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Œ´μ£μ± ´ ²Ó´Ò° ¨§³¥·¨É¥²Ó ³ ²ÒÌ Éμ±μ¢

� §· ¡μÉ ´μ Ê¸É·μ°¸É¢μ, ¶·¥¤´ §´ Î¥´´μ¥ ¤²Ö μÉμ¡· ¦¥´¨Ö ¶·μË¨²Ö ¶ÊÎ± 
¨μ´μ¢ ¶ÊÉ¥³ ¨§³¥·¥´¨Ö Éμ±μ¢ ±μμ·¤¨´ É´ÒÌ ¶·μ¢μ²μÎ¥±. �·¨¢μ¤ÖÉ¸Ö É¥Ì´¨Î¥-
¸±¨¥ Ì · ±É¥·¨¸É¨±¨, ¶·¨´Í¨¶¨ ²Ó´Ò¥ Ô²¥±É·¨Î¥¸±¨¥ ¨ ²μ£¨Î¥¸±¨¥ ¸Ì¥³Ò, ¢·¥-
³¥´´Ò¥ ¤¨ £· ³³Ò,   É ±¦¥ ËμÉμ£· Ë¨¨ μ¸´μ¢´ÒÌ Î ¸É¥° Ê¸É·μ°¸É¢ .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Kuznetsov A.N., Kuznetsov E.A. P13-2009-108
Multichannel Measuring Instrument of Small Currents

The device intended for display of a proˇle of an ion beam by measurement
of currents of the co-ordinate wires is developed. Technical characteristics, basic
electric and logic schemes, time diagrams, and also photos of the basic parts of the
device are presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚‚…„…�ˆ…

ˆ§³¥·¥´¨¥ ³ ²ÒÌ Éμ±μ¢ ¶·¨ ¡μ²ÓÏ¨Ì Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ³¥Ì Ì ¢ § ² Ì
Í¨±²¨Î¥¸±¨Ì Ê¸±μ·¨É¥²¥° ¨μ´μ¢ μ¡ÒÎ´μ ¢Ò¶μ²´Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó-
´ÒÌ ¶μ³¥ÌμÊ¸Éμ°Î¨¢ÒÌ  ´ ²μ£μ-Í¨Ë·μ¢ÒÌ ¶·¥μ¡· §μ¢ É¥²¥° (�–�). � ¶·¨-
³¥·, ¤²Ö ¨§³¥·¥´¨Ö Éμ±μ¢ ¢ ¤¨ ¶ §μ´¥ ¤¥¸ÖÉ±μ¢ ¨ ¸μÉ¥´ ³¨±·μ ³¶¥· ¸ ¶μ³μ-
ÐÓÕ Í¨²¨´¤·μ¢ ” · ¤¥Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö �–� ¸ ¤¢μ°´Ò³ ¨´É¥£·¨·μ¢ ´¨¥³. ‡ 
¸Î¥É Í¨±²  ¨§³¥·¥´¨Ö ¸ ¤²¨É¥²Ó´μ¸ÉÓÕ, ±· É´μ° 20 ³¸, ¢ ÔÉ¨Ì �–� ¶·μ¨¸-
Ìμ¤¨É ¶μ¤ ¢²¥´¨¥ ¶·μ³ÒÏ²¥´´ÒÌ ¶μ³¥Ì ¸ Î ¸ÉμÉ ³¨, ±· É´Ò³¨ 50 ƒÍ. �·¨
¶μ¶ÒÉ±¥ ¨§³¥·¥´¨Ö ¶·μË¨²Ö ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ¸¥É±¨ ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ
¸²¥¤ÊÕÐ¨¥ É¥Ì´¨Î¥¸±¨¥ ¶·μ¡²¥³Ò. ‚μ-¶¥·¢ÒÌ, Éμ± μÉ¤¥²Ó´μ° ¶·μ¢μ²μÎ±¨
¢ ¸μÉ´¨ · § ³¥´ÓÏ¥ ¸Ê³³ ·´μ£μ Éμ±  ¶ÊÎ± , É. ¥. ´¥μ¡Ìμ¤¨³μ ¸ÊÐ¥¸É¢¥´´μ
Ê¢¥²¨Î¨ÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¨§³¥·¨É¥²Ó´μ° ¸Ì¥³Ò. ‚μ-¢Éμ·ÒÌ, É ± ± ± ¶·μ-
¢μ²μÎ¥± ³´μ£μ, ´¥μ¡Ìμ¤¨³μ Ê³¥´ÓÏ¨ÉÓ μ¡Ð¨° μ¡Ñ¥³ ¨ ¸Éμ¨³μ¸ÉÓ  ¶¶ · ÉÊ·Ò.
–¥²Ó · §· ¡μÉ±¨ Å ¶μ¶ÒÉ±  ·¥Ï¨ÉÓ Ê± § ´´Ò¥ ¶·μ¡²¥³Ò.

1. Š��‘’�“Š–ˆŸ ˆ ‘�‘’�‚ “‘’��‰‘’‚�

�²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ö Éμ±μ¢ ´  32 ¢Ìμ¤  ¶μ± § ´  ´  ·¨¸. 1. Š ¦¤ Ö
 ´ ²μ£μ¢ Ö ¶² É  (·¨¸. 2) μ¡¸²Ê¦¨¢ ¥É 8 ¢Ìμ¤μ¢. 4 ¨¤¥´É¨Î´Ò¥ ¶² ÉÒ Ê¸É ´ -
¢²¨¢ ÕÉ¸Ö ´  ®³ É¥·¨´¸±μ°¯ ¶² É¥, ¶·¨ ÔÉμ³ ¤²Ö μ¡¸²Ê¦¨¢ ´¨Ö ± ¦¤μ°  ´ -
²μ£μ¢μ° ¶² ÉÒ ´¥μ¡Ìμ¤¨³Ò 16 ²μ£¨Î¥¸±¨Ì ¢Ìμ¤μ¢/¢ÒÌμ¤μ¢, ®§¥³²Ö¯ ¨ Ï¨´Ò
¶¨É ´¨Ö +/ − 2,5 ‚. �  ³ É¥·¨´¸±μ° ¶² É¥ · ¸¶μ²μ¦¥´Ò ¢Éμ·¨Î´Ò¥ ¨¸-
ÉμÎ´¨±¨ ¶¨É ´¨Ö (μÉ¤¥²Ó´ Ö ¸Ñ¥³´ Ö ¶² É ),   É ±¦¥ ¶·μ£· ³³¨·Ê¥³ Ö ²μ£¨-
Î¥¸± Ö ³¨±·μ¸Ì¥³  (�‹Œ) Ë¨·³Ò ALTERA (·¨¸. 3). �μ¸²¥¤´ÖÖ ¢Ò¶μ²´Ö¥É
´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¨§³¥·¥´¨° Éμ±μ¢ ËÊ´±Í¨¨,   É ±¦¥ μ¡¥¸¶¥Î¨¢ ¥É · ¡μÉÊ ¡Ò-
¸É·μ¤¥°¸É¢ÊÕÐ¥£μ ¶ · ²²¥²Ó´μ£μ ¶μ·É  ¤²Ö μ¡³¥´  ¤ ´´Ò³¨ ¸  ¸¨´Ì·μ´´Ò³
Ê¸É·μ°¸É¢μ³ ¢¢μ¤ /¢Ò¢μ¤  (´ ¶·¨³¥·, ¡²μ±μ³ ¢ ¸É ´¤ ·É¥ Š�Œ�Š ¨²¨ ¶² -
Éμ° ¢ �‘). ‘ ¶μ³μÐÓÕ ¶ ·Ò ¶ · ²²¥²Ó´μ ¢±²ÕÎ¥´´ÒÌ · §Ñ¥³μ¢ ¢¢μ¤ /¢Ò¢μ¤ 
¢μ§³μ¦´μ μ¤´μ¢·¥³¥´´μ¥ ¶μ¤±²ÕÎ¥´¨¥ ¤μ 16 ®³ É¥·¨´¸±¨Ì¯ ¶² É (512 ± -
´ ²μ¢) ± μ¡Ð¥° Ï¨´¥ Ê¸É·μ°¸É¢  ¢¢μ¤ /¢Ò¢μ¤  �‘. �¤·¥¸ ¶² ÉÒ § ¤ ¥É¸Ö
Î¥ÉÒ·Ó³Ö ¶¥·¥³ÒÎ± ³¨ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ´É ±É Ì ÏÉÒ·¥¢μ£μ · §Ñ¥³ .
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�¨¸. 1. �²μ±-¸Ì¥³  ¨§³¥·¨É¥²Ö Éμ±μ¢ ´  32 ¢Ìμ¤ 

�¨¸. 2. �´ ²μ£μ¢ Ö ¶² É 
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�¨¸. 3. ®Œ É¥·¨´¸± Ö¯ ¶² É 

�¨¸. 4. ˆ§³¥·¨É¥²Ó´Ò° ³μ¤Ê²Ó
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‚ μ¤´μ³ ±μ¦ÊÌ¥ ¨§ ³ £´¨É´μ£μ ³ É¥·¨ ²  (¤²Ö Ê³¥´ÓÏ¥´¨Ö Ê·μ¢´Ö Ô²¥±É·μ-
³ £´¨É´ÒÌ ¶μ³¥Ì) · §³¥Ð ÕÉ¸Ö 2 ³ É¥·¨´¸±¨¥ ¶² ÉÒ (¶μ± § ´μ ´  ·¨¸. 4 ¢
¸É ¤¨¨ ³μ´É ¦ ). ’ ±¨³ μ¡· §μ³, ±μ´¸É·Ê±É¨¢´μ ¨ ËÊ´±Í¨μ´ ²Ó´μ § ±μ´Î¥´-
´Ò° ¨§³¥·¨É¥²Ó Éμ±μ¢ μ¡¸²Ê¦¨¢ ¥É 64 ± ´ ² .

2. ‚•�„��Ÿ —�‘’œ

‚Ìμ¤´ Ö Î ¸ÉÓ ± ´ ²  ¨§³¥·¥´¨Ö Éμ±  ¶·¨¢¥¤¥´  ´  ·¨¸. 5. ‚Ìμ¤´μ° Éμ±
¶·¥μ¡· §Ê¥É¸Ö ¢ ´ ¶·Ö¦¥´¨¥ ¸ ¶μ³μÐÓÕ ·¥§¨¸Éμ·  R2 ¢ μ¡· É´μ° ¸¢Ö§¨ μ¶¥· -
Í¨μ´´μ£μ Ê¸¨²¨É¥²Ö (�“). �“ ¨³¥¥É Ê²ÓÉ· ´¨§±¨° ¤·¥°Ë ´ ¶·Ö¦¥´¨Ö ¸³¥Ð¥-
´¨Ö ¨ ³ ²Ò° ¢Ìμ¤´μ° Éμ±. ‚¥²¨Î¨´  ·¥§¨¸Éμ·  R2 μ¶·¥¤¥²Ö¥É ±μÔËË¨Í¨¥´É
¶·¥μ¡· §μ¢ ´¨Ö Éμ±  ¢ ´ ¶·Ö¦¥´¨¥ ¨ ¤¨ ¶ §μ´ ¢Ìμ¤´ÒÌ Éμ±μ¢ (μ±μ²μ 1 ³±�).
�¥§¨¸Éμ· R1 ¨ ¤¨μ¤Ò VD1 ¸ Ê²ÓÉ· ´¨§±¨³ Éμ±μ³ ÊÉ¥Î±¨ μ¡¥¸¶¥Î¨¢ ÕÉ § Ð¨ÉÊ
¢Ìμ¤  �“. Šμ´¤¥´¸ Éμ· ‘1 Ë¨²ÓÉ·Ê¥É ¢Ò¸μ±μÎ ¸ÉμÉ´Ò¥ ¶μ³¥Ì¨.

�¨¸. 5. ‚Ìμ¤´ Ö Î ¸ÉÓ ± ´ ²  ¨§³¥·¥´¨Ö Éμ± 

‘²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ ¸Ì¥³Ò ·¨¸. 5 Å ÔÉμ  ´ ²μ£μ¢ Ö Î ¸ÉÓ ¸Ì¥³Ò ¤¥²ÓÉ -
¸¨£³ -¶·¥μ¡· §μ¢ É¥²Ö [1]. ‚ÒÉ¥± ÕÐ¨° Î¥·¥§ R3* Éμ± ±μ³¶¥´¸¨·Ê¥É¸Ö ¢É¥-
± ÕÐ¨³ Î¥·¥§ R4* Éμ±μ³ (¶μ·Í¨Ö³¨ § ·Ö¤ ) É ±¨³ μ¡· §μ³, ÎÉμ ´ ¶·Ö¦¥´¨¥
´  ¨´¢¥·É¨·ÊÕÐ¥³ ¢Ìμ¤¥ ±μ³¶ · Éμ·  ¨§³¥´Ö¥É¸Ö ¢μ±·Ê£ ¶μÉ¥´Í¨ ²  ®§¥³-
²¨¯. ’μÎ´ Ö ¶μ·Í¨Ö § ·Ö¤  μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¸É ¡¨²Ó´μ° ¤²¨É¥²Ó´μ¸ÉÓÕ ¸¨£-
´ ²  ±μ³³ÊÉ Í¨¨ ±²ÕÎ  (SW) ¨ ¸É ¡¨²Ó´μ¸ÉÓÕ μ¶μ·´μ£μ ´ ¶·Ö¦¥´¨Ö +2,5 ‚.
�¥§¨¸Éμ·Ò R6, R7 μ¡¥¸¶¥Î¨¢ ÕÉ ¸μ£² ¸μ¢ ´¨¥ Ê·μ¢´¥° ¢ÒÌμ¤´μ£μ ¸¨£´ ² 
±μ³¶ · Éμ·  (CMP) ¸ ²μ£¨Î¥¸±μ° ¸Ì¥³μ°.

3. ‹�ƒˆ—…‘Š�Ÿ ‘•…Œ�

�  ·¨¸. 6 ¶μ± § ´  ²μ£¨Î¥¸± Ö Î ¸ÉÓ Ê¸É·μ°¸É¢ ,   ´  ·¨¸. 7 Å ¢·¥³¥´´ Ö
¤¨ £· ³³  ¥£μ · ¡μÉÒ. Š¢ ·Í¥¢Ò° £¥´¥· Éμ· ¨ ¤¥²¨É¥²Ó Î ¸ÉμÉÒ ´  3 μ¡¥¸-
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�¨¸. 6. ‹μ£¨Î¥¸± Ö ¸Ì¥³  μ¡Ð¥° Î ¸É¨ Ê¸É·μ°¸É¢  ¨ μ¤´μ£μ ¨§³¥·¨É¥²Ó´μ£μ ± ´ ² .
�¡μ§´ Î¥´¨Ö Ô²¥³¥´Éμ¢ ¨ ¸¨£´ ²μ¢ ¸μμÉ¢¥É¸É¢ÊÕÉ Ö§Ò±Ê ¶·μ£· ³³¨·μ¢ ´¨Ö ADHL
Ë¨·³Ò ALTERA

�¨¸. 7. ‚·¥³¥´´ Ö ¤¨ £· ³³  ¸Ì¥³Ò ¸¨´Ì·μ´¨§ Í¨¨ § ¶¨¸¨ ¤ ´´ÒÌ, ¶·¨¢¥¤¥´´μ°
´  ·¨¸. 6
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¶¥Î¨¢ ÕÉ ´¥μ¡Ìμ¤¨³ÊÕ μ¶μ·´ÊÕ Î ¸ÉμÉÊ (¢ÒÌμ¤ ’2) ¨ ¸¨£´ ²Ò Ë §¨·μ¢ ´¨Ö
§ ¶¨¸¨ ¤ ´´ÒÌ Ê¸É·μ°¸É¢ . �¶μ·´ Ö Î ¸ÉμÉ  (819,2 ±ƒÍ) ¢Ò¡· ´  É ±, ÎÉμ
Í¨±² 14-· §·Ö¤´μ£μ ¸Î¥ÉÎ¨± -É °³¥·  (CT Timer) ¸μ¸É ¢²Ö¥É 20 ³¸ ¨ μ¡¥¸-
¶¥Î¨¢ ¥É ¶μ¤ ¢²¥´¨¥ £ ·³μ´¨± ¶·μ³ÒÏ²¥´´μ° Î ¸ÉμÉÒ. ‹μ£¨Î¥¸± Ö ¸Ì¥³ 
± ¦¤μ£μ ± ´ ²  ¸μ¤¥·¦¨É:

Å D-É·¨££¥· (DTR), ´  ¨´Ëμ·³ Í¨μ´´Ò° ¢Ìμ¤ ±μÉμ·μ£μ ¶μ¤ ÕÉ¸Ö ¸¨£´ ²Ò
±μ³¶ · Éμ· ;

Å 14-· §·Ö¤´Ò° ¸Î¥ÉÎ¨± ‘’ ¸ ¢Ìμ¤ ³¨ · §·¥Ï¥´¨Ö ¸Î¥É  (cnt en) ¨  ¸¨´-
Ì·μ´´μ£μ ¸¡·μ¸  (aclr);

Å 14-· §·Ö¤´Ò° ·¥£¨¸É· RG ´  É·¨££¥· Ì D-É¨¶  ¤²Ö Ì· ´¥´¨Ö ¤ ´´ÒÌ
¶·¥μ¡· §μ¢ ´¨Ö ¸ ¢Ìμ¤μ³ · §·¥Ï¥´¨Ö § ¶¨¸¨ (ena).

�·¨ ÎÉ¥´¨¨ ·¥£¨¸É·μ¢ ¢ �‘ § ¶¨¸Ó ´μ¢μ£μ Î¨¸²  ¢ ¤ ´´Ò° ·¥£¨¸É· § ¶·¥-
Ð ¥É¸Ö ¤¥Ï¨Ë· Éμ·μ³  ¤·¥¸ .

4. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

‚¥·Ì´¨° ¶·¥¤¥² ¨§³¥·Ö¥³ÒÌ Éμ±μ¢ ¢Ò¡· ´ · ¢´Ò³ 1 ³±� ¤²Ö μ¡¥¸¶¥Î¥-
´¨Ö ¶·¥¤¥²Ó´μ ¢μ§³μ¦´μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ Ê¸É·μ°¸É¢ . �·¨ ÔÉμ³ Ï £ ¤¨¸-
±·¥É¨§ Í¨¨ �–� ¸μ¸É ¢²Ö¥É μ±μ²μ 60 ¶�. ‚ ±μ´É·μ²Ó´ÒÌ μ¶ÒÉ Ì, ¢ Ê¸²μ-
¢¨ÖÌ ¸¨²Ó´ÒÌ Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ³¥Ì, ´¥¸É ¡¨²Ó´μ¸ÉÓ ®0¯ Ï± ²Ò ¸μ¸É -
¢²Ö²  +/ − 1 μÉ¸Î¥É.

„²Ö ±μ´É·μ²²¥·  Š�Œ�Š ¸ Í¨±²μ³ μ±μ²μ 1,5 ³±¸ ¢·¥³Ö μ¶·μ¸  μ¤´μ£μ
³μ¤Ê²Ö (64 ± ´ ² ) ¸μ¸É ¢²Ö¥É μ±μ²μ 100 ³±¸.

‡�Š‹�—…�ˆ…

� §· ¡μÉ ´ ³´μ£μ± ´ ²Ó´Ò° ³μ¤Ê²Ó ¨§³¥·¨É¥²Ö ³ ²ÒÌ Éμ±μ¢, ¢ ±μÉμ·μ³
¨¸¶μ²Ó§ÊÕÉ¸Ö ¨§¢¥¸É´Ò¥ ³¥Éμ¤Ò ¶·¥μ¡· §μ¢ ´¨Ö Éμ±  ¢ ´ ¶·Ö¦¥´¨¥ ¨ ´ ¶·Ö-
¦¥´¨Ö ¢ ±μ¤. ‚ ¶·¥μ¡· §μ¢ É¥²ÖÌ ¢Ìμ¤´μ£μ Éμ±  ¶·¨³¥´¥´Ò ¢Ò¸μ±μ¸É ¡¨²Ó-
´Ò¥ ±μ³¶μ´¥´ÉÒ Ë¨·³Ò Analog Devices, ÎÉμ ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ ´¨¦´ÕÕ
£· ´¨ÍÊ ¤¨ ¶ §μ´  ¨§³¥·¥´¨° ¶μ·Ö¤±  ¤μ²¥° ´�. ‚¸¥ ²μ£¨Î¥¸±¨¥ Ê§²Ò ³μ-
¤Ê²Ö, ¢ Éμ³ Î¨¸²¥ ¡Ò¸É·μ¤¥°¸É¢ÊÕÐ¨° ¶ · ²²¥²Ó´Ò° ¨´É¥·Ë¥°¸, ¢Ò¶μ²´¥´Ò
´  μ¤´μ° ³¨±·μ¸Ì¥³¥ Ë¨·³Ò ALTERA.

3 ³μ¤Ê²Ö (192 ± ´ ² ) ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ¸μ¸É ¢¥ μ¡μ·Ê¤μ¢ ´¨Ö ¸¶¥±É·μ³¥É· 
MASHA ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·μ¢  �ˆŸˆ ¸ 2006 £.
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