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Œµ¤¥²¨·µ¢ ´¨¥ ¶ · ³¥É·µ¢ ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨ �C„ (SAD)

�·¥¤² £ ¥³Ò° ±µ´Í¥¶ÉÊ ²Ó´Ò° ¶·µ¥±É Ô±¸¶¥·¨³¥´É ²Ó´µ° ¶µ¤±·¨É¨Î¥¸±µ°
¸¡µ·±¨ ¢ „Ê¡´¥ (�‘„, ¶µ- ´£²¨°¸±¨ SAD) µ¸´µ¢ ´ ´  ¶·¨³¥´¥´¨¨ MOX-Éµ¶²¨¢ 
¢  ±É¨¢´µ° §µ´¥ ¸ É¥¶²µ¢µ° ³µÐ´µ¸ÉÓÕ 25 ±‚É. �Éµ ¸µµÉ¢¥É¸É¢Ê¥É ±µÔËË¨-
Í¨¥´ÉÊ · §³´µ¦¥´¨Ö kÔËË = 0,95 ¨ ³µÐ´µ¸É¨ ¶ÊÎ±  Ê¸±µ·¨É¥²Ö 1 ±‚É. „²Ö
¢Ò¡µ·  µ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·µ¢ Ê¸É ´µ¢±¨ ¤²Ö ¶² ´¨·ÊÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´-
Éµ¢ ¡Ò²  ¸³µ¤¥²¨·µ¢ ´  ¶µ¤±·¨É¨Î¥¸± Ö ¸¡µ·± , Ê¶· ¢²Ö¥³ Ö ¸ÊÐ¥¸É¢ÊÕÐ¨³ ¢
�ˆŸˆ ¶·µÉµ´´Ò³ Ê¸±µ·¨É¥²¥³ ´  Ô´¥·£¨Õ 660 ŒÔ‚. „²Ö · ¸ÎeÉ  ´¥°É·µ´´ÒÌ
¸¶¥±É·µ¢, Ô´¥·£µ¢Ò¤¥²¥´¨Ö ¨ ÔËË¥±É¨¢´µ° ¤µ§Ò ¨¸¶µ²Ó§µ¢ ²µ¸Ó ³µ¤¥²¨·µ¢ ´¨¥
³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. �¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ · ¡µÉ¥.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¨´Ëµ·³ Í¨µ´´ÒÌ É¥Ì´µ²µ£¨° �ˆŸˆ.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2005
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Petrochenkov S., Polanski A., Puzynin I. P11-2005-77
Modeling of Parameters of Subcritical Assembly SAD

The accepted conceptual design of the experimental Subcritical Assembly in
Dubna (SAD) is based on the MOX core with a nominal unit capacity of 25 kW
(thermal). This corresponds to the multiplication coefˇcient keff = 0.95 and accel-
erator beam power 1 kW. A subcritical assembly driven with the existing 660 MeV
proton accelerator at the Joint Institute for Nuclear Research has been modelled in
order to make choice of the optimal parameters for the future experiments. The
Monte Carlo method was used to simulate neutron spectra, energy deposition and
doses calculations. Some of the calculation results are presented in the paper.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Comminucation of the Joint Institute for Nuclear Research. Dubna, 2005



‚ �ˆŸˆ ¸µ§¤ eÉ¸Ö ¤¥³µ´¸É· Í¨µ´´ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ô²¥±É·µÖ¤¥·´ Ö
Ê¸É ´µ¢±a ´  ¡ §¥ Ê¸±µ·¨É¥²Ö Å Ë §µÉ·µ´  ‹Ÿ� �ˆŸˆ, ¢ ±µÉµ·µ° ¢ ± Î¥-
¸É¢¥ É¥¶²µ¢Ò¤¥²ÖÕÐ¨Ì Ô²¥³¥´Éµ¢ (É¢Ô²µ¢) ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨ ¢Ò¡· ´Ò
¸¥·¨°´µ ¢Ò¶Ê¸± ¥³Ò¥ ¢ �µ¸¸¨¨ MOX-É¢Ô²Ò ·¥ ±Éµ·  ��-600. Œ ²µ³µÐ-
´Ò° ¶·µÉµ´´Ò° ¶ÊÎµ± (³ ±¸¨³ ²Ó´Ò° Éµ± 3,2 ³±�) ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¢ÒÌµ¤
´¥°É·µ´µ¢ ¨§ ¸¢¨´Íµ¢µ° ³¨Ï¥´¨ µ¶·¥¤¥²ÖÕÉ ¶µ²´ÊÕ É¥¶²µ¢ÊÕ ³µÐ´µ¸ÉÓ
Ê¸É ´µ¢±¨. �ËË¥±É¨¢´Ò° ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö Ê¸É ´µ¢±¨ µ£· ´¨Î¥´
¢¥²¨Î¨´µ° 0,95. “¸É ´µ¢±  Ö¢²Ö¥É¸Ö ¶·µÉµÉ¨¶µ³ ¡Ê¤ÊÐ¨Ì ¶µ¤±·¨É¨Î¥¸±¨Ì
·¥ ±Éµ·µ¢ ¶·µ³ÒÏ²¥´´µ£µ ³ ¸ÏÉ ¡ .

‚ · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ · §²¨Î´ÒÌ ¶ · ³¥É·µ¢ ¶·µ-
¥±É¨·Ê¥³µ° ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨ ¢ „Ê¡´¥ (¤ ²¥¥ �‘„),   ¨³¥´´µ: ¸¶¥±-
É·Ò ¨ ±µ²¨Î¥¸É¢µ ´¥°É·µ´µ¢ ¨ ¶·µÉµ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ ¸¢¨´Íµ¢µ° ³¨Ï¥´¨;
¸¶¥±É·Ò ´¥°É·µ´µ¢ ¢ ¢¥·É¨± ²Ó´ÒÌ ¨ £µ·¨§µ´É ²Ó´µ³ ± ´ ² Ì; ¸¶¥±É·Ò ´¥°-
É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ ¶µ¢¥·Ì´µ¸É¨ ¸¢¨´Íµ¢µ£µ µÉ· ¦ É¥²Ö �‘„; Ô´¥·£µ¢Ò-
¤¥²¥´¨¥ ¢ ³¨Ï¥´¨ ¨ ¢  ±É¨¢´µ° §µ´¥ (�‡); ¢·¥³Ö ¦¨§´¨ ´¥°É·µ´µ¢. � ¸Î¥É
Ô´¥·£µ¢Ò¤¥²¥´¨Ö µ¡Ê¸²µ¢²¥´ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ ¶·µ¥±É¨·µ¢ ´¨Ö ¸¨¸É¥³Ò µÌ² -
¦¤¥´¨Ö Ê¸É ´µ¢±¨. ‘¶¥±É·Ò ´¥°É·µ´µ¢ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ± ´ ² Ì ¸²Ê¦ É
¤²Ö µ¶·¥¤¥²¥´¨Ö Ì · ±É¥·¨¸É¨± ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨ ¸ ÉµÎ±¨ §·¥´¨Ö ¶² -
´¨·Ê¥³ÒÌ ´ ÊÎ´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ Å µ¶·¥¤¥²¥´¨Ö ¸±µ·µ¸É¨ É· ´¸³ÊÉ Í¨¨
µ¡· §Íµ¢ ³¨´µ·´ÒÌ  ±É¨´¨¤µ¢ ¨ ¶·µ¤Ê±Éµ¢ ¤¥²¥´¨Ö, · §³¥Ð¥´´ÒÌ ¢ ÔÉ¨Ì
± ´ ² Ì. ‘¶¥±É·Ò ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ ¶µ¢¥·Ì´µ¸É¨ ¸¢¨´Íµ¢µ£µ µÉ· -
¦ É¥²Ö, ´¥µ¡Ìµ¤¨³Ò ¤²Ö · ¸Î¥Éµ¢ ¢ ± Î¥¸É¢¥ ¨¸ÉµÎ´¨±  ´¥°É·µ´µ¢ ¤²Ö µ¶·¥-
¤¥²¥´¨Ö Éµ²Ð¨´Ò ¡¥Éµ´´µ° § Ð¨ÉÒ ¢ · §´ÒÌ ¶µ³¥Ð¥´¨ÖÌ ¶·µ¥±É¨·Ê¥³µ°
Ê¸É ´µ¢±¨.

‘�…Š’�› ˆ Š�‹ˆ—…‘’‚� �…‰’����‚ ˆ ���’���‚,
‚›‹…’��™ˆ• ˆ‡ ‘‚ˆ�–�‚�‰ Œˆ˜…�ˆ

„²Ö · ¸Î¥Éµ¢ ¨¸¶µ²Ó§µ¢ ² ¸Ó ³µ¤¥²Ó ¸¢¨´Íµ¢µ° ³¨Ï¥´¨ · ¤¨Ê¸µ³ 8,24 ¸³
¨ ¤²¨´µ° 60 ¸³.

‚ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¢ÒÌµ¤  ´¥°É·µ´µ¢ ¨§ ¸¢¨´Íµ-
¢µ° ³¨Ï¥´¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ · §´ÒÌ ³µ¤¥²¥° (�¥·É¨´¨, ± ¸± ¤´µ-Ô±¸¨Éµ´-
´µ° ³µ¤¥²¨) ¨ ¡¨¡²¨µÉ¥± ¸¥Î¥´¨° (ENDF6, LA150). � ¸Î¥ÉÒ ¸¤¥² ´Ò ¸ ¨¸-
¶µ²Ó§µ¢ ´¨¥³ MCNPX-±µ¤  [3].

Š ± ¢¨¤´µ ¨§ É ¡²¨ÍÒ, ³ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ´¥°É·µ´µ¢ ¶µ²ÊÎ ¥É¸Ö
¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ± ¸± ¤´µ° ³µ¤¥²¨ �¥·É¨´¨ (BER) ¨ ¨¸¶ ·¨É¥²Ó´µ° ³µ-
¤¥²¨ �¥§¥·Ëµ·¤  ¨ ´ ¡µ·  ¸¥Î¥´¨° ¤²Ö ´¥°É·µ´µ¢ ¶·¨ Ô´¥·£¨¨ ´¨¦¥ 20 ŒÔ‚
(ENDF6). � ³¨´¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ´¥°É·µ´µ¢ ¶µ²ÊÎ ¥É¸Ö ¶·¨ ¨¸¶µ²Ó§µ¢ -
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’ ¡²¨Í  1. ‘· ¢´¥´¨¥ ¢ÒÌµ¤  ´¥°É·µ´µ¢ ¨§ ¸¢¨´Íµ¢µ° ³¨Ï¥´¨

Œµ¤¥²Ó ¨ ¡¨¡²¨µÉ¥±  —¨¸²µ ´¥°É·µ´µ¢ ´  µ¤¨´ ¶·µÉµ´

CEM ENDF6 11,77
BER ENDF6 13,38
BER LA 150 11,84
CEM LA150 10,21

´¨¨ ± ¸± ¤´µ-Ô±¸¨Éµ´´µ° ³µ¤¥²¨ (CEM) ¨ ¡¨¡²¨µÉ¥±¨ ¸¥Î¥´¨° ¤²Ö ¶·µÉµ´µ¢
¨ ´¥°É·µ´µ¢ ¶·¨ Ô´¥·£¨¨ ´¨¦¥ 150 ŒÔ‚ (LA150).

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ´¥°É·µ´´ÒÌ ¨ ¶·µÉµ´´ÒÌ ¸¶¥±É·µ¢ ´  ¶µ¢¥·Ì´µ¸É¨
¸¢¨´Íµ¢µ° ³¨Ï¥´¨, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ CEM ¨ ENDF6, ¶·¥¤¸É ¢²¥´Ò ´ 
·¨¸. 1.

�¨¸. 1. C¶¥±É·Ò ´¥°É·µ´µ¢ ( ) ¨ ¶·µÉµ´µ¢ (¡), ¢ÒÌµ¤ÖÐ¨Ì ¨§ ¸¢¨´Íµ¢µ° ³¨Ï¥´¨
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� ¸Î¥ÉÒ ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¤²Ö Í¨²¨´¤·¨Î¥¸±µ° ³¨Ï¥´¨, · §¡¨Éµ° ´  Ï¥¸ÉÓ
Í¨²¨´¤·¨Î¥¸±¨Ì ¸¥£³¥´Éµ¢ ¢Ò¸µÉµ° 10 ¸³. ‚ ÉµÎ±¥ ¢¢µ¤  ¶ÊÎ±  ¢ ³¨Ï¥´Ó ¥¸ÉÓ
¢ ±ÊÊ³´Ò° ± ´ ² £²Ê¡¨´µ° 10 ¸³. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´±a, ³ ±¸¨³ ²Ó´Ò° ¢ÒÌµ¤
´¥°É·µ´µ¢ ¶µ²ÊÎ ¥É¸Ö ¸ ¶µ¢¥·Ì´µ¸É¨ ¸¥£³¥´É , ´ Ìµ¤ÖÐ¥£µ¸Ö ´  · ¸¸ÉµÖ´¨¨
10Ä20 ¸³ µÉ ´ Î ²  ³¨Ï¥´¨,   ³¨´¨³ ²Ó´Ò° Å ´  ±µ´Í¥ ³¨Ï¥´¨. ‘µµÉ¢¥É-
¸É¢¥´´µ, ³ ±¸¨³ ²Ó´Ò° ¢ÒÌµ¤ ¶·µÉµ´µ¢ ¶µ²ÊÎ ¥É¸Ö ¸ ¶µ¢¥·Ì´µ¸É¨ ¸¥£³¥´Éµ¢,
´ Ìµ¤ÖÐ¨Ì¸Ö ´  · ¸¸ÉµÖ´¨¨ 20Ä40 ¸³ µÉ ´ Î ²  ³¨Ï¥´¨. �  · ¸¸ÉµÖ´¨¨ ¡µ-
²¥¥ 40 ¸³ ¶µÉµ± ¶·µÉµ´µ¢ ·¥§±µ ¶ ¤ ¥É, É ± ± ± ¤²¨´  ¶·µ¡¥£  ¶·µÉµ´  ¸
Ô´¥·£¨¥° 660 ŒÔ‚ ¢ ¸¢¨´Í¥ ¸µ¸É ¢²Ö¥É 30 ¸³.

‘�…Š’�› �…‰’����‚ ‚ ‚…�’ˆŠ�‹œ�›•
�Š‘�…�ˆŒ…�’�‹œ�›• Š���‹�•

� ¸Î¥ÉÒ ¶·µ¤¥² ´Ò ¤²Ö ¸²¥¤ÊÕÐ¨Ì µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ Ê¸É ´µ¢±¨, § -
²µ¦¥´´ÒÌ ¢ ¶·µ¥±É¥ [1]:

• ³µÐ´µ¸ÉÓ ¶ÊÎ±  ¶·µÉµ´µ¢, ¶ ¤ ÕÐ¥£µ ´  ³¨Ï¥´Ó, Å ´¥ ¡µ²¥¥ 1,0 ±‚É
(I = 1,52 ³±�);

• ´ ¶· ¢²¥´¨¥ ¢¢µ¤  ¶ÊÎ±  ¢ ³¨Ï¥´Ó Å ¢¥·É¨± ²Ó´µ¥, ¸´¨§Ê;
• ¤¨ ³¥É· ¶ÖÉ´  ¶·µÉµ´´µ£µ ¶ÊÎ±  ´  ³¨Ï¥´¨ Å ´¥ ¡µ²¥¥ 30 ³³;
• Éµ¶²¨¢´ Ö ±µ³¶µ§¨Í¨Ö Å (70,5 %UO2 + 29,5 %PuO2);
• ¸µ¤¥·¦ ´¨¥ 235U ¢ Ê· ´¥ Å 0,4 % (³ ¸¸.);
• ¶²µÉ´µ¸ÉÓ Éµ¶²¨¢  (· ¸ÎeÉ´ Ö) Å 10,2 £/¸³3;
• ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö Å ≈ 0,95;
• É¥¶²µ¢ Ö ³µÐ´µ¸ÉÓ ¸¡µ·±¨ Å 25 ±‚É;
• ³ É¥·¨ ² ³¨Ï¥´¨ Å Pb;
• µÌ² ¦¤¥´¨¥ ¡² ´±¥É  Å ¶·¨´Ê¤¨É¥²Ó´µ¥ ¢µ§¤ÊÏ´µ¥;
• µÌ² ¦¤¥´¨¥ ³¨Ï¥´¨ Å ¶·¨´Ê¤¨É¥²Ó´µ¥ ¢µ§¤ÊÏ´µ¥.

ƒ¥µ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò É¢Ô²a ¨ ’‚‘:
• ¤¨ ³¥É· É¢Ô²a (¶µ µ¡µ²µÎ±¥) Å 6,9 ³³;
• ¢´¥Ï´¨° ¤¨ ³¥É· Éµ¶²¨¢´µ° É ¡²¥É±¨ Å 5,95 ³³;
• ¢Ò¸µÉ  Éµ¶²¨¢´µ° Î ¸É¨ É¢Ô²a Å 580 ³³.
• Ï £ É¢Ô²a ¶µ É·¥Ê£µ²Ó´µ° ·¥Ï¥É±¥ Å 7,95 ³³;
• ±µ²¨Î¥¸É¢µ É¢Ô²µ¢ ¢ ’‚‘ Å 18;
• ³ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ’‚‘ ¢ ¸¡µ·±¥ Å 141;
• ³ ¸¸  MOX-Éµ¶²¨¢  ¢ µ¤´µ³ É¢Ô²¥ Å ≈ 164,5 £;
• ³ ¸¸  MOX-Éµ¶²¨¢  ¤²Ö ¶µ²´µ° § £·Ê§±¨ Å 417,45 ±£.

’·¥¡Ê¥³Ò° Ê·µ¢¥´Ó ±µÔËË¨Í¨¥´É  · §³´µ¦¥´¨Ö kÔËË = 0,95 ¤µ¸É¨£ ¥É¸Ö
¶·¨ § £·Ê§±¥ 133 ’‚‘ (393,8 ±£) ¢  ±É¨¢´ÊÕ §µ´Ê, µ¸É ²Ó´Ò¥ 8 ’‚‘ § ³¥´Ö-
ÕÉ¸Ö ¸¢¨´Íµ¢Ò³¨ ¶·¨§³ ³¨.
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�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  ¸Ì¥³   ±É¨¢´µ° §µ´Ò [2], ¶·¨´ÖÉµ° ¤²Ö · ¸Î¥É 
´¥°É·µ´´ÒÌ Ì · ±É¥·¨¸É¨± ¢ ¢¥·É¨± ²Ó´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ± ´ ² Ì. ‚
Í¥´É·¥ ´ Ìµ¤¨É¸Ö ¸¢¨´Íµ¢ Ö ³¨Ï¥´Ó (¸¥·Ò° Í¢¥É). ‚µ±·Ê£ ¸¢¨´Íµ¢µ° ³¨Ï¥´¨
· ¸¶µ²µ¦¥´Ò Éµ¶²¨¢´Ò¥ Ô²¥³¥´ÉÒ ¸ MOX-Éµ¶²¨¢µ³ Å ÔÉµ ¨ ¥¸ÉÓ  ±É¨¢-

�¨¸. 2. ‘Ì¥³ É¨Î¥¸±¨° ¢¨¤ ¶µ¤±·¨É¨-
Î¥¸±µ° ¸¡µ·±¨ ·¥ ±Éµ· 

´ Ö §µ´  (Î¥·´Ò° Í¢¥É). ‡   ±É¨¢´µ°
§µ´µ° ´ Ìµ¤¨É¸Ö ¸¢¨´Íµ¢Ò° µÉ· ¦ É¥²Ó
(¸¥·Ò° Í¢¥É).

� ¸Î¥ÉÒ ¸¤¥² ´Ò ¢ É·¥Ì ¢¥·É¨± ²Ó-
´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ± ´ ² Ì, ±µÉµ-
·Ò¥ ´ Ìµ¤ÖÉ¸Ö ¢  ±É¨¢´µ° §µ´¥, ¨ ¢ É·¥Ì
± ´ ² Ì, · ¸¶µ²µ¦¥´´ÒÌ ¢ ¸¢¨´Íµ¢µ³
µÉ· ¦ É¥²¥ (¸³. ·¨¸. 2). �¥§Ê²ÓÉ ÉÒ · ¸-
Î¥Éµ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3, 4.

Š ± ¢¨¤´µ ¨§ ·¨¸. 3, Ì · ±É¥· ¸¶¥±-
É·  ³¥´Ö¥É¸Ö µÉ ´ Î ²   ±É¨¢´µ° §µ´Ò ¤µ
±µ´Í  Å ±µ²¨Î¥¸É¢µ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥-
¸±¨Ì ´¥°É·µ´µ¢ Ê³¥´ÓÏ ¥É¸Ö µÉ ³¨Ï¥´¨
± µÉ· ¦ É¥²Õ.

‚ ¸¢¨´Íµ¢µ³ µÉ· ¦ É¥²¥ ¢ µ¡² ¸É¨
¶·µ³¥¦ÊÉµÎ´ÒÌ Ô´¥·£¨° ¸¶¥±É·Ò ´¥°-
É·µ´µ¢ ¶µÌµ¦¨,   · §´¨Í  ´ ¡²Õ¤ ¥É¸Ö

¢ µ¡² ¸É¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°. ‘ ³Ò° ¦¥¸É±¨° ¸¶¥±É· ´ ¡²Õ¤ ¥É¸Ö ¢ ± ´ ²¥,
· ¸¶µ²µ¦¥´´µ³ ·Ö¤µ³ ¸  ±É¨¢´µ° §µ´µ°.

�¨¸. 3. ‘¶¥±É·Ò ´¥°É·µ´µ¢ ¢  ±É¨¢´µ°
§µ´¥ ¢ É·¥Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ± ´ ² Ì
(1 Å ·Ö¤µ³ ¸ ³¨Ï¥´ÓÕ, 2 Å ¢ ¸¥·¥¤¨´¥
Éµ¶²¨¢´µ° Î ¸É¨, 3 Å ·Ö¤µ³ ¸ µÉ· ¦ É¥-
²¥³)

�¨¸. 4. ‘¶¥±É·Ò ´¥°É·µ´µ¢ ¢ ¸¢¨´Íµ-
¢µ³ µÉ· ¦ É¥²¥ ¢ É·¥Ì Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ± ´ ² Ì
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‘�…Š’�› �…‰’����‚ ‚ ƒ��ˆ‡��’�‹œ��Œ
�Š‘�…�ˆŒ…�’�‹œ��Œ Š���‹…

„²Ö · ¸Î¥Éµ¢ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¢ £µ·¨§µ´É ²Ó´µ³ ± ´ ²¥ ¨¸¶µ²Ó§µ¢ -
² ¸Ó ³µ¤¥²Ó, ¶·¥¤¸É ¢²¥´´ Ö ´  ·¨¸. 5.

�¨¸. 5. ƒ¥µ³¥É·¨Ö ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨, ¶·¨´ÖÉ Ö ¤²Ö · ¸Î¥Éµ¢ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢
¢ £µ·¨§µ´É ²Ó´µ³ ± ´ ²¥ ¤²Ö ¤¢ÊÌ ¸²ÊÎ ¥¢ Å ¸ ¡¥·¨²²¨¥³ ¢µ±·Ê£ ± ´ ²  ¨ ¡¥§ ´¥£µ

�¨¸. 6. ‘· ¢´¥´¨¥ ¸¶¥±É·µ¢ ´¥°É·µ´µ¢ ¢ £µ-
·¨§µ´É ²Ó´µ³ ± ´ ²¥ ¸ ¡¥·¨²²¨¥¢µ° ¢¸É ¢±µ°
(3�‚ ¨ 4�‚) ¨ ¡¥§ ´¥e (3� ¨ 4�)

ƒµ·¨§µ´É ²Ó´Ò° ± ´ ² ´ -
Ìµ¤¨É¸Ö ¶µ¸¥·¥¤¨´¥  ±É¨¢´µ°
§µ´Ò. � ¸¸³µÉ·¥´Ò ¤¢  ¢ -
·¨ ´É . �¥·¢Ò° ¢ ·¨ ´É: ± -
´ ² ¶µ³¥Ð¥´ ¢ ¸¢¨´Íµ¢µ³ µÉ-
· ¦ É¥²¥. ‚Éµ·µ° ¢ ·¨ ´É: ± -
´ ² µ±·Ê¦¥´ Í¨²¨´¤·¨Î¥¸±¨³
¡¥·¨²²¨¥¢Ò³ ¡²µ±µ³ ¤¨ ³¥É·µ³
10 ¸³ ¨ ¢Ò¸µÉµ° 10 ¸³.

‘· ¢´¨É¥²Ó´Ò¥ ¸¶¥±É·Ò ´¥°-
É·µ´µ¢ pac¸Î¨É ´Ò ¢ Í¨²¨´-
¤·¨Î¥¸±¨Ì ¸¥£³¥´É Ì £µ·¨§µ´-
É ²Ó´µ£µ ± ´ ²  ¸ ¡¥·¨²²¨¥¢µ°
¢¸É ¢±µ° (3�‚ ¨ 4�‚) ¨ ¡¥§ ´¥e
(3� ¨ 4�) (¸³. ·¨¸. 6).

Š ± ¢¨¤´µ ¨§ ·¨¸. 6, ¤µ¡ ¢± 
¡¥·¨²²¨¥¢µ£µ ¢±² ¤ÒÏ  ¸ÊÐ¥-
¸É¢¥´´µ ³¥´Ö¥É ¸¶¥±É· ´¥°É·µ´µ¢, ¨ ¶µÖ¢²Ö¥É¸Ö ¤µ¶µ²´¨É¥²Ó´Ò° ¶¨± É¥¶²µ-
¢ÒÌ ´¥°É·µ´µ¢. �µ¸±µ²Ó±Ê ¡¥·¨²²¨¥¢Ò° ¢±² ¤ÒÏ ´ Ìµ¤¨É¸Ö ´  ±µ´Í¥ ¸¢¨´-
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Íµ¢µ£µ µÉ· ¦ É¥²Ö, Éµ µ´ ´¥ ¸¨²Ó´µ ¢²¨Ö¥É ´  ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö
´¥°É·µ´µ¢, ±µÉµ·Ò° ¤²Ö ÔÉµ£µ ¢ ·¨ ´É  ¶µ²ÊÎ ¥É¸Ö É ±¦¥ ´¨¦¥ 0,95.

�µ²´Ò° ¶µÉµ± ´¥°É·µ´µ¢ ´  µ¤¨´ ¶·µÉµ´ ¢ ¸¥£³¥´É Ì £µ·¨§µ´É ²Ó´µ£µ
± ´ ² :

1� Å 0,157 ¸³−2;
2� Å 0,144 ¸³−2;
3� Å 0,111 ¸³−2;
4� Å 0,078 ¸³−2.

ˆ´É¥£· ²Ó´ Ö ¶µ ¸¶¥±É·Ê ¢¥²¨Î¨´  ¶µ²´µ£µ ¶µÉµ±  ´¥°É·µ´µ¢ ¶·¨¡²¨§¨-
É¥²Ó´µ · ¢´  1012 ¸³−2 · ¸−1, ÎÉµ ¶µ§¢µ²Ö¥É ¨¸¸²¥¤µ¢ ÉÓ ¸±µ·µ¸É¨ ·¥ ±Í¨°
É· ´¸³ÊÉ Í¨¨ · §²¨Î´ÒÌ ¨§µÉµ¶µ¢.

��…�ƒ�‚›„…‹…�ˆ… ‚ ‘‚ˆ�–�‚�‰ Œˆ˜…�ˆ
ˆ �Š’ˆ‚��‰ ‡��…

‚ É ¡². 2 ¶·¥¤¸É ¢²¥´Ò ¶µ¤·µ¡´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ Ô´¥·£µ¢Ò¤¥²¥´¨Ö
¢ ±µ´¸É·Ê±Í¨µ´´ÒÌ Ô²¥³¥´É Ì  ±É¨¢´µ° §µ´Ò ³¨Ï¥´¨.

’ ¡²¨Í  2. P¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ Ô´¥·£µ¢Ò¤¥²¥´¨Ö ¢ ±µ´¸É·Ê±Í¨µ´´ÒÌ Ô²¥³¥´É Ì
(¶·¨¢¥¤¥´Ò Éµ²Ó±µ ¸Ê³³ ·´Ò¥ ¤ ´´Ò¥)

� ¨³¥´µ¢ ´¨¥ Ô²¥³¥´É 
�´¥·£µ¢Ò¤¥²¥´¨¥

ŒÔ‚/¶·µÉµ´ ±‚É∗

–¥´É· ²Ó´Ò° ¸¢¨´Íµ¢Ò° ¡²µ± ³¨Ï¥´¨ 306 0,463636

6 ¸¢¨´Íµ¢ÒÌ ¡²µ±µ¢,
µ±·Ê¦ ÕÐ¨Ì Í¥´É· ²Ó´Ò° ¡²µ± 103 0,156061

‚Éµ·µ° ¸²µ° ¸¢¨´Íµ¢ÒÌ ¡²µ±µ¢ (12) 57,7 0,087424

�¥·¢Ò° ¸²µ° ’‚‘ 2337,64 3,541879

‚Éµ·µ° ¸²µ° ’‚‘ 3212,97 4,868136

’·¥É¨° ¸²µ° ’‚‘ 3687,74 5,587485

—¥É¢e·ÉÒ° ¸²µ° ’‚‘ 4278,91 6,483197

�ÖÉÒ° ¸²µ° ’‚‘ 2986,25 4,524621

�µ²´µ¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ �‡ ¨ ³¨Ï¥´¨ 16970,21 25,71244
∗�·¨ ¶ÊÎ±¥ 1 ±‚É.

Š ± ¢¨¤´µ ¨§ É ¡²¨ÍÒ,
• Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢ ³¨Ï¥´¨ 0,707 ±‚É;
• Ô´¥·£µ¢Ò¤¥²¥´¨¥ ¢  ±É¨¢´µ° §µ´¥ 25,005 ±‚É.
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ˆ§ · ¸Î¥Éµ¢ ¸²¥¤Ê¥É, ÎÉµ µ¸´µ¢´µ¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥, ¢Ò§¢ ´´µ¥ ¤¥²¥´¨¥³
¢ MOX-Éµ¶²¨¢e, ¶·µ¨¸Ìµ¤¨É ¢  ±É¨¢´µ° §µ´¥. �¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥
µÉ´µ¸¨É¥²Ó´µ ³ ²µ¥ Ô´¥·£µ¢Ò¤¥²¥´¨¥ §  ¸Î¥É ¨µ´¨§ Í¨µ´´ÒÌ ¶µÉ¥·Ó ¨ ·¥ ±-
Í¨° · ¸Ð¥¶²¥´¨Ö ¢ ³¨Ï¥´¨ ¶µ ¸· ¢´¥´¨Õ ¸ ¢±² ¤µ³ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ
¤¥²¥´¨Ö ¢ �‡. �´¥·£µ¢Ò¤¥²¥´¨e ´ ¸Éµ²Ó±µ ³ ²o, ÎÉo ¶·¥¤²µ¦¥´´µ¥ ¢µ§¤ÊÏ-
´µ¥ µÌ² ¦¤¥´¨¥ ÔËË¥±É¨¢´µ ¸¶· ¢²Ö¥É¸Ö ¸ µÉ¢µ¤µ³ ¢Ò¤¥²ÖÕÐ¥£µ¸Ö É¥¶²  ± ±
¢ �‡, É ± ¨ ¢ ³¨Ï¥´¨. �·¨ ¢§ ¨³µ¤¥°¸É¢¨¨ ¶·µÉµ´µ¢ ¸ ¢µ§¤ÊÌµ³ ¶µÖ¢²Ö¥É¸Ö
´ ¢¥¤¥´´ Ö  ±É¨¢´µ¸ÉÓ, ·µ¦¤ ÕÉ¸Ö · ¤¨µ ±É¨¢´Ò¥ ¨§µÉµ¶Ò  ·£µ´  ¨ ¡¥·¨²-
²¨Ö, ¶µÔÉµ³Ê É·¥¡Ê¥É¸Ö µ¡· É¨ÉÓ µ¸µ¡µ¥ ¢´¨³ ´¨¥ ´  ±µ´É·µ²Ó ¨ Ë¨²ÓÉ· Í¨Õ
¢µ§¤ÊÌ , ¢Ò¡· ¸Ò¢ ¥³µ£µ ¢  É³µ¸Ë¥·Ê.

‘�…Š’�› �…‰’����‚ ‘���“†ˆ �‘„

�·¨ µ¡²ÊÎ¥´¨¨ Ê¸É ´µ¢±¨ ¶ÊÎ±µ³ ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 660 ŒÔ‚ ¨§ ¸¢¨´-
Íµ¢µ£µ µÉ· ¦ É¥²Ö ¢Ò²¥É ¥É 108,53 ´¥°É·µ´µ¢ ´  µ¤¨´ ¶·µÉµ´ ¨¸ÉµÎ´¨± :
46,96 Å ¸ ¡µ±µ¢µ° Í¨²¨´¤·¨Î¥¸±µ° ¶µ¢¥·Ì´µ¸É¨, 34,75 ¨ 26,82 Å ¸ ´¨¦´¥°
¨ ¢¥·Ì´¥° £· ´¥° ¸µµÉ¢¥É¸É¢¥´´µ. �  ·¨¸. 7Ä10 ´¨¦¥ ¶·¥¤¸É ¢²¥´µ · ¸¶·¥-
¤¥²¥´¨¥ ¢ÒÌµ¤  ´¥°É·µ´µ¢ ¨§ ¸¥£³¥´Éµ¢ ¶µ¢¥·Ì´µ¸É¥° µÉ· ¦ É¥²Ö,   É ±¦¥
Ô´¥·£¥É¨Î¥¸±¨¥ ¨ Ê£²µ¢Ò¥ ¸¶¥±É·Ò ¢ÒÌµ¤  ´¥°É·µ´µ¢ ¸µ ¢¸¥Ì É·eÌ ¶µ¢¥·Ì´µ-
¸É¥°.

�¨¸. 7. —¨¸²µ ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ ´¨¦´¥° (¸²¥¢ ) ¨ ¢¥·Ì´¥° (¸¶· ¢ ) ¶µ¢¥·Ì-
´µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ£µ ¸¢¨´Íµ¢µ£µ µÉ· ¦ É¥²Ö ´  · §´µ³ · ¤¨ ²Ó´µ³ · ¸¸ÉµÖ´¨¨ µÉ
µ¸¨ Í¨²¨´¤· 
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�¨¸. 8. —¨¸²µ ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ ¡µ±µ¢µ° ¶µ¢¥·Ì´µ¸É¨ Í¨²¨´¤·¨Î¥¸±µ£µ ¸¢¨´-
Íµ¢µ£µ µÉ· ¦ É¥²Ö ´  · §´µ° ¢Ò¸µÉ¥

�¨¸. 9. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¨§ ¸¢¨´Íµ¢µ£µ µÉ· ¦ É¥²Ö ¸
¡µ±µ¢µ°, ´¨¦´¥° ¨ ¢¥·Ì´¥° ¶µ¢¥·Ì´µ¸É¥°

�¨¸. 10. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·µ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¸ ¡µ±µ¢µ°, ´¨¦´¥° ¨ ¢¥·Ì´¥°
¶µ¢¥·Ì´µ¸É¥° ¸¢¨´Íµ¢µ£µ µÉ· ¦ É¥²Ö. “£µ² φ µÉ¸Î¨ÉÒ¢ ¥É¸Ö µÉ ´µ·³ ²¨ ¶µ¢¥·Ì´µ¸É¨
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