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�·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É ´¨§±μËμ´μ¢ÒÌ ¨§³¥·¥´¨° £ ³³ - ±É¨¢´μ¸É¨ μ¡· §Í  £· -
Ë¨É , ¨´É¥·± ²¨·μ¢ ´´μ£μ  Éμ³ ³¨ ± ²¨Ö. 	Ò² ¨¸¶μ²Ó§μ¢ ´ £¥·³ ´¨¥¢Ò° £ ³³ -
¸¶¥±É·μ³¥É·, · ¸¶μ²μ¦¥´´Ò° ¢ ´¨§±μËμ´μ¢μ° ± ³¥·¥ NIKA 	 ±¸ ´¸±μ° ´¥°É·¨´´μ°
μ¡¸¥·¢ Éμ·¨¨. ‡  384 Î Ô±¸¶μ§¨Í¨¨ ¡Ò²μ § ·¥£¨¸É·¨·μ¢ ´μ 768 · ¸¶ ¤μ¢ Ö¤¥· ¨§μ-
Éμ¶  40K. �É   ±É¨¢´μ¸ÉÓ ¸μμÉ¢¥É¸É¢Ê¥É 85 ³±£ / ¸³2  Éμ³μ¢ ± ²¨Ö, ¢¸É·μ¨¢Ï¨Ì¸Ö ¢ ·¥-
Ï¥É±Ê £· Ë¨É . ’ ±¦¥ ¶·¥¤¸É ¢²¥´μ ±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  ¨´É¥·± -
²ÖÍ¨¨ ¨ ´ ¡μ·  ¸¶¥±É·  £ ³³ -¨§²ÊÎ¥´¨Ö. ’μÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨¨ ± ²¨Ö
³μ¦¥É ¡ÒÉÓ ¤μ¢¥¤¥´  ¤μ 10−11−10−12 £/£ ¤²Ö ¸³¥¸¨, μ¡μ£ Ð¥´´μ° ¨§μÉμ¶μ³ 40K.

The result of low-background measurements of the gamma activity of graphite-
potassium intercalated sample is presented. A germanium gamma spectrometer was located
in the low-background chamber of Baksan Neutrino Observatory. For 384 h of exposure,
768 decays of 40K isotope nuclei were registered. This activity corresponds to 85 μg / cm2

potassium atoms embedded into graphite lattice. A computer simulation of the interca-
lation process and the gamma-ray spectrum set is also presented. The accuracy of the
potassium concentration determination can be brought to 10−11−10−12 g/g for mixture
enriched with 40K isotope.

PACS: 81.05.uf; 81.07.Nb; 29.30.Kv
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„²Ö ¨§ÊÎ¥´¨Ö £· Ë¥´μ¶μ¤μ¡´ÒÌ ¸É·Ê±ÉÊ· ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö  ±É¨¢´μ
¨¸¶μ²Ó§ÊÕÉ¸Ö ³¥Éμ¤Ò  Éμ³´μ-¸¨²μ¢μ° ¨ ±μ²¥¡ É¥²Ó´μ° ¸¶¥±É·μ¸±μ¶¨¨ [1].
‚ Î ¸É´μ¸É¨, ¢ · ¡μÉ¥ [2]  ´ ²¨§¨·Ê¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ · ³ ´μ¢¸±μ° ¸¶¥±-
É·μ¸±μ¶¨¨ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ £¨¤·μ£¥´¨§¨·μ¢ ´´μ£μ ¨ ³¥É ²²¨§¨·μ¢ ´´μ£μ
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£· Ë¥´ ,   É ±¦¥ ³´μ£μ¸²μ°´ÒÌ £· Ë¥´μ¶μ¤μ¡´ÒÌ ¸É·Ê±ÉÊ·. –¥²ÓÕ Ô±¸¶¥·¨-
³¥´É , ¶·¥¤¸É ¢²¥´´μ£μ ¢ ¤ ´´μ° · ¡μÉ¥, Ö¢²Ö²μ¸Ó μ¶·¥¤¥²¥´¨¥ ¢μ§³μ¦´μ¸É¥°
³¥Éμ¤  ¨§μÉμ¶´ÒÌ ³ ·±¥·μ¢ ¤²Ö ¨§ÊÎ¥´¨Ö £· Ë¥´μ¶μ¤μ¡´ÒÌ ´ ´μ¸É·Ê±ÉÊ·,
¨´É¥·± ²¨·μ¢ ´´ÒÌ  Éμ³ ³¨ ³¥É ²²μ¢ ¢ Ê´¨± ²Ó´ÒÌ ´¨§±μËμ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ,
·¥ ²¨§Ê¥³ÒÌ ´  Ê¸É ´μ¢± Ì 	 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ˆŸˆ ���
¤²Ö · ¤¨ Í¨μ´´μ° ¸¶¥±É·μ³¥É·¨¨ [3, 4]. ‘ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ¸É¨
¨´É¥·± ²ÖÍ¨¨  Éμ³μ¢ ± ²¨Ö ¢ £· Ë¨É Ô²¥±É·μÌ¨³¨Î¥¸±¨³ ³¥Éμ¤μ³ ¨§ ¢μ¤´μ£μ
· ¸É¢μ·  Ì²μ·¨¤  ± ²¨Ö ¨§³¥·Ö² ¸Ó £ ³³ - ±É¨¢´μ¸ÉÓ ¨§μÉμ¶  40K ¨ ¶μ ÔÉ¨³
¤ ´´Ò³ μ¶·¥¤¥²Ö² ¸Ó ±μ´Í¥´É· Í¨Ö ± ²¨Ö ¢ ³¥¦¸²μ¥¢ÒÌ μ¡² ¸ÉÖÌ, ¶ · ²-
²¥²Ó´ÒÌ ¡ § ²Ó´μ° ¶²μ¸±μ¸É¨ £· Ë¨É  (0001). �·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ²¸Ö ± ²¨°
¸ ¶·¨·μ¤´Ò³ ¸μ¤¥·¦ ´¨¥³ ¨§μÉμ¶  40K, · ¢´Ò³ 0,012 % (T1/2 = 1,2 ·109 ²¥É).
	Ò²μ ¶·μ¢¥¤¥´μ ³μ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  ¨´É¥·-
± ²ÖÍ¨¨ ¢Ò¸μ±μμ·¨¥´É¨·μ¢ ´´μ£μ ¶¨·μ²¨É¨Î¥¸±μ£μ £· Ë¨É   Éμ³ ³¨ ± ²¨Ö
¨§ £ §μ¢μ° Ë §Ò ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò LAMMPS,   É ±¦¥ ¶·μÍ¥¸¸  ·¥-
² ±¸ Í¨¨ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ¨´É¥·± ²¨·μ¢ ´´μ£μ £· Ë¨É  ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò HyperChem. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¥´  · ¢´μ¢¥¸´ Ö ±μ´Í¥´É· Í¨Ö
 Éμ³μ¢ ± ²¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö Ëμ·³Ê²¥ KC24, ¨ · §³¥·Ò Ê¢¥²¨Î¨¢Ï¨Ì¸Ö
³¥¦¶²μ¸±μ¸É´ÒÌ ¶·μ³¥¦ÊÉ±μ¢ £· Ë¨É .
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ˆ´É¥·± ²ÖÍ¨Ö μ¡· §Í  ¨§ ·¥±·¨¸É ²²¨§μ¢ ´´μ£μ £· Ë¨É  ¶·μ¨§¢μ¤¨² ¸Ó
Ô²¥±É·μÌ¨³¨Î¥¸±¨³ ¸¶μ¸μ¡μ³ ¢ ´ ¸ÒÐ¥´´μ³ ¢μ¤´μ³ · ¸É¢μ·¥ ¸μ²¨ KCl
(·¨¸. 1).

�·¨ ÔÉμ³ £· Ë¨Éμ¢ Ö ¶² ¸É¨´  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ± Î¥¸É¢¥ ± Éμ¤ ,  ¤-
¸μ·¡¨·ÊÕÐ¥£μ ¨μ´Ò K+, μ¡· §Ê¥³Ò¥ ¶·¨ ¤¨¸¸μÍ¨ Í¨¨ KCl. �μ³¨³μ ÔÉμ£μ

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ ¤²Ö Ô²¥±É·μ-
Ì¨³¨Î¥¸±μ° ¨´É¥·± ²ÖÍ¨¨ £· Ë¨É   Éμ-
³ ³¨ ± ²¨Ö: 1 Å ¶² ¸É¨´  ¨§ ·¥±·¨-
¸É ²²¨§μ¢ ´´μ£μ £· Ë¨É ; 2 Å ¢μ¤´Ò°
· ¸É¢μ· Ì²μ·¨¤  ± ²¨Ö; 3 ¨ 4 Å ³¥¤´Ò¥
Ô²¥±É·μ¤Ò

¶·μÍ¥¸¸  ¶·μÉ¥± ÕÉ ¸²¥¤ÊÕÐ¨¥ ·¥ ±-
Í¨¨:

KCl + H2O = HCl + KOH,

KCl + H2O = HCl + K2O,

KCl + H2O = Cl2 + H2 + KOH.

�·μ¤Ê±ÉÒ ¶·¨¢¥¤¥´´ÒÌ ·¥ ±Í¨°
Ê¤ ²Ö²¨¸Ó ¸ ¶μ¢¥·Ì´μ¸É¨ £· Ë¨Éμ¢μ°
¶² ¸É¨´Ò Ï²¨Ëμ¢±μ°. Œμ¤¥²¨·μ¢ ´¨¥
¶·μÍ¥¸¸  ¨´É¥·± ²ÖÍ¨¨  Éμ³μ¢ ± -
²¨Ö Î¥·¥§ ¡ § ²Ó´ÊÕ ¶²μ¸±μ¸ÉÓ £· -
Ë¨É  (0001) μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶μ³μ-
ÐÓÕ ¶·μ£· ³³Ò LAMMPS [5].
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‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê  Éμ³ ³¨
Ê£²¥·μ¤  CÄC § ¤ ¢ ²μ¸Ó ¢ ¢¨¤¥ ³´μ-

£μÎ ¸É¨Î´μ£μ ¶μÉ¥´Í¨ ² , ¶·¥¤²μ¦¥´´μ£μ ’¥·¸μËμ³ [6]

UC−C(rij) =
1
2

∑
i

∑
i�=j

fcut(rij)
[
AijU

(R)(rij) − BijU
(A)(rij)

]
, (1)

£¤¥

fcut(rij) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

1, rij � R − D,

1
2
− 1

2
sin

[
π(rij − R)

2D

]
, R − D < rij � R + D,

0, rij > R + D;

(1 )

§¤¥¸Ó R ¨ D Å Ì · ±É¥·´Ò¥ · ¸¸ÉμÖ´¨Ö, ¢¢¥¤¥´´Ò¥ ¢ · ¡μÉ¥ [6],

U (R)(rij) = A exp (−λ1rij),

U (A)(rij) = B exp (−λ2rij). (1¡)

”Ê´±Í¨Ö Bij ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ³ ²Ò° ¶ · ³¥É· β. ‚ ¸²ÊÎ ¥ Ê£²¥·μ¤  ‘Ä‘
β = 1,57 · 10−7:

Bij = [1 + βnςn
ij ]

−1/2n, (1¢)

ςij =
∑

k �=i,j

fcut(rij)G(θijk) exp [λ3
3(rij − rik)3], (1£)

G(θijk) = γijk

(
1 +

c2
0

d2
0

− c2
0

d2
0 + (h − cos θijk)2

)
, (1¤)

£¤¥ θijk Å Ê£μ² ³¥¦¤Ê ¢¥±Éμ· ³¨ rij = ri − rj ¨ rjk .
Œ¥¦¤Ê  Éμ³ ³¨ ± ²¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¶μÉ¥´Í¨ ² ¶μ£·Ê¦¥´´μ£μ  Éμ³ 

EAM [7, 8].

UK−K(rij) =
∑

i

Fi(ρh,i) +
1
2

∑
i

∑
j �=i

φij(rij), (2)

ρh,i =
∑
j �=i

ρα
j (rij), (2 )

£¤¥ rij Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê i-³ ¨ j-³  Éμ³ ³¨; φij Å ËÊ´±Í¨Ö ¶ ·´μ£μ ¶μ-
É¥´Í¨ ² ; ρα Å ¢±² ¤ ¢ ¶²μÉ´μ¸ÉÓ § ·Ö¤  Ô²¥±É·μ´μ¢ μÉ j-£μ  Éμ³  ¢ ³¥¸É¥
· ¸¶μ²μ¦¥´¨Ö i-£μ  Éμ³ ; F Å ËÊ´±Í¨Ö ®¶μ£·Ê¦¥´¨Ö¯, ¶μ ¢¥²¨Î¨´¥ · ¢-
´ Ö Ô´¥·£¨¨, ´¥μ¡Ìμ¤¨³μ° ¤²Ö ¶μ³¥Ð¥´¨Ö j-£μ  Éμ³  É¨¶  α ¢ Ô²¥±É·μ´´μ¥
μ¡² ±μ. „²Ö ¶μÉ¥´Í¨ ²  ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê  Éμ³ ³¨ ± ²¨Ö ¨ Ê£²¥·μ¤ 
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³Ò ¨¸¶μ²Ó§Ê¥³  ¶¶·μ±¸¨³ Í¨Õ É¨¶  ‹¥´´ ·¤-„¦μ´¸  ¸ ¶ · ³¥É· ³¨, ¶·¥¤-
²μ¦¥´´Ò³¨ ¢ · ¡μÉ¥ [9],   ¨³¥´´μ σ = 3,902 
A ¨ £²Ê¡¨´μ° ¶μÉ¥´Í¨ ²Ó´μ°
Ö³Ò. �  ·¨¸. 2 ¶μ± § ´ ·¥§Ê²ÓÉ É · ¡μÉÒ ¶·μ£· ³³Ò LAMMPS ¸ ¶·¨¢¥-
¤¥´´Ò³¨ ¢ÒÏ¥ ¶μÉ¥´Í¨ ² ³¨, ¨²²Õ¸É·¨·ÊÕÐ¨° ¢´¥¤·¥´¨¥  Éμ³μ¢ ± ²¨Ö ¨§
£ §μ¢μ° Ë §Ò ¢ ·¥Ï¥É±Ê £· Ë¨É . Š¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö  Éμ³μ¢ ± ²¨Ö ¸μμÉ-
¢¥É¸É¢Ê¥É É¥³¶¥· ÉÊ·¥ 700 K, ±·¨¸É ²² £· Ë¨É  ¶μ¤¤¥·¦¨¢ ¥É¸Ö ¶·¨ É¥³¶¥-
· ÉÊ·¥ 300 K.

Œμ¤¥²¨·μ¢ ´¨¥ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò HyperChem [10] ¶μ± § ²μ, ÎÉμ
¢´¥¤·¨¢Ï¨¥¸Ö ¢ ·¥Ï¥É±Ê £· Ë¨É   Éμ³Ò ± ²¨Ö ¶¥·¥· ¸¶·¥¤¥²ÖÕÉ¸Ö ¢ ³¥¦-
¸²μ¥¢ÒÌ μ¡² ¸ÉÖÌ, μ¡· §ÊÖ ·¥£Ê²Ö·´ÊÕ ¸É·Ê±ÉÊ·Ê KC24 (·¨¸. 3). ‚ Ìμ¤¥ ·¥-

�¨¸. 2. Œμ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ´ Î ²  ¶·μÍ¥¸¸  ·¥² ±¸ Í¨¨ ·¥-
Ï¥É±¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò LAMMPS

�¨¸. 3. ‘É·Ê±ÉÊ·  KC24, μ¡· §ÊÕÐ Ö¸Ö ¶·¨ ¤¨ËËÊ§¨¨  Éμ³μ¢ ± ²¨Ö ¢ ³¥¦¸²μ¥¢ÒÌ
μ¡² ¸ÉÖÌ £· Ë¨É 
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�¨¸. 4. “¢¥²¨Î¥´¨¥ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¶²μ¸±μ¸ÉÖ³¨ (0001) ¨´É¥·± ²¨·μ¢ ´´μ£μ £· -
Ë¨É 

² ±¸ Í¨¨ ·¥Ï¥É±¨ £· Ë¨É , ¨´É¥·± ²¨·μ¢ ´´μ°  Éμ³ ³¨ ± ²¨Ö, ¶·μ¨¸Ìμ¤¨É
¸ÊÐ¥¸É¢¥´´μ¥ Ê¢¥²¨Î¥´¨¥ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¶²μ¸±μ¸ÉÖ³¨ (0001) (·¨¸. 4).

ˆ‡Œ…�…�ˆ… ƒ�ŒŒ�-�Š’ˆ‚��‘’ˆ Ÿ„…� ˆ‡�’��� 40K
��‘‹… ˆ�’…�Š�‹Ÿ–ˆˆ ƒ��”ˆ’� �’�Œ�Œˆ Š�‹ˆŸ

„²Ö ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° £ ³³ - ±É¨¢´μ¸É¨ ¨´É¥·± ²¨·μ¢ ´´ÒÌ μ¡· §-
Íμ¢ £· Ë¨É  ¨¸¶μ²Ó§μ¢ ²¸Ö ´¨§±μËμ´μ¢Ò° ¸¶¥±É·μ³¥É· ´  μ¸´μ¢¥ μ¸μ¡μ Î¨-
¸Éμ£μ £¥·³ ´¨Ö ³ ·±¨ 4HPGe. ‘¶¥±É·μ³¥É· · ¸¶μ²μ¦¥´ ¢ ¶μ¤§¥³´μ° ´¨§-
±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ NIKA 	 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ¢ Éμ´-
´¥²¥ ¶μ¤ £μ·μ° �´¤Ò·Î¨. � ¤¨μ ±É¨¢´Ò° Ëμ´, μ¡Ê¸²μ¢²¥´´Ò° ±μ¸³¨Î¥¸±¨³¨
²ÊÎ ³¨, ¢ ÔÉμ° ² ¡μ· Éμ·¨¨ ¸´¨¦¥´ ¢ 2000 · §, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É £²Ê¡¨´¥
660 ³ ¢μ¤´μ£μ Ô±¢¨¢ ²¥´É . ‘Ì¥³  ¨§³¥·¨É¥²Ó´μ° Ê¸É ´μ¢±¨ ¶μ± § ´  ´ 
·¨¸. 5. ƒ¥·³ ´¨¥¢Ò° ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¤¥É¥±Éμ· (·¨¸. 6), ¶·¥¤¸É ¢²ÖÕÐ¨°
¸μ¡μ° Í¨²¨´¤· ¤¨ ³¥É·μ³ ¨ ¢Ò¸μÉμ° 7 ¸³, ¶μ³¥Ð ²¸Ö ¢ ¶μ²μ¸ÉÓ · §³¥· ³¨
260 × 260 × 280 ³³ ³¥¤´μ° § Ð¨ÉÒ ¸ Éμ²Ð¨´μ° ¸É¥´μ± 100 ³³ ¨ ¸ · §³¥-
· ³¨ ¶μ ¢´¥Ï´¥³Ê ±μ´ÉÊ·Ê 460×460×480 ³³. Œ¥¤´ Ö § Ð¨É  ¶·¥¤´ §´ Î¥´ 
¤²Ö ¶μ£²μÐ¥´¨Ö ¡¥É -¨§²ÊÎ¥´¨Ö μ±·Ê¦ ÕÐ¥° ¤¥É¥±Éμ· ¸¢¨´Íμ¢μ° § Ð¨ÉÒ μÉ
£ ³³ -¨§²ÊÎ¥´¨Ö Éμ²Ð¨´μ° 200 ³³ ¸ ¢´¥Ï´¨³¨ · §³¥· ³¨ 860×860×880 ³³.
‚ ¸¢μÕ μÎ¥·¥¤Ó ¸¢¨´Íμ¢ Ö § Ð¨É  μ±·Ê¦¥´  ¡μ·¨·μ¢ ´´Ò³ ¶μ²¨ÔÉ¨²¥´μ³
Éμ²Ð¨´μ° 80 ³³ ¸ · §³¥· ³¨ ¶μ ¢´¥Ï´¥³Ê ±μ´ÉÊ·Ê 1020 × 1020 × 1040 ³³,
¶·¥¤´ §´ Î¥´´Ò³ ¤²Ö § ³¥¤²¥´¨Ö ¨ ¶μ£²μÐ¥´¨Ö Ëμ´μ¢ÒÌ ´¥°É·μ´μ¢, ¶μÖ¢²Ö-
ÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ (α, n)-·¥ ±Í¨¨, £¤¥  ²ÓË -Î ¸É¨ÍÒ μ¡· §ÊÕÉ¸Ö ¢ ·Ö¤ Ì
· ¸¶ ¤μ¢ · ¤¨μ ±É¨¢´ÒÌ ¸¥³¥°¸É¢ 238U ¨ 232Th. ‘ Í¥²ÓÕ Ê¸É· ´¥´¨Ö ´ -
±μ¶²¥´¨Ö · ¤¨μ ±É¨¢´μ£μ · ¤μ´  222Rn (T1/2 = 3,82 ¸ÊÉ) ¢μ ¢´ÊÉ·¥´´¨Ì
¶μ²μ¸ÉÖÌ Ê¸É ´μ¢±¨ ¶·μ¢μ¤¨É¸Ö ¨Ì ´¥¶·¥·Ò¢´ Ö ¶·μ± Î±  ¶ · ³¨ ¦¨¤±μ£μ
 §μÉ .



1388 �•Œ�’�‚ ‡.�. ˆ „�.

�¨¸. 5. �¡Ð¨° ¢¨¤ ´¨§±μËμ´μ¢μ° Ê¸É ´μ¢±¨ ¤²Ö £¥·³ ´¨¥¢μ£μ ��„: 1 Å ¡μ·¨·μ¢ ´-
´Ò° ¶μ²¨ÔÉ¨²¥´; 2 Å ³¥¤´ Ö § Ð¨É ; 3 Å ¸¢¨´Íμ¢ Ö § Ð¨É ; 4 Å ��„; 5 Å ¤ÓÕ ·
¸ ¦¨¤±¨³  §μÉμ³

�¨¸. 6. ‘Ì¥³  £¥·³ ´¨¥¢μ£μ ��„-¤¥É¥±Éμ·  ¨ · §³¥Ð¥´¨Ö μ¡· §Í : 1 Å ³¥¤´Ò°  ´μ¤;
2 Å ³μ´μ±·¨¸É ²² £¥·³ ´¨Ö; 3 Å ¶¥·¥Ìμ¤´Ò° £¥·³ ´¨¥¢Ò° ¸²μ°, ²¥£¨·μ¢ ´´Ò° ²¨-
É¨¥³; 4 Å ³¥¤´Ò° ±μ¦ÊÌ Éμ²Ð¨´μ° 1 ³³; 5 Å £· Ë¨Éμ¢Ò° μ¡· §¥Í, ¨´É¥·± ²¨·μ¢ ´-
´Ò° ± ²¨¥³

�±¸¶μ´¨·μ¢ ´¨¥ ¨´É¥·± ²¨·μ¢ ´´μ£μ ± ²¨¥³ £· Ë¨Éμ¢μ£μ μ¡· §Í  ¶·μ-
¢μ¤¨²μ¸Ó ¢ É¥Î¥´¨¥ 384 Î. —¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ §  ÔÉμ ¢·¥³Ö · ¸¶ -
¤μ¢ 40K ¸μ¸É ¢¨²μ N1 = 768 ¸μ¡ÒÉ¨°. �É   ±É¨¢´μ¸ÉÓ ¶μ§¢μ²Ö¥É Ê¸É ´μ¢¨ÉÓ
³ ¸¸Ê ± ²¨Ö, · ¢´ÊÕ m = 0,17 ³£, ¶·μ¨´É¥·± ²¨·μ¢ ¢Ï¥£μ ¢ μ¡· §¥Í £· Ë¨É 
³ ¸¸μ° M = 23 £ ¨ ¶²μÐ ¤ÓÕ 20 ¸³2, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ´μ¸É¨ ¶·μ¨´-
É¥·± ²¨·μ¢ ¢Ï¥£μ ± ²¨Ö 85 ³±£ / ¸³2. �μ²ÊÎ¥´´Ò° £ ³³ -¸¶¥±É· ¶·¨¢¥¤¥´ ´ 
·¨¸. 7. Ÿ·±¨° ³ ±¸¨³Ê³ ¶·¨ Ô´¥·£¨¨ 1,46 MÔB ¸μμÉ¢¥É¸É¢Ê¥É £ ³³ -±¢ ´É ³,
¶μÖ¢²ÖÕÐ¨³¸Ö ¶·¨ · ¸¶ ¤¥ Ö¤·  40K ¢ ·¥§Ê²ÓÉ É¥ Ô²¥±É·μ´´μ£μ § Ì¢ É  (¸ ¢¥-
·μÖÉ´μ¸ÉÓÕ 10,72% ´  · ¸¶ ¤) ¸ μ¡· §μ¢ ´¨¥³ ¤μÎ¥·´¥£μ Ö¤·   ·£μ´  40Ar.
�  Éμ³ ¦¥ ·¨¸Ê´±¥ Î¥·´μ° ²¨´¨¥° ¶μ± § ´ Ëμ´ ¶μ²Ê¶·μ¢μ¤´¨±μ¢μ£μ ¤¥É¥±-
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�¨¸. 7. ƒ ³³ -¸¶¥±É· £· Ë¨Éμ¢μ£μ μ¡· §Í , ¨´É¥·± ²¨·μ¢ ´´μ£μ  Éμ³ ³¨ ± ²¨Ö ¸ ¶·¨-
·μ¤´Ò³ ¸μ¤¥·¦ ´¨¥³ ¨§μÉμ¶  40K (¸¥· Ö ²¨´¨Ö), ¨ Ëμ´μ¢Ò° ¸¶¥±É· ¡¥§ μ¡· §Í  (Î¥·-
´ Ö ²¨´¨Ö)

Éμ· , ´ ¡· ´´Ò° §  990 Î. ‚Ò· ¦¥´´Ò¥ ¶¨±¨ ¶·¨ Ô´¥·£¨ÖÌ ´¨¦¥ 700 ±Ô‚
¸μμÉ¢¥É¸É¢ÊÕÉ £ ³³ -±¢ ´É ³ ¤μÎ¥·´¨Ì ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  · ¤μ´  222Rn.

�  ·¨¸. 8 ¶·¨¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É  ¨ ±μ³¶ÓÕÉ¥·-
´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Geant4 [11]. ‚¨¤´μ, ÎÉμ ¨§³¥·¥´-
´Ò° Ëμ´ ¤¥É¥±Éμ·  Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ · ¸Î¥É´Ò³.

�¨¸. 8. ‘· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ £ ³³ -¸¶¥±É·  ¨´É¥·± ²¨·μ¢ ´´μ£μ ± ²¨¥³ £· -
Ë¨É  (¸¥· Ö ±·¨¢ Ö) ¸ ³μ¤¥²¨·μ¢ ´¨¥³ c ¶μ³μÐÓÕ ¶·μ£· ³³Ò Geant4 (Î¥·´ Ö ±·¨¢ Ö)



1390 �•Œ�’�‚ ‡.�. ˆ „�.

‡�Š‹�—…�ˆ…

‚ ¶·μ¢¥¤¥´´μ³ Ô±¸¶¥·¨³¥´É¥ μÉ´μÏ¥´¨¥ ÔËË¥±ÉÄËμ´ ¢ μ¡² ¸É¨ ¨´É¥·¥¸ 
(¶¨± μÉ £ ³³ -±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° E = 1,46 ŒÔ‚) ¸μ¸É ¢¨²μ N1/NBG = 45.
�Éμ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ¸μ¤¥·¦ ´¨¥ ± ²¨Ö ¢ Ê£²¥·μ¤´ÒÌ ³ É¥·¨ ² Ì ¸ ÉμÎ-
´μ¸ÉÓÕ 10−7−10−8 £/£ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ± ²¨Ö ¸ ¶·¨·μ¤´Ò³ ¸μ¤¥·¦ ´¨¥³
¨§μÉμ¶  40K. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ± ²¨Ö, μ¡μ£ Ð¥´´μ£μ ¨§μÉμ¶μ³ 40K ¤μ 2 %,
ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¨´É¥·± ²ÖÍ¨¨ ¸μ¸É ¢¨É 10−9−10−10 £/£,
ÎÉμ ¶μ§¢μ²¨É ±μ´É·μ²¨·μ¢ ÉÓ ¸μ¤¥·¦ ´¨¥ ± ²¨Ö ¢ ³´μ£μ¸²μ°´ÒÌ £· Ë¥´μ¶μ-
¤μ¡´ÒÌ ¸É·Ê±ÉÊ· Ì, ¨´É¥·± ²¨·μ¢ ´´ÒÌ  Éμ³ ³¨ ± ²¨Ö ¨ ¥£μ ¸μ¥¤¨´¥´¨Ö³¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î´μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ 16-29-13011
μË¨ ³, 18-02-01042 a) ¨ ”μ´¤  ¸μ¤¥°¸É¢¨Ö ¨´´μ¢ Í¨Ö³ (£· ´É º0038507).
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