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

„²Ö · ¸Ï¨·¥´¨Ö ¤¨ ¶ §μ´  ¨¸¶μ²Ó§μ¢ ´¨Ö ² §¥·´μ£μ ±μ´Ëμ± ²Ó´μ£μ ¸± ´¨·ÊÕÐ¥£μ ³¨±·μ¸±μ¶ 
(‹Š‘Œ), ¢ Î ¸É´μ¸É¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¦¨¤±¨Ì ¸·¥¤, ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ´  ¢μ¤¥ ± ± ´  ´ ¨¡μ²¥¥
¤μ¸ÉÊ¶´μ³ ¨ ¦¨§´¥´´μ ¢ ¦´μ³ Ô²¥³¥´É¥. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ¢μ¤Ò ±μ³¡¨-
´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¸¢¥É  (Š�‘), ¶μ²ÊÎ¥´´Ò¥ ´  · §²¨Î´ÒÌ μ¡· §Í Ì ¢μ¤Ò Å ´¥μ¡· ¡μÉ ´´μ°,
μÎ¨Ð¥´´μ° ¨ ³¨´¥· ²Ó´μ°, ¢ · §´ÒÌ Ë §μ¢ÒÌ ¸μ¸ÉμÖ´¨ÖÌ,   É ±¦¥ ¶·μÏ¥¤Ï¥° · §²¨Î´Ò¥ ³¥Éμ¤Ò
Ë¨²ÓÉ· Í¨¨ ¨ μ¡· ¡μÉ±¨.

To prepare the laser confocal scanning microscope (LCSM) for investigation of liquid states, the
measurements of water were presented as it's the most available and lively important element. The
measurements of Raman spectra of the water samples are presented. They were the samples of unpre-
treated water, puriˇed and mineral water, water in different phase states, and also water pretreated by
different methods of ˇltration and processing.

PACS: 61.20.Ne, 87.64.Je, 87.64.Tt

‘É·Ê±ÉÊ·  ¢μ¤Ò ¨ ¥¥ Ë¨§¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¤ ¢´μ ¶·¨¢²¥± ÕÉ ¢´¨³ ´¨¥ ÊÎ¥´ÒÌ [1, 2].
‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö  ±ÉÊ ²Ó´Ò³¨ Ö¢²ÖÕÉ¸Ö · §· ¡μÉ±  ¨ ¢´¥¤·¥´¨¥ ´μ¢ÒÌ ³¥Éμ¤μ¢ ¨¸¸²¥-
¤μ¢ ´¨Ö ¢μ¤Ò, ¶·¨³¥¸¥° ¢ ´¥°,   É ±¦¥ ¨ ³¥Éμ¤μ¢ ¥¥ Ë¨²ÓÉ· Í¨¨ [3]. „²Ö ¨¸¸²¥¤μ¢ ´¨°
¸É·Ê±ÉÊ·Ò ¨ ¸μ¸É ¢  ¢μ¤Ò ¨¸¶μ²Ó§Ê¥É¸Ö ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ · §´ÒÌ ³¥Éμ¤μ¢ [3, 4]. Œ¥-
Éμ¤, μ¸´μ¢ ´´Ò° ´   Éμ³´μ-Ô³¨¸¸¨μ´´μ³  ´ ²¨§¥ ¶·¨³¥¸¥°, Ö¢²Ö¥É¸Ö ¢ ´ ¸ÉμÖÐ¨° ³μ³¥´É
μ¤´¨³ ¨§ ¸ ³ÒÌ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¨ ÉμÎ´ÒÌ ¤²Ö ¶·μ¢¥¤¥´¨Ö μ¶¥· É¨¢´μ£μ  ´ ²¨§  [5]. �¤-
´ ±μ μ´ É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ± ²¨¡·μ¢μ± ¶μ ¶·¨³¥¸Ö³, ±·μ³¥ Éμ£μ, μ´ ´¥
¶μ§¢μ²Ö¥É μ¡´ ·Ê¦¨ÉÓ μ·£ ´¨Î¥¸±¨¥ ¶·¨³¥¸¨. �¥·¸¶¥±É¨¢´Ò³ ³μ¦¥É ¸É ÉÓ ³¥Éμ¤, μ¸´μ-
¢ ´´Ò° ´  ¢μ§¡Ê¦¤¥´¨¨ ¢ ¢μ¤¥ ² §¥·´Ò³ ¶ÊÎ±μ³ ¢Éμ·¨Î´μ£μ ¨§²ÊÎ¥´¨Ö, ±μÉμ·μ¥ ¸μ¸Éμ¨É
¨§ ¤¨¸±·¥É´ÒÌ ²¨´¨° ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¨ Ë²Êμ·¥¸Í¥´Í¨¨ μ·£ ´¨Î¥¸±μ° ¸Ê¡-
¸É ´Í¨¨, ¥¸²¨ μ´  ¶·¨¸ÊÉ¸É¢Ê¥É.

‹Š‘Œ Ê¦¥ ¨¸¶μ²Ó§μ¢ ²¸Ö ´ ³¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö · ³ ´μ¢¸±¨Ì ¸¶¥±É·μ¢ É¢¥·¤ÒÌ É¥²,
¢ Î ¸É´μ¸É¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ±¥· ³¨±¨ –’‘‹ [6]. 	Ò²μ ·¥Ï¥´μ ¶·μ¢¥·¨ÉÓ ¥£μ
ÔËË¥±É¨¢´μ¸ÉÓ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° · ³ ´μ¢¸±¨Ì ¸¶¥±É·μ¢ ¦¨¤±¨Ì ¸·¥¤. 	Ò²  ¢Ò¡· ´  ¢μ¤ 
± ± ´ ¨¡μ²¥¥ ¤μ¸ÉÊ¶´ Ö ¶·μ¡  ¨ ¢ Éμ ¦¥ ¢·¥³Ö ´ ¨¡μ²¥¥ ¨´É¥·¥¸´Ò° ¨ ¢ ¦´Ò° ¤²Ö ¦¨§´¨
μ¡Ñ¥±É.

ˆ¸¸²¥¤μ¢ ´¨Ö ¢μ¤Ò ³¥Éμ¤μ³ ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¸¢¥É  (· ³ ´μ¢¸±¨¥ ¸¶¥±-
É·Ò) ¶·μ¢μ¤¨²¨¸Ó É ±¦¥ ¨ ¤·Ê£¨³¨  ¢Éμ· ³¨ [7, 8].

–¥²Ó ¤ ´´μ° · ¡μÉÒ: · ¸Ï¨·¨ÉÓ £· ´¨ÍÒ ¶·¨³¥´¥´¨Ö ² §¥·´μ£μ ±μ´Ëμ± ²Ó´μ£μ ¸± -
´¨·ÊÕÐ¥£μ ³¨±·μ¸±μ¶  ¨ ¶·μ¢¥¸É¨  ¤ ¶É Í¨Õ ³¨±·μ¸±μ¶  ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò
H2O ¨ ¶·¨³¥¸¥° ¢ ´¥°.
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‘¶¥±É·Ò ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö μ¡Ñ¥±Éμ¢ ¶μ²ÊÎ¥´Ò ´  ² §¥·´μ³ ±μ´Ëμ± ²Ó´μ³
¸± ´¨·ÊÕÐ¥³ ³¨±·μ¸±μ¶¥ ¸μ ¸¶¥±É· ²Ó´Ò³ · §·¥Ï¥´¨¥³ Δν = 4 ¸³−1 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¨§²ÊÎ¥´¨Ö �¥Ä‘d-² §¥·  (λ = 441,6 ´³, ³μÐ´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö P = 100 ³‚É ¨ ¤¨ ³¥É·
²ÊÎ  ² §¥·  ´  ³¨Ï¥´¨ 0,8 ³±³).

ˆ§³¥·¥´¨¥ ¸¶¥±É·μ¢ Ë²Êμ·¥¸Í¥´Í¨¨ ¨ Š�‘ ¶·μ¢μ¤¨²μ¸Ó ¢ £¥μ³¥É·¨¨ 180◦, É. ¥. ·¥-
£¨¸É·¨·μ¢ ²μ¸Ó ¨§²ÊÎ¥´¨¥ ¶μ¤ Ê£²μ³ 180◦ ¶μ μÉ´μÏ¥´¨Õ ± ¶ ¤ ÕÐ¥³Ê. ‘¶¥±É· ²Ó´Ò°
¨´É¥·¢ ² ·¥£¨¸É· Í¨¨ ¢Éμ·¨Î´μ£μ ¨§²ÊÎ¥´¨Ö ¸μ¸É ¢²Ö² μÉ 445,0 ¤μ 900,0 ´³. � §·¥Ï¥´¨¥
¶·¨ ¨§³¥·¥´¨¨ ¸¶¥±É·μ¢ Š�C ¸μ¸É ¢²Ö¥É ∼ 4 ¸³−1. �μ¸É ´μ¢±  Ô±¸¶¥·¨³¥´É  μ¸ÊÐ¥-
¸É¢²Ö² ¸Ó ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¢μ¤Ò ¨¸¶μ²Ó§μ¢ ² ¸Ó ±¢ ·Í¥¢ Ö ±Õ¢¥É .
Š¢ ·Í¥¢ Ö ±Õ¢¥É  ¸ ¢μ¤μ° ¶μ³¥Ð ² ¸Ó ´  ¶·¥¤³¥É´Ò° ¸Éμ²¨± ³¨±·μ¸±μ¶ , ¢ ´¥¥ Ëμ±Ê-
¸¨·μ¢ ²¸Ö ²ÊÎ ² §¥· . ’¥³ ¦¥ μ¡Ñ¥±É¨¢μ³ ¸μ¡¨· ²¸Ö · ¸¸¥Ö´´Ò° ¸¢¥É.

‚ ± Î¥¸É¢¥ É¥¸Éμ¢μ£μ μ¡Ñ¥±É  Î¨¸Éμ° ¢μ¤Ò ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢μ¤ , ¶μ²ÊÎ¥´´ Ö ¢ ·¥-
§Ê²ÓÉ É¥ ¤¢μ°´μ° ¶¥·¥£μ´±¨, Å ¡¨¤¨¸É¨²²ÖÉ. �´  ¨³¥¥É ¢Ò¸μ±ÊÕ ¸É¥¶¥´Ó μÎ¨¸É±¨ μÉ
μ·£ ´¨Î¥¸±¨Ì ¨ ´¥μ·£ ´¨Î¥¸±¨Ì ¶·¨³¥¸¥°. ‘¶¥±É· ²Ó´μ-Ô³¨¸¸¨μ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ-
± § ²¨ ¥¥ ¢Ò¸μ±ÊÕ ¸É¥¶¥´Ó Î¨¸ÉμÉÒ.

�Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

‚ ¸¶¥±É·¥ ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö Î¨¸Éμ° ¢μ¤Ò ¨³¥ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ´ ¨¡μ²¥¥
Ö·±μ ¢Ò· ¦¥´´Ò¥ Î ¸ÉμÉÒ ±μ²¥¡ ´¨°: Î ¸ÉμÉ  ¸¨³³¥É·¨Î´ÒÌ ±μ²¥¡ ´¨° ¸¦ É¨Ö-· ¸ÉÖ¦¥-
´¨Ö ³μ²¥±Ê²Ò H2O (600−6000 ¸³−1), ¨§£¨¡´ÒÌ (¶μ¢μ·μÉ´ÒÌ) ±μ²¥¡ ´¨° (100−10 ¸³−1)
¨  ¸¨³³¥É·¨Î´ÒÌ ±μ²¥¡ ´¨° ¸¦ É¨Ö-· ¸ÉÖ¦¥´¨Ö (¶μ ¢μ¤μ·μ¤´Ò³ ¸¢Ö§Ö³).

�¨¸. 1. ‘¶¥±É·Ò Š�‘ ¢μ¤Ò: 1 Å ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥; 2 Å § ³μ·μ-

¦¥´´μ° ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò (²Ó¤ ) ¶·¨ É¥³¶¥· ÉÊ·¥ −5 ◦‘; 3 Å ¡¨¤¨¸É¨²²ÖÉ 

�  ·¨¸. 1 ¨§³¥·¥´´Ò° ¸¶¥±É· ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ´¥¸±μ²Ó±¨Ì μ¡· §Íμ¢ ¢μ¤Ò:
¡¨¤¨¸É¨²²ÖÉ , ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò, ¢μ¤Ò ¢ § ³¥·§Ï¥³ ¸μ¸ÉμÖ´¨¨ ¶·¨ −5 ◦‘. ‚ ¸¶¥±É·¥
Š�‘ ¡¨¤¨¸É¨²²ÖÉ  · §²μ¦¥´¨¥³ ¥£μ ´  £ Ê¸¸μ¢¸±¨¥ ¶¨±¨ ¢Ò¤¥²ÖÕÉ¸Ö ¤¢¥ Î ¸ÉμÉÒ ν1 ¨ ν3,
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¸μ¢¶ ¤ ÕÐ¨¥ ¸ Î ¸ÉμÉ ³¨ Š�‘ ¢μ¤Ò, ¶μ²ÊÎ¥´´Ò³¨ ¤·Ê£¨³¨  ¢Éμ· ³¨ [7Ä9]. ‚ ¸μ¸ÉμÖ´¨¨
²Ó¤  ¶·μ¨¸Ìμ¤¨É ¸¤¢¨¦±  ÔÉ¨Ì ²¨´¨° ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì Î ¸ÉμÉ, ÔÉμ ¶·¥¤¸É ¢²¥´μ ¢
É ¡²¨Í¥.

�¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö (¶μ¤£μ´±¨) ±μ²¥¡ É¥²Ó´ÒÌ ³μ¤ ν1 ¨ ν3 ¢μ¤Ò ¸Ê³³μ° ¤¢ÊÌ £ Ê¸¸¨ ´μ¢

— ¸ÉμÉ  �μ²μ¦¥´¨¥ ¶¨± , ¸³−1 ‚Ò¸μÉ  ¶¨±  Imax �μ²ÊÏ¨·¨´  ´  0,5Imax, ¸³−1

‡ ³μ·μ¦¥´´ Ö ¢μ¤ 

ν1 3180 1730 169

ν3 3393 1219 200

•¨³¨Î¥¸±¨ μÎ¨Ð¥´´ Ö ¢μ¤  (¡¨¤¨¸É¨²²ÖÉ)

ν1 3236 840 180

ν3 3453 2034 280

ˆ´É¥·¥¸´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¢ ¸¶¥±É·¥ Š�‘ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¡μ²Ó-
Ïμ° ¶μ²μ¸Ò ²Õ³¨´¥¸Í¥´Í¨¨. ‘· ¢´¥´¨¥ ¸ ²¨É¥· ÉÊ·´Ò³¨ ¤ ´´Ò³¨ ¤ ¥É ´ ³ ¤μ± § É¥²Ó-
¸É¢μ, ÎÉμ Ï¨·μ± Ö ¶μ²μ¸  ²Õ³¨´¥¸Í¥´Í¨¨ Å ÔÉμ ¡¨μ²μ£¨Î¥¸±¨° ¸Ê¡¸É· É ¢ ¢μ¤¥ [10].
�¡´ ·Ê¦¥´¨¥ ¢ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤¥ ¡¨μ²μ£¨Î¥¸±¨ · ¸É¢μ·¨³μ£μ ¸Ê¡¸É· É  ¶·¨¢¥²μ ± ´¥-
μ¡Ìμ¤¨³μ¸É¨ ¶μ¨¸±  ³¥Éμ¤μ¢ μÎ¨¸É±¨ ¢μ¤Ò μÉ ÔÉμ° ¶·¨³¥¸¨. ‡ ³μ· ¦¨¢ ´¨¥ ¢μ¤Ò ³μ¦´μ
μÉ´¥¸É¨ ± ÔËË¥±É¨¢´Ò³ ¸¶μ¸μ¡ ³ μÎ¨¸É±¨ μ¡ÒÎ´μ° ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò.

	Ò²¨ ¶·μ¨§¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¶¥±É·  Š� ·¥Î´μ° ¢μ¤Ò, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 2.

�¨¸. 2. ‘¶¥±É·Ò Š� ¢μ¤Ò: 1 Å ¢μ¤Ò ¨§ ‚μ²£¨ ¢ · °μ´¥ £. „Ê¡´Ò; 2 Å ¨§ ¢μ¤μ¶·μ¢μ¤  £. „Ê¡´Ò;

3 Å ¡¨¤¨¸É¨²²ÖÉ 

ˆ§ ¸· ¢´¥´¨Ö ¸¶¥±É·μ¢ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò ¨ ¢μ¤Ò ¨§ ‚μ²£¨ ¢¨¤´μ, ÎÉμ Ï¨·μ± Ö
²Õ³¨´¥¸Í¥´É´ Ö ¶μ²μ¸  ¶·¨¸ÊÉ¸É¢Ê¥É ¢¥§¤¥, Ê ·¥Î´μ° ¢μ¤Ò μ´  §´ Î¨É¥²Ó´μ ¢ÒÏ¥, Î¥³ Ê
¢μ¤μ¶·μ¢μ¤´μ°. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¢²¨Ö´¨Ö ±¨¶ÖÎ¥´¨Ö ´  ¸¶¥±É·Ò Š�C
¢μ¤Ò. Š ± ¶μ± §Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ±¨¶ÖÎ¥´μ° ¢μ¤Ò, ¥¥ ¸¶¥±É· Š�‘ É ±μ° ¦¥,
± ± ¨ ´¥±¨¶ÖÎ¥´μ°, É. ¥. ¶·¨ ±¨¶ÖÎ¥´¨¨ ´¥ ¶·μ¨¸Ìμ¤¨É · §·ÊÏ¥´¨¥ ¡¨μ²μ£¨Î¥¸±μ£μ ¸Ê¡-
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¸É· É . ˆ§ ·¨¸. 3 ¢¨¤´μ, ÎÉμ ±¨¶ÖÎ¥´¨¥ ¸ÊÐ¥¸É¢¥´´μ ´¥ ¢²¨Ö¥É ´  ¸¶¥±É· (¸É·Ê±ÉÊ·Ê ¨
¸μ¸É ¢) ¢μ¤Ò (¥¸²¨ ±¨¶ÖÉ¨²¨ ¢μ¤μ¶·μ¢μ¤´ÊÕ ¢μ¤Ê),   É ±¦¥ ´¥ ³¥´Ö¥É ±μ´Í¥´É· Í¨Õ
¸μ²¥° ¢ ¥¥ Ì¨³¨Î¥¸±μ³ ¸μ¸É ¢¥.

�¨¸. 3. ‘¶¥±É·Ò Š�C ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò: 1 Å ´¥±¨¶ÖÎ¥´μ° ¨ 2 Å ±¨¶¥¢Ï¥° ¶·¨ É¥³¶¥· ÉÊ·¥

100 ◦‘ ¢ É¥Î¥´¨¥ 3 ³¨´

�¨¸. 4. ‘¶¥±É· Š�C ¸³¥¸¨ H2O ¨ D2O ¢ · ¢´ÒÌ ¶·μ¶μ·Í¨ÖÌ ¶μ ³ ¸¸¥

	μ²ÓÏμ° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ Ô±¸¶¥·¨³¥´ÉÒ ¶μ μ¶·¥¤¥²¥´¨Õ ±μ´Í¥´É· Í¨¨ D2O ¢
¢μ¤¥ (É ± ´ §Ò¢ ¥³μ° ÉÖ¦¥²μ° ¢μ¤Ò). ‘μ¤¥·¦ ´¨¥ ¤¥°É¥·¨Ö ¢ ¶·¨·μ¤´μ° ¢μ¤¥ Œμ¸±μ¢-
¸±μ£μ ·¥£¨μ´  Å 140Ä150 ppm. �·¨ Ê³¥´ÓÏ¥´¨¨ ÔÉμ° ±μ´Í¥´É· Í¨¨ (60Ä100 ppm) ¢μ¤ 
¶·¥¤¶μ²μ¦¨É¥²Ó´μ ¸É ´μ¢¨É¸Ö ²¥£±μ° (²¥£± Ö ¢μ¤  Å ÔÉμ ¢μ¤  ¸ ¶μ´¨¦¥´´Ò³ ¶μ ¸· ¢-
´¥´¨Õ ¸ ¶·¨·μ¤´Ò³ Ê·μ¢´¥³ ¸μ¤¥·¦ ´¨¥³ ¶·¨·μ¤´μ° ÉÖ¦¥²μ° ¢μ¤Ò (μ±¨¸¨ ¤¥°É¥·¨Ö))
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¨ ¶·¨μ¡·¥É ¥É · ¤¨μ¶·μÉ¥±Éμ·´Ò¥, ¨³³Ê´μ³μ¤Ê²¨·ÊÕÐ¨¥ ¸¢μ°¸É¢  [11], É. ¥. ¸É ´μ¢¨É¸Ö
²¥Î¥¡´μ° ¨ μ¡² ¤ ¥É μ³μ² ¦¨¢ ÕÐ¨³ ÔËË¥±Éμ³. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É, ´¥¸μ-
³´¥´´μ, ¨´É¥·¥¸ μ¡´ ·Ê¦¥´¨¥ ¶μ·μ£  D2O ¶μ ²¨´¨¨ ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¸¢¥É  ¸
Î ¸ÉμÉμ° ν = 2500 ¸³−1. �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ ¸¶¥±É· ¸³¥¸¨ H2O ¨ D2O ¢ · ¢´ÒÌ ±μ´-
Í¥´É· Í¨ÖÌ. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ²¨´¨Ö ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö D2O ¡μ²¥¥ Ê§± Ö,
Î¥³ Ê μ¡ÒÎ´μ° ¢μ¤Ò, ¨ ¢²¨Ö´¨¥ ÉÖ¦¥²μ° ¢μ¤Ò ¶·¨¢μ¤¨É ± ¸¤¢¨¦±¥ ²¨´¨¨ ν3 = 3453 ¸³−1

´  50Ä70 ¸³−1.
‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Î ¸ÉμÉÒ ¶¨±μ¢ ¸¶¥±É·μ¢ · ¸É¢μ·μ¢ ¸μ£² ¸ÊÕÉ¸Ö ¸ ²¨É¥· ÉÊ·-

´Ò³¨ ¤ ´´Ò³¨ [7]. ˆ§³¥·¥´¨Ö Éμ¦¥ ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ · ³ ´μ¢¸±μ° ¸¶¥±É·μ-
¸±μ¶¨¨.

‘ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ¶μ·μ£  ·¥£¨¸É· Í¨¨ D2O ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢
Š� ¢μ¤Ò ¸ ¤μ¡ ¢²¥´¨¥³ ÉÖ¦¥²μ° ¢μ¤Ò ¢ ¥¤¨´¨Í Ì ppm, ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5.

�¨¸. 5. ‘¶¥±É·Ò Š� ¡¨¤¨¸É¨²²ÖÉ  ¸ · §²¨Î´Ò³ ¸μ¤¥·¦ ´¨¥³ D2O ¢ ¥¤¨´¨Í Ì ppm

‚¨¤´μ, ÎÉμ μ¡´ ·Ê¦¨É¥²Ó´ Ö ¸¶μ¸μ¡´μ¸ÉÓ ³¥Éμ¤  Š�‘ ¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ¥¤¨´¨Í
103 ppm. ˆ§ ¸¶¥±É·μ¢ ¢¨¤´μ, ÎÉμ μÐÊÉ¨³μ ´ ¡²Õ¤ ¥³Ò° ´  Ê¸É ´μ¢±¥ ¶¨± D2O ¢ ¢μ¤¥
¢μ§´¨± ¥É ¶·¨ ±μ´Í¥´É· Í¨¨ ∼ 104 ppm, ¨ ¤ ¦¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¤²Ö μÉÎ¥É²¨¢μ£μ ¢Ò¤¥²¥´¨Ö
¶¨±  ¸¶¥±É· ¢μ¤Ò ¸ 104 ppm D2O μÉ´μ·³¨·μ¢ ´ ´  ¸¶¥±É· ¡¨¤¨¸É¨²²ÖÉ  (±·¨¢ Ö ¢´¨§Ê
£· Ë¨± ).

�·¥¤¸É ¢²Ö²¨ ¨´É¥·¥¸ ¸¶¥±É·Ò ¢μ¤Ò ¸ ¤μ¡ ¢²¥´¨¥³ · ¸É¢μ·¨³ÒÌ ¢¥Ð¥¸É¢. 	Ò²μ μ¡-
´ ·Ê¦¥´μ, ÎÉμ ¸¶¥±É· Š�‘ ¢μ¤Ò ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²¥´ ± · ¸É¢μ·¥´¨Õ ¢ ´¥³ μ·£ ´¨Î¥¸±¨Ì
¢¥Ð¥¸É¢. ’ ± ¶·¨ · ¸É¢μ·¥´¨¨ ¢ ¢μ¤¥ ¸ Ì ·  ¢ ±μ²¨Î¥¸É¢¥ > 12 ³£/³², É. ¥. 1,2 ¢¥¸.%, ¢
¸¶¥±É· Ì ¶μÖ¢²Ö¥É¸Ö ÉμÎ±  ¶¥·¥£¨¡ , ±μÉμ· Ö ´ Ìμ¤¨É¸Ö ´  ³¥¸É¥ ²¨´¨¨ Š�, ¶·¨´ ¤²¥¦ -
Ð¥° ±μ²¥¡ ´¨Õ ¸ Ì · , ¶·¨ Ê¢¥²¨Î¥´¨¨ ±μ´Í¥´É· Í¨¨ ¤μ ¶μ·μ£  ´ ¸ÒÐ¥´¨Ö ¶·μ¨¸Ìμ¤¨É
¶μ²´μ¥ · §·ÊÏ¥´¨¥ ¸É·Ê±ÉÊ·Ò ¢μ¤Ò, ¶μÖ¢²ÖÕÉ¸Ö ²¨´¨¨ ¸ Ì ·  (·¨¸. 6).

ˆ§ ¸¶¥±É·μ¢ ¢¨¤´μ, ÎÉμ ¤μ¡ ¢²¥´¨¥ ¸ Ì ·  Ê¢¥²¨Î¨¢ ¥É Ëμ´ (²Õ³¨´¥¸Í¥´Í¨Õ) ¨ ¸³¥-
Ð ¥É ¶¨±¨ ±μ²¥¡ ´¨° ¢ ´¨§±μÎ ¸ÉμÉ´ÊÕ μ¡² ¸ÉÓ, ¶·¨ ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³μ³ ±μ²¨Î¥¸É¢¥
¸ Ì ·  ¶·¨ T = 20 ◦‘ ´ ¡²Õ¤ ¥É¸Ö ¶μÖ¢²¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ´¨§±μÎ ¸ÉμÉ´ÒÌ ¶¨±μ¢ ¨
¸¶¥±É·, ¢μμ¡Ð¥ £μ¢μ·Ö, ¨³¥¥É ¢¨¤, μÉ²¨Î´Ò° μÉ ¸¶¥±É·  ¢μ¤Ò.
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤μ¡ ¢²¥´¨¥ ¢ ¢μ¤Ê Ð¥²μÎ¥° ¨ ¸μ²¥° ¢ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¨Ì
±μ´Í¥´É· Í¨ÖÌ É ± ´¥ ¢²¨Ö¥É ´  ¸¶¥±É· (¶·¨ ±μ´Í¥´É· Í¨¨ 100 ³£/³²) (·¨¸. 7).

�¨¸. 6. ‘¶¥±É·Ò Š�‘ ¡¨¤¨¸É¨²²ÖÉ  ¸ ¤μ¡ ¢²¥´¨¥³ ¡¥²μ£μ ¸ Ì ·  · §²¨Î´μ° ±μ´Í¥´É· Í¨¨: 1 Å
¡¨¤¨¸É¨²²ÖÉ; 2 Å 12 ³£/³²; 3 Å 65 ³£/³²; 4 Å ¶·¥¤¥²Ó´ Ö ±μ´Í¥´É· Í¨Ö ¡¥²μ£μ ¸ Ì ·  ¤²Ö

É¥³¶¥· ÉÊ·Ò 20 ◦‘

�¨¸. 7. ‘¶¥±É·Ò Š� ¡¨¤¨¸É¨²²ÖÉ  (1) ¸ ¤μ¡ ¢²¥´¨¥³ · §²¨Î´ÒÌ ¶·¨³¥¸¥°; 2 Å NaCl (100 ³£/³²);

3 Å Š�� (100 ³£/³²); 4 Å NaBr (100 ³£/³²)

„²Ö ¶·μ¢¥·±¨ ¢μ§³μ¦´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ ¨¸ÉμÎ´¨±  ¢μ¤Ò ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö
¸¶¥±É·μ¢ Š�‘ ¢μ¤ ¨§ · §²¨Î´ÒÌ ¨¸ÉμÎ´¨±μ¢: ¨§  ·É¥§¨ ´¸±μ° ¸±¢ ¦¨´Ò ³¨´¥· ²Ó´μ°
¢μ¤Ò (£. Œ¨´¥· ²Ó´Ò¥ ‚μ¤Ò), ¡ÊÉ¨²¨·μ¢ ´´μ° ³¨´¥· ²Ó´μ° ¢μ¤Ò ³ ·±¨ ®Š Ï¨´¸± Ö¯,
¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò ¨ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò, ¶·μÏ¥¤Ï¥° ¤¢μ°´ÊÕ Ì¨³¨Î¥¸±ÊÕ μÎ¨¸É±Ê.
	Ò²¨ ¸´ Î ²  ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ Š�‘ μ¡· §Íμ¢ μ¡ÒÎ´μ° ¡ÊÉ¨²¨·μ¢ ´´μ°
³¨´¥· ²Ó´μ° ¢μ¤Ò ®Š Ï¨´¸± Ö¯ ¨ ®‘² ¢Ö´¸± Ö¯. �¡Ð¨° Ê·μ¢¥´Ó ³¨´¥· ²¨§ Í¨¨ ÔÉ¨Ì
¶·μ¡ ¸μ¸É ¢¨² 2Ä3 £/². „²Ö ¸· ¢´¥´¨Ö ´  ·¨¸. 8 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¡¨-
¤¨¸É¨²²ÖÉ  ¨ μ¡ÒÎ´μ° ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò. � ¡²Õ¤ ¥É¸Ö Ö¢´μ¥ · §²¨Î¨¥ Š�‘ ¤ ´´ÒÌ
μ¡· §Íμ¢. Š ± ¢¨¤´μ ¨§ ÔÉ¨Ì ·¥§Ê²ÓÉ Éμ¢, ¢ ¸¶¥±É·¥ Š�‘ ¢μ¤Ò ¨§ ¢μ¤μ¶·μ¢μ¤  ¶·¨¸ÊÉ-
¸É¢Ê¥É ¡μ²ÓÏ Ö ¶μ²μ¸  ²Õ³¨´¥¸Í¥´Í¨¨. ‚¨¤´μ, ÎÉμ μ¡· §ÍÒ ³¨´¥· ²Ó´μ° ¢μ¤Ò ¨ ¡¨-
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¤¨¸É¨²²ÖÉ  ¨³¥ÕÉ μÎ¥´Ó ¡²¨§±¨¥ ¸¶¥±É·Ò Š�C ¨ μÉ²¨Î ÕÉ¸Ö μÉ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò.
’ ±¨³ μ¡· §μ³, ³¨´¥· ²Ó´ Ö ¢μ¤  ´¥ ¨³¥¥É ¡¨μ²μ£¨Î¥¸±μ£μ ¸Ê¡¸É· É , ¤ ÕÐ¥£μ ²Õ³¨-
´¥¸Í¥´Í¨Õ.

�¨¸. 8. ‘¶¥±É·Ò Š�C ¢μ¤Ò ¨§ · §´ÒÌ ¨¸ÉμÎ´¨±μ¢: 1 Å ¢μ¤μ¶·μ¢μ¤´ Ö; 2 Å ¡¨¤¨¸É¨²²ÖÉ; 3 Å

³ ·±¨ ®Š Ï¨´¸± Ö¯; 4 Å ³¨´¥· ²Ó´ Ö

�¨¸. 9. ‘¶¥±É·Ò Š�‘ ¢μ¤Ò: 1 Å ¢μ¤μ¶·μ¢μ¤´μ°; 2 Å ¢μ¤μ¶·μ¢μ¤´μ°, ¶·μÏ¥¤Ï¥° μÎ¨¸É±Ê Î¥·¥§

¡ÒÉμ¢μ° Ë¨²ÓÉ· ®	 ·Ó¥·-4¯

‚ § ¢¨¸¨³μ¸É¨ μÉ ¶·μ¨¸Ìμ¦¤¥´¨Ö ¢μ¤Ò ÔÉ¨ ²¨´¨¨ ²Õ³¨´¥¸Í¥´Í¨¨ ¸¨²Ó´μ ³¥´Ö-
ÕÉ¸Ö. „ ²¥¥ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ Š�‘ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò, ¶·μÏ¥¤Ï¥°
μÎ¨¸É±Ê ¢ ¡ÒÉμ¢μ³ Ë¨²ÓÉ·¥ É¨¶  ®	 ·Ó¥·-4¯. �  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ.
�  ·¨¸. 9 ¢¨¤´μ Ê³¥´ÓÏ¥´¨¥ ²Õ³¨´¥¸Í¥´Í¨¨ μ·£ ´¨Î¥¸±μ° ¶·¨³¥¸¨ ¢ ¸¶¥±É·¥ ¢μ¤Ò, ¶·μ-
Ï¥¤Ï¥° μÎ¨¸É±Ê Î¥·¥§ ¡ÒÉμ¢μ° Ë¨²ÓÉ·, ¶·¨³¥·´μ ¢ ¤¢  · § .
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ˆ¸¸²¥¤μ¢ ²μ¸Ó ¢²¨Ö´¨¥ μ¡· ¡μÉ±¨ ¢μ¤Ò ±·¨¸É ²² ³¨ ±·¥³´¥§¥³μ¢ ´  ¸É·Ê±ÉÊ·Ê ¢μ¤Ò.
‚μ¤  ¢ § ³±´ÊÉμ³ ¸μ¸Ê¤¥ ¸ ±·¥³´¥§¥³μ³ ´ ¸É ¨¢ ² ¸Ó ¢ É¥Î¥´¨¥ 7 Î, ±μ²¨Î¥¸É¢μ ±·¥³-
´¥§¥³  ¡Ò²μ μ±μ²μ 50 £ ´  1 ² ¢μ¤Ò. �μ¸²¥ ÔÉμ£μ ¶·μ¢μ¤¨²¨¸Ó ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢
Š�‘ ¢μ¤Ò. �  ·¨¸. 10 ¶·¥¤¸É ¢²¥´Ò ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¢ ¸· ¢´¥´¨¨ ¸μ ¸¶¥±É· ³¨ Š�C
¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò. ‚¨¤¥´ ÔËË¥±É Ê³¥´ÓÏ¥´¨Ö ¡¨μ²μ£¨Î¥¸±μ£μ ¸Ê¡¸É· É .

�¨¸. 10. ‘¶¥±É·Ò Š�C ¢μ¤Ò: 1 Å ´¥μ¡· ¡μÉ ´´μ°; 2 Å μ¡· ¡μÉ ´´μ° ±·¥³´¥§¥³μ³

�¨¸. 11. ‘¶¥±É·Ò Š�‘ ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò, μÎ¨Ð¥´´μ° ¢Ò³μ· ¦¨¢ ´¨¥³

Š·¥³¥´Ó ¸É·Ê±ÉÊ·¨·Ê¥É ³μ²¥±Ê²Ò ¢μ¤Ò, ±μÉμ·Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¶·¨μ¡·¥É ÕÉ ¸¢μ°-
¸É¢μ ¢ÒÉ¥¸´ÖÉÓ ¨§ μ¡· §μ¢ ´´ÒÌ ¦¨¤±μ±·¨¸É ²²¨Î¥¸±¨Ì ·¥Ï¥Éμ± ¶ Éμ£¥´´Ò¥ ³¨±·μμ·-
£ ´¨§³Ò, ¶·μ¸É¥°Ï¨¥ £·¨¡±¨, Éμ±¸¨´Ò ¨ ÎÊ¦¥·μ¤´Ò¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ. ‚ ¶·μÍ¥¸¸¥
¶·¨£μÉμ¢²¥´¨Ö ±·¥³´¥¢μ° ¢μ¤Ò μ´¨ ¢Ò¶ ¤ ÕÉ ¢ μ¸ ¤μ±, ¸μ¤¥·¦ Ð¨°¸Ö ¢ ´¨¦´¥³ ¸²μ¥
¢μ¤Ò. Šμ²²μ¨¤Ò ±·¥³´¨Ö μ¡² ¤ ÕÉ ¸¢μ°¸É¢μ³ ®¶·¨±²¥¨¢ ÉÓ¯ ± ¸¥¡¥ ¡μ²¥§´¥É¢μ·´Ò¥
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μ·£ ´¨§³Ò, μ¡· §ÊÖ ¸ ´¨³¨ ±μ³¶²¥±¸´Ò¥ ¸μ¥¤¨´¥´¨Ö. Š ± ¡Ò²μ μ¡´ ·Ê¦¥´μ ¸ ¶μ³μ-
ÐÓÕ  Éμ³´μ-Ô³¨¸¸¨μ´´μ£μ  ´ ²¨§ , ¢μ¤  ¶·¨μ¡·¥É ¥É ¸²¥¤μ¢μ¥ ±μ²¨Î¥¸É¢μ ±·¥³´¥§¥³  ¢
¶·μÍ¥¸¸¥ μ¡· ¡μÉ±¨.

�Î¥´Ó ¨´É¥·¥¸´μ ¶·μ¸²¥¤¨ÉÓ ¶μ ¸¶¥±É· ³ Š�‘ ¨§³¥´¥´¨¥ ¶·¨³¥¸¥° ¢ ¶·μÍ¥¸¸¥ ¶μ-
¸²¥¤μ¢ É¥²Ó´μ£μ § ³¥·§ ´¨Ö ¢μ¤Ò ¨ ¢Ò¤¥²¥´¨Ö Ë· ±Í¨¨, ¸μ¤¥·¦ Ð¥° ¶·¨³¥¸¨. �  ·¨¸. 11
¶·¥¤¸É ¢²¥´Ò ¸¶¥±É·Ò Š�‘ ¢μ¤Ò, ¶·μÏ¥¤Ï¥° ¸É ¤¨¨ § ³μ· ¦¨¢ ´¨Ö ¨ · §³μ· ¦¨¢ ´¨Ö.

‚μ¤μ¶·μ¢μ¤´ Ö ¢μ¤  (¸¶¥±É· 1) § ³μ· ¦¨¢ ¥É¸Ö ¶·¨ É¥³¶¥· ÉÊ·¥ −5 ◦C. ‚ ´ Î ²¥ § -
³¥·§ ´¨Ö (Î¥·¥§ 3 ³¨´) ¸ ´¥¥ ¸´¨³ ¥É¸Ö ¶¥·¢Ò° ²¥¤. �μ¸²¥ ¥£μ É Ö´¨Ö ¸´¨³ ¥É¸Ö ¸¶¥±É·
¥£μ Š� (2). ‘ μ¸É ¢Ï¥°¸Ö ¢μ¤Ò ¸´¨³ ¥É¸Ö ¸¶¥±É· Š�‘ (3), ¨ μ´  ¶μ¤¢¥·£ ¥É¸Ö ¤ ²Ó´¥°-
Ï¥³Ê § ³μ· ¦¨¢ ´¨Õ. —¥·¥§ 30 ³¨´ μ¸´μ¢´ Ö Î ¸ÉÓ ¢μ¤Ò § ³¥·§ ¥É, ¨ ³μ¦´μ · §¤¥²¨ÉÓ
§ ³¥·§ÏÊÕ ¢μ¤Ê ¨ ´¥§ ³¥·§ÏÊÕ. �μ¸²¥ É Ö´¨Ö ¨ ´ £·¥¢ ´¨Ö ¤μ ±μ³´ É´μ° É¥³¶¥· ÉÊ·Ò
¸ ´¨Ì É ±¦¥ ¸´¨³ ÕÉ¸Ö ¸¶¥±É·Ò Š�‘ (4 ¨ 5 ¸μμÉ¢¥É¸É¢¥´´μ).

‚¨¤´μ, ÎÉμ ¶·¨ ÔÉμ³ ¶·μÍ¥¸¸¥ ¶·μ¨¸Ìμ¤¨É Î ¸É¨Î´μ¥ Ê³¥´ÓÏ¥´¨¥ ´¥· ¸É¢μ·¨³μ£μ
¡¨μ²μ£¨Î¥¸±μ£μ ¸Ê¡¸É· É ,   ¶·¨³¥¸¨ ¸μ¡¨· ÕÉ¸Ö ¢ ¶μ¸²¥¤´¥³ ¢μ¤´μ³ μ¸É É±¥. �¤´ ±μ
ÔËË¥±É ¢²¨Ö´¨Ö ±·¥³´¥§¥³  ´  ¸μ¤¥·¦ ´¨¥ ¡¨μ²μ£¨Î¥¸±μ£μ ¸Ê¡¸É· É  §´ Î¨É¥²Ó´μ ¢ÒÏ¥,
Î¥³ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ § ³¥·§ ´¨Ö ¢μ¤Ò.

‡�Š‹�—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ ³μ¦´μ ¸± § ÉÓ, ÎÉμ ² §¥·´Ò° ±μ´Ëμ± ²Ó´Ò° ¸± ´¨·ÊÕÐ¨° ³¨±·μ¸±μ¶
¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ¦¨¤±¨Ì ¸·¥¤, ¢ Î ¸É´μ¸É¨ ¢μ¤Ò, ¨ ÎÉμ É ±μ°
μ¡Ñ¥±É, ± ± ¢μ¤ , ¶·¥¤¸É ¢²Ö¥É ¡μ²ÓÏμ° ¨´É¥·¥¸, É·¥¡Ê¥É ¤ ²Ó´¥°Ï¥£μ ¨§ÊÎ¥´¨Ö ¨ ´¥μ¡-
Ìμ¤¨³μ£μ · §¢¨É¨Ö ¨ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Ö ³¥Éμ¤μ¢ μÎ¨¸É±¨.

Š μ¸´μ¢´Ò³ ¢Ò¢μ¤ ³ · ¡μÉÒ ³μ¦´μ μÉ´¥¸É¨ ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ:
1. �μ ¸¶¥±É·Ê ±μ³¡¨´ Í¨μ´´μ£μ · ¸¸¥Ö´¨Ö ¢μ¤μ¶·μ¢μ¤´μ° ¢μ¤Ò ¡Ò²μ Ê¸É ´μ¢²¥´μ

¸μ¤¥·¦ ´¨¥ ¢ ´¥° ¡¨μ²μ£¨Î¥¸±μ£μ ±μ³¶μ´¥´É .
2. �μ± § ´  ¡μ²ÓÏ Ö ÔËË¥±É¨¢´μ¸ÉÓ μ¡· ¡μÉ±¨ ±·¥³´¥§¥³μ³ ¢μ¤Ò ¤²Ö ²¨±¢¨¤ Í¨¨

μ·£ ´¨±¨ ¢ ´¥° ¨ ¤²Ö ´ ¸ÒÐ¥´¨Ö ¢μ¤Ò ±·¥³´¨¥³, ¶μÉ·¥¡²¥´¨¥ É ±μ° ¢μ¤Ò ¶μ²¥§´μ ¤²Ö
§¤μ·μ¢ÓÖ.

3. �μ± § ´  ¢μ§³μ¦´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ÉÖ¦¥²μ° ¢μ¤Ò ¶μ ²¨´¨¨ Š�‘ ν =
2500 ¸³−1 ¢¶²μÉÓ ¤μ 1%.
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