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Agapov A. V. et al. Ð13-2004-88

A Device for a Proton Beam Energy Control for Radiotherapy

A Medical-Technical Facility for hadron radiotherapy based on DLNP JINR pha-

sotron has been constructed and put into operation. Upgrading of methods, hardware

and software for radiotherapy is one of the main tasks for further development

of the Facility.

This article concerns one of the fields of this work, that is the development

of equipment for dynamic irradiation of deep lying target — the construction of a de-

vice for the proton beam energy control and measurement of its depth–dose curve

in a treatment room.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear

Problems, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2004
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Óñòðîéñòâî äëÿ ðåãóëèðîâàíèÿ ýíåðãèè ïðîòîííîãî ïó÷êà

ïðè ðàäèîòåðàïèè

Â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì ÎÈßÈ íà áàçå ôàçîòðîíà ñîçäàí è ôóíêöè-

îíèðóåò ìåäèêî-òåõíè÷åñêèé êîìïëåêñ äëÿ ïðîâåäåíèÿ àäðîííîé òåðàïèè. Óñî-

âåðøåíñòâîâàíèå ìåòîäèê îáëó÷åíèÿ, îáîðóäîâàíèÿ è ïðîãðàììíîãî îáåñïå÷å-

íèÿ, ïðèìåíÿåìûõ â ñåàíñàõ ëó÷åâîé òåðàïèè, ÿâëÿåòñÿ îäíîé èç ãëàâíûõ çàäà÷

äëÿ äàëüíåéøåãî ðàçâèòèÿ êîìïëåêñà.

Íàñòîÿùàÿ ñòàòüÿ ïîñâÿùåíà îäíîìó èç íàïðàâëåíèé ýòîé ðàáîòû, à èìåííî

ðàçðàáîòêå àïïàðàòóðû äëÿ ïðîâåäåíèÿ äèíàìè÷åñêîãî îáëó÷åíèÿ ãëóáîêîðàñïî-

ëîæåííûõ ìèøåíåé, — ñîçäàíèþ óñòðîéñòâà äëÿ ðåãóëèðîâàíèÿ ýíåðãèè ïðî-

òîííîãî ïó÷êà è èçìåðåíèÿ åãî ãëóáèííî-äîçîâîãî ðàñïðåäåëåíèÿ â ïðîöåäóðíîé

êàáèíå.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà

ÎÈßÈ.

Ñîîáùåíèå Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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‚ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ �ˆŸˆ ´  ¡ §¥ Ê¸±µ·¨É¥²Ö ¶·µÉµ´µ¢ Å
Ë §µÉ·µ´  Å ¸µ§¤ ´ ¨ ËÊ´±Í¨µ´¨·Ê¥É ³¥¤¨±µ-É¥Ì´¨Î¥¸±¨° ±µ³¶²¥±¸, ¶µ§¢µ-
²ÖÕÐ¨° ¶·µ¢µ¤¨ÉÓ ¶·µÉµ´´ÊÕ É¥· ¶¨Õ · §²¨Î´ÒÌ § ¡µ²¥¢ ´¨° [1].

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¢ Î ¸É´µ¸É¨ ¶·µ-
Éµ´µ¢, ´ Ìµ¤ÖÉ ¢¸¥ ¡µ²¥¥ Ï¨·µ±µ¥ ¶·¨³¥´¥´¨¥ ¢ ²ÊÎ¥¢µ° É¥· ¶¨¨. �Éµ µ¡Ê¸²µ-
¢²¥´µ, ¶·¥¦¤¥ ¢¸¥£µ, ¢µ§³µ¦´µ¸ÉÓÕ ± Î¥¸É¢¥´´µ£µ Ê²ÊÎÏ¥´¨Ö ¶·µ¸É· ´¸É¢¥´-
´ÒÌ ¤µ§µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶µ ¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨µ´´µ ¨¸¶µ²Ó§Ê¥³Ò³¨ ¤²Ö
ÔÉ¨Ì Í¥²¥° ¶ÊÎ± ³¨ Ô²¥±É·µ´µ¢ ¨ γ-±¢ ´Éµ¢, ÎÉµ ¶µ§¢µ²Ö¥É ¸´¨§¨ÉÓ ²ÊÎ¥¢ÊÕ
´ £·Ê§±Ê ´  ¶·¨²¥£ ÕÐ¨¥ ± µ¶ÊÌµ²¨ §¤µ·µ¢Ò¥ É± ´¨, ¨ É¥³ ¸ ³Ò³ Ê³¥´Ó-
Ï¨ÉÓ ·¨¸± ¢µ§´¨±´µ¢¥´¨Ö ²ÊÎ¥¢ÒÌ µ¸²µ¦´¥´¨° ¶·¨ µ¤´µ¢·¥³¥´´µ³ Ê¢¥²¨Î¥-
´¨¨ ¶µ¤¢µ¤¨³µ° ± µ¶ÊÌµ²¨ ¤µ§Ò. � ¤¨± ²Ó´µ¥ Ê²ÊÎÏ¥´¨¥ £²Ê¡¨´´µ-¤µ§µ¢µ£µ
· ¸¶·¥¤¥²¥´¨Ö ¶·µÉµ´µ¢ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í £µ· §¤µ ¸² ¡¥¥ · ¸¸¥¨¢ ÕÉ¸Ö ¢ É± ´¨ ¶µ ³¥·¥ ¶·µ´¨±´µ¢¥´¨Ö ¢ £²Ê¡Ó
É¥² , µ´¨ ¨³¥ÕÉ Ìµ·µÏµ µ¶·¥¤¥²¥´´Ò° ¶·µ¡¥£, ²¨´¥°´Ò¥ ¶¥·¥¤ Î¨ Ô´¥·£¨¨
É ±¨Ì Î ¸É¨Í ¢µ§· ¸É ÕÉ ¸ £²Ê¡¨´µ° ¶·µ´¨±´µ¢¥´¨Ö, µ¡· §ÊÖ ¢ ±µ´Í¥ ¶·µ¡¥£ 
³ ±¸¨³Ê³ ¨µ´¨§ Í¨¨ Å ¶¨± �·Ô££  [2].

Š ± ¶· ¢¨²µ, ¶¨± �·Ô££  Ö¢²Ö¥É¸Ö ¸²¨Ï±µ³ Ê§±¨³ ¤²Ö µ¡²ÊÎ¥´¨Ö ³¨Ï¥-
´¥° ¡µ²ÓÏ¨Ì · §³¥·µ¢ ¨ ¤µ²¦¥´ ¡ÒÉÓ ¶·¥µ¡· §µ¢ ´ ¢ ¤µ§µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸
¶²µ¸±µ° ¢¥·Ï¨´µ° ¨ ±·ÊÉÒ³ ¸¶ ¤µ³ ¤µ§Ò §  ´¥°. „²Ö É ±µ£µ ¶·¥µ¡· §µ¢ ´¨Ö
¨¸¶µ²Ó§ÊÕÉ · §´Ò¥ ³¥Éµ¤Ò. �¤¨´ ¨§ ´¨Ì Å ³µ¤¨Ë¨± Í¨Ö ¨¸Ìµ¤´µ° ±·¨-
¢µ° ¶ÊÉ¥³ ·¥£Ê²¨·µ¢ ´¨Ö, ¶µ § ¤ ´´µ° ¶·µ£· ³³¥, § ³¥¤²¨É¥²Ö ¶¥·¥³¥´´µ°
Éµ²Ð¨´Ò (‡�’), Ê¸É ´µ¢²¥´´µ£µ ¶¥·¥¤ ¶ Í¨¥´Éµ³.

� §· ¡µÉ±  É ±µ£µ Ê¸É·µ°¸É¢  ¶µ§¢µ²¨É ´¥ Éµ²Ó±µ ¶µ²ÊÎ ÉÓ · ¸Ï¨·¥´-
´Ò° ¶¨± �·Ô££  ¸ § ¤ ´´Ò³¨ ¶ · ³¥É· ³¨, ´µ ¨ ¶µ¸²Ê¦¨É ¶¥·¢Ò³ Ï £µ³
¤²Ö ¸µ§¤ ´¨Ö ±µ³¶ ±É´µ° ¸¨¸É¥³Ò ¤¨´ ³¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ²µ± ²¨§ Í¨°
¸²µ¦´µ° Ëµ·³Ò. „²Ö µ¸ÊÐ¥¸É¢²¥´¨Ö ¤¨´ ³¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ´¥µ¡Ìµ¤¨³
¶·µ£· ³³´µ- ¶¶ · É´Ò° ±µ³¶²¥±¸, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö Ê¸É·µ°¸É¢µ ¤²Ö ·¥-
£Ê²¨·µ¢ ´¨Ö Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ‡�’, ¶¥·¥¸É· ¨¢ ¥³Ò° ³´µ£µ²¥¶¥¸É-
±µ¢Ò° ±µ²²¨³ Éµ· ¨ ¸¶¥Í¨ ²¨§¨·µ¢ ´´µ¥ ¶·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥. ’ ± Ö
³¥Éµ¤¨±  ¶µ§¢µ²¨É ¡µ²¥¥ ±µ´Ëµ·³´µ µ¡²ÊÎ ÉÓ ³¨Ï¥´¨ ¸²µ¦´µ° Ëµ·³Ò.

Š·µ³¥ Éµ£µ, ¨¸¶µ²Ó§µ¢ ´¨¥ ‡�’ Ê¸±µ·¨É ¶·µÍ¥¤Ê·Ê ¨§³¥·¥´¨Ö £²Ê¡¨´´µ-
¤µ§µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö ´  ¸¥ ´¸ Ì ²ÊÎ¥¢µ° É¥· ¶¨¨.

� ¸ÉµÖÐ Ö · ¡µÉ  ¶µ¸¢ÖÐ¥´  ¶¥·¢µ³Ê ÔÉ ¶Ê · §· ¡µÉ±¨  ¶¶ · ÉÊ·Ò ¤²Ö
¶·µ¢¥¤¥´¨Ö ¤¨´ ³¨Î¥¸±µ£µ µ¡²ÊÎ¥´¨Ö ¡µ²Ó´ÒÌ,   ¨³¥´´µ ¸µ§¤ ´¨Õ ¶·µ£· ³-
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³´µ- ¶¶ · É´µ£µ Ê¸É·µ°¸É¢  ¤²Ö ·¥£Ê²¨·µ¢ ´¨Ö Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¨
¨§³¥·¥´¨Ö £²Ê¡¨´´µ-¤µ§µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ¶·µÍ¥¤Ê·´µ° ± ¡¨´¥.

1. ������’��Ÿ —�‘’œ ˆ‡Œ…�ˆ’…‹œ��‰ ‘ˆ‘’…Œ›

‡�’ ¶·¥¤´ §´ Î¥´ ¤²Ö ¶·µ¢¥¤¥´¨Ö ¨§³¥·¥´¨° £²Ê¡¨´´µ-¤µ§µ¢µ£µ · ¸¶·¥-
¤¥²¥´¨Ö ¶µ¸·¥¤¸É¢µ³ ¨§³¥´¥´¨Ö Éµ²Ð¨´Ò ³ É¥·¨ ²  § ³¥¤²¨É¥²Ö, ´ Ìµ¤ÖÐ¥-
£µ¸Ö ´  µ¸¨ ¶·µÉµ´´µ£µ ¶ÊÎ± . Šµ´¸É·Ê±Í¨Ö Ê¸É·µ°¸É¢  ¶·µ¥±É¨·µ¢ ² ¸Ó ¸
ÊÎ¥Éµ³ ´¥¤µ¸É É±µ¢ ¨³¥ÕÐ¥£µ¸Ö ¢ ´ ²¨Î¨¨ § ³¥¤²¨É¥²Ö ¨ ¢µ§³µ¦´µ¸É¨ ¨¸-
¶µ²Ó§µ¢ ´¨Ö Ô²¥±É·µ´´ÒÌ ¡²µ±µ¢ Ê¸É·µ°¸É¢  ®Œ¥§µ´¯ [3].

“¸É·µ°¸É¢µ ®Œ¥§µ´¯ ¶·¥¤´ §´ Î¥´µ ¤²Ö  ¢Éµ³ É¨§¨·µ¢ ´´µ£µ Ê¶· ¢²¥-
´¨Ö µ¡²ÊÎ¥´¨¥³ £²Ê¡µ±µ· ¸¶µ²µ¦¥´´ÒÌ µ¶ÊÌµ²¥° ¶ Í¨¥´É , Ë¨±¸¨·µ¢ ´´µ£µ
¢ ¶µ²µ¦¥´¨¨ ¸¨¤Ö,   ¨³¥´´µ ¤²Ö Ê¶· ¢²¥´¨Ö ·µÉ Í¨µ´´Ò³ ±·¥¸²µ³ ¨ ·¥-
£Ê²¨·µ¢ ´¨Ö Ï¨·¨´Ò ¨ £²Ê¡¨´Ò ¤µ§µ¢µ£µ ³ ±¸¨³Ê³  ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶·¨
²ÊÎ¥¢µ° É¥· ¶¨¨ ¸ ¶µ³µÐÓÕ ‡�’.

ˆ§´ Î ²Ó´µ ‡�’ Ê¸É·µ°¸É¢  ®Œ¥§µ´¯ ¶·¥¤¸É ¢²Ö² ¸µ¡µ° ¶·Ö³µÊ£µ²Ó´ÊÕ
¢ ´´Ê, § ¶µ²´¥´´ÊÕ ¦¨¤±µ° ¸·¥¤µ° (¢µ¤µ°), ¢ ±µÉµ·ÊÕ ¶µ³¥Ð¥´Ò ¤¢¥ ¶Ê-
¸ÉµÉ¥²Ò¥ É·¥Ê£µ²Ó´Ò¥ ¶·¨§³Ò. „ ´´Ò° § ³¥¤²¨É¥²Ó ¨³¥² ·Ö¤ ¸ÊÐ¥¸É¢¥´´ÒÌ
´¥¤µ¸É É±µ¢: 1) §´ Î¨É¥²Ó´µ¥ ÊÏ¨·¥´¨¥ ¶ÊÎ±  §  ¸Î¥É ³´µ£µ±· É´µ£µ ±Ê²µ-
´µ¢¸±µ£µ · ¸¸¥Ö´¨Ö; 2) ¡µ²ÓÏÊÕ ´ Î ²Ó´ÊÕ Éµ²Ð¨´Ê (4 £/¸³2); 3) ¡µ²ÓÏ¨¥
· §³¥·Ò ¨ ³ ¸¸Ê; 4) ´¥Ê¤µ¡¸É¢µ ¢Ò¢µ¤  ¨ ¢¢µ¤  Ê¸É ´µ¢±¨ ¢ · ¡µÎÊÕ §µ´Ê.

Šµ´¸É·Ê±Í¨Ö · §· ¡µÉ ´´µ£µ ‡�’, ¶µ± § ´´ Ö ´  ·¨¸. 1, ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° ¤¢  ±²¨´  (¡µ²ÓÏµ° ¨ ³ ²Ò°), ¢Ò¶µ²´¥´´ÒÌ ¨§ µ·£¸É¥±²  ¨ ¨³¥ÕÐ¨Ì ¢
¸¥Î¥´¨¨ ¶·Ö³µÊ£µ²Ó´Ò¥ É·¥Ê£µ²Ó´¨±¨. Š²¨´Ò µ¡· Ð¥´Ò ¤·Ê£ ± ¤·Ê£Ê £· ´Ö³¨,
±µÉµ·Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ¡µ²ÓÏ¨³ ± É¥É ³ É·¥Ê£µ²Ó´¨±µ¢, ¸ § §µ·µ³, ´¥ ¶·¥¢Ò-
Ï ÕÐ¨³ 2 ³³. �·¨ ¤¢¨¦¥´¨¨ ¡µ²ÓÏµ£µ ±²¨´  µÉ´µ¸¨É¥²Ó´µ ´¥¶µ¤¢¨¦´µ£µ
³ ²µ£µ ¨§³¥´Ö¥É¸Ö µ¡Ð Ö Éµ²Ð¨´  ³ É¥·¨ ²  § ³¥¤²¨É¥²Ö ´  ¶ÊÉ¨ ¶ÊÎ±  ÉÖ-
¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¸²¥¤µ¢ É¥²Ó´µ, ³ ±¸¨³Ê³ ¨µ´¨§ Í¨¨ (¶¨± �·Ô££ )
³¥´Ö¥É ¸¢µ¥ ¶µ²µ¦¥´¨¥ ¢¤µ²Ó µ¸¨ ¶ÊÎ± .

�·¨¢µ¤ ¡µ²ÓÏµ£µ ±²¨´  µ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ï £µ¢Ò³ ¤¢¨£ É¥²¥³ Î¥·¥§ Ô² -
¸É¨Î´ÊÕ ·¥§¨´µ¢ÊÕ ³ÊËÉÊ-¢ÉÊ²±Ê ¶µ¸·¥¤¸É¢µ³ ¶¥·¥¤ Î¨ Î¥·¢Ö±Ä£ °± . � 
¤¢ÊÌ Ï ·¨±µ¶µ¤Ï¨¶´¨± Ì ¢· Ð ¥É¸Ö Ìµ¤µ¢µ° Î¥·¢Ö±, ±µÉµ·Ò° Î¥·¥§ ¸¶¥Í¨-
 ²Ó´ÊÕ £ °±Ê ¶·¥µ¡· §Ê¥É ¢· Ð É¥²Ó´µ¥ ¤¢¨¦¥´¨¥ ¢ÒÌµ¤´µ£µ ¢ ²  Ï £µ¢µ£µ
¤¢¨£ É¥²Ö ¢ ¶µ¸ÉÊ¶ É¥²Ó´µ¥ ¤¢¨¦¥´¨¥ ± ·¥É±¨, ± ±µÉµ·µ° ¶·¨±·¥¶²¥´ ¡µ²Ó-
Ïµ° ±²¨´. ’µÎ±  ±·¥¶²¥´¨Ö Å Í¥´É· ³ ¸¸ ¡µ²ÓÏµ£µ ±²¨´ , ¸¶·µ¥Í¨·µ¢ ´´Ò°
´  µ¸´µ¢ ´¨¥.

„²Ö Ê³¥´ÓÏ¥´¨Ö É·¥´¨Ö ± ·¥É±  ¶¥·¥³¥Ð ¥É¸Ö ¶µ ¤¢Ê³ ¢¥·Ì´¨³ ´ ¶· -
¢²ÖÕÐ¨³ ´  ¸¶¥Í¨ ²Ó´ÒÌ ·µ²¨± Ì ¨ Ï ·¨±µ¶µ¤Ï¨¶´¨± Ì. �´  ¸µ¡· ´  ¨§
¤¢ÊÌ Éµ·Í¥¢ÒÌ ¸É ²Ó´ÒÌ ¶² ¸É¨´ ¸ § ±·¥¶²¥´´Ò³¨ ³¥¦¤Ê ´¨³¨ £ °±µ° ¨ ¡µ-
±µ¢¨´ ³¨, ± ±µÉµ·Ò³ ±·¥¶ÖÉ¸Ö µ¸¨ ·µ²¨±µ¢ ¨ Ï ·¨±µ¶µ¤Ï¨¶´¨±µ¢. Œ ²Ò°
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�¨¸. 1. Šµ´¸É·Ê±Í¨Ö ‡�’, £¤¥: 1 Å ³ ²Ò° ±²¨´; 2 Å ¡µ²ÓÏµ° ±²¨´; 3 Å ¸Éµ°± ; 4 Å
´¥¸ÊÐ Ö ¶² ÉËµ·³ ; 5 Å ·¥¤Ê±Éµ·; 6 Å £¥²¨¶µ¤; 7 Å Ë §µ¢· Ð É¥²Ó; 8 Å ¡µ±µ¢¨´ ;
9 Å ´ ¶· ¢²ÖÕÐ¨¥; 10 Å ± ·¥É± ; 11 Å · §Ñ¥³Ò; 12 Å Ï £µ¢Ò° ¤¢¨£ É¥²Ó; 13 Å
³¨±·µ¢Ò±²ÕÎ É¥²Ó; 14 Å Î¥·¢Ö±; 15 Å Ë¨±¸ Éµ· ³ ²µ£µ ±²¨´ 

±²¨´ ±·¥¶¨É¸Ö ± µ¤´µ° ¨§ ´¨¦´¨Ì ´ ¶· ¢²ÖÕÐ¨Ì ¶µ¸·¥¤¸É¢µ³ ¸¶¥Í¨ ²Ó´µ£µ
Ë¨±¸ Éµ·  ¨ Í¥´É·¨·Ê¥É¸Ö ¶µ µ¸¨ ¶·µÉµ´´µ£µ ¶ÊÎ± .

�¥¢¥·¸¨·µ¢ ´¨¥ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö ¶µ§¢µ²Ö¥É µ¸ÊÐ¥¸É¢¨ÉÓ ¢µ§¢· É´µ-
¶µ¸ÉÊ¶ É¥²Ó´µ¥ ¶·Ö³µ²¨´¥°´µ¥ ¶¥·¥³¥Ð¥´¨¥ ¡µ²ÓÏµ£µ ±²¨´  ¸ ± ·¥É±µ°
¶µ ´ ¶· ¢²ÖÕÐ¨³. ’ ±µ¥ ¶¥·¥³¥Ð¥´¨¥ ±²¨´  ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ Ê¢¥²¨Î¨¢ ÉÓ
²¨¡µ Ê³¥´ÓÏ ÉÓ Éµ²Ð¨´Ê Éµ·³µ§ÖÐ¥£µ ³ É¥·¨ ²  ¶µ §´ Î¥´¨Ö³, § ¤ ´´Ò³
¶·µ£· ³³µ° ¶² ´¨·µ¢ ´¨Ö µ¡²ÊÎ¥´¨Ö.

‚¸Ö ±µ´¸É·Ê±Í¨Ö · §³¥Ð ¥É¸Ö ´  ¶µ¤¢¨¦´µ° ¶² ÉËµ·³¥ ²ÊÎ¥¢µ£µ ¸É¥´¤ ,
¶·¨Î¥³ ‡�’ ²¥£±µ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ §µ´¥ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¨ ¢Ò¢µ¤¨É¸Ö ¨§
ÔÉµ° §µ´Ò. …¸²¨ ´¥µ¡Ìµ¤¨³µ Ê¡· ÉÓ ‡�’ ¸ µ¸¨ ¶ÊÎ± , ¥£µ ¸²¥¤Ê¥É ¶¥·¥³¥-
¸É¨ÉÓ ¢¢¥·Ì ´  ¸¶¥Í¨ ²Ó´ÒÌ ¸É¥·¦´ÖÌ ¸ ¶µ³µÐÓÕ Ê¸É ´µ¢²¥´´ÒÌ ´  ´¥¸ÊÐ¨Ì
¶² ÉËµ·³ Ì ¢ÉÊ²µ±. ‚ ¢¥·Ì´¥³ ¶µ²µ¦¥´¨¨ ‡�’ Ë¨±¸¨·Ê¥É¸Ö § Ð¥²± ³¨,   ¢
´¨¦´¥³ Å ¸Éµ¶µ· ³¨. ‡ Ð¥²±¨ § ±·¥¶²¥´Ò ´  ´¥¸ÊÐ¨Ì ¶² ÉËµ·³ Ì.

‚ ±· °´¨Ì ¶µ²µ¦¥´¨ÖÌ ± ·¥É±¨ ¸· ¡ ÉÒ¢ ÕÉ ³¨±·µ¢Ò±²ÕÎ É¥²¨ Ï £µ-
¢µ£µ ¤¢¨£ É¥²Ö, Ê¸É ´µ¢²¥´´Ò¥ ´  ¡µ±µ¢¨´ Ì,   ¢ ¸²ÊÎ ¥ ¨Ì ¶µ²µ³±¨ ¨³¥ÕÉ¸Ö
³¥Ì ´¨Î¥¸±¨¥ Ê¶µ·Ò.

“£µ² ¶µ¢µ·µÉ  ³¥Ì ´¨§³  ¶·¨¢µ¤  ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¨§³¥´¥´¨¥ µ¡Ð¥°
Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö Ë¨±¸¨·Ê¥É¸Ö ¸¨¸É¥³µ° ¸²¥¦¥´¨Ö, ¸µ¸ÉµÖÐ¥° ¨§ ¤¢ÊÌ
¤ ÉÎ¨±µ¢ ¶µ²µ¦¥´¨Ö: Ë §µ¢· Ð É¥²Ö, · ¡µÎ¨° Ê£µ² ¶µ¢µ·µÉ  ±µÉµ·µ£µ ¸µµÉ-
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¢¥É¸É¢Ê¥É ¶µ²´µ³Ê Ìµ¤Ê ± ·¥É±¨ ¶µ¶¥·¥± ¶ÊÎ± , ¨ £¥²¨¶µ¤ . „ ÉÎ¨±¨ ¶µ²µ-
¦¥´¨Ö § ±·¥¶²¥´Ò ´  ´¥¸ÊÐ¥° ¶² ÉËµ·³¥ ¨ ¸¢Ö§ ´Ò ¸ µ¸ÓÕ Î¥·¢Ö±  Î¥·¥§
·¥¤Ê±Éµ·. �  µ¸Ó Î¥·¢Ö±  ´ ¸ ¦¥´µ §Ê¡Î Éµ¥ ±µ²¥¸µ, Ö¢²ÖÕÐ¥¥¸Ö µ¤´¨³ ¨§
§¢¥´Ó¥¢ ·¥¤Ê±Éµ· .

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ · §· ¡µÉ ´´µ£µ Ê¸É·µ°¸É¢  ¤²Ö ·¥£Ê²¨·µ¢ -
´¨Ö Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ · §· ¡µÉ ´´µ£µ ‡�’

� · ³¥É·Ò ‡´ Î¥´¨¥

’¨¶ ¤¢¨£ É¥²Ö ˜ £µ¢Ò° „˜-01

„¨¸±·¥É´µ¸ÉÓ ¨§³¥´¥´¨Ö Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö
¶·¨ µ¤´µ³ Ï £¥ ¤¢¨£ É¥²Ö �¥ ¡µ²¥¥ 0,5 ³³

‘±µ·µ¸ÉÓ ¨§³¥´¥´¨Ö Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö �¥ ³¥´¥¥ 11,0 ³³/¸

�µ£·¥Ï´µ¸ÉÓ Ê¸É ´µ¢±¨ Éµ²Ð¨´Ò ± 0,5 ³³

„¨ ¶ §µ´ ¨§³¥´¥´¨Ö Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö 20Ä90 ³³

Šµ²¨Î¥¸É¢µ ¤ ÉÎ¨±µ¢ ¶µ²µ¦¥´¨Ö 2

ƒ ¡ ·¨ÉÒ ‡�’ 630× 170× 200 ³³

Œ ¸¸  5 ±£

‚ ± Î¥¸É¢¥ Ô²¥±É·µ´´µ° ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¨¸¶µ²Ó§ÊÕÉ¸Ö ¡²µ±¨ Ê¸É·µ°-
¸É¢  ®Œ¥§µ´¯ [3] ¨ ·Ö¤ Ô²¥±É·µ´´ÒÌ ¡²µ±µ¢ ¢ ¸É ´¤ ·É¥ Š�Œ�Š.

‘¨£´ ²Ò c Ï £µ¢µ£µ ¤¢¨£ É¥²Ö ¸ Î ¸ÉµÉµ° 15 ƒÍ ¶µ¸ÉÊ¶ ÕÉ ´  ¡²µ± Ëµ·-
³¨·µ¢ É¥²Ö ¨³¶Ê²Ó¸µ¢, ±µÉµ·Ò° ¶·¥µ¡· §Ê¥É ¨Ì ¢ Î¥ÉÒ·¥ÌË §´ÊÕ ¶µ¸²¥¤µ¢ -
É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸µ¢, ¸¤¢¨´ÊÉÒÌ ¶µ Ë §¥ ´  ¶µ²µ¢¨´Ê ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸ .
‘ ¶¥·¸µ´ ²Ó´µ£µ ±µ³¶ÓÕÉ¥·  Î¥·¥§ ±µ´É·µ²²¥· ±·¥°É  ŠŠ012 [4] ¨ ·¥£¨¸É·
¢¢µ¤ -¢Ò¢µ¤  Šˆ015 [5], ¡²µ±¨ ¢ ¸É ´¤ ·É¥ Š�Œ�Š, ¶·¨Ìµ¤ÖÉ ±µ³ ´¤Ò
®¶Ê¸±¯, ®´ ¶· ¢²¥´¨¥¯ ¨ ®¸Éµ¶¯, ±µÉµ·Ò¥ ¤ ÕÉ · §·¥Ï¥´¨¥ ´  ¤ ²Ó´¥°Ï¥¥
¶·µÌµ¦¤¥´¨¥ ¨³¶Ê²Ó¸µ¢ Î¥·¥§ ¡²µ± Ëµ·³¨·µ¢ É¥²Ö ¨³¶Ê²Ó¸µ¢ ¨ § ¤ ÕÉ ´ -
¶· ¢²¥´¨¥ ¢· Ð¥´¨Ö Ï £µ¢µ£µ ¤¢¨£ É¥²Ö.

�¥¢¥·¸ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¨§³¥´¥´¨¥³ ¶µ¸²¥¤µ¢ É¥²Ó´µ-
¸É¨ ¨³¶Ê²Ó¸µ¢ §  ¸Î¥É ¨§³¥´¥´¨Ö Ë § ¢ ¤¢ÊÌ ¨§ Î¥ÉÒ·¥Ì µ¡³µÉ± Ì ¤¢¨£ É¥²Ö.

‚ ±· °´¨Ì ¶µ²µ¦¥´¨ÖÌ ¶µ¤¢¨¦´µ° ± ·¥É±¨ ¢ ‡�’ ¸· ¡ ÉÒ¢ ÕÉ ±µ´Í¥¢Ò¥
¢Ò±²ÕÎ É¥²¨, ¶·¨ ÔÉµ³ ¸ ¶¥·¸µ´ ²Ó´µ£µ ±µ³¶ÓÕÉ¥·  ¶µ¸ÉÊ¶ ¥É ¸¨£´ ² ®¸Éµ¶¯,
¡²µ±¨·ÊÕÐ¨° ¶·µÌµ¦¤¥´¨¥ ¨³¶Ê²Ó¸µ¢ ´  ¤¢¨£ É¥²Ó.

„²Ö ¶µ²ÊÎ¥´¨Ö ¡µ²¥¥ ÉµÎ´µ° ¨´Ëµ·³ Í¨¨ µ Éµ²Ð¨´¥ § ³¥¤²¨É¥²Ö ´  µ¸¨
¶ÊÎ± ,   É ±¦¥ ¤²Ö ¶µ¤ Î¨ ÔÉµ° ¨´Ëµ·³ Í¨¨ ´  ±µ³¶ÓÕÉ¥· ´ ·Ö¤Ê ¸ Ë §µ¢· -
Ð É¥²¥³ ¨¸¶µ²Ó§Ê¥É¸Ö ¥Ð¥ µ¤¨´ ¤ ÉÎ¨± ¶µ²µ¦¥´¨Ö Å £¥²¨¶µ¤ ��Œ‹ Œ-1.
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„²Ö · ¡µÉÒ £¥²¨¶µ¤  ´  ¥£µ ¢Ìµ¤ ¸ ¡²µ±  ¶¨É ´¨Ö ¶µ¤ ÕÉ µ¶µ·´µ¥ ´ -
¶·Ö¦¥´¨¥ 9 B, §´ Î¥´¨¥ ±µÉµ·µ£µ ´  ¢ÒÌµ¤¥ § ¢¨¸¨É µÉ ±µ²¨Î¥¸É¢  µ¡µ·µÉµ¢
Ï £µ¢µ£µ ¤¢¨£ É¥²Ö. � ¶·Ö¦¥´¨¥, ¨§³¥·Ö¥³µ¥ ¸ £¥²¨¶µ¤ , ·¥£¨¸É·¨·Ê¥É¸Ö ¡²µ-
±µ³ ¨§³¥·¥´¨Ö Ê£²µ¢µ° ±µµ·¤¨´ ÉÒ ¸¨¸É¥³Ò, ¸µ¸ÉµÖÐ¥° ¨§ ± ´ ²  µ¡· ¡µÉ±¨
¢Ìµ¤´µ£µ ¸¨£´ ²  ¨ ± ´ ²  § ¶Ê¸±   ´ ²µ£µ-Í¨Ë·µ¢µ£µ ¶·¥µ¡· §µ¢ É¥²Ö. „ -
²¥¥ ¸¨£´ ² ¶µ¸ÉÊ¶ ¥É ¢ �–�, £¤¥ ¶µ Ê¶· ¢²ÖÕÐ¥³Ê ¨³¶Ê²Ó¸Ê µÍ¨Ë·µ¢Ò¢ ¥É¸Ö
¨ ¶µ¤ Ê¶· ¢²¥´¨¥³ ŠŠ012 µÉ¶· ¢²Ö¥É¸Ö ¢ ±µ³¶ÓÕÉ¥·.

2. ���ƒ��ŒŒ��Ÿ —�‘’œ ˆ‡Œ…�ˆ’…‹œ��‰ ‘ˆ‘’…Œ›

�·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥, · §· ¡µÉ ´´µ¥ ¤²Ö ¨§³¥·¥´¨Ö ¨ ¨´É¥·¶·¥É -
Í¨¨ £²Ê¡¨´´µ-¤µ§µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö, ³µ¦´µ · §¡¨ÉÓ ´  ¤¢  ±² ¸¸ . �¤¨´
´¥¶µ¸·¥¤¸É¢¥´´µ ¢ ·¥¦¨³¥ µ´-² °´ ¶·µ¨§¢µ¤¨É Ê¶· ¢²¥´¨¥, ±µ´É·µ²Ó ¢¸¥°
¸¨¸É¥³Ò ¨ § ¶¨¸Ó ¤ ´´ÒÌ ¢ Ë °². ‚Éµ·µ° ±² ¸¸ ¶·µ£· ³³´µ£µ µ¡¥¸¶¥Î¥´¨Ö
¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¡µ²¥¥ ¤¥É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ¡ ¨§³¥·¥´´ÒÌ
¤ ´´ÒÌ.

�·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ ¤²Ö ´¥¶µ¸·¥¤¸É¢¥´´µ£µ Ê¶· ¢²¥´¨Ö ¨§³¥·¨-
É¥²Ó´µ° ¸¨¸É¥³µ° ¨, ± ± Î ¸É¨, Ê¸É·µ°¸É¢µ³ ¤²Ö ·¥£Ê²¨·µ¢ ´¨Ö Ô´¥·£¨¨ ¶·µ-
Éµ´´µ£µ ¶ÊÎ±  ´ ¶¨¸ ´µ ¢ ¸·¥¤¥ Borland Pascal. �´µ ¶µ§¢µ²Ö¥É Ê¶· ¢²ÖÉÓ
¶µ²µ¦¥´¨¥³ § ³¥¤²¨É¥²Ö, ´ Ìµ¤ÖÐ¥£µ¸Ö ¢ ¶·µÍ¥¤Ê·´µ° ± ¡¨´¥, ¨ ¨§³¥·ÖÉÓ
¶µ£²µÐ¥´´ÊÕ ¤µ§Ê ¶µ¸·¥¤¸É¢µ³ ¶µ²Ê¶·µ¢µ¤´¨±µ¢µ£µ ¤¥É¥±Éµ·  ¨²¨ ¨µ´¨§ -
Í¨µ´´µ° ± ³¥·Ò. „²Ö ¢¥·¨Ë¨± Í¨¨ ¶µ²µ¦¥´¨Ö § ³¥¤²¨É¥²Ö ´ ¶·Ö¦¥´¨¥ ¸
£¥²¨¶µ¤  ¶µ¤ ¥É¸Ö ´  ¡²µ± �–� ¨ ¤ ²¥¥ ¢ ¶¥·¸µ´ ²Ó´Ò° ±µ³¶ÓÕÉ¥·. �·µ-
£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ ¶µ¸ÉµÖ´´µ ¸± ´¨·Ê¥É ¨´Ëµ·³ Í¨Õ ¸ Ï¨´Ò ¤ ´´ÒÌ
�–�, ¶µÔÉµ³Ê ¢ ²Õ¡µ° ³µ³¥´É ¢·¥³¥´¨ ÉµÎ´µ µ¶·¥¤¥²Ö¥É ¶µ²µ¦¥´¨¥ § -
³¥¤²¨É¥²Ö. ‘¨£´ ²Ò ®¶Ê¸±¯, ®¸Éµ¶¯,   É ±¦¥ ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¶µ§¢µ-
²ÖÕÉ Ê¸É ´ ¢²¨¢ ÉÓ ‡�’ ¢ ²Õ¡µ³ ¶µ²µ¦¥´¨¨ µÉ´µ¸¨É¥²Ó´µ µ¸¨ ¶·µÉµ´´µ£µ
¶ÊÎ± . �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¶µ²´µ° ¡ §Ò ¨³¥ÕÉ¸Ö ¤ ÉÎ¨±¨ ±· °´¥£µ ¶µ²µ¦¥-
´¨Ö, ¸· ¡ ÉÒ¢ ´¨¥ ±µÉµ·ÒÌ ¶·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ · ¸¶µ§´ ¥É ¨ ¶µ¤ ¥É
Ê¶· ¢²ÖÕÐ¨¥ ¸¨£´ ²Ò ´  µÉ±²ÕÎ¥´¨¥ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö. Š·µ³¥ ´¥¶µ¸·¥¤-
¸É¢¥´´µ£µ ±µ´É·µ²Ö ¶µ²µ¦¥´¨Ö ¨ Ê¸É ´µ¢±¨ § ¤ ´´µ£µ §´ Î¥´¨Ö § ³¥¤²¨É¥²Ö
¶·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ ¶µ§¢µ²Ö¥É ¶·µ¢µ¤¨ÉÓ ¨§³¥·¥´¨¥ £²Ê¡¨´´µ-¤µ§µ¢µ£µ
· ¸¶·¥¤¥²¥´¨Ö ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò³ ¤ ÉÎ¨±µ³ ¨²¨ ³¨´¨ ÉÕ·´µ° ¨µ´¨§ Í¨µ´-
´µ° ± ³¥·µ°. ˆ´Ëµ·³ Í¨Ö ¸ ¤ ÉÎ¨±  ¶µ¸ÉÊ¶ ¥É ´  ¡²µ± �–�, ´µ·³¨·Ê¥É¸Ö
´  ³µ´¨Éµ·´ÊÕ ± ³¥·Ê, ±µÉµ· Ö · ¸¶µ²µ¦¥´  ´  ¢ÒÌµ¤¥ ¶·µÉµ´´µ£µ ¶ÊÎ± 
¢ ¶·µÍ¥¤Ê·´µ° ± ¡¨´¥, ¨ § ¶¨¸Ò¢ ¥É¸Ö ¢ ±µ³¶ÓÕÉ¥·. „²Ö ¶µ¢ÒÏ¥´¨Ö ÉµÎ-
´µ¸É¨ ¶µ²ÊÎ¥´´µ£µ §´ Î¥´¨Ö µÉ´µ¸¨É¥²Ó´µ° ¤µ§Ò ´  ± ¦¤µ¥ ¨§³¥·¥´¨¥ ´ -
¡¨· ¥É¸Ö ¸É É¨¸É¨± , ±µÉµ· Ö ¢ ¤ ²Ó´¥°Ï¥³ Ê¸·¥¤´Ö¥É¸Ö. �·µ£· ³³ , ´¥¶µ-
¸·¥¤¸É¢¥´´µ Ê¶· ¢²ÖÕÐ Ö ¸¨¸É¥³µ°, ´ §Ò¢ ¥É¸Ö Klin.exe. �´  ¶·µ¨§¢µ¤¨É
Ê¶· ¢²¥´¨¥ ¢¸¥³¨ ¡²µ± ³¨ ¸¨¸É¥³Ò, § ¶¨¸Ó ¢ Ë °² ¨§³¥·¥´´ÒÌ ¤ ´´ÒÌ ¨ ¨Ì
¶·¥¤¢ ·¨É¥²Ó´ÊÕ µ¡· ¡µÉ±Ê.
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�¨¸. 2. � ¡µÎ¥¥ µ±´µ ¶·µ£· ³³Ò Gr sh.exe

�µ²¥¥ ¤¥É ²Ó´ÊÕ µÍ¥´±Ê ¶µ²ÊÎ¥´´ÒÌ §´ Î¥´¨° ¨ ¨Ì £· Ë¨Î¥¸±ÊÕ ¢¨§Ê ²¨-
§ Í¨Õ ¶·µ¨§¢µ¤¨É ¶·µ£· ³³  Gr sh.exe. �Éµ ¶·µ£· ³³´µ¥ µ¡¥¸¶¥Î¥´¨¥ ¶µ§¢µ-
²Ö¥É ¶·µ¢µ¤¨ÉÓ ¶¥·¢¨Î´Ò° ³ É¥³ É¨Î¥¸±¨°  ´ ²¨§, É ±µ° ± ± · ¸Î¥É ±·ÊÉ¨§´Ò
¸¶ ¤  §  ¶¨±µ³ �·Ô££ , ¡µ±µ¢ÒÌ £· ¤¨¥´Éµ¢ ¶·µÉµ´´µ£µ ¶ÊÎ± , ¸µµÉ´µÏ¥´¨Ö
³ ±¸¨³ ²Ó´µ° ¤µ§Ò ± ¢Ìµ¤´µ° ¤µ§¥ ¨ ·Ö¤ ¤·Ê£¨Ì ¶ · ³¥É·µ¢. �·µ£· ³³  ¤¥-
² ¥É £· Ë¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ ¨ ³ ¸ÏÉ ¡¨·µ¢ ´¨¥ ¤ ´´ÒÌ, ´ ²µ¦¥´¨¥ Í¥-
²µ£µ ·Ö¤  · ¸¶·¥¤¥²¥´¨° ¢ µ¤´µ³ ³ ¸ÏÉ ¡¥,   É ±¦¥ ¸µÌ· ´Ö¥É ¶µ²ÊÎ¥´´µ¥
· ¸¶·¥¤¥²¥´¨¥ ¢ ¸É ´¤ ·É´ÒÌ £· Ë¨Î¥¸±¨Ì Ëµ·³ É Ì *.bmp, *.jpeg. �·µ-
£· ³³  ´ ¶¨¸ ´  ¢ ¸·¥¤¥ Delphi. � ¡µÎ¥¥ µ±´µ ¶·µ£· ³³Ò ¶µ± § ´µ ´  ·¨¸. 2.

3. �…‡“‹œ’�’› ”��’�Œ�›• ˆ‡Œ…�…�ˆ‰
‚ ���–…„“���‰ Š��ˆ�… º 1

ˆ¸¶ÒÉ ´¨¥ · §· ¡µÉ ´´µ° ¸¨¸É¥³Ò ¶·µ¢µ¤¨²µ¸Ó ¢ ¶·µÍ¥¤Ê·´µ° ± ¡¨´¥
º 1, ±Ê¤  ¡Ò² ¢Ò¢¥¤¥´ É¥· ¶¥¢É¨Î¥¸±¨° ¶·µÉµ´´Ò° ¶ÊÎµ± ¸ Ô´¥·£¨¥° 175 ŒÔ‚.
ƒ² ¢´ Ö Í¥²Ó Ô±¸¶¥·¨³¥´É  Å  ¶·µ¡ Í¨Ö ¢¸¥Ì Ô²¥±É·µ´´ÒÌ, ³¥Ì ´¨Î¥¸±¨Ì
Ê§²µ¢ ¨ ¶·µ£· ³³´µ£µ µ¡¥¸¶¥Î¥´¨Ö,   É ±¦¥ ¶µ²ÊÎ¥´¨¥ £²Ê¡¨´´µ-¤µ§µ¢µ£µ
· ¸¶·¥¤¥²¥´¨Ö ¨ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ ¸ ¤ ´´Ò³¨, ¨§³¥·¥´´Ò³¨ ¨³¥ÕÐ¥°¸Ö
³¥Éµ¤¨±µ° [6].

7



�¨¸. 3. ƒ²Ê¡¨´´µ-¤µ§µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶·µÉµ´´µ£µ ¶ÊÎ± : 1 Å ¶µ²ÊÎ¥´´µ¥ ¸¨¸É¥³µ°
·¥£Ê²¨·µ¢±¨ Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ± ; 2 Å ¸ ¶·¨³¥´¥´¨¥³ ¨§µ¤µ§µ£· Ë 

�  ·¨¸. 3 ¶µ± § ´µ £²Ê¡¨´´µ-¤µ§µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥, ¶µ²ÊÎ¥´´µ¥ ¸¨¸É¥-
³µ° ·¥£Ê²¨·µ¢±¨ Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  (±·¨¢ Ö 1) ¨ ¸ ¶·¨³¥´¥´¨¥³
Ê¸É·µ°¸É¢  ¨§µ¤µ§µ£· Ë (±·¨¢ Ö 2) [7]. ˆ§µ¤µ§µ£· Ë ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°
¢µ¤´Ò° Ë ´Éµ³, ¢´ÊÉ·¨ ±µÉµ·µ£µ ¸ ¶µ³µÐÓÕ ¸¨¸É¥³Ò Ô²¥±É·µ³¥Ì ´¨Î¥¸±µ£µ
¶·¨¢µ¤  ¢ É·¥Ì ¢§ ¨³´µ µ·Éµ£µ´ ²Ó´ÒÌ ´ ¶· ¢²¥´¨ÖÌ ´¥§ ¢¨¸¨³µ ¶µ ± ¦¤µ°
±µµ·¤¨´ É¥ ³µ¦¥É ¶¥·¥³¥Ð ÉÓ¸Ö ³¨´¨ ÉÕ·´Ò° ¤µ§¨³¥É·¨Î¥¸±¨° ¤ ÉÎ¨±. ˆ§
¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¢¨¤´µ, ÎÉµ · §· ¡µÉ ´´ Ö ¸¨¸É¥³  ¶µ§¢µ²Ö¥É ±µ··¥±É´µ
¨§³¥·ÖÉÓ £²Ê¡¨´´µ-¤µ§µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö. �¥¸µµÉ¢¥É¸É¢¨¥ ¶µ  ³¶²¨ÉÊ¤¥
(Ï± ²  ®µÉ´µ¸¨É¥²Ó´ Ö ¤µ§ ¯) µ¡Ê¸²µ¢²¥´µ · §´µ° ´ ¸É·µ°±µ° ±µÔËË¨Í¨¥´É 
Ê¸¨²¥´¨Ö µ¶¥· Í¨µ´´µ£µ Ê¸¨²¨É¥²Ö, ¶·¨³¥´Ö¥³µ£µ ¢ ¨§³¥·¥´¨ÖÌ.

„µ¶µ²´¨É¥²Ó´ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¶·µ¢¥·±  · §· ¡µÉ ´´µ£µ Ê¸É·µ°¸É¢ 
¡Ò²  ¶·µ¢¥¤¥´  ¶µ¸·¥¤¸É¢µ³ ¨³¥ÕÐ¥°¸Ö ¸¨¸É¥³Ò ¨§³¥·¥´¨° ¶·µË¨²Ö ¶·µ-
Éµ´´µ£µ ¶ÊÎ±  [6] ¨ ¨§µ¤µ§µ£· Ë  [7].

„²Ö Ô±¸¶¥·¨³¥´É  ´  µ¸¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¸ ¶µ³µÐÓÕ Ê¸É·µ°¸É¢  ¤²Ö
·¥£Ê²¨·µ¢ ´¨Ö Ô´¥·£¨¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¡Ò²¨ ¢Ò¸É ¢²¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥-
´¨Ö Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö (¢µ¤Ò): 0 (Ê¸É·µ°¸É¢µ ¢Ò¢¥¤¥´µ ¨§ · ¡µÎ¥° §µ´Ò),
35, 70 ¨ 105 ³³.

Š·¨¢µ° 1 ´  ·¨¸. 4 ¸µµÉ¢¥É¸É¢Ê¥É · ¸¶·¥¤¥²¥´¨¥ ¶·¨ ´Ê²¥¢µ° Éµ²Ð¨´¥
§ ³¥¤²¨É¥²Ö; ±·¨¢µ° 2 Å ¶·¨ Éµ²Ð¨´¥ 35 ³³ ¢µ¤Ò (30 ³³ µ·£¸É¥±² );
±·¨¢µ° 3 Å 70 ³³ (60 ³³ µ·£¸É¥±² ); ±·¨¢µ° 4 Å 105 ³³ (90 ³³ µ·£¸É¥±² ).

Š ± ¢¨¤´µ ¨§ £· Ë¨± , ¶·µ¡¥£ ¶ÊÎ±  ¶·µÉµ´µ¢ ³¥´Ö¥É¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸
¨§³¥´¥´¨¥³ Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö ´  µ¸¨ ¶ÊÎ± , Ëµ·³  ±·¨¢ÒÌ § ³¥¤²¥´´µ£µ
¶ÊÎ±  ¶·¨ ÔÉµ³ ¸ÊÐ¥¸É¢¥´´µ ´¥ ³¥´Ö¥É¸Ö. � ¡²Õ¤ ¥É¸Ö ¸² ¡µ¥ Ê³¥´ÓÏ¥-
´¨¥ ³µÐ´µ¸É¨ ¤µ§Ò ¶·¨ Ê¢¥²¨Î¥´¨¨ Éµ²Ð¨´Ò § ³¥¤²¨É¥²Ö, ÎÉµ µ¡ÑÖ¸´Ö¥É¸Ö
Ê¢¥²¨Î¥´¨¥³ ¶·µÍ¥´É  µ¸² ¡²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±  ¢¸²¥¤¸É¢¨¥ Ö¤¥·´ÒÌ
·¥ ±Í¨° ¨ ¢Ò¡Ò¢ ´¨Ö ´¥±µÉµ·µ£µ Î¨¸²  ¶·µÉµ´µ¢ ¨§ ¶ÊÎ±  ¨§-§  µÉ±²µ´¥´¨°
´  ¡µ²ÓÏ¨¥ Ê£²Ò (¡µ²¥¥ 9◦).

�¸² ¡²¥´¨¥ ³µÐ´µ¸É¨ ¤µ§Ò ³µ¦´µ µÍ¥´¨ÉÓ ¨§ µÉ´µÏ¥´¨Ö §´ Î¥´¨Ö ³ ±-
¸¨³Ê³  µÉ´µ¸¨É¥²Ó´µ° ¤µ§Ò ¶·¨ ´Ê²¥¢µ³ § ³¥¤²¨É¥²¥ ´  µ¸¨ ¶ÊÎ±  QMAX0
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�¨¸. 4. ƒ²Ê¡¨´´µ-¤µ§µ¢Ò¥ ±·¨¢Ò¥ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° 175 ŒÔ‚
¶·¨ Éµ²Ð¨´¥ § ³¥¤²¨É¥²Ö 0 (1), 35 (2), 70 (3) ¨ 105 (4) ³³ ¢µ¤Ò

(±·¨¢ Ö 1) ± §´ Î¥´¨Õ ³ ±¸¨³Ê³  µÉ´µ¸¨É¥²Ó´µ° ¤µ§Ò ¶·¨ ³ ±¸¨³ ²Ó´µ°
Éµ²Ð¨´¥ ‡�’ ´  µ¸¨ ¶ÊÎ±  QMAX105 (±·¨¢ Ö 4).

ˆ¸Ìµ¤Ö ¨§ ¨§³¥·¥´´ÒÌ ¤ ´´ÒÌ ¨³¥¥³ QMAX0 = 1500, QMAX105 = 1440.
�É´µÏ¥´¨¥ ÔÉ¨Ì ¢¥²¨Î¨´ QMAX0/QMAX105 = 1500/1440 = 1, 04.

Š ± ¢¨¤´µ ¨§ ¸µµÉ´µÏ¥´¨Ö, ³µÐ´µ¸ÉÓ ¤µ§Ò Ê³¥´ÓÏ ¥É¸Ö ´¥§´ Î¨É¥²Ó´µ,
  ¨³¥´´µ ´  4 %, ÎÉµ Ö¢²Ö¥É¸Ö ¶·¨¥³²¥³Ò³ ¤²Ö É¥· ¶¥¢É¨Î¥¸±µ£µ ¶·µÉµ´´µ£µ
¶ÊÎ± .

‡�Š‹�—…�ˆ…

‘µ§¤ ´´µ¥ Ê¸É·µ°¸É¢µ Å ‡�’,   É ±¦¥ · §· ¡µÉ ´´µ¥ ± ´¥³Ê ¶·µ£· ³-
³´µ¥ µ¡¥¸¶¥Î¥´¨¥ ¶µ§¢µ²Ö¥É ¸ÊÐ¥¸É¢¥´´µ Ê¶·µ¸É¨ÉÓ ¥¦¥¤´¥¢´ÊÕ ¶·µÍ¥¤Ê·Ê
¨§³¥·¥´¨Ö £²Ê¡¨´´µ-¤µ§µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö, É¥³ ¸ ³Ò³ Ê¸±µ·¨ÉÓ ¶·µÍ¥¸¸
¶·¥¤²ÊÎ¥¢µ° ¶µ¤£µÉµ¢±¨ ¶ Í¨¥´É . ˆ ÌµÉÖ Ê¸É·µ°¸É¢µ ¶µ±  ¨³¥¥É ´¥±µÉµ-
·Ò¥ É¥Ì´µ²µ£¨Î¥¸±¨¥ ´¥¤µ¸É É±¨, ¢ Í¥²µ³, ± ± ¶µ± § ²¨ Ô±¸¶¥·¨³¥´ÉÒ, µ´µ
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