
�¨¸Ó³  ¢ �—�Ÿ. 2002. º 6[115] Particles and Nuclei, Letters. 2002. No. 6[115]

“„Š 539.1.074.23

„‚“•Š���„ˆ��’��Ÿ Œ��ƒ����‚�‹�—��Ÿ
������–ˆ���‹œ��Ÿ Š�Œ…�� ‚›‘�Š�ƒ�

���‘’���‘’‚…���ƒ� ��‡�…˜…�ˆŸ
’. �. ’µ¶Ê·¨Ö, Œ. „. ˜ Ë· ´µ¢

�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·µ¸É É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ³´µ-
£µ¶·µ¢µ²µÎ´µ° ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·Ò ¸ ¸¨¸É¥³µ° ¶·¥¤¢ ·¨É¥²Ó´µ£µ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö. �·¨-
³¥´¥´¨¥ ¸¨¸É¥³Ò ¶·¥¤¢ ·¨É¥²Ó´µ£µ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö ¶µ§¢µ²Ö¥É Ê³¥´ÓÏ¨ÉÓ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
 ´µ¤´Ò³¨ ¶·µ¢µ²µÎ± ³¨ ± ³¥·Ò ¤µ 100 ³±³, c²¥¤µ¢ É¥²Ó´µ, É¥³ ¸ ³Ò³ ¸ÊÐ¥¸É¢¥´´µ ¶µ¢Ò¸¨ÉÓ
±µµ·¤¨´ É´ÊÕ ÉµÎ´µ¸ÉÓ ¤¥É¥±Éµ· . � ¸¸³µÉ·¥´µ ¢²¨Ö´¨¥ ¢§ ¨³´µ£µ ¸³¥Ð¥´¨Ö Ô²¥³¥´Éµ¢ ¸¨¸É¥³Ò
¶·¥¤¢ ·¨É¥²Ó´µ£µ Ê³´µ¦¥´¨Ö ¨  ´µ¤´µ° ¶²µ¸±µ¸É¨ ± ³¥·Ò.

The results of numerical modelling of electrostatic characteristics of the multiwire proportional
chamber with a system of preliminary gas multiplication are presented. The application of the system
of preliminary gas multiplication allows one to reduce the distance between anode wires of the chamber
up to 100 µm, that is essential to increase coordinate accuracy of the detector. The in�uence of mutual
displacement of elements of the preliminary multiplication system and of the chamber anode plane is
considered.

‚ ¶Ê¡²¨± Í¨¨ [1] ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·µ¸É É¨-
Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ±µµ·¤¨´ É´µ£µ ¤¥É¥±Éµ·  ´  µ¸´µ¢¥ ³´µ£µ¶·µ¢µ²µÎ´µ£µ £ §µ¢µ£µ
Ô²¥±É·µ´´µ£µ Ê³´µ¦¨É¥²Ö (Œ�ƒ�“). ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ É ±µ£µ µ¤´µ± ¸± ¤-
´µ£µ ¤¥É¥±Éµ·  ¶µ± § ´µ ´  ·¨¸. 1. —¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ´¥¸±µ²Ó±¨Ì ¢ ·¨ ´Éµ¢
Œ�ƒ�“ ¶µ± § ²µ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢Ò¸µ±µ° ÉµÎ´µ¸É¨ ¢§ ¨³´µ£µ · §³¥Ð¥´¨Ö ¶·µ¢µ²µÎ¥±
¸¨¸É¥³Ò. ‘³¥Ð¥´¨¥ µ¤´µ° ¨§ ¶·µ¢µ²µÎ¥± ¸¨¸É¥³Ò ¨²¨ ¢¸¥° ¶²µ¸±µ¸É¨ ¶·µ¢µ²µÎ¥± ¶·¨-
¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨, ¸¢Ö§ ´´µ° ¸ ¨§³¥´¥´¨¥³ Ô²¥±É·µ´´µ°
¶·µ§· Î´µ¸É¨ Ê³´µ¦¨É¥²Ö. �²¥±É·µ´´ Ö ¶·µ§· Î´µ¸ÉÓ µ¶·¥¤¥²Ö¥É ¤µ²Õ ¶¥·¢¨Î´ÒÌ Ô²¥±-
É·µ´µ¢, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ¨µ´¨§ Í¨µ´´µ³ ¶·µ³¥¦ÊÉ±¥ ³¥¦¤Ê ¶²µ¸±µ¸ÉÖ³¨ Ô²¥±É·µ¤µ¢ 1 ¨

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ³´µ£µ¶·µ¢µ²µÎ´µ£µ
£ §µ¢µ£µ Ô²¥±É·µ´´µ£µ Ê³´µ¦¨É¥²Ö: 1 Å ¢¥·Ì´¨° Ô²¥±-

É·µ¤ ¸¨¸É¥³Ò; 2, 3 Å ³´µ£µ¶·µ¢µ²µÎ´Ò¥ Ô²¥±É·µ¤Ò ƒ�“;

4 Å ¶µ²µ¸±µ¢Ò°  ´µ¤. �²¥±É·µ¤Ò 1 ¨ 2 µ¡· §ÊÕÉ ¨µ-
´¨§ Í¨µ´´Ò° ¨ ¶¥·¢Ò° ¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉ±¨. ‚Éµ·µ°

¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ± µ¡· §µ¢ ´ Ô²¥±É·µ¤µ³ 3 ¨ ¸µ-

¡¨· ÕÐ¨³  ´µ¤µ³ 4. “³´µ¦¥´¨¥ ¶¥·¢¨Î´µ° ¨µ´¨§ Í¨¨
¶·µ¨¸Ìµ¤¨É ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ³¥¦¤Ê Ô²¥±É·µ¤ ³¨ 2
¨ 3. U (1, 2), U (2, 3) ¨ U (3, 4) Å · §´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·µ³¥¦ÊÉ±µ¢
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2 ¨ ¶µ¶ ¤ ÕÐ¨Ì ¢ ± ´ ² Ê³´µ¦¥´¨Ö. �ÉµÉ ¶·µÍ¥¸¸ ¸¢Ö§ ´ ¸ ¤µ³¨´¨·ÊÕÐ¨³ ¢²¨Ö´¨¥³
§ ·Ö¤µ¢, ²µ± ²¨§µ¢ ´´ÒÌ ´  ¶·µ¢µ²µÎ± Ì ¢Éµ·µ° ¶²µ¸±µ¸É¨ ¶·¨ ¸² ¡µ³ ¢²¨Ö´¨¨ · ¢´µ-
³¥·´µ · ¸¶·¥¤¥²¥´´ÒÌ § ·Ö¤µ¢ ¶µ¢¥·Ì´µ¸É¨ 4 ¶µ²µ¸±µ¢µ° ¶¥Î É´µ° ¶² ÉÒ. ‘³¥Ð¥´´Ò¥
§ ·Ö¤Ò ¶·µ¢µ²µÎ¥± ¸µ§¤ ÕÉ ±µ´Ë¨£Ê· Í¨Õ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö, ¶·¨ ±µÉµ·µ° Ô²¥±É·µ´Ò
¨§ µ¡² ¸É¨ ¶¥·¢¨Î´µ° ¨µ´¨§ Í¨¨ ¶µ¸²¥ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö ¢ ¶·µ¸É· ´¸É¢¥ ³¥¦¤Ê Ô²¥±-
É·µ¤ ³¨ 2 ¨ 3 ¶µ¶ ¤ ÕÉ ´  ¶·µ¢µ²µÎ±¨ ¢Éµ·µ° ¶²µ¸±µ¸É¨, ´¥ ¤µÌµ¤Ö ¤µ ¶µ²µ¸±µ¢µ°
¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ ¸¨£´ ² . ˆ§ ±µ´Ë¨£Ê· Í¨¨ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²¥°, ¢µ§´¨± ÕÐ¥° ¶·¨
¸³¥Ð¥´¨¨ ¶·µ¢µ²µÎ¥±, ¨  ´ ²¨§  ¶·µ¡²¥³Ò ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤ µ ¢µ§³µ¦´µ¸É¨ Ê²ÊÎ-
Ï¥´¨Ö ¸¨ÉÊ Í¨¨ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤µ¶µ²´¨É¥²Ó´µ° ¶²µ¸±µ¸É¨ Ô²¥±É·µ¤µ¢ Å  ´µ¤´ÒÌ
¶·µ¢µ²µÎ¥±. „¥É¥±Éµ· ¸É ´µ¢¨É¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·µ° ¸ ¸¨¸É¥³µ° ¶·¥¤¢ ·¨É¥²Ó-
´µ£µ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö. �·¨ ÔÉµ³ ¶²µ¸±µ¸ÉÓ  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¶·µ¶µ·Í¨µ´ ²Ó´µ°
± ³¥·Ò ¤µ²¦´  ¡ÒÉÓ ¸³¥Ð¥´  ¶µ µÉ´µÏ¥´¨Õ ± ¶²µ¸±µ¸É¨ ¶·µ¢µ²µÎ¥± ¸¨¸É¥³Ò £ §µ¢µ£µ
Ê³´µ¦¥´¨Ö ´  ¶µ²µ¢¨´Ê · ¸¸ÉµÖ´¨Ö ³¥¦¤Ê ¶·µ¢µ²µÎ± ³¨ Ô²¥±É·µ¤µ¢ 2 ¨ 3. �¥§Ê²ÓÉ ÉÒ
Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤²Ö É ±µ° ±µ´Ë¨£Ê· Í¨¨ Ô²¥±É·µ¤µ¢ ¶·¥¤¸É ¢²¥´Ò ¢ ´ ¸ÉµÖ-
Ð¥° · ¡µÉ¥.

‘Ì¥³  · ¸¸³ É·¨¢ ¥³µ£µ ¤¥É¥±Éµ·  ¤ ´  ´  ·¨¸. 2. ‘µ ¸Éµ·µ´Ò ¶ ¤ ÕÐ¥£µ ¶ÊÎ±  Î -
¸É¨Í · ¸¶µ²µ¦¥´ ¢¥·Ì´¨° Ô²¥±É·µ¤ 1. �ÉµÉ Ô²¥±É·µ¤ ¢³¥¸É¥ ¸ ³´µ£µ¶·µ¢µ²µÎ´Ò³ Ô²¥±-
É·µ¤µ³ 2, Ö¢²ÖÕÐ¨³¸Ö ¶¥·¢Ò³ Ô²¥±É·µ¤µ³ ¸¨¸É¥³Ò £ §µ¢µ£µ Ê³´µ¦¥´¨Ö, ¸µ§¤ ¥É ¨µ´¨§ -
Í¨µ´´µ¥ ¶·µ¸É· ´¸É¢µ, ¨§ ±µÉµ·µ£µ Ô²¥±É·µ´Ò ¶¥·¢¨Î´µ° ¨µ´¨§ Í¨¨ ¤·¥°ËÊÕÉ ¢ £ §µ¢µ¥
¶·µ¸É· ´¸É¢µ ³¥¦¤Ê Ô²¥±É·µ¤ ³¨ 2 ¨ 3. Œ¥¦¤Ê Ô²¥±É·µ¤ ³¨ 2 ¨ 3 ¢ ¸¨²Ó´µ³ Ô²¥±É·¨Î¥-
¸±µ³ ¶µ²¥ ¶·µ¨¸Ìµ¤¨É £ §µ¢µ¥ Ê³´µ¦¥´¨¥. �²µ¸±µ¸ÉÓ ¶·µ¢µ²µÎ¥± Aw Ö¢²Ö¥É¸Ö  ´µ¤´µ°
¶²µ¸±µ¸ÉÓÕ ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·Ò. —¥É¢¥·ÉÒ³ Ô²¥±É·µ¤µ³ ¸²Ê¦¨É ¶µ²µ¸±µ¢ Ö ¶¥-
Î É´ Ö ¸¨¸É¥³ , ¨´¤ÊÍ¨·µ¢ ´´Ò¥ ¸¨£´ ²Ò ¸ ±µÉµ·µ° ¶µ¤ ÕÉ¸Ö ´  Ô²¥±É·µ´´ÊÕ ¸Ì¥³Ê ¤²Ö
·¥£¨¸É· Í¨¨  ±É  ¶·µÌµ¦¤¥´¨Ö Î ¸É¨ÍÒ ¨ µ¶·¥¤¥²¥´¨Ö ¥¥ ¢Éµ·ÒÌ ±µµ·¤¨´ É.

�·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¡Ò²µ · ¸¸³µÉ·¥´µ ´¥¸±µ²Ó±µ ¢ ·¨ ´Éµ¢ ¢§ ¨³´µ£µ · §³¥Ð¥´¨Ö
Ô²¥±É·µ¤µ¢ ¨ ¶µ¤ ¢ ¥³µ£µ ´  Ô²¥±É·µ¤Ò ´ ¶·Ö¦¥´¨Ö. ‚ µ¸´µ¢´µ³ ¢ ·¨ ´É¥ Ô²¥±É·µ¤ 1
´ Ìµ¤¨É¸Ö ¶µ¤ µÉ·¨Í É¥²Ó´Ò³ ¶µÉ¥´Í¨ ²µ³ −1875 ‚. �²¥±É·µ¤ 2 ´ Ìµ¤¨É¸Ö ¶µ¤ ¶µÉ¥´-
Í¨ ²µ³ ¢ −1375 ‚. �  Ô²¥±É·µ¤ 3 Å ¢Éµ·µ° Ô²¥±É·µ¤ £ §µ¢µ£µ Ê³´µ¦¨É¥²Ö Å ¶µ¤ ´
¶µÉ¥´Í¨ ² −625 ‚. �´µ¤´Ò¥ ¶·µ¢µ²µÎ±¨ Aw ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·Ò ¨ Î¥É¢¥·ÉÒ°
Ô²¥±É·µ¤ Å ¶µ²µ¸±µ¢ Ö ¶¥Î É´ Ö ¸¨¸É¥³  Å ´ Ìµ¤ÖÉ¸Ö ¶µ¤ ´Ê²¥¢Ò³ ¶µÉ¥´Í¨ ²µ³.

�²¥±É·µ¤Ò 2 ¨ 3 ¸µ§¤ ´Ò ¶·µ¢µ²µÎ± ³¨ ¤¨ ³¥É·µ³ 30 ³±³, ¤¨ ³¥É·  ´µ¤´ÒÌ ¶·µ-
¢µ²µÎ¥± Aw · ¢¥´ 20 ³±³. � ¸¸ÉµÖ´¨Ö ³¥¦¤Ê Ô²¥±É·µ¤ ³¨ 1, 2 ¨ 2, 3 · ¢´Ò 3 ¨ 0,3 ³³
¸µµÉ¢¥É¸É¢¥´´µ. �²µ¸±µ¸ÉÓ  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ´ Ìµ¤¨É¸Ö ´  · ¢´ÒÌ · ¸¸ÉµÖ´¨ÖÌ ± ±
µÉ Ô²¥±É·µ¤  3, É ± ¨ µÉ ¶µ²µ¸±µ¢µ° ¸¨¸É¥³Ò ¸Ñ¥³  ¨´Ëµ·³ Í¨¨. �Éµ · ¸¸ÉµÖ´¨¥ · ¢´µ
0,25 ³³.

�¨¸. 2. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ³´µ£µ¶·µ¢µ²µÎ-

´µ° ¤¢ÊÌ±µµ·¤¨´ É´µ° ± ³¥·Ò ¸ ¸¨¸É¥³µ° ¶·¥¤¢ ·¨-

É¥²Ó´µ£µ £ §µ¢µ£µ Ê³´µ¦¨É¥²Ö: 1 Å ¢¥·Ì´¨° Ô²¥±É·µ¤
¸¨¸É¥³Ò; 2, 3 Å ³´µ£µ¶·µ¢µ²µÎ´Ò¥ Ô²¥±É·µ¤Ò c ¸¨¸É¥-

³µ° ¶·¥¤¢ ·¨É¥²Ó´µ£µ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö; 4 Å ¶²µ¸-

±µ¸ÉÓ  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±. �²¥±É·µ¤Ò 1 ¨ 2 µ¡· §ÊÕÉ
¨µ´¨§ Í¨µ´´Ò° ¶·µ³¥¦ÊÉµ±. “³´µ¦¥´¨¥ ¶¥·¢¨Î´µ°

¨µ´¨§ Í¨¨ ¶·µ¨¸Ìµ¤¨É ¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ³¥¦¤Ê
Ô²¥±É·µ¤ ³¨ 2 ¨ Aw ¨ ¢ ¶µ²¥  ´µ¤´µ° ¶·µ¢µ²µÎ±¨
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�¨¸. 3. Šµ´Ë¨£Ê· Í¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¨
Ô±¢¨¶µÉ¥´Í¨ ²¨ ´  ¢Ìµ¤¥ ¢ ± ´ ² Ê³´µ¦¥´¨Ö ± -

³¥·Ò, µ¡· §µ¢ ´´Ò° ¶·µ¢µ²µÎ± ³¨ ¢Éµ·µ£µ Ô²¥±-
É·µ¤ . �²¥±É·µ´Ò µÉ ¶¥·¢¨Î´µ° ¨µ´¨§ Í¨¨ ¤·¥°-

ËÊÕÉ ¢ ´ ¶· ¢²¥´¨¨ ±µ ¢Éµ·µ³Ê Ô²¥±É·µ¤Ê ¸¨¸É¥³Ò,

Ëµ±Ê¸¨·ÊÕÉ¸Ö ´  ¶µ¤Ìµ¤¥ ± ´¥³Ê, Ê¸±µ·ÖÖ¸Ó ¢ Ô²¥±-
É·¨Î¥¸±µ³ ¶µ²¥, ¸µ§¤ ÕÉ ¢Éµ·¨Î´ÊÕ ¨µ´¨§ Í¨Õ.

Œ ¸ÏÉ ¡ ¢¤µ²Ó µ¸¨ y ¨§³¥´¥´

Šµ´Ë¨£Ê· Í¨Ö Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¨ ´¥±µÉµ·Ò¥ Ô±¢¨¶µÉ¥´Í¨ ²Ó´Ò¥ ²¨´¨¨ ´  ¢Ìµ¤¥
¸¨¸É¥³Ò ¶µ± § ´Ò ´  ·¨¸. 3. ‚ ÔÉµ³ ¢ ·¨ ´É¥ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Ô²¥±É·µ¤ ³¨ 2 ¨ 3 ¢
µÉ²¨Î¨¥ µÉ µ¸´µ¢´µ£µ · ¢´µ 0,2 ³³.

“± § ´´Ò¥ ¢ÒÏ¥ ´ ¶·Ö¦¥´¨Ö ¢Ò¡· ´Ò ¤²Ö ¸µ§¤ ´¨Ö ±µ´±·¥É´ÒÌ ¢¥²¨Î¨´ Ô²¥±É·¨-
Î¥¸±¨Ì ¶µ²¥° ¨¸Ìµ¤Ö ¨§ · ¸¸ÉµÖ´¨° ³¥¦¤Ê Ô²¥±É·µ¤ ³¨. ‚ ¶Ê¡²¨± Í¨¨ [1] ¶µ± § ´µ,
ÎÉµ ¶· ±É¨Î¥¸±¨ ¢¥²¨Î¨´  Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ³¥¦¤Ê ¶²µ¸±µ¸ÉÖ³¨ ¸µ¸¥¤´¨Ì Ô²¥±É·µ¤µ¢
E ∼= U/d, £¤¥ U Å · §´µ¸ÉÓ ¶µÉ¥´Í¨ ²µ¢ ³¥¦¤Ê Ô²¥±É·µ¤ ³¨,   d Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
´¨³¨. �·¨ · §´µ¸É¨ ¶µÉ¥´Í¨ ²µ¢ ³¥¦¤Ê ¢Éµ·Ò³ ¨ É·¥ÉÓ¨³ Ô²¥±É·µ¤ ³¨ 750 ‚ ¨ · ¸¸Éµ-
Ö´¨¨ ³¥¦¤Ê ´¨³¨ 0,3 ³³ µ¦¨¤ ¥³ Ö ´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö E ∼= 25 ±‚/¸³. � ¸¶·¥¤¥²¥´¨¥
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó µ¸¨ ÖÎ¥°±¨ ¶µ± § ´µ ´  ·¨¸. 2. � ¸¸Î¨É ´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥³
§´ Î¥´¨¥ ¶µ²Ö ¢ ³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨ ³¥¦¤Ê Ô²¥±É·µ¤ ³¨ 2 ¨ 3 · ¢´µ 25,8 ±‚/¸³.

�  ·¨¸. 4 ¶µ± § ´Ò µ¡² ¸É¨, ¨§ ±µÉµ·ÒÌ Ô²¥±É·µ´Ò ¤·¥°ËÊÕÉ ± ¶·µ¢µ²µÎ± ³ ¸¨¸É¥³Ò.
�¡² ¸É¨ µ¡· §µ¢ ´Ò £· ´¨Î´Ò³¨ ¸¨²µ¢Ò³¨ ²¨´¨Ö³¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö.

�¨¸. 4. ‘Ì¥³  ¤·¥°Ëµ¢ÒÌ µ¡² ¸É¥° ± ³¥·Ò, µ¡· -

§µ¢ ´´ÒÌ £· ´¨Î´Ò³¨ ¸¨²µ¢Ò³¨ ²¨´¨Ö³¨ Ô²¥±É·¨-

Î¥¸±µ£µ ¶µ²Ö. ˆµ´¨§ Í¨µ´´µ¥ ¶·µ¸É· ´¸É¢µ, ¨§ ±µ-
Éµ·µ£µ ¶¥·¢¨Î´Ò¥ Ô²¥±É·µ´Ò ¶µ¸²¥ Ê³´µ¦¥´¨Ö ¸µ-

¡¨· ÕÉ¸Ö ´   ´µ¤¥ ¶·µ¶µ·Í¨µ´ ²Ó´µ° ± ³¥·Ò, Å

a. Š  ´µ¤Ê ¤·¥°ËÊÕÉ ¨ Ô²¥±É·µ´Ò ¨§ µ¡² ¸É¥° b

¨ d. ˆ§ µ¡² ¸É¨ c Ô²¥±É·µ´Ò ¤·¥°ËÊÕÉ ± ¶·µ¢µ-

²µÎ± ³ ¢Éµ·µ£µ Ô²¥±É·µ¤ . ˆ§ µ¡² ¸É¨ e Ô²¥±É·µ´Ò
¤·¥°ËÊÕÉ ¢ ¸² ¡µ³ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ¨ ¸µ¡¨· -

ÕÉ¸Ö ´  Î¥É¢¥·Éµ³ Ô²¥±É·µ¤¥. � · ²²¥²Ó´µ¸ÉÓ ¸¨²µ-

¢ÒÌ ²¨´¨° µ§´ Î ¥É, ÎÉµ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ¢ ³¥¦-
Ô²¥±É·µ¤´µ³ ¶·µ¸É· ´¸É¢¥ ¶· ±É¨Î¥¸±¨ µ¤´µ·µ¤´µ

¨ ¶µ ¢¥²¨Î¨´¥ ¸µ¢¶ ¤ ¥É ¸ ¶µ²¥³ ± ´ ²  Ê³´µ¦¥-

´¨Ö. Œ ¸ÏÉ ¡ ¢¤µ²Ó µ¸¨ y ¨§³¥´¥´

� ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¢¤µ²Ó µ¸¨ ± ´ ²  Ê³´µ¦¥´¨Ö ¶·¨¢¥¤¥´µ ´  ·¨¸. 5.
Š·¨¢ Ö a ¸µµÉ¢¥É¸É¢Ê¥É µ¸´µ¢´µ³Ê ¢ ·¨ ´ÉÊ ¸¨¸É¥³Ò ¸ ¶·¨¢¥¤¥´´Ò³¨ ¢ÒÏ¥ ´ ¶·Ö¦¥´¨-
Ö³¨ ´  Ô²¥±É·µ¤ Ì. Š·¨¢ Ö b ¸µµÉ¢¥É¸É¢Ê¥É ¤¥É¥±Éµ·Ê ¸ Ï¨·¨´µ° ³¥¦¤Ê ¶²µ¸±µ¸ÉÖ³¨
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ Ey-±µ³-

¶µ´¥´É  Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö

¢¤µ²Ó µ¸¨ ± ´ ²  Ê³´µ¦¥´¨Ö.
�µ²¥ ¨§³¥´Ö¥É¸Ö ³¥¦¤Ê ¶·µ¢µ-

²µÎ± ³¨ Ô²¥±É·µ¤  3 ¢¡²¨§¨ §´ -

Î¥´¨Ö y = 0,5 ³³

Ô²¥±É·µ¤µ¢ 2 ¨ 3 200 ³±³. „²Ö ¸µÌ· ´¥´¨Ö ¢ ÔÉµ³ ³¥¦-
Ô²¥±É·µ¤´µ³ ¶·µ³¥¦ÊÉ±¥ ¢¥²¨Î¨´ ¶µ²Ö, ¶·¨³¥·´µ · ¢´ÒÌ
¢¥²¨Î¨´ ³ µ¸´µ¢´µ£µ ¢ ·¨ ´É , ´ ¶·Ö¦¥´¨¥ ³¥¦¤Ê ¶²µ¸-
±µ¸ÉÖ³¨ Ô²¥±É·µ¤µ¢ 2 ¨ 3 Ê³¥´ÓÏ¥´µ ¸ 1375 ¤µ 1125 ‚.
Š ± ¸²¥¤Ê¥É ¨§ ·¨¸Ê´± , Ë ±É¨Î¥¸±¨ ¤²¨´  ± ´ ²  Ê³´µ-
¦¥´¨Ö ¤²Ö ±·¨¢µ° a · ¢´  0,5 ³³. �¡² ¸ÉÓ £ §µ¢µ£µ Ê³´µ-
¦¥´¨Ö  ´µ¤´µ° ¶·µ¢µ²µÎ±¨ ´ Î¨´ ¥É¸Ö ´  · ¸¸ÉµÖ´¨¨
30 ³±³ µÉ ¥¥ ¶µ¢¥·Ì´µ¸É¨.

�·µÍ¥¸¸ ¸µ§¤ ´¨Ö ¶µ¤µ¡´µ£µ ¤¥É¥±Éµ·  ¨¤¥É ¢ ¤¢ 
ÔÉ ¶ . �  ¶¥·¢µ³ ÔÉ ¶¥ ´  · ³± Ì ¨§£µÉ ¢²¨¢ ÕÉ¸Ö µÉ-
¤¥²Ó´µ Ô²¥±É·µ¤Ò 2, 3 ¨ Aw. ‘µ¢·¥³¥´´Ò¥ É¥Ì´µ²µ£¨¨
¨§£µÉµ¢²¥´¨Ö ¶¥Î É´ÒÌ ¶² É, ² §¥·´Ò¥ É¥Ì´µ²µ£¨¨ ¨§£µ-
Éµ¢²¥´¨Ö ¤¨Ë· ±Í¨µ´´ÒÌ ·¥ÏeÉµ± ¨ ±µ³¶ ±É-¤¨¸±µ¢ ¶µ-
§¢µ²ÖÕÉ µ¡¥¸¶¥Î¨ÉÓ ÉµÎ´µ¸ÉÓ ´  Ê·µ¢´¥ µ¤´µ£µ ³¨±·µ³¥-
É·  ´  ¤²¨´¥ ¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¸ ´É¨³¥É·µ¢. ’ ±¨³
µ¡· §µ³, ¢µ§³µ¦´µ · §³¥Ð¥´¨¥ ¶·µ¢µ²µÎ¥± Ô²¥±É·µ¤  ¸

´¥µ¡Ìµ¤¨³µ° ÉµÎ´µ¸ÉÓÕ. �  ¢Éµ·µ³ ÔÉ ¶¥ ¤µ²¦´  ¡ÒÉÓ ¢Ò¶µ²´¥´  ¸¡µ·±  ÔÉ¨Ì É·¥Ì
Ô²¥±É·µ¤µ¢. �¥µ¡Ìµ¤¨³ Ö ÉµÎ´µ¸ÉÓ ¶·¨ ¢§ ¨³´µ³ · §³¥Ð¥´¨¨ Ô²¥±É·µ¤µ¢ ¶µ²ÊÎ¥´  ¨§
¤ ²Ó´¥°Ï¥£µ ³µ¤¥²¨·µ¢ ´¨Ö.

�¨¸. 6. ”µ·³  ± ´ ²  Ê³´µ¦¥´¨Ö ± ³¥·Ò, µ¡· §µ¢ ´´µ£µ £· ´¨Î´Ò³¨ ²¨´¨Ö³¨ ¶µ²Ö, ¨ ¥£µ ¨§³¥-

´¥´¨¥ ¶·¨ ¸³¥Ð¥´¨¨ ¶²µ¸±µ¸É¨ Ô²¥±É·µ¤  3. a) C³¥Ð¥´¨¥ Ô²¥±É·µ¤µ¢ µÉ¸ÊÉ¸É¢Ê¥É; ¡) Ô²¥±É·µ¤ 3
¸³¥Ð¥´ ´  15 ³±³. ˆ§³¥´¥´¨¥ ±µ´Ë¨£Ê· Í¨¨ ± ´ ²  Ê³´µ¦¥´¨Ö ¶·¨ É ±µ³ ¸³¥Ð¥´¨¨ ¢ µ¡² ¸É¨

Ô²¥±É·µ¤  3 ¶µ± § ´o ±·¨¢Ò³¨ b ´  ·¨¸. ¢. Š·¨¢Ò¥ a Å ±µ´Ë¨£Ê· Í¨Ö ± ´ ²  ¶·¨ µÉ¸ÊÉ¸É¢¨¨
¸³¥Ð¥´¨Ö
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�  ·¨¸. 6 ¶µ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ÉµÎ´µ¸É¨ · §³¥Ð¥´¨Ö Ô²¥±É·µ¤  3. � 
·¨¸. 6, a µÉ³¥Î¥´  µ¡² ¸ÉÓ ¤¥É¥±Éµ·  ¡¥§ ¸³¥Ð¥´¨Ö ¶·µ¢µ²µÎ¥± Ô²¥±É·µ¤ . �¨¸. 6, ¡ ¶·¥¤-
¸É ¢²Ö¥É ·¥§Ê²ÓÉ É ³µ¤¥²¨·µ¢ ´¨Ö ¶·¨ ¸³¥Ð¥´¨¨ Ô²¥±É·µ¤  3 ´  15 ³±³ ¶µ µÉ´µÏ¥´¨Õ ±
µ¸É ²Ó´Ò³ ´¥¸³¥Ð¥´´Ò³ Ô²¥±É·µ¤ ³. Š ´ ² £ §µ¢µ£µ Ê³´µ¦¥´¨Ö ¸²¥£±  ¤¥Ëµ·³¨·µ¢ ´ ¨
¸³¥Ð¥´ ¢ ¸Éµ·µ´Ê ¡²¨¦ °Ï¥° ¶·µ¢µ²µÎ±¨ Ô²¥±É·µ¤  3 ¶·¨³¥·´µ ´  5 ³±³, ÎÉµ ¢¨¤´µ ´ 
·¨¸. 6, ¢. „¥Ëµ·³ Í¨Ö ± ´ ²  Ê³´µ¦¥´¨Ö ¶·¨ ¸³¥Ð¥´¨¨ ¶²µ¸±µ¸É¨ É·¥ÉÓ¥£µ Ô²¥±É·µ¤  ´ 
20 ³±³ ¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´ . Š ´ ² ¸³¥Ð¥´ ¶· ±É¨Î¥¸±¨ ¤µ ¶µ¢¥·Ì´µ¸É¨ ¶·µ¢µ²µÎ±¨ É·¥-
ÉÓ¥£µ Ô²¥±É·µ¤  (·¨¸. 7). �¥§ ¢¨¸¨³µ µÉ ¢¥²¨Î¨´ ¸³¥Ð¥´¨Ö Ô²¥±É·µ´Ò ¢ ± ´ ²¥ ¤·¥°ËÊÕÉ
¢ ÉÊ ¦¥ µ¡² ¸ÉÓ ¶µ¢¥·Ì´µ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨, ÎÉµ ¨ ¡¥§ ¸³¥Ð¥´¨Ö. �Éµ µ§´ Î ¥É
´¥¨§³¥´´µ¸ÉÓ ±µÔËË¨Í¨¥´É  £ §µ¢µ£µ Ê³´µ¦¥´¨Ö  ´µ¤´µ° ¶·µ¢µ²µÎ±¨. �·¨ ¸³¥Ð¥´¨¨
´  20 ³±³ ¸µ±· Ð ¥É¸Ö Ï¨·¨´  ± ´ ²  ¤·¥°Ë  ³¥¦¤Ê ¶¥·¢Ò³ ¨ ¢Éµ·Ò³ Ô²¥±É·µ¤ ³¨ ´ 
5 ³±³, ÎÉµ ¸²¥¤Ê¥É ¨§ Ìµ¤  ¶· ¢µ° £· ´¨Î´µ° ¸¨²µ¢µ° ²¨´¨¨ ¶µ²Ö. ‘²¥¤¸É¢¨¥³ ÔÉµ£µ
Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ Ô²¥±É·µ´´µ° ¶·µ§· Î´µ¸É¨ ¤¥É¥±Éµ·  ¤µ 95 %.

�¨¸. 7. ˆ§³¥´¥´¨¥ ±µ´Ë¨£Ê· Í¨¨ ± ´ ²  Ê³´µ¦¥´¨Ö ¶·¨ ¸³¥Ð¥´¨¨ Ô²¥±É·µ¤  3 ´  20 ³±³. Š·¨¢ Ö
a Å ±µ´Ë¨£Ê· Í¨Ö ± ´ ²  ¶·¨ ¸³¥Ð¥´¨¨ ´  15 ³±³; ±·¨¢Ò¥ b Å ¸³¥Ð¥´¨¥ Ô²¥±É·µ¤  ´  20 ³±³.

‘²¥¤¸É¢¨¥³ · §´¨ÍÒ ³¥¦¤Ê £· ´¨Î´Ò³¨ ²¨´¨Ö³¨ ¶µ²Ö a ¨ b ¢¡²¨§¨ ¶· ¢µ° ¶·µ¢µ²µÎ±¨ Ö¢²Ö¥É¸Ö

Ê³¥´ÓÏ¥´¨¥ Ô²¥±É·µ´´µ° ¶·µ§· Î´µ¸É¨ ¤¥É¥±Éµ· 

�¨¸. 8. ˆ§³¥´¥´¨¥ ±µ´Ë¨£Ê· Í¨¨ ± ´ ²  Ê³´µ¦¥´¨Ö ¶·¨ ¸³¥Ð¥´¨¨  ´µ¤´µ° ¶²µ¸±µ¸É¨ ± ³¥·Ò
´  15 ³±³. ‘²¥¤¸É¢¨¥³ ¸³¥Ð¥´¨Ö Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö ¢ µ¡² ¸É¨  ´µ¤´µ°

¶·µ¢µ²µÎ±¨

� ¸¸³µÉ·¨³ ¸²¥¤¸É¢¨Ö ¸³¥Ï¥´¨Ö ¶²µ¸±µ¸É¨  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± Aw ´  15 ³±³
(·¨¸. 8). ˆ§³¥´¥´¨Ö Ô²¥±É·µ´´µ° ¶·µ§· Î´µ¸É¨ ´¥É. ‚ ± ´ ²¥ Ê³´µ¦¥´¨Ö ¨§³¥´¥´¨Ö
µÉ¸ÊÉ¸É¢ÊÕÉ ¢¶²µÉÓ ¤µ µ¡² ¸É¨ ¢ µ±·¥¸É´µ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨. ‚¸¥ Ì · ±É¥·¨¸É¨±¨

�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶µ µ±·Ê¦-

´µ¸É¨ ¢¤µ²Ó ¶µ¢¥·Ì´µ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨. ’µÎ±  10

¸µµÉ¢¥É¸É¢Ê¥É ¸¥Î¥´¨Õ ¶·µ¢µ²µÎ±¨ ¶²µ¸±µ¸ÉÓÕ, ¶·µÌµ¤Ö-
Ð¥° Î¥·¥§ Í¥´É· ¶·µ¢µ²µÎ±¨ ¨ ¶ · ²²¥²Ó´µ° ¶²µ¸±µ¸É¨

x = 0
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�¨¸. 10. �¡² ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨, ¢ ±µÉµ·Ò¥ ¤·¥°ËÊÕÉ ¢Éµ·¨Î´Ò¥ Ô²¥±É·µ´Ò ¨§ ± ´ ² 

Ê³´µ¦¥´¨Ö. �¨¸.   ¸µµÉ¢¥É¸É¢Ê¥É ¸³¥Ð¥´¨Õ ´  15 ³±³, ·¨¸. ¡ Å ¸³¥Ð¥´¨Õ ´  20 ³±³. �µ³¥· 
ÉµÎ¥± ¸µµÉ¢¥É¸É¢ÊÕÉ ´Ê³¥· Í¨¨ ´  ·¨¸. 9

¸µµÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ Õ ¡¥§ ¸³¥Ð¥´¨Ö. ‚ · °µ´¥  ´µ¤´µ° ¶·µ¢µ²µÎ±¨ ¶·µ¨¸Ìµ¤¨É ¸³¥Ð¥-
´¨¥ ± ´ ²  Ê³´µ¦¥´¨Ö µÉ ¥£µ µ¸¨ ¢ ¸Éµ·µ´Ê  ´µ¤´µ° ¶·µ¢µ²µÎ±¨. ‚Éµ·¨Î´Ò¥ Ô²¥±É·µ´Ò
³µ£ÊÉ ¤·¥°Ëµ¢ ÉÓ ¢ µ¡² ¸ÉÓ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö  ´µ¤´µ° ¶·µ¢µ²µÎ±¨ ¸ ³¥´ÓÏ¨³ §´ Î¥-
´¨¥³ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö. �ÉµÉ ÔËË¥±É Ê¸Ê£Ê¡²Ö¥É¸Ö ¶·¨ ¸³¥Ð¥´¨¨ ¶²µ¸±µ¸É¨  ´µ¤´ÒÌ
¶·µ¢µ²µÎ¥± Aw ´  20 ³±³. �¨¸. 9 ¶·¥¤¸É ¢²Ö¥É · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¶µ
µ±·Ê¦´µ¸É¨ ¶µ¢¥·Ì´µ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨. �  ·¨¸. 10 ¶µ± § ´Ò µ¡² ¸É¨  ´µ¤´µ°
¶·µ¢µ²µÎ±¨, ¢ ±µÉµ·Ò¥ ¤·¥°ËÊÕÉ ¢Éµ·¨Î´Ò¥ Ô²¥±É·µ´Ò ¨§ ± ´ ²  Ê³´µ¦¥´¨Ö. �¨¸. 10, a
¸µµÉ¢¥É¸É¢Ê¥É ¸³¥Ð¥´¨Õ ´  15 ³±³, ·¨¸. 10, ¡ Å ¸³¥Ð¥´¨Õ ´  20 ³±³. ‚¥²¨Î¨´Ò ¸·¥¤-
´¥£µ §´ Î¥´¨Ö ¶µ²Ö 66, 63 ¨ 60 ±‚/¸³ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ Ö³ ¡¥§ ¸³¥Ð¥´¨Ö ¶²µ¸±µ¸É¨
 ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±, ¸µ ¸³¥Ð¥´¨¥³ 15 ¨ 20 ³±³ ¸µµÉ¢¥É¸É¢¥´´µ. “³¥´ÓÏ¥´¨¥ ´ ¶·Ö¦¥´-
´µ¸É¨ ¶µ²Ö ¢ ¤¢ÊÌ ¶µ¸²¥¤´¨Ì ¸²ÊÎ ÖÌ ¶·¨¢¥¤¥É ± Ê³¥´ÓÏ¥´¨Õ ±µÔËË¨Í¨¥´É  £ §µ¢µ£µ
Ê³´µ¦¥´¨Ö  ´µ¤´µ° ¶·µ¢µ²µÎ±¨.

‘³¥Ð¥´¨¥ ¶²µ¸±µ¸É¨ Ô²¥±É·µ¤µ¢ 2 ¶µ ¸¢µ¥° ¸ÊÉ¨ Ô±¢¨¢ ²¥´É´µ µ¤´µ¢·¥³¥´´µ³Ê ¸³¥-
Ð¥´¨Õ ¶²µ¸±µ¸É¨  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¨ ¶²µ¸±µ¸É¨ É·¥ÉÓ¥£µ Ô²¥±É·µ¤ . �¥§Ê²ÓÉ Éµ³
Ö¢²Ö¥É¸Ö ¸Ê³³  ·¥§Ê²ÓÉ Éµ¢ µÉ¤¥²Ó´ÒÌ ¸³¥Ð¥´¨° ¶²µ¸±µ¸É¥° 3 ¨ Aw. �¡ ÔÉµ³ ¸¢¨¤¥-
É¥²Ó¸É¢Ê¥É ·¨¸. 11, ´  ±µÉµ·µ³ ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É ¸³¥Ð¥´¨Ö ¶²µ¸±µ¸É¨ 2 ´  15 ³±³.

�¨¸. 11. ˆ§³¥´¥´¨¥ ±µ´Ë¨£Ê· Í¨¨ ± ´ ²  Ê³´µ¦¥´¨Ö

¶·¨ ¸³¥Ð¥´¨¨ Ô²¥±É·µ¤  1 ´  15 ³±³. ’ ±µ¥ ¸³¥Ð¥-

´¨¥ Ô±¢¨¢ ²¥´É´µ µ¤´µ¢·¥³¥´´µ³Ê ¸³¥Ð¥´¨Õ Ô²¥±-
É·µ¤  3 ¨  ´µ¤´µ° ¶²µ¸±µ¸É¨ (·¨¸. 6 ¨ 8). ‘²¥¤¸É¢¨¥³

¸³¥Ð¥´¨Ö Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö

¢ µ¡² ¸É¨  ´µ¤´µ° ¶·µ¢µ²µÎ±¨
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‘µ§¤ ´¨¥ ¤¥É¥±Éµ·  É·¥¡Ê¥É ¢Ò¶µ²´¥´¨Ö µ¶·¥¤¥²¥´´ÒÌ ÉµÎ´µ¸É¥° ´ ³µÉ±¨ ¶·µ¢µ-
²µÎ¥±  ´µ¤´µ° ¸¨¸É¥³Ò ¨ ¶·µ¢µ²µÎ¥± ¸¨¸É¥³Ò ¶·¥¤¢ ·¨É¥²Ó´µ£µ £ §µ¢µ£µ Ê³´µ¦¥´¨Ö.
‘µ¢·¥³¥´´Ò¥ É¥Ì´µ²µ£¨¨, ´¥¸³µÉ·Ö ´  ¦¥¸É±¨¥ Ê¸²µ¢¨Ö, ¶µ§¢µ²ÖÕÉ ¨Ì Ê¸¶¥Ï´µ ¢Ò¶µ²-
´¨ÉÓ.

1. ˜ Ë· ´µ¢ Œ. „., ’µ¶Ê·¨Ö ’. �. // �¨¸Ó³  ¢ �—�Ÿ. 2001. º 2[105]. C.11Ä25.

�µ²ÊÎ¥´µ 29 µ±ÉÖ¡·Ö 2002 £.


