶μ²¨¸É¨·μ²  ¸
 ±É¨¢ Éμ·μ³ PPO ¨ ¸³¥¸É¨É¥²¥³ ¸¶¥±É·  POPOP [4]. �·μ¢¥¤¥´´Ò¥ · ´¥¥ ¨§-
³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ÔÉ¨ ³ É·¨ÍÒ ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ ´¨§±¨° ¸μ¡¸É¢¥´´Ò°
£ ³³ -Ëμ´ ¨, ¢ ¶·¨´Í¨¶¥, ³μ£ÊÉ ¶·¨³¥´ÖÉÓ¸Ö ¢ ´¨§±μËμ´μ¢ÒÌ ¨§³¥·¥´¨ÖÌ [5].

1. �’Š‹ˆŠ Š”�“ �� �����‚‹…�ˆ… ��ˆ•�„� ”�’���‚

‚ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ· Ì ¸ ³ É·¨Í ³¨, ±μÉμ·Ò¥ ±·¥¶ÖÉ¸Ö ´¥¶μ-
¸·¥¤¸É¢¥´´μ ± ¸Í¨´É¨²²ÖÉμ·Ê, ËμÉμ´Ò ³μ£ÊÉ ¶·¨Ìμ¤¨ÉÓ ´  Š”�“ ¶μ¤ · §²¨Î-
´Ò³¨ Ê£² ³¨. �μÔÉμ³Ê ¶·¨  ´ ²¨§¥ ¤ ´´ÒÌ ¸ É ±¨Ì ¤¥É¥±Éμ·μ¢ ¢ ¦´μ §´ ÉÓ,
± ± ¶·¨ μ¤´μ³ ¨ Éμ³ ¦¥ ¸¢¥Éμ¢μ³ ¶μÉμ±¥ § ·Ö¤ ¢ ¨³¶Ê²Ó¸¥ ´  ¢ÒÌμ¤¥ Š”�“
§ ¢¨¸¨É μÉ Ê£²  θ ³¥¦¤Ê ´μ·³ ²ÓÕ ± ¶μ¢¥·Ì´μ¸É¨ Š”�“ ¨ ´ ¶· ¢²¥´¨¥³
¶·¨Ìμ¤  ËμÉμ´μ¢. �±¸¶¥·¨³¥´É ²Ó´ Ö ¶·μ¢¥·±  ¢μ§³μ¦´μ£μ ¢²¨Ö´¨Ö ´ ¶· ¢-
²¥´¨Ö ¶·¨Ìμ¤  ËμÉμ´μ¢ ´  ±¢ ´Éμ¢ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ±·¥³´¨¥¢ÒÌ ”�“ ¡Ò² 
¶·μ¢¥¤¥´  ¤²Ö É·¥Ì §´ Î¥´¨° ¤²¨´Ò ¢μ²´Ò ¸¢¥É : 470, 430 ¨ 400 ´³. Œ É·¨Í 
§ ¸¢¥Î¨¢ ² ¸Ó μ¤´μ·μ¤´Ò³ ¸² ¡Ò³ ¸¢¥Éμ¢Ò³ ¶ÊÎ±μ³ μÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¸¢¥-
Éμ¤¨μ¤ , ±μÉμ·Ò° · ¡μÉ ² ¢ ·¥¦¨³¥, ±μ£¤  μ¤´μ¢·¥³¥´´μ ¸· ¡ ÉÒ¢ ²¨ ´¥ ¡μ-
²¥¥ 2% μÉ ¶μ²´μ£μ Î¨¸²  ³¨±·μ¶¨±¸¥²¥° Š”�“. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó
¸ ¶μ³μÐÓÕ ¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò ´  μ¸´μ¢¥ ‡–� V792 [6]. ‡ ·Ö¤ ¨³-
¶Ê²Ó¸μ¢ ¸ Š”�“ ¨§³¥·Ö²¸Ö ¤²Ö · §²¨Î´ÒÌ ´ ¶· ¢²¥´¨° ¶·¨Ìμ¤  ¸¢¥É  ¶·¨
μ¤¨´ ±μ¢ÒÌ ¸¢¥Éμ¢ÒÌ ¶μÉμ± Ì. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò
·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¤²Ö ¤²¨´Ò ¢μ²´Ò 430 ´³. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ § ·Ö¤  ¢ ¨³¶Ê²Ó¸¥ Š”�“ μÉ ´ ¶· ¢²¥´¨Ö ¶·¨Ìμ¤  ËμÉμ´μ¢ ¤²Ö
¤²¨´Ò ¢μ²´Ò 430 ´³



40 „‡�����‚� ˆ.Œ. ˆ „�.

¤²Ö ¢¸¥Ì É·¥Ì §´ Î¥´¨° ¤²¨´Ò ¢μ²´Ò ¶μ± §Ò¢ ÕÉ μÉ±²μ´¥´¨¥ μÉ μ¦¨¤ ¥³μ£μ
¢¸²¥¤¸É¢¨¥ ¨§³¥´¥´¨Ö ¶²μÐ ¤¨ ËμÉμ± Éμ¤  Š”�“ § ¢¨¸¨³μ¸É¨ cos (θ) ¨ Ë¨-
É¨·ÊÕÉ¸Ö ËÊ´±Í¨¥° cos (θ) − κ × sin3(θ). ‚¥²¨Î¨´  κ ¤²Ö 470, 430 ¨ 400 ´³
· ¢´ , ¸μμÉ¢¥É¸É¢¥´´μ, 0,07, 0,11 ¨ 0,11.

2. ‘–ˆ�’ˆ‹‹Ÿ–ˆ���›‰ „…’…Š’�� ‘ Œ�’�ˆ–�Œˆ ˆ‡ Š”�“

„¥É¥±Éμ· ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¡·Ê¸μ± ¶² ¸É¨Î¥¸±μ£μ ¸Í¨´É¨²²ÖÉμ·  · §³¥-
·μ³ 59 × 59 × 50 ³³, ¶·μ¸³ É·¨¢ ¥³Ò° ¤¢Ê³Ö ³ É·¨Í ³¨ ArrayC-60035-65P-
PCB, ±μÉμ·Ò¥ ±·¥¶ÖÉ¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ± ¸Í¨´É¨²²ÖÉμ·Ê ¸¢¥·ÌÊ ¨ ¸¡μ±Ê.
„²Ö  ³¶²¨ÉÊ¤´μ° ± ²¨¡·μ¢±¨ Š”�“ ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¸¶¥±É·  Ô´¥·-
£μ¢Ò¤¥²¥´¨° ¢ ¤¥É¥±Éμ·¥ μÉ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¨ ¸¶¥±É·μ¢ ¶μ Î¨-
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�¨¸. 2. � ¸Î¥É´Ò¥ ¸¶¥±É·Ò ¶μ Î¨¸²Ê ËμÉμÔ²¥±É·μ´μ¢ ¤²Ö ³ É·¨ÍÒ, ¶·μ¸³ É·¨¢ ÕÐ¥°
¸Í¨´É¨²²ÖÉμ· ¸¢¥·ÌÊ

а

б

�¨¸. 3. ˆ§μ¡· ¦¥´¨¥ É· ¥±Éμ·¨¨ ³Õμ´ , ¶·μÌμ¤ÖÐ¥£μ
Î¥·¥§ ¡·Ê¸μ± ¸Í¨´É¨²²ÖÉμ· :  ) ´  ³ É·¨Í¥, ¶·μ¸³ -
É·¨¢ ÕÐ¥° ¸Í¨´É¨²²ÖÉμ· ¸¢¥·ÌÊ; ¡) ´  ³ É·¨Í¥, ¶·μ-
¸³ É·¨¢ ÕÐ¥° ¸Í¨´É¨²²ÖÉμ· ¸¡μ±Ê
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¸²Ê ËμÉμÔ²¥±É·μ´μ¢ ¢ ± ¦¤μ³ Š”�“. � ¨¡μ²¥¥ ¢¥·μÖÉ´μ¥ Ô´¥·£μ¢Ò¤¥²¥´¨¥
¢ ¡·Ê¸±¥ ¸Í¨´É¨²²ÖÉμ·  μÉ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸μ¸É ¢²Ö¥É 10,5 ŒÔ‚.
�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò · ¸Î¥É´Ò¥ ¸¶¥±É·Ò ¶μ Î¨¸²Ê ËμÉμÔ²¥±É·μ´μ¢ ¤²Ö ¸Ê³³Ò
¢¸¥Ì Š”�“ ³ É·¨ÍÒ, ¶·μ¸³ É·¨¢ ÕÐ¥° ¸Í¨´É¨²²ÖÉμ· ¸¢¥·ÌÊ. ˆ§ ·¨¸Ê´± 
¢¨¤´μ, ÎÉμ ¶·¨  ³¶²¨ÉÊ¤´μ° ± ²¨¡·μ¢±¥ ¤¥É¥±Éμ·  ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ § -
¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò § ·Ö¤  ´  ¢ÒÌμ¤¥ Š”�“ μÉ Ê£²  θ.

�  ·¨¸. 3 ¶·¨¢¥¤¥´μ ¨§μ¡· ¦¥´¨¥ É· ¥±Éμ·¨¨ ¶·μÌμ¤ÖÐ¥£μ Î¥·¥§ ¡·Ê¸μ±
¸Í¨´É¨²²ÖÉμ·  ³Õμ´  ´  ¶·μ¸³ É·¨¢ ÕÐ¨Ì μ¡Ñ¥³ ¸Í¨´É¨²²ÖÉμ·  ³ É·¨Í Ì.
‡¤¥¸Ó ´  ·¨¸.   Å ¢¨¤ ¸¢¥·ÌÊ (³ É·¨Í  ¶·¨±·¥¶²¥´  ± ¢¥·Ì´¥° ¶μ¢¥·Ì´μ¸É¨
¸Í¨´É¨²²ÖÉμ· ), ´  ·¨¸. ¡ Å ¢¨¤ ¸¡μ±Ê (³ É·¨Í  ¶·¨±·¥¶²¥´  ± ¡μ±μ¢μ° £· ´¨
¸Í¨´É¨²²ÖÉμ· ).

‡�Š‹�—…�ˆ…

�·¨¢¥¤¥´Ò ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§ÊÎ¥´¨Ö Ì · ±É¥·¨¸É¨± ¸Í¨´-
É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  ¸ ³ É·¨Í ³¨ ¨§ Š”�“ ¢ ± Î¥¸É¢¥ ³´μ£μ± ´ ²Ó´ÒÌ
ËμÉμ¶·¨¥³´¨±μ¢. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³ É·¨ÍÒ ArrayC-60035-64P-PCB,
±μÉμ·Ò¥ ±·¥¶ÖÉ¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ± ¶² ¸É¨Î¥¸±μ³Ê ¸Í¨´É¨²²ÖÉμ·Ê. �μ± -
§ ´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ¨§μ¡· ¦¥´¨Ö ¸¢¥ÉÖÐ¨Ì¸Ö É·¥±μ¢ ¶·μÌμ¤ÖÐ¨Ì
Î¥·¥§ ¸Í¨´É¨²²ÖÉμ· § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É 14-22-03075).
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