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� ¸¸³ É·¨¢ ÕÉ¸Ö ±μ´¸É·Ê±Í¨Ö ¨ É¥Ì´μ²μ£¨Ö ¸¡μ·±¨ ¶·μÉμÉ¨¶  ´  μ¸´μ¢¥ ¸¥£³¥´É´ÒÌ ¸É·μÊ,
μ¡² ¤ ÕÐ¥£μ £· ´Ê²¨·μ¢ ´´μ¸ÉÓÕ 4 ¸³2. �·μÉμÉ¨¶ ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³ · §³¥·μ³ 400 × 200 ³³
¸μ¤¥·¦¨É ¤¢¥ ¶²μ¸±μ¸É¨ ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³, ¸¤¢¨´ÊÉÒ¥ ³¥¦¤Ê ¸μ¡μ° ´  ¢¥²¨Î¨´Ê · ¤¨Ê¸  ¸É·μÊ.
�¡Ð¥¥ Î¨¸²μ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨ 360. �·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¸É¥´¤μ¢μ° ¶·μ¢¥·±¨ ¶·μÉμÉ¨¶ .

The design and assembly technology of a detector prototype based on segmented straws is consid-
ered. The granularity of the prototype is 4 cm2. The prototype has a sensitive area of 400 × 200 mm,
and contains two straw planes displaced against each other by 2 mm. The number of registration
channels is 360. Preliminary results of the bench study of the prototype are presented.
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�¥μ¡Ìμ¤¨³μ¸ÉÓ μ¡¥¸¶¥Î¥´¨Ö ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ¶·μ-
Í¥¸¸ Ì ¸ ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ É·¥¡Ê¥É ¨¸¶μ²Ó§μ¢ ´¨Ö ¢Ò¸μ±μ£· ´Ê²¨·μ¢ ´´ÒÌ
É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ´¨§±ÊÕ ¢¥²¨Î¨´Ê § £·Ê§±¨ ¨Ì ²μ± ²Ó´ÒÌ ¤¥É¥±-
É¨·ÊÕÐ¨Ì Ô²¥³¥´Éμ¢. � §¢¨É¨¥ ³¥Éμ¤¨±¨ ŒPGS [1], É ±¨Ì ± ± GEM, Micromegas ¨ ¨Ì
· §´μ¢¨¤´μ¸É¥°, μ£· ´¨Î¨¢ ¥É¸Ö ¢ ´¥±μÉμ·μ° ¸É¥¶¥´¨ É¥Ì´μ²μ£¨Î¥¸±¨³¨ ¶·μ¡²¥³ ³¨ ¶·¨
¸μ§¤ ´¨¨ ¡μ²ÓÏ¨Ì ¤¥É¥±Éμ·μ¢ ¨ ¨Ì ¸Éμ¨³μ¸ÉÓÕ.

„¥É¥±Éμ·Ò ´  μ¸´μ¢¥ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± μ¡² ¤ ÕÉ ·Ö¤μ³ ¶·¥¨³Ê-
Ð¥¸É¢ Å ÔÉμ ³¨´¨³ ²Ó´μ¥ ±μ²¨Î¥¸É¢μ ¸μ¡¸É¢¥´´μ£μ ¢¥Ð¥¸É¢  ¢ ¸· ¢´¥´¨¨ ¸ ²Õ¡Ò³ ¨´Ò³
É¨¶μ³ ¤¥É¥±Éμ·μ¢, Ìμ·μÏ¨¥ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò¥ ¶ · ³¥É·Ò, £¨¡±μ¸ÉÓ ±μ´¸É·Ê±-
Éμ·¸±¨Ì ·¥Ï¥´¨° ¶·¨ ¸μ§¤ ´¨¨ ¤¥É¥±Éμ·μ¢, ¸· ¢´¨É¥²Ó´μ ´¨§± Ö ¸Éμ¨³μ¸ÉÓ. �¤´¨³ ¨§
μ¸´μ¢´ÒÌ ´¥¤μ¸É É±μ¢ Ö¢²Ö¥É¸Ö ¨Ì ´¨§± Ö £· ´Ê²¨·μ¢ ´´μ¸ÉÓ, É ± ± ± · §³¥· Ô²¥³¥´É ·-
´μ£μ ¤¥É¥±É¨·ÊÕÐ¥£μ Ô²¥³¥´É  μ¶·¥¤¥²Ö¥É¸Ö ¶·μ¨§¢¥¤¥´¨¥³ ¤²¨´Ò ¸É·μÊ ´  ¥£μ ¤¨ ³¥É·.
‘ ÊÎ¥Éμ³ μ¶ÒÉ  ¶μ · §· ¡μÉ±¥ ¨ ¸μ§¤ ´¨Õ ¢Ò¸μ±μÉ¥Ì´μ²μ£¨Î´μ£μ ¤¥É¥±Éμ·  ¶¥·¥Ìμ¤´μ£μ
¨§²ÊÎ¥´¨Ö Å É·¥±¥·  Ê¸É ´μ¢±¨ ATLAS [2] ¨ É·¥±¥·  Ê¸É ´μ¢±¨ COMPASS [3] Å c
Í¥²ÓÕ ¶μ¢ÒÏ¥´¨Ö £· ´Ê²¨·μ¢ ´´μ¸É¨ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ¸É·μÊ ¡Ò² · §· -
¡μÉ ´ ³¥Éμ¤ ¸μ§¤ ´¨Ö ¸¥£³¥´É´ÒÌ ¸É·μÊ [4] c ³¨´¨³ ²Ó´μ° ¢¥²¨Î¨´μ° ¶²μÐ ¤¨ ¸¥£³¥´É 
μÉ 1 ¸³2. Š·μ³¥ Éμ£μ, ¡Ò² · §· ¡μÉ ´ ³¥Éμ¤ ¸Î¨ÉÒ¢ ´¨Ö ¸¨£´ ²μ¢ ¸ ¸¥£³¥´Éμ¢ ¶¥·¥¤ ÉμÎ-
´Ò³¨ ²¨´¨Ö³¨ (´¨§±μ³ ¸¸μ¢Ò³ ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò³ ¶²μ¸±¨³ ± ¡¥²¥³), ¶μ§¢μ²ÖÕÐ¨³¨
¶¥·¥¤ ¢ ÉÓ ¸¨£´ ²Ò ¡¥§ ¶μÉ¥·Ó ´  · ¸¸ÉμÖ´¨¥ ¤μ 2 ³ ¨ ´¥§´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨¢ ÕÐ¨³¨
³ É¥·¨ ²Ó´Ò° ¡Õ¤¦¥É ¤¥É¥±Éμ· . �Éμ ¶μ§¢μ²Ö¥É ¸μ§¤ ¢ ÉÓ ¤¥É¥±Éμ·Ò ¸ ÎÊ¢¸É¢¨É¥²Ó´Ò³
· §³¥·μ³ ¡μ²¥¥ 4 × 4 ³.
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‘ Í¥²ÓÕ ¶·μ¢¥·±¨ ¢μ§³μ¦´μ¸É¨ ¸μ§¤ ´¨Ö ¶μ¤μ¡´ÒÌ ¤¥É¥±Éμ·μ¢ ¢ ·¥¦¨³¥ ³ ¸¸μ¢μ£μ
¶·μ¨§¢μ¤¸É¢  ¡Ò² ¸μ§¤ ´ ¨ ¶μ¤£μÉμ¢²¥´ ± ¨¸¸²¥¤μ¢ ´¨Ö³ ´  ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö ¶·μÉμÉ¨¶
¸ 360 ·¥£¨¸É· Í¨μ´´Ò³¨ ± ´ ² ³¨.

1. Š��‘’�“Š–ˆŸ ���’�’ˆ��

1.1. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¤¥É¥±Éμ· . �·μÉμÉ¨¶ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¢ÊÌ¸²μ°´ÊÕ
¶² ´ ·´ÊÕ ± ³¥·Ê, ± ¦¤Ò° ¸²μ° ±μÉμ·μ° ¸μ¤¥·¦¨É 48 ¸É·μÊ ¤¨ ³¥É·μ³ 4 ³³ ¨ ¤²¨´μ°
42 ¸³. ‘²μ¨ ¸¤¢¨´ÊÉÒ ³¥¦¤Ê ¸μ¡μ° ´  ¢¥²¨Î¨´Ê · ¤¨Ê¸  ¸É·μÊ. �´μ¤Ò ¸É·μÊ · §¤¥-
²¥´Ò ´  Î¥ÉÒ·¥ ¸¥£³¥´É , ´  ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¶μ ¨´¤¨¢¨¤Ê ²Ó´μ° Ï¨´¥ ¶¥·¥¤ ÉμÎ´ÒÌ
²¨´¨° ¶μ¤ ¥É¸Ö  ´μ¤´μ¥ ´ ¶·Ö¦¥´¨¥, ¨ ¶μ ´¥° ¦¥ ¶¥·¥¤ ÕÉ¸Ö Éμ±μ¢Ò¥ ¸¨£´ ²Ò ´  · ¸-
¶μ²μ¦¥´´Ò¥ ¢¡²¨§¨ ±μ´Íμ¢ ¸É·μÊ  ´ ²μ£μ¢Ò¥ Ê¸¨²¨É¥²¨ ¨ Ëμ·³¨·μ¢ É¥²¨. �²¥±É·μ´¨± 
· §³¥Ð¥´  ´  μ¤´μ° ¸Éμ·μ´¥ ± ³¥·Ò. ‘Ì¥³  ± ³¥·Ò ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1,  , ¨ μ¡Ð¨°
¢¨¤ ¶·μÉμÉ¨¶  ¶μ± § ´ ´  ·¨¸. 1, ¡.

1.2. �²μ¸±μ¸É¨ ¸É·μÊ. ‘É·μÊ ± ¦¤μ° ¶²μ¸±μ¸É¨ ¸±²¥¥´Ò ³¥¦¤Ê ¸μ¡μ° ¨ ¢±²¥¥´Ò ¢
¸Ê¡· ³Ê. ‚ ¤ ²Ó´¥°Ï¥³ ¸Ê¡· ³Ò ¤¢ÊÌ ¸É·μÊ-¶²μ¸±μ¸É¥° μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢ μ¡ÐÊÕ · ³Ê
¶·μÉμÉ¨¶ , ¶·¨ ÔÉμ³ ¤²Ö Ê¸É· ´¥´¨Ö ²¥¢μ-¶· ¢μ° ´¥μ¶·¥¤¥²¥´´μ¸É¨ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¢§ -
¨³´Ò° ¸¤¢¨£ ¶²μ¸±μ¸É¥° ´  2 ³³ ¢ μ·Éμ£μ´ ²Ó´μ³ ± ¸É·μÊ ´ ¶· ¢²¥´¨¨. ˆ¸¶μ²Ó§μ¢ ´¨¥
´¥§ ¢¨¸¨³ÒÌ ¸Ê¡· ³ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¸¡μ·±Ê ¨ μ¶¥· É¨¢´μ¥ ¶μμ¶¥· Í¨μ´´μ¥ É¥¸É¨-
·μ¢ ´¨¥ ¸É·μÊ-¶²μ¸±μ¸É¥° ¶ · ²²¥²Ó´μ ¨ ´¥§ ¢¨¸¨³μ.

‘É·μÊ ´ ³μÉ ´Ò ¤¢Ê³Ö ± ¶Éμ´μ¢Ò³¨ ¸É·¨¶ ³¨, ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· ¨Ì ¸μ¸É ¢²Ö¥É
4+0,00
−0,02 ³³. Š ¶Éμ´μ¢ Ö ¶²¥´±  Éμ²Ð¨´μ° 25 ³±³ ¸ μ¤´μ° ¸Éμ·μ´Ò ¶μ±·ÒÉ  Al Éμ²Ð¨´μ°

∼ 0,2 ³±³ ¨ ¸²μ¥³ ¶μ²¨Ê·¥É ´  ∼ 6 ³±³, Ö¢²ÖÕÐ¨³¸Ö É¥·³μ±²¥¥³. �  ¤·Ê£μ° ¶μ¢¥·Ì-
´μ¸É¨ ¶²¥´±¨ ´ ´¥¸¥´ ¶·μ¢μ¤ÖÐ¨° £· Ë¨Éμ¸μ¤¥·¦ Ð¨° ¸²μ° Éμ²Ð¨´μ° (6 ± 2) ³±³ ¸
·¥§¨¸É¨¢´μ¸ÉÓÕ ∼ 10 �³/±‚ ¶²μÐ ¤¨.

�¨¸. 1.  ) ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ ± ³¥·Ò: 1 Å ¶²μ¸±μ¸ÉÓ ¸É·μÊ; 2 Å ¸Ê¡· ³  ¶·μÉμÉ¨¶ ; 3 Å

£ §μ¢Ò° μ¡Ñ¥³; 4 Å ²¨´¨¨ ¶¥·¥¤ Î¨ ¸¨£´ ²μ¢; 5 Å ³¥¸Éμ · ¸¶μ²μ¦¥´¨Ö Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö;

6 Å ²¨´¨Ö ¢ÒÌμ¤   ´μ¤μ¢ ¸¥£³¥´Éμ¢. ¡) �¡Ð¨° ¢¨¤ ¶·μÉμÉ¨¶  ¢μ ¢·¥³Ö ¸É¥´¤μ¢ÒÌ ¨¸¸²¥¤μ¢ ´¨°
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�¨¸. 2. ”· £³¥´É ¶²μ¸±μ¸É¨ ¸É·μÊ ¸ ·Ö¤μ³ μÉ¢¥·¸É¨° (¸²¥¢ ), μÉ¢¥·¸É¨Ö ¢ Ê¢¥²¨Î¥´´μ³ ³ ¸ÏÉ ¡¥

(¸¶· ¢ )

�μ ¤¢  ¡μ±μ¢ÒÌ ¸É·μÊ ¸ ± ¦¤μ° ¸Éμ·μ´Ò ¶²μ¸±μ¸É¥° ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ³μ´¨Éμ·¨´£  ¨
¸μ¤¥·¦ É ´¥¸¥£³¥´É¨·μ¢ ´´Ò¥  ´μ¤Ò. ‚¸¥ μ¸É ²Ó´Ò¥ ¸É·μÊ ¸μ¤¥·¦ É Î¥ÉÒ·¥Ì¸¥£³¥´É´Ò¥
 ´μ¤Ò, ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ±μ´É ±É  ¨§¢´¥ ¸ ±μÉμ·Ò³¨ ¢ ¸É¥´± Ì ÔÉ¨Ì ¸É·μÊ CO2-² §¥·μ³
³μÐ´μ¸ÉÓÕ 12 ‚É ¢Ò·¥§ ´Ò ¤¢  ·Ö¤  μÉ¢¥·¸É¨° · §³¥·μ³ 2,5 × 1,5 ³³. ”· £³¥´É ¶²μ¸-
±μ¸É¨ ¸É·μÊ ¸ μ¤´¨³ ·Ö¤μ³ μÉ¢¥·¸É¨° ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2.

�´ ²μ£μ¢ Ö Ô²¥±É·μ´¨±  ¸Î¨ÉÒ¢ ´¨Ö · ¸¶μ²μ¦¥´  ¢¤μ²Ó μ¤´μ£μ ¨§ ±μ´Íμ¢ ¸É·μÊ,
¶²μÉ´μ¸ÉÓ ¥¥ ¸μ¸É ¢²Ö¥É μ¤¨´ ± ´ ² ¸Î¨ÉÒ¢ ´¨Ö ´  1 ³³ ¢ μ·Éμ£μ´ ²Ó´μ³ ± μ·¨¥´É -
Í¨¨ ¸É·μÊ ´ ¶· ¢²¥´¨¨. ’μ±μ¢Ò¥ ¸¨£´ ²Ò ¸ ± ¦¤μ£μ ¸¥£³¥´É  ¨ ´ ¶·Ö¦¥´¨¥ ´  ´¥£μ
¶μ¤ ÕÉ¸Ö ¶μ ¨´¤¨¢¨¤Ê ²Ó´μ° Ï¨´¥ ²¨´¨° ¶¥·¥¤ Î.

1.3. ‘¥£³¥´É´Ò¥  ´μ¤Ò ¸É·μÊ. 1.3.1. �²¥³¥´ÉÒ ¸¥£³¥´É´ÒÌ  ´μ¤μ¢. ‘¥£³¥´É´Ò¥
 ´μ¤Ò ¸μ¸ÉμÖÉ ¨§ Ô²¥±É·¨Î¥¸±¨ · §¤¥²¥´´ÒÌ ±Ê¸±μ¢ §μ²μÎ¥´μ° ¢μ²ÓË· ³μ¢μ° ¶·μ¢μ²μ±¨
¤¨ ³¥É·μ³ 30 ³±³, ³¥Ì ´¨Î¥¸±¨ ¸μ¥¤¨´¥´´ÒÌ ¢ ¥¤¨´Ò° Ô²¥³¥´É ¸É¥±²Ö´´Ò³¨ ± ¶¨²-
²Ö·´Ò³¨ É·Ê¡± ³¨ [5, 6]. ˆ¸¶μ²Ó§ÊÕÉ¸Ö É·Ê¡±¨ ¨§ ¡μ·μ¸¨²¨± É´μ£μ ¸É¥±²  ¤²¨´μ° μÉ 4
¤μ 7 ³³ ¸ ´ ·Ê¦´Ò³ ¨ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É· ³¨ 0,25 ¨ 0,1 ³³ ¸μμÉ¢¥É¸É¢¥´´μ. ‚¥¸ ¨Ì
¸μ¸É ¢²Ö¥É 0,094 ³£ ´  1 ³³ ¤²¨´Ò. ‚ É·Ê¡±Ê ¸ ¤¢ÊÌ ¥¥ ±μ´Íμ¢ ¢¶ ¨¢ ÕÉ¸Ö ¶·μ¢μ²μ±¨,
μÉ¤¥²Ö¥³Ò¥ μ¤´  μÉ ¤·Ê£μ° · ¸¶² ¢²¥´´μ° ¶¥·¥³ÒÎ±μ° (·¨¸. 3,  , ¢). �  ·¨¸. 3, ¡, £ ¶μ± § ´
μ¡Ð¨° ¢¨¤ É·Ê¡±¨ ¤²¨´μ° 5 ³³ ¸ ¢¶ Ö´´Ò³¨ ¶·μ¢μ²μ± ³¨, Ï¨·¨´  Í¥´É· ²Ó´μ° ¨§μ²Ö-
Í¨μ´´μ° ¶¥·¥³ÒÎ±¨ ¸μ¸É ¢²Ö¥É ∼ 0,5 ³³, ¸μÌ· ´Ö¥É¸Ö ¶·Ö³μ²¨´¥°´μ¸ÉÓ ± ¶¨²²Ö·´ÒÌ
É·Ê¡μ±, ¨ μ¡¥¸¶¥Î¨¢ ¥É¸Ö Ìμ·μÏ Ö ¸μμ¸´μ¸ÉÓ É·Ê¡μ± ¨ ¢¶ Ö´´ÒÌ ¢ ´¨Ì ¶·μ¢μ²μ±.

�·μ¢¥·±  ¶·μÎ´μ¸É´ÒÌ ¸¢μ°¸É¢ ±μ´É·μ²Ó´μ° ¶ ·É¨¨ ¤¢ÊÌ¶·μ¢μ²μÎ´ÒÌ  ´μ¤μ¢ ¶μ± -
§ ²  μÉ¸ÊÉ¸É¢¨¥ ¢ÒÌμ¤  ¶·μ¢μ²μ± ¨§ ³¥¸É  ¢¶ ¨¢ ´¨Ö ¶·¨ ´ ÉÖ¦¥´¨¨ ¤μ 120 £. ‚Ò¸μ±μ-
¢μ²ÓÉ´μ¥ É¥¸É¨·μ¢ ´¨¥  ´μ¤μ¢ ¶·¨ · §´μ¸É¨ ¶μÉ¥´Í¨ ²μ¢ ´  ¶·μ¢μ²μ± Ì ¢ 2,5 ±‚ ¶μ± § ²μ
μÉ¸ÊÉ¸É¢¨¥ Éμ±  ¸É¥± ´¨Ö Î¥·¥§ Í¥´É· ²Ó´ÊÕ ¨§μ²¨·ÊÕÐÊÕ ¶¥·¥³ÒÎ±Ê.

�¨¸. 3.  ) ‘É¥±²Ö´´ Ö ± ¶¨²²Ö·´ Ö É·Ê¡±  (1) ¤²Ö ´¥£ ²Ó¢ ´¨Î¥¸±μ£μ ¸μ¥¤¨´¥´¨Ö ¤¢ÊÌ  ´μ¤´ÒÌ ¶·μ-

¢μ²μ± (4); 2 Å Í¥´É· ²Ó´ Ö ¨§μ²ÖÍ¨μ´´ Ö ¶¥·¥³ÒÎ± ; 3 Å ³¥¸Éμ ¢¶ ¨¢ ´¨Ö ¶·μ¢μ²μ±¨; ¡) μ¡Ð¨°
¢¨¤ ¸μ¥¤¨´¨É¥²Ó´μ° É·Ê¡±¨ ¤²¨´μ° 6 ³³, · ¸¶μ²μ¦¥´´ Ö ¢ÒÏ¥ ´ ÉÖ´ÊÉ Ö ¶·μ¢μ²μ±  ¨²²Õ¸É·¨-

·Ê¥É ¶·Ö³μ²¨´¥°´μ¸ÉÓ É·Ê¡±¨; ¢) ¸μ¢³¥¸É´μ¥ ¢¶ ¨¢ ´¨¥ ¤¢ÊÌ ¶·μ¢μ²μ± (¸¶· ¢ ); £) μ¡Ð¨° ¢¨¤

¸μ¥¤¨´¨É¥²Ó´μ° É·Ê¡±¨ ¸ ¤¢Ê³Ö ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨
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�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò ¸μ¶·μÉ¨¢²¥´¨Ö ³¥¦¤Ê ¢¶ ¨¢ ¥³Ò³¨ ¸μ¢³¥¸É´μ  ´μ¤´μ° ¨ ±μ´-

É ±É´μ° ¶·μ¢μ²μ± ³¨ ¤²Ö É¥¸Éμ¢ÒÌ μ¡· §Íμ¢

‚μ§³μ¦´μ ¢¶ ¨¢ ´¨¥ ¢ ± ¶¨²²Ö·´ÊÕ É·Ê¡±Ê μ¤´μ¢·¥³¥´´μ ¤¢ÊÌ ¶·μ¢μ²μ± (·¨¸. 3, ¢)
¸ μ¡¥¸¶¥Î¥´¨¥³ ³¥¦¤Ê ´¨³¨ £ ²Ó¢ ´¨Î¥¸±μ£μ ±μ´É ±É . �  ·¨¸. 4 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥-
´¨¥ ·¥§¨¸É¨¢´μ¸É¨ ³¥¦¤Ê ¤¢Ê³Ö μ¤´μ¢·¥³¥´´μ ¢¶ ¨¢ ¥³Ò³¨ ¨¤¥´É¨Î´Ò³¨ ¶·μ¢μ²μ± ³¨
¤¨ ³¥É·μ³ 30 ³±³. ‚¨¤´μ, ÎÉμ ¢¥²¨Î¨´  ¸μ¶·μÉ¨¢²¥´¨Ö ³¥¦¤Ê ´¨³¨ ³¥´¥¥ 1 �³, ÎÉμ
¶μ§¢μ²Ö¥É ¸Î¨ÉÒ¢ ÉÓ Éμ±μ¢Ò¥ ¸¨£´ ²Ò ¸  ´μ¤´μ£μ ¸¥£³¥´É  Î¥·¥§ ÔÉÊ ±μ´É ±É´ÊÕ ¶·μ¢μ-
²μ±Ê [7].

‚Ò¢μ¤ ±μ´É ±É´ÒÌ ¶·μ¢μ²μ± ¢μ§³μ¦¥´ ¸ ¶μ³μÐÓÕ Ê¸É ´μ¢²¥´´μ£μ ¸¶¥°¸¥·  ´  ± ¶¨²-
²Ö·´ÊÕ É·Ê¡±Ê ¸¥£³¥´É´μ£μ  ´μ¤ , ±μ´¸É·Ê±Í¨Ö ±μÉμ·μ£μ ¶·¨¢¥¤¥´  ´  ·¨¸. 5,  . ‘¶¥°¸¥·
¤²¨´μ° 8 ³³ ¨ ³ ±¸¨³ ²Ó´Ò³ ´ ·Ê¦´Ò³ ¤¨ ³¥É·μ³ 3,98+0

−0,02 ¨§£μÉμ¢²¥´ ¨§ ¶μ²¨± ·-
¡μ´ É , Éμ²Ð¨´  ¸É¥´±¨ ¨ ¢´ÊÉ·¥´´¥° ¶¥·¥³ÒÎ±¨ ∼ 0,2 ³³. ‹¥¢ Ö ¨ ¶· ¢ Ö ±μ´É ±É-
´Ò¥ ¶·μ¢μ²μ±¨ ± ¶¨²²Ö·  Î¥·¥§ μÉ¢¥·¸É¨Ö ¢ Í¥´É· ²Ó´μ° ¶¥·¥³ÒÎ±¥, ¸É¥´±¥ ¸¶¥°¸¥· 
¨ μÉ¢¥·¸É¨Ö ¢ ¸É¥´±¥ ¸É·μÊ ¢Ò¢μ¤ÖÉ¸Ö ¨§ ¢´ÊÉ·¥´´¥£μ μ¡Ñ¥³  ¸É·μÊ. ƒ ²Ó¢ ´¨Î¥¸±¨°
±μ´É ±É ³¥¦¤Ê ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨ μÉ¸ÊÉ¸É¢Ê¥É. �  ·¨¸. 3, £ ³μ¦´μ ¢¨¤¥ÉÓ μ¡Ð¨°
¢¨¤ ± ¶¨²²Ö·´μ° É·Ê¡±¨ ¸ ¤¢Ê³Ö ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨, ¨ ´  ·¨¸. 5, ¡ ¶μ± § ´ μ¡-
Ð¨° ¢¨¤ ¸¶¥°¸¥·  ¸ ¢¸É ¢²¥´´μ° ¢ ¥£μ Í¥´É· ²Ó´μ¥ μÉ¢¥·¸É¨¥ ± ¶¨²²Ö·´μ° É·Ê¡±μ° ¨ ¸
¢Ò¢¥¤¥´´Ò³¨ ¨§ ¸¶¥°¸¥·  ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨. �  ·¨¸. 6 ¶μ± § ´  ¸Ì¥³  Î¥ÉÒ·¥Ì-
¸¥£³¥´É´ÒÌ  ´μ¤μ¢. ‚ Í¥´É·¥  ´μ¤  Ê¸É ´μ¢²¥´  É·Ê¡± , μ¡Ñ¥¤¨´ÖÕÐ Ö ¢Éμ·μ° ¨ É·¥É¨°
 ´μ¤´Ò¥ ¸¥£³¥´ÉÒ, ¸²¥¢  ¨ ¸¶· ¢  · ¸¶μ²μ¦¥´Ò ¤¢  ¸¶¥°¸¥·  ¸ ¢¸É ¢²¥´´Ò³¨ ¢ ´¨Ì É·Ê¡-
± ³¨, μ¡Ñ¥¤¨´ÖÕÐ¨³¨ 1Ä4-°  ´μ¤´Ò¥ ¸¥£³¥´ÉÒ ¸μμÉ¢¥É¸É¢¥´´μ. �μ± § ´Ò É ±¦¥ ¢ÒÌμ¤Ò
±μ´É ±É´ÒÌ ¶·μ¢μ²μ± ¨§ ¸¶¥°¸¥·μ¢.

�¨¸. 5. Šμ´¸É·Ê±Í¨Ö ¸¶¥°¸¥·  ( ) ¨ ¥£μ μ¡Ð¨° ¢¨¤ (¡) ¶μ¸²¥ ¸¡μ·±¨
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�¨¸. 6. ‘Ì¥³  Î¥ÉÒ·¥Ì¸¥£³¥´É´ÒÌ  ´μ¤μ¢, ¤²¨´  ± ¦¤μ£μ ¸¥£³¥´É  10 ¸³

1.3.2. �±μ´Î É¥²Ó´ Ö ¸¡μ·±  Î¥ÉÒ·¥Ì¸¥£³¥´É´ÒÌ  ´μ¤μ¢. �μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ μ±μ´-
Î É¥²Ó´μ° ¸¡μ·±¨ ¸¥£³¥´É´ÒÌ  ´μ¤μ¢ ¸²¥¤ÊÕÐ Ö. ‚ ¸μ¥¤¨´¨É¥²Ó´ÊÕ É·Ê¡±Ê ¢¶² ¢²Ö²¨¸Ó
¶μ ¤¢¥ ¸¥£³¥´É´Ò¥  ´μ¤´Ò¥ ¨ ±μ´É ±É´Ò¥ ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 30 ³±³ (¸³. ·¨¸. 3, £),
¤²¨´  ¨Ì ¸μ¸É ¢²Ö²  50 ¨ 15 ¸³ ¸μμÉ¢¥É¸É¢¥´´μ. � ¡μÎ¥¥ ³¥¸Éμ ¸μ¤¥·¦¨É ¶·¥Í¨§¨μ´´μ¥
³¥Ì ´¨Î¥¸±μ¥ μ¡μ·Ê¤μ¢ ´¨¥ ¤²Ö Ê¸É ´μ¢±¨ ± ¶¨²²Ö·´μ° É·Ê¡±¨,  ´μ¤´ÒÌ ¨ ±μ´É ±É´ÒÌ
¶·μ¢μ²μ± ¨ ¨Ì Ë¨±¸¨·μ¢ ´¨Ö, ¶¥·¥¤¢¨¦´ÊÕ £ §μ¢ÊÕ £μ·¥²±Ê ¸ Ô²¥³¥´É ³¨ É¥¶²μμÉ¢μ¤ ,
  É ±¦¥ ³¨±·μ¸±μ¶, ¢¨¤¥μ± ³¥·Ê ¨ ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥·. Œ¨±·μ¸±μ¶ μ¡¥¸¶¥Î¨¢ ¥É
μ¶¥· Éμ·Ê μ¶¥· É¨¢´Ò° ±μ´É·μ²Ó ¢ ¶·μÍ¥¸¸¥ ´ ¸É·μ°±¨ μ¡μ·Ê¤μ¢ ´¨Ö,   ¢¨¤¥μ± ³¥· 
¨ ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· Å μ¶¥· É¨¢´Ò° ±μ´É·μ²Ó ¢ ¶·μÍ¥¸¸¥ ¨§£μÉμ¢²¥´¨Ö ¸¥·¨¨
μ¤´μÉ¨¶´ÒÌ Ô²¥³¥´Éμ¢.

�μ¸²¥ ¢¨§Ê ²Ó´μ£μ ±μ´É·μ²Ö ¨ ¶·μ¢¥·±¨ ¶μ¤ ´ ÉÖ¦¥´¨¥³ ¨§£μÉμ¢²¥´´Ò¥  ´μ¤´Ò¥ Ô²¥-
³¥´ÉÒ ¶μ¸ÉÊ¶ ÕÉ ´  ÊÎ ¸Éμ± Ê¸É ´μ¢±¨ ¸¶¥°¸¥·  ´  ± ¶¨²²Ö·´ÊÕ É·Ê¡±Ê ¨ ¨Ì ¸±²¥¨¢ ´¨Ö.
�¡μ·Ê¤μ¢ ´¨¥ μ¡¥¸¶¥Î¨¢ ¥É ¸μμ¸´μ¸ÉÓ É·Ê¡±¨ ¨ ¸¶¥°¸¥·  ¨ ¨¸±²ÕÎ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨Ì
Ê£²μ¢μ£μ ¸³¥Ð¥´¨Ö. �μ¸²¥ É¥¸É¨·μ¢ ´¨Ö ¤¢  £μÉμ¢ÒÌ  ´μ¤´ÒÌ Ô²¥³¥´É  ¶μ¸ÉÊ¶ ÕÉ ´ 
 ´ ²μ£¨Î´Ò° ¶¥·¢μ³Ê ÊÎ ¸Éμ± ¤²Ö μ¡Ñ¥¤¨´¥´¨Ö ¨Ì ¸ ¶μ³μÐÓÕ ¤μ¶μ²´¨É¥²Ó´μ° ± ¶¨²-
²Ö·´μ° É·Ê¡±¨ ¢ Î¥ÉÒ·¥Ì¸¥£³¥´É´Ò°  ´μ¤ ¨ ¤ ²¥¥ ´  ÊÎ ¸Éμ± É¥¸É¨·μ¢ ´¨Ö. ‘¶¥°¸¥·Ò
Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¶μ Í¥´É·Ê É·Ê¡μ±,   ¤²¨´Ò  ´μ¤´ÒÌ ¶·μ¢μ²μ± ¶·¨ Ë¨´ ²Ó´μ³ μ¡Ñ-
¥¤¨´¥´¨¨ μ¡¥¸¶¥Î¨¢ ÕÉ ¶· ¢¨²Ó´μ¥ ¶μ§¨Í¨μ´¨·μ¢ ´¨¥ ¸¶¥°¸¥·μ¢ μÉ´μ¸¨É¥²Ó´μ Í¥´É· 
μÉ¢¥·¸É¨° ¢ ¸É·μÊ ¶·¨ Ê¸É ´μ¢±¥  ´μ¤μ¢ ¢ ¸É·μÊ.

1.4. Šμ´Í¥¢Ò¥ ¢ÉÊ²±¨. �·¨ Ê¸É ´μ¢±¥  ´μ¤  ¢ ¸É·μÊ ¶·μ¢μ²μ±  ¶·μÌμ¤¨É Î¥·¥§ ¶² -
¸É¨±μ¢ÊÕ ¢ÉÊ²±Ê ¨ Ô²¥³¥´É ¸ ±μ´Í¥¢μ° ³¥¤´μ° É·Ê¡±μ° ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 0,1 ³³,
¨¸¶μ²Ó§Ê¥³Ò° ¤²Ö Ë¨±¸ Í¨¨ ¢ ´¥°  ´μ¤´μ° ¶·μ¢μ²μ±¨ (·¨¸. 7).

�¨¸. 7. �¡Ð¨° ¢¨¤ Ô²¥³¥´Éμ¢ Ë¨±¸¨·μ¢ ´¨Ö  ´μ¤  ¢ ¸É·μÊ: ³¥É ²²¨Î¥¸±μ¥ ±μ²ÓÍμ ®§ §¥³²¥´¨Ö¯
μ¡Ð¥£μ (´¥§ ¢¨¸¨³μ μÉ ±μ²¨Î¥¸É¢  ¸¥£³¥´Éμ¢) ± Éμ¤  ¸É·μÊ, ²¨É Ö ¶² ¸É¨±μ¢ Ö ¢ÉÊ²± , ²¨É Ö ¶² -

¸É¨±μ¢ Ö ¢ÉÊ²±  ¸ ³¥¤´μ° É·Ê¡±μ°

2. �‹�‘Šˆ… �…�…„�’�—�›… ‹ˆ�ˆˆ

Œ¥Éμ¤ ´¥§ ¢¨¸¨³μ£μ ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸  ´μ¤´ÒÌ ¸¥£³¥´Éμ¢ ¢Ò¸μ±μ£· ´Ê²¨-
·μ¢ ´´ÒÌ ¸É·μÊ [10, 11] ¡Ò² · §· ¡μÉ ´ ¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¶·μÉμÉ¨¶ . �¸´μ¢´Ò¥ É·¥¡μ-
¢ ´¨Ö ± · §· ¡μÉ ´´μ³Ê ³¥Éμ¤Ê ¡Ò²¨ ¸²¥¤ÊÕÐ¨¥: ¶¥·¥¤ Î  Éμ±μ¢ÒÌ ¸¨£´ ²μ¢ ¢¥²¨Î¨´μ°
μÉ 1 ³±� ¨ ¸ ¢·¥³¥´¥³ ´ · ¸É ´¨Ö 3−5 ´¸ ´  · ¸¸ÉμÖ´¨¥ ¤μ 1 ³ ¨ ¡μ²¥¥ ¡¥§ ¨¸± ¦¥´¨°
¨ ¶μÉ¥·Ó, ¶¥·¥¤ Î  ¶μ ÔÉ¨³ ¦¥ Ï¨´ ³ ²¨´¨°  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ¢¥²¨Î¨´μ° ¤μ 2,0 ±‚
¶·¨ Éμ± Ì ¸É¥± ´¨Ö � 0,1 ´�/Ï¨´  (¶·¨ ´Ê²¥¢μ³ ¶μÉ¥´Í¨ ²¥ ´  ¸μ¸¥¤´¨Ì ¤¢ÊÌ Ï¨´ Ì),
  É ±¦¥ ¸μÌ· ´¥´¨¥ ³¨´¨³ ²Ó´μ° · ¤¨ Í¨μ´´μ° Éμ²Ð¨´Ò ¤¥É¥±Éμ· .
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�¨¸. 8. �¡Ð¨° ¢¨¤ �‹ ¸ ¢μ¸¥³ÓÕ Ï¨´ ³¨. ‹¥¢Ò¥ ¢Ò¢μ¤Ò Ï¨´ ¸μ¥¤¨´ÖÕÉ¸Ö ¸ ³ É¥·¨´¸±μ° ¶² Éμ°,

Í¥´É· ²Ó´Ò¥ Î¥ÉÒ·¥ Å ¸ ¸¥£³¥´É ³¨ 1 ¨ 2 ¤¢ÊÌ ¸μ¸¥¤´¨Ì ¸É·μÊ, ¢Ò¢μ¤Ò Î¥ÉÒ·¥Ì ¶· ¢ÒÌ ±μ´Íμ¢
Ï¨´ Å ¸¥£³¥´É ³¨ 3 ¨ 4 (¸³. ·¨¸. 5)

�¨¸. 9. Œ ±¥É ¶μ¤¤¥·¦¥± ¶¥·¥¤ ÉμÎ´ÒÌ ²¨´¨° ´  ¶²μ¸±μ¸É¨ ¸É·μÊ

„²Ö ¶·μÉμÉ¨¶  ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¡μ²¥¥ 60 ¸¶¥Í¨ ²Ó´ÒÌ ¶²μ¸±¨Ì ± ¡¥²¥° (¶¥·¥¤ -
ÉμÎ´ÒÌ ²¨´¨°, ¨²¨ �‹) ¤²¨´μ° 40,5 ¸³, Ï¨·¨´μ° 11 ³³ ¨ Éμ²Ð¨´μ° 0,85 ³³. Š ¦¤ Ö
�‹ ¸μ¤¥·¦¨É ¢μ¸¥³Ó Ï¨´ ¨§ ³¥¤´μ° ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 20 ³±³ ¸ Ï £μ³ ∼ 0,8 ³³,
· ¸¶μ²μ¦¥´´ÒÌ ³¥¦¤Ê ¤¢Ê³Ö ± ¶Éμ´μ¢Ò³¨ ²¥´É ³¨ ¸ ´ ´¥¸¥´´Ò³ ´  ´¨Ì ¸¨²¨±μ´μ¢Ò³
±²¥¥¢Ò³ ¸²μ¥³. �‹ Ô±· ´¨·μ¢ ´Ò Al-Ëμ²Ó£μ° Éμ²Ð¨´μ° 10 ³±³, · §¤¥²¥´Ò ¸ ± ¶Éμ´μ-
¢Ò³¨ ¶²¥´± ³¨ ¢μ§¤ÊÏ´Ò³ § §μ·μ³ μ±μ²μ 0,3 ³³. �¡Ð¨° ¢¨¤ �‹ ¶μ± § ´ ´  ·¨¸. 8.
‚¸¥ ¢μ¸¥³Ó Ï¨´ �‹ (¸¶· ¢ ) ¸μ¥¤¨´ÖÕÉ¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ï¨´ ³¨ ®³ É¥·¨´¸±μ°¯
¶² ÉÒ, · ¸¶μ²μ¦¥´´μ° ¢´¥ ÎÊ¢¸É¢¨É¥²Ó´μ° ¶²μÐ ¤¨ ¤¥É¥±Éμ· . —¥ÉÒ·¥ ±μ·μÉ±¨Ì Ï¨´Ò
¸μ¥¤¨´ÖÕÉ¸Ö ¸ ±μ´É ±É´Ò³¨ ¶·μ¢μ²μ± ³¨ ¸¥£³¥´Éμ¢ 1 ¨ 2, Î¥ÉÒ·¥ ¤²¨´´ÒÌ Å ¸ ¸¥£-
³¥´É ³¨ 3 ¨ 4 (¸³. ·¨¸. 6). �¤¨´ ¶²μ¸±¨° ± ¡¥²Ó ¶μ¤ ¥É ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥ ´   ´μ¤Ò
Î¥ÉÒ·¥Ì ¸¥£³¥´Éμ¢ ¤¢ÊÌ ¸μ¸¥¤´¨Ì ¸É·μÊ ¨ ¶¥·¥¤ ¥É ¸ ´¨Ì ¸¨£´ ²Ò ´  Ê¸¨²¨É¥²¨. �  ± -
¦¤ÊÕ ¶²μ¸±μ¸ÉÓ ¸É·μÊ c · ¸¸ÉμÖ´¨¥³ ¢ 200 ³³ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö μ·Éμ£μ´ ²Ó´μ μ·¨¥´É Í¨¨
¸É·μÊ ¤¢¥ ¸É·Ê±ÉÊ·Ò ¨§ ¸É¥±²μÉ¥±¸Éμ²¨É  Éμ²Ð¨´μ° 0,2 ³³, ¶μ¤¤¥·¦¨¢ ÕÐ¨¥ �‹, ³ ±¥É
±μÉμ·ÒÌ ¶μ± § ´ ´  ·¨¸. 9. �  μ¸´μ¢ ´¨¨ ¸É·Ê±ÉÊ·Ò Ï¨·¨´μ° 8 ³³ ³¥¦¤Ê ¤¢Ê³Ö ¸É·μÊ
¸ Ï £μ³ 8 ³³ · ¸¶μ²μ¦¥´Ò U-μ¡· §´Ò¥ Ô²¥³¥´ÉÒ ¢Ò¸μÉμ° ∼ 10 ³³. �¡¥¸¶¥Î¨¢ ÕÐ Ö
· ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ÔÉ¨Ì ¸É·μÊ �‹ ¢¸É ¢²Ö¥É¸Ö ³¥¦¤Ê ²¥¢μ° ¨ ¶· ¢μ° Î ¸ÉÖ³¨ U-μ¡· §´ÒÌ
Ô²¥³¥´Éμ¢ ¨ ¶·¨±²¥¨¢ ¥É¸Ö ± ´¨³. —¥·¥§ ¶ §Ò ¢ ¸Ê¡· ³¥ �‹ ¢ÒÌμ¤ÖÉ ¨§ ÎÊ¢¸É¢¨É¥²Ó´μ°
μ¡² ¸É¨ ¶·μÉμÉ¨¶  ¨ · ¸¶ ¨¢ ÕÉ¸Ö ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ï¨´Ò Ô²¥±É·μ´´ÒÌ ¶² É.

3. ‘���Š� ���’�’ˆ��

�·¨ ¸¡μ·±¥ ¶·μÉμÉ¨¶  ¶ · ²²¥²Ó´μ ¶·μ¢μ¤ÖÉ¸Ö · ¡μÉÒ ¶μ ¶μ¤£μÉμ¢±¥ ¸É·μÊ-¶²μ¸±μ-
¸É¥°, ¸¥£³¥´É´ÒÌ  ´μ¤μ¢ ¨ ¶¥·¥¤ ÉμÎ´ÒÌ ²¨´¨°.

�¡·¥§ ´´Ò¥ ¢ · §³¥· ¸É·μÊ § ¶μ²´ÖÕÉ¸Ö ¶·¥Í¨§¨μ´´Ò³¨ Ô²¥³¥´É ³¨, ¢ ´ Ï¥³ ¸²Ê-
Î ¥ ³¥É ²²¨Î¥¸±¨³¨ Ï ·¨± ³¨ ¤¨ ³¥É·μ³ (3,969 ± 0,003) ³³, ¢Ò±² ¤Ò¢ ÕÉ¸Ö ´  ¸Éμ² ¨
¸±²¥¨¢ ÕÉ¸Ö ¸ μ¤´μ° ¸Éμ·μ´Ò ³¥¦¤Ê ¸μ¡μ° ¸ ¶μ³μÐÓÕ ¤¨¸¶¥´¸¥· . „²Ö ¸±²¥°±¨ ¨¸¶μ²Ó-
§Ê¥É¸Ö Ô¶μ±¸¨¤´Ò° ±²¥° É¨¶  �‹Š-5 [9], ¸±μ·μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö ¤¨¸¶¥´¸¥·  μ¶·¥¤¥²Ö¥É
±μ²¨Î¥¸É¢μ ´ ´μ¸¨³μ£μ ±²¥Ö. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¢¥¸ ¸É·μÊ · ¢¥´ ∼ 1,1 £/³ ¨ Ê¢¥²¨Î¥´¨¥
±μ²¨Î¥¸É¢  ¢¥Ð¥¸É¢  ¶μ¸²¥ ¸±²¥°±¨ ¶²μ¸±μ¸É¨ Å ³¥´¥¥ 10 %.
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�μ¸²¥ ¢±²¥°±¨ ¶²μ¸±μ¸É¨ ¢ ¸Ê¡· ³Ê ± ³¥·Ò ¨ ¶μ¤£μÉμ¢±¨ ¸¥£³¥´É´ÒÌ  ´μ¤μ¢ ¶·μ-
¨§¢μ¤¨É¸Ö ¨Ì Ê¸É ´μ¢±  ¢ ¸É·μÊ ¶·¨ ´ ÉÖ¦¥´¨¨ 5 £, ¶·¨ ÔÉμ³ ±μ´É·μ²¨·Ê¥É¸Ö Ê¸É ´μ¢± 
Í¥´É·  ¸¶¥°¸¥·μ¢ ¶μ Í¥´É·Ê μÉ¢¥·¸É¨° ¢ ¸É·μÊ ¸ ÉμÎ´μ¸ÉÓÕ ∼ 0,5 ³³. ‡ É¥³ ¢ ¸É·μÊ
Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¤¢  ´ ¡μ·  ±μ´Í¥¢ÒÌ Ô²¥³¥´Éμ¢ (¸³. ·¨¸. 6), Ê¢¥²¨Î¨¢ ¥É¸Ö ´ ÉÖ¦¥´¨¥
 ´μ¤  ¤μ 60 £, ¨ ¶·μ¢μ²μ±  Ë¨±¸¨·Ê¥É¸Ö ¢ ³¥¤´ÒÌ ¢ÉÊ²± Ì. �μ¸²¥ ¢Ò¢μ¤  ¨§ ¸É·μÊ ±μ´-
É ±É´ÒÌ ¶·μ¢μ²μ± ¸¥£³¥´Éμ¢ ´  ´¨Ì Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¨§μ²ÖÍ¨μ´´Ò¥ ±¥³¡·¨±¨ ¤²¨´μ°
3 ³³, ¸ ¢´ÊÉ·¥´´¨³ ¨ ´ ·Ê¦´Ò³ ¤¨ ³¥É· ³¨ ∼ 0,3 ¨ ∼ 0,8 ³³ ¸μμÉ¢¥É¸É¢¥´´μ, ¨ ¶·μ¢μ-
¤¨É¸Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ¥ É¥¸É¨·μ¢ ´¨¥ ´  μÉ¸ÊÉ¸É¢¨¥ μ¡·Ò¢μ¢, ¶¥·¥³ÒÎ¥± ¨ Éμ±μ¢ ¸É¥± ´¨Ö.
ˆ§μ²ÖÍ¨μ´´Ò¥ ±¥³¡·¨±¨ ¢Ò¸ÉÊ¶ ÕÉ ´ ¤ Ê·μ¢´¥³ ¶μ¢¥·Ì´μ¸É¨ ¸É·μÊ-¶²μ¸±μ¸É¨ ´  2 ³³,
Ê¸É· ´ÖÕÉ ¢μ§³μ¦´μ¸ÉÓ § ³Ò± ´¨Ö ¤¢ÊÌ 30-³±³ ±μ´É ±É´ÒÌ ¶·μ¢μ²μ± ³¥¦¤Ê ¸μ¡μ° ¨ ¸
¶·μ¢μ¤ÖÐ¥° ¸É¥´±μ° μÉ¢¥·¸É¨Ö ¢ ¸É·μÊ. �μ¸²¥ ¶·¨±²¥¨¢ ´¨Ö ±¥³¡·¨±μ¢ ± ¸¶¥°¸¥·Ê, ¤²Ö
Ê¸É· ´¥´¨Ö ¢μ§³μ¦´μ¸É¨ £ §μ¢μ° É¥Î¨ ¶μ ±μ´É ±É´Ò³ ¶·μ¢μ²μ± ³, ¸μ§¤ ÕÉ¸Ö § ±·ÒÉÒ¥
£ §μ¢Ò¥ μ¡Ñ¥³Ò ¸ μ¡¥¨Ì ¸Éμ·μ´ ¸É·μÊ-¶²μ¸±μ¸É¨ ¨ ¶·μ¢μ¤¨É¸Ö £ §μ¢μ¥ É¥¸É¨·μ¢ ´¨¥.

�  ¸É·μÊ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¤¢¥ ¶μ¤¤¥·¦¨¢ ÕÐ¨¥ ¸É·Ê±ÉÊ·Ò �‹, ¶·μ¢μ¤¨É¸Ö ±μ´É·μ²Ó
´ ÉÖ¦¥´¨Ö  ´μ¤μ¢ [12], Ê¸É ´ ¢²¨¢ ÕÉ¸Ö �‹ ¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸μ¥¤¨´¥´¨¥ ±μ´É ±É´ÒÌ
¶·μ¢μ²μ± ¸¥£³¥´Éμ¢ ¸ ¨Ì Ï¨´ ³¨. ƒ¥·³¥É¨Î´μ¥ § ±·ÒÉ¨¥ μÉ¢¥·¸É¨° ¢ ¸É·μÊ ¶·μ¢μ¤¨É¸Ö
¶μ¸²¥ μ±μ´Î É¥²Ó´μ£μ É¥¸É¨·μ¢ ´¨Ö ¢¸¥Ì ¸¥£³¥´Éμ¢ ¶·μÉμÉ¨¶  É¥¸Éμ¢μ° Ô²¥±É·μ´¨±μ° ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¨¸ÉμÎ´¨±  55Fe.

“¸É ´μ¢±  ¶μ²´μ£μ ±μ³¶²¥±É  Ô²¥±É·μ´¨±¨, ¢±²ÕÎ ÕÐ¥£μ ³ É¥·¨´¸±¨¥ ¶² ÉÒ, Ê¸¨-
²¨É¥²¨ ¨ Ëμ·³¨·μ¢ É¥²¨, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ¸²¥ μ¡Ñ¥¤¨´¥´¨Ö ¸Ê¡³μ¤Ê²¥° ¢ ¥¤¨´Ò° ¶·μ-
ÉμÉ¨¶.

4. ‘’…�„�‚�… ’…‘’ˆ��‚��ˆ…

�·μ¢¥·±  ¶·μÉμÉ¨¶  ¢ ¸É¥´¤μ¢ÒÌ Ê¸²μ¢¨ÖÌ ¶·μ¢μ¤¨² ¸Ó ¶·¨ ¶·μ¤Ê¢¥ ¥£μ £ §μ¢μ° ¸³¥-
¸ÓÕ Ar/CO2 (70/30) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £ ³³ -¨¸ÉμÎ´¨±  55Fe. ’¨¶¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ
¢¥²¨Î¨´Ò ·¥£¨¸É·¨·Ê¥³μ£μ ¸¨£´ ²  μÉ  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ´  ¸¥£³¥´É Ì ¶·¨¢¥¤¥´ 
´  ·¨¸. 10, É ³ ¦¥ ¶μ± § ´  É¨¶¨Î´ Ö ¸Î¥É´ Ö Ì · ±É¥·¨¸É¨±  ¶·¨ ·¥£¨¸É· Í¨¨ ¨§²ÊÎ¥´¨Ö
¨¸ÉμÎ´¨±  55Fe. ‡ ¢¨¸¨³μ¸É¨ Ê± §Ò¢ ÕÉ ´  · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¶·μÉμÉ¨¶  ¤μ £ §μ¢μ£μ
Ê¸¨²¥´¨Ö 105 ¶·¨ μÉ¸ÊÉ¸É¢¨¨ ¸μ¡¸É¢¥´´ÒÌ ÏÊ³μ¢ÒÌ ¸¨£´ ²μ¢ ¤¥É¥±Éμ· . �μ·μ£ Ëμ·³¨-

�¨¸. 10. ’¨¶¨Î´Ò¥ § ¢¨¸¨³μ¸É¨ ¸·¥¤´¥° ¢¥²¨Î¨´Ò ¸¨£´ ²μ¢ μÉ  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ( ) ¨ ¸Î¥É´μ°
Ì · ±É¥·¨¸É¨±¨ (¡). �¥£¨¸É·¨·μ¢ ²¨¸Ó £ ³³ -±¢ ´ÉÒ ¨¸ÉμÎ´¨±  55Fe
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�¨¸. 11. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¢¥²¨Î¨´ ¸¨£´ ²μ¢ ¸ ¸¥£³¥´Éμ¢ ¶·μÉμÉ¨¶  ¥¤¨´Ò³ É¥¸Éμ¢Ò³ Ê¸¨²¨-
É¥²¥³ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³  ´μ¤´μ³ ´ ¶·Ö¦¥´¨¨.  ) �¥·¢ Ö ¶²μ¸±μ¸ÉÓ ¸É·μÊ; ¡) ¢Éμ· Ö ¶²μ¸±μ¸ÉÓ

¸É·μÊ, ´μ³¥· ³¨ μ¡μ§´ Î¥´Ò, ¸μμÉ¢¥É¸É¢¥´´μ, ·Ö¤Ò ¸¥£³¥´Éμ¢ ¶²μ¸±μ¸É¥°. ˆÉμ£μ¢Ò° ·¥§Ê²ÓÉ É

¶·¥¤¸É ¢²¥´ £¨¸Éμ£· ³³μ° (¢)

�¨¸. 12. ƒ §μ¢Ò¥ É¥Î¨ ¢ μ¡² ¸É¨ ®²¨´¨°¯ Ê¸É ´μ¢±¨ ¸¶¥°¸¥·´ÒÌ Ê§²μ¢ ¨ ¶μ¸²¥¤ÊÕÐ¥° £¥·³¥É¨§ Í¨¨

μÉ¢¥·¸É¨° ¢ ¸É¥´ Ì ¸É·μÊ ¶¥·¢μ° ( ) ¨ ¢Éμ·μ° (¡) ¶²μ¸±μ¸É¥° ¸É·μÊ. �μ μ¸¨  ¡¸Í¨¸¸ ¶μ± § ´Ò
´μ³¥·  ¶¥·¢μ£μ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ ¢Éμ·μ£μ (ÏÉ·¨Ìμ¢ Ö) ·Ö¤μ¢ μÉ¢¥·¸É¨°

·μ¢ É¥²Ö ¸μ¸É ¢²Ö² 50 ³‚. ˆ§³¥·¥´¨Ö ¢Ò¶μ²´¥´Ò ¸ Ê¸¨²¨É¥²Ö³¨ ¨ Ëμ·³¨·μ¢ É¥²Ö³¨,
¶μ¤£μÉμ¢²¥´´Ò³¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÉμÉ¨¶  ´  ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö.

�¥§Ê²ÓÉ ÉÒ ¶·μ¢¥·±¨ ¢¸¥Ì 360 ± ´ ²μ¢ ¤¥É¥±Éμ· , ¢Ò¶μ²´¥´´μ° ¸ ¶μ³μÐÓÕ μ¤´μ£μ
É¥¸Éμ¢μ£μ Ê¸¨²¨É¥²Ö ¨ ¶·¨  ´μ¤´ÒÌ ´ ¶·Ö¦¥´¨ÖÌ 1400 ‚, ¶·¨¢¥¤¥´Ò ´  ·¨¸. 11. —¨¸²μ
´¥· ¡μÉ ÕÐ¨Ì ± ´ ²μ¢ Å 11, Î¨¸²μ ± ´ ²μ¢ ¸ ³¥´ÓÏ¥° ¢¥²¨Î¨´μ° ¸¨£´ ²μ¢ Å 11, ÎÉμ
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¸μ¸É ¢²Ö¥É ¢ ¸Ê³³¥ 6,1 % μÉ ¶μ²´μ£μ Î¨¸²  ± ´ ²μ¢. �·¨Î¨´μ° ¤¥Ë¥±Éμ¢ ³μ£ÊÉ Ö¢²ÖÉÓ¸Ö
μÏ¨¡±¨ ¶·¨ É· ¸¸¨·μ¢±¥ ¸¨£´ ²μ¢ μÉ ¸¥£³¥´Éμ¢ ¤μ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨.

ƒ §μ¢Ò¥ É¥Î¨ ¶·μÉμÉ¨¶  ¶·μ¢¥·Ö²¨¸Ó ¸ ¶μ³μÐÓÕ ÎÊ¢¸É¢¨É¥²Ó´μ£μ É¥Î¥¨¸± É¥²Ö. ˆ§-
³¥·Ö²¨¸Ó Ê·μ¢´¨ É¥Î¥° ¤²Ö ± ¦¤μ° ²¨´¨¨ ¢Ò¢μ¤  ±μ´É ±É´ÒÌ ¶·μ¢μ²μ± ¨§ ¸É·μÊ ¸ Í¥²ÓÕ
¶μ¸²¥¤ÊÕÐ¥° £¥·³¥É¨§ Í¨¨ μÉ¢¥·¸É¨° ¢ ¸É¥´± Ì ¸É·μÊ ¤²Ö μ¡¥¨Ì ¸É·μÊ-¶²μ¸±μ¸É¥°. �¥-
§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°, ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 12, ¶μ± §Ò¢ ÕÉ, ÎÉμ ¸Ê³³ ·´ Ö É¥ÎÓ ¢ μ¡² ¸ÉÖÌ
¢Ò¢μ¤μ¢ ±μ´É ±É´ÒÌ ¶·μ¢μ²μ± μ±μ²μ 115 · 10−5 ¸³3/c, É. ¥. ´¥ ¡μ²¥¥ 4,2 ¸³3/Î.

‡�Š‹	—…�ˆ…

‘μ§¤ ´´Ò° ´  μ¸´μ¢¥ ¸¥£³¥´É´ÒÌ ¸É·μÊ ¶·μÉμÉ¨¶ ¸μ¤¥·¦¨É 352 ¸¥£³¥´É  ¨ ¢μ¸¥³Ó
´¥¸¥£³¥´É¨·μ¢ ´´ÒÌ ¸É·μÊ, ¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö Í¥²¥° ³μ´¨Éμ·¨´£ . �¥§Ê²ÓÉ ÉÒ ¸É¥´¤μ¢μ£μ
É¥¸É¨·μ¢ ´¨Ö ¶μ± § ²¨ É¨¶¨Î´Ò¥ ¤²Ö ¸É·μÊ-¤¥É¥±Éμ·μ¢ ¶ · ³¥É·Ò. „μ¸É ÉμÎ´μ ¢Ò¸μ±¨°
Ê·μ¢¥´Ó · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ± ´ ²μ¢ ¶·μÉμÉ¨¶  (94 %) Ê± §Ò¢ ¥É ´  ¶· ¢¨²Ó´Ò° ¶μ¤Ìμ¤ ±
μ·£ ´¨§ Í¨¨ ¥£μ ¸¡μ·±¨ ¨ ´  ¢μ§³μ¦´μ¸É¨ ¸μ§¤ ´¨Ö ¶μ¤μ¡´ÒÌ ¤¥É¥±Éμ·μ¢ ¢ ·¥¦¨³ Ì ¨Ì
³ ¸¸μ¢μ£μ ¶·μ¨§¢μ¤¸É¢ , ÎÉμ É·¥¡Ê¥É · §· ¡μÉ±¨ ¨ μ¶É¨³¨§ Í¨¨ ¸¡μ·μÎ´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö
¨ É¥¸Éμ¢ÒÌ ¶·μÍ¥¤Ê·. ‚ ¶·μÉμÉ¨¶¥ ·¥ ²¨§μ¢ ´  ¢Ò¸μ± Ö ¶²μÉ´μ¸ÉÓ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨
¨ ¸Î¨ÉÒ¢ ´¨Ö, · ¢´ Ö 1 ± ´ ²/0,5 ³³ ¢ μ·Éμ£μ´ ²Ó´μ³ ± μ·¨¥´É Í¨¨ ¸É·μÊ ´ ¶· ¢²¥´¨¨
(¶·¨ ¸Î¨ÉÒ¢ ´¨¨ ¸ ¤¢ÊÌ ¸Éμ·μ´ ¸É·μÊ).
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