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„²Ö · §¢¥·É±¨ ¢Ò¢¥¤¥´´ÒÌ ¨§ Í¨±²µÉ·µ´µ¢ ¨µ´´ÒÌ ¶ÊÎ±µ¢ · §· ¡µÉ ´  ¸± ´¨·ÊÕÐ Ö ¸¨¸É¥³ .
�´  ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ µÉ±²µ´ÖÕÐ¨Ì ³ £´¨Éµ¢, ¸µ§¤ ÕÐ¨Ì £µ·¨§µ´É ²Ó´µ¥ ¨ ¢¥·É¨± ²Ó´µ¥ ³ £´¨É-
´Ò¥ ¶µ²Ö. Œ £´¨ÉÒ § ¶¨ÉÒ¢ ÕÉ¸Ö £¥´¥· Éµ· ³¨ ¶¨²µµ¡· §´µ£µ Éµ±  ¸ Î¥É±µ Ë¨±¸¨·µ¢ ´´Ò³¨
Î ¸ÉµÉ ³¨. �·¨ ¸¨´Ì·µ´´µ° · ¡µÉ¥ µ¡µ¨Ì £¥´¥· Éµ·µ¢ Í¥´É· ³ ¸¸ ¶ÊÎ±  ®·¨¸Ê¥É¯ Ë¨£Ê·Ò ‹¨¸¸ ¦Ê
´  ³¨Ï¥´¨, £¤¥ ´¥µ¤´µ·µ¤´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ´¥ ¶·¥¢µ¸Ìµ¤¨É É·¥¡Ê¥³µ° ¢¥²¨Î¨´Ò ±5%.
�·¨¢µ¤¨É¸Ö µ¶¨¸ ´¨¥ ±µ´¸É·Ê±Í¨¨ µÉ±²µ´ÖÕÐ¨Ì ³ £´¨Éµ¢, ¨Ì ¶ · ³¥É·µ¢ ¨ ·¥§Ê²ÓÉ ÉÒ ¸É¥´¤µ¢ÒÌ
¨¸¶ÒÉ ´¨°.

The system for scanning of ion beams extracted from a cyclotron has been worked up. It consists of
two de�ecting dipole magnets creating horizontal and vertical magnetic ˇelds. Generators of saw-tooth
current having the deˇnitely ˇxed frequencies supply the magnets. As a result of synchronous work of
both generators the center of mass of the ion beam ®draws¯ a pattern on the target. Heterogeneity of
the particle density distribution does not exceed the required value of ±5%. The short description of
the de�ection magnets construction, their parameters, and results of their stand tests are presented.

“¸±µ·¥´´Ò¥ ¢ Í¨±²¨Î¥¸±¨Ì ¨³¶² ´É Éµ· Ì (Í¨±²µÉ·µ´ Ì) ÉÖ¦e²Ò¥ ¨µ´Ò ¶² ´¨·Ê¥É¸Ö
¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö µ¡· ¡µÉ±¨ ¶µ¢¥·Ì´µ¸É¨ ¶²e´±¨. �¤´¨³ ¨§ µ¸´µ¢´ÒÌ É·¥¡µ¢ ´¨° ± ¸¨-
¸É¥³¥ · §¢¥·É±¨ ¶ÊÎ±  Ö¢²Ö¥É¸Ö ¶µ²ÊÎ¥´¨¥ µ¤´µ·µ¤´µ° ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ± 
¨µ´µ¢ ´  ³¨Ï¥´¨.

� ¸ÎeÉÒ ¶·µ¢µ¤¨²¨¸Ó ¤²Ö ¶ÊÎ±  ¨µ´µ¢ ±·¨¶Éµ´ , ¢Ò¢¥¤¥´´µ£µ ¨§ Í¨±²µÉ·µ´ 
ˆ–-100 [1]. �ÊÎµ± ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò: ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¨µ-
´µ¢ ±·¨¶Éµ´  Å 1,2 ŒÔ‚/´Ê±²µ´, § ·Ö¤ ¨µ´  Z = +15; ³ ¸¸µ¢µ¥ Î¨¸²µ ¨µ´  A = 84
(A/Z = 5,6), Éµ± ¶ÊÎ±  Å 5 ³±�, ³¨´¨³ ²Ó´Ò° ¤¨ ³¥É· ¶ÊÎ±  ´  ³¨Ï¥´¨, ¢ ±µÉµ·µ³
¸µ¤¥·¦¨É¸Ö 90 % Î ¸É¨Í, ∼ 4 ¸³. ‚ · ¸Î¥É Ì ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ ¶²µÉ´µ¸ÉÓ ¶ÊÎ±  ¶µ
· ¤¨Ê¸Ê ³¥´Ö¥É¸Ö ¶µ § ±µ´Ê ƒ Ê¸¸ , ¥£µ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · §³¥· · ¢¥´ 1 ¸³.

“¸²µ¢¨Ö µ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¢ ¢Ò¢µ¤´µ³ ± ´ ²¥ ¸²¥¤ÊÕÐ¨¥: Ï¨·¨´  ³¨Ï¥´¨ a =
60 ¸³, ¢Ò¸µÉ  b = 30 ¸³. � ¸¸ÉµÖ´¨¥ µÉ ¸± ´¥·µ¢ ¤µ ³¨Ï¥´¨ ∼ 800 ¸³. Œ¨Ï¥´Ó ³µ¦¥É
¡ÒÉÓ  ) ´¥¶µ¤¢¨¦´µ°, ¡) ¤¢¨¦ÊÐ¥°¸Ö ¸µ ¸±µ·µ¸ÉÓÕ U µÉ 20 ¤µ 100 ¸³ · c−1. �¥µ¤´µ·µ¤-
´µ¸ÉÓ ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¨µ´µ¢ ¶µ ¶²µÐ ¤¨ ³¨Ï¥´¨ ´¥ ¤µ²¦´  ¶·¥¢ÒÏ ÉÓ Ê·µ¢´Ö
±5%. „µ¶Ê¸É¨³Ò¥ ¶µÉ¥·¨ ¶ÊÎ±  µÉ 10 ¤µ 50% (¶·¥¤¥²Ó´µ ¤µ¶Ê¸É¨³Ò¥).

Š·µ³¥ Éµ£µ, ¢ Í¨±²µÉ·µ´¥ ¢ ·¥§Ê²ÓÉ É¥ ¢µ§³µ¦´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¶·µ¡µ¥¢ c ¤Ê ´Éµ¢
¢Ò¢¥¤¥´´Ò° ¶ÊÎµ± ¨µ´µ¢ ³µ¦¥É ¶·¥·Ò¢ ÉÓ¸Ö ´  ¢·¥³Ö ¤µ 0,3 ¸. �·¨ ÔÉµ³ É·¥¡Ê¥É¸Ö,
ÎÉµ¡Ò ¸¨¸É¥³  · §¢e·É±¨ ¢Ò¢¥¤¥´´µ£µ ¶ÊÎ±  µ¡¥¸¶¥Î¨²  §  ¢·¥³Ö ¶·µ¡µÖ ¶·µ¢ ² ¢ · ¸-
¶·¥¤¥²¥´¨¨ ¶²µÉ´µ¸É¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ´¥ ¡µ²¥¥ 50%.
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„²Ö ·¥Ï¥´¨Ö ÔÉµ° § ¤ Î¨ ¶·¥¤²µ¦¥´  ¸Ì¥³ , ¸µ¸ÉµÖÐ Ö ¨§ ¤¢ÊÌ µÉ±²µ´ÖÕÐ¨Ì ³ £-
´¨Éµ¢, µ¤¨´ ¨§ ±µÉµ·ÒÌ · §¢µ· Î¨¢ ¥É ¶ÊÎµ± ¶µ ²¨´¥°´µ³Ê § ±µ´Ê ¶µ £µ·¨§µ´É ²¨ ¸
Î ¸ÉµÉµ° fx,   ¤·Ê£µ° Å ¶µ ¢¥·É¨± ²¨ ¸ Î ¸ÉµÉµ° fy [2].

1. ��‘—E’ ��‘��…„…‹…�ˆŸ
�‹�’��‘’ˆ —�‘’ˆ– �� Œˆ˜…�ˆ

�·¨ µ¤´µ¢·¥³¥´´µ° · ¡µÉ¥ µÉ±²µ´ÖÕÐ¨Ì ³ £´¨Éµ¢ Í¥´É· ³ ¸¸ (–Œ) ¶ÊÎ±  ¡Ê¤¥É
®·¨¸µ¢ ÉÓ¯ Ë¨£Ê·Ò ‹¨¸¸ ¦Ê ´  ¶²µ¸±µ¸É¨ ³¨Ï¥´¨. ‚ ·¥§Ê²ÓÉ É¥ ¶·¨ ²¨´¥°´µ° · §¢e·É±¥
¶µ µ¡¥¨³ ±µµ·¤¨´ É ³ ¶µ¢¥·Ì´µ¸ÉÓ ³¨Ï¥´¨ µ± ¦¥É¸Ö ¶µ±·ÒÉµ° ¸¥ÉÓÕ ¶ · ²²¥²µ£· ³³µ¢
¸ Ï £µ³ h (h Å ¤¨ £µ´ ²Ó ¶ · ²²¥²µ£· ³³ ) [3].

�  ·¨¸. 1 ¶µ± § ´  É· ¥±Éµ·¨Ö –Œ ¶ÊÎ±  ´  ¶²µ¸±µ¸É¨ ³¨Ï¥´¨, · ¸¸Î¨É ´´ Ö ¤²Ö
fx = 100 ƒÍ ¨ fy = 210 ƒÍ. �µ²ÊÎ¨²¨¸Ó ÖÎ¥°±¨ ¸ Ï £µ³ hx ≈ hy = h = 3 ¸³.

�¥µ¤´µ·µ¤´µ¸ÉÓ µ¡²ÊÎ¥´¨Ö ´¥¶µ¤¢¨¦´µ° ³¨Ï¥´¨ ·¥§±µ ¢µ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³
Ï £  ÖÎ¥°±¨ h. „µ¶Ê¸É¨³Ò° Ê·µ¢¥´Ó ´¥µ¤´µ·µ¤´µ¸É¨ µ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨ ±5% ¤µ¸É¨-
£ ¥É¸Ö ¶·¨ ¢¥²¨Î¨´¥ Ï £  h ≈ 3,2 ¸³. �·¨ ÔÉµ³ ¶µÉ¥·¨ ¶ÊÎ±  ´  ±· ÖÌ ´¥¶µ¤¢¨¦´µ°
³¨Ï¥´¨ ¸µ¸É ¢²ÖÕÉ ¢¥²¨Î¨´Ê ∼ 3%.

…¸²¨ ¢±²ÕÎ¨ÉÓ ¢ · ¸ÎeÉ ¤¢¨¦¥´¨¥ ³¨Ï¥´¨, Éµ ¶·¨ ¥e µ¡²ÊÎ¥´¨¨ (¶·¨ Ê± § ´´ÒÌ ¢ÒÏ¥
Ê¸²µ¢¨ÖÌ) ¶µ²ÊÎ ¥É¸Ö · ¸¶·¥¤¥²¥´¨¥ ¶²µÉ´µ¸É¨ ¨µ´µ¢ ¶µ µ¸¨ x, ¶µ± § ´´µ¥ ´  ·¨¸. 2 (¶·¨
Ë¨±¸¨·µ¢ ´´µ° ±µµ·¤¨´ É¥ y). ‘±µ·µ¸ÉÓ ³¨Ï¥´¨ ¢ ÔÉµ³ · ¸ÎeÉ¥ · ¢´Ö² ¸Ó 20 ¸³ · c−1.

�¨¸. 1 �¨¸. 2

…¸²¨ ¢ ¶·µ¨§¢µ²Ó´Ò° ³µ³¥´É ¢·¥³¥´¨ ¶ÊÎµ± ¨µ´µ¢ ¶·¥·Ò¢ ¥É¸Ö ´  ¢·¥³Ö ∆t = 0,3 ¸,
Éµ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ÊÎ ¸Éµ± ¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨ µ± §Ò¢ ¥É¸Ö ´¥¤µ¸É ÉµÎ´µ µ¡²ÊÎe´-
´Ò³. �É´µ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  ¶·µ¢ ²  ¢ · ¸¶·¥¤¥²¥´¨¨ ¶²µÉ´µ¸É¨ ¨µ´µ¢ δ § ¢¨¸¨É µÉ
¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö ³¨Ï¥´¨ ¨ ³µ¦¥É ¡ÒÉÓ µÍ¥´¥´  ± ± δ ≈ U · ∆t/b. �ÉµÉ ÊÎ ¸Éµ±
¡Ê¤¥É ®§ ±· Ï¥´¯ Ë¨£Ê· ³¨ ‹¨¸¸ ¦Ê, ±µÉµ·Ò¥ ¶ÊÎµ± ®·¨¸Ê¥É¯ Î ¸É¨Î´µ ¤µ ¥£µ ¶·¥·Ò-
¢ ´¨Ö ¨ Î ¸É¨Î´µ Å ¶µ¸²¥ ¥£µ ¶µ¢Éµ·´µ£µ ¢±²ÕÎ¥´¨Ö. ’ ±¨³ µ¡· §µ³, µÉ¸ÊÉ¸É¢¨¥ ¶ÊÎ± 
µ± §Ò¢ ¥É¸Ö ¤µ ´¥±µÉµ·µ° ¸É¥¶¥´¨ ±µ³¶¥´¸¨·µ¢ ´´Ò³.

�·¨ Ê¢¥²¨Î¥´¨¨ ¸±µ·µ¸É¨ ³¨Ï¥´¨ ¸ 20 ¤µ 100 ¸³ · c−1 ¢¥²¨Î¨´  ¶·µ¢ ²  ¢ Ê·µ¢´¥
· ¸¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ Î ¸É¨Í Ê¢¥²¨Î¨¢ ¥É¸Ö. �µ¸É¥¶¥´´µ ¶µÖ¢²Ö¥É¸Ö ¶µ²´µ¸ÉÓÕ ´¥-
µ¡²ÊÎ¥´´Ò° ÊÎ ¸Éµ±. � ¸ÎeÉÒ É ±¦¥ ¶µ± § ²¨, ÎÉµ ¤²Ö · §²¨Î´ÒÌ ¸±µ·µ¸É¥° ¤¢¨¦¥´¨Ö
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³¨Ï¥´¨ ´¥µ¡Ìµ¤¨³µ ¶µ¤¡¨· ÉÓ µ¶É¨³ ²Ó´µ¥ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê Î ¸ÉµÉ ³¨ fx ¨ fy, ¶·¨
±µÉµ·µ³ ¤µ¸É¨£ ¥É¸Ö ´¥µ¡Ìµ¤¨³Ò° Ê·µ¢¥´Ó µ¤´µ·µ¤´µ¸É¨ ¥e µ¡²ÊÎ¥´¨Ö.

2. �’Š‹��Ÿ�™ˆ‰ Œ�ƒ�ˆ’

Šµ´¸É·Ê±Í¨Ö µÉ±²µ´ÖÕÐ¥£µ ³ £´¨É  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° · ¸¶·¥¤¥²¥´´ÊÕ µ¡³µÉ±Ê,
· ¸¶µ²µ¦¥´´ÊÕ ´¥¶µ¸·¥¤¸É¢¥´´µ ´  ¶µ¢¥·Ì´µ¸É¨ ¨µ´µ¶·µ¢µ¤  ¨ µ±·Ê¦¥´´ÊÕ ¶²µÉ´µ
¶·¨²¥£ ÕÐ¨³ Ï¨ÌÉµ¢ ´´Ò³ ³ £´¨Éµ¶·µ¢µ¤µ³ ¨§ Ô²¥±É·µÉ¥Ì´¨Î¥¸±µ° ¸É ²¨. �²µÉ´µ¸ÉÓ
¢¨É±µ¢ ¢ µ¡³µÉ±¥ ¨§³¥´Ö¥É¸Ö ¶µ  §¨³ÊÉÊ ¶µ ±µ¸¨´Ê¸µ¨¤ ²Ó´µ³Ê § ±µ´Ê, ÎÉµ ¶µ§¢µ²Ö¥É
¤µ¡¨ÉÓ¸Ö ¢Ò¸µ±µ° µ¤´µ·µ¤´µ¸É¨ ³ £´¨É´µ£µ ¶µ²Ö ¢µ ¢¸¥³ µ¡Ñ¥³¥ ¨µ´µ¶·µ¢µ¤ .

Œ £´¨ÉÒ ¤²Ö ¢¥·É¨± ²Ó´µ£µ ¨ £µ·¨§µ´É ²Ó´µ£µ µÉ±²µ´¥´¨° ¶ÊÎ±  ¨µ´µ¢ ¨¤¥´É¨Î´Ò
¨ µÉ²¨Î ÕÉ¸Ö Éµ²Ó±µ ¤²¨´µ° (40 ¨ 80 ¸³ ¸µµÉ¢¥É¸É¢¥´´µ). Œ ±¸¨³ ²Ó´ Ö ¨´¤Ê±Í¨Ö ³ £-
´¨É´µ£µ ¶µ²Ö B ∼= 400 ƒ¸. Œ ±¸¨³ ²Ó´ Ö · ¡µÎ Ö Î ¸ÉµÉ  250 ƒÍ. ˆ§³¥·¥´´µ¥ · ¸¶·¥-
¤¥²¥´¨¥ ³ £´¨É´µ£µ ¶µ²Ö ¶·¥¤¸É ¢²¥´µ ´  ·¨¸. 3.

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´µ£µ ¶µ²Ö ¢ ¶µ¶¥·¥Î´µ³ ¸¥Î¥´¨¨: a) ¢¥·É¨± ²Ó´µ¥; ¡) £µ·¨§µ´É ²Ó´µ¥

�µ²´Ò¥ É¥¶²µ¢Ò¥ ¶µÉ¥·¨ ¢ ³ £´¨É¥ ¸µ¸É ¢²ÖÕÉ ∼ 300 ‚É. ˆ§ ´¨Ì 60% ¶·¨Ìµ¤ÖÉ¸Ö
´  ´ £·¥¢ ¨µ´µ¶·µ¢µ¤ , ¨§£µÉµ¢²¥´´µ£µ ¨§ Éµ´±µ¸É¥´´µ° ´¥·¦ ¢¥ÕÐ¥° É·Ê¡Ò. �µÉ¥·¨
³µÐ´µ¸É¨ ¢ ÔÉµ° É·Ê¡¥ ³µ£ÊÉ ¡ÒÉÓ µÍ¥´¥´Ò ± ±

W =
σ

c2

16πr3
0hB2

T 2
10−7 ‚É · ¸³−1.

‡¤¥¸Ó σ Å Ê¤¥²Ó´ Ö ¶·µ¢µ¤¨³µ¸ÉÓ ³ É¥·¨ ²  É·Ê¡Ò; c Å ¸±µ·µ¸ÉÓ ¸¢¥É  (¤²Ö ´¥·¦ ¢¥Õ-
Ð¥° ¸É ²¨ σ/c2 ≈ 1,25 · 10−5 ¸ · ¸³−2); r0 Å · ¤¨Ê¸ É·Ê¡Ò; h Å Éµ²Ð¨´  ¸É¥´±¨ É·Ê¡Ò;
T Å ¤²¨É¥²Ó´µ¸ÉÓ ¶¥·¨µ¤  ±µ²¥¡ ´¨° Éµ±  ¢ µ¡³µÉ±¥ ³ £´¨É . �µ¤¸É ¢²ÖÖ ¢ ÔÉÊ Ëµ·³Ê²Ê
r0 = 4,5 ¸³, h = 0,08 ¸³, B = 400 ƒ¸, T = 10−3 ¸, ¶µ²ÊÎ ¥³, ÎÉµ W ≈ 4,6 ‚É · ¸³−1. �É 
µÍ¥´±  ¶µ£·¥Ï´µ¸ÉÓÕ ∼ 20% ¸µ¢¶ ¤ ¥É ¸ ¨§³¥·¥´´Ò³ §´ Î¥´¨¥³ É¥¶²µ¢ÒÌ ¶µÉ¥·Ó.

�·µ¢¥¤e´´Ò¥ · ¸ÎeÉÒ É ±¦¥ ¶µ± § ²¨, ÎÉµ ¨¸± ¦¥´¨Ö ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ µÉ±²µ-
´ÖÕÐ¥£µ ³ £´¨É´µ£µ ¶µ²Ö µÉ ¢·¥³¥´¨, ¢µ§´¨± ÕÐ¨¥ ¶·¨ ¥£µ ¶·µ´¨±´µ¢¥´¨¨ ¢´ÊÉ·Ó ´¥-
·¦ ¢¥ÕÐ¥° É·Ê¡Ò, ³ ²Ò ¨ ¶· ±É¨Î¥¸±¨ ´¥ ¨¸± ¦ ÕÉ ²¨´¥°´ÊÕ § ¢¨¸¨³µ¸ÉÓ ³ £´¨É´µ£µ
¶µ²Ö µÉ ¢·¥³¥´¨.
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ˆ³¥ÕÐ Ö¸Ö ¦¥ ¢¸¥£¤  ´¥²¨´¥°´µ¸ÉÓ Éµ±µ¢ ¢ µ¡³µÉ± Ì ¸± ´¥·µ¢ (¨§-§  ±µ´¥Î´µ° ¢¥-
²¨Î¨´Ò ¨Ì ¨´¤Ê±É¨¢´µ¸É¨) ¶·¨¢µ¤¨É ± ¨¸± ¦¥´¨Õ ¸¥É±¨, ±µÉµ·ÊÕ ®·¨¸Ê¥É¯ –Œ ¶ÊÎ± 
(¸³. ·¨¸. 1), ÎÉµ § ³¥É´µ ¸± §Ò¢ ¥É¸Ö ´  ¸É¥¶¥´¨ µ¤´µ·µ¤´µ¸É¨ µ¡²ÊÎ¥´¨Ö ¨µ´ ³¨ ´¥¶µ-
¤¢¨¦´µ° ³¨Ï¥´¨. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ³ ±¸¨³ ²Ó´µ¥ µÉ±²µ´¥´¨¥ ¶·µ¨§¢µ¤´µ° ¶µ ¢·¥³¥´¨
·¥ ²Ó´µ£µ Éµ±  ¢ µ¡³µÉ±¥ µÉ ¨¤¥ ²Ó´µ£µ ¸µ¸É ¢²Ö¥É ∼ 12,4%. �  ·¨¸. 4, a ¶·¨¢¥¤e´ ¢¨¤
¸¥É±¨, ¶µ²ÊÎ ÕÐ¥°¸Ö ¸ ÊÎeÉµ³ ´¥²¨´¥°´µ¸É¥° Éµ±µ¢ ¢ µ¡³µÉ± Ì µÉ±²µ´ÖÕÐ¨Ì ³ £´¨-
Éµ¢,   ´  ·¨¸. 4, ¡ ¶µ± § ´µ ¶µ²ÊÎ ÕÐ¥¥¸Ö · ¸¶·¥¤¥²¥´¨¥ ¶²µÉ´µ¸É¨ ¨µ´´µ£µ ¶ÊÎ±  ´ 
³¨Ï¥´¨. �·¨ ÔÉµ³ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° ¶µ²Ê· §³¥· ¶ÊÎ±  ¡Ò² · ¢¥´ 1 ¸³.

�¨¸. 4

Š ± ¢¨¤´µ ¨§ ·¨¸. 4, ¡, ´¥µ¤´µ·µ¤´µ¸ÉÓ ¢ · ¸¶·¥¤¥²¥´¨¨ Î ¸É¨Í ´  ³¨Ï¥´¨ ¢ ´ Ï¥³
¸²ÊÎ ¥ ¸µ¸É ¢²Ö¥É Ê¦¥ ¢¥²¨Î¨´Ê ¶µ·Ö¤±  ±62%. “³¥´ÓÏ¨ÉÓ ÔÉÊ ´¥µ¤´µ·µ¤´µ¸ÉÓ ´ 
´¥¶µ¤¢¨¦´µ° ³¨Ï¥´¨ ¤µ É·¥¡Ê¥³µ° ¢¥²¨Î¨´Ò ±5% ³µ¦´µ, Ê¢¥²¨Î¨¢ ¤¨ ³¥É· ¶ÊÎ±  ´ 
³¨Ï¥´¨ ¢ ∼ 2 · §  (¤µ 80 ³³).

‚ ¸²ÊÎ ¥ ¤¢¨¦ÊÐ¥°¸Ö ³¨Ï¥´¨ ´¥²¨´¥°´µ¸ÉÓ Éµ±µ¢ ¢ µ¡³µÉ± Ì ³ £´¨É´ÒÌ ¸± ´¥·µ¢
¸± §Ò¢ ¥É¸Ö £µ· §¤µ ³¥´ÓÏ¥. ’ ± ´¥µ¤´µ·µ¤´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ Î ¸É¨Í ¶·¨
¸±µ·µ¸É¨ ³¨Ï¥´¨ 20 ¸³ · ¸−1 ¸µ¸É ¢²Ö¥É ±1,5 %. ‘ Ê¢¥²¨Î¥´¨¥³ ¸±µ·µ¸É¨ ¤¢¨¦¥´¨Ö
²¥´ÉÒ ÔÉ  ´¥µ¤´µ·µ¤´µ¸ÉÓ ¢µ§· ¸É ¥É ¨ ¤²Ö U > 40 ¸³ · ¸−1 ´ Î¨´ ¥É ¶·¥¢ÒÏ ÉÓ ±5%.
’ ± ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ ´¥¶µ¤¢¨¦´µ° ³¨Ï¥´¨, ÔÉ  ´¥µ¤´µ·µ¤´µ¸ÉÓ Ê¸É· ´Ö¥É¸Ö ¶·¨ Ê¢¥-
²¨Î¥´¨¨ · §³¥·µ¢ ¶ÊÎ±  ´  ³¨Ï¥´¨.

3. Œ�„“‹œ �ˆ’��ˆŸ ˆ “���‚‹…�ˆŸ

Œµ¤Ê²Ó ¶¨É ´¨Ö ¨ Ê¶· ¢²¥´¨Ö ¸¨¸É¥³Ò ¸± ´¨·µ¢ ´¨Ö ¶ÊÎ±  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¡²µ±¨
¸É ¡¨²¨§¨·µ¢ ´´µ£µ ¶¨É ´¨Ö, £¥´¥· Éµ·Ò ¶¨²µµ¡· §´µ£µ Éµ± , ¢Ò¶µ²´¥´´Ò¥ ´  ¡ §¥ ³µ-
¸Éµ¢ÒÌ ¨´¢¥·Éµ·µ¢ ´ ¶·Ö¦¥´¨Ö ¤²Ö ¢¥·É¨± ²Ó´µ° ¨ £µ·¨§µ´É ²Ó´ÒÌ µ¡³µÉµ±, ¨ ³¨±·µ-
¶·µÍ¥¸¸µ·´Ò° ³µ¤Ê²Ó Ê¶· ¢²¥´¨Ö ¨ ±µ´É·µ²Ö.

Œµ¤Ê²Ó Ê¶· ¢²¥´¨Ö £¥´¥·¨·Ê¥É Î ¸ÉµÉÒ, § ¢¨¸ÖÐ¨¥ µÉ ·¥¦¨³  · ¡µÉÒ ¸¨¸É¥³Ò, ¸
ÉµÎ´µ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,01 %. �¥¦¨³ · ¡µÉÒ ¸¨¸É¥³Ò § ¤ ¥É¸Ö ²¨¡µ ²µ± ²Ó´µ ¸ ¶µ³µÐÓÕ
±² ¢¨ ÉÊ·Ò ¨ LC-¤¨¸¶²¥Ö, ²¨¡µ ¸ Ê¤ ²¥´´µ£µ ±µ³¶ÓÕÉ¥·  ¶µ ¶·µÉµ±µ²Ê RS485. Š·µ³¥
Éµ£µ, ³µ¤Ê²Ó ¨§³¥·Ö¥É Éµ±¨ ¢ µÉ±²µ´ÖÕÐ¨Ì Ê¸É·µ°¸É¢ Ì ¨ ´ ¶·Ö¦¥´¨Ö ¶¨É ´¨Ö, µ¸ÊÐ¥-
¸É¢²ÖÖ µ¡· É´ÊÕ ¸¢Ö§Ó ¨ ¡²µ±¨·µ¢±Ê  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨°.
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