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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ ”¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ���	, Œ¨´¸±

¢ � Í¨μ´ ²Ó´Ò° ´ ÊÎ´μ-ÊÎ¥¡´Ò° Í¥´É· Ë¨§¨±¨ Î ¸É¨Í ¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° 	ƒ“, Œ¨´¸±

‚Ò¶μ²´¥´ ¶μ²´Ò° ¶·μ¨§¢μ¤¸É¢¥´´Ò° Í¨±² ¨§£μÉμ¢²¥´¨Ö ¢¸¥Ì ¤¥É ²¥° μ¤´μÖÎ¥¥Î´μ£μ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¥£μ ·¥§μ´ Éμ· , ¸μ¸ÉμÖÐ¥£μ ¨§ ¤¢ÊÌ ¶μ²ÊÖÎ¥¥±, ¤¢ÊÌ É·Ê¡μ± ¤·¥°Ë  ¨ ¤¢ÊÌ Ë² ´Í¥¢.
�μ²ÊÖÎ¥°±¨ ·¥§μ´ Éμ·  ¨§£μÉμ¢²¥´Ò ³¥Éμ¤μ³ £¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨, ±μÉμ·Ò° μ¡² ¤ ¥É ·Ö¤μ³
¶·e¨³ÊÐ¥¸É¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¨´¸É·Ê³¥´É ²Ó´Ò³¨ ÏÉ ³¶ ³¨. �±¸¶¥·¨³¥´É ²Ó´Ò³ ¶ÊÉ¥³ ¢¶¥·¢Ò¥
¶μ²ÊÎ¥´  ¤¨ £· ³³  ÏÉ ³¶Ê¥³μ¸É¨ ¢Ò¸μ±μÎ¨¸Éμ£μ ´¨μ¡¨Ö ¤²Ö É¥Ì´μ²μ£¨¨ £¨¤·μÊ¤ ·´μ° ÏÉ ³-
¶μ¢±¨ ¨ μ¶·¥¤¥²¥´Ò ±²ÕÎ¥¢Ò¥ ¶ · ³¥É·Ò ¶·μÍ¥¸¸ , μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ¶μ²´ÊÕ ¢ÒÉÖ¦±Ê § £μÉμ¢±¨:
§´ Î¥´¨¥ ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ¸μ¸É ¢²Ö¥É 1,92 ¶·¨ ¢¥²¨Î¨´¥ Ê¤¥²Ó´μ°
Ô´¥·£¨¨ Ê¤ ·  0,42 Œ„¦/³2. �·¨ ÔÉμ³ μÉ±²μ´¥´¨¥ · §³¥·μ¢ ¶μ²ÊÖÎ¥¥± μÉ ´μ³¨´ ²Ó´ÒÌ §´ Î¥´¨°
´¥ ¶·¥¢ÒÏ ¥É 0,1 ³³. ‘μ§¤ ´  É¥Ì´μ²μ£¨Î¥¸± Ö μ¸´ ¸É±  ¤²Ö ¢¸¥Ì ÔÉ ¶μ¢ ¨§£μÉμ¢²¥´¨Ö ¤¥É ²¥°
·¥§μ´ Éμ· . �¶ÒÉ´Ò³ ¶ÊÉ¥³ μ¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò ³¥Ì ´¨Î¥¸±μ° μ¡· ¡μÉ±¨ ¤¥É ²¥° ´¨μ¡¨¥¢ÒÌ
·¥§μ´ Éμ·μ¢ ¶¥·¥¤ ¸¢ ·±μ°.

Complete manufacturing cycle on the production of parts for superconducting single-cell cavity (half-
cells, drift tubes and 
anges) has been executed. Half-cells of the cavities were made by the method of
hydropercussion punching which has a number of advantages in comparison with instrumental stamping
technique. Experimentally for the ˇrst time the diagram of hydropercussion stamping of ultrapure
niobium has been obtained and the key parameters of the process which provide the complete deep-
drawing of workpiece have been deˇned: ultimate degree of extraction is 1.92 at the speciˇc impact
energy 0.42 MJ/m2. The deviations of half-cells dimentions do not exceed 0.1 mm from the nominals.
All the necessary ˇxtures for all manufacturing steps have been produced. The parameters of machining
of the parts of niobium cavities before the welding have been determined experimentally.

PACS: 29.20.Ej; 41.75.Ht; 84.40.-x; 85.25.Am; 81.05.-t
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¦¥¸É±¨¥ ¤μ¶Ê¸±¨ ´  · §³¥·Ò. Š·μ³¥ Éμ£μ, ¶·¨ ¨§£μÉμ¢²¥´¨¨ ¨§¤¥²¨Ö ´¥ ¤μ¶Ê¸± ¥É¸Ö ¤ ¦¥
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´¨ÎÉμ¦´μ¥ § £·Ö§´¥´¨¥ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ³ É¥·¨ ²μ³ ÏÉ ³¶μ¢μ° μ¸´ ¸É±¨. Š Î¥¸É¢μ
¶μ¢¥·Ì´μ¸É¨ ¶μ²ÊÖÎ¥¥± ¤μ²¦´μ ¡ÒÉÓ ¢Ò¸μÎ °Ï¨³, ¡¥§ Í · ¶¨´, ¢³ÖÉ¨´, ¸²¥¤μ¢ ¨´¸É·Ê-
³¥´É . �¥¢Ò¶μ²´¥´¨¥ ÌμÉÖ ¡Ò μ¤´μ£μ ¨§ ÔÉ¨Ì Ê¸²μ¢¨° ´¥ ¶μ§¢μ²¨É ¤μ¸É¨ÎÓ É·¥¡Ê¥³μ£μ
± Î¥¸É¢  ·¥§μ´ Éμ· .

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ¨§£μÉμ¢²¥´¨Ö ·¥§μ´ Éμ·μ¢ ¨¸¶μ²Ó§ÊÕÉ μ¡ÒÎ´ÊÕ ¨´¸É·Ê-
³¥´É ²Ó´ÊÕ ÏÉ ³¶μ¢±Ê [1]. ˆ´¸É·Ê³¥´É ²Ó´Ò¥ ÏÉ ³¶Ò ¨³¥ÕÉ ¢Ò¸μ±ÊÕ ¶·μ¨§¢μ¤¨É¥²Ó-
´μ¸ÉÓ, ÎÉμ ±· °´¥ ¢ ¦´μ ¶·¨ ³ ¸¸μ¢μ³ ¶·μ¨§¢μ¤¸É¢¥, ´μ ¶·¨ ÔÉμ³ ¨³¥ÕÉ ¢Ò¸μ±ÊÕ ¸Éμ-
¨³μ¸ÉÓ,   ¸ ÊÎ¥Éμ³ ¸¢¥·Ì¢Ò¸μ±¨Ì É·¥¡μ¢ ´¨° ± £¥μ³¥É·¨Î¥¸±μ° ÉμÎ´μ¸É¨ ¸²μ¦´μ¶·μ-
Ë¨²Ó´ÒÌ ·¥§μ´ Éμ·μ¢ ¸Éμ¨³μ¸ÉÓ É ±¨Ì ÏÉ ³¶μ¢ ¤μ¶μ²´¨É¥²Ó´μ ³´μ£μ±· É´μ ¢μ§· ¸É ¥É.
Š·μ³¥ Éμ£μ, ¨´¸É·Ê³¥´É ²Ó´ Ö ÏÉ ³¶μ¢±  ´¥ £ · ´É¨·Ê¥É § Ð¨ÉÒ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö
μÉ § £·Ö§´¥´¨Ö ³ É¥·¨ ²μ³ μ¸´ ¸É±¨, É ± ± ± ÏÉ ³¶μ¢±  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¦¥¸É±μ£μ
±μ´É ±É  ³¥¦¤Ê ¶Ê ´¸μ´μ³ ¨ ³ É·¨Í¥°. �μ³¨³μ ÔÉμ£μ ¨³¥ÕÉ¸Ö ¸²μ¦´μ¸É¨, ¸¢Ö§ ´´Ò¥ ¸
μ¡¥¸¶¥Î¥´¨¥³ ÉμÎ´μ° £¥μ³¥É·¨¨, ¸ ´¥· ¢´μ³¥·´Ò³ ÊÉμ´¥´¨¥³, Í · ¶¨´ ³¨ ¨ § ¤¨· ³¨
´  ¨§¤¥²¨ÖÌ.

�μ³¨³μ ¨´¸É·Ê³¥´É ²Ó´ÒÌ ÏÉ ³¶μ¢ ¸ÊÐ¥¸É¢Ê¥É μÉ´μ¸¨É¥²Ó´μ ´μ¢ Ö É¥Ì´μ²μ£¨Ö
£¨¤·μËμ·³μ¢±¨ [2], ±μÉμ· Ö μÉ²¨Î ¥É¸Ö ´¨§±μ° ¸Éμ¨³μ¸ÉÓÕ Ëμ·³μμ¡· §ÊÕÐ¥£μ
¨´¸É·Ê³¥´É  ¨ ³ ²Ò³¨ ¸·μ± ³¨ ¶μ¤£μÉμ¢±¨ ¶·μ¨§¢μ¤¸É¢ , ´μ É·¥¡Ê¥É ¤μ·μ£μ¸ÉμÖ-
Ð¥£μ £¨¤· ¢²¨Î¥¸±μ£μ μ¡μ·Ê¤μ¢ ´¨Ö, ¸²μ¦´ÒÌ Ê¶²μÉ´ÖÕÐ¨Ì Ê¸É·μ°¸É¢ ´  ÏÉ ³¶¥,
±μÉμ·Ò¥ ¨´μ£¤  ¤μ·μ¦¥ ¸ ³μ£μ ÏÉ ³¶ . �·μÍ¥¸¸ ¢ ¸¨²Ê ÔÉμ£μ μ¡² ¤ ¥É ´¨§±μ° ¶·μ-
¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ,   É ± ± ± Éμ²Ð¨´  ³ É¥·¨ ²  §´ Î¨É¥²Ó´ Ö (2,8Ä3,0 ³³), É·¥¡ÊÕÉ-
¸Ö ¢Ò¸μ±¨¥ ¤ ¢²¥´¨Ö, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ÉμÎ´μ¥ ±μ¶¨·μ¢ ´¨¥ ³ É·¨ÍÒ, ÎÉμ ¢¥¸Ó³ 
¶·μ¡²¥³ É¨Î´μ.

‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ £¨¤·μÊ¤ ·´ Ö ÏÉ ³¶μ¢± , μ¡² ¤ ÕÐ Ö É ±¨³¨ ¤μ¸Éμ¨´¸É¢ ³¨, ± ±
´¨§± Ö ¸Éμ¨³μ¸ÉÓ μ¸´ ¸É±¨, μÉ¸ÊÉ¸É¢¨¥ Ê¶²μÉ´¥´¨°, ¢Ò¸μ±μ¥ ¨ · ¢´μ³¥·´μ¥ ¤¥Ëμ·³¨-
·ÊÕÐ¥¥ Ê¸¨²¨¥ ¦¨¤±μ¸É¨, ±μÉμ·μ¥ £ · ´É¨·Ê¥É ÉμÎ´μ¥ ±μ¶¨·μ¢ ´¨¥ ³ É·¨ÍÒ, ¢Ò£²Ö¤¨É
¶·¥¤¶μÎÉ¨É¥²Ó´¥° ¶¥·¥¤ μ¶¨¸ ´´Ò³¨ ³¥Éμ¤ ³¨ ÏÉ ³¶μ¢±¨. Š·μ³¥ Éμ£μ, ¶·¨ £¨¤·μÊ¤ ·-
´μ° ÏÉ ³¶μ¢±¥ ¶· ±É¨Î¥¸±¨ ¢¥¸Ó μ¡Ñ¥³ ³¥É ²²  ´ Ìμ¤¨É¸Ö ¢ ¶² ¸É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨,
ÎÉμ ¶·¨¢μ¤¨É ± μÉ¸ÊÉ¸É¢¨Õ ¶·Ê¦¨´¥´¨Ö,   §´ Î¨É, ± ¶μ¢ÒÏ¥´¨Õ ÉμÎ´μ¸É¨ ¨§¤¥²¨°. ‘¢¥·Ì-
Î¨¸ÉÒ° ´¨μ¡¨° Å ¢Ò¸μ±μ¶² ¸É¨Î´Ò° ³¥É ²², ¶μÔÉμ³Ê μ¡² ¤ ¥É ¢Ò¸μ±μ° ¸Ì¢ ÉÒ¢ ¥³μ-
¸ÉÓÕ ¸ ¤¥Ëμ·³¨·ÊÕÐ¨³ ¨´¸É·Ê³¥´Éμ³, ÎÉμ ¶·¨¢μ¤¨É ± ¸´¨¦¥´¨Õ ± Î¥¸É¢  ¶μ¢¥·Ì´μ¸É¨
¨§¤¥²¨°,   £¨¤·μÊ¤ ·´ Ö ÏÉ ³¶μ¢± , ¡² £μ¤ ·Ö ³¨´¨³ ²Ó´μ³Ê ±μ´É ±ÉÊ ¨´¸É·Ê³¥´É  ¸
§ £μÉμ¢±μ°, Ê¸É· ´Ö¥É ÔÉμÉ ´¥¤μ¸É Éμ± [3]. ’ ±¨³ μ¡· §μ³, £¨¤·μÊ¤ ·´ Ö ÏÉ ³¶μ¢±  ¶μ-
²Ê± ³¥· ·¥§μ´ Éμ·μ¢ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  ¶¥·¸¶¥±É¨¢´Ò³ ´ ¶· ¢²¥´¨¥³ ¶·¨ ¨§£μÉμ¢²¥-
´¨¨ ± ± μ¶ÒÉ´ÒÌ ¶ ·É¨° ·¥§μ´ Éμ·μ¢, É ± ¨ ¶·¨ ³ ¸¸μ¢μ³ ¶·μ¨§¢μ¤¸É¢¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
´¨μ¡¨¥¢ÒÌ ·¥§μ´ Éμ·μ¢. ‚Ò¶Ê¸± ¥³μ¥ ¸¥·¨°´μ ¢ 	¥²μ·Ê¸¸¨¨ £¨¤·μÊ¤ ·´μ¥ μ¡μ·Ê¤μ¢ ´¨¥
μ¡² ¤ ¥É ¸²¥¤ÊÕÐ¨³¨ ¤μ¸Éμ¨´¸É¢ ³¨:

Å ¶·μ¸ÉμÉ  ¨ ´¨§± Ö ¸Éμ¨³μ¸ÉÓ μ¸´ ¸É±¨, É ± ± ± ·μ²Ó ¶Ê ´¸μ´  ¢Ò¶μ²´Ö¥É ¦¨¤±μ¸ÉÓ;

Å μÉ¸ÊÉ¸É¢¨¥ Ê¶²μÉ´ÖÕÐ¨Ì Ê¸É·μ°¸É¢;

Å ¢Ò¸μ±μ¥ ¨ · ¢´μ³¥·´μ¥ ¤¥Ëμ·³¨·ÊÕÐ¥¥ Ê¸¨²¨¥;

Å μÉ¸ÊÉ¸É¢¨¥ ¶·Ê¦¨´¥´¨Ö;

Å ±μ·μÉ±¨¥ ¸·μ±¨ ¶μ¤£μÉμ¢±¨ ¶·μ¨§¢μ¤¸É¢ ;

Å ¢Ò¸μ±μ¥ ± Î¥¸É¢μ ¶μ¢¥·Ì´μ¸É¨ μÉÏÉ ³¶μ¢ ´´ÒÌ ¨§¤¥²¨°;

Å μÉ¸ÊÉ¸É¢¨¥ ¸·¥¤¸É¢ ¶μ¢ÒÏ¥´´μ° μ¶ ¸´μ¸É¨, É ± ± ± ·μ²Ó Ô´¥·£μ´μ¸¨É¥²Ö ¢Ò¶μ²´Ö¥É
¸¦ ÉÒ° ¢μ§¤ÊÌ Í¥Ìμ¢μ° ¶´¥¢³μ¸¥É¨ ¸ ¤ ¢²¥´¨¥³ ¤μ 0,63 Œ� .
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‚´¥Ï´¨° ¢¨¤ £¨¤·μÊ¤ ·´μ£μ ¶·¥¸¸  ¶·¨¢¥¤¥´ ´  ·¨¸. 1. ƒ¨¤·μÊ¤ ·´Ò° ¶·¥¸¸ ¢Ò¶μ²-
´Ö¥É ¶· ±É¨Î¥¸±¨ ¢¸¥ μ¶¥· Í¨¨ ²¨¸Éμ¢μ° ÏÉ ³¶μ¢±¨ Å ¢ÒÉÖ¦±Ê, ¶·μ¡¨¢±Ê, ¢Ò·Ê¡±Ê,
Ëμ·³μ¢±Ê, · §¤ ÎÊ É·Ê¡, μÉ¡μ·Éμ¢±Ê ¨ É. ¶. �¸´μ¢´μ° μ¶¥· Í¨¥° ¶·¨ ÏÉ ³¶μ¢±¥ ¶μ²ÊÖ-
Î¥¥± ·¥§μ´ Éμ·  Ö¢²Ö¥É¸Ö μ¶¥· Í¨Ö ¢ÒÉÖ¦±¨, ¶·¥¤¸É ¢²ÖÕÐ Ö ¸μ¡μ° ¶·μÍ¥¸¸ ¶·¥¢· Ð¥-
´¨Ö ¶²μ¸±μ° § £μÉμ¢±¨ ¢ ¶μ²μ¥ ¨§¤¥²¨¥. �¸´μ¢´Ò³ ±·¨É¥·¨¥³, μ¶·¥¤¥²ÖÕÐ¨³ ¢μ§³μ¦-
´μ¸ÉÓ μ¸ÊÐ¥¸É¢²¥´¨Ö ¢ÒÉÖ¦±¨, Ö¢²Ö¥É¸Ö ¶·¥¤¥²Ó´ Ö ¸É¥¶¥´Ó ¢ÒÉÖ¦±¨

K lim = D/d,

£¤¥ D Å ¤¨ ³¥É· § £μÉμ¢±¨; d Å ¤¨ ³¥É· ¢ÒÉÖ£¨¢ ¥³μ£μ ¨§¤¥²¨Ö. ‚¥²¨Î¨´  ¶·¥¤¥²Ó´μ°
¸É¥¶¥´¨ ¢ÒÉÖ¦±¨, ¶μ³¨³μ ¤¥Ëμ·³ Í¨μ´´ÒÌ ¸¢μ°¸É¢ ³ É¥·¨ ² , § ¢¨¸¨É μÉ ±μ´¸É·Ê±É¨¢-

�¨¸. 1. ƒ¨¤·μÊ¤ ·´Ò° ¶·¥¸¸ ‘”’-510

´ÒÌ Ì · ±É¥·¨¸É¨± £¨¤·μÊ¤ ·´μ£μ μ¡μ·Ê¤μ-
¢ ´¨Ö ¨ É¥Ì´μ²μ£¨Î¥¸±μ° μ¸´ ¸É±¨.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨¸-
É¨´´μ° ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ K lim

act

¢ ¦´μ §´ ÉÓ ¢¥²¨Î¨´Ê ¨ Ì · ±É¥· ¢²¨Ö´¨Ö
ÔÉ¨Ì Ì · ±É¥·¨¸É¨± ´  ¶·¥¤¥²Ó´ÊÕ ¸É¥¶¥´Ó
¢ÒÉÖ¦±¨. Š É ±¨³ Ì · ±É¥·¨¸É¨± ³ μÉ´μ-
¸ÖÉ¸Ö:

Å μÉ´μ¸¨É¥²Ó´ Ö ³ ¸¸  ¡μ°±  α (μÉ´μ-
Ï¥´¨¥ ³ ¸¸Ò ¦¨¤±μ¸É¨ ¢ · ¡μÎ¥° ± ³¥·¥ ±
³ ¸¸¥ ¡μ°± );

Å ¢¥²¨Î¨´  · ¤¨Ê¸  § ±·Ê£²¥´¨Ö ³ -
É·¨ÍÒ RM ;

Å μÉ´μ¸¨É¥²Ó´ Ö Éμ²Ð¨´  § £μÉμ¢±¨
S/D;

Å ´ ²¨Î¨¥ ¸³ §±¨ ¨ ¥¥ ± Î¥¸É¢μ;
Å ¸Ì¥³  ¶·μÍ¥¸¸  £¨¤·μÊ¤ ·´μ° ¢Ò-

ÉÖ¦±¨.
‘ÊÐ¥¸É¢Ê¥É ¥Ð¥ ·Ö¤ ±μ´¸É·Ê±É¨¢´ÒÌ Ì -

· ±É¥·¨¸É¨± £¨¤·μÊ¤ ·´ÒÌ ¶·¥¸¸μ¢, μ± §Ò-
¢ ÕÐ¨Ì ´¥±μÉμ·μ¥ ¢²¨Ö´¨¥ ´  ¶·¥¤¥²Ó´ÊÕ
¸É¥¶¥´Ó ¢ÒÉÖ¦±¨, μ¤´ ±μ μ´μ ¨¸±²ÕÎ ¥É¸Ö ¶ÊÉ¥³ μ¤´μÉ¨¶´μ£μ ¶·μ¥±É¨·μ¢ ´¨Ö (´ ¶·¨-
³¥·, ¸μμÉ´μÏ¥´¨¥ μ¡Ñ¥³μ¢ ·¥¸¨¢¥·  ¨ ¸É¢μ² ) ¨²¨ ´¥ ¶·¥¢μ¸Ìμ¤¨É ´¥¸±μ²Ó±¨Ì ¶·μÍ¥´Éμ¢
¨ ¨³ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ (´ ¶·¨³¥·, ¢²¨Ö´¨¥ ·μ¤  ¦¨¤±μ¸É¨ ¢ · ¡μÎ¥° ± ³¥·¥).

�±¸¶¥·¨³¥´É ³¨ Ê¸É ´μ¢²¥´μ, ÎÉμ ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ ¶ · ³¥É·Ò μ¤´μÉ¨¶´μ ¢²¨-
ÖÕÉ ´  ¢¥¸Ó ¤¨ ¶ §μ´ ¶·¨³¥´Ö¥³ÒÌ ¢ ²¨¸Éμ¢μ° ÏÉ ³¶μ¢±¥ ³ É¥·¨ ²μ¢. ’ ±¨³ μ¡· §μ³,
¨³¥Ö §´ Î¥´¨Ö ¶·¥¤¥²Ó´ÒÌ ¸É¥¶¥´¥° ¢ÒÉÖ¦±¨ · §²¨Î´ÒÌ ±μ´¸É·Ê±Í¨μ´´ÒÌ ²¨¸Éμ¢ÒÌ ³ -
É¥·¨ ²μ¢, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ, K lim

0 ¨ §´ Ö ¢¥²¨Î¨´Ê ¨ Ì · ±É¥·
¢²¨Ö´¨Ö μ¸´μ¢´ÒÌ É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ´  ¶·¥¤¥²Ó´ÊÕ ¸É¥¶¥´Ó ¢ÒÉÖ¦±¨, ³μ¦´μ
´ °É¨ ¨¸É¨´´ÊÕ ¶·¥¤¥²Ó´ÊÕ ¸É¥¶¥´Ó ¢ÒÉÖ¦±¨ K lim

act ²Õ¡μ£μ ³ É¥·¨ ²  ¢ ²Õ¡ÒÌ Ê¸²μ¢¨ÖÌ
¶·μÍ¥¸¸  £¨¤·μÊ¤ ·´μ° ¢ÒÉÖ¦±¨. � · ³¥É·¨Î¥¸±μ¥ Ê· ¢´¥´¨¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¨¸É¨´´μ°
¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ¨³¥¥É ¢¨¤

K lim
act = K lim

0 K1K2K3K4,
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£¤¥ K lim
0 Å ¶·¥¤¥²Ó´ Ö ¸É¥¶¥´Ó ¢ÒÉÖ¦±¨, ¶μ²ÊÎ¥´´ Ö Ô±¸¶¥·¨³¥´É ²Ó´μ ¶ÊÉ¥³ ¶μ¸É·μ¥-

´¨Ö ±·¨¢ÒÌ ÏÉ ³¶Ê¥³μ¸É¨ ¤²Ö ·Ö¤  ±μ´¸É·Ê±Í¨μ´´ÒÌ ³ É¥·¨ ²μ¢ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ Ê¸²μ-
¢¨ÖÌ ¶·μÍ¥¸¸  ¢ÒÉÖ¦±¨; K1, K2, K3 ¨ K4 Å ±μÔËË¨Í¨¥´ÉÒ, ÊÎ¨ÉÒ¢ ÕÐ¨¥ ¢²¨Ö´¨¥
μÉ´μ¸¨É¥²Ó´μ° ³ ¸¸Ò ¡μ°±  α, ¢¥²¨Î¨´Ò · ¤¨Ê¸  § ±·Ê£²¥´¨Ö ³ É·¨ÍÒ RM , μÉ´μ¸¨É¥²Ó-
´μ° Éμ²Ð¨´Ò § £μÉμ¢±¨,   É ±¦¥ ´ ²¨Î¨¥ ¸³ §±¨ ´  ¶μ¢¥·Ì´μ¸É¨ § £μÉμ¢±¨ ¨ ³ É·¨ÍÒ ¨
¥¥ ± Î¥¸É¢μ.

�¨¸. 2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ μ¡· §ÍÒ ¨§ ´¨μ¡¨Ö

1
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3

– неполная вытяжка
– полная вытяжка
– разрушение
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K lim
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K

Eyg , 104 Дж/м2

�¨¸. 3. ƒ· Ë¨± ÏÉ ³¶Ê¥³μ¸É¨ ¸¢¥·ÌÎ¨¸Éμ£μ

´¨μ¡¨Ö

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ²´μ¸ÉÓÕ μÉ¸ÊÉ-
¸É¢ÊÕÉ ¨¸¸²¥¤μ¢ ´¨Ö ÏÉ ³¶Ê¥³μ¸É¨ ´¥ Éμ²Ó±μ
¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö, ´μ ¨ ´¨μ¡¨Ö ²Õ¡μ°
Î¨¸ÉμÉÒ ¶·¨ £¨¤·μÊ¤ ·´μ³ ´ £·Ê¦¥´¨¨. �μ-
ÔÉμ³Ê μÍ¥´±  ÏÉ ³¶Ê¥³μ¸É¨ ¸¢¥·ÌÎ¨¸Éμ£μ
´¨μ¡¨Ö ¶·¨ £¨¤·μÊ¤ ·´μ³ ´ £·Ê¦¥´¨¨ ¶Ê-
É¥³ μ¶·¥¤¥²¥´¨Ö K lim

0 Ö¢²Ö¥É¸Ö  ±ÉÊ ²Ó´μ°
§ ¤ Î¥°. Œ¥Éμ¤¨±  μÍ¥´±¨ ¤¥Ëμ·³ Í¨μ´´ÒÌ
¸¢μ°¸É¢ · §²¨Î´ÒÌ ³¥É ²²μ¢ ¶·¨ £¨¤·μÊ¤ ·-
´μ³ ´ £·Ê¦¥´¨¨ ¶·¥¤²μ¦¥´  ¢ · ¡μÉ¥ [4].
‡¤¥¸Ó ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ÏÉ ³¶Ê¥³μ¸É¨ ¨¸-
¶μ²Ó§Ê¥É¸Ö §´ Î¥´¨¥ ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢Ò-
ÉÖ¦±¨ [4]. ”μÉμ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ μ¡· §-
Íμ¢ ¨ ¶μ²ÊÎ¥´´Ò° £· Ë¨± ÏÉ ³¶Ê¥³μ¸É¨
¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2 ¨ 3.

ˆ§ ¶·¥¤¸É ¢²¥´´μ£μ £· Ë¨±  ÏÉ ³¶Ê¥-
³μ¸É¨ ¢¨¤´μ, ÎÉμ ±·¨¢Ò¥ £· Ë¨±  (±·¨¢Ò¥
ÏÉ ³¶Ê¥³μ¸É¨) Ö¢²ÖÕÉ¸Ö £· ´¨Í ³¨ É·¥Ì Ì -
· ±É¥·´ÒÌ μ¡² ¸É¥°. �¡² ¸ÉÓ 1 μ¶·¥¤¥²Ö¥É
É ±¨¥ ¸μμÉ´μÏ¥´¨Ö Ê¤¥²Ó´μ° Ô´¥·£¨¨ ¡μ°± 
Es ¨ ´ Î ²Ó´ÒÌ ¸É¥¶¥´¥° ¢ÒÉÖ¦±¨ K , ¶·¨

±μÉμ·ÒÌ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ Éμ²Ó±μ ´¥¶μ²´ÊÕ ¢ÒÉÖ¦±Ê, É. ¥. ¤¥É ²Ó ¢¸¥£¤  ¡Ê¤¥É ¸ Ë² ´Í¥³.
�¡² ¸ÉÓ 2 μ¶·¥¤¥²Ö¥É ¸μμÉ´μÏ¥´¨¥ ¶ · ³¥É·μ¢, ¶·¨ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨É ¶μ²´ Ö ¢ÒÉÖ¦± 
§ £μÉμ¢±¨ (¢¸¥£¤  ¡¥§ Ë² ´Í ),   μ¡² ¸ÉÓ 3 Ì · ±É¥·¨§Ê¥É¸Ö É¥³, ÎÉμ §¤¥¸Ó ¶·¨ ²Õ¡ÒÌ ¸μ-
μÉ´μÏ¥´¨ÖÌ Ô´¥·£¨¨ ¡μ°±  ¨ ´ Î ²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ § £μÉμ¢±  · §·ÊÏ ¥É¸Ö. �¡Ð Ö
¤²Ö ¢¸¥Ì É·¥Ì μ¡² ¸É¥° ÉμÎ±  ´  ±·¨¢ÒÌ ÏÉ ³¶Ê¥³μ¸É¨ ¸μμÉ¢¥É¸É¢Ê¥É ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨
¢ÒÉÖ¦±¨ K lim

0 . ‡´ Î¥´¨Õ ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ¸μμÉ¢¥É¸É¢Ê¥É Éμ²Ó±μ μ¤´  μ¶·¥-



ˆ§£μÉμ¢²¥´¨¥ ¤¥É ²¥° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ·¥§μ´ Éμ·μ¢ ¨§ ´¨μ¡¨Ö 349

¤¥²¥´´ Ö ¢¥²¨Î¨´  Ê¤¥²Ó´μ° Ô´¥·£¨¨ Ê¤ · , μ¡¥¸¶¥Î¨¢ ÕÐ Ö ¶μ²´ÊÕ ¢ÒÉÖ¦±Ê § £μÉμ¢±¨,
¢ Éμ ¢·¥³Ö ± ± ²Õ¡μ° ¤·Ê£μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ (³¥´ÓÏ¥ ¶·¥¤¥²Ó´μ°) ¸μμÉ¢¥É¸É¢Ê¥É μ¶·¥-
¤¥²¥´´Ò° ¤¨ ¶ §μ´ Ô´¥·£¨¨ ¡μ°± , ¢ ±μÉμ·μ³ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶μ²´ Ö ¢ÒÉÖ¦±  § £μÉμ¢±¨.
�ÉμÉ ¤¨ ¶ §μ´ Ê³¥´ÓÏ ¥É¸Ö ¶μ ³¥·¥ Ê¢¥²¨Î¥´¨Ö ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ¨ ¶·¨¡²¨¦¥´¨Ö ¥¥ ±
¶·¥¤¥²Ó´μ°, ¸²¥¤μ¢ É¥²Ó´μ, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ´¨μ¡¨Ö ± ¨§¡ÒÉμÎ´μ° Ô´¥·£¨¨ ¢μ§· ¸É ¥É ¸
Ê¢¥²¨Î¥´¨¥³ ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨.

‚ ·¥§Ê²ÓÉ É¥ ¶μ¸É·μ¥´¨Ö ±·¨¢ÒÌ ÏÉ ³¶Ê¥³μ¸É¨ Ê¸É ´μ¢²¥´μ §´ Î¥´¨¥ ¶·¥¤¥²Ó´μ° ¸É¥-
¶¥´¨ ¢ÒÉÖ¦±¨ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö, ¢¥²¨Î¨´  ±μÉμ·μ° K lim

0 = 1,92. ‘· ¢´¨¢ ¶μ²ÊÎ¥´´μ¥
§´ Î¥´¨¥ ¶·¥¤¥²Ó´μ° ¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö K lim

0 = 1,92 ¸ ¶·¥¤¥²Ó´Ò³¨
¸É¥¶¥´Ö³¨ ¢ÒÉÖ¦±¨ ¤·Ê£¨Ì ³ É¥·¨ ²μ¢ ¶·¨ £¨¤·μÊ¤ ·´μ³ ´ £·Ê¦¥´¨¨ ¢ É ±¨Ì ¦¥ Ê¸²μ-

�¨¸. 4. �¸´ ¸É±  ¤²Ö £¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨

¶μ²ÊÖÎ¥¥± ·¥§μ´ Éμ· 

¢¨ÖÌ, ¶·¨¢¥¤¥´´ÒÌ ¢ · ¡μÉ¥ [5] (´ ¶·¨-
³¥·, ¤²Ö ³¥¤¨ (Œ1Œ),  ²Õ³¨´¨¥¢μ£μ ¸¶² ¢ 
(�ŒÍŒ) ÔÉ¨ ¶μ± § É¥²¨ ¸μμÉ¢¥É¸É¢¥´´μ
· ¢´Ò 1,91, 1,94), ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ
Ìμ·μÏ¥° ÏÉ ³¶Ê¥³μ¸É¨ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ-
¡¨Ö ¶·¨ £¨¤·μÊ¤ ·´μ³ ´ £·Ê¦¥´¨¨.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²¨²¨ Ê¸É -
´μ¢¨ÉÓ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μ± § É¥²¨ ¶·μÍ¥¸¸ 
£¨¤·μÊ¤ ·´μ° ¢ÒÉÖ¦±¨ ¶μ²ÊÖÎ¥¥± ·¥§μ´ -
Éμ·  ¨§ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ¨ · §· ¡μÉ ÉÓ
É¥Ì´μ²μ£¨Î¥¸±¨° ¶·μÍ¥¸¸ ¨§£μÉμ¢²¥´¨Ö. �μ
·¥§Ê²ÓÉ É ³ ¶·μ¥±É¨·μ¢ ´¨Ö ¡Ò²  ¨§£μÉμ-
¢²¥´  μ¸´ ¸É±  ¨ § £μÉμ¢±¨, ±μÉμ·Ò¥ ÏÉ ³-
¶μ¢ ²¨¸Ó ¢ ³ É·¨ÍÊ, ¶μ± § ´´ÊÕ ´  ·¨¸. 4.

�É· ¡μÉ±  É¥Ì´μ²μ£¨¨ £¨¤·μÊ¤ ·´μ° ¢Ò-
ÉÖ¦±¨, ¢¶·μÎ¥³, ± ± ¨ ²Õ¡μ° ¤·Ê£μ°, É·¥-
¡Ê¥É ¡μ²ÓÏ¨Ì § É· É ¢·¥³¥´¨ ¨ ³ É¥·¨ ²μ¢,   ¸ ÊÎ¥Éμ³ ¢Ò¸μ±μ° ¸Éμ¨³μ¸É¨ § £μÉμ¢μ±
¨§ ´¨μ¡¨Ö ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥´¨¥ μÉ· ¡ ÉÒ¢ ÉÓ É¥Ì´μ²μ£¨Õ ÏÉ ³¶μ¢±¨ ´  ³ É¥·¨ ²¥
�ŒÍŒ. �Éμ ¶μ§¢μ²¨²μ ³¨´¨³¨§¨·μ¢ ÉÓ ±μ²¨Î¥¸É¢μ Ô±¸¶¥·¨³¥´Éμ¢ ´  ³¥¤¨ (Œ1Œ) ¨
¸¢¥·ÌÎ¨¸Éμ³ ´¨μ¡¨¨,   §´ Î¨É, § ³¥É´μ Ê³¥´ÓÏ¨ÉÓ ¸Éμ¨³μ¸ÉÓ · ¡μÉ. �μ²ÊÎ¥´´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ μÉ· ¡μÉ±¨ É¥Ì´μ²μ£¨¨ ¨¸¶μ²Ó§μ¢ ²¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¢¸¥Ì É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶μ-

�¨¸. 5. �μ²ÊÖÎ¥°±¨ ¨§ ³¥¤¨ ¨  ²Õ³¨´¨Ö (¸²¥¢ ) ¨ ¨§ ´¨μ¡¨Ö (¸¶· ¢ ), ¨§£μÉμ¢²¥´´Ò¥ ³¥Éμ¤μ³

£¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨ ´  ¶·¥¸¸¥ ‘”’-510
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± § É¥²¥° ¤²Ö ¤·Ê£¨Ì ³ É¥·¨ ²μ¢ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¨Ì ¶·μÎ´μ¸É´Ò³¨ ¨ ¶² ¸É¨Î¥¸±¨³¨
¸¢μ°¸É¢ ³¨, ¢ÒÖ¢²¥´´Ò³¨ ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ ± ± ´  · ¸ÉÖ¦¥´¨¥, É ± ¨ ´  ÏÉ ³¶Ê¥³μ¸ÉÓ.
’ ±¨³ μ¡· §μ³, Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ £μÉμ¢Ò¥ ¤¥É ²¨ ¸ ¶¥·¢μ° § £μÉμ¢±¨ ± ± ¤²Ö ³¥¤¨, É ±
¨ ¤²Ö ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö. �ÉÏÉ ³¶μ¢ ´´Ò¥ ¶μ²ÊÖÎ¥°±¨ ¨§ ³¥¤¨ ¨  ²Õ³¨´¨Ö,   É ±¦¥
¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ¶·¨¢¥¤¥´Ò ´  ·¨¸. 5.

’�—��‘’œ ˆ‡ƒ�’�‚‹…�ˆŸ ˆ Š�—…‘’‚� ��‚…�•��‘’ˆ

„²Ö μ¶·¥¤¥²¥´¨Ö ÉμÎ´μ¸É¨ ¨§£μÉμ¢²¥´¨Ö ¶μ²ÊÖÎ¥¥± ·¥§μ´ Éμ·  ¢Ò¡· ´Ò ¤¢  · §³¥· :
¢´ÊÉ·¥´´¨° ¤¨ ³¥É· ¢ μ¡² ¸É¨ Ô±¢ Éμ·  ·¥§μ´ Éμ·  Din

eq ¨ ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· ¢ μ¡² -
¸É¨ ¨·¨¸  (³¥¸Éμ ¸ÉÒ±μ¢±¨ ·¥§μ´ Éμ·  ¸ É·Ê¡±μ° ¤·¥°Ë ) din

iris. �Éμ £² ¢´Ò¥ · §³¥·Ò
¶μ²ÊÖÎ¥¥±, ¶μ ±μÉμ·Ò³ μ´¨ Ô²¥±É·μ´´Ò³ ²ÊÎμ³ ¸¢ ·¨¢ ÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£μ³ ¨ ¸ É·Ê¡± ³¨
¤·¥°Ë . Š ÔÉ¨³ · §³¥· ³ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¸ ³Ò¥ ¢Ò¸μ±¨¥ É·¥¡μ¢ ´¨Ö, É ± ± ± · §´μÉμ²-
Ð¨´´μ¸ÉÓ ¸É¥´μ± ¤ ¦¥ ¢ 0,1 ³³ Ê¦¥ ¢Ò§Ò¢ ¥É ¶·μ¡²¥³Ò ¶·¨ ¸¢ ·±¥ ¨ ¸Î¨É ¥É¸Ö ´¥¤μ¶Ê-
¸É¨³μ°. �μ¸²¥ ÏÉ ³¶μ¢±¨ ÔÉ¨ · §³¥·Ò ¶μ¤¢¥·£ ÕÉ¸Ö ³¥Ì ´¨Î¥¸±μ° μ¡· ¡μÉ±¥ ·¥§ ´¨¥³,
  ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ ¸¢¥·ÌÎ¨¸ÉÒ° ´¨μ¡¨° μÎ¥´Ó ¶²μÌμ μ¡· ¡ ÉÒ¢ ¥É¸Ö, ¤μ¶Ê¸±¨ ´  ³¥-
Ì ´¨Î¥¸±ÊÕ μ¡· ¡μÉ±Ê ¤μ²¦´Ò ¡ÒÉÓ ³¨´¨³ ²Ó´Ò³¨ ± ± ¶μ ²¨´¥°´Ò³ · §³¥· ³, É ± ¨
¶μ Ô²²¨¶¸´μ¸É¨. ‚ μÉÏÉ ³¶μ¢ ´´ÒÌ ¶μ²ÊÖÎ¥°± Ì (¶μ ¤¢¥ ± ¦¤μ£μ ¨§ ³ É¥·¨ ²μ¢) ¨§³¥-
·Ö²¨¸Ó ¤¨ ³¥É·Ò Din

eq ¨ din
iris ¸ ÉμÎ´μ¸ÉÓÕ ¤μ 0,05 ³³ ¢ ¤¢ÊÌ ¢§ ¨³´μ-¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ

´ ¶· ¢²¥´¨ÖÌ Å ¢¤μ²Ó ¨ ¶μ¶¥·¥± ¶·μ± É±¨. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.
Š·μ³¥ ¤¨ ³¥É·μ¢ Din

eq ¨ din
iris §¤¥¸Ó ¶·¨¢¥¤¥´Ò ¨Ì μÉ±²μ´¥´¨Ö μÉ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö

ΔDin
eq ¨ Δdin

iris ¸μμÉ¢¥É¸É¢¥´´μ,   É ±¦¥ Éμ²Ð¨´  ¨¸Ìμ¤´μ£μ ²¨¸É  S0.
Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, ÉμÎ´μ¸ÉÓ £¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨ μÎ¥´Ó ¢Ò¸μ± Ö, É ± ± ±

μÉ±²μ´¥´¨¥ ¨§³¥·Ö¥³ÒÌ ¤¨ ³¥É·μ¢ ´¥ ¶·¥¢ÒÏ ¥É 0,1 ³³, ÎÉμ Ö¢²Ö¥É¸Ö ´¥¤μ¸É¨¦¨³Ò³ ·¥-
§Ê²ÓÉ Éμ³ ¤²Ö ¨´¸É·Ê³¥´É ²Ó´μ° ÏÉ ³¶μ¢±¨. ” ±É¨Î¥¸±¨ É ±¨¥ μÉ±²μ´¥´¨Ö Ì · ±É¥·´Ò
¤²Ö ¶·μÍ¥¸¸μ¢ μ¡· ¡μÉ±¨ ³¥É ²²μ¢ ·¥§ ´¨¥³. „²Ö ¤¥É ²¥° É ±¨Ì · §³¥·μ¢ ¢ ¸¶· ¢μÎ´¨-
± Ì ¶μ Ìμ²μ¤´μ° ÏÉ ³¶μ¢±¥ [6, 7] ¶·¨¢μ¤ÖÉ¸Ö ¤μ¶Ê¸± ¥³Ò¥ μÉ±²μ´¥´¨Ö ¶μ ¤¨ ³¥É·Ê ´ 
¶μ·Ö¤μ± ¡μ²ÓÏ¥ (±0,4−0,9 ³³) ¶μ²ÊÎ¥´´ÒÌ μÉ±²μ´¥´¨° (0,05Ä0,1 ³³) ¶·¨ £¨¤·μÊ¤ ·´μ°
ÏÉ ³¶μ¢±¥.

� §³¥·Ò ¨§£μÉμ¢²¥´´ÒÌ ¶μ²ÊÖÎ¥¥±

º μ¡· §Í  Œ É¥·¨ ² S0, ³³ Din
eq, ³³ din

iris, ³³ ΔDin
eq, ³³ Δdin

iris, ³³

1 �²Õ³¨´¨° 2,84
206,5 78,0 Ä0,10 Ä0,10
206,6 78,1 0 0

2 �²Õ³¨´¨° 2,84
206,5 78,1 Ä0,10 0
206,5 78,1 Ä0,10 0

1 Œ¥¤Ó 2,9
206,6 78,1 0 0
206,7 78,0 +0,10 Ä0,10

2 Œ¥¤Ó 2,9
206,6 78,0 0 Ä0,10
206,5 78,0 Ä0,10 Ä0,10

1 �¨μ¡¨° 2,87
206,5 78,05 Ä0,10 Ä0,05
206,6 78,0 0 Ä0,10

2 �¨μ¡¨° 2,87
206,5 78,05 Ä0,10 Ä0,05
206,6 78,0 0 Ä0,10
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—Éμ ± ¸ ¥É¸Ö ± Î¥¸É¢  ¶μ¢¥·Ì´μ¸É¨ μÉÏÉ ³¶μ¢ ´´ÒÌ £¨¤·μÊ¤ ·´Ò³ ³¥Éμ¤μ³ ¨§¤¥²¨°,
Éμ μ´μ μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ ± Î¥¸É¢μ³ ¶μ¢¥·Ì´μ¸É¨ ¨¸Ìμ¤´μ£μ ³ É¥·¨ ² . ˜¥·μÌμ¢ Éμ¸ÉÓ
¨¸Ìμ¤´μ£μ ²¨¸Éμ¢μ£μ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö (Š¨É °) ¨§³¥·Ö²¨ Í¨Ë·μ¢Ò³ ¶·μË¨²μ³¥É·μ³
(³μ¤¥²Ó 296, Œμ¸±μ¢¸±¨° ¨´¸É·Ê³¥´É ²Ó´Ò° § ¢μ¤ ®Š ²¨¡·¯ ’“2-034-4-83). ‘·¥¤´ÖÖ
Ï¥·μÌμ¢ Éμ¸ÉÓ ²¨¸Éμ¢ Rα ±μ²¥¡ ² ¸Ó μÉ 0,6 ¤μ 0,958 ³±³, ¨ ÔÉ  Ï¥·μÌμ¢ Éμ¸ÉÓ ¶· ±-
É¨Î¥¸±¨ ´¥ ¨§³¥´¨² ¸Ó ´  μÉÏÉ ³¶μ¢ ´´ÒÌ ¨§¤¥²¨ÖÌ. ‚¨§Ê ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¤·Ê£¨Ì
³ É¥·¨ ²μ¢ ¶μ¤É¢¥·¦¤ ¥É ¢Ò¢μ¤, ÎÉμ ± Î¥¸É¢μ ¶μ¢¥·Ì´μ¸É¨ μÉÏÉ ³¶μ¢ ´´ÒÌ £¨¤·μÊ¤ ·-
´Ò³ ³¥Éμ¤μ³ ¨§¤¥²¨° μ¶·¥¤¥²Ö¥É¸Ö Éμ²Ó±μ ¸μ¸ÉμÖ´¨¥³ ¨¸Ìμ¤´μ° § £μÉμ¢±¨.

�·μ¢¥¤¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ £¨¤·μÊ¤ ·´Ò° ³¥Éμ¤ ÏÉ ³¶μ¢±¨ ¶μ²´μ¸ÉÓÕ
Ê¤μ¢²¥É¢μ·Ö¥É É·¥¡μ¢ ´¨Ö³ ¶μ ÉμÎ´μ¸É¨, ± Î¥¸É¢Ê ¨ Ô±μ´μ³¨Î´μ¸É¨, ¶·¥¤ÑÖ¢²Ö¥³Ò³ ±
³¥Éμ¤Ê ¨§£μÉμ¢²¥´¨Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ´¨μ¡¨¥¢ÒÌ ·¥§μ´ Éμ·μ¢.

Œ…•��ˆ—…‘Š�Ÿ ������’Š� „…’�‹…‰ �…‡���’���

‚ ¶·μÍ¥¸¸¥ ¨§£μÉμ¢²¥´¨Ö ·¥§μ´ Éμ·μ¢ ´¥μ¡Ìμ¤¨³μ μ¡· ¡ ÉÒ¢ ÉÓ ·¥§ ´¨¥³ § £μÉμ¢±¨,
μÉÏÉ ³¶μ¢ ´´Ò¥ ¶μ²ÊÖÎ¥°±¨, É·Ê¡±¨ ¤·¥°Ë  ¨ Ë² ´ÍÒ. ‡ £μÉμ¢±  ¤²Ö ÏÉ ³¶μ¢±¨ ¶μ²Ê-
ÖÎ¥¥± ¨§£μÉ ¢²¨¢ ² ¸Ó ¨§ ±¢ ¤· É  290×290 ³³: ³¥Éμ¤μ³ ¢μ¤μ¸É·Ê°´μ° ·¥§±¨ ¢Ò·¥§ ¥É¸Ö
±·Ê£ ∅ 285 ³³. �·μÍ¥¸¸ ¶·μÌμ¤¨É ¢ ¢μ¤¥ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ ¨ ´¥ ¢Ò§Ò¢ ¥É
É¥Ì´¨Î¥¸±¨Ì ¸²μ¦´μ¸É¥°.

�μ¸²¥ ÏÉ ³¶μ¢±¨ ¶μ²Ê± ³¥· ´¥μ¡Ìμ¤¨³  Éμ± ·´ Ö μ¡· ¡μÉ±  μ¡² ¸É¨ Ô±¢ Éμ·  ¨
¨·¨¸ . ‘¢¥·ÌÎ¨¸ÉÒ° ´¨μ¡¨° μÉ´μ¸¨É¸Ö ± ¢Ò¸μ±μ¶² ¸É¨Î´Ò³ ³¥É ²² ³, ´μ É·Ê¤´μμ¡· -
¡ ÉÒ¢ ¥³Ò³ ·¥§ ´¨¥³, ¶μ¤μ¡´μ  ²Õ³¨´¨Õ, ³¥¤¨, ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨, ¶² É¨´¥, §μ²μÉÊ,
´¨±¥²Õ ¨ ¤·. �¤´ ±μ μ¡· ¡μÉ±  ·¥§ ´¨¥³ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ μ¡· -
¡μÉ±μ° ¶¥·¥Î¨¸²¥´´ÒÌ ³¥É ²²μ¢ §´ Î¨É¥²Ó´μ ¸²μ¦´¥¥. �·¨ ·¥§ ´¨¨ ¢¸¥£¤  ¶·¨¸ÊÉ¸É¢Ê¥É
É¥´¤¥´Í¨Ö ± ¶·¨¢ ·¨¢ ´¨Õ, ´ ²¨¶ ´¨Õ ´¨μ¡¨Ö ± ·¥¦ÊÐ¥° ¶² ¸É¨´¥, ¶·μ¨¸Ìμ¤¨É ¨´É¥´-
¸¨¢´Ò° ¨§´μ¸ ·¥¦ÊÐ¥° ±·μ³±¨, μ¡· §ÊÕÉ¸Ö § ¤¨·Ò ´  μ¡· ¡ ÉÒ¢ ¥³μ° ¤¥É ²¨, ¢μ§· ¸É ¥É
³¨±·μÉ¢¥·¤μ¸ÉÓ ¢ ´¥¸±μ²Ó±μ · § ´  ¶μ¢¥·Ì´μ¸É¨ ¸·¥§ .

�¸μ¡μ¥ ¢´¨³ ´¨¥ ¤μ²¦´μ ¡ÒÉÓ Ê¤¥²¥´μ £¥μ³¥É·¨¨ ·¥§Í  ¨ ± Î¥¸É¢Ê § ÉμÎ±¨ ¥£μ £· -
´¥° Å £· ´¨ ¤μ²¦´Ò ¡ÒÉÓ μÎ¥´Ó μ¸É·Ò¥. „ ¦¥ ¶μ±·ÒÉ¨Ö ·¥¦ÊÐ¨Ì ¶² ¸É¨´μ± Ê¢¥²¨Î¨-
¢ ÕÉ · ¤¨Ê¸ ·¥¦ÊÐ¥° ±·μ³±¨, ÎÉμ ÊÌÊ¤Ï ¥É ¶·μÍ¥¸¸ ·¥§ ´¨Ö ´¨μ¡¨Ö. �¥·¥¤´¨° Ê£μ²
·¥§ ´¨Ö ¢Ò¡¨· ÕÉ ¡μ²ÓÏ¨³, ¢¶²μÉÓ ¤μ 55◦, § ¤´¨° Ê£μ² Å μ±μ²μ 10◦. �É¨ ·¥±μ³¥´¤ -
Í¨¨ ²¥£±μ ¢Ò¶μ²´¨ÉÓ, ¨¸¶μ²Ó§ÊÖ ·¥¦ÊÐ¨¥ ¶² ¸É¨´Ò ¨§ ¡Ò¸É·μ·¥¦ÊÐ¥° ¸É ²¨. �¤´ ±μ
μ± § ²μ¸Ó, ÎÉμ ¶·¨ μ¡· ¡μÉ±¥ ´¨μ¡¨Ö ¡Ò¸É·μ·¥¦ÊÐ Ö ¸É ²Ó μÎ¥´Ó ¡Ò¸É·μ ¨¸É¨· ¥É¸Ö ¨
§  μ¤¨´ ¶·μÌμ¤ ³Ò ´¥ ³μ¦¥³ μÉ·¥§ ÉÓ Ë² ´¥Í. �¥μ¡Ìμ¤¨³μ μ¸É ´ ¢²¨¢ ÉÓ ¶·μÍ¥¸¸ ¨
§ É Î¨¢ ÉÓ ·¥§¥Í,   ÔÉμ ±· °´¥ ´¥¦¥² É¥²Ó´μ, É ± ± ± ¸É· ¤ ¥É ÉμÎ´μ¸ÉÓ ¢Ò¶μ²´Ö¥³μ°
μ¶¥· Í¨¨.

‚ ´ Ï¥³ ¸²ÊÎ ¥ ¤²Ö ¢Ò¶μ²´¥´¨Ö μ¶¥· Í¨¨ ·¥§ ´¨Ö ¡Ò²¨ ¶·¨³¥´¥´Ò ·¥§ÍÒ ¸ É¢¥·¤μ-
¸¶² ¢´Ò³¨ ¶² ¸É¨´± ³¨ ’15Š6, ‚Š8 ¨ ¡Ò¸É·μ·¥¦ÊÐ¨¥ ·¥§ÍÒ �6Œ5. ˆ¸¶ÒÉ ´¨Ö ¶·μ-
¢¥¤¥´Ò ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¸±μ·μ¸É¥° Å μÉ 18 ¤μ 210 ³/³¨´. � ¨²ÊÎÏ¨¥ ·¥§Ê²ÓÉ ÉÒ
¶μ± § ²¨ ·¥§ÍÒ ¸ ¶² ¸É¨´± ³¨ ‚Š8. �·¨ ¨¸¶ÒÉ ´¨ÖÌ ¢ÒÖ¸´¨²μ¸Ó, ÎÉμ ¸¢¥·ÌÎ¨¸Éμ³Ê ´¨-
μ¡¨Õ ¸¢μ°¸É¢¥´´μ μ¡· §μ¢ ´¨¥ μÎ¥´Ó ¶·μÎ´μ£μ § Ê¸¥´Í , ¸ ±μÉμ·Ò³ É·Ê¤´μ ¸¶· ¢¨ÉÓ¸Ö,
¨ ´Ê¦´Ò ¨´¤¨¢¨¤Ê ²Ó´Ò¥ ¶·¨¥³Ò ¶μ ¥£μ Ê¤ ²¥´¨Õ, ÎÉμ¡Ò ´¥ ¶μ¢·¥¤¨ÉÓ ¨§£μÉ ¢²¨¢ ¥³ÊÕ
¤¥É ²Ó.

„²Ö Ë¨±¸ Í¨¨ μÉÏÉ ³¶μ¢ ´´ÒÌ ¶μ²ÊÖÎ¥¥± ¢ Éμ± ·´μ³ ¶ É·μ´¥ ¡Ò²μ · §· ¡μÉ ´μ
¸¶¥Í¨ ²Ó´μ¥ § ¦¨³´μ¥ Ê¸É·μ°¸É¢μ (·¨¸. 6), ¶μ§¢μ²ÖÕÐ¥¥ μ¡· ¡ ÉÒ¢ ÉÓ Ô±¢ Éμ· ¨ ¨·¨¸ § 
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�¨¸. 6. „¥É ²¨ Ê¸É·μ°¸É¢  ³¥Ì ´¨Î¥¸±μ°

μ¡· ¡μÉ±¨ ¶μ²ÊÖÎ¥¥±

μ¤´Ê Ê¸É ´μ¢±Ê ´  ¸É ´±¥. ‚´ Î ²¥ ÔÉμ Ê¸É·μ°-
¸É¢μ § ¦¨³ ¥É¸Ö ¢ Éμ± ·´μ³ ¶ É·μ´¥ ¨ ¶·μ¢¥·Ö-
¥É¸Ö ¡¨¥´¨¥ ¡ §μ¢ÒÌ ¶μ¢¥·Ì´μ¸É¥°. �μ¸²¥ ÔÉμ£μ
μ¡· ¡ ÉÒ¢ ¥³ Ö ¤¥É ²Ó § ¦¨³ ¥É¸Ö ¶·¨¦¨³´Ò³
±μ²ÓÍμ³ ¨ ¶·μ¢¥·Ö¥É¸Ö ¡¨¥´¨¥ ¤¥É ²¨ ¢ ³¥¸É Ì
μ¡· ¡μÉ±¨. �·¨ É ±μ° ¸Ì¥³¥ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶ -
· ²²¥²Ó´μ¸ÉÓ μ¡· ¡ ÉÒ¢ ¥³ÒÌ Éμ·Íμ¢ ¨ ¨Ì ¶¥·-
¶¥´¤¨±Ê²Ö·´μ¸ÉÓ μ¸¨  ±¸¨ ²Ó´μ° ¸¨³³¥É·¨¨ ¤¥-
É ²¨.

�¡· ¡μÉ±  ·¥§ ´¨¥³ ¶·μ¢μ¤¨² ¸Ó ¶μ¤ ¶μ¸Éμ-
Ö´´μ° ¸É·Ê¥° ¸³ §μÎ´μ-μÌ² ¦¤ ÕÐ¥° ¦¨¤±μ¸É¨
(‘�†), ÎÉμ ¶·¥¤μÉ¢· Ð ²μ ´ £·¥¢ ¢ §μ´¥ ·¥§ -
´¨Ö ¡μ²¥¥ 80 ◦‘. ‚ ± Î¥¸É¢¥ ‘�† ¶·¨³¥´Ö²¨ ´¥-
³¥Í±ÊÕ Ô³Ê²Ó¸¨Õ DASCOOL-S44, ±μÉμ·ÊÕ · ¸-
É¢μ·Ö²¨ ¢μ¤μ° ¢ μÉ´μÏ¥´¨¨ 1:20. ˆ¸¶μ²Ó§μ¢ ²¨
¨§μ²¨·μ¢ ´´ÊÕ ¶μ¤ ÎÊ ‘�†. �¥¦¨³Ò ·¥§ ´¨Ö

¡Ò²¨ μÎ¥´Ó Ð ¤ÖÐ¨³¨: ´¥¡μ²ÓÏ Ö £²Ê¡¨´  ·¥§ ´¨Ö Å ´¥ ¡μ²¥¥ 0,2 ³³; ³¨´¨³ ²Ó´ Ö
·ÊÎ´ Ö ¶μ¤ Î .

�¨¸. 7. ˆ§£μÉμ¢²¥´´Ò¥ ¤¥É ²¨ μ¤´μÖÎ¥¥Î´μ£μ ·¥§μ´ Éμ·  (¸²¥¢ ) ¨ ·¥§μ´ Éμ· ¢ ¸¡μ·¥ (¸¶· ¢ )

�·¥¤¢ ·¨É¥²Ó´μ ¢ ± Î¥¸É¢¥ ´ Î ²Ó´μ° Ë §Ò μ¸¢μ¥´¨Ö É¥Ì´μ²μ£¨¨ ¨§£μÉμ¢²¥´¨Ö ¢Ò-
¸μ±μÎ ¸ÉμÉ´ÒÌ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ·¥§μ´ Éμ·μ¢ ¡Ò²¨ · §· ¡μÉ ´Ò ¨ ¸μ§¤ ´Ò ´¥¸±μ²Ó±μ
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ μ¡· §Íμ¢ ÖÎ¥¥Î´ÒÌ ·¥§μ´ Éμ·μ¢ ¨§ ³μ¤¥²Ó´ÒÌ ³ É¥·¨ ²μ¢ ( ²Õ³¨´¨°
(�ŒÍŒ) ¨ ³¥¤Ó (Œ1Œ)). �É¤¥²Ó´Ò¥ ¤¥É ²¨ ·¥§μ´ Éμ·  ¨ ·¥§μ´ Éμ· ¢ ¸¡μ·¥ ¶·¥¤¸É ¢²¥´Ò
´  ·¨¸. 7.

‡�Š‹	—…�ˆ…

‚ ·¥§Ê²ÓÉ É¥ ¢Ò¶μ²´¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° · §· ¡μÉ ´ ¶μ²´Ò° ¶·μ¨§¢μ¤¸É¢¥´´Ò° Í¨±²
¨§£μÉμ¢²¥´¨Ö ¤¥É ²¥° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ´¨μ¡¨¥¢ÒÌ ·¥§μ´ Éμ·μ¢ ¨ ¸μ§¤ ´  ¢¸Ö ´¥μ¡Ìμ-
¤¨³ Ö É¥Ì´μ²μ£¨Î¥¸± Ö μ¸´ ¸É± . ˆ¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ ¢Ò¸μ±μ¸±μ·μ¸É´μ° ¤¥Ëμ·³ Í¨¨
´  ¸¶μ¸μ¡´μ¸ÉÓ ¢Ò¸μ±μÎ¨¸Éμ£μ ´¨μ¡¨Ö ± £²Ê¡μ±μ° ¢ÒÉÖ¦±¥. �±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´ 
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¤¨ £· ³³  ÏÉ ³¶Ê¥³μ¸É¨ ´¨μ¡¨Ö ¤²Ö £¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨, ¨ μ¶·¥¤¥²¥´Ò ¶·¥¤¥²Ó´Ò¥
¸É¥¶¥´¨ ¢ÒÉÖ¦±¨ ³μ¤¥²Ó´ÒÌ ³ É¥·¨ ²μ¢ ¨ ¸¢¥·ÌÎ¨¸Éμ£μ ´¨μ¡¨Ö: 1,94 ¤²Ö Al (�ŒÍŒ),
1,91 ¤²Ö Cu (M1M), 1,92 ¤²Ö Nb. ‚¶¥·¢Ò¥ ³¥Éμ¤μ³ £¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨ ¨§ ¢Ò¸μ-
±μÎ¨¸Éμ£μ ´¨μ¡¨Ö ¨§£μÉμ¢²¥´Ò ¶μ²ÊÖÎ¥°±¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ·¥§μ´ Éμ·μ¢ ¸ μÉ±²μ´¥´¨¥³
· §³¥·μ¢ μÉ ´μ³¨´ ²  ´¥ ¡μ²¥¥ 0,1 ³³. �¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò ³¥Ì ´¨Î¥¸±μ° μ¡· ¡μÉ±¨
μÉÏÉ ³¶μ¢ ´´ÒÌ ¤¥É ²¥° ´¨μ¡¨¥¢ÒÌ ·¥§μ´ Éμ·μ¢ ¶¥·¥¤ ¸¢ ·±μ°. �·¨³¥´¥´¨¥ ³¥Éμ¤ 
£¨¤·μÊ¤ ·´μ° ÏÉ ³¶μ¢±¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶¥·¸¶¥±É¨¢´μ° É¥Ì´μ²μ£¨¥° ¤²Ö ¨§£μÉμ¢²¥´¨Ö
¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ·¥§μ´ Éμ·μ¢ ¨§ ´¨μ¡¨Ö.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¸É ÉÓ¨ £²Ê¡μ±μ ¡² £μ¤ ·´Ò ±μ²²¥±É¨¢Ê ÊÎ¥´ÒÌ ¨ ¸¶¥Í¨ ²¨-
¸Éμ¢ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Í¥´É·  DESY (ƒ ³¡Ê·£, ƒ¥·³ ´¨Ö) §  μ± § ´´μ¥ ¸μ¤¥°¸É¢¨¥ ¨ ¶μ-
¸ÉμÖ´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥. �¸μ¡ÊÕ ¶·¨§´ É¥²Ó´μ¸ÉÓ ³Ò ¢Ò· ¦ ¥³ ‚ ²Ó¤¥³ ·Ê ‘¨´£¥·Ê,
Š¸¥´¨¨ ‘¨´£¥·, �²¥±¸¥Õ …·³ ±μ¢Ê ¨ �²¥±¸ ´¤·Ê �μ¢¨Í±μ³Ê §  Í¥´´Ò¥ ±μ´¸Ê²ÓÉ Í¨¨ ¨
¶·¥¤μ¸É ¢²¥´´Ò¥ ´ ÊÎ´Ò¥ ³ É¥·¨ ²Ò.
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