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‚ · ³± Ì ¶·μ£· ³³Ò Ô±¸¶¥·¨³¥´Éμ¢ ´  Ê¸±μ·¥´´ÒÌ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ± Ì ´  ¸¨´Ì·μÉ·μ´¥
´Ê±²μÉ·μ´ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  ‹”‚� �ˆŸˆ ¸μ§¤ ´ ¨¸ÉμÎ´¨± ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¨
¶·μÉμ´μ¢. „²Ö · ¡μÉÒ ¸ ¨¸ÉμÎ´¨±μ³ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¨μ´μ¢ ´  Ëμ·¨´¦¥±Éμ·¥ ²¨´¥°´μ£μ Ê¸±μ·¨-
É¥²Ö ‹“-20 Ô²¥±É·μ¸É É¨Î¥¸± Ö Ê¸±μ·ÖÕÐ Ö É·Ê¡±  ¡Ò²  § ³¥´¥´  Ê¸±μ·¨É¥²¥³ ¸ ¶·μ¸É· ´¸É¢¥´´μ-
μ¤´μ·μ¤´μ° ±¢ ¤·Ê¶μ²Ó´μ° Ëμ±Ê¸¨·μ¢±μ° (��Š”), É ±¦¥ ¡Ò²  § ³¥´¥´  ¸¨¸É¥³  ¶¨É ´¨Ö ¨¸ÉμÎ-
´¨±μ¢ ¨μ´μ¢. ‚ ¸É ÉÓ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ 52Ä54-£μ ¸¥ ´¸μ¢ ¶μ Ê¸±μ·¥´¨Õ ¶μ²Ö·¨§μ¢ ´´ÒÌ
¶·μÉμ´μ¢ ¨ ²¥£±¨Ì ¨μ´μ¢ ¢ ´Ê±²μÉ·μ´¥.

A source of polarized deuterons and protons SPI has been developed and constructed for the
experimental program on accelerated polarized beams in the superconducting synchrotron Nuclotron.
Upgrade of the foreinjector had been done to put SPI into operation: the electrostatic accelerating tube
was replaced by RFQ linac, the power system of electrical feeding of ion sources was also replaced.
Results of the 52ndÄ54th Nuclotron runs with polarized protons and light ions are presented in this
article.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ �ˆŸˆ („Ê¡´ ) ¢¥¤¥É¸Ö ¸É·μ¨É¥²Ó¸É¢μ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ 
NICA (Nuclotron-based Ion Collider fAcility) [1], § ¤ Î¥° ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö ¤μ¸É ¢±  ¶ÊÎ-
±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ± ¢´¥Ï´¨³ ³¨Ï¥´Ö³ ¨ ¤¥É¥±Éμ· ³ ±μ²² °¤¥· . �·μ£· ³³  Ô±¸¶¥-
·¨³¥´Éμ¢ ´  ¸ÊÐ¥¸É¢ÊÕÐ¥³ Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ ´Ê±²μÉ·μ´, ± ± ¨ § ¶² ´¨·μ¢ ´´Ò¥
· ¡μÉÒ ´  NICA, ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Ô±¸¶¥·¨³¥´ÉÒ ´  ¶ÊÎ± Ì ¶μ²Ö·¨§μ¢ ´´ÒÌ ¨μ´μ¢. „²Ö
ÔÉμ° Í¥²¨ ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ˆŸˆ ��� (’·μ¨Í±) · §· ¡μÉ ´ ´μ¢Ò° ¨¸ÉμÎ´¨± ¶μ²Ö·¨§μ-
¢ ´´ÒÌ ¨μ´μ¢ SPI (Source of Polarized Ions) [2].

„²Ö ¢¢μ¤  ¢ Ô±¸¶²Ê É Í¨Õ ¤ ´´μ£μ ¨¸ÉμÎ´¨±  ¡Ò² ³μ¤¥·´¨§¨·μ¢ ´ Ëμ·¨´¦¥±Éμ· ²¨-
´¥°´μ£μ Ê¸±μ·¨É¥²Ö ‹“-20, É ± ± ± ¸¨¸É¥³ , ¨¸¶μ²Ó§μ¢ ¢Ï Ö¸Ö · ´¥¥ ¤²Ö ¶¨É ´¨Ö ¨¸ÉμÎ-
´¨±μ¢ ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ÉËμ·³¥, ¡Ò²  · ¸¸Î¨É ´  ´  ³μÐ´μ¸ÉÓ ¤μ 5 ±‚É, ¢ Éμ ¢·¥³Ö
± ± ³μÐ´μ¸ÉÓ, ¶μÉ·¥¡²Ö¥³ Ö ´μ¢Ò³ ¨¸ÉμÎ´¨±μ³, ¸μ¸É ¢²Ö¥É 25 ±‚É.
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‚ Ìμ¤¥ ³μ¤¥·´¨§ Í¨¨ Ëμ·¨´¦¥±Éμ·  Ô²¥±É·μ¸É É¨Î¥¸± Ö Ê¸±μ·ÖÕÐ Ö É·Ê¡±  ¡Ò² 
§ ³¥´¥´  ´  Ê¸±μ·¨É¥²Ó ¸ ��Š” [3], ¶ · ³¥É·Ò ±μÉμ·μ£μ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. �Éμ ¶μ-
§¢μ²¨²μ ¸´¨§¨ÉÓ ¶μÉ¥´Í¨ ² ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ÉËμ·³¥ ¸ 600 ¤μ 100 ±‚ ¨ ¨¸¶μ²Ó§μ¢ ÉÓ
¤²Ö ¶¨É ´¨Ö ¨¸ÉμÎ´¨±μ¢ · §¤¥²¨É¥²Ó´Ò° É· ´¸Ëμ·³ Éμ· ´  160 ±‚Ä 35 ±‚�. � §· ¡μÉ± 
Ê¸±μ·¨É¥²Ö ¸ ��Š” ¡Ò²  ¢Ò¶μ²´¥´  ±μ²² ¡μ· Í¨¥° �ˆŸˆ, Œˆ”ˆ (Œμ¸±¢ ) ¨ ˆ’�”
(Œμ¸±¢ ). Œμ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ¶ÊÎ± , ·¥§μ´ Éμ·  Ê¸±μ·¨É¥²Ö ¨ ¥£μ · §· ¡μÉ± , ± ±
¨ · §· ¡μÉ±  ¨ ¶·μ¨§¢μ¤¸É¢μ ¸¨¸É¥³Ò ‚—-¶¨É ´¨Ö, ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¢ 2011Ä2013 ££. �¥§μ-
´ Éμ· Ê¸±μ·¨É¥²Ö ¸ ��Š” ¡Ò² ¶·μ¨§¢¥¤¥´ ¢μ ‚�ˆˆ’” ¨³. …. ˆ. ‡ ¡ ¡ Ì¨´  (‘´¥¦¨´¸±).

	Ò²¨ · §· ¡μÉ ´Ò ¨ ¸³μ´É¨·μ¢ ´Ò ± ´ ²Ò É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±μ¢ ´¨§±μ° Ô´¥·£¨¨
μÉ ¢ÒÌμ¤  ¨¸ÉμÎ´¨±  ¨μ´μ¢ ¤μ ¢Ìμ¤  ¸¥±Í¨¨ ¸ ��Š” ¨ μÉ ¢ÒÌμ¤  ��Š” ¤μ ¢Ìμ¤ 
¢ ‹“-20. ‹¨´¥°´Ò° Ê¸±μ·¨É¥²Ó ¸ É·Ê¡± ³¨ ¤·¥°Ë  ‹“-20 Ö¢²Ö¥É¸Ö ¨´¦¥±Éμ·μ³ ¸¨´Ì·μ-
É·μ´  ´Ê±²μÉ·μ´ ¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö Ê¸±μ·¥´¨Ö ¨μ´μ¢ ¸ μÉ´μÏ¥´¨¥³
§ ·Ö¤  ± ³ ¸¸¥ � 1/3 ´  ¢Éμ·μ° ±· É´μ¸É¨ ‚—-¶μ²Ö ¤μ Ô´¥·£¨¨ 5 ŒÔ‚/´Ê±²μ´ [4]. �ÊÎμ±
μÉ ¨¸ÉμÎ´¨±  ¨μ´μ¢ É· ´¸¶μ·É¨·Ê¥É¸Ö ´  ¢Ìμ¤ Ê¸±μ·ÖÕÐ¥° Ô²¥±É·μ¸É É¨Î¥¸±μ° É·Ê¡±¨
¤¢Ê³Ö Ô²¥±É·μ¤ ³¨,   ¶μ¸²¥ Ê¸±μ·¥´¨Ö ´  ¢Ìμ¤ ¸¥±Í¨¨ ¸ ��Š” Å ¤¢Ê³Ö ±μ·μÉ±μËμ-
±Ê¸´Ò³¨ ³ £´¨É´Ò³¨ ²¨´§ ³¨ ¨ ¤¢μ°´Ò³ ±μ··¥±Éμ·μ³. Š ´ ² É· ´¸¶μ·É¨·μ¢±¨ ³¥¦¤Ê
��Š” ¨ ‹“-20 ¸μ¸Éμ¨É ¨§ £·Ê¶¶¨·μ¢ É¥²Ö, ¤¢ÊÌ É·¨¶²¥Éμ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¨ ¤¢μ°-
´μ£μ ±μ··¥±Éμ· . Š ´ ² É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¢ ´Ê±²μÉ·μ´ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö £·Ê¶¶¨·μ¢ -
É¥²Ó (¤¥¡ ´Î¥·), ¤¢  ¶μ¢μ·μÉ´ÒÌ ³ £´¨É , ¤¢¥´ ¤Í ÉÓ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¨ ¤¢  ¤¢μ°´ÒÌ

� · ³¥É·Ò Ê¸±μ·¨É¥²Ö ¸ ��Š”

� · ³¥É· ‡´ Î¥´¨¥

�É´μÏ¥´¨¥ § ·Ö¤  ± ³ ¸¸¥ Z/A 1,0 0,5 0,3

�´¥·£¨Ö ¨´¦¥±Í¨¨, ±Ô‚ 31,0 61,8 103

Œ ±¸¨³ ²Ó´Ò° Éμ±, ³� 10 20 10

�´¥·£¨Ö ´  ¢ÒÌμ¤¥, ±Ô‚/´Ê±²μ´ 156

� ¡μÎ Ö Î ¸ÉμÉ , ŒƒÍ 145,2
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±μ··¥±Éμ· . „¨ £´μ¸É¨±  ¶ÊÎ±  μÉ ¨¸ÉμÎ´¨±  ¤μ ¨´¦¥±Í¨¨ ¢ ´Ê±²μÉ·μ´ μ¸ÊÐ¥¸É¢²Ö² ¸Ó
Î¥ÉÒ·Ó³Ö Í¨²¨´¤· ³¨ ” · ¤¥Ö: ´  ¢Ìμ¤¥ ¸¥±Í¨¨ ¸ ��Š”, ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ‹“-20 ¨
´  ¢Ìμ¤¥ ¢ ´Ê±²μÉ·μ´.
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‚ ³ ¥ 2016 £. ¨¸ÉμÎ´¨± SPI ¡Ò² Ê¸É ´μ¢²¥´ ´  ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¶² ÉËμ·³¥ ´μ¢μ£μ Ëμ-
·¨´¦¥±Éμ·  (·¨¸. 1). ‚ ¨Õ´¥ 2016 £. ¶·μ¢¥¤¥´ ¶¥·¢Ò° É¥Ì´μ²μ£¨Î¥¸±¨° ¸¥ ´¸ ´Ê±²μÉ·μ´ 
¸ ¤¥°É·μ´´Ò³ ¶ÊÎ±μ³, ¶μ²ÊÎ¥´´Ò³ ¸ ¶μ³μÐÓÕ ´μ¢μ£μ ¨¸ÉμÎ´¨±  ¨ Ëμ·¨´¦¥±Éμ· . �μ
·¥§Ê²ÓÉ É ³ ¢¸¥ μ¸´μ¢´Ò¥ ¸¨¸É¥³Ò ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¨ ¨´¦¥±Éμ·  ¶μ¤É¢¥·¤¨²¨ ¸¢μÕ
· ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¨ ¡Ò²¨ ¢¢¥¤¥´Ò ¢ Ô±¸¶²Ê É Í¨Õ.

�¨¸. 1. ”μ·¨´¦¥±Éμ· ‹“-20. SPI Å ¨¸ÉμÎ´¨± ¶μ²Ö·¨§μ¢ ´´ÒÌ ¨μ´μ¢; LEBT Å ± ´ ² É· ´¸¶μ·-

É¨·μ¢±¨ μÉ ¨¸ÉμÎ´¨±  ¤μ Ê¸±μ·¨É¥²Ö ¸ ��Š”; ¶·¥¤Ê¸±μ·¨É¥²Ó RFQ Å Ê¸±μ·¨É¥²Ó ¸ ��Š”

�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). –¨±²¨Î¥¸± Ö ¤¨ £· ³³  ¶μ²Ö·¨§μ¢ ´´μ£μ ¶ÊÎ±  ¤¥°É·μ´μ¢
¢μ ¢·¥³Ö Ê¸±μ·¥´¨Ö ¨ ³¥¤²¥´´μ£μ ¢Ò¢μ¤  ¨§ ´Ê±²μÉ·μ´ . �· ´¦¥¢ Ö ²¨´¨Ö (1) Å ¨´É¥´¸¨¢´μ¸ÉÓ;

§¥²¥´ Ö (2) Å μ¸´μ¢´μ¥ ³ £´¨É´μ¥ ¶μ²¥
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‘¥ ´¸, ¢ μ¸´μ¢´μ³ ¶μ¸¢ÖÐ¥´´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨¸¸²¥¤μ¢ ´¨Ö³ ¢ μ¡² ¸É¨ ¸¶¨-
´μ¢μ° Ë¨§¨±¨ (¸ ¶μ²Ö·¨§μ¢ ´´Ò³¨ ¤¥°É·μ´ ³¨), ´ Î ²¸Ö 26 μ±ÉÖ¡·Ö 2016 £., ¥£μ μ¡Ð Ö
¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓ ¡μ²¥¥ 1500 Î. ‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ ¶μ²Ö·¨§μ¢ ´´μ£μ ¤¥°É·μ´´μ£μ
¶ÊÎ±  ¸μ¸É ¢¨²  (5−7) · 108 Î ¸É¨Í/Í¨±², ¨ ¢μ ¢·¥³Ö ¸²¥¤ÊÕÐ¥£μ Ê¸±μ·¨É¥²Ó´μ£μ ¸¥-
 ´¸ , ¶·μ¢¥¤¥´´μ£μ ¢ Ë¥¢· ²¥-³ ·É¥ 2017 £., μ´  ¡Ò²  Ê¢¥²¨Î¥´  ¤μ 2 · 109 Î ¸É¨Í/Í¨±²
(·¨¸. 2). ‚μ ¢·¥³Ö ÔÉμ£μ ¸¥ ´¸  ¢¶¥·¢Ò¥ ¢ ¨¸Éμ·¨¨ ‹‚�/‹”‚� ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³-
¶²¥±¸¥ ¶μ²ÊÎ¥´ ¶ÊÎμ± ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢. ˆ¸¸²¥¤μ¢ ´¨¥ ¸Éμ²±´μ¢¥´¨° ¶μ²Ö·¨§μ-
¢ ´´ÒÌ ¶·μÉμ´μ¢ ¸ Í¥²ÓÕ ¶μ²ÊÎ¥´¨Ö ´μ¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ§¢μ²ÖÕÐ¨Ì
μ¶·¥¤¥²¨ÉÓ ±¢ ·±-¶ ·Éμ´´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ËÊ´±Í¨¨ ¶·μÉμ´ , Ö¢²Ö¥É¸Ö £² ¢´μ° § ¤ Î¥°
¶·μ£· ³³Ò ¶μ²Ö·¨§ Í¨μ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ´  Ê¸É ´μ¢±¥ SPD ±μ³¶²¥±¸  NICA. „μ¸É¨-
¦¥´¨Õ ·¥§Ê²ÓÉ É  ¶·¥¤Ï¥¸É¢μ¢ ²  ¨ ¸¶μ¸μ¡¸É¢μ¢ ²  ´ ¶·Ö¦¥´´ Ö · ¡μÉ  ¶μ ¶¥·¥¢μ¤Ê
¨¸ÉμÎ´¨±  SPI ¢ ·¥¦¨³ £¥´¥· Í¨¨ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢, μ¡¥¸¶¥Î¥´¨Õ É· ´¸¶μ·É¨-
·μ¢±¨ ¨ Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´μ¢ ¢ ¸¥±Í¨¨ ��Š” (¶·¥¤Ê¸±μ·¨É¥²¥)
¢ ‹“-20 ¨ ¤ ²¥¥ ¨´¦¥±É¨·μ¢ ´¨Õ ¢ ±μ²ÓÍμ ´Ê±²μÉ·μ´ , μ¡¥¸¶¥Î¥´¨Õ ·¥¦¨³  Ê¸Éμ°Î¨¢μ°
Í¨·±Ê²ÖÍ¨¨, § Ì¢ ÉÊ ¢ ·¥¦¨³ Ê¸±μ·¥´¨Ö,   ¤ ²¥¥ Ê¸±μ·¥´¨Õ, ¢Ò¢μ¤Ê Ê¸±μ·¥´´μ£μ ¶ÊÎ± 
¨ ·¥£¨¸É· Í¨¨ Ê·μ¢´Ö ¶μ²Ö·¨§ Í¨¨. � ¨¡μ²¥¥ ¶·μ¡²¥³´Ò³ ¢μ¶·μ¸μ³ ¸ ÉμÎ±¨ §·¥´¨Ö ¤¨-
´ ³¨±¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  Ö¢²Ö² ¸Ó ´ ¸É·μ°±  ·¥¦¨³  Í¨·±Ê²ÖÍ¨¨ ¨ § Ì¢ É  ¶·μÉμ´´μ£μ
¶ÊÎ±  ¸ Ô´¥·£¨¥° 5 ŒÔ‚ ¢ ¸¢Ö§¨ ¸ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ Ê³¥´ÓÏ¥´¨Ö  ³¶²¨ÉÊ¤Ò ³ £´¨É´μ£μ
¶μ²Ö ¨´¦¥±Í¨¨ ¸ 300 ƒ¸ (¢ ¸²ÊÎ ¥ ¤¥°É·μ´μ¢) ¤μ 150 ƒ¸. �·μ¡²¥³´Ò³ ¢μ¶·μ¸μ³ ¡Ò²μ
É ±¦¥ μ¡¥¸¶¥Î¥´¨¥ § Ì¢ É  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ ´¨§±μ° Ô´¥·£¨¨ ¨´¦¥±Í¨¨ ¢ ·¥¦¨³
Ê¸±μ·¥´¨Ö. ‚¸¥ Ê± § ´´Ò¥ ¶·μ¡²¥³Ò ¡Ò²¨ Ê¸¶¥Ï´μ ·¥Ï¥´Ò, ¨ ¶μ²ÊÎ¥´ Ê¸±μ·¥´´Ò° ¶Ê-
Îμ± ¶·μÉμ´μ¢ μÉ SPI ¢ ´Ê±²μÉ·μ´¥ ¨ ¢ ± ´ ²¥ ¢Ò¢μ¤ , £¤¥ ¡Ò² · ¸¶μ²μ¦¥´ ¶μ²Ö·¨³¥É·.
ˆ§³¥·¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ¡Ò²¨ μ¸ÊÐ¥¸É¢²¥´Ò ´  Í¨·±Ê²¨·ÊÕÐ¥³ ¶ÊÎ±¥ ¨ ´  ¢Ò¢¥¤¥´-
´μ³ ¶ÊÎ±¥ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  1 ¨ 2 ƒÔ‚. �¥¦¨³Ò · ¡μÉÒ ¨¸ÉμÎ´¨±  SPI ´  ¶μ²Ö·¨§μ-
¢ ´´ÒÌ ¶·μÉμ´ Ì, ¶μ²Ö·¨³¥É·μ¢, ¸¨¸É¥³Ò ¸¡μ· , μ¡· ¡μÉ±¨ ¨ ¶·¥¤¸É ¢²¥´¨Ö ¤ ´´ÒÌ μ
¶μ²Ö·¨§ Í¨¨ ¡Ò²¨ ¶·μ¢¥·¥´Ò ¨ μÉ² ¦¥´Ò ¢ · ¡μÎ¨Ì ·¥¦¨³ Ì ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³-
¶²¥±¸¥.

‘·¥¤´¨¥ ¢§¢¥Ï¥´´Ò¥ §´ Î¥´¨Ö ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¶·μÉμ´μ¢ ¡Ò²¨ ´ °¤¥´Ò ± ± 0,017±
0,021 ¨ 0,354±0,022 ¤²Ö ´¥¶μ²Ö·¨§μ¢ ´´μ£μ ¨ ¶μ²Ö·¨§μ¢ ´´μ£μ ¶ÊÎ±  ¸μμÉ¢¥É¸É¢¥´´μ [5].
‘μ£² ¸´μ · ¸Î¥É ³ ¶¥·¥´μ¸  ¸¶¨´  ¸ ÊÎ¥Éμ³ É¥±ÊÐ¨Ì ³ £´¨É´ÒÌ Ê¸²μ¢¨° ¢ ¨´¦¥±Í¨μ´´μ°
²¨´¨¨ ´Ê±²μÉ·μ´  ¶μ²Ö·¨§ Í¨Ö ´  ¢ÒÌμ¤¥ SPI · ¢´  −0,90 ± 0,06. ‚¥·É¨± ²Ó´ Ö ¸μ¸É -
¢²ÖÕÐ Ö ¶μ²Ö·¨§ Í¨¨ ¶ÊÎ±  ¶·μÉμ´μ¢ ¢μ ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´  ¤μ
ÔÉμ£μ §´ Î¥´¨Ö ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ¤¢ÊÌ ¸μ²¥´μ¨¤μ¢ ´  ¢ÒÌμ¤¥ ¨§ SPI ¨ ¢ ¨´¦¥±Í¨μ´´μ°
²¨´¨¨ ´Ê±²μÉ·μ´  [5].

“‘’���‚Š� ƒ�“��ˆ��‚�’…‹Ÿ

‚ ¨Õ´¥ 2017 £. ¢ Ô±¸¶²Ê É Í¨Õ ¡Ò² ¢¢¥¤¥´ £·Ê¶¶¨·μ¢ É¥²Ó, · §· ¡μÉ ´´Ò° �ˆŸˆ
¸ ˆ’�”. �´ Ê¸É ´μ¢²¥´ ¶μ¤ ¢ ±ÊÊ³´Ò³ ±μ¦ÊÌμ³ ‹“-20 ´  ÊÎ ¸É±¥ ³¥¦¤Ê ¢ÒÌμ-
¤μ³ Ê¸±μ·¨É¥²Ö ¸ ��Š” ¨ ¢Ìμ¤μ³ ‹“-20 ¨ ¶·¥¤´ §´ Î¥´ ¤²Ö ¸μ£² ¸μ¢ ´¨Ö ¶·μ¤μ²Ó´μ-
£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ��Š” ¸  ±¸¥¶É ´¸μ³ ‹“-20. ˆ¸¶ÒÉ ´¨Ö ¶μ± § ²¨,
ÎÉμ ¤²Ö ¤¥°É·μ´´μ£μ ¶ÊÎ±  £·Ê¶¶¨·μ¢ É¥²Ó ¤ ¥É Ê¢¥²¨Î¥´¨¥ Éμ±  ¶ÊÎ±  ´  ¢ÒÌμ¤¥
‹“-20 ¢ 1,5 · §  (·¨¸. 3). �·¨ Ô±¸¶¥·¨³¥´É¥ ¸ ¶ÊÎ± ³¨ ‘5+ ¨ Li3+ Éμ± Ê¢¥²¨Î¨²¸Ö
¢ 2,5 · § .
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�¨¸. 3.  ) ’μ± ¶ÊÎ±  ¤¥°É·μ´μ¢ ¶·¨ ¢Ò±²ÕÎ¥´´μ³ £·Ê¶¶¨·μ¢ É¥²¥ ´  ¢ÒÌμ¤¥ ‹“-20; ¡) Éμ± ¶ÊÎ± 

¤¥°É·μ´μ¢ ¶·¨ ¢±²ÕÎ¥´´μ³ £·Ê¶¶¨·μ¢ É¥²¥ ´  ¢ÒÌμ¤¥ ‹“-20

‡�Š‹�—…�ˆ…

‚ Ìμ¤¥ 52Ä54-£μ ¸¥ ´¸μ¢ · ¡μÉÒ ´Ê±²μÉ·μ´  ¶ÊÎ±¨ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¨ ¶·μ-
Éμ´μ¢ μÉ ¨¸ÉμÎ´¨±  SPI ¨´¦¥±É¨·μ¢ ´Ò ¨ Ê¸±μ·¥´Ò ¢ ¸¨´Ì·μÉ·μ´¥. Œμ¤¥·´¨§¨·μ¢ ´´Ò°
Ëμ·¨´¦¥±Éμ· μ¡¥¸¶¥Î¨² ¨´¦¥±Í¨Õ ¢ ‹“-20 ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ μÉ
´μ¢μ£μ ¨¸ÉμÎ´¨±  SPI ¨ ¶ÊÎ±μ¢ ²¥£±¨Ì ¨μ´μ¢ μÉ ² §¥·´μ£μ ¨¸ÉμÎ´¨± . ‚¶¥·¢Ò¥ ´  ²¨-
´¥°´μ³ Ê¸±μ·¨É¥²¥ ‹“-20 ´  ¢Éμ·μ° ±· É´μ¸É¨ Ê¸±μ·ÖÕÐ¥£μ ‚—-¶μ²Ö ¡Ò²¨ Ê¸±μ·¥´Ò
¶·μÉμ´Ò. �ÊÎ±¨ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¤¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ ¸ ¨´É¥´¸¨¢´μ¸ÉÓÕ 2,0 · 109 ¨
1,8 · 108 ¸μμÉ¢¥É¸É¢¥´´μ ¡Ò²¨ Ê¸±μ·¥´Ò ¢ ´Ê±²μÉ·μ´¥ ¨ ¢Ò¢¥¤¥´Ò ´  Ë¨§¨Î¥¸±¨¥ Ê¸É -
´μ¢±¨. ‚¢¥¤¥´´Ò° ¢ Ô±¸¶²Ê É Í¨Õ £·Ê¶¶¨·μ¢ É¥²Ó ¤²Ö ‹“-20 ¡Ê¤¥É ¨¸¶ÒÉ ´ ¢ ¶·¥¤¸ÉμÖ-
Ð¨Ì Ê¸±μ·¨É¥²Ó´ÒÌ ¸¥ ´¸ Ì ¨ ¶μ§¢μ²¨É Ê¢¥²¨Î¨ÉÓ ¨´É¥´¸¨¢´μ¸ÉÓ Î ¸É¨Í ¢ ´Ê±²μÉ·μ´¥.
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