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´Ê±²μÉ·μ´¥. 	·¨ ¢Ò¤¥²¥´¨¨ δ-Ô²¥±É·μ´μ¢ μ´ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶¥· É¨¢´μ (¢
± ¦¤μ³ Í¨±²¥ · ¡μÉÒ Ê¸±μ·¨É¥²Ö) ±μ´É·μ²¨·μ¢ ÉÓ  ¡¸μ²ÕÉ´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ
¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥· Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ±  ¸ ³¨Ï¥´ÓÕ.
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Scheme and Calculation of Magnetic Analyzer of Electrons for
Investigations in Relativistic Atomic Physics on the Nuclotron Internal Targets

The specialized magnetic analyzer, which allows one to provide the experimental
investigations in the area of relativistic atomic physics at the Nuclotron by means
of the detected electrons from the internal target, is proposed and calculated. When
the δ-electrons are picked out by its analyzer one can control the absolute intensity
of interaction of the circulating nucleus beam with the target operatively (in every
accelerator run).
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	·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´ ²¥É ÕÐ¨Ì ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¶ÊÎ±  ¸  Éμ³ ³¨
¨²¨ ³μ²¥±Ê² ³¨ ³¨Ï¥´¨ ¶·μ¨¸Ìμ¤ÖÉ ¶·μÍ¥¸¸Ò, § É· £¨¢ ÕÐ¨¥ ¢´ÊÉ·¥´´¨¥
¸É¥¶¥´¨ ¸¢μ¡μ¤Ò ¨Ì Ö¤¥· (·¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨§¨± ) ¨ Ô²¥±É·μ´´ÒÌ
μ¡μ²μÎ¥± (·¥²ÖÉ¨¢¨¸É¸± Ö  Éμ³´ Ö Ë¨§¨± ). 	μ¸²¥¤´¨¥ ¶·¥¤¸É ¢²ÖÕÉ ¸ ³μ-
¸ÉμÖÉ¥²Ó´Ò° ¨´É¥·¥¸ ¨ ¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨ ¶· ±É¨Î¥¸±¨ ´¥ ¨¸¸²¥¤μ¢ -
²¨¸Ó. ˆÌ ¨§ÊÎ¥´¨¥ ¶μ Ô´¥·£¥É¨Î¥¸±¨³ ¸¶¥±É· ³ Ô²¥±É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§
Éμ´±μ° ³¨Ï¥´¨ ¶μ¤ · §²¨Î´Ò³¨ Ê£² ³¨, ³μ¦´μ μ¸ÊÐ¥¸É¢²ÖÉÓ ´  É¥¶²μ³ ²¨-
´¥°´μ³ ÊÎ ¸É±¥ ´Ê±²μÉ·μ´  ¸μ ¸É ´Í¨¥° ¢´ÊÉ·¥´´¨Ì ³¨Ï¥´¥°. Š·μ³¥ Éμ£μ,
¶·¨ ¢Ò²¥É¥ δ-Ô²¥±É·μ´μ¢ ¶μ¤ μ¶·¥¤¥²¥´´Ò³ Ê£²μ³ ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ · §-
· ¡μÉ ÉÓ Ê´¨¢¥·¸ ²Ó´Ò° (¤²Ö · §²¨Î´ÒÌ ´ ²¥É ÕÐ¨Ì Ö¤¥· ¨ ³¨Ï¥´¥°) ³¥Éμ¤
μ¶¥· É¨¢´μ£μ ±μ´É·μ²Ö ¸¢¥É¨³μ¸É¨ ( ¡¸μ²ÕÉ´μ° ¨´É¥´¸¨¢´μ¸É¨ ¢§ ¨³μ¤¥°-
¸É¢¨Ö) ¶·¨ ¨§³¥·¥´¨¨ ¸¥Î¥´¨° Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ μ¡² ¸É¨  Éμ³´μ° ¨
Ö¤¥·´μ° Ë¨§¨±¨ [1]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´¥μ¡Ìμ¤¨³Ò · §· ¡μÉ±  ¨ ¨§£μÉμ¢²¥´¨¥
¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ  ´ ²¨§ Éμ·  Ô²¥±É·μ´μ¢ ¨ ¶·¨²¥£ ÕÐ¥£μ ±
´¥³Ê ÊÎ ¸É±  ¨μ´μ¶·μ¢μ¤  ¸μ£² ¸μ¢ ´´μ ¸ ¸ÊÐe¸É¢ÊÕÐ¥° ¸É ´Í¨¥° ¢´ÊÉ·¥´-
´¨Ì ³¨Ï¥´¥°.
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�¸μ¡¥´´μ¸É¨ ±μ´¸É·Ê±Í¨¨  ´ ²¨§ Éμ·  μ¶·¥¤¥²ÖÕÉ¸Ö Ì · ±É¥·μ³ Ë¨§¨-
Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¥£μ ¨¸¶μ²Ó§μ¢ ´¨¥³,   É ±¦¥ £¥μ³¥É·¨Î¥¸±¨³¨ · §-
³¥· ³¨ Î ¸É¨ É¥¶²μ£μ ÊÎ ¸É±  ´Ê±²μÉ·μ´ , £¤¥ ¶² ´¨·Ê¥É¸Ö ¥£μ · §³¥Ð¥´¨¥.
�¡Ð Ö ¸Ì¥³  ¤ ´´μ£μ ÊÎ ¸É±  ¸  ´ ²¨§ Éμ·μ³ (1) ¨ ¸É ´Í¨¥° ¢´ÊÉ·¥´´¨Ì
³¨Ï¥´¥° (2) ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. „²Ö ´ ²¥É ÕÐ¨Ì ´  ³¨Ï¥´Ó Ö¤¥· ¸
Ô´¥·£¨¥° Ep = 500Ä6000 ŒÔ‚ · ´Ê±²μ´−1 Ô´¥·£¨Ö δ-Ô²¥±É·μ´μ¢, ¢Ò¤¥²Ö¥³ÒÌ
¸É ´Í¨¥° ¶μ¤ ¸·¥¤´¨³ Ê£²μ³ θe = 9o, ¨³¥¥É ¤¨ ¶ §μ´ §´ Î¥´¨° Ee = 1,4Ä
25 ŒÔ‚ [1]. ˆ§-§  μÉ¸ÊÉ¸É¢¨Ö μ¶¥· É¨¢´μ£μ ±μ´É·μ²Ö ¢¥·É¨± ²Ó´μ£μ ¶μ μ¸¨
Z ¶μ²μ¦¥´¨Ö ¨ · §³¥·μ¢ μ¡² ¸É¨ ´¨É¥¢¨¤´μ° ³¨Ï¥´¨, ¨¸¶Ê¸± ÕÐ¥° Ô²¥±-
É·μ´Ò ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ Í¨·±Ê²¨·ÊÕÐ¨³ ¶ÊÎ±μ³, ¥¥ ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ
μÍ¥´¨¢ ¥É¸Ö ± ± ∼ 10Ä15 ³³. Š·μ³¥ Éμ£μ, ¢μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  ¢ ± ¦¤μ³
Í¨±²¥ · ¡μÉÒ Ê¸±μ·¨É¥²Ö ³¨Ï¥´Ó ¤¢¨¦¥É¸Ö ¶μ¶¥·¥± ¶ÊÎ±  ¢ £μ·¨§μ´É ²Ó-
´μ³ Y ´ ¶· ¢²¥´¨¨. „ ´´Ò¥ Ê¸²μ¢¨Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ μ¶·¥¤¥²ÖÕÉ
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�¨¸. 1. ‘Ì¥³  Î ¸É¨ É¥¶²μ£μ ÊÎ ¸É±  ´Ê±²μÉ·μ´  ¸μ ¸É ´Í¨¥° ¢´ÊÉ·¥´´¨Ì ³¨Ï¥´¥° (1)
¨ ³ £´¨É´Ò³  ´ ²¨§ Éμ·μ³ (2)

´¥μ¡Ìμ¤¨³Ò° É¨¶ ³ £´¨É´μ£μ  ´ ²¨§  ¶μÉμ±  Ô²¥±É·μ´μ¢ ¤²Ö ¶μ²ÊÎ¥´¨Ö ³ ±-
¸¨³ ²Ó´μ£μ · §·¥Ï¥´¨Ö ¶μ ¨³¶Ê²Ó¸Ê (Ô´¥·£¨¨) ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨
 ´ ²¨§ Éμ·  ¸ Ê£²μ³ μÉ±²μ´¥´¨Ö ¥£μ μ¶É¨Î¥¸±μ° μ¸¨ Φ ∼ 180o ± ± ¶·¥μ¡· -
§μ¢ ´¨¥ ¶ · ²²¥²Ó´ÒÌ É· ¥±Éμ·¨° ¢ ÉμÎ±Ê (	Ä’) [2]. �Éμ ¶·¥μ¡· §μ¢ ´¨¥
³μ¦¥É ¡ÒÉÓ ·¥ ²¨§μ¢ ´μ ¸ ¶μ³μÐÓÕ ¸²¥¤ÊÕÐ¨Ì ¤¢ÊÌ ¸ÉÊ¶¥´¥° ³ £´¨É´ÒÌ
¤¨¶μ²¥° ¸ μ¤´μ·μ¤´Ò³ ¶μ²¥³. 	¥·¢ Ö ¸ÉÊ¶¥´Ó (1)  ´ ²¨§ Éμ·  (·¨¸. 2) μ¸Ê-
Ð¥¸É¢²Ö¥É ¶·¥μ¡· §μ¢ ´¨¥ 	Ä	 μ¤´μ¢·¥³¥´´μ ¢ · ¤¨ ²Ó´μ³ ¨ ¶μ ³ £´¨É´μ³Ê
¶μ²Õ ´ ¶· ¢²¥´¨ÖÌ ¸ ¶·μ³¥¦ÊÉμÎ´μ° ¶¥·¥ÉÖ¦±μ° ¶ÊÎ±  ¢  ±¸¨ ²Ó´μ³ ´ ¶· -
¢²¥´¨¨. ‚Éμ· Ö ¸ÉÊ¶¥´Ó (2) μ¡¥¸¶¥Î¨¢ ¥É ¶·¥μ¡· §μ¢ ´¨¥ 	Ä’ ¢ É¥Ì ¦¥ ´ -
¶· ¢²¥´¨ÖÌ. 	·¨ ÔÉμ³ ¸ ¨§³¥´¥´¨¥³ ¢¥²¨Î¨´Ò μ¤´μ·μ¤´μ£μ ¶μ²Ö ´¥ ³¥´Ö¥É¸Ö
¥£μ Éμ¶μ£· Ë¨Ö ¢ ¸¶¥±É·μ¸±μ¶¨Î¥¸±μ³ ·¥¦¨³¥ · ¡μÉÒ  ´ ²¨§ Éμ· ,   ¤ ´´μ¥
¤¢ÊÌ¸ÉÊ¶¥´Î Éμ¥ ¶·¥μ¡· §μ¢ ´¨¥ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´μ ¢μ§³μ¦´Ò³. ‘ ÊÎ¥Éμ³
¶·¨¢¥¤¥´´ÒÌ ¢ · ¡μÉ¥ [2] Ê¸²μ¢¨° ¤²Ö ·¥ ²¨§ Í¨¨ ´¥μ¡Ìμ¤¨³μ° μ¶É¨±¨ ¢
¶·¥¤¥² Ì ¤μ¶Ê¸É¨³ÒÌ £¥μ³¥É·¨Î¥¸±¨Ì · §³¥·μ¢ ¶·μ¸É· ´¸É¢  ¥¥ · §³¥Ð¥´¨Ö
(·¨¸. 1) ¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò ³ £´¨É´ÒÌ ¤¨¶μ²¥° M1 ¨ M2 ¶¥·¢μ°
¨ ¢Éμ·μ° ¸ÉÊ¶¥´¨ ¸μμÉ¢¥É¸É¢¥´´μ:

• · ¤¨Ê¸Ò μ¶É¨Î¥¸±¨Ì μ¸¥° Re1 = Re2 = Re= 150 ³³;
• M1→ Ê£μ² μÉ±²μ´¥´¨Ö μ¸¨ Φ1 = 98o, Ê£²Ò ´ ±²μ´  ¶·Ö³μ²¨´¥°´ÒÌ

¢Ìμ¤´μ° (i) ¨ ¢ÒÌμ¤´μ° (e) £· ´¨Í ε1i = ε1e = +49o;
• M2→ Φ2 = 73o, ε2i = +25o, ε2e = 0o.
� ¸¸ÉμÖ´¨¥ μÉ ¶¥·¢μ° ¤μ ¢Éμ·μ° ¸ÉÊ¶¥´¨ ¢Ò¡¨· ¥É¸Ö ¤μ¸É ÉμÎ´μ ¶·μ¨§-

¢μ²Ó´μ. 	·¨ ÔÉμ³ ¥£μ ¢¥²¨Î¨´  ¢¤μ²Ó μ¶É¨Î¥¸±μ° μ¸¨ μÉ ¢ÒÌμ¤´μ° £· ´¨ÍÒ

2



�¨¸. 2. ‘Ì¥³  ¤¨¶μ²¥° M1 ¨ M2  ´ ²¨§ Éμ· 

¢Éμ·μ° ¸ÉÊ¶¥´¨  ´ ²¨§ Éμ·  ¤μ ¸É¨£³ É¨Î¥¸±μ£μ Ëμ±Ê¸  Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
· ¢´  L= 135 ³³. �¥ ²Ó´Ò° Ê£μ² μÉ±²μ´¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ³¥¦¶μ²Õ¸-
´μ³ § §μ·¥ ¤¨¶μ²Ó´μ£μ ³ £´¨É  μ¶·¥¤¥²Ö¥É¸Ö ¨´É¥£· ²Ó´Ò³ ¤¥°¸É¢¨¥³ ¶μ²Ö ¸
ÊÎ¥Éμ³ ¥£μ · ¸¶·¥¤¥²¥´¨Ö §  ¶·¥¤¥² ³¨ £¥μ³¥É·¨Î¥¸±¨Ì £· ´¨Í ¶μ²Õ¸μ¢. 	·¨-
¢¥¤¥´´Ò¥ ¢ÒÏ¥ §´ Î¥´¨Ö Ê£²μ¢ ¸μμÉ¢¥É¸É¢ÊÕÉ ÔËË¥±É¨¢´μ° £· ´¨Í¥ ¶μ²Ö, ´ 
±μÉμ·μ° ¥£μ · ¸¶·¥¤¥²¥´¨¥ § ³¥´Ö¥É¸Ö ¸ÉÊ¶¥´Ó±μ° ¸ É¥³ ¦¥ ¨´É¥£· ²Ó´Ò³
¤¥°¸É¢¨¥³. „²Ö Ëμ·³Ò ¶μ²Õ¸μ¢ ¢¤μ²Ó μ¶É¨Î¥¸±μ° μ¸¨ ¢ ¢¨¤¥ ¶·μË¨²Ö �μ£μ¢-
¸±μ£μ ÔËË¥±É¨¢´ Ö ¨ £¥μ³¥É·¨Î¥¸± Ö £· ´¨ÍÒ ¸μ¢¶ ¤ ÕÉ.

�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¢Ò¡· ´´μ£μ  ´ ²¨§ Éμ·  μ¶·¥¤¥²ÖÕÉ¸Ö μ¡Ð¨³¨
Ëμ·³Ê² ³¨ ³ É·¨Î´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¥£μ μ¶É¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö Î¥·¥§ Ô²¥-
³¥´ÉÒ ³ É·¨Í ¶¥·¢μ° ¨ ¢Éμ·μ° ¸ÉÊ¶¥´¥°. ‚ Î ¸É´μ¸É¨, ±μÔËË¨Í¨¥´É Zα ²¨-
´¥°´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö · ¤¨ ²Ó´μ° Ï¨·¨´Ò ¨¸ÉμÎ´¨±  ³μ´μÌ·μ³ É¨Î¥¸±¨Ì
Ô²¥±É·μ´μ¢ ´  Ëμ± ²Ó´ÊÕ ¶²μ¸±μ¸ÉÓ ¨ ±μÔËË¨Í¨¥´É Zδ ²¨´¥°´μ£μ ¤¨¸¶¥·-
£¨·μ¢ ´¨Ö ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶μ μÉ´μ¸¨É¥²Ó´μ° ¢¥²¨Î¨´¥ ¨§³¥´¥´¨Ö
¨Ì ¨³¶Ê²Ó¸  ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò

Zα = Zα2 · Aα1; Zδ = Zα2 · Aδ1 + Zδ2; (1)

£¤¥ Zα2 = L cosΦ21/Re cosΦ22; Aα1 = cosΦ11/ cosΦ12; Aδ1 = (sin Φ11 +
sin Φ12)/ cosΦ12; Zδ2 = L(sin Φ21 + sinΦ22)/Re cosΦ22 ; Φi = Φi1 + Φi2; Φi1

¨ Φi2 Å ¸² £ ¥³Ò¥ Ê£²  Φi (i = 1, 2), μ¶·¥¤¥²ÖÕÐ¨¥¸Ö Ê¸²μ¢¨¥³ ¸μ¶·Ö¦¥´¨Ö
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´  ¨Ì μ¡Ð¥° £· ´¨Í¥ ¢¸É·¥Î´ÒÌ ±¢ §¨¶ · ²²¥²Ó´ÒÌ μ¶É¨Î¥¸±μ° μ¸¨ É· ¥±Éμ-
·¨° Î ¸É¨Í μÉ ¨¸ÉμÎ´¨±  ¨ ¶·¨¥³´¨±  [2]. „²Ö ¢Ò¡· ´´ÒÌ Ì · ±É¥·¨¸É¨± ¤¨-
¶μ²¥° ¶μ²ÊÎ ¥³ Zα = 1,35. 	·¨ Ê£²μ¢μ³  ±¸¥¶É ´¸¥  ´ ²¨§ Éμ·  ¢ ³¥¤¨ ´´μ°
¶²μ¸±μ¸É¨ Δα ≈ 3·10−3Ä10−2 · ¤ ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ï¨·¨´¥ · ¤¨ ²Ó´μ£μ ¨§μ-
¡· ¦¥´¨Ö ¶·μÉÖ¦¥´´μ£μ ¶μ μ¸¨ Z ¨¸ÉμÎ´¨±  ³μ´μÌ·μ³ É¨Î¥¸±¨Ì Ô²¥±É·μ´μ¢
ΔZα = Zα ·Re ·Δα ≈ 0,6Ä2 ³³. Š ± ¶μ± § ´μ ¢ · ¡μÉ¥ [1], ¶·¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥³ ÔÉμ³Ê  ±¸¥¶É ´¸Ê É¥²¥¸´μ³ Ê£²¥ ·¥£¨¸É· Í¨¨ ¢Ò¤¥²Ö¥³ÒÌ δ-Ô²¥±É·μ´μ¢
¨Ì ¶μÉμ± ¤μ¸É ÉμÎ¥´ ¤²Ö μ¶¥· É¨¢´μ£μ ±μ´É·μ²Ö ¸¢¥É¨³μ¸É¨ ¢ Ô±¸¶¥·¨³¥´É Ì
¸ ¢´ÊÉ·¥´´¨³¨ ³¨Ï¥´Ö³¨ ´  ´Ê±²μÉ·μ´¥. �¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ Δα Ê¸É -
´ ¢²¨¢ ¥É¸Ö ¸ ¶μ³μÐÓÕ ·¥£Ê²¨·Ê¥³μ° ± ²¨¡·μ¢ ´´μ° ¤¨ Ë· £³Ò ±¢ ¤· É´μ°
Ëμ·³Ò ´  ¢Ìμ¤¥  ´ ²¨§ Éμ· . � ¸Î¥É´ Ö ¢¥²¨Î¨´  ²¨´¥°´μ£μ ¤¨¸¶¥·£¨·μ¢ ´¨Ö
Ô²¥±É·μ´μ¢ ¢ ¥£μ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨, μ¶·¥¤¥²Ö¥³ Ö §´ Î¥´¨¥³ Zδ, · ¢´ 
ΔZδ = 6, 6 ³³ ´  1 % μÉ´μ¸¨É¥²Ó´μ£μ ¨§³¥´¥´¨Ö ¨Ì ¨³¶Ê²Ó¸μ¢. ’ ±¨³ μ¡· -
§μ³, ¨³¶Ê²Ó¸´μ¥ · §·¥Ï¥´¨¥ ¢Ò¡· ´´μ£μ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ  ´ ²¨§ Éμ·  ¢
¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ μÍ¥´¨¢ ¥É¸Ö ¢¥²¨Î¨´μ° ≈ 0, 1Ä0,3%.

�¶·¥¤¥²¥´¨¥ Ô²¥±É·μ³ £´¨É´ÒÌ ¶ · ³¥É·μ¢ ¤¨¶μ²¥°  ´ ²¨§ Éμ·  ¨§ ³ £-
´¨Éμ³Ö£±μ£μ ³ É¥·¨ ²  ¶·μ¢μ¤¨²μ¸Ó Î¨¸²¥´´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³ ¨§ Ê¸²μ¢¨Ö
μ¶É¨³¨§ Í¨¨ ¨Ì · §³¥·μ¢ ¤²Ö ¶μ²Ö ¢ ³¥¦¶μ²Õ¸´μ³ § §μ·¥ 40 ³³ ´  Ê·μ¢´¥
0,58Ä0,59 ’² ¨ ¶²μÉ´μ¸É¨ Éμ±  ¢ μ¡³μÉ± Ì ¶¨É ´¨Ö 2,5Ä2,6 �/³³2. „ ´´ Ö
¶²μÉ´μ¸ÉÓ Éμ±  ¶μ§¢μ²Ö¥É ¢Ò¶μ²´¨ÉÓ ¨Ì ¨§ ¶·μ¢μ¤  · ¡μÎ¥£μ ¸¥Î¥´¨Ö 4×4 ³³
¨ Ô±¸¶²Ê É¨·μ¢ ÉÓ ¤ ¦¥ ¢ ´¥¶·¥·Ò¢´μ³ ·¥¦¨³¥ ¡¥§ ¶·¨³¥´¥´¨Ö ¤μ¶μ²´¨É¥²Ó-
´ÒÌ ³¥· ¶μ μÌ² ¦¤¥´¨Õ ³ £´¨Éμ¢. 	·¥¤² £ ¥³Ò¥ μ¡³μÉ±¨ (B1, 2) ¸μ¸ÉμÖÉ ¨§
510 ¢¨É±μ¢ (15 ¸²μ¥¢ ¶μ 34 ¢¨É±  ¢ ± ¦¤μ³) ¨, ¸ ÊÎ¥Éμ³ ¨§μ²ÖÍ¨¨ ¶·μ¢μ¤ ,
¨³¥ÕÉ ¶μ¶¥·¥Î´μ¥ ¢¤μ²Ó μ¸¨ Y ¸¥Î¥´¨¥ 70×160 ³³. ‚ ¦´Ò³ ¶ · ³¥É·μ³ ¤²Ö
³ £´¨Éμ¢  ´ ²¨§ Éμ·  Ö¢²Ö¥É¸Ö ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ¢ ¨Ì ³ £´¨Éμ¶·μ¢μ¤¥. „²Ö
³ £´¨Éμ³Ö£±μ£μ ³ É¥·¨ ²  μ´  ´¥ ¤μ²¦´  ¶·¥¢ÒÏ ÉÓ §´ Î¥´¨Ö 1,6Ä1,8 ’²,
±μ£¤  ´ Î¨´ ¥É ¶·μÖ¢²ÖÉÓ¸Ö ¢ÒÌμ¤ ´  ´ ¸ÒÐ¥´¨¥ ¢ § ¢¨¸¨³μ¸É¨ §´ Î¥´¨Ö
³ £´¨É´μ° ¨´¤Ê±Í¨¨ μÉ Éμ±  ¶¨É ´¨Ö. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ¤²Ö ´¥μ¡Ìμ¤¨³μ£μ
³ ±¸¨³ ²Ó´μ£μ ¢´ÊÉ·¨§ §μ·´μ£μ ¶μ²Ö By|max = 0,56 ’² ¶·μ¢¥¤¥´  μ¶É¨³¨-
§ Í¨Ö Éμ²Ð¨´Ò ¨ · ¤¨ ²Ó´μ° Ï¨·¨´Ò ¶μ²Õ¸μ¢ ¤¨¶μ²¥°,   É ±¦¥ Ëμ·³Ò ¨
¢¥²¨Î¨´Ò £¥μ³¥É·¨Î¥¸±μ£μ ¸¥Î¥´¨Ö ³ £´¨Éμ¶·μ¢μ¤ . 	μ²ÊÎ¥´´Ò¥ ¶·¨ ÔÉμ³
· §³¥·Ò Ô²¥±É·μ³ £´¨Éμ¢ M1 ¨ M2 ¢¤μ²Ó μ¸¨ Y ¸μ¸É ¢²ÖÕÉ ΔY = 380 ³³,
  ¨Ì · ¸Î¥É´ Ö ¨´¤Ê±É¨¢´μ¸ÉÓ · ¢´  0,7 ¨ 0,6 ƒ´ ¸μμÉ¢¥É¸É¢¥´´μ. � ¸Î¥É´Ò¥
· ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö ¢ μ¡Ñ¥³¥ ³ £´¨Éμ¶·μ¢μ¤μ¢ μ¶É¨³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨
¶μ± §Ò¢ ÕÉ, ÎÉμ μ´μ ¶· ±É¨Î¥¸±¨ ¢¥§¤¥ ´¥ ¶·¥¢ÒÏ ¥É 1,5 ’². �É¸ÉÊ¶²¥´¨¥
μÉ ²¨´¥°´μ£μ ·¥¦¨³  · ¡μÉÒ, ´ ¶·¨³¥·, ¤¨¶μ²Ö M1 ´ Î¨´ ¥É ¶·μÖ¢²ÖÉÓ¸Ö
Éμ²Ó±μ ¶·¨ ³ £´¨É´μ³ ¶μ²¥ ¢ ¥£μ § §μ·¥ By ≈ 0, 65 ’² (·¨¸. 3). 	·¨ ¢Ò-
¡· ´´μ³ Î¨¸²¥ ¢¨É±μ¢ ¢ μ¡³μÉ±¥ É·¥¡Ê¥³Ò° ¤²Ö ·¥£¨¸É· Í¨¨ δ-Ô²¥±É·μ´μ¢
³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ Éμ± ¥¥ ¶¨É ´¨Ö · ¢¥´ ≈ 35 �.

�  ·¨¸. 4 ¶·¨¢¥¤¥´Ò ¶μ²ÊÎ¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö ¢¤μ²Ó μ¸¥¢μ° (X)
É· ¥±Éμ·¨¨ ¤ ´´μ£μ ¤¨¶μ²Ö ¤²Ö ¢ ·¨ ´Éμ¢ Ëμ·³Ò ¥£μ ¶μ²Õ¸μ¢ ¢ (XÄY )-
¸¥Î¥´¨¨ ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¸ ¶·Ö³Ò³¨ Ê£² ³¨ ¨ ¢ ¢¨¤¥ ¶·μË¨²Ö �μ£μ¢¸±μ£μ.
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ³ ±¸¨³ ²Ó´μ° ³ £´¨É´μ° ¨´¤Ê±Í¨¨ By ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨
¤¨¶μ²Ö M1 μÉ §´ Î¥´¨Ö  ³¶¥·-¢¨É±μ¢ (I × w) ¢ μ¡³μÉ±¥ ¶¨É ´¨Ö

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ° ¨´¤Ê±Í¨¨ ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¤¨¶μ²Ö M1 ¢¤μ²Ó
μ¸¥¢μ° É· ¥±Éμ·¨¨ ¤²Ö Ëμ·³ ¥£μ ¶μ²Õ¸μ¢ ´  ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¢ ¢¨¤¥ ¶·Ö³μ£μ Ê£² 
(ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö) ¨ ¶·μË¨²Ö �μ£μ¢¸±μ£μ (¸¶²μÏ´ Ö ²¨´¨Ö)

	·¨ μ¤¨´ ±μ¢μ³ ¨´É¥£· ²Ó´μ³ ¤¥°¸É¢¨¨ ²ÊÎÏ Ö μ¤´μ·μ¤´μ¸ÉÓ ¶μ²Ö ¢ ¶·¥-
¤¥² Ì £¥μ³¥É·¨Î¥¸±¨Ì £· ´¨Í ¤¨¶μ²Ö ¤μ¸É¨£ ¥É¸Ö ¢ ¶¥·¢μ³ ¢ ·¨ ´É¥ ¨ ¶·¨
³¥´ÓÏ¨Ì Éμ± Ì ¶¨É ´¨Ö. �¤´ ±μ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¤²Ö ·¥ ²¨§ Í¨¨ ´¥μ¡Ìμ¤¨³μ°
μ¶É¨±¨ ¶μÉ·¥¡Ê¥É¸Ö ´¥±μÉμ· Ö ±μ··¥±É¨·μ¢±  ¶μ ¸· ¢´¥´¨Õ ¸ ¶·¨¢¥¤¥´´Ò³¨
¢ÒÏ¥ Ê£²μ¢Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¶μ²Õ¸μ¢.

�¶·¥¤¥²ÖÕÐ¥° Ì · ±É¥·¨¸É¨±μ° ¶·¥¤² £ ¥³μ£μ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ³ £-
´¨É´μ£μ  ´ ²¨§ Éμ·  ¨³¶Ê²Ó¸μ¢ Ô²¥±É·μ´μ¢ Ö¢²Ö¥É¸Ö ¸É¥¶¥´Ó μ¤´μ·μ¤´μ¸É¨
¥£μ ¶μ²Ö ¢  ´ ²¨§¨·ÊÕÐ¥³ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ³¥¦¶μ²Õ¸´μ£μ ¶·μ¸É· ´-
¸É¢ . „²Ö ¶·¨³¥·  ´  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ¶μ²ÊÎ¥´´Ò¥ Î¨¸²¥´´Ò³ ³μ¤¥²¨·μ-
¢ ´¨¥³ · ¤¨ ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨
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�¨¸. 5. � ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ ¤¨¶μ²Ö M1
¸ ¶²μ¸±¨³¨ ¶μ²Õ¸ ³¨ (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö) ¨ ¸ μÉ³¥Î¥´´Ò³¨ Ï¨³³ ³¨ ¢Ò¸μÉμ° 0,3 ³³
(¸¶²μÏ´ Ö ²¨´¨Ö)

¤¨¶μ²Ö M1 ¡¥§ ¨ ¸ μ¶É¨³ ²Ó´Ò³ ¤²Ö ¶μ²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó´μ μ¤´μ·μ¤´μ£μ
¶μ²Ö Ï¨³³¨·μ¢ ´¨¥³ ´  ¶·¥¤¶μ² £ ¥³ÒÌ £· ´¨Í Ì ¥£μ · ¡μÎ¥° μ¡² ¸É¨. �´ -
²μ£¨Î´Ò¥ ¶·¨¢¥¤¥´´Ò³ ´  ·¨¸. 3Ä5 § ¢¨¸¨³μ¸É¨ ¶μ²ÊÎ¥´Ò É ±¦¥ ¤²Ö ¤¨¶μ²Ö
M2  ´ ²¨§ Éμ· .

„²Ö μ¶·¥¤¥²¥´¨Ö ¸É¥¶¥´¨ ¢²¨Ö´¨Ö ±· ¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¤¨¶μ²Ö M1
´  Í¨·±Ê²¨·ÊÕÐ¨° ¶ÊÎμ± ¢ ¶·¨¢¥¤¥´´μ° ´  ·¨¸. 1 ¨ 2 £¥μ³¥É·¨¨ · ¸¸Î¨ÉÒ-
¢ ² ¸Ó ¥£μ ³ ±¸¨³ ²Ó´ Ö ¢¥²¨Î¨´  ¢¤μ²Ó ¶¥·¶¥´¤¨±Ê²Ö·  ± μ¸¨ ¨μ´μ¶·μ¢μ¤ 
´Ê±²μÉ·μ´ . 	μ²ÊÎ¥´´Ò¥ ¤²Ö ¤¢ÊÌ ¶·μË¨²¥° ¶μ²Õ¸μ¢ ¨ ³ ±¸¨³ ²Ó´μ£μ ¶μ²Ö
¢ ¨Ì § §μ·¥ 0,56 ’² ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6. 	·¨ § ³¥É´μ³ ¢μ§³Ê-

�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ³ £´¨É´μ£μ ¶μ²Ö μÉ · ¸¸ÉμÖ´¨Ö ¢¤μ²Ó ¶¥·¶¥´¤¨±Ê²Ö· 
± μ¸¨ ¨μ´μ¶·μ¢μ¤  ¤μ ¡²¨¦ °Ï¥° ± ´¥° ÉμÎ±¨ £¥μ³¥É·¨Î¥¸±μ° £· ´¨ÍÒ ¶μ²Õ¸  M1.
By|max = 0,56 ’², ◦ Å ¶·Ö³μÊ£μ²Ó´Ò° ¶·μË¨²Ó ¶μ²Õ¸ , • Å ¶·μË¨²Ó ¶μ ±μ´ÉÊ·Ê
�μ£μ¢¸±μ£μ
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Ð ÕÐ¥³ Ë ±Éμ·¥ ¸μ ¸Éμ·μ´Ò  ´ ²¨§ Éμ·  ´¥μ¡Ìμ¤¨³μ ·¥ ²¨§μ¢ ÉÓ Ê¶· ¢²Ö-
¥³ÊÕ ¢μ ¢·¥³¥´¨ ¸¨¸É¥³Ê Ô²¥±É·¨Î¥¸±μ£μ ¶¨É ´¨Ö μ¡³μÉ±¨ ¤ ´´μ£μ ¤¨¶μ²Ö,
  É ±¦¥, ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨, Ô±· ´¨·μ¢ ´¨¥ ¶·¨²¥£ ÕÐ¥£μ ± ´¥³Ê ¨μ´μ¶·μ-
¢μ¤ .

2. ‘•…Œ� ˆ �…†ˆŒ› ����’› ������’“�› „‹Ÿ
ˆŒ�“‹œ‘��ƒ� �‹…Š’�ˆ—…‘Š�ƒ� �ˆ’��ˆŸ ���‹ˆ‡�’���

� ¡μÉ   ¶¶ · ÉÊ·Ò Ô²¥±É·¨Î¥¸±μ£μ ¶¨É ´¨Ö ¶·¥¤² £ ¥³μ£μ  ´ ²¨§ Éμ· 
Ô²¥±É·μ´μ¢ ¸¨´Ì·μ´¨§¨·μ¢ ´  ¸ ¢·¥³¥´´
μ° § ¢¨¸¨³μ¸ÉÓÕ ³ £´¨É´μ£μ ¶μ²Ö
¤¨¶μ²¥° ´Ê±²μÉ·μ´  ¢ ± ¦¤μ³ Í¨±²¥ ¥£μ · ¡μÉÒ. �´  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ (¶μ
Î¨¸²Ê ¸ÉÊ¶¥´¥°  ´ ²¨§ Éμ· ) ´¥§ ¢¨¸¨³ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉμÎ´¨±μ¢ Éμ±  (1,
2, ·¨¸. 1), ¤μ¶Ê¸± ÕÐ¨Ì ´¥±μÉμ·ÊÕ ¢ ·Ó¨·Ê¥³ÊÕ μÉ¸É·μ°±Ê ¶μ ¢¥²¨Î¨´¥ Éμ± 
¤·Ê£ μÉ ¤·Ê£ . � ¡μÉ  ¨¸ÉμÎ´¨±μ¢ Éμ±  ¢μ ¢·¥³Ö Í¨±²  ¸Ì¥³ É¨Î¥¸±¨ ¶·¥¤¸É -
¢²¥´  ´  ·¨¸. 7. „²Ö ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨° ´¥μ¡Ìμ¤¨³ ¸²¥¤ÊÕÐ¨° ·¥¦¨³

�¨¸. 7. �¥¦¨³Ò · ¡μÉÒ ¤¨¶μ²¥° ´Ê±²μÉ·μ´  ¨  ´ ²¨§ Éμ· ,   É ±¦¥ ¨¸ÉμÎ´¨±μ¢ ¶¨-
É ´¨Ö ¥£μ μ¡³μÉμ± ¢μ ¢·¥³Ö Í¨±²  · ¡μÉÒ Ê¸±μ·¨É¥²Ö. Bg ¨ By1,2 Å ³ £´¨É´ Ö
¨´¤Ê±Í¨Ö ¤¨¶μ²¥° ´Ê±²μÉ·μ´  ¨ ¤¨¶μ²¥° M1, 2  ´ ²¨§ Éμ·  (¶μ ¶μ± § ´¨Ö³ ¤ ÉÎ¨±μ¢
•μ²² ),   I1,2 ¨ U1,2 Å Éμ± ¨ ´ ¶·Ö¦¥´¨¥ (ÏÉ·¨Ìμ¢ Ö ²¨´¨Ö) ¨¸ÉμÎ´¨±μ¢

¨Ì · ¡μÉÒ. Œμ³¥´ÉÒ Ts ¸¨´Ì·μ´¨§μ¢ ´´μ£μ ¢±²ÕÎ¥´¨Ö ¨ Te (¢Ò±²ÕÎ¥´¨Ö)
¨¸ÉμÎ´¨±μ¢ ¶μ¤¡¨· ÕÉ¸Ö μ¶¥· Éμ·μ³ ¨¸Ìμ¤Ö ¨§ ´¥μ¡Ìμ¤¨³μ¸É¨ ´¥±μÉμ·μ£μ
¶¥·¥±·ÒÉ¨Ö £μ·¨§μ´É ²Ó´ÒÌ ÊÎ ¸É±μ¢ (®¸Éμ²μ¢¯) Bg ¨ By1,2 Å § ¢¨¸¨³μ¸É¥°
¢μ ¢·¥³¥´¨ Å ¨ É·¥¡μ¢ ´¨Ö ³¨´¨³ ²Ó´μ£μ ¢²¨Ö´¨Ö ±· ¥¢μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¤¨¶μ²Ö M1 ´  ¶·μÍ¥¸¸ Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¨ ¥£μ Í¨·±Ê²ÖÍ¨¨ ¸ Ë¨±¸¨·μ¢ ´´μ°
Ô´¥·£¨¥°. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨´É¥·¢ ² TbÄTe Ö¢²Ö¥É¸Ö ¢·¥³¥´´
Ò³¨ ¢μ·μÉ ³¨ ¤²Ö
¤¢¨¦¥´¨Ö ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ ¢ ¶ÊÎμ± ¨ · ¡μÉÒ ³¨±·μ¸É·¨¶μ¢μ£μ ¤¥É¥±Éμ· 
Ô²¥±É·μ´μ¢. ‡  ¨´É¥·¢ ² ¢·¥³¥´¨ TsÄTb ¶¥·¥Ìμ¤  ¶μ²Ö Bg ¸ · ¸ÉÊÐ¥° Î -
¸É¨ ¢ ¶μ¸ÉμÖ´´ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ ¨¸ÉμÎ´¨± ¶μ¤´¨³ ¥É Éμ± ¤μ É¥Ì ¶μ·, ¶μ± 
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³ £´¨É´μ¥ ¶μ²¥ ¶μ ¶μ± § ´¨Ö³ ¤ ÉÎ¨±μ¢ •μ²²  ´¥ ¤μ¸É¨£´¥É ´¥±μÉμ·μ° · ¸-
Î¥É´μ° ¢¥²¨Î¨´Ò K1,2 · Ba. 	μ¸²¥ ÔÉμ£μ ¢¥²¨Î¨´  Éμ±  μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´μ°
¤μ ³μ³¥´É  Te ¥£μ ¢Ò±²ÕÎ¥´¨Ö. ŠμÔËË¨Í¨¥´ÉÒ K1,2 ¢¢μ¤ÖÉ¸Ö μ¶¥· Éμ·μ³
¢ Ê¶· ¢²ÖÕÐÊÕ · ¡μÉμ° ¨¸ÉμÎ´¨±μ¢ ¶·μ£· ³³Ê ¨ μ¸ÊÐ¥¸É¢²ÖÕÉ ¨Ì ±μ··¥±-
É¨·μ¢±Ê ¶·¨ ± ²¨¡·μ¢±¥  ´ ²¨§ Éμ· . …¸²¨ μ·¨¥´É¨·μ¢ ÉÓ¸Ö ´  ·¥£¨¸É· Í¨Õ
δ-Ô²¥±É·μ´μ¢, Éμ ¢¥²¨Î¨´Ê Ba ´Ê¦´μ ¸Î¨É ÉÓ μ¤´μ§´ Î´μ ¸¢Ö§ ´´μ° ¸ Ê£²μ³
¨Ì ·¥£¨¸É· Í¨¨ θe, · ¤¨Ê¸μ³ Re μ¶É¨Î¥¸±μ° μ¸¨ ¢ ¤¨¶μ²ÖÌ M1, 2 ¨ ¢¥²¨Î¨´μ°
³ £´¨É´μ° ¨´¤Ê±Í¨¨ Bgm. ‘¢Ö§Ó Bgm → Ba  ¢Éμ³ É¨Î¥¸±¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö
Ê¶· ¢²ÖÕÐ¥° ¶·μ£· ³³μ° ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¨¢¥¤¥´´Ò³ ´¨¦¥ ¢Ò· ¦¥´¨¥³
¶·¨ ± ¦¤μ³ ¨§³¥´¥´¨¨ Ì · ±É¥·¨¸É¨± Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í.

(Ba · Re)2 = 4m2
e ·

cos2 θe(ZiBgmRg/Mi)2

(ZiBgmRg/Mi)2(1 − cos2 θe) + 1
×

× [1 +
cos2 θe(ZiBgmRg/Mi)2

(ZIBgmRg/Mi)2(1 − cos2 θe) + 1
], (2)

£¤¥ Zi, Mi Å § ·Ö¤ ¨ ³ ¸¸  Î ¸É¨Í ¶ÊÎ±  ¸μμÉ¢¥É¸É¢¥´´μ; Rg Å · ¤¨Ê¸ ¨Ì
É· ¥±Éμ·¨¨ ¢ ¤¨¶μ²ÖÌ ´Ê±²μÉ·μ´ . 	μ¸²¥ μ±μ´Î ´¨Ö · ¡μÉÒ ¤¥É¥±Éμ·  ´ ±μ¶-
²¥´´ Ö ¢ ¤¨¶μ²¥ Ô´¥·£¨Ö · ¸¸¥¨¢ ¥É¸Ö ´  ·¥§¨¸Éμ·¥ £ Ï¥´¨Ö ¶μ²Ö. � §³ £-
´¨Î¨¢ ´¨¥ ³ £´¨Éμ¶·μ¢μ¤  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ TrÄTc É¥³
¦¥ ¨¸ÉμÎ´¨±μ³ ¶·¨ Ëμ·³¨·μ¢ ´¨¨ ¨³ ·¥¢¥·¸¨¢´μ£μ Éμ± . 	·¨ ³ ±¸¨³ ²Ó-
´μ³ Éμ±¥ ¶¨É ´¨Ö μ¡³μÉμ± ¤¨¶μ²¥° 40 � ¨ Ê± § ´´μ° ¢ÒÏ¥ ¨Ì · ¸Î¥É´μ°
¨´¤Ê±É¨¢´μ¸É¨,   É ±¦¥ μ¶É¨³ ²Ó´μ° ´ ¸É·μ°±¥ ³ £´¨É´μ£μ ¶μ²Ö Bg ¸ ¨´É¥·-
¢ ²μ³ Tb − Ts ≈ 0, 1 ¸ ³ ±¸¨³ ²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ ¨¸ÉμÎ´¨±μ¢ 1, 2 ¸μ¸É ¢²Ö¥É
¶·¨¡²¨§¨É¥²Ó´μ 250 ¨ 290 ‚ ¶·¨ ¶¨±μ¢μ° ³μÐ´μ¸É¨ ¶·¨³¥·´μ 11 ¨ 12 ±‚É
¸μμÉ¢¥É¸É¢¥´´μ. �  ®¸Éμ²¥¯ ³ £´¨É´μ£μ ¶μ²Ö ´ ¨¡μ²ÓÏ¥¥ ´ ¶·Ö¦¥´¨¥ μ¶·¥-
¤¥²Ö¥É¸Ö ·¥§¨¸É¨¢´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ μ¡³μÉμ± ¶·¨¡²¨§¨É¥²Ó´μ 0,56 �³ ¨
· ¢´μ ¶·¨³¥·´μ 22 ‚.

�  ·¨¸. 8 ¶μ± § ´  ¶·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö. �´¨ ¢Ò-
¶μ²´¥´Ò ¶μ ¸μ¢·¥³¥´´μ° É¥Ì´μ²μ£¨¨ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö ³μÐ-
´μ¸É¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ï¨·μ±μ¨³¶Ê²Ó¸´μ° ³μ¤Ê²ÖÍ¨¨ ¸¨£´ ²  (Switch Mode
Technology with Pulse-Wide Modulation). ‘¨²μ¢ Ö Î ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ ¸μ¸Éμ¨É
¨§ ¸¥É¥¢μ£μ (Uc) ¢Ò¶·Ö³¨É¥²Ö (NR), ´¨§±μÎ ¸ÉμÉ´μ£μ Ë¨²ÓÉ·  (LFF), ¶μ´¨-
¦ ÕÐ¥£μ ¶·¥μ¡· §μ¢ É¥²Ö (Ch) ¸ · ¡μÎ¥° Î ¸ÉμÉμ° 50 ±ƒÍ, ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ
±μ´¢¥·Éμ·  (HFC) ¸ ´¥¸ÊÐ¥° Î ¸ÉμÉμ° 25 ±ƒÍ, ¸μ£² ¸ÊÕÐ¥£μ ¢Ò¸μ±μÎ ¸ÉμÉ-
´μ£μ É· ´¸Ëμ·³ Éμ·  (HFTr), ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ ¢Ò¶·Ö³¨É¥²Ö (HFR) ¨ Ë¨²Ó-
É·  (HFF),   É ±¦¥ ±²ÕÎ  £ Ï¥´¨Ö ¶μ²Ö (DS). 	·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¨¸±²ÕÎ¥´¨Ö
μ¸É ÉμÎ´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢  ´ ²¨§ Éμ·¥ ¶·¥¤Ê¸³ É·¨¢ ¥É¸Ö ±μ³³ÊÉ Éμ·
·¥¢¥·¸  Éμ±  (RS). ˆ¸ÉμÎ´¨±¨ ¸´ ¡¦¥´Ò ¡¥¸±μ´É ±É´Ò³ ¤ ÉÎ¨±μ³ Éμ±  (CS),
±μÉμ·Ò° ¨§³¥·Ö¥É  ¡¸μ²ÕÉ´ÊÕ ¢¥²¨Î¨´Ê Éμ±  ¢ μ¡³μÉ±¥ ³ £´¨Éμ¢ M1, M2.
‘μ£² ¸μ¢ ´¨¥ · ¡μÉÒ ¸μ¸É ¢´ÒÌ Î ¸É¥° ¨¸ÉμÎ´¨±μ¢ ¨ ¸¢Ö§Ó ¸ ¢´¥Ï´¨³¨ ¸¨¸É¥-
³ ³¨ μ¸ÊÐ¥¸É¢²Ö¥É ¸Ì¥³  Ê¶· ¢²¥´¨Ö ¨ § Ð¨É (CPS). 	·¨³¥´¥´¨¥ ¤¢μ°´μ£μ
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�¨¸. 8. 	·¨´Í¨¶¨ ²Ó´ Ö ¡²μ±-¸Ì¥³  ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö  ´ ²¨§ Éμ· 

¶·¥μ¡· §μ¢ ´¨Ö Ch ¨ HFC ´  Î ¸ÉμÉ Ì ¢μ ³´μ£μ · § ¡μ²ÓÏ¥ ¸¥É¥¢ÒÌ ¶μ§¢μ²Ö¥É
¶μ²ÊÎ¨ÉÓ ¸É ¡¨²Ó´μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ±  (¶μ²Ö), ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ É·¥¡Ê¥³μ°
� 10−4 μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í ¶·¨ Š	„ ´  Ê·μ¢´¥ 90%. 	·¨ · ¡μÉ¥ ¨¸ÉμÎ´¨-
±μ¢ É¥±ÊÐ¨¥ §´ Î¥´¨Ö Bg , Tr ¨ Tc (·¨¸. 7) ¶μ¸ÉÊ¶ ÕÉ ¢ ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò°
¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· (PC) ¨§ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö £² ¢´Ò³ ³ £´¨É´Ò³
¶μ²¥³ ¤¨¶μ²¥° ´Ê±²μÉ·μ´  (MFCS) ¨ ¶·¨ ´ ²¨Î¨¨ · §·¥Ï¥´¨Ö μÉ CPS (± -
´ ² 3) μ¶¥· Éμ· ¤ ¥É ±μ³ ´¤Ê ´  Ëμ·³¨·μ¢ ´¨¥ Éμ±  ¶¨É ´¨Ö. 	·¨ ¶μ¸²¥-
¤μ¢ É¥²Ó´μ³ ¸· ¢´¥´¨¨ §´ Î¥´¨° K1,2 · Ba ¨ ·¥ ²Ó´ÒÌ ¢¥²¨Î¨´ ³ £´¨É´μ£μ
¶μ²Ö By1,2, ¶μ²ÊÎ ¥³ÒÌ ¸ ¤ ÉÎ¨±μ¢ •μ²²  (HS), ¶μ ± ´ ²Ê 1 μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Ê¶· ¢²¥´¨¥ ¨¸ÉμÎ´¨± ³¨. ‚ ³μ³¥´É ¢·¥³¥´¨ Te ¶μ ¨´Ëμ·³ Í¨μ´´μ³Ê ± ´ ²Ê
2 ±μ³¶ÓÕÉ¥· ¶μ¤ ¥É ¸¨£´ ² ¢ CPS ´  ¢Ò¢μ¤ Éμ± . 	·¨ ÔÉμ³ § ¶¨· ÕÉ¸Ö Ch
¨ HFC, ¢±²ÕÎ ÕÉ¸Ö DS ¨ ´ ±μ¶²¥´´ Ö ¢ Ô²¥±É·μ³ £´¨É Ì Ô´¥·£¨Ö £ ¸¨É¸Ö ´ 
·¥§¨¸Éμ· Ì DS. ‚ ³μ³¥´É ¢·¥³¥´¨ Tr ¶μ ± ´ ²Ê 2 ¶μ¤ ¥É¸Ö ±μ³ ´¤  ¢ CPS
´  · §³ £´¨Î¨¢ ´¨¥. 	·¨ ÔÉμ³ RS ¶¥·¥±²ÕÎ ¥É¸Ö ¢ ·¥¢¥·¸¨¢´μ¥ ¸μ¸ÉμÖ´¨¥ ¨
¨¤¥É ¨³¶Ê²Ó¸ Éμ±  · §³ £´¨Î¨¢ ´¨Ö.

‡�Š‹	—…�ˆ…

	·¥¤¸É ¢²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¢Ò¡μ·Ê ¤¢ÊÌ¸ÉÊ¶¥´Î Éμ° ³ £´¨É´μ° ¸¨-
¸É¥³Ò  ´ ²¨§  ¨³¶Ê²Ó¸μ¢ Ô²¥±É·μ´μ¢,   É ±¦¥ Î¨¸²¥´´μ³Ê ³μ¤¥²¨·μ¢ ´¨Õ
³ £´¨Éμ¶·μ¢μ¤μ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¤¨¶μ²¥° ¨ μ¡³μÉμ± ¨Ì Ô²¥±É·¨Î¥¸±μ£μ ¶¨-
É ´¨Ö ¶μ± §Ò¢ ÕÉ ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö ´¥μÌ² ¦¤ ¥³μ£μ
¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ³ £´¨É´μ£μ  ´ ²¨§ Éμ·  ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¶μ ·¥²ÖÉ¨-
¢¨¸É¸±μ°  Éμ³´μ° Ë¨§¨±¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢´ÊÉ·¥´´¨Ì ³¨Ï¥´¥° ´  μÉ¢¥-
¤¥´´μ° ¤²Ö ÔÉμ£μ μ¡² ¸É¨ É¥¶²μ£μ ÊÎ ¸É±  ´Ê±²μÉ·μ´ . 	·¨ ¢Ò¤¥²¥´¨¨ δ-
Ô²¥±É·μ´μ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ ³¨Ï¥´¨ ¢ § ¤ ´´μ³ ´ ¶· ¢²¥´¨¨, ¶·¥¤²μ¦¥´´Ò°
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 ´ ²¨§ Éμ· ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶¥· É¨¢´μ (¢ ± ¦¤μ³ Í¨±²¥ · ¡μÉÒ Ê¸±μ·¨-
É¥²Ö) ±μ´É·μ²¨·μ¢ ÉÓ  ¡¸μ²ÕÉ´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö Ö¤¥· Í¨·-
±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ±  ¸ ³¨Ï¥´ÓÕ. „²Ö ¶¨É ´¨Ö  ´ ²¨§ Éμ·  ¨ ³¨´¨³¨§ Í¨¨
¢²¨Ö´¨Ö ¥£μ ±· ¥¢μ£μ ¶μ²Ö ´  Í¨·±Ê²¨·ÊÕÐ¨° ¶ÊÎμ± ¶·¥¤²μ¦¥´  ¸É·Ê±ÉÊ·-
´ Ö ¸Ì¥³  Ê¶· ¢²Ö¥³ÒÌ μÉ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÉ¥·  ¨¸ÉμÎ´¨±μ¢ Éμ±  ¤²Ö ¥£μ
μ¡³μÉμ±, ·¥¦¨³ · ¡μÉÒ ±μÉμ·ÒÌ μ¸´μ¢ ´ ´  ¢·¥³¥´´
μ° § ¢¨¸¨³μ¸É¨ ³ £´¨É-
´μ£μ ¶μ²Ö ¤¨¶μ²¥° ´Ê±²μÉ·μ´  ¢ ± ¦¤μ³ Í¨±²¥ ¥£μ · ¡μÉÒ. „ ´´Ò¥ ¨¸ÉμÎ-
´¨±¨ ³μ£ÊÉ ¡ÒÉÓ ¢Ò¶μ²´¥´Ò ¶μ ¸μ¢·¥³¥´´μ° É¥Ì´μ²μ£¨¨ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ
¶·¥μ¡· §μ¢ ´¨Ö ³μÐ´μ¸É¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ï¨·μ±μ¨³¶Ê²Ó¸´μ° ³μ¤Ê²ÖÍ¨¨
¸¨£´ ² . �Éμ ¶μ§¢μ²Ö¥É ¶·¨ ¢Ò¸μ±μ³ Š	„ ¶μ²ÊÎ¨ÉÓ É·¥¡Ê¥³ÊÕ ¤²Ö ¨§³¥·¥´¨°
¸É ¡¨²Ó´μ¸ÉÓ ¢ÒÌμ¤´μ£μ Éμ± .
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