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‚·¥³¥´´ Ö ±μ··¥²ÖÍ¨Ö ¨³¶Ê²Ó¸μ¢ ÏÊ³  ¢ ”�“

‘ ¶μ³μÐÓÕ  ¢Éμ±μ··¥²ÖÍ¨μ´´μ£μ ¢·¥³¥´´μ£μ ¸¶¥±É·μ³¥É·  § ¤¥·¦ ´´ÒÌ ¸μ-
¢¶ ¤¥´¨° Ê¸É ´μ¢²¥´μ ¤¢  É¨¶  ¢·¥³¥´´μ° ±μ··¥²ÖÍ¨¨ ¨³¶Ê²Ó¸μ¢ ÏÊ³ , ¸¢Ö-
§ ´´ÒÌ ¸ ËμÉμ± Éμ¤μ³ ¨ ¤¨´μ¤ ³¨ ”�“. ˆ§ÊÎ¥´Ò ¢·¥³¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö
ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¢ ËμÉμÊ³´μ¦¨É¥²ÖÌ •�2020, •�2232‚, •�1021, ”�“-85,
”�“-87, ”�“-93, ”�“-130. „²Ö ´¥±μÉμ·ÒÌ É¨¶μ¢ ”�“ Ê¸É ´μ¢²¥´μ ´ ²¨-
Î¨¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ¢·¥³¥´´μ° ±μ³¶μ´¥´ÉÒ ¨³¶Ê²Ó¸μ¢ ÏÊ³  ¢ ´ ´μ¸¥±Ê´¤´μ³
¤¨ ¶ §μ´¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
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Time Correlation of Noise Pulses in a PMT

Two types of time correlation of noise pulses caused by the PMT photocath-
ode and dynodes are established using the autocorrelation delayed-coincidence time
spectrometer. Time distributions of noise pulses in the XP2020, XP2232B, XP1021,
FEU-85, FEU-87, FEU-93, and FEU-130 photomultiplier tubes are investigated. An
exponential time component of noise pulses with a nanosecond scintillation time is
found in some types of PMTs.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‘ ¶μ³μÐÓÕ  ¢Éμ±μ··¥²ÖÍ¨μ´´μ£μ ¢·¥³¥´´μ£μ ¸¶¥±É·μ³¥É·  § ¤¥·¦ ´´ÒÌ
¸μ¢¶ ¤¥´¨° Ê¸É ´μ¢²¥´μ ¤¢  É¨¶  ¢·¥³¥´´μ° ±μ··¥²ÖÍ¨¨ ¨³¶Ê²Ó¸μ¢ ÏÊ³ ,
¸¢Ö§ ´´ÒÌ ¸ ËμÉμ± Éμ¤μ³ ¨ ¤¨´μ¤ ³¨ ”�“. ˆ§ÊÎ¥´Ò ¢·¥³¥´´Ò¥ · ¸¶·¥¤¥-
²¥´¨Ö ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¢ ËμÉμÊ³´μ¦¨É¥²ÖÌ •�2020, •�2232‚, •�1021,
”�“-85, ”�“-87, ”�“-93, ”�“-130. „²Ö ´¥±μÉμ·ÒÌ É¨¶μ¢ ”�“ Ê¸É ´μ-
¢²¥´μ ´ ²¨Î¨¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ¢·¥³¥´´μ° ±μ³¶μ´¥´ÉÒ ¨³¶Ê²Ó¸μ¢ ÏÊ³  ¢
´ ´μ¸¥±Ê´¤´μ³ ¤¨ ¶ §μ´¥.

ƒ¥´¥· Í¨Ö ÏÊ³  ¸μ¶ÊÉ¸É¢Ê¥É · ¡μÉ¥ ²Õ¡μ£μ Ô²¥±É·μ´´μ£μ ·¥£¨¸É·¨·ÊÕ-
Ð¥£μ ¶·¨¡μ· , ¢ Éμ³ Î¨¸²¥ ¨ ”�“. „¥É ²Ó´Ò°  ´ ²¨§ ¨¸ÉμÎ´¨±μ¢ ÏÊ³  ¢
ËμÉμ¶·¨¥³´¨± Ì ¶·μ¢¥¤¥´ ¢ · ¡μÉ¥ [1]. �·¨ · ¡μÉ¥ ”�“ ¢ ¨³¶Ê²Ó¸´μ³
·¥¦¨³¥ ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ ¨¸ÉμÎ´¨± ³¨ ÏÊ³  Ö¢²ÖÕÉ¸Ö: É¥·³μÔ²¥±-
É·μ´´ Ö Ô³¨¸¸¨Ö ËμÉμ± Éμ¤  ¨ ¤¨´μ¤μ¢,  ¢ÉμÔ²¥±É·μ´´ Ö Ô³¨¸¸¨Ö Ô²¥±É·μ¤μ¢
¨ Ô³¨¸¸¨Ö, μ¡Ê¸²μ¢²¥´´ Ö ¢μ§¤¥°¸É¢¨¥³ ± ± ¢´¥Ï´¥£μ Å ±μ¸³¨Î¥¸±μ£μ, É ±
¨ ¢´ÊÉ·¥´´¥£μ · ¤¨μ ±É¨¢´μ£μ ¨§²ÊÎ¥´¨Ö. � ¸¸³μÉ·¥´´Ò¥ ¨¸ÉμÎ´¨±¨ ÏÊ³ 
³μ¦´μ ¸Î¨É ÉÓ ¶¥·¢¨Î´Ò³¨,   ¶·μÍ¥¸¸Ò, ¶·¨¢μ¤ÖÐ¨¥ ± ¨μ´¨§ Í¨¨ μ¸É ÉμÎ-
´ÒÌ £ §μ¢ ¢ ”�“ ¨²¨ ¢ ± ´¸¨° ¢ ¤¨´μ¤ Ì, Å ¢Éμ·¨Î´Ò³¨. “¸É ´μ¢²¥´¨¥
¶μ³¨³μ Ô´¥·£¨¨ ¨ ¨´É¥´¸¨¢´μ¸É¥° ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¶·¨Î¨´Ò ¨Ì ¢μ§´¨±-
´μ¢¥´¨Ö,   É ±¦¥ ³¥¸É  ¨Ì £¥´¥· Í¨¨ ¢ ”�“ Ö¢²Ö¥É¸Ö μ¸´μ¢´μ° § ¤ Î¥° ¨Ì
¨§ÊÎ¥´¨Ö. ’ ± ± ± ÏÊ³μ¢Ò¥ ¨³¶Ê²Ó¸Ò ¸¢Ö§ ´Ò ¸ ¶·μÌμ¦¤¥´¨¥³ Ô²¥±É·μ´μ¢
Î¥·¥§ ”�“, Éμ μ´¨ ¤μ²¦´Ò ¶·μ¨§¢μ¤¨ÉÓ ¢Éμ·¨Î´Ò¥ ¨³¶Ê²Ó¸Ò, ¸¢Ö§ ´´Ò¥ ¨²¨ ¸
£¥´¥· Í¨¥° ¨μ´μ¢ μ¡· É´μ° ¸¢Ö§¨, ¨²¨ Ô²¥±É·μ´μ¢, μ¡Ê¸²μ¢²¥´´ÒÌ § ¤¥·¦ ´-
´μ° Ô³¨¸¸¨¥° ¤¨´μ¤μ¢. �μÔÉμ³Ê ¸²¥¤Ê¥É μ¦¨¤ ÉÓ ´ ²¨Î¨Ö ¢·¥³¥´´μ° ±μ··¥²Ö-
Í¨¨ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ÏÊ³  ¨ ¢Éμ·¨Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨. �Éμ ¶μ¤É¢¥·¦¤ ¥É¸Ö
Ë ±Éμ³ ¢·¥³¥´´μ° ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ³μ³¥´Éμ³ § ¸¢¥É±¨ ”�“ ¨ ¶μÖ¢²¥´¨¥³
ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¢ ¤¨ ¶ §μ´¥ μÉ ³¨±·μ¸¥±Ê´¤ ¤μ ³´μ£¨Ì Î ¸μ¢. –¥²Ó ´ Ï¥°
· ¡μÉÒ § ±²ÕÎ ² ¸Ó ¢ ¶μ¨¸±¥ ¢·¥³¥´´μ° ±μ··¥²ÖÍ¨¨ ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ¸μ
¢Éμ·¨Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¢ ´ ´μ¸¥±Ê´¤´μ° μ¡² ¸É¨ ¨ ¢ÒÖ¸´¥´¨¨ ·μ²¨ ËμÉμ-
± Éμ¤  ¨ ¤¨´μ¤μ¢ ¢ ÔÉμ³ ¶·μÍ¥¸¸¥. �ÉμÉ ÔËË¥±É ³μ¦¥É μ± § ÉÓ ¸ÊÐ¥¸É¢¥´´μ¥
¢²¨Ö´¨¥ ´  ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥·´ÒÌ
¨²¨  Éμ³´ÒÌ ¸μ¸ÉμÖ´¨° ¶·¨ ·¥£¨¸É· Í¨¨ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö.

’ ± ± ± ¶μ²´μ¥ ¨¸±²ÕÎ¥´¨¥ ÏÊ³  ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³, Éμ μ¶·¥-
¤¥²¥´¨¥ ¨¸ÉμÎ´¨±  ÏÊ³  ¨ ¶·μÍ¥¸¸μ¢, ¶·¨¢μ¤ÖÐ¨Ì ± £¥´¥· Í¨¨ ÏÊ³μ¢ÒÌ
¨³¶Ê²Ó¸μ¢, ¶μ§¢μ²Ö¥É ¶·¨´ÖÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³¥·Ò ¨ ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ Ê³¥´Ó-
Ï¨ÉÓ ¢²¨Ö´¨¥ ÏÊ³  ´  ·¥§Ê²ÓÉ ÉÒ ¶·μ¢μ¤¨³ÒÌ ¨¸¸²¥¤μ¢ ´¨Ö. ’ ±μ° ¨¸-
ÉμÎ´¨± ÏÊ³ , ± ± Éμ±¨ ÊÉ¥Î±¨ ¢  ´μ¤´μ° Í¥¶¨ ”�“, ´¥ ¡Ê¤¥É μ± §Ò¢ ÉÓ
¸ÊÐ¥¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ´  · ¡μÉÊ ”�“ ¢ ¨³¶Ê²Ó¸´μ³ ·¥¦¨³¥.

� Ï¨ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³  ¢Éμ±μ··¥²ÖÍ¨μ´´μ£μ
¢·¥³¥´´μ£μ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸¶¥±É·μ³¥É·  [2]. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¢
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¤¢  ÔÉ ¶ : ¢´ Î ²¥ ¨§³¥·Ö²¸Ö ¢·¥³¥´´μ° ¸¶¥±É· ÏÊ³  ¡¥§ § ¸¢¥É±¨ ËμÉμ± Éμ¤ 
”�“ ± ±¨³-²¨¡μ ¨¸ÉμÎ´¨±μ³ ¸¢¥É , § É¥³ ·¥£¨¸É·¨·μ¢ ²¸Ö ¢·¥³¥´´μ° ¸¶¥±É·
¨³¶Ê²Ó¸μ¢ ¶·¨ § ¸¢¥É±¥ ËμÉμ± Éμ¤  ¸¢¥Éμ¢Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¨²¨ μÉ ¸¢¥Éμ¤¨-
μ¤ , ¨²¨ μÉ · ¤¨μ ±É¨¢´μ£μ ¨¸ÉμÎ´¨±  É¨¶  ®¸Ô´¤¢¨Î¯. 	Ò²¨ ¶·μ¢¥¤¥´Ò ¨§-
³¥·¥´¨Ö ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢ ËμÉμÊ³´μ¦¨É¥²¥° •�2020, •�2232‚, •�1021,
”�“-85, ”�“-87, ”�“-93 ¨ ”�“-130. �  ·¨¸. 1Ä7 ¶·¨¢¥¤¥´Ò ¢·¥³¥´´Ò¥
¸¶¥±É·Ò, ¨§³¥·¥´´Ò¥ ¸ § ¸¢¥É±μ° ¨ ¡¥§ § ¸¢¥É±¨ ËμÉμ± Éμ¤  ”�“. ˆ§³¥·¥-
´¨¥ ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·μ¨§¢μ¤¨²μ¸Ó ¢ ¤¨ ¶ §μ´¥ μÉ 0 ¤μ 3 ³±¸. � -
¡²Õ¤¥´¨¥ ¢μ ¢·¥³¥´´μ³ ¸¶¥±É·¥ ÏÊ³  ¶μ¸²¥¨³¶Ê²Ó¸μ¢ (¶.¨.), μ¡Ê¸²μ¢²¥´´ÒÌ
¨μ´ ³¨ μ¡· É´μ° ¸¢Ö§¨ [3], μ¡· §μ¢ ´´Ò³¨ ¢ Ëμ±Ê¸¨·ÊÕÐ¥° ± ³¥·¥ ”�“,
¶·¨¢μ¤¨É ± § ±²ÕÎ¥´¨Õ, ÎÉμ ÔÉ  ± É¥£μ·¨Ö ¨³¶Ê²Ó¸μ¢ ÏÊ³  £¥´¥·¨·Ê¥É¸Ö
É¥·³μÔ²¥±É·μ´ ³¨, ¨¸¶ÊÐ¥´´Ò³¨ ËμÉμ± Éμ¤μ³. ‚ É¥Ì ¸²ÊÎ ÖÌ, ±μ£¤  ¨´É¥´-
¸¨¢´μ¸ÉÓ ¨³¶Ê²Ó¸μ¢ ÏÊ³  ¡Ò²  ³ ² , ¨§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨°
¶·μ¢μ¤¨²¨¸Ó ¶·¨ ¶μ¢ÒÏ¥´´μ³ ´ ¶·Ö¦¥´¨¨ ´  ”�“ ¨²¨ ¶·¨ ¡μ²¥¥ ´¨§±μ³
¶μ·μ£¥ ¤¨¸±·¨³¨´ Éμ· .

ˆ´É¥·¥¸¥´ Ë ±É ´ ¡²Õ¤¥´¨Ö ¤²Ö ´¥±μÉμ·ÒÌ ”�“ Ô±¸¶μ´¥´Í¨ ²Ó´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö ¢ ´ ´μ¸¥±Ê¤´μ³ ¤¨ ¶ §μ´¥ (·¨¸. 1Ä3) ± ± ¢ ¸¶¥±É·¥ ÏÊ³ , É ± ¨
¢ ·¥¦¨³¥ μ¸¢¥Ð¥´¨Ö ”�“. �ÉμÉ Ë ±É ³μ¦¥É μ§´ Î ÉÓ, ÎÉμ ¢ ËμÉμ± Éμ¤¥
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�¨¸. 1. ‚·¥³¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ±μ··¥-
²¨·μ¢ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ XP2020 (Vpmt =
1800 B): 1 Å ¢·¥³¥´´μ¥ · ¸¶·¥¤¥²¥-
´¨¥ ¨³¶Ê²Ó¸μ¢ ÏÊ³ , ¶μ·μ£ ·¥£¨¸É· -
Í¨¨ Vd = 2 ±Ô‚; 2 Å ¨§³¥·¥´¨¥ ¢·¥-
³¥´¨ ¦¨§´¨ ¸μ¸ÉμÖ´¨Ö ¸ Ô´¥·£¨¥° E =
59,5 ±Ô‚ ¢ 237Np (Vd = 15 ±Ô‚); 3 Å
¢·¥³¥´´μ° ¸¶¥±É·, ¨§³¥·¥´´Ò° ¶·¨ · ¸-
¶ ¤¥ 241Am (Vd = 2 ±Ô‚). Œ É¥·¨ ² ¤¨-
´μ¤  Å CuBe
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�¨¸. 2. ˆ§³¥·¥´¨Ö ¸ XP2232 B (Vpmt =
1900 B)  ´ ²μ£¨Î´Ò¥ ¨§³¥·¥´¨Ö³ ¸
XP2020: 1 Å ¸¶¥±É· ÏÊ³  (Vd =
0,20 B); 2 Å ¨§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨
¸μ¸ÉμÖ´¨Ö ¸ Ô´¥·£¨¥° 59,5 ±Ô‚ ¢ 237Np
(Vd = 1,00 B); 3 Å ¢·¥³¥´´μ° ¸¶¥±É·
ÏÊ³  ¨ 241Am (Vd = 0,20 B). Œ É¥·¨ ²
¤¨´μ¤  Å CuBe

2



1

2

�10

ФЭУ-93

100000

10000

1000

100

10

1

500 1000 1500
t, нс

Ч
и

сл
о

о
тс

ч
ет

о
в

�¨¸. 3. ˆ§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ¨³¶Ê²Ó¸μ¢ ¸ ”�“-93 (Vpmt =
1800 B): 1 Å ¸¶¥±É· ÏÊ³  (Vd = 0,08 B);
2 Å ¸¶¥±É· ¶.¨. ¶·¨ § ¸¢¥É±¥ ËμÉμ± Éμ¤ 
¸¢¥Éμ¤¨μ¤μ³ (Vd = 0,10 B). Œ É¥·¨ ²
¤¨´μ¤  Å CuMg
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�¨¸. 4. ˆ§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ¨³¶Ê²Ó¸μ¢ ¸ XP1021 (Vpmt =
1900 B): 1 Å ¸¶¥±É· ÏÊ³  (Vrmd =
0,10 B); 2 Å ¸¶¥±É· ¶.¨. (Vd = 0,10 B).
Œ É¥·¨ ² ¤¨´μ¤  Å CuBe
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�¨¸. 5. ˆ§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥-
¤¥²¥´¨° ¨³¶Ê²Ó¸μ¢ ¸ ”�“-85 (Vpmt =
900 B): 1 Å ¸¶¥±É· ÏÊ³  (Vd = 0,10 B);
2 Å ¸¶¥±É· ¶.¨. (Vrmd = 0,10 B). Œ É¥-
·¨ ² ¤¨´μ¤  Å SbCs
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�¨¸. 6. ˆ§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥-
²¥´¨° ¨³¶Ê²Ó¸μ¢ ¸ ”�“-87: 1 Å ¸¶¥±É·
ÏÊ³  (Vrmd = 0,08 B, Vpmt = 1900 B);
2 Å ¸¶¥±É· ¶.¨. (Vrmd = 0,10 B, Vpmt =
1800 B). Œ É¥·¨ ² ¤¨´μ¤  Å SbKCs

¨²¨ ¤¨´μ¤ Ì ¢μ§¡Ê¦¤ ÕÉ¸Ö ³¥É ¸É ¡¨²Ó´Ò¥ ¸μ¸ÉμÖ´¨Ö, · §·Ö¤±  ±μÉμ·ÒÌ ¶μ-
¸²¥ ·¥£¨¸É· Í¨¨ ¶¥·¢¨Î´μ£μ Ô²¥±É·μ´  ¶·¨¢μ¤¨É ± ¨¸¶Ê¸± ´¨Õ ¢Éμ·¨Î´μ£μ
Ô²¥±É·μ´ , Ì · ±É¥·¨§ÊÕÐ¥³Ê ¢·¥³Ö ¢Ò¸¢¥Î¨¢ ´¨Ö ³¥É ¸É ¡¨²Ó´μ£μ ¸μ¸ÉμÖ-
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ФЭУ-130
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�¨¸. 7. ˆ§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¨³¶Ê²Ó¸μ¢ ¸ ”�“-130: 1 Å ¸¶¥±É· ÏÊ³ 
(Vrmd = 0,08 B, Vpmt = 1900 B); 2 Å ¸¶¥±É· ¶.¨. (Vd = 0,10 B, Vpmt = 1700 B).
Œ É¥·¨ ² ¤¨´μ¤  Å CuAlMg

´¨Ö. ’ ±¨³ μ¡· §μ³, ´  £¥´¥· Í¨Õ ¨³¶Ê²Ó¸μ¢ ÏÊ³  ¢²¨ÖÕÉ, μÎ¥¢¨¤´μ, ¤¢ 
¶·μÍ¥¸¸ : ¢μ-¶¥·¢ÒÌ, É¥·³μÔ³¨¸¸¨Ö Ô²¥±É·μ´μ¢ ¨, ¢μ-¢Éμ·ÒÌ, ¢μ§¡Ê¦¤¥´¨¥
³¥É ¸É ¡¨²Ó´ÒÌ ¸μ¸ÉμÖ´¨°. Š ± ³Ò Ê¦¥ Ê¸É ´μ¢¨²¨, ¨¸ÉμÎ´¨±μ³ É¥·³μÔ²¥±-
É·μ´μ¢ Ö¢²Ö¥É¸Ö ËμÉμ± Éμ¤,   ¢Éμ·μ° ¶·μÍ¥¸¸ ¢ μ¸´μ¢´μ³ ¶·μ¨¸Ìμ¤¨É ¢ ¤¨-
´μ¤´μ° ¸¨¸É¥³¥ ”�“, É ± ± ±  ³¶²¨ÉÊ¤Ò Ô±¸¶μ´¥´Í¨ ²Ó´μ · ¸¶·¥¤¥²¥´´ÒÌ
¨³¶Ê²Ó¸μ¢ ³¥´ÓÏ¥  ³¶²¨ÉÊ¤ ¨³¶Ê²Ó¸μ¢ ¨μ´´μ° μ¡· É´μ° ¸¢Ö§¨, ÎÉμ Ö¢²Ö¥É¸Ö
¸²¥¤¸É¢¨¥³ ³¥´ÓÏ¥£μ ±μÔËË¨Í¨¥´É  Ê¸¨²¥´¨Ö ¨³¶Ê²Ó¸μ¢, μ¡Ê¸²μ¢²¥´´ÒÌ ¤¨-
´μ¤´μ° ¸¨¸É¥³μ°. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò, ±·μ³¥ ¢·¥³¥´´μ£μ ¸¶¥±É·  ÏÊ³ ,
·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¸μ¸ÉμÖ´¨Ö 59,5 ±Ô‚ ¢ 237Np, ¶μ-
²ÊÎ¥´´Ò¥ ¶·¨ · §²¨Î´ÒÌ ¶μ·μ£ Ì ¤¨¸±·¨³¨´ Í¨¨ ¢ ∼ 2 ¨ 15 ±Ô‚. Š ± ¢¨¤´μ,
Éμ²Ó±μ ¶·¨ ´¨§±μ³ ¶μ·μ£¥ ¶·μ¨¸Ìμ¤¨É ·¥£¨¸É· Í¨Ö Ô±¸¶μ´¥´Í¨ ²Ó´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö, ±μÉμ·μ¥ ´¥ ¨³¥¥É ´¨± ±μ£μ μÉ´μÏ¥´¨Ö ± · §·Ö¤±¥ ¨§¢¥¸É´μ£μ
¨§μ³¥·´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ Ö¤·¥ 237Np.

�·¨ ·¥£¨¸É· Í¨¨ · ¤¨μ ±É¨¢´μ£μ ¨§²ÊÎ¥´¨Ö ¶·μ¨¸Ìμ¤¨É §´ Î¨É¥²Ó´μ¥
Ê¢¥²¨Î¥´¨¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Î ¸É¨ ¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸μ¢
¢¸²¥¤¸É¢¨¥ ¢μ§¤¥°¸É¢¨Ö ´  ¤¨´μ¤Ò ¨´É¥´¸¨¢´μ£μ Ô²¥±É·μ´´μ£μ ¶μÉμ± . �Éμ
³μ¦´μ μÍ¥´¨ÉÓ ¶μ μÉ´μÏ¥´¨Õ ¨´É¥´¸¨¢´μ¸É¥° ¶μ¸²¥¨³¶Ê²Ó¸μ¢ ¨μ´´μ° μ¡· É-
´μ° ¸¢Ö§¨ ± ¨´É¥´¸¨¢´μ¸É¨ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Î ¸É¨ ¶μ¸²¥¨³¶Ê²Ó¸μ¢
¢ •�2020 (·¨¸. 1). � ²¨Î¨¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ±μ³¶μ´¥´ÉÒ ÏÊ³ , ´ ¡²Õ-
¤ ÕÐ¥¥¸Ö Éμ²Ó±μ ¢ ËμÉμÊ³´μ¦¨É¥²ÖÌ •�2020, •�2232‚, ”�“-93, ¢μ§³μ¦´μ,
¸¢Ö§ ´μ ¸ ³ É¥·¨ ²μ³ ¤¨´μ¤μ¢ ¨²¨ ¸ μ¸μ¡¥´´μ¸ÉÖ³¨ É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶·μÍ¥¸-
¸μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨ ¨§£μÉμ¢²¥´¨¨ ”�“ ¤ ´´ÒÌ É¨¶μ¢. �μ¤μ¡¨¥ ¢·¥³¥´´ÒÌ
¸¶¥±É·μ¢ ÏÊ³  ¢·¥³¥´´Ò³ ¸¶¥±É· ³ ¨μ´μ¢ μ¡· É´μ° ¸¢Ö§¨ ¶μ¤É¢¥·¦¤ ¥É ·μ²Ó
ËμÉμ± Éμ¤  ”�“ ± ± ¨¸ÉμÎ´¨±  μ¤´μ£μ ¨§ É¨¶μ¢ ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢, £¥´¥-
·¨·Ê¥³ÒÌ É¥·³μÔ²¥±É·μ´ ³¨, ¨¸¶ÊÐ¥´´Ò³¨ ËμÉμ± Éμ¤μ³.
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‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¡Ò²μ Ê¸É ´μ¢²¥´μ ¤¢  É¨¶  ¢·¥-
³¥´´ÒÌ ±μ··¥²ÖÍ¨μ´´ÒÌ Ö¢²¥´¨° ÏÊ³μ¢ÒÌ ¨³¶Ê²Ó¸μ¢: ¶¥·¢Ò° É¨¶ ¸¢Ö§ ´
¸ ¨¸¶Ê¸± ´¨¥³ É¥·³μÔ²¥±É·μ´μ¢ ËμÉμ± Éμ¤μ³ ¨ ¨μ´¨§ Í¨¥° μ¸É ÉμÎ´ÒÌ £ -
§μ¢ ¢ ”�“ ¨ ¢Éμ·μ° É¨¶ ¸¢Ö§ ´ ¸ ¢μ§¡Ê¦¤¥´¨¥³ ³¥É ¸É ¡¨²Ó´ÒÌ ¸μ¸ÉμÖ´¨°
¢ ¤¨´μ¤´μ° ¸¨¸É¥³¥ ”�“. ˆ¸±²ÕÎ¥´¨¥ ¢²¨Ö´¨Ö ÔÉ¨Ì ¶·μÍ¥¸¸μ¢ ¤μ¸É¨£ ¥É¸Ö
¶μ¢ÒÏ¥´¨¥³ ¶μ·μ£  ·¥£¨¸É·¨·Ê¥³μ£μ ¨§²ÊÎ¥´¨Ö.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ‚. 	. 	·Ê¤ ´¨´Ê §  ¸μ¤¥°¸É¢¨¥ ¢ · ¡μÉ¥.
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