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� ´μ¢  ’. „. ¨ ¤·. „18-2017-61
�´ ²¨§ ¸μ¤¥·¦ ´¨Ö ³ÒÏÓÖ±  ¨ ·ÉÊÉ¨ ¢ Î¥²μ¢¥Î¥¸±¨Ì μ¸É ´± Ì XVIÄXVII ¢¢. ¨§
´¥±·μ¶μ²¥° Œμ¸±μ¢¸±μ£μ Š·¥³²Ö ³¥Éμ¤μ³ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ 
´  Ê¸É ´μ¢±¥ ˆ	…� ¨ ·¥ ±Éμ·¥ ˆ�	-2 ‹�” �ˆŸˆ

‚ ‹�” �ˆŸˆ ¶·μ¢¥¤¥´ ´¥°É·μ´´Ò°  ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ (���) É·¥Ì μ¡· §Íμ¢
Î¥²μ¢¥Î¥¸±¨Ì μ¸É ´±μ¢ XVIÄXVII ¢¢. ¨§ ´¥±·μ¶μ²¥° Œμ¸±μ¢¸±μ£μ Š·¥³²Ö. �¡· §ÍÒ
μ¡²ÊÎ¥´Ò ´  ¤¢ÊÌ Ê¸É ´μ¢± Ì Å ¨¸ÉμÎ´¨±¥ ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ˆ	…� ¨ ·¥ ±-
Éμ·¥ ˆ�	-2. ‘¶¥±É·Ò ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢ ¡Ò²¨ ¨§³¥·¥´Ò
¸ ¶μ³μÐÓÕ  ¢Éμ³ É¨Î¥¸±μ° ¸¨¸É¥³Ò ¨§³¥·¥´¨°, ¸μ§¤ ´´μ° ¢ ‹�” �ˆŸˆ ¨ ¸μ¸Éμ-
ÖÐ¥° ¨§ ¢Ò¸μ±μÎ¨¸Éμ£μ £¥·³ ´¨¥¢μ£μ ¤¥É¥±Éμ·  ¸μ ¸¶¥±É·μ³¥É·¨Î¥¸±μ° Ô²¥±É·μ´¨-
±μ°, Ê¸É·μ°¸É¢  ¸³¥´Ò μ¡· §Íμ¢ ¨ Ê¶· ¢²ÖÕÐ¥£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö. Œ ¸-
¸μ¢Ò¥ ¤μ²¨ ³ÒÏÓÖ± , ·ÉÊÉ¨ ¨ ´¥±μÉμ·ÒÌ ¤·Ê£¨Ì Ô²¥³¥´Éμ¢ ¡Ò²¨ μ¶·¥¤¥²¥´Ò μÉ-
´μ¸¨É¥²Ó´Ò³ ¨  ¡¸μ²ÕÉ´Ò³ ³¥Éμ¤ ³¨ ���. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¶μ¤É¢¥·¤¨²¨
Ë ±É μ¸É·μ£μ μÉ· ¢²¥´¨Ö ·ÉÊÉÓÕ ¶¥·¢μ° ¦¥´Ò Í ·Ö ˆ¢ ´  ‚ ¸¨²Ó¥¢¨Î  ƒ·μ§´μ£μ Å
Í ·¨ÍÒ �´ ¸É ¸¨¨ 	μ³ ´μ¢´Ò. �μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ ·ÉÊÉ¨ ¢ÒÖ¢²¥´μ ¢ ±μ¸É-
´ÒÌ μ¸É ´± Ì ¸Ò´  Í ·Ö ˆ¢ ´  ‚ ¸¨²Ó¥¢¨Î  ƒ·μ§´μ£μ Å Í ·¥¢¨Î  ˆ¢ ´  ˆ¢ ´μ¢¨Î 
¨ ±´Ö§Ö Œ.‚.‘±μ¶¨´ -˜Ê°¸±μ£μ. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¢¢¥¸É¨
¢ ´ ÊÎ´Ò° μ¡μ·μÉ ÉμÎ´Ò¥ §´ Î¥´¨Ö ¸μ¤¥·¦ ´¨Ö ·ÉÊÉ¨, ³ÒÏÓÖ±  ¨ ¤·Ê£¨Ì Ô²¥³¥´Éμ¢
¢ μ¡· §Í Ì ¨§ § Ìμ·μ´¥´¨° ·Ê¸¸±¨Ì ¨¸Éμ·¨Î¥¸±¨Ì ²¨Î´μ¸É¥° ¢Éμ·μ° ¶μ²μ¢¨´Ò XVI Ä
´ Î ²  XVII ¢¢.

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³.ˆ.Œ.”· ´±  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2017

Panova T. D. et al. D18-2017-61
Qualitative and Quantitative Analysis of Arsenic and Mercury in Human Remains
of the XVIÄXVII Centuries from the Moscow Kremlin Necropolises by Neutron
Activation Analysis at the IREN Facility and the IBR-2 Reactor of FLNP JINR

The neutron activation analysis (NAA) of three samples of human remains of the
XVIÄXVII centuries from the necropolises of the Moscow Kremlin has been carried out
at FLNP JINR. The samples were irradiated at two facilities Å at the IREN source of
resonance neutrons and at the IBR-2 reactor. Spectra of induced activity of the irradiated
samples were measured by using the automatic measurement system developed at FLNP
JINR. This system consists of a high-purity germanium detector with spectrometric elec-
tronics, a sample changer, and a control software. Mass fractions of arsenic, mercury
and other elements were calculated by relative and absolute NAA methods. The obtained
values conˇrmed the fact of an acute mercury poisoning of the ˇrst wife of Tsar Ivan
Vasilievich the Terrible Å Tsarina Anastasia Romanovna. Increased mercury content
was detected in the bone remains of the son of Tsar Ivan the Terrible, Tsarevich Ivan
Ivanovich, and Prince M.V. Skopin-Shuisky. The obtained results allow us to introduce
into scientiˇc circulation the exact values of mass fraction of mercury, arsenic and some
other elements in the samples from the graves of Russian historical ˇgures of the second
half of XVI Ä early XVII centuries.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2017



�¡¸ÉμÖÉ¥²Ó¸É¢  ¸³¥·É¨ ´¥±μÉμ·ÒÌ ¶·¥¤¸É ¢¨É¥²¥° ¢Ò¸Ï¥° §´ É¨ ·Ê¸¸±μ£μ
£μ¸Ê¤ ·¸É¢  XV Ä ´ Î ²  XVII ¢¢. ¤μ ¸¨Ì ¶μ· ¢Ò§Ò¢ ÕÉ ¸¶μ·Ò Ê ¨¸Éμ·¨±μ¢.

Éμ μ¡ÑÖ¸´Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥³ ÉμÎ´ÒÌ ¤ ´´ÒÌ ¢ ¶¨¸Ó³¥´´ÒÌ ¨¸ÉμÎ´¨± Ì ¨²¨
· §´μÎÉ¥´¨Ö³¨ ¶·¥¤¸É ¢²¥´´ÒÌ ¢ ´¨Ì ¸¢¥¤¥´¨°. ˆ¸¸²¥¤μ¢ ´¨Ö § Ìμ·μ´¥´¨°
Î²¥´μ¢ Í ·¸±μ° ¸¥³Ó¨ ˆ¢ ´  ‚ ¸¨²Ó¥¢¨Î  ƒ·μ§´μ£μ, ¶·μ¢¥¤¥´´Ò¥ ¢ 1963Ä
1964 ££.∗, ¢¶¥·¢Ò¥ ¶μ§¢μ²¨²¨ ¶μ²ÊÎ¨ÉÓ ¤ ´´Ò¥ μ ³¨±·μÔ²¥³¥´É´μ³ ¸μ¸É ¢¥
μ¸É ´±μ¢ ²Õ¤¥° ·Ê¸¸±μ£μ ¸·¥¤´¥¢¥±μ¢ÓÖ. �μ ¨´É¥·¶·¥É Í¨Ö ÔÉ¨Ì ·¥§Ê²ÓÉ -
Éμ¢, ± ± ¢ 1960-¥ ££., É ± ¨ ¸¥£μ¤´Ö, μ¸É ¥É¸Ö ´¥μ¤´μ§´ Î´μ°, ¢ Éμ³ Î¨¸²¥
¨ ¢ § ·Ê¡¥¦´μ° ¨¸Éμ·¨Î¥¸±μ° ²¨É¥· ÉÊ·¥ [1].

‚ 1990-¥ ££. ¨ ¢ ´ Î ²¥ XXI ¢. ¢ Ìμ¤¥ ¨§ÊÎ¥´¨Ö § Ìμ·μ´¥´¨° ·Ê¸¸±¨Ì ¢¥-
²¨±¨Ì ±´Ö£¨´Ó ¨ Í ·¨Í ¨§ ´¥±·μ¶μ²Ö ‚μ§´¥¸¥´¸±μ£μ ¸μ¡μ·  Œμ¸±μ¢¸±μ£μ
Š·¥³²Ö §´ Î¨É¥²Ó´μ · ¸Ï¨·¨² ¸Ó ¡ §  ¤ ´´ÒÌ ¶μ ³¨±·μÔ²¥³¥´É´μ³Ê ¸μ¸É ¢Ê
±μ¸É´μ° É± ´¨ ²Õ¤¥° XVÄXVII ¢¢. [2] ¸ ¶μ³μÐÓÕ ¸μ¢·¥³¥´´ÒÌ ³¥Éμ¤μ¢ ¨¸-
¸²¥¤μ¢ ´¨Ö.

�¸´μ¢´μ° § ¤ Î¥° ¶·¥¤² £ ¥³μ° ± · ¸¸³μÉ·¥´¨Õ · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶·μ-
¢¥·±  ³¥Éμ¤μ³ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  (¶·¨§´ ´´μ£μ ÔÉ ²μ´-
´Ò³ ¢ ³¥¦¤Ê´ ·μ¤´μ°  ´ ²¨É¨Î¥¸±μ° ¶· ±É¨±¥ [3]) ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ
¢ ¶·μÏ²Ò¥ £μ¤Ò ¤·Ê£¨³¨ ³¥Éμ¤ ³¨  ´ ²¨§  (Ì¨³¨Î¥¸±¨³, ·¥´É£¥´μË²Êμ·¥¸-
Í¥´É´Ò³). �¸´μ¢´Ò¥ μ¶·¥¤¥²Ö¥³Ò¥ Ô²¥³¥´ÉÒ Å ³ÒÏÓÖ± ¨ ·ÉÊÉÓ.

�¡· §ÍÒ ¤²Ö ¨§ÊÎ¥´¨Ö ¡Ò²¨ ¶¥·¥¤ ´Ò ¢ ‹ ¡μ· Éμ·¨Õ ´¥°É·μ´´μ° Ë¨§¨±¨
(‹�”) ¨³. ˆ.Œ.”· ´±  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
(�ˆŸˆ) ¢ Ë¥¢· ²¥ 2017 £. ˆ´Ëμ·³ Í¨Ö μ¡ ¨³¥´ Ì ¨¸Éμ·¨Î¥¸±¨Ì ²¨Î´μ¸É¥°,
¨§ § Ìμ·μ´¥´¨° ±μÉμ·ÒÌ ¡Ò²¨ ¢§ÖÉÒ μ¡· §ÍÒ, ¡Ò²  ¸μμ¡Ð¥´  Éμ²Ó±μ ¶μ¸²¥
§ ¢¥·Ï¥´¨Ö ¨¸¸²¥¤μ¢ ´¨Ö. �¡· §¥Í º1 (·¨¸. 1) Å μ¡²μ³μ± ·¥¡·  ¨§ § Ìμ·μ-
´¥´¨Ö ¸Ò´  Í ·Ö ˆ¢ ´  ‚ ¸¨²Ó¥¢¨Î  ƒ·μ§´μ£μ Å Í ·¥¢¨Î  ˆ¢ ´  ˆ¢ ´μ¢¨Î 
(¸±μ´Î ²¸Ö ¢ 1581 £.). �¡· §¥Í º2 (·¨¸. 2) Å μ¡²μ³μ± ·¥¡·  ¨§ § Ìμ·μ´¥-
´¨Ö ±´Ö§Ö Œ¨Ì ¨²  ‚ ¸¨²Ó¥¢¨Î  ‘±μ¶¨´ -˜Ê°¸±μ£μ (¸±μ´Î ²¸Ö ¢ 1610 £.).
�¡· §¥Í º3 (·¨¸. 3) Å Ô²¥³¥´ÉÒ ¢μ²μ¸ ¶¥·¢μ° ¦¥´Ò Í ·Ö ˆ¢ ´  ‚ ¸¨²Ó¥-
¢¨Î  ƒ·μ§´μ£μ Å ¶¥·¢μ° ·Ê¸¸±μ° Í ·¨ÍÒ �´ ¸É ¸¨¨ 	μ³ ´μ¢´Ò (¸±μ´Î ² ¸Ó
¢ 1560 £.).

∗
±¸¶¥·É´ Ö ¸¶· ¢±  ¶μ ³ É¥·¨ ² ³ ¨¸¸²¥¤μ¢ ´¨Ö μ¸É ´±μ¢ ¨§ ¸ ·±μË £μ¢ ˆ¢ ´  ƒ·μ§´μ£μ,
¥£μ ¸Ò´μ¢¥° Å ˆ¢ ´  ¨ ”¥¤μ· ,   É ±¦¥ Œ. B. ‘±μ¶¨´ -˜Ê°¸±μ£μ: ‚ Šμ³¨¸¸¨Õ Œ-¢  ±Ê²Ó-
ÉÊ·Ò ‘‘‘	 ¶μ ¢¸±·ÒÉ¨Õ £·μ¡´¨Í ¢ �·Ì ´£¥²Ó¸±μ³ ¸μ¡μ·¥ / ƒμ¸�ˆˆ ¸Ê¤¥¡´μ° ³¥¤¨Í¨´Ò Œ-¢ 
§¤· ¢μμÌ· ´¥´¨Ö ‘‘‘	, Œμ¸±¢ , 12 ³ ·É  1964 £.
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	¨¸. 1. �¡· §¥Í º1 ¤μ μÎ¨¸É±¨

	¨¸. 2. �¡· §¥Í º2 ¤μ μÎ¨¸É±¨

	¨¸. 3. �¡· §¥Í º3 ¤μ μÎ¨¸É±¨

‚ Ë¥¢· ²¥Ä ¶·¥²¥ 2017 £. μ¡· §ÍÒ ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ³¥Éμ¤μ³ ´¥°É·μ´-
´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . �Ò²μ ¶·μ¢¥¤¥´μ ¤¢  ´¥§ ¢¨¸¨³ÒÌ Ô±¸¶¥·¨³¥´É 
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¡ §μ¢ÒÌ Ê¸É ´μ¢μ± ‹�” �ˆŸˆ Å ¨¸¸²¥¤μ¢ É¥²Ó¸±μ° Ê¸É -
´μ¢±¨ ˆ	…� [4, 5] ¨ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ·  ˆ�	-2 [6]. „²Ö Ô±¸¶¥·¨³¥´Éμ¢
¡Ò²¨ ¶μ¤£μÉμ¢²¥´Ò ¤¢  ±μ³¶²¥±É  μ¡· §Íμ¢. 	 ¡μÉ  ¸ Ë· £³¥´É ³¨ ¸±¥²¥É 
¨ ¢μ²μ¸ ¶μÉ·¥¡μ¢ ²  · §²¨Î´ÒÌ ¶μ¤Ìμ¤μ¢.

��„ƒ�’�‚Š� Š ��‹“—…�ˆ� Š�‘’��‰ ’Š��ˆ

	¥¡¥·´Ò¥ ±μ¸É¨ ¨³¥ÕÉ ¶μ·¨¸ÉÊÕ ¢´ÊÉ·¥´´ÕÕ ¸É·Ê±ÉÊ·Ê, ¶μÔÉμ³Ê ¤²Ö
¶·¥¤μÉ¢· Ð¥´¨Ö ´ ¸ÒÐ¥´¨Ö ¸μ¸É ¢²ÖÕÐ¨³¨ ³μÕÐ¥£μ · ¸É¢μ·  μ¡· §ÍÒ É·¥-
¡μ¢ ²¨ Î·¥§¢ÒÎ °´μ  ±±Ê· É´μ£μ μÎ¨Ð¥´¨Ö. „²Ö Ê¤ ²¥´¨Ö £·Ê¡ÒÌ ¶μ¢¥·Ì-
´μ¸É´ÒÌ § £·Ö§´¥´¨° (¶¥¸μ±, ¶Ò²Ó ¨ É. ¤.) ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¸³μÎ¥´´ Ö ¤¨-

2



¸É¨²²¨·μ¢ ´´μ° ¢μ¤μ° Ì²μ¶±μ¢ Ö ¢ É . ‚¶¨É ´´ Ö ¶μ¢¥·Ì´μ¸ÉÓÕ ±μ¸É¨ ¢μ¤ 
¸¶μ¸μ¡¸É¢μ¢ ²  Î ¸É¨Î´μ³Ê ´ ¡ÊÌ ´¨Õ § £·Ö§´¥´¨° μ·£ ´¨Î¥¸±μ£μ Ì · ±É¥· 
(É²¥´). „²Ö ¢Ò³Ò¢ ´¨Ö É ±μ£μ É¨¶  § £·Ö§´¥´¨° Ë· £³¥´ÉÒ ±μ¸É¥° ÉÐ É¥²Ó´μ
¶·μÉ¨· ²¨ ¸ ¶μ³μÐÓÕ ¢ ÉÒ, ¸³μÎ¥´´μ° ¢ 3%-³ · ¸É¢μ·¥ £¨¤·μ± ·¡μ´ É 
´ É·¨Ö. „²Ö Ê¤ ²¥´¨Ö μ¸É É±μ¢ ³μÕÐ¥£μ · ¸É¢μ·  ¸ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Íμ¢
Ë· £³¥´ÉÒ ±μ¸É¥° ¡Ò²¨ ¶·μ³ÒÉÒ ¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³ ¤¨¸É¨²²¨·μ¢ ´´μ°
¢μ¤Ò (μ±μ²μ 0,5 ²) ¸ ¶μ³μÐÓÕ ² ¡μ· Éμ·´μ£μ ¶μ²¨¶·μ¶¨²¥´μ¢μ£μ ¸μ¸Ê¤  ¤²Ö
¶·μ³Ò¢ ´¨Ö. �·¨ ÔÉμ³ ±μ¸ÉÓ ¤¥·¦ ²¨ ´  ¢¥¸Ê, ¨¸¶μ²Ó§ÊÖ ¶¨´Í¥É ¨§ ´¥·¦ -
¢¥ÕÐ¥° ¸É ²¨. �¸É É±¨ μ·£ ´¨Î¥¸±¨Ì ¸μ¥¤¨´¥´¨° ¸ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Íμ¢
¡Ò²¨ Ê¤ ²¥´Ò ¸ ¶μ³μÐÓÕ ¢ ÉÒ, ¸³μÎ¥´´μ° ¢ 96%-³ ÔÉ¨²μ¢μ³ ¸¶¨·É¥ ±² ¸¸ 
®‹Õ±¸¯. ‚¸¥ μ¶¥· Í¨¨ ¶μ Ê¤ ²¥´¨Õ § £·Ö§´¥´¨° ¢Ò¶μ²´¥´Ò ¶ÊÉ¥³ ³´μ£μ-
±· É´μ£μ ¶·μÉ¨· ´¨Ö μ¡· §Íμ¢ ±Ê¸μÎ± ³¨ Ì²μ¶±μ¢μ° ¢ ÉÒ, ¸³μÎ¥´´Ò³¨ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨³¨ ³μÕÐ¨³¨ · ¸É¢μ· ³¨, ¢¶²μÉÓ ¤μ ¶·¥±· Ð¥´¨Ö § £·Ö§´¥´¨Ö
¢ ÉÒ.

�μ¸±μ²Ó±Ê ¶μ·¨¸ÉÒ¥ Éμ·ÍÒ ±μ¸É¥° ³μ£²¨ ¢¶¨É ÉÓ ´¥±μÉμ·μ¥ ±μ²¨Î¥¸É¢μ
³μÕÐ¨Ì · ¸É¢μ·μ¢,   É ±¦¥ Î ¸É¨ÍÒ Ê¤ ²Ö¥³ÒÌ § £·Ö§´¥´¨°, ¶μ¸²¥ μÎ¨¸É±¨
´¥¡μ²ÓÏ¨¥ ÊÎ ¸É±¨ Éμ·Íμ¢ ·¥¡¥· ¡Ò²¨ Ê¤ ²¥´Ò. �  ·¨¸. 4 ¨ 5 ¶·¥¤¸É ¢²¥´Ò
μ¡· §ÍÒ ±μ¸É´μ° É± ´¨ ¶μ¸²¥ μÎ¨¸É±¨.

�¡· §ÍÒ ±μ¸É´μ° É± ´¨ ¡Ò²¨ ¶·μ¸ÊÏ¥´Ò ¢ ¸ÊÏ¨²Ó´μ³ Ï± ËÊ ¢ É¥Î¥´¨¥
¸ÊÉμ± ¶·¨ É¥³¶¥· ÉÊ·¥ T = 40 ◦‘, ÎÉμ μ¡¥¸¶¥Î¨²μ ¨¸¶ ·¥´¨¥ ³ ±¸¨³ ²Ó´μ
¢μ§³μ¦´μ£μ ±μ²¨Î¥¸É¢  ¢μ¤Ò.

	¨¸. 4. �Î¨Ð¥´´Ò° μ¡· §¥Í º1

	¨¸. 5. �Î¨Ð¥´´Ò° μ¡· §¥Í º2
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ˆ§³¥²ÓÎ¥´¨¥ μ¡· §Íμ¢ ¤μ ¶μ·μÏ±μμ¡· §´μ£μ ¸μ¸ÉμÖ´¨Ö ¶·μ¢μ¤¨²μ¸Ó ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ ¶² ´¥É ·´μ° ³¥²Ó´¨ÍÒ, Ê±μ³¶²¥±Éμ¢ ´´μ°  £ Éμ¢Ò³¨ ¸É ± ´μ³
¨ Ï · ³¨. ˆ§³¥²ÓÎ¥´´Ò¥ μ¡· §ÍÒ ¡Ò²¨ ¶·μ¸ÊÏ¥´Ò ¢ É¥Î¥´¨¥ 72 Î ¶·¨ É¥³-
¶¥· ÉÊ·¥ T = 40 ◦‘ ¤μ ¶μ¸ÉμÖ´´μ£μ ¢¥¸ .

��„ƒ�’�‚Š� Š ��‹“—…�ˆ� ”��ƒŒ…�’�‚ ‚�‹�‘

„²Ö Ê¤ ²¥´¨Ö ¶μ¢¥·Ì´μ¸É´ÒÌ § £·Ö§´¥´¨° Ë· £³¥´ÉÒ ¢μ²μ¸ (μ±μ²μ 3,5 £)
¡Ò²¨ · §¤¥²¥´Ò ´  É·¨ Î ¸É¨. Š ¦¤ Ö Î ¸ÉÓ ¢Ò¤¥·¦¨¢ ² ¸Ó É·¨ · §  ¢ 100 ³²
 Í¥Éμ´  ±² ¸¸  ®•—¯ ¢ É¥Î¥´¨¥ 10 ³¨´, Î¥·¥§ ± ¦¤Ò¥ 2 ³¨´ ¸μ¤¥·¦¨³μ¥ ¸É -
± ´   ±±Ê· É´μ ¶¥·¥³¥Ï¨¢ ²μ¸Ó. �Î¨Ð¥´´Ò¥ ¢μ²μ¸Ò ¶μ³¥¸É¨²¨ ³¥¦¤Ê ¤¢Ê³Ö
²¨¸É ³¨ Ë¨²ÓÉ·μ¢ ²Ó´μ° ¡Ê³ £¨ ¨ ¢Ò¤¥·¦ ²¨ 24 Î ¶·¨ ±μ³´ É´μ° É¥³¶¥· -
ÉÊ·¥ ¸μ£² ¸´μ ³¥Éμ¤¨±¥, ¨¸¶μ²Ó§μ¢ ´´μ° ¢ · ¡μÉ¥ [7].

„²Ö ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨³¥´Ö²¨¸Ó ¸É ´¤ ·É´Ò¥ ³ É¥·¨ ²Ò ¨§
� Í¨μ´ ²Ó´μ£μ ¨´¸É¨ÉÊÉ  ¸É ´¤ ·Éμ¢ ¨ É¥Ì´μ²μ£¨° (‘˜�) [8]. Œ ¸¸Ò ¸É ´-
¤ ·Éμ¢ (7 ÏÉ.) ¨ μ¡· §Íμ¢ ¤²Ö μ¡²ÊÎ¥´¨Ö ´  ¨¸¸²¥¤μ¢ É¥²Ó¸±μ° Ê¸É ´μ¢±¥
ˆ	…� ¸μ¸É ¢¨²¨ ¶·¨³¥·´μ 1 £. ‚§¢¥Ï¥´´Ò¥ μ¡· §ÍÒ ¡Ò²¨ Ê¶ ±μ¢ ´Ò ¢ ¶μ-
²¨ÔÉ¨²¥´μ¢Ò¥ ¶ ±¥ÉÒ. Š ¦¤Ò° Ê¶ ±μ¢ ´´Ò° μ¡· §¥Í ¡Ò² ¶μ³¥Ð¥´ ¢ ¨´-
¤¨¢¨¤Ê ²Ó´Ò° ¶μ²¨ÔÉ¨²¥´μ¢Ò° ±μ´É¥°´¥·. Œ ¸¸Ò ¸É ´¤ ·Éμ¢ (10 ÏÉ.) ¨
μ¡· §Íμ¢ ¤²Ö μ¡²ÊÎ¥´¨Ö ´  ·¥ ±Éμ·¥ ˆ�	-2 ¸μ¸É ¢¨²¨ ¶·¨³¥·´μ 0,1 £. ‚§¢¥-
Ï¥´´Ò¥ μ¡· §ÍÒ ¡Ò²¨ Ê¶ ±μ¢ ´Ò ¢  ²Õ³¨´¨¥¢Ò¥ ± ¶¸Ê²Ò. ‚¸¥ ± ¶¸Ê²Ò ¡Ò²¨
¶μ³¥Ð¥´Ò ¢ μ¤¨´  ²Õ³¨´¨¥¢Ò° ±μ´É¥°´¥·.

„²Ö ¢§¢¥Ï¨¢ ´¨Ö ¨¸¶μ²Ó§μ¢ ²μ¸Ó  ¶¶ · É´μ-¶·μ£· ³³´μ¥ ¸·¥¤¸É¢μ  ¢Éμ-
³ É¨§ Í¨¨ ·¥£¨¸É· Í¨¨ ¢¥¸  μ¡· §Íμ¢ [9], ¸μ§¤ ´´μ¥ ¢ ‹�” �ˆŸˆ.

��‹“—…�ˆ…

�¥·¢Ò° ´ ¡μ· μ¡· §Íμ¢ ¨ ¸É ´¤ ·Éμ¢ ¡Ò² ¶μ¤¢¥·£´ÊÉ μ¡²ÊÎ¥´¨Õ ´  Ê¸É -
´μ¢±¥ ˆ	…� ¢ ³ ·É¥ 2017 £. ¢ É¥Î¥´¨¥ 115,5 Î. “¸É ´μ¢±  ˆ	…� · ¡μÉ ² 
¢ ¸²¥¤ÊÕÐ¥³ ·¥¦¨³¥: ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ Å 55 ŒÔ‚, ¸·¥¤´¨°
Éμ± Å 2,4 ³±�. �²μÉ´μ¸É¨ ¶μÉμ±μ¢ É¥¶²μ¢ÒÌ ¨ ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ´ 
Ê¸É ´μ¢±¥ μ¶·¥¤¥²Ö²¨¸Ó ³¥Éμ¤μ³ ± ¤³¨¥¢μ° · §´μ¸É¨. ˆ´¤¨± Éμ· ³¨ ¸²Ê¦¨²¨
μ¡· §ÍÒ ³¥¤¨. �²μÉ´μ¸ÉÓ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸μ¸É ¢¨²  ¢¥²¨Î¨´Ê ¶μ-
·Ö¤±  Φth = 6,0·107 ¸³−2 · ¸−1, ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ¶·¨
1 Ô‚ Φres 1 = 7,6 · 106 c³−2 · ¸−1.

‚Éμ·μ° ´ ¡μ· μ¡· §Íμ¢ ¨ ¸É ´¤ ·Éμ¢ μ¡²ÊÎ ²¸Ö ¢ É·¥ÉÓ¥³ ± ´ ²¥ ·¥ ±Éμ· 
ˆ�	-2. “¸É ´μ¢±  ¤²Ö μ¡²ÊÎ¥´¨Ö μ¶¨¸ ´  ¢ · ¡μÉ¥ [10]. ˆÉμ£μ¢μ¥ ¢·¥³Ö
μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢¨²μ μ±μ²μ 15 ¸ÊÉ. �²μÉ´μ¸ÉÓ ¶μÉμ±  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
¶·¨ μ¡²ÊÎ¥´¨¨ ¸μ¸É ¢²Ö²  ¢¥²¨Î¨´Ê ¶μ·Ö¤±  5,2 · 1011 c³−2 · ¸−1, ¶²μÉ´μ¸ÉÓ
¶μÉμ±  ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ Φres 1 = 7,5 · 1010 c³−2 · ¸−1.
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����� ˆ ���‹ˆ‡ „���›•

�μ¸²¥ μ¡²ÊÎ¥´¨Ö £ ³³ -¸¶¥±É·Ò ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ μ¡· §Íμ¢ ¨§³¥-
·Ö²¨¸Ó ¶μ ¤¢  · §  ¸ ¶μ³μÐÓÕ  ¢Éμ³ É¨Î¥¸±μ° ¸¨¸É¥³Ò ¨§³¥·¥´¨° ¸¶¥±É·μ¢
(·¨¸. 6), ¸μ§¤ ´´μ° ¢ ‹�” �ˆŸˆ ¨ ¢±²ÕÎ ÕÐ¥° ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¤¥É¥±-
Éμ· ¨§ ¸¢¥·ÌÎ¨¸Éμ£μ £¥·³ ´¨Ö ¸ ¢Ò¸μ±¨³ · §·¥Ï¥´¨¥³ ¨ ¸¶¥±É·μ³¥É·¨Î¥-
¸±ÊÕ Ô²¥±É·μ´¨±Ê Ë¨·³Ò Canberra, Ê¸É·μ°¸É¢μ ¸³¥´Ò μ¡· §Íμ¢ ¨ ¶·μ£· ³³-
´μ¥ μ¡¥¸¶¥Î¥´¨¥ [11, 12]. 
´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  Å 1,8 ±Ô‚
¤²Ö ²¨´¨¨ 1173 ±Ô‚ 60Co, μÉ´μ¸¨É¥²Ó´ Ö ÔËË¥±É¨¢´μ¸ÉÓ Å 40%.

	¨¸. 6. �¢Éμ³ É¨Î¥¸± Ö ¸¨¸É¥³  ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢

�¥·¢μ¥ ¨§³¥·¥´¨¥ (·¨¸. 7) ¶·μ¢μ¤¨²μ¸Ó ¸¶Ê¸ÉÖ ´¥¸±μ²Ó±μ Î ¸μ¢ ¶μ¸²¥
μ±μ´Î ´¨Ö μ¡²ÊÎ¥´¨Ö ´  Ê¸É ´μ¢±¥ ˆ	…� ¨ ¸¶Ê¸ÉÖ ´¥¸±μ²Ó±μ ¸ÊÉμ± ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö μ¡· §Íμ¢ ´  ·¥ ±Éμ·¥ ˆ�	-2 (¸ ÊÎ¥Éμ³ · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±¨).
‚Éμ·μ¥ ¨§³¥·¥´¨¥ (·¨¸. 8) Å ¶·¨³¥·´μ Î¥·¥§ É·¨ ´¥¤¥²¨ ¶μ¸²¥ μ±μ´Î ´¨Ö
μ¡²ÊÎ¥´¨Ö. „²Ö ¨§³¥·¥´¨Ö ¨  ´ ²¨§  ¸¶¥±É·μ¢ ¶·¨³¥´Ö²μ¸Ó ¶·μ£· ³³´μ¥
μ¡¥¸¶¥Î¥´¨¥ Genie-2000.

	 ¸Î¥ÉÒ ³ ¸¸μ¢ÒÌ ¤μ²¥° Ô²¥³¥´Éμ¢ ¡Ò²¨ μ¸ÊÐ¥¸É¢²¥´Ò ¤¢Ê³Ö ³¥Éμ¤ ³¨:
μÉ´μ¸¨É¥²Ó´Ò³ (¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸É ´¤ ·Éμ¢, Ô²¥³¥´É´Ò° ¸μ¸É ¢ ±μÉμ·ÒÌ
¨§¢¥¸É¥´ ¨ ¸¥·É¨Ë¨Í¨·μ¢ ´) ¨  ¡¸μ²ÕÉ´Ò³ (´  μ¸´μ¢¥ Ê· ¢´¥´¨Ö  ±É¨¢ -
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	¨¸. 7. ”· £³¥´É ¸¶¥±É·  μ¡· §Í  º 1, μ¡²ÊÎ¥´´μ£μ ´  ·¥ ±Éμ·¥ ˆ�	-2 (¶¥·¢μ¥ ¨§³¥-
·¥´¨¥)

	¨¸. 8. ”· £³¥´É ¸¶¥±É·  μ¡· §Í  º3, μ¡²ÊÎ¥´´μ£μ ´  ·¥ ±Éμ·¥ ˆ�	-2 (¢Éμ·μ¥ ¨§³¥-
·¥´¨¥)

Í¨¨) [13]. „²Ö · ¸Î¥É  ³ ¸¸μ¢ÒÌ ¤μ²¥° Ô²¥³¥´Éμ¢ μÉ´μ¸¨É¥²Ó´Ò³ ³¥Éμ¤μ³
¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³  ®Šμ´Í¥´É· Í¨Ö¯ [14], ¸μ§¤ ´´ Ö ¢ ‹�” �ˆŸˆ.
�·¨³¥´Ö²¨¸Ó Ö¤¥·´Ò¥ ±μ´¸É ´ÉÒ ¨§ · ¡μÉ [15,16]. 	¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶·¨-
¢¥¤¥´Ò ¢ É ¡². 1. 	¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö ³ ¸¸μ¢ÒÌ ¤μ²¥° ¤μ¶μ²´¨É¥²Ó´ÒÌ
Ô²¥³¥´Éμ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.
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’ ¡²¨Í  1. Œ ¸¸μ¢Ò¥ ¤μ²¨ ³ÒÏÓÖ±  ¨ ·ÉÊÉ¨ ¢ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Í Ì

º
μ¡· §Í 

ŒÒÏÓÖ± (As) 	ÉÊÉÓ (Hg)

Œ ¸¸. ¤μ²Ö,
³£/±£

�É´. ¶μ£·., %
Œ ¸¸. ¤μ²Ö,

³£/±£
�É´. ¶μ£·., %

1 0,19 30 0,36 19,1

2 0,23 30 0,2 29,5

3 1,18 18,3 46,6 2,5

’ ¡²¨Í  2. Œ ¸¸μ¢Ò¥ ¤μ²¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¢ ¨¸¸²¥¤Ê¥³ÒÌ μ¡· §Í Ì

º
μ¡·.

†¥²¥§μ (Fe) –¨´± (Zn) ‘¥·¥¡·μ (Ag) ‘Ê·Ó³  (Sb) ‡μ²μÉμ (Au)

Œ ¸¸.
¤μ²Ö,
³£/±£

�É´.
¶μ£·.,

%

Œ ¸¸.
¤μ²Ö,
³£/±£

�É´.
¶μ£·.,

%

Œ ¸¸.
¤μ²Ö,
³£/±£

�É´.
¶μ£·.,

%

Œ ¸¸.
¤μ²Ö,
³£/±£

�É´.
¶μ£·.,

%

Œ ¸¸.
¤μ²Ö,
³£/±£

�É´.
¶μ£·.,

%

1 1210 8 624 4 0,131 15 0,21 24 7,5·10−5 19

2 1373 7,3 460 4 4,8 10 < 0,1 Å 1,3·10−2 30

3 < 1170 Å < 100 Å 3460 14 2,72 16 6,4 11

���‹ˆ‡ �…‡“‹œ’�’�‚ ˆ‘‘‹…„�‚��ˆŸ

‚ ·¥§Ê²ÓÉ É¥ ± Î¥¸É¢¥´´μ£μ  ´ ²¨§  ¡Ò²μ Ê¸É ´μ¢²¥´μ ´ ²¨Î¨¥ ·ÉÊÉ¨
¨ ³ÒÏÓÖ±  ¢μ ¢¸¥Ì Ë· £³¥´É Ì μ¸É ´±μ¢ ¨§ § Ìμ·μ´¥´¨° Œμ¸±μ¢¸±μ£μ Š·¥³²Ö.
Šμ²¨Î¥¸É¢¥´´Ò°  ´ ²¨§ ´ ²¨Î¨Ö ·ÉÊÉ¨ ¶μ²´μ¸ÉÓÕ ¶μ¤É¢¥·¤¨² Ë ±É μ¸É·μ£μ
μÉ· ¢²¥´¨Ö ¶¥·¢μ° ·Ê¸¸±μ° Í ·¨ÍÒ �´ ¸É ¸¨¨, É ± ± ± ¸μ¤¥·¦ ´¨¥ ·ÉÊÉ¨
¢ ¥¥ ¢μ²μ¸ Ì μ± § ²μ¸Ó Î·¥§¢ÒÎ °´μ ¢Ò¸μ±¨³. ‚ μ·£ ´¨§³¥ ³μ²μ¤μ° ¦¥´Ð¨´Ò
(μ´  Ê³¥·²  ¢ ¢μ§· ¸É¥ μ±μ²μ 27 ²¥É) ´¥ ³μ£²μ ´ ±μ¶¨ÉÓ¸Ö É ±μ¥ ±μ²¨Î¥¸É¢μ
¢·¥¤´μ£μ ¢¥Ð¥¸É¢  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¸·¥¤´¥¢¥±μ¢ÒÌ ±μ¸³¥É¨±¨ ¨ ²¥± ·¸É¢.
– ·¨Í  ¸É ²  ¦¥·É¢μ° ¨´É·¨£ ¶·¨¤¢μ·´μ° §´ É¨, ¶ÒÉ ¢Ï¥°¸Ö Ê¤ ²¨ÉÓ ¶·¥¤-
¸É ¢¨É¥²¥° ·μ¤  ‡ Ì ·Ó¨´ÒÌ-ŠμÏ±¨´ÒÌ (¶·¥¤±μ¢ 	μ³ ´μ¢ÒÌ) ¨§ Í ·¸±μ£μ
μ±·Ê¦¥´¨Ö [17].

�μ¢ÒÏ¥´´μ¥ ¸μ¤¥·¦ ´¨¥ ·ÉÊÉ¨ ¡Ò²μ ¢ÒÖ¢²¥´μ ¢ ±μ¸É´ÒÌ μ¸É ´± Ì Í ·¥-
¢¨Î  ˆ¢ ´  ¨ ±´Ö§Ö Œ¨Ì ¨² , ÎÉμ ±μ··¥²¨·Ê¥É ¸ ·¥§Ê²ÓÉ É ³¨ Ì¨³¨Î¥¸±μ£μ
 ´ ²¨§  ³ É¥·¨ ²μ¢ ¨§ ¨Ì § Ìμ·μ´¥´¨° 1964 £.∗ (³ ¸¸μ¢Ò¥ ¤μ²¨ ³ÒÏÓÖ±  ¨
·ÉÊÉ¨ ¢ ¢μ²μ¸ Ì ¨ ·¥¡¥·´ÒÌ ±μ¸ÉÖÌ ¸μ¢·¥³¥´´ÒÌ ²Õ¤¥° ¨§ · ¡μÉÒ [18] ¶·¨-
¢¥¤¥´Ò ¢ É ¡². 3). �μ ¶·¨Î¨´Ò ¶μ¸ÉÊ¶²¥´¨Ö ·ÉÊÉ¨ ¢ μ·£ ´¨§³Ò ÔÉ¨Ì ³μ²μ¤ÒÌ
²Õ¤¥° ¡Ò²¨ · §´Ò³¨, ± ± ¨ ¶·¨Î¨´Ò ¨Ì ¸³¥·É¨.

– ·¥¢¨Î ˆ¢ ´ ¤μ²£¨¥ £μ¤Ò ²¥Î¨²¸Ö ·ÉÊÉ´Ò³¨ ³ §Ö³¨ μÉ ¢¥´¥·¨Î¥¸±μ£μ
§ ¡μ²¥¢ ´¨Ö (¸¨Ë¨²¨¸ ) [19], ¶μÔÉμ³Ê ± 27 £μ¤ ³ (μ´ ¶μ£¨¡ ¢ ÔÉμ³ ¢μ§· ¸É¥

∗‘³. ¶·¨³. ´  ¸. 1.
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’ ¡²¨Í  3. Œ ¸¸μ¢Ò¥ ¤μ²¨ ³ÒÏÓÖ±  ¨ ·ÉÊÉ¨ ¢ ¢μ²μ¸ Ì £μ²μ¢Ò ¨ ·¥¡¥·´ÒÌ ±μ¸ÉÖÌ
¸μ¢·¥³¥´´ÒÌ ²Õ¤¥°

’¨¶ μ¡· §Í  Œ ¸¸. ¤μ²Ö, ³£/±£

ŒÒÏÓÖ± (As) 	ÉÊÉÓ (Hg)

‚μ²μ¸Ò � 0,05 0,145± 0,009

	¥¡¥·´Ò¥ ±μ¸É¨ < 0,1 � 0,008

μÉ Î¥·¥¶´μ-³μ§£μ¢μ° É· ¢³Ò) Ê ´¥£μ ¸Ëμ·³¨·μ¢ ²μ¸Ó Ì·μ´¨Î¥¸±μ¥ μÉ· ¢²¥´¨¥
μ·£ ´¨§³  ÔÉ¨³ ¢·¥¤´Ò³ Ô²¥³¥´Éμ³.

Š´Ö§Ó Œ¨Ì ¨² ‘±μ¶¨´ ¸±μ·μ¶μ¸É¨¦´μ ¸±μ´Î ²¸Ö ¢ ¢μ§· ¸É¥ μ±μ²μ 23 ²¥É.
‘³¥·ÉÓ ³μ²μ¤μ£μ §¤μ·μ¢μ£μ Î¥²μ¢¥±  ¨ Ìμ·μÏμ É·¥´¨·μ¢ ´´μ£μ ¢μ¨´  ¸μ¢·¥-
³¥´´¨±¨ μ¡ÑÖ¸´Ö²¨ μÉ· ¢²¥´¨¥³, ±μÉμ·μ¥ ´¥μ¦¨¤ ´´μ ¶·μÖ¢¨²μ¸Ó ´  ¶¨·Ê ¢
¦¥²Ê¤μÎ´μ-±¨Ï¥Î´μ° Ëμ·³¥ (¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¢μ§³μ¦´μ ¨¸¶μ²Ó§μ¢ ´¨¥ ±μ³-
¡¨´¨·μ¢ ´´μ£μ ¶μ ¸μ¸É ¢Ê Ö¤  Å ¨§ ¸μ¥¤¨´¥´¨° ·ÉÊÉ¨ ¨ ³ÒÏÓÖ± ).

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ´¥°É·μ´´μ£μ  ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¤ ÕÉ ¢μ§-
³μ¦´μ¸ÉÓ ¢¢¥¸É¨ ¢ ´ ÊÎ´Ò° μ¡μ·μÉ ¡μ²¥¥ ÉμÎ´Ò¥ §´ Î¥´¨Ö ¸μ¤¥·¦ ´¨Ö ·ÉÊÉ¨
¨ ³ÒÏÓÖ±  ¢ μ¡· §Í Ì ¨§ § Ìμ·μ´¥´¨° ·Ê¸¸±¨Ì ¨¸Éμ·¨Î¥¸±¨Ì ²¨Î´μ¸É¥° ¢Éμ-
·μ° ¶μ²μ¢¨´Ò XVI Å ´ Î ²  XVII ¢.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ ¸μÉ·Ê¤´¨±μ¢ Ê¸É ´μ¢±¨ ˆ	…� ‹�”
�ˆŸˆ (£² ¢´Ò° ¨´¦¥´¥· ‚. ƒ. �ÖÉ ¥¢) ¨ ¸μÉ·Ê¤´¨±μ¢ É·¥ÉÓ¥£μ ± ´ ²  ·¥ ±-
Éμ·  ˆ�	-2 ‹�” �ˆŸˆ (·Ê±μ¢μ¤¨É¥²Ó £·Ê¶¶Ò Œ.‚. �Ê² ¢¨´) §  ¸μÉ·Ê¤´¨-
Î¥¸É¢μ,   É ±¦¥ ’.Œ. �¸É·μ¢´ÊÕ (‹�” �ˆŸˆ) §  ±μ´¸Ê²ÓÉ Í¨¨ ¶μ ¢μ¶·μ¸ ³
 ´ ²¨§  ¸¶¥±É· ²Ó´ÒÌ ¤ ´´ÒÌ.
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