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‚ · ¡μÉ¥ μ¶¨¸ ´  ³¥Éμ¤¨±  ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ¶μ μ¡²ÊÎ¥´¨Õ ³μ§£  ¶·¨³ Éμ¢ ¨ ±·Ò¸ ´ 
¢Ò¢¥¤¥´´μ³ ¨§ ´Ê±²μÉ·μ´  ¶ÊÎ±¥ Ö¤¥· 78Kr ¸ Ô´¥·£¨¥° 2,58 ƒÔ‚/´Ê±²μ´. �¡²ÊÎ¥´¨¥ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó
Ê§±¨³ ¶ÊÎ±μ³ Ö¤¥· ¢ · °μ´¥ Ëμ±Ê¸  F3 ¢ ¨§³¥·¨É¥²Ó´μ³ ¶ ¢¨²Óμ´¥ ±μ·¶Ê¸  º 1 ‹”‚�. „²Ö ¨§³¥-
·¥´¨Ö ¶·μË¨²Ö ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ³´μ£μ¶·μ¢μ²μÎ´Ò¥ ¨μ´¨§ Í¨μ´´Ò¥ ± ³¥·Ò ¨ · ¤¨μÌ·μ³´Ò¥
¶²¥´±¨. Šμ´É·μ²Ó ± Î¥¸É¢  ¶ÊÎ±  μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶μ³μÐÓÕ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ
¸Î¥ÉÎ¨±μ¢,   ¶μ£²μÐ¥´´ Ö ¢ μ¡²ÊÎ ¥³ÒÌ μ¡Ñ¥±É Ì ¤μ§  μ¶·¥¤¥²Ö² ¸Ó ¶μ ¶μ± § ´¨Ö³ ¤μ§¨³¥É·¨Î¥-
¸±μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò ¸ ´ ±²μ´´Ò³¨ Ô²¥±É·μ¤ ³¨. „ ´´ Ö ¢μ§¤ÊÏ´ Ö ± ³¥·  ¸μ§¤ ´  ¤²Ö
¶μ¤ ¢²¥´¨Ö ÔËË¥±É  ±μ²μ´´μ° ·¥±μ³¡¨´ Í¨¨ ¨μ´μ¢ ¢ É·¥±¥ Ö¤¥· ¸ ¡μ²ÓÏ¨³¨ Z. Š ²¨¡·μ¢±  ¨
±μ´É·μ²Ó ± Î¥¸É¢  ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¨μ´μ¢ 78Kr ¶·μ¢μ¤¨²¨¸Ó ¶·¨ ¶μ³μÐ¨ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó-
¸¨°,   É ±¦¥ ´  μ¸´μ¢¥ ¸· ¢´¥´¨Ö ¶μ± § ´¨° ÏÉ É´μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò ´  ¢ÒÌμ¤¥ ¶ÊÎ± 
¨§ ´Ê±²μÉ·μ´  ¨ ¸Î¥É  ± ¦¤μ£μ ¨μ´  ¸μ ¸Î¥ÉÎ¨± . ‘É ¡¨²Ó´ Ö · ¡μÉ  ´Ê±²μÉ·μ´  ¨ ¤μ¸É¨£´ÊÉ Ö ¢
55-³ ¸¥ ´¸¥ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  Ö¤¥· 78Kr (∼ 2 · 106 Ö¤¥·/Í¨±² ¢ Ëμ±Ê¸¥ F3) ¶μ§¢μ²¨²¨ Ê¸¶¥Ï´μ
¢Ò¶μ²´¨ÉÓ Ê´¨± ²Ó´Ò° · ¤¨μ¡¨μ²μ£¨Î¥¸±¨° Ô±¸¶¥·¨³¥´É ¶μ ³μ¤¥²¨·μ¢ ´¨Õ ¢μ§¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ
Ö¤¥· £ ² ±É¨Î¥¸±μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ´  ±μ£´¨É¨¢´Ò¥ ËÊ´±Í¨¨ ³μ§£  ±μ¸³μ´ ¢Éμ¢.

The experimental method for irradiation of the brain of primates and rats by 2.58 GeV/nucleon 78Kr
beam extracted from the Nuclotron is described. The exposure was carried out to a narrow beam near the
F3 focus in the experimental hall of the VBLHEP Building No. 1. The multiwire ionization chambers
and radiochromic ˇlms were used to measure the beam proˇle. The beam quality was monitored
with the help of time-of-	ight scintillation counters. The dose absorbed in the irradiated objects was
determined by the readings of the dosimetric ionization chamber with inclined electrodes. This air
chamber was designed especially to suppress the effect of column recombination of ions in the track of
nuclei with large Z. The calibration and quality monitoring of extracted 78Kr ion beam were performed
using nuclear photoemulsions and based on the comparison of the readings from the standard ionization
chamber at the output of the Nuclotron beam and counts of separate ions from the counter. The stable
operation of the Nuclotron and an intensity of the 78Kr beam of ∼ 2 · 106 ions/cycle in the F3 focus
achieved in the 55th run made feasible the unique radiobiological experiment on simulation of the effect
of heavy nuclei of Galactic space radiation on the cognitive functions of the astronauts' brains.

PACS: 87.53.Qc; 61.80.Jh; 29.20.dk; 29.27.Eg; 29.27.Fh

�¤´¨³ ¨§ ¢ ¦´¥°Ï¨Ì ´ ¶· ¢²¥´¨° ¤¥ÖÉ¥²Ó´μ¸É¨ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ-
£¨¨ Ö¢²Ö¥É¸Ö ³μ¤¥²¨·μ¢ ´¨¥ ¢μ§¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (’‡—) £ ² ±É¨Î¥-
¸±μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö (ƒŠˆ) ´  Í¥´É· ²Ó´ÊÕ ´¥·¢´ÊÕ ¸¨¸É¥³Ê (–�‘) ¨ ±μ£´¨-
É¨¢´Ò¥ ËÊ´±Í¨¨ ³μ§£  ±μ¸³μ´ ¢Éμ¢ ¶·¨ ¤²¨É¥²Ó´ÒÌ ³¥¦¶² ´¥É´ÒÌ ±μ¸³¨Î¥¸±¨Ì ¶μ²¥É Ì.
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Š ± ¨§¢¥¸É´μ, ¢ ¸μ¸É ¢¥ ƒŠˆ ¶·¥¤¸É ¢²¥´Ò, ¢ μ¸´μ¢´μ³, Ö¤·  ¸ Z ¤μ 26 ¸μ ¸¶¥±É·μ³ Ô´¥·-
£¨°, ¶·μ¸É¨· ÕÐ¨³¸Ö ¤μ ¸¢¥·Ì¢Ò¸μ±¨Ì §´ Î¥´¨°. Œ ±¸¨³Ê³ ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥
’‡— ´ Ìμ¤¨É¸Ö ¢ · °μ´¥ 0,5Ä1,5 ƒÔ‚/´Ê±²μ´, ¶μÔÉμ³Ê ´Ê±²μÉ·μ´ ¶·¥¤μ¸É ¢²Ö¥É Ìμ·μÏ¨¥
¢μ§³μ¦´μ¸É¨ ¤²Ö ¨§ÊÎ¥´¨Ö ¡¨μ²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢ ’‡— ´  ±²¥ÉμÎ´μ³ ¨ μ·£ ´¨§³¥´´μ³
Ê·μ¢´ÖÌ. �¤´ ±μ ¨ Ö¤·  ¸ Z > 26 ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ¤²Ö ¨§ÊÎ¥´¨Ö ´μ¢ÒÌ · ¤¨μ¡¨μ-
²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢, ¶μ¸±μ²Ó±Ê ³μ¦´μ μ¦¨¤ ÉÓ, ÎÉμ ´ ·ÊÏ¥´¨Ö ¢ · ¡μÉ¥ –�‘ ¡Ê¤ÊÉ
¶·μÖ¢²ÖÉÓ¸Ö ¡μ²¥¥ §´ Î¨³μ ¸ ·μ¸Éμ³ ²¨´¥°´ÒÌ ¶¥·¥¤ Î Ô´¥·£¨¨.

�  ¶·μÉÖ¦¥´¨¨ ·Ö¤  ²¥É ´  ´Ê±²μÉ·μ´¥ ¢Ò¶μ²´Ö²¨¸Ó · ¤¨μ¡¨μ²μ£¨Î¥¸±¨¥ Ô±¸¶¥·¨-
³¥´ÉÒ ¶μ μ¡²ÊÎ¥´¨Õ ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì,   É ±¦¥ ³¥²±¨Ì ² ¡μ· Éμ·´ÒÌ ¦¨¢μÉ´ÒÌ
(³ÒÏ¥° ¨ ±·Ò¸), Ê ±μÉμ·ÒÌ ¨¸¸²¥¤μ¢ ²¨¸Ó ´ ·ÊÏ¥´¨Ö ¶μ¢¥¤¥´Î¥¸±¨Ì ËÊ´±Í¨° ¨ ³μ·Ëμ-
²μ£¨Î¥¸±¨¥ ¨§³¥´¥´¨Ö ¢ ¸É·Ê±ÉÊ· Ì ³μ§£  ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ’‡—. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò Í¥´É·
ÉÖ¦¥¸É¨ É ±¨Ì · ¡μÉ ¶¥·¥³¥¸É¨²¸Ö ´  ¢Ò¸Ï¨Ì ¶·¨³ Éμ¢ (³ ± ±-·¥§Ê¸μ¢), Ö¢²ÖÕÐ¨Ì¸Ö
´ ¨¡μ²¥¥ ¨´Ëμ·³ É¨¢´Ò³ ¨ ¡²¨§±¨³ ± Î¥²μ¢¥±Ê μ¡Ñ¥±Éμ³ ¨¸¸²¥¤μ¢ ´¨°, ¶·μ¢μ¤¨³ÒÌ
¸μ¢³¥¸É´μ ‹�
 �ˆŸˆ, ˆ´¸É¨ÉÊÉμ³ ³¥¤¨±μ-¡¨μ²μ£¨Î¥¸±¨Ì ¶·μ¡²¥³ ��� ¨ �ˆˆ ³¥¤¨-
Í¨´¸±μ° ¶·¨³ Éμ²μ£¨¨ ��Œ�. �É¨ μ¡¥§ÓÖ´Ò ¡Ò²¨ ¶·¥¤¢ ·¨É¥²Ó´μ μ¡ÊÎ¥´Ò ·¥Ï¥´¨Õ
²μ£¨Î¥¸±¨Ì § ¤ Î ´  ±μ³¶ÓÕÉ¥·¥, ¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨Ì ³μ§£  ¢ ¤μ§ Ì, ¸· ¢´¨³ÒÌ ¸ É¥³¨,
±μÉμ·Ò¥ ±μ¸³μ´ ¢ÉÒ ³μ£ÊÉ ¶μ²ÊÎ¨ÉÓ §  ¢·¥³Ö ³¥¦¶² ´¥É´ÒÌ ³¨¸¸¨°, ¶·μ¢¥·Ö²¨¸Ó ¢Ò¸-
Ï¨¥ ¨´É¥£· É¨¢´Ò¥ ËÊ´±Í¨¨ Í¥´É· ²Ó´μ° ´¥·¢´μ° ¸¨¸É¥³Ò. 
Ò²¨ ¢Ò¶μ²´¥´Ò μ¡²ÊÎ¥´¨Ö
³μ§£  μ¡¥§ÓÖ´ ¶ÊÎ±μ³ ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 160 ŒÔ‚ ´  É¥· ¶¥¢É¨Î¥¸±μ³ ¶ÊÎ±¥ Ë §μÉ·μ´ 
‹Ÿ� ¨ ´  ¶ÊÎ±¥ Ö¤¥· Ê£²¥·μ¤  ¸ Ô´¥·£¨¥° 500 ŒÔ‚/´Ê±²μ´ ´Ê±²μÉ·μ´ . �±¸¶¥·¨³¥´ÉÒ ´ 
¨μ´ Ì Ê£²¥·μ¤  ¶μ± § ²¨ ¤μ¸Éμ¢¥·´μ¥ ¸´¨¦¥´¨¥ ±μ£´¨É¨¢´ÒÌ ËÊ´±Í¨° Ê ¦¨¢μÉ´ÒÌ [1].

‚ 55-³ ¸¥ ´¸¥ ´Ê±²μÉ·μ´  μ¸ÊÐ¥¸É¢²¥´ Ê¸¶¥Ï´Ò° ¢Ò¢μ¤ ¨§ Ê¸±μ·¨É¥²Ö ¶ÊÎ±μ¢ Ö¤¥·
 ·£μ´  ¨ ±·¨¶Éμ´ . ‘ Ö¤· ³¨ ±·¨¶Éμ´  ¢Ò¶μ²´¥´ ´ ¡μ· ¸É É¨¸É¨±¨ ´  Ê¸É ´μ¢±¥ BM&N
¨ ¶·μ¢¥¤¥´ · ¤¨μ¡¨μ²μ£¨Î¥¸±¨° ¸¥ ´¸ ‹�
 ¶μ μ¡²ÊÎ¥´¨Õ ³μ§£  Ï¥¸É¨ μ¡¥§ÓÖ´ ¨ ´¥-
¸±μ²Ó±¨Ì ±·Ò¸ Ê§±¨³ ¶ÊÎ±μ³ Ö¤¥· ¸ Ô´¥·£¨¥° 2,58 ƒÔ‚/´Ê±²μ´. �¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨²μ¸Ó
¢ ¨§³¥·¨É¥²Ó´μ³ ¶ ¢¨²Óμ´¥ ¢ · °μ´¥ Ëμ±Ê¸  F3. �  ·¨¸. 1 ¶μ± § ´μ · ¸¶μ²μ¦¥´¨¥
³ £´¨Éμμ¶É¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ± ´ ²  ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ´Ê±²μÉ·μ´  ¤μ ³¥¸É  μ¡²ÊÎ¥´¨Ö
¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢.

ˆ§³¥·¥´¨¥  ³¶²¨ÉÊ¤´ÒÌ ¨ ¢·¥³Ö¶·μ²¥É´ÒÌ Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ¶·μ¢μ¤¨²μ¸Ó ¶·¨ ¶μ-
³μÐ¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ C1 ¨ C2. �¥·¥³¥Ð ¥³Ò¥ ¤¨¸É ´Í¨μ´´μ ¸Î¥ÉÎ¨±¨ S1

¨ S2 · ¸¶μ² £ ²¨¸Ó ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¢ÒÌμ¤¥ ¶ÊÎ±  ¨§ ´Ê±²μÉ·μ´  ¨ ´¥¶μ¸·¥¤¸É¢¥´´μ
¶¥·¥¤ μ¡²ÊÎ ¥³Ò³ μ¡Ñ¥±Éμ³ ¸μμÉ¢¥É¸É¢¥´´μ. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸Î¥ÉÎ¨± ³¨ 36,7 ³, ¸Î¥É-

�¨¸. 1. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö ± ´ ²  ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ´Ê±²μÉ·μ´  ¨ ¶ÊÎ±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¤μ ³¥¸É 
μ¡²ÊÎ¥´¨Ö ¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢
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Î¨±¨ ¶μ²´μ¸ÉÓÕ ¶¥·¥±·Ò¢ ÕÉ ¢Ò¢¥¤¥´´Ò° ¶ÊÎμ±. �Éμ ¶μ§¢μ²¨²μ ´ ¸É·μ¨ÉÓ ´¥μ¡Ìμ¤¨³Ò°
·¥¦¨³ ¢Ò¢μ¤  ¶ÊÎ± , ¨§³¥·¨ÉÓ ¥£μ ¶ · ³¥É·Ò,   É ±¦¥ μÉ± ²¨¡·μ¢ ÉÓ ¤μ§¨³¥É·¨Î¥¸±ÊÕ
¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê („ˆŠ). „²Ö ± ²¨¡·μ¢±¨ É ±¦¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤ ´´Ò¥ ¸μ ÏÉ É-
´μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò, · ¸¶μ²μ¦¥´´μ° ´  ¢ÒÌμ¤¥ ¨§ ´Ê±²μÉ·μ´  ³¥¦¤Ê ¸Î¥ÉÎ¨-
±μ³ S1 ¨ ´ Î ²μ³ ³ £´¨Éμμ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ± . �μ¸²¥
´ ¸É·μ°±¨ ·¥¦¨³  ¸Î¥ÉÎ¨±¨ ¤¨¸É ´Í¨μ´´μ Ê¡¨· ²¨¸Ó ¨§ ¶ÊÎ±  ´  ¢·¥³Ö μ¡²ÊÎ¥´¨Ö μ¡Ñ-
¥±É . Œ¥Éμ¤¨±¨ ¨ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±μ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¢ÒÌμ¤¥
¨§ ´Ê±²μÉ·μ´  ¨ ¢ §μ´¥ μ¡²ÊÎ¥´¨Ö μ¡Ñ¥±Éμ¢ Ëμ±Ê¸  F3 ¶μ¤·μ¡´μ μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [2, 3].

�·μË¨²Ó ¶ÊÎ±  ¢ Ëμ±Ê¸¥ F3 ¨§³¥·Ö²¸Ö ¸ ¶μ³μÐÓÕ ÏÉ É´μ° ³´μ£μ¶·μ¢μ²μÎ´μ° ¶·μ-
¶μ·Í¨μ´ ²Ó´μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò �ˆŠ3. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¨μ´μ¢ ±·¨¶Éμ´ 
¸μ¸É ¢²Ö²  ¢ F3 (1−2) · 105 ¸−1 ¶·¨ ¢·¥³¥´´μ° · ¸ÉÖ¦±¥ ¶ÊÎ±  ¤μ 3 ¸. �¡¥§ÓÖ´Ò ´ 
¶¥·¨μ¤ μ¡²ÊÎ¥´¨Ö ¶μ³¥Ð ²¨¸Ó ¢ § ±·ÒÉÒ° ¡μ±¸ ¸ ¢μ§¤ÊÏ´Ò³ μ¡μ£·¥¢μ³, μ¸¢¥Ð¥´¨¥³ ¨
¢¨¤¥μ±μ´É·μ²¥³.

„²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¨ ¨§³¥·¥´¨Ö ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨¸¶μ²Ó-
§μ¢ ² ¸Ó ¤μ§¨³¥É·¨Î¥¸± Ö ¨μ´¨§ Í¨μ´´ Ö ± ³¥·  („ˆŠ), · §· ¡μÉ ´´ Ö ¸¶¥Í¨ ²Ó´μ ¤²Ö
· ¡μÉÒ ¸ ¶ÊÎ± ³¨ ³´μ£μ§ ·Ö¤´ÒÌ Ö¤¥·. ‘Ì¥³  · §³¥Ð¥´¨Ö μ¡μ·Ê¤μ¢ ´¨Ö ¢ · °μ´¥ Ëμ-
±Ê¸  F3 ¶μ± § ´  ´  ·¨¸. 2.

‚ ¶·¥¤Ò¤ÊÐ¨Ì ¸¥ ´¸ Ì ¶·¨ μ¡²ÊÎ¥´¨¨ ¡¨μ²μ£¨Î¥¸±¨Ì μ¡· §Íμ¢ ¶·μÉμ´ ³¨ ¨ Ö¤· ³¨
Ê£²¥·μ¤  É ±¦¥ ¶·¨³¥´Ö² ¸Ó ¢μ§¤ÊÏ´ Ö ¤μ§¨³¥É·¨Î¥¸± Ö ¨μ´¨§ Í¨μ´´ Ö ± ³¥· , ±μ´-
¸É·Ê±Í¨Ö ±μÉμ·μ° ¶μ± § ´  ´  ·¨¸. 3. �É  ± ³¥·  ¶·¥¤´ §´ Î ² ¸Ó ¤²Ö μ¡²ÊÎ¥´¨Ö μ¡· §-
Íμ¢ ±²¥Éμ± ¢ ³ ²ÒÌ ¶·μ¡¨·± Ì �¶¶¥´¤μ·Ë  ¨²¨ ´¥¡μ²ÓÏ¨Ì ² ¡μ· Éμ·´ÒÌ ¦¨¢μÉ´ÒÌ,
· ¸¶μ² £ ¥³ÒÌ ´¥¶μ¸·¥¤¸É¢¥´´μ §  ± ³¥·μ°. ’μ²Ð¨´  ± ³¥·Ò ¶μ ¶ÊÎ±Ê Å 68 ³£ · ¸³−2 Al,
· §³¥·  ±É¨¢´μ° μ¡² ¸É¨ 4,2 × 4,2 ¸³. �μ¸±μ²Ó±Ê ¤²Ö ¸μ§¤ ´¨Ö ±¢ §¨μ¤´μ·μ¤´μ£μ ¶μ²Ö
¢ ¶·¥¤¥² Ì  ±É¨¢´μ° μ¡² ¸É¨ ± ³¥·Ò ¶ÊÎμ± Î ¸É¨Í · ¸Ëμ±Ê¸¨·μ¢ ²¸Ö ±¢ ¤·Ê¶μ²Ó´Ò³¨
²¨´§ ³¨ ¶¥·¥¤ F3, ± ³¥·  ±·¥¶¨² ¸Ó ± ±μ·¶Ê¸Ê ´  · ¸ÉÖ¦± Ì ¤²Ö Ê³¥´ÓÏ¥´¨Ö ±μ²¨Î¥¸É¢ 
¢¥Ð¥¸É¢  ´  ¶ÊÉ¨ Î ¸É¨Í ¶ÊÎ±  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, μ¡· §μ¢ ´¨Ö ¢Éμ·¨Î´μ£μ ¨§²ÊÎ¥´¨Ö.
�·¨ ³¥¦Ô²¥±É·μ¤´μ³ · ¸¸ÉμÖ´¨¨ 3 ³³ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶μ²´Ò° ¸¡μ· § ·Ö¤ 
„ˆŠ (μ¡Ñ¥³´μ° ¨ ±μ²μ´´μ° ·¥±μ³¡¨´ Í¨¥° ¨μ´μ¢ ¢ ¸²ÊÎ ¥ ¶·μÉμ´μ¢ ¨ ¸· ¢´¨É¥²Ó´μ
²¥£±¨Ì Ö¤¥· ³μ¦´μ ¶·¥´¥¡·¥ÎÓ).

‡ ·Ö¤, ¸μ¡¨· ¥³Ò° ´  Ô²¥±É·μ¤¥ „ˆŠ, ±¢ ´Éμ¢ ²¸Ö ´  ¢Ìμ¤¥ ¶·¥μ¡· §μ¢ É¥²Ö Éμ±Ä
Î ¸ÉμÉ , ¨ ±μ²¨Î¥¸É¢μ ¢ÒÌμ¤´ÒÌ ¨³¶Ê²Ó¸μ¢ ¶·¥μ¡· §μ¢ É¥²Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ ¸Ê³³ ·-

�¨¸. 2. ‘Ì¥³  μ¡²ÊÎ¥´¨Ö ¶·¨³ Éμ¢ ´  ¶ÊÎ±¥ ¨μ´μ¢ 78Kr. S2 Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¸Î¥ÉÎ¨±; GF Å

· ¤¨μÌ·μ³´ Ö ¶²¥´± ; „ˆŠ Å ¤μ§¨³¥É·¨Î¥¸± Ö ¨μ´¨§ Í¨μ´´ Ö ± ³¥· ; �ˆŠ Å ³´μ£μ¶·μ¢μ²μÎ´ Ö
¶·μ¶μ·Í¨μ´ ²Ó´ Ö ¨μ´¨§ Í¨μ´´ Ö ± ³¥· 
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�¨¸. 3. Šμ´¸É·Ê±Í¨Ö ¶²μ¸±μ° ¤μ§¨³¥É·¨Î¥¸±μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò ¤²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶ÊÎ-
±μ¢ ²¥£±¨Ì Ö¤¥·

�¨¸. 4. �¥§Ê²ÓÉ ÉÒ £· ¤Ê¨·μ¢±¨ „ˆŠ ´  ¶ÊÎ± Ì Ö¤¥· ´Ê±²μÉ·μ´ 

´μ³Ê § ·Ö¤Ê, É. ¥. Ô´¥·£μ¢Ò¤¥²¥´¨Õ Î ¸É¨Í ¢ „ˆŠ. ‚ ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´μ³ ·¥¦¨³¥
(13,4 ¨³¶Ê²Ó¸μ¢ · ´Š²−1) ± ³¥·  ¶μ§¢μ²Ö²  ¶·μ¢μ¤¨ÉÓ μ¡²ÊÎ¥´¨Ö ¸ ¤μ§μ° ´¥¸±μ²Ó±μ ¸ƒ·.
„ˆŠ ²¨´¥°´  ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ Î ¸É¨Í (¶μ ±· °´¥° ³¥·¥,
¤μ 2 · 1010 ¶·μÉμ´μ¢ · Í¨±²−1).

�¨¸. 4 ¤¥³μ´¸É·¨·Ê¥É § ¢¨¸¨³μ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ „ˆŠ μÉ ²¨´¥°´ÒÌ ¶¥·¥¤ Î Ô´¥·-
£¨¨ (‹�� Å L) Ö¤¥· ¶ÊÎ± , ¨§³¥·¥´´ÊÕ ¢ ¶·μÍ¥¸¸¥ £· ¤Ê¨·μ¢μ± „ˆŠ ´  ¶ÊÎ± Ì · §²¨Î-
´ÒÌ Ö¤¥· ´Ê±²μÉ·μ´  ¢ ¶·μÏ²Ò¥ £μ¤Ò.
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�¨¸. 5. Šμ´¸É·Ê±Í¨Ö ³´μ£μ¸¥±Í¨μ´´μ° „ˆŠ ¸ ´ ±²μ´´Ò³¨ Ô²¥±É·μ¤ ³¨

Ÿ¤·   ·£μ´  ¨ ¦¥²¥§ , ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 4, ¡Ò²¨ Ê¸±μ·¥´Ò ¤μ Ô´¥·£¨¨ 1 ¨
1,25 ƒÔ‚/´Ê±²μ´ ¸μμÉ¢¥É¸É¢¥´´μ ¨ ¢Ò¢¥¤¥´Ò ¨§ ´Ê±²μÉ·μ´  ¢ ¶·μ¡´μ³ ¸¥ ´¸¥ 2006 £.
‚¨¤´μ, ÎÉμ ¤²Ö Ö¤¥· ¦¥²¥§  ²¨´¥°´μ¸ÉÓ § ¢¨¸¨³μ¸É¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ „ˆŠ μÉ ‹��
´ ·ÊÏ ¥É¸Ö. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¤²Ö ¸Éμ²Ó ÉÖ¦¥²ÒÌ Ö¤¥· ÔËË¥±É ±μ²μ´´μ° ·¥±μ³¡¨-
´ Í¨¨ ¨μ´μ¢ ´ Î¨´ ¥É ¨£· ÉÓ § ³¥É´ÊÕ ·μ²Ó ¢´¥ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ± .
�μÔÉμ³Ê ¤²Ö · ¡μÉÒ ¸ ¶ÊÎ± ³¨ Ö¤¥· ¸ Z > 20 ³ ²μ° ¨´É¥´¸¨¢´μ¸É¨ ¡Ò²  · §· ¡μÉ ´ 
¤·Ê£ Ö ¢μ§¤ÊÏ´ Ö ³´μ£μ¸¥±Í¨μ´´ Ö „ˆŠ ¸ ´ ±²μ´´Ò³¨ Ô²¥±É·μ¤ ³¨. Šμ´¸É·Ê±Í¨Ö ÔÉμ°
± ³¥·Ò ¶μ± § ´  ´  ·¨¸. 5.

„ˆŠ ¸μ¤¥·¦¨É 10 ³¥¦Ô²¥±É·μ¤´ÒÌ ¶·μ³¥¦ÊÉ±μ¢ Éμ²Ð¨´μ° 5 ³³ ± ¦¤Ò°. “£μ² ³¥¦¤Ê
´μ·³ ²ÓÕ ± ¶²μ¸±μ¸É¨ Ô²¥±É·μ¤μ¢ ¨ ´ ¶· ¢²¥´¨¥³ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É 30◦. �¥¸μ¢¶ ¤¥´¨¥
¢¥±Éμ·  Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¸ É·¥±μ³ Ö¤·  ¢ ˆŠ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ¶μ²¥ ¢ÒÉÖ£¨¢ ¥É
§ ·Ö¦¥´´Ò¥ ¨μ´Ò ¨§ É·¥± , É¥³ ¸ ³Ò³ ¸´¨¦ Ö ¢¥·μÖÉ´μ¸ÉÓ ¨Ì ·¥±μ³¡¨´ Í¨¨. ‘Ê³³ ·-
´ Ö Éμ²Ð¨´  ± ³¥·Ò ¶μ ¶ÊÎ±Ê ¸μ¸É ¢²Ö¥É ∼ 280 ³£/¸³2. � ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ˆŠ Å
300 ‚. „ ´´ Ö ± ³¥·  ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¶·¨ · ¡μÉ¥ ¸ ¶ÊÎ±μ³ Ö¤¥· 78Kr ¢ 55-³ ¸¥ ´¸¥
´Ê±²μÉ·μ´ .

„²Ö ¶·¥μ¡· §μ¢ ´¨Ö Éμ±  ´μ¢μ° „ˆŠ ¢ Î ¸ÉμÉÊ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö
±μ´¢¥·Éμ· ACUF4-1 (Ë¨·³  Fast ComTec) ¸ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ 500 p�/±ƒÍ, · §³¥Ð ¥-
³Ò° ·Ö¤μ³ ¸ „ˆŠ. “± § ´´Ò° ±μ´¢¥·Éμ· μ¡¥¸¶¥Î¨¢ ¥É ²¨´¥°´μ¸ÉÓ ¶·¥μ¡· §μ¢ ´¨Ö Éμ± 
¤μ 1 ³±� (2 ŒƒÍ). ‚μ ¨§¡¥¦ ´¨¥ ¢²¨Ö´¨Ö ´ ¢μ¤μ± ¢ÒÌμ¤´Ò¥ ¨³¶Ê²Ó¸Ò ’’‹ ±μ´¢¥·Éμ· 
¶μ¤ ¢ ²¨¸Ó ´  μ¶É¨Î¥¸±¨° ¶·¥μ¡· §μ¢ É¥²Ó ¨ § É¥³ ¶¥·¥¤ ¢ ²¨¸Ó ¶μ 50-³ μ¶É¨Î¥¸±μ³Ê
± ¡¥²Õ ¢ ¤μ³¨± Ô±¸¶¥·¨³¥´É Éμ·μ¢, £¤¥ ¢´μ¢Ó É· ´¸Ëμ·³¨·μ¢ ²¨¸Ó ¢ Ô²¥±É·¨Î¥¸±¨° ¸¨£-
´ ² ’’‹.

ƒ· ¤Ê¨·μ¢±  „ˆŠ ´  ¶ÊÎ±¥ Ö¤¥· 78Kr μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¶μ ¶μ± § ´¨Ö³ ¸Í¨´É¨²²ÖÍ¨μ´-
´μ£μ ¸Î¥ÉÎ¨±  ¸ · §³¥· ³¨ ¶² ¸É¨Î¥¸±μ£μ ¸Í¨´É¨²²ÖÉμ·  2,5 × 2,5 × 0,3 ¸³, Ê¸É ´μ¢²¥´-
´μ£μ ¢ ¶ÊÎ±¥ §  Ëμ±Ê¸μ³ F3. ‘¨£´ ²Ò ¸μ ¸Î¥ÉÎ¨±  ¶μ¤¢¥·£ ²¨¸Ó  ³¶²¨ÉÊ¤´μ³Ê  ´ ²¨§Ê.
�³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¨³¶Ê²Ó¸μ¢ ¸Î¥ÉÎ¨±  ¶μ± § ´ ´  ·¨¸. 6.

‚¨¤´μ, ÎÉμ ¶ÊÎμ± §  Ëμ±Ê¸μ³ F3 ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¸μ¸Éμ¨É ¨§ Ö¤¥· ±·¨¶Éμ´ .
‘·¥¤´ÖÖ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¸μ¸É ¢²Ö²  ∼ 2 · 105 Ö¤¥·/Í¨±², ¶μÔÉμ³Ê ³μ¦´μ ¡Ò²μ ¨§³¥-
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�¨¸. 6. �³¶²¨ÉÊ¤´Ò° ¸¶¥±É· ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨±  ‘2 ´  ¶ÊÎ±¥ Ö¤¥· 78Kr

�¨¸. 7. Ÿ¤¥·´ Ö Ô³Ê²Ó¸¨Ö ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  ±·¨¶Éμ´ 

·¨ÉÓ ¡¥§ ¶·μ¸Î¥Éμ¢ ±μ²¨Î¥¸É¢μ Ö¤¥· ¶·¨ ¶μ³μÐ¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¸Î¥ÉÎ¨± . �μ ·¥§Ê²Ó-
É É ³ £· ¤Ê¨·μ¢±¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ „ˆŠ ± Ö¤· ³ 78Kr ¸ Ô´¥·£¨¥° 2,58 ƒÔ‚ ¸μ¸É ¢¨² 
7,14·10−2 ¨³¶Ê²Ó¸μ¢/Ö¤·μ. ”μ´μ¢Ò° ¸Î¥É „ˆŠ ¸μ¸É ¢¨² ³¥´¥¥ 1 % μÉ ¸Î¥É  „ˆŠ ¢ Í¨±²¥.

Š·μ³¥ Éμ£μ, ¤²Ö μÍ¥´±¨ ¸μ¤¥·¦ ´¨Ö Ö¤¥· Ë· £³¥´Éμ¢ ¢ ¶ÊÎ±¥ ±·¨¶Éμ´ , ¢ Ëμ±Ê¸¥ F3
· §³¥Ð ² ¸Ó Ö¤¥·´ Ö ËμÉμÔ³Ê²Ó¸¨Ö Éμ²Ð¨´μ° 100 ³±³, ´ ´¥¸¥´´ Ö ´  ¸É¥±²μ · §³¥·μ³
70 × 90 ³³. �³Ê²Ó¸¨Ö · ¸¶μ² £ ² ¸Ó ¢¤μ²Ó ¶ÊÎ±  (·¨¸. 7). ˆ§ ·¨¸. 7 ¢¨¤´μ, ÎÉμ · §³¥·
¶ÊÎ±  ¸μ¸É ¢²Ö¥É ∼ 7 ³³ (FWHM Å Ï¨·¨´  ´  ¶μ²Ê¢Ò¸μÉ¥).

�´ ²¨§ É·¥±μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ËμÉμÔ³Ê²Ó¸¨¥° (·¨¸. 8), ¶μ± §Ò¢ ¥É μ¤´μ·μ¤´μ¸ÉÓ
¨μ´¨§ Í¨¨ ¶μ É·¥± ³ ´¥ ÌÊ¦¥ 3 %. �Éμ μ§´ Î ¥É ¶· ±É¨Î¥¸±μ¥ μÉ¸ÊÉ¸É¢¨¥ ¡μ²¥¥ ²¥£±¨Ì
Ë· £³¥´Éμ¢ ¢ ¶ÊÎ±¥ Ö¤¥· ±·¨¶Éμ´  [4].

�  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò ¶·μ¸É· ´¸É¢¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ¢ · §²¨Î´ÒÌ ÉμÎ-
± Ì É· ±É : ¢ Ëμ±Ê¸¥ F3 Å ¨§³¥·¥´´Ò¥ ¸ ¶μ³μÐÓÕ �ˆŠ3,   ´  ¸Í¨´É¨²²ÖÉμ·¥ S Å
¨§³¥·¥´´Ò¥ ¸ ¶μ³μÐÓÕ · ¤¨μÌ·μ³´μ° ¶²¥´±¨ EBT-03 Ë¨·³Ò Gafchromic (‘˜�) [5].
�¡²ÊÎ¥´´ Ö ¶²¥´±  EBT-03 ¸± ´¨·μ¢ ² ¸Ó ¶² ´Ï¥É´Ò³ ¸± ´¥·μ³ Epson Perfection V750
Pro ¢ ±· ¸´μ³ ¸¢¥É¥,   § É¥³ ¸É·μ¨²¨¸Ó ¶·μË¨²¨ μ¶É¨Î¥¸±μ° ¶²μÉ´μ¸É¨ ¶²¥´±¨ ¶μ x- ¨
y-±μμ·¤¨´ É ³.

�É¨ ¶μÉμ±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ¶μ£²μÐ¥´´Ò³ ¤μ§ ³, Ê¸·¥¤´¥´´Ò³ ¶μ μ¡Ñ¥³Ê ³μ§£  μ¡¥§ÓÖ´
(∼ 70 £), 0,15Ä0,2 ƒ·. �·¨ ÔÉμ³ ²μ± ²Ó´Ò¥ ¤μ§Ò ¢ Í¥´É·¥ ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  Ö¤¥· Î¥·¥§
³μ§£ ³μ£ÊÉ, ¸μ£² ¸´μ μÍ¥´± ³, ¤μ¸É¨£ ÉÓ 3 ƒ·.
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�¨¸. 8. ‚¨¤ É·¥±  Ö¤·  ±·¨¶Éμ´  ¢ ËμÉμÔ³Ê²Ó¸¨¨ ¶μ¤ ³¨±·μ¸±μ¶μ³

�¨¸. 9. �·μË¨²¨ ¶ÊÎ±  Ö¤¥· ±·¨¶Éμ´  ¢ · §²¨Î´ÒÌ ÉμÎ± Ì ¶μ É· ±ÉÊ (¸³. ·¨¸. 2). ‚¢¥·ÌÊ ¸²¥¢  Å
¤ ´´Ò¥ �ˆŠ3 (FWHM), ¢¢¥·ÌÊ ¸¶· ¢  Å · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ´  ¸Í¨´É¨²²ÖÍ¨μ´´μ³ ¤¥É¥±Éμ·¥

‘2, ¨§³¥·¥´´Ò¥ · ¤¨μÌ·μ³´μ° ¶²¥´±μ° GF. ‚¸¥ · §³¥·Ò Ê± § ´Ò ¢ ³¨²²¨³¥É· Ì

‘· ¢´¨¢ Ö ¶μÉμ± Ö¤¥· ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¸ ¶μÉμ±μ³ Ö¤¥· ƒŠˆ ¢ ³ ·¸¨ ´¸±μ°
³¨¸¸¨¨, ³μ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ §  ¶² ´¨·Ê¥³Ò° ��‘� ¸·μ± ³¨¸¸¨¨ 1100 ¸ÊÉ [6] μ¦¨¤ ¥³Ò°
Ë²Õ¥´¸ ¢¸¥Ì ÉÖ¦¥²ÒÌ Ö¤¥· ƒŠˆ (¸ Z > 2) ¸μ¸É ¢¨É ∼ 4 · 106 ¸³−2. �·¨ μ¡²ÊÎ¥´¨¨
μ¡¥§ÓÖ´ Ö¤· ³¨ ±·¨¶Éμ´  Î¥·¥§ ¨Ì ³μ§£ ¶·μÏ²μ Ö¤¥· ¶·¨³¥·´μ ´  ¶μ·Ö¤μ± ³¥´ÓÏ¥ Éμ£μ,
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ÎÉμ μ¦¨¤ ¥É¸Ö ¢ £²Ê¡μ±μ³ ±μ¸³μ¸¥, ´μ § Éμ §´ Î¥´¨¥ ‹�� Ö¤·  ±·¨¶Éμ´  ¸ÊÐ¥¸É¢¥´´μ
¶·¥¢ÒÏ ²μ ¸·¥¤´¥¥ §´ Î¥´¨¥ ‹�� ÉÖ¦¥²ÒÌ Ö¤¥· ƒŠˆ.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¸μÉ·Ê¤´¨± ³ Ê¸±μ·¨É¥²Ó´μ£μ μÉ¤¥²¥´¨Ö ‹”‚� § 
¨Ì ¡μ²ÓÏμ° É·Ê¤ ¨ ¶·μË¥¸¸¨μ´ ²¨§³, ±μÉμ·Ò¥ ¤ ²¨ ¢μ§³μ¦´μ¸ÉÓ ¢Ò¶μ²´¨ÉÓ ¶¨μ´¥·-
¸±ÊÕ · ¡μÉÊ ¶μ ¨³¨É Í¨¨ ¤¥°¸É¢¨Ö ±μ¸³¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö ´  ±μ£´¨É¨¢´Ò¥ ËÊ´±Í¨¨
±μ¸³μ´ ¢Éμ¢.
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