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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³
¨³. ‚.�. „¦¥²¥¶μ¢  ´  ¸É¥´¤¥ ®�¥±Ê¶¥· Éμ·¯ ¶·μ¢μ¤¨É¸Ö Ô±¸¶¥·¨³¥´É ¶μ ¨§³¥·¥´¨Õ ±μÔËË¨Í¨¥´É 
¢Éμ·¨Î´μ° Ô²¥±É·μ´-Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨ (Š‚��) ¸ μ¡· §Íμ¢, ¶μ±·ÒÉÒÌ ´¨É·¨¤μ³ É¨É ´  (TiN2).
�É  · ¡μÉ  ¸¢Ö§ ´  ¸ ¶·μ¡²¥³μ° μ¡· §μ¢ ´¨Ö Ô²¥±É·μ´´ÒÌ μ¡² ±μ¢ ¢ ¢ ±ÊÊ³´ÒÌ ± ³¥· Ì Ê¸±μ-
·¨É¥²¥° ¨ ¶· ±É¨Î¥¸±¨ ¢ ¦´  ¤²Ö ¶·μ¥±É  NICA. �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥·¥´¨Õ Š‚��
¶μ§¢μ²ÖÉ ¢Ò¡· ÉÓ ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨° ³ É¥·¨ ² ¶μ±·ÒÉ¨Ö ¢ ±ÊÊ³´ÒÌ ± ³¥·. ‚ ¤ ´´μ³ Ô±¸¶¥-
·¨³¥´É¥ ¸· ¢´¨¢ ²¨¸Ó ¶² ¸É¨´Ò-μ¡· §ÍÒ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ •18�9’ ¸ ´ ¶Ò²¥´¨¥³ ´¨É·¨¤ 
É¨É ´  ¨ ¡¥§ ´ ¶Ò²¥´¨Ö.

The experiment to measure secondary electron yield (SEY) of the samples coated with titanium
nitride (TiN2) is in progress at the test-bench ®Recuperator¯. This work is related to the problem of the
electron clouds formation in vacuum chamber surface. This effect plays an important role in limiting
the performance of the collider NICA. The results of the experiment to measure SEY will allow us
to choose the most suitable coating material of vacuum chambers. In this experiment we compared
samples of stainless steel coated with titanium nitride and uncoated ones.
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1. ��‘’���‚Š� �Š‘�…�ˆŒ…�’�

‘É¥´¤ ®�¥±Ê¶¥· Éμ·¯ (·¨¸. 1) ¸μ¸Éμ¨É ¨§ ¢ ±ÊÊ³´μ° ± ³¥·Ò, ´ Ìμ¤ÖÐ¥°¸Ö ¢´ÊÉ·¨ ¸μ-
²¥´μ¨¤μ¢, ¸μ§¤ ÕÐ¨Ì ¶·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¢¥²¨Î¨´μ° ¤μ 300 ƒ¸. �ÊÎμ± ¶¥·¢¨Î-
´ÒÌ Ô²¥±É·μ´μ¢, μ¡· §μ¢ ´´ÒÌ Ô²¥±É·μ´´μ° ¶ÊÏ±μ°, ¶·μÏ¥¤Ï¨Ì ¤¨ Ë· £³Ê, ¶μ¶ ¤ ¥É ´ 
¶² ¸É¨´Ê-μ¡· §¥Í. �μ§¨Í¨μ´¨·μ¢ ´¨¥ ¶¥·¢¨Î´ÒÌ Ô²¥±É·μ´μ¢ ´  ¶² ¸É¨´Ê-μ¡· §¥Í μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ± ÉÊÏ± ³¨ ±μ··¥±Í¨¨, ¸μ§¤ ÕÐ¨³¨ ¶μ¶¥·¥Î´μ¥ ³ £´¨É´μ¥ ¶μ²¥ B⊥, ¨ Ô²¥±-

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥-
·¥´¨Õ Š‚�� ´  ¸É¥´¤¥ ®�¥±Ê¶¥· Éμ·¯.

„ Å ¤¨ Ë· £³ ; Š Å ±μ²²¥±Éμ·; ‘ Å
¸Ê¶·¥¸¸μ·; � Å ¶² ¸É¨´ -μ¡· §¥Í



�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢Éμ·¨Î´μ° Ô²¥±É·μ´-Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨ 679

É·μ¤ ³¨ ¸ ¶μ¶¥·¥Î´Ò³ Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³ E⊥. �²¥±É·μ´Ò ¶ÊÎ±  ¶·μÌμ¤ÖÉ ¸±·¥Ð¥´-
´Ò¥ ¶μ²Ö B⊥ ¨ E⊥, ´¥ μÉ±²μ´ÖÖ¸Ó, É ± ± ± B⊥ = βE⊥ (Ë¨²ÓÉ· ‚¨´ ). ‚Éμ·¨Î´Ò¥
Ô²¥±É·μ´Ò ¸ ¶² ¸É¨´Ò-μ¡· §Í  ¨¸¶ÒÉÒ¢ ÕÉ ¢ ¸±·¥Ð¥´´ÒÌ ¶μ²ÖÌ B⊥ ¨ E⊥ μÉ±²μ´¥´¨¥
¨§-§  ¨Ì ¶·μÉ¨¢μ¶μ²μ¦´μ ´ ¶· ¢²¥´´μ° ¸±μ·μ¸É¨ ¨ ¶μ¶ ¤ ÕÉ ¢ ±μ²²¥±Éμ·.

2. ˆ‡Œ…�…�ˆ… Š‚��

Š‚�� ¸ ¶μ¢¥·Ì´μ¸É¥° μ¡· §Íμ¢ ¨§³¥·Ö²¸Ö ¢ ¢ ±ÊÊ³¥ ∼ 10−8 ’μ·· ¶·¨ ¸²¥¤ÊÕÐ¨Ì
Ê¸²μ¢¨ÖÌ:

1. �¡· §ÍÒ ®¶μ¤¢¥Ï¨¢ ²¨¸Ó¯ ¶μ¤ μÉ·¨Í É¥²Ó´Ò° ¶μÉ¥´Í¨ ². �·¨ ÔÉμ³ ¶μÉ¥´Í¨ ²
± Éμ¤  ¨ μ¡· §Í  ¨§³¥´Ö²¸Ö É ±, ÎÉμ ¸μÌ· ´Ö² ¸Ó ¢¥²¨Î¨´  Ô´¥·£¨¨ Ô²¥±É·μ´μ¢,
¶ ¤ ÕÐ¨Ì ´  ¶² ¸É¨´Ê-μ¡· §¥Í.

2. �Î¨¸É±  ¶² ¸É¨´-μ¡· §Íμ¢ ¶·μ¨§¢μ¤¨² ¸Ó ¶ÊÎ±μ³ Ô²¥±É·μ´μ¢, ¨³¥ÕÐ¨Ì
 ) ÉÊ ¦¥ Ô´¥·£¨Õ, ÎÉμ ¨ ¶·¨ ¨§³¥·¥´¨¨ Š‚��;
¡) Ô´¥·£¨Õ ¢ ¤¨ ¶ §μ´¥ μÉ 50 Ô‚ ¤μ ¶μÉ¥´Í¨ ²  ± Éμ¤  ¸ Ï £μ³ 50 Ô‚.

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ Š‚�� μÉ Ô´¥·£¨¨ ¶ ¤ ÕÐ¨Ì Ô²¥±É·μ´μ¢ ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ E¤¨´: wo Å
μ¡· §¥Í ¡¥§ ¶μ±·ÒÉ¨Ö (±μ´É·μ²Ó´Ò°); with Å μ¡· §¥Í ¸ ¶μ±·ÒÉ¨¥³ TiN. �Î¨¸É±  ¶² ¸É¨´Ò ¶·μ-

¨§¢μ¤¨² ¸Ó Éμ²Ó±μ ´  Ô´¥·£¨¨ ¨§³¥·¥´¨Ö Š‚��

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Š‚�� μÉ Ô´¥·£¨¨ ¶ ¤ ÕÐ¨Ì Ô²¥±É·μ´μ¢ ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ E¤¨´. �·¥¤-
¢ ·¨É¥²Ó´ Ö μÎ¨¸É±  ¶·μ¨§¢μ¤¨² ¸Ó ¶μ ¢¸¥³Ê ¨§³¥·Ö¥³μ³Ê ¸¶¥±É·Ê Ô´¥·£¨°. �²μÉ´μ¸ÉÓ § ·Ö¤  ¶·¨

μÎ¨¸É±¥ q/S ≈ 10 ³Š²/³³2



680 Œ¥Ï±μ¢ ˆ.�., �Ê¤ ±μ¢ �.�.

3. ’μ± Ô²¥±É·μ´´μ£μ ¶ÊÎ± :
 ) ¶μ¸ÉμÖ´´Ò° Å ¶·¨ μÎ¨¸É±¥ ¶² ¸É¨´-μ¡· §Íμ¢ ¨ ¨§³¥·¥´¨¨ Š‚��;
¡) ¨³¶Ê²Ó¸´Ò° Å ¶·¨ ¨§³¥·¥´¨¨ Éμ±  ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢ ¡¥§ μÎ¨¸É±¨ μ¡· §Í .

‚ ÔÉμ³ ·¥¦¨³¥ Éμ± ¶¥·¢¨Î´ÒÌ Ô²¥±É·μ´μ¢ ´¥ ¨§³¥·Ö²¸Ö.
Œ ±¸¨³ ²Ó´Ò° Š‚�� ¸μμÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ Ô²¥±É·μ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ¶² ¸É¨´Ê-

μ¡· §¥Í, Ee ≈ 150 Ô‚. �·¨ ÔÉμ³ Š‚�� § ¢¨¸¨É É ±¦¥ μÉ ´ Î ²Ó´μ° Ô´¥·£¨¨ Ô²¥±É·μ-
´μ¢ E¤¨´, £¥´¥·¨·Ê¥³ÒÌ Ô²¥±É·μ´´μ° ¶ÊÏ±μ°. �± § ²μ¸Ó, ÎÉμ ¸ ·μ¸Éμ³ E¤¨´ ³ ±¸¨³ ²Ó´μ¥
§´ Î¥´¨¥ Š‚�� ¢μ§· ¸É ¥É (·¨¸. 2, 3).

3. �—ˆ‘’Š� �‹…Š’����›Œ �“—Š�Œ

�  ·¨¸. 4 ¨ 5 ¶·¥¤¸É ¢²¥´Ò ±·¨¢Ò¥ § ¢¨¸¨³μ¸É¨ Š‚�� μÉ ¶²μÉ´μ¸É¨ § ·Ö¤  Î¨¸ÉÖ-
Ð¥£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶·¨ ¢ ±ÊÊ³¥ 10−8 ’μ··. ‚¨¤´μ, ÎÉμ ¤²Ö μÎ¨¸É±¨ ¶μ¢¥·Ì´μ¸É¨
É·¥¡Ê¥É¸Ö ¶²μÉ´μ¸ÉÓ § ·Ö¤  0,5Ä1 ³Š²/³³2.

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ Š‚�� μÉ ¶²μÉ´μ¸É¨ § ·Ö¤  Î¨¸ÉÖÐ¥£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¶² ¸É¨´  ¡¥§

¶μ±·ÒÉ¨Ö

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Š‚�� μÉ ¶²μÉ´μ¸É¨ § ·Ö¤  Î¨¸ÉÖÐ¥£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¶² ¸É¨´  ¸ ¶μ-
±·ÒÉ¨¥³

‡�Š‹�—…�ˆ…

�·¥¤¸É ¢²¥´´Ò° Ô±¸¶¥·¨³¥´É ´μ¸¨É ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ³¥Éμ¤¨Î¥¸±¨° Ì · ±É¥·. ‘±μ-
·μ¸ÉÓ  ¡¸μ·¡Í¨¨ μ¸É ÉμÎ´μ£μ £ §  ¸μ¶μ¸É ¢¨³  ¸μ ¸±μ·μ¸ÉÓÕ μÎ¨¸É±¨. ‚ ±ÊÊ³
∼ 10−8 ’μ··, ¶μ-¢¨¤¨³μ³Ê, ´¥ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´Ò³ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Š‚��, ´μ ¶μ§-
¢μ²Ö¥É μÉ· ¡μÉ ÉÓ ³¥Éμ¤¨±¨ μÎ¨¸É±¨ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³. „²Ö ¡μ²¥¥ ÉμÎ´μ° ± ·É¨´Ò



�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢Éμ·¨Î´μ° Ô²¥±É·μ´-Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨ 681

�¨¸. 6. �² ¸É¨´Ò-μ¡· §ÍÒ ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ Š‚��. —¥·´Ò¥ ¶ÖÉ´  Å

¸²μ° Ê£²¥·μ¤ 

Š‚�� ¶·¨ ¤¥¸μ·¡Í¨¨- ¡¸μ·¡Í¨¨ ´¥μ¡Ìμ¤¨³μ ¸μ§¤ ÉÓ ¢ ±ÊÊ³´Ò¥ Ê¸²μ¢¨Ö, ± ± ¨ ¢ ±μ²-
² °¤¥·¥ NICA, ∼ 10−11 ’μ··. �±É¨¢ Í¨Õ ¶² ¸É¨´-μ¡· §Íμ¢ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö Š‚��
¦¥² É¥²Ó´μ ¶·μ¢μ¤¨ÉÓ μ³¨Î¥¸±¨³ ´ £·¥¢μ³. �²¥±É·μ´´Ò° ¶ÊÎμ±, ¨¸¶μ²Ó§Ê¥³Ò° ¢ Ô±¸-
¶¥·¨³¥´É¥ ¤²Ö  ±É¨¢ Í¨¨, ¢Ò¡¨¢ ¥É  Éμ³Ò Ê£²¥·μ¤  (·¨¸. 6), μ¸¥¤ ÕÐ¨¥ ´  ¶μ¢¥·Ì´μ¸É¨
μ¡· §Íμ¢, É¥³ ¸ ³Ò³ ¨¸± ¦ Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°.


