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�μ¢ Ö ´¨§±μËμ´μ¢ Ö ² ¡μ· Éμ·¨Ö ¡Ò²  ¶ÊÐ¥´  ¢ ¸É·μ° ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨ ¢ –¥´-
É· ²Ó´μ° ”¨´²Ö´¤¨¨ ¢ ´ Î ²¥ 2017 £. ‹ ¡μ· Éμ·¨Ö · ¸¶μ²μ¦¥´  ´  £²Ê¡¨´¥ 1436 ³,
ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ∼ 4100 ³ ¢μ¤´μ£μ Ô±¢¨¢ ²¥´É  (³ ¢. Ô.). ‚ ¸É ÉÓ¥ μ¶¨¸ ´Ò μ¡μ·Ê-
¤μ¢ ´¨¥ ¨ ´¨§±μËμ´μ¢Ò¥ Ê¸²μ¢¨Ö ² ¡μ· Éμ·¨¨ Å Ê·μ¢¥´Ó · ¤¨μ ±É¨¢´μ£μ Ëμ´  μÉ
μ±·Ê¦ ÕÐ¥° ¶μ·μ¤Ò ¨ ¶μÉμ± ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ´  £²Ê¡¨´¥ ² ¡μ· Éμ·¨¨.
Š· É±μ μ¶¨¸Ò¢ ÕÉ¸Ö ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò¥ Ê¸É ´μ¢±¨, · §· ¡μÉ ´´Ò¥ ¤²Ö ¶·μ¢¥¤¥´¨Ö
´¨§±μËμ´μ¢ÒÌ ¨§³¥·¥´¨° ¸ ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ.

A new low background laboratory started to operate in the Pyhéasalmi mine in the
Central Finland in the beginning of 2017. The laboratory is located at the depth of 1436
meters corresponding to ∼ 4100 m of water equivalent (m w.e.). In this paper the existing
facility and low background conditions of the laboratory (radioactive background due to
surrounding rocks and 	ux of cosmic ray muons) are presented. We describe brie	y a
dedicated set-ups developed for low background measurements with high sensitivity.

PACS: 29.40.Mc; 85.60.Dw; 95.85.Ry
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˜ ÌÉ  �ÕÌ ¸ ²³¨ · ¸¶μ²μ¦¥´  ¢ –¥´É· ²Ó´μ° ”¨´²Ö´¤¨¨. Œ ±¸¨³ ²Ó-
´ Ö £²Ê¡¨´  Ï ÌÉÒ 1440 ³, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¡μ²¥¥ 4100 ³ ¢. Ô. ‚ ¸ ³μ°
Ï ÌÉ¥ ¨ ¢μ±·Ê£ ´¥¥ ¸ÊÐ¥¸É¢Ê¥É Ìμ·μÏμ · §¢¨É Ö ¨´Ë· ¸É·Ê±ÉÊ· . ‚Ò¸μ±μ£μ
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�¨¸. 1. ƒ¥μ£· Ë¨Î¥¸±μ¥ ³¥¸Éμ· ¸¶μ²μ¦¥´¨¥ Ï ÌÉÒ �ÕÌ ¸ ²³¨ ( ) ¨ ¥¥ ¢¥·É¨± ²Ó´Ò°
· §·¥§ (¡)

± Î¥¸É¢  Ïμ¸¸¥°´Ò¥ ¤μ·μ£¨ ¨ ¸¥ÉÓ ¦¥²¥§´ÒÌ ¤μ·μ£ ¸¢Ö§Ò¢ ÕÉ Ï ÌÉÊ ¸ ³¥¦-
¤Ê´ ·μ¤´Ò³¨  Ô·μ¶μ·É ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ¢ •¥²Ó¸¨´±¨ ¨ �Ê²Ê. ƒ¥μ£· Ë¨-
Î¥¸±μ¥ · ¸¶μ²μ¦¥´¨¥ ¨ ¢¥·É¨± ²Ó´Ò° · §·¥§ Ï ÌÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1,  
¨ ¡ ¸μμÉ¢¥É¸É¢¥´´μ. ‘ ³μ° £²Ê¡μ±μ° ÉμÎ±¨ Ï ÌÉÒ ³μ¦´μ ¤μ¸É¨ÎÓ ´  ÉÖ¦¥-
²μ³ £·Ê§μ¢μ³  ¢Éμ³μ¡¨²¥ §  ³¥´¥¥ Î¥³ 30 ³¨´, ¨¸¶μ²Ó§ÊÖ 11-±³ ¤μ·μ£Ê ¢
ÏÉμ²Ó´ÖÌ Ï ÌÉÒ, ¨²¨ §  3 ³¨´ ¸ ¶μ³μÐÓÕ ¸±μ·μ¸É´μ£μ ³μÐ´μ£μ ²¨ËÉ , ¸¶μ-
¸μ¡´μ£μ É· ´¸¶μ·É¨·μ¢ ÉÓ ∼ 21 É ¶μ·μ¤Ò ¨²¨ 20 Î¥²μ¢¥±. ‚ ¸ ³μ° £²Ê¡μ±μ°
Î ¸É¨ Ï ÌÉÒ É ±¦¥ ¸ÊÐ¥¸É¢ÊÕÉ ¸¨¸É¥³Ò ¸¢Ö§¨ ¢Ò¸μ±μ£μ ± Î¥¸É¢ , ¢±²ÕÎ Ö
μ¶Éμ¢μ²μ±μ´´Ò¥ ²¨´¨¨ ¸¢Ö§¨ ¨ ¸¥ÉÓ ³μ¡¨²Ó´μ° É¥²¥Ëμ´´μ° ¸¢Ö§¨.

‚¸¥ ¢ÒÏ¥¸± § ´´μ¥ ¤¥² ¥É Ï ÌÉÊ ¢¥¸Ó³  ¶·¨¢²¥± É¥²Ó´Ò³ ³¥¸Éμ³ ¤²Ö
· §³¥Ð¥´¨Ö ±·Ê¶´μ³ ¸ÏÉ ¡´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ  ¸É·μË¨§¨±¥ Î ¸É¨Í,
¢ Î ¸É´μ¸É¨, ´¥°É·¨´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. ˆ ¤¥°¸É¢¨É¥²Ó´μ, Ï ÌÉ  �ÕÌ ¸ ²³¨
Ê¦¥  ±É¨¢´μ μ¡¸Ê¦¤ ² ¸Ó ¢ ¸¢Ö§¨ ¸ ·Ö¤μ³ É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ± ±
LAGUNA Å ´¥°É·¨´´Ò° Ô±¸¶¥·¨³¥´É ¸ ¤²¨´´μ° ¡ §μ° ¨ LENA Å ³´μ-
£μÍ¥²¥¢μ° ±μ³¶²¥±¸´Ò° Ô±¸¶¥·¨³¥´É ¸ ´¥°É·¨´μ ´¨§±¨Ì Ô´¥·£¨°.



��‚�Ÿ �ˆ‡Š�”���‚�Ÿ ‹�
���’��ˆŸ ‚ ˜�•’… ��•�‘�‹Œˆ (”ˆ�‹Ÿ�„ˆŸ) 1353

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ±μ²² ¡μ· Í¨Ö, ¸μ¸ÉμÖÐ Ö ¨§ ´¥¸±μ²Ó±¨Ì Ë¨´¸±¨Ì ¨
·μ¸¸¨°¸±¨Ì Ê´¨¢¥·¸¨É¥Éμ¢ ¨ ¨´¸É¨ÉÊÉμ¢,  ±É¨¢´μ · ¡μÉ ¥É ¢ · §· ¡μÉ ´´μ³ ¨
¸μ§¤ ´´μ³ ¨³¨ Ô±¸¶¥·¨³¥´É¥ EMMA [1, 2]. „ ´´Ò° Ô±¸¶¥·¨³¥´É ¶·μ¢μ¤¨É¸Ö
¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨ ´  μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏμ° £²Ê¡¨´¥ 85 ³ (∼ 240 ³ ¢. Ô.).
‚ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¨§³¥·Ö¥É¸Ö ³´μ¦¥¸É¢¥´´μ¸ÉÓ ³Õμ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Ï¨-
·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´ÖÌ, ¤²Ö Éμ£μ ÎÉμ¡Ò ¨¸¸²¥¤μ¢ ÉÓ ³ ¸¸μ¢Ò° ¸μ¸É ¢
¶¥·¢¨Î´μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¢ μ¡² ¸É¨ Ô´¥·£¨° ¢μ±·Ê£ ¨§²μ³  ¥£μ
¸¶¥±É·  (É ± ´ §Ò¢ ¥³μ£μ ±μ²¥´ ) ¶·¨ ∼ 3 · 1015 Ô‚.

1. ��‚�Ÿ �ˆ‡Š�”���‚�Ÿ ‹�����’��ˆŸ
‚ ˜�•’… ��•�‘�‹Œˆ

� · ²²¥²Ó´μ ¸ ¶·μ¢¥¤¥´¨¥³ Ô±¸¶¥·¨³¥´É  EMMA ´¥¸±μ²Ó±μ ²¥É ´ § ¤
´ ³¨ ¡Ò²  ´ Î É  · §· ¡μÉ±  ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ ´  ³¥¸É¥ ¡μ²ÓÏμ°
¢Ò· ¡μÉ±¨ ´  £²Ê¡¨´¥ 1436 ³ (∼ 4100 ³ ¢. Ô.). �É  ² ¡μ· Éμ·¨Ö ¸´ ¡¦¥´ 
¢¥´É¨²ÖÍ¨¥°, Ô²¥±É·¨Î¥¸É¢μ³ ¨ ¸¢Ö§ ´  ¸ ² ¡μ· Éμ·¨¥° ´  ¶μ¢¥·Ì´μ¸É¨ ¸ ¶μ-
³μÐÓÕ μ¶Éμ¢μ²μ±μ´´μ£μ ± ¡¥²Ö. �μ¢ Ö ² ¡μ· Éμ·¨Ö ¶μ± § ´  ´  ·¨¸. 2.

‘μ¤¥·¦ ´¨¥ · ¤μ´  ¢ ² ¡μ· Éμ·¨¨ ´ Ìμ¤¨É¸Ö ´  Ê·μ¢´¥ ³¥´ÓÏ¥ Î¥³
20 
±/³3. Šμ´Í¥´É· Í¨¨ · ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢ 38U, 232Th, 40K ¢ ¶μ-
·μ¤¥, μ±·Ê¦ ÕÐ¥° ² ¡μ· Éμ·¨Õ (¢ ¸É¥´± Ì), ¡Ò²¨ ¨§³¥·¥´Ò ¢ ´¨§±μËμ´μ-
¢μ° ² ¡μ· Éμ·¨¨ ¢ 
 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ˆŸˆ ��� ¨ ¸μ¸É -
¢²ÖÕÉ:

238U � (7,8± 0,3) · 10−8 £/£,
232Th � (7,6± 1,5) · 10−8 £/£,
40K � (1,69± 0,02) · 10−7 £/£.

�¨¸. 2. �¨§±μËμ´μ¢ Ö ² ¡μ· Éμ·¨Ö ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨
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�¨¸. 3. Š·¨¢ Ö ¶μ£²μÐ¥´¨Ö ³Õμ´μ¢, ¨§³¥·¥´´ Ö ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨ [3]

Š·¨¢ Ö ¶μ£²μÐ¥´¨Ö ³Õμ´μ¢, ¨§³¥·¥´´ Ö [3] ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì Ï ÌÉÒ,
¶μ± § ´  ´  ·¨¸. 3. ˆ´É¥£· ²Ó´Ò° ¶μÉμ± ³Õμ´μ¢ ´  £²Ê¡¨´¥ 1390 ³, ´¥³´μ£¨³
¢ÒÏ¥ Ê·μ¢´Ö ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨, · ¢¥´

F = (1,1 ± 0,1) · 10−4 ³−2 · c−1.

� ¡μÉ  ´μ¢μ° ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ ´ Î ² ¸Ó ¸ ¨§³¥·¥´¨Ö ±μ´Í¥´É· Í¨¨
· ¤¨μ ±É¨¢´μ£μ ¨§μÉμ¶  14C ¢ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì.

2. ˆ‡Œ…�…�ˆŸ �’��˜…�ˆŸ 14C/12C
‚ †ˆ„Šˆ• ‘–ˆ�’ˆ‹‹Ÿ’���•

�·¨ ·¥£¨¸É· Í¨¨ ´¥°É·¨´μ ´¨§±¨Ì Ô´¥·£¨° ¸ ¶μ³μÐÓÕ ¦¨¤±¨Ì ¸Í¨´-
É¨²²ÖÉμ·μ¢ Ê²ÓÉ· ¢Ò¸μ±μ° μÎ¨¸É±¨ μ¸´μ¢´Ò³ ¨¸ÉμÎ´¨±μ³ Ëμ´  ¢Ò¸ÉÊ¶ ¥É
· ¤¨μ ±É¨¢´Ò° ¨§μÉμ¶ Ê£²¥·μ¤  14C. Šμ´Í¥´É· Í¨Ö ¤ ´´μ£μ ¨§μÉμ¶  ¢ ´¨§±μ-
Ëμ´μ¢ÒÌ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì ¡Ò²  ¨§³¥·¥´  ¢ ·Ö¤¥ ¸¶¥Í¨ ²¨§¨·μ¢ ´´ÒÌ
Ô±¸¶¥·¨³¥´Éμ¢, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ ¶μ± § ´Ò ¢ É ¡²¨Í¥. ‘Í¨´É¨²²ÖÉμ·Ò, ¨¸-
¶μ²Ó§μ¢ ¢Ï¨¥¸Ö ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì, ¡Ò²¨ ¸μ§¤ ´Ò ´  μ¸´μ¢¥  ±É¨¢´μ ¶·¨-
³¥´ÖÕÐ¨Ì¸Ö ¤μ ¶μ¸²¥¤´¥£μ ¢·¥³¥´¨  ·μ³ É¨Î¥¸±¨Ì μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨-
É¥²¥°, É ±¨Ì ± ± PC (¶¸¥¢¤μ±Ê³¥´, C9H12), PXE (Ë¥´¨²±¸¨²¨²ÔÉ ´, C16H18)
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Šμ´Í¥´É· Í¨Ö 14C, †¨¤±¨° ¸Í¨´É¨²²ÖÉμ·
�±¸¶¥·¨³¥´É ‘¸Ò²± ×10−18 ¨ Ë²Êμ·¥´É

1,94 ± 0,09 PC+PPO Borexino CTF [4]
9,1 ± 0,4 PXE+ p-Tp+β-MSB Borexino CTF [5]

3,98 ± 0,94 PC-¤μ¤¥± ´+PPO KamLAND [6]

12,6 ± 0,4 PXE+PPO ‘¶¥Í¨ ²¨§¨·μ¢ ´´ Ö [7]
Ê¸É ´μ¢± 

¨ ¸³¥¸¨ ¶¸¥¢¤μ±Ê³¥´  ¨ ¤μ¤¥± ´  (C12H26). �¤´ ±μ ¤μ ¸¥£μ¤´ÖÏ´¥£μ ¤´Ö ´¥É
¨§³¥·¥´¨° ±μ´Í¥´É· Í¨¨ 14‘ ¢ ´ ¡· ¢Ï¥³ ¶μ¶Ê²Ö·´μ¸ÉÓ ¦¨¤±μ³ ¸Í¨´É¨²²Ö-
Éμ·¥ ´  μ¸´μ¢¥ LAB (²¨´¥°´Ò°  ²±¨²¡¥´§μ², C6H5CnH2n+1, n = 10−16). �±-
ÉÊ ²Ó´μ¸ÉÓ ¶·μ¢¥¤¥´¨Ö É ±¨Ì ¨§³¥·¥´¨° ¤¨±ÉÊ¥É¸Ö É¥³, ÎÉμ ¢μ ³´μ£¨Ì Ï¨·μ-
±μ³ ¸ÏÉ ¡´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§Ê¥É¸Ö ¦¨¤±¨° ¸Í¨´É¨²²ÖÉμ· ´  μc´μ¢¥
LAB, ´ ¶·¨³¥·, SNO+ ¨ JUNO.

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö (Qβ) Ô²¥±É·μ´μ¢, ·μ¦¤ ÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥
β-· ¸¶ ¤  Ö¤·  14C, ¸μ¸É ¢²Ö¥É 156 ±Ô‚. �μÔÉμ³Ê ¶·¨ ¶μ¶ÒÉ±¥ ¶μ´¨¦¥-
´¨Ö ¶μ·μ£  ·¥£¨¸É· Í¨¨ ´¥°É·¨´μ ¤μ ∼ 100 ±Ô‚ ¨ ´¨¦¥ ¢ Ëμ´μ¢ÒÌ ¸μ¡ÒÉ¨ÖÌ
´ Î¨´ ÕÉ ¶·¥μ¡² ¤ ÉÓ ¸μ¡ÒÉ¨Ö μÉ · ¸¶ ¤  14C. �¤´ ±μ ¤ ¦¥ ¢ μ¡² ¸É¨ ¡μ²Ó-
Ï¨Ì Ô´¥·£¨° μ£·μ³´Ò¥ ³ ¸¸Ò ¨¸¶μ²Ó§Ê¥³μ£μ ¦¨¤±μ£μ ¸Í¨´É¨²²ÖÉμ·  ¢ É ±¨Ì
Ô±¸¶¥·¨³¥´É Ì (20 ±É ¢ ¸²ÊÎ ¥ Ô±¸¶¥·¨³¥´É  JUNO) ¶·¨¢μ¤ÖÉ ± Éμ³Ê, ÎÉμ ±μ´-
Í¥´É· Í¨Ö 14C ´  Ê·μ¢´¥ ∼ 10−15 £/£ ³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ ÊÌÊ¤Ï ÉÓ ÎÊ¢¸É¢¨-
É¥²Ó´μ¸ÉÓ É ±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¨§-§  ÔËË¥±É  ´ ²μ¦¥´¨° ¨³¶Ê²Ó¸μ¢. � ¶·¨-
³¥·, ¢ Ô±¸¶¥·¨³¥´É¥ Borexino ¢ ¶μ¤§¥³´μ° ² ¡μ· Éμ·¨¨ ƒ· ´-‘ ¸¸μ ¢ ˆÉ ²¨¨
¢ §´ Î¥´¨¨ ¸±μ·μ¸É¨ ¸Î¥É  É·¨££¥·´ÒÌ ¸μ¡ÒÉ¨° ¶·¥μ¡² ¤ ÕÉ ¸μ¡ÒÉ¨Ö μÉ · ¸-
¶ ¤  14C, Éμ£¤  ± ± ±μ´Í¥´É· Í¨Ö 14C ¢ ¸Í¨´É¨²²ÖÉμ·¥ Ô±¸¶¥·¨³¥´É  ±· °´¥
³ ²  ¨ ¸μ¸É ¢²Ö¥É ∼ 2 · 10−18 £/£).

ˆ¸Ìμ¤Ö ¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¤ ´´ÒÌ ¶μ ¨§³¥·¥´¨Ö³ ±μ´Í¥´É· Í¨¨ ¨§μÉμ¶ 
14‘ ¢ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì, ¶·μ¨§¢¥¤¥´´ÒÌ ¨§ ´¥ËÉ¨ ¨ £ § , ¤μ¡ÒÉÒÌ ¨§
¸É ·ÒÌ £²Ê¡μ±¨Ì ³¥¸Éμ·μ¦¤¥´¨° [9], ³μ¦´μ ¡Ò²μ ¡Ò ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ
¢μ§³μ¦´  · §· ¡μÉ±  ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ¸ ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ¥´´μ°
±μ´Í¥´É· Í¨¥° ¨§μÉμ¶  14C ¶·¨ ÉÐ É¥²Ó´μ³ ¢Ò¡μ·¥ ³¥¸Éμ·μ¦¤¥´¨° Ê£²¥-
¢μ¤μ·μ¤μ¢. ˆ§μÉμ¶ 14‘ ³μ¦¥É ¶·μ¨§¢μ¤¨ÉÓ¸Ö £² ¢´Ò³ μ¡· §μ³ ¢ ·¥ ±Í¨ÖÌ
14N(n; p)14C. ‚ ¶μ¤§¥³´ÒÌ Ê¸²μ¢¨ÖÌ ´¥°É·μ´´Ò° ¶μÉμ± ·μ¦¤ ¥É¸Ö ¢ · ¸¶ -
¤ Ì Ê· ´-Éμ·¨¥¢ÒÌ Í¥¶μÎ¥±. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ Î ÉÒ ¸¶¥Í¨ ²¨§¨·μ¢ ´-
´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¤²Ö ¨§³¥·¥´¨Ö ±μ´Í¥´É· Í¨¨ 14C ¢ μ¡· §Í Ì ´¥¸±μ²Ó±¨Ì
¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ´  ¡ §¥ μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨É¥²¥°, ¶·μ¨§¢¥¤¥´-
´ÒÌ ¨§ ´¥ËÉ¨, £ §  ¨ Ê£²Ö, ¤μ¡ÒÉÒÌ ¨§ · §²¨Î´ÒÌ ³¥¸Éμ·μ¦¤¥´¨°. –¥²ÓÕ
ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨° Ö¢²Ö¥É¸Ö ¶μ¨¸± ¨ μ¡´ ·Ê¦¥´¨¥ μ¡· §Íμ¢ ¸Í¨´É¨²²ÖÉμ·μ¢
¸ ±μ´Í¥´É· Í¨¥° 14C, ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥° Î¥³ 10−18 £/£. ’Ð É¥²Ó´Ò¥ ¨§-
³¥·¥´¨Ö ±μ´Í¥´É· Í¨¨ 14C ¢ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì ¢¥¤ÊÉ¸Ö μ¤´μ¢·¥³¥´´μ
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�¨¸. 4. �²¥³¥´ÉÒ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ° Ê¸É ´μ¢±¨ ¤²Ö ¨§³¥·¥´¨Ö ¢ ´¨§±μËμ´μ¢μ° ² -
¡μ· Éμ·¨¨ ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨ ±μ´Í¥´É· Í¨¨ ¨§μÉμ¶  14C ¢ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì:
 ) ¸¡μ·±  Ê¸É ´μ¢±¨; ¡) ´¨§±μËμ´μ¢Ò° ËμÉμÊ³´μ¦¨É¥²Ó ET9302B; ¢) ±¢ ·Í¥¢ Ö ¸É¥-
±²μμ¡μ²μÎ± 

¢ ´¨§±μËμ´μ¢ÒÌ ² ¡μ· Éμ·¨ÖÌ ¢ 
 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ˆŸˆ
��� [10] ¨ ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨ ¢ ”¨´²Ö´¤¨¨ [11].

Œ¥Éμ¤ ³¨ Ê¸±μ·¨É¥²Ó´μ° ³ ¸¸-¸¶¥±É·μ¸±μ¶¨¨ [12] ¢μ§³μ¦´μ ¨§³¥·¨ÉÓ
±μ´Í¥´É· Í¨¨ ¨§μÉμ¶μ¢ ¢¶²μÉÓ ¤μ 10−15 £/£. „²Ö ¨§³¥·¥´¨Ö ³¥´ÓÏ¨Ì ±μ´Í¥´-
É· Í¨° ´ ³¨ ¡Ò²  · §· ¡μÉ ´  ¸¶¥Í¨ ²¨§¨·μ¢ ´´ Ö ´¨§±μËμ´μ¢ Ö Ê¸É ´μ¢± ,
¶μ± § ´´ Ö ´  ·¨¸. 4,  . –¥´É· ²Ó´ Ö Î ¸ÉÓ ÔÉμ° Ê¸É ´μ¢±¨ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ
´¨§±μËμ´μ¢ÒÌ ËμÉμÊ³´μ¦¨É¥²¥° ³ ·±¨ ET9302B ¸ ËμÉμ± Éμ¤ ³¨ · §³¥· ³¨
78 ¸³ (·¨¸. 4, ¡), ¤¢ÊÌ ¸¢¥Éμ¢μ¤μ¢ ¨§ μ·£ ´¨Î¥¸±μ£μ ¸É¥±²  ¨ ±¢ ·Í¥¢μ° ¸É¥±²μ-
μ¡μ²μÎ±¨ μ¡Ñ¥³μ³ 1,6 ², ·¨¸. 4, ¢. ‘É¥±²μμ¡μ²μÎ±  ¨ ¸¢¥Éμ¢μ¤Ò μ¡¥·´ÊÉÒ ¤¨-
Ô²¥±É·¨Î¥¸±μ° ¶²¥´±μ° VM2000 ¸ ¢Ò¸μ±¨³ ±μÔËË¨Í¨¥´Éμ³ μÉ· ¦¥´¨Ö ¸¢¥É .
‚ ¡Ê¤ÊÐ¥³ ¶·¥¤Ê¸³ É·¨¢ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ËμÉμÊ³´μ¦¨É¥²¥° ¸ ¢Ò¸μ±μ°
±¢ ´Éμ¢μ° ÔËË¥±É¨¢´μ¸ÉÓÕ, · §· ¡μÉ±  ±μÉμ·ÒÌ ¢¥¤¥É¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
¢ ˆŸˆ ��� ¸μ¢³¥¸É´μ ¸ ��� Œ�‹‡ ”�“. �·¨³¥´¥´¨¥ ´μ¢ÒÌ ËμÉμÊ³´μ¦¨-
É¥²¥° ¶μ§¢μ²¨É ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¢¸¥° Ê¸É ´μ¢±¨.

�  ·¨¸. 5 ¶μ± § ´  Ê¸É ´μ¢± , μ±·Ê¦¥´´ Ö § Ð¨Éμ° μÉ · ¤¨μ ±É¨¢´μ£μ
Ëμ´ . ‡ Ð¨É  μÉ Ëμ´ , μ¡Ê¸²μ¢²¥´´μ£μ £ ³³ -±¢ ´É ³¨ ¨ ´¥°É·μ´ ³¨ ¨§
μ±·Ê¦ ÕÐ¥° ¶μ·μ¤Ò, ¢Ò¶μ²´¥´  ¨§ ¸²μ¥¢ ³¥¤¨ ¨ ¸¢¨´Í . ’μ²Ð¨´  ± ¦¤μ£μ
¸²μÖ 10Ä15 ¸³. �·¥¤Ê¸³ É·¨¢ ¥É¸Ö É ±¦¥ ¢´¥Ï´¨° ¸²μ° ¶ · Ë¨´  Éμ²Ð¨´μ°
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�¨¸. 5. ‘¶¥Í¨ ²¨§¨·μ¢ ´´ Ö Ê¸É ´μ¢±  ¤²Ö ¨§³¥·¥´¨Ö ±μ´Í¥´É· Í¨¨ ¨§μÉμ¶  14C ¢
¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ· Ì, ¸μ¡· ´´ Ö ¢ ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨

∼ 10 c³ ¤²Ö É¥·³ ²¨§ Í¨¨ ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¨§ ¶μ·μ¤Ò. ‚¸Ö Í¥´É· ²Ó-
´ Ö Î ¸ÉÓ Ê¸É ´μ¢±¨ ¶·μ¤Ê¢ ¥É¸Ö  §μÉμ³ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¶μ¤ ¢¨ÉÓ Ëμ´ μÉ
· ¤μ´ . 
 §μ¢Ò³ Ô²¥³¥´Éμ³ Ô²¥±É·μ´´μ° ¸¨¸É¥³Ò Ê¸É ´μ¢±¨ Ö¢²Ö¥É¸Ö ¶ÖÉ Ö
¢¥·¸¨Ö Ô²¥±É·μ´´μ£μ ¡²μ±  DRS4 evolution board (V5) [13]. „ ´´Ò° Ô²¥±É·μ´-
´Ò° ¡²μ± μ¸´μ¢ ´ ´  Î¨¶¥ ¡Ò¸É·μ°  ´ ²μ£μ¢μ° ¶ ³ÖÉ¨ DRS4, · §· ¡μÉ ´´μ°
¢ ˆ´¸É¨ÉÊÉ¥ ¨³. �.˜¥··¥·  (PSI). ‚ ÔÉμ³ ¡²μ±¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö μÍ¨Ë·μ¢± 
Ëμ·³Ò ¨³¶Ê²Ó¸  ¸¨£´ ²μ¢ ËμÉμÊ³´μ¦¨É¥²¥° ¸ Ï £μ³ 200 ¶¸ ¸ ³ ±¸¨³ ²Ó´μ°
¸±μ·μ¸ÉÓÕ ¸ ³¶²¨·μ¢ ´¨Ö 5 £¨£ ¸ ³¶²μ¢/¸. „²Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö
ËμÉμÊ³´μ¦¨É¥²¥° ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤Ê²Ó ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ ¶·Ö¦¥´¨Ö ¶¨É -
´¨Ö NHQ 203M HV Ë¨·³Ò iseg (ƒ¥·³ ´¨Ö).

‘μ¡¸É¢¥´´Ò° · ¤¨μ ±É¨¢´Ò° Ëμ´ ¨¸¶μ²Ó§Ê¥³ÒÌ ËμÉμÊ³´μ¦¨É¥²¥°, ¨§³¥-
·¥´´Ò° É ±¦¥ ¢ ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ 
�� ˆŸˆ ���, ¸μ¸É ¢²Ö¥É:

238U � 220 ³
±/PMT,
232Th � 24 ³
±/PMT,
40K � 400 ³
±/PMT.

�·£ ´¨Î¥¸±¨¥ · ¸É¢μ·¨É¥²¨ μ¡· §Íμ¢ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ¶μ¤¢¥·£ ²¨¸Ó
ÉÐ É¥²Ó´μ° μÎ¨¸É±¥ ¸É ´¤ ·É´Ò³¨ ³¥Éμ¤ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ²μ´±¨, ´ -
¶μ²´¥´´μ° μ±¸¨¤μ³  ²Õ³¨´¨Ö (Al2O3). �μ¸²¥ ¤μ¡ ¢±¨ ¢ · ¸É¢μ·¨É¥²¨ ¸Í¨´-
É¨²²¨·ÊÕÐ¥£μ Ë²Êμ·¥´É  PPO ¸ ±μ´Í¥´É· Í¨¥° ∼ 3 £/² ¶·μ¨§¢μ¤¨²μ¸Ó ¡ ·-
¡μÉ¨·μ¢ ´¨¥  §μÉμ³ ¢Ò¸μ±μ° Î¨¸ÉμÉÒ ¤²Ö Ê¤ ²¥´¨Ö ±¨¸²μ·μ¤  ¨§ ¸Í¨´É¨²-
²ÖÉμ· . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¸Ó ¶·μÍ¥¸¸ μÎ¨¸É±¨ ¶·μ¢μ¤¨É¸Ö ¢ ±μ³´ É´ÒÌ
Ê¸²μ¢¨ÖÌ, μ¤´ ±μ ´ ³¨ · §· ¡ ÉÒ¢ ¥É¸Ö ¸¨¸É¥³ , ¢ ±μÉμ·μ° μÎ¨¸É±  ¸Í¨´É¨²-
²ÖÉμ·μ¢ ¡Ê¤¥É μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¢  É³μ¸Ë¥·¥  §μÉ . �´¥·£¥É¨Î¥¸± Ö ± ²¨¡·μ¢± 
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¢¸¥° Ê¸É ´μ¢±¨ ¢Ò¶μ²´Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ´ ¡μ·  · ¤¨μ ±É¨¢´ÒÌ ¨¸ÉμÎ´¨±μ¢
(57Co, 109Cd, 133Ba, 137Cs ¨ 241Am).

‘¨¸É¥³ , ¸μ¸ÉμÖÐ Ö ¨§ ¡Ò¸É·μ¤¥°¸É¢ÊÕÐ¥£μ ¨¸ÉμÎ´¨±  ¸¢¥É  ´  ¡ §¥ Ê²Ó-
É· Ö·±¨Ì ¸¢¥Éμ¨§²ÊÎ ÕÐ¨Ì ¤¨μ¤μ¢ ¨ μ¶Éμ¢μ²μ±μ´´ÒÌ ± ¡¥²¥°, ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö ± ²¨¡·μ¢±¨ Ê¸¨²¥´¨Ö ¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ËμÉμÊ³´μ¦¨É¥²¥°.

‡�Š‹�—…�ˆ…

�μ¢ Ö ´¨§±μËμ´μ¢ Ö ² ¡μ· Éμ·¨Ö ´ Î ²  ¸¢μÕ · ¡μÉÊ ¢ Ï ÌÉ¥ �ÕÌ ¸ ²³¨
¢ –¥´É· ²Ó´μ° ”¨´²Ö´¤¨¨. ‹ ¡μ· Éμ·¨Ö · ¸¶μ² £ ¥É¸Ö ´  £²Ê¡¨´¥ 1436 ³, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ∼ 4100 ³ ¢. Ô. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ² ¡μ· Éμ·¨¨ ¢¥¤ÊÉ¸Ö ¨§³¥-
·¥´¨Ö ±μ´Í¥´É· Í¨¨ ¨§μÉμ¶  14C ¢ ·Ö¤¥ ¦¨¤±¨Ì ¸Í¨´É¨²²ÖÉμ·μ¢ ´  μ¸´μ¢¥
· §²¨Î´ÒÌ μ·£ ´¨Î¥¸±¨Ì · ¸É¢μ·¨É¥²¥°, ¶·μ¨§¢¥¤¥´´ÒÌ · §´Ò³¨ ¨§£μÉμ¢¨É¥-
²Ö³¨ ¨§ ´¥ËÉ¨, £ §  ¨ Ê£²Ö. ƒ²Ê¡¨´  § ²¥£ ´¨Ö ´μ¢μ° ² ¡μ· Éμ·¨¨, ´¨§±¨°
Ê·μ¢¥´Ó · ¤¨μ ±É¨¢´μ¸É¨ μ±·Ê¦ ÕÐ¥° ¶μ·μ¤Ò ¨ Ìμ·μÏ Ö ¨´Ë· ¸É·Ê±ÉÊ· 
¶μ§¢μ²ÖÕÉ ´ ¤¥ÖÉÓ¸Ö, ÎÉμ ³¥¸Éμ · ¸¶μ²μ¦¥´¨Ö ² ¡μ· Éμ·¨¨ ¡Ê¤¥É ¶·¨¢²¥-
± É¥²Ó´μ ¤²Ö ¶·μ¢¥¤¥´¨Ö Ï¨·μ±μ³ ¸ÏÉ ¡´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¢  ¸É·μË¨§¨±¥
Î ¸É¨Í ¸²¥¤ÊÕÐ¥£μ ¶μ±μ²¥´¨Ö.

„ ´´ Ö · ¡μÉ  ¡Ò²  ¶μ¤¤¥·¦ ´  �””ˆ (£· ´É º16-52-53120). �¢Éμ·Ò
¢Ò· ¦ ÕÉ ¸¢μÕ ¨¸±·¥´´ÕÕ ¶·¨§´ É¥²Ó´μ¸ÉÓ ‚. —.‹Ê¡¸ ´¤μ·¦¨¥¢μ° §  ¢´¨-
³ É¥²Ó´μ¥ ¶·μÎÉ¥´¨¥ ·Ê±μ¶¨¸¨ ¨ ³´μ£μÎ¨¸²¥´´Ò¥ Í¥´´Ò¥ § ³¥Î ´¨Ö ¨ μ¡¸Ê-
¦¤¥´¨¥.
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