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Penev V. N., Shklovskaya A. I., Kladnitskaya E. N. P1-2004-98
Cluster-Fluctons Revelation in Nuclear Interactions at 4.2 (GeV/c)/N

Total longitudinal momentum of all registered particles, their total energy and other to-
tal kinematics' variables are used for separation of the events with two and three quazi-nu-
cleon collisions from C C� , C� p, d�C and p�C interactions at 4.2 (GeV/c)/N .

The research results on charged particles multiplicity and their momentum spectra
lead to the conclusion that nearly 60 % of all three quazi-nucleon events are due to colli-
sions where two nucleons behave like a whole object, called flucton, which has been pre-
dicted by D. I. Blokhintsev.

Mean values of one-particle longitudinal momenta of the products and their mean
multiplicities for the subreactions in which fluctons take part at the interactions are lower
by �30% compared to the subreactions where two nucleons interact not as a whole object
but on a successive way.

Production of the cumulative particles is due to flucton interactions, especially
in the case where fluctons are used as targets.

The investigation has been performed at the Veksler and Baldin Laboratory of High
Energies, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004

Ïåíåâ Â. Í., Øêëîâñêàÿ À. È., Êëàäíèöêàÿ Å. Í. P1-2004-98
Ïðîÿâëåíèå êëàñòåðîâ-ôëóêòîíîâ âî âçàèìîäåéñòâèÿõ ÿäåð
ïðè 4,2 (ÃýÂ/ñ)/N

Ñ ïîìîùüþ àíàëèçà ñóììàðíîãî ïðîäîëüíîãî èìïóëüñà âñåõ çàðåãèñòðèðîâàí-
íûõ ÷àñòèö, èõ ïîëíîé ýíåðãèè â ñèñòåìå öåíòðà ìàññ è äðóãèõ êèíåìàòè÷åñêèõ âå-
ëè÷èí óäàåòñÿ âûäåëèòü ñðåäè C C� -, C� p-, d�C-, p�C-âçàèìîäåéñòâèé
ïðè 4,2 (ÃýÂ/ñ)/N òàêèå, â êîòîðûõ â ñîóäàðåíèè ó÷àñòâóþò äâà, à òàêæå òðè «êâàçè-
íóêëîíà».

Íà îñíîâå èññëåäîâàíèÿ ñðåäíèõ ìíîæåñòâåííîñòåé çàðÿæåííûõ ÷àñòèö è îäíî-
÷àñòè÷íûõ ñïåêòðîâ ýòèõ ÷àñòèö ïîêàçàíî, ÷òî â íå ìåíåå 60 % âñåõ ðàññìàòðèâà-
åìûõ òðåõíóêëîííûõ âçàèìîäåéñòâèé äâà èç òðåõ íóêëîíîâ âåäóò ñåáÿ êàê íå÷òî öå-
ëîå — ôëóêòîí, ñóùåñòâîâàíèå êîòîðîãî áûëî ïðåäñêàçàíî Ä. È. Áëîõèíöåâûì.

Ñðåäíèå ïðîäîëüíûå èìïóëüñû è ñðåäíèå ìíîæåñòâåííîñòè ïðîäóêòîâ ïîäðåàê-
öèé, â êîòîðûõ ó÷àñòâóþò ôëóêòîíû, íà òðåòü ìåíüøå òåõ çíà÷åíèé, êîòîðûå áûëè áû
â ñëó÷àå, åñëè áû íóêëîíû âçàèìîäåéñòâîâàëè ïîñëåäîâàòåëüíî.

Êóìóëÿòèâíûå ÷àñòèöû îáðàçóþòñÿ òàêæå çà ñ÷åò âçàèìîäåéñòâèÿ ñ ôëóêòîíà-
ìè, îñîáåííî â òîì ñëó÷àå, êîãäà ôëóêòîí ÿâëÿåòñÿ ìèøåíüþ.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè âûñîêèõ ýíåðãèé èì. Â. È. Âåêñëåðà
è À. Ì. Áàëäèíà ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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‚µ¶·µ¸ ³¨ ¸µÌ· ´¥´¨Ö ¨´¤¨¢¨¤Ê ²Ó´µ¸É¨ ´Ê±²µ´µ¢ ¢ Ö¤· Ì ¨ ±µ··¥²ÖÍ¨°
³¥¦¤Ê ´¨³¨ § ´¨³ ²¨¸Ó ³´µ£¨¥ ¨¸¸²¥¤µ¢ É¥²¨. � ¶·µ¸É· ´¸É¢¥´´µ° ±µ··¥-
²ÖÍ¨¨ ´Ê±²µ´µ¢ ¢ Ö¤· Ì ¤µ±² ¤Ò¢ ² �·Õ±´¥· ¨ ¤·. [1] ¥Ð¥ ¢ 1949 £. • ¤²¨
¨ ¤·. [2] ¨¸¸²¥¤µ¢ ²¨ Ô³¨¸¸¨Õ Ô´¥·£¨Î´ÒÌ ¤¥°É·µ´µ¢ ¢¶¥·¥¤ ¢µ ¢§ ¨³µ¤¥°-
¸É¢¨ÖÌ p + Ö¤·µ. Œ. ƒ. Œ¥Ð¥·Ö±µ¢ ¨ ¤·. [3], �¦£¨·¥° ¨ ¤·. [3] µ¡´ ·Ê¦¨²¨
ÔËË¥±É ¢Ò¡¨¢ ´¨Ö ¤¥°É·µ´µ¢ ¨§ Ö¤¥· ²¨É¨Ö, ¡¥·¨²²¨Ö ¨ ¤·. �¥É¥ [4] ¢ 1956 £.
µ¡· Ð ² ¢´¨³ ´¨¥ ´  ´ ²¨Î¨¥ ¡²¨§±µ¤¥°¸É¢ÊÕÐ¨Ì ¢§ ¨³µ¤¥°¸É¢¨° ³¥¦¤Ê
¶ · ³¨ ´Ê±²µ´µ¢ ¢ Ö¤· Ì. ‚ 1957 £. „. ˆ. �²µÌ¨´Í¥¢ ¢Ò¤¢¨´Ê² µÎ¥´Ó ¶²µ-
¤µÉ¢µ·´ÊÕ ¨¤¥Õ [5] µ Éµ³, ÎÉµ ¢Ò¸µ±µ¨³¶Ê²Ó¸´ Ö ±µ³¶µ´¥´É  ·µ¦¤ ÕÐ¨Ì¸Ö
Î ¸É¨Í ¸¢Ö§ ´  ¸ ¢§ ¨³µ¤¥°¸É¢¨¥³ ¸ ´¥±¨³¨ µ¡· §µ¢ ´¨Ö³¨ ¨§ ´Ê±²µ´µ¢ ¢
Ö¤·¥, É ± ´ §Ò¢ ¥³Ò³¨ Ë²Ê±Éµ´ ³¨. ‚ ¸¥³¨¤¥¸ÖÉÒ¥ £µ¤Ò ¶·µÏ²µ£µ ¸Éµ²¥É¨Ö
¶µ¸²¥¤µ¢ ²µ ³´µ£µ · ¡µÉ [6], ± ¸ ÕÐ¨Ì¸Ö Ö¤¥·´µ° Ë· £³¥´É Í¨¨, µ¡· §µ¢ -
´¨Ö ¶¨µ´µ¢ ¢ Ö¤· Ì ¨ É. ¤. �Ò²µ ¶µ± § ´µ, ¢ Î ¸É´µ¸É¨, ÎÉµ ¸¶¥±É·Ò ¶¨µ´µ¢ ´¥
³µ£ÊÉ ¡ÒÉÓ ¢µ¸¶·µ¨§¢¥¤¥´Ò É ±µ° ³µ¤¥²ÓÕ, £¤¥ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ µ´¨ µ¡· -
§µ¢Ò¢ ÕÉ¸Ö Éµ²Ó±µ ¢ ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ ´Ê±²µ´µ¢ ¢´ÊÉ·¨ Ö¤· .

C p ¡µÉ ƒ. �. ‹¥±¸¨´  [7] ¨ �. Œ. � ²¤¨´  [8] ´ Î ²µ¸Ó  ±É¨¢´µ¥ ¨§ÊÎ¥´¨¥
É ± ´ §Ò¢ ¥³ÒÌ ±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í, ¨³¶Ê²Ó¸Ò ±µÉµ·ÒÌ §´ Î¨É¥²Ó´µ ¢ÒÏ¥
É¥Ì, ÎÉµ ¤µ§¢µ²¥´Ò ±¨´¥³ É¨±µ° ´Ê±²µ´-´Ê±²µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. CÉ·µ£µ
£µ¢µ·Ö, ¨§-§  ´ ²¨Î¨Ö Ô´¥·£¨¨ ”¥·³¨ ¢ Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶µÎÉ¨ ¢¸¥
Î ¸É¨ÍÒ ·µ¦¤ ÕÉ¸Ö ±Ê³Ê²ÖÉ¨¢´Ò³¨. �¤´ ±µ §¤¥¸Ó ¨³¥ÕÉ¸Ö ¢ ¢¨¤Ê Î ¸É¨ÍÒ,
¶µ²ÊÎ¨¢Ï¨¥ µÎ¥´Ó ¡µ²ÓÏµ° ¨³¶Ê²Ó¸, ¸¨²Ó´µ ´ ·ÊÏ ÕÐ¨° ¶·¨¢ÒÎ´ÊÕ ± ·-
É¨´Ê. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µ¸o¡¥´´µ ¨´É¥·¥¸´Ò É¥ ±Ê³Ê²ÖÉ¨¢´Ò¥ ¶·µÍ¥¸¸Ò,
±µÉµ·Ò¥ ¶·µÌµ¤ÖÉ ¶·¨ ¡µ²ÓÏ¨Ì ¶¥·¥¤ Î Ì ¨³¶Ê²Ó¸ . �¡§µ· ¶¥·¢ÒÌ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ±Ê³Ê²ÖÉ¨¢´Ò³ ¶·µÍ¥¸¸ ³,   É ±¦¥ ¨Ì  ´ ²¨§ ¢ ¸¢¥É¥
´µ¢ÒÌ £¨¶µÉ¥§ ¡Ò² ¶·µ¢¥¤¥´ ‚. Š. ‹Ê±ÓÖ´µ¢Ò³ ¨ �. ˆ. ’¨Éµ¢Ò³ ¢ [9]. ‚ Î ¸É-
´µ¸É¨, ¡Ò²µ ¶µ± § ´µ, ÎÉµ £¨¶µÉ¥§Ò µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ Ë²Ê±ÉÊ Í¨° Ö¤¥·´µ°
¶²µÉ´µ¸É¨ ¨ ±¢ ·±-£²Õµ´´µ£µ ³¥Ì ´¨§³  ³µ£ÊÉ ¡ÒÉÓ µ¸´µ¢µ° ¤²Ö ¶µÖ¢²¥´¨Ö
¡µ²ÓÏ¨Ì ¶¥·¥¤ Î ¨³¶Ê²Ó¸ .

–¥²Ó ¨¸¸²¥¤µ¢ ´¨Ö: cpe¤¨ ¢¸¥Ì ‘ + ‘-, p + C- ¨ d + C-¸Éµ²±´µ¢¥´¨°
¢Ò¤¥²¨ÉÓ ¨ ¶·µ ´ ²¨§¨·µ¢ ÉÓ £·Ê¶¶Ò ¸µ¡ÒÉ¨°, ¢ ±µÉµ·ÒÌ ¢§ ¨³µ¤¥°¸É¢ÊÕ-
Ð¨³¨ µ¡Ñ¥±É ³¨ µ± §Ò¢ ÕÉ¸Ö ¤¢ , É·¨ ¨²¨ ¡µ²e¥ ´Ê±²µ´µ¢. ‘· ¢´¨¢ Ö É ±¨¥
¸µ¡ÒÉ¨Ö ¸µ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ³µ¦´µ ¨¸¸²¥¤µ¢ ÉÓ ¢§ ¨-
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³µ¤¥°¸É¢¨Ö £·Ê¶¶Ò ´Ê±²µ´µ¢ ± ± ´¥±µ¥£µ Í¥²µ£µ µ¡Ñ¥±É . ‚Ìµ¤ÖÐ¨¥ ¢ ¸µ¸É ¢
Ö¤·  Å ±¢ §¨´Ê±²µ´Ò ¨ Ë²Ê±Éµ´Ò Å ¡Ê¤¥³ µ¡µ§´ Î ÉÓ ¨´¤¥±¸µ³ F . NF µ¡µ-
§´ Î ¥É Ë²Ê±Éµ´ ¢ ¢¨¤¥ µ¤´µ£µ ´Ê±²µ´ , dF Å ÔÉµ ¤¢ÊÌ´Ê±²µ´´Ò° Ë²Ê±Éµ´.
‚¥·Ì´¨° ¨´¤¥±¸ ¡Ê¤¥É Ê± §Ò¢ ÉÓ É¨¶ Ö¤· , Ë²Ê±Éµ´ ¨§ ±µÉµ·µ£µ · ¸¸³ É·¨-
¢ ¥É¸Ö.

„²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¨¸¶µ²Ó§µ¢ ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¸Éµ²±´µ¢¥-
´¨° ¶·µÉµ´µ¢, ¤¥°É·µ´µ¢ ¨ Ö¤¥· Ê£²¥·µ¤  ¸ Ö¤· ³¨ ¢µ¤µ·µ¤  ¨ Ê£²¥·µ¤  ¨§
¶·µ¶ ´  (C3H8) ¶·¨ 4,2 (ƒÔ‚/c)/N [10]. ‚§ ¨³µ¤¥°¸É¢¨Ö p+ C3H8, d+ C3H8,
C + C3H8 ¢ [11] ¡Ò²¨ · §¤¥²¥´Ò cµµÉ¢¥É¸É¢¥´´µ ´  ¸µÊ¤ ·¥´¨Ö p+ p ¨ p+C,
d + C ¨ d + p, ‘ + ‘ ¨ C + p.

1. ���…„…‹…�ˆ… ���„“Š’� �…�Š–ˆˆ

B¸¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨ Ë· £³¥´ÉÒ Ê± § ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¡Ò²¨
¨§³¥·¥´Ò ¨ ¨¤¥´É¨Ë¨Í¨·µ¢ ´Ò. ‚µ§³µ¦´Ò¥ ¶µÉ¥·¨ Î ¸É¨Í,   É ±¦¥ ¢¥·µ-
ÖÉ´µ¸ÉÓ · §¤¥²¥´¨Ö ¶·µÉµ´µ¢ µÉ π+-³¥§µ´µ¢ µ¶·¥¤¥²ÖÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò³¨ ¢¥-
¸ ³¨ ± ¦¤µ° ¨§ Î ¸É¨Í [11]. �É³¥É¨³, ÎÉµ ´¥±µÉµ·Ò¥ Î ¸É¨ÍÒ ´¥ Ö¢²ÖÕÉ¸Ö

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ¸É·¨¶¶¨´£µ¢ÒÌ ¶·µ-
Éµ´µ¢ ¨ Ë· £³¥´Éµ¢ Ö¤¥· µÉ ‘ + ‘-¢§ ¨³µ-
¤¥°¸É¢¨° ¶·¨ 4,2 (ƒÔ‚/c)/N

¶·µ¤Ê±É ³¨ ± ±µ°-²¨¡µ ±µ´±·¥É-
´µ° ·¥ ±Í¨¨,   ¥¸ÉÓ ·¥§Ê²ÓÉ É ¢µ§-
¤¥°¸É¢¨Ö ¶·µ¨¸Ï¥¤Ï¥° ·¥ ±Í¨¨ ´ 
µ¸É ÉµÎ´µ¥ Ö¤·µ. ’ ±¨¥ Î ¸É¨ÍÒ ¨
Ë· £³¥´ÉÒ ´¥ ¡Ò²¨ ¢±²ÕÎ¥´Ò ¢ ¸µ-
¸É ¢ ¶·µ¤Ê±Éµ¢ µÉµ¡· ´´ÒÌ ·¥ ±-
Í¨°,   ¨³¥´´µ:

Å Ö¤·  µÉ¤ Î¨. ‘Î¨É ¥É¸Ö, ÎÉµ
µ´¨ Ê´µ¸ÖÉ µÎ¥´Ó ³ ²¥´Ó±¨° ¨³-
¶Ê²Ó¸ ¨ ¨Ì ¢±² ¤µ³ ¢ ¡µ²ÓÏ¥° Î -
¸É¨  ´ ²¨§  (¢ µ¸´µ¢´µ³ ¨³¶Ê²Ó¸-
´µ£µ) ³µ¦´µ ¶·¥´¥¡·¥ÎÓ;

Å ¨¸¶ ·¨É¥²Ó´Ò¥ ¶·µÉµ´Ò.
�Éµ ¶·µÉµ´Ò ¸ ¨³¶Ê²Ó¸µ³ ³¥´ÓÏ¥
´¥±µÉµ·µ° ±µ´¸É ´ÉÒ, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¥° ®¥¸É¥¸É¢¥´´µ³Ê¯ ¤¢¨¦¥´¨Õ

±¢ §¨¶·µÉµ´µ¢ ¢ Ö¤·¥. ‚¥²¨Î¨´  ÔÉµ° ±µ´¸É ´ÉÒ, ¶·¨´ÖÉ Ö §¤¥¸Ó · ¢´µ°
0,3 ƒÔ‚/c, µ¶·¥¤¥²Ö¥É¸Ö ´  µ¸´µ¢¥ ¨³¶Ê²Ó¸´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ² ¡µ· Éµ·-
´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É, ±µÉµ·µ¥ ¤²Ö ¨¸¶ ·¨É¥²Ó´ÒÌ ¶·µÉµ´µ¢ ¤µ²¦´µ ¡ÒÉÓ
¨§µÉ·µ¶´Ò³;

Å ¸É·¨¶¶¨´£µ¢Ò¥ ¶·µÉµ´Ò ¨ Ë· £³¥´ÉÒ ¶·µ¨¸Ìµ¤ÖÉ ¨§ ´ ²¥É ÕÐ¨Ì Ö¤¥·
¨ ¶·µÌµ¤ÖÉ ¢ ´ ¶· ¢²¥´¨¨ ¶ÊÎ±  ¡¥§ ¢§ ¨³µ¤¥°¸É¢¨Ö. ‘É·¨¶¶¨´£µ¢Ò³¨ ¶·µ-
Éµ´ ³¨ ¸Î¨É ¥³ ¶·µÉµ´Ò ¸ ¶µ²Ö·´Ò³ Ê£²µ³ ¢Ò²¥É  θp < 4◦ ¨ ¸ ¨³¶Ê²Ó¸µ³
Pp > 3 ƒÔ‚/c. „²Ö ¤¥°É·µ´µ¢ θd < 4◦ ¨ Pd � 6 ƒÔ‚/c, ¤²Ö α-Î ¸É¨Í θα < 4◦

¨ Pα > 6 ƒÔ‚/c. �É³¥É¨³, ÎÉµ ¤²Ö ¤¥°É·µ´µ¢ ¨ α-Î ¸É¨Í A/Z = 2. � 
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·¨¸. 1 ¶·¨¢¥¤¥´ ¸¶¥±É· ¸É·¨¶¶¨´£µ¢ÒÌ ¶·µÉµ´µ¢ ¨ ¸É·¨¶¶¨´£µ¢ÒÌ Ë· £³¥´-
Éµ¢ Ö¤¥·, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ ‘ + ‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ. �É´µÏ¥´¨Ö ³¥¦¤Ê
Î¨¸²µ³ ¶·µÉµ´µ¢, ¤¥°É·µ´µ¢ ¨ α-Î ¸É¨Í §¤¥¸Ó µ± §Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³:

¤²Ö ¸µÊ¤ ·¥´¨° C + C 0,54 : 0,34 : 0,10,

¤²Ö ¸µÊ¤ ·¥´¨° C + p 0,47 : 0,40 : 0,13.
(1)

‚ C + C- ¨ C + p-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ 4,2 (ƒÔ‚/c)/N µ±µ²µ ¶µ²µ¢¨´Ò
¢¸¥Ì ¸É·¨¶¶¨´£µ¢ÒÌ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö ¶·µÉµ´ ³¨.

2. ˆ‘��‹œ‡“…Œ›… ‚…‹ˆ—ˆ�›

‚ ¦´µ° Î ¸ÉÓÕ ¨¸¸²¥¤µ¢ ´¨° ¡Ò² · ¸Î¥É ¨  ´ ²¨§ ·Ö¤  ¸Ê³³ ·´ÒÌ ¢¥-
²¨Î¨´, ¶µ²ÊÎ¥´´ÒÌ ´  µ¸´µ¢¥ ¢¸¥Ì § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ ± ³¥·¥ § ·Ö¦¥´´ÒÌ
¶·µ¤Ê±Éµ¢ ·¥ ±Í¨°. ‡¤¥¸Ó ÔÉ¨ ¢¥²¨Î¨´Ò ¡Ê¤ÊÉ µ¶¨¸ ´Ò.∑

P i
t Å cÊ³³ ·´Ò° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ¢¸¥Ì § ·¥£¨¸É·¨·µ¢ ´´ÒÌ Î -

¸É¨Í. ‚ÒÎ¨¸²Ö¥É¸Ö ¶µ ¶·oe±Í¨Ö³ ¨³¶Ê²Ó¸ :
∑

P i
x ¨

∑
P i

z . � ¶· ¢²¥´¨¥
¨³¶Ê²Ó¸µ¢ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í ¸µ¢¶ ¤ ¥É ¸ µ¸ÓÕ y ¸¨¸É¥³Ò ±µµ·¤¨´ É. ‚ ÔÉµ³
¸²ÊÎ ¥ µÎ¥¢¨¤´µ, ÎÉµ ¢ ¶·¥¤¥² Ì µÏ¨¡µ±

∑
P i

t = 0, ¥¸²¨ ¢¸¥ ·µ¦¤¥´´Ò¥ Î -
¸É¨ÍÒ ÊÎÉ¥´Ò. �Éµ ¶·¨³¥´¨³µ Éµ²Ó±µ ¤²Ö ¶¥·¢¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢ Ö¤·¥,
¶µ¸±µ²Ó±Ê · §¡ ² ´¸ ¢ ¶µ¶¥·¥Î´µ° ¶²µ¸±µ¸É¨ ³µ¦¥É ¶µ²ÊÎ ÉÓ¸Ö É ±¦¥ ¨ ¨§-§ 
¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. ’ ±¨³ µ¡· §µ³, ¶·¨³¥´¥´¨¥ Ê¸²µ¢¨Ö

∑
P i

x,
∑

P i
z � constPt (2)

¢¥¤¥É ± µÎ¥´Ó ¸¨²Ó´µ³Ê ¶µ¤ ¢²¥´¨Õ ¸µ¡ÒÉ¨° ± ± ¸ ´¥°É· ²Ó´Ò³¨ Î ¸É¨Í ³¨,
É ± ¨ ¸µ ¢Éµ·¨Î´Ò³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨, ¶·µ¨¸Ìµ¤ÖÐ¨³¨ ¢´ÊÉ·¨ Ö¤¥·. �·¨
±µ´¸É ´É¥ constPt = 0,14 ƒÔ‚/c ¶·¨³¥cÓ ¸µ¡ÒÉ¨° ¸µ ¢Éµ·¨Î´Ò³¨ ¸µÊ¤ ·¥-
´¨Ö³¨ ¨ ´¥°É· ²Ó´Ò³¨ Î ¸É¨Í ³¨ µ± §Ò¢ ¥É¸Ö ´ ¨³¥´ÓÏ¥°. �µ¸±µ²Ó±Ê ÔÉµÉ
±·¨É¥·¨° ´¨£¤¥ ´¥ ¶·¨³¥´Ö²¸Ö ¤²Ö ±µ²¨Î¥¸É¢¥´´ÒÌ µÍ¥´µ±, Éµ ³Ò ¨ ´¥ ¶·¨-
¢µ¤¨³ §¤¥¸Ó ¤ ²Ó´¥°Ï¨Ì ¶µ¤·µ¡´µ¸É¥°.

„·Ê£µ° ¢ ¦´µ° ¢¥²¨Î¨´µ°, ¨¸¶µ²Ó§Ê¥³µ° ¶·¨  ´ ²¨§¥, Ö¢²Ö¥É¸Ö∑
P i

y (ƒÔ‚/c) Å ¸Ê³³ ·´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸ ¢¸¥Ì ¶·µ¤Ê±Éµ¢ ± ¦¤µ£µ
¨§ ¸µ¡ÒÉ¨°. �µ¸±µ²Ó±Ê ¶¥·¢¨Î´Ò¥ Î ¸É¨ÍÒ ´ ¶· ¢²¥´Ò ¶µ µ¸¨ y, Éµ ÔÉ 
¢¥²¨Î¨´  · ¢´  ¨³¶Ê²Ó¸Ê ¶¥·¢¨Î´µ£µ ¶ÊÎ±  nP0, ¶·¨Î¥³ n = 1, 2, 3 . . . ¢ § -
¢¨¸¨³µ¸É¨ µÉ Éµ£µ, ¸±µ²Ó±µ ¨§ ´ ²¥É ÕÐ¨Ì ´Ê±²µ´µ¢ ¶·µ¢§ ¨³µ¤¥°¸É¢µ¢ ²¨
¢ Ö¤·¥. …¸É¥¸É¢¥´´µ, ÎÉµ ¤²Ö p + C-, p + p-¢§ ¨³µ¤¥°¸É¢¨° n = 1,   ¤²Ö d + C,
d+p n = 2. �É³¥É¨³, µ¤´ ±µ, ÎÉµ ´¥ ¢¸¥£¤  ¤²Ö ¶µ¸²¥¤´¨Ì ·¥ ±Í¨° n = 2. ‚
¡µ²ÓÏ¨´¸É¢¥ ¸µ¡ÒÉ¨° ¨§ ´ ²¥É ÕÐ¥£µ ¤¥°É·µ´  ¢§ ¨³µ¤¥°¸É¢Ê¥É Éµ²Ó±µ µ¤¨´
´Ê±²µ´ (n = 1),   ¤·Ê£µ° ¶·µ²¥É ¥É ¡¥§ ¢§ ¨³µ¤¥°¸É¢¨Ö.

„ ²¥¥ ¸²¥¤Ê¥É ¶µ²´ Ö Ô´¥·£¨Ö ¸Éµ²±´µ¢¥´¨Ö ¢ ±¢ ¤· É¥: M2
tot,0 =

(
∑

E1,2
0 )2 − (

∑
P 1,2

0 )2, £¤¥ E1,2
0 ¨ P 1,2

0 Å Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸Ò ¶¥·¢¨Î´ÒÌ
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’ ¡²¨Í  1.

‘É ²±¨¢ ÕÐ¨¥¸Ö
Î ¸É¨ÍÒ

(¶ ¤ ÕÐ Ö Î ¸É¨Í 
+ ³¨Ï¥´Ó)

‚Éµ·¨Î´µ¥
¢§ ¨³µ¤¥°¸É¢¨¥

¢ Ö¤·¥ ¸ ´Ê±²µ´µ³
¢ ¶µ±µ¥

�µ²´ Ö
Ô´¥·£¨Ö

M2
tot,0, ƒÔ‚2

ˆ³¶Ê²Ó¸
¶ ¤ ÕÐ¥°
Î ¸É¨ÍÒ

P 1
0 , ƒÔ‚/c

N + N − 9,86 4,2

N + N ¨²¨ +N }
≈ 20,49 4,2

N + d −
{ N + N

N + N
− }

39, 18 8,4−
(„¢µ°´µ¥ ¸µÊ¤ ·¥´¨¥)

N + N N }
20, 55 8,4

d + N −

d + d ¨²¨ d + N N 39,33 8,4

d + d +N 59,89 8,4

Î ¸É¨Í. ‚¥²¨Î¨´  Ô´¥·£¨¨ ¸Éµ²±´µ¢¥´¨Ö ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  É ±¦¥ ¶µ
¶·µ¤Ê±É ³ ·¥ ±Í¨¨:

M2
tot =

(∑
Ei

)2

−
(∑

P i
)2

, (3)

£¤¥ Ei, P i Å Ô´¥·£¨¨ ¨ ¨³¶Ê²Ó¸Ò ¢¸¥Ì ·µ¦¤¥´´ÒÌ Î ¸É¨Í. ‚ Éµ³ ¸²ÊÎ ¥,
±µ£¤  ¢¸¥ ·µ¦¤¥´´Ò¥ Î ¸É¨ÍÒ § ·¥£¨¸É·¨·µ¢ ´Ò, M2

tot,0 = M2
tot. ‚¥²¨Î¨´Ò

M2
tot,0 ¤²Ö ´¥±µÉµ·ÒÌ ·¥ ±Í¨°, ¢ÒÎ¨¸²¥´´Ò¥ ¶µ ¶¥·¢µ´ Î ²Ó´Ò³ Î ¸É¨Í ³ ¸

¨³¶Ê²Ó¸µ³ µ¤´µ£µ ´ ²¥É ÕÐ¥£µ ´Ê±²µ´ , · ¢´Ò³ 4,2 (ƒÔ‚/c)/N , ¶·¨¢¥¤¥´Ò ¢
É ¡². 1.

ˆ¸¶µ²Ó§µ¢ ²¨¸Ó É ±¦¥ ¤·Ê£¨¥ ¶µ²¥§´Ò¥ ¢¥²¨Î¨´Ò, ´ ¶·¨³¥·, ³ ¸¸-³¨-
Ï¥´Ó, ¶·¥¤²µ¦¥´´ Ö ¢ · ¡µÉ¥ [12]:

Mt =
∑

(Ei − P i
y) − e, (4)

£¤¥ e = E1,2
0 − P 1,2

0 . �Éµ ´¥ µÎ¥´Ó ÉµÎ´ Ö ¢¥²¨Î¨´ . “¤µ¡´µ Éµ, ÎÉµ Mt

Ö¢²Ö¥É¸Ö ¶µÎÉ¨ ´¥§ ¢¨¸¨³µ° µÉ ¨³¶Ê²Ó¸µ¢ ¨ Ô´¥·£¨° ¶¥·¢¨Î´ÒÌ Î ¸É¨Í.
Œ ¸¸Ê ³¨Ï¥´¨ ³µ¦´µ ¢ÒÎ¨¸²¨ÉÓ ¨ µ¡ÒÎ´Ò³ ¸¶µ¸µ¡µ³, ¨¸¶µ²Ó§ÊÖ M2

tot:

Mtg = sqrt (M2
tot + (P 1,2

0 )2 − E1,2
0 . (5)

M ¸¸Ê ´a²¥É ÕÐ¥° Î ¸É¨ÍÒ ¢ÒÎ¨¸²Ö¥³ ¶µ Ëµ·³Ê²¥

Min = sqrt ((sqrt (M2
tot + (P 1,2

0 )2) − mN )2 − P 1,2
0 ). (6)
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3. ‘“ŒŒ���›… ‘�…Š’�›

3.1. � ¸¶·¥¤¥²¥´¨¥ ¶µ²´ÒÌ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢
∑

P i
y ¢¸¥Ì ·µ¦¤¥´-

´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. Šµ£¤  Éµ²Ó±µ µ¤¨´ ¶¥·¢¨Î´Ò° ´Ê±²µ´ ÊÎ ¸É¢Ê¥É ¢µ
¢§ ¨³µ¤¥°¸É¢¨¨ (n = 1), Éµ ¢ ¸¶¥±É· Ì

∑
P i

y ³µ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö ²¨ÏÓ µ¤¨´
³ ±¸¨³Ê³ ¶·¨ 4,2 ƒÔ‚/¸. � ¡²Õ¤¥´¨¥ ´¥¸±µ²Ó±¨Ì ³ ±¸¨³Ê³µ¢ ¸µµÉ¢¥É¸É¢Ê¥É
´ ²µ¦¥´¨Õ ´¥¸±µ²Ó±¨Ì ¸¶¥±É·µ¢ ¸ ³ ±¸¨³ ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ¸Ê³³ ·´µ£µ
¨³¶Ê²Ó¸  ≈ 4,2, 8,4, 12,8 ƒÔ‚/¸ ¨ É. ¤. �Éµ ¸µµÉ¢¥É¸É¢Ê¥É É ±¦¥ Éµ³Ê, ÎÉµ
1, 2, 3 . . . ´Ê±²µ´µ¢ ¨§ ´ ²¥É ÕÐ¥£µ Ö¤·  ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ³¨Ï¥´ÓÕ. ‚ ± -
Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 2, a,¡ ¶·¨¢¥¤¥´Ò ¸Ê³³ ·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö

∑
P i

y ¤²Ö
‘ + ‘- ¨ C + p-¢§ ¨³µ¤¥°¸É¢¨°. ‘ ¶· ¢µ° ¸Éµ·µ´Ò ± ¦¤Ò° ¨§ ¸µ¸É ¢²ÖÕÐ¨Ì
ÔÉ¨ · ¸¶·¥¤¥²¥´¨Ö ¸¶¥±É·µ¢ µ¶·¥¤¥²Ö¥É¸Ö µÏ¨¡± ³¨ ¢ ¨§³¥·¥´¨¨ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¥£µ ¶µ²´µ£µ ¨³¶Ê²Ó¸ . ˆ§-§  ¶µÉ¥·Ó ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¸ ²¥¢µ° ¸Éµ·µ´Ò
³ ±¸¨³Ê³Ò ¸¨²Ó´µ · §³ÒÉÒ. �·¥¤¶µ²µ¦¨³, ÎÉµ µ¤´µÎ ¸É¨Î´Ò¥ ¨³¶Ê²Ó¸´Ò¥
· ¸¶·¥¤¥²¥´¨Ö ´¥°É·µ´µ¢ ¨ π0-³¥§µ´µ¢ ¢²¨ÖÕÉ ´  ¸¶¥±É·Ò M2

tot É ± ¦¥, ± ±,
¸µµÉ¢¥É¸É¢¥´´µ, ¶·µÉµ´Ò ¨ π+,−-³¥§µ´Ò. ’µ£¤  Ï¨·¨´Ò ¸¶¥±É·µ¢ ³µ£ÊÉ ¡ÒÉÓ
Ê¢¥²¨Î¥´Ò §  ¸Î¥É ¤¨¸¶¥·¸¨¨ ¸¶¥Í¨ ²Ó´µ ¸±µ´¸É·Ê¨·µ¢ ´´µ£µ ¨³¶Ê²Ó¸´µ£µ
¸¶¥±É·  ¨§ ¨³¶Ê²Ó¸µ¢ µ¤´µ°, ¤¢ÊÌ ¨ É. ¤. ®´¥¤µ¸É ÕÐ¨Ì¯ Î ¸É¨Í. �µ²ÊÎ¥´-
´Ò¥ É ±¨³ µ¡· §µ³ ¸¶¥±É·Ò ¤²Ö n = 1, 2 ¨ 3 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2,  ,¡

�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ¸Ê³³ ·´ÒÌ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢
∑

P i
y (ƒÔ‚/c) ¢¸¥Ì § ·Ö-

¦¥´´ÒÌ Î ¸É¨Í ¤²Ö ‘ + ‘- (a) ¨ C + p-¸Éµ²±´µ¢¥´¨° (¡). ‚´ÊÉ·¥´´¨¥ £¨¸Éµ£· ³³Ò
¸µµÉ¢¥É¸É¢ÊÕÉ ± ´ ² ³ ¸ · §´Ò³ Î¨¸²µ³ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ´Ê±²µ´µ¢ n = 1, 2 ¨§
´ ²¥É ÕÐ¥£µ Ö¤·  Ê£²¥·µ¤ . �´¨ ´¥ ´µ·³¨·µ¢ ´Ò
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’ ¡²¨Í  2.

P0, ƒÔ‚/c n = 1 n = 2 n = 3 n = 4
4,2 8,4 12,6 17,0

ˆ´É¥·¢ ² ¶µ
∑

P i
y , ƒÔ‚/c

3,0 <
∑

P i
y < 5,0 7,0 <

∑
P i

y < 9,0 11,5 <
∑

P i
y < 13 15,5 <

∑
P i

y < 18

�É´µÏ¥´¨¥
± ´ ²µ¢ ¸

· §´Ò³ n ¤²Ö
‘‘-¸µÊ¤ ·¥´¨°

0,31 ± 0,04 0,24 ± 0,08 0,26 ± 0,12 0,19 ± 0,15

�É´µÏ¥´¨¥
± ´ ²µ¢ ¸

· §´Ò³ n ¤²Ö
‘p-¸µÊ¤ ·¥´¨°

0,58 ± 0,04 0,26 ± 0,09 0,09 ± 0,06 0,07 ± 0,06

¢´ÊÉ·¥´´¨³¨ £¨¸Éµ£· ³³ ³¨. �·¨¢¥¤¥´´Ò¥ ±·¨¢Ò¥ ´¥ ´µ·³¨·µ¢ ´Ò ¨ ³µ£ÊÉ
¶µ¸²Ê¦¨ÉÓ ²¨ÏÓ ¤²Ö ¤µ¢µ²Ó´µ £·Ê¡ÒÌ µÍ¥´µ±.

„²Ö ‘ + ‘ ¨ C + p-¸µÊ¤ ·¥´¨° ¢ É ¡². 2 ¶·¨¢¥¤¥´Ò µÍ¥´±¨ ¢±² ¤µ¢ ·¥-
 ±Í¨° ¸ n = 1, 2, 3 ¨ 4. �É¡· ¸Ò¢ ´¨¥ ¸µ¡ÒÉ¨° ¸ ¶²µÌµ° ±µ³¶¥´¸ Í¨¥°
¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í, É. ¥. ¸µ¡ÒÉ¨° ¸

∑
P i

t < 0,14 ƒÔ‚/¸, ´¥¸±µ²Ó±µ
Ê¶·µÐ ¥É ´ ¡²Õ¤¥´¨¥ µÉ¤¥²Ó´ÒÌ £·Ê¶¶ ¸µ¡ÒÉ¨°, ´µ ¸¨²Ó´µ Ê³¥´ÓÏ ¥É ¸É É¨-
¸É¨Î¥¸±ÊÕ µ¡¥¸¶¥Î¥´´µ¸ÉÓ ¤ ´´ÒÌ.

3.2. � ¸¶·¥¤¥²¥´¨Ö ¶µ²´ÒÌ Ô´¥·£¨° M2
tot ¢¸¥Ì µ¡· §µ¢ ´´ÒÌ § ·Ö¦¥´-

´ÒÌ Î ¸É¨Í. ˆ§ ¢¸¥Ì C + C-, C + p-, d + C-¸µ¡ÒÉ¨° ¸´ Î ²  · ¸¸³µÉ·¨³
É ±¨¥, ¢ ±µÉµ·ÒÌ ¸Ê³³ ·´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸

∑
P i

y ¢¸¥Ì § ·¥£¨¸É·¨·µ-
¢ ´´ÒÌ ¶·µ¤Ê±Éµ¢ ± ¦¤µ£µ ¨§ ¸µ¡ÒÉ¨° ¸µ¸É ¢²Ö¥É ≈ 4,2 ƒÔ‚/c, É. ¥. n = 1.
�É³¥É¨³, ÎÉµ, ± ± ¨ ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢, Ï¨·¨´  ¶¨± 
µ¶·¥¤¥²Ö¥É¸Ö ´¥ Éµ²Ó±µ µÏ¨¡± ³¨ ¢ µ¶·¥¤¥²¥´¨¨ ¨³¶Ê²Ó¸µ¢, ´µ ¨ ¶µÉ¥·Ö³¨
´¥°É· ²Ó´ÒÌ Î ¸É¨Í. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢ ¸¶¥±É· Ì M2

tot ³µ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö
µ¤¨´ ³ ±¸¨³Ê³ ¶·¨ M2

tot = 9,86 ƒÔ‚2, ±µÉµ·Ò° ¡Ê¤¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ Î¨-
¸²Ê ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ´Ê±²µ´µ¢ npart = 2, ²¨¡µ ´¥¸±µ²Ó±µ ³ ±¸¨³Ê³µ¢,
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì npart = 2, 3, 4 . . . ¨ M2

tot = 9,86 ¨ 20,55 ƒÔ‚2 ¨ É. ¤. (¸³.
É ¡². 1). ˆ§-§  µ£· ´¨Î¥´¨°, ¸¢Ö§ ´´ÒÌ ¸µ ¸É É¨¸É¨±µ°, ¢ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³
· ¸¸³ É·¨¢ ÉÓ ²¨ÏÓ ¤¢¥ £·Ê¶¶Ò ¸µ¡ÒÉ¨°: ¸ npart = 2 ¨ 3.

‚§ ¨³µ¤¥°¸É¢¨Ö ¶·µÉµ´µ¢ ¸ Ê£²¥·µ¤µ³ § ¢¥¤µ³µ Ê¤µ¢²¥É¢µ·ÖÕÉ É·¥¡µ¢ -
´¨Õ n = 1. „²Ö ÔÉ¨Ì ·¥ ±Í¨° ¤¢¥ £·Ê¶¶Ò ¸µ¡ÒÉ¨° ¢¡²¨§¨ M2

tot = 9,86
¨ 20,55 ƒÔ‚2 ¢¨¤´Ò Ö¸´µ (¸³. ·¨¸. 3, a). �¥·¢Ò° ³ ±¸¨³Ê³ ¸µµÉ¢¥É¸É¢Ê¥É
´Ê±²µ´-´Ê±²µ´´µ³Ê ¢§ ¨³µ¤¥°¸É¢¨Õ, ¢Éµ·µ° Å ¢§ ¨³µ¤¥°¸É¢¨Õ ´Ê±²µ´  ¸
¤¢Ê³Ö ´Ê±²µ´ ³¨ ³¨Ï¥´¨ (n = 1, npart = 3) ¶µ¸²¥¤µ¢ É¥²Ó´µ ¨²¨ ¸· §Ê. ‚
¶µ¸²¥¤´¥³ ¸²ÊÎ ¥ ¤¢  ´Ê±²µ´  ³¨Ï¥´¨, ¶µ-¢¨¤¨³µ³Ê, ¸¢Ö§ ´Ò ¢ µ¤¨´ Ë²Ê±-
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶µ²´ÒÌ Ô´¥·£¨° M2
tot ¤²Ö p + C- (a) ¨ C + p-¸Éµ²±´µ¢¥´¨° (¡)

¤²Ö £·Ê¶¶Ò ¸µ¡ÒÉ¨°, ¨³¥ÕÐ¨Ì ¸Ê³³ ·´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸ ¢¸¥Ì § ·Ö¦¥´´ÒÌ ¶·µ-
¤Ê±Éµ¢

∑
P i

y ≈ 4,2 ƒÔ‚/c

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¶µ²´ÒÌ Ô´¥·£¨° M2
tot ¤²Ö ‘ + ‘- (a) ¨ C + p-¸Éµ²±´µ¢¥´¨° (¡)

¤²Ö ¤¢ÊÌ £·Ê¶¶ ¸µ¡ÒÉ¨°, ¨³¥ÕÐ¨Ì ¸Ê³³ ·´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸
∑

P i
y ≈ 4,2 ¨

8,4 ƒÔ‚/c

Éµ´ ¨²¨ ±² ¸É¥·. �É³¥É¨³, ÎÉµ, ± ± ¨ µ¦¨¤ ²µ¸Ó, ¢Éµ· Ö £·Ê¶¶  ¸µ¡ÒÉ¨°
(≈ M2

tot = 20,55 ƒÔ‚2) ¢ C + p-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ n = 1 ¶µ²´µ¸ÉÓÕ µÉ¸ÊÉ-
¸É¢Ê¥É (¸³. ·¨¸. 3, ¡).
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶µ²´ÒÌ Ô´¥·£¨° M2
tot ¤²Ö d + C- (a) ¨ d + p-¸Éµ²±´µ¢¥´¨° (¡)

¤²Ö ¤¢ÊÌ £·Ê¶¶ ¸µ¡ÒÉ¨°, ¨³¥ÕÐ¨Ì ¸Ê³³ ·´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸ ¢¸¥Ì ·µ¦¤¥´´ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í

∑
P i

y ≈ 4,2 ¨ 8,4 ƒÔ‚/c

„ ²¥¥ µ¡¸Ê¤¨³ É ±¨¥ C + C-, C + p-¸Éµ²±´µ¢¥´¨Ö, ¤²Ö ±µÉµ·ÒÌ
∑

P i
y

¸µ¸É ¢²Ö¥É ≈ 8,4 ƒÔ‚/c, É. ¥. ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨ ÊÎ ¸É¢ÊÕÉ ± ± ³¨´¨³Ê³ ¤¢ 
´ ²¥É ÕÐ¨Ì ´Ê±²µ´ : n = 2. …¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ µ¡  ´Ê±²µ´  ¢§ ¨³µ-
¤¥°¸É¢ÊÕÉ ´¥§ ¢¨¸¨³µ ¸ ¤¢Ê³Ö ´Ê±²µ´ ³¨ ³¨Ï¥´¨ (¨²¨ ¸ ®±¢ §¨¤¥°É·µ´µ³¯),
Éµ ¢ ¸¶¥±É· Ì M2

tot ÔÉ¨ ¸µ¡ÒÉ¨Ö Ê°¤ÊÉ ¢ µ¡² ¸ÉÓ 39÷40 ƒÔ‚2 ¨ ¡Ê¤¥É npart = 4
(¸³. É ¡². 1). �¤´ ±µ ÔÉµ£µ ´¥ ¶·µ¨¸Ìµ¤¨É Å ¡µ²ÓÏ¨´¸É¢µ ¸µ¡ÒÉ¨° ¨§ µ¡² -
¸É¨

∑
P i

y ≈ 8,4 ƒÔ‚/c · ¸¶µ² £ ¥É¸Ö ¢ µ¡² ¸É¨ ³ ¸¸ µ±µ²µ M2
tot ≈ 20 ƒÔ‚2,

É. ¥. npart = 3.
�  ·¨¸. 4 ¨ 5 ¶µ± § ´Ò M2

tot-· ¸¶·¥¤¥²¥´¨Ö ¤²Ö ‘ + ‘-, C + p- ¨
d + C-, d + p-¸µ¡ÒÉ¨° ¤²Ö ¤¢ÊÌ ¢Ò¤¥²¥´´ÒÌ ¶µ²µ¸

∑
P i

y ≈ 4,2 ƒÔ‚/c, n = 1,
¨ ≈ 8,4 ƒÔ‚/c, n = 2. ˆ §¤¥¸Ó ¤¢¥ £·Ê¶¶Ò ¸µ¡ÒÉ¨° ¶·¨ M2

tot ≈ 9,8 ¨ 20 ƒÔ‚2

¢Ò¤¥²ÖÕÉ¸Ö ¤µ¢µ²Ó´µ Ö¸´µ. ‘µ¡ÒÉ¨Ö ¨§ ¶¥·¢µ° £·Ê¶¶Ò ¸ n = 1 ¨ npart = 2
¸µ£² ¸ÊÕÉ¸Ö ¸ ±¨´¥³ É¨±µ° ´Ê±²µ´-´Ê±²µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°. ‘µ¡ÒÉ¨Ö ¢Éµ-
·µ° £·Ê¶¶Ò ¸ n = 2 ¨ npart = 3 ¸µµÉ¢¥É¸É¢ÊÕÉ ¢§ ¨³µ¤¥°¸É¢¨Õ ¤¢ÊÌ ´Ê±²µ´µ¢
¨§ ´ ²¥É ÕÐ¥£µ Ö¤·  ¸ µ¤´¨³ ´Ê±²µ´µ³ ¨§ ³¨Ï¥´¨ µ¤´µ¢·¥³¥´´µ ¨²¨ ¶µ¸²¥-
¤µ¢ É¥²Ó´µ.

4. ���‡��—…�ˆŸ �…Š�’��›• Š��Š�…’�›• �…�Š–ˆ‰
‘ n = 1, 2 ˆ ‘ npart = 2 ˆ 3

‚¨¤Ò ´¥±µÉµ·ÒÌ ·¥ ±Í¨° ¸ µ¶·¥¤¥²¥´´Ò³¨ n = 1 ¨ npart = 2, 3, ¢Ò¤¥-
²¥´´ÒÌ ¨§ ¨§¢¥¸É´ÒÌ Ê¦¥ ‘ + ‘-, C+p-, d+C-, p+C-¸µÊ¤ ·¥´¨°, ¶·¨¢¥¤¥´Ò
¢ É ¡². 3.
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’ ¡²¨Í  3. ‚¨¤Ò ¢µ§³µ¦´ÒÌ ·¥ ±Í¨° ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ

�¥·¢µ´ Î ²Ó´ Ö
·¥ ±Í¨Ö

� §¤¥²¥´¨¥
¶µ [11]

n = 1,
npart = 2

n = 1,
npart = 3

n = 2,
npart = 3

p + C3H8 p + C p + NC
F p + dC

F −
p + p p + p − −

C + C3H8 C + C NC
F + NC

F NC
F + dC

F dC
F + NC

F

C + p NC
F + p − dC

F + p

d + C3H8 d + C Nd
F + NC

F Nd
F + dC

F d + NC
F

d + p Nd
F + p − d + p

’ ±, ¶·¨ n = 1 ¨ npart = 2 (¶µ²´Ò° ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸
∑

P i
y ≈

4,2 ƒÔ‚/c ¨ ¶µ²´ Ö Ô´¥·£¨Ö M2
tot = 9,86 ƒÔ‚2) ¢µ§³µ¦´Ò ¸²¥¤ÊÕÐ¨¥ ·¥ ±Í¨¨:

• p + NC
F , Nd

F + NC
F , NC

F + NC
F Å ¸Éµ²±´µ¢¥´¨¥ ¸¢µ¡µ¤´µ£µ ¶·µÉµ´ 

¨²¨ ´Ê±²µ´  ¨§ ¸µ¸É ¢  ¤¥°É·µ´  ¨²¨ ¨§ Ö¤·  Ê£²¥·µ¤  ¸ ´Ê±²µ´µ³ ¨§ Ö¤· 
Ê£²¥·µ¤  ¸µµÉ¢¥É¸É¢¥´´µ;

• p + p, Nd
F + p, NC

F + p Å ¸Éµ²±´µ¢¥´¨¥ ¸¢µ¡µ¤´ÒÌ ¶·µÉµ´µ¢, ´Ê±²µ-
´µ¢ ¨§ ¸µ¸É ¢  ¤¥°É·µ´µ¢ ¨²¨ ¨§ Ö¤·  Ê£²¥·µ¤  ¸µ ¸¢µ¡µ¤´Ò³¨ ¶·µÉµ´ ³¨
¸µµÉ¢¥É¸É¢¥´´µ.

„²Ö n = 1 ¨ npart = 3 (
∑

P i
y ≈ 4,2 ƒÔ‚/c ¨ M2

tot = 20,55 ƒÔ‚2) ¢µ§³µ¦´Ò
·¥ ±Í¨¨:

• p + dC
F , Nd

F + dC
F , NC

F + dC
F Å ¢§ ¨³µ¤¥°¸É¢¨¥ ´ ²¥É ÕÐ¨Ì ¸¢µ¡µ¤´µ£µ

¶·µÉµ´  ¨²¨ ´Ê±²µ´  ¨§ ¸µ¸É ¢  ¤¥°É·µ´  ¨²¨ ¨§ Ö¤·  Ê£²¥·µ¤  ¸ ¤¥°É·µ´µ³ ¨§
Ö¤·  Ê£²¥·µ¤  ¸µµÉ¢¥É¸É¢¥´´µ. �Î¥¢¨¤´µ, ÎÉµ ¢ ± ±µ°-Éµ Î ¸É¨ ¸µ¡ÒÉ¨° ¢³¥¸Éµ
dC

F ¢ ·¥ ±Í¨¨ ¡Ê¤ÊÉ ÊÎ ¸É¢µ¢ ÉÓ ¤¢  ´Ê±²µ´  ³¨Ï¥´¨ Ê£²¥·µ¤ , ¢§ ¨³µ¤¥°¸É¢ÊÖ
¶µ¸²¥¤µ¢ É¥²Ó´µ.

„ ²¥¥, ¤²Ö ¤¢ÊÌ ´ ²¥É ÕÐ¨Ì ¨ É·¥Ì ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ´Ê±²µ´µ¢ ¶·¨
n = 2 ¨ npart = 3 (

∑
P i

y ≈ 8,4 ƒÔ‚/c, M2
tot = 20,55 ƒÔ‚2) ¢µ§³µ¦´Ò Éµ²Ó±µ

¸²¥¤ÊÕÐ¨¥ ·¥ ±Í¨¨:
• dC

F + p, dC
F + NC

F Å ¢§ ¨³µ¤¥°¸É¢¨¥ ¤¥°É·µ´µµ¡· §´µ£µ Ë²Ê±Éµ´  ¨§
Ö¤·  Ê£²¥·µ¤  ¸µ ¸¢µ¡µ¤´Ò³ ¶·µÉµ´µ³ ¨²¨ ¸ ±¢ §¨´Ê±²µ´µ³ ¨§ Ö¤·  Ê£²¥·µ¤ 
¸µµÉ¢¥É¸É¢¥´´µ. ‡¤¥¸Ó µ¶ÖÉÓ ¢³¥¸Éµ d-Ë²Ê±Éµ´  ³µ£ÊÉ ¢Ò¸ÉÊ¶ ÉÓ ¶µ¸²¥¤µ¢ -
É¥²Ó´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¤¢ÊÌ ±¢ §¨´Ê±²µ´µ¢;

• d + p, d + NC
F Å ¢§ ¨³µ¤¥°¸É¢¨¥ ¶ ¤ ÕÐ¨Ì ¸¢µ¡µ¤´ÒÌ ¤¥°É·µ´µ¢ ¸

±¢ §¨¸¢µ¡µ¤´Ò³¨ ´Ê±²µ´ ³¨ ¨§ Ö¤¥· Ê£²¥·µ¤  ¨²¨ ¶·µÉµ´µ¢ ³¨Ï¥´¨ ¸µµÉ¢¥É-
¸É¢¥´´µ.

5. MACC› ‚‡�ˆŒ�„…‰‘’‚“�™ˆ• —�‘’ˆ–

Œ ¸¸Ò ´ ²¥É ÕÐ¥° Î ¸É¨ÍÒ ¨ ³ ¸¸Ò ³¨Ï¥´¨, ¢ÒÎ¨¸²¥´´Ò¥ ´ ³¨ ´ 
µ¸´µ¢¥ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¶·µ¤Ê±Éµ¢ ¤²Ö ´¥±µÉµ·ÒÌ ·¥ ±Í¨°, ¶·¨¢¥¤¥´Ò
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’ ¡²¨Í  4. Œ ¸¸Ò ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì Î ¸É¨Í ¤²Ö ´¥±µÉµ·ÒÌ ·¥ ±Í¨° ¨§ C + C- ¨
d + C-¢§ ¨³µ¤¥°¸É¢¨°

�¥ ±Í¨Ö Šµ²¨Î¥¸É¢µ
´Ê±²µ´µ¢

M ¸¸ , ƒÔ‚
�¥·¢Ò° · ¸Î¥É

M ¸¸ , ƒÔ‚
‚Éµ·µ° · ¸Î¥É

NC
F mp

(M∗
in) 0,892 ± 0,290

+ n = 1, npart = 2
NC

F mp

(M∗
tg) 0,931 ± 0,066

NC
F mp

(Min) 0,939 ± 0,291
+ n = 1, npart = 3
dC

F

(Mtg, 1,818 ± 0,098 Md

M∗
t ) 1,989 ± 0,197

dC
F Md

(Min) 1,783 ± 0,174
+ n = 2, npart = 3

NC
F mp

(Mtg) 0,922 ± 0,038

d Md

(Min) 1,680 ± 0,160
+ n = 2, npart = 3

NC
F mp

(Mtg) 0,899 ± 0,025

∗� ¸Î¥É ¶µ Ëµ·³Ê² ³ (4)Ä(6).

¢ É ¡². 4. ˆ´É¥·¥¸´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢¥²¨Î¨´Ò ³ ¸¸Ò ³¨Ï¥´¨, ¢ÒÎ¨¸²¥´´Ò¥ ¶µ
Ëµ·³Ê² ³ (4) ¨ (5), ¸µ¢¶ ¤ ÕÉ.

‘µ¢¶ ¤¥´¨¥ ³ ¸¸ ±¢ §¨Î ¸É¨Í, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 4, ¸ ·¥ ²Ó´Ò³¨ ´¥
Éµ²Ó±µ ¤ ¥É Ê¢¥·¥´´µ¸ÉÓ ¢ Éµ³, ÎÉµ ³Ò ¤¥°¸É¢¨É¥²Ó´µ ¨³¥¥³ ¤¥²µ ¸ É ±¨³¨
¶µ¤·¥ ±Í¨Ö³¨, ´µ ¨ ¶µ§¢µ²Ö¥É µÍ¥´¨ÉÓ ¶· ¢¨²Ó´µ¸ÉÓ ¢Ò¡µ·  £· ´¨Í ¨´É¥·¢ -
²µ¢ ¶µ

∑
P i

y (¸³. É ¡². 2) ¨ M2
tot.

6. ‘�…Š’�› �„��—�‘’ˆ—�›•
���„�‹œ�›• ˆ ���…�…—�›• ˆŒ�“‹œ‘�‚

„‹Ÿ ��‡�›• ��‹�‘’…‰ M2
tot

‘·¥¤´¨¥ §´ Î¥´¨Ö ¶·µ¤µ²Ó´ÒÌ 〈P+,i
y 〉 ¨ ¶µ¶¥·¥Î´ÒÌ 〈P+,i

t 〉 ¨³¶Ê²Ó¸µ¢
¢¸¥Ì ¶µ²µ¦¨É¥²Ó´ÒÌ Î ¸É¨Í ¶·¨¢¥¤¥´Ò ¤²Ö ·Ö¤  ·¥ ±Í¨° ¢ É ¡². 5Ä7.
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’ ¡²¨Í  5. ‘·¥¤´¨¥ §´ Î¥´¨Ö ¶·µ¤µ²Ó´ÒÌ ¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶µ²µ¦¨É¥²Ó´µ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¤²Ö ·¥ ±Í¨° ¸ n = 1, npart = 2

� ¤ ÕÐ Ö
Î ¸É¨Í 

Œ¨Ï¥´Ó

NC
F p

〈P+,i
y 〉, ƒÔ‚/c 〈P+,i

t 〉, ƒÔ‚/c 〈P+,i
y 〉, ƒÔ‚/c 〈P+,i

t 〉, ƒÔ‚/c

NC
F 1,782 ± 0,101 0,483 ± 0,025 1,819 ± 0,058 0,496 ± 0,014

Nd
F 1,742 ± 0,109 0,517 ± 0,044 1,813 ± 0,111 0,507 ± 0,030

p 1,842 ± 0.094 0,523 ± 0,024 1,508 ± 0,030 0,464 ± 0,009

’ ¡²¨Í  6. ‘·¥¤´¨¥ §´ Î¥´¨Ö ¶·µ¤µ²Ó´ÒÌ ¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶µ²µ¦¨É¥²Ó´µ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¤²Ö ·¥ ±Í¨° ¸ n = 1, npart = 3

� ¤ ÕÐ Ö
Î ¸É¨Í 

Œ¨Ï¥´Ó dC
F 〈∆P+,i

y 〉, ƒÔ‚/c

〈P+,i
y 〉, ƒÔ‚/c 〈P+,i

t 〉, ƒÔ‚/¸ 50 % 15%

NC
F 1,176 ± 0,072 0,519 ± 0,029 0,530 ± 0,050 0,967 ± 0,059

Nd
F 1,102 ± 0,093 0,479 ± 0,030 0,586 ± 0,061 0,793 ± 0,066

p 1,189 ± 0,075 0,474 ± 0,025 0,683 ± 0,073 0,864 ± 0,065

„²Ö É¥Ì ¸µ¡ÒÉ¨°, ±µ£¤  ¢ ¸Éµ²±´µ¢¥´¨¨ ÊÎ ¸É¢Ê¥É Éµ²Ó±µ µ¤¨´ ´Ê±²µ´
¨§ ´ ²¥É ÕÐ¥£µ Ö¤·  (

∑
P i

y ≈ 4,2 ƒÔ‚/c) ¨ ¢§ ¨³µ¤¥°¸É¢Ê¥É µ´ Éµ²Ó±µ ¸
µ¤´¨³ ´Ê±²µ´µ³ ¨§ Ö¤· -³¨Ï¥´¨ (·¥ ±Í¨¨ NC

F + NC
F , Nd

F + NC
F ¸ M2

tot =
9,86 ƒÔ‚2), §´ Î¥´¨Ö ¢¥²¨Î¨´ 〈P+,i

y 〉 ¨ 〈P+,i
t 〉 µÎ¥´Ó ¸² ¡µ § ¢¨¸ÖÉ µÉ É¨¶ 

´ ²¥É ÕÐ¥£µ Ö¤·  (¸³. ±µ²µ´±Ê 1 É ¡². 5). ‚ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¢ ± Î¥¸É¢¥
³¨Ï¥´¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¸¢µ¡µ¤´Ò¥ ¶·µÉµ´Ò (É. ¥. ¤²Ö ·¥ ±Í¨° NC

F + p, Nd
F + p,

±µ²µ´±  2 É ¡². 5), ¢¥²¨Î¨´Ò 〈P+,i〉 ¨ 〈P+,i
t 〉 É ±¦¥ ¶µÎÉ¨ ´¥ § ¢¨¸ÖÉ µÉ ¢¨¤ 

´ ²¥É ÕÐ¥£µ Ö¤· , µ¤´ ±µ ¶o ¢¥²¨Î¨´¥ µ´¨ ´¥³´µ£µ ¡µ²ÓÏ¥, Î¥³ ¤²Ö ¶¥·¢ÒÌ
·¥ ±Í¨°.

Š·µ³¥ Éµ£µ, ¢¸¥ ¢¥²¨Î¨´Ò ¸·¥¤´¨Ì ¨³¶Ê²Ó¸µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ Î ¸É¨Í
¤²Ö ¢§ ¨³µ¤¥°¸É¢¨° ®±¢ §¨Î ¸É¨Í¯ ¡µ²ÓÏ¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì §´ Î¥´¨° ¤²Ö
¶·µÉµ´-¶·µÉµ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ¶·¨¢¥¤¥´´ÒÌ É ³ ¦¥.

�²¨§±¨ ³¥¦¤Ê ¸µ¡µ°, ´µ ¸¨²Ó´µ µÉ²¨Î ÕÉ¸Ö µÉ Ê¦¥ ¶·¨¢¥¤¥´´ÒÌ ¤ ´-
´Ò¥ ¤²Ö ·¥ ±Í¨° ®±¢ §¨¸¢Ö§ ´´µ£µ¯ ´Ê±²µ´  ¨²¨ ¸¢µ¡µ¤´µ£µ ¶·µÉµ´  ¸ ¤¢Ê³Ö
´Ê±²µ´ ³¨ ¨§ Ê£²¥·µ¤ : NC

F + dC
F , Nd

F + dC
F , p + dC

F (¸³. É ¡². 6, ±µ²µ´±  1).
�·¥¤¶µ²µ¦¨³ ¤ ²¥¥, ÎÉµ ¢µ ¢¸¥Ì ÔÉ¨Ì ¶·µÍ¥¸¸ Ì ´ ²¥É ÕÐ¨° ´Ê±²µ´

¢§ ¨³µ¤¥°¸É¢Ê¥É c ¤¢Ê³Ö ´Ê±²µ´ ³¨ ³¨Ï¥´¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ. ’µ£¤  ¶¥·-
¢µ¥ ¸Éµ²±´µ¢¥´¨¥ ¤ ¸É ¸¶¥±É·, ¶µ¤µ¡´Ò° ¸¶¥±É·Ê ¢§ ¨³µ¤¥°¸É¢¨Ö ¸¢µ¡µ¤-
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’ ¡²¨Í  7. ‘·¥¤´¨¥ §´ Î¥´¨Ö ¶·µ¤µ²Ó´ÒÌ ¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ¢¸¥Ì ¶µ²µ¦¨-
É¥²Ó´ÒÌ Î ¸É¨Í ¤²Ö ·¥ ±Í¨° ¸ n = 2, npart = 3

� ¤ ÕÐ Ö
Î ¸É¨Í 

Œ¨Ï¥´Ó

NC
F p

〈P+,i
y 〉, 〈P+,i

t 〉, ƒÔ‚/c 〈P+,i
y 〉, 〈P+,i

t 〉, ƒÔ‚/c

dC
F 2,392 ± 0,178 0,498 ± 0,037 2,479 ± 0,118 0,550 ± 0,024

d 2,265 ± 0,283 0,563 ± 0,070 2,350 ± 0,616 0,532 ± 0,093
{1,525 ± 0,033 0,458 ± 0,009}

´ÒÌ ¶·µÉµ´µ¢ ¨²¨ ®±¢ §¨¸¢Ö§ ´´ÒÌ¯ ´Ê±²µ´µ¢ (¸³. É ¡². 5). „ ²¥¥, ¢Ò-
Î¨É Ö ¨§ P+,i

y -¸¶¥±É·µ¢ ¢§ ¨³µ¤¥°¸É¢¨° NC
F , Nd

F , p ¸ dC
F · ¸¶·¥¤¥²¥´¨Ö

P+,i
y ¢§ ¨³µ¤¥°¸É¢¨° NC

F , Nd
F , p ¸ ¶·µÉµ´ ³¨ ¸µµÉ¢¥É¸É¢¥´´µ, ³Ò ¶µ²ÊÎ ¥³

∆P+,i
y -¸¶¥±É·Ò ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ¤²Ö ¶·µ¤Ê±Éµ¢ ¶¥·¢µ° ·¥ ±Í¨¨ ¸µ

¢Éµ·Ò³ ´Ê±²µ´µ³ Ö¤· -³¨Ï¥´¨. ‘·¥¤´¨¥ §´ Î¥´¨Ö É ±¨Ì ®¢µ¸¸É ´µ¢²¥´´ÒÌ¯
¸¶¥±É·µ¢ ¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° 〈∆P+,i

y 〉, · ¸¸Î¨É ´´Ò¥ ¶·¨ ¤¢ÊÌ ¶·¥¤-
¶µ²µ¦¥´¨ÖÌ µ ¢±² ¤¥ Î ¸É¨Í, ´¥ ¨¸¶ÒÉ ¢Ï¨Ì ¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°: 50
¨ 15 %, ¶·¨¢¥¤¥´Ò ¢ ±µ²µ´± Ì 2 ¨ 3 É ¡². 6. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ¸·¥¤´ÖÖ
³´µ¦¥¸É¢¥´´µ¸ÉÓ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ±µÉµ·Ò¥ ·µ¦¤ ÕÉ¸Ö ¢µ ¢Éµ·¨Î´ÒÌ ¢§ -
¨³µ¤¥°¸É¢¨ÖÌ, ¨§¢¥¸É´  [13]. ˆ§ ·¥§Ê²ÓÉ Éµ¢ · ¡µÉÒ [13] (¸³. · §¤. 7) É ±¦¥
¸²¥¤Ê¥É, ÎÉµ Î¨¸²µ Î ¸É¨Í, ·µ¦¤¥´´ÒÌ ¢µ ¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ, ´¥ ¶·¥-
¢ÒÏ ¥É 2. �É¸Õ¤  ²¥£±µ µÍ¥´¨ÉÓ, ÎÉµ ¸¶¥±É·Ò µÉ ¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°
¤µ²¦´Ò ¨³¥ÉÓ ¸·¥¤´e¥ §´ Î¥´¨¥ ¨³¶Ê²Ó¸µ¢ ´¥ ³¥´ÓÏ¥ 0,75÷0,9 ƒÔ‚/c. ˆÉ ±,
 ´ ²¨§ ¶µ²ÊÎ¥´´ÒÌ ¢¥²¨Î¨´ (¸³. É ¡². 6) ¶µ± §Ò¢ ¥É, ÎÉµ ¡µ²ÓÏ Ö Î ¸ÉÓ ·µ-
¦¤¥´´ÒÌ Î ¸É¨Í ¶·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ´ ²¥É ÕÐ¥£µ ´Ê±²µ´  (> 85 %) ¤µ²¦´ 
¨¸¶ÒÉÒ¢ ÉÓ ¢Éµ·¨Î´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ Ö¤·¥, ÎÉµ ¶·¨¢µ¤¨É ± ¶·µÉ¨¢µ·¥Î¨Õ
¸ ´ ¡²Õ¤ ¥³µ° ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ § ·Ö¦¥´´ÒÌ Î ¸É¨Í nch ¨ ¸ · §Ê³-
´Ò³¨ µÍ¥´± ³¨.

‚¥²¨Î¨´Ò ¸·¥¤´¨Ì §´ Î¥´¨° ¨³¶Ê²Ó¸µ¢ ¶µ²µ¦¨É¥²Ó´µ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í, µ¡· §µ¢ ´´ÒÌ ¢µ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¤¢ÊÌ ´ ²¥É ÕÐ¨Ì ´Ê±²µ´µ¢ ¨²¨ ¤¥°-
É·µ´µ¢ ¸ ´Ê±²µ´ ³¨ Ö¤¥·,   É ±¦¥ ¸µ ¸¢µ¡µ¤´Ò³¨ ´Ê±²µ´ ³¨ ¶·¨¢¥¤¥´Ò ¢
É ¡². 7.

Š ± Ê¦¥ ¡Ò²µ µÉ³¥Î¥´µ, ¡µ²ÓÏ Ö Î ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨° ¤¥°É·µ´µ¢ ¸ ´Ê-
±²µ´ ³¨ (> 90 %) ¨¤¥É ¶µ ¸Ì¥³¥: Éµ²Ó±µ µ¤¨´ ´Ê±²µ´ ¨§ ¤¥°É·µ´  ¢§ ¨³µ-
¤¥°¸É¢Ê¥É ¸ ³¨Ï¥´ÓÕ, ¤·Ê£µ°, Ö¢²ÖÖ¸Ó ®¸¶¥±É Éµ·µ³¯, ¶·µ²¥É ¥É ¡¥§ ¢§ ¨-
³µ¤¥°¸É¢¨Ö ¢µµ¡Ð¥. ‘¶¥±É·Ò É ±¨Ì ¢§ ¨³µ¤¥°¸É¢¨° ¶µ²´µ¸ÉÓÕ ¸µ¢¶ ¤ ÕÉ ¸
 ´ ²µ£¨Î´Ò³¨ ¸¶¥±É· ³¨ ¤²Ö ¸Éµ²±´µ¢¥´¨° µ¤¨´µÎ´ÒÌ ®±¢ §¨Î ¸É¨Í¯; ¸·¥¤-
´¨¥ §´ Î¥´¨Ö ¶·µ¤µ²Ó´ÒÌ ¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶µ²µ¦¨É¥²Ó´µ § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í ¤²Ö É ±¨Ì ¸Éµ²±´µ¢¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 7 ¢ Ë¨£Ê·´ÒÌ ¸±µ¡± Ì.
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�¸É ²Ó´ Ö Î ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨° (±µ£¤  µ¡  ´Ê±²µ´  ¨§ ¸µ¸É ¢  ¤¥°É·µ´  ¨¸-
¶ÒÉÒ¢ ÕÉ ¢§ ¨³µ¤¥°¸É¢¨Ö) ¤ ¥É ¢¥²¨Î¨´Ò 〈P+,i

y 〉, 〈P+,i
t 〉, ¶µ²´µ¸ÉÓÕ ¸µ¢¶ ¤ -

ÕÐ¨¥ ¸  ´ ²µ£¨Î´Ò³¨ ¢¥²¨Î¨´ ³¨ ·¥ ±Í¨° ¤¥°É·µ´µ¢ ¸ ¶·µÉµ´ ³¨ (É ¡². 7).
�Éµ £µ¢µ·¨É µ Éµ³, ÎÉµ, ¶µ-¢¨¤¨³µ³Ê, ¢ §´ Î¨É¥²Ó´µ° Î ¸É¨ ¸µ¡ÒÉ¨° (> 60 %)
ÔÉ¨ ¤¢  ´Ê±²µ´  ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ´¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ,   ± ± Ë²Ê±Éµ´ ¤¥°É·µ´-
´µ£µ É¨¶ .

7. Œ��†…‘’‚…���‘’œ —�‘’ˆ–
‚ �’„…‹œ�›• Š���‹�•

‚¥²¨Î¨´Ò ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í nch ¤²Ö ´¥±µÉµ-
·ÒÌ ¨§ ¨§ÊÎ ¥³ÒÌ ± ´ ²µ¢ ·¥ ±Í¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 8.

’ ¡²¨Í  8. ‚¥²¨Î¨´Ò ¸·¥¤´¥° ³´µ¦¥¸É¢¥´´µ¸É¨ (nch) § ·Ö¦¥´´ÒÌ Î ¸É¨Í

� ¤ ÕÐ Ö
Î ¸É¨Í 

Œ¨Ï¥´Ó

dC
F NC

F p

p 4,05 ± 0,27 2,97 ± 0,12 2,86 ± 0,22
[15] 2,37 ÷ 2,60

nC
f 3, 73 ± 0,79 2,94 ± 0, 46 2,73 ± 0,25

dC
F 3,30 ± 0, 20 3,82 ± 0,76 3,37 ± 0,58

d (µ¡  ´Ê±²µ´ ) − 3,05 ± 0,14 2,95 ± 0,18

d (µ¤¨´ ´Ê±²µ´) − 2,78 ± 0,20 2,70 ± 0,21

‚ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ ¢§ ¨³µ¤¥°¸É¢¨¥ ¸µ¸Éµ¨É ¨§ ®¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ¯ ´Ê±-
²µ´-´Ê±²µ´´ÒÌ ¸Éµ²±´µ¢¥´¨°, ¶µ²´ Ö ³´µ¦¥¸É¢¥´´µ¸ÉÓ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
nch ¢ ¶·µÍ¥¸¸ Ì dC

F +NC
F , d+NC

F ¤µ²¦´  ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢ÒÏ ÉÓ ³´µ¦¥¸É¢¥´-
´µ¸ÉÓ p+p-¢§ ¨³µ¤¥°¸É¢¨°. Š ± ¢¨¤´µ ¨§ É ¡². 8, ¤¥°¸É¢¨É¥²Ó´µ, ´ ¡²Õ¤ ¥É¸Ö
´¥±µ¥ ¶·¥¢ÒÏ¥´¨¥, ´µ µ´µ ´¥¡µ²ÓÏµ¥. � ¶·¨³¥·, µÉ´µÏ¥´¨¥ ´ ¡²Õ¤ ¥³ÒÌ
¸·¥¤´¨Ì ³´µ¦¥¸É¢¥´´µ¸É¥° § ·Ö¦¥´´ÒÌ Î ¸É¨Í nch ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ´Ê±²µ´µ¢
¸ ´Ê±²µ´ ³¨ ± nch ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ¤¢ÊÌ´Ê±²µ´´ÒÌ Ë²Ê±Éµ´µ¢ ¸ ´Ê±²µ´ ³¨
¸µ¸É ¢²Ö¥É nch(p + p)/nch(p + dC

F ) = 0, 71 ± 0,06 ¨ nch(d(µ¤¨´ ´Ê±²µ´) +
p)/nch(dC

F + p) = 0,70 ± 0, 02.
‚ÒÌµ¤¨É, ÎÉµ §¤¥¸Ó, É ± ¦¥ ± ± ¨ ¶·¨ · ¸¸³µÉ·¥´¨¨ µ¤´µÎ ¸É¨Î´ÒÌ ¸¶¥±-

É·µ¢ ¢§ ¨³µ¤¥°¸É¢¨° ±¢ §¨Î ¸É¨Í ¨ ¸¢µ¡µ¤´ÒÌ Î ¸É¨Í ¸ ¤¥°É¥·¨¥¶µ¤µ¡´Ò³¨
Ë²Ê±Éµ´ ³¨ (¸³. · §¤. 6), ´Ê¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¡µ²ÓÏ Ö Î ¸ÉÓ (≈ 60 %)
´ ²¥É ÕÐ¨Ì ¤¥°É·µ´µ¢ ¢ µ¡² ¸É¨ ³ ¸¸ M2

tot = 20,55 ƒÔ‚2 ¢§ ¨³µ¤¥°¸É¢Ê¥É ¸
´Ê±²µ´ ³¨ ± ± Í¥²µ¥. ‚ ¸±µ¡± Ì É ¡². 8 ¶·¨¢¥¤¥´  ¸·¥¤´ÖÖ ³´µ¦¥¸É¢¥´´µ¸ÉÓ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢µ ¢¸¥Ì d + p-¸µÊ¤ ·¥´¨ÖÌ.
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8. ‡�Œ…—��ˆŸ � Š“Œ“‹Ÿ’ˆ‚��‘’ˆ

� ¸¸³µÉ·¨³ ¤¢  ¢¨¤  ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í A ¨ b ¸ · §´Ò³ É¨¶µ³ ±¨´¥-
³ É¨±¨, ¶·¨Î¥³ Î ¸É¨Í  A ÉÖ¦¥²¥¥, Î¥³ Î ¸É¨Í  b.

1. �¥ ±Í¨Ö A + b →, £¤¥ A ¥¸ÉÓ Î ¸É¨Í  ´ ²¥É ÕÐ Ö ¨ ¨³¥¥É ¨³¶Ê²Ó¸
4,2 ƒÔ‚/¸/N .

�  ·¨¸. 6, ¡ ¶µ± § ´µ · ¸¶·¥¤¥²¥´¨¥ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶·µÉµ´µ¢ ¢
± ´ ²¥ dC

F + NC
F (n = 2, npart=3) ·¥ ±Í¨¨ ‘ + ‘. Šµ²¨Î¥¸É¢µ ¶·µÉµ´µ¢,

³ ±¸¨³ ²Ó´µ ´ ·ÊÏ ÕÐ¨Ì ±¨´¥³ É¨±Ê ´Ê±²µ´-´Ê±²µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö,
É. ¥. ±µ²¨Î¥¸É¢µ ¶·µÉµ´µ¢, ¨³¥ÕÐ¨Ì ¨³¶Ê²Ó¸ ¡µ²ÓÏ¥ 4,2 ƒÔ‚/c, ¢ ·¥ ±Í¨¨
dC

F + NC
F ¸µ¸É ¢²Ö¥É 12,5 % µÉ ¢¸¥Ì ·µ¦¤¥´´ÒÌ ¶·µÉµ´µ¢.

‚ ·¥ ±Í¨¨ dC
F +NC

F ±Ê³Ê²ÖÉ¨¢´Ò¥ Î ¸É¨ÍÒ, ²¥ÉÖÐ¨¥ ´ § ¤, µ¡Ö§ ´Ò ¸¢µ¨³
·µ¦¤¥´¨¥³ Éµ²Ó±µ ¢Éµ·¨Î´Ò³ ¢§ ¨³µ¤¥°¸É¢¨Ö³ ¨ Ë¥·³¨-¨³¶Ê²Ó¸ ³. �µÔÉµ³Ê
±µ²¨Î¥¸É¢µ É ±¨Ì Î ¸É¨Í µ± §Ò¢ ¥É¸Ö µÎ¥´Ó ³ ²Ò³. � ¶·¨³¥·, ¢ · ¸¶·¥¤¥²¥-
´¨¨ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶·µÉµ´µ¢ (¸³. ·¨¸. 6, ¡) ¢ § ¤´ÕÕ ¶µ²Ê¸Ë¥·Ê ²¥É¨É
³¥´ÓÏ¥ 1,0 % µÉ ¢¸¥Ì ¶·µÉµ´µ¢.

2. �¥ ±Í¨Ö b + A →.
�µ± § ´µ [9,14], ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ ´¨ ¢Éµ·¨Î´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö, ´¨

ÊÎ¥É Ë¥·³¨-¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ Ö¤·  ´¥ ³µ£ÊÉ µ¡ÑÖ¸´¨ÉÓ µ¡¨²Ó´µ¥ ¶µÖ¢²¥-
´¨¥ ±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í, ²¥ÉÖÐ¨Ì ´ § ¤, µ¸µ¡¥´´µ ²¥ÉÖÐ¨Ì ´ § ¤ ¶·µÉµ´µ¢.
�  ·¨¸. 6, a ¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ¶·µÉµ´µ¢ ¤²Ö ± ´ ² 
Ö¤¥·´µ° ·¥ ±Í¨¨ ‘ + ‘: NC

F + dC
F (n = 1, npart = 3). Š ± ¢¨¤´µ ¨§ ·¨¸. 6, ¢

´ ¶·a¢²¥´¨¨, ¶·µÉ¨¢µ¶µ²µ¦´µ³ ¶ÊÎ±Ê, ¢Ò²¥É ¥É ≈ 14 % ¢¸¥Ì ¶·µÉµ´µ¢.

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ µ¤´µÎ ¸É¨Î´ÒÌ ¶·µ¤µ²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ P i,p
y ¤²Ö ¤¢ÊÌ ·¥ ±Í¨°

‘ + ‘-¢§ ¨³µ¤¥°¸É¢¨°: NC
F + dC

F (a) ¨ dC
F + NC

F (¡).
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Š ± ¡Ò²µ ¢ÒÖ¸´¥´µ ¢ · §¤. 6, ¤¢ÊÌ´Ê±²µ´´Ò° µ¡Ñ¥±É A ¢ ·¥ ±Í¨ÖÌ dC
F +

NC
F (n = 2, npart = 3) ¨ NC

F + dC
F (n = 1, npart = 3) ¡µ²¥¥ Î¥³ ¢ 60 %

¸µ¡ÒÉ¨° ¶·µÖ¢²Ö¥É¸Ö ± ± µ¤´  Í¥² Ö Î ¸É¨Í -Ë²Ê±Éµ´. ‚ µ¸É ²Ó´ÒÌ ¸µ¡ÒÉ¨ÖÌ
ÔÉµ ¶·µ¸Éµ ¤¢  ´Ê±²µ´ , ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì ¶µ¸²¥¤µ¢ É¥²Ó´µ.

‡�Š‹�—…�ˆ…

1. ‘ ¶µ³µÐÓÕ É ±¨Ì µ¡Ð¨Ì ¢¥²¨Î¨´, ± ± ¶·µ¤µ²Ó´Ò°
∑

P i
y ¨ ¶µ¶¥·¥Î-

´Ò°
∑

P i
t ¨³¶Ê²Ó¸Ò, ¶·µ¸Ê³³¨·µ¢ ´´ÒÌ ¶µ ¢¸¥³ § ·¥£¨¸É·¨·µ¢ ´´Ò³ Î ¸É¨-

Í ³, ¨ ¶µ²´ Ö Ô´¥·£¨Ö, µ¶·¥¤¥²¥´´ Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ÔÉ¨Ì Î ¸É¨Í Å
M2

tot, ¡Ò²¨ ¢Ò¤¥²¥´Ò µÉ¤¥²Ó´Ò¥ £·Ê¶¶Ò ¸µ¡ÒÉ¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸Éµ²±´µ-
¢¥´¨Ö³ É·¥Ì ´Ê±²µ´µ¢ µ¤´µ¢·¥³¥´´µ.

2. �´ ²¨§ ¸·¥¤´¨Ì ¢¥²¨Î¨´ ¨³¶Ê²Ó¸µ¢ µ¤´µÎ ¸É¨Î´ÒÌ ¸¶¥±É·µ¢ § ·Ö¦¥´-
´ÒÌ π-³¥§µ´µ¢ ¨ ¶·µÉµ´µ¢,   É ±¦¥ ¸·¥¤´¨Ì ³´µ¦¥¸É¢¥´´µ¸É¥° ÔÉ¨Ì Î ¸É¨Í
£µ¢µ·¨É µ Éµ³, ÎÉµ ¡µ²¥¥ ¶µ²µ¢¨´Ò (> 60 %) É ±¨Ì ·¥ ±Í¨° ¶·¥¤¸É ¢²ÖÕÉ
¨§ ¸¥¡Ö ¢§ ¨³µ¤¥°¸É¢¨¥ ¤¢ÊÌ´Ê±²µ´´ÒÌ µ¡Ñ¥±Éµ¢-Ë²Ê±Éµ´µ¢ ¸ ´Ê±²µ´ ³¨,
µ¸É ²Ó´Ò¥ ¸µ¸ÉµÖÉ ¨§ ¢Éµ·¨Î´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ³¥¦¤Ê ´Ê±²µ´ ³¨.

3. Š ± ¸·¥¤´¨¥ ¨³¶Ê²Ó¸Ò ·µ¦¤¥´´ÒÌ Î ¸É¨Í, É ± ¨ ¨Ì ¸·¥¤´¨¥ ³´µ¦¥-
¸É¢¥´´µ¸É¨ ¢µ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¸ ´ ²¥É ÕÐ¨³ Ë²Ê±Éµ´µ³ §´ Î¨É¥²Ó´µ ³¥´Ó-
Ï¥ É¥Ì §´ Î¥´¨°, ±µÉµ·Ò¥ ¡Ò²¨ ¡Ò ¢ ¸²ÊÎ ¥, ¥¸²¨ ¡Ò ¢³¥¸Éµ Ë²Ê±Éµ´ 
¤¢  ´ ²¥É ÕÐ¨Ì ´Ê±²µ´  ¢§ ¨³µ¤¥°¸É¢µ¢ ²¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ.

4. ‚ µ¡² ¸É¨ Ë· £³¥´É Í¨¨ Ë²Ê±Éµ´  ´ ¡²Õ¤ ¥É¸Ö µ¡¨²Ó´µ¥ ·µ¦¤¥´¨¥
±Ê³Ê²ÖÉ¨¢´ÒÌ Î ¸É¨Í. Šµ²¨Î¥¸É¢µ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸ ³¨, ´ ·ÊÏ ÕÐ¨³¨ ³ ±-
¸¨³ ²Ó´µ ´Ê±²µ´-´Ê±²µ´´ÊÕ ±¨´¥³ É¨±Ê, §¤¥¸Ó ¸µ¸É ¢²Ö¥É 12Ä15 % µÉ ¢¸¥Ì
pµ¦¤¥´´ÒÌ Î ¸É¨Í.

�² £µ¤ ·´µ¸É¨. ‘Î¨É ¥³ ¸¢µ¨³ ¤µ²£µ³ ¢Ò· §¨ÉÓ £²Ê¡µ±ÊÕ ¡² £µ¤ ·´µ¸ÉÓ
¢¸¥³ ÊÎ ¸É´¨± ³ ¸µÉ·Ê¤´¨Î¥¸É¢  2-³ ¶·µ¶ ´µ¢µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·Ò §  ¶·¥-
¤µ¸É ¢²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢. � ¡µÉ  ´¥ ¡Ò²  ¡Ò § ¢¥·Ï¥´ 
¡¥§ ¶µ¤¤¥·¦±¨, ¢´¨³ ´¨Ö ¨ µ¡¸Ê¦¤¥´¨° ¸ �. ˆ. Œ ² Ìµ¢Ò³. ŒÒ É ±¦¥ ¢¥¸Ó³ 
¶·¨§´ É¥²Ó´Ò 	. �. ’·µÖ´Ê, Œ. �. ’µ± ·¥¢Ê, �. ‚. �µ£ Î¥¢¸±µ³Ê, ‚. Š. ‹Ê±ÓÖ-
´µ¢Ê §  ¶µ²¥§´Ò¥ ¤¨¸±Ê¸¸¨¨ ¨ ¶µ³µÐÓ.
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