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W¶¨¸ ´Ò ·¥§Ê²ÓÉ ÉÒ · §· ¡µÉ±¨  ´ ²µ£µ¢µ° Ô²¥±É·µ´¨±¨ ¤²Ö ¸¨¸É¥³Ò ¤·¥°Ëµ-
¢ÒÌ ± ³¥· Ê¸É ´µ¢±¨ HADES, ¸µ§¤ ´´µ° ´  µ¸´µ¢¥ ¸¶¥Í¨ ²¨§¨·µ¢ ´´µ° ³¨±·µ-
¸Ì¥³Ò ASD-8. —¨¸²µ ± ´ ²µ¢ Ê¸¨²¨É¥²Ö-¤¨¸±·¨³¨´ Éµ·  Å 16, ¶¨É ´¨¥ Å ± 3 B,
¶µÉ·¥¡²Ö¥³ Ö ³µÐ´µ¸ÉÓ ∼ 30 ³‚É/± ´., · §·¥Ï¥´¨¥ ¶ ·Ò ¨³¶Ê²Ó¸µ¢ Å ²ÊÎÏ¥
100 ´¸, ¶¥Î É´ Ö ¶² É  ¨³¥¥É · §³¥·Ò 40 × 90 ³³. „²Ö ¶µ¤ ¢²¥´¨Ö ¶µ³¥Ì ¢µ ¢Ìµ¤-
´µ³ ´¥Ô±· ´¨·µ¢ ´´µ³ ± ¶Éµ´µ¢µ³ ± ¡¥²¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¢Éµ·µ° ¤¨ËË¥·¥´Í¨ ²Ó´Ò°
¢Ìµ¤ Ê¸¨²¨É¥²Ö. ‘ ¶µ³µÐÓÕ ¤ ´´µ° Ô²¥±É·µ´¨±¨ ¢ µÉ² ¤µÎ´ÒÌ ¸¥ ´¸ Ì ´  ¶ÊÎ±¥
¶µ²ÊÎ¥´Ò ¢Ò¸µ±¨¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ (σ ∼ 65) ³±³ ¨ ÔËË¥±É¨¢´µ¸ÉÓ
·¥£¨¸É· Í¨¨. ‘µ¢³¥¸É´µ ¸ ƒ‘ˆ, „ ·³ÏÉ ¤É, µ·£ ´¨§µ¢ ´µ ¶·µ¨§¢µ¤¸É¢µ ¢ ¶·µ³ÒÏ-
²¥´´µ¸É¨ µ±µ²µ 32 ÉÒ¸. ± ´ ²µ¢ Ô²¥±É·µ´¨±¨.

N ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° WˆŸˆ.

Development and Design
of Analogue Read-Out Electronics
for HADES Drift Chamber System

E.Badura, Yu.V. Zanevsky, S.P. Chernenko

Results of the development of an analogue read-out electronics for the multicell drift
chamber system of the HADES set-up are described. The electronics is based on the
ASD-8 chip (ASIC). Main parameters of the ˇnal version are the following: the number
of channels is 16, voltage supplies are ± 3 V, power dissipation is ∼ 30 mW/ch., double
pulses resolution < 100 ns, PCB dimensions are 40 × 90 mm. The second differential
input of the ampliˇer is used for HF-noise suppression. A spatial resolution of ∼ 56 µm
(σ) has been obtained with this electronics during beam test. About 32000 channels
have been produced in industry in collaboration with GSI, Darmstadt.

The investigation has been performed at the Laboratory of High Energies, JINR.
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1. ‚‚…„…Hˆ…

’·¥±µ¢ Ö ¸¨¸É¥³  Ê¸É ´µ¢±¨ HADES [1,2] ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° 4 ®Î Ï¨¯, ¸µ¸ÉµÖ-
Ð¨¥ ¨§ 6 § ¶µ²´Ö¥³ÒÌ ¸³¥¸ÓÕ ´  µ¸´µ¢¥ £¥²¨Ö ³´µ£µ¸²µ°´ÒÌ ¤·¥°Ëµ¢ÒÌ ± ³¥· (MDC).
— Ï¨ · ¸¶µ²µ¦¥´Ò ¶µ¶ ·´µ: ¤¢¥ ¢´ÊÉ·¨ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥£µ ³ £´¨É , ¤¢¥ Å ¸´ ·Ê¦¨. ’ -
± Ö ±µ´¸É·Ê±Í¨Ö ¨ ´¥µ¡Ìµ¤¨³µ¸ÉÓ µ¡¥¸¶¥Î¨ÉÓ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò° É¥²¥¸´Ò° Ê£µ²
·¥£¨¸É· Í¨¨ Î ¸É¨Í ´ ±² ¤Ò¢ ¥É ´  Ô²¥±É·µ´¨±Ê ¸Î¨ÉÒ¢ ´¨Ö, ¢¸¥£µ µ±µ²µ 30 ÉÒ¸. ± ´ -
²µ¢, É·¥¡µ¢ ´¨¥ ¢Ò¸µ±µ° ¶²µÉ´µ¸É¨ Ê¶ ±µ¢±¨, < 3, 0 ¸³2/± ´. Š·µ³¥ Éµ£µ, §¤¥¸Ó ¤µ²¦´Ò
¡ÒÉÓ µ¡¥¸¶¥Î¥´Ò:  ) ¢Ò¸µ± Ö ÉµÎ´µ¸ÉÓ ·¥£¨¸É· Í¨¨ (∼ 100 ³±³) ¨ ¡) Ìµ·µÏ¥¥ · §·¥-
Ï¥´¨¥ ¶ ·Ò ¨³¶Ê²Ó¸µ¢ (< 100 ´¸). zµÔÉµ³Ê Ô²¥±É·µ´¨±  ¸Î¨ÉÒ¢ ´¨Ö, ¸µ¸ÉµÖÐ Ö ¨§
Ê¸¨²¨É¥²¥°, Ëµ·³¨·ÊÕÐ¨Ì Í¥¶¥° (®Ï¥°¶¥·µ¢¯) ¨ ¤¨¸±·¨³¨´ Éµ·µ¢, ¤µ²¦´ :

1) ¡ §¨·µ¢ ÉÓ¸Ö ´  ³¨±·µ¸Ì¥³ Ì ¢Ò¸µ±µ° ¸É¥¶¥´¨ ¨´É¥£· Í¨¨, ¢±²ÕÎ ÕÐ¨Ì ¸²µ¦´Ò¥
Ï¥°¶¥·Ò;

2) ¶µÉ·¥¡²ÖÉÓ ³ ²ÊÕ ³µÐ´µ¸ÉÓ, Pd < 50 ³‚É/± ´.;
3) µ¡¥¸¶¥Î¨¢ ÉÓ ¡Ò¸É·Ò° Ë·µ´É Ê¸¨²¨É¥²Ö ¨ ±µ·µÉ±¨° ¨³¶Ê²Ó¸ ´  ¢Ìµ¤¥ ¤¨¸±·¨³¨-

´ Éµ· .
Š· °´ÖÖ µ£· ´¨Î¥´´µ¸ÉÓ ¶²µÐ ¤¨ ¤²Ö · §³¥Ð¥´¨Ö Ô²¥±É·µ´¨±¨ § ¸É ¢¨²  ·¥§±µ ¸µ-

±· É¨ÉÓ ±µ²¨Î¥¸É¢µ ± ¡¥²Ó´ÒÌ ±µ³³Ê´¨± Í¨°. –¨Ë·µ¢ Ö Ô²¥±É·µ´¨±  ±µ¤¨·µ¢ ´¨Ö (‚–z
¨ ²µ£¨±  ¸Î¨ÉÒ¢ ´¨Ö) · ¸¶µ² £ ¥É¸Ö ´  ³ É¥·¨´¸±¨Ì ¶² É Ì ´¥¶µ¸·¥¤¸É¢¥´´µ ´  ± ³¥· Ì,
   ´ ²µ£µ¢ Ö Ô²¥±É·µ´¨±  · ¸¶µ² £ ¥É¸Ö ´  ´¨Ì ¢ ¢¨¤¥ ¤µÎ¥·´¨Ì ¶² É [1,3]. „ ´´Ò¥ ¸
‚–z, ¶µ¸²¥ ¶µ¤ ¢²¥´¨Ö ®´Ê²¥°¯ (¸µ¸É ¢²ÖÕÐ¨Ì ¤µ 90% ¢¸¥° ¨´Ëµ·³ Í¨¨), ¶¥·¥¤ ÕÉ¸Ö
¢ DAQ ¶µ ´¥³´µ£µÎ¨¸²¥´´Ò³ ¶²µ¸±¨³ ± ¡¥²Ö³. zµ¤¢µ¤ ¸¨£´ ²µ¢ ´  ¢Ìµ¤ Ê¸¨²¨É¥²Ö µ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö Î¥·¥§ ¶²µ¸±¨¥ £¨¡±¨¥ ± ¶Éµ´µ¢Ò¥ ± ¡¥²¨, ¶µ¸±µ²Ó±Ê ¨¸¶µ²Ó§µ¢ ´¨¥ ¡µ²¥¥
¦¥¸É±¨Ì (É¥³ ¡µ²¥¥ Ô±· ´¨·µ¢ ´´ÒÌ) Ô²¥³¥´Éµ¢ ¶¥·¥¤ Î¨ ´¥ ¶·¥¤¸É ¢²Ö²µ¸Ó ¢µ§³µ¦-
´Ò³. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢µ§´¨±²¨ ¤µ¶µ²´¨É¥²Ó´Ò¥ ¶·µ¡²¥³Ò:  ) § Ð¨ÉÒ ¢Ìµ¤µ¢ Ê¸¨²¨É¥²¥°
µÉ ¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ ´ ¢µ¤µ±, ¢µ§´¨± ÕÐ¨Ì µÉ · ¡µÉ ÕÐ¥° ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ° ¡²¨§µ¸É¨
Í¨Ë·µ¢µ° Ô²¥±É·µ´¨±¨ (Ì · ±É¥·´Ò¥ ¶ · ³¥É·Ò ´¥¶·¥·Ò¢´µ £¥´¥·¨·Ê¥³ÒÌ §¤¥¸Ó ¨³¶Ê²Ó-
¸µ¢ µ¶µ·´µ£µ ¸¨£´ ² :  ³¶²¨ÉÊ¤  Å ¤µ 5 ‚, Ë·µ´É ∼ 2− 4 ´¸); ¡) ¶¥·¥±·¥¸É´ÒÌ ´ ¢µ¤µ±
¢ ¸µ¸¥¤´¨Ì ± ´ ² Ì ¨ ¢) µ¡¥¸¶¥Î¥´¨Ö ± Î¥¸É¢¥´´µ° ®§¥³²¨¯ ³¥¦¤Ê ± ³¥·µ°,  ´ ²µ£µ¢µ°
Ô²¥±É·µ´¨±µ° ¸Î¨ÉÒ¢ ´¨Ö ¨ Í¨Ë·µ¢µ° Ô²¥±É·µ´¨±µ° ±µ¤¨·µ¢ ´¨Ö.

2. OP‡C‚›‰ ‹…Œ…H’ PHP‹CƒC‚C‰ ‹…Š’DCHˆŠˆ

‚ ± Î¥¸É¢¥ ¡ §µ¢µ£µ Ô²¥³¥´É  ´ ³¨ ¡Ò²  ¶·¥¤²µ¦¥´  ¨ ¨¸¶µ²Ó§µ¢ ´  ¸¶¥Í¨ ²¨§¨·µ-
¢ ´´ Ö ³¨±·µ¸Ì¥³  ASD-8 [4]. Œ¨±·µ¸Ì¥³  ¸µ¸Éµ¨É ¨§ 8 µ¤¨´ ±µ¢ÒÌ ± ´ ²µ¢, ± ¦¤Ò°
¨§ ±µÉµ·ÒÌ ¸µ¤¥·¦¨É ¡Ò¸É·Ò° ³ ²µÏÊ³ÖÐ¨° Ê¸¨²¨É¥²Ó, ¸Ì¥³Ê Ëµ·³¨·µ¢ ´¨Ö ±µ·µÉ±¨Ì
¨³¶Ê²Ó¸µ¢ ¨ ¤¨¸±·¨³¨´ Éµ·. ‚ ¸µ¸É ¢ Ï¥°¶¥·  ¢Ìµ¤¨É ¸Ì¥³  µÉ¸¥Î±¨ ®¨µ´´µ£µ Ì¢µ-
¸É ¯, Ì · ±É¥·´µ£µ ¤²Ö £ §µ¢ÒÌ ¶·µ¢µ²µÎ´ÒÌ ¤¥É¥±Éµ·µ¢. {É  ³¨±·µ¸Ì¥³ , · ¡µÉ ÕÐ Ö
µÉ ´ ¶·Ö¦¥´¨Ö ±3 ‚, µÉ²¨Î ¥É¸Ö ³ ²µ° ¶µÉ·¥¡²Ö¥³µ° ³µÐ´µ¸ÉÓÕ < 30 ³‚É/± ´. ‘µ¡-
¸É¢¥´´Ò° Ë·µ´É Ê¸¨²¨É¥²Ö ∼ 6 ´¸, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É Ìµ·µÏ¥¥ ¢·¥³¥´´µ¥ · §·¥Ï¥´¨¥, ´µ
¶·¨ ÔÉµ³ ¶µ¢ÒÏ ¥É ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ± ´ ¢µ¤± ³. W¤´ ±µ ´ ²¨Î¨¥ ¢ ³¨±·µ¸Ì¥³¥ ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´µ° ¸É·Ê±ÉÊ·Ò ¢¸¥Ì §¢¥´Ó¥¢ ± ´ ²  ¶·¥¤µ¸É ¢²Ö¥É ¢µ§³µ¦´µ¸ÉÓ ¸ÊÐ¥¸É¢¥´´µ
Ê²ÊÎÏ¨ÉÓ ¶µ³¥ÌµÊ¸Éµ°Î¨¢µ¸ÉÓ. {Éµ ± Î¥¸É¢µ µ± § ²µ¸Ó ¢ ´ Ï¥³ ¸²ÊÎ ¥ ¨¸±²ÕÎ¨É¥²Ó´µ
¶µ²¥§´Ò³ ¤²Ö Ê³¥´ÓÏ¥´¨Ö ¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ ´ ¢µ¤µ± ´  ¢Ìµ¤´Ò¥ ± ¶Éµ´µ¢Ò¥ ± ¡¥²¨ (´¥-
Ô±· ´¨·µ¢ ´´Ò¥, ¤²¨´µ° µÉ ∼ 10 ¤µ 40 ¸³) ¸ ¢ÒÌµ¤  ¤¨¸±·¨³¨´ Éµ·  ¨ µÉ ¢´¥Ï´¨Ì
¢Ò¸µ±µÎ ¸ÉµÉ´ÒÌ ¶µ³¥Ì.
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3. “‘ˆ‹ˆ’…‹œ-”CDŒˆDC‚P’…‹œ

W¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¶·¨ · §· ¡µÉ±¥ ¶¥·¢µ° 8-± ´ ²Ó´µ° ¢¥·¸¨¨
Ê¸¨²¨É¥²Ö-¤¨¸±·¨³¨´ Éµ· , ¨§£µÉµ¢²¥´´µ£µ ¢ Wz WˆŸˆ. z¥·¢Ò¥ ¨¸¶ÒÉ ´¨Ö, ¶·µ¢¥¤¥´-
´Ò¥ ¢ ‹‚{ WˆŸˆ ´  ¤·¥°Ëµ¢µ° ± ³¥·¥ ¸ ±µ´¸É·Ê±É¨¢´Ò³¨ ¶ · ³¥É· ³¨, ¡²¨§±¨³¨ ±
MDC-2 (¢Éµ·Ò³¨ ¶µ ¢¥²¨Î¨´¥), ¨ ¶·µ¤Ê¢ ¥³µ° ¸³¥¸ÓÕ ´  µ¸´µ¢¥ £¥²¨Ö, ¶µ± § ²¨ ¶¥·-
¸¶¥±É¨¢´µ¸ÉÓ ¶·¨³¥´¥´¨Ö ÔÉµ° ³¨±·µ¸Ì¥³Ò ¤²Ö Ê± § ´µ° § ¤ Î¨ (Ê¸Éµ°Î¨¢ Ö · ¡µÉ  ¢
·¥ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ, ¶² Éµ ¸Î¥É´µ° Ì · ±É¥·¨¸É¨±¨ ´¥ ³¥´¥¥ 200 ‚, ¨³¶Ê²Ó¸Ò ¶µ¸²¥ Ëµ·-
³¨·µ¢±¨ ¨³¥ÕÉ Ï¨·¨´Ê ¶µ µ¸´µ¢ ´¨Õ < 50 ´c) [5,6]. ‘ ¶µ³µÐÓÕ ÔÉµ° Ô²¥±É·µ´¨±¨
¡Ò²¨ ¶·µ¢¥¤¥´Ò ¶¥·¢Ò¥ ¨¸¶ÒÉ ´¨Ö ¶µ²´µ³ ¸ÏÉ ¡´µ£µ ¶·µÉµÉ¨¶  MDC-2 ´  ¶ÊÎ±¥ ¶·µ-
Éµ´µ¢ ¢ ƒ‘ˆ [7]. �Ò²µ ¶µ²ÊÎ¥´µ ¢Ò¸µ±µ¥ (σ ∼ 65 ³±³) ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥
¨ Ìµ·µÏ Ö ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸³¥¸¨ ´  µ¸´µ¢¥ £¥²¨Ö ¸ ¶·¨-
³¥´¥´¨¥³ ¤ ´´µ°  ´ ²µ£µ¢µ° Ô²¥±É·µ´¨±¨. ‚ ¶·µÍ¥¸¸¥ ¤ ²Ó´¥°Ï¥° ¶·µ· ¡µÉ±¨ ¢µ¶·µ-
¸µ¢ · §³¥Ð¥´¨Ö ± ³¥·´µ° Ô²¥±É·µ´¨±¨ ¢ÒÖ¢¨² ¸Ó ´¥µ¡Ìµ¤¨³µ¸ÉÓ §´ Î¨É¥²Ó´µ Ê¢¥²¨Î¨ÉÓ
¶²µÉ´µ¸ÉÓ · §³¥Ð¥´¨Ö ± ´ ²µ¢. {Éµ ¡Ò²µ ·¥ ²¨§µ¢ ´µ ¢ µ±µ´Î É¥²Ó´µ° 16-± ´ ²Ó´µ°
¢¥·¸¨¨ Ê¸¨²¨É¥²Ö-Ëµ·³¨·µ¢ É¥²Ö (DB-16).

‘Ì¥³  DB-16 ¢Ò¶µ²´¥´  ´  ¶¥Î É´µ° ³´µ£µ¸²µ°´µ° ¶² É¥, ¨³¥ÕÐ¥° · §³¥·Ò 40 ×
90 ³³, ÎÉµ ¸µ¸É ¢²Ö¥É ¢¸¥£µ ∼ 2 ¸³2/± ´. O  ¸¨£´ ²Ó´µ³ ¢Ìµ¤¥ Ê¸É ´µ¢²¥´  § Ð¨É´ Ö
Í¥¶µÎ±  ´  µ¸´µ¢¥ ¤¨µ¤  BAV99. ‚Éµ·µ° ¤¨ËË¥·¥´Í¨ ²Ó´Ò° ¢Ìµ¤ Ê¸¨²¨É¥²Ö ¸µ¥¤¨´¥´
¸ ®¶Ê¸Éµ°¯ ²¨´¨¥°, ¨¤ÊÐ¥° ¢µ ¢Ìµ¤´µ³ ± ¡¥²¥ ¶ · ²²¥²Ó´µ ¸ ¸¨£´ ²Ó´µ°, µ¡¥¸¶¥Î¨¢ Ö
¶µ¤ ¢²¥´¨¥ ¸¨´Ë §´ÒÌ ¶µ³¥Ì. ‚ÒÌµ¤´Ò¥ Éµ±µ¢Ò¥ ¨³¶Ê²Ó¸Ò ¸ ASD-8 ¶·¥µ¡· §ÊÕÉ¸Ö ¢
¤¨ËË¥·¥´Í¨ ²Ó´Ò° ¸¨£´ ² (± 0, 6 B), É·¥¡Ê¥³Ò° ¶µ ¸¶¥Í¨Ë¨± Í¨¨ ¶·¨³¥´Ö¥³ÒÌ ‚–z,
¸ ¶µ³µÐÓÕ ¸µ¶·µÉ¨¢²¥´¨° ´ £·Ê§±¨ ¨ µ¶µ·´µ£µ ´ ¶·Ö¦¥´¨Ö. „¨ËË¥·¥´Í¨ ²Ó´Ò° Ì · ±-
É¥· ¢ÒÌµ¤´µ£µ ¸¨£´ ²  Ê³¥´ÓÏ ¥É ´ ¢µ¤±Ê ´  ¢Ìµ¤ Ê¸¨²¨É¥²Ö ¨ µ¤´µ¢·¥³¥´´µ ¶µ¢ÒÏ ¥É
ÉµÎ´µ¸ÉÓ ¸· ¡ ÉÒ¢ ´¨Ö ±µ¤¨·µ¢Ð¨± . zµ¸±µ²Ó±Ê ¢ÒÌµ¤´µ° Éµ± ¤¨¸±·¨³¨´ Éµ·  µ£· ´¨-
Î¥´ (∼ 3 ³�), ¡Ò²¨ ¶·¨´ÖÉÒ ³¥·Ò ¤²Ö ³¨´¨³ ²Ó´µ£µ Ê¢¥²¨Î¥´¨Ö ¢Ìµ¤´µ° ¥³±µ¸É¨ ‚–z
§  ¸Î¥É É· ¸¸¨·µ¢±¨, ÎÉµ¡Ò ¶·¥¤µÉ¢· É¨ÉÓ Ê³¥´ÓÏ¥´¨¥  ³¶²¨ÉÊ¤Ò ±µ·µÉ±¨Ì ¢ÒÌµ¤´ÒÌ
¨³¶Ê²Ó¸µ¢ ¢¸²¥¤¸É¢¨¥ ¨´É¥£·¨·µ¢ ´¨Ö. “± § ´´ Ö µ·£ ´¨§ Í¨Ö ¢ÒÌµ¤´ÒÌ Í¥¶¥° ¶µ§¢µ-
²¨²  µ¡µ°É¨¸Ó ¡¥§ ¤µ¶µ²´¨É¥²Ó´µ£µ ¢ÒÌµ¤´µ£µ ¡ÊË¥· , ÎÉµ ¡Ò²µ ¢¥¸Ó³  ¢ ¦´µ, ¶·¨´¨³ Ö
¢ ÊÎ¥É ±·¨É¨Î¥¸±¨¥ ¶·µ¡²¥³Ò ¸ ¶²µÉ´µ¸ÉÓÕ ³µ´É ¦  ¨ ¶µÉ·¥¡²Ö¥³µ° ³µÐ´µ¸ÉÓÕ. „²Ö
±µ´É·µ²Ö §  · ¡µÉµ° ¤¥É¥±Éµ·  ´  Î ¸É¨ ¶² É µ·£ ´¨§µ¢ ´  ¸Ì¥³  ³µ´¨Éµ·¨·µ¢ ´¨Ö  ´ -
²µ£µ¢ÒÌ ¸¨£´ ²µ¢ ¶µ ±µ ±¸¨ ²Ó´µ³Ê ± ¡¥²Õ (·¨¸. 1). {ÉµÉ ¢ÒÌµ¤ (· §Ñ¥³ LEMO) ³µ¦¥É
¡ÒÉÓ ¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨ ¨¸¶µ²Ó§µ¢ ´ ¤²Ö ¢Ò¢µ¤  ¸¨£´ ²  ®W¡Ð¥¥ ˆ‹ˆ¯, ·¥ ²¨§µ¢ ´´µ£µ
´  ¶² É¥ ´  ¡ §¥ µ¶¥· Í¨µ´´µ£µ Ê¸¨²¨É¥²Ö LM7131, ¸¶µ¸µ¡´µ£µ · ¡µÉ ÉÓ µÉ ´¨§±µ¢µ²ÓÉ-
´µ£µ ´ ¶·Ö¦¥´¨Ö +3 ‚.

C¸´µ¢´Ò¥ ¶ · ³¥É·Ò DB-16: Î¨¸²µ ± ´ ²µ¢ Å 16, ¸µ¡¸É¢¥´´Ò¥ ÏÊ³Ò Å 1 ËŠ²,
Ë·µ´É Ê¸¨²¨É¥²Ö Å 6 ´¸, ¶¥·¥¤ ÉµÎ´µ¥ ¸µ¶·µÉ¨¢²¥´¨¥ Ê¸¨²¨É¥²Ö Å ∼ 70 ±W³, ¶µÉ·¥-
¡²Ö¥³ Ö ³µÐ´µ¸ÉÓ Å 30 ³‚É/± ´., ´ ¶·Ö¦¥´¨¥ ¶¨É ´¨Ö Å ± 3 ‚, ¢Ìµ¤ ¨ ¢ÒÌµ¤ Å
¤¨ËË¥·¥´Í¨ ²Ó´Ò¥.

z² ÉÒ Ê¸¨²¨É¥²¥°-Ëµ·³¨·µ¢ É¥²¥° ¶µ¸²¥ ±µ³¶²¥±¸´ÒÌ ¨¸¶ÒÉ ´¨° ¡Ò²¨ ¶µ¤£µÉµ-
¢²¥´Ò ¸µ¢³¥¸É´µ ¸ ƒ‘ˆ ¤²Ö ®mass-production¯ ¨ ¨§£µÉµ¢²¥´Ò Ë¨·³µ° ®Stephan Electron-
ics¯ ¢ ±µ²¨Î¥¸É¢¥ ∼ 32 ÉÒ¸. ± ´ ²µ¢. “±µ³¶²¥±Éµ¢ ´´Ò¥ ÔÉµ° Ô²¥±É·µ´¨±µ° 2 ³µ¤Ê²Ö,
MDC-1 ¨ MDC-2, Ê¸¶¥Ï´µ ¶·µ· ¡µÉ ²¨ ¢ 2 ¸¥ ´¸ Ì ´  ¶ÊÎ±¥ ¢ ƒ‘ˆ ¢ ¸¥´ÉÖ¡·¥ ¨ ¤¥± -
¡·¥ 1999 £. WÉ³¥Î¥´  Ê¸Éµ°Î¨¢ Ö · ¡µÉ , µÉ¸ÊÉ¸É¢¨¥ Ê¢¥²¨Î¥´¨Ö ÏÊ³µ¢ ¶µ¸²¥ ¨´É¥£· Í¨¨
ÔÉ¨Ì ¤¥É¥±Éµ·µ¢ ¢ Ê¸É ´µ¢±Ê, ¨ ¶µ²ÊÎ¥´  ¢Ò¸µ± Ö ÔËË¥±É¨¢´µ¸ÉÓ (≥ 98%) ·¥£¨¸É· Í¨¨
É·¥±µ¢ Î ¸É¨Í.
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N¨¸. 1. 16-± ´ ²Ó´ Ö ¶² É   ´ ²µ£µ¢µ° Ô²¥±É·µ´¨±¨ DB-16 cµ ¸Ì¥³µ° ³µ´¨Éµ·¨·µ¢ ´¨Ö ¸¨£´ ²µ¢
¶µ ±µ ±¸¨ ²Ó´µ³Ê ± ¡¥²Õ (¢¨¤ ¸¢¥·ÌÊ ¨ ¸´¨§Ê). N §³¥· ¶² ÉÒ 40 × 90 ³³

‚ § ±²ÕÎ¥´¨¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ £²Ê¡µ±ÊÕ ¡² £µ¤ ·´µ¸ÉÓ ‹.z.‘³Ò±µ¢Ê, W.‚.” É¥¥¢Ê,
C.Garabatos, C.Muentz, J.Stroth, J.Wustenfeld, P.Zumbruch §  ¶µ³µÐÓ ¢ · ¡µÉ¥ ¨ ¶µ²¥§-
´Ò¥ ±µ´¸Ê²ÓÉ Í¨¨,   É ±¦¥ �.….Œµ¸±µ¢¸±µ³Ê §  ³µ´É ¦ ¶¥·¢ÒÌ Ô±§¥³¶²Ö·µ¢ 8- ¨ 16-
± ´ ²Ó´ÒÌ Ê¸¨²¨É¥²¥°-Ëµ·³¨·µ¢ É¥²¥°.
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