
P13-2011-50

�.‚.Š ²³Ò±μ¢, �. ‚. ‘É·¥± ²μ¢¸±¨°, …. ‚.‘É·¥± ²μ¢¸± Ö

“‘’��‰‘’‚� “���‚‹…�ˆŸ
˜�ƒ�‚›Œ „‚ˆƒ�’…‹…Œ ˜„ˆ-200



Š ²³Ò±μ¢ �.‚., ‘É·¥± ²μ¢¸±¨° �.‚., ‘É·¥± ²μ¢¸± Ö …. ‚. P13-2011-50
“¸É·μ°¸É¢μ Ê¶· ¢²¥´¨Ö Ï £μ¢Ò³ ¤¢¨£ É¥²¥³ ˜„ˆ-200

�¤´¨³ ¨§ μ¸´μ¢´ÒÌ Ê§²μ¢ ¸É¥´¤ , ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ¨¸¶ÒÉ ´¨Ö ¨ ³μ-
¤¥²¨·μ¢ ´¨Ö ± ÉÊÏ¥± ¸μ²¥´μ¨¤ , μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì Ëμ±Ê¸¨·μ¢±Ê ¶ÊÎ±  Ê¸±μ·¨-
É¥²Ö ‹“�-200 (Ê¸É ´μ¢±  ˆ�…�), Ö¢²Ö¥É¸Ö Ê¸É·μ°¸É¢μ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¤ ÉÎ¨-
±μ¢ •μ²²  („•). Œ¥Ì ´¨§³ ¶¥·¥³¥Ð¥´¨Ö ¶² ÉËμ·³Ò, ´  ±μÉμ·μ° Ê¸É ´μ¢²¥´Ò
„•, ¶·¨¢μ¤¨É¸Ö ¢ ¤¢¨¦¥´¨¥ Ï £μ¢Ò³ ¤¢¨£ É¥²¥³. ‚ ¤ ´´μ° · ¡μÉ¥ μ¶¨¸Ò¢ ¥É¸Ö
Ê¸É·μ°¸É¢μ Ê¶· ¢²¥´¨Ö Ï £μ¢Ò³ ¤¢¨£ É¥²¥³ ˜„ˆ-200.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
¨ �.Œ. 	 ²¤¨´  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2011

Kalmykov A.V., Strekalovskiy O.V., Strekalovskaya E.V. P13-2011-50
The SM-200 Step Motor Control Device

One of the main nodes of the stand for testing and modeling solenoid coils,
which deˇne the focus of the beam of charged particles in the accelerator LUE-200
(IREN), is a device for positioning Hall sensors (HS). The mechanism of movement
of the platform where HS are installed is activated by the step motor. This paper
describes the control device of the step motor SM-200.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2011



�‹�Š-‘•…Œ� “˜„200

	²μ±-¸Ì¥³  ¶·¨¢μ¤  “˜„200 ¶·¨¢¥¤¥´  ´  ·¨¸. 1. “¶· ¢²¥´¨¥ Ï £μ-
¢Ò³ ¤¢¨£ É¥²¥³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³¨±·μ±μ´É·μ²²¥·μ³ (ŒŠ) A’89s8252 Ë¨·³Ò
®Atmel¯∗. �·¨¢μ¤ “˜„200 ¸¢Ö§ ´ ¸ ¶¥·¸μ´ ²Ó´Ò³ ±μ³¶ÓÕÉ¥·μ³ (�Š) ¶μ
¶μ¸²¥¤μ¢ É¥²Ó´μ³Ê ± ´ ²Ê RS232. ‘Ì¥³  ¶·¨¢μ¤  ¨ �Š £ ²Ó¢ ´¨Î¥¸±¨ · §-
¢Ö§ ´Ò (μ¶Éμ¶ ·  “�’101�). ‚Ò¡· ´´ Ö É ±Éμ¢ Ö Î ¸ÉμÉ  ŒŠ 11,059 ŒƒÍ.
¸μ£² ¸Ê¥É¸Ö ¸ · ¡μÉμ° £¥´¥· Éμ·  ¶·¨¥³´¨± -¶¥·¥¤ ÉÎ¨±  UART (¶¥·¥¤ Î 
9600 ¡μ¤/¸). ˜ £μ¢Ò° ¤¢¨£ É¥²Ó ˜„ˆ-200, Ê¸É ´μ¢²¥´´Ò° ¢ ¸¨¸É¥³¥ ¶μ§¨Í¨-
μ´¨·μ¢ ´¨Ö ¤ ÉÎ¨±μ¢ •μ²²  („•), Ê¶· ¢²Ö¥É¸Ö ±μ´É·μ²²¥·μ³ L297 ¨  ¤ ¶É¥-

�¨¸. 1. 	²μ±-¸Ì¥³  ¶·¨¢μ¤  “˜„200

∗Atmel Corporation 8051 Flash Microcontroller Data Book. San Jose, 1997.
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�¨¸. 2. 	²μ±-¸Ì¥³  ±μ´É·μ²²¥·  L297

�¨¸. 3. ‚·¥³¥´´ Ö ¤¨ £· ³³  · ¡μÉÒ Ï £μ¢μ£μ ¤¢¨£ É¥²Ö, ¶μ²ÊÎ¥´´ Ö μÉ ±μ´É·μ²²¥· 
L297, ¢ ¶μ²ÊÏ £μ¢μ³ ·¥¦¨³¥
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·μ³ L298 Ë¨·³Ò ®SGS Thomson¯. �´¨ Ëμ·³¨·ÊÕÉ ¢·¥³¥´´ÊÕ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ¸ÉÓ ¸¨£´ ²μ¢ ¨ μ¡¥¸¶¥Î¨¢ ÕÉ ´¥μ¡Ìμ¤¨³Ò° Éμ± ¢ μ¡³μÉ± Ì Ï £μ¢μ£μ
¤¢¨£ É¥²Ö. ‘¨£´ ²Ò μÉ ±μ´Í¥¢ÒÌ ¢Ò±²ÕÎ É¥²¥° ®Šμ´. 1¯ ¨ ®Šμ´. 2¯, Ê¸É -
´μ¢²¥´´ÒÌ ¢ ´ Î ²¥ ¨ ±μ´Í¥ ´ ¶· ¢²ÖÕÐ¥° ÏÉ ´£¨ ¶μ§¨Í¨μ´´μ° ¸¨¸É¥³Ò,
¶μ¸ÉÊ¶ ÕÉ ´  ŒŠ AT89s8252. �·¨ ¨Ì ¸· ¡ ÉÒ¢ ´¨¨ ¶·μ¨¸Ìμ¤¨É  ¢ ·¨°´Ò°
μ¸É ´μ¢ ¤¢¨£ É¥²Ö.

Šμ³ ´¤Ò ¶·¨¢μ¤  “˜„200:
Å ®¶Ê¸±¯;
Å ®¸Éμ¶¯;
Å ®¢¶¥·¥¤¯;
Å ®´ § ¤¯;
Å ®§ ¤ ´¨¥ ¸±μ·μ¸É¨ ¢· Ð¥´¨Ö ¢ ²  ¤¢¨£ É¥²Ö¯;
Å ®§ ¤ ´¨¥ ±μ²¨Î¥¸É¢  ¨³¶Ê²Ó¸μ¢ (μ¸É ´μ¢ ¤¢¨£ É¥²Ö ¶μ μÉ· ¡μÉ±¥ § -

¤ ´´μ£μ ±μ²¨Î¥¸É¢  ¨³¶Ê²Ó¸μ¢)¯;
Å ®§ ¤ ´¨¥ ·¥¦¨³  · ¡μÉÒ (Ï £μ¢Ò°, ¶μ²ÊÏ £μ¢Ò°, ¢μ²´μ¢μ°)¯.
‘¢Ö§Ó ¸ �Š.
RS232: Ëμ·³ É ¤ ´´ÒÌ (8 data, 1 stop, even parity);

¸±μ·μ¸ÉÓ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ 9600 ¡μ¤/¸.

Š��’��‹‹…� L297

Šμ´É·μ²²¥· £¥´¥·¨·Ê¥É Î¥ÉÒ·¥ ¸¨£´ ²  Ê¶· ¢²¥´¨Ö μ¡³μÉ± ³¨ ¤²Ö ¤¢ÊÌ-
Ë §´ÒÌ ¡¨¶μ²Ö·´ÒÌ ¨²¨ Î¥ÉÒ·¥ÌË §´ÒÌ μ¤´μ¶μ²Ö·´ÒÌ Ï £μ¢ÒÌ ¤¢¨£ É¥²¥°.
„¢¨£ É¥²¨ ³μ£ÊÉ Ê¶· ¢²ÖÉÓ¸Ö ¢ ·¥¦¨³¥ ¶μ²ÊÏ £μ¢, ¶μ²´ÒÌ Ï £μ¢ ¨ ³¨±·μ-
Ï £μ¢. Šμ´É·μ²²¥· L297 · ¡μÉ ¥É ¸μ¢³¥¸É´μ ¸  ¤ ¶É¥·μ³ L298. ‹μ£¨±  · -
¡μÉÒ ±μ´É·μ²²¥·  ¶·¨¢¥¤¥´  ´  ·¨¸. 2. ŒŠ ¶μ¸Ò² ¥É ¢ ±μ´É·μ²²¥· L297
É ±Éμ¢Ò¥ ¨³¶Ê²Ó¸Ò ¸ Î ¸ÉμÉμ° f = 1 ±ƒÍ, § ¤ ¥É ·¥¦¨³Ò · ¡μÉÒ, ´ ¶· -
¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¨ ¸±μ·μ¸ÉÓ ¤¢¨£ É¥²Ö. ƒ² ¢´Ò³¨ Ô²¥³¥´É ³¨ ¸Ì¥³Ò Ö¢²Ö-
ÕÉ¸Ö É· ´¸²ÖÉμ·, ±μÉμ·Ò° Ëμ·³¨·Ê¥É Ë §μ¢Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨, ¨ ¤¢μ°´ Ö
¸Ì¥³  PWM ¤²Ö ·¥£Ê²¨·μ¢ ´¨Ö Éμ±  ¢ μ¡³μÉ± Ì. ’· ´¸²ÖÉμ· £¥´¥·¨·Ê¥É É·¨
· §²¨Î´ÒÌ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸¨£´ ²  ®Half/Full¯. ‘¨£-
´ ² ´¨§±μ£μ Ê·μ¢´Ö Å ´μ·³ ²Ó´Ò° ·¥¦¨³, ±μ£¤  μ¤´μ¢·¥³¥´´μ  ±É¨¢´Ò ¤¢¥
Ë §Ò. ‚·¥³¥´´ Ö ¤¨ £· ³³  · ¡μÉÒ Ï £μ¢μ£μ ¤¢¨£ É¥²Ö (¶μ²ÊÏ £μ¢Ò° ·¥¦¨³
®Half/Full¯) ¶·¨¢¥¤¥´  ´  ·¨¸. 3.

‘¨£´ ²Ò ±μ´É·μ²²¥·  L297.

INH1, INH2 ‘¨£´ ² INH1 ¶·¨ Ê¸É ´μ¢²¥´´μ³ §´ Î¥´¨¨ § ¶·¥Ð ¥É
Ê¶· ¢²ÖÉÓ μ¡³μÉ± ³¨ � ¨ ‚,   INH2 Å μ¡³μÉ± ³¨ ‘ ¨ D.

SENS1, SENS2 ‚Ìμ¤Ò ¤²Ö ¨§³¥·¥´¨Ö ´ ¶·Ö¦¥´¨Ö, ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ
Éμ±Ê ´ £·Ê§±¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ë § � ¨ ‚ ¨ ‘ ¨ D.

Vref ‡ ¤ ¢ ¥³μ¥ ´ ¶·Ö¦¥´¨¥ ¤²Ö ¸Ì¥³Ò, ±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É
¶¨±μ¢Ò° ´ £·Ê§μÎ´Ò° Éμ±.
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CW/CCW ‚Ìμ¤, § ¤ ÕÐ¨° ´ ¶· ¢²¥´¨¥ ¸Î¥É  ¨³¶Ê²Ó¸μ¢.

Clock ’ ±Éμ¢Ò° ¢Ìμ¤. �¥·¥Ìμ¤ ¢ ´¨§±μ¥ ¸μ¸ÉμÖ´¨¥ ´  ÔÉμ³ ¢Ìμ¤¥
¶μ¤£μÉ ¢²¨¢ ¥É ˜„ ± ¤¢¨¦¥´¨Õ ´  1 Ï £. ‘ ³ Ï £ ¶·μ-
¨¸Ìμ¤¨É ´  ´ · ¸É ÕÐ¥³ Ë·μ´É¥ ¸¨£´ ² .

Half/Full ‚Ò¡μ· ·¥¦¨³  · ¡μÉÒ. ‚Ò¸μ±¨° Ê·μ¢¥´Ó Å · ¡μÉ  ¸
¶μ²ÊÏ £ ³¨, ´¨§±¨° Ê·μ¢¥´Ó Å ´μ·³ ²Ó´Ò° Ï £.

Reset �¨§±μ¥ §´ Î¥´¨¥ ´  ÔÉμ³ ¢Ìμ¤¥ Ê¸É ´ ¢²¨¢ ¥É ¸É ·Éμ¢ÊÕ
¶μ§¨Í¨Õ ±μ´É·μ²²¥·  (¸μ¸ÉμÖ´¨¥1, ABCD=0101).

Œ¨±·μ¸Ì¥³  L297 ¸¨²Ó´μ · §£·Ê¦ ¥É Ê¶· ¢²ÖÕÐ¨° ŒŠ, É ± ± ± μÉ ´¥£μ
É·¥¡ÊÕÉ¸Ö Éμ²Ó±μ É ±Éμ¢ Ö Î ¸ÉμÉ  ®Clock¯ (Î ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö Ï £μ¢) ¨ ´¥-
¸±μ²Ó±μ ¸É É¨Î¥¸±¨Ì ¸¨£´ ²μ¢: ®Direction¯ Å ´ ¶· ¢²¥´¨¥ (¸¨£´ ² ¢´ÊÉ·¥´´¥
¸¨´Ì·μ´¨§¨·μ¢ ´, ¶¥·¥±²ÕÎ ÉÓ ·¥¦¨³ ³μ¦´μ ¢ ²Õ¡μ° ³μ³¥´É), ®Reset¯ Ê¸É -
´ ¢²¨¢ ¥É Ë §Ò ¢ ¨¸Ìμ¤´μ¥ ¸μ¸ÉμÖ´¨¥ (ABCD=0101), ®Enable¯ Å · §·¥Ï¥´¨¥
· ¡μÉÒ ³¨±·μ¸Ì¥³Ò, ®Vref¯ Å μ¶μ·´μ¥ ´ ¶·Ö¦¥´¨¥, ±μÉμ·μ¥ § ¤ ¥É ¶¨±μ¢ÊÕ
¢¥²¨Î¨´Ê Éμ±  ¶·¨ ˜ˆŒ-·¥£Ê²¨·μ¢ ´¨¨. Š·μ³¥ Éμ£μ, ¨³¥¥É¸Ö ´¥¸±μ²Ó±μ ¤μ-
¶μ²´¨É¥²Ó´ÒÌ ¸¨£´ ²μ¢.

‘¨£´ ² ®Control¯ § ¤ ¥É ·¥¦¨³ · ¡μÉÒ ˜ˆŒ-·¥£Ê²ÖÉμ· . �·¨ ¥£μ ´¨§±μ³
Ê·μ¢´¥ ˜ˆŒ-·¥£Ê²¨·μ¢ ´¨¥ ¶·μ¨¸Ìμ¤¨É ¶μ ¢ÒÌμ¤ ³ INH1, INH2,   ¶·¨ ¢Ò¸μ-
±μ³ Å ¶μ ¢ÒÌμ¤ ³ ABCD. SYNC Å ¢ÒÌμ¤ ¢´ÊÉ·¥´´¥£μ É ±Éμ¢μ£μ £¥´¥· Éμ· 
˜ˆŒ. �´ ¸²Ê¦¨É ¤²Ö ¸¨´Ì·μ´¨§ Í¨¨ · ¡μÉÒ ´¥¸±μ²Ó±¨Ì ³¨±·μ¸Ì¥³. ’ ±¦¥
³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ± ± ¢Ìμ¤ ¶·¨ É ±É¨·μ¢ ´¨¨ μÉ ¢´¥Ï´¥£μ £¥´¥· Éμ· .
®Home¯ Å ¸¨£´ ² ´ Î ²Ó´μ£μ ¶μ²μ¦¥´¨Ö (ABCD=0101). �´ ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö ¸¨´Ì·μ´¨§ Í¨¨ ¶¥·¥±²ÕÎ¥´¨Ö ·¥¦¨³μ¢ ®Half/Full¯. ‚ § ¢¨¸¨³μ¸É¨ μÉ ³μ-
³¥´É  ¶¥·¥Ìμ¤  ¢ Ï £μ¢Ò° ·¥¦¨³ L297 ³μ¦¥É · ¡μÉ ÉÓ ¸ μ¤´μ° ¢±²ÕÎ¥´´μ°
Ë §μ° ¨²¨ ¸ ¤¢Ê³Ö ¢±²ÕÎ¥´´Ò³¨ Ë § ³¨.

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ŒŠ AT89s8252:
Å 8 ±¡ °É 
ash-¶ ³ÖÉ¨, 2 ±¡ °É  EEPROM-¶ ³ÖÉ¨;
Å É ±Éμ¢ Ö Î ¸ÉμÉ  1Ä24 ŒƒÍ;
Å 296 · 8 ¡¨É ¢´ÊÉ·¥´´¥° ¶ ³ÖÉ¨ RAM;
Å 32 ¶·μ£· ³³¨·Ê¥³ÒÌ ²¨´¨¨ ¢¢μ¤ -¢Ò¢μ¤ ;
Å É·¨ 16-· §·Ö¤´ÒÌ É °³¥· ;
Å ¤¥¢ÖÉÓ ¨¸ÉμÎ´¨±μ¢ ¶·¥·Ò¢ ´¨°;
Å ±μ´É·μ²²¥· ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ± ´ ²  UART;
Å ¨´É¥·Ë¥°¸ SPI;
Å ¶·μ£· ³³¨·Ê¥³Ò° watchdog-É °³¥·.

�„��’…� L298

�É  ³¨±·μ¸Ì¥³  Ö¢²Ö¥É¸Ö ¸¤¢μ¥´´Ò³ ³μ¸Éμ¢Ò³ Ê¸¨²¨É¥²¥³ Éμ± , · §· -
¡μÉ ´´Ò³ ¤²Ö Ê¶· ¢²¥´¨Ö ¨´¤Ê±É¨¢´Ò³¨ ´ £·Ê§± ³¨, É ±¨³¨ ± ± ·¥²¥, ¸μ-
²¥´μ¨¤Ò, μ¡³μÉ±¨ ¤¢¨£ É¥²¥° ¶μ¸ÉμÖ´´μ£μ Éμ±  ¨ Ï £μ¢Ò¥ ¤¢¨£ É¥²¨. � 
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�¨¸. 4. 	²μ±-¸Ì¥³   ¤ ¶É¥·  L298

·¨¸. 4 ¶·¥¤¸É ¢²¥´  ¡²μ±-¸Ì¥³  ¶μ²μ¢¨´Ò L298, ¢Ìμ¤´Ò¥ ¸¨£´ ²Ò In1, In2,
EnA TTL-Ê·μ¢´Ö. �¨É ´¨¥ Vss = 5Ä46 ‚, Imax = 2 A. ‘¨£´ ² ±μ´É·μ²Ö Éμ± 
´ £·Ê§±¨ SensA ¸´¨³ ¥É¸Ö ¸ R = 0,5 �³. ‘¨£´ ²Ò  ¤ ¶É¥·  L298, ¶μ¤±²ÕÎ¥´-
´μ£μ ¶μ ³μ¸Éμ¢μ° ¸Ì¥³¥, ¶·¨¢¥¤¥´Ò ¢ É ¡². 1 (H Å ¢Ò¸μ±¨° ¶μÉ¥´Í¨ ², L Å
´¨§±¨°, x Å ´¥μ¶·¥¤¥²¥´´μ¥ ¸μ¸ÉμÖ´¨¥).

’ ¡²¨Í  1

‚Ìμ¤´Ò¥ ¸¨£´ ²Ò ‚ÒÌμ¤´Ò¥ ¸¨£´ ²Ò
”Ê´±Í¨Ö

In1 In2 EnA Out1 Out2
x x L x x �¥É § ¶Ê¸± 
H L H H L ‚¶¥·¥¤
L H H L H � § ¤
H H H H H �¥É § ¶Ê¸± 
L L L L L �¥É § ¶Ê¸± 

˜�ƒ�‚›‰ „‚ˆƒ�’…‹œ ˜„ˆ-200

�·¨¢μ¤ “˜„200 Ê¶· ¢²Ö¥É Î¥ÉÒ·¥Ìμ¡³μÉμÎ´Ò³ Ï £μ¢Ò³ ¤¢¨£ É¥²¥³
˜„ˆ-200.

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¤¢¨£ É¥²Ö:
Å U´μ³ = 30 ‚,
Å I´μ³ = 1,5 �, Imax = 2 A,
Å Mmax = 0,84 ´³,
Å Pmax = 16,7 ‚É,
Å Fmax = 1000 ƒÍ,
Å ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢ ´  1 μ¡μ·μÉ: 200 ¨³¶./μ¡. (·¥¦¨³ Å Ï £μ¢Ò°);

400 ¨³¶./μ¡. (¶μ²ÊÏ £μ¢Ò°).

5



�¨¸. 5. ‘μ¥¤¨´¥´¨¥ μ¡³μÉμ± ¤¢¨£ É¥²Ö

�  ·¨¸. 5 ¶μ± § ´  ¸Ì¥³  ¸μ¥¤¨´¥´¨Ö μ¡³μÉμ± ¤¢¨£ É¥²Ö. ‚ § ¢¨¸¨³μ¸É¨
μÉ ¸¶μ¸μ¡  ¶μ¤±²ÕÎ¥´¨Ö μ¡³μÉμ±, ¤¢¨£ É¥²Ó ¸É ´μ¢¨É¸Ö Ê´¨¶μ²Ö·´Ò³ ²¨¡μ
¡¨¶μ²Ö·´Ò³. 	¨¶μ²Ö·´Ò¥ ¤¢¨£ É¥²¨ ¨³¥ÕÉ ¡μ²ÓÏ¨° ³μ³¥´É ´  ¢ ²Ê, Î¥³ Ê´¨-
¶μ²Ö·´Ò¥. ‚ ´ Ï¥³ ¸²ÊÎ ¥ μ¡³μÉ±¨ ¤¢¨£ É¥²Ö ¸±μ³³ÊÉ¨·μ¢ ´Ò ¢ ¡¨¶μ²Ö·´μ³
¶μ¤±²ÕÎ¥´¨¨.

���ƒ��ŒŒ��… ��…‘�…—…�ˆ…

� ¶¨¸ ´ ¶ ±¥É É¥¸Éμ¢ÒÌ ¨ · ¡μÎ¨Ì ¶·μ£· ³³, ¶μ¤¤¥·¦¨¢ ÕÐ¨Ì · ¡μÉÊ
¶·¨¢μ¤  “˜„200. “¶· ¢²ÖÕÐ Ö ¶·μ£· ³³  USHD, ´ ¶¨¸ ´´ Ö ´  ¶·μ£· ³³-
´μ³ Ö§Ò±¥ TURBO PASCAL, μ¡¥¸¶¥Î¨¢ ¥É ¶μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸, § -
¤ ¥É ±μ³ ´¤Ò, ¶μ¸Ò² ¥³Ò¥ ¨§ �Š ¢ ¶·¨¢μ¤. „· °¢¥· 〈C24〉 Ï £μ¢μ£μ ¤¢¨£ É¥²Ö
˜„ˆ-200 ´ ¶¨¸ ´ ´  Ö§Ò±¥ ASSEMBLER ¨ ®§ Ï¨É¯ ¢ �‡“ ŒŠ AT89s8252.

�  ·¨¸. 6 ¶μ± § ´ ¡ °É Ê¶· ¢²¥´¨Ö, · §·Ö¤Ò ±μÉμ·μ£μ ¸μμÉ¢¥É¸É¢ÊÕÉ ±μ-
³ ´¤ ³, ¶¥·¥¤ ¢ ¥³Ò³ ¢ “˜„200. ”μ·³ É ¶¥·¥¤ ¢ ¥³ÒÌ ±μ³ ´¤ μÉ �Š ¢
“˜„200 ¶·¨¢¥¤¥´ ¢ É ¡². 2.

�·¨ ¶μ¤ Î¥ ¶¨É ´¨Ö ´  ¶·¨¢μ¤ “˜„200 § ¶Ê¸± ¥É¸Ö ¶·μ£· ³³  〈‘24〉,
§ ¶¨¸ ´´ Ö ¢ �‡“ ŒŠ. �  ·¨¸. 7 ¶μ± § ´  ¡²μ±-¸Ì¥³  ¶·μ£· ³³Ò.

�¨¸. 6. 	 °É Ê¶· ¢²¥´¨Ö
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�¨¸. 7. 	²μ±-¸Ì¥³  ¶·μ£· ³³Ò 〈‘24〉
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’ ¡²¨Í  2

Šμ³ ´¤  Šμ². ¡ °É �·¨³¥Î ´¨¥
�Ê¸± 1 	 °É Ê¶· ¢²¥´¨Ö
‘Éμ¶ 1 	 °É Ê¶· ¢²¥´¨Ö
‚¶¥·¥¤/´ § ¤ 1 	 °É Ê¶· ¢²¥´¨Ö
ˆ³¶Ê²Ó¸Ò 4 	 °É Ê¶· ¢²¥´¨Ö + 3 ¡ °É  ¤ ´´ÒÌ
‘±μ·μ¸ÉÓ 2 	 °É Ê¶· ¢²¥´¨Ö + 1 ¡ °É ¤ ´´ÒÌ
�¥¦¨³ 2 	 °É Ê¶· ¢²¥´¨Ö + 1 ¡ °É ¤ ´´ÒÌ

‚ ¶¥·¢Ò° ³μ³¥´É ¶·μ¨¸Ìμ¤¨É ¨´¨Í¨ ²¨§ Í¨Ö ¢¸¥° ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö
Ï £μ¢μ£μ ¤¢¨£ É¥²Ö. �μ¤¶·μ£· ³³  〈IniTC1〉 ¨´¨Í¨ ²¨§¨·Ê¥É É °³¥· ’‘1,
§ ¤ ÕÐ¨° Î ¸ÉμÉÊ ¶¥·¥¤ Î¨ ¤ ´´ÒÌ. 〈IniP〉 ¨´¨Í¨ ²¨§¨·Ê¥É ±μ´É·μ²²¥· ¶μ-

�¨¸. 8. 	²μ±-¸Ì¥³  Ë· £³¥´É  ¶·μ£· ³³Ò μ¡· ¡μÉ±¨ ¶·¥·Ò¢ ´¨Ö 〈IntCom〉
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¸²¥¤μ¢ É¥²Ó´μ£μ ¶μ·É  UART. �μ¤¶·μ£· ³³  〈IProg〉 μ¡¥¸¶¥Î¨¢ ¥É ¨´¨Í¨ ²¨-
§ Í¨Õ ±μ´É·μ²²¥·  Ï £μ¢μ£μ ¤¢¨£ É¥²Ö L297. ‡ É¥³ ¶·μ£· ³³  § ±μ²ÓÍμ¢Ò-
¢ ¥É¸Ö, μ¦¨¤ Ö ±μ³ ´¤Ò μÉ �Š.

Šμ³ ´¤  μÉ ±μ³¶ÓÕÉ¥·  ¢Ò§Ò¢ ¥É ¶·¥·Ò¢ ´¨¥ ¶·μ£· ³³Ò, · ¡μÉ ÕÐ¥° ¢
Í¨±²¥. 〈IntCom〉 Å ¶μ¤¶·μ£· ³³  μ¡· ¡μÉ±¨ ¶·¥·Ò¢ ´¨Ö μÉ ¶μ¸²¥¤μ¢ É¥²Ó-
´μ£μ ¶μ·É  UART. ‚ ÔÉμ° ¶μ¤¶·μ£· ³³¥ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¶·¨¥³ ¨ μ¡· ¡μÉ± 
¨´Ëμ·³ Í¨¨, ¶μ¸ÉÊ¶ ÕÐ¥° μÉ ±μ³¶ÓÕÉ¥· . �  ·¨¸. 8 ¶μ± § ´ Ë· £³¥´É ¡²μ±-
¸Ì¥³Ò ¶μ¤¶·μ£· ³³Ò μ¡· ¡μÉ±¨ ¶·¥·Ò¢ ´¨Ö μÉ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶μ·É .

�¨¸. 9. �μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ ¶·¨¢μ¤  “˜„200

�μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ ¶·μ£· ³³Ò 〈USHD〉 ¶μ± § ´ ´  ·¨¸. 9. ŠÊ·-
¸μ· ³μ¦¥É ¶¥·¥¤¢¨£ ÉÓ¸Ö ¶μ É ¡²¨Í¥. � ¦ É¨¥³ ±² ¢¨Ï¨ ®return¯ ¨§ ¢Ò¡· ´-
´μ° ¶μ§¨Í¨¨ § ¤ ¥É¸Ö ´Ê¦´Ò° ·¥¦¨³ · ¡μÉÒ ¶·¨¢μ¤  “˜„200.

�¨¸. 10. �·¨¢μ¤ “˜„200
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‘¶·μ¥±É¨·μ¢ ´μ ¨ ¸μ§¤ ´μ Ê¸É·μ°¸É¢μ Ê¶· ¢²¥´¨Ö Ï £μ¢Ò³ ¤¢¨£ É¥²¥³
˜„ˆ-200. „¢¨£ É¥²Ó, Ê¸É ´μ¢²¥´´Ò° ¢ ¸¨¸É¥³¥ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¨¸¶ÒÉ -
É¥²Ó´μ£μ ¸É¥´¤ , ¶¥·¥³¥Ð ¥É ¶² ÉËμ·³Ê ¸ „• ´  480 ³³ ¸ ÉμÎ´μ¸ÉÓÕ 0,5 ³³.
„¢¨£ É¥²Ó ³μ¦¥É · ¡μÉ ÉÓ ¢ Ï £μ¢μ³, ¶μ²ÊÏ £μ¢μ³ ¨ ¢μ²´μ¢μ³ ·¥¦¨³ Ì.
‚ Ï £μ¢μ³ ·¥¦¨³¥ ¢ ² ¤¢¨£ É¥²Ö ¤¥² ¥É 1 μ¡μ·μÉ ´  200 É ±Éμ¢ÒÌ ¨³¶Ê²Ó¸μ¢.
‚ ¶μ²ÊÏ £μ¢μ³ ·¥¦¨³¥ ´  1 μ¡μ·μÉ ¶·¨Ìμ¤¨É¸Ö 400 ¨³¶Ê²Ó¸μ¢. “¶· ¢²¥´¨¥
¶μ§¢μ²Ö¥É ¨§³¥´ÖÉÓ ¸±μ·μ¸ÉÓ ¤¢¨£ É¥²Ö, § ¤ ¢ ÉÓ ±μ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢, ±μ-
Éμ·Ò¥ ¤μ²¦¥´ μÉ· ¡μÉ ÉÓ Ï £μ¢Ò° ¤¢¨£ É¥²Ó, ¨ μ¸É ´μ¢¨ÉÓ¸Ö. � ¶¨¸ ´ ¨ μÉ-
² ¦¥´ ¶ ±¥É É¥¸Éμ¢ÒÌ ¨ · ¡μÎ¨Ì ¶·μ£· ³³, ¶μ¤¤¥·¦¨¢ ÕÐ¨° · ¡μÉÊ ¶·¨¢μ¤ 
“˜„200. �·μ£· ³³  USHD ´ ¶¨¸ ´  ´  Ö§Ò±¥ TURBO PASCAL. „· °¢¥·
〈C24〉 ´ ¶¨¸ ´ ´  Ö§Ò±¥ ASSEMBLER ¨ ®§ Ï¨É¯ ¢ �‡“ ŒŠ AT89s8252. � 
·¨¸. 10 ¶μ± § ´ ¶·¨¢μ¤ “˜„200.

�μ²ÊÎ¥´μ 20 ³ Ö 2011 £.
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