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�. ‘.–Ò£ ´μ¢ 1,∗, �. �.�μ²Ö±μ¢ 1, ‚. ˆ. Š § Î  1,
‹. ˜² ÉÉ ÊÔ· 1, 2, †. „¦ ´ 3

1 �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
2 “´¨¢¥·¸¨É¥É � ² Í±μ£μ, �²μ³μÊÍ, —¥Ì¨Ö

3 ˆ´¸É¨ÉÊÉ ¸μ¢·¥³¥´´μ° Ë¨§¨±¨, ‹ ´ÓÎ¦μÊ, Š¨É °

„Ê¡´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ· Ö¤¥· μÉ¤ Î¨ ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥-
 ±Í¨° ¨³. ƒ.�. ”²¥·μ¢  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (�ˆŸˆ,
„Ê¡´ ) Å ´ ¨¡μ²¥¥ ¶·μ¤¢¨´ÊÉ Ö Ë¨§¨Î¥¸± Ö Ê¸É ´μ¢±  ¢ μ¡² ¸É¨ ¸¨´É¥§  ¸¢¥·ÌÉÖ-
¦¥²ÒÌ Ö¤¥· ¨ ¨¸¸²¥¤μ¢ ´¨Ö ¨Ì ¸¢μ°¸É¢. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¡Ò²¨ ¸¨´É¥§¨·μ¢ ´Ò ´μ¢Ò¥
Ô²¥³¥´ÉÒ ¸ Z = 114−118 (Fl, Mc, Lv, Ts, Og). ‡´ Î¨É¥²Ó´ÊÕ ·μ²Ó ¢ μÉ±·ÒÉ¨ÖÌ
¸Ò£· ²  ¤¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³  £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ· ,   É ±¦¥ Ê´¨± ²Ó´Ò°
³¥Éμ¤ ¶μ¤ ¢²¥´¨Ö Ëμ´  Å ³¥Éμ¤  ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°. � ¸¸³ É·¨¢ ÕÉ¸Ö É¥μ·¥É¨±μ-
³¥Éμ¤¨Î¥¸±¨¥  ¸¶¥±ÉÒ · §¢¨É¨Ö ³¥Éμ¤ , ¸ ÊÎ¥Éμ³ ¢¢μ¤  ¢ ¸É·μ° ¢ ¡²¨¦ °Ï¥³ ¡Ê¤ÊÐ¥³
´μ¢μ£μ ¸¢¥·Ì¨´É¥´¸¨¢´μ£μ Í¨±²μÉ·μ´  ¤²Ö Ê¸±μ·¥´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ DC-280 ¨ ´μ-
¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨ ‹Ÿ� �ˆŸˆ. �·¥¤¸É ¢²¥´  Î¨¸²¥´´ Ö
³μ¤¥²Ó ±· ¥¢ÒÌ ÔËË¥±Éμ¢ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨ DSSSD-¤¥É¥±Éμ· , ¸μ ¸Éμ·μ´Ò
p−n-¶¥·¥Ìμ¤ . �·¨¢¥¤¥´Ò Ô³¶¨·¨Î¥¸±¨¥ ¶·¨³¥·Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸²ÊÎ Õ ±· ¥¢ÒÌ
ÔËË¥±Éμ¢ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨ DSSSD-¤¥É¥±Éμ· . � ¸¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¸μ-
§¤ ´¨Ö ¡μ²¥¥ £¨¡±μ£μ  ²£μ·¨É³  ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¢³¥¸Éμ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¢ ·¨ ´É  ¸
¦¥¸É±μ § ¤ ¢ ¥³Ò³¨ ¶ · ³¥É· ³¨. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¤²Ö ¶· ±É¨Î¥¸±μ£μ ¶·¨³¥´¥´¨Ö
³¥Éμ¤   ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° ¸É·μ£μ ´¥μ¡Ìμ¤¨³  ¸É ¡¨²Ó´μ¸ÉÓ ¢¥²¨Î¨´ ± ²¨¡·μ¢μÎ-
´ÒÌ ¶ · ³¥É·μ¢, ±· É±μ · ¸¸³μÉ·¥´ Ë ±Éμ· · ¤¨ Í¨μ´´μ° ¸É ¡¨²Ó´μ¸É¨.

The Dubna Gas-Filled Recoil Separator (DGFRS) of the Flerov Laboratory of Nuclear
Reactions of JINR (Dubna, Russia) is the most advanced facility in the ˇeld of synthesis
and study of new superheavy nuclei. Over recent years, new elements with Z = 114
to 118 (Fl, Mc, Lv, Ts, Og) have been successfully synthesized. The detection system
of the DGFRS and method of active correlations for radical background suppression play
a signiˇcant role in these discoveries. Theoretical and methodological aspects of further
development of the active correlation method are considered, especially in view of the
forthcoming commissioning of the new FLNR DC-280 cyclotron and the new gas-ˇlled
recoil separator. A numerical model of non-equilibrium charge collection for neighbor
strips on the p−n junction side of the DSSSD detector is considered. Empirical examples
are presented. A more 	exible real-time algorithm is considered. Since stability of the
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calibration parameters is strongly required for applying the method, a brief consideration
of the radiation stability factor is given as well.

PACS: 25.70.Ji
‚‚…„…�ˆ…

‘μ£² ¸´μ ±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¥ Ìμ·μÏμ ¨§¢¥¸É´ Ö ±μ´Í¥¶Í¨Ö  Éμ³ 
± ± ¸¨¸É¥³Ò, ¸μ¸ÉμÖÐ¥° ¨§ Ö¤· , ¢ ±μÉμ·μ³ ¸μ¸·¥¤μÉμÎ¥´Ò ¶μ²μ¦¨É¥²Ó´Ò°
§ ·Ö¤ ¨ ¶· ±É¨Î¥¸±¨ ¢¸Ö ³ ¸¸   Éμ³ , ¨ Ô²¥±É·μ´μ¢, ¤¢¨£ ÕÐ¨Ì¸Ö μÉ Ö¤· 
´  ¡μ²ÓÏμ³ · ¸¸ÉμÖ´¨¨, ¸¶· ¢¥¤²¨¢  ¤²Ö μÎ¥´Ó ÉÖ¦¥²ÒÌ  Éμ³μ¢, ¤μ  Éμ³´ÒÌ
´μ³¥·μ¢ Z ≈ 170 ¨ ¤ ¦¥ ¡μ²¥¥. �¤´ ±μ ¶·¥¤¥² ¸ÊÐ¥¸É¢μ¢ ´¨Ö  Éμ³μ¢ (Ô²¥-
³¥´Éμ¢) ´ ¸ÉÊ¶ ¥É £μ· §¤μ · ´ÓÏ¥ ¨§-§  ´¥¸É ¡¨²Ó´μ¸É¨ ¸ ³μ£μ Ö¤· . ’Ö¦¥²Ò¥
Ô²¥³¥´ÉÒ c Z > 100 ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò Éμ²Ó±μ ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨μ-
´ ³¨. �¸´μ¢´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ É ±¨Ì ·¥ ±Í¨° Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¨ ¸²¨Ö´¨¨
¨μ´  ¸ Ö¤·μ³ ¶·μ¨¸Ìμ¤¨É § ³¥É´μ¥ Ê¢¥²¨Î¥´¨¥ ¥£μ § ·Ö¤ . ‚³¥¸É¥ ¸ É¥³ ¢μ§¡Ê-
¦¤¥´´μ¥ ¸μ¸É ¢´μ¥ Ö¤·μ Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¸μ±μ° ¤¥²¨³μ¸ÉÓÕ ¨ ²¨ÏÓ ¢ μÎ¥´Ó
·¥¤±¨Ì ¸²ÊÎ ÖÌ · ¸¶ ¤ ¥É¸Ö ¸ ¢Ò²¥Éμ³ ´¥°É·μ´μ¢, Ê´μ¸ÖÐ¨Ì ¢¸Õ Ô´¥·£¨Õ ¥£μ
¢μ§¡Ê¦¤¥´¨Ö. ‚¥·μÖÉ´μ¸ÉÓ É ±μ£μ ¶·μÍ¥¸¸  ¤²Ö ´ ¨¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´-
Éμ¢ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê 10−10 ¨ ¤ ¦¥ ³¥´¥¥. �μÔÉμ³Ê ¸¨´É¥§ É· ´¸Ê· ´μ¢ÒÌ
Ô²¥³¥´Éμ¢ É·¥¡Ê¥É ± ± ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢, É ±
¨ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ·¥¤±¨Ì · ¸¶ ¤μ¢,   É ±¦¥ ¤²¨É¥²Ó-
´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. ‚ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ³μ¦´μ ¢Ò¤¥²¨ÉÓ ¤¢  ´ ¶· ¢²¥´¨Ö.
‚ ¶¥·¢μ³ ¨§ ´¨Ì (·¥ ±Í¨¨ £μ·ÖÎ¥£μ ¸²¨Ö´¨Ö) ³¨Ï¥´¨ ¨§ Ê· ´  ¨ ¤·Ê£¨Ì ÉÖ-
¦¥²ÒÌ Ô²¥³¥´Éμ¢ μ¡²ÊÎ ÕÉ ¸· ¢´¨É¥²Ó´μ ²¥£±¨³¨ ¨μ´ ³¨ (μÉ C ¤μ Mg) ¨
μ¡· §ÊÕÐ¥¥¸Ö ¸μ¸É ¢´μ¥ Ö¤·μ ¨³¥¥É ¤μ¸É ÉμÎ´μ ¢Ò¸μ±ÊÕ Ô´¥·£¨Õ ¢μ§¡Ê¦¤¥-
´¨Ö, ¢¶²μÉÓ ¤μ 40 ŒÔ‚.

‚¸¥ ´μ¢Ò¥ ¨§μÉμ¶Ò ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¢ ·¥ ±Í¨ÖÌ ¸ ¨μ´ ³¨ 48Ca
¨  ±É¨´¨¤´Ò³¨ ³¨Ï¥´Ö³¨, ¸¨´É¥§¨·μ¢ ´´Ò¥ ¢ ‹Ÿ� ¨³. ƒ. �.”²¥·μ¢ , ¶μ²Ê-
Î¥´Ò ´  Ê¸É ´μ¢±¥ ®„Ê¡´¥´¸±¨° £ §μ´ ¶μ²´¥´´Ò° ¸¥¶ · Éμ·¯ (ƒ�‘, DGFRS).
“¸¶¥Ì ¡Ò² ¤μ¸É¨£´ÊÉ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ·Ö¤  ³¥Éμ¤¨±,  ²£μ·¨É³μ¢, ¶μ¤Ìμ¤μ¢,
μ¡² ¤ ÕÐ¨Ì ·¥±μ·¤´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¢ ÔÉμ° μ¡² ¸É¨.

�¤´¨³ ¨§ É ±¨Ì · ¤¨± ²Ó´ÒÌ ³¥Éμ¤μ¢ Ö¢²Ö¥É¸Ö ³¥Éμ¤  ±É¨¢´ÒÌ ±μ··¥-
²ÖÍ¨° [1Ä6], ¶μ§¢μ²ÖÕÐ¨° ¤¥É¥±É¨·μ¢ ÉÓ  ²ÓË -· ¸¶ ¤Ò ¨³¶² ´É¨·μ¢ ´´ÒÌ
¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· ¢ ¶· ±É¨Î¥¸±¨ ¡¥¸Ëμ´μ¢μ³ ·¥¦¨³¥ [7, 8]. ‘ÊÉÓ ³¥Éμ¤  Å
³£´μ¢¥´´μ¥ (∼ 100 ³±c) μÉ±²ÕÎ¥´¨¥ ¶ÊÎ±  Í¨±²μÉ·μ´  ¶·¨ ¤¥É¥±É¨·μ¢ -
´¨¨ · ¸¶ ¤  É¨¶  ®Ö¤·μ μÉ¤ Î¨ Ä  ²ÓË -· ¸¶ ¤¯ (ER-α) ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥
¢·¥³¥´¨.

1. Š��…‚›… �””…Š’› ˆ ���‘’�Ÿ �Š‚ˆ‚�‹…�’��Ÿ ‘•…Œ�
���–…‘‘� „…‹…�ˆŸ �…��‚��‚…‘��ƒ� ‡��Ÿ„�

1.1. �±¢¨¢ ²¥´É´ Ö ¸Ì¥³  ¤²Ö ³¥¦¸É·¨¶μ¢μ£μ ¶·μ³¥¦ÊÉ±  ¸μ ¸Éμ·μ´Ò
p−n-¶¥·¥Ìμ¤  DSSSD-¤¥É¥±Éμ· . � ¸¸³ É·¨¢ Ö §¤¥¸Ó ¨ ¤ ²¥¥ ±· ¥¢Ò¥ ÔË-
Ë¥±ÉÒ ¢ ´¥±μÉμ·μ° μ±·¥¸É´μ¸É¨ ¸É·¨¶μ¢ DSSSD-¤¥É¥±Éμ· , ¸μ ¸Éμ·μ´Ò ¸É·¨-
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¶μ¢ p−n-¶¥·¥Ìμ¤ ,  ¢Éμ·Ò ¨³¥ÕÉ ¢ ¢¨¤Ê ¤¥²¥´¨¥ ´¥· ¢´μ¢¥¸´μ£μ § ·Ö¤ , £¥´¥-
·¨·μ¢ ´´μ£μ § ·Ö¦¥´´μ° Î ¸É¨Í¥° ¢ μ¡² ¸É¨ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ³¥¦¤Ê
¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨ [9]. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö Ô±¢¨¢ ²¥´É´ Ö
¸Ì¥³  ¶·μÍ¥¸¸  ¸¡μ·  ´¥· ¢´μ¢¥¸´μ£μ § ·Ö¤ , ¶·¥¤¸É ¢²¥´´ Ö ´  ·¨¸. 1.

�¨¸. 1. �±¢¨¢ ²¥´É´ Ö ¸Ì¥³  ¶·μÍ¥¸¸  ¸¡μ·  ´¥· ¢´μ¢¥¸´μ£μ § ·Ö¤ . …³±μ¸ÉÓ C Å
ÔËË¥±É¨¢´μ¥ §´ Î¥´¨¥ ¸ ÊÎ¥Éμ³ ¢Ìμ¤´μ° Í¥¶¨ § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´μ£μ ¶·¥¤Ê¸¨²¨É¥²Ö,
C = C(strip) ‖ g · C (μ¡· É´Ò¥ ¸¢Ö§¨), £¤¥ g � 1 Å ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ± ¸± ¤ 

ˆÉ ±, ¨¸Ìμ¤´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° (¶μ²ÊÎ¥´  ¸ ¶·¨³¥´¥´¨¥³ § ±μ´μ¢
Š¨·Ì£μË ):

I(t) = i1(t) + i2(t),
(1)

i1(t)
C

+
di1(t)

dt
r1 =

i2(t)
C

+
di2(t)

dt
r2.

� Î ²Ó´μ¥ Ê¸²μ¢¨¥ I(0) = 0. ‘²¥¤μ¢ É¥²Ó´μ, i1(0) = i2(0) = 0.
‚ ·¨ ´É I:

I(t) = C0

(
t

Tp

)
exp

(
− t

Tp

)
. (2)

ˆ§ ¶¥·¢μ£μ Ê· ¢´¥´¨Ö ¸¨¸É¥³Ò (1) ¢Ò· ¦ ¥³ i2(t) = I(t) − i1(t) ¨ ¶μ¤-
¸É ¢²Ö¥³ ÔÉÊ Ëμ·³Ê²Ê ¢μ ¢Éμ·μ¥ Ê· ¢´¥´¨¥. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥
¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¶¥·¢μ£μ ¶μ·Ö¤±  ¤²Ö Éμ±  i1(t):

di1
dt

(r1 + r2) +
2i1
C

=
I

C
+

dI

dt
r2. (3)

�´ ²μ£¨Î´μ ¶μ²ÊÎ ¥³ ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥ ¤²Ö Éμ±  i2(t):

di2
dt

(r1 + r2) +
2i2
C

=
I

C
+

dI

dt
r1. (4)

�μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ·¥Ï¥´¨¥ μ¤´μ·μ¤´μ£μ Ê· ¢´¥´¨Ö (3):

i1(t) = A exp
(
− t

τ

)
. (5)
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‡¤¥¸Ó A = const, τ =
(r1 + r2)C

2
. „ ²¥¥ ´ Ìμ¤¨³ Î ¸É´μ¥ ·¥Ï¥´¨¥ Ê· ¢-

´¥´¨Ö (3).

�μ¤¸É ¢²Ö¥³ (5) ¢ (3) ¨ ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ Ê· ¢´¥´¨¥:

dA(t)
dt

exp
(
− t

τ

)
=

I(t)
2τ

+
dI(t)
dt

r2

r1 + r2
. (6)

�μ¤¸É ¢²Ö¥³ ¢ (6) ¢Ò· ¦¥´¨¥ (2) ¨ ¶μ²ÊÎ ¥³ Ëμ·³Ê²Ê ¤²Ö ¢ÒÎ¨¸²¥-
´¨Ö A(t).

„ ²¥¥ ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö Éμ±  i1(t):

i1(t) =
[
C0

T 2
p

r2

r1 + r2
(tT + T 2) exp

(
− t

T

)
− C0

2τTp
(tT + T 2) exp

(
− t

T

)
−

−C0T

Tp

r2

r1 + r2
exp

(
− t

T

)
+ const1

]
exp

(
− t

τ

)
. (7)

ˆ¸¶μ²Ó§ÊÖ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ i1(0) = 0, ¨§ (7) ¶μ²ÊÎ ¥³

const1 = C0

(
T

Tp

r2

r1 + r2
+

T 2

2τTp
− T 2

T 2
p

r2

r1 + r2

)
. (8)

�´ ²μ£¨Î´μ ¤²Ö Éμ±  i2(t) ¶μ²ÊÎ ¥³

i2(t) =
[
C0

T 2
p

r1

r1 + r2
(tT + T 2) exp

(
− t

T

)
− C0

2τTp
(tT + T 2) exp

(
− t

T

)
−

−C0T

Tp

r1

r1 + r2
exp

(
− t

T

)
+ const2

]
exp

(
− t

τ

)
, (9)

const2 = C0

(
T

Tp

r1

r1 + r2
+

T 2

2τTp
− r1

r1 + r2

T 2

T 2
p

)
. (10)

‡ ¢¨¸¨³μ¸É¨ § ·Ö¤μ¢ ´  ±μ´¤¥´¸ Éμ· Ì Q1(t) ¨ Q2(t) ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¶·μ¸Éμ
Î¨¸²¥´´Ò³ ¨´É¥£·¨·μ¢ ´¨¥³ (ÎÉμ¡Ò ´¥ ´ ¡¨· ÉÓ ¡μ²¥¥ £·μ³μ§¤±¨¥  ´ ²¨É¨-
Î¥¸±¨¥ Ëμ·³Ê²Ò ¤²Ö Q1(t) ¨ Q2(t)).

‚ ·¨ ´É II:

I(t) = C0
t

Tp
exp

(
− κt

Tp

)
(k Å ±μ´¸É ´É ). (11)
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�μ¤¸É ¢²Ö¥³ ¢Ò· ¦¥´¨¥ ¢ Ëμ·³Ê²Ê (6) ¨ ¶μ²ÊÎ ¥³

A(t) =
∫ {

C0

2τ

(
t

Tp

)
exp

(
− κt

Tp

)
+

+
[
C0

Tp
exp

(
− κt

Tp

)
− C0t

Tp

κ

Tp
exp

(
− κt

Tp

)]
r2

r1 + r2

}
×

× exp
(

t

τ

)
dt + const3. (12)

„ ²¥¥ ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö Éμ±  i1(t):

i1(t) =
[
C0κ

T 2
p

r2

r1 + r2
(tT1 + T 2

1 ) exp
(
− t

T1

)
− C0

2τTp
(tT1 + T 2

1 )×

× exp
(
− t

T1

)
− C0T1

Tp

r2

r1 + r2
exp

(
− t

T1

)
+ const3

]
exp

(
− t

τ

)
. (13)

ˆ¸¶μ²Ó§ÊÖ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ i1(0) = 0, ¨§ (12) ¶μ²ÊÎ ¥³

const3 = C0

(
T1

Tp

r2

r1 + r2
+

T 2
1

2τTp
− T 2

1 κ

T 2
p

r2

r1 + r2

)
. (14)

�´ ²μ£¨Î´μ ¤²Ö Éμ±  i2(t) ¶μ²ÊÎ ¥³

i2(t) =
[
C0κ

T 2
p

r1

r1 + r2
(tT1 + T 2

1 ) exp
(
− t

T1

)
−

− C0

2τTp
(tT1 + T 2

1 ) exp
(
− t

T1

)
− C0T1

Tp

r1

r1 + r2
exp

(
− t

T1

)
+ const4

]
×

× exp
(
− t

τ

)
. (15)

ˆ¸¶μ²Ó§ÊÖ ´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ i2(0) = 0, ¨§ (15) ¶μ²ÊÎ ¥³

const4 = C0

(
T1

Tp

r1

r1 + r2
+

T 2
1

2τTp
− T 2

1 κ

T 2
p

r1

r1 + r2

)
. (16)

’ ±¨³ μ¡· §μ³, ¶¥·¢Ò° · ¸¸³μÉ·¥´´Ò° ¢ ·¨ ´É Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³
¢Éμ·μ£μ. ‚ ¤ ´´ÒÌ Ê· ¢´¥´¨ÖÌ Tp Å ¶² §³¥´´μ¥ ¢·¥³Ö [10]. �·¨ ·¥Ï¥´¨¨ ¸¨-
¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¶·¨³¥´¥´ ³¥Éμ¤ ¢ ·¨ Í¨¨ ¶μ¸ÉμÖ´´μ°.
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1.2. ’¨¶¨Î´Ò¥ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö ¢Ìμ¤-
´ÒÌ ¶ · ³¥É·μ¢ ¶·μÍ¥¸¸  (¢¥²¨Î¨´Ò ·¥§¨¸Éμ¢, ¥³±μ¸É¨ ¸É·¨¶  ¨ μ¡· É´μ°

�¨¸. 2. a) ˆ´É¥·Ë¥°¸ ¶μ²Ó§μ¢ É¥²Ö ¨ É¨¶¨Î´Ò¥ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ Éμ±  ´¥-
· ¢´μ¢¥¸´ÒÌ ´μ¸¨É¥²¥° (¢¥·Ì´ÖÖ Î ¸ÉÓ) ¨ ¸μ¡· ´´μ£μ § ·Ö¤  (´¨¦´ÖÖ) μÉ ¢·¥³¥´¨.
¡) �·¥¤¸É ¢²¥´¨¥ ¢ ¸·¥¤¥ LabView. ‚Éμ· Ö (¸¶ ¤ ÕÐ Ö ¢μ ¢·¥³¥´¨) ±·¨¢ Ö ´  ´¨¦-
´¥° £¨¸Éμ£· ³³¥ Å ´ ¶·Ö¦¥´¨¥ ¢ÒÌμ¤  § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´μ£μ ¶·¥¤¢ ·¨É¥²Ó´μ£μ Ê¸¨-
²¨É¥²Ö
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¸¢Ö§¨ ¶·¥¤Ê¸¨²¨É¥²Ö, ¸·¥¤´¥£μ ¶μ²Ö ¢ ¶μ²´μ¸ÉÓÕ μ¡¥¤´¥´´μ³ ¤¥É¥±Éμ·¥ ¨ ¤·.)
´  ¢ÒÌμ¤´Ò¥ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¡Ò²μ · §· ¡μÉ ´μ ¶·¨²μ¦¥´¨¥ C++
Builder Charge.exe. ‘Ê³³ ·´μ¥ §´ Î¥´¨¥ ¤²Ö ·¥§¨¸Éμ·  r = r1 + r2 ¢Ò¡¨-
· ²μ¸Ó ± ± ¢Ò¡μ·μÎ´μ¥ ¸·¥¤´¥¥ § ³¥·μ¢ ³¥¦¤Ê ¶ · ³¨ ¸É·¨¶μ¢ ¸μ ¸Éμ·μ´Ò
p−n-¶¥·¥Ìμ¤ ,   ¨³¥´´μ 〈1,328, 1,318, 1,332, 1,257, 1,068, 1,034, 0,676, 0,691,
0,869, 0,992, 0,994, 1,011, 1,018, 0,924〉 = 0,8969 ±�³. �² §³¥´´μ¥ ¢·¥³Ö Tp

· ¸¸Î¨ÉÒ¢ ²μ¸Ó ¸μ£² ¸´μ [10] ¤²Ö ¸·¥¤´¥° ¢¥²¨Î¨´Ò Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö
¢ μ¡¥¤´¥´´μ³ ¤¥É¥±Éμ·¥ Å ¶μ·Ö¤±  70 ‚/300 ³±³= 0,233 ‚/³±³. …³±μ¸ÉÓ μ¡-
· É´μ° ¸¢Ö§¨ ¨ ±μÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö g ¶μ² £ ²¨¸Ó · ¢´Ò³¨ ¸μμÉ¢¥É¸É¢¥´-
´μ 3 ¶” ¨ 50000. „¥°¸É¢¨¥ ¶μ²Ó§μ¢ É¥²Ö ¶·¥¤¸É ¢²Ö¥É ¤¢  ¨´É¥· ±É¨¢´ÒÌ
Ï £ : · ¸Î¥É ¶² §³¥´´μ£μ ¢·¥³¥´¨ (Button 1) ¨ ¸μ¡¸É¢¥´´μ ´ Ìμ¦¤¥´¨¥ i1, i2
(Button 2).

�  μ¸´μ¢¥ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ³μ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ´ ·Ö¤Ê ¸ ±μ²¨Î¥¸É¢¥´-
´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¢ÒÌμ¤´ÒÌ ¸¨£´ ²μ¢ ¶·μ¸²¥¦¨¢ ¥É¸Ö  ´ ²μ£¨Ö ³¥¦¤Ê
¶μ¢¥¤¥´¨¥³ ´¥· ¢´μ¢¥¸´μ£μ § ·Ö¤  ¨ ¤¥É¥±Éμ·μ³ ¸ ·¥§¨¸É¨¢´Ò³ ¸²μ¥³, É. ¥.
¢ ¸²ÊÎ ¥ ¸¡μ·  § ·Ö¤ , ¶μ¤¥²¥´´μ£μ ³¥¦¤Ê ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨, ¤μ²¦¥´
¡ÒÉÓ ´¥±¨° ³ ²Ò° ¡ ²²¨¸É¨Î¥¸±¨° ¤¥Ë¨Í¨É, ÎÉμ ¨ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¶·¨³¥-
· ³¨ ´  ·¨¸. 3,  , ¡ ¨§ ¶. 1.3. ‚¨§Ê ²¨§ Í¨Ö ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢ ¶·¥¤¸É ¢²¥´ 
¢ ¸·¥¤¥ LabView (·¨¸. 2).

1.3. �·¨³¥·Ò ¸¨£´ ²μ¢, ¶μ¤¥²¥´´ÒÌ ³¥¦¤Ê ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨.
�  ·¨¸. 3,  , ¡ ¶·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ¸¨£´ ²μ¢ · ¸¶ ¤  ¨§μÉμ¶ 
217Th ¨§ ·¥ ±Í¨¨ natYb+ 48Ca→ 217Th+ 3n ¤²Ö ¨´É¥·¥¸ÊÕÐ¥£μ ´ ¸ ¸²ÊÎ Ö
¤¥²¥´¨Ö § ·Ö¤  ³¥¦¤Ê ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨ ¸μ ¸Éμ·μ´Ò p−n-¶¥·¥Ìμ¤ 
¨ ¶·¨ ´ ¶·Ö¦¥´¨¨ ¸³¥Ð¥´¨Ö ´  ¤¥É¥±Éμ·¥ 70 ‚. � ¶·Ö¦¥´¨¥ μ¡¥¤´¥´¨Ö ¤ ´-
´μ£μ É¨¶  ¤¥É¥±Éμ· , ¨§£μÉμ¢²¥´´μ£μ Micron Semiconductors (UK) ¨§ ¢Ò¸μ±μ-
μ³´μ£μ n-±·¥³´¨Ö, ¸μ¸É ¢²Ö²μ ∼ 30 ‚.

�É³¥É¨³, ÎÉμ:

Å ´ ²¨Î¨¥ ¡ ²²¨¸É¨Î¥¸±μ£μ ¤¥Ë¥±É   ³¶²¨ÉÊ¤Ò ¢ ¸·¥¤´¥³ · ¢´μ ∼ 30 ±Ô‚
(·¨¸. 3,  );

Å ´ ²¨Î¨¥ ´¥¡μ²ÓÏμ£μ ¶·μ¢ ²  ¢ Í¥´É·¥ · ¸¶·¥¤¥²¥´¨Ö (·¨¸. 3, ¡)  ´ ²μ-
£¨Î´μ ¶μ¤μ¡´μ° § ¢¨¸¨³μ¸É¨ ¤²Ö ¤¥É¥±Éμ·  ¸ ·¥§¨¸É¨¢´Ò³ ¸²μ¥³.

‚ ¸¢μÕ μÎ¥·¥¤Ó, ÔÉμ μ§´ Î ¥É, ÎÉμ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ³ ²ÊÕ ¶μ¶· ¢±Ê,
¥¸²¨ ±Éμ-Éμ ¦¥² ¥É §´ ÉÓ ¶·¥Í¨§¨μ´´μ¥ §´ Î¥´¨¥ Ô´¥·£¨¨ ¢ ¸²ÊÎ ¥ ¤¥²¥´¨Ö
§ ·Ö¤  ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ¸É·¨¶ ³¨. ‘μμÉ¢¥É¸É¢¥´´μ, § ¶μ²´¥´¨¥ ³ É·¨ÍÒ ·¥-
±μ°²μ¢ (ER, ¸³. · ¡μÉÊ [4]) ¤μ²¦´μ ¶·μ¨¸Ìμ¤¨ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¢ É¥±Ê-
Ð¨° ³μ³¥´É ¢·¥³¥´¨ t (¶μ²ÊÎ¥´μ μÉ  ¶¶ · ÉÊ·Ò Š�Œ�Š ¨²¨ ¶·¥Í¨§¨μ´´μ£μ
É °³¥·  Windows ¸ ÉμÎ´μ¸ÉÓÕ 1 ³±¸) ¤ ´´μ¥ ¢·¥³Ö § ¶¨¸Ò¢ ¥É¸Ö ± ± ³ É·¨Î-
´Ò° Ô²¥³¥´É ¸ ¨´¤¥±¸ ³¨ {i, j, j + 1}. ‡¤¥¸Ó i Å ´μ³¥· ¶¥·¥¤´¥£μ ¸É·¨¶ 
DSSSD-¤¥É¥±Éμ· , j Å ¨´¤¥±¸ ³¨´¨³ ²Ó´μ£μ ¨§ ¤¢ÊÌ ¸μ¸¥¤´¨Ì § ¤´¨Ì ¸É·¨-
¶μ¢ (0 � i � 47, 0 � j � 127). ‡ ¶¨¸Ó É¨¶  {i, j, j±1}, ¶μ-¢¨¤¨³μ³Ê, Ö¢²Ö¥É¸Ö
¨§¡ÒÉμÎ´μ°.
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�¨¸. 3. a) ƒ· Ë¨± § ¢¨¸¨³μ¸É¨ Ô´¥·£¨¨ ¢Éμ·μ£μ ¸¨£´ ²  μÉ ¢¥²¨Î¨´Ò ¶¥·¢μ£μ ¸¨£-
´ ²  ¤²Ö ¤¢ÊÌ ¸μ¸¥¤´¨Ì ¸É·¨¶μ¢ ¤²Ö ¨§μÉμ¶  217Th. ‘Ê³³ ·´ Ö Ô´¥·£¨Ö ¶·¨³¥·´μ
´  30 ±Ô‚ ³¥´ÓÏ¥ ´μ³¨´ ² . “· ¢´¥´¨¥ ¶·Ö³μ° Eα1 + Eα2 = (9232,0 ± 3,7) ±Ô‚,
ÎÉμ ¶·¨³¥·´μ ´  30 ±Ô‚ ³¥´ÓÏ¥ ´μ³¨´ ² , É. ¥. Ô´¥·£¨Ö  ²ÓË -Î ¸É¨ÍÒ ¶·¨ · ¸-
¶ ¤¥ ¨§μÉμ¶  217Th · ¢´  9261 ±Ô‚. ¡) � ¸¶·¥¤¥²¥´¨¥  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¤²Ö μ¤´μ£μ
¸É·¨¶  ¶·¨ Ê¸²μ¢¨¨ ´¥´Ê²¥¢μ£μ ¸¨£´ ²  ¢ ¸μ¸¥¤´¥³. �Î¥¢¨¤¥´ ¶·μ¢ ² ¢ Í¥´É·¥ · ¸¶·¥-
¤¥²¥´¨Ö

Š·μ³¥ Éμ£μ, ´  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ±μ²¨Î¥¸É¢  ¤¢μ°´ÒÌ ¸¨£-
´ ²μ¢ μÉ ÔËË¥±É¨¢´μ£μ ´ ¶·Ö¦¥´¨Ö ¸³¥Ð¥´¨Ö (¸ ÊÎ¥Éμ³ ¶ ¤¥´¨Ö ´ ¶·Ö¦¥´¨Ö
´  ·¥§¨¸Éμ·¥ Ë¨²ÓÉ· ) ¨ ¶μ± § ´μ, ÎÉμ ¶ · ³¥É·Ò ¶·¥¤²μ¦¥´´μ° Î¨¸²¥´´μ°
³μ¤¥²¨ ³μ£ÊÉ § ¢¨¸¥ÉÓ μÉ ·¥¦¨³  · ¡μÉÒ ¤¥É¥±Éμ· . �·¨ ¨§³¥·¥´¨¨ ¡Ò² ¶·¨-
³¥´¥´ ¡²μ± Š�Œ�Š, μ¶¨¸ ´´Ò° ¢ · ¡μÉ¥ [11].



1632 –›ƒ���‚ 
.‘. ˆ „�.

�¨¸. 4. �Í¥´μÎ´ Ö § ¢¨¸¨³μ¸ÉÓ ±μ²¨Î¥¸É¢  ¤¢μ°´ÒÌ ¸¨£´ ²μ¢ μÉ ÔËË¥±É¨¢´μ£μ ´ ¶·Ö-
¦¥´¨Ö ¸³¥Ð¥´¨Ö DSSSD-¤¥É¥±Éμ·  ¤²Ö ¨¸ÉμÎ´¨±   ²ÓË -Î ¸É¨Í ¸ Ô´¥·£¨¥° 5,5 ŒÔ‚

2. “‘‹�†�…��›‰ �‹ƒ��ˆ’Œ �…�‹œ��ƒ� ‚�…Œ…�ˆ
’ˆ�� ER-α-α

�¢Éμ·Ò ´¥ ¨¸±²ÕÎ ÕÉ, ÎÉμ ¸ ¢¢μ¤μ³ ¢ Ô±¸¶²Ê É Í¨Õ ¢ 2018 £. ¸¢¥·Ì-
¨´É¥´¸¨¢´μ£μ Í¨±²μÉ·μ´  DC-280,   É ±¦¥ ´μ¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ -
· Éμ·  Ö¤¥· μÉ¤ Î¨ [12] ¢ ‹Ÿ� ¨³. ƒ. �.”²¥·μ¢  ³μ¦¥É ¶μÉ·¥¡μ¢ ÉÓ¸Ö ¡μ-
²¥¥ ¨§μÐ·¥´´Ò°  ²£μ·¨É³ ¶μ¨¸±  Ê± § É¥²Ö ´  ¶μÉ¥´Í¨ ²Ó´Ò° ³´μ£μ§¢¥´´Ò°
 ²ÓË -· ¸¶ ¤, Î¥³ ¶·¨³¥´Ö¥³Ò° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ER-α [13].

�·¨²μ¦¥´¨¥ Simula (Windows, C++ Builder-6) · §· ¡μÉ ´μ ¤²Ö ³μ¤¥-
²¨·μ¢ ´¨Ö ¶·¨³¥´¥´¨Ö · §²¨Î´ÒÌ  ²£μ·¨É³μ¢ (É¨¶μ¢ ER-α, ER-α-α ¨ ¤·.)
¢ Ô±¸¶¥·¨³¥´É Ì ´  ´μ¢μ³ £ §μ´ ¶μ²´¥´´μ³ ¸¥¶ · Éμ·¥ Ö¤¥· μÉ¤ Î¨ ¢ · ³± Ì
¶·μ¥±É  DC-280 ‹Ÿ� �ˆŸˆ. “³´μ¦¥´´Ò¥ ´  Ë ±Éμ· ¶μ·Ö¤±  10 § £·Ê§±¨
DSSSD-¤¥É¥±Éμ·  Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ²¨´¥°´ Ö Ô±¸-
É· ¶μ²ÖÍ¨Ö É ±μ¢ÒÌ ¤²Ö ¸ÊÐ¥¸É¢ÊÕÐ¥° Ê¸É ´μ¢±¨ ƒ�‘. �Éμ μ¶·¥¤¥²Ö¥É¸Ö
É¥³, ÎÉμ, ´ ¶·¨³¥·, ¤²Ö ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´ÒÌ ¸ ÉμÎ±¨ §·¥´¨Ö ¸¨´É¥§ 
´μ¢ÒÌ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¨μ´μ¢ 48Ca ¨ 50Ti · ¸¸Î¨É ´´μ¥ §´ Î¥´¨¥
¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¡Ê¤¥É ¸μ¸É ¢²ÖÉÓ ∼ 10 p³±�, ¢³¥¸Éμ ∼ 1 p³±� ´  ¸Ê-
Ð¥¸É¢ÊÕÐ¥³ Í¨±²μÉ·μ´¥ “-400. �  ·¨¸. 5,   ¶μ± § ´ μ¸´μ¢´μ° ¨´É¥·Ë¥°¸
¶·¨²μ¦¥´¨Ö. „¢¥ £¨¸Éμ£· ³³Ò μ¡μ§´ Î ÕÉ ¸¶¥±É·Ò ¸¨£´ ²μ¢ ¢ ¶ÊÎ±¥ ¨ ¢´¥
¶ÊÎ±  ¸μμÉ¢¥É¸É¢¥´´μ.

�  ·¨¸. 5, ¡ ¶μ± § ´  Ëμ·³  ²¨´¨¨ Ëμ´μ¢ÒÌ § £·Ê§μ± ¨ Ô±¸¶μ´¥´Í¨ ²Ó-
´μ¥  ´ ²¨É¨Î¥¸±μ¥ ¢Ò· ¦¥´¨¥, ¶μ²ÊÎ¥´´μ¥ ¤²Ö ·¥ ±Í¨¨ 240U + 48Ca→ Fl∗ ´ 
Ê¸É ´μ¢±¥ ƒ�‘. ˆ³¥´´μ ÔÉμ ¶·¨¡²¨¦¥´¨¥ ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¶·¨ £¥´¥· Í¨¨
¸μ¢μ±Ê¶´μ¸É¨ ¸¨£´ ²μ¢. —¨¸²μ 9 ¢ ¢¥·Ì´¥³ ²¥¢μ³ Ê£²Ê (·¨¸. 5, a) Ê± §Ò¢ ¥É
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�¨¸. 5. a) ˆ´É¥·Ë¥°¸ ¶·¨²μ¦¥´¨Ö (£¨¸Éμ£· ³³Ò Å ²μ£ ·¨Ë³¨Î¥¸± Ö Ï± ² ). ¡) ”μ·³ 
²¨´¨¨ ¤²Ö £¥´¥· Í¨¨ ¸¶¥±É·  ¸¨£´ ²μ¢: ÉμÎ±¨ Å Ô±¸¶¥·¨³¥´É; ±·¨¢ Ö Å ¶·¨¡²¨-
¦¥´¨¥

´  ±μ²¨Î¥¸É¢μ ¶·¥·Ò¢ ´¨° ¶·μÍ¥¸¸  μ¡²ÊÎ¥´¨Ö §  ¢·¥³Ö 23 988 ¸. � · ³¥-
É·Ò μ¸É ´μ¢μ¢: ±μ··¥²ÖÍ¨μ´´μ¥ ¢·¥³Ö dt = 10 ³¸ (ER-α), ¨´É¥·¢ ² Ô´¥·£¨¨
¤²Ö  ²ÓË -· ¸¶ ¤  9Ä12 ŒÔ‚, ¶ Ê§  20 ¸. –¥´  ± ´ ²  ´  £¨¸Éμ£· ³³¥ ¸μ-
μÉ¢¥É¸É¢Ê¥É 20 ±Ô‚. �¨¦¥ ¶·¨¢¥¤¥´Ò Ì · ±É¥·¨¸É¨±¨ ¢¸¥Ì ¤¥¢ÖÉ¨ μ¸É ´μ¢μ¢
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¶ÊÎ± : ¶¥·¢Ò¥ ¤¢¥ ±μ²μ´±¨ Å ´μ³¥·  ¸É·¨¶μ¢, ¤¢¥ ¸²¥¤ÊÕÐ¨¥ Å Ô´¥·£¨¨
Ö¤·  μÉ¤ Î¨, ¶¥·¢μ°  ²ÓË -Î ¸É¨ÍÒ ¸μμÉ¢¥É¸É¢¥´´μ, ¶ÖÉ Ö ±μ²μ´±  Å Ë °²μ-
¢μ¥ ¢·¥³Ö, Ï¥¸É Ö Å ¢·¥³Ö ³¥¦¤Ê ¸¨£´ ²μ³ Ö¤·  μÉ¤ Î¨ ¨  ²ÓË -· ¸¶ ¤ :

25 13 7900 10580 1683,800 0,004668
33 10 8780 11060 4588,267 0,000868
53 24 16820 11260 4778,898 0,005562
97 31 11900 10520 7792,851 0,000377
74 35 7320 10620 8641,333 0,001381
4 14 7720 9560 10399,042 0,009375

70 5 10260 10520 13824,113 0,001333
94 45 8600 11500 18907,293 0,007596
60 15 11940 9920 20860,953 0,002514

‘μ¡ÒÉ¨Ö μ¸±μ²μÎ´μ° Ï± ²Ò (FF) £¥´¥·¨·ÊÕÉ¸Ö μÉ¤¥²Ó´μ ¢ ¤¨ ¶ §μ´¥
50Ä250 ŒÔ‚. ”μ·³  · ¸¶·¥¤¥²¥´¨Ö Å · ¢´μ³¥·´ Ö. „ ´´Ò¥ ¸μ¡ÒÉ¨Ö μÉμ¡· -
¦ ÕÉ¸Ö μÉ¤¥²Ó´μ° £¨¸Éμ£· ³³μ°. � ²¨Î¨¥ ÔÉ¨Ì ¸μ¡ÒÉ¨° ¶μ§¢μ²Ö¥É μÍ¥´¨¢ ÉÓ
Î ¸ÉμÉ´μ¸ÉÓ É ±¨Ì Í¥¶μÎ¥± · ¸¶ ¤ , ± ± ER-α-α-(μ¸É ´μ¢ ¶ÊÎ± ) Ä α-SF (¢´¥
¶ÊÎ± ) Ä ¶·μ¤μ²¦¥´¨¥ μ¡²ÊÎ¥´¨Ö, ¨, · §Ê³¥¥É¸Ö, ¢ÒÎ¨¸²ÖÉÓ ¢¥·μÖÉ´μ¸ÉÓ É ±¨Ì
¨ ¶μ¤μ¡´ÒÌ ±μ³¡¨´ Í¨°. ‘· ¢´¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö ¤¢ÊÌ
 ²£μ·¨É³μ¢ μ¸É ´μ¢μ¢ ¶ÊÎ±  (ER-α ¨ ER-α-α) ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1, 2 ¨
´  ·¨¸. 6. ‚ Éμ³ ¸²ÊÎ ¥, ¥¸²¨ ¶·¨²μ¦¥´¨¥ ´ Ìμ¤¨É ®¢´¥ ¶ÊÎ± ¯  ²ÓË -· ¸¶ ¤
¢ μ¶·¥¤¥²¥´´μ³ Ô´¥·£¥É¨Î¥¸±μ³ ¨´É¥·¢ ²¥ ¨ ¢ É¥Ì ¦¥ ±μμ·¤¨´ É Ì (X , Y ),
Éμ ±·μ³¥ ¶·μ¤²¥´¨Ö ¨´É¥·¢ ²  μ¦¨¤ ´¨Ö ´  Í¥²Ò° Ë ±Éμ· 5Ä20 ¶·μ¨¸Ìμ¤¨É

’ ¡²¨Í  1. — ¸ÉμÉ  μ¸É ´μ¢μ¢ ¤²Ö ±μ··¥²ÖÍ¨¨ ER-α

‚·¥³Ö ±μ··¥²ÖÍ¨¨ Δt, ¸ — ¸ÉμÉ  μ¸É ´μ¢μ¢, ¸−1

1,000 0,035 800
0,500 0,019 800
0,300 0,008 010
0,100 0,005 440
0,025 0,001 780
0,010 0,000 375

’ ¡²¨Í  2. — ¸ÉμÉ  μ¸É ´μ¢μ¢ ¤²Ö ±μ··¥²ÖÍ¨¨ ER-α-α

Δt2 (ER-α-α), c Δt1 (ER-α), c — ¸ÉμÉ  μ¸É ´μ¢μ¢, ¸−1

Δt1 = 15 Δt2 = 30 0,010 600
5,00 10,0 0,001 710
2,00 5,0 0,001 060
1,00 2,5 0,000 167
0,75 1,4 0,000 130
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¸É ´μ¢μ¢ μÉ ¢·¥³¥´¨ ±μ··¥²ÖÍ¨¨

§ ¶¨¸Ó ¸μ¡ÒÉ¨Ö ¢ ÉμÉ ¦¥ É¥±¸Éμ¢Ò° Ë °², ¢ ±μÉμ·μ³ ¤μ Éμ£μ ¡Ò²¨ § ¶¨¸ ´Ò
¶ · ³¥É·Ò ¸¨£´ ²μ¢, ±μÉμ·Ò¥ ¶·¨¢¥²¨ ± Ë §¥ ®¢´¥ ¶ÊÎ± ¯.

Š·μ³¥ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ¶·¨ ¶μ³μÐ¨ ¤ ´´μ£μ ¶·¨²μ¦¥´¨Ö ¡Ò² ¶·μ¢¥-
¤¥´ Î¨¸²¥´´Ò° Ô±¸¶¥·¨³¥´É ¤²Ö É¥¸É¨·μ¢ ´¨Ö  ²£μ·¨É³  É¨¶  ER-α-α ¢ ± -
Î¥¸É¢¥ Ê± § É¥²Ö ´  ¶μÉ¥´Í¨ ²Ó´μ¥ ³´μ£μ§¢¥´´μ¥ ¸μ¡ÒÉ¨¥. �·¨ ¶μ²μ¦¨É¥²Ó-
´μ³ ·¥§Ê²ÓÉ É¥ £¥´¥·¨·μ¢ ²¸Ö ®μ¸É ´μ¢ ¶ÊÎ± ¯. �¥§Ê²ÓÉ É ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö
Δt1 = 10 ¸, Δt2 = 15 c ¨ ν ≈ 2e + 3 ¸−1 ¸μ¸ÉμÖ² ¢ ¸²¥¤ÊÕÐ¥³: ¢¸¥£μ ¡Ò²μ
¸μ¢¥·Ï¥´μ 5964 μ¸É ´μ¢  §  2 577 407 ¸, ¶·¨Î¥³ Éμ²Ó±μ ¢ μ¤´μ³ ¸²ÊÎ ¥, ¢ Ë §¥
®¢´¥ ¶ÊÎ± ¯, ¡Ò²  § ·¥£¨¸É·¨·μ¢ ´   ²ÓË -Î ¸É¨Í  ¢ Éμ° ¦¥ ±μμ·¤¨´ É¥. ’ -
±¨³ μ¡· §μ³, μÍ¥´±  ¢¥·μÖÉ´μ¸É¨ ¸²ÊÎ °´μ£μ ¸μ¢¶ ¤¥´¨Ö ¤ ´´μ£μ É¨¶  ³μ¦¥É
¸μ¸É ¢²ÖÉÓ Perr ≈ 0,039 ¸ÊÉ−1.

‡´ Î¥´¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì ¨´É¥·¢ ²μ¢ ¶·¨ ÔÉμ³ ¸μ¸É ¢²Ö²¨:
Å 7,17 ŒÔ‚ ¤²Ö Ö¤¥· μÉ¤ Î¨;
Å 9,11 ŒÔ‚ ¤²Ö μ¡¥¨Ì  ²ÓË -Î ¸É¨Í.

3. � ‚�‡Œ�†��‘’ˆ ��‘’��…�ˆŸ ®“Œ��‰¯ (SMART) ‘ˆ‘’…Œ›
��	��� „���›•. �‘��‚�›… �	š…Š’› ˆ ��ˆ�–ˆ�›

‚ · ¡μÉ¥ [14] ¢¢¥¤¥´μ ¶μ´ÖÉ¨¥ ®£· Ë ±μ··¥²ÖÍ¨°¯. ‚ ¢¥·Ï¨´ Ì £· Ë 
· ¸¶μ²μ¦¥´Ò ³ É·¨ÍÒ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸¨£´ ²μ¢,   ¨³¥´´μ ·¥±μ°²μ¢ ¨
 ²ÓË -Î ¸É¨Í ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ô´¥·£¨°, ± ± ¶μ± § ´μ ´  ·¨¸. 7. ’ ±¨³ μ¡· -
§μ³, ·¥ ²Ó´Ò° DSSSD-¤¥É¥±Éμ· ¢¨·ÉÊ ²Ó´μ ¶·¥¤¸É ¢²¥´ ¢ ¶ ³ÖÉ¨ ±μ³¶ÓÕÉ¥· 
¢ ¢¨¤¥ n-³ É·¨Í · §³¥·μ³ 48 × 128.

�·¨ É ±μ³ ¶·¥¤¸É ¢²¥´¨¨ ¤¥É¥±É¨·Ê¥³ÒÌ ¸¨£´ ²μ¢ ± ¦¤μ¥ ·¥¡·μ £· Ë ,
· ¢´μ ± ± ¨ ²Õ¡ Ö ¨Ì ±μ³¡¨´ Í¨Ö, ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´μ ¢ ± Î¥¸É¢¥ ®É·¨£-
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�¨¸. 7. ‘Ì¥³ É¨Î´μ¥ ¶·¥¤¸É ¢²¥´¨¥ £· Ë  ±μ··¥²ÖÍ¨°. �¡Ñ¥±ÉÒ ‖ a1 ‖Ä‖ an ‖ Å ³ -
É·¨ÍÒ ¸¨£´ ²μ¢. �¡ÒÎ´μ ‖ a1 ‖ Å ³ É·¨Í  ·¥±μ°²μ¢ (Ö¤¥· μÉ¤ Î¨), ‖ a2 ‖Ä‖ an ‖ Å
³ É·¨ÍÒ  ²ÓË -Î ¸É¨Í. ‘¥·Ò³ Í¢¥Éμ³ μ¡μ§´ Î¥´Ò ³ É·¨ÍÒ § £·Ê§μ±. Œ É·¨Î´Ò¥ Ô²¥-
³¥´ÉÒ ³ É·¨Í ¸¨£´ ²μ¢ Å É¥±ÊÐ¨¥ ¢·¥³¥´  ·¥£¨¸É· Í¨¨. �²¥³¥´ÉÒ ³ É·¨Í § £·Ê§μ±
‖N1 ‖Ä‖ Nn ‖ Å Î¨¸²  ¸¨£´ ²μ¢ ¤ ´´μ£μ É¨¶  ´  ¤ ´´Ò° ³μ³¥´É ¢·¥³¥´¨ ¢ ¤ ´´μ°
ÖÎ¥°±¥

£¥· ¯ ¤²Ö ¸μ§¤ ´¨Ö ¡¥cËμ´μ¢ÒÌ Ê¸²μ¢¨° ·¥£¨¸É· Í¨¨ ¶μ¸²¥¤ÊÕÐ¨Ì · ¸¶ ¤μ¢.
‚¸¥£μ É ±¨Ì ¸¢Ö§¥° ¤²Ö £· Ë  ¨§ n ¢¥·Ï¨´

N=
n(n − 1)

2
.

�É³¥É¨³, ÎÉμ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·¨ ¶·¨³¥´¥´¨¨  ²£μ·¨É³  É¨¶  ER-α ¨¸-
¶μ²Ó§Ê¥É¸Ö ®¦¥¸É± Ö¯ ¸Ì¥³  § ¤ ´¨Ö Ê¸²μ¢¨° μ¸É ´μ¢  ¶ÊÎ± . � ¨³¥´´μ: ´ -
·Ö¤Ê ¸ Ô´¥·£¥É¨Î¥¸±¨³¨ ¨ ¢·¥³Ö¶·μ²¥É´Ò³¨ ¨´É¥·¢ ² ³¨, Ì · ±É¥·´Ò³¨ ¤²Ö
·¥±μ°² , § ¤ ÕÉ¸Ö Ô´¥·£¥É¨Î¥¸±¨¥ ¨ ¢·¥³¥´´Ò¥ μ±´  ¤²Ö μ¤´μ° ¨²¨ ¤¢ÊÌ
 ²ÓË -Î ¸É¨Í. ‚ ¡Ê¤ÊÐ¥³, ¨ μ¸μ¡¥´´μ ¶·¨ ¢μ§·μ¸Ï¨Ì § £·Ê§± Ì ¤¥É¥±Éμ· 
Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨, ¢μ§³μ¦´μ ¶·¨³¥´¥´¨¥ ¡μ²¥¥ ®£¨¡±μ£μ¯ ¸Í¥´ ·¨Ö. …£μ
μÉ²¨Î¨¥ ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³ (¤²Ö ¶·μ¸ÉμÉÒ · ¸¸³μÉ·¥´  ²£μ·¨É³ ER-α):
¤μ¶μ²´¨É¥²Ó´μ ± ³ É·¨Í ³ ·¥±μ°²μ¢ ¨  ²ÓË -Î ¸É¨Í μ¶·¥¤¥²ÖÕÉ¸Ö ³ É·¨ÍÒ
§ £·Ê§μ±, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤¢Ê³ Ê± § ´´Ò³ ³ É·¨Í ³. � §Ê³¥¥É¸Ö, ±μ²¨Î¥-
¸É¢μ ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ μ¶·¥¤¥²Ö¥É¸Ö ±μ²¨Î¥¸É¢μ³ Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥±
DSSSD-¤¥É¥±Éμ· . ‚ ´ Ï¥³ ¸²ÊÎ ¥ ÔÉμ 48×128 ÖÎ¥¥± (¢¥·É¨± ²ÓÄ£μ·¨§μ´É ²Ó).
‘μμÉ¢¥É¸É¢¥´´μ, ¶μ¸²¥ μÉ±·ÒÉ¨Ö ´ ¡μ·  ¢ Ë °² ¤ ´´ÒÌ ¨¤¥É § ¶¨¸Ó ±μ²¨Î¥-
¸É¢  ¨´É¥·¥¸ÊÕÐ¨Ì ¸μ¡ÒÉ¨° ¤¢ÊÌ É¨¶μ¢ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ÖÎ¥°±¨. ’ ±¨³
μ¡· §μ³, ¢ ²Õ¡μ° ³μ³¥´É ¢·¥³¥´¨ ¨§¢¥¸É´Ò ¶ · ³¥É·Ò § £·Ê§μ± ¤²Ö ± ¦¤μ°
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ÖÎ¥°±¨ X ,Y . � §Ê³¥¥É¸Ö, ¢ μ±·¥¸É´μ¸É¨ t = 0 ³μ¦´μ ¶μ²Ó§μ¢ ÉÓ¸Ö ¢ ± Î¥¸É¢¥
¶¥·¢μ£μ ¶·¨¡²¨¦¥´¨Ö ¸·¥¤´¨³¨ ¢¥²¨Î¨´ ³¨ ¤²Ö ¢¸¥£μ ¤¥É¥±Éμ· .

�·¨ ÔÉμ³ Ì · ±É¥·´Ò³ μÉ²¨Î¨¥³ ¤ ´´μ£μ ¶μ¤Ìμ¤  ¡Ê¤¥É Éμ, ÎÉμ ¤²Ö ¢Ò-
¶μ²´¥´¨Ö Ê¸²μ¢¨Ö μ¸É ´μ¢  ³μ¦´μ ¶μÉ·¥¡μ¢ ÉÓ ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ¥ ¢·¥-
³¥´´μ¥ μ±´μ, ±μÉμ·μ¥ ¤²Ö ± ¦¤μ° ÖÎ¥°±¨ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ¨´¤¨¢¨¤Ê ²Ó´μ
¨§ Ê¸²μ¢¨Ö PRND(X, Y, Δt) � ε, £¤¥ PRND Å ¢¥·μÖÉ´μ¸ÉÓ ¸²ÊÎ °´μ£μ ¸μ¢¶ -
¤¥´¨Ö ¸¨£´ ²μ¢ ¤ ´´μ£μ É¨¶ , Δt Å ¨¸±μ³Ò° ¨´É¥·¢ ² ¢·¥³¥´¨, ε Å ³ ²μ¥
¤μ¶Ê¸É¨³μ¥ Î¨¸²μ, § ¤ ¢ ¥³μ¥ Ô±¸¶¥·¨³¥´É Éμ·μ³ § · ´¥¥. ˆ³¥´´μ ÔÉμÉ ¶ · -
³¥É· ¨ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ μÉ´μ¸¨É¥²Ó´Ò¥ ¶μÉ¥·¨ ¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨.
—Éμ ¦¥ ± ¸ ¥É¸Ö ±μ´±·¥É´μ£μ · ¸Î¥É  ¢¥·μÖÉ´μ¸É¨, Éμ ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
¶μ¤Ìμ¤Ò BSC (Background Signal Combinations [15]) ¨ LDSC (Linked De-
cay Signal Combinations [16]) ¨²¨ ¡μ²¥¥ Ê¶·μÐ¥´´Ò¥ ¢¥·¸¨¨, ÊÎ¨ÉÒ¢ ÕÐ¨¥
¸¶¥Í¨Ë¨±Ê Ô±¸¶¥·¨³¥´É , ¸ ¶·¨³¥´¥´¨¥³ ³¥Éμ¤   ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° (¸³.,
´ ¶·¨³¥·, [17, 6]).

�¢Éμ³ É¨Î¥¸±μ¥ μÉ¸²¥¦¨¢ ´¨¥ É¥±ÊÐ¨Ì ¨´¤¨¢¨¤Ê ²Ó´ÒÌ §´ Î¥´¨° Î -
¸ÉμÉÒ § £·Ê§μ± ¸¨£´ ²μ¢ É¨¶  ®ER¯ ¨ ®α¯ É ±¦¥ ³μ¦¥É μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¢
¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¢ ± Î¥¸É¢¥ ¸·¥¤´¥£μ §´ Î¥´¨Ö,   ¨³¥´´μ:

νi,j(t) ≈ 〈νi,j(t)〉
f(t)
〈f(t)〉 ,

£¤¥ i, j Å ´μ³¥· ÖÎ¥°±¨ (¶¨±¸¥²Ö DSSSD-¤¥É¥±Éμ· ); νi,j Å ¨¸±μ³μ¥ §´ Î¥´¨¥
Î ¸ÉμÉÒ ¨§³¥·Ö¥³μ£μ ¸¨£´ ²  ¢ ¤ ´´Ò° ³μ³¥´É ¢·¥³¥´¨ t; 〈νi,j〉 Å ¸·¥¤´¥¥
§´ Î¥´¨¥ ¶μ ¨´É¥·¢ ²Ê (0, t); f(t) Å § £·Ê§±  ¢ ³μ³¥´É ¢·¥³¥´¨ t ¤²Ö ¢¸¥£μ
¤¥É¥±Éμ· ; 〈f(t)〉 Å ¸·¥¤´¥¥ §´ Î¥´¨¥ ÔÉμ° ¢¥²¨Î¨´Ò ´  ³μ³¥´É ¢·¥³¥´¨ t.
‚μ§³μ¦´μ É ±¦¥ ¢¢¥¤¥´¨¥ ¢ ¸¨¸É¥³Ê ´ ¡μ·  ¤ ´´ÒÌ ¤μ¶μ²´¨É¥²Ó´μ£μ ± ´ ² 
·¥£¨¸É· Í¨¨ Éμ±  Í¨²¨´¤·  ” · ¤¥Ö ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨, ÎÉμ μ¡¥¸¶¥Î¨É
μÉ¸²¥¦¨¢ ´¨¥ É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶ Ê§ ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¨, ´ ¶·¨³¥· § ³¥´Ê
É¨£²Ö ¨¸ÉμÎ´¨±  ¨μ´μ¢ (¶¥·¨μ¤ Å ´¥¸±μ²Ó±μ ¸ÊÉμ±).

„ ²¥¥ · ¸¸³μÉ·¨³ ¢μ§³μ¦´μ¸ÉÓ μÍ¥´±¨ ¸·¥¤´¨Ì ¶μÉ¥·Ó ¢·¥³¥´¨ ¶·¨ μ¡²Ê-
Î¥´¨¨ ³¨Ï¥´¨, ¨³¥Ö ¢ ± Î¥¸É¢¥ ´ ¡μ·  ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ ³ É·¨ÍÒ § £·Ê§μ±
¸¨£´ ²μ¢, ¨³¨É¨·ÊÕÐ¨Ì ²¨¡μ Ö¤·  μÉ¤ Î¨, ²¨¡μ  ²ÓË -· ¸¶ ¤Ò. ’μ ¥¸ÉÓ  ±-
ÉÊ ²Ó´Ò ¤²Ö ¤ ´´μ£μ ¶·μÍ¥¸¸  Î¥ÉÒ·¥ ³ É·¨ÍÒ · §³¥·μ³ MK , £¤¥ M , K Å
±μ²¨Î¥¸É¢μ £μ·¨§μ´É ²Ó´ÒÌ ¨ ¢¥·É¨± ²Ó´ÒÌ ¸É·¨¶μ¢ DSSSD-¤¥É¥±Éμ·  ¸μμÉ-
¢¥É¸É¢¥´´μ. �·¨ ÔÉμ³ ¢ ²Õ¡μ° ³μ³¥´É ¢·¥³¥´¨ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¢¥·μÖÉ´μ¸ÉÓ
Î ¸ÉμÉÒ ¸²ÊÎ °´μ° ±μ··¥²ÖÍ¨¨ fi,j , ±μÉμ· Ö ¤²Ö ¢¸¥£μ ¤¥É¥±Éμ·  ¡Ê¤¥É · ¢´μ°

ν =
M∑
i=1

K∑
j=1

fi,j . ˆ ¥¸²¨ τpause Å ¢·¥³Ö ¥¤¨´¨Î´μ° ¶ Ê§Ò, Éμ ¸·¥¤´¨¥ μÉ´μ-

¸¨É¥²Ó´Ò¥ ¶μÉ¥·¨ ¢·¥³¥´¨ μ¡²ÊÎ¥´¨Ö ¡Ê¤ÊÉ ¸μ¸É ¢²ÖÉÓ η = ντpause. ‚ Éμ³
Î¨¸²¥ ¨ ÔÉμ ¸μμÉ´μÏ¥´¨¥, ¢ÒÎ¨¸²Ö¥³μ¥ ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, ³μ¦¥É
¡ÒÉÓ ¢±²ÕÎ¥´μ ¢ ¤μ¶μ²´¨É¥²Ó´μ¥ Ê¸²μ¢¨¥ μ¸É ´μ¢  ¶ÊÎ±  ¢ ¢¨¤¥ η � ε2, £¤¥
ε2 � 1 Å ´ ¶¥·¥¤ § ¤ ´´μ¥ ³ ²μ¥ Î¨¸²μ.
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ˆŒ�‹��’ˆ��‚����ƒ� Ÿ„�� �’„�—ˆ

‚ ¤ ´´μ³ · §¤¥²¥ ¶·¥¤¸É ¢²¥´Ò É·¨ ¢ ·¨ ´É  μÍ¥´±¨ ¸¶¥±É·μ¢, ¨³¶² ´-
É¨·μ¢ ´´ÒÌ ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ· ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥·. �¥·¢Ò° ³¥Éμ¤, μ¶¨-
¸ ´´Ò° ¢ ¶. 4.1, μ¸´μ¢ ´ ´  ±μ³¶ÓÕÉ¥·´μ³ ³μ¤¥²¨·μ¢ ´¨¨ ¸¶¥±É·  ÉÖ¦¥²ÒÌ
Ö¤¥· [18] ¸ ÊÎ¥Éμ³ ¶μÉ¥·¨ Ô´¥·£¨¨ ¨ ¨Ì Ë²Ê±ÉÊ Í¨¨ ± ± ¢ ¸ ³μ³ ±·¥³´¨-
¥¢μ³ ¤¥É¥±Éμ·¥, É ± ¨ ¢ · ¡μÎ¨Ì ¸·¥¤ Ì ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨. „¢¥ μ¸-
É ²Ó´Ò¥ ¸¨¸É¥³ É¨±¨ (¶. 4.2 ¨ 4.3) ¨³¥ÕÉ ¸Ê£Ê¡μ Ô³¶¨·¨Î¥¸±μ¥ ¶·μ¨¸-
Ìμ¦¤¥´¨¥.

4.1. Šμ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¸¶¥±É·  ·¥£¨¸É·¨·Ê¥³μ° Ô´¥·£¨¨.
�·¨ ±μ´¸É·Ê¨·μ¢ ´¨¨ Éμ£μ ¨²¨ ¨´μ£μ  ²£μ·¨É³  ·¥ ²Ó´μ£μ ¢·¥³¥´¨ ¢ · ³-
± Ì ³¥Éμ¤   ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° ¶·¨Ìμ¤¨É¸Ö ¨³¥ÉÓ ¤¥²μ ¸ Ô´¥·£¥É¨Î¥¸±¨³¨
¨´É¥·¢ ² ³¨ ¶·¨ μ¡· §μ¢ ´¨¨ Ô²¥³¥´É  ³ É·¨ÍÒ ·¥±μ°²μ¢. ‚ · ¡μÉ Ì [19, 20]
¨¸¶μ²Ó§μ¢ ´  ¤¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³  ´  μ¸´μ¢¥ Ëμ± ²Ó´μ£μ DSSSD-¤¥É¥±Éμ· 
¨ £ §μ¢μ£μ ³μ¤Ê²Ö ´¨§±μ£μ ¤ ¢²¥´¨Ö TOF-ΔE1-ΔE2 (¸³., ´ ¶·¨³¥·, [9]). ‡ -
·¥£¨¸É·¨·μ¢ ´Ò Ï¥¸ÉÓ Í¥¶μÎ¥± · ¸¶ ¤  ¨§μÉμ¶μ¢ Fl. �¥£¨¸É·¨·Ê¥³Ò¥ §´ Î¥-
´¨Ö Ô´¥·£¨¨ Ö¤¥· μÉ¤ Î¨ ¶·¨ ÔÉμ³ ¸μ¸É ¢²Ö²¨ {11,4; 8,08; 9,45; 12,56; 10,2;
9,98} ŒÔ‚. �  ·¨¸. 8, a, ¡ ¶μ± § ´Ò ± ± · ¸¸Î¨É ´´Ò¥, É ± ¨ ¨§³¥·¥´´Ò¥
§´ Î¥´¨Ö  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ [21]. �·¨ ÔÉμ³ Ï¥¸ÉÓ Ê± § ´´ÒÌ ¢ÒÏ¥ §´ Î¥´¨°
 ³¶²¨ÉÊ¤ ¤μ¡ ¢²¥´Ò ¢ £¨¸Éμ£· ³³Ê ¨§³¥·¥´´ÒÌ §´ Î¥´¨°. �Î¥¢¨¤´μ Ìμ·μÏ¥¥
¨Ì ¸μμÉ¢¥É¸É¢¨¥.

4.2. Š ²¨¡·μ¢μÎ´μ¥ ¸μμÉ´μÏ¥´¨¥ ¤²Ö ³μ¤Ê²Ö ¤¥É¥±É¨·μ¢ ´¨Ö £ §μ´ -
¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  ´  μ¸´μ¢¥ ³ ¸¸¨¢  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ · ´¥¥  ³-
¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥·. ‚ · ¡μÉ¥ [22] ¶μ²ÊÎ¥´  Ëμ·-
³Ê²  ¤²Ö ¸μ¢μ±Ê¶´μ¸É¨ ¤ ´´ÒÌ ¤²Ö ·¥ ±Í¨° ¶μ²´μ£μ ¸²¨Ö´¨Ö É¨¶   ±É¨´¨¤-

�¨¸. 8. a) ˆ§³¥·¥´´Ò¥ §´ Î¥´¨Ö  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ Ö¤¥· Fl [18]. �μ± § ´Ò ¸·¥¤´ÖÖ
·¥£¨¸É·¨·Ê¥³ Ö Ô´¥·£¨Ö ¨ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥. ¡) � ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö ¤²Ö
¨³¶² ´É¨·μ¢ ´´ÒÌ ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ· Ö¤¥· Fl [21] ¤²Ö ¤¥É¥±É¨·ÊÕÐ¥£μ ³μ¤Ê²Ö
ƒ�‘. � · ³¥É·Ò É¥ ¦¥, ÎÉμ ¨ ´  ·¨¸. a
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´ Ö ³¨Ï¥´Ó + 48Ca, ¶·μ¢¥¤¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ´  ƒ�‘. ‘¤¥² ´  ¶μ¶ÒÉ± 
¶ · ³¥É·¨§ Í¨¨ ·¥§Ê²ÓÉ É  ¶μ ¢¥²¨Î¨´¥ § ·Ö¤  ¨³¶² ´É¨·Ê¥³μ£μ ´Ê±²¨¤ ,
  ¨³¥´´μ:

Ē ≈ 25,9 − 0,125Z ŒÔ‚,

ÎÉμ ¤²Ö Z = 114 ¶·¨¡²¨§¨É¥²Ó´μ ¸μ¸É ¢²Ö¥É 11,65 ŒÔ‚. „²Ö Ï¥¸É¨ ¶μ²Ê-
Î¥´´ÒÌ §´ Î¥´¨°  ³¶²¨ÉÊ¤ ¸¨£´ ²μ¢ ¨³¶² ´É¨·μ¢ ´´ÒÌ Ö¤¥· Ë²¥·μ¢¨Ö
¸·¥¤´¥¥ §´ Î¥´¨¥ ·¥£¨¸É·¨·Ê¥³μ° Ô´¥·£¨¨ ¸μ¸É ¢¨²μ E = (10,3 ± 1,6) ŒÔ‚,
ÎÉμ ¢ ¶·¨´Í¨¶¥ ´¥ ¶·μÉ¨¢μ·¥Î¨É Ô³¶¨·¨Î¥¸±μ³Ê ¸μμÉ´μÏ¥´¨Õ. …¸²¨ ¦¥
¨³¥ÉÓ ¢ ¢¨¤Ê ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö Í¥´É·μ¨¤Ò · ¸¶·¥¤¥²¥´¨Ö σ̄ = σ/

√
N =

1,6/
√

6 = 0,65, Éμ ¶μ²ÊÎ ¥³ ³¥´ÓÏ¥¥ §´ Î¥´¨¥, ±μÉμ·μ¥ μ¡ÑÖ¸´Ö¥É¸Ö ´¥-
¸±μ²Ó±μ Ê¢¥²¨Î¥´´Ò³¨ · §³¥· ³¨ ± ³¥·Ò ¢·¥³¥´¨ ¶·μ²¥É  ¤²Ö ±μ´¸É·Ê±Í¨¨
³μ¤Ê²Ö ¸ DSSSD-¤¥É¥±Éμ·μ³.

4.3. Š ²¨¡·μ¢μÎ´ Ö Ëμ·³Ê²  ´  μ¸´μ¢¥ Ö¤¥· μÉ¤ Î¨ ¨§ É¥¸Éμ¢ÒÌ ·¥ ±-
Í¨°. ‚ · ¡μÉ¥ [23] ¤²Ö μ¶¨¸ ´¨Ö ¸μ¢μ±Ê¶´μ¸É¨ ¤ ´´ÒÌ ¤²Ö ¸¨£´ ²  ·¥£¨¸É·¨-
·Ê¥³μ° Ô´¥·£¨¨ ¨³¶² ´É¨·μ¢ ´´μ£μ Ö¤· , ¶·¥¤¸É ¢²¥´´μ° ¢ ¢¨¤¥ § ¢¨¸¨³μ¸É¨
μÉ · ¸¸Î¨É ´´μ° ¢Ìμ¤´μ° Ô´¥·£¨¨, ¶μ²ÊÎ¥´  ¸²¥¤ÊÕÐ Ö Ëμ·³Ê² :

E¨§³ = −2,05 + 0,73E¢Ì + 0,0015E2
¢Ì − (E¢Ì/40)3.

‡¤¥¸Ó E¨§³ Å ¨§³¥·Ö¥³μ¥ ¸·¥¤´¥¥ §´ Î¥´¨¥; E¢Ì Å §´ Î¥´¨¥ Ô´¥·£¨¨ ´  ¢Ìμ¤¥
¶¥·¥¤ ¨³¶² ´É Í¨¥° ¢ ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ·.

„²Ö · ¸¸Î¨É ´´μ£μ §´ Î¥´¨Ö Ô´¥·£¨¨ ´  ¢Ìμ¤¥ 13,32 ŒÔ‚ [24] ¨§³¥·¥´-
´μ¥ §´ Î¥´¨¥ Í¥´É·μ¨¤Ò ²¥¦¨É ¢ · °μ´¥ 8 ŒÔ‚, ÎÉμ ´  2,3 ŒÔ‚ ³¥´ÓÏ¥
¨§³¥·¥´´μ£μ ¸·¥¤´¥£μ §´ Î¥´¨Ö.

5. Š ‚����‘“ � ��„ˆ�–ˆ����‰ ‘’�‰Š�‘’ˆ
Š�…Œ�ˆ…‚›• „…’…Š’���‚

� ¡μÉ  ¸¶¥±É·μ³¥É·  £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥
¢·¥³¥´¨ É·¥¡Ê¥É ÉμÎ´μ£μ §´ ´¨Ö ± ²¨¡·μ¢μÎ´ÒÌ ¶ · ³¥É·μ¢. �¤´¨³ ¨§ Ë ±Éμ-
·μ¢, ¢²¨ÖÕÐ¨Ì ´  ¨§³¥´¥´¨¥ ¶μ¸²¥¤´¨Ì, Ö¢²Ö¥É¸Ö · ¤¨ Í¨μ´´ Ö ¸É ¡¨²Ó´μ¸ÉÓ
±·¥³´¨¥¢ÒÌ ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢. �ÉμÉ ¢μ¶·μ¸ ¨§ÊÎ ²¸Ö ¢ · ¡μ-
É Ì [25Ä27]. ‚ · ¡μÉ¥ [27] §  μ¸´μ¢Ê ¸¨¸É¥³ É¨§ Í¨¨ ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨
· ¤¨ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° ¡Ò²  ¶·¨´ÖÉ  ¸·¥¤´ÖÖ ¢¥²¨Î¨´  ´¥· ¤¨Í¨μ´´ÒÌ
(Ö¤¥·´ÒÌ, ´¥ ¶·¨¢μ¤ÖÐ¨Ì ± £¥´¥· Í¨¨ ´¥· ¢´μ¢¥¸´ÒÌ Ô²¥±É·μ´´μ-¤Ò·μÎ´ÒÌ
¶ ·) ¶μÉ¥·Ó. ‘μ£² ¸´μ Ë¨²μ¸μË¨¨ ¶μ¤Ìμ¤  [27] ¢ [28] ¶μ± § ´μ, ÎÉμ ±·¨-
É¨Î¥¸± Ö ¤μ§  ³¨Ï¥´¥¶μ¤μ¡´ÒÌ ¨μ´μ¢ ³μ¦¥É ¡ÒÉÓ ³¥´ÓÏ¥ Î¥³ 108 ¸³−2

(¸³. ·¨¸. 9). ‚ ¸²ÊÎ ¥ ¨´É¥´¸¨¢´μ¸É¥° ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¶μ·Ö¤±  5Ä10 p³±� ³μ-
¦¥É ¡ÒÉÓ μ£· ´¨Î¥´μ ´¥ Éμ²Ó±μ ¶·¨³¥´¥´¨¥ É¥±ÊÐ¨Ì ± ²¨¡·μ¢μÎ´ÒÌ ±μÔËË¨-
Í¨¥´Éμ¢ ¢ ³¥Éμ¤¥  ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨°, ´μ ¨ ¢·¥³Ö ¦¨§´¨ DSSSD-¤¥É¥±Éμ· 
± ± É ±μ¢μ£μ.
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�¨¸. 9. ‹μ£ ·¨Ë³¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ±·¨É¨Î¥¸±μ° ¤μ§Ò μÉ ¢¥²¨Î¨´Ò Ö¤¥·´μ° ¸Éμ²±-
´μ¢¨É¥²Ó´μ° ±μ³¶μ´¥´ÉÒ ¢¥²¨Î¨´Ò ¶μÉ¥·Ó, · ¸¸Î¨É ´´μ° ¶μ Ëμ·³Ê²¥ ‚¨²±¨´¸  [29]

6. ‚›‚�„›

1. � ¸¸³μÉ·¥´  ·μ²Ó ±· ¥¢ÒÌ ÔËË¥±Éμ¢ ¶·¨ ¸¡μ·¥ ´¥· ¢´μ¢¥¸´μ£μ § ·Ö¤ 
¢ ³¥¦¸É·¨¶μ¢μ° μ¡² ¸É¨ DSSSD-¤¥É¥±Éμ·μ¢, · ¡μÉ ÕÐ¨Ì ¢ ·¥¦¨³¥ ¶μ²´μ£μ
μ¡¥¤´¥´¨Ö. „²Ö  ²ÓË -· ¸¶ ¤  ¨³¶² ´É¨·μ¢ ´´μ£μ Ö¤·  217Th ¨§³¥·¥´´μ¥
§´ Î¥´¨¥ ¡ ²²¨¸É¨Î¥¸±μ£μ ¤¥Ë¥±É  ¸μ¸É ¢²Ö²μ ¶μ·Ö¤±  30 ±Ô‚. �μ± § ´μ,
ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥Éμ¤   ±É¨¢´ÒÌ ±μ··¥²ÖÍ¨° Ëμ·³¨·μ¢ ´¨Ö ³ É·¨ÍÒ
·¥±μ°²μ¢ ¸²¥¤Ê¥É § ¶μ²´ÖÉÓ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ (i, j, j + 1), £¤¥ i, j Å
¨´¤¥±¸Ò £μ·¨§μ´É ²Ó´ÒÌ ¨ ¢¥·É¨± ²Ó´ÒÌ ¸É·¨¶μ¢ ¤¥É¥±Éμ·  ¸μμÉ¢¥É¸É¢¥´´μ.
�·¥¤²μ¦¥´  ¶·μ¸É Ö Ô±¢¨¢ ²¥´É´ Ö ¸Ì¥³  ¶·μÍ¥¸¸ .

2. ‘μ§¤ ´μ ¶·¨²μ¦¥´¨¥ ‘++ Builder ¤²Ö Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ê¸²μ¦-
´¥´´μ£μ  ²£μ·¨É³  ·¥ ²Ó´μ£μ ¢·¥³¥´¨ É¨¶  ER-α-α.

3. �·¥¤²μ¦¥´ ®£¨¡±¨°¯  ²£μ·¨É³ μ¸É ´μ¢μ¢, ¶·¥¤¶μ² £ ÕÐ¨° ¢ÒÎ¨¸²¥-
´¨¥ ¢¥·μÖÉ´μ¸É¨ ¸²ÊÎ °´ÒÌ ¸μ¢¶ ¤¥´¨° ¢ ·¥ ²Ó´μ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨ ¤²Ö
± ¦¤μ° ¨´¤¨¢¨¤Ê ²Ó´μ° Ô²¥³¥´É ·´μ° ÖÎ¥°±¨ ¢ ¶·μÍ¥¸¸¥ ´ ¡μ·  ¤ ´´ÒÌ.
�¢Éμ·Ò ´¥ ¨¸±²ÕÎ ÕÉ, ÎÉμ  ±ÉÊ ²Ó´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¤ ´´μ£μ  ²£μ·¨É³  ¢μ§-
· ¸É¥É ¸ ¢¢μ¤μ³ ¢ ¸É·μ° ´μ¢μ£μ ¸¢¥·Ì¨´É¥´¸¨¢´μ£μ Í¨±²μÉ·μ´  DC-280 ¨
´μ¢μ£μ £ §μ´ ¶μ²´¥´´μ£μ ¸¥¶ · Éμ·  Ö¤¥· μÉ¤ Î¨ ‹Ÿ�.

4. �·μ¢¥¤¥´  μÍ¥´±  ±·¨É¨Î¥¸±μ° ¤μ§Ò μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¥¶μ¤μ¡´Ò³¨
Ö¤· ³¨ ± ²¨Ëμ·´¨Ö.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ �.�. ‚μ¨´μ¢Ê ¨
‚. ƒ. ‘Ê¡¡μÉ¨´Ê §  ¶μ³μÐÓ ¢ · ¡μÉ¥. „ ´´ Ö · ¡μÉ  Î ¸É¨Î´μ ¶μ¤¤¥·¦ ´ 
£· ´Éμ³ �””ˆ º16-52-55002.
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