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„²Ö Ëμ·³¨·μ¢ ´¨Ö ´¥μ¡Ìμ¤¨³ÒÌ ¶ · ³¥É·μ¢ ¶ÊÎ±  ¢ ¡Ê¸É¥·¥ NICA ¶·¥¤Ê¸³μÉ·¥´μ ¨¸¶μ²Ó§μ-
¢ ´¨¥ ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö (‘��), ±μÉμ· Ö ¡Ò²  · §· ¡μÉ ´  ¨ ¨§£μÉμ¢²¥´  ¢ ˆŸ”
(�μ¢μ¸¨¡¨·¸±). ‚ 2017 £. ¸¨¸É¥³  ¡Ò²  ¶μ¸É ¢²¥´  ¢ �ˆŸˆ ¨ ´ Î ÉÒ ¥¥ ³μ´É ¦, ´ ¸É·μ°±  ¨
¢¢μ¤ ¢ Ô±¸¶²Ê É Í¨Õ. �¸μ¡¥´´μ¸ÉÓÕ ¤ ´´μ° ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¢¶¥·¢Ò¥ ³¥Éμ¤ Ô²¥±É·μ´´μ£μ
μÌ² ¦¤¥´¨Ö ¸ § ³ £´¨Î¥´´Ò³ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¡Ê¤¥É ¶·¨³¥´ÖÉÓ¸Ö ´  ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥³ ¸¨´-
Ì·μÉ·μ´¥, ÎÉμ ´ ±² ¤Ò¢ ¥É ´¥±μÉμ·Ò¥ ¤μ¶μ²´¨É¥²Ó´Ò¥ É·¥¡μ¢ ´¨Ö ´  ±μ´¸É·Ê±Í¨Õ ¨ § ¶Ê¸± ‘��,
±μÉμ· Ö ¸ ³  ´ Ìμ¤¨É¸Ö ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥.

‚ ¸É ÉÓ¥ ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ÔÉ ¶Ò ¸¡μ·±¨ ¨ § ¶Ê¸±  ‘�� ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¶·Ö³μ²¨´¥°-
´μ° ¸¥±Í¨¨ ¡Ê¸É¥· , ±μÉμ·Ò¥ ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ³μ´É ¦ ¨´¦¥´¥·´ÒÌ ¸¨¸É¥³ (¢μ¤ , Ô²¥±É·¨Î¥¸É¢μ,
¢μ§¤ÊÌ, ³ ¸²Ö´ Ö ¸¨¸É¥³ ), £¥μ¤¥§¨Î¥¸±¨¥ · ¡μÉÒ ¶μ Ê¸É ´μ¢±¥ ´  ÏÉ É´μ¥ ³¥¸Éμ. �·¨¢μ¤ÖÉ¸Ö ·¥-
§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ¶·Ö³μ²¨´¥°´μ£μ ¸μ²¥´μ¨¤ . ‘¡μ·±  ¢ ±ÊÊ³´μ°
¨ ³ £´¨É´μ° ¸¨¸É¥³ ¶·μ¨¸Ìμ¤¨É ¢ ´¥¸±μ²Ó±μ ÔÉ ¶μ¢ ¨§-§  μ¸μ¡¥´´μ¸É¨ ±μ´¸É·Ê±Í¨¨ ‘��. �  Ë¨-
´ ²Ó´μ° ¸É ¤¨¨ ¸¡μ·±¨ ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·μ£·¥¢ ¢ ±ÊÊ³´μ° ± ³¥·Ò,  ±É¨¢ Í¨Ö
´¥· ¸¶Ò²Ö¥³ÒÌ £¥ÉÉ¥·μ¢ ¨ ± Éμ¤  Ô²¥±É·μ´´μ° ¶ÊÏ±¨. �μ¸²¥ ¸¡μ·±¨ ¨ É¥¸É¨·μ¢ ´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ-
´μ° ¸¨¸É¥³Ò ¢Ò¶μ²´ÖÕÉ¸Ö · ¡μÉÒ ¶μ ¶·μ¢μ¤±¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  μÉ ¶ÊÏ±¨ ¤μ ±μ²²¥±Éμ· .

In order to achieve the required beam parameters in NICA booster, an electron cooling system (ECS)
was designed, which was manufactured at INP (Institute of Nuclear Physics, Novosibirsk). In 2017
the system was shipped to JINR, and its assembly and commissioning have been started. The distinctive
feature of the present system is that for the ˇrst time ever an electronic cooling method with a magnetized
E-beam will be applied to the superconducting synchrotron, which imposes some additional requirements
for the construction and start of ECS, which itself is at room temperature.

The report describes the main steps of assembly and start of ECS directly in a straight booster
section, which include: MEP installation (water, electricity, air, oil system), geodetic works on putting
the system on site. The measuring data of uniformity of magnetic ˇeld of forward magnet unit (solenoid)
are given. The vacuum and magnet systems assembly takes several steps because of ECS structural
features. At the ˇnal stage of vacuum system assembly the vacuum chamber is warmed up, bulk getters
and cathode of electron gun are activated. On ˇnishing the assembly and testing of the high voltage
system, the E-beam is sent from the gun to the collector.
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Œ¥Éμ¤ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ò² · §· ¡μÉ ´ ¨ ¢¶¥·¢Ò¥ ¶·μ¤¥³μ´¸É·¨·μ¢ ´ ¢ ˆŸ”
¨³. ƒ. ˆ. 	Ê¤±¥·  (�μ¢μ¸¨¡¨·¸±). „ ´´Ò° ³¥Éμ¤ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ³¥¦¤Ê´ ·μ¤´ÒÌ
´ ÊÎ´ÒÌ Í¥´É· Ì ¨, ´ ±μ´¥Í, ÔÉμÉ ³¥Éμ¤ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ ¢ ·μ¸¸¨°¸±μ³ ¶·μ¥±É¥ ±μ²² °-
¤¥·  ´  ¢¸É·¥Î´ÒÌ ¨μ´´ÒÌ ¶ÊÎ± Ì NICA ± ± ÏÉ É´μ¥ Ê¸É·μ°¸É¢μ [1]. �·¨Î¥³ ¢ ¶·μ¥±É¥
NICA Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ± ± ¢ ¡Ê¸É¥·¥, É ± ¨ ¢ ±μ²² °¤¥·¥.
�¡Ð¨° ¢¨¤ ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö (‘��) ¡Ê¸É¥·  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1,
μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

�¨¸. 1. ‘¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ê¸É¥· : 1 Å ÊÎ ¸Éμ± μÌ² ¦¤¥´¨Ö ¸ ¶·Ö³μ²¨´¥°´Ò³
¸μ²¥´μ¨¤μ³ ¢ ³ £´¨É´μ³ Ô±· ´¥; 2 Å ¶μ¤¸É ¢±  ¶μ¤ ‘��; 3 Å Éμ·μ¨¤ ²Ó´Ò¥ ± ÉÊÏ±¨; 4 Å ±μ¦ÊÌ

Éμ·μ¨¤ ²Ó´μ£μ ÊÎ ¸É± ; 5 Å ÊÎ ¸Éμ± ¸μ²¥´μ¨¤  ¶ÊÏ±¨; 6 Å ÊÎ ¸Éμ± ¸μ²¥´μ¨¤  ±μ²²¥±Éμ· ; 7 Å

±μ²²¥±Éμ· Ô²¥±É·μ´μ¢; 8 Å Ô²¥±É·μ´´ Ö ¶ÊÏ± ; 9 Å ¶μ¤¸É ¢±¨ ¶μ¤ ³ £´¨É´Ò° ±μ··¥±Éμ·

“‘’���‚Š� ˆ Œ��’�†

‘�� ¡Ê¸É¥·  ¡Ò²  · §· ¡μÉ ´  ¨ ¨§£μÉμ¢²¥´  ¢ ˆŸ” [2]. ‚  ¶·¥²¥ 2017 £. ¸¨¸É¥³ 
Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¡Ò²  ¶¥·¥¢¥§¥´  ¨§ �μ¢μ¸¨¡¨·¸±  ¢ „Ê¡´Ê ¨ ¸· §Ê Ê¸É ´μ-
¢²¥´  ´  ÏÉ É´μ¥ ³¥¸Éμ. �μÖ¢²¥´¨Õ ‘�� ¶·¥¤Ï¥¸É¢μ¢ ² ¶·μÍ¥¸¸ ¶μ¤£μÉμ¢±¨ ³¥¸É  ¶μ¤
Ê¸É ´μ¢±Ê: ¡Ò² Ê¸¨²¥´ ¶μ² ¶¥·¢μ£μ ±μ·¶Ê¸  ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¤μ³±· Éμ¢-
μ¶μ·, · ¸¸Î¨É ´´ÒÌ ´  ¢¥¸ ¢ 15 É. ’ ±¦¥ ¡Ò²  § ²μ¦¥´  ¢μ§³μ¦´μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö ‘��
¸ μ¸¨ ¶ÊÎ±  ¢ Í¥´É· ¡Ê¸É¥· , ¤²Ö Î¥£μ ¡Ò²μ ¤μ¶μ²´¨É¥²Ó´μ Ê¸É ´μ¢²¥´μ ¥Ð¥ ¤¢¥ μ¶μ·Ò
·Ö¤μ³ ¸ ´¥μ¡Ìμ¤¨³Ò³¨ Î¥ÉÒ·Ó³Ö. ‚ ¨Éμ£¥ ´  ÊÎ ¸É±¥ · §³¥Ð¥´¨Ö ‘�� ¡Ò²μ Ê¸É ´μ¢²¥´μ
Ï¥¸ÉÓ ¤μ³±· Éμ¢-μ¶μ· (·¨¸. 2).
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�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ¡Ê¸É¥· 

� · ³¥É· ‡´ Î¥´¨¥

�´¥·£¨Ö Ô²¥±É·μ´μ¢, ±Ô‚ 1,5Ä60
’μÎ´μ¸ÉÓ ·¥£Ê²¨·μ¢±¨ Ô´¥·£¨¨ ¨ ¥¥ ¸É ¡¨²Ó´μ¸ÉÓ ΔE/E � 1 · 10−5

�μÉ¥´Í¨ ² ±μ²²¥±Éμ·  μÉ´μ¸¨É¥²Ó´μ ± Éμ¤ , ±‚ 0Ä5
’μ± Ô²¥±É·μ´´μ£μ ¶ÊÎ± , � 0Ä1,0
‘É ¡¨²Ó´μ¸ÉÓ Éμ±  ¶ÊÎ±  ΔI/I � 1 · 10−4

’μ± ¶μÉ¥·Ó Ô²¥±É·μ´´μ£μ ¶ÊÎ±  δI/I � 3 · 10−5

‚Ò¤¥²Ö¥³ Ö ³μÐ´μ¸ÉÓ ´  ± Éμ¤¥, ‚É < 100
Œ ±¸¨³ ²Ó´ Ö ¢Ò¤¥²Ö¥³ Ö ³μÐ´μ¸ÉÓ ¢ ±μ²²¥±Éμ·¥, ±‚É 0Ä15
„²¨´  ¶·Ö³μ²¨´¥°´μ£μ ¸μ²¥´μ¨¤ , ³³ 2522
„²¨´  ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö, ³³ 5715
�μ²´ Ö ¤²¨´  ¢³¥¸É¥ ¸ ¢ ±ÊÊ³´Ò³¨ Ï¨¡¥· ³¨, ³³ 6355
„¨ ³¥É· ± Éμ¤  Ô²¥±É·μ´´μ° ¶ÊÏ±¨, ¸³ 3
�·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ±ƒ¸ 1,0Ä2,0
�¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¢ · °μ´¥ ± Éμ¤  ΔB/B < 10−3

�¤´μ·μ¤´μ¸ÉÓ ¢ ¶·Ö³μ²¨´¥°´μ³ ¸μ²¥´μ¨¤¥ ΔB/B < 10−4

‚ ±ÊÊ³ ¢ · °μ´¥ ± Éμ¤ , ’μ·· < 10−9

‚ ±ÊÊ³ ´  ÊÎ ¸É±¥ μÌ² ¦¤¥´¨Ö, ’μ·· < 10−10

�μ²´ Ö ³μÐ´μ¸ÉÓ ¸ ³ £´¨É´Ò³ ¶μ²¥³ 2 ±ƒ¸, ±‚É 500

�¨¸. 2. � §³¥Ð¥´¨¥ Ï¥¸É¨ μ¶μ· ‘�� ¡Ê¸É¥· 

‘�� ¸É ² ¶¥·¢Ò³ Ô²¥³¥´Éμ³ ¡Ê¸É¥· , Ê¸É ´μ¢²¥´´Ò³ ´  ÏÉ É´μ¥ ³¥¸Éμ. …Ð¥ ¤μ
¶¥·¥¢μ§±¨ ‘�� ¢ �ˆŸˆ ´ Î ² ¸Ó · §· ¡μÉ±  ¶¥·¥Ìμ¤  ®É¥¶²μÄÌμ²μ¤¯ ¤²Ö ¸μ¥¤¨´¥´¨Ö
¶ÊÎ±μ¢ÒÌ ± ³¥·, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶·¨ · §´ÒÌ É¥³¶¥· ÉÊ· Ì. ‘�� · ¡μÉ ¥É ¶·¨ ±μ³´ É-
´μ° É¥³¶¥· ÉÊ·¥ ¨ ¸μ¥¤¨´Ö¥É¸Ö ¸ ± ³¥·μ° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢, · ¡μÉ ÕÐ¨Ì ¶·¨
±·¨μ£¥´´ÒÌ É¥³¶¥· ÉÊ· Ì.

‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ Ô²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ § ´¨³ ¥É ¶· ±É¨Î¥¸±¨ ¢¥¸Ó ¶·Ö³μ²¨´¥°-
´Ò° ÊÎ ¸Éμ±, ¶μÉ·¥¡μ¢ ²μ¸Ó ¢´¥¸É¨ ¨§³¥´¥´¨Ö ¢ ±μ´¸É·Ê±Í¨Õ ¸μ¸¥¤´¨Ì ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
³ £´¨Éμ¢. ‚ ±μ´¸É·Ê±Í¨¨ ¤Ê¶²¥Éμ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¡Ò²¨ Ê³¥´ÓÏ¥´Ò · §³¥·Ò Éμ±μ-
¢¥¤ÊÐ¨Ì ¶¥É¥²Ó ¨ ¡Ò² ¸¶·μ¥±É¨·μ¢ ´ ¶¥·¥Ìμ¤ ®É¥¶²μÄÌμ²μ¤¯ ¤²Ö ±μ´±·¥É´μ£μ ÊÎ ¸É± .
�¡Ð¨° ¢¨¤ ¶¥·¥Ìμ¤  ®É¥¶²μÄÌμ²μ¤¯ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 3.
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�¨¸. 3. �¥·¥Ìμ¤ ®É¥¶²μÄÌμ²μ¤¯ ´  ÊÎ ¸É±¥ ‘�� (¢¨¤ ¸¢¥·ÌÊ)

‚  ¶·¥²¥Ä³ ¥ ´ Î ² ¸Ó ¸¡μ·±  ‘�� ¨ ¶μ¤±²ÕÎ¥´¨¥ ¢¸¥Ì ¸¨¸É¥³ ¤²Ö ¶·μ¢¥·±¨ · ¡μÉÒ
¨ ¶·μ¢¥¤¥´¨Ö ¨¸¶ÒÉ ´¨°. 	Ò²¨ ¶·μ¢¥¤¥´Ò £¥μ¤¥§¨Î¥¸±¨¥ · ¡μÉÒ (Õ¸É¨·μ¢± ) ¤²Ö Ê¸É -
´μ¢±¨ ‘�� μÉ´μ¸¨É¥²Ó´μ μ¸¨ ¡Ê¸É¥· . 
¸É¨·μ¢±  ¶·μ¨§¢μ¤¨² ¸Ó É·¥±¥·μ³ Leica AT4101.
’μÎ´μ¸ÉÓ Õ¸É¨·μ¢±¨ ¸μ¸É ¢¨²  0,1 ³³. 	Ò²  ¶μ¤±²ÕÎ¥´  ¸¨¸É¥³  ¶¨É ´¨Ö ¸μ²¥´μ¨¤μ¢,
¸μ¸ÉμÖÐ Ö ¨§ Î¥ÉÒ·¥Ì Ï± Ëμ¢ ˆ‘’ ¸μ¢³¥¸É´μ ¸ ¨Ì É· ´¸Ëμ·³ Éμ· ³¨, ¶μ¤¢¥¤¥´μ ¢μ¤μ-
¸´ ¡¦¥´¨¥ § ³±´ÊÉμ£μ ±μ´ÉÊ·  ¤²Ö μÌ² ¦¤¥´¨Ö ‘�� ¸ · ¡μÎ¨³ ¤ ¢²¥´¨¥³ ¢ ¸¨¸É¥³¥ μÉ
3 ¤μ 6  É³.
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�μ²´ Ö ³μÐ´μ¸ÉÓ ‘�� ¸ ¶·μ¤μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ 2 ±ƒ¸ ¸μ¸É ¢²Ö¥É 500 ±‚É,
¤²Ö Î¥£μ ¢ 2018 £. ¡Ê¤¥É ¢¢¥¤¥´  ¢ Ô±¸¶²Ê É Í¨Õ ¤μ¶μ²´¨É¥²Ó´ Ö Ô²¥±É·μ¶μ¤¸É ´Í¨Ö.
�μÔÉμ³Ê ¨§³¥·¥´¨Ö μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤  ¶·μ¢μ¤¨²¨¸Ó
¶·¨ ¢¥²¨Î¨´¥ ³ £´¨É´μ£μ ¶μ²Ö 1 ±ƒ¸, ÎÉμ ¸μμÉ¢¥É¸É¢μ¢ ²μ ¶·¨³¥·´μ 120 ±‚É ´¥μ¡Ìμ¤¨-
³μ° ³μÐ´μ¸É¨, ±μÉμ· Ö ¡Ò²  ¶μ¤±²ÕÎ¥´  ¶μ ¢·¥³¥´´μ° ¸Ì¥³¥.

�¨¸. 4. �¥§Ê²ÓÉ ÉÒ ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ¢ £μ·¨§μ´É ²Ó´μ° ¨ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸ÉÖÌ
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‘±μ·μ¸ÉÓ μÌ² ¦¤¥´¨Ö ¨μ´μ¢ ´ ¶·Ö³ÊÕ § ¢¨¸¨É μÉ μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö.
�μ É¥Ì´¨Î¥¸±μ³Ê § ¤ ´¨Õ (É ¡²¨Í ) μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¢ · °μ´¥ ± Éμ¤ 
¤μ²¦´  ¸μμÉ¢¥É¸É¢μ¢ ÉÓ ΔB/B < 10−3,   μ¤´μ·μ¤´μ¸ÉÓ ¢ ¶·Ö³μ²¨´¥°´μ³ ¸μ²¥´μ¨¤¥ Å
ΔB/B < 10−4. „²Ö ¨§³¥·¥´¨Ö μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´ÒÌ ¶μ²¥° ¢ ‘�� ¨¸¶μ²Ó§μ¢ ²¸Ö
³¥Éμ¤ ®±μ³¶ ¸ ¯, · §· ¡μÉ ´´Ò° ¢ ˆŸ”.

ˆ§³¥·¥´¨Ö μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¢μ¤¨²¨¸Ó ¢ μÉ¸ÊÉ¸É¢¨¥ ¢ ±ÊÊ³´μ° ± -
³¥·Ò. „²Ö ¨§³¥·¥´¨Ö ³ £´¨É´ÒÌ ¶μ²¥° ¶·μ¨§¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ · ¡μÉÒ: ¸´ Î ²  ¡Ò²
¢Ò¶μ²´¥´ ³¥Ì ´¨Î¥¸±¨° ³μ´É ¦ ¶μ¤¸É ¢μ±, μ¶É¨±¨ ¨ ¶μ¤¢¨¦´μ° ¸¨¸É¥³Ò, § É¥³ Ë¨´ ²Ó-
´ Ö Õ¸É¨·μ¢±  ±Ê²¥·  ² §¥·-É·¥±¥·μ³.

�μ¸²¥ ± ¦¤μ£μ Í¨±²  ¨§³¥·¥´¨° μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö ¶·μ¢μ¤¨² ¸Ó ³¥Ì ´¨-
Î¥¸± Ö Õ¸É¨·μ¢±  ± ÉÊÏ¥± Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤ . ‚ ¨Éμ£¥ ¶·¨ ´ ¸É·μ°±¥ ¸¥±Í¨¨ μÌ² -
¦¤¥´¨Ö ‘�� ¡Ê¸É¥·  ¤μ¸É¨£´ÊÉ  ¸·¥¤´¥±¢ ¤· É¨Î´ Ö ´¥μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö
ΔB/B = 2 · 10−5 ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨° ³ £´¨É´μ£μ ¶μ²Ö ¶·¨ ¶·μ¶μ·Í¨μ´ ²Ó-
´μ° ¶¥·¥¸É·μ°±¥ ³ £´¨É´ÒÌ ¶μ²¥° (·¨¸. 4).
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�μ¸²¥ ¶·μ¢¥¤¥´¨Ö ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ³ £´¨É´ Ö ¸¨¸É¥³  ‘�� ¡Ò²  ¶μ²´μ¸ÉÓÕ
· §μ¡· ´  §  ¨¸±²ÕÎ¥´¨¥³ Í¥´É· ²Ó´μ£μ ¸μ²¥´μ¨¤ . „ ²¥¥ ¸¡μ·±  ¢ ±ÊÊ³´μ° ¸¨¸É¥³Ò
μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶μÔÉ ¶´μ ¸μ¢³¥¸É´μ ¸ ³ £´¨É´μ° ¸¨¸É¥³μ°. �μ¸²¥ ¸¡μ·±¨ Î ¸É¨ ¢ ±ÊÊ³-
´μ° ± ³¥·Ò ¨ Î ¸É¨ ³ £´¨É´μ° ¸¨¸É¥³Ò μ¸ÊÐ¥¸É¢²Ö²¸Ö ±μ´É·μ²Ó £¥·³¥É¨Î´μ¸É¨ ¸μ¡· ´-
´ÒÌ ¢ ±ÊÊ³´ÒÌ ¸μ¥¤¨´¥´¨°. ’μ²Ó±μ ¶μ¸²¥ ÔÉμ£μ ¶¥·¥Ìμ¤¨²¨ ± ¸²¥¤ÊÕÐ¥³Ê ÔÉ ¶Ê ¸¡μ·±¨
¢ ±ÊÊ³´μ° ¨ ³ £´¨É´μ° ¸¨¸É¥³.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶·μÌμ¤´Ò¥ Í¥²Ó´μ³¥É ²²¨Î¥¸±¨¥ Ï¨¡¥·Ò ´  μ¸¨ ¶ÊÎ±  ¡Ò²¨
Ê¸É ´μ¢²¥´Ò ¸· §Ê ¤μ ¶·μÍ¥¤Ê·Ò ¶·μ£·¥¢ . ‘¢Ö§ ´μ ÔÉμ ¸ É¥³, ÎÉμ ¶μ¸²¥  ±É¨¢ Í¨¨ ± Éμ¤ 
Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ´¥ ¤μ¶Ê¸± ¥É¸Ö ¶μ¢Éμ·´Ò° ´ ¶Ê¸±  É³μ¸Ë¥·Ò ¢ ± ³¥·Ê ‘��, É ± ± ±
 ±É¨¢¨·μ¢ ´´Ò° ± Éμ¤ ´¥ ¢Ò¤¥·¦¨¢ ¥É ±μ´É ±É  ¸  É³μ¸Ë¥·μ°. „²Ö § Ð¨ÉÒ Ï¨¡¥·μ¢ ¢μ
¢·¥³Ö ¶·μ£·¥¢  ¸μ ¸Éμ·μ´Ò, ¶·μÉ¨¢μ¶μ²μ¦´μ° ‘��, ¡Ò²  μ·£ ´¨§μ¢ ´  ¨Ì Ëμ·¢ ±ÊÊ³´ Ö
μÉ± Î± . ‚ ¤ ²Ó´¥°Ï¥³ ¤μ¶Ê¸± ¥É¸Ö μÉ±·ÒÉ¨¥ ¶·μÌμ¤´ÒÌ Ï¨¡¥·μ¢, Éμ²Ó±μ ±μ£¤  ¡Ê¤¥É
¸μ¡· ´  ¢¸Ö ¶ÊÎ±μ¢ Ö ± ³¥·  ¡Ê¸É¥·  ¨ ¢ ´¥° ¡Ê¤ÊÉ ¤μ¸É¨£´ÊÉÒ Ìμ·μÏ¨¥ ¢ ±ÊÊ³´Ò¥
Ê¸²μ¢¨Ö.

„²Ö ¶μ²ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ ¢ ±ÊÊ³  ¢ É¥Î¥´¨¥ É·¥Ì ¤´¥° ¡Ò²  ¶·μ¢¥¤¥´  ¶·μÍ¥¤Ê· 
¶·μ£·¥¢  ¨ Î¥·¥§ ¶ ·Ê ´¥¤¥²Ó ¶μ¸²¥ ¶·μ£·¥¢  ¤μ¸É¨£´ÊÉμ §´ Î¥´¨¥ ¢ ±ÊÊ³  2,5 ·10−9 ³¡ ·.

�¨¸. 5. �¥§Ê²ÓÉ ÉÒ É·¥Ì¤´¥¢´μ£μ ¶·μ£·¥¢ 
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‚ Ìμ¤¥ ¶·μÍ¥¤Ê·Ò ¶·μ£·¥¢  ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ · ¡μÉÒ: ³μ´É ¦ ¸¨¸É¥³Ò ¶·μ-
£·¥¢ , ¸ ³ ¶·μ£·¥¢, ¤¥£ § Í¨Ö TSP,  ±É¨¢ Í¨Ö NEG,  ±É¨¢ Í¨Ö ± Éμ¤ , ¢±²ÕÎ¥´¨¥ ´ ¸μ¸μ¢,
¶μ¤±²ÕÎ¥´¨¥ UHV-¢ ±ÊÊ³³¥É·μ¢, · ¸¶Ò²¥´¨¥ É¨É ´ . �¥§Ê²ÓÉ ÉÒ ¶·μÍ¥¤Ê·Ò É·¥Ì¤´¥¢-
´μ£μ ¶·μ£·¥¢  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5.
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