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� ¡²Õ¤¥´¨¥ μ¸μ¡¥´´μ¸É¥° · ¸¶·μ¸É· ´¥´¨Ö ² §¥·´μ£μ ²ÊÎ 
¢ ¢μ§¤ÊÏ´μ° ¸·¥¤¥ ¸μ ¸ÉμÖÎ¨³¨ §¢Ê±μ¢Ò³¨ ¢μ²´ ³¨

‚ · ¡μÉ¥ ¨§ÊÎ¥´ ¶·μÍ¥¸¸ · ¸¶·μ¸É· ´¥´¨Ö ²ÊÎ  ² §¥·  ¢ ¢μ§¤ÊÏ´μ° ¸·¥¤¥
¸μ ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´μ° ¨ μ¡´ ·Ê¦¥´μ Ê³¥´ÓÏ¥´¨¥ ´¥μ¶·¥¤¥²¥´´μ¸É¨ σ ¢
¶·μ¸É· ´¸É¢¥´´μ° ²μ± ²¨§ Í¨¨ ²ÊÎ  ² §¥·  ¢ É ±μ³ ¶·μÍ¥¸¸¥. ‚ ¨¸¸²¥¤μ¢ ´´μ³
¸²ÊÎ ¥ · ¸¶·μ¸É· ´¥´¨Ö ²ÊÎ  ² §¥·  ¢ É·Ê¡¥ ¶·¨  É³μ¸Ë¥·´μ³ ¤ ¢²¥´¨¨ ¢μ§-
¤ÊÌ  ´ ¡²Õ¤¥´´Ò° ÔËË¥±É ¢Ò· ¦ ¥É¸Ö ± ± ¸´¨¦¥´¨¥ ¢¥²¨Î¨´Ò σ ¸ Ê¢¥²¨Î¥´¨¥³
¤μ¡·μÉ´μ¸É¨ ·¥§μ´ Éμ·  (É·Ê¡Ò).
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The Observation of Particular Features
of a Laser Ray Propagation in Air Media with Standing Acoustic Waves

The laser ray propagation in air media with standing acoustic wave was studied
and the decrease of the laser ray space localization uncertainty σ was observed. In
the case investigated of laser ray propagation inside a tube in atmospheric air the
observed effect is expressed as a σ fall with the resonator (tube) quality rise.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚‚…„…�ˆ…

	·¨³¥´¥´¨¥ ² §¥·´μ£μ ²ÊÎ  ¢ ± Î¥¸É¢¥ ±μμ·¤¨´ É´μ° μ¸¨ (·¥¶¥·´μ° ²¨-
´¨¨) μÉ±·Ò¢ ¥É ´μ¢Ò¥ ³¥É·μ²μ£¨Î¥¸±¨¥ ¢μ§³μ¦´μ¸É¨ ¶·¨ ¶·μ¢¥¤¥´¨¨ ¢Ò¸μ±μ-
ÉμÎ´μ° ¸¡μ·±¨ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ (¨²¨ ¨´μ£μ) μ¡μ·Ê¤μ¢ ´¨Ö [1Ä4]. �¸μ¡Ò°
¨´É¥·¥¸ ¢Ò§Ò¢ ¥É ¶·¨³¥´¥´¨¥ ² §¥·´μ° ³¥Éμ¤¨±¨ ¤²Ö Õ¸É¨·μ¢±¨ ¡μ²ÓÏμ£μ
Î¨¸²  Ê¸±μ·¨É¥²Ó´ÒÌ ³μ¤Ê²¥° ²¨´¥°´μ£μ ±μ²² °¤¥·  ’Ô‚-´μ£μ ¤¨ ¶ §μ´ .

�¤´ ±μ ¶·¨ · ¸¶·μ¸É· ´¥´¨¨ ²ÊÎ  ² §¥·  ¢ ¢μ§¤ÊÏ´μ° ¸·¥¤¥ ´¥μ¶·¥¤¥-
²¥´´μ¸ÉÓ σ(L)∗ ¢ ¶·μ¸É· ´¸É¢¥´´μ° ²μ± ²¨§ Í¨¨ ² §¥·´μ£μ ²ÊÎ  ¢μ§· ¸É ¥É ¸
¶·μ°¤¥´´μ° ¤²¨´μ° L [5].

‘·¥¤¨ ¶·¨Î¨´ ÔÉμ£μ Ö¢²¥´¨Ö ¢Ò¤¥²¨³ ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò¥:

• ¢ ·¨ Í¨¨ μ¶É¨Î¥¸±μ£μ ±μÔËË¨Í¨¥´É  ¶·¥²μ³²¥´¨Ö ¢μ§¤ÊÏ´μ° ¸·¥¤Ò ´ 
¤²¨´¥ L;

• ¶·¨¸ÊÉ¸É¢¨¥ ¢ ¢μ§¤ÊÏ´μ° ¸·¥¤¥ ¢§¢¥Ï¥´´μ° ¶Ò²¨ ¨  Ô·μ£¥²¥° ¨ ¤·.

	μ³¨³μ ÔÉ¨Ì ¶·¨Î¨´ ´¥μ¡Ìμ¤¨³μ Ê± § ÉÓ ´¥¸É ¡¨²Ó´μ¸É¨ ¸¥°¸³¨Î¥¸±μ£μ
¨ ¨´¤Ê¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö, ¶·¨¢μ¤ÖÐ¨¥ ± ´¥±μ´É·μ²¨·Ê¥³μ° Ê£²μ¢μ°
¶μ¤¢¨¦´μ¸É¨ μ¸´μ¢ ´¨Ö ² §¥·´μ£μ ¨¸ÉμÎ´¨± , ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¢²¨Ö¥É ´ 
Ê£²μ¢ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¶μ²μ¦¥´¨Ö ² §¥·´μ£μ ²ÊÎ .

‚ · ¡μÉ¥ [5] ² §¥·´Ò° ²ÊÎ ¡Ò² ¶μ³¥Ð¥´ ¢´ÊÉ·Ó É·Ê¡Ò ¤²¨´μ° L. �Ò²μ
μ¡´ ·Ê¦¥´μ, ÎÉμ ´  ¢ÒÌμ¤¥ ²ÊÎ  ¨§ É·Ê¡Ò σÉ(L) §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ ¥É¸Ö ¢
¸· ¢´¥´¨¨ ¸ σ(L) ¢ ¸²ÊÎ ¥ ®¡¥§ É·Ê¡Ò¯:

σ(L)/σÉ(L) ≈ 10 ¤²Ö L = 10 ³

	μ¸²¥¤ÊÕÐ¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢ÒÖ¢¨²¨ ¸ÉμÖÎ¨¥ §¢Ê±μ¢Ò¥ ¢μ²´Ò ¢´ÊÉ·¨ É·Ê-
¡Ò ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¨´É¥´¸¨¢´μ¸É¨ §¢ÊÎ ´¨Ö: ´  ¤²¨´ Ì ¤μ 10 ³ §¢Ê±

∗σ(L) μ¡μ§´ Î ¥É ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥ ¢ · ¸¶·¥¤¥²¥´¨¨ ¨§³¥·¥´¨° ¶·μ¸É· ´-
¸É¢¥´´μ° ±μμ·¤¨´ ÉÒ μ¸¨ ² §¥·  ¶μ ¶·μÌμ¦¤¥´¨¨ · ¸¸ÉμÖ´¨Ö L.
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μ¸´μ¢´μ° ³μ¤Ò ¸²ÒÏ¥´ ´¥¶μ¸·¥¤¸É¢¥´´μ. 
Éμ ´ Ìμ¤¨É ¥¸É¥¸É¢¥´´μ¥ μ¡ÑÖ¸´¥-
´¨¥: É·Ê¡ , ± ± μ¡Ñ¥³´Ò° ·¥§μ´ Éμ·, ®¢Ò¡¨· ¥É¯ ¨§ μ±·Ê¦ ÕÐ¥£μ  ±Ê¸É¨Î¥-
¸±μ£μ ÏÊ³  Ï¨·μ±μ£μ Î ¸ÉμÉ´μ£μ ¤¨ ¶ §μ´  ¢μ²´Ò ¸ Î ¸ÉμÉμ° μ¸´μ¢´μ£μ Éμ´ 
¨ μ¡¥·Éμ´μ¢.

	·¥¤¸É ¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´Ò³ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¸ÉμÖÎ¨¥ §¢Ê±μ¢Ò¥ ¢μ²´Ò
Ö¢²ÖÕÉ¸Ö É¥³ Ë ±Éμ·μ³, ±μÉμ·Ò° ¸´¨¦ ¥É σ ² §¥·´μ£μ ²ÊÎ  ´  ¢ÒÌμ¤¥ ¨§
É·Ê¡Ò. „²Ö ¶·μ¢¥·±¨ ÔÉμ£μ ¶·¥¤¶μ²μ¦¥´¨Ö ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ
¶μ ¢ÒÖ¢²¥´¨Õ § ¢¨¸¨³μ¸É¨ ³¥¦¤Ê ¢¥²¨Î¨´μ° σ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¸ÉμÖÎ¥°
§¢Ê±μ¢μ° ¢μ²´Ò. „²Ö ÔÉμ£μ ±μ´ÍÒ É·Ê¡Ò:  ) μ¡  ¡Ò²¨ μ¸É ¢²¥´Ò μÉ±·ÒÉÒ³¨
¨ ¡) ¡Ò²¨ § ±·ÒÉÒ ¸É¥±²Ö´´Ò³¨ μ±´ ³¨ Å ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥²¨Î¨´Ò σ
¡Ò²¨ ¨§³¥·¥´Ò.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

‚¥²¨Î¨´Ò ´¥μ¶·¥¤¥²¥´´μ¸É¥° σ(L) ¨ σÉ(L) ¢ ¶·μ¸É· ´¸É¢¥´´μ° ²μ± ²¨-
§ Í¨¨ ²ÊÎ  ² §¥·  ´  · ¸¸ÉμÖ´¨¨ L μÉ ¨¸ÉμÎ´¨±  ¡Ò²¨ ¨§³¥·¥´Ò ´  Ô±¸-
¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¥, ¶μ± § ´´μ° ´  ·¨¸. 1 (¶μ¤μ¡´ Ö Ê¸É ´μ¢±  ¡Ò² 
¨¸¶μ²Ó§μ¢ ´  ¢ [5]).

‹ÊÎ ¨§ ¨¸ÉμÎ´¨±  ®‹ §¥·¯ ¶μ ¶·μÌμ¦¤¥´¨¨ · ¸¸ÉμÖ´¨Ö L ·¥£¨¸É·¨·Ê-
¥É¸Ö ¤Ê ´É´Ò³ ËμÉμ¶·¨¥³´¨±μ³ „”¶ [6]; ¸¨£´ ²Ò ¸ „”¶ ¶μ¸ÉÊ¶ ÕÉ ´ 
 ³¶²¨ÉÊ¤´μ-Í¨Ë·μ¢μ° ¶·¥μ¡· §μ¢ É¥²Ó ¨ ¤ ²¥¥ ´  ±μ³¶ÓÕÉ¥·. Œ¥¦¤Ê ¨¸ÉμÎ-
´¨±μ³ ®‹ §¥·¯ ¨ „”¶ ³μ¦¥É ¡ÒÉÓ Ê¸É ´μ¢²¥´  É·Ê¡ . ‚ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó-
§μ¢ ²¨¸Ó ¶² ¸É¨±μ¢Ò¥ É·Ê¡Ò (¤²¨´μ° ¶μ 5 ³) ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 40 ³³.

’·Ê¡  Ê¸É ´ ¢²¨¢ ² ¸Ó ´  É·¥Ì ÉμÎ¥Î´μ¶μ¤μ¡´ÒÌ μ¶μ· Ì ¢ ¸¥·¥¤¨´¥ ¨
´  ±μ´Í Ì, ÎÉμ¡Ò ³¨´¨³¨§¨·μ¢ ÉÓ μ¸² ¡²¥´¨¥ ¸ÉμÖÎ¨Ì §¢Ê±μ¢ÒÌ ¢μ²´ ¢´ÊÉ·¨
É·Ê¡Ò.

”μÉμ¶·¨¥³´¨± „”¶ · ¸¶μ²μ¦¥´ ´  μ¶μ·¥ ¸ ³¨±·μ³¥É·¨Î¥¸±¨³ ¢¨´Éμ³,
·¥£Ê²¨·ÊÕÐ¨³ ¶μ²μ¦¥´¨¥ „”¶ μÉ´μ¸¨É¥²Ó´μ ²ÊÎ  ² §¥·  ¸ ÉμÎ´μ¸ÉÓÕ 3 ³±³
(´  ´μ´¨Ê¸¥ Í¥´  μ¤´μ£μ ¤¥²¥´¨Ö Å 10 ³±³). ‘¨£´ ²Ò U1 ¨ U2 ¸ „”¶ (1 ¨ 2

�¨¸. 1. 
±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± 
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´  ·¨¸. 1) ¨§³¥·Ö²¨¸Ó ¸ ÉμÎ´μ¸ÉÓÕ σÏÊ³ = 2 ³±‚. � §´¨Í  ΔU ÔÉ¨Ì ¸¨£´ ²μ¢
§ ¶¨¸Ò¢ ² ¸Ó 	Š.

„²¨É¥²Ó´μ¸ÉÓ μ¤´μ£μ Í¨±²  ·¥£¨¸É· Í¨¨ ¢Ò¡¨· ² ¸Ó μÉ´μ¸¨É¥²Ó´μ ±μ·μÉ-
±μ° (≈ 2 ³¨´), ÎÉμ¡Ò Ê³¥´ÓÏ¨ÉÓ ¢μ§¤¥°¸É¢¨¥ ÏÊ³  ¸¥°¸³¨Î¥¸±μ£μ ¨ ¨´¤Ê-
¸É·¨ ²Ó´μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö. 	·¨ ¤²¨É¥²Ó´μ¸É¨ μ¤´μ£μ ¨§³¥·¥´¨Ö 2,5 ¸ ¢
É¥Î¥´¨¥ μ¤´μ£μ ¨§³¥·¨É¥²Ó´μ£μ Í¨±²  ¶·μ¨§¢μ¤¨²μ¸Ó ¤μ 50 ¨§³¥·¥´¨°.

„²Ö ± ²¨¡·μ¢±¨ ËμÉμ¶·¨¥³´¨± ¸³¥Ð ²¸Ö ´  · ¸¸ÉμÖ´¨¥ D = 50 ³±³
³¨±·μ³¥É·¨Î¥¸±¨³ ¢¨´Éμ³ ¶μ¶¥·¥± ²ÊÎ , ¨ ¨§³¥·Ö²¸Ö · §´μ¸É´Ò° ¸¨£´ ²
ΔU±. �É´μÏ¥´¨¥ ΔU±/D μ¶·¥¤¥²¨²μ ¢¥²¨Î¨´Ê ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨-
Í¨¥´É  K = (52 ± 3) ³±‚/³±³.

�  ·¨¸. 2 ¶μ± § ´  § ¶¨¸Ó · §´μ¸É´μ£μ ¸¨£´ ²  ΔU ¸ „”¶ ¤²Ö ²ÊÎ  ² -
§¥· , ¶·μÏ¥¤Ï¥£μ Î¥·¥§ É·Ê¡Ê ¤²¨´μ° L = 10 ³ (μ¡  ±μ´Í  É·Ê¡Ò § ±·ÒÉÒ
¸É¥±²Ö´´Ò³¨ μ±´ ³¨).

„ ´´Ò¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ÊÎ ¸É± ³ � ¨ � (·¨¸. 2), ¸¶·μ¥Í¨·μ¢ ´Ò ´  μ¸Ó
ΔU ¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò £ Ê¸¸μ¢μ° ËÊ´±Í¨¥° (·¨¸. 3). 	μ ·¥§Ê²ÓÉ É ³ Ë¨É 
¢ÒÎ¨¸²Ö²¨¸Ó σ  ¨ σ¡ ¢ ³±‚ ¨ § É¥³ ¶·¨ ¶μ³μÐ¨ ± ²¨¡·μ¢μÎ´μ£μ ±μÔËË¨Í¨-
¥´É  μ´¨ ¶¥·¥¢μ¤¨²¨¸Ó ¢ ³±³. 
É  ¶·μÍ¥¤Ê·  ¶·μ¢μ¤¨² ¸Ó ¤μ ¨ ¶μ¸²¥ ± ²¨-
¡·μ¢μÎ´μ£μ ¸³¥Ð¥´¨Ö ¤²Ö ¨§ÊÎ¥´¨Ö ¢²¨Ö´¨Ö μ¸´μ¢ ´¨Ö „”¶ ´  ¸É ¡¨²Ó´μ¸ÉÓ
·¥£¨¸É·¨·Ê¥³ÒÌ ¤ ´´ÒÌ. ˆ§³¥·¥´¨Ö ¨ ¶μ¸²¥¤ÊÕÐ¨¥ ¢ÒÎ¨¸²¥´¨Ö ¤ ²¨ ¶· ±-
É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÐ¨¥ ¢¥²¨Î¨´Ò, σ� = (1,8±0,1) ³±³ ¨ σ� = (1,9±0,1) ³±³,
ÎÉμ μ§´ Î ¥É μÉ¸ÊÉ¸É¢¨¥ ¢²¨Ö´¨Ö ± ²¨¡·μ¢μÎ´μ£μ ¸³¥Ð¥´¨Ö (¤·μ¦ ´¨Ö ËμÉμ-
¶·¨¥³´¨± ) ´  ¶·μÍ¥¸¸ ¨§³¥·¥´¨Ö.

�¨¸. 2. Š ²¨¡·μ¢μÎ´μ¥ ¸³¥Ð¥´¨¥ ËμÉμ¶·¨¥³´¨±  „”¶ ´  50 ³±³
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�¨¸. 3. ƒ¨¸Éμ£· ³³Ò, ¶μ²ÊÎ¥´´Ò¥ ¨§ ¤ ´´ÒÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ÊÎ ¸É± ³ � ¨ � ´ 
·¨¸. 2

2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

ˆ´É¥´¸¨¢´μ¸ÉÓ ¨´¤ÊÍ¨·μ¢ ´´ÒÌ §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° § ¢¨¸¨É μÉ ¤μ¡·μÉ-
´μ¸É¨ ·¥§μ´ Éμ· . ˆ§¢¥¸É´μ, ÎÉμ ±μ£¤  É·Ê¡  § ±·Ò¢ ¥É¸Ö ¸ μ¤´μ° ¸Éμ·μ´Ò,
 ³¶²¨ÉÊ¤  ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò ¢ ´¥° ¢μ§· ¸É ¥É ¨§-§  Ê¢¥²¨Î¥´¨Ö ±μÔËË¨-
Í¨¥´É  μÉ· ¦¥´¨Ö μÉ § £²ÊÏ±¨. „·Ê£¨³¨ ¸²μ¢ ³¨, Ê¸É ´μ¢±  ¸É¥±²Ö´´ÒÌ μ±μ´
¢ ´ Ï¥³ Ô±¸¶¥·¨³¥´É¥ Ê¢¥²¨Î¨¢ ¥É ¤μ¡·μÉ´μ¸ÉÓ  ±Ê¸É¨Î¥¸±μ£μ ·¥§μ´ Éμ·  ¨,
¸μμÉ¢¥É¸É¢¥´´μ,  ³¶²¨ÉÊ¤Ê ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò ¢ ´¥³. ’ ±¨³ μ¡· §μ³,
¤²Ö μ¡´ ·Ê¦¥´¨Ö § ¢¨¸¨³μ¸É¨ ´¥μ¶·¥¤¥²¥´´μ¸É¨ ¶μ²μ¦¥´¨Ö ² §¥·´μ£μ ²ÊÎ  ¢
É·Ê¡¥ μÉ ¨´É¥´¸¨¢´μ¸É¨ §¢ÊÎ ´¨Ö ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò ¤μ¸É ÉμÎ´μ ¨§³¥-
·¨ÉÓ ¢¥²¨Î¨´Ò σ

• ¢ μÉ¸ÊÉ¸É¢¨¥ É·Ê¡Ò;

• ¢ É·Ê¡¥;

• ¢ É·Ê¡¥, μ¤¨´ ±μ´¥Í ±μÉμ·μ° § ±·ÒÉ ¸É¥±²Ö´´Ò³ μ±´μ³;

• ¢ É·Ê¡¥, μ¡  ±μ´Í  ±μÉμ·μ° § ±·ÒÉÒ ¸É¥±²Ö´´Ò³¨ μ±´ ³¨.

‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¤²Ö É·Ê¡Ò L = 10 ³ ¨ ¡¥§ ´¥¥.
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’ ¡²¨Í  1. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¢¥²¨Î¨´ σ ´  ¤²¨´¥ · ¸¶·μ¸É· ´¥´¨Ö ² §¥·´μ£μ
²ÊÎ  10 ³


±¸¶¥·¨³¥´É ²Ó´Ò¥ Ê¸²μ¢¨Ö σ, ³±³
‹ §¥·´Ò° ²ÊÎ ¢ ¢μ§¤ÊÌ¥ ¢ μÉ¸ÊÉ¸É¢¨¥ É·Ê¡Ò 7,5 ± 0,4

‹ §¥·´Ò° ²ÊÎ ´  ¢ÒÌμ¤¥ ¨§ É·Ê¡Ò, μ¡  ±μ´Í  μÉ±·ÒÉÒ 2,3 ± 0,1

‹ §¥·´Ò° ²ÊÎ ´  ¢ÒÌμ¤¥ ¨§ É·Ê¡Ò, μ¤¨´ ±μ´¥Í § ±·ÒÉ 1,6 ± 0,1

‹ §¥·´Ò° ²ÊÎ ´  ¢ÒÌμ¤¥ ¨§ É·Ê¡Ò, μ¡  ±μ´Í  § ±·ÒÉÒ 0,20 ± 0,01

„ ´´Ò¥ É ¡²¨ÍÒ ¶μ¤É¢¥·¦¤ ÕÉ ¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ Ê¢¥²¨Î¥´¨¥ ¤μ¡·μÉ-
´μ¸É¨ ´ Ï¥£μ  ±Ê¸É¨Î¥¸±μ£μ ·¥§μ´ Éμ·  (É·Ê¡Ò) ¢Ò§Ò¢ ¥É §´ Î¨É¥²Ó´μ¥ Ê³¥´Ó-
Ï¥´¨¥ ¶μ£·¥Ï´μ¸É¨ ¢ ¶·μ¸É· ´¸É¢¥´´μ° ²μ± ²¨§ Í¨¨ ²ÊÎ  ´  ¢ÒÌμ¤¥ ¨§
É·Ê¡Ò.

3. „�“ƒˆ… ˆ‡Œ…�…�ˆŸ;
ˆ‘‘‹…„�‚��ˆ… ‡‚“Š�‚›• Š�‹…	��ˆ‰

Šμ··¥²ÖÍ¨Ö ¢¥²¨Î¨´Ò σ ¨ ¤μ¡·μÉ´μ¸É¨ ·¥§μ´ Éμ·  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³,
ÎÉμ · ¸¸¥Ö´¨¥ ² §¥·´μ£μ ²ÊÎ  ¢ ¢μ§¤ÊÌ¥, ¢´ÊÉ·¨ É·Ê¡Ò, £¤¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ §¢Ê-
±μ¢Ò¥ ¸ÉμÖÎ¨¥ ¢μ²´Ò, ¸´¨¦ ¥É¸Ö. ®”¨§¨± ¯ μ¡´ ·Ê¦¥´´μ£μ Ö¢²¥´¨Ö, ± ±
¶·¥¤¸É ¢²Ö¥É¸Ö, ³μ¦¥É ¸μ¸ÉμÖÉÓ ¢ ¢Ò· ¢´¨¢ ´¨¨ ¸ÉμÖÎ¨³¨ §¢Ê±μ¢Ò³¨ ¢μ²´ ³¨
¢´ÊÉ·¨ ·¥§μ´ Éμ·  μ¶É¨Î¥¸±¨Ì ´¥μ¤´μ·μ¤´μ¸É¥° ¢¤μ²Ó ²¨´¨¨ · ¸¶·μ¸É· ´¥-
´¨Ö ² §¥·´μ£μ ²ÊÎ .

‚ ÔÉμ³ · §¤¥²¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°, μ¸ÊÐ¥¸É¢²¥´´ÒÌ ¸ Í¥-
²ÓÕ ´¥¶μ¸·¥¤¸É¢¥´´μ£μ μ¶·¥¤¥²¥´¨Ö Î ¸ÉμÉ §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢ É·Ê¡¥, ¨´-
¤ÊÍ¨·μ¢ ´´ÒÌ ¢´¥Ï´¨³ Ï¨·μ±μ¶μ²μ¸´Ò³ ÏÊ³μ¢Ò³ ¨¸ÉμÎ´¨±μ³. ˆ§³¥·¥´¨Ö
¢Ò¶μ²´¥´Ò ¤²Ö É·Ê¡ L = 34 ³ ¨ L = 5 ³.

� ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨¥ ¸²ÊÎ ¨:

1. 	·¨ μÉ±·ÒÉÒÌ ±μ´Í Ì É·Ê¡Ò · ¸Î¥É´ Ö Î ¸ÉμÉ  μ¸´μ¢´μ° ³μ¤Ò ¸μ¸É -
¢²Ö¥É ν1 = L/4V , £¤¥ V Å ¸±μ·μ¸ÉÓ §¢Ê±  ¢ ¢μ§¤ÊÌ¥ ¨ L Å ¤²¨´ 
É·Ê¡Ò. �³¶²¨ÉÊ¤  ¸ÉμÖÎ¥° ¢μ²´Ò ³¨´¨³ ²Ó´  (Ê§¥²) ¢ Í¥´É·¥ É·Ê¡Ò ¨
³ ±¸¨³ ²Ó´  (¶ÊÎ´μ¸ÉÓ) ´  ±μ´Í Ì É·Ê¡Ò.

2. 	·¨ ´ ²¨Î¨¨ ´  μ¤´μ³ ±μ´Í¥ É·Ê¡Ò § £²ÊÏ±¨ ¨ μÉ±·ÒÉμ³ ¢Éμ·μ³ ±μ´Í¥
· ¸Î¥É´ Ö Î ¸ÉμÉ  μ¸´μ¢´μ° ³μ¤Ò ν2 = L/2V . 	ÊÎ´μ¸ÉÓ · ¸¶μ²μ¦¥´ 
´  μÉ±·ÒÉμ³ ±μ´Í¥ É·Ê¡Ò ¨, ¸μμÉ¢¥É¸É¢¥´´μ, Ê§¥² Ê § ±·ÒÉμ£μ ±μ´Í .

3. 	·¨ § ±·ÒÉÒÌ § £²ÊÏ± ³¨ μ¡μ¨Ì ±μ´Í Ì É·Ê¡Ò · ¸Î¥É´ Ö Î ¸ÉμÉ  μ¸´μ¢-
´μ° ³μ¤Ò ν3 = ν1.
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ˆ§³¥·¥´¨Ö ¶·¨ ¤²¨´¥ É·Ê¡Ò 34 ³: μ¤¨´ ±μ´¥Í § ±·ÒÉ § £²ÊÏ±μ°.
‚ ÔÉμ³ ¸²ÊÎ ¥ μ¦¨¤ ¥É¸Ö ¸ÉμÖÎ Ö ¢μ²´  ¸ Î ¸ÉμÉμ° μ¸´μ¢´μ° ³μ¤Ò νo ≈
2,4 ƒÍ. �´  ¶μ¶ ¤ ¥É ¢ μ¡² ¸ÉÓ ¨´Ë· §¢Ê±μ¢ÒÌ ¢μ²´ ¨ ´¥ ³μ¦¥É ¡ÒÉÓ

�¨¸. 4. � ¸¶μ²μ¦¥´¨¥ ·¥§¨´μ¢μ°
³¥³¡· ´Ò ´  ±μ´Í¥ É·Ê¡Ò

¤¥É¥±É¨·μ¢ ´  μ¡ÒÎ´Ò³ ³¨±·μËμ´μ³ ¸ · -
¡μÎ¨³ ¤¨ ¶ §μ´μ³ 40Ä13000 ƒÍ. „²Ö ¤¥É¥±-
É¨·μ¢ ´¨Ö ¨´Ë· §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢ ± Î¥-
¸É¢¥ ÎÊ¢¸É¢¨É¥²Ó´μ£μ Ô²¥³¥´É  ¡Ò²  ¨¸¶μ²Ó-
§μ¢ ´  Éμ´± Ö ·¥§¨´μ¢ Ö ³¥³¡· ´ . �´  ±·¥-
¶¨² ¸Ó ´  μ¤´μ³ ¨§ ±μ´Íμ¢ É·Ê¡Ò ¨ ¶μ²´μ-
¸ÉÓÕ § ±·Ò¢ ²  ¥¥ Éμ·¥Í (·¨¸. 4).

‘μ¡¸É¢¥´´ Ö Î ¸ÉμÉ  ±μ²¥¡ ´¨° ³¥³-
¡· ´Ò § ¢¨¸¨É μÉ ¥¥ ´ ÉÖ¦¥´¨Ö ¨ ¢ Ô±¸¶¥·¨-
³¥´É¥ ¸μ¸É ¢²Ö²  ν³ ≈ 200 ƒÍ. 	μ¸±μ²Ó±Ê
μ¦¨¤ ¥³ Ö Î ¸ÉμÉ  ¢μ§¡Ê¦¤¥´´ÒÌ ¸ÉμÖÎ¥°

§¢Ê±μ¢μ° ¢μ²´μ° ±μ²¥¡ ´¨° ³¥³¡· ´Ò ¡Ò²  §´ Î¨É¥²Ó´μ ´¨¦¥, Î¥³ ν³, Éμ ¢§ -
¨³μ¤¥°¸É¢¨¥ §¢Ê±μ¢ÒÌ ¢μ²´ ¸ ³¥³¡· ´μ° ¶·μ¨¸Ìμ¤¨²μ ´¥·¥§μ´ ´¸´Ò³ μ¡· -
§μ³. 	·¨ ÔÉμ³  ³¶²¨ÉÊ¤  ¸³¥Ð¥´¨Ö Éμ´±μ° ³¥³¡· ´Ò ®¸μμÉ¢¥É¸É¢μ¢ ² ¯  ³-
¶²¨ÉÊ¤¥ ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò. �¥£¨¸É· Í¨Ö ±μ²¥¡ ´¨° ³¥³¡· ´Ò ¶·μ¨§¢μ-
¤¨² ¸Ó ¶μ ¸Ì¥³¥, ¶μ± § ´´μ° ´  ·¨¸. 5.

Šμ´É·μ²¨·ÊÕÐ¨° ² §¥·´Ò° ²ÊÎ μÉ· ¦ ²¸Ö μÉ ¶·¨³Ò± ÕÐ¥° ± É·Ê¡¥ ³¥³-
¡· ´Ò, ·¥£¨¸É·¨·μ¢ ²¸Ö „”¶, ¨ ±μ²¥¡ ´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ²ÊÎ  § ¶¨¸Ò¢ ²¨¸Ó
 ³¶²¨ÉÊ¤´μ-Í¨Ë·μ¢Ò³ ¶·¥μ¡· §μ¢ É¥²¥³ ¨ ±μ³¶ÓÕÉ¥·μ³. �¸Í¨²²μ£· ³³  ±μ-
²¥¡ ´¨° ³¥³¡· ´Ò ¶μ± § ´  ´  ·¨¸. 6.

”Ê·Ó¥-¸¶¥±É· ±μ²¥¡ ´¨° ³¥³¡· ´Ò, · ¸¸Î¨É ´´Ò° ¶μ ¤ ´´Ò³ μ¸Í¨²²μ-
£· ³³Ò (·¨¸. 6), ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 7. ˆ§³¥·¥´´ Ö Î ¸ÉμÉ  ¸μ¢¶ ²  ¸ μ¦¨¤ -
¥³μ° · ¸Î¥É´μ° ¶μ ¢¥²¨Î¨´¥: νo ≈ 2,4 ƒÍ.

�¨¸. 5. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¸ ·¥§¨´μ¢μ° ³¥³¡· ´μ°
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�¨¸. 6. �¸Í¨²²μ£· ³³  ±μ²¥¡ ´¨Ö ·¥§¨´μ¢μ° ³¥³¡· ´Ò; L = 34 ³

�¨¸. 7. ”Ê·Ó¥-¸¶¥±É· Î ¸ÉμÉ ±μ²¥¡ ´¨° ·¥§¨´μ¢μ° ³¥³¡· ´Ò, ¢Ò§¢ ´´ÒÌ §¢Ê±μ¢Ò³¨
¸ÉμÖÎ¨³¨ ¢μ²´ ³¨ ¢´ÊÉ·¨ É·Ê¡Ò μÉ ¢´¥Ï´¨Ì Ï¨·μ±μ¶μ²μ¸´ÒÌ ÏÊ³μ¢ÒÌ ¨¸ÉμÎ´¨±μ¢

�±¸¶¥·¨³¥´É ¶·¨ ¤²¨´¥ É·Ê¡Ò 5 ³; μ¡  ±μ´Í  μÉ±·ÒÉÒ. ‚ É·Ê¡¥ L =
5 ³ (·¨¸. 8), μÉ±·ÒÉμ° ¸ ¤¢ÊÌ ¸Éμ·μ´, ¢μ§¡Ê¦¤ ¥É¸Ö ¸ÉμÖÎ Ö §¢Ê±μ¢ Ö ¢μ²´  ¸
· ¸Î¥É´μ° Î ¸ÉμÉμ° μ¸´μ¢´μ° ³μ¤Ò νo ≈ 34 ƒÍ. Šμ²¥¡ ´¨Ö ¤ ´´μ° Î ¸ÉμÉÒ
³μ£ÊÉ ¡ÒÉÓ § ·¥£¨¸É·¨·μ¢ ´Ò ¶·¨ ¶μ³μÐ¨ ³¨±·μËμ´ .
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�¨¸. 8. 
±¸¶¥·¨³¥´É ¸ ³¨±·μËμ´μ³ ´  ¤²¨´¥ É·Ê¡Ò 5 ³

�¨¸. 9. �¸Í¨²²μ£· ³³  §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢μ§¤ÊÌ  ¢ É·Ê¡¥ ¤²¨´μ° 5 ³

Œ¨±·μËμ´ ¶μ³¥Ð ²¸Ö ¢ μ¤¨´ ¨§ ±μ´Íμ¢ É·Ê¡Ò; ¸¨£´ ² ¸ ³¨±·μËμ´ 
¤¥É¥±É¨·μ¢ ²¸Ö ¶·¨ ¶μ³μÐ¨ �–	 ¨ ±μ³¶ÓÕÉ¥· . ‚ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó§μ-
¢ ²¸Ö ³¨±·μËμ´ SONY �F-V120 ¸ Î ¸ÉμÉ´Ò³ ¤¨ ¶ §μ´μ³ ·¥£¨¸É· Í¨¨ 60Ä
12000 ƒÍ. 
ÉμÉ ³¨±·μËμ´ ¢ ¸¢μ¥³ · ¡μÎ¥³ ¤¨ ¶ §μ´¥ ·¥£¨¸É·¨·Ê¥É ¢Éμ·ÊÕ ¨
¶μ¸²¥¤ÊÕÐ¨¥ £ ·³μ´¨±¨ ±μ²¥¡ ´¨° ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò. �¸Í¨²²μ£· ³³ 
¸¨£´ ²  ¸ ³¨±·μËμ´  ¶μ± § ´  ´  ·¨¸. 9.

”Ê·Ó¥-¸¶¥±É· ¸¨£´ ²  ¸ ³¨±·μËμ´ , · ¸¸Î¨É ´´Ò° ¶μ ¤ ´´Ò³ μ¸Í¨²²μ-
£· ³³Ò, ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 10.

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¦¨¤ ´¨¥³ § ·¥£¨¸É·¨·μ¢ ´Ò Ê¸Éμ°Î¨¢Ò¥ ¢Éμ· Ö ¨ ¶μ-
¸²¥¤ÊÕÐ¨¥ £ ·³μ´¨±¨ ¸ÉμÖÎ¥° §¢Ê±μ¢μ° ¢μ²´Ò ¸ Î ¸ÉμÉμ° μ¸´μ¢´μ° ³μ¤Ò
νo ≈ 34 ƒÍ.

‚ ± Î¥¸É¢¥ ®·¥Ë¥·¥´¸´ÒÌ¯ ¢¥²¨Î¨´ ¡Ò²¨ ¤¥É¥±É¨·μ¢ ´Ò §¢Ê±μ¢Ò¥ ¢μ²´Ò
¢´¥ É·Ê¡Ò. �¸Í¨²²μ£· ³³  ¨ ËÊ·Ó¥Ä¸¶¥±É· ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 11 ¨ 12.
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�¨¸. 10. ‘¶¥±É·μ£· ³³  §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢μ§¤ÊÌ  ¢ É·Ê¡¥ ¤²¨´μ° 5 ³

�¨¸. 11. �¸Í¨²²μ£· ³³  §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢μ§¤ÊÌ  ¢´¥ É·Ê¡Ò

‘· ¢´¥´¨¥ ¤ ´´ÒÌ (·¨¸. 8Ä12) ¶μ¤É¢¥·¦¤ ¥É ´ ²¨Î¨¥ §¢Ê±μ¢ÒÌ £ ·³μ´¨±
¸ μ¦¨¤ ¥³Ò³¨ μ¸´μ¢´μ° ¨ μ¡¥·Éμ´´Ò³¨ Î ¸ÉμÉ ³¨ ¢ É·Ê¡ Ì ¸ L = 34 ³ ¨
L = 5 ³ ¨ ¨Ì μÉ¸ÊÉ¸É¢¨¥ ¢´¥ É·Ê¡. ˆ´É¥´¸¨¢´μ¸ÉÓ ·¥§μ´ ´¸´μ° ¸ÉμÖÎ¥° ¢μ²´Ò
§´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É Ê·μ¢¥´Ó §¢Ê±μ¢ÒÌ ÏÊ³μ¢ ¢´¥ É·Ê¡Ò.
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�¨¸. 12. ”Ê·Ó¥-¸¶¥±É· §¢Ê±μ¢ÒÌ ±μ²¥¡ ´¨° ¢μ§¤ÊÌ  ¢´¥ É·Ê¡Ò

‚›‚�„›

‘ÉμÖÎ Ö §¢Ê±μ¢ Ö ¢μ²´  ¢´ÊÉ·¨ É·Ê¡Ò, ¢μ§¡Ê¦¤ ¥³ Ö ¢´¥Ï´¨³¨ Ï¨·μ±μ-
¶μ²μ¸´Ò³¨ §¢Ê±μ¢Ò³¨ ¨¸ÉμÎ´¨± ³¨, ¢μ§¤¥°¸É¢Ê¥É ´  ¶·μÍ¥¸¸ · ¸¶·μ¸É· ´¥-
´¨Ö ²ÊÎ  ² §¥·  ¢ ÔÉμ° É·Ê¡¥.

�¡´ ·Ê¦¥´´μ¥ Ö¢²¥´¨¥ ·¥£¨¸É·¨·Ê¥É¸Ö ± ± Ö¸´μ ¢Ò· ¦¥´´ Ö ±μ··¥²ÖÍ¨Ö
³¥¦¤Ê Ê²ÊÎÏ¥´¨¥³ ¤μ¡·μÉ´μ¸É¨ ·¥§μ´ Éμ·  (É·Ê¡Ò) ¨ Ê³¥´ÓÏ¥´¨¥³ ´¥μ¶·¥-
¤¥²¥´´μ¸É¨ ¢ ¶·μ¸É· ´¸É¢¥´´μ° ²μ± ²¨§ Í¨¨ μ¸¨ ²ÊÎ  ¶μ ¢ÒÌμ¤¥ ¨§ É·Ê¡Ò.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·´Ò ˆ.�.Œ¥Ï±μ¢Ê §  ±·¨É¨Î¥¸±μ¥ ¶·μ-
ÎÉ¥´¨¥ ¸É ÉÓ¨ ¨ ¸ÊÐ¥¸É¢¥´´Ò¥ ±μ··¥±É¨¢Ò, ‚. „.	¥Ï¥Ìμ´μ¢Ê, ‚.Œ. �μ³ ´μ¢Ê
¨ �.‚. ‘ §μ´μ¢μ° §  μ¡¸Ê¦¤¥´¨¥ ¨ ¨´É¥·¥¸´Ò¥ § ³¥Î ´¨Ö, Š. ‹ ¸¸¥·Ê Å § 
¸μ¤¥°¸É¢¨¥ ¢ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É .
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