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Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± (¸É·μÊ)

�μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¨§³¥·¥´¨Ö  ±Ê¸É¨Î¥¸±¨³ ³¥Éμ¤μ³ ´ ÉÖ¦¥´¨Ö  ´μ¤μ¢
¸¥£³¥´É´ÒÌ ¸É·μÊ. �¶·¥¤¥²¥´Ò ¶μ¶· ¢μÎ´Ò¥ ±μÔËË¨Í¨¥´ÉÒ, μ¡¥¸¶¥Î¨¢ ÕÐ¨¥
¢ÒÎ¨¸²¥´¨¥ ´ ÉÖ¦¥´¨Ö ¶μ Ëμ·³Ê²¥, ¸¢Ö§Ò¢ ÕÐ¥° Î ¸ÉμÉÊ ±μ²¥¡ ´¨Ö  ´μ¤  ¸ ¥£μ
´ ÉÖ¦¥´¨¥³.
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Measurement of the Anode Tension for the Segmented Straws

The opportunity of measurement by an acoustic method of a tension of the anodes
of segment straws is shown. The correction factors providing calculation of a tension
by the formula connecting frequency of 	uctuation of the anode with his tension are
determined.

The investigation has been performed at the Laboratory of Particle Physics, JINR.
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’μ´±μ¸É¥´´Ò¥ ¤·¥°Ëμ¢Ò¥ É·Ê¡±¨ (¸É·μÊ) Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ¸μ¢·¥-
³¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¢ μ¸´μ¢´μ³ ± ± ¤¥É¥±É¨·ÊÕÐ¨¥ Ô²¥³¥´ÉÒ É·¥±μ¢ÒÌ
¤¥É¥±Éμ·μ¢ ¸ ¡μ²ÓÏ¨³  ±¸¥¶É ´¸μ³ [1Ä3]. �¤´ ±μ ¶·¨³¥´¥´¨¥ ÔÉ¨Ì ¤¥É¥±Éμ-
·μ¢ ¢ Ê¸²μ¢¨ÖÌ ¡μ²ÓÏ¨Ì § £·Ê§μ± μ£· ´¨Î¨¢ ¥É¸Ö ´¨§±μ° ¢¥²¨Î¨´μ° ¨Ì £· ´Ê-
²¨·μ¢ ´´μ¸É¨, · ¢´μ° ¶·μ¨§¢¥¤¥´¨Õ ¤²¨´Ò ¸É·μÊ ´  ¤¨ ³¥É·. „²Ö Ê¸É· ´¥´¨Ö
ÔÉμ£μ ´¥¤μ¸É É±  ¸É·μÊ-¤¥É¥±Éμ·μ¢ ¡Ò²  ¶·¥¤²μ¦¥´  ±μ´Í¥¶Í¨Ö ¸¥£³¥´É´ÒÌ
¸É·μÊ,  ´μ¤ ±μÉμ·ÒÌ ¸μ¸Éμ¨É ¨§ ´ ¡μ·  ´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸¥£³¥´-
Éμ¢ [4, 5]. 
Éμ ¶μ§¢μ²Ö¥É ¸μÌ· ´¨ÉÓ ´¨§±ÊÕ ¢¥²¨Î¨´Ê ®occupancy¯ ¤¥É¥±Éμ-
·μ¢ ¢ Ê¸²μ¢¨ÖÌ ¢Ò¸μ±¨Ì § £·Ê§μ±, μ¡¥¸¶¥Î¨¢ Ö É¥³ ¸ ³Ò³ Ìμ·μÏÊÕ É·¥±μ¢ÊÕ
ÔËË¥±É¨¢´μ¸ÉÓ. �¤´μ° ¨§ μ¸´μ¢´ÒÌ ± Î¥¸É¢¥´´ÒÌ Ì · ±É¥·¨¸É¨± ³´μ£μ± -
´ ²Ó´ÒÌ ¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö μ¤´μ·μ¤´μ¸ÉÓ ¨Ì ¶ · ³¥É·μ¢. � ·Ö¤Ê ¸ ³´μ£¨³¨
· §²¨Î´Ò³¨ ±μ´¸É·Ê±Í¨μ´´Ò³¨ ¨ Ô±¸¶²ÊÉ Í¨μ´´Ò³¨ É·¥¡μ¢ ´¨Ö³¨ ± ¶·μ-
¢μ²μÎ´Ò³ £ §μ´ ¶μ²´¥´´Ò³ ¤¥É¥±Éμ· ³ ¢ ¦´Ò³ É·¥¡μ¢ ´¨¥³ Ö¢²Ö¥É¸Ö μ¡¥¸-
¶¥Î¥´¨¥ ´ ÉÖ¦¥´¨Ö  ´μ¤´ÒÌ ¶·μ¢μ²μ± ¢ ´Ê¦´μ³ ¤¨ ¶ §μ´¥. �·¨ ¸μ§¤ ´¨¨
³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¤¥É¥±Éμ·μ¢ μ¤´μ° ¨§ μ¡Ö§ É¥²Ó´ÒÌ ±μ´É·μ²Ó´ÒÌ ¶·μÍ¥¤Ê·
Ö¢²Ö¥É¸Ö ¶·μ¢¥·±  ´ ÉÖ¦¥´¨Ö ± ¦¤μ°  ´μ¤´μ° ¶·μ¢μ²μ±¨. ‚¸¥ ³¥Éμ¤Ò É ±¨Ì
¨§³¥·¥´¨° ¡ §¨·ÊÕÉ¸Ö ´  ¸¢Ö§¨ ³¥¦¤Ê Î ¸ÉμÉμ° ·¥§μ´ ´¸´μ£μ ±μ²¥¡ ´¨Ö ¨
¸¨²μ° ´ ÉÖ¦¥´¨Ö ¶·μ¢μ²μ±¨,   · §²¨Î¨Ö § ±²ÕÎ ÕÉ¸Ö ¢ ¸¶μ¸μ¡ Ì ¢μ§¡Ê¦¤¥-
´¨Ö ·¥§μ´ ´¸  ¨ ³¥Éμ¤ Ì ¨§³¥·¥´¨Ö ¥£μ Î ¸ÉμÉÒ [6, 7]. �¤´μ ¨§ μÉ²¨Î¨°
¸¥£³¥´É´ÒÌ ¸É·μÊ μÉ É· ¤¨Í¨μ´´ÒÌ ¶·μ¢μ²μÎ´ÒÌ ¤¥É¥±Éμ·μ¢ § ±²ÕÎ ¥É¸Ö ¢
¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸¥£³¥´É´ÒÌ  ´μ¤μ¢ ¸ · §²¨Î´μ° ¨Ì ¤²¨´μ° ¢¤μ²Ó
¸É·μÊ, ¶·¨ ÔÉμ³ ¶²μÉ´μ¸ÉÓ  ´μ¤μ¢ ¶μ ¤²¨´¥ ¸¥£³¥´Éμ¢ ³μ¦¥É ¡ÒÉÓ · §²¨Î´μ°.
‘ Í¥²ÓÕ ¨§ÊÎ¥´¨Ö ¢μ§³μ¦´μ¸É¨ ±μ´É·μ²Ö ´ ÉÖ¦¥´¨Ö  ´μ¤  ± ¦¤μ£μ ¸¥£³¥´É 
¤²Ö ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ¸¥£³¥´É´ÒÌ ¸É·μÊ ¢Ò¶μ²´¥´  ¤ ´´ Ö · ¡μÉ .

Œ…’�„ ˆ‡Œ…�…�ˆŸ

‚Ò¡μ· ³¥Éμ¤  ¨§³¥·¥´¨° μ¶·¥¤¥²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓÕ ¢μ§¡Ê¦¤¥´¨Ö ³¥-
Ì ´¨Î¥¸±¨Ì ±μ²¥¡ ´¨° ¶·μ¢μ²μ±¨ ± ¦¤μ£μ  ´μ¤´μ£μ ¸¥£³¥´É  ¶·¨ ´ ²¨Î¨¨
¤μ¸ÉÊ¶  ± ´¨³ Éμ²Ó±μ ¸ μ¤´μ£μ ±μ´Í ,   É ±¦¥ ³¨´¨³¨§ Í¨¥° ³¥Ì ´¨Î¥¸±¨Ì
¨²¨ Ô²¥±É·¨Î¥¸±¨Ì ¢μ§¡Ê¦¤ ÕÐ¨Ì ¨³¶Ê²Ó¸μ¢. ˆ¸¶μ²Ó§μ¢ ²¸Ö  ±Ê¸É¨Î¥¸±¨°
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³¥Éμ¤ ¢μ§¡Ê¦¤¥´¨Ö ³¥Ì ´¨Î¥¸±¨Ì ±μ²¥¡ ´¨°  ´μ¤´ÒÌ ¸¥£³¥´Éμ¢, ¶·¨³¥´Ö¢-
Ï¨°¸Ö · ´¥¥ ¤²Ö ¨§³¥·¥´¨Ö ´ ÉÖ¦¥´¨Ö  ´μ¤μ¢ ¢ ¸É·μÊ ¤¥É¥±Éμ·  ¶¥·¥Ìμ¤´μ£μ
¨§²ÊÎ¥´¨Ö Å É·¥±¥·  (TRT) Ê¸É ´μ¢±¨ LHC ATLAS [8, 9]. ‡´ Î¥´¨¥ ·¥§μ-
´ ´¸´μ° Î ¸ÉμÉÒ ν (1/c) ±μ²¥¡ ´¨°  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¤²¨´μ° L (³), ¤¨ -
³¥É·μ³ d (³) ¨ ¶²μÉ´μ¸ÉÓÕ ρ (±£/³3) ¶·¨ ´ ÉÖ¦¥´¨¨ T (±£) μ¶·¥¤¥²Ö¥É¸Ö ¨§
¢Ò· ¦¥´¨Ö

gT = πρL2ν2d2, (1)

£¤¥ g Å Ê¸±μ·¥´¨¥ ¸¢μ¡μ¤´μ£μ ¶ ¤¥´¨Ö (³/c2).
�  ·¨¸. 1 ¶μ± § ´  ¸Ì¥³  ¸É¥´¤  ¤²Ö ¨§³¥·¥´¨Ö ´ ÉÖ¦¥´¨Ö  ´μ¤μ¢. �  ¶¥·-

¸μ´ ²Ó´μ³ ±μ³¶ÓÕÉ¥·¥ �K Ê¸É ´μ¢²¥´  ¶·μ£· ³³  £¥´¥· Éμ·  ¸¨´Ê¸μ¨¤ ²Ó-
´ÒÌ ±μ²¥¡ ´¨° ¸ ¶² ¢´Ò³ ¨§³¥´¥´¨¥³ Î ¸ÉμÉÒ ¢ É·¥¡Ê¥³μ³ ¤¨ ¶ §μ´¥. ‘¨£-
´ ², ¶·¨Ìμ¤ÖÐ¨° ¸μ §¢Ê±μ¢μ° ± ·ÉÒ, Ê¸¨²¨¢ ¥É¸Ö Ê¸¨²¨É¥²¥³ ³μÐ´μ¸É¨ “‡—,
± ¢ÒÌμ¤Ê ±μÉμ·μ£μ ¶μ¤±²ÕÎ¥´ Ï¨·μ±μ¶μ²μ¸´Ò° £·μ³±μ£μ¢μ·¨É¥²Ó „, ¢μ§-
¡Ê¦¤ ÕÐ¨° ³¥Ì ´¨Î¥¸±¨¥ ±μ²¥¡ ´¨Ö, ¶μ¸ÉÊ¶ ÕÐ¨¥ ´  · ¸¶μ²μ¦¥´´ÊÕ ¶μ¤
´¨³  ´μ¤´ÊÕ ¶·μ¢μ²μ±Ê ¨¸¸²¥¤Ê¥³μ° ¸É·μÊ (·¨¸. 1,  ) ¨²¨  ´μ¤´ÊÕ ¶·μ¢μ²μ±Ê
Ê¸É·μ°¸É¢ , ¨³¨É¨·ÊÕÐ¥£μ ¸É·μÊ (·¨¸. 1, ¡). �   ´μ¤ ¶μ¤ ¥É¸Ö ¶μ¸ÉμÖ´´μ¥ ´ -

�¨¸. 1. ‘Ì¥³  ¸É¥´¤ :  ) ¤²Ö ¨§³¥·¥´¨Ö ´ ÉÖ¦¥´¨Ö ¶·μ¢μ²μ±¨ ¢ ¸É·μÊ, ¡) ¤²Ö ¨§³¥·¥-
´¨Ö ´ ÉÖ¦¥´¨Ö ¢ Ê¸É·μ°¸É¢¥, ¨³¨É¨·ÊÕÐ¥³ ¸É·μÊ. �Š Å ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥·,
“‡— Å Ê¸¨²¨É¥²Ó §¢Ê±μ¢μ° Î ¸ÉμÉÒ, „ Å £·μ³±μ£μ¢μ·¨É¥²Ó, �¸Í. Å μ¸Í¨²²μ£· Ë,
ˆ‚� Å ¨¸ÉμÎ´¨± ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö, �“ Å ¶·¥¤¢ ·¨É¥²Ó´Ò° Ê¸¨²¨É¥²Ó, Š Å
± Éμ¤
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¶·Ö¦¥´¨¥ 500 ‚. �·¨ ¸³¥Ð¥´¨¨  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¢ ·¥§Ê²ÓÉ É¥ ¨§³¥´¥´¨Ö
 ´μ¤-± Éμ¤´μ° ¥³±μ¸É¨ ¢μ§´¨± ÕÉ ¸¨£´ ²Ò ¸ ³ ±¸¨³ ²Ó´μ°  ³¶²¨ÉÊ¤μ° ¢ ¸²Ê-
Î ¥ ¢μ§´¨±´μ¢¥´¨Ö ·¥§μ´ ´¸  ¶·¨ ¸μ¢¶ ¤¥´¨¨ Î ¸ÉμÉÒ §¢Ê±μ¢ÒÌ ¢μ²´ c ¸μ¡-
¸É¢¥´´μ° Î ¸ÉμÉμ° ³¥Ì ´¨Î¥¸±¨Ì ±μ²¥¡ ´¨°  ´μ¤  (ν). ‘¨£´ ² ¸´¨³ ¥É¸Ö ¸
 ´μ¤  Î¥·¥§ · §¤¥²¨É¥²Ó´Ò° ±μ´¤¥´¸ Éμ·, Ê¸¨²¨¢ ¥É¸Ö ¶·¥¤¢ ·¨É¥²Ó´Ò³ Ê¸¨-
²¨É¥²¥³ (�“) ¨ ¢Ò¢μ¤¨É¸Ö ´  μ¸Í¨²²μ£· Ë (�¸Í.) ¨²¨ ´  ¢Ìμ¤ §¢Ê±μ¢μ° ± ·ÉÒ
±μ³¶ÓÕÉ¥·  ¤²Ö μ¶·¥¤¥²¥´¨Ö §´ Î¥´¨Ö ·¥§μ´ ´¸´μ° Î ¸ÉμÉÒ. „²Ö Ê¸É· ´¥´¨Ö
¨¸±·μ¢ÒÌ · §·Ö¤μ¢ ¢ ¸²ÊÎ ¥ μ¡·Ò¢   ´μ¤´μ° ¶·μ¢μ²μ±¨ ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥
¶μ¤±²ÕÎ¥´μ Î¥·¥§ μ£· ´¨Î¨¢ ÕÐ¨° ·¥§¨¸Éμ· 1 ƒ�³.

‘Ì¥³  ¸¥±Í¨μ´´μ£μ  ´μ¤  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2. �¨¸. 3 ¶μ± §Ò¢ ¥É Ô²¥±-
É·¨Î¥¸±ÊÕ ¸Ì¥³Ê ¸¥£³¥´É´μ° ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ¨ ¤²¨´μ° 1,6 ³ ¸ ¤¥¸ÖÉÓÕ
¸¥£³¥´É ³¨ · §²¨Î´μ° ¤²¨´Ò μÉ 50 ¤μ 300 ³³. �É¤¥²Ó´Ò¥ ±Ê¸±¨ §μ²μÎ¥´μ°
¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 30 ³±³ ¸ ¶²μÉ´μ¸ÉÓÕ 19,3 £/c³3 § ¶² -
¢²ÖÕÉ¸Ö £ ²Ó¢ ´¨Î¥¸±¨ · §¤¥²Ó´μ ¢ ¸É¥±²Ö´´Ò¥ ± ¶¨²²Ö·´Ò¥ É·Ê¡±¨ ¸ ¢´Ê-
É·¥´´¨³ ¨ ´ ·Ê¦´Ò³ ¤¨ ³¥É· ³¨ 0,10 ³³ ¨ 0,25 ³³ ¸μμÉ¢¥É¸É¢¥´´μ. „²¨´ 
É·Ê¡μ± Å 6 ³³ ¨ ¢¥¸ Å0,564 ³£. — ¸ÉÓ ± ¶¨²²Ö·´ÒÌ É·Ê¡μ± Å Éμ²Ó±μ · §-
¤¥²¨É¥²Ó´Ò¥, Î ¸ÉÓ ³μ´É¨·Ê¥É¸Ö ¢´ÊÉ·Ó ¶μ²¨± ·¡μ´ É´μ£μ ¸¶¥°¸¥· , μ¡· §ÊÖ
É ± ´ §Ò¢ ¥³Ò° ®c¶¥°¸¥·´Ò° Ê§¥²¯. Šμ´É ±É´Ò¥ ¶·μ¢μ²μ±¨ ¸¶¥°¸¥·´ÒÌ Ê§-
²μ¢, ¢ÒÌμ¤ÖÐ¨¥ ´ ·Ê¦Ê ¸É·μÊ, ¸²Ê¦ É ¤²Ö ¶μ¤ Î¨ ´ ¶·Ö¦¥´¨Ö ´  ¸¥£³¥´É´Ò¥
 ´μ¤Ò ¨ ¸Î¨ÉÒ¢ ´¨Ö ¸ ´¨Ì ¸¨£´ ²μ¢. ‚ ¶·μÍ¥¸¸¥ Ê¸É ´μ¢±¨ ¸¥£³¥´É´ÒÌ  ´μ¤μ¢
¢´ÊÉ·Ó ¸É·μÊ ¢μ§³μ¦´μ, ¢ ·¥¤±¨Ì ¸²ÊÎ ÖÌ, Ê³¥´ÓÏ¥´¨¥ ´ ÉÖ¦¥´¨Ö μÉ¤¥²Ó´ÒÌ
¤¢ÊÌ¸¥£³¥´É´ÒÌ ¶·μ¢μ²μ± ¨§-§  É·¥´¨Ö ³¥¦¤Ê ¢´¥Ï´¥° ¶μ¢¥·Ì´μ¸ÉÓÕ ¸¶¥°-

�¨¸. 2. ‘¥±Í¨μ´´Ò°  ´μ¤ ¸ 10 ¸¥£³¥´É ³¨ · §²¨Î´μ° ¤²¨´Ò

�¨¸. 3. 
²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¸¥£³¥´É´μ° ¸É·μÊ. ‚� Å ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥, �²Š Å
¶²μ¸±¨° ± ¡¥²Ó
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¸¥·  ¨ ± Éμ¤μ³ ¸É·μÊ, ÎÉμ Ê± §Ò¢ ¥É ´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¶·μ¢¥·±¨ ´ ÉÖ¦¥´¨Ö
± ¦¤μ£μ ÊÎ ¸É±  ¸¥£³¥´É´μ£μ  ´μ¤  ³¥¦¤Ê ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ¸¶¥°¸¥·´Ò³¨ Ê§-
² ³¨. �·¨ ¨§³¥·¥´¨¨ ´ ÉÖ¦¥´¨Ö ¸¶¥°¸¥·´Ò¥ Ê§²Ò ¸ § ±·¥¶²¥´´Ò³¨ ¢ ´¨Ì
±μ´Í ³¨ ¸¥£³¥´É´ÒÌ  ´μ¤´ÒÌ ¶·μ¢μ²μ± ³μ¦´μ ¸Î¨É ÉÓ ´¥¶μ¤¢¨¦´Ò³¨ ¨ ´¥
¢²¨ÖÕÐ¨³¨ ´  ·¥§Ê²ÓÉ ÉÒ.

„²Ö ¶·μ¢¥·±¨ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ´ ÉÖ¦¥´¨¥³ ¨ ·¥§μ´ ´¸´μ° Î ¸ÉμÉμ°
¡Ò² ¨§£μÉμ¢²¥´ ´ ¡μ· ¸É·μÊ · §²¨Î´μ° ¤²¨´Ò ¨ ¤¨ ³¥É·μ³ 4 ³³ ¸ ¶·μ¸ÉÒ³¨
¨ ¤¢ÊÌ¸¥£³¥´É´Ò³¨  ´μ¤ ³¨. �Ò² É ±¦¥ ¸μ¡· ´ ¨³¨É¨·ÊÕÐ¨° ¸É·μÊ ¸É¥´¤,
¸μ¤¥·¦ Ð¨°  ´μ¤´ÊÕ ¶·μ¢μ²μ±Ê, ¤²¨´Ê ¨ ´ ÉÖ¦¥´¨¥ ±μÉμ·μ° ³μ¦´μ ¡Ò²μ
¨§³¥´ÖÉÓ, ¨ ¢´¥Ï´¨° ± Éμ¤. �·μ¢¥·±  ¶μ± § ²  Ìμ·μÏ¥¥ ¸μ¢¶ ¤¥´¨¥ ·¥§Ê²Ó-
É Éμ¢ ¤²Ö ®¨³¨É¨·Ê¥³ÒÌ¯ ¨ ·¥ ²Ó´ÒÌ ¸É·μÊ. ’ ±, ¢¥²¨Î¨´Ò ´ ÉÖ¦¥´¨Ö ¤²Ö
·¥§μ´ ´¸´ÒÌ Î ¸ÉμÉ · §²¨Î ²¨¸Ó ³¥´¥¥ Î¥³ ´  1 £.

�…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

ˆ§³¥·Ö²¨¸Ó ·¥§μ´ ´¸´Ò¥ Î ¸ÉμÉÒ ¤¢ÊÌ¸¥£³¥´É´ÒÌ  ´μ¤μ¢ ¸ ¤²¨´μ° μÉ 10
¤μ 50 ¸³ ¶·¨ ´ ÉÖ¦¥´¨¨ ¨Ì ¢ ¤¨ ¶ §μ´¥ 40Ä60 £, ¨ ¶·μ¢μ¤¨²μ¸Ó ¸· ¢´¥-
´¨¥ ¨Ì ¸ ·¥§μ´ ´¸´Ò³¨ Î ¸ÉμÉ ³¨ μ¤´μ¶·μ¢μ²μÎ´ÒÌ  ´μ¤μ¢ É ±μ° ¦¥ ¤²¨´Ò,
¢ÒÎ¨¸²¥´´Ò³¨ ¶μ Ëμ·³Ê²¥ (1). ‘μ¥¤¨´¨É¥²Ó´Ò¥ ± ¶¨²²Ö·´Ò¥ É·Ê¡±¨ Ê¸É -
´ ¢²¨¢ ²¨¸Ó ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ¢ Í¥´É·¥ ¤¢ÊÌ¸¥£³¥´É´ÒÌ  ´μ¤μ¢. ‡ ³¥É¨³, ÎÉμ
¢¥¸  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¤²¨´μ° 10 ¸³ ¸μ¸É ¢²Ö¥É 1,364 ³£, Éμ£¤  ± ± ¢¥¸ · ¸-
¶μ²μ¦¥´´μ° ¢ ¥¥ Í¥´É·¥ ¸μ¥¤¨´¨É¥²Ó´μ° É·Ê¡±¨ 0,564 ³£. ’ ±¨³ μ¡· §μ³,
¢μ§³μ¦´μ · §²¨Î¨¥ ¢ ¢¥²¨Î¨´ Ì ·¥§μ´ ´¸´ÒÌ Î ¸ÉμÉ ¤²Ö ÔÉ¨Ì  ´μ¤μ¢.

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´Ò ·¥§μ´ ´¸´μ° Î ¸ÉμÉÒ ¤²Ö μ·-
¤¨´ ·´μ£μ ¨ ¤¢ÊÌ¸¥£³¥´É´μ£μ  ´μ¤μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ¤²¨´Ò ¤²Ö ´ ÉÖ¦¥-

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ·¥§μ´ ´¸´μ° Î ¸ÉμÉÒ μÉ ¤²¨´Ò  ´μ¤´μ° ¶·μ¢μ²μ±¨ ¶·¨ ´ ÉÖ¦¥´¨¨
65 £. Š·¨¢ Ö 1 Å §´ Î¥´¨¥, · ¸¸Î¨É ´´μ¥ ¶μ Ëμ·³Ê²¥ (1); ±·¨¢ Ö 2 Å ¨§³¥·¥´´Ò¥
¢¥²¨Î¨´Ò ¤²Ö ¶·μ¢μ²μ±¨ ¸ ¸μ¥¤¨´¨É¥²Ó´μ° ± ¶¨²²Ö·´μ° É·Ê¡±μ° ¢ Í¥´É·¥
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´¨Ö 65 £. ‚¨¤´μ, ÎÉμ ¶·¨ ¤²¨´¥ 10 ¸³ · §´¨Í  ·¥§μ´ ´¸´ÒÌ Î ¸ÉμÉ ¸μ¸É ¢²Ö¥É
260 ƒÍ, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É · §´¨Í¥ ¢ · ¸Î¥É Ì ´ ÉÖ¦¥´¨Ö ¶μ Ëμ·³Ê²¥ (1)
μ±μ²μ 29 £. �·¨ ¤²¨´¥ 50 ¸³ · §´¨Í  ¸μ¸É ¢²Ö¥É 22 ƒÍ, É. ¥ ∼ 11,4 £. ‚
¶¥·¢μ³ ¸²ÊÎ ¥ ¸¨²¥ ¢ 1 £ ¸μμÉ¢¥É¸É¢μ¢ ²μ 9 ƒÍ, ¢μ ¢Éμ·μ³ Å μ±μ²μ 1,8 ƒÍ.

‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ §´ Î¥´¨¥ ·¥§μ´ ´¸´μ° Î ¸ÉμÉÒ ¤²Ö ¤¢ÊÌ¸¥£³¥´É´ÒÌ
 ´μ¤μ¢ (ν¸) ¸¢Ö§ ´μ ¸ ·¥§μ´ ´¸´μ° Î ¸ÉμÉμ° μ¡ÒÎ´ÒÌ  ´μ¤μ¢ ¢Ò· ¦¥´¨¥³

ν¸ = αiν, (2)

£¤¥ ±μÔËË¨Í¨¥´É ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ αi § ¢¨¸¨É μÉ ¤²¨´Ò  ´μ¤  ¨, ¢μ§-
³μ¦´μ, μÉ ´ ÉÖ¦¥´¨Ö, ¡Ò²¨ μ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ αi. ˆ§³¥-
·¥´¨Ö ¡Ò²¨ ¢Ò¶μ²´¥´Ò ´  ¨³¨É¨·ÊÕÐ¥³ ¸É·μÊ ¸É¥´¤¥. �  ·¨¸. 5 ¶·¨¢¥¤¥´ 
§ ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  αi μÉ ¤²¨´Ò  ´μ¤μ¢ ¤²Ö ´ ÉÖ-
¦¥´¨° ¢ ¤¨ ¶ §μ´¥ 40Ä65 £. ˆ¸¶μ²Ó§μ¢ ´¨¥ ÔÉ¨Ì ±μÔËË¨Í¨¥´Éμ¢ μ¡¥¸¶¥Î¨-
¢ ¥É μ¶·¥¤¥²¥´¨¥ ´ ÉÖ¦¥´¨° ¸ ÉμÎ´μ¸ÉÓÕ ¢ ´¥¸±μ²Ó±μ £· ³³μ¢, ÎÉμ ´ ³´μ£μ
³¥´ÓÏ¥ ¤μ¶Ê¸É¨³μ£μ ¤¨ ¶ §μ´  ´ ÉÖ¦¥´¨Ö  ´μ¤μ¢.

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ αi μÉ ¤²¨´Ò  ´μ¤  L

‡�Š‹�—…�ˆ…

‚Ò¶μ²´¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨ ¢μ§³μ¦´μ¸ÉÓ ¶·¨³¥´¥´¨Ö  ±Ê¸É¨Î¥-
¸±μ£μ ³¥Éμ¤  ¤²Ö ±μ´É·μ²Ö ¢¥²¨Î¨´Ò ´ ÉÖ¦¥´¨Ö  ´μ¤μ¢ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥
¸¥£³¥´É´ÒÌ ¸É·μÊ, ÎÉμ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ É·¥¡μ¢ ´¨¥³ ¶·¨ ¨Ì ¸μ§¤ ´¨¨.
�¶·¥¤¥²¥´Ò ±μÔËË¨Í¨¥´ÉÒ, ¨¸¶μ²Ó§μ¢ ´¨¥ ±μÉμ·ÒÌ μ¡¥¸¶¥Î¨¢ ¥É ´¥μ¡Ìμ¤¨-
³Ò¥ ÉμÎ´μ¸É¨. �μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸É¥´¤ , ¨³¨É¨·ÊÕÐ¥£μ
¸É·μÊ, ¤²Ö ¶·μ¢¥¤¥´¨Ö ¶μ¤μ¡´ÒÌ ¨§³¥·¥´¨°.
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