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  ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ. ˆ. 	Ê¤±¥·  ‘� ���, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö
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‚ ¶·μ¥±É¥ NICA μ¤´  ¨§ £² ¢´ÒÌ § ¤ Î ¸¢Ö§ ´  ¸μ ¢¸É·¥Î´Ò³¨ ¶ÊÎ± ³¨ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ-
´μ¢. “¸±μ·¥´¨¥ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ μÉ ¨¸ÉμÎ´¨±  ¤μ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ ¶·¥¤¶μ² £ ¥É¸Ö
¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³ ¶·μÉμ´´μ³ ¸¨´Ì·μÉ·μ´¥. ‚ ¸É ÉÓ¥ · ¸¸³μÉ·¥´Ò ¢¸¥ ¤¥¶μ²Ö·¨§ÊÕÐ¨¥ ¸¶¨´μ¢Ò¥
·¥§μ´ ´¸Ò ¢ ´Ê±²μÉ·μ´¥ ¨ ¶·¥¤²μ¦¥´Ò ¸¶μ¸μ¡Ò ¨Ì ¶·¥μ¤μ²¥´¨Ö.

One of the main tasks for the NICA project is colliding beams of polarized protons. Polarized
protons are supposed to be accelerated from source up to top energy in existing proton synchrotron. We
consider all depolarizing spin resonances in Nuclotron and suggest methods to overcome them.

PACS: 29.20.db; 29.27.Hj

‚‚…„…�ˆ…

�·μ£· ³³  ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ¢ �ˆŸˆ μ¸´μ¢ ´  ´  ¸ÊÐ¥¸É¢ÊÕÐ¥³ ¸¨´Ì·μÉ·μ´¥
´Ê±²μÉ·μ´, ¸¶μ¸μ¡´μ³ Ê¸±μ·ÖÉÓ ¶·μÉμ´Ò ¨ ¤¥°É·μ´Ò. ˆ´¦¥±Í¨Ö ¶ÊÎ±μ¢ μÉ ¨¸ÉμÎ´¨± 
¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ ¨ ¤¥°É·μ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ³μ¤¥·´¨§¨·μ¢ ´´Ò° Ê¸±μ-
·¨É¥²Ó ‹“-20 ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨° ± ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ ¢ ´Ê±²μÉ·μ´. ‘¨´Ì·μÉ·μ´
¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö Ê¸±μ·¥´¨Ö ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ μÉ 20 ŒÔ‚ ¤μ 12 ƒÔ‚ ¨
¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ μÉ 5 ŒÔ‚/´Ê±²μ´ ¤μ 5,6 ƒÔ‚/´Ê±²μ´. ˆ´É¥´¸¨¢´μ¸ÉÓ ¸£Ê¸É± 
¢ ÔÉμ³ ¸²ÊÎ ¥ ¤μ²¦´  ¸μ¸É ¢²ÖÉÓ ´¥¸±μ²Ó±μ ¥¤¨´¨Í ´  1010 Î ¸É¨Í.

1. �“Š‹�’���

Šμ²ÓÍμ ´Ê±²μÉ·μ´  ¨³¥¥É ¤²¨´Ê 251,5 ³ ¨ ¸μ¸Éμ¨É ¨§ 8 ¨¤¥´É¨Î´ÒÌ ¶¥·¨μ¤μ¢. �μ¢¥-
¤¥´¨¥ μ¶É¨Î¥¸±¨Ì ËÊ´±Í¨° ´  ¶¥·¨μ¤¥ ¶μ± § ´μ ´  ·¨¸. 1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ±μ²ÓÍ 
¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

�·μÉμ´´Ò° ¶ÊÎμ± ¨§ ‹“-20 ¨³¥¥É 90 % ´μ·³ ²¨§μ¢ ´´μ£μ Ô³¨ÉÉ ´¸  εN = 10π. „²Ö
Ô´¥·£¨¨ ¨´¦¥±Í¨¨ Ei = 1,0 ƒÔ‚ §´ Î¥´¨¥ βγ · ¢´μ 0,369. ’μ£¤  μ¡ÒÎ´Ò° Ô³¨ÉÉ ´¸ ¶·¨

1E-mail: shatunov@inp.nsk.su
2E-mail: srmane001@gmail.com
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�¨¸. 1. �¶É¨Î¥¸±¨¥ ËÊ´±Í¨¨ ´Ê±²μÉ·μ´ 

� · ³¥É·Ò ´Ê±²μÉ·μ´ 

� · ³¥É· „¨¶μ²Ó Š¢ ¤·Ê¶μ²Ó

—¨¸²μ Ô²¥³¥´Éμ¢ 96 64

�¶¥·ÉÊ· , ³³ 110 × 55 120 × 63

�μ²¥ ¶·¨ ´μ³¨´ ²Ó´μ³ Éμ±¥ 6 ±�, ’² 1,98 Å

ƒ· ¤¨¥´É ¶·¨ ´μ³¨´ ²Ó´μ³ Éμ±¥ 5,6 ±�, ’²/³ Å 33,4

— ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö f = 1,0 ƒÍ ¶·¨ dB/dt = 4 ’²/¸, Bm = 2 ’²

¨´¦¥±Í¨¨
εz

π
=

εN

6πβγ
¸μ¸É ¢²Ö¥É 4,52 ³³ ·³· ¤. ˆ¸¶μ²Ó§ÊÖ ¤ ´´Ò¥ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò,

´ Ìμ¤¨³ §´ Î¥´¨Ö μ¶É¨Î¥¸±¨Ì ËÊ´±Í¨° ¢ ÉμÎ±¥ ¨´¦¥±Í¨¨:

βx � 12,46 ³, βz � 2,93 ³,

αx � −2,18, αz � 0,65,

γx =
1 + α2

x

βx � 0,462
, γz =

1 + α2
z

βz � 0,485
,

Qx � 7,345, Qz � 7,372.

ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ ¶μ²ÊÎ ¥³ ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ · §³¥·Ò ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ ¨´¦¥±Í¨¨:

zrms =
√

βzεz/π � 3,46 ³³, z′rms =
√

γzεz/π � 0,485 ³· ¤.

2. ‘�ˆ��‚›… �…‡����‘›

�·¨ Ê¸±μ·¥´¨¨ ¶·μÉμ´μ¢ ´¥¨§¡¥¦´μ ¶·μÌμ¦¤¥´¨¥ ¸¶¨´μ¢ÒÌ ·¥§μ´ ´¸μ¢: ν0 = aγ =
νk = k + mQz + lQx (a Å ³ £´¨É´ Ö  ´μ³ ²¨Ö; a = 1,792 ¤²Ö ¶·μÉμ´ ), ¨§ ±μÉμ·ÒÌ
´ ¨¡μ²¥¥ μ¶ ¸´Ò ²¨´¥°´Ò¥ ·¥§μ´ ´¸Ò (m = l = 1) ¨, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ·¥§μ´ ´¸Ò ¸
¢¥·É¨± ²Ó´Ò³¨ ±μ²¥¡ ´¨Ö³¨: ν0 = γ(q′/q0) = k · P ± Qz, £¤¥ k Å Í¥²μ¥,   P Å
¶¥·¨μ¤¨Î´μ¸ÉÓ Ê¸±μ·¨É¥²Ö (¤²Ö ´Ê±²μÉ·μ´  P = 8). �¥§Ê²ÓÉ É ¶¥·¥¸¥Î¥´¨Ö μ¤¨´μÎ´μ£μ
·¥§μ´ ´¸ , ¨³¥ÕÐ¥£μ ¸¨²Ê wk, ¸ ¶μ¸ÉμÖ´´μ° ¸±μ·μ¸ÉÓÕ δ̇ = const (δ = ν0 − νk ¥¸ÉÓ
μÉ¸É·μ°±  μÉ ·¥§μ´ ´¸ ) ¤ ¥É¸Ö Ëμ·³Ê²μ° ”·Ê ¸¸ · Ä‘Éμ·  [1]:

Pz(+∞) = Pz(−∞)[2 e−χ − 1]; χ = −π|wk|2/2δ̇. (1)
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�¨¸. 2. ƒ ·³μ´¨±¨ ·¥§μ´ ´¸μ¢ ν0 = k · P ± Qz ¢ ´Ê±²μÉ·μ´¥

‡¤¥¸Ó ¨ ¤ ²¥¥ ¢¸¥ Î ¸ÉμÉÒ ´μ·³¨·μ¢ ´Ò ´  Î ¸ÉμÉÊ μ¡· Ð¥´¨Ö; ¢·¥³Ö § ¤ ¥É¸Ö ¢ Î¨¸²¥
μ¡μ·μÉμ¢.

ˆ§ Ëμ·³Ê²Ò (1) ¢¨¤´μ, ÎÉμ ¶·¨ χ � 1 ¶μ²Ö·¨§ Í¨Ö ¸μÌ· ´Ö¥É¸Ö, ¢ Éμ ¢·¥³Ö ± ± ¢
μ¡· É´μ³ ¸²ÊÎ ¥ χ � 1 ¶·μ¨¸Ìμ¤¨É ¶¥·¥¢μ·μÉ ¸¶¨´μ¢. „²Ö § ¤ ´´μ£μ Ô³¨ÉÉ ´¸ , ¶μ²Ó§Ê-
Ö¸Ó ¶·μ£· ³³μ° �‘�ˆ��ˆ� [2], · ¸¸Î¨É ¥³ ¸¨²Ò ¸¶¨´-¡¥É É·μ´´ÒÌ ·¥§μ´ ´¸μ¢ (P = 8).
�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.

Š ± ¸²¥¤Ê¥É ¨§ ·¨¸. 2, ·¥§μ´ ´¸Ò c k, ±· É´μ° P , ·¥§±μ μÉ²¨Î ÕÉ¸Ö μÉ μ¸É ²Ó´ÒÌ.
˜É·¨Ìμ¢ Ö ²¨´¨Ö ¶·μ¢¥¤¥´  ¤²Ö |wFS| = 1/

√
χ � 0,8 · 10−3 ¶·¨ ¸±μ·μ¸É¨ ¶μ¤Ñ¥³ 

³ £´¨É´μ£μ ¶μ²Ö 1,2 ’²/¸.
ˆ§¢¥¸É´μ, ÎÉμ ¤²Ö £ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤ ±μ²¥¡ ´¨° ¶μÉ¥·Ö ¶μ²Ö·¨-

§ Í¨¨ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ·¥§μ´ ´¸  ¸ |wk| � 10wFS ´¥ ¶·¥¢ÒÏ ¥É ´¥¸±μ²Ó±¨Ì ¶·μÍ¥´-
Éμ¢. ’ ±¨³ μ¡· §μ³, ³μ¦´μ μ¦¨¤ ÉÓ §´ Î¨É¥²Ó´μ° ¶μÉ¥·¨ ¶μ²Ö·¨§ Í¨¨ ´  ·¥§μ´ ´¸ Ì
ν0 = 16−Qz ¨ ν0 = 8+Qz. „²Ö ¡μ²¥¥ ÉμÎ´μ£μ ¶·¥¤¸± § ´¨Ö ¡Ò²μ ¶·μ¢¥¤¥´μ Î¨¸²¥´´μ¥
³μ¤¥²¨·μ¢ ´¨¥ ¶μμ¡μ·μÉ´Ò³ É·¥±¨´£μ³ ¤¢¨¦¥´¨Ö Î ¸É¨Í ¨ ¨Ì ¸¶¨´μ¢. �  ¶¥·¢μ³ ÔÉ ¶¥
¡Ò²μ ¶·μ¢¥¤¥´μ ¸± ´¨·μ¢ ´¨¥ ¶μ Ô´¥·£¨¨ μÉ E = 1 ƒÔ‚ ¤μ E = 6 ƒÔ‚ ¤²Ö Î¥ÉÒ·¥Ì Î ¸É¨Í
¸ · §²¨Î´Ò³¨ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨: (z1 = 3,64 ³³, z2 = −3,64 ³³, z′3 = 1,48 ³· ¤,
z′4 = −1,48 ³· ¤) ¨ (z1 = 1,33 ³³, z2 = 2,50 ³³, z3 = 3,60 ³³, z4 = 5, 25 ³³), μ¸É ²Ó-
´Ò¥ Î ¸É¨ÍÒ Å ¸ ´Ê²¥¢Ò³¨ ´ Î ²Ó´Ò³¨ ±μμ·¤¨´ É ³¨. � Î ²Ó´ Ö ¶μ²Ö·¨§ Í¨Ö ¢¸¥£¤ 
¢¥·É¨± ²Ó´ Ö: Pz = 1. �¥§Ê²ÓÉ É É·¥±¨´£  ¶μ± § ´ ´  ·¨¸. 3.

�  ¶¥·¢μ³ ·¥§μ´ ´¸¥ ¢¡²¨§¨ E = 3,85 ƒÔ‚ (ν0 = Qz) ¶·μ¨¸Ìμ¤¨É  ¤¨ ¡ É¨Î¥¸±¨°
¶¥·¥¢μ·μÉ ¸¶¨´μ¢ ¢¸¥Ì Î ¸É¨Í. �¥§μ´ ´¸ ν0 = 16 − Qz, ± ± ¨ μ¦¨¤ ²μ¸Ó, · §·ÊÏ ¥É
¶μ²Ö·¨§ Í¨Õ. ’·¥¡ÊÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ³¥·Ò ¤²Ö ¥£μ ¶¥·¥¸¥Î¥´¨Ö.

“¶μ³Ö´ÊÉÒ¥ ¢ÒÏ¥ ¸¶¥Í¨ ²Ó´Ò¥ ³¥·Ò ¤μ¸É ÉμÎ´μ · §´μμ¡· §´Ò. � ¨¡μ²¥¥ Î ¸Éμ Ê¶μ-
É·¥¡²Ö¥³Ò¥ (´ ¶·¨³¥·, ´  ¸¨´Ì·μÉ·μ´¥ AGS [3]) ¸¶μ¸μ¡Ò: ³μ¤Ê²ÖÍ¨Ö ¡¥É É·μ´´μ°
Î ¸ÉμÉÒ, ÎÉμ¡Ò ·¥ ²¨§μ¢ ÉÓ ¡Ò¸É·μ¥ ¶·μÌμ¦¤¥´¨¥ ·¥§μ´ ´¸  (·¨¸. 4, a), ¨²¨ ±μ£¥·¥´É-
´ Ö · ¸± Î±  ¢¥·É¨± ²Ó´ÒÌ ±μ²¥¡ ´¨° (®§ ÉÖ£¨¢ ´¨¥¯ ´  ´¥²¨´¥°´Ò° ·¥§μ´ ´¸) ¶¥·¥¤
¸¶¨´μ¢Ò³ ·¥§μ´ ´¸μ³ ¨ μ¡· É´Ò°  ¤¨ ¡ É¨Î¥¸±¨° ®¸¶Ê¸±¯ ¶μ¸²¥ ¸¶¨´μ¢μ£μ ·¥§μ´ ´¸ 
(·¨¸. 4, ¡).
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�¨¸. 3. „¥¶μ²Ö·¨§ Í¨Ö ´  ·¥§μ´ ´¸¥ ν0 = k · P ± Qz

�¨¸. 4. �¥·¥¸¥Î¥´¨¥ ·¥§μ´ ´¸μ¢: ¡Ò¸É·μ¥ (a) ¨ ³¥¤²¥´´μ¥ (¡)

�·¥¦¤¥ Î¥³ ¶·μ¤μ²¦¨ÉÓ É·¥±¨´£-³μ¤¥²¨·μ¢ ´¨¥ ¤μ ¡μ²ÓÏ¨Ì Ô´¥·£¨°, ´Ê¦´μ · ¸¸³μÉ-
·¥ÉÓ ¥Ð¥ μ¤¨´ É¨¶ ¸¶¨´μ¢ÒÌ ·¥§μ´ ´¸μ¢,   ¨³¥´´μ Í¥²Ò¥ ·¥§μ´ ´¸Ò, ±μ£¤  ¸¶¨´μ¢ Ö
Î ¸ÉμÉ  ±· É´  Î ¸ÉμÉ¥ μ¡· Ð¥´¨Ö (ν0 = k), ±μÉμ·Ò¥ ¢μ§´¨± ÕÉ ¶·¨ ¨¸± ¦¥´¨ÖÌ ¢¥·-
É¨± ²Ó´μ° § ³±´ÊÉμ° μ·¡¨ÉÒ. „²Ö ´Ê±²μÉ·μ´  ¶·¥¤¶μ² £ ¥³ ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ ¨¸± -
¦¥´¨¥ μ·¡¨ÉÒ Δzrms = 1 ³³. ‘μ£² ¸´μ · ¸Î¥É ³ ¶μ ±μ¤Ê �‘�ˆ��ˆ� ¸¶¥±É· Í¥²ÒÌ
·¥§μ´ ´¸μ¢ ν0 = k ¨³¥¥É ¢¨¤, ¶μ± § ´´Ò° ´  ·¨¸. 5.

˜É·¨Ìμ¢μ° ²¨´¨¥°, ± ± ¨ ¶·¥¦¤¥, μ¡μ§´ Î¥´ Ê·μ¢¥´Ó  ³¶²¨ÉÊ¤ ·¥§μ´ ´¸μ¢ |wk| =
wFS = 1/

√
χ � 0,8 ·10−3. �μ ´  Í¥²ÒÌ ·¥§μ´ ´¸ Ì ¤²Ö ¸μÌ· ´¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ¶·¨ ³¥¤-

²¥´´μ³ ¶·μÌμ¦¤¥´¨¨ Ê¦¥ ¤μ¸É ÉμÎ´μ ¨³¥ÉÓ |wk| = 3wFS. —Éμ¡Ò ¢Ò¶μ²´¨ÉÓ ÔÉμ Ê¸²μ¢¨¥
¤²Ö ¢¸¥Ì ·¥§μ´ ´¸μ¢, ¤μ¸É ÉμÎ´μ ¢¢¥¸É¨ ¢ μ¤´μ³ ¨§ ¶Ê¸ÉÒÌ ¶·μ³¥¦ÊÉ±μ¢ ¶μ¸ÉμÖ´´Ò° ¸μ-
²¥´μ¨¤ ¤²¨´μ° 1 ³ ¸ ¶μ²¥³ 200 ƒ¸. ’μ£¤  ´  ¢¸¥Ì Í¥²ÒÌ ·¥§μ´ ´¸ Ì (±¢ ¤· ÉÒ ´  ·¨¸. 5)
¡Ê¤¥É ´ ¡²Õ¤ ÉÓ¸Ö  ¤¨ ¡ É¨Î¥¸±¨° ¶¥·¥¢μ·μÉ ¸¶¨´μ¢ ¸ ³ ²μ° ¸É¥¶¥´ÓÕ ¤¥¶μ²Ö·¨§ Í¨¨.
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�¨¸. 5. ‘¶¥±É· Í¥²ÒÌ ·¥§μ´ ´¸μ¢ ν0 = k ¢ ´Ê±²μÉ·μ´¥ ¸ ¢±²ÕÎ¥´´Ò³ ¸μ²¥´μ¨¤μ³ (�) ¨ ¡¥§

¸μ²¥´μ¨¤  (•)

�¨¸. 6. ‘± ´¨·μ¢ ´¨¥ ¶·¨ ¸±μ·μ¸É¨ ¶μ¤Ñ¥³  ¶μ²Ö 0,6 ’²/¸

…¸²¨ ´  μ¤´μ³ ¨§ ¸¶¨´-¡¥É É·μ´´ÒÌ ·¥§μ´ ´¸μ¢ ¡Ê¤¥É ´ ¡²Õ¤ ÉÓ¸Ö Î ¸É¨Î´ Ö ¤¥-
¶μ²Ö·¨§ Í¨Ö, ¶μ²¥§´μ ¡Ê¤¥É ¸´¨§¨ÉÓ ¸±μ·μ¸ÉÓ ¶μ¤Ñ¥³  ¶μ²Ö. ’ ± Ö ¸¨ÉÊ Í¨Ö ¨§μ¡· -
¦¥´  ´  ·¨¸. 6 ¸ ®¢±²ÕÎ¥´´Ò³¨¯ ¨¸± ¦¥´¨Ö³¨ z-μ·¡¨ÉÒ ¶·¨ ¸± ´¨·μ¢ ´¨¨ Ô´¥·£¨¥° μÉ
E = 1 ƒÔ‚ ¤μ E = 6 ƒÔ‚ ¸μ ¸±μ·μ¸ÉÓÕ 0,6 ’²/¸. ‘· ¢´¨¢ Ö ¸ ·¨¸. 3, ¢¨¤¨³, ÎÉμ, ±·μ³¥
¶μÖ¢²¥´¨Ö Ö¢´ÒÌ Í¥²ÒÌ ·¥§μ´ ´¸μ¢ ¸ ¶¥·¥¢μ·μÉμ³ ¸¶¨´μ¢, ¶μ¸²¥ ·¥§μ´ ´¸  ν0 = 16−Qz

μ¸É ¥É¸Ö ¥Ð¥ μ±μ²μ 60 % ¶μ²Ö·¨§ Í¨¨.

’¥¶¥·Ó ¢¥·´¥³¸Ö ± ¶·¥¦´¥° ¸±μ·μ¸É¨ 1,2 ’²/¸ ¨ ¸Î¨É ¥³, ÎÉμ ·¥§μ´ ´¸ ν0 = 16 − Qz

¶¥·¥¸¥± ¥É¸Ö ¸ ¶μ³μÐÓÕ μ¤´μ° ¨§ ¸¶¥Í¨ ²Ó´ÒÌ ³¥·.

Šμ´±·¥É´μ¥ ·¥Ï¥´¨¥ Éμ£μ ¨²¨ ¨´μ£μ ¸¶μ¸μ¡  ¶·μÌμ¦¤¥´¨Ö ·¥§μ´ ´¸  ν0 = 16 − Qz

É·¥¡Ê¥É ¤¥É ²Ó´μ£μ μ¡¸Ê¦¤¥´¨Ö ¸ ¸μÉ·Ê¤´¨± ³¨, · ¡μÉ ÕÐ¨³¨ ´  ´Ê±²μÉ·μ´¥. �μ±  ¦¥,
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�¨¸. 7. ‘± ´¨·μ¢ ´¨¥ ¶·¨ ¸±μ·μ¸É¨ ¶μ¤Ñ¥³  ¶μ²Ö 1,2 ’²/¸

¸Î¨É Ö, ÎÉμ ·¥§μ´ ´¸ Ê¸¶¥Ï´μ ¶·¥μ¤μ²¥´, ¶·μ¢¥¤¥³ É·¥±¨´£ ¤μ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨
E = 14 ƒÔ‚, ¸É ·ÉÊÖ ¸ Ô´¥·£¨¨ E = 5 ƒÔ‚. �¥§Ê²ÓÉ É É·¥±¨´£  ¶·¨¢¥¤¥´ ´  ·¨¸. 7.

�² £μ¤ ·´μ¸É¨. � ¡μÉ  Î ¸É¨Î´μ ¶μ¤¤¥·¦ ´  £· ´Éμ³ ��” º 14-50-00080.
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