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‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´ ¸¶μ¸μ¡ Ëμ·³¨·μ¢ ´¨Ö ¸²μ¦´ÒÌ É¥· ¶¥¢É¨Î¥¸±¨Ì ¶μ²¥° Ô²¥±É·μ´μ¢
¸ ÊÎ¥Éμ³  ´ Éμ³¨Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥° ¶ Í¨¥´Éμ¢, μ¸´μ¢ ´´Ò° ´  ¶·¨³¥´¥´¨¨ ¶² ¸É¨±μ¢ÒÌ ±μ²-
²¨³ Éμ·μ¢ ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢, ¨§£μÉμ¢²¥´´ÒÌ ¸ ¶μ³μÐÓÕ É¥Ì´μ²μ£¨° ¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö.
‚ · ³± Ì ¨¸¸²¥¤μ¢ ´¨Ö ¡Ò² ¶·μ¢¥¤¥´  ´ ²¨§ ÔËË¥±É¨¢´μ¸É¨ ¶·¨³¥´¥´¨Ö ¶² ¸É¨±μ¢ÒÌ ±μ²²¨³ -
Éμ·μ¢ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¸²μ¦´μ° Ëμ·³Ò ¶μ¶¥·¥Î´μ£μ ¶·μË¨²Ö ¶ÊÎ±  ³¥¤¨Í¨´¸±μ£μ ²¨´¥°´μ£μ
Ê¸±μ·¨É¥²Ö ONCOR Impression Plus (Siemens) ¤²Ö ·¥ ²Ó´μ£μ ±²¨´¨Î¥¸±μ£μ ¸²ÊÎ Ö. �μ²ÊÎ¥´´Ò¥
·¥§Ê²ÓÉ ÉÒ ¤μ± § ²¨ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¶·¥¤² £ ¥³μ£μ ³¥Éμ¤  ¸ Í¥²ÓÕ Ëμ·³¨-
·μ¢ ´¨Ö ±²¨´¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢.

In this paper the new method of the complex therapeutic electron ˇelds formation with taking
into account the anatomical features of patients was proposed. This method is based on using the
plastic wares produced by rapid prototyping techniques as electron beam collimators. The analysis of
the plastic collimators application efˇciency for forming the electron ˇeld of the medical accelerator
ONCOR Impression Plus (Siemens) for a real clinical case was carried out in the framework of the
investigation. The obtained results prove the high efˇciency of the proposed method with the aim of
clinical electron beams formation.

PACS: 87.56.bd; 87.56.J-; 87.56.jk
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‘ ¶μ¢ÒÏ¥´¨¥³ É·¥¡μ¢ ´¨° ± ÉμÎ´μ¸É¨ ¤μ¸É ¢±¨ ¤μ§Ò ¶·¨ ¶·μ¢¥¤¥´¨¨ ¸¥ ´¸μ¢ ²ÊÎ¥¢μ°
É¥· ¶¨¨  ±ÉÊ ²Ó´Ò³ ¸É ´μ¢¨É¸Ö ¢μ¶·μ¸ Ëμ·³¨·μ¢ ´¨Ö ¸²μ¦´ÒÌ ¶μ²¥° ¨μ´¨§¨·ÊÕÐ¥£μ
¨§²ÊÎ¥´¨Ö [1, 2]. ‚ ±μ³¶²¥±É Í¨Õ ¸μ¢·¥³¥´´ÒÌ ±²¨´¨Î¥¸±¨Ì Ê¸±μ·¨É¥²¥° ¢Ìμ¤ÖÉ ¸É ´-
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‘· ¢´¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ Ëμ·³¨·μ¢ ´¨Ö É¥· ¶¥¢É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ 965

¤ ·É´Ò¥ ´ ¡μ·Ò  ¶¶²¨± Éμ·μ¢, ¶μ§¢μ²ÖÕÐ¨¥ Ëμ·³¨·μ¢ ÉÓ ¶μ²Ö Éμ²Ó±μ ±·Ê£²μ° ¨²¨ ¶·Ö-
³μÊ£μ²Ó´μ° Ëμ·³Ò ¸ § ¤ ´´Ò³¨ · §³¥· ³¨. �·¨ ¶·μ¢¥¤¥´¨¨ ²ÊÎ¥¢μ° É¥· ¶¨¨ ¡Ò¸É·Ò³¨
³μ´μÔ´¥·£¥É¨Î¥¸±¨³¨ Ô²¥±É·μ´ ³¨ ¢ ¸²ÊÎ ÖÌ μ¡²ÊÎ¥´¨Ö ´μ¢μμ¡· §μ¢ ´¨°, · ¸¶μ²μ¦¥´-
´ÒÌ ¡²¨§±μ ± ±·¨É¨Î¥¸±¨³ μ·£ ´ ³, ¸ÊÐ¥¸É¢Ê¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ Ëμ·³¨·μ¢ ´¨Ö ¸²μ¦´ÒÌ
¶μ²¥° ¸ ÊÎ¥Éμ³  ´ Éμ³¨Î¥¸±¨Ì μ¸μ¡¥´´μ¸É¥° ¶ Í¨¥´Éμ¢ [3Ä5]. ‘É ´¤ ·É´Ò¥ ¸¶μ¸μ¡Ò
Ëμ·³¨·μ¢ ´¨Ö É ±¨Ì ¶μ²¥° μ¸´μ¢ ´Ò ´  ¨§£μÉμ¢²¥´¨¨ ¤μ¶μ²´¨É¥²Ó´ÒÌ ³¥É ²²¨Î¥¸±¨Ì
±μ²²¨³¨·ÊÕÐ¨Ì Ê¸É·μ°¸É¢ § ¤ ´´μ° Ëμ·³Ò. ‘μ¢·¥³¥´´Ò¥ ³¥Éμ¤Ò ·¥Ï¥´¨Ö É ±¨Ì § -
¤ Î ¶μ§¢μ²ÖÕÉ ¨§£μÉμ¢¨ÉÓ ¸²μ¦´Ò° ±μ²²¨³ Éμ· ¨§ ³¥É ²²¨Î¥¸±μ£μ ¸¶² ¢  ¢ É¥Î¥´¨¥ ´¥-
¸±μ²Ó±¨Ì Î ¸μ¢ [6]. �¤´ ±μ · ¡μÉ  ¸ ¶² ¢¨²Ó´μ° Ê¸É ´μ¢±μ° ´ ±² ¤Ò¢ ¥É §´ Î¨É¥²Ó´Ò¥
μ£· ´¨Î¥´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ Éμ±¸¨Î´μ¸ÉÓÕ ³¥É ²²¨Î¥¸±¨Ì ¶ ·μ¢ [6].

‘μ¢·¥³¥´´Ò° Ê·μ¢¥´Ó · §¢¨É¨Ö É¥Ì´μ²μ£¨° É·¥Ì³¥·´μ° ¶¥Î É¨ μÉ¢¥Î ¥É É·¥¡μ¢ ´¨Ö³
± ÉμÎ´μ¸É¨ ¨ ± Î¥¸É¢Ê ¨§£μÉμ¢²¥´¨Ö ¨§¤¥²¨°, ¨ ¡² £μ¤ ·Ö ¸¢μ¥° ¤μ¸ÉÊ¶´μ¸É¨ ÔÉ¨ É¥Ì-
´μ²μ£¨¨ ´ Ìμ¤ÖÉ Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ ³¥¤¨Í¨´¥ [7]. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´
 ²ÓÉ¥·´ É¨¢´Ò° ¸¶μ¸μ¡, μ¸´μ¢ ´´Ò° ´  ¶·¨³¥´¥´¨¨ ¢ ± Î¥¸É¢¥ ±μ²²¨³ Éμ·μ¢ ¶ÊÎ±μ¢
Ô²¥±É·μ´μ¢ ¶² ¸É¨±μ¢ÒÌ ¨§¤¥²¨°, ¨§£μÉμ¢²¥´´ÒÌ ¶μ¸·¥¤¸É¢μ³ ¶·¨³¥´¥´¨Ö É¥Ì´μ²μ£¨°
¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö. ‘±μ·μ¸ÉÓ ¨ ¶·μ¸ÉμÉ  É·¥Ì³¥·´μ° ¶¥Î É¨ ´  ¸μ¢·¥³¥´´ÒÌ
Ê¸É·μ°¸É¢ Ì μ¡¥¸¶¥Î¨¢ ÕÉ ¶·¥¨³ÊÐ¥¸É¢  ¶¥·¥¤ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ³¥Éμ¤ ³¨ [7].

‚ · ³± Ì ¨¸¸²¥¤μ¢ ´¨Ö ¡Ò² ¶·μ¢¥¤¥´  ´ ²¨§ ÔËË¥±É¨¢´μ¸É¨ ¶·¨³¥´¥´¨Ö ¶² ¸É¨±μ-
¢ÒÌ ±μ²²¨³ Éμ·μ¢ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¶μ²Ö ³¥¤¨Í¨´¸±μ£μ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ONCOR
Impression Plus (Siemens) ¤²Ö ·¥ ²Ó´μ£μ ±²¨´¨Î¥¸±μ£μ ¸²ÊÎ Ö. �·μ¢¥¤¥´  μÍ¥´±  ÔËË¥±-
É¨¢´μ¸É¨ Ëμ·³¨·μ¢ ´¨Ö É¥· ¶¥¢É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ ³¥É ²²¨Î¥¸±¨³¨ ±μ²²¨³ -
Éμ· ³¨ ¨ ¨§¤¥²¨Ö³¨, ¨§£μÉμ¢²¥´´Ò³¨ ³¥Éμ¤μ³ ¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö.

1. Œ�’…�ˆ�‹› ˆ Œ…’�„›

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¢μ¤¨²¨¸Ó ´  ¡ §¥ Œμ¸±μ¢¸±μ° £μ·μ¤¸±μ° μ´±μ-
²μ£¨Î¥¸±μ° ¡μ²Ó´¨ÍÒ º62 (Œμ¸±¢ ). „ ´´μ¥ μÉ¤¥²¥´¨¥ Ê±μ³¶²¥±Éμ¢ ´μ ¸μ¢·¥³¥´´Ò³
É¥· ¶¥¢É¨Î¥¸±¨³ Ê¸±μ·¨É¥²¥³ Ô²¥±É·μ´μ¢ ONCOR Impression Plus (Siemens), ¶μ§¢μ²ÖÕ-
Ð¨³ μ¡¥¸¶¥Î¨¢ ÉÓ ¶·μ¢¥¤¥´¨¥ ¸¥ ´¸μ¢ ²ÊÎ¥¢μ° É¥· ¶¨¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨³¨ ¶ÊÎ± ³¨
ËμÉμ´μ¢ ¨ Ô²¥±É·μ´μ¢ ¢ Ï¨·μ±μ³ ¸¶¥±É·¥ Ô´¥·£¨° 6Ä18 ŒÔ‚ [8].

„²Ö ¶·μ¢¥¤¥´¨Ö ¸¥ ´¸μ¢ ²ÊÎ¥¢μ° É¥· ¶¨¨ ¶μ²Ö³¨ Ô²¥±É·μ´μ¢ ¸²μ¦´μ° Ëμ·³Ò ´¥μ¡Ìμ-
¤¨³μ ¸μ§¤ ÉÓ ¶² ´ ²¥Î¥´¨Ö ¢ ¸¨¸É¥³¥ ¤μ§¨³¥É·¨Î¥¸±μ£μ ¶² ´¨·μ¢ ´¨Ö XiO ¢¥·¸¨¨ 5.00 ´ 
μ¸´μ¢¥ ¤ ´´ÒÌ ±μ³¶ÓÕÉ¥·´μ° Éμ³μ£· Ë¨¨ ¶ Í¨¥´É  [9]. ˆ§ ¸¨¸É¥³Ò XiO ¤ ´´Ò¥ μ £¥μ-
³¥É·¨¨ ±μ²²¨³ Í¨μ´´μ£μ μ±´ , ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ±μ··¥±É´μ£μ μ¡²ÊÎ¥´¨Ö μÎ £ , ¶¥·¥¤ -
ÕÉ¸Ö ´  ¸É ´Í¨Õ ¶μ¤£μÉμ¢±¨ ¨ ¨§£μÉμ¢²¥´¨Ö ¶¥´μ¶² ¸Éμ¢μ£μ ³ ±¥É  Compu cutter III [10];
§ É¥³ ´  μ¸´μ¢¥ ³ ±¥É  § ¤ ´´ Ö Ëμ·³  ³¥É ²²¨Î¥¸±μ£μ ±μ²²¨³ Éμ·  ¢Ò¶² ¢²Ö¥É¸Ö ¢ ¸¶¥-
Í¨ ²Ó´μ° ¶¥Î¨ Ë¨·³Ò CIVCO ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶² ¢  �-158 [6].

‚ · ³± Ì ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ¸μ§¤ ´ ¶² ¸É¨±μ¢Ò° ±μ²²¨³ Éμ· ¤²Ö ·¥ ²Ó´μ£μ ±²¨-
´¨Î¥¸±μ£μ ¸²ÊÎ Ö, ¨§£μÉμ¢²¥´´Ò° ¶μ¸·¥¤¸É¢μ³ ¶·¨³¥´¥´¨Ö É¥Ì´μ²μ£¨° ¡Ò¸É·μ£μ ¶·μÉμ-
É¨¶¨·μ¢ ´¨Ö. �·¨ ¢Ò¡μ·¥ ³ É¥·¨ ²  ¤²Ö ¸μ§¤ ´¨Ö ¶² ¸É¨±μ¢μ£μ ¨§¤¥²¨Ö ¶·¨μ·¨É¥Éμ³
Ö¢²Ö² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¨§£μÉμ¢²¥´¨Ö μ¤´μ·μ¤´μ£μ μ¡Ñ¥³´μ£μ μ¡Ñ¥±É  ¢Ò¸μ±μ° ¶·μÎ´μ-
¸É¨. „ ´´Ò³ É·¥¡μ¢ ´¨Ö³ Ê¤μ¢²¥É¢μ·Ö¥É Ê¤ ·μ¶·μÎ´Ò° ¶μ²¨¸É¨·μ² (HIPS-¶² ¸É¨±) [11].
�²μÉ´μ¸ÉÓ ¨§¤¥²¨Ö, ¨§£μÉμ¢²¥´´μ£μ ¶·¨ ¶μ³μÐ¨ É¥Ì´μ²μ£¨¨ ¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö
¨§ Ê¤ ·μ¶·μÎ´μ£μ ¶μ²¨¸É¨·μ² , ¸μ¸É ¢¨²  0,9 £/¸³3.
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É : 1 Å ¨¸ÉμÎ´¨±

¨§²ÊÎ¥´¨Ö; 2 Å ±μ²²¨³ Éμ·; 3 Å ¸É ´¤ ·É´Ò°
 ¶¶²¨± Éμ·; 4 Å ¤μ§¨³¥É·¨Î¥¸± Ö ¶²¥´± ; 5 Å

É¢¥·¤μÉ¥²Ó´Ò° Ë ´Éμ³

‚ Ô±¸¶¥·¨³¥´É¥ ¸É ´¤ ·É´Ò°  ¶¶²¨± -
Éμ· ±²¨´¨Î¥¸±μ£μ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢
ONCOR Impression Plus (Siemens) ¸ · §³¥-
·μ³ ¶μ²Ö 10× 10 ¸³ ¤μ¶μ²´Ö²¸Ö ³¥É ²²¨Î¥-
¸±¨³ ±μ²²¨³ Éμ·μ³ ¸²μ¦´μ° Ëμ·³Ò ¨ ±μ²-
²¨³ Éμ·μ³ ¨§ HIPS-¶² ¸É¨± . „²Ö μÍ¥´±¨
¶μ²ÊÎ¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤μ§´μ£μ ¶μ²Ö
Ô²¥±É·μ´μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó · ¤¨μ£· Ë¨Î¥-
¸± Ö ¤μ§¨³¥É·¨Î¥¸± Ö ¶²¥´±  Gafchromic
EBT3 [12], § ±·¥¶²¥´´ Ö ´  ¶μ¢¥·Ì´μ¸É¨
É¢¥·¤μÉ¥²Ó´μ£μ É± ´¥Ô±¢¨¢ ²¥´É´μ£μ Ë ´-
Éμ³  SP33 [13]. � ¸¸ÉμÖ´¨¥ μÉ ¨¸ÉμÎ´¨± 
¨§²ÊÎ¥´¨Ö ¤μ ¶μ¢¥·Ì´μ¸É¨ Ë ´Éμ³  ¸μ¸É -
¢²Ö²μ 100 ¸³; μÉ ¶¥·¥¤´¥£μ ±· Ö ±μ²²¨-
³ Éμ·  ¤μ ¶μ¢¥·Ì´μ¸É¨ Ë ´Éμ³  Å 5 ¸³.

ˆ¸¸²¥¤μ¢ ´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¶·¨ ´μ·³ ²Ó´μ³ ¶ ¤¥´¨¨ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ´  ¤μ§¨³¥É·¨Î¥-
¸±ÊÕ ¶²¥´±Ê, Ê£μ² £ ´É·¨ ¸μ¸É ¢²Ö² 0◦. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É .

2. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆŸ

„²Ö μÍ¥´±¨ ÔËË¥±É¨¢´μ¸É¨ Ëμ·³¨·μ¢ ´¨Ö É¥· ¶¥¢É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢ ³¥-
É ²²¨Î¥¸±¨³¨ ±μ²²¨³ Éμ· ³¨ ¨ ¨§¤¥²¨Ö³¨, ¨§£μÉμ¢²¥´´Ò³¨ ³¥Éμ¤μ³ ¡Ò¸É·μ£μ ¶·μÉμÉ¨-
¶¨·μ¢ ´¨Ö, ¡Ò² ¢Ò¡· ´ ·¥ ²Ó´Ò° ±²¨´¨Î¥¸±¨° ¸²ÊÎ ° μ¡²ÊÎ¥´¨Ö ´μ¢μμ¡· §μ¢ ´¨Ö ±μ¦¨
£μ²μ¢Ò ¢ Œμ¸±μ¢¸±μ° £μ·μ¤¸±μ° μ´±μ²μ£¨Î¥¸±μ° ¡μ²Ó´¨Í¥ º62 (Œμ¸±¢ ) (·¨¸. 2,  ).
�  μ¸´μ¢¥ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ ¶² ´¨·ÊÕÐ¥° ¸¨¸É¥³¥ XiO, ¡Ò² ¢Ò¶² ¢²¥´ ³¥É ²-
²¨Î¥¸±¨° ±μ²²¨³ Éμ· (·¨¸. 2, ¡). ‡ É¥³ ¶μ É· Ë ·¥ÉÊ § ¤ ´´μ£μ ±μ²²¨³ Í¨μ´´μ£μ μ±´ 
¡Ò² ¨§£μÉμ¢²¥´ ¶² ¸É¨±μ¢Ò° μ¡· §¥Í (·¨¸. 2, ¢), Éμ²Ð¨´  ±μÉμ·μ£μ ¢Ò¡¨· ² ¸Ó ¸ ÊÎ¥Éμ³
Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 6 ŒÔ‚ ¨ ¸μ¸É ¢²Ö²  4 ¸³, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´Ò³ ¤²Ö ¶μ²´μ£μ
¶μ£²μÐ¥´¨Ö [14].

�μ¸²¥ ¨§£μÉμ¢²¥´¨Ö ±μ²²¨³ Í¨μ´´ÒÌ ¨§¤¥²¨° ¡Ò²μ ¶·μ¢¥¤¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ¥
¨¸¸²¥¤μ¢ ´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¤μ§´μ£μ ¶μ²Ö Ô²¥±É·μ´μ¢, ¶μ²ÊÎ¥´´μ£μ ¸ ¶μ³μÐÓÕ · ¤¨μ-

�¨¸. 2.  ) „μ§¨³¥É·¨Î¥¸±μ¥ ¶² ´¨·μ¢ ´¨¥ ¶μ²Ö μ¡²ÊÎ¥´¨Ö ±²¨´¨Î¥¸±μ£μ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¸ ¶μ³μ-

ÐÓÕ ±μ²²¨³ Éμ·  § ¤ ´´μ° Ëμ·³Ò; ¡) ¢´¥Ï´¨° ¢¨¤ ³¥É ²²¨Î¥¸±μ£μ ±μ²²¨³ Éμ· ; ¢) ¢´¥Ï´¨° ¢¨¤
±μ²²¨³ Éμ· , ¨§£μÉμ¢²¥´´μ£μ ¨§ HIPS-¶² ¸É¨± 
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶μ²Ö Ô²¥±É·μ´μ¢, ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ ³¥É ²²¨Î¥¸±μ£μ ( ) ¨ ¶² ¸É¨±μ-
¢μ£μ (¡) ±μ²²¨³ Éμ·μ¢

£· Ë¨Î¥¸±¨Ì ¶²¥´μ± Gafchromic EBT3 (·¨¸. 3). �¡· ¡μÉ±  ¨§μ¡· ¦¥´¨° ¶·μ¢μ¤¨² ¸Ó ¸
¶μ³μÐÓÕ ¶ ±¥É  ¶·¨±² ¤´ÒÌ ¶·μ£· ³³ MATLAB [15].

ˆ§ ·¨¸. 3 ¢¨¤´μ, ÎÉμ ¶·¨³¥´¥´¨¥ Ê¤ ·μ¶·μÎ´μ£μ ¶μ²¨¸É¨·μ²  ¢ ± Î¥¸É¢¥ ³ É¥·¨ ² 
¤²Ö ¨§£μÉμ¢²¥´¨Ö ±μ²²¨³ Éμ·  ¶μ§¢μ²Ö¥É ¤μ¸É¨£ ÉÓ § ¤ ´´μ£μ · ¸¶·¥¤¥²¥´¨Ö É¥· ¶¥¢-
É¨Î¥¸±μ£μ ¶μ²Ö Ô²¥±É·μ´μ¢. „²Ö ¸μ¶μ¸É ¢²¥´¨Ö £· Ë¨Î¥¸±¨Ì ¤ ´´ÒÌ ¶μ²ÊÎ¥´  ± ·É¨´ 
· §´μ¸É¨ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° (·¨¸. 4).

ˆ§  ´ ²¨§  ·¨¸. 4 ¢¨¤´μ, ÎÉμ ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ ±μ²²¨³ Í¨μ´´μ£μ μ±´  ´ ¡²Õ-
¤ ¥É¸Ö ´¥§´ Î¨É¥²Ó´μ¥ ¶·¥¢ÒÏ¥´¨¥ ¤μ§Ò ¶μ·Ö¤±  0,1 ƒ· ¸ ¶·¨³¥´¥´¨¥³ ¶² ¸É¨±μ¢μ£μ
±μ²²¨³ Éμ· . „ ´´μ¥ μÉ±²μ´¥´¨¥ ³μ¦¥É ¡ÒÉÓ ÊÎÉ¥´μ ¨ ¸±μ³¶¥´¸¨·μ¢ ´μ ´  ÔÉ ¶¥ ¢¥·¨-
Ë¨± Í¨¨ ¶² ´  μ¡²ÊÎ¥´¨Ö, É ± ± ± ·¨¸. 3, ¡ ¨²²Õ¸É·¨·Ê¥É · ¢´μ³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥
¤μ§Ò ¢ ¶²μ¸±μ¸É¨ ¤μ§¨³¥É·¨Î¥¸±μ° ¶²¥´±¨. � ¸Ìμ¦¤¥´¨¥ ¢ ¤μ§μ¢μ° ´ £·Ê§±¥ ¤μ 0,6 ƒ·
(¸¢¥É²Ò° μ·¥μ² ¢ ²¥¢μ° Î ¸É¨ ·¨¸. 4) ¢Ò§¢ ´μ ´¥§´ Î¨É¥²Ó´Ò³ μÉ²¨Î¨¥³ Ëμ·³Ò ±μ²²¨³ -

�¨¸. 4. � §´μ¸ÉÓ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¶² ¸É¨±μ¢μ£μ ¨ ³¥É ²²¨Î¥¸±μ£μ
±μ²²¨³ Éμ·μ¢



968 Œ¨²μ°Î¨±μ¢  ˆ. �. ¨ ¤·.

Í¨μ´´μ£μ μ±´  ¶² ¸É¨±μ¢μ£μ ¨§¤¥²¨Ö ¢¢¨¤Ê Éμ£μ, ÎÉμ É·¥Ì³¥·´ Ö ³μ¤¥²Ó · §· ¡ ÉÒ¢ ² ¸Ó
´  μ¸´μ¢¥ É· Ë ·¥É , ¸μ§¤ ´´μ£μ ¢·ÊÎ´ÊÕ, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É ´ ²¨Î¨¥ É¥³´μ£μ ¶ÖÉ´  ¢
¶· ¢μ° Î ¸É¨ ·¨¸. 4. „²Ö Ê¸É· ´¥´¨Ö É ±¨Ì · §²¨Î¨° ¢ Ëμ·³¥ ¨§¤¥²¨° ¢ ¤ ²Ó´¥°Ï¥³
¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö Í¨Ë·μ¢Ò¥ ¤ ´´Ò¥, ´¥¶μ¸·¥¤¸É¢¥´´μ Ô±¸¶μ·É¨·Ê¥³Ò¥ ¨§ ¸¨¸É¥³Ò
¤μ§¨³¥É·¨Î¥¸±μ£μ ¶² ´¨·μ¢ ´¨Ö XiO.

‡�Š‹	—…�ˆ…

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ± § ²¨ ¶·¨£μ¤´μ¸ÉÓ Ê¤ ·μ¶·μÎ´μ£μ ¶μ²¨¸É¨·μ²  (HIPS-
¶² ¸É¨± ) ¤²Ö ¶μ£²μÐ¥´¨Ö Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢. ˆ§£μÉμ¢²¥´´Ò¥ ¨§ ÔÉμ£μ ¶² ¸É¨±  ³¥-
Éμ¤μ³ ¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö ¨§¤¥²¨Ö ¶μ§¢μ²ÖÕÉ ±μ²²¨³¨·μ¢ ÉÓ Ô²¥±É·μ´´Ò¥ ¶ÊÎ±¨
¸ ÔËË¥±É¨¢´μ¸ÉÓÕ ´¥ ³¥´ÓÏ¥°, Î¥³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥É ²²¨Î¥¸±¨Ì Ê¸É·μ°¸É¢.

„ ²Ó´¥°Ï Ö · ¡μÉ , ´ ¶· ¢²¥´´ Ö ´   ¢Éμ³ É¨§ Í¨Õ ¶¥·¥¤ Î¨ Í¨Ë·μ¢ÒÌ ¤ ´´ÒÌ μ
Ëμ·³¥ ±μ²²¨³ Éμ·  ¨§ ¸¨¸É¥³Ò XiO ¢ Ê¸É·μ°¸É¢μ ¡Ò¸É·μ£μ ¶·μÉμÉ¨¶¨·μ¢ ´¨Ö, ¶μ§¢μ²¨É
¢´¥¤·¨ÉÓ ¤ ´´Ò° ³¥Éμ¤ ¢ ±²¨´¨Î¥¸±ÊÕ ¶· ±É¨±Ê, ÎÉμ ´¥ Éμ²Ó±μ Ê¸±μ·¨É ¢·¥³Ö ¨§£μÉμ-
¢²¥´¨Ö Ê¸É·μ°¸É¢ Ëμ·³¨·μ¢ ´¨Ö É¥· ¶¥¢É¨Î¥¸±¨Ì ¶ÊÎ±μ¢ Ô²¥±É·μ´μ¢, ´μ ¨ ¸¤¥² ¥É ÔÉμÉ
¶·μÍ¥¸¸ ¡¥§μ¶ ¸´Ò³.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ’μ³¸±μ³Ê ¶μ²¨É¥Ì´¨Î¥¸±μ³Ê Ê´¨¢¥·¸¨É¥ÉÊ §  ¶μ¤-
¤¥·¦±Ê ¤ ´´μ° · ¡μÉÒ ¢ · ³± Ì ¶·μ£· ³³Ò · §¢¨É¨Ö ±μ´±Ê·¥´Éμ¸¶μ¸μ¡´μ¸É¨.
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